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ABSTRACT 

.' , B e n z e n e d i a z o n i m  sa l t s  w i t h  EF4- and-?F6- c o u n t e r i o n s ,  o r  ' - ak 

.. 
t h e i r  4 - s u b s t i t u t e d  d e r , i v a t i v e d ,  r e a c t e d  w i t h  Cp2WH2 (Cp = . 

n 5 - ~ 5 & )  i h  i o l u e n e / m e t h & o l  below 253  K t o  p roduce  y e l l o w  1 :.I 

a d d u c t  s a l t s  i n  h i g h  y i e l d .  P r c t o n  m a g n e t i c  resonance;  - w i t h  158( 1 ) a? 

, 

- s u b s t i t u t i o n ,  a i l o w e d  a n e a r l y  c o m p l e t e  s t r u c t u r a l  a s s i g n m e n t  o f  t h e  a 

% + 

' c a t i o n i c  complex a s  [Cp2WH(N=NHAr)]+, a doubly-bent  e I d i a z e n i d o  

* 
complex pro ' tonated - a t  . ~ ( 2 )  r a t h e r  t h a n  N(1) a s  i n  a l l  previo;s 

.D 

examples . '  Th i s  h y d r a z i d o ( 2 - )  l i g a n d  i s  b e l i e v e d  t o  l i e  a t  90' t o  
* . .  

t h e  Cp2k-H midp lane .  In s b l u t i o n  a b o v e  253. K t h e  y e l l o w  s a l t s  
B 3 

underwent  a n o v e l  r e e r r a n g e o e n t  t o  a  brounhydrazide  'complex 

- 
"d'" 

P - The low-temperature  r e a c t i o n  o f  d iazonium s a l t s  w i t h  Cp2ReH 

produced a  brown 1 : 1 a d d u c t ,  d i f f i c u l t  t o  p u r i f y ,  which -was b e l i e v e d  % 

1, - t o  be t h e  e x p e c t e d  d i a z e n e  complex,  [ c ~ ~ R ~ N H = N A ~ ] + .  It ~ e a c t e d  

w i t h  base  o form t h e  n e u t r a l  d i a z e n i d o  complex. S i m i l a r l y ,  from -4 * .- 
\ * - Cp2Moki2 t h e  h y d r a z i d e  [$p2Mo-NH2NAr]BFh was i d e n t i f i e d  i n  

p r o d u c t  m i x t u r e s ,  b u t  t h i s  de,composed b e f o r e  i t  was i s o l a t e d .  t With 

two mol& o f  d iazonium s a l t  a d i s t i n c t  1 :2  adduct  c r y s t a l l i z e d  from 
I/- 

t h e  r e a c t i m  m i x t u r e .  On t h e  b a s i s  o f  . n e u t r a l i z a t i o n  by 

t r i e t h y l a m i n e ,  t h i s  was i d e n t i f i e d  a s  a  b i s d i a z e n e  complex 



With diazonium s a l t s  t h e  monohydr ides  IrH(CO)(PPh3)3 and - 
IrH (CO 12(pPh3) a l s o  p roduced  h y d r a z i d o (  I-) complexes ,  . 

4 

C1 .' 
4 

i d e n t i f i e d  by X-ray c r y s t a l l - o g r a p h y  and s p e c t r o s c o p y  as 

o r t h o m e t a l a t e d .  Geometry a t  t h e  i r i d i t m  is a p  r o x i m a t e l y  square -based  P 
on t h e  a x i s .  The f d u r  @oms o f  

t h e  i r i d i u m . l i e s  9.4 prnapfi o f  . 
J 

'l 

1. 

i n  t h e  m e t a l l o c y c l e  i n d i c a t e  - 

t h a t  t h e  N-N bond o r d e r  (N-N = 1 3 8 . 8 ( 1 3 )  pm) i s  r e d u c e d  a t  t h e  expense  
, / O . 4  . 

2- of  o t h e r  bonds ,  compared t o  a r y l d i a z e n e s .  ~ T h e % y d r o g e n s  a r e  l o c a t e d  ' , * 1 

. on- e a c h  n i t r o g e n  and  bo th  a r e  ~ e a k l y  bondedr to  the,' BF4& 

* 
c o u n t e r i o n .  Reac t  i o n  o f  [ . J r ( N H N H C 6 H 3 G )  (CO) ( PPh ) ]BE4 ( G z g e n e r a l  

3 ? ,  
< 

s u b s t i t u e n t )  w i t h  b a s e  p roduced  t h e  c o r ~ e s p o n d i n g " o r t h o m e t a l a t e d  
L 

i r i d i u m (  I )  d i a z e n e s  . The h y d r a z i d o  complexes were r e a d i l y  o x i d i z e d  by 

\ h i h a l o g e n ;  o r  a i r ,  p r o d u c i n g  p r e v i o u s l y  k n o h  i r i d i u m ( I I 1 )  d i a z e n e s  Oe . 

[Ir(NHNC6H3G) ( C Q )  (PPh3}2Xl EF4 where X i s  t h e  h a l i d e  o r ,  from 
4 .  

a i r  o x i d a t i o n ,  F  o r  FBF3. 

The r e a c t i o n s  o f  benzenediazonium s a l t s  w i t h  t r a n s i t i o n  m e t a l  

complexes  o t h e r  t h a n  h y d r i d e s  were  n o t  s u c c e s s f u l .  With 

Na[FeIS2C2(CN)2121 t h e  d iazon iwn  s a l t  a t t a c k e d  a t  t h e  s u l f u r  

and t h e  p r o d u c t  of  l i g a n d  a b s t r a c t i o n  and  d i n i t r o g e n  e x t r u s i o n  was 

i s o l a t e d ,  ArSC(CN)C(CN)SAr. E x p e r i m e n t s  w i t h  Fe2(CO)g, 

Fe3(CO)12,  Fe2(C0)6(SP!e)2, N ~ ~ F ~ ( c N ) ~ N o ,  NaIrC15N0, 

and [RU(NH ) ( O H 2 ) I C 1 2  a r e  a l s o  no ted :  
3  5 .  
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L i s t  o f  A b b r e v i a t i o n s  and Symbols 

A = g e n e r a l  a n i o n  

Ac = a c e t y l ,  e t h a n o y l ,  CH3C0,- 

A r  = a r y l  = s u b s t i t u t e d  p h e n y l  o r  p h e n y l  

b i p y  = 2 , 2 ' - b i p y r i d y l ,  (c5H4Nl2 

dmso = d i m e t l i y l s u l f o x i d e  

dppe = .  1,2-bis(dipheny1pHosphino)ethane 

E t  = e t h y l ,  C2H5- , 
1 . -  

G = g e n e r a l  r a d i c a l  g rpup :  H ,  a l k y l ,  a r y l ,  s i l y l ,  

a c y l ,  a r o y l ,  a l k o x y ,  n i t r o ,  e t c .  

L = 2 - e l e c t r o n  donor l i g a n d  . 
8 

, , M = . m e t a l  

h e  = m e t h y l ,  CH3- 

mnt = m a l e o n i t r i l e d i t h i o l a t e ,  2,3-dimercapto-2-butenedinitrilate(2-) , 
3 

-SC(rn)C(CN)S- 
/ / 

n = i n t e g e r  

Ph' = p h e n y l ,  C6H5- 
" 15 

P r  = p r o p y l ,  C3H7- 

pz = p y r a z o l y l ,  cyclo-C3H3N2- 

R = a l k y l  

t h f  7 t e t r a h y d r o f u r a n  

X = h a l i d e ,  F-,  C 1 - ,  B r - ,  I- 



L i s t  o f  Numbered Compounds 
I. 

1 a - m .  [Irt(NHNHC6H3G) (CO) ( P P h j  ) 2 ] ~ ~ 4  - .  . . 

1 6 .  - Decomposi t ion  p r o d u c t  o f  12 
f 

17.  ~ n s o l u b l k  d e c o r n p ~ s . i t i o n  p r o d u c t  o f  i~ - 
18. - [ Cp2W( NH2NHC6H.44G) I ( BF4 ) 

, 
1 9 .  - [Cp2Mo(NY2NC6H4G)IBF4 

2 0 .  Decomposi t ion  p r o d u c t  o f  19 - - 



.- 
Diazo  C ~ m p l ~ e x e s  o f  T r a n s i t i o n  M e t a l s .  

I 

A .  I n t r o d u c t i o n  

e 
9 

- .J T h e r e  is c o n s i d e r a b l f !  a c t i v i t y  and i n t e r e s t  c u r r e n t l y  i n  t h e  a r e a  

o f  metal d i a z o  &mplexes .  T h i s  work h a s  been s t i m u l a t e d  by  s e v e r a l  8. 

t h i n g s ,  p u t  g n e a t e s t  among t h e s e  i s  a  d e s i r e  t o  u n d e r s t a n d  p r o c e s s e s  o f  

f a c i l e  f i x a t i o n  o f  d i n i t r o q e n ,  a w o r t h w h i l e  g o a l  by any  a c c o u n t .  ' 

. E n z y m a t i c  f i x a t i o n  o f  d i n i t r o g e n  p r o d u c e s  ammonia, w i t h  n o  d e t e c t e d  
*/: 

i n t e r m e d i a t e  o r  coproduc  t :  2 .  + L 

N2 + 6e- + 6H+ -> 2NE3. 
' 

A chemi.ca1 model s y s t e m  based  o n  t u n g s t e n  o r  molybdenum a l s o  r e d u c e s  

d i n i t r a g e n  l a g e l y  t o  ammonia r a t h e r  t h a n  h y d r a ~ i n e , . ~  a n d  a p o s t u l a t e d  

mechanism f o r  this model  d o e s  n o t  i n v o l v e  a  h y d r a z i n e  i n t e r m e d i a t a ,  b u t  

g e n e r a t i o n  o f  a m m n i a  v i a  M=NH-NH2 a n d  M-NH-NH s p e c i e s . 3 a  A 3 

second  c u r r e n t  p r o p o s a l  i n v o l v e s  r e d u c t i o n  o f  N 2  t o  N2H2 a n d  t h e n  

d i s p r o p o r t i o n a t i o n  and  d e c o m p o s i t i o n  t o  g i v e  n i t r o g e n ,  some hydrogen', 

and  e i t h e r  h y d r a z i n e ,  which would b e  f u r t h e r  r e d u c e d  , 4  o r  p o s s i b l y  

a m ~ n o n i a . ~  Our u n d e r s t a n d i n g  o f  t h e  re1e;ant c h e m i s t r y  i s  s o  s c a n t y  a t  

t h i s  p o i n t  t h a t  new r e s u l t s  c a n  e a s i l y  have a s i g n i f i c a n t  i m p a c t  on s u c h  

p r o p o s a l s .  

I n  our  s t u d i e s  c l e a v a g e  o f  t h e  N-N bond h a s  n o t  been p r o m i n e n t ,  s o  
4 

we sha. l , l  be c o n c e r n e d  w i t h  t h e  f o u r - e l e c t r o n  r e d u e t i o n  a n d  ' i n c r e a s e d  
"- 

v a l e n c y  of each  n i t r o g e n  atom from N 2  t o  NH2N,H2,  o r  a c t u a l l y  t h e  

comparab le  s e r i e s  f rom A ~ N ~ +  t o  A r N H N H 2 .  ( S e e  page x l v  f o r  a 



l i s t i n g  of,  .symbols u s e d  t h r o u g h o u t  t h e  t h e s i s .  ) The i n t e r m e d i a t e  members 

d a r e  uns ta ,  l e  a s  f r e e  compounds, b u t  c m p l e x a t i o n  t o  a met.al marked ly  

i n c r e a s e s  t h e i r  s t a b i l i t y  and a l l o w s  t h e i r  i s o l a t i o n  and  i d e n t i f i c a t i o n .  
i 

Eecause  P h i s  work i n v o l v e d  e v e r y  s t e p  i n  t h e  s e r i e s  o f  complexes  M-N2 

t o  M-&I-$NHAr, i t  w i l l  b e  c o n v e n i e r k  t o  i n t r o d u c e  b r i e f l y  e a c h  t y p e  o f  

c m p l e x  i n  t u r n .  The s u b s t i t u t e d  and  u n s u b s t i t u t g d - s p e c i e s  o f  a g i v e n  

d i a z o  p a r e n t  a r e  e a s i l y  and a p p r o p r i a t e l y  d i s c u s s e d  t o g e t h e r .  

S i n c e  t h e  f r e e  l i g a n d s  were  l a r g e l y  'wknown, naming o f  t h e i r  
" 4 91 

complexes  has '  been u n u s u a l l y  n o n s t a n d a r d i z e d ,  e v e n  i n  r e c e n t  l i t e r a t u r e .  

The names used below f o r  e a c h  l i g a n d  f o l l o w  t h e  r e c e n t  I U P A C  

r e c m m e n d a t i o n  f o r  n i t r o g e n   compound^.^ The t e r m s  d i a z o  and  a r y l d i a z o  

have been used g e n e r i c a l l y ,  t o  c o v e r  a l l  N - B ~ e c i e s .  If numbering i s  
i- 

done  s y s t e m a t i c a l l y ,  t h e  n i t r o b e n  d e s i g n a t e d  N(1) may change  as 

M-N(1)-N(2)-Ar is s t e p w i s e  p r o t o n a t e d .  To a v o i d  c o n f u s i o n  we have 

numbered a l l  complexes  i n  t h e  way j u s t  shown; t h e  a ry l -bound  n i t r o g e n  is 

B .  N 2  Complexes 

A t  one  end o f  t h e  s e r i e s  a r e  m e t a l - d i n i t r o g e n  complexes .  Though 

o v e r  100 d i n i t r o g e n  complexes  have been i d e n t i f i e d , 7  i n  mos t  o f  them 

t h e  N2 i s  s t a b l e  e x c e p t  t o  s i m p l e  d i s s o c i a t i o n .  s u b s t i t u t i o n  f o r  N2 

c a n  be u s e d  ~ ~ n t h e t i c a l l ~ , ~ ~ ~  b u t  t h e  d e a r t h  . t o f  c h e m i s t r y  o t h e r  t h a n  

n i t r o g e n  l o s s  h a s  s e r v e d  t o  ca lm some o f  t h e  e a r l y  e x c i t e m e n t  k i t h  t h i s  

l i g a n d .  The l a c k  o f  c u r r e n t  r e v i e w s ,  a f t &  a n  6 a r i i e r  f l u r r y , 1 0  i s  a  

symptom o f  t h i s  c h a n g e .  I 



. p' 
a 

4 

3 
._ 

Though t h e r e  i s  e v i d e n c e  f o r b i d e - o n  bonding o f  N 2 t o . a  , ", 
/ 3 

m e t a l ,  ' d i n i r r o g e n  g e n e r a l &  b i n d s  end-Onb t o  s i m p l e  met% complexes .  

The c j s t a l  s G u c t u r e  o f  trans-RhC1(N2) (P(2-C H ) 1 i s  3 7 3 2  

p u r p o r t e d  t o  show s i d e - o n  bound N p .  However t h e  complex was 

d e s c r i b e d  . a s  centi?osymmetric due  t o  d i s o r d e r  and  t h e  bond l e n g t h s  a n d  

t h e r m a l  p a r a m e t e r s  a r e  p e c u l i a r ,  s o  i t  seems t h a t  t h e  c r y s t a l  s t r u c t u r e  

r e s u l t s  a r e  n o t  u n e q u i v o c a l .  The r e ~ o r t e d  medium i n t e n s i t y  o f  t h e  # 

i n f r a r e d  N = N  s t r e t c h i n g  ft-equ ncy d o e s  n o t  seem c o n s i s t e n t  w i t h  s i d e - o n  1 
bonding ,  and N 2  i n  t h e  c l o s e l y  r e l a t e d  compound 

. t r a n ~ - R h H ( 8 ~ ) { P ( C ~ H ~ ) ~ F h ]  was e a r l i e r  found t o  be bound 
2 

end-on. S t r u c t u r e s  w i t h -  b r i d g t n g ,  s i d e - o n  N 2  a r e  c o n g l o m e r a t e s  

~i t h  l i t h i u r n s  a t  the end-on p o s i t i o n s .  l 4  Such s p e c i e s 1  a r e  
u 

s u f f i c i e n t l y  d i f f e r e n t  f rom t h e  o t h e r  w e l l  c h a r a c t e r i z e d  t r a n s i t i o n  
< 

m e t a l  complexes  t h a t  t h i s  s o r t  o f  s ide -on  bonding w i l l , n o t  be f u r t h e r  

c o n s i d e r e d  &n th iz  d i s seuss ion .  

D i n i t r o g e n  b i n d s  t o  m e t a l s  o f  g r o u p s  4A t h r o u g h  8 i n  t h e i r  low I 

o x i d a t i o n  s t a t e s .  The c r i t i c a l  bonding i n t e r a c t  i o n  i s  a p p a r e n t l y  

r ' d e l o c a l i z a t i o n  o f  e l e c t r o n s  f rom t h e  m e t a l  i n t o  n i t r o g e n  T-ant ibonding 

o r b i t a l s .  l 6  T h i s  l o U e r s  t h e  N - N  s t r e t c h i n g  f r e q u e n c y  and - s l i g h t l y  

i n c r e a s e s  t h e  K-N bond d i s t a n c e .  ' When l a r g e ,  t h i s  s h i f t  o f  e l e c t r o n  

d e n s i t y  makes t h e  l i g a n d  more n e g a t i v e  t h a n ' c a r b o n y l ,  a s  i n  t h e  

a n a l o g o u s  complexes  ReCl(L)  (PMe2PhI4 where L = R 2  o r  C 0 .  Then 

t h e  t e r m i n a l  n i t r o g e n  o f  .PI-N=N i s  m o d e r a t e l y  b a s i c .  Ad"ducts w i t h  a wSde 
a 

r a n g e  o f  L e w i s  a c i d s  have been Ydent i f i e d .  l8 These b inuc le ' a r  
? 

N2-b r i d g e d  s p e c i e s  a r e  l i n e a r .  19 # 



i ) .  r 
The b r i d g e d  complex,  [ (Cp2Zr(N2) )2N21, r e a c t s  w i t h  a c i d  t o  

- 

g e n e r a t e  h~dr-e ,~ '  a s  d o e s  t h e .  r e l a t e d  s p e c i e s  

[ (cp2Ti)N(MgC1) =N( C p 2 ~ i )  1. ~ m m o n i a  i s  t h e  p r i n c i p a l  r e d u c e d  
. - 

p r o d u c t  o f  t h e  h y d r o l y s i s  o f  Cr2N2Mg4C12(thf)5 o r  
\ 

( ~ r ( d p p e ) ~ j ~ ~ ~ . ~ '  T h e r e  i s  o n l y  o n e  o t h e r  t x p e  o f  i s o l a t e d a 2  

d i n i t r o g e n  complex which  p r o d u c e s  ammonia upon t r ~ a t m e n t  w i t h  a c i d ,  

[M(N2)2(PPh3-nRn)4] , where M i s  . u n g s t e n  o r  m ~ l y b d e n u m . ~  , % 
S t l d i e s  o f  t h e s e  l a t t e r  have  been e x t r a o r d i n a r i l y  f r u i t f u l a 3  f o r  

s e v e r a l y e s e a r c h  g r o u p s ,  w i t h  a  s e r i e s  o f  i n t e r m e d i a t e s  ( v i d e  i n f r a )  

i s o l a t e d  a s  w e l l  a s  c o m p l e t e  r e d u c t i o n -  t o  ammonia a c c o m p l i s h e d .  -,, 

. . 

C .  'NNH-Type Complexes 

~ o m ~ l ~ x e s  o f  t h e  d i a E e n i d e  f u n c t i o n ,  G-N=N- ,  24  a r e  s u f f i c i e n t l y  

numerous t o  'have d e s e r v e d  a  r e c e n t  r e v i e w , 2 5  s o  t h e y  s h a l l  n o t  be  

b. d e a l t  w i t h  i n  d e t a i l  h e r e .  Though t h e  t i t l e  o f  t h e  r e v i e w  n p t e s  a c l o s e  

a r y l d i a z e n i d o - n i t r o s y l  s t r u c t u r a l  a n a l o g y ,  t h e  a n a l o g y  h a s  n o t  been 

t r e m e n d o u s l y  u s e f u l  because  many s y n t h e s e s  o f  complexes  o f  o n e  l i g a n d  

a r e  n o t  c o n v e r t i b l e  t o  t h e  o t h e r ,  and t h e  most  i n t e r e s t i n g  c h e m i s t r y  o f  

e a c h  i s  n o t  s h a r e d  by t h e  s t h e r .  The mos t  common r e a g e n t  f o r  n i t r o s y l -  

s y n t h e s i s ,  h a s  been N O  g a s .  T y p i c a l  s y n t h e s e s  o f  ' a r y l d i a z e n i d o  
:. + 

complexes ,  o n  t h e  o t h e r  hand ,  i n v o l v e  diazonium c a t i o n s ,  by s u b s t i t u t i o n  

f o r  a c a r b o n y l  o r  p h o s p h i n e ,  o r  by s i m p l e  ( o x i . d a t i v e )  a d d i t i o n  t o  a 

b a s i c  m e t a l .  

4  

' I t  



I s o l a t e d  e x a m p l e s  o f  s y n t h e s e s  o f  a l k y l - ,  a c y l - ,  aryl-, a r o y l - ,  a n d  

26-3 1 un&bs t i t ; t ed  d i a z e n i d o  comdlexes  fran h y d r & i n e s ,  

. p h e n y l (  t r i m e  t h y l s i l y l ) d i a z e n e , 3 2 ' 3 3  a n d  d i a ~ o a l k a n e s ~ ~  have  W e n  

r e p o r t e d .  A few d i n i t r o g e n  complexes  h a v e  been found  t o  r e a c t  - t o  form -. 

d i a z e n i d o  complexes ,  members 6 f  t h e  s e r i e s  ment ioned  a t  t h e  end o f  
, .  

S e c t i o n  B .  F o r  example  W(N2)2(dppe.)2 r e a c t s  w i t h  a l a r g e  e x c e s s  

o f  H X  t o  g i v e  t h e  d i p r o t o n a t e d  s p e c i e s ,  %X2(N2H2) ( d ~ p e ) ~ ,  3 5 

which c a n  be  n e u t r a l i z e d  t o  WX(NNH) ( d p p e ) 2 . 3 6  At tempted a d d i t i o n  t o  

W ( I ~ ~ ) ~ ( d p p e ) ~  o f  o n e  mole  o f  a c i d  t o  form t h e  d i a z e n i d o  complex 

d i r e c t l y  i s  u n s u c c e s s f u l  s i n c e  p r o t o n a t i o n  o c c u r s  a t  t h e  . m e t a l  u n d e r  

t h e s e  c o n d i t i o n s .  2 3  A mechanism r a t i o n a l i z i n g  t h i s  h a s  been  

d e s c r i b e d , 3 7  which a l s o  r e l a t e s  t o  t h e  f o r m a t i o n  o f  a c y l -  a n d  

a r o y l - d i a z e n i d e s  o f  t h e  f o m  ReC12(NNCOR) (PMe2Ph) a n d  

kCl(NNC0R) ( ~ l p p e ) ~ .  36 The a n a l o g o u s  a l l i y l d i a z e n i d o  complexes  are 

formed f rcm M(N2)2(dppe)2 (M= k o ,  W) g e n e r a l l y  by  i r r a d i a t i n g  I -  

h. 
39 3  8 s o l u t i o n s  i n  t h e  p r e s e n c e  of '  c h l o r o - ,  bromo-, o r  

i ~ d o - a l k a n e . ~ ~  The mechanism o f  f o r m a t i o n  i s  t h o u g h t  t o  i n v o l v e  a n  

e x c i t e d  s t a t e  o f  t h e  m e t a l  complex w i t h  i n c r e a s e d  e l e c t r o n  d e n s i t y  a t  

# 2 , 4 1  o r  homolyt ic  c l e a v a g e ' o f  t h e  ir-X bond i n  

A r y l d i a z e n i d o  complexes  a r e  known f o r  metals o f  g r o u p s  6A t h r o u g h  8 

e x c e p t  f o r  t e c h n e t i u m  and n i c k e l .  The c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e s  

o f  s e v e r a l  examples  have  been d e t e r m i n e d .  I n  mononuclear  complexes  t h e  

most common geomet ry  i s  ~ i n ~ l ~ - b e n t , ~ ~  w i t h  M N N  g r e a t e r  t h a n  171' 



and N N R  i n  t h e  r e g i o n  o f  1 2 0 0 . ~ 3  V a r i a t i o n s  o f  t h e s e  a n g l e s  toward  

t h e  a l l - l i r ~ e a r ~ ~  o r  d ~ u b l ~ - b e n t ~ ~  fo rms  have been r e p o r t e d  and 

examples  o f  e a c h  e x t r e m e  are known. 46-49 D i a z e n i d e  c a n  a l s o  f u n c t i o n  

a s  a b r i d g i n g  l i g a n d ,  g e n e r a l l y  by b i n d i n g  two metals t o  

' ~ ( 1 )  . 2 7 9 3 3 , 5 0 , 5  An example o f  t h e  a l t e r n a t e  N(1) , N ( 2 ) - b r i d g i n g  h a s  

a l s o  been  f o u n d . 5 2  \ 

F i g u r e  1 -1 .  G e o m e t r i e s  E s t a b l i s n e d  f o r  Bound D i a z e n i d e  1 

L i n e a r  R N ~ +  S i n g l y - b e n t  R N ~ +  

~ ' - ~ r i d ~ i n ~  R N  ' 1 2  
% N , N  - B r i d g i n g  RN2' 

The s i n g l y  ben t  f o m  i s  a n a l o g o u s  t o  t h e  m a j o r i t y  o f  n i t r o s y l s ,  i n  which 

NO a c t s  as' a t h r e e - e l e c t r o n  d o n o r .  - I n  t h e  c a s e  o f  n i t r o s y l s  t h e r e  i s  n o  . 

o b v i o u s  s t r u c t u r a l  i n d i c a t i o n  o f  t h e  h y b r i d i z a t i o n  o f  t h e  oxygen .  Bu t  

w i t h  a r y l d i a z e n i d e s  t h e ' l o c a t i o n  o f  R o f f  t h e  N-N a x i s  s u g g e s t s  

a p p r o x i m a t e  sp2 h y b r i d i z a t i o n  o f  A(2). The doubly-bent,  form, 
- 

c o r r e s p o n d i n g  t o  b e n t ,  o n e - e l e c t r o n - d o n o r  n i t r o s y l s ,  o c u r s  i n  complexes  
-A> - 9 
where t h e  e l e c t r o n  d e n s i t y  i s  b e t t e r  s t a b i l i z e d  i n  t h e  l i g a n d  t h a n  a t  

, - 

t h e  m e t a l .  



- T h e r e  h a s  been s p e c u l a t i o n  t h a t  t h e  c a t a l y t i c  p r o p e r t i e s  o f  some o f  

t h e - n i t r o s y l  complexes  arises f r m  t h e  a b i l i t y  o f  l i n e a r  N 0 , t o  a c t  a s  a 

r e l a t i v e l y  s t a b l e  e l e c t r o n  p a i r  h o l d e r  as i t  beccmes b e n t  i n  r e a d t i o n  

!  intermediate^.^^ Though d i a z e n i d o  complexes  have( a s imilar  p o t e n t i a l ,  

i t  d o e s  n o t  a p p e a r  t h e y  w i l l  b e  a s  u s e f u l  a s  n i t r o s y l s  b e c a u s e  t h e y  t e n d  

t o  deccmpose t o o  r e a d i l y .  F o r  example ,  PtCf(NNPh) (PEt3)2  decomposes 

t o  t h e  p h e n y l  complex d u r i n g  chromatography  o n  a l u m i n a ,  a n d  e v o l v e s  
1 

I 

d i n i t r o g e n  r a p i d l y  upon d i s s o l v i n g  i n  c h l o r o f o r m . 5 4  And 

ReC12(NNCOR) ( P 1 9 e ~ P h ) ~  r e a c t s  a t  r o a n  t e m p e r a t u r e  w i t h  e x c e s s  

l i g a p d  and methanol-  t o  g i v e  ReC12(N2) ( P M ~ ~ P ~ ) ~ . ~ ~  

I n  g e n e r a l  t h e  c h e m i s t r y  o f  n o  m e t a l - d i a z o  s p e c i e s  h a s  been w e l l  

d e v e l o p e d ,  b u t  rnore p a p e r s  a r e  now , d e a l i n g  w i t h  t h i s  a s p e c t  i n  ' a d d i t i o n  

s y n t h e s i s  and s t r u c t u r e .  A n o v e l  r e a c t i o n  o f  d i a z e n i d o  comp!Lexes is 

exchange w i t h  NO+.  The , e q u i l i b r i u m  - 

[ A ~ R N - F ~ ( c o ) ~ ( P P ~ ~ ) ~ ] +  + NO+ s, 
I 

A ~ N @  +. [ O N - F ~ ( C O ) ~ ( P P ~ ~ ) ~ ] +  

i s  found t o  l i e  t o  t h e  r i g h t . 5 6  The d i a z e n i d e  i n  ReC12(N2COPh) (PPh3)2 

i s  r e p l a c e d  by N O  g i v i n g  ReC12(NO) (PPh ) 2 8  
3 2 '  

r e a c t i o n  mos t  l o o k e d  f o r  i n v o l v e s  a d d i t i s n  o f  a c i d s  t o  t h e  

. 
b a s i c  n i t r o g e m .  Many, b u t  n o t  a l l ,  d i a z e n i d e s  c a n  be  p r o t o n a t e d ,  a s '  



e x e m p l i f i e d  'by' t h e  r e a c t  io&:57 

Eq .  1-2 
%, 

~ i t h h d r o h a l i c  a c i d s  a d d i t i o n  o f  a  h a l i d e  t o  t h e  metal ma; o c c u r  a t  t h o .  , 
4 

57  " . same t i m e  .. 

P 

T h o u g h " r e d u c t i o n  a t  a d i a z e n i d e  f u n c t i o n  by d i h y d r o g e n  o c c u r s ,  t h e  
A -  

e x p e c t e d  M-NH-NHR h a s  no t  y e t  been i s o l a t e d ,  b e c a u s e  s u c h  s p e c i e s  a r e  
J 

r e a c t i v e  enough to undergo  f u r t h e r .  ckknges? ( i )  decompos i ton  t o  metal, - f - - 
/ 

4 / 

hydr ide ,58 ,  ( i i ) , r e d u ~ t i o n , ~ ~  ( i i i )  a d d i t i o n  o f  ~ 1 , ~ ~  o r  ( i v )  l o s s  

of  H X . 6 d  Reduc t ion  by E2 u'sing f d r c i ~ c o n d i t i o n s  o r  by s t r o n g e r  

r e d u c i n g  a g e n t s ,  e  .g . b o r c h y d r i d e ,  p r o d u c e s  m e t a l  h y d r i d e s  . 6 1 , 6 2  - 

, 

. D. NHNH- a n d  N'NH2-Type Complexes 

P r o t o n a t i o n  c a n  o c c u r  a t  e i t h e r  n i t r o g e n >  o f  a  complexed d i a z e n i d e . "  

A d i a z e n e  complex,  G N H = N R ,  i s  i f  t h e  metal-bound n i t r o g e n  i s  

4 t h e . b a s i c  s i t e .  .Diazenes  mak; u p  t h e  l a r g e s t  c l a s s  o f  d i a z o  l i g a n d ? ,  

f o r  i t  i n c l i d e s  s u c h  s t a b l e  members as  azobenzenes  and  p y r a i o l i n e s .  A - - 

r e c e n t  r e v i e w  h& d i s c u s s e d  t h e  metal complexes  o f  such  d i a l k y l - # a n d  . 

d i a r y l - d i a z e n e s .  6 3  T h e i r  bonding t o  m e t a l  c l u s t e r s ,  a s  i n d i c a t e d  by 

c r y s t a l  s t r u c t u r e s ,  i s  q u i t e  complex. I t  is hoped t h a t  a n  a p p r e c i a t i o n  

, of- t h e  l i g a n d - c l u s t e r  i n t e r a c t i o n s  may l e a d  t o  development  o c  more 

e f f i c i e n t  c a t a l y s t s  f o r  commercia l  r e d u c t i o n  o f  . d i n i t r o g e n .  
-P 

?' 



.Complexes o f  t h e  more stabie, d i s u b s t i t u t e d  d i a z e n e s  a r e  formed 
4 * . . #* 

d i r e c t l y  from t f i '  f r e e  l i g a n d .  T h i s  is no t  t r u e  f o r  l e s d  s u b s t i t u t e d  
- i 

d i a z e g e s  because t h e  uncoord ina ted  s p e c i e s  a r e  t o o  u n s t a b l e  t o  handle  
* - 
e a d i l y ,  though monosubs t i tu ted  a l k y l -  o r  a ry l -d i azenes  have been 

% I d e t e c t e d  i n  d i l u t e  s o l u t i o n ,  64  and can' be s t a b i l i z e d  i n  a ( CuCl), 

polymer . 65166 Comp&exes"..of d i i z e n e  and its monosubs t i tu ted  d e r i v a t i v e s ,  
I - * 
\ must be made from a n  a l r e a d y  metal-bound p r e c u r s o r ,  b u t  once  syn thes i zed  

! 

r -  
such + igands  a r e  s t a b i l i z e d  by i n t e r a c t i o n  wi th  t h e  t r a n s i t i o f i  meta l .  I 

F 

~ o n o a r ~ l d i a ~ e n e s  a r e  most commonly syn thes i zed  f r o m  d i azen ido  

+ s p e c i e s  by p ro tona t ion  (Eq. 1-1 ,?)  o r  i n s e r t i o n  i n t o  a  me ta l  hyd r ide  

Analogous s y n t h e s e s , o f  monoalkyldiazenes have n o t  been developed 

b.ecause t h e r e  i s  no g e n e r a l l y  a v a i l a b l e  method o f  o b t a i n i n g  t h e  
'. 

h e r e q u i s i t e  a l k y l d i a z e n i g s .  The a d d i t i o n  of  a diazoalkane* t o  
.. , 

* 
a  me ta l  hydr ide  has  g iven  a  c h e l a t i n g  d iazene  a f t e r  rear rangement ,  

/ 

S y n t h e s i s  o f  d i azene  complexes by o x i d a t i o n  o f  complexes o f  

s u b s t i t u t e d .  o r  u n s u b s t i t u t e d  hyd raz ines  has  been - .- 
h a s  been used t o  p r e p a r e  b r i d g i n g  d i a z e n e ,  -----.- 68-70 bu t  t h e  non-brid .ng  '% 
l i g a n d  may poss ib ly  be ox id i zed  more e a s i l y  than t h e  s t a r t i n g  hydraz ine  
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1 , l - d i s u b s t i t u t e d  h y d r a z i n e .  The g r o u p  6 a  and 7 a  s p e c i e s  are a l s o  

formed by p r o t o n a t i o n  o r  a l k y l a t i o n  o f  a d i n i t r o g e n  complex ( v i d e  s u p r a )  

o r  by a t t a c k  o f  an e l e c t r o p h i l e ,  e . g .  H+ o r  E ~ ~ o + ,  a t  a n  \ 

1 8 - e l e c t r o n ,  s i n g l y - b e n t  d i a z e n i d o  complex :29  

T h i s  e a r l y  t r a n s i t i o n  m e t a l  c h e m i s t r y  i s . d i s t i n c t  s i n c e  s i n g l y - b e n t  

diaz&i&6 complexes o f  g r o u p  8 m e t a l s  have  n o t  been p r & o n a t e d  + a t  N(2) 

( though  they  may bend and  be p r o t o n a t e d  a t  N ( 1 ) ,  v i d e  s u p r a ) .  The 

f o r m a t i o n  o f  complexed h y d r a z i d o ( 2 - )  r a t h e r  t h a n  d i a z e n e  c a n  be  

p a r t i a l l y  r a t i o n a l i z e d ,  s i n c e  t h e  l a t t e r  would have a 1 6 - e l e c t r o n  m e t a l  

c o n f i g u r a t i o n  w i t h o u t  c o o r d i n a t i o n  c f  an a d d i t i o n a l  donor  l i g a n d ,  

Hydrazido Complex 

R e t a l  h a s  18 e l e c t r o n s  

~ i a z e n e  Complex 

M e t a l  h a s  16 e l e c t p o n s  

b u t , t h i s  does  n o t  e x p l a i n  why a  h y d r a z i d o  form i s  s t i l l  g e n e r a l l y  

p r e f e r r e d  i n  t h e  p r e s e n c e  o f  e x c e s s  h a l i d e ,  which c o u l d  c o o r d i n a t e  t o  

t h e  d i a z e n e  form t o  g i v e  a n  1 8 - e l e c t r o n  c o n f i g u r a t i o n .  ( S e e  f u r t h e r  1-1.)  
* * #- 

E q u a t i o n s  1-1 and 1-3, and r e f e r e n c e  3 8 . )  
9 



The subs t ance  [MoF(NN%) ( d ~ e ) ~ ]  (BF4) h a s  been shown t o  r e a c t  

l i k e  p h s n i l h y d r a z i n e  i n  condensing w i t h  a  ke tone  t o  f r m  a  

hydrazon+type  l i g a n d ,  N 2 C R R T  .86 Othe r  r e a c t  i ons  o f  t h e  

hydrCazido(2-) complexes i n c l u d e  i s o m e r i z a t i o n  t o  d i a z e n e ~ , ~ ~  

dep ro tona t ion ,38  and  r e d u c t i o n  t o  amines.  8 7  

E .  NHNH2-Type Complexes 

There have been o n l y  a  few b r i e f  r e p o r t s  o f  hyd raz ido (1 - )  

complexes,  s o  each  c a n  be  mentioned h e r e .  Most examples  a r i s e  from 

hyd r a z i n e  chemis t ry  . F o r  i n s t a n c e ,  a  b r i d g i n g ,  unsubs t i t u t e d  hyd raz ide  

[ (Pt(PPh ) (NHN%)}2]C12 forms fk-an ~ i s - P t C l ~ ( P P h ~ ) ~  
, 3 2 .  

and  h y d r a ~ i n e . ~ '  The s p e c i e s  [CpMoI(NO) (NHNMe2)  1 ,  which i s  monomeric 

i n  chloroform,  kss i s o l a t e d  frcm Cp2MoI(NO) a n d  Me2NNH2. I t  

r e a d i l y  l o s e s  d i rne thylhydraz ine  t o  form a  b r idged  hydraz ido (2 - )  complex 

o f  known s t r u c t u r e .  8 5  A d ihap to-pher ry lhydraz ine ,  
- 

[CpMoI(NO) (N2H3Ph) ]BQ, i s  formed by a c i d i f i c a t i o n  o f  a  compound 

now formula ted  a s  [ C ~ M O I ( $ O ) ( N ~ H ~ P ~ ) ] ~ .  The s t r u c t u r e * o f  t h e  

l a t t e r  i s  n o t  c l e a r  b u t  may be  a  b r i d g i n g  hydraz ide (1 - )  'bound a t  bo th  

n i t r o g e n s .  8 8 

There a r e  two r e p o r t s  o f  hyd raz ido  complexes produced from o t h e r  

s o u r c e s .  Cp2hoH(NRMHR) was i s o l a t e d  from i n s e r t i o n  o f  a n  azo  compound 

w i t h  s t r a n g l y  e  l e c t r o n - p i  thdrawing R ' . func t ions  i n t o  Cp2M~H2. 89 

And, i n  t he  s e r i e s  o f  p roduc t s  from g r o u p  6 d i n i t r o g e n  complexes,  

r e a c t i o n  of W ( M 2 I 2 (  PMePh2)11 w i t h  H C 1  i n  dichlororne thane  produces  



I d C 1 3 ( N H N % )  (PMePh2)2. T h i s  r e a c t  i o n  i s  quite s e n s i t i v e  t o  

change o f  s o l v e n t  and p h o s p h i n e ;  i n  mos t  c a s e s  a d d i t i o n  o f  a c i d  

genera ' tes  d i a z e n e s  o r  apmonia.  8 2  
- 

It i s  no tewor thy  t h a t  t h i s  s e r i e s  o f  c m p l e x e s  d e r i v e d  f rom 

W ( N 2 )  2(PRnAr3-n)4 d o e s  n o t  e x t e n d  t o  a  h y d r a z i n e  d e r i v a t i v e ,  
b 

t b u g h  s m a l l  y i e l d s  o f  P e e  h y d r a z i n e  have  been found  w i t h  t h e  ammonia 
1 

produced i n  r e a c t i o n s  o f  t h e  v a r i o u s  s p e c i e s  w i t h  m e t h a n b l i c  s u l f u F i c  

a c i d .  The s t a b i l i t y  o f  ( O C ) 5 C r N 2 X 4  t o  r e d u c t i o n  a r g u e s  a g a i n s t  
b 

mechanisms i n v o l v i n g  r e d u c t i o n  o f  a  complexed ( u n i d e n t a t e )  h y d r a z i n e  

d u r i n g  enzymat ic  n i t r o g e n  f i ~ a t i o n . ~  F u r t h e r m o r e  s i n c e  f r e e  h y d r a z i n k  
/ 

is  n o t  d e t e c t i b l e  i n  a c t i v e  e x t r a c t s ,  n o r  i s  i t  r e d u c e d  b y  t h e  enzymes 

s t u d i e d  , 2  a pathway t h r o u g h  f i e e  h y d r a z i n e ' i s  b a r e l y  t e n a b l e .  Thus 

t h e  c h a n c e s  t h a t  t h e  W(N2)2(~RnAr3-n)4 c h a n i s t r y  i s  i n d e e d  a 

g o d  model i n c r e a s e s  a s  o t h e r  p o s s i b i l i t i e s  a r e  e l i m i n g t e d .  

F. NH;iNH2-Type Complexes 

I-lydrazine and s u b s t i t u t e d  h y d r a z i n e s ,  t h e  o t h e r  e n d  o f  t h i s  s e r i e s  

o f  d i a z o  s p e c i e s ,  have  l o n g  been known as l i g a n d s  b u t  t h e i r  c h e m i s t r y ,  

l i k e  t h a t  o f  d i s u b s t i t u t e d  d i a z e n e s ,  h a s  n o t  been w e l l  d e v e l o p e d .  Two 

r e l a t i v e l y  r e c e n t  r e v i e w s  have d e a l t  w i t h  t h e  t r a n s i t i o n  metal c h e m i s t r y  

o f  hyd,razine77 a n d  s u b i t i t u t e d  h y d r a z i n e s .  76  T h i s  a r e a  w a s  

c o n s i d e r a b l y  e x t e n d e d  w i t h  t h e  p r e p a r a t i o n  o f  n e u t r a l  complexes  o f  

t e r m i n a l  and b r i d g i n g  h y d r a z i n e .  6 9 , 7 0 , 8 5 , 8 9 , 9 0  



14 

The c h e m i s t r y  o f  c m p l e x e d  h i n e s  is  i n t i m a t e l y  c o n n e c t e d  w i t h  
, 

t h e  more o x i d i z e d  d i a z o  s p e c i e s .  S e v e r a l  h y d r a z i n e  complexes  h a v e  been 

produced by r e d u c t i o n  sf d i a z e n e s  w i t h  d i h y d r c g e n .  It  was such a 

r e d u c t i o n  i n  t h e  c a s e  o f  h i s  p l a t i n u m  a r y l d i a z e n e s  t h a t  l e d  P a r s h a l l  t o  

t i t l e  a p a p e r  "An I n o r g a n i c  Analogue o f  N i t r o g e n  ~ e d u c t a s e . ~ ~ '  While  - 
a n a l o g y  t o  t h e  e n z y m a t i c  p r o c e s s  now a p p e a r s  weak, s u c h  r e a c t i o n s  remain  

o f  i n t e r e s t  f o r  p o s s i b l e  l a r g e  s c a l e  s y l l t h e s f s  o f  s u b s t i t u t e d  

h y d r a z i n e s .  

C o n v e r s e l y ,  o x i d a t i o n  o f  s u b s t i t u t e d  h y d r a z i n e  complexes  i s  

b e l i e v e d  t o  i n v o l v e  h y d r a z i d e s g l  o r  d i a z e n e ~ , ~ ~  though t h e s e  have 

r a r e l y  been  i s o l a t e d . 6 4  S y n t h e s e s  o f  d i a z e n i d o  complexes  f rom 

G d r a z i n e s  h a v e  been more s u c c e s s f u l ,  b u t  o n l y  f o r  g r o u p  6 2 6 9 2 9  and  

~ ~ 7  me tais .  

G .  T h e s i s  

A t  the t i m e  my r e s e a r c h  program was i n i t i a t e d ,  t h e r e  w e r e  

r e l a t i v e l y  few a r y l d i a z e n i d o  complexes  known. I t  was n o t  r e a d i l y  

a p p a r e n t  which s y n t h e t i c  methods  would b e  g e n e r a l l y  u s e f u l .  The 

o b j e c t i v e  was t o  p r e p a r e  a r y l d i a z e n i d e  a n a l o g u e s  o f  w e l l - s  t u d i e d  

n i t r o s y l  complexes t o  compare t h e  s t r u c t u r e  and  bonding o f  t h e  two, w i t h  

t h e  i d e a  t h a t  s u c h  d a t a  m i g h t  h e l p  l e a d  t o  c a t a l y t i c  u s e  o f  

a r y l d i a z e n i d e s  ( v i d e  s u p r a ) .  Eut the s t u d y  e n v i s i o n e d  c o u l d  n o t  be  

c a r r i e d  o u t  a s  s y n t h e s i s  was a  g r e a t  problem.  



A s  time p a s s e d  i t  became c l e a r  t h a t  one  o f  t h e  g e n e r a l l y  u s e f u l  

s y n t h e t i c  p r o c e d u r e s  i s  i n s e r t  i o n  o f  a r i l d i a z o n i u m  i n t o  a  m e t a l  h y d r i d e  

b k d .  25 We have ex tended  t h e  a p p l i c a t i o n  o f  t h i s  method by u s i n g  

8 d  :cobal t  g r o u p  h y d r i d e s  and grot ip  6 a n d  7 h y d r i d e s  b e c a u s e L  i n  e a c h  i 

c a s e  t h e  c h a n i ~ t ~ ~  o f  d iazon ium a d d i t i o n / i n s e r t i o n  p r o d u c t s  a p p e a r e d  t o t  ' . 

be n o v e l .  ~ h u s  t h e  r e s e a r c h " r e p o r t e d  i n  t h e  f o l l o w i n g  c h a p t e r s  i s  

h i g h l i g h t e d  b y  r e a c t i o n s  o f  metal h y d r i d e s  w i t h  d iazon ium s a l t s .  

~ ~ d r i d o c a r b o n ~ l t r i s ' ( t  riphenylphosphine)iridium and 

hydridodicarbonylbis(tripheny1phosphine)iridi r e a c t  w i t h  d iazon ium 

sal ts  t o  p r o d u c e  o r t h o m e t a l a t e d  compounds, - 1 .  The h y d r i d i c  a n d  

o r t h o - a r y l  p r o t o n s  a p p e a r  i n  t h e  p r o d u c t  bound t o  n i t r o g e n s :  

where  L = C O  o r  PPh / 

3 ' / 

/ 
d 

The d i a z o  l i g a n d  i s  t h u s  o n e  o p % e  rare h y d r a z i d o  complexes  i d e n t i f i e d  a, 

, 

and i s  b o t h  quite d i f f e r e n t  f rom and  b e t t e r  c h a r a c t e r i z e d  t h a n  t h e  o t h e r  
a 

examples .  S y n t h e s i s ,  s o l i d  s t a t e  s t r u c t u r e ,  a n d  s p e c t r o s c o p y  of t h e s e  

h y d r a z i d e s  i s  d i s c u s s e d  i n  C h a p t e r  11. 

S y n t h e s e s  o f  a r y l h y d r a z i d o  complexes  - 1 w e r e  accompanied by 

?2 f o r m a t i o n  o f  s e v e r a l  b y - p r o d u c t s .  T h e s e  a r e  i d e n t i f i e d  i n  C h a p t e r  111. 
b 

by n e u t r a l i z a t i o n  o f  t h e  a c i d i c  a r y l h y d r a z i d o  complexes ,  o n e  c a n  o b x a i n  



, I  

n e u t r a l ,  o r t h o m e t a l a t e d  a r y l d i a z e n e  c m p l e x e s  of  i r i d i u m ( 1 ) .  The 

a r y l h y d r a z i d o  complexes react w i t h  h y d r c h a l i c  a c i d s  a s  w e l l .  The 
I 

t c h a i p l  p r o p e r t i e s  o f  1  , i n c l u d i n g  t h i s  a c i d  and base  c h e m i s t r y ,  i s  
i -  

a l s o  cdve'red i n  C G ~ ~ ~ I I L ,  which i s  concluded w i t h  t h e  e x p e r h e n t h 1  

& s c r i p t i o n  JoC- a l l  t h i s  i r i d i u m  c h e m i s t r y .  

U 

B i  scyc lopentad ienyld inydr ido tur fgs ten  r e a c t s  a t  low t e m p e r a t u r e s  

w i t h  one  mole o f  benzenediazonium s a l t  to g i v e  an  i n s e r t  ion  p r o d u c t ,  

[Cp2WH(NljBAr) ]+, which has a n  a r y l h y d r a z i d e ( 2 - )  r a t h e r  t h a n  a n  

a r y l d i a z e n e  s t r u c t u r e .  A s  s o l u t i o n s  o f  t h i s  c a t i o n  a r e  warmed, i t  

i s o m e r i z e s  t o  a  h y d r a z i d e (  1-) bound a t  b o t h  n i t r o g e n s .  With change i n  

t h e  c e n t r a l  me ta l  t o  molybdenum o r  rhenium t h e  r e a c t i o n s  s t i l l  occur  

w i t h o u t  n i t r o g e n  e v o l u t i o n ,  b u t  t h e  p r o d u c t s  a r e  d i f f e r e n t ;  t h e y  appear  

t o  be  a r y l d i a z e n e s .  P r e s e n t a t i o n  of.  t h i s  work composes Chapter  I V .  

It was d i s cove red  t h a t  diazonium i o n s  a t t a c k .  sodium 

b i  s(k l e o n i  t r i l e d i t h i o l a t o )  f  e ' r r a t e ( I I 1 )  a t  t h e  s u l f u r  atoms t o  gqye 

uncmplexed -  t h i o e t h e ~ s .  . T h i s  work i s  covered i n  Chapter  V . 
< 

. c * 
~ 2 .  ap p n d s c r i b e s  and discusse-ariety o f  reac t& 

/.Spl"=- 7 
/ 

i n c l u d i n g :  i )  a t t e m p t e d  i n s e r t  $on o f  diazonium bo? i n t o  t h e  metal-metal  . 

bond o f  i r o n  c a r b o n y l s ,  ii) a t t empted ,  r e a c t i o n s  o f  m e t a l  n i t r o s y l s  w i t h  . . 
a n i p e s ,  p 6 d  iii) a t t empted  s y n t h e s i s  o f  [ R U ( N H ~ ) ~ N N P ~ ] ~ + .  



C h a p t e r  I1 

O r  thome t a l a t e d  A r y l h y d r a z i d o  Complexes o f  I r i d i u n  

A .  I n t r o d u c t i o n  
0 

, a u r  i n t e r e s t  i n  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  p r o d u c t s  by r e a c t i o n  ' B 

- < 

o f  benzenediazonium sa l t s  w i t h  1 r H ( C O )  (PPh3) 3 ,  3 ,  bias d i r e c t l y  - 
s t i m u l a t e d  by e a r l i e r  s t u d i e s  o n  I r C l ( C 0 )  ( P P ~ I ~ ) ~ .  W e n  t h i s  w i d e l y  

u s e d  c h l o r o i r i d i u m  compound, V a s k a t s  complex,  r e a c t s  w i t h  d iazon ium t 

s a l t s  i n  e t h a n o l  o r  2 -propanoi ,  t h e  a l c o h o l  i s  s t o i c h i o m e t r i c a l l y  

o x i d i z e d  t o  t h e  c o r r e s p o n d i n g  a l d e h y d e  o r  ke tone :60  A s  t h i s  was - . 

r e m i n i s c e n t  o f  a l c o h o l  a c t i n g  a s  a h y d r i d e  donor  i n  t h e  s y n t h e s i s  o f  

some m e t a l  h y d r i d e s , 9 2  t h e  r e a c t i o n  o f  a n  i r i d i u m  h y d r i d e  s u g g e s t e d  

i t s e l f  a s  a way t o  i s o l a t e  i n t e r m e d i a t e s  n o t  o b t a i n a b l e  f rom V a s k a t s  
I 

c a n p l e x .  B u t  a n  e a r l i e r  r e p o r t  o f  t h e  r e a a t i o n  o f  3 w i t h  a d i a z o n i &  - 
3  2  s a l t  was n o t  e n c o u r a g i n g  a s  n o  p r o d u c t  had been i s o l a t e d .  

\ 
4 

The s y n t ' h e t i c  b r e a k t h r o u g h  was t h e  r e a l i z a t i o n  t h a t  i f  o n e  mole o f  

d iazon ium s a l t  w6re l o s t t  r e a c t i n g  w i t h  t r i p h e n y l p h o s p h i n e  , 9 3  t h e n  a, 
\ 

two moles  o f  d iazon ium s a l t  would b e  r e q u i r e d  f o r  e a c h  mole o f  , 
.% 

b, Using  t h i s  p r o p o r t  i o n  'of ~ - O ~ N C ~ H ~ N ~ B F ~  q. 
N i c h o l a s  F a r r e l l  i s o l a t e d  a deep  p l r p l e - r e d  i r i d i u m  complex,  1 b  ( S e e  - 
T a b l e  11-1 f o r  a  l i s t i n g  o f  complexes  1 . )  , w i t h  i n f r a r e d  a b s o r p t i o n  a t  % - 
3280 a n d  2000 cm-'. With o t h e r  d iazon ium s a l t s  t h e  c r u d e ,  d r i e d  

2'- 

eactr n  m i x t u r , p  showed i n t e r  a l i a  t h e s e  i n f r a r e d  a b s o r p t i o n s ,  b u t  t h e  

3 a n a l o g o u s  p r o d u c t s  w e r e  n o t  s e p a r a t e d :  A s  an e x t e n s i o n  o f  work 'on  o t h e r  

m e t a l  h y d r i d e s  , I hoped t o  d e v e l o p  t h e  r e a c t i o n  c h e m i s t r y  o f  I b ,  t h e  - 
c o r r e c t  f o r m u l a t i o n  o f  which had n o t  been e s t a b l i s h e d .  



~ n  X-ray c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n ,  done l a r g e l y  b y  D r . .  

Roger Cobbled ick ,  was h e l p f u l  i n  t h e  e l u c i d a t i o n  o f  t h e  s t r u c t u r e  ;;'f, lb, .. 
b B 

showing t h e  presence of an o r t h o m e t a d a b e d  a r y l  r i n g .  Combined wi th '  - 
i - .i $ 

w = 

spect roscopi? i  d a t a ,  t h i s  a l l o w e d  t h e  compo;nds t o  b e  i d e n t i f i e d  as  

v a r i o u s l y  s u b s t i t h e d  ( a r y l h y d r a z i d o - c 6 ,  N' ) c a r b o n y l -  - - 
b i s (  t r i p h e n y l p h o s p h i n e )  i l ) id ium t e t r a f l u o r o b o r a t e s ,  1. (To a v o i d  t h e  

a t t e n d a n t  c o n f u s i o n  o f  u s i n g  d i f f e r e n t  n u h b e r i n g s  f o r  t h e  r e a c t a n t  

d iazon ium sa l t s  a n d  t h e i r  p p o d u c t s ,  we c o n s i s t e n t l y  number t h e  
?' '. 

d i a z o - s u b s t i t u t e d  p o s i t i o n  C' ' a n d  t h e  m e t a l - s u b s t i t u t e d  '. \ 
/ 

( o r t h o m e t a l a t e d )  s i t e  c6.  ) 
4 

! 

" D e t a i l s  o f  t h e  c r y s t a l  s t r u c t u r e  a r e  i n d i c a t i v e  o f  t h e  e lec t ro -n ic  

s t r u c t u r e  and s o  t h e  d i m e n s i o n s  o f  t h e  c a t i o n  c a n  b e  compared w i t h  
5 

p a r a m e t e r s  e x p e c t e d  f o r  t h e  predominance o f  r e s o n a n c e  extremes. '  s u c h  a s  

f o r m s  1' and 1". - 
n 

If, h y d r a z i d o i r i d i u m  ( 1 1 1 )  1 '  d i a i e n i u m i r i d i u m  ( I )  
- 9  

Thus ,  t h e  d i s c u s s i o n ' w h i c h  f o l l o w s  below, of  bo th  t h e  c r y s t a l  s t r u c t u r e  

and  he  s p e c t r o s c o p i c  and c h e m i c a l  d a t a ,  i s  d i r e c t e d  toward d e f i n i t i o n  6 
of  t h e  most r e a s o n a b l e ,  u s e f u l  p i c t u r e  o f  bonding i n  t h e  complex.  



i 
<L 

E .  S y n t h e s i s  ?' 

* The s e t ' o f  a r y l h y d r a z i d o  complexes  1 h a s  been p r e p a r e d  f rom t h r e e  - 
d i f f e r e n t  i r i d i u m  complexes :  I r C l ( C 0 )  (PPh3)2,  I rB(CO)2(PPhj )2 ,  

2 ,  a n d  I ~ H ( C O ) ' ( P R I ~ ) ~ ,  '3.  The l a s t  o f  t h e s e  was g e n e r a l l y  u s e d ,  and , - 
w i l l  b e  d e s c r i b e d  f i r s t .  

*r 

Reasonab le  y i e l d s  were  o b t a i n e d  by s i m u l t a n e o u s l y  a d d i n g  b o t h  a  

s o l u t i o n  o f  3 i n  benzene o r  t o l u e n e  and a propanone s o l u t i o n  o f  two - 
moles' o f  t h e  d iazon ium s a l t .  A t  low t e m p e r a t u r e s  (253 K )  t h e  normal  

b 
8 

c o l o r  change  t o  i n t e i s e '  r e d  s t i l l  o c c u r r e d ,  b u t  more s l o w l y .  S i n c e  

t h e r e  seemed n o  . a d v a n t a g e  t o  working a t  low t e m p e r a t u r e s ,  a l l  s y n t h e s e s  

were  r u n . a t  room t e m p e r a t u r e :  The p ropanone /benzene  o r  

p r o p a n o n e / t o l u e n e  r e a c t  i o n  m i x t u r e s  were  f i r s t  e v a c u a t e d  t o  d r y n e s s  

u n d e r  vacuum ( s t r i p p e d ) .  I n  ' the  c a s e  o f  p r o p a n o n e / t o l u e n e  a u s e f u l  

s e p a r a t i o n  o c c u r r e d  t h e r e b y ,  i n  t h a t  t h e  d e s i r e d  a r y l h y d r a z i d o  complex 

g e n e r a l l y  o i l e d  o u t  o f  s o l u t i o n  l a te r  t h a n  o t h e r  i r i d i u m - c o n t a i n i n g  ' 

p r o d u c t s  and s o  c o u l d  b e  p a r t i a l l y  p u r i f i e d  by d e c a n t i n g .  
* 

P u r e  m i c r o c r y s t a l l i n e  s a m p l e s  o f  1 were  t h e n  o b t a i n e d  by a d d i t i o n  - 
o f  a . s m a l l  volume o f  m e t h a n o l  a c i d i f i e d  by a d d i t i o n  o f  a q u e o u s  

f l u o r o b o r i c  a c i d .  S p o n t a n e o u s  s o l i d i f i c a t i o n  o f  t h e  o i l  o c c u r r e d  upon 

s t i r r i n g  i n  t h i s  s o l v e n t  and o t h e r  p r o d u c t s  were  s u f f i c i e n t l y  s o l u b l e  or 

s l o w - t o - s o l i d i f y  t h a t  t h e y  d i d  n o t  i n t e r f e r e .  When t h e  s e p a r a t i o n  o f  

p u r e  s o l i d  was s l o w ,  a d d i t i o n  o f  q t h e r  and  hexane  f o l l o w e d  by b r i e f  



e v a c u a t i o n  d i d  f a c l d i t a t e  t h e  p r o c e s s .  E l e m e n t a l  a n a l y s e s  f o r  t h e  

h y d r a z i d o  complexes  i s o l a t e d  a r e  g i v f n  i n  T a b l e  11-1. 

\ 
The s o l i d s  i s o l a t e d  by r e c r y s t a l l i z a t i o n s  o f  1  from mixed s o l v e n t  - 

s y s t e m s  such as a l c o h o l / e t h e r , / h e x a n e  upon c o o l i n g  were  a l w a y s  m i x t u r e s  

o f  1  w i t h  i r i d i u m  d i a z e n e  comp1exe.s 5 ,  - - 
[ I r ( M H N C 6 ~ 3 R ) F ( C ~ )  (PPh3)2]BF4. Thus  t h e  a r y l h y d r a z i d o  

complexes  . o b t a i n e d  a s  d e s c r i b e d  i n  t h e  l a s t  p a r a g r a p h  were  n o t  

s u c c e s s f L l l y  r e c r y s t a l l i z e d  e x c e p t  t h a t  c r y s t a l s  s u i t a b l e  f b r  x - ray  

d i f f r a c t i o n  c o u l d  b e  gFown by s l o w  s o l v e n t  e v a p o r a t i o n  (Done f o r  I b  and - 
d ;  s e e  f u r t h e r  S e c t i o n  1 1 - C  .) f rom p u r e  s a m p l e s  o f  1 .  The p r e s e n c e  o f  * - 
e v e n  a  s m a l l  amount o f  5  i n  a sample  o f  1  was a p p a r e n t  i n  t h e  i n f q a r e d  - 

'i; from a  c a r b o n y l  , a b s o r p  on n e a r  2040 cm" . ( S e e  F i g u r e  11-3. ) T h i s  

s e a n e d  t o  b e  a more s e n s i t i v e  t e s t  o f  t h e  p u r i t y  o f  a  s a m p l e  o f  1  t h a n  2 
'k 

- a n a l y s i s .  A l l  a n a l y s e s  i n  T a b l e  11-1 were  done  on s a m b l e s  w i t h  no 

d i s t i n c t  a b s o r p t i o n  above  c a .  2000 cm-l. 
' 

The c r u d e  i s o l a t e s  f rom t h e  r e a c t i o n  o f  e a c h  m o n o s u b s t i t u t e d  

benzened iazon ium--sa l t  showed i n f r a r e d  a b s o r p t i o n s  t y p i c a l  o f  1 .  ' Thus,  - 
? 

e v e n  when && a r y l h y d r a z i d o  complex c o u l d  n o t  b e  s e p a r a t e d  ( 1c , e  ,g, j , - 
and m ) ,  t h e r e  was e v i d e n c e  t h a t  i t  was  n o r m a l l y  produced.  

O r t h o m e t a l a t i o n  i s  a p p a r e n t l y  b locked  w i t h  2 ,  6-F2- o r  3 ,5-Me2- 
L 

b e m e n e d i a z o n i u m  s a l t s  s i n c e  no  h y d r a z i d e  was d e t e c t e d  i n  t h e s e  c a s e s .  



Table  11- 1. E l e n e n t a l  Analyses  o f  Orthome t a l a t e d  Arylhydraz ido  

6  1 Complexes, [ I r ( N B N H C 6 H 3 G - C  ,M ) (CO) ( P P ~ I ~ ) ~ ] E ? F ~ .  

No. R Percent  Composition Y ie ld  

Found Ca lcu l a t ed  % - 
C H N C H N 

l a  H 54.8 4 . 0 6 2 . 7 7  55.1 3 . 8 7 2 . 9 9  1 3 ~  - B 
- 0  

1b - 2-NO2 52 .8  3.74 4.09 52 .6  3.59 4.28 1 l b  

LC 2-CF3 Not p u r i f i e d  - 

1 d  
* 

2-F i -54.2 3.74 3.02 $4.0 3.69 2 .93  l l b  
i 

l e  , 2-Br N o t  p u r i f i e d  - .. 

l f  - 2-0CH3 54 .6  3.98 2.85 54.6 3.96 2.89 211b 
1 

C 

1g 3 - ~ 0 ,  Not p u r i f i e d  - - 
1h 3-P - Not analyzed <pb , 

Ij 4-N02 Not p u r i f i e d  - 

1 m  - 4-0CH3 53.6 4.00 2.38 54.6 3.96 2.89 63d 
L 

a )  Average of t h r e e  a n a l y s e s  o f  same p roduc t .  Carbon v a l u e s  vary  

widely ( 2  3 $1.  

- b )  From I ~ H ( C O )  ( P P ~ ~ ) ~ .  

C )  From I ~ H ( C O ) ~ ( P P ~ ~ ) ~ .  

d )  From I rH(C0)2(PPh3)2 ,  u n r e c r y s $ l l i z e d .  



I n i t i a l  c r y s t a L l i z a t i o n  from d i f f e r e n t  s o l v e n t  pairs wa-s t r i e d  b u t  

was n e v e r  s u c c e s s f u l ,  a t  room t e m p e r a t u r e , . w i t h  s low c o o l i n g  t o  268 K ,  
0 

o r  a t  198 K .  S y n t h e s i s  u s i n g  o t h e r  s o l v e n t s  was a l s o  unp roduc t ive .  For  

example,  a n  e t h e r  s u s p e n s i o n  o f  h y d r i d e  3  t r e a t e d  w i t h  diazonium s i l t '  - 
s l ~ w l y  produced a  g r e e n '  s o l u t i o n  u n t i l  t o l u e n e  was added,  a f t e r  which 

C 

t h e  r e a c t i o n  appea rkck to  proceed no rma l ly ,  g i v i n g  r ed  p r o d u c t s .  I n  a 
-- - 

i 

dimethylformamide s o l u t i o n / s u s p e n s i o n ,  t h e  hyd r ide  a g a i n  r e a c t e d  q u i t e  

- s lowly .  No normal p r o d u c t s  were i d e n t i f i e d  excep t  

k e d  h e r e  i n  50  1 y i e l d ,  d i s t i n c t l y  . IrH2(CO)(PPh3)3BF4, p r  

h i g h e r  t h a n  usua l  ( c .  f . Chapter  111)  . 

2 .  From I r H ( C 0 ) 2 ( ~ ~ h 3 ) 2  

Only o n e  mole o f  diazonium s a l t  p e r  mole of  2  was used. Otherwise - 
t h e  r e a c t i o n  and i s o l a t i o n  procedures  were s i m i l a r  t o  t h o s e  above .  

Development o f  r e d n e s s  i n  t h e  r e a c t  i o n  m i x t u r e  i s  n o t  much s lower  w i t h  2 
& 

t h a n  w i t h  3 .  S i n c e  t h e  r ed  i s  a s c r i b e d  t o  1 ( and /o r  t e t r a z e n e  complex, - - 
s e e  Chapter  1111, t h e  l o s s  o f  CO frcm t h e  d i c a r b o n y l  h y d r i d e  i s  not '  

.- 
e s p e c i a l l y  d i f f i c u l t .  No bubbl ing o f  C O  was appa ren t .  

3 .  From I rC l (C0)  (PPh3)2 

Addi t ion  o f  propanone a t  below 273 K t o  an i n t i m a t e  m i x t u r e  o f  

s o l i d  I rC l (C0)  and a n  equimolar  q u a n t i t y  o f  s o l i d  

2 - n i t r o b e n z e n e d i a z o n i b  t e ~ f l u o r o b o r a t e ,  fo l lowed by a d d i t i o n  o f  

e t h a n o l  and warmirq. produced a m i x t u r e  c o n t a i n i n g  - 6 ,  

[ I r C 1 2 ( C O )  (NNC6H4-2-No2) (PPh3)2] , 4 9  and t h e  hyd raz ido  complex, 
I- 



1b.  The former is i n s o l u b l e  i n  propanone/ethanol  and s o  cou ld  be - 
f i l t e r e d  o f f ,  but 1b i n  t h e  d r i e d  f a l t r a t e  was s t i l l  contamina ted .  The - 
contaminant ,  a p p a r e n t l y  6 by i n f r a r e d  a b s o r p t i o n ,  cou ld  bew e x t r a c t e d  - 
i n t o  benzene, bu t  no t  e f f i c i e n t l y .  Though t h i s  s y n t h e s i s ,  p l a y s  an 

' impor t an t  r o l e  i n  t h e  e l u c i d a t i o n  of t h e  mechanism o f  r e a c t i o n  o f  
. 1  - 

Vaska l s  complex,'g4 t h e r e  were no advantages  t h a t  would have made t h i s  

t h e  p r e f e r r e d  method o f  s y n t h e s i s  o f  1, s o  it was abandoned. 

The hydrazido complexes i s o l a t e d  a r e  c r y s t a l l i n e ,  r e d  s o l i d s .  The 
" 

% 

c o l o r s  o f  sam s a r e  somewhat v a r i e d .  W i t h  n i t r o  s u b s t i t u t i o n  t h e  

c o l o r  is shaded toward v i o l e t  and wi th  l e s s  e l e c t r o n e g a t i v e  groups  

toward orange.  The complexes d i s s o l v e  moderately w e l l  i n  p o l a r  s o l v e n t s  

( e t h a n e n i t r i l e ,  ch loroform,  d ich loromethane ,  propanone, e t h a n o l ,  

methanol)  and a r e  i n s o l u b l e  i n  e t h a n o i c  a c i d ,  benzene, t o l u e n e ,  e t h e r ,  

hexanes ,  and water .  The i r  nar row-pro ton  magne ce a b s o r p t i o n s  

(FWHN ,= 2 Hz) i n d i c a t e  complexes 1 a r e  d iamagnet ic .  



i 

C .  C rys t a l  and Molecular S t ruc tu r e  
s .  

3 1 

Under a  slow flow of N2, evaporation of mixed so lven t s  propanone 
i 

and methanol from a n  HBF4-acidified solut ion o f *  - i b l e f t  wel l - f~rmed ,, 

elongated p l a t e t e t s .  To remove t he  i n v o l a t i l e  f luorobor ic  a c i d , i t h e  

c r y s t a l s  were washed four times w i t h  g l a c i a l  ace t i ;  ac id  and t h r ee  times 
a - 
w i t h  benzene, then vacuum d r i ed .  Once f r e e  from solvent  t h e  s o l i d s . a r e  

stab1.e t o  a i r  under f luorescent  l i g h t i n g  a t  room temperature f o r  months. 

Osc i l l a t i on ,  Weissenberg, and precession photographs were taken 

using a  rod-shaped'crystal  chosen f o r  s imi la r  dimension of the  shor t  

axes ,  approximately ;0.3 x  0.15 x  .0.1 m m .  Accurate determination o f , u n i t  
.P 

c e l l  dimensions, data  c o l l e c t i o n ,  and solut ion of the  c r y s t a l  . s t r u c t u r e  

were then done by D r .  Cobbledick on a  Picker FACS-1 automatic f ou r - c i r c l e  

d i  f f rac tometer .  U n i t  c e l l  dipensions were determined from a ,  leas t -squares  

refinement of the  s e t t i n g  angles f o r  ten  s t rong r e f l e c t i o n s  of the  MoKu 
1 

qeak w i t h  28>27O. I n t e n s i t y  data were co l l ec ted  w i t h  t h e  long c r y s t a l  a  

'k 
a x i s  approximately coincident  w i t h  t h e  # a x i s  of t he  d i f f rac tomete r ,  

'using a  g raph i te  monochromator and a  s c i n t i l l a t i o n  counter ' w i t h  

pulse-height ana ly s i s .  Relevant data a re  shown i n  Table 11-2. 

