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Summary 

Aminepentacarbonylvanadate(1--) ion undergoes thermal substitution in 
the presence of ~ acceptor ligands to provide high yields (65--85%) of 
V(CO)5 L-. By this method [Et4 N] [V(CO)s Ph2 PCH2 PPh: ], containing an 
unligated PPh2, [Et4N] [V(CO)s ((p-C1C6H4)3P)] and the first examples of 
the isocyanide substituted anions [V(CO)5 CNR]- ,  where R = Me, t-Bu, cyclo- 
hexyl and phenyl have been prepared. This new method provides only mono- 
substituted carbonylvanadate(1--) ions and is especially important when such 
products are unavailable or not readily preparable by photochemical means. 

Recent work by Adams [1--6] on isocyanide-substituted carbonyl anions 
has shown these materials to be highly reactive and useful precursors to a 
variety of novel materials. Several isocyanide substituted anions of 
[Mn(CO)5]- and [CsHsM(CO)3]- (M = Mo and W) have been prepared by 
the reduction of corresponding isocyanide metal carbonyl halides [1--6]. 
However, there exist no reports on similar substituted anions of IV(CO)6 ] - ,  
in part, because.isocyanide vanadium carbonyl halides are unknown. 

Photosubstitution of phosphines and related ligands into [V(CO)~ ] - has 
been the standard method for the synthesis of [V(CO)~-xLx]- (x = 1, 2, 3,; 
L = PR3, AsR3, etc.). [7--11]. Our attempts to extend this method to the 
preparation of [V(CO)sCNR]- have been unsuccessful. However, recently 
we discovered that [V(CO)s NH3 ]-  [8] readily undergoes thermal substitution 
in acetonitrile-ammonia or tetrahydrofuran from --20 to 0~ to give high 
isolated yields (80--85%) of new [ V(CO)s PR3 ] - ,  including yellow [ Et4 N ]  - 

[V(CO)sPh2PCH2PPh2 ], which contains an unligated PPh~ group as shown 
by 3~p NMR (Table 1 footnote c) and yellow [Et4N] [V(CO)s ((p-C1C6H4)3 P)]. 
Unsuccessful attempts to isolate these materials by the photolysis of [V(CO)6 ]-  
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in the presence of ligand have been reported [12,13]. The bis(diphenylphos- 
phino)methane (DPPM) product has been detected by infrared spectroscopy 
during [V(CO)6 ]--DPPM photolyses, but it readily undergoes photoconver- 
sion to cis-[V(CO)4DPPM]- [12]. 

Similarly, when [V(CO)sNH3 ]- decomposes in the presence of isocyanides, 
good yields (65--80%) of [V(CO)s CNR]- are obtained. For example, treat- 
ment of a liquid ammonia-acetonitrile solution of thermally unstable [Et4N] - 
[V(CO)s NH3 ] (9.8 mmol) (prepared, most conveniently, in situ -- see later) 
with three equivalents of CH3 NC, provided after removal of solvent at --20 
to 0~ and recrystallization from acetone-diethyl ether, a 68% yield (2.35 g) 
of bright yellow, analytically pure [Et4N] [V(CO)s CNCH3 ]. Alternatively, 
addition of solid magenta [Ph4As] [V(CO)sNHs] [15] (1.7 retool) to a tetra- 
hydrofuran solution containing three equivalents of CHsNC at  0~ gave within 
several minutes an orange-yellow solution of [V(CO)sCNCH3 ] - ,  which was 
isolated in 83% yield (0.86 g) as the golden-red crystalline [Ph4As] [V(CO)s - 
CNCH3 ]. By identical methods orange [ Et4 N] [ V(CO)s CNC6 Hs ], yellow 
[Et4 N] [V (CO)s CN-t-Bu] and yellow [Et4 N] [V (CO)s CNC,HII ] have been 
isolated as air sensitive crystalline materials. Infrared and IH NMR spectra 
(Table 1) and elemental analyses are entirely consistent with the proposed 
formulations. 

