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Abstract 

This thesis describes the development of novel heterobenzylic, organometallic mediated C-H 

functionalisation methodologies of alkylazoles under batch and continuous flow conditions. 

 

Chapter 2 outlines the study of lithiation-substitution of unprotected alkyltetrazoles. Although 

the double lithiation of unprotected alkyltetrazoles was found to be impractical for use in 

synthesis, unprotected benzyltetrazoles underwent effective double lithiation to give 

functionalised products in high yields after electrophilic trapping. 

 

Chapter 3 details the development of lithiation-substitution protocols for N-cumyl protected 

alkyltetrazoles. Two complementary sets of optimised conditions were identified in batch as 

well as continuous flow conditions (identified through the use of thermal imaging), which can 

be carried out at room temperature with high productivity. Enantioselective lithiation-

substitutions of N-cumyl protected alkyltetrazoles were also investigated. 

 

Chapter 4 describes the development of metalation-substitution protocols for alkyl-1,3,4-

oxadiazoles. Optimal lithiation-substitution conditions were found to be at –30 °C in batch. 

The unstable lithiated oxadiazole intermediate could also be trapped efficiently at room 

temperature by adopting the flash chemistry approach under continuous flow conditions. The 

structure of lithiated oxadiazoles in solution was also studied via VT in situ NMR to gain 

insights into the reason behind the lack enantioselectivity when chiral lithium complexes were 

employed for the lithiation-substitution. 
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Chapter 1 : Introduction 

1.1 Organolithium Reagents 

Since their discovery in 1917 by William Schlenk,1 organolithium reagents have become one 

of the most versatile tools for organic synthesis. The C–Li bond is highly polarised, making 

them very good nucleophiles and bases. This latter aspect of organolithiums has become a 

cornerstone in modern organic synthesis, as the functionalisation of complex organic molecules 

can be easily achieved by a single lithiation-trapping process using readily available BuLi and 

lithium amide bases. 

 

Although conventionally alkyllithiums are typically presented as monomers, a single alkyl 

group does not provide enough electron density to stabilise the electron deficient lithium atom. 

Thus, in solution alkyllithiums often exist as aggregates. When dissolved in hydrocarbons, 

primary alkyllithiums such as ethyl and n-butyllithium exist as hexamers, whereas the bulkier 

s-butyl and t-butyllithium exist as tetramers.2 

 

Since the aggregation of alkyllithiums leads to a decrease in reactivity, reactions involving 

these reagents are often carried out in ethereal solvents. The coordination of the oxygen lone 

pairs provides a source of electrons to the lithium atom, allowing breakup of the aggregates 

and therefore an increase in reactivity. For instance, n-butyllithium exists as a tetramer in THF 

or Et2O whereas s-butyl and t-butyllithium exist as dimers.2 The reactivities of alkyllithiums 

can also be enhanced further by the introduction of amine ligands. Common amines used for 

lithiation reactions include TMEDA 1, HMPA 2 and DMPU 3 (Figure 1.1).2  

 

Figure 1.1 

 

 

 

 

 

 



 

2 

 

Although in general most diamines produce lower order aggregates, different 

diamine/alkyllithium complexes have different reactivities. For instance, (+)-sparteine (+)-4/s-

BuLi and (+)-sparteine surrogate (+)-5/s-BuLi both exist as dimers in Et2O at –78 °C, but 

complex of (+)-5/s-BuLi exhibits higher reactivity than (+)-4/s-BuLi complex (Figure 1.2).3 

Therefore, one should not confuse the relationship between the polymeric structures and 

reactivities. 

 

Figure 1.2 
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1.2 Directed Lithiation 

The regioselectivity of lithiation via organolithium-mediated deprotonation can be greatly 

improved with the use of Lewis basic directing groups. The coordination of the lithium atom 

to heteroatoms such as oxygen and nitrogen facilitate the overall lithiation process by bringing 

the alkyllithium closer to the site of deprotonation as shown in complex 6. Deprotonation then 

occurs regioselectively to form organolithium intermediate 7, followed by trapping with 

electrophiles to form functionalised product 8 (Scheme 1.1).  

 

Scheme 1.1 

This phenomenon was first observed by Roberts and Curtin in 1946 – a mixture of anisole 9 

and trifluorobenzene 10 was lithiated and only o-anisic acid 11 was isolated after 

recrystallisation in 39% yield (Scheme 1.2).4 Only lithiation of 10 was observed as the lithium 

atom of n-BuLi was selectivity chelated with the Lewis basic oxygen atom of 10 to facilitate 

ortho lithiation.  The mechanism was further investigated and termed the ‘complex induced 

proximity effect’ (CIPE) by Beak and Meyers in 1986.5 

 

Scheme 1.2 

Evidence for the operation of the CIPE in a lithiation reaction is shown on Scheme 1.3, where 

reaction of benzylcaprolactam 12 and n-BuLi resulted in the deprotonation at the benzylic 

position exclusively in preference to the removal of conventionally more acidic enolic protons 

(Scheme 1.3).6 

 

Scheme 1.3 



 

4 

 

Although the CIPE can explain the regiochemical outcome of lithiations, evidence for the 

formation of prelithiation complex remains ambiguous. While prelithiation complexes can be 

observed in cyclohexane,7 Et2O
8 and toluene9 by in situ infrared spectroscopy, they have never 

been observed in the more co-ordinating solvent THF. An alternative model to the CIPE has 

been suggested where the coordination of organolithiums and subsequent deprotonation occurs 

in a concerted manner – the ‘kinetically enhanced metalation’ model (KEM).10 Beak attempted 

to distinguish between the two models by conducting experiments on urea 13.11 When 

monodeuterated urea 13-d1 was treated with s-BuLi and TMEDA in THF, removal of a proton 

was preferred over deuterium, as expected due to primary kinetic isotope effect (PKIE). 

However, when a 50:50 mixture of nondeuterated 13-d0 and dideuterated 13-d2 was lithiated, 

no PKIE was observed (Scheme 1.4). This suggested that the lithiation was indeed proceeding 

via a two-step process, which is consistent with the CIPE model as oppose the KEM model; 

the absence of PKIE implies irreversible butyllithium coordination prior to deprotonation is 

happening. 

 

Scheme 1.4 
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1.2.1 Lithiation-Substitution of N-Boc Heterocycles and O-Alkyl Carbamates 

Historically, the field of directed lithiation-substitution reactions has focused on two classes of 

important motifs in organic synthesis – Boc protected nitrogen heterocycles and O-alkyl 

carbamates. The carbonyl of both molecules facilitates lithiation via a CIPE mechanism with 

high regioselectivity, while an additional attractive feature these motifs is that high 

enantioselectivity can be achieved by employing BuLi/chiral diamine complexes. These chiral 

lithium complexes can enantioselectivity deprotonate these compounds at low temperature (i.e. 

–78 °C) to give chiral lithiated intermediates – allowing access to functionalised products with 

high enantioenrichment after trapping with electrophiles (Scheme 1.5). 

 

Scheme 1.5 

The lithiation-substitution of N-Boc heterocycles was first reported by Beak in 1989, who 

detailed the treatment of various substrates, including N-Boc pyrrolidine 14 with s-

BuLi/TMEDA complex in Et2O at –78 °C, giving silylated pyrrolidine 15 in 81% yield after 

trapping with TMSCl (Scheme 1.6).12 

 

Scheme 1.6 
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Subsequently, Beak and co-workers reported the enantioselective lithiation-substitution of N-

Boc pyrrolidine 14. Reaction of s-BuLi/(–)-sparteine (–)-4 complex with N-Boc pyrrolidine 14 

in Et2O at –78 °C, followed by trapping with TMSCl gave pyrrolidine (S)-15 in 87% and 96% 

ee (Scheme 1.7).6 

 

Scheme 1.7 

Although (–)-4 is a versatile chiral diamine ligand which has been employed in a number of 

enantioselective lithiation-substitution examples,6, 13, 14 the supply of both enantiomers of 

sparteine has become scarce over the past decade.15 To address this, the O’Brien group has 

designed several ‘sparteine-like’ chiral diamine ligands for enantioselective lithiation reactions, 

including diamine (R,R)-1616 and a (–)-cytisine derived diamine (+)-517 (a fully synthetic 

procedure for the preparation of (–)-4 has also been reported by the O’Brien group recently).18 

Both ligands have demonstrated excellent enantioselectivity in the lithiaition-substitution of N-

Boc pyrrolidine 14 (Scheme 1.8). 

 

Scheme 1.8 
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Chiral lithiopyrrolidines can also undergo stereospecific transmetalation to the corresponding 

organozinc species, which can then be arylated under palladium catalysis conditions to give 

access to enantioenriched 2-aryl pyrrolidines. Using this strategy, asymmetric lithiation of N-

Boc pyrrolidine 14 with s-BuLi/(+)-4 complex followed by transmetallation with ZnCl2 gave 

chiral zincated pyrrolidine (S)-17. Subsequent Negishi coupling with arylbromide 18 gave 2-

aryl pyrrolidines (S)-19 in 44% yield, and then Boc deprotection, TMS deprotection and N-

methylation gave anti-Parkinson’s agent SIB-1508Y (S)-20 in 52% yield over three steps and 

in 92:8 er (Scheme 1.9).19 

 

Scheme 1.9 
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Lithiation adjacent to oxygen using carbamate as a directing group was pioneered by Hoppe in 

the 1980s and 90s.20-22 One notable example involved the asymmetric deprotonation of 

carbamate 21 by s-BuLi/(–)-4 complex, which underwent stereospecific carboxylation to give 

chiral acid (R)-22 after trapping with CO2 in 75% yield and >95% ee (Scheme 1.10).14 

 

Scheme 1.10 

The extensive synthetic utility of the enantioselective lithiation-substitution of O-alkyl 

carbamates has been demonstrated by Aggarwal and co-workers; to give a general example, 

enantiopure lithiated carbamate 23 can undergo stereospecific homologation with alkyl 

boronates, via the 1,2-metallate rearrangement of the lithium boron ‘ate’ complex 24 to give 

access to highly complex molecules with multiple stereogenic centres (Scheme 1.11).23-25 

 

Scheme 1.11 
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In another example, carbamate 25 was asymmetrically lithiated by s-BuLi/(–)-4 complex in 

Et2O at  –78 °C to generate chiral lithiated carbamate, which was reacted with bis-boron picacol 

ester (R)-26  at the same temperature to give chiral lithium boron ‘ate’ complex (R,S)-27. 

Warming up the reaction to 35 °C then gave enantioenriched bis-boron picacol ester (R,S)-28, 

which was oxidised using hydrogen peroxide under basic aqueous conditions to give diol (R,S)-

29 in 73% with >95:5 dr and >99:1 er (Scheme 1.12).26 

 

Scheme 1.12 
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Using the same lithiation-borylation strategy, a concise synthesis of (–)-Filiformin (–)-30, a 

sesquiterpene natural product was developed. Starting from ethyl carbamate 31, 

enantioselective lithiation-substitution with s-BuLi/(–)-4 complex then trapping with a 

trialkyltin chloride gave chiral stannane (S)-32. n-BuLi mediated tin-lithium exchange allowed 

the generation of a chiral lithiated carbamate, which underwent coupling with boronate (R)-33 

and subsequent 1,2-metellate rearrangement gave key intermediate (R,R)-34 in 45% yield, 98:2 

dr and >99:1 er for the major diastereomer (Scheme 1.13).27 

 

Scheme 1.13 
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1.3 Benzylic, Heterobenzylic and Lateral Lithiation-Substitution 

Functionalisations at the benzylic and heterobenzylic positions are important research areas in 

organic synthesis, due to the common occurrence of benzylic motifs in medicinal chemistry.28 

Benzylic C-H functionalisations often rely on transition metal, photoredox or electrochemical 

catalysis which require expensive catalysts and specialised setup.29, 30 As an alternative 

approach,  due to the increased in acidity of benzylic protons (pKa 41 for methyl protons of 

toluene vs 56 for methane),31, 32 lithiation-substitution is a popular strategy for the introduction 

of new functionalities at benzylic positions.33 While many reported sp3 benzylic and 

heterobenzylic lithiations examples rely on a directing group to facilitate the lithiation, there 

are also examples where directing groups are not required. Benzyllithium intermediates can 

typically be generated using milder reagents and conditions (i.e. n-BuLi at 0 °C) than other 

lithiations with high regioselectivity. Diverse new substitutents can then be introduced by 

trapping the lithiated species with various electrophiles (Scheme 1.14).  

 

Scheme 1.14 

 

The enantioselective synthesis of benzylic organolithium intermediates using a chiral ligand 

was first observed by Nozaki et al. in 1971 during lithiation of ethylbenzene 35; acid (R)-36 

was obtained in 73% yield and 30% ee after trapping with CO2 (Scheme 1.15).13  

 

Scheme 1.15 
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Enantioselective directed benzylic lithiation-substitution with an ortho amide directing group 

was first developed by Beak and co-workers in 1994.34 Reaction of 37 with s-BuLi and (–)-4 

in pentane at –78 °C followed by trapping with electrophiles gave functionalised benzamides 

in 26-95% yield and up to 92% ee (Scheme 1.16). 

 

Scheme 1.16 

More recently, a urea directed lithiation-substitution of ortho-toylurea 38 was reported by 

Smith and El-Hiti.35 Double deprotonation of the urea NH and lateral position of 38 with t-

BuLi and TMEDA at –40 °C for two hours gave a range of functionalised products in 88-98% 

yield after trapping with electrophiles (Scheme 1.17). 

 

Scheme 11.17 

The lithiation-substitution of 2-phenyl THF 39 was reported by Mansueto et al.36 Reaction of 

39 with s-BuLi and TMEDA in PhMe at –78 °C for 2 min gave a range of 2,2-substituted THF 

in 40-98% yield after trapping with electrophiles without the expected typical retro [3 + 2] 

decomposition of THF by organolithiums (Scheme 1.18).37 

 

Scheme 1.18 
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The kinetic resolution of 2-arylindolines using a benzylic lithiation was recently reported by 

Coldham and co-workers. Treatment of arylindolines 40 with 1.0 equivalent of n-BuLi/(+)-4 

complex in PhMe at –78 °C followed by trapping with methyl chloroformate gave 

functionalised (R)-enantiomer 41 in 39-52% and up to 98:2 er and unreactive (S)-enantiomer 

(S)-40 in 44-50% and up to 92:8 er. Stereoretentive lithiation of (S)-40 with n-BuLi in THF at 

–78 °C gave functionalised indolines in 55-88% and up to 92:8 er (Scheme 1.19).38 

 

Scheme 1.19 
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The Snieckus group has reported the synthesis of functionalised BINOL compounds 42 via a 

directed lateral lithiation-cyclisation sequence of cinnamamides 43. Reaction of 43 with LDA 

or LiTMP gave functionalised coumarins 44 in 53-96% yield. Coumarins 44 could then be 

dimerised via copper catalysis to give BINOLs 42 (Scheme 1.20).39 

 

Scheme 1.20 
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The Clayden group has conducted extensive research into lithiated benzylureas, which undergo 

aryl migration analogous to the Truce-Smiles rearrangement (dubbed the ‘Clayden 

rearrangement’) instead of standard electrophilic trapping.40-42 Remarkably, this novel 

reactivity can be utilised for ring expansion reactions. For example, lithiation of urea 45 with 

LDA and DMPU in THF at –78 °C gave ring expansion products in good yields, allowing 

access to macrocycles of up to 12-members. The reaction was also stereoretentive, with the 

ring expansion of (S)-46 giving 8-membered ring product (S)-47 in 89% yield and 98:2 er 

(Scheme 1.21).43 

 

Scheme 1.21 
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A stereospecific Clayden rearrangement was also applicable to the synthesis of pyridyl amines. 

Treatment of 2- and 3-pyridyl ureas 48 and 49 with LDA at –78 °C in THF gave aryl migration 

products in good yield (22-88% for 48 and 66-98% for 49) and good er (up to 99:1 er for 48 

and 95:5 er for 49). The urea groups of both products could be hydrolysed under basic 

conditions to give enantioenriched pyridyl amines 50 and 51 (Scheme 1.22).44 

 

Scheme 1.22 
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1.4 Dynamic Resolution 

Although asymmetric deprotonation is a powerful strategy for accessing enantiopure 

functionalised products, this approach relies on the configurationally stability of the lithiated 

species and is therefore incompatible with species that epimerise at low temperatures. To 

remedy this, one strategy is to exploit the interconversion of two diastereomeric lithiated 

complexes and carry out dynamic thermodynamic or dynamic kinetic resolutions. Dynamic 

thermodynamic resolution (DTR) enables the equilibration to the more thermodynamically 

favoured diastereomeric intermediate before trapping, whereas dynamic kinetic resolution 

(DKR) relies on the difference in the rate of trapping of the diastereomeric intermediates. 

 

Dynamic resolution was first observed by Tai et al.,45 where the nickel-catalysed 

hydrogentation of racemic β-keto ester 52 in the presence of (R,R)-tartaric acid gave alcohol 

(S,R)-53 in 71% yield and 80% ee as well as  alcohol (R,R)-53 in 29% yield and 71% ee 

(Scheme 1.23). The isolation of the major diastereomer in >50% yield would only be possible 

if epimerisation of 52 had occurred prior to reduction, which indicates dynamic resolution had 

taken place. 

 

Scheme 1.23 

In 1996, Basu et al. reported the lithiation-substitution of pivaloyl ethylaniline 54 via DTR.46 

It was first shown that poor enantioenrichments were obtained under direct asymmetric 

deprotonation conditions – treatment of 54 with s-BuLi and (–)-4 at –78 °C for 75 minutes 

followed by trapping with TMSCl was found to give silane (R)-55 in 52% yield and only 21% 

ee (Scheme 1.24).  

 

Scheme 1.24 
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However, the yield and ee of the reaction was improved to 72% and 90% respectively when 

deprotonation was carried out at –25 °C for 25 minutes and the reaction mixture was then 

cooled to –78 °C for 30 minutes prior to addition of electrophiles. This protocol was shown to 

work well with a variety of electrophiles (Scheme 1.25).  

 

Scheme 1.25 

This protocol demonstrated by Basu is an example of dynamic thermodynamic resolution. Here, 

the lithiated species (S)-56 and (R)-56 are configurationally unstable at a ‘higher’ temperature 

and unstable at a ‘lower’ temperature. A ‘warming-cooling’ cycle is introduced during the 

lithiation where the lithiated species was allowed to equilibrate to the more thermodynamically 

stable diastereomer (R)-57. Then the shifted equilibrium was “paused” by lowering the reaction 

temperature, stabilising the single diastereomeric lithiated complex (R)-56 and allowing the 

formation of enantioenriched product (R)-57 after electrophilic trapping (Scheme 1.26). 

 

Scheme 1.26 
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The Coldham group found that diastereomeric lithiated complexes of N-alkylpyrrolidine 58 

could be thermodynamically resolved. Tin-lithium exchange of 58 with n-BuLi in Et2O at rt 

for 1 hour followed by addition of proline based ligand (S,S)-59  allowed the resolution of 

lithiated 58 at rt. Trapping of the diastereomeric complex at –20 °C with electrophiles gave 

functionalised pyrrolidines in 61-75% yield and up to 97:3 er (Scheme 1.27). 47 

 

Scheme 1.27 

A number of organolithium mediated DKR examples have also been reported. Other than ortho 

amides, ethers ortho to the benzylic position have also proved to be an effective directing group 

for enantioselective lithiation-substitutions. The reaction between o-methoxydiphenymethane 

60 with s-BuLi and (–)-4 in Et2O at –20 °C for 2 hours followed by trapping with allyl tosylate 

(addition over 150 minutes) gave (R)-61 in 84% yield and 94% ee (Scheme 1.28) was reported 

by Gooch et al.48 

 

Scheme 1.28 
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This resolution approach reported by Gooch et al. is called dynamic kinetic resolution (DKR). 

Unlike DTR, configurational stability of the lithiated intermediate at a lower temperature is not 

required – instead, the resolution occurs when diastereomeric complex (R)-62 reacts with 

electrophiles faster than (S)-62. Thus, any remaining (S)-62 would epimerise to (R)-62 to 

maintain the equilibrium. Since the rate of reaction of (R)-62 is faster, only product (R)-63 

would form if the addition of electrophile is slow, giving enantiopure (R)-63 (Scheme 1.29).  

 

Scheme 1.29 
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Using the same approach, Coldham et al. have reported the enantioselective lithiation-

substitution of N-Boc piperidine 64.49 First the racemic lithiation of 64 was achieved using s-

BuLi and TMEDA in THF at –78 °C, then the diastereomeric lithium complexes of (R)-65 and 

(S)-65 were formed by introducing chiral lithium alkoxide ligand (S,R)-59 into the reaction 

mixture at –20 °C. The lithiated complexes could then be resolved by adding TMSCl over 50 

minutes at –20 °C to give silylated piperidine (S)-66 in 60% yield and 95:5 er (Scheme 1.30). 

 

Scheme 1.30 
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1.5 Introduction to Flow Chemistry  

Flow chemistry has recently received significant interest from a board range of chemical 

researchers. Unlike conventional batch chemistry where reagents are added into a vessel, 

reactions were carried out by pumping reagent solution through tubing and mixing through a 

T-junction (Figure 1.3). Over the past decade, the pharmaceutical and fine chemical industries 

have started to integrate the use of flow reactors into production processes. For example, in 

2017 GSK launched their third continuous manufacturing plants utilising flow chemistry.50 The 

driving force behind the increasing popularity of flow chemistry is due to better time efficiency, 

increased safety during chemical handling and lower waste production over batch 

manufacturing.51 The possibility of automatic multi-step synthesis using flow reactors is also 

an attractive feature.52 

 

From a small-scale laboratory perspective, there are additional advantages to conducting 

reactions in flow. Heat transfer and reaction mixing are significantly better than in batch, which 

can reduce by-product formation and reaction time. The field of heterogenous catalysis has 

shown significant interest in the use of flow chemistry as the use of immobilised catalyst 

columns can increase the reusability of catalyst dramatically.53 Photoredox catalysis has 

especially benefited from flow conditions because the reduction in reactor cross-section allows 

more efficient photon penetration into the reaction.53 

 

Figure 1.3 
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1.5.1 Metalation in Flow  

Flow technologies also have wide application in organometallic mediated reactions. The first 

reported example of a lithiation reaction in flow was the generation of pentafluoroethyllithium 

from the Li/I exchange of 67 by Schwalbe et al. in 2004.54 A solution of n-BuLi in hexane and 

a solution of 67 in CH2Cl2 was pumped through a reactor at –61 °C with a residence time of 4 

minutes, followed by pumping of a solution of benzophenone in CH2Cl2 to a second junction 

and subsequent reactor at –10 °C with a residence time of 17 minutes gave alcohol 68 in 51% 

yield (Scheme 1.31). 

 

Scheme 1.31 
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As detailed earlier, lithiation reactions often require cryogenic temperatures under batch 

conditions to minimise side reactions. Consequently, long reaction times are also required as 

the rate of reaction is reduced by low temperatures. However, this disadvantage can be 

overcome with the use of microreactors in flow, because a much shorter reaction time can be 

achieved as a smaller volume of reaction solution is mixed at a time. Using this concept, Shu 

et al. were able to demonstrate the lithiation-borylation of 4-bromoanisole 69 at room 

temperature;55 a solution of n-BuLi in hexane and a solution of 69 were pumped in a reactor at 

rt with a residence time of 2 seconds, and the resulting solution and a solution of B(OiPr)3 in 

THF were then pumped into a second reactor with a residence time of 1 minute at 60 °C to give 

lithium boronate 70. Subsequent interception with aqueous KOH and a solution of XPhos Pd 

G3 and aryl bromide in THF with residence time of 10 minutes at 60 °C then gave coupling 

product 71 in 94% yield (Scheme 1.32). 

 

Scheme 1.32 
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The in situ generation of Grignard reagents and their subsequent electrophilic trapping under 

continuous flow was reported by Huck et al.56 A solution of aryl halide and LiCl in THF was 

pumped through a column packed with magnesium turnings (activated by TMSCl and 1-

bromo-2-chloroethane in 1:1 THF/PhMe) for 7.5 minutes at room temperature to give the 

corresponding Grignard reagent, which was then intercepted by a solution of electrophile in 

THF at room temperature to give functionalised arenes in good yields. One notable expansion 

to this protocol is the one pot Zn transmetallation and Negishi coupling of phenylmagnesium 

bromide, which could be achieved by intercepting the phenylmagnesium bromide solution with 

a solution of 4-iodoanisole, ZnCl2 and palladium catalyst in THF to give 72 in 66% yield 

(Scheme 1.33). 

 

Scheme 1.33 
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As well as organolithium or organomagnesium reagants, organosodium reagents have also 

been employed in continuous flow metalations. The use of organosodium reagents vs. 

organolithium or organomagnesium reagants could be more sustainable as sodium supply is 

more reliable than lithium and magnesium.57 The Knochel group had reported a continuous 

flow carbosodiation protocol for electron-deficient alkenes.58 Sodiation was carried out by 

mixing a solution of alkene in THF and a solution of sodium diisopropylamide (NaDA) in 

DMEA (dimethylethylamine) at –78 °C for 0.12 s – subsequent electrophile trapping in batch 

gave a range of functionalised alkenes in good yields up to 98% (Scheme 1.34). 

 

Scheme 1.34 
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More recently, the Knochel group had also reported the in situ generation of (2-

ethylhexyl)sodium 73, an unstable organosodium reagent when synthesised in batch, and the 

subsequent Na/Br exchange with aryl bromides in flow.59 Firstly a solution 2-ethylhexyl 

chloride in hexane was passed through a column packed with sodium particles at room 

temperature over 225 seconds to generate 73, following by Na/Br exchange with aryl bromides 

at –40 °C for 1.3 seconds in flow and trapping with electrophiles at –20 °C afforded a range of 

functionalised heteroarenes in good yield. A larger scale setup was also demonstrated by 

implementing an in-flow electrophilic trapping and a reaction run of 17.5 minutes, which afford 

functionalised pyridine 74 in 65% yield (Scheme 1.35). 

 

Scheme 1.35 
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1.5.2 Flash Chemistry 

The seminal work by the Yoshida group in so called ‘Flash Chemistry’, which was defined as 

‘a field of chemical synthesis where extremely fast reactions are conducted in a highly 

controlled manner to produce desired compounds with high selectivity’ has enabled the in-flow 

generation of highly unstable organometallic intermediates that were otherwise inaccessible in 

batch by shortening the reaction timescale to ms or µs via conducting the reaction in a 

microflow reactor at a fast flow rate.60 The use of flash chemistry has allowed new 

transformations using organometallic chemistry that were previously thought to be impossible. 

The first such example reported by the Yoshida group was in 2007, where the sequential Li/Br 

exchange and electrophilic trapping of 1,2-dibromobenzene 75 was carried out under 

continuous flow.61 75 would normally form benzyne as a by-product62 after Li/Br exchange in 

batch, resulting in side reactions even at –78 °C. However, conducting the Li/Br exchange at  

–78 °C for 0.8 s allowed the trapping of the lithiated species before elimination to form benzyne. 

A subsequent second Li/Br exchange at 0 °C and electrophile trapping in flow gave 1,2-

substituted benzene in good yields of up to 74% (Scheme 1.36). 

 

Scheme 1.36 
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In another example, the reductive lithiation of carbamoyl chloride in flow has been reported by 

Nagaki and Yoshida.63 Mixing of a solution of carbamoyl chloride and a solution of lithium 

naphthalenide (LiNp) in THF at –78 °C for 2.6 s in flow gave the corresponding 

carbamoyllithium, which could be trapped to give functionalised amides in good yields up to 

90%. Remarkably, α-ketoamide 76 (formed by trapping with methyl chloroformate) could 

undergo an additional nucleophilic attack by another organolithium species in flow, giving 

functionalised amides in good yield (up to 70%) over three steps (Scheme 1.37). It is noted that 

attempted reductive lithiation of carbomoyl chloride under batch conditions resulted in low 

yields due to multiple side reactions (44% in batch vs 83% in flow). 

 

Scheme 1.37 
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A transition metal free electrophilic amination of aryllithiums under continuous flow was 

reported by Kim et al.64 In-flow trapping of a solution of aryllithium generated by Li/Br 

exchange with amination agent 77 gave a range of diethylanilines in good yield. Notably, the 

in situ generation of 77 and trapping aryllithiums in flow with was also demonstrated to give 

functionalised products in comparable yields. The in-flow generation of 77 was optimised by 

continuous flow NMR monitoring of the ratio of acyl chloride 78 and 77 (Scheme 1.38). 

 

Scheme 1.38 
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Secondary and teritary alkyllithiums, as well as alkyllithium intermediates bearing 

electrophilic groups are known to be highly unstable under batch conditions due to extremely 

high reactivity and potential self-reactions. However, these unstable intermediates that were 

thought to be ‘untameable’ can be exploited by using flash chemistry to form functionalised 

products in high yield after electrophilic trapping. Nagaki and Yoshida have reported a high 

yielding Li/X exchange of alkylhalide bearing epoxide, nitrile, pivaloyl and tert-butylcarbonate 

groups, as well as other secondary and tertiary alkylhalides to give functionalised products in 

up to 97% yield after electrophilic trapping under continuous flow (Scheme 1.39).65 As with 

other examples, the key feature of this flow setup was the short residence time for the 

generation of alkyllithiums (20 ms - 15.7 s) so that unwanted side reactions or decomposition 

could not occur before electrophilic trapping. 

 

Scheme 1.39 
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Though less prevalent than Li/X exchange, examples of organolithium mediated deprotonation 

under continuous flow have also been reported. A team at Novartis led by Hafner and 

Sedelmeier have demonstrated that dichloromethyllithium, which is known to only be stable at 

temperature lower than –78 °C,66 could be generated and then intercepted by electrophiles at –

30 °C under continuous flow conditions. Mixing of a solution of CH2Cl2 in THF and n-BuLi 

in hexanes at –30 °C for 0.5 seconds, followed by trapping with ketones and aryl pinacol 

boronic esters gave a range of functionalised alcohols and boron pinacol esters in good yield 

up to 99% yield (Scheme 1.40). 

 

Scheme 1.40 

The Buchwald laboratory have reported a stereoretentive lithiation-substitution of 

enantioenriched 2-trifluoromethyloxirane (S)-80.67 While optimised batch conditions required 

a lithiation temperature of –90 °C due to instability of the lithiated oxirane, the same lithiation 

could be carried out at –50 °C by adopting a continuous flow setup. Thus, the mixing of (S)-79 

in THF with n-BuLi in hexane at –50 °C for 20 s, followed by in-flow transmetallation with 

ZnCl2 solution in THF at –50 °C for 100 s gave zinciated oxirane 80. Subsequent Negishi 

coupling gave arylated oxirane in 58-91% yield and up to 99:1 er (Scheme 1.41). 

 

Scheme 1.41 
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Conducting synthesis in microflow reactors has also enabled the integration of analytical 

techniques to allow real time reaction analysis and optimisation. The Kappe group have 

elegantly demonstrated the computer-assisted design of experiment (DoE) optimisation for the 

continuous flow aldol reaction of tert-butyl propionate 81 and 4-fluorobenzaldehyde 82.68 

Three different analytical techniques, IR (for enolisation monitoring), NMR (for aldol addition 

monitoring) and UPLC (for product purity monitoring) were integrated into the flow setup to 

allow inline monitoring of the reaction progress and outcome while changing the parameters 

(i.e. equivalents of starting material and reaction temperature). The optimal conditions were 

then identified by mapping the experiment space from the data collected (Scheme 1.42).  

 

Scheme 1.42 
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1.6 Introduction to Azoles 

Azoles are 5-membered heteroaromatic compounds that contain at least one nitrogen atom and 

a second heteroatom such as nitrogen, oxygen or sulphur. As a result, there are a number of 

compounds belonging to the azole class such as isoxazole 83, thiazole 84, imidazole 85, 

pyrazole 86, triazoles 87 and 88, tetrazole 89, oxadiazoles 90 and 91 and thiadiazoles 92 and 

93 (Figure 1.4). Azole motifs are commonly found in photoactive materials69 as well as 

biologically active compounds.70-72 The aromaticity, polarity and hydrogen bond donating 

properties of azoles enable these heteroaromatic compounds to play an important role in 

modern pharmaceutical design. It has been shown that isoxazole 83, thiazole 84, 1,3,4-

thiadiazole 93, imidazole 85, pyrazole 86, 1,2,3- and 1,2,4-triazoles 87 and 88 are the top 100 

most common ring systems found in small molecule FDA approved drugs on the market in 

2013.73 

 

Figure 1.4 
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Currently extant azole drugs in the market have been shown to be effective against a variety of 

medical conditions. The majority of small molecule drugs for the treatment of fungi infections 

contain an imidazole, triazole or tetrazole ring attached to a quaternary carbon (so called azole 

antifungals) and target fungal cytochrome P450 enzymes.72 Examples include Ketoconazole 

94, a systemic antifungal developed by Janssen Pharmaceuticals,74  Isavuconazonium 95, the 

prodrug version of Isavuconazole75 developed by Nippon Roche for the treatment of invasive 

aspergillosis and mucormycosis76 and Oteseconazole 96, an oral antifungal developed by 

Mycovia Pharmaceuticals for the treatment of recurrent vulvovaginal candidiasis (Figure 

1.5).77 

 

Figure 1.5 
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Notably, higher order azoles (those with three or more heteroatoms) such as tetrazole and 

oxadiazoles are often employed as bioisosteres for carbonyl containing motifs such as 

carboxylic acids, amides, esters and hydroxamic esters in drug design (Figure 1.6).78, 79 

Replacing the carbonyl moiety with the azole equivalent allows modulation of the lipophilicity 

of the drug due to the aromatic nature of these rings, while potentially improving the metabolic 

stability of the drug.80 

 

Figure 1.6 
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1.6.1 Synthesis of Tetrazoles and 1,3,4-Oxadiazoles 

Since tetrazoles and 1,3,4-oxadiazoles occupy a privileged position in medicinal chemistry, a 

number of strategies for their preparation have been reported. Functionalisation of tetrazoles 

typically focuses on alkylation or arylation at the N-1 or N-2 positions.81-83 Ugi azide 4- 

component reactions are also a robust approach to access complex 1,5-disubstituted tetrazoles 

in one step. However, these are restricted to amino or hydroxyl tetrazoles only. Additionally, 

toxic and volatile hydrazoic acid HN3 is required as an azide source, typically generated in situ 

from explosive TMSN3 in protic solvent.84 For instance, a diastereoselective Ugi azide reaction 

was reported by Zarezin et al.85 Reaction of N-heterocycles 97, aldehydes 98, isocyanides 99 

and TMSN3 in tert-butanol at 4 °C gave a range of functionalised aminotetrazoles in good 

yields (up to 98%) and up to 95:5 dr (Scheme 1.43). 

 

Scheme 1.43 
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Although functionalisations on C-5 substitutents are known, these are predominately achieved 

via transition metal catalysed cross-coupling conditions, requiring prefunctionalised tetrazoles 

as coupling partners.86 For example, the synthesis of Sartan drugs via ruthenium-catalysed C-

H functionalisation of protected 5-phenyltetrazole 100 was reported by Seki and Nagahama.  

Cross-coupling between tetrazole 100 and aryl bromide 101 in the presence of ruthenium 

catalyst gave Valsartan 102 intermediate 103 in 81% yield (Scheme 1.44). 

 

Scheme 1.44 

The syntheses of 1,3,4-oxadiazoles typically occur at a late-stage in the synthetic sequence of 

compounds featuring this ring system, from highly functionalised acyl hydrazide intermediates. 

Harsh reaction conditions are commonly employed for the oxidative cyclisation of acyl 

hydrazides using strong oxidants or transition metals at high temperatures in polar solvents 

such as DMSO.87 In one example, a copper-catalysed oxidative cyclisation of N-acyl amidine 

104 to give 2,5-diaryl-1,3,4-oxadiazoles was reported by Guin et al.88 Reaction of 104 in the 

presence of catalytic Cu(OTf)2 and Cs2CO3 in DMF under air at 110 °C afforded a variety of 

diaryl-1,3,4-oxadiazoles in good yield (≤95%) (Scheme 1.45). 

 

Scheme 1.45 
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Despite the synthetic challenges posed by 1,3,4-oxadiazoles, synthesis of complex oxadiazoles 

from bioactive lactams and carboxylic acids have been developed in the Dixon research 

group.89 Firstly, O-silylated hemiaminal 105 was generated via iridium catalysis, and was then 

desilyated in the presence of a carboxylic acid to form iminium ion pair 106. Treatment of 106 

with (N-isocyanimino) triphenylphosphorane (NIITP) gave nitrilium ion 107, which was then 

attacked by the carboxylate anion to give adduct 108. Amino oxadiazoles were then formed 

via the aza-Wittig rearrangement. This approach enables conjugation of different amide and 

carboxylic acid derivatives with an 1,3,4-oxadiazole linker, including drug-like molecules, 

allowing the late-stage modifications of these pharmaceutical motifs (Scheme 1.46). 

 

Scheme 1.46 
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1.7 Project Outline 

This thesis will describe the development of novel metalation-substitution protocols for 

functionalisation of alkyl-tetrazoles and alkyl-1,3,4-oxadiazoles. In chapter 2, the development 

of lithiation-substitutions of alkyl and benzyltetrazoles is detailed. We show that the double 

lithiation of the NH and heterobenzylic positions of unprotected tetrazoles is favourable, and 

allows the trapping with electrophiles at the more reactive heterobenzylic carbanion, affording 

C-H functionalised products in good yield (Scheme 1.47). 

 

Scheme 1.47 

As detailed in chapter 2, the double lithiation-substitution of alkyltetrazoles was unfavourable 

due to being low yielding when an excess of base was used. Thus, the lithiation-substitution of 

N-protected alkyltetrazoles was developed as an alternative strategy to access functionalised 

tetrazoles (Scheme 1.48). The selection of the optimal protecting group and reaction conditions 

will be discussed in chapter 3. The enantioselective lithiation-substitution of N-protected 

alkyltetrazoles will also be investigated. 

 

Scheme 1.48 
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Finally, the metalation-substitution of alkyl-1,3,4-oxadiazoles will be investigated (chapter 4). 

Based on literature precedent, it is known that lithiated oxadiazoles are unstable at rt. Thus, we 

have re-optimised the lithiation-substitution of oxadiazoles to improve the yield of the reaction, 

as well as exploring the electrophile and substrate scopes (Scheme 1.49). The trapping of these 

unstable intermediate at room temperature using microflow reactors is also described. An 

alternative metalation strategy for oxadiazoles will also be described which had been hoped to 

achieve enantioselectivity during the C-H functionalisation. 

 

Scheme 1.49 
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Chapter 2 : Lithiation-Substitution of Unprotected 

Alkyltetrazoles 

This chapter describes the investigation of lithiation-substitution reactions of unprotected 

alkyltetrazoles. The di-lithiation of alkyltetrazoles using high equivalents of base has been 

probed, analogous to previously reported 5-phenyl and 5-o-tolyltetrazoles examples. It was 

found that although the di-lithiation of 5-substituted unprotected alkyltetrazoles was 

challenging, 5-benzyltetrazoles undergo deprotonation at both the NH and benzylic positions 

at 0 °C. The di-lithiated species could then be trapped with a variety of electrophiles onto the 

benzylic position to selectively give access to a range of α-functionalised products in good 

yields.  

 

The enantioselective lithiation-substitution of 5-benzyltetrazoles was also attempted. 

Unfortunately, no enantioselectivity was observed after screening of a range of chiral diamine 

ligands. Similarly, an attempt to develop the stereoretentive lithiation-substitution of 5-

benzyltetrazoles was also found to be unsuccessful due to racemisation of the lithiated 

intermediate. 
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2.1 Introduction to Tetrazoles 

2.1.1 Pharmaceutical importance of Tetrazoles 

As detailed in chapter 1, tetrazoles are azole compounds bearing four nitrogen atoms in a five-

membered aromatic ring. Unlike an amine proton, the N-H protons of tetrazoles are acidic (pKa 

4-6) due to delocalisation of the tetrazolium negative charge after deprotonation. This mild 

acidity, as well as other properties such as size, electronic distribution, and a similar hydrogen 

bond environment allow tetrazoles to display bioisosterism with carboxylic acids (Figure 

2.1).70, 78 Additionally, N-H tetrazoles do not occur in nature and there is consequently no 

metabolic pathway for their degradation – pharmaceutical compounds and peptides containing 

tetrazole motifs are generally more stable than their carboxylic acid equivalents.80 For instance, 

replacing the tetrazole motif of the antihypertensive drug Losartan 109 with carboxylic acid 

110 resulted in a 10 fold decrease in potency as well as almost 20 fold increase in EC30 via oral 

administration (figure 2.1).90 These features make tetrazoles one of the most common ring 

systems in small molecule therapeutics, and it was found that tetrazole was the 17th most 

common ring structure in 1175 drugs listed in the FDA Orange Book in 2013.73 

 

Figure 2.1 
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A variety of tetrazoles containing drugs have been clinically approved. Notable examples 

include Losartan 109, an angiotensin II receptor (ATR 2) antagonist developed by DuPont to 

treat hypertension.91 Multiple analogues based on the structure of lorsartan (the so called sartan 

drugs) have also been developed to improve the pharmacokinetic properties;92 BMS-317180 

111 is a tetrazole-based peptidomimetic developed by scientists at Bristol-Myers Squibb as a 

human growth hormone (HGH) secretagogue that is currently in clinical development;93 

Cilostazol 112 is a phosphodiesterase type 3 (PDE3) inhibitor developed by Otsuka 

Pharmaceuticals for treatment of peripheral vascular disease;94 and Tezampanel 113, a 

glutamate receptor 5 (GluR5) inhibitor that is currently being developed by Eli Lilly for the 

treatment of withdrawal symptoms from opioid addition as well as anxiety (Figure 2.2).95 

 

Figure 2.2 
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2.1.2 Previous Lithiation-substitution of Unprotected Tetrazoles 

The only known example of the lithiation-substitution of unprotected tetrazoles was the 

example reported by Flippin in which 5-phenyltetrazole 114 underwent effective lithiation in 

the ortho-position in the presence of s-BuLi and TMEDA at –30 °C in THF.96 O-functionalised 

product could then be accessed in good yields (up to 95%) after trapping with various 

electrophiles (Scheme 2.1). Lateral lithiation with 5-(o-tolyl)-tetrazole 115 under the same 

conditions also performed well (up to 92% yield) with a range of electrophiles (Scheme 2.1). 

 

Scheme 2.1 
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2.2 Synthesis of 5-Substituted Alkyltetrazoles 

The synthesis of 5-substituted tetrazoles is well-known in the literature - the most common 

route is via the [2 + 3] cycloaddition of sodium azide and the corresponding nitrile at elevated 

temperatures, often with the addition of a Lewis acids97 or amine salts82, 98-100 to activate the 

nitrile or the azide anion respectively (Scheme 2.2). 

 

Scheme 2.2 

Thus, our synthesis of 5-ethyltetrazole 117 was first attempted using Vorona’s conditions;97 

propionitrile 116 was treated with sodium azide and zinc chloride in n-butanol at 110 °C for 

16 hours (Table 2.1). However, after aqueous work-up very little product was obtained, even 

when higher equivalents of sodium azide and zinc chloride were used (Table 2.1, entries 1 and 

2), and thus other Lewis acids (ZnBr2 and AlCl3) were investigated. Unfortunately, no product 

was observed in the 1H NMR spectrum of the crude reaction mixtures of both reactions (entries 

3 and 4). A plausible cause could be the low boiling point of propionitrile (97 °C); instead, 

higher boiling butyronitrile 118 (115–117 °C) was reacted under Vorona’s conditions in hope 

that yields would improve. 

Table 2.1 

 

Entry Eq. of NaN3 Lewis acid Eq. of Lewis acid Yield 

1 

2 

1.2 

3.0 

ZnCl2 

ZnCl2 

1.0 

3.0 

5.3% 

6.2% 

3 

4 

3.0 

3.0 

ZnBr2 

AlCl3 

3.0 

3.0 

0% 

0% 
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Unfortunately, the yields were again very poor (Table 2.2). However, since the yield of the 

reaction was marginally improved when a smaller volume of aqueous solvent was used during 

work-up (Entry 3), it was suspected that the low yields for the formation of tetrazoles 117 and 

119 was due to their high hydrophilicities. 

Table 2.2 

 

Entry Extraction Solvent Yield 

1 

2 

3a 

EtOAc 

CH2Cl2 

EtOAc 

trace 

0% 

9% 

aA smaller aqueous volume (2 mL/mmol) was used in work-up  

After screening with several conditions in the literature, it was found that Koguro’s protocol 

was most effective for the synthesis of 5-alkyltetrazoles.100 Reaction of 118 with 3 equivalents 

of sodium azide and triethylamine hydrochloride in toluene at 110 °C for 16 hours, quenching 

the reaction mixture with 6 M HCl(aq) and extracting the aqueous layer with EtOAc followed 

by concentration of the organic layers gave 5-propyltetrazole 119 in quantitative yield (Scheme 

2.3). 

 

Scheme 2.3 
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Using the conditions described in scheme 2.3, a library of 5-substituted tetrazoles 120-126 was 

then synthesised from the corresponding nitriles (Scheme 2.4).  

 

Scheme 2.4 
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Nitriles that were not commercially available were synthesised from the corresponding 

commercially available carboxylic acids – they were first converted to the acyl chloride using 

oxalyl chloride and DMF and then primary amide using aqueous ammonia in one pot,101 

followed by dehydration using TFAA and Et3N (Scheme 2.5).102 Nitrile 131 was not isolated 

and the crude mixture was used for the formation of 124 in scheme 2.4 due to difficult 

purification. 

 

Scheme 2.5 

Nitrile 134 and 135 were synthesised via the nucleophilic substitution between 5-

chlorovaleronitrile 133 and sodium methoxide or aqueous dimethylamine respectively 

(Scheme 2.6).103 

 

Scheme 2.6 
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Tetrazole 139 was synthesised from the corresponding acid 136 using the conditions described 

in scheme 2.4 and 2.5. However both amide 137 and nitrile 138 were not isolated due to 

difficult purification. Reaction of crude nitrile 138 with our tetrazole formation condition gave 

tetrazole 139 in 12% yield after recrystallisation (Scheme 2.7). 

 

Scheme 2.7 

Since neither nitrile 141 nor its corresponding acid were commercially available, 140 was 

synthesised via the nucleophilic substitution of bromobutane 140 using sodium cyanide in 

DMSO to give 141 in excellent yield after work-up.104 We note that solutions of metal cyanide 

in DMSO are extremely dangerous, and all appropriate safety precautions were taken.105 Nitrile 

141 was then subjected to our standard cycloaddition conditions to give tetrazole 142 in 98% 

yield (Scheme 2.8). 

 

Scheme 2.8 
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The primary amide 144 which was necessary for the synthesis of acetal bearing nitrile 145 was 

synthesised by the reaction of ester 143 with ammonium hydroxide in methanol at rt as 

described by Davis et al.106 Amide 144 was then dehydrated to give nitrile 145 which was 

converted to tetrazole 146 in 65% yield (Scheme 2.9). Although acetal deprotection was 

observed when tetrazole 146 was subjected to column chromatography on silica on a small 

scale (< 0.5 mmol), this could be largely avoided by purifying a larger quantity of crude product 

instead and minimising contact time with silica by eluting quickly. 

 

Scheme 2.9 
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We were unable to synthesise dimethylamino tetrazoles 150 and 151 using Kogoro’s conditions 

– this is likely due to the deactivation of sodium azide by salt metathesis between the 

aminonitrile 148 or 149 and sodium azide instead of triethylamine hydrochloride. Therefore, a 

procedure reported by Ostrovskii et al. was used instead. The active azide species 147 was pre-

generated via the reaction of sodium azide and triethylamine hydrochloride in DMF at 50 °C 

for 2 hours. Then, the precipitated sodium chloride was filtered off to give a solution of 147 in 

DMF which was reacted with nitrile 148 or 149 at 110 °C for 16 hours to give tetrazoles 150 

and 151 in 22% and 21% respectively (Scheme 2.10). 

 

Scheme 2.10 
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MOM protected tetrazole 162 was synthesised using the following route: hydroxyamide 153 

was synthesised via the ring opening reaction of lactone 152 by aqueous ammonia in 86% 

yield.107 Then, the dehydration of 153 to nitrile 154 was attempted. Treatment of 153 with 

TFAA and Et3N resulted in a complex mixture of products in the 1H NMR spectrum of the 

crude mixture after work-up. This is likely due to the side reaction of the hydroxyl group of 

153 with TFAA. Instead, a MOM protection of 153 was attempted – unfortunately, subjecting 

153 to MOM protection conditions (NaH then MOMCl in THF) resulted in no formation of 

product 154. We then turned our attention to TBS protection. Gratifyingly, treatment of 153 

with TBSCl and imidazole in DMF at rt gave protected hydroxyamide 156 in 32% yield.108 156 

was well tolerated with the dehydration with TFAA to give nitrile 157 in 80% yield. We then 

attempted the formation of tetrazole 158 from 157. Disappointingly, subjecting 157 to our 

standard tetrazole formation conditions resulted in multiple tetrazolyl species being formed. It 

is presumed that nucleophilic substitution could have taken place with 157 in the presence of 

sodium azide, with OTBS acting as a leaving group. Thus, nitrile 157 was deprotected with 

TBAF to give hydroxynitrile 159 in 86% yield. The formation of hydroxytetrazole 160 was 

then attempted from nitrile 159. However, treatment with sodium azide and triethylamine 

hydrochloride with 159 resulted in significant mass lost after work-up, even with polar 

extraction solvents (3:1 CHCl3/MeOH against a NaCl-saturated aqueous layer). We proposed 

that tetrazole 160 is highly polar and challenging to extract to organic media. 159 was instead 

MOM protected using a procedure by Castañeda et al to give protected hydroxynitrile 161 in 

49% yield.109 Finally, the tetrazole formation of 161 proceeded smoothly to give MOM 

protected hydroxytetrazole 162 in 84% yield (Scheme 2.11). 
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Scheme 2.11 
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2.3 Attempted Lithiation substitution of Tetrazole 119 

With tetrazole 119 in hand, conditions for the lithiation-substitution of 119 were investigated. 

The lithiation-substitution of benzyl tetrazole 163 was previously investigated by our group – 

optimal conditions were found to be reaction of 163 with 3.0 equivalents of n-BuLi in THF at 

0 °C for 3 hours; trapping with benzophenone gave substituted benzyl tetrazole 164 in 84% 

yield (Scheme 2.12). 

 

Scheme 2.12 a: reaction optimisation carried out by Ben Trowse. 

Based on this result, we proposed that a di-lithiated species 165 would form when 2.0 

equivalents of base were used to deprotonate the acidic tetrazole proton and the α-proton of 

119. Di-lithiated species 165 can then react with an electrophile which we expected to trap 

preferentially onto the more reactive carbanion to form tetrazolium anion 166, which can be 

protonated by aqueous acid to form substituted alkyltetrazole 167 on work-up (Scheme 2.13). 

It was found that 3.0 equivalents of base were needed for efficient reaction – this requirement 

for more base than the strict stoichiometric requirement during lithiation of N-H tetrazoles was 

also observed by Flippin.96 

 

Scheme 2.13 
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Our initial attempts at lithiation-substitution of 5-propyltetrazole 119 are shown on table 2.4. 

It was found that neither 2.0 equivalents of n-BuLi nor s-BuLi were able to lithiate the α-

position of tetrazole 119 (Table 2.3, entry 1 and 2). However, using a higher loading of s-BuLi 

with the addition of TMEDA (known to give rise to a s-BuLi/TMEDA complex more basic 

than s-BuLi alone)2 gave methylated tetrazole 168 in 11% yield with only a trace amount of N-

methylated tetrazole 169 (Entry 3). To our surprise, there were no evidence for the formation 

of N-methylated substituted tetrazole 170, despite N-methylated tetrazole 169 being formed in 

34 % yield when only s-BuLi was used (Entry 2). Nevertheless, it was decided that Me2SO4 

was unsuitable for further optimisation of the lithiation-substitution of tetrazole 119 as it could 

react with tetrazolium anions to form N-methylated tetrazoles. 

Table 2.3 

 

Entry RLi Solvent Eq. of 

Me2SO4 

Time/h Isolated 

yield of 

168 

Isolated 

yield of 

169 

Isolated 

yield of 

170 

1 2.20 eq. n-BuLi THF 1.0 4 0% Trace 0% 

2 2.20 eq. s-BuLi Et2O 3.0 3 0% 34% 0% 

3 3.25 eq. s-BuLi 

w/ TMEDA 

Et2O 3.0 1 11% Trace 0% 
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In order to avoid N-substitutions, benzophenone was used as an electrophile for further 

optimisation of the reaction. Only trace amounts of product 171 were observed in the 1H NMR 

spectrum of the crude mixture after 1 hour of lithiation at 0 °C (Table 2.4, entry 1) therefore 

the lithiation time was increased to 5 hours, which increased the yield of 171 to 31% (Entry 

3). It was found that the reason for the low yield of substituted tetrazole was due to a competing 

reaction of s-BuLi with Et2O, as evidenced by the formation of alkene 172 when benzophenone 

was used as electrophile (Entry 1–5). The temperature of lithiation was then decreased to –15 

°C in the attempt to slow down this side reaction, but unfortunately the lower temperature 

slowed down the lithiation of 119 without noticeably decreasing the side reaction (Entry 5). 

LiCl was also used as an additive to see if the side reaction could be supressed but this was also 

unsuccessful (Entry 4). Although this side competing reaction was slowed at –25 °C, the yield 

of tetrazole 171 remained very low after 16 hours of lithiation (Entry 6). Therefore, it was 

concluded that the lithiation-substitution of tetrazole 119 was impractical for synthetic 

applications. 

Table 2.4 

 

Entry temp./°C time/h Isolated 

yield of 171 

Isolated 

yield of 172 

S.M. 

recovery 

1 0 1 Trace 3.7% 90% 

2 0 2 19% 13% - 

3 0 5 31% 8.7% 55% 

4a 0 2 24% 16% 66% 

5 –15 5 13% 16% 61% 

6 –25 16 14% 0% 41% 

a3.25 equivalent of LiCl was added into the reaction mixture 
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The mechanism for the formation of alkene 172 is shown in scheme 2.14; first, Et2O is 

decomposed into ethene and lithium ethoxide by an equivalent of s-BuLi, via one of the three 

possible pathways.110 Ethene then undergoes carbolithiation with a second equivalent of s-BuLi 

to form alkyllithium 173 which is trapped by benzophenone to form alkoxide 174. Finally, 174 

is protonated to the corresponding alcohol and dehydrated by aqueous HCl during work-up to 

form alkene 172 (Scheme 2.14). We note that it is likely that some ethene escapes from solution 

before carbolithiation takes place, and that the observed yields of 172 listed in table 2.5 do not 

reflect the full extent of solvent metalation. 

 

Scheme 2.14 
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2.4 Lithiation-Substitution of Unprotected Benzyltetrazoles 

Although the double lithiation-substitution of unprotected alkyltetrazoles was shown to be 

impractical as discussed in chapter 2.2, unprotected benzyltetrazole 163 did undergo effective 

double lithiation with 3.0 equivalents of n-BuLi to form di-lithiated species 175, in which the 

more reactive heterobenzylic position could be selectively trapped to form functionalised 

unprotected benzyltetrazoles 176 in excellent yields (Scheme 2.15). Therefore, a protocol was 

developed to functionalised various benzyltetrazoles with a readily accessible base and 

temperature. 

 

Scheme 2.15 
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To begin, the optimisation of the lithiation-substitution of 163 using dimethylsulfate as 

electrophile was carried out by a member of our group (Ben Trowse). We proposed that the 

trapping would occur at the more reactive heterobenzylic position versus the tetrazolium 

positions. To our surprise, lithiating 163 with 2.2 equivalents of n-BuLi in THF at 0 °C for 1 

hour followed by trapping with dimethylsulfate gave dimethylation product 178 and 179 in 

19% and 24% yields (43% total yield) respectively with no formation of 179 observed (Table 

2.5, entry 1). Neither increasing the equivalents of electrophile nor employing a lower 

lithiation temperature (–30 °C) improved the yields of 177 and 178 (entries 2 and 3). 

Gratifyingly, lithiation of 163 with 3.0 equivalents of n-BuLi followed by trapping with 4.0 

equivalents of dimethylsulfate allowed the isolation of 177 and 178 in 27% and 43% yield 

respectively (70% total yield) (entry 4). Increasing the lithiation time form 1 hour to 3 hours 

gave 177 and 178 in 76% in total (entry 5) – these conditions were taken to be optimal. 

Table 2.5 

 

Entry x y temp./

°C 

time 

/h 

Isolated 

yield of 177 

Isolated 

yield of 178 

Isolated 

yield of 179 

Total 

yield 

1a 2.2 1.0 0 1 19% 24% 0% 43% 

2a 2.2 3.0 0 1 6% 20% 0% 26% 

3a 2.2 3.0 –35 1 4% 37% 0% 41% 

4 3.0 4.0 0 1 27% 43% 0% 70% 

5a 3.0 4.0 0 3 25% 51% 0% 76% 

a: carried out by Ben Trowse. 
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With optimal conditions in hand, we then explored the electrophile scope of the lithiation-

substitution of 163. We hypothesised that other electrophiles would be less likely to facilitate 

trapping at the N-1 and N-2 positions. Pleasingly, trapping with allyl bromide and benzyl 

bromide using our optimal conditions gave desired products 180 and 181 in 81% and 91% yield 

respectively with no evidence of N-alkylation. Silylation with TBSCl also gave desired product 

182 in 80% yield. Electrophilic trappings with ketones and aldehydes such as benzophenone, 

acetone and pivaldehyde were also well compatible with our optimal conditions (183, 84%, 

184, 74% and 185, 82%/50:50 dr), as well as an isocyanate (186, 72%). Reaction of the lithiated 

species with Weinreb amide and DMF led to an inseparable mixture of product 187 and 188 

and starting material 163, therefore the yields were determined by quantitative 1H NMR in the 

presence of Me2SO2 to be 65% and 32% respectively (Scheme 2.16). We note that DMF-

trapped product 188 exists preferentially as the enol tautomer in CDCl3. 

 

Scheme 2.16 a: carried by Ben Trowse. b: carried out by Agnieszka Lewandowska. c: as determined by 1H NMR 

spectroscopy in the presence of Me2SO2. 
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To address the issue of unwanted N-methylation, the lithiation-substitution was repeated under 

the same conditions with methyl iodide. To our delight, monomethylated tetrazole 179 was 

isolated in 31% as well as 177 in 18% yield. Further, reducing the equivalents of methyl iodide 

to 1.1 gave 179 in 85% yield with no evidence of 177 nor 178 in the crude reaction mixture 

(Scheme 2.17). 

 

Scheme 2.17 a: carried out by Agnieszka Lewandowska. 
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Next, the substrate scope of the lithiation-substitution was explored. Haloaryl groups were 

found to well tolerated with the lithiation conditions, with the chlorophenyl product 189 

isolated in 66% yield with our standard conditions. 3- And 4-fluorophenyl benzyltetrazoles 

were also compatible with the protocol well (190, 84% and 191, 80%). Electron-rich arene 

rings such as 4-methoxyphenyl also facilitated high-yielding lithiation-trapping (192, 69%), as 

well as bulkier aromatics such as 1-naphthyl (193, 82%) (Scheme 2.18). 

 

Scheme 2.18 a: carried out by Agnieszka Lewandowska. 
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Interestingly, when 2-tolyl benzyltetrazole 194 was subjected to our standard conditions, only 

38% of trapping product 195 was isolated after purification, with significant amounts of 

starting material 194 remaining in the 1H NMR spectrum of the crude reaction mixture. This 

suggests that the lithiation was slowed down by steric hinderance from the methyl group in the 

ortho position. Therefore the reaction was repeated with a longer lithiation time (4 hours) – 

gratifyingly, the lithiation was complete, and after trapping with allyl bromide 195 was isolated 

in 91% yield (Scheme 2.19). 

 

Scheme 2.19 a: carried out by Agnieszka Lewandowska. 
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As a limitation of the substrate scope, it was found that electron withdrawing substituents in 

the para-position were generally incompatible with the reaction. When 4-trifluoromethyl 

benzyltetrazole 196 subjected to our standard lithiation conditions, only a complex mixture of 

unidentifiable products was found in the 1H NMR spectrum of the crude reaction mixture. It is 

likely that polymerisation occurred, as it has been previously reported that the metalation of 4-

trifluoromethyl toluene 197 leads to polymerisation via elimination of fluoride to form reactive 

1,4-cyclohexyldiene species 198.111 Similarly, the lithiation of 4-nitrophenyl benzyltetrazole 

199 also resulted in polymeric mixture after attempted trapping with allyl bromide (Scheme 

2.20). 

 

Scheme 2.20 
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The lithiation-substitution of heteroaromatic benzyltetrazoles was also attempted with our 

protocol. When 3-thiophenyl benzyl tetrazole 200 was subjected to our standard conditions, an 

inseparable mixture of desired product 201 and ring lithiation product 202 was observed in the 

1H NMR spectrum of the reaction mixture, a surprising result given that 202 must have 

originated from a tri-lithiated intermediate. Attempts to isolate ring lithiation product 202 by 

increasing the base and electrophile to 4.0 and 6.0 equivalents respectively resulted in the same 

inseparable mixture of 201 and 202 (Scheme 2.21). 

 

Scheme 2.21 a: carried out by Agnieszka Lewandowska. 
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Instead, we turned our attention to the lithiation-substitution of MOM protected 

phenolyltetrazole 203. When 203 was subjected to our standard conditions, a mixture of MOM 

migration products 204 and 205, trapping product 206 and deprotected product 207 was 

observed in the 1H NMR spectrum of the crude reaction mixture. To address this, the mixture 

was subjected with a MOM deprotection conditions (1 M aqueous HCl and MeOH at 70 °C for 

2 hours), which gave 207 in 70% after acid-base work-up over three steps (Scheme 2.22).112 

 

Scheme 2.22 

Finally, the lithiation-substitution of benzyltetrazole 163 under continuous flow conditions was 

also attempted. Unfortunately, the lithiated species was insoluble in THF and precipitation 

caused significant blockage to the microtubing, therefore further investigations were not 

attempted. However, this issue was addressed and will be discussed in chapter 3. 
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2.5 Attempted Enantioselective and Stereoretentive Lithiation-Substitution of 

Benzyltetrazole 163 

Once the optimal racemic lithiation-substitution conditions were determined, the 

enantioselective and stereoretentive lithiation-substitution of benzyltetrazole 163 was also 

investigated. It was proposed that the use of a chiral diamine ligand could selectively generate 

a diastereomeric lithiated complex 208, which could be trapped with electrophiles to form 

enantioenriched benzyltetrazole 209 (Scheme 2.23). 

 

Scheme 2.23 
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Ligands were assayed in MTBE as THF is known to displace chiral diamine ligands from 

organolithiums.2 Lithiations were attempted at –78 °C, as this has been required in other 

enantioselective lithiation systems to avoid subsequent epimerisation of chiral lithiated 

intermediates. Unfortunately, after screening a number of chiral diamines, such as sparteine 

(+)-4 (Table 2.6, entry 1), chiral cyclohexane-1,2-diamines (entries 2-4) (R,R)-210, (R,R)-16 

and (R,R)-211 and a proline derived diamine ligand (S,S)-59 we were unable to achieve 

products with better enantioenrichment than 60:40 er (entry 3). We therefore turned our 

attention to alternative strategies to gain access to enantioenriched benzyltetrazoles. 

Table 2.6 

  

Entry Ligand Isolated yield erd 

 

1a 

 

 

 

2a 

 

 

 

      3b,c 

 

 

 

 

 

 

86% 

 

 

 

26% 

 

 

 

27% 

 

45:55 

 

 

 

48:52 

 

 

 

60:40 

 

4a 

 

 

42% 

 

50:50 

 

5a 

 

 

46% 

 

56:44 

a: carried by Agnieszka Lewandowska. b: carried out by Ben Trowse. c: Et2O was used as solvent instead. d: 

determined by CSP-HPLC. 
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Instead, the stereoretentive lithiation-substitution of benzyltetrazole 212 was investigated. It 

was proposed that if enantioenriched benzyltetrazole 212 was lithiated at low temperature, 

lithiated species 213 could be configurationally stable and tetrasubstituted benzyltetrazole 214 

formed with good enantioenrichment after trapping with an electrophile (Scheme 2.24). This 

strategy of lithiation at a stereocentre prior to electrophilic trapping to yield products bearing 

an enantioenriched quaternary stereocentre has previously been reported for 2-

phenylpyrrolidines and piperidines.113 

 

 

Scheme 2.24 

Thus, enantioenriched benzyltetrazole (R)-179 was lithiated by n-BuLi at –78 °C for 15 

minutes, trapped with acetone and quenched with a mixture of MeOH/HCl(aq) at the same 

temperature. The trapping product 215 was then purified and subjected to cumyl protection 

conditions for CSP-HPLC analysis.114 Disappointingly, the er of 216 was determined to be 

52:48, indicating racemisation had taken place during the reaction. It was thus concluded that 

lithiated benzyltetrazole (R)-179 was configurationally unstable even at low temperature 

(Scheme 2.25). 

 

Scheme 2.25 a:carried out by Chiara Fitzpatrick and Callum Woolf. b: determined by CSP-HPLC. 
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2.6 Conclusion and future work 

Although the double lithiation of 5-propyltetrazole 119 was found to be unfavourable and 

impractical for use in synthesis, a general lithiation-substitution protocol to access α-

functionalised benzyltetrazoles has been developed. The protocol required an accessible 

reaction temperature of 0 °C and a convenient base, n-BuLi. The electrophile and substrate 

scope were fully explored, it was found that electron-poor arene groups and heteroaromatics 

were incompatible with the protocol due to elimination-polymerisation and competing ring-

lithiation respectively. Enantioselective and stereoretentive lithiation-substitutions of 

benzyltetrazoles were also investigated. Unfortunately, the lithiated species was determined to 

be configurationally unstable at –78 °C which prevents stereospecific substitution from taking 

place.  
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Chapter 3 : Lithiation-Substitution of N-protected 

Alkyltetrazoles 

This chapter details the development of novel lithiation-substitution protocols for N-protected 

alkyltetrazoles. As described in chapter 2, attempted lithiation-substitution of unprotected 5-

propyltetrazole 119 was found to be low yielding, even with a large excess of base, extended 

lithiation times and high reaction temperature. Therefore, a variety of N-protected 

alkyltetrazoles were screened against lithiation conditions to find an ideal substrate. It was 

found that N-cumyl-5-alkyltetrazoles did undergo effective lithiation at 0 °C in the majority of 

cases, as well as subsequent trapping with electrophiles to form α-functionalised alkyltetrazoles 

in high yield. The electrophile and substrate scopes were then full explored. Additionally, a 

room temperature continuous flow setup for the lithiation-substitution was also developed, 

which offers an enhanced compatibility for electrophiles and substrates. The high concentration 

and flow rate of the setup allowed the synthesis to be conducted at pilot plant scale with the 

use of a commercially available entry-level flow system.  

 

The enantioselective lithiation-substitution of N-protected alkyltetrazoles was then investigated. 

Although the lithiated species of N-protected alkyltetrazoles were found to be configurationally 

unstable, enantioenrichment up to 74:26 er could be achieved via dynamic kinetic resolution. 

The synthesis of enantioenriched tetrazolyl sulfoxide using Andersen’s sulfinate (Ss)-294 was 

also investigated, it was found that high enenatioenrichment (95:5 er) and modest dr (70:30 dr) 

could be achieved without any chiral diamine ligands. Finally, the possibility of using a 

camphor derived chiral auxiliary to effect diasteroselective lithiation was also investigated. It 

was found that there was no epimerisation of the auxiliary protected tetrazole after lithiation-

substitution. However, no diastereoselectivity was observed with our optimal racemic lithiation 

conditions. 
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3.1 Previous Lithiation-Substitution of N-Protected Tetrazoles 

As outlined in chapter 2, tetrazoles have significant importance in pharmaceutical chemistry. 

Since the lithiation-substitution of unprotected alkyltetrazoles is challenging, we proposed that 

a suitable protecting group would be required to allow effective lithiation in the heterobenzylic 

position. The most common tetrazole protecting group is the triphenylmethyl (trityl) group, 

which has been employed for the synthesis of various tetrazole containing pharmaceticals.115-

117 For example, an improved synthesis of losartan 109 via Suzuki-Miyaura coupling was 

reported by DuPont, in which boronic acid 218 was synthesised from trityl protected 5-

phenyltetrazole 217 via lithiation-borylation. Trityl losartan 219 can then be deprotected under 

acidic conditions to give lorsartan 109 (Scheme 3.1).91 

 

Scheme 3.1 
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The trityl protecting group has also been utilised for lithiation-substitution of 5-methyltetrazole. 

Reported by a team at Eli Lilly, reaction of trityl protected 5-methyltetrazole 220 with n-BuLi 

at –30 °C for 45 minutes followed by trapping with electrophiles to give functionalised 

tetrazoles in good yields of up to 76% (Scheme 3.2). Although the trityl group could be 

removed, corrosive HCl gas was required for the deprotection, making the protocol 

inconvenient for most laboratories (Scheme 3.2).118  

 

Scheme 3.2 

Another tetrazole protecting group that is known to be compatible with organolithium reagents 

in the literature is cumyl group. The nucleophilic aromatic substitution of N-cumyl protected 

aryltetrazoles was reported Flippin et al.; treatment of aryltetrazole with alkyl or aryllithiums 

gave substituted aryltetrazoles in yields up to 93%. Deprotection of N-cumyltetrazoles in high 

yields was achieved either via transfer hydrogenolysis (quantitative) or with boron trifluoride 

in the presence of a thiol reagent (93%, Scheme 3.3).114 

 

Scheme 3.3 
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The lithiation-substitutions of N-alkylated tetrazoles has also been investigated. Moody et al. 

reported the regioselective lithiation-substitution of N1 and N2-alkylated tetrazoles. Treatment 

of t-BuLi with N-alkylated tetrazoles in THF at –78 °C followed by trapping with electrophiles 

gave α-substituted product at the N-alkylated positions in good yield with no evidence of ortho 

substitution or metalation-trapping on the 5-substitutent (Scheme 3.4).119 

 

Scheme 3.4 
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The regioselectivity of the lithiation-substitutions of N1 and N2-methylated alkyltetrazoles was 

studied by Thomas and Cudahy. While reaction of N1-methylated alkyltetrazoles with t-BuLi 

in THF at –78 °C gave products exclusively derived from metalation of the 5-substitutent after 

trapping with electrophiles, reaction of N2-methylated alkyltetrazoles gave α-substituted 

products from metalation of the N-substituent, similar to the observation by Moody et al.119 

Interestingly, the lithiation of N2-methyl-5-benzyltetrazole using t-BuLi under the same 

conditions gave benzylicly substituted product instead in good yield, presumably due to the 

increased acidity of the benzylic/heterobenzylic protons being removed (Scheme 3.5).120 This 

protocol is not ideal for synthetic applications because pyrophoric t-BuLi was used and the NH 

functionality (necessary for carboxylate bioisosterism) was lost – removal of the methyl group 

from nitrogen is currently unreported. 

 

Scheme 3.5 
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3.2 N-Protection of Alkyltetrazoles 

To begin our investigations, we first had to prepare a range of protected 5-alkyltetrazoles. 

Firstly, the pivaloyl protection of tetrazole 119 was attempted. However, we were unable to 

isolate any pivaloyltetrazole 220 without the subsequent rearrangement to the corresponding 

1,3,4-oxadiazole 221 (Scheme 3.6).121 This rearrangement and the lithiation-substitution of 

alkyl-1,3,4-oxadiazole will be discussed in detail in chapter 4. 

 

Scheme 3.6 

The Boc protection of tetrazole 119 was then investigated. Following a literature procedure 

reported by Furet et al.,122 the reaction of 119 and Boc2O resulted in no product formation as 

observed by TLC. However, the addition of 10 mol% DMAP gave 1-Boc and 2-Boc protected 

tetrazole 222 and 223 in 3.3% and 84% yield after column chromatography (Scheme 3.7).  

 

Scheme 3.7 
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Figure 3.1 

Although tetrazole 223 could be synthesised in good yield, it was found that 223 had become 

a complex mixture after 3 days at rt. Additional signals were found in the 1H NMR spectrum 

of 223, with only unprotected tetrazole 119 and N1-protected tetrazole 221 being identifiable 

species (Figure 3.1). Fortunately, when 223 was stored at –20 °C it solidified, and no signs of 

decomposition was observed. 
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Next, the trityl protection of tetrazole 119 was investigated by adapting a literature 

procedure.123 Reaction of 119 with trityl chloride, triethylamine and 4 mol% DMAP gave trityl 

protected tetrazole 224 in 42% yield after recrystallisation (Table 2.6, entry 1). Increasing the 

loading of DMAP to 10 mol% increased the yield of 224 to 76% (Entry 2), or 80% on a multi-

gram scale (Entry 3). 

Table 3.1 

 

Entry Loading of DMAP Isolated yield 

1 

2 

3a 

4 mol% 

10 mol% 

10 mol% 

42% 

76% 

80% 

a: reaction was carried out on a 17 mmol scale 
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Finally, the cumyl protection of tetrazole 119 was attempted using the literature procedure 

reported by Norman et al.114 Reaction of 119 with α-methylstyrene under acidic conditions 

(TFA) in CHCl3 gave cumyltetrazole 225 in 87% yield as a single regioisomer (Scheme 3.8). 

We have also expanded this protection protocol with other alkenes to access different N-

protected tetrazoles, such as diphenylethyltetrazole 226 (obtained in 53% yield) and 

cyclohexylpropan‐2‐yl tetrazole 228 (Scheme 3.8). In the case of 228 a mixture of 1N- and 2N-

regioisomers was observed which could be separated via column chromatography to give 

products in 12% and 41% yields, respectively (Scheme 3.8). 

 

Scheme 3.8 
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3.3 Lithiation-Substitution of N-Protected Alkyltetrazoles 

To begin, the lithiation-substitution of N2-Boc tetrazole 223 was investigated. Unfortunately, 

reaction of 223 with n-, s- or t-BuLi in THF at –30 °C resulted in only unreacted benzophenone 

and trace unknown by-product in the 1H NMR spectra of the crude mixtures – no starting 

material was recovered (Table 3.2, entries 1–3). Although signals of substituted product 229 

were observed in the 1H NMR spectrum of the crude mixture when LDA was used (entry 4), 

it was not isolated after column chromatography. Instead, 230 was eluted as a mixture with 

benzophenone which suggested that Boc group was transferred from the tetrazole nitrogen to 

the hydroxyl group on silica. Therefore, it was concluded that Boc protected tetrazoles are not 

suitable for lithiation-substitution. 