-1- 

A Pat terson syn thes i s  allowed posi t idning of t he  ir idjum and 
% G  

phosphorus a t  oms. Further non-hydrogen a t  oms were determfmed from 

electron-density d i f fe rence  syntheses.  Full-matrix leas t -squares  . 

refinement was used throughout . 95 Anisotropic t ernperat ure f a c t o r s  were 

included fo r  t h e  i r i d i u m ,  phosphorus, f l uo r ine  and n i  tro-oxygen atoms. 
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Table  11-2. C r y s t a l  and X-Ray Data .  

Formula: C43H35BF41rk303P2 

C r y s t a l  system: monocl in ic  

Space group:  P2 l / c  

Unit c e l l  dimensions:  a  1092.1(3)  pm 

1 .  

1.65  g (by  f l o t a t i o n )  Po = 

Ref l e c t i o n z  =, 2504 ( 0 < 2 8 < 3 5 ~ )  

Observed r e f l e c t i o n s  ( I  > 2 . 3  b ( I ) )  = 2069 

T o t a l  p a r a m e t e r s  = 275 



Most p h e n y l  a n d  a r y l  h y d r o g e n  a t o m s  were a p p a r e n t  f r o m  t h e  

e l e c t r o n - d e n s i t y  d i f f e r e n c e  s y n t h e s e s  s o  t h e s e  were  a d d e d  a t  c a l c u l a t e d  

p o s i t i o n s  w i t h  a C-H bond l e n g t h  o f  97  pm. With R r e d u c e d  t o  0 . 0 4 5 ,  

p e a k s  i n  t h e  a f f e r e n c e  map r e m a i n e d  i n  c h e m i c a l l y  r e a s o n a b l e  p o s i t i o n s  

f o r  N( 1 ) -  and N(2)-bound h$drogens. '  T h e s e  were t h e n  i n c l u d e d  i n  t h e  

f i x e d  p o s i t i o n s  i n d i c a t e d  by t h e  d i f f e r e n c e  map p e a k s .  I n  two  f i n e  
. > 

-5,  ' 

c y c l e s  o f  r e f i n e m e n t ,  n o  p a r a m e t e r  s h i f t e d  by more  t h a n  0.15 s t a n d a & d  
-+ 

d e v i a t i o n .  The  greatest  r e s i d u a l  e l e c t r o n  d e n s i t y  was a  p e a k  147 pm 

9 6 f rom t h e  i r i d i u m ,  r o u g h l y  t oward  N(1). 

Y 

T a b l e s  11-3 and  11-4 l i s t  r e s p e c t i v e l y  s e l e c t e d  T h e r a t  omic 
-r 

. .  d i s t a n c e s  and  a n g l e s .  I j i e p l a c e m e n t s  o f  a t o m s  no rma l  t o  t h e  mos t  

p e r t i n e n t  l e a s t - s q u a r e s  p l a n e s  i s  r e p o r t e d  i n  T a b l e  11 -5 .  I n  a  f u l l  

r e p o r t  t h e  r e f l e c t i o n  a m p l i t u d e s  and  c a l c u l a t e d  s t r u c t u r e  f a c t o r s ,  

a t o m i c  c o o r d i n a t e s ,  and  e q u a t i o n s  f o r  l e a s t - s q u a r e s  p l a n e s  h a v e  been 

li ~ t e d , ' ~  s o  t h e s e  a r e  n o t  i n c l u d e d  h e r e i n .  

". 

The c r y s t a l  s t r u c t u r e  c o n s i s t s  o f  d i s c r e t e ,  c a t i o n i c ,  

p e n t a c o o r d i n a t  e ,  i r i d i u m  c o m p l e x e s  1ink.ed t h o u g h  weak N-Hm ' ' F  b o n d s  t o  

t e t r a f l u o r o b o r a t e  a n i o n s .  A d i a g r a m  i l l u s t r a t i n g  one  i o n  p a i r  i s  shown 

i n  F i g u r e  11 -1 .  F i g u r e  11-2 g i v e s  t h e  p a c k i n g  i n  t h e  u n i t  c e l l .  T h e r e  
J 

i s  n o  u n u s u a l l y  c l o s e  i n t e r c o m p l e x  s e p a r a t i o n ;  t h e  s h o r t e s t  s u c h  
\ .'.->,L 

c o n t a c t s  a re  t o  t h e  n i t r o  g r o u p  ( O C 2 ) " ' C ( 2 ) ,  3 2 1 ;  0 ( 2 ) " ' H ( 1 ) ,  258  

pm) and  t h e  t e t r a f l u o r o b o r a t e  i o n  ( F ( l ) " ' C ( 4 ) ,  3 2 4 ;  ~ ( 1 ) " ' H ( 3 ) ,  

249 pm),  each  f rom a  p h e n y l  o f  an a d j a c e n t  complex .  T h e  p a c k i n g  shows a  



Figure 11-1. A perspective View of a Molecule in 

[ 1r ( N H N H C ~ H ~ - ~ - N O ~ )  ( CO) ( PPh ) 1 BF4 3 2 



Figure 11-2. Molecular Packing in a Unit Cell of 

[Ir(NHNhC H -2-N02)(CO)(PPh ) JBF,, 
6 3 3 2 
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Table  11-3. S e l e c t e d  I n t e r a t o m i c  D i s t ances  i n  pna  f o r  

[ I ~ ( N H N H C ~ H ~ - ~ - N O ~ )  (CO) (PPh3)2]BF4. 

P( l ) -C(  1)  184 .8(12)  

P ( 1 1-C( 13) 180.8(13)  

P(2)-C(25)  181 .1(13)  

Mean phenyl C-C 137 .8(5)  

E-F(2) 128 .6(26)  

B-F (4  ) 1$0.0(27)  
4 

N(2)-C(38) 130 .2(15)  

a Est imated s t a n d a r d  d e v i a t i o n s  i n  pa ren theses  . 



T a b l e  11-4. S e l e c t e d  I n t e r a t o m i c  ~ n g i e s  i n  ~ e ~ r e e s ~  f o r  

[1r(NHNHC6H3-2-~02) (CO) (PPhg)2]BF4. 

O(2)-N(3)-0(  3 )  1 2 1 . 9 ( 2 0 )  I r -C(37)-O(  1  1 1 7 5 . 3 ( 1 0 )  

N ( l ) - H ( 3 4 ) '  "F (4 )  139 N(2)-H(35) '  " ~ ( 2 )  . 1 5 5  

a E s t i m a t e d  s t a n d a r d  d e v i a t i o n s  i n  p a r e n t h e s e s .  



2 3 1 

' Table 11-5. Deviations from Least-squares Planes Calculated f o r  

- 
Atoms Defining Plane ';, Deviations From Plane i n  pm X2 

a These atoms a r e  n.ot coplanar.  



d i s t i n c t  p a t t e r n  a l o n g  t h e  a a x i s  o f  alternating n o n - p o l a r  ( p h e n y l )  and  - 

p o l a r  ( B F i ,  No2, NH) l a y e r s .  O t h e r w i s e  t h e  p a c k i n g  .is n o t  

n o t e w o r t h y  . 

I 

The p o l a r  f u n c t i o n s  a l l  s e e n  weakly  hydrogen  ~ o n d e d . ~ ~  Approach 

of e a c h  o f  two t e t r a f l u o r o b o r a t e  f l u o r i n e s  t o  t h e  two h y d r a z i d o  N H  

g r o u p s  i s  c l o s e  enough t o  i n d i c a t e  weak hydrogen  b ~ n d j n ~ . ~ ~  

F u r t h e r m o r e ,  s i n c e  t h e  d i h e d r a l  a n g l e  between t h e  a r y l  r i n g  and  t h e  

n i t r o  s u b s t i t u e n t  i s  o n l y  7 O ,  i i (3 )  i s  i n  c l o s e  c o n t a c t  w i t h  ~ ( 2 ) ,  

s u g g e s t i n g  a  b i f u r c a t e d  hydrogen  bond ing  system'oo a b o u t  t h e  

N(2)-bound hydrogen .  ' 

The c o o r d i n a t i o n  geomet ry  a b o u t  e a c h  i r i d i u m  is b e s t  d e s c r i b e d  a s  

a n  i r r e g u l a r  s q u a r e - b a s e d  pyramid.  The apex i s  o c c u p i e d  by o n e  o f  t h e  

two t r i p h e n y l p h o s p h i n e  l i g a n d s ,  so  t h e  phosphorus  a toms  are m u t u a l l y  

c i s .  The a p i c a l  I r - P  bond o f  232 .2 (4 )  pm i s  s i g n i f i c a n t l y  s h o r t e r  t h a n  

t h e  e q u a t o r i a l  I r - P  bond of  240 .2 (4 )  pm. T h i s  i s  a  l a r g e r  d i f f e r e n c e  

t h a n  t h a t  o f  4 . 2  pm i n  t h e  s t r u c t u r e  o f  carbonylbis(tripheny1phosphine)- 

( 1,4-di-p-f1uorophenyltetrazene)iridim t e t r a f l u o r o b o r a t e ,  _ 4 c ,  101 



a l t h o u g h  t h e  mean o f  t h e  t w o  b o n d  l e n g t h s  i s  i d e n t i c a l  i n  t h e  t w o  

c o m p l e x e s .  The p h e n y l  r i n g s  a r e  a l l  bonded  n o r m a l l y .  One  p h e n y l  o f  t h e  

b a s a l  ph  s p h i n e ,  o c c u p i e s  t h e  r e g i o n  t r a n s  t o  t h e  a p i c a l  p h o s p h i n e ,  b u t  i 
t h e  c l o s e s t  a p p r o a c h  t o  t h e  i r i d i u m  o f  an  o r t h o  h y d F o g e n  i s  o v e r  300  pm, 

w h i c h  i m p l i e s  t h a t  n o  s i g n i f i c a n t  i n t e r a c t i o n  i s  i n v o l v e d .  

T h e r e  a r e  t w o  i d e a l i z e d  g e o m e t r i e s  f o r  f i v e - c o o r d i  n a t  e c o m p l e x e s ,  

t r i g o n a l - b i p y r a m i d a l  (TBP) a n d  ' s q u a r e  p y r a m i d a l .  Thes ' e  h a v e  ' q u i t e  

s i m i l a r  t o t a l  e l e c t r o n i c  e n e r g i e s  . s o  t h a t  p r e d i c t i v e  c a l c u l a t i o n s  h a v e  

b e e n  d i f f i c u l t .  E x a m p l e s  o f  s q u a r e  p y r a m i d a l  g e o m e t r y  a r e  m o s t  common 

6 f o r  d  - t r a n s i t i o n  m e t a l  s y s t e m s ,  w h i c h  a r e  i n  f a c t  c a l c u l a t e d  t o  b e  

more  f a v o r e d  w i t h  r e s p e c t  t o  t h e i r  TBP i s o m e r s  t h a n  a n y  o t h e r  

d n - s y s t e m .  I o 2  T h u s  t h e  g r o s s  g e o m e t r y  a b o u t  i r i d i u m  s u g g e s t s  t h a t  . 

t h e  m e t a l  i s  e f f e c t i v e l y  i r i d i u m ( I I 1 )  a s  i n  r e s o n a n c e  f o r m  1'. If o n e  

c o n s i d e r s  t h e  a l t e r n a t i v e  d 8 - i r i d i u m ( 1 )  e l e c t r o n i c  s t r u c t u r e  of l-tl, 

t h e  h i g h e s t  e n e r g y  d - o r b i t a l x ,  d ( x 2 - y 2 ) ,  w o u l d  b e  e m p t y  a n d  t h e  

d ( , 2 ) - o r b i t a l  f i l l e d .  T h i s  w o u l d  i n  t u r n  r e q u i r e  t h a t  t h e  a x i a l  

I r - P  bond b e  l o n g e r  t h a n  t h e  b a s a l  I r - P  a n d ;  t h e  o p p o s i t e  i s  i n  f a c t  

t r u e .  

I t  is n o t e w o r t h y  t h a t  o t h e r  f i v e - c o o r d i n a t e ,  s q u a r e - p y r a m i d a l  , 
6 d  - c o m p l e x e s  h a v e  a n  a x i a l  l i g a n d ,  s u c h  a s  NO-, 48 ,103 ,104  a l k y l ,  lo5  

o r  a c y l ,  w i t h  a s t r o n g  t r a n s  i n f l u e n c e .  I n  l_b t h e  g r o u p  w i t h  t h e  

s t r o n g e s t  e x p e c t e d  t r a n s  i n f l u e n c e ,  t h e  c o o r d i n a t e d  a r y l  , i s  n o t  

a x i a l  b u t  t r a n s  t o  t h e  b a s a l  p h o s p h i n e .  S o  t h i s  s t r u c t u r e  a n d  t h e  

c l o s e l y  c o m p a r a b l e  o n e  o f  t h e  t e t r a z e n e  4 a r e  e x c e p t i o n a l .  One 



r a t i o n a l i z a t i o n  i s  t h a t  t h e  b i t e  o f  t h e  c h e l a t e  ( L C I r N  = 77.5(51•‹) i s  
,' 

s m a l l  enough to a p p r e c i a b l y  d e s t a b i l i z e  t h e  complex i f  t h e  a r y l  group 

were a x i a l l y  d i sposed .  I f  t h e  b i t e  r e q u i r e s  t h e  c h e l a t e '  t o  c o o r d i n a t e  . 

' i n  t h e  base ,  i t  f o l l o w s  t h a t  t h e  phosphines  mus t  be c i $  t o  one a n o t h e r  

i n  s p i t e  o f  t h e i r  bu lk .  

Recent c r y s t a l  s t r u c t u r e  d a t a 1  O6 f o r  I r ( I I 1 ) - P  s e p a r a t i o n s  f a l l  

i n  t h e  range  232 - 242 pm w i t h  on ly  o n e  e x c e p t i o n ,  IrH3(PPh3)3. 

The Ir(,J$-P d i s t a n c e s  v a r y  g e n e r a l l y  from 227 t o  233 pm, though t h  re \ 
a r e  s e v e r a l  e x c e p t i o n s .   ere a g a i n ,  t h e  s t r u c ' t u r e  o f  1 - b  i s  more 

c o n s i s t e n t  w i t 3  a n  I r ( I I 1 )  f o r m u l a t i o n  than  Ir(1). Furthermore one may 
T" 

n o t e  t h a t  t h e  a x i a l  phosphine o f  l_b, wi th  no t r a n s  l i g a n d ,  i s  a t  t h e  

s h o r t  end o f  t h e  r ange  o f  I r ( I I 1 ) - P  bond l e n g t h s  wh i l e  t h e  b a s a l  

phosphine,  w i t h  a  s t r o n g l y  t r a n s - l e n g t h e n i n g  a r y l  g roup  o p p o s i t e  t o  i t ,  

i s  a t  t h e  l ong  end o f  t h e  same range.  The d i f f e r e n c e  i n  I r -P  bond 

l e n g t h s  can t h u s - b e  seen  a s  a  s imp le  f u n c t i o n  of  t h e  t r a n s  l i g q n d .  \ 

The i r idium-carbonyl  bond i s  s h o r t  and t h e  ca rbony l  C-0 bond i s  t h e  

D i scus s ion  o f  t h i s  ' l o n g e s t  r e c e n t l y  r e p o r t e d  f o r  an i r i dum complex. 
P 

i s  d e f e r r e d  t o  t h e  n e x t  s e c t i o n .  

The b a s a l  a toms a r e  t h e  ca rbony l  carbon,  t h e  t r i pheny lphosph ine  
9 - 

phosphorus,  t h e  a r y l  oarbon,  and N(1) o f  t h e  c h e l a t i n g  a r y l h y d r a z i d e .  

These a r e  on ly  approximate ly  p l aha r .  A s  u s u a l ,  t h e  i r i d i u m  atom l i e s  

o u t  o f  t h e  l e a s t - s q u a r e s  p l ane  toward t h e  a x i a l  phosphorus,  36.6 pm. 



The i r i d i u m  c o o r d i n a t i o n  s t r o n g l y  i n d i c a t e s  t h a t  t h e  metal i s  

a p p r o p r i a t e l y  d e s c r i b e d  as d6- i r id iun(111) ,  and  t h a t  r e s o n a n c e  form 1 lt - 
d o e s  n o t  dominan t ly"  c o n t r i b u t e  t o  t h e  a c t u a l  e l e c t r o n i c  s t r u c t u r e .  We 

w i l l  s e e  t h a t  t h e  g e o m e t r y  o f  t h e  hyCdrazide l i g a n d  s u p p o r t s  t h i s  

c o n c l u s i o n .  Though t h e  complexes  a r e  p r o p e r l y  named a s  i r i d i u m ( I I 1 )  

h y d r a z i d e s ,  t h e r e  was n o  p a r t i c u l a r  r e a s o n  t o  e x p e c t  t h a t  t h e  name would 
t 

b e  a s  a p p r o p r i a t e  as  i t  is.  
t J .  

-i 

The f o u r ,  a r y l h y d r a z i d e  l i g a n d  a toms i n  t h e  m e t a l l o c y c l e  a r e  

c o p l a n a r ,  b u t  t i p p e d  s o  t h a t  t h e  i r i d i u m  i s  9 .4  pm o u t  o f  t h i s  p l a n e ,  

toward  t h e  a x i a l  p h o s p h i n e .  To g i v e  p e r s p e c t i v e  t o  t h e  bonding  i n  t h e  

me t a l l o c y c  l e ,  T a b l e  11-6 p r e s e n t s  t h e  bcnd l e n g t h s  i n  t h e  a r y l h y d r a z i d o  

complex a l o n g  w i t h  t h e  c o r r e s p o n d i n g  bond l e n g t h s  i n  r e l a t e d  complexes .  

I 

The a r y l h y d r a z i d o  1 and  t e t r a z e n e  4 complexes  show d i s t i n c t  - - 
p a r a l l e l s  i n  t h e  m e t a l l o c y c l e  a s  w e l l  a s  i n  m e t a l  s t e r e o c h e m i s t r y .  The 

s i m i l a r i t i e s  between t h e  two l i g a n d s  a r e  a p p a r e n t l y  more c r i t i c a l  t h a n  

t h e .  d i f f e r e n c e s .  They a r e  b o t h  l i g a n d s  o f  ,ambiguous e l e c t r o n i c  

s t r u c t u r e ,  found t o  b e  c o o r d i n a t e d  a s  d i a n i o n s  w i t h  c h a r g e  f o r m a l l y  on  

t h e  l i g a t i n g  atoms, o n e  o f  which i s  a n  N t r a n s  t o , , t h e  c a r b o n y l .  I n  b o t h  

s t r u c t u r e s  t h e  Ir-N bond t r a n s  t o  t h e  c a r b o n y l  i s  s h o r t e r  t h a n  t h e  bond 

t r a n s  t o  phosph ine .  

d 

The g r e a t e s t  d i f f e r e n c e  between t h e  o r t h o m e t a l a t e d  a r y l h y d r a z i d e  

l i g a n d  i n  1 b  and o r t h o m e t a l a t e d  a r y l d i a z e n e s ,  e . g .  i n  5 ,  i s  t h e  l o n g  - - 
N-N bond l e n g t h  o f  t h e  f o r m e r .  The a d d i t i o n a l  10  pm N-M s e p a r a t i o n  





, i m p l i e s  a  s h a r p  d e c r e a s e  o f  n e t  N-N ,bonding i n  t h e  hyd raz ide .  Though 
cr 

t h e  N-N d i s t a n c e  i n  1  b  is not  a s  long  as' a; t y p i c a l  h y d r a z i n e  s i n g l e  
P 

bond, a s  shown by comparison w i t h  t h e  bond l e n g t h  i n  t h e  p l a t i num 
1 - 

h y d r e i n e  complex i n c l u d e d  i n  Table  11-6, some of  t h e  d i f f e r e n c e  i s  

l i k e l y  d u e  t o  more sp2 -cha rac t e r  ( c . f .  s e c t i o n  11-E) i n  each 

hydraz ide  n i t r o g e n  compared t o  t h e  hyd raz ine .  Lengths  o f  t h e  N-N ,bonds 

and 

H' -- a 

i n  mac rocyc l i c  l i g a n d s l  O7 a r e  i d e n t i c a l  t o  t h e  N-N bond l e n g t h  i n  t h e  

hyd raz ido  complex k 1  b. So i t  appears  t h a t  t h e r e  i s  l i t t l e  N-N 

bond c h a r a c t e r  i n  t h i s  complex, a s  d e p i c t e d  by s t r u c t u r e  1 ' .  - 

- -'\ 
Other  bond l e n g t h s ,  however,  d o  n o t  a l l  a g r e e  w i t h  t h o s e  

expec t  i f  bonding were wel l -descr ibed  by 1  ' .  F i r s t ,  t h e  Ir-N - 
* 

m u l t i p l e  

one would 

bond i s  

s i g n i f i c a n t l y  sho r t ened  compared t o  t h e  d i a z e n e s .  The most r e a s o n a b l e  

mechanism f o r  t h i s  e f f e c t  i s  dona t ion  o f  t h e  N(1) l o n e  p a i r  o f  s t ru ' c tu re  

1 '  o n t o  t h e  i r i d i u m ,  a s  i n  resonance  form 1"'. 
h - 



T h i s  wou1d.reduce r e p u l s i o n  w i t h  t h e  l o n e  p a i r  on ~ ( 2 ) ,  e q u a l i z e  t h e  

atom c h a r g e s ,  and g i v e  i r i d i u m  a n  18 -e l ec t ron  v a l e n c e  sys tem.  Second, 

t h e  N(2)-C(ary1) bond a c r o s s  t h e  metallo"cyc1e from t h e  i r i d i u m  i s  . 

modera te ly  s h o r t e n e d ,  s u g g e s t i n g  some m u l t i p l e  bond c h a r a c t e r .  With 

2 - n i t r o  s u b s t i t u t i o n  i t  i s  reasonab le  t o  some importance t o  an  

o r t h o q k n o n e - l i k e  resonance  form f o r  t h e  a r y l  r i n g :  
B 

The a r y l  C-C bond l e n g t h s ,  though n o t  uniform,  show no  d i s t i n c t  - 
a l t e r n a t i n g  p a t t e r n .  Ther,e a p p e a r s  t o  b e . n o  a p p r e c i a b l e  I r -C(a ry1 )  

m u l t i p l e  bond c h a r a c t e r ,  a s  t h i s  bond i s  q u i t e  l ong .  

I n  summary., t h e  c r y s t a l  s t r u c t u r e  i n d i c a t e s  t h a t  t h e  complex i s  one  

of  a n  i r i d i u m  (111) h y d r a z i d e  w i t h  t h e  l o n e  p a i r s  on  each n i t r o g e n  \ 

modera te ly  d e l o c a l i z e d ,  b u t  i n  such  a way t h a t  t h e  N-N bond o r d e r  is  

l i t t l e  i n c r e a s e d  above t h a t  o f  a s i n g l e  bond. While none o f  t h e  

resonance  forms is dominant ( o r  n e g l i g i b l e ) ,  1 "' would appear  t o  g i v e  - 
t h e  b e s t  s i n g l e  p i c t u r e  o f  bonding. 



Though 

1 
D .  I n f r a r e d  S p e c t r a  

t h e  i n f r  a r e d  s p e c t r a  were n o t  i n t e r p r e t e d  c o n c l u s i v  
'< 

e l y  u n t i l  

t h e  c r y s t a l  s t r u c t u r e  was a v a i l a b l e ,  i t  i s  s a t i s f y i n g  t h a t  i n f o r m a t i o n  

f rom v i b r a t i o n a l  s p e c t r o s c c p y  d o e s  a p p e a r  c o m p l e t e l y  c o n s i s t e n t  w i t h  t h e  

bond ing  p i c t u r e  d e r i v e d  f rom t h e  s t r u c t u r e .  . 

The a b s o r p t i o n s  o c c u r r i n g  i n  v i r t u a l l y  a l l  t h e  complexes  - l a - l h  - are: 

3280 m ,  3058 wm, 2000 v v s ,  1481 m ,  1435  s ,.. 131.1 w ,  1185 w m ,  1  162 wm, 

1118 s o r  s h ,  1090 v v s ,  1055 s ,  9 9 9  m ,  744  m ,  693  v v s ,  617 v w , - 5 1 9  v v s ,  

and 421 cm" wm. S e e  ~ i ~ u r &  11-3 f o r  &ample-  Many o f  t h e s e  a r e  due  
I 

t o  c o o r d i n a t e d  t r i p h e n y l p h o s p h i n e .  The t e t r a f l u v r o b o r a t e  a b s o r p t i o n s  
? 

a r e  a t  a b o u t  1055 a n d  5 19 cm" . The l a t t e r  i s  c o i n c i d e n t  w i t h  a 

p h e n y l  band. 

The s i n g l e  m o s t  c h a r a c t e r i s t i c  p e a k  i s  t h e  medium i n t e n s i t y  band,  

g e n e r a l l y  n e a r  3280 cm-I,  d u e  t o  N H  s t r e t c h i n g .  I t s  i n t e n s i t y  i s  

r a t h e r  h i g h ,  a s  e x p e c t e d  w i t h  hydrogen  bond ing .  l o 8  The band i s  q u i t e  

broad t o  l o w e r  f r e q u e n c y  d u e  t o  t h e  p r e s e n c e  o f  a  second  band ,  n o t  

g e n e r a l l y  r e s o l v e d ,  a t  c a .  3230 cm-l.  With i s o t o p i c  s u b s t i t u t i o n  o f  

1 5 ~  a t  N(1)  t h e  a b s o r p t i o n  o f  1k - dropped  f rom 3282 t o  3275 cmml.  

Thus  t h e  h i g h e r  f r e q u e n c y  a b s o r p t i o n  i s  a s s i g n e d  a s  p r i m a r i l y  N(1)-H 

s t r e t c h i n g  and t h e  l o w e r  f r e q u e n c y ,  b r o a d e r  band as  p r i m a r i l y  N(2)-H * 

* 

s t r e t c h i n g .  The energy  o f  t h e s e  a b s o r p t i o n s  i s  a b o u t  t h e  same a s  t h a t  

o f  t h e  NF s t r e t c h  o f  1 , 2 - d i p h e n y l h y d r a z i n e ,  O 9  i rn ines ,  ' l o  a n d  

c o o r d i n a t e d  o r  f r e e  d i a z e n e s  ( 3500-3 120 8, s e e  T a b l e  11-81.  It i s  



r 1 I I I .  

PERCENT TRANSMITTANCE ( 



' . h i g h e r  t h a n  t h a t  o f  ammonih and imine  s a l t s . '  l '  L ike  t h e  c r y s t a l  

s t r u c t u r e  r e s u l t s ,  t h i s  a r g u e s  a g a i n s t  i n f l u e n c e  o f  resonance  form 1''. 

s i n c e  t h e  N ( 2 ) - H  s t r e t c h  f o r  such  a s t r u c t u r e  would be  expec ted  a t  a  
- 

lower  f requency  t h a n  t h e  observed  bands.  Both s t r u c t u r e s  1' and 1 " ' - a r e  
6 

ccmpa t ib l e  w i t h  t h e  i n f r a r e d  s i n c e  c o o r d i n a t i o n  o f  the.  n i t r o g e n  t o  a  

m e t a l  does  n o t  l e a d  t o  an  MH f requency  lower ing .  ( S e e  Tab le  11-8.) , 

The very  s t r o n g  a b s o r p t i o n  a t  2000 cm'! i s  c l e a r l y  t h e  C O  

' s t r e t c h .  T h i s  band i s  n o t  a s  u s e f u l  h e r e  a s  i t  g e n e r a l l y  is .  It is  n o t  

by i t s e l f  i n d i c a t i v e  o f  t h e  p re sence  o f  1 i n  c rude  i s o l a t e s  because  t h e  - 
d i h y d r i d o i r i d i u m  c a t i o n s  a l s o  abso rb  a t  t h i s  energy  ( c.. f .  Chapter 111). 

Second, t h e r e  i s  l i t t l e  v a r i a t i o n  i n  t h e  a b s o r p t i o n  f requency  wi th  
0 

change i n  a r y l  s u b s t i t u t i o n .  S ince  2000 cm" i s  t h e  f requency  a t  

which t h e  s p e c t r o m e t e r s  used change g r a t i n g s  o r  p r i sms ,  t h e  u n c e r t a i n t y  

o f  measurement o f  t h i s  peak i s  e s p e c i a l l y  h igh  and p r e c l u d e s  c o r r e l a t i n g  

f requency  wi th  changes  i n  a r y l  s u b s t i t u t i o n .  

F i n a l l y ,  t h e  p o s i t i o n  o f  t h e  a b s o r p t i o n  i s  between t b o s e  f o r  

c l o s e l y  r e l a t e d  I r ( 1 )  and Ir(II1) monocarbonyl complexes. Without o t h e r  

i n f o r m a t i o n  t h i s  datum would remain ambiguous. But w e  have s een  t h a t  

t h e  s o l i d  s t a t e  s t r u c t u r e  is  c h a r a c t e r i s t i c  o f  Ir(II1). The q u e s t i o n  

becomes why i s  t h e  c a r b o n y l  s t r e t c h i n g  f requency  s o  low i n  t h e s e  

c a t i o n i c  a r y l h y d r a z i d o i r i d i u m ( . I I I )  complexes.  The p r i n c i p l e  component 

i n  M-CO bonding and i n  lower ing  V (  C O )  i s  i n t e r a c t i o n  between f i l l e d  

i meta l  d o r b i t a l s  and t h e  - o r b i t a l s  o f  -C70.112 A s  t h i s  i n t e r a c t i o n  



i n c r e a s e s  CO a n t i b o n d i n g  i n c r e a s e s ,  l e n g t h e n i n g  t h e  CO d i s t a n c e  a n d  

l o w e r i n g  v&O), w h i l e  M-C b o n d i n g  i n c r e a s e s ,  s h o r t e n i n g  this b o n d .  

-L Y 

A s  n o t e d  a b o v e ,  t h e  C-0 s e p a r a t i o n  i n  I i s  t h e  l o n g e s t  i n  a n y  

r e c e n t l y  r e p o r t e d  i r i d i u m  c a r b o n y l  s t r u c t u r e  b y  n e a r l y  t h r e e  s t a n d a r d  

d e v i a t i o n s .  And e x c e p t  f o r  t h e  s t r u c t u r e  o f  I r C 1  (CO) {P(C6H4-2-CH3)3]2, 

w h i c h  h a s  h i g h  u n c e r t a i n t i e s  d u e  t o  d i s o r d e r ,  l 3  - 1  h a s  t h e  o n l y -  

Ir-CO bond i e n g t h  l e s s  t h a n  1 8 0  pm. C l e a r l y ,  t h e  x - r a y  r e s u l t s  

a r e  c o n s i s t e n t  w i t h  t h e  l o w  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  o b s e r v e d ,  

t h o u g h  t h e  d i s p l a c e m e n t  o f  t h e  c a r b o n y l  c a r b o n  t o w a r d  t h e  m e t a l  i s  

u n r e a l i s t i c a l l y  l a r g e .  114 

r 

B o t h  t h e s e  s t r u c t u r a l  a n d  i n f r a r e d  e f f e c t s  m i g h t  r e s u l t  f r o m  g o o d  

o v e r l a p  o f  T - t y p e - o r b i t a l s  a l o n g  t h e  O ( 1 ) - C ( 3 7 ) - I r - N ( 1 ) - ~ ( 2 )  c h a i n .  

T h e  n o v e l t y  o f  t h e - b o n d i n g  i n  t h i s  f i v e - a t o m  s y s t e m  i s  s u p p o r t e d  by  t h e  

a f o r e m e n t i o n e d  s h o r t n e s s  o f  t h e  Ir-N bond t r a n s  t o  c a r b o n y l  i n  b o t h  1 

O t h e r  b a n d s  i n  t h e  s p e c t r u m  are g e n e r a l l y  w e a k e r  t h a n  t h o s e  n o t e d  

a b o v e .  A b s o r p t i o n  c h a r a c t e r i s t i c  o f  t h e  s u b s t i t u e n t s  i s  g e n e r a l l y  

c l e a r .  A medium s t r e n g t h  a b s o r p t i o n  a t  1 2 1 3  (3 -F  a n d  4-F)  o r  1234  



4 3  

cm" (2-F) i s  ass igned  t o  V(ary1-F) i n  I d , h ,  k. S t r o n g  a b s o r p t i o n s  a t  - 
, 

1253 and  1029 cm" i n  I f  are due t o  asymmetric and symm t r i c  C-0-C , - , 

s t r e t c h i n g .  - I b  h a s  n o  band o f  i n t e n s i t y  a p p r o p r i a t e  t o  VaSym(NO2) 

i n  t h e  r e g i o n  1600-1500 cm"; a  band a t  1496 Am-' i s  ass igned  t o  

this mode. ThLs i n d i c a t e s  a n  u n u s u a l l y  h i g h  d e g r e e  o f  c o n j u g a t i o n  w i t h  

a  good e l e c t r o n  d o n a t i n g  group,  which r e q u i r e s  t h a t  t h e  n i t r o  g roup  l i e  

c l o s e  t o  t h e  plane of  t h e  a r y l  group. The c r y s t a l  s t r u c t u r e  does  

s u p p o r t  th is  h i g h  d e g r e e  o f  c o n j u g a t i o n .  Absence i n  1 b  of t h e  weak - 
i n t e n s i t y  band found a t  1311 crn-' i n  t h e  s p e c t r a  o f  d i f f e r e n t l y  

s u b s t i t u t e d  1  s u g g e s t s  t h a t  i n  l b  t h i s  is coupled w i t h  t h e  . - 
Ysym(N02) ; t h e  peaks a t  1332 ( m )  and  1285 ( s )  a r e  t hus  a s s i g n e d  a s  

coupled modes w i t h  i n t e n s i t y  due  t o  a n  ex t remely  i n t e n s e  Vsym(N02) 

c  omponent - --- , 

The out-of-plane bending modes o f  C(ary1)-H a r e  s een  t o  change upon 

o r t h o m e t a l a t i o n ,  b u t  because some Bands are masked by t h e  more i n t e n s e  

p  henyl  a b s o r p t i o n s  any c o n s i s t e n t  ass ignment  i s  s e r i o u s l y  hampered. I t  

was p r i m a r i l y  f o r  t h i s  r e a s o n  t h a t  o r t h a n e t a l a t i o n  was n o t  r e a l i z e d  

b e f o r e  t h e  c r y s t a l  s t r u c t u r e .  'w'e rote t h a t  o t h e r s  have not  been a b l e  t o  

d i s c u s s  t h e i r  i n f r a r e d  ev idence  f o r  o r t h o m e t a l a t i o n  u s i n g  group 

f r e q u e n c i e s  o f  out-of-  p l a n e  bending modes. 5-1 17. It  would seem t h a t  

e x t e n s i o n  o f  t h e  g r o u p  f r e q u e n c i e s  no ted  ' f o r  a l k y l -  and  h a l o - s u b s t i t u t e d  

benzenes1 l8 t o  aryl-me t a l  compounds i s  g e n e r a l l y  n o t  v a l i d ,  119 

though it is p o s s i b l e  i n  some c a s e s  . 60  T h i s  should n o t  d e t r a c t  from 

t h e  u s e  o f  t h e s e  i n f r a r e d  bands i n  s imply d e t e c t i n g  o r t h o m e t a l a t i o n ;  



t h e  a b s o r p t i o n s  c h a r a c t e r i s t i c  o f  t h e  u n m e t a l a t e d  r i n g  a re  l o s t  and  new 
= .  

o n e s  ar ise  when m e t a l a t i o n  o c c u p s .  L 

The l i m i t e d  number o f  d e r i v a t i v e s  l e n d s  u n c e r t a i n t y  t o  c o r r e l a t i o n s  

o f  fkequency p a t t e r n s  w i t h  s u b s t i t u t i o n  p a t t e r n s ,  b u t  some 

- g e n e r a l i z a t i o n s  and  i n f e r e n c e s  c a n  b e  made. Or tho-subs  t i t u t e d  

benzenediazonium s a l t s  g i v e  1 , 2 , 3 - s u b s  t i t u t e d  a r y l  g r o u p s  o n c e  

o r t h o m e t a l a t e d .  ~ i i s  i s  s e e n  i n  .. i d  and  f as a s h o u l d e r  n e a r  765 cm-l,  

s h i f t e d  t o  7 9 3  cm-l i n  t h e  n i t r o  a n a l o g u e  -- 1b .  A band a t  772 cm-' i n  

1h - s u g g e s t s  t h a t  o r t h o m e t a l a t i o n  o f  t h e  m e t a - f l u o r o p h e n y l  g r o u p  o c c u r s  

s o  a s  t o  g i v e  a 1 , 2 , 3 - s u b s t i t u t i o n  p a t t e r n  a s  w e l l .  ( F i g u r e  11-3)  I n  

complex - l i ,  t h e  meta-methyl  a n a l o g u e ,  t h e  s h i f t  o f  t h i s  band t o  8 0 0  

cm" i s  so l a r g e  t h a t  t h e  a l t e r n a t i v e  1 , 2 , 4 - s u b s t i t u t i o n  i s  i m p l i e d .  

F i g u r e  I I-4n S t e r e o c h e m i  s t r y  o f  me t a -Subs t i tu ted  H y d r a z i d e s  as  

S u g g e s t e d  by I n f r a r e d  A b s o r p t i o n  i n  t h e  r a n g e  900-700 cm-l.  

\ 

The 1 , 2 , 4 - ~ s ~ t , u t i o n  --. -= n e c e s s a r i l y  o b t a i n e d  by o r t h o m e t a l a t i o n  o f  a 
1- 

p a r a - s u b s t i t u t e d  p h e n y l - g r o u p  i s  c h a r a c t e r i z e d  b y  a  band j u s t  below 8 0 0  

cm" i n  1k - and  1. A l l  complexes  - 1 h a v e  weak,  and o f t e n  b r o a d ,  

a b s o r p t i o n  bands  i n  t h e  r a n g e  925-840 cm-I. 



4 5  - 
T h e r e  i s  n o  e v i d e n c e  f o r  i n f r a r e d  a b s o r p t i o n  c o r r e s p o n d i n g  t o  a n  NN 

s t r e t c h i n g  mode. W i t h  i s o t o p i c  s u b s t i t u t i o n  t h e r e  w a s  n o  s h i f t  n o t e d ,  

e v e n  i n  h r y l  f r e q u e n c i e s  w i t h  w h i c h  v(N-N) m i g h t  b e  c o u p l e d .  I2O T h i s  - 
w o u l d  i n d i c a t e  t h a t  Y(N-N) o c c u r s  b e l o w  t h e  r e g i o n  o f  V(C-C a r y l )  a n d  

m i g h t  b e  Raman a c t i v e .  Mos t  s a m p l e s  p y a c e d  i n  t h e  Raman beam 

d e c o m p q s e d  q u i t e  v i s i b l y  i m m e d i a t e l y .  A s a m p l e  o f  I d  h o w e v e r  s u r v i v e d  

w e l l  e n o u g h  t o  a l l o w  r e c o r d i n g  o f  i t s  s p e c t r u m ,  w h i c h  w a s  p o o r  b e c a u s e  

o f  f l u o r e s c e n c e .  T h e  r e l a t i v e l y  s t r o n g  p e a k  o b s e r v e d  a t  1329  cm" 
C - 

i s  t e n t a t i v e l y  a s s i g n e d  t o  Y(N-N). T h e  a s s i g n m e n t  i s  c o n s i s t e n t  

w i t h  r e s o n a n c e  f o r m s  1"' a n d  1' s i n c e  i t  s u g g e s t s  l i t t l e  m u l t i p l e  bond 
t 

/ 

c h a r a c t e r  b e t w e e n  t h e  n i t r o g e n s .  

A Raman b a n d  a t  1 3 4 8  cm" i n  t h e  o r t h o m e t a l a t e d  

I r (C6h4N=NPh)C1H(PPh3)2  h a s  b e e n  a s s i g n e d  t o  y (N-N) .  

d i a z o  c o m p l e x  

t h e  o r t h o m e t a l a t e d  I r ( I I 1 )  a r y l d i a z e n e s  [IrCl(NHNC6H3R)(CO)(PPh3)2]BF4, 

N = N  s t r e t c h i n g  h a s  b e e n  a s s i g n e d  t o  i n f r a r e d  b a n d s  a t  1 4 1 0  o r  1440  cm- 1  

d e p e n d i n g  on t h e  p o s i t i o n  o f  s u b s t i t u e n t  R . ~ '  Commohly v ( N = N )  h a s  

1  1 2 2  b e e n  a s s i g n e d  a t  f r e q u e n c i e s  a b o v e  1450  cm' . 

T h e  i n f r a r e d  o f  l g - 1 5 ~ (  1 )  d o e s  n o t  a l l o w  i d e n t i f i c a t i o n  o f  a n  - 
g .  

i r i d i u m - n i t r o g e n  s t r e t c h i n g  mode e i t h e r .  One b a n d  i s  a p p a r e n t l y  s h i f t e d  

f r o m  5 5 1  t o  5 3 3  cm-' w i t h  t h e  1 5 ~ - s u b s t i t u t i o n ,  b u t  s i n c e  many o f  

t h e  I 4 b (  1 ) - a r y l h y d r a z i d e s  d o  n o t  a b s o r b  n e a r  5 5 0  cm-l , i t s  a s s i g n m e n t  

a s  v ( 1 r - N )  i n  1 g  i s  u n r e a s o n a b l e .  - 



E . Nuc lear Magne t i c  Resonance S p e c t r o s c o p y  

The 3 0  hydrogens  o f  t h e  t r i p h e n y l p h o s p h i n e  g e n e r a l l y  o b s c u r e  t h e  

s i g n a l s  o f  t h e  o r t h o m e t a l a t e d  a r y l  r i n g ,  s o  ' ~ - n m r  is  n o t  u s e f u l  f o r  

a 
i d e n t i f y i n g  o r t h o m e t a l a t i o n  i n  t h e  h y d r a z i d e s  1 . However i n f o r m a t i o n  - 
o b t a i n e d  a b o u t  t h e  n i t r o g e n - b o u n d  h y d r o g e n s  i s  e s p e c i a l l y  v a l u a b l e .  The 

nmr s p e c t r a  a l l o w  t h e  d e f i n i t e  l o c a t i o n  on d i f f e r e n t .  n i t r o g e n s  o f  t h e s e  

two h y d r o g e n s .  T h e i r  l o w a f i e l d  r e s o n a n c e  i n d i c a t e s  t h a t  t h e r e  i s  

a p p r e c i a b l e  d e l o c a l i z a  t i o n  a b o u t  t h i s  NH-NH g r o u p .  

The a r y l  a n d  p h e n y l  r e g i o n  e x t e n d s  from 6 7 . 8  t o  6 . 4 ,  though  most 

o f  t h e  i n t e n s i t y  l i e s  w i t h i n  two bands a t  6 7 . 5 - 7 . 3  a n d  7.2-6.9 i n  

deu te ropropanone  o r  0 . 1 5  ppm lower  i n  C D C l  ( S e e  F i g u r e  11-5.  ) I n  some 
3 : 

compounds phenyl  r e s o n a n c e s  have  been found  t o  s e p a r a t e  s u f  f ' i c i e n t l y  t o  
< .  

a l l o w  a s s i g n m e n t ,  b a s e d  on i n t e g r a t i o n ,  o f  peaks  due  t o  ortho-H a t  

d i f f e r e n t  c h e m i c a l  s h i f t  f rom meta- a n d  p a r a - p r o t o n s .  l  23 T h i s  a p p e a r s  

t o  a p p l y  r e a s o n a b l y  w e l l  t o  100 MHz s p e c t r a  o f  1 .  The e f f e c t  o f  t h e  - 
n i t r o  g r o u p  o f  1 b  s h i f t s  a l l  a r y l  s i g n a l s  d o w n f i e l d  s o  t h a t  t h e  u p f i e l d  - 
band i n t e g r a t e s  t o  1 2 . 0  h y d r o g e n s ,  a s  e x p e c t e d  s o l e l y  from o r t h o - p h e n y l  

p r o t o n s .  The s p e c t r a l  p a t t e r n  i n  t h e  u p f i e l d  band o f  I b ,  a  sawtoo th  - 
p a t t e r n  o f  p a i r s  o f  p e a k s  ( T h e s e  a r e  r e c o r d e d ,  a s  ' l d o u b l e t ~ ~ ~ ,  i n  T a b l e  

11-7 b e c a u s e  t h e  p a t t e r n  d o e s  a p p  ar c o n s i s t e n t l y . ) ,  i "\ 1 

t h e  o t h e r  h y d r a z i d e s ,  though  i n t e g r a t i o n  s u g  e  a r y l  hydrogen  

i n t e n s i t y  o c c u r s  i n  t h i s  r a n g e  w i t h  t h e  l e k s  
\ 

s u b s t i t u e n t s .  The p a t t e r n ,  presumably A arid A,' o u t  of  a n  A 
\ 

s y s t e m ,  c o u l d  n o t  b e  t r a n s f o r m e d i n t o  a  s e t  o f - c o u p l i n g  c o n s t a n t s ,  t h e  

3 ~ p H  o f  which m i g h t  have been i n f o r m a t i v e  . 





The p a t t e r n  o f  r e sonances  i n  t h e  downf ie ld  b a n d i s  n o t  as 

c o n s i s t e n t  a s  t h e  u p f i e l d  peaks .  I n t e g r a t i o n  s u g g e s t s  t h a t  most a r y l  

i n t e n s i t y  i s  found h e w .  The r e s i d u a l  CHC13  i u  t h e  CDC13 s o l v e n t  

a b s o r b s  i n  th i s  r e g i o n  a s  w e l l  s o  t h e  i n t e g r a t i o n s  r e p o r t e d  i n  Table  

, 
11-7 o m i t  t he  pheny l  r e g i o n  when done i n  deu te r ach lo ro fo rm.  I n  

iFi 

* i h s  t ances  o f  occu r r ence  o f  a n  a p p a r e n t  p a t t e r n  o f  peaks s e p a r a t e d  from 

t h e  bu lk  o f  a r y l  a n d  phenyl  a b s o r p t i o n s ,  t e n t a t i v e  ass ignments  have been 

The hydraz ido  complexes - 1  a l l  showed a b s o r p t i o n s  f ~ o m -  two hydrogens 

bound t o  d i f f e r e n t  n i t r o g e n  atoms w e l l  downf ie ld  from t h e  phenyl  
* 

P 

a b s o r p t i o n s .  The p o s i t i o n  o f  t h e s e  was q u i t e  s e n s i t i v e  t o  s o l v e n t .  

T h i s  s e n s i t i v i t y  i s  obv ious  f o r  t h e  N H  o f  coo rd ina t ed  d i a z e n e s  and 

hydraz ine  a s  w e l l .  ( S e e  Table  11-8. ) Upon a d d i t i o n  of  1 d rop  ~ ~ 0 '  t o  

1b both NH s i g n a l s  d i s appea red  f a s t e r ,  t han  a  d u p l i c a t e  spectrum c o u l d  be - 
run  ( 0.1 h )  . Ki th  1 d  t h e  methoxy hydrogens s?erve a s  a  u s e f u l  i n t e r n a l  - 
r e f e r e n c e  f ~ r ~ r e l a t i v e  i n t e g r a t e d  i n t e n s i t y ,  which i s  1 -0 :  1.0:3.0 f o r  

The pmr spectrum o f  lg-15N( 1 )  a l lowed v e r i f i c a t i o n  o f  t h e  - 
assignment  a s  o n l y  one  o f  t h e  two N H  s i g n a l s  was s p l i t ,  t h e  u p f i e l d  

s i g n a l .  The s l i g h t l y  broad N H  resonances  a r e  n o t  s i g n i f i c a n t l y  

sharpened by ' % - s u b s t i t u t i o n  s o  t h e  wid th  a r i s e s  from t h e  e f f e c t  o f  e 

slow exchange more t han  t h e  'lN quadrupole .  A small s p l i t t i n g  (513 r" 
Hz)of t h e  N(21.-H r e sonance  appears  r a t h e r  c o n s i s t e n t l y  i n  bo th  , 
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5 1  
d 

1 4 ~ 1 4 ~  a n d ' 1 5 ~ ( 1 ) 1 %  complexes and may be  due t o  3 ~ H H ,  though 

i t  is n o t  s e e n  f o r  N(1)-H. A ? J ~ ~  coup l ing  between l5IJ ( l )  and t h e m  '' 

H a t  N(2) m i g h t  be expec ted ,  l P 2  and  cou1d;be labrge ir t h e r e  were a  

l o n e  p a i r  a t  %( 1 ) . 2q Its absence i s  n o t  t o o  i n s t r u c t i v e .  
y. 

P 

. . 

The l a r g e  '%-H s p l i t t i n g  and low f i e l d  chemica l  s h i f t  o f  1 
Y 

d e s e r v e  more t han  p a s s i n g  comment because t h e y  emphasize t-he importance 

o f  a  f a c e t  o f  t h e  e l e c t r o n i c  s t r u c t u r e  which t h e  i n f r a r e d  and x-ray d a t a  

d i d  n o t ,  t h a t  i s  t h e  s i m i l a r i t y  o f  t h e  environment o f  e a c h  n i t r o g e n  w i t h  
' * 

. 
t h a t  i n  d iazehe8 .  P r e v i o u s l y ,  workers  have r a r e l y  g i v e n  more t h a n  a  

P-= 

" 

so 

mention t o  t h e  s i g n i f i c a n c e  of  t h e  ,PMR o f  d i a z e n e  complexes,  though t h e  

N H  chemica l  s h i f t s  a r e  e x t r a q r d i n a r i l y  h igh  (above 1  1.1 , see Table  11-8) 

and q u i t e  d i f f e r e n t  from v a l u e s  t y p i c a l  f o r  i s o m e r i c  hydraz ido(2- )  

complexes (below 5 . 9 ) .  What i s  more, t h e  l i t t l e  t h e y  d o  w r i t e  i s  

mis l ead ing .  The h i g h  s h i f t s  have been improper ly  r e p o r t e d  t o  ( i )  

i n d i c a t e  t h e  a c i d i t y  o f  a n  a r y ~ d i a z e n e  N H  6 8 9 1 2 5  o r  ( i i )  be  t y p i c a l  o f  I 

p r o t o n s  a t  metal-b0und n i t rogen .35 '  26 P o i n t  ( i) i s  improper because a .  
I 

'p'roton s i g n a l  d o e s  n o t  s h i f t  a l l  t h a t  s h a r p l y  wi th  d e c r e a i e  i n  e l e c t r o n  

d e n s i t y ,  27 s o  extreme s h i f t s  such  a s  t h e s e  r e q u i r e  t h a t  a. f u r t h e r  

e f f e c t  than ( i )  b e  o p e r a t i n g .  (The pKa o f  methyld iazene  i s  though t  t o  
4 

be a b o u t  1 8 , ~ ~  b a r e l y  low enough to be  c a l l e d  a c i d i c ,  y e t  i t s  N H  

c h e n i c a l  s h i q t  i s  15 .6 . )  The d a t a  on which ( i i )  i s  based a r e  a p p a r e n t l y  

l i m i t e d  t o  diazeneM-NH and hydraz ido(2- )  M=N=NKG sys t ems ,  which \ 
N G 

d i f f e r  by f a r  more t h a n  mere ly  t h e  s i t e  o f  p r o t o n a t i o n .  Our c h e l a t i n g  

a r y l h y d r a z i d o (  1-1 complexes 1  a r e  an e x c e p t i o n  which d i s p r o v e s  t h i s  - 
p o i n t  s i n c e  bo th  N,( 1 )H and N(2)H abso rb  a t  low f i e l d .  

, 



-t - 

5 2 
Table 11-8. C o l l e c t e d  I n f r a r e d  and 'H-NMR Spec t ro scop ic  ~ a t a  ,- H 

/ 

f o r  NSBound Hydrogen i n  Complexed Diazenes and Rela ted  S p e c i e s .  
/ 

d 

0 Compound IR vNH NblR 6NH l ~ N H  Ref 

Med cm-' S o l  ppm Hz 
e, 

A 



5 3 
T a b l e  11-8 ( c o n t i n u e d ) .  c o l l e c t e d  I n f r a r e d  and  'H-NMR S p e c t r o s c o p i c  Data. 

* 

I 

Compound 83' IR Y N H  NMR iN8 l ~ N H  Ref 

Med cm-l s o l  ppm HZ 

[ RuHtNHNC6H4-4-Me) ( CO) (PPh3) 3] BF4 

[ RuH(MHNC6H4-4-Me) (CO) 2 (  PPh3) 2] BF4 

RuC12( NHNC6H4-&Me) (CO)PPh3) 

RUC~(FBF~)(NHKC~H~-~-M~)(CO)(PP~~)'~ 

R u C ~ H ( N H E ~ C ~ H ~ - ~ - M ~ ) ( C O ) ( P P ~ ~ ) ~  

MoCl,( NHNCOPIe) ( d p p e )  



54 
T a b l e  11-8 ( c o n t i n u e d ) .  C o l l e c t e d  I n f r a r e d  and  'H-NMR S p e c t r o s c o p i c  Data. 

w E ( N k S ) ( d ~ p e ) ~  

kC12(NHNCOPh)(dppe)2 

KC12( NBNCOMe) (dppe ) 

[ WBr ( N N H M ~ )  (dppe ) ,] Br 
w 

- 

[ N E r ( N ~ H ( t - ~ u ) ) ( d p ~ e ) ~ ] ~ r  

IR VNH' NMR S N H  ~ ~ g - j  Ref 

Med cm-' S o l  ppm Hz 

Key: b ,  n i t r o b e n z e n e ;  D ,  d2 -d ich lo romethane ;  d ,  d i c h l o r o m e t h a n e ;  , 

E ,  d  e t h a n e n i t r i l e  ; h ,  h e x a c h l o r o b u t a d i e n e ;  K ,  p o t a s s i b  3- 
bromide;  h ,  n u j o l ;  P ,  d6-propanone;  T ,  d - t r i c h l o r o m e t h a n e ;  

t , t r i c h l o r o m e t h a n e  . 



5 5 

I n  s ea rch ing  fo.r  a  q u a l i t a t i v e  exp lana t ion  f o r  t h e  s h i f t s ,  a  good 

model i s  c l e a r l y  t h e  low f i e l d  resonance  o f  a n  a l d e h y d i c  p ro ton .  a T h i s  

i s  due  t o  t h e  ne ighbor -an i so t ropy  e f f e c t ,  ' 29 b u t  beyond t h i s F l i t t l e  

ha s  been deve loped ,  h i s t o r i c a l l y  because Pop le  d id  n o t  have  good 

c a l c u l a t i o n  o f  ~ a r b o n ~ l s ' * ~  and  p e d a g o g i c a l l y  

example o f  a n  a l k y n y l  hydrogen i s  e a s i e r  t o  

symmetry. 130 B r i e f l y  t h e n ,  t h e  p l a n a r  carbonyl  

carbon atom a s  a g r e a t e r  d i a n a g n e t i c  s u s c e p t i b i l i t y  p e r p e n d i c u l a r  t o  'r 
T"t t h e  p l a  e t&n i n  i t .  When averaged  o v e r  a l l ' o r i e n t a t i o n s  i n  space  t h i s  

art s o t r o p y  a t  ca rbon  l e a d s  t o  a n  i n c r e a s e  i n  t h e  e f f e c t  o f  a n  e x t e r n a l l y  

ap% magnet ic  f i e l d  a t  t h e  s i t e  o f  t h e  hydrogen. (compare 

ethy16enzene w i t h  s t y r e n e ,  Table  11-9. ) 
C 

The a n i s o t r o p y  o f  t h e  carbon  s u s c e p t i b i l i t y  i s  due l a r g e l y  t o  a n  

a n i s o t r o p y  of '  t h e  paramagnet ic  p a r t  a r i s i n g  f r o ~ n  t h e  mixing o f  t h e  

ground s t a t e  w i t h  e x c i t e d  e l e c t r o n i c  s t a t e s  by t h e  magnet ic  f i e l d .  1 29 

T h i s  e f f e c t  o f  a n i s o t r o p y  i n c r e a s e s  w i t n  i n c r e a s i n g  a m p l i t u d e ,  a t  

c a rbon ,  o f  t h e  HCMO o f  t h e  e x c i t e d  s t a t e  (Compare s t y r e n e ,  

N-me thy lbenzyl imine  and benzaldehyde,  Table  11-9. ) , and i s  thus  g r e a t e s t  

f o r  a  formyl  p r o t o n .  

k i t h  t h e  Nh o f  iminodiphenylmethane t h r e e  e f f e c t s  g i v i n g  low 

chemica l  s h i f t s  cane  t o g e t h e r .  A nitrogen-bound hydrogen t y p i c a l l y  

r e s o n a t e s  a t  lower  f i e l d  t h a n  i t s  carbon  ana logue  because e l e c t r o n  

d e n s i t y  i s d i s p l a c e d  away from t h e  hydrogen. ( Compare e thy lbenzene  and 



Table IL-9. 'H-NMR Flesonancesa of Hydrogens Bound t o  

Planar Second Row Atoms, and Related Species. b 

a 

Compound CH Resonances MH Resonance 

3.32 

ca .  7' 

7.49 

a In  ppm downfield from te t ramethyls i lane 

Reference 144 unless  noted. 

' Ref. 146 

Ref. 145 

Ref. 143 



, bemylamine ,  Table  11-9. ) The neighbor- a n i s o t r o p y  e f f e c t  o c c u r s  because 

o f  t h e  p l a n a r i t y  a t  n i t r o g e n .  And f i n a l l y  t h e  paramagnet ic  c o n t r i b u t i o n  

* 
i s  s u b s t a n t i a l  because  o f  t h e  low energy  n  ->T s t a t e s  n o t  p o s s i b l e  

w i t h  carbon  ana logues .  The r e s u l t  is  N H  resonances  i n  t h e  range  o f  

a ldehydes .  I n  changing t h e  imine  carbon  t o  n i t r o g e n ,  t h e  HOMO o f  t h e  - 

e x c i t e d  s t a t e  shou ld  hade g r e a t e r  ampl i tude  a t  t h e  r e t a i n e d  n i t r o g e n  s o  

t h e  N H  p r o t o n  resonance  shou ld  be  f u r t h e r  s h i f t e d  downf ie ld .  Thus it is 

n o t  unreasonable  t o  f i n d  t h a t  p ro tons  o f  d i a z e n e s  (and  o t h e r  -NH= 

s p e c i e s '  31) a b s o r b  above 6 11.5. (See  Table  11-8. The v a l u e s  below 6 6 

would seem t o  b e  s p u r i o u s . )  

HOW do  coup l ings  f i t  i n t o  t h i s  p i c t u r e ?  The expec ted  ' J ~ ~  f o r  

a n  s p 2  n i t r o g e n  h y b r i d  o r b i t a l  i s  a b o u t  92 Hz v s .  7 3  Hz f o r  an  s p 3  

o r b i t a l .  A l i n e a r  r e l a t i o n  between h y b r i d i z a t i o n  and I J  c a n  e x i s t  i f  

t h e  Fermi c o n t a c t  term i s  l a r g e l y  r e s p o n s i b l e  f o r  t h e  coup l ing .  13' 

However Hober t s  p o i n t e d  o u t  t h a t  t h e  coup l ing  t o  TT-bonded n i t r o g e n  

atoms which show l a r g e  paramagnet ic  s h i f t s  i s  n o t  n e c e s s a  rmined 

l a r g e l y  by Fermi c o n t a c t  i n t e r a c t i o n .  He s p e c i p a l l y  predJc ts  t h a t  
,/' 

" 'J(  1  hH) f o r  a  system such  a  phenyld iazene  shou ld  n o t  be  a 
determined by t h e  c o n t a c t  term a lone . t11  33 If one  may ex t end  h i s  

p r e d i c t i o n  t o  complexes o f  a r y l d i a z e n e s ,  i t  seems t o  be borne o u t ,  f o r  

t h e  ' % H  s p l i t t i n g s  o f  coo rd ina t ed  a r y l d i a z e n e s  r ange  from 9 5  down t o  

6 5  Hz. (Tab le  11-8) Thus t h e  wide v a r i a t i o n  i n  c o u p l i n g s  i s  seen  t o  be 

c o n s i s t e n t  w i t h  t h e  l a r g e  e f f e c t  o f  a n i s o t r o p y  a t  t h e  n i t r o g e n .  



The p o s i t i o n i i r e s o n a n c e s  has recen t ly  been t h e  object  of more ._ , 

thorough considerat lon70 a s  more data have appeared (See Table 11-8). 

A pa r t i cu l a r l y  i n t e r e s t i n g  a rea  of appl ica t ion i s  i n  s t r u c t u r e  

e lucidat ion of isomeric diazene,  - N R N R 1 ,  and hydrazido(2-'), - N N R R 1 ,  

complexes. From the  discu'ssion aboie  we expect t h e  former type t o  show 

' ~ - M M R  absorption f o r  R o r  R 1 = H  a t  6 . >  10. What about t h e  l a t t e r ?  

X-Ray s t r u c t u r a l  s t u d i  es14' , 47 have shown such complexes t o  have 

nearly l i n e a r  M-N-N u n i t s .  The two obvious bonding conf igurat ions  which 

could contr ibute  t o  t h e  e l e c t r o n i c  s t r u c t u r e  a re :  

( a )  M=N=N( R and ( b )  MZN-N: R 
R R 

I f  t he  complexes a r e  bonded a s  i n  ( b ) - t h e n  the  resonance should be 

charac te ra i s t i c  of an amine. I n  f a c t  amine-lik-e absorption t o  high f i e l d  

of 8 9 i s  kgpical .  Diazene and hydrazido(2-) isomers a r e  d i f f e r e n t i a t e d  

by nmr. (See fu r t he r  Table 11-8.) 

On other evidence t h e  d i f f e r e n t i a t i o n  i s  not a s  c lear-cut  a s  t h e  

x ,  
l a s t  paragraph might lead one t o  bel ieve .  To s t a r t  w i t h ,  a c e n t r a l  

complex t o  t h i s  a rea  of resea rch ,  [ W C ~  ( N ~ H ~ )  (dPPe )2 ]+ ,  has been 

reported t o  contain d i f f e r e n t  N2H2 s t r uc tu r e s  w i t h  d i f f e r e n t  

counterions: hydrazide(2-) w i t h  BPhQ- and diazene w i t h  ch lo r ide ,  

which i s  believed t o  be ~ o o r d i n a t e d . ~ ~  Since the  MH chemical s h i f t  of 

[WC12(N2~2)(dppe)21 i s  near  6 ,  t h i s  would be an exception t o  our 

ca tegor iza t ion .  B r i e f l y ,  we believe the  diazene postula t ion t o  be 

wrong, tha t  the .ch lo r ide  i s  loosely  bound t o  a  hydrazide hydrogen and 

tha t  the  lack of one-bond 1 5 ~ ~  coupling i s  due t o  f a s t  exchange. I f  



t h e  l a c k  o f  coup l ing  were  due  t o  exchange between hydrogens o f  

w - ' % H = ' ~ N H  a s  t h e  a u t h o r s  sugges t ,  t h e n  when t h e  motion i s  f r o z e n  

o u t ,  which o c c u r s  n e a r  200K, t h e r e  shou ld  b e  two d i f f e r e n t  N H  d o u b l e t s .  

It  was r e p o r t e d  t h a t  t h e r e  was o n l y  one .  S i n c e  t h e  d i a z e n e  form h a s  n o t  

been found i n  X-ray c r y s t a l  s t r u c t u r e s  41 , 147  o f  t h e  s p e c t r o s c o p i c a l l y  

similar [ b i X ( N N H R )  ( d ~ p e ) ~ ] X  where M= Mo o r  k', i t  i s  q u i t e  r e a s o n a b l e  

t h a t  [WC1(NNH2) ( d ~ p e ) ~ ] C l  s h o u l d  a l s o  be  a  hyd raz ide (2 - ) .  

i 

Secondly ,  complexes [ W C 1 2 ( N N H C O R )  (dppeI2]  d o  seem t o  have t h e  

d i a z e n e  s t r u c t u r e .  39 The d i f f e r e n c e  between a l k y l  and a c y l  complexes 

' + is  n o t  s o  l a r g e  t h a t  o n e  c o u l d  have p r e d i c t e d  t h i s  change,  s o  t h e  

ba lance  c o n t r c l l i c g  which s t r u c t u r e  i s  t aken  i s  a f a i r l y  c l o s e  one.  

T h i s  i s  r e m i n i s c e n t  o f  t h e  c l o s e  ba lance  w i t h  rhenium complexes 

[ReC12(NNPh)L(PMe2Ph)2] a s  t o  whether  p r o t o n a t i o n  o c c u r s  o r  

n o t .  139 

F i n a l l y ,  t h e  c a t a g o r i z a  t i o n  above h a s  lumped t o g e t h e r  complexes 

which, acco rd ing  t o  X-ray d e t e r m i n a t i o n s ,  span  a  spectrum o f  e l e c t r o n i c  

s t r u c t u r e s  between ( a )  and ( b )  above.  147  It i s  r a t h e r  s t a r t l i n g  t h a t  

t h e  chemica l  s h i f t s  o f  hyd raz ido  hydrogens a r e  a s  sma l l  as t h e y  a r e  even 
- ,- . s_- 

though t h e  complexes a r e  probably  p l a n a r  .. 1 4 '  I n  terms o f  t h e  

d i s c u s s i o n  above,  t h e  l i n e a r  W-h-N u n i t  d o e s  n o t  appea r  t o  nave a  

p a r t i c u l a r l y  a n i s o t r o p i c  magnet ic  s u s c e p t i b i l i t y ,  o r  a t  l e a s t  t h e r e  i s  

l i t t l e  e f f e c t  a t  t h e  p r o t o n  p o s i t i o n  i n  t h e  complexes such a s  

[ ~ E ~ ( N N H R ) ( ~ P P ~ ) ~ I + .  There  i s  a good d e a l  o f  v a r i a t i o n  i n  s h i f t  



among hydraz ido(2- )  s p e c i e s  and t h e r e  i s  a  l a r g e  change from 

WF(NNH) ( d ~ p e ) ~  ( 6 = 9 - 6 ,  t h e  on ly  d i a z e n i d e  v a l u e  known36) t o  most 

hydraz ido(2- )  ccmplexes.  But w i t h  t h e  l i m i t e d  d a t a  a t  hand i t  i s  

i m p o s s i b l e  t o  de t e rmine  what e x a c t l y  i s  r e s p o n s i b l e  f o r  such  v a r i a t i o n s ,  

whether  t h e  e f f e c t  i s  p r i n c i p a l l y  due  t o  changes  i n  bonding o r  i n  

magnet ic  e f f e c t s .  
4' 

Applied t o  hyd raz ido  complexes 1 ,  f o r  which t h e  chemica l  s h i f t  f o r  - 
each  N H  i s  above 6 12.2 and l ~ ( l % H )  e q u a l s  84  Hz, t h e  c o r r e l a t i o n  

above s u g g e s t s  t h a t  b o t h  n i t r o g e n s  should be p l a n a r  and invo lved  i n  
s A -  

T-bonding. The i n d i c a t i o n  o f  p l a n a r i t y  a t  N(1) from t h e  NMR i s  i n  

agreemen$ wihh o t h e r  r e s u l t s .  The x - ~ y  s t r u c t u r e  shows a p p r e c i a b l e  

m u l t i p l e  bonding of  N(1)  bo th  w i t h  t h e  m e t a l  and t o  a  l e s s e r  e x t e n t  

K(2) .  And t h e  i n f r a r e d  o f f e r s  'no c o n t r a d i c t i o n  s i n c e  t h e  N H  s t r e t c h  a t  

m e t a l  bound n i t r o g e n s  d o e s  n o t  t a k e  on  s a l t - l i k e  c h a r a c t e r  ( s h i f t  t o  
/--- 

lower  f r equency ,  see Tab le  11-8) .  
u' 

-_ 
P l a n a r i t y  a t  N(2) i s  hard t o  r a t i o n a l i z e  w i t h  t h e  x-ray s t r u c t u r e  

s i n c e  N(l)-N(2)-C(313) i s  o n l y  ' 1 1 3 ~  and H(35) i s  s i t e d  2 5  pm o u t  o f  

t h i s  c h e l a t e  p l a n e  ( T a b l e  11-5).  The e x t e n t  o f  d e l o c a l i z a t i o n  o f  t h e  

N (  2)-H l o n e  p a i r  of s t r u c t u r e  1  It' r e q u i r e d  t o  g i v e  t h e  observed '  chemical - 
7 

s h i f t s  i s  n o t  a t  a l l  c l e a r .  The modest amount o f  d e l o c a l i z a t i o n  i n  

1 ,2-d iphenylhydraz ine  i s  s u f f i c i e n t  t o  g i v e  N H  r e sonances  a s  h igh  a s  6 

7 . 4 .  T h i s  cor responds  t o  p a r t i c i p a t i o n  o f  1 "" i n  t h e  bonding.  (See  next  - 



Some c o n t r i b u t i o n  of' 1  " i s  a l s o  e x p e c t e d ,  b u t  a f a i r l y  s l i g h t  - 
c o n t r i b u t i o n  may b e  a l l  t h a t  i s  r e q u i r e d  f o r  t h e  o b s e r v e d  NMR low f i e l d  

s h i f t .  A l a r g e  c o n t r i b u t i o n  o f  1" o r  1  ltn would n o t  be  c o n s i s t e n t  w i t h  - 
t h e  i n f r a r e d  s i n c e .  Y ( N H )  o f  1  i s  a t  h i g h e r  f r e q u e n c y  t h a n  i s  t y p i c a l  o f  - 
i m i n e  and d i a z e n e  s a l t s . ,  

' L  

The PMR d a t a  o n  t h e  h y d r a z i d e  complexes  1 i s  n o t  i n c o n s i s t e n t  w i t h  - 
s t r u c t u r e  1  l'' b u t  d o e s  a c c e n t  t.he n e c e s s i t y  o f  i n c l u d i n g  c o n t r i b u t i o n s  

from 1 It a n d  1 lllt i n  any c o m p l e t e  p i c t u r e  o f  t h e  bond ing  i n  t h i s  compound. 

