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The purpose of this investigation was two-fold:

(1) to study the effects of the solvent and the nature 

of the catalyst on the course of the reaction of 2-naph- 

thol with acrylonitrile; (2) to determine whether a re

lationship between reaction conditions and product 

distribution could be established.
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Cyanoethylation is a Michael-type base-catalyzed, 

addition of the general type shown in equation 1.

R— H designates an organic compound containing a hy

drogen atom which is bonded to a highly electronega

tive element, or where the hydrogen is part of an active 

methylene group as in diethyl malonate.

The reaction proceeds by means of a nucleophilic 

attack upon the carbon-carbon double bond of the acrylo

nitrile which has been polarized by the electron with

drawing nitrile group. In this manner the ¿-carbon be

comes the point of attack for a nucleophile.

In the reaction with phenols and naphthols the nu

cleophile Is generated by the action of a basic catalyst 

on the phenol or naphthol. The catalysts used are the 

alkali metals, their hydroxides, or quaternary ammon

ium hydroxides, especially Triton B (benzyltrimethyl- 

ammonlum hydroxide). The phenoxlde or naphthoxide ion, 

being an ambiaent anion, can undergo cyanoethylation on

(1) R— H + :B R + H:B

©  -

RCH2-CH-C=N
©

RCH2CH2C=N + SB
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either carbon or on oxygen. These reactions are illus

trated with naphthoxide ion in equations 2-4.

Polyhydric phenols yield the mono- or di- cyano- 

ethylated phenols depending on the proportions of acrylo

eight-fold excess of acrylonitrile in the presence of a 

catalytic amount of Triton B gave a 40$ yield of 1,3-

Cook and Reed^ obtained a 53$ yield of compound III 

when resorcinol was heated under pressure with a six

fold excess of acrylonitrile and a catalytic amount 

of sodium methoxide. However it has been reported that 

compound IV is formed In 56$ yield upon heating a mixture

of resorcinol and a two-fold excess of acrylonitrile in
amethanol with sodium metal as catalyst.

of (2-naphthoxy)propionitrile (I) was obtained by

nitrile used.1 Cyanoethylation of resorcinol using an

(5)
Triton B

(III)

OCHc h2c h2cn
CH 2 CH 2 CN

(IV)

Bachman and Levine^ have found that a 79$ yield
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!H2CH2JZÍN

SB

c h2c h2cn
OH

(II)
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refluxing a solution of 2-naphthol in a four-fold ex

cess of acrylonitrile in the presence of a catalytic 

amount of Triton B. Sodium metal has also been reported

to be successful in bringing about this reaction.^
7According to Hardman, 2-naphthol and acrylonitrile, 

in a solvent such as benzene, react in the presence of an 

equimolar or slight excess of solid sodium hydroxide to 

give a 93.5$ yield of the carbon cyanoethylated product, 

l-(^-cyanoethyl)-2-naphthol (II). Langley and Adams^ 

observed that acrylonitrile condenses with resorcinol in 

the presence of hydrogen chloride and zinc chloride 

(Equation 6) to yield the lactone of 4-dihydroxy-

phenyl )-propionic acid (V) which on hydrolysis yields 

j$-(2, 4-dihydroxyphenyl)-propionic acid (VI).

However, under the conditions described by Hardman,



8

resorcinol did not react. It appears that this reaction

is specific to 2-naphthol.
9-11Komblum, et al., have shown that there are sev

eral factors which influence the course of reaction of 

arnbident anions (Equation 7).

In the alkylation of phenoxide ion with allyl bromide or 

benzyl bromide, it was found that considerable carbon 

alkylation (path a) resulted when the reaction mixture 

was heterogeneous and only oxygen alkylation (path b)
9resulted when the reaction was conducted in solution.

Extending the idea of heterogeneity as a factor in 

alkylation reactions, Kornblum and his co-workers pro

posed that solvents have two properties which enable 

them to influence the course of an arnbident anion re

action: the tendency of the solvent molecules to become 

attached to the ions, and the dielectric constant of 

the solvent. In the reaction of phenoxide ion with allyl 

bromide, allyl chloride, or benzyl chloride, with all 

other factors remaining constant, a change from a non-
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hydrogen bonding solvent to one which is capable of

forming hydrogen bonds results in a substantial decrease

in the ratio of oxygen alkylated product to carbon alkyl- 
10ated product. Results of the sarnie order are observed

when the solvent is changed from one of high dielectric

constant to one of much lower dielectric constant in the
11alkylation of sodium 2-naphthoxlde with benzyl bromide.
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In the early stages of this investigation, the 

cyanoethylation reaction was studied using sodium 2- 

naphthoxide salt. In later work 2-naphthol was used 

in the presence of a base.

The sodium 2-naphthoxide was prepared according
12to the method of Kornblum, et al. To a methanolic 

solution of 2-naphthol an equivalent amount of aqueous 

sodium hydroxide was added. The methanol and water were 

removed by heating the reaction mixture under reduced 

pressure. The residual crude salt was recrystallized 

twice from tetrahydrofuran and benzene. The yield of 

purified sodium 2-naphthoxide was 29-35/6. Titration 

of the salt with standard acid indicated a purity of 
92.2$.

For the cyanoethylation experiments equimolar 

amounts of sodium 2-naphthoxide and acrylonitrile in 

50 ml. of solvent were heated for 2-24 hours at various 

temperatures. Upon cooling, the reaction mixture was 

diluted with water and acidified with acetic acid. In 

each experiment, by means of extraction techniques, 

the water-insoluble organic materials were combined and 

isolated. The mixture so obtained was then analyzed by 
gas chromatography.

The gas chromatographic analyses were carried out 

at 290-300°C using a column containing Chromosorb W
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impregnated with 20$ by weight of Silicone SE-30.

The retention times for 2-naphthol, ¿?-(2-naphthoxy)- 

propionitrile (I), and l-^-cyanoethyl)-2-naphthol 

(II) were found to be 1.3, 3.3, and 4.1 minutes, 

respectively, using the pure compounds.

The ,£-( 2-naphthoxy)propionitrile was prepared by 

a procedure which was essentially that described by
5

Bachman and Levine (Equation 8). Here 2-naphthol was

refluxed with excess acrylonitrile in the presence of 

a catalytic amount of Triton B for 18 hours. Work-up 

of the reaction mixture, followed by recrystallization 

of the crude product from acetone afforded a 19$ yield 
of I, m.p. 105-106°.

