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REACTIVITY OF PHOSPHAALKENES 

THEODORUS A ,  VAN DER KNAAP and FRIEDRICH BICKELHAUPT 
Vakgroep Organische Chemie, V r i  j e  U n i v e r s i t e i t ,  
Amsterdam, The Netherlands 

Abstract The r eac t ion  of t r ia ry lphosphaa lkenes  with oxidants  
(02, S e ,  Se ,  Te ,  H 2 0 2 )  , with or thoquinones,  and with P t ( 0 ) -  
and N i  (0) -complexes is  descr ibed .  

In  r e c e n t  yea r s ,  t h e  s y n t h e s i s  and s t r u c t u r a l  p r o p e r t i e s  of phos- 

phaalkenes have been i n v e s t i g a t e d  with inc reas ing  i n t e n s i t y ' .  I n  

c o n t r a s t ,  t h e i r  chemical r e a c t i v i t y  i s  l e s s  w e l l  known. W e  a r e  en- 

gaged i n  a sys temat ic  s tudy of t he  chemical behaviour  of t r i a r y l -  

phosphaalkenes and wish t o  r e p o r t  on progress  i n  t h r e e  a reas .  

OXIDATION REACTIONS 

Mesi tyl  (diphenylmethy1ene)phosphine (MesP=CPh 1 )  and 2,6-dimethyl- 

phenyl (diphenylmethylene) phosphine (XyP=CPh 2 )  were r e a c t e d  with 

02, S8,  Se,  Te and H 0 

2, - 

2' - 
While Te shows no r e a c t i o n ,  t h e  o t h e r  rea-  2 2 '  

gen ts  a t tacked  phosphorus a t  t h e  lone p a i r  t o  g ive  t h e  "phospha- 

alkene oxide" (=  methyleneoxophosphorane) 5 ( X  = 0) o r  t h e  t h i o  

o r  s e l eno  analogue 3b ( X  = S )  o r  2 ( X  = S e ) ,  r e s p e c t i v e l y .  2 Is 

uns tab le :  3a has  never been de tec t ed  d i r e c t l y ,  & could be obser-  

ved spec t roscop ica l ly ,  and & was i s o l a b l e  b u t  r e a d i l y  decomposed 

under r e v e r s a l  o f  i ts  formation r eac t ion .  However, - 3 could be in-  

t e r cep ted ,  e .g .  by add i t ion  of e thano l  t o  fu rn i sh  - 4 .  

- 

O E t  
EtOH I - ArP-CHPh, X ArP=CPh_ A r P  

\ L 
X 

1: Ar=Mes - 
3 2 : Ar=Xy - - 

I n  t h e  case of X = 0 and X = S ,  a second, 

r eac t ion  cons i s t ed  i n  t h e  cleavage of t h e  

41 

L u 
X 

4 - 

less important  mode of 

P=C bond. Besides benzo- 
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48 T. A.  VAN DER KNAAP AND F. BICKELHAUPT 

phenone (or  thiobenzophenone , r e spec t ive ly )  , t h e  phosphene oxide 

5a (X = 0) o r  s u l f i d e  5b (X = S )  w e r e  t h e  uns tab le  primary pro- 

duc t s ;  they were in t e rcep ted  with e thano l  t o  y i e l d  6 .  
- 

- 
O E t  

2 - 

F i n a l l y ,  oxygen, cont ra ry  t o  s u l f u r ,  was able t o  compete wi th  etha-  

no l  f o r  3 a ' ,  c leaving  t h e  P=C bond t o  fu rn i sh  t h e  in te rmedia te  

dioxophosphorane 7 which e thanol  was converted t o  8.  
- 

- - 

3a '  - 7 - 

REACTIONS WITH ORTHO-QUINONES 

E a r l i e r ,  w e  had found t h a t  1 and 2 a r e  unreac t ive  towards a va r i e -  

t y  of d ienes ;  they d i d  g ive  [4+2] add i t ions  with 1 ,3-d ipoles2 .  W e  

now observed a formal [4+2]  r e a c t i o n  of 2 with t h e  ortho-quinones 

t e  trachloro-o-benzoquinone - (9) , 3 , 5-di-tert-butyl-o-benzoquinone - 

( 1 0 )  and phenanthrenequinone (1 1)  , l ead ing  t o  t h e  six-membered 

- 

.- - 
r i n g  adducts 12a, 12b, and 1212, r e spec t ive ly .  _ _ _ _  - 

CPh2 + z  - - 
0 

14 - 
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REACTIVITY OF PHOSPHAALKENES 49 

The r e a c t i o n  r a t e  decreased from 2 t o  11; t h e  more r e a c t i v e  qui -  

nones tended t o  add t o  the  primary adduct  12 under formation of a 

phosphorane 13. Because of t h e  low regiochemical  preference  obser-  

ved i n  t h e  r e a c t i o n  with El and i n  analogy with t h e  r e a c t i o n  of 

ortho-quinones w i t h  t e r t i a r y  phosphines,  w e  conclude t h a t  this 

add i t ion  i s  no t  concer ted ,  b u t  a mul t i s t ep  r e a c t i o n ,  which i s  pro- 

bably i n i t i a t e d  by s i n g l e  e l e c t r o n  t r a n s f e r  from 2 t o  the  quinone 

followed by the  formation of  t he  z w i t t e r i o n i c  in te rmedia te  14. 
P L A T I N U M ( 0 )  AND N i  ( 0 )  COMPLEXES 