A g e n e r a l l y  u n s a t i s f a c t o r y . a t t e m p t  t o  r e c o r d  3 1 ~  MMR o n  1b was - 
made a t  ambien t  t e m p e r a t u r e .  The problem was d i f f i c u l t y  i n  k e e p i n g  t h e  

s p e c t r o m e t e r  f r equency- locked  . The spec t rum had one  s h a r p  peak.  T h i s  



, 
1 

i m p l i e s  t h a t  t h e  phosphines  a r e  e q u i v a l e n t  i n  s o l u t i o n ,  p robably  due  t o  
. , 

r a p i d  i n t e r c h a n g e  ( f l u x i o n a l  behav io r )  v i a  a t r i g o n a l  b ipy ramida l  

i r i d i u m  canp lex .  Because t h e  s o l u b i l i t y  o f  t h e  i o n i c  hyd raz ido  complex 

was n o t  good a t  room t e m p e r a t u r e  and was expec ted  t o  d e c r e a s e  a t  lower 

t empera tu re s ,  n o  a t t e m p t  was made t o  s low t h i s  presumed i n t r a m o l e c u l a r  

exchange t o  a l l o w  o b s e r v a t i o n  o f  two s e t s  o f  phosphine r e sonances .  

', .F. V i s i b l e  Spec t roscopy e 
I t>\ 

The red c o l o r  o f  t h e  hyd raz ido  complexes - 1 i s  due to a  s t r o n g  

a b s o r p t i o n  o f  v i s i b l e  l i g h t  o f  wavelength n e a r  500 nm ( T a b l e  11-1 0 ) .  

4 
The i n t e n s i t y  s u g g e s t s  t h a t  i t  i s  a lmos t  c e r t a i n l y  a  T->n a110 

t r a n s i t i o n  of  t h e  meta l -hydraz ido  system. S ince  t h e  energy  shows no  

s i m p l e  v a r i a t i o n  w i t h  T-donor o r  a c c e p t o r  p - o p e r t i e s  o f  t h e  a r y l  

s u b s  t i t u e n t  , i t  i s  n o t  p o s s i b l e  t o  make any s u p e r f i c i a l  c o r r e l a t i o n s .  

The weaker bands a t  t h i s  same energy i n  s i x - c o o r d i n a t e ,  

orthome t a l a  t e d ,  i r i d i u m  (111)  a r y l d i a z o  complexes were a s s i g n e d  t o  

I 
n ->TI' o r  l r cha rge+ ' t r ans fe r  t r a n s i t i o n  w i t h i n  t h e  m e t a l l o c y c l i c  

r ing . l l '  *' A s i m i l a r  hedge a g a i n s t  s p e c i f i c  ass ignment  was made 

i n v o l v i n g  t h e  v i s i b l e  s p e c t r a  o f  t h e  t e t r a z e n e s  4.  148 
-' 



Table 11-10. Vis ib le  Absorption (wavelength i n  nm) of 
4 ' 

[Ir(NmBC6H3R)(CO)(PFh3)21BF4 i n  Methanol 

A max l o g  6 ma* log t L a x  l o g  L 

& 

D- 

I b  2-N02(+HBF4) 515 367 - 
[b 2-NO2 532 3.9 ca .  359 3.8 268 4.3 

I d  2-F - 478 325 
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C h a p t e r  111 
9 

S y n t h e t i c  a n d  R e a c t i o n  C h e m i s t r y  

. . 
A .  I n t r o d u c t i o n  . j 

T h e r e  were s e v e r a l  r e f e r e n c e s  i n  C h a p t e r  I1 t o  o t h e r  p r o d u c t s  

formed d u r i n g  s y n t h e s i s  o f  t h e  o r t h o m e t a l a t e d  a r y l h y d r , a z i d o  c o m p l e x e s ,  

1 .  -.. The low y i e l d s  o f  1, e v e n  a f te r  some  a t t e m p t  a t  o p t i m i s i n g  t h e i r  

S y n t h e s i s ,  a r e  a d i s t i n c t  i n d i c a t i o n  t h a t  t h e r e  i s  more t o  t h e  r e a c t i o n  . 
t h a n  what  was . s a i d  i n  C h a p t e r  11. The s e p a r a t i o n  o f  s e v e r a l  b y - p r o d u c t s  

f r o m  a t  least o n e  r e a c t i o n  h a s  al . lowed t h e i r  c h a r a c t e r i z a t i o n ,  wh ich  i n  

t u r n  h a s  l e d  u s  t o  t r y  m o d i f i c a t i o n s  to i m p r o v e  t h e  s y n t h e s i s .  Our c, 

a t t e m p t s  t o  increas&he y i e l d  -of 1 have  been  o n l y  p a r t i a l l y  s u c c e s s f u l .  
\ 

Even s o ,  t h e  r e a c t i o n  has been  s o  t h o r o u g h l y  s t u d i e d  t h a t  i t  i s  

u n l i k e l y  t h a t  a n y  p r i n c i p a l  r e a c t i o n  p r o d u c t s  h,ave g o n e  u n d e t e c t e d .  

, Some o f  t h e  compounds i s o l a t e d  as  b y - p r o d u c t s  o f  s y n t h e t i c  

r e a c t i o n s  are p r o b a b l y  .the r e s u l t  o f  f u r t h e r  c h e m i c a l  r e a c t i o n s  on a 

f u l l y j r o r m e d  a r y l h y d r a z i d o  complex .  S i n c e  t h e  s y n t h e s i s  and  some 

f u r t h e r  r e a c t i o n s  o f  1 o c c u r  t o g e t h e r ,  t h e  two  w i l l  be d i s c u s s e d  

t o g e t h e r  I n  t h i s  c h a p t e r .  W e , s h a l l  first p r e s e n t  r e s u l t s  a n d  d i s c u s s i o n  

of  g e n u i n e  r e a c t i o n  b y - p r o d u c t s ,  n o t  d e r i v e d  f rom 1. Then some 

c h e m i s t r y  o f  a r y l h y d r a z i d o  complexes  i s  p r e s e n t e d  a n d  d i s c u s s e d .  A 

c o n s i d e r a t i o n  o f  t h e  s t e p - b y - s t e p  mechanism o f  t h e  o r t h o m e t a l a t i o n  i s  

g i v e n  b e f o r e  t h e  e x p e r i m e n t a l  s e c t i o n .  



6 5 

B. R e s u l t s  and Di scus s ion  
I 

r 

1 . By-proauc ts P e c u l i a r  t o  IrCli CO) ( PPh3 )2 Re a c t i o n s  

The s y n t h e s i s  o f  o r thome ta l a t ed  a r y l h y d r a z i d o  complex 1b  from . 
.5 

I rC l (C0)  (PPh3)2 a l s o  produced a l a r g e  q u a n t i t y  o f  t h e  a r y l d i a z e n i d o  

complex IrC12(NNC6H4-2-NO2) (CO) (PPh,J2, 6 .  These two - 
p r o d u c t s  a r e  t hough t  .to be  formed i n  equifmolar q u a n t i t y  by t h i s  

r e a c t  i on .  94 

T h i s  t y p e  o f  a r y l d i a z e n i d o  complex had been p r e v i o u s l y  

Ph3P PLP h 

c h a r a ~ t e r i z e d . ~ ~  No o t h e r  p r o d u c t s  were s e p a r a t e d  i n  o u r  s t u d y .  

OC 

2. By-products P e c u l i a r  t o  IrH(C0)2(PPh3)2 Reac t ions  

NNAr 

React ions  o f  I ~ H ( C O ) ~ ( P P ~ ~ ) ~ ,  2 ,  w i th  benzenediazonium - 

\ P\ / 
ArNN /Ir\ C ( 2\ C~ 

Ph3P , PPh3 
/ 

t e t r a f l u o r o b o r a t e s  i n  to luene /propanone  were f a i r l y  c l e a n .  .The fisst 

m a t e r i a  t o  s o l i d i f y  from c r u d e  p r o d u c t  mix tu re s  was a  w h i t e  s o l i d  

a n a l y z i n g  f o r  I ~ B ~ ( C O ) ~ ( P P ~ ~ ) ~ I B F ~ ,  7 .  A m a t e r i a l  o f  t h i s  composi t ion 
* 

had p r e v i o u s l y  been i d e n t i f i e d ,  14'-' 51 b u t  t h e  r e p o r t e d  i n f r a r e d  

s p e c t r a  d o  n o t  a g r e e  w i t h  t h o s e  of 7 ( S e e  Table  111-1.) and s o  a  - 



0 

6 6 
d i f f e r e n t  s t e r e o c h e m i s t r y  i s  sugges t ed .  P o s s i b l e  g e m e  t r i c  i somers  a r e :  

a l l - t  r a n s  H-trans P-t r a n s  C- t rans  a l l - c i s  

Trans  H - I r - H  would show152 a n  I r - H  s t r e t c h  i n  t h e  r a n g e  1615 t o .  - 
1750 cm", which i s  d i s t i n c t l y  l ower  t h a n  t h e  a b s o r p t i o n s  o f  7,. and a  - 
r e g i o n  i n  which 7 i s  t r a n s p a r e n t .  Furthermore t h e  v e r y  f a c i l e  - 
e l i m i n a t i o n  o f  H2 s u g g e s t s  t h a t  t h e  H a toms a r e  c i s .  So A and B,&can 

be  e l i m i n a t e d .  Isomer C i s  t h a t  a l r e a d y  known. 150 The symmetry o f  
P- 

s t r u c t u r e  D ,  i f  i t  were r e c t a n g u l a r  a t  t h e  m e t a l ,  would be  C2v.  A 

r e a s o n a b l e  d i s t o r t i o n  c o n s i s t i n g  o f  a s h i f t  o f  t h e  c a r b o n y l s  and 

% 
"phosphines  toward t h e  h y d r i d e s  could,be accomplished w i t h o u t  d e s t r o y i n g  

t h i s  symmetry. There  would be  an  A 1  and B s t r e t c h  expec t ed  f o r  each  o f  

t h e  d i p o l e s  I r - H  and  C = O .  But th$ A l  symmetr* s t r e t c h  o f  n e a r l y  t r a n s  
:,* , 

w .  carbonyks might  well have low i n t e n s i t y .  And i t  is e m p i r i c a l l y  known 

t h a t  complexes o f  c i f s -d ihydr ides  a lmos t  a lways show o n l y  o n e  i n f r a r e d  

' a b s o r p t i o n  i f  the'y a r e  t r a n s  t o  e q u i v a l e n t  l i g a n d s .  152 The r e s u l t a n t  
' t 

spectrum o f  two s t r o n g  a b s o r p t i o n s  and one weak acco rds  w e l l  wi th  t h e  

measured spectrum, g i v e n  i n  Table  111-1. S i n c e  t h e  low-symmetry, 
. . 

a l l - c i s  s t r u c t u r e  E a f f o r d s  no  s i m i l a r ,  r a t i o n a l  e x p l a n a t i o n  f o r  t h e  

number and i n t e n s i t y  o f  a b s o r p t i o n s ,  7  i s  deemed ' to  ,#mve s t r u c t u r e  D .  .. > 
I /  



Table 111-1. Assignment o f  I n f r a r e d  Absorpt ions o f  7 i n - t h e  - 
Metal-Hydride and Carbonyl Region. 

Frequency (cm" ) I n t e n s i t y  Assignment 

K B r  Nujo l  

2018 2021 v s  J I r H  

2003' 1999 vvs JCO B 

Table 111-2. Assignment o f  I n f r a r e d  Absorpt ions o f  8 i n  t h e  - 
Netal-Hydride and Carbonyl Region. 

Frequency (cm-' ) I n t e n s i t y  Assignment 

ca. 2150 m s h  9 ( I r H + C O )  

2105 s vIrH t r a n s  t o  P 

2005 s j (C0  + I r H )  



The i n f r a r e d  a s s ignmen t s  a r e  made i n  Tab le  111-1. These f a l l  

toward t h e  low end of  t h e i r  r e s p e c t i v e  ranges153,  and are lower  than  

t h e  f r e q u e n c i e s  o f  comparable  v i b r a t i o n s  i n  t h e  isomer o f  s t r u c t u r e  C .  ' 

The p o s s i b i l i t y  o f  s t r u c t u r a l  con f i rma t ion  by NMR s p e c t r o s c o p y  was l o s t  
A 

when a s o l u t i o n  o f  t h e  complex decomposed upon c o n t a c t  w i t h  an  i n f r a r e d  

salt c e l l ,  

Small  amounts o f  t h e  isomer o f  structure C have been d e t e c t e d  i n  

some samples  o f  7 (e.g. s e e  S e c t i o n  I11 D 3 0 ) .  S i n c e  t h e  complex of  
.I 

s t r u c t u r e  C i s  formed by s i m p l e  p r o t o n a t i o n  i n  e t h a n o l  149915O of' t h e  

m i x t u r e  o f  t h e  two i somers  of 2  p r e s e n t  i n  s o l u t i o n  (Both a r e  t r i g o n a l  , - 
bipyramida l  w i t h  a x i a l  hydrogen;  o n e  has  a x i a l  -carbony'l and  t h e  o t h e r  ' . 

. , - .  
. .  

a x i a l  phosphine. 54 ) ,  7 i s  probably formed ' i n d i r e c t l y ,  p e r h a p s  by . - 
decompos i t ion  o f  a n  i n t e r m e d i a t e .  ( S e e  f u r t h e r  below.) 

Because l e s s  diazonium s a l t  was recqhired, s y n t ~ s e 8 - o f  - 1 from 2 - 
w e r e g e n e r a l l y c l e a n e r t h a n  f r o m I r H ( C O ) ( P P h )  B u t t h e  p r a c t i c a l  3 3 '  

d i f f i c u l t y  o f '  s e p a r a t i n g  7 from 1 tended  t o  d i s cou rage  t h e  u s e  o f  2. An - - - 
optimum s t r a t e g y  might  be  t o  use  2 ,  c o l l e c t i n g  1 i n  c a s e s  f o r  which 7 - - 

d 

c o u l d  be comple te ly  removed b e f o r e  c r y s t a l l i z a t i o n  o f  1 ,  and .., * 
n e u t r a l i z i n g  r e a c t i o n  m i x t u r e s  from which - 1 and 7 c o c r y s t a l l i z e .  Th i s  

& 

was i n  f a c t  a p p l i e d  t o  s y n t h e s e s  u s i n g  [ ~ - F C ~ H ~ N '  5 ~ ] ~ ~ 4 .  



3. By-products P e c u l i a r  t o  IrH(C0) (PPh3)3 Reac t ions  

IrH(C0) (PPh3) 3,  3 ,  s s i m i l a r l y  pro tona ted  du r ing  r e a c t i o n s ,  - 
b u t  t h e  p r o d u c t ,  [ I r H 2 ( C O )  (PPh3)3]BF4, 8 ,  ,. d i d  n o t  s o l i d i f y  a t  

a l l  e a s i l y  and so. d i d  n o t  i n t e r f e r e  w i t h  i s o l a t i o n  o f  t h e  hyd raz ido  

complexes 1 .  It was g e n e r a l l y  p u r i f i e d  by  n e u t r a l i z a t i o n  t o  r e c o v e r  t h e  - 
n e u t r a l  i r idiur i i  h y d r i d e  3 ,  b u t  c r y s t a l l i z a t i o n  o f  s o l v a t e d  8  from 

* - 
3. e v a p o r a t i n g  propanone/water  was done once.  

/" \ 

The i n f r a r e d  ,of 8  i s  q u i t e  c h a r a c t e r i s t i c ,  w i t h  peaks  o f  n e a r l y  - 
e q u a l  i n t e n s i t y  a t  2005 and 2105 cm-l. A s h o u l d e r  n e a r  2 150 cm-' - 

was neve r  w e l l  r e s o l v e d  i n  s o l i d  s ta te  s p e c t r a .  P o s s i b l e  geome t r i e s  

a r e  : 

H 

H t r a n s  t o  H H t r a n s  t o  C H t r a n s  t o  P 

, ' - The ' l ack  o f  low f r equency  bands e l imina te ;  t h e  t r a n s  H - I r - H  isomer 

A and t h e  presence  o f  t h r e e  bands a r g u e s  a g a i n s t  t h e  f a c i a l  isomer C 

s i n c e  o n l y  one h y d r i d e  band would be expec ted  (on  t h e  e m p i r i c a l  b a s i s  

mentioned above) .  T h i s  l e a v e s  on ly  t h e  mer id iona l  isomer B. Assignment 

o f  t h e  i q f r a r e d  bands1 55 is made i n  Tab le  111-2. The complex c a t i o n  

had been p r e v i o u s l y  r e p o r t e d .  1 4 9 9 1 5 5 7 1 5 6  A c r y s t a l  s t r u c t u r e  o f  t h e  

f l u o r o s i l i c a t e  s a l t  r e v e a l e d  t h e  mer id iona l  4somer B f o r  t h e  c a t i o n .  157 



From our  r e s u l t s  i t  & n o t  p o s s i b l e  t o  d e f i n e  t h e  r o u t e  by which 

t h e  c a t i o n i c  d i h y d r i d e s  are formed. A coup le  o f  p o i n t s  d o  s u g g e s t  t h a t  

t h e  r e a c t i o n  i s  n o t  s imp ly  p r o t o n a t i o n  of  t h e  n e u t r a l  mo lecu le s ,  b u t  

d e c a n p o s i t i o n  o f  some i n t e r m e d i a t e :  1 )  The d i h y d r i d e s  a r e  produced i n  

f a r  g r e a t e r  q u a n t i t y  when t h e  hyd raz ide  i s  n o t  formed (because  o f  

b lock ing  o f  o r t h o m e t a l a t i o n  o r  i n  dimethylformamide) . a). The 

g e o m e t r i c a l  ~ t r u c t u r e  of  7 i s  n o t  t h a t  p r e v i o u s l y  formed by s i m p l e  
& 

p r o t o n a t i o n  ( S t r u c t u r e  C )  . On t h e  o t h e r  hand,  .more d i h y d r i d e  8 i s  - 
formed i f  a  r e a c t i o n  i s  c a r r i e d  out '  by add ing  t h e  diazonium salt t o  a  

s o l u t i o n  c o n t a i n i n g  a l l  t h e  hyd r ide  3 ,  t h a n  w i t h  t h e  a d d i t i o n  o f  - 
s o l u t i o n s  o f  3 and diazonium sa l t  t o g e t h e r .  T h i s  s u g g e s t s  t h a t  free - 
h y d r i d e  i s  s imply  p ro tona t ed  by t h e  a c i d i c  r e a c t i o n  mix tu re .  It was t o  

r e d u c e  t h e  p o s s i b i l i t y  o f  t h i s  p r o t o n a t i o n  t h a t  s imu l t aneous  a d d i t i o n  

was u s u a l l y  employed. 

The same by-product ,  8 ,  wasc produced i n  l a r g e r  amounts w i t h  two , - 
v a r i a t i o n s  from normal  s y n t h e t i c  procedures  ( d e s c r i b e d  below, S e c t i o n  

D) . k e n  HBF4 was added t o  a r e a c t  i o n  mix tu re  d u r i n g  combina t ion ,  8 
6 

was produced i n  l a r g e  amount and no  a r y l h y d r a z i d o  complex 1 was formed. - 
When t h e  a d d i t i o n  o f  2-CF3C6H4NNBF4 t o  3  was done i n  t h e  -. 
presence  o f  L i C 1  t h e  on ly  p roduc t s  w i t h  a  m e t a l  ca rbony l  

s t r e t c h i n g  v i b r a t i o n  were I r C 1 2 H (  CO) (PPh ) I rC l (C0)  (PPh3)* 3 2 '  

and [IrH2(CO) ( P R I ~ ) ~ ] E F ~ ,  i d e n t i f i e d  b y  comparison w i t h  t h e  

i n f r a r e d  s p e c t r a  o f  known samples .  



Another by-product  l a r g e l y  p e c u l i a r  t o  r e a c t i o n s  o f  3 was an - 
. i r i d i u m - f r e e  m a t e r i a l  formed f r a n  t h e  molecule  o f  t r i p h e n y l p h o s p h i n e  

< 

l o s t  f rm  t h e  i r i d i u m  i n  p r o d u c t s  o t h e r  t h a n  8 .  .. An obvious  p o s s i b i l i t y  

was t h a t  i t  r e a c t e d  i n  some way w i t h  t h e  second mole o f  diazonium s a l t .  

None o f  t h e  c r u d e  p r o d u c t s  o f  any i r i d i u m  h y d r i d e  r e a c t i o n  showed any 

ev idence  o f  c o n t a i n i n g  e x c e s s  diazonium s a l t ,  though t h e  mole r a t i o  o f  

diazonium t o  h y d r i d e  ranged  u p  t o  three. C l e a r l y  t h e n  t h e  diazonium 

i o n s  must be i nvo lved  i n  s i d e  r e a c t i o n s ,  b u t  t h e s e  need  n o t  n e c e s s a r i l y  

i n c l u d e  r e a c t  i o n  w i t h  phosphine.  

The r e a c t i o n  o f  t r i pheny lphos -mine  w i t h  diazonium sa l ts  h a s  been 

p r e v i o u s l y  i n v e s t i g a t e d .  159,160 While [Ph3PAr]BF4 c a n  be formed i n  

o v e r  50% y i e l d ,  t h e  r e a c t i o n  was found t o  b e  s t r o n g l y  a f f e c t e d  by change 

o f  s o l v e n t ,  a c i d i t y ,  b u f f e r ,  and a r y l  s u b s t i t u t i o n .  I n  a l c o h o l  t h e  

r e a c t  i o n s  seem t o  occur  v i a  u n s t a b l e ,  r e d  d iazophosphines ,  

[ ArNNPPh3]BF4. Resonance s t a b i l i z a t i o n  i n v o l v i n g  T - e l e c t r o n  

d o n a t i o n  from a  p a r a  s u b s  t i t u e n t  a f f o r d s  i s o l a b l e  compounds 

[ Ph3PNNC6H4-4-N13t2] BF4 and [ Ph3PNNC6H4-4-OMe]$% 

i n  p r ~ ~ a r n n e . ~  Otherwise t h e  d iazophosphines  c a n  e i t h e r  be  

hydro lyzed  t o  A r H ,  N p ,  and o r  reduced 

d e r i v a t i v e s  by e x c e s s  

was i n d i c a t e d  by t h e  

c r u d e ,  i n v o l a t i l e  

N2, and by t h e  d e t e c t i o n  o f  t h e  o d o r  o f  n i t r o b e n z e n e  fran t h e  

n i  t ro -subs  t i t u t e d  diazonium s a l t s , .  



To c a n p l e t e  t h e  p i c t u r e  o f  t h i s  a s p e c t  o f  t h e  r e a c t  i o n s ,  

cons i d e m b l e  e f f o r t  was made toward i d e n t i f y i n g  t h i s  non-vola t  

i r i d i m - f r e e  product ,  w i t h o u t  succes s .  Ra ther  t h a n  d i s p l a y i n g  

p a r t i c u l a r  s o l u b i l i t y  c h a r a c t e r i s t i c s ,  t h e  m a t e r i a l  j u s t  tended t o  

c o l l e c t  w i t h  and contamina te  c r u d e  isdlates o f  o t h e r  p r o d u c t s .  However 

i n  one  r e a c t i o n  o f  4-fluorobenzenediazonium s a l t  a s m a l l  amount o f  f r e e  

s o U d  formed i n  s u s p e n s i o n  d u r i n g  s o l v e n t  removal.  T h i s  was f i l t e r e d  

o u t  b e f o r e  i t  became t r apped  i n  l a t e r - fo rmed  o i l ,  and r e c r y s t a l l i z e d .  

The p roduc t  c o n t a i n e d  n o  n i t r o g e n  and was n o t  [Fc6H4~Ph3]8F4. 

Such a  f o r m u l a t i o n  d o e s  n o t  f i t  t h e  C , H , N  a n a l y q s ,  which d o e s  n o t  i n  
\ 

k a c t  a g r e e  w i t h  any a c c e p t a b l e  s i n g l e  f o r m u l a t i o n .  More t o  t h e  p o i n t  i t  
i! - 
djoes n o t  f i t  t h e  i n f r a r e d  spectrum, which has  n o  a ry l -F  v i b r a t i o n  ( c a .  

1230 om-' 1, 1 , 4 4 i s u b s t i t u t e d  a r y l  bending a b s o r p t i o n s  (830  cm-' ) ,  

o r  BF4 s t r e t c h  (1050 cm-l). The ve ry  s ' t rong a b s o r p t i o n s  i t  does  

have a r e  common i n  c r u d e  i s o l a t e s  from o t h e r  s y n t h e s e s  o f  1  from 3 ,  So 
& - 

t h e  sample is  t y p i c a l .  I n  g e n e r a l ,  t h e s e  s t r o n g  bands a r e  t h o s e  

expec ted  f o r  Ph3PEF3, o r  a similar compound such  a s  Ph PF The 3  2 '  

band which i s  n o t  e x p l i c a b l e  by comparison t o  l i t e r a t u r e  r e p o r t s  o f  such 

four -  and  f i ve -coo rd ina t e  phosphorus compounds1 61 i s  t h e  v e r y  s t r o n g  

band a t  833  cm", r e p o r t e d  a t  o n l y  medium i n t e n s i t y  f o r  

* 

- If th is  p roduc t  o f  t r i pheny lphosph ine  r e a c t i o n  i s  n o t  a  qua t e rna ry  

phosphonium salt ,  which *ems t o  be  t h e  c a s e  s i n c e  t h i s  would have 

c r y s t a l l i z e d  o u t  r a t h e r  e a s i l y  (MP [Ph4P]BF4 i s  628 K), t h e n  t h e r e  



i s  no  t i d y  e x p l a n a t i o n  f o r  a  r e q u i r e d  s t o i c h i o m e t r y  o f  more moles  

diazonium salt than i r id ium- .  The diazonium i s  however consumed, and 

w i t h  o n l y  o n e  mole p r e s e n t ,  t h e r e  i s  probably  s o  l i t t l e  hyd raz ido  

complex formed t h a t  i t  c a n  n o t  be  i s o  a t e d .  i \ 
" I _  , 

! 4. By-product C ~ m p l e x e s  Formed From Two N M A r  U n i t s .  

The t e t r a z e n e  complexes 4 were in t roduced  back i n  Chapter  I1 - 
because o f  t h e i r  s t r u c t u r a l  s i m i l a r i t y  t o  t h e  hyd raz ido  complexes 1 .  A 

& 

a e r i e s  o f  ,t hese t e t r a z e n e s  was i s o l a t e d  and s t u d i e d  e x t e n s i v e l y  by D r .  

- A l a r 3 .  G i l c h r i s t ,  who ob ta ined  them from I rC l (C0)  (PPh3)* 

r e a c t i o n s  w i t h  diazonium s a l t s  i n  benzene /a lcohol  

a d d i t i o n  t o  t h e  d i p h e n y l t e t r a z e n e ,  

[ I r (CO) [N4(C6H4-4-~)21 (PPh3) 2]BF4 ( G  = h a l i d e ,  

t r i f l u o r c m e  thy1 , and  m e  thoxy) were r epo r t ed .  148 

- 
S i n c e  this s e t  o f  t e t r a z e n e s  was t h e  on ly  o n e  formed from a  

diazonium 'salt, i t  was o f  c o n s i d e r a b l e  i n t e r e s t  t o  d e f i n e  t h e  mechanism 

o f  t h e i r .  f o m a t i o n .  T h i s  h a s  r e c e n t l y  been done.g4 S i n c e  t h e r e  i s  

no th ing  i n  this mechanism t h a t  o b v i o a l y  r e s t r i c t s  t h e  fo rma t ion  o f  

t e t r a z e n e s  w i t h  o r tho -  and me ta - subs t i t u t ed  a r y l  r i n g s ,  i t  would appear  

t h a t  t h e  p r i n c i p a l  r e a s o n  f o r  i s o l a t i n g  4  o n l y  w i th  p a r a  s u b s t i t u e n t s  is - 
t h a t  c a n p l e x e s  w i t h  o t . he r  p a t t e r n s  o f  s u b s t i t u t i o n  have a  f a r  lower  

tendency  t o  c r y s t a l l i z e .  They a r e  s imply  n o t  s e p a r a t e d ,  even though 

t h e y  may be  formed i n  y i e l d s  e q u i v a l e n t  t o  t h e  y i e l d s  r e p o r t e d  f o r  t h e  

symmetric 1 igands .  



7 4 

I n  our s t u d y  o f  t h e  r e a c t i o n s  done t o  s y n t h e s i z e  1, t e t r a z e n e s  have 

been i s o l a t e d  s e v e r a l  t i m e s  frcm IrH(C0) (PPh3)3 and once fran 

IrH(CO)p(PPn3)2. I n  t h e  l a t t e r  c a s e  t h e  r e a c t i o n  was done i n  

propanone a t  law t e m p e r a t u r e  w i t h  t h e  r e a c t a n t s  n o t  comple t e ly  

d i s s o l v e d .  It is  l i k e l y  t h a t  t h e  d i q o n i u m  s a l t  was i n  e x c e s s  i n  

s o l u t i o n ,  a l l owing  t e t r a z e n e  forma t i on .  even though t h e  d  i a z o n i m  : i r i d ium 

r a t i o  employed was 1  : 1 . The range o f  t e t r a z e n e s  was ex tended  s l i g h t l y  

b u t  s i g n i f i c a n t l y  w i t h  i s o l a t i o n  o f  bis(4-me thy lpheny l )  and  e s p e c i a l l y  

b i s (2 - f luo ropheny l )  t e t r a z e n e s .  The l a t t e r  i n  p a r t i c u l a r  shows t h a t  

o r t h o  s u b s t i t u t i o n  d o e s  n o t  b lock  t h e  fo rma t ion  o f  o t h e r  t e t r a z e n e s ,  and 

t h a t  t h e y  a r e  s imp ly  n o t  c r y s t a l l i z i n g  from c r u d e  m i x t u r e .  

S i n c e  t h e  s p e c t r o s c o p i c  c h a r a c t e r i z a t i o n  o f  t e t r a z e n e s -  i s  n o t  

e a s i l y  done,  i t  s h o u l d  be  n o t e d  t h a t  a l l  t h o s e  we have prepase.d abso rb  

s t r o n g l y  n e a r  1500 cm-l . T h i s  i s  p o s s i b l y  a u s e f u l  g roup  f r equency ,  

t b u g h  it was e a r l i e r  found n o t  t o  s h i f t  w i t h  1 5 ~ - s u b s t i t u t i o n .  148 

N e u t r a l i z a t i o n  w i t h  me thano l i c  K O H  o f  a  c r u d e  p roduc t  m i x t u r e  

o b t a i n e d  dur ing  s y n t h e s i s  o f  1k from 3 produced a  n e u t r a l  complex w i t h  a  
-: - 

s t r o n g  i n f r a r e d  a b s o r p t i q n  a t  1497 cm-'. (See  S e c t i o n  D 3 b  f o r  f u l l  

spectrum and a n a l y s i s . )  T h i s  band was t h e  key t o  f o r m u l a t i o n  a s  a 

t e t r q z e n e  canp lex :  Ir(COpe){N4(C6H4-4-F)2](PPhg)2. Such 

a  subs t ance  c o u l d  be  formed by a t t a c k  o f  OMe' a t  t he  ca rbony l  of  



Two examples o f  a n o t h e r  complex c o n t a i n i n g  two N 2 A r  u n i t s  have 

been i s o l a t e d  i n  small amounts from 2-bromo- 'and 
i 

2- t r i f l uo rome  thyl-benzenediazonium sal ts .  The complexes 9  p r e c i p i t a t e d  - 
e a s i l y  from c r u d e  r e a c t i o n  m i x t u r e s  i n  methanol ic  HBF4. These 

ana lyzed  ( S e e  S e c t i o n s  D 3 h  and D 3 m.) a s  i somers  o f  t e t r a z e n e  4  or .  - 
p o s s i b l y  [ I I - { N ~ ( A ~ ) ~ )  (PPh3)2]BFw They a r e  yel low-green.  

- T h e i r  i n f r a r e d  s p e c t r a  had a  s t r o n g  band n e a r  1675 cm", no  me ta l  

ca rbony l  a b s o r p t i o n ,  and 6 CH p a t t e r n s  (900-600 cm-' ) which sugges ted  

' n o  o r t h o m e t a l a t i o n .  They d i d  n o t  form when a complex 1 was r e a c t e d  w i t h  

a n  a ry ld iazonium salt .  Two p o s s i b l e  s t r u c t u r e s  f o r  9 are: - 

5. P roduc t s  of Ox ida t ion  of  - 1 - I r i d i u m ( I I 1 )  Diazenes  5 ... 
A s  noted a t  t h e  beg inn ing  o f  Chapter  11, my first work w i t h  t h e  

a r y l h y d r a z i d o  complexes i nvo lved  i n v e s t i g a t i o n  o f  chemica l  r e a c t i v i t y  o f  

l b .  T h i s  2 - n i t r o  d e r i v a t i v e  i s  t h e  l e a s t  s u s c e p t i b l e  t o  a e r i a l  

o x i d a t i o n ,  t h e  most obv ious  chemical  p r o p e r t y  o f  1. It is p o s s i b l e  t o  

p r e p a r e  s o l u t i o n s  o f  1  b  i n  a i r  wi thou t  obvious  immediate o x i d a t i o n .  A l l  - 
o t h e r  1 g o  ye l low a s  q u i c k l y  as  oxygen d i s s o l v e s  i n  t h e  s o l u t i o n s .  

A 



Table 111-3. Elemental Analyses of Nitrogen-Containing ~ridium 

Complexes: [ I ~ ( c o ) { N ~ ( C ~ H ~ G ) ~ ~ ( P P ~ ~ ) ~ ~ E F ~ ,  4; and 
[ZdCO) ( N ~ C ~ H ~ G ) ~ ( P , P ~ ~ ) ~ I B F . ~ ,  - 9 

No. R Percent Composition 

Found 

C H N  

56.2 3.94 5.24 

52.4 3.59 4.61 

56.7 3.67 5-08 

57.2 4.26 5.08 

55.6 4.11 4.90 

52.6 3.36 4.83 

48.6 3.28 4.71 

Calculated 

C H N  

56.5 3.87 5.38 

54.5 3.95 4.99 

54.6 3.55 5.20 

57.2 4.14 5.24 

55.6 4.02 5.08 
. 

1 

52.0 3.25 4.76. 

49.1 3.19 4-67 



, - 77 

The o x i d a t i q n  p r o d u c t s  were o r t h o m e t a l a t e d  i r i d i u m  - (111 )  

a r y l d i a z e n e s ,  5 ,  - [AIr(NHNC6H3R) (CO) (pPh3)*]BF4. ( S e e  T a b l e  

111-3.. Symbols such a s  If5a-Fv - s p e c i f y  t h e  a r y l  s u b s t i t u t i o n p : t h e  

l ower  c a s e  le t ter  and A w i t h  i t s  chemica l  symbol,  h e r e  F . )  A e r i a l  

o x i d a t i o n  produced c m p l e x e s  w i t h  A = F o r  FBF3. These were g e n e r a l l y  

produced from u n i s o l a t e d  - 1 i n  r e a c t i o n  m i x t u r e s ,  which c o n t a i n e d  e x c e s s  

BF4' and  F'. Halogen o x i d a t i o n  produces  complexes w i t h  A = C 1 ,  
" 

Br,  o r  I. Ary ld i azene  complexes o f  t h e  sane s t r u c t u r e  had been i s o l a t e d  

ear l ier  f r a n  IrA(C0) (PPh3)2 A v a r i e t y  were i d e n t i f i e d  w i t h  A = C 1  ' - 
and s i n g l e  examples were prepared  w i t h  A ; F ,  EP, I ,  and OC10,. S ince  

-/ 

J 

th i s  work had i n c l u d e d  f u l l  s p e c t r o s c o p i c 6 0  and  s t r u c t u r a l  164 

c h a r a c t e r i z a t i o n ,  o u r  aim was s o l e l y  t o  i d e n t i f y  t h e  p r o d u c t s  o f  aerial' 

o x i d a t i o n  o f  a r y l h y d r a z i d o  complexes.  T h i s  was n o t  as s t r a i g h t f o r w a r d  
L 

a s  i t  might  have been because:  

1 ) The expected NH s t r e t c h i n g  absorpt io-n was o c c a s i o n a l l y  

a b s e n t  i n  s p e c t r a  p repa red  by  D r .  W r r e l l ,  and a peak above 3 5 0 0  cm-I 

appea red , ' 65  s o  t h e r e  was some doubt  whether  w e  were d e a l i n g  w i t h  one 

t y p e  o f  canplex  o r  two. T h i s  problem was re so lved :  ( i )  by s o l u t i o n  o f  

a  c r y s t a l  s t r u c t u r e  o f  a sample o f  5b ,  which had t h e  h i g h  frequency - 
i n f r a r e d  a b s o r p t i o n  by Drs. S u t t o n  and E i n s t e i n  and P e t e r  ~ o ~ e 1 , ~ ~  

..* 

( i i )  by o u r  i n a b i l i t y  t o  chemica l ly  r ep roduce  t h e  a b e r r a n t  s p e c t r a  by 

v a r i a t i o n  o f  s y n t h e t i c  c o n d i t i o n s  ( e .g .  t h e  a d d i t i o n  o f  wa te r  t o  
* 

r e a c t i o n  m i x t u r e s ) ,  and  (iii) by t h e  mimicing o f  t h e  s p e c t r a l  f e a t u r e s  

by d i f f e r e n t  p r e p a r a t i o n  o f  t h e  KBr p e l l e t ,  w i t h  more exposu re  to  water .  



2)  R e c r y s t a l l i z e d  s amples  o f  canp lexes  5  were not  e a s i l y  - 
i d e n t i f i e d  by a n a l y s i s  s i n c e  t h e r e  were three s o u r c e s  o f  v a r i a t i o n :  (i) 

t h e  carbon  a n a l y s e s  o c c a s i o n a l l y  were h i g h l y  i n c o n s i s t e n t  due  t o  

i ncomple t e  c a n b u s t i o n ,  ( i i )  t 'ie complexes o f t e n  c r y s t a l l i z e d  w i t h  

mo lecu le s  o f  s o l v e n t ,  and ( i i i )  t h e  complexes o f t e n  c r y s t a l l i z e d  a s  a  

m i x t u r e  o f  b o t h  A = F and BBF3. s u b i t a n t i a t i o n  o f  t h e  l a s t  s d u r c e  o f  
- ,  

v a r i a t i o n  was o f f e r e d  by ' i s o l a t i o n ' a n d  f l u o r i n e  a n a l y s i s p f  pu re  

k 
unso lva t ed  samples  o f  b o t h  5d-F and  5d-FBF3 from t h e  same r e a c t i o n .  I - 

4, 

F o r  t h e  FBF3 complex Y CO was a b o u t  40  cm-' h i g h e r  t h a n  f o r  A = F. 

T h i s  was t h e  o n l y  u s e f u l  s p e c t r o s c o p i c  d i f f e r e n c e  between t h e s e .  It was 

im'possible t o  d e t e c t  t w o ' d i f f e r e n t  t y p e s  o f  BF4' a s  was done 6 0 

w i t h  t h e  ana logous  C104' complex.' The presence  o f  s o l v e n t  i n  

c r y s t a l s  was v e r i f i e d  by  PMR o f  t h e i r  s o l u t i o n s ,  b u t  t h e  q u a n t i t y  o f  

p u r e  s o l i d  a v a i l a b l e  d i d  n o t  . in . -genera l  a l l o w  p r e c i s e  i n t e g r a t i o n .  

The re fo re  t h e o r e t i c a l  a n a l y s e s  o f  Tab le  111-3 h a v e  been c a l c u l a t e d  

w i t h o u t  s o l v e n t  . 

That  t he  fo rma t ion  of d i a z e n e s  5 from 1 i s  an o x i d a t i o n  i s  c l e a r  
5 - - 

f r a n  t h e  e q u a t i o n  o f  t h e  ha logen  r e a c t i o n :  

I n  the p r c d o c t s  b o t h  ha logen  atoms h v e  become f o r m a l l y  X', t h e r e b y  . 
h 

o x i d i z i n g  t h e  c m p l e x  I by two e l e c t r o n s .  The added Ligand X' d o e s  

n o t  s imply  occupy t h e  vacan t  & c t a h e d r a l l  c o o r d i n a t i o n  s i t e  o f  1 . The ,  
C 

canp lex  r e a r r a n g e s  t o  g i v e  t r a n s  phosphines  and X t r a n s  t o  afyl i n  5. - 
I 

I i 

, < - - \ > 



Table 111-4. E lementa l  Analyses  of  Nitrogen-Containing I r i d i u m  

Complexes: [Ir(A)(NHRC6H3G)(CO)(PPh3)2]BF4, 5;  and , - 

P 
G Percen t  Composition No. 

Found Ca lcu l a t ed  

4-F . 59:2 4.10 3 . 1 8 ~  59 .5  3 - 9 5  3 .23  -- 
d 

I 
P 

a l c u l a t e d  i n c l u d i n g  2 CH30E. 

Y 
b )  Average of two t r i a l s :  c u s i n g  v205 was 59 -85,  without  



S i n c e  rear rangement  o f  a n  i s o m e r = o f  5 w i t h  d i f f e r e n t  g e a n e t r y  a b o u t  t h e  - * 
metal, v i a  a d i s p o c i a t i v e  mechanism, i s  e n t i r e l y  p o s s i b l e ,  t h e  f i n a l  

s t e r e o c h e n i s t r y  c a n ' n o t  be  used t o  imply a n y t h i n g  a b o u t  t h e  s i t e  of 

o x i d a t i o n  - m e t a l  o r  d i a z o  $&and. - 9 ' 8 :  
f 

a k:; 

,' . 
' 6. p roduc t -  of  , N e u t r a l i z a t i o n . o f  1  - I r i d i u m ( 1 )  Diazenes  10 -., - 

I 

The a r y l h y d r a z i d o  complexes l ' w e r e  m i l d l y  a c i d i c  and were - 
depro tona ted  by Et3N, hydroxide ,  o r  c a r b o n a t e  b u t  n o t  hydrogen 

ca rbona te .  The p r o d u c t  was a n  i r i d i u m  ( I )  a r y l d i a z e n e  10. - 

Most of  t h e &  were r e d ;  t h e  2 - n i t r o a r y l  d e r i v a t f v e - w a s  p u r p l e .  They 

were mast e a s i l y  o b t a i n e d  a s  pu re  s o l i d s  by chromatography fo l lowed by 

t r i t u r a t i o n  w i t h  e t h e r ,  i n  which t h e y  were o n l y  s l i g h t l y  s o l u b l e .  (See  L. 

- 8 .  
, . 

f u r t h e r  S e c t i o n  D 4 .) They were s o l u b l e  i n  a l l  common s o l v e n t s  excep t  

wa te r  and hexane and cou ld  n o t  be s e l e c t i v e l y  p r e c i p i t a t e d  from 
I 

s o l u t i o n .  4 

' The problem w i t h  t h e  p u r i f i c a t i o n  and - i d e n t i f i c % t i o n  o f  10 stemmed - 
from t h e  exis terroe of- a  subs t ance ,  which we c a l l  t h e  ltpseudodia'zenell, - 
w i t h  c l o s e l y  corn-frared spectrum and c o l o r  (The 2 - n i t r o a r y l  

-1 
d e r i v a t i v e  g a s  b l u e ;  o t h e r s  were maroon.)' which e l u t e d  w i t h  10 when a  ... 



8 1  " 

s i l i c a  ge l  column was developed with mixed so lven t s ,  e .g .  , 
> P 

benzene/ether. To inc rease  t h e  opportunity f o r  f u l l  separa t ion of 
i 

\ mixtures during chromatography, a r a t he r  long column- seemed pre fe rab le .  
.%:- 

1 4  

k i t h  po la r  solvents  t h e  separat ion was not good, so benzene o r  toluene 

were used. But w i t h  neat aromatics complex 1s moved t oo  slowly t o  be 

p r a c t i c a l  w i t h  long columns so  small percentages of e t he r  were added. 
* 

Because t h i s  allowed development of a s i n g l e  band we d i d  not quickly  
*- c- 

app rec i a t e  tha t  the  e l u a t e  was a mixture. The aryldiazene 1s  i s  
C 

e f f e c t i v e l y  separatLed_on a sho r t  (5-10 cm) +silica gel  column using neat 
C 

aromatic solvent .  

' t 

The pseudodiazene was produced w i t h  an excess of anionic  base. It 

was never s o l i d i f i e d ,  and dissolved well i n  a l l  so lven t s  except hexane 

.% ' 
and water. It d i d  not move (Rf<O.l)  on s i l i c a  ge l  w i t h  neat  benzene 

or to luene,  but d 4 d  " w i t h  add i t ion  of small  amounts of polar  so lven t .  

The i n f r a r e d , o f  t h i s  by-product had vCO s h i f t e d  down t o  1940 cm-"and 
4 

s t ronger  ( i  . e .  medium) i n t e n s i t i e s  near 720 and 540 cm-' compargd t o  

- values  found f o r  1-0 w i t h  t h e  same a r y l  subs t i t u t i on .  An NH-stretcliing 

absorpt ion was unobserved or very s l i g h t  (probably due t o  small amounts 
F 

of 1-0 p r e sen t ) .  On the  ba s i s  of these  p roper t i es  one might Have , 

suggested formulation a s  {1r ( N N C ~ H ~ G )  ( C O )  (PPh3)2]-, b u t  t h e  C ,  H and 

N analyses were a l l  low f o r  t h i s  o r  any s imi la r  product ( s e e  below, 

Section D 3 1 ) .  The na tu re  of the  pseudodiazene remains unknown. 
* F- 

.- . 

The exis tence  of the  remaining N H  i n  l-0 was shgwn by a very weak 

in f ra red  band near 3285 cm". I t s  posit ion a t  M ( 1 )  was ascertained by 

PMR of the 1 5 ~ ( 1 )  i s o t o p i c a l l y  subs t i tu ted  complex, w h i c h  showed a 



s h a r p  d o u b l e t  a t  6 12.0,  co r r e spond ing  t o  one ~ ~ ' s ~ l i t  by c o u p l i n g  t o  
- 

e---. 

t h e  n i t roge<-  w i t h  J ( l  5Ng)= 8 1  Hz. C h a r a c t e r i z a t i o n  o f  t h e  metbl a s  
\ 

i r i d i m ( 1 )  was al lowed by t h e  ca rbony l  s t r e t c h i n g  f requency  of 1955 
- ,  

8 cm". With a  d  m e t a l  t h e  i r i d i u m ( 1 )  complex i s  expec ted  t o  be ' 

t r i g o n a l - b i p y r a m i d a l  r a t h e r  t h a n  square-based p y r a m i d w a s  1  - , though t h e  

a c t u a l  geometry o f  10 - i s  probably  h i g h l y ' d i s t o r t e d  from t h e  i d e a l .  . . The- 
? 6 

small b i t e  o f - t h e  o r t h o m e t a l a t e d  a r y l d i a z e n e  c o u l d  n o t  be  accommodated 
> '+* , - 

i n  t h e  t r i g o m 1  p l a n e ,  s o  ei ther t h e  N o r  a r y l  must  be a x i a l .  .,On t h e  

grounds  o f  t i n g  t h e  ca rbony l  t r a n s  t o  t h e  d i a z e n e  where it is , 
1' 

f r e q u e n t l y  l o c a t e d ,  p e r h a p s  because  o f  f a v o r a b l e ' i n t e r a c t i o n  throug@ t h e  
' /  b 

m t,al k i t h  t h e  %-system of  t h e  d i a z e n e ,  we a s s i g n  t h e  geometry , 3 4 

diagramnied above. , .  t o  complexes 10. - P 

The n e u t r a l '  a r y l d i a z e n e  complexes 1-0 can  be r e p r o t o n a t e d  t o  1.  - The 

d i f f e r e n c e  i n  c a r b o n y l  s t r e t c h i n g  f requency  between t h e  a ry lhydr+zido  

complex - 1 and t h e  i r i d i u m ( J )  a r y l d i a z e n e  10 - i m p l i e s  t h a t  t h i s  r e v e r s i b l ?  

d e p r o t o n a t i o n / p r o t o n a ~ i o n  i n v o l v e s  app rec i ab l e '  e l e c t r o n *  s h i f t  t o  o r  from 
'_ 

t h e  m e t a l .  A mere change i n  charg; on t h e  complex would accoun t  f o r  

o n l y  10 cmyl o f  t h i s  d i f f e r e n c e .  166 But t h e  a h i f t  o f  e l e c t r o n  

d e n s i t y  from t h e  m e t a l e i n  t h e  p r o t o n a t i o n  o f  10 - t o  1  - i s  of  a d i f f e r e n t  
I -  .. 1 

, s o r t  t han  t h a t  i n  t h e  o x i d a t i o n  o f  - 1 t o  5 .  To h e l p  show t h i s  and t o ,  - 
'i 

c l a r i f y  t h e  web o f  i n t e r r e l a t i o n s  between t h e  s e v e r a l  known 

. o r t h o m e t a l a t e d  i r i d i u m  a r y l d i a z o  s p e c i e s ,  F igu re  111-1 i s  g i v e n .  It W -  

p i c t u r e s  a number o f  possi 'b le  r e a c t i o n s  s imu l t aneous ly  a s  pas sages  . 
between v e r t i c e s  o f  a  t r i g o n a l  prism. The 'upper f a c e  o f  t h e  p r i s h  i s  a 



R e a c t i o n s  i n d i c a t e d  as dashed  a r r o w s  have n o t  been done d e f i n i t i v e l y .  



s e t  of known c a t i o n i c  spec ies ;  on the  lower face  a re  neu t r a l  complexes 

r e l a t ed  by l o s s  of a  hydrogen ion .  The neu t ra l  complex 11 - i n  t he  lower 
d m  \ B I -  

1e;t corner i s  unknown and probably non-existant,  a s  w i l l o b e  discussed.  

Those on t h e  r i g h t  edge (2 and 12) a r e  more oxidized th,an t h e  o the r s .  
9 '-"' 

Reactions t o  Yorm the se  from the  other  species  would be an o x i d a t i ~ n ,  

e .g .  t h e  react ion of 1 t o  5 ,  discussed sec t ion  5 j u s t  above, which a 

can be seen a s  an ox ida t ive  add i t ion  of X2 t o  a  coordinat ively  . 

sa tu ra ted  da8-metal complex. - , 

/ - 
? - 2 

Transformations bitween 1: and 11 o r  1.3 - involve change of oxidation 

s t a t e  of the  metal,  b u t  by a  s h i f t  Y of e lec t ron densi ty  between t he  metal 
7 

and t he  diazo l igand .  They a r e  not oxidations of t h e  complex and so 

are ' ,hot  oxidative addi t i b n s .  1fi70168 The r e l a t i on  between 1; and 1 is  
! ,  

of the  same s o r t .  In t h e i r  s i m i l a r  t r a n s f e r  of e lec t ron  densi ty  t o  t h e  

, ?  

l igand on protonat ion,  r e ac t i ons  such a s  169 

resemble t h i s  a  yldiazene-arylhydrazido syqt em. f .  
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7.  O t h e r  R e a c t i o n s  R e l a t e d  t o  F i g u r e  111-1 .  

. A d d i t i o n  o f  L i C l  t o  a m e t h a n o l i c  s o l u t i o n  bf 1) h a d  n o  e f fec t  on 
:,. c 

its" v i s i b l e  s p e c t r u m .  A d d i t i o n  o f  L i C l  t o  a  m e t h a n o l i c  s o l u t i o n  o f  1 3  

er a n d  d r y i n g  u n d e r  vacuum l e f t  a 

4 n f r q r e d  t o  c o n t a i n  , I 

P 
I 

n i o n  e x c h a n g e  %nd 
' "  

[xr(NHNC6H4)(CO)(PPh3)2] , f rom l o s s  o f  - v o l a t i l e  H C 1  f r o m  t h e ,  

c h l o r i d e  s a l t .  S i n c e  no  I r - C 1  s t r e t c h  was  s e e n . n e q r . 3 0 0  om-', t h e y e  
s 

was  p r o b a b l *  00- IrCl ( M H A H C ~ H ~ ~  (CO) (PPh3)2 ,  1 1 ,  - p r e s e n t  i n  t h e  

n  t h s s  a r y l h y d r a z i d o  complexes  1 t h e r e  woul'd seem t o  b e  
.i 

d o n a t i o n  o f  e l e c t r o n s  f rom N(1)  t h a t  t h e  i r i d i u m  i s  
t "- - 

r d i n a t i v e l y  s a t u r a t e d  ( R e c a l l  r e s o n a n c e  f o r m  . 1  ... I*' , i n  C h a p t e r ,  1 1 . 1 .  

u p p o r t  f o r  t h e  l a c k  o f  c o o r d i n a t i e n  came f rom t h e ,  r e a c t i o n  o f  t e t r a z e n e  J 

d I P 4 w i t h  t i C 1 ,  which  a l s o  g a v e  a p p a r e n t l y  s i m p l e  an ion . - exchange  b e c a u s e  - 
s 

was n o  c h a n g e  o f  c o l o r  a n d  l i t t l e  s h i f t .  i n  c a r b o n y l  s t r . & t c h i n g  

f r e q u e n c y .  Complex 11  - G e s  n o t  form f rom 1; i t  i s  p r o b a b l y  u n s t a b l e  i n  
. &  

: s o l u t i o n  w i t h  r e s p e c t  to e i t h i r  1 o r  10 d e p e n d i n g  on s o l u t i o n  a c i d i t y .  

"h i s  i n s t a b i l i t y  o f  1J was o b v i o u s  i n  e a r l i e r  work  as well .  When ' 

p a l l a d i u m - c a t a l y z e d  H 2 - r e d u c t i o n  o f  o n e  example  o f  1 2 ,  
\ 

[IF ( N N C  H 4-Br)  (CO) ( P P h 3 ) 2 ] ,  was a d o m ~ l i s h e d ,  t h e  p r o d u c t  
6  3- - 

o b t a i n e d  was n o t  t h e  expec t , ed  170' 1J b u t  1_0.62We f e e l  t h e  hyd roggn  
t 

r e d u c t i o n  r e q u i r e d  c a t a l y s i s  b e c a u s e  i t  o c c u r r e d  a t  t h e  d i a z e n i  d e  r a t h e r  

t h a n  a t  t h e  m e t a l ,  t h a t  t h e  i m m e d i a t e  r e d u c t i o n  p r o d u c  a s  i n d e e d  1J,  
9 7 

b u t  t h i s  s i m p l y  l o s t  H C 1  t o  ' t h e  s o l u t i o n ,  l e a v &  I$." 



The remaining r e a c t i o n s  o f  1 a r e  t h o s e  w i t h  a c i d .  The - v 
a 

a r y l h y d r a z i d o  complexes 1 i r e  no t  v i s i b l y  changed by  a n  e x c e s s  o f -  H 

and  do n o t  appear  t o  b e  f u h h e r ' p r o t o n a t e d  under  n o r m a l * s o l u t i o n  

c o n d i t i o n s .  It is n o t  s u d p r i s i n g c t h a t  t h e  i r i d i u m (  I )  H r y l d i a z e n e s  10 -. '/'- -- 
pro tona t ed .  Most ddazenes  a r e  n o t  b a s i c  enough t o  be  

. , 
eve; once ,  t o  hydraz ides .  T h i s  i s  c l e a r l y  connect$d 

6. 

6 
", , 

- w i t h  t h e  f a c t  t h a t  most  d i a z e n e  complexes have a s i x - c o o r d i n a t e  d  

m e t a l  c o n f i g u r a t i o n ,  u n l i k e l y  t o  b e  e f f e c k i v  supp1,ying f u r t h e r  
1. 

' i  

* . i  
e l e c t r m  density- d i a a o  l i g a n d .  The metal d i a z e n e  

I 

d 

C 
is8' [ P ~ @ ~ ( N H N ~ ) ' ( P E ~ ~ ~ ] B F ~ .  NO m e i t i 6 n  h a s  been ma* o f  any  

i 

a t t e m p t  to r e a c t  t h i s  w'ith H C 1 ,  which might  produce 

I 

The p r o c e s s  o f  f i x a t i o n / r e d u c t i o n  o f  d i n i t r o g e n  i s  o n e  o f  supply ing  "i 

e l e c t r c n s  t o  t h s d i a z o  l i g a n d .  Chapter  I emphasized t h e  number o f  

hydrogens ( o r  o r g a n o s u b s t i t u e n t s )  b e c a u s e i t h i s  i s  t h e  b e s t  measure o f  ' 

how e f f e c t i v e l y  metal complexes c a n  move e l e c t r o n s  o n t o  t h e  d i a z o  
r. 

l i g a n d .  I t  is  still ha rd  t o  p r e d i c t  i f  a  g i v e n  complex h a s  a q i a e o  
L ' 

group  s u f f i c i e n t l y  b a s i c  f o r  p r o t o n a t i o n  o r  a t  which ni t r 'ogen k h i s  
a 

p r o t o n a t i o n  w i l l  o c c u r ,  a s  i s  obv ious  i n  t h e  work.of C h a t t t s  gr'oup on  

g roup  V I ,  d i n i t r o g e n  complexes82 ( S e e  Chapter  I . ,  i n  t h e  

r e a c t i o n s '  39 

ReC12(IINPh) (PMe2Ph)g + H+ - N.R., 



a n d - i n  t h e  g r o u p  Vf c o m p l e x e s  d e s c r i b e d  i 
, ,G - ., ' <j+ 

. . 1 - L . 
T h e  a r y l h y d r a z i n e  com l e x  

1 ' B - d c a t a l y t i c  hydrogenation o f  d i a i e n e  - 5 . 6 0  It would  seem t h a t  t h e  a d d i & o n  
.I 

o f  HX t o  1 might '  a l s o  p r o d u c e  13, ' b u t  t h i s  d i d  n o t  o c c u r  a t  room 
* i -  

P, a t u r e  w i t h  d i l u t e ,  s o l u t i o n s  o f  HBr o r  HC1. A s  w i t h  . *I , 
m e t h a n o l i c  HBF4, t h e  h y d r a 4 o  k m p l s x  was  n o t  p r o t o n a t e d ;  a s  w i t h  X-, 

L -. 
h . . a s i m p l e  a n i o n  Wi th  m i l d  h e a t i n g  ( c a .  320  4 

\ 

m e t h a n o l i c  HBrT p r o d u c i n g  1 r ~ r ~ ~ ~ k 6 )  ( P P ~ ~ ! ~ .  The  . , 

3 & decomplexa  on o f  q r t h o m e t a l a t e d  a  e d i d  n  r v i a  t h e  ' t 7 .  
, k 

o r t ~ o m e t a l a t e h  a r y l d i . a z e n e  oomplex  5 b e c a u s d  a s imi la r  hea t i -of  5 - 

>- -. 
, 1 - 

w i t h  H C 1  o r  HBr s o l u t i o n s  was t r i e d  w i t h o u t , ' r e a c t i o n .  B e c a u s e  t h e  
/ 

uncomplexed  a r y l  p r o d u c t  w a s  n o t  i s o l a t e d ,  o n e  c a n  n o t  s a y  i f  t h e .  

r e a b t i o n  o c c u r r e d  v i a  t h e  a r y l h y d r h z i n e  complex  13 .  - 

T h r e e  t r i a l s  w i t h  v e r y  small amounts. o f  i m p u r e  2 - n i t r o a r y l h y d r a z i d o  ) 

complex  l_b p r e p a r e d  by- D r .  N i c h o l a s  F a r r e l l ,  two w i t h  H C l  ' and  o n e  w i t h  
' 

/ hBr  ' a d d i t i o n ,  showed s imilar  room- t emperaf  u r e  i n e r t n e s s  of  1, b u t  i h  
- 

;b 

e a c h  c a s e  t h e  s o l u t i o n s  were e v a c u a t e d  u n d e r  vacuum and  a s  t h e y  -became 
, I  - *  I 

c o n c e n t r a t e d  n e a r  d r y n e s s  a  c o l o r  c h a n g e  d i d  o c c u r  . t o  ye l lbw-brown.  By 

t h e  time t h e s e  s a m p l e s  were r e c r y s t a l l i z e d  t h e y  w e r e  a r y l d i a z e n e s  2 ,  

a n a l y t i c a l l y  d i f f i c u l t  t o  d i s t i n g u i s h  f rom a r y l h y d r a i i n e s  1 2 ,  b u t  

c h a r a c t e r i z e d  by i n f r a r e d  s p e c t r a .  A c r u d e  s a m p l e  was  d i s t i n c t l y  

d i  f f e r e n  t however ,  w i t h  i n f r a r e d  a b s o r p t i o n  a s  e x p e c t e d .  f o r  a n  
: b  + 

i r i d i u m ( I I 1 )  ( I, CO 2 0 6 0 )  a r y l h y d r a z i n e  ( V NB i l l - d e f i n e d  3 3 0 0 ,  3 2 4 0 ,  



3 140, 6 NH2 1600 cm) complex 1 3  - w i t h  a  h y d r a z i n e  N(2) l o n e  p a i r  i n  
* 

c o n j u g a t i o n  w i t h  t h e  n i t r o  g r o u p  ( V  NO2 151 1 ,  Ysym 1340 m ,  
\ 

A 

1300 s )  and  a c h l o r i d e  t r a n s  t o  t h e  metal '-dql bond ( V I r C 1  290 cm-l) . 
Though this ev idence  f o r  1 3  - i s  ske t chy ,  i t  does  appea r  t h a t ,  t h e  r e a c t i o n  

- 
d i d  o c c u r  withvery c o n c e n t r a t e d ,  p robab ly  mo lecu la r ,  HX. 

t 

. . 

~ h o & h  1 3  - may n o t  be  a c i d i c ,  -be s u s p e c t  t h a t  i t  would r e a c t  w i t h  

b a s s  t o  g e n e r a t e  1J a n d  t h e n  -l:, t h e  n e u t r a l  i r i d i u m ( 1 )  aryl%zane.  

4Ek" T h i s  tendency  t o  r e d u c e  t h e  metal upon d e p r o t o n a t i  f a complexed 

h i i r a z i n e  i s  o n e  r e a s o n  s o  f ewkhydraz ide  an@ omplexes a r e  

known.77 Syntheses  o f  o t h e r  hyd raz ido  t o  come 
1 

\ .  - 
f r a n  d i a z e n e  t r y ,  l i k e  - 1 , a s  from hydraz ine  chemis t ry .  

L , B 

8.  I r H ( d p p e ) i  & ) (PPh ) Reac t ions  w i t h  Diazonium I o n s  I 0 

Two f u r t h e r  n s  o f  m e t a l  complex c l o s e l y  r e l a t e d  t o  
7'. 

IrH(CO)'(PPh3)3 have been r e a c t e d  w i t h  d i h n i m  s i l ts .  Under a rgon  

I rH(dppeIg  formed I r ( d p p e )  BF' S ince  t h i s  occu r r ed  even  a t  low G 4 

t empera tu re ,  t h e  r e a c t i o n  may b e  one  o f  e lec tGon t r a n s f e r  t o  t h e  

diazonium i o n  and decomposi t ion o f  t ihe r a d i c a l s  produced. When t h e  

r e a c t i o n  was done under  a n  atmosph " d r e  o f  N 2 ,  t h e  i n v o l a t i l e ,  s o l i d  

i s o l a t e  absorbed a t  2060 cm-l, s u g g e s t i n g  t h e  p re sence  o f  
. L 

I r (N2)(dppe)2BF4.  By compariso,n w i t h  t h e  known < 

a 

M H ( N 2 )  (dppe)2+%here  M i s  a n  i r o n  f a m i l y  . m e t a l ,  . ' 70 t h i s  i r i d ium '  

c m p l  ex may b e  r e a s d n a b l y  s t a b l e .  P .-* 



PreJ iminary  work-with RhH(C0) (PPhj)3 s j g g e s t e d  t h a t  i C  r e a c t e d  

w i t h  diazonium salts w i t h o u t  l o s s  o f  o r t h o m e t h l a t i o n  a s  , 

well,  g i v i n g  a d i a z e n e  [Rh(CO) ( N H N B )  ( P P ~ ~ ) , ] B F ~ .  It would be  o f  

obv ious  i n t e r e s t  t o  i s o l a t e  such  a ccmpiex  and compare i t s  chemis t ry  t o  

t h t  o f .  t h e  othe%d!-met& d i a z e n e s ,  1 0  - and 

C.  D i scus s ion  of '  t h e  Mechanism o f  Or thome ta l a t i on .  

A good d e a l - o f  e f - f o r t  h a s  been s p e n t  t r y i n g  t o  a s c e r t & n  t h e f i  - 

E 

mechanism f o r  t h e  fo rma t ion  o f  t h e  t e t r a z e n e s  4  - and or t l lometa la ted  

a r y l d i a z e n e s  [ I ~ c ~ ( c o ) ( N H = N A ~ ) ( P P ~  ) ]BF4 from t h e  r e a c t i o n  o f '  
3  2  

'\ - -  
diazonium s a l t s  w i t h  ~ a s k a ' s  complex i n  t h e  presence  o f  

d 9 

a l c o h o l s . 9 4 ,  hydrazidol  complexes were an  i n t e g r a l  p a r t  o f  t h a t -  
' I  - 

e f f o r t .   he-ktablished, o v e r a l l  p i c t u r e  i s  t h a t  a n  i r i d i u m (  I)  complex 

bf a r y l d i a z e n e  o r  a r y l d i h z e n i d e  e i t h e r  i s  a t t a c k e d  by a  f u r t h e r  
. - 

r 
t diazonium cat%on t o  firm t e t r a z g n e .  o r  i s  o r thome ta l a t ed  . 9 4  The d e t a i l s  . 

o f  t h e  o r t h o m e t a l a t i o n  i t s e l f  would b e  even more d i f f i c u l t  t o  p in  dowh 
.+ 

t h a n  was t h e  gros's p i c t u r e .  S t i l l ,  i t  i s  u s e f u l  t o  d i s c u s s  t h e  p r o c e s s  

i n  t e rms  o f  a  proposed mechanism f o r  o r t h o m e t a l a t i o n  and t o  p q i n t  o u t  
," 

t h e  p a r t i c u l a r  f e a t u r e s  o f  t h i 2  example.  

A complete  meclTanism based o n ' a  conce r t ed  a d d i t i o n  s t e p  ( v i d 6  

i n f r a )  i s  g i v e n  i n  F i g u r e  111'2. S t e p  ( a )  i s  t h e  c o o r d i n a t i o n  df '  

e l e c t r o p h i l i c  A r N 2 +  t o  t h e  m e t a l ,  ana logous  t o  pko tona t ion ,  c r e a t i n g  

a  s i x - c o o r d i n a t e  Ir(II1) complex. I n  - s t e p  ( b) t h e  a r y l d i a z e n i d o  l i g a n d  



Figure 111-2. Mechanism of Formation of [Ir(NHNHC6H4)(CO)(PPh 3 ) 2 IBF,, 



i n s e r t s  i n t o  t h e  iridium-hydride" bond, forming a f ive-coordinate Ir(1) b) - - 

complex which , ( c )  loges L ( t h e  t h i r d  phosphink of 3 or. ' the secclnd - - .  

square-planar complex. The same complex i s  1 . -  t 
' carbonyl of  2 )  t o  become a 

believed t o  be formed from 
w 

I ~ X ( C O )  (pph3l2 and diazoniuni s a l t s  i n '  . 
. 4 

a lcohols  .94 Phosghine does 
L 

/' 

p a r t i a l l y  d i s soc iaye  fr-om 3 - i n  , 

I 

s ~ l u _ t i o n ' ~ ~  b u t  t h i s  i s  ,notq l i k e l y  to bg t he  f ' r s t  s t e p  i n  t h e  4 / 

mechanism s ince :  i )  t h i s  would not p a r a l l e l  t h $  reahtion of ? from 
/ 

which carbqn monoxide dbes not  d i s soc i a t e  at.room temperature,  and ii:), . 7 

.A+ 
t h i s  a dissocia t ion i s  f a r  slower 172*1x3 thqn formation o f '  1 a t  rqom ' ." 

' I 

i . , .. . m . ~ - .  , - - ' 1 3  -i  here i 'g no d i r e c t  evidence whioh bears  oii t h e  sbquirice :of  t he  : 
a .  ., t 

.. . . . a .  
- . ;  . 

. I  -.' . - .,, , 
' Z 

- ,  

. * .  .* . . 
i n s e r t i o n  o f  ',N( i )  i n t o  t h e  1r-H bond and the  .di$sociat ion 'of L .  % B~,~ ' . -  , . ., 

, c j * . . - C 
. J 

- . .  . . 
, - I .  , .  . . . _  .. 

r u t  b en im  and osqjum, . . c-ompl&es [MH(NNP?) ( i O j , ( ~ ~ h 3 ) z 2 ~ l i r e a ~ i l ~  l o &  L - ,  

* 
~ - 

,? - . . G r 
I ., . . 

t r a n s  t o  H. 174 The same ~ e a ~ t i o n ~ c o u l d  oc&r f o r t h e ' i r i d i u m  ;inalogy,e, 
* ;. ~ > . . . . 4 .  . - ,  

. , 

b u t  the  five-coordi nate  i n t F m e d i a t e  ffom kuch a d i s soc i a t i on ,  - . *  
, .- 

, *,: 1 . . 
[ I ~ H ( N N A ~ )  ( C O )  ( P P ~ ~ ) ~ ] + ,  wolild i i k e l y  conta i l i  singly-bent A&N w i t h  a : ' ' ,& 

C . . = .  , .. . -<, 

non-basic N (  1 ) .45 The  arykdiazenide in-:'the in termediate  corresponds t o  .' 

_ . , ~  t - -: 
1 . I  . , / 

a carbonyl o r  r n i t  rosy1 4n :quali'tatjve e l e c t ron id ' . s t r uc tu r e .  - . . .  
, . 

. Since these  do not i n s e r t  i n t o  a metal-hydride bond, i t  i s  anreasonable . a 

t o  pos tu la te  t ha t  

i n d i r e c t  evidenc'e 

i f  a  d i s soc ia t ion  

sequence- of s t e p s  

4 

. . 

a singly-bent  aryldi-a2enide would' e i t h e r .  The . 
-4 -. 

t h u s '  suggests  athat the  i n se r t i on  i s  un l ike ly  t,o occur . - 
2 

, - 

and so argues agains t  revers ing t h e ,  i occurs f i r s t  
A .  



