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A b s t r a c t  - C h l o r o p h e n y l c a r h c n c  r e a c t s  w i t h  b i f u n c t i o n a l  o r  

p o l y F u n c t i o n a 1  a l c o h o l s  and  e t h a n e d i t h i o l  t o  form 2 - p h e n y l - I ,  

3 - d i o x a l s n e s  and 2-phenyl-1,3-dithialane. 

C a n s i d e r a h l e  a t t e n t i o n  h a s  heen g i v e n  t o  t h e  i n t c r a c t i o n  a f  c a r b e n e s  and  oxygen 

c o n t a i n i n g   compound^.^ The e l e c t r o n - d c f i c i r n t  c a r h e n e s  r e a c t  w i t h  a l c o h o l s Z  and 

c a r b o x y l i c  a c i d s 3  v i a  0 - H  insertion r e a c t i o n s  w h e r e a s  t h e  r e a c t i o n  w i t h  protected 

n ldc l iydes  ( 1 , 3 - d i o x a l n n e s  and 1 , 3 - d i o x a n e s )  h a s  been  shown t o  p r o c e e d  v i a  a  C-11 

l n s c r r i o n  r e n ~ t i a n . ~  R e c c n t i y ,  c s r b e n e  a t t a c k  on t h e  oxygen  o f  an  o x c t a n e  

Fal lowed by a n  e l i m i n a t i o n  o r  rearrangement p roces s  was described b y  Kirmsc and 

5 
c a -worke r s .  

The k i n e t i c  b e h a v i o u r  (.or t h e  r e a c t i o n  oC s i n l e t  h c n z y l c h l o r o c a r b e n c  w i t h  

m e t h a n o l  h a s  been  shown t o  bc  s c c o n d - o r d e r  i n  I n  t h i s  r e s p e c t  t h e  

c h l o r o c a r b e n e  s h o u l d  c n h i b i t  s i m i l a r  h c h s v i a u r  t o w a r d s  a m o l e c u l c  c o n t a i n i n g  t w o  

0-11 g r o u p s .  Our e x p e r i m e n t a l  r e s u l t s  conf i rn t  t h e s e  p r e d i c t i o n s .  

3-chlaro-3-aryldinzirincs were p r e p a r e d  a c c o r d i n g  to Graham's  method. '  Thermal 

d e c o m p o s i t i o n  of 0 . 1  \l 3-chloro-3-phcnyldiazirine, &, a t  8 0 ' ~  f o r  6 h i n  e x c e s s  

a l c o l ~ a l  gave  t h e  r o l l a i i i n g  p r o d u c t s  ;is i n  e q u a t i o n  (1 )  where R=?.ie, Er a n d  "BU. 

+On l e a v c  f rom Phnrm:iccut icnl  Chemical  I n s t i t u t e  o f  Semmclwcis l i ledicnl  U n i v e r s i t y  

- 1 ,  Budapest, f i u n ~ a r v .  



However, r e a c t i o n  w i t h  b i f u n c t i o n a l  o r  p o l y f u n c t i o n a l  a l c o h o l s  such  a s  e t h y l e n e  

g l y c o l  ( E G ) / c y c l o h e x a n e ,  e t h y l e n e  g l y c o l  monoethyl  e t h c r  (ECME) o r  d i e t h y l c n e  

g l y c o l  monoe thy l  e t h e r  (DEGME) u n d e r  t h e  samc c o n d i t i o n s  t h e  c y c l i c  

a c e t a l ,  2-phenyl-1,3-dioxalane9, and  t h r c c  o t h e r  p r o d u c t s  a s  g i v e n  i n  e q u a t i o n  

( 2 )  where R=H, E t  o r  EtOCH2CI12. 

