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A SIMPLE PROCEDURe FOR THE PREPARATION 

OF PURE MONOALKYL PIIENYLACETONITRIL~ 

A. Jon'czyk, M. Ludwikow and M. Makosza' 

Institute of Organic Chemistry and Technology 
Technical University (Politechnika) 

Koszykowa 75, PL-00-662 Warszawa, POLAND 

Alkyl derivatives of phenylacetonitrile (11) are conveniently prepared 

Although by reaction of phenylacetonitrile anion (I-) with alkyl halides.l 

the yields of this reaction are usually high, the products are often con- 

taminated with variable amounts of the starting nitrile (I)  and the dialkyl 

derivatives ( 1111. 

I 1- I1 I11 

For this reason, the preparation of pure I1 is often a difficult task, 

particularly when R are lower aliphatic substituents (a3, C$15, CH2=CHCH2, 

etc.). 

these compounds can only be separated by preparative GLC. 

Since in these cases the differences in boiling points are small, 

Among a variety of base-solvent systems employed for the alkylation 

of I, the most convenient and efficient is the so-called catalytic two-phase 

(CTP) in which aqueous sodium hydroxide in the presence of tetra- 

alkylammonium salt is used as the base for the generation of the carbanions. 

Although these conditions offer the best selectivity for the alkylation of 

I, s m a l l  amounts of dialkyl derivatives (111) are still produced, which to- 

gether with unchanged I contaminate the product. Although phenylacetoni- 
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t r i l e  ( I )  can be e a s i l y  removed from t h e  mixture by condensation wi th  ben- 

zaldehyde, I11 free o f  I1 cannot be obtained by chemical means. Some con- 

tamination o f  I1 by I11 usua l ly  does not i n t e r f e r e  when I1 i s  used as a 

s t a r t i n g  mater ia l  i n  f u r t h e r  carbanion condensation r eac t ions ;  indeed I11 

cannot f o r a  a-cyano carbanion and i s  usua l ly  less r eac t ive  i n  o the r  reac- 

t i o n s  involving t h e  cyano function. However, f o r  many purposes it i s  essen- 

t i a l  t o  have t h e  pure I1 i n  hand. Thus, w e  now descr ibe  a r e l a t i v e l y  s i m -  

p l e  and e f f i c i e n t  method for prepara t ion  of pure 11. 

We have recent ly  found4 t h a t  I1 r e a c t s  e a s i l y  under C T P  conditions 

with v iny l  a c e t a t e ,  g iv ing  ace toxyn i t r i l e s  I V .  The e s t e r  function i n  these  

compounds i s  e a s i l y  hydrolyzed by ac ids  a f ford ing  t h e  corresponding hydroxy- 

n i t r i l e s  V. These i n  t u r n  when t r e a t e d  wi th  weak base undergo r e t r o a l d o l  

cleavage t o  I1 mid acetaldehyde. More conveniently, I1 is prepared i n  

one-step when I V  i s  t r e a t e d  d i r e c t l y  with weak base.  

R 

R = CH3, C2H5, CH2=CHCH2 

R 

5-C-CN 

H 
I1 

I 
I 

L V  Na2C03 

EtOH/H20 

Thus, when a mixture of I1 and I11 i s  t r e a t e d  wi th  v inyl  ace t a t e  under CTP 

condi t ions ,  only I1 forms t h e  adducts I V  which can be e a s i l y  separa ted  by 

d i s t i l l a t i o n .  Subsequent hydrolysis and r e t r o a l d o l  cleavage wi th  sodium 

carbonate-ethanol/water leads  t o  11, f r e e  of  any contaminations (see Table).  
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PWPARATION OF PURE MONOALKYL PHENYLACETONITRILES 

The ove ra l l  y i e lds  of I1 based on both s teps ,  are i n  the  range of 55-65%. 

TABLE. Data on Conversion of I V  t o  I1 

Yield Overall y i e ld  Bp. o f  I1 (OC/mmHg) 

(%) on both s teps  Obs .  L i t .  
R of 11 of I1 (based 

X )  

112-114/13 90-91/5.5 6 

3 
88 55 CH 3 

CH3CH2 90 64 109-111/10 102-104/7 

133-135/14 134-136/16 7 
CH2=CHCH2 86 60 

Due t o  the  a v a i l a b i l i t y  of t he  s t a r t i n g  materials and s implici ty  of 

the procedure, t h i s  method is  highly recommended f o r  t he  preparation of  

pure 11. 

8 EXPERIMENTAL 

Preparation of 1V.- The crude reaction mixture, a f t e r  a lkylat ion of I with 

methyl, e thy l ,  a l l y l ,  bromide o r  a l l y l  chloride,  was s t i r r e d  with benzalde- 

hyde t o  condense unreacted I,3 then d i s t i l l e d .  

I1 and I11 w a s  checked by GLC 

systern.l 

t h e i r  puri ty  w a s  confirmed by GLC :lo 

t- (IV, R = CH3), bp. 102-105°/0.2 mmHg 

y ie ld  63%; 2-ethyl-2-phenyl-3-acetoxybutyronitrile (IVY R = C2H5) , bp. 100- 

10b0/0.3 mmHg, lit.4 bp. 156-158O/12 mmHg, y i e ld  71%; 

2-allyl-2-phenyl-3-acetoxybutyronitrile ( I V ,  R = CH2=CHCH2), bp. 154-15g0/ 

15  mmHg, mp. 67-72O (hexane, mixture of diastereoisomers),  y i e ld  70%; NMR 

(6, ppm): 

(CH3CO);  2.5-2.9 m, 2H (CH2CH=CH2);r4.8-5.7 m, 4H (HC-0, CH=CH2); 7.2-7.5 

m, 5 H (C6H5); I R  (an 

The resul t ing mixture of 

and t r ea t ed  with vinyl acetate i n  t h e  C W  9 

The products ( I V )  were than purif ied by f r ac t iona l  d i s t i l l a t i o n ,  

2-methyl-2-phenyl-3-acetoxybutyroni- 

4 lit. bp. 146-147O/8 lmnHg. 