','. C r y s t a l  s t r u e  tures OF two p la t inum complexes ana logous  - t o  'our , 
. -  

, , . * 

s q w r e l p l a n a r  . inte<;eedipte; [ P ~ C ~ $ N H N H A ~ ) I P ~ ~ ~ ) ~ ] C ~ O ~  and  
L ' 

?. . [ P ~ < w ~ ) ( N H = N A ~ ) ( P P ~ ~ J ~ ~ F ~ , ! ~ ~  show t h a t  t h e a a r Y l d i a z e n e  i s  EP 
, . ill a F r  , - 4 cis  and t h a t  $he NH=NC p a& is p e ~ ; p e n d i c u l a r  t o  t h e  c o o r d i n a t i o n  p l a n e ,  

.. . &  .. \ *  . " 

b u t  the energy  d f f f g r e n c e  between t h e ,  c i s  an& t r a n s  i somers  o f  
* 

c o a r d i n a t e d  a r y l d i a z g n e  i 9  p r o b a b l y  q u i t e  s m a l l .  The a r y l  r i n g  m i s t  , . Y -  b . " I 

' be ben t  toward tpe m% t a l  ( t h e  d i azene  must  have  ' t r a n s  geomet ry1  f o r  ' 

, 
6 '  

o r t  horn& t a l a  t i o n  o f  t h e  i r i  x ,  go  conve r s ion  t o  a  t r a n e  d i a z e n e  
> 

a- , . 
. - 

s is s t e p  (d? . A pla t inum imine  complex - i 9  known t o  have  t h i g  r e q u i r e d  
- 

' 1-77 / ' , t r a n s  ' s tFuc tu re .  
, 

7 - 4  

4 
c, 

E* 
Q '  

, The c r i t i c a ;  s t e p  ( e )  i s  an o x i $ a t i v e  a d d i t i o n l b 7  o f  C(ary1)-H t o  , * 
I I , 1 

- ,  ' I  - , - 
t h e  i r i d i u m .  Vaska t s  compJex, I r C l ( C 0 )  (PPW3)21 i s  v e r y  well known 

- .  
f o a  t h e  ' o x i d a t i v e  a d d i t i o n  r e a c t  i o n s  i t  undergoes.  '1t has  been 

.. 
P 

J 
d e t e r k t n e d  t h a t  t h e  oommon examples a l l  occu r  to. g i v e  c i s - a d d e d ,  

i' 
4 

t '* 
Z 

* 
l i k a n d s .  178 T h i s  is  th.e s t e r e o c h e m i s t r y  i n  F t g ~ r e  1~2. - 

1 > 
P - * 

. , * 
~ h b e  t h e r e  i s  p receden t  f o r  t h i s t o r t h o m e t ~ a t i o n ,  i t s  e a s e  is 

- 2- P *>  1 

. r a t h e r  s u r p r i s i n g .  F o r  i n s t a n c e ,  thqugh t h e  a d d i t &  o f  halobe'nzdnes t o  , 
- 6  \ 

[ IrC1 (GO) ( ~ k h ~ ) ~ ]  has .  b-een reporteC,J7CLthk rat' o f  t h i s  r e a c t i o n  ' ,  
w -4 

2 - 
, i s  a p p r e c i a b l e  o n l y  a t  e l e v a t e d  t empera tu re s .  (->4PO K )  . And t h e  r e i a t e d  

a m - i r i d i u o  canpl  exbs  IrCl(ArNNllr) (Pq3 12. o r t Q u e t a l a t e d  a t  room . * 

t empera tu re ,  b u t  o n l y  slowly-.180 ~ s p e b i a l l i  i r )  comparison t o  t h e  

d i a r y l d i a e n e  c a s e ,  n o  d e f i n i t e  b a s i s  f o r  ' t h e  r a t e  enhancement i n  our  
L * 

r e a c t  i o n s  is '  a p p a r e n t .  ,. 



c S t e p s  f  and g  c o n s t i t u t e  t o g e t h e r  t h e  s h i f t ,  o f  a  p r o t o n  from t h e  
AH- - 

metal t o  ~ ( 2 ) .  It  appea r s  t h a t  N(2) i s  a s i g n i f i c a n t l y  more b a s i c  s i t e  

t h a n  t h e  m e t a l .  Depro tona t ion  o f  i r i d i u m  h y d r i d e s  i s  n o t  g e n e r a l l y  

r a p i d  ( e . g .  8 ,  - S e e  S e c t i o n  D . ) ,  b u t  no bu i ldup  o f  I r ( I I 1 )  hydrid.e  

d u r i n g  r e a c t i o n  was d e t e c t e d .  158 

O r  thome t a l a  t i o n s  have p r e v i o u s l y  been d e s c r i b e d  i n  terms o f  t h r e e  
4 

mechanisms. These a r e :  1  ) t h e  conce r t ed  i n s e r t i o n  o f  a  n u c l e o p h i l i c  
/ 

. metal i n t o  a  C-H bond, ' 81 21 n u c l e o p h i l i c  a r o m a t i c  s u b s t i t u t i o n ,  and ' 

3 )  e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n .  l b2 ,  183 None has  been w e l l  

The l a t t e r  two mechanisms have been modeled on i n v e s t i g a t e d .  
- -,, 

t h o s e  b f  t y p i c a l  o r g a n i c  s u b s t i t u t i o n s  a t  an  a r o m a t i c  r i n g  s i n c e  t h e  

o r g a n i c  moiety i s  commonly a n  a r y l  r i n g ,  and i t  h a s  been s t a t e d  t h a t  0 

o n l y  t hes,e two app ly  t o  c y c l i z a t i o n  o f  N-donor l i g a n d s .  184,185 
- b 

/----- -- --- - 
The most s t r a i g h t f o r w a r d  model mechbisrn .. i s  -related t o  a  

t y p i c a l  SE a r a n a t i c  s u b s t i t u t i o n :  t h e  me ta l  4. i s  a t t a c k e d  by e l e c t r o n s  

f r a n  t h e  a r y l  r i n g ,  p r e f e r e n t i a l l y  a t  t h e  s i t e  o f  g r e a t e s t  e l e c t r o n  - 
.?f 

d e n s i t y .  The p r o t o n  a t  t h e  s i t e  o f  M-C bond fo rma t ion  d i s s o c i a t e s  and 

t h e  a r o m a t i c i  t y  i s  r e s t o r e d .  



- - .- - -+ - 

. \ " I 

9 4 

The m e t i  i s  e l e c t r o p h i l i c  and does- n o t  change i t s  c o o r d i n a t i o n  number 

o r  fo rma l  o x i d a t i o n  s t a t e  d u r i n g  t h e  r e a c t i o n .  The l e a v i n g  group i s  a n  

a c i d  which l e a v e s  from t h e  carbon .  S i n c e  t h e  I r ( 1 )  complex which 

undergoes m e t a l a t i o n  i n  o u r  s t u d i e s  i s  most u n l i k e l y  t o  be  a g p r e c i a b l y  

e l e c t r o p h b l i c ,  t h i s  mechanism does  n o t  app ly .  

S e v e r a l  c l o s e l y  r e l $ t e d  models a r e  a l l  n u c l e o p h i l i c  mechanisms. 

Fo r  s u b s t i t u t i o n  o f  a  ha logen  by a metal atom a t  an  o r t h o  s i t e ,  a * 

., 
m e c h a n i s m r e l a t e d  t o  a  t y p i c a l  SN(Ar) r e a c t i o n 1 8 6  c a n  be w r i t t e n .  

T h i s  is n o t  known f o r  a l e a v i n g  h y d r i d e  and can  n o t  be  s a t i s f a c t o n i l y  

a p p l i e d  t o  .our Ir(1) o r t h o m e t a l a t i o n ,  e s p e c i a l l y  s i n c e  t h e  

2,6-diflu~robenzenediazonium s a i t  does  ' no t  o r t h o m e t a l a t e .  
' 

+ 4 

A detai1,ed mechanism d e p i c t e d  by ~ a r s h a l l ' ~ ~  i s  a  v i t i a t i o n  

o f  t h e  n u c l e o p h i l i c  a l t e r n a t i v e  above'. 



' B e c a u s e  p a r s h a l l  showed  n o  c h a r g e s  o r  o x i d a t i o n  s t a t e s ,  i t  is n o t  c l ea r  

w h a t  h e  means  b y  h i s  d r a w i n g  b u t  i t  a p p e a r s  t o  r e p r e s e n t  a  n u c l e o p h i l i c  -- 

a t  t a c k  b y  . t h e  m e t a l  on t h e  r i n g  f o l l o w e d  b y  a 1 , 2 - h i d r i d e  s h i f t  a n d  
4 

- * .  
e l i m i n a t i o n  o f  H2 from t h e  m e t a l .  

6 O r t h o m e t a l a t i o n  o f  a ,  d  - m a n g a n e s e  i n t e r m e d i a t e  f o r m e d  f r o m  
'? 

MnCH3 (,CO ) 5  a n d -  3 ~ f 1 . u o r o ~ d e n ~ l  ( p h e n y l  ) d i a z e n e  w a s  d e s k r i  b e d  a s  a  

n u c l e o p h i l i c  a t t a c k  a t  c a r b o n y l  b y  ~ r u c e , ' ~ ~  b u t  n o  d e l i n e a t i o n  w a s  

/' 
I )  

g i v e n  o f  t h i s  m e c h a n i s t i c  p a t h w a y .  A p a t h w a y  r e l a t e d  t o  P a r s h a l J 1 s  

c g n  b e  w r i t t e n .  ' 
7 -  

W h i l e  a n  SNiAr) m e c h a n i s m  s u c h  a s  t h e s e  c o u l d  b e  a p p l i e d  t o  o u r  
+-._ 

i r i d i u m ( 1 )  c h e m i s t r y ,  t h e  e a s e  o f  o r t h o m e t a l a t i o n  f o u n d  e v e n  w i t h  

e l e c t r o n  d o n a t i n g  r i n g  s u b s t i t u e n t s  d i s c r e d i t s  t h e  i d e a .  N o t e  h o w e v e r  

t h a t  t h e  p r o d u c t  o f  t h e  t w o  s t e p s  o f  n u c l e o p h i l i c  a t t a c k  a n d  1 , 2 - h y d r i d e  

s h i f t  i s  t h e  s a m e  a s  t h a t  d i r e c t l y  o b t a i n e d  by  c o n c e r t e d  a d d i t i o n  181 , 

o f  t h e  m e t a l  i n t - o  t h e  C-H b o n d .  
d 

( E q .  111-5 1 ''I 



-'\l'his i s  t h e  t h i r d  mechanism proposed f o r  o r t .hometa la t ion .  It is  

some't-ferkd t o  a s  t h e  o x i d a t i v e  a d d i t i o n  mechanism, 184,185 

though t h i s  h b i g u o u s  s i n c e  o x i d a t i v e  a d d i t i o n s  oc-cur by s e v e r a l  
\ " * 

,  mechanism^,'^^ inc ludi 'ng  n u c l e o p h i l i c  s u b s t i t u t i o n  l i k e  t h a t  j u s t  

d i s c u s s e d .  F o r  Equa t ion  111-5, which i s  c l e a r l y  r e l a t e d  t o  o u r  d i a z e n e  

o r t h o m e t a l a t i o n  o f  Kigure  111-2, t h e  metal must b e  e l e c t r o n - r i c h ,  180 

a b u t  it" i s  n o t  a c t i n g  a s  a  c l a s s i c  o r g a n i c  n u c l e o p h i l e  i n  t h a t  i t  is  
P 

a t t a c k i n g  a t  t.wo a toms.  The metal i s  i n c r e a s i n g  i t s  c o o r d i n a t i o n  and 

o x i d a t i o n  numbers d u r i n g  t h e  r e a c t i o n  ( o x i d a t i v e  a d d i t i o n )  and i n  t h i s  

example t h e  p roduc t  i s  s t a b l e  t o  l o s s  o f  H C 1  ( r e d u c t i v e  e l i m i n a t i o n ) .  

T h i s  mechanism f i n d s  i t s  p receden t  i n  t r a n s i t i o n  me ta l  chemis t ry  r a t h e r  

t han  i n  o r g a n i c  chemis t ry .  . 

.. I n  t h i s  scheme t h e  a r y l  TT-system i s  n o t  d i r e c t l y  i n v o l v e d .  T h i s  

a s ~ e e s ' w e l l  w i t h  o u r  o b s e r v a t i o n  t h a t  changing a r y l  s u b s t i t u e n t s  from a  \\ 

s t s o n g  TT-acceptor ( NO2) t o  a  s t r o n g  Jr-donor ('OMe) h a s  no marked e f f e c t  . y h  

o n  t h e  appa ren t  r a t e  o f  r e a c t i o n .  c ,  

b 

T h i s  conce r t ed  a d d i t i o n  i s  c l g a r l y  t h e  p r e f e r i b l e  mechanism f o r  our  

i r i d i u m (  I )  s y s t e n .  p a r s h a l l 1 8 '  and ' ~ e h a n d l ~ ~  s t a t e d  t h a t  

o r t h o m e t a l a t i o n  depends on t h e  l i g a t i n g  atom, N o r  P ;  t h a t  t h e  conce r t ed  - 
proce.sses  a r e  c h a r a c t e r i s t i c  o f  P-donor l i g a n d s .  Our work and t h a t  o f  

v r i e z e l  would s u g g e s t  t h a t  t h e  l i g a t i n g  atom o f  t h e  o r t h o m e t a l a t i n g  
4 

moiety i s  l e s s  impor t an t  t han  a h igh  me ta l  e l e c t r o n  d e n s i t y ,  commonly 

found i n  N-donor complexes a s  w e l l .  



Eruce and Goodal l  n o t e  t h a t  m e t a l a t i o n  o f  a 3 - f l u o r o s u b s t i t u t e d  
,.- i 

- < 
i. 

a p l d i w o  g r o u p  by n u c l e o p h i l i c  a t t a c k  o n  t h e  r i n g  s h o u l d  occu r  t o  g i v e  

p r e f e r e n t i a l l y  a  1 , 2 , 3 - s u b s t i t u t e d  p r o d u c t ,  e  . g .  w i t h  attacli* o r t h o  t q  

b o t h  t h e  f l u o r o  and d i a z o  s i tes ,  because  o f  t h e  i n d u c t i v e  e f f e c t  o f  t h e  - I -  

f 1 ~ o r i n e . l ~ ~  They a rgued  t h a t  t h e  observed  p r e f e r e n c e  f o r  t h i s  

s t e r e o c h a n i s t r y  i n  t h e  p r o d u c t s  f r a n -  azobenzenes and CH3Mn( COI5 
L .  

p r o v e s  t h a t  t h e  n u c l e o p h i l i c  mechanism .appli.es. Our i n f r a r e d  ev idence  
1 

sugges ted  t h e  same s t e r e o c h e m i s t r y  wi th  t h e  3 - f luo ro  d e r i v a t i v e s .  T h i s  , - 

c a n  be  r a t i o n a l i z e d  w i t h  a conce r t ed  mechanism a s  well ,  c b n s i d e r i n c  t h e  

e f f e c t  o f  a  ne ighbor ing  f l u o r i n e  on t h e  C-H C* ene rgy ,  t h e  L U K  o f  t h e  

r e a c t i ~ n c e n t e r . ' ~ I t  i s o u r  op in ion  t h a t  f e w o f  t h e o r t h o r n e t a l a t i a n s  
* 

4 

o f  nuc l eop 'h i l i c  metals g o  through .an i n t e r m e d i a t e  w i t h  a ' 3 g 

+ 

p s & d o t e t r a h e d r a l l y  c o 6 r d i n a t e d  o ~ t h o a b y l  carbon atom a s  h a s  been 

c@rnonly r e p r e s e n t e d .  
- 

a 



9 8  
* 

D .  Experimental  . 

1. I n s t r u m e n t a t i o n  
i 

1 

B 

ElanentaJ. a n a l y s e s  were determined by Mai-Keng Yang of t h e  

m i c r o a n a l y t i c a l  l a b o r a t o r y  a t  Simon F r a s e r  U n i v e r s i t y  ( C ,  H ,' N) and  by 

.- 
H .  Reu te r  o f  t h e  A .  Bernhard t  M i c r o a n a l y t i c a l  Labdra tory  , Germany ( F  & 

I "  

and  a few C ,  H, N) . . , 

infrared.-.spectra were r eco rded  a s  d i s p e r s i o n s  i n  Y B r  d i k s  o n  a  

Perkin-Elmer 457 g r a t i n g  spec t rophotometer  u s i n g  p o l y s t y r e n e  t o  

c a l i b r a t e .  KW d i s c s  were prepared  i n  a  d r y  box w i t h  a  Wi lks  m i n i p r e s s ,  

* > Is. 

which blocked o f f  o v e r  h a l f  t h e  sample beam. TO en l a rge  t h e  range  o f  % 

t ransrni t t a n c e  i n  s u c h  s p e c t r a '  t h e  100% transrni  t.tancetl comb was opened 

and t h e  r e f e r e n b e  beam a t t e n u a t e d  s o  that p e r c e n t  t r a n s m i t t a n c e  a t  4000 . 

cm" was increased  t o  t h r i c k  i t s  una t t enua t ed  v a l u e  O F  80% o f  f u l l  
I 

sca l eq ,  which eve^ was l e s s .  With t h i s  p rpcedure  t h e  g a i n  was such t h a t  

s p e c t r a  run  a t  medium speed (0 .25-h /sgec t rum)  were c o n s i s t e n t l y  sha rp .  
ZZD- 

W ~ i l e  t h e  a b s o r p t i o n  f r e q u e n c i e s  o f  a  g i v e n  p e l l e t  were dlm&t L+ always ' 

r e p r o d u c i b l e  t o  3 cm-l, t h e  accu racy  was n o t  t h i s  good because a )  

t h e  s e n s i t i v i t y  o f  t h e  i n s t r u m e n t  was low n e a r  2000 cm-' (Peak 

p o s i t i o n s  between 2015 and  2000 cm-' recorded  on b o t h  t h e  4000-2000 

and 2000-600 cm" g r a t i n g s  r a r e l y  ag reed .  ) , b) some peaks seem t o  

s h i f t  i n  a  d i f f e r e n t  p e l l e t .  p r e s s i n g ,  and c )  t h e r e  was no  c a l i b r a t i o n  

below 600 cm". 



i . . In r e p o r t i n g  i n f r a r e d ,  s p e c t r a l  i n t e n s i t i e s  w e  h a v e  u s e d  a scale 

which a-ppears t o  b e  b o t h  u s e f u l  and i n  agreement  w i t h  i n t u i t i o h .  T h e .  

scale i s  based o n  a b s o r b a n c e ,  e a c h  boundary b e i n g  2 .25  t i m e s  g r e a t e r  

9 
t h a n  t h e  l a s t .  Because  t h e  m'esh o f  . t h e  s c a l e  i s  f i n e  enough ,  a  few 

I - 
s p e c t r a  r e c o r d e d  o n  i n a d v e r t  t l y  v e r y  d o n c e n t r a t e d  o r  d i l u t e  p e l l e t s  

were  a d j u s t e d  by s b i z t i n g  a l l  t e m i t i e s  o n e  _un i t , '  t o  a g r e e  w i t h  
/' 

.4 

i n t e n s i t i e s  o f '  s i m i l a r  c o m p l e x ~ s .  i 

L 
* *J 

I 

T a b l e  111-5. ~ b b r e v i a t i o n s  Used t o  D e s i g ~ a t e  I R  I n t e n s i t i e s  

It. 
L e t t e r s  a r e  a s  u s u a l  t o  mean: v ,  v e r y ;  w ,  w a k ;  m ,  medium; 

T r a n s m i t t a n c e  ( % )  96 91 82 63 36 10 0.6 

s ,  s t r o n g .  t e a k s  o f  vvw i n t e n s i t y  n o t  r e p 0 r t e . d ;  p e a k s  o f  v v s  
, . 

* I n  t e n s i t y  A b b r e v i a t i o n  vvw 1 vw * 

P 
i n t e n s i t y  n o t  u s u a l l y  d i f f e r e n t i a t e d  from v s  Btrong b e c a u s e  

s p e c t r o m e t e r  n o t  c a l i b r a t e d  s u f f i c i e n t l y  w e l l .  

~ b s o r ~ t i v i t ~  .017 .039 -088  ( - 2 0  2.25 

w 

P r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r a  were  r e c o r d e d  on V a r i a n  A-56/60 

a n d  XL-100 s p e c t r a n e t e r s  a t  ambien t  t e m p e r a t u r e s  ( c a .  305 K )  u n l e s s  

n o t e d .  - P o s i t i v e  c h e m i c a l  s h i f t s  a r e  r e p o r t e d  i n  p a r t s  p e r  m T l l i o n  ( 6 )  

v  vs m 

down f i e l d  from (CH3)4Si.  

m s v s  



Raman s p e c t r a  were o b t a i n e d  w i t h  a Cary 8 1 s p e c t r o m e t e r  w i t h  He-le 
8 

Q 

l a s e r  e x c i t a t i o n  f r a n  a Spec t ra -Pkys ics  Model 125  laser. 
t 

. f 
\ -"6 

V i s i b l e - u l t r a v i o l e t  s o l u t i o n  s p e c t r a  h e r e  measured on ~ni 'cam SP ~ 

t 
8 

8000 o r  Gary 1 7  ~ ~ e s t r o ~ h o t o m e t e r s  i n  quartz? c e l l s .  

E l e c t r i c a l  conductance  w a s  determined w i t h  a Radiometer Type CDM 2 d ,  

c o n d u c t i v i t y  meter. The c e l l  used was 'des igned  f o r  us? w i t h  s m a l l  
P 

volumes ( > 3  m l )  s o l u t i o n ,  and c o u l d  b e  d r a i n e d  t o ,  and r e f i l l e d  from, a 

c l o s e d  pear-shaped f l a s k ,  a l l owing  measurement under  N2 atmosphere.  

Mel t ing  p o i n t s  were o b t a i n e d  f o r  samples  hea t ed  i n  a i r  on  a 

F isher -Johns  a p p a r a t u s .  

2.  s t a r t i n g  M a t e r i a l s ,  S o l v e n t s  arld Ap a r  t u s .  
' 2 v 

Var ious ly  s u b s t i t u t e d  benzenedi  azonium t e t r a f l u o r o b o r a t e s  were 

p repa red  a t  273 K a c c o r d i n g  t o  t h e  method o f  Roe us ing  HBF 189 ' 

LI;, 

Except  f o r  t h e  %( 1) ana logues ,  a b o u t  35 mmolks o f  u n p u r i f i e d ,  

c cmmercial a n i l i n e  d e r i v a t i v e  was r e a c t e d  and t h e  sodium n i t r i t e  
I I .  

s o l u t i o n  added u n t i l  a p o s i t i v e  s t a r c h - i o d i d e  tes t  was o b t a i n e d  wi th  t h e  

r e a c t i o n  s o l u t i o n .  Yiel%s p a r a l l e l e d  t h o s e  r e p o r t e d  p r e v i o u s l y .  189 * - 
Hexafluorophosphate  s a l t s  were prepared  i n -  t h e  same manner. For  t h e  

' %( 1 ) diazonium s a l t s  a n a l y t i c a l l y  pure  a n i l i n i u m  t e t r ~ f l u o r o b o r & e s  

we r e  prepared 'and t h e  l a l  5 ~ ~ 2  added s t o i c h i o m e t r i c a l l y  by ~ i g h t .  

The diazonium s a l t s  were  s t o r e d  i n  t h e  da rk  a t  268 K .  I f  no t  



r e c r y s t a I ' l i z e d  wi th& t h e  p r e v i o u s  two months, or: i f  decompos i t ion  were 

e v i d e n t  by c ~ l o r  i 6  the - sample ,  t h e  sa l t  was f u r t h e r  r e c r y s t a l l i z e d  from 

propanone/e t h e r  . *. . 

C -\ 
= NajIrC16- 6 l oaned .  by ~ o h n s d n ;  Matthey and Co. 

+ I rH(C0) ( P F ~ ~ ) ~ P '  and  , ~ ~ r ~ ( d ~ ~ e ) , ~ ~ ~ ~  were s y n t h e s i z e d  a c c o r d i n g  . 
t o  l i t e r a t u r e  methods u s i n g  u n p u r i f i e d  commercial  sampQs o f  t h e  

a p p r o p r i a t e  p h s p h i n e s .  P u r i t y  was checked by i n f r a r e d  and a n a l y s i s .  

'One p r e p a r a t i o n  o f  IFH(CO)(PPh3)3 d i d  c o n t a i n  a b i t  o f  
4 

I rC l (C0)  ( P F ? I ~ ) ~ ,  r ecove red  e a s i l y  a s  methanol i n s o l u b l e  m a t e r i a l  
=% 

a f t e r  a  r e a c t i o n .  RhH(CO)(PPh3)3 was prepared by D r .  N icho la s  

F a r r e l l  and c o n t a i n e d  RhCl(CO) (PPh3)2. 

\ S o l v e n t s  were r e a g e n t  g r ade  and d i s t i l l e d  under  n i t roge 'n  b e f o r e  u s e  
. 1 - 

, , 
f r &  g e n e r a l l y  used s t r o n g  r educ ing  a g e n t s .  T h i s  was n o t  s u f f i c i e n t  f o r  

\ 

-\ - 
work w i t h  t h e  hyd raz ido  complexes because o f  t h e  s m a l l  q u a n t i t i e s  ~ f  

complex o f t e n  i n v o l v e d ,  s o  much o f  t h e  work ( e x c e p t  f o r  t h e  r e a c t i o n s  

w i t h  HX and  X 2 )  was done w i t h  s o l v e n t s  degassed immediately b e f o r e  u se  . 

by r e p e a t e d l y  e v a c u a t i n g  a  side-arm t u b e  con ta in ing  t h e  s o l v e n t ,  and 

t h e n  r e f i l l e d  w i t h  N2. The I1methanolic HBFII1I s o l u t i o n  commonly used 

i n  this work was p repa red  by add ing  a  few d r o p s  o f  48% aqueous HBF4 t o  

methanol t o  make a  c o n c e n t r a t i o n  o f  a b o u t  0 .02  M .  



r 

The m a n i p u l a t i o n s  d e s c r i b e d  w e r e  g r e a t l y  ~ f a c i l i t a c e d  by t h e  u s e  o f  
7 

' a bench-top vacuun r a c k  w i t h  t h r e e  a p s  a l l o w i n g  c o n n e c t i o n  t o  I 

e i t h e r  t h e  vacuun l i n e  o r  a H2 t a n k .  e r a c k  was a t t a c h e d  t o  "side 
ri 

arms o f  r e a c t  i o n  v e s s e l s  w i t h  t h i c k - w a l l e d  T y g p  t u b i n g .  The g l a s s w a r e  
, - 

was o f  s t a n d a r d  Schlenk-t .ype e x c e p t  t h a t  some 'use  was made o f  f i l t e r  

s t i c k s  h a v i n g  fri ts o f  Corn ing  medium p o r o s i t y t r i m m e d  t o  1 cm d i a m e t e r .  

T h i s  a l l o w e d  easier c o l l e c t i o n  o f  s m a l l  q u a n t i t i e s  o f  p r o d u c t .  

- * %  

3. ~ e a c t i o n s  o f  I rH(CO)L(Pm ) w i t h  Diazonium S a l t s  
3 2  

a .  R e a c t i o n  of I r i d i u m  Hydr ide  w i t h  c ~ H ~ N ~ + .  

A th ree -neck  r o u n d  bot tom f l a s k  was equ ipped  w i t h  two p r e s s u r e -  

e q u a l i z i n g  a d d i t i o n  f u n n e l s  a n d  a t a p  t o  a vacuumfN2 c o n n e c t i o n .  The 

f r n n e l s  were  l o a d e d  w i t h  s o l i d  I rH(C0)  (PPh3)3 ( 3 0 1  mg, 0 . 2 9 9  mmole) 

a n d  benzenediazonium t e t r a f l u o r o b o r a t e  ( 1 17 mg, 0 .6  12 mmole) and  t h e  

' e n t i r e  sys tem evacuabed a n d ,  r e f i l l e d  w i t h  n i t r o g e n .  Degassed 

s o l v e n t s  ( 3 0  m l  t o l u e n e  and 15  m l  p ropanone)  were  added t o  t h e  

respec t ' ive  f u n n e l s  w i t h  p r e c a u t i o n s  a g a i n s t  c o n t a m i n a t i o n  by 02. The 
I 

h y d r i d e  and diazonium r e a g e n t  s o l u t i o n s  were  added s i m u l t a n e o u s l y  t o  t h e  

f l a s k  w h i l e  th&&ix;ture - - was s t i r r e d  a t  room t e m p e r a t u r e ,  s t a r t i n g  w i t h  
-+> " 

h y d r i d e  b u t  k e e p i n g  t h e  f l o w s  ba lanced  s o  t h a t  a d d i t i o n s  o f  t h e  two 
4, 

r e a c t a n t s  ended s i r h u l t a n e o u s l y  a f t e r  0.1 h .  The s o l u t i o n  went 

red-orange .  I t  Mas stirred a n o t h e r  0 . 2  h and t h e n  p a r t i a l l y  e v a p o r a t e d  
* 

gt 

u n d e r  vacuum, d t h  n o  e x t e r n a l  h e a t i n g  o r  c o o l i n g  o f  t h e  f l a s k .  A f t e r  1 

8 
h ,  @ t h  a b o u t  2 0  m l  of d e e p  r e d  s o l u t i o n  r e m a i n i n g ,  t h i s  was d e c a n t e d  a 
from t h e ,  b rownish  o i l  which ,had formed on  t h e  walls o f  t h e  f l a s k .  Both - 

I 

.u 
o i l  and  d e c a n t a t e  were  e v a c u a t e d  t o  c o m p l e t e  d r y n e s s .  



The h y d r a z i d o  complex l a  was  r e c o v e r e d  from t h e  d e c a n t a t e  as 

f o l l o w s .  The r e s i d u e  was d i s s o l v  d i n  1 m l  m e t h a n o l i c  HBF4,' t h e n  c 
a d d i t i o n  o f  3 m l  E t 2 0  a n d  4 m l  hexane  g a v e  some o i l .  Another  0 . 2  m l  

P 

m e t h a n o l i c  HBF4 was added t o  r e d i s s o l v e  t h e  o i l  and t h e  s o l u t i o n  was 
? 

t h e n  b r i e f l y  e v a c u a t e d  w h i l e  b e i n g  s t i r r e d  v e r y  v i g o r o u s l y .  The o range  

s o l i d  l a  which formed was f i l t e r e d ,  washed ' twice  w i t h  e t h e r  and  vacuum ... 

d r i e d .  ( See T a b l e  11-1. f o r  a n a l y s e s  o f  h y a r a z i d o  complexes  1 - . ) With 

h e a t i n g  i n  a i r ,  l a  hedomposed w i t b u t  m e l t i n g  above 396 K ;  i t  decomposed 

w i t h  mebt ing  when p l a c e d  on  a h o t  s t a g e  above 428 K .  k'hen a Raman 

s p e c t r u m  was a t t e m p t e d , .  t h e  sample  decomposed. i n  t h e  beam. 

\\ " .  The e a r l y - o i l i n g  material was t r e a t e d  w i t h  1 .6  m l  m e t h a n o l i c  HEF4 

a n d  t h e  maroon s o l i d  t e t r a z e n e  4a ( 6 1  mg, 20%)  which formed wab , - 
f i l t e r e d ,  washed t w i c e '  w i t h  1 .5  m l  1 :3 me t h a n o l / e t h e r  and vacuum d ~ ? i e d .  

( S e e  T a b l e  111-3 f o r  a n a l y s e s  o f  4 .) I R :  3060 wm, 2031 v s  ( v 00) ; 1587 
i 

. - 
wm, 15-76 s h ,  1483  s ,  1454 w ,  1437 s ,  1333 w ,  1313 wm, 1281 w ,  1-266 w ,  

1<32 w ,  1220 w ,  1190 wm, 1163 wm, 1088 v s ,  1055 v v s ,  1035 s h , '  1011 rn, 

1000 s ,  930  wm,  8 4 8  w ,  744 s ,  692 v s ,  615  w ,  567 m ,  5 3 4  s ,  514  v s ,  457 

Wm,  420  cm-' wm. 

3b.  R e a c t i o n  o f  I r i d i u m  Hydr ide  w i t h  ~ - F c ~ H ~ N ~ + .  

s y n t h e s i s  o f  1 - k kas done i n  e e  manner o f  l a ,  usif ig a l a r g e  - 
q u a n t i t y  o f  h y d r i d e  3 ( 4 2 5  mg, 0 .422  mmole) and  c o r r e s p o n d i n g l y  l a r g e r  - 
q u a n t i t i e s  o f  d iazon ium s a l t  and s o l v e n t s .  The e a r l y - o i l i n g  m a t e r i a l  

was d i s s o l v e d  i n  1 m l  methanol  and t e t r a z e n e  4_c c r y s t a l l i z e d  as  a s i n g l e  



- 
l a r g e  r e d  c r y s t a l  c l u s t e r  (51  mg, 11%) by a d d i t i o n  o f  methanol  a n d .  - 

c o o l i n g  t o  268  K. The c r y s t a l  t u rned  t o  powder 'with va&@ dry ing .  , 

~ h a r ' a c t  e r i s t i c  I R :  2039 ( Y C0) ; .1499; 1218 ( V a r y l F )  ; and  837 cm-l 

& 

The hydraz ido  complex 1k - s o l i d i f i e d  from l a t e - o i l i n g  m a t e r i a l  i n  

me thano l i ;  H B F ~ / ~  t h e r  on s t a n d i n g  and was f i l t e r e d  and-  washed v i  t h  

e t h e r .  I R :  3283 m ,  3056 wm, 2003 v s ,  1603 wm, 1589 w ,  1564 m ,  1509 w ,  
*-. 

1482 m ,  1465 wm, 1434 s ,  1311 wm, 1278 wm, 1244 wm, 1210 s h ,  1193 m ,  

s ,  6 5 q w ;  574 wm, 550 w m ,  519 v s ,  475 wm,  452 wm, 418 wm, 313 cm-' vw. 

i - '  
. 

; * 
/ 

/' When t h e  r e d  f i l t r a t e  o f  l_k was allowed t o  s t a n d  o v e r n i g h t  a t  268 Kc 

with,  a n  yngreased s t o p p e r ,  t h e  s o l u t i o n  c o l o r  went t o  ye l low a s  expec ted  

f o r  t h e  o x i d a t i o n  o f  1-a t o  an i r i d i u m ( I I 1 )  d i a z e n e  complex 5 .  - The 

s o l u f i o n  was p r e c i p i t a t e d  w i t h  hexane and t'he ye l low s o l i d  5d-F ... 
# \ 

r e c r y s t a l l i z e d  t w i c e  @om me thano l / e the r .  I R :  3160 m ,  3058 m ,  2041 v s ,  
Q 

1595 s ,  1565 m ,  1485 m ,  1438 s ,  1417 wm,  1393 wm,! 1315 wm,  1259 m1 1228 
% 

s ,  1  194 m ,  1  165 wm,  1094 v s  ( w i t h  an undef ined  s h o u l d e r  co r r e spond ing  t o  

'4 vBF4 a t  lower f r e q u e n c y ) ,  1000 s ,  866  wm,'824 wm,  761 m ,  746 s ,  713 
P 

s ,  696 v s ,  617 vw, 580 m ,  567 m ,  521 v s ,  479 wm, 455 m ,  450 s h ,  430 wm, 

Upon coo l ing  t o  268 K ,  a n  o i l  c o n t a i n i n g  much o f  t h e  

[ I r H 2 ( C O )  (PPh3) 3]BF4 s e p a r a t e d  from ne thanol /benzene /e  t h e r  

s o l u t i o n  o f  t h e  c o l l e c t e d  f i l t r a t e s  o f  t h e  t h r e e  p rev ious  s e p a r a t i o n s .  I 



& .  

The s u p e r n a t e  was s t r i p p e d  d r y ,  d l  s so lved  i n  progianone/toluene and t h e :  _ * 3 

s o l u t i o n  allowed t o  e v a p o r a t e  t o '  d rynes s  i n  an o s n ' b e a k e r .  A 
2 

- I  

l igh t ly-co lor ' ed  s o l i d  formed, imbedded i n  a  brown o i l ?  i a t r i x  which 5 

4 . - - I 
J 

could be washedfaway wi thou t  much l o s s  o f  t h e  sol ' id  if: washed.,with 

peopinone before  t h e  o i l  hardened.  T h i s  slow c r y s t a l f i z a f i o n  w a s  ' 
, S 

, - r epea t ed  s e v e r a l  t i m e s  u h i l  a  cle$n yel low s o l i d  5d-FBF3 was 
i - t' 

L. 

d o l l e c t e d .  IR:. 3165 m ,  4060 wm, {074 s ,  1592 m,\%j67 m i  1482 b, 14 i6 '  , 

s ,  1311 wm, 1256 wm, 1226's.  1190), 1085 vs  w i t h  very" broad low .' 
1 

I '7 
/ 

f requency shoulder  o f  comple te ly  Andefined a b s o r p t i o n s ,  $'!fa s,  8-61 wm, 

821 urn, 746 s ,  709 s ,  694 9; 569 wm, 518 v s ,  456 m, 417:w, 312 cm-I w .  . &- 

' A f t e r  p a r t i a l l y  s t r i p p i n g  and d e c a n t i n g  t h e  r e a c t i o n  mix tu re  of  a  
t / 

i 
1 .  I d u p l i c a t e  s y n t h e s i s , ' a  s o l i d  formed i n  ' the  d e c a n t a t e  du r ing  f u r t h e r  

A 

- - e v a c u a t i o n . ,  The s o l i d  was f i l t e r e d ,  washed t w i c e  with t o l u e n e  and 

5. vacuumqdried t o  a  very pa l e  oranges s o l i d .  T h i s  was r e c r y s t a l l i z e d  from 
r 

propanone/ toluene a s  a  wh i t e  s o l i d .  MP 473 K .  Anal. C, 67.8 ;  H ,  5 . 03 ;  x. - 
r 

N ,  0 .  Calcd. f o r  PF2Ph3> C ,  72 0 ;  H ,  5 . 03 .  I R :  3067 wm, 1589 m ,  i I .  

1485 i1 1439 V S ,  1  s h ,  1190 s ,  1 168 s ,  1118 yvs ,  
B a 

1084 v s ,  1029 s ,  9  53 s ,  733 vs ,  690 V S , ~ ,  543 

v s ,  525 v s ,  510 s ,  464 vw, 451 wm, 435 w ,  387 cm-' vw. 
After/ 

hydraz ido  complex had been removed i n  t h i s  p r e p a r a t i o n ,  t h e  dia'zene 3 
\ ' I 

was ob ta ined  by ove rn igh t  a i r  ox ida t ion  a t ,  268 K .  Repeated 
I 

r e c r y s t a l l i z a t i o n  from promnone/  e ther /hexane  and - I \ - 
- 1 

propanone/benze 'nehther  gave a  b r i g h t  -yellow soli- 
$ 

mixture  of  5d-F - and 5d-FBF3. - Anal. C ,  48.0 w i t h  ~ ~ 0 5 ,  5 0 . 4 ;  H ,  



- 9  . . , ,  ,' s :- . , fran 207,@ to  2046 cm-': . . , . . '  , -- . I 

l ' , . , I ,  . . . , 
2 '  , , y  . -  I \ .  

. . i -1 
r, . . '. ' i.. . .  . . . . > 
7 

_ I  I . i . -  " . , 
. . 

The e a , r l p o i l i n g  nra t e r i a l  o f  this d u p l i c a t e c + r e a c t  i o n  was . 
" '2 1 

neu t ~ a l i ' z e d  w i  t n  me t h a n o l i e  K O H ,  . d e p o s i t i n g  a s i g n i f i c 5 h t  p o r t  i o n  ( 10-20 
L 

, $a 

of  the  IrH(CO)'(PPh3)3 added ,  i d e n t i f i e d  by  i n f r a r e d ,  a l o n g  u i t h '  

much t e t r a f luo r ' obo ra t e ,  presumably a s  K s a l t .  The f i l t r a t e  was " a 

7 

p r e c i p i t a t e d  w i t h  w a t e r  and % . 

[ 1; ( ~ 0 f i e )  ( N ~ ( c ~ H ~ - ~ - F ) . ~ I  ( P P ~ ~ )  21 r e c r y s t a l l i z e d  t o  a  

bu rn t  orange - so  l i d ,  f i r s t  from benzene/e ther /hexane  and the'n from 

propanonel  e tb r /dexane .  ~ n k .  c , 5 7. , 4.04;  N ,  4 .76.  Calcd. f o r - -  
, \ .- 

f4$4,H$i21r02P2:' C, 58 .8 ;  H ,  4 . 04 ;  N ,  5 .48.  I R :  - .  3050 wm, 

29$0 m, 1640 m, 1.619 m ,  1498 s., 1482 s h ,  1433 s; 1311 vw, 1261 w ,  1214 

s , ' 1 1 5 1  mi 1089 s ,  1060 pl, TO23 m ,  9-13 wm, 8 1 5  m ,  745  m ,  728 am, 694 s., 
- L . . 

634 W ,  539 S r , 5 1 1 , s ,  460 wm, 4 2 0  w*, 396, 382 s h ,  316 cm-' vw. 

' 3c. Reac t ion  o f  I r i d i u m  Hydride w i t h  ~ - F c ~ H ~ N ~ + .  -+ 
-, 4 

\ 
. rIrWHNHC6H3-2-~) w . . ( C O )  ( P P ~ ~ )  i]~%, i d ,  ,was prepared i i n  t h e  

manner of & from s o l u t i o n s  o f  3  - (554  mg, 0 .54  mmole) i n  t b l u e n e  (40,ml) gr 

' a n d  ~ - F c ~ ~ [ N ~ B F ~  (226  mg, 1.1 mmole) i n  bropanane (20 m l )  . The 

h y d r k i d o  complex was s epa ra t ed  f r a n  o r g a n i c  i m p u r i t i e s  i n  t h e  

l a t e - o i l i n g  f r a c t i o n  b y  s t i r r i n g  . t h e  v a c u q - d r i e d  r e s i d u e  i n  2  m l  

methanol ic  HEF4, f i l t e r i n g  t h e  solid-!which formed spon taneous ly  a t  



r o m " t v p e r a t u r e ,  washing w i t h  e t h e r ,  and d r y i n g  i n  vacuum; y i e l d  5 8  mg. 

I R :  3280 wm ( Y  NH); 305.5 w ( V a r y l H ) ;  2000 s 4 V CO); 1560 w ,  1480 wm, 

522 s ,  465 w ,  425  w , ' ~ o o  cm-' r .  Large r  c r y s t a l s  of .  Id formed from 
& 

me t h a n o l i c  HBF4/propanone by evaporatdion under  a s low f l o w  o f  
? 

n i t r o g e n .  

Other  p r o d u c t s  were recovered  i r f  . smal l  q u a n t i t y ,  a n a l y t i c a l l y  

impure.  Add i t i on  o f  e ther .  t o  an  e t h a n o l  s o l u t i o n  o f  t h e  e a r l y -  o i l i n g  

m a t e r i a l  u n t i l  t h e  f i r s t  s i g n  of  s e p a r a t i o n  and c o o l i n g  a t  268 K 

p r e c i p i t a t e d  a  gummy product  , which s o l i d i f i e d  from a propanone/ethanol  
1 

s o l u t i o n  upon s low s o l v e n r  e v a p o r a t i o n  t o  <0 .5  m l .  Mother l i q u o r  was 

decan ted  from t h e  orange  s o l i d  t e t r a z e n e  4b; y i e l d  7 mg ( 1 % ) .  I R :  3050 - - 
wm ( Y a r y l H ) ;  2050 s ( V  CO); 1590 wm, 1493 s ,  1482 m ,  1454 wm, 1436 s ,  

1310 w,'1261 m ,  1210 wm, 1160 wm, 1085 s ,  1055 s ,  1000 m ,  824 w ,  805 w ,  

The s u p e r n a t e  from i n i t i a l  t e t r a z e n e  s e p a r a t i o n  was t r e a t e d  w i t h  

L i C l  i n  propanone, w i th  p r e c i p i t a t i o n  o f  i b id ium complexes by a d d i t i o n  

o f  wa te r  and vacuum d ry ing .  From t h e  benzene s o l u b l e  f r a c t i o n  o f  t h i s  
. -- 

m i x t u r e ,  a  propanone/hexane c r y s t a l l i z a t i o n  produced ye l low 

[IrC1(NHNC6H3-2-F)(CO)(~Ph3)2]BF4, i d e n t i f i e d  by comparison o f  

i t s  i n f r a r e d  s p e c t r m  w i t h  t h a t  o f  previousl j r  p repared  ana logues ,  171 



108 * .  

and a n  o f f - w h i t e  = l i d  w i t h  a  c u r i o u s  i n f r a r e d  s p e c t r m  ( V  N H  3253 w ,  

3174 w ,  3102 s h ; ' ~  C H  3050 wm; v C O  20k0 s ;  1568 m ,  1502 s ,  1485 m ,  1436 

s ;  y a ry l -F  1252 m ,  l i t t l e  t e t r a f l u o r o b o r a t e  a t  1060; 1 ,2 - subs t .  a ry l  

c a .  760 s h  w i t h  n o  1 ,2 ,3-subgt .  a r y l  expected n e a r  785;  Y I r C l  335'mr 

308-cm'" m ) ,  h i c h  c o u i d  n o t  be  i d e n t i f i e d .  Anal .  C ,  45.7;  H ,  3 .40;  

N ,  1.84. Calcd. f o r  [IrC12(CO) (vI-$NHC6H4F) (PPh ) ]BF4: 
3 . 2  

C ,  50 .2 ;  H ,  3 .63;  M ,  2.72. C Y y s t a l l i z a t i o n  f r a n  propanone/water  b y ,  s low 

G 

. e v a p o r a t i o n  o f  t h e  benzene-insolub l e  p o r t  i o n  gave  a  s m a l l  amount o f  

n e a r l y  c o l o r l e s s  [ I rH2(c0 )  ( P P ~ ~ ) ~ ] B % ,  8. - Anal.  C ,  58 .9 ;  H ,  

4 . 55 ;  N ,  0 .  Calcd. C ,  60 .3 ;  H ,  4.32. I R :  ( Y C O s e e T a b l e  111-2) ,  
i 

1050 vs ( V  BF4)w- , ,  

9 

3d. R e a c t i o ~ I r i d i m  z.=* Hydride w i t h  ~ - F c ~ , H ~ N ~ + .  J 

[Ir(NHNHC6H3-3-F) ( P P ~ ~ ) ~ ] ~ F ~ ,  I), MS syn thes i zed  i n  

t h e  manner o f  13. Very l i t t l e  was recovered  from t h e  c r y s t a l l i z a t i o n  o f  

t h e  l a t e - o i l i n g  f r a c t i o n .  F o r  I R  s e e  f i g u r e  11-3. A d u p l i c a t e  

s y n t h e s i s  i n  benzene/propanone produced a  l a r g e  p o r t i b n  o f  hyd raz ido  

complex by i n f r a r e d  o f  t h e  c r u d e  t o t a l  i s o l a t e ,  b u t  n o  hyd raz ide  c o u l d -  

be s o l i d i f i e d  even  w i t h  s eed ing .  No o t h e r  p r o d u c t s  c r y s t a l l i z e d  

s a t i s f a c t o r i l y .  - 

3e. Reac t ion  o f  I r i d i u m  Hydride w i t h  ~ - C H ~ O C ~ H ~ N ~ + .  

Y s y n t h e s i z e d  i n  t h e  manner o f  l a  fiom 306 mg 3  and .  133  mg - 
2-me thoxybepzenediazonium t e t r a f l u o r o b o r a t e  i n  3 0  m l  b e y e n e  and 1 5  m l  

propanone r e s p e c t i v e l y .  A s  a  r e s u l t  o f  t h e  change from t o l u e n e  t o  



benzene, n o  e a r l y - o i l i n g  m t e r i a l  formed, s o  vacuum s t r i p p i n g  l e f t  a 

' s i n g l e  i n v o l a t i l e  r e s r d u e .  Complex 1 f s o l i d i f i e d  upon a d d i t i o n  o f  2 m l  - 
methano l i c  HBF4. To remove a l l  hyd raz ido  complex w i t h  t h i s  volume o f  

s o l v e n t ,  t h e  bottom o f  t h e  r e a c t i o n  f l a s k  was warmed w i t h  wa te r  (<320 K) 

a l lowing  e v a p o r a t i o n  o f  t h e  me than01 which condensed* and c a r r i e d  dowh 

t h e  c r u d e  p r o d u c t  f rom t h e  w a l l s  o f  t h e  f l a s k .  The l i q u i d  was decanted  
I 

and t h e  s o l i d  r i n s e d  w i t h  5:  7 e the r /me thano l  and e t h e r .  MP 448 K dec .  

I R :  3256 m ,  304 wm, 2926  w ,  2835 vw, 2003 v s ,  1584 w , '  1561 m ,  1525 s h ,  

\ 
I 

1481 m ,  1458 wm, 1435 s ,  1395 wm b r ,  1311 w ,  1253 s ,  1214 m ,  1184 m ;  

1162 s h ,  1146 s h ,  1092 vs, 1058 s, 1029 s ,  1001 s ,  926 w ,  870 w ,  840 m, 

7 6 5 - s h ,  747  3 ,  - 6 9 2  V S ,  620 wm, 535 s h ,  519 v s ,  424 wm. Some c r y s t a l s  of 

I f  were allowed t o  s t a n d  i n  a i r  and l i g h t  f o r  3 months.  These showed 

o n l y  v e r y  s l i g h t  s u r f a c e  decomposi t ion t o  a brown- m a t e r i a l .  
, ,, 

Though impure a r y l d i a z e n e  complex 5 was ob t a ined  a s  an  o i l ,  no - 
u s e f u l  s e p a r a t i o n  c o u l d  be  accomplished from t h e  f i l t r a t e  o f  I f ,  whi - 
had a n  i n f r a r e d  band n e a r  3200 cm" m a l s o  seen  i n  i s o l a t e s  from 

B 

6 4 -kkOC6H4N2BE'4.  ('see below. ) 
- 

< 

3 f .  React ion o f  I r i d i u m  Hydride w i t h  ~ - o ~ N c ~ H ~ N ~ + .  

a The hyd raz ido  complex 1-b was syn thes i zed  i n  t h e  manner of l a  from 3 o q  - - 

A f t e r  a b o u t  1 h of vacuum e v a p o r a t i o n  ( w i t h  o i l i n g  i n  t h e  f i n a l  0 .3  h )  
- 

t h e  c o l o r  o f  t h e  remain ing  l i q u i d  appeared d i s t i n c t l y  more r e d  t han  t h e  

i n i t i a l  deep v i o l e t .  A t  t h i s  p o i n t  t h e  s o l u t i o n  was decanted  and bo th  
e 

4 



p o r t  i o n s  &r ipped  t o  d r y n e s s .  I n  c o n t r a s t  t o  most p r e p a r a t i o n s ,  t h e  p. 

hydraz ido  complex 1b appeared i n  the e a r l y - o i l i n g  f r a c t i o n   fa^ t h i s  a r y l .  - 
s u b s t i t u t i o n .  V i o l e t  s o l i d  1-t s e p a r a t e d  from methanol ic  HBF4pand was 

f i l t e r e d  and washed w i t h  e t h e r .  I R :  3275 m b r ,  3060 w ,  2003 s ,  1590 
1 L 

wm, 1550 h m ,  1497 m,-1482 m ,  1436 m ,  1416 wm, 1366 wm, 1333 m ,  1284 s ,  
. % 

The f i l t r a t e  o f  1) -was combined w i t h  l a t e - o i l i n g  r e a c t  i o n  product  

and t h e  s o l u t i o n  s l o w l y  o x i d i z e d  t o  l i g h t  brown s o l i d  5 a ,  o b t a i n e d  from 
, & 

r 

methanol /  e t h e r / h e x a n e  w i t h  c o o l i n g  t o  268  K .  The p re sence  o f  s o l v e n t  
. ' 

o f  c r y s t a l l i z a t i o n  was a p p a r e n t  from t h e  i n f r a r e d  a l k y l  r e g i o n .  I R :  

3142 m ,  3059 m ,  2950 wm,  2930 wm, 2870 wm, 2057 v s ,  f595  wm, 1574 wm, 

1532 s ,  1484 s ,  1437 v s ,  1395 wm, 1354 m ,  1303 wm, %I226 w ,  1192 a, 1175 

wm, 1093-1050 v v s ,  998 s ,  851 wm, 8 0 3  wm, 763 s h ,  744 s ,  710 s ,  693 v s ,  

- - 
a,- 

1 

d t t e m p t s  t o  p u r i f y  t h e  c r u d e  p roduc t  o f  o t h e r  s y n t h e s e s  by column 

chrana tography  f a i l e d  because  m a t e r i a l  d i d  n o t  move. Some n e u t r a l  Ir(1) 

d i a z e n e  was formed on  a lumina  and e l u t e d ,  b u t  no  a n a l y t i c a l l y  pu re  

prcduc t was o b t a i n e d  because  t h e  deve lop ing  s o l v e n t s  &ed 

4  9 ( CH2C12/e t hano l )  were  i n a p p r o p r i a t e .  ( The dipropanone s o l v a t e  
4 

of  6 ,  e(CO)C12(NNC6B4-2-N02) (PPhj)2,  was ob t a ined  upon 

r e c r y s t a l l i z i n g  one f r a c t i o n  e l u t e d .  , Anal.  C ,  54 .3 ;  H ,  4 .30 ;  N ,  3 .79 .  

Calcd.  f o r  C 4 g H 4 6 N 3 C 1 2 1 ~ 0 5 P 2 :  C ,  54 .4 ;  H, 4.29;  H, 3.88 . )  



3g. Reac t ion  o f  I r C 1 (  CO) (PPh3I2 w i t h  ~ - O ~ N C ~ H ~ N ~ + .  

I rC l (C0)  (PPn3l2 (201  mg, 0 .26  mmole) and  

2 -n i t robenzened iazon im t e t r a f l u o r o b o r a t e  ( 62 mg, 0'.26 mmole) were , 
2 

ground t o g e t h e r ,  added t o  a t e s t  t u b e  under  n i t r o g e n  and t r e a t e d  w i t h  5 

m l  propanone a t  2  13 K w i t h  s t i r r i n g .  When t h e  t e m p e r a t u r e  had r i s i n  t o  

228 K ,  6  m l  e t hano l  was added .  Reac t ion  t o  g i v e  a  r e d  c o l o r  t o  t h e  
e 

s o l u t i o n  occur red  above c a  258 K .  After 1 h t o t a l  t h e  s o l u t i o n  had come 

to- room t e m p e r a t u r e  and was f i l t e r e d .  The d u l l  o range  s o l i d  was 

i d e n t i f i e d  a s  IrCl2(N2C6H4-2-No2) ( C O )  a (PPh 3 ) 2 by comparison 

o f  its i n f r a r e d  spectrum w i t h  a n  a u t h e n t i c  sample.49 Yie ld  5 1 mg, 4 1% 

a s s u n i n g  only  h a l f  t h e  r e a c t a n t  i r i d i u m  o r  diazonium c a n  be t ransformed 

t o  t h i s  product .  The f i l t r a t e  was evlaporated t o  d r y n e s s  unde r  vacuum, 

i m p u r i t i e s .  were e x t r a c t e d  w i t h  e t h a n o l  ande t h e n  benzene, and t h e  s o l i d  
I 

1 b  r e d r i e d  unde r  v a c u m .  Y ie ld  4 5  mg, 36%. 

3h. Reac t ion  o f  I r i d i u m  Hydride w i t h  " ~ - B ~ c ~ H ~ N ~ + .  

The hydraz ido  complex l e  - was prgpare'd i n  t h e  manner o f  La from 3 - 
( 4  92 mg) and 2-BrC6H4N2BF4 ( 2 6 5  mg) i n  toluene/propanone . When 

s o l i d i f i c a t i o n  o f  t h e  hyd raz ido  complex 1-e (%NH 3250, V CO 2000 n o t  due  

t o  8  because o f  t h e  absence  o f  i n t e n s i t y - a t  2100 cm-l) p r e s e n t  i n  t h e  
67' 

< 

l a  te-o i l i n g  f r x t  i o n  was t r i e d  w i t h  me t h a n o l i c  HBF4/e t h e r ,  t h e  
3- 

yellow-green canplex 9b - p r e c i p i t a t e d  which ana lyzed  a s  a  t e t r a z e n e  

i somer :  - C ,  48.8;  H ,  3 .28;  N ,  4.71. Calcd. f o r  
2 

C4$-138N4BEP2F41rOP2: C ,  49.1 ;.H, 3.19;  N ,  4 .67.  I R :  3054 



w ,  1 6 6 7 s  ( 1 6 7 5 i n  c r u d e i s o l a t e ) ,  1 5 6 2 ~ ~ 1 ,  1482wm, 1460wm, 1 4 3 6 m ,  i 
. d 

1296 w ,  1255 w ,  1155 s h ,  1095 s h ,  1050 s ,  1032 s h , - , 9 9 9  m ,  747  m ,  712  s ,  

khen t h e  f i l t r a t e  was t r e a t e d  w i t h  e t h e r / h e x a n e  and coo led  t o  265 K 

a  brown s o l i d  formed which was r e c r y s t a l l i z e d  t h r i c e  from 

propanone/e ther  t o  a  b r i g h t  ye l low s o l i d ,  5:-F. I R :  ' i n  a d d i t i o n  t o  

B broad w a t e r  b nds c a .  34QO and  1700-1600, 3  156 wm; 3055 wm, 2052 s ,  
I 

1586 w ,  1568 m ,  1535 wm, 1507 vw, 1484 m ,  1436 s ,  1381 w ,  1368 Zr, 1317 

w , 1286 wm, 1219 m ,  1204 a ,  1 183 a, 1094 i g ,  1060 v s ,  998 s ,  857 m ,  

772 m ,  746 s ,  611 a ,  694 v s ,  607 v u ,  579 m ,  529 v s ,  461 wm,  376 cm-' 

VW . 

N e u t r a l i z a t i o n  o f  t h e  e a r l y - o i l i n g  m a t e r i a l  produced 3 - and  

i r i d i u m ( 1 )  a r y l d i a z e n e  1_0 ( S e e  below, S e c t i o n  4g. ) ;  

a n d  ~ - C H ~ C ~ H \ N ~ B F ~  ( 1 2 0  mg, 0 .58  rnmle)  i n  to luene /  propanone 
,, 

of  12 ,  b u t  a l l  s o l v e n t s  were s t r i p p e d  from t h e  r e a c t  ion  

d e c a n t i n g .  The r e s i d u e  was d i s s o l v e d  i n  me thano l i c  HBF4 

w i t h  e t h e r  and hexane w i t h o u t  fo rma t ion  Aa 
p r e c i p i t a t e .  The o l u t i o n  was f i l t e r e d  and evacuated t o  a  volume of 3-4 h 
m l ,  khen an  orange s d l i d  formed, a i c h  was f i l t e red  and washed'with & 

b e t h e r  and hexane. T e s o l i d  was r e c r y s t a l l i z e d  from minimum n e u t r a l  



methanol by a d d i t i o n  o f  e the r /hexane .  I R :  3282 m ,  3056 wm, 2920 wm, 

2850 *sh,  1993 v s ,  1481 m ,  1435 , s ,  1310 w ,  1247 wm, 1219 m ,  1184 m ,  1087 

v s ,  1053 s h ,  999  s ,  849  wm,  800  w m , ~ 7 4 5  s ,  693 s ,  5.17 v s ,  450 wnf, 422 

cm-' wm. Because o f  low C a n a l y s i s  a n o t h e r  r e c r y s t a l l i z a t i o n  was done 
d 

-- 

on t h i s  m a t e r i a l ,  m i c h  l e f t  a  f i l t r a t e  c o n t a i n i n g  5  ( y N H  3  150, v C O  
..F 

.. 

2055; c r y s t a l l i z a t i o n  a t t e m p t s  were unsucces s fu l .  ) and  materials 

f abso rb ing  w i t h  medium i n t e n s i t y ,  a t  1685 a d  1645 ern-'. The l a t t e r  ' 
< 

. C 

bard aZso appeared i n  t h e  s p e c t r m  o f  t h e  s o l i d  sample o f  l i  s t o r e d  s i x  
I ,  

- 
I 

months a t  room t 

After n e u t r a l i z a t i o n  ( exces s  NaOH i n  e t h a n o l )  o f  t h e  f i l t r a t e  o f  l_i, 

IrH(CO)(PPh3)3 was f i l t e r e d  from a l c o h o l .  Addi t ion  o f  wa te r  t o  t h e  

f i l t r a t e  p r e c i p i t a t e d  a  red-brown m a t e r i a l  w i t h  n o  v N H ,  which absorbed 

a t '  1940 cm-' ( v C G )  . A peak a t  775  cm-' and  s h o u l d e r  a t  720 cm-' 
> ' 

i s  evidence f o r  1 , 2 , 3 - a r y l  s u b s t i t u t i o n .  Wen p u r i f i c a t i o n  o f  t h i s  

m a t e r i a l  by chrana tography  o n  s i l i c a  g e l  ( 5 %  e t h e r / t o l u e n e )  was 

aktempted,  t h e  i n i t i a l l y  s e p a r a t e d  r e d  band decayed a s  i t  was f u r t h e r  

6 ' d eve loped  u n t i l  i t  had d isappeared  b e f o r e  e l u t i o n .  It probably was n o t  

a r y l d i a z e n e  complex 1-0, b u t  t h e  m a t e r i a l  d e s c r i b e d  above ( S e c t i o n  B  ,6 )  

a s  pseudodiazene. - - \ ' i 
3 j  :Reaction o f  I r i d i u m  Hydride w i t h  3-02Nc6~iN2+. 

< . 

S y n t h e s i s  o f  [ I ~ ( N H N ~ ~ H ~ - ~ - Y o ~ )  (CO)  ( P P ~ ~ ) ~ ] B ~ ~  2 / 1 

e 

( 5 4 6  mg) i n  t h e  manner o f  13  was s u c c e s s f u l  i n  producing  c r u d e  1g i n  4 ' 8 - i 
1 i 

b o t h  e a r l y -  and  l a t e - o i l i n g  f r a c t i o n s ,  b u t  e f f o r t s  t o  o b t a i n  s o l i d  from 
+ 

a  v a r i e t y  o f  s o l v e n t  s y s  tems w i t h  and witho.ut c o o l i n g p a s  un;duccessful. I 



N e u t r a l i z a t i o n  o f  t h e  p r o d u c t  m i x t u r e  a l l owed  i s o l a t i o n  o f  - 3  and  

a r y l d i a z e n e  I$. ( S e e  below, S e c t i o n  4 e . )  

3k.  Reac t ion  o f  I r i d i u m % A y d r i d e  w i t h  3  , ~ - ( c H ~ ) ~ c ~ H ~ N ~ + .  

S imul taneous  a d d i t i o n  o f  IrH(C0) (PPh3)3 (249  mg, 0 . 2 5  mmole) 

and  3,5-(Me)2C6H3N2BF4 (108 ,mg,g0 .49  mmole) i n  t o l u e n e  and 
J 

'probanone r e s p e c t i d e l y  o v e r  0 .2  h gave  a  c l e a r  r e d  $elution. which was L I J 

s t r i p p e d  t o  d r y n e s s  w i t h o u t  d$eant ing .  The i n f r a r e d  o f  t h e  c r u d e  

m a t e r i a l  showed n o  r e s i d u a l  diazonium s a l t  $ Y N N  a t  2280 cm-') o r  3  
< 

( y cb a t  1925 cm-l) , a n d  n o  d r y l h y d r a z i d o  complex 1  ( V N H  c a .  3280 cm-') , 
-, 

b u t  had t h r e e  s t r o n g  c a r b o n y l  bands a t  2  100, 2000 

( [ I ~ H ~ ( C O )  (pFi-13~) 3]BF4), and  2040 om-'. 

N e u t r a l i z a t i o n  o f  t h i s  m i x t u r e  w i t h  e t h a n o l i c  K O H  s lowly  

p r  e o i p i  t a t e d  a  m i x t u r e  o f  I rH(C0) (PPh ) ( v C O  2075, 1925 cm-' ) 3  3  

w i t h  m a t e r i a l s  a b s o r b i n g  a t  1955 cm-' and  1300 wrn, 1050 vvs  ( Y 8 % ) .  
\ 

T h i s  was d i s s o l v e d  i n  h o t  t o luene ,  l e a v i n g  KBF4 a s  a  w h i t e  s o l i d :  t 

r e d i l y  s o l u b l e  i n  water, d i d  n o t  melt <525 K ,  d i d  n o t  bu rn  o r  c h a r  i n  a  
$ 

f lame.  The t o l u e n e  s o l u t i o n  was cooled  (268  K )  o v e r n i g h t  b u t  no  s o l i d  

. forined u n t i l  a d d i t i o p o f  a  l a r g e  q c e s s  o f  methanol .  The-ye l low 
,4' '/' H 

,,-ec&e was i d e n t i f i e d  a s  IrH(CO)(PPh3)3 by i n f r a r e d  ( y I r H  
/ a;. 

31. Reac t ion  o f  I r i d i m  Hydride w i t h  ~ - c H ~ c ~ H ~ N ~ + .  

Syntheses  o f  hyd raz ido  complexes 1 from 1rH(CO) (PPh312, 2 ,  
, ,4 

were a h 0  done by s imu l t aneous  a d d i t i o n  o f  bo th  t h e  h  d r a z i d e  And 4. 
diazonium s a l t s ,  b u t  w i t h  o n l y  o n e  mole diazoniym s a l t .  F o r  example, 



Q - C H ~ C ~ H ~ N ~ B F ~  ( 2 1  tag, 0 .10  mmole) i n  degassed propanone ( 10 

m l )  and - 2 ( 7 9  mg, 0.1 0 mmole) i n  degassed b-enzene ( l o  m l )  were added 

dropwise u n d e r : n i t r o g e n  t o  t h e  s t i r r e d  m i x t u r e  a t  r o p  t e m p e r a t u r e  ove r '  

0.1 h .  The s o l u t i o n  c o l o r  remained ye l low u n t i l  n e a r  t h e  ond o f  

b u t  o v e r  0 . 3  h a  f u l l  reQneas deve loped .  A l l  s o l v e n t p  were 
1 " L 

* a :  

t h e n  1 m l  m t h a n o l i c  HBF4 used t o  d i s s o l v e  t h e  repid+. I ., 

o f  6 m l  e t h e r  i n c r e a s e d  t h e  amount o f  p r e c i p i a t e d  wh i t e  . s o l i d  
C 

IrH2(C 2(PPh lBF4, 7 ,  which was f i l t e r e d  and washed w i t h  b?' . 3 2  i 

e t h e r ;  y i  MT14.2 mg, 16%. I R :  s e e  Tab le  111-1 and  S e c t i o n  3m. b 

b 

Addi t ion 'of  hexane t o  t h e  f i l t r a t e  d e p o s i t e d  a n  o i l  s o  a l l  
2 

v o l a t i l e s  l i e r e  a g a i n  s t r i p p e d  and 0 .8  m l  f r e s h  me thano l i c  HBF4 added. - 

Orange s o l i d  19 - formed; 4 m l  e t h e r  were added,  t h e  s o l i d  was f i l t e r e d ,  
/ 

' d r a i n e d  w e l l  w i thou t  washing,  and vacuum d r i e d .  MP c a .  405-K dec .  

R e c r y s t a l l i z a t i o n  d i d  n o t  remove 3 t r a c e , o f  5e. I R :  3276 s ,  3170 s h  , - 
--' < 

C L' N H  o f  impur i ty )  ; 3056 m 2917 W ,  2034 (L' CO i m p u r i t y ) ,  1996 v s ,  1587 m ,  

1161 m ,  1086 V S ,  1055 v s ,  9 9 7 , s ,  879  w ,  845 w ,  796 wm, 745 s ,  693 v s ,  ', --- 

615 w ,  583  v s ,  565  wm, 556 s h ,  517 v v s ,  466 wm, 450 wm, 432 m ,  390 w .  

-"- : -- 
-- 

The f i l t r a t e  o f -  If i n  a  side-arm t u b e  was t r e a t & d  w i t h  hexane u n t i l  
- 

% - 
\L 

j u s t  c  loudy , t he6  methanol t o  r e c l a r i f y  t h e  s o l u t i o n  and p laced  

i n  t h e  f r e e z e r  w i t 4 o u t  g r e a s i n g  t h e  s t o p p e r .  The s o l u t i o n  s lowly  l o s t  
P 

r d n e s s a n d  d e p o s b e d  ye l low s o l i d  5e ;  y i e l d  1 2 m g ,  12%. I R :  3161 m ,  - 
3053 m ,  2920 w m ,  2848 s h ,  2037 v s ,  1591 m ,  1483 m ,  1432 s ,  1399 m ,  1309 



a ,  1269 m, 1223 m ,  1208 wm, 1189 m ,  1169 wm, 1087 v s ,  1057 vs, '997 s, 
9 

8 8 4  wm, 866 w ,  8 0 7  w ,  745  s ,  708 s ,  693 v s ,  $14 vw, 584 wm, 565  m, 515 

P - 
. . O  N e u t r a l i z a t i o n  b y  excess:methanol ic  K C O  o f  t h e  matef i ia l  n o t  - 2 3  

c o l l e c t a b l e  f r c m ' r e ~ r ~ s t a l l i z a t i o n  o f  1 1  - &ve a r e d  s o l u t i o n  which 

d e p o s i t e d  a  purple-maroon s o l i d ,  e s p e c i a l l y  a f t e r  a d d i t i o n  o f  water .  . 

The s d l i d  was f i l t e r e d  and washed, thric8 w i t h  4:1 methanol /water  and 

once w i t h w a t e r .  Anal .  C ,  49.6;  H ,  3.89; N ,  1.61. T h i s  cor responds  t o  - 

a C :H:N: r a t i o  o f  72:67:2. I R :  3285 vvw ( v N H ) ,  1958 m ( v C O ) .  (See  
A. 

d i s c u s s i o n  o f  pseudodiazene,  S e c t i o n  B 6. ) 

A r e l a t i v e l y  l a r g e  s c a l e  r e a c t i o n  o f  4 - C H 3 C 6 ~ 4 d 2 ~ ~ 4  w i t h  
b 

, 3' (370  qg) was done  l i k e  t h e  s y n t h e s i s  o f  13  b u t  i n  benzene/propanone $0 

t h a t  b o t h  s o l v e n t s  came o f f  t o g e t h e r  under  vacuum and n o  p r e l i m i n a r y  

s e p a r a t i o n  was accomplished.  The c r u d e ,  d r y  r e s i d u e  d i d  n o t  seem t o  ~ 

have much hydraz ido  complex - in  i t  by i n f r a r e d  and when 2  m l  methanol ic  

HBF4 was added no  p r e c i p i t a t e  f o m e d  u n t i l  t h e  s o l u t i o r i  was 

concen t r a t ed  t o  a b o u t  1  m l  and 4  r n l  e t h e r  were added.  T h i s  s o l i d  was a  

m i x t u r e  w i t h  o n l y  low i r i d i u m  c a r b o n y l  i n t e n s i t y  a t - 2 0 4 0  cm" and was 

d i s c a r d e d .  From t h e  f i l t r a t e  a  mix tu re  o f  t e t r a z e n e  $ &nd d i azene  5  
B 

.. 

