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Abs t rac t  - 2 4 t y r y l i n d o l e s  were obta ined i n  modest y i e l d s  by t h e  

exposure of a z i r i n e s  t o  carbon monoxide, a pal ladium(0) c a t a l y s t ,  

sodium hydroxide, benzene as the  organic phase, and b e n z y l t r i e t h y l -  

amnonium c h l o r i d e  as the  phase t r a n s f e r  agent. The r e a c t i o n  i s  sen- 

s i t i v e  t o  t h e  arrnosphere used. 

The chemist ry  o f  a z i r i n e s  has been ex tens ive ly  inves t iga ted  i n  recen t  The metal complex 

ca ta lyzed  r i n g  opening o f  a z i r i n e s  has l e d  t o  the  development of several  usefu l  r e a c t i o n  processes! 

Of p a r t i c u l a r  n o t e  a r e  pal lad ium(0)  cata lyzed reac t ions ,  the course of which depends on the  na tu re  

of the  metal c a t a l y s t .  When a z i r i n e s  ( 1 )  a r e  exposed t o  carbon monoxide i n  t h e  presence o f  a 

c a t a l y t i c  amount o f  tet rakis[ t r iphenylphosphine)pal ladium(0),  b i c y c l i c  8-lactams (2) a r e  

However, v i n y l  isocyanates (3) are obta ined i n  a reg iospec i f i c  manner us ing b is(d ibenzy1idene- 
5 

acetonelpal lad ium(0)  as the  c a t a l y s t  . 
R 

R 'Qc + C O  C6H6, Pd(PPh3)4 40' 

1  atm. 
0 



phase t r a n s f e r  c a t a l y s i s  i s  a usefu l  method f o r  e f fec t ing  a v a r i e t y  of va luab le  s y n t h e t i c  t rans -  

6 fornat ions cata lyzed by t r a n s i t i o n  metal complexes . Examples inc lude  the  r e g i o s p e c i f i c  c o b a l t  

7 
carbonyl cata lyzed synthesis  of butenol ides from alkynes and the pal lad ium(0)  induced convers ion 

of v i n y l i c  dibromides t o  diynes, d i a c i d s  o r  monoacids depending on the  na tu re  o f  t h e  unsaturated 

8 
hal ide, and the r e a c t i o n  cond i t i ons  . 
I t  seemed o f  i n t e r e s t  t o  l e a r n  whether the  pal lad ium(0)  cata lyzed carbony la t ion  o f  a r i r i n e s ,  

effected under phase t r a n s f e r  condi t ions,  would a f f o r d  the  same (2; 2) o r  d i f f e r e n t  products than 

the homogeneous react ions.  We now r e p o r t  the  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n .  

Treatment o f  2 -pheny la r i r i ne  [l, R=Ph, R'=H] w i t h  carbon monoxide, 50% sodium hydroxide,  benzene as 

the o rgan ic  phase, benzyltr iethylamnonium c h l o r i d e  as the  phase t rans fe r  c a t a l y s t ,  and t e t r a k i s -  

(triphenylphosphine)palladium(0) [10/1 r a t i o  o f  1/Pd(PPh3)q] as the  metal  c a t a l y s t ,  a t  45'C f o r  

1.5 h, afforded 2 - s t y r y l i n d o l e  [4, R=H] i n  29% y i e l d  of pure m a t e r i a l .  [See Table 1 f o r  data]. 

Although the  r e a c t i o n  should, i n  p r i n c i p l e ,  proceed us ing  a n i t rogen  ins tead  o f  a carbon monoxide 

atmosphere, no r e a c t i o n  takes p lace under such cond i t i ons .  However, the  i n d o l e  was obta ined i n  

19% y i e l d  when carbon d iox ide  was used as t h e  r e a c t i o n  atmosphere. The he te rocyc le  4 i s  n o t  fonned 

i n  the absence o f  the  pal lad ium(0)  c a t a l y s t ,  b u t  i n  t h e  presence o f  carbon monoxide. 

The conversion o f  1 t o  4 does occur i n  the  absence o f  the phase t rans fe r  c a t a l y s t  [i.e., as a 

biphasic process] b u t  i n  lower y i e l d  (18%). Cer ta in  phase t r a n s f e r  agents a r e  of no b e n e f i t  and, 

~n fac t ,  are de t r imenta l  ( d o d e c y l t r i m e t h y l m o n i u m  ch lo r ide ,  t e t r a b u t y l m o n i u m  hydrogen s u l f a t e ) .  

The concentrat ion of base has l i t t l e  in f luence  on the  r e a c t i o n  s ince  4, R=H, was formed i n  25% 

y i e l d  us ing  more d i l u t e  sodium hydroxide (5N). I t  i s  noteworthy t h a t  the  use of potassium carbonate 

as the base a f f o r d s  the B-lactam 23R.H) i n  35% y i e l d ,  w i t h  $(R=H) fonned i n  5% y i e l d .  This i s  the  

only instance where was formed. 