1.07 d, 1.33 d, J = 6.5 Hz, 3H (C!H3-CH); 1.78 s ,  2.10 s,  3H 

-1 , in KBr.): Vm=2253 (w), vc0=1740 (s). 
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- Anal. Calcd f o r  C15H17N02: C ,  74.1; H ,  7.0;  N ,  5.75. 

Found: C ,  74.3; H ,  6.95; N ,  5.75. 

2-Methyl-2-phenyl-3-hydroxybutyronitrile ( V ,  R = CH3) .- The adduct ( I V ,  

R = CH ) ,  13.0 g (0.06 mole) and 40 m l  conc. hydrochloric ac id  were re- 

f luxed  f o r  2 h r s .  

wi th  benzene ( 3  x 20 ml). 

with  water t o  remove a c e t i c  a c i d ,  d r i ed  (MgS04) and t h e  so lvent  w a s  evapor- 

a t ed .  

( V ,  R = C H 3 ) ,  unreacted I V  ( R  = CH3, %12%), t h e  n i t r i l e  (11, R = CH3, 1.2%) 

and t r a c e s  o f  o the r  products.  

mixture w a s  again t r e a t e d  wi th  conc. hydrochloric a c i d  i n  i d e n t i c a l  fash ion  

t o  t h e  f i r s t  s t ep .  The res idue  i s o l a t e d  from t h e  second s t age  hydro lys is  

was d i s t i l l e d  t o  give V ( R  = CH3) ,  bp. 144-146O/6 mmHg (mixture of d i a s t e r -  

3 

The mixture w a s  d i l u t e d  wi th  w a t e r  (100 m l ) ,  ex t r ac t ed  

The combined organic  e x t r a c t  w a s  throughly washed 

The res idue  w a s  analyzed by GLC" revealed t h e  presence o f  a lcohol  

I n  order  t o  complete t h e  hydrolysis,12 t h e  

eoisomers),  8.0 g ( ~ 6 % ) ~  p u r i t y  9 5 %  (by  GLC"). NMR ( 6 ,  ppm): 1 .05  d ,  

1.17 d ,  J = 6 Hz, 3H (CH3-CH); 1.61 s ,  1.71 

3.94 q , J  = 6 Hz, 1 H  ( - C H ) ;  7.16-7.52 m y  5H 

2254, vOH=34g0. 

s,  3 (CH3); 3.71 s ,  1H ( O H ) ;  

c H ; IR (em-', f i lm)  : vCN= 6 5  

- Anal. Calcd for C11H13NO: C ,  75.4; H ,  7.4;  N ,  8.0. 

Found: C ,  74.9; H ,  7.4; N ,  7.9. 

Trea t ing  t h i s  a lcohol  wi th  sodium carbonate-ethanol/water mixture as 

described below 

y i e l d .  

Hydrolytic Cleavage o f  1V.- The adduct ( I V Y  0 . 1  mole),  sodium carbonate 

(13 .8  g ,  0.13 mole),  water (60 ml), and e thanol  (120 m l )  were re f luxed  

f o r  3-5 h r s ;  t h e  progress o f  t h e  r eac t ion  w a s  monitored by G L C . l o  

completion of  t h e  hydro lys is ,  e thanol  w a s  d i s t i l l e d  from t h e  mixture.  The 

res idue  w a s  d i l u t e d  with water ,  ex t r ac t ed  wi th  benzene, t h e  e x t r a c t  w a s  

washed wi th  sa tu ra t ed  aqueous N a C 1 ,  d r i ed  over M&04 and d i s t i l l e d  t o  

gave t h e  n i t r i l e  (11, R = CH3) i n  nea r ly  q u a n t i t a t i v e  

A f t e r  
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9 give pure 11, at  least 99% by GLC ana lys i s  (Table).  
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using UR-10 Zeiss-Jena spectrophotometer. 

on a Chrom-4 instrument, column A: 10% DEGS on Sterchamol, column B: 

5% s i l i c o n e  o i l  OV-17 on Kieselgur/TMCS, column C:  

XE-60 on Kieselgur/TMCS. Bps. and mps. ( taken i n  a cap i l a ry  tube )  are 

uncorrected. 

The mixture a f t e r  a lky la t ion  wi th  methyl bromide w a s  analyzed on column 

A ,  t h e  o ther  products on column B. 

The I R  spec t r a  were obtained 

GLC ana lys i s  were performed 

5% s i l i c o n e  o i l  

9. 

LO.  Column B. 
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11. Column c. 

12. Less s a t i s f a c t o r y  r e s u l t  w a s  obtained when a c e t i c  ac id  was d i s t i l l e d  

during t h e  hydrolysis.  Therefore, a two-stage hydrolysis procedure 

was devised t o  remove a l l  a c e t i c  ac id  which could p a r t i c i p a t e  i n  t h e  

hydrolysis equilibrium. 

(Received March 15, 1979; i n  revised. form June 29, 1979) 
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