B s e p a r a t e d  from methanol /e ther  a t  268 K .  The d i a q e n e  w a s  p u r i f i e d  by 

r e p e a t e d  c r y s t a l l i z a t i o n  from propanone/e t h e r  u s i n g  t o o  l i t t l e  propanone 

t o  comple te ly  d i s s o l v e  t h e  s o l i d ,  s i n c e  i t  was h a r d  t o  g e t  s o l i d  t o  

s e p a r a t e  w i thou t  s eed ing .  A f t e r  removing d i a z e n e  t h e  t e t r a z e n e  4_d was 



117 ... 

c r y s t a l l i z e d  from propanone/ether. .  I R :  3058 w m ,  2921 w ,  2867 vw, 2026 Ti - .  U 1 
v s ,  1586 wm, 1504 s ,  1482 m ,  1435 s ,  1316 w ,  1266 wm, 1235, 1214 wm, 3 

T 
" % %% 

1187, 1179 G m ,  1160 m ,  l 0 9 f  vs-a 1057 v s ,  1010 .&I, 999 m ,  923  w ,  820.m,- i 

- k' ', * 
'.. 744 S ,  690 s ,  638  vw, 609  v s ,  561 m ,  530 s ,  515 s ,  997 m ,  422 cm" wm. 

tiecause o f  d i f f i c u l t y  i n  o b t a i n i n g  p u r e  samples ,  t h e  y i e l d s  o f  4$ and 5e - 
by t h i s  method were l e s s  t han  2%.  

7 
I 

3m. React ion o f  I r i d i u m  Hydride w i t h  2 - C F 3 ~ 6 ~ 4 ~ 2 + .  
I 

Attempted s y n t h e s i s  o f  1> from ? d t h e  manner o f  11 - ( S e c t i o n  31)  

w i t h  a d d i t i o n  done o v e r  two minu te s  o r  0 .5  h  gave  a brown i s o l a t e  which 

by i n f r a r e d  con ta ined  l i t t l e  o r  no  hy  a z i d e  complex 1-c. The f irst% T i 
m a t e r i a l  t o  s e p a r a t d f r o m  methanol /e ther  was 7 .  Anal. C ,  52 .8 ;  H ,  

1- 

3 .75 ;*N,  0 .  Calcd. f o r  [IrH2(C0)2(PPh3)2]BF4: C ,  53 .0 ;  H ,  

3.74. I R  (Nuj) : 3065 wm, 2071 wm, 2021 v s ,  1999 v s ,  15,85 vs, 1480 m ,  

4 435 3 ,  1305 w , 1 183 wm, 1  165 wm, 1095 V S ,  1056 v s ,  996 m ,  754 m,' 7  6 - s ; ' 
688, 679 s ,  550 w ,  517 v s .  I n  K B r  a  peak o f  medium i n t e n s i t y  i s  seen  a t  

350 cm-l. The ca rbony l  r e g i o n  i s  n e a r l y  d u p l i c a t e d  ( s e k  a l s o  S e c t i o n  

I I I , B , 2 )  if scanned v e r y  qu i ck ly  a f t e r  p r e p a r a t i o n  of  t h e  sa l t  m u l l ,  b u t  
. . 

a  peak a t  2030 cm-' grew i n  q u i c k l y  and a f t e r  s t a n d i n g  o v e r n i g h t  t h e  

spectrum had two peaks  a t  21300 m and  1929 cm" s.  When a  propatlone 

s o l u t i o n  was loaded  i n t o  a  s a l t e c e l l  t o  observe t h e  ca rbony l  iw5, 9- 
t h e r e  was a n  ex t remely  v i g o r o u s  bubbl ing  l a s t i n g  on ly  seconds ,  and t h e  

P 
spectrum was s i m i l a r  t o  t h a t  i n  K B r  a f t e r  l ong  s t a n d i n g .  
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Add i t i on  t o  t h e  f i l t r a t e  of 7  of  more e t h e r  and c o o l i n g  gave impure - 
d i a z e n e  5b ,  which was r e c r y s t a l l i z e d  from methanol /e ther /hexane w i t h  - 
c o o l i n g  t o  b r i g h t '  ye l l ow  c r y s t a l s .  The p re sence  o f  nonstoichiome t r i c  

L 

e t h e r  n o t  removed a t  h igh  v a c u m  was shown by b o t h  i n f r a r e d  and PMR; t h e  

a n a l y s e s  sugges ted  0.25-0.3 mole.  I R :  3142 wm, 306'0 wm, 2951 w ,  2931 

w ,  2868 vw, 2056 s ,  1584, 1574 wm, 1484 m ,  1437 s ,  1393 wm, 1311f s ,  1302 

s h ,  1224 m., 1136 s ,  1090 v s ,  1075 s h , .  1060 s h ,  998 s ,  8 5 8  w ,  817% w ,  798' 

S y n t h e s i s  o f  [ I ~ ( N H E J H C ~ H ~ - ~ - C F ~ )  (CO) (PPh3)2]BF4 was i 

* a t t empted  f r m  3 - i n  t h e  manner o f  l a .  - I n f r a r e d  s p e c t r a  o f  b b t h  e a r l y -  

and  l a t e - o i l i n g  r e s i d u e s  i n d i c a t e d  t h e  presence  o f  a ~ p r e c i a b l e  •‹amounts. . 

o f  I c ,  - w i t h  the  l a t e - o i l i n g  m a t e r i a l  be ing  s l i g h t l y  r i c h e r .  When 
---a 

methano l i c  HBF4 was added t o  this a s o l i d  %a formed. ( A n a l y s i s  " 

i n  Tab le  111-3) It u a s  v e r y  s o l u b l e  i n  p y o p z b n e ,  CBC13; s o l u b l e  i n  
2 .. 

methanol ,  e t h a n o l ;  s l .  s o l u b l e  i n  benzene,  e t h e r ;  i n s o l u b l e  i n  water,, * 
hexane.  Upon h e a t i n g  i n  a i r  i t  decomposed above c a .  433  K w i thou t  

m e l t i n g ;  above 473  K i t  decomposed w i t h  r a p i d  e v o l u t i o n  o f  g a s  and 

reformed i n t o  a  s o l i d .  The s o l i d  decomposed o v e r n i g h t  d u r i n g  a t tempted  

c r y s t a l l i z a t i o n  from propanone/me than01 under  s low N 2  f l ow .  I R :  3058 

v s ,  1097 3 ,  1048 v s ,  1036 s h ,  998 m ,  778 m ,  745 m ,  7  12 m ,  693 s ,  650 m ,  

580  w ,  513  s ,  4'21 vw, 321 cm" vw. 



F'urGher a t t e m p t s  t o  i s o l a t e ' l c  - from t h e  combined r e s i d u e s  o f  t h e  

r e a c t  i o n  were u n s u c c e s s f u l ,  o n l y  
+. 

[ Ir(NHNC6H3-2-CF3) (CO)F( P F ? I ~ ) ~ ] B F ~  s e p a r a t e d  s o  t h e  c r u d e  

hyd raz ide  was n e u t r a l i z e d  t o  10. - ( S e e  s e c t i o n  4d . )  
, . 

- I ' 

3n. Reac t ion  o f  I r i d i u m  Hydride w i t h  4 - C H 3 0 ~ 6 ~ 4 ~ 2 + .  

[Ir(NHNHC6H3-4-OMe) ( C O )  (PPh3) 2 ] ~ F 4 ,  I m ,  - was syn thes i zed  

f r m  -2 "(1 11 mg) by t h e  method desc r ibed  f o r  1 . M t e r  w h i t e  s o l i d  - -. 
> * 

[IrH2(C0)2(PPh3)2]BF4 ( 2  1 mg, 17%) was ' c o l l e c t e d ,  a d d i t i o n  o f  

hexane gave an o i l .  When, w i thou t  d e c a n t i n g ,  s o l v e n t s  were a lmos t  

Canp le t e ly  renoved unde r  vacuum, t h e  r e s i d u e  t u r n e d  ye l low.  Addi t ion  o f  

//- 
. 

e t h e r  and wa te r  gave  r e t u r n  t o  r e d n e s s .  The l i q u i d s  were poured o f f  and 
I ' 

C 
-i J 

t h e  remaining c r u d e  Im vacu* =dried.  I R :  Y N H ,  3285, 3228 'sh; V C O  

1993 cm" . 

Some 1m - was al lowed t o  o x i d i z e  ' i n  propanone/ethec and 

5 f  p r e c i p i t a t e d  w i t h  e x c e s s  e t h e r .  - I R :  3190 wm, 3058 wm, 2047 s ,  1590 
/- j 

s ,  1557, 1541 WIU, 14'82 m ,  1437 s ,  1334 wm, 1330 2m,  1285 m;  1 2 4 6 , s ,  t 

1188, 1179wm, 1162 wm,  1120 s h ,  1090 s ,  1060 s ,  1035 s ,  998 m ,  870 wm, + 
1 

845  w ,  817 w ,  759 s h ,  746 m ,  709 s h ,  695 s ,  612 w ,  576 wm, 515 s ,  455 

The s y n t h e s i s  was a l s o  a t tempted  a t  233 K by* i n t i m a t e l y  mixing 2 - 
( 8  5 mg, 0 .1  1 mmole) and 4-CH30C6H4N2BF4 ( 2 5  mg, 0 .1  1 mmole) , " ~ 2  

and condensing degassed  propanone i n  under  vacuum. Reac t ion  i s  v i s i b l e  

a t  213  K b o t h  by e v o l u t i o n  o f  g a s  and c o l o r  change t o  orange .  A f t e r  3 .6  

C '  



* 120 . - 
v 7 h  t h e  s o l u t i o n  w a s  a l l owed  t o  warm a s  v p l a t i l e s  were  removed under  = 

b r 

vacuun, b t h a n o l i c  HE!F4/e t h e r  a l l o d e d  s o l i d i f i d a t i o n  o f  b o t h  

> , I rH~(C0)2 (PR13)21BF4 ,~ ,  a n d  r 

[ I ~ ( c o ) ~ N ~ ( c ~ H ~ ~ ~ - o M ~ ) ~ I  ( P F ? I ~ ) ~ I B F ~ ,  4e.  - .  . .These were 

s e p a r a t e d  by r e c r y s t a l l i z a t i o n  f rm  propanone/benzene. Each was 

i d e n t i f i e d  by a n a l y s i s  and i n f r a r e d :  v a l u e s  f o r  7  a g r e e  w i t h  t h o s e  ' .  
3 

.., 

r e p o r t e d  above; I R :  -3058 wm, 2837 w ,  c a .  2040 s h ,  2030 s ,  1600 s ,  

1585 m ,  1503 v s ,  1481 m ,  1434 s ,  1301 m,-'1250 s ,  1185, 1179 s h ,  1168 m ,  

1087 v s ,  1057 v s ,  1038 s h ,  1000 m ,  835  m ,  746 m ,  695  s ,  565  wm, 534 m , -  

* A' a Attempted s y n t h e s i s  o f  1 m  - i n  a  mannec-qm&w t o  l a  u s i r q l 8 !  mg of , 

- f" - 
i 3 .  - 3  was successful /  i n  producing  a p p r e c i a b l e  c r u d e  hydr&ido  complex i n  t h e  - a .  . , . c -  

d e c a n t a t e  ( i d e n t i f i e d  by inf ra red : '  Y NH 3285; v,CQ' 1990 em-'  ). An 
* .  

a t t e m p t  to p r e c i p i t a t e  1m - by a d d i t i o n  o f  Nh4BFj, was u n ~ u c c e s s f u l  and - . - 
I 

t h e  methanol  s o l u t i o n  was l a r g e l y  p r e c i p i t a t e d .  w i t h  wa te r  and d r i e d .  . 

p m p l e s  o f  yel low m a t e r i a l s  s p e c t r o s c o p i c a l l y  i d e n t i f i e d  a s  5 f  ( e,.g :J N H .  
'7. - .  

3183, VCO2040 ,  6 C H  of  l , 2 , 4 - a r y l  866 ,  8 4 6 , 8 0 3 1  were r e c o v e r e d f r o m  ; ,,. . 

. , 

t h e  f i l t r a t e  and p P e c i , p i t a t e  a'bove -as w e l l  a s  .from t h e  e a r l y - o i l i n g :  . . 
. .  

r e a c t  i o n  r e s i d u e ,  bu't t h e s e  ha'd w ide ly  v a r i e d  d & b m p o 8 i t i o n  tempera6ures  
% '  . - . .  

( 4 3 3  and  473 K )  and  i r r a t i o n a . 1  ana lyses : ,  Ce, 52.4,  49 .5 ;  H ,  3..91, 3.8'1; -. -' 

N ,  2 .56 ,  2.62. Calcd. f o r  - 
- \ 

[Ir(NHNC6H3-4-OMe) ( v F ( P P h 3 ) 2 ] B F 4 :  C ,  53.6;  H 3.78; N ,  2 .84.  ' 

H ,  3 . 54 ;  N ,  2.66. ) and were a t y p i c a l l y  . uns t ab l e  d u r i n g  a t t empted  



r e c r y s t a l l i z a  t i o n .  The e a r l y - o i l i n g  r e s i d u e  from t h i s  s y n t h e s i s  a l s o  

seened  t o  c o n t a i n  p e c u l i a r  p roduc t s .  F o r  i n s t a n c e ,  a f te r  t h e  r e s i d u e  

wasedisso lved  i n  d i l u t e  me thano l i c  HBF4 and t h e  d i a z e n e  5 f  ( n o t e d  , - 
/ 

above)  p r e c i p i t a t e d  w i t h  benzene/hexane, a d d i t i o n  o f  e i c e ' s s  hexane 
9 

caused s e p a r a t i o n  o f  a n  impure ,  r e d  o i l  w i t h  a r e l a t i v e l y  i n t e n s e  V NH 
9 

a t  3202 m ,  v C O  2070 Bnd a  band a t  1507 m ( t e t r a z e n e ? ) ,  and  SCHaof 

30. P r o d u c t s  . from , 4--N02C6H4N2BF4 
* ,  

S y n t h e s i s  o f  1  - j ( d e t e c t e d  by V N H  3260 ern-'$ w a s  accomplished 

u s i n g  2_ and 4-02NC6H4N2BF4 i n  benzene and propanone i n  t h e  

manner o f  11 above,  however i t  c o u l d  n o t  be  s e p a r a t e d  b e f o r e  - 
decanpos i t i .on  t o  .a ye l l ow ' s o l i d  presumed t o  b& FBF d i a z e n e  from J CO " 3 

r " e c r y s t a 1 l i z a t i o n  o f  t h i s  .from a t  2075 om-'. A t  t m p t e d  

propanone/ t  o luene  gave  a 

A t  t anp ted  s y n t h e s i s  

c h o c o l a t e  o i l ;  n o t h i n g  was r ecove red .  

o f  1 - j by a d d i t i o n  o f  dimethylformamide ( 4  ml)  

t o  a m i x t u r e  o f  I rH(C0)2(PPh3)2,  g, ( 8 1  mgj a n d  

4-O2NC6H4N2BF4 ( 2 5  m g )  gave  a  c r u d e  r e a c t i o n  p roduc t  w i t h  n o  YNH 

appa ren t  and hydr ide  o r  c a r b o n y l ,  a b s o r p t i o n s  a b o u t  2  140, 2080, 2040, 

7970,  a n d  1925 em". No p u r e  m a t e r i a l s  were i s o l a t e d  from t h i s ,  

t b u g h  me t h m o l i c  HBF4 a l lowed s e p a r a t i o n  o f  a n  o i l  c o n t a i n i n g  

[IrH2(CG)2(PPn3)2]BF4 o f  s t e r eochemis t ry  C ( S e e  S e c t i o n  I11 B 

The 1925 cm'l a b s o r p t i o n  probably  c a n e s  from decompos i t ion  o f  a  

d i h y d r i d i c  c a t i o n  t o  I rEr (C0)2(PPb3)2  i n  The KBr m a t r i x .  
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A t  tempted s y n t h e s i s  o f  

N O  ) (CO) ( P F ? I ~ ) ~ ] B F ~  from 3  (577  mg) i n  t h e  [ I ~ ( N H N H C ~ H ~ ~ -  2  - + 
-". 

manner o f  1 3  w i t h  a d d i t i o n  o v e r  0.5 h  was d i s t i n c t l y a  unsuccebsfu l  i n  

t h a t ,  n e i t h e r  c r u d e  f r a c t i o n  c o n t a i n e d  a p p r e c i a b l e  1  - j. Although t h e  

l a t e - o i l i n g  mte r i a l  d i s p l a y e d  some v N H  i n t e n s i t y  n e a r  ,3270 cm-l , 

, : t h e r e  was hery l i t t l e  I r C O  i n f r a r e d  a b s o r p t i o n  compared t o  t h e  i n t e n s i t y  
k 

o f  t h e  phenyl  modes ( e . g .  less t h n  t h e  i n t e n s i t y  a t  1480 cm-l). 
- 

E a r l y - o i l i n g  mter ia l  seemed t o  have an unusua l ly  l a r g e  amount o f  

[ I r H 2 ( C O )  (PPh3) 3]BF4 from i n f r a r e d  a b s o r p t i o n  a t  2  100 cm-' . 
No p r o d u c t s  were i s o l a t e d .  

6  1  4. P r e p a r a t i o n s  o f  Ir(NHNC6H3~-C ,N ) (CO)  (PPh3)2, 10.  - 
a .  P r e p a r a t i o n  o f  I F ( N H N C ~ H ~ - ~ - N O ~ )  (CO)  (PPh 3  ) 2 '  

The a r y l d i a z e n e  c d p l e x  10a - was syn thes i zed  by  a d d i t i o n  o f  4 .53  m l  
< 

o f  9 .66  mM NaOH (43 .8  m i c r o e q u i v a l e n t s )  degassed aqueous NaOH t o  4 3  mg i 

1b - (43 .8  m i c r o e q u i v a l e n t s )  i n  propanone. f i e  s o l u t i o n  c o l o r  became 

p u r p l e  b u t  no s o l i d  p r e c i p i t a t e d  u n t i l  a d d i t i o n  bf w a t e r ,  which was done 

s o  f a s t  t h a t  a c a l l o i d  formeci. The c o l l o i d  was c o l l e c t e d ,  vacuum d r i e d ,  

d i s s o l v e d  i n  benzene and f r e e z e  d r i e d .  I R :  3280 w ,  3050 wm, 2921 w ,  

2 8-h 
__A- 

1950 v s ,  1585 wm, 1572 w ,  1511 m ,  1480 m ,  1435 s ,  1408 wm, 1335 

m ,  1265 s , - 1 2 2 5  m ,  1186 m ,  1161 wm, 1118 wm, 1090 m ,  1029 wm, 1000 wm, 

861  wm, 789  wm, 769  wm,, 745 m ,  695  s ,  619 vw, 591 u, 541 s h ,  521 s ,  460 

w ,  426 cm-' w .  PMR (CDC13): 12.7 b r  s,  N H ;  7.9-6.55 complex, a r y l ,  

phenyl  and CHC13: 



Addi t i on  o f  c o n c e n t r a t e d  K O H  i n  water  t o  a  s o l u t i o n  o f  10a' i n  -. 
- p r o p a m n e  gave no f u r t h e r  c o l o r  change. A s o l u t i o n  a l l owed  . t o  s t a n d  i n  

a i r  b e k e  q l i g h t l y  more r e d d i s h ,  b u t  d i d  n o t  d i s c o l o r .  When t h e  s o l i d  

wa's a l l o + d  t o  s t a n d  i n  a  l o o s e l y  s t o p p e r e d  f l a s k  d e c m p o s i t i o n  
i 

i v i n g  a  ma te r ' i a l  w i t h  cabbdnyl  s t r e t c h i n g  f r e q u e n c i e s  a t  

2020, 19601 and  1948 cm-l . The fo rmer  i s  probably  due  t o  t h e  presence  

\ o f  a n  i r i d i u m  11) complex and t h e  l a t t e r  t o  t h e  m a t e r i a l  r e f e r r e d  t o  a s  

4b. P r e p a r a t i o n  of  I ~ ( N H N c ~ H ~ - ~ - F )  ( C O )  ( P P ~ ~ ) ~ .  a 

P 

micrano le )  was t r e a t e d  w i t h  0 .05  M me thano l i c  K2C03 ( 0 . 6  m l ) ,  

t h e  orange  s o l i d  d i s s o l v e d  t o  g i v e  a  da rk  r e d  . s o l u t i o n  and t h e n  

r e p r e c i p i t a t e d  t o  l e a v e  an orange  s o l i d  i n  a  s l i g h t l y  p ink  , s o l u t i o n .  

A f t e r  3  m l  w a t e r  were added t h e  s o l u t i p n  pH was 6 .5  o n  narrow 

range  pH t e s t  pape r .  The orange s o l i d  1 - Od was f i l t e r e d  and 

washed w i t h  wa te r .  I R :  3287 vw (3283  i n  ChC13) ; 3051 w ,  1953 s 
P 

(1961 i n  C H C 1 3 ) ;  1588 m ,  1533 w ,  1479 wm, 1434 m ,  1280 m ,  1240 

wm, 1221 wm, 1  183 m ,  1 158 w ,  1089 m ,  1025 wwm, 998  w ,  892 w ,  860 

w ,  827 vw, 808 'w,  741  m ,  693 s ,  580  w ,  513  s ,  451 wm, 431 wm, 418 .- 
wrn. PMR ( C D C 1 3 ) :  12.0 b r  s ( w i t h  ' % I d ,  J.81 Hz);  8.2-6.4 complex, 

a r y l ,  phenyl ,  and CHC13.  The 1 5 ~  ana logue  was prepared  s i m i l a r l y  by 

n e u t r a l i z i n g  a m i x t u r e  o f  1k - and [ I r H 2 ( C 0 ) 2 ( ~ ~ h  ) ]BF4. 3  2  



4c: P r e p a r a t i o n  of  Ir(NHNC6H3-2-F) (CO) (PI% 3 ) 2 '  

Upon a d d i t i o n  o f  2-FC6H4N2BF4 (61  mg, 0 .29 mmole) i n  

'I propanone ( 3  m l )  t o  - 3 ( 140 mg, 0.1 4  mmole) i n  t o l u e n e  ( 8  ml)  a t  room 

t e m p e r a t u r e  unde r  N 2 ,  t h e  s o l u t i o n  immediately t u r n e d  brown and t h e n  

went t o  a c l e a r ,  de'ep r e d .  After s t i r r i n g  f o r  two h o u r s  t h e  s o l u t i o n  
-. 

was coo led  t o  200 K a n d  0 .2  m l  Et3N ( 1.4 mnole) was added, which gave 

a d a r k e r  r ed  c o l o r  t o  t h e  s o l u t i o n .  A l l  v o l a t i l e s  were  removed under  

v a c u m  a t  273 K a n d  t h e  r e s i d u e  e x t r a c t e d  w i t h  7 m l  benzene i n  f o u r  

. p o r t i o n .  The a t r a c t  was c e n t r i f u g e d ,  f i l t e r e d  t o  remove a l l  s o l i d ,  and ' 

t h e n  f r e e z e - d r i e d .  The - i s o l a t e  was n o t  s u f f i c i e n t l y  s o l u b l e  i n  e t h e r  t o  

a l l o w  e f f e c t i v e  ~ P y s t a l l i z a t i o n ,  b u t  w i t h  0 .5  m l  t o l u e n e  and 6 m l  e t h e r  

t h e  s o l i d  .was d i f f i c u l t  t o  p r e c i p i t a t e  a t  c a .  2 10 K .  So t h e  m a t e r i a l  

was merely t r i t u r a t e d  w i t h  hexane. Ana lys i s  n o t  performed.  I R :  3287 

vw, 3057 wm, 1956 s ,  1596 w ,  1526 wm, 1479 m, 1434 s ,  1306 s h ,  1272 m ,  

1235 a, 1 183 wm, 1  157 w ,  11 16 wm, 1083 m ,  1025 w ,  996 w ,  693 m ,  766 wm, 

631 m ,  717 wm,  691 s ,  598 w ,  530 s ,  510 s ,  450 w ,  416 ern" wm. The 

s o l i d  had decomposed comple t s ly  i n  six months s t o r e d  i n  a  screw-cap v i a l  

unde r  a i r ,  b u t  was modera te ly  s t a b l e  i n  a i r  f o r  s h o r t  p e r i o d s .  

S o l u t i o n s  a r e  quite a i r - s e n s i t i v e  . 

46. P r e p a r a t i o n  o f  Ir (NHNC6H3-2-CF3) (CO) (PPh ) 
3 2 '  

After r e p e a t e d  a t t e m p t s  a t  c r y s t a l l i z a t i o n  o f  

iIr(NHNHC6H3-2-CF3) ( C O )  (PPh3)2]BF4 (See  above, S e c t i o n  3m), 

a r e a c t  i o n  mix tu re  f r a n  IrH(C0) (PFh3) and 2-CF3C6H4N2BF4 

was t r e a t e d  w i t h  4 m l  0 . 1  M methano l i c  KOH,  making t h e  s o l u t i o n  b a s i c .  
6 



impure 1_0b., was f i l t e r e d  from t h e  methanol ,  washed and wel l  t r i t u r a t e d  

w i t h  wa te r  u n t i l  no  BF4' could  be d e t e c t e d  i n  t h e  i n ' f r a r e d  o f  t h e  
- 

C- 
s o l i d .  More r e d  s o l i d  c o u l d  g a s i l y  be  p r e c i p i t a t e d  ,from methapol by 
*- 

a d d i t i o n  of wa te r  and ,  though t h i s  con ta ined  l i t t l e  a r y l d i a z e n e  1_0b (by 

- i n f r a r e d  i n  t h e  Y NH r e g i o n ) ,  i t  was combined w i t h  t h e  m a t e r i a l  above 

f o r  a  chroma t o g r a p h i c  s e p a r a t i o n  . 

A 2 . 3 ~ 9  cm column of s i l i e a  g e l  was prepared  unde r  N2 u s i n g  

benzene, t h e  c r u d e  a r y l d i a z e n e  complex loaded a s  a  benzene s o l u t i o n  and 

t h e  column developed w i t h  degassed benzene. The bands i n  o r d e r  of 
i 
b* 

e l u t i o n  were: a  ye l low band well s e p a r a t e d  from t h e  a r g l d i a z e n e  and 

d i s c a r d e d ,  a  m i x t u r e  o f  1_0b and pseudodiazene l o o k i n g  v i o l e t - r e d  a t  t h e  

bottom and orange-red a t  t h e  t o p  o f  t h e  band, well s e p a r a t e d  from a 

f a i n t  p ink  ( probably  o r thome ta l a  t e d  i r i d i u m (  1 I I ) d i a z e n i d o  complex 

[ ~ r  (NNC61i3CF3) ( C O ) F ( P P ~ ~ ) ~ ]  ) , above which a r e  ye l low,  b l a c k ,  

and brown bands which were washed o f  f"w.ith methanol .  

The l_Ob/pseudodiazene e l u a t e  was reduced t o  an  o i l  under  

t r i t u r a t e d  w i t h  hexane and e t h e r .  The hexane d e c a n t a t e  was r 

s o l i d  was l e f t  w i t h  a n  i m p u r i t y ,  q u i t e  obvious  from a l k a n e  and ca rbony l  

i n f r a r e d  a b s o r p t i o n s  a t  2955,' 2910, 1850 s h ,  and 1715 cm", whose 

o r i g i n  was t r a c e d  t o  t h e  benzene. E t h e r  t r i t u r a t i o n  gave a  n e a r  
/ 

c o l o r l e s s  d e c a n t a t e  and l e f t  pu re  15b. I R :  a3278 wm, 3048 wm, 1958 s h ,  1 -. 



1943 v s ,  1582, 1572 vw, 1480 m ,  1434 s ,  1315 s ,  1280 s ,  1240 m ,  1204 m ;  

1184 wm, 1161 a ,  1123 s ,  1089 s ,  1067 m ,  1049 m ,  1026 wm, 998 wm,e869 

wm, 822  wm, 777  m ,  744  m ,  721  wm, 694 s ,  624,  617 vw, 581 wm, 534 a ,  517 

s ,  485 m ,  459 wm, 417 cm-' w m .  The = l i d  r e a d i l y  decomposed i n  t h e  

Raman beam. Deccmposition i n  a K B r  p e l l e t  i n  a i r  o v e r  t h r e e  d a y s  gave a 

d e c r e a s e  i n  v N H  and  i n c r e a s e  a t  720  and  540 cm-' , 

N e u t r a l i z a t i o n  [ o f  c r u d e  isol;?tes f r a n  s y n t h e s e s  o f  1g ( S e c t i o n  3 j )  - 
w i t h  0.1, M methanol&? KOH and  ' p r e c i p i t a t i o n  w i t h  wa te r  gave  a red-brown 

C 

s o l i d .  IrH(C0) (PPh3)3 was s epa ra t ed  by f i l t r a t i o n  o f  a p r o p h o n e  

s o l u t i o n  o f  t h e  c r u d e  a r y l d i a z e n e  complex 1Sc. Fu r the r  p u r i f i c a t i o n  o f  

1 s  by s e l e c t i v e  p r e c i p i t a t i o n  was unsuccess fu l . '  The impure sample o f  
I 

a r y l d i a z e n e  complex was t h e r e f o r e  chromatographed on vacuum-degassed , . ,  - 

-I 

s i l i c a  g e l  u s i n g  degassed  t o l u e n e  t o  make and l o a d  t h e  column ( 1 . 3 ~ 1 6  

cm) and i n i t i a l l y  deve lop  i t .  A yellow-brown m a t e r i a l  was r e a d i l y  ' 
\ 

e l u t e d  fo l l owed  by a deep-red band. Because t i e  column was s o  l ong ,  - 
s o l v e n t  m i x t u r e  o f  4:1 t o1uene : e the r  was used t o  h a s t e n  t h e  movement on  

t h i s  band. No s o l i d  formed du r ing  vacuum e v a p o r a t i o n  o f  t o l u e n e / e t h e r  , 

b u t  add i tSon  o f  e t h e r  t o  t h e  d r i e d  r e s i d u e  gave i n s o l u b l e  p u r p l e  10c. - 
I R :  3278 w ,  3253 wm, 1965 s ,  1579 ~ m ~ ~ 1 4 8 0 m ,  1435 s ,  1331 s ,  1264 wm, 

1241 k i~n ,  1181 w ,  1159 w ,  1090 m ,  1025 wm,  998 w ,  765 s h ,  742 s ,  695 s ,  

535  s h ,  5 17 s ,  459 w ,  422 cm-!, w .  A sample p r e c i p i t a t e d  from 
- 

e ther /hexane  had a n  a d d i t i o n a l  S h o u l d e r  a t  1 498 cm" . ! 
i 

I 
.Y 



f 

4 f .  P r e p a r a t i o n  o f  Ir(NBEC6H3-4-NY2) (cO) ( P P ~  ) 
3 2 '  

The s t a n d a r d  r e a c t i o n  ( S e c t i o n  31)  o f  1  10 mg 2  and  3 4  m g  - 
- 

4-02NC6H4N2BF4 was done, i n  benzene/propanone and t h e  v o l a t i l e s  

removed under  v a c u m .  The  maroon r e s i d u e  was t r e a t e d  w i t h  2.8 r n l  

m e  t h a n o l i c  0 .05  M K2C03,  * ich gave  a b l u e  s , o l u t i o n  and p u r p l e  

s o l i d .  The s o l u t i o n  was s t i r r e d  t o  a l l o w  f u l l  r e a c t i o n ,  f i l t e r e d ,  and 

s o l i d  1 0  washed t w i c e  w i t h  J : 1 methamollwater.  The f irst  washing was - 
c l e a r l y  b lue ,  t h e  second a  c l e a r  ye l low.  These washings,  added t'o t h e  

f i l t r a t e ,  caused p r e c i p i t a t i o n  o f  a  b l u e  s o l i d ,  a l s o  f i l t e r e d  and washed 
- 

w i t h  me thano l /wa te r .  The f i r s t  s o l i d  c l e a r l y  conta$ned a r y l d i a z e n e  19  

f r m  v N H  a t  3280, V C O  1965; t h e  second d id  n o t .  ~ t h e r  d i d  n o t  

s e p a r a t e  t h e  i m p u r i t i e s  from t h e  a r y l d i a z e n e ,  s o  i t  was chromatographed 

(degassed  s i l i c a  g e l ,  1 . 3 ~ 1 5  cm, prepared  w i t h  degassed benzene)  first . 

w i t h  benzene, t h e n  3% e t h e r  i n  benzene. The band o n  t h e  column appeared 
d 

p u r p l e  b u t  t h e  s o l u t i o n  was b l u e  as e l u t e d  and e t h e r  t r i t u r a t i o n  gave 

c a n p l e t e  s o l u t i o n ,  which i s  n o t  c h a r a c t e r i s t i c o f  1-0, b u t  i s  t y p i c a l  o f  

pseudodiazene.  Though t h e  a r y l d i a z e n e  was l o s t ,  i t  d i d  n o t  n e c e s s a r i l y  

conve r t  t o  pseudodiazene ,  s i n c e  b o t h  were p r e s e n t  b e f o r e  chromatography. 

The pseudodiazene c o u l d  n o t  be  se<ara ted4f rom o i l y  i m p u r i t y  and was l o s t  

d u r i n g  a t t e m p t s  t o  do s o .  

4g. P r e p a r a t i o n  on Ir(NHNC6H3-2-~r) ( C O )  ( P P ~  3  ) 2 '  

The a r y l d i a z e n e  complex Ir(NHNC6H3-2-Br) ( G Q )  (PPh ) wa 3 2  9 
s i m i l a r l y  prepared by n e u t r a l i z a t i o n ,  u s i n g  0 . 1  M K O H  i n  e t h a n o l ,  o f  t h e  

e a r l y - o i l i n g  f r a c t i o n  o f  a n  a t tempted  s y n t h e s i s  o f  1-e ( S e c t i o n  3 h ) .  



IrH(C0) (PPh3I3 f i rs t  p r e c i p i t a t e d  s lowly  *om t h e  e t h a n o l  and was 

ranoved by f i l t r a t i o n .  Add i t i on  o f  water  t h e n  p r e c i p i t a t e d  a maroon 

prodyc t which con ta ined  - t h e  a r y l d i a z e n e  and some KBF4 (broad  

a b s o r p t i o n  c e n t e r e d  a b o u t  1050 cm-'1. The sample was chromatographed 

on  s i l i c a  g e l  ( 1 . 4 ~ 3 0  Sm p repa red  w i t h  degassed t o l u e n e  unde r  N 2 )  
.* 

u s i n g  degassed t o l u e n e  t h e n  5% e t h e r  i n  t o l u e n e  t o  deve lop  and e l u t e  a 

da rk  r e d  band. The i n f r a r e d  of  t h e  m a t e r i a l  o b t a i n e d  by s t r i p p i n g  o f f  

t o l u e n e  and t h e n  f r eeze -d ry ing  from benzene had ,  i n  a d d i t i o n  t o  

a b s o r p t i o n s  o f  1-0, t h o s e  from t h e  n o n - v o l a t i l e  r e s i d u e  (2920 ,  2850, 1720 

cm"). The sample wa's a l lowed t o  s t a n d  i n  a covered f l a s k  b e f o r e  

f u r t h e r  work was a t t e m p t e d  ( 18 weeks) and  by t h i s  time t h e  sample had 

decmposed .  I R  p e a k s  common t o  t h e  wa te r  p r e c i p i t a t e  and t h e  

chrana tographed  sample  and t h u s  a s s igned  t o  1s appeared  a t :  3280 wm, 

3058 m ,  2000 s h ,  1955 v s ,  1585 w ,  1571 wm, 1480 m ,  1433 s ,  1388 vw, 1273 

s ,  1229 m ,  1188 a, 1159 wm, 1119 m ,  1090 s ,  1062 m ,  1028 wm,  998 wm, 864 

m ,  770 m ,  743  s ,  695 v s ,  617 w ,  588  wm,  576 w ,  515  v s ,  454 wm, 420 

cm-l m .  

5. Reac t ions  of  Ir(NHNHCkH3d) (CO) (PPh3)2, 1 .  - 
a .  Reac t ion  o f  1 and 4 w i t h  L i C l  - Anion Exchange - * 

[Ir(NHNHC6H4.) (CO) ( P P h 3 ) 2 1 ~ F 4 ,  l a ,  ( 9  mg) and  L i C l  ( 3 0  mg) ' 

were s t i r r e d  0.1 h i n  1 m l  degassed me than01 under  N2 and t h e  c 
v o l a t i l e s  ranoyed unde r  v a c u m .  The s o l i d  w a s  t r i t u r a t e d  t w i c e  w i t h  2 

m l  w a t e r ,  f i l t e r e d ,  and v f c u m  d r i e d .  The i n f r a r e d  was v e r y  s i m i l a r  t o  
--. 

t h a t  of' 1-a, b u t  w i t h  t he  expected lower ing  o f  BF4 i n t e n s i t y  a t  1050, a 



shoulcier a t  1959 a s s i g n  esence o f  som le I r ( 1 )  a r y l d i  

and . s l i g h t  a b s o r p t i o n  a t  2045 cm" from Ir( 111)  a r y l d i a z e n e  - 5.  

azene  I>, 

Within 

t e n  d a y s  t h e  r e d  c o l o r  o f  t h e  s o l i d  i n  a  v i a l  nomina l ly  under  n i t r o g e n  

had d isappeared ;  t h e  i n f r a r e d  showed a lmos t  no  a b s o r p t i o n  a t  1996 cm" 

from t h e  c a r b o n y l  o f  1-a, though t h e  ca rbony l s  o f  t h e  i r i d i u r b - ( I )  and 

- ( I I I )  d i a z e n e s  were a p p a r e n t l y  una f f ec t ed .  A s o l u t i o n  o f  

[ I r ( C O )  (N4(C6H4-2-F)Z}'(PPh3)2]BF4 i n  methanol  was t r e a t e d  ' 
P 

w i t h  a  l a r g e  exces s  o f  LiCl  and 5 d  48% aqueous HBF4. The t e t r a z e n e  

c a n p l e x  was r ecove red  by a d d i t i o n  o f  water  t o  c l o u d i n e s s  and c o o l i n g  t o  

268  K .  The i n f r a r e d  spec t rum showed no  s i g n i f i c a n t  chznge ( v CO 2044 

vs .  2040 cm" b e f o r e  r e a c t i o n ) .  

5b.  Reac t ions  o f  1 w i t h  Elemental  Halogens 

When [Ir(NHNHC6H3-2-NO2) ( C O )  ( P P ~ ~ ) ~ ] B F ~ ,  l b ,  ( 9 8  mg, 

0 .10  mmole) i n  3  m l  methanol was t r e a t e d  w i t h  a  s t o i c h i o m e t r i c  amount o f  

f r e s h l y  prepared 0 .084 M B r 2  i n  w a t e r  ( s t a n d a r d i -  ~ e d  w i t h  
E 

Na S 0  ) ,  t h e  v e r y  i n t e n s e l y  c o l o r e d  r e d a s h  s o l u t i o n  l o s t  much o f  
2  2  3 

< 

its c o l o r  q u i c k l y .  A s  t h e r e  was'some c o l o r  l e f t ,  more bromine was added 

I 
t o  a  t o t a l  volume o f  1 .53  m l ,  b u t  t h e  f i n a l  p o r t i o d o f  c o l o r  was n o t  

q u i c k l y  r moved .  The s o l u t i o n  was comple te ly  evacua ted  under  vacuum a t  

room t empera tu re  t o  a  ye l low s o l i d  w i t h  brown i m p u r i t i e s .  T h i s  imp 

5a-Br, - [ IrBr(NHNC6H3N02) ( C O )  (PPh3)2]BF4, was washed w i t h  

water  , bemend,  and e t h e r  and r e c r y s t a l l i z e d  from CH2C12/hexane. , 

( ~ n a l y s i s  i n  Tab le  II-I-4) I R :  3143 wm, 3051 wm,  2060 w ,  1589 m ,  1527 s ,  
\ 



s ,  998  3; 8 5 4  m ,  802 m 1  745 v s ,  695 V S ,  618 VW, 579 S ,  521 v s ,  463 m ,  
4 

442 cm-l s h .  

Oxida t ion  by i o d i n e  was conducted by add ing  a benzene s o l u t i o n  o f  

t h e  ha logen  t o  a methanol ic  s o l u t i o n  o f  a sample o f  1b (10  mg, 10 - 
micrano le s )  o f  uriknown p u r i t y  prepared  by D r .  F a r r e l l .  Addi t ion  was 

s topped  when t h e  s o l u t i o n  c o l o r ,  "which had gone from r e d  t o  

orange-yel low,  s t a r t e d  t o  darken  t o  brown; 7 micromoles I2 used .  The 

s o l u t i o n  was s t r i p p e d  t o  d r y n e s s  and r e c r y s t a l l i z e d  from 

propanone/hexane-to a r e d d i s h  s o l i d .  Anal. C ,  45.7; H ,  3 -48 ;  N ,  3.35. 

~ a l c d .  f o r  [IrI(NHNC6H3N02) (CO) (PPh3)2]BF4: C ,  46.6;  H ,  

3 .09;  N ,  3 .79.  T h i s  fo rmula t ion  does  n o t  accoun t  f o r  t h e  i n f r a r e d  

ev idence  o f  some s u b s t i t u t i o n  of I - f o r  BF4- ( s h o u l d e r  o f  peak 
3 

a t  1087 h a s  no i n f l e c t i o n  c a  1060 cm-' a s  d i d  samples  w i t h  on ly  

BF4- c o u n t e r i o n s . ) .  C h a r a c t e r i s t i c  I R :  Y NH 3 155 w ,  V C O  2060 s ,  

Reac t ion  w i t h  H I  i n  e t h e r  ( f r e s h l y  prepared  by e x t r a c t i o n  o f  t h e  

a c i d  f r m  47% aqueous  s o l u t i o n )  gave t h e  same p r o d u c t ,  presumably due t o  

i n a d v e r t e n t  o x i ~ ~ i o n  o f  H I  by a i r  s i n c e ' t h e  e t h e r  s o l u t i o n  was ye l low.  ' 

Oxida t ion  by a 6% e x c e s s  o f  C 1 2  i n  benzene pr0ceede.d s i m i l a r l y  . 

b u t  the yellow-brown product  was p r e c i p i t a t e d  from a s o l u t i o n  t r e a t e d  

w i t h  48% aqueous HBF4 which was n o t  removed under  vacuum. 



Anal. C, 42.9; H ,  3 .47 ;  N ,  3 .03.  Calcd. f o r  

[Ir(NHNC6H3N02) (CO)C1(PPh3)21BF4: C ,  50.8'; H ,  3.37; N ,  

4.1 3. C h a r a c t e r i s t i c  I R :  V NH 3150 w ,  VCO 2070 s ,  ? N O 2  1533 m ,  

1350 m; V I r C l  300 cm" w .  I n  ano the r  trial a t e n - f o l d  e x c e s s  o f  
B 

C 1 2  was added a t  r oan  t empera tu re ,  and t h e n  t h e  d i s c o l o r e d  s o l u t i o n  

evacua ted  t o  d r y n e s s ,  l e a v i n g  a  ye l low s o l i d .  Add i t i on  o f  methanol ic  

BBF4 l e f t  whi te  i n s o l u b l e  I r , ( C 6 H 4 N 0 2 )  (C0)CJ2(PPh3)2. 

Anal.  C ,  54 .3 ;_H,  3 .96 ;  N ,  1.43. Qlcd .  C, 54 .5 ;  H ,  3 .95 ;  N ,  1.44. 
J 

C h a r a c t e r i s t i c  I R :  VCO 2040, YNO2 1536, 1364, n o  YBF4, V I r C 1  

346, 284 cm-' u n c e r t a i n  because v v w .  

, 
5c .  Reac t ions  o f  1 and  5 - w i t h  HBF4 and HX,' 

T r e a t i n g  [ I ~ ( N H N H C ~ H ~ - ~ - F )  (CO)  ( P P h 3 ) 2 ] ~ F 4 ,  i d ,  i n  

me thmoLic  HBF4 w i t h  two moles  LiBr f o r  0 .1  h ,  p r e c i p i t a t i n g  w i t h  

e t h e r  and washing t w i c e  each  w i t h  e t h e r  and w a t e r  produced n o  r e a c t i o n  

d e t e c t e d  v i s u a l l y  o r  by i n f r a r e d  o f  t h e  i s o l a t e  e x c e p t  l o s s  o f  

I 

v BF4- i n t e n s z f y ,  presumably due  t o  a n i o n  exchange w i t h  b r m i d e .  

'b 
When [Ir(NHNHC6H3-2-~) ( C O )  ( P P h 3 ) 2 ] ~ ~ 4  ( 9  mg) d i d  n o t  

v i s i b l y  r e a c t  a t  r oan  t e m p e r a t u r e  w i t h  L i B r  ( 1 mg) i n  me thano l i c  HBF4 

( 0 . 4  a t ) ,  more L i B r  ( c a .  5  mg) and  n e t h a n o l i c  HBF4 (0 .4  m l )  were 
- .- s 

added and t h e  s o l u t i o n  s t i r r e d  a t  c a .  320 K .  The orange s o l i d  

p r e v i o u s l y  p re sen t  t u rned  ye l low- tan .  E the r  ( 1 ml)  was added, t h e  

s o l u t i o n  f i l t e r e d  and t h e  s o l i d  washed tw ice  w i t h e t h e r .  The s o l i d  was 

i d e n t i f i e d  a s  I r B r 2 H ( C O )  (PPh3I2 by a n a l y s i s :  C ,  48.8;  H ,  3 . 44 ;  N ,  

0 .  Calcd. C ,  49.1 ; H ,  3 .45.  m a r a c t e r i s t i c  I R :  Y I r H  2225, V CO 2035 
C 



s h ,  2020 cm-l. After t h e  d r i e d  f i l t r a t e  had be& e x t r a c t e d  w i t h  e t h e r  

t o  remove any p o s s i b l e  IrBr2H( CO) (P W ) t h e  waxy s o l i d  remain ing  3 2 '  

f -  had n o  a p p a r e n t  i n f r a r e d  a b s o r p t i o n  excep t  v BF4 and H20 bands.  

2 

r' 
When [Ir(NHNC6H3-2-F) (CO)  (PPh3)2]BF4 was, t r e a t e d  w i t h  

LiCl  and n e t h a n o l d ~ ~ ~ ~  f o r  0 .5  h  a t  roan t e m p e r a t u r e  t h e  ye l low i .. 
s o l i d  recovered  a f t e r '  water  t r i t u r d t i o n  had a n  i n f r a r e d  spectrum 

c o r r e i p n d i n g  t o  t h a t  o f  t h e  r e a c t a n t  complex e x c e p t  f o r  l ower  BF4 

i n t e n s i t i e s  a t  1050 a n d  520  cm-l. The same sample was the;  r e f l u x e d  
- 

0.2 h w i t h  1.5 m l  IE t h a n o l i c  HBF4 and  10  mg L iC l  w i t h o u t  format ion  o f  

any I ' r c12~(Cb)  ( P F ? - I > ) ~  o r '  f u r t h e a c h a n g e  i n  t h e  i n f r a r e d  o f  t h e  

i s o l a t e d  s o l i @ .  

The sample o f  [ I ~ ( N H N H C ~ H ~ - ~ - F )  (CO) ( P P ~ ~ ) ~ ] +  w i t h  mixed . 

bromide and t e t r a f l u o r o b o r a t e  c o u n t e r i o n ,  p repared  a s  d e s c r i b e d  t h r e e  

pa rag raphs  above,  was a l l owed ,  t o  a i r  o x i d i z e  i n  propanone s o l u t i o n  t o  

[IrBr(hiENC6H3-2-F) (CO) (pph3)i  ]+ ( C h a r a c t e r i s t i c  I R :  V NH c a .  

2 
3 160, V CO 2053, y a ry l -F  1253, & 1 , 2 ,4 -a ry l  888,  782 cm-' ) , t h e n  

t r e a t e d  d- .5, h  w i t h  LiBr and rte t h a n o l i c  HBF4. The brown s o l i d  f i l t e r e d  

fran t h e  r e a c t i o n  m i x t u r e  con ta ined  

[IrBr(NHNC6H3-2-F) ( C O )  ( P P ~ ~ ) ~ ] +  from comparison o f  i t s  
- * 
-.- 

i a f r a r e d  spectrum w i t h  t h a t  above; 

Add i t i on  o f  4 .00 r n l  of 0.045 M H B r  i n  e t h e r  t o  7 5  mg I b  ( 7 6  

rn ic raao les )  i n  me than01 ( 3  m l )  under  N 2  gave no e a s i l y  s een  c o l o r  

change.  When t h e  a d d i t i o n  was c m p l e t e  a s o l i d  wag v i s i b l e ,  b u t  t h i s  



. a s  n o t  p r e c i p i t a t e d  i n  s u f f z c i e n t  q u a n t i t y  tb a l l o w  c o l l e c t i o n  s o  a l l  

v o l a t i l e s  were removfd unde r  v a c u m  and t h e  r e s i d u e  c r y s t a l l i z e d  from 
b' v 

propanone/e ther  a t  2 7 3  K .  The maroon s o l i d  was washed w i t h  e t h e r  and 

v a c u m  d r i e d .  C h a r a c t e r i s t i c  I R :  3 NH 3360 b r  sh ,  3  160 ; Y C O  2061 ; 

propanone o f  s o l v a t i o n  2930, 2847, 1724 cm-l . Anal. C ,  49.5 ; H ,  
t 

4.03;  N ,  3.35. L l c d .  ' f o r  

H ,  3 .77;  N ,  3.75. The c h b i n e d  r e a c t i o n  p r o d u c t s  were r e c r y s t a l l i z e d  

f r a n  thf / ,hexane t o  o b t a i n  a s o l v e d - f r e e  complex. Anal.  Found: C, 

46 .2 ;  H, 3 - 3 7 ;  M, 3 - 7 1 .  Calcd. C, 48.6;  H ,  3 .32;  N ,  3 .95.  c 

When 0 .02  m l  of a  0.416 M s o l u t i o n  o f  gaseous  H C 1  i n  e t h e r  was 
9 

added i n  two p o r t  i o n s  t o  [ Ir(NHNHC6H3-2-NO2) ( C O )  (PPh3)2]BF4, 

1 b  - ( 2 6  mg, 2 6  micromoles)  i n  4 m l  m t b n o l ,  n o  r e a c t i o n  was a t  a l l  
? a a p p a r e n t .  The s o l u t i o n  was s i i r r e d  0.2 h  and evacuated unde r  vacuum. 

When t h e  volume was r educed ,  a ye l low s o l i d  was first  formed and t h e n  a  

brown d r y  r e s i d u e  c o n t a i n i n g  

[IrCl(NH2NHC6H3-2-NO2) ( C O )  ( P P ~ I ~ ) ~ ] B F ~ .  C h a r a c t e r i s t i c  I R :  e 

s e e  t e x t ,  +nd of  Sec_.tria~.$7. 

, 
6 .  React ions of RhH(C0) (PPh3)3 and  I r H ( d p ~ e ) ~  w i t h  Diazonilrm S a l t s .  , 

a .  RhH(C0) ( P F ~ I ~ ) ~  Reac t ion  , 

. The r e a c t i o n  o f  2  e q u i v a l e n t s  2-FC6H4N2BF4 w i t h  

RhH(C0) (PPh ) i n  the manner o f  l a  gave ,  i n  t h e  brown, e a r l y - o i l i n g  
3  3, - 

produc t  mi"x tye ,  m a t e r i a l  which a b s o r b s  v e r y  b road ly  a b o u t  3  160 (V N H )  

and  1990 ( V  C O  o f  a c a t i o n i c  Rh( I)  c a o p l e x )  b u t  n o t  above 2000 cmL1. 



When done w i t h  4-MeOC6H4N2BF4 i n  benzene /pmpamhe and t h e  a , A 

,A:-- 

*Fa - ? 
I % - 

s i .  
yel low b r &  s o l u t i o n  evacua ted  t ~ , d c y n e s s  w i  t hou t@canf ; i ng ,  t6e cAide 

" - - B.: . . - - >  

brown p r o d u c t  had a  d i s t i n c t  'v N H  a t  3 180 cm-' 'and caFbonjr1 . 
3 = $ 

a b s o r p t i o n s  o n l y  a t  2000 and  1975 cm-' . A pek a t  1505 cm-' i s  
3 , . '@ 

p o s s i b l y  f n d i c a t i v e  o f  a t e t r a z e n e  complex. - . a  , 
, 

' < . * 

6b. Reac t ion  o f  IrH(Ph2PCH2CH2~Fh2)2. 
/ .  

A s o l u t i o n  o f  2-O2bC6H4N2EF4 ( 2 6  mg, 84  micromole) i n  
--- 8 .  

, p ~ d p a n o n e  ( 3  ml)  was added t o  I r H ( d ~ p e ) ~  (84  mg, 8 5  m 
. 

. + ,  
a *  

t o l u e n e  (8m1) w h i l e  s t i r r i n g  a t  200 'K u n d e r  -argon. ~ h $  m i x t u r e  uaks 
, A  

J 

s t i r r e d  f o r  0 . 3  h  and f i l t e r e d .  The orange s o l i d  .was 1 n t i f i e d  a s -  . . 
. -' c c7 \ 

I r H ( d p ~ e ) ~  by c  a n p a r i s o n  o f  i-ts i A f r a r e d  y i t h  , tha t '  o f  t h  
, .. 

I The f i l t r a t e  was p a r t i a l l y  s t b p d ,  a n  orange-tan s o l i d  f i l t e r e d  out', 
0 

washed w i t h  t o l u e n e ,  and vacuum d r i e d .  fl Anal.  C,'55.5,; H, 4.32;  N ,  d .  '. 
' ' I  

Calcd .  f o r  I ~ - ( d p p e ) ~ E F ~ * :  C ,  58 .0 ;  H,. 4.50. 
I 

a -- I e 

The same r e a c t  i o n ' w a s  a l s d  done i n  e t h q i e n i  t r i l e / t o l u e n e  under- 

n i t r o g e n ,  w i th  a l l  v o d a t i l e s  removed under  vacuum af te r  t h e  f i l t r a t . i o n  

of un reac t ed  I r H ( d ~ p e ) ~ .  Anal.  o f  t h e - o r u d e  i s o l a t e :  C ,  60 .1 ;  H; 



-+ 

Chapter  I V  

~i scyc & e n t a d i e n y l  Complexes o f  No lybdenum, Rhenium, and 

''. Tungsten w i t - h . ' ~ i a z o  Ligands.  

A .  I n t r a i u c t i o n  
i '  a j 

. The s tudy o f  t h e  k a c t i o n  o f  diazonium sa l t s  w i t h  

b is (cyc lopent i td ieny1)meta l  h y d r i d e s  a r o s e  f r a n  ' o u r  d e s i r e  t o  s y n t h e s i z e  
L./-- 

new a r y l d i a z e n i d o  complexes w i t h  r e l a t i v e l y  s i m p l e  c o o r d i n a t i o n ,  more 

s p e c i f i c a l l y ,  c anp lexes  having  n o  phosphines .  T h i s  p r e j u d i c e  formed 

" 

because i t  seaned  t h a t  most a r y l d i a z e n i d e  complex chemis t ry  i nvo lved  

phosphine  c a u p l e b  p f  low-va len t  m e t a l s  ( t h e  mos t  obv ious  e x c e p t i o n  
.. 

be ing  C ~ E I ( C O ) ~ N W ~ ~ ~ ) ,  and  t h a t  some p o t e n t i a l l y  i n t e r e s t i n g  
4 --< 

chemis t ry  was t h u s  b e i n g  l a r g e l y  i g n o r e d .  Attempts  t o  p r e p a r e  o t h e r  - .  

phosphine-fr& a r y l d i a z e n i d o  complexes a r e  r e p o r t e d  i n  l a t e r  c h a p t e r s .  

The p r o p e r t y  0.f Cp2kiHn,"where M = Mo, W and  Re, and n  = 2 f o r  
C 

t h e  g r o u p  V I  m e t a l s  and 1 f o r  Re, which most i n t e r e s t e d  u s  was its 

b a s i c i t y .  Each o f  t h e s e  h y d r i d e s  c a n  be  p ro tona t ed  by aqueous  

a c i d .  l g 4  The molybdenum and t u n g s t e n  complexes had been s h o h  t o  - . 

r e d u c e  a l k e n e s  and a l k y n e s ,  r e a c t i n g  v i a  i n s e r t i o n  i n t o  metal-hydrogen 

bond slmg6 With s t r o n g l y  eqectron-withdrawing s u b s t i t u e n t s  on  t h e  
J 

e 

5 
r e a c t  a n t  hydrocar,bons,  t h e  i n t e rmed iabe  i n s e r t i o n  p r o d u c t s  were 

i m p r e s s i v e l y  s t a b l e .  

A few months a f t e r  o u r  i n v e s t i g a t i o n s  s t a r t e d ,  a  p a p e r  appeared  on 

t h e  r e a c t  i ons  o f  Cp;tMti2 w i t h  d i a z o  and d i azene  ( ' azo l  ) 
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compounds .89 The d i azo  &emis t ry  was g e n e r a l l y  u n i n t e r e s t i n g .  
\ 

Methy ld i azoace t a t e  was found n o t  t o  r e a c t  w i t h  CppMoH2 a t  r o k  

t ' enpera ture ;  i n  r e f l u x i n g  t h f  i t  d i d  s o ,  b u t  w i t h  l o s s  o f  N2. ,  

Cp2WH2 d i d  riot r e a c t  even  i n  r e f l u x i n g  t h f .  S i m i l a r l y ,  diazomethane - - 
does  n o t  r e a c t  w i t h  Cp2ReH. l g 7  With d i a z o f l u o r e n e  a t  353 K ,  

1 

Cp2NoH2 r e a c t e d  t o  g i v e  Cp2Mo ( d i a z o f l u o r e n e )  and  f l u o r e n e  

6 9  a z i n e .  s \ 

The r e a c t  i ons  r e p o r t e d  w i t h  azo  compounds were more 

e n ~ o u r a g i n g . ~ ~  Diazenes w i t h  e lec t ron-wi thdrawing  e s t e r  s u b s t i t u e n t s ,  

R C C O N = N C O ~ ~ ,  r e a c t e d  a t  room t empera tu re  w i t h  CppMoH2 t o  g ive  
* 

1 , 2 - a d d i t i o n  p r d u c t s ,  e .g. [ Cp2MoH{N(C02R)-NHC02R}] much l i k e  

t h e  a c t i v a t e d  hydrocarbons.  I n  ref lux ing  t hf  w i t h  e x c e s s  d i a z e n e  t h e s e  

decomposed t o  1 , 2 - d i s u b s t i t u t e d  hyd raz ines  and 

C ~ ~ M O - N (  C O ~ R ) - N = C ( O R ) - 3 .  The l e s s - a c t i v e  d i azene  azobenzene r e a c t e d  

o n l y  a t .  343 K ; a t  this t empera tu re  t h e  presumed i n t e r m e d i a t e  - 
Cp2MoH(NPhNHPh) r e a c t e d  w i t h  a n o t h e r  molecule  o f  azobenzene t o  g i v e  

# 
1 ,2 -d iphenylhydraz ine  and- 

- * NPh 

-. -" - . 
A s i n g l e  s en t ence  i n  a  communication198 had=.kported ' i s o l a t i o n  i n  

law y i e l d  f r m  Cp2WH2 and benzenedimonium t e t r a f l u o r o b o r a t e  a  

canpound formula ted  t o  be  [Cp2WNNPh]BF4, having  v(NN) a t  about  1800 



cm'l i n  t h e  i n f r a r e d  spec t rum Ig9. T h i s  cmpound h a s  n e v e r  been 

d e t e c t e d  dur ing  t h e  work r e p o r t e d  h e r e i n .  

2 Our f i r s t  e f f o r t s  were w i t h  Cp2MoH2. The s to i ch iome t ry  o f  

Cp2MoH2 t o  diazonium used was 1-: t u n t i l  we ob ta ined  a  s o l i d  1  :2 

p r o d u c t  d i r e c t l y  fran a r e a c t i o n  mix tu re .  When t h e  t u n g s t e n  chemis t ry  

was s t a r t e d  a  s t o i c h i o m e t r y  o f  1  :2 was app l i ed   wit^ n o  s u c c e s s .  -The 

work was she lved  f o r  o v e r  two y e a r s  znd o n l y  upon r e t u r n i n g  t o  i t  was a 

1 :  1 r e a c t i o n  w i t h  Cp2WH2 a t t empted .  T h i s  combina t ion  h a s  been 

tho rough ly  s u c c e s s f u l  and i s  p re sen t ed  f i r s t ,  f o l l owed  by o t h e r  

t u n g s t e n ,  molybdenum, a n d  rhenium r e s u l t s  and a  d i s c u s s i o n .  

B. R e s u l t s  

Readt ions  w i t h  a l l  t h r e e  m e t a l s  have been done i n  a  c l o s e d  system 
/ 

t o  a l l o w ' m o n i t o r i n g  o f  any evolved  g a s .  The v a r i o u s  p r e s s u r e  changes 

observed  i n d i c a t e d  t h a t  less t h a t  3% o f  added diazonium s a l t  r e a c t e d  

w i t h  e v o l u t i o n  o f  d i n i t r o g e n ,  drhydrogen,  o r  o t h e r  g a s .  Bubbl ing was 

no ted  o n l y  f o r  r e a c t  i o n  o f  s o l i d  4-ni t robenzenediazonium s a l t  w i t h  

me t h a n o l i c  Cp2WH2 when mixed a t  rocin t empera tu re .  ( Reac t ions  were 
. - . , 

g e n e r a l l y  done a t  low t empera tu re s .  S e e  Chapter  I V , D . )  With c ~ ~ & H ~  

i n  mo la r  e x c e s s  of diazonium sa l t ,  t h e  d i h y d r i d e  remained a f t e r  

r e a c t i o n .  Up t o  two moles  diazonium sa l t  were t a k e n  u p  by a  mole o f  
*- 

Cp2MH2, provided t h e  r e a c t i o n  was n o t  s topped  s h o r t  o f  comple t ion .  
I 

T h i s  occur red  p r a n i n e n t l y  f o r  r e a c t i o n s  i n  t e t r a h y d r o f u r a n  i n  which t h e  

di'azonium s a l t  was v e r y  s low t o  r e a c t ,  presumably s imp ly .because  i t  must 

' d i s m l v e  f i r s t  and does  s o  only v e r y  s l i g h t l y ' e v e n  a t  room t e m p e r a t w e .  
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1. S y n t h e s i s  and S p e c t r o s c o p i c  C h a r a c t e r i z a t i o n  o f  [Cp2WH(NNHAr) ]+. 

' When a  methanol ic .  s o l u t i o n  of  d iazoni tm i o n  was added t o  a  t o l u e n e  

s o l u t i o n  of  Cp2WH2 below ca. 258 K ,  t h e , m i x t u r e  b r i e f l y  ( c a .  2  s )  

developed a n  orange  c o l o r .  T h i s  was s i m i l a r l y .  t r a n s i e n t  a t  2 0 0 ' ~  i n  

p u r e  methanol and s o  t h e  m a t e r i a l  r e s p d n s i b l e  f o r  s o l u t i o n  c o l o r  was n o t  

i s o l a t e d .  I t  may b e  s imp ly  a  l o o s e  c h a r g e - t r a n s f e r  complex. 196b,c 

During a d d i t i o n ,  o.r w i t h  removal  o f  some s o l v e n t s  unde r  vacuum n e a r  253 
- 2  -. 

K ,  a m o r p h o b ,  b r i g h t  ye l l ow s o l i d  1-4 formed i n  s u s p e n s i o n ,  I t  a n a l y ~ e d  

a s  a  1:1 adduc t .  ( S e e  Table  IV-1 f o r  l i s t i n g  o f  compounds and  

a n a l y s e s . )  There  was  a  s t r o n g  tendency  e i t h e r  t o  o i l  o r  decompose upon 
* 

a t t empted  r e c r y s t a l l i z a t i o n ,  b u t  a  s o l i d  c o u l d  b e  o b t a i n e d  from 

me t h a n o l / e  ther /hexane  o r  propanone/hexane working q u i c k l y  i n  cooled  

s o l u t i o n .  Smal l ,  s i n g l e  c r y s t a l s  were grown a t  263 o r  195 K from 
% 

propanone/ to luene  o r  propanalre/hexane. These were i n i t i a l l y  b r i g h t  
f 

ye l low.  Upon exposure t o  a i r ,  e s p e c i a l l y  when w a r m  ( R . T . ) ,  t h e  go l id  

became d i s t i n c t l y  g r e e n .  Cons ider ing  t h e  s e n s i t l v i  t y  o f  Cp2WH2 t o  

a i r ,  hyd r ide  1 3  i s  s u r p r i s i n g l y  a i r - s t a b l e .  A d r y ,  s o l i d  sample was 
t 

l e f t  o u t  i n  a i r  10 h  w i t h  o n l y  minor  c o l o r  change. The s o l i d  was n o t  

s e n s i t i v e  dto l i g h t .  Dry s o l i d s  k e p t  modera te ly  w e l l  unde r  n i e r o g e n  a t  

room t empera tu re .  Heated i n  a i r ,  t h e y  decomposed below 373  K; no  s i n g l e  

t e m p e r a t u r e  o f  m e l t i n g  o r  decomposi t ion cou ld  be  d e f i n e d .  

The s o l u b i l i t y  o f  13 was t y p i c a l  f o r  a  monocat ionic  complex 

t e t r a f l u o r o b o r a t e :  v e r y  s o l u b l e  i n  e t h a n e n i t r i l e  , s o l u b l e  i n  propanone, 
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I 

Table I V - 1 .  Elemental  Analyses  o f  B i scyc lopen tad i eny l  Complexes: ? 
-------* 

[Cp2Re(NHNC6H4-4-G)IA, 22 ;  and CppRe(NNC6H4-4,OMe), 23. - - 

No. G A '  Percent  Comp.esTti on 

Found %al c u l a  t ed 

-. 

Not analyzed 

a )  Ca lcu l a t ed  i n c l u d i n g  0 .7  C6H5CH3 i n  agreement with 

pro ton  magnet ic  resonance i n t e n s i t i e s .  



methanol ;  s l i g h t l y  s o l u b l e  i n  CH2C12; i n s o l u b l e  i n  e t h e r  , t o l u e n e ,  

hexane. Complex 14  was n o t  s t a b l e  i n  degassed s o l u t i o n s  o f  d r i e d  - 
s o l v e n t s  above c a .  258 K ,  i s o m e r i z i n g  a s  d e s c r i b e d  below. With 

a d d i t i o n  o f  hBF4 s o l u t i o n s  t u r n e d  brown immediately.  

Nuclear magnet ic  resonance  s p e c t r a  o f  1 (See  F i g u r e  IV-1, and 

Tab le  IV-2.) a t  d i f f e r e n t  t empera tu re s  below 260 K ,  and o f  a 1 5 ~ (  1 )  

ana logue ,  a l l o w  a f u l l  s t r u c t u r a l  p i c t u r e  t o  b e  drawn. Appearance of  a 

h i g h - f i e l d  PMR re sonance ,  below 6 -2 ,  i d e n t i f i e s  13 a s  a metal 

monohydride complex. T h i s  peak i s  r e l a t i v e l y  broad due t o  c o u p l i n g  w i t h  

t e n  c y c l o p e n t a d i e n y l  hydrogens ,  n o t  r e s o l v e d  f o r  t h e  h y d r i d e  s i g n a l .  It 

i s  t h e  o n l y  peak i n  t h e  spectrum which s h i f t s  a p p r e c i a b l y  w i t h  change o f  

t empera tu re ,  d ropp ing  from 6 -2.09 a t  259 K t o  -2.18 a t  230 K ( f o r  l 3 d ) .  
P 

The a r y l d i a z o  g roup  h a s  a low- f i e ld  resonance n e a r  S 11 which does  

n o t  s p l i t  i n  ~ ~ c - ' ~ N ( I ) .  S i n c e  w i t h  ' % ( I )  t h i s  peak becomes 

s h a r p e r  a t  low t a n p e r a t u r e s  ( 5  Hz a t  237 K v s .  7 Hz a t  259 K ) ,  a s  

expec ted  w i t h  a d e c r e a s e  i n  broadening due  t o  s low exchange,  t h e  p ro ton  

i s  n o t  decoupled from t h e  1 5 ~  d i p o l e  s imply  d i e  t o  r a p i d  exchange. It 

must  be  bound a t  N ( 2 ) ,  g i v i n g  a hydrazido(2-)  complex, 
i' 

[Cp2WH(NNHAr) I+. The resonances  o f  t h e  2 , 6 -  and 3 ,5 -a ry l  hydrogens 
- - -- - 

appear  r a t h e r  w e l l  s e p a r a t e d  and i n  14d - and lJe a r e  i n t e r p r e t a b l e  i n  

f i r s t  o r d e r  terms. ( S e e  Tab le  IV-2.) Resonances o f  a r y l  s u b s t i t u e n t s  

; occu r  a t  t y p i c a l  f r e q u e n c i e s .  



14 1  
Table  IV-2. 'H-NMR Data f o r  B i scyc lopen tad i eny l  Complexes : 

[Cp2WH(NNHC6H4-4-G) ] A ,  14;  [Cp2W(NH2NC6H4-4-G) Id , 12 - 
No. , Anion p o s i t i o n a  D e s c r i p t i o n  [ I n t e g  .I Assignment 

l 4 a  - H BF4 11 .0  b r  s CO.61 N(2I.H 

(254 K) >7.66-6.74 m [ 5 .  I phenyl  

6 . 1 3  b r  s FWHM=5 Hz [ 10.1 Cp 

< O  no t  observed  

.a 

146 - CH3 PF6 10.8 b r  s FWHM=7 I-iz I . ]  N(2)H ktP 
3. ' 

(259 K)' 7 .19 d ,  J = 8  Hz 
.-,* *' 

l 2 . 5 1  3 , 5 - a r y l  & PhMe i 6 
F 

6 .73  d ,  J = 8  Hz E2.1 2 ,6 -a ry l  

6 .05  d ,  J = 0 . 6  Hz, FWHM<2 Hz [ l o . ]  Cp . 

2 .33  s E3.1 Me 

-2.09 D ,  FWHM= 3  fiz [ 1 . ] WH 

15a - H BF4 7.28-6.61 phenyl  & PhMe 

3 .96  b r  s FWHM= I4 Hz NH2 

2 .33  s t r a c e  PhMe 

2 .17  s t r a c e  Me2C0 
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Table  IY-2 ( cont inued ) . H-NMR Data  f o r  B i soyc lopen tad i eny l  Complexes. 

