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THERMAL AND PHOTOCHEMICAL REACTIVITY OF PHOSPHAALKENES 

J. NAVECH, J.P. MAJORAL, A. M E R I E M  AND R. KRAEMER 
ERA du CNRS 926, U n i v e r s i t e  Paul S a b a t i e r ,  118, r o u t e  de Nar- 
bonne, 31062 TOULOUSE Cedex (FRANCE) 

The r e a c t i v i t y  o f  a c y c l i c  d i c o o r d i n a t e d  phosphorus d e r i v a t i v e s  

has i n t e n s i v e l y  been s t u d i e d .  Never the less ,  up t o  da te ,  a v e r y  few 

examples o f  photochemical  r e a c t i v i t y  o f  these compounds have been 

descr ibed.  We w ish  t o  r e p o r t  here some thermal and photochemical  
1 r e a c t i o n s  o f  phosphaal kenes - _  1-4. 

Ph-P=C< iMe2 0 P=c<;Me2 4 
3 R=H (Fz96-7";NMR 1 H, 13c , 3 l P  . 

- 4 K=Me ( o i l ;  NMR 31P : S=96.3) 

- 
6=85; M+=333 ; a n a l y s i s )  

2 1 R=H 

2 R=Me 
- 

2 

2 The 0 -phosphorus double bond systems possess two e n e r g e t i c a l -  

l y  c l o s e d  spaced HOMOS, IT and 

n-donor : t h e  IT-MO should be r a i s e d  i n  energy. Thus phosphaalkene - 1 

s l o w l y  d imer i zes  a t  room temperature i n t o  - 5 ; i r r a d i a t i o n  of  - 5 a l l o w s  

t o  recove r  t h e  monomer - 1. T h i s  compound - 1 a l s o  r e a c t s  w i t h  2,3-d i -  

methy l  bu tad iene  a f f o r d i n g  t h e  phosphor inne - 6 by a [2+4] c y c l o a d d i -  

t i o n  r e a c t i o n .  

The amino group o f  - 1 a c t s  as a 

Ph- P-C'H Me2" HbC/)rMe I 
2 

I I"Me2 

- 5 - 6 (NMR 31P :6=-46;M+=247;analysis) 

On t h e  o t h e r  hand, pro longed i r r a d i a t i o n  o f  - 1 i n  a c e t o n i t r i l e  

and i n  absence o f  any t r a p p i n g  reagen t  g i v e s  r i s e  t o  a m i x t u r e  of 
pentaphenyl  cyclopentaphosphane - 7, t e t r a p h e n y l  cyc lo te t raphosphane  

- 8 ( i n  t h e  p r o p o r t i o n  o f  4 /1 )  and of 1 ,2-b is(d imethy lamino)  e t h y l e n e ,  
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certainly via the prel iminary formation of phenylphosphinidene and 
dimethylaminocarbene. Thus the [2+4] cycloaddi tion reaction of - 1 with 
dimethyl butadiene i s  faster than the phosphinidene generation. 

8 - 7 - 
2 Substitution of the hydrogen bonded to the sp carbon o f  - 1 by a 

methyl group (derivative 2 )  brings on a change of reactivity. Com- 
pound - 2 does not dimerizey2 Moreover, no [2+41 cycloaddition reacti- 
on was observed with 2,3-dimethyl butadiene. In this case, the phos- 
pholene - 9 (15%) and the diphosphorinne - 10 (75%) are obtained by ir- 
radiation. Similarly, photolysis of - 2 in presence of tolane leads to 
the formation of the diphosphetene - 1 1  and of the polyphosphane 7. 
Compounds - 9, __ 10 and - 1 1  were already obtained by reacting a polyphos- 
phane respectively with 2,3-dimethyl butadiene or with tolane. 4-6 

Me Me Me Me Ph Ph 

I 
Ph 
9 - 

<", P- P 
I \  
Ph Ph 

10 - 

H P-P 

I \  
Ph Ph 

1 1  - 
The transient formation of phenylphosphinidene can be postula- 

ted in all these reactions. Moreover, photolysis of - 2 in acetonitri- 
le leads to - 7 and - 8. The transient dimethylamino(rnethy1)carbene for- 
med in this reaction gives 2,3-bis(dimethylamino) 2-butene by dime- 
rization and isopropylene methylamine by migration of a methyl group 
from nitrogen to carbon. 