Recent ly ,  we descr ibed  t h e  r e a c t i o n  of 1 with {Pt(PPh ) - CH =CH } 

(Is) 
s t a l l i n e  s t a t e ,  16 possesses  t h e  s t r u c t u r e  = w i t h  a-bonded (end- 

on) 1, whereas t h e  31P NMR parameters i n  toluene-d were b e t t e r  

reconci led  with n-coordination (z; side-on)  ’. The s o l i d  s t a t e  

31P NMR spectrum confirmed t h e  NMR parameters  of  t h e  a-complex t o  

be d i f f e r e n t  from those of &. A d e t a i l e d  s tudy  o f  t h e  31P and 

19’Pt NMR s p e c t r a  i n  toluene-d 

temperature  dependance , revea led  t h e  equ i l ib r ium e E  with 

AH= -3 .9  kcal.mo1 and AS= -15 kcal.mo1 .degree . To our  know- 

legde ,  t h i s  i s  t h e  f i r s t  example of such a n /n equ i l ib r ium of 

two-coordinate phosphorus. Theore t i ca l  c a l c u l a t i o n s  on models con- 

f i r m  t h e  g r e a t e r  s t a b i l i t y  o f  t h e  rI2-cornplex. 

In  o rde r  t o  i n v e s t i g a t e  t h e  in f luence  of  s t e r i c  f a c t o r s  on rl 

d i n a t i o n ,  w e  synthes ized  t h e  “ f l a t t e r ”  o,o’-biphenylenephospha- 

alkene - 17 and i t s  Pt(PPh3I2 complex 2. 

- 3 2  2 2  
t o  fu rn i sh  t h e  red  complex P t  (PPh3) - 1 } (16) ; i n  t he  cry-  

-8 - 

s o l u t i o n  (Table I ) ,  i nc lud ing  t h e i r  -8 

-1 -1 -1 

1 2  

2-C00r- 
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50 T .  A .  VAN DER KNAAP AND F. BICKELHAUPT 

18 Is an off-white s o l i d ,  b u t  d i s so lves  i n  toluene-d with r e d  CO- - -8 
l o u r  which is poss ib ly  i n d i c a t i v e  f o r  a minor q u a n t i t y  of t h e  II - 1 
complex; however, i n  the NMR s p e c t r a  ( T a b l e  1)  , only  t h e  s i g n a l s  

of t h e  rl -complex could be d iscerned .  Thus aga in ,  rl -coordinat ion 

i s  p re fe r r ed ;  i n  18, it is p r a c t i c a l l y  undis turbed  by s t e r i c  hin-  

drance,  whereas i n  - 16 the non-planari ty  of t he  two phenyl groups 

on carbon d e s t a b i l i z e s  t h e  Ti-complex (16) s u f f i c i e n t l y  s o  t h a t  t h e  

u-complex (E) can compete. 

2 2 

TABLE 1 NMR s p e c t r a  O f  16a,  =, and 18 
~ - 

lP 19%t  

cpd. s t a t e  T 6 t ppm} J ( P t P c )  T 6Cppm) J ( P t P c )  

{HzI {HzI 

C 
0 

2 
( sp  ) 

- - - 16a s o l i d  25 50 .0  40 .5  247 4720 

- 16a C D -70 48.0 48 .0  247.5 4964 -40 -4410 4940 

500 

- 

7 8  
16b C7D8 -70 25 .0  22 .4  -30.3 499 -40 -4847 - 
- 18 C7D8 -55 25.2 26.3 -34.7 319 25 -4885 320 

1 Depending on the co-ligand on n i c k e l  (0) , we encounter  q -coordina- 

t i o n  (19) - o r  ri -coordinat ion (20: 6( 
ppm). According t o  the X-ray s t r u c t u r e ,  2 has  an  extremely long 

2 31 
P ) =  -16.1 ppm; S ( I 3 C ) =  -70.6 

“P-C” bond of 183 .2 (6 )  pm. f *y  

20 
/P  

(CO) 3Ni * MesP=CPh 19 (bipy)Ni :I - 
\‘CPh 

2 -  

REFERENCES 

1. R. A p p e l ,  F. Knoll and I .  Ruppert, Angew. Chem., 93 771 (1981) 

2 .  Th.A. van de r  Knaap, Th.C. Klebach, F.  Visser, R .  Lourens and 

3.  Th.A.  van der  Knaap, F.  Bickelhaupt ,  H .  van de r  Poel ,  G .  van 

( rev iew) .  

P‘. Bickelhaupt,  ACS Symposium S e r i e s ,  171, 401 (1981) .  

Koten and C.H.  Stam, J .  Am. Chem. SOC. 104, 1756 ( 1 9 8 2 ) .  __ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


