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* ABSTRACT .J 

- - - 

1 

- 

L- 

T h i s  t h e s i s  d e s c r i b e s  t h e -  s y n t h e s i s ,  q c ; e r i a a t i o n  and 

s e l e c t e d  chemica l  reapt i o n s  o f  t h e  new p e n t a m c t h y l c y c l o p e n t i -  - 

d i e n y l  rh;nium a r y l d i a z e n i d o  complex b a t i o n s  o f  g e n e r a i  f o r b b l a  

[ c ~ * R ~ ( c o ? ~ ( N ~ A ~  1 l + ( Q * = (  T;Cgneg), A r r a r y l ) .  and t h e i r  d e t i v a t i v e s .  
w 

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

and some dln i t ro 'gen  complexes, a s  i n d i c a t e d  by t h e  f o l l o w i n g  . 
\ . ,  . r e a c t i o n s :  i )  i n  r e a c t i o n s  .with some n u c l e o p h i l e s , '  a  CO *group is  

> 1 

. r e p l a c e d  ' o r  t r a n s f o r m e d  l e a d i n g  t o  monocarbonyl a r y l d i a z e n i d o  

complexes o f  t h e  g e n e r a l  t y p e  C P * R ~ X ( C O )  ( N Z A r )  w i t h  x = c ~ ,  Br, I ,  

NCO, COOR ( R = a l k y l ) ,  CONH2.. CONHHe, CONHe2, COOH, COO- and H. 
# 

f i l - i n  r e a c t i o n  wi th  NaBHq t h e  N2Ar g roup  i s  t r a n s f o r m e d  t o  g i v e ,  
0 ,  -0 

t h e  h e r  d in i t r c f&n complex c ~ * R ~ ( c o )  ( N ~ ) .  ~ g i s  complex a l s o  tias 
i 

s y n t h e s i z e d  by d i r e c t  r e a c t i o n  of c ~ * R ~ ( c o )  Z ( T ~ ~ )  (THF=te t ra -  
I 

h y d r o f u r a n )  wi th  N 2  uh er  h i g h  p r e s s u r e .  i i i)  r e a c t i o n -  w i t h  Q 
L 

' iodosobenzene ( PhIO) i n  n i t r  i l es  ( N C R ;  R=methyl, i s o p r o p y l  and 

n -p ropy l )  removes a CO g roup  g i v e  the c a t ' i o n i c  n i t r i l e  complexes 

3 I C ~ * R ~ ( C O ) ( N C R ) ( N ~ A ~ ) ] + ~  F u r t h e r  r e a p t i o n  o f  t h e  a c e t o n i t r i l e .  

complex (R=methyll ,  with. phosph ines  g i v e s  t h e  p h o s p h i n e - s u b s t i t u t e d  ' 
.' '1 

= d e r i v a t i v e s  [Cp*Re(CO) (PR3) (Y2Ar ) ' I+  w i t h  R=methyl, n-butyl , .  
? a? 

p h e n y l ,  cycIohe.xy1 and methoxy. These phosphine  complexes t e a c t  !L 

,Vc 
w i t h  a l k y l  l i t h i u r n s  t o  produce  r h e  c o r r e s p o n d i n g  phosphine-  

K 

s u b ~ t i t u t e ~ d  d i n i t r o g e n  compllxes c ~ * R = ( c o )  (PR3) t N 2 ) .  . '  

\ 
-0 

The d i n i t r q e n  c p * ~ a  ( G O )  2(Y2) and Cp*Re (CO; 

( P H e 3 ) ( ~ 2 )  are i -ne r t  r e g a r d i n g  * N2 l i g a n d  au toexchange  b u t  t h e y  . I - - 

h ) * 



\ - %  C .  

~ub~stitutc. N2 under photoohemicalii ana non-photaohernilcal c o n d i u w .  - - * 
Both react with X2 (X=Cl,.Br anh I )  non-photochemically to produce 

s t e r e o ~ ~ e c i f i c a l ~ ~  the cis-dihal ide &nplexes c~*R~(co') (t)X2 (L=CO 
and P#e3). With HX the dicarbonyl dinitrogen complex yields only 

r 
* 

the cis-dihalide~complexes, which arq converted to the trams-- 

isomers by .UV irradiation, whereas the phosphi e dinitrogen complex 
I . . .e 
gives the complexes t r a n s - c p * ~ e ( ~ ~ ) ( ~ ~ e ~ ) i Y ) ( ~ ) .  Under UV irradia-F 

tion the comp&ex CP*R~(CO? ( P M ~ ~ )  (NZ) ioses the, nitrogen ligand ver 

easiiy, and the 16-electron intermediate then pr@u&d reacts with 

C-H bonds : intis-mol'ecularl in alkanes to give the cyclo& tal lated 

complex c~*R~;co) T ~ - P H ~ ~ C H ~  1 (HI', ok, intermolecularly in benzene (to 
9 

give the phenylhydrido complex c~*R~(coY(PH~~)(P~)(H). 
i 

The synthesis and characterization of 

' CP*R~O) is also'described. 

the tr ibxo complex 
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' CHAPTER I 
- 

Review of Diazenido and Dinitrogen Complexes -2 

Introduction 

The main interest in the research being carried out in our-- 
.- 

laboratory over the last few years, has been the study o* di- 

=nitrogen (N2), aryldi&enido (N2Ar, A;= aryl), aryld'iazene - - -  (NHNAr), 

arylhydrazido ( 2 - 1  

(NHN(RIAr1 ligands 

' nitro~en fixation, 

hydrogen ones, are 

(N.N(R)Ar, R=H or alkyl) and arylhydrazido (1-1 

in transition metal complexes. With regard to 

aG2ogues of these ligands, i. e., the. per- 

believed to be intermediates involved in the 

nitrogenase-mediated reduction of molecular nitrogen to 
I 

1-6 Within this" context, Chatt and coworkers, l, using ammonia. + 

molybdenum and tungsten complexes, have suggested the folbowing 
- - 
nitrogenase reaction mechanism as the most plau'sible one (Figall-. 

1-n the long term, it is believed that the chemistry'displayed 
- @ 

by dinitrogen and organodinitrogen liganas at metal sites will 

contdhute not only to our understandkng of the enzymatic transfor- 
. - 

* I  

matian of molecular N2 into ammdnia, but also to the development 
9 

of new and more efficient catalysts for industrial production of 

ammonia and other organonitrogen compounds from atbospheric 

dinitrogen. 7,8 



Fig. 1. Suggested mechanism' for the ni trogenase reaction 

The focus of current work has been'the synthesis. structural 

charazterization and some chemical reactions of complexes contain2 
* 

- ing the aryldiazenido ligand> (N2Ar). The remarkable chemistry 

displaye? by cationil complexes [CpM(C0)2(N~Ar 1 l t  9 # lo ( C p =  

qT-CgH4~e, M=Mn and Cp= 9-Cfj,H5. M=Re), for example their reaction 

with some nucleophiles -to' yield dinitr0ge.n complexes CpM(CO>24 N2 1 ,  

stimulated us.+to continue an investigation b f  the chemistry of . , \ 

aryldiazenido complexes to determine whether this 'L 
could be duplicated in related complexes, and to find ou what J 
other reactions can be undergone by the N2Ar group. We t e r e f o r e  k 
designed a program to investigate the effect of replacing the - 

cyclopentadienyl group by the pentamethylcyclopentadienyl group in 

the synthesis 2nd poderties of .the rhenium c-ationic aryldiazenido 
* 

complexes and their derivatives. 
.a 

In this chapter, to provide some Gackground 'to the thesis, a 
: r 

t 

brief review is presented describing our present knowledge of the . 

structure and reactivity of diazenido and dinitrogen complexes: 
0 r- 

b 
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M-N \ 
a \ ~ B ~  

- - 

Fig.2. C o o r d i n a t i o n  modes o f  d i a z e n i q o  l i g a n d  i n  mononuclear 
complexes .  

4 

** 

. 
I n  F i g . 2 ,  N, 'is t h e  n i t r o g e n  atom bonded t o  t h e  meta l  M and 

N B e i s  t h e  one bondea  t o  t h e  R group ( R =  a l k y l  o r  more commonly~ 
- * 

a r y l ) .  The same c o n v e n t i o n  w i l l  be used t h r o u g h o u t  t h i s  t h e s i s .  9 

0 .  

P .  
On\; one e x a m p l e e o f  t h e  t o t a l l y  l i n e a r  s t r u c t u r e  A has  

r e p o r t e d .  I t  is  p r e s e n t  i n  t h e  ruthenJum d i a z o b o r a n e  complex 

R U H ~ ( P P ~ - J ) ~ L N ~ B ~ ~ H ~ S M ~ ~ ) ~ ~  (RuNN= 1 7 5 . 9 ( 6 ) 0 ,  N N B -  1 7 2 . 7 ( 8 ) 0 ) .  

. I n  t h i s  complex t h e  d i i z e n i d o  l i g a n d  chn be d e s c r i b d d  a s  a a- . 

donor  t d  t h e  m e t a l ,  w i t h  weak rpbackbonding from t h e  meta l  . The 
+ 

d i a z e n i d o  l i g a n d  i n  [ R U C ~ ( ~ ~ ~ ~ ) ~ ( ~ - N ~ C ~ H ~ R ) I +  h a s  a l s o  been 

t e n t a t i v e l y  a s s i g n e d  t h e  l i n e a r  form A on t h e  b a s i s  o f  t h e  v e r y  
oi 

h i g h  v(NN) i n  t h e  I R  spectqum,18 b u t  t h e r e  h a s  been no s t r u c t u k a l  

c o n • ’  i r m a t i o n .  
- -- 

The s i d e - o n  c o n f i g u r a t i o n  D i s  al-so-a r a r e  example o f  n -  

c o o r d i n a t i o n  o.•’ t h e  d i a z e n i d o  l i g a n d *  I n  f a c t ,  i t  h a s  been 

o b s e r v e d  o n l y  once ,  i n  t h e  s t r u c t u r e  d e t e r m i n a t i o n  o f -  t h e  phe<yl- 

- -  d i a z e n i d o  comple; C p T i C 1 2 ( ~ 2 - ~ 2 ~ h 1 1 9  ( N T i N =  3 4 . 8 4 2 ) 0 ,  T i N , N a -  

7 0 . 4 ( 3 ) 0 ) .  Of t h e  r e m a i n i n g ,  two forms shown i n  F i g .  2, t h e  d o u b l y -  

b e n t k  s t r u c t u r e  C c a n  be r e l a t e d  t o  t h e  s i n g l y - b e n t  form- B by 
3 .  

-- 

o f  two e l e c t r o n s  from t h e  meta l  t o  t h e  l i g a n d .  I n  C, 

t h e  l i g a n d  c a n  be viewed f o r m a l l y  a s  a  n e u t r a l  o n e - e l e c t r o n  d o n o r ,  
Q - 



o r  a 1  t e r h a t i v e l y  c a n  be f o r m u l a t e d  as a two-el lectron,  d o n ~ r  - -- 

a n i o n  N 2 A r -  ( a n a l o g o u s  t o  NO-), From a  valence-b~nd~description, 
, 

' bo th  n i t r o g e n  atoms are sp2 hybr id ize-d ,  and t h e  meta l -d iazen ido  
- 

3 1 .  

s t r u c t u r e  h a s  -a doubly-bent  azobenzene- l ike  geometry .  S e v e r a l -  - a 

complexes which are b e l i e v e d  t o  c o n t a i n  t h e  d i a z e n i d o  l i g a n d  w i t h  

a  doubly-bent  geometry .  have been !prepared;  n e v e r t h e l e s s ,  o n l y  
- 

by X-ray, c r ~ t a l l o g r a p h y  . These 

1 20 ( I r N N =  115(  310,NNAr-= 

i 1 8 ( 2 ) 0 ) ,  ~ t ~ 1  ( P E ~ ~ ) ~ ( ~ - N ~ c ~ H ~ F ) ~ ~  (PtNN= 118(230,  NNAr=118(2)01 - 
and IRhC1 (L) (N2Ph) ] +  e l 8  (L=  t r i d e n t a t e  phosphine ,  RhNN= 1 2 5 . 1 (  6 10, 

C 

The s i n g l y - b e n t  form B is by f a r  t h e  most common c o o r d i n a -  

t i o n  mode o f  t h e  d i a z e n i d o  l i g a n d .  I t  h a s  been obse rved  i n  

complexes w i t h  a l m o s t  a l l  t h e  & r a n s i t i o n  m e t a l s . , I n  t b e  s i n g l y -  

b e n t  c o n f i g u r a t i b n ,  t h e  d i a z e n i d o  l i g a n d  may be hriewezd a s  s 
' 

b 

t h r e e - e l e c t r o n  donor l i g a n d  o r ,  e q u i v a l e n t l y ,  as t h e  t w o - e l e c t r o n  

donor aryldiazcrnium , ion  - ( N ~ A ~ + )  c o o r d i n a t e d  t h r o u g h  t h e  a - lone  
I 

p a i r  on t h e  t e r m i n a l  n i t r o g e n  (N, )  t o g e t h e r  w i t h  *ong r-back 

d o n a t i o n  from. t h e  m e t a l .  l1 From a simpre v a l e n c e  bond model, 

b o t h  t h e  MN. and N N  l i n k a g e s  may be c o n s i d e r e d  t o  b e D d o u b l e  bonds 

w i t h  rp h y b r i d i z a t i o n  a t  N, and op2 a t  8,; i . e . ,  ~ ~ . * * M N N  and 

N N A r  a n g l e s  s h o u l d  be c l o s e  t o  1800 and 1200 r e s p e c t i v ~ l y .  . ' 8 
t 

I n  numerous c a s e s ,  t h i s  t y p e  of  geometry h a s  been' c h a r a c t e r r b e d  

by X-ray q t r a c t u r - a 1  s t u d i e s .  Some o f  t h e s e  a r e :  Mo (S2CNMe2 13 ,  



I 

blNPh= 119 ( 2 1 0  and [ T - C ~ H ~ M ~ H ~ ( C G )  2  ( g-N2C6HqCF3 1 1 + B(lnNt+=--- Q. 

1 7 l . d ( 8 ) 0 ,  N N A r =  1 2 5 . 6 k 9 ) o ) .  - ,  - - . 
In  a d d i t i o n  t o  X-ray c r y s t a l l o g r a p h y  and I R  s p e c t r o s c o p y  

s t u d i e s ,  1 5 N  NHR s p e c t r o s c o p y  h a s  r e c e n t l y  been a p p l i e d ,  n o t  o n l )  . 

t o  d i s a i n g u i s h  t h e  s i n g l y  and doubly-bent*  forGs,  b u t  a l s o  f o r  

t h e  i d e n t i f i c a t i o n  o f  t h e  i n d i v i d u a l  n i t r a g e n  n u c l e i  w i t h i n  t h e  

s i n g l y - b e n t  geometry o f  t h e  d i a z e n i d o  l i g a n d ,  1 6 8 2 6  I t  p romises  t o  

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

l i g a n d s  e x h i b i t  r e s o n a n c e s  , i n  d i f f e r e n t  r e g i o n s  o f  t h e  spect rum 

(6fJa-dNn 100 t o  1 5 0 ) .  On t h e  o t h e r  hand, when s i n g l y  and doubly-  

b e n t  f o r m s - a r e  compared, a  l a r g e r  d i . f ference  i n  t h e  chemical  

s h i f t s  o f  t h e  15~ , ' s  is o b s e r v e d .  The f o l l d w i n b  examples i l l u s -  4 

t r a t e  t h e  above s ta tement* .  The 1 5 ~  N N 7  s p e q t r a  o f  t h e  1 5 ~ -  

g n r i c h e d  --- complexes M X ( ~ ~ ~ ~ ) ~ ( ~ ~ N ~ ~ N R )  ( M =  kf'o o r  W. X =  C 1  o r  B r .  
\ 

R =  E t  o r  COMe), which c o n t a i n  t h e  s i n g l y - b e n t  fdrm o f  tKe I 

d i a z e n i d o  l i g a n d ,  e x h i b i t  r e s o n a n c e s  r e l a t i v e  t o  CH3N02 a t  6 -28 

t o  -60, f o r  N q ,  and a t  much h i g h e r  f i e l d .  d -123 t o  -165 f o r  NB. .16  

The complexes R U C ~ ~ ( P P ~ ~ ) ~ ( ~ ~ N N P ~ ) ~ ~  and ICpRe(C0)2 

( R - 1 5 ~ ~ ~ 6 ~ 4 ~ )  l f  27 (R= O n e .  Me and NEt2) a l s o  have t h e  s i n g l y - b e n t  

form and15N, r = s o n a n c e s  a r e  I n  t h e  r e g i o n  6 -2 .9  t o  -46; 8  (see 

Table  11, Chap te r  11). I n  c o n t r a s t ,  t h e  complex RhC12(PPh3)2 
I 

( 1 5 N ~ p h )  which , a d o p t s  the! doubly-bent  .form, e x h i b i t s  r e s o n a n c e  a t  

3 2 7 . 1 .  I t  is t h e r e f o r e  obse rved  t h a t  . t h e r e  is  a  - s h i f t  o f  a b o u t  *- 

350 ppm downf ie ld  i n  t h e  N, r e s o n a n c e  when t h e  geometry a t  N, is 



changed from 

spectroscopy 

- 

1 inear to benf. 

thesis we show, for the first time, .that-EN NMR 

can equally well be used to distinguish the nitrogen 
I 

nuclei in singly-bent diazenido~~complexes of .rheniuo(see u 

Chapter 114. 

1.2.3. Reactivity of ~iazenido Complexes 

The reactivity of diatzenido complexes has received l e s s  

attention than their structural and synthetic aspects. It is 
- 

important to mention that, in addltion to the reaCtions to be 
\ 

presented in this section, there are - some other processes that 

, can also occur; for example, counterion metathes-is is observed 

when [Fe(C0)2(PPh3).Z(N2Ar)l[BF41 reacts with KI to give [Fe(C0I2 

' (PPh3 z(N2Ar 1 I [I I .  28 Complete replacement of the diazenido ligand 
.a 

is also known; as an example, the reaction of [ I ~ c ~ ( P P ~ ~ ) ~ ( N ~ P ~ ) ~ '  

4 - 
with NaBH4 to give I ~ H ~ ( P P ~ ~ ) ~ ~ ~  can be cited. 

1.2.3(a). Transformation or Replacement ofu* a Co-ligand la 

* 

/ There are very few examples in which reaction of the co- 

- L ligand 'takes place in toptransformation of the diaze- b 

nido group. Usually quite,the reverse occurs. For instance, the . \, 

He0 and NO21 'react with NaBH4 to give the neutral cyclohexadienyl 

codplexes ( c ~ H ~ ~ H  lfr (CO) 2 1  P ~ A ~  ) 31, and no nucleophilic attack at 

the CO or at the aryldi&eriido ligand is observed. The scmplexes 
> 



das= g-phenylenebisdimethylarsine) react with halides X' (X= C1, 
I 

Br and I) to give the neutral species M ( ~ ~ S ) ( C O ) ~ X ( N ~ A ~ ) . ~ A  

direct nucleophilic attack at the metal, with displacement of 

- one of: a;senic atoms of das giving ~4das) (CO) 3 ~ ( ~ Z ~ r f ,  followed 

by carbonyl elimination and rechelation of das was suggested to 
P 

.- be the mechanism,31 Simple ammonia replacement has been observed 

when (NZP~) is treated with a phosphine or 

carbon monoxide to give ~ e C 1 2  ( L )  ( P M ~ ~ P ~ ) ( N ~ P ~ )  (L= CO and 

PMe2Ph). 32 More w n t l y  it has boen found in our laboratory that * 

. the carbonyl group in [ ~ p R e ( C 0 ) ~ ( ~ ~ ~ r ) l +  complexes can be re- 

placed orF transformed by reactions with some nucleophiles . 2 7 p  3,3 ' 

These reactions are summarized in Scheme I. 

, 

- - 
C p R e  (CO 

C p R e  (CO) (HI ( N ~ A ~ )  

Scheme I 





- - 

Nan which s&mq t o  be t h e  myre b a s i c  n i t r o g e n  atom. As eraaples. 

t h e  fo l lowing  a r y l d i a z e n e  coniplexes were by d i r e c t  

p r o t o n a t i d n  of.  doubly-bent d iazen ido  PtC1 ( P E t j  12 

( N H N C ~ H ~ R - Q ) I +  34 ( R =  H and F). I I ~ c ~ ~ ( c o ) ( P P ~ ~ ) ~ ( w H N P ~ ) I +  and .. 
[RuCl ( C O )  2(PPh3) (NHNPh) 1 +. 35 Very r e c e n t l y .  k i n e t i e  s t u d i e s  

have shown t h a t  t h e  appa ren t  " i n s e r t i o n "  o f  diazonium c a t i o n s  

i n t o  a  metal-hydride bond t o  g i v e  t he  d iazene  complexe 

(PEt3 1 2(NHNAr 1 1' 36 and RhC13 ( PEtPh2 1 2  ( N H N A r  1 37 (Eqs.  1 pnd 

9 

RhHCl2(PEtPh2I3 + N ~ P ~ '  + C 1 -  -- - ( PEtPh2 . . 2C1 3Rh.( NHNAr t 

Eq. 2 .  
.. . , 

A r =  g-C6H4R, R =  NO2, C 1 ,  H, W a n d  MeO.  
B 

do no t  proceed by a  s imple  i n t r amolecu la r  hydrogen migra t ion  4 

from t h e  metal t o  t h e  l i g a n d .  In s t ead ,  p ro ton  l o s s  from t h e  

metal and then  i t s  r e c a p t u r e  by v the  " k n s e r t i n g n  l i g a n d  i.e. 

6 
doubly-benf d i azen ido ,  ha's been suggested36,  37 ( s e e '  ~cherni? I I). 

- - Q 



Scheme I I  

' P r o t o n a t i o n  [ o r  alkylation) r e a c t i o n s  i n v o l v i n g  5 ingf y-bent  
.---- 

d r a x a n i d a  compZcxcs have been more axttnsivehy s t u d i e d .  I n , t h e s 8  

cases, protonation is e x p e c t e d  to occur a t  H,, due to the. p r e s e n c e  

aE a lone p a i r .  The Ilgand so formed i s  commonly c a l l e d  ahydraaido 
t, 

f 2 - ) " 3 8  (sows a u t h o r s  have also referred to this ligand as '+iso- 
* Y 

d ~ a z e n e " )  . 3 9 * 4 ?  The complexes. [ R ~ c ~ ~ ~ H H ~ ~ ~ P H ~ ~ P ~ ~ ~ I M N I H ~ P ~ ~  1 + 3 2 ,  

I2-1 ligand (UN(R)R8) 'was confirmed by X - r a y  crystaliagraphy. Hore 

rssaaLly. a bent  g e o m e t r y  tor this llgand has been da<arnlnsd by 

%-ray c r y s t a l  structura s tudfas  In ReBt21NNPh)lPPh3)2(NN~HlPh). 4 3 

i n  tho absence of  X-ray data, l5td MHR spectroscopy has proved t o  



be a dstful technique for" determining Ghether a hydrazido f 2-1 -. E 
% 

ligand is present with a linear or a bent structure, For instarice, 
- 
the mo.1ybdenum complexes of the type hoX(dppe)(NN(H)R) ( R =  H,'Me 

or Et; X =  C1, Br, I O r  HS04f with a linear hy-drazido (2-1 ligand 
I 

exhibit I5N resonances at d -68 (*lo) for N, and -22e for 
, 

NB.44*45 On the other hand. the complexes ReBr2(L)(PPh3)2 

(NN(HIP~). which contain a bgnt ligand, exhibit resonances at 6. 

238.7 fN,) and -135.5 (Nn) for L= NO, and at d 190.0 (N,Lbnd 
\ 

-153.0 (NB) for L= NNPh..39 Thus, bent hydrazido (2-1 ligands are 
& 

characterized b y  a large downfield shift for N, and large upfield 
7 

shift for NB, when compared with their linear analogues. 

9 

1.2.3. (dl Reactibns of ~ i a z e n i ~ o  Ligands wf th Nucleophiles 

This research area has been developed in our laboratory over 

the past few year?. 9*10*27 It has been demonstrated that the 

diazenido ligand in the cationic complexes [ C ~ H ( C O ) ~ ( N ~ A ~ ) I +  

;!I= Hn and Re1 can be converted into the dinitrogen' C ~ M ( C O ) ~ ( N ~ ) ~ ,  
A 

- - -  
I diazene C ~ R ~ ( C D )  2 ( ~ ~ ~ ~ r j 1 0  and hydrazido (2-1 C ~ R ~ ( C O )  2 ( ~ ~ ( ~ ) ~ r  )lo 

(R=.He, Q-Bu and Ph) complexes by reaction with nucleophiles such'. 
s 

, - 

as I-, H- and alkyl lithiums respectively. The hydrazido (1-1 - 
complex [C~R~(CO)~(NHN(H~)A~)]+ was obtained by further 

d 

protonation of the hydrazido (2-) complex. 4 6  (Eq. 3. 1 

H+ B 

Cp(CO)2Re(NN(He)Ar) - ~ c ~ ( c o ) ~ R ~ ( N H N ( H ~ ) A ~ ; ) I +  Eq. 3. 

The' most remarkable features of these react ions 'involve the 



' 4" - 

s y n t h e s i s  o f  t h e  d i n i t r o g e h  complexes Cp#(C0)2(N2) .  These were t h e  
- 

f i r s t  examples o f  d i n i t r o g e n  complex f o r m a t i o n  from-.character-  

i z a b l e  a r y l d i a z e n i d o  complexes.  The s i n g l y - b e n t  N Z A r  l i g a n d  i n  

I C ~ M [ C O ~ ~ ( N ~ A ~ ) I +  ( e s t a b l i s h e d  by a s i n g l e - c r y s t a l  X-ray s t r u c t u r e  * 

d e t e r m i n a t i o n  f o r d p =  ?-C5H4Me and A r =  & - c ~ H ~ c F ~  1 is e x t r e m e l y .  

s u s c e p t i b l e  t o  a t t a c k  by n u c l e o p h i l e s  such a s  i o d i d e  t o  g i v e  the 

d i n i t r o g e n  complex (Eq.4.). 

C 

The p r o d u c t s  ~f t h i s .  r e a c t i o n  a r e  t h o s e  t h a t  would be - 
e x p e c t e d  as a  r e s u l t  o f  d i r e c t  n u c l e o p h i l i c  disp.1-acement a t  t h e  a 

i p s o  c a r b o n  on  t h e  a r o m a t i c  r i n g ,  es shownirin.Scheme 111. 

Scheme IIX 
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Fig.3. coordination modes of a dinitrogen Eigand in mononuclear. 
complexes 

The side-on coordination mode has never been structurally 

characterized in mononuclear complexes. The compound RhCl 

(PPr3i) ~ ( N z )  was claimed by X-ray crystallography53 to possess - .  
this type of coordination. However, a redetermination of the X- 

ray crystal structure indicated the actual coordination of the N2 
- 

in this complex to be end-on. This evidence was supPorted by 1 5 ~  

NMR s p e c t r o ~ c o p y . ~ ~  There is only one known example where the 

nitrogen molecule is probably bonded side-on to the metal. The 

is believed toqcontain a side-on N2-ligand on the <basis of its 
-- 
e.s.r. spectrum which shows coupling to two equivalent nitrogens 

b 

(a quintuplet in the l4N2 complex and a triplet in the 

complex respectively), but its structure has not been proved by 

X-ray crystallography. 

Honodinitrogen complexes with an end-on configuration have 
* ,  -. 

been observed for most of the transition elements. Bis-, and 

evenvtris-N2 complexes are also known, especially in Mo and W 
t 

complexes. By h r  the majority of N2-complexes are of transition 
.- 

a metals in their lower oxidation states. This ari-ses because of 



\ 

- - -  

16 ,. 

t h e  n a t u r e  o.f t h e  M-NZ bond, which i n  t h e  c a s e  o f  mononuclear 
-- 

s p e c i e s ,  r e s e m b l e s  t h e  bonding o f  c a r b o n  monoxide* t o  t h e s e  - - 

metals ;56  i . e . ,  d o n a t i o n  of  t h e  o-lone p a i r  t o  t h e  metal and--- - 
back d o n a t i o n  from t h e  f i l l e d  meta l  d  o r b i t a l s  t o  t h e  empty U -  

- 

a n t i b o n d i n g  (r* 1 o r b i t a l  o f  t h e  d i n i t r o g e n .  

Many s p e c t r o s c o p i c  s t u d i e s  o f  d i n i . t r o g e n  and r e l a t e d  

complexes have been concerned w i t h  t h e  r e l a t i v e  a-donor and n- 
A 

a c c e p t o r  p r o p e r t i e s  o f  d i n i t r o g e n  compared w i t h  ana logous  

l i g a n d s  such a s  c a r b o n  monoxide; t h e  c o n c l u s i o n  o f  t h e s e  s t u a i e s  
-t 

> 

i n d i c a t e s  t h a t  N 2  i s  b o t h  a  weaker a-donor and a weaker r-- ' 6 

a c c e p t o r  t h a n  C 0 .  

S t r u c t u r a l  s t u d i e s  have shown t h a t  t h e  N-N bond l e n g t h s  i n  
0 

, , monon3clear complexes a r e  o n l y  s l i g h t l y  d i f f e r e n t  from t h a t  . in  t h e  

f r e e  l i g a n d ,  .and t h a t  t h e  M N N  a n g l e s  a r e  v e r y  c l o s e  t o  1800 as 

e x p e c t e d  f o r  a  1 i n e a r  s t r u c t u r e .  Some r e c e n b - e x a m p l e s  among many 

o t h e r s  a r e :  R ~ c ~ ( c N M ~ ) ( P ( o M ~ ) ~ ) ~ ( N ~ ) ~ ~  .. ( N - N =  1 . 0 3 8 ( 2 )  'A,  R e N N =  

1 7 9 . 3 ( 1 2 ) 0 ) ,  W(F+He3)5(N2)58 ( N - N =  1 . 1 1 ( 2 )  - A ,  WNN= 1 7 9 . 7 ( 9 ) 0 ) ,  

w R ~ H ( P E ~ ~ P ~ ) ~ ( N ~ ) ~ ~  ( N - N =  1 . 0 1 8 ( 8 )  A ,  ReNN=1800), and M ~ ( C O ) ( d p p e ) ~  

( ~ ~ 1 ~ ~  ( N = N =  1. G87( 18,) A,  MoNN= 1 7 7 . 0 (  2 1 0 1 .  I n  summary,. X-ray 
A 

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

t h e  MNN bonds.  However, i t  is  l i m i t e d  t o  kys tems  which g ive .  

s i n g l e  c r y s t a l s  o f  gooh q u a l i t y .  U n f o r t u n a t e l y ,  t h i s  o c c u r s  
4 

/' 
r a t h e r  r a r e l y .  S t r u c t u r a l  i q o r m a , t i o n  f o r  s o l u t i o n s  o r  f o r  

. u n s t a b l e  ddmplexes may be o b t a i n e d  only-from s p e c t r o s c o p y .  

Wi th in  t h i s  c o n t e x t ,  I R  s p e c t r o s c o p y  h a s  been one o f  t h e  most 

v a l u a b l e  r o u t i n e  t e c h n i q u e s  b o t h  f o r  t h e  i d e n t i f i c a t i o n   of M-NZ 



s t r u c t u r e s  and f o r  o b t a i n i n g  *formation abou t  t h e  bonding 
-- 
-\ 

between t h e  metal and ;h= l i g a n d .  6 i f 6 2  I n  g e n e r a l ,  d i n i t r o g e n -  

con ta2n ing  complexes e x h i b i t  i n  t h e i r  IH s p e c t r a  a s t r o n g  band 

i n  t h e  2200-1700 crn~l r e g i o n  a t t r i b u t a b l e D  t o  # ( N N ) .  . ~ h a t t  and 
% ,  

* 3 
coworkers have used # ( N N )  t t h e  b a s i c  s t r e n g t h  of-some 

N2-complexes o f  Ho, W ,  R= and 0 s  toward adduc t  fo rma t ion  wi th  

Lewis a.cids AlR3 (R= Me, Ph and C1) . They found t h a t  complexes 

wi th  V ( N N ) .  > 2000 c m - I  do n ~ t  form adduc t s  under t h e  expe r imen ta l  

c o n d i t i o n s  used.  63  More r e c e n t l y ,  t h e  same group have used 
e 

v ( N N )  and o x i d a t i b n - p o t e n t i a l  ( E 0 x i / 2 )  a s  a c r i t e r i o n  of  t h e  
&.! 

e l e c t r o n - r i c h n e s s  o r  poorness  o f  d i n i t r o g e n  c 'ompieres.  63-65 

A s  i n  d i a z e n i d o  complexes, 1 5 ~  NMR spec t roscopy  has  a l s o  
, 

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

n i t r o g e n  n u c l e i  i n  t h e  N2-c~mplaFes .26,44-46 1 n  g e n e r a l  f o r  

t h e s e  compleyes two resonances  a r e  seen,  t h e  one a t  h i g h e r  f i e l d  

between 6 -40 and -130, r e l a t i v e  t o  CH3N02. i s  a s s i g n e d  to 1 5 N a  
\ 

s i n c e  t h i s  shows t h e  l a r g e r  c o u p l i n g  t o  phosphorus -( Z ~ p N '  2-4 

Hz)  i n  complexes c o n t a i n i n g  phosphine - - l i gands .  There is a n  
0 

add i - t i ona l  c o u p l i n g  t o  t h e  metal t h a t  is  observed  when t h i s  ha s  

I=  1 / 2  a s  i n  1 8 3 ~  ( ' J y N  55 Hz) and l o 3 ~ h  ( l J R h N  ' 30 Hz) .  On 
* 

t h e  o t h e r  hand, t h e  qesonance a s s i g n e d  t o  1 5 N B  a p p e a r s  a t  lower 

f i e l d ,  between 6 -30 and -70, u s u a l l y  wi th  un re so lved  c o u p l i n g  t o  

o t h e r  n u c l e i  1 i k e  P  ( 2 ~ p N  > 3 ~ p N  < 1 Hz 1 .  The 1 5 ~  chemical  

s h i f t s  o f  some s p e c i f i c  examples a r e  p r e s e n t e d  i n  Table  V I  
L 

( Chapter  V . 



". 
- 

1 . 3 . 3 .  R e a c t i v i t y  o f  D i n i t r o g e n  Complexes 

A s  was mentioned b e f o r e ,  t h e  r e a c t i o n s  o f  NZ-complexes have 

heen t h e  s u b j e c t  o f  c o n s i d e r a b l e  i n t e r e s t  n o t  o n l y  i n  mono- 
* 

n u c l e a r  b u t  a l s o  i n b i n u c l e a r  complexes. T h i s  r ev iew w i l l  be 
. * 

l i m i t e d  t o  t h e  more i m p o r t a n t  r e c e n t  developments  i n  two t y p e s  
?' 

o f  r e a c t i o n s .  .. 

1 . 3 . 3 ( a ) .  Displacement  o f  t h e  N2-ligand 

T h i s  B e a c t i o n  was t h e  f i r s t  t o  be obse rved  i n  N2-complexes, 

and i n  many ways i t  i s  t h e  leas t  i n t e r e s t i n g ,  e s p e c i a l l y  w i t h  

r e g a r d  t o  a t t e m p t s  t o  P r i n g  abou; t h e  chemical  t r a n s f o r m a t i o n  o f  
1 

N2 a t  metal s i t e s .  v e r ,  s i n c e  N 2  is an  e x c e l l ~ n t  l e a v i n g  , 
- 

group,  N2-complexes o f t e n  been used f o r  t h e  s y n t h e s i s  of  new 

m e t a l - c o n t a i n i n g  compounds. These r e a c t i o n s  i n v o l v e  t h e  r e p l a c e -  

ment o f  N 2  by o t h e r  l i g a n d s  w i t h ,  o r  w i t h o u t ,  a change i n  t h e  

o x i d a t i o n  s t a t e  o f  t h e  ' m e t a l .  . In  t h e  former c a s e ,  o x i d a t i o n  o f  

t h e  c e n t r a l  m e t a l  c a u s e s  a weakening o f  t h e  M-N i n t e r a c t i o n  

( b e c a u s e  o f  t h e  weakened c a p a c i t y  o f  t h e . m e t a 1  f o r  back 

d o n a t i o n )  and t h e  N 2  i s  u s u a l l y  evo lved .  Very o f t e n  t h i s  o c c u r s  

a s  a s i d e - r e a c t i o n  i n  t h e  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 n  N2 
, 

l i g a n d .  T y p i c a l  o x i d i z i n g .  a g e n t s  a r e  ha logens ,  hydrogen h a l i d e s  

and a l k y l  h a l i d e s .  Examples o f  such  o x i d a t i v e  r e a c t i o n s ,  among 

many o t h e r s ,  a r e :  ( i  1 ~ o ( ~ ~ ) ~ ( ~ m 6 t e ) i  (Dmpte= (d i -m-to ly l -  

p h o s p h i n 0 ) e t h a n e )  w i t h  H 2  t o  g i v e  M o ~ ~ ( ~ m p t e ) ~ ; ~ ~  ( i i )  OsCl2 

(PEt2PhI3(NZ)  w i t h  C 1 2  t o  p roduce  O S C ~ ~ ( P E L ~ P ~ ) ~ ; ~ *  ( i i i )  Mo 

( N 2 ) 2 ( d p p e ) 2  w i t h  t h i o l s  (RSH) t o  g ~ v e  M o ( ~ ~ ) ~ ( d ~ ~ e ) ~ ; ~ ~  ( i v )  > 



and (v) c i s - M o ( ~ ~ ) ~ ~ ~ ~ e ~ ) ~  with alkyl halides (RX) yielding 
C - - 

trans-MoX2 (PMe3 1 4 .  70 There are also cases where the dinitrogen 
/ 

ligand is retained bound to the oxidised mq$al; ' - e.g.. ReCl 

(PMe2PhI4(N2) is oxidized by C12 to [ReC1(PMe2Ph)4(N2)1C1.71.and 

w ( N ~ ) ~ ( ~ ~ ~ ~ P c H = c H P P ~ ~ ) ~  reacts with I2 to give [W(N2I2 

I*\ Displacement reactions of the N2 ligand without changes in 

the oxidation state of the metal are also very common. Some 

recent examples are: (i3 C ~ ~ - M O ( N ~ ) ~ ( P ~ ~ P C H ~ P P ~ ~ ) ~  reacts with 

CO to give c ~ s - M o ( c o ) ~ ( P ~ ~ P c H ~ P P ~ ~ ) ~ ; ~ ~  (ii) ReCl (dppe) 2(N2) 

with terminal acetylenes (HCgCR) to produce vinylidene complexes 

- - 
-- ReC1(C=CHR)(dppe)2;73 (iii) C ~ S - Y ( N ~ ) ~ ( P M ~ ~ ) ~  with C2H4 to 

*. afford t r a n ~ - W ( C ~ H ~ ) ~ ( P M o ~ . ) 4 ; ~ *  and (iv) Re(NHPh)(PHe3)4(N2) wdth 

C02 yielding Re(NHPh1 ( P M ~ ~ )  3( T ~ - C O ~ ) .  59 In addition to th'ese. 

reactions, therqare some others in which only one N2-ligand in 
B 

\ bis-dinitrogen complexes is displaced giving monodinitrogen 

species; e.g.. trans-Mo(N2) 2(P-P) 2 reacts with .i5074 or nitriles 

( R C N ) ~ ~ ~ ~ ~ . ~ ~  to give trans-Mo(~~) ( L )  (P-P) 2 where L= CO or RCN. 

P-P= R ~ P C H ~ C H ~ P R ~ .  and R= alkyl or aryl. 
- 

There is a relatively small number of reactions where other 
d 

ligands are displaced in preference to N2. Some of these are: ' 

(i) t r a n ~ - W ( N 2 ) ~ ( P H e P h ~ ) ~  gives trans-W(N2)2(C5HgN)(PMePH2)3 on 

treatment with pyridine,77 and (ii) cis-Mo(N2) 2(PMePH2)4 reacts 

, with Ph2PCH2CH2SHe to give tran~-Mo(N~)~(mePH2)2 





d demons t ra ted  t h a t  t h e  r e a c t i o n  o f  M(N2)2p4 (M= H~ or W; p= gqjeZph , 

o r  PMePh2) w i t h  a n V e x c e s s  o f  a c i d  g i v e s  ammonia o r  h y d r a z i n e  i n  

a d d i t i o i  t o  molecu la r  d i n i t r o g e n ,  wi th  t h e  y i e l d  bei'ng 

c r i t i c a l l y  dependen t  upon t h e  meta l ,  t h e  a c i d  a n i d n ,  and t h e  

r e a c t i o n  ~ i o l v e n t ~ ~ ~ ~ , ~ ~ , ~ ~  ( s e e  Scheme I V )  . . 

Scheme I V  

, ( i ) .  H 2 S 0 4  
M  ( N 2 )  (PMenPh3-n)  + ' NH 3 + N2 

MeOH 
- 

- 
The r e a c t i o n s  shown i n  Scheme I V  a p p e a r  t o  be g e n e r a l  when 

- - 

( i i )  

-N2 

t h e  phosphine  c o - l i g a n d  is monodenta te .  A q u i t e  d i f f e r e n t  r e a c t i o n  

o c c u r s  &tween a c i d s  and complexes c o h t a i n i n g  a b i d e n t a t e  phosphinc  

H X  

CH2C12 

s u c h  as H(N2)2(dppe)2  ( M =  Mo o r - W ) .  I n  t h e s e  case-9, t h e  r e a c t i o n  

7 
I 

MX2 ( N N H 2 )  (PMenPh 3-n 1 3 or [!4x(NNH 2 ) ( P t l e n P h 3  - n ) 4 1 X  



f o l l o w s  r o u t e  (ii) i n  Scheme I V ,  and s t o p s  a t  t h e  hydraz ido  (2-1 . 
[ M X ( N N H ~ ) ( ~ ~ ~ ~ ) ~ I +  w i t h  no f u r t h e r = p r o d u c t i o n  o f  e i t h e r  amm~onia o r  , 

4 
h y d r a ~ i n e . ~ '  More r e c e n t l y  i t  h a s  been obse rved  t h a t  t h e  p r e s e n c e  

o f  a t  leas t  one monodentate  phosphine i n  t h e  molybdenum b i s -  
- - -- 

d i n i t r o g e n  complexes is n e c e s s a r y  f o r  ammonFa t o  be produced by 

r e a c t i o n  w i t h  a c i d s s 1  ( E q s . 5  and 6 ) .  

trans-Mo ( N 2 )  2  (dppe  (PPh2Me 1 2 LBL N H ~ B ~  + [HPPh2Me 1 B r  .t N 2  t 

MoBr,3 (dppe  1 ( P.Ph2Me 1 Eq.5 .  

The above t r e n d  i n  r e a c t i v i t y  a s  a f u n c t i o n  o f  t h e  
d 

phosph ine  l i g a n d  seems n o t  t o  be t r u e  f o r  monodin i t rogen  
&- 

s p e c i e s .  I n  f a c t ,  George e t  a l .  have demons t ra ted  t h a t  complexes 

o f  t h e  t y p e  Mo(N2)(PPP)(PP)  (where PPP and PP a r e  r e s p e c t i v e l y  

t r i d e n t a t e  and b i d e n t a t e  p h o s p h i n e s )  a l s o  produce  ammonia and 

h y d t a z i n e  by r e a c t i o c  w i t h  a c i d s .  82  

I n  a l l  t h e s e  p r o t o n a t i o n  r e a c t i o n s ,  i t  h a s  been e s t a b l i s h e d  

t h a t  t h e  hydraz'ido - -  - (2-1  complexes ( H N N H 2 )  a r e  i n t e r m e d i a t e s  i n  

t h e  r e d u c t i o n  

MNN s t r u c t u r e  

i n  some cases 

p r o c e s s .  These have been i s o l a t e d  a d  a l i n e a r  

d e t e r m i n e d  on  t h e  b a s i s  o f  

by X-ray c.rysta1 s t r u c t u r e  

~ ~ e c t r o s o o ~ ~ ~ ~ ~  45 and, 
i 

s t u d i e s ,  e . g .  fHoF(NNH2) 



I 

On the other hand, complexesS~ontaining the diazenido 

ligand (NNH), which can be -considered to represent the first " 

step in the protonation and reduction of ligating dinitrogen 
0 

2 

' have never been isolated direct1 from protonation reactions of .y_ 
N.2-complexes. They have, howevernPbeen-prepared by deprotonation 

of hydrazido ( 2 - j  complexes with weak bases, according to 

The second important aspect in the reactivity of ligating 

< 
dinitrogen in mononuclear complexes involves the formation of 

nitrogen-carbon bonds. These reactions are potentially of great 

industrial importance in g~nnection with the production of 

organonitrogen compBunds. They have been investigated in 

parallel with N-H bond formation. Most studies in this area have 

been limited to c o m p l e ~ s  of Mo, W, R= and Wn. 
'1 

The first demonstration~of N-C bond formation from ligating . 
3- 

N2 was the acylation of Mo and W dinitrogen complexes ghown in 



d 

Similar reactions also occurred with rhenium complexes ReCl 

(PRJ) 3(L) (N2 1 ,  L= pyridiFor PRJ. 86 ~ u b s e ~ u e n t l ~ ,  it was shown 

that alkyl halides (RX) react photochemical1.y with trans-fl(N2)2 

(dppeI2 to give alkyldiazenido compounds trans-HX(N2R) 

(dppeI2. 86-88 A free radical mechanism has been proposed for 

(these reactions. 88890 The &ultjng diazenido complexes (acyl or 
'. 

alkyl) can be readily pr~ton~ted to give the hydrazido (2-1 
I - 
species (Eq.9). 
-7 

M =  Mo or W; R= alkyl, acyl or aryl 

The dimethylhydrazido ( 2 - 1  complex [YBr(NNMeZ)(dppe)21Br 

could be prepared directly from the bis-dinitrogen complex .with 

an excess of MeBr, but the molybdenum analogue could not be 

obtained. 86 

Attempts have been made to obtain simple organonitrogen 

compounds from organodiazenido and organohydrazido - ( 2 - 1  
- -  - 

complexes. In general, treatment with strong concentrated acids ,a 
such as H2S04 leads to considerable N-C bond cleavage and 

overall yields of arnines are poor.91 but significant yields of 



. , 

prisary  and k s  ama~nia arc obtained - 

7 - 
Finally, Sejfnaann and k i s s  have demonstrated tha t  t h e  

formation of N-C bonds afsu can be achieved by using a totally 

different synthetic approach. They showed that t h e  d i n i t r o g e n  

c o m r a a  CpH{CO)Z(N2) (MI Mn and R e 1  which are el-ectron-goor, 

. r a l a t t v o  to the phosphina . such as ReCIEPR3f4[NZf, react  with 

nucLeophilas l fkc phony1 t i thium to g i v e ,  a • ’  t t x  treatment w i t h  
k ,  

acid. a pheny ld l szcne  1 igand.  The mangdncee cornple; reacts s i m i l a r -  

.ly. w i t h *  H a L i ,  and subsequent  treatment with We30+ glv;s the 

I t  has been proposed t h a t  the a l k y l  anion attacks t h e  a- 
I 

nitrogen atom, and subsequent electrophflis attack occurs at the  l o  
d-n t trogen t o  'give the dlazene products. 92  
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Like the complexes [(C5H4R)M(C0)2(N2 Ar)liBF41 (R= H or Me, 
- 

M= Mn and R =  H, M =  Re),9,10 the IR spectra of these cationic 

complexes (L) show two very strong V(C0) bands at ca. 20500 and 

20000cm-1 and one strong and broad V(NN) band at ca. 1730 cmyl 

(Table I). 

. The two V(C0) absorptjons in these complexes are not affect- 

ed by the electronic nature of the para substituent. in the 
\ 

aromatic ring 0.f the diazenido ligand. However, significant 

changes are observed in the tr(NN) absorptions which are loweqed -- 
> 

a, " 

about 10 cm-l (in CH2C12 solution) when H, Me or OMe groups 

( i .  e. , & and h) are replaced by the electron-withbrawing 

groups Br and F in & and Id. f 

k 

The assignment of V ( N N )  has been confirmed by 15N isotopic 

substitution at the metal-bound nitrogen position N, in *h-15 Na, . 

and at the wring-bound nitrogen position NB in k-15Na In both 
,-J 1 

complexes's shift of v(NN) by 24 cm-I to lower frequency was 
- % 

observed. This shift is similar to those observed i n  the 
C 

complexes [ (C5H4R)H(CO) Z(N2C6HqR' 1 l t  ( R =  Me, - R 1 =  a-F. M= ~ n ; ~  R= 

H. R t  = p-Me, p-One and 8-NEt2, il= Relo upon 15~-substitution at 

ti, and for the ame complex (R= H, R t =  H, H= Re) f 
10 when 1 5 ~ -  

. substituted at the NB position, and is indicative of a singly- 
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- 
be*t aryldiazenido ligand. - 

The IH NMR spectra of these complexes in CDClg-show no 

unusual features. In general, a single resonance for the C5Me5 

ring is observed at d 2.36-2.38; para-substitution in the 
9 ' 

benzene ring of the diazenido ligand shows a typical A A t B B t  
\ 

spectrum in the region d 7.10-7.80. In addition, single 

resonances for the OMe group in Lg and the Me group in 1_B are 
7 

observed. Similarly, the 13c{l~1 NMR spectra of & and show 

resonances expected for these types of complexes. The single 

resonance at ca. d 190 is assignas  equivocally to the 

magnetically equivalent CO groups; the aromatic carbons show 

their expected resonances in the region d 114-164, and single 

resonances for the- methyl and ring carbons of thF pentamethyl- 

cyclopentadienyl ligand are observed at ca. 6 10.5 and 109.0, 

respectively. 