T A B L E  1 

I N F R A R E D  A N D  IH N M R  S P E C T R A  F O R  V ( C O )  s L -  

p (CN)  v (CO)  a , g  C h e m i c a l  s h i f t ( p p m ) ,  
( c m  -1  ) ( c m  -1  ) M u l t i p l i c i t y  b 

I [Et  4 N] I V ( C O )  s C H  2 (PPh:~)2 ] - -  1 9 6 5 m ,  1 8 1 5 s  

II [E t4  N]  [ V ( C O ) s  ( (p-CIC6 Ha)3P) ]  - -  
III [ E t  4 N]  [ V ( C O )  s C N C H  s ] 2 1 2 0 w  
I V  [ P h s A s ]  [ V ( C O )  s C N C H  s ] 2 1 2 0 w  
V [ E t  4 N]  [ V ( C O )  s CNteBu]  2 0 9 2 w ,  2 0 6 2 w  
VI  [ E t  4 N]  [ V ( C O )  s CNC 6 H11 ] 2 0 8 0 w  
VII  [ E t  4 N]  [ V ( C O )  s CNC 6 H s ] 2 0 4 0 w  

1 9 7 0 m .  1 8 2 5 s  
1 9 6 6 m .  1 9 3 0 s  
1 9 7 0 m  1 8 3 0 s  
1 9 6 5 m .  1 8 2 8 s  
1 9 6 6 m ,  1 8 2 6 s  
1 9 3 0 m ,  1 8 4 6 s  

3 . 1 8  t ( 2 H ) ,  J ( P H )  = 4 .3  Hz0 
7 . 0 6 - - 7 . 2 4 m ,  7 . S 2 - - 7 . 6 m  
( 2 0 H )  c 
7 . 3 - - 7 . S m  ( 1 2 H )  
_ d  

3 . 1 8  b r o a d  s ( 3 H )  e 
1 . 3 9 s  (9H) 
1 . 3 5 - - 1 . 8 2 m  ( 1 1 H )  f 
7 . 0 5 - - - 7 . 4 6 m  ( 5 H )  

a S o l v e n t  = CHs  CN e x c e p t  f o r  V a n d  VII  ( T H F ) .  b S o l v e n t  = C D  s CN;  TMS reference~ r e s o n a n c e  p o s i t i o n s  
o f  c a t i o n s  sxe n o t  s h o w n ,  c Sip N M R  ( R F  = 4 0 . 6  M H z  o n  1 0 0  MHz i n s t r u m e n t ) ;  S o l v e n t  = CD s CN;  reso-  
n a n c e  p o s i t i o n s  re la t ive  t o  a n  e x t e r n a l  H s PO 4 (85% in  D 2 O)  s t a n d a r d  a t  r o o m  t e m p e r a t u r e ;  p o s i t i v e  sh i f t  
va lue  ( b r o a d  r e s o n a n c e  i n d i c a t i n g  c o o r d i n a t e d  PPh~ g r o u p )  is d o w n f l e l d  o f  H s PO 4 ~ 6 ( p p m ) :  + 5 1 ( b r o a d ) ,  
- - 2 4 . 9 J d o u b l e t ) ,  J ( P P )  = 75 .1  Hz.  S imi l a r  Sip N M R  o f  [ V ( C O )  s L ] -  spec i e s  have  b e e n  r e p o r t e d  p r e v i o u s l y  
[ 1 2 ] .  L, M e t h y l  r e s o n a n c e  p o s i t i o n  o f  C H  s N C  is o b s c u r e d  b y  o v e r l a p  o f  t he  m e t h y l e n e  r e s o n a n c e  s igna l  
o f  E t  4 N +. e B r o a d e n e d  s ignal  ( 1 0  Hz  a t  h a l f - h e i g h t )  is u n d o u b t e d l y  c a u s e d  b y  N a n d  V,  b o t h  q u a d r u p o l a r  
nuc le i .  T h e  m e t h y l  r e s o n a n c e  in  C s H s V ( C O )  3 CHs  is s imi l a r ly  b r o a d e n e d  (4  Hz  a t  h a l f - h e i g h t )  [ 1 6 ] .  f P a r t  
o f  th i s  b r o a d  m u l t i p l e t  ove r l aps  the  m e t h y l  r e s o n a n c e  o f  E t  4 N § g A w e a k  s h o u l d e r  a t  ca .  1 8 6 0  c m  - I  w a s  
a l so  o b s e r v e d  in  m o s t  s p e c t r a .  Th i s  m a y  ar i se  f r o m  t r a c e  a m o u n t s  o f  V(CO)~ - in  t h e  p r o d u c t s  [ 1 7 ] .  I n  t h e  
a b s e n c e  o f  L,  V ( C O )  s N H  s - d e c o m p o s e s '  t o  give g r e a t e r  t h a n  50% y i e ld s  V ( C O )  6 - .  