Triton B <^r 0CH2CH2CN

( I )

(II)

A mixture containing equimolar amounts of 2-naphthol, 

acrylonitrile, and sodium hydroxide in benzene was 

refluxed for two hours. Water was then added to the
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cooled reaction mixture. The aqueous phase was sep

arated and acidified with acetic acid. The carbon 

cyanoethylated product was filtered, washed with 

water, and dried. The crude product was recrystal

lized from 95% ethanol to give l-(^-cyanoethyl)-2- 

naphthol in yield, m.p. 141-142°.

Attempts to utilize the peak area of the gas chrom

atogram for the quantitative determination of cyano

ethylated products were unsuccessful. A quantitative 

relationship was lacking between the peak areas and 

the concentrations of the components in the mixture.

It was possible, however, to establish the predomi

nant cyanoethylated product, since it always gave a 

peak having the larger area. In later works the cy

anoethylated products were separated using adsorption 

chromatography (vide infra).

The results of the experiments with sodium 2- 

naphthoxide are summarized in Table 1.

In the later series of experiments, where 2-naph- 

thol was used in place of sodium 2-naphthoxide, the 

reactions were carried out in the presence of a base, 

sodium hydroxide pellets or Triton B. All reactions 

were carried out using equimolar quantities of 2-naph- 

thol and acrylonitrile in 50 ml. of solvent.
In a typical experiment, the reaction mixture,



Table 1&
Reaction of Sodium 2-Naphthoxide and Acrylonitrile

■u

Cyanoethylation Products0
Solvent Conditions Carbon Oxygen

Benzene 2 hr. (Steam bath) Major product Minor product

18 hr. (Steam bath) Only product None

Water 2 hr. (Steam bath) None None

2 hr. (Steam bath) None None

Tetrahydro
furan

2 hr. reflux Major product Minor product 

Minor product24 hr. reflux Major product

Diglyme 24 hr. (Steam bath) Major product Minor product

24 hr. (reflux) Only product None

Ethanol 2 hr. (reflux) None None

24 hr. (reflux) None None

aIn each experiment 0.016 mole of each reactant in 50 ml. of solvent

was used.
T_

determined by vapor phase chromatography; since a quantitative

relationship between peak area and concentration could not be established, 

the results are only rough estimates.
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after heating, was cooled, diluted with water, and 

acidified with dilute hydrochloric acid. In react

ions using benzene as solvent the layers were separat

ed and the aqueous layer extracted with benzene. For 

the other solvents, all of which are miscible with water, 

the acidic aqueous mixture was extracted with benzene.

1'n either case the benzene extract was thoroughly washed 

with dilute sodium hydroxide to remove any acidic com

ponents. The benzene solution was then washed with 

water and dried over anhydrous sodium sulfate. Re

moval of the benzene afforded the oxygen cyanoethylated 

compound which was dissolved in benzene and chromat

ographed on neutral alumina using benzene as the eluent.

The aqueous sodium hydroxide washings were com

bined, acidified with dilute hydrochloric acid and 

extracted with benzene. The benzene extracts were 

combined, washed with water, and dried over anhydrous 

sodium sulfate. Removal of the benzene afforded the 

acidic components of the reaction mixture. A portion 

of the mixture was dissolved in benzene and analyzed 

by means of adsorption chromatography using a silica 

gel column. The 2-naphthol was eluted with benzene; 

the 1-(/»-cyanoethyl) -2-naphthol was isolated using a
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fiity-fifty mixture of ethyl ether-benzene as eluent.

The results of this series of experiments are 
given In Table 2.

Txie data in Table 1 shows that cyanoethylation 

of 2—naphthoxide ion can take place In benzene, tetra— 

hydrofuran, and diglyme. However, analysis of the re

action products indicated the presence of large amounts 

of 2-naphthol. It appears, therefore, that the react

ion of sodium 2-naphthoxide with acrylonitrile in these 

solvents did not take place to any appreciable degree.

The hydroxylic solvents, water and ethanol, seem 

to be particularly poor solvents for the reaction.

It is known that water and certain alcohols, especially 

primary and secondary, react quite readily with acrylo

nitrile in the presence of a basic catalyst.14 It 

is possible that in these reactions the acrylonitrile 

reacted with solvent in preference to naphthoxide ion. 

Further discussion of this aspect will be presented 
later.

The results found in Table 2 show that sodium 

nydroxide is effective in bringing about the cyano

ethylation of 2-naphthol in benzene and in tertiary 

butyl alcohol. Methanol, diglyme, and dimethylform- 

amide are poor solvents for the reaction. Triton B 

is ineffective as a catalyst in all solvents.



Table 2a
Reaction of 2-Naphthol and Acrylonitrile

Solvent

Benzene

Methanol

, Yields of Cyano- c
Catalyst Conditions0 éthylation Products

_______________________________________ Carbon____________Oxygen

NaOH (Eq. Amt.) 1 hr. 2.44 6* (35.7%) 0.55 g. (7.98%)
NaOH (Eq. Amt.) 2 hr. 3.17 g. (46.5/0) 0.34 6- (4.33%)
NaOH (Eq. Amt.) 24 hr. 4.10 g. (59.7%) 0

NaOH (Cat. Amt.) 2 hr. 0.02 g. (0.30%) 0.24 6. (3.51%)
NaOH (Cat. Amt.) 24 hr. 0.31 g. (3.50%) 1.45 g. (20.5%)
Triton B (Eq. Amt.) 2 hr. 0 0

Triton B (Eq. Amt.) 24 hr. 0 0

None 24hr. 0 0

NaOH (Eq. Amt.) 2 hr. 0 0

NaOH (Eq. Amt.) 24 hr. 0 0
NaOH (Cat. Amt.) 24 hr. 0 2.75 S. (7%)d
NaOH (Cat. Amt.) 24 hr. 0 0.14 g. (2.60%)
Triton B (Eq. Amt.) 24 hr. 0 0

Triton B (Cat. Amt.) 24 hr. 0 0 H



Table 2 (Cont'd)

