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The alcoholysis of nitriles in refluxing ethylene glycol is a well-known method to prepare 

f3-hydroxyethyl esters (1); however, the mechanism of this reaction is not yet clearly under- 

stood. The anhydrous reaction of ethylene glycol with benzonitrile is reported (2) to evolve 

ethylene oxide, as well as ammonia. 
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Kinetic studies (4) are consistent with the initial formation of 2-hydroxyethyl benzimi- 

date, (I); however, Ikeda et. al. (3,4) propose that (I) reacts with excess ethylene glycol to 

form orthoesters (II) or (III), rather than to form a benzamide. The anhydrous hydrolysis 
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reaction of terephthalonitrile gave "scarcely any 2-hydroxyethyl p-cyanobensoate" (4); addi- 

tion of water resulting in ester formation. 

We have found that the anhydrous reaction of glycols with nitriles evolves amwnia at 

130" to ZOO'C. directly yielding esters. The kinetic (c) product is a 2-(Z-hydroxyethoxy)-ethyl 

ester that transesterifies in the excess ethylene glycol to form the S-hydroxyethyl ester. 
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In view of these 

ethylene or propylene 

new facts, it is proposed that the reactive intermediate is an amide 

acetal (IV). This intermediate is consistent with the lack of reactivity 

shawn by monohydric alcohols which would have evolved ammonia if orthoesters were the inter- 

mediates. 
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(v) 

Bensamide ethyleneacetal (IV) was not isolated, but this class of compounds is known to be sub- 

stantially more reactive than orthoesters and various specific examples have been cited as 

reactive intermediates in rearrangement reactions (8). 

Ethylene glycol transesterification (9) of (V) yields the 2-hydroxyethylester (VI) at a 

rate considerably slower than the nitrile glycolysis reaction liberated ammonia (4,5). The fact 

that the rate of diethylene glycol appearance in solution is slower than that of assaonia evolu- 

tion (Table I) is further evidence against the intermediacy of diethylene glycol formed from 

ethylene oxide and ethylene glycol, or for a unique ring opening of orthoester (II). 

Table I 

GLYCOLYSIS OF TERIWRTRALONITRILS (0.195 moles) IN RWLDRING 
ANRYDRODS ETHYLENE GLYCOL (2.52 moles) AT 195°C 

T%Vi!3 

0.015 

0.147 

0.188 

0.226 

0.252 

0.276 

0.301 

0.325 

Roles Diethylene 
Glycol in E.G. Solution (b) 

0.011 

0.029 

0.054 

0.073 

0.094 

0.098 

0.153 

0.206 
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This unusual reaction is limited to 1,2 and 1,3 diols. Mouohydric alcohols: 1-octanol, 

2-methoxyethanol, 2-phenylethanol (2), l-decanol, and 2-ethoxyethanol (2) produced only trace 

quantities of amonia when refluxed with aromatic nitrites. Dihydric alcohols such as di- 

ethylene glycol and triethylene glycol were unreactive; whereas, 1,5-pentane diol (2) and 1,6- 

hexane diol (2) gave esters very slarly. Carefully purified 1,4-butanediol at reflux tempera- 

ture is unreactive with benzonitrile or terephthalouitrile unless a trace amount of an acidic 

catalyst or metal salt (5) is added as contrasted to its earlier reported reactivity (2). 

Addition of zinc acetate (0.2g) to a refluxing solution of terephthalonitrile (0.195 moles) and 

1,4-butanediol (2.52 moles) resulted in the evolution of copious amounts of asmonia (0.388 

moles) and tetrahydrofurau (0.397 moles) yielding the expected 4-hydroxybutyl ester. 

Ethylene oxide conceivably could react rapidly with the ethylene glycol to give diethylene 

glycol which might selectively alcoholyee the amide intermediate to form the kinetically ob- 

served product. However, the rate of glycolysis, i.e., asmonia evolution, from the reaction of 

bensamide in refluxing ethylene glycol is about one-third that of bensonitrile (4). Likewise 

we have found the rate of asmonia evolution (10) from terephthalamide with ethylene glycol or 

diethylene glycol to be about one-tenth that of terephthalonitrile glycolysis with ethylene 

glycol. Mass spectral analysis of the effluent gases detected no ethylene oxide, propylene 

oxide or their reaction products with amonia (6). 

Infrared analysis of the terephthalonitrile:ethylene glycol reaction solutions showedester 

carbonyl functionality at 5.75~incipient with anmania evolution. There was a linear relation- 

ship between the increase in the ester carbonyl absorption intensity at 5.75A(aud the mole X of 

ammonia evolved. Additionally, the characteristic absorption bands of ortho esters similar to 

(II) and (III) synthesized by McElvain and St&n (7) were completely absent. 
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We suggest that the smide acetals are also the reactive intermediates in the aqueous gly- 

colysis of nitriles. The distinction in mechanism is in the relative nucleophilicity of water 

versus glycol in the ring opening steps, necessitating carefully designed procedures to control 

the addition of water, thereby optimising the yield of the desired S-hydroxyethyl ester (11). 

The high yield synthesis (12) of his@-chloroethyl)-terephthalate by heating a solution of 

ethylene glycol and terephthalonitrile saturated with hydrogen chloride is mechanistically con- 

sistent with this hypothesis; the product arises from a selective nucleophilic attack of chlor- 

ide ion upon the protonated amide ethyleneacetal (V). 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

RRFRPRNCRS 

Japan 68:26,496 (1968), British 1,140,939 (1969), 

B. Robinson, 

T. Ikeda, M. 

T. Ikeda, M. 

T. Ikeda, M. 

French 1,365,841 (1964). 

J. Chem. Sot., 2417 (1963). 

Kitabatake, M. Ito and R. Ishioka, Bull. Chem. Sot. Japan, & 1165 (1965). 

Kitabatake, M. Ito, Y. Noguchi, Bull. Cham. Sot. Japan, & 1158 (1965). 

Kitabatake, M. Ito, Y. Noguchi, Bull. Chem. Sot. Japan, 4L, 1154 (1965). 

Japanese Patent 68/6764; 308,291, Showa Denko Co., (3113168). 

S. M. McElvain and R. E. Starn, Jr., J. Am Chem. See., z 4571 (1955). 

Carboxylic Ortho Acid Derivatives, R. H. DeWolfe, Academic Press, 1970, Chapter 7. 

F. 

S. 

U. 

U. 

G. 

Mares, V. Bazant and J. Krupicka, Coll. Csechoslav. Chem. C-n., & 2208 (1969); 

Hashimoto, H. Noboru, Doshisha Daigaku Rikogaku Kenkyu Hokoku, 5 205 (1968). 

S. Patent 1,030,958 (1964), page 3. 

S. Patent 2,921,088 (1960). 

N. Suleimanov, S. D. Mekhtiev and R. G. Aliev, Aserb. Neft. Khoz., s 37 (1969). 

(a) Compound V separated from VI by TIC on silica gel (6% CR30H + 94% CRC13); NMR of V 

(Ar - 0) 
B 

;-C-OCR+, d - 4.44 ppm;-Cli20H, d = 3.90 ppm;-CRROC$-, quartet,d= 4.17 ppm; 

J = 5.5 cps.; colorless lcw melting wax. 

(b) DEG in EG calculated from VPC data using internal standards. 

(c) TLC was used to monitor Compounds V and VI during reaction. 


