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K in e t ic s  of so m e  r e a c t io n s  of c a t io n ic

o r g a n o t r a n s i t i o n - m e ta l  c o m p le x e s

by  K a m la  H e lm y  Y a s s i n

A g e n e r a l  i n t r o d u c t i o n  is  g iv en  to c l a r i f y  the d i f f e r 

en t  w a y s  i n  w h ic h  n u c le o p h i l i c  a t t a c k  on o r g a n o t r a n s i t i o n - m e t a l  

c a t i o n i c  c o m p le x e s  t a k e s  p l a c e .

K in e t i c s  of the  r e a c t i o n s  be tween:  

[M n(M eC^H^){CO)^(NO)]^PF^ and s o m e  p h o sp h in e  l ig a n d s  w e r e  

f o l lo w ed  by i n f r a r e d  s p e c t r o s c o p y .  F r o m  the  r e s u l t s ,  a 

b i m o l e c u l a r  m e c h a n i s m  is  s u g g e s t e d  f o r  t h i s  r e a c t i o n  w h ich
4; 4;

i s  c o n f i r m e d  by m e a s u r i n g  the  a c t i v a t io n  p a r a m e t e r s  A H  , AS , 

T h e  r e a c t i o n  b e tw e e n  ( 6 - p h e n y lh e x a -3 ,  5 - d i e n - 2 - p l )  

t r i c a r b o n y l  i r o n  and  t r i f l u o r o a c e t i c  a c id  w a s  s tu d ie d  k in e t i c  a l ly  

by i n f r a r e d  s p e c t r a .  T he  r e s u l t s  ob ta in ed  show th a t  the  r a t e  

l a w  e q u a t i o n  is  a s  fo l lows  :

R a t e  — k ^ [F e ^ ]  [Acid]

N. m ,  r .  s p e c t r a  fo r  the  i r o n  com pound  and  f o r  the  p r o d u c t  

f o r m e d  w i th  t r i f l u o r o a c e t i c  a c id  w e r e  r e c o r d e d  a t  a m b i e n t  

t e m p e r a t u r e .  A p r o p o s e d  m e c h a n i s m  is  d i s c u s s e d  in  the l ig h t  

of b o th  the  k in e t i c  and  the  s p e c t r o s c o p i c  d a ta .

T h e  r e a c t i o n  b e tw e e n  [Co(C^H^){CgH^^)]^BF^ 

and  m e th o x id e  io n  w a s  i n v e s t i g a t e d  by s to p p e d - f lo w  te ch n iq u es
O "o v e r  a  r a n g e  of 25 -45  C, T h e  p lo t s  of v .  OMe give 

s t r a i g h t  l i n e s  w i th  p o s i t iv e  i n t e r c e p t s  w h ic h  a r e  i n t e r p r e t e d  as  

a  p a r a l l e l  r e a c t i o n  w i th  the  so lv en t  m e th a n o l  a c c o r d i n g  to the  

fo l low ing  m e c h a n i s m :

R a t e  = | k '  + k^[OMe"] |[Co] '^



T h e  a c t i v a t i o n  p a r a m e t e r s  w e r e  d e t e r m i n e d  fo r  the  r e a c t i o n  of 

co b a l t  c o m p o u n d  w i th  bo th  the m e th o x id e  ion and  m e t h a n o l .

The  s t r u c t u r e  of the  c o b a l t  com pound  w a s  c o n f i r m e d  by the  

u s e  of d oub le  r e s o n a n c e  te ch n iq u e .

In  the  f i n a l  c h a p t e r  a n o t h e r  k in e t i c  s tudy  by s t o p p e d -  

flow i s  d e s c r i b e d  f o r  the  r e a c t i o n  b e tw e e n

M =  C r , M o  o r  W ,and  m e th o x id e  ion .  T h e  

r e a c t i o n s  w e r e  found  to p r o c e e d  th r o u g h  two s t e p s  a s  in

[M*^]+OMe ^  i n t e r m e d i a t e  p r o d u c t s
-1

V a lu e s  of k  , k  an d  k  were  d e t e r m i n e d ,  the  l a s t  be ing  found to 
1 —1 2

d e c r e a s e  in  the  o r d e r  C r ^  M o ^  W.