Ylelds of Cyano-
Solvent Catalyst Conditions éthylation Products

______________________________________________________ Carbon____________Oxygen

Tert-Butyl NaOH (Eq. Amt. ) 2 hr. 1.45 g. (21.3%) 0
Alcohol

NaOH (Eq. Amt. ) 24 hr. 4.11 g. (60.5%) 0

NaOH (Cat . Amt.) 2 hr. 0 0.03 g. (0.41%)

Diglyme NaOH (Eq. Amt. ) 1 hr. 0 0.05 6- (0.77%)

NaOH (Eq. Amt. ) 2 hr. 0 0

NaOH (Eq. Amt. ) 24 hr. Trace 0

NaOH ( Cat . Amt.) 2 hr. 0 0.03 g. (0.38%)

NaOH (Cat . Amt.) 24 hr. 0 0.26 g. (3.80%)

Triton B (Eq. Amt.) 2 hr. 0 0

Dimethy1- 
form amide

NaOH (Eq. Amt. ) 2 hr. 0 0.03 g. (0.45%)

aIn each experiment approximately 0.035 mole of acrylonitrile and 0.035 mole

of 2-naphthol were used. UA11 reactions were carried out at steam bath temperatures.
c clWeights of products as determined by adsorption chromatography. A mixture of

30 g. (0.21 mole) of 2-naphthol, 14 ml. (0.21 mole) of acrylonitrile, and 0.25 S*

(0.005 mole) of sodium hydroxide was refluxed in 250 ml. of methanol.
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In experiments using catalytic amounts of sodium 

hydroxide the yields are generally poor, with the 

oxygen cyanoethylated product predominating. In many 

cases it is the only cyanoethylation product Isolated.

Since the concentration of 2-naphthoxide Ion in these 

cases is not nearly so great as when equimolar amounts 

of base are used, an experiment was conducted to deter

mine whether 2-naphthol itself could act as the nucleophile. 

A mixture of 2-naphthol and acrylonitrile in equimolar 

quantities was refluxed in benzene for 24 hours; no cy

anoethylation was observed.

In benzene, with an equimolar amount of sodium hy

droxide, cyanoethylation occurred on carbon in good yield 

with some oxygen cyanoethylated product also being 

formed. As the reflux period was Increased it was ob

served that the yield of carbon cyanoethylated product 

increased while the yield of oxygen cyanoethylated pro

duct decreased. After 24 hours no oxygen cyanoethylated

product was found in the reaction mixture.
15Lichtenberger, et al., have reported that the oxygen 

cyanoethylated product can be isomerized to the carbon 

cyanoethylated product {Equation 10) in 90% yield by 

refluxing a benzene solution of p -{ 2-naphthoxy)propioni- 

trile in the presence of an equimolar amount of sodium
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hydroxide for 2 hours. We were, however, unable to 

duplicate his work. In three experiments most of the

C H2CH2CN
(10) f i ^  '<T-0CH2CH2CN NaOH

k J
( V I I )  ( v i l i )

material was found to be 2-naphthol along with a small 

amount of unreacted /£-( 2-naphthoxy )propionitrile. Only 

a small amount of isomerized product was found. This 

seems to indicate that most of the carbon cyanoethylated 

product is formed directly, rather than by isomerization 

of an initially formed oxygen cyanoethylated product.

Experiments carried out in methanol show that this 

solvent has an adverse effect on the cyanoethylation of 

2-naphthol. To confirm this effect a mixture of 2-naph

thol and acrylonitrile was heated with an equimolar amount 

of sodium hydroxide in benzene containing added methanol. 

No cyanoethylation of 2-naphthol was observed.

In the present investigation Triton B proved to be 

a poor catalyst for the cyanoethylation reaction. The 

Triton B used in these experiments was a 38/6 methanol 

solution of benzyltrimethylammonium hydroxide. The pres

ence of the methanol could have been responsible for the 

ineffectiveness of Triton B as a catalyst.

It was conceivable that the adverse effect of



methanol was due to the reaction of the acrylonitrile 

with the alcohol (Equation 1.1) In preference to the 2- 

naphthol. At the time of investigation of methanol as

21

(11) CH3OH + CH2-CH-CN -ffS-QS-■> CH30-CH2CH2-CN

(IX)

solvent this possibility was not considered. Hence, no 

attempts were made then to determine whether adduct IX 

was formed. The ineffectiveness of Triton B as a cata

lyst turned our attention to the reaction of methanol 
with acrylonitrile.

A mixture of equimolar amounts of 2-naphthol and 

Triton B was refluxed in benzene with sufficient acrylo

nitrile to react with the 2-naphthol as well as the 

methanol in the Triton B. Vapor phase chromatographic 

analysis showed that a considerable amount of methanol- 

acrylonitrile adduct (IX) was formed. None of the oxy

gen cyanoethylated product was observed in the neutral 

fraction. No attempt was made to establish whether 

carbon cyanoethylation had taken place. However, when 

equimolar amounts of acrylonitrile and 2-naphthol were 

heated in benzene with a catalytic amount of Triton B, 

V.P.C. analysis, and also thin-layer chromatography, 

failed to give evidence for the presence of the adduct.
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The reaction of sodium 2-naphthoxide and acrylo

nitrile in water failed to yield either of the expected 

mono-eyanoethylated products. However, V.P.C. analysis 

did indicate the presence of an unidentified substance. 

Through comparison of retention times it was demonstrated 

that this substance was not l-(/S-cyanoethyl)-2-(0-cyano- 

thoxy)-naphthalene (X). No attempt was made to deter

mine whether this unknown substance might be 

cyanoethyl ether (XI), the adduct resulting from the

c h 2 c h2cn
o c h 2c h2cn

(X)

n c c h 2c h2-o -c h2c h2cn

(XI)

reaction of one mole of the solvent, water, with two 

moles of acrylonitrile.

Tertiary butyl alcohol seems to be a good solvent 

for the cyanoethylation of 2-naphthol in the presence 

of sodium hydroxide. A 60.5% yield of the carbon cyano- 

ethylated product was obtained with this solvent. This 

was surprising since it has been reported that tertiary 

butyl alcohol reacts with acrylonitrile at the temp

erature at which this cyanoethylation reaction was car
ried out.

