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O R G A N I C  PREPARATIONS AND PROCEDURES INT.  5 ( 5 ) ,  203-207 (1973)  

SYNTHESIS OF PURE ARYLKETONE CYANOHYDRINS 

AND ARYLKETONES FROM AROMATIC ALDEHYDES 

M .  Makosza and T .  Goetzen 
I n s t i t u t e  of Organic Chemistry and Technology 

Technical Un ive r s i ty  ( P o l i t e c h n i k a ) ,  Warsaw, Poland 

Although a ry lke tone  cyanohydrins a r e  u s e f u l  i n t e rmed ia t e s  

i n  organic  s y n t h e s i s  ,’ t h e  d i f f i c u l t i e s  of  d i r e c t  p r e p a r a t i v e  

methods2 have precluded t h e i r  i s o l a t i o n  i n  pure form. We now 

r e p o r t  a simple gene ra l  method f o r  t h e  s y n t h e s i s  of  aromatic 

ketones and t h e  corresponding cyanohydrins from benzaldehyde. 

Benzaldehyde cyanohydrin r e a d i l y  adds t o  v i n y l  e t h e r s  t o  

give s t a b l e  mixed a c e t a l s ( I I I ) ,  which can be smoothly alky- 

l a t e d  under b a s i c  cond i t ions  t o  t h e  a c e t a l s  o f  corresponding 

ketone cyanohydrins ( I V ) .  The a l k y l a t i o n  i s  convenient ly  

c a r r i e d  out i n  t h e  presence o f  aqueous sodium hydroxide and 

triethylbenzylammonium c h l o r i d e  (TEBA) as a c a t a l y s t .  S i m i l a r  

cond i t ions  were previously s u c c e s s f u l  f o r  t h e  a l k y l a t i o n  of  

C N  CH2=CHOC H 0 C N  PhCHO CN- b PhCH’ - -44- PhCH 
HCN ‘OH H +  ‘OfHOC4H9 

I I1 
k H  

I11 

R R 
K C O  RXsNaoH b Phh-CN - H2& Phh-CN 4 - 3 -  PhCOR 

V I  
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M. MAKOSZA AND T .  GOETZEN 

many C-H a c i d s 3  as w e l l  as f o r  some o t h e r  r e a c t i o n s  i n v o l v i n g  

ca rban ions  .4 

a c e t a l s  ( I V )  are hydro lvzed  r a p i d l y  i n  t h e  p re sence  o f  d i l .  

h y d r o c h l o r i c  a c i d  t o  t h e  cyanohydr ins  ( V ) .  The l a t t e r  which 

are i n  t u r n  q u i t e  s t a b l e  t o  a c i d s ,  are e x t r e m e l y  s e n s i t i v e  t o  

a l k a l i n e  a g e n t s  and decompose r a p i d l y  t o  co r re spond ing  ketones.  

Thus ,  t h e  r e a c t i o n  sequence  d e s c r i b e d  above o f f e r s  a 

Although ve ry  s t a b l e  toward a l k a l i ,  t h e s e  

conven ien t  p a t h  t o  pu re  cyanohydr ins  o f  a r y l k e t o n e s  even f o r  

d i f f i c u l t l y  a c c e s s i b l e  ones  such  as phenacyl  bromide cyanohy- 

d r i n .  The method i s  a l s o  a t t r a c t i v e  f o r  t h e  s y n t h e s i s  o f  

a r y l k e t o n e s  which a r e  o t h e r w i s e  d i f f i c u l t  t o  o b t a i n ;  f o r  

example,  u s i n g  t h i s  method we have o b t a i n e d  pu re  a l l y l p h e n y l -  

k e t o n e ,  which had p r e v i o u s l y  e luded  p r e p a r a t i o n .  The d i r e c t  

s y n t h e s i s  o f  ke tones  from benzaldehyde does  no t  r e q u i r e  

p u r i f i c a t i o n  o f  t h e  i n t e r m e d i a t e s  11, I V  and V .  

