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REACTIONS OF CYCLOPOLYPHOSPHINES WITH ZEROVALENT PLATINUM 
GROUP METAL COMPLEXES. 

RONALD G. CAVELL* AND IAN G. PHILLIPS, 
Department of Chemistry, Univers i ty  of Alberta, Edmonton, 
Alberta, Canada T6G 2G2 

A b s t r a c t  Perfluoromethyldiphosphene complexes are ul t imate-  
l y  formed from the r e a c t i o n s  of (CF3P)4 5 with  low v a l e n t  P t  
group metals. Evidence f o r  o x i d a t i v e  a d d i t i o n  t o  P t ( 0 )  and 
Pd(0) t o  form in te rmedia te  complexes is  found. The hetero- 
c y c l i c  l i g a n d  CF3bP( CF3)C( CF3)=C(CF o x i d a t i v e l y  adds t o  
P t ( 0 )  t o  form a meta l locyc le .  
CF3#P(CF3)P( CF3)C( CF3)=C( CF3) c o o r d i n a t e s  t o  P t ( 0 )  via the 
o l e f i n i c  group. 

The fgve membered r i n g  

React ions of the cyclopolyphosphines  (I  ,111 and h e t e r o c y c l i c -  

polyphosphines ( I I1 , IV)  with metals have n o t  been e x t e n s i v e l y  

CF3C =CCF3 
CF C =CCF3 

I I  CF3P PCF3 
3 1  I 
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CF3 CF3 

CF3P - PCF3 

CF3P\ F F 3  CF3P - PCF3 

CF3P -PCF3 I 1  
I I  

3 P CF P-PCF 3 

I I1 I11 I V  

explored  a l though a few examples of metal complexes of  these 

l i g a n d s  are known. 

suggested that t h e  CF3P system should be r e i n v e s t i g a t e d .  

PMe24, P49; n=3 L=PEt3; L3  = (r12-C2H4)(Ph)2)1, Pd(P4314, 

P d ( d ~ p e ) , ~  or Ni(dppeI2 w i t h  I (mixed w i t h  11) l e a d s  i n  10 mine t o  

3 h r ,  t o  almost e x c l u s i v e  formation of t h e  v2-(E-configuration) 

b i s (  trifluoromethy1)diphosphene complexes, L2M(CF3PPCF3)2 i s o l a b l e  

i n  two cases as a i r  s t a b l e  c r y s t a l l i n e  orange or yel low s o l i d s .  

The 19F nmr spectrum of the  (@3P)2Pd(CF3P=PCF3) d e r i v a t i v e  shows a 

characteristic X3AA'X83 p a t t e r n  f o r  the perf luorodiphosphene 

coupled t o  two e q u i v a l e n t  43P phosphorus atoms. The c r y s t a l  

s t r u c t u r e  of t h i s  complex shows t h e r e  t o  be a n e a r l y  p l a n a r  PqPd 

u n i t  i n  which the t w i s t i n g  of the P2Pd plane wi th  respect t o  the 

Recent i n t e r e s t  i n  diphosphene c o m p l e x e ~ ~ ' ~  

Refluxing to luene  or benzene s o l u t i o n s  of PtL, [n=4, b P E t 3 ,  
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118 R.G. CAVELL AND I.G. PHILLIPS 

(%P)2Pd plane (9') is less severe than i n  the case of 

($3P)pPt(C6P5PPc6Fg)o6 
comparable t o  that i n  ( d ~ p e ) P d ( $ P P 0 ) ~  (2.121 A) but s h o r t e r  than 

(2.149 A) or (T?-C,H~)MO(HPPH)~ (2.146 A). 
These r eac t ions  are complicated providing evidence f o r  the  

i n i t i a l  formation of  a complex with an  i n t a c t  coordinated poly- 

phosphine which subsequently t ransforms t o  a metal locycle  which 

then a t  e leva ted  temperatures loses CF3P u n i t s  t o  y i e l d  the  

diphosphene complexes. 

The PIP bond length ,  2.121 A, i s  

that i n  ( $ ~ P ) ~ P ~ ( C ~ F ~ P P C # S ) ~  (2.156 A), (Et3P)2Ni(He3SiPPSiHe3) 4 

The he terocycl ic  r i n g  I11 c l a r i f i e s  the p i c tu re  by reducing 

both the reac t ion  p o s s i b i l i t i e s  and the complexity of the  nmr 

spectra. In  add i t ion  the s tereochemical  c o n s t r a i n t s  imposed by 

the puckered four  membered r ing  allow only monodentate coordina- 

t i o n  f o r  P or s c i s s i o n  of the P-P bond, whereas (CF3P)4 

permits 1,3 coordinat ion by phosphorus as i l l u s t r a t e d  i n  the  

s t r u c t u r e  V I .  We have nmr evidence i n  the case of the r eac t ion  of 

(e3P)2Pt(C2H4) with (CF3P)4 ( 9 : l )  mixture which sugges ts  that an  
equi l ibr ium i s  es t ab l i shed  between the 1,3 coordinated form (VI) 

and the oxida t ive ly  added form (V) of the polyphosphine 

complexes. 

displacement of C2H4 by 111 shows two isomeric conformations 
(because of the r i g i d i t y  of the r ing )  i n  roughly equal  proport ion.  