Investigation of the reaction between 2-naphthol
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and acrylonitrile using diglyme as solvent afforded re

sults which were very similar to those observed in the 

experiments with methanol as solvent. Very little cy- 

anoethylation of 2-naphthol was observed. In this case, 

however, reaction between solvent and acrylonitrile could 

not have taken place.

The isomerization of l-(^-cyanoethyl)-2-naphthol 

(Equation 10) was attempted in methanol and in diglyme. 

Only 2-naphthol was isolated in each case.

Lack of time prevented a thorough Investigation of 

the reaction between acrylonitrile and 2-naphthol in 

dimethylformamide. The result of one experiment in

dicates that dimethylformamide is not a particularly 

good solvent for this reaction.

It is not possible at this time to make any attempt 

to correlate solvent character and product distribution, 

due to the absence of reaction in many of the solvents 

investigated. A very slow reaction, which requires long 

heating periods, could be responsible for this observation. 
The reaction of 2-naphthol and acrylonitrile to give 

the oxygen cyanoethylated compound appears to be much 

slower than that in which the carbon cyanoethylated pro

duct predominates. In previously reported experiments^’ ^  

in order to obtain high yields of the oxygen cyanoethyl

ated product, the reaction mixture had to be heated for
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a total of 54 hours with excess acrylonitrile as solvent. 

However, high yields of the carbon cyanoethylated product 

were obtained by refluxing equimolar amounts of 2-naph- 

thol and acrylonitrile in benzene for only 2 hours.^

It is uncertain whether there is a relationship be

tween Kornblurn's work on the alkylation of phenoxide or 

naphthoxide ions with alkyl halides and the reaction of 

2-napiithol with acrylonitrile. However, both reactions 

are brought about by nucleophilic attack. In the first 

case the nucleophilic attack takes place at saturated 

carbon and leads to substitution. In the cyanoethylation 

reaction, nucleophilic attack takes place at un.3aturated 

carbon and leads to addition. It is possible that 

factors which influence the course of reaction in one 

system will show similar effects on the other system.

In those cases where reaction does take place, the 

results are not in disagreement with the results that 

Kornblurn observed.11, 11 In accord with Kornblum's work, 

carbon cyanoethylation is favored in solvents of low 

dielectric constant, benzene (£= 2.3) and tertiary butyl 

alcohol (£= 10.9). In acrylonitrile (fc = 38.8) oxygen 

cyanoethylation is the predominant reaction."* Also, 

tertiary butyl alcohol is capable of hydrogen bond form

ation, and in view of Kornblum's observations, should lead
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to a considerable amount of carbon cyanoethylation, as 

it does. It is to be noted, however, that appreciable 

oxygen cyanoethylation was observed in benzene when a 

catalytic amount of sodium hydroxide was used. Concen

tration of base catalyst appears to influence the course 

of the reaction also.

It is fairly obvious that much more investigation 

is necessary before one can draw any conclusions as to 

whether there is a correlation between solvent character 

and product distribution.

Mr>ti59
ALUMNI MEMORIAL LIBRARY

Creiglrtm University
Oottlft, Nilnulfca $8131





All melting points are uncorrected and were deter

mined using a Fisher-Johns melting point apparatus.

Reagents. The acrylonitrile was Eastman Co.

Practical Grade which, after purification by distillation, 

was stored over hydroqulnone.

Eastman Co. White Label 2-naphthol was used with

out further purification. A.C.S. quality benzene and 

tetrahydrofuran were distilled and dried over sodium.
The diglyme was purified by distillation over lithium 

aluminum hydride. Fisher Reagent Grade dimethylformamide 

was used without further purification.

Sodium 2-naphthoxide was prepared according to the
12method of Kornblum, et al. by dissolving 75 6- (0.52 

mole) of 2-naphthol in 250 ml. of methanol and adding to 

this solution 20 g. (0.50 mole) of sodium hydroxide dis

solved in 40 ml. of water. The methanol and water were 

removed by heating at 100° under reduced pressure (water 

aspirator). The last traces of water were removed using 

a vacuum pump. The crude salt was dissolved in 120 ml. 

of tetrahydrofuran; to this solution was added 300 ml. 

of benzene. The precipitated sodium 2-naphthoxide was 

separated by filtration and recrystallized again from 

tetrahydrofuran and benzene. Thorough washing of the salt 

with ethyl ether was followed by drying in a vacuum des

iccator. The average yield for 2 runs was 27 g. {32%).

2 7
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Analysis: Calculated for C^H-fCNa; Neutralization

equivalent, 166.

Found: Neutralization equivalent, 153* 

Purity, 92.2$.

Analytical Methods.

A. Vapor phase Chromatography. Analyses were car

ried out with an Aerograph Model A-90-P gas chromato

graph using a 6' x stainless steel column packed 

with 20$ by weight silicone gum rubber (Methyl SE 30) 

on Chromosorb W. V.P.C. analyses were conducted at a 

column temperature of 290-300°C using helium as carrier 

gas. At a flow rate of 100 cc/min. the retention time 

for 2-naphthol was 1.25 min; for /£-(2-naphthoxy)propio- 

nitrile, 2.5 min.; for 1- (p-cyanoethyl)-2-naphthol, 4.1 

min. Retention times were determined by using authen

tic samples of each compound. For analysis a small 

amount of the crude reaction product was dissolved in 

2-3 ml. of acetone and l-6/(l. aliquots of the solution 

were introduced into the chromatograph. Since no pro

cedure could be devised whereby a quantitative relation

ship could be determined between absolute or relative 

amounts of products present and peak areas, only qual

itative results are significant.
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B. Adsorption Chromatography. After separation 

of the reaction products into base-soluble and neutral 

fractions, a benzene solution of the neutral fraction 

was chromatographed on neutral alumina (80-200 mesh).

The p -(2-naphthoxy)propionitrile was obtained using 

benzene as the eluent. The base-soluble fraction was 

chromatographed on Davison silica gel (200 mesh) using 

benzene as the eluent for the 2-naphthol and then a 

50-50 mixture of benzene-ethyl ether as the eluent for 

the l-(j9 -cyanoethyl) -2-naphthol.

Reaction of Acrylonitrile and Sodium 2-Maphthoxloe.