The amine group in [V(CO)sNHs]- is readily lost in solution above --20~ 
This decomposition process may generate the same coordinately unsaturated 
[V(CO)s ]- which has been produced previously only by the photolysis of 
V(CO)6- [9]. Our studies indicate that the use of [V(CO)sNHs]- will be an 
important route to new [V(CO)sL]- whenever L and/or [V(CO)sL]- are 
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photosensitive. Further, in contrast to the photosubst i tut ion reactions of  
[V(CO)6 ] - ,  there is no need to carefully monitor the course of these thermal 
reactions to minimize the presence of  undesired materials (e.g., unreacted 
[ V(CO)6 ] - or [ V(CO)4 L2 ] - ). Rehder previously prepared [ V(CO)5 NH3 ] - 
in 55% yield by the photolysis  of  [V(CO)~]-  for long periods (ca 24 h) in 
liquid ammonia [8 ] ,  fol lowed by a 3 day Soxhlet  extraction with ammonia 
to remove impurities. We have discovered a much quicker (2--3 h) and nearly 
quantitative route (85--95% yields ) to [V(CO)s NH3 ] -  by the acidification of  
[V(CO)s ] 3- in liquid ammonia.* Attempts to extend these reactions to other 
metal carbonyl anions are in progress. 

We acknowledge support of  this work by the National Science Foundation 
(CHE79-12159) .  'We also thank Professor M.Y. Darensbourg for a discussion 
and preprint concerning the infrared spectra of  V(CO)s L species. 
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*A liquid ammonia  solut ion of Na 3 V(CO) s was prepared from [Na(diglyme) 2 ] [V(CO)~ ] (2.00 g, 
3.92 mmol)  and sodium meta l  (0.28 g, 12.2 retool) as described previously (requires approx.  0.5 h) 
[14] .  Solid ammonium chloride (0.63 g, 11.6 retool) was added all at  once to the st irred cold 
(--78~ solution. The deep magenta  solut ion was then  ref luxed for 0.5 h. Addi t ion  of a so lu t ion  of 
te t raphenylarsonium chloride (2.61 g, 5.98 mmol)  in e thanol  (40 ml) caused an immedia te  precipita- 
t ion  of deep violet-red crystal l ine solid. After  refiuxing the solut ion for 0.5 h to ensure comple te  
metathesis ,  the  solid was removed by fi l tration, washed with cold (0~ 6 N aqueous ammonia  to  
remove NaCI, washed wi th  cold (0 ~ C) absolute e thanol  and dried under  vacuum at room temper- 
ature for 12 h. A nearly quanti tat ive yield (2.20 g, 95%) of analyt ical ly  pure [Ph 4 As] IV(CO) s NH 3 ] 
was thereby obtained, This material  may be stored indef ini te ly  under  a ni t rogen a tmosphere  at  room 
temperature.  (Nujol mull  spectrum in v(CO) region: 1958m, 1779vs, 1747vs cm - t  ). 