Table 3.2 

 

Entry RLi NMR conversiona Isolated 

yield of 229 

Isolated 

yield of 230 

1 

2 

3 

n-BuLi 

s-BuLi 

t-BuLi 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

4 LDA 47% 0% 29%b 

a: determined by 1H NMR in the presence of Me2SO2 as internal standard. b: isolated as a 71:29 mixture with 

benzophenone, yield was calculated by 1H NMR analysis. 
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Next, the lithiation-substitution of trityl protected tetrazole 224 was attempted, as trityl 

protection was previously employed for the lithiation-substitution of 5-methyltetrazole by Huff 

et al. (Scheme 3.2).118 Treatment of 224 with n-BuLi in THF at 0 °C for 1 hour followed by 

trapping with acetone as an electrophile gave full recovery of starting 224 with no product 231 

observed in the 1H NMR spectrum of the crude mixture (entry 1). Changing the base to more 

reactive s-BuLi allowed full consumption of the starting material. However, the 1H NMR 

spectrum of the crude mixture reveal a complex mixture with no identifiable products, 

suggesting that the lithiated species may be unstable at 0 °C (entry 2). Cooling the lithiation 

of 224 to –78 °C allowed the isolation of product 231 in 84% yield after trapping with acetone 

(entry 3). Although high-yielding conditions for the lithiation-substitution of 224 were 

identified, since we aimed to develop convenient lithiation conditions without the need of 

cryogenic temperatures, we continued our optimisation study. Changing protecting group to 

diphenylethyl gave no significant changes in reactivity, with the lithiated species of 226 

decomposing at 0 °C (entry 4) and effective lithiation-substitution only observed with s-BuLi 

at low temperatures (entry 5 and 6, 232, 79%). Surprisingly, changing the protecting group to 

cumyl, which has previously used during the nucleophilic aromatic substitution of 5-

aryltetrazoles with organolithium nucleophiles,114 changed the reactivity dramatically. A 

modest yield of 60% was observed with n-BuLi at 0 °C after trapping lithiated 225 with acetone 

(entry 7). Neither increasing the equivalents of base (entry 8) nor lowering the temperature to 

–30 °C (entry 9) gave significant improvement to the yield of product 233. Once again, no 

lithiation was observed using n-BuLi at –78 °C (entry 10), whilst switching the base to s-BuLi 

gave excellent yield (97%) of product 233 (entry 11). We speculated that the decrease in yield 

of 233 when the lithation was carried out at 0 °C was due to lithiated 225 acting as a base to 

deprotonate acetone instead of reacting as a nucleophile. Thus, the lithiation-trapping of 225 

was attempted with benzophenone as the electrophile. Treatment of 225 with 1.5 equivalents 

of n-BuLi at 0 °C gave product 234 in modest (68%) yield after trapping with benzophenone 

(entry 12). Increasing the loading of n-BuLi to 2.3 equivalents gave 234 in an excellent 85% 

yield (entry 13). We note that an extra equivalent of base over the stoichiometric amount for 

the optimal lithiation of tetrazoles appears to be a common issue, and has been encountered by 

our group during the lithiation of benzyltetrazoles, as well the ortho-lithiation of 5-

aryltetrazoles reported by Filipin.96 Since no lithiation was observed when milder LDA was 

used as base (entries 14 and 15), the conditions in entry 11 and 13 were taken as optimal. 
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Table 3.3 

 

Entry PG x RLi time temp. R Isolated yield 

1 Trityl 1.5 n-BuLi 1 h 0 °C Me No reaction 

2 Trityl 1.5 s-BuLi 1 h 0 °C Me Complex mixture 

3 Trityl 1.6 s-BuLi 30 min –78 °C Me 84% 

4 CMePh2 2.3 n-BuLi 15 min 0 °C Me Complex mixture 

5 CMePh2 2.3 n-BuLi 15 min –78 °C Me No reaction 

6 CMePh2 2.3 s-BuLi 15 min –78 °C Me 79% 

7 Cumyl 1.5 n-BuLi 1 h 0 °C Me 63% 

8 Cumyl 2.1 n-BuLi 1 h 0 °C Me 60% 

9 Cumyl 2.1 n-BuLi 1 h –30 °C Me 76% 

10 Cumyl 2.1 n-BuLi 1 h –78 °C Me No reaction 

11 Cumyl 1.6 s-BuLi 15 min –78 °C Me 97% 

12 Cumyl 1.5 n-BuLi 15 min 0 °C Ph 68% 

13 Cumyl 2.3 n-BuLi 15 min 0 °C Ph 85% 

14 Cumyl 1.5 LDA 15 min 0 °C Me No reaction 

15 Cumyl 1.5 LDA 15 min –78 °C Me No reaction 
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We next explored the electrophile scope under our optimised conditions (Scheme 3.9). We 

were pleased to find that almost all electrophiles were compatible with lithiation at 0 °C 

(conditions A). Alcohol 235 (75%) and 236 (76%) were isolated in good yield and moderate 

diastereoselectivities after trapping with benzaldehyde and cyclohexenone respectively. A 

slight drop in yield was observed during benzylation with BnBr (237, 61%) and silylation with 

TBSCl (238, 66%) with conditions A, however the yield of 238 could be improved to 80% by 

employing low temperature lithiation conditions with s-BuLi (conditions B). Alkylation could 

be achieved in good yield with Me2SO4 (239, 77%) and iso-pentyl bromide (240, 90%) with 

conditions A. Allylation and acylation could be achieved in excellent yields with allyl bromide 

(241, 90%) and a Weinreb amide (212, 81%). Finally, trapping of the lithiated species using 

conditions A with an epoxide gave alcohol 243 in 56% yield. 
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Scheme 3.9 
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Interestingly, when lithiated 225 was reacted with methyl iodide, no methylated tetrazole 239 

was observed in the 1H NMR spectrum of the crude reaction mixture. Instead, Wurtz-type 

coupling product 244 was isolated in 63% after column chromatography (Scheme 3.10). 

Similarly, reaction of the lithiated species with halogenating agents such as iodine or NBS did 

not give the expected halogenated products 245 nor 246, with 247 being the only isolated 

product after purification. As an exception to this rule, an attempt to trap the lithiated species 

with NCS as the electrophile only resulted in a complex mixture of unidentifiable products 

(Scheme 3.10).  

 

Scheme 3.10 
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During our lithiation-substitution of alkyl-1,3,4-oxadiazoles (see chapter 4), we observed that 

di-substituted products may be obtained when trapping with chloroformates. Gratifyingly, 

dicarbamoylation to give 248 could be achieved in modest (50%) yield using our optimised 

conditions A and trapping with an iso-cyanate, while diester 249 could be isolated in 46% yield 

by increasing the base and electrophile to 3.5 and 4.0 equivalents respectively (Scheme 3.11). 

 

Scheme 3.11 
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Next, we turned our attention to exploring the substrate scope (Scheme 3.12). Efficient 

lithiation-substitution was observed with shortening the chain to an ethyl group (250, 70%). 

251, bearing a longer alkyl chain, and MOM-protected alcohol 252 were isolated in moderate 

yields under conditions A (60% and 65%) after trapping with allyl bromide; yields were 

improved to 98% and quantitative respectively using conditions B. A phenyl group also well 

tolerated, with the lithiation-substitution giving 253 in 83% after trapping with benzophenone 

at 0 °C. Trifluoromethyl (254, 76%) and N-trityl amino (255, 70%) motifs were also well 

tolerated under conditions A. In the presence of a methoxy group, an inseparable mixture of 

desired product 256 and cumyl group phenyl ring lithiation-substitution product was observed 

when conditions A were employed. Pleasingly, competing ring lithiation could be avoided 

under conditions B and 256 was isolated in 79% yield. Acetal-containing product 257 was 

obtained in 50% yield under conditions B with the addition of LiCl to facilitate lithiation. LiCl 

is well known to disaggregate the polymeric structure of n-BuLi in solution to incease the 

reactivity.2 
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Scheme 3.12 

Interestingly, when chlorophenyl derivative 258 were subjected to our standard lithiation 

conditions, a mixture of heterobenzylic and benzylic trapping products 259 and 260 were 

obtained, a phenomenon which was not observed when reacting purely phenyl substrates (see 

253, scheme 3.12). Fortunately, expected product 259 was isolated in 53% vs. 11% for 260 

(Scheme 3.13).  

 

Scheme 3.13 
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In order to confirm the structures of each isomer, the NOESY spectra of 259 and 260 were 

recorded. The NOESY spectrum of 259 showed two cross peaks between the heterobenzylic 

proton and the aromatic protons, which were assigned to the ortho protons of the aromatic rings 

of the diphenyl alcohol group (Figure 3.2); whereas the NOESY spectrum of 260 showed 4 

cross peaks between the heterobenzylic proton and the aromatic protons, which corresponds to 

the additional correlation to the ortho protons of the chlorophenyl ring (Figure 3.3).  

 

Figure 3.2 

 

Figure 3.3 
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Additionally, an X-ray crystal structure of 259 was also obtained to confirm the structure of 

the major isomer 259 (Figure 3.4). 

 

Figure 3.4 
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As outlined in chapter 2.4, we were unable to develop a protocol for the lithium-substitution of 

benzyltetrazoles under continuous flow due to the insolubility of the lithiated species under the 

reaction conditions used (0 °C in THF). Therefore, N-cumyl protected benzyltetrazole 261 was 

subjected to our optimised lithiation conditions for comparison with an attempted continuous 

flow experiment. To our surprise, applying conditions A with 261 followed by trapping with 

allyl bromide gave mono- and disubstituted products 262 and 263 in 57% and 35% yield 

respectively (Scheme 3.14). Gratifyingly, reducing the equivalents of base and electrophile to 

1.5 and 2.0 respectively allowed the isolation of 262 as the single product in 76% yield (Scheme 

3.14). 

 

Scheme 3.14 
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As detailed in chapter 2.4, the lithiation-substitution of trifluoromethyl benzyltetrazole 196 at 

0 °C led to elimination of fluoride and subsequent polymerisation of the resulting species.111 

Since our new protocol is also compatible with low temperatures, the lithiation-substitution N-

cumyl protected trifluoromethyl benzyltetrazole 264 was also attempted. Employing our 

standard conditions B followed by trapping with allyl bromide gave substituted product 265 in 

10% (Scheme 3.14). Based on this result, it is likely that significant decomposition or 

polymerisation could still occur at –78 °C with 264. 

 

Scheme 3.15 

Interestingly, when N-Boc aminotetrazole 266 was subjected to our standard lithiation 

conditions, no electrophilic trapping product 268 was observed in the 1H NMR spectrum of the 

crude reaction mixture; instead lactam 267 was isolated in 52% yield along with 40% of starting 

266. Increasing the equivalents of base to 3.2 and omitting and external electrophile gave 

lactam 267 in 94% yield (Scheme 3.16). 

 

Scheme 3.16 
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Using this strategy, we were able to access to 5- and 7-membered tetrazolyl lactams 270 and 

272 from the corresponding N-Boc amino tetrazole 269 and 271 in good yields of 80% and 

62% respectively (Scheme 3.17).  

 

Scheme 3.17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

95 

 

Unfortunately, when N-Boc amino tetrazole 273 was subjected our lithiation conditions a 

complex mixture was observed the 1H NMR spectrum of the crude reaction mixture revealed 

a complex mixture with no identifiable species. It is likely that vinyltetrazole 275 was formed 

upon the lithiation of 273 via the elimination of NMeBoc group, which could undergo further 

carbolithiation and lead to polymerisation.124  Similarly, an attempt to synthesise tetrazolyl 

lactone 276 was also unsuccessful due to the suspected polymerisation via the elimination of 

the OBoc group on 277 (Scheme 3.18). 

 

 

Scheme 3.18 
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Finally, the re-optimisation of the deprotection of N-cumyl protected tetrazoles was 

investigated, as the 20 mol% loading of Pd/C reported by Flippin may be discouraging to 

synthetic researchers working on a large scale.114 We first repeated the original transfer 

hydrogenolysis conditions using tetrazole 234 with 6.0 equivalents of KHCO2 and 20 mol% of 

Pd/C in EtOH at reflux, monitoring the reaction by TLC. To our surprise, full consumption of 

starting material was observed after 1 hour, and deprotected tetrazole 171 was then isolated in 

80% yield after purification (Table 3.4, entry 1). Since the transfer hydrogenolysis proceeded 

in short reaction time when using 20 mol% of palladium, the reaction was repeated with 1 

mol% of Pd/C to see if high catalyst loading was required for the deprotection. Unfortunately, 

only 10% conversion of 171 was observed in the 1H NMR of the crude reaction mixture after 

heating the reaction for 16 hours (entry 2). Increasing the palladium loading to 10 mol% gave 

full conversion of 171 in 1 hour and isolated yield in 78% (entry 3), while employing 5 mol% 

yield of Pd/C for the same reaction time only gave tetrazole 171 in 50% conversion (entry 4). 

Gratifyingly, extending the reaction time to 4 hours with 5 mol% catalyst loading gave 

deprotected tetrazole 171 with full conversion and 75% isolated yield (entry 5). 

Table 3.4 

 

 

Entry Pd loading Time NMR conversiona Isolated yield 

1 20 mol% 1 h 100% 80% 

2 1 mol% 16 h 10% - 

3 10 mol% 1 h 100% 78% 

4 5 mol% 1 h 50% - 

5 5 mol%  4 h 100% 75% 

a: determined by 1H NMR spectroscopy from remaining starting material 
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3.4 Room Temperature Lithiation-Substitution of N-Cumyl Alkyltetrazoles under 

Continuous Flow Conditions 

Since our optimal lithiation-substitution for N-cumyl alkyltetrazoles detailed in table 3.3 uses 

a short lithiation time at non-cryogenic temperatures (0 °C), we then turned our attention to 

adapting this reaction to continuous flow conditions at room temperature. We proposed that 

the superior mixing and heat transfer in flow could compensate for any exotherm generated 

during lithiation-substitution without the need for cooling. Additionally, continuous flow 

chemistry allows safer reagent handling and a higher productivity rate than batch equivalents.51 

There are currently very few reported examples of deprotonative lithiation protocols in 

continuous flow.125, 126 
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We began our investigation by mimicking our optimised batch conditions at rt in continuous 

flow. A 2.5 M solution of n-BuLi in hexanes was pumped to a T-junction to meet a 1.1 M 

solution of tetrazole 225 in THF. The reaction stream was mixed for 2.6 seconds at a total rate 

of 20 mL/min and then pumped into a solution of allyl bromide in THF to give product 241 in 

35% conversion with 50% of starting material 225 remaining in the reaction mixture (Table 

3.5, entry 1). Reducing the concentration of tetrazoles to 0.55 M, which corresponds to a 4.5:1 

ratio of n-BuLi to tetrazole, resulted in loss of conversion in 241 with Wurtz-coupling product 

244 observed as the major product in 47% yield (entry 2). While reducing the both the 

concentration of base and tetrazole to 1.75 and 0.76 M gave slightly better conversion of 241 

(entry 3), further reducing the concentration resulted in slow lithiation (entries 4 and 5). 

Unfortunately, neither increasing the residence time by slowing down the flow rate (entry 6) 

nor using a larger reactor to increase the residence time to 10 minutes gave any appreciative 

improvements to the lithiation. It was also observed that the reaction mixture appeared to be 

boiling in the reactor. Due to sub-optimal conversion and safety concerns of evaporating 

ethereal solvent within the continuous flow system, we decided to further investigate the 

exotherm generated by deprotonation.  
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Table 3.5 

 

Entry x y Flow Rate/ 

mLmin-1 

Net Flow Rate/ 

mLmin-1 

tR1 NMR 

conversiona 

SMa 

1 2.5 1.1 5  10  2.6 s 35% 50% 

2 2.5 0.55 5  10  2.6 s trace 35% 

3 1.75 0.76 5  10  2.6 s 48% 48% 

4 1.25 0.54 5  10  2.6 s 12% 75% 

5 0.75 0.33 5  10  2.6 s 12% 71% 

6 0.75 0.33 1  2  13 s 12% 56% 

7 0.75 0.33 1  2  10 min 14% 57% 

a: As determined by 1H NMR spectroscopy in the presence of 1,3,5-trimethoxybenzene as internal standard. 
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To determine the reaction temperature after the mixing of n-BuLi solution and tetrazole 

solutions from the conditions in table 3.5, entry 3, thermal imaging analysis was carried out by 

a collaborator in the Vilela group (Chris Thompson). A fixed bed reactor filled with glass beads 

was set at 125 °C as an internal reference, and a thermal image of the microtubing after the 

mixing of base and substrate solution was taken every 5 seconds for a 2-minute reaction run. 

The mean and maximum reaction temperature was then calculated using the internal reference. 

It was revealed that the exotherm generated by lithiation of 225 increase the reaction solution 

temperature from rt to ~55 °C on average, with a maximum temperature of ~70 °C during the 

reaction run, indicating that the reaction was nearly at the boiling point of THF (Figure 3.5). 
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Figure 3.5 Thermal imaging of the lithiation of 225 in THF. (A) While pumping solvent at rt. (B) While reaction is running. 

(C) Graph of mean and maximum reactor temperatures over time. Only solvent at rt is pumping until the 0 s mark, at which 

base and starting material solutions (both at rt) are pumped to the reactor. Pumping is switched back to solvent only at rt at 

140 s. Carried out by Chris Thompson. 
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In order to avoid boiling of THF, an alternative solvent for the lithiation of 225 under 

continuous flow conditions was investigated.  The non-coordinating solvent PhMe, with a 

higher boiling point of 110 °C, was used as the reaction solvent instead. Unfortunately, no 

product 241 was observed in the 1H NMR spectrum of the reaction mixture after workup (Table 

3.6, entry 1). Since diamine ligands such as TMEDA have been shown to increase the 

reactivity of organolithium reagents,2 an equimolar tetrazole 225 and TMEDA solution (4:1 

PhMe/TMEDA) was pumped and mixed with n-BuLi solution for 5 minutes to facilitate 

lithiation. To our delight, product 241 was obtained in 62% conversion following by trapping 

with allyl bromide (entry 2). Although neither reducing the residence time by increasing the 

flow rate (entries 3-5) nor reducing the concentration of 225 gave any improvement to the 

conversion of 241 (entry 6), increasing the concentration of TMEDA further to 2.5 M (1:1 

PhMe/TMEDA) gave an improvement in conversion to 241, increasing isolated yield to 73% 

(entry 7). It was also found that flow rate did not have significant influence on the lithiation as 

no significant change in yield was observed by employing a longer or shorter residence time 

than 1 minute (entries 8 and 9). Since faster flow rate represents a higher productivity rate of 

the reaction, the conditions in entry 9 were taken as optimal. 
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Table 3.6 

 

Entry x PhMe: 

TMEDA 

Flow Rate/ 

mLmin-1 

Net Flow Rate/ 

mLmin-1 

tR1 NMR 

conversiona 

SMa 

1c 1.1 - 5  10  2.6 s 0% 65% 

2 1.1 4:1 1  2  5 min 62% 8% 

3 1.1 4:1 3  6 1.67 min 60% 29% 

4 1.1 4:1 5  10 1 min 59% 29% 

5 1.1 4:1 10  20  30 s 49% 40% 

6 0.8 4:1 5  10  1 min 46% 55% 

7 1.1 1:1 5  10  1 min 73% 14% 

8 1.1 1:1 3  6 1.67 min 70% 10% 

9 1.1 1:1 10  20 30 s 70% 8% 

a: As determined by 1H NMR spectroscopy in the presence of 1,3,5-trimethoxybenzene as internal standard. 
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Before exploring the electrophile and substrate scope of the optimised continuous flow setup, 

the thermal imaging analysis of the lithiation-substitution of 225 in PhMe/TMEDA was 

repeated to probe the exotherm generated from the lithiation step. Under our optimised 

conditions in table 3.6, entry 9, the mean temperature of the reaction solution after lithiation 

was calculated to be ~65 °C, with a maximum reaction temperature of ~75 °C (Figure 3.6). 

Although these temperatures were higher than when THF was employed as the reaction solvent 

(Figure 3.6), the PhMe/TMEDA system remained to be safer choice as the reaction temperature 

was below the boiling point of PhMe. 

 

Figure 3.6 Carried out by Chris Thompson. 
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A selection of electrophile (Scheme 3.19) and substrate (Scheme 3.20) from our batch 

lithiation-substitution were then attempted with our optimal continuous flow conditions. To 

our delight, this continuous flow setup gave comparable or superior yields and selectivities 

compared to our optimised batch conditions for most electrophile and substrates examples. 

Trapping of the lithiated species with acetone (233, 95% vs 65% at 0 °C in batch), 

benzophenone (234, 94% vs 85% at 0 °C in batch) and benzaldehyde (235, 95% vs 75% at 0 

°C in batch) gave functionalised tetrazoles in excellent yields. Although we observed 

inefficient trapping with slow-reacting electrophiles such as TBSCl (238, 34%), methylation 

of 225 could be achieved by trapping the lithiated species with methyl iodide (239, 92%) as 

opposed to the Wurtz-coupling product 244 which was observed as the sole major product 

when using MeI in batch conditions (Scheme 3.10). Using dimethylsulfate as electrophile (our 

original electrophile for effecting methylation) for this flow system is not recommend as 

significant precipitation would occur which lead to blockage of tubings. Dicarbamoylation 

could be achieved by trapping with an isocyanate in moderate yield under continuous flow 

(248, 45%), as well as acylation with a Weinreb amide in excellent yield (242, 93%) (Scheme 

3.19).  
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Scheme 3.19 
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In terms of substrate scope, most substrates bearing functional groups were compatible with 

our in-flow conditions such as phenyl, trifluoromethyl, tritylamines and (278, 94%, 254, 70%, 

and 255, 64%) with comparable yields to our optimised batch conditions. Substituted 

benzyltetrazole 262 was isolated in 71% with the use of a 1.7 M tetrazole solution in PhMe, 

which addressed the incompatibility of the lithiation-substitution of unprotected 

benzyltetrazole in continuous flow.  To our surprise, substates that required lower temperature 

conditions (conditions B) in batch to achieve effective trapping such as chlorophenyl, acetal 

and methoxyl gave desired products in good yield with our optimised in-flow conditions at 

room temperature (279, 68%, 280, 65% and 281, 75%) (Scheme 3.20). 

 

 

Scheme 3.20 a: 1.7 M of tetrazole solution was used instead 
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The intramolecular cyclisation of N-Boc aminotetrazole 266 under continuous flow conditions 

was also attempted. Unfortunately, mixing a solution of 266 in PhMe/TMEDA with n-BuLi 

only gave lactam 267 in 10% yield after purification with no recovery of starting 266. It is 

likely that the lithiated species of 266 is unstable at room temperature which prevented any 

cyclisation from taking place (Scheme 3.21).  

 

Scheme 3.21 
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Finally, the productivity value for lithiation-substitution of 225 under continuous flow 

conditions was determined by conducting a gram scale synthesis of alcohol 233 in flow. Using 

our optimised conditions, 27.2 mmol of 225 in a mixture of PhMe/TMEDA was lithiated using 

n-BuLi for 2.5 minutes at room temperature followed by in-flow trapping with acetone to give 

5.89 g of 233 after purification, which corresponded to a 75% yield. The productivity value of 

this in-flow setup was calculated to be 141 g/h by extrapolating from this result. Based on this 

value, 3.39 kg of product could be generated by a 24 h reaction – this is comparable to a pilot 

plant scale in industrial API synthesis.127  

 

Scheme 3.22 
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3.5 Enantioselective Lithiation-Substitution of N-Protected Alkyltetrazoles 

3.5.1 Attempted Enantioselective Lithiation-Substitution of Tetrazole 225 via 

Asymmetric Deprotonation 

With our optimised racemic lithiation-substitution conditions in hand, we began to investigate 

the enantioselective reaction of N-protected alkyltetrazoles. Firstly, the asymmetric lithiation 

of tetrazole 225 was attempted. Reaction of 225 with s-BuLi/(+)-4 in Et2O at –78 °C followed 

by trapping with acetone as electrophile gave 233 in 38% yield and 64:36 er (Scheme 3.23). 

Motivated by this result, we decided to screen other conditions in an attempt to improve 

enantioselectivity. 

 

Scheme 3.23 a: determined by CSP-HPLC 

Next, a selection of chiral diamine ligands, which have previously been employed for the 

enantioselective lithiation of other starting materials (e.g. N-Boc pyrrolidines),6, 16, 49 was 

assayed with our lithiation conditions. Unfortunately, only diamine (R,R)-16 first developed by 

Alexakis resulted in a trace racemic mixture of alcohol 233 (Table 3.7, entry 1), and other 

diamine ligands such as (R,R)-211, (R,R)-210 and (S,S)-59 gave no lithiation of 225 in Et2O at 

–78 °C (entry 2-4). We therefore decided to continue screen other reaction parameters for the 

lithiation of 255 with (+)-sparteine (+)-4. 
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Table 3.7 

 

Entry Ligand Isolated yield era 

1 

 

trace 48:52 

2 

 

0% - 

3 

 

0% - 

4 

 

0% - 

a: determined by CSP-HPLC. 
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Parameters such as the base, solvent, concentration and temperature were investigated to see if 

the asymmetric deprotonation of 225 could be improved (Table 3.8). While employing 

different solvents such as hexane (entry 3), PhMe (entry 5) or MTBE (entry 7) or doubling 

the concentration of the reaction mixture (entries 2, 4, 6 and 8) gave no changes in 

enantioselectivity Changing the base to more sterically hindered s-BuLi gave marginal 

improvement in yield but no improvement in the er of product 233 (entry 9). 

Table 3.8 

 

Entry Base Solvent Conc. Isolated yield era 

1 n-BuLi Et2O 0.07 M 38% 64:36 

2 n-BuLi Et2O 0.14 M 22% 62:38 

3 n-BuLi Hexane 0.07 M 19% 62:38 

4 n-BuLi Hexane 0.14 M 28% 63:37 

5 n-BuLi PhMe 0.07 M 19% 65:35 

6 n-BuLi PhMe 0.14 M 28% 63:37 

7 n-BuLi MTBE 0.07 M 13% 64:36 

8 n-BuLi MTBE 0.14 M 23% 65:35 

9 s-BuLi Et2O 0.07 M 41% 64:36 

a: determined by CSP-HPLC. 
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Next, we investigated varying the temperature of the enantioselective lithiation reaction. To 

begin, a lowest easily-attainable temperature for reaction in Et2O (–107 °C) was probed in order 

to prevent racemisation of the lithiated species. Unfortunately, only a racemic sample of 233 

was isolated after purification (Table 3.9, entry 1). Based on this result, it is suggested that the 

enantioenrichment of 233 was actually due to a dynamic resolution of lithiated 225 instead of 

asymmetric deprotonation. Thus, lithiation temperatures higher than –78 °C were attempted 

for the reaction. While lithiation at –60 °C gave no significant changes to yield and er of 233 

vs. –78 °C (entry 3), warming the reaction temperature further to –50 °C gave marginal 

improvement to the yield and enantioenrichment of 233 (entry 4). Finally, conducting the 

lithiation of 225 at –30 °C once again gave a racemic mixture of 233, in 61% yield (entry 5).  

Table 3.9 

 

Entry temp. Isolated yield era 

1 –107 °C 74% 45:55 

2 –78 °C 41% 64:36 

3 –60 °C 48% 63:37 

4 –50 °C 64% 63:37 

5 –30 °C 61% 55:45 

a: determined by CSP-HPLC. 
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The relationship between the selectivity factor of the lithiation of 225, s (calculated from the 

er of the reactions) and the reaction temperatures was plotted in figure 3.7. This further 

supported our hypothesis of the pathway to enantioenrichment is likely to be dynamic 

resolution instead of asymmetric deprotonation as enantioselectivity was only observed at 

temperatures between –50 °C to –78 °C (Figure 3.7). We therefore decided to conduct studies 

to probe the configurational stability of lithiated 225.  

 

Figure 3.7 
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To determine whether lithiated 225 was configurationally stable, we employed the ‘poor man’s 

Hoffmann test’.34 In this technique, the configurational stability of an organolithium can be 

determined by comparing the er of a product after trapping by an excess or deficit of 

electrophile in the presence of a chiral ligand. Since the rate for the trapping of the two 

diastereomeric complexes, (R)-282 and (S)-282 are likely to be non-identical, if lithiated 225 

is configurationally stable the er of product 283 would not be 50:50 in the presence of a deficit 

of electrophile as one enantiomer of product 283 would form faster than the other. (Scheme 

3.24).  

 

Scheme 3.24 
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The configurational stability of lithiated 225 was investigated at –78 °C and –107 °C by 

repeating the lithiation with a deficit of acetone at the respective temperatures. In each case, 

there were no significant changes in the enantioenrichment of product 233 (64:36 vs 62:38 er 

at –78 °C and 45:55 vs 48:52 er at –107 °C, Scheme 3.25). These results suggests that lithiated 

225 could be configurationally unstable at both –78 °C and –107 °C on the time scale of the 

reaction. 

 

Scheme 3.25 a: determined by CSP-HPLC. 

 

 

 

 

 

 

 

 

 

 

 

 



 

116 

 

Although the result of the ‘poor man’s Hoffmann test’ suggested the configurationally 

instability of lithiated tetrazole complex 282, alcohol 233 could have similar ers after lithiation-

trapping under the two conditions as a result of a non-stereoselective lithiation to give a 

configurationally stable intermediate, both diastereomers of which react with an electrophile 

at the same rate. In order to further test our hypothesis, the original Hoffmann test was also 

employed.128 In this test, the diastereomeric ratio of the trapping product formed by an 

organometallic intermediate and a chiral and racemic electrophile is examined; if lithiated 

complex 282 is configurationally stable, the diastereoselectivity when trapping with an 

enantiopure electrophile will not be the same as the diastereoselectivity when using the racemic 

counterpart. Using our optimised conditions B, reaction of s-BuLi and 225 at –78 °C, followed 

by trapping with ketone 284 gave alcohol 285 as a mixture of syn- and anti-isomers (Scheme 

3.26). A pure sample of one of the isomer of 285 was isolated by column chromatography to 

help determining the diastereomeric ratio of the reaction mixture. 

 

Scheme 3.26 
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Two triplets were observed in the 1H NMR spectra of the crude mixture both reactions, which 

correspond to the methyl group of the syn- and anti-isomers. Based on the integrations, a 60:40 

and 65:35 dr were identified (Figure 3.8 and 3.9). Since there are no significant changes to the 

diastereomeric ratio of alcohol 285 when trapping with enantiopure and rac-284 and (S)-284. 

It is very likely that lithiated 225 is configurationally unstable at –78 °C, and the 

enantioselectivity observed in attempted enantioselective lithiation-substitution is likely due to 

kinetic resolution. Therefore, further optimisation of the DKR of 225 was attempted. 

 

 

Figure 3.8 

 

 

Figure 3.9 

 

 

 

 

 

 

 

With (S)-284 

With rac-284 
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3.5.2 Enantioselective Lithiation-Substitution of N- Protected Alkyltetrazoles via 

Dynamic Kinetic Resolution 

As detailed in chapter 3.5.1, the lithiated species of 225 is likely to be configurationally 

unstable at –78 °C. Attempts to improve the enantioselectivity of the lithiation of 225 were 

unsuccessful after screening parameters such as ligands, solvents, concentrations, and 

temperatures of the reaction (Table 3.7, 3.8 and 3.9). As an alternative strategy, the 

optimisation of the dynamic kinetic resolution of 225 was attempted. Since we were unable to 

identify a reaction temperature at which the lithiated species was configurationally stable, it 

would be impossible to carry out the dynamic thermodynamic resolution of 225. 

 

To begin, the reaction conditions from scheme 3.23 were modified – instead of introducing the 

electrophile directly and rapidly into the reaction mixture, a solution of acetone in Et2O was 

added via a syringe pump. To our delight, adding the electrophile over 30 minutes allowed a 

slight improvement of the er of 233 to 71:29 (Table 3.10, entry 2) and slowing the addition 

rate further to 1 hour gave another marginal er improvement to 73:27 (entry 3). Then, the 

concentration of the reaction mixture was altered to see if the enantioselectivity could be further 

improved. Unfortunately, neither increasing (entry 4) nor decreasing (entry 5) concentration 

from the original 0.14 M gave another improvement of the er of 233. The rate of addition of 

acetone solution was also further slowed down to 2 hours (entry 6) and 3 hours (entry 7), but 

again no improvement to the enantioenrichment of 233 was observed. Thus, the conditions 

from entry 2 was taken forward for further optimisation.  
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Table 3.10 

 

Entry Rate of addition Conc. Isolated yield era 

1 instant 0.07 M 46% 64:36 

2 30 min 0.14 M 50% 71:29 

3 1 h 0.14 M 53% 73:27 

4 1 h 0.43 M 31% 66:34 

5 1 h 0.05 M 54% 70:30 

6 2 h 0.14 M 47% 70:30 

7 3 h 0.14 M 37% 66:34 

a: determined by CSP-HPLC. 
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Next, a selection of ligands was screened against our reaction conditions from scheme 3.23 and 

table 3.10, entry 3 for comparison. Initially, Alexakis’ diamine (R,R)-16 was assayed with our 

conditions. Although a significant improvement in the yield of 233 was observed compared to 

when n-BuLi was used as a base (Table 3.7, entry 1), a near-racemic mixture was isolated 

regardless of the rate of addition of the electrophile (94%, 43:57 er from instant addition and 

81%, 42:58 er from addition of acetone over 1 h). Then, a series of proline-based dipeptide 

ligands, which have previously been employed by the Coldham group for the dynamic 

resolutions of N-Boc heterocycles, were investigated in hope of further improvement to the 

enantioenrichment of 233.49 Diproline ligand (S,S)-59 (88%, 64:36 er and 88%, 65:35 er), N-

methylephedrine derived ligand (S,R,S)-286 (97%, 67:33 er and 57%, 69:31 er) and tert-leucine 

derived ligand (S,S)-287 (52%, 67:33 er and 58%, 69:31 er) all gave no significant changes to 

the enantioselectivity. Valine derived ligand (S,S)-288 gave a marginally improvement of the 

er of 255 with addition of acetone over 1 hour to 74:26 er compared with (+)-289 under the 

same conditions. Interestingly, isoleucine derived ligand (S,S)-290 (56%, 69:31 er and 37%, 

63:37 er) and phenylglycine derived (S,S)-291 (80%, 71:29 er and 55%, 59:41 er) both gave 

better enantioselectivity with instant addition than slow addition of acetone in the electrophilic 

trapping step. While a bulkier valine/dimethylprolinol derived ligand (S,S)-292 led to a 

decrease in the yield and enantioenrichment of 255 than with (S,S)-288 as the ligand (Scheme 

3.27). 
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Scheme 3.27 a: determined by CSP-HPLC. 

Since screening a range of chiral diamine ligands did not gave any improved results, we 

proposed that tetrazole 225 and acetone may not be the ideal substrate and electrophile to for 

maximum enantioselectivity in our reaction system. It was hypothesised that there may not be 

enough steric bulk on tetrazole 255 to allow good resolution of the lithiated complexes. 

Alternatively, the rate of trapping with acetone may be too fast for effective dynamic resolution 

to take place. In order to test our hypothesis, different tetrazole substrates and electrophiles 

were attempted with our dynamic kinetic resolution conditions. 
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Tetrazole 292 was selected to subject to our dynamic kinetic resolution conditions in hope that 

the bulkier tert-butyl group would allow effective resolution to take place. Unfortunately, after 

lithiation and addition of either acetone or acetaldehyde as electrophiles, only starting 292 was 

recovered after workup. It is likely that no lithiation had taken place as the s-BuLi/(S,S)-288 

complex may be too bulky to deprotonate the heterobenzylic position of 292 (Scheme 3.28). 

Instead, resolution of chlorophenylethyltetrazole 258 was attempted with (S,S)-288. Although 

the formation of alcohol 293 was observed, a 70:30 er mixture was isolated regardless of rate 

of addition of acetone (Scheme 3.28). Since no improvement in enantioenrichment was 

observed from these experiments, we turned our attention to trapping with different 

electrophiles. 

 

Scheme 3.28  a: determined by CSP-HPLC. 
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The enantioselective cyclisation of N-Boc aminotetrazole 266 to give lactam 267 was also 

attempted. Reaction of 266 with s-BuLi/(+)-4 complex in Et2O at –78 °C gave a racemic 

mixture of lactam 267 in 42% yield (Scheme 3.29). This further supports the enantioenrichment 

of 225 is likely due to dynamic kinetic resolution as the lactam cyclisation of 266 is a fast 

intramolecular process. 

 

Scheme 3.29 a: determined by CSP-HPLC. 
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To determine whether the enantioselectivity observed under our dynamic kinetic resolution 

conditions was specific to trapping with acetone only, trapping with another ketone 

(benzophenone) was attempted. Disappointingly, subjecting tetrazole 225 to our kinetic 

resolution conditions with ligand (+)-4 followed by trapping with benzophenone as electrophile 

only gave a 40:60 er mixture of 234 after purification regardless of the rate of addition 

compared with 74:26 er with acetone over 1 hour (Scheme 3.30). We then repeated the 

experiment with a slower trapping electrophile (i.e. TBSCl), in hope that the slow rate of 

trapping would improve the resolution of 225. Unfortunately, a near racemic mixture of 238 

was isolated in this case regardless of the rate of electrophile addition (238, 63%, 46:54 er and 

75%, 47:53 er). These results contradict our hypothesis that dynamic kinetic resolution gave 

rise of the enantioselectivity of the lithiation-substitution of 225. We therefore decided to 

conduct an additional experiment to probe whether dynamic kinetic resolution of 225 had taken 

place. 

 

Scheme 3.30 a: determined by CSP-HPLC. 
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This experiment was carried out as follows: firstly, the racemic lithiation of 225 was conducted 

with s-BuLi in Et2O at –78 °C. Then, a solution of (S,S)-288 was introduced and the resulting 

solution was incubated at –78 °C for 1 h. Finally, lithiated 225 was trapped with acetone 

instantly and over 1 hour for side-by-side comparison. If dynamic kinetic resolution of 225 is 

taking place, a similar er of alcohol 233 to the results in scheme 3.27 (21%, 60:40 er and 67%, 

74:26 er) should be observed as the same diastereomeric lithium complexes should be formed 

under these conditions. Disappointingly, a near-racemic mixture of alcohol 233 was isolated in 

each case (88%, 52:48 er and 67%, 55:45 er) (Scheme 3.31), which suggests the 

enantioselectivity observed in scheme 3.27 may not be due to dynamic kinetic resolution. The 

reason for enantioenrichment of tetrazole 225 under DKR conditions remains unexplained. 

 

Scheme 3.31 a: determined by CSP-HPLC. 
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As a final attempt to optimise enantioselectivity in our system, our best dynamic kinetic 

resolution conditions for 225 were attempted with other N-protected tetrazoles which were 

trialled for the optimisation of the racemic lithiation-substitution in chapter 3.3. Although trityl 

protected tetrazole 224 under these conditions gave alcohol 231 in 13% and 16% respectively, 

both isolated products were a near-racemic mixture (52:48 er and 48:52 er). And 

disappointingly, cyclohexylpropanyl and diphenylethyl protected tetrazoles 226 and 22 both 

resulted in no reaction under these conditions, with full recoveries of starting materials 

(Scheme 3.32). 

 

Scheme 3.32 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

127 

 

3.5.3 Synthesis of Diastereo- and Enantiopure α-Tetrazolyl Sulfoxides 

As an alternative strategy to access enantioenriched functionalised tetrazoles with high 

enantiopurity, the synthesis of diastereo- and enantiopure α-tetrazolyl sulfoxides was 

investigated. The O’Brien group has reported protocols for the synthesis of α-alkoxy and α-

amino sulfoxides 295 and 296 via asymmetric lithiation-substitution with menthol derived 

Andersen’s sulfinate (SS)-294. Theses chiral sulfoxides can undergo stereospecific 

sulfoxide/Mg exchange to generate chiral Grignard reagents with high enantiopurity, which 

can then undergo electrophilic trapping to furnish products in high ers (Scheme 3.33).129 In our 

case, we hoped that α-magnesited tetrazoles would prove to be configurationally stable, unlike 

the corresponding lithiated tetrazoles. 

 

Scheme 3.33 

Based on this approach, the trapping of lithiated 225 was attempted to synthesised α-tetrazolyl 

sulfoxide 297 with good dr and er (Scheme 3.34). 

 

 

Scheme 3.34 
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To begin, the racemic synthesis of tetrazolyl sulfoxide 298 was attempted using our optimised 

lithiation conditions detailed in chapter 3.5.1. Treatment of 225 with s-BuLi in THF at –78 °C 

for 15 minutes followed by trapping with methyl p-toluenesulfinate 297 gave a 50:50 

diastereomeric mixture of sulfoxide 298 in 29% yield after purification by column 

chromatography (Scheme 3.35); we were unable to separate the two diastereomers using 

chromatography. The low yield of 298 was due to incomplete trapping the lithiated species 

with 225 as significant starting 225 was observed in the crude reaction mixture. We therefore 

decided to investigate alternative tetrazole substrates in the hope of improving the yield and 

separating the diastereomers of product for CSP-HPLC analysis. 

 

Scheme 3.35 

Methoxyalkyltetrazole 299 was then subjected to the same conditions as those in scheme 3.35, 

giving a 50:50 diastereomeric mixture of tetrazole 300 in 28% yield. Gratifyingly, in this case 

the two diastereomers of 300 could be partially separated via column chromatography using a 

80:20 mixture of CH2Cl2/MeCN (Scheme 3.36). 6 mg of a single diastereomer of 300 and 11 

mg of a 20:80 diastereomeric mixture of 300 was isolated after two chromatographic 

separations with CH2Cl2/MeCN from the crude reaction mixture in 0.5 mmol scale, which were 

used to identify the separating conditions of the corresponding enantiomers via CSP-HPLC.  

 

Scheme 3.36 
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Once the separating conditions and retention time of all four enantiomers of 300 were identified, 

the trapping of lithiated 299 with Anderson’s sulfinate (SS)-294 was attempted. To our delight, 

employing our optimised racemic conditions from chapter 3.5.1 followed by trapping with 

chiral sulfinate (SS)-294 resulted in a 70:30 diastereomeric mixture of sulfoxide 300, with the 

diastereomers having enantiomeric ratios of 93:7 and 6:94 respectively (Scheme 3.37). 

Motivated by this result, we decided to optimise the reaction further to improve the conversion 

and yield. 

 

Scheme 3.37 
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Unfortunately, after trialling a number of metalation conditions, including increasing the 

equivalents of 297 (Table 3.11, entry 1), the use of additives (i.e. LiCl and TMEDA) to 

increase the reactivity of the lithiated species (entries 2 and 3), changing reaction solvent to 

PhMe (entry 4) and transmetalating the lithiated species to Mg and Zn (entries 5 and 6) all 

resulted 30% conversion to 298. Further optimisation of reaction conditions such as employing 

chiral diamine ligands to improve yield and dr, as well as investigating alternative sulfinate 

based electrophile could provide access to diastereo- and enantiopure α-tetrazolyl sulfoxide.  

Table 3.11 

 

Entry Conditions NMR 

conversiona 

1 1. s-BuLi, THF, –78 °C, 15 min 

2. 4.0 eq 297  

30% 

2 1. s-BuLi, LiCl, THF, –78 °C, 15 min 

2. 297 

30% 

3 1. s-BuLi, TMEDA, THF, –78 °C, 15 min 

2. 297 

30% 

4 1. s-BuLi, PhMe, 0 °C, 15 min 

2. 297 

30% 

5 1. s-BuLi, THF, –78 °C, 15 min 

2. MgBr2, 0 °C, 15 min 

3. 297 

30% 

6 1. s-BuLi, THF, –78 °C, 15 min 

2. ZnCl2, 0 °C, 15 min 

3. 297 

30% 

a: determined by 1H NMR spectroscopy based on starting material.  
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3.5.4 Diastereoselective Lithiation-Substitution of Tetrazole 301 via Chiral 

Auxiliary 

Finally, the chiral auxiliary-controlled diastereoselective lithiation-substitution of tetrazole 301, 

protected by camphor derived alkene 306, was investigated. We hypothesised that the 

lithiation-substitution of 301 could proceed with diastereoselectivity with or without the 

presence of chiral diamine ligands. The deprotection of a single diastereomer of 302 would 

produce a single enantiomer of substituted tetrazole 303. Since the dynamic resolution of 

tetrazole 225 was found to challenging (see chapter 3.5.2), this alternative approach could 

provide a more convenient access to α-functionalised tetrazoles with high enantioenrichment 

(Scheme 3.38). 

 

Scheme 3.38 

To begin, the synthesis racemic alkene rac-306 was carried out. Using a modified procedure 

by Chen et al., nucleophilic attack of camphor 304 by PhMgBr to give alcohol 305, followed 

by SOCl2 mediated dehydration of 305 in pyridine to give alkene rac-306 in 50% yield over 2 

steps.130 Alkene (R,R)-306 was synthesised using the route from D-camphor in 42% over 2 

steps (Scheme 3.39). 

 

Scheme 3.39 
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Next, the protection of with tetrazole 119 with racemic alkene rac-306 was attempted. To our 

surprise, when we applied our standard cumyl protection conditions, an inseparable mixture of 

two different N-protected tetrazoles rac-301 and rac-308 was isolated after purification 

(Scheme 3.40). This is likely due to the isomerisation of alkene rac-306 to alkene rac-307 in 

acidic media, as observed by Kleinfelter et al. in 1967,131 before N-protection could take place 

(Scheme 3.40).  

 

Scheme 3.40 
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Gratifyingly, this phenomenon could be avoided by reversing the order of addition of alkene 

rac-306 and TFA. Slow addition of TFA into a solution of alkene rac-306 and tetrazole 119 

afforded protected tetrazole anti-301 as a single diastereomer after purification in 85% yield, 

analogues to the previously reported lithiation-substitution of camphor derivatives which 

proceeded with anti-selectivity.132 Using the same conditions with alkene (R,R)-306 enabled 

the isolation of tetrazole (R,R,S)-301 in 80% yield (Scheme 3.41). Unfortunately, we were 

unable to separate the enantiomers of rac-301 via CSP-HPLC or -GC to verify the 

enantiopurity of (R,R,S)-301. 

 

Scheme 3.41 
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With tetrazoles anti-301 and (R,R,S)-301 in hand, the diastereoselective lithiation-substitution 

of 301 was investigated. To our delight, our standard conditions detailed in chapter 3.5.1 were 

compatible with the lithiation-substitution of anti-301. Reaction with s-BuLi in THF at –78 °C 

for 15 minutes followed by trapping with acetone gave an inseparable 50:50 diastereomeric 

mixture of rac-309 in 90% yield. Gratifyingly, the four enantiomers of rac-309 were separable 

on CSP-HPLC. We therefore decided to repeat the same reaction with (R,R,S)-301, which 

allowed to isolation of (R,R)-309 in 67% yield and 50:50 dr by employing our standard 

conditions. Only two enantiomers (one of each diastereomer) were observed from the 

diastereomeric mixture of (R,R,S)-309, which indicates starting (R,R,S)-301 was enantiopure 

after protection. Further optimisation through investigation of different electrophilic trapping 

conditions (for example via transmetallation to an organo-magnesium, -zinc or -copper before 

addition of the external electrophile) or by employing chiral diamine ligands could provide 

diastereoselectivity to the lithiation-substitution, which could in-turn allow access to 

enantiopure α-functionalised tetrazoles after removal of chiral auxiliary. 

 

Scheme 3.42 
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3.6 Investigation of π-Directing Effect of the Lithiation of N-cumyl protected 

Alkyltetrazoles 

As detailed in chapter 3.5.1, the lithiation of N-cumyl protected alkyltetrazoles was completed 

in very short reaction time (15 minutes) at room temperature and even –78 °C (Table 3.3). It 

was also observed the colour of lithiated N-cumyl protected alkyltetrazoles appeared to be dark 

red in solution which resembles the colour of phenyllithium in solution (Figure 3.10 and 3.11). 

We proposed that lithiation of N-cumyl protected alkyltetrazoles could be facilitated by the 

organolithium coordination to phenyl ring of the cumyl group, similar to the CIPE (to chapter 

1.2) observed with the lithiation-substitution of N-Boc heterocycles.5 We therefore decided to 

attempt to investigate the solution structure of lithiated 225 by NMR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11 Figure 3.10 
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3.6.1 In Situ NMR Studies of Lithiated Tetrazole 225 

To gain a better understanding of the structure of lithiated alkyltetrazoles in solution, 1H NMR 

spectroscopic studies of lithiated 225 in C6D6 were conducted. The red spectrum in figure 3.12 

corresponds to the 1H NMR spectrum of tetrazole 225, which gave a triplet at 2.73 ppm and it 

is corresponds to the heterobenzylic protons of 225. The green spectrum corresponded to the 

1H NMR spectrum of tetrazole 225 4 minutes after addition of s-BuLi; the signal at 2.73 ppm 

remained while a now broad signal at –0.54 ppm, which corresponds to the proton next to Li 

in s-BuLi. This indicated that the lithiation of 225 has not occurred yet and the green spectrum 

shows a mixture of s-BuLi and 225. Interestingly, the aromatic signals of 225 had boarden 

upon the addition of s-BuLi and additional signals were observed in the alkene region of the 

spectrum. The blue spectrum in figure 3.12 corresponded the reaction mixture after 18 minutes; 

both signals at 2.73 and –0.54 ppm had disappeared, while a new signal at –0.71 ppm, which 

represents the heterobenzylic proton of lithiated 225 310. Additionally, the aromatic signals of 

225 were also disappeared, while the signals in the alkene region found in the green spectrum 

have diversified. Based on this evidence, it is likely that there was some interaction of the 

phenyl ring (possibly an η6-π/Li interaction) prior to and after deprotonation has taken place.133 

Motivated by these results, further kinetic studies of the lithiation of 225 were carried out to 

determine whether the π-interaction of the phenyl ring of 225 had facilitated lithiation in a 

manner similar to a carbamate carbonyl oxygen lone pair in CIPE chemistry. 
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Figure 3.12 

 

 

 

 

 

 

 

 

 

 

 

 

1H NMR, 400 MHz, C6D6, 14-16 °C 
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3.6.2 Kinetic Studies of the Lithiation of 225 vs 228 

To determine the time scale of lithiation of 225 and probe whether the phenyl group of 225 had 

any contribution towards facilitation of the lithiation, kinetic experiments of 225 and 

cyclohexyl analogue 228 were carried out. Upon treating 225 and 228 with s-BuLi at –78 °C 

in THF, an aliquot of the lithiation mixture at a specified time (0.25, 0.5, 1, 2, 5, 10, 15, 20, 60 

min) was taken out and injected into a solution of acetone in THF. The amount of alcohol 233 

or 311, vs. starting material 225 or 228 was then determined by 1H NMR spectroscopy after 

workup in the presences of Bn2O as the internal standard (Scheme 3.43). Unfortunately, full 

conversion of 233 and 311 was observed within the first 15 seconds after the addition of s-

BuLi, therefore we were unable to compare the progress of lithiation of 225 and 228 in THF. 

We note that although the optimised lithiation time for lithiation-substitution of N-cumyl 

alkyltetrazoles was 15 minutes, any shorter reaction times were not attempted. 

 

Scheme 3.43 

To remedy this, the same experiments were repeated in Et2O to reduce the reactivity of s-BuLi 

and therefore slow down lithiation (Scheme 3.44).2 To our delight, we were able to monitor the 

progress of lithiation of 225 and 228 in this case. However, as shown in figure 3.13, the rates 

of conversion of the starting material and product for both 225 and 228 were nearly identical, 

therefore it was concluded that it is unlikely that the π-interaction between the phenyl group 

and the lithium atom of lithiated 225 was facilitating lithiation. 

 

Scheme 3.44 
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Figure 3.13 
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3.7 Conclusions and Future Work 

Both batch and continuous flow lithiation-substitution protocols of N-cumyl protected 

alkyltetrazoles have been developed, allowing rapid and convenient modification to access α-

functionalised tetrazoles in good yield. Both electrophile and substrate scopes were fully 

explored. Cryogenic temperatures were not required in majority of cases under batch conditions, 

while room temperature lithiation could be achieved under continuous flow. A high 

productivity value (141 g/h) was also achieved with our optimised flow conditions due to the 

high concentration of reactant solution (1.1 M tetrazole solution) and fast pumping rate (10 

mL/min) of the setup. This allows convenient access to kilograms of material, which would be 

difficult under batch conditions.  

 

The enantioselective lithiation-substitution of N-protected alkyltetrazoles was attempted. Only 

modest enantioselectivity was observed (up to 74:26 er) via the dynamic kinetic resolution 

approach after screening of reaction conditions and chiral diamine ligands. Alternative 

approaches such as chiral sulfoxide 300 or chiral auxiliary tetrazole 301 were shown to have 

promising potential for access to enantioenriched α-functionalised alkyltetrazoles, and future 

work in this field will include a full investigation of these avenues of enquiry.  

 

Finally, the potential π-directing effect of the lithiation of N-cumyl protected tetrazole 225 was 

investigated. It was concluded that although the polymeric structure of the lithiated species of 

225 310 is likely to involve η6 interaction between the phenyl ring of the cumyl group and the 

lithium atom from in situ 1H NMR studies, there were no difference in the time scale of 

lithiation between 225 and cyclohexyl derivative 228, which represented that this interaction 

did not facilitate the lithiation of 225. It is proposed that identification of the nature of any 

aromatic ring/Li interaction in the lithiatied intermediate species will require computational 

modelling or crystallisation and X-ray diffraction studies of this species. 
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Chapter 4 : Metalation-Substitution of Alkyl-1,3,4-

Oxadiazoles 

This chapter details the development of novel metalation-substitution methodologies for alkyl-

1,3,4-oxadiazoles. The competing decomposition of the lithiated species was minimised by the 

optimisation of lithiation temperature and time, yielding α-functionalised oxadiazoles in high 

yield. The electrophile and substrate scopes were then fully explored. While cryogenic (–30 

°C) temperatures were required for lithiation in batch conditions, room temperature lithiation-

substitution of alkyl-1,3,4-oxadiazoles could be achieved by adopting a continuous flow setup. 

The superior mixing and heat transfer afforded by a microflow reactor allowed the interception 

of unstable lithiated species before ring fragmentation could occur. To our best of knowledge, 

this is the first example of a heterobenzylic lithiation-substitution reaction under continuous 

flow at room temperature. Additionally, we have discovered that TMPZnCl·LiCl, a versatile 

base for zincation of various substrates, could also achieve the same C-H functionalisation at 

room temperature in high yield – the first example of direct deprotonation to form a zinc aza-

enolate intermediate of which we are aware.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

142 

 

4.1 Introduction to 1,3,4-oxadiazoles 

4.1.1 Pharmaceutical importance of 1,3,4-oxadiazoles 

As detailed in Chapter 1, oxadiazoles are azole compounds bearing two nitrogen atoms and 

one oxygen atom on the 5-membered aromatic ring. There are three isomeric forms of 

oxadiazoles: 1,2,4 312 and 313, 1,3,4 314 and 1,2,5 315 (Figure 4.1). The 1,2,4 and 1,3,4 

isomers 312, 313 and 314 are commonly found in drug like compounds, whereas examples 

with 1,2,5-oxadiazoles are rare in pharmaceutical chemistry.71 Much like tetrazoles, 

oxadiazoles display bioisosterism with carbonyl functional groups such as amides, esters, 

carbamates and hydroxamic esters, while retaining aromatic properties. An investigation 

conducted by Boström et al. revealed that 1,3,4-oxaidiazoles generally display lower 

lipophilicities, higher water solubilities and higher metabolic stabilities than the 1,2,4 

counterparts in pharmaceutical compounds.71 

 

Figure 4.1 
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There are several oxadiazole containing drugs which has been in development for medical 

needs, including Setileuton 316, a 5-lipoxgenase inhibitor discovered by Merck Sharp & 

Dohme for the treatment of asthma;134 Zibotentan 317, a endothelin receptor antagonist 

developed by AstraZenaca against prostate cancer;135 and Raltegravir 318, an anti-HIV drug 

developed by Merck Sharp & Dohme that has been approved for medical use in the US since 

2007 (Figure 4.2).136 

 

Figure 4.2 

4.1.2 Previous Lithiation-Substitution of Alkyl-1,3,4-Oxadiazoles 

There was only one reported successful literature example of the lithiation-substitution of 

alkyl-1,3,4-oxadiazoles before 2019. This is likely due to the observation from Micetich in 

1970 that the treatment of 2,5-dimethyl-1,3,4-oxadiazole 319 with n-BuLi at –70 °C led to 

decomposition of the oxadiazole ring, proposed to be due to nucleophilic attack of the 

alkyllithium (Scheme 4.1).137 

 

Scheme 4.1 
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Ring opening was also observed by Joseph et al.138 when oxadiazoles 320 were heated in the 

presence of amines to form N-acyl amidines 321. Interestingly, the resulting N-acyl amidines 

could undergo oxidative cyclisation with PIDA to form amine substituted oxadiazoles up to 

80% yield (Scheme 4.2). 

 

Scheme 4.2 

A team at GSK lead by Deaton reported the lithiation-substitution of alkyl-1,3,4-oxadiazoles 

as part of their synthesis of cathepsin K inhibitors, which were investigated for use as 

osteoporosis treatments. 2-Aryl-5-methyl-1,3,4-oxadiazoles 322 were lithiated with either n-

BuLi or LiTMP at –78 °C followed by trapping with various aldehydes to give oxadiazolyl 

alcohols in 11-64% yield (Scheme 4.3).139 It is likely that this modest yield was obtained due 

to the instability of the lithiated species and the potential nucleophilic attack from n-BuLi This 

is as the only reported successful example of lithiation-substitution of alkyl-1,3,4-oxadiazoles 

before 2019. 

 

Scheme 4.3 
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4.2 Synthesis of Alkyl-1,3,4-Oxadiazoles 

During investigation of N-protection strategies suitable for the lithiation-substitution of 

alkyltetrazoles, it was found that acylated tetrazole 220 underwent rearrangement to the 

corresponding 1,3,4-oxadiazoles 221 in solution. It is likely that at high temperature nitrogen 

was eliminated from 220 to form dipolar intermediate 323, which was then cyclised to form 

221 (Scheme 4.4). This was first reported by Huisgen et al. in 1958 and was found to be an 

effective route to synthesise 2,5-disubstituted 1,3,4-oxadiazole by the reaction between 5-

substituted tetrazoles and the corresponding acylation agents in the presence of pyridine 

(Scheme 4.4).121 

 

Scheme 4.4 
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Although it has also been reported that acylated tetrazoles could be synthesised without heating, 

the substrate scope was limited to aryl and sterically hindered alkyl examples (Scheme 4.5).140 

Moreover, very little conversion was observed when tetrazole 119 was subjected to Behloul’s 

conditions (Scheme 4.5). Therefore, it was concluded that acylated 5-alkyltetrazoles could not 

be easily obtained without the rearrangement to the corresponding 1,3,4-oxadiazoles. 

 

Scheme 4.5 
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A library of 2,5-disubstituted alkyl-1,3,4-oxadiazoles were synthesised using the protocol on 

scheme 4.6. Reaction of alkyltetrazoles 117, 119-124 and 126, 10 mol% DMAP and acyl 

chloride in PhMe at 110 °C for 16 h gave the corresponding alkyl-1,3,4-oxadiazoles 221 and 

324-333 (Scheme 4.6).  

 

Scheme 4.6 

We were unable to synthesise oxadiazole 334 using Huisgen’s conditions due to the insolubility 

of tetrazole 151 in organic solvents except DMF, and additional concerns were raised regarding 

the stability of the product oxadiazole during neutralisation of the amine hydrochloride that 

would result from the use of acyl chloride. Therefore, a modified protocol was used for the 

synthesis of 334.  Reaction of tetrazole 151 with pivalic anhydride in DMF at 120 °C for 16 h 

gave the crude product. Solvent was then removed via vacuum distillation and the residue was 

subjected to column chromatography to give pure 334 in 24% yield (Scheme 4.7). 

 

Scheme 4.7 
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Oxadiazole 337 was synthesised using a procedure reported by Yu el al.141 Reaction of acyl 

hydrazide 335 with pivaldehyde in EtOH at reflux gave N-acyl amidine 336 which was used in 

the next step without further purifications. 336 was then using cyclised I2 and K2CO3 in DMSO 

at 100 °C to give oxadiazole 337 in 43% yield over 2 steps (Scheme 4.8). 

 

Scheme 4.8 

Oxadiazole 341 was synthesised using a procedure modified from that reported by Stabile et 

al.142 Acid 338 was coupled with pivalic acid hydrazide 339 using carbodiimide-mediated 

amide coupling conditions to give diacylhydrazide 340 which was used in the next step without 

further purification. TsCl and Et3N facilitated condensation-cyclisation of 340 then gave 

oxadiazole 341 in 53% over 2 steps (Scheme 4.9). 

 

Scheme 4.9 
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Although the synthesis of 2-propyl-5-(trifluoromethyl)-1,3,4-oxadiazole 342 was successful 

using our standard conditions with tetrazole 119 and TFAA as an acylating reagents, as signals 

corresponding to 342 was found on the 1H NMR spectrum of the crude mixture. 342 was found 

to be volatile as significant mass was lost during evaporation of fractions under reduced 

pressure after column chromatography. Gratifyingly, non-volatile 343 was successfully 

isolated in 83% yield after column chromatography by switching the tetrazole to an example 

bearing a longer alkyl chain, 121 and employing the same reaction conditions (Scheme 4.10). 

 

Scheme 4.10 

Finally, 2-tert-butyloxycarbonyl oxadiazole 345 was synthesised using our standard conditions. 

Since the corresponding acyl chloride 344 was not commercially available, the synthesis began 

with reaction of oxalyl chloride and tert-butanol to give acyl chloride 344 in solution of 

PhMe.143 Tetrazole 119 and DMAP were then added into the solution which was then heated 

to reflux for 2 h to give oxadiazole 345 in 77% yield after purification (Scheme 4.11). 

 

Scheme 4.11 
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4.3 Lithiation-Substitution of Alkyl-1,3,4-Oxadiazoles in Batch Conditions 

To begin our investigation, we screened conditions for the lithiation-substitution of oxadiazole 

221. The results of this optimisation study are shown in table 4.1. Reaction of 221 with n-BuLi 

at –78 °C for 2 hours followed by trapping with acetone gave product 346 with 60% conversion 

as determined by quantitative 1H NMR using Me2SO2 as internal standard (Table 4.1, entry 1). 

Since all starting material was consumed, it was hypothesised that the modest yield was due to 

ring opening or nucleophilic by base and the lithiation time was shortened to see if the yield 

could be improved. Unfortunately, there was no significant change in conversion when the 

lithiation time was changed to 1 hour, 20 minutes, 1 minute or even 1 second (entries 2-5). 

However, 21% of starting oxadiazole 221 was observed in the 1H NMR spectrum of the crude 

reaction mixture when the lithiation time was 1 second (entry 5), which further suggests that 

side reactions occurred which lead to the decomposition of lithiated 221 into other by-products. 

However only 346 and complex mixtures were isolated after column chromatography and we 

were unable to identify the nature of the side reactions and by-products. 

 

The lithiation of 221 with n-BuLi at –30 °C was also investigated, however no product was 

obtained after lithiation for 2 hours (entry 6). Shortening the time to 1 hour gave 221 in 54% 

yield (entry 7) and further shortening the time to 15 minutes improved the yield 64% (entry 

8). The decrease in yield when the lithiation time was increased again suggested that the 

lithiated oxadiazole 221 was unstable. 

 

In an attempt to prevent side reactions, a more sterically hindered base, LDA, was investigated. 

Lithiation of 221 with LDA at –78 °C for 10 minutes resulted in the formation of 346 in 58% 

yield with 19% of unreacted 221 in the crude mixture (entry 11). Extending the lithiation time 

to 20 minutes consumed all the starting 221 with 346 isolated in 96% yield after purification. 

Again, a higher lithiation temperature was also attempted as –78 °C impractical for use on an 

industrial scale. At –30 °C with a lithiation time for 10 min, 346 was formed in 50% yield after 

trapping with acetone; no starting material remained (entry 12). However, shortening the 

lithiation time to 1 minute resulted in the formation of 346 with 95% conversion after trapping 

with acetone and in 89% isolated yield after purification via column chromatography (entry 

13).  
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Since high yields were obtained using LDA, we investigated the possibility of lithiating 221 

using s-BuLi. To our surprise, subjecting 221 to the same reaction conditions as entry 10 and 

13 using s-BuLi resulted in the formation of 346 in quantitative yield and 83% yield 

respectively (entry 14-16). 

 

As the use of LDA is compatible with a wider variety of functional groups, and the reaction 

temperature of –30 °C was more accessible on an industrial scale than –78 °C,144 the conditions 

shown on entry 13 were chosen as optimal. 

Table 4.1 

 

Entry RLi Temp./ 

°C 

Time NMR 

conversiona 

S.M.a Isolated 

yield  

1 n-BuLi –78 2 h 60% 0% - 

2 n-BuLi –78 1 h 56% 0% 46% 

3 n-BuLi –78 20 min 55% 0% - 

4 n-BuLi –78 1 min 54% 0% - 

5 n-BuLi –78 1 s 58% 21% - 

6 n-BuLi –30 2 h 0% 0% - 

7 n-BuLi –30 1 h 54% 0% - 

8 n-BuLi –30 30 min 55% 0% - 

9 n-BuLi –30 15 min 64 % 0% 50% 

10 LDA –78 20 min 96 % 0% 96% 

11 LDA –78 10 min 58 % 19% - 

12 LDA –30 10 min 50 % 0% 43% 

13 LDA –30 1 min 95 % 0% 89% 

14 s-BuLi –78 20 min quant. 0% quant. 

15 s-BuLi –30 10 min 85 % 0% - 

16 s-BuLi –30 1 min 94 % 0% 83% 

a: determined by 1H NMR in the presence of Me2SO2 as internal standard. 
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Next, the electrophile scope was explored. The trapping with ketones and aldehydes such as 

benzophenone and benzaldehyde gave alcohol 347 and 348 in 76% and 69% yield respectively, 

with the latter product obtained in 60:40 dr. The methylating agents methyl iodide and dimethyl 

sulfate gave methylated tetrazole 349 in 79% and 72% yield respectively. Other alkylating 

agents such as benzyl bromide gave 350 in 74% yield and allyl bromide gave oxadiazole 351 

in 80% yield. Silylation with TMSCl and TMSBr gave silylated oxadiazole 352 in 51% and 

65% yield respectively and deutration using MeOD-d4 lead to a 76:24 mixture of deutrated 

oxadiazole 221-d1 and starting oxadiazole 221 (Scheme 4.12). 

 

 

Scheme 4.12 
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A limitation of the electrophile scope is that the yield of the reaction decreased dramatically or 

gave no isolable product with electrophiles which installed a carbonyl group in the β-position. 

Thus, only a 24% yield of amide 353 was isolated after column chromatography when 

isopropyl isocyanate was used as an electrophile and no product 354 was isolated when tosyl 

isocyanate was the electrophile. Similarly, trapping with DMF, benzoyl chloride, or a Weinreb 

amide led to a complex mixture of unidentifiable products. Trapping with tri-n-butyltin 

chloride led to no reaction, with only starting materials recovered while trapping with I2 gave 

a complex mixture of products not including 358 (Scheme 4.13). 

 

 

Scheme 4.13 
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To further investigate the reason why installing a carbonyl onto the α-carbon onto alkyl-1,3,4-

oxadiazoles was difficult, an independent synthesis of oxadiazole 356 was attempted by 

oxidising a diastereomeric mixture of alcohol 348 with DMP. Although there was evidence of 

product formation from the 1H NMR spectrum of the crude mixture, no ketone 356 was isolated 

after column chromatography. We suspect that enol-keto tautomerism of ketone 356 to enol 

359 subsequently leads to decomposition of the oxadiazole ring (Scheme 4.14).  Indeed, where 

tautomerisation is disfavoured (iso-propyl oxadiazole amide 353), some product may be 

obtained. 

 

Scheme 4.14 
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Moreover, when lithiated 221 was trapped with methyl chloroformate under standard 

conditions, only a mixture of monosubstituted oxadiazole 360, disubstituted oxadiazole 361 

and starting 221 was isolated after column chromatography, with disubstituted oxadiazole 361 

being the major product. When a higher equivalent of base and electrophile was used, 

disubstituted tetrazole 361 was isolated 48% yield with no starting material remained. Despite 

having β-carbonyl groups, 361 is stable and can be isolated as it is unable to undergo 

tautomerisation (Scheme 4.15). 

 

Scheme 4.15 
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Finally, the X-ray structure of 347 indicated hydrogen bond formation between the diphenyl 

alcohol and the N-3 position, which further suggests the formation of an enol form is favourable 

(Figure 4.3). Therefore, we propose that the lack of formation of β-carbonyl oxadiazoles from 

lithiation-substitution was due to their intrinsic instabilities rather than inefficient trapping. 

 

 

Figure 4.3 
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We then turn our attention to exploration of the substrate scope. Gratifyingly, the lithiation 

occurred exclusively at heterobenzylic position when the tert-butyl group was replaced with a 

phenyl group (362, 71%), with no evidence of ortho-lithiation observed; in the cases where 

there are two possible deprotonatable sites, the lithiation occurred preferentially on the least 

sterically hindered position (363 and 364, 60% and 55%). However, in these cases higher yield 

was obtained using LiTMP (363 and 364, 75% and 79%) (Scheme 4.16). 

 

The lithiation protocol also tolerated different lengths of alkyl chains. Exchanging the n-propyl 

chain with a shorter ethyl or longer n-octyl chain maintained the efficiency of the lithiation-

substitution, with yields of 62% and 71% obtained after trapping with acetone (365 and 366). 

Different functionalities on the alkyl chain were also explored, trifluoromethyl (367, 74%), 

phenyl (368, 75%), haloaryl (369, 81%), acetal (370, 91%), methoxy (371, 84%) and 

dimethylamino (372, 85%) were all well tolerated (Scheme 4.16). 

 

Scheme 4.16 
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When protected amino-oxadiazole 341 was subjected to our standard conditions, no acetone 

trapping products 374 or 375 were formed. Instead Boc-transfer product 373 and other 

unidentifiable by-products were observed in the crude mixture by 1H NMR. This shows that 

although the lithiation did taken place, lithiated 341 underwent internal electrophilic trapping 

by one of the Boc groups on the alkyl chain before reaction with the external electrophile. 

Gratifyingly, doubling the equivalents of LDA allowed the lithiation-substitution to proceed to 

completion and Boc-transfer product 373 was isolated in 61% yield after column 

chromatography (Scheme 4.17). 

 

Scheme 4.17 
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Finally, the lithiation-substitution of alkyloxadiazoles bearing electron-withdrawing ring 

substituents was attempted. When trifluoromethyl oxadiazole 343 or Boc oxadiazole 345 were 

subjected to our optimised conditions, no product 376 or 377 nor starting material was observed 

from the 1H NMR spectra of the crude mixture. The formation of mixtures of polymeric 

products was suspected, though we were unable to conclusively identify any specific isolates. 

Unfortunately, repeating the reactions at a lower temperature (–78 °C) did not change this 

outcome (Scheme 4.18). We conclude that the lithiation-substitution is incompatible with the 

presence of electron-withdrawing substituents on the oxadiazole ring. 

 

Scheme 4.18 
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4.4 Room Temperature Lithiation-Substitution of Alkyl-1,3,4-Oxadiazoles under 

Continuous Flow Conditions 

As shown, the optimal conditions for the lithiation-substitution of alkyl-1,3,4-oxadiazoles 

require short lithiation time (1 min) and cooling to –30 °C. Although it was observed that 

lithiated oxadiazoles are unstable at higher temperatures, we decided to investigate the reaction 

under continuous flow conditions at room temperature in the hope that the more efficient heat 

transfer and micro-mixing under continuous flow conditions could overcome this issue.51 At 

the time, there were no deprotonative metalation-substitution protocols to generate aza-

enolates under continuous flow conditions reported in the literature. 

The results for the optimisation study of lithiation of 221 in continuous flow at room 

temperature is shown on table 4.2. A two peristaltic pump set up was used for the optimisation 

in which lines of LDA solution in THF and a solution of 221 in THF were driven into a T-

junction, and the combined solution was then directed into a receiving flask charged with 1 M 

benzophenone solution in THF.  

 

To our surprise, alcohol 347 was formed in moderate yield after aqueous work-up when the 

molar ratio of LDA to 221 was 1.3 and the flow rate of each pump was 5 mLmin-1, which 

represent a net flow rate of 10 mLmin-1 and a residence time of 2.8 seconds (Table 4.2, entry 

1). As there was significant amount of starting material 221 in the crude mixture as observed 

by 1H NMR, we suspected the lithiation was incomplete and slower flow rates were used. 

Unfortunately, the yield of 347 and the amount of 221 recovered did not change significantly 

when a slower flow rate was attempted (entry 2 and 3). This indicated that the lithiation step 

was complete before the reaction mixture entered the receiving flask with electrophile. 

Therefore, the concentration of 221 was reduced to 0.23 M so that the molar ratio between the 

two reactants would increase to 2.2; under the net flow rate of 2 mLmin-1 347 was formed with 

53% yield conversion with no 221 remaining (entry 4). Since there was significant 

decomposition of starting material, the net flow rate was increased to 20 mLmin-1 in which 347 

was formed in 86% conversion (entry 5). Because a large excess of LDA was used, a 

significant amount of diphenylmethanol was formed from the reduction of benzophenone 

which was found to be inseparable from 347. 
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Table 4.2 

Entry x Flow rate/ 

mLmin-1 

Net flow rate/ 

mLmin-1 

tR1/s NMR 

conversiona 

SMa  

1 0.39 5 10 2.8 39% 24% 

2 0.39 2.5 5 7 41% 22% 

3 0.39 1 2 14 34% 16% 

4 0.23 1 2 14 45% 0% 

5 0.23 10 20 1.4 86% 0% 

a: determined by 1H NMR in the presence of Me2SO2 as internal standard. 

With the high yielding conditions for the lithiation-substitution of oxadiazole 221 under 

continuous flow in hand, we decided to investigate the possibility of a fully in-flow lithiation-

substitution sequence at room temperature. A three peristaltic pump set was utilised for the 

generation of the unstable lithiated intermediate and subsequent electrophilic trapping, in 

which a 0.25 M solution of oxadiazole 221 and a 0.5 M solution of LDA in THF were driven 

into a T-junction to generate to lithiated species 378 over a timeframe of 0.66 seconds, which 

was then followed by the interception with a 1 M solution of electrophile in THF and a 

residence time of 0.94 seconds to form α-functionalised alkyloxadiazoles. A selection of 

electrophiles and substrates from chapter 4.3 were investigated using this set up. Pleasingly, 

comparable yield to batch experiments was achieved in most examples. The limitation of the 

flow setup is that no electrophilic trapping would occur for electrophiles that were trapped 

insufficiently in batch conditions such as iPrNCO or slower trapping electrophiles such as 

TMSBr, with only starting 221 and trace product observed in the crude mixture (Scheme 4.19).  
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Scheme 4.19 
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Next, a large-scale synthesis of alcohol 346 under continuous flow conditions was attempted 

in order to accurately determine the productivity rate. Using our standard lithiation in-flow 

conditions, 12.5 mmol of 221 was lithiated and trapped with acetone as the electrophile. 2.41 

g of alcohol 346 was isolated after column chromatography which corresponds to an 85% yield 

(Scheme 4.20). Based on this result we extrapolate the productivity value of this set up to be 

28.8 gh–1. It was observed that there was no significantly detrimental exotherm which would 

adversely affect yield produced from the setup despite a substantially longer running time as 

there was no drop in yield. 

 

Scheme 4.20 
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We next applied our standard in-flow conditions to the formal synthesis of capthesin K 

inhibitor 380.139 2-Phenyl-5-methyl-1,3,4-oxadiazole 327 was lithiated and trapped with 

pivaldehyde using our standard flow conditions to give key intermediate alcohol 379 in 95% 

yield, in contrast to the 11% yield reported by Deaton and co-workers using a standard batch 

lithiation-substitution conditions at cryogenic temperatures, underlining the benefit resulting 

from the use of our continuous flow strategy (Scheme 4.21).139 

 

Scheme 4.21 
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Finally, for comparison, the room temperature lithiation-substitution of 221 in batch was 

attempted. It was found that reaction of 221 with LDA for 10 seconds at room temperature 

followed by trapping with acetone as electrophile resulted in no formation of alcohol 346 as 

observed by 1H NMR of the crude reaction mixture, and no starting material remained. 

Reducing the lithiation time to 1.3 seconds, mimicking our standard continuous flow conditions, 

gave alcohol 346 in only 40% yield with no starting material remaining (Scheme 4.22). These 

results underpin the assertion that this transformation can only be achieved at room temperature 

under continuous flow conditions. 

 

Scheme 4.22 
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4.5 Attempted Enantioselective Lithiation-Substitution of Oxadiazole 221 

Once the racemic conditions were optimised, enantioselective lithiation-substitutions of 

oxadiazole 221 were investigated. We began our study by screening a range of chiral diamine 

ligands chosen for their compatibility with enantioselective s-BuLi mediated lithiation of other 

starting materials such as N-Boc pyrrolidines (Table 4.3).6, 16, 47 In each case, 1.3 and 1.4 

equivalent of s-BuLi and diamine were used in Et2O at –78 °C respectively; these conditions 

were chosen as they are common to other enantioselective lithiations. First a series of trans-

cyclohexane-1,2-diamines (R,R)-16, (R,R)-211, (R,R)-210 and (R,R)-381 developed by 

Alexakis were tested as they were easily accessible.16, 145 Unfortunately, they all gave near 

racemic results with very poor yields (Table 4.3, entries 1–3). The er of (R,R)-381 when 

dibenzyl ligand derivative was used was undetermined because the isolated product 347 was 

impure (entry 4). (+)-Sparteine (+)-4 was then investigated, and while a moderate yield of 347 

was obtained, again no enantioenrichment of the product was observed (entry 5). A proline 

derived diamine (S,S)-59, previously used by Coldham in enantioselective lithiation via DKR 

was then tested but a nearly racemic mixture of alcohol 347 was isolated with moderate yield 

(entry 6).49 Finally, chiral bisoxazoline ligand (R,R)-382 was tested in the reaction – 

unfortunately no reaction was observed as only starting materials were recovered (entry 7). 
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Table 4.3 

 

Entry Ligand Isolated yield era 

1 

 

1.5% 45:55 

2 

 

19% 48:52 

3 

 

22% 46:54 

4 

 

2.4% n.d. 