The conditions for all of the following reactions 

were essentially the same except for the change in sol

vent. The reaction in benzene, part A, is described in 

detail. Significant changes in subsequent procedures are 

noted. Products were isolated by work-up in the usual 

manner.

A. In Benzene. A mixture of 1 g. (0.006 mole) 

of sodium 2-naphthoxide and 0.4 ml. (0.006 mole) of 

acrylonitrile in 50 ml. of benzene was refluxed on a 

steam bath for 2 hours using a condenser equipped with 

a calcium chloride drying tube. The reaction mixture 

remained heterogeneous throughout the reflux period.

After cooling, the reaction mixture was diluted with 

100 ml. of water and acidified with dilute acetic acid.
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The layers were separated, and the aqueous layer extracted 

with four 25-ml. portions of benzene. The combined ben

zene extracts was washed with water and then dried over 

anhydrous sodium sulfate. Removal of the benzene at 

100° In vacuo yielded a dark solid which on analysis by 

vapor phase chromatography showed the carbon cyanoethyl- 

ated product to be predominant; however, most of the 

material was unreacted 2-naphthol.

The reaction was carried out a second time with 

the heating period increased to 24 hours. The carbon 

cyanoethylated product predominated. However, most of 

the material was unreacted 2-naphthol.

B. In Water. V.P.C. analysis showed the presence 

of an unknown compound (retention time 2.8 min.) together 

with 2-naphthol. It was established that this unident

ified compound was not l-(/^-cyanoethyl)-2-(^-cyanoethoxy) 

naphthalene (X) (retention time 6.9 min.). No further 

attempt was made to characterize the unknown compound.

C. In Tetrahydrofuran. A duplicate of the exper

iment in benzene was carried out. V.P.C. analysis showed 

that the carbon cyanoethylated compound was the major 

product and that the oxygen cyanoethylated compound was 

present in minor amount.

The experiment was repeated but the reaction time
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was Increased to 24 hours; again the carbon cyano- 

ethylated product was present in larger amount than the 

oxygen cyanoethylated product.

In Diglyme. The reaction mixture was heated 

at 100° for 2 hours. V.P.C. analysis showed that the 

carbon cyanoethylated product was the predominant cyano- 
ethylation product.

In a second experiment the reaction mixture was 
refluxed and the reaction time increased to 24 hours.
The carbon cyanoethylated product was the only cyano- 
ethylation product.

E. In Ethanol. After a 2-hour reflux period most 

of the ethanol was removed from the reaction mixture by 

heating on a steam bath under reduced pressure. V.P.C. 

analysis showed no compound other than 2-naphthol to 
be present.

The experiment was repeated except that the reaction 

time was increased to 24 hours. Only 2-naphthol was 
found.

Reaction of 2-Naphthol and Acrylonitrile in Benzene,
7

A. Equimolar Amount of Sodium Hydroxide. A mix

ture of 5.0 g. (0.034 mole) of 2-naphthol, 2.3 ml. (0.034 

mole) of acrylonitrile, and 1.36 g. (0.034 mole) of sodium 

hydroxide in 50 ml. of benzene was refluxed for two hours
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on a steam bath using a reflux condenser equipped with 

a calcium chloride drying tube. After approximately 5 
minutes a vigorous reaction took place. After about half 

an hour a solid phase began to separate; by the end of 

the reflux period a liquid phase had separated in the 

bottom of the flask. After cooling, the reaction mix

ture was diluted with 100 ml. of water in which the sec

ond phase dissolved. The layers were separated and the 

aqueous layer acidified with dilute hydrochloric acid.

The aqueous layer was extracted with four 25-xnl. portions 

of benzene and the extracts combined with the organic 

phase. The resultant benzene solution which contained 

all the water insoluble material was then extracted with 

10% aqueous sodium hydroxide. The organic phase was 

washed with water and dried over anhydrous sodium sul

fate. Removal of the solvent afforded 0.35 6 * of the 

base-insoluble product. This material was purified by 

chromatography on alumina to yield 0 . 3 4  g. (4 .3%) of 
oxygen cyanoethylated product, m.p. 1 0 5 -1 0 6 ° (lit. 5 m.p.
105.5- 107°). A mixture of this product and pure 

0 -(2 -naphthoxy)propionltrile had a melting point of
104.5- 105.5°C.

The alkaline layer was acidified, and the precip

itated material was extracted with benzene. The combined
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extracts was washed with water and dried over anhy

drous sodium sulfate. Removal of the benzene left 

4.41 g. of a solid. Adsorption chromatographic analy

sis of 0.86 g. of this material gave 0.62 g. of i-(/?-Cy- 

anoethyl)-2-naphthol, m.p. 143-145° (lit.7 m.p. 142°).

A mixture oí this compound with an authentic sample melt

ed at 144-145°. The yield of carbon cyanoethylated pro

duct was 3.17 g. (46.5$). Unchanged 2-naphthol (0,24 g.)  

was also isolated; this corresponds to 1.23 g. of 2-naph
thol in the base-soluble material.

The reaction was repeated except that the reflux 
period was decreased to 1 hour. The base-soluble fraction 
(5.82 g.) was found to contain 2 .54 g. (35.7 )̂ 0f 1- 
(/?-cy ano ethyl)-2-naphthol, m.p. 145-147°; mixed m.p.,
144.5-145.5°. The neutral fraction was found to contain 
6.55 s. (8/0) of #-(2-naphthoxy)propionitrile. The Dase- 
soluble fraction also afforded 3 .2 g. of 2-naphthol.

In a third experiment the reflux period was Increased 

to 24 hours. The neutral fraction was found to contain 

only a trace of red oil. The 4.96 g. of base-soluble 

material was found to contain 4.10 g. (59.7%) of l-(#-cyan- 

oethyl)-2-naphthol and an undetermined amount of 2-naphthol.

8• Catalytic Amount of Sodium Hydroxide. The 

experiment described above in part A was repeated except
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that 0.04 g. (0.001 mole) of sodium hydroxide was util

ized. The reaction mixture remained light orange and 

clear throughout the reflux period of 2 hours. The re

action did not become vigorous at any time during the re

flux period. The base-soluble fraction (4.43 g.) was 

found to contain 0 . 0 2 1  g. (0.30% ) of 1 - ( ft-cyanoethyl)- 

2-naphthol and 4.15 g. {83% recovery) of 2-naphthol.

