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BECKMANN REARRANGEMENTS USING THE 

CARBON TETRACHLORIDE-TRIPHENYLPHOSPHINE REAGENT 

Rolland M. Waters*, N .  Wakabayashi, and E. S. F i e l d s  

A g r i c u l t u r a l  Environmental Qua l i ty  I n s t i t u t e  
A g r i c u l t u r a l  Research S e r v i c e ,  USDA' 

B e l t s v i l l e ,  Maryland 20705 
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The Beckmann rearrangement of ketoximes t o  amides is w e l l  known. 

The v igorous  cond i t ions3  such as concen t r a t ed  a c i d s  or  f r e e  ha logens  

g e n e r a l l y  r equ i r ed  a r e  not  u n i v e r s a l l y  a p p l i c a b l e .  We have found t h a t  t h e  

carbon tetrachloride-triphenylphosphine r eagen t5  w i l l  e f f e c t  t h e  Beckmann 

rearrangement on a v a r i e t y  of alkanone oximes. The rearrangement proceeds  

under mi ld ,  n e u t r a l  cond i t ions  t o  g i v e  amides i n  y i e l d s  of 50-70%. 

(H-20) 
.p RNHCOR + Ph PO + CHC13 + H C l  3 

R C=NOH + PPh + C C 1  
2 3 

Condi t ions  v a r i e d  from room tempera ture  (THF s o l v e n t )  t o  t h e  r e f l u x  

tempera tures  o f  C C 1 4  and THF. 

be necessa ry ,  a l though t h e  rear rangements  were run under reasonably  anhy- 

drous cond i t ions  t o  prevent  o x i d a t i o n  of t h e  phosphine t o  i t s  ox ide  by t h e  

a c t i o n  of wa te r  and C C 1 4 . 6  Reac t ion  t imes v a r i e d  from 2.0 h r  ( r e f l u x i n g  

C C 1  and THF) t o  94 h r  (room t empera ture ,  THF). One s p e c i a l  r e l a t i o n s h i p  

was noted namely, i f  an excess  of t h e  r eagen t  was used i n  THF, t h e  y i e l d  

was c r i t i c a l l y  dependent on  t i m e  of r e a c t i o n ,  and I R  moni tor ing  [d i s -  

appearance of t h e  3325 cm-' band (N-OH), appearance  of t h e  1665 cm-' band 

(C=O)] w a s  necessary ;  however, i,f n e a r l y  e q u i v a l e n t  amounts of r e a g e n t s  

were used, no such moni tor ing  w a s  needed. The r e s u l t s  are summarized i n  

Table I. 

No s p e c i a l  handl ing  p recau t ions  appeared t o  

4 
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WATERS, WAKABAYASHI AND FIELDS 

T a b l e  I. Beckmann Rearrangement o f  Alkanones 

AMIDE TEMP TIME REAGENT Y L D ~  

OXIME (Major isomer) Solv .  C" Hrs OXIME % 

Me 
1 M e  C=CH(CH2)2C=NWH Me2C=CH(CH2)2NHCOMe C C 1 4  2 

II I, 2 THF 

3 I ,  I, 11 

4 11 I, I t  

M e  
5 g-C H C=NWH n-C H NHCOMe 6 1 3  - 6 1 3  

11 

I, 11 6 CC1' 

E t  
8 2 - C  H C=N%CIH - n-C4H9NHCOEt II 4 9  

Me 
9 g-C H C=N20H - n-C 3H7NHCOMe THF 3 7  

Me 
i - C  3H 7NHCOMe I I  
- 10 L-C H C=N%CIH 3 7  

R e f l .  4.0 1.2:1 50 

2.0 2:l 60-7ObYC 

'I 8.0 1.1:1 60d 70 

25 94  1.1:1 70b 

R e f l .  6.0 1.1:1 80 

" 6.0 1:l 80 

'I 3.0 1.5:1 68 

" 1.5 1.1:1 80e 

'I 6.0 1 . 2 : l  40 

b 
" 6.0 1.2:1 60-70 

a. A l l  y i e l d s  by g l p c  u n l e s s  o t h e r w i s e  n o t e d ;  b .  Y i e l d  by I R  a n a l y s i s ;  

c .  Decreased t o  20% by 8.0 h r s ;  d. D i s t i l l e d ;  e .  The i s o m e r i c  amides 

d i d  n o t  s e p a r a t e  under  our g l p c  c o n d i t i o n s .  

