
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Sigmatropic Rearrangements in Phosphorylated 2-Azaallylic Systems
P. P. Onys'koa; T. V. Kima; E. I. Kiselevaa; A. D. Sinytsaa

a Institute of Organic Chemistry, Academy of Sciences of the Ukrainian; SSR, Kiev, USSR

To cite this Article Onys'ko, P. P. , Kim, T. V. , Kiseleva, E. I. and Sinytsa, A. D.(1990) 'Sigmatropic Rearrangements in
Phosphorylated 2-Azaallylic Systems', Phosphorus, Sulfur, and Silicon and the Related Elements, 49: 1, 73 — 76
To link to this Article: DOI: 10.1080/10426509008038910
URL: http://dx.doi.org/10.1080/10426509008038910

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509008038910
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur. and Silicon. 1990, Vols. 49/50. pp. 73-76 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1990 Gordon and Breach Science Publishers, Inc. 
Printed in the United Kingdom 

S I GMATROP I C REARRANGEMENTS I N  PHOSPHORYLATED 2-AZAALLY L I  C 
SYSTEMS 

P.P.ONYS’K0, T.V.KIM, E.I.KISELEVA, and A.D.SINYTSA 
I n s t i t u t e  o f  Oraanic Chemistrv. Academy of Sciences 
o f  the Ukrainia; SSR, Kiev 252660, USSR 

A l l y l i c  and h e t e r o a l l y l i c  compounds a re  c l a s s i c a l  o b j e c t s  o f  

o rgan ic  chemistry and can serve as models i n  the  i n v e s t i g a t i o n  o f  va r -  

ious t h e o r e t i c a l  problems. The anions and 1,3-dipoles generated from 

a z a a l l y l i c  d e r i v a t i v e s  are w ide ly  used i n  the synthes is  o f  c y c l i c  and 

a c y c l i c  n i t rogen-con ta in ing  compounds. 

Our communication deals w i t h  the  m ig ra t i ons  o f  proton,  phosphoryl 

and d i th iophosphate groups i n  2 - a z a a l l y l i c  t r i a d .  

1 ,3-Protot rop ic  rearrangements 

The methylene-azomethine system i s  one o f  the l e a s t  l a b i l e  p ro to -  

t r o p i c  t r i a d s .  Thus, p r o t o t r o p i c  equi 1 i b r i um p-RC H CH4CH2Ph e 
p-RC6H4CH2N=CHPh occurs o n l y  a t  h i g h  temperature i n  the presence o f  a 

s t rong base, the equi 1 i b r i um constant  ( l g  K) being 1 i n e a r l y  dependent 

on the op-constants o f  subs t i  tuents . ’  We have shown t h a t  phosphoryla- 

t i o n  o f  im idoy l ch lo r i des  - 1, con ta in ing  both e l e c t r o n  wi thdrawing and 

e l e c t r o n  donat ing subs t i t uen ts  i n  benzene r i n g s ,  leads i n i t i a l l y  t o  

imidoylphosphonates - 2 which isomerize t o  phosphonate; 3 under m i l d  

cond i t i ons ,  even i n  the absence o f  a base. 

6 4  

O=P R 
%POR’ 1 2  1,3-H- 1 2  

O=P R c1 
I 

x c 6 H 4 c d c H  C H y - X C  H C=NCH C H Y - X C  H U-IN=CHC6H4Y 
- s h i f t  6 4  

3 
2 6 4  6 4  

I 

2 - 1 - 
Y = H ;  X = 4 - k 0 ,  4-Me, H, 4 - C l ,  2-C1, 4 - B r ,  4-N02; X = H; Y = 2-F, 