The neutral fraction was found to contain 0.24 g. (3.6%) 

of f i - ( 2 -naphthoxyfpropionitrile.
The reaction was repeated except that the reflux 

. period was increased to 24 hours. The 3.65 g. of base- 

soluble material was found to contain 0.31 g. (3 .5%) of 

the carbon cyanoethylated compound and 3 . 0 6  g. (61% re

covery) of 2-naphthol. The neutral fraction was found 

to contain 1.45 g. (2 0 .5^) of the oxygen cyanoethylated 
product.

0. Equimolar Amount of Triton B. The experiment 
in part A was repeated except that 16.5 ml. (0.034 

mole) of Triton B (38% solution in methanol) was used 

in place of sodium hydroxide. The neutral fraction 

yielded only a trace of red oil. The base-soluble frac

tion yielded no cyanoethylated compound, but 4 . 0 5  g.
(80% recovery) of 2 -naphthol was isolated.

The reaction was repeated except that the reflux
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period was increased to 24 hours. The neutral fraction 

yielded only a trace of red oil; the base-soluble frac

tion yielded 4.53 g. (90% recovery) of 2-naphthol.

D. Equimolar Amount of Sodium Hydroxide With 

Added Methanol. The experiment described in part A was 

repeated except that 14 ml. of methanol was added to the 

reaction mixture prior to refluxing. The 14 ml. of meth

anol corresponds to the volume of alcohol present in an 

equimolar amount of 38$ methanolic Triton B. The neu

tral fraction yielded a small amount of red oil; from the 

base-soluble fraction 4.56 g. (91$ recovery) of 2-naph

thol was obtained.

E. Equimolar Amount of Triton B with Excess 

Acrylonitrile. To a mixture of 5.0 g. (0.035 mole) of 

2-naphthol and 16.5 ml. (0.034 mole) of Triton B in 50 

ml. of benzene was added slowly and with cooling in an 

ice bath, 28.2 ml. (0.42 mole) of acrylonitrile. After 

refluxing on a steam bath for 2 hours the reaction mix

ture was diluted with water and the organic layer was 

extracted with 10$ aqueous sodium hydroxide. The ben

zene layer was washed with water, dried, and distilled. 

The fraction boiling at 130-150°C was collected and 

analyzed on the gas chromatograph. The presence of the 

adduct between methanol and acrylonitrile was indicated
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by a large peak at a retention time of 1.1 min. The 

retention time for the pure compound was 1.1 minute.

Upon acidification of the aqueous alkaline phase, 

a large amount of red tarry material separated. Purifi

cation of this material was not attempted. No solid 

residue was observed upon distillation of the neutral 
fraction.

F. Catalytic Amount of Triton B, A mixture of 

5.0 g. (0.034 mole) of 2-naphthol, 2.3 ml. (0.034 mole) 

of acrylonitrile, and 0.75 ml. (0.001 mole) of Triton B 

in 50 ml. of benzene was refluxed for 2 hours. The re

action mixture was cooled, diluted with water, and acid

ified with dilute hydrochloric acid. The aqueous lay

er was separated and extracted with benzene. The com

bined benzene extract was washed with water, dried (sod

ium sulfate), ana then distilled almost to dryness. The 

distillate, b.p. 78-90°, was analyzed by means of V.P.C.

No peak was observed at a retention time of 1.1 min., 

the retention time of the methanol-acrylonitrile adduct.

A thin-layer chromatographic analysis of the dis

tillate was also carried out. Silica gel was used as 

the adsorbent and chloroform as the eluent. Iodine vapors 

were used to develop the chromatogram. Comparison of 

the chromatogram of the distillate with that of the meth

anol-acrylonitrile adduct indicated that no adduct was 
present in the distillate.
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No attempt was made to isolate any cyanoethylation 
products of 2-naphthol.

F. In Absence of Base. A mixture of 5.0 g. (0.034 

mole) of 2-naphthol and 2.3 ml. (0.034 mole) of acrylo

nitrile was refluxed for 24 hours. After work-up the 

neutral fraction yielded only a trace of red oil. The 

4.6 g. of base-soluble material melted at 122-123°. A 

mixture of this material and 2-naphthol melted at 121.5- 
122°.

Reaction of 2-Naphthol and Acrylonitrile in Methanol.

A. Equimolar Amount of Sodium Hydroxide. A mixture 
of 5.0 g. (0.034 mole) of 2-naphthol, 2.3 ml. (0.034 

mole), and 1.39 g. (0.034 mole) of sodium hydroxide in 

50 ml. of methanol was refluxed for 2 hours. At the end 

ox the reflux period most of the methanol was removed 

and work-up in the usual manner was carried out. The 

neutral fraction yielded only a trace of brown oil.

Vapor phase chromatography indicated the presence of 

2-naphthol, but no carbon cyanoethylated product in the 
base-soluble fraction.

The experiment in part A ŵ as repeated with the 

reflux period increased to 24 hours. No cyanoethylation 
products were isolated.

Catalytic Amount of Sodium Hydroxide. A mix
ture oi 30 g. (0.21 mole) of 2-naphthol, 14 ml. (0.21 mole)
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of acrylonitrile , and 0.25 g. (0.006 mole) of sodium 

hydroxide in 250 ml. of methanol was refluxed for 24 

hours. Prom the neutral fraction 2.75 g. (7%) of 

/?-(2-naphthoxy)propionitrile was isolated. The base- 

soluble fraction yielded 27.1 g. of 2-naphthol.

The experiment was repeated using 5.0 g. (0.034 

mole of 2-naphthol, 2.3 ml. (0.034 mole) of acrylonitrile, 

and 0.04 g. (0.001 mole) of sodium hydroxide in 50 ml. 

of methanol. Vapor phase chromatographic analysis in

dicated the presence of both the oxygen and carbon cyano- 

ethylated products in addition to 2-naphthol. However, 

none of the carbon cyanoethylated product could be isolated 

by adsorption chromatographic analysis of the base-soluble 

fraction. The neutral fraction yielded 0.14 g. (2.6%) of 
the oxygen cyanoethylated 2-naphthol.