7 

, 
No. Anion p o s i t i o n a  D e s c r i p t i o n  [ I n t e g  . 1 Assignment 

15b - 0CH3 PF4 6 .79  pseudo d ,  J = g  Hz 

6.57 pseudo d ,  J = 9  Hz [4 .0  t o t a l ]  2 ,6 -a ry l  

15c - CH3 BF4 7.21 s C0.51 PhMe 

- ' 7 . 0 4  pseudo d ,  J=8 Hz C2.01 3 ,5 -a ry l  

6 .55  pseudo d ,  J = 8  Hz C2.01 ? ,6 -a ry l  

5 .50  s % [ l o . ]  Cp 

3.92 b r  sd.. 4 FWM.14 Hz [1.6'J7 NH2 

-* 2.32 s r0.41 PhMe 

15d - CH3 PF6 6 . 9 8  pseudo d ,  J=8 H Z  3 , 5 - a r y l  

'(267 K) 6 .52  pseudo d ,  J=8 Hz r4.O t o t a l ]  2 , 6 i a r y l  

15e - F PF6 7 . 1 7 s  [3 .5 ]  PhMe 

7.02-6.52 complex [4.,Ol a r y l  
I) 

I 
I 5.40 s [ l o . ]  Cp 

3.90 b r  s r1 .71 NH2 

2 .32 [ 2 . 1 ]  PhMe 

a )  Reported i n  ppm downf i e l d  from i n t e r n a l  t e t r a m e t h y l s i l a n e  . 
b)  ~ b b r e v i a t i o n s :  s ,  s i n g l e t ;  d ,  d o u b l e t ;  t ,  t r i p l e t ;  b r ,  broad;  

FWPI, f u l l  width a t  h a l f  maximum. 

c )  See t e x t  f o r  d i s c u s s i o n  o f  t empera ture  dependence. 

d l  I n  151( 1 )  ana logue:  d ,  J=88  Hz, FWHM.2 Hz. 







145 - 

What i s  t h e  g e d n e t r y  of t h e  h y d r a z i d o ( 2 - )  g r o u p ?  C r y s t a l l o g r a p h y  

h a s  shown earlier e x a m p l e s  w i t h  Eroub  6 a n d  7  m e t a l s  to b e  l i n e a r  a t  
, 

( 1 .  47 I n  each o f  t h e s e  examples  t h e  m e t a l s  o b t a i n  a n  
C 

1 8 s  l e c t r o n  c o n f i g u r a t i o n  w i t h  t h i s  e l e c t r b n  a r r a n g e m e n t .  ( S e e  C h a p t e r  

r, 11. ) Bu [ Cp2WH(=N=NHAr) I+ 1s a ' sys tem w i t h  2 0  v a l e n c e  e l e c t r o n s  

a b o u t  t h e  m e t a l .  T h e r e  are two p o s s i b l e  ways f o r  t h i s '  s y s t e m  t o  r e t u r n  

t o  a more s t a b l e  18-e leo t r -m c o n f  i ' g ~ r a t i o n . ~ ~ ~ j h e  first i s  Y 
1 

e x e m p l i f i e d  b y  r e c e n t  c r y s t a l  s t r u c t u r e s  o f  Cp2VNN(SiMe )2261 
I 3 
/ 

a n d  cP2k( ~ 0 ) ~ ~ ' ~  i n  which o n e  o r  b o t h  c y c  l o p e n t a d i e n y l  r i n g s  bend 

t o  becane  a  t r i h a p t o  l i g a n d .  Note  t h e  f i rs t  c a s e  i n  p a r t i c u l a r .  - The 

vanadium c a n p l e x  i s  formed from Cp2V a n d  MegSiNNSiMe t h r o u g h  an . 3 ' 
u n s t a b l e  i n t e r m e d i a t e  which i s  p r o b a b l y  a  ' i f -coordinated d i a z e n e .  203  

Z 
h 

T h i s  17-e  l e c t r m  complex r e a r r a n g e s  t o  a  1119-electron11 complex which,  1 
.- * 

l i k e  Cp2Mo(Me) ( N O ) , ,  204 b e c a o e s  a s s y m e t r i c a l l y  bound t o  t h e  23 + --..-- 
: 4s55g; $;P- . 

%l>*- 

-A -4%" c y c l o p e n t a d i e n y l  r i n g s .  Frm t h i s  c h e m i s t r y  and t h a t  o f  t h e  h y d r a z i d o  =-.T 

34 - 
complexes  d i s c u s s e d  i n  C h a p t e r  11, a  c l e a r  t e n d e n c y  c a n  b e  s e e n  f o r  

h2H2 t o  bind t o  e a r l y  t r a n s i t i o n  metals a s  h y d r a z i d o ( 2 - )  s p e c i e s  

r a t h e r  t h a n  a s  d i a z e n e s .  (Miberg  c a l l s  t h e s e  " i s o d i a z e n e "  

c a n p l e x e ~ . ~ ~ ~  T h i s  n a n e n c l a t u r e  d o e s  d e s c r i b e  t h e  e l e c t r o n i c  s t r u c t y r e  

b e t t e r  t h a n  11hydrazido(2-)11 and  i s  unambiguous when a p p l i e d  t o  t h e  

r e c e n t l y  d e t e c t e d  p a r e n t ,  H$N, 205 b u t  its a p p l i c a t i o n  t o  compJexes 

i s  n o t  a d v i s a b l e . )  

The second p o s s i b i l i t y  is t h a t  t h e  d i a z o  f u n c t i o n i  c o u l d  bend a t  

N ( 1 ) .  T h e r e  a r e  two resonance  forms which c o u l d  b e  a p p l i e d  t o  s u c h  a 



s t r u c t u r e ,  b o t h  w i t h  a n  18 -e l ec t ron  c 3 n f i g u r a t i o n  a t  t h e  m e t a l .  

P 

The p o s s i b i l i t y  t h a t  t h e  complexes WC12(NH=NCOR)(ePpe)2.might e x i s t  

i n  s o l u t i o n s  i n  an eqcliJlibbrium mixture  o f  s t r u c t u r e  B and  a n  acy l -  o r  

a a roy l -d i azene  form h a s  been sugges ted .  39  

and 

O f  t h e  o p t i o n s  p r e s e n t e d ,  s t r u c t u r e  A i s  t h e  most c o n s i s t e n t  w i t h  

t h e  d a t a .  T h e  Nk chemica l  s h i f t  wo+eem t o  exc lude  b o t h  form 8 above 

and a  l i n e a r  W = N = N H &  s t r u c t u r e  s i n c e  t r e ,  r e s p e c t i v e l y ,  expected 

t o  have o r  known t o  have m i n e - l i k e  r a t h e r  t han  d i a z e n e - l i k e  chemical * 
s h i f t s .  The i n f r a r e d  ( v i d e  i n f r a )  N N  s t r e t c h i n g  f requency  i s  h igh  f o r  

a n  N-N s i n g l e  bond, a l s o  exc lud ing  form B .  

. - 

The p r o t o n  magnet ic  reso&nce  due  t o  t h e  two c y c l o p e n t a d i e n y l  r i n g s  

b 

i s  a l s o  i n s t r u c t i v e .  A t  h ighe r  t empera tu re  t h e  s h a r p  s i g n a l  i s  a  

d o u b l e t  ( J= 0 . 6  Hz ; combined wid th  i s  1 .8  Hz a t  259 K) due t o  coup l ing  
4 



w i t h  t h e  h y d r i d i c  pro ton . '  A s  t h e  t empera tu re  i s  lowered t o  230- K t h e  
4 I 

peak broadens  d r a m a t i c a l J y  t o  10  Hz, though o t h e r  r e sonances  a r e  n o t  

a p p r e c i a b l y  a f f e c t e d .  S i n c e  t h e  motion o f  t h e  r i n g s  a b o u t  t h e  

me ta l - r i ng  c e n t e r  axis  i s  n o t  slowed a t  much lower  t e m p e r a t u r e s  i n  o t h e r  

complexes,206 t h e  b ~ o a d n e s s  mus t  a r i s e  from t h e  s lowing  o f  a  motion of  
* 

t h e  hydraz ido(2- )  l i g a n d  o u t  o f  t h e  midplane o f  t h e  Cp2WH t o  make t h e  

r i n g s  i n e q u i v a l e r k  , w i t h o u t  changing t h e  environment o f  t h e  c 

hydrazido(2-)  p r o t o n s  o r  t h e  metal-bound h y d r i d e .  I n  o t h e r  words t h e  

p r e f e r r e d  d i h e d r a l  a n g l e  between t h e  Cp2W midplane and t h e  WNN p lane  

is  90' r a t h e r  t h a n  0'. 

C 

It i s  n o v e l  t h a t  t h e  d i a z o  l i gand  shou ld  approach t h e  r i n g  t h i s  

way. More normal  modes o f  bonding a r e  t h o s e  exempl i f i ed  by 

- 
c ~ ~ V N R ( S ~ M ~ ~ ) ~  i n  which t h e  s i l f b o n  and n i t r o g e n  atoms a l l  l i e  i n  t h e  

20 1 ii. midplane and V-N-N i s  l i n e a r ,  
L. 

' i n  which t h e  imine  l i e s  i n  t h e  midplane,  207 and 



[ c ~ ~ w H ( c ~ H ~ R ) ' . ] +  i n  which t h e  a l k e n e  i s  T-bound. 208 'AS observed  

, i n  PHR, i h  the polybdenum ~ o m ~ l e x .  t h e  r i n g s  a r e  e q u i v a l e n t  a t  room 
- D ' ,  

a t e n p e r a t u r e a n d ' w o u l d  b e , e x p e c t e d t o r e m a i n s o a t  lower  t e m p e r a t i h e .  I n  ,' 
' * 

& . 
t h e  t ungs t en  c m p l e x  t h e  r i n g s '  a r e  i n e q u i v a l e n t  even ' . a t  room ; . . < -  

t empera tu re ,  e x c e p t  where R=H, b'ecause o f '  t h e  i n t e r a c t i o n  o f  'R w i t h  
/ -  , , 

\ 
e .  

1 ~ 

, o n l y  o n e  c y c l o p e n t a d i e n y l  r i n g .  Though t h e s e  t p e e  examples o f f e r  no 
1 

bpecedent  fbr t h e  s t r h c t u r e  o f  14, t h e  broadening  e f c e g t  s e e n  v i t h  14 i s .  
. , - .., 

1 r a n i n i s c e n t  d f  Cp MONO i n -wh ich  t h e  7 -cyc l open tad i eny l  f r e e z e s  o u t  - 3 
below -190 R i n  a  p o s i t i o n  which e c l i p s e s  o n e  o r  t ,he  o t h e r  o f  t h e  

7 5-cyc l o p e n t a d i e n y l  r i n g s ,  making them i n e q u i v a l e n t .  206 We have no t  
2 .  

y e t  reached  t h e  expec t ed  l i m i t i n g  s p e c t r b n  o f  two s h a r p  s i g n a l s , '  orie f o r  

eaoh cyc l open tad i  e n y l  r i n g .  + 

1 - 

Complexes 13 have  d i s t i n c t i v e  i n f r a r e d  s p e c t r a  a s  w e l l .  (See  

- k i g u r e  IV-2.) The W-H s t r e t c h  expected n e a r  1850 cm-' cannot  be  seen  
t 

i n  t h e  i n f r a r e d  s p e c t r a .  The change o f  d i p o l e  a  t h e  a t o m  v i b r a t e  i s  
, F' ) 

a p p a r e n t l y  n e g l i g i b l e .  T h i s  h a s  been no ted  b e f o r e  f o r  t u n g s t e n  

~ a m p l e x e s . ~ ~ ~  There  i s  a s i n g l e ,  s t r o n g ,  s h a r p  band n e a r  3240  cm-I 

(3270  om-' f o r  PF6 s a l t s )  due  to N H  s t r e t c h i n g .  ~ h % i  i n t e n s i t y  o f  + 

t h i s  band i s  h i g h e r  t h a n  t h a t  o f  t h e  d i a z e n e s  w i t h  which we have -% 

4 

ex p  e r i  ence . 9 

T# e j p e c t e d  1 , 4 - a r y l  and s u b s t i t u e n t  a b s o r p t i o n s  a r e  s e e n .  - 
- 

Peaks ass igned  t o  c'yclopent'ac$enyl a r e  found n e a r  3 120, ,1500 and 1020 

cm-I. P o s i t i o n s  o f  o t h e r  expec ted  Cp a b s o r p t i o n s  can n o t  be  

d e f i n i t e l y  a s s i g n e d ;  t h e  bending mode o c c u r s  between 850 and 800 cm-' 

where t h e  bending mode o f  t h e  1 ,4 -a ry l  gr&p a l s o  a b s o r b s ,  s o  one c a n  



1 I 
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n o t  c o n f i d e n t l y  a s s i g n  bands to--khe-- a r y l  o r  cyc  l o p e n t a d i e n y l  r i n g .  

* 
~ u r t h e r m o r e  even  t h e  phenyl  d e r i v a t i v e  h a s  two peaks  i n  t h i s  r e g i o n ,  - - 

: a  

p o s s i b l y  due  t o  t h e  bending mode o f  two cyc lopen tad i eny l  r i n g s *  sepa ra t ed  
/ 

b 

by t h e A i f f e r e n t  i n t e r a c t i o n  w i t h  t h e  hydraz ido(2- )  ' l i g a n d .  Upon 
. / 

d 
I 

s u b s t i t u t i o n ' v i t h  a t  N(1) ,  a :band a t  1360 om-' g h i r t s  t o  become 

a tjroad peak c e n t e r e d  n e a r  1340 em-'. On t h i s  bas$ w e  a s s i g n  t h e  , 

i 
1366 cm-' peak a s  v NN. T h i s  i s  w e l l  below t h e  enkrgy o f  t h i s  

\ 1 

v i b r a t i o n  in o t h e r  c o o r d i n a t e d  d i a z e n e s ,  122 b u t  s t f l l  i n d i c a t i v e  o f  a  

d e g r e e  o f  p lu l t i p l ePbond ing  between t h e  n i t r o g e n s .  
/ 

. 2.  S y n t h e s i s  and S p e c t r o s c o p i c  C h a r a c t e r i z a t i o n  o f  [ c ~ ~ ~ ( N H ~ N A ~ )  ]+. 

The a d d i t i o n  o f  me thano l i c  4-CH3C6H4N2BF4 t o  Cp2WH2 

' i n  t o luene  was dona a t  a 7 3  K and a  brown produ,bt, 15 ,  o b t a i n e d  d i r e c t l y  
, II - 

d 

- i n .  h igh  y i e l d .  Analyses  i n d i c a t e d  t h a t  1-5 was an i somer  o f  s 14.  - (See 
. - .A 

Tab le  IV-1.) 4na logues  of  t ~ s  cdmpound w i t h g o t h w  s u b s f i t u e & s  o n  t h e  
4' . * 

i 
benzene riag ,were o b t a i n e d  by l e t t i n g  s o l u t i o n s  o f  1 3  st;nd. f o r  S t  least $ - 

1 tf between 273 K and  r o a m  t empera tu re .  ' ~ n  s h o r t e r  p e r i o d s ,  e s p e c i a l l y  
u' 

' a - t  1 ower t empera tu re s ,  t h e '  c  onversio*n o f  13' t o  1  - 5 was in60mplete .  ' S o l i d  

" 1 5  - dould  be r e c r y ~ t a l l i ~ z e d  from propanone/ toloene.  . ~ i l t r a t i b n  o f  t h e  ' 

p r  opanone s o l u t i o n  b e f o r e  r e c r y s t a l  l i z a  t i o n  removed f l o c c u l e n t  i n s o l u b l e  
. + 

s o l i d s  o f  'two t y p e s :  brown. 1_6 w a s  s l i g h t l y f s o l u b l e  i n  e t h a n e n i t r i l e  and' ' 
j 

'j " 
a ,  4 

had ~ N H  a t  3340 cm-' ; b l a c k  12 was i n s o l u b l e  i n  , a l l ' s o l v e n t s  an& had 
1 

"'Q. 
:: 

a 7  

nd i n f r a r e d ' b a n d s  u s e f u l  f o r  cha rac t . e r i za t i on . '  



The p-roton magnet ic  resonance  s p e c t r a  o f  1 5  ( S e e  T a b l e  IV-2 and ... 

F i g u r e  IV-3.) showed, a t  6 3 . 9 ,  broad a b s o r p t i o n  i n t e g r a t i n g  t o  two 

p r o t o n s  whlch d i sappea red  w i t h  a d d i t i o n  o f  D20 and s p l i t  w i t h  l % ( 1 )  * 

1 s u b s t i t u t i o n  ( J( 1 5NH)=88 Hz). The resonance i a  a s s i g n e d  a s  two 

e q u i v a l e n t  nitrogen-bound hydrogens.  I t  i s  q u i t e  unusual: t'o see p ro tons  
- 

o f  coo rd ina t ed  h y d r a z i n e  i n  'an NMR s p e c t r m  ,210  s o  such a  c o u p l i n g  h a s  

n o t  been seen  b e f o r e .  The s low exchange neces sa ry  f o r  t h e  c o u p l i n g  

i m p l i e s  t h a t  N( 1 ) h a s  no' lone  p a i r  promoting r e a d y  p ro ton  t r a n s f e r ,  21 1  

t h a t  N ( 1 ) i s  me tal-bound . 
- - - 

There was a  s h a r p  s i n g l e t  co r r e spond ing  t o  a l l  t e n  Cp-p ro tons ,  

s h i f t e d  u p f i e l d  from t h e  f requency  i n  13.  If t h e  s t r u c t u r e  sugges t ed ,  

were s t a t i c  t h e n  t h e  two cyc lopen tad i eny l  r i n g s  ( and  t h e  n i t r a g e n s )  
~ - 

would be a f f e c t e d  d i f f e r e n t l y  by t h e  a r y l  r i n g  and would s p l i t ,  b u t  

i n v e r s i o h  o f  pyramidal  n i t r o g e n  would average  o u t  t h e  ef fect  on an  MMR 

.time s c a l e .  The c h e l a t i o n  o f  t h i s  . a ry lhyd raz ide  i s  s i m i l a r  t o  t h a t  i n  

t h e  phenylhydraz ine  complex [ CpMoI(N0) (NH2NHPh) ]EFq 8 8  
' 0  

The phenyl p r o t o n s  o f  15a gave a complex p a t t e r n  b u t  15b, c ,  and e  - - 
. -. J 

. . .  , were i n t e r p r e t a b l e  i n  f  i r s t - o r d e r  terms. The 2 ,6-pro tons  r e s o n a t e  

u p f i e l d  o f  t h e  3 ,5-protons,  and a l l  resonances  were s h i f t e d  upfAeld from 

t h e i r  p o s i t i o p s  i n  the,  cor responding  14 complex. Chemical s h i f t s  o f  - 





pro tons  o f t e n  a r e - i n t e r p r e t a b l e  i n  terms' o f  e l e c t r o n  d e n s i t y  arguments ,  

b u t  the  r e l a t i v e  u p f i e l d  s h i f t s  o f  cyc lopen tad i eny l  and a r y l  p r o t o n s  i n  - 

1'5 c a n  n o t  b o t h  b e  exp la ined  i n  th is  way. Ra the r ,  t h e  a r y l  s h i f t  i s  - 
probably  t h e  one  c o r r e s p o n d i n g  t o  a r e a l  e l e c t r o n  d e n s i t y  i n c r e a s e .  The 

Cp s i g n a l  o f  complexes 1 3  might  be s h i f t e d  downfield because o f  t h e  

magnet ic  a n i s o t r o p y  o f  t h e  d i a z o  g roup  which, s i n c e  i t  i s  o u t  o f  t h e  

midplane ,  approaches  t h e  c y c l o p e n t a d i e n y l  r i n g s  c l o s e l y  ; c o n v e r s e l y  t h e  

Cp s i g n a l  o f  1 5  - might  be s h i f t e d  u p f i e l d  because o f  t h e  magnet ic  

a n i s o t r o p y  o f  t h e  a r y l  r i n g .  

I n f r a r e d  s p e c t r a  o f  1-5 were r a t h e r  s imp le .  ( S e e  F i g u r e  IV-4. )  The 

NH;I  g roup  had two s t r o n g  bands a s  expec t ed ,  due  t o  asymmetr ic  and 
- * 

symmetric s t r e t c h i n g  a t  3300 and 3240 cm-' (3340 and  3260 cm-' f o r  

PF6 s a l t s ) .  The N H 2  bend occu r r ed  c l o s e  t o  1610 cm-' , with  a r y l  

i n t e n s i t y  superimposed.  With 5 ~ - s u b s t i t u t i o n  a t  N(1)  , t h e  NH2 

n i t r c g e n ,  no  bard i n  t h e  r e g i o n  1600-800 s h i f t e d  s i g n i f i c a n t l y  s o  W N N  

c o u l d  n o t  be  i d e n t i f i e d .  The s h i f t  o f  a  weak band a t  448 cm" was 

s i g n i f i c a n t ,  though b a r e l y  s o .  Assignment t o  v W-N( 1 )  o r  a  mode 

i n v o l v i n g  t h i s  motion i s  n o t  r e a s o n a b l e  s i n c e  a  band o c c u r s  h e r e  i n  1-4b 

and 2J a s  we l l .  

A r e l a t i v e l y  i n t e n s e  band appeared n e a r  1325 cm", n o t  p r e s e n t  i n  

1 3  and s o  c h a r a c t e r i s t i c  o f  t h e  new mode o f  c o o r d i n a t i o n .  T h i s  i s  

t e n t a t i v e l y  a s s i g n e d  t o  vN(2) -C(ary1)  s i n c e  a  band i s  commonly found i n  

t h i s  r e g i o n  w i t h  a r y l  amines,  a t  somewhat h i g h  frequency f o r  a  s i n g l e  





bond due t o  p a r t i a l  C a N  m u l t i p l e  bond c h a r a c t e r ' w i  t h  d e l o c a l i z a t i o n  of 4 

t h e  l o n e  p a i r  o n t o  t h e  r i n g . 2 1 2  T h i s  same c o n j u g a t i o n  i s  presumably . 
t h e  mechanism o f  t h e  i n c r e a s e d  magnetic 'shielding o f  a r y l  p r o t o n s  i n  15  - 
canpared t o  13. ( v i d e  sup ra )  No o t h e r  p~eaks  appear  e x c e p t i o n a l .  

3.  O t h e r  Cp2W-Containing Products .  . 

' I n  one tr ial  a  pukple  s o l i d ,  18, - was s u c c e s s f u l l y  prepared  by 

a d d i t i o n  o f  a  d i l u t e  HBF4 s o l u t i o n  i n  methanol  t o  15c and e v a p o r a t i o n  

o f  methanol  under  vacuum. I t  cou1.d be  r e c r y s t a l l i z e d  from 

propanone/e t h e r .  The N H  s t r e t c h i n g  f r e q u e n c i e s  i n  t h i s  occu r r ed  a t  

a b o u t  3340, 3 2 9 5 ( s h ) ,  a n d  3220 cm-', and a n  Nh2 bend a t  1635 cm-l . 

We t e n t a t i v e l y  a s s i g n  t h e  s t r u c t u r e  

t o  t h e  complex c a t i o n .  The C , H , N  a n a l y s i s  was done a f t e r  e t h e r  

t r i t u r a t i o n ' b u t  b e f o r e  r e c r y s t a l l i z a t i o n  and s o  t h e  sample was 

contaminated w i t h  HBF4. \ h  

When one  mole o f  Cp2#H2 was combined w i t h  two moles  o f  

diazonium t e t r a f l u o r o b o r a t e  i n  methanol  a t  200 K n o  r e a c t i o n  was 

a v r e n t .  Upon warming t o  room t empera tu re  t h e  s o l u t i o n  became 

r e d - b r o m  and t h e n  d a r k  c h o c o l a t e  brown. A c r u d e  r e s i d u e  l e f t  a f t e r  

removal o f  a l l  v o l a t i l e s  ana lyzed  c l o s e  t o  t h e  v a h e s  expec ted  f o r  t h e  

c a n b i n a t i o n  o f  r e a c t a n t s  i n  a  r a t i o  o f  1  :2 h y d r i d e  t o  diazonium. An 



i n f r a r e d  showed a b s o r p t i o n  t y p i c a l  o f  N H ,  T -cyc lopen tad i eny l  and a r y l .  

A t  t anp t ed  p u r i f i c a t i o n  by p r e c i p i t a t i o n  from methanol o f  t h e  r e d i s s o l v e d  
\ 

crud.e p roduc t  l e d  t o  i s o l a t i o n  o f  a b l ack  g o l i d  which had t h e  same 

p r o p o r t i o n  o f  C and  N b u t  which was quite low i n  bo th .  T h i s  was no  

l o n g e r  methanol -so luble  and may be  11. The brown f i l t r a t e  when d r i e d  

bad a n  o d o r  r e m i n i s c e n t  o f  a  h igh  a l k a n e ,  s u g g e s t i n g  some f ree  

cyc l open tad i  ene-d e r i v e d  p roduc t  . It appeared t h a t  f u r t h e r  work w i t h  1 :2 

r e a c t i o n s  o f  t h i s  t u n g s t e n  h y d r i d e  would, n o t  b e  a t  a l l  p r o d u c t i v e .  - , . 

4. Reac t ions  o f  C ~ ~ M O H ;  

Reac t ions  o f  Cp2MoH2 have a l l  been done i n  a  s i n g l e  s o l v e n t ,  

g e n e r a l l y  methanol .  a The p r o g r e s s '  o f  r e a c t i o n s  was o b v i o u s l y  d i f f e r e n t  

fran t h o s e  w i t h  t u n g s t e n  h y d r i d e  s i n c e  a  permanent r e d  o r  brown c o l o r  
Y 

developed even  when a d d i t i o n  was done i n  a  d r y - i c e  ba th .  When on ly  one  

mole of  4-fluorobenzenediazonium t e t r a f l u o r o b o r a t e  was added p e r  mole 

molybdenum, a  p roduc t ,  1 9 ,  .., ana logous  t o  1-5 was produced, a s  i n d i c a t e d  by 

i n f r a r e d  a b s o r p t i o n  o f  t h e  c r u d e ,  d r i e d  i s o l a t e s ,  e  .g.. a t  3300 and 3240 

cm-I (3330 and  3250 f o r  P F ~ -  s a l t s ) .  T h i s  was n e v e r  s u c c e s s f u l l y  

brought  o u t  o f  s o l u t i o n ,  even  a s  a n  o i l ,  u n l e s s  s o l v e n t  was n e a r l y  

c a n p l e t e l y  removed b y  evacua t ion .  Thus i t  was n e v e r  p u r i f i e d .  To the  

e x t e n t  t h a t  we c o u l d  d e t e c t  them i n  mix tu re s ,  t h e  p r o p e r t i e s  o f  19 were - 

c l o s e  t o  t h o s e  o f  t u n g s t e n  complexes 15. - The i n s t a b i l i t y  o f  19 - w i t h  

r e s p e c t  t o  2-0, t h e  molybdenum ana logue  o f  1-6, i s  g r e a t e r .  One sample,  

k e p t  o n l y  i n  t h e  d r y  box,  comple t ly  deccmposed t o  20  - o v e r  long ( >  2  y r )  

s t o r a g e .  Degassing d o e s  n o t  seen t o  h i n d e r  t h e  r a p i d  ( <  1 h r )  



d e c a n p o s i t i o n  o f  19 - t o  2%Anin - s o l u t i o n s  

' e t h a n e n i  t r i l e  a t  ambient  t empera tu re s .  
, 

of  a l c o h o l ,  propanone o r  

Because t h i s  i n s t a b i l i t y  was 

i n t e r p r e t e d  a s  extreme a i r - s e n s i t i v i t y , .  w e  d i d  n o t  t r y  t h e  
/ 

low-temperature  p r e p a r a t i o n  o f  n m r  s o l u t i o n s  w i t h o u t  which t h e  s p e c t r a  

were g r o s s l y  k m p l i c a t e d  w i t h  decompos i t ion  p roduc t s .  On t h e  b a s i s  o f  

o u r  r e s u l t s  w i t h  t h e  t u n g s t e n  complex 13 ,  conduc t ing  work-up and t a k i n g  

s o l u t i o n  s p e c t r a  a t  low s p e c t r a  a t  low t empera tu re s  (:< 273  K) should  

a l l o w  u s e f a  i n v e s t i g a t i o n  o f  19. - 

The r e a c t i o n  o f  Cp2MoH2 w i t h  two moles  o f  diazonium s a l t  added 
w+ 

q u i c k l y  produced a  pu rp l e - r ed ,  me t h a n o l - i n s o l u b l e  p r o d u c t ,  2-1, which " ̂\ 
ana lyzed  a s  a 1  :2 a d d u c t ,  [ C P ~ M O H ~ ~  NNC6H40Me] (BF4l2. The 

same subs t ance  was a l s o  i s o l a t e d  i n  t h e  r e a c t i o n  o f  equ imola r  amounts o f  

Cp2MoH2 and h-me thoxybenzenediazoniuu t e t r a f l u o r o b o r a t e  . The 

expec ted  p roduc t ,  19,  - =ms p r e s e n t  i n  t h e  f i l t r a t e  o f  21 - i n  + t h i s  c a s e .  

The low s o l u b i l i t y  o f  2-1 i n  ,wlvents  o t h e r  t h a n  e t h a n e n i t r i l e  and 

tJ 
propanone was i n  agreement w i t h  f o r m u l a t i o n  a s  a  1  :2 e l e c t o l y t e .  The 

, ,  

s o l i d  decomposed w i t h o u t  m e l t i n g  above about  398 K .  Degassed s o l u t i o n s  

were somewhat s t a b l e  a t  room t empera tu re ,  b u t  decomposed comple te ly  o v e r  

two weeks. S o l u t i o n s  l o s t  r e d n e s s  r a p i d l y  upon exposu re  t o  a i r .  Peaks 

i n  i t s  i n f r a r e d  spectrum i n c l u d e d  t h e  expec ted  C H ,  A r O C H 3 ,  and  BF4 

s t r e t c h e s ,  t h e  C H  bend o f  a  1 , 4 - d i s u b s t i t u t e d  benzene,  and o t h e r  s t r o n g  

peaks  u s e f u l  f o r  i d e n t i f i c a t i o n .  A s o l u t i o n  o f  2-1 i n  a  s e a l e d  t u b e  was 

s t u d i e d  b y  p ro ton  magnet ic  resonance .  There  was no  s i g n  o f  a -  low f i e l d  

N H  o r  h igh  f i e l d  MoH s i g n a l ,  b u t  t h e r e  were m u l t i p l e  peaks  i n  p o s i t i o n s  





- 
expec ted  f o r  Cp and OMO resonances ,  i n d i c a t i n g  a m i x t u r e  o f  s e v e r a l  

s u b s t a n c e s  was p r e s e n t .  Changes occu r r ed  i n  t h e  s p e c t r u n  o v e r  a  perkod 
' 

1 2  days ,  wi th  most  peaks  g r a d u a l l y  l b s i n g  i n t e n s i t y .  S i n c e  t h e .  

c a n p o s i t i o n  o f  t h e  m i x t u r e  o f  t h e  i n i t i a l  spectrum was unknown, we c o u l d  

n o t  de t e rmine  what changes  might  b e  o c c u r r i n g .  

The me t h a n o l - i n s o l u b l e  p r o d u c t  2-1 r e a c t e d  w i t h  t r i e t h y l a m i n e  i n  

benzene, i n  which t h e  u n n e u t r a l i z e d  i o n i c  complex i s  i n s o l u b l e .  The 

i n t e n s e l y  co lo red  benzene s o l u t i o n  was s e p a r a t e d  by d e c a n t i n g  and dried'. 

The ' infrared spectrum o f  t h i s  d u p l i c a t e s  t h a t  o f  t h e  u n n e u t r a l i z e d  

m a t e r i a l  e x c e p t  i n  hav ing  v a s t l y  rqduced i n t e n s i t i e s  n e a r  1050 and 520 

cm-', b o t h  due  t o  BF4-, a n d  some weak a b s o r p t i o n s  due  t o  E t 3 N H .  

I n  s p i t e  o f  absence  o f  N-bound H s i g n a l s  i n  i n f r a r e d  o r  nmr s p e c t r a ,  t h e  

f a c i l e  n e u t r a l i z a t i o n  s u g g e s t 3  t h a t  t h e  ccmplex i s  a  b i s d i a z e n e ,  f o r  
@ 

o t h e r  a c i d i c  p r o t o n s  a r e  more l i k e l y  t o ' h a v e  been i n f r a r e d  a c t i v e .  

5 .  Reac t ions  o f  Cp2ReH 

Like t he  i s o e l e c t r o n i c  g roup  V I  h y d r i d e s ,  Cp2ReH r e a c t s  a t  low 
ri 

t a o p e r a t u r e s  i n  me than01 w i t h  one mole o f  a r y l d i a z o n i m  

t e t r a f l u o r o b o r a t e .  No p roduc t  s e p a r a t e d  from c o l g  s o l u t i o n s  s o  t h e  

r e a c t i o n  mix tu re s  were a l lowed t o  warm t o  room t empera tu re  wh i l e  s o l v e n t  

u a s  removed unde r  vacuum. The d a r k  brown p r o d u c t ,  2-2 was r e c r y s t a l l i z e d  

a t  room t empera tu re  from propanone/e ther  o r  e t h a n e n i t r i l e / e t h e r  . 
Ana lys i s  i n d i c a t e d  a  1  : 1  ad.duct,  bu t h e  samples  c o n t a i n e d  some k 
decomposi t ion p r o d u c t s  s i n c e  C ,  .. H ,  and N a n a l y s e s  were g e n e r a l l y  low. 



'-----, Tkie s o l u b i l i t y  o f  2-2 was c h a r a c t e r i s t i c  o f  a n  i o n i c '  complex: s o l u b l e  i n  

e t h a n e n i  t r i l e  , propanone,  methanol ;  i n s o l u b l e  i n  a r o m a t i c  s ~ l v e n t s ,  
2' 

The s p e c t r a l  d a t a  are cons , i s t en t  w i t h  a  f o r m u l a t i o n  as  

[cp2Re(NH=NBS) ] + B F ~ - .  The i n f r a r e d  s p e c t r a  o f  2-2 have a' s i n g l e  

N H  s t r e t c h  p t  a b o u t  40 cm-' l o w e r e n e r g y  t h a n  t h e  s i n g l e  band i n  r - 
t u n g s t e n  complexes 1  w i t h  t h e  same s u b s t i t u t i o n .  * There  i s  a  s t r o n g ,  

somewhat broad band n e a r  1335 cm'l which c a n  n o t  c o n f i d e n t l y  be  

a s s i g n e d ,  b u t  which may be  v N N .  Otherwise t h e  spec t rum shbws onl?  t h e  

expec ted  cyc  l o p e n t a d i e n y l  , 4  -me thoxya ry l  , and t-et rafluoroborate bands. 

The PMR a t  anbienc  t empera tu re  had a v e r y  -broad ( c a .  15  Hz) s i g n a l  a t  

low f i e l d ,  c o n s i s t e n t  w i t h  a p ro ton  bound t o  a  h i g h l y  a n i s o t r o p i c  

n i t r o g e n .  Ary l  resonances  a r e  a t  lower f i e l d  t h a n  w i t h  t h e  t u n g s t e n  

p r o d u c t s  13 and  13 ,  s u g g e s t i n g  less d e l o c a l i z a  t i o n  o f  e l e c t r o n  d e n s i t y  

o n t o  t h e  r i n g  i n  2-2. The cyc lopen tad i eny l  and methoxy s i n g l e t s  occur red  
/ 

a s  expec ted  and sere n o t  u s e f u l  i n  s t r u d t u r g l  ass ignment .  I n  sum, t h e  
' 1  

\-> . - s p e c t r o s c o p i c  d a t a f o r  t h e  two d e r i v a t i v e s  a t  hand l e a d  pne t o  conc lude  W 

t h a t  t h e  rhenium ~ o n ; ~ l e x e s  2-2 are s u f f i c i e n t l y  d i f f e r e n t  from 14 - t h a t  

t h e  twg have d i f f e r e n t  a tomic   arrangement^;^ t h a t  t h e  rhenium complexes 

F 

a r e  a r y l d i a z e n e s .  

The complexes 2-2 a r e  r e a d i l y  n e u t r a l i z e d  by CO 3 2- o r  E t 3 N .  

The brown p r o d u c t  2 3  - was i d e n t i f i e d  a s  Cp2ReNNC6H4-4-OMe by 

a n a l y s i s  and i n f r a r e d ,  which showed no  BF4-, n o  y N H ,  and n o  band a t  
- 





a l l  n e a r  1335 cm-' . A new, s t r o n g  band a t  1610 cm-' i s  a s s igned  a s  

v N N ,  undoubted ly  coupled t o  a r y l  modes w'fiich show i n c r e a s e d  i n t e n s i t y  , 

' 3  
IL. 

C. D i scus s ion  

It i s  l i k e l y  t h a t  t h e  f i r s t  s t e p  i n  t h e s e  r e a c t i o n s  o f  Cp2MHnt 
% 

w i t h  diazonium salts is t h e  fo rma t ion  o f  a  metal-N(1) bond by 
, 

e l e c t r o p h i l i c  a t t a c k  o f  diazonium o n  a  m e t a l  l one  pa i r . ,  T h i s  would 

p a r a l l e l  t h e  f o r m a t i o n  o f  complexes by Cp2MH, w i t h  Lewis a c i d s ,  

i n c l u d i n g  H+. l g 4  But when hydridom'etal  complexes r e a c t  w i t h  -- 
0 

a r y l d i s o n i u m  s a l t s ,  t h e  i n s e r t i o n  o f  t h e  d i a z o  t h e  M-H bond 

o f ' t h e  r e s u l t i n g  c a t i o n  h a s  a lways  been s o  f a c i l e  t h a t  
" A 

c a  t i o n i c  diazenidohydridome t a 1  complex h a s  n o t  been d e t e c t e d .  S i n c e  
'. 

a t t achmen t  t o  a c a t i o n  withdraws e l e c t r b n s  from t h e  n e t a l ,  t h e  hyd r ide  

bond l o s e s  e l e c t r o n s  and t h e  p r o t o n  becomes more a c i d i c .  It i s  s e n s i b l e  -2 
t h a t  it' might  s h i f t  t o  a . n i t r o g e n ,  made b a s i c  u'pon c o o r d i n a t i o n .  Such a  

1 

s h i f t  c o u l d  , i n i t i a l l y  be  t o  e i t h e r  n i t r o g e n ,  

t h e r e - b e i n g  n o  a p p a r e n t  s t e r i c  o r  symmetry r e s t r i c t i o n .  S i n c e  a  f u r t h e r  

p r o t o n  s h i f t  between t h e  n i t r o g e n s  would probably  a l s o  be  f a s t ,  t h w  

thermodynamic r a t h e r  t han  a  p u r e l y  k i n e t i c  one.  

T h i s  p rodue t  a s  t h e  a r y l d i a z e n e ,  b u t  t h e  

mechanism need '  n o t  be  a  1 ,2-pro ton  s h i f t  ( a )  . I n  f a c t  we s u g g e s t  t h a t  
, 



: aryldiaz6nilrm s a l t  g end 1 . , 2 - d i s ~ b s t i ~ d t e d  d i azenes  w i t h  s t rong ly  , . " _ P 

i .  . - e lec t ron-wi thdrawing  s u b b t i t u e n t s  c o u l d  r e a c t  b y . a  common mechanism: i )  / - 6 "  

L .  '2, " ' B 

: e l e c t r o p h i - l i c  stack by . t h e  d i a z o  r e a c t a p t ,  and i'i) a 1 ,3-pro ton  s h j f t  
- b  . 

; ( b )  ; wh& the p r c d u c t  is a n  dPylhydraz ido(2- )  Ligand,  t h i s  r e a r r a n g e s  t o  ' ( 
L 9 %. 

U .  

4 
t h e  obaenred a r y l d i a k e n e , .  b u t  when t h e  p roduc t  is a hydraqido(  1-) l i g a n d  

4 .- 

n o  f , u r t h e r  change o c c u r s ,  (See a l s o  equa t ion  IV-2.)' '?, 

. . .. (Eq. - I V - 1 )  

-% = . 
. . a <  h 

3 . * 

, = ', Though i n f r a r e d  and PMR a l lowkd t e n t a t i v e  c h a r a c t e r i z a t i o n  o f  t h e  
* 4 - G d 

rhenium produc t' 2-2 a s  a d:azene - .  r a t h e r  t h a n  a hydraz ido(2- )  bbmpl'ex, 
^ ,  . r 

I c 

' there r ema ins  a 7 r i t h e r  l a r g e  numbek o f  p o s s i b l e  s t r u c t u r k s  ,Q&uause t h e  ' c L 

- r" ' 1  

d i a z e n e  c o u l d  be  e i t h e r  c i s  o r  t r a n s , ,  and t h e  e l e c t r o n , p a i r  dpna ted  $Q 
P * , , 

0 1 

t h e  m e t a l  couPd tie t h e '  lone,  p a i r  a t  t h e  a r y l -  o r  hydrogen-bound n i t r o g e n  '. 
, % .. k 

or' t h e  TT-e l ec tyons  . . I 
G" 

. . 
Ar + Ar +, 

- .  
+ -  /H + / .  - /  '" / ,,---- 

Cp Re-N Cp Re-N 3Cp Re-N CpZRe- N 2 \ \ .  . - %  % \\ 2 t  $ - ' h k  
N-Ar /N + N-H ' D - +  N a 

t 
A -  B c 

Ar ' Y . *H * 

% 

@ , - 
On the b a s i s  o f '  p r eceden t ,  s t r u c t u r e  A i s  most l i k e l y .  C r y s t a l  b 

s t r u c t u r e s  o f  d i m e n e s  have shown them t o  b e  cogrd inaced  a t  t h e  , 



- .  

non-subs t i t u t e d - n i  t w i t h  c i s  configuration ( s u x t i t u  n@trang t,o - * ?  

-b P C  < '. a - t he  "metal),  except when or'thometalation necess i t a tes  a  t r a n s  9 . . 
t 

a. 

cobfigurat ion. .  But t he r e  i s  no spec~ roscop ic  ind ica t ion  t h a t  excludes + 
- 7 

-B. Staructures* C and D a r e  l e s s  l i k e l y  be.cayse they o f f e r  d i s t i n c t l y  
b L 

, '  ? 

3 .  . . -  , . y e s ~  p o s s i b i l i t y  fo r  e lec t ron  de loca l i i a t i on ,  and a r e  incons i s ten t  , , with 

O, t h e  acidity of 2-2. Fur ther ,  the  pres,qn'ce of a  ion; .pair  on t h e  
- $ 

, - aryl-bound .. . nitrogen , i s  suggested by t he  equivalence gr near-equivalence 

. of the  chemical. s h i f t s  ,of t he  2,6- and 3,5-aryl protons with 4-F and ' 

=4-CH30 , s b b s t i t u t l o n ~  s ince  a - lone  p a i r  would allow copparable h 

. + 

rebonakd  forms t a  b e  d raun 'b i th  electron' density added t o  a l l  f o u r  
- ,  

9 .  

unsubst i tu ted . a r y l  carb'ons. The chemical s h i f t  of ' the  N( 1 )-H el iminates  

k . s ruc tures ,  E and F whidh would not have the  necessary. ni trogen 
\ 

, 208 
anisotropy . - .  

I 

The rhenium complexes requ i re   orb study:  The proJon nmr spectra  
. . <  I 

hawe never been f r e e  of' mindr  resonances' tf-;ath may be due t o  impur i t i es ,  
s 2 

i 
I * ,  

, Y 

some neu t ra l  [Cp2Re(NNAr)] formed i n  so lu t ion ,  .a :s t ructur 'a l  isomer 

such as  B ,  or  t he  hydrazido(2-) form'. It is  poss ible  that  changes i n  

a r y l  subs t i tu t ion  could be a aningfully cor re la t&d w i t h  change2 i n  pKa 7 ,  - * 

or  isomer equil ibrium. 

d - *1 
The mechanism of formation of tunqste; complex 14 s  given 

5 

_ above.(See a l so  Equation IV-2.) That i t  i s  formed 4 s  not surpr i s ing ;  

7 ' # 

t h a t  i t ,  r a ther  than t h e  diazen-e, i s  i so la ted  is:  The ,impli&tion i s  
@& 

P - t hac  the  N(2) l one ' pa i r  i s  more basic than t he  lone p a i r  qf t he  
' )" 



- r  t * .q* 
- ,  b 165 

me t a b b o u n d  n i t r o g e n ,  $( 19 . ' I t  is n o t  a p p a r e n t  why t h i s  p a r t i c u l a r  . 
> ,  

3 .  

,, 2 .*. compound s u b j e c t  t'o a n  i n v e r s i o n  o f  
A 3 

> .  

r a t i o n a l i z a t i o n s - s e e n  plau$bles  ' ( 1 )  The lone  p a i r  a t  N(1) i s  s l i g h t l y  , .' 
* ,  

3 
h 

invo,lved , , i n  b~ ind ing  t.0 t h e  ,metal-. ( 2 )  Conjuga t ion  of  t h e  midplane  l o n e  
. > 

-. . -- - " .  
, . . . 

- p a i r  on tungsten2 l 3  w i t h  the d i a z e n i d o  N=N %bond p l a c e s  a d d i t i d n a l  

I r  
& I  I e l ec t ron '  d e n s i t y  a% N ( 2 ) .  ( T h i s  c o n j u g a t i o n  could  a l s o  b e  t h e  b a s i s  for  

t h e  tendency o f  t h e  d i a z o  g r o u p  t o  bend o u t  o f  thePCp2W midplane  

r a t h e r  t h a n  i n  i t . )  If t'he secbnd r a t i o n a l i z a t i o n  i s  t r u e ,  t h e n  o t h e r  
. " 

&m;llqs o f ,  t h e  doubly  b e n t  hydraz ido(2- )  l i g a a d  s h o u l d  b e  found in 
- .  

1 

c  anp lekes  wi th  very  e l e c t  ron- r ich  meta l  c e n t e r s .  
' I . . 

I 
* 

. - 
L ' *  I 

.h obvious q u e s t i o n  i s  hoQ 1 4  i so rce r i ze s  t o  15. The ev idence  - .. *, 

c o l l e c t e d  does n o t  b e a r  on t h e  q u e s t i o n ,  ao a n  answer i s  i n  t h e  n a t u r e  ' 

o? a  r i t t i o n a l i z a t i o n .  A p o s s i b l e  mechanism i s  g i v e n  as Equat ion  IV-2. - a t  

. . 



The seve ra l '  s t e p s  i n  f o r m a t i o n  o f  1-5 are  r a t h e r  obv ious  once  t h e  

s t r u c t u r e s  o f  1 and 13 a r e  i d e n t i f i e d .  No s i n g l e  s t e p  i s  p a r t i c u l a r l y  

nove l :  t h e  p r o t o n  shif t  frcm t h e  m e t a l  t o  d i a z e n e  i s  t h e  r e v e r s e  o f  

t h a t '  t h l a t e d 2 0 7  i n  t he  r e i c t i d n :  

- k B l l t  the * h o l e  p r o c e s s  c e r t a  n l y  i s  i n t e r e s t i n g  f,g6 i t  may b e a r  on t h e  ' 
, - 

i n a b i l i t y  o f  n i t r o g e n a s e  t o  r e d u c e  hyd raz ine .  The d i n i t r o g e n  complexes 

- o f  t r a n s i t i o n  metals,  a r e  e i t h e r  l i n e a r  monomeric o r  b r i d g i n g .  
4 

T h i s  h a s  
.r 

- l e d  d i s c u s s i o n  o f  b i o l o g i c a l  mechanisms o f  N2-f iua t ion  away from 

i n t e r m e d i a t e s ,  and somewhat toward b i m e t a l l i c  
e .  

, - 
diazo-bridged i n t e r m e d i a t e s .  Complex 1-5 i s  r e l a k d  t o n - b o u n d  

i n t e r t n e d i a t e s ,  i t  is. a  c h e l a t i n g  . . d i a z o  l i gand  o f  b i t e  s i z e ' t w o .  The 
- .. - 

.+. b i d e n t a t e  l igand-;as  formed f r a h  r&rangement  o P a  s i n g l y  coo rd ina t ed  
- it % 

, d i a z o  l i g a n d .  It i d  qu4 te  p o s s i b l e - t h a t  h y d r a z i n e  i s  n o t  a c t e d  upon by 
3.  'r 

.' n ' i t rogenase  because -bo th  n i t r b g e n s  must  be  coo rd ina t ed  t o  a l l o w  
- a 

r e d u c t i o n ,  b u t  there 5 s  n o  patkiway by which t h e  t h e  enzyme a c t i v e  s i - t e .  

8 - 
c a n  c o o r d i n a t e  b o t h a n i t r o g e n s ,  e x c e p t  by s t a r t i n g  from a  more o x i d i z e d  

4 
, . form o f - d i a z o  l i g a n d .  



The i n s t a b i l i t y  of 14, - 15 - and t h e i r  molybdenum analogues i s  q u i t e  

promising i f  such spec ies  a r e  t o  be included i n  a model f o r  d ini t rogen 

f i x a t i o n ,  fop models of very r eac t i ve  in termediates  sfo"u'1d a l s o  be 

r eac t i ve .  Elemental a n a l y s i s  of the  products of f u r t h e r  decomposition 

of 14 - and 15 appear t o  a r i s e  from gross  changes of s t r u c t p r e .  -. 

1:1 Reactions of the  molybdenum hydride Cp2MoH2 with diazonium 

ions  appear somewhat d i f f e r e n t  from those 'of tungsten,  but we f e e l  the  

d i f fe rence  is  not  fundamental. We suggest t he  cause f o r  much of t he  

d i f fe rence  i s  simply t h e  g r ea t e r  tendency of the  molybdenum analogues of 

13 and 15 - t o  reac t  f u r t he r .  For ins tance ,  while react ion mixtures of 

Cp2WH2 kept below ca .  258 K remain l i g h t l y  colored,  so lu t ions  of 

Cp2MoH2 become deep brown even a t  200 K .  The low-temperature 
> *  

color  caul d be due t o  [ C ~ ~ M O ( N H ~ N A ~  )I*,  o r  t o  [ C P ~ M O H  ( N B N A ~ )  I* 
% 

i f  t h i s '  were colored l i k e  t he  rhenium diazene.  

J -. ". 
- 

The incons i s tenc ies  and complexit ies of 1  :2 add;cts  o f ,  each of t he  

b i s  (cyc lopentad ienyI fhydr idometa1  complexes with diazonium s a l t s  makes 

i t  d i  f . f icul t  Eo anwer even bas ic  questions.  1 ). What is t h e  nature.  of 

21? - 2 )  Why does 21 form even w i t h  only 1:1 stoichiometry of the  - 
reac tan t s  present?  3 )  Why i s  t h e  product of Cp2WH2 react ion w i t h  

ft&les diazonium s a l t  d i f f e r e n t  from 2J? The second and t h i r d  can 
Q 

not be discussed d e f i n i t i v e l y  u n t i l  t h e  f i r s t  i s  answered and i t  

present ly  seems t ha t  the  f i r s t  can not be answered without b e t t e r  

separat ion of t he  product mixture. I f  the  complexity i n  t h e  proton NMR 

4 a 



s p e c t r a  o f  2-1 i s  d u e  t o  t h e  presence  o f  s e v e r a l  o f  t h e  t e n  g e m e t r i c  

i somers  o f  a b i s d i a z e n e  ccmplex (Each d i a z e n e  c o u l d  be  c i s  o r  t r a n s  and 

o r i e n t e d  endo o r  exo . )  t h e n  t h e  problem m y  n e v e r  be  s o l v e d .  I 

'on the second p o i n t  one  c a n  s a y  t h a t  di*onium s a l t  reacts r a t h e r  

e a s i l y  wi th  a n  ' i n t e rmed ia t e  which e x i s t s  a t  200  K .  A t  t h i s  t empera tu re  

Cp2PloH2 was no t  comple te ly  d i s s o l v e d  i n  t h e  volume of  a l c o h o l  used.  

The ex i s t ence  o f  1  :2 p r o d u c t  from 1  :1 s t o i c h i m e t r y  c o u l d  be  due  t o  
. * 

r e a c t i o n  o f  d i s s o l v e d  diazonium s a l t  i n  e x c e s s  o f  d i s s o l v e d  Cp2MoH2 

- 
w i t h  d i s s o l v e d  i n t e r m e d i a t e .  T h i s  would be  e s p e c i a l l y  s i g n i f i c a n t  i n  

r e a c t i o n s  a )  unde r  c o n d i t i o n s  where diazonium s a l t  i s  much more s o l u b l e  

i n  t h e  a l c o h o l  t h a n  Cp2MoH2, o r  b )  where s o l i d  diazonium s a l t  i s  

added q u i c k l y  o r  i n  l a r g e r  p o r t i o n s .  

T h i s  l e a d s  t o  t h e  t h i r d  p o i n t .  "Though t h e  1 :2 molybdenum p roduc t  

is probably  formed a t  2OOJ, from s o l u t i o n  c o l o r  one  c a n  s a y  t h a t  t h e  

t u n g s t e n  1 :2 p r o d u c t s  c l e a r l y - a r e  n o t .  A t  t h e  h i g h e r  t e m p e r a t u r e  o f  

r e a c t i o n  o f  t h e  t u n g s t e n  h y d r i d e  w i t h  two moles  diazonium s a l t ,  a  

g r e a t e r  v a r i e t y  o f  r e a c t i o n s  might  be  f e a s i b l e .  The i s o l a t e  from 

Cp2WH2 reac - t i ons  u s ing  a  1  :2 s t o i c h i m e t r y  does  indeed  appea r  a 

mess,  p robably  c o n t a i n i n g  s e v e r a l  p r o d u c t s  each  i n  low q u a n t i t y .  

h i  t h  e s t a b - l i s b n t  o f  t h e  n a t u r e  o f  1 : 1  p r o d u c t s ,  i t  would probably  

b e  f r u i t f u l  t o  r e a c t  t h e s e  subs tm-ces  w i t h  a f u r t h e r  male  o f  ..diazonium 

salt to See  i f  t h i s  a l l o w s  t h e  s*thesis o f  a  s i n g l e  i s o & b l k  p roduc t .  
. , 



D . Exper imenta l  

1.  ~ n s t r u m e n t a t i o n ,  Techniques ,  and Reagents .  

Fo r  g e n e r a l  s p e c t r o s c o p i c  and expe r imen ta l  methods see S e c t i o n  111 

D 1 , 2 .  Low t e m p e r a t u r e s  o f  PMR s p e c t r a  were h e l d  a u t o m a t i c a l l y  w i th  a 

Var i an  V-6040 v a r i a b l e  t empera tu re  c o n t r o l l e r .  Temperature  c a l i b r a t i o n  

was done by measur ing  t h e  CH3-OH chemica l  s h i f t  d i f f e r e n c e  on a 
4 

methanol  sample run  w i t h  t h e  same t empera tu re  s e t t i n g .  214 
d 

D 

React ions  o f  Cp2MoH2 and Cp2ReH were  done on  a s t a n d a r d  

v a c u m  r a c k  w i t h  s o l v e n t s  condensed on to  t h e  h y d r i d e  a t  l i q u i d  n i t r o g e n  

t empera tu re .  After m e l t i n g  t h e  s o l v e n t ,  t h e  s o l i d  diazonium sa l t  was 

added by t i p p i n g  a b e n t  t u b e  a t t a c h e d  t o  one neck o f  t h e  r e a c t i o n  f l a s k .  

The t u n g s t e n  r e a c t i o n s  were done u s i n g  t h e  bench-top vacuum,rack noted  
', 

above.  ! 
1 
I 

j 
MoC15, K lb ,  and  ReC15 were ob ta ined  commercial ly  ( Alfa 

P roduc t s )  and used a s  r e c e i v e d .  The h y d r i d e s  were prepared  acco rd ing  t o  

a l i t e r a t u r e  m e t h ~ d . ~  l 5  

2 .  Reac t ions  o f  Cp2 

a .  Cp2WH2 Reac t ions  w i t h  Eenzenediazonium I o n .  Dropwise 

a d d i  t ion  o v e r  0 .8  h of a / s o l u t i o n  o f  benzenediazonium t e t r a f l u o r o b o r a t e  

( 119 rng, 0162 mmole) i n  methanof ( 18 m l )  t o  a s t i r r e d ,  cooled  (253<T<265 

K) s o l u t i o n  o f  Cp2YH2 (196 mg, 0 . 6 2  mmole) i n  1 6  m l  t o l u e n e  under  , 

g i v e  a c o l o r  change t g  brownish ye l low.  Yellow s o l i d  12a formed 

0 



and c o l l e c t e d  on t h e  w a l l s  o f  t h e  f l a s k  undernea th  t h e  i o l u t i o n  surfacd!" 

The m i x t u r e  was evapora t ed  unde r  vacuum t o  less  t h a n  h a l f  volume wi thou t  

n o t i c e a b l e  change t o  t h e  q u a n t i t y  o f  s o l i d  and t h e n  f i l t e r e d .  The 
9 '  

f i l t r a t e  was s t r i p p e d  t o  d r y n e s s ,  l e a v i n g  a  brown r e s i d u e .  An i n f r a r e d  

u e  i n d i c a t e d  i t  t o  b e  1_5a, b u t  a t t empted  

c r y s t a l l i z a t i o n  from propanone/ to luene  cooled t o  265 K gave a  brown 

p r e c i p i t a t $ o f  1-6a. Anal. Found: C, 24.8;  H ,  2 .80 ;  N ,  3 .15 .  Calcd. 

f o r  "C16H21N2WB4F16" C ,  24 .9 ;  H, 2.74: N, 3.63.  I R  3340 m ,  . 

3125 m,' 1595 m, 1488 wm, 1433 rn, 1320 u, 7280 u, 1080-1050-1020 v s ,  848  . C 
m ,  750 wm, 694 w ,  528 ,  518 cm-' w .  The f i l t r a t e  o f  16a upon s t a n d i n g  

i n  t h e  f r e e z e r  s lowly  d e p o s i t e d  b l a c k  1Ja. Anal. Found: C, 26.22; H ,  

2.70'; 8 ,  2.34. I R  had no v N H ,  and o n l y  a  s h o u l d e r  a t  1600 cmAl,. 

- . 

The yel low s o  l i d  1_4a Gas  rapid.ly r e c r y s t a l l i z e d  from methanol/  

CH2C12/e  ther /hexane ,  f i l t e r e d  i n  a i r ,  washed w i t h  e t h e r  , and b r i e f l y  

a k ,  d r i e d .  ( S e e  Tab le  IV-1 f o r  a n a l y s i s . )  J R :  3240 s ( v N H ) ,  3131s (V  - I 

* 1283 m ,  1218 m ,  1173 m ,  1 155 m ,  I O ~ O - I O ~ O - ~ O I ~ - ~ O O O  v s ,  879 m ,  852  s ,  - 
839 s ,  753  s ,  739 s ,  690 s ,  642 wm,.615 wm, 569  m ,  525  m ,  508  m ,  375 

cm" wm. ( S e e  Tab le  IV-2 f o r  PMR.) I t  d6cmposed  , i n  a  v i a l  nomina l iy  
1 

under  N2 i d  the  r e f r i g e r a t o r ,  t u r n i n g  d i s t i n c t l y  o l i v e  g r e e n .  I n  a i r  

on a  h o t  s t a g e ,  r ap id '  decanpos i t i on  d i d  n o t  o c c u r  below 363 K .  

/. b .  

S o l u t i o n s  o f  14a - i somer ized ,  h e n  n o t  w e l l  coo led ,  t o  15a.  - T h i s  , 

b r a m '  s o l i d  was r e c r y s t . H i z e d  f rcm propanone/ to luene .  I R :  3304 m ,  



3244 m ( V N H ~ ) ,  3 124 s (I, C H I ,  1595 v s ,  1486 v s ,  1452 wm, 1436 wm, 
, 

1 
1420 m ,  1324 s ,  1281 s ,  1179 wm, 1085-1050-ls020-995 v s ,  845  s ,  7 5 2 - s ,  

694 m ,  522  m ,  451 w ,  386 wm, 346 cm-' wm. 

2b. Cp2WH2 Reac t ions  w i t h  4-Fluorobenzenediazonium I o n .  
-7 

I n  a s 

and  Cp2WH2 

e v a p o r a t i n g  
6 

i m i l a r  r e a c t i o n  o f  4-FC6H4N2PF6 ( 7 6  mg, 0 .28  mmole) /" 

(91 mg, 0 .29  mmole) a t  248<T<258 K ,  l$e was c o l l e c t e d  by 
'1 

t h e  r e a c t i o n  m i x t u r e  unde r  vacuum f o r  0 . 3  h ,  co>oling t o  
- - 

K ,  and f i l t e r i n g ' .  The ye l low s o l i d  l 3 e  was al lowed t o  d r a i n  w e l l ,  t h e n  

v a c u q - d r i e d ;  5'3% y i e l d .  I ts  i n p a r e d  spectrum c l e a r l y  showed peaks  due  

t o  t o l u e n e .  It was r e c r y s t a l l i z e d  from methanol /e ther /hexane  b u t  s o  
i 

m u c d e t h a n o l  was used  t h a t  t h e  r ecove ry  was pobr .  ( S e e  Tab le  IV-1 f d r  
x 

a n a l y s i s . )  I R :  3276 wm ( v N H ) ,  3135 m ( V C H ) ,  1625 vw b r ,  1507 vvs ,  

1431 m ,  1411 m ,  1392 s ,  1361 m, 1205 s ,  1095 wm, 1072 w ;  1020, - 

1008wm, 8 3 3 v v s ,  7 4 0 m ,  5 5 9 s ,  520, 3 5 7 c m - ' w .  S m a l l *  

c r y s t a l s  were formed from propanone/ to luene  cooled  i n  a capped t u b e  
I 

unde r  N 2  p laced  i n  an evacugted  t u b e  cooled  t o  195  K .  S l i g h t l y  l a r g e r  

c r y s t a l s  formed f r o m , s l o w  d i f f u s i o n  o f  a hexane l a y e r  i n t o  a -. 

The f i l t r a t e  o f  t h e  r e a c t i o n  m$xture a f t e r  rkaov ing  lJe was 
. ,  - - .  

p a r t i a l l y  s t r i p p e d  and al lowed.  t o  s t a n d  a t b 5  K .  The 

propanone-insolub l e  b l a c k  s o l i d  which d i d  c o l l e c t  was removed b ~ :  

f i l t r a t i o n .  The f i l t r a t e  was s t r i p p e d  t o  d r y n e s s  and p u r i f i e d  by 

d i s s o l v i n g  i n  a minimum. of propanone ( < O .  3 m l )  and p r e c i p i t a t i n g  w i t h  
P 



e x c e s s  t o luene .  ' T h i s  gave  a d a r k  o i l  and some l i g h t  b.rown s o l i d  which 

was f i l t e r e d  from t h e  decan ted  s o b t i o n .  The t r e a t m e n t  was r e p e a t e d  

t w i c e  w i t h  t h e  remain ing  o i l  t o . s o l i d i f y  a l l  t h e  r e s i d u e .  It was 

canbined w i t h  the f i l t r a t e  o f  t h e  r e c r y s t a l l i z a t i o n  o f  14e and - 
c r y s t a l 3 i z e d  f ram ,0.8 m l  propanone/6 m l  t o l u e n e ,  with s low cool ing ;  --., - >,, provided by p l a c i n g  t h e  s o l u t i o n  &der  N 2  aatmosphere i n  a cahped t u b e  . 

1.1 ll. 

placed  i n  an  evacua ted  t u b e  i n  d r y  i c e .  The c o l d  s o l u t i o n  was decanted  -- 
m:q-q 

' .* 
f r u n  t h e  f i n e  brown c r y s t a l l i n e  n e e d l e s  which formed and t h e  s o l i d  F..~ ,.. 

Ti 

washed once w i t h  t o l u e n e  and vacuum d r i e d  t o  a l i g h t ' b r o m  s o l i d .  The 

a n a l y s e s  and PMR spec t rum ( Tab le s  IV-1,2) bo th  i n d i c a t e d  0 .7  mole 

t o l u e n e ,  though it was n o t  a p p a r e n t  from t h e  i n f r a r e d  spec t rum:  3336 m ,  

3 2 6 l  wm ( Y N H 2 )  ; 3130 wm (-PCB); 1605 wm, 1498 v s ,  1421 wm, 1328 m ,  

-- - - 1281 m ,  1211 s ,  1 1 5 5 ~ ~ 1 ,  1106wm, 1077wm, 1014wm, 993wm, 9 1 8 m ,  c a .  

2c.  Cp2kH2 Reac t ions  w i t h  4-Me thylbenzenediazonium I o n .  
1 .  

C 

[Cp2WH(NNHC6H4-4-CH3)]PF6, 146, - ms syn thes i zed  from 
-\ 

4-me thylbenzened-nium hexaf luorophosphate  ( 1 11 mg, 0 .42  mmolej and 
\ 

Cp2kH2 C133 mg, 0 . 4 2  mmole) i n  t h e  manner o f  14e;  - 71% y i e l d .  I R :  

3265 w ,  3133 wm, 2923 vw, 2874 vw, 1632 s h ,  1601 wm, 1510 m ,  1433 m ,  

m ,  1222 wm, 1171 vw, 1113 w ,  1076 w ,  1020 w ,  849 sh, 832 

V S ,  757 W 7  739,  729 wm, 633  w ,  558  s ,  503  crp" wm. 

[ C ~ ~ ~ ( ' % N C ~ E ~ - ~ - C H ~ )  lBF4, 1 b - 1 5 ~ ( l ) ,  ~s 

syn t k s i z e d  f r a n  %-4-me thylbenzenediazonium t e t r a f l u o r o b o r a t e  ( 5 8  

a g ,  0 .28  mmole) and Cp2WH2 ( 8 9  mg, 0 .28  mmole) i n  t h e  manner o f  14e 
.7. 



b u t  because a s o l i d  d id  n o t  form d u r i n g  e v a c u a t i o n ,  t h e  i s o l a t e  

c o l l e c t e d  was kimply t h e  i m o l a t i l e  r e s i d u e .  I R :  3388 vw ( t r a c e  1_5c), 

3237 wm, 3A23 m ,  3060 s h ,  2924 w ,  2870 s h ,  1610 wm, 1406 s ,  1431 wm, . 

1475 m ,  1332 m ,  1286 wm, 1220 wm, 1170 wm, 1085 s ,  1055 s ,  1012 s ,  847  

A similar r e a c t i o n  i n  a n  ice b a t h  produced no  ye l low s o l i d  from 

~ - C H ~ C ~ H ~ N ~ B F ~  ( 1 15 mg, 0  :56 mmole) and  Cp2WH2 ( 177 mg, 

0 .56  mmole) , b u t  a f t e r  e v a p o r a t i o n  under  vacuum f o r  1 .0  h  a  brown o i l  -- 
.-=L 

* 

was a p p a r e n t .  With con t inued  s t i r r i n g  and e v a p o r a t i o n  t h i s  s o l i d i f i e d ,  

P 
a t  which p o i n t  t h e  remain ing  s o l u t i o n  was f i l t e r e d  o f f  and f u r t h e r  

evacua ted  t o  d r y n e s s ,  l e a v i n g  a - t r a c e  o f  r e d  o i l .  The brown s o l i d  1_5c 

was r e c r y s t a l l i z e d  from propanone/ to luene .  Decomposed w i t h o u t  m e l t i n g  

above 333  K i n  a i r .  I R :  3298 s ,  3 2 3 5 m ,  3158 s h , . 3 1 1 6 m ,  3018 wm, 2923 

wm, 2863 w ,  1607 s ,  1571 wm, 1504 v s ,  '1436, 1422 m ,  1322 v s ,  1 3 0 5  s ,  
.. 

1287 s ,  1183 wn, 1,085-1045-1020-1000 b r  v s ,  $30 m ,  8901%m, 842  m\ 810 s ,  

/ 
When s t i r r e d  i n  degassed methanol i n  1 G h t  a t  room t empera tu re  f o r  

0 . 3  h  no decomposition was d e t e c t e d ,  b u t  o v e r  l o n g e r  p e r i o d s  a s low 
/ 

decanpos t ion  t o  a  b l a c k  i n s o l u b l e  s o l i d  o c c u r r e d .  ~ i k e / ' l 7 a  t h e  s o l i d  
/ - 

7" had no  obv ious  i n f r a r e d  v N H  b u t  was n o t  f u r t h e r  c h a r a c t e r i z e d .  When a  
i 

sample o f  r e c r y s t a l l i z e d  m a t e r i a l  was t r e a t e d  w i t h  degassed methanol ic  

HBF4 ( 1  m l )  no  c o l o r  change  was a p p a r e n t  and n o  s o l i d  formed.  In an 

e a r l i e r  a t t e m p t  n o t h i n g  % a s  p r e c i p i t a t e d  by a d d i t i o n  o,f e t h e r  s o  t h e  



. me than01 was removed unde r  vacuum. T h i s  l e f t  a p u r p l e  o i l ,  ,18, - which 
3 

was w e l l  evacua t ed ,  t r i t u r a t e d  with hexane and t h e n  e t h e r  w i t h  no  effect  - 

and f i n a l l y  c r y s t a l l i z e d  from propanone/e t h e r  a s  a  d e e p ,  p u r p l e  s o l i d .  

Anal. Found: C, 27 .3 ;  H ,  3 . 1 4 ; ' ~ ~  3.58.  Calcd. for 
P 

[Cp2W(N%NHC6H4Me) I[O(HBF4)31: C, 28.5 ;  H ,  3 .24 ;  N ,  3 .91 .  

IR: ve ry  brcad background 3650-2500 w i t h  maximum p o s s i b l y  n e a r  3200; 

,3340 m, 3220 m ,  '3130 8 ,  1633 b r  wm ( 'vNH2),  1587 wm, 1532 wm, 1515 s ,  - 
1433 s ,  1364m,  1 3 6 4 m ,  1 2 9 6 ~ ~ 1 ,  c a .  1 0 7 5 v v s  ( v B F ~ ) ,  865  s ,  838  s h ,  

807  m ,  765 m ,  579 w ,  531 ,  523  wm, 486 cm-' wm. Addit ion o f  a, few 2 
d r o p s  methanol t o  a propanone s o l u t i o n  o f  53 caused  r a p i d  change t o  

brown. The r e a c t i o n  c o u l d  n o t  be  s u c c e s s f y l l y  r e p e a t e d  by%i-diag 1 d 

. . 48% HEF4. Thou'& t h e  p u r p l e  o i l  formed w i t h  low q u a n t i t y  o f  

h y d r o x y l i c  s o l v e n t ,  r e a c t i o n  con t inued  under  e v a c u a t i o n  o r  i n  a i r  t o  

g i v e  an amorphous brown s o l i d  m i x t u r e ,  p'art o f  which was ex t r eme ly  
'i 

s o l u b l e  i n  p o l a r  o r g a n i c  s o l v e n t s .  

2d .. Cp2WH2 Reac t ions  w i t h  4-Me thoxybenzenediazonium I o n .  