3-F, 4-F, 4-NO2 

Thus, the e l e c t r o n i c  na tu re  o f  X- and Y-subst i tuents  has no i n f l uence  

on the p r o t o t r o p i c  e q u i l i b r i u m :  i n  a l l  cases t h e  e q u i l i b r i u m  i s  comp- 

l e t e l y  s h i f t e d  towards the compounds i n  which t h e  phosphoryl group 

i s  at tached t o  the sp3-carbon atom o f  C=N-C t r i a d .  This i s  expla ined by 

the  e f f e c t i v e  conjugat ion o f  the benzene r i n g  and the  C=N bond i n  i s o -  

mers 2 and s t e r i c  hindrance t o  such conjugat ion i n  compounds 2. 
I n t e r e s t i n g  r e s u l t s  were obta ined i n  phosphory la t ion o f  ch lo ro -  
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azomethines con ta in ing  CF,-group instead o f  Ph-subst i tuent :  
J 

0-P (OR)2 
M 3 P  I 1,3-H-shi f t  I 

O=P (OR)2 

CF3C=NCH2Ph , CF3CHN=CHPh 

c1 
I 

CF3 C=N CH2 P h 

6 - 5 - 4 - 
1 E t 3 N ,  20' 

c1 M 3 P  0 7  (OR)2 
I 

CF CHN=CHPh CF CHN=CHPh 

- 7 /Et3N,A 

CF CH N=CPh CF3CH2N=CPh 

10 

Chloroazomethines - -  4, 7, 10 are k i n e t i c a l l y  s t a b l e  a t  room t but  under- 

go base cata lyzed i r r e v e r s i b l e  isomer isat ion by p r o t o t r o p i c  and ch lo ro -  

t r o p i c  s h i f t s . 2  Unl ike t h i s ,  phosphorus d e r i v a t i v e s  2, 8 undergo 1,3-H- 

s h i f t  t o  g i v e  phosphonates - 6 and 2, even a t  20' i n  t h e  absence o f  base. 

I n  phosphonates 11 the l a b i l i t y  o f  the NCH-proton i s  decreased due t o  

the &-group and the  conversion t o  12 can be performed o n l y  a t  h i g h  

temperature under base c a t a l y s i s .  

3 8 11 , I -H -sh i f t  

0 9  (OR)2 
c1 I (R0)3P I 

3 2  
9 - - 

0 

O=P< 

3 
DBU, DABCO, E t  N,A I 

c1 O=P< 
I I , CF CHN=CMePh 

12 

I f  CF - i n  5 i s  replaced by t-Bu-group, the 1,3-H-shi f t  i n  13 occurs 

on l y  a t  140-160°. This d i f f e r e n c e  i s  connected main ly  w i t h  the p o l a r  

CF C=NCHMePh 4 CF C=NCHMePh 3 3 
- 1 1  - 

3 -  

O=P (OR) O=P (OR)2 

t-BuC=NCH2Ph - t-BuCHN=CHPh 
1 2  I 

- 13 
e f f e c t s  o f  CF - and t-Bu-groups. I n  2 the s t e r i c  p r o p e r t i e s  o f  phos- 

phory l  groups i n  se r ies  ( M e O )  P(0) < (EtO)2P(0) < (i-Pr0)2P!O) < 

(b!e3SiO)2P(0) have l i t t l e  i n f l uence  on 1,3-H-shi f t .  AS a r e s u l t  of  

s t e r i c  hindrance t o  conjugat ion o f  t he  C=N bond w i t h  the Ph-r ing 

the contrary ,  t he  f a c i l i t y  o f  i somer i za t i on  8+2 i s  decreased i n  the 

se r ies  EtOP(0)F > i -PrP(0)F; :Et0)2P(0) > ( i -Pr0)2P(0) .  

When a l k e n y l -  and Ph-subst i tuents  a re  at tached t o  1,j-atoms o f  

C=N-C t r i a d ,  phosphorylated azadienes w i t h  longest conjugat ion chain 

are formed: 

14 - 
3 

2 

on 

193-H , (R0)3P 
CH2=C--C=N m2Ph , CH2=C--C=NCH2Ph 

I I  I 1  
Me c1 Me P!O) 
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Stereoselect  i v i  t y  o f  1,3-H-shi f t .  Asymmetric i nduct i o n  

We have found t h a t  the base-catalyzed i somer i za t i on  15 + 5 i s  

s t e r e o s e l e c t i v e  and leads t o  asymmetric i n d u c t i o n  a t  c h i r a l  center  

formed as a r e s u l t  o f  1 ,3-H-shi f t .  