Additional informatiop about the structure of the diazenido 

ligand has been obtained from -nitrogen NMR spectroscopy. The 1 5 ~  

NMR spectca of lp-15Na and &-15Nn (96% en iched) show single 7 
d 

resonances at & -7.3 and d -118.5 relative to external MeN02, 

respectively. With the chemical shift positions for the N, and 
. - 

NB nitrogens thus determined we were interested in the 

possibility of utilizing 14N NMR ,as an alternative. Despite the 

low resolution, as shown by the relati<ely broad lines, we have 

found 14N NMR spectroscopy to be quite adequate for the. . 
identification of the nitrogen nuclei in these rhenium aryl- 5 
diazenido complexes. Two broad resonances, at d -6.7 and d 



-123.0 a r e  obse rved  f o r  &. The former  i s  i n  good agreement w i t h '  

t h e  d - 7 . 3  r e sonance  obse rved  i n  t h e  ~ M R  spec t rum o f  l p - 1 5 N a  

and t h e  l a t t e r  r e sonance  is a s s i g n e d  t o  1 4 ~ , .  Analogously,  t h e  

1 4 ~  NHR spect rum o f  ( F i g . 5 )  shows two b road  r e s o n a n c e s  a t  6 
- 

-8.5 and d -1L8.0. I n  t h i s  c a s e  t h e  h i g h  f i e l d  r e s o n a n c e  is i n  

good agreement  w i t h  t h e  d -118.5 Value i n  t h e  1 5 N  NMR spec t rum o f  o - . '  
k - l 5 b I B ,  and t h u s  is unambiguously a s s i g n e d  t o  14N,. These c h  

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

i n  s i n g l y - b e n t  d i a z e n i d o  l i g a n d s  ( T a b l e  I I ) . 1 6 , 2 6 , 2 7  
A-- 

A d d i t i o n a l  c h a r a c t e r i z a t i o n  o f  complexes L was o b t a i n e d  by 

d e t e r m i n i n g  t h e  mass s p e c t r a  o f  and & and t h e i r  15N-isotope- 

mers b - 1 5 N ,  and &-15~B u s i n g  t h e  fast atom bombardment (FAB) 
* - 

t e c h n i q u e ,  wherdas no wor thwhi le  mass s p e c t r a  c o u l d  be o b t a i n e d  

u s i n g  t h e  c o n v e n t i o n a l  e l e c t r o n  impact  (El) t e c h n i q o e .  The FAB 

mass spect rum o f  is shown i n  F i g . 6 .  I n  a l l  t h e  cades ,* . the .un-  

f ragmented  c a t i o n s  [ c ~ * R ~  ( C O )  2 ( N Z C 6 H 4 R )  1 + were .observed a s  

molecu la r  i o n s  ( M + ) .  Fragments  corr'espondin'g t o  t h e  l o s s  ,of t h e  

d i a z e n i d o  l i g a n d  ( M + - d i a z o )  a n d - t h e ' s i m u l t a n e o u s  l o s s  o f  2 CO 

and N2 ( ~ + - 8 4 )  ((H+-85) when . 1 5 ~ - s u b s t i t u t e d ) ,  were a l s o  o b s e r v e d .  
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- 2 . 4 .  Discussion 

The pentamethylcpclopentadienylaryldiazenido complexes OF 

rhenium (L) are similar in their spectroscopic parameters, color 
. <&: " 

and other physical'properties to the Cp species, but are ' 

noticeably more soluble in polar organic solvents ax%d in water 

(in which they are slightly soluble). 

The high values of Z ~ ( C O ) ~  and v(NN) in the 

I) ,may be partly accounted for by the positive 
I I - 

complexes, resulting in decreased back-bonding 
J 

IR spectra (Table 
\ ' 

charge on the 

from the metal to 

the CO and N2R groups, compared with that of similar neutral 

compounds. This is well substantiated by the pair of complexes 

and (CpCr(C0)2 N2CgHg) (v(C0) 1996, 1930; y(NN) 1570 CITI'~).~~ 1 
and the present compounds may be expected to exhibit a similar' 

trend with the, as yet, untndwn neutral analogue cp*w (CO) 2 

(N2 Ar 1 .  A comparison of v(C0) for complexes b with values for 
-- - - 

[ c ~ * R ~  (CO)  NO) I +  ( v(C0) 2092, 2036 cm-I l g 5 n g 6  shows how similar 

a ,  NO and N2R ligands are in their r-acceptor properties in these 

' ,  7 ounds, with N2R being the poorer. l5 
The IR spectra of complexes L are of special.interest when -- 

compared to the spectra of the cyclopentahienyl analogues (see 

. 1 Table I). In particular, it is notedorthy that the carbony1 

stretching frequencies v ( C 0 )  for the cp* complexes are shifted by 

ca. 20-27 cm'l to lower wavenumbers, relative t o  the values for 

4 

the corresponding Cp complexes. The same behaviour is observed 

for - ~ ( N b l ) ,  which is shifted by about 33 cm-l to lower 



wavenumber. Comparable shifts have been observed in the V (  CO 1 •‹ 

and v(N0) absorptions in the -isoelectronic cwqplexes [CpRe(C0I2 
P- 

(NO) I +  and [C~*R~(CO) Z ( ~ ~ )  I+. 95 These shifts are approximately 
D 

those predicted empiricallyg7 for the introduction of five 

methyl substituents into the cyclopentadienyl ring of complexes 

1: They can be explained- by the increased n-back-bonding to th% 

CO and the diazenido ligands that results from the increase' in 

electron density on the metal atom caused by the presence of 

the more electron-donating methyl groups: 

The nitrogen NMR chemica1,shifts also c'hange significantly 

when the cp* ligand replaces Cp in thesefrhenium aryldiazenido 

- complexes. In the 15N N M R  spectrum of the Q-OMe derivative LQ- 

%,, the 15N resonance occurs 6 ppm downfield relative to the % 
unsubstituted analogue (see ~a& 11). To make a more general 

-v- 

comparisan, the 1 4 ~  NMR spectrum of the complex [CpRe(CO) Z ( Q -  

N ~ C ~ H ~ O ~ M  + .was measured ( acetone/acetone-d6, relative to 

MeNO2, dN, -16.1 and 6NB -125.5). I* this case a downfield shift 
Q 

of 9.4 and 2.5 ppm was observed for the N, and ND resonances, 

respectively. The first is in very good agreement with the shift 

observed in the 1 5 ~  NMR spectra (9.6 ppm) . The same effect was 

observed in the NHR spectra of &g.-15~, and ICpRe(CO12 

( N ~ ~ N C ~ H ~ )  l+,P7 where a downf ield shift of 6..6 ppm in NB occurred 
s 

on replacing the Cp ligand by cp*. The relative deshielding of 
* 

both nitrogen nut-lei in the diazenido ligand can be associated 

with an increase in back-bonding in the H=N=N moiety, caused by 
\ 

the presence of the pentamethylcyclopentadienyl ligand. Thus, 



o b t a i n e d  by I R  s p e c t r o s c o p y  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 .  

o f  t h e  d i a z e n i d o  l i g a n d  i n  t h e  rhenium complexes.  
3 

2 . 5 .  Exper imenta l  S e c t i o n  

(a) Genera l  

A l l  r e a c t i o n s  were c a r r i e d  p u t  under  d r y  N2 i n  Schlenk 

a p p a r a t u s  connec ted  t o  a  s w i t c h a b l e  doub le  mani fo ld  p r o v i d i n g  low 

vacuum o r  n i t r o g e n -  S o l v e n t s  were d r i e d  by c o n v e n t i o n a l  methods, 

d i s t i l l e d  under n i t r o g e n ,  and used immedia te ly .  R e a c t i o n  y i e l d s  
D 

a r e  based on t h e  rhenium r e a g e n t  used .  
' 

Photochemical  r s a c t i o n s  o f  c ~ * R ~  (CO) were c a r r i e d  o u t  at 

a t m o s p h e r i c  p r e s s u r e  i n  a  Pyrex  v e s s e l  (400 mL) 'equipped w i t h  a  

water-cooled q u a r t z  f i n g e r  j o i n e d  t o  t h e  v e s s e l  by 60/50 s t a n d a r d  

t a p e r  j o i n t .  A 200 Watt u l t r a v i o l e t  s o u r c e  (Hanovia  h ighn-pressure  - 
mercury lamp) was p l a c e d  i n s i d e  t h e  q u a r t z  f i n g e r .  N i t r o g e n  was 

/ 
g a s s e d  th rough  t h e  r e a c t i o n . v e s s e 1  p r i o r  t o  t h e  i n t r o d u c t i o n  o f  

t h e  s o l v e n t  and s t a r t i n g  materials, and s low p a s s a g e  o f  n i t r o g e n  

o r  a rgon  was main ta  ~ n e d  dur  i n g  t h e  r e a c t i o n .  O t h e r  'photochemical  

r e a c t i o n s  were c a r r i e d  o u t  i n  q u a r t z  t u b e s  (10 ,  20 o r  100 mL) 

p l a c e d  b e s i d e  t h e  q u a r t z  f i n g e r .  During , the  p h o t o l y s i s  a  s low f l u x  

o f  N2 was m a i n t a i n e d ,  u n l e s s  o t h e r w i s e  s p e c i f i e d .  

I n f r a r e d  s p e c t r a  were measured by u s i n g  Perkin-Elmer models v 

:4 

5998 o r  983 i n s t r u m e n t s ,  c a l i b r a t e d  a g a i n s t  p o l y s t y r e k  o r  

c a r b o n  monoxide. CaFZ cells  ( 0 . 1  __ m m )  w e r c u s e d  t o  measure t h e  I R  f 
s p e c t r a  i n  s o l u t i o n ,  w i t h  t h e  a p p r o p r i a t e  s o l v e n t  i n  t h e  r e f e r e n c e  

0 



c e l l .  NHR s p e c t r a  were r e c o r d k d  i n  t h e  NMR services of S.F.U. b y  
- 

Mrs. M .  Tracey on  a Bruker WM-400 i n s t r u m e n t  a t  400, 100, 2 8 . 9  and 

4 0 . 5  MHz- f o r  l H ,  13c, 1 4 ~  and 1 5 N ,  r e s p e c t i v e l y .  Chemical s h i f t s  
-. 

( d l  a r e  r e p o r t e d  i n  ppm, downf ie ld  p o s i t i v e ,  1~ and r e l a t i v e  

t o  i n t e r n a l  t e t r a m e t h y l s l l a n e  (TMS) and, 14t4 and 1 5 N  r e l a t i v e  t o  

e x t e r n a l  MeN02. A Var ian  XL-100 F o u r i e r  Transform i n s t r u m e n t  was 

used t o  r e c o r d  some o f  t h e  p r o t o n  s p e c t r a .  Mass s p e c t r a .  were 

o b t a i n e d  by Mr. G .  0wen.on a  Hewlet t-Packard Model 5985 s p e c t r o -  

meter  u s i n g  f a s t  atom bombardment ( F .  A .  B . ,  P h r a s o r  - S c i e n t i f i c ,  

Inc. , ,  a c c e s s o r y ) .  The m/z v a l u e s  a r e  r e f e r r e d  t o  1 8 7 ~ e .  Micro- 

a r l a l y s e s  were performed by Mr. M . K .  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  o f  S .F .U.  
/ 

( b )  S t a r t i n g  Mater i@als  

Diazonium t e t r a f l u o r o b o r a t e  s a l t s  were p repared  by - 
d i a z o t i z a t i o n  o f  s u b s t i t u t e d  a n i l i n e s  ( A l d r i c h )  wi th  NaN02; t h e s e  

were r e c r y s t a l l  i z e d  from a c e t o n e / d i e t h y l  e t h e r .  The 1 5 ~  i s o t o p i c  

l a b e l  was i n t r o d u c e d  a t  N, w i t h  ~ a ~ ~ ~ 0 ~  ( 9 6 %  1 5 ~ ,  MSD I s o t o p e s )  

o r  N, w i t h  t 99% 1 5 N ,  S t o h l e r  I s o t o p e s  I .  Pentamethyl -  

- . c y c l o p e n t a d i e n e  and decaca rbony ld i rhen ium (S t rem Chemica l s )  were 

used d i r e c t l y  a s  purchased .  c p * ~ e ( c 0 l 3  was s y n t h e s i z e d  by t h e  

method used by ~ r a h a m .  98 

P r e p a r a t i o n  o f  I C ~ * R ~ ( C O )  Z ( p - ~ Z ~ 6 ~ 4 0 M e )  1 (BF4-I (a) and (h- 
," 

C ~ * R ~ ( C O ) ~  ( 1 . 1 0  g. 2 . 7 1  m a 0 1  was i r r a d i a t e d  i n  f r e s h l y  



df st$ f f ad Tiif  (A00 6) @ex nitrogem or argon for 120  min, at - - 
t 

W C .  i ~ h i a  tfato i s  s u f f i c i e n t  to provide a reasonable c o n v e r s i o n  

to t h e  T,HF sample% rithqut too much ensuing decomposition). The 

solution was concentrated to one- th ird  volume, then ~ Q - N ~ C ~ H ~ O M ~ ]  

I BC4 I or i p - 1 5 1 ~ ~ 6 ~ 4 0 ~ e  I I BFq I ( 0 . 4 6  gd 0 7  m m l  i n  acetone ( 15 

mL) was added dropwise with continuous s t i r r i n g  a t  qoom tempera- 

t u r e .  The s u f u t i o n  changed from yellow-brown t o  dark red .  After 1 

h s t i r r i n g ,  t h e  s o l u t i o n  was concentrated  to 50 mL by rotary 

evaporation, tben d i e t h y l  ether uas added slowly unti3 no more 

so l id  prectpitated (ca. 150 wL1. Supernatqnt s o l v e n t  * ,  was removed - 

by p i p e t  akd the  s o l i d  washed twice with 30 fnL of  d i e t h y l  e t h e r .  

Recrystallization from CH~C12,ethtir gave 1 . 2 3  g ( 7 f f d  o f  a maroon 

mfcrocrystalline s o l i d  H.6'. 128-130oC. IR (CH2C12): 2051 us, 1995 

v s  u(CO), 1736 s 11708 Cn ~ - ~ % i , l ,  V(Ub4) and 1060 br, m, v ( B F 4 I  

cm-I. 1~ NMR (CDC13): 8 2 . 3 7  s (15h. c ~ ' ) ,  3.92 s (3H, One), 7 . 1 4  

d ( Z H ,  - CgH4)  and 7.38 d (ZH, C6Hq).  1 3 ~ t 1 ~ 3  NIR (CDC13): 6 1 0 . 5 0  s 

1 2 5 . 2 5  s and 1 6 4 . 0 7  s ( C 6 H 4 ) ,  1 9 0 . 6 5  ~ ' ( ~ 0 1 .  1 4 ~  NMR (acetone/ 

a c e t o n e - d g ) :  d - 1 2 3 . 0  br,  s ( Y B ) ,  -6.7 br, s (N,). f o r '  

h-l5~, t acetone/acetone-dgf;  6 - 7 . 3 0  s '(Nu 1. HS (FAB, sulfolane. 

xcnonj ! ~ 1 ~ 3 . 6 ' ) :  m/z 513 ( 5 1 4  in ~ 1 5 # u l  ( H + . o • ’  cation), 429 

9 

( H f  - 2 ~ 0 - N 2  1 ,  378 (w+-diazo 1 .  Anal. ~alcd:'' ,for : C, 3 8 . 0 6 ;  H, 
I L 

3 . 6 7 ;  N, 4 . 6 7 .  Found: C, 38.11; H ,  3.45; N, 4 . 5 3 .  

This-complex was synthesized analogously to & as dark-reg 



m i c r o c r y s t a l s  ( a f t e r  r e c r y s t a l l i z a t i o n  f rom ~ ~ ~ ~ l ~ j e t & r )  using - .- - 

Ip-N2C6Hq!4el f BF4 I ,  i n  60% y i e l d ,  n. p.  133-1350'C.'~ I R  (CH2CtZ)  : 

.- 2053 vs', 1997 v s  y (CO) ,  1736  s v ( N N )  c m - l .  i~ NMR (CDCl?) :  6 2 . 3 8  

s (ISH,  , c ~ * ) ,  2 . 54  s (3H, Me), 7 . 2 7  d  (2H, C 6 H 4 ) ,  7 . 4 3  d  (2H, 

CgHq).  Rnal .  C a l c d .  f b r  -&: C, 39.11;  R, 3 .77 ;  N, h .  8 0 .  Found: C,  

*This  complex  w a s  p r e p a r e d  s i m i l a r l y  i.n 67% y i e l d ,  a s  o r a n g e  

m i c r o c r y s t a l s ,  m.p--183-1850C. I R  (CH2ClZ) :  2057 v s ,  2002 vs 

VICO), 1726 s V ( N N )  c m - l .  IH NMR (CDC13): 6 2 . 3 8  s (15H, 

C5Me5), 7 . 3 2  d  ( Z H ,  C6H4),  7 . 7 7  d ( Z H ,  C6H4).  Anal. C a l c d .  f o r  4s 

&: C, 3 3 . 3 3 ;  H ,  2-43; N ,  4 . 3 1 .  Found: C,  33.36;  H ,  2 . 81 ;  N, 

P r e p a r a t i o n  o f  t cp*Re(cO)  2 (  p-NZC6H4P) I [BFq I (MI 

A s imi la r  p r o c e d u r e  t o  t h a t  u s e d  f o r  &gave he as b r i g h t -  

J o r a n g e  m i c r o c r y s t a l s  i n  68% y i e l d ,  m.p. 155-1570C. I R  (CH2C12): ., 

2056 v s ,  2001  v s  V(CO1, 1729  v ( N N )  c m - l .  IH NMR (CDC13): 6 

2 .  38 s 1 ~ p * ) ~ ,  7 . 3 8  d (2H, C.6Hq), 7 . 4 5  d  (2H. C6H4).  Ana l .  
\ 

C a l c d .  f o r  u: C, 36 .80 ;  H ,  3 . 2 3 ;  N ,  4 . 7 7  Found: C, 36 .40 ;  H, j - 

T h i s  complex  was p r e p a r q d  f o l l o w i n g  t h e  p r o c e d u r e  o f  u, 
u s i n g  f N2CgH5 1 IBF4 I o r  I N ~ ~ N C ~ H ~ I  [BFq 1 i n  61% y i e l d ,  as o r a n g e  



rnicrocrystals, m.p. 153-1550C. IR (CH2C12): 2055 vs, 2000 vs 

(2H. C6H5,1. NMR (CDC13):.d 10.47 s ( ~ ~ ~ 1 , '  109.15 s 
- - .  

(sM+$ 143.13 3, 125.'42~, 131.08 s and 133.41 s (C6H5), '189.88 .- 

s (CO). 1.4~ NMR (acetone/acetone-d6) (Fig.4): d -118.-0 br, s 
* 

(k,), --8.5 br, s N . 1 5 ~  NHR for &-15~, (acetonelacetone-dg) 

. d -118.5 s (ffB). MS (FAB, xenon, 'sulfolane): m/z 483 (484 in 

k-15~B) (M+  of cation), 399' (H+-~co-N~), 378 (M+-diazo). Anal. 

Calcd. for &: C, 37.96; H, 3.51; N, 4.92. Found: C, 37.58; H, 

3.47; N, 4.81. . = 





pentadienylrheniumaryldiazenido complex 'Lg will be discussed. 

3.2. Hydroxyoarbanyl, Formate, ~ a r b o x ~ l a t e  and Hydr ide 

Derivatives of [ c ~ * R ~ ( c o )  2(p-N2CsH@14e 1 I tBF4 I 
-- 

3.2.1. Introduction 

J Hydroxycarbonyl complexes (or metallocarboxylic,acids) have 
- - 8 

been proposed as key intermediates in several important 

reactions involving carbon monoxqde . They include homogeneous 
1 catalysis of th water gas shift reaction102. lo4* lo5 ando the 

9 

formation of hydride ligands by water or hydroxide ion attack on 

coordinated carbonyl groups. lo6, lo7 However, relatively few 

hydroxycarbonyl complexes have been i s ~ l a ~ e d  and characterized -+ 
and little is known about theoir chemistry. Reasonably stable 

compounds of this class include IrC12(CO) (PlleZPh) ~(COOH), lo*, 
J 

& 

c~~~(co)(PP~~)(cooH); M= ~e~~~ and ~u,llO C ~ R ~ ( C O ) ( N O ~ ( C O O H ) , ~ ~ ~  

~cyclohexenyl, P-P= varigus chelating phosphines). c ~ ~ o ( c o ) - ~ ( P P ~ ~ )  
4 

3 3  ( c o o H ) , ~ ~ ~  P ~ c ~ ( P E ~ ~ ) ~ ( c o o H ) ~ ~ ~  and CpRe(C0),(N2Ar)(COOH). . 
.. - 4 

Part-icularly interesting is the latter compoqnd, because its , 

isolation, characterization and transformation to the hydr ide 

complex CpReH(CO)(N2Ar)-stimul3ted us to study t h e  reactions of 
L- 

the dica~bonyl pentapiethylcyclopentadienyl  cationic complex h 
/; 

with hyd;oridc ibnj in order to compa=e the effect of the cp* 

1 igand on the propthties of these compounds. 
\, Q 

In this section,khe synthesis and characterization of the 
, 



(COOH) 2 is discussed. The isomeric formate complex c~*R~(co) 
-e- 

- 
N2C6HqOne) (OCHO) 9 has also been synthesized for cornparis&. * 

/ 

The chemistry of complex 2, particuiar,ly with 'reterence to the 

condi tians for its conversion to the hydride "cornplex C ~ * R ~ H  ( CO) 

* '  (e-N2C6H40He) 4 ahd the anionic carboxylate complex [Cp Re(CO)(g- 

N2C6H40Me)(C00)]- 5 is also discussed. Some of this work was 

carried out in parallel with the cyclopentadienylrhenium 
J . 
.analogues. This study has already been published.93 0 

3.2.2. Synthesis and Characterization 
B 

In analogous manner to the cyclopentadienyl complexes 

[ C ~ R ~ ( C O ) ~ ( N ~ A ~ ) ] + ,  the reactions of the pentamethylcyclopentg- 

dienyl complex la with alkali-metal hydroxides are exceedingly 

dependent on the experiments-1 conditions, the solvents, the. 
b 

alkali metal and whether excess hydroxide is present. It is 

therefore possible to obtain the hydroxycarbonyl complex 2, the 

hydride complex 4 and the anionic carboxylate complex 2. 
- 

The hydroxycarbonyl complex 2 was obtained analytically 

pure as a golden-yellow microcrystalline precipitate by the slow 

addition of a stoichiometric amount of 0.1 M aqu_eous NaOH to a 



s u s p e n s i o n  o f  Lg i n  w a t e r .  Complex 2 i s  a i r -  and t h e r m a l l y L  
Y - + 

s t a b l e  as a  s o l i d ,  b u t  i t  decomposes w i t h o u t  m e l t i n g  above 900C. 

I t  is  i n s o l u b l e  i n  water ,  when p u r e  and f r e e  from traces o f  base ,  

b u t  d i s s o i v e s  i n  o r g a n i c  s o l v e n t s  such  as a c e t o n e ,  CH2C1~, THF 

and e t h e r ,  i n  which s o l v e n t s  i t  is m o d e r a t e l x  s t a b l e ;  a  small 

amcunt o f  t h e  d i n i t r o g e n  complex C ~ * R ~ ( C O ) ~ ( N ~ )  was d e t e c t e d  by 
/ 

I R  when 2 was k e p t  i n  a  THF s o l u t i o n  f o r  1-2 h .  T o t a l  decomposi- 

t i o n  was obse rved  a f t e r  a n  o v e r n i g h t  NMR e x p e r i m e n t  i n  C6D6 a t  
* 

roum tempera tu re ,  and t h e  IR a n d c a p i l l a r y  GC-MS o f  t h e  s o l u t i o n  

t h e n  showed t h e  p r e s e n c e  o f  c ~ * R ~  (C0)  3, ~ p * ~ e  (C0)  ~ ( N z  1. CsH5OMe 
-u 

and C6D5C6H40Me among o t h e r  u n i d e n t i f i e d  minor p r o d u c t s .  

Compound 2 was f u l l y  c h a r a c t e r i z e d  by e l e m e n t a l  a n a l y s i s ,  I R  

and I H  NMR s p e c t r o s c o p i e s .  The I R  spec t rum i n  s o l u t i o n  shows a  

ve ry  s t r o n g  t e r m i n a l  v ( C O )  a b s o r p t i o n  a t  a b o u t  1930 cm-l and two 

s t r o n g  and b road  bands a t  a b o u t  1620-1580 c m - l  which c o r r e s p o n d  

t o  V ( N N )  of  t h e  N2Ar g roup  and t o  v ( C O )  and d (COH)  ( b e n d i n g  

j/mode) o f  t h e  c a r b o w y h c  g roup .  I t  was n o t  p o s s i b l e  60 i d e n t i f y  

unambiguously a  p a r t i c u l a r  band c o r r e s p o n d i n g  ~ # v ( N N ) ,  s i n c e  

s e v e r a l  bands s h i f t e d  under 15N-isotopic  s u b s t i t u t i o n  a t  N, i n  

t h e  complpr CpRe ( C O )  ( p - 1 5 ~ ~ 6 ~ 4 0 ~ e  1 (COOH compared w i t h  i ts  

u n s u b s t i t u t e d  p a r e n t ,  i n d i c a t i n g  t h a t  v ( N N )  is s t r o n g l y  c o u p l e d  

t o  o t h e r  v i b r a t i o n a l  modes i n  t h e  same r e g i o n .  33,93 

A d d i t i o n a l  c o n f i r m a t o r y  e v i d e n c e  o f  ' t he  f o r m u l a t i o n  o f  2 a s  \i 
a hydroxycarbonyl  complex-was o b t a i n e d  f ron t h e  IH NMR spec t rum.  

It shows a b t o a d  r e s o n a n c e  a t  d 9 . 4 1  ( i n  ace tone-d6)  which 
' 

\ i n t e g r a t e s  a s  1 H and is a s s i g n e d  t o  t h e  c a r b o x y l i c  p r o t o n .  T h i s  



v a l u e  is i n  good agreement  wi th  t h o s e  r e p o r t e d  f o r  o t h e r  hydrory-  

I 
c a r b o n y l  complexes e . g  . CpRe ( CO ( N O  (COQH 1 95 ( 9 .5 ,  CD2C1 2 ) , ' C ~ R ~  

( c o ) ( ~ - N ~ c ~ H ~ o M ~ ) ( c o o H ) ' ~  ( 8 ) 9 ,  C D C ~ ~ )  and P ~ ( c ~ H ~ ) ( P - P ) ( c o o H ) ~ ~ ~  

( 9 . 2 - 9 . 8 ,  (CD3)SO). 

E lec t ron- impac t  mass s p e c t r a l  a n a l y s i s  d i d  n o t  g i v e  t h e  

molecu la r  peak  f o r  compound 2, even when low e l e c t r o n  v o l t a g e  * 

( 1 2  e V )  and lower  t e m p e r a t u r e  ( i o n  s o u r c e =  40QC) were used.  

I n s t e a d ,  t h e  molecu la r  peak o f  t h e  hydr ido  complex % was o b t a i n e d .  
-- 

T h i s  the rmal  decompos i t ion  o f  t h e  hydroxycarbonyl  2 t o  t h e  h y d r i d e  

4  d u r i n g  t h e  r u n  was c l e a r l y  obse rved  by s i m u l t a n e o u s l y  r e c o r d i n g  - 
t h e  l i b e r a t i o n  o f  C02 (m/z= 4 4 )  and t h e ~ g e n e r a t i o n  o f  t h e  i o n  wi th  

C 

m/z= 486 (which c o r r e s p o n d s  t o  t h e  m o l e ~ u l a r  peak o f  complex 4, 

based on 1 8 7 ~ e ) .  Using f a s t  atom bombardment (FAB) t h e  spect rum of  

2  was dominated by t h e  ( M - O H ) '  peak which c o r r e s p o n d s  t o  t h e  - 
c a t i o n  la. No f o r m a t i o n  o f  t h e  h y d r i d e  &*was obse rved  under t h e s e  

c o n d i t i o n s .  

The l i t h i u m  s a l t  o f  t h e  c a r b o x y l a t e  complex 2 [ c ~ * R ~ ( c o )  (p- 

N 2 C 6 ~ 4 0 ~ e ) ( ~ 0 0 ) l - ~ i +  was o b t a i n e d  as a - y e l l o w  s o l i d  u s i n g  two 

a l t e r n a t i v e  s y n t h e t i c  methods ( s e e  Experim=zt*i  S e c t i o n ) .  The 

f a s t e s t  and e a s i e s t  is  by d i r e c t  r e a c t i o n  o f  t h e  c a t i o n i c  
1 

d i c a r b o n y l  com l e x  d i s s o l v e d  i n  CH2C12 w i t h  a n  e x c e s s  o f  P 
s a t u r a t e d  aqueous  LiOH. At tempts  t o  i s o l a t e  t h e  sodium o r  

p o t a s s i u m  s a l t  o f  2 were u n s u c c e s f u l ;  i n s t e a d  t h e  h y d r i d e  

complex 4 was o b t a i n e d x s e e  b e l o w ) .  Compound fi a s  a Li s a l t  is 

s t a b l e  as % s o l i d  under  a  d r y  a tmosphere  o f  N 2 .  I t  is  i n s o l u b l e  
, r 

I 

i n  non-po#at s o l v e n t s ,  b u t  i t   dissolve,^ i n  water  t o  g i v e  a 



b r i g h t  ye l low s o l u t i o n  t h a t  s l o w l y  g e n e r a t e s  <he - i n s o l u b l e  - 

hydroxycarbonyl  2. I n  %H2C12 and THF t h e  l i t h i u m  s a l t  i s  

' r e a s o n a b l y  s t a b l e ,  and o n l y  minor decompos i t ion  t o  g i v e  t h e  

d i n i t r i g e n  complex c ~ * R ~  ( C O )  2(N2 and 2 r e s p e c t i v e l y  was obse rved  

i k y  I R )  a f t e r  1 h .  The I R  spec t rum o f  t h e  l i t h i u m  s a l t  of  5 shows 

a  s t r o n g  v ( C O )  band a t  1928 c m - l  i n  C H Z C I Z  (1907 c m - I  i n  THF) i n  

a d d i t i o n  t o  one a t  1614 c m - I  a s s i g n e d  t o  V ( N N )  and t h e  carboxy-  

l a t e  g roup .  The IH NMR spec t rum o f  t h i s  a n i o n  fi c o u l d  b e  o b t a i n e d  

q u i c k l y  from t h e  L i  s a l t  i n  DZO. T h i s  shows a r sonance  a t  d 2 . 0 3  6' 
( c p * )  and o t h e r  r e s o n a n c e s  due t o  t h e  2-N2C6HqOMe p r o t o n s .  

The hyd-o complex c a n  a l s o  be s y n t h e s i z e d  by two 

methods ( s e e  Exper imenta l  S e c t i o n ) .  Th-e more c o n v e n i e n t  i n v o l v e s  
- .  

t h e  r e a c t i o n  of  t h e  c a t i o n i c  complex b, d i s s o l v e d f i r i  CH2C12, 
, 

w i t h  5 M aqueous NaOH o r  KOH, fo l lowed  by removal og t h e  s o l v e n t  

and e x t r a c t i o n  w i t h  THF o r  a c e t o n e .  A f t e r  p ~ r i f i c a t ~ o n ,  compou d  
i \ F 

c a n  be o b t a i n e d  a n a l y t i c a l l y  p u r e  a s  a ye l low s o l i e  which 

decomposes o v e r  950C. A s  a  n e u t r a l  compound, i t  i s  s o i u b l e  i n  "a I i 

t h e  m a j o r i t y  o f  o r g a n i c  s o l v e n t s  and i n s o l u b l e  i n  watdr ,  b u t  i t  
\ 

r a p i d l y  r e a c t s  w i t h  CHC13 and C H B r 3  t o  g i v e  t h e  c h l o r o \ a n d  bromo 
\ 

complexes C ~ * R ~ X ( C O )  ( Q - N ~ C ~ H ~ O M ~ ) ,  X =  C1 and B r  r e s p e c t  v e l y  (see 
b P 

Chapte r  IV). \ 
I 

The I R  spec t rum o f  4 i n  CHZCIZ shows a  v e r y  s t r o n g  t e r m i n a l  

V(C0) band a t  1906 ck-l (1925 c m - l  i n  hexane)  and a  s t r o n g  band 

a t  1618 c m - I  a t t r i b u t a b l d  t o  p ( N N ) .  The o c c u r r e n c e  o f  V ( N N )  i n  

t h i s  r e g i o n  is e v i d e n c e  t h a t  t h i s  hydr ido  complex c o n t a i n s  t h e  

s i n g l y - b e n t  t h r e e - e l e c t r o n  donor a r y l d i a z e n i d o  l i g a n d .  No -V(ReH) 



__ -- 
, 

c o u l d  be obse rved  i n  t h e  r e g i o n  2200-1980 c m - 1  o f  t h e  spect rum 

even i n  ve ry  c o n c e n t r a t e d  s o l u t i o n s .  However, t h e  p r e s e n c e  o f  t h e  

h y d r i d e  l i g a n d  is i n d i c a t e d  by t h e  u p f i e l d  r e s o n a n c e  a t  d -5.88 

( i n  C6D6) i n  t h e  'H NMR spec t rum.  T h i s  r e s o n a n c e  is r a t h e r  broad 

and t h e  a ryh  p r o t o n  resonance  is n o t  t h e  u s u a l  AA'BB' normal ly  

obse rved  i n  compounds b e a r i n g  t h i s  g? - subs t i tu ted  a r y l d i a z e n i d o  

g roup .  The h i g h - f i e l d  a r o m a t i c  r e s o n a n c e s  ( p r o b a b l d  

p r o t o n s  a t o  t h e  CNN s k e l e t o n )  appear  a s  a  broad doub e t ,  and a  a similar phenomenon was o b s e r v e d  i n  t h e  c y c l o p e n t a d i e n y  

a n a l o g u e s .  33 ,93  The b roaden ing  o f  t h i s  and tb R e - H  r e  

may be rhenium q u a d r u p o l a r  i n  o r i g i n .  95 The 
. . 

spect rum o f  complex 4 shows the,  molecu la r  i o n  a s  t h e  base  peak , a t  

m/z= 486 ( b a s e d  on 1 8 7 ~ e ) .  

The fo rmate  complex cp*Re ( C O )  (Q-N2C6H40Me ( O q g )  2 was 
" A .  

p r e p a r e d  by r e a c t i o n  o f  t h e  c a t i o n i c  a c e t o n i t r i l e  complex [ c ~ * R ~  

( C O ) ( N C M ~ ) ( ~ - N ~ C ~ H ~ O M ~ ) ) I +  ( t o  be d e s c r i b e d  i n  Chap te r  I V )  and 

sodium fo rmate .  T h i s  compound was i s o l a t e d  a s  a  red-orange  - 
s o l i d  m e l t i n g  w i t h o u t  decompos i t ion  a t  65-670C and s o l u b l e  i n  

, 
o r g a n i c  s o l v e n t s ,  i n  which" i t  is very  s t a b l e .  I n  t h e  I R  spect rum 

(CH2C12 s o l u t i o n )  compound 3 shows a  ve ry  s t r o n g  V(C0) a t  1925 

c m - l  and two e x t r a  bands a t  1642 (medium) and 1624 ( s t r o n g ) ,  cm-l 

presumably due t o  v ( C 0 )  o f  t h e  fo rmate  g roup  and V ( N N )  r e s p e c -  

t i v e l y .  No c o n f i r m a t o r y  e v i d e n c e  f o r  t h i s  a s s i g n m e n t  w a s - a t t e m p t -  

e d .  The r e s o n a n c e  o f  ' t h e  f o r m a t e  p ro ton ,  which Appears a s  a s h a r p  

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

hydroxycarbonyl  one d 7 . 8 1  ( i n  a c d n e - d 6 )  ( c f .  d 9 . 4 1  f o r  2 ) .  



This value agre'es well with 'those reported for other formate 

complexes e.g. [ W ( C O ) ~ ( O C H O ) I - ~ ~ ~  d 8.28, 8.23 and 7.95 for M= 

Cr, Mo and W respectively (in CD3CN) and CpRe(PPb3)(PJO)(OCHO), 115 

8.06 (CDC13). The electron-impact mass spectrum of exhibits (Id+), 

(M:co)+ and (M-co~)+ ions in ratio 1:5:3; the generation of C02 

was ewtdent from the mass 44 ion-current. 

3.2.3. Discussion .- - 

x 

~ k i  was mentioned before, the chemistry of hydroxycarbonyl 

complexes has been little exploited, presumably due to the usual 

instability of these compounds. The most recent and comprehensive 

studies of their' intermediacy in the reactions ofAeta1 carbonyl 

oomplexes with bases to give the corresponding metal-hydride 

species are tC6se-reported by Sweet and ~ r a h a m ~ ~  for CpRe(C0) (NO) 

(COOH~) and, for CpRe (CO) ( N2Ar i (COOH) 33 from our laboratory. In 
P 

both cases it was suggested that the decarboxylation mechanksm, 

-to give the hydrido species ' .?eH(CO)(L) L= NO and N2Ar, involves 

first deprotonation of the acid by OH- to give the carboxylate . 
anion lCpRe(CO)(L)(COO)I' from which C02 loss then readily occurs 

(see Eq.10). 

L= NO and N2Ar 

In both cases the carboxylate anion could not be isolated 



but strong indirect evidence for its formation was pro~ic%et1.~~,~3 

In the pentamethylcyclopentadien~l. System the isolation of . 

the hydroxycarbonyl complex 2 by reaction of the cationic complex - * . . . 
with stoichiometric amount of OH-, has allowed it to be 

identified and fully characterized. In general; this compound 

exhibits chemical properties similar to those observed in the 

nitrosyl and aryldiazenido cyclopentadienyl analogues. For 

example, it displays amphoteric behaviour since.it dissolves in 

dilute mineral acids to generate the parent dicarbonyl cation a, 

and dissolves in excess aqueous hydroxide to give a bright yellow 
a 

. sdlutibn considered to contain the aneaic carboxylate complex 5. 

* The latter, when treated with acid, gegenerates first the hydroxy- 

carbonyl and then the parent cationoaccording to Eq. 11. 

In the IR spectrum, the presence df the more electron-donating 

cp* ligand in the Re(C0) (NzAr) (COOH) fragment is reflected in 
T 

the V(C0) of the metal carbonyl group, which appears 21 cm-l at 

lower , wavenumber (in CHzC12) compared with the.cyclopentadieny1 



ana logue .  T h i s  e f f e c t  h a s  a l r e a d y  been d i s c u s s e d  f o r  t h e  c a t i o n i c  

complexes d e s c r i b e &  i n  Chap te r  11, and is g e n e r a l l y  obse rved  f o r  - 

a l l  t h e  r e l a t e d  Cp and cp* complexes i n v o l v e d  i n  t h i s  t h e s i s .  a 

D e s p i t e  t h e  s t r o n g  p r o b a b i l i t y ,  on  t h e  b a s i s  o f  t h e  f o r e -  

g o i n g  e v i d e n c e  ( a n d  t h e m e t h o d  oof s y n t h e s i s ) ,  t h a t  compound 2 is 

indeed  a hydroxycarbonyl  complex, t h e  fo rmate  complex c ~ * R ~ ( c o )  

- - (g-N2C6H40He 1 (OGHO) 3 was p r e p a r e d  t o  d e m o n s t r a t e  t h a t  w e  were 

n o t  i n  f a c t  d e a l i n g  wi th  t h e  i s o m e r i c  s p e c i e s .  Though i t  is 

u n l i k e l y ,  t h e  p o s s i b i l i t y  d i d  e x i s t  t h a t  t h e  hydrox ide  a d d i t i o n  

. -tep might, be f c l ~ o l e d  by a rea r rangement  o f  t h e  COOH group  t o  

OCHO ( though  i t '  is  d i f f i c u l t  t o  b e l i e v e  t h a t  t h e  3CHO l i g a n d  

would e x h i b i t  t h e  obse rved  a m p h o t e r i c  b e h a v i o u r ) .  I n  f a c t  b o t h  

s p e c i e s  a r e  c o m p l e t e l y  d i f f e r e n t  i n  t h e i r  p h y s i c a l  ( c o l o r ,  m.p.1 
a 

and chemical  p r o p e r t i e s  ( f o r m a t e  complex 3 was r e c o v e r e d  

u n r e a c t e d  when t r e a t e d  w i t h  d i l u t e  HC1 o r  NaOH i n  CH2C12 
1 

s o l u t i o n ) .  However, t h e y  a r e  (as  eYtpected) quLte  s i m i l a r  i n  t h e i r  

s p e c t r o s c o p i c  p a r a m e t e r s .  For  example, i n  b o t h  g r o u p s  t h e  IH NMR 

r e s o n a n c e  o c c u r s  a t  low f i e l d  (6 9 . 4 1  f o r  COOH and 7 . 8 1  f o r  OCHO, 

i n  ace tone-d6)  b u t  t h i s  r e s o n a n c e  a p p e a r s  as a s h a r p  s i n g l e t  i n  

t h e  case o f  t h e .  fo rmate*  c o ~ p l e x ;  y (C0)  o f  t h e  metal ca_rbonyl i n  

b o t h  &mpounds a l s o  o c c u r s  a t  s i m i l a r  wavenumbers 7 ( a ~ ( ~ ~ ) =  8 cm-'  

i n  CH2C12), t h e r e f o r e  I R  c a n n o t  e a s i l y  be  used  t o  d i f f e r e n t i a t e  

t h e s e  complexes .  

Huch g r e a t e r  d i f f e r e n c e s  are obse rved  i n  t h e  e l e c t r o n - i m p a c t  
- 

mass s p e c t r a  o f  t h e s e  i s o m e r i c  complexes.  Formate 2 e x h i b i t s  (M') 

and t h e  (M-CO)+ fragment which werz. n o t  o b s e r v a b l e  above t h e  



- - 
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- 
background i n  t h e  hydroxycarbonyl  2. However, b o t h  show a . p e a k  a t  

m/z 486 ( b e i n g .  more i n t e n s e  i n  2) which c o r r e s p o n d s  t o  t h e  c a t i o n  . 
, .. 

o f  t h e  h y d r i d e  complex A; The l i b e r a t i o n  o f  COz was c l e a r l y  

obse rved  from moni to r ibg  t h e  mass 4 4  i o n - c u r r e n t .  
-, c - ?  - 

I t  h a s  a l r e a d y  been mentioned i n  t h i s  d'l"scussion t h a t  t h e  - 
1 
T 

- 
hydroxycarbonyl  complex 2 i.s s o l u b l e  i n  e x c e s s  o f  aqueous 

5 I 
4 " h y d r o x i d e '  t o  ,:form a  b r i g h t ,  y e l l o w  s o l u t i o n  t h a t ,  is c o n s i d e r e d  t o  

* .  
I 

- --. c o n t a i n  t h e  c & b b x p l a t e  a n i o n  !& (Eq. 11). ~ o k r e s p z d i n g  m e t a l l o -  
5 .  

b 

; '. , 
C a r b o x y l a t e  anioif's .have -been sugges ted-  t o  b e  formed i n  s i m i l a r  

r e a c t i o n s  o f  . the h y d r o ~ x ~ c a r b o n y l s  CpRe ( C O )  ( N O  1 (COOH 1, 95 CpRe (CO 1 
t 

% .  

( N 2 A r  ) (COOH) 3'3= and C ~ F ~  ( P P ~ ;  1 ( C O )  (COO'H) log w i t h  e x c e s s  aqueous 

h y d r o x i d e .  Only i n  the '  l a t t x r  dase  was t h e  a n i o n  i soTa ted ,  b u t  no , - I I 

d e t a i l s  o f  i t s  - c h a r a c t e r i z ' a t i o n  o r  P r o p e r t i e s  were givean.  
I' 

The p r e s e n c e  o f  t h e  carboxy!atAe a n i o n  2 is  s u g g e s t e d  by two 
P 

e x p e r i m e n t a l  o b s e r v a t i o n s .  ( i )  The f o r m a t i o n  o f  the'  ye'llow 

aqueous s o l u t i o n  o b t a i n e d  by r e a c t i o n  o f  wi th  e x c e s s  o f  OH-, 
I 

is r e v e r s e d  by t h e  a d d i t i o n '  o f  aqueous * a c i d ,  whdch r e g e n e r a t e s  

f i r s t  t h e  i n s o l u b l e  hydrpxydarbony l  2 a n d  t h e n  t h e  p a r e n t  
\ .. 

" * .  
d i c a r b o n y l  c a t i o n  i n  ;greekeht  w j t h  Eq. 11. ( i i )  - ~ e a c t i o n  o f  & 

' i . . 
w i t h  MeLi i n  hexan? y h e l d s  a  y e l l o w * p r e , o i p i t a t e  Yhich is s o l u b l e  

' 0 

i n  w a t e r .  ~ u r t h e r m o r e ,  t h e  I R  spect rum o f  t h i s  p r e c i p i t a t e  ( i n s  . a - a .  

1 0 .  

CH2C1 2  1 c o r r e s p o n d s  e?aot,l; w i t h  * t h a t  obse rved  when a C - H ~ C ~  2e 
, 

< 

s o l u t i o n  o f  is  t r e a t e d  w i t h  excess '  o f  s a t u r a t e d l ' a q u e o u s  L ~ O H :  

S u b s e q u e n t l y  by u s i n g  t h e  r e a c t i o n  of & w i t h  LIOH, t h e  - - 

(COO 1 1 Li was i q o l a t e d  and f u l l y  characte; i ; red,  The sodium and 
7 .  

f '  

/ 

- 5  



- 

pbtasium salts of  1 could n o t  be i s o l a t e d  undec t h e s e  condUtions, 

i n s t e a d  the hydr ide oamp:er' 4 was ob ta ined  ( so; below . No calc ium 

salt could  be job ta ined  us ing  a n  analogous procrdzre ,  as t h e  
P 

r e a c t i o n  proceeded only a s  f a r  a s  t h e  hydroxycarbonyl 2. I n  con- 
* -r 

trast ,  t h e  ca lc ium s a l t  of t h e  c y c l o p e n t a d ~ e n y l  an ion  (CpRe(C03 
P 

( N 2 A r  ) (COO) j2ca could-be i s o l a t e d  and fully c h a r a c t e r i z e d .  9a 

The I R s p e c t r u m o f  t h e  l i t h i u r n s a l t  of % h a s  a  s t r o n g  y(C0)  
* 

band a t  1906 c m - I  i n  CHZC12 (cornp8r;d w i t h  1933 c m - l  f o r  2 and 

1986 c m ' l  for 5 in' t h e  same s o l v e n t )  which is some 16 c m ' l  lower 

than t h a t  of t he  cor responding  cyc lopen tad ieny l  compound. 

The pure l i t h i u m  s a l t  of 2 is s o l u b l e  in ,water b u t  s lowly 

0 
depro tona te s  water t o  g e n e r a t e  the i n s o l u b l e  hydroxycarbonyl 2 

f L 
I C ~ * R ~ ( C O ) ( N ~ A ~ ) ( C O O )  A I -  + H 2 0  - c ~ * R ~ ( c o )  ( N ~ A ~ ) ( C O O H )  + OH- 

The r e a c t i o n  shown i n  Eq.12 does no t  occur  i n  t h e  cyc lo-  

pen tad i eny l  analogues  [Cp Re(CO)(N2Arl(C00)1' (Li o r  Ca s a l t s )  

i n d i c a t i n g  t h a t  t h e  more e l e c t r o n - r e l e a s i n g  cp* group s i g n i f l -  

c a n t l y  i n c r e a s e s  t h e  b a s i c i t y  o f  Lhe  anion-& Thus, t h e  l i t h i u m  

salt of 5 i n  s o l c t f ~ n  a p p e a r s  no t  t o  g e n e r a t e  t h e  hydr ide  4 

under +any of the mild c o n d i t i o n s  used.  

