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DEVELOPMENTS I N  THE COORDINATION CHEMISTRY OF DICOORDINATE 
PHOSPHENIUM I O N  LIGANDS 

ROBERT T. P A I N E ,  LARRY D. HUTCHINS, DONN A .  DUBOIS, AND 
EILEEN N. DUESLER 
Department o f  chemis t r y ,  U n i v e r s i t y  o f  New Mexico, 
Albuquerque, NM U.S.A. 

A b s t r a c t  Phosphenium i o n  l i g a n d s  d l s p l a y  synerg i c  u-donor,  

n-acceptor  p r o p e r t i e s  whlch resemble o t h e r  sma l l  molecules 

and t h e  c o o r d i n a t i o n  chemis t r y  o f  X2P+ l i g a n d s  i s  compared 

here w i t h  NO and S02. 

INTRODUCTION 

D i c o o r d i n a t e  amlnophosphenium i o n s  

l y t i c  c leavage o f  a phosphorus-halogen bond i n  aminohalophos- 

ph ines,  have a number o f  i n t e r e s t i n g  p r o p e r t i e s .  I n  p a r t i c u l a r ,  

mo lecu la r  o r b i t a l  analyses2 i n d i c a t e  t h a t  ( R2N)2P+ should d i s p l a y  

amphoter ic acid-base c h a r a c t e r  as a consequence o f  an occupied, 

i n -p lane ,  l o n e  p a i r  (a,) o r b i t a l  l o c a l i z e d  on phosphorus and a 

vacant low l y i n g ,  ou t -o f -p lane ,  a n t i b o n d i n g  (bl) o r b i t a l  d e l o -  

c a l i z e d  over t h e  N-P-N u n i t .  These f a c t o r s  suggest a r i c h  coo r -  

d i n a t i o n  chemis t r y  w i t h  t r a n s i t i o n  me ta l s ,  and t h e y  a l s o  suggest 

a c l o s e  resemblance t o  seve ra l  l 'small-moleculell l i g a n d s  i n c l u d i n g  

NO, SO,, and carbenes. Some progress i n  deve lop ing  p a r a l l e l s  

1 
( R2N)2P+,  formed by h e t e r o -  

* 

L 

between (R2N)2P+ reagents and NO and SO2 a r e  o u t l i n e d  here.  
3 4 S i x  c o o r d l n a t e  meta l  n l t r o s y l  and metal-S02 complexes con- 

t a i n i n g  s i x  d e l e c t r o n s  t y p i c a l l y  d i s p l a y  l i n e a r  M-NEO and 17'- 

p l a n a r  S-bonded M-S02 groups. The m e t a l - n i t r o g e n  bond i n v o l v e s  u 
dona t ion  f rom n l t r o g e n  t o  t h e  meta l  f ragment and back d o n a t i o n  

f rom an occupied meta l  o r b i t a l  t o  t h e  TI* MO on t h e  n l t r o s y l .  The 
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metal-S02 i n t e r a c t i o n  i n v o l v e s  s u l f u r  l o n e  p a i r  dona t ion  t o  t h e  

me ta l  f ragment and meta l  d o r b i t a l  e l e c t r o n  back dona t ion  t o  a TT* 

MO d e l o c a l l z e d  over t h e  e n t i r e  SO2 molecule.  S i m i l a r l y ,  we f i n d  

t h a t  combinat ions o f  NaMCp(C0)3 (M=Cr, Mo, W )  w i t h  a s e r i e s  o f  

d lamlnohalophosphjnes and amlnohalophosphi tes i n c l u d i n g  (Me2N)2- 

PC1, CH3NCH2CH2N( CH3)PC1 ,' and CH3NCH2CH20PC1 r e s u l t  i n  t h e  f o r -  

mat ion s i x  c o o r d l n a t e  s i x  d - e l e c t r o n  complexes o f  t h e  genera l  

t y p e  MCp(C0)2[(R2N)2P]. The d lazad lphosphe t id ine  ClPN(t-Bu)P(Cl)N- 

( t -Bu )  a l s o  forms a monometa l l ic  complex [ M C P ( C O ) ~ ] P N ( ~ - B U ) P ( C ~ ) N -  

( t -Bu )  as w e l l  as a b i m e t a l l i c  complex [MCp(CO)2]2PN(t-Bu)PN- 

( t - B u ) .  Each complex d i s p l a y s  two t e r m i n a l  ca rbony l  bands i n  t h e  

l n f r a r e d  spectrum, a l ow  f l e l d  31P NMR resonance (310-240 ppm) 

and tungsten complexes show l a r g e  Jwp c o u p l i n g  cons tan ts  (700- 
800 Hz).  S i n g l e  c r y s t a l  X-ray d i f f r a c t l o n  s t r u c t u r e  determlna-  

t l o n s  revea l  an q -p lana r  metal-P(NRZ)2 c o o r d i n a t i o n  geometry 

w l t h  s h o r t  M-P bond d i s t a n c e s  (2.10-2.25 A )  and P-N bond d l s -  

tances (1.64-1.71 A )  somewhat l o n g e r  t h a n  t h a t  found i n  [ ( i - P r ) 2 -  

N I 2 P +  (1.613 A ) . 5  We have desc r ibed  a bonding model f o r  t hese  

complexes I n  which t h e  X2P+ l l g a n d s  undergo u dona t lon  f r o m  t h e  

al l o n e  p a i r  MO t o  an empty dZ2 o r b i t a l  on t h e  1 6 - e l e c t r o n  MCp- 