P h \  ,N 
,C, 1) + ROCH,CH,OH --r Ph + HCI + PhCHCI2 + PhCHO 

CI N A (2) + RCI 

I n  o r d e r  t o  u n d e r s t a n d  t h e  r e l a t i o n s h i p  be tween  c a r b e n e  r e a c t i v i t y  and t h e  c o n -  

i u g a t c  c f f e c t  o f  t h e  p h e n s l  r i n g ,  t h e  r e a c t i o n s  f o r  s u b s t i t u t e d  p h e n y l c h l o r o -  

d i a z i r i n e s  and  DIGME were c a r r i e d  o u t  ( T a b l e  1) .  D e s p i t e  numerous  s t u d i e s  a l  

c a r b e n e s  w i t h  a l ~ o h o l s , ~ ' ~ , ~ ~ , ~ ~  t h e  mechanism l o r  t h e  r e a c t i o n  o f  c h l o r o c a r b c n e -  

a l c o h o l  r e m a i n s  o b s c u r e .  Kirmsc s u g g e s t e d  t h a t  c l e c t r o p h i l i c  o r  n u c l e o p h i l i c  

c h a r a c t e r  of  t h c  c a r b e n e  p l a y s  an  i m p o r t a n t  r o l e  i n  t h c  mechanism o f  t h e  0-11 

i n s e r t i o n  r e a c t i o n .  1 0  

T a b l e  1: E x p e r i m e n t a l  Da ta  f o r  t h e  R e a c t i o n  o f  Carbcnc5  w i t h  A l c o h o l s  
. . 

X-Ph-CCl NhIR C h e m i c a l z f  IJnta ,  ppm -_ Y i e l d  % _- 
X S u b s t r a t e  -CHO Henzylic H CH2 ~IS a c e t a l  a l d ~ h y d e  - - - 

H hlc OH PhCfl (0Mc) , 5.55 3 .35  7 .32  95 

H E t O H  PhCH(Oht)2 5 .51  3 . 5 0  I '  9 1  

H PhCHiOKu) 5 . 5 0  3 .50  " 90 

p-CfI- UEGME p - C H 3 P h < 3  9.95 5 . 6 7  3.93 7 .18 ( t r a c e )  
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T a b l c  1 ( c o n t ~ n o e d j  

X S u b s t r a t e  Prodllct -CHO B c n z y l i c H  CH Ar-H a c e t a l  a ldehyde  - -2 

I n  s e a r c h i n g  f a r  a mechanism f o r  t h e  a c e t a l  f o r m a t i o n ,  s e v e r a l  f a c t s  mus t  be borne 
7 

i n  mind :  ( 1 )  The 0-H i n s e r t i o n  hy  c h l o r o c a r h e n e  i n v o l v e s  a s s o c i a t e d  a l c o h o l . -  

( 2 )  The r c a c t i o n  o f  h c n r y l c h l o r a c a r b e n e  w i t h  m c t h a n a l  i s  s e c o n d - o r d e r  i n  a l c o h o l .  
h 

( 3 )  S i m i l a r  p h o t o l y s i s  e x p e r i m e n t s  ( 2 0 ' ~ )  u s i n g  b e n i y l c h l o r o d i a z i r i n e  ( 0 . 0 1  M) and 

c t h y l e n e  g l y c o l  ( 0 1 -  1 )  i n  n i t r o m e t h a n c  i n d i c a t e d  t h a t  t h e  r e a c t i o n  a i  

b e n z > - l c h l o r a c a r b e n e  w i t h  e t h y l e n c  g l y c o l  i s  l i r s t - o r d e r  i n  t h e  g l y c o l . 1 2  T h i s  

c o n f i r m s  t h a t ,  i n  t h e  r e a c t i o n  o f  m e t h a n o l ,  two a l c o h o l  m o l e c u l e s  may he i n v o l v e d  

i n  t h c  r a t e - d e t e r m i n i n g  s t e p .  ( 4 )  The e t h e r  bond i s  immune t o  t h e  a t t a c k  o f  

p h c n y l c h l o r a c a r b e n e .  13 

I p o s s i b l e  mechanism a s  g i v e n  above shows t h a t  t h e  c a r h c n e  i n s e r t s  i n t o  t h c  0-H 

bond o f  t h e  a l c o h o l  bv a n  e l e c t r o p h i l i c  a t t a c k  o f  t h e  electron-deficient c a r b e n e  

t o  t h e  oxygen l a n e  p a i r  which p r o d u c e s  a r e v e r s i b l y - f o r m e d  y l i d e  i n t e r m e d i a t e  

( I ) . ' '  I t  must  be  emphasized t h a t  i n  t h c  scheme i s  i n  d i m e r i c  form a n d  