On t h e  o t h e r  hand. a good y i e l d  o f  t h e  pentamethyloyclo- 

pen tad i eny l  hydr ide  complex f was ob ta ined  by t h e  a d d i t i o n  of 

exceqs 5 l! aqueous KOH o r  NaOH t o  a CH2Cl2 s o l u t i o n  o f  Lg. 
* 
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An alternative but less convenient method for the preparatien + 

of 5 is that from NaBH4 and the acetonitrile complex [c~*R~(co) 

( N C M ~ ) ( ~ - N ~ C ~ H ~ O M ~ ~  l+.~~eplacement of the labile CH3CN ligand' by 

hydrfde occurs - largely in preference to hydride attack at the aryl- 

diazenido group. This is notably different from the parent di- 

, carbanyl cation in which carbonyl substitution normally 

/ does not occur, and borohydride reacts preferentially at the di- 

azenido group to give the dinitrogen complex c~*R~(co) Z ( ~ 2 )  (see 

chapter V ) . -  % 

The foregoing discussion has demonstrateddhat it is 
- 

possible to observe in solution and to isolate and characterize 

the-dicarbonyl cation la, the hydroxycarbonyl 2 and the carboxy- 
\ 

late anion &. Although it is insoluble in water, the hydroxy- 

carbonyl is very soluble in polar organic solvents, and we were 

curious to find out what evidence there might be for dissociation 
* - 

in these solvents. A purely organic carboxylic acid is well-known 

to be capable of weak dissociation as shown in Eq.13. 

In the 'case of the hydroxycarbonyl 
# 

require dissociation to the carboxylate 

Eq. 14. 

J 
gornplex 2 this would ' 

anion 2 according to 



I - 
An alternative mode of dissociation of complex-2 is shown -- 

in Eq.15. -0 @ 

b 

c ~ * R ~ ( c o ) ( N ~ A ~ ) ( c o o H ) ~ I c ~ * R ~ ( c ~ ) ~ ( N ~ A ~ ) ~ ~  + OH- Eq. 15. 

Eq.15-is simply the reverse of the method of synthesis 

from the dicarbonyl cation ;hg. 
-- 

In CH2C12 solution, the hydroxycarbonyl 2 shows the same 

.amphoteric behaviour observed in water (Eq.11). Bubbling H C ~ '  

produces the I R  spectruihtypical of'cation h, whereas stirring 

witrsolid L ~ O H  slowly produces the IR spectrum of the anion 5. 

Thus, dissociation of the hydroxycarbonyl group according to " 

eithe.r Eqs.14 or415 can be driven by adding H+ or OH- i n  CH2C12. 

A close examination of the I R  spectrum of a freshly prepared 

solution of the pure hydroxycarbonyl complez 2 in CH2C12 reveals 

weak absorptions present at positions typical of the ~ ( ~ 0 1  and 

V(NN1 absorptions of the dicarbonyl cation a, (see Fig.7).   he* 

presence of the cation was also observed in the I R  spectrum of 2 

in acetonitrile and nitromethane. Compound 2 is also soluble in 
B 

benzene and THF, and in these solvents it appears to be un- 

dissociated. Interestingly, the I R  spectrum of 2 in methanol 

shows no evidence of ionization ( i. e, absorptions for ' h f ;  

instead a single compound with v(C0) at 1937 cm-I and V(IN) at 

1632 cm-l (in MeOH) was observed. Evaporation of MeOH gave a 

yellow residue which was soluble in hexane (note that the 



Fig.7. IR spectrum of c ~ * R ~ ( c o )  (p-NZC6H One) (COOHi 2 in CH2C12 
solution Absorptions at 2051 and 1995 cm- v ~ C O )  and 
1736 P(NN) correspond to cat ion ic  complex ,h. 

r 





< 
hydroxycarbonyl 2 is insoluble in .hexane . Subsequently, the 
residue was identjf ied as the methoxyca-rbonyl complex c ~ * R ~  (CO) 

(g-N2C6H40Me)(COOMe), by comparison with an authentic - sample. 

Thus, reaction of 2 .with methanol to form the methoxycarbonyl 

complex probably proceeds by initial dissociation of 0 which 
\ 5 

abstracts the alcoholic proton generating #iin situ" MeO- which 

then attadks the cationic dicarbonyl and leads to the observed 

product ( see Eq .l6 . 
- - 

C ~ * R ~ ( C O ) ( N ~ A ~ ) ( C O O H ) ~ ~ C ~ * R ~ ( C O ) ~ ( N ~ A ~ ) I ~  t OH- 

C ~ * R ~ ( C O J ( N ~ A ~ ) ( C O O M ~ )  + H20 Eq. 16. 

The observation above was confirmed b y  observing the 

immediate formation of the methoxycarbonyl upon dissolving in 

methanol in the presence of OH-. The reaction occurs equally well 

using NEt3 as a base. 

Finally, another important aspect involving the hydroxy- 

carbonyl complex 2 is its decarboxylation. It has already been* 

discussed that the solli.'tions of 2 do not decarboxylate and that 

no hydride 4 is observed when base is excluded, but that 2 gives 

the hydride complex & in good yield when its CH2C12 solution is 

treated with excess of aqueous NaOH or KOH. ~ h e s s  results suggest 

that the actual species undergoing facile decarboxylation in 

organic solvents under the basic conditions employed is the 

carboxyhate ani'6n 2-as its sodium or potassium salt (note that 



t h e  l i t h i u m  sa l t  d o e s  n o t  g i v e  t h e  h y d r i d e  % I .  

Basedion t h e s e  r e s u l t s ,  and i n  agreement  w i t h  Sweet and 
- 

~ r a h a m , ~ ~  t h e  s c h e m a t i c  mechanism f o r  t h e  d e c a r b o x y l a t i o n  shown 

i n  E q .  17 seems t o  be p l a u s i b l e .  

-The results u s i n g  CH2C12 a s  a  s o l v e n t  f o r  C p  and cp* 

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

t o  d e c a r b o x y l a t e  i s - , d e c r e a s e d  w i t h  s m a l l  o r  more h i g h l y  charged  

c a t  i o n s  ( ~ i + ,  ca2+'),  presumably because  t h e s e  a r e  more e f f e c t i v e  

a t  removing c h a r g e  from t h e  c a r b o x y l a t e  g roup  by c l o s e  i o n - p a i r -  

a s s o c i a t i o n  w i t h  i t .  "c 
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3.3. Carbamoyl, Alkoxycarbonyl andUIsocyanate Der ivativsa QE 

[ c ~ * R ~  (C0 1 2 (p-N2CgH4OUe 1 I l BF4 I 

3.3.1. Introduction * 

d 

Carbamoyl and alkoxycarbonyl complexes of transition metals 

have received considerable attention in recent years owing to 

their recognition as interpediates in several important 

catalytic procdsses such as the carbonylation of a ~ i n e s  or 

alcohols.116 These compounds have usually been synthesized by the 

reaction of a variety of metal carbony1 complexel (especially 
9 

cationic complexes) with primary and secondary amines and 

alkoxides. 117 

~ n ~ e l i c i l O 3  and ~ a r e n s b o u r ~ l l ~  have suggested that the 

tendency of a CO ligand to react with amines, or with other 

nucleophiles, depends upon the-electron density ois the' carbon 

atom, which is related to the C-0 bond force constan't. In terms 

of v(CO), it has been observed that the carbonyl complexes with 

V(C0) below 2000 cm-l do. not yield carbamoyl or alkoxycarbonyl 

complexes. 

A large number of these types of complexes has been 

prepared. Some recent examples are: ( i )  trahs-IIrCl(C0OHe) 

( d p ~ e ) ~ ~ ~ . ~ ~ ~  (ii) P ~ ( c ~ H ~ ) ( P ~ ~ P c H ~ c H ~ c H ~ P P ~ ~ ) ( c o N R ~ ) , ~ ~ ~  (iii) 

H C ~ ( ~ ~ ~ ) ( C O X ) ~ ~ ~  (M= Ni, Pt and Pd; X= One and NR2; pnp= 2,6-bis 

(diphenylphosphinomethyl Ipyridine), ( iv) IrH(C00Me) ( P M ~ ~  l 4  I +  121 . - 
and ( v )  c ~ F ~ ( c o I ( P H ~ ~ P ~ ) ( c o N H H ~ ) . ~ ~ ~  

In this section the synthesis and characterization'of the 



carbamoyl complexes C P * R ~  (CO) ( R - ~ Z ~ 6 ~ 4 ~ ~ e  ( C O N R ~  1 & (R2= Hz, &; 
* 

R2= HMe, fg: and R2= Hez. ,' the alkoxycarbonyl complexes C P * R ~  

(CO) ( p-N2C6H40He ) (COOR) (R= He, and R= pr i, a) and the 
' 

isocyanate complex C ~ * R ~ ( C O ) ( N C O ) ( Q - N ~ C ~ H ~ O M ~ )  & are discussed: 

Some of this work' was carried out in parallel with their cyclo- w 
* pentadienyl rhenium aryldiazenido analogues and has already been 

0 
,- 

O N 
RO C 

R,N' OM6 c'"="=@ 0 OMe 

3.3.2. Synthesis and characterization . , 

(a1 Carbamoyl Complexes c ~ * R ~ ( c o )  ( Q - N ~ C ~ H ~ O M ~  1 (CONR2 h - - - 

These complexes were prepared by reaction of the dicarbonyl 

cation with liquid ammonia (&, R2= Hz) or with neat amines 

MeNH2 (&, R2= HMe) and MezNH (&, R2= bIe2). No , reaction 

occurred with pure tertiary amines such as Me3N or Et3N. In all 

the cases the products were.'obtained as yellow sol.ids in good 

yields. They have the expected analytical, spectroscopic and 

chemical properti& and are analogous to the known nitrosyls 

CpM(CO)(NO)(CUNR2) M =  Re and Hn.lZ4 These mmpounds are stable at 

room temperature under nitrogen but easily hydrate under normal 

atmosphere, especially & which is extremely hygroscopic. They ' 



d i s s o l v e  i n  t h e  m a j o r i t y  o f  o r g a n i c  s o l v e n t s  such a s  hexane, 

benzene and THF b u t  in' a c e t o n e  s o l u t i o n  they  slow y  decompose t o  L 
produce t h e  d i n i t r o g e n  complex C p * ~ e  ( C O )  2 ( N 2  1 .  The I R  s p e c t r a  i n  

THF show t h e  e x p e c t e d  s i n g l e  V(C0) absorpt i-on a t  a b o u t  1 9 2 5  c m - l  

and v ( N N ) , a t  1620, b u t  r e p l a c i n g  t h e  THF by CH2C12 produces  a 

spec t rum wi th  weak a d d i t i o n a l  V(C0) and V ( N N )  a b s o r p t i o n s  i n  t h e  
, 

p o s i t i o n s  a s s o c i a t e d  wi th  t h e  c a t i o n  b. T h i s  sequence  is  

r e v e r s i b l e .  

The V t N H )  i n  6a and & a p p e a r s  a s  a  weak broad a b s o r p t i o n  

i n  t h e  3400-3200 c m - l  r e g i o n .  I n  a d d i t i o n ,  one o r  two s t r o n g  and 
6 

broad a b s o r p t i o n s  i n  t h e  1590-1560 c m - l  r e g i o n  a r e  a l s o  

o b s e r v e d .  They p r o b a b l y  o r i g i n a t e  from a  combina t ion  of  v ( C = O )  , 

and V ( C = N )  o f  t h e  carbamoyl l i g a n d s .  
- 

The IH NMR spec t rum o f  t h e  N-methylcarbamoyl complex f& 

shows t h e  NH r e s o n a n c e  a t  d 5 . 3 5  i n  CDC13, a,nd t h e  methyl 

r e sonance  remains  unchanged a s  a s h a r p  d o u b l e t  CJ NCH= 4 . 8  Hz) Y 
o v e r  t h e  t e m p e r a t u r e  r ange  -40 t o  +50*C. These chemical  s h i f t s  

. 
k 

and c o u p l i n g  c o n s t a n t s  a g r e e  w e l l  w i t h  p r e v i o u s l y  r e p o r t e d  
1 * , 

v a l u e s  f o r  t h e  N-methylcarbamoyls C ~ W ( C O ) ~ ( C O N H M ~ ) ~ ~ ~  [ d  6 . 0 ,  J =  

5 . 0  Hz] and R ~ ( C O ) ~ ( C O N H M ~ ) ~ ~ ~  [ d  5 .45 ,  J =  5 . 4  Hzl .  Notably,  t h e  

room t e m p e r a t u r e  1~ NMR spec t rum i n  CDC13 o f  t h e  N,N-dimethyl- 

carb'amoyl shows a  s i n g l e  b r o a d - m n a n c e  f o r  t h e  methyl g roups  

b u t  on c o o l  p g  t o  OoC t h i s  s p l i t s  i n t o  two e q u a l  i n t e n s i t y  

s i n g l e t s  from m a g n e t i c a l l y  n o n e q u i v a l e n t  m e t h y l s .  

I n  t h e  t h r e e  s p e c i e s ,  e l e c t r o n - i m p a c t  mass s p e c t r a  showed 

n e i t h e r  molecu la r  i o n s  nor  ( M - C O ) +  o r  (H-coNR~)+ f r a g n e n t s .  



. t 

Instead, the mass spectrum of the dinitrogen com?lex 

c ~ * R ~ ( c o ) ~ ( N ~ )  was observed. Using FAB, the mass spectrum of & 
& 

gave the typical spectrum of the dicarbonyl cataon i . e . ,  the 

moyecular ion m/z= 513 (based on 187~e) which corresponds to the 

fragment (M-NH2 1 +. 
* 

(b) Alkoxycarbonyl complexes c ~ * R ~  ( CO)  ( Q - N ~ C ~ H ~ O H ~  1 (COOR Z 

The Tcarbonyl cation reacts with one equivalent of 

N ~ O M ~  in methanol to produce the neutral methoxycarbonyl complex 

2g as a yellow solid, analytically and spectroscopically pure. 
3 

The IR spectrum in hexane exhibits the expected single terminal 

V(C0) band at 1944 cm-l and two more bands at 1643 and 1624 cm-I 

I@ which contain the v(NN) and v(C=O) vibrational modes. No attempts 

were made to assign unambiguously these absorptions. The IH NMR 

data are as expected , with the resonance •’;om the COOMe group 

appearing at 6 3.65 (CDC13). 

The methoxycarbonyl complex a was also isolated in near 
quantitative yield from the reaction of cation & with tris(iso- 

& 

propoxy)borohyd~ide in methanol. This reaction was carried out 

initially w'ith the intention of delivering a hydride. More 

interestingly instead, in the reaction of with this b o w -  

hydride in THF an isopropoxy group was delivered to produce the 

isopropoxycarbonyl complex a. This complex was characterized by 
spectroscopy. In general it shows similar spectroscopic . 
parameters to those observed for the methoxycarbonyl Zp, and its 

diastereotopic methyl groups were easily recognized in the IH 



NMR s p e c t r u m .  

L i k e  t h e  ca rbamoy l  complexes ,  t h e s e  a l k o x y c a r b o n y l  

qompounds g a v e  t h e  e l e c t r o n - i m p a c t  mass s p e c t r u m  o f  t h e  

d i n i t r o g e n  complex  c ~ * R ~ ( c o )  2 ( ~ Z )  e v e n  when a low v o l t a g e  ( 1 2  

e V )  was used ,  w h e r e a s  t h e  (FAB) mass s p e c t r u m  o f  2ja showed t h e  

m o l e c u l a r  peak  at. m/z= 513  which c o r r e s p o n d e d  t o ' ( ~ - o ~ e ) +  ( i . e . ,  

t o  t h e  d i c a r b o n y l  la). . - + 

t 
(c) I s o c y a n a t e  Complex ~ p * R e  ( C O )  (p-N2C6H40Me (NCO) @. 

Complex & was s y n t h e s i z e d  f rom t h e  d i c a r b o n y l  J i o n  

u s i n g  e i t h e r  KNCO, N a N 3  o r  N2H4. I n  e i t h e r  case, t h e  i s o c y a n a t e  

complex  & was o b t a i n e d  i n  e x c e l l e n t  y i e l d .  T h i s  compound is  a - 
r e d ,  low m e l t i n g  p o i n t  s o l i d  which is s o l u b l e  i n  h e x q e .  Its I R  

s p m t r u m  shows t h e  t y p i c a l  Y(NC0) a t  2240 ( i n  CH2C12). i n  

a d d i t i o n  t o  u ( C 0 )  a t  1926 a n d  v(NN) a t  1 6 2 6  c m - l .  The IH NMR 

s p e c t r u m  shows t h e  e x p e c t e d  r e s o n a n c e s  f o r  t h e  cpR a n d  a r y l  

g r o u p s ,  and  t h e  e l e c t r o n - i m p a c t  mass s p e c t r u m  e x h i b i t s  W +  a t  

m f z =  527 ( b a s e d  ofi 1 8 7 ~ e ) ,  a n d  (M-CO) + a t  m/z= 499 as  t h e  b a s e  

3 . 3 . 3 .  D i s c u s s i o n  

\ 
The p r o d u c t i o n  o f  t h e  monocarbonyl  ca rbamoy l  h and  

a l k o x y c a r b o n y l  complexes  f rom t h e  d i c a r b o n y l  c a t i o n  

[ C ~ * R ~ ( C O )  2(p-N2C6H40Me) 1 + e v i d e n t l y  r e s u l t s  f rom 

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

e l e c t r o p h i l i c  c a r b o n y l  c a r b o n  a t o m s  i n  , t h i s  c a t i o n .  These  



results are those expected according to Angelicits 

predictionslo3 that-carbonyl containing compounds with v(C0) > 

2000 cm-l should yield these types of comple~es.~ It is importantE 

to mention that possible products which were not observed in 

these reactions include the monocarbonyl amides or alkoxides 

C ~ * R ~ X ( C O ) C - N ~ C ~ H ~ O M ~ )  (where X= NRz 6 r  OR) resulting from CO 

substitution. These could have arisen either from direct 

displacement of a CO group in a by the alkoxide or amine 
nucleophile or from a subsequent rearrangement of the carbamoyl 

or alkoxycarbonyl ligands. 

The carbamoyl and alkoxycarbonyl complexes react in the 

expected manner with HC1 or HBF4 to regenerate the parent 

dicarbonyl cation according to Eq. 18. 

c ~ * R ~ ( c o ) ( N ~ A ~ )  (COR) + H ~ - - + [ c ~ * R ~ ( c P ) ~ ( N ~ A ~ )  I *  + HR (or H ~ R ~ )  

Eq. 18. 

Ar= a-C6H43Me; R= OHe or NHt 2 

i 

In a similar manner to the hydroxycarbonyl 2, the IR 

 spectra of the carbamoyl complexes 6 suggest that in CH2C12 

solution they partly undergo autodissociation as shown in 4. 

However, this phenomenon was not observed in'the alkoxycarbonyl 



- - - - -  - - 
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complexes in CH2C12 or in even more polar solvents such as'b .s 

- 

methanol and acetohitrile, At this point it'is worth noting that 

the alkoxyca~bonyls'are stable in the above solvents and that no 

formation of the dinitrogen complex C ~ * R ~ ( C O )  2(~2) was observed 

in any case,. 

The manner in which the carbamoyl complexes 4 are able to 
9 

gene=aLe_the - _ dinitrogen complex when they decompose is presently . _ 
, - -  

unknown but apparentljckhe aut6dissociation of these species in 
1 

CH2C12 (and also the hydroxycarbony~~c~plex 2)  cari be related 
i 

, 
to the production of the diqitrogen complex 'Q*R~('co) 2%). 

, . 
This,can be understood by a nucleophilic attack of the amide ion 

t 

NR2- (or OH-) at the ips0 carbon of the aromatic ring in the 

aryldiazenido ligand. Obviously more information is necessary to . 

con•’ irm this assumption. 

Finally, the isolation of the isocyanate complex & has , --. - - 
- '. 

allowed it to be fully characterized. Any of the three reagents , 

(NCO-, N3- and N2H4 can be used to synthesize this 'compound-in 

excellent yields by reaction with the dica;bonyl cation a. It 
. , 

is presumed that the m e c h a n i s a f  these reactions are analogous 

to t h b s ~  rqpor ted127 for the ver,y similar ieactions of [CpFe 

( c o ) ~ I +  with NCO-, N3- and N2H4 leading to CpFe(CQ)2(NCO). In 
,' 

particular for N.3- and N2Hq. at least'. they likely involve 

initial attack of the nucleophile at the coordinated carbonyl 

carbon atom. No intermediates werevobserved I in these reactions 

when they were followe,d by IR. 



3 . 4 .  Experimental Section 
* 

General synthetic procedures, p u r f f r a a t i o n  of  sdPvents and 

spectroscopic maasurements. as  describdd in .Chapter  1 1 .  CC 

analys l s  were carried out on an OV-1 c a p i l l 3 r y  column using a 
/ - 

~ s u l $ t t - ~ a c k e r k d  5880A gas 'chromatograph' GC-HS were obtalned by 
P 

using . a  Heulet t  -Pactard 5985 mass spectrometer .  6aseoLs NH3,  f f H Z M e  

which i t  i s  s l i g h t l y  s o l u b l e .  was vigorously stirked while aqueous  

0 . 1 0  W NaOH 1 0 . 8 3  wL, 0.083 m m l l  was added v e r y  slowly. The 

golden yellow solid which precipitated quantitatively was pashed 
C 

twice w i t h  cold water and t h e n  d r i e d  under vacuum. I t  d e c ~ m p o s ~ d  

- a t  90-95oC without melting. L R  fCH2C12f: 2933  vs, v ( C O ) ,  1623  s ,  
@ 

486 o l l - ~ 0 ~ ) + .  Anal. Calcd. for .& C, 4 3 . 1 0 ;  i4, 4 . 3 4 ;  N, 5 . 2 9 .  

Found: C, 4 3 . 0 0 ;  H, 4 . 1 0 ;  H, 5 . 0 9 .  

bscompussd completely during an overnight biHR axprsrilaant ~t room 
, 

L 



> 
t e m p e r a t u r e .  T h e  I R  and c a p i l l a r y  GC-HS [ O V - 1  column) of the 

s o l ' u t i o n  showed the p r e s e n c e  ,of C ~ * R ~ ~ C O )  3,  c ~ * R ~ ( c o )  ~ ( U 2 1  ( H t ,  

406 I49%)), a n i s o l e  (H', 108 (23%)). C6D5C6H40He (H',  189 

( 1 9 % )  1, and- a n  unass igned  peak of  H +  134 (10%). 

- - 
2' 

Prcpar .a t lon  of c ~ * R ~ ( c o >  ( p - ~ Z ~ C ~ q ~ ~ e  1 ( W H O )  '(2) 

The c a t i o n i c  a c e t o n i t r i l e  complex [ C ~ * R ~ ( C O ) ( N C H ~ )  

( Q - ~ Z ~ 6 ~ 4 ~ ~ e )  I t  (70 mg, 0.11 rnmol) i n  a c e t o n e  ( 2 5  mL) was s t i r r e d  

w i t h  f j n e l y  ground s o l i d  sodium formate" ( c a .  200 &g, 2 . 9 4  mmol) 

t h e n  wa te r  ( 1 8  mL) was added and t h e  reac t ian  f ~ l l o u s d  b y  IR. A l l  
', 

o f  t h e  a c e t o n l t r i i e  camplex had r e a c t e d  i n  1 h .  S o l v e n t  was pumped 
w 

o f f  and t h e  r e s i d u a l  wa te r  was p i p e t t e d  off t h e  red-orange  p roduc t  

which was then dissolved i n  e- ther  and f k l t e r e d  through c a l i t e .  

A d d i t i o n  of  hexarle p r e c i p i t a t e d  a red-orange  s o l i d  m . p .  65-67QC 

i n  85% y i e l d .  IR ' ( a c e t o n e ) :  1931 vs,  V(C0); 1645 m, 1620 s c n - l ;  

( e t h e r )  1941 vs,  164e m, 1 6 2 2  s c m - l ;  !CH2Cl2) 1925 vs; 1642 m, 

-+ 

aV, 75oC): m/z 530 (? f+ ) ,  502 (H-co)+ in 1:5:3 r a t i o .  HS (FAB, 
\ 

xenon, sulEolarne I : m / z  51'3 ( H - O H ) + ;  5 0 2  (kf-COl+, 485 ( H - H C O ~ ) ' ,  

129 ( I ( - N ~ - C O - ~ C O ~ I ~ .  Anal. Calcd. for 2: C, 43.10;  H, 4 . 3 4 ;  N, 

5 . 2 9 .  Found: C, 43.53;  H4.40; N, 5 . 3 4 .  

-. Compound ( 5 0  kg, 0.083 am01 I was d i s s o l v e d  i n  

4 0 



CH2ClZ (15  mL) and an exces s  ( c a .  2  mL) o f  aqueous 6 M NaOH was 

added while v igorous ly  s t i r r i n g .  The CHzC12 l a y e r  became yellow- . 
orange.  So lven t  was removed'by pumping a t  room tempera ture .  The 

- - -- -- r e s i d u e  was d i s s o l v e d  i n  THF ( i t  was i n s o l u b l e  i n  hexane) and 

f i l t e r e d  through celi te t o  g i v e  a n  orange s o l u t i o n ,  hav ing  v(COZ 

1910 v s  -a d y(NN) 1615 s c m - l .  The THF was pumped o f f  and t h e  o i i y  P 
1 
r e s i d u e  r q h o w  e a s i l y  e x t r a c t e d  i n t o  hexane t o  g i v e  an o iange  

u 
, s o l u t i o n  having v(C0)  1925 bqs and V(NN)  1619 s c m ' l .  The hexane 

i = 

' s o l u t i o n  was chromatographed on n e u t r a l  a lumina.  ElutYon with  L . '  

benzene gave a  yellow s o l u t i o n .  Benzene was pumped of-nd thi? 
\ I 

yellow r e s i d u e  was dissolved is pentane from which 4 
< 

p r e c i p i t a t e d  a s  a  yellow s o l i d  'during 6 h a t  -780C. i n  8 0 5  y i e l d .  
C 

I t  decomposed a t  95-98oC. IR (hexanef :  1925 vs,  z)(CO),  161.9 s ,  

w d  2. The c a t i o n i c  a c e t o n i t r i l e  complex. ~ c ~ * R ~ ~ c o )  

( N C H ~ )  ( Q - N ~ C ~ H ~ O H ~  1 1 '  ( 5 0  mg, 0 . 0 8  mmol was d i s s o l v e d  i n  ace tone  

s t i r r e d  w i t h  a n  excess of solid NaBH4 (ca. 5 mg, 0.23 

t e t n p ~ r a t u r e .  The s o l u t i o n  r a p i d l y  changed its co lor '  

from orange t o  yel low-orange.  Evaporat ion of ace tone  under vacuum 
, . 

and subsequent  - e x t r a c t i o n  with  hexa h e' gave on ly  f I by 'XI?). 

R e p u r i f i c a t i o n  as above y i e l d e d  28 mg ( 7 0 . 5 % )  of the- p roduc t .  

-4 1. The hydroxycarbonyl 2 i t 0 0  mg, 0.18 ramol) was 



suspenddd i n  hexane ( 2 5  mL) and excess ( 0 . 5  rnL) 

d i e t h y l  e t h e r )  was added under N 2  w i t h  v i g o r o u s  

30 min t h e ' s o l v e n t  was removed by p i p e t  and t h e  

- 

-- 

o f  XeLi ( 1 . 6  M i n  

"3 s t i r r i n g .  A f t e r  

ye l low - s o l i d  . 

washed twice w i t h  5 mL o f N h e x a n e =  I t  was r e d i s s o l v e d  i n  CH2C12, 

f i l t e r e d  udder N2 and r e p r e c i p i t a t e d  by a d d i n g  hexane a s  a  

ye l low s o l i d  i n  n e a r  q u a n t i t a t i v e  y i e l d .  I R  (CH2C12, c m - l ) :  1928 

v s ,  y(CO), 1614 s ,  v(NN); (THF) ,1907 vs ,  1612 s .  IH NMR (D201: -. 

d 2 . 0 3  ( 1 5 ~ .  ~ p * ) ,  3 .81  s (3H. OMe), 7 . 0 2  d (2H. C 6 H 4 ) ,  7 . 2 8  d 

(2H, C6H4). Anal .  C a l c d .  f o r  L i - 2  ( C H Z C , ~ ~ ~ ) . :  C, 38.77; H ,  3 .88;  
- 

N ,  4 . 5 2 .  Found: C, 38.32;  H ,  4 . 1 8 ; % ,  4 . 7 6 .  CH2C12 was obse rved  

t o  be p r e s e n t  by MS. 
%. . 

Method 2. The d i c a r b o n y l  c a t i o n  was d i s s o l v e d  i n  C H ~ C ~ ~  

" and stirred w i t h  a n  e x c e s s  o f  saturated aqueous LIOH. Within a 

few m i n u t e s  t h e  CH2ClZ l a y e r  became orange-yel low. 1.t was 

s e p a r a t e d  from t h e  c o l o r l e s s  aqueous l a y e r  by p i p e t  and t h e  

s o l v e n t "  removed t o  g i v e  t h e  p r o d u c t  aq a yel low s o l i d  ( 'soluble i n  
0 

w a t e ~  and i n s o l u b l e  i n  hexane)  i n  q u a n t i t a t i v e  y i e l d .  
, 

Trea tment  o f  Lg w i t h  a n  e x c e s s  NaOD i n  D20 produced a yel low 

s o l u t i o n  of  t h e  c a r b o x y l a t e  a n i o n  wi th  IH NHR p a r a m e t e r s  6 2.00 

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

P r e p a r a t i o n  of c ~ * R ~  (CO)  ( p-bI2CsH40Ila 1 ( C O W  1 (a) 
S o l i d  LQ ( 5 0  mg, 0 . 0 8 3  mmol) was added t o  5 mL o f  l i q u i d  NH3 

a t  -5OoC. A f a s t  r e a c t i o n  ensued,  and t h e  y e l i o w  s o l i d  t h a t  

p r e c i p i t a t e d  was w shed  t w i c e . w i t h  l i q u i d  NH3 t o  remove NHqBFq. 



Yield: 43 mg (98%);  m.p. 78-800C ( w i t h  decompos i t ion) .  The 

compound is s t a b l e  a t  room temperature  under n i t r o g e n  bu t  is 

extremely hygroscopic,  and i t  was d i f f J c u l t  t o  e n t i r e l y  p reven t  

t h i s  when performing microana lys i  The b e s t  a n a l y s i s  corresponded 
* 6/ 

t o  t h e  presence of  approximatel 'y one H20 per  mole. I R  ( C H 2 C 1 2 ) :  

1929 s, y(C0) ;  1624 s, V(NN);  1584'm: v(CONH2) c m - l .  weak absorp-  li 
t i o n s  f o r  & a t  2053, 1996 and 1738 c m - l  a r e  a l s o  v i s i b l e  i n  t h i s  

s o l v e n t .  IH NHR (CDC13):  6 2,10 s (15H, CP*) ,  3.82 s (3H. OMe), 

U 
6.93 d (2H, C6H4),  7.26 d  (2Y, C6H4); weak resonances  from 

were a l s o  observed,  6 (NH) was unobserved. MS (FAB, xenon, s u l f o -  

l a n e ) :  m/r 513 ( M - N H ~ ) ~ .  ~ h a l .  Calcd.  f o r  &-H2O:  C. 4 1 . 7 5 ;  H. 

4.76; N, 7.69. Found: C, 41.63.; H, 4.95;  N ,  7 . 4 7 .  Addi t ion of  HC1 

transformed t h e  I R  and NHR entirely t o  t h a t  of  t h e  p a r e n t  

d icarbonyl  c a t i o n  &. , 

A s o l u t i o n  of  H e N H 2  i n  CH2C12 was prepared  by e x t r a c t i n g  

aqueous bieNH2 w i t h  CHzCl2  and d r y i n g  over ~ a 2 ~ 4 .  Addi t ion of  
.- 

s o l i d  (60 mg, 0 .  l o  mmol) i n s t a n t a n e o u s l y  r e s u l t e d  i n  r e a c t i o n  

t o  g ive ,  a f t e r  f i l t e r i n g  t o  remove i n s o l u b l e  [WeNH31[BF41 and 

pumping o f f  s o l v e n t ,  a n  orange o f 1  which s o l i d i f i e d  on  Eurther  

pumping t o  y i e l d  t h e  produc t  as a  yellow-orange s o l i d .  Yield:  50 

mg ( 9 2 % ) .  W.p. 57 -k9?~  ( w i t h  decompos i t ion) .  IR (CH2C12) :  1925 br ,  

s v(C0); 1621 s, v(NN); 1568 b r ,  m v(C0NHMe) c m - l ;  weak absorp-  
! 

t i o n s  from were v i s i b l e .  IH NWR (CDC13): d 2.09 s (15H, cp'), 



(2H, C 6 ~ 4 ) ,  7 .30  d ' (  Z H ,  C6Hg). Anal .  C a l e d .  f o r  6g: C, 44.28;  H, 

P r e p a r a t i o n .  o f  cp*Re ( C O )  (p-N2C6H401(e (CONUe2 (a) 
L i q u i d  M e 2 N H  was condensed  a t  -500C ( 5  mLf, and  s o l i d  1Lp 

( 6 0  mg, 0 .10  mmol) was a d d e d .  The r e a c t i o n  m i x t u r e  was s t i r r e d  

f o r  1 h and  t h e n  t h e  o r a n g e  s o l u t i o n  f i l t e r e d  under  N 2  and pumsed 

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

was c o r r e c t  f o r  1:l m i x t u r e  o f  & and [Me2NH211BF41. Anal .  C a l c d . :  

C, 39 .94 ;  H, 5 . 2 0 ;  N,  8 . 1 0 .  Found: C, 39 .68 ;  H, 5 .22 ;  N ,  8 . 0 0 .  

The m i x t u r e  was r e p e a t e d l y  e x t r a c t e d  w i t h  e t h e r  and  p r e c i p i t a t e d  . 
w i t h  p e n t a n e  t o  g i v e  a ye l low-orange  s o l i d  t h a t  g a v e  t h e  e x p e c t e d  

I R  and IH Nt'IR s p e c t r a  f o r  & b u t  u n a c c o u n t a b l y  low c a r b o n  

a n a l y s i s .  I R  ( c H ~ c ~ ~ )  1925 v s ,  V ( C 0 ) ;  1621 n, v ( N N )  c m - l .  IH NHR 

(CDC13, 400C):  d 2 . 0 5  s (15H, c p * ) ,  3 .08  s, b r  (6H, N M e 2 ) ,  3 . 82  

s ( 3H, O M e ) ,  6,. 93  d (2H, C6H4 1 ,  7 . 3 5  d ( 2 H ,  C6H4 1 .  A t  O O C ,  t h e .  
3 

9 

r e s o n a n c e  was s p l i t  i n t o  two p e a k s  o f  s i m i l a r  i n t e n s i t y  a t  6 

3 .00  and  3 . 1 6 .  \ ' 

P r e p a r a t i o n  o f  cp*Re ( co ( p - ~  2 ~ 6 ~ @ U e  ( COOMe ( a) 
4 

m1. To a s o l u t i o n  o f  h u ( 5 0  mg, 0 . 0 8 3  mmol) i n  
/. 

methanol  . (  10 mL) (;was added  s o l i d  N a O U e  (6 mg, 0 . 1 4  mmol), and  t h e  * 
m i s t u r *  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  15 min. The c o l o r  

=h&ed from r e d  t o  y e l l o w ,  and  *the I R  s p e c t r u m  o f  t h i s  s o l u t i o n  
- 

showed t h e  ' p r e s e n c e  o f  t h e  new methoxycarbonyl  complex a. The 
\ 

s o l v e n t  was r c m w e d  ugde r  vacuum, CH2C12 was added, and  t h e  

. Q 



solution was filtered through Celit~. Addition of hexane gave the 

product as a golden-yellow solid (43 mg) in 95% yield. M.p.: slow 

+mposition above 1050C. IR (hexanel: 1944 vs, V(C0); 1643 m. 

1624 s, Y(NN) and v(COOMe), cm-l; THF 1930 vs. 1638 s, 1620 s. 

cm-l. IH NMR (CDC13): d 2.08 s (15H. cp*). 3.65 s (3H. COOMe), 

3.81 s (3H, One), 6.91 d (2H,.C6H4), 7.44 d (2H, C6H4). MS (FAB, 

xenon, sulfolane): m/z 513 (M-0t4eIt. Anal. Calcd. for 3: C, 

44.20; H, 4.60; N, 5.15. Found: C, 43.91; H, 4.64; N, 5.25. 

Method 2. Complex (50 mg, 0.083 mmol) in methanol (10 

mL) at -780C was treated with K[HB(OCHMe2)31 (0.10 mL, 0.10 mmol) 
. , 

by syringe. IR monitoring showed the reaction to be 'complete in 

15 min. The solvent was removed at room temperature under vacuum. 

The orange oily residue was extracted with hexane-THF (9:l) and 

filtered through celite. Precipitation of a golden-yellow solid 

occurred when the solution was concentrated under vacuum and was 
L 

completed by cooling to -78oC. Yield: 44 mg (98%) of a 
/ 

characterized as above. 

m o d  3. To 'a solution of bg (20 mg, 0.03 mmol) in 

- methanol ( 5  mL), 0.5 mL of 0.1 M aqueous NaOH (0.05 mmol) was 

added or NZt3 (0.1 mL). Within 10 min the color changed from red 

to yellow. Evaporation of- the solvent and extraction with hexane 

gave the m&hoxycarbonyl complex in quantitative yield. It was 
b 

characterized as above. . 

Preparation of c ~ * R ~ ( C O ) ( Q - I ~ C ~ H ~ O H ~ ) ( C O O C H H ~ ~ )  (a) 
An analogous synthesis to that described for the 



- 

p r e p a r a t i o n  o f  Zp, w d  2 c o n d u c t e d  i n  THF y i e l d e d  i n s t e a d  t h e  - 

i s o p r o p o x y c a r b o n y l  complex a a s  a y e l l o w  s o l i d .  M.p. 107-109oC 
9 .  

s 
( w i t h  d e c o m p o s i t i o n ) .  I R  ( h e x a n e l :  1944 v s ,  v ( C O ) ;  1640 m, 1619 

s. V ( N N )  +'Y(COOCHMe2). c m - l ;  (THF): 1930 vs. 16-18 b r  s, c m - 1 .  
t 

IH NMR (C6D6): d 1 . 2 9  d  (3H, CHMe2), 1 . 3 6  d (3H, CHMe2) ,  1 . 8 5  s 

P r e p a r a t i o n  o f  c ~ * R ~ ( c o )  (a-N2CiH40He) ( N C O )  ( 8 )  , 

Method 1. The c a t i o n i c  complex bg ( 4 0  mg, 0 . 0 6  mmol) was 

s t i r r e d  i n  a c e t o n e  w i t h  e x c e s s  o f  KNCO ( 1 0  mg, 0 . 1 2  mmo,l) for 30 

h .  Acetone was pumped o f f  and  t h e  r e s i d u e  d i s s o W e d  i n  CH2C12 and 

f i l t e r e d  t h r o u g h  Ce l i t e .  The f i l t e r e d  r e d  s o l u t i o n  was c h r o m ~ t o -  

g r a p h e d  pn s i l i c , a  g e l ,  and  t h e  p r o d u c t  e l u t e d  w i t h  CH2Clz-hexane 

(1: 1) as  a n  o r a n g e  f r a c t i o n .  Re.moval o f  s o l v e n t  g a v e  a r e d  s o l i d  

( 4 0  mg) i n  90% y i e l d .  M.p.: 400C. IR (CH2ClZ) :  2240 v s ,  v(C0);  

1926 vs .  v(C0); 1626 s. v(NN). c m - l .  IH NMR (CDC13): d 2 . 0 8  s 

b 
MS (EI): m/z 527 ( ~ ' 1 ,  499 ( M - ~ 0 ) ' .  Anal .  Cakcd.  - f o r  8: C, 43 .34 ;  

- H, 4 .18 ;  N,  7 . 9 8 .  Found: C, 43 .27 ;  H ,  4 .05 ;  N ,  7 . 8 0 .  

Method 2. The c a t i o n i c  complex ( 5 0  mg, 0 . 0 8 3  mmol) i n  

, a c e t o n e  (15 mL) was s t i r r e d  w i t h  e x c e s s  s o l i d  N a N 3  ( 1 5  mg, 0 . 2 3  

mmol) f o r  1 h .  The c o l o r  changed  q u i c k l y  from maroon t o  brown. 
- .  

Acetone  was removed by pumping and  t h e  r e s i d u e  d i s s o l v e d  i n  CHzC12. 

The f i - l t e r e d  s o l u t i o n ,  was ch romatographed  as  above  t o  y i e l d  t h e  

p r o d u c t  as a ' r e d  s o l i d  i n  90% y i e l d  (40  m g ) , '  



Method 3 .  Excess o f  N2Hq l c a .  6 . 5  mL) was added t o  a s o l u t i o n  

o f  ( 5 0  mg, 0 . 0 8 3  mmol') i n  CH2C12 ( c a .  8 mL) a t  -780C. The c o l o r  

changed from mar o n  t o  ye l l ow-orange .  The s o l u t i o n  was s l o w l y  e 
warmed to room temperature and t h e  product  s e p a r a t e d  by chromato- 

graphy as above i n  95% y i e l d  ( 4 2  mg) .  
i 

, . 



-, CHAPTER IV 

Substitution of CO in [C~*R~(CO) ( Q - N ~ C ~ H ~ O M ~  1' by Two-electron 
II 

Donor Ligands Y 

4.1. Introduction 

In the preceding chapter the transformation of the carbon 

monoxide ligand,in the cationic dicarbonyl complex Lg was 

demonstrated. As an extension of the remarkable reactivity of 

this cationic complex Lg toward nucleophiles, reactions leading 

to the substitution of one of the CO ligands will be considered 

in this chapter. 

Traditionally, substitution reactions of metal carbonyl 
? 

complexes have been carried out under thermal and/or photochemical 

conditions. In addition, a number of methods have been devised 
/ 

that facilitate certain metal carbonyl sudstitution reactions. 
$ 

These methods have been recently ieviewed by Alberts and 

The pentamethylcyclopentadienyldicarbony1rhenium aryldiaze- 

n i d o x e e x  b, undergoes substitution of one carbonyl group b y  

other two-electrono donor ligands. In reactions of with halide 

ions (X-1, the neutral mo ocarbonylhal ide complexes' CP*R~X( C O ~  f 
(g-N2C6H40Me) 9 (a X= Cl,. a X= Br and qE X= I) were obtained. 
In reactions Mith iodosobenzen2 (PhIO) in the presence of nitriles 

(NCR) the monocarbonylnitr'ile complexes I C ~ * R ~  (CO) (NCR 1 



produced. The synthesis, characterization and some meohanistic 

aspects reJated to the above c'ompounds will be discussed. Also in 

"this ohapter are included reactions of the monocarbonylchloro 

complex 9g with azylcopper reagents leading to the arylmonocar- 

bony1 aryldiazenido complexes c ~ * R ~  ( ~ r  1 (CO) (g-N2CgH40Me 1 10 (m 
Ara= phenyl and Ar= tolyl), and reactions of the acetonitrile 

complex Llp with some phosphorus-containing iigands leading to 
- -  - 

the new cationic monocarbonyl phosphine compiexes [c~*R~(co)(PR~) 

( P - ~ 2 ~ 6 ~ 4 0 ~ e  1 I +  (m R= He, R= ~-Bu, R= Cy (Cy= cyclo- 

hexyl 1 , R =  Ph and R =  OMe 1 .  

4.2. Synthesis and Characterization 

(a) Uonocarbonylhalide Complexes 2 

These compounds were first observed as products of a 

remarkable solid-state reaction between the dicarbonyl cation 

complex & and finely ground KC1, KBr or KI. These reactions 

occur very slowly at room temperature, but they are accelerated 

at 950C. In each instance, the new monocarbonylhalide complex 2 

was produced. In the reaction with solid KBr and KI, some of the 

dicarbonyldihalide complexes C~S-C~*R~(CO) 2x2 (x= Br and I ) were 

also formed but, in spite of this, it is possible to isolate the 

products using this synthetic route, although the overall yield is 

poor ( 18-30%). Subsequently, we found the reaction in THF-water 

to be a convenient solution procedure for the synthesis and 

isolation of these complexes, i.e., using this method the  yield 

was considerably increased (over 80%). In the case of KI* the 



dicarbonyldiiodide complex c i s - c p * ~ ~ ( ~ ~ ) ~ ~ ~  was also produced 

but neither the dichloride nor the dibromide analogues were 

observed using KC1 or KBr. Interestingly, in the three cases a 
- 
i= 

small amount of the trioxo complex cp*~eo3 was formed but no IR 

evidence for the formation of the dinitrogen complex c ~ * R ~ ( c o ) ~  

( N 2 )  was observed. 
D 

The dichloride (a) and bromide (9b) compounds could also be 

prepared by reaction of the hydride complex 5 with CHC13 or 

CHBr3 respectively (see Chapter 111, section 3.2.). In addition, 
, 

compound was also obtained in good yield by reaction of the 

acetonitrile complex with KC1 in acetone. 

In all cases the monocarbonylhalide complexes 2 were 

obtained as red solids and were fully characterized by analysis 

and spectroscopy. They are air-stable as solids or in solution 

in organic solvents. In the IR, v(C0) and V(NN) occur at ' 1925 

and 1630 cm-I respectively. The electron-impact mass spectra 

show them to be mononuclear in the vapor phase and to fragment 

by the loss of a qingle CO group and the aryldiazenido ligand-at 

an early .stage. 

(b) Arylmonocarbonyl Complexes & 
These complexes were synthesized in good yield following 

the procedure used by. Sweet and Graham in the synthesis of CpRea 

(Ar 1 (CO) [NO). lZ9 This involves the reaction of qE with an excess 

of arylcopper (prepared from the Grignard reagent and  CUB'^) in 

. '  dry THF. In both cases (u_g and -1 the compounds were obtained 



a s  o range- rea  s o l i d s  a q a l y t i c a l l y  and spectroscopicafly pure. - - -  - 
They showed i n  t h e  I R  s p e c t r a  a  ve ry  s t r o n g  M C O )  a b s o r p t i o n  n e a r  

1922 c m - l  i?l hexane and V(NN) occured  a t  a b o u t  1620 c m " l .  The 

e l e c t r o n - i m p a c t  mass s p e c t r a  a t  16 eV e x h i b i t e d  peaks  f o r  t h e  

molecular  i o n  M +  and f o r  t h e  loss o f  CO, i . e . ,  (M-CO)'. As expec-  

t e d ,  t h e  IH NMR s p e c t r a  showed c l e a r l y  t h e  p r e s e n c e  o f  t h e  c o a r -  

d i n a t e d  a r y l  g r o u p s .  I n  t h e  c a s e  o f  t h e  phenyl  complex Leg, t h e  

a r o m a t i c  r e g i o n  a t  400 MHz showed a  t y p i c a l  A A ' B B '  p a t t e r n  f c r  

t h e  p r o t o n s  c o n t a i n e d  i n  t h e  p-rnethoxyphenyldiazenido group,  

i . e . ,  two d o u b l e t s  a t  6 6 . 8 8  and 7.24 v , th  J =  8 . 9  Hz. Also in 

t h i s  r e g i o n  a t r i p l e t  was obse rved  a t  6 6  99,. J =  7.27 H Z ,  which 

i n t e g r a t e d  f o r  1 H  and i s  t h e r e f o r e  a s s i g n e d  t o  t h e  phenyl  l i g a n d  

aara p r o t o n ,  a  t r i p l e t  a t  6 7.09,  J =  7 . 2 7  Hz ( i n t e g r a l  2H). a s s i g -  

ned t o  phenyf peta p r o t o n s ,  and a  l o &  f i e l d  d o u b l e t  a t  6 7 . 5 5 ,  J =  
< 

6 . 9 0  Hz ( i n t e g r a l  2H) a s s i g n e d  t o  t h e  o r t h o  p r o t o n s  o f  t h e  phenyl  

l i g a n d .  On t h e  o t h e r  hand t h e  t o l y l  complex 30b showed AA'BB' 

r e s o n a n c e s  f o r  two sets  o f  a - s u b s t i t u t e d  a r y l  g r o u p s .  The two 

d o u b l e t s  a t  6'6.88 and 7 . 2 4  w i t h  J =  8 . 8  Hz were a s s i g n e d  t o  t h e  

p r o t o n s  o f  t h e  a r y l  g roup  o f  t h e  d i a z e n i d o  l i g a n d  ( b y  compar ison 

w i t h  -1, and t h e  remain ing  two d o u b l e t s  a t  d 6 . 9 3  and 7 .43 .  J =  

7 .60  Hz- are  due t o  t h e  p r o t o n s  o f  t h e ,  t o l y l  l i g a ~ d .  The h i g h  f i e l d  

d o u b l e t  was a s s i g n e d  t o  t h e  p r o t o n s  o r t h o  t o  t h e  rhenium. The 

a s s i g n m e n t  o f  t h e  lower field r e s o n a n c e  t o  p r o t o n s  o r t h o  t o  a 

t r a n s i t i o n  metal h a s  been e s t a b l i s h e d  p r e v i o u s l y  i n  CpRe(CO)(NO) 

( a r y l )  by Sweet and Graham 129* 13* u s i n g  KOE and decoup l  i n g  

e x p e r i m e n t s .  