5 

 

42% 49:51 

6 

 

31% 48:52 

7 

 

0% - 

a: determined by CSP-HPLC 
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Based on the results in table 4.3, we suspected that the lack of enantioenrichment was due to 

the configurational instability of lithiated oxadiazole complexes (R)-383 and (S)-383. If the C-

Li bond of 383 is weak, rapid epimerisation can occur despite asymmetric deprotonation 

leading to racemic product 384 (Scheme 4.23). 

 

Scheme 4.23 
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To determine whether 383 was configurationally stable, we once again employed the ‘poor 

man’s Hoffmann test’.34 To this end, the reaction on table 4.3, entry 5 was repeated with a 

deficient of benzophenone. Again, the er of alcohol 347 was close to racemic when 0.3 eq of 

benzophenone was used. Since the er under the two conditions are close to identical (Scheme 

4.24), lithiated oxadiazole complex 383 could be configurationally unstable on the timescale 

of the reaction. 

 

Scheme 4.24 

Since the ‘poor man’s Hoffmann test’ suggested lithiated oxadiazole 221 may be 

configurationally unstable at –78 °C, the original Hoffmann test was also employed.128 Using 

the optimal conditions at –78 °C, reaction of 221 and LDA followed by trapping with 

enantiopure or racemic aldehyde 385 resulted in the formation of four diastereomers, (S,S,S)-

386, (S,R,S)-386, (R,S,S)-386 and (R,R,S)-386. After column chromatography, a complex 

mixture containing the four diastereomers was isolated (Scheme 4.25). 

 

Scheme 4.25 
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4 Triplets were observed in the 1H NMR spectra of both reactions, which corresponds to the 

methyl signals of the diastereomers. A 38:14:38:10 and 37:11:42:10 diastereomeric ratio were 

identified. (Figure 4.4 and 4.5). Since there is no change in diastereoselectivity between 

trapping with enantiopure and racemic electrophiles, this result suggests that lithiated 

oxadiazole complex 383 is configurationally unstable under these reaction conditions. 

 

Figure 4.4 

 

Figure 4.5 

 

 

 

 

 

 

 

 

 

 

 

With rac-385 

With (S)-385 
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4.6 In Situ NMR Studies of Lithiated Oxadiazole 221 

Alternatively, the lack of enantioselectivity during the lithiation-substitution of alkyl-1,3,4-

oxadiazoles could be due to preferential tautomerisation of the lithiated species to the aza-

enolate form taut-378 (Scheme 4.26), preventing stereoselective functionalisation. 

 

Scheme 4.26 

It is noted that enantioselective alkylation of lithium enolates was shown to be possible and 

effective for some arylacetic acids by Zakarian and Stivala.146 Where reaction of 386 with n-

BuLi and diamine ligand (R)-387 gave lithium enediolate complex 388, which could be trapped 

with ethyl iodide to give ethylated phenylacetic acid (S)-389 in 96% yield and 98:2 er after 

acidic work-up (Scheme 4.27). It was found that the enediolate structure was critical to induce 

enantioselectivity as no enantioenrichment was observed with 2-pyridylacetic acid 390, this is 

likely due to tautomerisation of lithiated 390 to the enamine form 391, which changes the 

aggregation states and reactivity of 391 (Scheme 4.27). 

 

Scheme 4.27 
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In order to get a better insight of the structure of lithiated alkyloxadiazoles, 1H NMR 

spectroscopic studies of lithiated 221 in THF-d8 were carried out. Figure 4.6 shows the 1H 

NMR spectrum of 221 in THF-d8 at –78 °C; a signal at 2.79 ppm was observed which 

corresponds to the heterobenzylic protons of 221. Figure 4.7 shows the 1H NMR spectrum of 

221 in THF-d8 at –67 °C after the addition of LDA. Two signals at 2.81 and 2.75 ppm were 

observed, the peak at 2.81 ppm was assigned as remaining unreacted 221 while the peak at 2.75 

ppm is thought to correspond to the heterobenzylic proton of the lithiated species 378.  

 

Figure 4.6 

 

Figure 4.7 

 

 

 

 

 

 

 

 

1H NMR, 400 MHz, THF-d8, –78 °C 

1H NMR, 400 MHz, THF-d8, –67 °C 
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From these results, we infer that lithiated 221 exists as the aza-enolate tautomer taut-378. The 

shift of the remaining heterobenzylic proton after lithiation closely corresponds to the 

previously reported analogous proton of N,N‐dimethylpropanamide enolate 392 in THF-d8 as 

described by Still.147 In contract, the chemical shift of protons of an sp3 organolithium are 

generally further upfield – aziridinyllithium 393 was reported to be 1.2 to 0.9 ppm and 

benzyllithium 394 was reported to be –0.77 ppm in THF-d8 (Figure 4.28).148, 149  

 

Scheme 4.28 
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4.7 Attempted Lithiation-Substitution of Enantioenriched Alkyl-1,3,4-Oxadiazoles: 

Access to All Carbon Quaternary Stereogenic Centre 

The enantioselective lithiation-substitution of non-substituted alkyl-1,3,4-oxadiazoles was 

unsuccessful due to the lithiated species adopting the aza-enolate form which precluded 

stereospecific substitution. It was proposed that it may be possible that the phenomenon would 

not occur if there was an extra substituent in place on the heterobenzylic position as the 

corresponding aza-enolate species would be more sterically challenging. Thus, if 

enantioenriched oxadiazole 395 was subjected to lithiation conditions at low temperature, 

deprotonation could occur with retention of stereochemistry to from 396; enol-keto 

tautomerism could be unfavourable in this scenario. Assuming 396 is configurationally stable 

at low temperature, stereospecific substitution would occur after trapping 396 with 

electrophiles to form enantioenriched oxadiazole 397 with a quaternary stereogenic centre 

(Scheme 4.29). This approach was proven the be successful to access pharmaceutical important 

motifs with all carbon quaternary stereogenic centres.113 

 

Scheme 4.29 
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Since the enantioselective lithiation-substitution of non-substituted alkyl-1,3,4-oxadiazoles 

was unsuccessful, an alternative approach was required to access enantioenriched starting 

materials. We identified an Evans alkylation under the control of an oxazolidinone auxiliary to 

form a precursor enantioenriched carboxylic acid as the most direct route to these species 

(Scheme 4.30).  

 

Scheme 4.30 

The synthesis of enantioenriched oxadiazole (S)-349 is outlined on scheme 4.31. Chiral acid 

(S)-401 was synthesised following a procedure reported by Klebe.150 Evans oxazolidinone 

auxiliary (S)-398 was acylated using butyryl chloride, and n-BuLi as a base to give 

acyloxazolidinone (S)-399 which was used in the next step without further purification. A 

diastereoselective methylation of (S)-399 was then carried out using LDA and methyl iodide 

at –78 °C to give methylated product (S,S)-400 in good (62%) yield and dr (>95:5 dr). (S,S)-

400 was then hydrolysed using lithium hydroperoxide generated in situ by lithium hydroxide 

and hydrogen peroxide to give enantioenriched acid (S)-401 in 95% yield. Finally, (S)-401 was 

subjected in the modified procedure by Stabile as detailed in scheme 4.9 to give 

enantioenriched oxadiazole (S)-349 in 65% yield and 92:8 er as determined by CSP-GC 

(Scheme 4.31).142 

 

Scheme 4.31 a: determined by CSP-GC. 
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Before the enantioretentive lithiation-substitution of (S)-349 was attempted, the reaction was 

trialled with a sample of rac-349 in order to identify a convenient base, and the conditions for 

separation of enantiomers of rac-402 on CSP-HPLC. Unfortunately, no lithiation took place 

with LDA as only starting rac-349 and benzophenone were recovered after work-up. 

Gratifyingly, switching the base to more reactive s-BuLi allowed the isolation of disubstituted 

oxadiazole rac-402 in 7% yield (Scheme 4.32). 

 

Scheme 4.32 

Once an appropriate base was determined, the enantioretentive lithiation-substitution of (S)-

349 was attempted. Disappointingly, deprotonation of (S)-349 by s-BuLi at –78 °C in THF 

followed by trapping with benzophenone as electrophile gave 402 as a racemic mixture 

(Scheme 4.33). The racemisation of (S)-349 was likely due to the lithiated species of (S)-349 

adopted the planar aza-enolate form which precluded stereospecific substitution. 

 

Scheme 4.33 a: determined by CSP-HPLC 
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4.8 Attempted Classical Kinetic Resolution of Alkyl-1,3,4-Oxadiazoles 

As an alternative strategy, the classical kinetic resolution of substituted alkyl-1,3,4-oxadiazoles 

was also attempted. Here, a racemic sample of 395 was treated with a substoichiometric amount 

of a chiral base complex, in the hope of selectively deprotonating one enantiomer of 395. After 

electrophilic trapping, racemic 397 would be recovered alongside remaining enantioenriched 

395 (Scheme 4.34). 

 

Scheme 4.34 
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To begin, oxadiazole rac-349 was treated with 0.5 equivalent of s-BuLi/(+)-4 complex at –78 

°C in Et2O for 1 hour. Unfortunately, no substituted product rac-402 was observed in the 1H 

NMR spectrum of the crude mixture after trapping with benzophenone with full recovery of 

starting rac-349. It is suggested that the s-BuLi/(+)-4 complex was not strong enough to 

deprotonate rac-349 under these conditions. Therefore, the reaction was repeated with chiral 

lithium amide (R,R)-403 in THF at –78 °C in hope that the more coordinating THF would 

facilitate the deprotonation of rac-349 by (R,R)-403. Unfortunately, once again no 

deprotonation had taken place as only starting rac-349 was observed in the 1H NMR spectrum 

of the crude mixture after trapping with benzophenone. (Scheme 4.35) 

 

Scheme 4.35 
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4.9 Alternative Metalation-Substitution of Alkyl-1,3,4-Oxadiazoles and Halogen-

Free Reformatsky Reaction 

4.9.1 Alternative Metalation-Substitution of Alkyl-1,3,4-Oxadiazoles 

Finally, the metalation-substitutions of alkyl-1,3,4-oxadiazoles using non-lithium 

organometallic bases were investigated. Although historically deprotonative metalation is 

predominantly carried out with organolithiums, the use of organozinc and organomagnesium 

reagents have received increasing attention over the recent years, as the change in metal often 

affords different reactivities and selectivities towards substrates.151, 152 For instance, the 

Knochel group reported a microwave-assisted, directed zincation reaction of aromatic 

compounds with TMPZnCl·LiCl, including 3-bromobenzothiophene 404 with no Zn-Br 

exchange taken place (Scheme 4.36).153 

 

Scheme 4.36 

Since stereoselective metalation-substitutions using organolithium reagents were unsuccessful, 

we sought to explore different the metalation of alkyl-1,3,4-oxadiazoles with organometallic 

reagents. It was proposed that the metalated oxadiazole 405 could be configurationally stable 

at low temperatures, and that enantioenriched oxadiazole 384 could be accessed following by 

trapping with electrophiles (Scheme 4.37). 

 

Scheme 4.37 
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Firstly, the magnesiation of 221 with TMPMgCl, a base which had been used for the directed 

magnesiation of nitriles was attempted using our standard lithiation conditions (Table 4.4, 

entry 1).154, 155 Unfortunately, no reaction occurred as only starting 221 was observed from the 

1H NMR spectrum of crude reaction mixture. Similarly, attempting the reaction at room 

temperature, or using a more reactive Knochel-Hauser base TMPMgCl·LiCl and (TMP)2Mg 

all resulted in no reaction (entries 2-4).156, 157 We then turned our attention with the use of 

TMPZnCl·LiCl, an organozinc base developed by the Knochel group for the zincation with 

various aromatic and amide substrates.158-160 Gratifyingly, treatment of 1.5 equivalents of 

TMPZnCl·LiCl with 221 in THF at room temperature for 1 hour followed by trapping with 

acetone gave 346 in 78% conversion as determined by quantitative 1H NMR (entry 5). 

Increasing the equivalents of base to 2.0 under the same conditions allowed the isolation 346 

in 89% yield (entry 6). 

Table 4.4 

 

Entry RM x temp./°C time NMR 

conversiona  

Isolated 

yield  

1 TMPMgCl 1.5 –30 1 min 0% - 

2 TMPMgCl 1.5 rt 4 h 0% - 

3 TMPMgCl·

LiCl 

1.5 rt 4 h 0% - 

4 (TMP)2Mg 1.5 rt 2 h 0% - 

5 TMPZnCl·

LiCl 

1.5 rt 1 h 78% - 

6 TMPZnCl·

LiCl 

2.0 rt 1 h 100% 89% 

a: determined by 1H NMR in the presence of Me2SO2 as internal standard. 
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Since the enantioselective metalation-substitution of ferrocenes using chrial lithium zincates 

was known, and these are readily accessible by the addition of ZnCl2 and organolithiums to a 

solution of chiral lithium amide 403, this strategy was investigated.161 Initially, reaction with 

lithium zincate (R,R)-406 and oxadiazole 221 in THF at room temperature for 2 h, followed by 

trapping with benzophenone resulted in ring opening decomposition and starting material only 

from the 1H NMR spectrum of the crude reaction mixture (Table 4.5, entry 1). Disappointingly, 

changing the lithium base to more reactive s-BuLi ((R,R)-407) or t-BuLi ((R,R)-408) only gave 

a higher conversion to oxadiazole ring opening with no 347 observed (entry 2 and 3). Although 

8% of 347 was isolated when LiTMP zincate (R,R)-409 was use as base, the sample was 

racemic as determined by CSP-HPLC (entry 4). Unfortunately, attempts to improve the 

enantioselectivity by cooling the reaction mixture to 0 °C resulted in no formation of 346 (entry 

5). 
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Table 4.5 

 

Entry Chiral lithium zincate temp./°C Isolated yield era 

1 

 

rt 0% - 

2 

 

rt 0% - 

3 

 

rt 0% - 

4 

 

rt 8% 49:51 

5 

 

0 °C 0% - 

a: determined by CSP-HPLC. 
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4.9.2 Halogen-Free Reformatsky Reaction 

Although the enantioselective zincation-substitution of 221 was unsuccessful, to our 

knowledge this remains the first example of a zinc-mediated deprotonative metalation to 

generate a zinc aza-enolate species. The generation of β-hydroxy-esters 410 is often achieved 

via the Reformatsky reaction, in which a zinc enolate species 411 was formed via zinc insertion 

on an α-halo ester 410, which can then be trapped with an aldehyde to form 412.162 A 

disadvantage of Reformatsky reaction is the necessity of pre-functionalising esters which 

requires potentially toxic conditions. Hagadorn and co-workers reported the synthesis of zinc 

enolate with ethyl and tert-butyl acetate and subsequent aldol reaction with the use of 

(TMP)2Zn as base in 2006. However, high equivalence of starting esters were required to 

achieve high yield, as well as low temperature (5 °C).163 In 2017, the Knochel group reported 

the synthesis of bench stable zinc amide enolate using TMPZnCl·LiCl as base.160 Inspired by 

these results, we then turned our attention to the possibility of mixed aldol reaction that are 

more compatible at room temperature (Scheme 4.38). 

 

Scheme 4.38 
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Pleasingly, subjecting methyl butyrate 410 to our standard zincation-substitution conditions, 

following by trapping benzaldehyde gave mix aldol product syn-411 and anti-411 in 

quantitative yield (Scheme 4.39). Further investigation may yield convenient conditions for 

mixed aldol reactivity starting from unfunctionalised esters. 

 

Scheme 4.39 
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4.10 Conclusions and Future Work 

Generalised lithiation-substitution protocols of alkyl-1,3,4-oxadiazoles have been developed, 

allowing rapid access to α-functionalised oxadiazoles in high yields. The electrophile and 

substrate scopes had been fully explored. Although cryogenic temperatures were required 

under batch conditions to proceed efficiently, this could be remedied by adopting a continuous 

flow setup. The superior mixing, short time scale and heat transfer available under flow 

conditions allow the interception of the highly unstable lithiated species by an electrophile 

before decomposition could take place at room temperature, yielding α-functionalised products 

with comparable yield to the corresponding batch conditions.  

 

Unfortunately, the attempt to develop enantioselective lithiation-substitutions of oxadiazole 

221 was unsuccessful after screening with a range of chiral lithium complexes. This is likely 

due to the preferential adoption of the planar aza-enolate form of the lithiated species as evident 

by 1H NMR studies, preventing stereospecific substitution from taking place after electrophilic 

trapping. Attempts to access enantioenriched oxadiazoles bearing all carbon quaternary 

stereogenic centres from chiral oxadiazoles were also found to be unsuccessful. 

 

The metalation-substitution of 1,3,4-oxadiazoles with other organometallic reagents was also 

explored. It was found that no reaction was observed with oxadiazole and organomagnesium 

reagents, but zincation with TMPZnCl·LiCl following electrophilic trapping allowed the same 

C-H functionalisation to proceed with excellent yield at room temperature. Although an attempt 

on the enantioselective zincation was unsuccessful, a protocol to achieve the Reformatsky 

reaction at room temperature without the need of α-halo ester was also identified. This would 

allow access to mix aldol compounds good yield from readily available starting materials. 
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Chapter 5: Experimental 

5.1 General procedures 

All non-aqueous reactions were carried out under oxygen free N2 using flame-dried glassware. 

Et2O, MTBE and hexanes were freshly distilled from CaH2. THF, CH2Cl2, and PhMe was 

purified by MBRAUN SPS-800 solvent purification system. Alkyllithiums were titrated 

against N-benzylbenzamide before use. All diamines used in lithiations were distilled over 

CaH2 before use. Petroleum ether refers to the fraction of petroleum ether boiling in the range 

40-60 °C and was purchased in Winchester quantities. Brine refers to a saturated solution. 

Water is distilled water. All lithiation reactions under continuous flow conditions were carried 

out in a Vapourtec E-series flow microreactor equipped with peristaltic pumps, T-junctions and 

1 mm I.D. PTFE tubings (L = 60 or 28 cm). The whole reaction system was flushed with 

nitrogen and dry THF or PhMe before use. 

 

Flash column chromatography was carried out using Matrix silica gel 60 from Fisher 

Chemicals or Fluorochem. Thin layer chromatography was carried out using commercially 

available Merck F254 aluminium backed silica plates visualized by UV (254 nm) or stained 

using aqueous acidic KMnO4. Proton (300 or 400 MHz) and carbon (75.5 or 101 MHz) NMR 

spectra were recorded on Bruker AV 300, AV 400 or AVIII HD. Fluorine NMR spectra (282 

MHz) were recorded on Bruker AV 300 or AVIII HD. For samples recorded in CDCl3, DMSO-

d6, acetone-d6 or D2O, chemical shifts are quoted on parts per million relative to CHCl3 (δH 

7.26), DMSO-d6 (δH 3.50, central line of quintet), acetone-d6 (δH 2.05, central line of quintet) 

or D2O (δH 4.80) and CDCl3 (δC 77.0, central line of triplet), acetone-d6 (δC 29.8, central line 

of septet) or DMSO-d6 (δC 39.5, central line of septet). Carbon NMR spectra were recorded 

with broad band decoupling and assigned using DEPT experiments. Coupling constants (J) are 

quoted in Hertz. Melting points were obtained on a Stuart Scientific SMP 10 at ambient 

pressure. Boiling points given for compounds purified by Kügelrohr distillation correspond to 

the oven temperature during distillation. Infrared spectra were recorded on a Perkin-Elmer 

Spectrum 100 FT-IR Universal ATR Sampling Accessory deposited neat to a diamond/ZnSe 

plate. Mass spectra were obtained at the EPSRC UK National Mass Spectrometry Facility at 

Swansea University and SIRCAMS at University of Edinburgh. Chiral stationary phase HPLC 

was performed on an Agilent Technologies 1120 Compact LC. 

 

 



 

187 

 

5.2 Starting material synthesis 

Amino nitriles S1–S3 were synthesised according to literature procedure from the 

corresponding amino acids.164 

 

Alkene S4 was synthesised according to literature procedure.165 

 

Sulfinate 297 and (SS)-294 were synthesised according to literature procedure.166 (SS)-294 was 

purified according to literature procedure.129 

 

 

Alkene rac-306 and (R,R)-306 were synthesised according to literature procedure.130 

 

Aldehyde rac-385 and (S)-385 were synthesised according to literature procedure.167 

 

TMPMgCl, TMPZnCl·LiCl, (TMP)2Mg and lithium zincates (R,R)-406-(R,R)-409 were 

prepared according to literature procedures.154, 157, 158, 168 
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5.3 General Procedures 

General procedure A: Lewis acid mediated synthesis of 5-substituted tetrazoles 

Nitrile (1.0 eq) was added into a stirred suspension of NaN3 (1.2 to 3.0 eq) and Lewis acid (3.0 

eq) in n-BuOH (0.04 M) at rt. The resulting suspension was stirred and heated at 110 °C for a 

specified time (4 to 16 h). After cooling, the solvent was evaporated under reduced pressure. 1 

M NaOH(aq) (50 mL) was added to the residue and the resulting solution was stirred for 20 min. 

The grey precipitate was filtered off, washing with H2O and the filtrate was acidified to pH 1 

by the addition of conc. HCl(aq). The aqueous layer was extracted with EtOAc or CH2Cl2 (×3), 

dried (MgSO4) and evaporated under reduced pressure the give the crude product. 

 

General procedure B: amine salt catalysed synthesis of 5-substituted tetrazoles 

Nitrile (1.0 eq) was added into a stirred suspension of NaN3 (1.2 to 3.0 eq) and Et3N·HCl (3.0 

eq) in PhMe (0.3 M) at rt. The resulting suspension was stirred and heated at 110 °C for a 

specified time (4 to 16 h). After cooling, 6 M HCl(aq) was added and the two layers were 

separated, extracting with EtOAc (×3) and the combined organic layers were dried (MgSO4) 

and evaporated under reduced pressure the give the crude product. 

 

General procedure C: synthesis of alkyl amides 

Oxalyl chloride (1.3 eq) was added dropwise to a stirred solution of acid (1.0 eq) and DMF (5 

mol%) in THF (0.5 M) at 0 °C and the resulting solution was allowed to warm to rt and stirred 

for 16 h. The resulting solution was cooled to 0 °C and 35% NH4OH(aq) was added dropwise 

(Caution: Very exothermic and ammonia gas evolution!). The resulting biphasic mixture was 

allowed to warm to rt and stirred for 16 h. The aqueous layer was extracted with EtOAc (×3). 

The combined organic layers were dried (Na2SO4) and evaporated under reduced pressure to 

give the crude product. 

 

General procedure D: synthesis of alkyl nitriles 

TFAA (1.1 eq), was added dropwise to a stirred suspension of amide (1.0 eq) and Et3N (2.1 eq) 

in CH2Cl2 (0.2 M) at 0 °C and the resulting solution was allowed to warm to rt and stirred for 

16 h. Water was added and the two layers were separated. The aqueous layer was extracted 

with CH2Cl2 (×3). The combined organic layers were dried (MgSO4) and evaporated under 

reduced pressure to give the crude product. 
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General procedure E: metalation-substitution of azoles 

Base was added dropwise to a solution of azole (1.0 eq) in solvent at a specified temperature 

(0 to –78 °C) under N2. The resulting solution was stirred a specified temperature for a specific 

time. Then, electrophile was added. The resulting solution was stirred at the specified 

temperature for 10 min and then allowed to warm to rt for 16 h. 1 M HCl(aq) or saturated 

NH4Cl(aq) (10 mL) was added and the two layers were separated. The aqueous layer was 

extracted with 3:1 CHCl3/EtOH or Et2O (×3) and the combined organic layers were dried 

(MgSO4) and evaporated under reduced pressure to give the crude product. 

 

General procedure F: metalation-substitution of azoles with additives 

Base was added dropwise to a solution of azole (1.0 eq) and TMEDA or LiCl in solvent at a 

specified temperature under N2. The resulting solution was stirred at the specified temperature 

for specific time. Then, electrophile was added. The resulting solution was stirred at the 

specified temperature for 10 min and then allowed to warm to rt over 16 h. 1 M HCl(aq) or 

saturated NH4Cl(aq) was added and the two layers were separated. The aqueous layer was 

extracted with 3:1 CHCl3/EtOH or Et2O (×3) and the combined organic layers were dried 

(MgSO4) and evaporated under reduced pressure to give the crude product. 

 

General procedure G: protection of 5-substituted tetrazoles 

Alkene (1.02 eq) was added to a stirred solution of tetrazole (1.0 eq) and TFA (2.1 eq) in CHCl3 

(0.2 M) at rt, the resulting solution was stirred at rt for 1 h. 2 M NaOH(aq) was added the two 

layers were separated, extracting the aqueous with CHCl3 (×1). The combined organic layers 

were washed with brine, dried (MgSO4) and evaporated under reduced pressure to give the 

crude product. 

 

General procedure H: methylation of N-Boc carbamates 

NaH (60% suspension in mineral oil, 2.0 eq) was added into a stirred solution of tetrazoles (1.0 

eq) in THF (0.5 M) at 0 °C in one portion and the resulting suspension was stirred at 0 °C for 

10 min. MeI (1.5 eq) was added and the resulting suspension was then then allowed to warm 

to rt and stirred over 16 h. Saturated NH4Cl(aq) was added and the two layers were separated, 

extracting the aqueous with Et2O (×3) The combined organic layers were washed with 0.5 M 

Na2S2O3(aq), dried (MgSO4) and evaporated under reduced pressure to give the crude product. 
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General procedure I: lactam cyclisation of NMeBoc aminotetrazoles 

s-BuLi (2.0 or 3.2 eq) was added dropwise to a stirred solution of NMeBoc aminotetrazoles 

(1.0 eq) in THF at –78 °C under N2. The resulting solution was stirred at –78 °C for 15 min. 

Then, the resulting solution was allowed to warm to rt and stirred over 16 h. Saturated NH4Cl(aq) 

was added and the two layers were separated, extracting the aqueous with Et2O (×3) The 

combined organic layers were dried (MgSO4) and evaporated under reduced pressure to give 

the crude product. 

 

General procedure J: lithiation-substitution of 5-substituted tetrazoles in flow 

A 1.1 M solution of tetrazole in 1:1 PhMe/TMEDA (2.5-2.9 M) (0.5 mL) and a 2.5 M solution 

of n-BuLi in hexanes (0.5 mL) were driven through two separate peristaltic pumps at 10 

mLmin–1 at rt. The solutions were pumped through 1 mm I.D. PTFE tubing and mixed at a T-

junction. The resulting solution was passed through a 10 mL PFA reactor (20 mLmin–1, 10 mL, 

tR1 = 30 s) before mixing at a second T-junction with a 2.5 M solution of electrophile pumped 

at 10 mLmin–1 through a third peristaltic pump. The resulting solution was passed through a 

second length of tubing (30 mLmin–1, 0.47 mL, tR2 = 1.94 s) and collected as the product 

solution. A saturated solution of NH4Cl(aq) was added to the collected solution and the layers 

were separated, extracting the aqueous with Et2O (×3). The combined organic layers were dried 

(MgSO4) and evaporated under reduced pressure to give the crude product.  

 

General procedure K: lithiation-substitution of azoles with chiral diamines 

Base was added dropwise to a stirred solution of chiral diamine in Et2O at –78 °C under N2. 

The resulting solution was stirred for 10 min at –78 °C. A solution of tetrazole 5 (1.0 eq) in 

Et2O was added dropwise via a cannula and the resulting solution was stirred for 1 h. Then, 

electrophile (either instant addition or addition over a specific time) was added. The resulting 

solution was stirred at –78 °C for 10 min and then allowed to warm to rt over 16 h. 1 M HCl(aq) 

(10 mL) was added and the two layers were separated extracting the aqueous with Et2O (3 × 

10 mL) and the combined organic layers were dried (MgSO4) and evaporated under reduced 

pressure to give the crude product. 
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General procedure L: synthesis of alkyl-1,3,4-oxadiazole  

Acyl chloride (1.2 eq) was added to a stirred solution of tetrazole (1.0 eq) and DMAP (10 mol%) 

in PhMe (0.3 M) at rt. The resulting solution was stirred heated at 110 °C for 16 h. After cooling 

to rt, 1 M HCl(aq) was added and the two layers were separated, extracting the aqueous with 

EtOAc (×3). The combined organic layers were washed with brine, dried (MgSO4) and 

evaporated under reduced pressure to give the crude product. 

 

General procedure M: lithiation-substitution of alkyl-1,3,4-oxadiazoles in flow 

A 0.25 M solution of oxadiazole in THF and a 0.5 M solution of LDA in THF were driven 

through two separate peristaltic pumps at 10 mLmin–1 at rt. The solutions were pumped through 

1 mm I.D. PTFE tubing and mixed at a T-junction. The resulting solution was passed through 

a length of tubing (10 mLmin–1, 0.28 mL, tR1 = 1.3 s) before mixing at a second T-junction 

with a 1.0 M solution of electrophile pumped at 10 mLmin–1 through a third peristaltic pump. 

The resulting solution was passed through a second length of tubing (10 mLmin–1, 0.47 mL, 

tR2 = 2.8 s) and collected as the product solution. After the flow had reached a steady state, the 

product solution was collected for a specific time (6 s, 15 s or 5 min). A saturated solution of 

NH4Cl(aq) was added to the collected solution and the layers were separated, extracting the 

aqueous with Et2O (×3). The combined organic layers were dried (MgSO4) and evaporated 

under reduced pressure to give the crude product.  
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5.4 Experimental Procedures and Characterisation Data 

5-Ethyl-1H-1,2,3,4-tetrazole 117 

 

Using general procedure A, EtCN 116 (0.69 mL, 692 mg, 9.7 mmol, 1.0 eq), NaN3 (754 mg, 

11.6 mmol, 1.2 eq) and ZnCl2 (1.32 g, 11.6 mmol, 1.2 eq) in n-BuOH (25 mL) gave the crude 

product. Purification by flash column chromatography on silica with EtOAc as eluent gave 

tetrazole 117 as a white solid (50 mg, 5.3%). m.p. 92–93 °C; RF (EtOAc); 0.2; IR (ATR) 3119 

(N-H str), 2966, 2936, 2876, 2715, 2611, 2360, 2341, 1823, 1575, 1453, 1419, 1257, 1107, 

1049, 990, 900, 758 cm-1; 1H NMR (300 MHz, CDCl3) 3.10 (q, J = 7.5 Hz, 2H, CH2), 1.50 (t, 

J = 7.5 Hz, 3H, Me); 13C NMR (101 MHz, CDCl3) 157.8 (C), 17.2 (CH2), 11.9 (CH3). 

Spectroscopic data consistent with that previously reported in the literature.99 

Using general procedure A, EtCN 116 (0.69 mL, 692 mg, 9.7 mmol, 1.0 eq), NaN3 (1.89 g, 

29.1 mmol, 3.0 eq) and ZnCl2 (3.97 g, 29.1 mmol, 3.0 eq) in n-BuOH (25 mL) gave the crude 

product. Purification by flash column chromatography on silica with EtOAc as eluent gave 

tetrazole 117 as a white solid (59 mg, 6.2%). 

Using general procedure A, EtCN 116 (692 mg, 0.69 mL, 9.7 mmol, 1.0 eq), NaN3 (1.89 g, 

29.1 mmol, 1.2 eq) and ZnBr2 (6.55 g, 29.1 mmol, 3.0 eq) in n-BuOH (25 mL) gave the crude 

product. No product was observed by 1H NMR of the crude mixture. 

Using general procedure A, and EtCN 116 (692 mg, 0.69 mL, 1.0 mmol, 1.0 eq), NaN3 (1.89 

g, 29.1 mmol, 1.2 eq) and AlCl3 (3.87 g, 29 mmol, 3.0 eq) and in n-BuOH (25 mL) gave the 

crude product. No product was observed by 1H NMR of the crude mixture. 

Using general procedure B, and EtCN 116 (0.07 mL, 55 mg, 1.0 mmol, 1.0 eq), NaN3 (195 mg, 

3.0 mmol, 3.0 eq) and Et3N·HCl (413 mg, 3.0 mmol, 3.0 eq) and in PhMe (2 mL) gave the 

crude product. Purification by flash column chromatography on silica with EtOAc as eluent 

gave tetrazole 117 as a white solid (94 mg, 95%). 
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5‐propyl‐1H‐1,2,3,4‐tetrazole 119 

 

Using general procedure A, and n-PrCN 118 (670 mg, 0.84 mL, 9.7 mmol, 1.0 eq), NaN3 (1.89 

g, 29.1 mmol, 3.0 eq) and ZnCl2 (3.97 g, 29.1 mmol, 3.0 eq) in n-BuOH (25 mL) gave the 

crude product. Only trace product was observed by 1H NMR and therefore purification was not 

attempted. 

Using general procedure A, n-PrCN 118 (670 mg, 0.84 mL, 9.7 mmol, 1.0 eq), NaN3 (1.89 g, 

29.1 mmol, 3.0 eq) and ZnCl2 (3.97 g, 29 mmol, 3.0 eq) in n-BuOH (25 mL), followed by acid-

base work-up and extracted with CH2Cl2 gave the crude product. No product was observed by 

1H NMR of the crude mixture. 

Using general procedure A, n-PrCN 118 (670 mg, 0.84 mL, 9.7 mmol, 1.0 eq), NaN3 (1.89 g, 

29.1 mmol, 3.0 eq) and ZnCl2 (3.97 g, 29.1 mmol, 3.0 eq) in n-BuOH (25 mL) and followed 

by minimal volume acid-base work-up and extracted with CH2Cl2 gave the crude product. 

Purification by flash column chromatography on silica with EtOAc as eluent gave tetrazole 

119 as a white solid (20 mg, 9%). m.p. 54–55 °C;  RF (EtOAc) 0.2; IR (ATR) 3119 (N-H str), 

2966, 2876, 2715, 2611, 2360, 1823, 1575, 1419, 1257, 1049, 990, 900, 758 cm-1; 1H NMR 

(400 MHz, CDCl3) 3.11 (t, J = 7.5 Hz, 2H, ArCH2), 1.95 (sextet, J = 7.5 Hz, 2H, CH2CH2Me), 

1.07 (t, J = 7.5 Hz, 3H, Me); 13C NMR (101 MHz, CDCl3) δ 156.7 (C), 25.3 (CH2), 21.1 (CH2), 

13.6 (CH3). Spectroscopic data consistent with that previously reported in the literature.99 

Using general procedure B, n-PrCN 118 (69 mg, 0.09 mL, 1.0 mmol, 1.0 eq), NaN3 (195 mg, 

3.0 mmol, 3.0 eq) and Et3N·HCl (413 mg, 3.0 mmol, 3.0 eq) and in PhMe (2 mL) for 16 h to 

give the crude product. Purification by flash column chromatography on silica with EtOAc as 

eluent gave tetrazole 119 as a white solid (112 mg, 100%). 

5-Methyl-1H-1,2,3,4-tetrazole 120 

 

Using general procedure B, acetonitrile (3.13 mL, 2.46 g, 60 mmol, 1.0 eq), NaN3 (11.7 g, 180 

mmol, 3.0 eq) and Et3N·HCl (24.8 g, 180 mmol, 3.0 eq)in PhMe (120 mL) to give tetrazole 

120 (1.98 g, 39%) as a white solid, m.p. 140–144 °C; IR (ATR) 3140, 3014, 2957, 2875, 2713, 
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2607, 2499, 1823, 1566, 1444, 1424, 1410, 1385, 1372, 1268, 1255, 1112, 1100, 1088, 1052, 

997, 916, 682 cm-1; 1H NMR (300 MHz, acetone-d6) δ 2.57 (s, 3H, Me); 13C NMR (101 MHz, 

acetone-d6) δ 153.2 (C), 8.70 (CH3). Spectroscopic data consistent with those reported in the 

literature.169 

5-Octyl-1H-1,2,3,4-tetrazole 121 

 

Using general procedure B, nitrile 130 (1.39 g, 10 mmol, 1.0 eq), NaN3 (1.95 g, 30 mmol, 3.0 

eq) and Et3N·HCl (4.13 g, 30 mmol, 3.0 eq) in PhMe (20 mL) at 110 °C for 72 h gave the crude 

product. Purification by flash column chromatography on silica with EtOAc as eluent gave 

tetrazole 121 as a white solid, m.p. 43–44 °C; RF (EtOAc) 0.2; IR (ATR) 3155, 3058, 2954, 

2922, 2868, 2854, 2844, 2745, 2593, 1567, 1553, 1426, 1370, 1265, 1249, 1092, 1073, 1004, 

892, 750, 734 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.07 (t, J = 7.5 Hz, 2H, TzCH2), 1.86 (tt, J 

= 7.5, 7.5 Hz, 2H, CNCH2CH2), 1.47–1.24 (m, 10H, tetCH2CH2(CH2)5Me), 0.85 (br t, J = 7.0 

Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 156.9 (C), 31.7 (CH2), 29.0 (3 × CH2), 27.6 

(CH2), 23.5 (CH2), 22.6 (CH2), 14.1 (CH3). Spectroscopic data consistent with those reported 

in the literature.99 

5-(3-Phenylpropyl)-1H-1,2,3,4-tetrazole 122 

 

Using general procedure B, 4-phenylbutyronitrile (2.98 mL, 2.90 g, 20 mmol, 1.0 eq), NaN3 

(3.90 g, 60 mmol, 3.0 eq) and Et3N·HCl (8.26 g, 60 mmol, 3.0 eq) in PhMe (40 mL) gave the 

crude product. The residue was dissolved in EtOAc and extracted with 1 M NaOH(aq) (30 mL 

× 3). The combined aqueous layers were extracted with EtOAc (3 × 30 mL), then acidified to 

pH 1 by addition of 6 M HCl(aq). The aqueous layer was extracted with EtOAc (3 × 30 mL) and 

the combined organic layers were dried (MgSO4) and evaporated under reduced pressure to 
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give tetrazole 122 (3.30 g, 88%) as a white solid, m.p. 91–93 °C; IR (ATR) 3024, 3005, 2959, 

2860, 2693, 2607, 2361, 2339, 1954, 1568, 1559, 1495, 1450, 1421, 1419, 1256, 1090, 1081, 

1046, 991, 966, 923, 907, 746, 699 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.31–7.12 (m, 5H, Ph), 

3.06 (t, J = 7.5 Hz, 2H, TzCH2), 2.74 (t, J = 7.5 Hz, 2H, PhCH2), 2.20 (tt, J = 7.5, 7.5 Hz, 2H, 

PhCH2CH2); 
13C NMR (75.5 MHz, CDCl3) δ 140.5 (C), 128.6 (2 × CH), 128.5 (CH), 126.3 

(C), 34.9 (CH2), 29.0 (CH2), 22.8 (CH2). Spectroscopic data consistent with those reported in 

the literature.100 

5-(3-Chlorophenethyl)-1H-1,2,3,4-tetrazole 123 

 

Using general procedure B, nitrile 132 (1.41 g, 8.5 mmol, 1.0 eq), NaN3 (1.67 g, 25.5 mmol, 

3.0 eq) and Et3N·HCl (3.51 g, 25.5 mmol, 3.0 eq) in PhMe (17 mL) gave the crude product. 

Purification by flash column chromatography on silica with EtOAc as eluent gave tetrazole 

132 (1.76 g, 99%) as an orange solid, m.p. 78–79 °C; RF (EtOAc) 0.2; IR (ATR) 3501, 2969, 

2926, 2863, 2694, 2580, 2462, 2339, 1872, 1599, 1573, 1559, 1479, 1429, 1414, 1249, 1206, 

1164, 1147, 1115, 1076, 1046, 999, 946, 903, 892, 872, 296, 718, 704 cm-1; 1H NMR (300 

MHz, CDCl3) δ 7.21–7.14 (m, 2H, Ar), 7.08–7.01 (m, 2H, Ar), 3.41 (t, 2H, J = 7.5 Hz, CH2), 

3.17 (t, 2H, J = 7.5 Hz, CH2); 
13C NMR (75.5 MHz, CDCl3) δ 156.0 (C), 141.1 (C), 134.5 (C), 

130.1 (CH), 128.5 (CH), 127.0 (CH), 126.6 (CH), 33.3 (CH2), 25.1 (CH2); MS (ESI) m/z 439 

[(MM + Na)+, 30], 231 [(M + Na)+, 46], 209 [(M + H)+, 100]; HRMS (ESI) m/z C9H11ClN4 

([M + H]+) calcd for 209.0589, found 209.0589. 

5‐(3,3,3‐trifluoropropyl)‐1H‐1,2,3,4‐tetrazole 124 

 

Using general procedure C, TFAA (5.40 mL, 4.51 g, 38.0 mmol, 1.1 eq), amide 128 (4.51 g, 

32 mmol, 1.0 eq) and Et3N (9.81 mL, 7.12 g, 70.4 mmol, 2.2 eq) in CH2Cl2 (150 mL) for 16 h 

gave the crude nitrile 131 (4.45 g) as a yellow oil. Nitrile 131 was unable to purify by column 
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chromatography or Kügelrohr distillation and therefore was used without further purification. 

1H NMR (300 MHz, CDCl3) 2.70–2.65 (m, 2H, CNCH2), 2.61–2.46 (m, 2H, CF3CH2). 

Using general procedure B, nitrile 131 (4.45 g, 32 mmol, 1.0 eq), NaN3 (6.24 g, 96 mmol, 3.0 

eq) and Et3N·HCl (13.2 g, 96 mmol, 3.0 eq) in PhMe (64 mL) gave the crude product. The 

crude product was dissolved in EtOAc and extracted with 1 M NaOH(aq) (15 mL × 3). The 

combined aqueous layers were washed with EtOAc (3 × 15 mL) and then acidified to pH 1 by 

addition of 6 M HCl(aq). The aqueous layers were extracted with EtOAc (3 × 15 mL) and the 

combined organic layers were dried (MgSO4) and evaporated under reduced pressure to give 

an orange solid. The orange solid was washed with hexane (3 × 10 mL) and sucked dry to give 

tetrazole 124 (2.73 g, 51%) as a white solid, m.p. 108–110 °C; IR (ATR) 2995, 2965, 2710, 

2618, 1564, 1547, 1445, 1427, 1362, 1304, 1289, 1252, 1236, 1137, 1114, 1065, 996, 980, 894, 

850, 782, 752 cm-1;  1H NMR (300 MHz, DMSO-d6) δ 3.16 (t, J = 7.5 Hz, 2H, TzCH2), 2.88–

2.71 (m, 2H, CF3CH2); 
13C NMR (75.5 MHz, DMSO-d6) δ 154.8 (C), 127.3 (q, J = 276.5 Hz, 

CF3), 30.9 (q, J = 28.5 Hz, CH2), 16.9 (q, J = 4.0 Hz, CH2); 
19F NMR (282 MHz, DMSO-d6) –

65.3 (t, J = 10.0 Hz); MS (ESI) m/z 189 [(M + Na)+, 100], 167 [(M + H)+, 95]; HRMS (ESI) 

m/z C4H6 F3N4 ([M + H]+) calcd for 167.0539, found 167.0539. 

5‐(2‐Methoxyethyl)‐1H‐1,2,3,4‐tetrazole 125 

 

Using general procedure A, 3-methoxypropionitrile (2.25 mL, 2.13 g, 25 mmol, 1.0 eq), NaN3 

(4.88 g, 75 mmol, 3.0 eq) and Et3N·HCl (10.3 g, 75 mmol, 3.0 eq) in PhMe (50 mL) gave 

tetrazole 125 (2.68 g, 84%) as a white solid, m.p. 68–71 °C; IR (ATR) 3345, 3148, 2857, 2730, 

2677, 2590, 1547, 1486, 1377, 1249, 1203, 1144, 1133, 1041, 926 cm-1; 1H NMR (300 MHz, 

CDCl3) δ 3.75 (t, J = 5.5 Hz, 2H, OCH2), 3.46 (s, 3H, OMe), 3.30 (t, J = 5.5 Hz, 2H, TzCH2); 

13C NMR (75.5 MHz, CDCl3) δ 154.2 (C), 68.8 (CH2), 59.1 (CH3), 24.4 (CH2). MS (ESI) m/z 

279 [(MM + Na)+, 100], 151 [(M + Na)+, 90], 129 [(M + H)+, 14]; HRMS (ESI) m/z C4H9N4O 

([M + H]+) calcd for 129.0771, found 129.0750. 
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5-(4-Methoxybutyl)-1H-1,2,3,4-tetrazole 126 

 

Using general procedure B, nitrile 134 (1.13 g, 10 mmol, 1.0 eq), NaN3 (1.95 g, 30 mmol, 3.0 

eq) and Et3N·HCl (4.13 g, 30 mmol, 3.0 eq) in PhMe (20 mL) gave the crude product. The 

crude product was dissolved in EtOAc and extracted with 1 M NaOH(aq) (3 × 15 mL). The 

combined aqueous layers were washed with EtOAc (3 × 15 mL) then acidified to pH 1 by 

addition of 6 M HCl(aq). The aqueous layer was extracted with EtOAc (3 × 15 mL) and the 

combined organic layers were dried (MgSO4) and evaporated under reduced pressure to give 

tetrazole 126 (850 mg, 54%) as a pale yellow oil, IR (ATR) 3355, 3135, 2869, 2743, 2624, 

2501, 1557, 1456, 1389, 1249, 1203, 1174, 1113, 1054, 923, 891, 810, 767 cm-1; 1H NMR (300 

MHz, CDCl3) δ 3.54 (t, J = 5.5 Hz, 2H, MeOCH2), 3.43 (s, 3H, Me), 3.13 (t, 7.0 Hz, TzCH2), 

1.95 (tt, J = 7.0, 7.0 Hz, 2H, CH2), 1.71 (tt, J = 7.0, 7.0 Hz, 2H, CH2); 
13C NMR (75.5 MHz, 

CDCl3) δ 156.5 (C), 72.4 (CH2), 58.7 (CH3), 28.3 (CH2), 24.3 (CH2), 23.0 (CH2); MS (ESI) 

m/z 335 [(MM + Na)+, 83], 313 [(MM + H)+, 14], 179 [(M + Na)+, 90], 157 [(M + H)+, 100]; 

HRMS (ESI) m/z C6H12N4O ([M + H]+) calcd for 157.1084, found 157.1080. 

Nonanamide 127 

 

Using general procedure C, oxalyl chloride (12.7 mL, 19 g, 150 mmol, 1.3 eq), DMF (0.23 mL, 

219 mg, 3 mmol, 5 mol%) and nonanoic acid (10.5 mL, 9.49 g, 60 mmol, 1.0 eq) in THF (120 

mL), then 35% NH4OH(aq) (60 mL) gave the crude product. Purification by flash column 

chromatography on silica with 40:60 petroleum ether-EtOAc as eluent gave amide 127 (7.55 

g, 80%) as a white solid, m.p. 98–101 °C; RF (40:60 petroleum ether-EtOAc) 0.2; IR (ATR) 

3353 (NH str), 3181 (NH str), 2920, 2849, 1656 (C=O str), 1630, 1469, 1423, 1410, 1370, 1349, 

1324, 1288, 1248 1207, 1139, 878, 861, 796, 722, 691, 639 cm-1; 1H NMR (300 MHz, CDCl3) 

δ 5.74 (br s, 1H, NHAHB), 5.49 (br s, 1H, NHAHB), 2.21 (t, J = 7.5 Hz, 2H, COCH2), 1.70–1.55 

(br tt, J = 7.5, 7.5 Hz, 2H, COCH2CH2), 1.35–1.26 (br m, 10H, MeC5H10CH2), 0.87 (br t, J = 

7.0 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 175.8 (C), 36.0 (CH2), 31.8 (CH2), 29.3 
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(CH2), 29.2 (CH2), 29.1 (CH2), 25.6 (CH2), 22.6 (CH2), 14.1 (CH3). Spectroscopic data 

consistent with those reported in the literature.170 

4,4,4‐Trifluorobutanamide 128 

 

Using general procedure C, oxalyl chloride (2.1 mL, 3.18 g, 13 mmol, 1.3 eq), DMF (0.04 mL, 

36 mg, 0.5 mmol, 5 mol%) and 4,4,4-trifluorobutyric acid (1.42 g, 10 mmol, 1.0 eq) in THF 

(20 mL), then 35% NH4OH(aq) (10 mL) for gave the crude product. The crude product was 

triturated in iPr2O to give amide 128 (705 mg, 50%) as a white solid, m.p. 138–140 °C; IR 

(ATR) 3358 (NH str), 3819 (NH str), 1661 (C=O str), 1633, 1444, 1375, 1312, 1289, 1248, 

1228, 1142, 1104, 981, 907 843, 810, 779, 667, 585 cm-1; 1H NMR (300 MHz, DMSO-d6) δ 

7.44 (br s, 1H, NHAHB), 6.95 (br s, 1H, NHAHB), 2.56–2.37 (m, 2H, CF3CH2), 2.35–2.27 (m, 

2H, COCH2); 
13C NMR (75 MHz, DMSO-d6) δ 171.7 (C), 128.0 (q, J = 276.0 Hz, CF3), 29.0 

(q, J = 28.5 Hz, CH2), 27.8 (br q, J = 3.0 Hz, CH2). 
19F NMR (282 MHz, DMSO-d6) –65.2 (t, 

J = 11.0 Hz); MS (ESI) m/z 351 [100], 142 [(M + H)+, 37]; HRMS (ESI) m/z C4H7N1F3 ([M + 

H]+) calcd for 142.0474, found 142.0471. 

3‐(3‐Chlorophenyl)propenamide 129 

 

Using general procedure C, oxalyl chloride (4.2 mL, 6.35 g, 13 mmol, 1.3 eq), DMF (0.08 mL, 

72 mg, 1 mmol, 5 mol%) and 3‐(3‐chlorophenyl)propanoic acid (3.68 g, 20 mmol, 1.0 eq) in 

THF (40 mL), then 35% NH4OH(aq) (20 mL) gave the crude product. Purification by flash 

column chromatography on silica with 40:60 petroleum ether-EtOAc as eluent gave amide SA3 

(1.73 g, 94%) as a white solid, m.p. 68–70 °C; RF (40:60 petroleum ether-EtOAc) 0.2; IR (ATR) 

3359 (NH str), 3173 (NH str), 2923, 2796, 1652 (C=O str), 1632, 1597, 1573, 1433, 1408, 1304, 

1233, 1189, 1168, 1132, 1095, 1082, 1056, 998, 971, 925, 893, 876, 832, 806, 768, 635 cm-1; 

1H NMR (300 MHz, CDCl3) δ 7.26–7.05 (m, 4H, Ar), 5.38 (br s, 2H, NH2), 2.96 (t, J = 7.5 Hz, 

2H, ArCH2), 2.52 (t, J = 7.5 Hz, 2H, COCH2); 
13C NMR (75.5 MHz, CDCl3) δ 173.8 (C), 142.7 

(C), 134.3 (C), 129.8 (CH), 128.5 (CH), 126.6 (CH), 126.5 (CH), 37.1 (CH2), 30.9 (CH2); MS 

(ESI) m/z 389 [(MM + Na)+, 55], 206 [(M + Na)+, 100], 184 [(M + H)+, 85]; HRMS (ESI) m/z 

C9H11ClNO ([M + H]+) calcd for 184.0524, found 184.0523.  
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Nonanenitrile 130 

 

Using general procedure D, TFAA (2.00 mL, 3.00 g, 14.3 mmol, 1.1 eq), amide 127 (2.04 g, 

13.0 mmol, 1.0 eq) and Et3N (3.80 mL, 2.76 g, 27.3 mmol, 2.2 eq) in CH2Cl2 (50 mL) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave nitrile 130 (1.74 g, 96%) as a yellow oil, RF (70:30 petroleum 

ether-EtOAc) 0.6; IR (ATR) 3001, 2926, 2856, 2245 (C≡N str), 1466, 1427, 1379, 723 cm-1; 

1H NMR (300 MHz, CDCl3) δ 2.33 (t, J = 7.0 Hz, 2H, CNCH2), 1.66 (tt, J = 7.0, 7.0 Hz, 2H, 

CNCH2CH2), 1.53–1.38 (m, 2H, CNCH2CH2CH2), 1.47–1.24 (m, 8H, 

CNCH2CH2CH2(CH2)4Me), 0.89 (br t, J = 7.0 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 

119.9 (C), 31.7 (CH2), 29.0 (CH2), 28.7 (CH2), 28.7 (CH2), 25.4 (CH2), 22.6 (CH2), 17.1 (CH2), 

14.1 (CH3). Spectroscopic data consistent with those reported in the literature.171 

3‐(3‐Chlorophenyl)propanenitrile 132 

 

Using general procedure D, TFAA (1.70 mL, 2.54 g, 12.1 mmol, 1.1 eq), amide 129 (2.02 g, 

11.0 mmol, 1.0 eq) and Et3N (3.20 mL, 2.34 g, 23.1 mmol, 2.2 eq) in CH2Cl2 (50 mL) for 16 h 

gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave nitrile 132 (1.82 g, 100%) as a yellow oil, RF (80:20 

petroleum ether-EtOAc) 0.3;  IR (ATR) 3063, 2936, 2871, 2247 (C≡N str), 1599, 1574, 1477, 

1430, 1343, 1205, 1165, 1096, 1080, 999, 868, 813, 781, 694, 680, 603, 576 cm-1; 1H NMR 

(300 MHz, CDCl3) δ 7.31–7.22 (m, 3H, Ar), 7.17–7.11 (m, 1H, Ar), 2.94 (t, J = 7.5 Hz, 2H, 

CH2), 2.63 (t, J = 7.5 Hz, 2H, CH2); 
13C NMR (75.5 MHz, CDCl3) δ 139.9 (C), 134.6 (C), 

130.2 (CH), 128.5 (CH), 127.5 (CH), 126.5 (CH), 118.7 (C), 31.2 (CH2), 19.1 (CH2). 

Spectroscopic data consistent with those reported in the literature.172 

5-Methoxypentanenitrile 134 

 

Na(s) (920 mg, 40 mmol, 2.0 eq.) was added into MeOH (40 mL) at 0 °C under N2 and the 

resulting solution was stirred at 0 °C for 20 min. The resulting solution was allowed to warm 

to rt and 5-chlorovaleronitrile 133 (2.25 mL, 2.35 g, 20 mmol, 1.0 eq) was added. The resulting 
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solution was stirred and heated at reflux under N2 for 16 h. The resulting solution was allowed 

to cool to rt. Saturated NH4Cl(aq) (20 mL) and EtOAc (20 mL) were added and the two layers 

were separated, extracting the aqueous with EtOAc (3 × 40 mL). The combined organic layers 

were dried (MgSO4) and evaporated under reduced pressure to give the crude product. 

Purification by flash column chromatography on silica with 80:20 petroleum ether-EtOAc as 

eluent gave nitrile 134 (1.98 g, 88 %) as a yellow oil, RF (80:20 petroleum ether-EtOAc) 0.3;  

IR (ATR) 2932, 2872, 2831, 2245 (C≡N str), 2099, 1458, 1428, 1389, 1364, 1180, 1117, 1042, 

1010, 947, 919, 807, 736 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.41 (t, J = 5.5 Hz, 2H, MeOCH2), 

3.33 (s, 3H, Me), 2.39 (t, 7.0 Hz, CNCH2), 1.82–1.67 (m, 4H, CNCH2(CH2)2CH2OMe); 13C 

NMR (75.5 MHz, CDCl3) δ 119.7 (C), 71.5 (CH2), 58.6 (CH3), 28.5 (CH2), 22.5 (CH2), 17.0 

(CH2); MS (EI) m/z 112 [(M – H)+, 5], 98 [(M – Me)+, 4], 83 [(M – OMe)+, 100], 71 [(M – 

OMe – CN)+, 27]; HRMS (GC-EI-MS) m/z C6H11NO ([M]+) calcd for 113.0841, found 

113.0841. 

5‐(Dimethylamino)pentanenitrile 135 

 

5-Chlorovaleronitrile 133 (0.55 mL, 586 mg, 5.0 mmol, 1.0 eq) was added to a stirred solution 

of NaI (80 mg, 0.5 mmol, 10 mol%) in 40% Me2NH(aq) (10 mL) at rt and the resulting solution 

was stirred for 16 h. CH2Cl2 (10 mL) was added and the two layers were separated,  extracting 

the aqueous with CH2Cl2 (2 × 10 mL). The combined organic layers were dried (Na2SO4) and 

evaporated under reduced pressure to give the crude product. Purification by flash column 

chromatography on silica with 94:5:1 CH2Cl2-MeOH-NH4OH(aq) as eluent gave nitrile 135 

(500 mg, 79%) as a yellow oil, RF (94:5:1 CH2Cl2-MeOH-NH4OH(aq)) 0.4; IR (ATR) 2943, 

2862, 2817, 2766, 2245 (C≡N str), 1460, 1428, 1377, 1262, 1169, 1144, 1098, 1066, 1041, 

1001, 973, 842, 797, 780, 734, 668; 1H NMR (300 MHz, CDCl3) δ 2.37 (t, J = 7.0 Hz, 2H, 

NCH2), 2.28 (t, J = 7.0 Hz, 2H, CNCH2), 2.20 (s, 6H, NMe2), 1.77–1.52 (m, 4H, NCH2(CH2)2); 

13C NMR (75.5 MHz, CDCl3) δ 119.7 (C), 58.5 (CH2), 45.4 (CH3), 26.5 (CH2), 23.3 (CH2), 

17.1 (CH2). Spectroscopic data consistent with those reported in the literature.103 
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5‐(2,2‐Dimethylpropyl)‐1H‐1,2,3,4‐tetrazole 139 

 

Using general procedure C, oxalyl chloride (3.3 mL, 4.95 g, 39 mmol, 1.3 eq), DMF (0.11 mL, 

110 mg, 1.5 mmol, 5 mol%) and acid 136 (3.83 mL, 3.49 g, 30 mmol, 1.0 eq) in THF (60 mL), 

then 35% NH4OH(aq) (20 mL) gave crude amide 137 (3.08 g) which was used in the next step 

without further purifications, 1H NMR (300 MHz, CDCl3) δ 5.29 (br s, 2H, NH), 2.10 (s, 2H, 

CH2), 1.07 (s, 9H, CMe3). 

Using general procedure D, TFAA (5.65 mL, 8.41 g, 40.05 mmol, 1.1 eq), amide 137 (3.08 g, 

26.7 mmol, 1.0 eq) and Et3N (3.20 mL, 2.34 g, 23.1 mmol, 2.2 eq) in CH2Cl2 (150 mL) for 16 

h gave the crude nitrile 138 which was used in the next step without further purifications, 1H 

NMR (300 MHz, CDCl3) δ 2.22 (s, 2H, CH2), 1.09 (s, 9H, CMe3). 

Using general procedure B, nitrile 138 (5.04 g, max), NaN3 (5.20 g, 80.1 mmol, 3.0 eq) and 

Et3N·HCl (11.0 g, 80.1 mmol, 3.0 eq) in PhMe (55 mL) gave the crude product. Purification 

by recrystallisation with acetone and hexane gave tetrazole 139 (488 mg, 12%) as a white solid, 

m.p. 144–146 °C; IR (ATR) 2964, 2872, 2680, 2517, 1468, 1857, 1578, 1478, 1467, 1449, 

1434, 1395, 1319, 1276, 1251, 1239, 1207, 1111, 1092, 1042, 1039, 998, 956 cm-1; 1H NMR 

(400 MHz, Acetone-d6) δ 14.78 (br s, 1H, NH), 2.88 (s, 2H, CH2), 1.00 (s, 9H, CMe3); 
13C 

NMR (101 MHz, Acetone-d6) δ 154.1 (C), 36.6 (CH2), 31.0 (C), 28.6 (CH3); MS (ESI) m/z 303 

[(MM + Na)+, 63], 281 [(MM + H)+, 33], 163 [(M + Na)+, 100], 141 [(M + H)+, 36]; HRMS 

(ESI) m/z C6H12N4 ([M + H]+) calcd for 141.1135, found 141.1133. 

5,5,5‐Trifluoropentanenitrile 141 

 

1-Bromo-4,4,4-trifluorobutane 140 (3.23 mL, 5 g, 26.2 mmol, 1.0 eq) was added into a stirred 

suspension of NaCN (1.93 g, 39.3 mmol, 1.5 eq) in DMSO (50 mL) at 0 °C and the resulting 

suspension was allowed to warm to rt and stirred at rt for 16 h. Water (50 mL) and Et2O (50 
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mL) was added and the two layers were separated. The aqueous layer was extracted with Et2O 

(50 mL × 2). The combined organic layers were washed with water (20 mL × 2), dried (MgSO4) 

and evaporated under reduced pressure to give nitrile 141 (3.00 g, 84%) as a colourless oil, IR 

(ATR) 2957, 2251 (C≡N str), 1463, 1443, 1399, 1356, 1338, 1312, 1278, 1255, 1218, 1136, 

1118, 1018, 996, 914 cm-1; 1H NMR (400 MHz, CDCl3) δ 2.48 (t, J = 7.0 Hz, 2H, NCCH2), 

2.38–2.18 (m, 2H, F3CCH2), 1.97 (p, J = 7.0 Hz, 2H, CH2CH2CH2); 
13C NMR (101 MHz, 

CDCl3) δ 126.3 (q, J = 276.5 Hz, C), 118.2 (C), 32.5 (q, J = 29.5 Hz, CH2), 18.5 (q, J = 3.0 Hz, 

CH2), 16.5 (CH2); 
19F NMR (376 MHz, CDCl3) δ –66.09 (t, J = 10.0 Hz). Spectroscopic data 

consistent with those reported in the literature.173 

5‐(4,4,4‐Trifluorobutyl)‐1H‐1,2,3,4‐tetrazole 142 

 

Using general procedure B, nitrile 141 (1.37 g, 10 mmol, 1.0 eq), NaN3 (1.95 g, 30 mmol, 3.0 

eq) and Et3N·HCl (4.13 g, 30 mmol, 3.0 eq) in PhMe (20 mL) gave tetrazole 142 (1.77 g, 98%) 

as a white solid, m.p. 68–71 °C; IR (ATR) 3135, 2976, 2953, 2863, 2700, 2615 (N-H str), 2471, 

2163, 1799, 1581, 1464, 1441, 1430, 1390, 1330, 1317, 1252, 1241, 1199, 1128, 1105, 1049, 

1016, 989, 969, 908 cm-1; 1H NMR (400 MHz, Acetone-d6) δ 3.11 (t, J = 7.5 Hz, 2H, TzCH2), 

2.09 (m, 2H, F3CCH2), 2.15 – 2.07 (p, J = 7.5 Hz, 2H, CH2CH2CH2), 
13C NMR (101 MHz, 

Acetone-d6) δ 155.6 (C), 127.4 (q, J = 275.5 Hz, C), 32.3 (q, J = 28.5 Hz, CH2), 21.98 (CH2), 

19.84 (q, J = 3.5 Hz, CH2), 
19F NMR (376 MHz, Acetone-d6) δ –66.94 (t, J = 11.0 Hz), MS 

(ESI) m/z 383 [(MM + Na)+, 34], 335 [(MM + H)+, 7], 190 [(M + Na)+, 41], 168 [(M + H)+, 

100], 161 [(M – F)+, 3], 138 [(M + H – N3)
+, 10]; HRMS (ESI) m/z C5H10N7 ([M + H]+) calcd 

for 168.0992, found 168.0991. 

Methyl 3‐(2‐methyl‐1,3‐dioxolan‐2‐yl)propanoate 143 

 

Ethylene glycol (2.24 mL, 2.48 g, 40 mmol, 2.0 eq) was added into a solution of methyl 

levulinate (2.6 g, 20 mmol, 1.0 eq), p-toluenesulfonic acid monohydrate (380 mg, 2 mmol, 10 

mol%) and in PhMe (50 mL). The resulting solution was stirred and heated at reflux under 
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Dean-Stark trap for 16 h. After cooling to rt, the resulting solution was washed with saturated 

NaHCO3(aq) (50 mL), water (50 mL), brine (50 mL) and dried (MgSO4) then evaporated under 

reduced pressure to give the crude product. Purification by Kügelrohr short path distillation 

gave the acetal ester 143 (3.31 g, 95%) as a colourless oil, b.p. 96–105 °C/ 8 mmHg; IR (ATR) 

2983, 2954, 2885, 1736 (C=O str), 1438, 1376, 1195, 1172, 1132, 1099, 1041, 989, 948, 863 

cm-1; 1H NMR (300 MHz, CDCl3) δ 3.99–3.87 (m, 4H, OCH2), 3.06 (s, 3H, OMe), 2.39 (t, J = 

7.5 Hz, 2H, CH2), 2.02 (t, J = 7.5 Hz, 2H, CH2), 1.32 (s, 3H, O2CMe); 13C NMR (75.5 MHz, 

CDCl3) δ 174.1 (C), 109.1 (C), 64.8 (CH2), 51.6 (CH3), 34.0 (CH2), 28.8 (CH2), 24.0 (CH3). 

Spectroscopic data consistent with those reported in the literature.8 

3‐(2‐Methyl‐1,3‐dioxolan‐2‐yl)propenamide 144 

 

35% NH4OH(aq) (4 mL) was added in to a stirred solution of ester 143 (1.37 g, 7.85 mmol, 1.0 

eq) in MeOH (4 mL) at rt and the resulting solution was stirred at rt for 16 h. The solvent was 

evaporated under reduced pressure and the aqueous layer was extracted with EtOAc (10 mL × 

6). The combined organic layers were dried (Na2SO4) and evaporated under reduced pressure 

to give the crude product. Purification by flash column chromatography on silica with 95:5 

CH2Cl2-MeOH as eluent gave amide 144 (719 mg, 57%) as a colourless oil, RF (95:5 CH2Cl2-

MeOH) 0.3; IR (ATR) 3407 (N-H str), 3202 (N-H str), 2983, 2937, 2889, 1660 (C=O str), 1621, 

1445, 1409, 1379, 1350, 1304, 1256, 1219, 1141, 1051, 1039, 949 cm-1;  1H NMR (400 MHz, 

CDCl3) δ 5.71 (br s, 1H, NH), 5.48 (br s, 1H, NH), 3.99–3.91 (m, 4H, OCH2), 2.33 (t, J = 7.5 

Hz, 2H, CH2), 2.03 (t, J = 7.5 Hz, 2H, CH2), 1.33 (s, 3H, Me); 13C NMR (101 MHz, CDCl3) δ 

175.2 (C), 109.3 (C), 64.7 (CH2), 34.2 (CH2), 30.4 (CH2), 23.9 (CH3). Spectroscopic data 

consistent with those reported in the literature.174 

3‐(2‐Methyl‐1,3‐dioxolan‐2‐yl)propanenitrile 145 

 

Using general procedure C, TFAA (0.95 mL, 1.41 g, 6.74 mmol, 1.1 eq), amide 144 (714 mg, 

4.49 mmol, 1.0 eq) and Et3N (1.31 mL, 954 mg, 9.43 mmol, 2.1 eq) in CH2Cl2 (10 mL) gave 

the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave nitrile 145 (594 mg, 94%) as a colourless oil, RF (70:30 petroleum 
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ether-EtOAc) 0.2; IR (ATR) 2985, 2940, 2890, 2248 (C≡N str), 1682, 1578, 143, 1425, 1379, 

1257, 120, 1144, 1105, 1051, 949, 863 cm-1; 1H NMR (400 MHz, CDCl3) δ 4.01–3.93 (m, 4H, 

OCH2), 2.42 (t, J = 7.5 Hz, 2H, CH2), 2.05 (t, J = 7.5 Hz, 2H, CH2), 1.33 (s, 3H, Me); 13C NMR 

(101 MHz, CDCl3) δ 119.9 (C), 108.1 (C), 64.9 (CH2), 34.5 (CH2), 23.9 (CH2), 11.6 (CH3); 

MS (ESI) m/z 164 [(M + Na)+, 10], 142 [(M + H)+, 100]; HRMS (ESI) m/z C5H8F3N4 ([M + 

H]+) calcd for 181.0696, found 181.0705. 

5‐[2‐(2‐Methyl‐1,3‐dioxolan‐2‐yl)ethyl]‐1H‐1,2,3,4‐tetrazole 146 

 

Using general procedure B, nitrile 145 (812 mg, 5.75 mmol, 1.0 eq), NaN3 (1.12 g, 17.3 mmol, 

3.0 eq) and Et3N·HCl (2.38 g, 17.3 mmol, 3.0 eq) in PhMe (12 mL) gave the crude product (1 

M citric acid(aq) was used instead of 6 M HCl(aq)). Purification by flash column chromatography 

on silica with 90:10 CH2Cl2-MeOH as eluent gave tetrazole 146 (690 mg, 65%) as a white 

solid, m.p. 111–113 °C; IR (ATR) 2990, 2903, 2692, 2463 (N-H str), 1877, 1586, 1556, 1455, 

1405, 1390 ,1356, 1344, 1319, 1236, 1201, 1145, 1092, 1041, 992 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 4.11–4.01 (m, 4H, OCH2), 3.17 (t, J = 6.5 Hz, 2H, TzCH2), 2.21 (t, J = 6.5 Hz, 2H, 

CCH2), 1.40 (s, 3H, Me); 13C NMR (101 MHz, CDCl3) δ 156.6 (C), 109.2 (C), 64.7 (CH2), 

35.6 (CH2), 23.8 (CH2), 17.9 (CH3); MS (ESI) m/z 391 [(MM + Na)+, 17], 369 [(MM + H)+, 

20], 207 [(M + Na)+, 20], 185 [(M + H)+, 100], 141 [(M – N3H)+, 21]; HRMS (ESI) m/z 

C7H13N4O2 ([M + H]+) calcd for 185.1033, found 185.1049. 

Note: Complete acetal deprotection of tetrazole 146 was observed after flash column 

chromatography when the synthesis was carried out on a 0.5 mmol scale. 

Dimethyl[2‐(1H‐1,2,3,4‐tetrazol‐5‐yl)ethyl]amine 150 

 

NaN3 (5.46 g, 84 mmol, 1.2 eq) was added to a stirred suspension of Et3N·HCl (11.6 g, 84 

mmol, 1.2 eq) in DMF (75 mL) at rt and the resulting mixture was stirred and heated at 50 °C 

for 2 h. The resulting suspension was allowed to cool to rt and the white precipitate was filtered 
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off over Celite®, washing with DMF (2 × 37.5 mL). 3-dimethylaminopropionitrile (7.50 mL, 

6.52 g, 70 mmol, 1.0 eq) was added to the filtrate and the resulting solution was stirred and 

heated at 110 °C for 16 h. After cooling, the solvent was removed by vacuum distillation. 

Acetone (75 mL) was added to the residue and the resulting solution was incubated at –20 °C 

for 30 min. The resulting solid precipitate was filtered off, washed with acetone (3 × 15 mL) 

and sucked dry to give tetrazole 150 (2.18 g, 22%) as an off-white powder, m.p. 198–201 °C 

(decomposition); IR (ATR) 3354, 3204, 2969, 2599, 2360, 2036 (N-H str), 1660, 1500, 1480, 

1467, 1434, 1412, 1405, 1321, 1234, 1187, 1174, 1138, 1111, 1093, 1068, 1050, 1032, 1003, 

964, 858 cm-1; 1H NMR (300 MHz, D2O) δ 3.57 (t, J = 7.0 Hz, 2H, NCH2), 3.34 (t, J = 7.0 Hz, 

2H, TzCH2), 2.94 (s, 6H, NMe2); 
13C NMR (75.5 MHz, D2O) δ 158.6 (C), 56.1 (CH2), 42.8 

(CH3), 20.4 (CH2). Spectroscopic data consistent with those reported in the literature.124 

Dimethyl[4‐(1H‐1,2,3,4‐tetrazol‐5‐yl)butyl]amine 151 

 

NaN3 (3.90 g, 60 mmol, 1.2 eq) was added to a stirred suspension of Et3N·HCl (8.26 g, 60 

mmol, 1.2 eq) in DMF (50 mL) at rt and the resulting mixture was stirred and heated at 50 °C 

for 2 h. The resulting suspension was allowed to cool to rt and the white precipitate was filtered 

off over Celite®, washing with DMF (2 × 25 mL). Nitrile 149 (6.26 g, 50 mmol, 1.0 eq) was 

added to the filtrate and the resulting solution was stirred and heated at 110 °C for 16 h. After 

cooling, the solvent was removed by vacuum distillation. Acetone (50 mL) was added to the 

residue and the resulting solution was incubated at –20 °C for 30 min. The resulting solid 

precipitate was filtered off, washed with acetone (3 × 10 mL) and sucked dry to give tetrazole 

151 (1.72 g, 21%) as an off-white powder, m.p. 168–170 °C (decomposition); IR (ATR) 3342, 

3255, 3034, 2955, 2626, 2544, 2358, 2339, 2244, 2156, 2089, 1668, 1533, 1476, 1468, 1419, 

1406, 1274, 1223, 1204, 1124, 1118, 1074, 1068, 1046, 1015, 963, 796, 743 cm-1; 1H NMR 

(300 MHz, D2O) δ 3.05 (t, J = 8.0 Hz, 2H, TzCH2), 2.85 (t, J = 7.0 Hz, 2H, NCH2), 2.78 (s, 

6H, NMe2), 1.80–1.55 (m, 4H, NCH2(CH2)2); 
13C NMR (75.5 MHz, D2O) δ 162.8 (C), 57.4 

(CH2), 42.6 (CH3), 24.7 (CH2), 23.5 (CH2), 23.3 (CH2); MS (ESI) m/z 361 [(MM + Na)+, 11], 

361 [(MM + H)+, 9], 192 [(M + Na)+, 30], 170 [(M + H)+, 100]; HRMS (ESI) m/z C7H16N5 ([M 

+ H]+) calcd for 170.1400, found 170.1398. 
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4‐Hydroxybutanamide 153 

 

γ-Butyrolactone 152 (15.4 mL, 17.2 g, 200 mmol, 1.0 eq) was added into 35% NH4OH(aq)(80 

mL) at rt and the resulting solution was stirred at rt for 16 h. The solvent was evaporated under 

reduced pressure to give the crude product. Purification by recrystallisation from hot acetone 

gave amide 153 (15.1 g, 73%) as a white solid, m.p. 43–45 °C; IR (ATR) 3338 (N-H str), 3257 

(O-H str) 3196 (N-H str), 1940, 2940, 2878, 1652 (C=O str), 1610, 1410, 1350, 1304, 1228, 

1174, 1122, 1051, 934, 904 cm-1; 1H NMR (400 MHz, Acetone-d6) δ 6.82 (br s, 1H, NH), 6.22 

(br s, 1H, NH), 3.82 (br t, J = 6.0 Hz, 1H, OH), 3.54 (td, J = 6.0, 6.0 Hz, 2H), 2.27 (t, J = 7.5 

Hz, 2H, CCH2), 1.76 (tt, J = 7.5, 6.0 Hz, 2H, CH2CH2CH2); 
13C NMR (101 MHz, Acetone-d6) 

δ 174.8 (C), 61.3 (CH2), 32.1 (CH2), 28.5 (CH2). Spectroscopic data consistent with those 

reported in the literature.107 

Attempted synthesis of 4‐hydroxybutanenitrile 154 

 

Using general procedure C, TFAA(0.08 mL, 115 mg, 0.55 mmol, 1.1 eq), amide 153 (52 mg, 

0.5 mmol, 1.0 eq) and Et3N (0.15 mL, 106 mg, 1.05 mmol, 2.1 eq) in CH2Cl2 (1 mL) gave the 

crude product. Inspection of the 1H NMR spectrum of the crude product revealed a complex 

mixure of unidentifiable products and therefore further purifications were not attempted. 