 EXPERIMENTAL^ 

a-(a-Butoxyethoxy)phenylacetonitrile (111). - Benzaldehyde 

(26 .5  g ,  0 . 2 5  m o l e ) ,  sodium cyan ide  (12 .3  g ,  0.25 mole)  and 

50 ml of  water were mixed i n  a f l a s k  and t h e n  250  m l  o f  s a t u -  

r a t e d  aqueous NaHS03 was added d u r i n g  15  min. w i t h  v igo rous  

s t i r r i n g  and i c e - c o o l i n g .  The o r g a n i c  l a y e r  was s e p a r a t e d  

and d r i e d  ove r  MgS04 f o r  1 5  min. 

was t h e n  t r e a t e d  w i t h  3 d rops  o f  cone.  H C 1  and 36 g (0 .36  

mole) of  b u t y l v i n y l  e t h e r  was added dropwise .  The mix tu re  

was a l lowed t o  s t a n d  o v e r n i g h t  at  room temp. ,  t h e n  washed 

w i t h  aqueous K C O  and d i s t i l l e d ,  y i e l d i n g  4 0 . 8  g ( 7 0 % )  of  

The r e s u l t i n g  cyanohydrin 

2 3  
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SYNTHESIS OF PURE ARYLKETONE CYANOHYDRINS 

111, bp. 104-110°/0.4 mm, ngo 1.4857. 

g. Calcd f o r  Cl4HlgNO2: C, 72:2; H ,  8 . 2  
Found: C ,  72 .3 ;  H ,  8 .3 .  

The NMR spec t rums showed t h a t  t h e  product  t o  b.e an approx i -  

ma te ly  1:l m i x t u r e  o f  two i somers :  6 Ha 5.3 and 5.4 ppm ( l H ) ,  

6 O C g O  4 . 8  and 5.0 ppm ( two p a r t l y  o v e r l a p i n g  q u a r t e t s ,  J = 5 

Hz) .  The I R  spec t rum showed no C'-N a b s o r p t i o n  band as it is 

t h e  c a s e  w i t h  many o t h e r  a-cyanobenzyl e t h e r s .  

A l ly lpheny lke tone  cyanohydrin ( V ,  R = a l l y l ) .  - A c e t a l  I11 

( 9 . 3  g ,  0 .04 mole ) ,  a l l y l  c h l o r i d e  ( 9 . 2  g ,  0 . 1 2  mo le ) ,  50% 

N a O H  ( 2 5  ml) and TEBA (0 .22  g )  were s t i r r e d  f o r  2 h r s .  at  50°.  

The m i x t u r e  was d i l u t e d  w i t h  water, t h e  o r g a n i c  l a y e r  was 

s e p a r a t e d ,  poured i n t o  60 m l  o f  5% H C 1  and b o i l e d  f o r  5 min. 

h f t e r  c o o l i n g ,  t h e  p roduc t  was e x t r a c t e d  w i t h  benzene ,  d r i e d  

o v e r  MgS04 and d i s t i l l e d ,  y i e l d i n g  5.2 g ( 7 5 % )  o f  a l l y l p h e n y l -  

ke tone  cyanohydr in ,  bp.  100-102°/0.4 mm; ngo = 1.5286;  NMR 

( 6 ,  ppm): 2 .6  ( d ,  2H, J = 6 . 5  Hz) ,  4 . 1  ( l H ) ,  4.85-5.2 ( m y  2H), 

5.3-6.0 ( m y  l H ) ,  7 .1-7.5 ( m y  5 H ) ;  -IR (crn'l, f i l m ) :  V C N  - - 
2249 ( w ) ,  vCH = 3425 (s). 

&. Calcd f o r  CllHllNO: C ,  76 .3 ;  H ,  6 . 1 ;  N ,  8 . 1  
Found: C ,  76.5; H ,  5 .9 ;  N ,  8 .0 .  

The f o l l o w i n g  cyanohydr ins  were p repa red  s i m i l a r l y 7  from 

cor re spond ing  a l k y l  bromides .  