(c) Uonocarbonylnitr ile Cgmplexes 
% 

These complexes were s y n t h e s i z e d  i n  a s i m i l a r  manner t o  [Cp 

R e ( C 0 )  (NCMe) ( N O )  1 '  (Cp= Cp and c p * )  r e p o r t e d  by Cladysz  and 

coworkers .  96,111 T h i s  p r o c e d u r e  i n v o l v e s  t h e  d i r e c t  r e a c t i o n  o f  

bhe ddcarbonyl  c a t i o n  Lit with  iodosobenzene (PhIO) u s i n g  t h e  

r e s p e c t i v e  n i t r i l e  as a s o l v e n t ;  no s u b s t i t u t i o n  was obse rved  i n  

a s i m i l a r  r e a c t i o n  u s i n g  Me3NO i n s t e a d  o f  PhIO. I n  t h e  t h r e e  

c a s e s ,  t h e  n i t r i l e  complexes were o b t a i n e d  a s  red-orange. s o l i d s  

i n  good t o  e x c e l l e n t  y i e l d .  As i o n i c  s p e c i e s ,  they  a r e  i n s o l u b a e  

i n  non-polar  o r g a n i c  s o l v e n t s  such as .hexan@, benzene a n d  e t h e r  

b u t  t h e y  d i s s o l v e  ~ o ~ m p l e t e l y  i n  C H 2 C 1 2  and a c e t o n e .  I n  t h e  I R  

s p e c t r a  (CH2C12) - ,  z'(C0) appeared  as a broad and ve ry  s t r o n g  

a b s o r p t i o n  nea r  1960 c m - l ,  and a  broad and s t r o n g  a b s o r p t i o n  near  

1660 cm-l was observed  f o r  L ~ ( N N ) .  The l a t t e r  a s s ignment  was con- 

f i rmed b y  1 5 ~  i s o t o p i c  s u b s t i t u t i o n  a t  N, of t h e  d i a z e n i d o  

1 igand i n  t h e  a c e t o n i t r  i l e  complex [ c ~ * R ~  ( C O )  ( NCMe 

( p - 1 5 ~ ~ ~ s ~ q ~ ~ e  1 I +  ( ~ l p - l ~ ~ ,  1 .  A s h i f t  t o  lower wavenumber by 20 

cm-I was t h e n  o b s e r v e d .  Notably ,  t ' ( C z N )  f o r  t h e  n i t r i l e  l i g a n d ,  

e x p e c t e d  t o  o c c u r  s t r o n g l y  i n  t h e  I R  of  ~ l - b o n d e d  n i t r i l e .  complexes 

n a r  2300  ~ m - l  i n  no i n s t a n c e  c o u l d  be obse rved ,  e i t h e r  i n  C H z C l z  7 
s o l u t i o n  o r  Nujol e m u l s i o n .  

I n  a d d i t i o n  t o  t h e  t y p i c a l  r e s o n a n c e s  f o r  the '  cp* .and 

a r y l d i a z e n i d o  g roups ,  t h e  p r e s e n c e  o f  t h e  n i t r i l e  l i g a n d s  was 

c l e a r l y  obse rved  i n  t h e  1~ NUR s p e c t r a  o f  these compounds. A 

s i n g l e t  a t  d 3 . 1 0  was o b s e r v e d  f o r  t h e  a c e t o n i t r i l e  i n  u; a 



4 

a-butyronitrile in L39. and a doublet and broad multiplet at d 2.19 

and 3.60 respectively for- the A-butyronitrile in u. In all the 
cases the FAB mass spectra showed thei unfragmented cations as 

- 
molecular ions kf+, and fragments corresponding to the loss of the * "  

nitrfle .ligand (H-NCR)'. No fragments corresponding to the loss of- 

CO, (H-CO)' ,  or loss of CO and nitrile, (H-CQ-NCR)', were observed ' 

above the background. 

In addition to the above characterization, the ace-tonitribe 

complex ;UP was studied by nitrogen-NHR spectroscopy. First, the 

i 5 ~  NMR specfrum of 113;15N1 exhibited a single resonance for 

at 6 -6.09 (relative to CH3N02) .  As in the case of the di- 
\ 

carbonyl aryldiazenido complexes L, we were interested in utilizing 
L 

. 
~ ' I N  NMR for the identification of the nitrogen nuclei in m. 

- # 

Interestingly, three broad resonances were observed 'at d -6.9, . 
* .  

I " 

-? 
-135.0 and -256.4 assignable to %he three distinct nitrogen ia&ms. 

f 
" The one at 6 -6.9 was immediately assigned to N,, in good a re - 

\ -22= . 
merit wl-th 6 -6. Q9 observed in the l5N NHR spectrum of ru-15~,. 

-v > 

Furthermore this resonance is in the cegion expected for N, in a 

singly-bent diazenido ligand (seeS~able 11, Chapter 11). The 
C 

risonance at d -135.0 was assigned to*NB. ~lthdlr~h this;' was ndt 
0 . 

confirmed using 15N NHR end 15NB enriched 'it appears exactly 

in the region expected for1 NB in this type of diazenido ligand 
B I 

(see LQ and in Table ,111. The third resoname at much highec . 
, "", 

field (6 -256.4) has no precedent in the literature for cationic 

complexes and can be tentatively assigned to 'the nitrogen nucleus 



\ - 
of__the coordinated acetonitrile .l igand. The - l3e NE ~ R  sp&trum of - -  - -  

+ . y"., lso showed the prese@ce crf the acetonitrile ligand.'The, two , >  

, singlets observed at d 142.77 and-?5.00 in the proton aecoupled 13c 

NkFspectru.wer; assigned to the carbons of the-cyanc and methyl 
- - . groups respectively. ?I 

a = 

i. 

: G m  yields 0.f the cationic phosphine conplcxes [ c ~ * R ~ ( c o )  - 4 d'- 

( P R ~ ) ( ~ - N & H ~ o M ~ ) ] +  were obtained by reaction of the aceto- 

nitrile complex with Ohe respective phosphine ua-d or with 

trimethylphosphite 'u in acetane at 'room temperature. "1n all 
n, 

the cases bhe compounds' were isolaced as orange-red solids and 

were fully characterized by analysis and spectroscopic 
0 

techniques. They are soluble in the majority of polar organic 

solvents and insoluble in hexane and ether. All =a-e exhibited 

in the IR spectrum in CH2C12 a very s t r o ~ g  terminal V(C0) band in 

the -.l965-1940 cm-I region.and one strong and broad band at about 

1680 cm3l -< which corresponds to V(NN) (see Ta e 111 1 .  ihe v ( N N )  
'cp 61 

absorption showed the expected isbtopic shift &r wavenumber . 

L 
' - 

in going from to ~ 2 p - l ~ ~ ~  -[&v(N.M)= 35 =m-ll and from LZe; to 

&-'15~. [av(PINl= 39 ,cm-?I in C H ~ C ~ ~  solution. The IH NHR 

spectra of these complexes are exactly those expected by the 
/ 

presence of the phosphine or phosphite ligands (see Experimental F 

Section). Similarly, the 3 1 ~  NHR spectra showed a single resonance 

(Table 111) in the normal'region for a coordinateddphosphinb.131 
.r 

' FBB-loass spectra shored the unfraginented lation as the molecular . 
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. a 
peak ( T a b l e  llI.$$excspt f o r  t h e  c y c l o h e ~ y l p h o s p h i n e  

- i 

complex ' L~;G - - 

f o r  w h i c h  t h e  FAB HS c o u l d  n o t  be obse rved .  The f ragments  c o r r e s -  
Id - 

ponding t o  l g s s  o f  CO and PR3 were h o t  e above t h e  back- 
) 

= - 
.%. 

ground. j L 

Nit rogen  NHR was a l s o  uses f o r  t h e  c h a r a c t  h r i z a t i w f  o f  

complexes and m. The 1 5 N  NMR s p e c t r a  o f  &-15Na and m- 
' .  - * 

1 5 ~ a  showed a d o b b l e t  wi th  s m a l l  c o u p l i n g  t o  phasGhorus, a t  a  - 

s l i g h t l y  h i g h e r  f i e l d  t h a n  CHgNO2 ( s e e ,  Table IVJ. The v a l u e  of  t h e  * .  

Q 
c o u p l i n g  c o n s t a n t s  t o  phbsphorus .  " .  ( 2 ~ p N )  3 . 5  and 3 .0- for  = - l5~= 

, a n d  m-15~a r e s p e c t i v e l y  a r e  i n  good i g r e e m e n t  w i t h  t h o s e  

observed i n  o t h e r  phosphine complexes wi th  d i n i t r o g e n  c o n t a i n i n g  - 
i 

l i g a n d s  i . e . ,  cis-Ho(PMe2PhI4( 15y2)  2 2~.m= 5 .  2,51 trans-W( 1 5 N 2 )  

( d p p e )  2 2 ~ p N =  2 .  051 and t r a n s - [ i ~ r ( l ~ ~ ~ ! ~ t ) ~ )  (dppe)ZlBr  2 ~ p N =  

5 . 0 . 4 5  On t h e  o t h e r  hand, t h e  ' 1 4 ~  NMR spect rum o f  t h e  t r i m e t h y l -  
6 

phosphine complex a l lowed  u s ' t o  o b s e r v e  a l s o  t h e  resonance  due 
% 

t o  hhe N, a t  d -126. I n  a d d i t i o n ,  a ' s e c o n d  r e s o n a n c e  obse rved  a t  

much lower f i e l d  (6 -1 .9 )  

wi th  tha ' t  o b s e r v e d  i n  t h e  

resonances  i n  and t h e  

1 5 ~ ,  a r e  w i t h i n  the range  

d i a z e n i d o  l i g a n d .  45,51 

was a s s i g n e d  t o  N,. T h i s  a g r e e s  w e l l  

1 5 ~  NMR spec t ram o f  --l5N,. Both 
- - 

d o u b l e t s  observed i n  --l5Na and a- 
" .  

i e x p e c t e d  f o r  N, and No o f  a  s i n g l y - b e n t  

J! 
I 



190.65  L= CO, -7.32 
- 

L= P(OMe13, 12e 199 .01  -1 .97  
L= P M ~ ~ ,  12a 201.24 -0 .64 

- 
r 4 - - 

4 . 3 .  D i s c u s s i o n  d 

+ \ * +  

@+ 
(a) Monoca rbony lha l ide  Complexes 

t- 

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

b 

h a l i d e  ( s o l i d  s t a te  o r  THF-water s o l b t i o n )  h a s  a l l o w e d  t h e  

i s o l a t i o n  +. o f  the new r n o n o ~ a r b o n ~ l h a l i d e  d e r i v a t i v e s  c ~ * R ~ x ( c o ' )  (p-- <--I 
\ 

N2CgH40Me) 2, & X =  C 1 ,  a X= B r  and  & X =  I .  On t h e  b a s i s  o f  

s p e c t r o s c o p y  t h e s e  complexes  r e t a i n  t h e  a r y l d i a z e n i d o  ' l i g a n d  
n - 

bound t o  t h e  m e t a l  i n  a s i n g l y - b e n t  t h r e e - e l e c t r o n  donor  . f a s h i o n ,  

a s  e x p e c t e d  f o r  a 1 8 - e l e c t r o n  c o n f i g u r a t i o n  as  shown be low.  
i 



The forplation of these derivatives contrasts wf th the - - - 

-- 

reaction of I ( C ~ H ~ ~ ~ ' ) M ~ ( C O )  2 ( ~ 2 ~ r a )  1 + with halides X' where an 

apparent nucleophilic attack at the ipso carbon, occurs to podice 
8 .  

the dinitrogen complex (C5H4He )Hn(CO) 2 ( N 2  (see Eq. 4 and Scheme 

111). Also differences are observed from the analogous reaction 
3 .  c 

of [CpRe(CO) 2(N2Ar) + wf th halides. of these 

reactions are shown in Scheme VI," 

CpRe(COlBr(N2Ar) + CpRe 

Br Ar 

CpRe (CO) BrYN2Ar ) 

KC1, acetone or 
[ ~ p ~ e  (CO) ( N ~ A ~ )  1 + + CpRe (CO) C1 ( N 2 w )  

solid state 

CpRe(C0)2(N2) + CpRe(C0) 212 + I A r  + H+ 
\ 

Scheme VI 



I 

- - - 4 6  " --L- 
I - 

- S 
i 

A s  can be observed in Scheme VI, r-tigns of tCpRetCOrs- -- 

r- 
( N ~ A ~ ) I +  with potassium halides are complex and-very dependent an % - 
the hature o f  the solvent and the halide. 

Using the pentamethylcyclopentadienylr~enium analogue &, 
8 0 B 

reactions with KX in'THF-water, or even in the solid state, -are 
^ * 

apparently much simpler, since thelroduction of the dinitrogen 

- *  I --c. 

t 
complex was never observed (see Scheme V I I ) .  

\ 
' *  * *  . O  

Cp R e  (CO) I ( N 2 A r )  + c i s - ~ p r ~ e  (CO) 212 + SP Reopy. 
8 

I 

Cp R e O g  was produced only ir, THT-water reactions 
1 

_I Scheme VII 



\ -  

The small amqunt ( l ess  t h a n  5%) o f  t h e  t r i o x o  complex C P * ~ ,  A 

. - 

O3 observed i n  THF-water r e e a c t i o n s  cou ld  r e s u l t  from o x i d a t i o n  of  
4 

t h e  s t a r t i n g  m a t e r i a l  o r  t h e  p r o d u c t s  by  oxygen c o n t a i n e d  i n  
- - 

t h e  s o l v e n t  (see Appendix I ) .  
B 

Two p o s s i b l e  n e u t r a l  i n t e r m e d i a t e s  t h a t  might  be formed as a  

f i r s t  s t e p  o f  t h e  n u c l e o p h i l i c  a t t a c k  o f  t h e  , h a l i d e  i o n  X- t o  t h e  

d i c a r b o n i l  c a t i o n  are shown i n  Scheme VIII. However, no euidefice 

f o r  t h e  f o r v a t i o n  o f  t h e s e ,  o r  any o t h e r  i n t e r m e d i a t e  s p e c i e s , - h a s  

been o b t a i n e d .  

The a c y l  h a l i d E T n T e r m e d i a t e  A cou ld  r e s u l t  from nupleo-  

p h i l i c  a t t a c k  on  a  CO group.  T h i s  t y p e  o f  i n t e r m e d i a t e  h a s  been 

s u g g e s t e d  i n  ana logous  r e a c t i o n s  b u t  never  obse rved  a s  a  s t a b l e  
f 

p r o d u c t .  132, 133 The rnonocarbonylhal i d e  complex 3 c o u l d  be formed . 
by a n  inJe rna1  d i s p l a c e m e n t  mechanism ana logous  t o  t h a t  s u g g e s t e d  
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I t  is p o s s i b l e  t h a t  

- 
Scheme I X  

bo th  mechanisms ( a s s o c i a t i v e  and 

r a d i c a l )  a r e  invo lved  i n  t h e  r e a c t i o n  a t  t h e  same t ime  b u t  t h e  

h i g h  y i e l d s  o f  t h e  monocarbonylhal ide  3 i n d i c a t e s  t h a t  t h e  

a s s o c i a t i v , e  one is p r e f e r r e d .  The major dependence o f  t h e  

on t h e  s o l v e n t  and g&z% t h e  o x i d i z a b i l i t y  o f  t h e  h a l i d e  
- 

a r e  i m p o r t a n t  f a c t o r s  y e t  t o  be de te rmined .  

- 6b) Arylmonocarbonyl - Complexes 
'4 

A s  was mentioned b e f o r e ,  t h e  two a r y l -  d e r i v a t i v e s  and  J& 

were s y n t h e s i z e d  u s i n g  the c h l o r o  compley_% and t h e  r e s p e c t i v e  

aryLcopper  r e a g e n t  (RCu). The c h o i c e  of  t h i s  r o u t e  t o  p r e p a r e  

s u c h  compounds was s t i m u f a t e d  by a r e c e n t  r e p o r t  by Sweet  and 
, 

Graham u s i n g  t h e  i s o e l e c t r o n i c  complex ~ p ~ e  (CO) (NO) (XI ( X =  C1. B r  



C 

t 
d 

and I )  i n  r e a c t i o n s  w i t h  Gr ignard ,  o r g a n o l i t h i u m  a-nd a ry Icopper  
., 

\ -  

r e a g e n t s .  J29 They found t h a t  t h e  P a t t e r  is  t h e  most e f f i c i e n t  
- - 

r e a g e n t  t o  o b t a i n  t h e  d e s i r e d  s u b s t i t u t j o n  p r o d u c t s .  Using 
* .  - 

Grignard  o r  o r g a n o l i t h i u m  t h e y  found t h a t 3 t h e  cor respond ing  

b e n ~ o ~ l m e t a l a t e  p r o d u c t s  [CpRe(NO)(CQAr)Il-  were a lmos t  
C d 

e x a l u s i v e l y  formed. T h i s  a n i o n i c  compound would r e s u l t  from 

c a r b a n i o n  a t t a c k  on  t h e  c a r b o n y l  g r o u p  wi thou t  subsequen t  lost6!$* 

t h e  h a l 2 d e .  Thiy a l s o  found t h a t  .the v a r i e t i o n  o$ X i n  CpRe(C0) 
' 

4 
I .  

(N0)X i p c r e a s e d  t h e  y i e l d  o f  t h e  a r y l  i n  t h e  o r d e r  

4 

I n - t h e  pentame-thylcyclopentadienyl sys tem a s i m i l a r  t r e n d  i n  

r e a c t i v i t y  o f  t h e  c h l o r o  d e r i v a t i v e  a toward PhHgBr and a r y l -  . ,  - 
cppper  was o b s e r v e d .  For i n s t a n c e ,  a slow r e a c t i o r f  t o a k  p l a c e .  - 
when complex i n  THF $as t r e a t e d  wi th  PhMgBr. However, t h e  

b e n z o y l m e t a l a t e  complex [ C ~ * R ~ C ~ ( N ~ A ~ ) ( C O P ~ ) I -  c o u l d  n o t  be. 

d e t e c t e d  by I R  and no a r y l  comfilex was formed. -Znstead,  o n l y  

decompos i t idn  o f  t h e  rhenium complex was o b s e r v e d .  No a t t e m p t s  

were made t o  i d e n t i f y  t h e  decomposi t ion  p r o d q t s .  Probably ,  

/ c a r b a n i o n  a t t a c k  a t  t h e  c a r b o n y l ' g r o u p  o c c u r r e d  an,d t h e  benzoyl-  

m e t a l a t e  i n t e r m e d i a t e  t h e a  formed r e a d i l y  decomposed. Another 
-, 

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

a t t a c k  o f  t h e  PhMgBr a t  t h e  a r y l d i a z e n i d o  l i g a n d  t o  produce t h e  

hydraz ido  ( 2 - 1  complex [ C ~ * ~ P ~ ( C O ) C ~ ( N N ( P ~ ) A ~ ) I -  a n d / o r  t h e  

d i n i t r o g e n  complex [ c ~ * R ~ ( c o ) c ~ ( N ~ ) ] -  which . a r e  p robab ly  

u n s t a b l e .  N e u t r a l  ana logues  o f  t h e s e  complexes (benzoy l ,  

h y d r a z i d o  42-1  and d i n i t r o g e n )  have b e e n L s o l a t e d  from r e a c t i o n  



" of [CpRe~CO)Z(NZ~rll+ with ~ p ~ i . l O  '1 L 

9 
I * . '3 

Reaction of a with arylcopper (RCu, R =  phenyl or tolyl) 

'bccwred cleanly *to effect the desired substitution. In general, 

Poth arylrheniumdiazenido compounds and exhibit very 
4. 
.bl 
simila? spectroscopic properties, comparable to those observ,ed 

in the arylrheniumnitrosyl species. Substitution of hydrogen by 

methyl in the w-positionbof Tthe afyl ligand dcns not 

sign1f icantly change v(C0) and V ~ N N ~  in= the IR spect=a of these 

compounds or the resonances of" the cp* and methoxy group of the / 

c ~ * R ~  (CO) (N2Ar fwgment, in the IH ~ ~ ~ ~ s ~ e c t s a .  
li. 

1 

, 

(c) Honocarbonylnitrile Complexes - 
Y 

The substitution of carbonyl by nitrile ligands in the- 

dicarbonyl cationic complex a could be achieved by, two 'different 
'routes. First, photochemically, which 'involved the UV-irradiatio-n 

?I 

of a dilute solution, of in acetonitrile. Although it was 

possible to. obtain the nitrile complex LLQ by this route there 

were several problems ass$ciated with this reaction. For instance, 
9 

long irra-tion periods ca. 2-3 h tesulted in total disappearance 

of with formation of the acetonitrile complex Ila, but only in 
.\ 

low yield. This was probably due to s u h q u e n t  decomposition of 

the produck under continued irradiation. Using shorter . .4 

irradiation periods, ca. 30 min, only about one-quarter conversion 

of to the acetonitrile product was evident by IR. However,, the 

separation of these  two^ cationic complexes could not be 'achieved 

b y  routine laboratory techniques. Sjnce complelt LtQ ~ o u l d  be. 



$ 1  

prepared in e x ~ ~ l l e n t  yi s, analxtically pure, by an a l t ernat ive  
* 

v 

method as described below, no attempts were made to find'the 

optimum 
tl 

* the oxidative rempval of coordinated CO wa\reported by. Gladysz 

and coworker>. ll1 They f o u k  that the-ieaction of the diuarbonyi- ' . 

nitr.gsyl cation [C~RL.(CO)~(N~) l t  in acehnitrile with 

commercially available iodosobenzene. (PhIO) 'rersul ted in the 

smooth formation of [CpRe(CO) (NCMe 1 (NO) 1' in high yield. 
3 - 

Subsequently, *- the synthesis of [ c ~ * R ~  (CO) ( N G M ~  1 (NO).] + was 
d 

reported by the same group using a sirn+ilar p r ~ c e d u r e . ~ ~  " 

-\ 
I .  

Iodosobenzene, also called iodosylbenzeneg6, works equal1 y , 
< 

well with the dicarbonylaryldiazenido complex in different 
U 

nitriles NCR (R= Me, 3-Pr and L-PFI 'as solvents ( E q .  20). 

t l  * * 
C P  CP Q*':. . . -  I ,  I + 

I .  

+ P h I O  - .,rje=N=N NCR 
\ - /$=N=N Ar OC & A r  -COz k 

OC a3 ,C=O A 

/;e=N=Y 
OC N 

A r  

\ Ph-I- O C 
R Eq.20. 

la - 11 

! 

It is believed that the reaction is initiated by 

nucleophilic attack of PhIO at the carbbnyl carbon atam followed 

by liberation of C02 and coordination of a nitrile molecule from 
" - 

the solvent. A similar reaction pathway has been proposed in 

reactions of Re2(co)iO with M ~ ~ N O  in acetonitrile to give R e 2  
- 



The labile 

- 9 3  
f i  

acetonitrile ligand 

> 

t 

d 

in l,la can easily be 

displaced from t h e  metal by other- two-electron.$bmr 1 igands " '  

giv ing  complexas of  t h e  type I C ~ * R ~ ~ C U ) ( L ) ~ # ~ A ~ )  lM tn= O or 1) 
, . 

which are  normally fnaccessibl e from t h e  dfcarbonyl c a t i o n  -;je. 
F .  

Complex k;Z1ZL 1s M e  second most impartant species i n  t h i  work 

involved in t h i s  thesis ( t h e  f i r s t  b e i n g  compfcr h), since it is 
' 

- 
t h e ' p r e c u r s o r  of a lmos t  a l l v  the chemistry to be described in the 

r e s t  of this thesis. 

The tnethyl proton resonance  of ?he acetonitrile iigand in . . 
- I :a 3-10, is in good .agreement 'with those reported  for  the 

Y 
isoelectronfc n i t r o s y l  analogues fCpRelCO)1NC~ef(M011$ d 2.182 

C12 1 and 2 . 9 5  (ace t o n e - d ~  1 and d 3.05 (acetone-ds) for , - 
a 

[ C ~ * R ~ ~ C O I  tMCHe1 (NO) Is.  96 In t h e  fatter case ttie 13c ,NHR spectrum 

uas" also reported.  In--general,  t h e  I3c' NXR spectra of and 

I C ~ * R ~ ( C D I  ( N C X ~ )  f NO) l i  are compar%blc,_ particularly in the 
- 

resonances a t t r i b u t a b l e  t o  t h e  carbon nuclei of the acetonitrife 
- - 

ligand d 4 . 7 0  and 139. 30-4acatone-d61 i n  ' t h e  n i t r o s y l  complex 
- =. 

versos  d 5 . 0 0  and 1 4 2 . 7 7  ICDC13) in J&, far  the methyl and cyano 

carbons respect iuely,. 

f n  both the  n i t r o s y l  and aryldiazenido complexes t h e  

resonance du@ to the carbon of t h e  cyano group of acetonitrtls 

l i g a n b  (6 ' 140) was shifted.to low field by about  10 ppm by 

9 
2200 c i ' l )  to contain the acetonitt ilc coordinated throuqh the 



. 
3 was observed in the ~ P N  - 

/-'3 

NHR spectrum of this-complex. The value 6 -256.4 observed for the 

nitrogen nucleus of coordinated N C H e  is shifted by about 1 UaRpm 
upfiefd by comparison with free NCHe fb  -138.4).14G This large 

coordination shift contrasts with those predicted theo;etically 

by nason141 and with that observed.in Cr(CO)5tNCile) (6 

1 4 2  
* 

-146.0). d 

In addition, the failure to observe v ( C = N )  in complex 

and presumably in Cp and ~ p *  rheniumnitrosyl analogues (because 

these were not reported) in the region characteristic of NCHe 
* 

bound to a metal in a 7f1-fashion i . e .  2200-2300 ern-l, suggests . *  . 

t h a t  this l i g ~ ~ n d  might i n s t e a d  be n-bonded to t h e  r h e n i u m  as shown 

below. 

% 

\ 

Coordination of acetonitrile as a a-complex had been previous- 

1 y suspected in R U ?  PPh3 ( ? * - N C W ~  ) .  This  assignment w a s  made on 

the basis of IR spectroscopy vhere V(C2N)  appears as a strong 

ahsorption at i912 crn-I. 143 Ye were unable to observe any other 
- 

absorption in the 2000-1900 erne1 region in addition to the broad 
1 

and very strong band d b  to v(CO1. 



* .  
( d  1 ~ d n o & r b o n ~ l ~ h o s ~ b i n ~  Complexes U' 

% . .  

~ h t s e  ~omplexes were easily prepared by thermal substitution 

of the adetonitrile ligand ih by phosphine (=a-dl or4-tri- 
-- - 

mcthylphosphi te '& 1 igands . ~ t t e a ~ t s  verse also. made* toprepare 
-- . -- 

the - triphenylphosphine comp?ex by direct reacticn- of the di- . 

carbonyl with an excess of PPh3 in acetone. unfortunately the 

only organometallic product isolated was the .d icarbonyl tr ipheny1-  

phospbine. complex C p * ~ e  ( CO) 1 pph3 1 . This compound had been . 
previously mentioned but without details of its synthesis and 

characterization. 144 Ue identified it by IR ! v(C0) 1922 and 1859 
J 

cm'l In ether) and mass spectra (m/z - 6 4 0  M+, -and 584 (u-~co)+ 
- -  

based on 187~e). A similar reaction w& previously obsekved in 

[CpRe(C0I2(N2Ar)l+ with PPhj. In this. c a s e ' C p R e ( ~ ~ ) ~ ( ~ ~ h ~ )  and 

[Ph3P-NNAr 1 lBF4 I were positively identified. 27 
-- 

In the I R  bectra of these ~ompleres. the relative >-donor 

(or r-acceptor abilities Li'thi phosphine ligands are revealed 

more strongly by changes in v(C0) than in v(NN) (see Table 111). 
@ 

This can be explained in terms of the better x-acceptor properties 

of CO compared with the aryldiazenido group. ll.  he greater the - 

a-dono; tor poorer =-acceptor abl lity of Ithe phosphorus ligand,' 

the higher will be the degree of delocalization into the carbonyl e 

antibonding orbitals and the lower wi1.l be the v(C0). ?For example, 

the order of decreasing V(C0) P(OHeI3 > PPh3 > P(a-Bu13 ' PHeg > 

PCy3 correlates with increasing u-donor ability,of the phosphorus 

1 igand. 141i 

In th6 13& MHR spectra of and some trends were 
I 



a l s o  o b s e r v e d .  For example, t h e  replacement  o f  one c a r b o n y l  i n  

t h e  p a r e n t ' - d i c a r b o n y l  c a t i o n  by a  phosphorus l i g a n d  l e a d s  tcr a  

d e s h i e l d i n g  (down f i e l d  s h i f t )  o f  t h e  ca rbony l  ca rbon  resonance  

I 
f o r  t h e  remain ing  CO l i g a n d  (see Table I V ) .  Wi th in  t h e  phosphorus . e l  

I I 
, . I 

c o n t a i n i n g  camplex a low f i e l d  s h i f t  o f  d ( 13c0)  i s  observed when I - 
t h e  t r i m e t h y l p h o s p h i n e  is compared wi th  t h e  t r i m e t h y l p h o s p h i  t e  b 

12e complex ( T a b l e  .IV). A comparable s h i f t  h a s  been observed i n  , 
, 

s e v e r a l  othe; sys tems  c o n t a i n i n g  ca rbony l  and phosphorus l i g a n d s  

e . g .  and CpMn(C012L. 147 - 

The above t r e n d  a l s o  o c c u r s  i n  t h e  1 5 ~ ,  resonance  o f  t h e  

d i a z e n i d o  l i g a n d  i n  t h e  1 5 ~  NMR s p e c t r a  ( T a b l e  I V ) .  Indeed,  t h i s  

is t h e  f i r s t  example-where  s i m i l a r  p e r i o d i c i t i e s  a r e  observed i n  

t h e  13c resonance  o f  CO, and r e s o n a k x  o f  N 2 A r .  w i t h i n  t h e  

f 

e 

same .complex. 
8- 

L 
The downf i e l d  s h i f t  obse rved  i n  6 ( 13c0)  and 6 ( 1 5 ~ , )  of  

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

e l e c t r o n - d o n o r  a b i l i t y  o f  l i g a n d  L c a n  be e x p l a i n e d  i n  terms of  

t h e  g r e a t e ' r  rnetaI-+carbonyl and r n e t a l 4 i a z e n i d o  x-backbonding due t o  
' 

a n  i n c r e a s e  o f  e l e c t r o n  d e n s i t y  a t  t h e  m e t a l .  I t  has  been sugges-  

t e d l 4 I  t h a t  t h i s  e f f e c t  produce< a  d e c r e a s e  i n  t h e  magnitude of  

t h e  s e p a r a t i o n  (LEI between t h e  e l e c t r b n i c  ground s t a t e  and t h e  

P - - 
l o w e s t ' l y i n g  e x c i t e d  s t a t e ,  which is  r e l a t e d  t o  t h e  l o c a l  p a r a -  

magnet ic  te rm ( a p )  o f  t h e  s c r e e n i n g  c o n s t a n t .  I n  t h e  c a s e  o f  13c 

and 1 5 ~  n u c l e i .  o p  is t h e  main c o n t r i b u t o r  t o  t h e  chemical  - 

s h i f t . 1 4 1 , 1 4 6  



4 . 4 .  Experimental Section 
S y n t h e t i c  procedures,  s o l v e n t  p u r i f i c a t i o n  and s p e c t r o s c o p i c  ,+ 

'p. 

measurements were done a s  desc r ibed  i n  Chapter  11. Trimethyl-, 

t r i ( a - b u t y l j - ,  t r i cyc lohexy l -  and t r iphenylphosphine  (Strem 4 

-.  
Chemical) and trLmethy1phdsphite ( A l f a )  were used a s  purchased.  

A c e t o n i t r i l e  ( F i s h e r  S c i e n t i f i c ) ,  a - b u t y r o n i t r i l e  and L-butyro- 

n i t r i l e  (A ld r i ch )  ,were d i s t i l l e d  from PqOlo p r i o r  t o  use .  Pheny1- 

magnesium c h l o r i d e  (Alfa ,  1 . 9 5  M i n  THF) and p-tolylmagnesium 

bromid* (Aldr ich,  - 2 H i n  e'ther were used as r ece ived .  Iodoso- 
1 

benzene was purchased from P f a l t z  and Bauer, o r  prepared from 

iodosobenzenediaceta te  ( A l d r i c h )  by t h e  method of  S a l t z  and 

Sharefk in .  148 Electron-impact  mass s p e c t r a l  d a t a  (m/z 1 are repor -  

t e d  based on 1 8 7 ~ e ,  3 5 ~ 1  and 7 9 ~ r .  

Prepar  

( i )  Reaction of  wi th  KC1 i n  THP-water 

The c a t i o n i c  rhenium d icarbonyl  & (50 mg, 0.083 mmol) was I 

s t i r r e d  w i t h  exces s  KC1 i n  THF-H20 (1:1, 10 mL) f o r  36 h. THF was 
- 

removed under vacuum, and t h e  s l i g h t l y  yellow aqyeous s o l u t i o n  
u 

-4 - t 
a 

remaining was decanted from t h e  i n s o l u b l e  r e d  s o l i d .  The l a t t e r  

was d i s so lved  i n  THF, arrd placed on a F l o r i s i l  column (prepared  

i n  hexane) .  A r e d  f r a c t i o n  e l u t e d  wi th  THF-hexape (1 :4 )  y i e lded  a 
as a red  s o l i d  (38  pg, 8791 a f t e r  evapora t ion  o f  s o l v e n t .  A yellow 

f r a c t i o n  ' e l u t e d  wi th  THF-bexane ( 2 : l )  yieldeil ,  a f t e l  p r e c i p i t a t i o n  

wi th  hsxane dt l o r  temperature ,  about  5 mg o f  C P * R ~ O ~ .  Compound 9p 
C 

melted a t  125-1270C without  decomposit ion.  I R  ( c H ~ C l 2 ) :  1924 v s  



a, 
3.81  s (3H, OHe) ,  6 .92 d (2#, -C6H4)  and 7.29 d (2H, C6Hq). MS 

C ' 
( E I ' ) :  m/z 520, ( # + I ,  492, ( M - ~ 0 ) ' .  Anal. Calcd. f o r  a: C, 41.54; 

H, 4.23; N,  5 .38.  Found: C, 41.41; H ,  4.15; N ,  5 . 19 .  
* 

t 

(ii) S o l i d  S t a t e  React ion 

The rhenium complex & (100 mg) was f i n e l y  ground with  s o l i d  

KC1 and the  mixture  heated a t  950C f o r  1 2  h,. by which time a l l  

- t h e  s t a r t i n g  m a t e r i a l  had r e a c t e d  (by I R )  and a s t r o n g  abso rp t ion  

occurred a t  1919 and 1627 c m - l .  E x t r a c t i o n  with  CH2Cl2  and then  

chromatography on b i l i c 6  g e l  with CH2C12-hexane (7: 3 )  gave an 

orange-red f r a c t i o n  which conta ined  the  produc t .  R e c r y s t a l l i z a t i o n  
\ P f b m  CH2C12-hexane gave 16 mg (192)  of which was c h a r a c t e r i z e d  . 

(as above. 

i i i i  Re;ction o f  A c e t o n i t r i l e  Complex with  KC1 

The c a t i o n i c  a c e t o n i t r i l e  complex (80 mg, 0 .13 mmol) was 
t 

s t i r r e d  wi th  f i n e l y  ground KC1 i n  adetone ( 8  mL). Af te r  1 h, a l l  

' had r e a c t e d  (by I R )  . Removal of the  s o l v e n t  and p u r i f i c a t i o n  
\ .  

a s  i n  ( i )  y i e l d e d  56 mg ( 8 2 % )  of  99. - 
7 

P r e p a r a t i o n  of  c ~ * R ~ B ~  ( co (p-I2CsH@e 1 

( i )  React ion o f  wi th  K B r  i n  TYF-water 

This  was c a r r i e d  o u t  a s  desc  ed f o r  KC1 ( a b o ~ e ) .  From.50 "i 
mg of  40 rng i800)  o f  t h e  red  s o l i d  a were ob ta ined .  About 7 

- .  
rng of  c ~ * R ~ o ~  - were a l s o  produced. Complex a melted a t  149-151'0~. 

, 
I R  (CH2C12): 1927 v s  y(C0) .  1628 s p(NN). c m - l .  IH YHR (CDC13): 6 

2.06 s (15H, c p * ) ,  3 .81 s (3H, One), 6.90 s (2H, C6H4)  and 7 . 2 7  d 



f o r  a: C8 3'8.29; H, 3.90; -a, 4.96. Found: C, 38.44;. H, 3.89; N, 
I 

- 
( i'i S o l i d  S t a t e  -Reac t ion  * 

This was c a r r i e d  o u t  a s  desc r ibed  f o r  KC1, bu t  t h e  r e a c t i o n  

was much f a s t e r  .\1t took 4 h a t  950C fo r  complete d i sappearance  

o f  t h e  s t a r t i n g  d icarbonyl  complex (by IR') . From 100 mg o f  a 21 

mg (23%) of the  bromo complex were ob ta ined  a f t e r  chromatogra- 

phy on a s i l i c a  g e l  column e l u t e d  with CH2C12-hexana 7:3. Fu r the r  

e l u t i o n  with CH2C12 gave a red-orange f r a c t i o n  c o n t a i n i n g  98 and 

c ~ * R ~ ( c o ) ~ B ~ ~  which was i d e n t i f i e d  as t h e  c is- isomer  ( s e e  Chapter 

P repa ra t ion  of  C ~ * R ~ I  (CO ( p-H2C6H@ne.) 
1 

r 

( i )  Reaction with K I  i n  THF-water 

T E i s  r e a c t i o n  was c a r r i e d  o u t  a s  desc r ibed  f o r  KC1 (above)  
a, 

us ing  50 mg (' 0.083 mmol o f  & t o  y i e l d  t h e  iodo .complex & a s  

a t e d  s o l i d  i n  80% y i e l d .  E l u t i o n  with  THF-hexane (7 :  3 )  yiel$ed a 
H 

s m a l l  amount ( c a .  5 mg) of  C ~ * R ~ ( C O ) ~ I ~  ( c i s - i somer r  s e e  C t a p t e r  
* & 

. V I )  a s  a yellow-orange ba second yellow compound e l u t e d  with 

THF, was i d e n t i f i e d  a s  Cp 3 (about  5 mg). Compound & melted 

a t  1750C. I R  (CH2C12): 19 v ( C O ) ,  1630 s v ( N N ) ,  c m - l .  IH NHR 

( c D C ~ ~ ) :  d 2.13 s ( 1 5 ~ ,  cp*) .  3.81 s (3H, O l e ) ,  6.90 d (2H, C6Hq) 

. Calcd.  f o r  &: C, 35.355 H, 3.60; N,  4 .58.  Found: C, 35.37; H, 



-- 
- - 10s - 

7 

' 
( i i )  S o l i d  S t a t e  ~ e a c t i o n  ' % 

- 

- - 

v This  was c a r r i e d  o u t  as desc r ibed  f o r  KC1 and KBr,%ut t h e  

r e a c t i o n  was f a s t e r  and a l l  s t a < t i n g  m a t w i a l  r e a c t e d  wi th in  40 
1 - 

min a t  950C. I R  showed *tk presence  of & (1925 vs,  1628 s c m - l )  

* 
as major product ,  and some cis-Cp Re(COII2 ( v ( C O ) ~ ~ ~  2013 c m ' l ,  

I * 

R(CO)asym o b s c u ~ e d  by =)."Chromatography on s i l i c a  g e l  with 

. CH2Cl$;hexane ( 7 : J )  f i r s t  -- e l u t e d  C ~ S - C ~ * R ~ ( C O ) I ~  and then  which 

was From 1 0 0  mg of  Lg, 30 mg (31%) of .BI 

i s o l a t e d  qE were ob ta ined .  

- - 
C -- 

A s o l u t i o n  of~phenylmagnesium c h l o r i d e  ( 0 . 1  mL, 0.195 mmol) . 

w a s  added dropwise t o  a  s t i r r e d  suspension of CuBr (55 mg, 0.385 

mmol) i n  10 mL of  THF coa led  a t  O O C .  So l id  a (30 mg, 0.057 mmoi) 

was added c a r e f u l l y  under N 2 .  The mixthre.was al lowed t o  warm up 

t o  room temperature  a s  s t i r r i n g  cont inued.  Af t e r  90 min a l l  t he  
u 

s t a r t i n g  cornplei r e a c t e d  $ 1 The mixture  was then  .., ' . 
- - 

hydrolyzed with  water ( 0 . 2  mL) and f i l t e r e d  through C e l i t e '  under 

. N2. Solveqt  was evapora ted  unde'r vacuum and a f t e r  o v e r n i g h t d r y -  

i ng  (unaer  vacuum) t h e  s o l i d . r e s i d u e  was e x t r a c t e d  with hexane ( 4  

x 8 mL). The combined e x t r a c t s  were f i l t e r e d  through a  s h o r t  

n e u t r a l  alumina column and t h e  so lven t  removed under vacuum: Re- . 
c r y s t a l l i z a t i o n  from hexane a t  -780C a f fo rded  t h e  product  a s  o r a n g e *  

m i c r o c r y s t a l s .  H.p.: 123-1250C. I R  (hexanel :  1922 vs V ( C O . ) ,  1624 - 



- 
C6H4). 7.55 d  ( Z H ,  J =  6.90 HZ,  p-CgH5). ( E l 8  16 &) :  mjz 562 

- - 

( M + ) ,  534 (H-CO)+*. Anal. Calcd. f o r  u: C, 51..33; H, 4.81; N, r 

4.99. Found: C, 55.17; H, 4.78; N, 4.87. 

r' 
Prapa ra t ion  of c ~ * R ~ ( c o )  ( a - t o l y l )  (p-N2C6HqOMe), (-1 

b -- 
I This compound w p s  'prepared fol lowing t h e  same procedure used 

f o r  the' p r e p a r a t i o n  of except  t h a t  0.25 mmol of  p-tolylmagne- 

s i u m  bromide and 0 . 5  mmol of  CuBr i n  10 mL o f  THF were used f o r  _ I '  

r y c t i o n  with 0.056 mmol of  S t i r r i n g  was c o n t i G e d  f o r  4  h  

before  hydro lys i s .  & was obta ined  a s  a n  orange-yellow microcrys- 

t a l l i n e  s o l i d .  M.p. 154-156oC. I R  (hexanel :  1921 vs  P(CO), 1617 m 

V(NN). c m - l .  IH NMR;(CDC13):  6 1.90 s (15H. ~ p * ) .  3 .81 s (3H. 
. , 

One), 6 .88 d  ( 2 H ,  >= 8.80 Hz, a r sy ld i azen ido j ,  6.. 93 d . (  2 ~ ,  J= 7.60 , 

Hz, t o l y l ) ,  7.24 d  ( 2 H ,  J =  8.80 Hz, a r y l d i a z e n i d o ) ,  7.43 d ( 2 H ,  

J =  7.60 Hz, t o l y l ) .  MS (EI, 1 6 , e V ) :  m/z 576 ( M + ) ,  548 (H-CO)+ .  

Anal- Calcd. f o r  m: C8 52.17; H, 5.04; N, 4.87. Found: C, 51  98; 

H, 5.15; N,  4 .99.  hL 
t 

p r e p a t a t i o n  o f  c ~ * R ~ ( c o )  (YCHe) ( R - ~ 2 ~ 6 ~ 4 ~ M e  I [BF4 I ( 1  and - 
(--l5Na 1 

An approximate 20% s t o i k h i o m e t r i c  exces s  o f  iadosobenzene . , 

( P h I O )  was added as a s o l i d  t o  a s t i r r e d  

158, (500 mg. 0.835 mrnol) i n  HeCY (40 mL). Af t e r  , a l l  of  t h e  

d i ~ a r b o n ~ a ' c a t i o n  had r e a c t e d  (by I R )  and no f u r t h e r  change occur-  - 
r e d .  Removal of  s o l v e n t  under vacuum gave a r e d  o i l y  s o l i d  which 

,I\ < 

L% 



-- ." 
.was d i s s o l v e d  i n  ace tone  and f i l t e r e d  through C e l i t e .  Recrys ta l -  

l i z a t i o n  from ace tone-e ther  gave the  a c e t o n i t r i l e  c o m ~ l e x  a s  a n  
e 

' orange m i c r o c r y s t a l l i n e  s o l i d  I n  91% y i e l d  (467 mg). H.p.  65- 

cm'l. IH NHR i C D C 1 3 ) :  d 2.14 s (15H. cp*) ,  3.10 s (3H, MeCN), 
P 

-.: 13c{  HI 3.85 s (3H, OMe),. 7.05 d  (2H, C6H4) and 7.24 d ( 2 H ,  C 6 H 4 ) .  

NHR (CDC13) :  d 5.00 (&CN), 10 .03&(C5&) ,  55.80 ( O l l p ) ,  1 0 6 . 3 1  - ' C  

(&Me5), 115.68 , 121.95, 123.95, 161,.79 ( C g H q ) ,  142.77 ( H e Q 4 j -  -- - 

and 195.94 .(CO) ( a l l  resonances  appeared as s i n - g l e t s )  . 1 4 ~  NHR 
- 

(ace tone /ace tone-d6) :  6 -256.4 br ,  s (UCMe);  -135.0 br. s ( N n )  
L 

and -6.9 br ,  s N 1 5 ~  NMR f o r  u - l 5 k I a  (acetonelacetone-dg)  : d 
4 

-6.b9 s 1 .  MS (FABfl xenon, s u l f o l a n e )  : nlz' $26 (527 i n  u- 
(M.+ of c a t i o n ) ,  485 (486 i n  --l5~.) ( M - N c H ~ ) ~ .  Anal. 

Calcd.  f o r  u: C, 39.21; H, 4.08; N,  6 .86.  ' ~ o u n d :  C, 38.77; H. 
. b 

4.18; N,  6.63. 
$ 

Photochemical React ion o f  & i n  Ace ton i t r  i l e  
I 

~ b o u t 4 0  mg of  Lg were d i s so lved  i n  20 mL of f r e s h l y  -A 

d i s t i l l e d  a c e t o n i t r i l e  and i k r a d i a t e d  through a  q u a r t z  tube a t  - 
room temperature  f o r  30 min. During the  p h o t o l y s i s  a  slow f l u x  . C 

of  Ni was mainta ined.  Af t e r  t h i s  time, t h e  I R  spectrum of t he  

s o l u t i o n  showed a  25% convers ion  of  i n t o  t he  a c e t o n i t r i l e  

complex m. The r e s i d u a l  brown s o l i d  was d i s s o l v e d  i n  C H ~ C ~ @  
- c 

Slow a d d i t i o n  of  e t h e r  p r e c i p i t a t e d  a dark  red  s o l i d  which showed -- 

i n  t h e  I R  spectrum ( i n  CH2C12) t h e  same h-m r a t i o  observed i n  

a c e t o n i t r i l e .  C r y s t a l l i z a t i o n  .from acetone-ether  (5 :  1) a t  -780C 

\ 



o r  e x t r a c t i o n  with TtIF showed ( b y  IR) t h e  same r a t i o  o f  products .  
- 

The remaining 10- mL of  t h e  a c e t o n i t r i l e  s o l u t i o n  were 

i r r a d i a t e d  f o r  a n  a d d i t i o n a l  2  h  under t h e  same c o n d i t i o n s . - A f t e r  

& h i s  t i m e  a dark-brown s o l u t i o n  was obta ined  which showed i n  t h e  
P 

I R  spectrum only-weak a b s o r p t i o n s  Tor m. Evaporat ion of  t h e  
3 

s o l v e n t  gave a  dark-brown s o l i d  from which 'u could  n o t  be 

s sepa ra t ed  . 

This compo&d w a s  syn thes i zed  analogous1 y t o  & us ing  .a- 

bu ty&on i t r i l e  (NCPrn) a s  a  s o l v e n t .  From 100 mg (0.167 mmol) o f .  ' 

I 
h ( i n  8  mL of  NCPrn) 73 mg o f  (68%) were ob ta ined  a s  a red-  - 

orange, = o l i d  which decomposed above 98oC. I R  (CH2C12 1 : 1962 vs . 
5 

V(C0). 1660 s V ( N N ) ,  c m - l .  IH NWR (CDC131: 6 1.11 t (3H. 

(2H, C6H4). WS (FAB, xenon, s u l f o l a n e ) :  i / z  554 ( M +  oi c a t i o n ) ,  

485 ( H - N c P ~ ~ ) + . ,  Anal. Calcd. far u: C, 41.75; H, 4.53; N, 6 .56.  

" Found: C, 42 .03;  H, 4 . 8 8 ;  N, 6.54. 

