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MULTIPLE BONDING INVOLVING PHOSPHORUS; SOME RECENT DEVEL- 
OPMENTS 

ALAN H. COWLEY 
Department o f  Chemistry, The U n i v e r s i t y  o f  Texas a t  A u s t i n ,  
Aus t i n ,  Texas 78712, U.S.A. 

A b s t r a c t  The f i r s t  boraphosphene, (tmp)B=P(Ar) (tmp = 
w t e t r a m e t h y l p i p e r i d i n o :  A r  = 2,4,6-t-Bu C H ) has 
been prepared by the rmo lys i s  o f  t h e  correspondln: Zimer, 
C( tmp)BP(Ar) l  a t  25OoC. Mass s n e c t r a l  data a r e  r e p o r t e d  
f o r  ( t rnp)B=P(ir)  and -- ab i n i t i o  MO c a l c u l a t i o n s  have been 
performed on t h e  pa ren t  boraphosphene, HB=PH. The n a t u r e  
o f  t h e  phosphorus-phosphorus bond i n  ArP=PAr has been i n -  
v e s t i g a t e d  by s o l i d  s t a t e  3 1 P  NMR. The r e a c t i v i t y  o f  t h e  
phosphavi ny 1 i dene, CMo(C0) 2 (nl-P=C (Si  Me)) 2(n-C5H ) 1 has 
been explored.  The r e a c t i o n  o f  ArPC12 w i t h  Na2r7~l-CgHs)- 
V(CO)31 a f f o r d s  [ V 2 ( C O ) 4 ( n - C 5 H 5 ) 2 { ~ - P A r ~ l ,  t h e  f i r s t  exam- 
p l e  o f  a group 5 phosphinidene complex. 

Iminoboranes, R N z B r ' ,  a r e  we1 I - recopn ized  species. '  

f a r  no heav ie r  congeners o f  t he  iminoboranes have been prepared.  

We r e p o r t  t h e  p r o d u c t i o n  o f  a boraphosphene, the  f i r s t  compound 

f e a t u r i n g  a phosphorus-boron double bond. 

However, thus 

2 

The diphosphadiboretane, 1. - was prepared by t reatment  o f  (tmp)BC12 

(tmp = 2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n o )  w i t h  A r P ( L i )  (SiMe?) (Ar = 

2.4.6-t-Bil C H ) .  An X-ray c r y s t a l l o g r a p h i c  s tudy o f  1 revea led  -- 3 6 2  - 

the  presence o f  cons ide rab le  s t e r i c  s t r a i n .  For i ns tance ,  t h e  

P2B2 moiety  o f  1 - i s  rhombic (6-P-B = 93.1(.8)', P-B-P = 86.9(8)') 

129 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
3
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



130 A.H. COWLEY 

w h i l e  t h a t  o f  e.g.  [ ( tmp)BP(mes i t y l )12  i s  ~ q u a r e . ~  Moreover, t h e  

P-B bond d i s tances  i n  1 - a r e  -0.058 longer  than i n  t h e  analoqous 

m e s i t y l  compound. Thermolys is  o f  1 - i n  t h e  qas phase a t  25OoC r e -  

s u l t s  i n  t h e  c l e a n  p r o d u c t i o n  o f  t he  boraphosphene, 2. - O f  p a r t i -  

c u l a r  s i g n i f i c a n c e  i s  t h e  f a c t  t h a t  t he  E l - M S  f ragmen ta t i on  p a t -  

t e r n  f o r  boraphosphene 2 - i s  comp le te l y  d i f f e r e n t  than t h a t  f o r  

e.g. [ ( tmp)BP(mesi ty l )12.  

427.3551(calculated, 427.3539). From the  chemical  s tandpo in t ,  i t  

has been found t h a t  2 - ( b u t  n o t  1) - r e a c t s  w i t h  Fe2(CO)q t o  produce 

what we b e l i e v e  t o  be 2. Ab i n i t i o  MO c a l c u l a t i o n s  on t h e  pa ren t  

The HRHS paren t  peak f o r  2 - occurs a t  

boraphosphene, HPBH, u s i n g  t h e  6-31 G b a s i s  s e t ,  i n d i c a t e  t h a t  t h e  

minimum energy geometry corresponds t o  2 - w i t h  P-B = 1.649 8 ,  
H-P-B = 94.5, and P-B-H = 175.0 . 0 

The r e a c t i o n  o f  ArPHLi w i t h  (tmp)BCI2 a f f o r d s  5. - I n  t u r n ,  t r e a t -  

ment o f  5 w i t h  RLi  (R = Me, t -Bu) r e s u l t s  i n  t h e  novel  anions, 5 .  - - 

6 - 2 - 

The 3 1 P  chemical s h i f t s  o f  these anions a r e  unusual (*72 f o r  t h e  

Me compound and +85, +fl7 f o r  t h e  - t-Bu analogue) and sugges t i ve  o f  

m u l t i p l e  bonding between phosphorus and boron. 