Attempted synthesis of 4‐(methoxymethoxy)butanamide 155 

 

NaH (30 mg of a 60% suspension in mineral oil, 0.75 mmol, 1.5 eq) was added into a stirring 

solution of amide 153 (52 mg, 0.5 mmol, 1.0 eq) in THF (2 mL) at 0 °C. The resulting 

suspension was stirred at 0 °C for 15 min. MOMCl (0.08 mL, 81 mg, 1 mmol, 2.0 eq) was 

added and the resulting solution was allowed to warm to rt and stirred for 16 h. Water (5 mL) 

was added and the resulting biphasic mixture was stirred for 15 min. The aqueous layer was 

extracted with EtOAc (5 mL × 3) and the combined organic layers were dried (MgSO4) and 

evaporated under reduced pressure to give the crude product. Inspection of the 1H NMR 
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spectrum of the crude product revealed a complex mixure of unidentifiable products and 

therefore further purifications were not attempted. 

4‐[(tert‐Butyldimethylsilyl)oxy]butanamide 156 

 

TBSCl (3.20 g, 21.2 mmol, 1.2 eq) was added into a stirred solution of amide 153 and imidazole 

(2.89 g, 42.5 mmol, 2.2 eq) in DMF (19 mL) at 0 °C and the resulting solution was allowed to 

warm to rt and stirred for 16 h. Water (20 mL) and EtOAc (20 mL) was added and the two 

layers were separated. The aqueous layer was extracted with EtOAc (20 mL × 2). The 

combined organic layers were washed with 1 M HCl(aq) (20 mL) and brine (20 mL), dried 

(MgSO4) and evaporated under reduced pressure to give the crude product. Purification by 

flash column chromatography on silica with 10:90 petroleum ether-EtOAc as eluent gave 

amide 156 (1.35 g, 32%) as a white solid, m.p. 34–39 °C; RF (10:90 petroleum ether-EtOAc) 

0.2; ; IR (ATR) 3382 (N-H str), 3189 (N-H str), 2950, 2927, 2892, 2855, 1688, 1671 (C=O str), 

1637, 1470, 1463, 1448, 1410, 1389, 1350, 1284, 1256, 1248, 1235, 1186, 1086, 1098, 1075, 

1053, 1007, 963, 953, 939, 919 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.70 (br s, 1H, NH), 5.37 

(br s, 1H, NH), 3.67 (t, J = 6.0 Hz, 2H, OCH2), 2.33 (t, J = 7.0 Hz, 2H, CCH2), 1.85 (tt, J = 7.0, 

6.0 Hz, 2H, CH2CH2CH2), 0.89 (s, 9H, CMe3), 0.05 (s, 6H, SiMe2); 
13C NMR (101 MHz, 

CDCl3) δ 175.4 (C), 62.3 (CH2), 32.5 (CH2), 28.3 (CH2), 25.9 (CH3), 18.3 (C), -5.4 (CH3); MS 

(ESI) m/z 218 [(M + H)+, 100]; HRMS (ESI) m/z C10H24NO2Si ([M + H]+) calcd for 218.1571, 

found 218.1575. 

4‐[(tert‐Butyldimethylsilyl)oxy]butanenitrile 157 

 

TFAA (0.21 mL, 315 mg, 1.5 mmol, 1.5 eq), was added dropwise to a solution of amide 156 

(217 mg, 1.0 mmol, 1.0 eq) and Et3N (0.29 mL, 212 mg, 2.1 mmol, 2.1 eq) in CH2Cl2 (2 mL) 

at 0 °C. The resulting solution was allowed to warm to rt and stirred for 1 h. Water was added 

and the two layers were separated. The aqueous layer was extracted with CH2Cl2 (5 mL × 3). 

The combined organic layers were dried (MgSO4) and evaporated under reduced pressure to 

give the crude product. Purification by flash column chromatography on silica with 90:10 

petroleum ether-EtOAc as eluent gave nitrile 157 (160 mg, 80%) as a colourless oil, RF (90:10 

petroleum ether-EtOAc) 0.2; IR (ATR) 2955, 2930, 2885, 2857, 2249 (C≡N str), 1472, 1464, 
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1426, 1389, 1253, 1194, 1105, 1075, 1007, 977, 939, 916 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 3.71 (t, J = 6.0 Hz, 2H, OCH2), 2.45 (t, J = 7.0 Hz, 2H, CCH2), 1.85 (tt, J = 7.0, 6.0 Hz, 2H, 

CH2CH2CH2), 0.89 (s, 9H, CMe3), 0.07 (s, 6H, SiMe2); 
13C NMR (101 MHz, CDCl3) δ 119.7 

(C), 60.6 (CH2), 28.5 (CH2), 25.9 (CH3), 18.6 (C), 13.7 (CH2), –5.5 (CH3). Spectroscopic data 

consistent with those reported in the literature.175 

Attempted synthesis of 5‐{3‐[(tert‐butyldimethylsilyl)oxy]propyl}‐1H‐1,2,3,4‐tetrazole 

158 

 

Using general procedure B, nitrile 157 (100 mg, 0.5 mmol, 1.0 eq), NaN3 (98 mg, 1.5 mmol, 

3.0 eq) and Et3N·HCl (206 mg, 1.5 mmol, 3.0 eq) in PhMe (1 mL) gave the crude product. 

Purification by flash column chromatography on silica with EtOAc as eluent gave an 

inseparable mixture of multiple tetrazole products. 

4‐Hydroxybutanenitrile 159 

 

TBAF (19.4 mL of a 1.0 M solution in THF, 19.4 mmol, 1.5 eq) was added into a stirred 

solution of nitrile 157 (3.22 g, 16.2 mmol, 1.0 eq) in THF (65 mL) at 0 °C. The resulting 

solution was allowed to warm to rt and stirred for 1 h. Saturated NH4Cl(aq) was added and the 

two layers were separated. The aqueous layer was extracted with EtOAc (40 mL × 3). The 

combined organic layers were dried (MgSO4) and evaporated under reduced pressure to give 

the crude product. Purification by flash column chromatography on silica with 40:60 petroleum 

ether-EtOAc as eluent gave nitrile 159 (1.17 g, 85%) as a colourless oil, RF (40:60 petroleum 

ether-EtOAc) 0.2; IR (ATR) 3394 (O-H str), 2941, 2885, 2250 (C≡N str), 1645, 1425, 1353, 

1175, 1058, 939, 904, 835 cm-1;  1H NMR (400 MHz, CDCl3) δ 3.78 (t, J = 6.0 Hz, 2H, OCH2), 

2.50 (t, J = 7.0 Hz, 2H, CCH2), 1.90 (tt, J = 7.0, 6.0 Hz, 2H, CH2CH2CH2), 1.60 (br s, 1H, OH); 

13C NMR (101 MHz, CDCl3) δ 119.6 (C), 60.4 (CH2), 28.0 (CH2), 13.8 (CH2). Spectroscopic 

data consistent with those reported in the literature.176 
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Attempted synthesis of 3‐(1H‐1,2,3,4‐tetrazol‐5‐yl)propan‐1‐ol 160 

 

Using general procedure B, nitrile 159 (42 mg, 0.5 mmol, 1.0 eq), NaN3 (98 mg, 1.5 mmol, 3.0 

eq) and Et3N·HCl (206 mg, 1.5 mmol, 3.0 eq) in PhMe (1 mL) gave the crude product. No 

mass was recovered from the organic layers after aqueous work-up. 

4‐(Methoxymethoxy)butanenitrile 161 

 

Nitrile 159 (4.17 g, 49 mmol, 1.0 eq) was added into a stirred suspension of LiBr (8.51 g, 98 

mmol, 2.0 eq) and p-TsOH (932 mg, 4.9 mmol, 10 mol%) in dimethoxymethane (52 mL, 44.7 

g, 588 mmol, 12 eq) at rt and the resulting suspension was stirred at rt over 16 h. Water (50 

mL) was added and the two layers were separated. The aqueous layer was extracted with EtOAc 

(50 mL × 3). The combined organic layers were dried (MgSO4) and evaporated under reduced 

pressure to give the crude product. Purification by flash column chromatography on silica with 

99:1 CH2Cl2-acetone as eluent gave nitrile 161 (3.12 g, 49%) as a colourless oil, RF (99:1 

CH2Cl2-acetone) 0.2; IR (ATR) 2939, 2886, 2826, 2778, 2250 (C≡N str), 1468, 1443, 1427, 

1388, 1362, 1283, 1216, 1148, 1110, 1091, 1068, 1035, 956, 917 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 4.63 (s, 2H, MeOCH2O), 3.64 (t, J = 6.0 Hz, 2H, OCH2OCH2), 3.37 (s, 3H, MeO), 

2.49 (t, J = 7.0 Hz, 2H, CCH2), 1.94 (tt, J = 7.0, 6.0 Hz, 2H, CH2CH2CH2); 
13C NMR (101 

MHz, CDCl3) δ 119.4 (C), 96.6 (CH2), 65.2 (CH2), 55.5 (CH3), 25.9 (CH2), 14.3 (CH2); MS 

(ESI) m/z 152 [(M + Na)+, 100], 152 [(M + Na)+, 30]; HRMS (ESI) m/z C6H12NO2 ([M + H]+) 

calcd for 130.0863, found 130.0858. 
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5‐[3‐(Methoxymethoxy)propyl]‐1H‐1,2,3,4‐tetrazole 162 

 

Using general procedure B, nitrile 161 (904 mg, 7 mmol, 1.0 eq), NaN3 (1.37 g, 21 mmol, 3.0 

eq) and Et3N·HCl (2.89 g, 21 mmol, 3.0 eq) in PhMe (14 mL) gave tetrazole 162 (703 mg, 

84%) as a pale yellow oil, IR (ATR) 3139, 2885 (N-H str), 2770, 2626, 2557, 1443, 1416, 1387, 

1251, 1214, 1147, 1109, 1032, 951, 917 cm-1; 1H NMR (400 MHz, CDCl3) δ 4.71 (s, 2H, 

MeOCH2), 3.71 (t, J = 6.0 Hz, 2H, OCH2CH2), 3.41 (s, 3H, OMe), 3.21 (t, J = 7.0 Hz, 2H, 

TzCH2), 2.12 (tt, J = 7.0, 6.0 Hz, 2H, CH2CH2CH2), 
13C NMR (101 MHz, CDCl3) δ 156.1 (C), 

96.8 (CH2), 67.0 (CH2), 55.5 (CH3), 27.0 (CH2), 20.9 (CH2), MS (ESI) m/z 367 [(MM + Na)+, 

24], 345 [(MM + H)+, 39], 195 [(M + Na)+, 43], 173 [(M + H)+, 100], 141 [(M – OMe)+, 63]; 

HRMS (ESI) m/z C6H13N4O2 ([M + H]+) calcd for 173.1033, found 173.1043. 

1‐Methyl‐5‐propyl‐1H‐1,2,3,4‐tetrazole 169 

 

Using general procedure E, n-BuLi (2.20 mL of a 2.5 M solution in hexanes, 2.2 mmol, 2.2 eq) 

and 119 (112 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at 0 °C for 3 h and Me2SO4 (0.09 mL, 126 

mg, 1.0 mmol, 1.0 eq) gave the crude product. Only trace product was observed by 1H NMR 

and therefore purification was not attempted. 

Using general procedure E, s-BuLi (1.69 mL of a 1.3 M solution in hexanes, 2.2 mmol, 2.2 eq) 

and 119 (112 mg, 1.0 mmol, 1.0 eq) in Et2O (7 mL) at 0 °C for 3 h and Me2SO4 (0.09 mL, 126 

mg, 1.0 mmol, 1.0 eq) gave the crude product. Purification by flash column chromatography 

on silica with 30:70 petroleum ether-EtOAc as eluent gave tetrazole 169 (47 mg, 34%) as a 

colourless oil. RF (30:70 petroleum ether-EtOAc) 0.3; 1H NMR (300 MHz, CDCl3) δ 4.02 (s, 

3H, NMe), 2.84 (t, J = 7.5 Hz, 2H, ArCH2), 1.87 (sextet, J = 7.5 Hz, 2H, CH2CH2Me), 1.05 (t, 

J = 7.5 Hz, 3H, CH2CH2Me); 13C NMR (75 MHz, CDCl3) δ 155.0 (C), 33.3 (CH3), 24.9 (CH2), 

20.5 (CH2), 13.6 (CH3). Spectroscopic data consistent with that previously reported.177 
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5‐(Butan‐2‐yl)‐1H‐1,2,3,4‐tetrazole 168 

 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 3.25 eq) and 119 (112 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at 0 °C for 1 h and Me2SO4 (0.49 mL, 378 mg, 3.0 mmol, 3.0 eq) gave 

the crude product. Purification by flash column chromatography on silica with 30:70 petroleum 

ether-EtOAc as eluent gave tetrazole 168 (14 mg, 11%) as a colourless oil. RF (30:70 petroleum 

ether-EtOAc) 0.2; IR (ATR) 2970 (N-H str), 2934, 2878, 2762, 2619, 1555, 1462, 1074, 1020, 

1003, 962, 757 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.30 (sextet, J = 7.0 Hz, 1H, ArCH), 2.04–

1.73 (m, 2H, CHCH2Me), 1.50 (d, J = 7.0 Hz, 3H, MeCH), 0.97 (t, J = 7.5 Hz, 3H, CH2CH2Me); 

13C NMR (75 MHz, CDCl3) δ 161.0 (C), 31.4 (CH), 28.8 (CH2), 18.7 (CH3), 11.5 (CH3); MS 

(ESI) m/z 275 [(MM + Na)+, 43], 254 [(MM + H)+, 14], 149 [(M + Na)+, 86], 127 [(M + H)+, 

100], HRMS (ESI) m/z C5H10N4 ([M + H]+) calcd for 127.0978, found 127.0980. 

1‐Diphenyl‐2‐(1H‐1,2,3,4‐tetrazol‐5‐yl)butan‐1‐ol 171 

 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 3.25 eq) and 116 (112 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at 0 °C for 2 h and Ph2CO (547 mg, 3.0 mmol, 3.0 eq) gave the crude 

product. Purification by flash column chromatography on silica with 60:40 petroleum ether-

EtOAc as eluent gave tetrazole 171 (77 mg, 19%) as a white solid. RF (90:10 petroleum ether-

EtOAc) 0.4; IR (ATR) 3486 (O-H str), 3310 (N-H str), 3059, 2988, 2876, 2360, 2342, 1548 , 

1448, 1174, 1049, 876, 749, 697, 630 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.65 (dd, J = 8.5, 

1.0 Hz, 2H, Ph), 7.47 – 7.42 (m, 4H, Ph), 7.31 – 7.27 (m, 1H, Ph), 7.12 – 7.01 (m, 3H, Ph), 

4.60 (dd, J = 10.5, 4.0 Hz, 1H, ArCH), 4.40 (brs, 1H, OH), 1.97 – 1.87 (m, 2H, CH2), 0.79 (t, 

J = 7.5 Hz, 3H, Me); 13C NMR (101 MHz, CDCl3) δ 157.4 (ipso-Ar), 145.0 (ipso-Ph), 144.2 

(ipso-Ph), 128.7 (Ph), 128.4 (Ph), 127.3 (Ph), 127.1 (Ph), 125.4 (Ph), 125.0 (Ph), 79.9 (COH), 

46.6 (ArCH), 23.1 (CH2CH2Me), 12.0 (Me); MS (ESI) m/z 317 [(M + Na)+, 100], 295 [(M + 
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H)+, 23], 168 [(M – C4H8N4O)+, 69]; HRMS (ESI) m/z C17H19N4O ([M + H]+) calcd for 

295.1553, found 295.1557. 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 3.25 eq) and 119 (112 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at 0 °C for 5 h and Ph2CO (547 mg, 3.0 mmol, 3.0 eq) gave the crude 

product. Purification by flash column chromatography on silica with 60:40 petroleum ether-

EtOAc as eluent gave tetrazole 171 (91 mg, 31%) as a white solid. 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), LiCl (138 mg, 3.25 mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 

3.25 eq) and 119 (112 mg, 1.0 mmol, 1.0 eq) in Et2O (7 mL) at 0 °C for 2 h and Ph2CO (547 

mg, 3.0 mmol, 3.0 eq) gave the crude product. Purification by flash column chromatography 

on silica with 60:40 petroleum ether-EtOAc as eluent gave tetrazole 171 (59 mg, 24%) as a 

white solid. 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 3.25 eq) and 119 (112 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –15 °C for 5 h and Ph2CO (547 mg, 3.0 mmol, 3.0 eq) gave the crude 

product. Purification by flash column chromatography on silica with 60:40 petroleum ether-

EtOAc as eluent gave tetrazole 171 (59 mg, 24%) as a white solid. 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 3.25 eq) and 119 (112 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –25 °C for 16 h and Ph2CO (547 mg, 3.0 mmol, 3.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 60:40 petroleum 

ether-EtOAc as eluent gave tetrazole 171 (36 mg, 14%) as a white solid. 

Pd/C (10% w/w, 108 mg, 0.1 mmol, 20 mol%) was added into a stirred solution of tetrazole 

234 (206 mg, 0.5 mmol, 1.0 eq) and KCO2H (252 mg, 3 mmol, 6.0 eq) in EtOH (2.5 mL) and 

the resulting suspension was stirred and heated at 80 °C for 1 h. After cooling to rt, the 

suspension was filtered through Celite© and washed with EtOAc (2 × 10 mL). The filtrate was 

evaporated under reduced pressure to give the crude product. Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave tetrazole 171 (125 

mg, 75%) as a white solid.  

Pd/C (10% w/w, 5.4 mg, 0.005 mmol, 1 mol%) was added into a stirred solution of tetrazole 

234 (206 mg, 0.5 mmol, 1.0 eq) and KCO2H (252 mg, 3 mmol, 6.0 eq) in EtOH (2.5 mL) and 

the resulting suspension was stirred and heated at 80 °C for 16 h. After cooling to rt, the 

suspension was filtered through Celite© and washed with EtOAc (2 × 10 mL). The filtrate was 
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evaporated under reduced pressure to give the crude product. Inspection of the 1H NMR 

spectrum of the crude product revealed that 171 was in 10% conversion. 

Pd/C (10% w/w, 54 mg, 0.05 mmol, 10 mol%) was added into a stirred solution of tetrazole 

234 (206 mg, 0.5 mmol, 1.0 eq) and KCO2H (252 mg, 3 mmol, 6.0 eq) in EtOH (2.5 mL) and 

the resulting suspension was stirred and heated at 80 °C for 1 h. After cooling to rt, the 

suspension was filtered through Celite© and washed with EtOAc (2 × 10 mL). The filtrate was 

evaporated under reduced pressure to give the crude product. Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave tetrazole 171 (114 

mg, 78%) as a white solid. 

Pd/C (10% w/w, 27 mg, 0.025 mmol, 5 mol%) was added into a stirred solution of tetrazole 

234 (206 mg, 0.5 mmol, 1.0 eq) and KCO2H (252 mg, 3 mmol, 6.0 eq) in EtOH (2.5 mL) and 

the resulting suspension was stirred and heated at 80 °C for 1 h. After cooling to rt, the 

suspension was filtered through Celite© and washed with EtOAc (2 × 10 mL). The filtrate was 

evaporated under reduced pressure to give the crude product. Inspection of the 1H NMR 

spectrum of the crude product revealed that 171 was in 50% conversion. 

Pd/C (10% w/w, 27 mg, 0.025 mmol, 5 mol%) was added into a stirred solution of tetrazole 

234 (206 mg, 0.5 mmol, 1.0 eq) and KCO2H (252 mg, 3 mmol, 6.0 eq) in EtOH (2.5 mL) and 

the resulting suspension was stirred and heated at 80 °C for 4 h. After cooling to rt, the 

suspension was filtered through Celite© and washed with EtOAc (2 × 10 mL). The filtrate was 

evaporated under reduced pressure to give the crude product. Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave tetrazole 171 (110 

mg, 75%) as a white solid.  

(4‐Methyl‐1‐phenylhex‐1‐en‐1‐yl)benzene 172 

 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 3.25 eq) and 119 (112 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at 0 °C for 1 h and Ph2CO (547 mg, 3.0 mmol, 3.0 eq) gave the crude 

product. Purification by flash column chromatography on silica with 99:1 petroleum ether-

EtOAc as eluent gave alkene 172 (30 mg, 3.7% based on s-BuLi) as a colourless oil. RF (99:1 

petroleum ether-EtOAc) 0.3; IR (ATR) 3060, 2959, 2928, 2873, 2360, 2341, 1660, 1599, 1447, 
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1276, 1176, 1075, 1029, 941, 885, 762, 696, 638 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.44–

7.22 (m, 10H, Ph),  6.18 (t, J = 7.5 Hz, 1H, C=CH), 2.19 (ddd, J = 14.5, 7.5, 6.5 Hz, 1H, 

C=CHCHAHB) 2.02 (ddd, 1H, J = 14.5, 7.5, 7.5 Hz,C=CHCHAHB), 1.61–1.53 (m, 1H, MeCH), 

1.45–1.17 (m, 2H, MeCH2), 0.95 (d, J = 7.0 Hz, 3H, MeCH), 0.89 (t, J = 7.5 Hz, 3H, MeCH2); 

13C NMR (101 MHz, CDCl3) δ 143.0 (ipso-Ph), 142.1 (ipso-Ph), 140.4 (C=CH), 130.0 (Ph), 

129.1 (C=CH), 128.1 (Ph), 128.0 (Ph), 127.2 (Ph), 126.8 (Ph), 126.7 (Ph), 36.5 (C=CHCH2) , 

35.6 (MeCH), 29.3 (MeCH2), 19.3 (MeCH), 11.5 (MeCH2). Spectroscopic data consistent with 

that previously reported.178 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 3.25 eq) and 119 (112 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at 0 °C for 2 h and Ph2CO (547 mg, 3.0 mmol, 3.0 eq) gave the crude 

product. Purification by flash column chromatography on silica with 99:1 petroleum ether-

EtOAc as eluent gave alkene 172 (107 mg, 13% based on s-BuLi) as a colourless oil. 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 3.25 eq) and 119 (112 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at 0 °C for 5 h and Ph2CO (547 mg, 3.0 mmol, 3.0 eq) gave the crude 

product. Purification by flash column chromatography on silica with 99:1 petroleum ether-

EtOAc as eluent gave alkene 172 (71 mg, 8.7% based on s-BuLi) as a colourless oil. 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), LiCl (138 mg, 3.25 mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 

3.25 eq) and 119 (112 mg, 1.0 mmol, 1.0 eq) in Et2O (7 mL) at 0 °C for 2 h and Ph2CO (547 

mg, 3.0 mmol, 3.0 eq) gave the crude product. Purification by flash column chromatography 

on silica with 99:1 petroleum ether-EtOAc as eluent gave alkene 172 (129 mg, 16% based on 

s-BuLi) as a colourless oil. 

Using general procedure F, s-BuLi (2.50 mL of a 1.3 M solution in hexanes/cyclohexane, 3.25 

mmol, 3.25 eq), LiCl (138 mg, 3.25 mmol, 3.25 eq), TMEDA (378 mg, 0.49 mL, 3.25 mmol, 

3.25 eq) and 119 (112 mg, 1.0 mmol, 1.0 eq) in Et2O (7 mL) at –15 °C for 5 h and Ph2CO (547 

mg, 3.0 mmol, 3.0 eq) gave the crude product. Purification by flash column chromatography 

on silica with 99:1 petroleum ether-EtOAc as eluent gave alkene 172 (134 mg, 16% based on 

s-BuLi) as a colourless oil. 
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1-Methyl-5-(1-phenylethyl)-1H-1,2,3,4-tetrazole 177 

 

Using general procedure E, n-BuLi (1.2 mL of a 2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) 

and tetrazole 163 (160 mg, 1.0 mmol, 1.0 eq) in THF (10 mL) at 0 °C for 1 h then Me2SO4 (0.4 

mL, 504 mg, 4.0 mmol, 4.0 eq) gave the crude product. Purification by flash chromatography 

on silica with 50:50 petroleum ether-EtOAc as eluent gave tetrazole 177 (51 mg, 27%) as a 

colourless oil, RF (50:50 petroleum ether-EtOAc) 0.5; IR (ATR) 2977, 2934, 1706, 1603, 1493, 

1456, 1060, 700 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.37–7.17 (m, 3H, Ph), 7.09−7.06 (m, 

2H, Ph), 4.18 (q, J = 7.0 Hz, 1H, CH), 3.64 (s, 3H, NMe), 1.77 (d, J = 7.0 Hz, 3H, CHMe); 13C 

NMR (75 MHz, CDCl3) δ 157.4 (C), 140.3 (C), 129.4 (CH), 127.9 (CH), 127.2 (CH), 35.9 

(CH), 33.7 (CH3), 21.1 (CH3). Spectroscopic data consistent with that reported in the 

literature.120 

2-Methyl-5-(1-phenylethyl)-1H-1,2,3,4-tetrazole 178 

 

Using general procedure E, n-BuLi (1.2 mL of a 2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) 

and tetrazole 163 (160 mg, 1.0 mmol, 1.0 eq) in THF (10 mL) at 0 °C for 1 h then Me2SO4 (0.4 

mL, 504 mg, 4.0 mmol, 4.0 eq) gave the crude product. Purification by flash chromatography 

on silica with 50:50 petroleum ether-EtOAc as eluent gave tetrazole 178 (79 mg, 43%) as a 

colourless oil, RF  (80:20 petroleum ether-EtOAc) 0.4; IR (ATR) 2967, 2931, 1701, 1607, 1501, 

1426, 1042, 716 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.29−7.21 (m, 4H, Ph), 7.19−7.12 (m, 

1H, Ph), 4.38 (q, J = 7.0 Hz, 1H, CH), 4.22 (s, 3H, NMe), 1.69 (d, J = 7.0 Hz, 3H, CHMe); 13C 

NMR (75.5 MHz, CHCl3) δ 170.1 (C), 143.0 (C), 128.8 (CH), 127.5 (CH), 127.0 (CH), 39.4 

(CH3), 37.4 (CH), 20.1 (CH3). Spectroscopic data consistent with that reported in the 

literature.120 
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5-(1,2-Diphenylethyl)-1H-1,2,3,4-tetrazole 181 

 

Using general procedure E, tetrazole 163 (160 mg, 1.0 mmol, 1.0 eq), and n-BuLi (1.2 mL of 

2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) in THF (10 mL) then BnBr (0.48 mL, 684 mg, 

4.0 mmol, 4.0 eq) gave the crude product. Purification by flash column chromatography on 

silica gel with 90:10→0:100 petroleum ether-EtOAc as eluent gave tetrazole 181 (226 mg,  

91%) as a yellow solid, RF = 0.6 (EtOAc + 1% AcOH); m.p. 97−99 ℃; IR (ATR) 2964, 2858, 

2738, 1554, 1469, 1456, 1133, 798, 726 cm-1; 1H NMR (300 MHz, acetone-d6) δ 7.40−7.13 (m, 

10H, Ph), 4.78 (dd, J = 8.0, 8.0 Hz, 1H, CH), 3.67 (dd, J = 14.0, 8.0 Hz, 1H, CHAHB), 3.42 (dd, 

J = 14.0, 8.0 Hz, 1H, CHAHB); 13C NMR (75.5 MHz, acetone-d6) δ 156.4 (C), 138.8 (C), 133.4 

(C), 129.9 (CH), 129.5 (CH), 129.0 (CH), 128.9 (CH), 128.1 (CH), 127.2 (CH), 44.3 (CH), 

41.9 (CH2); MS (ESI) m/z 523 [(MM + Na)+, 32], 501 [(MM + H)+, 6], 273 [(M + Na)+, 36], 

251 [(M + H)+, 100]; HRMS (ESI) m/z C15H15N4 ([M + H]+) calcd for 251.1291, found 

251.1293. 

2-Methyl-1-phenyl-1-(1H-1,2,3,4-tetrazol-5-yl)-propan-2-ol 185 

 

Using general procedure E, tetrazole 163 (160 mg, 1.0 mmol, 1.0 eq), and n-BuLi (1.2 mL of 

2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) in THF (10 mL) then tBuCHO (345 mg, 4.0 mmol, 

4.0 eq) gave the crude product. Purification by flash column chromatography on silica gel  with 

90:10→70:30 petroleum ether-EtOAc as eluent gave tetrazole 185 (202 mg, 82%, 50:50 

mixture of diastereomers) as a pale yellow solid, m.p. 151−154 ℃;  RF = 0.6 (EtOAc + 1% 

AcOH); IR (ATR) 3400 (O-H str), 3115, 2954, 2871, 2760, 1553, 1535, 1468, 1051, 757, 716 

cm-1; 1H NMR (300 MHz, acetone-d6)(50:50 mixtures of diastereomers) δ 7.27−7.61 (m, 2 × 

5H, Ph), 5.05 (br s, 1H, OH), 4.89 (d, J = 2.0 Hz, 1H, OCH), 4.70 (d, J = 4.5 Hz, 1H, OCH), 

4.26 (bs, 1H, OH) 4.18 (d, J = 4.5 Hz, 1H, TzCH), 3.88 (d, J = 2.0 Hz, 1H, TzCH), 0.83 (s, 2 

× 9H, CMe3); 
13C NMR (75.5 MHz, acetone-d6) (50:50 mixtures of diastereomers) 141.9 (C), 



 

217 

 

139. 2 (C), 131.0 (CH), 135.3 (C), 135.0 (C), 129.5 (CH), 129.2 (CH), 129.0 (CH), 128.2 (CH), 

127.9 (CH), 82.3 (CH), 80.1 (CH), 44.9 (CH), 43.8 (CH), 36.8 (C), 36.7 (C), 27.0 (CH3), 26.6 

(CH3); MS (ESI) m/z 761 [(MMM + Na)+, 4], 515 [(MM + Na)+, 58], 493 [(MM + H)+
,
 21], 

269 [(M + Na)+
,
 31] ,247 [(M + H)+, 100]; HRMS (ESI) m/z C13H18N4O ([M + H]+) calcd for 

247.1553, found 247.1554. 

2-Methyl-1-phenyl-1-(1H-1,2,3,4-tetrazol-5-yl)-propan-2-ol 186 

 

Using general procedure E, tetrazole 163 (160 mg, 1.00 mmol, 1.00 eq), and n-BuLi (1.2 mL 

of 2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) in THF (10 mL) then N-methoxy-N-

methylbenzamide (661 mg, 4.0 mmol, 4.0 eq) in THF (5 mL) gave the crude product. The 

excess N-methoxy-N-methylbenzamide was distilled off by Kügelrohr short path distillation. 

Purification by flash column chromatography on silica gel with 60:35:5 petroleum ether-

EtOAc-PhMe as eluent gave a mixture of N-methoxy-N-methylbenzamide and tetrazole 186 as 

a yellow solid, which corresponded to 65% yield of 186 by 1H NMR spectroscopy in the 

presence of Me2SO2. The crude mixture washed with hexanes to give tetrazole 11 (54 mg, 21%) 

as a white solid, RF = 0.6 (EtOAc + 1% AcOH); m.p. 181−182 ℃; IR (ATR) 2573, 1668 (C=O 

str), 1595, 1579, 1456, 1449, 699, 678 cm-1; 1H NMR (300 MHz, acetone-d6) δ 8.17−8.13 (m, 

2H, Ph), 7.66−7.47 (m, 5H, Ph), 7.41−7.27 (m, 3H, Ph), 6.85 (s, 1H, CH); 13C NMR (75.5 

MHz, acetone-d6) δ 195.1 (C), 136.1 (C), 136.0 (CH), 134.8 (C), 132.5 (C), 130.2 (CH), 130.1 

(CH), 129.9 (CH), 129.8 (CH), 119.2 (CH), 50.6 (CH). Spectroscopic data consistent with that 

reported in the literature.179 

5‐(1‐phenylethyl)‐1H‐1,2,3,4‐tetrazole 179 

 

Using general procedure E, tetrazole 163 (160 mg, 1.0 mmol, 1.0 eq), and n-BuLi (1.2 mL of 

2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) in THF (10 mL) then MeI (0.07 mL, 156 mg, 1.1 

mmol, 1.1 eq) gave the crude product. Purification by flash column chromatography on silica 

gel with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 179 (150 mg, 85%) as a white 
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solid. RF = (70:30 petroleum ether-EtOAc) 0.2; m.p. 92−94 ℃; IR (ATR) 2976, 2862, 2600, 

1549, 1493, 1452, 1082, 716, 699 cm-1; 1H NMR (400 MHz, acetone-d6) δ 7.36–7.33 (m, 5H, 

Ph), 4.61 (q, J = 7.0 Hz, 1H, CH), 1.78 (d, J = 7.0 Hz, 3H, Me); 13C NMR (75.5 MHz, acetone-

d6) δ 143.1 (C), 129.9 (CH), 129.0 (C), 128.4 (CH), 128.3 (CH), 36.3 (CH), 20.9 (CH3). 

Spectroscopic data consistent with that reported in the literature.180 

5-[(4-Fluorophenyl)methyl]-1H-1,2,3,4‐tetrazole S5 

 

Using general procedure B, 4-fluorophenylacetonitrile (1.20 mL, 1.35 g, 10.0 mmol, 1.0 eq), 

NaN3 (1.95 g, 30.0 mmol, 3.0 eq) and Et3N·HCl (4.13 g, 30.0 mmol, 3.0 eq) in toluene (20 mL) 

gave tetrazole S5 (1.78 g, 100%) as a white solid, m.p. 158–160 °C; IR (ATR) 2990, 2853, 2697, 

2556, 2478, 2361, 2341, 1913, 1808, 1600, 1580, 1507, 1442 , 1412 , 1270, 1250, 1205, 1194, 

1053, 1016, 994, 964, 916, 833, 817, 772, 717, 691 cm-1; 1H NMR (300 MHz, acetone-d6) δ 

7.38 (dd, J = 5.5, 9.0 Hz, 2H, Ar), 7.11 (dd, J = 9.0, 9.0 Hz, 2H, Ar), 4.37 (s, 2H, CH2); 
13C 

NMR (101 MHz, acetone-d6) δ 162.0 (d, J = 244.0 Hz, C), 155.7 (br s, C), 132.0 (d, J = 2.5 

Hz, C), 130.7 (d, J = 8.0 Hz, CH), 115.4 (d, J = 21.5 Hz, CH), 28.5 (CH2); 
19F NMR (282 MHz, 

acetone-d6) δ –117.0 (br s);  Spectroscopic data consistent with that reported in the literature.181 

5-[(3-Fluorophenyl)methyl]-1H-1,2,3,4‐tetrazole S6 

 

Using general procedure A, 3-fluorophenylacetonitrile (1.16 mL, 1.35 g, 10.0 mmol, 1.0 eq), 

NaN3 (1.95 g, 30.0 mmol, 3.0 eq) and Et3N·HCl (4.13 g, 30.0 mmol, 3.0 eq) in toluene (20 mL) 

gave tetrazole S6 (1.77 g, 99%) as a white solid, m.p. 129–131 °C; IR (ATR) 2991, 2860, 2703, 

1596, 2480, 1617, 1590, 1526, 1514, 1407, 1315, 1275, 1258, 1205, 1149, 1086, 1048, 987, 

955, 917, 890, 877, 753, 716 cm-1; 1H NMR (300 MHz, acetone-d6) δ 7.39 (ddd, J = 8.0, 8.0, 

6.0 Hz, 1H, Ar), 7.19–7.12 (m, 2H, Ar), 7.05 (m, 1H, Ar), 4.41 (s, 2H, CH2); 
13C NMR (101 

MHz, acetone-d6) δ 162.9 (d, J = 244.5 Hz, C), 138.76 (br s, C), 130.6 (d, J = 8.5 Hz, C), 124.8 
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(d, J = 3.0 Hz, CH), 115.7 (d, J = 22.0 Hz, CH), 113.9 (d, J = 21.0 Hz, CH),  29.3 (CH2); 
19F 

NMR (282 MHz, acetone-d6) δ –114.4– –114.5 (m); Spectroscopic data consistent with that 

reported in the literature.182 

5-[1-(4-Fluorophenyl)but-3-en-1-yl]-1H-1,2,3,4-tetrazole 190 

 

Using general procedure E, n-BuLi (1.2 mL of a 2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) 

and tetrazole S5 (178 mg, 1.0 mmol, 1.0 eq) in THF (10 mL) at 0 °C for 3 h then allylBr (0.35 

mL, mg, 4.0 mmol, 4.0 eq) gave the crude product. Purification by flash chromatography on 

silica with 90:10→80:20→0:100 petroleum ether-EtOAc as eluent gave tetrazole 190 (183 mg, 

84%) as a pale yellow oil, IR (ATR) 3117, 2982, 2860, 2741, 2617, 1642, 1614, 1591, 1548, 

1490, 1449, 1418, 1248, 1142, 1054, 993, 963, 920, 873, 780, 720 cm-1; 1H NMR (300 MHz, 

acetone-d6) δ 7.42 (dd, J = 8.5, 5.5 Hz, 2H, Ar), 7.10 (dd, J = 8.5, 8.5 Hz, 2H, Ar), 5.75 (dddd, 

J = 17.0, 10.0, 7.0, 7.0 Hz, 1H, H2C=CH), 5.04 (dddd, J = 17.0, 1.0, 1.0, 1.0 Hz, 1H, 

HAHBC=CH), 3.06 (dddd, J = 10.0, 1.0, 1.0, 1.0 Hz, 1H, HAHBC=CH), 4.58 (dd, J = 8.0, 8.0 

Hz, 1H, TzCH), 3.06  (ddddd, J = 15.0, 8.0, 7.0, 1.0, 1.0 Hz, 1H, CHAHBCH=CH2), 2.86 (ddddd, 

15.0, 8.0, 7.0, 1.0, 1.0 Hz, 1H, CHAHBCH=CH2); 
13C NMR (101 MHz, acetone-d6) δ 161.9 (d, 

J = 244.0 Hz, C), 158.6 (C), 136.2 (C), 135.0 (CH), 129.9 (d, J = 8.0 Hz, CH), 117.1 (CH2), 

115.4 (d, J = 21.5 Hz, CH), 40.4 (CH), 39.0 (CH2); 
19F NMR (282 MHz, acetone-d6) δ –114.2 

(tt, J = 7.5, 7.0 Hz); MS (APCI) m/z 219 [(M + H)+ , 100], 161 [(M – H2C=CHCH2 – F)+ , 32]; 

HRMS (APCI) m/z for C11H12N4F ([M + H]+)  calcd 219.1046, found 219.1042. 

5-[1-(3-Fluorophenyl)but-3-en-1-yl]-1H-1,2,3,4-tetrazole 191 

 

Using general procedure E, n-BuLi (1.2 mL of a 2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) 

and tetrazole S6 (178 mg, 1.0 mmol, 1.0 eq) in THF (10 mL) at 0 °C for 3 h then allylBr (0.35 

mL, mg, 4.0 mmol, 4.0 eq) gave the crude product. Purification by flash chromatography on 

silica with 90:10→80:20→0:100 petroleum ether-EtOAc as eluent gave tetrazole 191 (175 mg, 
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80%) as a pale yellow solid, IR (ATR) 3117, 2982, 2860, 2741, 2617, 1642, 1614, 1591, 1548, 

1490, 1449, 1418, 1248, 1142, 1054, 993, 963, 920, 873, 780, 720 cm-1; 1H NMR (300 MHz, 

acetone-d6) δ 7.39 (ddd, J = 8.0, 8.0, 6.0 Hz, 1H, Ar), 7.24–7.12 (m, 2H, Ar), 7.08–6.97 (m, 

1H, Ar), 5.76 (dddd, J = 17.0, 10.0, 7.0, 7.0 Hz, 1H, H2C=CH), 5.06 (dddd, J = 17.0, 1.5, 1.5, 

1.5 Hz, 1H, HAHBC=CH), 4.96 (dddd, J = 10.0, 1.5, 1.5, 1.5 Hz, 1H, HAHBC=CH), 4.60 (dd, J 

= 8.0, 8.0 Hz, 1H, TzCH), 3.06 (ddddd, J = 15.0, 8.0, 7.0, 1.5, 1.5 Hz, 1H, CHAHBCH=CH2), 

2.88 (ddddd, 15.0, 8.0, 7.0, 1.5, 1.5 Hz, 1H, CHAHBCH=CH2); 
13C NMR (101 MHz, acetone-

d6) δ 162.7 (d, J = 244.5 Hz, C), 158.3 (C), 142.6 (d, 7.0 Hz, CH), 134.6 (CH), 130.5 (d, J = 

8.5 Hz, CH), 123.8 (d, J = 3.0 Hz, CH), 117.2 (CH2), 114.7 (d, J = 22.0 Hz, CH), 114.0 (d, J = 

21.0 Hz, CH), 40.7 (d, J = 2.0 Hz, CH), 38.6 (CH2); 
19F NMR (282 MHz, acetone-d6) δ –114.2 

(ddd, J = 9.5, 9.5, 6.0 Hz); MS (APCI) m/z 259 [(M + H2C=CHCH2)
+ , 25], 219 [(M + H)+ , 

100]; HRMS (APCI) m/z for C11H12N4F ([M + H]+)  calcd 219.1046, found 219.1042. 

5-[1-(2-Methylphenyl)but-3-en-1-yl]-1H-1,2,3,4-tetrazole 195 

 

Using general procedure B, tetrazole 194 (174 mg, 1.0 mmol, 1.0 eq), and n-BuLi (1.2 mL of 

2.5 M solution in hexanes, 3.0 mmol, 3.00 eq) in THF (10 mL) at 0 °C for 4 h and then allylBr 

(0.35 mL, 484 mg, 4.0 mmol, 4.0 eq) gave the crude product. Purification by flash column 

chromatography on silica gel with 70:30→0:100 petroleum ether-EtOAc as eluent gave 

tetrazole 195 (196 mg, 91%) as a white solid, RF = 0.6 (EtOAc + 1% AcOH); m.p. 102–107 

℃; IR (ATR) cm-1 2978, 2951, 2855, 2465, 1869, 1642, 1576, 1458, 1026, 946, 765, 753; 1H 

NMR (300 MHz, acetone-d6) δ 7.28–7.13 (m, 4H, Ar), 5.79 (dddd, J = 17.0, 10.0, 7.0, 7.0 Hz, 

1H, H2C=CH), 5.08 (dddd, J = 17.0, 1.5, 1.5, 15 Hz, 1H, HAHBC=CH), 4.95 (dddd, J = 10.0, 

1.5, 1.5, 1.5 Hz, 1H, HAHBC=CH), 4.78 (dd, J = 7.5, 7.5 Hz, 1H, TzCH), 3.09 (ddddd, J = 15.0, 

7.5, 7.0, 1.5, 1.5 Hz, 1H, CHAHBCH=CH2), 2.83 (ddddd, J = 15.0, 7.5, 7.0, 1.5, 1.5 Hz, 1H, 

CHAHBCH=CH2), 2.42 (s, 3H, Me); 13C NMR (75.5 MHz, acetone-d6) δ 159.4 (C), 139.2 (C), 

136.6 (C), 136.1 (CH), 131.4 (CH), 128.0 (2 × CH), 127.4 (CH), 117.8 (CH2), 39.3 (CH2), 37.8 

(CH), 19.7 (CH3); MS (ESI) m/z 451 [(MM + Na)+, 34], 429 [(MM + H)+
,
  7], 237 [(M + Na)+

,
 

31], 215 [(M + H)+ , 100]; HRMS (ESI) m/z C12H14N4 ([M + H]+)  calcd for 215.1291, found 

215.1291. 
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Attempted synthesis of 5‐{1‐[4‐(trifluoromethyl)phenyl]but‐3‐en‐1‐yl}‐1H‐1,2,3,4‐

tetrazole 

 

Using general procedure E, tetrazole 196 (228 mg, 1.0 mmol, 1.0 eq), and n-BuLi (1.2 mL of 

2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) in THF (10 mL) then allylBr (0.35 mL, 484 mg, 

4.0 mmol, 4.0 eq) gave the crude product. Inspection of the 1H NMR spectrum of the crude 

product revealed a complex mixture of unidentifiable products and no purification was 

attempted.  

5‐[(4‐Nitrophenyl)methyl]‐1H‐1,2,3,4‐tetrazole 199 

 

Using general procedure B, 4-nitrophenylacetonitrile (1.62 g, 10 mmol, 1.0 eq), NaN3 (1.95 g, 

30 mmol, 3.0 eq) and Et3N·HCl (4.13 g, 30 mmol, 3.0 eq) in PhMe (20 mL) gave the crude 

product. Purification by recrystallisation with acetone and hexane gave tetrazole 199 (712 mg, 

35%) as a brown solid, m.p. 186–189 °C (decomposition); IR (ATR) 3013, 2862, 2707, 2599, 

2577, 2456, 2162, 1309, 1949, 1815, 1610, 1597, 1584, 1563, 1534, 1494, 1447, 1437, 1424, 

1410, 1387, 1377, 1348, 1328, 1313, 1271, 1256, 1196, 1183, 1106, 1091,1052, 1014, 995, 

973, 921 cm-1; 1H NMR (400 MHz, acetone-d6) δ 15.13 (br s, 1H, NH), 8.23 (d, J = 9.0 Hz, 

2H, Ar), 7.65 (d, J = 9.0 Hz, 2H, Ar), 4.57 (s, 2H, CH2); 
13C NMR (101 MHz, acetone-d6) δ 

147.3 (C), 143.6 (C), 130.2 (CH), 123.7 (CH), 29.1 (CH2); MS (ESI) m/z 433 [(MM + Na)+, 

58], 228 [(M + Na)+
,
 94], 206 [(M + H)+ , 100]; HRMS (ESI) m/z C8H7N5O2 ([M + H]+)  calcd 

for 206.0673, found 206.0673. 
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Attempted synthesis of 5‐[1‐(4‐Nitrophenyl)but‐3‐en‐1‐yl]‐1H‐1,2,3,4‐tetrazole  

 

Using general procedure E, tetrazole 199 (205 mg, 1.0 mmol, 1.0 eq), and n-BuLi (1.2 mL of 

2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) in THF (10 mL) then allylBr (0.35 mL, 484 mg, 

4.0 mmol, 4.0 eq) gave the crude product. Inspection of the 1H NMR spectrum of the crude 

product revealed a complex mixture of unidentifiable products and no purification was 

attempted.  

5-[1-(Thiophen-3-yl)but-3-en-1-yl]-1H-1,2,3,4-tetrazole 201 and 5-{1-[2-(pro-2-en-1-

yl)thiophen-3-yl]but-3-en-1-yl}-1H-1,2,3,4-tetrazole 202 

 

Using general procedure E, tetrazole 200 (166 mg, 1.0 mmol, 1.0 eq), and n-BuLi (1.6 mL of 

2.5 M solution in hexanes, 4.0 mmol, 4.0 eq) in THF (10 mL) then allylBr (0.53 mL, 726 mg, 

6.0 mmol, 6.0 eq) gave the crude product. Purification by flash column chromatography on 

silica gel with 75:25 petroleum ether-EtOAc as eluent gave a 34:66 mixture of 201 and 202 

(123 mg, 11% of 201 and 32% of 202 as determined by 1H NMR spectroscopy in the presense 

of Me2SO2) as a yellow oil. Diagnostic signals for 23: 1H NMR (300 MHz, acetone-d6) δ 7.44 

(dd, J = 5.0, 3.0 Hz, 1H, Ar), 7.34 (ddd, J = 3.0, 1.5, 0.5 Hz, 1H, Ar), 7.12 (dd, J = 5.0, 1.5 Hz, 

1H, Ar); Diagnostic signals for 24: 1H NMR (300 MHz, acetone-d6) δ 7.25 (dd, J = 5.0, 0.5 Hz, 

1H, Ar), 7.06 (d, J = 5.0 Hz, 1H, Ar). 
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2‐[4‐(Methoxymethoxy)phenyl]acetonitrile S7 

 

NaH (240 mg of a 60% suspension in mineral oil, 6.0 mmol, 1.2 eq) was added into a stirred 

solution of 4-hydroxyphenylacetonitrile (666 mg, 5 mmol, 1.0 eq) in THF (10 mL) at 0 °C and 

the resulting solution was stirred at 0 °C for 1 h. MOMCl (0.57 mL, 604 mg, 7.5 mmol, 1.5 eq) 

was added and the resulting solution was allowed to warm to rt and stirred at rt for 1 h. Water 

(10 mL) was added and the to two layers were separated, extracting the aqueous with CH2Cl2 

(3 × 10 mL). The combined organic layers were dried (Na2SO4) and evaporated under reduced 

pressure to give the crude product. Purification by flash chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave nitrile S7 (737 mg, 83%) as a colourless oil, RF (80:20 

petroleum ether-EtOAc) 0.2; IR (ATR) 3006, 2957, 2845, 2489, 2250 (C≡N str), 1613, 1510, 

1416, 1312, 1234, 1178, 1150, 1109, 1077, 992, 920, 812, 753, 704, 652, 615, 574 cm-1; 1H 

NMR (300 MHz, CDCl3) δ 7.23 (d, J = 8.5 Hz, 2H, Ar), 7.03 (d, J = 8.5 Hz, 2H, Ar), 5.18 (s, 

2H, OCH2), 3.69 (s, 2H, CNCH2), 3.48 (s, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 157.0 (C), 

129.1 (CH), 123.1 (C), 118.1 (C), 116.9 (CH), 94.4 (CH2), 56.1 (CH3), 22.9 (CH2). 

Spectroscopic data consistent with those reported in the literature.183 

5‐{[4‐(Methoxymethoxy)phenyl]methyl}‐1H‐1,2,3,4‐tetrazole 203 

 

Using general procedure B, NaN3 (806 mg, 12.4 mmol, 3.0 eq), Et3N·HCl (1.70 g, 12.4 mmol, 

3.0 eq) and nitrile S7 (731 mg, 4.13 mmol, 1.0 eq) in PhMe (8 mL) gave the crude product. 

Purification by flash chromatography on silica with EtOAc as eluent gave tetrazole 25 (706 

mg, 78%) as an off white solid, m.p. 135–136 °C; RF (80:20 petroleum ether-EtOAc) 0.2; IR 

(ATR) 3002, 2955, 2934, 2893, 2848, 2828, 2596, 2450, 1988, 1611, 1574, 1510, 1476, 1408, 

1374, 1314, 1280, 1230, 1149, 1107, 1046, 999, 947, 847, 775, 750 cm-1; 1H NMR (300 MHz, 

acetone-d6) δ 7.23 (d, J = 8.5 Hz, 2H, Ar), 6.98 (d, J = 8.5 Hz, 2H, Ar), 5.17 (s, 2H, OCH2), 

4.30 (s, 2H, TzCH2), 3.41 (s, 3H, Me); 13C NMR (75.5 MHz, acetone-d6) δ 156.6 (2 × C), 129.9 
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(CH), 129.0 (C), 116.5 (CH), 94.2 (CH2), 55.1 (CH3), 28.5 (CH2); MS (APCI) m/z 265 [(M + 

OEt)+, 100], 221 [(M + H)+, 7], 203 [(M – OMe)+, 5], 177 [(M – MOM)+, 3]; HRMS (APCI) 

m/z C10H13N4O2 ([M + H]+) calcd for 221.1039, found 221.1038. 

4‐[1‐(1H‐1,2,3,4‐Tetrazol‐5‐yl)but‐3‐en‐1‐yl]phenol 207 

 

Using general procedure B, n-BuLi (1.2 mL of a 2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) 

and tetrazole 207 (mg, 1.0 mmol, 1.0 eq) in THF (10 mL) at 0 °C for 3 h then allylBr (0.35 mL, 

484 mg, 4.0 mmol, 4.0 eq) gave the crude product. The crude product was dissolved in 1:1 

MeOH/1 M HCl(aq) (20 mL) and the resulting solution was stirred and heated at 70 °C for 2 h. 

After cooling to rt, water (10 mL) and EtOAc (10 mL) was added and the two layers were 

separated, extracting the aqueous with EtOAc (2 × 20 mL). The combined organic layers were 

dried (MgSO4) and evaporated under reduced pressure to give the crude product. The crude 

product was dissolved in EtOAc and extracted with 1 M NaOH(aq) (3 × 15 mL). The combined 

aqueous layers were washed with EtOAc (3 × 15 mL) then acidified to pH 1 by addition of 6 

M HCl(aq). The aqueous layer was extracted with EtOAc (3 × 15 mL) and the combined organic 

layers were dried (MgSO4) and evaporated under reduced pressure to give tetrazole 26 (151 

mg, 70%) as a yellow oil, IR (ATR) 3123, 3015, 2891, 2735, 2360, 1698, 1613, 1547, 1514, 

1445, 1237, 1175, 1055, 993, 835, 764, 688 cm-1; 1H NMR (300 MHz, acetone-d6) δ 8.14 (br 

s, 1H, NH), 7.18 (d, J = 8.5 Hz, 2H, Ar), 6.79 (d, J = 8.5 Hz, 2H, Ar), 5.74 (dddd, J = 17.0, 

10.0, 7.0, 7.0 Hz, 1H, H2C=CH), 5.04 (dddd, J = 17.0, 1.5, 1.5, 1.5 Hz, 1H, HAHBC=CH), 4.93 

(dddd, J = 10.0, 1.5, 1.5, 1.5 Hz, 1H HAHBC=CH), 4.43 (dd, J = 8.0, 8.0 Hz, 1H, TzCH), 3.03 

(ddddd, J = 15.0, 8.0, 7.0, 1.5, 1.5 Hz, 1H, CHAHBCH=CH2), 2.81 (ddddd, 15.0, 8.0, 7.0, 1.5, 

1.5 Hz, 1H, CHBHACH=CH2), 2.09 (s, 1H, OH); 13C NMR (75.5 MHz, acetone-d6) δ 158.7 (C), 

157.4 (C), 136.3 (CH), 131.7 (C), 129.8 (CH), 117.6 (CH2), 116.3 (CH), 41.3 (CH), 39.8 (CH2); 

MS (APCI) m/z 217 [(M + H)+ , 100], 147 [(M – H2C=CHCH2 – OH – N)+ , 19]; HRMS (APCI) 

m/z for C11H12N4O ([M + H]+)  calcd 217.1089, found 217.1086. 
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tert‐Butyl 5‐propyl‐1H‐1,2,3,4‐tetrazole‐1‐carboxylate 222 and tert‐butyl 5‐propyl‐2H‐

1,2,3,4‐tetrazole‐1‐carboxylate 223 

 

Et3N (152mg, 0.21 mL, 1.5 mmol, 1.5 eq) was added dropwise into a solution of tetrazole 119 

(112 mg, 1.0 mmol, 1.0 eq) and di-tert-butyl dicarbonate (284 mg, 1.3 mmol, 1.3 eq) in CH2Cl2 

(10 mL) under N2. The resulting solution was stirred at rt for 16 h. 1 M HCl(aq) (10 mL) was 

added and the two layers were separated. The aqueous layer was extracted with CH2Cl2 (3 × 

10 mL) and the combined organic layers were dried (MgSO4) and evaporated under reduced 

pressure to give the crude product. Purification by flash column chromatography on silica with 

85:15 petroleum ether-EtOAc as eluent gave tetrazole 223 (148 mg, 70%) as a colourless oil. 

IR (ATR) 2988, 2938, 2877, 2361, 1781 (C=O str), 1510, 1459, 1433, 1395, 1298, 1254, 1147, 

1112, 1079, 962, 905, 831, 764 cm-1; RF (85:15 petroleum ether-EtOAc) 0.2; 1H NMR (300 

MHz, CDCl3) δ 3.15 (t, J = 7.5 Hz, 2H, ArCH2), 1.88 (sext, J = 7.5 Hz, 2H, CH2CH2Me), 1.72 

(s, 9H, CMe3) 1.07 (t, J = 7.5 Hz, 3H, CH2Me); 13C NMR (75 MHz, CDCl3) δ 157.2 (C=O), 

144.9 (ipso-Ar), 89.1 (CMe3), 27.8 (CMe3), 27.2 (ArCH) 20.5 (CH2CH2Me), 13.7 (CH2CH2Me) 

and tetrazole 222 (7 mg, 3.3%) as a colourless oil. RF (85:15 petroleum ether-EtOAc) 0.3; 1H 

NMR δ (300 MHz, CDCl3) 2.98 (t, J = 7.5 Hz, 2H, ArCH2), 1.88 (sext, J = 7.5 Hz, 2H, 

CH2CH2Me), 1.72 (s, 9H, CMe3) 1.07 (t, J = 7.5 Hz, 3H, CH2Me). 

5‐Propyl‐1‐(triphenylmethyl)‐1H‐1,2,3,4‐tetrazole 224 

 

Et3N (152 mg, 0.21 mL, 1.5 mmol, 1.5 eq) was added dropwise to a solution of tetrazole 119 

(1 mmol, 1.0 eq), trityl chloride (307 mg, 1.1 mmol, 1.1 eq) and DMAP (5 mg, 0.04 mmol, 4 

mol%) in CH2Cl2 (5 mL) at 0 °C. The resulting solution was warmed to rt and stirred for 16 h. 

Water (10 mL) was added and the two layers were separated. The aqueous layer was extracted 

with CH2Cl2 (3 × 10 mL) and the combined organic layers were dried (MgSO4) and evaporated 
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under reduced pressure to give the crude product. Purification by recrystallisation from EtOH 

gave tetrazole 224 (142 mg, 40%) as a white solid. m.p. 115–117 °C;  IR (ATR) 3090, 3035, 

2955, 2869, 2359, 2342, 1489, 1464, 1443, 1154, 1036, 905, 761, 674 cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.39 – 7.32 (m, 9H, Ph), 7.15 – 7.11 (m, 6H, Ph), 2.93 (t, J = 7.5 Hz, 2H, 

ArCH2), 1.83 (sext, J = 7.5 Hz, 2H, CH2CH2Me), 0.98 (t, J = 7.5 Hz, 3H, Me); 13C NMR (101 

MHz, CDCl3) δ 165.8 (ipso-Ar), 141.6 (ipso-Ph), 130.2 (Ph), 128.2 (Ph), 127.7 (Ph), 82.6 

(CPh3), 27.5 (ArCH2), 21.6 (CH2CH2Me), 13.3 (Me); MS (ESI) m/z 377 [(M + Na)+, 19], 243 

[(M – C4H7N4)
+, 100], 174 [(M – C10H13N4)

+, 69]; HRMS (ESI) m/z C23H22N4Na ([M + Na]+) 

calcd for 377.1737, found 377.1739.  

Et3N (152 mg, 0.21 mL, 1.5 mmol, 1.5 eq) was added dropwise to a solution of tetrazole 119 

(1 mmol, 1.0 eq), trityl chloride (307 mg, 1.1 mmol, 1.1 eq) and DMAP (12 mg, 0.1 mmol, 10 

mol%) in CH2Cl2 (5 mL) at 0 °C. The resulting solution was warmed to rt and stirred for 16 h. 

Water (10 mL) was added and the two layers were separated. The aqueous layer was extracted 

with CH2Cl2 (3 × 10 mL) and the combined organic layers were dried (MgSO4) and evaporated 

under reduced pressure to give the crude product. Purification by recrystallisation from EtOH 

gave tetrazole 224 (271 mg, 76%) as a white solid. 

Et3N (2.58 g, 3.55 mL, 25.5 mmol, 1.5 eq) was added dropwise to a solution of tetrazole 119 

(1.9 g, 17 mmol, 1.0 eq), trityl chloride (5.20 g, 18.7 mmol, 1.1 eq) and DMAP (208 mg, 1.7 

mmol, 10 mol%) in CH2Cl2 (85 mL) at 0 °C. The resulting solution was warmed to rt and 

stirred for 16 h. Water (85 mL) was added and the two layers were separated. The aqueous 

layer was extracted with CH2Cl2 (3 × 60 mL) and the combined organic layers were dried 

(MgSO4) and evaporated under reduced pressure to give the crude product. Purification by 

recrystallisation from EtOH gave tetrazole 224 (4.74 g, 80%) as a white solid. 

2‐(2‐Phenylpropan‐2‐yl)‐5‐propyl‐2H‐1,2,3,4‐tetrazole 225 

 

Using general procedure G, α-methylstyrene (0.66 mL, 603 mg, 5.1 mmol, 1.02 eq), tetrazole 

119 (561 mg, 5 mmol, 1.0 eq) and TFA (0.88 mL, 1.31 g, 11.5 mmol, 2.1 eq) in CHCl3 (10 

mL), gave the crude product. Purification by flash column chromatography on silica with 90:10 

petroleum ether-EtOAc as eluent gave tetrazole 225 (1.00 g, 87%) as a colourless oil, RF (90:10 
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petroleum ether-EtOAc) 0.3; IR (ATR) 3063, 3030, 2988, 2963, 2874, 1601, 1496, 1449, 1391, 

1370, 1310, 1254, 1210, 1185, 1162, 1071, 1031, 1106, 1002, 943, 926, 909 cm-1; 1H NMR 

(300 MHz, CDCl3) δ 7.34–7.23 (m, 3H, Ph), 7.09–7.04 (m, 2H, Ph), 2.89 (t, J = 7.5 Hz, 2H, 

TzCH2), 2.18 (s, 6H, CMe2), 1.83 (tq, J = 7.5, 7.5 Hz, 2H, MeCH2), 1.00 (t, J = 7.5 Hz, 3H, 

MeCH2); 
13C NMR (75.5 MHz, CDCl3) δ 166.5 (C), 144.1 (C), 128.6 (CH), 127.8 (CH), 124.7 

(CH), 67.8 (C), 29.1 (CH3), 27.5 (CH2), 21.6 (CH2), 13.7 (CH3); MS (ESI) m/z 483 [(MM + 

Na)+, 62], 462 [(MM + H)+, 85], 253 [(M + Na)+, 46], 231 [(M + H)+, 100], 119 [(PhMe2C)+, 

8]; HRMS (ESI) m/z C13H19N4 ([M + H]+) calcd for 231.1615, found 231.1613. 

2‐(1,1‐Diphenylethyl)‐5‐propyl‐2H‐1,2,3,4‐tetrazole 3 

 

Using general procedure G, 1,1-diphenylethylene (0.99 mL, 1.01 g, 5.6 mmol, 1.02 eq), 

tetrazole 119 (617 mg, 5.5 mmol, 1.0 eq) and TFA (0.91 mL, 1.32 g, 11.6 mmol, 2.1 eq) in 

CHCl3 (11 mL), gave the crude product. Purification by flash column chromatography on silica 

with 90:10 petroleum ether-EtOAc as eluent gave tetrazole 226 (850 mg, 53%) as a colourless 

oil, RF (90:10 petroleum ether-EtOAc) 0.2; IR (ATR) 3060, 3027, 3000, 2962, 2933, 2873, 

1599, 1494, 1446, 1390, 1336, 1299, 1275, 1229, 1191, 1168, 1063, 1048, 1029, 1011, 1001, 

913 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.34–7.31 (m, 6H, Ph), 7.11–7.06 (m, 4H, Ph), 2.87 

(t, J = 7.5 Hz, 2H, TzCH2), 2.57 (s, 3H, CMe), 1.80 (tq, J = 7.5, 7.5 Hz, 2H, MeCH2), 0.96 (t, 

J = 7.5 Hz, 3H, MeCH2); 
13C NMR (101 MHz, CDCl3) δ 166.3 (C), 143.1 (C), 128.3 (CH), 

128.1 (CH), 127.4 (CH), 73.9 (C), 29.5 (CH3), 27.5 (CH2), 21.6 (CH2), 13.7 (CH3); MS (ESI) 

m/z 293 [(M + H)+, 44], 181 [(Ph2MeC)+, 100]; HRMS (ESI) m/z C18H20N4 ([M + H]+) calcd 

for 293.1761, found 293.1768. 
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2‐(2‐Cyclohexylpropan‐2‐yl)‐5‐propyl‐2H‐1,2,3,4‐tetrazole 228 

 

Using general procedure G, alkene S4 (967 mg, 7.8 mmol, 1.02 eq), tetrazole 119 (852 mg, 7.6 

mmol, 1.0 eq) and TFA (1.2 mL, 1.82 g, 16.0 mmol, 2.1 eq) in CHCl3 (15 mL), gave the crude 

product. Purification by flash column chromatography on silica with 90:10 petroleum ether-

Et2O as eluent gave tetrazole 228 (740 mg, 41%) as a colourless oil, RF (90:10 petroleum ether-

Et2O) 0.2; IR (ATR) 2930, 2855, 1493, 1450, 1392, 1372, 1322, 1303, 1274, 1217, 1197, 1180, 

1165, 1148, 1071, 1018, 892 cm-1; 1H NMR (400 MHz, CDCl3) δ 2.85 (t, J = 7.5 Hz, 2H, 

TzCH2), 2.00 (tt, J = 12.0, 3.0 Hz, 1H, CH), 1.80 (tq, J = 7.5, 7.5 Hz, 2H, MeCH2), 1.73 (br dt, 

J = 13.0, 3.5 Hz, 2H, CH2), 1.67 (s, 6H, CMe2), 1.64–1.51 (m, 1H, CH2), 1.33–1.28 (m, 2H, 

CH2), 1.25–1.00 (m, 5H, CH2), 0.97 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (101 MHz, CDCl3) 

δ 165.8 (C), 69.1 (C), 48.2 (CH), 27.5 (CH2), 27.4 (CH2), 26.4 (CH2), 26.2 (CH2), 24.3 (CH3), 

21.7 (CH2), 13.7 (CH3); MS (ESI) m/z 495 [(MM + Na)+, 36], 473 [(MM + H)+, 68], 259 [(M 

+ Na)+, 10], 237 [(M + H)+, 100], 113 [(M + H2 – CMe2Cy)+, 6]; HRMS (ESI) m/z C13H24N4 

([M + H]+) calcd for 237.2074, found 237.2072. 

2‐(2‐Phenylpropan‐2‐yl)‐5‐ethyl‐2H‐1,2,3,4‐tetrazole S8 

 

Using general procedure G, α-methylstyrene (0.66 mL, 603 mg, 5.1 mmol, 1.02 eq), tetrazole 

117 (491 mg, 5 mmol, 1.0 eq) and TFA (0.88 mL, 1.31 g, 11.5 mmol, 2.1 eq) in CHCl3 (10 

mL), gave the crude product. Purification by flash column chromatography on silica with 90:10 

petroleum ether-EtOAc as eluent gave tetrazole S8 (1.02 g, 94%) as a colourless oil, RF (90:10 

petroleum ether-EtOAc) 0.2; IR (ATR) 3063, 3029, 2982, 2938, 2878, 1602, 1498, 1449, 1392, 

1370, 1303, 1254, 1186, 1161, 1106, 1062, 1020, 1002, 973, 944, 926, 910 cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.33–7.24 (m, 3H, Ph), 7.10–7.06 (m, 2H, Ph), 2.91 (q, J = 7.5 Hz, 2H, TzCH2), 

2.15 (s, 6H, CMe2), 1.36 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (101 MHz, CDCl3) δ 166.6 (C), 
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144.1 (C), 128.6 (CH), 127.8 (CH), 124.7 (CH), 67.9 (C), 29.2 (CH3), 19.1 (CH2), 12.5 (CH3); 

MS (EI) m/z 216 [(M)+, 2], 160 [(BnTz)+, 21], 119 [(PhMe2C)+, 100], 91 [(PhCH2)
+, 28]; 

HRMS (ESI) m/z C12H16N4 ([M]+) calcd for 216.1370, found 216.1368. 

5‐Octyl‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole S9 

 

Using general procedure G, α-methylstyrene (0.66 mL, 603 mg, 5.1 mmol, 1.02 eq), tetrazole 

121 (843 mg, 5 mmol, 1.0 eq) and TFA (0.88 mL, 1.31 g, 11.5 mmol, 2.1 eq) in CHCl3 (10 

mL), gave the crude product. Purification by flash column chromatography on silica with 95:5 

petroleum ether-EtOAc as eluent gave tetrazole S9 (1.22 g, 81%) as a colourless oil, RF (95:5 

petroleum ether-EtOAc) 0.2; IR (ATR) 2987, 2953, 2925, 2855, 1603, 1497, 1449, 1391, 1370, 

1310, 1253, 1187, 1162, 1107, 1072, 1030, 1018, 926, 909 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 7.33–7.24 (m, 3H, Ph), 7.08–7.05 (m, 2H, Ph), 2.87 (t, J = 7.5 Hz, 2H, TzCH2), 2.14 (s, 6H, 

CMe2), 1.76 (tt, J = 7.5, 7.5 Hz, 2H, TzCH2CH2), 1.36–1.22 (m, 10H, TzCH2CH2 (CH2)5Me), 

0.87 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (101 MHz, CDCl3) δ 166.7 (C), 144.1 (C), 128.6 

(CH), 127.8 (CH), 124.7 (CH), 67.8 (C), 31.8 (CH2), 29.2 (3 × CH2), 29.1 (CH3), 28.2 (CH2), 

25.6 (CH2), 22.7 (CH2), 14.1 (CH3); MS (ESI) m/z 601 [(MM + H)+, 100], 301 [(M + H)+, 73], 

224 [(M + H – Ph)+, 36]; HRMS (ESI) m/z C18H28N4 ([M + H]+) calcd for 301.2387, found 

301.2396. 

5‐[3‐(Methoxymethoxy)propyl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole S10 

 

Using general procedure G, α-methylstyrene (1.80 mL, 1.64 g, 13.9 mmol, 1.02 eq), tetrazole 

162 (2.28 g, 13.2 mmol, 1.0 eq) and TFA (2.10 mL, 3.16 g, 27.7 mmol, 2.1 eq) in CHCl3 (26 

mL), gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole S10 (3.01 g, 79%) as a colourless oil, RF (70:30 
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petroleum ether-EtOAc) 0.2; IR (ATR) 2988, 2937, 2882, 2823, 1496, 1448, 1391, 1371, 1308, 

1255, 1214, 1189, 1146, 1109, 1071, 1036, 951, 918 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.35–

7.23 (m, 3H, Ph), 7.10–7.05 (m, 2H, Ph), 4.60 (s, 2H, MeOCH2), 3.57 (t, J = 6.5 Hz, 2H, 

OCH2CH2), 3.33 (s, 3H, OMe), 2.99 (t, J = 7.5 Hz, 2H, TzCH2), 2.14 (s, 6H, CMe2), 2.08 (tt, 

J = 7.5, 6.5 Hz, 2H, CH2CH2CH2); 
13C NMR (101 MHz, CDCl3) δ 166.0 (C), 144.0 (C), 128.6 

(CH), 127.8 (CH), 124.7 (CH), 96.4 (CH2), 67.9 (C), 66.5 (CH2), 55.2 (CH3), 29.1 (CH3), 28.1 

(CH2), 22.4 (CH2); MS (ESI) m/z 313 [(M + Na)+, 61], 291 [(M + H)+, 73], 171 [(M + H2 – 

CMe2Ph)+, 90], 141 [(M + H – CMe2Ph – OMe)+, 100]; HRMS (ESI) m/z C15H23N4O2 ([M + 

H]+) calcd for 291.1816, found 291.1813. 

2‐(2‐Phenylpropan‐2‐yl)‐5‐(3‐phenylpropyl)‐2H‐1,2,3,4‐tetrazole S11 

 

Using general procedure G, α-methylstyrene (0.66 mL, 603 mg, 5.1 mmol, 1.02 eq), tetrazole 

122 (941 mg, 5 mmol, 1.0 eq) and TFA (0.88 mL, 1.31 g, 11.5 mmol, 2.1 eq) in CHCl3 (10 

mL), gave the crude product. Purification by flash column chromatography on silica with 90:10 

petroleum ether-EtOAc as eluent gave tetrazole S11 (1.53 g, 100%) as a colourless oil, RF 

(90:10 petroleum ether-EtOAc) 0.2; IR (ATR) 3085, 3061, 3026, 2988, 2938, 2861, 1602, 1584, 

1496, 1449, 1391, 1370, 1308, 1255, 1186, 1161, 1107, 1073, 1022, 1002, 977, 943, 925, 909 

cm-1; 1H NMR (400 MHz, CDCl3) δ 7.33–7.25 (m, 5H, Ph), 7.20–7.16 (m, 3H, Ph), 7.09–7.06 

(m, 2H, Ph), 2.91 (t, J = 7.5 Hz, 2H, TzCH2), 2.68 (t, J = 7.5 Hz, 2H, PhCH2) 2.15 (s, 6H, 

CMe2), 2.10 (tt, J = 7.5, 7.5 Hz, 2H, TzCH2CH2); 
13C NMR (101 MHz, CDCl3) δ 166.3 (C), 

144.0 (C), 141.6 (C), 128.6 (2 × CH), 128.4 (CH), 127.8 (CH), 125.9 (CH), 124.7 (CH), 67.9 

(C), 35.2 (CH2), 29.8 (CH2), 29.1 (CH3), 25.1 (CH2); MS (EI) m/z 306 [(M)+, 4], 188 [(M + H 

– CMe2Ph)+, 55], 119 [(PhCN2)
+, 100]; HRMS (EI) m/z C19H22N4 ([M]+) calcd for 306.1839, 

found 306.1853. 
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2‐(2‐Phenylpropan‐2‐yl)‐5‐(4,4,4‐trifluorobutyl)‐2H‐1,2,3,4‐tetrazole S12 

 

Using general procedure G, α-methylstyrene (2.40 mL, 2.23 g, 18.9 mmol, 1.02 eq), tetrazole 

142 (3.10 g, 18.5 mmol, 1.0 eq) and TFA (2.98 mL, 38.9 g, 22.9 mmol, 2.1 eq) in CHCl3 (40 

mL), gave the crude product. Purification by flash column chromatography on silica with 93:7 

petroleum ether-EtOAc as eluent gave tetrazole S12 (1.49 g, 87%) as a colourless oil, RF (93:7 

petroleum ether-EtOAc) 0.2; IR (ATR) 2990, 2946, 1602, 1498, 1449, 1391, 1372, 1309, 1274, 

1253, 1206, 1184, 1131, 1107, 1074, 1021, 971, 927, 910 cm-1; 1H NMR (400 MHz, CDCl3) δ 

7.36–7.27 (m, 3H, Ph), 7.11–7.04 (m, 2H, Ph), 2.97 (t, J = 7.5 Hz, 2H, TzCH2), 2.26–2.16 (m, 

2H, F3CCH2), 2.15 (s, 6H, CMe2), 2.13–1.99 (m, 2H, CH2CH2CH2); 
13C NMR (101 MHz, 

CDCl3) δ 165.2 (C), 143.8 (C), 128.7 (CH), 127.92 (CH), 126.9 (q, J = 275.5 Hz, C), 124.7 

(CH), 68.1 (C), 33.1 (q, J = 29.0 Hz, CH2), 29.1 (CH3), 24.5 (CH2), 20.5 (q, J = 3.0 Hz, CH2); 

19F NMR (376 MHz, CDCl3) δ -66.3 (t, J = 10.5 Hz); MS (ESI) m/z 322 [(M + Na)+, 83], 299 

[(M + H)+, 100], 181 [(M + H2 – CMe2Ph)+, 63]; HRMS (ESI) m/z C14H18F3N4 ([M + H]+) 

calcd for 299.1478, found 299.1492. 

5‐(4‐Azidobutyl)‐1H‐1,2,3,4‐tetrazole S13 

 

Using general procedure B, 5-Chlorovaleronitrile 133 (2.25 mL, 2.35 g, 20 mmol, 1.0 eq), 

NaN3 (6.50 g, 100 mmol, 5.0 eq) and Et3N·HCl (8.24 g, 60 mmol, 3.0 eq) in PhMe (40 mL) 

gave the crude product. Purification by flash column chromatography on silica with EtOAc as 

eluent tetrazole S13 (2.97 g, 89%) as a yellow oil, RF (EtOAc) 0.2; IR (ATR) 3482, 3138, 3056, 

2924, 2870, 2740, 2624, 2445, 2092 (N=N=N str), 1634, 1557, 1456, 1352, 1247, 1164, 1055, 

996, 888, 736, 635 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.59 (t, J = 6.0 Hz, 2H, N3CH2), 2.41 

(t, J = 6.0 Hz, 2H, TzCH2), 2.00–1.80 (m, 4H, CH2); 
13C NMR (75.5 MHz, CDCl3) δ 156.5 
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(C), 50.8 (CH2), 28.1 (CH2), 24.8 (CH2), 23.0 (CH2); MS (ESI) m/z 357 [(MM + Na)+, 34], 335 

[(MM + H)+, 6], 190 [(M + Na)+, 56], 168 [(M + H)+, 100]; HRMS (ESI) m/z C5H10N7 ([M + 

H]+) calcd for 168.0992, found 168.0991. 