P r e p a r a t i o n  o f  [ ~ p * R e  ( CO) ( l 4~Pr . i  ( p - M 2 ~ 6 ~ 4 0 H e  1 I [ B Q  I (-1. 
4 

This complex waL prepared i n  a s ini lar  manner t o  u s ing  
\ 

m - b u t y r o n i t r i l e  I H C P ~ ~ )  as a s o l v e n t .  From 100 mg (0.167 mrnol) 

o f  65 mg (624)  of were obta ined  as a dark-red s o l i d ,  H.p. - 

slow decomposit ion above 800C. I R  (CH2C12) :  1959 v s  V ( C O ) ,  1658 s 

y ( W ) r  'H W R  (CDCl3): 6 2.10 s (15H. cp*) ,  2.19 d  (6H, 



- 
- 

CHI&) ,  3.60 b r  mul t .  ( 1 H .  CbHe2), 3.82 s (JH, One), 6.98 d f2H, A - 

C6H4), 7.22 d  (2H. C6H4). HS (FAB, xenon, s u l f o l a n e ) :  m/z 554 ( H +  

o f  c a t i o n ) ,  485 ( H - N C P ~ ~ ) + .  Anal. Calcd. f o r  J&: C, 41.25; H, 

4.53; N ,  6 .56.  Found: C, 41.48; H, 4.43;' N,  6 .64.  
- 

P r e p a r a t i o n  o f  [ C ~ * R ~ ( C O ) ( P M ~ ~ ) ( Q - N ~ C ~ H ~ O X ~ ) J [ B F ~ ~  (--l5Na) 

The a c e t o n i t r i l e  complex o r  u - l 5 N ,  (500 mg, 0.8O16 mmol) 

i n  ace tone  (40 mL) was s t i r r e d  with an excess  e f  PMe3 ( 0 . 1  mL). 
i- 

The r e a c t i o n  was followed by IR'  spectroscopy u n t i l  a l l  t he  ace to -  

n i t r i l e  complex r e a c t e d  ( c a .  4 h ) .  Solvent  was pumped o f f ,  t h e  

orange o i l y  s o l i d  then  ob ta ined  was washed t h r e e  t imes with e t h e r  

(30 mL) and d r i e d  under vacuum f o r  2 days .  Yield: 475 mg ( 9 0 % )  of 
L 

t h e  product  LZg o r  --l5Na as an  orange s o l i d .  H.p. 169-1710C. 

I R  ( C H 2 C 1 2 ) :  1949 vs  # ( C O ) ,  1677 s (1642 i n  - l a  # ( N N ) ,  c m - l .  

IH NHR iCDC13): d 1.88 d  (J= 10.69, 9H, PHpJ) ,  2.19 d  (J= 0.52, 

15H, c p * ) ,  3.86 s (3H, OHe), 7.02 d  (2H. C6H41 and 7.16 d  ( 2 H .  

C6H4). 1 3 ~ { 1 ~ 1  NHR (CDC13) :  d 10.72 s ( C 5 & ) ,  18.45 d  ( 5 3  39.14, 

P&), 55.81 s (O&g), 106.24 s ( ( @ 2 5 ) ,  115.86 s, 119.50 s, 122.63 

s, 162.10 s ( C 6 H 4 )  and 201.2'4 d  (J= 12.16, C O ) .  1 4 ~  NHR (ace tone-  

acetone-d6) :  6 -126.0 b r ,  s ( N B ) ,  and -1.9 b r ,  s ( N , ) .  l5hI PHR f o r  

--l5N, ( a ce tone / ace tone -d6 )  : d -0.64 s ( 1 5 N a ) .  3 1 ~  NHR (CDC13) :' 

6 -30.39 s (PHe3). H S  (FAB, xenon, s u l f o l a n e ) :  m/z 561 (562 i n  

~ 2 q - l ~ ~ ~ )  CH+ of c a t i o n ) .  Anal. Calcd. f o r  m: C, 38.95; H, 4.79; 

.N, 4 .32.  Found: C, -38.37; H, 4.82; N, 4.30g. 
* 



A procedure similar to that for the preparation of the PHe3 

cornpie= gave ,the n& tri(a-baty1)phosphine complex J& in 81% , 

yield as an orange solid which melted at 1250C.. IR (CH2C12): 1949 

vs V(C0) and 1679' s V(NN), cm-l. IH NMR (CDC13): 6 0.95 C, (9H, 

P(C&(CH2)2Me3)3), 2.17 s (15H, ~p*), 3.880s (3H. O k f e ) ,  7.03 d 0 

- 
(2H. C6H4) and 7.19 d (2H, C6kb4). 3 1 ~  NHR (CDC13): 6 -2.52 s 

(P(a-Bu)g). HS (FAB, xenoa, sulfolane) : m/z 687 .(M+ of cation)* 

Anal. Calcd. for m: C, 46.57; H, 6.34; N, 3.62. Found: C, 

46.35; H, 6.47; N, 3.63. 

/ 

Preparation of [ c ~ * R ~  (CO) ( PCy3 ( Q - N ~ C & ~ ~ O H ~  1 [ BFq I (-1 
- 

This complex was synthesized ana,Zogously to as an 

orange-red solid in 83% yield. H.p. 102-1040~. IR (CH2C12) : 1940 

vs V(C0) and 1677 s v(blN), cm'l.. IH NHR (CDC13): d 1.30 and 1.80 

both multiplets ( 30H. P W ) ,  2.15 s 5 cp*1, 3.88 s (3H. 

one), 7.04 d (2H,,C6H4) and 7.17 d (ZH, C6f14). 3 1 ~ - ~ M ~  (CDC13): 6 

- 22.03 s (PCy3). Anal. Calcd. for u: C, 50.10; H, 6.45; N, 3.29: 

Found: C, 49.70; H, 6.20; N, 3.60. 

This complex was prepared similarly to those previously 

described. After recrystallization from CH2C12-ether was 

obtained in 709 yield as orange microcrystals which melted at 

2300~. IR (CH2ClZ): 1954 vs v(CO),end 1685 s v(NN), cm-l. IH EWR 

- 



and 7.30-7.51 m (17H. P P ~ ~  + CgHq). 3 1 ~  NWR (CDC~~): 6 13.1 s '  
- - -4 

(Pph3j, HS WAB,xenon, sulfolane): m/z 747 (H+ of cation). Anal. * 

-- - b 
- 

Calcd. for m: C, 5'1.86; H, 4.44; N, 3.36. Found: C,- 51.79; H, 

Preparation of [ c ~ * R ~ ( c o )  ( P ( O W ~ ) ~ I ( Q - N ~ C ~ H ~ O ~ ~ )  1 tBF41 (m) and 

This complex was prepared following the same procedure used 
t 

folr *+and --l5~,  in 15% yield as an orange solid. H.p .  l08W. 

IR (CH$lZ): 1965 vs V(C0) and 1689 s (1650 in - 1 5 ,  ca-l. 

9H, P(Ok)3), 3.86 s (3H, One), 7.04 d (2H, C6H4) and 7.20 d (2H, 

123.31 s, 162.52 s (C6H4) and 199.01 d (J= 19.63, CO). 1 5 ~  NIR 

for rn-l5~. (acetonelacetone-d6): 6 -1.97 s ( N -- 3 1 ~  NHR 

(CDC13): 6 108.79 s (P(OHe13). HS (FAB, xenon, sulfolane): m/z 

609 (610 in m-15~a) (H+ of cation). Anal. Calcd. for m: C. 
36.26; H, 4.46; N, 4.03. Found: C, 36.39; H, 4.38; N, 4.26. 



6.1. IatrobPc=t Ian - 

Rh~alurr'ctfnitrogan corrp~axas have Men known since 1969 when 
.?- 

Chatt,  Oilworth and Lelgh149 f i r s t  reported tbs synthesis of a 

aeries of stx-courdJnbtsd r h s n t u s  { I  I dinitragen complexes a f  

Sixam w t h y l ~ n z o a t ~  was also r product, i nuclaopbi l ic  

attack af malbmiol or mtthoxidm l o L o n  the crrbanyl carbon was 

tuggmtted t o  be o m  of the s tsps  of tb8.e However, 



the cowpleta mechanism of the reaction remains unclear. 
/ 

A different route t o  prepare analogous complexes involved 
- 

the reaction of the a&onium salt of enncahydr idorhenate(VI1) 
- .  - - 

, f#H4J2[ReHgl with two equivalents of dppe in 2-propanol under ' 

dinitrugen to give the rhenium (Il.4hydridodinitrogen complex 

Tht compound CpRe(COX2(H2) has been prepared by controlled 

oxidation of CpRe(CO)2(N2Hql with Hz02 in the presence of copper 

(111 saltsX5l or by displacement of the labile THF ligand in CpRe 
2 * 

CCO) *(?HFf by dinitrogen under higb pressure. 152 

More recently the air-stable cationic complex [Re(N2) 
* 

(PHe3I5 ] +  has been synthesized by reaction of ReC1 (PHe3I5 with NZ 

in a c t b a n 0 1 . ~ ~  It has bean proposed that ReC1(PMe))5 in methanol 

dissociates to give [Re( PHe3 f 5  lC1 which further reacts with 

dlnitrogsn at 1 at. t o - p r o d u c c ~ l ~ e ( ~ ~ l ~ ~ ~ e ~ l ~ l ~ . ~ ~  

As mentioned In Chapter I,'CpRe(CO)2(N2) has also been 

prepared in our laboratory by the reaction of the cationic aryl- 

.I diarcnido complex tCpRe(C0) 2(N2Ar) 1' with some nucleophiles. ? #  lo 
- 

Using basically the last procedure we have prepared the 

pentamethylcyclopsntadienyl analogue c ~ * R ~ ( c o )  ~ ( N z  1 (-1 from 

the dicarbonyldiazenido complex by reaction with NaBH4 or L- 
/ 

8ut-L- Furthermore, we have extended this method to the synthesis 

of a n e w  series of carbonylphosphinedinitrogen complexes C P * R ~  

(CO)(PR3)(W~), R* Me, L;tE R= a-But- a R= Cy. L& RP Ph and 
- 

RIQ OHe. The synthesis and full characterization of these -- .' 
c~rrplexss are discussed in this chapter. 



- 

D 
- 

-- - - 

d .- 109 
e 

- 

J 5.2. Synthesis and Characterization 
-- 

ThL dinttrogen complexes of general formula cp*Re(cO) (L) (N2) 

ri th L=" CO and L= PRJ ub-f (R=' He. Q-Bu. Cy. Ph and 0 ~ e  1 were 

synthesized by reaction of the respective cationic aryldiazenido 
i 

complex .[c~*R~(co) (L) (p-N2C6H40kle) 1' with an excess of reagents 
4 

such as NaBH4 and 2-BuLi for L= CO, and RLi (R= Me and &:Bu) 'for . . 
U-f (Method 1). In all cases the dinitrogen complexes were 

obtained-as pale-yellow solids amalytically and spectroscopically B 

pure. 

BH4- could only be used in the formation of c ~ * R ~ ( c o )  2 ( ~ 2 )  

since. in reaction *th the carbonylphosphine diazenido complexes 
* -- . 
, and cleanly gave the hydride complex c ~ * R ~ H ( c o ~ ( N ~ A ~ )  

with no observable intermediates. In reaction with the dicarbooyl- 

diazenido complex Lg an intense red color was :initially formed 

that we be1 ieve to be the aryldiazene compTZx- cp*Re (CO) 2 
, '  

(p-NHNC6H40M~  acetone : 1914 and 1850 cm-l) which then 
generates the dinitrbgen complex with some C ~ * R ~ H ( C O )  (p- * 

N2C6H40Ue) (4). Reaction of  [ C ~ * R ~ ( C O ) ( L ) ( N ~ A ~ ) I +  with RLi 
* 

apparently produces no IR detectable intermediates. However, a 
0- 

second product was formed in competition with the dinitrogen 

complex c ~ * R ~  (CO) (L) (N2). We tentatively assign this compound a C  

the hydrazido (2-1 complex c ~ * R ~ ( c o )  (L) (NNfRIAr). In addition, a/ " 

second method was used to prepare the dicarbonyl dinitrogen 

complex L;ip. This is similar to that used by Sellrnann to prepare 

CpRe(C0) 2(N2). 152 and involves direct reaction of c ~ * R ~ ( c o )  Z(THP) 

(readily synthesized in s i t u  by irradiation of C ~ * R ~ ( C O ) ~  in THF) 



110 - k 
-1 

- - 
and d i n i t r o g e n  .under h i g h  p r e s s u r e .  One problem a s s o c i a t e d  wi th  

a - 
t h i s  method is t h e  d i f f i c u l t y  i n  s e p a r a t i n g  t h e  d i n i t r o g e n  complex 

from t h e ' r e s l d u a l  t r i c a r b o n y l  complex, s i n c e  bo th  s p e c i e s  have 

c l o s e l y  s im,i iar  molecu la r  weight  and proper  t i e s .  However, t h i s  - 
method is qu ick ,  and is p r e f e r r e d  for"  t h e  p r e p a r a t i o n  o f  f o r  

use  i n  r e a c t i o n s  where t h e  c ~ * R ~ ( c o ) ~  p r e s e n t  is  i n e r t s a n d  c a n  be 

r e c o v e r e d  ( s e e  Chap te r  V I  1 .  .. 
The new d i n i t r o g e n  complexes ( u a - f )  a r e  ve ry  s o l u b l e  i n  t h e  

m a j o r i t y  o f . o r g a n i c  s o l v e n t s .  A s  s o l i d s ,  they  c a n  be exposed t o  

a i r  f o r  s h o r t  p e r i o d s  o f  t i m e  w i thou t  apprec- iable  d e t e r i o r a t i o n  
I 

* 
and c a n  be s t o r e d  i n d e f i n i t e l y  a t  low tempera tu re  f-15oC) under 

N 2 . -  I n  s o l u t i o n  t h e y  are more s e n s i t i v e  t o  a i r ,  e s p e c i a l l y  t h e  

phosphine o n e s .  However, s o l u t i o n s  under N2 c a n  be handled  f o r  a t  

l e a s t  one day a t  room t e m p e r a t u r e  wi thou t  v i s i b l e  decompos i t ion .  

I n  t h e  I R  s p e c t r a  O-f t h e s e  d i n i t r o g e n  complexes t h e  v ( N N )  of  

t h e  N2 l i g a n d  is obse rved  as a  s t r o n g  a b s o r p t i o n  i n  t h e  2125-2030 

' cm-I r e g i o n  ( T a b l e  V). T h i s  r e g i o n  is  t y p i c a l  f o r  Y(NN)  of  

t e r m i n a l  d i n i t r o g e n  complexes where t h e  N 2  l i g a n d  i s  c o o r d i n a t e d  

a n  end-on ( f a s h i o n  a s  shown below. 

The ass ignment  o f  v(NN) h a s  been conf i rmed by 1 5 ~  i s o t o p i c  
\ 
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* 
s u b s t i t u t i o n  a t  N, i n  13b and and, a t  both bl, and Nb p o s i t i o n s  

i n  (see below).  I n  t h e  t h r e e  cases a s h i f t  o f  I)(NN) by 33 

c m - 1  t o  lower wavenumb-er was observed.  This s h i f t  is similar t o  . 

. - those  observed i n  t h e  complexes ~ h ~ 1  ( P P ~ ~ ~  2 ( ~ 2  1 ,  A V ( N N ) =  v (  ~ ? N ? ~ Y )  

- y ( 1 5 ~ 1 4 1 ) =  35 a n v 1  54 and i n  CpRe(CO)2(N2), where A V ( N N ) =  33 

cm-1-27 

Curiously ,  t h e  v ( N N )  a b s o r p t i o n  of t h e  t r iphenylphosphine-  ' 

(-1 and t r  imethylphosphi te  d i n i t r o g e n  complexes occurs  a s  

two c l o s e l y  spaced bands i n  non-polar o rgan ic  s o l v e n t s  such as 

. hexane and cyclohexane.  I n  t h e  former ca se  t h e  s t r o n g  band a t  2058 

c m - l  is. accompanied by a  medium abso rp t ion  a t  lower'wavenumber, 

2045 c m - l .  I n  t h e  l a t te r  t h e  s t r o n g  band a t  2066 c m - l  has t he  , 

b 

medium i n t e n s i t y  band o c c u r r i n g  a t  higher wavenumber, 2078 c m - I  

( F i g . 8 ) .  I n t e r e s t i n g l y ,  e x a c t l y  t h e  same p a t t e r n  is observed i n  
- .  , . .  =-l5~,, bu t  s h i f t e d  by' 34 c m ' l  ( s e e  F i g . 8 ) .  Thus, both d 

P 

. a b s o r p t i o n s  a r e  s h i f t e d  t o  lower wavenumber and on t h i s  b a s i s  , - 
both must be a s s igned  t o  V ( N N ) .  Var iable  temperature  I R  s t u d i e s  

u s ing  p o l u t i o n s  of  i n  pentane show t h a t  t he  r e l a t i v e  peak 

h e i g h t s  of t h e s e  components vary from 0 .5 : l  a t  -100oC t o  0.'73:1 

a t  room temperature .  The r e l a t i v e  h e i g h t s  i n  cyclohexane a t  room 

temperature  and +60oC show no s i g n i f i c a n t  change i n  t h e  r a t i o .  
- - 

The o r i g i n  of  t h e  a d d i t i o n a l ( N N )  abso rp t ion  i n  t h e s e  complexes 

w i l l  be cons idered  i n  t h e  Discuss ion s e c t i o n .  

I n  t h e  V(CO1 r e g i o n  t h e  carbonylphosphinedinitrogen 

complexes show a s i n g l e  and 've ry  strong* a b s o r p . ~ i o n  between 1878 

and 1856 c m - l  (Table  V )  . However, and show a second 







unresolved v(C0) band which appears  as a shou lde r .  This is  

i l l u s t r a t e d  i n  F ig .  9 fbr u. The d i ca rbony ld in i t rogen  complex 
e 

a s  expected,  e x h i b i t s  two very s t r o n g  V ( C 0 )  abso rp t ions  a t  

1953 and 1901 c m - I  i n  hexane s o l u t i o n .  
- - -- 

The IH NHR spectra of  t h e s e  compounds show no unusual 
0 

f e a t u r e s .  I n  gene ra l ,  a  s i n g l e  resonance o r  doub le t  w i t h  very 

small  coupl ing t o  phosphorus (JM= 0.7)  i s  observed f o r  t h e  cp* 

groups ( s e e  Table V )  . The presence" 'of  t h e  phosphorus l i g a n d s  i n  

u b - f  is c l e a r l y  observed n o t  only  i n  t h e  IH NHR s p e c t r a  bu t  

a l s o  i n  the  3 1 ~  NHR s p e c t r a  where a s i n g l e  resonance i q  observed 

i n  a l l  t he  c a s e s  [Table  V )  . I n  t he  . 1 3 ~ ~ 1 ~ l  NMR spectrum t h e  
, 

carbonyl carbon resonance occurs  a t  low f i e l d  (d (13c0)  : 200- 

210); i t  is a s i n g l e  l i n e  i n  and a doub le t  f o r  t h e  phosphine 

complexes a s  expected (Table  V ) .  --- - 

Three o f  t h e s e  compounds (J& and were a l s o  

s tud ied  by 1 4 ~  and 1 5 ~  NHR.  I n  t h e  l f ~  NMR s p e c t r a  t h e  d icarbonyl  

13a. - t r  imethylphosphine and t r ime thy lphosph i t e  e x h i b i t  i n  

each case  two broad resonances  a t  about d -110 t o  -90 and d -30 - 
I 

t o  -28 ass igned  t o  N, and NB r e s p e c t i v e l y .  The former assignment 

was confirmed by r eco rd ing  the  NHR s p e c t r a  o f  u-l5~, and 

~ 2 f - l ~ ~ ~  end i d  both  c a s e s  a sha rp  l i n e ,  wi th  no coupl ing , ,  t o  

phosphorus was observed i n  a lmost  e x a c t l y  t h e  same p o s i t i o n  a s  

t h e  1 4 ~  resonances '"observed f o r  i n  t h e  unenriched samples 

i . e .  d -110 to ' -90  ( s e e  Table V I ) .  Furthermore, t h e  p o s i t i o n  of  
. v 

N, and N, resonances2are  i n  t h e  r eg ion  observed i n  o t h e r  s t u d i e s  

o f  d i n i t r o g e n  complexes by 1 5 ~ s  NHR~.  2 7 8 5 2 8 6 6 8 7 6  Some of  t h e s e  



Fig.9. IR s ectrum o f  Trimethylphosphitedinitrogcn Complex 
Cp*Rr(CO) (P(OI4e) 3 )  (12) (LZf) (1950-18rlO cm-1 region. 
hexane s o l u t i o n ) .  





examples are included for comparison in Table VI. 

Uqexpectedly the presence of two 15N resonances of equal 

intensity (corresponding unequivocal'ly to 15y, and 15~,) was 
' 

- - 

observed in' the diearbonyldinitrogm complex m - 1 5 N  but not in 
F 

the two carbonylphosphine complexes ( A 7 1 5 N a  and =-l5Na) 

' examined. However, as was mentioned before, all these complexes 

were prepared by the same procedure from the citionic dlcarbonyl- 

or carbonylphosphine-aryldiazenido complex labelled specifically 

at N, i . e .  h-15Na. --l5Na and m - 1 5 N a ,  using &-BuLi. For a- 
15~,, NaBHq with 'identical results. Evidently. in 

the case of reaction proceeds with scrambling of the 

- 1 5 ~  label equally between the N, and N, sites in the dinitrogen 

ligand (Eq. 21). 
I 

T 

Analogous reaction of the carbonylphosphinearyldiazenido 

complexes (--l5Na and a - 1 5 N a )  with &-BuLi gave only the 
'I 

dinitrogen complex labelled at N, position. 

Further characterization of these dinitrogen complexes was 

obtained by mass spectra. In all the cases the molecular ion was 
. - 

observed as a weak peak and the base peak was the loss of the 
- 

dinitrogen ligand (M-28)+; this was confirmed by the loss of 
4 

i.e. (H-29)+ from --l5~, =-l5~, and J&-15Na. - 



o o a )  
c c m m  
4 1  l 



- 
The N2-ligand in these pentamethylcyclopentadienyl complexca 

appears to be inert to ligand exchange. Thus, hexane solutions of 

J&-15~ and --l5~, saturated with 14N2 at room te,mperature show 

no observable #(14~14~) IR absorptions for L;ig and 

respectively, even when pressurized to 2000 psi of 1412 for 24 h; 

similar behaviour is observed in the cyclopentadienyl complex 

CPR~(CO)~(N~). The dinitrogen Ligand is not displaced by PPh3 in 

JJ& and ;13f even after stirring for one day at room temperature 

in ether solution, whereas in CpRe(CO)2(N2) the N2-ligand is 

completely displaced in 6 h under similar conditions. 

5.3. Discussion 

The synthetic method used for %%e preparation of the cyclo- 

pentadienyldicarbonylrhenium dihitrogen complex CpRe(CO)2(N2) by 

reaction of [CpRe (CO) 2 (N2Ar I +  with some nucleophiles, has 

allowed us to synthesize not only the pentamethylcyclopentadienyl- 

dicarbonyl analogue (-1 but also the new carbonylphosphinedi- 

;nitrogen complexes c~*R~(co) ( P R ~ )  ( ~ 2 )  j l3b .R= He, L;FE R =  Q-Bu, 

kpJ& -J& R= Ph and R= OHe) using the corr;sponding aryldi- 

azenido complex in reaction with alkyllithiums. The synthesis of 

the phosphinedinitrogen complexes m - f  by this method is remark- 

able as we do not expect these types of dinitrogen complexes to be 
8 

prepared by conventional carbonyl substitution .in c~'R~(co) 2(N2  1 

- 
under thermal or pho kochemical conditions, since the N2 1 igand 

ought to be preferentially substituted. 

The new dinitrogen complexes =a-f provide, in addition, a 



vary  convcniant star t ing  point for the %yntbesis of other 

compounds containing the C~*R~(CO)[L) fragment as u f l f  be see i n  
-- 

the fa1 luulng chapters. 

In general, these complexes exhibit spectroscopic propertie6 

f especially f R and nitrogen-NUR parameters . -  - I comparable to those 

observed fn e large numhr of mononuclear Bisitrugen camplexts of 
I 

traasLtion r n s t s l ~ . l * ~  For axample, t h e  ZR spectrum . of the dicar- 1. 

/ 

bony1 dinitrugen complex can be comgarsd w i t h  t h e  known cycfo- 

penhadienyl analogue CpRefC6f2iM2). As expisited, t h e  t F ( N N 1  and 

utCOf vaf.ucs of a f see Tagle V l  are cansistcntly, lower t . k n d  

M e n  observed for t h e  complexes f . i f -ary1)$r(CW2IN2),  %ryl= c6ii6, 

C6HjHs3 ahd C ~ 1 + 6 . ~ ~ 3  Unfortunately.  there are  n o t  at present Cp 

analogues of the ~ p *  carbonylphosphine d-initroben complexes ( U b - f  1 

t o  use fur a &ore general comparison. Hauevar, t h e  relative arder 

of o-donor tar  r-acceptor)  abilities of the phosphorus ligands 

phasphine is G a r i d  Prom P(OMe13, PPh3, P l ~ - ; B u ) 3 ,  .true3 'to PCy3 
/ 

(Tabla V ) .  According to  tho electron-richness and -poorness 

bexylphusphlns is the m s t  electron-rich t v(llH)= 203%' om-ll. - 

, , It was pointed out in tha characterization section that  , 

tm rarrofvsd W O N )  aborptiohs occur fn tbe I R  spectra of the 
L 



* i - .  

t r iphenylphcisphine  and t r i p h e n y l p h o s p h i t e  ( a l o n g  wi th  a n  I 
u n r e s o l v e d  s h o u l d e r  i n  P(COl), whereas t h e  s p e c t r a  'of t h e  PHeJ; 

P[~,-Bu33 and PCy3 complexes (m J& and show no such 

c o m p l i c a t i o n .  These secondary  V ( N N )  a b s o r p t i o n s  - might be expec ted  

t o  ocdur as a r e s u l t  of ( a )  t h e  p resence  of  a n  impur,ity having 
rn 

v(NN1 i n  t h e  r e g i o n  similar t o  t h e  phosphine complex, perhaps  

c ~ * R ~ ( P R ~ ) ~ ( N ~ )  o r  C ~ * R ~ ( P R ~ ) < , N ~ ) ~  o r  (b) t h e  p resence  of  a 

second isomer,  o r  conformer .  The p resence  o f  a n  impur i ty  c a n  be 
-- 

e l i m i n a t e d  s i n c e  r e p e a t e d  c r y s t a l l i z a t i o n  of  b o t h  compleqes does  
- - 

n o t  a l t e r  the i ' r  I R  s p e c t r a .  Fur thermore ,  t h e  IH, 13c and 3 1 ~  NMR 

s p e c t r a  o f  t h e s e  complexes Show QnlY t h e  p r e i e n c e  of a s i n g l e  

compound. \ I 

-. , 

These r e s u l t s  ' lead US t o  p o s t u l a t e  t h a t  i somers  o r  conformers  

a re  p r e s e n t  i n  s o l u t i o n  for , tMse d i n i t r o g e n  complexes ., . 
An e x a m i n a t i o n  o f  t h e  l i t e r a t u r e  on carbonylphosphine  and 

u 

c a r b o n y l p h o s p h i t e  meta l  complexes revea led ,  numerous examples o f  

t h e  o c c u r r e n c e  o f  secondary  v(C0) a b s o r p t i o n s .  154-157 These have 

been a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  two c o n f o r m a t i o n a l  isomers i n  

s o l u t i o n s .  I t  a p p e a r s  v i r t u a l l y  d e f i n i t e  t h a t  w e  a r e  obse rv ing  a 

s i m i l a r  e f f e c t  i n  t h e  v ( N N 1  a b s o r p t i o n  i n  our  complexes. The 

complexes J& and 13_f t h e r e f o r e  appear  t o  p r o v i d e  t h e  f i r s t  

documented examples where c o n f o r m a t i o n a l  e f  f e c t z  a r e  observed i n  

v(Nt.4) o f  d i n i t r o g e n  complexes, though i t  s h o u l d  be mentioned t h a t  
-+ 

two V(NN1 absorpt - ions  were c i t e d  t o  occur  f o r  t h e  complex t r a n s -  
- 

IReCl(N2)(PHe2Phh41+ (2040 and 2010 c m - l ,  i n  CHC13). b u t  wi thou t  

comment. 71 



The most closely comparable carbony1 complexes in the 

literature exhibiting this effect (ie., examples containing the 

CpM (CO) fragment with -P(OU~ 1 3 or PPh3 coligands are (C5H4We W e  
I 

(CO)(P(OMe)3)I and (C5HqWe)Fe(CO)(PPh3)I*157 The former exhibits 

V(C0) absorptions at 1978 and 1966 cm-l in n-heptane solution with 
i 0 

an intensity ratio of 0.49:l. On cooling to -800C a 0.29:l ratio- .. 

was thsn'observed. 157 Similarly, in the (CgHqMe )Fe(CO) (PPh3)I 

- complex the V(C0) absorption is split in a-heptane solution (1961, 

1955 cm-l in a ratio 1:0: 8. 157 Furthermore, C ~ F ~ ( C O )  (CN) (PPh3) 

shows an asymmetric V(C0) at 1969 cm-l in CHClj solution. 156 

Another related system where comparable effects have been observed 

Considering first the PtOMe13 case, it has been commonly 
- 

found by crystallography that the P(OMe)3 ligand can adopt a "two 

down-one up" arrangement of the methyl groups. 154a The asymmetry 
d 

observed in the solid state for R u ( C O ) ~ C P ( O M ~ ) ~ )  is also maintained 

(on the IR time scale) in solution since, the equatorial CO groups 

give rise to two V(C0) absorptiods. 154a On the other hand, the, 
', 

, reverse arrangement, e.g., "two up-one downM, has also been obser- 

ved, in the solid state,-in crowded molecules such as Mi(P(OHe)3)q 

Br. 154b In addition, in both arrangements the oxygen atoms are RI 
1 

commonly disordered (but usually not the methyl groups). 

'In the case of the trirnethylphosphite complex Laf, considering 

steric hindrance of the cp* group with the methyl groups of the 
T 

P(OHeI3 a "two up-one downn arrangement seems the more plau=ible. 

Coupled with oxygen disorder, this would give the two conformers, 



which a r e  shown i n  Newman p r o j e c t i o n  

Fig.10. Conformat ional  isom:rs of  t h e  t r i m e t h y l p h o s p h i t e d i -  
n i t r o g e n  complex Cp Re(CO)(P(OMe)3)(N2) ( = I .  The p o s i -  
t i o n s  o f  t h e  cp*,  N 2 ,  CO, and methyls  a r e  i d e n t i c a l  b u t  
t h e  oxyg<en p o s i t i o n s  a r e  $ i s o r d e r e d  w i t h  r e s p e c t  t o  t h e  
P-Me v e c t o r s .  

I f  t h e  two d i f f e r e n t  conformat iona l  i somers  f o r  complex 

13f ( F i g . 1 0 )  a r e  p r e s e n t  i n  s o l u t i o n ,  two d i f f e r e n t  v(NN) absorp-  

t i o n s  would be g e n e r a t e d  a,s is obse rved .  The p resence  o f  a  second 

conformer is a l s o  r e v e a l e d  i n  t h e  s h o u l d e r  i n  t h e  U(C0) band 0 2 ' -  
t h i s  complex ( s e e  F i g . 9 1 .  Upon c o o l i n g  t o  -1lOoC i n  pentane  , 

s o l u t i o n  t h i s  s h o u l d e r  d i s a p p e a r e d  and a t  t h e  same t ime t h e  i n t e n -  
L 

s i t i e s  o f  t h e  v(NN) a b s o r p t i o n  a t  2066 c m - l  and v ( C 0 )  a t  1878 c m - l  

were i n c r e a s e d  by a b o u t  25%. i n d i c a t i n g  t h e  p r e f e r e n t i a l  p o p u l a t i o n  
'--s 

o f  one conformer a t  low t e h p e r a t u r e .  

Turning t o  t h e  PPh3 l i g a n d ,  a s  was a n t i c i p a t e d  conformat iona l  

"effects have a l s o  been obse rved  i n  o t h e r  t r i p h e n y l p h o s p h i n e -  

c o n t a i n i n g  complexes.  156e157 I n  t h e s e  c a s e s  r e s t r i c t e d  r o t a t i o n  

a b o u t  t h e  phosphorus-carbon bond ( r i n g  f l i p )  h a s  been proposed t o  .*, 

g e n e r a t e  d i f f e r e n t  conformers  i n  s o l u t i o n .  156, 159 The phenyl r i n g s  

b 
- - 



* * 

- -- 

123 _ 
-- 

- 

o f  the_PPhg  l i g a n d ,  c a n  a d o p t  a  w p r o p e l l e r - l i k e "  conformat ion  
/- - d 

which- may be  t h a t  o f  a- r i g h t -  o r  a  l e f t -handed  h e l i x  a s  shown i n  

F i g . 1 1  f o r  c ~ * R ~ ( c o ) ( P P ~ ~ ) ( N ~ ) .  These two conformers  a r e  b e l i e v e d  

t o  be r e s p o n s i b l e  f o r  t h e  obse rved  two V ( N N )  a b s o r p t i o n s  and t h e  - 

asymmetry obse rved  i n  V(C0) .  

F i g .  11. Conformat ional  iisgm$rs o f  t h e  t r iphenylphosphined!.-  
n i t r o g e n  complex Cp Re(CO)(PPh31'N2) (-1. 

". 

I n  t h e  13c NMR s p e c t r a  o f  t h e s e  d i n i t r o g e n  complexes ( u a - f )  

t h e  replacement  o f  one c a r b o n y l  i n  JJg by a phosphorus  l i g a n d  

produces  a l o w - f i e l d  s h i f t  o f  t h e  ca rbon  resonance  o f  t h e  remain- 
* - 

i n g  CO g roup  ( s e e  Table  V ) .  T h i s  t r e n d  is s i m i l a r  t o  t h a t  

obse rved  i n  t h e  a r y l d i a z e n i d o  p r e c u r s o r s  whioh was d i s c u s s e d  i n  

t h e  p reced ing  c h a p t e r .  A similar e f f e c t  is a l s o  obse rved  i n  t h e  

N, ( 1 5 ~  o r  1 4 ~ )  r e s o n a n c s  o f  t h e  N2-lbgand i n  t h e  1 4 ~  o r  158 NMR 
4 

s p e c t - r a  (see Table  V I I ) .  I n  c o n t r a s t ,  t h e  resonance  f o r  NR 

r e m a i n s  unchanged. T h e r e f o r e ,  v a r y i n g  t h e  e l e c t r o n  d e n s i t y  on t h e  

f metal produces  . smal ler  changes  i n  d ( N s )  t h a n  t h o s e  obse rved  i n  d 

(N,). T h i s  is  c o n s i s t e n t  w i t h  p r e v i o u s  r e s u l t s  c o v e r i n g  a  wide 

range  o f  d i n i t r o g e n  complexes s o  f a r  s t u d i e d  by 3 5 ~  NMR 
4 



Table  V I I .  Chemical S h i f t s  o f  t h e  Carbonyl Carbon Resonarice and 
N, NB N i t r o g e n  Resonances o f  t h e  D i n i t r o g e n  Complexes. , 

a I n  CDC13 s o l u t i o n .  I n  ace tone /ace tone-dg  s o l u t i o n .  Data 
i n  p a r e n t h e s e s  is  from 1 4 ~  NMR. 

~ p e c t r o s c o p y . ~ ~ , 7 ~  Some o f  t h e s e  complexes a r e  l i s t e d  i n  Table V I .  

The  mechanism o f  t h e  r e a c t i o n  of  t h e  c a t i o n i c  a r y l d i a z e n i d o  

coinplexes w i t h  BH4- o r  RLi t o  produce t h e  d i n i t r o g e n  complexes 

( E q . 2 2 )  is n p t  y e t  unders tood,  b u t  some p r e l i m i n a r y  s u g g e s t i o n s  

c a n  be made. 

CP - CP 

I + BH4 or. I 
, R e = N =  N, RLi w + Organic and/or  

I A r  Organornet. Products . 
OC L OC L N2 

Eq. 2 2 .  

F i r s t ,  w e  w i l l  c o h s i d e r  t h a t  n u c l e o p h i l i c  a t t a c k  on t h e  
* 

- c a t i o n i c  a r y l d i a z e n i d o  complex o c c u r s  as  a f i r s t  s t e p ,  which may 

be' fo l lowed by some type  o f  rear rangement  t o  g i v e  t h e  N2-complex. 
c s 

I f  t h a t  is t h e  c a s e ,  s e v e r a l  s i t e s  o f  p o s s i b l e  a t t a c k  c a n  be 
- - 

c o n s i d e r e d  (Scheme X I ) .  



O C L  N-R 
I 

Scheme XI 



In (i), attack at the CO group to form the acyl or formyl 

complex, and in (ii) attack at the metal, with snbstitution of 

1 igand L, produces~a~~~nocarbonyl alkyl or hydr ide complex. , A1 ter- 
/ 

iiatively, if actack occhrs at the aryldiazenido group, there .are 

three potential sites for nucleophilic attack: (iii) at N, to give 

the diazene complex; (iv) at NB to form the hydrazido ( 2 - 1  complex, 

and ( v )  at the ipso carbon of the aromatic ring to give the N2- 

complex and the substituted anisole. 
e 

Obviously, reaction (v) is the simplest mechanism to I 

consider for the formation of the dinitrogen complex. Indeed, 

'b thi type of mechanism was suggested by Chatt et al. to occur in 

the only other example that we know of, in which a diazenido 

ligand is transformed into d i n i t r ~ ~ e a . ~ ~  This is the reaction of 

the aryldiazenido complex R ~ c ~ ~ ( P P ~ ~ )  2 ( ~ 2 ~ ~ ~ h )  with phosphines in 

methanol, previously illustrated in scheme X. It was suggested 

that this reaction is initiated by nucleophilic attack of methanol 

or methoxide ion on the carbonyl carbon since methylbenzoate was 

also produced. Using methyllithium as Xucleophile bnly a small 

amount of the dinitrogen complex was formed, together with decom- 

pos,ition products. The efficiency of the reaction is very dependent 

on the nature of the nucleophile, and on the phosphine ligandsS7l 

---How these factors influence the production of the dinitrzgen 

complex is unclear and so is the mechanism of the reaction. 

In our case, comparable factors determine the capacity of 

the aryldiazenido complexes to produce the dtnitrogen complexes. 

On the basis of IR data and isolated products, it is clearly 
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evident that the course of the reaction is very dependent upon 

the ligand L and on the nucleophile used. For a better unders- '. 

tanding, the reactions with BHq'-hnd alkyllithiums will b e s  

considered separately. 

(a) Reactions using BH4' 

Reactions of BH4- with cationic aryldiazenido complexes were 

carried out with the dicarbonyl and with two of thc*phosphine 

complexes: Pneg complex fi2a and the P P t 3  complex m. Complex & 

shows a very different course of reaction from that of the 

phosphines ju and m. - 

The phosphinearyldiazenido complexes and react clean- 

ly to give yellow solutions. from which the hydrido coiplex C ~ * R ~ H  

(CO) (N2Ar) 4 is formed by displacement o the phosphine ligacd. 
Z P 

These reactions therefore seem to proceed by route (ii) in Scheme 

xi. The dicarbonyl &, on the other hand, reacts with BH4- in 

acetone to give a red solution having IR bands at 1850 and 1914 

cm-l that we assign to the aryldiazcne complex C P * R ~  (CO) ( N H N A ~  

by comparison with a similar red intermediate CpRe(C0)2(NHNAr) 

formed in the reaction of [CpRe(CO)2(!42Ar) 1' with BHq-. lo The 

reaction proceeds further, with loss of the red intermediate and 

the formation of the dinitrogen complex and the hydrido cdmplex 

4. The latter can be synthesized by alternative routes (see - . 
Chapter 111) and has been shown not to convert to the dinitrogen 

complex in the presence or absence of BH4-; so it cannot be 

precursor to the dinitrogen complex in this reaction. In agree- 
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\ 
ment, I R  evidence shows t h a t  both and 4 are formed competi t-  

i v e l y .  I t  is p o s s i b l e  t h a t  t h e  d i a t e n e  complex is formed by r o u t e  < 
( i i i ) .  However, a t t e m p t s  t o  i s o l a t e  t h i s  compound were unsuccess- 

f u l  due t o  i ts  low thermal s t a b i l i t y .  Likewise, we had no success  
i - 

i n  c h a r a c t e r i z i n g  t H i s  complex by IH NHR.  

What is perhaps  s u r p r i s i n g  is t h a t  t h e  d icarbonyl  and 

phosphine a ry ld i azen ido  c a t i o n s  show no ev-idepce o f  undergoing 
- 

r e a c t f o n s  analogous t o  t hose  o f  t h e  c l o s e l y  r e l a t e d " n i t r o s y 1  - 
complexes [CpRe(C0)2(NO) I +  and I C ~ * R ~ ( C O )  ( P P ~ ~ )  ( N O H +  with BH4-. 

The former h a s  been shown t o  be cap  b l e  of  stepw-ise r educ t ion  of C 
t h e  CO group by BH4- t o  HCO, CH2OH and CH3 l i g a n d ~ . ~ ~  The' methyl - 

\ 

d e r i v a t i v e  05 t h e  l a t t e r  compound was prepared i n  a s i m i l a r  t 

4 
manner.96 We observe no unaccountable v(C0) o r  v(NN) I R  absdrp- 

_ - t i ons ,  and fur thermore we have syn thes ized ,  by an  a l t e r n a t i v e  * 
procedure,  t h e  methyl complex c ~ * R ~  ( co ( H e  1 ( p - ~ Z ~ 6 ~ 4 0 M e  1 t o  demons- 

t r a t e  t h a t  i t  is n o t  a  product  of  t h e  BH4- r e a c t i o n  with  h. Path- 

way (1)  t h e r e f o r e  does no t  appear t o  be followed. 

Assuming t h a k t h e  r e a c t i o n  of  is  analogous t o  t h e  r e a c t i o n  

o f  I C ~ R ~  ( C O )  $ N ~ A ~  1' with BH4- t o  g i v e  t h e  d iazene  complex then  

pathway (iv) can be r u l e d  o u t .  ~ h i k  c o n s t r a s t s  wi th  t h e  r e a c t i o n  

with  MeLi where t h e  hydrazido (2-1 complex c ~ * R ~ ( c o )  ~(hlN(Me)Ar . 

could be i s o l a t e d  (see below).  

Although t h e  s i m p l e s t  n u c l e d p h i l i c  mechanism f o r  t h e  - 
> 

format ion of  t he  d i n i t r o g e n  complex with ' B H ~ -  is r o u t e  ( v ) ,  t h e  

above evidence does  not suppor t  such a mechanism. Rather,  t h e  

,decay o f  t h e  I R  o f  t h e  d i azene  complex i n t o  t h a t  o f  sugges t s  



that the diazene complex is an intermediate in this reaction. GC 
-- 

analysis of this reaction mixture indicated that anisole is ?, 

formed among other unidentified organic products. - 
A t  presentdue ,do not knop whether the elimination of anisole 

is intermolecular or intramolecular. When the 15~, labelled .. 

diazenldo conplex, &-15pl, ,was used the label was scrambled in 

- the dinitrogen product equally between the a and B positions (m- 
I. 

1 5 ~ ) .  If the elimination of anisole from the diazene compl&' is 'L I 

h 

intramolecular this suggests the possibility of elimination from 
#-- 

an q2-coordinated diazene 'ligand (see Eq. 23). 

Eq. 23. 

An q2-coordination mode of the diazene ligand has never been 

observed. All previously reported aryldiazene complexes have been- 

shown, or are belleved to be, ql-bonded to the metal. In the case 

of CpRe(COl2(NHNAr) a 'q2-coordination mode was suspected but it 6 

could not be confirmed from the spectroscopic data. 

The additional possibility that the label is scrambled in- 

the dinitrogen complex itself by a dissociative mechanism can be 
.- 

ruled out since there is no observable exchange of the l5~l4hI 

complex (-7l51) with 14p12. 



- .  
(b )  Reactions with Alkylli . . i , 

Tert-butyllithium was use tions with all the cationic 

aryldiazenido complexes (Lg and ua-el . In addition, reactions ',\ 

using methyl1 ithium were carried out with the d%karbonyl cation 

a and the trimethyl and tr iphenylphosphine' - cations 'b and u. 
Here there is a much cIoser correspondence betwee; the dicarbonyl 

* 
and the carbonylphosphine in the products that are formed. 

Acyl derivatives of the type c~*R~(L) (COR) (N2Ar) L= CO and 

phosphine, R= Me or f;-Bu, were never observed in reactions of the 

ldiazenido complexes (& =a-•’1 with alkyllithiums, 

under any of the conditions used (pathway (I) in$Scheme XI).. This 
is.- 

contrasts with the reaction between [CpRe(CO)2( VAr ) ' + and RLi 
\ 

(R= Me, a-Bu and Ph) where the corresponding acyl derivatives 
w' 

were formed in competition' with the hydrazido ( 2-1' complex CpRe 

(CO)2(NN(R)Ar) and the dinitrogen complex c ~ R ~ ( c o ) ~ ( N ~ ) .  lo 
P 

Next, route (ii) in Scheme XI can be discarded since no 

evidence was found for the formation of alkylmonocarbonyl complexes 

c~*R~(co) ( R )  (N2Ar in reactions with Lg nor for alkylmonocarbonyl 
/ 

or alkylphosphine complexes c ~ * R ~ ( L )  (R) (N2Ar (L= CO or phosphine) 

in reactions with the carbonylphosphine cations. Furthermore, as 

mentioned previously we know that the methyl complex C p * ~ e  ( CO) (He - 

hesized separately, is stable. 
/ 

From the reaction of the dicar-bony1 cation with HeLi in 

hexane at room temperature the hydrazido (2-1 complex C ~ * R ~ ( C O ) ~  

INN( He) Cp-C6H40He) 1 was isolated in low yield and characterized 

by IR, IH NHR and HS (see Experimental Section). IR evidence for 



a  s i m i l a r  complex us ing  &-BuLI was ob ta ined  (1935, 1861 c m - 1 ,  I n  
i 

hexane) us ing t h e  same cond i t i ons .  Therefore,  t h e  r e a c t i o n  under ..% 

t h e s e  c o n d i t i o n s  seems t o  proceed according t o  r o u t e  ( i v )  i n  

Scheme X I .  I n  both  c a s e s  a small amount o f  t h e  d i n i t r o g e n  complex 

was a l s o  formed. When t h e  r e a c t i o n  of & w i t h  &-BuCi was 

c a r r i e d  ou t  i n  THP a t  600C only a  small  amount of  t h e  hydrazido 

( 2 - 1  complex w a s  observed (by I R ) .  The major p roduc t  was t h e  ' 

d i n i t r o g e n  complex which  was i s o l a t e d  i n  31% y i e l d .  To 

demonstrate t h a t  t h e  format ion of  does  n o t  occur through 

decomposition of  t h e  hydrazido (2-1 complex, t h e  complex 

c ~ * R ~ ( c o ) ~ ~ N N ( H ~ ) A ~ )  was b o i l e d  i n  THF i n  t h e  presence and i n  t h e  

absence of k-BuLi; i n  n e i t h e r  c a s e  was t h e  d i n i t r o s n  complex 

-observed.  This c l e a r l y  i n d i c a t e s  t h a t  t h e  format ion of  t h e  d i -  

n i t r o g e n  complex and t h e  hydrazido ( 2 - 1  complexes from the  

r e a c t i o n  of wi th  a l k y l l i t h i u m s  occur independent ly ,  and t h e  
I .  

r d t i o  d in i t rogen:hydra i&o (2-1 formed depends on t h e  s o l v e n t  and 
- 

temperature.  

React ions  of  t h e  c a t i o n i c  carbonylphosphinediaz6nido complexes 

JJ w i t h  a l k y l l i t ~ i u m s  seem t o  follow t h e  same behaviour .  For 

example, w i t h  &-BuLi a t  600C i n  THF s o l u t i o f i r t h e  corresponding d i -  
2- 

n i t r o g e n  complex c ~ * R ~ ( c o )  ( P R 3 )  ( N 2 )  was always t h e  major product .  

However, t h e  I R  spectrum of  t h e  crude shows, i n  a d d i t i o n  t o  u(NN).. 

and V(C0) of  t h e  d i n i t r o g e n  complex, a weak o r  medium a b s o r p t i o n  

a t  about  1800 c m - l  which we b e l i e v e  is due t o  v(C0) o f  t h e  c o r r e s -  

ponding hydrazido (2-1 complexes C ~ * R ~ C O ( P R ~ )  ( N N ( R ) A r  1 .  These 

s p e c i e s  could no t  be i s o l a t e d  s i n c e  they decomposed i n  t h e  process  
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of  p u r i f i c a t i o n  o f  t h e  d i n i t r o g e n  complex by column chromatography, 
- 

React ions  of t h e  t r i m e t h y l  o r  t r iphenylphosphine d iazen ido  

complexes (m o r  with MeLi i n  THF, b u t  a t  room tempetrature. 

produced a r e d  s o l u t i o n  which conta ined  t h e  "hydrazido (2 -1"  

s p e c i e s  i n  about 80% convers ion  (by IR), w i t h  t h e  rest b&ing the  .. 
d i n i t r o g e n  complex. However, t h e s e  produc ts  were t o o  uns t ab l e  t o  

i s o l a t e .  A p a r t i a l l y  p u r i f i e d  sample der ived  from (by e x t r a c -  

t i o n  i n  hexane) gave no s a t i s f a c t o r y  HS o r  IH NHR. Decorposithion 

of  t hese  hydrazido (2-1  complexes i n  hexane o r  C X l 3  s o l u t i o n  d i d  
b 

no t  i nc rease  t he  amount of  d ' in i t rogen  complex i n i t i a l l y  p re sen t .  