O=P (OE t ),, O=P (OE t ) c) 
L I DAB CO I L 

CF3C=NCHkPh - CF CHN=CMePh 3 
16 - 15 

e 

Enantiomeric p u r i t y  (E.P.) o f  - 16 was determined from i t s  PMR- 

spectra.  I t  must be noted t h a t  i somer i za t i on  15 + %  can be accompanied 

by a racemizat ion o f  15 and/or - 16 i n  r e a c t i o n  cond i t i ons .  So the values 

o f  E.P. f o r  - 16 a t  d i f f e r e n t  degrees o f  conversion 15 * fi ( E t 3 N ,  90') 
were determined: 

[ 1 6 V [  151 0 .4  0 .6 2 .2  6.7 
E.P.  k 80 40 34 22 

From the obta ined data i t  f o l l o w s  t h a t  a t  low conversion l e v e l s  the  

value of  E.P.,  and consequently the degree o f  s t e r e o s e l e c t i v i t y ,  

exceeds 80%. Thus, s t e r e o s p e c i f i t y  of p ro ton  t r a n s f e r  i n  t h e  a-phos- 

phory la ted imines, models o f  biochemical t rans-aminat ion reac t i ons ,  can 

be accomplished w i thou t  any p a r t i c i p a t i o n  o f  enzymes. 

Phosphorotropic m ig ra t i ons  

We have shown the p o s s i b i l i t y  o f  phosphoryl groups m i g r a t i o n  i n  

the C-N-C-system 

O=P R 
1 2  

O=P r 
1 2  

t-BuCHN=CHPh t-BuCH=NCHPh 

18 - 17 - 
The f a c i l i t y  o f  m i g r a t i o n  decreases i n  the  s e r i e s  Ph P(0)  > 
(Me3Si0)2P(0) > (Et0)2P!O). I n  some cases thermal phosphorotropic 

s h i f t  i s  accompanied by E-2- isomerizat ion a t  the C=N bond. One o f  the 

d r i v i n g  fo rces  i n  rearrangement 17 + 18, which i s  accompanied by the 

d e s t r u c t i o n  o f  p re fe rab le  N-benzylidene s t r u c t u r e ,  i s  apparent ly  the 

s t e r i c  hindrance a t  the sp3-carbon atom i n  - 17. A t  the same t ime the 

m i g r a t i o n  o f  Ph P-group i n  the n i t r o p h e n y l - s u b s t i t u t e d  C-N-C t r i a d  

proceeds under the m i l d  cond i t i ons ,  the e q u i l i b r i u m  being s e t t l e d  a t  

2 

- -  

3 

20°:  
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'PPh C I -  
I 3  

19 

02NC6H4CHN=CHPh 

- 

PPh C I -  
+ 

I 3  __ PhCIIN=CHC H NO 6 4  2 
20 - 

Migra t i on  o f  d i th iophosphory l  groups 

We have found t h a t  imines 2, when heated i n  the  presence o f  

n i t rogen  bases, undergo m i g r a t i o n  o f  dithiophosphoryl-substituent 
fo l lowed by p r o t o t r o p i c  rearrangements and phosphorotropic tautomerism 

i n the S - C - N - t r  i ad. 

R ~ P  (S)SM c1 
I 

CF3CHN=CHPh - 
7 - 

7' R2P (S)SM 
CF CH N=CPh - 

3 2  

SP(S)R2 
SP(S)R2 I E t  N, PhMe,A I 

R27=S 

CF3CHN=CHPh -3- CF3CH=NCHPh 

CF CH N-CPh CF CH N=CPh 
3 2  3 2  

S 
The r e s u l t s  presented above prov ide a bas i s  f o r  t he  synthes is  

and mechanist ic study o f  phosphorylated a z a a l l y l i c  d e r i v a t i v e s .  
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