When s o l i d  4-CH30C6H4N2BF4 ( 9 8  mg, 0 .44  mmole) was added 

s lowly  o v e r  1.0 h  a t  200 K t o  a s o l u t i o n / s u s p e n s i o n  o f  Cp2WH2 (140  

mg, 0 . 4 4  mmole) i n  methanol  ( 15  m l )  t h e  s o l u t i o n  became orange  v e r y  

s l o w l y ,  t h e n  0 .4  h  a f t e r  t h e  l a s t  a d d i t i o n  became ye l low a g a i n ,  w i th  . 

yel low s o l i d  p r e s e n t  t h roughou t .  Some of t h i s  was c o l l e c t e d  by t i p p i n g  

t h e  r e a c t i o n  f l a s k ,  l e t t i n g  s o l i d  s e t t l e  i n  one  neck and t h e n  decan t ing  

s o l u t i o n  away, a l l  a t  200 K . T h i s  was l a t e r  c o l l e c t e d  and shown by 

i n f r a r e d  t o  be  a  m i x t u r e  o f  l a r g e l y  uncombined r e a c t a n t s .  The s o l u t i o n  



and t h e  r e s t  o f  t h e  suspended s o l i d  was a l lowed t o  warm. Near 273 K , t h e  
. , 

s o l u t i o n  tu rned  orange-bro  and a n  off-yel low s o l i d  formed. The T 
s o l v e n t  was removed w i t h  s t i h n g ,  keeping t h e  r e a c t i o n  f l a s h  below 273  - 
K u n t i l  a l l  s o l v e n t  had been l o s t .  The ye l low s o l i d  was 

c h a r a c t e r i z e d  w i t h o u t  r e c r y s t a l l i z a t i o n .  I R :  3236 m ,  3120 m ,  2833 w ,  

1611 ~ ~ ~ ' 1 6 0 2  w ,  1504 v s ,  1463 m ,  1436 s ,  1395 s ,  1361 s ,  1300 m ,  1245 

v s ,  1180 m ,  1100-1010 v s ,  847 s ,  830  v s ,  766 w ,  728 m ,  629 wm, 535 wm, 

521 a ,  447 wm, 374 w ,  366 cm-' vw. 

When yel low l 4 b  was d i s s o l v e d  i n  methanol ,  e t h a n e n i t r i l e ,  o r  

-. propanone a t  rocm t 'emperature ,  i t  r e a d i l y  conve r t ed  t o  brown 1>b, and 
\,- 

a l s o  d e p o s i t e d  dark i n s o l u b l e ,  s o l i d ,  presumably 1 - 6 andr 'or 1-7. Soaid 1_5b 

was c o l l e c t e d  by e v a c u a t i n g  t h e  f i l t r a t e  t o  d rynes s .  I t  was .. 

r e c r y s t a l l i z e d  from propanone/ to luene .  I R :  3303 m ,  3237 m ,  3100 m ,  

2950 s h ,  2836 w, 1608 m ,  1577 s h ,  1503 v s ,  1464 m ,  1440 s ,  1421 s h ,  1316 

m ,  1278 s ,  1241 v s ,  1 183 m ,  1084-1 032 ,vs ,  930 s h ,  890  s h ,  824 s ,  774 s ,  

3. Cp2MoG2 Reac t ions  4 

F re sh ly  d i s t i l l e d  2-propanol  ( 2 5  ml)  was t r a n s f e r r e d  under  vacuum 

t o  Cp2MoH2 ( 5 6  mg, 0 . 2 5  rnmole) and  s t i r r e d  i n  a n  i c e - s a l t  b a t h  a s  

s o l i d  4-FC6H4N2BF4 ( 5 1  mg, 0.24 m m l e )  was added. The s o l u t i o n  . 
r/ 

c o l o r  d u r i n g  r e a c t i o p  appeared r e d d i s h ,  b u t  was brown a f t e r  0 . 5  h .  A 
b 

s o l i d  f i l t e r e d  f r m  s o l u t i o n  under  n i t r o g e n  had a n  i n f r a r e d  spectrum 

c l o s e  t o  t h a t  o f  t h e  r e a c t a n t  diazonium s a l t ,  e .g. t' NN 2285 and 



- a ry l -F  1230 cm-l . The r e s i d u e  a f t e r  reploving a l l  v o l a t i l e s  under  

vacuun a t  ambient  t empera tu re -  had a  c o n s i d e r a b l e  amount o f  m a t e r i a l  

whose i n f r a r e d  spectrum mimics I>:-. 3300 m ,  3240 m (vNH2) ; 31 10 s 
. -*> 

(V C H )  ; 1600 m (6NH2 and v C = C  a r y l )  ; 1 6 5  v s ,  1440 m ,  I 425 m ( V C ~  a r y l  
5 

327 cm-' wm. Anal. Found: C ,  42 .3 ;  H ,  3.97; '  N ,  . 4..43. @ Calcd.  for  

[ C P ~ M O N H ~ N C ~ H ~ F )  ] B F ~ ;  C ,  43.9;  N ,  3 .68;  ' N ,  6 .39 .  PMR 
e 

((CD3)2CO) o f  a  similar sample prepared  i n m e t h a n o l  (Anal., Found: 
i q 

C ,  41.6; H ,  3 .57 ;  N ,  6 . 5 7 ) :  7.67-5.90-m a r y l  and imp-; 5 .63  s Cp; 

3 .32  and  3 . 1 8  MeOK; w i t h  expec ted  NH2 los t"  n o i s e .  . 
@ , 

a , , ..= 
During s low a d d i t i o n  o f  4-FC6If4N2~F6 ( 130 mg, 0 . 4 8  mmole) 

t o  Cp2MoH2 (132  mg, 0 .58  mmole) i i m e t h a n o l  s t i r r e d  a t  200 d t h e  
'P 

s o l u t i o n  developed a  modebately i n t e n s e  r u s t  c o l o r .  After 4 h s t i r r i n g  
B 

sane  o f  t h e  u n r e a c t e d  Cp2MoH2 was removed *by d e c a n t i n g  and t h e  - 
e 

s o l v e n t  remov:d o v e r n i g h t  a s  t h e  b a t h  sJowly warmed to r room t empera tu re .  
a > , 

The brown. r e s i d u e  was waghed w i t h  benzene t o  remove remain ing  2 
k ' r_ 

--b a 

Cp2MoH2 Anal.  Found: C, 37 .0 ;  H ,  3 , 2 3 ;  N 4.24.  Calcd.  . f o r  - 
/? - 

[ C ~ ~ M O & % N C ~ H ~ F )  ] P F ~  C ,  38 .7 ;  H ,  3 .25;  ~ 6 5 . 6 d  The i n f r a r e d  
W 

i spectrum o f  t h e  r e s i d u e  a g r e e s  w i t h  t h a t  o f  td m a t e r i a l  above except  
/ 

f o r a  s h i f t  i n  U N H a n d r e p l a c i n g  v B F 4 w i t h  lJPF6, w h i c h a l l o w s  ~. 
5 

o b s e r v a t i o n  o f  any  a b s o r p t i o n  n e a r  1050 cm-' : 3330, 3250 m ( V NH); 
f 

1160 w m ,  1100 wm, 1065 wwm, 1020 m ,  1006 m ;  c a .  840 vvs ,  740 s ,  555 ' 

C ~ - & ( V P F ; ) .  PMR (CD3CN) had t w o s t r o n g  s i n g l e t s a t  7 . 3 3  
, 

k., -- 
h 
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( benzene) and  5 .64  ( Cp) . y - b e t w e e n  7 .30  and 5 : 16 con ta ined  a  
e t D 

f o r e s t  o f  peaks and accounted  f o r  60% of t h e  i n t e g r a t e d  i n t e n s i t y  o f  t h e  

. - c m p l e x .  T h i s  was , t aken  t o  b e  t h e  spectrum o f  a s i g n i f i c a n t l y  

decanposed m a t e r i a l  i n  which decomposi t ion h a s  i nvo lved  t h e  
\ 

cyc  lopen tad i ene  l i g a n d s .  

The 1  : 1 a d d i t i o n  of 4-fluorobenzenediaz,onium t e t r a f l u o r o b o r a t e  o r  

hexaf luorophosphate  t o  ~ p ~ t . i o ~ ~  was done f i v e  t i m e s .  By far t h e  most 

s u c c e s s f u l ,  a t  l e a s t  a s  i n d i c a t e d  by i n f r a r e d  s p e c t r a  o f  t h e  

~ n r e c r y s t a l l i z e r f ~ r o d u c t s ,  were t h o s e  j u s t  d e s c r i b e d .  I n  no c a s e  was 
' ,  

t h e  c r u d e  p roduc t  s u c c e s s f u l l y  r e p r e c i p i t a t e d .  I n  methanol  o r  propanone 

s o l u t i o n  t h e  p r o d u c t  m i x t u r e s  decomposed t o  a m a t e r i a l  w i t h  medium . t o  

s t r o n g  i n t e n s i t y  a b s o r p t i o n  a t  3330 cm", and brown s o l i d  20 - was 

o c c a s i o n a l l y  ' co l ' l ec ted .  One such sample was p r e c i p i t a t e d  from 

methanol /benzene.  Anal.  Found: C,  29.7,  H , 3 . 2  1  ; N ,  4 .55 .  Calcd. 
" 

f o r  "C1 6H16N2Fbb(BF4)3.4", $, 29.7, H ,  2 . 5 ;  N ,  4 .3 .  I R :  Ca. 
* 

3400 s h  ( Y  O H ) ;  3335m ( Y N H ) ;  3110m ( Y C H ) ;  c a .  1610 ( & O H 2 ) ;  1500, 
b 

1485 s h ,  1425 m ,  1080 s ( v B F 4 ) ;  834 ( 6  l , 4 - a r y l ) ;  560 b r  wm; 528,518 

' cm-'. (V 6 F 4 ) .  0 t h e r  decompos i t ion /oxida t ion  p r o d u c t s  formed, b u t  ' 

were n e v e r  c h a r a c t e r i z e d .  

When a d d i t i o n  o f  s o l i d  4-me thoxybenzenediazonium t e t r a f l u o r o b o r a t e  
L 

( 152 mg, 0 . 6 8  mmole) t o  a  methanol  ( 3 0  m l ) ~ s o l u t i o n / s u s p e n s i o n  o f  6- 

Cp2MoH2 ( 1  57 mg, 0 .69  mmole) was done a t  200 K d u r i n g  on ly  0.25 h ,  

t h e  s o l u t i o n  t 'urned v e r y  i n t e n s e l y  r e d .  The ye l low s o l i d  Cp2MoH2 
I 



t o o k  1 . 5  h t o  d i s a p p e a r ,  and  a t  t h a t  time t h e  p r e s e n c e  o f  a c o n s i d e r a b l e  

amount  o f ' d a r k  s o l i d  was f i rs t  n o t e d .  P u r p l e  s o l i d  2Jb,  ' y  , 

[Cp2MoH2*2 NNC6H40Me](BF4)2, was f i l t e r e d  o u t  a f t e r  2  h ,  

washed o n c e  w i t h  m e t h a n o l  ( g i v i n g  a d e e p  r e d  w a s h i n g ) ,  a n d . d r i e d  u n d e r  

vacuum." The v o l a t i l e s  were s t r i p p e d  f rom t h e  f i l t r a t e ,  and t h e  c r u d e  
- > 

C L .  

i s o l a t e  p u r i f i e d  by t r i t u r a t i o n  w i t h  t o l u e n e  a n d  -the'n THF. Anq i n f r a r e d  . i i  

o f  t h i s  material  i n d z c a t e d  t h e  p r e s e n c e  o f  19b ,  - 

. wm. Anothe r  s p e c t r u m  t a k e n  a f t e r  t h e  s a m ~ l e  had  r e m a i n e d ' . i n  t h e  d r y  box 

o v e r  t h r e e  y e a r s  i n d i c a t e d  c o m p l e t e  d e c o m p o s i t i o n  t o  2s.  The  o n o r  - 1 
C 

, t 

o b v i o u s  d i f f e r e n c e s  i n  t h e  i n f r a r e d ' "  s p e c t r a  'o f  t$ese s a m p l e s  o f  *G and - 
2-0 a r e  t h e  p r e s e n c e  o f  V NH 

l o w e r  f r e q u e n c y  b a n d s  i n .  12 

,- 

S o l i d  2Jb was found  . to .  

a t  3340 cm-' i n  <O i n  p l a c e  o f  t h e  two  
$ 

and a  s h i f t  i n  t h e  v C = C  a r y l  mode f rom 1490 

decompose above .  a b o u t  -398 K and  t o  be  
t, . . 

i n s o l u b l e  i n  b e n z e n e ,  c a r M n  t e t r a c h l o r i d e ,  and w a t e r ;  v e r y  s l i g h t l y  

s o l u b l e  i n  e t h e r  a n d  g l a c i a l  a c e t i c  a c i d ;  s l i g h t l y  s o l u b l e  i n  c h l o r o f o r m  

and  d i c h l o r o m e t h a n e  a n d  v e r y  s o l u b l e  i n  p ropanone  and  a c e t  o n i t  r i l e .  

-1 2  AN ( C H 3 C N ,  2 9 8 .  K). 2 4 3  ohm cm I n  t h i s  s o l v q n t  

c o n d u c t i v i t i e s  o f  1  : 1 e l e c t r o l y t e  complexes  r a n g e  be tween 120 - 160 
. D, 

. ohm-' cm2mole-' ; 2 : 1 e l ?c t r a ly t e ;  r a n g e  r o u g h l y  be tween  220 - 300 

~ h m - ~ c m ~ r n o l e - ~ .  I R :  , 3124 m ( v CHI ; 2940 s h ,  2840  w (:Y CH3) ; 

, 1598  v s ,  1575 m ,  1535  wm, 1504  s ,  1487 m ,  1468 m ,  1444 m, 1420 m ,  1310 
- 

m ;  1265 v s ,  1165 v s ,  1080-1050 v s ,  834  s ,  7 6 5  A, 52.0 c k i  RI. The 
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i n t e n s i t y  of t h e  peak near 1600 cm" e a s i l y  d i s t i n g u i s h e s  t h i s  from 

t h e  m a t e r i a l  of t h e  f i l t r a t e .  

S y n t h e s i s  o f  2 - 1b was r epea t ed  u s i n g  6 5  mg ( 0 . 3  mmole) Cp2MoH2 
/ 

and  121 mg ( 0.545 mm_ole) diazonium s a l t ,  which gave 70 mg ' 

, t d  , 9 h a n o l - i n s o h b l e  p r o d u c t .  Anal.  Found: C,  43 .3 ;  H ,  3 . 82 ;  N ,  8 .57 .  
.w 

h a l c d .  f o r  [ c p 2 h 2 - 2  NNC6H4Me](BF4)2: C ,  42.9;  H, 3 . 9 0 ;  

- N ,  8 . 37 .  I n f r a r e d  does n o t  a g r e e  e n t i r e l y  w i th  t h a t  j u s t  above: 
Q 

\, 
s ,  1504 a b s e n t ,  1487 v s ,  1310 s h i f t e d  t o  1298, '1265 s h i f t e d  t o  1 

"eak a t  1180 m ,  765  a b s e n t ,  new 735  wm, new 6 6 2  w m ,  new 530 m .  
I 

250, new 

. . 
D i f f e r e n q s  a r e  p robab ly  due  t o  t h e  presence  o f  19b i n  t h e  p roduc t  - 

t 
I 

o b t a ined  from t h e  r e a c t i o n  above,  i n  which o n l y  one  mole d i a z o n i m  s a l t  

was used p e r  mole Cp2MoH2. 

/ 

' 0  

- # 

4. Cp2ReH Reac t iqns  I 

[ Cp2Re(NHNC6H4-4-F) ]pF6 , 22e. - ' S o l i d  , 
-x 

1 4-f luorobenzenediazonium hexaf  luorophosphate  (62 mg, 0 .23  mmole), was 
I . I .  

added i n  p o r t  i o n s  t o  a s o l u t i o n / s u s p e n s i o n  o f  b ~ s ~ ~ c l o ~ e n t a d i e ~ ~ l r h e n i u m  

hydr ide  ( 7 7  mg, 0 . 2 4  mmole) i n  20 r n l  of c o l d  ( T  < 273 K) methanol  under  -9 

/ 

vacuum. ~ h ' e  s ' o lu t i on  became red  and t h e n  brown. Fol lowing a d d i t i o n  

o v e r  0 . 4  h and f u r t h e r  s t i r r i i l g  o v e r  0 :  1 h,, t h e  d o l u t i b n  wa$ cooled .w i th \  
2 .  

7 ' 

l i q u i d  n i t r o g e n  u n t i l  f r o 5 e n .  No f o s s  o f  vacuum was d e t e c t e d .  The 
- % 

err  a 
\ 

s o l v e n t  was evapora t ed  under  vacuum l e a v i n g  a brown, amorphous s o l i d .  
< % - -  

The s o l i d  ~ a s  r t e c r y s t a l l i z e d  below 2 7 3 ' ~  with '  e t h a n e n i t r i l e  ( 1  - 

m l ) / e t h e r ( 1 5  m l ) .  Anal. Found: C ,  32.9; H ,  2.743 N ,  4 .64 .  Caled. 



% .  

. . I  

i 
18s 

f o r  C16H15N2F7PRe: C, 32.8;  H, 2.58;  N ;  4 .78.  E R :  3223 vw * 

( - L J ~ ~ )  9 3'135 m -  (vCH) , 1 4 9 9 ' ~ s  (vCCaCp dnd i r y l )  ; 1230 s (v&l-F) ,' ca. 

i m p u r i t y .  Decanpos i t ion  of t h e w b y d  s o l u t i o n  occu r r ed  b v e r  e i g h t -  d a y s  
4 

w i t h  d e c r e a s i n g  r e l a t i v e  i n t e n s i t y  o f  a i ; l  peaks  e x c e p t  t h a t  a t  6 4.84. 

A t  s i x d a y s n w p e a k s h a d a g , p e a r e d a t l  7 . 4 8 a n d 7 . 3 6 b u t  then  t h e s e  - 

' a l s o  became l p s t  i n  n o i s e .  A n  * h F r a r e d - o f  material p r e s e n t  i n  t h e -  
i . < 

1 .  

, a  f i l t r a t e  l e f t  f r a n  r 6 c r f s t a l l i z a t i o n  had a  . s t r o n g  peak  c a .  1660 cm-l. 
. a  

T h i s  i s  a s s igned  a s  due  t o  a  p r a u c t  w i t h  two moles  o f  diazogium s a l t .  
I 

( S e e  below.) - f  

- .  

C 

[ C P ~ R ~  ( ~ H N C ~ H ~ - ~ - O C H ~ I B F ~ ,  22b, - xas  syn thes i zed  s i m i l a r l y  \ 

e x c e p t  t h a t  t h e  s o l u t i o n  was h e l d  a t  273  K d u r i n g  a d d i t i o n  and became 
hr 

i n t e n s e l y  bkmn b m e d i a t e l y  . ' The s o l i d  was t r i t u r a t e d  w i t h  hexane, b u t  

n o t  r e c r y s t a l l i z e d  b e f o r e  a n a l y s i s .  I t  was s o l u b l e  i n -  e t h a n e n i t r i l e ,  

propanone, me thaqo l  ; modera te ly  s o l u b l e  i n  cyc  lohexanone, 
d 

d i c h l o m m ~ t h a ~ ,  ch loroform,  1-propanol;  i n s o l u b l e  i n  t o l u e n e ,  e t h e r ,  3 - *  

* $ 

hexane. The s o l i d  w a s  d i f f i c u l t  to r e c r y s t a l l i z e  f o r  c o n c e n t r a t e d  
v 

s o l u t i o n s  were s o  i n t e n s e l y  c o l o r e d  a s  t o  be  opaque and more d i l u t e .  
0 -  

s o l u t i o n s  were incqmple t e ly  p r e c i p i t a t e d  b y  a d d i t i o n  o f  a  poor  s o l y e n t  . 
*. a. The i s o l a t e  which was p u r e s t  was o b t a i n e d  a s  t h e  l e a s t  Or 

?> # 

I s iowes t - so lub le  m a t e r i d l  from propanone,' though t h i s  was obv ious ly  n o t  
I 

e f f i c i e n t .  I R :  3 195 wm ~ v N H ) ;  3120 m ( v a r y l H ) ;  2925, 2835 m (v 

a l k y l ~ )  ; 1600 wm,  150.0 s (y  C = C  a r y l  and Cp) ; 1250 v s  (vC-0-Me) ; c a .  



NH; 7-.O m a t  6 0  MHz o r  pseudo-q w i t h  J =  9 Hz a t  100 Mh'z [ 4  H I  a r y l ;  5:77 

s [ 10 H I  Cp; 4.85 s [ 1 HI i m p u r i t y ;  3.78 s [3-4 HI 0 C H 3  PMR 

( (CD3)2CO): g 12.1 v b r  N H ;  -6.92 m a r u ;  5.96 s CP;  5.58 ands 3,90 . 
. . 

i m p u r i t y ;  $ 7 7  s 0CH3.  

'i 

[Cp2Re(NHNC6H4-4-CF3) ]BF4 s syn thes i zed  s i m i l a & l y  
J / 

r 
, - 

C - .  

I e xcep t .  that t h e  . r e a c t i o n  was done w i t h  10 m l  methanol a t  room '- 

- t empera tu re .  I R -  o f  t o l u e n e  t r i t u r a t e d  c r u d e  m a t e r i a l :  321.0 w b r  ( v N H ) ;  *, - 

3135 m ( v a r y l ~ ) ;  1660 wm s h  impur i t y ;  16F2 s ,  c a .  1590 s h ,  1500 m.@C=C 

. a r y l  and Cp) ; 1410 s (YC-C a r y l  and Cp) ; c a .  1315 v s  WCF3); c a .  
F 

1050 vvs  b r  ( v E F ~ ) ;  840 ,  815  s ( & l , 4 - a r y l ) .  The p roduc t -was  l o s t  when 

r e c r y s t a l l i z a t i o n  was i n t e r r u p t e d b y  a l eng thy  power f a i l u r e  b u t  t h k  law 

i n t e n s i t y  o f  t h e  band a t  l k 0 0  om-' imp l i ed  t h a t  j n t h e s i s  might 

n o t  have  been as-essful.  .v /----'i 

1 :2 React ion .  One a t t empt  was made by D r .  Alan G i l c h r i s t  t o  + .  

s y n t h e s i z e  a 1 :2 p roduc t  by s imply add ing  a' second mple o f  
+' D 

4 4 e  thoxybenzenediazonium t e t r a f l u o r o b o r a t e , ,  a f t e r  t h e  f i rs t  had bben 

added and g i v e n  0". 1 h t o  r e a c t .  The i s o l a t e  o b t a i n e d  by s t r i p p i n g  o f f  
kf 

a l l  s o l v e n t  and t ~ i t u r a t i h g  w i t h  e t h e r  was brown-black. A sample was 
/ 

r e c r y s t a l l i z e d  from 5 m l  propanone/ l  d 48% a q .  HBF4/2 m l  

f 
W2C12/ether added s l o w l y , u n t i l  s o l i d i f i c a t i o n .  The s o l i d  was 

washed w i t h  e t h e r  and vacuum d r i e d .  Anal.  Foudd: C ,  40 .4 ;  H ,  3 .54 ;  N ,  

6 .64 .  Chlcd. f o r  [C24Fi25N4B2FB02Re]: C- H ,  3 . 3 1 ;  N ,  



7.36.  The i n f r a r e d  spectrum h a s  

a b s o r p t i o n  a t  1580.m, 1498 v s  ( V  
, d . - 

i n t e n s i t y  a t  1  OSO wGere V BF4 i s  
* 

w 
182 

a s t r o n g  band a t '  1660 cm-' and  o t h e r  

C=C) ; 1258 ( V  C-0-Me) ; b u t  only medium 

expec t+  t o  abso rb  s t r o n g l y .  The . 
% 

a n a l y t i c a l f o m u l a t i o n  a s  a  1 :2 a d d u c t  mus t  be t r e a t e d  a s  mere ly  
. - ',/ 

s G g e s t \ v e .  P 
\ 

E 
.,\ ' .  

* 

[ c ~ ~ ~ ~ ( N N c ~ H ~ - ~ - o M ~ )  1, 2-3; A degassed s o l u t i o n  of 0:05 M - 

potassium c.arbona"te i n  me t h a n o l l w a t e r  was added t o  s o l i d  - 
[Cp2Re(NHNC6H4-4-OMe) ]BF4 under  n i t r o g e n .  T h e  m i x t u r e  was V &' 

\ 

s t i r r e d  v i g o r n u s l y  1 0  , i n  and 1 m l  H20 added t o  p r e c i p i t a t e  t h e  brown " 
a 

p r c d u c t ,  which was washed w i t h  water dnd v a c u m  . -- - d r i e d .  I R :  c a .  3070 u 

( ~ a r y l - B ) ;  c a .  2920 w ,  '2830 w ( v  a lkyl -H) ;  1610 s ( V  N N ) ;  -1580 m ,  1492 + e - J 

The s o l i d  2-2b d i d  no t  r e a c t  a s  a n  e t h e r  suspens ion  w i t h ' t r i e t h y l a m i n e ,  2'. 

b u t  in s o l u t i o n  d i d  s o ,  p r o d u c i n g 2 3  - and  E ~ ~ N I ~ B F ~ ,  i d e n t i f i e d  by 

c a n p a r i s o n  o f  i t s  i n f r a r e d  spehtrum w i t h  an  a u t h e n t i c  sample.  
# -  



d * 

C h a p t e ~  V . 
- .  . '  * 

Ligand A b s t r a c t i o n  i n  t h e  Reac t ions  o f  Diazonium I o n s  

w i t h  I r o n  Complexes of  2,3-Dimercapto-2-butenedinitrilate(2-). 

4 

A .  I n t r M u c t i o n -  - 

Considerab le  s t u d y  since 1957 w i t h i n  t h e  f i  d  o f  i n o r g m i c  

c h e m i s t ~ y  h a s  been $ o h  on metal t h i b l a t e  complexes.  id 217 c u r r e n t l y ,  

t h e  most noteworthy r e s u l t s  conce rn  monomeric, d imer i c  and t e t r a m e r i c  

/ 
i r o n  complexes which mode1218 and  i n c l u d e  t h e  e l e c t r p n  t r k n s f e r  

? 

s i t e s  o f  t h e  s o - c a l l e d  non-heme i r o n  p r o t e i n s .  219  direct - 

an tecpden t  t o  t h e s e  i s  t h e  s t u d y  o f  t-he ox ida t ion- reduc  t i o n  r e a c t i o n s  

p o s s i b l e  w i t h  m e t a l s  complexed 

Complexes o f  t h e  g e n e r a l  forms 

by 1,2-ethenedithiolate-type l i g a n d s .  

(14(s2c2R2) In-  were i n t r i g u i n g  because ,  among o t h e r  t h i n g s ,  

\ 
t h e y  c a n  be ox id ized / reduced  through a s  many a s  t h r e e  d i f f e r e b t  

s t a b l e  d x i d a t i o n  s t a t e s ,  w i t h  p o l a r o g r a p h i c  ev idence  f o r  t h e  
1 

220 e x i s t e n c e  o f  n o r e .  

Compounds of  [ h ( N O )  ( s ~ c ~ R ~ ) ~ ] " -  a r e  a l s o  found t'o be  

r e a d i l y  o x i d i z e d  and reduced .  22  Study o f  t h e  modera te ly  s t a b l e  - 
canp lexes  i n  d i f f e r e n t  o x i d a t i o n  s t a t e s  g i v e s  a  s i z a b l e  v a r i e t y  and 

q u a n t i t y  o f  d a t a  ( e l e c t r o d e  p o t e n t i a l s ,  magnet ics ,  U V ,  i r )  w i t h  which 

one c a n  de t e rmine  t h e i r  e l e c t r o n i c  s t r u c t u r e s .  Thus,  t h i s  s o r t  o f  

complex appeared t o  be  a n  unusua l ly  a t t r a c t i v e  c a n d i d a t e  f o r  comparing 

t h e  bonding and e l e c t r o n i c  s t r u c t u r e  o f  M-NO w i t h  M-NNAr . 



C '  2' . '/ : 
I 

t 
* 

./ 7 - 184 
c r   he obvious p k b l e m  w'as k n t h e s i s  o f  [Fe(,ykkr) ( s ~ c ~ ~ ~ ) ~ ] ~ - .  I 

had been s y n t h e s i z e d  f r u n  N O  g a s .  A s  no ted  i n  
Oi 

Chapter  I ,  t h e r e  i s  n o  comparabk  r o u t e  f o r  d i azo .  complexes. The 

r e a c t  i o n  o f  a n i o n i c  [ ( F ~ ( s ~ c ~ ( c N ) ~ ) ~ I ~ ~ ~ - , ~ ~ ~  w h i y  w i l l  b e  

a b b r e v i a t e d  'as ^simply {Fe(mnt)2)',  d t h .  a c a t i o n i c  diazonium s a l t  

was found  t o  l e a d  t o  l i g a n d  a b s t r a c t i o n .  P re l imina ry . . a t t empt s  a t  o t h e r  
, a .  

4 w 
' s y n t h e t i c  r o u t e s  ( r e a c t i o n  o f  diazonium w i t h  t h e  n i t r 6 s y l  complex - 
' [ F ~ ( N o )  (mnt) 2]-; r e p l a c e m e n t  of ,  phosphines  and c a r b o n y l s  from 

w 
1 

% [Fe(C0)2(NNAr) ( P & ~ ) ~ ] +  k t h  o x i b a t i o n ;  complexat ion o f  
, - 

I phenylhydraz ine  t o  be  fo l lowed -by o x i d a t i o n ;  r e a c t i o n  o fo ,  a n i l i n e  w i t h  

LFe(N0) ( ~ n n t ) ~ ] ' )  showed no  promise.  The o r i g i n a l  aim o f  t h i s  s t u d y  

be ing  e n t i r e l y  t hwar t ed  by a n  i n a b i l i t y  t o  s y n t h e s i z e  t h e  r e q u i r e d  

a r y l d i a z e n i d o  complexes,  we r e p o r t g 3  o n l y  t h e  s y n t h e s i s ' o f  new 

'l 
t h i o e t h e r s  d e r i v e d  from cis-2,3-dimercapto-2-butenedinitrilate(2-) , 

known a l s o  a s  maleoni  t r i l e d i t h i o l a t e  o r  

B.  R e s u l t s  and Di scus s ion  

haen cohbihed i n  methanol ,  ' t h e  two s o l u b l e  s a l t s  N a { F e ( ~ n n t ) ~ )  and 

[4-Et2NC6H4NN]BF4 undergo m e t a t h e s i s  and a compound o f  e m p i r i c a l  

formula  [ 4-Et2NC6H4NN] [ F e ( m r ~ t ) ~ ]  p r e c i p i t a t e s .  The s o l i d  sGate  
P 

i n f r a r e d  spectrum h a s  no a b s o r p t i o n  between 2100 and 1600 cm", t h e  . 

r e g i o n  i n  which y (N=N) o f  a bound a r y l d i a z e n i d e  might  a p p e a r ,  and we 

a s s i g n  a peak a t  2 140 cm-' t o  v(N2N) by comparison w i t h y h e  diazonium 
%' 

t e t r a f l u o r o b o r a t e .  T h i s  s o l i d  i s  s t a b l e  a t  room t empera tu re . '  It i s  an 

example o f  a n  unusua l ,  l a r g e  c o u n t e r i o n  s t a b i l i z i n g  t h e  diazptfium 

/" 
I .  
\ 
\ 



4 

c a t i o n .  I t  would n o t  be  e s p e c i a l l y .  no tewor thy  excep t  t h a t  i t s  format ion  

c o n t r a s t s  w i t h  th/e r e a c t i o n  o f  diazonium c a t i o n s  hav ing  l e s s  T-dbnating I 

p a r a  s u b s t i t u e n t s .  

4 :. 

When a  s i m i l a r  combina t ion  o f  N a F e ( ~ n t ) ~  and 4-F-- o r  

4-MeO-C6H4NNBF4 i s  a t t empted ,  a  smooth bubb l ing  i s  seen  and w i t h  

e x c e s s  diazonium s a l t  t h e  i n t e n s e  c o l o r  o f  t h e  s o l u t i o n ,  c h a r a c t e r i s t i c  

o f  transik:on m e t a l  bomplexes of t h e  l i g a n d s  s ~ c ~ R ~ ~ - , ~ ~ ~  i s  

.I I 

s h a r p l y  reduced.  The:insoluble r e s i d u e  l e f t  af ter  s o l v e n t  e v a p o r a t i o n ,  

y i e l d e d  a  yel low benzene o r  t o l u e n e  e x t r a c t .  RePeated . c r y s t a l l i z a t i o n s  2- 
from s m a l l  volumes o f  a so lven t  a l lowed s e p a r a t i o n  o f  

f . . 

~ - ~ ~ H ~ s c ( c N ) = c ( c N ) s c ~ H ~ - ~ - R ,  &4.  .- (See  l i s t i n g ,  ~ a b l ;  Y-1.) ' 

S i n c e  i n f r a r e d  s p e c t r a  o f  

w e l l ,  i t  a p p e a r s  th,aL t h e  

i s  a ma jo r  p roduc t  o f  t h e  

c r y s t a l l i n e  m a t e r i a l  were 

c 

"a r 

\ 

t h e  c q c t d r e x t r a c t  and t h e  c r y s t a l s  matchkd - - 
-*C d 

c r u d e  e x t r a c t  i s  s u b s t a n t i a l l y  23  and t h a t  2- - 
r e a c t i o n s ,  though o n l y  s m a i l  q u a n t i t i e s  of . 

I 

e v e r  recovered .  
0 

  able' V - k -  A n a l y t i c a l  Data f o r  23 ,  ( 4-AC6k4S)2C2(CN)2. 

Compound 

, 

A n a l y t i c a l  Data tJ M.P. Paren t  

- Found / Calcu la t ed  ,(OC) m/e 

C H N C H N 



kihen t h e  a forement ioned  [4-Et2NC6H4NN] {Fe(mnt) 2} i s  hea ted  

i n  methanol' w i t h  t h r e e  moles o f  diazonium s a l t ,  t h e  ana logous  product  i s  

i s o l a t e d  by t h e  same work-up. A slow r e a c t i o n  o f  two moles % 

4-Et2NC6H4NNBF4 p e r  mole Na{Fe(mnt)2} a t  room t empera tu rd  

p r a i u c e s  a similar m a t e r i a l ,  b u t  a n a l y s e s  ( C ,  52.16; H ,  4 .38;  N ,  15.96%) 

s u g g e s t  cons ide rab l e*  con tamina t ion  w i t h  a m a t e r i a l  o f  e m p i r i c a l  formula 

HSC(CN). No ev idence  f o r  n o v e l  p r o d u c t s ,  p a r t i c u l a r l y  a r y l d i a z e n i d o  

complexes,  was no ted  w i t h  t h i s  s t o i c h i o m e t r y  and mi ld  r e a c t i o n  

c o n d i t i o n s .  

J- 2 

I n f r a r e d  s p e c t r a  ( F i  r e  V-1) o f  t h e  compounds 23 a r e  q u i t e  

s i m i l a r ,  a l lowing  f o r  t h e  change i n  r i n g  s u b s t i t u e n t .  The -s t rong . 
a b s o r p t i o n  n e a r  1500 cm-I i s  a s s igned  t o  vC=C o f  t h e  b u t e n e d i n i t r i l e ,  ' 
though some a r y l  i n t e n s i t y  can  n o t  be exc luded .  The assignment  r e q u i r e s  

.. 
t h a t  t h e  s i m i l a r  g r o u p s  l i e  a t  c i s  s i t e s ,  - 

'C' 

c i s -24  t rans-24  

s i n c e  t h e  t r a n s  form i s  centrosymmetr ic  and would n o t  have an  i n f r a r e d  

a c t i v e  vC=C. The l o w  wavelength u l t r a v i o l e t  a b s o r p t i o n s  o f  2 j a  and b 

( Figu re  .V-2) matc'h c l o s e l y  t h e  a b s o r p t i o n  o f  cis-MeSC(CN)=C( CN)$Me and 

a r e  a t  h ighe r  energy t h a n  trans-MeSC(CN) = C (  C N )  SMe . 223 T h i s  i s  f u ~ t h e r  

ev idence  f o r  c i s  s t e r eochemis t - ry  i n  23. 





Though 233-41 (a lky1thio)butene . - der iva t ives  had b'een known, 

including RSC( C N ) = C ( C N ) S R , ~ ~ ~  t he  a r y l  de r iva t ives  were not previously 
', 

X 

The cbmpound Et4N[Fe(NO)(mnt)2] was made t o  s ee  i f  t h e  
> .  

v - 
/ " ' 

coordination of NO would a l t e r  t h e  s i t e  of Zttack of diazonium from ,a " " 

s u l f u r  t o  i r on .  only-one mole of 4-fluorobenze,43ediaZbn3um > .  s a l t  was 

B 
$ @ 

used. Infrared of t h e  crude so l i d  odtained by removing a13 v o l a t i l e s  
' 

5 

had l i t t l e  NO i n t e n s i t y  of t he  i n i t i a i  n i t r o s y l  complex, and an 

2 aJsorpti.qn a t  1830-1800 cm-'. Since' ex t rac t ion  of t h e  s o l i d  with 

benzene separated 24a, showing t h a t  the  diazonium ion a t  tacked a t  the  - -. 
> 

s u l f u r  ra the r  than i r o n ,  thk new in f ra red  absorption i s  l i k e l y  t o  be a  
i- 

n i t r o s y l  s t r e t c h .  No i ron  ymplex was i s o l a t e d ,  and tfle react ion seems 

not t o  be productive.  (See a l s o  t h e  Appendix f o r  reac t ion  of . 

\ 
[Fe(NO) (mnt )2]-  with a n i l i n e .  ) 

[ 

The Yeaction of { ~ e ( m n t . ) - ~ ) -  o r  f F ~ ( N O )  ( m n t  ) 2 ~ - '  could be 
' 

6 

e i t h e r  an e l ec t ron  t r a n s f e r  t o  t h e  diazonium ca t i on ,  nucleophi l ic  . 
;' 

a t t a c k ,  o r  more l i k e l y ,  both'. 225-7 Electron t r a n s f e r  would-produce an - 

/" 
aryldiazefiyl  r a d i c a l ,  which w d u l d  rapidly- lose  d in i t rogen .  ~t tachment 

L 

of the  a ry l  r a d i c a l  t o  a  s u l f u r  would lead t o  23. Since l i t t l e  
,% 

f luorobenzme was produced, e i t h e r  the  scavenging by s u l f u r  must be 

+ e f f i c i e n t ,  o r  the 'propor t ion of A r N 2  react ing.  by e lec t ron  t r a n s f e r  

must be low. The o u t l i n e  of a  nucleophil ic  mechanism is.: ' a t t a ck  of 

e lec t ron  densi ty  located a t  a  s u l f u r  on t he  termihal 'aryldiazonium 
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n i t r o g e n  and, i n  e i t h e r  o r d e r ,  decan6lexat?&%%Q3ulfur and e x t r u s i o n  of - 
i 

i 

- .  

d , in i  t r o g e n  , l e a v i n g  2-4. 

Compounds 2-4 c a n  a l s o  b e  s y n t h e s i z e d  d i r e c t l y  from 
- 

Na2S2C2(CN)2. T h i s  sa l t  r e a c t s  e a s i l y  a t  rwm t e m p e r a t u r e  w i t h  

4-FC6HyNNE3F4. The r e a c t i o n  appea r s  t o  be  less c l e a n  t h a n  t h a t  o f  + ' e 
", 

t h e  i r o n  complex. Again,  small amounts o f  pu re  23a were i s o l a t e d  by 
. I- 

r e p e a t e d  s low c r y s t a l l i z a t i o n .   hire i s  a l a r g e  amount o f  deep  r e d  tar 

a&so produced. E l e c t r o n  t p a n s f e r  map b e  more impor t an t  i n  r e q e t i o n  o f  
3 - 

* ., 
Y , t h e  uncomplexed < - t h i o l a t e  s i n c e  Na2S2C2(CB)2 i s  a r ea sonab ly  good 

red=t.223 I n  one tr ial  twice a s  much mass was l o s t  (measured 

a s  t h e  d i f f e r e n c e  between t h e  sum o f  t h e  r e a c t a n t  masses  and t h e  mass o f  

t h e  vacuum-dried p r o d u c t )  -a-s expedted s iplply from t h e  comple te  l o s s  o f  , 

d i n i t r o g e n .  We suppose  t h e  d i f f e r e n c e '  i s  tbe ,ma3s  a f  f luorobenzene  

~ r o d u c e d b y a r a d i c a l p s o c e s s .  , , - *  
E k - * w 

, 
A r e c e n t  communication s u g g e s t s  t h a t  diazonium s a l t s  a r e - r educed  t o  

L 

a r y l h y d r a z i n e s  by s e l e n o l s .  227 In ' on ly  one  instap-ce d i d  w e  d e t e c t  9 

ev idence  o f  a  hydraziine p roduc t .  I n  a  p r e l i m i n k y  r e a c t i o n  u s i n g  

---o 
unmeasured q u a n t i t i e s  and add ing  s o l i d  diazoniuma s a l t  t o  -a  m e t h n o l i c  

-----++Q 
s o l u t i o n  o f  N a ( F e ( ~ u n t ) ~ ]  ' u n t i l  t h e  s o l u t i o n  c o l o r  was ye l low,  t h e  d r y  

- r e s i d u e  l e f t  a f t e r  p r e c i p i t a t i n g  exce,ss  d i a z o n i k  s a l t  and removing  ' 

o t h e r  t e t r a f l u o r o b o r a t e  s a l t s  b y  water  e x t r a c t i o n  had medium i n t e n s e  
C 

a b s o r p t i o n s  a t  3340, 1620, and 1515 cm-' . 
1 



-- 
s - 

190 - 
.' 

I n  Chapter V I  a r e  reported t h e  reac t ions  o f  { P ~ ( C O ) ~ S M ~ } ~  w i t h  - 
d i  azonium s a l t s .  These complexes a r e  not  attaoked a t  room temperature. 

T h u s  l i g a t i n g  s u l f u r  a t  oms a r e  not necessar i  17 s u f f i c i e n t l y  nucleophi l i c  
t 

t o  a t t a ck  diazonium ca t i ons .  Obviously the  nuc leophi l i c i ty  i n  t h e  

m a l e o n i t r i l e d i t h i o l a t e  complexes is grea te r  and i s  centered a t  the  

" - 
s u l f u r  ra the r  than t h e  i r on .  Molecular o r b i t a l  c a l cu l a t i ons  have 

suggested t ha t  t he  highest&$lled l ev$ l s  of [ ~ i  (mnt  ) 2 ~ n -  complexes ' 

have a  high degree of l i g a n d  c h k a c t e r  .220 Our. r e s u l t s  give chemical 

support  t o  t h i s  and suggest t ha t  t he  statement i s  s t i l l  app l icab le  w i t h  

change of metal a t  l e a s t  a s  f a r  a s  i r on .  Thus  we d i d  not even t r y  

i n i t i a l l y  e ~ v i s i o n e d  extension t o  cobal t  complexes. And s im i l a r l y  we 

d i d  not f e e l  tha t  t he  i ron  of [ ~ e ( m n t ) ~ ] - ~ -  would be s u f f i c i e n t l y  

nucleophi l ic  t o  compete produbtivel$ w i t h  t h e  l i g a t i n g  s u l f u r .  

0 

, w e r - m e t h o 3  of  syn the s i s  of [ ~ r N ~ J ? e ( m n t ) ~ ] ~ -  which was - 
\ 

a /- 

attempted was displacement of CO and PPh3 from .* 
[ F ~ ( C O ) ~ ( N N A ~ ) ( P P ~ ~ ) ~ ] B F ~  by Na2S2C2(CN)2. The two 

s a l t s  d i d  not appear t o  r e ac t  a t  >room temperature. Wit% heaGng CO was 

evolved ( v C O  was not seen i n  t h e  crude product) b u t  no pure substance 

was separated i n  our a t tempts .  Other rou tes  t o  [ F ~ ( N N A ~ )  

such a s  oxidation of the  (unknown) compound 

[ F ~ ( U H ~ N H A ~ )  (s2c2R2 J21n- do not seem any more promising. , 

O u r  r e s u l t s  can not r e l i a b l y  be applied t o  evaluation of the  r o l e  

of s u l f u r  i n  poss ible  mechanisms of ni trogenase funct ion.  There a r e  

four d i f f e r en t  types of i ron s i t e s  i n  reduced ni t rogenase .  Most, i f  not 



' 

a l l ,  t h e  i r o n '  i s  s i ~ f u r - b h u n d . ~ ~ ~  But  beyond t h i s  v e r y  l i t t l e  is  known 

w i t h  any  c e r t a i n t y  a b o u t  t h e  i r o n  c o o r d i n a t i o n ,  and n o t h i n g  i s  known 

a b o u t  t h e  p o s s i b l e  s t a t e  o f  a  d i n i t r o g e n  i n t e r m e d i a t e  t h a t  c o u l d  r e a c t  
, 

w i t h  s u l f  ur-bound i r o n .  

C. E x p e r i m e n t a l  

I n s t r u m e n t a t i o n  a n d  g e n e r a l  p r o c e d u r e s  were  t h e  same as r e p o r t e d  i n  
+'F / 
C h a g t e r  111. Tetraethylammonium c h l o r i d e  and n i t r o g e n  monoxide were  

(I 

commerc ia l  s a m p l e s  u s e d  w i t h o u t  f u r t h e r  p  r i f i c a t i o n .  Diazon'um s a l t s  P t . r, 
. \ " 222 w e r e  p r g p a r e d  a s  d e s c r i b e d  above .  N a 2 S 2 C 2 ( C N ) 2 ,  

C 

(Et4N)2[FeNO(mnt)2] ,221 a n d  Et4N[Co(mnt)2] 222,  were  
r 

pr-epared by L i t e r a t u r e  methods  w i t h  n o  s i g n i f i c a n t  v a r i a t i o n .  

Na2f { F e ( S 2 C 2 ( C ~ ) 2 ) 2 ]  was prepared  by a d d i t i o n  of  

K a 2 S 2 C 2 ( c ~ l 2  ( 4 . 0 3  g )  t o  i r o n ( I I 1 )  c h l o r i d e  ( 1 . 7 3  g), e a c h  i n  50 

m l  w a t e r .  The s o l u t i o n  o f  l i g a n d G s a l t  was p r o t e c t e d  f rom l i g h t  b e f o r e  

a d d i t i o n .  A b l a c k  p r e c i p i t a t e  o f  t h e  p r o d u c t  formed s t e a d i l y .   hi his was 

f i l t e r e d ,  washed w e l l  w i t h  w a t e r  and  d r i e d  t o  a  c o n s t a n t  w e i g h t  o v e r  

P205. Y i e l d  2 . 2 6 g .  

Et4N[FeNO(mnt)2] was prepared  by t h e  method o f  ~ c c 1 e v e r - t ~ ~ ~ '  

from N a { F e ( r t ~ n t ) ~ )  ( 1 . 0 2  g )  i n  5 5  m l  propanone by r e a c t i o n  w i t h  N O  g a s  

mixed w i t h  !I2 ov& 2 . 5  h r .  After N2-purge, E t 4 N C l  ( 0 . 5 3  g )  was 

a d d e d ,  t h e  l i q u i d  volume reduced t o  l e s s  t h a n  h a l f  on  a  r o t a r y  



e v a p o r a t o r ,  and t h e  s o l u t i o n  cooled  t o  c a .  263  K .  The b l a c k  

p r e c i p i t a t e  was f i l t e r e d  and washed t h r e e  t i m e s  each w i t h  c o l d  methanol  

and e t h e r .  Y ie ld  0.668 g-. Anal. Found: C ,  39.09; H ,  4 .18;  N,. 16.81. 

Calcd.  f o r  (C2H5)4N[FeNO(S4C4(CR)4]: C, 38.71;  H ,  4 .06;  N ,  . 

16.95. E l e c t r o n i c  and i n f r a r e d  s p e c t r a l  d a t a  a g r e e  w i t h  t h o s e  t a b u l a t e d  

i n  r e f e r e n c e  221 e x c e p t  t h a t  no  peak a t  1716 cm-l, p robab ly  from 

r e t a i n e d  propanone, was d e t e c t e d  i n  o u r  s p e c t r a .  ' 

A ' 8 

2 .  Reacrtions o f  Na{Fe(mnt)2} 
. I 

S o l i d  4-FC6H4NNBF4 was added i n  small p o r t i o n s  t o  a  s t i r r e d '  

methanol .  During a d d i t i o n  o f  t h e  f i rs t  4 mmole of  diazonium s a l t ,  

obv ious  bubbl ing  occu r r ed  a s  t h e  s a l t  d i s s o l v e d ,  and s o l u t i o n  c o l o r  

changed from deep r e d  t o  orange .  A f t e r  t h i s '  p o i n t  added diazonium s a l t  

was slow t o  d i s s o l v e  and d id  n o t  seem t o  r e a c t .  A f t e r  two d a y s  a l l  

v o l a t i l e s  were removed through d l i q u i d  h 2  t r a p .  A U V  spec t rum o f  * 

-6 

t h i s  t rapped  m a t e r i a l  showed o n l y  0 ,5  mmole C6H5F, c a l c u l a t e d  from 

l i t e r a t u r e  va lues229  o f  e x t i n c t i o n  c o e f f i c i e n t s  ( A = 2 7 8 ( s h ) ,  

265 .5 ,  260,  254,  248 .5 ,  243 ( sh )  nm). Evapora t ion  of t h e  t o l u e n e  e x t r a c t  

o f  t h e  i n v o l a t i l e  r e s i d u e  l e f t  23a a s  a  waxy yellow m a t e r i a l .  S o l i d  23a 
1 .  

was-obta ined  from c o n c e n t r a t i n g  a  C H 2 C 1 2  s o l u t i o n  by bubbl ing  a rgon  

through i t  t h e n  c o o l i n g  t o  c a  263 K .  The s o l i d  was washed w i t h  C C 1 4 .  

I n f r a r e d  s p e c t ~ u m  (4000-400 cm-'1: 3 100, 3080 vw (vCH); 2230, 2220 

(Y C N )  ; 1590 m ,  1  400' wm (vCC arom. ) ; 1490 s ( v C = C  b u t e n e d i n i t r i l e )  ; 

w; 1225 s (vCF); 1180 s ,  1160 s ,  1095 m ,  1015 m; 840 s ,  815 m sh  



( 6 C H  of 1 , 4 d i s ~ b s t .  a r m . )  ; 635 wm, 610 w ( CS); '545 wm; 515 wm, 

500 urn ( 6 cCN); 430 wm, 420 om-' w .  ~ l e c t r o n i c  spectrum (in 

CH30H; h m x  i n  nm ( l o g l 0  6 ): 334 (4.181,  248, ( 3 . 9 4 ) ,  c a .  2 2 1  

(4.282.  
I 

A f t e r  t o l u e n e  e x t r a c t i o n  of  t h e  i n v o l a t i l e  m a t e r i a l ,  i t  was 

e x t r a c t e d  w i t h  propanone,  l e a v i n g  a  m i x t u r e  o f  b r o m  and wh i t e  s a l t s .  - 

The wh i t e  was wa te r  s o l u b l e  NaBF4. A f t e r  oven d r y i n g ,  t h e  brown was 
s. 

c h a r a c t e r i z e d  by a  p o s i t i v e  q u a l i t a t i v e  a c i d i c - t h i o c y a n a t e  t e s t  f o r  

F e ( I I I ) ,  and  by i n f r a r e d  X K E ~ ) :  t h e  only a b s o r p t i o n s  a r e  3300 wm vbr  
. . 

(V OH-0) ; 16 10 w i6 ( 6. OH2) ; 1 O8O urn b r  (vFeOH2) ; and  5  15 cm-' m 
I 

b r  (vFeO). The propanone-soluble  m a t e r i a l  con ta ined  two more f r a c t i o n s :  

( a )  An u n i d e n t i f i e d  m a t e r i a l  n o t  p r e c i p i t a t e d  from c o l d  propanone/e ther .  
.,. 

1230 a ,  1090 v s ;  1060 vs (vBF); 1040 v s ,  8 3  m; 535, '  525 m ( ~ B F ) ;  290 

\ cm-' wm. ( b )  kh i r o n - f r e e  ma c r i a l  which c r y s t a l l i i e d  frob 

propanone/e ther  o r  rne thanol /e ther  when cooled and which coupled wi th  
2 

be ta -napmho l  t o  make an orange  s o l i d  e x a c t l y  l i r e  a  ~ - F C ~ H ~ N N B F ~  

s t a n d a r d ,  .but  which had somewhat d i f f e r e n t  i n f r a r e d  and U V  s p e c t r a  from 

and lower  d0co,mposi t ion/melt ing . A d i n t  ( 13g•‹C) t h a n  t h e  a u t h L n t i c  

m a t e r i a l  ( 1 6 4 ' ~ ) .  S p e c t r a l  p r o p e r t i e s  were unchanged 
s. - 

a'&propanone s a l u t i o n  w i t h  c h a r c o a l .  Anal.  Found: C 

by t r e a t m e n t  o f  

, 36.44;  H ,  2 .71;  

. I n f r a r e d  spectrum: 3 150 w ,  2260 m ,  1585 wm,  1440 w ,  1340 w ,  1285 m ,  

1255 m ,  1100 s ,  1080 s ,  1060 s ,  1010 a ,  845  wm, 525 cm-' wm. 



E l e c t r o n i c  s p e c t r a :  i n  CH3CN 311.5 (4 .11 ,  268 ( 3 . 5 ) ,  231 nm ( 3 . 6 ) ;  . 
same p o s i t i o n  and r e l a t i v e  i n t e n s i t i e s  i n  C H  OH.  The# e l e c t r o n i c  

3  

s p e c t r a  o f  4-FC6H4NNBF4 f o r  canpar i son:  i n  CH3CN 265 ( 4 . 1 ) ;  i n  
B 

CH30H c a .  305 ( 3 . 2 1 ,  266 nm ( 3 . 5 ) .  
4 

( ~ - c H ~ o c ~ H ~ s ) ~ c ~ (  C N ) 2  was prepared a t  room t e m p e r a t u r e  

by adding  dropwise t o  a - s o l u t i o n  of 76 mg Na{Fe(mnt)2) i n  3  m l  - ," 

8 

dime t h y l s u l f o x i d e  a  s o l u t i o n  o f  a  l a r g e  exces s  o f  
i 
I 

4-CB30C6H4NwF4 i n  1 in1 dmso u n t i l  no  bubbl ing  o r  c o l o r  change 

was noted w i t h  an  add i t i on . '  s o l v e n t -  was removed on t h e  vicuum d i n e .  
d 

The r e s i d u e  was e x t r a c t e d  w i t h  t b l u e n e .  Cool ing t h e  f i l t r a t e  o f  a  - ,, 

s o l u t i o n  i n  a  m$nimum volume (2-3 m l )  o f  ho t  ( 3 3 3  K) t o l u e n k  ahd pas s ing  

a r g o n  o v e r  t h e  s u r f a c e  gave l i g h t l y  c o l o r e d  c r y s t a l s .  Hexane was added 

t o  i n c r e a s e  t h e ' q u a n t i t y  o f  S o l i d ,  h i c h  was t h e n  f i l t e r e d  and washed 
-\, 

, 

a 
w i t h  hexane .  - E l e c t r o n i c  spectrum i n  CH30H: 339: ( 4 . 4 ) ,  288 L4.21, 241 

nm ( 4 . 6 ) .  ~ n f r a r e d  s p e c t r a l  f e a t u r e s :  2960, 2840 w (vCH a l k y l ) ;  1495 s 

( 6 CH o f  1 , 4 - d i s u b s t .  arom. ) . 

S t i r r i n g  a m i x t u r e  o f  Na{Fe(mnt)21 ( 1 6 3  g ,  0.458 mmole) and 

4 - E ~ ~ N C ~ H ~ N N B F ~  (484 g ,  1 .84 i m o l e )  i n  10  r n l  methanol a t  room 
4 - 

t empera tu re  f o r  2  h  produced a  yel low s o l u t i o n  and a  b l ack  i n s o l u b l e  

s o l i d  which was removed by f i l t r a t i o n .  ~ n a i .  Found: C ,  41.65;  H ,  

42.19;  H ,  2 . 7 5 ;  N ,  -19.13. I n f r a r e d  spectrum ( K B r ) :  3105 w ,  3075 w (vCH 



a r a n .  ) ; 2975, 2920,  2850 wm (VCR e t h y l ) ;  2240_wm, 2140 v v s  ( v N ~ ) , .  2205 s 

0 (vCN n i t r i l e ) ;  1585 v v s ,  1533  m (vCC a r a n .  ) ; 1487 s (vCC b u t e n e )  ; n o  

a p p r e c i a b l e  v B F 4  ca. 1050;  8 1 3  s ( 6 1 , 4 - d i s u b s t .  a r o m . ) ;  375 

cm" m ( v F e S ) .  

24c  - .was produced b y  h e a t i n g  4-Et2C6H4N2] { F e ( m ~ ~ t ) ~ )  w i t h  

t h r e e  moles  4-diethylaminobenzenediaz~nium t e t r a f l u o r o b o r a t e  i n  methano l  

(323-338 K )  f o r  two d a y s ,  removing m e t h a n o l  u n d e r  vacuum, e x t r a c t i n g  t h e  

i n v o l a t i l e  r e s i d u e  w i t h  benzene ,  c r y s t a l l i z i n g  f rom e v a p o r a t i n g  C C 1 4 ,  

f i l t e r i n g ,  and washing w i t h  m e t h a n o l .  E l e c t r o n i c  s p e c t r u m  i n  CH3CN: 

4 0 2  ( 3 . 9 ) ,  325-300 nm ( b r o a d  p l a t e a u  o f ~ u n r e s o l v e d  p e a k s ,  l o g 1 0 6  4 . 5  

a t  3  i 5  nm) . , I n , f r a r e d  s p e c t r a l  f e a t u r e s :  2970 n ,  2930,  2900 wm, 2870 w 
C 

( C H  a l k y l )  ; 1510 s (vC.=C b u t e n e d i n i t r i l e )  ; 810  rn ( 6 C R  o f  

1 , 4 - d i s u b s t .  arom. 1. 
i 

0 

3 .  R e a c t i o n  o f  Et4N[FeNO(mnt)2] 
IT+ 

% An e q u i m o l a r  amount o f  a o l i d  4-FC6H4NNBF4 was added i n  small sl, 

p o r t i o n s  t o  Et4,N[Fe(NO) ( m r ~ t ) ~ ]  ( 1  . O O  g )  i n  3 m l  e t h a n e n i t r i l e .  
b 

B u b b l i n g  was n o t e d  w i t h  e a c h  a d d i t i o n .  The s o l u t i o n  was a l l o w e d  t o  

s t a n d  2  h  b e f o r e  t h e  s o l v e n t  was removed u n d e r  vacuum. An . i n f r a r e d  ' 

s p e c t r u m  o f  t h e  c r u d e  m a t e r i a l  showed n o  y N N  o f  r e s i d u a l  d iazon ium and 

CF s h i f t e d  down t o  1230 cm".  he n i t r o s y l  a b s o r p t i o n  o f  t h e  r e a c t a n t  

( I860 ;m" ) s h i f t e d  t o  1 8 6 5 ( s h ) ,  1830 a n d  c a .  l8OO(sh) .  E x t r a c t i o n  
( .  

w i t h  b e n z e n e  (4x1  m l )  s e p a r a t e d  ' a  m a t e r i a l  which was 24a - by compar i son  

o f  i t s  c o l o r  - and  i n f r a r e d  s p e c t r u m  t o  t h o s e  s a m p l e s  p r e p a r e d  from 
e-- 



Wa{Fe{mnt)2). The b lack  benzene- inso luble  m a t e r i a l  was l a r g e l y  

s o l u b l e  i n  propanone, p r e c i p i t a t i n g  Et4NBF4 w i t h  a d d i t i o n  o f  e t h e r  i 
' 4  

and cooiing..  The benzene  and propanone i n s o l u b l e  l i g h t  brown s o l i d -  gave 

a  p o s i t i v e  a c i d i c - t h i o c y a n a t e  t e s t  for  Fe( 111) . 
'l 

4. Reac t ion  of  Na2S2C2(CN)2 

Dropwise a d d i t i o n  o f  a  yel low-green s o l u t i o n  o f  

Ha2C2S2(CNj2 (0.091 g ,  0 . 4 9  mmole) i n  2  m l  methanol t o  a  
i 

s o l u t i o n  o f  $4-FC6H4NN]BF4 (0 .203  g ,  0  4 6 6  mmole) i n  10 m l  
h 

methanol prdduced a  r e d  s o l u t i o n  w i t h  e f f e r v e s c e n c e .  A f t e r  s t i r r i n g  15 

min the s o l v e n t  wa 

NaBF4 a s  a  benzene 

s-removed and t h e  o r g a n i c  product  s e p  a t e d  from *P 
k " 

s o l u t i o n .  Addi t ion  o f  ~ . ~ c l o h e x a ~ ~ ' t o  a  

c o n c e n t r a t e d  benzene s o l u t i o n  caused s e p a r a t i o n  o f  a  f l a x e n  c o l o r e d  o i l  

which has  i n f r a r e d  bands a t  2230 (vCN)  and  1520 cm" ( v C = C  d 

bu t e n e d i n i t r i l e )  b u t  n o  a r o m a t i c  a b s o r p t i o n .  The benzene was s t r i p p e d  

f ' r m  t h e  d e  

red o i l  and 

c a n t a t e  and C C 1 4  added,  p roducing  a n  u n c h a r a c t e r i z e d  &&k 

a {*low s o l u t i o n .  C r y s t a l s  o f  23a (MP 142 '~)  were 

o b t a i n e d  from t h e  CC14-soluble f r a c t i o n  a f t e r  e v a p o r a t i o n ,  by 

f 
,/' 

r e c r y s t a l l i z a t i o n  f r a n  methanol-water.  Anal. Found: C ,  57.84;  H ,  

N, 8 .48.  I n f r a r e d  and e l e c t r o n i c  s p e c t r a  i d e n t i c a l  t o  t hose .  of samples  

o b t a i n e d  from Na{Fe(mnt)2) .  



6 h a p t e r  V I I .  Appendix 

A .  R e a c t i o n s  o f  M e t a l  N i t m s y l  Complexes 

. t o w a r d  s y n t h e s i s  o f  A r y l d i a z e n i d e s .  

a .  I n t r o d u c t i o n  
. . 

P r o b a b l y  t h e  m o s t - s t u d i e d  n i t r o s y l  complex h a s  been 

[ F ~ ( c N )  5 ~ 0 ] 2 - ,  t h e  n i t  r o p r u s s i d e  i o n  .230 S i n c e  t h e  n i t r o s y l  g r o u p  

is t h e  c e n t e r  o f  much o f  t h e  c h e m i s t r y  and s p e c t r o s c o p y  o f  t h i s  i o n ,  t h e  

p o s s i b i l 8 t y  o f  s t u d y i n g  t h e  a r y l d i a ~ e n i d o ~  a n a l o g u e  was e x c e p t i o n a l l y  
1 

i n v i t i n g ,  e s p e c i a l l y  a t  t h e  t i m e  when t h i s  r e s e a r c h  was c o n c e i v e d  t o  be  

a compar ison between t h e  two l i g a n d s .  

v 

The n i t r o s y l . o f  n i t r o p r u s s i d e  is  q u i t e  e l e c t r o p h i l i c .  Its r e a c t i o n  - 

~ ~ i d e  is a n  exemple o f  t h i s  p r o p e r t y .  230 

[ ( N c ) ~ F ~ N o I ~ -  + OH-= { [  ( N C ) ~ F ~ N ( O ) O H I ~ - )  (VI-1) 

{ [  ( N C ) ~ F ~ N ( O ) O H I ~ - I  + OH- [ ( N C ) ~ F ~ N O ~ ] ~ -  + H ~ O  (VI-2 ) 

With o t h e r  b a s e s  e l e c t r o p h i l i c  n i t r o s y l  complexes have r e a c t e d  i n  a 

v a r i e t y  of  r e l a t e d  ways 

[Ru( b i p y ) 2 { ~ ( ~ ) ~ 6 ~ 4 ~ ~ e 2 1 ~ ] +  + M ~ ~ P ~ N H +  

~a~ [ ( k )  5 ~ e ~ ~ ~  + NaSH + N~OH-* Na4 [ ( NC)  5FeSNO] + R20 (VI-5 )230 

Na2[(NC)5FeNO] + 2  NA3 + NaOAc + 
Na3[(NC)5FeNH3] + N 2  + H20 + HOAc 

0 

R e a c t i o n s  VI-3 and 4  a r e  c o m p l e t e l y  ana logous  t o  t h e  h y d r o x i d e  

t r a n s f o r m a t i o n  'of VI-1 , 2 .  R e a c t i o n  VI-5 i n v o l v e s  a  r e a r r a n g e  e n t  .pt 



\ 3 0 

198 
- * 

, t h e  a n a l o g o u s  p r o d u c t .  R e a c t i o n  VI-6, i-s q u a l l t % t i v e l y  d i f f e r e n t  f r p m  

t h e  o t h e r s .  It i n v o l v e s  e l i m i n a t i o n  of t h e  n i t r o s y l  o x y g e n  a s  w a t e r ,  

? p r e s u m a b l y  v i a  a n  i n t e r m e d i a t e  wi-th c o o r d i h a t  e d  d i n i t r o g e n  w h i c h  i s  t h e n  

s u b s t i t u t e d  by ammonia .  Kenney  h a s  a l s o  p e r f o r m e d  s y n t h e s e s  o f  p r i m a r y  

a l k y l a m i n e  c o m p l e x e s  o f  p e n t a c y a n o f e r r a t e ( I 1 )  a l o n g  t h i s  l i n e .  2 3 3  
a 

T h e  d i a z e n i d e  [ R U C ~  ( b i p y ) 2 ~ ~ ~ r ~ i *  h a s  b e e n  s y n t h e s i z e d  by  t h e  , 

2 3 4  r e a c t i o n :  

[ R u C l (  b i p y ) 2 ~ 0 ~ 2 +  + ArNIi2 -4 [ X U C ~  ( b i  p y ) 2 ~ 2 ~ r 1 2 +  + H 2 0  ( V I - 7 )  

S o  f a r  t h i s  i s  t h e  o n l y  m e t a l  n i t r o s y l  k h i c h  h a s  b e e n  shown t o  r e a c t  i n  

t h i s  wey. T h e  s y n t h e s i s  p a r a i l e l s  r e a c t i o n  VI-6 i n  t h a t  t h e  n i t r o s y l  

i s  a t  t a c k e d  by t h e  a m i n e ,  e l i m i n a t i n g  w a t e r .    ow ever t h e  a r y l d i a z e n i d e  

i s  n o t  l o s t  i n  t h i s  c a s e ;  s u b s t i t u t i o n  by a n i l i n e  i n  t h e  m a n n e r  o f  
. '1 

K e n n e y t s  w o r k  d o e s  n o t  o c c u r .  

h e  h o p e d  t o  i s o l a t e  a n  a r y l d i a z e n i d e  c o m p l e x  f r o m  t h e  r e a c t i o n  ( E q .  

11-8) o f  n i t r o p r u s s i d e  w i t h  af7 a n i , l i n e  a n a l o g o u s  t o  e q u a t i o n  VI-7. 

Though p r i m a r y  a l k y l  a m i n e s  p r o d u c e d  a m i n e  c p m p l e x e s ,  233 t h e  a r y l  r i n g  

may c o n f e r  a d d e d  s t a b i l i t y  t o  a n  a r y l d i a z e n i d e  c o m p l e x  a n d  a l l o w  i t s  

I 

i s o l a t i o n  b e f o r e  s u b s t i t u t d o n  by m o r e  a n i l i n e .  Though 

[ ( N c ) ~ F ~ N N R ] ~ +  Qad n o t  p r e v i o u s l y  b e e n  i d e n t i f i e d ,  i t  m u s t  b e  

r e a l i z e d  t h a t  much o f  t h e  r e l a t e d  c h e m i s t r y  w a s  e i t h e r  p h y s i c a l l y  

- o r i e n t e d  o r  q u i t e  o l d .  I n  t h e  c a s e  o f  t h e  f o r m e r ,  t h e r e  a r e  e x a m p l e s  o f  
k 

t h o r o u g h  k i n e t i c  s t u d i e s  o f  r e a c t i o n s  f r o m  w h i c h  a c t u a l  p r o d u c t s  h a v e  



" ,  

n o t -  b e e n  i d e n t i f i e d ; 2 3 5  a n d  t h e  e a r l i e r  w o r k ,  w i t h o u t  t h e  

s p e c t r o s c o p i c  t e c h n i q u e s  a v a i l a b l e  t o d a y ,  i s  n o t  u n l i k e l y  

m i s i d e n t i f i e d  p r o d u c t s .  ( S e e  f u r t h e r  s e c t i o n  VI-A-1-c. ) 

A s  w e l l  a s  

o x i d i z i n g  a g e n t  

e l e c t r o c h e m i c a l  

s t r o n g  c a s e  f o r  

t o  i n c l u d e  - 

b e i n g  a n  e l e c t r o p h i l e ,  n i t r o p r u s s i d e  c a n  a c t  a s  a n  

t o w a r d  some p'ot e n t i a l  n u c l e o p h i l e s  . 230 T h e  m o s t  r e c e n t  

s t u d y ,  236 c o m b i n e d  w i t h  s y n t h e t i c  work ,237  m a k e s  a  

i d e n t i f i c a t i o n d o f  a  b l u e  r e d u c t i p n  p r o d u c t  ( A max= 6 0 6  

nm, V ( N O ) =  1 7 5 5 ,  v ( C N ) =  2 1 1 1 ,  2 1 2 2 ( s h )  cm-') a s  [ ( N C ) , + F ~ N O ] ~ - . .  

T h i s  h a d  p r e v i o u s l y  b e e n  m o s t  g e n e r a l l y  t a k e n  t o  be 

[ ( N C ) ~ F ~ N O H I ~ -  .2.30 I n  m o r e  b a s i c  s o l u t i o n s  a y e l l o w - b r o w n  p r o d u c t  

i s  f o r m e d  w h i c h  i s  c o n s i s t e n t l y  s u p p o s e d  t o  b e  a s a l t  a$ 

P 
A n o t h e r  p o t e n t i a l  s o u r c e  o f  e x p e r i m e n t a l  d i f f i c u l t y  i s  t h a t  

- , 
n i  t r o p r u s s i d e  is  s e n s i t i v e  t o  l i g h t .  I n  spite/ o f  c o n s i d e r a b ' l - e  p a s t  

e x p e r i e n c e  w i t h  t h e  r e a c t i o n s ,  t h e  s u b s t a n c e s  p r o d u c e d  i n  t h e  

p h o t o c h e m i c a l  r e a c t i o n s  o f  [ ( N C  ) 5 ~ e ~ ] n - ,  w h e r e  L=NO, n.2; L=OH2, 

N H 2 R ,  e t c . ,  n.3; L=CN, n = 4  a r e  n o t  w e l l  i d e n t i f i e d . 2 3 0  (Much o f  t h e  

p u b l i s h e d  c h e m i s t r y  h a s  n o t  .been  d o n e  u n d e r  c o n t r o l l e d  c o n d i t i o n s  , e . g .  
- -  ., - -: . %w'-'. 

a t m o s p h e r e ,  a n d  s o '  i t  i s  d i f f i c u l t  t o  e v a l u a t e . )  B u t  i f  p h o t o l y s i s  o f  a n  

a q u e o u s  s o l u t i o n  o f  n i  t r o p r u s s i d e  i n i t  . a l l y  g e n e r a t e s  [ ~ e (  CN I5l3- a n d  \ 
N O + ,  238 t h e n  i t  i s  r e a s o n a b l e  t o  s u p p o s e  t h a t  i f  [ F ~ - ( C N ) ~ N N A ~ ] ~ +  

w e r e  p r o d u c e d ,  i t  w o u l d  b e  p h o t o s e n s i t i v e ,  p e r h a p s  d i s s o c i q t i n g  

s i m i l a r l y .  



b .  Resu l t s  and C i s c u ~ s i o n ~  

Simply shaking a  c r y s t a l  of 4-methoxyaniline in a  methanolic 
e 

so lu t ion  of sodium pentacyanonitrosylferrate(2-) i n  a i r  and l i g h t  gave 

rapid  dissolut ion and a  gradual color  change t o  blue-green. T h i s c  i s  

comparable t o  t h e  react ion i n  a l ka l i ne  water so lu t i ons ,  which se rves  as  

239 Using equimolar q u a n t i t i e s  and monitoring a  spot t e s t  f o r  a n i l i n e s .  

the  react ion by u l t r a v i o l e t  spectroscopy, a  peak a t  ca.  488 nm grew i n  
- 

r ap id ly ;  equil ibrium was a t t a i ned  i n  l e s s  than 0.4 h .  A slower react ion 

occurred a s  we l l ,  bu i ld ing  u p  peaks a t  672 and 450 nm overnight  i n  t h e  

dark. The lack of an i s o s b e s t i c  po in t ,  even i n  t h e  f i r s t  hour,  

i nd i ca t e s  that these  l a t t e r  peaks may merely be obscuring t he  488 nm and 

n i t ropruss ide  (498, 396 nm) absorpt ions .  