Thin a g a i n  i n d i c a t e s  t h a t ' t h e  behaviour a l r e a d y  observed i n  t h e  
' 

- 
dicarbonyl  system w i t h  a l k y l l i t h i u m s  is independent of t h e  CO or  

phosphine l i gand  i n  t h e  p recu r so r  c a t i o n i c  a ry ld i azen ido  complex, 

and i n  no c a s e  is t h e  hydrazido (2-1 complex a precursor  t o  the  

d i n i t r o g e n  complex. GC and GC-HS ana lyses  of t h e  r e a c t i o n  of t h e  

t r imethylphosphine complex L2g w i t h  L-BuLi i n  THF a t  60W, 

i n d i c a t e d  t h e  presence o f  s e v e r a l  o rgan ic  p roduc ts .  Only a n i s o l e  

h a s  been p o s i t i v e l y  i d e n t i f i e d  from t h e  ana lyses .  None of t h e  , 

remaining produc ts  correspond t o  w - & - b u t y l a n i s o l e ,  which is t h e  

- exp&ted product  i f  n u c l e o p h i l i c  a t t a c k  occur red  a t  t he  ipso  
T .  

/carbon o f  t h e  a romat ic  r i n g .  Therefore ,  pathway ( v )  i n  Scheme X I  

can  be r u l e d  o u t .  

I n  summary, t h e  l i m i t e d  evidence p r e s e n t l y  a v a i l a b l e  seems 

t o  sugges t  t h a t  when BH4- is used. t h e  r e a c t i o n  with  [ c ~ * R ~ ( c o + ~ -  - 

( N z A r  I +  (a) proceeds by r o u t e  ( iii) wi th '  t h e  format ion of  t h e  

d iazene  complex c ~ * R ~  (CO 12 ( N H H A r  1 which subsequent ly  decomposes 



a 

t o  the d i n f t ~ ~ g l e n  complex qnd anisole. Remarkably, the 
4 

substitution of qne' CO by a phosphtne lfghnd appears t o  black 

t h i s  reaction, ss none of e i t h e r  t h o  corresponding diazene  or - 
- - $  4% - 
d i e t  t r c g s n  conp3ax is observed, - and instead the reaction proceeds 

b 

cleanly by route ~ i j  to  form the'hydrldo complex c ~ * R ~ < z o )  (H I  

t # z A r  ) ( $1 by d i s p l a c e ~ n t  of tho phosphine. 
\ 

#he& k-BuLi ia 'usad tbc avidtncr?r i n d i c a t e s  that a- hydrazido 

( 2 - 1  ligand i s  capable of being for*d, presumably by route ( i v ) ,  - 

but that this Is not an interbediata- in the formation of the. -- 

dinitragen coapiex. The tsechanfsm of this reaction is still far 

from being understuod and since anisole is observed in the 
2 

reaction also, it seems likely that a rad ica l  mechanism is 

- - 

5 . 4 .  Expariaantal Section 

Wanipulations, solvent p u r i f i c a t i o n ,  and spectroscopic - 

measurements were done as  described i n  chapter 11. Variable 

temperature f nfrared experiments were performd on a. Bruker 'IFS- 

8 5  PT-IR instrument (internally+calibrateB with a He/& laser) 

using aoSpecac variable teaperature IR cell. Hethyllithium (2.4 F! 

In ether)  and f;;-butylllthium (1.95 H i n  pentane) were purchased . 
from Aldrich-and use? as received.. e 

-. An excess of solid b BH4 (15 mg, 0.395 m o l )  was 
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acetone,or acetonitrile (15 mL). An immediate intense red color 

for%=$ (IR, acetone: 1914 s, 1850 s, cm-l), which gradually 

decreased -in inten&ity during 1 h pf stirring at room tenperature. 

Herane (30 mL) was then added, stirring was continued until the - . c 

red' color disappared, a.nd the supernatant was yellow. '.&? showed 

that this was mainly the dinitrogen complex with some C ~ * R ~ H ( C O )  

( N ~ A ~ )  (4)'. Chromatography on a silica gel column prepared in 
1 

hexane with hexane elution moved the dinitrogen complex (-1 and 
- 

the ofganic - side-products. A GC-HS analysis at this stage showed . -- 

the presence of u, anisoleland other unidentified organic 
products. Recrystallization from hexane-pentane (1:lI at -200C 

gave the prdduct i s  pale-yellow crystals in 449 yield (45 mg)<. 

VS, 1901 vs,  vICO) cm-l. IH NMR (CDC13): 6 2.07 s, cp*. 

(acetonelacetone-d6): 6 -1.10.9 br, s"(N,), -26.0 br,s (N,-,). 1 5 ~  

NHR for u-l5~ (acetone/acetone-d6): 6 -110.9 s (15~,), -28.1 s 

or ( H - ~ ~ N ~ ~ N I +  in --l5N. Anal. Calcd. for u: C, -35.55; H. - 

3.'70; N, 6.93.. Found: ~,\?5,62; H, 3.79; N, 6.58. . 
&&,&d 2. c ~ * R ~ ( c o ) ~  1600 mg, 1.48 mmol) was irradiated in 

300"mL of fresli distilled THF for 120 min at OoC under N2 purge. 

1  his time is' sufficient to- provide a reasonable conversion to 

.the C ~ * R ~ ( C O )  Z ~ ~ ~ ~ )  complex without too much ensui h g decomposi- 
tion.) The volume was reduced to one-third under vacuum (rotavap), 

and .then the solution was pressurized to 1500 psi using U.S.P. 
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grade n i t r o g e n  (Linde-Union Carbide)  i n  a  Pa r r  bomb a t  room 

temperature f o r  24 h .  An I R  spectrum showed t h e  d i sappearance  of  

a l l  t he  cp*Re(C0) ~ ( T H F )  complex and V(C0) a b s o r p t i o n  from only  

C ~ * R ~ ( C O ) ~ ( N ~ )  and-  r e s i d u a l  C ~ * R ~ ( C O )  3. The brown s o l u t i o n  was, . 
evaporated under vacuum and t h e  r e s i d u e  r e d i s s o l v e d  i n  CH2Clz and 

ch'romatographed on a s i l i c a  g e l  column prepared i n  hexane. Hexane,  

e l u t e d  a pale-yellow band from which was recovered 320 mg (53 .3%)  
/ 

of  a  pale-yellow s o l i d  mixture of  and C ~ * R ~ ( C O ) ~  i n  about  3:2 

r a t i o  (by I R d N e x t ,  hexane-die thyle ther  (1: 1) e l u t e d  a  golden 

yell-and of  ~ ~ * ~ e ~ ~ - i f o r m e d  a s  a r e s u l t  o f  02 impuri ty  i n  t h e  

N2, s ee  Appendix I) and then  a n  orange band c o n t a i n i n g  

C ~ * ~ R ~ ~ ( C O )  3  and c p * ~ e 2 ( C 0 )  5 .  144 F i n a l l y ,  an u n i d e n t i f i e d  pu rp l e  

band was elu7ced by us ing  d i e t ' hy l e the r .  The mixture of  ' d i n i t r o g e n  

and t r i c a r b o n y l  complexes could no t  e a s i l y  be s e p a r a t e d  by column 

chromatography and was used a s  such i n  f u r t h e r  r e a c t i o n s .  

P repa ra t ion  o f  c ~ * R ~ ( c o )  (PHe3) ( N 2 )  ( 1  and ( u - ~ ~ N ~ )  

% The t r imethylphosphine c a t i o n i c  complex J,& o r  L Z ~ ' ~ ~ N &  ( 150 

mg, 0.232 mmol) was d i s s o l v e d  i n  f r e s h l y  d i s t i l l e d  THF (50 . 
and heated a t  600C, t hen  an exces s  af &-butyl l i th ium ( 0 . 5  mL, 

Q . 9 2 5 ~ u n o l )  was added by s y r i n g e .  A f a s t  r e a c t i o n  took p l ace  and 
* 

t h e  c o l o r  of t h e  s o l u t i o n  changed from orange-red t o  l i g h t  brown. 

The I R  spectrwn o f  t h i s  mixture  showed t h e  t o t a l  d i sappearance  of 

t h e  c a t i o n i c  complex and t h e  presence of  a b s o r p t i o n s  due t o  t h e  -- 

d i n i t r w e n  complex. I n  a d d i t i o n  a t h i r d  medium i n t e n s i t y  absorp-  . 
t i o n .  was observed a t  1850 c m - l  ( i n  THF) be l i eved  t o  be the Q(C0) - 
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of the hydrazido (2-1 complex C ~ * R ~ ( C O ) ( P M ~ ) ( N L ~ ( ~ - B U ) ( Q - N ~ C ~ H ~ O ~ ~ ~ ) ) .  

After 15 min of stirring at room temperatur~ the volume was 

rpduced to one-tenth under vacuum. Then one drop water was 

added to hydrolyse the unreacted k-butyll ithium and the mixture 
< 
stirred for 5 min. Diethylether (50 mL) was added, stirred for 30 

min and the solution filtered through a short column of Celite- 

neutral alumina. Evaporation of the solvent under reduced pres- . 

sure gave a pale-brown oily solid which was chromatographed on a 

neutral alumina column (prepared-in hexane). Hexane elution moved 
- 

= the dinitrogen complex and the organic side-products. Recrystal- 

lization from pentane at -780C gave the product as pale-yellow 

'microcrystals in 51% yield (54 mg), H.p. 99-101oC with 

decomposition. IR (hexane): 2043 s (2010 in =-l5~,) y(NN). 1864 \, 

vs. v(C0) cm-l. IH NMR (CDC13): 6 1.56 d, (J= 8.76, 9H, P H e l ) ,  
I 

', 
., ', 

\ 
1.99 d (J= 0.68, 15H. cp*). l 3 f 1 ~ 3  NMR (CDC13): 8 10.74 s (Cg&j). \ 
20.64 d (J= 33.16, P b ) ,  93.26 s (&Me5) and 207.16 d (J= 7.04, \ 

a 

0 NMR (acetone/acetone-d6;: d -90.2 br,s N -29.4 br, s 
- \ 

\ 
9 

(NB). 15N NMR for m - 1 5 N a  (acetone/acetone-d6) : d -90.7 s 
i 

\ 
I\ 

Z 

ZL (15~,). 3 1 ~  NMR (CDC13): 6 -29.81 s (LMej). MS (EI): m/z 454 (455 

A procedure similar to that described for the preparation of - 
e 

was used for the synthesis of this dinitrogen complex. It was - 

obtained in 44.5% yield as a pale-yellow . - microcrystalline solid. I 



m (6H. P(C&).3CH3). 1 . 9 5  s (15H. c ~ * ) . . ~ ~ ~ ~ H I  NHR (CDC13): 6 

1 0 . 6 0  s ( ( C g k 4 ~  1 3 . 8 6  s (P(CH213E.H3). 2 4 . 3 3  d  ( J =  13 .1 ,  PCH2GH2 

CH2C,H3), 25.97 s ( P C H Z C H ~ C H ~ C H ~ ) ,  29 .06  d  ( J =  29 .9  

Pm2CH2CH~CH3). 92 .72  s ( & l e g ) .  2 0 8 . 2 4  d  (J= 7 . 7 ,  (20). 3 1 ~  NHR 

(CDC13): 6 -0 .21.  HS(E1):  mi'z 580 H'. 552 ( H - N Z ) + .  Anal. C a l c d .  

f o r  J&: C, 46 .57 ;  H, 6 . 3 4 ;  N, 3 . 6 2 .  Found: C, 46 .35 ;  H, 6 . 4 7 ;  N, 

P r e p a r a t i o n  o f  c ~ * R ~ ( c o )  (PCy3) (P2  1 

T h i s  complex was s y n t h e s t ~ e d  a n a l o g o u s l y  t o  as a p a l e -  . 
J 

y e l l o w  s o l i d  i n  38% y i e l d .  H.p. 1290C w i t h  d e c o m p o s i t i o n .  IR-' 
- 

( h e x a n e ) : ' 2 0 3 0  s V(NN), 1856  vs V(CO), c m - l .  NMR (CDC13): 6 

209 .81  d (J= 8 . 4 7 ,  0 3 1 ~  NHR (CDC13): 6 27 .48  s (PCy3) .  HS 

( E I ) :  m/z 658  H+, 630 ( H - N ~ ) + .  Anal. Ca ld .  f o r  J&: C, 53 .00 ;  H, 

7 . 31 ;  N, 4 . 2 6 .  Found: C, 53.90:  H, 7 .77 ;  N,  4 . 1 5 .  

* . -  

P r e p a r a t i o n  o f  c ~ * R ~ ( c G )  (PPh3)  ( H Z )  (-1 

T h i s  complex  was s y n t h e s i z e d  a n a l o g o u s l y  to  as  a p a l e -  

yeJ1ow m i c r o c r y s t a l l i n e  s o l i d  i n  39% y i e l d .  H.p. 1330C w i t h  

d e c o m p o s i t ~ o n . "  I R  ( h e r a n e l  : 2058 s, 2045 m p(l?N), 1866  unsym- 

m t r i c a l v s  ~ ( C O ) , ~ c m - l .  IH NHR (CDC13): 6 1 . 7 3  s ( 1 5 H .  ~ p * ) .  
\ .  

- 
7 . 3 7  rfi ( l l H ,  PPh3) .  1 3 ~ t 1 ~ I  HHR (CDC13): 6 9-.94 s ( C g m ) ,  93 .22  



i --- - 
137 .84  d  (J= 47.20,  Pm), 267 .41  d ( J =  8 . 7 6 ,  GO): 3 1 ~  NHR ( c D c ~ ~ ) :  

d 32.20 s' (EPh3) .  MS ( E I ) :  .g/z 640 M + ,  612 ( H - N ~ ) + .  Ana.1. Ca lcd .  

f o r  n: C, 54 .45;  H, 4 .70 ;  N,  4 . 3 8 .  Found: C, 54 .63;  H, 4 .81 ;  N ,  

P r e p a r a t i o n  o f  c ~ * R ~ ( c o ) I P ( o H ~ ) ~ ~ ( N ~ )  (u) and  ( L ~ ~ I ~ N , )  

T h i s  complex was p r e p a r e d  f o l l o w i n g  t h e  same p r o c e d u r e g u s e d  

f o r  t h e  s y n t h e s i s  o f  and  i n  48% i i e l d  as a p a l e -  

y e l l o w  m i d r i c r y s t a l l i n e  s o l i d .  M.p. 540C. I R  ( h e x a n e l :  2378 m, 

2066 s v(NN), . l a 8 7  u n ~ y m m e t r i c a l v s  v ( C O ) ,  c m - l .  1~ NMR ( C D C 1 3 )  : 

1 3 ( 1 ~ 1  -NMR (CDC13): d 10 .28  s (Cy&), 51.22  s (POMe)3. 94.  

( J =  1 . 5 0 ,  G M e g ) ,  204.94 d ( J =  12.40,  GO). 14h NHR ( a c e t o n e  

a c e t o n e - d g )  : d -98.3 b r , s  ( N u ) ,  - 3 0 . 5  br, S .  ( N B ) .  1 5 ~ '  NMR 

( a c e t o n e / a c e t o n e - d 6 ) :  6 -98.2 s ( 1 5 t ~ a ) .  3 1 ~  NMR ( C D C 1 3 ) :  6 

i n  o r  ( t 4 - l 5 ~ l 4 ~ ) +  i n  =-l5~,. Anal .  C a l c d .  f o r  u: C, 33.46; 

H, 4 .78 ;  N,  5 . 5 7 .  Found: C, 33 .60;  H ,  4 .83;  N, 5 . 6 6 .  % 

r 

P r e p a r a t i o n  o f  c ~ * R ~  (CO 12 (NN (Me 1 (p-N2C&OHe - --- 

A s u s p e n s i o n  o f  t h e  d i c a r b o n y l  c a t i o n  complex (h) (50  mg, 

0 . 0 8 3  mmoll i n  hexane  was s t i r r e d  w i t h  an  e x c e s s  o f  MeLi ( 0 . 2  mL, 

0 .480  m m o l )  a t  room t e m p e r a t u r e .  The s o l u t i o n  s l o w l y a  t u r n e d  red 

and  a f t e r  4  h  was s e p a r a t e d  from t h e  red-brown s o l i d  by p i p e t t e .  
" 

E v a p o r a t i o n  o f  s o l v e n t  gave  a d a r k  r e d  s o l i d  which was c r y s t a l l i z e d  A 



from e t h e r - h e x a s  (1:l) a t  -780C a s  a  red  m i c r o c r y s t a l l i n e  s o l i d  
- 

4 

i n  38% y i e l d  '(18 mg). From t h e  supe rna t an t  s o l u t i o n  about  4  mg of 

C ~ * R ~ ( C O ) ~ ( N N ( M ~  1 ( R - N ~ C ~ H ~ O M ~  1 .  M: p. decomposed over 1600C. I R  

(hexane) :  1936 s, 1862 s V ( C O ) ,  c m - l .  llj NMR ( C D C 1 3 ) :  6 2.13 s 

(15H. cp*) ,  3.69 5 (3H, &I, 3.80 S (3H. o h ) ,  6 .82  d  ( Z H ,  C6H4i--  

and 7.34 d  (2H, C6H4). MS (EI): m/z 528 M + ,  500 (M-CO)', 472 ( M -  

By using f;-BuLi ' i n s t e a d  of  MeLi under i d e n t i c a l  cond i t i ons ,  

t he  hydrazido ( 2-1 complex c ~ * R ~ ( c o )  2(NN(k-Bu) (p-CgHqOMe and t h e  

d i n i t r o g e n  complex were formed i n  a p p r o r i % a t e l y . 5 : l  r a t i o  (by 
"r 

I R ) .  The hydrazido ( 2 - 1  complex e x h i b i t e d  two s t r o n g  V(C0) 

abso rp t ions  a t  1935 and 1861 c m - l  i n  hexane s o l u t i o n .  

React ipn of I C ~ * R ~ ( C O ) ( P R ~ ~ ( N ~ A ~ ) I +  ( R =  Me and Ph A r =  

p-C6H40Xe) wi th  Hethyl l  ithiurn i n  THF 

(a) A t  room temperature  

Additi,on of  an  excess  of MeLi ( 0 . 1  mL, 0.240 mmol) t o  a  THF 

s o l u t i o n  of  (20 mg, 0.023 mmol) r e s u l t e d  i n  a dark-red 
- 

s o l u t i o n  which showed i n   he I R  spectrum a n  i n t e n s e  a b s o r p t i o n  at 

1805 cm'l  ( i n  THF). This a b s o r p t i o n  occurred a t  1795-cm-I i n  t h e  . 
PHe3 complex. I n  both c a s e s  about  20% (by I R )  of  t h e  r e s p e c t i v e  

d i n i t r o g e n  complex was a l s o  formed. Attempts t o  i s o l a t e  t h e s e  

monocarbonyl spec i e s ,  which we b e l i e v e  are t h e  hydrazido ( 2 -1  

complexes c ~ * R ~ ( c o )  (PR3) ( N N ( M e ) A r  1, were unsuccess fu l  due t o  t h e i r  - - 
low s t a b i l i t y  t o  s i l i c a  g e l  column. P a r t i a l l y  p u r i f i e d  sample 

de r ived  from (by e x t r a c t i o n  with  hexape a t  0 - 5 0 ~ )  gkve 



-- 
u n s a t i s f a c t o r y  IH NMR and MS. I n  CDC13 o r  hexane s o l u t L o n s  t h e s e  

hydraz ido  (2-1 complexes dedomposed a f t e r  a b o u t  3  h  a t  room t e m p = -  

r a t u r e  t o  g i v e  g r e e n  s o l u t i o n s  which showed no v (C0)  a b s o r p t i o n  

f o r  t h e  hydraz ido  (2-1 complexes.  I n  both  c a s e s  t h e  i n t e n s i t y  o f  

.v(NN) and Q(C0) a b s o r p t i o n s  o f  t h e  d i n i t r o g e n  complex i n i t i a l l y  

p r e s e n t  were n o t  i n c r e a s e d .  

t These r e a c t i o g s  were c a r r i e d  o u t  under d d e n t i c a l  c o n d i t i o n s  

t o  t h a t  d e s c r i b e d  u s i n g  t-BuLi. I n  both  c a s e s ,  t h e  d i n i t r o g e n  

complexes were t h e  major p r o d u c t s :  (39% i s o l a t e d  y i e l d )  and 

(29% i s o l a t e d  y i e l d ) .  The respective hydraz ido  (2-1 were a l s o  
- 

p r e s e n t  i n  s m a l l  amounts (by  IR). 

R e a c t i o n  o f  [ c ~ * R ~ ( c o ) ~ ( N ~ A ~ )  I +  (J& with  f;BuCi 

T h i s  r e a f i i o n  was c a r r i e d  o u t  u s i n g  100 mg ( 0 . 1 6 7  mmol) o f  

d i s s o l v e d  i n  20 mL o f  THF a t  6 6 0 ~  and t r e a t e d  w i t h  0 . 1  mL 

( 0 . 1 9 5  mmol) o f  k-BuLi. Following t h e  same p u r i f i c a t i o n  procedure  
. - 

t o  t h a t  used f o r  t h e  PMe3 comple ,~ ,  t h e  d i n i t r o g e n  complex 

c ~ * R ~ ( c o ) ~ ( N ~ )  (-1 was o b t a i n e d  i n  31% y i e l d  ( 2 1  mg). A s m a l l  
rn 

amount o f  t h e  hydraz ido  ( 2 - )  c o r n p l e x ~ ~ * ~ e ( ~ 0 ) ~ ( ~ ~ ( ~ - ~ u ) ( ~ r ) )  was 

a l s o  formed. ( I R  ( h e x a n e ) :  1935, 1861 cm-l' ~ ( c o ) ) .  

GC, GC-MS A n a l y s i s  of t h e  R e a c t i o n  of w i t h  f;-BuLh 

A f t e r  t h e  a d d i t i o n  o f  L-BuLi t o  t h e  THF s o l u t i o n  of  t h e  

s o l v e n t  was e v a p o r a t e d  under vacuum and t r a p p e d  a t  low t 

t e m p e r a t u r e  ( l i q u i d  n i t r o g e n )  ( s o l u t i o n  A ) .  The r e s i d u e s  were 



- 

e x t r a c t e d  with e t h e r  and f i l e r e d '  through C e l i t e  ( s o l u t i o n  B). GC 

and GC-MS a n a l y s i s  o f  s o l u t i o n  A showed ~ n l y ~ i m p u r i t i e s  con ta ined  

i n  t h e  commercial &-BuLi ( A l d r i c h ) ,  such as benzene, hexane and 
- 

2,2 ' ,  3 ,3 ' - te t ramethylbutane.  This was confirmed by GC-MS o f  t h e  

t rapped so lven t  of &-BuLi. GC-MS of  s o l u t i o n  B showed t h e  presence 

o f  a n i s o l e  (H', 108) among o t h e r  minor u n i d e n t i f i e d  o rgan ic  
. .- 

produc ts .  T h i s  was confirmed by ~ ~ i n j e c t i o n  with  a n  a u t h e n t i c  

sample of  a n i s o l e .  ' . r* 

with NaBH4 
4-L 

The phosphinearyldiazenido complex (n o r  m) ( 5 @  mg) was 

d i s so lved  i n  5  mL o f  ace tone  at  room temperature .  An excess  of  

s o l i d  NaBH4 ( c a .  5  mg) was added. Af te r  s t i r r i n g  f o r  1 h t h e  

- c o l o r  changed from orange-red t o  yellow. Evaporat ion of  t he  

s o l v e n t  under vacuum a t  room temperature  gave an  orange-red s o l i d  . 

which was e x t r a c t e d  w>ith hexane and c h a r a c t e r i z e d  a s  t h e  hydrido 

complex c ~ * R ~  (CO ) ( H  ( Q - W ~ C ~ H ~ O M ~  1 (51 by compar i s o n  with  a u t h e n t i c  
- 

sample. I n  both c a s e s  over 70% y i e l d  of  complex f were ob ta ined .  

P repa ra t ion  of cp*Re (CO) ( H e  1 ( Q - Y z C ~ H ~ O H ~ )  

The a c e t o n i t r i l e  com b x 1Lg (50 mg, 0.081 mmol) was d i s s o l -  

ved i n  15 mL o f  THF'at room temperature .  To t h i s  s o l u t i o n  MeLi 

( 0 . 1  mL, 0:240 'mmol) was added by sy r inge  and s t i r r e d  f o r  3 h. 

Evaporat ion of  t h e  s o l v e n t  under vacuum 9 a v e . a  r ed  o i l y  s o l i d  

which was e x t r a c t e d  with hexane and column chromatographed on 



n e u t r a l  alumina.  E l u t i o n  w i t h  e , ther/hexane 2:l gave  t h e  product 

C ~ * R ~ ( C O ) ( M ~ ) ( ~ - N ~ C ~ H ~ O H ~ )  (13 nig, 32% y i e l d )  as a r e d  s o l i d .  Y a p .  

138-1400C. This complex was c h a r a c t e r i z e d  by IR and IH NMR. IR 
- - 

(hexanel: 1941 vs V(CO), 1629 s V(NN), cm-l .  IH NMR (CDC13): 6 



CHAPTER VI 

- .  

Non-photochenical Reactions of Rhenium Dinitrogen Complexes 

6.1. Introduction 

In this chapter we describe some reactions of cp*Re (CO) 2 (N2 1 

(-1 and c ~ * R ~ ( c o ~  (PHe3,1 (N2) (=I that were carried out to \ - 

determine the chemistry of these molecules under non-photochemical 

conditions. h e  reactions to be described are with halogens x2' 

and hydrogen halides HX ( X =  C1, Br, I) and proceed with elimina- 

tion of N2 and the formation of the dihalide complexes c ~ * R ~ ( c o )  

(LIX2 (& L= CO; x, L= PHe3) and the hydridohalide complexes 
c~*R~(co)(L)(H)(x) (see Scheme XII). 

- 

\ 
The first rhenium (111) compound containing cyclopentadienyl L. 

2 
dihalide ligands to be -synthesized was CpRe(CO)ZBr2. It was 

prepared from reaction of CpRe (C0) 3 with B r 2  in trifluoroacetic 

acid. 160 Subsequently, the prpduct. of this-reaction was shown to 

consist of cis or lateral (1) and trans or diagonal (11) isomers 

which courdbe separated. 161 

and was alpo prepared in cis and trans forms from the direct 



X2 or 'HX 
P 

ether 

\i P 

anhydrous ether 
O C H ~ ~ \ B ~  / \  

H PMe 
3 

PMe X 
3 

Scheme XI1 

r e a c t i o n  o f  CpRe(CO)g w i t h  I2 i n  d i m e k h y l s u l f o x i d e .  The c h l o r i d e  * 

ana logue  CpRe(C0)$12 was unknown. Attempts t o  prepare  t h i s  

compound from c ~ R ~ ~ c o ) ~  and C12 f a i l e d ;  i n s t e a d  t h e  u n s t a b l e  s a l t  



fCpRe(C01 $1 1 f Cl I -  was proposed to be the' product, 162 while 

reaction with SbClg gave fhe stable, well characterized salt 

[ C ~ R ~ ( C O ) ~ C ~ J [ ~ ~ C ~ ~ ] . ~ ~ ~  Of the pentamethylcyclopentadienyl 

analogues, o n l y . ~ p * ~ e ( ~ 0 ) ~ 1 ~  had been mentioned (briefly) but 

without details of its synthesis, characteri3ation or stereo- 
CI 

chemistry;144 the dibromidts and dichlorides were unknown. In th k 
cyclopentadienyl monocarbonyldihal1des containing phobphorus 

c 
C 

ligands only the phosphite complexes CpRe(CO)(P(OR)3)Br2 (R= Me& 

Et and Ph) were already known. They were synthesized in either . 
& 

i 

the cis or the trans forms by reaction of CpRe(CO)2~r2 with 

P (OR 1 3 .  The particular isomer obtained depended on f he temperature 

at which the reaction was carried out. lh5 Pentamethylcyclopenta- i 

"6 C 

dienylrhenium dihalides containing a-phosphqrus ligand were 
9 

completely unknown. 

Part of the work described in this chapter has already been 

pub1 ished. 166 

6.2. Synthesis and Characterization 

(a) Cis-pentirmethylcyclopentadienyldlhalides (cis-= and cis-=) 

These compounds were easily prepared by reaction of the 
-. d --- - - 

respcctlva dinltrogen complex in diathj1c;her with HX either as 

aqueous solution (X= C1, Br, I) or the,unpurified gas (X= C1, Br), 
% 

or with X2 according to Eqs.24 and 25. 



* 
0 

* 
D 

CP 
I 

CP 
HX 

( aq) 
or X 

b 
I 

- 3 OC ether OC N,~;-.-X Eq.24. 
OC X 

13a - c is-14 - 

c i s - u ,  X= C1; cis--, X =  Br; cis-&, X= I 

I .  

* * 
CP 
I 2 

- b 

hexane a 0~7"t-x 
OC PMe3 X 

h 

cis--, X= C1; c i s - m ,  X =  Br; cis--, X= I . 

In both cases, cis-pJ. and cis-fi were obtained as a sinqle 

compound in ,good to excellent yields. In the majority of the 

reactions for the preparation of cis-& the dinitrogen complex 
1 

was used in a mixture with c ~ * R ~ ( c o ) ~  (prepared by method 2, 

see chapter V ) .  However, C ~ * R ~ ( C O ) ~  doe's not interfere in the 

reaction with HX and can be recovered (see Experimental Section).,' 

This reaction (Eq.24) occurred slowly but in high yield. Much 

faster reactions were observed using halogens (X2) instead of HX, 

but these were not so clean, especially when c ~ * R ~ ( c o ) ~  was 

present. By contrast, the phosphinedinitrogen complex L;LB reacted 

with HX to produce trans-cp*~e(cO) ( p H e j ) . ( ~ )  (.x).'(&) (see below 1 



-. 15. L 

in high yfrrlds, along Wfth only small gwounts ( <  10%) of the 

f corresponding dihali.de cis-= (see below). However, reaction of 
- 

with halcqens (Eq.25) occurred instantaneously to give only 

cis-& in excellent yield. 

All these dibalide compounds (cis-= and cis-=) were 

obtained as red or orange-red microcrystalline solids, which are 
e 

, i'ndefinttely stable under N2 and can.be expo~ied to air far periods 

of days without visible deteriorption. They are very soluble in 
. .  

tbe majority of polar solvents such as acetone, CHZCl~ ahd CXC1- 3. A 

in vbfch  they are very  stable with regard to thermal isomerization. 

For example, no isomrization was observed even in-boiling benzene 

or toluene, though the complexes did not survive for long at these 

teapematures tespecially the phosphine ones cis-&I, Acetone 

solutions of cis-lia, cis-- and cis-= sh"owed no isomerization 
, 2- -. 

over four days at room temperature. - % 

*3 The spectral properties of them cis-dihalides are consistent 
i 

w i t r f i  the,& possessing a monomeric four-legged piano stool struc- 
# 7 

ture, which in the case of cis-* was confirmed by an X-ray crys- 

tal structure determination, kindly done by Prof. F. Y .B. Einstein 

and Or K.C. Tyers. A perspective view of this complex is shown 

in Fig. 12. Thus their electron-impact mass spectra display peaks 

correspondktg to the molecular ions H+, plus (H-CO)+,  . (w-~co)+  or 

( H - C O - P H U ~ ) + ,  and (&XI+ fragments respactively. In the 'H and 13c 

UlR spectra they exhibit just the resonances expected for a single 

i s o w r  (see Table VIII). The IR spectra of tho dicarbonyldihalide 

complexes (cis-=) in each case consist of only two t z I C O )  absorp- 
I 



Fig .  12 Perspect ive  View of  the Complex c i s - C p * ~ e ( ~ O J  212 
The numbering scheme is tha t  used in ref.166. 
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_wavenumber one much more i n t e n s e  ( t h e  I R  spectrum o f  cis- a is 
< 

shown i n  F i g . l 3 a ) ,  whereas f a r  t h e  carbonylphosphinedihalide (cis- 

=) t h e  s i n g l e  v(C0) a b s o r p t i o n  is observed ve ry  c l o s e  t o  1900 
). 

c m - l  (see Table V I I I  1 .  

The i n t e n s i t y  p a t t e r n s ,  as w e l l  as t h e  correspondence 

betweenLthe I R  va lues  of  our  d i c a r b o n y l d i h a l i d e  complexes (cis-u), 

a r e  i n  good agreement wi th  t hose  r epo r t ed  f o r  ~ i s - C p R e ( C 0 ) ~  

Br 2 l61. 165 and cis-CpRe(C0) 212. 162 Furthermore, w e  have used t h e  

r e l a t i v e  v(C0) I R  i n t e n s i t i e s  t o  c a l c u l a t e  t h e  OC-Re-CO ang le  ( 2 8 )  

us ing  t h e  r e l a t i o n s h i p 1 6 1  

where I,, and Is a r e  t h e  a r e a s  u n d e r n t h e  an t i symmetr ic  ( lower 

wavenumber) and 'symmetric (h ighe r  w'avenumber) bands r e s p e c t i v e l y .  

The ang le s  determined by t h i s  method a r e  870 (cis--), 840 (cis- - 
L 

-1 and 800 (cis-=) and accord  w i t h  t h e i r  p o s t u l a t e d  cis 

s t r u c t u r e .  The X-ray c r y s t a l  s t r u c t u r e  of  cis-- provided a 

va lue  o f  78(  110 f o r  t h i s  ang le ,  i n  e x c e l l e n t -  agreement. The a s s i g -  

nment of  cis s t r u c t u r e  f o r  t h e  carbonylphosphinedihalides (cis-=) 

is less s t r a i g h t f o r w a r d  than f o r  t h e  d icarbonyl  ones  i n  view o f  

t h e  i n a p p l i c a b i l i t y  o f  I R  v(C0) r e l a t i v e  i n t e n s i t y  measurements t o  

t he  monocarbonyls. However, i n  t h e  t h r e e  c a s e s  ( c i s - u a , b , c )  t h e  

cis s t e r eochemis t ry  was ass igned  on t h e  b a s i s  o f  2 ~ C p  ob ta ined  

from t h e  13c NHR s p e c t r a  o f  t h e s e  compounds. The va lue  2 ~ C p '  25 Hz 



Fig. 13. IR SpcctrsbfDicarbonyldiiodide complexes (2200-1780 c m - 1  
region. C H i c l Z  s o l u t i o n ) .  ( a  : C ~ $ - C ~ * R ~ ( C O )  2 ~ Z  (cis--), 
(b): t r a n s ~ C p  Re(C0)212 (trans--1. 





-- ( " ~ a b l e  VIII) i s  i n " g o o d  agreement  wi th  t h o s e  observed i n  o t h e r  

r e l a t e d  compounds c o n t a i n i n g  a  phosphine l i g a n d  cis t o  a  ca rbon  .. 
monoxide e . g .  trans-CpMo(C0) z(PPh3)Cl ( 2 7 . 2  Hz) 167 and cis-CpMo 

(b) Trans-Pentarnethylcyclopentadienyldihalides ( t r a n s - u  and 

T ~ ~ ~ I S - C ~ * R ~ ( C O ) ~ X ~  trans--, X= el; trans-J&, X =  B r  and 
P 

trans-&, X =  I were p repared  by photochemical  i s o m e r i z a t i o n  o f  

t h e  r e s p e c t i v e  c i s - i somer  (c is -u)  a c c o r d i n g  t o  Eq.26. 

b 

h v ,  i n  
w OC ,Re .--. 

/ \ X 
s o l u t i o n  

c is-14 - t r a n s 4 4  E q .  26. 

The c i s - d e h l o r i . d e  o r  d ibromide  complexes (cis-- o r  cis- 

-) were UV-ir radia ted  i n  CHC13 s o l u t i o n  wi th  fo rmat ion  o f  t h e  

t r a n s  isomer ( t r ans - -  o r  trans--) i n  60-70% y i e l d  a f t c c  a h o u t  

30-40 min. However, i s o m e r i z a t i o n  o f  cis  d i i o d i d e  (cis-&) c b u l d  
* 

n o t  be c a r r i e d  o u t  i n  CHC13, because  c h l o r i n e  s u b s t i t u t i o n  occur -  
9 'I 

r e d .  Both t h e  t r a n s  d i c h l o r i d e  (trans--) and t r a c e s  of  c ~ * R ~  

(C0)2C11 were formed i n s t e a d .  No s e p a r a t i o n  o f  t h e s e  d e r i v a t i v e s  

was a t t e m p t e d .  The l a t t e r  was i d e n t i f i e d  by  MS (m/z 520 ( M + )  based 

on 1 8 7 ~ e  and 3 5 ~ 1 ) .  I r r a d i a t i o n  of  a  s u s p e n s i o n  o f  cis-- i n  

hexane f o r  90 min produced t h e  t r ans -& i n  a b o u t  20% y i e l d ,  p l u s  



- 
-- 15-3 - - - 

decomposition. A l t e r n a t i v e l y ,  t rans-= was o b t a i n e d  i n  11% y i e l d  4 

'7. 

by i r r a d i a t i o n  of a suspension of I C ~ * R ~ ~ C O ) ~ I I [ I ~ I  ( s e e  below) 

i n  hexane. Also-c i s -& was produced i n  t h i s  r e a c t i o n .  
k 

A s  e w e z t e d ,  t h e  t r a n s  d i h a l i d e s  ( t r a n s - a )  show cons iderab ly  

g r e a t e r  salability, e s p e c i a l l y - i n  hydrocarbon s o l v e n t s ,  t han  do 

t h e  l e s s  symmetrical cis isomers. They a l s o  tend  t o  be thermal ly  

less s t a b l e ,  and decompose a t  cons iderab ly  lower temperatures .  
- - -  -- 

As s o l i d s  o r  s o l u t i o n  they  a r e  s t a b l e  w i t A  r ega rd  t o  i somer iza t ion .  

+No i somer iza t ion  o f  trans-- and trans-- was 

acetone s o l u t i o n  a f t e r  fou r  days.  

These compounc& a r e  recognizab le  by having 
1 

abso rp t ions  i n  t he  r eg ion  204.0-1960 c m - l  XTdble 
* a 

observed i n  

two I R  V(C0) 
. . 

V I I I ) ,  where t h e  

higher  wavenumber one (V(C0) sym) is  now t h e  l e s s  i n t e n s e  of  t h e  

p a i r .  The I R  spec t r sm o f  t h e  d i i o d i d e  ( t rans-&) is shown i n  F ig .  

13b. The OC-Re-CO in te rbond  angles ,  e s t ima ted  from t h e  v(C0)  

r e l a t i v e  i n t e n s i t i e s  were found t o  be c a .  1150, some 28-350 g r e a t e r  

than  t h e  ang le s  i n  t h e  cis compounds, and c o n s i s t e n t  wi th  t h e  

p o s t u l a t e d  t r a n s  s t e r eochemis t ry .  The s t e r eochemis t ry  of  t he  d i -  

bromide complex t r a n s - m  was confirmed by X-ray c r y s t a l l o g r a p h y  

a l s o  .kindly c a r r i e d  o u t  by P ro f .  F.  W.B. E i n s t e i n  and D r .  K.G. . 

Tyers. A p e r s p e c t i v e  view of  t h i s  complex is shown i n  Fig , . l4 .  From 

t h e  s t r u c t u r a l  s tudy  an  OC-Re-CO angle  o f  1040 was determined.  

I n  t h e  HS t h e s e  complexes e x h i b i t  t h e  same f ragmenta t ion  pa t -  

t e r n  as observed i n  t h e i r  cis analogues .  S i m i l a r l y ,  t h e  IH and 

13c NMR s p e c t r a  are a s  expected f o r  pure, s i n g l e  compounds and it 

is ob ervad t h a t  ~ p *  p r ~ t o n  resonances  and 13c carbonyl  carbon 4 



Fig. 14. Perspective View of the Complex t r a n s - ~ ~ * ~ e ( ~ ~ )  Bra I (trans--). The numbering scheme is that used n ref. 166. 

I 

, 





. 
resonances are consistently shifted to higher field compared with 

the same resonances in the cis analogues (see Table VIII). 

Turning to the carbonylphasphine complexes, only in ane case 

could the trans-isomer be obtained and this was the dibromide. - 
Attempts to obtain any of the trans compounds using a similar 

r 

procedure to that used to prepare the trans dicarbonyl complexes 
. 

was   successful since under the photochemical conditions used 

all of the cis-= complexes readily decomposed giving intractable 

products. Nevertheless, t r a n s - ~ p * ~ e ( c ~ ) ( ~ ~ e ~ ) ~ r ~  could be prepared 

by reaction of t r a n s ( H , ~ r ) - ~ p * R e ( ~ o ~ ( ~ ~ e ~ ~ ( ~ ) ( ~ r )  with N-bromosuc- 

cinimide (NBS) in THF at 80C. By contrast, trans(H,Cl)- and trans 

(H, I ) - c ~ * R ~ ( c o )  (PHe3) (H) (XI were recovered unreacted when treatedt 

with N-chloro and N-iodosuccinimide, respectively, under similar 
d 

conditions. At room temperature, in both cases a slow reaction 

took place and the c i s - ~ p * R e ( ~ ~ )  (PHe3)X2 (X= C1, I )  were 

produced. Presumably, the trans-isomers were first formed and 

then they rearrange to the more stable cis isome-, as happened 
\ 

with trans-~p*Re(c~) (PMe3)Br2 (see below). . 
The t r a n s - ~ ~ * R e ( ~ ~ )  (PMe3)Br2 complex was isolated as an 

orange-red solid in almost quantitative yield. In the IR spectrum, 

the Y(CO) absorption appears 35 crn-l to higher wavenumber than in 

the cis isomer. Phe carbonyl carbon resonance is a doublet with 

2 ~ p C =  3.7 Hz (compare with 24.9 Hz Ior the cis isomer) and 1s 

shifted upfield by 15.1 ppm with respect to cis-=. About 80% 

isomerization of trans to cis-- occurrecl-bbenzenc in the dark 

over five days, at room temperature. 



- 
(cl Cis and Trans Cyclopentadienyldicarbonyldichloride 

C ~ S - C ~ R ~ ( C O ) ~ C ~ ~  was prepared from the reaction of C12 with( '. '2' 
CpRe(CO)Z(N2) (which also reacts with Br2 and I2 to produce only +; 

b7 

~is-CpRe(C0)~X~ , X= Br and I), but the dinitrogen complex 

appeared unreactive to gaseous or aqueous HC1. Its spectroscopic 
a 

properties are comparable to'those observed in the cis-&& series ' 

and are listed in Table VIII. Analogous with cis-h%g'cis-cp~e 

(C012C12 does not isomerize themally to the trans isomer in 
I - 

acetone at room temperature within 24 h (whereas the diiodide cis- 

CpRe(C0)212 was isomerized to trans in this solvent in 3 h). 

However,. like cis- -* when UV-irradiated in acetone, it quick1 y 

and clean1 y isomer ized to trans-CpRe (CO) 2C1 2 (compare Eq. 26 . In 
general, this compound resembles, in its spectroscopic properties, 

the trans-A$ analogues with cpf (see .Table VIII 1 .  

( d l  Trans-Pentamethylcyclopentadienylhydrido Halides 

The preparation of some of these derivatives was kindly 

assisted by Mr. R. Singer, a summer undergraduate student in our 

laboratory, 

In contrast to c ~ * R ~  (CO) Z(NZ 1, the trimethylphosphinedinitro- 

gen complex reacted with an excess of concentrated aqueous 

hydrogen halides (HX) to produce primarily t r a n s ( H , X ) - ~ ~ * ~ e ( ~ ~ )  

(Pkle3)(H)(X) &, & X= Cl; 16b, X= Br; J&, X= I in over 80% 

yield, with only less than 10% of the corresponding cis-dihalide 

(cis-=) being formed, Eq. 27.  



I H X 
( a d  * 

ether . 

I n  a l l  t h e  c a s e s ,  t h e  

PMe X , . 
3 

E q .  27. 

complexes t r a n s - f i  were i s o l a t e d  a s  

ye l low s o l i d s  w h h  a r e  i n d e f i n i t e l y  s t a b l e  rmder N 2 .  They a r e  

ve ry  s o l u b l e  i n  t h e  m a j o r i t y  o f  o r g a n i c  s o l v e n t s  i n c l u d i n g  hexane 

and cyclohexane.  They show i n  t h e  I R  s p e c t r a  a s i n g l e  ve ry  s t r o n g  

v ( C 0 )  a b s o r p t i o n  a t  a b o u t  1922 c m - l  i n  hexane ( s e e  Table 1x1. The 

p r e s e n c e  o f  t h e  h y d r i d e  l i g a n d  (which c o u l d  n o t  be observed i n  

t h e  I R  s p e c t r a )  was c l e a r l y  de te rmined  from t h e  l H  NMR s p e c t r a  i n  

which t h e r e  a p p e a r s  a  d o u b l e t  o f  r e l a t i v e  i n t e n s i t y  1 H  i n  t h e  

h igh  f i e l d  r e g i o n  a t  ca. d -10.0 (Tab le  1 x 1 .  I n  t h e  t h r e e  c a s e s  

a v a l u e  o f  2 ~ p H '  5 6 . 0  Hz was obse rved .  T h i s  v a l u e  is i n  good 

agreement  wi th  t h o s e  obse rved  i n  o t h e r  four- legged p i a n o - s t o o l  

complexes c o n t a i n i n g  a cis  H-M-P moie ty  . e . g .  [CpMn(CO)2(PHe2Ph) 
, . 

; H I ] + ,  52 Hz; 169 C ~ M O ( C O ) ~ ( P R ~ ) H ,  64-67 and [ C P R ~ ( C O ) ~ ( P P ~ ~ )  

H I + ,  39 Hz.171 I n  a t r a n s  H-M-P ar rangement ,  2 ~ p H  is expec ted ,  

from v a r i o u s  p r e c e d e n t s  t o  b; 2-3 times s m a l l e r  t h a n  t h a t  observed 

i n  t h e  cis a r rangement .  lG9-171 I n  t h e  p r o t o n  coup led  13c NHR 

spec t rum t h e  c a r b o n y l  c a r b o n  resonance  is a d o u b l e t  wi th  2 ~ C H  - 
8-11 Hz and a s i n g l e t  i n  t h e  p r o t o n  decougled  spect rum wi th  no 

o b s e r v a b l e  c o u p l i n g  t o  3'1~, These v a l u e s  o f  2 ~ C H  are c l o s e  t o  

t h a t  obse rved  i n  t r a n s - ~ p * ~ e ( c o ) ~ ( ~ ) ( ~ r )  (see below) and are 







L - -  

The tricarbonyl cation [C~*R~(CO)JII+ appears to be quite . - 

stable as a solid under N2 at room tempekature, but repeated 
I 

attempts to wash it with hexane (in which it must be scarcely 

soluble) always resulted in purple washings owing to the-partial 

rcforaafion of. 11 and C~'R~(CO)~. An IR spectrum in KBr d f  the 
9 

'5 e C 

freshly washed solid contains V(CO~ absorptions of [cp*Fte (CO) 3~ 1 + 

4 

at 2078; 2045.and 2027 cn-l and very weak absorptions at 1994 and 

1900 cn- l  from the tricarbonyl complex. The spectrum is unchanged 
I 

after 24 h. In CHC13 or CH2C12 solutions the'equilibrium shown 

in Eq. 28 is, established 
i 

=.- * 

C ~ * R ~ [ C O ) ~  + 2 12 @ [C~'R~ICO)~II (131 Eq. 28. 

and the bands for [ C ~ * R ~ ( C O ) ~ I ] +  (v(C0) 2099 and 2043 ck'l) and 

c ~ * R ~ ( c o ) ~  I .p(CO) 2008 and 1914 cm-l) have roughly similar inten- 
P 

sity. Even when the CHC13 solution was saturatdid with 12, the 

absorptions for the latter were only about half as- intense. 

Despite this, an 12 saturated solution of [ c ~ * R ~ ( c Q )  3~ 1 1 131 in 

CDC13 exhibited at room temperature only a -sharp single W E  

resonance at d 2.39 for cp* and a single set of 136 NMR resonan- 
cas, two singlets at d 11.4 and 103.2 for cp* end a broad singlet 

for CO at d 191.0. This can be ahtributad to a. fast intsrconver- 

sion averaging tbe resonances for !c~*R~(co) 31 I (131 and c ~ * R ~ ( c o ) ~ .  