T h e  n a t u r e  of the  i n t e r m e d i a t e  i s  d i s c u s s e d  in  

t e r m s  of c o r r e l a t i o n s  b e t w e e n  CO s t r e t c h i n g  f o r c e  c o n s t a n t s  i n  

the c a r b o n y l  c o m p l e x e s  and  t h e i r  t e n d e n c y  to f o r m  c a r b a m o y l  

and c a r b o x y l  C o m p le x e s .
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C H A P T E R  ONE

P A T T E R N S  OF N U C L E O P H IL IC  A T T A C K  

ON SOME O R G A N O T R A N SIT IO N -M E T A L  C O M P L E X E S



C H A P T E R  1

P a t t e r n s  of n u c le o p h i l i c  a t t a c k  on s o m e  o r g a n o t r a n s i t i o n - m e t a l  

c o m p le x e s

. T h i s  c h a p t e r  w i l l  r e v i e w  the  r e l e v a n t  l i t e r a t u r e  

c o n c e r n in g  n u c le o p h i l i c  a t t a c k  on ca t ion ic  o r g a n o t r a n s i t i o n -  

m e t a l  c o m p le x e s .  T h i s  top ic  h a s  b e e n  i n v e s t i g a t e d  by 

m a n y  a u t h o r s  who in c lu d e  G r e e n ,  K a n e - M a g u i r e ,  L e w is ,

Ma why, P a u s o n ,  P e a r s o n  a n d  S a l z e r .  A r e v i e w  which  r e l a t e s  

to the  s u b j e c t  h a s  b e e n  publi shed .^  N u c leo p h i l e s  h av e  b een  sh o w n  

to r e a c t  wi th  the  c a t i o n i c  o r g a n o t r a n s i t i o n - m e t a l  c o m p le x e s  in  

s e v e r a l  d i f f e r e n t  w a y s .  S o m e  of t h e s e  a r e  i l l u s t r a t e d  by  the 

b e h a v io u r  of  the  c o m p o u n d  [M n(C ^H ^)(CO )^fB F^  T h e  fo llowing 

r e a c t i o n  p a th w ay s  h a v e  b e e n  o b s e r v e d .  O t h e r  e x a m p l e s  

a r e  g iven  in  the fo l low ing  c h a p t e r s ,

a) A dd i t io n  to the  o r g a n i c  l igand .

b) A t t a c k  a t  the  m e t a l  w i th  d i s p l a c e m e n t  o f  a r e n e .  ,

c) A t t a c k  a t  the  m e t a l  w i th  r e p l a c e m e n t  of a c a r b o n y l  l igand .

d) A dd i t ion  to the  c a r b o n  a t o m  of a c a r b o n y l  g roup .

E a c h  of t h e s e  k in d s  i s  now d i s c u s s e d  in  f u r t h e r  de ta i l^ .

a) N u c leo p h i l i c  a t t a c k  on  the  a r e n e : -
2M awby a n d  W a lk e r  h av e  r e p o r t e d  m a n y  e x a m p le s  

of  nu c leo p h i l i c  a t t a c k  o n  c o o r d i n a t e d  a r e n e s .  T h e  p ro d u c t s  

f r o m  the r e a c t i o n s  of  the  c a t i o n s  [M n(a rene) (C O )^]^ ,

( a r e n e  =  b e n z e n e ,  p - x y l e n e ,  1 , 2 ,  3 t r i m e t h y l b e n z e n e ,  m e s i t y l e n e ;  

1, 2, 3, 4 t e t r a m e t h y l b e n z e n e ,  and  1 , 2 , 4 ,  5 t e t r a m e t h y l b e n z e n e )  

wi th  cyan ide  ion  in  a q u e o u s  so lu t io n  w e r e  found to have  the  

e m p i r i c a l  f o r m u l a  [M n(arene .CN )(CO )^] ,  N, m .  r ,  s p e c t r o s c o p y  

showed  t h a t  a d d i t i o n  o f  c y an id e  to the  a r e n e  to y i e l d  c y a n o c y c lo -  

h e x ad ien y l  c o m p l e x e s  h a d  o c c u r e d :



CN

CN

Mn

H

CO CO CO CO CO CO

T h e  c o m p le x  [M n(C ^H ^)(C O )^ ]B F ^  r e a c t s  wi th  the  a n io n

(EtO^C)^CH i n  e th an o l  a t  r o o m  t e m p e r a t u r e  to y ie ld

[Mn ^C^H ^CH (CO ^Et)^  } (CO)^]. T he  n. m .  r .  data

show ed  c h e m i c a l  s h i f t s  fo r  the  r i n g  p r o t o n s  s i m i l a r  to  t h o s e

o b s e r v e d  fo r  the  c y a n o c y c lo h e x a d ie n y l  c o m p le x  [Mn(C .H  CN)(CO)_],6 6 3
in d ic a t e d  th a t  the  r e a c t i o n  a g a i n  in v o lv e s  nuc leoph i l ic  a d d i t i o n  to

the  b e n z e n e  r ing .  T he  a c e t y l a c e t o n a t e  an io n  r e a c t s  with

