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SYNTHESES, STRUCTURES AND PHOTOELECTRON SPECTRA OF PHOSPHA- 
ALKENES AND PHOSPHA-ALKYNES AND THEIR TRANSITION METAL 
COMPLEXES 

J . C . T . R .  BURCKETT ST. LAURENT,  P.B. HITCHCOCK, M.A. K I N G ,  
H.W.  KROTO, M.F. MEIDINE, S . I .  KLEIN, S . I .  AL-RESAYES, 
R . J .  SUFFOLK and J.F. NIXON 
School of Chemistry and Molecular Sciences,  Univers i ty  of 
Sussex, Brighton,  BN1 9QJ, U.K.  

The chemistry of the  novel phospha-alkenes RP=CR' and 
2 '  

phospha-alkynes, RC-PI conta in ing  2p -3p bonds is  of c u r r e n t  

i n t e r e s t  . 
t h a t  the  h ighes t  occupied molecular o r b i t a l  i n  CH =PH is of t h e  

7-type with the  phosphorus lone p a i r  a - o r b i t a l  on ly  s l i g h t l y  more 

s t a b l e  while t he  w* lumo o r b i t a l  is  r e l a t i v e l y  l o w  l y ing .  W e  

now r e p o r t  H e  ( I )  photoe lec t ron  spec t roscopic  s t u d i e s  on a v a r i e t y  

of R E P   molecule^^'^ which i n d i c a t e  t h a t  t h e  homo is also of t h e  

w-type and the  n-0 separa t ion  i s  much g r e a t e r  than t h a t  found i n  

the  analogous RCEN sys  tems . 

w w  
Recent molecular o r b i t a l   calculation^,^'^ sugges t  

2 

I t  might t he re fo re  be expected t h a t  phospha-alkenes a r e  
1 2 

l i k e l y  t o  a c t  a s  both r) - (phosphorus donors) and r) - (P=C 

7i-donors) a s  i n  ( a )  and (b)  below 

k M 

whereas i n  s u i t a b l e  t r a n s i t i o n  metal  complexes t h e  phospha-alkynes 

might be envisaged t o  a c t  as e i t h e r  2 e ,  4e  or 6e donors by making 

use of the  PeC n-system and t h e  lone p a i r  on phosphorus (c) + ( e l .  

Recently we r epor t ed  t h e  f i r s t  examples of complexes i n  which the  
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t 
phospha-alkyne, tBuC:P a c t s  as a 2e donor i n  [P t (PPh ) 

a s  i n  ( c )  and as  a 4e donor i n  [Co (CO) (PXBu ) ]  as  i n  ( d )  . 
(PECBu ) ]  

t 3 2  7 
2 6  

:P CR 
I 

M 

P - CR 

M - M  

( C )  (a)  ( e )  

We now d e s c r i b e  t h e  s y n t h e s e s  and first f u l l y  s t r u c t u r a l l y  

c h a r a c t e r i s e d  complexes i n  which t h e  t13uCEP acts  as a 6e donor .  

Treatment of BuCEP wi th  [Co (CO) 1 i n  t o l u e n e  r e a d i l y  
t 

2 8  
a f f o r d s  t h e  deep r e d ,  l i g h t -  and a i r - s e n s i t i v e  l i q u i d  complex 

[ C O ~ ( C O ) ~ ( P X B U  ) I  ( I )  , which reacts wi th  [W(C0)5THF] t o  g i v e  

l i g h t -  and a i r - s t a b l e ,  wine-red c r y s t a l s  of t h e  complex 

[Co2 (CO) (p- BuCP) W (CO) 5] (11). S i m i l a r l y  kuCrP reacts w i t h  
5 [ (n5-C H ) (CO) 2 M ~ - M ~ ( C O )  (r l  -C5H5) 1 fo l lowed by [W (CO) (THF) ] t o  
t 

g i v e  [v5-(C H ) MO (CO) ( w -  BUCP)W(CO)~] (111). 

t 

t 

5 5  

5 5 2  2 4 

(11) (111) 