G. Equimolar Amount of Triton B. A mixture of

5.1 g. (0.034 mole) of 2-naphthol, 2.3 ml. (0.034 mole) 

of acrylonitrile, and 16.5 ml. (0.034 mole) of 38% meth- 

anolic Triton B in 40 ml. of methanol was refluxed 24 

hours. The neutral fraction yielded only a trace of 

solid. From the base-soluble fraction 5+ g. (98% re

covery of 2-naphthol was isolated.

D • Catalytic Amount of Triton B. A mixture of

5.1 g. (0.034 mole) of 2-naphthol, 0.75 ml. (0.001 mole)



of Triton B, and 2.3 ml. (0.034- mole) of acrylonitrile 

was refluxed in 50 ml. of methanol for 24 hours. The 

neutral fraction yielded a trace of solid. From the 

base-soluble fraction 4.6 g. (90% recovery) of 2-naph- 

thol was recovered.

Reaction of 2-Naphthol and Acrylonitrile in Tert

iary Butyl Alcohol.

A. Equimolar Amount of Sodium Hydroxide. A mix

ture of 5.0 g. (0.034 mole) of 2-naphthol, 2.3 ml.

(0.034 mole) of acrylonitrile, and 1.39 g. (0.035 mole) 

of sodium hydroxide was refluxed on a steam bath for 2 

hours. After work-up the neutral fraction yielded only 

a trace of red oil. The base-soluble fraction was 

found to contain 1.45 g. (21.3%) of p - (2-naphthoxy)pro- 

plonitrile and 3.25 g. of 2-naphthol.

The experiment was repeated but the reflux period 

was increased to 24 hours. The neutral fraction yielded 

a trace of oil. From the base-soluble fraction 4.11 g. 

(60.5%) of l-(2-cyanoethyl)-2-naphthol was isolated along 

with 1.10 g. of 2-naphthol.

Reaction of 2-Naphthol and Acrylonitrile in Dlglyme.

A. Equimolar Amount of Sodium Hydroxide. A mix

ture of 5.0 g. (0.034 mole), of 2-naphthol, 2.3 ml.

(0.034 mole) of acrylonitrile, and 1.36 g. (0.034 mole)

39
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of sodium hydroxide in 50 ml. of diglyme was heated on 

a steam hath for 2 hours. After diluting with water, the 

reaction mixture was acidified with dilute hydrochloric 

acid, and extracted with benzene-ether. The extracts 

were combined, washed with water, and dried over anhydrous 

sodium sulfate. Vapor phase chromatographic analysis 

was carried out on the material obtained by removal of 

the ether-benzene. There was no indication that either 

of the cyanoethylated products was present. The exper

iment was repeated and the same results were observed.

The experiment was repeated except that the heating 

period was decreased to 1 hour. Gas phase chromatography 

indicated the presence of the oxygen cyanoethylated 

product. Separation and analysis of the neutral frac

tion yielded 0.05 g. (0.7%) of ^-(2-naphthoxy)propio- 
nitrile.

The reaction was repeated with the heating period 

increased to 24 hours. Gas phase chromatographic analy

sis indicated the presence of the carbon cyanoethylated 

2-naphthol. However, adsorption chromatographic analysis 

of the base-soluble material yielded only a trace of the 

caroon cyanoethylated product along with 4.4 g. (88% 

recovery) of 2-naphthol.
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B. Catalytic Amount of Sodium Hydroxide. The 

experiment in part A was repeated except that 0.04 g. 

(0.001 mole) of sodium hydroxide was used. The pres

ence of /S-(2-naphthoxy) propionitrile was indicated by 

vapor phase chromatography. The neutral fraction 

yielded 0.03 g. (0.38$) of the oxygen cyanoethylated 
product.

The reaction was repeated but the heating period 

was increased to 24 hours. The presence of the oxygen 

cyanoetnylated 2-naphthol was indicated by vapor phase 

chromatography. Adsorption chromatography yielded 
0.26 g. (3.8$) of p -{ 2-naphthoxy)propionitrile.

C* Equimolar Amount of Triton B. A mixture of 
5.0 g. (0.034 mole) of 2-naphthol, 2.3 ml. (0.034 mole) 

of acrylonitrile and 16.5 ml. (0.034 mole) of Triton B 

was refluxed in 50 ml. of diglyme for 2 hours. Vapor 

phase chromatography indicated that neither of the cyano

ethylated products was present. The presence of 2-naphthol 

was indicated, but no attempt was made to isolate it.

Reaction of 2-Naphthol and Acrylonitrile in 
Dimethylformamide.

A * Equimolar Amount of Sodium Hydroxide. A mix
ture of 5.0 g. (0.034 mole) of 2-naphthol, 2.3 ml.

(0.034 mole) of acrylonitrile, and 1.37 g. (0.034 mole)
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of sodium hydroxide was heated on a steam bath for 

2 hours. After work-up in the usual manner the base- 

soluble fraction yielded 4.77 g. (90.2$ recovery) of 

2-naphthol. The neutral fraction yielded 0.03 g.

(0.4-3$) of the oxygen cyanoethylated product.

Preparation of ĵ -(2-Naphthoxy)Proplonltrlle.':>

A mixture of 110 g. (2.08 mole) of acrylonitrile,

80 g. (0.54 mole) of 2-naphthol, and 7.5 ml. of Triton 

B was heated at reflux on a steam bath for 18 hours.

After cooling in an ice bath yellow crystals separated.

The precipitate was filtered and washed thoroughly, first 

with a 2.5$ aqueous sodium hydroxide solution and then 

with water. The crude product (20 g.) was recrystallized 

from acetone to give 18.5 g. (19.2$) of white crystals, 

m.p., 105-106° (lit.5 m .p., 105.5-107°). It is to be 

noted that Bachman and Levine utilized a much longer re

flux period to obtain an improved yield of product.

Preparation of J d l  -Cyanoethyl)-2-Naphthol.^

A mixture of 29 g. (0.20 mol^ of 2-naphthol, 12 g. 

(0.20 mole) of acrylonitrile, and 9 g. (0.24 mole) of so

dium hydroxide was refluxed in 55 ml. of benzene for 2 

hours. After cooling, the reaction mixture was diluted 

with 100 ml. of water, and the mixture stirred to dissolve 

the viscous lower layer. The aqueous layer was separated 

and acidified with acetic acid. The crude product, 28 g.,
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upon recrystallization from 95% ethanol afforded 26.5 g. 