At -5OoC the proton resonance has broadened slightly arid shifted 



s t a b l e  a; a  s o l i d  o r  i n  s o l u t i o n  under  N2.  I n  t h e  1% spectrum, it 

. showid o n l y  two V(C0) a b s o r p t i o n s .  Furthermore,  t h e  r e l a t i v e  

i n t e n s i t y  o f  t h e s e  a b s o r p t i o n s  a r e  t y p i c a l  f o r  a cis ar rangement  

of t h e  two CO groups  i . e .  t h e  h i g h e r  wavenumber. a b s o r p t i o n  a t  
A a . a 
* '.+ 

2039 c m - l  5 e i n g  much more i n t e n s e  t h a n -  t h a t  obse rved  a t  1973 cm-I, 
B 

, The JH NMR spec t rum in'CDC13 o f  t h i s  complex ahow& no unusual  
\ 

. f e a t u r e s ,  a  d o u b l e t  f o r  PHe3 a t  d 2.12 (J= 1 0 . 3  Hz) and a d o u b l e t  
Y 

f o r  cp*  a t  d 2.37 (J=< 0 . 9  Hz) .  I n  t h e  13c NMR spect rum,  i n  a d d i t i o n  

t o  t h e  s i n g l e  r e s o n a n c e s  f o r  t h e  cp* and d o u b l e t  f o r  t h e  PHej ( J =  

4 .17  Hz) two d o u b l e t s  f o r  t h e  qarbonyl  c a r b o n  resonances  -were 

obse rved .  The one a t  lower f i e l d  ( d  2 0 2 . 4 5 )  wi th  J =  2 4 . 8  Hz is  

t e n t a t i v e l y  ' ass igned t o  t h e  CO cis  t o  t h e  PMe3 by comparison wi th  

t h e  J - v a l u e s  obse2ved i n  c i s -u  ( c a . -  2 5  Hz),  and t h e  one a t  much 

h i g h e r  f i e l d  6 187.72 wi th  J =  15 .3 ,  t o  t h e  ca rbony l  t r a n s  t o  t h e  

PMe3. The 2 ~ C p  obse rved  f o r  t h e  l a t t e r  r e sonance  however c o n t r a s t s  

wi th  t h e  v a l u e s  o f  3.7Hz observed  f o r  t h e  t r a n s - ~ ~ * ~ e ( ~ ~ )  ( P M e 3 ) B r ~  

and w i t h  5 . 0  Hz f o r  t h e  C ~ ~ - C ~ H O ( C O ) ~ ( P P ~ ~ ) I . ~ ~ ~  

,6.3. D i s c u s s i o n .  

The f o r m a t i o n  of  C ~ ~ - C ~ * R ~ ( C O )  (L)X2 and t r a n s - c p ' ~ e ( c O )  (PHaj)  

J 
( H I  (X I '  from t h e  r e a c t i o r i  o f  t h e  d i n i t r o g e n  complexes && o r  &,& 

w i t h  ha logens  o r  hydrogen h a l i d e s  +re t y p i c a l  examples o f  o r i d a -  

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

t y p e s  o f  r e a c t i o n s  have been observed  i n  a v a r i e t y  o f  N2-complexes 

and have been d e s c r i b e d  i n  Chapter  I ,  s e c t i o n  1 . 3 . 3 ( a ) .  Some 

examples i n v o l v i n g  ha logens  o r  HX a r e  t h e  r e a c t i o n s  o f  ( i )  trans- 



tran~-ReCl(N~)(py)(PMe~Ph)~ (py= pyridine) with HCI to yield ReC13 
k. 
lP!4e2Ph)j172 and (ill) trans-1r~l(.~~)(PPhl)2 with HC1 to produce 

IrHC12 (PPh3 12.  173 However, no exampleg of N2-cdmplexes possessing 
- --- - 

a npiano-stoolw type s-truct&e* have deen previously known to give 
k -  r 

oxidative addition products with halogen or hydrogen halides. 

The reactions of the dinitrogen complexes dr && with - 
Halogens, give stereospecifically.dis-c~*R~(co)(L)x~ (cis-J& and 

cis-=). A radical mechanism is therefore unlikely, and two nan- 

radical mechanisms can be considered." 

Mechanism I is a concerted mechanism involving first t A e  

L dlssociat n of the N2 ligand 

three-center transition state 

\ 

\\ 
followed by the formation of a 

Mechanism I1 is a Hpseudoionicw mechanism bnvolvisg nucleo- 

philic attack of $he metal complex to the halogen, generating a 
\ 

transition state of considerable polarity (Eq. 30 1 .  . 
- 

- 
- 

- t 

Eq. 3 0 .  



- -- 

- 163 

Mechanism I a g r e e s  w i t h  t h e  observed c i s - a d d i t i o n  p r o d u c t s .  

However, i-t shou ld  be no ted  t h a t  t h e  N2 l i g a n d  i n  t h e  s t a r t i n g  

complekes a p p e a r s  t o  be i n e r t  t o  dissociation (see preced ing  

c h a p t e q ) ,  t h u s ,  it does  n o t  seem l i k e l y  t h a t  t h e  u n s a t u r a t e d  f r a &  

ment f i ~ p * ~ e ( ~ ~ ) ( ~ ) "  i s  g e n e r a t e d  under thermal  c o n d i t i o n s .  On t h i s  

bas is ,  w e  a r e  n o t  i n  f a v o r  o f  t h i s  c o n c e r t e d  m e  ? hanism. 

Hechanism I1 s e e m s t t o  be more p l a u s i b l e ,  even tbough w e  hdve 

no d i r e c t  e v i d e n c e  f o r  t h e  fo rmat ion  o f  e i t h e r  a " h i d h l y  p o l a r f 1  

o r  a ~ o m p l ~ e t e l y  i o n i c  i n t e r m e d i a t e  ( [ C p * ~ e  ( C O )  (L) ( N 2 ) X 1  [XI 1 .  

N e v e r t h e l e s s ,  i t  h a s  been demonst ra ted  i n  s e v e r a l  ways t h a t  t h e  

rhenium atom i n  t h e  i s o e l e c t r o n i c  d i c a r b o n y l  ana logues ,  CpRe(CO)2 

(L) (L= CO and PPh31, o f  t h e s e  d i n i t r o g e n  complexes, poSsesses  

basic c h a r a c t e r .  F i r s t ,  t h e s e  complexes c a n  be p r o t o n a t e d  by  CF3 
s 

COOH t o  produce t h e  c a t i o n i c  h y d r i d e  d e r i v a t i v e s  [CpRe(C0)2(L) 

( H I  !+ . j f  l A l d a i  Ginzburg e t  a l .  have s u g g e s t e d  on t h e  b a s i b  o f  I R  

t h a t  Cpde(CO)2(PR3) ( R =  Ph, OMe a= 0Ph) r e a c t s  wi th  Lewis a c i d s  
Q 

such as TiC14, SnC14 and SnBr4 t o  form a d d u c t s  o f  t h e  type  Cp(C0I2 

(PR3)ReMClq. 174 l o r e  r e c e n t l y ,  t h e  r e a c t i o n  o f  CpRe(CO1 Z ( P P ~ ~ )  

J i t h  C12 t o  produce  t h e  c a t i o n i c  complex ! c ~ R ~ ( c o ) ~ ( P P ~ ~ ) c ~ I +  h a s  

been r e p o r t e d .  lG2 I t  is e x p e c t e d  t h a t  t h e  p r e s e n c e  o f  t h e  cpR li-  

gand i n  t h e s e  t y p e s  o f  rhenium complexes w i l l  increase t h e  b a s i c i -  

t y  'of-'the meta l  c e n t e r .  I n  agreement ,  as r e p o r t e d  i n  t h i s  c h a p t e r ,  

t h e  ' c a r b o n y l  complexes C ~ * R ~ ( C O )  2 ( ~ )  (L= CO and PMej) react with 

I 2  to give t h e  c o r r e s p o n d i n g  c a t i o n i c  complexes I C ~ * R ~ ( C O )  Z ( L ) I  I +. - 

9 
On t h e  b a s i s  o f  t h e s e  o b s e r v a t i o n s  it is e x p e c t e d  t h a t  t h e  

J 

rhenium c e n t e r  in the d i n i t r o g e n  complexes and s h o u l d  
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Opposite (trans) to it* This effect has been &served in a 

wide variety of metal complexes, especially in square-planar Pt 

and Pd complexes. 176 

Although these rhenium systems may represent a rather large 

departure from the model system based on Pt (11) complexes, com- 

parable effects can be expected to control the stereochemistry of 

the reaction. Within this context a trans (H,N2) stereochemistry 

is assumed for the cationic intermediate [c~*R~(co)(L)(N~)H]+. 

substitution of N2 by addition of the halide at the trans position, 

presumably via an associative mechanism, would give the observed ' 

' trans&. 
7 

L 

/ The formation of cis-Cp*~e(c0) ( ~ 1 x 2  (cis-u and cis-=), and 

probably HZ, from the reaction of c ~ * R ~ ( c o )  (L) (N2) with HX is not 

as straightforward as the reactions with halogens which give 

idensical products. This reaction presumably occurs as shown in 

Eq. 3 2 .  

_ T h e  - first step has already been discussed. The second step, 

i.e., hydride substitution from the trans(ff$~)-~~*~e(co) (L) (HI (XI 

by ha1 ide to give cis-Cp*Re (CO) (LIX2, has been confirmed by reac- 

tion of ~ ~ ~ ~ ~ ( H , B ~ ) - c ~ * R ~ ( c o ) ~ ( H ) ( B ; )  with aqueous HBr. which gave 

only c i s - ~ p * ~ e ( ~ ~ )  2 ~ r Z  (cis-=) .' However, the .mechanism of' this 
r 

reaction is not understpod at the present time'. It apparently 



depends'on the ligand L and whether the hydrogen halide is either 

anhydrous or aqueous. For example, reaction of the dicarbonyldi- 

nitrogen complex with aqueous HX (X= C1, Br, I) gave only 

C ~ S - C ~ * R ~ ( C O )  in excellent yields. No intermediate such as the 

hydr ido ha1 ide complex Cp*Re (CO) Z(H) (XI was observed in either 

case. The same reaction with stoichiometric or excess of redistil- 

led gaseous HBr did not go to completion and the only isolated - 
products under anhydrous conditions were t r a n s ( H , ~ r ) - ~ ~ * ~ e ( ~ ~ ) ~  

(HI (Br) and traces of cis--. The amount of the latter was 

increased when the ether solution containing HBr during reaction , 
5 

was exposed to normal atmosphere for short periods of time. Quan- 

titative transformation was observed after overnight exposure to 

open atmosphere. 
t 

Reaction of the phosphinedinitrogen complex with aqueous 

HX however, gave the corresponding hydridohalide derivative fi as 
4 

the major product and about 10% of cis-=. The role of water in 

these reactions is an important &tor to be determined. 

Photochemical cis-trans isomerization w& observed to occur 

in the dicarbonyldihal ide complexes cp*Re (CO) 2 ~ 2  (X= C1. Br, I ) 

and CpRe(CO)2C12, but not in the phosphine ones c ~ * R ~ ( c o ) ( P ~ ~ ~ ~ ) x ~ .  

Unfortunately, with the data available at the time it is 

not clear if the isomerizason occurs via a dissociative, radical 

or intramolecular mechanism. The former shovld involve the d4s- 

sociation of one of the CO ligands from the cis-isomer followed 

by reassociat ion into the more ster ical ly favored trans-isomer 

- (see Eq. 33). 



The generation of a rh nium (111) unsaturated complex "cp*Re f 
ZCO)X211 can be analogous tojthe intermediate proposed in the 

photochemical reaction of CpRs(PPh3)2H2, where dissociation of one 

of the PPh3 ligands was demonstrated to occur with the generation 

of "CpRe(PPh3)H2'. The photolysis of cis-cp*Re(cO) Z ~ Z  in the 

presence of 13c0 could answer this question since incorporation 

of 13c0 into the t r a n s - ~ ~ * R e ( ~ ~ ) ~ ~ ~  product would support this 

mechanism. 

A radical mechanism should involve homolytic cleavage of a 

Re-X bond with generation of X. and the 17-electron complex cp*Re 

(C012X fallowed by reassociation into the trans-isomer (Eq.34). 
t 

Radicals seem to be involved in the photolysis of c i s - ~ p * ~ e  

(CO)ZI~ conducted in CHC13 since the products of this'reaction 
- 

were trans-Cp*~e(t0) $ 1 ~  and traces of c ~ * R ~  (CO) ~ ~ 1 1 .  When the %, --- 

p h ~ t ~ i y s i s  was carried out in hexane only 20% conversion into the 
, 

trans isomer was observed; the rest was decomposition. No attempts 



were made to detect the presence of iodine which eoqld'be formed 

in this reactions. 

A third possibility is an intramolecular mechanism involving 

a tr igonal-bipyramidal intermediate or transition state with the 
.) 

cP* ligand always occupying one axial position (Faller-Anderson 

(Eq.35). Model 1,  

Eq. 35. 

This model has-been postulated for the thermal cis-trans 

isomerizations of the square-pyramidal complexes C~HO(CV)~(L)X tL= 

phosphine or phosphite and X= hplide). However, in the case of our ' . 

rhenium complexes, these are thermally &able towards isomeriza- 
h 

tion.Nevertheless, these trigonal-bipyramidal species could be ' 

expected to occur ,under photochemical conditions. 

The irradiation of the dibromide complex cis-- in c&lg 
r 

apparently did not mechanism since no dormation 

of c ~ * R ~ ( c o ) ~ c ~ ~  or observed. This result 

suggests that CO dissociation or intramolecular rearrangement a-re % 

1 

more likely to occur in complexes possessing much stronger H-X I 

bonds, i.e. C ~ S - C ~ * R ~ ( C J ) ~ X ~  (X= Ck, Br) and CpRe(CO)$12. 

It is evident that more work needs to be done in order to . 

gain more. insight into the mechanism of the reactions involved in 
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- 

hhrane t o  remove t h e  c ~ * R ~ ( c o ) ~  (32 mg). The red-orange r ea idue  

was d i s so lved  i n  CH2Cl2 and chromatographed on a F l o r i s i l  column 

(prepared i n  hexane).  Hexane was f i r s t  used t o  e l u t e  any traces . -  
of  C ~ * R ~ ( C O ? ~  then  t h e  product  was e l u t e d  as a n  orange-red band 

' 

us ing  acetone ( 4 2  mg; 79% y i e l d )  and r e c r y s t a l l i z e d  from CW2C12 ; 
* 

as orange m i c r o c r y s t a l s  which decomposed above 1800C without  --  

melt ing.  I R  (CHzC12): 2037 vs. 1958 s v(C0).  c m - l .  IH N M ~  (CDCl3): 

6 1 .98 s ( ~ p * ) .  1 3 c N W R  (CDC13): 6 10.20 q (L'= 129.6Hz.  C g m ) , '  

108.03 c&ie5) .  203.94 K O ) .  n s  I 448 t n t ) ,  420 (n-COP. 
- 

392 (M-2CO)+, 413 ( u - c ~ ) + .  Anal. Calcd. f o r  cis--: C. 32.14: H, 

3.34. Found: C, 31.90; H, 3 .17.  
d 

prepa ra t ion  of t r a n s - C p * ~ e  ( CO) ~ C 1 2  ( t r a n s - m )  

C ~ S - C ~ * R ~ . ( C O ) ~ C ? ~  (19 as? was d i s so lved  i n  CHC13 (15 mL) and 

i r r a d i a t e d  f o r  25 n i n  in 'a  q u a r t z  ' t ube .  The c o l o r "  o f  t he  s o l u t i o n  

changed from orange t o  yellow. Chromatography on a F l o r i s t 1  

, column ( p r e p a r i d  i n  herane)  u s ing  P : l  CH2C12-hexane moved an 

orange band from which t h e  t r a n s  isoindr was ob ta ined  i s  yellew- 
/ 

orange need le s  (12 - 8  64%) a f t e r  r e c r y s t a l l l z a t i o n  from CH2C12- 

hexane ( 4 : l )  a t  -200C. I t  decomposed without  mel t ing  above 850C. 
* -  

- 

Acetone moved r e s i d u a l  cis h o m e r :  I R  (CH2C12): 2059 s. 1986 vs . \ 

d 9.48 s ( C S ~ ) .  106..15's (&Hq), 189.74 ( C O ) .  IIS (EI): mlz 448 
7 

( H t ) ,  420 (U-CO)+, 392 (U-~CO) ' ,  413 (U-Cl )+ .  Anal. Calcd.  f o r  
J 

trans--: C, 32.14: H, 3.34. Found: 31.66; H, 3 .44.  



Prepara t ion  of C ~ S < P * R ~  (CO) 2 ~ r 2  (ci.-J&) 

HydrogenA bromide was bubbled through d i e t h y l e t h e r  ( 15 mtl 

fo r  5 min a t  room temperature, then the  mixture of and c ~ * R ~  

(COI3 (Method 2; 110 ng) was added. Al terna t ive ly .  1 mL, of 48% 
- 

aqueous HBr were qsed. The mixture was s t i r r e d  overnight and 

chqpged co lo r  slowly from yellow t o , r e d .  A red s o l i d  p r e c i p i t a t e d .  

Solvent was removed and t h e  s o l i d  was washed twice w i t h  10 mL 

por t ions  of hexane t o  remove c ~ * R ~ ( c o ) ~  ( 4 7  mg) then redissolved 

, i n  CH2C12 and chromatographed on F l o r i s i l .  E lu t ion  with CH2C12- 

- .  hexane (1:l) moved a red band which gaye 76 mg (b l*)  of the cis 

isomer. R e c r y s t a l l i z a t i o n  from CH2C12-hexane gave red microcrys- . 
t a l s  w h i c h  decomposed above 190oC without melting.  I R  ( c H ~ c ~ ~ ) : ~  

' 2033 vs. 1958 s V ~ C O ~ .  c m - l .  IH YHR (CDC13): 6 2.06 6 ( c p t ) .  13c 

NHR (CDC13):, d 10.42 q (J- 129.6, C s & ) ,  106.88 s (J;gHeg), 

' r201.52 s (CO).'HS ( E I I :  m/z 536 ( H + ) .  508 ( ~ - C O ) + ,  480 ( M - 2 ~ 0 ) ~ .  

4 5 7  (H-Br  1'. Anal. Calcd. t o r  C. 26 .77 ;  H. 2 . 7 8 .  Found: 

C. 26.83; H. 2.56.  

. > .  ~ 

, 35 I a i n  i n  a quar t z  tube. The color changed from 

. ,  , r ed  t o  orange-pellow . so lven t  was puapsd" of'f and the orange sol i d  

w a i d i s s o l v e d  i n  dH2c12 and rphromatograghad on a Plorisil uoluan . 
t 

prepared i n  bezane: Elu t ion  with CHiCl2-hexane (2:3) mved an 
0 b 

, .orange band which y ie lded  t h e  t r a n s  isomer as an otange,solib. Ra- 

crysiallization,twice from CH2C12-hsptam gave ormgm cryst818 



-- 

t 15 rag, 63%) which decomposed above l 1 2 5 Q C - w i t h ~ €  mel t ing.  I R  - 

.s==== \ 

( cH~C12) :  2050 s, 1 9 8 1 . v ~  v(C0). ca-l. !H NWR (CDC13):  6 2.00 . -. 
r Z 

457 ( k - ~ r ) + .  Anbl. Calcd. f o r  t 

Found: C, 26.73; H, 2.88. - 
- -- 4 - 

Prepa ra t ion  o f  c i s - C p * ~ e ( ~ 0 )  212 (cis-LQE) 
- 

I 

The mi.xture o f  and C ~ * R ~ , ( C O )  3. (ne thod  2; - 80 mg) was_ .. 
- 

d i s a o l v e d ' i n  d i e t h y l e t h e r  (15  mL) . Hydrogen iod ide  1 2  rnL of a 

f r e s h l y  op&ed,~ c o l o r l e s s  47% s s o l u t i o n ,  Eastman Kodak was ' -  . 
, 1 O 

\ 
added and t h e  two phase mixture  was s t i r r e d  &qorous ly  overn igh t .  

S t h e r  was pumped o f f  a n d - t h e  r e s i d u a l  aqueous H I  was removed p y  

t . s y r i n g e  to' 1-e a red s o l i d . w h i c h  was washed wi th 'wa te r  -('2 x 2  

3 
mL) and;-vacuum d r i e d .  Washing. wi th  pentane removed the  C P * R ~ ( C O )  3 

I .  + 
'-k, 

.component (36 mg) aqd t h e  r 6 f h i n i n g  red  s o l i d  was d i s so lved  i n  
D t, 

CH2ClZ and chromatographed on a F l o r i s i l  column elut f%ng,with  
1 - 

CH2Cl2-heranc ( 3 : 2 ) .  R e c r y s t a l l i z a t i o n  from CH2C12-hexane gave v 
* 

* C - 
red needles  (67 mg; 98%) which decomposed above 2100C~without . 7 

mel t ing .  I R  (CH2C12) :  2022 vs, 1953 s ~ ( c o ) , '  c m - l .  IH NYR (ODC13I.: 
r * k .  

9 6 

, ' 6 2.23. s ( c p * ) .  13c l H R  (CDC13): d 11.~13 q (J=129.9,  c & & ) , ~  . - - 

r '  

', C O ) + ,  5 7 6  (!I-2C0)+, 505 ( u - I ) + .  Anal. Calcd. f o r  cis-%: C, 
2 

f 
- 2 2 . 8 2 ;  H, 2 . 3 7 .  Found: C, 22.95; H, 2:46. 

-a 
-- 

f 



The cis isomer (25  mg) suspended i n  hexane ( i n  which  i t  is 

s l i g h t l y  s o l u b l e )  was i r r a d i a t k &  i n  a q u a r t z  t i d e  f o r  2 h .  The 
-, 

,, ..a* 

r e s u l t i n g  brown-'red s o l u t i o n  was chromatographed on F l o r i s i l  
, -. 

column using 3:2 CH2C12-hexane a s  e l u a n t  and removed a red-orange 

-- U h i c h  conta ined  t h e  product  Cca. 20% conversitan) . 'Then, 

. &toke removed a brown band which d i d  n o t  show I R  abso rp t ions  i n  
. W  

1 t h e  2200-1800 c m - l  r eg ion .  The t r a n s  iso'mer was i d e n t i f i e d  by 

.+ - coap&iso,n with t h a t  forme&frm c ~ * R ~ ( c o ) ~  and I 2  ( s e t  below) :-- 

-1rradia0tion i n  C H C l j  d i d  nBt r e s u l t  i n  fo rmat ick  of  d i iodo-con-  
. - - -- f - V- 

pounds; trans;- and a t r a c e  o f  cp*Re(c0) 2 ~ 1 ~  G (  i d e n t i f i e d  by its '  
6 

MS) were formed i n s t e a d .  

React ion of  c ~ * R ~ ( c o ) ~  with  12 

C ~ * R ~ ( C O ) ~  (200 mg) was d i s so lved  i n  hexane (100 mL) and an 
* . 

excess  of  I2  i n  hexane was adde? t o  gi-ve an  immediate dark rCd 

r a p i d l y  s t i r r e d  and i r r a d i a t e d  f o r  1 h i n  a p a r t 2  tube .  So lven t  
I 

was pumped o f f  and the  r ed  s o l i d  r e s i d u e  which w a s  a mixture  of  . - -- - 
cis-& and t rans-= was chromatographed on a F l o r i s i l  column 

prepared i n  hexane. A hkxane wash f i r s t  removed traces o f  
- . 

unreacted ~ p * R e  ( ~ 0 )  3, t h e n  red-orange trans-& (35  mg; 1 decom- 
I 

> 

posed witbout  mel t ing  above 170oC) was recovere?  from a n  orange 

band which was e l u t e d  us ing  CH2Cl i-hcxane 1 : l  I R  ( c H ~ c ~ ~  1 : 2028 - 



3 
Anal, Calod. for trans-&: C. 22.82; Hi 2.37. Found: C. 22.94;- 

' C - H, 2.34. - A red band was next eluted using ~ ~ ~ ~ l i ~ h e x a n e  (4: 1 )  which * 

> 

yielded cis-- (160 rhg; 51%) as & ked solid. 
, . 

~h-recipitate of I C P * R ~  (CO) 31 1 I131 was identified as . 
f'ollors: IR (KBr) 2087 vs. 2045 m. 2027 vs P(C0) cm-). WS (FAB) : 

m / z  for cation [ c ~ * R ~ ( c G ) ~ ) I I ~  553 (M+) ' .  505' LM-CO)+. 447 (I(-2~0)~. 
r > 

405 (u-~co)+. 406 (8-1It. Anal. Calcd. for I C ~ * R ~ ( C O ) " ~ I ~ [ I ~ ~ :  C. 

17.*60; H; 1.69. Found: C, 17.20; H, 1.70. When stirred with 
I 

hexane, the suspended solid partly redissociated to give a violet\ 

solutiqn containing I2 and c ~ * R ~ ( c o )  3. (IR) . Freshly prepark 
A 

solutions in CHClj exhibited I I R  .band& of - [ C ~ * R ~ ( C O )  31 1 [I31 (2099 . 

s. 2043 s V(CO) cn-1)- and cp*Re(c0i3 (2007 s. 1914 s ~ ( c o )  ca-1) 
J i 

having comparable intepsi ties. Addition of I2 to aaturatiqn 

increased the relative intensity of the former but thase of cp*Re , 
- 

(CO)Q were still present (though about hald- as intense). 1 , ~  NMR 

(CDC13): 5'2.39 s (cp*) (at -5OoC d 2.48 ' 6 ) .  l3c{l~? NHR d 11.4 s -- 
C 

- 

(C5-1. 103.2 s (&He5). 191 br (CO). Spectra are assigned to 

fast exchange - , of [ C ~ * R ~ ( C O ) ~ I J [ I ~ ]  and c~*~&(co)~. W.p. 128oC. 

Th'e dinitrogen complex CpRe(COI2(N2) (prdpared by reacting 

dissolved without further purification in 'hexane and *a dilute / 

solution of C I 2  in hexane was added dropwise until all of the 



- -- 

< 8 

d i n i t r o g e n  complex w+&re::cted (by 1i). The brown p r e c i p i t a t e ;  
h 

formed was removed, washed twice, with 'pex%iRe and with e t h e r .  and 

t 
t hen  r e c r y s t a l I i z e d  i n  good y i e l d  from acetone-ether  (10 : l )  at, 

-10oC as red mic roc rys t a l s  which decornposed~s1ow1.y above 1700C 

without  mel t ing.  I R  - (acetonej-056 vs, 1976 s v ( C O ) ,  c m - l .  I R  
4 

(CHC13): 2.061 vs, 1988 s v(COo), c m - l .  IH NUR (acetone-d6) :  6'6.54 

s ( ( C 5 H 5 ) . ~ 1 3 ~ { 1 ~ 3  NUR (acetone-dg):  6 98.55 s ? ( C ~ H ~ ) . '  201.85 s 

K O ) .  US (EI): m/z 378 ( n + ) ,  350 cn-co)+, 322 ( M - ~ c o ) + ,  343 tn-  

~ 1 ) + .  Anal. Calcd. f o r  cis-CpRe(CO)2CI2: cr 22.28; H, 1 .32.  Found: 
L -- - 

a .  

Prepa ra t ion  o f  trans-CpRe(CO)2C12 

Cis-CpRe(CO)'$12 w a s  d i s s o l v e d  i n  a l a r g e  exces s  of  CHC13 

( i n  which i t  is poorly  s o l u b l e )  and i r r a d i a t e d  f o r  40 min i n  a 

q u a r t z  tube.  The I R  spectrum now ~ h o w e d  on ly  thy'  t r a n s  'isomer t o  
- 

be p r a s e n t . ,  The r e d  so2 i d  remaining a f t e r  pumping o f f  t he  s o l v e n t  

was ohromatogrqphed on F l o r i f i l  wi th  CH2Cl~  as e l u a n t .  Recrysta ls-  

1 izat ion ' - f rom - CH2C12-ether ( 3 : l )  gave r ed  m i c r o c r y s t a l s  i n  

approximate 705 y i e l d  which decomposed without  m e 1  t i n &  above 1 k o ~ .  

I R  (CH2C12L: 2078 s, 2012 v s  v ( C O ) ,  crn'l. I R  (CHC13) :  2081 -8, 

2017 v s  Y ( C 0 ) .  c m - l .  ~ H ~ H W R  (CDClj1:-Q 5.69 s (C5Hg). 1 3 c i 1 ~ 3  NMR 

350 (H-CO)+, 343 1 Anal. Calcd. f o r  trans-CpRe(CO)2C12: C, 

22.2k; H, 1.'32. Found: -. C, 22.42: H, 1.19. 



5 

'.  his complex was p r e p a r e d  f b l l o w i n g  t h e  s d e  .p rocedure  t o  
> 

, p r e p a r e  cis-= ( s e e  below) u s i n g  d i l u t e  hexane s o l u t i o n  of  C 1 2  

( p r e p a r e d  by  bubbli 'ng C n 2  g a s  i n t o  hexape f o r  few m i n u t e s ) .  C i s -  
- - - .  was o b t a i n e d  as a r e d  s o l i *  i n  88% ~ i e l d .  I t n m e l t e d  a t  1830C 

w i t h  decompos i t ion .  I R  ( C H 2 C 1 2 )  : 1899 v s  U(CO), c m - l .  IH NHR 

(CDC13): d 1 . 7 6 d - ( J = 1 0 . 4 1 ,  9H, PMe3), 1 . 8 2 d  ( J = 0 . 4 ,  15H, Cp*) .  
-r 

1 3 ~ { ~ ~ }  NHR (cDc~; :  6 ' 1 0 . 4 6  s (C5L(e6), 17 .89 d (J= 41.2. P k ) ,  . 

103.69 s ( $ & H e 5 ) ,  222.90 d ( J =  24.6, C.0). MS ( E I ) :  m/z 496 ( H t ) ,  
P -  

468 (M-CO)', 433 (H-CO-Cf.7 ', 392 (H-CO-Pve3) t .  Anal.  Calcdo. f o r  
A 

cis--: C, 33.87; H, 4 . 8 4 .  Found: C,  33.73; M, 4 .77 .  - 

- 

~ r e ~ a k a t i o n  o f  c i s - C p * ~ e ( ~ O )  (PHc3)Br2 (cis--) - 
To a s t i r r e d  s o l u t i o n  o f  t h e  d i n i t r o g e n  complex L;LB (50  mg, 

0.110 nmol) i n  hexan& d i l u t e  hexane s b l u t i o n  o f  B r a  was added 
d 

dropwise  u%tf 1 a l l  t h e  s t a r t i n g  m a t e r i a l  d i s a p p e a r e d  (by  IR) . 
+- 

44,. 

Upon a d d i t i o n  o f  t h e  bromine s o l u t i o n ,  a r e d  p r e c i p i t a t e  was 
i * 

formed. ~ k x a n e  was p i p e t t e d  o f f  -- and t h e  p r e c i p , i t a t e  , d r i e d  under c' 
vacuum. The r e s u l t i n g  red-brewn s o l i d ' w a s  chromatographed on a 

% 

n e u t r a l  a lumina  column. The columq was wash&d wi th  hexane4and t h e  
' 4 

p r o d u c t  t h e n  e l u t e d  w i t h  a c e t o n e ;  Removal o f  k h e  a c e t o n e  under 
+ - +  

vacuum, r e s u l t e d  i n  a red-brown s o l i d .  R e c r y s t a F l i z a t i o n  from Y. .. .. 

CH~C12/hexane a t  -15ZC w gave cis;;- ( 6 . 2  +mg) as d a r k  r e d  micro- 
I 

c r y s t a l s - i n  97% y i e l d .  l4.p. decomposed above 210oC. I R  (CH2C12): 

19b2 vs v(C.0) c m - l .  IH NHR (CDC13): d 1 .84  d (J= 10 .2 ,  9H, PMcg), 



PMeg), 102.67 s (GHe51, 220.28 d ( J=  24.9, C O ) .  
1 

H+), 556 -(H-CO)+, 480 (U-~o-Pt le~) .+ .  ~ r i a i .  Calcd. 

f o r  cis-m: C, 28.72; H, & . l o .  Found: C ,  28.88; H, 4.11. 
e - 

Prepa ra t ion  of  trans-Cp*Re (CO) (P l l e3 )Br~  ( trans--) 
d 
B 

3 
c ~ * R ~ ( c o ) ( P w ~ ~ ) ( H ) ( B ~ )  (40 mg, 0.079 mmpl) was" d i s so lved  i n  

10 mL of  f r e s h l y  d i s t i l l e d  THF. To t h i s  yellow s o l u t i a n  a t  OoC was ' 

. .& 
added 16 mg of. so l ic l  NBS. The c o l o r  changed immediately t o  o r h g e -  

- r ed  and the  V ~ C O )  a b s o r p t i o n  i n  t h e  I R  spectrum was r ep l aced  by 
r - -  

one 4 4  c m - l  t o  h igher  wavenumber. IZvapo;ation of  THF, e x t r a c g i o n  

with hexane and r e c r y s t a l l i z a t i o n  from herane a t  -78oC gave 42.5 
2" 

mg (95% y i e l d )  of  t r a n s - r n  a s ~ a n  orange-red s o l i d .  H.p. s l o b  

decomposition' above 185oC. I R  ( C H z C 1 2 )  : 1937 vs  v(C0) c m - l .  I R  

(THF): 1943 c m - l .  IH BHR ( C D c 1 3 ) i  6 1.63  d (J= 9.6,  9H. PUe3), 

( H - c o - P u ~ ~ ) + .  Anal. Calcd. f o r  trans-=: C, 28.72; H, 4'. 10. 
> 

Found: C, 28.99; H, 4.06.  . 

. 
Other P r o p e r t i e s  o f  t r ahs -Cp*Re(~O)  (PWe3 )Br2, 

I somer i za t ion  trans-is is observed i n  C6H6 ( d a r k )  a f t &  1 d i$  
d '. 

10% (by IR); a f t e r  5 days ' 80% (room t empera tu re ) .  Af te r  1 -day  
9 - .  

a t  room temperature  i n  presence o f  day l igh4  ' 25% (by I R ) .  



~;eparation of C ~ S T C ~ * R ~ * ( C O )  (PWcj 112 (cis-=) 
- 

A ptocedure slmiTar to that used in the synthesis of the 
9 -s cis-J& complex, using hexane solution of 1.2 gave the product in 

. I 

90% yield as'brown-red microcrystals. H.p. 191oC with decomposi- 

- tion. 5% ( c H ~ c ~ ~ ~ :  1902 vs Y(CO)-cm-l. IH NMR (CDC13):- 6 1.95 d ' 

(J=*9.8, 9H, PH 1. 2.04 d (J= 0.64. c ~ * ) . - ? ~ c { ~ H )  NMR ( c D c ~ ~ ) :  6 
4 # 

11.77 s (C5&) 21.82 d (lJCp= 41.7, PIe3), 100.80 s (&Me5), 
I I 

217.25 d 2 ~ C p =  26.3, CO). MS (EI): 'm/z 680 (4'). 652 ( u ~ o ) + ,  576 * 

(M-co-PM~~)+.'A~~~,. Calcd. for cis-&: E, 24.71; H, 3.53. Found: 

In a similar procedure to that described below for J&, using 

37% aqueous ' H C ~  solukion, this hydridochlorJde complex wag 

-obtained in 85% yield as a yel1.0~ folid. Also cis-- was - 
abtained in about 10% from the aqueous layer. M.p. 750C. PR 

(singlet in 13~t1i1 NHR). CO). IS ( E I ) :  m/z 4b2 (u'). -432!(I-CO)'. 

Anal. Calcd. for m: C, 36.36; H, 5.41. Found: C, 36.20; H, 
w 

5.38. 

Preparation of t r a n a - ~ ~ ~ e ( ~ ~ ) ( ~ l l e ~ ) ( ~ ) ( ~ r )  

The dinitrogen complex L;LB ('50 mcj, 0.110 mmol) icn diethylether - 



- - - - - - - 

-- 
w a s  s t i r r e d  with a n  e x c e s s ' ~ $ ,  aqueous HBr 

--7 
. The ' r e a c t i o n  was followed by I R  

- 

1 t rogen  coaplex r e a c t e d  ( c a .  10 min-1 g iv ing  a  yellow o r g a n i c , l a y e r  , . 

and brownish -aqueous . l a y e r  which contained cis-= i n  less '  t han  

10%.  The ye l low s o l u t i o n  w a s  separa ted ,  and t h e r s o l Q e n t  pumped o f f .  
I , - 

I 

The yellow produc t ,was  then  d i s so lved  i n  hexame and f i l t e r e d  - 
- - through C e l i t e ,  r e s u l t i n g  i n  a  yellow s o l i d '  when d r i e d  under vacuum. 

f 'Yield 50 mg . (go%) .  M.p. 120oC. I R  (hexanel :  1922 vs, V ~ C O )  c m - 1 .  1 H  
'I 

' :  
NHR (C6D6): 8 -10.33 d  ( 2 ~ p H =  55.74, l H ,  Re-H), 1 .38 d  ( J =  9.30, 9H, 

PHe3). 1.84 s (15H, c p * ) .  13c NMR (C6D6): d 11.23 q ( 5 1  127.5, 

'I- . , 

C g b ) ,  20.68 q of  d  t lJCH= 128.0. l JCp=.36.9 .  PMe31,-95.37 s ' 

( & , H e 5 ~ ,  206.45 d  f2.TCH= 0 .71 ( s i n g l & e F i n  13c{lbi1 N H R ) .  C O ~ .  HS 

(EI): m/z 506 (if'), 476 (M-30)+. Anal.Calcd.* f o r  m: C, 32.20; 

I H, 4.94.  Found: C., 32.99; H, 4.95. 

. , 

Prepa ra t ion  of  t r a n s - C p * ~ e ( ~ O )  (Plle3) ( H I  ( I  (J&) 
I 

A piocedure s i m i l a r  ' to t h a t  used i n  t h e  s y n t h e s i s  of  t ' he '  

p rev ious  hydr idoha l ide  complexes, us ing  47% aqueous H I  s o l u t i o n  
- .  

- .  
, gave the  product  i n  82% &i&ld as a yellow s o l i d .  A smali amount * 

(ca. 5%) of ,cis-ug was 'a lso  contain-from t h e  aqueous liyer. 

s (15H. C P * ) .  13c NUR (CgDg): 6 11.85 q  ( J=  127.7, Cg&), 23.05 

q . o f  d ( l ~ C H =  130.6, bCp= 36.5, PMe31, 95.11 s ($&Heg). 204.32 d ' -  

( 2 ~ C H =  10.8  (sing1e.t i n  1 3 c { l ~ 1  NMR).  CO) .  HS ( E I ) :  m/z 554 (M*). 

524 (H-30)+.  Anal. Calcd. for u: C, 30.32; H, 4.51. Found: C, 

I+ 
3 C 

\ 



100 mg ( 0 . 2 2 0  mmol) o f  ( p r e p a r e d  from t h e  

' r e a & i o n  o f  c ~ * R ~ ( c o ) ~ T T H F )  w i t h  Me3)  were d i s s z l v e d  i n  8  inL bf 
3 3 4- 

-u 

d i e t h y l e t h e r  a t  room t e m p e r a t u r e  ,and s a t u r a t e d  e t h e r  s o l u t i o n  of 
* 

1 2  was added  w i t h  s t i r r i n g  u n t i l  a l l  t h e  c a r b o n y l p h o s p h i n e  complex 
v 

r e a c t e d  ( b y  I R ~ .  The r e d  precipi ' tate t h e n  formed was ,washed t h r e e  

times w i t h  e ther  ( 5  mL! and d r i e d  under  vacuum. Y i e l d  209 mg ( 9 9 0 ) .  
'I 

H,p. V V V  Ir (CH2C12): 2039 vb, 1973 s, V ( C 0 )  c m - l .  IH NMR t C D C 1 3 ) :  
I 

d 2 .12  d (J= 1 0 . 3 )  & n q . 3 7  d (J= 0 .9 ,  1 5 H ,  c p * ) .  l 3 c f 1 ~ 1  NHR 
- ,  

(CDC13): d 1 1 . 8 5  s tCg&),  19 .99  d ( ~ = 4 1 . 7 ,  P&j,  107 .02  s 

s u l f o l a n e ) :  m/z 581  ( M + ) ,  ( H - C O ) + ,  525 (H-2%30)+, 5 0 5  xenOk b 

(H-PHe3)+. - .+ 

R e a c t i o n  o f  cp*Re(CO) ~ ( N z )  ( 1  w i t h  Anhydrous HBr 
e 

 h his r e a c t i o n  was c a r r i e d  o u t  i n  a vacuum s y s t e m  equ ipped  

w i t h  a T o e p l e r  pump. Compound ( p r e p a r e d  a c c o r d i n g  t o  method 
B 

1) ( 1 1 8  mg, 0 . 2 9 1  mmol) was d i s s o l v e d  i n  40 mL o f  e t h e r  and  - 
4 
@b 

d e g a s s e d  twice. T o . t h i s  pa l e -ye l low s o l u t i o n  an s t o i c h i o m a t r i c .  

. amount o f  r e d i s t i l l e d  g a s e o u s  H B r  ( 8 . 0  .mL, 0 . 2 9 1  mmol) was added  ' 

A 

and s t i r r e d  o v e r n i g h t  a t  room t e m p e r a t u r e .  A f t e r  t h i s  t i m e  t h e o  

m i x t u r e  became y e l l o w ,  and  c o n t a i n e d  a small amount o f  a b r i g h t  

y e l l o w  s o l i d .  The amount of  g a s  e v o l v e d  a t  t h i s  s t a g e  was v e r y  

small, o n l y  N2 w a s  d e t e c t e d  by MS. An I R  s p e c t r u m  o f  the  y e l l o w  



- \ 
- - . 

solution i n d i c a t e d  t h a t  most of remained unreacted,  b u t  i n  

a d d i t i o n , , a  new carbotkyl abso rp t ion  was predent-  a t  31 c m - 1 ,  
1 3 

Hore gaseous H B r  ?as added (ca. 15 mL) a n d - t h e  mixture . s t i r r ed  

f o r  f o u r - a d d i t i o n a l  (lays.,? Af te r  t h i s  t i m e ,  t h e  c o l o r  ' i n t e n s i t y  

of  t h e  s o l u t i o n  inc rease3  and about  15 mg o f  t h e  same b r i g h t  

yellow l o l i d  were formed. The s o l u t i o n  w a s  t aken  o f f  by sy r inge  
. d  

and w e  allowed t o  r e a c t  under uhdried N2 f o r  an  a d d i t i o n a l  f i v e  

days .  Simultaneously,  3 mL of  t h e  same s d t u t i o n  were exposed to- 
+ 't 

a i r  and a  r e d  s o l i d  p r e c i p i t a t e d  out:  This productwas analyzed by 

1 ~ 3 s  the bromide complex cis--. l i t e r  f i v e  days,  e t h e r  was 
.- 

evaporated under vacuum and a yellow-brown r e s iduewas , ex t r ac t ede  

.with hexane ( 2  x 10 mL). Some in so lub le  l ight-brown material was 
-- 

- i d e n t i f i e d  by I R  a s  cis--* ( c a .  4  mg). Af t e r  s u c c e s s i v e  r ec rys -  

t a l l i z a t i o n  from hexane a t  -78*C8, a d d i t i o n a l  25 mg o f  t he  golden 

y e l l o w  s o l i d  were i s o l a t e d  and i d e n t i f i e d  as t h e  hydridobromide- 
Q 

complex t r a n s ( ~ , ~ r  ) - c $ R ~ ( c o ) ' ~ ( H )  ( B r  1 .  '35 mg of'. t h e  un reac t ive  
i 

d i n i t r o g q n  e f i p l e x  t i e re ' a l so  ob ta ined  from t h e  supe rna t an t  

'r . 
s o l u t i o n .  The t o t a l  i s o l a t e d  y i e l d  of t h e  hydridobsomide complex 

was 40 mg (42.6% based on t h e  unreacted d in i t rogenl - .  The hydrido- 

bromide complex decomposed above 750C. I t  is s t a b l e  i n  e t h e r  

s o l u t i o n  under n i t rogen ,  however when aqueous H B r  was added a  
- * 

s l o w ~ r e a c t i o n ' t o o k  p l ace .  Af t e r  one day s t i r r i n g  a t  room tempers- 

t u r e ,  i t  q u a n t i t a t i v e l y  conver ted  t o  cis--. I R  (hexanel:_ 2030 

rn. 1964 V S ,  v ( C O )  c m - l .  ~ H - I I H R  (CgD6): 6 -9.98 s ( 1 H .  R e - H ) ,  

99.85 s iQ,He51, 195.75 d  ( J=  13.6, s i n g l e t  i n  J 3 { l ~ 3  Np, cd). 
I 



- - 

- HS (EI): m/z 458 (!+I, ' 4 3 0  ( H - ~ 0 ) ' .  Anal. Calcd. for , trans-  
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CHAPTER U P 1  

' <  

Reactions of c ~ * R ~ ( c o )  (L) ( Id2 ) ,  L-CO and PWe3 with Photochemical 
.- 

Unsaturated Hydrocarbons - Saturatted and 

7.1. Introduction - 
The photoeltrusion of N2 from dinitrogen complexes has been 

k n ~ w n  since 1972 when Darensbourg first reported that b12 
- * . .  

sub6titution by CO in some Fe, Ho, Re and 0s complExes was greatly 
-- ;r 

'q: 
facilitated by UV irra&iation.ll8 Since then, several report* - 
have been published involving photoch&ical reactions of dinibrogen ' -- 
complexes to facilitate or addition reactionsg0 at 

-the metal center. In most of these reactions, notably carried out 

in aromatic solvents such as benzene, the unsaturated fragment 

formed by photoextrusion of N2 apparently does not react with the 

solvent.180 As far as we know. only one dinitrogen compJex Retf(N2) 
p\ % 

(dppe12 has been repotted capableqof activating aromatic C-H bonds 

both 'intramolecularly and intermolecularly *by photoel imination of 

N2. 181 The sequence of reactions l'eading to thTincorparation of - L  

deuterium from CsD6 into both the metal and the dppe ligand, with 
7 

the correspo.nding hydrogen incorporation'~bto the-de~terated~sol- 
- - 

vent; is3hown in Scheme XIII. 

However, this reaction did not provide 
3 

isolable inter- or 
h 

intramolecular C-H activation products. 181 



Scheme XI11 

* - 
. I n t e r m o l e c u l a r  'c-H bond a c t i v a t i o n  i n  u n s a t u r a t e d .  and 

.J 
e s p % c i a l l y  i n  s a t u r a t e d ,  hydrocarbons  by s o a u b l e  t r a n s i t i o n  metal 

c o m p l e i e s  is today one.'of the .  inos;. impor tan t  t o p i c k  in ordano- 
< 

m e t a l l i c  c h & i s t r y .  The main i n t e r e s t  i n  t h e s e  r e a c t i o n s  is t o  
f 

1 

l e a r n  t h e  chemica l  r e q u i r e m e n t  f o r  c a u s i n g  s u c h  stable s u b s t a n c e s  
L - 

- 

t o  r e a c t  and t o  u n d e r s t a n d  the i r .mechan i s1 ' s .  I n  r e c e n t  years,' 

-F - 
s e v e r a l  r e p o r t s  ( i n c l u d i n g  some r e v i e ~ s ~ * ~ , ~ ~ ~ )  have been p u b l i s h e d  

emphasiz ing  t h e  ' s y n t h e s i s  of  meta l  compiexes ( o r  t h e i r  fragments) 

which a r e  able ' .  t o  a c t i v a t e  hydrocarbon C-H bpnds,  The most - \- -- 

comprehensive s t u d i e s  i n  t h i s  nyo lv ing  i r i d i u m  and ~ h o d i ~ m  

complexes a r e  c u r r e n t l y  b e i n g  c a r r i e d  o u t  by ~ e r ~ k n ,  l a 4 ,  
4 I - 

, - 

m 

I - 
r 



coworkers dsmanstratad t h a t  ths rbentusn complexes CpRa<PHe3)3, 

'chsralcal precursors .for fntra and intermulr~culsr C-H activation 

products'.190 S o a  of t h e m  rsactlans arc shown in Schsls X I Y . + .  
- - 



/ 

lysis of CFe(PHc31 j, Lor which all the insertion products cqiild -- 
be isolated and charactskized. lgO For the cp* systams. particular- 

-- 

1 y those containing the c ~ * R ~  (CO 1 ( pt4e3 1 f ragnent, it was sug~ested 

that, due to _the instability of the insertion products,. these 
5 . 

could not be'isolated. and therefore they were only partia-lly 

characterized by ~I?.and-*l~ IIl4R.-Tbry recently i'n further rhenium . 
5 

o r  t r a n i ~ p ~ e ( ~ ~ h ~ 1 ~ ~ ~  has been shown to catalyze HID exchange 

bctrcsn benzene and a variety of alkanes including m c t h a n h d c r  
= _  

- photochemical conditions. 177 Photodissociation of the ~phosphine 

figand to generate an unsaturated rhenium (111) fragment "CpRe 

( P P ~ ~  1 ~ ~ " .  followed by oxidative addition of the hydrocarbon to 
. . d 

produce a rhenium ( V )  intermediate.' has been proposed to be the 

mechanism. 177 .=- 
. =. 