R = > l e ,  E t ,  "HU, C H , C I I , O E t  o r  C l l  CH 0CH7CH,0Et. I n  t h e  c a s e  o f  e t h y l e n e  g l y c o l ,  - " 2 ' 2  - 
R i s  connected t o  K a n d  t h c  d i m e r i c  Corm i s  n o t  r e q u i r e d ,  h u t  t h e  hydrogen  bond ing  



i n  t h e  g l y c o l  may s t i l l  e x i s t .  The h y d r o g e n  t r a n s f e r  p r o c e s s  i n  t h e  s ix -membered  

i n t e r m e d i a t e ,  I ,  i s  a i d e d  by t h e  a s s o c i a t e d  a l c o h o l  as w e l l  as  by t h e  l o s s  o f  

~ 1 -  from t h e  e l e c t r o n  r i c h  c a r b a n i a n .  T h i s  i s  f o l l o w e d  b y  a f a s t  p r o t a n a t i o n  f r o m  

t h c  tic1 m o i e t y  on t h e  a l k o x y  c a r b c n e  (11)  g i v i n g  r i s e  t o  a r e s o n a n c e  s t a b i l i z e d  

c a r b o c a t i o n  ( I l l )  wh ich  t h c n  r e a c t s  w i t h  a s e c o n d  m o l e c u l e  o f  n u c l e o p h i l e  (ROH) t o  

g i v e  t h e  r e q u i r e d  a c c t a l .  I n  t h e  c a s e  o f  EGhlE o r  DEGEIE, t h e  mechanism i s  s i m i l a r  

t o  t h a t  a l r e a d y  d e s c r i b e d ,  e x c e p t  t h a t  t h c  i n t e r m e d i a t e  1 1 1  g i v e s  r i s e  t o  t h c  

d i o x o l a n e  by an  i n t r a m o l e c u l a r  n u c l e o p h i l i c  a t t a c k  o f  t h e  e t h e r - o x y g e n  o n  t h e  

c a r b o c a t i o n .  The p r o d u c t  r a t i o  f o r  a c e t a l / a l d e h y d c  i n  T a b l e  1 i s  v e r y  s e n s i t i v e  

t o  t h e  s u b s t i t u e n t s  i n  t h e  pheny l  r i n g .  E l e c t r o n  w i t h d r a w i n g  g r o u p s  i n c r e a s e  t h e  

Cormat ion o f  1 , 3 - d i a x o l a n e  which i s  c o n s i s t e n t  w i t h  t h e  f o r m a t i o n  o f  a  y l i d c  as 

a n  i n t e r m e d i a t e  i n  t h e  r e a c t i o n  o f  c h l a r o c a r b e n e  and  a l c o h o l .  

The r e a c t i o n  o f  t h e  c h l o r o p h c n y l c a r h e n e  w i t h  1 , Z - c t h a n e d i t h i o l  was a l s o  cxamincd  

s i n c e  l i t t l e  i s  known a b o u t  t h e  r e a c t i v i t y  of the c a r b e n e  t o w a r d s  t h e  SH f u n c t i o n -  

a l i t y .  Thc p r o d u c t s  o b t a i n e d  on t h e r r n o l y s i s  o f  ! w i t h  excess  d i t h i o l  a t  8 0 ' ~  

w e r c  2-phenyl-1,3-dithiolanc, b e n z a l  c h l o r i d e  and  H C 1 .  The f o r m a t i o n  of  2 - p h e n y l -  

1 , 3 - d i t h i o l a n e  i n d i c a t e s  t h a t  t h e  b e h a v i o u r  o f  t h i o l  i s  s i m i l a r  t o  t h a t  o f  

a l c o h o l s .  Thc i n t r a m o l e c u l a r  c y c l i z a t i o n  p r o d u c t  p r o h a b l y  r e s u l t s  f rom an  

a n a l o g o u s  r e a c t i o n  pa thway  i n v o l v i n g  n s u l f u r  y l i d e  and t h i o a l k y l  c a r b e n e .  Such 

intramolecular c y c l i z a t i o n s  have b c e n  r e c e n t l y  o h s e r v c d  i n  t h e  r e a c t i o n  o f  

a m i n o p h e n y l c a r b e n e  w i t h  some s e c o n d a r y  nmines .  
14 
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