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SYNTHESIS AND REACTIVITY OF TRANSITION METAL-SUBSTITUTED 
PHOSPHORANES 

MICHAEL LATTMAN" , B A D R I  N. ANAND 
Department o f  Chemistry 
SHIRLEY S .  C .  CHU*, ROBERT R .  ROSENSTEIN 
Department o f  E l e c t r i c a l  Engineer ing,  Southern Plethodis t  
U n i v e r s i t y ,  D a l l a s ,  Texas 75275 U.S.A.  

Abs t rac t  
nucleophilic substi tution of C1- by Mn( CO); is d e s c r i b e d .  
T h e  hydro lys i s  r eac t ions  of 1 l ead  t o  two compounds con- 
taining P - M n  bonds whose s t r u c t u r e s  have been de te rmined  
by  x - r a y  crystal lography.  

The  syn thes i s  of (OC6H40)2PMn(CO),, 1, by 

INTRODUCTION 

Phosphoranes a re  wel l -known examples o f  a c l a s s  o f  compounds where 

t h e  c e n t r a l  r e p r e s e n t a t i v e  atom i s  surrounded by more than  an o c t e t  
of e l e c t r o n s .  Un t i l  r e c e n t l y ,  however, work i n  t h i s  f i e l d  has been 

c o n f i n e d  t o  t h e  main group. 

Ebsworth, e t  a l .  , 3  have p ioneered  work i n  t h e  f i e l d  o f  t r a n s i t i o n  
m e t a l - s u b s t i t u t e d  phosphoranes, R P-M ( R  = main group mo ie ty ,  

M = t r a n s i t i o n  m e t a l ) .  

Riess,  e t  a l .  , l  Lattman, e t  a l .  ,2 and 

4 

RESULTS AND D I S C U S S I O N  

ble have syn thes i zed  t h e  f i r s t  R4P-P? molecule where o n l y  t h e  

phosphorus o f  t h e  R4P m o i e t y  i s  d i r e c t l y  bonded t o  t h e  t r a n s i t i o n  

meta l  by t h e  r e a c t i o n *  

1 - 
The ( e l e c t r o n  impact)  mass spectrum o f  1 e x h i b i t s  a s i g n i f i c a n t  

m o l e c u l a r  i o n  (6% o f  t h e  base peak, C6H402Pt). 

NMR and I R  da ta  f o r  - 1. 

Table I l i s t s  t h e  
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TABLE I NMR (ppm) and I R  ( cm- l )  da ta  f o r  1, 2, and 2 
(THF s o l u t i o n )  

Compound 31P 13C(phenyl r e g i o n )  IR(VC0) 

- 1 67 110.6, Jpocc= 6.8 HZ 2133 (m) 
121.4 2075 (w,sh) 

- 2 112 119.1 2138 (m) 
120.2 2076 (w,sh) 
123.4 2045 ( v s )  
126.1 
142.3, J=14.3 Hz 
149.8 

122.8 2074 (w,sh) 
147.2 2038 ( v s )  

2008 (m,sh) 

- 3 120 112.2, Jpocc'4.6 HZ 2134 (m) 

2 - 3 - 

NMR and IR da ta  f o r  - 2 and 3 are  summarized i n  Tab le  I. 

i n  a w h i t e  p r e c i p i t a t e . "  Hhen t h e  p r e c i p i t a t e  i s  d i s s o l v e d  i n  THF, 
i t s  i n i t i a l  31P{1H1 NMR spectrum e x h i b i t s  peaks due t o  2 and 2 i n  

an approximate 4 : l  i n t e n s i t y  r a t i o .  A f t e r  24 h i n  s o l u t i o n  o n l y  

t h e  31P peak due t o  - 3 i s  p r e s e n t .  A t  t h i s  t ime ,  t h e  13C{1t l l  NMR 

spectrum shows peaks due o n l y  t o  3 and c a t e c h o l .  I f  t h e  same 

h y d r o l y s i s  exper iment i s  r u n  i n  THF, no p r e c i p i t a t e  occu rs .  

one day, t h e  o n l y  h y d r o l y s i s  p r o d u c t  observed i n  t h e  31P i s  - 2 
( a l o n g  w i t h  a l a r g e  amount o f  1). 
t o  L a n d  ca techo l  a r e  seen. I f  l i s  exposed as a s o l i d  t o  t h e  

atmosphere f o r  7-10 days, h y d r o l y s i s  occurs.  Immediate ly  upon 

d i s s o l v i n g  t h e  r e s u l t i n g  s o l i d  i n  THF, o n l y  peaks due t o  2 a r e  

observed. 

React ion o f  - 1 w i t h  tI2O i n  1: l  m o l a r  r a t i o  i n  e t h e r  r e s u l t s  

A f t e r  

b l i t h i n  3 days o n l y  peaks due 

S p e c t r a l  changes i n  s o l u t i o n  occur  w i t h i n  a few hours 
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F I G U R E  1 ORTEP drawings o f  - 2 ( t o p )  and - 3 (bo t tom) .  
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and a f t e r  one day a l l  t h e  peaks due t o  - 2 have d isappeared and o n l y  

peaks due t o  - 3 and ca techo l  remain.  

This  behav io r  i s  r e f l e c t e d  i n  t h e  gas phase (chemical  i o n i z a -  
t i o n )  mass spec t ra .  

peaks due t o  - 3 and ca techo l  a r e  observed i n  t h e  l a t t e r  spectrum. 

The x - ray  c r y s t a l  s t r u c t u r e s  o f  - 2 and - 3 have been o b t a i n e d  

and a r e  shown i n  F i g u r e  1. 
i n  two hydrogen bonds, one i n t r a m o l e c u l a r  (dashed l i n e  i n  F i g u r e  1) 
and one i n t e r m o l e c u l a r .  

r e l a t i v e  t o  t h e  e q u a t o r i a l  carbonyl  groups i n  - 2 w h i l e  an e c l i p s e d  

conformat ion i s  observed i n  - 3. 

w h i l e  - 3 and ca techo l  a re  t h e  thermodynamical ly  f avo red  ones. 

t h e  s o l i d  s t a t e  - 2 a p p a r e n t l y  does n o t  possess enough ( v i b r a t i o n a l )  

energy t o  form t h e  f i n a l  p roduc ts ,  perhaps due t o  i t s  e x t e n s i v e  

hydrogen-bonding. 

- 3 e x h i b i t s  a m o l e c u l a r  i o n  whereas - 2 does no t ;  

The phosphory l  oxygen i n  - 2 i s  i n v o l v e d  

The P=O adopts a s taggered con fo rma t ion  

I n  summary, 2 appears t o  be t h e  k i n e t i c a l l y  f avo red  p r o d u c t  

I n  
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