S i n g l e  c r y s t a l  X-ray s t r u c t u r e  d e t e r m i n a t i o n s  on (11) and 

(111) have been c a r r i e d  o u t  and t h e  molecular  parameters  w i l l  be 

d i s c u s s e d  i n  r e l a t i o n  t o  o t h e r  complexes of t h i s  s t r u c t u r a l  t y p e ,  

C?.g. [ ( C O ( C O ) ~ ) ~ E ~ ]  (E = P,As) and [(Mo(C H ) (CO) ) A s  1. Of 

p a r t i c u l a r  i n t e r e s t  i s  t h e  e s t a b l i s h m e n t  of  t h e  s ide-on 

c o o r d i n a t i o n  of t h e  phospha-alkyne t o  t h e  Co2 o r  Mo system and 

t h e  a t tachment  of t h e  W ( C O ) 5  u n i t  V i a  t h e  phosphorus l o n e  p a i r .  

The C-P bond l e n g t h  i s  much longer  than  t h a t  found f o r  t h e  f r e e  

phospha-alkyne b u t  i n t e r e s t i n g l y  i s  c l o s e r  to  t h a t  expec ted  f o r  

a phospha-alkene than  f o r  a formal  P-C s i n g l e  bond. 

5 5  2 2  

2 

t 
The v o l a t i l i t y  of [ C O ~ ( C O ) ~  BuCP] , (I) o f f e r s  a unique 

o p p o r t u n i t y  t o  compare i t s  H e  ( I )  photo-e lec t ron  spectrum w i t h  

both  t h a t  o f  t h e  € r e e  phospha-alkyne and t h e  a lkyne  complexes 

[Co2 (CO) 6 (RCCR) ] . The ready i n t e r c o n v e r s i o n  of t h e  d i n u c l e a r  
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t 
complex [P t  (PPh3) (PC Bu) 3 t o  t h e  d inuc lea r  complex 

[ ( P t  (PPh3) 2 )  2PCtBu] w i l l  a l s o  be descr ibed .  
1 

Previous ly  we and o t h e r s  e s t a b l i s h e d  t h e  type  ( a )  Q -bonding 

f o r  t h e  phospha-alkene P (mes i ty l )  =CPh2 i n  s i n g l e  c r y s t a l  X-ray 

s t u d i e s  on cis-Ptc12 (PEt3) (P (mes i ty l )  =CPh2) , 
(P  (mes i ty l )  =CPh ) 

complex showed a so lu t ion  nmr sgectrum also suppor t ing  t h e  

poss ib l e  ex i s t ence  of an rl -isomer. 

C r  (CO) 5- 

and P t  (PPh ) P (mes i ty l )  =CPh2) lo.  The l a t t e r  2 3 2  

2 

We now descr ibe" t h e  syn thes i s  of an q2-phospha-alkene 

complex P t  ( t r i p h o s )  ( P  (mes i ty l )  =CPh2) ( I V )  (two isomers)  ( t r i p h o s  = 

(PPh CH ) CMe) formed unexpected-ly i n  t h e  displacement  r e a c t i o n  

of PPh3 from P t  (PPh3) ( t r i p h o s )  . The q -phospha-alkyne complex 
t 

P t  ( t r i p h o s )  (PZC B u ) ,  (V) i s  formed i n  a s i m i l a r  way. 

Ig5Pt  nmr s p e c t r a  w i l l  be presented  and d iscussed .  

