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Abstract

β-Hydroxyketones (aldols) are prepared from the alkylation-deprotection of O-silylated aryl 

cyanohydrins with epoxides. Key to the success of the method was the suppression of an in 
situ cyclic imidate formation that occurs upon initial opening of the epoxide ring.

Introduction

The aldol addition is among the most important carbon-carbon bond forming reactions in 

chemical synthesis.1 The β-hydroxycarbonyl product scaffold is of such great significance 

that alternative methods for its preparation have been investigated, such as the “non-aldol 

aldol” epoxide rearrangements developed by Jung.2,3,4 Though significant, this approach is 

limited by its inability to form a new carbon-carbon bond.

Another alternative to the formation of aldols is the reaction of an acyl anion equivalent with 

an epoxide (Scheme 1). Like the aldol addition, this strategy results in the formation of a 

new carbon-carbon bond, now introduced between the carbonyl and the α-carbon of the final 

product. This distinction can facilitate useful alternatives in developing synthetic strategies 

for the formation of complex molecules. A significant advantage of this approach lies in its 

use of an epoxide. The epoxide stereochemistry is predictably transmitted to the products, 

and many excellent enantio- and diastereoselective methods for the preparation of epoxides 

are known.5

Perhaps the best-known acyl anion equivalents are the anions formed from 1,3-dithianes, 

which are known to react with a variety of electrophiles including epoxides.6 Cyanohydrin 
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anions can also serve as acyl anion equivalents. These intermediates play a role in 

the classic benzoin condensation of benzaldehydes7 and modern variations involving 

acylsilanes.8,9,10,11 Anions formed from deprotonation of protected cyanohydrins have been 

successfully reacted with a variety of electrophiles including alkyl halides,12 carbonyls,13 

and α,β-unsaturated carbonyls.14,15 Surprisingly, the reaction of these useful acyl anion 

equivalents with epoxides as a route to the formation of β-hydroxycarbonyls has not been 

explored. Reported attempts to react protected cyanohydrins with epoxides are scarce and 

have been largely unsuccessful.16,17,18,19,20

Herein we report a new method for the formation of aldols via the reaction of silyl-protected 

cyanohydrins with epoxides (Scheme 2). In this method, a protected cyanohydrin is 

deprotonated with an appropriate base and the resulting anion reacted with an epoxide. 

Subsequent removal of the protecting group triggers the expulsion of cyanide to furnish 

an aldol product. The ease of preparation of protected cyanohydrins from aldehydes and 

the variety of well-established, procedures for the stereoselective preparation of epoxides 

establishes this method as a useful alternative approach to the formation of aldol products.

Results and Discussion

We began by treating TMS-protected mandelonitrile with LiHMDS in THF, followed by 

introduction of 1,2-epoxybutane. The reaction failed to provide the desired adduct, giving 3-

hydroxypentanenitrile as the major product. This was presumably formed via decomposition 

of the cyanohydrin substrate and subsequent reaction of the epoxide with the in situ 
liberated cyanide. Repeating the reaction in toluene completely suppressed the formation 

of 3-hydroxypentanenitrile, and the desired adduct was formed as a minor product along 

with considerable amounts of benzaldehyde and various benzoin derivatives.

Given the complications arising from decomposition of the substrate, we next investigated 

reactions of the more robust TBS-protected mandelonitrile. Similar treatment of this 

substrate with LiHMDS in THF followed by 1,2-epoxybutane gave a 1:1 mixture of the 

desired adduct and a cyclic imidate, each as a 1:1 mixture of diastereomers (Scheme 3). The 

formation of a cyclic imidate was not surprising, as the intramolecular attack of an alkoxide 

onto a nitrile is well known.21 Indeed, Rychnovsky17 proposed that this side-reaction likely 

contributed to the low adduct yield in the reaction of an acetonide-protected cyanohydrin 

with an epoxide.

This experiment was repeated several times and the ratio of adduct to imidate varied 

considerably, at times as high as 4:1 and as low as 1:10. The variability in product 

distribution was largely correlated to differences in how the reaction work-up was 

performed. When the reaction mixture was removed and added to saturated aqueous 

ammonium chloride, the product distribution favored the desired adduct. However, when 

the quenching solution was instead added into the reaction flask, the product distribution 

greatly favored the undesired imidate.

The following set of equilibria was proposed (Scheme 4) to explain this observation. After 

initial attack of the carbanion on the epoxide, the two anionic species (acyclic adduct anion 
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and cyclic imidate anion) establish an equilibrium that favors the desired acyclic adduct. 

This is rationalized by comparing the pKa of their conjugate acids (roughly 16 and 25, 

respectively). As the quenching acid is introduced, the conjugate acids (acyclic adduct and 

cyclic imidate) establish a second equilibrium favoring the more stable imidate. This is 

rationalized by the formation of the stronger σ bond in the imidate replacing the weaker π 
bond in the nitrile adduct. Quenching the reaction mass via drop-wise addition to a large 

excess of acid shuts down the pathway that allows interconversion of the two neutral species 

via their conjugate bases, preserving the initial ratio of anions in the final products.