Increasing the p r o p o r t i o n  of pal lad ium(0)  [ i .e . ,  511 r a t i o  of 1/Pd(O)] r e s u l t s  i n  a decrease i n  

product y i e l d .  Bis[l,2-bis(diphenylphosphino)ethane]palladium(0) [ P d ( d i p h o ~ ) ~ ]  was a l e s s  usefu l  

ca ta lys t  than Pd(PPh3)4 w h i l e  no r e a c t i o n  occurred us ing bis(dibenzylideneacetone)palladium(O) 

[Pd(dba)*]. The pa l lad ium( I1 )  c a t a l y s t ,  pal lad ium acetate, a f fo rded  acetophenone i n  41% y i e l d  
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TABLE 1 

Products of the Pd(0) and Phase Transfer Catalyzed Reactions of ~ z i r i n e s ~  

Aririne (1) Reaction Temp. + -b Product yieldc 
R4N X 

time, h OC % 

2-Phenylazirine 1.5 45 A 2-Styryl indole 29 
18 40 2-Styrylindole 18 

2.5 50 B 2-Styryl indale 20 

2.5 50 C 2-Styryl indole 6 
Acetophenone 5 

2.5 50 A 2-Styrylindole 1 8d 
Acetophenone 12 

18 50 A 2-Styrylindole 1 3e 
Acetophenone 3 

2.4-Dimethylphenylazirine 2.5 50 A 2(2,4-Oimethylstyryl)-4,6- 
dimethyl indole gf 

2,4-Dimethylacetophenone 20 

a~eaction using Pd(PPh3)4, CO, 50% NaOH, C6H6. b ~ : ~ h ~ ~ 2 ~ ( ~ 2 ~ 5 ) 3 + ~ 1 - ;  B=(C 4 9 4  H ) N+HSO~-; 

C-C H N(cH~)~+c~-. 'yields are of analytically pure products, identified on the basis of 12 25 

analytical and spectral [ir, nmr('H, 13~),ms] data. 5:l ratio of 1: Pd(PPh3)4. 
%ing benzene as the organic phse. f~ield of indale was 14% after a reaction time of 1 week. 



from 2 -pheny laz i r i ne  (no i n d o l e ) .  The s u b s t i t u t i o n  o f  o t h e r  o rgan ic  so l ven ts  fo r  benzene, such 

as t.myl a lcoho l  or hexane, g i ves  poorer  y i e l d s  o f  Q ( i f  formed a t  a l l ) .  Pressure (350 p c i )  a l s o  

i n h i b i t s  t h e  convers ion  of  1 t o  4. 
Modest y i e l d s  o f  s t y r y l i n d o l e s  were a l s o  ob ta ined  from p-methyl- and p-methoxyphenylazir ine, as 

we l l  as from 2-methyl- and 2 ,4 -d ime thy laz i r i ne .  The ques t ion  a r i s e s  a r  t o  t h e  f a t e  o f  t h e  second 

n i t rogen  atom s ince  two molecules o f  1 are r e q u i r e d  t o  form 9. No n i t r o g e n  c o n t a i n i n g  spec ies 

was i s o l a t e d  as  a by-product .  I t  i s  conceivable t h a t  t h e  n i t r o g e n  ends up as ammonium hydrox ide.  

s t y r y l i n d o l e s  have p r e v i o u s l y  been ob ta ined  i n  much h ighe r  y i e l d s ,  from the  homogeneous c a b a l t ( 0 )  9  

o r  rhodium( l )1• ‹  r e a c t i o n  w i t h  a z i r i n e s  under a nitrogen atmosphere. Under carbon monoxide, v i n y l  

isocyanates (3) are formed as i n  t h e  case o f  Pd(dba)2. 

I n  conc lus ion,  a z i r i n e s  are conver ted t o  s t y r y l i n d o l e s  by  t h e  pa l i ad ium(0 )  and phase t r a n s f e r  

ca ta l yzed  r e a c t i o n  of  a z i r i n e s .  N e i t h e r  B-lactarns, nor v i n y l  isocyanates were detected i n  any of  

t he  Pd(0) phase t r a n s f e r  r e a c t i o n .  The d i f f e r e n t  behav io r ,  when compared t o  t h e  homogeneous 

processes, i s  p robab ly  a consequence of  t h e  genera t i on  o f  a n i o n i c  pa l l ad ium canplexes under phase 

t rans fe r  c a t a l y s i s .  8 

The f o l l o w i n g  general procedure was used: a m i x t u r e  o f  benzy l t r ie thy lammonium c h l o r i d e  [O.lOgl 

i n  50% NaOH (15 m1) and ~ a l l a d i u m ( 0 )  c a t a l y s t  r0.34 - 0.43 mmol] i n  benzene (15 m l )  was s t i r r e d  

fa r  l h  a t  4 0 - 5 0 ~ ~ ,  under a carbon monoxide atmosphere. To t h i s  m i x t u r e  was added, dropwise, 1, 

c3.4-4.3 mmoll i n  benzene (5  ml) .  The r e a c t i o n  was f o l l o w e d  by  t h i n  l a y e r  chromatography and, 

when complete, was e x t r a c t e d  w i t h  e the r .  The o rgan ic  l a y e r  was washed w i t h  water ,  d r i e d  (MgSOq), 

concentrated and then chromatographed on s i l i c a  ge l  t o  g l v e  2 on e l u t i o n  w i t h  ether-hexane. In 

some ins tances,  a d d i t i o n a l  ?was ob ta ined  by e t h e r  e x t r a c t i o n  o f  t h e  aqueous phase. 
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