2 
2 2 3  

31P and 

2 
The Q -mode of coordinat ion of both ( I V )  and ( V )  i s  

unambiguously e s t a b l i s h e d  by t h e  unusual ly  smal l  va lues  of 
1 

f o r  t he  coordinated phospha-alkene and phospha-alkyne 
JPt -P  

which r e f l e c t  t h e  l a rge  s - cha rac t e r  of t h e  phosphorus lone p a i r  
c 

CH2 \ /CH2 

CH2PPh2 
/ \  

Me 

CH2 , ~ /CH2 

CH2PPh2 
/\ 

M e  

( I V )  ( V )  

of t h e  phospha-alkene and phospha-alkyne which i s  d i r e c t e d  away 

from t h e  metal  atom. A s i m i l a r  e f f e c t  was noted  by us  i n  t h e  

Q -Pt(PPh ) ( P X  Bu) complex. 
2 t 

3 2  
In  c o n t r a s t  to  t h e  above, t rea tment  of P t ( c o d ) 2 ,  (cod = 

1,5-cyclooctadiene)  , with P(mesi ty1)  =CPh2 gave t h e  ql-complex 

Pt(P(mesi tyl)=CPh2) ( V I )  , l ikewise  when a 2:1 mixture  of 
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P (mes i ty l )  =CPh 

i s  Pt (P(mes i ty l )=CPh ) (PZC Bu) (VLI) which is  an i n t e r e s t i n g  

example of a complex conta in ing  only l i g a t e d  phospha-alkenes 

( q  - 1  and a phospha-alkyne ( q  - 1 .  Clea r ly  a d e l i c a t e  balance 

J.  C. T.  R .  BURCKETT ST. LAURENT et al. 

and tBuCP was r eac t ed  wi th  P t  (cod) t h e  product  
t 2 

2 2  

1 2 

of f a c t o r s  can r e s u l t  i n  e i t h e r  n l -  o r  n'-coordination of t h e  

phospha-alkene. 

mes tBU 

\ // CPh2 

4 
P t  

I 

2 P-CPh 
PP4 

Ph C=P 
2 1  I 

' / P=CPh2 
Ph C=P, 

2 me s mes mes m e  s 

REFERENCES 

1. 

2 .  

3 .  
4. 

5. 

6. 

7.  

8. 

9. 

10. 

11. 

R. Appel, F. Knoll and I. Ruppert ,  Angew. Chern. I n t .  Edn. 
20, 731 (1981) and r e fe rences  t h e r e i n .  
H.W. Kroto and J . F .  Nixon, Amcr. Chem. Sac.  symposium 
S:Er?:c?s No. 171, Phosphorus Chemistry, 383 (1981) .  
C. Thomson, J . C . S .  Chern. Comun. , 322 (1977) .  
W.W. Schoel le r  and E.  Niecke, J .  C.S. Chem. Commun. , 569 
(1982) .  

J . C . T . R .  Burcket t  S t .  Laurent,  M.A. King, H.W. Kroto,  
J .F .  Nixon and R . J .  Suf fo lk ,  J .  Chcm. Sue. (UaZton), 755 
(1983) . 
B. Solouki ,  H. Bock, R. Appel, A. Westerhaus, G. Becker 
and G.  Uhl, Chcm. Bey. , 2 1 5 ,  3747 (1982).  
J . C . T . R .  Burcket t  S t .  Laurent,  P .B.  Hitchcock, H.W. Kroto 
and J.F. Nixon, J.C.S. Chern. curnun. , 1 1 4 1  (1981) .  
H.Y.  Kroto,  J . F .  Nixon, M . J .  Taylor ,  A.A. Frew and 
K.W. Muir, Polyhedron, 1 ,  89 (1982) .  
T.C.  Klebach, R. Lourens, F. Bickelhaupt ,  C.H.  Stam and 
A. Van Herk ,  J .  Organumctal. Chcm. , 2 2 0 ,  211 (1982) 
Th. A. van d e r  Knaap, F. Bickelhaupt ,  H.  van de r  Peol ,  
G.  van Koten and C.H. Stam, c i .  Amcr. Chem. Soc . ,  1 0 4 ,  1756 
(1982).  
S . I .  Al-Resayes, S.I. Klein,  H.W. Kroto,  M.F. Meidine and 
J.F. Nixon, J.C.S. Chern. Comuri. ( I n  Press) 

ACKNOWLEDGEMENT 

We thank SERC and CNPq ( B r a z i l )  f o r  f i n a n c i a l  suppor t .  

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