Note: The azide motif of S13 will slowly decompose to amine at room temperature due to high 

nitrogen content. It is recommended to keep S13 in a freezer as a solid for prolong storage (i.e. 

>1 week). 

5‐(4‐Azidobutyl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole S14 

 

Using general procedure G, α-methylstyrene (2.40 mL, 2.23 g, 18.9 mmol, 1.02 eq), tetrazole 

S13 (3.10 g, 18.5 mmol, 1.0 eq) and TFA (2.98 mL, 38.9 g, 22.9 mmol, 2.1 eq) in CHCl3 (40 

mL), gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave tetrazole S14 (4.57 g, 87%) as a colourless oil, RF (80:20 

petroleum ether-EtOAc) 0.2; IR (ATR) 3062, 2989, 2941, 2868, 2092 (N=N=N str), 1601, 

1496, 1449, 1392, 1371, 1352, 1305, 1251, 1187, 1161, 1107, 1072, 1019, 1002, 924, 944, 910 

cm-1; 1H NMR (400 MHz, CDCl3) δ 7.34–7.25 (m, 3H, Ph), 7.09–7.06 (m, 2H, Ph), 3.29 (t, J 

= 7.0 Hz, 2H, N3CH2), 2.92 (t, J = 7.5 Hz, 2H, TzCH2), 2.15 (s, 6H, CMe2), 1.91–1.83 (m, 2H, 

CH2), 1.70–1.62 (m, 2H, CH2); 
13C NMR (101 MHz, CDCl3) δ 156.5 (C), 50.8 (CH2), 28.1 

(CH2), 24.8 (CH2), 23.0 (CH2); 165.9 (C), 143.9 (C), 128.7 (CH), 127.9 (CH), 124.7 (CH), 68.0 

(C), 51.0 (CH2), 29.1 (CH3), 28.2 (CH2), 25.2 (CH2), 25.0 (CH2); MS (ESI) m/z 593 [(MM + 

Na)+, 53], 571 [(MM + H)+, 17], 308 [(M + Na)+, 63], 286 [(M + H)+, 67], 168 [(M + H2 – 

CMe2Ph)+, 67]; HRMS (ESI) m/z C14H20N7 ([M + H]+) calcd for 286.1775, found 286.1786. 

 

 

 

 

 

 

 



 

233 

 

4‐[2‐(2‐Phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]butan‐1‐amine S15 

 

PPh3 (1.52 g, 5.80 mmol, 1.0 eq) was added into a stirred solution of S15 (1.66 g, 5.80 mmol, 

1.0 eq) in THF (17 mL) and H2O (0.3 mL) in one portion at rt and the resulting solution was 

stirred at rt for 16 h. The solvent was evaporated under reduced pressure to give the crude 

product. Purification by flash column chromatography on silica with 84:15:1 CH2Cl2-MeOH-

NH4OH(aq) as eluent gave tetrazole S15 (1.48 g, 98%) as a colourless oil, RF (84:15:1 CH2Cl2-

MeOH-NH4OH(aq)) 0.3; IR (ATR) 3655 (N-H str), 3061, 1988, 2934, 2862, 1584, 1496, 1448, 

1392, 1371, 1308, 1253, 1186, 1161, 1106, 1073, 1020, 1002, 910 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.33–7.24 (m, 3H, Ph), 7.08–7.05 (m, 2H, Ph), 2.89 (t, J = 7.5 Hz, 2H, TzCH2), 2.71 

(t, J = 7.0 Hz, 2H, NCH2), 2.14 (s, 6H, CMe2), 1.81 (tt, J = 7.5, 7.0 Hz, 2H, CH2), 1.51 (tt, J = 

7.5, 7.0 Hz, 2H, CH2), 1.10 (br s, 2H, NH2); 
13C NMR (101 MHz, CDCl3) δ 166.4 (C), 144.0 

(C), 128.6 (CH), 127.8 (CH), 124.7 (CH), 67.9 (C), 41.9 (CH2), 33.3 (CH2), 29.1 (CH3), 25.5 

(CH2), 25.4 (CH2); MS (ESI) m/z 544 [(MM + Na)+, 9], 519 [(MM + H)+, 49], 282 [(M + Na)+, 

8], 260 [(M + H)+, 100], 142 [(M + H2 – CMe2Ph)+, 29]; HRMS (ESI) m/z C14H22N5 ([M + H]+) 

calcd for 260.1870, found 260.1884. 

tert‐Butyl N‐{4‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]butyl}carbamate S16 

 

Boc2O (1.20 g, 5.5 mmol, 1.1 eq) was added into a stirred solution of S15 (1.30 g, 5 mmol, 1.0 

eq) in CH2Cl2 (10 mL) at rt and the resulting solution was stirred at rt for 16 h. The solvent was 

evaporated under reduced pressure to give the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole S16 (1.68 
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g, 93%) as a colourless oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 3353 (N-H str), 

2977, 2934, 2866, 1694 (C=O str), 1601, 1497, 1449, 1391, 1365, 1308, 1248, 1164, 1073, 

1019, 1002, 943, 926 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.33–7.24 (m, 3H, Ph), 7.09–7.05 

(m, 2H, Ph), 4.52 (br s, 1H, NH), 3.13 (br dt, J = 6.5, 6.5 Hz, 2H, NCH2), 2.89 (t, J = 7.5 Hz, 

2H, TzCH2), 2.14 (s, 6H, CMe2), 1.80 (tt, J = 7.5, 7.0 Hz, 2H, CH2), 1.54 (tt, J = 7.5, 7.0 Hz, 

2H, CH2), 1.43 (s, 9H, CMe3); 
13C NMR (101 MHz, CDCl3) δ 166.2 (C), 155.9 (C), 144.0 (C), 

128.6 (CH), 127.8 (CH), 124.7 (CH), 79.1 (C), 67.9 (C), 40.2 (CH2), 29.5 (CH2), 29.1 (CH3), 

28.4 (CH3), 25.3 (CH2), 25.2 (CH2); MS (ESI) m/z 382 [(M + Na)+, 24], 360 [(M + H)+, 99], 

275 [(M + H3 – N – OtBu)+, 100], 242 [(M + H2 – CMe2Ph)+, 24]; HRMS (ESI) m/z C19H30N5O2 

([M + H]+) calcd for 360.2394, found 360.2419. 

tert‐Butyl N‐methyl‐N‐{4‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐

yl]butyl}carbamate 266 

 

Using general procedure H, NaH (40 mg of a 60% suspension in mineral oil, 1.0 mmol, 2.0 eq) 

and tetrazole S16 (165 mg, 0.5 mmol, 1.0 eq) in THF (1 mL) then MeI (0.05 mL, 106 mg, 0.75 

mmol, 1.5 eq) gave the crude product. Purification by flash column chromatography on silica 

with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 266 (137 mg, 73%) as a colourless 

oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 2975, 2932, 1866, 1689, 1601, 1496, 

1449, 1424, 1392, 1365, 1310, 1217, 1159, 1133, 1072, 1030, 1019, 975, 910 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 7.32–7.24 (m, 3H, Ph), 7.08–7.05 (m, 2H, Ph), 3.22 (br t, J = 6.5 Hz, 2H, 

NCH2), 2.90 (t, J = 7.5 Hz, 2H, TzCH2), 2.79 (br s, 3H, NMe), 2.14 (s, 6H, CMe2), 1.76 (tt, J 

= 7.5, 7.5 Hz, 2H, CH2), 1.56 (tt, J = 7.5, 7.0 Hz, 2H, CH2), 1.43 (s, 9H, CMe3); 
13C NMR (101 

MHz, CDCl3) (mixture of rotamers) δ 166.2 (C), 155.8 (C), 144.0 (C), 128.6 (CH), 127.8 (CH), 

124.7 (CH), 79.2 (C), 67.9 (C), 48.3 (CH3), 48.0 (CH2), 34.0 (CH2), 33.9 (CH2), 29.1 (CH3), 

28.5 (CH3), 27.4 (CH2), 27.1 (CH2), 25.3 (CH2); MS (ESI) m/z 396 [(M + Na)+, 4], 374 [(M + 

H)+, 100], 318 [(M + H2 – tBu)+,6], 275 [(M + H3 – N – Me – OtBu)+, 1], 256 [(M + H2 – 

CMe2Ph)+, 4], 200 [(M + H3 – CMe2Ph – tBu)+, 2], 156 [(M + H3 – CMe2Ph – Boc)+, 2]; HRMS 

(ESI) m/z C20H32N5O2 ([M + H]+) calcd for 374.2551, found 374.2574. 



 

235 

 

Methyl({4‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5-yl]butyl})(triphenylmethyl) 

amine S18 

 

TFA (3.83 mL, 5.70 g, 50 mmol, 10 eq) was added into a stirred solution of tetrazole 266 (1.87 

g, 5.0 mmol, 1.0 eq) im CH2Cl2 (10 mL) at 0 °C and the resulting solution was allowed to warm 

to rt and stirred for 1 h. 1 M NaOH(aq) (20 mL) was added and the two layers were separated, 

extracting the aqueous with CH2Cl2 (3 × 10 mL) The combined organic layers were dried 

(Na2SO4) and evaporated under reduced pressure to give crude tetrazole S17 as a colourless oil 

which was used in the next step without further purification, 1H NMR (300 MHz, CDCl3) δ 

7.40–7.21 (m, 3H, Ph), 7.14–7.05 (m, 2H, Ph), 2.90 (t, J = 7.5 Hz, 2H, TzCH2), 2.6 (t, J = 7.5 

Hz, 2H, NCH2), 2.41 (s, 3H, NMe), 2.14 (s, 6H, CMe2), 1.82 (tt, J = 7.5, 7.5 Hz, 2H, CH2), 

1.57 (tt, J = 7.5, 7.0 Hz, 2H, CH2), 1.46 (br s, 1H, NH). 

Trityl chloride (1.39 g, 5 mmol, 1.0 eq) was added to a solution of tetrazole S17 (max, 5 mmol, 

1.0 eq) and Et3N (1.05 mL, 759 mg, 7.5 mmol, 1.5 eq) in CH2Cl2 (25 mL) at 0 °C. The resulting 

solution was warmed to rt and stirred for 16 h. Water (25 mL) was added and the two layers 

were separated. Extracting the aqueous with CH2Cl2 (3 × 20 mL) and the combined organic 

layers were dried (MgSO4) and evaporated under reduced pressure to give the crude product. 

The excess triphenylmethanol from the crude product was then removed via Kügelrohr short 

path distillation (230 °C/1 mmHg) and purification by flash column chromatography on silica 

with 90:10 petroleum ether-EtOAc as eluent gave tetrazole S18 (1.34 g, 52%) as a colourless 

viscous oil, RF (90:10 petroleum ether-EtOAc) 0.2; IR (ATR) 3083, 3056, 3030, 2988, 2938, 

2859, 2798, 1595, 1489, 1469, 1391, 1370 ,1309, 1256, 1210, 1184, 1123, 1108, 1083, 1073, 

1031, 1018, 1005, 927, 905 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.51–7.42 (m, 6H, Ph), 7.35–

7.18 (m, 9H, Ph), 7.18–7.09 (tt, J = 7.5, 2.0 Hz, 3H, Ph), 7.10–7.04 (m, 2H, Ph), 2.87 (t, J = 

7.5 Hz, 2H, TzCH2), 2.14 (s, 6H, CMe2), 2.11 (t, J = 8.0 Hz, 2H, NCH2), 2.00 (s, 3H, NMe), 

1.79 (tt, J = 7.5, 7.5 Hz, 2H, CH2), 1.68 (tt, J = 7.5, 7.0 Hz, 2H, CH2); 
13C NMR (101 MHz, 

CDCl3) δ 166.5 (C), 144.1 (C), 143.1 (C), 129.4 (CH), 128.6 (CH), 128.0 (CH), 127.8 (CH), 

127.4 (CH), 124.7 (CH), 78.0 (C), 67.9 (C), 52.1 (CH2), 37.1 (CH3), 29.1 (CH3), 27.83 (CH2), 
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26.1 (CH2), 25.7 (CH2); MS (ESI) m/z 516 [(M + H)+, 35], 243 [(CPh3)
+, 100]; HRMS (ESI) 

m/z C34H38N5 ([M + H]+) calcd for 516.3122, found 516.3150. 

5‐(4‐Methoxybutyl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 299 

 

Using general procedure G, α-methylstyrene (1.08 mL, 973 mg, 8.23 mmol, 1.02 eq), tetrazole 

126 (1.26 g, 8.07 mmol, 1.0 eq) and TFA (1.29 mL, 1.93 g, 16.9 mmol, 2.1 eq) in CHCl3 (16 

mL), gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave tetrazole 299 (2.07 g, 93%) as a colourless oil, RF (80:20 

petroleum ether-EtOAc) 0.2; IR (ATR) 2987, 2935, 2867, 2827, 1601, 1496, 1449, 1391, 1371, 

1308, 1255, 1187, 1162, 1117, 1072, 1048, 1019, 967, 945, 925, 910 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.33–7.24 (m, 3H, Ph), 7.08–7.05 (m, 2H, Ph), 3.39 (t, J = 6.5 Hz, 2H, OCH2), 3.31 

(s, 3H, OMe), 2.90 (t, J = 7.5 Hz, 2H, TzCH2), 2.14 (s, 6H, CMe2), 1.88–1.81 (m, 2H, 

OCH2CH2), 1.68–1.59 (m, 2H, TzCH2CH2); 
13C NMR (101 MHz, CDCl3) δ 166.3 (C), 144.0 

(C), 128.6 (CH), 127.8 (CH), 124.7 (CH), 72.3 (CH2), 67.9 (C), 58.5 (CH3), 29.1 (CH3), 29.0 

(CH2), 25.3 (CH2), 24.8 (CH2); MS (ESI) m/z 297 [(M + Na)+, 60], 275 [(M + H)+, 63], 157 

[(M + H2 – CMe2Ph)+, 100], 125 [(M + H – CMe2Ph – OMe)+, 30]; HRMS (ESI) m/z 

C15H23N4O ([M + H]+) calcd for 275.1866, found 275.1871. 

5‐[2‐(2‐Methyl‐1,3‐dioxolan‐2‐yl)ethyl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 

S20 

 

Using general procedure G, α-methylstyrene (0.44 mL, 397 mg, 3.36 mmol, 1.02 eq), tetrazole 

146 (608 mg, 3.30 mmol, 1.0 eq) and TFA (0.53 mL, 790 g, 6.92 mmol, 2.1 eq) in CHCl3 (7 
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mL) gave crude tetrazole S19 as a yellow oil which was used in the next step without further 

purification. 1H NMR (300 MHz, CDCl3) 7.35–7.22 (m, 3H, Ph), 7.10–7.04 (m, 2H, Ph), 3.16 

(t, J = 7.0 Hz, 2H, TzCH2), 2.97 (t, J = 7.0 Hz, 2H, CCH2), 2.19 (s, 3H, OCMe), 2.13 (s, 6H, 

CMe2). 

Ethylene glycol (0.37 mL, 411 mg, 6.6 mmol, 2.0 eq) was added into a solution of S19 (max, 

3.30 mmol, 1.0 eq), p-toluenesulfonic acid monohydrate (63 mg, 0.33 mmol, 10 mol%) and in 

PhMe (10 mL). The resulting solution was stirred and heated at reflux under Dean-Stark trap 

for 2 h. After cooling to rt, the resulting solution was washed with saturated NaHCO3(aq) (50 

mL), water (50 mL), brine (50 mL) and dried (MgSO4) then evaporated under reduced pressure 

to give the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole S20 (859 mg, 86%) as a colourless oil, RF 

(70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 2984, 2881, 1497, 1448, 1371, 1309, 1252, 1220, 

1186, 1162, 1139, 1099, 1072, 1054, 1019, 948, 862 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.33–

7.24 (m, 3H, Ph), 7.08–7.05 (m, 2H, Ph), 3.97–3.89 (m, 4H, OCH2), 2.99 (t, J = 8.0 Hz, 2H, 

TzCH2), 2.16 (t, J = 8.0 Hz, 2H, CCH2), 2.14 (s, 6H, CMe2), 1.36 (s, 3H, OCMe); 13C NMR 

(101 MHz, CDCl3) δ 166.3 (C), 144.1 (C), 128.6 (CH), 127.8 (CH), 124.7 (CH), 109.3 (C), 

67.9 (C), 64.8 (CH2), 37.0 (CH2), 29.1 (CH3), 24.0 (CH3), 20.4 (CH2) ); MS (ESI) m/z 325 [(M 

+ Na)+, 25], 303 [(M + H)+, 100], 198 [(M + H – Ph – N2)
+, 11], 185 [(M + H2 – CMe2Ph)+, 

50], 157 [(M + H5 – CMe2Ph – OCMe)+, 50], 141 [(M + H – CMe2Ph – H2COCMe)+, 6], 118 

[(M + H4 – CMe2Ph – N3 – CH2CH2)
+, 12]; HRMS (ESI) m/z C16H23N4O2 ([M + H]+) calcd for 

303.1816, found 303.1839. 

5‐Benzyl‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 261 

 

Using general procedure G, α-methylstyrene (0.66 mL, 603 mg, 5.1 mmol, 1.02 eq), tetrazole 

163 (801 mg, 5 mmol, 1.0 eq) and TFA (0.88 mL, 1.31 g, 11.5 mmol, 2.1 eq) in CHCl3 (10 

mL), gave the crude product. Purification by flash column chromatography on silica with 90:10 

petroleum ether-EtOAc as eluent gave tetrazole 261 (1.32 g, 95%) as a colourless oil, RF (90:10 

petroleum ether-EtOAc) 0.2; IR (ATR) 3062, 3030, 2988, 2939, 1602, 1496, 1468, 1449, 1391, 

1371, 1308, 1253, 1189, 1160, 1106, 1070, 1021, 1002, 925, 910 cm-1; 1H NMR (400 MHz, 
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CDCl3) δ 7.36–7.18 (m, 8H, Ph), 7.12 – 7.05 (m, 2H, Ph), 4.24 (s, 2H, TzCH2), 2.14 (s, 6H, 

CMe2); 
13C NMR (101 MHz, CDCl3) δ 165.1 (C), 144.0 (C), 137.0 (C), 128.8 (CH), 128.6 (2 

× CH), 127.8 (CH), 126.7 (CH), 124.7 (CH), 68.1 (C), 31.9 (CH2), 29.1 (CH3). Spectroscopic 

data consistent with those reported in the literature.184 

tert‐Butyl N‐[2‐(1H‐1,2,3,4‐tetrazol‐5‐yl)ethyl]carbamate S21 

 

Using general procedure B, nitrile S1 (1.73 g, 10.2 mmol, 1.0 eq), NaN3 (1.99 g, 30.6 mmol, 

3.0 eq) and Et3N·HCl (4.21 g, 30.6 mmol, 3.0 eq) in PhMe (20 mL) gave tetrazole S21 (2.12 

g, 96%) as a white solid, m.p. 130–131 °C; IR (ATR) 3339 (BocN-H str), 3116, 3000, 2981, 

2937, 2917, 2894, 2795, 2757, 2731, 2696, 2627, 1704, 1686 (C=O str), 1556, 1544, 1527, 

1454, 1441, 1391, 1363, 1277, 1251, 1206, 1140, 1080, 1001, 900 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ 6.29 (br s, 1H, NH), 3.51 (td, J = 7.0, 6.5 Hz, 2H, NCH2), 3.15 (t, J = 7.0 Hz, 

2H, TzCH2), 1.37 (s, 9H, CMe3); 
13C NMR (101 MHz, Acetone-d6) δ 156.0 (C), 154.4 (C), 

78.6 (C), 38.6 (CH2), 27.7 (CH3), 24.3(CH2); MS (ESI) m/z 449 [(MM + Na)+, 79], 427 [(MM 

+ H)+, 39], 236 [(M + Na)+, 100], 214 [(M + H)+, 21], 158 [(M + H – tBu)+, 46]; HRMS (ESI) 

m/z C8H19N5O2 ([M + H]+) calcd for 214.1299, found 214.1308. 

tert‐Butyl N‐[3‐(1H‐1,2,3,4‐tetrazol‐5‐yl)propyl]carbamate S22 

 

Using general procedure A, nitrile S2 (368 mg, 2 mmol, 1.0 eq), NaN3 (390 mg, 6 mmol, 3.0 

eq) and Et3N·HCl (826 mg, 6 mmol, 3.0 eq) in PhMe (4 mL) gave tetrazlole S22 (454 mg, 

100%) as an off white solid, m.p. 89–93 °C; IR (ATR) 3354 (BocN-H str), 2976, 2935, 2919, 

2883 (TzN-H str), 2745, 2616, 1698, 1682 (C=O str), 1560, 1529, 1479, 1435, 1414, 1391, 

1366, 1355, 1311, 1293, 1266, 1255, 1194, 1162, 1141, 1115, 1088, 1080, 1061, 1041, 998, 

978, 941 cm-1; 1H NMR (400 MHz, CDCl3) δ 15.02 (br s, 1H, TzNH), 5.13 (br s, 1H, BocNH), 

3.21 (td, J = 7.0, 6.5 Hz, 2H, NCH2), 3.08 (t, J = 7.0 Hz, 2H, TzCH2), 1.91 (tt, J = 7.0, 7.0 Hz, 

2H, CH2CH2CH2), 1.49 (s, 9H, CMe3); 
13C NMR (101 MHz, CDCl3) δ 158.1 (C), 155.1 (C), 
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81.1 (C), 38.2 (CH2), 28.3 (CH3), 19.5 (CH2); MS (ESI) m/z 477 [(MM + Na)+, 57], 455 [(MM 

+ H)+, 100], 250 [(M + Na)+, 40], 228 [(M + H)+, 43], 172 [(M + H – tBu)+, 43], 128 [(M + H2 

– Boc)+, 25]; HRMS (ESI) m/z C9H18N5O2 ([M + H]+) calcd for 228.1455, found 228.1450. 

tert‐Butyl N‐[3‐(1H‐1,2,3,4‐tetrazol‐5‐yl)pentyl]carbamate S23 

 

Using general procedure A, nitrile S3 (2.56 g, 12 mmol, 1.0 eq), NaN3 (2.34 g, 36 mmol, 3.0 

eq) and Et3N·HCl (4.96 g, 36 mmol, 3.0 eq) in PhMe (24 mL) gave tetrazlole S23 (3.03 g, 99%) 

as a white solid, m.p. 77–79 °C; IR (ATR) 3278 (BocN-H str), 3115, 3007, 2977, 2937, 2898, 

2869, 1662 (C=O str), 1558, 1468, 1452, 1441, 1393, 1364, 1337, 1297, 1283, 1253, 1168, 

1080, 1056, 995 cm-1; 1H NMR (400 MHz, CDCl3)(70:30 mixture of rotamers) δ 15.33 (br s, 

1H, TzNH), 4.94 (br s, 1H, BocNH), 3.12 (td, J = 7.0, 6.5 Hz, 2H, NCH2), 3.07 – 3.02 (m, 2H, 

TzCH2), 1.92 – 1.83 (m, 2H, CH2), 1.56 – 1.51 (m, 2H, CH2), 1.45 (s, 3H, CMe3), 1.43 (s, 6H, 

CMe3), 1.41 – 1.36 (m, 2H, CH2); 
13C NMR (101 MHz, CDCl3) )(mixture of rotamers) δ 157.0 

(C), 156.9 (C), 156.4 (C), 80.0 (C), 79.9 (C), 40.1(CH2), 40.0 (CH2), 29.6 (CH2), 29.5 (CH2), 

28.5 (CH3), 26.7 (CH2), 26.5 (CH2), 25.9 (CH2), 25.8 (CH2), 23.3 (CH2); MS (ESI) m/z 278 

[(M + Na)+, 90], 256 [(M + H)+, 100], 200 [(M + H – tBu)+, 95], 156 [(M + H2 – Boc)+, 85]; 

HRMS (ESI) m/z C11H22N5O2 ([M + H]+) calcd for 256.1768, found 256.1779. 

tert‐Butyl N‐{2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]ethyl}carbamate S24 

 

Using general procedure G, α-methylstyrene (1.32 mL, 1.20 g, 10.2 mmol, 1.02 eq), tetrazole 

S21 (2.07 g, 9.70 mmol, 1.0 eq) and TFA (1.64 mL, 2.21 g, 19.4 mmol, 2.1 eq) in CHCl3 (20 

mL), gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole S24 (1.15 g, 36%) as a colourless oil, RF (70:30 

petroleum ether-EtOAc) 0.2; IR (ATR) 3350 (BocN-H str), 2979, 2936, 1711 (C=O str), 1497, 
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1449, 1391, 1366, 1308, 1268, 1249, 1165, 1110, 1073, 162, 1021, 1001, 961 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 7.36–7.24 (m, 3H, Ph), 7.13–7.05 (m, 2H, Ph), 5.02 (brs, 1H, NH), 3.56 

(dt, J = 6.5, 6.5 Hz, 2H, NCH2), 3.07 (t, J = 6.5 Hz, 2H, TzCH2), 2.15 (s, 6H, CMe2), 1.42 (s, 

9H, CMe3); 13C NMR (101 MHz, CDCl3) δ 164.4 (C), 155.8 (C), 143.8 (C), 128.7 (CH), 127.9 

(CH), 124.7 (CH), 79.3 (C), 68.1 (C), 38.5 (CH2), 29.1 (CH3), 28.4 (CH3), 26.3 (CH2); MS 

(ESI) m/z 354 [(M + Na)+, 100], 332 [(M + H)+, 39]; HRMS (ESI) m/z C17H25N5O2 ([M + H]+) 

calcd for 332.2081, found 332.2090. 

tert‐Butyl N‐{3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]propyl}carbamate S25 

 

Using general procedure G, α-methylstyrene (1.30 mL, 1.19 g, 10.0 mmol, 1.02 eq), tetrazole 

S22 (2.17 g, 9.55 mmol, 1.0 eq) and TFA (1.53 mL, 2.28 g, 20.0 mmol, 2.1 eq) in CHCl3 (19 

mL), gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole S25 (2.04 g, 62%) as a colourless oil, RF (70:30 

petroleum ether-EtOAc) 0.2; IR (ATR) 3350 (BocN-H str), 2977, 2871, 1693 (C=O str), 1601, 

1497, 1449, 1391, 1365, 1305, 1248, 1163, 1074, 1020, 1000, 969, 925, 910 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 7.37–7.19 (m, 3H, Ph), 7.11–7.03 (m, 2H, Ph), 4.70 (br s, 1H, NH), 3.19 

(dt, J = 6.5, 7.5 Hz, 2H, NCH2), 2.92 (t, J = 7.5 Hz, 2H, TzCH2), 2.14 (s, 6H, CMe2), 1.96 (tt, 

J = 7.5, 7.5 Hz, 2H), 1.43 (s, 9H, CMe3); 
13C NMR (101 MHz, CDCl3) δ 165.8 (C), 155.9 (C), 

143.9 (C), 128.7 (CH), 127.9 (CH), 124.7 (CH), 79.2 (C), 68.0 (C), 39.8 (CH2), 29.1 (CH3), 

28.4 (CH3), 28.27 (CH2), 22.9 (CH2); MS (ESI) m/z 346 [(M + Na)+, 100], 322 [(M + H)+, 26], 

290 [(M + H2 – tBu)+, 17], 228 [(M + H2 – CMe2Ph)+, 20], 172 [(M + H3 – CMe2Ph – tBu)+, 

24], 128 [(M + H3 – CMe2Ph – Boc)+, 5]; HRMS (ESI) m/z C18H28N5O2 ([M + H]+) calcd for 

346.2238, found 346.2252. 
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tert‐Butyl N‐{4‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]penatyl}carbamate 

S26 

 

Using general procedure G, α-methylstyrene (1.63 mL, 1.48 g, 12.5 mmol, 1.02 eq), tetrazole 

S23 (3.03 g, 11.9 mmol, 1.0 eq) and TFA (1.91 mL, 2.85 g, 25 mmol, 2.1 eq) in CHCl3 (24 

mL), gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole S26 (2.73 g, 61%) as a colourless oil, RF (70:30 

petroleum ether-EtOAc) 0.2; IR (ATR) 3350 (N-H str), 2977, 2933, 2863, 1694 (C=O str), 

1497, 1449, 1391, 1365, 1308, 1248, 1164, 1106, 1073, 1019, 943, 910 cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.35–7.23 (m, 3H, Ph), 7.10–7.03 (m, 2H, Ph), 4.49 (br s, 1H, NH), 3.09 (td, J 

= 7.5, 6.5 Hz, 2H, NCH2), 2.87 (t, J = 7.5 Hz, 2H, TzCH2), 2.14 (s, 6H, CMe2), 1.79 (tt, J = 

7.5, 7.5 Hz, 2H, CH2), 1.50 (tt, J = 7.5, 7.5 Hz, 2H, CH2), 1.43 (s, 9H, CMe3), 1.37 (tt, J = 7.5, 

7.5 Hz, 2H, CH2); 
13C NMR (101 MHz, CDCl3) δ 166.3 (C), 156.0 (C), 144.0 (C), 128.6 (CH), 

127.8 (CH), 124.7 (CH), 79.0 (C), 67.9 (C), 40.4 (CH2), 29.7 (CH2), 29.1 (CH3), 28.4 (CH3), 

27.7 (CH2), 26.3 (CH2), 25.4 (CH2); MS (ESI) m/z 396 [(M + Na)+, 41], 374 [(M + H)+, 100], 

318 [(M + H2 – tBu)+, 19], 256 [(M + H2 – CMe2Ph)+, 15], 200 [(M + H3 – CMe2Ph – tBu)+, 

19], 128 [(M + H3 – CMe2Ph – Boc)+, 10]; HRMS (ESI) m/z C20H32N5O2 ([M + H]+) calcd for 

374.2551, found 374.2555. 

tert‐Butyl N‐methyl‐N‐{4‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐

yl]ethyl}carbamate 273 

 

Using general procedure H, NaH (268 mg of a 60% suspension in mineral oil, 6.7 mmol, 2.0 

eq) and tetrazole S24 (1.11 g, 3.35 mmol, 1.0 eq) in THF (7 mL) then MeI (0.25 mL, 571 mg, 
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4.02 mmol, 1.5 eq) gave the crude product. Purification by flash column chromatography on 

silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 273 (1.00 g, 86%) as a 

colourless oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 2977, 2933, 1692 (C=O str), 

1497, 1480, 1449, 1390, 1365, 1310, 1248, 1216, 1162, 1134, 1072, 1052, 1025, 954, 927 cm-

1; 1H NMR (400 MHz, CDCl3) δ 7.36–7.21 (m, 3H, Ph), 7.14–7.03 (m, 2H, Ph), 3.62 (t, J = 7.0 

Hz, 2H, NCH2), 3.11 (t, J = 7.5 Hz, 2H, TzCH2), 2.79 (s, 3H, NMe), 2.14 (s, 6H, CMe2), 1.43 

(s, 9H, CMe3); 
13C NMR (101 MHz, CDCl3) δ 164.0 (C), 155.5 (C), 143.9 (C), 128.6 (CH), 

127.9 (CH), 124.7 (CH), 79.6 (C), 68.0 (C), 47.6 (CH3), 34.6 (CH2), 29.1 (CH3), 28.4 (CH3), 

24.8 (CH2); MS (ESI) m/z 368 [(M + Na)+, 19], 346 [(M + H)+, 100], 290 [(M + H2 – tBu)+,30], 

228 [(M + H2 – CMe2Ph)+, 20], 172 [(M + H3 – CMe2Ph – tBu)+, 31], 128 [(M + H3 – CMe2Ph 

– Boc)+, 10]; HRMS (ESI) m/z C18H28N5O2 ([M + H]+) calcd for 346.2238, found 346.2243. 

tert‐Butyl N‐methyl‐N‐{4‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐

yl]propyl}carbamate 269 

 

Using general procedure H, NaH (432 mg of a 60% suspension in mineral oil, 10.8 mmol, 2.0 

eq) and tetrazole S25 (1.92 g, 5.4 mmol, 1.0 eq) in THF (11 mL) then MeI (0.4 mL, 920 mg, 

6.48 mmol, 1.5 eq) gave the crude product. Purification by flash column chromatography on 

silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 269 (2.04 g, 100%) as a 

colourless oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 2976, 2933, 1690 (C=O str), 

1602, 1496, 1449, 1391, 1365, 1304, 1250, 1223, 1161, 1134, 1072, 1049, 1019, 970, 924, 910 

cm-1; 1H NMR (400 MHz, CDCl3) δ 7.35–7.22 (m, 3H, Ph), 7.12–7.04 (m, 2H, Ph), 3.28 (br s, 

2H, NCH2), 2.87 (t, J = 7.5 Hz, 2H, TzCH2), 2.14 (s, 6H, CMe2), 1.99 (tt, J = 7.5, 7.5 Hz, 2H, 

CH2CH2CH2), 1.43 (s, 9H, CMe3); 
13C NMR (101 MHz, CDCl3) δ 166.0 (C), 155.8 (C), 143.9 

(C), 128.6 (CH) , 127.8 (CH), 124.7 (CH), 79.3 (C), 68.0 (C), 48.3 (CH3), 34.2 (CH2), 29.1 

(CH3), 28.5 (CH3), 26.3 (CH2), 23.0 (CH2); MS (ESI) m/z 382 [(M + Na)+, 50], 360 [(M + H)+, 

100], 304 [(M + H2 – tBu)+, 15], 242 [(M + H2 – CMe2Ph)+, 15], 186 [(M + H3 – CMe2Ph – 

tBu)+, 23], 142 [(M + H3 – CMe2Ph – Boc)+, 19]; HRMS (ESI) m/z C19H30N5O2 ([M + H]+) 

calcd for 360.2394, found 360.2395. 
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tert‐Butyl N‐methyl‐N‐{4‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐

yl]pentyl}carbamate 271 

 

Using general procedure H, NaH (432 mg of a 60% suspension in mineral oil, 10.8 mmol, 2.0 

eq) and tetrazole S26 (1.92 g, 5.4 mmol, 1.0 eq) in THF (11 mL) then MeI (0.4 mL, 920 mg, 

6.48 mmol, 1.5 eq) gave the crude product. Purification by flash column chromatography on 

silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 271 (2.06 g, 74%) as a 

colourless oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 2975, 2932, 2863, 1690 (C=O 

str), 1496, 1449, 1392, 1365, 1309, 1251, 1215, 1158, 1072, 1019, 924, 910 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 7.37–7.22 (m, 3H, Ph), 7.09–7.04 (m, 2H, Ph), 3.17 (t, J = 6.5 Hz, 2H, 

NCH2), 2.87 (t, J = 7.5 Hz, 2H, TzCH2), 2.81 (s, 3H, NMe), 2.14 (s, 6H, CMe2), 1.80 (tt, J = 

7.5, 7.5 Hz, 2H, CH2), 1.54 (tt, J = 7.5 Hz, 3H, CH2), 1.43 (s, 9H, CMe3), 1.34 (tt, J = 7.5 Hz, 

2H, CH2); 
13C NMR (101 MHz, CDCl3) δ 166.4 (C), 155.8 (C), 144.0 (C), 128.6 (CH), 127.8 

(CH), 124.7 (CH), 79.1 (C), 67.9 (C), 48.4 (CH3), 34.1 (CH2), 29.3 (CH2), 29.1 (CH3), 28.5 

(CH3), 27.9 (CH2), 26.2 (CH2), 25.5 (CH2); MS (ESI) m/z 410 [(M + Na)+, 40], 388 [(M + H)+, 

100], 348 [(M + H5 – Me3)
+, 8], 331 [(M + H2 – tBu)+, 10], 288 [(M + H2 – Boc)+, 5], 270 [(M 

+ H2 – CMe2Ph)+, 10], 226 [(M + H5 – CMe2Ph – Me)+, 5], 214 [(M + H3 – CMe2Ph – tBu)+, 

5], 170 [(M + H3 – CMe2Ph – Boc)+, 10]; HRMS (ESI) m/z C21H34N5O2 ([M + H]+) calcd for 

388.2707, found 388.2714. 
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5‐[2‐(3‐Chlorophenyl)ethyl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 258 

 

Using general procedure G, α-methylstyrene (1.31 mL, 1.44 g, 11.1 mmol, 1.02 eq), tetrazole 

123 (2.27 g, 10.9 mmol, 1.0 eq) and TFA (1.75 mL, 2.61 g, 22.9 mmol, 2.1 eq) in CHCl3 (20 

mL), gave the crude product. Purification by flash column chromatography on silica with 85:15 

petroleum ether-EtOAc as eluent gave tetrazole 258 (3.10 g, 87%) as a colourless oil, RF (85:15 

petroleum ether-EtOAc) 0.2; IR (ATR) 3062, 3028, 2988, 2939, 2867, 1599, 1573, 1497, 1478, 

1448, 1391, 1370, 1308, 1255, 1187, 1094, 1077, 1073, 1022, 999, 930, 909 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 7.33–7.24 (m, 3H, Ph), 7.17–7.16 (m, 3H, Ar), 7.07–7.01 (m, 3H, Ph, Ar), 

3.19 (m, 2H, ArCH2), 3.08 (m, 2H, TzCH2); 
13C NMR (101 MHz, CDCl3) δ 166.3 (C), 144.0 

(C), 141.6 (C), 128.6 (2 × CH), 128.4 (CH), 127.8 (CH), 125.9 (CH), 124.7 (CH), 67.9 (C), 

35.2 (CH2), 29.8 (CH2), 29.1 (CH3), 25.1 (CH2). 165.3 (C), 143.9 (C), 142.5 (C), 134.1 (C), 

129.7 (C), 128.7 (2 × CH), 127.8 (CH), 126.7 (CH), 126.4 (CH), 124.7 (CH), 68.1 (C), 33.7 

(CH2), 29.1 (CH3), 27.1 (CH2); MS (ESI) m/z 349 [(M + Na)+, 28], 327 [(M + H)+, 100], 209 

[(M + H2 – CMe2Ph)+, 53]; HRMS (ESI) m/z C18H19ClN4 ([M + H]+) calcd for 327.1371, found 

327.1378. 

3‐[2‐(2‐Phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]propan‐1‐ol S27 

 

A solution of tetrazole S10 (2.43 g, 8.37 mmol, 1.0 eq) in MeOH (20 mL) was added into a 

stirred suspension of Dowex-50-X2 (treated according to the procedure of Seto,185 4.19 g, 0.5 

g/mmol) in MeOH (65 mL) and H2O (16 mL) at rt and resulting suspension was stirred and 

heated at 80 °C for 30 h. After cooling to rt, the suspension was filtered and washed with MeOH 
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(2 × 20 mL). The filtrate was evaporated under reduced pressure to give the crude product. 

Purification by flash column chromatography on silica with 60:40 petroleum ether-EtOAc as 

eluent gave tetrazole S27 (1.18 g, 57%) as a colourless oil, RF (60:40 petroleum ether-EtOAc) 

0.2; IR (ATR) 3383 (O-H str), 2988, 2941, 2874, 1496, 1470, 1448, 1392, 1371, 1308, 1257, 

1188, 1161, 1107, 1052, 1030, 1021, 911 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.39–7.22 (m, 

3H, Ph), 7.16–6.98 (m, 2H, Ph), 3.71 (dt, J = 6.5, 6.5 Hz, 2H, OCH2), 3.01 (t, J = 7.5 Hz, 2H, 

TzCH2), 2.14 (s, 6H, CMe2), 2.03 (tt, J = 7.5, 6.5 Hz, 2H, CH2CH2CH2), 1.85 (br d, J = 6.5 Hz, 

1H, OH); 13C NMR (101 MHz, CDCl3) δ 166.0 (C), 143.9 (C), 128.7 (CH), 127.9 (CH), 124.7 

(CH), 68.0 (C), 62.0 (CH2), 30.6 (CH2), 29.1 (CH3), 22.2 (CH2); MS (ESI) m/z 269 [(M + Na)+, 

27], 247 [(M + H)+, 39], 129 [(M + H2 – CMe2Ph)+, 100]; HRMS (ESI) m/z C13H19N4O ([M + 

H]+) calcd for 247.1553, found 247.1562. 

tert‐Butyl 3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]propyl carbonate 276 

 

n-BuLi (1.2 mL of a 2.5 M solution in hexanes, 3 mmol, 1.2 eq) was added dropwise into a 

stirred solution of tetrazole S27 (626 mg, 2.5 mmol, 1.0 eq) in THF (20 mL) at 0 °C and the 

resulting solution was stirred at 0 °C for 15 min. After warming to rt, the resulting solution was 

added dropwise into a stirred solution of Boc2O (818 mg, 3.75 mmol, 1.5 eq) in THF (5 mL) 

at 0 °C. The resulting solution was allowed to warm to rt and stirred for 15 min. Saturated 

NH4Cl(aq) (20 mL) was added and the two layers were separated, extracting the aqueous with 

Et2O (3 × 10 mL) The combined organic layers were dried (MgSO4) and evaporated under 

reduced pressure to give the crude product. Purification by flash column chromatography on 

silica with 80:20 petroleum ether-EtOAc as eluent gave tetrazole 276 (692 mg, 80%) as a 

colourless oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 2981, 2939, 1737 (C=O str), 

1497, 1449, 1393, 1369, 1253, 1157, 1105, 1072, 1021, 946, 919 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.37–7.21 (m, 3H, Ph), 7.12–7.04 (m, 2H, Ph), 4.14 (t, J = 6.5 Hz, 2H, OCH2), 2.99 

(t, J = 7.5 Hz, 2H, TzCH2), 2.15 (tt, J = 7.5, 6.5 Hz, 2H, CH2CH2CH2), 2.14 (s, 6H, CMe2), 

1.48 (s, 9H, CMe3); 
13C NMR (101 MHz, CDCl3) δ 165.5 (C), 153.5 (C), 143.9 (C), 128.7 

(CH), 127.8 (CH), 124.7 (CH), 82.0 (C), 68.0 (C), 65.9 (CH2), 29.1 (CH3), 27.8 (CH3), 27.1 

(CH2), 22.1 (CH2); MS (ESI) m/z 369 [(M + Na)+, 21], 347 [(M + H)+, 100], 291 [(M + H2 – 
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tBu)+, 29], 229 [(M + H2 – CMe2Ph)+, 33], 173 [(M + H3 – CMe2Ph – tBu)+, 67]; HRMS (ESI) 

m/z C18H27N4O3 ([M + H]+) calcd for 347.2028, found 347.2089. 

2‐(2‐phenylpropan‐2‐yl)‐5‐{[4‐(trifluoromethyl)phenyl]methyl}‐2H‐1,2,3,4‐tetrazole 264 

 

Using general procedure G, α-methylstyrene (0.18 mL, 163 mg, 1.38 mmol, 1.02 eq), tetrazole 

196 (298 mg, 1.36 mmol, 1.0 eq) and TFA (0.21 mL, 340 mg, 2.75 mmol, 2.1 eq) in CHCl3 (3 

mL), gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave tetrazole 264 (467 mg, 98%) as a colourless oil, RF 

(80:20 petroleum ether-EtOAc) 0.2; IR (ATR) 2991, 2943, 1681, 1620, 1497, 1469, 1449, 1419, 

1393, 1372, 1256, 1189, 1161, 1120, 1108, 1065, 1019, 957, 944 ,911 cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 8.0 Hz, 3H, Ar), 7.34 (d, J = 8.0 Hz, 3H, Ar), 7.28–7.20 (m, 3H, 

Ph), 7.04–6.97 (m, 2H, Ph), 4.22 (s, 2H, CH2), 2.08 (s, 6H, CMe2); 13C NMR (101 MHz, CDCl3) 

δ 164.3 (C), 143.8 (C), 140.9 (q, J = 1.5 Hz, C), 129.2 (CH), 129.1 (q, J = 32.0 Hz, C) 128.7 

(CH), 128.0 (CH), 125.5 (q, J = 4.0 Hz. CH), 125.3 (q, J = 270.5 Hz, C), 124.7 (CH), 68.3 (C), 

31.7 (CH2), 29.1 (CH3); 19F NMR (376 MHz, CDCl3) δ -62.50 (s); MS (ESI) m/z 369 [(M + 

Na)+, 21], 347 [(M + H)+, 100], 229 [(M + H2 – CMe2Ph)+, 63]; HRMS (ESI) m/z C18H17F3N4 

([M + H]+) calcd for 347.1478, found 347.1476. 

Attempted synthesis 5‐[1‐(4‐nitrophenyl)but‐3‐en‐1‐yl]‐1H‐1,2,3,4‐tetrazole 229 

 

Using general procedure E, tetrazole 223 (205 mg, 1.0 mmol, 1.0 eq), and n-BuLi (1.2 mL of 

2.5 M solution in hexanes, 3.0 mmol, 3.0 eq) in THF (10 mL) then allylBr (0.35 mL, 484 mg, 

4.0 mmol, 4.0 eq) gave the crude product. Inspection of the 1H NMR spectrum of the crude 

product revealed a complex mixture of unidentifiable products and no purification was 

attempted.  
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Using general procedure E, s-BuLi (1.15 mL of a 1.3 M solution in cyclohexane/hexanes, 1.5 

mmol, 1.5 eq) and 223 (196 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 20 min and 

Ph2CO (365 mg, 2.0 mmol, 2.0 eq) gave the crude product. 1H NMR spectrum of the crude 

mixture revealed a complex mixture with no identifiable products and therefore further 

purifications were not attempted. 

 

Using general procedure E, t-BuLi (0.88 mL of a 1.7 M solution in pentane, 1.5 mmol, 1.5 eq) 

and 223 (196 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 20 min and Ph2CO (365 mg, 

2.0 mmol, 2.0 eq) gave the crude product. 1H NMR spectrum of the crude mixture revealed a 

complex mixture with no identifiable products and therefore further purifications were not 

attempted. 

tert‐Butyl 1,1‐diphenyl‐2‐(1H‐1,2,3,4‐tetrazol‐5‐yl)butyl carbonate 230 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.5 eq) and 223 

(196 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 20 min and Ph2CO (365 mg, 2.0 mmol, 

2.0 eq) gave the crude product. Purification by flash column chromatography on silica with 

85:15 petroleum ether-EtOAc as eluent gave an inseparable 71:29 mixture of benzophenone 

and tetrazole 230 (397 mg, 29% of 230) as pale yellow solid. RF (85:15 petroleum ether-EtOAc) 

0.5; 1H NMR (of tetrazole 64, 300 MHz, CDCl3) δ 12.1 (br s, 1H, NH), 7.40 – 7.31 (m, 6H, 

Ph), 7.24 – 7.17 (m, 4H, Ph), 4.86 (dd, J = 12.0, 2.5 Hz, 1H, ArCH), 1.40 – 1.36 (m, 2H, 

CH2CH2Me), 1.37 (s, 9H, CMe3), 0.84 (t, J = 7.5 Hz, 3H, CH2CH2Me). 
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Attempted synthesis of 2‐Methyl‐3‐[2‐(triphenylmethyl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]pentan‐

2‐ol 231 

 

Using general procedure E, n-BuLi (0.6 mL of a 2.5 M solution in hexanes, 1.5 mmol, 1.5 eq) 

and 224 (354 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at 0 °C for 1 hour then Me2CO (0.15 mL, 

116 mg, 2.0 mmol, 2.0 eq) gave the crude product.  Only starting 1 was observed from the 1H 

NMR spectrum of the crude mixture and therefore further purifications were not attempted. 

 

Using general procedure E, s-BuLi (1.15 mL of a 1.3 M solution in cyclohexanes/hexanes, 1.5 

mmol, 1.5 eq) and 224 (354 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at 0 °C for 1 hour then 

Me2CO (0.15 mL, 116 mg, 2.0 mmol, 2.0 eq) gave the crude product.  1H NMR spectrum of 

the crude mixture revealed a complex mixture with no identifiable products and therefore 

further purifications were not attempted. 

2‐Methyl‐3‐[2‐(triphenylmethyl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]pentan‐2‐ol 231 

 

Using general procedure E, s-BuLi (1.2 mL of a 1.3 M solution in cyclohexane/hexanes, 1.56 

mmol, 1.6 eq) and 224 (354 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 30 min then 

Me2CO (0.15 mL, 116 mg, 2.0 mmol, 2.0 eq) gave the crude product.  Purification by flash 

column chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 

231 (346 mg, 84%) as a colourless oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 3400 

(O-H str), 3064, 2960, 2931, 2874, 1488, 1445, 1404, 1375, 1361, 1341, 1327, 1303, 1271, 
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1192, 1184, 1143, 1085, 1070, 1035, 1018, 1001, 971, 931, 906 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.39–7.29 (m, 9H, Ph), 7.16–7.09 (m, 6H, Ph), 3.01 (dd, J = 10.5, 4.5 Hz, 1H, TzCH), 

2.53 (s, 1H, OH), 2.02–1.84 (m, 2H, CH2), 1.21 (s, 3H, HOCMeAMeB), 1.11 (s, 3H, 

HOCMeAMeB), 0.75 (t, J = 7.5Hz, 3H, MeCH2); 
13C NMR (101 MHz, CDCl3) δ 166.6 (C), 

141.3 (C), 130.1 (CH), 128.4 (CH), 127.8 (CH), 82.9 (C), 72.1 (C), 50.0 (CH), 28.8 (CH3), 

27.0 (CH3), 21.9 (CH2), 12.4 (CH3); MS (ESI) m/z 435 [(M + Na)+, 24], 243 [(Ph3C) +, 100]; 

HRMS (ESI) m/z C26H28N4ONa ([M + Na]+) calcd for 435.2155, found 435.2155, CSP-HPLC: 

Chiralpak IA (90:10 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 8.28 min, enantiomer 2: 9.26 

min.  

Attempted synthesis of 3‐[2‐(1,1‐Diphenylethyl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]‐2‐

methylpentan‐2‐ol 232 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 226 (146 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at 0 °C for 15 min then Me2CO (0.07 

mL, 58 mg, 1.0 mmol, 2.0 eq) gave the crude product.  1H NMR spectrum of the crude mixture 

revealed a complex mixture with no identifiable products and therefore further purifications 

were not attempted. 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 226 (146 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 15 min then Me2CO (0.07 

mL, 58 mg, 1.0 mmol, 2.0 eq) gave the crude product.  Only starting 3 was observed from the 

1H NMR spectrum of the crude mixture and therefore further purifications were not attempted. 
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3‐[2‐(1,1‐Diphenylethyl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]‐2‐methylpentan‐2‐ol 232 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.79 

mmol, 1.6 eq) and 226 (146 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then 

Me2CO (0.07 mL, 58 mg, 1.0 mmol, 2.0 eq) gave the crude product.  Purification by flash 

column chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 

232 (138 mg, 79%) as a colourless oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 3452 

(O-H str), 3014, 2948, 2958, 2889, 1456, 1433, 1401, 1388, 1354, 1337, 1320, 1300, 1244, 

1163, 1174, 1124, 1071, 1063, 1025, 1007, 1002, 989, 914, 901 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.36–7.29 (m, 6H, Ph), 7.12–7.05 (m, 4H, Ph), 2.98 (dd, J = 10.5, 4.5 Hz, 1H, TzCH), 

2.59 (s, 3H, Ph2CMe), 2.54 (s, 1H, OH), 1.97–1.84 (m, 2H, CH2), 1.21 (s, 3H, HOCMeAMeB), 

1.11 (s, 3H, HOCMeAMeB), 0.74 (t, J = 7.5 Hz, 3H, MeCH2); 13C NMR (101 MHz, CDCl3) δ 

167.0 (C), 142.9 (C), 142.8 (C), 128.3 (2 × CH), 128.2 (2 × CH), 127.4 (CH), 127.3 (CH), 74.3 

(C), 72.1 (C), 50.0 (CH), 29.4 (CH3), 28.8 (CH3), 27.0 (CH3), 21.9 (CH2), 12.5 (CH3); MS (ESI) 

m/z 373 [(M + Na)+, 6], 351 [(M + H)+, 83], 181 [(Ph2MeC)+, 50], 171 [(M – Ph2MeC)+, 100]; 

HRMS (ESI) m/z C21H26N4O ([M + H]+) calcd for 351.2179, found 351.2181. 

Attempted synthesis of 2‐Methyl‐3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐

yl]pentan‐2‐ol 233 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (146 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 15 min then Me2CO (0.07 

mL, 58 mg, 1.0 mmol, 2.0 eq) gave the crude product.  Only starting 5 was observed from the 

1H NMR spectrum of the crude mixture and therefore further purifications were not attempted. 
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Using general procedure E, LDA (0.75 mL of a 1 M solution in THF, 0.75 mmol, 1.5 eq) and 

225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then Me2CO (0.07 mL, 58 

mg, 1.0 mmol, 2.0 eq) gave the crude product.  Only starting 225 was observed from the 1H 

NMR spectrum of the crude mixture and therefore further purifications were not attempted. 

 

Using general procedure E, LDA (0.75 mL of a 1 M solution in THF, 0.75 mmol, 1.5 eq) and 

225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then Me2CO (0.07 mL, 

58 mg, 1.0 mmol, 2.0 eq) gave the crude product.  Only starting 225 was observed from the 1H 

NMR spectrum of the crude mixture and therefore further purifications were not attempted. 

2‐Methyl‐3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]pentan‐2‐ol 233 

 

Using general procedure E, n-BuLi (0.6 mL of a 2.5 M solution in cyclohexane/hexanes, 1.5 

mmol, 1.5 eq) and 225 (230 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at 0 °C for 1 hour then 

Me2CO (0.15 mL, 116 mg, 2.0 mmol, 2.0 eq) gave the crude product.  Purification by flash 

column chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave tetrazole 

233 (181 mg, 63%) as a colourless oil, RF (80:20 petroleum ether-EtOAc) 0.2; IR (ATR) 3423 

(O-H str), 2986, 2936, 2875, 1497, 1485, 1461, 1449, 1391, 1371, 1337, 1306, 1253, 1234, 

1186, 1161, 1105, 1078, 1063, 1031, 1019, 1001, 983, 971, 930, 907 cm-1; 1H NMR (300 MHz, 
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CDCl3) δ 7.32–7.21 (m, 3H, Ph), 7.04–7.00 (m, 2H, Ph), 2.96 (dd, J = 10.0, 5.0 Hz, 1H, TzCH), 

2.67 (br s, 1H, OH), 2.14 (s, 6H, PhCMe2), 1.96–1.85 (m, 2H, MeCH2), 1.20 (s, 3H, 

HOCMeAMeB), 1.11 (s, 3H, HOCMeAMeB), 0.71 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (75.5 

MHz, CDCl3) δ 167.2 (C), 144.1 (C), 128.7 (CH), 127.9 (CH), 124.5 (CH), 72.1 (C), 68.3 (C), 

50.0 (CH), 29.1 (2 × CH3), 28.8 (CH3), 27.0 (CH3), 21.9 (CH2), 12.5 (CH3). MS (ESI) m/z 600 

[(MM + Na)+, 55], 577 [(MM + H)+, 56], 311 [(M + Na)+, 45], 289 [(M + H)+, 100], 171 [(M 

+ H2 – CMe2Ph)+, 53], 153 [(M – CMe2OH – Ph)+, 23]; HRMS (ESI) m/z C16H24N4O ([M + 

H]+) calcd for 289.2021, found 289.2023; CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 

mLmin-1) enantiomer 1: 16.3 min, enantiomer 2: 17.8 min. 

Using general procedure E, n-BuLi (0.84 mL of a 2.5 M solution in cyclohexane/hexanes, 2.1 

mmol, 2.1 eq) and 225 (230 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at 0 °C for 1 hour then 

Me2CO (0.15 mL, 116 mg, 2.0 mmol, 2.0 eq) gave the crude product.  Purification by flash 

column chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave tetrazole 

233 (173 mg, 60%) as a colourless oil. 

Using general procedure E, n-BuLi (0.84 mL of a 2.5 M solution in cyclohexane/hexanes, 2.1 

mmol, 2.1 eq) and 225 (230 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at –30 °C for 1 hour then 

Me2CO (0.15 mL, 116 mg, 2.0 mmol, 2.0 eq) gave the crude product.  Purification by flash 

column chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave tetrazole 

233 (219 mg, 76%) as a colourless oil. 

Using general procedure E, s-BuLi (1.2 mL of a 1.3 M solution in cyclohexane/hexanes, 1.56 

mmol, 1.6 eq) and 225 (230 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 15 min then 

Me2CO (0.15 mL, 116 mg, 2.0 mmol, 2.0 eq) gave the crude product.  Purification by flash 

column chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave tetrazole 

233 (279 mg, 97%) as a colourless oil. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M Me2CO solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 80:20 petroleum ether-

EtOAc as eluent gave tetrazole 233 (151 mg, 95%) as a colourless oil. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (25 mL, 27.2 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (25 mL, 62.6 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 80:20 petroleum ether-

EtOAc as eluent gave tetrazole 233 (5.89 mg, 75%) as a colourless oil. 
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1,1‐Diphenyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]butan‐1‐ol 234 

 

Using general procedure E, n-BuLi (0.3 mL of a 2.5 M solution in hexanes, 0.75 mmol, 1.5 eq) 

and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then a solution of Ph2CO 

(186 mg, 1.0 mmol, 2.0 eq) in THF (2 mL) gave the crude product.  Purification by flash 

column chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave tetrazole 

234 (141 mg, 68%) as a white solid., m.p. 80–83 °C; RF (95:5 petroleum ether-EtOAc) 0.2; IR 

(ATR) 3428 (O-H str), 3060, 3035, 2994, 2965, 2931, 2874, 1596, 1493, 1446, 1394, 1382, 

1372, 1321, 1272, 1250 ,1232, 1191, 1176, 1165, 1153, 1131, 1103, 1091, 1072, 1055, 1025, 

1000, 975, 946, 920 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.63–7.59 (m, 2H, Ph), 7.46–7.42 (m, 

2H, Ph), 7.35–7.28 (m, 2H, Ph), 7.23–7.02 (m, 7H, Ph), 6.62–6.57 (m, 2H, Ph), 4.73 (s, 1H, 

OH), 4.21 (dd, J = 11.0, 3.5 Hz, 1H, TzCH), 2.04 (s, 3H, CMeAMeB), 2.04 (s, 3H, CMeAMeB), 

1.99–1.86 (m, 1H, MeCHACHB), 1.75–1.62 (m, 1H, MeCHACHB), 0.73 (t, J = 7.5 Hz, 3H, 

MeCH2); 
13C NMR (75.5 MHz, CDCl3) δ 167.3 (C), 147.1 (C), 144.8 (C), 144.1 (C), 128.7 

(CH), 128.3 (CH), 128.0 (CH), 127.6 (CH), 126.5 (CH), 126.3 (CH), 125.7 (CH), 125.3 (CH), 

124.2 (CH), 79.5 (C), 68.6 (C), 47.4 (CH), 29.3 (CH3), 29.1 (CH3), 22.8 (CH2), 12.1 (CH3); 

MS (ESI) m/z 435 [(M + Na)+, 37], 413 [(M + H)+, 100], 395 [(M – OH)+, 80], 277 [(M + H2 

– CMe2Ph – OH)+, 27]; HRMS (ESI) m/z C26H28N4O ([M + H]+) calcd for 413.2336, found 

413.2320; CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 9.13 

min, enantiomer 2: 12.2 min. 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then a solution of 

Ph2CO (228 mg, 1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product.  Purification by 

flash column chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave 

tetrazole 234 (176 mg, 85%) as a white solid. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M Ph2CO solution in PhMe gave the crude 
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product. Purification by flash column chromatography on silica with 95:5 petroleum ether-

EtOAc as eluent gave tetrazole 234 (213 mg, 94%) as a white solid. 

1‐Phenyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]butan‐1‐ol 235 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then PhCHO (0.12 

mL, 127 mg, 1.25 mmol, 2.5 eq) gave the crude product.  Purification by flash column 

chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave a 60:40 

diastereomeric mixture of  tetrazole 235 (126 mg, 45% of major and 30% of minor) as a yellow 

oil, RF (80:20 petroleum ether-EtOAc) 0.2; IR (ATR) 3359 (O-H str), 3062, 3033, 2967, 2933, 

2876, 1601, 1496, 1455, 1446, 1393, 1371, 1318, 1295, 1280, 1250, 1216, 1201, 1167, 1104, 

1076, 1047, 1027, 1001, 921 cm-1; 1H NMR (400 MHz, CDCl3)(60:40 mixtures of 

diastereomers) δ  7.32–7.21 (m, 8H, Ph), 6.93–6.89 (m, 2H, Ph), 5.09–5.05 (m, 1H, OCH), 

3.42–3.34 (m, 1H, TzCH), 3.04 (br s, 1H, OH), 2.13 (s, 2.4H, CMe2), 2.11 (s, 1.8H, CMeAMeB), 

2.10 (s, 1.8H, CMeAMeB), 1.98–1.76 (m, 2H, MeCH2), 0.84 (t, J = 7.5 Hz, 1.2H, MeCH2), 0.78 

(t, J = 7.5 Hz, 1.8H, MeCH2); 
13C NMR (101 MHz, CDCl3) δ 168.9 (C), 144.4 (C), 135.9 (CH), 

128.6 (CH), 127.7 (CH), 124.6 (CH), 116.9 (CH2), 68.0 (C), 38.4 (CH), 38.3 (CH2), 29.2 (2 × 

CH3), 26.8 (CH2), 11.6 (CH3). 167.0 (C), 166.7 (C), 144.0 (C), 142.5 (C), 141.9(2 × C), 128.6 

(2 × CH), 128.3 (CH), 128.1 (CH), 127.8 (CH), 127.5 (CH), 127.4 (CH), 126.4 (2 × CH), 126.1 

(CH), 124.5 (2 × CH), 75.7 (CH), 75.5 (CH), 68.3 (C), 68.2 (C), 46.4 (2 × CH), 29.2 (CH3), 

29.1 (2 × CH3), 24.7 (CH2), 22.0 (CH2), 11.7 (2 × CH3); MS (ESI) m/z 359 [(M + Na)+, 30], 

337 [(M + H)+, 100], 219 [(M + H2 – CMe2Ph)+, 30]; HRMS (ESI) m/z C20H24N4O ([M + H]+) 

calcd for 337.2023, found 337.2020. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M PhCHO solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 80:20 petroleum ether-
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EtOAc as eluent gave a 60:40 diastereomeric mixture of tetrazole 235 (175 mg, 57% of major 

and 38% of minor) as a colourless oil. 

1‐{1‐[2‐(2‐Phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]propyl}cyclohex‐2‐en‐1‐ol 236 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then 2-cyclohexen-

1-one (0.12 mL, 120 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash 

column chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave a 65:35 

diastereomeric mixture of tetrazole 236 (128 mg, 46% of major and 27% of minor) as a yellow 

oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR)  cm-1; 1H NMR (400 MHz, CDCl3)(65:35 

mixtures of diastereomers) δ 7.32–7.23 (m, 3H, Ph), 7.04–7.01 (m, 1.3H, Ph), 6.99–6.97 (m, 

0.7H, Ph), 5.84–5.75 (m, 1.3H, HC=CH), 5.38–5.34 (m, 0.7H, HC=CH), 3.12 (dd, J = 11.5, 

4.0 Hz, 0.35H, TzCH), 3.05 (dd, J = 11.0, 4.0 Hz, 0.65H, TzCH), 2.77 (s, 0.65H, OH), 2.39 (s, 

0.35H, OH), 2.16 (s, 3.9H, CMe2), 2.15 (s, 2.1H, CMe2), 2.07–1.81 (m, 4H, CH2), 1.75–1.51 

(m, 4H, CH2), 0.75 (t, J = 7.5 Hz, 2H, MeCH2), 0.72(t, J = 7.5 Hz, 1H, MeCH2); 
13C NMR (101 

MHz, CDCl3)(mixtures of diastereomers) δ 166.8 (C), 166.6 (C), 144.3 (C), 144.1 (C), 131.4 

(CH), 131.1 (CH), 130.9 (CH), 130.6 (CH), 128.6 (2 × CH), 127.8 (2 × CH), 124.5 (2 × CH), 

71.1 (C), 71.0 (C), 68.3 (C), 68.2 (C), 49.3(2 × CH), 33.8 (CH2), 32.4 (CH2), 29.2 (CH3), 29.1 

(3 × CH3), 25.1 (CH2), 25.0 (CH2), 21.7 (CH2), 21.2 (CH2), 18.6 (2 × CH2), 12.5 (CH3), 12.4 

(CH3); ); MS (ESI) m/z 323 [(M + H)+, 100], 309 [(M – OH)+, 50], 232 [(M – OH – Ph)+, 15], 

191 [(M – OH – CMe2Ph)+, 13]; HRMS (ESI) m/z C19H26N4O ([M + H]+) calcd for 327.2179, 

found 327.2192. 
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5‐(1‐Phenylbutan‐2‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 237 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then BnBr (0.15 mL, 

214 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash column 

chromatography on silica with 85:5:10 petroleum ether-EtOAc-PhMe as eluent gave tetrazole 

237 (97 mg, 61%) as a colourless oil, RF (85:5:10 petroleum ether-EtOAc-PhMe) 0.2; IR (ATR) 

3087, 3058, 3028, 2988, 2966, 2953, 2919, 2871, 1496, 1455, 1447, 1390, 1366, 1334, 1311, 

1250 ,1238, 1206, 1192, 1168, 1146, 1105, 1063, 1030, 1020, 972, 948, 922 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 7.29–7.24 (m, 3H, Ph), 7.23–7.13 (m, 3H, Ph), 7.06-7.03 (m, 2H, Ph), 

6.91–6.88 (m, 2H, Ph), 3.28 (dddd, J = 8.5, 8.5, 7.5, 7.5 Hz, 1H, TzCH), 3.10 (dd, J = 13.5, 8.5 

Hz, 1H, PhCHAHB), 3.03 (dd, J = 13.5, 7.5 Hz, 1H, PhCHAHB), 2.09 (s, 6H, CMe2), 1.87–1.77 

(m, 2H, MeCH2), 0.83 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (101 MHz, CDCl3) δ 169.7 (C), 

144.5 (C), 128.6 (CH), 127.7 (CH), 124.5 (CH), 67.9 (C), 38.9 (CH), 36.4 (CH2), 31.8 (CH2), 

29.2 (CH3), 29.1 (CH3), 27.9 (CH), 27.4 (CH2), 22.7 (CH3), 22.4 (CH3), 11.7 (CH3). 168.7 (C), 

163.1 (C), 144.0 (C), 128.6 (CH), 127.8 (CH), 124.6 (CH), 68.7 (C), 58.7 (C), 53.1 (CH3), 29.1 

(CH3), 28.1 (CH2), 9.5 (CH3). 168.6 (C), 144.3 (C), 139.7 (C), 129.1 (CH), 128.6 (CH), 128.2 

(CH), 127.6 (CH), 126.0 (CH), 124.5 (CH), 67.9 (C), 40.7 (CH), 40.32 (CH2), 29.2 (2 × CH3), 

27.2 (CH2), 11.7 (CH3); MS (ESI) m/z 321 [(M + H)+, 100], 244 [(M + H – Ph)+, 42], 203 [(M 

+ H2 – CMe2Ph)+, 30]; HRMS (ESI) m/z C20H25N4 ([M + H]+) calcd for 321.2074, found 

321.2080. 
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5‐[1‐(tert‐Butyldimethylsilyl)propyl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 238 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then a solution of 

TBSCl (188 mg, 1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product.  Purification by 

flash column chromatography on silica with 97:3 petroleum ether-EtOAc as eluent gave 

tetrazole 238 (115 mg, 66%) as a colourless oil, RF (97:3 petroleum ether-EtOAc) 0.2; IR (ATR) 

2958, 2929, 2884, 2857, 1497, 1471, 1449, 1390, 1369, 1316, 1300, 1186, 1155, 1075, 1075, 

1050, 1011, 937, 907 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.32–7.21 (m, 3H, Ph), 7.09–7.04 

(m, 2H, Ph), 2.49 (dd, J = 12.0, 3.5 Hz, 1H, TzCH), 2.12 (s, 6H, PhCMe2), 2.07–1.72 (m, 2H, 

MeCH2), 0.78 (t, J = 7.5 Hz, 3H, MeCH2), 0.76 (s, 9H, CMe3), 0.05 (s, 3H, SiMeAMeB), –0.15 

(s, 3H, SiMeAMeB); 13C NMR (75.5 MHz, CDCl3) δ 168.9 (C), 144.3 (C), 128.5 (CH), 127.6 

(CH), 124.7 (CH), 67.6 (C), 29.1 (2 × CH3), 26.8 (CH3), 26.6 (CH), 23.0 (CH2), 17.4 (C), 14.3 

(CH3), –6.9 (CH3), –7.1 (CH3); MS (ESI) m/z 367 [(M + Na)+, 17], 345 [(M + H)+, 100], 227 

[(M + H2 – CMe2Ph)+, 53]; HRMS (ESI) m/z C19H32N4Si ([M + H]+) calcd for 345.2469, found 

345.2461, CSP-HPLC: Chiralpak IA (99:1 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 7.22 

min, enantiomer 2: 7.77 min.  

Using general procedure E, s-BuLi (1.2 mL of a 2.3 M solution in cyclohexane/hexanes, 1.56 

mmol, 1.6 eq) and 225 (230 mg, 1.0 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 15 min then a 

solution of TBDMSCl (301 mg, 2.0 mmol, 2.0 eq) in THF (2 mL) gave the crude product.  

Purification by flash column chromatography on silica with 97:3 petroleum ether-EtOAc as 

eluent gave tetrazole 238 (276 mg, 80%) as a colourless oil.  

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M TBDMSCl solution in PhMe gave the 

crude product. Purification by flash column chromatography on silica with 97:3 petroleum 

ether-EtOAc as eluent gave tetrazole 238 (65 mg, 34%) as a colourless oil. 
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5‐(Butan‐2‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 239 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then Me2SO4 (0.12 

mL, 158 mg, 1.25 mmol, 2.5 eq) gave the crude product.  Purification by flash column 

chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave tetrazole 239 (94 

mg, 71%) as a colourless oil, RF (95:5 petroleum ether-EtOAc) 0.2; IR (ATR) 3063, 2967, 

2933, 2876, 1602, 1496, 1449, 1391, 1370, 1310 ,1253, 1187, 1165, 1107, 1078, 1059, 1019, 

1002, 961, 925, 919 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.32–7.22 (m, 3H, Ph), 7.05–7.02 (m, 

2H, Ph), 3.05 (ddq, J = 7.0, 7.0, 7.0 Hz, 1H, TzCH), 2.14 (s, 6H, CMe2), 1.89–1.78 (m, 1H, 

MeCHAHB), 1.74–1.63 (m, 1H, MeCHAHB), 1.36 (d, J = 7.0 Hz, 3H, MeCH), 0.86 (t, J = 7.5 

Hz, 3H, MeCH2); 
13C NMR (101 MHz, CDCl3) δ 170.5 (C), 144.3 (C), 128.6 (CH), 127.7 (CH), 

124.6 (CH), 67.8 (C), 32.9 (CH), 29.2 (2 × CH3), 29.0 (CH2), 19.1 (CH3), 11.6 (CH3); MS (ESI) 

m/z 511 [(MM + Na)+, 17], 489 [(MM + H)+, 49], 267 [(M + Na)+, 20], 245 [(M + H)+, 100], 

168 [(M + H – Ph)+, 16], 127 [(M + H2 – CMe2Ph)+, 17]; HRMS (ESI) m/z C14H21N4 ([M + 

H]+) calcd for 245.1761, found 245.1770. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M MeI solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 95:5 petroleum ether-

EtOAc as eluent gave tetrazole 239 (124 mg, 92%) as a colourless oil. 
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5‐(6‐Methylheptan‐3‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 240 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then isopentyl 

bromide (0.15 mL, 189 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash 

column chromatography on silica with 97:3 petroleum ether-EtOAc as eluent gave tetrazole 

240 (94 mg, 71%) as a colourless oil, RF (97:3 petroleum ether-EtOAc) 0.2; IR (ATR) 3064, 

2956, 2934, 2870, 1602, 1497, 1488, 1449, 1384, 1369, 1312, 1253, 1185, 1164, 1107, 1077, 

1064, 1031, 1017, 1002, 970, 943, 926, 908 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.31–7.23 (m, 

3H, Ph), 7.02–7.00 (m, 2H, Ph), 2.90 (dddd, J = 8.5, 8.5, 6.0, 6.0 Hz, 1H, TzCH), 2.15 (s, 6H, 

CMe2), 1.81–1.67 (m, 4H, iPrCH2CH2), 1.47 (t sept, J = 6.5, 6.5 Hz, 1H CHMe2), 1.17–1.07 

(m, 1H, MeCHAHB), 1.00–0.88 (m, 1H, MeCHAHB), 0.82–0.79 (m, 9H, CHMe2, MeCH2); 
13C 

NMR (101 MHz, CDCl3) δ 169.7 (C), 144.5 (C), 128.6 (CH), 127.7 (CH), 124.5 (CH), 67.9 

(C), 38.9 (CH), 36.4 (CH2), 31.8 (CH2), 29.2 (CH3), 29.1 (CH3), 27.9 (CH), 27.4 (CH2), 22.7 

(CH3), 22.4 (CH3), 11.7 (CH3); MS (ESI) m/z 323 [(M + Na)+, 19], 301 [(M + H)+, 100], 224 

[(M + H – Ph)+, 37], 183 [(M + H2 – CMe2Ph)+, 34]; HRMS (ESI) m/z C18H29N4 ([M + H]+) 

calcd for 301.2387, found 301.2398. 

5‐(Hex‐5‐en‐3‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 241 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then AllylBr (0.11 

mL, 151 mg, 1.25 mmol, 2.5 eq) gave the crude product.  Purification by flash column 

chromatography on silica with 90:10 petroleum ether-EtOAc as eluent gave tetrazole 241 (121 

mg, 90%) as a colourless oil, RF (90:10 petroleum ether-EtOAc) 0.2; IR (ATR) 3065, 2963, 
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2934, 2875, 1641, 1602, 1497, 1448, 1416, 1391, 1371 ,1307, 1252, 1212, 1185, 1163, 1106, 

1077, 1063, 1031, 1019, 994, 943, 913 cm-1; 1H NMR (400 MHz, CDCl3) δ  7.31–7.23 (m, 3H, 

Ph), 7.02–6.98 (m, 2H, Ph), 5.69 (dddd, J = 17.0, 10.0, 7.0, 7.0 Hz, 1H, H2C=CH), 4.97–4.90 

(m, 2H, H2C=CH), 3.05 (dddd, J = 7.5, 7.5, 6.5, 6.5 Hz, 1H, TzCH), 2.57–2.54 (m, 2H, 

CH2CH=CH2),  2.14 (s, 6H, CMe2), 1.83–1.76 (m, 2H, MeCH2), 0.83 (t, J = 7.5 Hz, 3H, 

MeCH2); 
13C NMR (101 MHz, CDCl3) δ 168.9 (C), 144.4 (C), 135.9 (CH), 128.6 (CH), 127.7 

(CH), 124.6 (CH), 116.9 (CH2), 68.0 (C), 38.4 (CH), 38.3 (CH2), 29.2 (2 × CH3), 26.8 (CH2), 

11.6 (CH3); MS (ESI) m/z 563 [(MM + Na)+, 38], 541 [(MM + H)+, 70], 303 [(M + Na)+, 15], 

271 [(M + H)+, 100], 153 [(M + H2 – CMe2Ph)+/ (M – CH2CH=CH2 – Ph)+, 83]; HRMS (ESI) 

m/z C16H24N4 ([M + H]+) calcd for 271.1917, found 271.1914. 

Using general procedure J, 1.1 M solution of tetrazole 225 in THF (0.5 mL, 0.55 mmol, 1.0 eq) 

and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were mixed 2.6 s at rt 

followed by mixing with a 2.5 M allylBr solution in THF gave the crude product.  Inspection 

of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-trimethoxybenzene as 

internal standard showed that tetrazole 241 was present in 35% conversion. 

Using general procedure J, 0.55 M solution of tetrazole 225 in THF (0.5 mL, 0.28 mmol, 1.0 

eq) and a solution of 2.5 M n-BuLi in hexanes/ PhMe (0.5 mL, 1.15 mmol, 4.1 eq) were mixed 

2.6 s at rt followed by mixing with a 2.5 M allylBr solution in THF gave the crude product.  

Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in trace 

conversion. 

Using general procedure J, 0.76 M solution of tetrazole 225 in THF (0.5 mL, 0.38 mmol, 1.0 

eq) and a solution of 1.75 M n-BuLi in hexanes/ PhMe (0.5 mL, 0.88 mmol, 2.3 eq) were mixed 

2.6 s at rt followed by mixing with a 2.0 M allylBr solution in THF gave the crude product.  

Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 48% 

conversion. 

Using general procedure J, 0.54 M solution of tetrazole 225 in THF (0.5 mL, 0.27 mmol, 1.0 

eq) and a solution of 1.25 M n-BuLi in hexanes/ PhMe (0.5 mL, 0.63 mmol, 2.3 eq) were mixed 

2.6 s at rt followed by mixing with a 1.5 M allylBr solution in THF gave the crude product.  

Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 12% 

conversion. 
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Using general procedure J, 0.33 M solution of tetrazole 225 in THF (0.5 mL, 0.17 mmol, 1.0 

eq) and a solution of 0.75 M n-BuLi in hexanes/ PhMe (0.5 mL, 0.38 mmol, 2.3 eq) were mixed 

2.6 s at rt followed by mixing with a 2.5 M allylBr solution in THF gave the crude product.  

Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 12% 

conversion. 

Using general procedure J, 0.33 M solution of tetrazole 225 in THF (0.5 mL, 0.17 mmol, 1.0 

eq) and a solution of 0.75 M n-BuLi in hexanes/ PhMe (0.5 mL, 0.38 mmol, 2.3 eq) were mixed 

13 s at rt followed by mixing with a 1.0 M allylBr solution in THF gave the crude product.  

Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 12% 

conversion. 

Using general procedure J, 0.33 M solution of tetrazole 225 in THF (0.5 mL, 0.17 mmol, 1.0 

eq) and a solution of 0.75 M n-BuLi in hexanes/ PhMe (0.5 mL, 0.38 mmol, 2.3 eq) were mixed 

10 min at rt followed by mixing with a 1.0 M allylBr solution in THF gave the crude product.  

Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 14% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in PhMe (0.5 mL, 0.55 mmol, 1.0 

eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were mixed 2.6 s 

at rt followed by mixing with a 2.5 M allylBr solution in THF gave the crude product.  

Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 0% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 4:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 5 min at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 62% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 4:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 1.67 min at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the 

crude product. Inspection of the 1H NMR spectrum of the crude mixture in the presence of 
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1,3,5-trimethoxybenzene as internal standard showed that tetrazole 241 was present in 60% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 4:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 1 min at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 59% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 4:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 49% 

conversion. 

Using general procedure J, 0.8 M solution of tetrazole 225 in 4:1 PhMe/TMEDA (0.5 mL, 0.4 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.9 eq) were 

mixed for 1 min at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 46% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 1 min at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 73% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 1.67 min at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the 

crude product. Inspection of the 1H NMR spectrum of the crude mixture in the presence of 

1,3,5-trimethoxybenzene as internal standard showed that tetrazole 241 was present in 70% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 
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mixed for 30 s at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Inspection of the 1H NMR spectrum of the crude mixture in the presence of 1,3,5-

trimethoxybenzene as internal standard showed that tetrazole 241 was present in 70% 

conversion. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 90:10 petroleum ether-

EtOAc as eluent gave tetrazole 241 (113 mg, 73%) as a colourless oil. 

1‐Phenyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]butan‐1‐one 242 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then N-methoxy-N-

methylbenzamide (0.19 mL, 206 mg, 1.25 mmol, 2.5 eq) gave the crude product.  Purification 

by flash column chromatography on silica with 80:10:10 petroleum ether-EtOAc-PhMe as 

eluent gave tetrazole 242 (136 mg, 81%) as a colourless oil, RF (80:10:10 petroleum ether-

EtOAc-PhMe) 0.2; IR (ATR) 3061, 2968, 2936, 2876, 1689 (C=O str), 1597, 1580, 1497, 1480, 

1447, 1392, 1371, 1344, 1308, 1260 ,1224, 1206, 1183, 1161, 1105, 1077, 1066, 1021, 1001, 

987, 933, 908 cm-1; 1H NMR (400 MHz, CDCl3) δ  7.98–7.95 (m, 2H, Ph), 7.25 (tt J = 7.5, 1.5 

Hz, 1H, Ph), 7.43–7.38 (m, 2H, Ph), 7.24–7.20 (m, 3H, Ph), 6.92–6.88 (m, 2H, Ph), 4.90 (dd, 

J = 8.0, 6.5 Hz, 1H, TzCH), 2.33–2.26 (m, 1H, MeCHAHB), 2.19–2.13 (m, 1H, MeCHAHB), 

2.11 (s, 3H, CMeAMeB), 2.10 (s, 3H, CMeAMeB),  0.97 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR 

(101 MHz, CDCl3) δ 196.5 (C), 164.4 (C), 144.1 (C), 136.2 (C), 133.1 (CH), 128.8 (CH), 128.6 

(2 × CH), 127.7 (CH), 124.5 (CH), 68.5 (C), 47.0 (CH), 29.2 (CH3), 29.0 (CH3), 24.1 (CH2), 

12.1 (CH3); MS (ESI) m/z 335 [(M + H)+, 100], 258 [(M + H – Ph)+, 15]; HRMS (ESI) m/z 

C20H23N4O ([M + H]+) calcd for 335.1866, found 335.1877. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M N-methoxy-N-methylbenzamide solution 
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in PhMe gave the crude product. Purification by flash column chromatography on silica with 

80:10:10 petroleum ether-EtOAc-PhMe as eluent gave tetrazole 242 (161 mg, 93%) as a 

colourless oil. 

5‐[2‐(2‐Phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]heptan‐3‐ol 243 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then 1,2-epoxybutane 

(0.11 mL, 90 mg, 1.25 mmol, 2.5 eq) gave the crude product.  Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave a 70:30 

diastereomeric mixture of tetrazole 243 (85 mg, 39% of major and 17% of minor) as a 

colourless oil, RF (60:40 petroleum ether-EtOAc) 0.2; IR (ATR) 3410 (O-H str), 2962, 1934, 

1875, 1497, 1449, 1391, 1381, 1371, 1355, 1307, 1253, 1184, 1163, 1142, 1108, 1076, 1061, 

1019, 981, 967, 924, 910 cm-1; 1H NMR (400 MHz, CDCl3)(70:30 mixture of diastereomers) 

δ 7.34–7.22 (m, 3H, Ph), 7.07–7.00 (m, 2H, Ph), 3.54 (ddd, J = 7.5, 7.5, 5.0 Hz, 0.3H, OCH), 

3.26 (dddd, J = 8.5, 6.0, 4.5, 2.0 Hz, 0.7H, OCH), 3.21–3.09 (m, 1H, TzCH), 2.15 (s, 4.2H, 

CMe3), 2.14 (s, 2.8H, CMe3), 1.99–1.65 (m, 4H), 1.55–1.46 (m, 0.3H, CH2), 1.46–1.37 (m, 

1.7H, CH2), 0.91 (t, J = 7.5 Hz, 1H, Me), 0.88–0.78 (m, 5H, Me); 13C NMR (101 MHz, 

CDCl3)(mixture of diastereomers) δ 169.6 (C), 169.1 (C), 144.2 (C), 128.6 (CH), 127.8 (2 × 

CH), 124.6 (CH), 124.5 (CH), 71.7 (CH), 70.6 (CH), 68.1 (C), 41.3 (CH2), 40.9 (CH2), 35.7 

(CH), 35.2 (CH), 30.5 (CH2), 30.4 (CH2), 29.1 (4 × CH3), 27.8 (CH2), 27.3 (CH2), 11.8 (CH3), 

11.3 (CH3), 10.0 (CH3), 9.8 (CH3); MS (ESI) m/z 325 [(M + Na)+, 4], 303 [(M + H)+, 85], 185 

[(M + H2 – CMe2Ph)+, 100], 167 [(M + H – CMe2Ph – OH)+, 38]; HRMS (ESI) m/z C17H27N4O 

([M + H]+) calcd for 303.2185, found 303.2187. 
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5‐(Heptan‐3‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 244 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then MeI (0.08 mL, 

177 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash column 

chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave of tetrazole 244 (90 

mg, 63%) as a colourless oil, RF (95:5 petroleum ether-EtOAc) 0.2; IR (ATR) 3063, 2959, 

2931, 2873, 2860, 1602, 1497, 1449, 1391, 1380, 1370, 1335, 1312, 1253, 1185, 1164, 1108, 

1077, 1065, 1031, 1017, 937, 909 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.34–7.22 (m, 3H, Ph), 

7.05–6.98 (m, 2H, Ph), 2.93 (tt, J = 8.h, 6.0 Hz, 1H, TzCH), 2.15 (s, 6H, CMe2), 1.88–1.66 (m, 

4H, CH2), 1.36–1.01 (m, 4H, CH2), 0.82 (t, J = 7.0 Hz, 3H, Me), 0.80 (t, J = 7.5 Hz, 3H, Me), 

13C NMR (101 MHz, CDCl3) δ 169.6 (C), 144.5 (C), 128.6 (CH), 127.7 (CH), 124.6 (CH), 67.9 

(C), 38.6 (CH), 33.7 (CH2), 29.5 (CH2), 29.2 (CH3), 27.4 (CH2), 22.6 (CH2), 14.0 (CH3), 11.7 

(CH3), MS (EI) m/z 286 [(M)+, 0.5], 230 [(M – n-Bu)+, 27], 119 [(PhMe2C)+, 100]; HRMS (EI) 

m/z C17H26N4 ([M]+) calcd for 286.2180, found 286.2159. 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then I2 (317 mg, 

1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product. Purification by flash column 

chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave of tetrazole 244 

(101 mg, 71%) as a colourless oil. 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then NBS (222 mg, 

1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product. Purification by flash column 

chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave of tetrazole 244 

(104 mg, 73%) as a colourless oil. 
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Attempted synthesis of 5‐(heptan‐3‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 247 

 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then NCS (167 mg, 

1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product. 1H NMR spectrum of the crude 

mixture revealed a complex mixture with no identifiable products and therefore further 

purifications were not attempted. 

2‐Ethyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]‐N,N'‐bis(propan‐2‐

yl)propanediamide 248 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then iPrNCO (0.12 

mL, 106 mg, 1.25 mmol, 2.5 eq) gave the crude product.  Purification by flash column 

chromatography on silica with 85:15 petroleum ether-EtOAc as eluent gave tetrazole 248 (101 

mg, 50%) as a colourless oil, RF (85:15 petroleum ether-EtOAc) 0.2; IR (ATR) 3229 (N-H str), 

2971, 2937, 2877, 1674 (C=O str), 1517, 1457, 1387, 1368, 1318, 1293, 1254, 1238, 1189, 

1171, 1130, 1069, 1028, 1001, 956, 924 cm-1; 1H NMR (400 MHz, CDCl3) δ  7.54 (br d, J = 

7.5 Hz, 2H, NH), 7.34–7.25 (m, 3H, Ph), 7.09–7.07 (m, 2H, Ph), 4.03 (d sept, J = 7.5, 6.5 Hz, 

2H, CH), 2.56 (q, J = 7.5 Hz, 2H, CH2), 2.19 (s, 6H, CMe2), 1.12 (d, J = 6.5 Hz, 6H, CH(Me2)A), 

1.10 (d, J = 6.5 Hz, 6H, CH(Me2)B) 0.89 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (101 MHz, 

CDCl3) δ 168.9 (C), 144.4 (C), 135.9 (CH), 128.6 (CH), 127.7 (CH), 124.6 (CH), 116.9 (CH2), 

68.0 (C), 38.4 (CH), 38.3 (CH2), 29.2 (2 × CH3), 26.8 (CH2), 11.6 (CH3). 168.1 (C), 164.7 (C), 

143.8 (C), 128.7 (CH), 127.9 (CH), 124.6 (CH), 68.8 (C), 59.1 (C), 42.0 (CH), 30.3 (CH2), 
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29.1 (CH3), 22.4 (CH3), 22.3 (CH3), 10.0 (CH3); MS (ESI) m/z 423 [(M + Na)+, 16], 401 [(M 

+ H)+, 100]; HRMS (ESI) m/z C21H32N6O2 ([M + H]+) calcd for 401.2660, found 401.2661. 

Using general procedure J, 1.1 M solution of tetrazole 225 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M iPrNCO solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 85:15 petroleum ether-

EtOAc as eluent gave tetrazole 248 (99 mg, 45%) as a colourless oil. 

1,3‐Dimethyl 2‐ethyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]propanedioate 

249 

 

Using general procedure E, n-BuLi (0.7 mL of a 2.5 M solution in hexanes, 1.75 mmol, 3.5 eq) 

and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then methyl 

chloroformate (0.15 mL, 189 mg, 2.0 mmol, 4.0 eq) gave the crude product. Purification by 

flash column chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave 

tetrazole 249 (80 mg, 46%) as a colourless oil, RF (80:20 petroleum ether-EtOAc) 0.2; IR (ATR) 

3063, 2990, 2953, 2884, 1739 (C=O str), 1602, 1559, 1698, 1448, 1436, 1392, 1370, 1337, 

1295, 1241, 1190, 1166, 1120, 1091, 1064, 1025, 1001, 944, 918 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.32–7.23 (m, 3H, Ph), 7.04–7.01 (m, 2H, Ph), 3.78 (s, 6H, OMe), 2.46 (q, J = 7.5 

Hz, 2H, CH2), 2.16 (s, 6H, CMe2), 1.03 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (101 MHz, 

CDCl3) δ 169.7 (C), 144.5 (C), 128.6 (CH), 127.7 (CH), 124.5 (CH), 67.9 (C), 38.9 (CH), 36.4 

(CH2), 31.8 (CH2), 29.2 (CH3), 29.1 (CH3), 27.9 (CH), 27.4 (CH2), 22.7 (CH3), 22.4 (CH3), 

11.7 (CH3). 168.7 (C), 163.1 (C), 144.0 (C), 128.6 (CH), 127.8 (CH), 124.6 (CH), 68.7 (C), 

58.7 (C), 53.1 (CH3), 29.1 (CH3), 28.1 (CH2), 9.5 (CH3); MS (ESI) m/z 369 [(M + Na)+, 27], 

345 [(M + H)+, 100], 229 [(M + H2 – CMe2Ph)+, 35]; HRMS (ESI) m/z C17H23N4O4 ([M + H]+) 

calcd for 347.1714, found 347.1729. 

 

 

 

 



 

268 

 

1,1‐Diphenyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]propan‐1‐ol 250 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and S8 (108 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then a solution of 

Ph2CO (228 mg, 1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product.  Purification by 

flash column chromatography on silica with 90:10 petroleum ether-Et2O as eluent gave 

tetrazole 250 (141 mg, 70%) as a white solid, m.p. 115–119 °C; RF (90:10 petroleum ether-

Et2O) 0.2; IR (ATR) 3469 (O-H str), 3087, 3062, 3024, 3006, 2988, 2963, 2940, 2874, 1598, 

1495, 1447, 1388, 1369, 1336, 1317, 1292, 1272, 1241, 1189, 1177, 1166, 1159, 1136, 1096, 

1079, 1069, 1031, 1020, 1001, 978, 959, 921, 911 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.62–

7.59 (m, 2H, Ph), 7.48–7.45 (m, 2H, Ph), 7.34–7.30 (m, 2H, Ph), 7.25–7.05 (m, 7H, Ph), 6.61–

6.58 (m, 2H, Ph), 4.67 (s, 1H, OH), 4.50 (q, J = 7.0 Hz, 1H, TzCH), 2.05 (s, 3H, CMeAMeB), 

2.03 (s, 3H, CMeAMeB), 1.32 (d, J = 7.0 Hz, 3H, MeCH); 13C NMR (101 MHz, CDCl3) δ 168.7 

(C), 147.0 (C), 144.6 (C), 144.0 (C), 128.6 (CH), 128.2 (CH), 128.0 (CH), 127.6 (CH), 126.5 

(CH), 126.4 (CH), 125.8 (CH), 125.5 (CH), 124.2 (CH), 79.3 (C), 68.6 (C), 39.8 (CH), 29.3 

(CH3), 29.1 (CH3), 15.8 (CH3); MS (ESI) m/z 413 [(M + Na)+, 21], 399 [(M + H)+, 100], 381 

[(M – OH)+, 61], 322 [(M + H – Ph)+, 20]; HRMS (ESI) m/z C25H27N4O ([M + H]+) calcd for 

399.2179, found 399.2188. 

2‐(2‐Phenylpropan‐2‐yl)‐5‐(undec‐1‐en‐4‐yl)‐2H‐1,2,3,4‐tetrazole 251 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and S9 (150 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then AllylBr (0.11 

mL, 151 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash column 

chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave tetrazole 251 (102 
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mg, 60%) as a colourless oil, RF (95:5 petroleum ether-EtOAc) 0.2; IR (ATR) 3065, 2986, 

2926, 2855, 1641, 1602, 1497, 1466, 1448, 1416, 1391, 1370, 1314, 1254, 1186, 1164, 1108, 

1076, 1031, 1018, 993, 913 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.31–7.23 (m, 3H, Ph), 7.01–

6.97 (m, 2H, Ph), 5.68 (dddd, J = 17.0, 10.0, 7.0, 7.0 Hz, 1H, H2C=CH), 6.96–6.90 (m, 2H, 

H2C=CH), 3.12 (dddd, J = 8.5, 8.5, 6.0, 6.0 Hz, 1H, TzCH), 2.56–2.42 (m, 2H, H2CH2C=CH), 

2.14 (s, 6H, CMe2), 1.80–1.69 (m, 2H, TzCHCH2), 1.28–1.13 (m, 10H, TzCHCH2(CH2)5), 0.86 

(t, J = 7.0 Hz, 3H, MeCH2); 
13C NMR (101 MHz, CDCl3) δ 168.7 (C), 147.0 (C), 144.6 (C), 

144.0 (C), 128.6 (CH), 128.2 (CH), 128.0 (CH), 127.6 (CH), 126.5 (CH), 126.4 (CH), 125.8 

(CH), 125.5 (CH), 124.2 (CH), 79.3 (C), 68.6 (C), 39.8 (CH), 29.3 (CH3), 29.1 (CH3), 15.8 

(CH3). 169.2 (C), 144.4 (C), 135.9 (CH), 128.53 (CH), 127.7 (CH), 124.6 (CH), 116.6 (CH2), 

68.0 (C), 38.7 (CH2), 36.8 (CH), 33.8 (CH2), 31.8 (CH2), 29.4 (2 × CH2), 29.2 (CH3), 27.1 

(CH2), 22.6 (CH2), 14.1 (CH3); MS (ESI) m/z 363  [(M + Na)+, 17],  341 [(M + H)+, 75], 223 

[(M + H2 – CMe2Ph)+, 100]; HRMS (ESI) m/z C21H33N4 ([M + H]+) calcd for 341.2700, found 

341.2715. 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and S9 (150 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then 

AllylBr (0.09 mL, 121 mg, 1.0 mmol, 2.0 eq) gave the crude product. Purification by flash 

column chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave tetrazole 

251 (167 mg, 98%) as a colourless oil. 

5‐[1‐(Methoxymethoxy)hex‐5‐en‐3‐yl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 252 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and S10 (124 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then AllylBr (0.11 

mL, 151 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash column 

chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave tetrazole 252 (92 

mg, 65%) as a colourless oil, RF (80:20 petroleum ether-EtOAc) 0.2; IR (ATR) 3065, 2987, 

2934, 2823, 1641, 1602, 1497, 1468, 1391, 1371, 1309, 1254, 1217, 1184, 1149, 1077, 1040, 

1020, 824 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.37–7.19 (m, 3H, Ph), 7.04–6.97 (m, 2H, Ph), 
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5.69 (dddd, J = 17.5, 10.5, 7.0, 7.0 Hz, 1H, H2C=CH), 5.00–4.89 (m, 2H, H2C=CH), 4.53 (d, 

J = 6.5 Hz, 1H, MeOCHAHB), 4.50 (d, J = 6.5 Hz, 1H, MeOCHAHB), 3.53–3.44 (m, 1H, TzCH), 

3.42–3.31 (m, 2H, OCH2CH2), 3.27 (s, 3H, OMe), 2.61–2.42 (m, 2H, CH2), 2.14 (s, 6H, CMe2), 

2.12–2.02 (m, 2H, CH2); 
13C NMR (101 MHz, CDCl3) δ 168.5 (C), 144.3 (C), 135.5 (CH), 

128.6 (CH), 127.7 (CH), 124.6 (CH), 117.0 (CH2), 96.4 (CH2), 68.0 (C), 65.2 (CH2), 55.1 

(CH2), 38.8 (CH), 33.6 (CH2), 33.5 (CH3), 29.1 (CH3); MS (ESI) m/z 353 [(M + Na)+, 10], 339 

[(M + H)+, 80], 213 [(M + H2 – CMe2Ph)+, 100], 181 [(M + H – CMe2Ph – OMe)+, 75], 151 

[(M + H3 – CMe2Ph – OMOM)+, 19]; HRMS (ESI) m/z C18H27N4O2 ([M + H]+) calcd for 

331.2129, found 331.2122. 

Using general procedure E, s-BuLi (1.0 mL of a 1.3 M solution in cyclohexane/hexanes, 1.3 

mmol, 2.6 eq) and S9 (124 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then a 

solution of Ph2CO (273 mg, 1.5 mmol, 3.0 eq) in THF (2 mL) gave the crude product. 

Purification by flash column chromatography on silica with 80:20 petroleum ether-EtOAc as 

eluent gave tetrazole 252 (142 mg, 100%) as a colourless oil. 

1,1,4‐Triphenyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]butan‐1‐ol 253 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and S11 (153 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then a solution of 

Ph2CO (228 mg, 1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product. Purification by 

flash column chromatography on silica with 97:3 petroleum ether-EtOAc as eluent gave 

tetrazole 253 (141 mg, 70%) as a white solid, m.p. 115–120 °C; RF (97:3 petroleum ether-

EtOAc) 0.2; IR (ATR) 3469 (O-H str), 3087, 3062, 3024, 3006, 2988, 2963, 2940, 2874, 1598, 

1495, 1447, 1388, 1369, 1336, 1317, 1292, 1272, 1241, 1189, 1177, 1166, 1159, 1552, 1096, 

1079, 1069, 1031, 1020 ,1001, 978, 959, 921, 911 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.48–

7.38 (m, 2H, Ph), 7.40–7.15 (m, 9H, Ph), 7.12–7.08 (m, 2H, Ph), 7.04–7.00 (m, 3H, Ph), 6.61–

6.58 (m, 2H, Ph), 4.71 (s, 1H, OH), 4.33 (dd, J = 11.5, 3.0 Hz, 1H, TzCH), 2.51–2.44 (m, 1H, 

CHCHAHB), 2.40–2.24 (m, 2H, PhCH2), 2.07 (s, 3H, CMeAMeB), 2.04 (s, 3H, CMeAMeB), 

2.02–1.96 (m, 1H, CHCHAHB); 13C NMR (101 MHz, CDCl3) δ 167.3 (C), 146.9 (C), 144.5 (C), 

144.1 (C), 141.2 (C), 128.7 (CH), 128.6 (CH), 128.3 (2 × CH), 128.0 (CH), 127.6 (CH), 126.5 
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(CH), 126.3 (CH), 125.9 (CH), 125.5 (CH), 125.3 (CH), 124.2 (CH), 79.6 (C), 68.6 (C), 44.5 

(CH), 33.3 (CH2), 31.0 (CH2), 29.2 (CH3), 29.1 (CH3); MS (ESI) m/z 511 [(M + Na)+, 38], 489 

[(M + H)+, 100], 471 [(M – OH)+, 52], 353 [(M – OH – CMe2Ph)+, 24], 157 [(M + H5 – 3 × Ph 

– CH2CH2Ph)+, 31]; HRMS (ESI) m/z C32H32N4O ([M + H]+) calcd for 489.2649, found 

489.2631. 

2‐(2‐Phenylpropan‐2‐yl)‐5‐(7,7,7‐trifluorohept‐1‐en‐4‐yl)‐2H‐1,2,3,4‐tetrazole 254 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and S12 (149 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then AllylBr (0.11 

mL, 151 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash column 

chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave tetrazole 254 (129 

mg, 76%) as a colourless oil, RF (95:5 petroleum ether-EtOAc) 0.2; IR (ATR) 3066, 2988, 

2944, 1642, 1602, 1497, 1449, 1417, 1392, 1372, 1339, 1316, 1301, 1254, 1220, 1185, 1143, 

1078, 1061, 1022, 985, 918 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.35–7.22 (m, 3H, Ph), 7.05–

6.98 (m, 2H, Ph), 5.68 (dddd, J = 19.0, 9.5, 7.0, 7.0 Hz, 1H, H2C=CH), 5.04–4.94 (m, 2H, 

H2C=CH), 3.19 (dddd, J = 7.0, 7.0, 7.0, 7.0 Hz, 2H, TzCH), 2.63–2.53 (ddddd, J = 14.0, 7.0, 

7.0, 1.0, 1.0 Hz, 1H, CHAHBCH=CH2), 2.48 (ddddd, J = 14.0, 7.0, 7.0, 1.0, 1.0 Hz, 1H, 

CHAHBCH=CH2), 2.15 (s, 6H, CMe2), 2.09 – 1.91 (m, 4H, F3CCH2CH2); 
13C NMR (101 MHz, 

CDCl3) δ 167.8 (C), 144.0 (C), 134.8 (CH), 128.6 (CH), 127.9 (CH), 127.0 (q, J = 276.5 Hz, 

C), 124.5 (CH), 117.6 (CH2), 68.3 (C), 38.4 (CH2), 35.7 (CH), 31.4 (q, J = 29.0 Hz, CH2), 29.1 

(CH3), 29.0 (CH3), 25.6 (q, J = 3.0 Hz, CH2); 
19F NMR (376 MHz, CDCl3) δ –66.46 (t, J = 10.0 

Hz); MS (ESI) m/z 361 [(M + Na)+, 41], 339 [(M + H)+, 100], 221 [(M + H2 – CMe2Ph)+, 83]; 

HRMS (ESI) m/z C17H22F3N4 ([M + H]+) calcd for 339.1791, found 339.1796. 

Using general procedure J, 1.1 M solution of tetrazole S12 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 95:5 petroleum ether-

EtOAc as eluent gave tetrazole 254 (130 mg, 70%) as a colourless oil. 
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Methyl({4‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]hept‐6‐en‐1‐

yl})(triphenylmethyl)amine 255 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and S18 (258 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then AllylBr (0.11 

mL, 151 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash column 

chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave tetrazole 255 (194 

mg, 70%) as a colourless oil, RF (95:5 petroleum ether-EtOAc) 0.2; IR (ATR) 3058, 3030, 

2936, 2859, 2799, 1641, 1595, 1488, 1468, 1447, 1418, 1391, 1370, 1310, 1255, 1213, 1183, 

1160, 1106, 1083, 1031, 1019, 1004, 907 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.49–7.40 (m, 

6H, Ph), 7.34–7.18 (m, 9H, Ph), 7.17–7.08 (m, 3H, Ph), 7.05–6.97 (m, 2H, Ph), 5.69 (dddd, J 

= 17.0, 10.0, 7.0 Hz, 1H, H2C=CH), 5.01–4.90 (m, 2H, H2C=CH), 3.13 (dddd, J = 8.5, 8.5, 6.0, 

6.0 Hz, 1H, TzCH), 2.62–2.43 (m, 2H, NCH2), 2.14 (s, 6H, CMe2), 2.06 (t, J = 7.5 Hz, 2H, 

CH2), 1.94 (s, 3H, NMe), 1.83–1.69 (m, 2H, CH2); 
13C NMR (101 MHz, CDCl3) δ 169.0 (C), 

146.9 (C), 144.4 (C), 143.1 (CH), 135.8 (CH), 129.4 (CH), 128.6 (CH), 128.0 (CH), 127.7 

(CH), 127.3 (3 × CH), 125.8 (CH), 124.5 (CH), 116.8 (CH2), 78.0 (C), 68.0 (C), 52.3 (CH2), 

38.6 (CH2), 37.1 (CH), 36.8 (CH3), 31.4 (CH2), 29.2 (CH3), 25.8 (CH2); MS (ESI) m/z 556 [(M 

+ H)+, 60], 243 [(CPh3)
+, 100], 169 [(M + H4 – CMe2Ph – Allyl – Ph3)

+, 75]; HRMS (ESI) m/z 

C37H42N5 ([M + H]+) calcd for 556.3435, found 556.3448. 

Using general procedure J, 1.1 M solution of tetrazole S18 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 95:5 petroleum ether-

EtOAc as eluent gave tetrazole 255 (197 mg, 64%) as a colourless oil. 
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5‐Methoxy‐1,1‐diphenyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]pentan‐1‐ol 

256 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and S19 (124 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then a 

solution of Ph2CO (228 mg, 1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product. 

Purification by flash column chromatography on silica with 80:20 petroleum ether-EtOAc as 

eluent gave tetrazole 256 (181 mg, 79%) as a white solid, m.p. 105–107 °C; RF (80:20 

petroleum ether-EtOAc) 0.2; IR (ATR) 3449 (O-H str), 3051, 3031, 2986, 2938, 2877, 1496, 

1462, 1446, 1392, 1373, 1312, 1287, 1262, 1247, 1235, 1192, 1175, 1165, 1114, 1084, 1048, 

1031, 1022, 1001, 985, 933, 916, 908 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.64–7.61 (m, 2H, 

Ph), 7.45–7.43 (m, 2H, Ph), 7.34–7.30 (m, 2H, Ph), 7.24–7.16 (m, 4H, Ph), 7.13–7.09 (m, 2H, 

Ph), 7.07–7.03 (m, 1H, Ph), 6.58–6.55 (m, 2H, Ph), 4.72 (s, 1H, OH), 4.34 (dd, J = 11.5, 3.0 

Hz, 1H, TzCH), 3.25–3.21 (m, 2H, OCH2), 3.21 (s, 3H, OMe), 2.04 (s, 3H, CMeAMeB), 2.02 

(s, 3H, CMeAMeB), 2.00–1.94 (m, 1H, CHAHB), 1.75–1.66 (m, 1H, CHAHB), 1.48–1.39 (m, 1H, 

CHAHB), 1.36–1.27 (m, 1H, CHAHB); 13C NMR (101 MHz, CDCl3) δ 167.3 (C), 147.0 (C), 

144.6 (C), 144.0 (C), 128.7 (CH), 128.3 (CH), 128.0 (CH), 127.6 (CH), 126.6 (CH), 126.3 

(CH), 125.6 (CH), 125.3 (CH), 124.2 (CH), 79.6 (C), 72.3 (CH2), 68.6 (C), 58.4 (CH3), 45.4 

(CH), 29.3 (CH3), 29.1 (CH3), 27.5 (CH2), 26.2 (CH2); MS (ESI) m/z 479 [(M + Na)+, 20], 457 

[(M + H)+, 100], 439 [(M – OH)+, 30], 321 [(M – OH – CMe2Ph)+, 25], 157 [(M + H5 – 3 × Ph 

– CH2CH2CH2OMe)+, 4]; HRMS (ESI) m/z C28H33N4O2 ([M + H]+) calcd for 457.2598, found 

457.2628. 
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3‐(2‐Methyl‐1,3‐dioxolan‐2‐yl)‐1,1‐diphenyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐

tetrazol-5‐yl]propan‐1‐ol 257 

 

Using general procedure E, s-BuLi (1.0 mL of a 1.3 M solution in cyclohexane/hexanes, 1.3 

mmol, 2.6 eq), LiCl (55 mg, 1.3 mmol, 2.6 eq) and S21 (151 mg, 0.5 mmol, 1.0 eq) in THF (4 

mL) at –78 °C for 15 min then a solution of Ph2CO (273 mg, 1.5 mmol, 3.0 eq) in THF (2 mL) 

gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave tetrazole 257 (121 mg, 50%) as a white solid, m.p. 110–

113 °C; RF (80:20 petroleum ether-EtOAc) 0.2; IR (ATR) cm-1; 1H NMR (400 MHz, CDCl3) 

δ 7.72–7.60 (m, 2H, Ph), 7.42–7.39 (m, 1H, Ph), 7.37–7.27 (m, 2H, Ph), 7.24–7.15 (m, 4H, Ph), 

7.12–7.06 (m, 2H, Ph), 7.05–6.99 (m, 1H, Ph), 6.68–6.59 (m, 2H, Ph), 4.64 (s, 1H, OH), 4.61 

(dd, J = 11.0, 2.0 Hz, 1H, TzCH), 3.88–3.76 (m, 2H, OCHAHBCHCHDO), 3.66 (ddd, J = 7.5, 

6.5, 6.5 Hz, 1H, OCHAHBCHCHDO), 3.44 (ddd, J = 7.5, 7.0, 6.0 Hz, 1H, OCHAHBCHCHDO), 

2.47 (dd, J = 15.0, 11.0 Hz, 1H, TzCHCHAHB), 2.13 (dd, J = 15.0, 2.5 Hz, 1H, TzCHCHAHB) 

2.00 (s, 3H, CMeAMeB), 1.95 (s, 3H, CMeAMeB), 1.15 (s, 3H, OCMe); 13C NMR (101 MHz, 

CDCl3) δ 167.9 (C), 146.4 (C), 144.3 (C), 144.0 (C), 128.6 (CH), 128.4 (CH), 127.9 (CH), 

127.5 (CH), 126.7 (CH), 126.2 (CH), 125.6 (CH), 125.5 (CH), 124.4 (CH), 109.4 (C), 80.1 (C), 

68.3 (C), 64.6 (CH2), 64.0 (CH2), 40.4 (CH), 38.6 (CH2), 29.3 (CH3), 29.1 (CH3), 24.4 (CH3); 

MS (ESI) m/z 507 [(M + Na)+, 31], 485 [(M + H)+, 75], 491 [(M – OH)+, 13], 423 [(M – H – 

C(OCH2CH2O))+, 100], 305 [(M – C(OCH2CH2O) – CMe2Ph)+, 38] 185 [(M + H2 – CMe2Ph 

– CPh2OH)+, 6]; HRMS (ESI) m/z C29H33N4O3 ([M + H]+) calcd for 485.2547, found 485.2552. 
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3‐(3‐Chlorophenyl)‐1,1‐diphenyl‐2‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐

yl]propan‐1‐ol 259 and 2‐(3‐chlorophenyl)‐1,1‐diphenyl‐3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐

1,2,3,4‐tetrazol‐5‐yl]propan‐1‐ol 260 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and 258 (163 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then a 

solution of Ph2CO (228 mg, 1.25 mmol, 2.5 eq) in THF (2 mL) gave the crude product. 

Purification by flash column chromatography on silica with 95:5 petroleum ether-EtOAc as 

eluent gave tetrazole 259 (135 mg, 53%) as a white solid, m.p. 123–126 °C; RF (95:5 petroleum 

ether-EtOAc) 0.2; IR (ATR) 3452 (O-H str), 3063, 3029, 2988, 2939, 1596, 1572, 1493, 1447, 

1389, 1370 ,1313, 1269, 1243, 1187, 1160, 1146, 1102, 1080, 1062, 1027, 1001, 947, 907 cm-

1; 1H NMR (400 MHz, CDCl3) δ 7.83–7.51 (m, 2H, Ph), 7.41–7.37 (m, 2H, Ph), 7.35–7.27 (m, 

2H, Ph), 7.22–7.08 (m, 3H, Ph), 7.07–6.90 (m, 4H, Ph, Ar), 6.72–6.55 (m, 2H, Ar), 6.52–6.41 

(m, 2H, Ph), 4.78 (s, 1H, OH), 4.46 (dd, J = 11.5, 3.5 Hz, 1H, TzCH), 3.13 (dd, J = 13.0, 11.5 

Hz, 1H, ArCHAHB), 2.86 (dd, J = 13.0, 3.5 Hz, 1H, ArCHAHB), 1.86 (s, 3H, CMeAMeB), 1.80 

(s, 3H, CMeAMeB); 13C NMR (101 MHz, CDCl3) δ 166.3 (C), 146.5 (C), 144.3 (C), 143.8 (C), 

141.5 (C), 133.8 (C), 129.4 (CH), 129.1 (CH), 128.6 (2 × CH), 128.1 (CH), 127.6 (CH), 127.2 

(CH), 126.9 (CH), 126.5 (CH), 126.3 (CH), 125.7 (CH), 125.3 (CH), 124.2 (CH), 79.3 (C), 

68.6 (C), 47.9 (CH), 35.8 (CH2), 29.3 (CH3), 29.0 (CH3); MS (ESI) m/z 531 [(M + Na)+, 13], 

509 [(M + H)+, 100], 491 [(M – OH)+, 40], 373 [(M – OH – CMe2Ph)+, 23]; HRMS (ESI) m/z 

C31H30N4OCl ([M + H]+) calcd for 509.2103, found 509.2122 and tetrazole 260 (13 mg, 11%) 

as a white solid m.p. 156–159 °C; RF (95:5 petroleum ether-EtOAc) 0.3; IR (ATR) 3461 (O-H 

str), 3056, 3034, 2987,1597, 1574, 1469, 1475, 1447, 1433, 1392, 1370, 1338, 1306, 1278, 

1242, 1167, 1080, 1025, 999, 973, 950, 912 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.77–7.67 

(m, 2H, Ph), 7.43–7.35 (m, 2H, Ph), 7.29–7.23 (m, 3H, Ph), 7.22–7.17 (m, 3H, Ph), 7.16–7.09 

(m, 3H, Ph, Ar), 7.07–7.00 (m, 1H, Ar), 7.00–6.95 (m, 2H, Ph), 6.93–6.87 (m, 1H, Ar), 6.73–

6.68 (m, 2H, Ph), 4.47 (dd, J = 11.5, 3.5 Hz, 1H, TzCH), 3.50 (dd, J = 15.0, 11.5 Hz, 1H, 
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ArCHAHB), 3.28 (dd, J = 15.0, 3.5 Hz, 1H, ArCHAHB), 2.83 (s, 1H, OH), 1.98 (s, 3H, 

CMeAMeB), 1.97 (s, 3H, CMeAMeB); 13C NMR (101 MHz, CDCl3) δ 164.7 (C), 145.6 (C), 

145.2 (C), 144.1 (C), 140.8 (C), 133.3 (C), 130.4 (CH), 128.7 (CH), 128.6 (2 × CH), 128.5 

(CH), 127.9 (CH), 127.6 (CH), 127.1 (CH), 126.7 (CH), 126.6 (CH), 126.1 (CH), 125.6 (CH), 

124.4 (CH), 80.5 (C), 68.0 (C), 52.4 (CH), 29.1 (CH3), 29.0 (CH3), 27.3 (CH2). MS (ESI) m/z 

531 [(M + Na)+, 22], 509 [(M + H)+, 100], 491 [(M – OH)+, 20], 373 [(M – OH – CMe2Ph)+, 

35]; HRMS (ESI) m/z C31H30N4OCl ([M + H]+) calcd for 509.2103, found 509.2104. 

NOSEY of 259:  

 

NOSEY of 260:  
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5‐(1‐phenylbut‐3‐en‐1‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 262 and 5‐(4‐

Phenylhepta‐1,6‐dien‐4‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 263 

 

Using general procedure E, n-BuLi (0.46 mL of a 2.5 M solution in hexanes, 1.15 mmol, 2.3 

eq) and 261 (139 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then AllylBr (0.11 

mL, 151 mg, 1.25 mmol, 2.5 eq) gave the crude product. Purification by flash column 

chromatography on silica with 30:70 petroleum ether-CH2Cl2 as eluent gave tetrazole 263 (62 

mg, 35%) as a colourless oil, RF (30:70 petroleum ether-CH2Cl2) 0.3; IR (ATR) 3063, 3027, 

2981, 2927, 2859, 1639, 1600, 1497, 1466, 1445, 1415, 1391, 1369, 1313, 1291, 1256, 1188, 

1164, 1107, 1074, 1026, 997, 915 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.32–7.23 (m, 6H, Ph), 

7.21–7.15 (m, 2H, Ph), 7.04–6.97 (m, 2H, Ph), 5.50 (ddt, J = 17.5, 10.0, 7.0 Hz, 2H, H2C=CH), 

5.05–4.92 (m, 4H, H2C=CH), 3.12–2.96 (m, 4H, CH2CH=CH2), 2.14 (s, 6H, CMe2); 
13C NMR 

(101 MHz, CDCl3) δ 171.0 (C), 144.4 (C), 144.0 (C), 133.6 (CH), 128.5 (CH), 128.1 (CH), 

127.7 (CH), 127.1 (CH), 126.4 (CH), 124.6 (CH), 118.5 (CH2), 68.1 (C), 45.8 (C), 41.1 (CH2), 

29.2 (CH3); MS (ESI) m/z 381 [(M + Na)+, 41], 359 [(M + H)+, 88], 241 [(M + H2 – CMe2Ph)+, 

100]; HRMS (ESI) m/z C23H27N4 ([M + H]+) calcd for 359.2230, found 359.2247 and tetrazole 

262 (91 mg, 57%) as a colourless oil, RF (30:70 petroleum ether-CH2Cl2) 0.2; IR (ATR) 3062, 

3029, 2987, 2938, 1641, 1601, 1495, 1449, 1416, 1391, 1370, 1313, 1252, 1182, 1162, 1106, 

1074, 1029, 1020, 993, 954, 916 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.40–7.34 (m, 2H, Ph), 

7.33–7.25 (m, 5H, Ph), 7.21 (tt, J = 7.0, 1.5 Hz, 1H, Ph), 7.04–6.97 (m, 2H, Ph), 5.68 (dddd, J 

= 17.0, 10.0, 7.5, 6.5 Hz, 1H, H2C=CH), 4.97 (dddd, J = 17.0, 1.5, 1.5, 1.5 Hz, 1H, 

HAHBC=CH), 4.92 (dddd, J = 10.0, 1.5, 1.5, 1.5 Hz, 1H, HAHBC=CH), 4.39 (dd, J = 9.0, 7.0 

Hz, 1H, TzCH), 2.97 (ddddd, J = 14.0, 9.0, 7.5, 1.5, 1.5 Hz, 1H, CHAHBCH=CH2), 2.80 (ddddd, 

J = 14.0, 9.0, 7.5, 1.5, 1.5 Hz, 1H, CHAHBCH=CH2), 2.14 (s, 3H, CMeAMeB), 2.13 (s, 3H, 

CMeAMeB); 13C NMR (101 MHz, CDCl3) δ 167.9 (C), 144.2 (C), 141.3 (C), 135.5 (CH), 128.6 

(CH), 128.5 (CH), 128.0 (CH), 127.7 (CH), 126.9 (CH), 124.6 (CH), 117.1 (CH2), 68.2 (C), 

43.3 (CH), 40.2 (CH2), 29.2 (CH3), 29.1 (CH3); MS (ESI) m/z 341 [(M + Na)+, 13], 319 [(M + 

H)+, 58], 201 [(M + H2 – CMe2Ph)+, 100], 167 [(M + H3 – Ph3)
+, 8]; HRMS (ESI) m/z C20H23N4 

([M + H]+) calcd for 319.1917, found 319.1933. 
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Using general procedure E, n-BuLi (0.32 mL of a 2.5 M solution in hexanes, 0.8 mmol, 1.6 eq) 

and 261 (139 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at 0 °C for 15 min then AllylBr (0.09 mL, 

121 mg, 1.0 mmol, 2.0 eq) gave the crude product. Purification by flash column 

chromatography on silica with 30:70 petroleum ether-CH2Cl2 as eluent gave tetrazole 262 (121 

mg, 76%) as a colourless oil. 

Using general procedure J, 1.7 M solution of tetrazole 261 in 1:1 PhMe/TMEDA (0.5 mL, 0.85 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M AllylBr solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 30:70 petroleum ether-

CH2Cl2 as eluent gave tetrazole 262 (191 mg, 71%) as a colourless oil. 

2‐(2‐Phenylpropan‐2‐yl)‐5‐{1‐[4‐(trifluoromethyl)phenyl]but‐3‐en‐1‐yl}‐2H‐1,2,3,4‐

tetrazole 265 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and 264 (123 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then a 

solution of allylBr (0.09 mL, 121 mg, 1.0 mmol, 2.0 eq) in THF (2 mL) gave the crude product. 

Purification by flash column chromatography on silica with 93:7 petroleum ether-EtOAc as 

eluent gave tetrazole 265 (17 mg, 10%) as a pale yellow oil, RF (93:7 petroleum ether-EtOAc) 

0.2; IR (ATR) 3066, 2989, 2942, 1642, 1619, 1586, 1497, 1485, 1449, 1420, 1392, 1372, 1323, 

1252, 1163, 1119, 1067, 1019, 993 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.0 Hz, 

2H, Ar), 7.41 (d, J = 8.0 Hz, 2H, Ar), 7.28–7.16 (m, 3H, Ph), 6.96–6.91 (m, 2H, Ph), 5.58 

(dddd, J = 17.0, 10.0, 7.0, 7.0 Hz, 1H, H2C=CH), 4.94–4.83 (m, 2H, H2C=CH), 4.37 (dd, J = 

8.5, 7.5 Hz, 1H, TzCH), 2.90 (ddddd, J = 14.0, 8.5, 7.5, 1.0, 1.0 Hz, 1H, CHAHBCH=CH2), 

2.72 (ddddd, J = 14.0, 8.0, 6.5, 1.0, 1.0 Hz, 1H, CHAHBCH=CH2), 2.07 (s, 3H, CMeAMeB), 

2.06 (s, 3H, CMeAMeB); 13C NMR (101 MHz, CDCl3) δ 167.2 (C), 145.5 (q, J = 1.5 Hz, C) 

144.0 (C), 134.8 (CH), 129.2 (q, J = 32.5 Hz, C) 128.6 (CH), 128.5 (CH), 127.8 (CH), 125.5 

(q, J = 4.0 Hz, CH) 124.6 (CH), 121.1 (q, J = 273.0 Hz, C), 117.7 (CH2), 68.4 (C), 43.1 (CH), 

40.0 (CH2), 29.2 (CH3), 29.1 (CH3); 19F NMR (376 MHz, CDCl3) δ –62.48 (s); MS (ESI) m/z 
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409 [(M + Na)+, 52], 319 [(M + H)+, 81], 201 [(M + H2 – CMe2Ph)+, 100]; HRMS (ESI) m/z 

C21H21F3N4 ([M + H]+) calcd for 387.1791, found 387.1809. 

1‐Methyl‐3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]piperidin‐2‐one 267 

 

Using general procedure E, s-BuLi (0.63 mL of a 1.3 M solution in cyclohexane/hexanes, 0.8 

mmol, 1.6 eq) and 266 (187 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) then Ph2CO (182 mg, 1.0 

mmol, 2.0 eq) gave the crude product. Purification by flash column chromatography on silica 

with EtOAc as eluent gave tetrazole 267 (75 mg, 52%) as a colourless oil, RF (EtOAc) 0.2; IR 

(ATR) 2989, 2940, 2870, 1644, 1497, 1465, 1447, 1401, 1371, 1355, 1328, 1273, 1243, 1230, 

1186, 1162, 1126, 1106, 1022, 1001, 969, 909 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.34–7.21 

(m, 3H, Ph), 7.09–7.04 (m, 2H, Ph), 4.07 (dd, J = 8.5, 6.0 Hz, 1H, TzCH), 3.47 (ddd, J = 12.0, 

8.5, 5.0 Hz, 1H, NCHAHB), 3.36 (ddd, J = 12.0, 5.5, 5.5 Hz, 1H, NCHAHB), 2.99 (s, 3H, NMe), 

2.29–2.16 (m, 2H, CH2), 2.15 (s, 3H, CMeAMeB), 2.14 (s, 3H, CMeAMeB), 2.11–2.01 (m, 1H, 

CHAHB), 1.93–1.81 (m, 1H, CHAHB); 13C NMR (101 MHz, CDCl3) δ 167.3 (C), 165.5 (C), 

144.1 (C), 128.6 (CH), 127.7 (CH), 124.7 (CH), 68.3 (C), 50.1 (CH2), 40.4 (CH), 35.2 (CH3), 

29.3 (CH3), 29.2 (CH3), 27.7 (CH2), 21.3 (CH2); MS (ESI) m/z 322 [(M + Na)+, 12], 300 [(M 

+ H)+, 100], 182 [(M + H2 – CMe2Ph)+, 36]; HRMS (ESI) m/z C16H22N5O ([M + H]+) calcd for 

300.1819, found 300.1838; CSP-HPLC: Chiralpak IB (85:15 hexane-i-PrOH, 1.0 mLmin-1) 

enantiomer 1: 22.7 min, enantiomer 2: 25.9 min. 

Using general procedure I, s-BuLi (1.25 mL of a 1.3 M solution in cyclohexane/hexanes, 1.6 

mmol, 3.2 eq) and 266 (187 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) gave the crude product. 

Purification by flash column chromatography on silica with EtOAc as eluent gave tetrazole 

267 (115 mg, 80%) as a colourless oil. 

Using general procedure J, 0.78 M solution of tetrazole 266 in 1:1 PhMe/TMEDA (0.5 mL, 

0.55 mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) 

were mixed for 30 s at rt to give the crude product. Purification by flash column 

chromatography on silica with EtOAc as eluent gave tetrazole 267 (19 mg, 12%) as a colourless 

oil. 
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1‐Methyl‐3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]pyrrolidin‐2‐one 270 

 

Using general procedure I, s-BuLi (0.77 mL of a 1.3 M solution in cyclohexane/hexanes, 1.0 

mmol, 2.0 eq) and 269 (180 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) gave the crude product. 

Purification by flash column chromatography on silica with 10:90 petroleum ether-EtOAc as 

eluent gave tetrazole 270 (115 mg, 80%) as a colourless oil, RF (10:90 petroleum ether-CH2Cl2) 

0.2; IR (ATR) 3092, 2899, 2940, 2881, 1689 (C=O str), 1601, 1495, 1448, 1434, 1403, 1371, 

1301, 1281, 1254, 1185, 1161, 1106, 1077, 1021, 984, 958, 911 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.35–7.22 (m, 3H, Ph), 7.12–7.06 (m, 2H, Ph), 4.06 (ddd, J = 9.0, 8.5, 1.0 Hz, 1H, 

TzCH), 3.59 (ddd, J = 9.5, 8.0, 5.0 Hz, 1H, NCHAHB), 3.46 (ddd, J = 9.5, 7.5, 7.5 Hz, 1H, 

NCHAHB), 2.92 (s, 3H, NMe), 2.58–2.44 (m, 2H, CHCH2), 2.15 (s, 3H, CMeAMeB), 2.15 (s, 

3H, CMeAMeB); 13C NMR (101 MHz, CDCl3) δ 171.5 (C), 164.4 (C), 143.9 (C), 128.7 (CH), 

127.8 (CH), 124.8 (CH), 68.4 (C), 47.8 (CH2), 40.0 (CH), 30.2 (CH3), 29.2 (CH3), 29.1 (CH3), 

25.0 (CH2); MS (ESI) m/z 308 [(M + Na)+, 37], 286 [(M + H)+, 100], 168 [(M + H2 – CMe2Ph)+, 

77]; HRMS (ESI) m/z C15H20N5O ([M + H]+) calcd for 286.1662, found 286.1670. 

1‐Methyl‐3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]azepan‐2‐one 272 

 

Using general procedure I, s-BuLi (0.77 mL of a 1.3 M solution in cyclohexane/hexanes, 1.0 

mmol, 2.0 eq) and 271 (194 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) gave the crude product. 

Purification by flash column chromatography on silica with 30:70 petroleum ether-EtOAc as 

eluent gave tetrazole 272 (97 mg, 62%) as a colourless oil, RF (30:70 petroleum ether-EtOAc) 

0.2; IR (ATR) 3060, 2989, 2933, 2863, 1645 (C=O str), 1488, 1447, 1432, 1392, 1370, 1336, 

1317, 1296, 1258, 1218, 1202, 1186, 1156, 1113, 1078, 1024, 973, 995, 941, 922, 911 cm-1; 
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1H NMR (400 MHz, CDCl3) δ 7.35–7.21 (m, 3H, Ph), 7.09–7.04 (m, 2H, Ph), 4.33 (dd, J = 

10.5, 2.5 Hz, 1H, TzCH), 3.67 (dd, J = 15.5, 11.0 Hz, 1H, NCHAHB), 3.26 (dddd, J = 15.5, 6.0, 

1.5, 1.5 Hz, 1H, NCHAHB), 3.02 (s, 3H, NMe), 2.28–2.10 (m, 2H, CH2), 2.16 (s, 3H, 

CMeAMeB), 2.15 (s, 3H, CMeAMeB), 2.09–1.98 (m, 1H, CH2), 1.84 (dddd, J = 14.0, 4.5, 4.5, 

4.5 Hz, 1H, CH2), 1.77–1.63 (m, 1H, CH2), 1.57 (ddddd, J = 16.0, 14.0, 11.5, 3.5, 2.0 Hz, 1H, 

CH2); 
13C NMR (101 MHz, CDCl3) δ 172.7 (C), 165.7 (C), 144.3 (C), 128.6 (CH), 127.7 (CH), 

124.7 (CH), 68.2 (C), 50.7 (CH2), 43.2 (CH), 36.3 (CH3), 29.3 (2 × CH3), 28.7 (CH2), 28.2 

(CH2), 27.1 (CH2); MS (ESI) m/z 336 [(M + Na)+, 25], 314 [(M + H)+, 100], 196 [(M + H2 – 

CMe2Ph)+, 80]; HRMS (ESI) m/z C17H24N5O ([M + H]+) calcd for 314.1975, found 314.1986. 

Attempted synthesis of 1‐methyl‐3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐

yl]azetidin‐2‐one 274 

 

Using general procedure I, s-BuLi (0.77 mL of a 1.3 M solution in cyclohexane/hexanes, 1.0 

mmol, 2.0 eq) and 273 (136 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) gave the crude product. 1H 

NMR spectrum of the crude mixture revealed a complex mixture with no identifiable products 

and therefore further purifications were not attempted. 

Attempted synthesis of 3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]oxolan‐2‐one 

277 

 

Using general procedure I, s-BuLi (0.77 mL of a 1.3 M solution in cyclohexane/hexanes, 1.0 

mmol, 2.0 eq) and 276 (136 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) gave the crude product. 1H 

NMR spectrum of the crude mixture revealed a complex mixture with no identifiable products 

and therefore further purifications were not attempted. 
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5‐(1‐Phenylhex‐5‐en‐3‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 278 

 

Using general procedure J, 1.1 M solution of tetrazole S11 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M allylBr solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 93:7 petroleum ether-

EtOAc as eluent gave tetrazole 278 (179 mg, 94%) as a colourless oil, RF (93:7 petroleum 

ether-EtOAc) 0.2; IR (ATR) 3062, 3026, 2987, 2938, 2859, 1461, 1602, 1496, 1449, 1416, 

1391, 1370, 1309, 1254, 1186, 1162, 1107, 1077, 1030, 1019, 992, 912 cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.34–7.21 (m, 5H, Ph), 7.16 (tt, J = 7.5, 1.5 Hz, 1H, Ph), 7.11–7.07 (m, 2H, 

Ph), 7.06–7.01 (m, 2H, Ph), 5.68 (dddd, J = 17.5, 10.5, 7.0, 7.0 Hz, 1H, H2C=CH), 4.98–4.91 

(m, 2H, H2C=CH), 3.18 (dddd, J = 9.0, 7.5, 6.5, 5.0 Hz, 1H, TzCH), 2.62–2.44 (m, 4H, CH2), 

2.16 (s, 6H, CMe2), 2.14–1.99 (m, 2H, CH2); 
13C NMR (101 MHz, CDCl3) δ 168.8 (C), 144.3 

(C), 141.9 (C), 135.6 (CH), 128.6 (CH), 128.5 (CH), 128.33 (CH), 127.7 (CH), 125.8 (CH), 

124.6 (CH), 116.9 (CH2), 68.0 (C), 38.7 (CH), 36.3 (CH2), 35.5 (CH2), 33.4 (CH2), 29.1 (CH3); 

MS (ESI) m/z 369 [(M + Na)+, 20], 347 [(M + H)+, 72], 229 [(M + H2 – CMe2Ph)+, 100]; 

HRMS (ESI) m/z C22H27N4 ([M + H]+) calcd for 347.2230, found 347.2252. 

5‐[1‐(3‐Chlorophenyl)pent‐4‐en‐2‐yl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 279 

 

Using general procedure J, 1.1 M solution of tetrazole 258 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M AllylBr solution in PhMe gave the crude 
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product. Purification by flash column chromatography on silica with 90:10 petroleum ether-

EtOAc as eluent gave tetrazole 279 (137 mg, 68%) as a colourless oil, RF (90:10 petroleum 

ether-EtOAc) 0.2; IR (ATR) 3063, 2987, 2933, 2860, 1641, 1599, 1573, 1497, 1477, 1447, 

1429, 1391, 1313, 1255, 1207, 1187, 1163, 1104, 1078, 1020, 998, 992, 956, 916 cm-1; 1H 

NMR (400 MHz, CDCl3) δ 7.33–7.24 (m, 4H, Ar, Ph), 7.15–7.06 (m, 2H, Ar), 7.03 (d, J = 2.0 

Hz, 1H, Ar), 6.94–6.89 (m, 2H, Ph), 5.71 (dddd, J = 17.0, 10.0, 6.5, 6.5 Hz, 1H, H2C=CH), 

5.04–4.94 (m, 2H, H2C=CH), 3.43 (tt, J = 8.0, 6.5 Hz, 2H, TzCH), 3.06 (dd, J = 8.0, 2.0 Hz, 

2H, ArCH2), 2.64–2.44 (m, 2H, H2CH2C=CH), 2.09 (s, 3H, CMeAMeB), 2.09 (s, 3H, 

CMeAMeB); 13C NMR (101 MHz, CDCl3) δ 167.8 (C), 144.1 (C), 141.4 (C), 135.2 (CH), 133.9 

(C), 129.4 (CH), 129.2 (CH), 128.6 (CH), 127.7 (CH), 127.3 (CH), 126.4 (CH), 124.5 (CH), 

117.4 (CH2), 68.1 (C), 39.4 (CH2), 38.6 (CH), 38.4 (CH2), 29.2 (2 × CH3); MS (ESI) m/z 388 

[(M + Na)+, 18], 367 [(M + H)+, 64], 249 [(M + H2 – CMe2Ph)+, 100]; HRMS (ESI) m/z 

C21H24ClN4 ([M + H]+) calcd for 367.1684, found 367.1688. 

5‐[1‐(2‐Methyl‐1,3‐dioxolan‐2‐yl)pent‐4‐en‐2‐yl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐

tetrazole 280 

 

Using general procedure J, 1.1 M solution of tetrazole S21 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M AllylBr solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 80:20 petroleum ether-

EtOAc as eluent gave tetrazole 280 (123 mg, 65%) as a colourless oil, RF (80:20 petroleum 

ether-EtOAc) 0.2; IR (ATR) 3064, 2982, 2938, 1720, 1641, 1602, 1467, 1448, 1417, 1371, 

1310, 1252, 1218, 1186, 1161, 1147, 1106, 1076, 1044, 1020, 993, 948 cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.37–7.20 (m, 3H, Ph), 7.08–7.01 (m, 2H, Ph), 5.76–5.59 (m, 1H, H2C=CH), 

5.02–4.89 (m, 2H, H2C=CH), 3.88–3.73 (m, 3H, OCHAHBCHCHDO), 3.72–3.65 (m, 1H, 

OCHAHBCHCHDO), 3.40 (dddd, J = 10.0, 7.0, 7.0, 3.5 Hz, 1H, TzCH), 2.48 (dddd, J = 7.0, 7.0, 

1.5, 1.5 Hz, 2H, H2CH2C=CH), 2.41 (dd, J = 14.5, 10.0 Hz, 1H, CCHAHB), 2.15 (s, 6H, CMe2), 

2.07 (dd, J = 14.5, 3.5 Hz, 1H, CCHAHB), 1.26 (s, 3H, CMe); 13C NMR (101 MHz, CDCl3) δ 
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169.5 (C), 144.5 (C), 135.5 (CH), 128.5 (CH), 127.6 (CH), 124.7 (CH), 117.1 (CH), 109.4 

(CH2), 67.9 (C), 64.5 (CH2), 64.3 (CH2), 42.1 (CH2), 40.2 (CH2), 32.2 (CH), 29.2 (2 × CH3), 

24.4 (CH3); MS (ESI) m/z 365 [(M + Na)+, 45], 343 [(M + H)+, 95], 279 [(M – H3 – 

OCH2CH2O)+, 21], 225 [(M + H2 – CMe2Ph)+, 100], 181 [(M + H – CMe2Ph – OCH2CH2)
+, 

16]; HRMS (ESI) m/z C19H27N4O2 ([M + H]+) calcd for 343.2129, found 343.2147. 

5‐(7‐Methoxyhept‐1‐en‐4‐yl)‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 281 

 

Using general procedure J, 1.1 M solution of tetrazole S19 in 1:1 PhMe/TMEDA (0.5 mL, 0.55 

mmol, 1.0 eq) and a solution of 2.5 M n-BuLi in hexanes (0.5 mL, 1.15 mmol, 2.3 eq) were 

mixed for 30 s at rt followed by mixing with a 2.5 M AllylBr solution in PhMe gave the crude 

product. Purification by flash column chromatography on silica with 80:20 petroleum ether-

EtOAc as eluent gave tetrazole 281 (130 mg, 75%) as a colourless oil, RF (80:20 petroleum 

ether-EtOAc) 0.2; IR (ATR) 3064, 2985, 2929, 2864, 2827, 1641, 1497, 1448, 1416, 1391, 

1371, 1310, 1254, 1207, 1186, 1163, 1116, 1079, 1019, 994, 914 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.32–7.22 (m, 3H, Ph), 7.03–6.97 (m, 2H, Ph), 5.68 (dddd, J = 17.0, 10.0, 7.0, 7.0 

Hz, 1H, H2C=CH), 5.03 – 4.85 (m, 2H, H2C=CH), 3.32 (m, 2H, OCH2), 3.27 (s, 3H, OMe), 

3.14 (dddd, J = 8.0, 8.0, 6.5, 6.5 Hz, 1H, TzCH), 2.61–2.34 (m, 2H, CH2, H2C=CH), 2.13 (s, 

6H, CMe2), 1.87–1.79 (m, 2H, CH2), 1.57–1.39 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 168.8 

(C), 144.3 (C), 135.7 (CH), 128.6 (CH), 127.7 (CH), 124.6 (CH), 116.8 (CH2), 72.4 (CH2), 

68.0 (C), 58.5 (CH3), 38.7 (CH2), 36.6 (CH), 30.2 (CH2), 29.2 (CH3), 29.1 (CH3), 27.2 (CH2); 

MS (ESI) m/z 337 [(M + Na)+, 22], 315 [(M + H)+, 69], 197 [(M + H2 – CMe2Ph)+, 100], 165 

[(M + H – CMe2Ph – OMe)+, 34]; HRMS (ESI) m/z C18H27N4O ([M + H]+) calcd for 315.2179, 

found 315.2195. 
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Enantioselective lithiation-substitution of 225 

 

Entry Ligand Isolated yield era 

1 

 

 

38% 

 

64:36 

2 

 

 

trace 

 

48:52 

3 

 

0% - 

4 

 

0% - 

5 

 

0% - 

Using general procedure K, n-BuLi (0.24 mL of a 2.5 M solution in hexane, 0.6 mmol, 1.2 eq), 

(+)-4 (0.18 mL, 188 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in 

Et2O (7 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (55 mg, 38%, 64:36 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.7 min, 

enantiomer 2: 17.2 min.  

Using general procedure K, n-BuLi (0.10 mL of a 2.5 M solution in hexane, 0.24 mmol, 1.2 

eq), (R,R)-16 (87 mg, 0.28 mmol, 1.4 eq) and tetrazole 225 (46 mg, 0.2 mmol, 1.0 eq) in Et2O 
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(2 mL) at –78 °C for 1 hour then Me2CO (0.03 mL, 23 mg, 0.4 mmol, 2.0 eq) gave the crude 

product. Purification by flash column chromatography on silica with 70:30 petroleum ether-

EtOAc as eluent gave tetrazole 233 (trace, 48:52 er by CSP-HPLC) as a colourless oil, CSP-

HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 14.9 min, enantiomer 

2: 16.4 min.  

Using general procedure K, n-BuLi (0.06 mL of a 2.5 M solution in hexane, 0.14 mmol, 1.2 

eq), (R,R)-211 (38 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (28 mg, 0.12 mmol, 1.0 eq) in Et2O 

(2 mL) at –78 °C for 1 hour then Me2CO (0.03 mL, 23 mg, 0.4 mmol, 2.0 eq) gave the crude 

product. Only starting 225 was observed from the 1H NMR spectrum of the crude mixture and 

therefore further purifications were not attempted. 

Using general procedure K, n-BuLi (0.24 mL of a 2.5 M solution in hexane, 0.6 mmol, 1.2 eq), 

(R,R)-210 (198 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in Et2O (4 

mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave the crude product. 

Only starting 225 was observed from the 1H NMR spectrum of the crude mixture and therefore 

further purifications were not attempted. 

Using general procedure K, n-BuLi (0.48 mL of a 2.5 M solution in hexane, 1.2 mmol, 2.4 eq), 

(S,S)-59 (139 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in Et2O (4 

mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave the crude product. 

Only starting 225 was observed from the 1H NMR spectrum of the crude mixture and therefore 

further purifications were not attempted. 
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Entry Base Solvent Conc. Isolated yield er 

1 n-BuLi Et2O 0.07 M 38% 64:36 

2 n-BuLi Et2O 0.14 M 22% 62:38 

3 n-BuLi Hexane 0.07 M 19% 62:38 

4 n-BuLi Hexane 0.14 M 28% 63:37 

5 n-BuLi PhMe 0.07 M 19% 65:35 

6 n-BuLi PhMe 0.14 M 28% 63:37 

7 n-BuLi MTBE 0.07 M 13% 64:36 

8 n-BuLi MTBE 0.14 M 23% 65:35 

9 s-BuLi Et2O 0.07 M 41% 64:36 

Using general procedure K, n-BuLi (0.48 mL of a 2.5 M solution in hexane, 1.2 mmol, 1.2 eq), 

(+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 1.0 eq) in 

Et2O (7 mL) at –78 °C for 1 hour then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (19 mg, 41%, 62:38 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.2 min, 

enantiomer 2: 16.7 min.  

Using general procedure K, n-BuLi (0.24 mL of a 2.5 M solution in hexane, 0.6 mmol, 1.2 eq), 

(+)-4 (0.18 mL, 188 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in 

hexane (7 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (28 mg, 19%, 62:38 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.8 min, 

enantiomer 2: 18.4 min.  

Using general procedure K, n-BuLi (0.48 mL of a 2.5 M solution in hexane, 1.2 mmol, 1.2 eq), 

(+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 1.0 eq) in 

hexane (7 mL) at –78 °C for 1 hour then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 
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ether-EtOAc as eluent gave tetrazole 7 (77 mg, 28%, 63:37 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 14.4 min, 

enantiomer 2: 15.8 min.  

Using general procedure K, n-BuLi (0.24 mL of a 2.5 M solution in hexane, 0.6 mmol, 1.2 eq), 

(+)-4 (0.18 mL, 188 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in 

PhMe (7 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (28 mg, 19%, 65:35 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.2 min, 

enantiomer 2: 17.7 min.  

Using general procedure K, n-BuLi (0.48 mL of a 2.5 M solution in hexane, 1.2 mmol, 1.2 eq), 

(+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 1.0 eq) in 

PhMe (7 mL) at –78 °C for 1 hour then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (77 mg, 28%, 63:37 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 14.2 min, 

enantiomer 2: 15.7 min.  

Using general procedure K, n-BuLi (0.24 mL of a 2.5 M solution in hexane, 0.6 mmol, 1.2 eq), 

(+)-4 (0.18 mL, 188 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in 

MTBE (7 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (18 mg, 13%, 64:36 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.5 min, 

enantiomer 2: 18.1 min.  

Using general procedure K, n-BuLi (0.48 mL of a 2.5 M solution in hexane, 1.2 mmol, 1.2 eq), 

(+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 1.0 eq) in 

MTBE (7 mL) at –78 °C for 1 hour then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (66 mg, 23%, 65:35 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.7 min, 

enantiomer 2: 17.1 min.  

Using general procedure K, s-BuLi (0.46 mL of a 1.3 M solution in cyclohexane/hexane, 0.6 

mmol, 1.2 eq), (+)-4 (0.18 mL, 188 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) 
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gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole 233 (59 mg, 41%, 64:36 er by CSP-HPLC) as 

a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

14.3 min, enantiomer 2: 15.9 min.  

 

Entry temp. Isolated yield era 

1 –107 °C 74% 45:55 

2 –78 °C 41% 64:36 

3 –60 °C 48% 63:37 

4 –50 °C 64% 63:37 

5 –30 °C 61% 55:45 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –107 °C for 1 hour then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) 

gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole 233 (213 mg, 74%, 62:38 er by CSP-HPLC) 

as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 

1: 14.5 min, enantiomer 2: 15.8 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –60 °C for 1 hour then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) 

gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole 233 (139 mg, 48%, 63:37 er by CSP-HPLC) 

as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 

1: 14.9 min, enantiomer 2: 16.3 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –50 °C for 1 hour then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) 

gave the crude product. Purification by flash column chromatography on silica with 70:30 
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petroleum ether-EtOAc as eluent gave tetrazole 233 (184 mg, 64%, 63:37 er by CSP-HPLC) 

as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 

1: 15.9 min, enantiomer 2: 17.4 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –30 °C for 1 hour then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) 

gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole 233 (139 mg, 48%, 55:45 er by CSP-HPLC) 

as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 

1: 15.1 min, enantiomer 2: 16.4 min.  

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.18 mL, 188 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 2 hours then Me2CO (0.14 mL, 116 mg, 2 mmol, 2.0 eq) 

gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole 233 (144 mg, 50%, 64:36 er by CSP-HPLC) 

as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 

1: 15.1 min, enantiomer 2: 16.6 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.18 mL, 188 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 2 hours then Me2CO (0.01 mL, 12 mg, 0.2 mmol, 0.2 eq) 

gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole 233 (43 mg, 15%, 62:38 er by CSP-HPLC) as 

a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

15.5 min, enantiomer 2: 16.8 min.  
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Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.39 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –107 °C for 1 hour then Me2CO (0.01 mL, 12 mg, 0.2 mmol, 0.2 eq) 

gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole 233 (14 mg, 5%, 48:52 er by CSP-HPLC) as a 

colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

14.8 min, enantiomer 2: 16.1 min.  

Methyl 2‐(dibenzylamino)‐3‐phenylpropanoate rac-S29 

 

Thionyl chloride (0.91 mL, 1.49 g, 12.5 mmol, 2.5 eq) was added dropwise to a stirring solution 

of DL-phenylalanine (826 mg, 5 mmol, 1.0 eq) in MeOH (10 mL) at 0 °C, the resulting solution 

was allowed to warm to rt and stirred and heated at 80 °C for 2 hours. After cooling to rt, the 

solvent was evaporated under reduced pressure to give DL-phenylalanine methyl ester 

hydrochloride (1.08 g, 100%) as a white solid which was used in the next step without further 

purifications, 1H NMR (300 MHz, MeOD-d4) δ 7.48–7.12 (m, 5H, Ph), 4.32 (dd, J = 7.5, 6.0 

Hz, 1H, NCH), 3.81 (s, 3H, OMe), 3.27 (dd, J = 14.5, 6.0 Hz, 1H, PhCHAHB), 3.15 (dd, J = 

14.5, 7.5 Hz, 1H, PhCHAHB). 

Benzyl bromide (1.25 mL, 1.80 g, 10.5 mmol, 2.1 eq) was added to a stirring supsension of 

give DL-phenylalanine methyl ester hydrochloride (1.08 g, max) and K2CO3 (3.88 g, 17.5 

mmol, 3.5 eq) in THF (7 mL) and DMSO (2 mL) at rt, the resulting solution was stirred and 

heated at 100 °C for 16 h. After cooling to rt, water (20 mL) and EtOAc (20 mL) was added 

and the two layers were separated, extracting the aqueous layer with EtOAc (2 × 20 mL). The 

combined organic layers were washed with brine, dried (Na2SO4) and evaporated under 

reduced pressure to give the crude product. Purification by flash column chromatography on 

silica with 70:30 petroleum ether-PhMe gave ester rac-S29 (947 mg, 53%) as a colourless oil, 
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RF (70:30 petroleum ether-PhMe) 0.2; IR (ATR) 3062, 3025, 2952, 2844, 1732 (C=O), 1656, 

1601, 1493, 1453, 1438, 1376, 1303, 1250, 1213, 1168, 1117, 1070, 1055, 1028, 1001, 969, 

958, 909 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.33–7.11 (m, 13H, Ph), 7.09–7.00 (m, 2H, Ph), 

3.98 (d, J = 14.0 Hz, 2H, NCHAHB), 3.76 (s, 3H, OMe), 3.71 (dd, J = 8.5, 7.0 Hz, 1H, NCH), 

3.58 (d, J = 14.0 Hz, 2H, NCHAHB), 3.16 (dd, J = 14.0, 7.0 Hz, 1H, PhCHAHB), 3.03 (dd, J = 

14.0, 8.5 Hz, 1H, PhCHAHB); 13C NMR (101 MHz, CDCl3) δ 172.8 (C), 139.3 (C), 138.2 (C), 

129.4 (CH), 128.7 (CH), 128.2 (2 × CH), 126.9 (CH), 126.3 (CH), 62.4 (CH), 54.5 (CH2), 51.2 

(CH3), 35.8 (CH2). Spectroscopic data consistent with those reported in the literature.186 

(2S)-Methyl 2‐(dibenzylamino)‐3‐phenylpropanoate (S)-S29 

 

Thionyl chloride (3.64 mL, 5.96 g, 50 mmol, 2.5 eq) was added dropwise to a stirring solution 

of L-phenylalanine (3.30 g, 20 mmol, 1.0 eq) in MeOH (40 mL) at 0 °C, the resulting solution 

was allowed to warm to rt and stirred and heated at 80 °C for 2 hours. After cooling to rt, the 

solvent was evaporated under reduced pressure to give L-phenylalanine methyl ester 

hydrochloride (4.32 g, 100%) as a white solid which was used in the next step without further 

purifications. 

Benzyl bromide (4.87 mL, 7.01 g, 41 mmol, 2.1 eq) was added to a stirring supsension of give 

DL-phenylalanine methyl ester hydrochloride (4.32 g, max) and K2CO3 (9.67 g, 70 mmol, 3.5 

eq) in THF (27 mL) and DMSO (7 mL) at rt, the resulting solution was stirred and heated at 

100 °C for 16 h. After cooling to rt, water (60 mL) and EtOAc (60 mL) was added and the two 

layers were separated, extracting the aqueous layer with EtOAc (2 × 60 mL). The combined 

organic layers were washed with brine, dried (Na2SO4) and evaporated under reduced pressure 

to give the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-PhMe gave ester rac-S29 (4.60 g, 64%) as a colourless oil, [α]D
18 –88.0 (c 2.2 

in CHCl3). 
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2‐(Dibenzylamino)‐N‐methoxy‐N‐methyl‐3‐phenylpropanamide rac-S30 

 

n-BuLi (30 mL of a 2.5 M solution in hexanes, 75 mmol, 3.9 eq) was added dropwise to a 

stirring suspension of N,O-dimethylhydroxylamine hydrochloride (3.71 g, 38 mmol, 2.0 eq) in 

THF (50 mL) at –78 °C, the resulting solution was allowed to warm to rt and stirred at rt for 

30 minutes. The solution was then cool to –78 °C and a solution of ester rac-S29 (6.83 g, 19 

mmol, 1.0 eq) in THF (50 mL) was added. The resulting solution was stirred at –78 °C for 1 

hour. After warming to rt, saturated NH4Cl(aq) (50 mL) was added and the two layers were 

separated, extracting the aqueous layer with Et2O (2 × 50 mL). The combined organic layers 

were dried (MgSO4) and evaporated under reduced pressure to give the crude product. 