In  the CF3P pa r t  of the spectra, 19F and 31P nmr s i g n a l s  are 
coupled t o  Pt (lJppt - 942 or 1021 Hz; 3JFpt = 83 or 93 Hz) ['Jptp 

t o  the triphenylphosphines is 2328 or 2341 Hz]. 
a r i s i n g  from the CF3C u n i t  shows no v i s i b l e  coupl ing t o  platinum. 

The data  are cons i s t en t  wlth the s t r u c t u r e  V (L-Ph3P). D i f f e ren t  

a l s o  

The product formed by ($3P)2Pt( q2<2H4) upon 

The 19F s i g n a l  

P - ECF3 

CF3 %F3 

V I  I V I  V [E-P o r  C-] 
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phoephines [L * PEt3, PI42Ph, P(OEt)3] y i e l d  s i m i l a r  complexes, 

however the r e l a t i v e  propor t ions  of the  two isomers obta ined  

v a r i e s  w i t h  t h e  s u b s t i t u e n t  on t h e  phosphine. 

The h e t e r o c y c l i c  f i v e  membered r i n g  I V ,  i n  c o n t r a s t ,  

c o o r d i n a t e s  as t h e  I n t a c t  r i n g  *the o l e f i n  f u n c t i o n  t o  Pt (0) .  

In (@3P)2Pt(L1V), no l a r g e  coupl ing c o n s t a n t s  occur  between P t  and 

t h e  phosphorus atoms of the r i n g  or t h e i r  pendant CF3 groups;  o n l y  

one CF3 shows a small Pt-F coupl ing of 11.5 Hz. 
s t r u c t u r e  shows that the  two o l e f i n i c  carbons l i e  i n  the PtP2C2 

plane c o n t a i n i n g  also the  t r i p h e n y l  phosphine l i g a n d s .  The 

polyphosphine r i n g  is n e a r l y  p l a n a r  and subtends  a d i h e d r a l  a n g l e  

of 104' w i t h  respect t o  t h e  PtP2C2 plane.  

d i s t a n c e  I n  t h e  molecule arises from a lone  pendant F atom of the 

CF3 e u b s t i t u e n t  on the  phosphorus a t  t h e  apex of the r i n g  which 

l ies perpendicular  to  the  square plane i n  l i n e  w i t h  the Pt atom. 

This  r e l a t i v e l y  s h o r t  d i s t a n c e  o f  3.309 A may e x p l a i n  why t h e s e  

f l u o r i n e  atoms a lone  of all f l u o r i n e s  couple  t o  Pt .  

The c r y s t a l  

The s h o r t e s t  P tF  

The pentaphosphine (XI) which reacts w i t h  z e r o v a l e n t  metal 

complexes of P t ,  Pd, or N i  t o  y i e l d  u l t i m a t e l y  t h e  diphosphene 

complexes, forms, I n i t i a l l y ,  complexes i n  which t h e  pentaphosphlne 

appears  t o  be coord ina ted  2 the 1 and 3 phosphorus atoms of t h e  

r i n g  as might be expected given the  p o t e n t i a l  f l e x i b i l i t y  of t h i s  

r i n g  system. 

i n t e n s i t y  r a t i o s  f o r  the CF3P p a r t  of the  molecule. 

d e r i v a t i v e  shows, i n  a d d i t i o n ,  Pt-P and Pt-F coupl ings  t o  t h e  

perfluorome thylphosphorus l i g a n d  i n d i c a t i n g  by means of  a l a r g e  

coupl ing of  P t o  Pt ('Jptp - 3372 Hz) that one of t h e s e  groups of 

two P atoms I s  d i r e c t l y  bound t o  Pt. 

(which d i v i d e  i n t o  a 2:l i n t e n s i t y  ra t io)  a l s o  couple  t o  Pt but  

with much smaller v a l u e s  (ca. 250 Hz) sugges t ive  of l o n g e r  range 

coupl ings.  

s t r u c t u r e  I X ;  the major suppor t ing  f a c t o r  favour ing  s t r u c t u r e  VIII 

is the s i m i l a r i t y  of Pt-P coupl ings  f o r  the  uncoordinated 

All such complexes show 2:2:1 31P nmr and 19F nmr 

The (43P)zPt 

The other t h r e e  P atoms 

This  d a t a  is  more c o n s i s t e n t  wi th  s t r u c t u r e  V I I I  than  
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120 R.G. CAVELL AND I.G. PHILLIPS 

phosphorus atoms which are, 

L \  Y 
L/ M- 

VIII 

i n  s t ruc tu re  VIII, i n  more similar 
CF3 CF3 

CP3 CF3 

IX 
environments than those provided by I X .  

phosphorus atom of IX t o  exh ib i t  a unique Pt-P coupling. 

We would expect the apex 

Oxidative addi t ion therefore seems t o  be a comnon mode of 

reaction f o r  the smaller ring systems, e spec ia l ly  where 1,3 
coordination of phosphorus i s  precluded as i n  the four membered 

heterocycles, yielding novel polyphosphine and heterocyclic 

polyphosphine me ta l locycles .  The more f l e x i b l e  polyphosphine 

ligand may coordinate, 

ring. The heterocyclic five membered r ing however, coordinates 

- via  the o l e f i n i c  function. 

the only s t r u c t u r a l  determination of t h i s  r ing system i n  e i t h e r  

bound or  f ree  forms. In the case of polyphosphine complexes these 

l a rge r  metallocyclea ult imately react fu r the r  t o  yield n e w  

coordinated diphosphene complexes. 
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