In this chapter, the potential use of dinitrogen complexqs 

in C-H bond activation is illustrated by the photochemical rqac- - 

tions of t* trimethylphosphinedinitrogen ~omplex C ~ * R ~ ( C O J  (PWej 1 - 
( N 2 )  (-1 in saturated and unsaturated hydrocarbons. The 

effectiveness of 13fL by comparison +with the Bergwan precursor 
- 5 

C ~ * R ~ ( C O ~ ~ ~ P ! ~ ~ ~ I ,  in intra and intermolecular C-H activation will 

be presented. So= preliminary photochemical reactions using the 

, x -  
dicarbonyl dinitrogan complex Up are also included. A 'preliminary 

report df this work has been accepted for publication~191 
C 

e \ \ 

7 . 2 .  S y n t b e s i , ~  and Characterization 
-- 

UV-irradiation of. the trimthylphgaphinedinit~og~ complex 

l& in benzene solution (Fig. l5al at room tamperakure for only 10 ' 



Fig.15. A comparison of the rrrduction of the phenylhqdrido complex P ' [u) ( vPCO) 1872,cnr' from irradiation of C Re(C0) ( P H e j )  
(s (-1 or Cp Rc(COl~(PHcg) in benzene. 1f tpsctra of 
(a? (b) 10 iia irradiation of J&, (c) Cp Rc(CO)2 - - 
( P H ~ ~ ) ,  (dl lcmin irradiation of c ~ * R ~ ( c o ) ~ )  ( P H ~ ~ ) .  

6 





'min r e s u l t e d  i n  q u a n t i t a t i v e  convers ion t o  a s i n g l e  ca rbonyl  
- - 

c o n t a i n i n g  produc t  ZFig.15b).  This compound cou ld  be i s o l a t e d  

from hexane a t  -780C as a white s o l i d  and w a s  c h a r a c t e r i z e d  by 

spec t roscopy  and a n a l y s i s  a s  the  benzene C-H a c t i v a t i o n  produc t  

By way of comparison, we observed ( F i g s . 1 5 ~  and 15d)  t h a t  t h e  

i r r a d i a t i o n  of 6 n e  of Berg. s photoprccursors  c ~ * R ~  ( C O )  2 ( ~ ~ e 3  lgO % 
under i d e n t i c a l  c o n d i t i o n s  gave a low y i e l d  of  'u. Compound i s  

a i r - s e n s i t i v e  bu t  s t a b l e  a s  a s o l i d  and i n  hexane s o l u t i o n  under - 
N i  a t  low temperature  (-15 t o  -780C). S o l i d  samples can  be s t o r e d  

t 

a t  -150C under N 2  G o s p h e r e  ( f r e e z e r )  f o r  s e v e r a l  months wi thout  

v i s i b l e  d e t e r i o r a t i o n .  I t  i s  very s o l u b l e  i n  benzene, hexane and .  - ' 

cyc lohexane . . I t  a l s o  d i s s o l v e s  i n  CHC13 and CHBr3 b u t  g i v e s  orange- 

r e d  s o l u t i o n s  which have been i d e n t i f i e d  as t h e  cor responding  cis- 

d i h a l i d e  complexes . cis-- and cis-& r e s p e c t i v e l y .  When 
- - 

dis;olved i n   dabout out 20% exchange of  bound C6Hg with  bu lk  

s o l v e n t  was determined by IH W R  and H S  d u r i n g  s i x  days  a t  80C. A 

complete r e g e n e r a t i o n  o f  t he  pa ren t  d i n i t r o g e n  complex was 

observed when i n  hexane s o l u t i o n  was p r e s s u r i z e d  t o  2000 p s i  

wi th  N 2  f o r  12h. 

The I R  spectrum of shows a s t r o n g  and q u i t e  b r o i d  V(C0) 
k -  

b 

*- 



- - 
- - 

a b s o r p t i o n  a t  1872 i n  benzene (F ig .  l 5 b )  and a sha rp  ab&rp- -_ 
0 

t i o n  a t  1889 c m - l  i n  hexane. The presence of  t h e  hydr ide  and 

phenyl l i g a n d s  was c l e a r l y  observed' i n  t he  IH NHR .pactrum. The 
5 

resonance f o r  t he  former appears  a s  a  double t  a t  6 -9.18 with 

2 ~ p H =  66'.7 Hz and i n t e g r a t e s  f o r  1 H .  For t h e  l a t t e r  a  m u l t i p l e t  

a t  d 7..16 w i t h ' a  r e l a t i v e  i n t e n s i t y  o f  3H is t e n t a t i v e l y  ass igned 
t 

t o  and para pro tons ,  and a  second m u l t i p l e t ,  a t  much l ower r  I I 

f i e l d  (a  7.96)  and w i t h  a  r e l a t i v e  i n t e n s i t y  of  2 H ,  'is ass igned 
- - 

t o  t h e  p r  t h o  p ro tons  by analog% w i  t h  t h e  phenylcarbonyldiazenido 
b - k - 

complex d i scussed  i n  Chapter I V .  The 13c NHR spectrum of 

complex 17 a l s o  demons t ra tes  t h e  presence o f  t h e  phenyl l i gand .  

The 13c resonances  appeared i n  t h e  123-147 ppm reg ion  and t h e  ~ 

S 
assignment of  each - resonance  w a s  done on the  b a s i s  of  carbon I 

I 
I 

coupl ings  t o  phosphorus and pro tons  ( s e e  Experimental S e c t i o n ) .  ~ 
The carbonyl  carbon esonance was observed a t  d 209.02 a s  a double t  i I 

i n  t h e  pro ton  coupled spectrum and a s  a  s i n g l e t  i n  t h e  decouplod 

spectrum. . 
The elect ron- impact  MS a t  1 2  eV c l e a r l y  conf i rms the  formula- 

t i o n  o f  t h i s  compound. I t  showed_ the  molecu la r ,  ion a t  m/z 504, +<- I 
and a  base peak a t  m f z  426 r e s u l t i n g  from t h e  l o s s  of  benzene. A t  - 1  

I 

much h igher  energy (70 eV) t h e  molecular ion  could  no t  be observed.  

In s t ead ,  t h e  MS showed peaks a t  m/z 502, 474 and 426 which a r e  
I 

be l i eved  t o  r e s u l t  from C ~ * R ~ ( C O ) ( P M ~ ~ ) ~  formed-by decomposit ion 

The assignment of  mutual ly  t r a n s ' h y d r i d e  and phenyl groups 
I 

1 L- i n  complex was based on' t h e  fol lowing r e s u l t s .  The 2 ~ p H  va lue  - . I 
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f o r  thq hydr ide  resonance C66.7 Hz) i n d i c a t e s  w h y d r i d e  and 
e 

PWe3 groups.' This va lue  is f n  good agreement w i t h  t hose  observed 

_ i n  t he  hydr idohal ide  d e r i v a t i v e s  (u) which a l s o  possess  a  cis - * 
& 

. H-Re-PMeg moiety ( see  Chapter V I  1, and i n  t h e  complexes cis-CpHo 

(C0)2(PR3)(H)170 ( 2 ~ p H =  64-6'7 H Z ) .  For t h e  CO gro.up', a  value.  of  , 
_ 

5.. 

2 ~ C H =  1 0 . 8  Hz was observ id  i n  t h e  13c YMR spectrum and a long  with  

no observable  coupl ing  t o  phosphorus, t h i s  i n d i c a t e s  t h a t  t he  CO 

is  cis t o  t h e  hydyide and t r a n s  t o  t h e  PMe3 group.  The val-ue, of  

2 ~ C H  is i n  good agreement wi th  t h a t  observed i n  t r a n s ( ~ , ~ r  ) - E p * ~ e  

(CO)2(H)(Br) ( 2 ~ C H =  13 .7  Hz) ( s e e  Chapter VI). Furthermore, a 

'ct 
s t r o n g  NOE enhancement of  t h e  hydr ide  and phenyl resonances  

r e s u l t e d  from i r r a d i a t i o n  o f  t h e  PMe3.proton s i g n a l . ,  

UV-irradiat ion of  t he  pure d t ca rbony ld in i t rogen  complex 

i n  benzene under similar c o n d i t i o n s  t o  t hose  used f o r  a l s o  

r e s u l t e d  i n  l o s s  o f  d i n i t r o g e n  (by IR) and t h e  formation of  a 

c l e a r  yellow s o l u t i o n .  This s o l u t i o n  e x h i b i t e d  two s t r o n g  # ( C O )  

abso rp t ions  of  approximately equa l  i n t e n s i t y  a t  1937 and 1872 

c m - I  tm bentene l .  A IH YWR spectrum of t h e  c rude '  yellow s o l u t i o n  
0 

( i n  C6H6)/C6D6, 4':l)  show%d no hydride  resonance i n  t h e  high f i e l d  

r eg ion  (-5 t o  -15 pprn). I n s t ead ,  two resonances  were observed i n  

t h e  cp* reg ion ,  a t  3 1.45 and 1.*64 i n  a 2: 3  r a t i o  and a.  t h i r d  a t  

6 5 . 9 8 .  The v(C0) abso rp t ions  and €he two resonances  observed a t  

and 5 . 9 8  are comparable t o  those  r e c e n t l y  r epo r t ed  by , 

and coworkers f o p  c ~ * R ~  ( co Z (  TI2-c6H6 1 ( I R  (benzene 1 : 1938, 



6 . 4 1  (v-CgH6)). The former complex was a  pr imary  .product  o f  t h e  

photochemical  r e a c t i o n  o f  c ~ * R ~ ( c o )  i n  benzene, and t h e  l a t t e r  
4 

. w a s  formed i n  a  dark r e a c t i o n  fo l lowing  t h e  p h o t o l y s i s . 1 9 2  I n  our  

p a r t i c u l a r  c a s e .  t h e  IH NHR d a t a  w a s  o b t a i n e d  immediately a f t &  
1 

p h o t o l y s i s  o f  i n  benzene .  On t h e  b a s i s  o f  t h e s e  r e s u l t s ,  we 

s u s p e c t  our  s p e c t r o s c o p i c  a n a l y s i s  c o r r e s p o n d s  t o  t h e  T2-benzene 

complex. c ~ * R ~  ( ~ 0 )  i T 2 - c 6 ~ 6  ; ,However, we have nok y e t  e s t a b  i shed  t 
t h e  o r i g i n  o f  t h e  resonance  obse rved  a t  6 1.45--in t h e  IH NHR 

spec t rum.  J '  
I r r a d i a t i o n  o f  t h e  d i n i t r o g e n  complex i n  s a t u r a t e d  

s o l v e n t s  such a s  h e x a n e . o r  cyclohexane gave t h e  known-dimers 

c ~ * ~ R ~ ~  ( ~ 0 )  and c p * 2 ~ e 2  ( ~ 0 )  r e p o r t e d  by Hoyano and Graham. 144 

However, t h e  p h o t o l y s i s  o f  t h e  p h o s p h i n e d i n i t r o g e n  complex i n  

hexane o r  cyc lohexane  f o r  10 min r e s u l t d d  i n  t h e  complete d i s a p -  

pea rance  o f  t h e  d i n i t r o g e n  complex and t h e  f o r m a t i o n  o f  a  s i n g l e  
\ 

< 

c a r b o n y l  c o n t s i n l b  p r o d u c t  showing a L v e r y  s t r o n g  and s h a r p  Y(CQI 

a t  1878 c m - 1 .  The e c f i c i e n c y  o f  t h i s  t r a n s f o r m a t i o n  i s  shown i n  
1 t 

F i g . 1 6 .    he' c a r b o n y l  p r o d u c t  was i s o l a t e d  a t  -78oC A s  a  whi te  

s o l i d  a e w a s  c h a r a c t s r i z e d  a s  t h e  c y c l o m e t a l a t e d  complex c p * ~ e  

-- --- -- 

(CO) ( T ~ - P M ~ ~ C H ~  1 ( H I  J& r e s u l t i n g  from i h e  intra.moIecu-lar C-H 

a c t i v a t i o n  o f  a  methyl  g roup  o f  t h e  PHe3,l igand.  
m 



Fig.16. Generation 
c m - 1 )  from 

the cyclometalated complex 
irradiation of c ~ * R ~ ( c o )  ( P l l e g )  (Nz) in 

cyclohexane. IR spectra of Xa) (b) B min irradiation 
of m. 





Compound is very a i r - s e n s i t i v e .  I t  is* ve ry  s o l u b l e  i n  

hexane and cyclohexane,  and q u i t e  s t a b l e  under p2 a t  low 
- - 

t*emperature i n  t hose  s o l v e n t s .  However, i t  r e a ~ t e d ~ s l o w l y  wi th  - - 

benzene i n  t h e  da rk  t o  form t h e  hydr idophenyl  complex (17). Like-  
,f-\ 

r i s e ,  i t  r e a c t e d  wi th  N2 under 2000 p s i  o f  p r e s s u r e  t o  produce # -  '\ 

q u a n t i t a t i v e l y  t h e  p a r e n t  d i n i t r o g e n  complex u. However, i t  d i d  
\ - '- 

n o t  r e a c t  wi th  CHq (500 p s i )  a t  roqm t empera tu re .  The IH NMR 

Ppectrum o f  compound J&, shows z i  d o u b l e t  a t  6 -9.92, 2 ~ p H =  38.2 Hz 

wi th  a r e l a t i v e  i n t e n s i t y  o f  1H. which is a s s i g n e d  t o  t h e  h y d r i d e  

resonance.  Two d o u b l e t s  o f  d o u b l e t s  a t  d -0.57 and 0.57 ( e a c h  

i n t e g r a t i n g  f o r  1 H )  are a s s i g ~ e d  t o  t h e  two non-equiva len t  
\ - / '  - 

. methylene p ro tons .  e ,  t h e  two d o u b l e t s  a t  d 1.37 (3H) and 

1 . 5 5  (3H) a r e  t h e  two non-equiva len t  methyl g roups .  

The resonance  l o r  t b e  cp* opro tons  a p p e a r s  a t  6 2.02 wi th  a 
- 

r e l a t i v e  i n t e n s i t y  o f  15H. The i n s t a b i l i t y  o f  t h i s  compound i n  - 
C6D6 and cyclohexane-dl2 over  t h e  t i m e  r e q u i r e d  f o r  d a t a  c o l l e c -  

t i o n  has  s o  f a r  precluded a c c u r a t e  measurement o f  t h e  13c NMR - 

spectrum! By analogy with  u, and o n  t h e  b a s i s  o f  IH NMR and NOE- 
- - 

r e s u l t s ,  . w e  b e q e v e  t h a t  p o s s e s s e s  a t r a n s  s t e r e o c h e m i s t r y ,  
is 



4 ,  

A 

- #------ 

t h a t  is  t h e  h y d r i d e  is t r a n s  t o  t h e  methylene c a r b o n  and qis t o  P.  

NOE exper iments  have a l lowed-  u s  t o  ? a s s i g n  t h e  hon-equivalent  - 

methyl g roups  and methylene p r o t o n s  o f  t h e  c y c l o m e t a l a t e d  fragment 

'in J&. The NOE r e s u l t s  a r e  summarized a s  f o l l o w s :  i r r a d i a t i o n  o f  
- 

. Meb enhanced Hb more s t r o n g l y  t h a n  Ha; i r r a d i a t i o n  o f  H e a  enhanced 
- 

Ha 'more s t r o n g l y  t h a n  Hb; i r r a d i a t i o n  o f  cp* enhanced Hb and Meb 

much more s t r o n g l y  t h a n  i t  d i d  Ha and H e a .  I r r a d i a t i o n  of  e i t h e r  

Mea o r  Meb gave enhancement o f  hydr i?e  (more s t r o n g l y  wi th  Mea), 
.-II 

- - 

a t  d i d  i r r a d i a t i o n  of Ha. b u t  n o t  Hb2. T h i s  s u g g e s t s  t h a t  t h e  
'Y 

, hydr i d e  ie cis t o  PMe2 and t r a n s  t o  CH2. 

Compound c o u l d  a l s o  be  c h a r a c t e r i z d d  by e l e c t r o n - i m p a c t  

MS a t  12 e V ,  which e x h i b i t s  t h e " m o l e c u 1 a r  i o n  a t  m/z 426 a s  t h e  

h l g h e s t  mass peak.  A s  w i t h  t h e  hydr idophenyl  complex, t h e  spectrum 

a t  "70 e L V  shows peaks  a t  m/z 502, 474 and 4 2 6 . .  . * 

- - ? r a d i a t i o n  o f  J& i n  hexane, i n  t h e  p r e s e n c e  o f  methane o r  

molecu la r  hydrogen d i d  n o t  g i v e  t h e  expec ted  hydridomethyl  c ~ * R ~  

(CO)(PHeg)(H)(Me) o r  d i h y d r i d e  C ~ * R ~ ( C O ) ( P M ~ ~ ) H ~  complexes. 

I n s t e a d ,  was t h e  o n l y  p r o d u c t ; T h f s - r e s u l t  c o n t r a s t s  wi th  t h e  

f o r m a t i o n  o f  t h e  known d i h y d r i d e  complex t r a n s - c p * ~ e ( c O )  2v2 193 

when t h e  d i c a r b o n y l d i n i t r o g e n  complex 13p. use i r i a d i a t e d  i n  hexane 

w i t h  H 2  purge .  I r r a d i a t i o n  o f  i n  hexane w i t h  CH4 purge  gave a  

m i x t u r e  o f  C ~ * ~ R ~ ~ ( C O )  and C ~ * ~ R ~ ~ ( C O ) ~  



* 

2 - 195 
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b 
-- 

. . 
7 . 3 .  Discussion -- 

The most s t ra ight forward  mechanism fo r  both i n t r a  and 
I 

intermolecular  oxida t ive  add i t ion  r t k c t i o n s  using the  phbsphine 
> 

d i n i t r o g e n  complex a s  a photochemical precursor  is shown ' in  

Scheme XV.  : P 

%-= -- - - . . 
I ; 

i * 

* hv 11 * (i) 
Cp Re(C0) (PMe3) (N2) Cp Re (CO) (PMe3) 

PMe3 

(ii) ex. 

cyclohex . - . 
. * 
cp CP 

ph PMe ' 3 

A s i m i l a r  scheme has 'been proposed by  Bergraan using c ~ * R ~  

( C O )  z ( P W ~ ~ )  o r  C ~ * R ~ C C O )  (PWe3 12 a s  photoprecussors.  

Ye assume, based on extens ive  precedents,  178-181 t h a t  t h e  

i r r a d i a t i o n  of leads pr imar i ly  t o  the  l o s s  of N2, forming t h e  

\ 



- - -- - 19b - I- 

f '  
- -  +- 

- c o o r d i n a t l v e l y  unsa tu ra t ed  complex n ~ p * ~ e ( ~ ~ )  ( as a transient 
4 

i n t e rmed ia t e .  The k e a c t i v e  16-elect ron metal c e n t e r  i n  t h i s  inker- 

mediate t hen  undergoes o x i d a t i g e  a d d i t i o n  t o  t h e  C-H band of a 
3 9 - 3  

benzene ~ & l e c u l &  (rout'e ( i 1 presumably v i a  a three-ccntpred 
*, * 

t r a n s i t i o n  s ta te  l e a d i n g  t o  t h e  ~ i s - ~ h e n ~ l h ~ d r i b o  (cis-u)  ( k i n e t i c  

produc t )  which i somer izes  t o  t h e  more s t a b l e ' t r a n s  
8 

second p o s s i b i l i t y  ( r o u t e  ( i i ) ) ,  which t a k e s  p l ace  

s o l v e n t  such a s  hexan'e o r  cyclohexane, is t h a t  t he  

fkagment undergoes i n t e r n a l  a c t i v a t i o n  o f  t h e  PHe3 

isomer. The C 

i n  an  i n e r t  
b 

unsa tura thd  

l i gand  t o  g ive  

t h e  cyclome t a l a t e d  complex cis-=, which i s  conver ted t o  t r a n s - u  

thermal ly  o r  b'y UV i r r a d i a t i o n :  

The g e n e r a t i o n  o f  t h e  unsa tu ra t ed  fragment c ~ * R ~ ( c o )  ( pHe3) 

through the  d i n i t r o g e n  complex and i ts \subsequent  o x i d a t i v e  

a d d i t i o n  t o  a  C-H bond of benzene ( in t e rmolecu la r  i n s e r t i o n )  o r  t o  
+ 

a C-H bond o f  t h e  PHe3 l i g a n d  ( in t r amolecu la r  i n s e r t i o n )  is 

c l e a r l y  much more e f f e c t i v e  than by us ing  t h e  Bergman photoptecur-  

601. C P * R ~  ( C O )  ( P M ~ ~ ' ) ,  as can be observed i n  F ig .  15. ~ u r t h e r n o r e .  

we were a b l e  t o  ibsolate the  phenylhydrido complex and the  cyc lo-  

meta la ted  complex and a s s i g n  t h e i r  s t e r eochemis t ry .  The t r a n s  

s t e r eochemis t ry  o f  t h e s e  i n s e r t i o n  produc ts  was s u r p r i s i n g  b u t  

unambiguous. 1t is analogous t o  t h a t  observed by Hoyano and - 

Graham i n  t h e  hydr ido complexes CpRe(C0)2H2 lg4 and c ~ * R ~ ( c o ) ~  
- -- Hz-. lg3 The l a t t e r  was-produced photochemically from c ~ * R ~ ( c o )  i n  ' 

I 

7 + 

t h e  presence o f  H 2 .  Hoyano and Graham propbsed t h a t  t h e  r e a c t i o n  

proceeds v& p h o t o d i s s o c i a t i o n  of  CO and o x i d a t i v e  a d d i t i o n  o f  H*,') 

bu t  o f f a r e d  no comment about  t h e  s t e r e o c h e m i ~ t r ' y , ~ ~ ~  I t  is expec- 



& t-ar.,  tba c i s  ibns%ttLon product l a  primarily forwd f i n  agree- 

u n t  v l  th  s c o k c r t c d  u c h m i m l '  and is then transformed t o  the * 

r 
amre atable$krans products. 

- There are other important faaturaa related to the p h e n y l -  

tM ~ephasized. F f r s t l y ,  tba  slaw dark reaction of /ba with ChHg to 
form j;Z, suggests t h a t  rawerstbile formitttor? of' the  unsaturated 

* 

f r a p u n t  * C ~ * P C ~ C O ~ ~ @ H ~ ~ ) @  fro+= occurs snd t h a t  U r e s u l t s  from 

the  th~rssurl reaction of t h i s  in t erred fa te  with benzene I E q .  361. 

. .  The stereochemistry o f  the  phanylhydridc conpiex abtainod by 

this route was not c a n f i r k d  by 1~ YHR but the  IR spectrum in 
! 

C6H6 or hhxobe is identical to tbat  obscrwcd far the  s a w  campound 
\ 

ptaparrd photachealgcally. Phsrsfora, LE we sssume a concerted 

.rrachanlsm for  the  in++rtfou ef the  rhenium cantar into  the benzene 

C-H band, the cis to trans irowrization of thtcphsnylhydride 



the hydride of,= was reincorporated wholly into the PHel - 

of u. The incorporation of C6D6 was cohf-irmed by t h e  HS (12 eV) 

af the perdtutcrated phcnylhydride complex which showed m/z 510 
8 

(based on 187~e), which corresponds to the molecul&r ion of G - d 6 .  

The reucrsiblc formation o f  W C ~ * R ~ ( C O I  ( P H e 3 )  " from was further 

indicated by the quantitative regeneration !of the din1 trogen 

complex J& when && is pressurized with N 2 .  (Eq. 37). 

1 

' CP 
N2, 2000 psi 

* 
I 

hex., 5 h 7 r l  
oc; 

PMe3 

Even more surprising 3s the o b s e r v a t i o n  that the phenyl-, 

hydrido complex in hexane is also transformed essentially 

quantitatively (but more slowly) t o  the p a r e n t  dinitrogen complex 

&& unde~r N2  pressure (Eq.381. 

P 
CP 

1 
cP* 

NZ, 2000 p s i  I 
b 

- 

OC' Re - H Re 

\ h a - ,  12 h oc / '-.* 
e Ph PMe3 PMe 

2 
3 

e- 

Eq. 38.  

This may indicate that, in solution, 17 is partly dissociated 

into benzene and " C ~ * R ~ ( C O ) ( P ~ ~ ~ ) "  possibly via a benzene I-complex 

intermediate as shown in Eq.39. 



, . 

a 

a l s o  

Eq. 39. 
.- - 

s u g g e s t i o n  is s u p p o r t e d  b y  Pasman and c o w o r k e r s l g 2  a n d .  

by o u r  r e s u l t s  on t h e  p h o t o l y s i s  o f  13a . i n  benzene  (see . 

b e l o w ) .  Furthermore,  t h e  IH NHR and H S  o f  ind i -ca ted  a b o u t  20% 

c o n v e r s i o n  t o  1 7 - d ~  i n  C6D6-at 80C o v e r  s i x  d a y s .  

Photochemical  r e a c t i o n s  o f  t h e  less e l e c t r o n  rice c ~ * R ~  (CO) 2 

( N Z )  (-1 (compared w i t h  t h e  phosphine  -1 r e s u l t e d  i n  t h e  
-._ 

p h o t o e x t r u s i o n  of  N2 and presumably t h e  f o r m a t i o n  o f  t h e  u n s a t u r a -  

t e d  f ragment  " c ~ ' R ~ ( c o )  2 " .  These r e a c t i o n s  a r e  shown i n  Scheme 
1 

xvf . 

hv . (i) * 
Cp Re!CO) (N2) Cp 2Re2 (C0) + 

-N 
13a - 2 

, * 
CP 2Re2(CO) 

3 

i .  
* 

trans-Cp Re (CO) 2H2 
hex., 'HZ - 

Scheme X V I  



- - - -  

zoo 
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The p r o d u c t s  o f  r e a b t i o n s  ( i )  and ( i i )  a r e  t h e  same a s  t h o s e  

o b t a i n e d  by Graham and coworkers  u s i n g  c p * ~ e ( C 0 ) 3  as a photo- 

p h e m i c a l  p recursor :14* lg3  Even though t h e  same p r o d u c t s  a r e  

o b t a i n e d  from t h e  t r i c a r b o n y l  complex, is a  much b e t t e r  photo-  

i p r e c u r s o r .  F r example, t r a n s - c p * ~ e  ( C O )  2H2 was produced q;ant i ta-  

t i v e l y  (by I R )  a c c o r d i n g  t o  r o u t e  ( i i )  i n  5-10 min, whereas Hoyano 
I. 

and Graham u s i n g  C ~ * R ~ ( C O ) ~  a s  pho toprecursor  took more t h a n  1 h  

f o  produce t h e  d i h y d r i d e  complex i n  ~ A l y  50% I R  y i e l d . l g 3  
% d 

No r e a c t i o n  w i t h  t h e  methane C-H bonds o c c u r r e d  when was - - 
i r r a d i a t e d  i n  hexane w i t h  CHq purge  ( r e a c t i o n  ( i )  i n  scheme X V I  1 .  

~ n s t e a d ,  t h e  rhenium d imers  C P * ~ R ~ ~ ( C O )  3  and cp*2Re2 (CP i 5  were 

o b t a i n e d .  T h i s  r e s u l t  is a  f u r t h e r  i n d i c a t i o n  t h a t  t h e  u n s a t u r a t e d  
Q 

f ragment  " c ~ * R ~ ( c o ) ~ ~ ~  is u n r e a c t i v e  towards sa t  

C-H, bonds.  

I r r a d i a t i o n  oY 13a i n  benzene a l s o  produced e f f i c i e n t l y  a  

d i c a r b o n y l - c o n t a i n i n g  compound (by I R )  which we b e l i e v e  t o  be t h e  
L P  * 

 benzene complex cp*Re ((20) ( T ~ - C ~ H ~ )  by comparison of  t h e  I R  
- 

NHR d a t a  w i t h  t h o s e  r e p o r t e d  by Pasman and coworkers  f o r  . 

ompound. lg2 

The d i f k r e n c e s  i n  r e a c t i v i t y  of  t h e  u n s a t u r a t e d  f ragments  
4 

n ~ p * ~ e ( ~ 0 ) 2 f t  and n ~ p * ~ e ( ~ ~ ) ( ~ ~ e g ) n  c l e a r l y  i n d i c a t e  t h a t  t h e  

p r e s e n c e  o f  t h e  more e l e c t r o n - d o n a t i n g  PMe3 l i g a n d  p l a y s  an 

i m p o r t a n t  r o l e  i n  t h e  r e a c t i v i t y  o f  t h e  rhenium c e n t e r  towards C-H 

- - bonds.  I t  h a s  been s u g g e s t e d  1a2-1Q4 t h a t  a t  least one of t h e  
I 

- - 

f a c t o r s  which enhances  t h e  r e a c t i b i t y  o f  t h e  meta l  •’ragmen€ toward 

C-H bonds is t h e  p r e s e n c e  o f  an e l e c t r o n - r i c h  metal centeq. T h i s  



. " 

s 9 20 1 - -  

suggestion is in: agreement with our exderimektal resu.1 ts. 
b- 

The trimethylphosphinedinitrogen complex L;L$. is the first 

exahple of a dinitrogen complex capable of. qiT1ing isolable CLH 
, 

bond activation products when irradiated in saturated and 
ef" 

unsaturated hydrocarbons. The utilization of dinitrogen complexes .. 
- as efficient photoprecursors for the activation of C-H bonds is 

1 an area of great promise for future investigations and is com- 

, pletely undeveloped at the present time, 
- 

. . 
I 

7.4 Experimental Section < 
r 

Photochemical reactions were carried out as described in 

.Chapter 11. Benzene, hexase and cyclohexane were dried over sodium 

and distilled directly into the reaction quartz tubes under oxygen- 
- 

free nitrogen (Linde-Union Carbide). High pressure reactions 
b -  

carried out in a Parr bomb, at room temperature using oxygen-free 
* 

nitrogen. Spectro~copic measu,rcme'nts were done as described in 

Chapter 11. 
, - -  

Preparation of t r a n s - C p * ~ e ( ~ ~ )  (PHe3) (HI ( ~ h )  (U)  .f 

A solution of the phosphinedinitrogen' complqx (100 mg, 

0.220 mmol) in about 15 mL of freshly distilled behzene was 
I 

degassed twice from liquid N2 and then irradiated for 10 min at F 

10OC. During the photolysis a,slow flux of N2 was maintained. The 

IR spectrum of the slightly yellow solutidn indicated a quantita- 

tive conversion of into a mono~arbon~f~containing compound 

(Fig.15b). After removal of the solvent under vacuum at room tem- 

\ 



p e r a t u r e ,  t h e  r e s i d u a l  o i l y  s o l i d  
Lb- 

benzene  and  c a r e f u l l y  t r a n s f e r r e d  

- 

/ 

I 
- 

was r e d i s s o l v e d  i n  aboot 2  mL of 

t o  a n  a i r - f r e e  n e u t r a l  a l u m i n a  

column a n d  e l u t e d  w i t h  a m i x t u r e  "benzene /hexane  2 : l .  Evapora t ion  
\ 

%> 

o f  t h e  s o l v e n t  u n d e r  vacuum g a v e  as a w h i t e  s o l i d  whlch was 

8, r e c r y s t a l l ' i z e d  f rdm f r e s h l y  distilled' hexane  a t  -780C. k.  @ow 

d e c o m p o s i t i o n  a b o v e  7 5 0 ~ .  I R  ( c ~ H ~ ) :  1872 s, ~ ( c o ) ,  cmbl ( 1 8 9  B cm--l 

i n  h e x a n e ) .  IH NHR ( C 6 r 6 ) :  d -9 .18 d  ( 2 ~ p H =  66.7,  1 H .  Re-HI. 1 . 0 8  
3 

d ( 2 ~ p H =  8 . 9 ,  9H. P H e j ) .  1 . 8 1  s (15H. cp*!. 7 . 1 6  m ( 3 H ,  ~p-Ph and  

p-Ph) ,  7 . 9 6  m (2H. Q-Ph).  13c NMR (C6D6): 6 1 1 . 4 7  q (JCHS 127 .0 ,  

C g k ) .  22 .56  q  o f d  ( l ~ C H =  128 .9 .  2 ~ C p =  34 .9 .  PHe3). 9'5.97 s 

P h ) ,  1 4 4 . 8 7  d  ( 2 ~ C p =  23.3. i X P h ) ,  1 4 7 . 3 1  d  o f  d  ( lJCH= 150 .7 ,  

3 ~ C p =  5 .41 .  2-Ph), 209 .02  d  ( 2 ~ C H =  1 0 . 8  [ s i n g l e t  i n  1 3 ~ ( 3 h 1  NMRl 

C O ) .  US (EI, 12 ev): m/z Zb4 ( H + ) ,  426 ( H - c & ~ ) +  b a s e  peak. Anal .  - 
C a l c d .  f o r  17: C, 47 .62 ;  H ,  5 . 9 5 .  Found: C, 47.88;  H,  6.20. 

~ r e ~ a r a t i o n ' o f  - - c ~ * R ~ ( c o )  ( T ~ - P H ~ ~ C H ~ )  ( H I  (=I 

c ~ * R ~ ( c o )  ( P M ~ ~ )  ( N ~ )  (-1 ( 2 0  mg, 0 . 0 4 4  mmol) was d i s s o l v e d  

i n  a b o u t  10 mL o f  f r e s h l y  d i s t i l l e d  hexane  o r  y c l o h e r a n e  a n d  

d e g a s s e d  twice. T h i s  s o l u t i o n  was t h e n  i r r a d i a t e d  f o r  8 min t h r o u g h  

? a  q u a r t z  t u b e  w i t h  N 2  p u r g e .  The I R  s p e c t r u m  o f  t h e  r e s u l t i n g  

l i g h t - b r o w n  s o l u t i o n  ( F i g . 1 6 b )  showed o n l y  t h e  p r e s e n c e  o f  u. 
E ~ ~ p o r a t i o n  o f  t h e  s o l v e n t  u n d e r  vacuum g a v e  a brown solid ih lch  ' 

-- 

was P e d i s s o l v e d  i n  a b o u t  3  mL o f  hexane  a n d  f i l t e r e d  t h r o u g h  a 

s h o r t  n e u t r a l  a l u m i n a  co lumn a n d ' s t o r e d  a t  -780C f o r  t*o o r  t h r e e  
+ C  

d a y k .  A f t e r  t h i s  p e r i o d  a w h i t e  r n i c r o ~ r ~ s t a l l i n ~  solid Wbb - 



. 
.obtained, and i s o  a t e d  by decant ing  the  supe rna t an t  s o l u t i o n  and 

. 

-- * 
dry ing  unqe r  v cuum a t  -780C f o r  3 h. Estimated yie$d 605 based on ,- - I  

n. M.p. decomposed above 500C.  I R  (cyclobexane)  ( F i g . 2 b ) :  1878 
f - 

s, v ( C O )  c m - l .  IH NHR (cyclohexane-d12): 6 -9. 92 d ( 2 ~ C H =  38.2, 

d ( 2 ~ H H =  7 .3 ,  2 ~ p H -  4.3,  l H ,  Hb'), 1 .37 d ( 2 ~ p H =  11.8,  3H, Meb), -1 
1.55  d ( 2 ~ p H =  12.9,  3HI Me,), 2.02 5 (15H, Q * ) .  MS ( E I ,  1 2  d ~ :  

I) 
b 

- 

m/z 426 (H+ )  ( a t  ? O  eV only  a spectrum with  prominent peaks a t  m/z 

-- 502, 474 and 426 was obse rved ) .  

, 
Photochemical React ions  o f  c ~ * R ~ ( c o )  ~ ( B z  1 '(-1 I 

( a )  I n  hexane o r  cyclohexane 

The dicarbonyldinitrog_e_n complex (p repa red  according t o  
-- -p - - 

method 1) ( 1 0  mg, ~0 .024  mmol) was d i s so lved  i n  5-10 mL of  hexane 

o r  cyclohexane ( f r e s h l y  d i s t i l l e d )  and UV-irradiated f o r  about 5 

t o  10 min a t  room temperature  with N 2  purge.  Af t e r  t h i s  time, t h e  

I R  spectrum of t he  orange-yellow s o l u t i o n  . ind ica ted  t h e  complete 
$ 

\ 

disappearance of and t h e  format ion of  9 mixture  of - - 

and ~ p ' ~ ~ e ~ ( c 0 ) ~  i n  about 5: 2 r a t i o .  These compounds were s epa ra t ed  
C 

by column chromatography and i d e n t i f i e d  by I R  and MS t c  be i d e n t i c a l  

with t hose  r i p o r t e d  by ~ o y a h o  and Graham. 144 

(b) I n  hexane i n  presence o f  molecular  H2 

This r e a c t i o n  was c a r c i s d  o u t  s i m i l a r l y  t o  t h a t  desc r ibed  

above bu t  H z  was used i n s t e a d  of  a2.  From 10 mg o f  9 mg (97%) 

o f  t h e  d ihydr ido  complex c ~ * R ~ ( c o ) ~ H ~  was ob ta ined  as a p a l e  

yellow s o l i d .  No f u r t h e r , p u r i f i c a t i o n  was a t tempted,  and it was 



- 

c h a r a c t e r i z e d  a s  t h e  t r a n s  isomer on. t h e  b a s i s  o f  . the  r e l a t i v e  
- 

h i n t e n s i t y  o f  t h e  v ( C 0 )  a b s o r p t i o n s  i n  t h e  I R  spect rum.  I R I  (hexane l :  
Q. 

2.008 m; 1938s, P ( C O )  c m - l .  These  ?(COT v a l u e s a r e  i d e n t i c a l  - with  

t h o s e  r e p o r t e d  by Hoyano and Graham. lg3 

( c )  I n  benzene 
* # *,<': L 

- 3 h i s  r e a c t i o n  was c a r r i e d  o u t  under s i m i l a r  condi t : iobs  used 

f o r  t h e  p h o t o r e a c t i o n  o f  A& i n  benzene.  A f t e r  10-12 min o f  

i r r a - t i o n  a  c l e a r  ye l low s o l u t i o n  r e s u l t e d .  An I R  spectrum o f  

t h i s  s o l u t i o n  showed two s t r o n g  P(C0)  a b s o r p t i o n s  a t  1937 and 1872 
9 

crn-1 o f  approx imate ly  e q u a l  i n t e n s i t y .  A IH NHR spectrum of  t h i s  

s o l u t i o n  wi th  25% o f  C6D6 added a f t e r  t h e  i r r a d k a t i o n  and recorded  

w i t h  s o l v e n t  n u l l ,  showed r e s o n a n c e s  a t  d 1 . 4 5  and 1 .64  i n  a 2:3 

r a t i o ' a n d  d 5 .98 .  The r e s o n a n c e s  a t  d 1 .64  and 5 .98  a r e  t e n t a t i v e -  

l y  a s s i g n e d  t o  t h e  ?a-benzene complex c ~ * R ~  ( C0 ) 2 ( 1 2 - ~ 6 ~ 6  ) . 

High P r e s s u r e  R s a c t i o n s  unde-r- Ni t rogen  

(a) c ~ * R ~ ( c o ) ( T ~ - P ~ ~ ~ ~ c ~ ~ ) ( H )  

Compound ( a b o u t  1 0  mg', 0 .019 mmol) was d i s s o l v e d  i n  f r e s h l y  

d i s t i l l e d  h e x a n e ( c a .  8  mL) g t  OoC under n i t r o g e n .  This  s o l u t i o n  

was c a r e f u l l y  t r a n s f e r r e d  t o  a  P a r r  bomb under n i t r o g e n  and 

p r e s s u r i z e d  t o  2000 p s i  w i t h  oxygen-free n i t r o g e n  f o r  5  h  a t  room 

t e m p e r a t u r e .  Af ter t h i s  t i m e ,  comple te  genera- t ion  o f  t h e  d i n i t r o g e n  
/ '4 

complex was ob e r v e d  by ,IR. Evapora$ion o f  t h e  s o l v e n t  gave 9mg i 
( -  95% y i e l d )  o f  . the  d i n i t r o g e n  complex n. 

T h i s  r e a c t i o n  was c a r r i e d  o u t  a s  d e s c r i b e d  i n  (a). An I R  



spectrum after 5 h showed the presence of complex and complex e 
in about 1:l 'ratio. Additional 7 h under 2000 psi of N2 gave 

almost quantibative 'conversion. From 10 mg of , 7.8 mg (96%) 

of were isolated. 



APPENDIX I 

The Rhenium Tr ioxo Complex c p * ~ e o 3  

(a) I n t r o d u c t i o n  

d i c a r b o n y l -  
4 

I n  t h i s .  appendix  w e  d e s d r i b e  t h e  r e a c t i o n  o f  t h e  

\ 
t e t r a h y d r o f u r a n  complex cp*Re ( C O )  2 T H F )  w i t h  o2 a t  450 psi which 

gave t h e  a i r - s t a b l e  R e ( V I 1 )  complex cp*Reo3 (ul. A t  t h e  t i m e  
' 2  

t h a t  t h i s  work was s u b m i t t e d  f o r  pub l i ca t ion195  a n  analogous  

s y n t h e s i s  f o r  t h i s  compound was r e p o r t e d  by Herrmann e t  al. 196 

S i n c e  t h e n  s e v e r a l  r e p o r t s  i n c l u d i n g  one r e v i e w l g 7  have been 
- -  - 

p u b l i s h e d  by Herrmann's g roup  d e s c r i b i n g  chemical  react ion:  ok 

t h i s  complex and s t r u c t u r a l  s ' r u d i e s % f S  i ts  d e r i v a t i v e s .  lg8, lg9 

Even s o ,  metal y m p l e x $ s  c o n t a i n i n g  carbon-rhenium bonds wi th  a  

V I I  o x i d a t i o n  s t a t e  f o r  rhenium a r e  s t i l l  v e r y  r a r e  and a s  f a r  a s  

we know, o n l y  two o t h e r  complexes o f  t h i s  type  have been 

p r e v i o u s l y  d e s c r i b e d .  These are ~ e ~ ~ e 0 ~ ~ ~ ~  and M e R e 0 3 .  

Converse ly ,  c y c l o p e n t a d i e n y l  o r  pentamethylcyclopentadienyl 

rhenium compounds a r e  numerous, b u t  a r e  t y p i c a l l y  found wi th  low 

o x i d a t i o n  s t a t e s .  It' w i l l  be noted  t h a t  t h i s  complex combines t h e  

maximum rhenium o x i d a t i o n  s ta te  V I I  w i th  a t y p i c a l  1 8 - e l e c t r o n s  

c o u n t  f o r  a n  o r g a n o m e t a l l i c  compound. 

I 
1 

(b) Synthesis 

cp*Reo3 (u) w a s  f i r s t  obse rved  by u s  s e r e n d i p i t o u s l y  i n  an 

a t t e m p t  t o  r e p l a c e  t h e  MeCN l i g a n d  i n  c ~ * R ~ ( c o )  ( M e C I )  ( Q - W ~ C ~ H ~ W ~ ) + -  



- 
- -- 

207 . 
0 

)Cs,  
, ' 

- 

(-1 with d i n i t r o g e n  and was i d e n t i f i e d  r e a d i l y  from its elemen- 

t a l  a n a l y s i s ,  i ~ ,  'mass spectrum and IH NHR h e c t r u m .  The HeCN 

complex i n  THF was p re s su r i zed  wi th  1500 p s i  o f  undeoxygenated 

' n i t r o g e n  f o r  3 days .  I R  spectroscopy then  showegj t h e  absence o f  

any carbonyl complexes a  was i s o l a t e d  a f t e r  chromatography < 

on n e u t r a l  a l u a i n a  a s  t h e  on ly  rhenium compound which e l u t e d .  I t  -- 
1 

was s i m i l a r l y  produced as a  c o p r o d u c t - i n  t h e  s y n t h e s i s  of  c ~ * R ~ -  

(CO) 2  ( N2) (-1 from ~ p * ~ e  (CO 2 (  THF) i n  THF us ing  undeoxygenated ' 

n i t rogen  a t  1500 p s i  p r e s su re  (method 21, and i n  t he  r eac t ions  of  

- t h e  d icarbonyla ry ld iazen ido  c a t i o n  with  h a l i d e s  ( X - 1  i n  THF- 
L 

water under unpur i f i ed  n i t r o g e n  ( s e e  Chapter IV). 

Reaction of t h e s e  carbonyl  complexes . w i t p  dioxygen impuri ty  
'C 

i n  the d i n i t r o g e n  was impl ica ted  and was confirmed by t h e  d i r e &  

' s y n t h e s i s  of  i n  55% y i e l d  from c ~ * R ~ ( c o ) ~ ( T H F )  i n  THF under 

450 p s i  of  dioxygen f o r  1 day. Chromatography on silica g e l  f i r s t  
Q 

e l u t e d  o rgan ic  p roduc ts  (see below) us ing  hexane, ' then c yellow 

band of  us ing  e t h e r ,  which w a s  r e c r y s ' t a l l i z e d  as yeblow 
e 

needles  t h a t  m e l t  without decomposit ion a t  1920C. ' -  

I n  a l l  of  t h e  r e a c t i o n s  g i v i n g  (above)  where THF was the  

s o l v e n t  o rgan ic  o x i d a t i o n  produc ts  were observed,  excep t  i n  t h e  

r e a c t i o n  o f  with h a l i d e s  where t hese  produc ts  were not  

d e t e c t e d  by I R  because t h e  presence of  water i n  th* r e a c t i o n  

obscored t h e  r eg ion  o f  t h e  spectrum where some o f  t h e s e  produc ts  

absorb  (see below).  These o x i d a t i o n  prodwzks-were n o t  formed when - 
I 

pure THF was pres su r i zed  with  O2 a t  450 p s i  f o r  1 day a lone  o r  i n  

t h e  presence o f  the t r i o x o  complex a. 



The spectroscopic f are simple indeed and in 

agreement with its mononuclear complex as 

illustrated. 

The 70 eV electron-impact' mass spect um gave the parent ion 

--- 
P 

isotoplE cluster in close to theoretical abundancies as the only 
,$-- 

prominent' feature, with m/z values (theoretical % in parenthesis): 

368 1516%~ (58.5%) 187~el, 369 18% (k.7%31, 370 1100% (100%) 

la7~e1, 371 I12.5% (11.5%31. The IR spectrum (KBr) had bands at 

910 s cm-I (Ysy, Re03) and 881 vs cm-l (YaSym Re031 and the IH 

NMR (CDc13) had only aCsingle-resonance for the cp* group at d 

2.16. It sublimes readily a t  400d and torr, is insoluble in " 

hexane but soluble in common organic solvents tether, THF,~ c ~ H ~ ,  

MeOH, CH2C12) and the solutions are air-stable. Although optically . - 

excellent crystals can be grown readily from, e.g.,,CH2C12/hexane, 

all thus far examined have been twinned and no X-ray structure is 

yet available. 

The organic side-products, were identified by characteristic 

IR absorptions at 1776 vs and 1726 m, cm-l in THF solution plus 

associated shoi~lders; From the reaction of c ~ * R ~  (CO) ( THF) with 

02, these products were separated from 19 by elution with hexane . 
f 



- and  t h e  C - H S  spec€rum showed a t  l e a s t  f i v e  components, no t  a l l  

y e t  i d e g t i f i e d .  The major one, and the  on ly  one i d e n t i f i e d  s o  

f f a r ,  was r -bu tyro lac tone  (CqH602) (V(C0) 1776 c m - l  i n  THF, m/z 
/ 

8 6 ) .  

( d l  Experimental 

c ~ * R ~ ( c o )  (400 kg, 0.988 mmol) was d i s s o l v e d  i n  about  300 mL 

of THF and i r r a d i a t e d  a s  desc r ibed  i n  Chapter 11. The r e s u l t i n g  

s o l u t i o n  was concent ra ted  t o  about  20 mL, placed i n s i d e  a  Pa r r  
* 

bomb and p re s su r i zed  under 450 p s i  of  oxygen (Linde-Union Carb ide)  

L f o r  1 day. A f t e t  t h i s  t i m e  oxygen was r e l e a s e d  and a  b r igh t -ye l low.  

s o l u t i o n  remained. An I R  spectrum of  t h i s  showed on ly  two 

abso rp t ions  a t  1776 and 1726 c m - l ,  r e s p e c t i v e l y .  THF was - 

evaporated under vacuum and t h e  ye l low-o i ly  r e s i d u e s ' w e r e  r e d i s -  

solved i n  5  mL of THF and chromatographed on a n e u t r a l  alumina 

column. Hexane e l u t e d  the  co'mpounds possess ing  t h e  PR abso rp t ions  

a t  1776 and 1726 c m - l .  The t r i o x o  complex . w a s  e l u t e d  wi th  

e thee -  E v a p u r e i o n  of t h e . e t h e r  under vacuum gave a br ight-yel low 

s o l i d  which was r e c r y s t a l l i z e d  from CHzClz/hexane (1: l ) .  Yield 

200 mg (55% based on c p * ~ e  ( C O )  . The t r i o x o  complex was 

c h a r a c t e r i z e d  as desc r ibed  i n  s e c t i o n  ic) .  Anal. Calcd.  f o r  u: 1 

C, 32.43; H, 4.05. Found: C, 32.31; H, 3 .95.  GC s e p a r a t i o n  was 

ob ta ined  on a OV-1 c a p i l l a r y  column (25 m x 0 .25  m m )  u s ing  a 

Hewlett-Packard Hodel 5880 Gas Chromatograph, and GC-HS on a 

Hewlett-Packard Hodel 5985 Mass Spectrometer .  Analysis  o f  t h e  

d a t a :  peak a t  202 min fni/z 86)  Y-bntyrolactone (major peak) ;  peak 
- 

,* 
/- 



at 8.58 min (m/z 73); peak at 8.94 min'Cm/z 99) ;  peak at 12.37 rain 

(m/z 85); peak at 15.50 min (m/z 1 2 4 ) .  
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