Surpr i s ing ly ,  the  deep b 

methanol by a d d i t i o y  e ther  

of n i t  roprusside (V(N0)  = 1940 

ue so l i d  product, p r ec ip i t a t ed  from 

had an in f ra red  spectrum c h a r a c t e r i s t i c  
- 

v ( C N ) =  2140,2150,2170 cm-l) but with 

some lower i n t ens i t y  absorption a t  2100, 1500, 1380, 1250, 1170, 1020 

and 840 cm". The i s o l a t e  would appear t o  be a  mixture of 

n i t ropruss ide  w i t h  a  small amount af in tensely  b lue rma te r i a l .  The 

react ion i n  methanol of 1:1:2 mole proport idns of N ~ ~ [ F ~ ( c N ) ~ N o ] ,  

sodium ace t a t e ,  and 4-methoxyaniline over 12 h i n  the  dark gave very 

s imi la r  r e s u l t s .  It appeared t h a t  the  react ion was f a r  from complete 

under these  condi t ions .  The poorer r e a c t i v i t y  of an i l i ne s  here compared 
\ I 

t o  t h e  primary alkylamines and ammonia used by ~ e n n e ~ ~ 3 ~  para l l e led  

t h e i r  r e a c t i v i t y  i n  e l e c toph i l i c  a t t a ck  a t  metal carbonyls. (See 

sec t  ion VI-A-2. ) 
'i 



e?+ n 
20 1  

- 

In case the  an i l i ne /n i t r op rus s ide  react ion was an equil ibrium 

involving water and so capable of being displaced Qy d r i v ing  o f f  water \ 

(Equation VI-8); t h e  react ion was ca r r i ed  out i n  r e f lux ing  absolute  

ethanol t o  allow removal of the  ethanol/water azeotrope.  There was no 

protect ion from l i g h t .  T h i s  gave a  react ion which, by t h e  v a r i e t y  of 

1: 

co lors  of the  so lu t ion  a t  dif-ferent  ,stage , was obviouqly complex. a .. f 

.-+ 

Na2[Fe(CN)5NO]'H20 alone reacted s im i l a r l y ,  producing, a f t e r  1 

day rhf luxing,  a  blue mate r ia l  near ly  insoluble  i n  a l coho ls ,  w i t h  a  

d i f f e r en t  UV spectrum from t h a t  of the  products noted above. An 

infrared'showed sharply  reduced n i t ropruss ide  v(N0) i n t e n s i t y  and 

absorption a t  2055 and 585 cm-l. These a r e  c lose  t o  t h e  values of 

K ~ [ F ~ ( c N ) $ ]  .240 The blue color would be' expected from a  s a l t  w i t h  

some Fe3* ca t i ons ,  such a s  NaFe[Fe(CNI6] .241 A t t e m p t s t o  b e t t e r  

def ine  t he  product seemed'unwarranted. It was c l e a r  t h a t  exchange of 

- 
CN- was occurring and t ha t  t h i s  was a  poor choice of reac t ion  P 

condi t ions  t o  ob ta in  a  diazeni  do complex. 

Dehydration of Na2[Fe(CN)5NO]'H20 was done without 

decobposi t  ion using benzene 

\ head. The dehydrated s o l i d  
\ 

and d i s t i l l a t i o n  i n t o  a  Dean-Stark s t i l l  

picks up water very r ead i l y .  

Eenzene-qeotrope dehydration i n  t h e  presence of an a n i l i n e  gave s l i g h t  - 

react ion s o  tha t  the  s o l i d  was l i g h t  grey,  but t h e  in f ra red  was l i t t l e  

a f fec ted  so react ion was not appreciable ,  perhaps simply because of 

neg l i g ib l e  s o l u b i l i t y  of sodium n i t ropruss ide  i n  benzene. 



: Anothe r  r e l a t e d  - r o u t e  t o  a  gomplex o f  E ( N C ) ~ F ~ N N A ~ ~ ~ -  c o u l d  b e  , 

s y n t h e s i s  o f  a  h y d r a z i n e  complex  i n  t h e  manner o f  E q u a s i o n  VI-6, w i t h  1 
NH3 r e p l a c e d  by RNHNH2, and t h e n  o x i d a t i o n  o f  t h i s  t o  t h e  d i a z e n i d e  

J 
- 

e 

( t h o u g h  a g e n t s  s u c h  a s  H 2 0 2  m i g h t  r e a c t  by i n i t i a l  s u b s t i t u t i o n  f o r  

- h y d r a z i  n e  2 4 2 ) .  When s y n t h e s i s  o f  [ ( N C ) ~ F ~ ( N H ~ N B A ~ ) I  3- was 

a t t e m p t e d  by r e a c t i o n  u n d e r  n i t r o g e n  b i n  t h e  d a r k  o f  1 :2:4 mole  

p r o p o r t i o n s  o f  N ~ ~ [ F ~ ( c N ) ~ N o ] ;  sodium a c e t a t e  and  p h e n y l h y d r a z i n e  i n  

m e t h a n o l / w a t e r  a t  333 K , ~ ~ ~  a brown p r o d u c t  formed o v e r n i g h t .  T h i s  

t u r n e d  b l u e  upon p o u r i n g  i n  a i r ,  s t i l l  i n  t h e  d a r k ,  i n t o  ,co ld  e t h a n o l .  

An i n f r a r e d  ( y e l l o w - g r e e n  KBr s u s p e n s i o n )  o f  t h e  s o l i d  p r o d u c t  f i l t e r e d  

f r o m  e t h a n o l  showed no  v ( ~ ~ + )  and no  i n d i c a t i o n  o f  a b s o r p t i o n  d u e  t o  a  
- 

~ u b s t ~ i t u t e d  p h e n y l  r i n g .  It a p p e a r e d  t h a t  t h e  p h e n y l h y d r a z i n e  d i d  

a t t a c k ' t h e  n i t r o s y l ,  b u t  t h a t  [ F ~ ( c N ) ~ ( N H ~ N H P ~ ) I ~ - ,  a n a l o g o u s  ,+ t o  
d 

~ F ~ ( C N ) ~ ( N H ~ ) ] ~ -  (G.  VI-6) ,  d i d  n o t  c o l l e c t  a t  t h e  h ~ d r a z i n e  

c o n c e n t r a t  i o n  u s e d .  instead t h e  p h e n y l h y d r a z i n e  d i s s o c i a t e d  t o  g i v e  t h e  
I 

known243 e q u i l i b r i u m  m i x t u r e  o f  [ F ~ ( c N ) ~ ( o B ~ ) ] ~ -  - -. a n d '  - 

[ F ~ ~ ( c N ) ~ ] ~ - .  T h i s  was  brown.  T h e n  p o u r i n g  i n  a i r  g a v e  o x i d a t i o n  

t o  t h e  y e l l o w - g r e e n  [ F ~ ( c N ) ~ ( o H ~ ) ] ~ -  and  b l u e  

[Fe2(  CN )514- .244 The p o o r  c o o r d i n a t i n g  power o f '  p h e n y l h y d r a z i n e  + 
t o  p e n t a c y a n o f e r r a t e ( I 1 )  i s  i n  ag reemen t  w i t h  t h e  r e s u l t s  o f  a k i n e t i c  

s t u d y  of t h e  c o o r d i n a t i o n  o f  NC5H4CONHNH2. 245 T h e r e f o r e ,  t h i s  
w 

r o u t e  was abandoned w i t h o u t  f u r t h e r  a t  tempt  t o  o p t i m i z e  r e a c t i o n  

c o n d i t i o n s  t o  o b t a i n  [ F ~ ( c N ) ~ ( N H ~ N B P ~ ) I ~ - .  



c .  Suggestion f o r  Further Work 

The most promising l i n e  t o  follow f o r  syn thes i s  of  

, N a 2 [ ~ e ( ~ ~ ) 5 1 P ~ ~ ~ r ) ]  i s  suggested by t he  recent  repor t  o f  Nast and 

Schmidt .231 They f i nd  t h a t  i n  l i q u i d  ammonia phenylimine anion does 
I 

not reduce n i t  ropruss ide .  Ins tead a  ni trosoimine i s  obtained ' i n  

moderately high y ie ld  ( E q .  VI-3). T h i s  i s  reported t o  r e ac t  w i t h  

d i l u t e  aqueous ac id s ,  inc lud ing  water i t s e l f ,  t o  give v io l e t  so lu t i ons ,  

and these  we bel ieve  could contain [ ( N C ) ~ F ~ N N P ~ ] ' - .  Using 

nonaqueous acid  i t  may wel l  be poss ib le  t o  i s o l a t e  t h e  dViazenide i n  good 

y i e l d .  

c ,  

%. e- 
5 -_ .k 

Similar  chemistry i n  extremely ba'sic media was repor ted lo& ago. 

An orange-yellow s a l t  formed by reac t  ion of n i t ropruss ide  and th iourea  

i n  methan61 w i t h  excess  methoxide and i den t i f i ed  a s  

Na5[(NC)5FeN(0)NC(O)S] was hydrolyzed t o  a  violet-red s a l t  w i t h  

ana lys i s  corresponding t o  N ~ : P ~ : s : N  of 3: 1 : 1  :7 .246 The diazenide 

a l t e r n a t i v e ,  Na3[ ( NC)5Fe~NC (O)S] 'H20, t o  t he  previously proposed 

formulation of the  red s a l t ,  Na3[(MC)5FeN(0)NHC(O)SH], f i t s  t h e  

ana ly t i c  data equal ly  well  and i n  add.ition d i r e c t l y  expla ins  the  slow 

decompos i t io~  of the  red s a l t  t o  dinit?rogen. A p a r t i a l  dupl ica t ion of 

t h i s  o lder  work was r ecen t l y  reppr ted.  T h i s  is ncteworthy because i t  

con t r a s t s  t h e  dark r eac t i ons  ( r e a c t  ion a t  n i  t r o s y l  )235 w i t h  l i g h t  

247 reac t ions  ( s u b s t i t u t i o n  f o r  n i t r o s o n i m ) .  

Syntheses of a ry ld i azen idopen tacyanofe r ra t e (&)  complexes should be 

attempted by i s o l a t i n g  nitrosoimine complexes prepared i n  very bas ic  



so lu t i on ,  then t i t r a t i n g  w i t h  acid t o  allow displacement of  the  n i t r o so  

oxygen a s  hydroxide. 

/ 

2 .  Other Metal Ni t rosyl  Complexes 

The e l e c t r o p h i l i c  behavior, of n i t r o sy l  complexes248 and the  

i soe lec t ron ic  ~ a r b o n y l  o r  isocyani de complexes 163 has been t he  object  
, 

of some considera t ion.  The impression g-iven by Angelici i s  t ha t  
? 

clear-cut  d i f f e r e n t i a t i o n s  of r e a c t i v i t y  can be i dhn t i f i ed  w i t h  the  

ca rbo lep t ic  systems. Force cons tan t s  of MC-0 s t r e t c h i n g  a r e  a  good 

ind ica t ion  of whether or  pot a  complex has a  s u f f i c i e n t l y  e l e c t r o p h i l i c  

carbonyl group. React ions  of e lec t rophi  l i c  carbonyls a r e  not 
- 

complicated by competing e l ec t ron  t r a n s f e r .  And one type of product i s  

obtained cons i s ten t ly  from a  given reac t ion .  For ins tance  metal 

carbonyls which r e a c t  with primary alkylamines form carbamoyl complexes; 

never isocyanides.  Angelici took l i t t l e  note of the  va r i a t i on  i n  

r e a c t i v i t y  w i t h  d i f f e r e n t  nucleophi les ,  though he mentioned t ha t  

a roda t i c  amines have not  been found t o  a c t  a s  nucleophi les .  163 

Ni t rosyl  chemistry i s  not so s t ra ightforward.  

Eisenberg .suggested t h a t  those metal n i t r o s y l s  with + ( N O )  g r ea t e r  

than about 1850 cm" a r e  s u f f i c i e n t l y  e l e c t roph i l i c  t o  be 

B t tacked. 249 Bot tomley has proposed t ha t  n i  t r o sy l '  complexes w i t h  

v ~ N 0 ~ ~ 8 6  em-', F(NO)> 1.38 kfj m-I should show e l ec t roph i l i c  
r H  

behavior,  b u t  admitted t ha t  t h i s  measure is crude. 250 I b e l i e v e , t h i s  



-- 
impression of imprecision a r i s e s  f o r  severa l  reasons.  F i r s t ,  

~ o t t o i l e ~ ~ s  study250 covered a  g r ea t e r  range bf nucleophiles tha t  

Angeli c i  I s ,  163 

nucleophiles . 
complexes than 

ye t  no regard was made f o r  d i f f e r e n t  r e a c t i v i t y  of the  

Second, Eottomley considered a  broader4 range of n i t  rosy1 

Angelici d i d  f o r  carbonyl complexes. In  p a r t i c u l a r ,  the  

l is t  o f  n i t r o s y l  complexes included species  w i t h  charge$ ranging from 3+ 

t o  2-. Though o the r s  do not comment on t h i s  po in t ,  i t  is  a t  l e a s t  

i n t e r e s t i n g  t ha t  t h e  high *( C O )  complexes a r e  cat  i o n i c  o r  polycarbonyls, 

whereas the  high v ( N 0 )  complexes a r e  a l l  mononitrosyls, and commonly 

anionic .  
. . 

T h i s  br ings  u s  t o  t h e  t h i r d  point , .  the  d i f fe rence  i n  bondiyg 
i 

between t ha t  i n  high v(C0) carbonyl and t ha t  i n  high v(N0) n i t r o s y l  

complexes i s  s u f f i c i e n t l y  g r ea t  tha t  the  co r r e l a t i on  which works f o r  

the  former i s  un l ike ly  t o  work well f o r  t h e  l a t t e r .  The problem of 
G 

co r r e l a t i ng  ( N O )  w i t h  chemical p roper t i es  was cons t ruc t ive ly  discussed 

by Masek. ' 248 He pointed out t ha t  i t  i s  misleading t o  use v(N0) t o  

assign ligand (and t h u s  meta l )  oxidation s t a t e s  by comparison w i t h  

v ( N O )  f o r  N O + ,  NO and NO-,  and then predic t  chemistry from these  

oxidation s t a t e s .  Furthermore i t  i s  v i r t u a l l y  impossible, although 

Masek t r i e d ,  t o  c o r r e l a t e  v(N0) wi thr the  chemical property of 

reduction po t en t i a l  because v(M0) i s  qu i t e  i n sens i t i ve  t o  a  va r ia t ion  

i n  l igands  which s h i f t s  t h e  reduction 6o t en t i a l  by as  much a s  0 . 4  V .  

"It follows t ha t  t he  e l e c t ron  acceptance i n  t h e  reduction is  not 

local ized exclus ively  on t he  NO group and tha t  the  redox o r b i t a l  

Is  a  molecular o r b i t a l  which i s  considerably delocal ized over t h e  



whole molecule .  An i r i c r e a s e . o f  t h e - e l e c t r o n  d e n s i t y  on  ' t h e  c e n t r a l  atom , 

. .b. concerns  o f  c o u r s e  much more t h i s  d e l o c a l i z e d  redox o r b i t a l  than .  

* 
t h e  T -MO on t h e  N O  g roup .  1t248 The n i t r o s y l  s t r e t c h i n g  f r equency  may 

( o r  may be' a  measure of e l e c t r o n  s t r u c t u r e  a b o u t ' t h e  l i g a n d ,  

b u t  it i s  no t  d good measure of how r e a d i l y  a  complex r e a c t s  w i th  
! L 

nuc l e o p h i l i c  o r  r e d u c i n g  r e a g e n t s .  . 

To a g r e a t e r  e x t e n t  t h a n  CO, c o o r d i n a t i o n  o f  NO+ i s  accompanied 
. 

by e l e c t r o n  d e n s i t y  s h i f t  t o  t h e  l i g a n d ,  because t h e  n i t r o g e n  a tomic  

o r b i t a l s  a r e  o f  lower  ene rgy  t h a n  carbon .  Added e l e c t r o n  ' d e n s i t y  a s  i n  * 

a  r e d u c t i o n , g o e s  t h e r e f o r e  a s  much to t h e  me ta l  a s  t h e  n i t r o s y l  l i g a n d .  
. 

So t h e  r e d u c t i o n  p o t e n t i a l s  are s e n s i t i v e  t o  t h e  s t a t e  o f  t h e  me ta l  a s  

w e l l  a s  t h e  s t a t e  o f  t h e  l i g a n d ,  a s  no t ed  above. Furthermore,'  s i n c e  

' r e a c t  i o n  o f  hydoxide i o n  w i t h  coo rd ina t ed  n i t r o s y l  "must be accompanied 

by a  l a r g e  e l e c t r o n  d e n s i t y  s h i f t  from t h e  l i g a n d  t o  t h e  c e n t r a l  . 

t h i s  r e a c t i o n  i s  a l s o *  s e n s i t i v e  t o  t h e  s ta te  o f  ' t h e  me ta l .  . , . 

So t o  p r e d i c t  t h e  f e a s i b i l i t y  o f  n u c l e o p h i l i c  a t t a c k  a t  a  n i t r o s y l  ' 

one r e q u i r e s  a  measure o f  a b i l i t y  o f  t h e  m e t a l  t o  a c c e p t  f u r t h e r  

e l e c t r o n  d e n s i t y ,  To some e x t e n t  th is  s t a t e m e n t  i s  t r i v i a l ,  s i n c e  

knowledge o f  some chemica l  p r o p e r t y  o f  a  complex (E') i s  expec ted  t o  

be more ' he lp fu l  p r e d i c t i n g  a  r e l a t e d  chemical  p r o p e r t y  t han  knowledge o f  
' 

a  p h y s i c a l  p r o p e r t y  ( u ( N 0 ) ) .  But  w i t h  t h i s  p e r s p e c t i v e  i t  i s  r ea sonab le  , . 

t h a t  [ ~ u ~ l ( d a s ) ~ ~ 0 1 ~ + ,  F(NO)= 1.38 kN ID-', cou ld  r e a c t  w i t h  ,- 'T 

hydroxide though [ R U C ~ ~ N O ] ~ - ,  F(N0). 1.39 kN m-' , does n o t .  250 
' 
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Ruthenium i n  the fo rmer  c a t i o n  w i t h f s o f t  a r s i n e  l i g a n d s  i s  

unders tandably  b e t t e r  a b l e  t o  abso rb  e l e c t r m  d e n s i t y  f rcm t h e  n i t r o s y l  

du r ing  r e a c t i o n  w i t h  nuc l eoph i l e s . '  To r e t u r n  t o  n i t r o p r u s s i d e  a s  a n  
. 

F 

example,  o n e  c a n  use  t h e s e  a rguments  t o  r a t i o n a l i z e  t h e  g r e a t e r  

4- 
r e a c t i v i t y  w i t h  a n i l i n e s  o f  [RuCl(bipy)  2 ~ 0 ] 2 f  compared t o  

. . 
[ ~ e (  c k j 5 ~ 0 j 2 - ,  even  though i n f r a r e d  ev idence  s u g g e s t s  t h e  o p p o s i t e  

r e a c t i v i t y  shou ld  o b t a i n .  
. a  

Tab le  V I  -1. Comparison o f  P r o p e r t i e s  o f  N i t r o s y l  Complexes 

K e q u a t i o n  VII-1,2 
e  q 

EO i n  v ' +0.20 -0.82 
\ 

a )  Hef. 252. b )  Ref. 253. c )  Ref. 250. d )  Ref. 230. 

e )  I n  CH3CN,  $3. s a t ' d  NaCl calomel.  f)  Ref.  236. 

b . R e s u l t s  and.    is cuss ion 

While t h e  p o i n t  i s  made t h a t  v(N0) i s  a  crude measure o f  

e l e c t G o p h i l i c  r e a c t i v i t y ,  i t  n e v e r t h e l e s s  remains  u s e f u l .  We t r i e d  t o  

p r e p a r e  [ 3 r C 1 5 N O ] - ,  t h e  I complex w i t h  t h e  h i g h e s t  r e p o r t e d  v a l u e  

of  v(NO), f o r  r e a c t i o n  w i t h  a n i l i n e  and found i t  s o  e l e c t r o p h i l i c  we 

were  unable  t o  work w i t h  i t .  And we found t h a t  o t h e r  I n i t r o s y l s  of 

l o x e r  v ( N 0 )  were no t  a c t i v e  e l e c t r o p h i l e s .  
b 



- ,  
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S y n t h e s i s  o f  [IrX5N0]- h a s  been r e p o r t e d  by t h r e e  groups; i n  

1963, 254 1969,255 and  1 ~ 7 4 .  251.-0ur wol'k was done b e f o r e  t h e  
- ,  

t h i r d  pape r  was i n  p r e s s  and,like ~ o t t o m l e ~ ~ s ~ ~ r o u ~ ~ ~ ~ .  w e  c d u l d  n o t  
( .  

p r e p a r e  t h e  n i t r o s y l  by t h e  o l d e r  methods. ~ h e ~ r o b l e m  was , - 

p r i n c i p a l l y  t h a t  a d d i t J o n  o f  n i t r i t e  - .  sa l t  t o  th'e s t r o n g l y  a c i d  

s i l u t i o n  sugges ted  i n  o l d e r  l i t e r a t u r e  quickly.decomposed t h e  n i t r i t e .  
I .  

. . 
without  accompl i sh ing  ni t rosyla_t lon.  Our m o d i f i c a t i o n ,  - h e a t i n g  

I 

1 

b'63- i n  t h e  p re sence  o f  n i t r i t e  t h e n  a d d i n g c o n c e n t r a t e d  

aqueous H C 1  and e v a p o r a t i n g  w i t h  h e a t i n g ,  was t h e  same as Bot tomlepls  

b u t  was n o t  accomplished as. s u c c e s s f u l l y ,  fi pe rhaps  because we d i d  n o t  - 
b o i l  o f f  s o l v e n t  b e f o r e  H C l  % d d i t i o n .  We were l e f t  w i t h - a n  'impure , 

. - .  
: 5 

brown s o l i d  a f t e r  complete  "evapora t ion  and l o s t  KIrC15N0 d u r i n g  ' 

h a n d l i n g  o f  a  methanol '  e x t r a c t .  The o t h e r  g roup  o b t a i n e d  a 

p r e c i p i t a t e  o f  s o l v a t e d  KIrX5N0 upon c o o l i n g  t h e  c o n c e n t r a t e d  a c i d i c  - , 

 he . e l e c t r o p h i l i c  b e h a v i o r  o f  [ I r X 5 N O ] -  was r e p o r t e d  i n  t h q  ' 
4 

pape r  with t h e  l a t e s t  communication o f  i t s  s y n t h e s i s . 2 5 1  The 

c h l o r i d e  complex i s  s o  e l e c t r o p h i l i c  t h a t  i t  was imposs ib l e  t o  o b t a i n  

s o l "  t5of-i s p e c t r a  o f  t h e  n i t r o s y l . .  complex f r e e  from n i t r o ,  

[1rc15N0213-. ~ h k  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  r e a c t i o n  o f  

IrC15N0 + 2; OH 7 1 r ~ l ~ h ' ~ ~ ~ -  + H 2 0  % (VI -8) 

i s  > 6  x ' 1 0 ~ ~ ,  c l o s e  t o  t h a t c  f o r  f r e e  NO+ and ~ 0 ~ ' . ~ ~ ~  Most % 

chemi-stry was t r i e d  w i t h  I r B r 5 N O - ,  i n  which t h e  r e a c t i v i t y  'is 

s u f f i c i e n t l y  reduced t o  a l l o w  more d e f i n i t i v e  s t u d y .  Even s o ,  t r i a l s  
u 

256 ~t i s  w i t h  a n  a n i l i n e  d i d  n o t  g i v e  i d e n t i f i a b l e  p r o d u c t s .  , 

r ea sonab le  t h a t  an  I r - N N A r  c o m p ~ o u l d  form b u t  t h e  Ir-N bond,, , l i k e  
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t h a t  i n  [ I ~ B ~ ~ N ~ ] ~ - , ~ ~ ~  would k s o  weak that  t h e  complex would 

n o t  s u r v i v e  i n  t h e  r e a c t i o n  mix tu re .  Thus we d o  n o t  b e l i e v e  f u r t h e r  

wb& w i t h  t h i s  is  k a r r a n t e d .  

B 

A simrlar example was r e c e n t l y  ~ e p o r t e d .  The p roduc t  o f  r e a c t i o h  
# 

of N O  w i t h  MoC15 h a s  an i p f r a r e d  a b s o r p t i o n  a s s i g n e d  a s  vNO a t  2000 

cm-l. L ike  [ I r C 1 5 N O ] -  t h i s  m a t e r i a l  i s  s o  r e a c t i v e  i t  c o u l d  n b t  
0 .  

\ 

be  manipula ted ,  And r e a c t i o n - o f  t h i s  "red n i t r o s y l I f  with a n i l i n e  gave 

u n c h e a c t e r i z a b l e  m i x t u r e s ,  257 

The .  n e u t r a l  complexes i n  t h e  e q u i l i b r i u m  

B ( ~ z ) ~ M & ? c o ) ~ N o  + A r N H 2  B ( ~ Z ) ~ M O ( C O ) ~ ( N N A ~ )  + H20 ( V I  - 9 )  

/-- a r e  b o t h  known a d  s t a b l e  i n  s o l u t i o n , 6 1  s o  an a t t e m p t  was made t o  
: 

d i s p l a c e  t h e  e q u i l i b r i u m  t o  t h e  r i g h t  by removing t h e  wa te r  produced.  - 
Ref luxing  d benzene s o l u t i o n  o f  t h e  n i t r o s y l  w i t h  two moles  

4-me t h o x y a n i l i n e  o v e r n i g h t  and c o l l e c t i n g  t he4 vapor  i n  . a  Dean-Stark t r a p  

was i n e f f e c t i v e  The r a t e  o f  a t t a c k  o f  a n i l i n e  a t  t h e  n i t r o s y l  i s  too' . 

slow t o  be  u s e f u l .   he N-0 s t r e t c h i n g  f requency  o f  1665 cm-I i s  w e l l  # 

o u t  o f  t h e  range i h  whlch e l e c t r o p h i l i c  c h a r a c t e r  i s  expec ted .  250 
,- 

By i t s  i n f r a r e d  ( v ( N O ) =  1867 cm-' ) t h e  h i t r o s y l  o f  Fe(mnt)2NO- 
B 

i s  b o r d e r l i n e  e l e c t r o p h i l i c .  h e n  Et4M[Fe(mnt)2NO] and 

4 -me thoxyan i l i ne  were n ixed  a t  room t empera tu re  i n  e t h a n e n i t r i l e ,  a  new. 
. a 

peak a r o s e  111 t h e  UV-visible spec t rum'a t  442 nm. The i n f k a r e d  spectrum 

\ of  t h e  r e s i d u e  l e f t  upon e v a p o r a t i n g  t e  r e a c t i o n  mix tu re  t o  d r p e s s  - 
k 

a l s o  i n d i c a t e d  a  r e a c t i o n  had occu r r ep .  The v(N0) was s h i f t e d  t o  1835 



cm-' and  Vspm(COC) t o  1250 from 1238 cm-' ; weaker a b s o r p t i o n s  ' 

a b s a r e d  a t  1780 and  1725 c K 1 .  But i n  Attempting t o  r e c r y s t a l l i z e  

t h i s  m a t e r i a l  from e t h a n e n i t r i l e / e t h e r  & decompos i t ion  occu r r ed  and only  

a  s a l t  o f  [ ~ e ( m n t ) ~ ] ~ ~ -  p r e c i p i t a t e d .  (The d r i e d  f i l t r a t e  

absorbed weakly a t  1835 cm-l. ) Running t h e  r e a c t i o n  between 233 and 

273 K and s t r i p p i n g  t h e  m i x t u r e  w h i l e  c o l d  gave  a  n e a r l y , . i d e q t i c a l  % 

r e s u l t  e x c e p t  t h a t  i)  t h e  c r u d e  p roduc t  h a d 4 ' a h o s t  no n i t r o s y l  i 

- 
a b s o r p t i o n  and i i )  c o o r d i n a t i o n  o f  t h e  amine t o  i r o n  was a p p a r e n t  from 

t h e  i n f r a r e d ,  e  .g .  u(NH) s h i f t e d  from 3430, 3360, and 3230 i n  

methoxyani l ine  down t o  3300, 3250, and 3  160 cm-l, V(NH) a t  1630 

broadened and lowered .  

The bis(m&.leonitriledithiolate)nitrosylferrate (II-) complex i s  - 
a p p a r e n t l y  e l e c t r o p h i l i c ,  bu t  more a t  t h e  m e t a l  t h a n  a t  t h e  n i t r o s y l .  

T h i s  r e s u l t  i s  n o t  unexpec ted ,  f o r  t h e  d iamagnet ic  i r o n  . is a t  l e a s t  

f o r m a l l y  a  16-e lec t ron  sys tem,  which cou ld  c o o r d i n a t e  a n u c l e o p h i l e .  

The l o s s  o f  n i t r o s y l ,  presumably a s  NO g a s ,  221 i s  a l s o  r e a s o n a b l e  

s i n c e  t h i s  i s  ' in  a  s e n s e  j u s t  t h e  r e v e r s e  o f  t h e  r e a c t i o n  by which t h e  

; n i t r o s y l  complex i s  formed. 

The n i t r o s y l  i s  d i s p l a c e d  from FeMO(mnt)2' by ~ y r i d i n e . ~ ~ '  While 

FeNO(S2C6H3MeI2- and complexes w i t h  o t h e r  l e s s  

22 1 e lectron-wi thdrawing d  i t h i o l a t e s  a r e  more s t a b l e  t o  n i t r o s y l  l o s s ,  
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t h e y  are a l s o  .less l i k e l y  t o  .have a s u f f i c i e n t l y  . e l e c t r o p h i l i c  n i t r o s y l .  

Because  o u r  i n t e r e s t  was i n  d i a z e n i d o  complexes ,  w e e d i d  n o t  p u r s u e  t h i s  
i 

s o r t  of r e a c t i o n  f u r t h e r .  , - 

3. Summary and P r o g n o s i s .  . 
I n  s p i t e  o f  t h e  l a c k  o f  any  s u c c e s s  i n  t h e  work r e f i o r t e d  h e r e i n ,  

t h i s  area s h o u l d  b e  f u r t h e r  t e s t e d :  I t  is  c l e a r  f rom t h e  l i t e r a t u r e  

t h a t  t h e  r e a c t i o n  be tween  a metal n i t r - o s y l  and  , a n  amine' i s  a d e l i c a t e  
b 

b a l a n c e .  I t  r e q u i r e s  a n  e l e c t r o p h i l i c  complex,  b u t  o n e  which r e a c t s  
- .  

a p p r e c i a b l y  faster  a t  t h k  n i t r o s y l  n i t r o g e n  t h a n  a t  t h e  m;tal. 1t 

r e q u i r e s  a  n u c l e o p h i l i c  amine ,  b u t  nb't one  t h a t  w i l l  a c t  a s  a r e d u c i n g  

, a g e n t .  r- 

The e x t r e m e l y  e l e c t f o p h i l i c  i r i d i u m  complexes  [ I r X 5 N O ] -  a r e  n o t  

u s e f u l  f o r  t h e y  r e a c t  w i t h  s o l v e n t  o r  by e l e c t r o n  t r a n s f e r .  The complex 

E ( p z )  4Mo(CO)2N0..and many o t h e r s  a r e  s i m p l y  n o t  s u f f i c i e n t l y  r e a c t i v e  

e l e c t r o p h i l e s .  By t h e  measure  o f  n i t r o s y l  s t r e t c h i n g  f r e q u e h c y  , 

n i t r o p r u s s i d e  s h o u l d  r e a c t .  I n d e e d ,  t h e  complex d o e s  e a c t  w i t h  

i 

E 
aminoa lkanes  and ammonia,233 p r o b a b l y  fcyming f rom ammonia a n  u n s t a b l e  

. - 
d i n i t r o g e n  complex,  [ ~ e (  C N ~  N 13-. S i m i l a r l y  a l k y l d i a z e n i d e s  , 5 2  

[ F ~ ( c N ) ~ N N R ] ~ - ,  c o u l d  b e  p r e s e n t  i n  e q u i l i b r i u m  as  i n t e r m e d i a t e s  

frcm n i t r o p r u s s i d e  and  a m i n e s .  Such i n t e r m e d i a t e s  a r e  ' d e s t r o y e d  by m i l d  - 
h e a t i n g ,  a l lowing3 t h e  amine c o o r d ' i n a t i o n  found i n  Kenneyls  p r o d u c t s ,  



A s t u d y  o f  t h i s  r e a c t i o n  by U V  o r  ir below t empera tu re s .  o f  r e a d y  

d e c a n p o s i t i o n  might  be  i n s t r u c t i v e ,  b u t  o n l y  a f t e r  i s o l a t i o n  and 

c h a r a c t e r i z a t i o n  o f  [ ( N C ) ~ F ~ N N R I ~ -  (See s e c t i o n  V I  A - 1 .  s o  t h a t  

i t s  presence  i n  r e a c t i o n  m i x t u r e s  can  be i n f e r r e d  more p o s i t i v e l y , .  
> .  

b 

b 

- \ 

C 

* 
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B. Reac t ions  o f  D i -  a n d - P i - n u c l e a r  I r o n  Carbonyl Complexes 
* -  

a: 

w i t h  Diazonium T e t r a f l u o r o b o r a t e s .  

1 .  I n t r o d u c t i o n  

One of  t h e  common s y n t h e t i c  methods used f o r  a r y l d i a z e n i d e  

2  5 complexes is t h e  s u b s t i t u t i o n  by A ~ N N +  f o r  a  metal-bpund carbony1.- 

I n  our  l abo ra to ry .  ' t h i s  was used t o  produce 

[Fe(C0)2(NNAr)(PPh3)2]bF4 from F ~ ( C O ) ~ ( P P ~ ~ ) ~ . ' ~ '  An 

i n t r i g u i n g  e x t e n s i o n  o f  t h i s  method was t o  a p p l y  i t  t o  po lynuc lea r  

c a r b o n y l s .  We used Fe2(C0)9 ,  Fe j (C0)12 ,  and ( F ~ ( c o ) ~ s M ~ ] ~ .  

Such s p e c i e s  a r e  p a r t i c u l a r l y  i n t e r e s t i n g  because t h e y  p rov ide  

o p p o r t u n i t y  f o r  a n  a l t e r n a t i v e  r e a c t i o n  t o  s u b s t i t u t i o n .  P a r t i c u l a r l y  

i n  r e f e r e n c e  t o  t h e  t h ione thy l -b r idged  complex, we f e l t  it  was a l s o  

p o s s i b l e  f o r  a d i a z o n i m  s a l t  t o  a t t a c k  t h e  metal-metal  bond and add 

w i t h  no  ca rbony l  being d i s p l a c e d ,  i n  a  r e a c t i o n - s u c h  a s  t h e  fo l l owing .  

Me ' A L A -  + 

however, t h e  r e a c t  i o n s  we conducted produced no d i a z e n i d e  complexes. 

e 



,. 
2. R e s u l t s  and Di scus s ion  

4-Fluorobenzenediazonium i o n  appeared  t o ,  r e a c t  w i t h  Fez( C0) 9' o r  
< -' 

* 
Fe3(CO) by o x i d i z i n g  a  p o r t i o n  o f  t h e  i r o n  r e a c t a n t ,  presumably t o  ii 

i F 

a  s a l t  s u c h  a s  Fe(BF4) 3. The one -e l ec t ron  o x i d a t i o n  p r o d u c t s  o f  

many t r a n s i t i o n  m e t a l  c a r b o n y l  complexes a r e  n o t  s t a b l e  and s i m i l a r l y  

decunpode w i t h  e v o l u t i o n  o'f ca rbon  monoxide. No e f f o r t  was made 

s p e c i f i c a l l y  t o  r e c o v e r  t h e  o r g a n i c  product  o f  t h e  decomposi t ion o f  t h e  

reduced d i a z o n i m  s a l t .  Diazonium s a l t s  have been known t o  r e a c t  a s  
t 

one -e l ec t ron  o x i d i z i n g  a g e n t s  w i th  o t h e r  t r a n s i t i o n  m e t a l  

complexes.  - 1 9 3 , 2 5 9 , K o  

'=b I-- - 
'. 

It was i n t e r e s t i n g  t h a t  a r e a c t i o n  occu r r ed  i n  benzene between 

Fe2( CO) and a  diazonium t e t r a f l u o r o b o r a t e  s i n c e  bo th  s p e c i e s  have 9  

n e g l i g i b l e  s o l u b i l i t y .  I n  t h i s  c a s e  i t  was t h e  diazonium s a l t  which 

r e a c t e d  i ncomple t e ly .  Though F F ~ ( C O ) ~  was consumed, t h e  p roduc t  d i d  

n o t  s o l i d i f y  t o  a l l o w  p u r i f i c a t i o n  and i d e n t i f i c a t i o n .  The low 

consumption o f  diazonium sa l t  was n o t  encouraging  f o r  t h e  s o r t  o f  ' c*- 

s y n t h e s e s  we d e s i r e d .  

Although complete  r ecove ry  o f  e i t h e r  r e i c t a n t  was n o t  o b t a i n e d ,  i t  

i s  c lea ;  t h a t  t h e r e  i s  no  r e a c t i o n  between ( ~ ~ ( c o ) ~ s M ~ ) ~  and t h e  ' 

diazonium s a l t s  used.  The diazonium s a L t s  d i d  n o t  a t t a c k  t h e  b r i d g i n g  

a l k y l t h i o  s u l f u r  ( i n  c o n t r a s t  t o  t h e  r e a c t i o n s  o f  Chapter  V) o r  o x i d i z e  

t h e  i r o n  complex. I n s t e a d ,  t hey  decomposed t o  o r g a n i c  p r o d u c t s ,  

e s p e c i a l l y  a t  h igh  t empera tu re s ,  l e a v i n g  t h e  s o l u t i o n  a c i d i c .  I r o n  
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c a n p l e x e s  p r e s e n t  i n  c r u d e  i s o l a t e s  were l o s t  d u r i n g  workup, p robably  

due t o  a e r i a l  o x i d a t i o n ,  wi th  a x m i n o r  amount o f  r e a c t i o n  w i t h  diazonium 
t 

decomposi t ion i nke rmed ia t e s  p o s s i b l e .  . - 

3 .  Summary and P rognos i s  

There is no  a p p a r e n t  r e a s o n  f o r  any f u r t h e r  s t u d y  o f  t h e  r e a c t i o n s  

r e p o r t e d  h e r e .  However t h i s  d o e s  n o t  mean t h a t  s l i g h t l y  d i f f e r e n t  

approaches  would n o t  be  p r o d u c t i v e .  For  i n s t a n c e ,  t h e  br idged  complex 

( m ( C O ) 4 ( ~ ~ ~ h ) ) 2  h a s  been s y n t h e s i z e d  from 

phenyl (  trimethylsilyl)diazene.33 So it i s  p o s s i b l e  t o  o b t a i n  a  

d i a z e n i d e  adduc t  o f  a  m e t a l  c a r b o n y l  complex wi thou t  s t a b i l i z i n g  

phosphine26'  o r  o t h e r  l i g a n d s .  

Furthermore,  s i n c e  t h e  c o  p l e t i o n  o f  ou r  work s e v e r a l  r e p o r t s  of 7 
e l e c t r o p h i l i c  a d d i t i o n  t o  meta l -meta l  bonds'have appeared .  I n s e r t i o n  o f  

diazonium i n t o  t h e  meta l -meta l  bond o f  [ ( I r ( N 0 )  (PPh3) 120] 50  and 

[ (PdC1(Ph2PCH2PPh2) 12] h a s  shown t h a t  t h e  r e a c t i o n  

envis ioned  f o r  t h e  thiome thy l -br idged  i r o n  d imer  i s  indeed  p o s s i b l e .  I n  

l i g h t  o f  t h i s  t h e  p r o t o n a t i o n  o f  t h e  Fe-Fe bond i n  

I F e (  C0l2L(~-SMe) l 2  when L =  PMej-nPh.n is q u i t e  encouraging .  262 

It i m p l i e s  t h a t  t h e  meta l -meta l  bond i n  t h e  t r i c a r b o n y l ,  which was n o t  

p ro tona t ed ,  was j u , s t  n o t  s u f f i c i e n t l y  n u c l e o p h i l i c ,  s i n c e  w e  have noted 

above (Chapter  IV) t h a t  d i a z o n i m  s a l t s  w i l l  r e a c t  w i t h  complexes which 

can  be p ro tona t ed  a-t t h e  m e t a l .  I t  would be q u i t e  i n t e r e s t i n g  t o  s e e  

how w e l l  t h i s  g e n e r a l i z a t i o n  ex t ends  t o  comparable ' format ion  o f  b r i d g i n g  

hydr ide  and d i a z e n i d e  complexes.  

. ~ 



A c l o s e l y  r e l a t e d  a r e a  o f  s t u d y  i s  t h e  format ion  o f  b r i d g i n g  

a r y l d i a z e n i d e  and  n i t r o s y l s  by oxida t ive-addi  t i o n s  n o t  a t  a  metal-metal 

bond. NO+ o x i d a t i v e l y  adds t o  t h e  t h i o l a t e - b r i d g e d  i r o n ( I 1 )  dimer o f  
\ 

N,Nt-dimethyl-N,Nt-bis(betat-mercaptoethyl)ethylenediamine t o  form an, 

F e ( I I 1 )  dimer w i t h  a  metal-metal bond and a  b r i d g i n g  n i t r o s y l .  263 

Elemental  ha logens  add t o  [ L ~ M O ( C O ) ~ ( N N A ~ ) ] ~ +  (L3 = H B ( ~ z ) ~ ,  

n=o;'@' , L3 = {(l,lO-phenantholine)(PPh3)}, 

{ (2 ,2 ' -b ipy r id ine )  (PPh3)},  n= 1  265) t o  produce m u l t i p l y  br idged  

dimers  {L3Mo(p-X)2(p-NMAr)2}2. h 

T h e  immediate ex t ens ion  o f  ou r  work'would be t o  t r y  t h e  r e a c t i o n  o f  

diazonium s a l t s  wi th  t h e  aforementioned {Fe(C0)2L( -SMe)I2. 

4 .  Experimental  
\ 

When s o l i d  4-FC6H4N2BFh (36 mg, 0 .17  mmole) wa6 g r a d u a l l y  added 

under  argon t o  an . i n t e n s e l y  co lo red  s o l u t i o n  o f  Fe3(C0Il2 (87  mg, 

0 .17 mmole) i n  15 m l  d ich loromethane ,  t h e r e  was no bubbl ing  o r  o t h e r  

obvious ev idence  of  r e a c t i o n .  The s o l u t i o n  was s t t r r e d  0 . 8  h and 

4 f i l t e r e d  finder a rgon .  The golden brown so l3d  was e v i d e n t l y  

F ~ ? E F ~ ) ~ :  I n f r a r e d  spectrum: v ( B F )  1083 s ,  1123 m; (4-F-aryl)  

1485, 1255, 1230, 820 cm" vw. T h i s  s o l i d  was somewhat s o l u b l e  i n  

a t e r .  Addit ion of  s u l f u r i c  a c i d  and KSCN t o  t h e  water s o l u t i o n  gave a  

r e d  p o s i t i v e  t e s t  f o r  F e ( I I 1 )  i o n s .  The dark green  dichloromethane 

f i l t r a t e  did not  s e p a r a t e  a t  259 K and s o  was c o n c e n t r a t e d  t o  h a l f  

-<.. 



216 , 

. volume and recooled.  The 6lack c r y s t a l s  which formed were co l lec ted  and 

shown t o  be Fe3(C0) 12  by comparison of t h e i r  i n f r a r ed  spectrum 

(Nujol)  w i t h  t h a t ,  of t h e - r e a c t a n t .  No a t t ehp t  was made t o  i s o l a t e  o ther  

substances from the  r eac t i on .  
- 

In small por t ions  s o l i d  4-FC6H4N2BF4 (56 mg, 0.26 mmole) was 
' 

added w i t h  s t i r r i n g  t o  a  suspension o r  orange Fe2(CO)9 (96 mg, 0.26 

mmole) i n  20 m l  benzene i n  an aluminum-foil-wrapped f l a s k .  No immediate 

reac t ion  could be de tec ted .  After s t i r r i n g  f o r  24 h the  mixture was 

f i l t e r e d .  The vacuum d r i e d ,  l i g h t  tan  so l i d  was i d e n t i f i e d  a s  (impure) 

4-FC6H4NNEF4 by cmpar i son  of i t s  in f ra red  w i t h  tha t  o f  known 

mate r ia l .  The brown impurity., insoluble  i n  propanone o r  e t h a n e n i t r i l e ,  

- showed i n  t h e  i n f r a r ed  only a  broad absorption a t  500 cm-',and t hose ,  

a t  3400 and 1625 om-' t yp i ca l  of water of hydration.  The mass of  

diazonium s a l t  f i l t e r e d  from the  react ion mixture was 70% of t h a t  added. 

- The benzene-soluble f i l t r a t e  d i d  not c r y s t a l l i z e  upon concentra t ion.  

The dark scum l e f t  a f t e r  removal of a l l  solvent  was so lub le  i n  e thanol .  

In f ra red  spectrum of a  d i l u t e  KBr p e l l e t :  
0 

unresolved s h  a t  1990), 1597, 1492, 1227, 

There was no t r a ce  of a  br idging v C O .  

When t h i s  react ion was done i n  30 m l  

s ee  some t iny  bubbles forming i n  solut ion 

2072, 2036, 2000 ( b r  w i t h  

1156, 860, 835, 610 cmL'. 

\ 

ethanol under argon,  one could 

a f t e r  t he  s o l i d  diazonium s a l t  

had dissolved , espec ia l ly  w i t h  s t i r r i n g  b r i e f l y  discontinued . There was 
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n o  n o t i c e a b l e  h e a t i n g .  After 0 . 5  h  g a s  e v o l u t i o n  c o u l d  n o  l o n g e r  be 
J 

f s e e n  b u t  s o l u t i o n  c o l o r  was j u s t  b e g i n n i n g  t o  d e v e l o p .  ( I n  a b l a n k  r u n  

w i t h o u t  Fe2 (C0)9  c o l o r  d e v e l o p e d  i n  e t h a n o l  i n  0 . 8  h . )  O v e r n i g h t  t h e  

l i q u i d  became brown w i t h  a  s l i g h t  r e d d i s h *  c a s t ,  b u t  i n s o l u b l e  o r a n g e  

c r y s t a l s  o f  Fe2(C0 )9  w e r e  s t i l l  s u s p e n d e d .  When t h e s e  were f i l t e r e d  

o f f  a n d  a l l  s o l v e n t s  f rom t h e  f i l t r a t e ,  t h e  s o l i d  r e s i d u e  'had a l m o s t  n o  

i n f r a r e d  a b s o r p t i o n  o t h e r  t h a n  t h a t  o f  BF4. A q u a l i t a t i v e  test f o r  

i r o n  w i t h  a c i d i c  t h i o c y a n a t e  was p o s i t i v e .  

After s t i r r i n g  f o r  2 h  w i t h  an  a r g o n  f l u s h ,  a  m i x t u r e  o f  

0 . 6 3 6  mmole) and  2 0  m l  b e n z e n e  w e r e  a l l o w e d  t o  s t a n d  i n  t h e  d a r k  21 d a y s  

and  t h e n  f i l t e r e d .  By i n f r a r e d  t h e  vacuum d r i e d ,  d e e p  r e d  f i l t r a t e  
-- 

c o n t a i n e d  o n l y  ( F e ( C 0 ) 3 ( % e )  l 2  and s o  was n o t  f u r t h e r  i n v e s t i g a t e d .  

The  t a n  s o l i d  was s e p a r a t e d  i n t o  t h r e e  p o r t i o n s :  The 

p r o p a n o n e - i n s o l u b l e  p o r t i o n  was brown a n d  gave  a p o s i t i v e  acidic-NCS' 

t e s t  f o r  F e ( I I 1 ) .  It i s  a  s i m p l e  s a l t  s u c h  a s  F e f B F  ) s i n c e  a n  '1 3  

i n f r a r e d  o f  t h e  c r u d e  s o l i d  h a d  no  a b s o r p t i o n  i n  t h e  CO s t r e t c h i n g  

r k g i o n :  1000-900 v v b r ,  400 cm'-' v v b r .  A s e c o n d  s u b s t a n c e  was s o l u b l e  

4 
i n  p ropanone  a n d  p r e c i p i t a t e d  w i t h  e t h e r ;  i d e n t i f i e d  a s  

4-FC6H4NNBF4 by mp 167 ( d e c )  and  i n f r a r e d .  The u n i d e n t i f i e d  

m a t e r i a l  n o t  p r e c i p i t a t e d  by e t h e r  was c h a r a c t e r i z e d  o n l y  b y  i n f r a r e d :  

s h a r p .  E s s e n t i a l l y  t h e  same p r o d u c t  d i s t r i b u t i o n  was o b t a i n e d  when 
8-. 

/ 



these  reac tan t s  were heated and s t i r r e d  6.7 h a t  323 K ,  o r  refluxed two 

days under n i t rogen.  

Ream ion of 4-Et2NC6H4NNBF4 under ni trogen i n  r e f lux ing  

benzene gave a f t e r  two days a  brown inso lub le  s o l i d  and a  green 

so lu t i on .  The green s o l u t i o n  had- a  &mposition c lo se ly  r e l a t e d  t o  t h e  

previous rea6ction : v o l a t i l e  { F ~ ( C ~ ) ~ ( S M ~ )  12,  a- s l i g h t l y  v o l a t i l e  

white s o l i d  w i t h  prominent- ands ( C C 1 4 )  a t  2980, 1615, ca .  

1580,. 1525,'1490, 1380, 1360, 1265, 1200, 1160, 1075, 1005, 980, and 695 

em-', and an i n v o l e t i l e  Fesidue which contained no  new iron-carbonyl 

complex. (IR: ca .  2500, vNH of A ~ E ~ ~ N H + ;  ca .  1050, vBF4) The brown 
- - 

s o l i d  shoved broad, in tense  vBF4 a t  1065 cm-' and l i k e l y  includes  

some simple i r o n y e t  ra f luorobora te .  The CO s t r e t c h i n g  region has two 

weak-nedium, sharp bands a t  2090 and 2040 cm-I. Theana twe  of the  

i r on  complex could not b c i n v e s t i g a t e d  because it  could not be i so l a t ed  

i n  a  p k e r  condi t ion.  < 

A t  room temperature i n  t h e  dark  an e thanol ic  so lu t ion  of 

4-FC6H4NNBFII (0.2mmole) and {Fe(C0)3(SMe)12 (0 .1  mmole) 

-decomposed i n  a  week, 1 d ng t he  i ron dimer unchanged. Ul t rav io le t  

i r r a d i a t i o n  of a  mixture of t h e  same composition gave rapid  l o s s  of 

d l  azoni urn s a l t  a Careful  evaporation of ethanol gave c r y s t a l l i z a t i o n  of - 

unreaeted {Fe(CG)3(pe)  12. Vacuum drying was accofanied by 

sublimation of remaining i r o n  dimer and l e f t  a  product with carbonyl . < 

2bsorptionS a t  2100 and 2055 cm-l. The M-CC region had peaks a t  

. 



600, 570,  520  and 500( sh )  cm-l. The on ly  ~ t h e r . ~ e & s  were f r m  wa te rx  
h 

( 3450, 1620 om-' b r )  and BF4 ( 1 120sh, 1080, 1 O5Osh cm-I ) . The 

. . material d i d  n o t  c r y s t a l l i z e .  . 

C .  Attempted s y n t h e s e s  o f  

r e ( p h e n y 1 d i a z e n i d o ) r u t h e n i u m  C h l o r i d e .  

1 . I n t r o d u c t i o n  

The f i r s t  i d e n t i f i e d  d i n i t r o g e n  complex was 

[ R U ( N H ~ ) ~ N ~ ] C ~ ~ .  266 T h i s  s imple  complex i s  remarkably s t a b l e ,  

p a r t i c u l a r l y  toward o x i d a t i o n  .7 The e l e c t r o n - r i c h  Ru( 1 1 )  c e n t e r  s:&s .-- 

1 

t o  i n t e r a c t  w e l l  w i t h  t h e  o r b i t a l s  o f  H2,  though t h e  n a t u r e  o f  t h e  

bonding i s  st i l l  i n  d i spu t , e .  267 A s i m i l a r  i n t e r a c t i o n  o c c u r s  i n  

pentamminerutheniurn( 11) complexes w i t h  o t h e r  T-acid l i g a n d s  a s  we1,l: . 

NO, C O ,  N C R .  267a We be l i eved  the s y n t h e s i s  o f  [ R U ( N H ~ ) ~ ( N N A ~ )  13+ 

wou1d"allow s p e c t r o s c o p i c  and chemica l  comparisons t o  be  made w i t h  t h e s e  

s i m p l e r  ana logues ,  which i n  t u r n  might  a l l o w  a uGeful bonding p i c t u p e  
- 

f o r  t h e  a r y l d i a z e n i d e  t o  be  drawn. Furthermore [RU(  N ~ ~ ) ~ N N A ~ ]  3+ 

cou ld  have some i n t e r e s t i n g  r e a c t  i on  c h e m i s t r y .  

m 

Two r o u t e s  t o  [ R U ( N H ~ ) ~ N I A ~ ] ~ *  were t r i e d .  The more r a t i o n a l  

one was replacement  o f  l a b i l e  wa te r  from [Ru(NH ) OH 12+ by 
3 5  2 

d i a z o n i m  - i o n s .  The o t h e r  was modelled on s y n t h e s e s  o f  N 2  and N O  

complexes from ~ 2 I - i ~ ~ ~ ~  and N H ~ O H .  269 Ne i the r  was s u c c e s s f u l .  



2.  Results i 

a: Reac t ions  o f  D iazon iumdSa l t s  w i t h  Ruthenium Ammines 

There  a r e  few l i g a n d s  which a r e  c a t i o n i c .  The o n l y  two common 

examples w i t h  a n  o v e r a l l  f o r m a l  p o s i t i v e  charge  a t  t h e  coo rd . i na t ing  

f u n c t i o n  a r e  n i t r o s y l  and  d i a z e n i d e .  There  a r e  no  examples  o c  

n i t ro son ium o r  

metal complex, 

e . g .  

benzenediazonium c o o r d i n a t i n g  t o  a  p o s i t i v e l y  charged 

though ke3s  + 272 and H+ have been known t o  do s o ,  
.* . 

MeCN 

Thus, t h e  r e a c t  i o n  i s  p robab ly  unknown because t h e r e  . . a r e  few p o t e n t i a l  

examples ,  and t h e s e  might  have i n h e r e n t l y  h igh  d c t i v a t i o n  e n e r g i e s .  I n  

a t t e m p t i n g  one such  r e a c t i o n  we found t h a t  4-FC6H4NNBF4 and 

[ R U ( N H ~ ) ~ O H ~ ] ~ *  formed a n  o r g a n i c  p r o d u c t ,  i n s o l u b l e  i n  t h e  

water s o l v e n t ,  t e n t a t i v e l y  i d e n t i f i e d  a s  a  m i x t u r e  o f  

4 ,4 ' -d i f Iuo rob ipheny1  and  bis(4-fluoropheny1)diazene. I n f r a r e d  s p e c t r a  

i n d i c a t e d  t h e  p re sence  i n  t h e  p roduc t  o f  t h e  fo rmer ,  which was a l s o  

o b t a i n e d  from r e d u c t i o n  of 4-f luo~obenzenediazonium s a l t  w i t h  z i n c .  

amalgam. The l a t t e r  p roduc t  was p r e v i o u s l y  unrepor ted  b u t  t h e  

e l e c t r o n i c  s p e c t r a  were c l e a r l y  i n d i c a t i v e  o f  a n  azo  compound. The 

presence  of., 

o f  r e a c t i o n  

complex was 

t h e  a z o  compound sugges ted  t h a t  t h e r e  was some unusua l  mode 

between t h e  ruthenium and t h e  diazonium i o n .  However i f  any ' 

produced i t  d i d  n o t  s u r v i v e  under  t h e  r e a c t i o n  c o n d i t i o n s .  

A f t e r  t h e s e  r e a c t i o n s  had been done we l e a r n e d  o f  an  e a r l i e r ,  b r i e f  

Russian paper273 r e p b r t i n g  foqmation o f  
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[(Ru(NH ) ) N ](BF4)4 from diazonium s a l t s  and, 3 5 2 2  

[ R U ( N H ~ )  50~2]2* .  The highly-charged dini  t rogen-bridged 

dimer d i d  not p r e c i p i t a t e  i n  our r eac t i ond  and so presumably was 

not formed. The dimeri c  product almost c e r t a in ly  formed by 
/ 

- combination of [ R U ( N H ~ ) ; N N I ~ *  with- [ R u ( ~ l i ~ ) ~ l ~ + .  

[ R U ( N H ~ ) ~ N N ] ~ +  was found by u s  t o  be s t a b l e  i n  methanol i n  t h e  presence 

of benzenediazonium ion over a  period of 2  h r .  Over longer peribds t h e  

ruthenium complex d i d  decompose i n  The d i f fe rence  i n  

proddcts obtained between t he  R k s i a n  work and ours probably arose from 

having an excess ,of diazonium s a l t  i n  our work and an excess of 

p e n t a m m i n e r u t h e n i u m ( . I I )  i n  the  o ther .  1274 O u r  work concurs w i t h  t h i s  

e a r l i e r  r_eport i n  f inding no aryldiazenido product. 

-, 

The fact  t ha t  t h e  dinuclear  ruthenium complex forms by combination 

of two ca t i ons ,  while [ R U ( N H ~ ) ~ N ~ A ~ ] ~ *  does no t ,  suggests t h a t  t he  

diazo moieties. of ( H ~ N ) ~ R U N N ~ +  and A ~ N N +  a r e  not comparably 

bonded. We suggest that '  t he  former a t t acks  [ R U ( N H ~ ) ~ ) ~ *  a s  a  

nucleophile,  with e lec t ron  density a t  t h e  terminal nitrogen donated from 

the  metal.  (See Chapter I . )  The postulated subs t i tu t ion  of e thyl  2 
274 diazoaceta te  f o r  water on [ R U ( N H ~ ) ~ O H ~ ] ~ +  would be s imi l a r .  

While there  i s  formally a  lone pa i r  at '  the  terminal nitrogen i n  a  

diazonium ca t ion ,  A ~ N - N : + ,  t he re  i s  in su f f i c i en t  e lect ron densZW .for 

i t  t o  ac t  a s  a  nucleophile.  A ~ N N +  a t t acks  metal complexes much a s  

hydrogen ions would, as  an e lec t rophi le .  I f ,  a s  was commonly 

assumed ,275 the  i n i t i a l  bound s t a t e  of d ini t rogen i n  ni trogenase were 

well-modelled by the  s t a b l e  dini t rogen complexes such a s  



[ R U ( N H ~ ) ~ B ~ ] ~ + ,  t h e n  r e a c t  i o n s  o f  d i a z o n i u m  s a l t  s80  would  b e  a 

p o o r  i n d i c a t i o n  o f  t h e  p o t e n t i a l  mode o f  r e a c t i o n  o f  n i t r o g e n a s e .  -- 

b .  R e a c t i o n s  o f  P h e n y l h y d r a z i n e  

L i k e  two o t h e r  g r o u p s ,  276;799256 we found t h a t  RuC13 L and  
-. 

[ R U ( N H ~ ) ~ C ~ I C ~ ~  react w i t h  a n  e x c e s s  o f  p h e n y l h y d r a z i n e  t o  p r o d u c e  

[ R U ( N H ~ ) ~ N ~ ] ~ + .  I n  a p r e l i m i n a r y - r u n  w i t h  one d r o p  > 

p h e n y l h y d r a z i n e  a n d  a n  unmeasured  q u a n t i t y  o f  aqueou-s RuC1 s o l u t i o n ,  

a d i f f e r e n t  brown s o l i d  p r e c i p i t a t e d .  T h i s  was i n s o l u b l e  i n  e t h a n o l  and  X-u?r- 

e t h e r .  From i n f r a r e d  e v i d e n c e  t h e  p h e n y l  moi 'ety was d e f i n i t e l y  r e t a i n e d  --- 
i n  t h e  p r o d u c t .  T h e r e  was n o  band be tween 2100 and 1620 c a a n d  n o  

o t h e r  peak  t h a t  s u g g e g t e d  i t s e l f  as vN=NPh. ( T h i s  s h o u l d  b e  m o d e r a t e l y  ., . 

i n t e n s e  i n  [ , R u L ~ N N P ~ ] ~ + .  234)  So a  bound d i a z e n i d e  was , n o 6  i s o l a t e d  
-. 

i n  a n y  d e t e c t i b l e  q u a n t i t y .  The  p h e n y l  i n f r a r e d  a b . s o r p t i o n s  a r e  t h e n  

most  l i k e l y  d u e  t o  bound a n i l i n e . 2 7 7  The f r e q u e n c i e s  c h a r a c t e r i s t i c  o f  ' 
I I 1 -  

arnmopium i o n  ( 3 1 5 0  s b r  1400 cm-I m) a r e  q u i t e  a p p a r e n t  and  s i n c e  t h e  

s o l i d  i s w a t e r - i n s o l u b l e ,  ammonium i s  a l m o s t  +qe6tainly t h e  c o u n t e r i o n  o f  

an a n i o n i c  r u t h e n i u m  complex .  A p o s s i b l e  f o r m u l a t i o n  i s  

N84[RuC13(NB2Ph)x(NH3)3-x] where  x  i s  t h e  a v e r a g e  number o f  

c o o r d i n a t e d  a n i l i n e s ,  c l o s e  t o  t h r e e  a c c o r d i n g  t o  e l e m e n t a l  a n a l y s i s .  

I I 

t 

3. P r o g n o s i s  

I n  summary, t h e  r e a c t i o n s  o f  p h e n y l h y d r a z i n e  w i t h  r .u thenium(  1 1 1 )  

c h l o r i d e  and  c h l o r o r u t h e n a t e s  were n o t  p r o d u c t i v e .  I n  o r d e r  t o  i m p r o v e  

t h e  c h a n c e s  f o r  i s o l a t i o n  o f  p u r e  s o l i d s  w i t h  t h e  a r y l d i a z o  l i g a n d s ,  



r e a c t i o n s  should  be  conduc ted  i n  wa te r  r a t h e r  t h a n  o r g a n i c  s o l v e n t s ,  

used t in  most o f  o u r  t r ia ls .  - Other  c o u n t e r i o n s ,  e .g .  I-, zncll12-, 
- 

and BPh4- might ibe i n v e s t i g a t e d  a s  well .  Another r e a s o n a b l e  way t o  

s y n t h e s i z e  t h e  d e s i r e d  a r y l d i a z e n i d o  complex would be t o  a t t e m p t  

s y n t h e s i s  of [ RU( N H ~ ) ~ N H ~ N H A ~ I ~ +  and t h e n  o x i d i z e  t h i s .  Amine _.- 
- ana logues  o f  t h i s  h y d r a z i n e  complex a r e  known, and t h e y  'are  o x i d i z e d  i n  

a i r  t o  i s o l a b l e  n i t r i l e  complexes,  2 7 8 ~  c h e l a t i n g  imine 279 - 

from E R U (  ! $ H ~ ) ~ ( N C ~ H ~ - E - C H ~ N H * )  12+. 

1 

4.  Exper imenta l  

Zinc amalgam r e a c t e d  w i t h  a n  aqueous s o l u t i o n  o f  4-FC6H4NNBF4 

w i t h  v i g o r o u s  g a s s i n g .  A f t e r  2  min no f u r t h e r  r e a c t i o n  was n o t i c e a b l e .  

The mercury was bemoved and rnethariol added.  The e l e c t r o n i c  'spectrum o f  

t h e  s o l u t i o n  (266 ,  260 alid 254 p m )  ag reed  w i t h  t h d t  o f  C ~ H ~ F  .z29 

There was a l s o  a  s o l i d  i s o l a t e d ,  which wa's i d e n t i f i e d  by ,comparison of 
i t s  i n f r a r e d  spectrum w i t h  a  r e f e r e n c e  spectrum280: '3080, 3040 v w ,  

1605 m ,  1510 s ,  1230 s ,  1160 s ,  1085 m ,  1015 wm, 835 s ,  520  cm-' w b r .  

4- 

/ 

  is solution o f  [ R u ( N H ~ ) ~ C ~ I C ~ ~  (91 mg, 0.31 mmole) i n  5  r n l  

- water  occu r r ed  du r ing  r -educ t ion  w i t h  amalgamated z i n c  o v e r  0 . 5  h r .  The 

presence  of  [ R U (  N H ~ )  5 0 ~ 2 ] 2 +  was i n d i c a t e d  q u a l i t a t i v e l y  by t h e  
i 

s h o u l d e r  a t  380-420 nm. 281 
? I 

s o l u t i o n  was added t o  t h e  

brown suspens ion  formed i m  

4 f te . r  removing t h e  e x c e s s  amalgam, t h e  

diazonium s a l t  ( 6 5  mg, 0.31  mmole) . A l i g h t  

m e d i a t e l y ,  w i t h  d a r k e r  i n s o l u b l e  m a t e r i a l  

c o l l e c t i n g  more s lowly  ( c a .  15 min) . T h i s  mix tu re  o f  coupled ,  o r g a n i c  
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canpounds c o u l d  be  s e p a r a t e d  by  c e n t r i f u g a t i o n  o r  f i l t e r i n g  w i t h  f i n e  . 

p o r o s i t y  f i l t e r .  I t  i s  a t  l e a s t  p a r t i a l l y  v o l a t i l e  a s  i t  subl imed 
\ -. -. 

-uum d ry ing .  E l e c t r o n i c  spectrum i n  e t h a n o l  ( Xma, in.nm) : 
:s 

4 3 0 ( s h ) ,  325,  2 6 5 ( s h ) ,  2 2 5 ( s h ) .  I n f r a r e d  spectrum i n  C C 1 4  (4000-1120, 

1000-825 cm": c a .  3050 vvw, 1605 w ,  1595 w ,  1578 w ,  1510 wm, 1500 

wm, 1475 w ,  1270 vw, 1235 wm, 1225 s h ,  1185 wm, 1158 w ,  1135 w ,  835 wm. 
1 

Addi t ion  t o  t h e  f i l t r a t e  o f  NaBF4 ( 6 7  mg, 0  -61  mmole) i n  a min&um 
r 

amount o f  water  d i d  n o t  p r e c i p i t a t e  a  s o l i d  p roduc t ,  n o r  d i d  a d d i t i o n  o f  

e t h a n o l  s a t u r a t e d  w i t h  sodium c h l o r i d e .  A f t e r  e x t r a c t i n g  w i t h  e ther . ,  

which' removed some a d d i t i o n a l  ~ r g a n i c s  s i m i l a r  t o  t h e  wa te r - in so lub le  

m a t e r i a l  above,  t h e  s o l v e n t s  were a l l  evapora t ed ,  l e a v i n g  a  r e d  sol id*.  

'The e t h a n e n i t r i l e  s o l u b l e  p o r t i o n  o f  t h i s  s o l i d  h a s  i n f r a r e d  a b s o r p t i o n s  

c h a r a c t e r i s t i c  o f  4-FC6H4NNBF4 w i t h  e x c e s s  t e t r a f l u o r o b o r a t e  . The 

i n s o l u b l e  i s  l i k e w i s e  i d e n t i f i e d  a s  [Ru(NH ) Cl](BF ) C I  3 5  4  x 2-X' 

Anal. Found: C, 0 ;  H ,  3 .59;  W ,  16.74 .  Calcd. f o r  

[ R u ( N H ~ ) ~ C ~ ] ( B F ~ ) ~ :  H ,  3 .82 ;  H ,  17 .72 .  I n f r a r e d  spectrum: c a .  

3200 vvs  b r ,  c a .  2080 w b r ,  1615 v s  b r ,  1300 v s ,  1080 s ,  800 s ,  560 m ,  

530, 520 wm, 450 cm-' m .  

One drop  o f  phenylhydraz ine  was added t o  a  f i l t e r e d  aqueous 

s o l u t i o n  o f  ,RuCl and a  b lack  s o l i d  formed immediately a t  t h e  t o p  o f  - t h e '  

t e s t  t u b e .  Wi~th shak ing ,  t h e r e  was c o n s i d e r a b l e  foaming, and bubbl ing .  

The s o l i d  was c e n t r i f u g e d  and washed w i t h  w a t e r ,  e t h a n o l  ( i n  which 

s o l v e n t  t h e  s o l i d  bubbled f u r t h e r . ) ,  and e t h e r .  The o l ive -g reen  mother 

l i q u o r  was discarded4 The brown s o l i d  was vacuum d r i e d .  Anal.  Found: 



9 .  Calc RuC 

G ,  42.8;  H ,  4 .99;  N ,  11 .10 .  I n f r a r e d  spec t rum:  3220 s s h ,  ca .  3150 s 

(VNH) ; 2100 vw (V N N  i m p u r i t y )  ; 1600 m (a rm.  and g N H ) ;  1495 m 

( a r m . ) ;  l 400m (ammonium); c a .  1265 wm (ammine); 1150-1095 wm, 1070 

s h ,  1025 w , 800 w sh; 755 m ,  690 m ( phenyl )  ; 540 em-'- vw. 
r-- 

, . 
-+---=- 
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