Propiophenone cyanohydr in .  - Y i e l d  8 1 % ;  bp.  94-96O/O. 4 mm; 

n i o  = 1.5194;  NMR ( 6 ,  ppm): 

2 H ,  J = 7.5 Hz) ,  4 . 4  ( l H ) ,  7.2-7.5 ( 5 H ) ;  I R  (cm-l, f i l m ) :  

vCH = 2247 ( w ) ,  vCH = 3430 ( s ) .  

W. Calcd f o r  CIOHllNO: C ,  74 .5 ;  H ,  6 . 8 ;  N ,  8 .4  

0.9 ( t ,  3 H ,  J = 7.5 Hz) ,  1 . 9  ( 4 ,  

Found: C ,  74.2;  H ,  7 .1 ;  N ,  8 .7 .  
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14. MAKOSZA AND T .  GOETZEN 

Butyrophenone  c y a n o h y d r i n .  - Y i e l d  7 1 % ;  b p .  101-103"/0.4 mm; 

nEo = 1.5135;  NMR ( 6 ,  ppm) 0 . 7 - 2 . 1  ( m y  7 H ) ,  4 . 1 5  ( l H ) ,  7 . 1 - 7 . 5  

( m y  5 H ) ;  I R  (cm 

Anal .  Calcd  f o r  C11H13NO: C ,  7 5 . 4 ;  H ,  7 . 4 ;  N ,  8 .0  

-1 , f i l m ) :  vCH = 2250 ( w ) ,  vCH = 3440 ( s ) .  

Found: C ,  7 5 . 8 ;  H ,  7 . 1 ;  N ,  7 . 9 .  

P h e n a c y l  bromide  c y a n o h y d r i n .  - Y i e l d  7 3 % ;  mp. 81" ( f r o m  C C 1 4 ) ;  

NMR ( 6 ,  ppm): 3 . 6  ( d ,  l H ,  J = 11 H z ) ,  3 .65 ( d ,  lH, J = 11 Hz), 

4 .0  ( l H ) ,  7 . 1 - 7 . 5  ( m y  5H);  I R  (cm-', i n  K B r ) :  

vCH = 3440 ( s ) .  

Anal .  Calcd  f o r  C H N O B r :  C ,  4 7 . 8 ;  H ,  3 . 5 ;  N ,  6 . 2  

v C N  = 2258  ( W ) ,  

9 8  
Found: C ,  4 7 . 7 ;  H ,  3 . 8 ;  N ,  6 . 0 .  

A l l y l p h e n y l k e t o n e .  - A l l y l p h e n y l k e t o n e  c y a n o h y d r i n  ( 3 . 5  g ,  

0 .02  mole)  was d i s s o l v e d  i n  1 0  m l  o f  methanol  and p o u r e d  i n t o  

50 m l  o f  5% K2C038 The m i x t u r e  was shaken  f o r  3 min.  and 

e x t r a c t e d  w i t h  b e n z e n e .  

s o l v e n t  was e v a p o r a t e d ,  y i e l d i n g  2 .95  g ( 1 0 0 % )  o f  a l l y l p h e n y l -  

k e t o n e ,  b p .  52"/0.2 mm, n;' = 1 . 5 4 1 0 .  NMR ( 6 ,  ppm): H o ,  7 .9 -  

The e x t r a c t  was d r i e d  ove r  MgS04 and 

- 
8 . 2  ( m y  2 H ) ;  HmYp,  7 . 2 - 7 . 8  (my 3H);  H a ,  3 . 7  (9, 2 H ,  JH-H 2 = 6 

- 
H z ,  JH-H = 1 H z ) ;  H B ,  5.8-6.5 ( m y  1 H ) ;  H,, 5.0-5.4 ( m y  2H). 

IR (cm-1, f i l m )  : 

- Anal .  Calcd  f o r  ClOHlOO: C ,  8 2 . 2 ;  H ,  6 . 7  

vcZc = 1 6 4 8  ( m ) ,  vcZc = 1690 ( s ) .  

Found: C ,  8 2 . 2 ;  H ,  6 .8 .  
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