The na tu re  o f  t h e  phosphorus-phosphorus bond i n  ArP=PAr has been 
4 

s t u d i e d  by s t a t i c  and magic anq le  s p i n n i n p  3 1 P  s o l i d  s t a t e  NMR. 

S t a t i c  powder spec t ra  show an e x c e p t i o n a l l y  l a r g e  s h i f t  a n i s o t r o -  

py w i t h  all = 1236, uZ2 = 249, and u = -3 ppm. These r e s u l t s  33 
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have been compared t o  t h e  s o l i d  s t a t e  3 l P  s p e c t r a  f o r  Ar(H)PP(H)- 

A r  and A r P H 2 .  Comparison w i t h  p r e v i o u s  work on o l e f i n s  and d i s i -  

lenes shows t h a t  t h e  P=P double bond i s  s i m i l a r  i n  many respec ts  

t o  the  double bond i n  group 1 4  elements.  

I n  p rev ious  work we have e s t a b l i s h e d  s y n t h e t i c  r o o t s  t o  phospha- 

v i n y l  idene complexes o f  t he  type, [M(C0)2(q -P=C(SiMe3)2(q-C R )1  
5 5 '  

(M = Mo, W ;  R = H, Me).5 We have now found t h a t  C(MO(CO)~- 

( q  -P=C(SiMe3)2(q-C5H5)1 (z)  - ( i )  r e a c t s  r e a d i l y  w i t h  b o t h  e l e c t r o -  

p h i  l e s  and nuc leophi  l e s ,  and ( i  i )  undergo sequen t ia l  r e a c t i o n s  a t  
6 

the P=C and P=M f u n c t i o n a l i t i e s .  I n  t u r n ,  t h e  r e a c t i o n  o f  phos- 

phav iny l i denes  w i t h  e l e c t r o p h i l e s  represents  a new approach t o  t h e  

syn thes i s  o f  3e- donor phosphido complexes as summarized below. 

1 

1 

X EX0 a 3 0  i-Pr2N 'gFSS 

Y H D H H 

367.9 369.1 344.2 297.7 6P 

The use fu lness  o f  t h e  approach i s  i l l u s t r a t e d  by t h e  f a c i l e  i n t r o -  

d u c t i o n  du te r ium l a b e l s  and by t h e  p r e p a r a t i o n  o f  t h e  f i r s t  t h i o -  

s u b s t i t u t e d  complex o f  t h i s  type.  X-ray s t r u c t u r a l  s t u d i e s  o f  a l l  

f o u r  compounds reveal  a t r i g o n a l  p l a n a r  phosphorus geometry and 

r e l a t i v e l y  s h o r t  phosphorus-molybdenum d i s t a n c e s .  

Treatment o f  z w i t h  an excess o f  CD OD r e s u l t s  i n  r e a c t i o n  a t  b o t h  

the  Mo=P and P=C bonds. Compound z - i s  a l s o  r e a c t i v e  toward CH2N2, 

CS2,  Fe2(C0)9, and severa l  nuc leophi  l e s .  

3 - 

For example, t h e  r e a c t i o n  
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132 A.H. COWLEY 

of Z w i t h  NaOMe a f fo rds  the novel anion, 8 (6 = -20.1). 
- P  - 

c5Hs\:_L ~ @,S*3 

a2 ' L \siMe3 

oc 

8 - - 

Several bimetal 1 i c  phosphinidene complexes o f  the type RP(MLn)2 

organometal l ic fragments. 

ample o f  a phosphinidene moiety bonded t o  a four teen-e lec t ron  MLn 

fragment.' Treatment o f  A r P C I 2  w i t h  Na2[(n-C H )V(CO)31 a f fo rded 

[V2(CO)4(n-C H ) (v-PAr)] ( 2 ) .  - 5 5 2  
31P NMR spectrum comprises a broad s i n g l e t  a t  +670 ppm which i s  

i n  the reg ion c h a r a c t e r i s t i c  o f  p2-phosphinidene complexes. How- 

ever, i f  each vanadium i s  t o  achieve an e ighteen-e lect ron con f ig -  

u ra t ion ,  two valence isomers, A and B, are  poss ib le .  An X-ray 

c rys ta l l og raph ic  study revealed t h a t  the phosphorus i s  t r i g o n a l  

have been prepared f o r  both s ix teen-e lec t ron7 and f i f t e e n - e l e c t r o n  8 

We have recen t l y  prepared the f i r s t  ex- 

5 5  
Complex 2 - i s  diamagnetic and the 

- - 

A r  Ar 

B - A - - 
planar .  Together w i t h  the shor t  vanadium-phosphorus distances 

(average 2.255 8)  these observations imply vanadium-phosphorus 

m u l t i p l e  bonding, thus favor inq  s t ruc tu re  B. - 
ca lcu la t i ons  on the bonding i n  the V2P r i n g  show tha t  the V-V  bond 

Extended Hzckel MO 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
3
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MULTIPLE BONDING INVOLVING PHOSPHORUS ... 133 

order i s  s l i g h t l y  g rea ter  than u n i t y .  The V-V  bonding i s  s t rong ly  

mediated by the b r i d g i n g  phosphinidene. 
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