[M n (C ^ H ^ ) (C 0 )^ ]B F ^  in  the  s a m e  way. T h e  s i m i l a r i t y  i n

the  i n f r a r e d  s p e c t r u m  of  th e  p r o d u c t  in  the  t e r m i n a l  C -O

s t r e t c h i n g  r e g i o n  to t h a t  of [Mn{ C^H^CH (CO^Et)^) (CO)^]

show ed  th a t  a d d i t io n  h a d  a g a i n  o c c u r r e d  a f fo rd in g  the  c o m p o u n d

[Mn [ C ^ H ^ C H ( C O M e ( C O ) ^ ] .  T h e  c a t i o n  [Mn(C^H, )(CO)

l ik e w is e  u n d e r g o e s  m a n y  o t h e r  r e a c t i o n s  with  an ions  s u c h  a s

Y =  , OMe,  F F h ^  an d  NCS a t  r o o m  t e m p e r a t u r e  in  s u i t a b l e

so lv e n t s  to y ie ld  p r o d u c t s  of g e n e r a l  f o r m u l a  [Mn(C^H^Y)(CO)^]

a s  shown f r o m  t h e i r  i n f r a r e d  an d  n. m.  r .  s p e c t r a ,
3

K a n e -M a  g u i r e  a n d  S w e i g a r t  c a r r i e d  ou t  a s tu d y  of 

the  r e a c t i o n  b e t  w e e n  [ M n ( a r e n e )  (CO^JBF^ and  PB u ^ .  T h e y  

found th a t  w hen  th e  r e a c t i o n  i s  p e r f o r m e d  u n d e r  n i t r o g e n  in  the 

d a r k  o r  in  a i r  ( d a rk  o r  l igh t ) ,  r a p i d  r e v e r s i b l e  f o r m a t i o n  of 

the  p h o s p h o n iu m  r i n g  a d d i t io n  c o m p o u n d  t a k e s  p la c e  a s  fo l lows:



Mn
(CO),

PBu,

+ P B u ,
___

M n
(CO),

H

1
H n .  m ,  r .  da ta  s u p p o r t e d  th e  ab o v e  s t r u c t u r e ,  which  i s  in 

a c c o r d  w i th  the f i r s t  k in d  o f  n u c l e o p h i l i c  a t t a ck .

b) N u c leo p h i l i c  a t t a c k  on  th e  m e t a l : -
1+The  c a t i o n  [M n(C^H^)(CO)^]  w as  found to r e a c t  

w i th  t r i p h e n y l  p h o sp h in e  in  a c e t o n e  w i th  ev o lu t ion  of  c a r b o n  

m o n o x id e  an d  f o r m a t i o n  of  [M n(C ^H ^)(C O )^(PP h)^ ]^  w hich  

cou ld  be  i s o l a t e d  a s  i t s  f l u o r o b o r a t e  sa l t .  H o w e v e r ,  a s  

m e n t i o n e d  above ,  K a n e -M a  g u i r e  an d  S w e ig a r t  i n  a l a t e r  s tudy,  

r e p o r t e d  th a t  u n d e r  s p e c i f i c  c o n d i t io n s  only  (under  n i t r o g e n  

a n d  l ig h t  e x p o su r e ) ,  the  f in a l  p r o d u c t  i s  [M n(C^H^)(CO)^(PBu^)]BP^.  

T h i s  i s  b e c a u s e  of a p h o t o c h e m i c a l  c o n v e r s i o n  of the  m a n g a n e s e  

a d d u c t  [M n (a ren e .  P B u ^ ) (C O )^ ]^  to [M n(a rene) (C O )^(P B u^ )]^ ,  

w h ich  a g r e e s  with  M a w b y ' s  o b s e r v a t i o n s .  A l l  the  p r o d u c t s  w e r e  

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

c) N u c leo p h i l i c  a t t a c k  on  t h e  m e t a l  w i th  l o s s  of the  a r e n e : -