Thus, when TBS-protected mandelonitrile was reacted with LiHMDS and 1,2-epoxybutane 

in toluene and quenched by drop-wise addition of the reaction mass to a large excess 

of vigorously stirred saturated aqueous ammonium chloride a 13:1 mixture of desired 

adduct and cyclic imidate was observed. Subsequent treatment of product mixture with 

TBAF in THF provided the expected aldol in 77% isolated yield (two steps) after column 

chromatography (Scheme 5).

With the problematic substrate decomposition and product cyclization now under control, 

we looked to optimize the alkylation conditions with respect to solvent. The results are 

summarized in Table 1. The reaction solvent had a significant influence on the product 

distribution. Hexane greatly favored formation of the undesired imidate, likely due to its 

extreme hydrophobicity which adversely affected the aqueous workup. Surprisingly, THF 

offered only a modest preference for the desired acyclic adduct. We suspect this is due to 

the solvent’s hygroscopic nature, introducing trace amounts of water prior to workup. Both 

diethyl ether and toluene gave satisfactory results, each greatly favoring the desired adduct.

We next explored the influence of the silyl group on the reaction. The results are 

summarized in Table 2. The TMS, TES, and TBS derivatives of mandelonitrile were reacted 

with LiHMDS and 1,2-epoxybutane using toluene as the solvent. Yields improved as the 

stability of the silyl group toward base was increased, with only the TBS group providing 

satisfactory results.

The scope of the method with respect to epoxide was demonstrated by reacting TBS-

protected mandelonitrile with several epoxides. The results are summarized in Table 3. 

Mono-, di-, and trialkyl substituted epoxides were well-tolerated (entries 1, 2, 8, 9). The 

reaction was also compatible with ether (entry 6) and remote alkene (entry 3) functionalities. 

Epoxides with adjacent halogen (entry 7), alkene (entry 4), or arene (entry 5) groups failed 

to provide any of the desired aldol product.

The scope of the method with respect to cyanohydrin was also explored. Various TBS-

protected aryl cyanohydrins were reacted with 1,2-epoxybutane under our optimized 

conditions. The results are summarized in Table 4. Alkyl (entry 2), halogen (entry 3), ether 

(entry 5), and amine (entry 6) substituents were each well-tolerated. The more sterically 

demanding naphthyl group (entry 8) also showed no inhibition of the reaction. Cyanohydrins 

with nitrile (entry 4) and trifluoromethyl (entry 7) substituents gave complex product 

mixtures with no aldol products observed.
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In conclusion, a new method for the preparation of aldols via the reaction of silyl-protected 

aryl cyanohydrins with epoxides has been developed. The specific workup procedure 

employed was critical to mitigating the formation of an undesired cyclic imidate, and the 

use of a TBS protecting group in toluene or ether as solvent gave superior results. The 

method was effective for the formation of several aldols from a variety of epoxides and 

cyanohydrins.

Typical Procedure:

A solution of 1.0 M LiHMDS in THF (1.2 mL, 1.2 equiv) was added drop-wise with 

stirring to a solution of silyl-protected cyanohydrin (1.0 mmol) in 5 mL of dry ether or 

toluene under argon. Epoxide (2.0 equiv) was immediately added dropwise and the reaction 

stirred for an additional five minutes. The reaction mass was removed via syringe and added 

dropwise below the surface of 10 mL of vigorously stirred saturated aqueous NH4Cl. The 

mixture was extracted with CH2Cl2 (3 × 10 mL) and the combined organic layers dried over 

anhydrous Na2SO4. The dried solution was concentrated in vacuo and the crude product 

mixture dissolved in 5 mL of dry THF. A solution of 1.0 M TBAF in THF (1.2 mL, 1.2 

equiv) was added drop-wise and stirred for 20 minutes. Water (5 mL) was added and the 

mixture extracted with ethyl acetate (2 × 5 mL). The combined organic layers were dried 

over anhydrous sodium sulfate and solvents removed in vacuo. The residue was purified by 

flash chromatography (silica gel, 20% ethyl acetate/hexane) to give the aldol product.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Scheme 1. 
Aldols from acyl anion equivalents.
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Scheme 2. 
Formation of aldols via the reaction of protected cyanohydrin anions with epoxides.
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Scheme 3. 
Formation of desired adduct and cyclic imidate.

Gilreath et al. Page 8

Tetrahedron Lett. Author manuscript; available in PMC 2024 February 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Scheme 4. 
Equilibrium of adduct and imidate via their conjugate bases during acid quench.
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Scheme 5. 
Successful formation of aldol using after deprotection with TBAF.
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Table 1.

Solvent optimization using TBS-protected mandelonitrile and 1,2-epoxybutane.

Solvent Ratio 2:3a Yield 4 (%)b

THF 3:1 53

Ether 6:1 84

Toluene 9:1 77

Hexane 1:5 17

a
Determined by 1H-NMR

b
Isolated yield
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Table 2.

Silyl group optimization using silyl-protected mandelonitriles and 1,2-epoxybutane in toluene.

R Yield (%)a

TMS trace

TES 51

TBS ll

a
Isolated yield
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Table 3.

Epoxide scope – reaction of TBS-protected mandelonitrile with various epoxides.

a
Isolated yield
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Table 4.

Cyanohydrin scope – reaction of TBS-protected aryl cyanohydrins with 1,2-epoxybutane.

a
Isolated yield
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