(CO); f ragment and n back-acceptance f rom an occupied d x z  HOMO 

on t h e  meta l  t o  t h e  bl MO on t h e  c a t i o n .  Th is  model i s  cons l s -  

t e n t  w i t h  t h e  observed p l a n a r  P ( N R 2 ) *  geometry, t h e  o r i e n t a t i o n  

- m - - - 
1 

* 

o f  t h e  P(NR2)2 p lane  w l t h  respec t  t o  t h e  M(C0)2 p lane,  t h e  s h o r t  

M-P bond d i s tances  and e longated P-N bonds. I t  f o l l o w s  t h a t  these 

complexes a re  d l r e c t l y  r e l a t e d  t o  t h e  known l l n e a r  n l t r o s y l  com- 

p lexes CpM( C0)2N0, M=Group V I B . 6  Complexes CpMn( C O ) 2 [  ( R2N)2P]+  

a l s o  have been prepared I n  our work, and these  compare f a v o r a b l y  

t o  t h e  q -p lanar  SO2 complex CpMn(C0)2S02. 

S I X  c o o r d i n a t e  meta l  n i t r o s y l  and metal-SO complexes w i t h  

e i g h t  d -e lec t rons  o f t e n  d l s p l a y  ben t  MNO and q -pyramidal MS02 

1 7 

3 
groups. React ions o f  NaFeCp(C0)2 w i t h  (R2N)2PC1 reagents produce 
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metal lophosphenium i o n  p roduc ts  F ~ C P ( C O ) ~ [ ( R ~ N ) ~ P ] .  
8 s t r u c t u r e  d e t e r m i n a t i o n  f o r  one o f  t hese  molecules r e v e a l s  an 

q -pyramidal  geometry f o r  t h e  phosphorus atom. Chemical p roper -  

t i e s  and MO c a l c u l a t i o n s  suggest t h a t  t h e  phosphenium i o n  base 

s t r e n g t h  i s  n o t  s u f f i c i e n t  t o  d i s p l a c e  a C O  l i g a n d  f rom FeCp- 
2 (CO);; t h e r e f o r e ,  t h e  dZ o r b i t a l  i s  n o t  a v a i l a b l e  t o  accep t  e l e c -  

t r o n  d e n s i t y  f rom t h e  al l o n e  p a i r  o f  (R2N)2P+. A s  a r e s u l t ,  t h e  

phosphorus atom I s  r e h y b r i d i z e d  and t h e  Fe-P i n t e r a c t i o n  o n l y  con 

s i s t s  o f  e l e c t r o n  dona t ion  f r o m  t h e  occupied Fe d x z  o r b i t a l  i n t o  

t h e  bl MO on t h e  (R2N)2P+ l j g a n d .  A l o n g  Fe-P i n t e r a c t i o n  would 

be expected and t h i s  i s  observed (Fe-P 2.340 A ) .  A t  t h e  p r e s e n t  

t ime,  an analogous CpFe(C0)2N0 has n o t  been i s o l a t e d ,  and t h e  

corresponding SO2 complex has o n l y  been mentioned as an u n s t a b l e  

p roduc t  i n  t h e  r e a c t i o n  o f  SO2 and NaCpFe(C0)2. 

l e l s  which e x i s t  between X2P+ l i g a n d s  and NO and SO2. 
o f  t h e  e l e c t r o n l c  p r o p e r t i e s  and o r b i t a l  t emp la te  o f  phosphenium 

i o n s  a l l o w s  them t o  p a r t i c i p a t e  i n  chemis t r y  which i s  un ique f rom 

known chemis t r y  o f  NO and SO2. 
w i l l  a c t  as b o t h  symmet r i ca l l y  b r i d g l n g  and semi -b r idg ing  l i g a n d s  

as evidenced by t h e  f o r m a t i o n  Mn2( C O ) 8 (  PN( CH3)CH2CH2NCH3)2 and 

Co2( C O )  ,-( PN( CH3) CH2CH2NCH3)2. lo Phosphenium i o n  complexes a l s o  

may undergo r e d u c t i v e  c o u p l i n g  r e a c t i o n s  as i n d i c a t e d  by t h e  f o r -  

ma t lon  o f  Mn2( CO)8[PN( t-Bu)PN( t -Bu)12 f r o m  Mn( C0)5PN(t-Bu)P(C1)N- 

( t -Bu ) .  

a d j u s t a b l e  range o f  a-donor and m-accept ing a b i l i t y ,  and a c o r -  

responding a l t e r a t i o n  I n  c o o r d i n a t i o n  chern ls t ry .  An example o f  

t h i s  f a c t  can be found i n  f o r m a t i o n  o f  metal lophosphenium i o n  

complexes f rom RNCH2CH2N(R)PC1, RNCH2CH20PC1 and OC(R)2C(R)20PC1 

and MoCp(C0)i. 

p lexes M o C ~ ( C O ) ~ ( P X ~ )  w h i l e  t h e  phosph i te  appears t o  fo rm a seven 

c o o r d i n a t e  TI -pyramidal  complex MoCp( CO)g( PX,) .ll Th is  c h e m i s t r y  

The c r y s t a l  

1 

* 

9 

The above enumerated examples rep resen t  a few o f  t h e  p a r a l -  

The n a t u r e  

I n  p a r t i c u l a r ,  phosphenium i o n s  - - - - 
U n l i k e  NO and SO2, phosphenium i o n s  a l s o  p r o v i d e  an 

- m I 

The fi rs t  t w o  phosphines fo rm TI - p l a n a r  com- 1 
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i s  c o n s i s t e n t  w i t h  an i n c r e a s i n g  degree o f  IT a c c e p t i n g  a b i l i t y  

I n  t h e  lqgands as N Is rep laced  by 0. 
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