When the c o m p l e x  [M n (a ren e ) (C O )^ ]B P ^  w as  h e a t e d  

u n d e r  r e f lu x  in  a c e t o n i t r i l e ,  the  p r o d u c t  [Mn(CO)^(NC Me)^] B F  

w as  ob ta ined .  Mawby e t . a l . g a v e  n. m .  r ,  d a ta  of th i s  com pound  

w h ich  show ed  a s in g le  r e s o n a n c e  fo r  th e  t h r e e  s e t s  of m e th y l  

p r o t o n s ,  in d ic a t in g  th a t  i t  h a s  the  f a c - c o n f ig u r a t io n .  The



r e s u l t s  f r o m  the  i n f r a r e d  s p e c t r u m  of  th e  s a m e  co m p o u n d  w e r e

in  a g r e e m e n t  w i th  th o s e  f r o m  t h e  n, m .  r .  s p e c t r u m .  Two bands

in  the  C -O  s t r e t c h i n g  r e g i o n  w e r e  o b s e r v e d .  A n o th e r  w e a k  b and  
-1a t  2323 c m  w as  a s s i g n e d  to a C - N  s t r e t c h i n g  m ode  of the  a c e t o 

n i t r i l e  l i g a n d .

T he  r e a c t i o n  w as  fo l low ed  k i n e t i c a l l y  by  n. m ,  r .  

s p e c t r o s c o p y  in  a c e t o n i t r i l e .  A n ew  p e a k  a t  7, 286 w as  a s s i g n e d  

to f r e e  b e n z e n e  i n s t e a d  of one  a t  6, 456 w h ic h  w as  due to c o m p le x e d  

b e n z e n e .  The  r e a c t i o n  i s  r e p r e s e n t e d  a s  f o l l o w s : -

[Mn(C^H^)(CO)^] ' ' '  + 3MeCN --------   [Mn(CO)^(NCMe)^]'"'  + C .H ^

S e r i e s  of an a lo g o u s  c o m p l e x e s  (to luene ,  p - x y le n e  an d  m e s i t y l e n e  

d e r i v a t i v e s )  w e r e  a l s o  s tud ied .  A l l  t h e s e  r e a c t i o n s  w e r e  found 

to be  f i r s t  o r d e r  w i th  r e s p e c t  to the  a r e n e  c o m p le x .  It w a s  o b s e r v e d  

th a t  the  r a t e  of a r e n e  d i s p l a c e m e n t  by  a c e t o n i t r i l e  l ig a n d s  

d e c r e a s e s  w i th  i n c r e a s i n g  m e t h y l  s u b s t i t u t i o n  on the  a r e n e .

T h i s  cou ld  be a t t r i b u t e d  to  i n c r e a s i n g  the  bond  s t r e n g t h  b e tw e e n  

a r e n e  a n d  m e t a l ,  o r  p r o b a b l y  i n c r e a s i n g  the  s t e r i c  h i n d r a n c e  to 

a t t a c k  by  the  in c o m in g  l igand .  It w as  n o t i c e d  too,  t h a t  the  r a t e  

of  the  r e a c t i o n  of the  c a t i o n  [M n(C^H^)(CO)^]^  i n c r e a s e s  w i th  the  

i n c r e a s i n g  s i z e  of  the  a n io n  p r e s e n t .  T h i s  m a y  s u g g e s t  the  

e x i s t e n c e  of ion  p a i r i n g  in  the  a c e t o n i t r i l e ,  an d  the  i n c r e a s e  in  

r a t e  w i th  a n io n  s i z e  is  i n t e r p r e t e d  a s  a d e c r e a s e  in  the  ex ten t  

of  ion  p a i r i n g  w i th  l a r g e  a n io n s .

d) N u c leo p h i l i c  a d d i t io n  a t  the  c a r b o n  a t o m  of a c a r b o n y l  g r o u p ; - 

A l though  the r e a c t i o n  of the  c a t i o n  [Mn(C^H^)(CO)^]^  

w i th  m e th o x id e  ion  in  e t h e r  y ie ld e d  th e  m e th o x y c y c lo h e x a d ie n y l  

c o m p l e x  [Mn(C^H^OMe)(CO)^] ,  a ch an g e  in  s o lv en t  f r o m  e t h e r  

to m e t h a n o l  w as  su f f ic ien t  to a l t e r  the  s i t e  of a t t a c k  f r o m  the 

a r e n e  to a c a r b o n y l  group.  T h e  p r o d u c t  g iven  the  f o r m u l a



{Mn(C^H^)(CO)^(CO^Me)]  w as  id e n t i f i e d  by  m e a s u r i n g  the

i n f r a r e d  a n d  n. m .  r ,  s p e c t r a  in d e u t e r a t e d  a c e to n e .