Purification by flash column chromatography on silica with 90:10 PhMe-Et2O and then 

recrystallisation from hot Et2O gave amide rac-S30 (4.37 g, 59%)as a white solid, m.p. 57-59 

°C;  RF (90:10 PhMe-Et2O) 0.3; IR (ATR) 3083, 3025, 3002, 2963, 2922, 2808, 1655, 1600, 

1492, 1454, 1391, 1372, 1335, 1308, 1246, 1180, 1151, 1114, 1072, 1041, 1028, 989, 968, 953, 

913 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.30–7.17 (m, 13H, Ph), 7.15 – 7.10 (m, 2H, Ph), 4.09 

(br m, 1H, NCH), 3.97 (d, J = 14.5 Hz, 2H, NCHAHB), 3.77 (d, J = 14.5 Hz, 2H, NCHAHB), 

3.26–3.17 (m, 1H, PhCHAHB), 3.13 (br s, 3H, NMe), 3.04 (dd, J = 13.5, 6.5 Hz, 1H, PhCHAHB), 

2.95 (br s, 3H, OMe); 13C NMR (101 MHz, CDCl3) δ 173.5 (C), 140.2 (C), 138.8 (C), 129.6 

(CH), 128.8 (CH), 128.3 (CH), 128.1 (CH), 126.8 (CH), 126.3 (CH), 60.8 (CH2), 58.8 (CH), 

54.6 (CH3), 34.7 (CH3), 31.8 (CH2); MS (ESI) m/z 411 [(M + Na)+, 5], 389 [(M + H)+, 100], 

300 [(M – CONMeOMe)+, 14]; HRMS (ESI) m/z C25H28N2O2 ([M + H]+) calcd for 389.2224, 

found 389.2241; CSP-HPLC: Chiralpak IA (98:2 hexane-i-PrOH, 1.0 mLmin-1) (S)-S30: 12.2 

min, (R)-S30: 13.0 min. 

(2S)‐2‐(Dibenzylamino)‐N‐methoxy‐N‐methyl‐3‐phenylpropanamide (S)-S30 

 

n-BuLi (20.8 mL of a 2.5 M solution in hexanes, 52 mmol, 3.9 eq) was added dropwise to a 

stirring suspension of N,O-dimethylhydroxylamine hydrochloride (2.54 g, 26 mmol, 2.0 eq) in 

THF (25 mL) at –78 °C, the resulting solution was allowed to warm to rt and stirred at rt for 

30 minutes. The solution was then cool to –78 °C and a solution of ester (S)-S29 (4.68 g, 13 
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mmol, 1.0 eq) in THF (25 mL) was added. The resulting solution was stirred at –78 °C for 1 

hour. After warming to rt, saturated NH4Cl(aq) (25 mL) was added and the two layers were 

separated, extracting the aqueous layer with Et2O (2 × 25 mL). The combined organic layers 

were dried (MgSO4) and evaporated under reduced pressure to give the crude product. 

Purification by flash column chromatography on silica with 90:10 PhMe-Et2O and then 

recrystallisation from hot Et2O gave amide (S)-S30 (3.52 g, 70%, >99:1 er by CSP-HPLC) as 

a white solid, CSP-HPLC: Chiralpak IA (98:2 hexane-i-PrOH, 1.0 mLmin-1) (S)-S30: 11.5 min, 

(R)-S30: 12.4 min; [α]D
19 –144.0 (c 1.0 in CHCl3). 

2‐(Dibenzylamino)‐1,3‐diphenylpropan‐1‐one rac-284 

 

PhLi (10 mL of a 2.0 M solution in Bu2O, 20 mmol, 4.0 eq) was added dropwise to a stirring 

solution of rac-S30 (1.94 g, 5 mmol, 1.0 eq) in THF (20 mL) at –78 °C, the resulting solution 

was stirred at –78 °C for 30 minutes. The resulting solution was allowed to warm to rt. 

Saturated NH4Cl(aq) (10 mL) was added and the two layers were separated, extracting the 

aqueous layer with Et2O (2 × 10 mL). The combined organic layers were dried (MgSO4) and 

evaporated under reduced pressure to give the crude product. Purification by hot filtration and 

recrystallisation from hexane gave ketone rac-284 (913 mg, 45%) as a yellow solid, m.p. 85-

86 °C; IR (ATR) 3084, 3061, 3022, 3001, 2955, 2923, 2841, 2818, 1686 (C=O str), 1646, 1599, 

1582, 1494, 1454, 1447, 1432, 1373, 1342, 1330, 1297, 1231, 1209, 1178, 1155, 1120, 1104, 

1001, 991, 965, 956, 945, 926 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.44–7.35 (m, 3H, Ph), 

7.27–7.02 (m, 17H, Ph), 4.47 (ddd, J = 9.5, 4.5, 2.0 Hz, 1H, NCH), 3.72 (d, J = 13.5 Hz, 2H, 

NCHAHB), 3.64 (d, J = 13.5 Hz, 2H, NCHAHB), 3.29 (ddd, J = 13.5, 9.5, 2.0 Hz, 1H, PhCHAHB), 

3.05 (ddd, J = 13.5, 4.5, 2.0 Hz, 1H, PhCHAHB); 13C NMR (101 MHz, CDCl3) δ 199.7 (C), 

139.2 (2 × C), 137.3 (C), 132.7 (C), 129.5 (CH), 129.2 (CH), 128.6 (CH), 128.4 (CH), 128.3 

(2 × CH), 128.2 (CH), 127.2 (CH), 126.1 (CH), 62.9 (CH), 54.4 (CH2), 30.3 (CH2); MS (ESI) 

m/z 428 [(M + Na)+, 14], 406 [(M + H)+, 100]; HRMS (ESI) m/z C29H27NO ([M + H]+) calcd 

for 406.2165, found 406.2172; CSP-HPLC: Chiralpak IA (98:2 hexane-i-PrOH, 1.0 mLmin-1) 

(R)-284: 7.47 min, (S)-284: 8.02 min. 
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(2S)-2‐(Dibenzylamino)‐1,3‐diphenylpropan‐1‐one (S)-284 

 

PhLi (16 mL of a 2.0 M solution in Bu2O, 32 mmol, 4.0 eq) was added dropwise to a stirring 

solution of (S)-S30 (3.11 g, 5 mmol, 1.0 eq) in THF (25 mL) at –78 °C, the resulting solution 

was stirred at –78 °C for 30 minutes. The resulting solution was allowed to warm to rt. 

Saturated NH4Cl(aq) (15 mL) was added and the two layers were separated, extracting the 

aqueous layer with Et2O (2 × 15 mL). The combined organic layers were dried (MgSO4) and 

evaporated under reduced pressure to give the crude product. Purification by hot filtration and 

recrystallisation from hexane gave ketone (S)-284 (1.62 g, 50%, >99:1 er by CSP-HPLC) as a 

yellow solid, CSP-HPLC: Chiralpak IA (98:2 hexane-i-PrOH, 1.0 mLmin-1) (R)-284: 7.15 min, 

(S)-284: 8.46 min, [α]D
19 –64.0 (c 1.0 in CHCl3). 

Determination of the configurational stability of lithiated 225 at –78 °C 

 

Using general procedure C, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexane, 1.6 

mmol, 1.6 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 

minutes then a solution of rac-284 (406 mg, 1 mmol, 2.0 eq) in THF (2 mL) gave the crude 

product as 65:35 diastereomeric mixture of 285. A pure sample of one of the diastereomer of 

285 was isolated by column chromatography on silica with 90:10 PhMe-petroleum ether→100 

PhMe→90:10 PhMe-Et2O as eluent, 1H NMR (400 MHz, CDCl3) δ 7.51–7.44 (m, 4H, Ph), 

7.38 (t, J = 7.5 Hz, 4H, Ph), 7.34–7.10 (m, 13H, Ph), 7.05–6.89 (m, 3H, Ph), 6.59–6.35 (m, 2H, 

Ph), 4.26 (dd, J = 11.5, 4.0 Hz, 1H, TzCH), 4.05 (s, 1H, OH), 3.87 (dd, J = 8.0, 3.5 Hz, 1H, 

NCH), 3.49 (dd, J = 14.5, 3.5 Hz, 1H, NCHCHAHB), 3.26 (br m, 4H, NCH2), 2.75 (dd, J = 14.5, 

8.0 Hz, 1H, NCHCHAHB), 1.94 (s, 3H, CMeAMeB), 1.91 (s, 3H, CMeAMeB), 1.50 (ddq, J = 

14.5, 11.5, 7.5 Hz, 1H, MeCHAHB), 0.72 (m, 1H, MeCHAHB), 0.26 (t, J = 7.5 Hz, 3H, MeCH2); 

13C NMR (101 MHz, CDCl3) δ 168.4 (C), 144.2 (C), 143.8 (C), 143.6 (C), 129.7 (CH), 128.6 

(2 × CH), 128.4 (CH), 128.3 (2 × CH), 127.8 (CH), 127.4 (CH), 127.1 (CH), 126.5 (CH), 125.7 
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(CH), 124.2 (CH), 79.9 (C), 68.2 (C), 63.8 (CH), 44.2 (CH), 30.7 (2 × CH2), 29.3 (CH3), 29.2 

(CH3), 20.8 (2 × CH2), 12.3 (CH3); MS (ESI) m/z 658 [(M + Na)+, 7], 636 [(M + H)+, 100], 

464 [(M + H3 – PhMe2CN4)
+, 41]; HRMS (ESI) m/z C21H26N4O ([M + H]+) calcd for 636.3697, 

found 636.3715. 

Using general procedure C, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexane, 1.6 

mmol, 1.6 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 

minutes then a solution of (S)-284 (406 mg, 1 mmol, 2.0 eq) in THF (2 mL) gave the crude 

product as 60:40 diastereomeric mixture of 285. 

Optimisation of the DKR of lithiated 225 

 

Entry Rate of addition Conc. Isolated yield era 

1 instant 0.07 M 46% 64:36 

2 30 min 0.14 M 50% 71:29 

3 1 h 0.14 M 53% 73:27 

4 1 h 0.43 M 31% 66:34 

5 1 h 0.05 M 54% 70:30 

6 2 h 0.14 M 47% 70:30 

7 3 h 0.14 M 37% 66:34 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then a solution of Me2CO (0.14 mL, 116 mg, 2 

mmol, 2.0 eq) in Et2O (1 mL) over 30 min gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (144 

mg, 50%, 71:29 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.5 min, enantiomer 2: 16.7 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then a solution of Me2CO (0.14 mL, 116 mg, 2 

mmol, 2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 
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chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (153 

mg, 53%, 73:27 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.5 min, enantiomer 2: 16.7 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then a solution of Me2CO (0.14 mL, 116 mg, 2 

mmol, 2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (156 

mg, 54%, 73:27 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.5 min, enantiomer 2: 16.9 min.  

Using general procedure K, s-BuLi (2.76 mL of a 1.3 M solution in cyclohexane/hexane, 3.6 

mmol, 1.2 eq), (+)-4 (1.08 mL, 1.13 g, 4.2 mmol, 1.4 eq) and tetrazole 225 (691 mg, 3.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then a solution of Me2CO (0.14 mL, 116 mg, 2 

mmol, 2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (270 

mg, 31%, 66:34 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.9 min, enantiomer 2: 17.1 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (21 mL) at –78 °C for 2 hours then a solution of Me2CO (0.14 mL, 116 mg, 2 

mmol, 2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (135 

mg, 47%, 70:30 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.0 min, enantiomer 2: 16.3 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then a solution of Me2CO (0.14 mL, 116 mg, 2 

mmol, 2.0 eq) in Et2O (1 mL) over 3 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (107 

mg, 37%, 66:34 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.7 min, enantiomer 2: 16.8 min.  
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Using general procedure K, s-BuLi (0.78 mL of a 1.3 M solution in cyclohexane/hexane, 0.6 

mmol, 1.2 eq), (R,R)-16 (217 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) in Et2O 

(1 mL) gave the crude product. Purification by flash column chromatography on silica with 

70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (135 mg, 94%, 43:57 er by CSP-

HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) 

enantiomer 1: 19.7 min, enantiomer 2: 20.4 min.  

Using general procedure K, s-BuLi (0.78 mL of a 1.3 M solution in cyclohexane/hexane, 0.6 

mmol, 1.2 eq), (R,R)-16 (217 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (117 

mg, 81%, 42:58 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 17.8 min, enantiomer 2: 18.7 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-59 (138 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 
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the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (127 mg, 88%, 64:36 er by CSP-HPLC) as a 

colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

15.4 min, enantiomer 2: 16.8 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-59 (138 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 7 (127 

mg, 88%, 65:35 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.3 min, enantiomer 2: 17.9 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,R,S)-286 (184 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 

1.0 eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) 

gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave tetrazole 233 (140 mg, 97%, 67:33 er by CSP-HPLC) 

as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 

1: 16.8 min, enantiomer 2: 18.3 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,R,S)-286 (184 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 

1.0 eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 

mmol, 2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (82 

mg, 57%, 69:31 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.3 min, enantiomer 2: 16.7 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-287 (160 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (75 

mg, 52%, 67:33 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 17.2 min, enantiomer 2: 19.0 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-287 (160 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 
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eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 

the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (86 mg, 58%, 69:31 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 17.4 min, 

enantiomer 2: 19.0 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 

the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (30 mg, 21%, 60:40 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 18.2 min, 

enantiomer 2: 19.5 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (96 

mg, 67%, 74:26 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.8 min, enantiomer 2: 18.0 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-289 (160 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 

the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (81 mg, 56%, 69:31 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.1 min, 

enantiomer 2: 17.7 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-289 (160 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (53 

mg, 37%, 63:37 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 15.7 min, enantiomer 2: 17.3 min.  
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Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-290 (174 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 

the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (115 mg, 80%, 71:29 er by CSP-HPLC) as a 

colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

16.7 min, enantiomer 2: 18.3 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-290 (174 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (79 

mg, 55%, 59:41 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.2 min, enantiomer 2: 17.8 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-291 (170 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 

the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 233 (39 mg, 27%, 63:37 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.7 min, 

enantiomer 2: 18.3 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-291 (170 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (115 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (19 

mg, 13%, 64:36 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 18.7 min, enantiomer 2: 19.5 min.  
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Attempted enantioselective lithiation-substitution of 292 

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 292 (129 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 

the crude product. Only starting 292 was observed from the 1H NMR spectrum of the crude 

mixture and therefore further purifications were not attempted. 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 292 (129 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.06 mL, 44 mg, 1 mmol, 2.0 eq) gave 

the crude product. Only starting 292 was observed from the 1H NMR spectrum of the crude 

mixture and therefore further purifications were not attempted. 

4‐(3‐Chlorophenyl)‐2‐methyl‐3‐[2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazol‐5‐yl]butan‐

2‐ol 293 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and 258 (163 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then a 

solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) in THF (2 mL) gave the crude product. 

Purification by flash column chromatography on silica with 70:30 petroleum ether-EtOAc as 

eluent gave tetrazole 293 (146 mg, 76%) as a white solid, m.p. 79–83 °C; RF (70:30 petroleum 

ether-EtOAc) 0.2; IR (ATR) 3445 (O-H str), 2982, 2938, 1593, 1571, 1496, 1474, 1462, 1448, 

1439, 1405, 1391, 1370, 1336, 1321, 1305, 1281, 1270, 1258, 1235, 1202, 1185, 1166, 1136, 

1104, 1091, 1078, 1024, 999, 989, 969, 958 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.30–7.24 (m, 

3H, Ph), 7.12–7.00 (m, 2H. Ar), 6.96 (dd, J = 2.0, 2.0 Hz, 1H, Ar), 6.90–6.82 (m, 3H, Ph, Ar), 
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3.37 (dd, J = 12.0, 4.0 Hz, 1H, TzCH), 3.27 (dd, J = 13.5, 4.0 Hz, 1H, ArCHAHB), 3.16 (dd, J 

= 13.5, 12.0 Hz, 1H, ArCHAHB), 2.69 (br s, 1H, OH), 2.08 (s, 3H, PhCMeAMeB), 2.06 (s, 3H, 

PhCMeAMeB), 1.35 (s, 3H OCMeAMeB), 1.19 (s, 3H, OCMeAMeB); 13C NMR (101 MHz, 

CDCl3) δ 166.1 (C), 143.8 (C), 141.8 (C), 133.8 (C), 129.4 (CH), 129.1 (CH), 128.7 (CH), 

127.8 (CH), 127.3 (CH), 126.2 (CH), 124.4 (CH), 71.9 (C), 68.4 (C), 50.0 (CH), 34.8 (CH2), 

29.2 (CH3), 29.1 (CH3), 28.6 (CH3), 27.4 (CH3); CSP-HPLC: Chiralpak IC (97:3 hexane-i-

PrOH, 1.0 mLmin-1) enantiomer 1: 18.6 min, enantiomer 2: 25.6 min.  

Attempted enantioselective lithiation-substitution of 258 

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 258 (163 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 

the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 293 (150 mg, 78%, 70:30 er by CSP-HPLC) as a white 

solid, CSP-HPLC: Chiralpak IC (97:3 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 18.4 min, 

enantiomer 2: 24.7 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 258 (163 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 293 (135 

mg, 70%, 70:30 er by CSP-HPLC) as a white solid, CSP-HPLC: Chiralpak IC (97:3 hexane-i-

PrOH, 1.0 mLmin-1) enantiomer 1: 16.9 min, enantiomer 2: 23.0 min.  
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Attempted enantioselective lithiation-cyclisation of 266 

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (+)-4 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 266 (163 mg, 0.5 mmol, 1.0 eq) 

in Et2O (4 mL) at –78 °C for 1 hour gave the crude product. Purification by flash column 

chromatography on silica with EtOAc as eluent gave tetrazole 267 (75 mg, 50%, 50:50 er by 

CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IB (85:15 hexane-i-PrOH, 1.0 mLmin-

1) enantiomer 1: 22.6 min, enantiomer 2: 25.7 min. 

Attempted enantioselective lithiation-substitution of 225 with Ph2CO and TBDMSCl 

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then a solution of Ph2CO (364 mg, 2 mmol, 2.0 eq) 

in Et2O (2 mL) gave the crude product. Purification by flash column chromatography on silica 

with 95:5 petroleum ether-EtOAc as eluent gave tetrazole 234 (334 mg, 53%, 41:59 er by CSP-

HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) 

enantiomer 1: 9.35 min, enantiomer 2: 12.4 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour a solution of Ph2CO (364 mg, 2 mmol, 2.0 eq) in 

Et2O (2 mL) over 1 h gave the crude product. Purification by flash column chromatography on 

silica with 95:5 petroleum ether-EtOAc as eluent gave tetrazole 234 (309 mg, 75%, 40:60 er 
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by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 

mLmin-1) enantiomer 1: 9.63 min, enantiomer 2: 12.9 min.  

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then a solution of TDBMSCl (301 mg, 2 mmol, 

2.0 eq) in Et2O (1 mL) gave the crude product. Purification by flash column chromatography 

on silica with 97:3 petroleum ether-EtOAc as eluent gave tetrazole 238 (217 mg, 63%, 46:54 

er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (99:1 hexane-i-PrOH, 1.0 

mLmin-1) enantiomer 1: 6.79 min, enantiomer 2: 7.21 min.  

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 1.2 eq), (+)-4 (0.36 mL, 376 mg, 1.4 mmol, 1.4 eq) and tetrazole 225 (230 mg, 1.0 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 hour then a solution of TDBMSCl (301 mg, 2 mmol, 

2.0 eq) in Et2O (1 mL) over 30 min gave the crude product. Purification by flash column 

chromatography on silica with 97:3 petroleum ether-EtOAc as eluent gave tetrazole 238 (258 

mg, 75%, 47:53 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (99:1 hexane-

i-PrOH, 1.0 mLmin-1) enantiomer 1: 6.75 min, enantiomer 2: 7.17 min.  

Attempted DKR of lithiated 225 

 

s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 mmol, 2.4 eq) was added 

dropwise to a stirred solution of tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in Et2O (4 mL) The 

resulting solution was stirred at –78 °C for 30 min. A solution of (S,S)-288 (prepared by the 

deprotonation of (S,S)-288 with n-BuLi) in Et2O (2 mL) as added and the resulting solution 

was stirred at –78 °C for 30 min. Then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) was added 
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and the resulting solution was stirred at –78 °C for 10 min and then allowed to warm to rt over 

16 h. 1 M HCl(aq) (10 mL) was added and the two layers were separated extracting the aqueous 

with Et2O (3 × 10 mL) and the combined organic layers were dried (MgSO4) and evaporated 

under reduced pressure to give the crude product. Purification by flash column chromatography 

on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 233 (127 mg, 88%, 52:48 

er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (95:5 hexane-i-PrOH, 1.0 

mLmin-1) enantiomer 1: 18.2 min, enantiomer 2: 19.8 min.  

s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 mmol, 2.4 eq) was added 

dropwise to a stirred solution of tetrazole 225 (115 mg, 0.5 mmol, 1.0 eq) in Et2O (4 mL) The 

resulting solution was stirred at –78 °C for 30 min. A solution of (S,S)-288 (prepared by the 

deprotonation of (S,S)-288 with n-BuLi) in Et2O (2 mL) as added and the resulting solution 

was stirred at –78 °C for 30 min. Then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) 

in Et2O (2 mL) was added over 1 h and the resulting solution was stirred at –78 °C for 10 min 

and then allowed to warm to rt over 16 h. 1 M HCl(aq) (10 mL) was added and the two layers 

were separated extracting the aqueous with Et2O (3 × 10 mL) and the combined organic layers 

were dried (MgSO4) and evaporated under reduced pressure to give the crude product. 

Purification by flash column chromatography on silica with 70:30 petroleum ether-EtOAc as 

eluent gave tetrazole 233 (96 mg, 67%, 55:45 er by CSP-HPLC) as a colourless oil, CSP-HPLC: 

Chiralpak IA (95:5 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 16.1 min, enantiomer 2: 17.5 

min.  

Attempted enantioselective lithiation-substitution of 224 

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 224 (177 mg, 0.5 mmol, 1.0 

eq) in Et2O (9 mL) at –78 °C for 1 hour then Me2CO (0.07 mL, 58 mg, 1 mmol, 2.0 eq) gave 

the crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave tetrazole 231 (27 mg, 13%, 52:48 er by CSP-HPLC) as a colourless 

oil, CSP-HPLC: Chiralpak IA (90:10 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 8.47 min, 

enantiomer 2: 9.47 min.  
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Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 225 (177 mg, 0.5 mmol, 1.0 

eq) in Et2O (9 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave tetrazole 231 (33 

mg, 16%, 48:52 er by CSP-HPLC) as a colourless oil, CSP-HPLC: Chiralpak IA (90:10 

hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 8.38 min, enantiomer 2: 9.37 min.  

Attempted enantioselective lithiation-substitution of 226 

 

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 226 (146 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Only starting 226 was observed from 

the 1H NMR spectrum of the crude mixture and therefore further purifications were not 

attempted. 

Attempted enantioselective lithiation-substitution of 227 

 

Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 227 (118 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 1 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Only starting 227 was observed from 

the 1H NMR spectrum of the crude mixture and therefore further purifications were not 

attempted. 
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Using general procedure K, s-BuLi (0.92 mL of a 1.3 M solution in cyclohexane/hexane, 1.2 

mmol, 2.4 eq), (S,S)-288 (150 mg, 0.7 mmol, 1.4 eq) and tetrazole 227 (118 mg, 0.5 mmol, 1.0 

eq) in Et2O (4 mL) at –78 °C for 6 hour then a solution of Me2CO (0.07 mL, 58 mg, 1 mmol, 

2.0 eq) in Et2O (1 mL) over 1 h gave the crude product. Only starting 227 was observed from 

the 1H NMR spectrum of the crude mixture and therefore further purifications were not 

attempted. 

5‐[1‐(4‐Methylbenzenesulfinyl)propyl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐tetrazole 298 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then 

297 (0.13 mL, 156 mg, 1.0 mmol, 2.0 eq) gave the crude product. Purification by flash column 

chromatography on silica with 95:5 petroleum ether-EtOAc as eluent gave a 50:50 

diastereomeric mixture of tetrazole 298 (33 mg, 15% of major and 14% of minor) as a 

colourless oil, RF (95:5 petroleum ether-EtOAc) 0.2; IR (ATR) 2970, 2934, 2876, 1597, 1494, 

1449, 1393, 1371, 1303, 1250, 1189, 1161, 1082, 1049, 1031, 1016, 944, 911 cm-1; 1H NMR 

(400 MHz, CDCl3)(50:50 mixture of diastereomers) δ 7.35–7.28 (m, 3H, Ph, Ar), 7.17 – 7.13 

(m, 1H, Ar), 7.12 – 7.05 (m, 4H, Ph, Ar), 7.04–6.99 (m, 1H, Ph), 4.17 (dd, J = 10.5, 5.0 Hz, 

0.5H, TzCH), 4.09 (dd, J = 11.0, 4.0 Hz, 0.5H, TzCH), 2.51–2.38 (m, 1H, CH2), 2.35 (s, 1.5H, 

PhMe), 2.34 (s, 1.5H, PhMe), 2.32–2.25 (m, 1H, CH2), 2.10 (s, 1.5H, CMe2), 2.07 (s, 1.5H, 

CMe2), 2.07 (s, 1.5H, CMe2), 2.04 (s, 1.5H, CMe2), 0.99 (t, J = 7.5 Hz, 1.5H, CH2Me), 0.95 (t, 

J = 7.5 Hz, 1.5H, CH2Me); 13C NMR (101 MHz, CDCl3) )(mixture of diastereomers)  δ 160.9 

(C), 160.2 (C), 143.5 (C), 143.3 (C), 142.0 (C), 141.7 (C), 138.6 (C), 137.3 (C), 129.5 (CH), 

129.4 (CH), 128.6 (2 × CH), 128.0 (CH), 127.9 (CH), 125.0 (CH), 124.8 (2 × CH), 124.7 (CH), 

68.5 (C), 68.4 (C), 65.8 (CH), 63.0 (CH), 29.1 (CH3), 29.0 (2 × CH3), 28.9 (CH3), 22.1 (CH2), 

21.5 (2 × CH3), 19.2 (CH2), 11.8 (CH3), 11.4 (CH3); m/z 391 [(M + Na)+, 57], 369 [(M + H)+, 

100], 251 [(M + H2 – CMe2Ph)+, 86]; HRMS (ESI) m/z C20H24N4O1S1 ([M + H]+) calcd for 

369.1744, found 369.1758. 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then 
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297 (0.26 mL, 312 mg, 2.0 mmol, 4.0 eq) gave the crude product. Inspection of the 1H NMR 

spectrum of the crude mixture showed that tetrazole 298 was present in 30% conversion. 

Using general procedure F, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq), LiCl (33 mg, 0.78 mmol, 1.6 eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in THF 

(4 mL) at –78 °C for 15 min then 297 (0.13 mL, 156 mg, 1.0 mmol, 2.0 eq) gave the crude 

product. Inspection of the 1H NMR spectrum of the crude mixture showed that tetrazole 298 

was present in 30% conversion. 

Using general procedure F, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq), TMEDA (0.12 mL, 91 mg, 0.78 mmol, 1.6 eq) and 225 (115 mg, 0.5 mmol, 1.0 

eq) in THF (4 mL) at –78 °C for 15 min then 297 (0.13 mL, 156 mg, 1.0 mmol, 2.0 eq) gave 

the crude product. Inspection of the 1H NMR spectrum of the crude mixture showed that 

tetrazole 298 was present in 30% conversion. 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and 225 (115 mg, 0.5 mmol, 1.0 eq) in PhMe (4 mL) at 0 °C for 15 min then 

297 (0.26 mL, 312 mg, 2.0 mmol, 4.0 eq) gave the crude product. Inspection of the 1H NMR 

spectrum of the crude mixture showed that tetrazole 298 was present in 30% conversion. 

s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 mmol, 1.6 eq) was added 

dropwise to a stirred solution of 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C 

under N2. The resulting solution was stirred at –78 °C for 15 min. Then, a solution of 

MgBr2·Et2O (202 mg, 0.78 mmol, 1.6 eq) in in THF (2 mL) was added. The resulting solution 

was allowed to warm to 0 °C and stirred for 15 min. 297 (0.13 mL, 156 mg, 1.0 mmol, 2.0 eq) 

and the resulting solution was allowed to warm to rt and stirred over 16 h. Saturated NH4Cl(aq) 

was added and the two layers were separated, extracting the aqueous with Et2O (×3) The 

combined organic layers were dried (MgSO4) and evaporated under reduced pressure to give 

the crude product. Inspection of the 1H NMR spectrum of the crude mixture showed that 

tetrazole 298 was present in 30% conversion. 

s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 mmol, 1.6 eq) was added 

dropwise to a stirred solution of 225 (115 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C 

under N2. The resulting solution was stirred at –78 °C for 15 min. Then, a solution of ZnCl2 

(106 mg, 0.78 mmol, 1.6 eq) in in THF (2 mL) was added. The resulting solution was allowed 

to warm to 0 °C and stirred for 15 min. 297 (0.13 mL, 156 mg, 1.0 mmol, 2.0 eq) and the 

resulting solution was allowed to warm to rt and stirred over 16 h. Saturated NH4Cl(aq) was 

added and the two layers were separated, extracting the aqueous with Et2O (×3) The combined 

organic layers were dried (MgSO4) and evaporated under reduced pressure to give the crude 
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product. Inspection of the 1H NMR spectrum of the crude mixture showed that tetrazole 298 

was present in 30% conversion. 

5‐[4‐Methoxy‐1‐(4‐methylbenzenesulfinyl)butyl]‐2‐(2‐phenylpropan‐2‐yl)‐2H‐1,2,3,4‐

tetrazole 300 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and 299 (124 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then 

sulfinate 297 (0.13 mL, 156 mg, 1.0 mmol, 2.0 eq) gave the crude product. Purification by flash 

column chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave a 50:50 

diastereomeric mixture of tetrazole 300 (45 mg, 14% of major and 14% of minor) as a 

colourless oil, MS (ESI) m/z 435 [(M + Na)+, 40], 413 [(M + H)+, 100], 295 [(M + H2 –

CPhMe2)
+, 100]; HRMS (ESI) m/z C20H28N4 ([M + H]+) calcd for 413.2006, found 413.2032. 

A pure sample of one of the diastereomers of 300 was isolated by flash column chromatography 

on silica with 80:20 CH2Cl2-MeCN as eluent, RF (80:20 CH2Cl2-MeCN) 0.2; 1H NMR (300 

MHz, CDCl3) δ 7.38–7.25 (m, 3H, Ph, Ar), 7.18–7.01 (m, 6H, Ph, Ar), 4.30 (dd, J = 10.5, 5.0 

Hz, 1H, TzCH), 3.36 (m, 2H, OCH2), 3.25 (s, 3H), 2.41–2.31 (m, 1H, CH2), 2.34 (s, 3H, OMe), 

2.24–2.04 (m, 1H, CH2), 2.09 (s, 3H, CMeAMeB), 2.05 (s, 3H, CMeAMeB), 1.64 (tt, J = 6.5 Hz, 

2H, CH2), 1.55 (s, 3H, PhMe); CSP-HPLC: Chiralpak IA (85:15 hexane-i-PrOH, 1.0 mLmin-

1) enantiomer 1: 17.4 min, enantiomer 2: 24.9 min.  
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Attempted enantioselective synthesis of 299 

 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.6 eq) and 299 (124 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min then a 

solution of sulfinate (SS)-294 (294 mg, 1.0 mmol, 2.0 eq) in THF (2 mL) gave the crude product. 

Purification by flash column chromatography on silica with 70:30 petroleum ether-EtOAc as 

eluent gave a 70:30 diastereomeric mixture of tetrazole 300 (26 mg, 11% of major, 93:7 er by 

CSP-HPLC and 5% of minor, 6:94 er by CSP-HPLC) as a colourless oil, CSP-HPLC: 

Chiralpak IA (85:15 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 14.7 min, enantiomer 2: 17.3 

min, enantiomer 3: 18.9 min, enantiomer 4: 24.0 min. 

5‐Propyl‐2‐{1,7,7‐trimethyl‐2‐phenylbicyclo[2.2.1]heptan‐2‐yl}‐2H‐1,2,3,4‐tetrazole rac-

301 and 5‐propyl‐2‐{2,3,3‐trimethyl‐1‐phenylbicyclo[2.2.1]heptan‐2‐yl}‐2H‐1,2,3,4‐

tetrazole rac-309 

 

Using general procedure G, alkene rac-306 (217 mg, 1.02 mmol, 1.02 eq), tetrazole 119 (230 

mg, 1.0 mmol, 1.0 eq) and TFA (0.16 mL, 240 mg, 2.1 mmol, 2.1 eq) in CHCl3 (2 mL), gave 

the crude product. Purification by flash column chromatography on silica with 95:5 petroleum 

ether-EtOAc as eluent gave a 50:50 mixture of tetrazole rac-301 and rac-308 (308 mg, 47% 

for rac-301  and 48% for rac-308) as a colourless oil, RF (95:5 petroleum ether-EtOAc) 0.2; 

1H NMR (300 MHz, CDCl3) δ diagnostic signals for tetrazole rac-301: 2.86 (t, J = 7.5 Hz, 2H, 

TzCH2); diagnostic signals for tetrazole rac-308: 2.67 (t, J = 7.5 Hz, 2H, TzCH2). 
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5‐Propyl‐2‐{1,7,7‐trimethyl‐2‐phenylbicyclo[2.2.1]heptan‐2‐yl}‐2H‐1,2,3,4‐tetrazole anti-

301 

 

TFA (0.80 mL, 1.20 g, 10.5 mmol, 2.1 eq) was added dropwise into a stirred solution of 

tetrazole 119 (1.15 g, 5.0 mmol, 1.0 eq) and alkene rac-306 (217 mg, 1.02 mmol, 1.02 eq) in 

CHCl3 (10 mL) at rt and the resulting solution was stirred at rt for 1 h. 2 M NaOH(aq) (10 mL) 

was added the two layers were separated, extracting the aqueous with CHCl3 (10 mL ×1). The 

combined organic layers were washed with brine, dried (MgSO4) and evaporated under reduced 

pressure to give the crude product. Purification by flash column chromatography on silica with 

95:5 petroleum ether-EtOAc as eluent gave tetrazole anti-301 (1.38 g, 85%) as a colourless oil, 

RF (95:5 petroleum ether-EtOAc) 0.2; IR (ATR) 3058, 3020, 2964, 2875, 1603, 1579, 1495, 

1475, 1445, 1391, 1378, 1367, 1317, 1293, 1257, 1242, 1214, 1183, 1162, 1147, 1125, 1109, 

1095, 1085, 1070, 1062, 1036, 1015, 1005, 996, 971, 953, 942 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 7.29–7.23 (m, 2H, Ph), 7.22–7.14 (m, 3H, Ph), 3.16–3.07 (m, 2H, CH2), 2.85 (t, J = 7.5 Hz, 

2H, TzCH2), 2.42–2.28 (m, 1H, CH), 1.90 (ddt, J = 12.5, 9.0, 3.0 Hz, 1H, MeCCH2), 1.84–

1.72 (m, 7H, CH2, CMeAMeB), 1.67 (dd, J = 12.5, 4.0 Hz, 1H, CH2), 1.14 (s, 3H, CMe), 0.97 

(t, J = 7.5 Hz, 3H, TzCH2Me), 0.04 (s, 3H, CMeAMeB); 13C NMR (101 MHz, CDCl3) δ 164.8 

(C), 143.1 (C), 128.1 (CH), 127.6 (CH), 126.2 (CH), 59.0 (C), 50.1 (C), 46.8 (CH), 39.9 (CH2), 

29.7 (CH2), 27.4 (CH2), 25.7 (CH2), 23.3 (CH3), 22.7 (CH2), 21.7 (CH2), 19.4 (CH3), 13.7 

(CH3); MS (ESI) m/z 347 [(M + Na)+, 35], 325 [(M + H)+, 62], 213 [(M – TzCH2Me)+, 100]; 

HRMS (ESI) m/z C20H28N4 ([M + H]+) calcd for 325.2387, found 325.2387. 
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5‐Propyl‐2‐[(1R)‐1,7,7‐trimethyl‐2‐phenylbicyclo[2.2.1]heptan‐2‐yl]‐2H‐1,2,3,4‐tetrazole 

(R,R,S)-301 

 

 

TFA (0.80 mL, 1.20 g, 10.5 mmol, 2.1 eq) was added dropwise into a stirred solution of 

tetrazole 119 (1.15 g, 5.0 mmol, 1.0 eq) and alkene (R,R)-306 (217 mg, 1.02 mmol, 1.02 eq) in 

CHCl3 (10 mL) at rt and the resulting solution was stirred at rt for 1 h. 2 M NaOH(aq) (10 mL) 

was added the two layers were separated, extracting the aqueous with CHCl3 (10 mL ×1). The 

combined organic layers were washed with brine, dried (MgSO4) and evaporated under reduced 

pressure to give the crude product. Purification by flash column chromatography on silica with 

95:5 petroleum ether-EtOAc as eluent gave tetrazole (R,R,S)-301 (1.30 g, 80%) as a colourless 

oil. 

2‐Methyl‐3‐(2‐{1,7,7‐trimethyl‐2‐phenylbicyclo[2.2.1]heptan‐2‐yl}‐2H‐1,2,3,4‐tetrazol‐5‐

yl)pentan‐2‐ol rac-309 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.79 

mmol, 1.6 eq) and anti-301 (162 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min 

then Me2CO (0.07 mL, 58 mg, 1.0 mmol, 2.0 eq) gave the crude product.  Purification by flash 

column chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave a 50:50 

diastereomeric mixture of tetrazole rac-309 (172 mg, 45% for major and 45% for minor) as a 

colourless oil, RF (70:30 petroleum ether-EtOAc) 0.2; IR (ATR) 3394 (O-H str), 3021, 2971, 

2935, 2904, 2877, 1603, 1495, 1475, 1462, 1446, 1391, 1378, 1367, 1338, 1317, 1293, 1265, 

1238, 1183, 1162, 1147, 1126, 1096, 1096, 1061, 1035, 1017, 1004, 996, 971, 951 cm-1; 1H 
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NMR (400 MHz, CDCl3)(50:50 mixture of diastereomers) δ 7.30–7.24 (m, 2H, Ph), 7.23–7.13 

(m, 3H, Ph), 3.16–3.06 (m, 2H, CH2), 3.01–2.92 (m, 1H, TzCH), 2.69 (s, 0.5H, OH), 2.66 (s, 

0.5H, OH), 2.41–2.29 (m, 1H, Me2CCH), 2.02–1.87 (m, 3H, CH2), 1.85–1.73 (m, 5H, CH2, 

CMeAMeB), 1.66 (m, 1H, CH2), 1.24 (s, 2H, Me), 1.23 (s, 2H, Me), 1.22 (s, 0.5H, Me), 1.18–

1.12 (m, 4.5H, Me), 0.97–0.86 (m, 1H, CH2), 0.77–0.70 (m, 3H, MeCH2), 0.07 (s, 3H, 

CMeAMeB); 13C NMR (101 MHz, CDCl3)(mixture of diastereomers)  δ 165.7 (2 × C), 142.9 

(C), 128.0 (CH), 127.7 (CH), 126.3 (CH), 77.9 (C), 72.2 (2 × C), 59.09 (C), 50.0 (C, 2 ×CH), 

46.9 (CH), 46.8 (CH), 39.8 (CH2), 29.7 (CH2), 28.8 (CH3), 28.7 (CH3), 27.1 (CH3), 25.7 (CH2), 

23.5 (CH3), 22.8 (CH2), 22.0 (CH2), 19.5 (CH3), 12.5 (2 × CH3); CSP-HPLC: Chiralpak IA 

(99:1 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 29.4 min, enantiomer 2: 31.5 min, 

enantiomer 3: 37.6 min, enantiomer 4: 43.3 min. 

(3S)‐2‐Methyl‐3‐(2‐{1,7,7‐trimethyl‐2‐phenylbicyclo[2.2.1]heptan‐2‐yl}‐2H‐1,2,3,4‐

tetrazol‐5‐yl)pentan‐2‐ol (R,R,S,S)-309 and (3R)‐2‐methyl‐3‐(2‐{1,7,7‐trimethyl‐2‐

phenylbicyclo[2.2.1]heptan‐2‐yl}‐2H‐1,2,3,4‐tetrazol‐5‐yl)pentan‐2‐ol (R,R,S,R)-309 

 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.79 

mmol, 1.6 eq) and (R,R,S)-301 (162 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 15 min 

then Me2CO (0.07 mL, 58 mg, 1.0 mmol, 2.0 eq) gave the crude product.  Purification by flash 

column chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave a 50:50 

diastereomeric mixture of tetrazole (R,R,S,S)-309 and (R,R,S,R)-309 (128 mg, 34% for major, 

99:1 er by CSP-HPLC and 33% for minor, 99:1 er by CSP-HPLC) as a colourless oil, CSP-

HPLC: Chiralpak IA (99:1 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 31.0 min, enantiomer 

2: 33.4 min, enantiomer 3: 40.1 min, enantiomer 4: 46.5 min. 
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In situ 1H NMR studies of lithiated 225  

 

Tetrazole 225 (23 mg, 0.1 mmol, 1.0 eq) was dissolved in benzene-d6 (0.4 mL) in an NMR tube 

in a glovebox; the tube was transferred to a cooled NMR spectrometer (400 MHz, 14–16 °C) 

and a 1H NMR spectrum was recorded; then the NMR tube was removed from the spectrometer 

and placed in an ice bath at 0 °C. A solution of s-BuLi (0.12 ml of a 1.3 M solution in 98:2 

cyclohexane/hexanes, 0.16 mmol, 1.6 eq) was added and quickly inverted 3 times to allow 

adequate mixing. The NMR tube was transferred back to a cooled NMR spectrometer (400 

MHz, 14–16°C) and a 1H NMR spectra were recorded. 

 

 

 

 

 

 

S.M. only 

4 min 

18 min 
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Time scale experiment of the lithiation of 225 versus 228 

 

s-BuLi (1.25 mL of a 1.3 M solution in cyclohexane/hexanes, 1.6 mmol, 1.6 eq) was added 

dropwise into a stirred solution of tetrazole 225 (230 mg, 1.0 mmol, 1.0 eq) or tetrazole 228 

(236 mg, 1.0 mmol, 1.0 eq) in Et2O (8.4 mL) at –78 °C. The resulting solution was stirred at a 

specified time (1, 2, 5, 10, 15, 30 and 60 min) and a 0.1 mL (0.1 mmol) aliquot was transferred 

into a solution of Me2CO (0.01 mL, 12 mg, 0.2 mmol, 2.0 eq) in Et2O (0.5 mL) at rt. Saturated 

NH4Cl(aq) (1 mL) was added into each solution and the two layers were separated, extracting 

the aqueous with Et2O (3 × 1 mL). The combined organic layers were dried (MgSO4) and 

evaporated under reduced pressure to give the crude product. The yield of product and starting 

material were determined by 1H NMR spectroscopy in the presence of Bn2O. 
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2‐Phenyl‐5‐propyl‐1,3,4‐oxadiazole 324 

 

Using general procedure L, trimethylacetyl chloride (0.70 mL, 843 mg, 6 mmol, 1.2 eq) 

tetrazole 119 (561 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 

mL) gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave oxadiazole 324 (894 g, 95%) as a colourless oil, RF 

(80:20 petroleum ether-EtOAc) 0.3; IR (ATR) 3063, 2966, 2934, 2875, 1709, 1609, 1591, 1571, 

1533, 1486, 1449, 1373, 1343, 1252, 1198, 1177, 1159, 1086, 1068, 1027, 1004, 961, 924, 775, 

746, 708; 1H NMR (300 MHz, CDCl3) δ 8.08–8.00 (m, 2H, Ph), 7.56–7.45 (m, 3H, Ph), 2.91 

(t, J = 7.5 Hz, 2H, ArCH2), 1.89 (sextet, J = 7.5 Hz, 2H, CH2CH2Me), 1.07 (t, J = 7.5 Hz, 3H, 

Me); 13C NMR (75 MHz, CDCl3) δ 166.9 (C), 164.7 (C), 131.5 (C), 129.0 (CH), 126.8 (CH), 

124.1 (CH), 27.3 (CH2), 20.2 (CH2), 13.6 (CH3). Spectroscopic data consistent with those 

reported in the literature.187 

2‐(2,2-Dimethylpropyl)‐5‐propyl‐1,3,4‐oxadiazole 325 

 

Using general procedure L, 3,3-dimethylbutyryl chloride (0.83 mL, 808 mg, 6 mmol, 1.2 eq) 

tetrazole 119 (561 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 

mL) gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave oxadiazole 325 (751 mg, 82%) as a colourless oil, RF 

(70:30 petroleum ether-EtOAc) 0.3; IR (ATR) 2959, 2900, 2874, 1722, 1586, 1563, 147, 1467, 

1368, 1316, 1283, 1234, 1188, 1143, 973, 808, 690 cm-1; 1H NMR (300 MHz, CDCl3) δ 2.81 

(t, J = 7.5 Hz, 2H, ArCH2), 2.72 (s, 2H, Me3CCH2), 1.81 (sextet, J = 7.5 Hz, 2H, CH2CH2Me), 

1.03 (s, 9H, CMe3), 1.01 (t, J = 7.5 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 166.9 (C), 

165.6 (C), 39.0 (CH2), 31.5 (C), 29.4 (CH3), 27.2 (CH2), 20.1 (CH2), 13.5 (CH3); MS (ESI) m/z 

387 [(MM + Na)+, 5], 365 [(MM + H)+, 7], 205 [M + Na)+, 3], 183 [(M + H)+, 100]; HRMS 

(ESI) m/z C10H19N2O ([M + H]+) calcd for 183.1492, found 183.1488. 
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2‐(Propan-2-yl)‐1,3,4‐oxadiazole 326 

 

Using general procedure L, isobutyryl chloride (0.63 mL, 639 mg, 6 mmol, 1.2 eq) tetrazole 

119 (561 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 mL) gave 

the crude product. Purification by flash column chromatography on silica with 60:40 petroleum 

ether-EtOAc as eluent gave oxadiazole 326 (617 mg, 80%) as a colourless oil, RF (60:40 

petroleum ether-EtOAc) 0.3; IR (ATR) 2970, 2937, 2877, 1586, 1564, 1460, 1387, 1367, 1192, 

1148, 1095, 1056, 1007, 975, 960, 751 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.15 (septet, J = 

7.0 Hz, 1H, Me2CH), 2.79 (t, J = 7.5 Hz, 2H, ArCH2), 1.81 (sextet, J = 7.5 Hz, 2H, CH2CH2Me), 

1.37 (d, J = 7.0 Hz, 1H, Me2CH),  1.01 (t, J = 7.5 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) 

δ 170.8 (C), 166.7 (C), 27.2 (CH2), 26.3 (CH), 20.0 (CH2), 20.0 (CH3), 13.6 (CH3). 

Spectroscopic data consistent with those reported in the literature.188 

2-Methyl-5-phenyl-1,3,4-oxadiazole 327 

 

Using general procedure L, benzoyl chloride (0.70 mL, 843 mg, 6 mmol, 1.2 eq) tetrazole 119 

(420 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 mL) gave the 

crude product. Purification by flash column chromatography on silica with 70:30 petroleum 

ether-EtOAc as eluent gave oxadiazole 327 (657 mg, 82%) as a white solid, m.p. 63–64 °C; RF 

(70:30 petroleum ether-EtOAc) 0.3; IR (ATR) 3054, 2934, 1714, 1608, 1579, 1553, 1483, 1449, 

1350, 1325, 1313, 1292, 1246, 1178, 1166, 1091, 1073, 1041, 1019, 1004, 985, 959, 928, 777, 

706, 692 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.03–8.01 (m, 2H, Ph), 7.52–7.47 (m, 3H, Ph), 

2.61 (s, 3H, Me); 13C NMR (101 MHz, CDCl3) δ 164.9 (C), 163.6 (C), 131.5 (CH), 129.0 (CH), 

126.7 (CH), 124.0 (C), 11.1 (CH3). Spectroscopic data consistent with those reported in the 

literature.189 
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2‐tert‐Butyl‐5‐propyl‐1,3,4‐oxadiazole 221 

 

Using general procedure L, trimethylacetyl chloride (2.66 mL, 2.6 g, 22 mmol, 1.2 eq) tetrazole 

119 (2.02 g, 18 mmol, 1.0 eq) and DMAP (220 mg, 1.8 mmol, 10 mol%) in PhMe (54 mL) 

gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave oxadiazole 221 (2.80 g, 93 %) as a pale yellow oil, RF 

(80:20 petroleum ether-EtOAc) 0.3; IR (ATR) 2970, 2936, 2360, 2342, 1724, 1586, 1561, 1462, 

1366, 1209, 1143, 1006, 972, 810, 751, 668, 587 cm-1;  1H NMR (300 MHz, CDCl3) δ 2.79 (t, 

J = 7.5 Hz, 2H, ArCH2), 1.80 (sextet, J = 7.5 Hz, 2H, CH2CH2Me), 1.40 (s, 9H, CMe3), 1.01 

(t, J = 7.5 Hz, 3H, CH2Me); 13C NMR (75.5 MHz, CDCl3) δ 173.1 (C), 166.8 (C), 32.3 (C), 

28.1 (CH3), 27.2 (CH2), 20.1 (CH2), 13.6 (CH3); MS (ESI) m/z 359 [(MM + Na)+, 4], 337 [(MM 

+ H)+, 11], 191 [M + Na)+, 3], 169 [(M + H)+, 100]; HRMS (ESI) m/z C9H17N2O ([M + H]+) 

calcd for 169.1335, found 169.1332. 

2‐tert‐Butyl‐5‐ethyl‐1,3,4‐oxadiazole 328 

 

Using general procedure L, trimethylacetyl chloride (0.74 mL, 723 mg, 6 mmol, 1.2 eq) 

tetrazole 117 (491 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 

mL) gave the crude product. Purification by flash column chromatography on silica with 60:40 

petroleum ether-EtOAc as eluent gave oxadiazole 328 (737 mg, 96%) as a colourless oil, RF 

(60:40 petroleum ether-EtOAc) 0.3; IR (ATR) 2975, 2939, 2875, 1622, 1587, 1561, 1462, 1366, 

1219, 1143, 1005, 991, 962, 741, 678 cm-1; 1H NMR (300 MHz, CDCl3) δ 2.84 (q, J = 7.5 Hz, 

2H, CH2), 1.40 (s, 9H, CMe3), 1.36 (t, J = 7.5 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 

173.2 (C), 167.7 (C), 32.3 (C), 28.1 (CH3), 19.1 (CH2), 10.8 (CH3); MS (ESI) m/z 248 [(MM 

+ Na)+, 3], 226 [(MM + H)+, 1], 181 [M + Na)+, 11], 155 [(M + H)+, 100]; HRMS (ESI) m/z 

C8H15N2O ([M + H]+) calcd for 155.1179, found 155.1177. 
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2‐tert‐Butyl‐5‐octyl‐1,3,4‐oxadiazole 329 

 

Using general procedure L, trimethylacetyl chloride (0.74 mL, 723 mg, 6 mmol, 1.2 eq) 

tetrazole 119 (911 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 

mL) gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave oxadiazole 329 (999 mg, 84%) as a colourless oil, RF 

(70:30 petroleum ether-EtOAc) 0.3; IR (ATR) 2957, 2927, 2856, 1586, 1561, 1462, 1366, 1142, 

1008, 971, 723 cm-1; 1H NMR (300 MHz, CDCl3) δ 2.80 (t, J = 7.5 Hz, 2H, ArCH2), 1.76 (tt, 

J = 7.5, 7.5 Hz, 2H, ArCH2CH2), 1.40 (s, 9H, CMe3), 1.37–1.23 (m, 10H, 

ArCH2CH2(CH2)5Me), 0.87 (br t, J = 7.0 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 173.1 

(C), 167.0 (C), 32.3 (C), 31.8 (CH2), 29.1 (2 × CH2), 29.0 (CH2), 28.1 (CH3), 26.5 (CH2), 25.4 

(CH2), 22.6 (CH2), 14.1 (CH3); MS (ESI) m/z 499 [(MM + Na)+, 5], 477 [(MM + H)+, 14], 295 

[M + Na)+, 5], 239 [(M + H)+, 100]; HRMS (ESI) m/z C14H27N2O ([M + H]+) calcd for 239.2118, 

found 239.2115. 

2-tert-Butyl-5-(3,3,3-trifluoropropyl)-1,3,4-oxadiazole 330 

 

Using general procedure L, trimethylacetyl chloride (0.74 mL, 723 mg, 6 mmol, 1.2 eq) 

tetrazole 124 (831 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 

mL) gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave oxadiazole 330 (833 mg, 75%) as a colourless oil, RF 

(80:20 petroleum ether-EtOAc) 0.3; IR (ATR) 2977, 2909, 2877, 1590, 1561, 1450, 1394, 1361, 

1255, 1225, 1138, 1108, 1044, 1021, 980, 964, 941, 853, 751, 690 cm-1; 1H NMR (300 MHz, 

CDCl3) δ 3.10 (br t, J = 8.0 Hz, 2H, ArCH2), 2.75–2.57 (m, 2H, CH2), 1.41 (s, 9H, CMe3); 
13C 

NMR (75.5 MHz, CDCl3) δ 173.8 (C), 163.9 (C), 126.0 (q, J = 276.0 Hz, CF3), 32.3 (C), 30.8 

(q, J = 30.0 Hz, CH2), 28.1 (CH3), 18.9 (q, J = 3.5 Hz, CH2); 
19F NMR (282 MHz, CDCl3) δ –

67.1 (t, J = 10.0 Hz); MS (ESI) m/z 445 [(MM + H)+, 13], 245 [M + Na)+, 3], 223 [(M + H)+, 

100], 167 [(M – CF3)
+, 2]; HRMS (ESI) m/z C9H14F3N2O ([M + H]+) calcd for 223.1053, found 

223.1050. 
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2-tert-Butyl-5-(3-phenylpropyl)-1,3,4-oxadiazole 331 

 

Using general procedure L, trimethylacetyl chloride (0.74 mL, 723 mg, 6 mmol, 1.2 eq) 

tetrazole 122 (941 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 

mL) gave the crude product. Purification by flash column chromatography on silica with 70:30 

petroleum ether-EtOAc as eluent gave oxadiazole 331 (880 mg, 72%) as a colourless oil, RF 

(70:30 petroleum ether-EtOAc) 0.3; IR (ATR) 3001, 2972, 2902, 2871, 1586, 1559, 1497, 1454, 

1366, 1207, 1140, 1031, 1002, 961, 807, 750, 699 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.34–

7.27 (m, 2H, Ph), 7.24–7.17 (m, 3H, Ph), 2.83 (t, J = 7.5 Hz, 2H, CH2), 2.73 (t, J = 7.5 Hz, 2H, 

CH2), 2.11 (tt, J = 7.5, 7.5 Hz, 2H, (PhCH2CH2CH2), 1.40 (s, 9H, CMe3); 
13C NMR (75.5 MHz, 

CDCl3) δ 173.2 (C), 166.5 (C), 140.1 (C), 128.5 (2 × CH), 126.2 (CH), 35.0 (CH2), 32.3 (C), 

28.1 (CH3), 28.1 (CH2), 24.8 (CH2); MS (ESI) m/z 511 [(MM + Na)+, 3], 489 [(MM + H)+, 9], 

259 [M + Na)+, 4], 245 [(M + H)+, 100]; HRMS (ESI) m/z C15H21N2O ([M + H]+) calcd for 

245.1648, found 245.1644. 

2-tert-Butyl-5-[2-(3-chlorophenyl)ethyl]-1,3,4-oxadiazole 332 

 

Using general procedure L, trimethylacetyl chloride (0.74 mL, 723 mg, 6 mmol, 1.2 eq) 

tetrazole 123 (1.04 g, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 

mL) gave the crude product. Purification by flash column chromatography on silica with 80:20 

petroleum ether-EtOAc as eluent gave oxadiazole 332 (1.06 g, 80%) as a colourless oil, RF 

(80:20 petroleum ether-EtOAc) 0.2; IR (ATR)  3251, 2973, 2934, 2872, 1599, 1585, 1575, 

1559, 1478, 1461, 1429, 1398, 1366, 1329, 1207, 1140, 1094, 1079, 999, 974, 962, 941, 821, 

781, cm-1; 1H NMR (300 MHz, CDCl3) δ 7.24–7.17 (m, 3H, Ar), 7.13–7.05 (m, 1H, Ar), 3.17–

3.04 (m, 4H, 2 × CH2), 1.38 (s, 9H, CMe3); 
13C NMR (75.5 MHz, CDCl3) δ 173.3 (C), 165.6 

(C), 141.6 (C), 134.4 (C), 129.9 (CH), 128.5 (CH), 126.8 (CH), 126.6 (CH), 32.3 (CH2), 32.3 

(C), 28.1 (CH3), 27.1 (CH2); MS (ESI) m/z 551 [(MM + Na)+, 16], 529 [(MM + H)+, 22], 287 

[M + Na)+, 6], 265 [(M + H)+, 100]; HRMS (ESI) m/z C14H17ClN2O ([M + H]+) calcd for 

265.1102, found 265.1099. 
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2-tert-Butyl-5-(4-methoxybutyl)-1,3,4-oxadiazole 333 

 

Using general procedure L, trimethylacetyl chloride (0.74 mL, 723 mg, 6 mmol, 1.2 eq) 

tetrazole 126 (781 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 

mL) gave the crude product. Purification by flash column chromatography on silica with 40:60 

petroleum ether-EtOAc as eluent gave oxadiazole 333 (470 mg, 44%) as a colourless oil, RF 

(40:60 petroleum ether-EtOAc) 0.3; IR (ATR) 2973, 2934, 2871, 1586, 1560, 1460, 1387, 1366, 

1206, 1142, 1118, 1035, 1012, 971, 923, 892. 750 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.41 (t, 

J = 6.0 Hz, 2H, MeOCH2), 3.33 (s, 3H, Me), 2.85 (t, 7.5 Hz, ArCH2), 1.86 (tt, J = 7.0, 7.0 Hz, 

2H, CH2), 1.68 (tt, J = 6.0, 7.0 Hz, 2H, CH2), 1.40 (s, 9H, CMe3); 
13C NMR (75 MHz, CDCl3) 

δ 173.2 (C), 166.7 (C), 72.0 (CH2), 58.6 (CH3), 32.3 (C), 28.9 (CH2), 28.1 (CH3), 25.2 (CH2), 

23.3 (CH2); MS (ESI) m/z 447 [(MM + Na)+, 10], 235 [M + Na)+, 5], 213 [(M + H)+, 100], 181 

[(M – OMe)+, 9]; HRMS (ESI) m/z C11H21N2O2 ([M + H]+) calcd for 213.1598, found 213.1593. 

[4‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)butyl]dimethylamine 334 

 

Trimethylacetyl anhydride (1.50 mL, 1.40 g, 7.51 mmol, 1.2 eq) was added to a stirred solution 

of tetrazole 151 (1.06 g, 6.26 mmol, 1.0 eq) in DMF (20 mL) at rt and the resulting solution 

was stirred and heated at 120 °C for 16 h. The resulting solution was allowed to cool to rt and 

the solvent was removed via vacuum distillation to give the crude product. Purification by flash 

column chromatography on silica with 84:15:1 CH2Cl2-MeOH-NH4OH(aq) as eluent gave 

oxadiazole 334 (291 mg, 21%) as a viscous brown oil, RF (84:15:1 CH2Cl2-MeOH-NH4OH(aq)) 

0.7; IR (ATR) 2972, 2937, 2867, 2815, 2763, 1586, 1559, 1460, 1366, 1263, 1208, 1143, 1039, 

1009, 987, 971, 941, 841, 749, 668 cm-1; 1H NMR (300 MHz, CDCl3) δ 2.84 (t, J = 7.5 Hz, 2H, 

ArCH2), 2.30 (t, J = 7.5 Hz, 2H, NCH2), 2.21 (s, 6H, NMe2), 1.80 (tt, J = 7.5, 7.5 Hz, 2H, CH2), 

1.56 (tt, J = 7.5, 7.5 Hz, 2H, CH2), 1.40 (s, 9H, CMe3);
 13C NMR (75.5 MHz, CDCl3) δ 173.2 

(C), 166.6 (C), 59.0 (CH2), 45.2 (CH3), 32.3 (C), 28.1 (CH3), 26.7 (CH2), 25.3 (CH2), 24.3 

(CH2); MS (ESI) m/z 473 [(MM + Na)+, 5], 274 [M + HCl)+, 11], 248 [M + Na)+, 3], 226 [(M 

+ H)+, 100], 181 [(M – NMe2)
+, 35]; HRMS (ESI) m/z C12H24N3O ([M + H]+) calcd for 

226.1914, found 226.1910. 
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2‐tert‐Butyl‐5‐[2‐(2‐methyl‐1,3‐dioxolan‐2‐yl)ethyl]‐1,3,4‐oxadiazole 337 

Hydrazine monohydrate (2.23 mL, 2.30 g, 46 mmol, 4.0 eq) was added to ester 143 (2.0 g, 11.5 

mmol, 1.0 eq) at rt and the resulting biphasic mixture was stirred and heated at 80 °C for 2 h. 

The resulting solution was allowed to cool to rt, then brine was added and the two layers were 

separated, extracting the aqueous with EtOAc (6 × 20 mL). The combined organic layers were 

dried (Na2SO4) and evaporated under reduced pressure to give the crude acyl hydrazine 335 as 

a colourless oil which was used in the next step without further purification. 1H NMR (300 

MHz, CDCl3) δ 7.00 (br s, NH), 4.03–3.94 (m, 4H, OCH2), 3.89 (br s, 2H, NH2), 2.72 (t, J = 

7.0 Hz, 2H, CH2), 2.04 (t, J = 7.0 Hz, 2H, CH2), 1.32 (s, 3H, Me). 

Trimethylacetaldehyde (0.89 mL, 706 mg, 1.01 eq) was added to a stirred solution of acyl 

hydrazine 335 (1.48 g, 8.1 mmol, 1.0 eq) in EtOH (50 mL) at rt and the resulting solution stirred 

and heated at 90 °C for 16 h. The resulting solution was allowed to cool to rt, then evaporated 

under reduced pressure to give the crude acyl hydrazide 336 as a colourless oil which was used 

in the next step without further purification. 1H NMR (300 MHz, CDCl3) δ 8.96 (br s, 1H, NH), 

7.01 (s, 1H, N=CH), 3.95 (s, 4H, OCH2), 2.26 (t, J = 7.5 Hz, 2H, CH2), 2.03 (t, J = 7.5 Hz, 2H, 

CH2), 1.32 (s, 3H, Me), 1.11 (s, 9H, CMe3). 

Iodine (2.44 g, 9.6 mmol, 1.2 eq) and K2CO3 (3.73 g, 27 mmol, 3.0 eq) was added to a stirred 

solution of acyl hydrazide 336 (1.94 g, 8.0 mmol,1.0 eq) in DMSO (40 mL) at rt and the 

resulting solution stirred and heated at 100 °C for 16 h. The resulting solution was allowed to 

cool to rt and 0.5 M Na2S2O3(aq) (20 mL) and EtOAc (20 mL) were added and the two layers 

were separated, extracting the aqueous with EtOAc (2 × 20 mL). The combined organic layers 

were washed with brine, dried (MgSO4) and evaporated under reduced pressure to give the 

crude product. Purification by flash column chromatography on silica with 40:60 petroleum 

ether-EtOAc as eluent gave oxadiazole 337 (821 mg, 43%) as a yellow oil, RF (40:60 petroleum 

ether-EtOAc) 0.2; IR (ATR) 2974, 2936, 2875, 1588, 1559, 1461, 1370, 1345, 1252, 1222, 

1141, 1100, 1055, 1037, 973, 948, 864, 822, 750 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.99–

3.89 (m, 4H, OCH2), 2.92 (t, J = 8.0 Hz, 2H, CH2), 2.15 (t, J = 8.0 Hz, 2H, CH2), 1.40 (s, 9H, 
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CMe3), 1.35 (s, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 173.1 (C), 166.6 (C), 108.8 (C), 64.9 

(CH2), 35.4 (CH2), 32.3 (C), 28.1 (CH3), 24.0 (CH2), 20.2 (CH3); MS (ESI) m/z 503 [(MM + 

Na)+, 16], 481 [(MM + H)+, 11], 263 [(M + Na)+, 3], 241 [(M + H)+, 100], 197 [(M – 

OCH2CH2)
+, 8]; HRMS (ESI) m/z C12H21N2O3 ([M + H]+) calcd for 241.1547, found 241.1543. 

tert‐Butyl N‐[(tert‐butoxy)carbonyl]‐N‐[3‐(5‐tert‐butyl‐1,3,4‐oxadiazol‐2-

yl)propyl]carbamate 341 

 

EDC·HCl (1.73 g, 9 mmol, 1.5 eq) was added to a stirred solution of 2,2‐

dimethylpropanehydrazide 339 (694 mg, 6 mmol, 1.0 eq), acid 338 (2.18 g, 7.2 mmol, 1.2 eq), 

HOBt·H2O (1.10 g, 7.2 mmol, 1.2 eq) and Et3N (1.09 mL, 789 mg, 7.8 mmol, 1.3 eq) in CH2Cl2 

(60 mL) at rt and the resulting solution was stirred at rt for 16 h. Then, saturated NaHCO3(aq) 

(60 mL) was added and the two layers were separated, extracting the aqueous with EtOAc (3 

x 60 mL). The combined organic layers were dried (Na2SO4) and evaporated under reduced 

pressure to give crude diacyl hydrazide 340 which was used in the next step without further 

purification. 1H NMR (300 MHz, CDCl3) δ 8.88 (br s, 1H, NH), 8.42 (br s, 1H, NH), 3.62 (br 

t, J = 7.0 Hz, 2H, NCH2), 2.26 (br t, J = 7.0 Hz, 2H, C=OCH2), 1.89 (br tt, J = 7.0, 7.0 Hz, 2H, 

CH2CH2), 1.46 (s, 18H, 2 × OCMe3), 1.21 (s, 9H, C=OCMe3). 

TsCl (3.43 g, 18 mmol, 3.0 eq) was added to a stirred solution of hydrazide 340 and Et3N (1.67 

mL, 1.21 g, 12 mmol, 2.0 eq) in MeCN (100 mL) and rt and the resulting solution was stirred 

at rt for 16 h. Then, the solvent was then evaporated under reduced pressure. EtOAc (50 mL) 

and 1 M HCl(aq) (50 mL) were added to the residue and the two layers were separated, extracting 

the aqueous with EtOAc (3 x 50 mL). The combined organic layers were dried (MgSO4) and 

evaporated under reduced pressure to give the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave oxadiazole 341 

(1.23 g, 53%) as a pale yellow solid, m.p. 86–89 °C;  RF (70:30 petroleum ether-EtOAc) 0.2; 
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IR (ATR) 2974, 2937, 2909, 1722 (C=O str), 1699, 1680, 1652, 1588, 1557, 1458, 1456, 1436, 

1404, 1299, 1259, 1211, 1168, 1137, 1116, 1057, 1035, 1000, 977, 963, 891, 864, 792, 783, 

761 cm-1; 1H NMR (400 MHz, CDCl3) δ 3.71 (t, J = 7.0 Hz, 2H, NCH2), 2.83 (t, J = 7.0 Hz, 

2H, C=OCH2), 2.06 (tt, J = 7.0, 7.0 Hz, 2H, CH2CH2), 1.50 (s, 18H, 2 × C(O)CMe3), 1.40 (s, 

9H, CMe3); 
13C NMR (101 MHz, CDCl3) δ 173.3 (C), 166.1 (C), 152.3 (C), 82.5 (C), 45.5 

(CH2), 32.3 (C), 28.2 (CH3), 28.1 (2 × CH3), 25.9 (CH2), 23.0 (CH2); MS (ESI) m/z 789 [(MM 

+ Na)+, 56], 767 [M + Na)+, 24], 406 [(M +Na)+, 53], 384 [(M + H)+, 4], 284 [(M – Boc + H)+, 

100], 228 [(M– Boc – tBu + H)+, 58], 184 [(M– Boc × 2 + H3)
+, 22] ; HRMS (ESI) m/z 

C19H34N3O5 ([M + H]+) calcd for 384.2493, found 384.2493. 

2‐Propyl‐5‐(trifluoromethyl)‐1,3,4‐oxadiazole 342 

 

Using general procedure L, TFAA (0.85 mL, 6 mmol, 1.2 eq), tetrazole 119 (561 mg, 5 mmol, 

1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 mL) at 110 °C for 16 h gave the 

crude product. Purification by flash column chromatography on silica with 95:5 petroleum 

ether-EtOAc as eluent gave oxadiazole 342 as a colourless oil. Significant mass was lost when 

342 was subjected to high vacuum due to the high volatility of 342. 

2‐Octyl‐5‐(trifluoromethyl)‐1,3,4‐oxadiazole 343 

 

Using general procedure L, TFAA (0.85 mL, 6 mmol, 1.2 eq), tetrazole 121 (911 mg, 5 mmol, 

1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) in PhMe (15 mL) at 110 °C for 16 h gave the 

crude product. Purification by flash column chromatography on silica with 95:5 petroleum 

ether-EtOAc as eluent gave oxadiazole 343 (1.19 g, 95%) as a colourless oil. RF (95:5 

petroleum ether-EtOAc) 0.3; IR (ATR) 2958, 2928, 2857, 1588, 1564, 1467, 1406, 1206, 1161, 

1129, 1007, 955, 757; 1H NMR (300 MHz, CDCl3) δ 2.94 (t, J = 7.5 Hz, 2H, ArCH2), 1.84 (tt, 

J = 7.5, 7.5 Hz, 2H, ArCH2CH2), 1.52–1.25 (m, 10H, ArCH2CH2(CH2)5Me), 0.87 (br t, J = 7.0 

Hz, 3H, Me); 13C NMR (75 MHz, CDCl3) δ 169.0 (C), 155.2 (q, J = 44.0 Hz, C), 116.3 (q, J = 

271.5 Hz, C), 31.7 (CH2), 29.0 (2 × CH2), 28.9 (CH2), 26.2 (CH2), 25.3 (CH2), 22.6 (CH2), 

14.1 (CH3); 
19F NMR (282 MHz, CDCl3) δ –65.3; MS (ESI) m/z 427 [(MM + Na – CF3CO)+, 

10], 405 427 [(MM + H – CF3CO)+, 100], 251 [(M + H)+, 5]; HRMS (ESI) m/z C11H18F3N2O3 

([M + H]+) calcd for 251.1366, found 251.1368. 
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tert‐Butyl 5‐propyl‐1,3,4‐oxadiazole‐2‐carboxylate 345 

 

oxalyl chloride (0.59 mL, 889 mg, 7 mmol, 1.0 eq) was added into a solution of tert-Butanol 

(0.72 mL, 556 mg, 7.5 mmol, 1.07 eq) in PhMe (15 mL) at 0 °C. The resulting solution was 

allowed to warm to rt and stirred for 2 h to give a solution of acid chloride 344 in PhMe which 

was used in the next step without further purification. 

Tetrazole 119 (561 mg, 5 mmol, 1.0 eq) and DMAP (61 mg, 0.5 mmol, 10 mol%) was added 

into a solution of 344 in PhMe (15 mL) at rt. The resulting solution was stirred heated at 110 

°C for 2 h. After cooling to rt, H2O (20 mL) was added and the two layers were separated. The 

aqueous layer was extracted with EtOAc (3 × 20 mL). The combined organic layers were 

washed with brine (50 mL), dried (MgSO4) and evaporated under reduced pressure to give the 

crude product. Purification by flash column chromatography on silica with 80:20 petroleum 

ether-EtOAc as eluent gave oxadiazole 345 (818 mg, 77%) as a white solid, m.p. 57–60 °C; RF 

(80:20 petroleum ether-EtOAc) 0.2; IR (ATR) 1H NMR (300 MHz, CDCl3) δ 2.87 (t, J = 7.5 

Hz, 2H, ArCH2), 1.84 (sextet, J = 7.5 Hz, 2H, CH2CH2Me), 1.61 (s, 9H, CMe3) 1.00 (t, J = 7.5 

Hz, 3H, CH2Me); 13C NMR (75 MHz, CDCl3) δ 169.0 (C), 157.6 (C), 153.5 (C), 85.8 (C), 28.0 

(CH3), 27.3 (CH2), 20.0 (CH2), 13.5 (CH3). MS (ESI) m/z 447 [(MM + Na)+, 13], 425 [M + 

Na)+, 44], 230 [(M + NH4)
+, 12] 213 [(M + H)+, 57], 179 [(M – tBu + H)+, 2], 157 [(M – tBu)+, 

100]; HRMS (ESI) m/z C10H17N2O3 ([M + H]+) calcd for 212.1234, found 212.1233. 

3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐2‐methylpentan‐2‐ol 346 

 

Using general procedure E, n-BuLi (0.6 mL of a 2.5 M solution in hexanes, 1.5 mmol, 1.28 eq) 

and 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 1 h then Me2CO (0.15 mL, 

116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H NMR spectrum of the 

crude mixture in the presence of Me2SO2 as internal standard showed that oxadiazole 346 was 

present in 44% conversion. 

Using general procedure E, n-BuLi (0.6 mL of a 2.5 M solution in hexanes, 1.5 mmol, 1.28 eq) 

and 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (7 mL) at –30 °C for 30 min then Me2CO (0.15 
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mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H NMR spectrum of 

the crude mixture in the presence of Me2SO2 as internal standard showed that oxadiazole 346 

was present in 48% conversion. 

Using general procedure E, s-BuLi (1.3mL of a 1.3 M solution in cyclohexane/hexane, 1.56 

mmol, 1.33 eq) and 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (7 mL) at –78 °C for 20 min then 

Me2CO (0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H 

NMR spectrum of the crude mixture in the presence of Me2SO2 as internal standard showed 

that oxadiazole 346 was present in 96% conversion. 

Using general procedure E, s-BuLi (1.3mL of a 1.3 M solution in cyclohexane/hexane, 1.56 

mmol, 1.33 eq) and 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (7 mL) at –30 °C for 1 min then 

Me2CO (0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H 

NMR spectrum of the crude mixture in the presence of Me2SO2 as internal standard showed 

that oxadiazole 346 was present in 80% conversion. 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 20 min then Me2CO (0.15 mL, 

116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H NMR spectrum of the 

crude mixture in the presence of Me2SO2 as internal standard showed that oxadiazole 346 was 

present in 82% conversion. 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO (0.15 mL, 

116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H NMR spectrum of the 

crude mixture in the presence of Me2SO2 as internal standard showed that oxadiazole 346 was 

present in 95% conversion. 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at rt for 10 s then Me2CO (0.15 mL, 116 mg, 

2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H NMR spectrum of the crude 

mixture in the presence of Me2SO2 as internal standard showed that oxadiazole 346 was present 

in 0% conversion. 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 221 

(196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO (0.15 mL, 116 

mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column chromatography 

on silica with 50:50 petroleum ether-EtOAc as eluent gave oxadiazole 346 (226 mg, 86%) as 

a white solid, m.p. 77–80 °C; RF (50:50 petroleum ether-EtOAc) 0.2; IR (ATR) 3362 (O-H str), 

2968, 2873, 2360, 1575, 1556, 1463, 1378, 1369, 1274, 1201, 1137, 1013, 984, 934, 841, 636 
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cm-1;  1H NMR (300 MHz, CDCl3) δ 2.92 (dd, J = 11.0, 4.5 Hz, 1H, ArCH), 1.95–1.92 (m, 2H, 

CH2), 1.43 (s, 9H, CMe3), 1.26 (s, 3H, HOCMeAMeB), 1.23 (s, 3H, HOCMeAMeB), 0.84 (t, J = 

7.5 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 173.1 (C), 168.7 (C), 71.9 (C), 50.7 (CH), 

32.3 (C), 28.4 (CH3), 28.1 (CH3), 21.6(CH2), 12.5 (CH3); MS (ESI) m/z 475 [(MM + Na)+, 23], 

453 [(MM + H)+, 6], 249 [M + Na)+, 20], 227 [(M + H)+, 100] 209 [(M – OH)+, 48]; HRMS 

(ESI) m/z C12H23N2O2 ([M + H]+) calcd for 227.1754, found 227.1757. 

