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Abstract: Acetone cyanohydrin with stoichiomelric triethylamine opens epoxides regiospecifically to give /3-hydraxy 

As expacled. addition of cyanide occurs at the least substituted carbon. 

The possibility of utilizing a nucleophilic cyanide addition to an epoxide to provide a P-hyclroxy nitrile 

has been recognizedl. During studies directed towards this goal, we encountered difficulties in using literature 

methods2 for direct nucleophilic cyanide addition. The two major disadvantages were regioselectivity2c and 

isolation of water soluble products. It should be noted that trimethytsilyl cyanide has been used to open 

epoxides to provide p-siloxy nitriles3. We report herein the regiospecitk synthesis of some P-hydroxy nitriles 

from I,2 epaxides and acetone cyanohydrin. 

Initial attempts to open epoxides under phase transfer conditions4 using catalytic tetrabutylammonium 

bromide and potassium cyanide gave good results. For example, when epoxyhexane and potassium cyanide 

were reacted with 1.0 % molar tetrabutylammonium bromide, an 84 % of 3-hydroxy heptanenitrile was 

obtained. Unreacted epoxide was always recovered in some cases even after long reaction periods. It has been 

reported that cyanide ion in conjuction with acetone cyanohydrin is a hydrocyanating reagent for cr$-unsaturated 

carbonyl systemss. We anticipated that reaction would proceed to completion by some modification of the 

~anide ; accri the biphasic system with the 

KCN, cat. TBAB, 
HO 

& 
CN 

1 NKOH/DCE R’ 
R 

TBAB = tetrabutylammonium bromide: DCE = 1,2-dichloroethane 
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Table I. Summary of regiospecific opening 01 epoxides with acetone cyanohydrin 

Entry Epoxide Reaction Time Product Yield’ 

2) 

3) 

3.5 h 

4.0 h 

Cl&CN 67% 

2 

HO 
CN 63 % 

3.5 h AOyCN 91 % 
HO 
4 

3.0 h 

16.0 h 

76% 

6 

HO 

CN 
88 % 

sb) 18.0 h 

gbl -0 

NR 

NR 

a = The yields which are reported correspond to isolated products, which have been purified 
using siliia gel chromatography , distillation or recrystallization. b) NR = no reaction: 83 96 of 

phenylpropyiene oxide was recovered ; 74 % of cyclohexene oxide was recovered. 

aid of acetone cyanohydrin, the difficult task of isolating water soluble products remained a problem. 

Since acetone cyanohydrin was a good source of cyanide i&a, we proposed a homogeneous reaction 

involving stoichiometric acetone cyanohydrin under mildly basic conditions for epoxide ring opening. This 

reaction proceeded as anticipated: when epoxyhexane was refluxed with stoichiomenic triethylamine and acetone 
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cyanohydrin in THF for 4 h, 3-hydroxyheptanenitrile was isolated as the only product. Systemic investigation 

of this procedure using various epoxides (Table I entries l-9)6reveal the method to be general for acyclic 1,2- 

epoxides. 

As can be observed, nucleophilic addition occurred only at the least substituted carbon of the epoxide. 

Only one regioisomer was observed in every reaction7 (entries l-7). Functional groups such as simple esters 

and chlorine are stable under the reaction conditions. Geminally disubstituted epoxides undergo regiospecific 

ring opening as well to provide P-hydroxy nitriles in high yield (entry 3). In addition, the reaction is 

chemoselective in that no P-hydroxy nitriles were observed for vicinally substituted epoxides (entries 8 and 9). 

Only unreacted epoxide was isolated when cyclohexane oxide or phenyl propylene oxide was used. 

A full equivalent of base is not required for complete reaction, rendering the process catalytic in base. 

Detail mechanistic aspects will be discussed in a later publication. This new method for preparation of p- 

hydroxy nitriles from 1,2-epoxides has advantages in that acetone cyanohydrin is readily available8, does not 

require metallic salts, does not require high boiling polar aprotic solvents and good to excellent yields of 

products are obtained. 

A typical experimental procedure for the preparation of 1 (Table I) is as follows: acetone cyanohydrin 

(10.1 g, 119 mmol), 1,2-epoxyhexane (10.0 g, 100 mmol) and triethylamine (12.0 g, 119 mmol) were refluxed 

with stirring for 4 hr in 40 mL of ‘H-IF under a nitrogen atmosphere. The mixture was cooled, diluted with 

water (40 mL) and extracted twice with ethyl ether. After drying over magnesium sulfate, the combined organic 

layers were concentrated under vacuum, and the residue distilled (120 oC /13 mm) to provide 9.5 g (74 %) of a 

clear, colorless oil; TLC Rf 0.67 (Et20); IR (neat) cm-l 3610,3462, 3019.2260, 1243; 1H NMR (CDC13) 6 

3.87 (qn, J = 5.71 Hz, lH), 3.12 (bs, lH), 2.51( m, 2H), 1.59 (m, 2H), 1.28 (m, 4H), 0.89 (t, J = 6.8 Hz, 

3H); l3H NMR (CDC13) 6 118.1, 67.7, 36.2, 27.3, 26.1, 22.4, 13.9; Anal Calcd for C7Hl3NO: C, 66.10; H, 

10.30; N, 11.01. Found: C, 65.72; H, 10.43; N, 11.07. When the product is water soluble such as 2 and 3, 

the reaction mixture is simply concentrated and the residue distilled to obtain the product. 
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