lhe addition of 3,5-ditertiobutyl orthobenzoquinone to - 1 - in 
order to trap the phenylphosphinidene - takes place at 0" without any 
radiation and affords - 13 via - 12 by a ring contraction reaction. - 12 

1 has been characterized at -40" by NMR H, 13C and 31P (S= 85.7 and 
83.5). Similar results have been obtained with - 2 and - 3. It i s  of in- 
terest to note the high instability of - 1 2  compared to those of ana- 
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7 logous compound r e c e n t l y  desc r ibed  i n  t h e  1 i t t e r a t u r e .  

I 
Me2N ph-p'oB+ H--C '0 

+ 
Ph-P 
\ 

13 - 12 - 
When t h e  i r r a d i a t i o n  o f  2 i s  performed i n  benzene s o l u t i o n  i n  - 

t h e  presence of methanol, besides t h e  cyclophosphanes 7 and 8,  phe- 

nydimethoxyphosphine 14, phenylphosphine 15 and t h e  methanol adduct  
31 - 16 ( two  d ias te reo isomers ,  6 P=117 and 118) a r e  obta ined.  

- - 

- - 

2 h" - MeOH - - 7 + 8 + Ph-P(OMej2 + Ph-PH2 + Ph-P-CHLNMe2 A Me 
I 
OMe 

16 - 15 - 14 

Prolonged p h o t o l y s i s  o n l y  a f f o r d s  a m i x t u r e  o f  14 and 15 ( 7 0 / 3 0 ) .  
- 

- - 
We showed t h a t  14 and 15 came f rom subsequent i r r a d i a t i o n  o f  7 w i t h  

methanol .  Moreover t h e  f a c t  t h a t  p h o t o l y s i s  o f  a non-desoxygenated 

s o l u t i o n  o f  7 g i v e s  18 ( 8  P=25.2 ; JpH= 558 Hz) as w e l l  as 14 and 

15 i s  i n  good agreement w i t h  t h e  p r e l i m i n a r y  f o r m a t i o n  o f  17. 

- - - 

31 
- - - 

- - 

- 7 --$&-+[Ph-P<iMe]- - 14 + - 15 

- 17 < Ph,p,OMe 
18 - 

0 4  'H 
Note t h a t  - 16 undergoes an unusual a l c o h o l y s i s  o f  t h e  P ( I I 1 ) - C  

bond g i v i n g  14. S u r p r i s i n g l y ,  h e a t i n g  of '2 i n  a c e t o n i t r i l e  methanol 

s o l u t i o n ,  i n  presence ( o r  n o t )  of  base, l eads  t o  t h e  f o r m a t i o n  o f  

ano the r  1 ,2 -add i t i on  p roduc t  - 19 which i s  i n  e q u i l i b r i u m  w i t h  t h e  

s t a r t i n g  compound 2 and w i t h  15. Thus i t  seems t h a t  t h e  p o l a r i t y  of 

t h e  phosphorus-carbon double bond d r a m a t i c a l l y  changes when 2 i s  

t h e r m a l l y  o r  pho tochemica l l y  e x c i t e d .  

- - 

- - 

- 
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Furthermore we observed an  " u m p o l u n g "  e f f e c t  induced by the d i -  

methylamino group d u r i n g  the thermal addition of methanol t o  - 2 .  I n -  
deed Klebach a n d  a1.8 described the reverse addition of methanol t o  
1-mesityl 2,2-diphenyl phosphaethylene in the presence o f  sodium me- 
t h o x i  de. 

Compounds - 3 a n d  - 4 are  s table  and do n o t  dimerize. Photolysis does 
n o t  generate the corresponding phosphinidene or the diphosphene - 20.  

21 - 20 - 
Addi t ion  of sulphur t o  - 3 affords the f i r s t  metadithiophosphona- 

1 t e  - 21 which has been characterized by NMR ti, 31P (6 = 295.3) , mass 
spectrometry (M' = 340) and by i t s  reactions w i t h  methanol and 2,3- 

dimethyl butadiene. This metadithiophosphonate - 21 i s  also obtained 
by reacting sulphur w i t h  tritertiobutylphenylphosphine. 
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