(66%) of white needles, m.p. 141-142° (lit.'" m.p., 142°).

Preparation of 1-(^-Cyanoethyl)-2-(^-Cyanoethoxy)- 
15Naphthalene.

A mixture of 5*0 g. (0.025 mole) of 1-(j?-cyanoethyl) - 

2-naphthol and 1.32 g. (0.025 mole) of acrylonitrile 

was refluxed for 18 hours in the presence of 0 . 5 0  ml. 
of Triton B.

The reaction mixture was allowed to stand over

night, then diluted with water, and extracted with ether- 

benzene. The ether-benzene extracts were combined, washed 

successively with water, 2% aqueous sodium hydroxide, 

and again with water. The ether-benzene was removed from 

the dried solution yielding crystals, which after one 

recrystallization from ethanol gave 2.5 g. (43%) of 

colorless crystals, m.p. 67-68° (lit.15 m.p., 68.5°).

Isomerization of ft-(2-Naphthox.y)Proplonitrile to
!-(/-Cyanoethyl)-2-Naphthol.

15A. In Benzene. A mixture of 5.0 g. (0.025 mole) 

of -(2-naphthoxy)propionitrile and 1.0 g. (0.025 mole) 

of sodium hydroxide in 50 m l . of benzene was refluxed 

under nitrogen for 2 hours. A solid phase began to sep

arate after about 50 minutes of refluxing. After cool

ing, the reaction mixture was diluted with water. The
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benzene layer was separated and extracted with 10%  

aqueous sodium hydroxide, washed with water, and dried 
over anhydrous sodium sulfate. The residue remaining 
after removal of the solvent was chromatographed to yield 
0.86 g. of /?-(2-naphthoxy)propionitrile.

The aqueous alkaline extract was acidified with 
dilute hydrochloric acid, then extracted with ether- 
benzene. The ether-benzene solution was washed with 
water, and then dried over anhydrous sodium sulfate.
The 3.39 g. of base-soluble material was isolated. It 

was found to contain 3.05 6* of 2-naphthol and 

0.21 g. (4.2$) of !-(/£-eyanoethyl)-2-naphthol.

In a second experiment a 15$ yield of the isomer- 

ized product was isolated. In another experiment the 

reaction product was analyzed by vapor phase chromatog

raphy. It was found to contain some l-(^-cyanoethyl)- 

2-naphthol and 2-naphthol, but no starting material.

B. In Dlglyme. The experiment in part A was re

peated. After work-up, the neutral component yielded 

only a trace of oil. Adsorption chromatography of the 

acidic fraction indicated that only 2-naphthol, 3-68 g. 

(99$), was present.

C. In Methanol. The experiment in part A was 

repeated. Upon adsorption chromatographic analysis 

3.5 g. (93$) of 2-naphthol was isolated.
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Preparation of ff-Methoxyproplonltrlle.

To a solution of 32 g. (1 mole) of methanol in 50 

ml. of 2% aqueous sodium hydroxide was added 53 6• (1 

mole) of acrylonitrile. The mixture was shaken until 

the evolution of heat ceased. The upper layer was 

separated, neutralized with acetic acid, and dried over 

anhydrous sodium sulfate. Distillation afforded 25 g. 

(29%) of product, b.p. 162-165° (lit.1^ b.p., 164°).

17





47

The reaction of sodium 2-naphthoxide and acrylo

nitrile was studied in benzene, diglyme, tetrahydrofuran, 

v/ater, and ethanol. The results indicate that cyano- 

ethylation occurs in benzene, tetrahydrofuran, and 

diglyme. Gyanoethylation did not take place in ethanol 

and water. The reaction in water produced a substance 

which was not identified, but was shown not to be 1- 

(/? -cyanoethyl) -2- (/9-cyanoethoxy) -naphthalene .

With sodium hydroxide and 2-naphthol good yields 

of the carbon cyanoethylated compound wer’e observed in 

benzene and in tertiary butyl alcohol. Little or no 

cyanoethylation was observed in methanol, diglyme, or 

dimethylformamide. Triton B was found to be ineffective 

as a catalyst in all cases.

With an equimolar amount of sodium hydroxide, using 

benzene as solvent, as the reaction time was Increased 

the yield of carbon cyanoethylated product increased and 

the yield of oxygen cyanoethylated product decreased. The 

previously reported isomerization of the oxygen cyano- 

ethylated compound to the carbon cyanoethylated compound^"1 

could not be duplicated. Only small yields of isomerized 

product were Isolated, the major product being 2-naphthol.

It was shown that methanol has an adverse effect on 

the cyanoethylation of 2-naphthol. That this effect Is 

due to the reaction of acrylonitrile with the methanol 

was not conclusively demonstrated.
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The reaction of sodium 2-naphthoxide and acrylo

nitrile was studied in benzene, diglyme, tetrahydrofuran, 

water, and ethanol. The results Indicate that cyano- 

ethylatlon occurs in benzene, tetrahydrofuran, and 

diglyme. Cyanoethylation did not take place in ethanol 

and water. The reaction in water produced a substance 

which was not identified, but was shown not to be 1- 

(/? -cyanoethyl) -2-(/? -cyanoethoxy) -naphthalene.

With sodium hydroxide and 2-naphthol good yields 

of the carbon cyanoethylated compound were observed in 

benzene and in tertiary butyl alcohol. Little or no 

cyanoethylation was observed in methanol, diglyme, or 

dimethylformamide. Triton B was found to be ineffective 
as a catalyst in all cases.

With an equimolar amount of sodium hydroxide, using 

benzene as solvent, as the reaction time was increased 

the yield of carbon cyanoethylated product increased and 

the yield of oxygen cyanoethylated product decreased. The 

evidence indicates that the carbon cyanoethylated product 

is formed directly rather than by isomerization of the 

initially formed oxygen cyanoethylated product. The pre

viously reported isomerization could not be duplicated. 

Only small yields of Isomerized product were isolated, the 

major product being 2-naphthol.

It was shown that methanol has an adverse effect on
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the cyanoethylation of 2-naphthol. That this effect is 

due to the reaction of acrylonitrile with the methanol 

was not conclusively demonstrated.
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