M e c h a n i s t i c  d e t a i l s  were n o t  i n v e s t i g a t e d .  The f a c t  t h a t  t h e  amide 

a p p a r e n t l y  formed d i r e c t l y  and  t h e  e x p e c t e d  i m i d o y l  c h l o r i d e  w a s  n o t  

observed  f i r s t  i n d i c a t e d  t h e  p r o b a b l e  p r e s e n c e  of water d e s p i t e  our 

p r e c a u t i o n s .  N e v e r t h e l e s s ,  t h e  s i m i l a r i t y  between o u r  r e s u l t s  and  t h o s e  

of  Yamato a., 
o p e r a n t  h e r e  is e s s e n t i a l l y  t h e  same as t h e i r s  a l t h o u g h  t h e  i n t e r m e d i a c y  

o f  t h e  N-chloroimine h a s  n o t  been  proven. The oximes were m i x t u r e s .  

r e i n f o r c e s  our b e l i e f  t h a t  t h e  fundamenta l  mechanism 
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B E C K M A N N  R E A R R A N G E M E N T S  

The r a t i o  of s y n / a n t i  forms of t h e  methyl ketoximes were determined (g lpc ,  

nmr), t o  b e  70-84/30-16. 

~ c i s ) .  In  t h e s e  cases, t h e  p roduc t s  appeared (nmr, g lpc )  t o  c o n s i s t  mainly 

(96:4) of t h e  amides de r ived  from t h e  syn-oximes. 

(--meaning t h e  hydroxy and methyl groups are 

The f a t e  of t h e  &-isomer w a s  n o t  determined. The I R  i n d i c a t e d  

complete l o s s  of t h e  3325 cm band (N-OH) and hence a t r ans fo rma t ion  o f  

t h e  &-isomer. The less than  100% y i e l d  of amide (based on t o t a l  oxime 

mixture)  and t h e  96:4 r a t i o  of i somer i c  amides produced sugges t s  t h a t  t h e  

__ ant i - i somer  w a s  conver ted  n e i t h e r  i n  any q u a n t i t y  t o  i t s  cor responding  

amide nor t o  t h e  amide de r ived  from t h e  syn-isomer.  

-1 

EXPERIMENTAL 

A l l  product amides were known compounds. In  a d d i t i o n ,  t hey  were pre- 
pared by independent r o u t e s  and checked by nmr, ir, and g lpc .  The nmr 
was a Varian T-60, t h e  I R  a Perkin-Elmer 137, t h e  g lpc  ana lyses  were 
performed us ing  5% Carbowax 20M-TPA on base-washed 80-100 mesh Chromosorb 
G in a Varian 600-D wi th  FID. 

Beckmann Rearrangements i n  CC16.-  To a 100 m l  round bottom f l a s k  equipped 

wi th  a r e f l u x  condenser (d ry ing  t u b e ) ,  magnet ic  s t i r re r ,  and h e a t i n g  

mant le ,  was in t roduced  a mixture  o f  1 .4  g (10 m o l e )  of 2-octanone oxime, 

5.25 g (20 m o l e )  Ph P ,  and 50.0 ml CC14 .  3 

s t i r r e d  and brought  t o  g e n t l e  r e f l u x  f o r  2.0 h r .  Normally, s o l i d s  ap- 

peared i n  15-30 min and s t i r r i n g  w a s  cont inued  to  prevent  bumping. A f t e r  

coo l ing  and f i l t e r i n g ,  g l p c  and IR ana lyses  showed t h e  format ion  of 

N-g-hexylacetamide i n  60-70% y i e l d .  

a s p i r a t o r  and d i s t i l l a t i o n  of t h e  semi-so l id  r e s i d u e  gave 0.7-0.85 g 

(50-60%) f i n a l  product ,  bp. 84-86O/O.l mm. 

Beckmann Rearrangements i n  THF.- Moderate Reagent Excess. The a p p a r a t u s  

was t h e  same. The r e a c t i o n  mix tu re  was composed of 1 . 4  g (10 mmole) 2- 

octanone  oxime, 2 . 8  g (11  m o l e )  Ph3P, 1 . 7  g (11.5 m o l e )  CC14 and 50.0 

m l  d ry  THF. The s o l i d s  p r e c i p i t a t e d  s lowly .  A f t e r  coo l ing ,  I R  and g l p c  

The r e a c t i o n  mix tu re  w a s  

Removal of excess  s o l v e n t  by water 
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WATERS, WAKABAYASHI AND FIELDS 

a n a l y s e s  a g a i n  showed a 60-70% y i e l d .  D i s t i l l a t i o n  normal ly  gave 50-60% 

of  product  . 
Excess Reagent.- The r e a c t i o n  mix tu re  w a s  composed of  1 .4  g (10 m o l e )  2- 

octanone  oxime, 5.25 g (20 m o l e )  Ph P, and 3.0 g (20 m o l e )  C C 1  i n  

50.0 m l  dry  THF. 

necessa ry  t o  c6o l  and f i l t e r  b e f o r e  I R  moni tor ing .  

i n t e r v a l s  normally showed t h e  r e a c t i o n  t o  b e  complete i n  2 h r  w i t h  y i e l d s  

r ang ing  from 60-70% (g lpc  and IR).  

3 4 

S o l i d s  normal ly  p r e c i p i t a t e d  i n  15-20 min and i t  w a s  

Sampling a t  1 / 2  hr  
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