Using general procedure M, 0.25 M of oxadiazole 221 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of Me2CO in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. 

Purification by flash column chromatography on silica with 50:50 petroleum ether-EtOAc as 

eluent gave oxadiazole 346 (117 mg, 82%) as a white solid. 

Using general procedure M, 0.25 M of oxadiazole 221 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of Me2CO in THF for 

2.6 s at rt. The solution was collected for 5 min (12.5 mmol) to give the crude product. 

Purification by flash column chromatography on silica with 50:50 petroleum ether-EtOAc as 

eluent gave oxadiazole 346 (2.41 g, 85%) as a white solid. 

2‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐1,1‐diphenylbutan‐1‐ol 347 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Ph2CO 

(364 mg, 2.0 mmol, 1.7 eq) in THF (3 mL) gave the crude product. Purification by flash column 

chromatography on silica with 85:15 petroleum ether-EtOAc as eluent gave oxadiazole 347 as 

a white solid,  m.p. 150–155 °C; RF (85:15 petroleum ether-EtOAc) 0.2; IR (ATR) 3494 (O-H 

str), 3427, 3062, 2974, 2933, 2876, 2360, 2342, 1572, 1551, 1493, 1449, 1392, 1368, 1306, 

1277, 1258, 1178, 1138, 1094, 1064, 1031, 975, 916, 882, 750, 697, 654, 596 cm-1; 1H NMR 

(300 MHz, CDCl3) δ 7.59–7.55 (m, 2H, Ph), 7.44–7.40 (m, 2H, Ph), 7.35–7.29 (m, 2H, Ph), 

7.24–7.14 (m, 3H, Ph), 7.09–7.03 (m, 1H, Ph), 4.51 (s, 1H, OH), 4.03 (dd, J = 11.5, 3.5 Hz, 

1H, ArCH), 2.10–1.94 (m, 1H, CHAHB), 1.72–1.58 (m, 1H, CHAHB), 1.29 (s, 9H, CMe3), 0.81 

(t, J = 7.5 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 172.6 (C), 168.4 (C), 146.6 (C), 144.0 

(C), 128.3 (CH), 128.1 (CH), 126.8 (2 × CH), 125.4 (CH), 125.2(CH), 79.0 (C), 48.4 (CH), 

32.2 (C), 27.8 (CH3), 22.7 (CH2), 12.2 (CH3); MS (ESI) m/z 723 [(MM + Na)+, 4], 701 [(MM 
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+ H)+, 20], 373 [M + Na)+, 29], 351 [(M + H)+, 69] 333 [(M – OH)+, 100]; HRMS (ESI) m/z 

C22H27N2O2 ([M + H]+) calcd for 351.2067, found 351.2069; CSP-HPLC: Chiralpak IA (92:8 

hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 7.16 min, enantiomer 2: 8.91 min. 

X-ray structure of 347: 
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2‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐1‐phenylbutan‐1‐ol 348 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then PhCHO 

(0.2 mL, 212 mg, 2.0 mmol, 1.7 eq) gave the crude product as a 60:40 mixture of diastereomers. 

Purification by flash column chromatography on silica with 50:50 petroleum ether-EtOAc as 

eluent gave oxadiazole 348 (Major: 122 mg, 38%, minor: 98 mg, 31%). Major: pale yellow oil, 

RF (50:50 petroleum ether-EtOAc) 0.3; IR (ATR) 3349 (O-H str), 3062, 3030, 2969, 2934, 

2875, 2360, 2341, 1653, 1577, 1558, 1455, 1367, 1272, 1206, 1146, 1053, 984, 913, 818, 767, 

700, 619, 589 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.34–7.16 (m, 5H, Ph), 5.05 (d, J = 6.0 Hz, 

1H, OCH), 3.23 (ddd, J = 10.0, 6.0, 5.0 Hz, 1H, ArCH), 3.04 (br s, 1H, OH), 1.99–1.79 (m, 

2H, CH2), 1.31 (s, 9H, CMe3), 0.87 (t, J = 7.5 Hz, 3H, Me); 13C NMR (101 MHz, CDCl3) 173.0 

(C), 167.4 (C), 141.3 (C), 128.4 (CH), 127.9 (CH), 126.0 (CH), 74.9 (CH), 47.0 (CH), 32.3 

(C), 28.0 (CH3), 21.5 (CH2), 11.9 (CH3); MS (APCI) m/z 275 [(M + H)+, 100]; HRMS (APCI) 

m/z C16H22N2O2 ([M + H]+) calcd for 275.1754, found 275.1753. Minor: pale yellow oil, IR 

(ATR) 3349 (O-H str), 3062, 3030, 2969, 2934, 2875, 2360, 2341, 1653, 1577, 1558, 1455, 

1367, 1272, 1206, 1146, 1053, 984, 913, 818, 767, 700, 619, 589 cm-1; RF (50:50 petroleum 

ether-EtOAc) 0.2; 1H NMR (300 MHz, CDCl3) δ 7.47–7.17 (m, 5H, Ph), 4.99 (d, J = 7.5 Hz, 

1H, OCH), 3.23 (ddd, J = 8.5, 7.5, 5.5 Hz, 1H, ArCH), 1.79–1.61 (m, 2H, CH2), 1.36 (s, 9H, 

CMe3), 0.84 (t, J = 7.5 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 173.0 (C), 167.4 (C), 

141.29 (C), 128.4 (CH), 127.9 (CH), 126.0 (CH), 74.9 (CH), 47.0 (CH), 32.3 (C), 28.0 (CH3), 

23.3(CH2), 11.9 (CH3); MS (APCI) m/z 275 [(M + H)+, 100]; HRMS (APCI) m/z C16H22N2O2 

([M + H]+) calcd for 275.1754, found 275.1755. 

Using general procedure M, 0.25 M of oxadiazole 221 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of PhCHO in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. 

Purification by flash column chromatography on silica with 50:50 petroleum ether-EtOAc as 

eluent gave a 60:40 diastereomeric mixtures of oxadiazole 348 (198 mg, 43% of major and 

29% of minor) as a pale yellow oil. 
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2‐(Butan‐2‐yl)‐5‐tert‐butyl‐1,3,4‐oxadiazole 349 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then MeI (0.13 

mL, 284 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave oxadiazole 349 

(168 mg, 79%) as a pale yellow oil, RF (80:20 petroleum ether-EtOAc) 0.3; IR (ATR) 2972, 

2936, 2877, 2360, 2342, 1718, 1581, 1558, 1461, 1367, 1261, 1221, 1208, 1160, 1135, 1089, 

1034, 1004, 971, 941, 880, 850, 807, 762, 668, 597 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.02 

(sextet, J = 7.0 Hz, 1H, ArCH), 1.92–1.62 (m, 2H, CH2), 1.41 (s, 9H, CMe3), 1.35 (d, J = 7.0 

Hz, 3H, MeCH), 0.93 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (75 MHz, CDCl3) δ 172.9 (C), 

170.1 (C), 33.0 (CH), 32.3 (C), 28.1 (CH3), 27.7 (CH2), 17.5 (CH3) 11.4 (CH3); MS (APCI) 

m/z 183 [(M + H)+, 100]; HRMS (APCI) m/z C10H19N2O ([M + H]+) calcd for 183.1492, found 

183.1489; CSP-GC: β-Dex, (110 °C, 35 cm s–1) (R)-349: 51.6 min, (S)-349: 52.3 min. 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 1 

(196 mg, 1.0 mmol, 1.17 eq) in THF (4 mL) at –30 °C for 1 min then Me2SO4 (0.19 mL, 252 

mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column chromatography 

on silica with 80:20 petroleum ether-EtOAc as eluent gave oxadiazole 5 (154 mg, 72%) as a 

pale yellow oil. 

Using general procedure M, 0.25 M of oxadiazole 221 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of MeI in THF for 2.6 

s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. Purification 

by flash column chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave 

oxadiazole 349 (80 mg, 70%) as a pale yellow oil. 

2‐tert‐Butyl‐5‐(1‐phenylbutan‐2‐yl)‐1,3,4‐oxadiazole 350 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then BnBr 

(0.24 mL, 342 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 
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chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave oxadiazole 350 

(222 mg, 74%) as a colourless oil, RF (70:30 petroleum ether-EtOAc) 0.3; IR (ATR) 3086, 

3063, 3028, 2969, 2934, 2875, 2360, 2342, 1604, 1579, 1557, 1496, 1455, 1366, 1208, 1143, 

1072, 1011, 972, 805, 749, 699, 587 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.25–7.14 (m, 3H, 

Ph), 7.13–7.06 (m, 2H, Ph), 3.21 (dddd, J = 7.5, 7.5, 7.5, 7.5 Hz, 1H, ArCH), 3.05 (dd, J = 12.5, 

7.5 Hz, 1H, PhCHAHB), 2.99 (dd, J = 12.5, 7.5 Hz, 2H, PhCHAHB), 1.79 (dq, J = 7.5, 7.5 Hz, 

2H, MeCH2), 1.35 (s, 9H, CMe3), 0.91 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (75 MHz, CDCl3) 

175.9 (C), 156.8 (C), 138.7 (C), 128.9 (CH), 128.4 (CH), 126.5 (CH), 40.8 (CH), 39.2 (CH2), 

32.3 (C) 28.1 (CH3), 25.8 (CH2), 11.6 (CH3); MS (APCI) m/z 259 [(M + H)+, 100]; HRMS 

(APCI) m/z C16H23N2O ([M + H]+) calcd for 259.1805, found 259.1805. 

Using general procedure M, 0.25 M of oxadiazole 221 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of BnBr in THF for 2.6 

s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. Purification 

by flash column chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave 

oxadiazole 350 (117 mg, 72%) as a colourless oil. 

2‐tert‐Butyl‐5‐(hex‐5‐en‐3‐yl)‐1,3,4‐oxadiazole 351 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then AllylBr 

(0.17 mL, 242 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave oxadiazole 351 

(194 mg, 80%) as a colourless oil, RF (80:20 petroleum ether-EtOAc) 0.2; IR (ATR) 3079, 

2971, 2935, 2876, 2360, 2341, 1580, 1558, 1461, 1366, 1208, 1146, 994, 972, 914, 808, 760, 

668, 647, 595 cm-1; 1H NMR (300 MHz, CDCl3) δ 5.72 (dddd, J = 17.0, 10.0, 7.0, 7.0 Hz, 1H, 

H2C=CH), 4.99–4.96 (m, 2H, H2C=CH), 3.00 (dddd, J = 7.5, 7.5, 7.5, 7.5 Hz, 1H, ArCH), 

2.56–2.38 (m, 2H, CH2CH=CH2), 1.76 (dq, J = 7.5, 7.5 Hz, MeCH2), 1.39 (s, 9H, CMe3), 0.90 

(t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (75.5 MHz, CDCl3) 173.0 (C), 168.7 (C), 134.8 (CH), 

117.2 (CH2), 38.6 (CH), 36.8 (CH2), 32.3 (C) 28.7 (CH3), 25.5 (CH2), 11.5 (CH3); MS (APCI) 

m/z 209 [(M + H)+, 100]; HRMS (APCI) m/z C12H21N2O ([M + H]+) calcd for 209.1648, found 

209.1647. 
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2‐tert‐Butyl‐5‐[1‐(trimethylsilyl)propyl]‐1,3,4‐oxadiazole 352 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then TMSCl 

(0.17 mL, 242 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave oxadiazole 352 

(143 mg, 51%) as a colourless oil, RF (70:30 petroleum ether-EtOAc) 0.3; IR (ATR) 2970, 

2936, 2876, 2360, 2342, 1586, 1561, 1462, 1366, 1208, 1143, 1036, 1006, 972, 941, 898, 810, 

752, 668, 589 cm-1; 1H NMR (300 MHz, CDCl3) δ 2.33 (dd, J = 11.5, 4.0 Hz, 1H, ArCH), 

1.99–1.68 (m, 2H, CH2), 1.40 (s, 9H, CMe3), 0.96 (t, J = 7.5 Hz, 3H, MeCH2), 0.85 (s, 9H, 

SiMe3); 
13C NMR (75 MHz, CDCl3) ) δ 173.1 (C), 166.8 (C), 32.3 (C), 28.1 (CH3), 27.2 (CH), 

20.1(CH2), 13.6 (CH3) 1.34 (CH3); MS (APCI) m/z 337 [(MM – SiMe3 × 2 + H)+, 100],169 

[(M – SiMe3)
+, 75]; HRMS (APCI) m/z C12H25N2OSi ([M + H]+) calcd for 241.1731, found 

241.1734. 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

oxaidazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then TMSBr 

(0.26 mL, 306 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave oxadiazole 352 

(182 mg, 65%) as a colourless oil. 

Using general procedure M, 0.25 M of oxadiazole 221 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of TMSBr in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. Only 

trace product 352 and oxadiazole 221 was observed from the 1H NMR spectrum of the crude 

product and therefore further purifications were not attempted. 

2‐tert‐Butyl‐5‐[(1‐2H1)propyl]‐1,3,4‐oxadiazole 221-d1 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then MeOD-

d4 (0.08 mL, 72 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 
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chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave 221-d1 with 76% 

deturation. RF (80:20 petroleum ether-EtOAc) 0.3; 1H NMR (300 MHz, CDCl3) δ 2.83–2.74 

(m, 0.58H, ArCH2), 1.87–1.74 (m, 2H, CH2CH2Me), 1.41 (s, 9H, CMe3) 1.01 (t, J = 7.5 Hz, 

3H, CH2Me). 

2‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐N‐(propan‐2‐yl)butanamide 353 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then i-PrNCO 

(0.20 mL, 170 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 50:50 petroleum ether-EtOAc as eluent gave oxadiazole 353 

(71 mg, 24%) as a colourless oil, m.p. 79–81 °C; RF (50:50 petroleum ether-EtOAc) 0.3; IR 

(ATR) 3282 (N-H str), 307, 2970, 2937, 2874, 1683, (C=O str), 1585, 1557, 1549, 1464, 1385, 

1366, 1335, 1288, 1269, 1224, 1147, 1096, 1040, 1018, 985, 964, 945, 906, 862, 803, 758 cm-

1; 1H NMR (300 MHz, CDCl3) δ 6.75 (br s, 1H, NH), 4.18–4.01 (m, 1H, NCH), 3.70 (dd, J = 

7.0, 7.0 Hz, 1H, ArCH), 2.20 – 2.06 (m, 2H, CH2), 1.42 (s, 9H, CMe3), 1.16 (d, J = 7.0 Hz, 3H, 

CHMeAMeB), 1.14 (d, J = 7.0 Hz, 3H, CHMeAMeB), 0.93 (t, J = 7.5 Hz, 3H, CH2Me); 13C NMR 

(101 MHz, CDCl3) δ 173.6 (C), 166.7 (C), 165.4 (C), 46.1 (CH), 41.9 (CH), 32.4 (C), 28.0 

(CH3), 25.0 (CH2), 22.5 (CH3), 22.4 (CH3), 11.2 (CH3); MS (ESI) m/z 529 [(MM + Na)+, 10], 

507 [(MM + H)+, 9], 276 [M + Na)+, 5], 254 [(M + H)+, 100]; HRMS (ESI) m/z C13H24N3O2 

([M + H]+) calcd for 254.1863, found 254.1863. 

Using general procedure M, 0.25 M of oxadiazole 221 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of i-PrNCO in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. No 

oxadiazole 352 was observed from the 1H NMR spectrum of the crude product and therefore 

further purifications were not attempted. 
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Attempted synthesis of 2‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐N‐(4-

methylbenzenesulfonyl)butanamide 354 

 

Using general procedure D, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min and TMSCl (0.17 mL, 

242 mg, 2.0 mmol, 1.7 eq) gave the crude product. No product was observed by 1H NMR of 

the crude mixture. 

Attempted synthesis of 2‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)butanal 355 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then DMF (0.15 mL, 146 

mg, 2.0 mmol, 1.7 eq) gave the crude product. No product was observed by 1H NMR of the 

crude mixture. 

Attempted synthesis of 2‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐1‐phenylbutan‐1‐one 356 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then PhCOCl (0.23 mL, 

281 mg, 2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H NMR spectrum of the 

crude product revealed a complex mixture of unidentifiable products; after attempted flash 

column chromatography, no product was isolated. 
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DMP (0.56 mL of a 15% solution in CH2Cl2, 0.27 mol, 1.5 eq) was added to a stirred solution 

of oxadiazole 348 (47 mg, 0.18 mmol, 1.0 eq) in CH2Cl2 (2 mL) at rt and stirred for 16 h. 

Saturated NaHCO3(aq) (2 mL) was added and the two layers were separated, extracting the 

aqueous with CH2Cl2 (3 × 2 mL). The combined organic layers were dried (MgSO4) and 

evaporated under reduced pressure to give the crude product. After attempted flash column 

chromatography, no product was isolated. 

Attempted synthesis of 2‐tert‐Butyl‐5‐[1‐(tributylstannyl)propyl]‐1,3,4‐oxadiazole 357 

 

Using general procedure D, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min and Bu3SnCl (0.54 mL, 

651 mg, 2.0 mmol, 1.7 eq) gave the crude product. No product was observed by 1H NMR of 

the crude mixture. 

Attempted synthesis of 2‐tert‐Butyl‐5‐(1‐iodopropyl)‐1,3,4‐oxadiazole 358 

 

Using general procedure D, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.28 eq) and 

221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min and I2 (508 mg, 2.0 mmol, 

1.7 eq) gave the crude product. No product was observed by 1H NMR of the crude mixture. 

Methyl 2‐(5‐tert‐butyl‐1,3,4‐oxadiazol‐2‐yl)butanoate 360 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 221 

(196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then MeCO2Cl (0.15 mL, 189 

mg, 2.0 mmol, 1.7 eq) gave the crude product. Inspection of the 1H NMR spectrum of the crude 
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product revealed a complex mixure of unidentifiable products; after attempted flash column 

chromatography, no product was isolated. 

1,3‐Dimethyl 2‐(5‐tert‐butyl‐1,3,4‐oxadiazol‐2‐yl)‐2‐ethylpropanedioate 361 

 

Using general procedure E, LDA (3 mL of a 0.9 M solution in THF, 2.7 mmol, 2.3 eq) and 

oxadiazole 221 (196 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then MeCO2Cl 

(0.31 mL, 378 mg, 4.0 mmol, 3.4 eq) gave the crude product. Purification by flash column 

chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave oxadiazole 361 

(150 mg, 43%) as a colourless oil, RF (80:20 petroleum ether-EtOAc) 0.2;  IR (ATR) 2974, 

1742 (C=O str), 1571, 1554, 1461, 1436, 1306, 1235, 1126, 996, 942, 794, 675, 601 cm-1; 1H 

NMR (300 MHz, CDCl3) δ 3.81 (s, 6H, 2 × OMe), 2.46 (q, J = 7.5 Hz, 2H, CH2), 1.42 (s, 9H, 

CMe3), 1.08 (t, J = 7.5 Hz, 3H, MeCH2); 
13C NMR (75.5 MHz, CDCl3) δ 174.2 (2 × C), 167.1 

(C), 162.4 (C), 59.1 (C), 53.4 (2 × CH3), 32.5 (C), 28.0 (CH3), 27.4 (CH2), 9.51 (CH3); MS 

(ESI) m/z 307 [(M + Na)+, 5], 285 [(M + H)+, 100], 225 [(M – CO2Me)+, 4]; HRMS (ESI) m/z 

C13H21N2O5 ([M + H]+) calcd for 285.1445, found 285.1445. 

2‐Methyl‐3‐(5‐phenyl‐1,3,4‐oxadiazol‐2‐yl)pentan‐2‐ol 362 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 324 (220 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave oxadiazole 362 as 

(204 mg, 71%) viscous cream oil,  RF (60:40 petroleum ether-EtOAc) 0.2; IR (ATR) 3373 (O-

H str), 2970, 2895, 2876, 1610, 1572, 1551, 1486, 1450, 1364, 1256, 1240, 1200, 1175, 1145, 

1086, 1069, 1026, 1007, 932, 883, 777 cm-1; 1H NMR (300 MHz, DMSO-d6) δ 8.04–7.91 (m, 

2H, Ph), 7.68–7.50 (m, 3H, Ph), 4.75 (s, 1H, OH), 2.96 (dd, J = 11.5, 3.5 Hz, 1H, ArCH), 2.03–

1.70 (m, 2H, CH2), 1.21 (s, 3H, HOCMeAMeB), 1.15 (s, 3H, HOCMeAMeB), 0.77 (t, J = 7.5 Hz, 

3H, Me) ); 13C NMR (75.5 MHz, DMSO-d6) δ 168.0 (C), 164.3 (C), 132.2 (C), 129.9 (CH), 

126.8 (CH), 124.1 (CH), 71.0 (C), 51.5 (CH), 27.8 (CH3), 27.7 (CH3), 21.4 (CH2), 13.0 (CH3); 

MS (ESI) m/z 515 [(MM + Na)+, 26], 493 [(MM + H)+, 12], 263 [M + Na)+, 11], 247 [(M + 
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H)+, 100], 229 [(M – OH)+, 20]; HRMS (ESI) m/z C14H19N2O2 ([M + H]+) calcd for 247.1441, 

found 247.1434. 

Using general procedure M, 0.25 M of oxadiazole 324 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of Me2CO in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. 

Purification by flash column chromatography on silica with 60:40 petroleum ether-EtOAc as 

eluent gave oxadiazole 362 (93 mg, 60%) as a viscous cream oil. 

3‐[5‐(2,2‐Dimethylpropyl)‐1,3,4‐oxadiazol‐2‐yl]‐2‐methylpentan‐2‐ol 363 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 325 (213 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 40:60 petroleum ether-EtOAc as eluent gave oxadiazole 363 

(169 mg, 60%) as a colourless oil, RF (40:60 petroleum ether-EtOAc) 0.3; IR (ATR) 3298 (O-

H str), 2968, 2939, 2873, 1586, 1563, 1462, 1365, 1204, 1147, 1002, 991, 979, 905, 832, 789 

cm-1; 1H NMR (300 MHz, CDCl3) δ 2.93 (dd, J = 10.5, 5.0 Hz, 1H, CH), 2.75 (s, 2H, Me3CCH2), 

2.40 (br s, 1H, OH), 2.03–1.79 (m, 2H, CHCH2), 1.27 (s, 3H, HOCMeAMeB), 1.24 (s, 3H, 

HOCMeAMeB), 0.83 (t, J = 7.5 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ δ 167.9 (C), 165.6 

(C), 71.9 (C), 50.7 (CH), 39.0 (CH2), 31.6 (C), 29.4 (CH3), 28.5 (CH3), 27.2 (CH3), 21.6 (CH2), 

12.5 (CH3); MS (ESI) m/z 503 [(MM + Na)+, 55], 481 [(MM + H)+, 45], 263 [(M + Na)+, 6], 

241 [(M + H)+, 100], 223 [(M – OH)+, 14]; HRMS (ESI) m/z C13H25N2O2 ([M + H]+) calcd for 

241.1911, found 241.1909. 

Using general procedure E, LiTMP (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 325 (213 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 40:60 petroleum ether-EtOAc as eluent gave oxadiazole 363 

(211 mg, 75%) as a colourless oil. 

Using general procedure M, 0.25 M of oxadiazole 325 in THF and 0.5 M solution of LiTMP 

in THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of Me2CO in THF 

for 2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. 
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Purification by flash column chromatography on silica with 40:60 petroleum ether-EtOAc as 

eluent gave oxadiazole 363 (107 mg, 71%) as a colourless oil. 

2‐Methyl‐3‐[5‐(propan‐2‐yl)‐1,3,4‐oxadiazol‐2‐yl]butan‐2‐ol 364 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 326 (180 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave oxadiazole 364 

(137 mg, 55%) as a colourless oil, RF (60:40 petroleum ether-EtOAc) 0.2; IR (ATR) 3374 (O-

H str), 2971, 2936, 2877, 1581, 1559, 1462, 1381, 1367, 1312, 1232, 1201, 1173, 1148, 1095, 

1057, 1032, 963, 933, 904, 882, 838, 792, 752 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.19 (septet, 

J = 7.0 Hz, 1H, Me2CH), 2.91 (dd, J = 10.0, 5.0 Hz, 1H, ArCH), 2.44 (br s, 1H, OH), 2.01–

1.74 (m, 2H, CH2), 1.38 (d, J = 7.0 Hz, 1H, Me2CH), 1.26 (s, 3H, HOCMeAMeB), 1.24 (s, 3H, 

HOCMeAMeB), 0.98 (s, 9H, CMe3), 0.84 (t, J = 7.5 Hz, 3H, Me); 13C NMR (75.5 MHz, CDCl3) 

δ 170.8 (C), 167.8 (C), 71.9 (C), 50.8 (CH), 28.4 (CH3), 27.1 (CH3), 26.3 (CH), 21.6 (CH2) 

19.9 (CH3), 19.9 (CH3), 12.5 (CH3); MS (ESI) m/z 447 [(MM + Na)+, 41], 425 [(MM + H)+, 

15], 235 [(M + Na)+, 7], 213 [(M + H)+, 100], 195 [(M – OH)+, 15]; HRMS (ESI) m/z 

C11H21N2O2 ([M + H]+) calcd for 213.1598, found 213.1592. 

Using general procedure E, LiTMP (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 326 (213 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave oxadiazole 364 

(196 mg, 79%) as colourless oil. 

3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐2‐methylbutan‐2‐ol 365 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 328 (180 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 
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chromatography on silica with 40:60 petroleum ether-EtOAc as eluent gave oxadiazole 365 

(155mg, 62%) as colourless oil, RF (40:60 petroleum ether-EtOAc) 0.2; IR (ATR) 3358 (O-H 

str), 2975, 2943, 2877, 1577, 1558, 1471, 1382, 1367, 1309, 1290, 1167, 1141, 1062, 980, 968, 

955, 873, 773 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.12 (q, J = 7.5 Hz, 1H, CH), 2.84 (br s, 1H, 

OH), 1.41 (s, 9H CMe3), 1.39 (t, J = 7.5 Hz, 3H, Me), 1.27 (s, 3H, HOCMeAMeB), 1.26 (s, 3H, 

HOCMeAMeB); 13C NMR (75.5 MHz, CDCl3) δ 172.9 (C), 168.5 (C), 71.8 (C), 42.6 (CH), 32.3 

(C), 28.1 (CH3), 26.1 (2 × CH3), 13.6 (CH3); MS (ESI) m/z 447 [(MM + Na)+, 12], 425 [(MM 

+ H)+, 9], 235 [(M + Na)+, 4], 213 [(M + H)+, 100], 195 [(M – OH)+, 15]; HRMS (ESI) m/z 

C11H21N2O2 ([M + H]+) calcd for 213.1598, found 213.1594. 

3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐2‐methyldecan‐2‐ol 366 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 329 (279 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 50:50 petroleum ether-EtOAc as eluent gave oxadiazole 366 

(246 mg, 71%) as colourless oil, RF (50:50 petroleum ether-EtOAc) 0.2; IR (ATR) 3388 (O-H 

str), 2960, 2925, 2856, 1577, 1557, 1463, 1366, 1206, 1145, 1037, 1007, 968, 905, 800, 760, 

725 cm-1; 1H NMR (300 MHz, CDCl3) δ 2.98 (dd, J = 10.5, 4.5 Hz, 1H, CH), 2.36 (br s, 1H, 

OH), 1.96–1.75 (m, 2H, ArCHCH2), 1.42 (s, 9H, CMe3), 1.31–1.19 (m, 16H, ArCHCH2(CH2)5, 

OHCMe2), 0.85 (br t, J = 7.5 Hz, 3H, ArCHCH2(CH2)5Me); 13C NMR (75.5 MHz, CDCl3) δ 

173.0 (C), 167.9 (C), 71.9 (C), 48.9 (CH), 32.3 (C), 31.7 (CH2), 29.3 (CH2), 29.0 (CH2), 28.4 

(CH3), 28.3 (CH2), 28.1 (CH3), 27.9 (CH2), 27.1 (CH3), 25.6 (CH2), 14.1 (CH3); MS (ESI) m/z 

911 [(MMM + Na)+, 15], 615 [(MM + Na)+, 55], 593 [(MM + H)+, 99], 319 [(M + Na)+, 5], 

297 [(M + H)+, 100], 279 [(M – OH)+, 15]; HRMS (ESI) m/z C17H33N2O2 ([M + H]+) calcd for 

297.2537, found 297.2529. 
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3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐5,5,5-trifluoro-2‐methylpentan‐2‐ol 367 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 330 (260 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave oxadiazole 367 

(244 mg, 74%) as a white solid, m.p. 123–128 °C; RF (60:40 petroleum ether-EtOAc) 0.3; IR 

(ATR) 3348 (O-H str), 2979, 2900, 2875, 2803, 1578, 1559, 1464, 1408, 1275, 1208, 1160, 

1141, 1113, 1039, 1003, 989, 843, 766 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.29 (ddd, J = 6.5, 

3.5, 0.5 Hz, 1H, ArCH), 2.87–2.70 (m, 2H, CH2), 2.35 (s, 1H, OH), 1.42 (s, 9H, CMe3), 1.33 

(s, 3H, HOCMeAMeB), 1.21 (s, 3H, HOCMeAMeB); 13C NMR (101 MHz, CDCl3) δ 173.5 (C), 

166.1 (C), 127.9 (q, J = 276.0 Hz, CF3), 71.5 (C), 42.3 (q, J = 2.0 Hz, CH), 33.4 (q, J = 30.0 

Hz, CH2), 32.4 (C), 28.0 (CH3), 27.7 (CH3), 27.3 (CH3); 
19F NMR (282MHz, CDCl3) –65.5 (t, 

J = 10.5 Hz); MS (ESI) m/z 583 [(MM + Na)+, 9], 561 [M + H)+, 12], 303 [(M + Na)+, 11], 281 

[(M + H)+, 100], 263 [(M – OH)+, 6], 223 [(M – CF3)
+, 6]; HRMS (ESI) m/z C12H20F3N2O2 ([M 

+ H]+) calcd for 281.1471, found 281.1470. 

Using general procedure M, 0.25 M of oxadiazole 330 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of Me2CO in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. 

Purification by flash column chromatography on silica with 70:30 petroleum ether-EtOAc as 

eluent gave oxadiazole 367 (120 mg, 70%) as a white solid. 

3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐2‐methyl‐5‐phenylpentan‐2‐ol 368 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 331 (286 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 50:50 petroleum ether-EtOAc as eluent gave oxadiazole 368 

(251mg, 75%) as a viscous colourless oil,  RF (50:50 petroleum ether-EtOAc) 0.2; IR (ATR) 
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3374 (O-H str), 2972, 2934, 2872, 1575, 1557, 1497, 1454, 1366, 1305, 1143, 1030, 998, 908, 

833, 807 781 cm-1;  1H NMR (300 MHz, CDCl3) δ 7.24 (tt, J = 7.5, 1.5 Hz, 2H, Ph), 7.17 (tt, J 

= 7.5, 1.5 Hz, 1H, Ph), 7.13–7.08 (m, 2H, Ph), 3.03 (dd, J = 10.0, 5.0 Hz, CH), 2.67 (br s, 1H, 

OH), 2.58–2.35 (m, 2H, PhCH2), 2.31–2.10 (m, 2H, CHCH2), 1.42 (s, 9H, CMe3), 1.23 (s, 3H, 

HOCMeAMeB), 1.21 (s, 3H, HOCMeAMeB); 13C NMR (75.5 MHz, CDCl3) δ 173.1 (C), 167.5 

(C), 141.0 (C), 128.5 (CH), 128.4 (CH), 126.1 (CH), 71.9 (C), 48.3 (CH), 34.0 (CH2), 32.4 (C), 

30.1 (CH2), 28.1 (CH3), 28.0 (CH3), 27.2 (CH3); MS (ESI) m/z 929 [(MMM + Na)+, 19], 627 

[(MM + Na)+, 49], 605 [(MM + H)+, 84], 325 [(M + Na)+, 10], 303 [(M + H)+, 100], 285 [(M 

– OH)+, 15]; HRMS (ESI) m/z C18H27N2O2 ([M + H]+) calcd for 303.2067, found 303.2066. 

3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐4‐(3‐chlorophenyl)‐2‐methylbutan‐2‐ol 369 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 332 (310 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 60:40 petroleum ether-EtOAc as eluent gave oxadiazole 369 

(308 mg, 81%) as a white solid, m.p. 61–63 °C; RF (60:40 petroleum ether-EtOAc) 0.2; IR 

(ATR) 3400 (O-H str), 2973, 2937, 2872, 1594, 1577, 1559, 1475, 1462, 1388, 1373, 1364, 

1287, 1148, 1133, 1033, 931, 780, 740 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.14–7.09 (m, 2H, 

Ar), 7.02 (m, 1H, Ar), 6.91 (ddd, J = 4.5, 4.5, 1.5 Hz, 1H, Ar), 3.24 (m, 2H, CH2), 3.07 (dd, J 

= 13.0, 13.0 Hz, 1H, CH), 2.85 (br s, 1H, OH), 1.38 (s, 3H, HOCMeAMeB), 1.29 (s, 3H, 

HOCMeAMeB),  1.27 (s, 9H, CMe3); 
13C NMR (75.5 MHz, CDCl3) δ 172.9 (C), 167.0 (C), 

140.9 (C), 134.2 (C), 129.8 (CH), 128.9 (CH), 127.0 (CH), 126.7 (CH), 71.7 (C), 50.8 (CH), 

34.7 (CH2), 32.2 (C), 28.5 (CH3), 27.9 (CH3), 27.4 (CH3); MS (ESI) m/z 667 [(MM + Na)+, 

11], 645 [(MM + H)+, 30], 345 [(M + Na)+, 7], 323 [(M + H)+, 100], 305 [(M – OH)+, 18]; 

HRMS (ESI) m/z C17H24ClN2O2 ([M + H]+) calcd for 323.1521, found 323.1521. 

Using general procedure M, 0.25 M of oxadiazole 332 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of Me2CO in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. 

Purification by flash column chromatography on silica with 60:40 petroleum ether-EtOAc as 

eluent gave oxadiazole 369 (163 mg, 80%) as a white solid. 
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3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐2‐methyl‐4‐(2‐methyl‐1,3‐dioxolan‐2‐yl)butan‐2‐ol 

370 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 337 (281 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 97:3 CH2Cl2-MeOH as eluent gave oxadiazole 370 (316 mg, 

91%) as a white solid, m.p. 95–98 °C; RF (97:3 CH2Cl2-MeOH) 0.2; IR (ATR) 3352 (O-H str), 

3258, 2976, 2933, 2884, 1583, 1563, 1466, 1380, 1365, 1314, 1280, 1255, 1224, 1207, 1182, 

1143, 1128, 1104, 1059, 1043, 1011, 992, 981, 970, 927, 905, 848, 668 cm-1; 1H NMR (300 

MHz, CDCl3) δ 3.98–3.66 (m, 4H, 2 × OCH2), 3.22 (dd, J = 10.5, 3.0 Hz, 1H, CH), 2.51 (br s, 

1H, OH), 2.38 (dd, J = 14.5, 10.5 Hz, 1H, CHCHAHB), 2.26 (dd, J = 14.5, 3.0 Hz, 1H, 

CHCHAHB), 1.42 (s, 9H, CMe3), 1.29 (s, 3H, HOCMeAMeB), 1.26 (s, 3H, HOCMeAMeB), 1.20 

(s, 3H, Me); 13C NMR (75.5 MHz, CDCl3) δ 172.7 (C), 168.2 (C), 108.9 (C), 71.8 (C), 64.7 

(CH2), 64.5 (CH2), 43.4 (CH), 37.5 (CH2), 32.3 (C), 28.1 (CH3), 27.7 (CH3), 27.6 (CH3), 24.2 

(CH3); MS (ESI) m/z 667 [(MM + Na)+, 11], 619 [(MM + H)+, 9], 597 [(MM + Na)+, 33], 

321[(M + Na)+, 13], 299 [(M + H)+, 59], 274 [(M – OCH2CH2O – H)+, 100]; HRMS (ESI) m/z 

C15H27N2O4 ([M + H]+) calcd for 299.1965, found 299.1965.  

Using general procedure M, 0.25 M of oxadiazole 337 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of Me2CO in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. 

Purification by flash column chromatography on silica with 97:3 CH2Cl2-MeOH as eluent gave 

oxadiazole 370 (188 mg, 100%) as a white solid. 

3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐6-methoxy-2‐methylhexan‐2‐ol 371 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 1.3 eq) and 

oxadiazole 333 (248 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 1.7 eq) gave the crude product. Purification by flash column 
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chromatography on silica with 30:70 petroleum ether-EtOAc as eluent gave oxadiazole 371 

(276 mg, 84%) as a colourless oil, RF (30:70 petroleum ether-EtOAc) 0.2; IR (ATR) 3389 (O-

H str), 2973, 2934, 2872, 1576, 1557, 1462, 1366, 1206, 1145, 1118, 1036, 943, 905, 807, 780, 

736 cm-1; 1H NMR (300 MHz, CDCl3) δ 3.42–3.32 (m, 2H, OCH2), 3.31 (s, 3H, OMe), 3.01 

(dd, J = 11.0, 4.0 Hz, CH), 2.35 (s, 1H, OH), 2.04–1.81 (m, 2H, CH2), 1.59–1.41 (m, 2H, CH2), 

1.42 (s, 9H, CMe3), 1.27 (s, 3H, HOCMeAMeB), 1.24 (s, 3H, HOCMeAMeB); 13C NMR (101 

MHz, CDCl3) δ 173.1 (C), 167.7 (C), 72.1 (CH2), 71.9 (C), 58.8 (CH), 48.7 (CH3), 32.3 (C), 

28.3 (CH3), 28.1 (CH3), 27.9 (CH2), 27.2 (CH3), 25.1 (CH2); MS (ESI) m/z 563 [(MM + Na)+, 

19], 541 [(MM + H)+, 6], 293 [(M + Na)+, 13], 271 [(M + H)+, 100], 253 [(M – OH – OMe)+, 

13]; HRMS (ESI) m/z C14H27N2O3 ([M + H]+) calcd for 271.2016, found 271.2015. 

Using general procedure M, 0.25 M of oxadiazole 333 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of Me2CO in THF for 

2.6 s at rt. The solution was collected for 6 s (0.25 mmol) to give the crude product. Purification 

by flash column chromatography on silica with 30:70 petroleum ether-EtOAc as eluent gave 

oxadiazole 371 (93 mg, 60%) as a colourless oil. 

3‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐6‐(dimethylamino)‐2‐methylhexan‐2‐ol 372 

 

Using general procedure E, LDA (1.7 mL of a 0.5 M solution in THF, 0.85 mmol, 1.3 eq) and 

oxadiazole 334 (mg, 0.67 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO (0.1 

mL, 70 mg, 1.2 mmol, 1.7 eq) gave the crude product. Purification by flash column 

chromatography on silica with 92:7:1 CH2Cl2-MeOH-NH4OH(aq) as eluent gave oxadiazole 372 

(161 mg, 85%) as a pale brown oil, IR (ATR) 3404 (O-H str), 2971, 2938, 2867, 2815, 2763, 

1586, 1559, 1460, 1366, 1263, 1208, 1144, 1098, 1038, 1008, 971, 841, 748, 668 cm-1; 1H 

NMR (300 MHz, CDCl3) δ 3.01 (dd, J = 8.0, 6.5 Hz, 1H, CH), 2.60 (br s, 1H, OH), 2.29–2.19 

(m, 2H, NCH2), 2.15 (s, 6H, NMe2), 1.95–1.82 (m, 2H, CH2), 1.40 (s, 9H, CMe3), 1.38–1.27 

(m, 2H, CH2), 1.23 (s, 3H, HOCMeAMeB), 1.22 (s, 3H, HOCMeAMeB); 13C NMR (75 MHz, 

CDCl3) δ 173.1 (C), 167.7 (C), 71.9 (C), 59.1 (CH2), 48.7 (CH), 45.4 (CH3), 32.3 (C), 28.1 

(CH3), 27.9 (CH3), 27.4 (CH3), 26.0 (CH2), 25.9 (CH2); MS (ESI) m/z 589 [(MM + Na)+, 18], 

306 [M + Na)+, 5], 284 [(M + H)+, 100], 266 [(M – OH)+, 3], 239 [(M – NMe2)
+, 7], 221 [(M – 
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NMe2 – OH)+, 7], 181 [(M – NMe2 – CMe2OH)+, 10]; HRMS (ESI) m/z C15H30N3O2 ([M + H]+) 

calcd for 284.2333, found 284.2331. 

Attempted synthesis of tert‐butyl N‐[(tert‐butoxy)carbonyl]‐N‐[3‐(5‐tert‐butyl‐1,3,4‐

oxadiazol‐2‐yl)‐4‐hydroxy‐4‐methylpentyl]carbamate 374 and tert‐butyl N‐[3‐(5‐tert‐

butyl‐1,3,4‐oxadiazol‐2‐yl)‐4‐hydroxy‐4‐methylpentyl]carbamate 375 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 2.6 eq) and 

oxadiazole 341 (360 mg, 1.2 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 3.4 eq) gave the crude product Inspection of the 1H NMR 

spectrum of the crude product revealed a mixture of Boc-transfer product 373 and 

unidentifiable products and therefore further purifications were not attempted. 

tert‐Butyl 4‐{[(tert‐butoxy)carbonyl]amino}‐2‐(5‐tert‐butyl‐1,3,4‐oxadiazol‐2‐

yl)butanoate 373 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 2.6 eq) and 

oxadiazole 341 (180 mg, 0.59 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 3.4 eq) gave the crude product. Purification by flash column 

chromatography on silica with 70:30 petroleum ether-EtOAc as eluent gave oxadiazole 373 

(138 mg, 61%) as a white solid, m.p. 89–91 °C; RF (70:30 petroleum ether-EtOAc) 0.2; IR 

(ATR) 3345 (N-H str), 2976, 2935, 2875, 1737 (C=O str), 1712 (C=O str), 1582, 1558, 1516, 

1457, 1392, 1367, 1250 ,1143, 1094, 1039, 980, 916, 842, 780, 754, 733, 606 cm-1; 1H NMR 

(300 MHz, CDCl3) δ 4.69 (br s, 1H, NH), 3.93 (dd, J = 7.5, 7.0 Hz, 1H, CH), 3.33–3.13 (m, 

2H, NCH2), 2.41–2.12 (m, 2H, CHCH2), 1.43 (s, 18H, 2 × OCMe3), 1.41 (s, 9H, ArCMe3); 
13C 

NMR (101 MHz, CDCl3) δ 173.8 (C), 167.9 (C), 163.7 (C), 155.8 (C), 82.9 (C), 79.4 (C), 

42.2(CH), 38.2 (CH2), 32.4 (C), 29.8 (CH2), 28.4 (CH3), 28.1 (CH3), 27.9 (CH3); MS (ESI) m/z 



 

346 

 

789 [(MM + Na)+, 26], 767 [M + Na)+, 30], 406 [(M +Na)+, 12], 384 [(M + H)+, 100], 328 [(M 

– tBu + H)+, 100], 228 [(M– Boc – tBu + H)+, 2], 272 [(M – 2 × tBu + H3)
+, 12], 184 [(M – Boc 

× 2 + H3)
+, 7] ; HRMS (ESI) m/z C19H34N3O5 ([M + H]+) calcd for 384.2493, found 384.2491. 

Attempted synthesis of 2‐methyl‐3‐[5‐(trifluoromethyl)‐1,3,4‐oxadiazol‐2‐yl]decan‐2‐ol 

376 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 2.6 eq) and 

oxadiazole 343 (293 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 3.4 eq) gave the crude product Inspection of the 1H NMR 

spectrum of the crude product revealed a comple mixture of unidentifiable products and 

therefore further purifications were not attempted. 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 2.6 eq) and 

oxadiazole 343 (293 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 20 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 3.4 eq) gave the crude product Inspection of the 1H NMR 

spectrum of the crude product revealed a comple mixture of unidentifiable products and 

therefore further purifications were not attempted. 

Attempted synthesis of tert‐butyl 5‐(2‐hydroxy‐2‐methylpentan‐3‐yl)‐1,3,4‐oxadiazole‐2‐

carboxylate 377 

 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 2.6 eq) and 

oxadiazole 345 (248 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO 

(0.15 mL, 116 mg, 2.0 mmol, 3.4 eq) gave the crude product Inspection of the 1H NMR 

spectrum of the crude product revealed a comple mixture of unidentifiable products and 

therefore further purifications were not attempted. 

Using general procedure E, LDA (3 mL of a 0.5 M solution in THF, 1.5 mmol, 2.6 eq) and 

oxadiazole 345 (248 mg, 1.17 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 20 min then Me2CO 
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(0.15 mL, 116 mg, 2.0 mmol, 3.4 eq) gave the crude product Inspection of the 1H NMR 

spectrum of the crude product revealed a comple mixture of unidentifiable products and 

therefore further purifications were not attempted. 

3,3-Dimethyl-1-(5-phenyl-1,3,4-oxaidazol-2-yl)butan-2-ol 379 

 

Using general procedure M, 0.25 M of oxadiazole 327 in THF and 0.5 M solution of LDA in 

THF were mixed for 1.3 s at rt followed by mixing with a 1 M solution of tBuCHO in THF for 

2.6 s at rt. The solution was collected for 15 s (0.63 mmol) to give the crude product. 

Purification by flash column chromatography on silica with 70:30 petroleum ether-EtOAc as 

eluent gave oxadiazole 379 (147 mg, 95%) as a yellow solid, m.p. 111–113 °C; RF (70:30 

petroleum ether-EtOAc) 0.3; IR (ATR) 3296 (O-H str), 2954, 2905, 2868, 1570, 1557, 1480, 

1449, 1387, 1360, 1346, 1315, 1286, 1246, 1171, 1093, 1077, 1051, 1015, 963, 931, 909, 807, 

778, 737, 708 cm-1; 1H NMR (300 MHz, CDCl3) δ 8.07–8.03 (m, 2H, Ph), 7.55–7.47 (m, 3H, 

Ph), 3.92 (d, J = 10.5 Hz, CH), 3.11 (dd, J = 16.0, 2.0 Hz, 1H, ArCHAHB), 2.96 (dd, J = 16.0, 

10.5 Hz, 1H, ArCHAHB), 2.76 (br s, 1H, OH), 1.03 (s, 9H, CMe3); 
13C NMR (101 MHz, CDCl3) 

δ 166.2 (C), 164.9 (C), 131.7 (CH), 129.1 (CH), 126.8 (CH), 123.9 (C), 76.2 (CH), 34.8 (C), 

28.7 (CH2), 25.6 (CH3). Spectroscopic data consistent with those reported in the literature.190 
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Attempted enantioselective lithiation-substitution of 221 

 

Entry Ligand Isolated yield era 

1 

 

1.5% 45:55 

2 

 

19% 48:52 

3 

 

22% 46:54 

4 

 

2.4% n.d. 

5 

 

42% 49:51 

6 

 

31% 48:52 

7 

 

0% - 

 

Using general procedure K, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.34 eq), diamine (R,R)-16 (249 mg, 0.8 mmol, 1.38 eq) and 221 (98 mg, 0.58 mmol, 
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1.0 eq) in Et2O (4 mL) at –78 °C for 1 h then Ph2CO (273 mg, 1.5 mmol, 2.59 eq) in Et2O (3 

mL)  gave the crude product. Purification by flash column chromatography on silica with 85:15 

petroleum ether-EtOAc as eluent gave oxadiazole 347 (3 mg, 1.5%, 45:55 er by CSP-HPLC) 

as a white solid. CSP-HPLC: Chiralpak IA (92:8 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

7.27 min, enantiomer 2: 9.13 min. 

Using general procedure K, s-BuLi (1.2 mL of a 1.3 M solution in cyclohexane/hexanes, 1.56 

mmol, 1.34 eq), diamine (R,R)-211 (362 mg, 1.6 mmol, 1.38 eq) and 221 (98 mg, 0.58 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 h then Ph2CO (365 mg, 2.0 mmol, 1.71 eq) in Et2O (3 

mL)  gave the crude product. Purification by flash column chromatography on silica with 85:15 

petroleum ether-EtOAc as eluent gave oxadiazole 347 (70 mg, 19%, 48:52 er by CSP-HPLC) 

as a white solid. CSP-HPLC: Chiralpak IA (92:8 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

7.35 min, enantiomer 2: 9.20 min. 

Using general procedure K, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.33 eq), diamine (R,R)-210 (226 mg, 0.8 mmol, 1.37 eq) and 221 (98 mg, 0.58 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 h then Ph2CO (182 mg, 1.0 mmol, 1.72 eq) in Et2O (3 

mL)  gave the crude product. Purification by flash column chromatography on silica with 85:15 

petroleum ether-EtOAc as eluent gave tetrazole 347 (42 mg, 22%, 46:54 er by CSP-HPLC) as 

a white solid. CSP-HPLC: Chiralpak IA (92:8 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

7.29 min, enantiomer 2: 9.10 min. 

Using general procedure E, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.33 eq), diamine (R,R)-381 (258 mg, 0.8 mmol, 1.37 eq) and 221 (98 mg, 0.58 mmol, 

1.0 eq) in Et2O (4 mL) at –78 °C for 1 h and Ph2CO (182 mg, 1.0 mmol, 1.72 eq) gave the 

crude product. Purification by flash column chromatography on silica with 85:15 petroleum 

ether-EtOAc as eluent gave oxadiazole 73 (7 mg, 2.4%) as a white solid. 

Using general procedure K, s-BuLi (0.4 mL of a 1.3 M solution in cyclohexane/hexanes, 0.52 

mmol, 1.16 eq), (+)-4 (187 mg, 0.6 mmol, 1.33 eq) and 221 (75 mg, 0.45 mmol, 1.0 eq) in Et2O 

(4 mL) at –78 °C for 1 h then Ph2CO (182 mg, 1.0 mmol, 2.22 eq) in Et2O (3 mL) gave the 

crude product. Purification by flash column chromatography on silica with 85:15 petroleum 

ether-EtOAc as eluent gave oxadiazole 3 (61 mg, 39%, 49:51 er by CSP-HPLC) as a white 

solid, CSP-HPLC: Chiralpak IA (92:8 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 7.27 min, 

enantiomer 2: 9.07 min. 

Using general procedure K, s-BuLi (0.6 mL of a 1.3 M solution in cyclohexane/hexanes, 0.78 

mmol, 1.33 eq), diamine (S,S)-59 (158 mg, 0.8 mmol, 1.37 eq) and 221 (98 mg, 0.58 mmol, 

1.0 eq) in Et2O (7 mL) at –78 °C for 1 h then Ph2CO (182 mg, 1.0 mmol, 1.72 eq) in Et2O (3 
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mL)  gave the crude product. Purification by flash column chromatography on silica with 85:15 

petroleum ether-EtOAc as eluent gave oxadiazole 347 (83 mg, 31%, 48:52 er by CSP-HPLC) 

as a white solid. CSP-HPLC: Chiralpak IA (92:8 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 

7.32 min, enantiomer 2: 9.15 min. 

Attempted synthesis 2‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐1,1‐diphenylbutan‐1‐ol 347 

 

Using general procedure E, s-BuLi (0.36 mL of a 1.3 M solution in cyclohexane/hexanes, 0.28 

mmol, 1.34 eq), diamine (R,R)-382 (100 mg, 0.3 mmol, 1.6 eq) and 221 (37 mg, 0.19 mmol, 

1.0 eq) in Et2O (4 mL) at –78 °C for 1 h and Ph2CO (69 mg, 0.38 mmol, 2.0 eq) gave the crude 

product. No product was observed by 1H NMR of the crude mixture. 

Determining configurational stability of lithiated 221 

 

Using general procedure K, s-BuLi (0.4 mL of a 1.3 M solution in cyclohexane/hexanes, 0.52 

mmol, 1.33 eq), (+)-4 (187 mg, 0.6 mmol, 1.33 eq) and 221 (75 mg, 0.45 mmol, 1.0 eq) in Et2O 

(4 mL) at –78 °C for 1 h then Ph2CO (20 mg, 0.11 mmol, 0.24 eq) in Et2O (3 mL) gave the 

crude product. Purification by flash column chromatography on silica with 85:15 petroleum 

ether-EtOAc as eluent gave oxadiazole 3 (14 mg, 8.9%, 47:53 er by CSP-HPLC) as a white 

solid, CSP-HPLC: Chiralpak IA (92:8 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 7.39 min, 

enantiomer 2: 9.25 min. 

 

 

LDA (1 mL of a 0.4 M solution in THF, 0.4 mmol, 1.4 eq) was added dropwise to a solution 

of tetrazole 211 (49 mg, 0.29 mmol, 1.0 eq) in THF (4 mL) at 78 °C under N2. The resulting 
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solution was stirred at –78 °C for a 1 h. Then, (S)-385 (165 mg, 0.5 mmol, 1.7 eq) was added. 

The resulting solution was stirred at –78 °C for 1 h.  At –78 °C, saturated NH4Cl(aq) (5 mL) was 

added the mixture was allowed to warm to rt. The aqueous layer was extracted with Et2O (3 × 

5 mL) and the combined organic layers were dried (MgSO4) and evaporated under reduced 

pressure to give the crude product. 1H NMR (300 MHz, CDCl3) Diagnostic signals for the 4 

diastereomers: CH2Me at 0.86 (t, J = 7.5 Hz, 1.14H), 0.77 (t, J = 7.5 Hz, 0.42H), 0.86 (t, J = 

7.5 Hz, 1.13H), 0.86 (t, J = 7.5 Hz, 0.31H). 

The reaction was repeated with rac-385 to give the crude mixture. 1H NMR (300 MHz, CDCl3) 

Diagnostic signals for the 4 diastereomers: CH2Me at 0.86 (t, J = 7.5 Hz, 1.12H), 0.77 (t, J = 

7.5 Hz, 0.33H), 0.86 (t, J = 7.5 Hz, 1.26H), 0.86 (t, J = 7.5 Hz, 0.3H). 

In situ 1H NMR studies of lithiated 211 

 

Oxadiazole 211 (17 mg, 0.1 mmol, 1.0 eq) was dissolved in THF-d8 (0.4 mL) in an NMR tube 

in a glovebox; the tube was transferred to a cooled NMR spectrometer (400 MHz, –78 °C) and 

a 1H NMR spectrum was recorded; then the NMR tube was removed from the spectrometer 

and placed in a cooling bath at –78 °C. A solution of LDA (0.13 ml of a 1 M solution in THF, 

0.13 mmol, 1.3 eq) was added and quickly inverted 3 times to allow adequate mixing. The 

NMR tube was transferred back to a cooled NMR spectrometer (400 MHz, –67 °C) and a 1H 

NMR spectrum was recorded. 

1H NMR spectrum of 1, before addition of LDA, THF-d8, –78 °C 
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1H NMR spectrum of 1 + taut-24, after addition of LDA, THF-d8, –67 °C 

 

(4S)‐4‐Benzyl‐3‐[(2S)‐2‐methylbutanoyl]‐1,3‐oxazolidin‐2‐one (S,S)-400 

 

Using general procedure E, n-BuLi (8.8 mL of a 2.5 M soluition in hexanes, 22 mmol, 1.1 eq), 

oxazolidinone (S)-398 (3.54 g, 20 mmol, 1.0 eq) in THF (50 mL) at –78 °C for 30 min then 

butyryl chloride (2.90 mL, 2.98 g, 28 mmol, 1.4 eq) gave crude acyloxazolidinone (S)-399 as 

a colourless oil which was used in the next step without further purification, 1H NMR (400 

MHz, Chloroform-d) δ 7.37–7.26 (m, 3H, Ph), 7.23–7.19 (m, 2H, Ph), 4.68 (dddd, J = 9.5, 7.5, 

3.5, 3.5 Hz, 1H, NCH), 4.25–4.12 (m, 2H, OCH2), 3.30 (dd, J = 13.5, 3.5 Hz, 1H, PhCHAHB), 

3.06–2.82 (m, 2H, COCH2), 2.77 (dd, J = 13.5, 9.5 Hz, 1H, PhCHAHB), 1.80–1.68 (m, 2H, 

CH2Me), 1.01 (t, J = 7.5 Hz, 3H, CH2Me), [α]D
28 +58.9 (c 1.68 in CHCl3). 

Using general procedure E, LDA (70 mL of a 0.5 M soluition in THF, 35.3 mmol, 1.5 eq), 

acyloxazolidinone (S)-399 (5.87 g, max) in THF (50 mL) at –78 °C for 1 h then MeI (2.90 mL, 

6.67 g, 47 mmol, 2.0 eq) gave the crude product. Purification by flash column chromatography 

on silica with 90:10 petroleum ether-EtOAc as eluent gave oxazolidinone (S,S)-400 (3.24 g 

62%, >95:5 dr) as a colourless oil, IR (ATR) 3209, 2968, 2934, 2877, 1773 (C=O str), 1694 

(C=O str), 1604, 1498, 1454, 1384, 1348, 1289, 1268, 1208, 1119, 1096, 1075, 1050, 1014, 

975, 921 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.37–7.26 (m, 3H, Ph), 7.24–7.19 (m, 2H, Ph), 

4.68 (dddd, J = 10.0, 7.0, 3.0, 3.0 Hz, 1H, NCH), 4.30–4.10 (m, 2H, OCH2), 3.64 (ddq, J = 7.0 

Hz, 1H, MeCH), 3.27 (dd, J = 13.5, 3.5 Hz, 1H, PhCHAHB), 2.77 (dd, J = 13.5, 10.0 Hz, 1H, 

PhCHAHB), 1.77 (ddq, J = 14.0, 7.0, 7.0 Hz, 1H, MeCHAHB), 1.47 (ddq, J = 14.0, 7.0, 7.0 Hz, 

1H), 1.22 (d, J = 7.0 Hz, 2H, CHMe), 0.93 (t, J = 7.5 Hz, 3H, CH2Me), 13C NMR (101 MHz, 

CDCl3) δ 177.2 (C), 153.1 (C), 135.4 (C), 129.5 (CH), 128.9 (CH), 127.3 (CH), 66.03 (C), 55.4 
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(CH), 39.2 (CH), 37.9 (CH2), 26.4 (CH2), 16.9 (CH3), 11.7 (CH3); [α]D
20 –77.5 (c 1.0 in 

CHCl3).Spectroscopic data consistent with those reported in the literature.191 

(2S)‐2‐methylbutanoic acid (S)-401 

 

H2O2 (4.60 mL of a 35% solution in H2O, 53.6 mmol, 4.0 eq) was added into a stirred solution 

of LiOH·H2O (1.12 g, 26.8 mmol, 2.0 eq) in water (30 mL) at 0 °C. The resulting solution was 

added into a stirred solution of oxazolidinone (S,S)-400 (3.50 g, 13.4 mmol, 1.0 eq) in THF (90 

mL) at 0 °C. The resulting solution was allowed to warm to rt and stirred at rt for 16 h. Water 

(60 mL) and CH2Cl2 (60 mL) were added and the two layers were separated, extracting the 

aqueous layer with CH2Cl2 (60 mL). The aqueous layer was acidified to pH 1 by the addition 

of 1 M HCl(aq) and extracted with CH2Cl2 (60 mL × 3). The combined organic layers were dried 

(MgSO4) and evaporated under reduced pressure to give acid (S)-401 (1.3 g, 95%) as a 

colourless oil, IR (ATR) 3032 (O-H str), 2699, 2939, 2879, 2560 (O-H str), 2566 (O-H str), 

1701 (C=O str), 1464, 1416, 1383, 1333, 1296, 1279, 1227, 1160, 1152, 1111, 1088, 1013, 965, 

937 cm-1; 1H NMR (400 MHz, CDCl3) δ 11.28 (br s, 1H, OH), 2.41 (ddq, J = 7.0, 7.0, 7.0 Hz, 

1H, CH), 1.81–1.64 (m, 1H, CHAHB), 1.58 – 1.45 (m, 1H, CHAHB), 1.18 (d, J = 7.0 Hz, 3H, 

CHMe), 0.95 (t, J = 7.5 Hz, 2H, CH2Me); 13C NMR (101 MHz, CDCl3) δ 182.6 (C), 40.8 (CH), 

26.5 (CH2), 16.4 (CH3), 11.6 (CH3); [α]D
24 +133.0 (c 0.6 in CHCl3). Spectroscopic data 

consistent with those reported in the literature.192 

2‐[(2S)‐Butan‐2‐yl]‐5‐tert‐butyl‐1,3,4‐oxadiazole (S)-349 

 

EDC·HCl (2.13 g, 11.1 mmol, 1.5 eq) was added to a stirred solution of 2,2‐

dimethylpropanehydrazide (756 mg, 7.4 mmol, 1.0 eq), acid (S)-401 (1.0 mL, 1.28 g, 8.9 mmol, 

1.2 eq), HOBt·H2O (1.20 g, 8.6 mmol, 1.2 eq) and Et3N (1.34 mL, 971 mg, 9.6 mmol, 1.3 eq) 

in CH2Cl2 (100 mL) at rt and the resulting solution was stirred at rt for 16 h. Then, saturated 

NaHCO3(aq) (100 mL) was added and the two layers were separated, extracting the aqueous 

with EtOAc (3 x 100 mL). The combined organic layers were dried (Na2SO4) and evaporated 
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under reduced pressure to give crude diacyl hydrazide which was used in the next step without 

further purification. 

TsCl (2.55 g, 13.4 mmol, 3.0 eq) was added to a stirred solution of diacyl hydrazide (1.35 g, 

max) and Et3N (2.80 mL, 2.05 g, 20.2 mmol, 2.0 eq) in MeCN (70 mL) and rt and the resulting 

solution was stirred at rt for 16 h. Then, the solvent was then evaporated under reduced pressure. 

EtOAc (50 mL) and 1 M HCl(aq) (50 mL) were added to the residue and the two layers were 

separated, extracting the aqueous with EtOAc (3 x 50 mL). The combined organic layers were 

dried (MgSO4) and evaporated under reduced pressure to give the crude product. Purification 

by flash column chromatography on silica with 80:20 petroleum ether-EtOAc as eluent gave 

oxadiazole (S)-349 (882 g, 65%, 92:8 er by CSP-GC) as a pale yellow oil, CSP-GC: β-Dex, 

(110 °C, 35 cm s–1) (R)-349: 48.6 min, (S)-349: 49.7 min. 

Attempted synthesis of 2‐(5‐tert‐butyl‐1,3,4‐oxadiazol‐2‐yl)‐2‐methyl‐1,1‐diphenylbutan‐

1‐ol rac-402 

 

Using general procedure E, LDA (1 mL of a 0.75 M solution in THF, 0.75 mmol, 1.5 eq) and 

rac-349 (91 mg, 0.5 mmol, 1.0 eq) in THF (3 mL) at –30 °C for 1 min the a solution of Ph2CO 

(182 mg, 1.0 mmol, 2.0 eq) in THF (2 mL) gave the crude product. Only starting rac-349 was 

observed from the 1H NMR spectrum of the crude mixture and therefore further purifications 

were not attempted. 

2‐(5‐tert‐Butyl‐1,3,4‐oxadiazol‐2‐yl)‐2‐methyl‐1,1‐diphenylbutan‐1‐ol rac-402 

 

Using general procedure E, s-BuLi (0.58 mL of a 1.3 M solution in cyclohexane/hexanes, 0.75 

mmol, 1.5 eq) and rac-349 (91 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then 

a solution of Ph2CO (182 mg, 1.0 mmol, 2.0 eq) in THF (2 mL) gave the crude product. 

Purification by flash column chromatography on silica with 93:7 petroleum ether-EtOAc as 

eluent gave oxadiazole rac-402 (13 mg, 7%) as a white solid, m.p. 121–124 °C; RF (93:7 

petroleum ether-EtOAc) 0.2; IR (ATR) 3432, 3058, 2974, 2879, 1570, 1544, 1495, 1447, 1393, 

1370, 1346, 1185, 1153,1119, 1055, 1030, 978, 910 cm-1; 1H NMR (400 MHz, Chloroform-d) 
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δ 7.36–7.31 (m, 2H, Ph), 7.23–7.14 (m, 3H, Ph), 7.12–7.01 (m, 5H, Ph), 4.97 (s, 1H, OH), 2.56 

(dq, J = 14.5, 7.5 Hz, 2H, CHAHB), 1.44–1.32 (m, 1H, CHAHB), 1.33 (s, 9H, CMe3), 0.57 (t, J 

= 7.5 Hz, 3H, CH2Me); 13C NMR (101 MHz, CDCl3) δ 172.4 (C), 171.8 (C), 146.5 (C), 143.3 

(C), 129.1 (CH), 128.3 (CH), 127.6 (CH), 127.0 (2 × CH), 126.8 (CH), 82.9 (C), 47.8 (C), 32.3 

(C), 30.7 (CH2), 28.1 (CH3), 19.9 (CH3), 8.5 (CH3); MS (ESI) m/z 447 387 [(M + Na)+, 40], 

365 [(M + H)+, 100], 347 [(M – OH)+, 17], 183 [(Ph2COH)+, 73]; HRMS (ESI) m/z C23H28N2O2 

([M + H]+) calcd for 365.2224, found 365.2235; CSP-HPLC: Chiralpak IA (92:8 hexane-i-

PrOH, 1.0 mLmin-1) enantiomer 1: 12.0 min, enantiomer 2: 19.4 min. 

Attempted stereorententive lithiation-substitution of oxadiazole (S)-349 

 

Using general procedure E, s-BuLi (0.58 mL of a 1.3 M solution in cyclohexane/hexanes, 0.75 

mmol, 1.5 eq) and (S)-349 (91 mg, 0.5 mmol, 1.0 eq) in THF (4 mL) at –78 °C for 1 h then a 

solution of Ph2CO (182 mg, 1.0 mmol, 2.0 eq) in THF (2 mL) gave the crude product. 

Purification by flash column chromatography on silica with 93:7 petroleum ether-EtOAc as 

eluent gave oxadiazole rac-402 (41 mg, 22%, 50:50 er by CSP-HPLC) as a white solid, 

Chiralpak IA (92:8 hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 12.2 min, enantiomer 2: 18.9 

min. 

Attempted kinetic resolution of oxadiazole rac-349 

 

Using general procedure K, s-BuLi (0.19 mL of a 1.3 M solution in cyclohexane/hexanes, 0.25 

mmol, 0.5 eq), (+)-4 (94 mg, 0.3 mmol, 0.6 eq) and rac-349 (91 mg, 0.5 mmol, 1.0 eq) in Et2O 

(4 mL) at –78 °C for 1 h then Ph2CO (182 mg, 1.0 mmol, 2.0 eq) in Et2O (3 mL) gave the crude 

product. Only starting rac-349 was observed from the 1H NMR spectrum of the crude mixture 

and therefore further purifications were not attempted. 
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n-BuLi (0.1 ml of a 2.5 M solution of hexanes, 0.5 mmol, 0.5 eq.) was added dropwise to a 

stirred solution of (R,R)-403 hydrochloride (157 mg, 0.6 mmol, 0.6 eq) in THF (2 mL) at –78 

°C. The resulting solution was allowed to warm to rt over 30 min and stirred at rt for 10 min. 

The resulting solution was then cooled to –78 °C and a solution of rac-349 (91 mg, 0.5 mmol, 

1.0 eq) in THF (2 mL) was dropwise added via cannula. The resulting solution as stirred at –

78 °C for 1 h. Then, solution of Ph2CO (182 mg, 1.0 mmol, 2.0 eq.) in THF (2 mL) was added. 

The resulting solution was stirred at –78 °C for 10 min and then allowed to warm to rt over 16 

h. Saturated NH4Cl(aq) (10 mL) was added and the two layers were separated, extracting the 

aqueous with Et2O (3 × 10 mL) and the combined organic layers were washed with 1 M HCl(aq) 

(3 × 10 mL), dried (MgSO4) and evaporated under reduced pressure to give the crude product. 

Only starting rac-349 was observed from the 1H NMR spectrum of the crude mixture and 

therefore further purifications were not attempted. 

Metalation-substitution of oxadiazole 221 

 

Using general procedure E, TMPMgCl (3.0 mL of a 0.5 M solution in THF, 1.5 mmol, 1.5 eq) 

and 221 (168 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at –30 °C for 1 min then Me2CO (0.15 mL, 

116 mg, 2.0 mmol, 2.0 eq) gave the crude product. Only 221 was observed from the 1H NMR 

spectrum of the crude mixture and therefore further purifications were not attempted. 

Using general procedure E, TMPMgCl (3.0 mL of a 0.5 M solution in THF, 1.5 mmol, 1.5 eq) 

and 221 (168 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at rt for 4 h then Me2CO (0.15 mL, 116 

mg, 2.0 mmol, 2.0 eq) gave the crude product. Only 221 was observed from the 1H NMR 

spectrum of the crude mixture and therefore further purifications were not attempted. 

Using general procedure F, TMPMgCl (3.0 mL of a 0.5 M solution in THF, 1.5 mmol, 1.5 eq), 

LiCl (63 mg, 1.5 mmol, 1.5 eq) and 221 (168 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at rt for 4 

h then Me2CO (0.15 mL, 116 mg, 2.0 mmol, 2.0 eq) gave the crude product. Only 221 was 
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observed from the 1H NMR spectrum of the crude mixture and therefore further purifications 

were not attempted. 

Using general procedure E, (TMP)2Mg (2.0 mL of a 0.75 M solution in THF, 1.5 mmol, 1.5 

eq) and 221 (168 mg, 1.0 mmol, 1.0 eq) in THF (5 mL) at rt for 2 h then Me2CO (0.15 mL, 116 

mg, 2.0 mmol, 2.0 eq) gave the crude product. Only 221 was observed from the 1H NMR 

spectrum of the crude mixture and therefore further purifications were not attempted. 

Using general procedure E, TMPZnCl·LiCl (2.0 mL of a 0.75 M solution in THF, 1.5 mmol, 

1.5 eq) and 221 (168 mg, 1.0 mmol, 1.0 eq) in THF (5 mL) at rt for 2 h then Me2CO (0.15 mL, 

116 mg, 2.0 mmol, 2.0 eq) gave the crude product. Inspection of the 1H NMR spectrum of the 

crude mixture in the presence of Me2SO2 as internal standard showed that oxadiazole 346 was 

present in 78% conversion. 

Using general procedure E, TMPZnCl·LiCl (2.0 mL of a 1.0 M solution in THF, 2.0 mmol, 2.0 

eq) and 221 (168 mg, 1.0 mmol, 1.0 eq) in THF (5 mL) at rt for 2 h then Me2CO (0.15 mL, 116 

mg, 2.0 mmol, 2.0 eq) gave the crude product. Inspection of the 1H NMR spectrum of the crude 

mixture in the presence of Me2SO2 as internal standard showed that oxadiazole 346 was present 

in 100% conversion. Purification by flash column chromatography on silica with 50:50 

petroleum ether-EtOAc as eluent gave oxadiazole 346 (201 mg, 89%) as a white solid. 
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Attempted enantioselective zincation-substitution of oxadiazole 221 

 

Entry Chiral lithium zincate Temp./°C Isolated yield era 

1 

 

rt 0% - 

2 

 

rt 0% - 

3 

 

rt 0% - 

4 

 

rt 8% 49:51 

5 

 

rt 0% - 

 

Using general procedure E, lithium zincate (R,R)-406 (3.0 mL of a 0.25 M solution in THF, 

0.75 mmol, 1.5 eq) and 221 (84 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at rt for 2 h then a 

solution of Ph2CO (182 mg, 1.0 mmol, 2.0 eq) gave the crude product. Only 221 was observed 

from the 1H NMR spectrum of the crude mixture and therefore further purifications were not 

attempted. 

Using general procedure E, lithium zincate (R,R)-407 (3.0 mL of a 0.25 M solution in THF, 

0.75 mmol, 1.5 eq) and 221 (84 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at rt for 2 h then a 

solution of Ph2CO (182 mg, 1.0 mmol, 2.0 eq) gave the crude product. Only 221 was observed 
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from the 1H NMR spectrum of the crude mixture and therefore further purifications were not 

attempted. 

Using general procedure E, lithium zincate (R,R)-408 (3.0 mL of a 0.25 M solution in THF, 

0.75 mmol, 1.5 eq) and 221 (84 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at rt for 2 h then a 

solution of Ph2CO (182 mg, 1.0 mmol, 2.0 eq) gave the crude product. Only 221 was observed 

from the 1H NMR spectrum of the crude mixture and therefore further purifications were not 

attempted. 

Using general procedure E, lithium zincate (R,R)-409 (3.0 mL of a 0.25 M solution in THF, 

0.75 mmol, 1.5 eq) and 221 (84 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at rt for 2 h then a 

solution of Ph2CO (182 mg, 1.0 mmol, 2.0 eq) gave the crude product. Purification by flash 

column chromatography on silica with 85:15 petroleum ether-EtOAc as eluent gave oxadiazole 

347 (14 mg, 8%, 49:51 er by CSP-HPLC) as a white solid, CSP-HPLC: Chiralpak IA (92:8 

hexane-i-PrOH, 1.0 mLmin-1) enantiomer 1: 9.97 min, enantiomer 2: 13.0 min. 

Using general procedure E, lithium zincate (R,R)-409 (3.0 mL of a 0.25 M solution in THF, 

0.75 mmol, 1.5 eq) and 221 (84 mg, 1.0 mmol, 1.0 eq) in THF (4 mL) at rt for 2 h then a 

solution of Ph2CO (182 mg, 1.0 mmol, 2.0 eq) gave the crude product. Only 221 was observed 

from the 1H NMR spectrum of the crude mixture and therefore further purifications were not 

attempted. 

Methyl 2‐[hydroxy(phenyl)methyl]butanoate 411 

 

Using general procedure E, TMPZnCl·LiCl (2.0 mL of a 1.0 M solution in THF, 2.0 mmol, 2.0 

eq) and methyl butyrate 410 (0.11 mL, 102 mg, 1.0 mmol, 1.0 eq) in THF (5 mL) at rt for 1 h 

then PhCHO (0.15 mL, 116 mg, 2.0 mmol, 2.0 eq) gave the crude product. Purification by flash 

column chromatography on silica with 85:15 petroleum ether-EtOAc as eluent gave syn-411 

(104 mg, 50%) as a colourless oil, RF (85:15 petroleum ether-EtOAc) 0.2; IR (ATR) 3463 (O-

H str), 2967, 2877, 1716 (C=O str), 1494, 1455, 1435, 1362, 1265, 1195, 1167, 1080, 1026, 

990 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.43–7.12 (m, 5H, Ph), 4.96 (dd, J = 4.0, 2.0 Hz, 1H, 

OCH), 3.73–3.46 (m, 3H, OMe), 2.79 (br s, 1H, OH), 2.66 (ddd, J = 10.0, 5.5, 4.5 Hz, 1H, 

COCH), 1.91–1.61 (m, 2H, CH2), 0.87 (t, J = 7.5 Hz, 3H, CHMe); 13C NMR (75 MHz, CDCl3) 

δ 175.4 (C), 141.7 (C), 128.3 (CH), 127.7 (CH), 126.1 (CH), 74.1 (CH), 54.6 (CH), 51.6 (CH3), 

20.2 (CH2), 12.1 (CH3) and anti-411 (104 mg, 50%) as a colourless oil, RF (85:15 petroleum 
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ether-EtOAc) 0.1; IR (ATR) 3433 (O-H str), 2965, 2877, 1716 (C=O str), 1455, 1435, 1369, 

1268, 1197, 1167, 1099, 1078, 1042, 980, 922 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.39–7.27 

(m, 5H, Ph), 4.80 (d, J = 8.0 Hz, 1H, OCH), 3.71 (s, 3H, OMe), 2.70 (ddd, J = 9.5, 8.0, 5.0 Hz, 

1H, COCH), 1.68–1.47 (m, 1H, CHAHB), 1.45–1.28 (m, 1H, CHAHB), 0.85 (t, J = 7.5 Hz, 3H, 

CHMe); 13C NMR (75 MHz, CDCl3) δ 175.7 (C), 142.0 (C), 128.6 (CH), 128.1 (CH), 126.5 

(CH), 75.3 (CH), 54.7 (CH), 51.7 (CH3), 22.8 (CH2), 11.6 (CH3). Spectroscopic data consistent 

with those reported in the literature.193 
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