A t t a c k  on the  c a r b o n y l  g roup  of  a r e n e  c o m p l e x e s
4

w a s  a l s o  r e p o r t e d  by  A n g e l i c i  an d  B la c ik  . S i m i l a r l y ,

a m i n e s  a t t a c k  c o o r d i n a t e d  CO in  the  c a l i o n  : [ M n ( C .H ,  Me )(CO)_]
6 o - n  n  3

to y i e ld  c a r b o x a m i d o  c o m p l e x e s  hav ing  the  s t r u c t u r e

lM n (C ^ H ^ _ ^ M e J (C O )^ (C O N H R )] .
5

G r e e n  et.  a l .  hav e  g iven  s o m e  p r o p o s a l s  in  the  f o r m  

of  t h r e e  r u l e s  fo r  p r e d i c t i n g  the  s i t e  of n u c le o p h i l i c  a t t a c k  on 

1 8 - e l e c t r o n  o r g a n o t r a n s i t i o n - m e t a l  c a t io n s  c o n ta in in g  po ly en e  

l i g a n d s .

R u le  1: N u c leo p h i l i c  a t t a c k  o c c u r s  p r e f e r e n t i a l l y  a t  e v en  

c o o r d i n a t e d  p o ly e n e s  w hich  have  no u n p a i r e d  e l e c t r o n s  in  the

H. O. M. G ' s ,  h i g h e s t  o c c u p ie d  m o l e c u l a r  o r b i t a l s .

R u le  2: N u c leo p h i l i c  a d d i t i o n  to o p en ' c o o r d i n a t e d  p o ly e n e s  is

p r e f e r r e d  to a d d i t io n  to ^c lo sed 'po lyenes .

R u le  3: F o r  e v en  open  p o ly e n e s  n u c leo p h i l i c  a t t a c k  a t  the

t e r m i n a l  c a r b o n  a t o m  i s  a lw a y s  p r e f e r r e d ,  f o r  odd open  po ly en y ls

a t t a c k  a t  the  t e r m i n a l  c a r b o n  a t o m  o c c u r s  on ly  i f  M L ^  is  a ̂ n
s t r o n g  e l e c t r o n  w i th d ra w in g  group.

T h e s e  r u l e s  s h o u ld  be  a p p l i e d  s eq u e n t i a l ly .  B e f o r e  

show ing  m a n y  e x a m p l e s  w h ich  i l l u s t r a t e  the  r u l e s ,  i t  m i g h t  be  

r e l e v a n t  to c l a r i f y  w h a t  i s  m e a n t  by e v en  a n d  odd p o ly e n e s .

In b u ta d ie n e  fo r  e x a m p l e ,  the  n u m b e r  of e l e c t r o n s  

w h ic h  i s  f o r m a l l y  d o n a ted  by  the  l ig a n d  i s  a n  e v en  n u m b e r ,  f o u r  

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

t h r e e  e l e c t r o n s ,  so i t  i s  a n  odd po lyene .

T he  t e r m  'o p en '  a n d  ' c l o s e d '  r e f e r  to the  a f - e l e c t r o n  

s y s t e m s .  T h u s  b e n z e n e  an d  the c y c lo p e n ta d ie n y l  g roup  a r e  

' c l o s e d '  p o ly e n e s ,  w h e r e a s  b u ta d ie n e ,  an d  the a l ly l  an d  c y c lo -  

h e x a d ie n y l  g ro u p s  a r e  'o p en ' .
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c y c lo p e n ta d i e n y l  
' c l o s e d  p o ly en e

c y c lo h e x a d ien y l  
open  po lyene

S o m e  e x a m p l e s  f r o m  the l i t e r a t u r e  a r e  g iven  b e low  

w h ich  show  th a t  th e  r e g i o s e l e c t i v i t y  of n u c leoph i l ic  a t t a c k  on 

18 e l e c t r o n  o r g a n o t r a n s i t i o n - m e t a l  ca t ion ic  c o m p le x e s  is  

c o n s i s t e n t  w i th  G r e e n ' s  r u l e s .

R u le  lî T h e  â t t â c k  of th e  n u c leo p h i l e  upon  the  a r e n e  c yc lopen tad ieny l -  

i r o n  c a t io n ,  n o r m a l l y  o c c u r s  e x c lu s iv e ly  a t  the  a r e n e  r i n g ,  in

a g r e e m e n t  w i th  the  f i r s t  r u l e ,  e v e n  b e f o r e  odd, 

h e x a

R

H

y —

M

H

p e n ta

T h e  f a c t  t h a t  n u c l e o p h i l i c  a d d i t io n  to the  a r e n e  r i n g  in

the c a t io n ic  c o m p l e x e s  u s u a l l y  t a k e s  p la c e  f r o m  the e x o - s i d e  to

the m e t a l  w as  f i r s t  i n d i c a t e d  by  c r y s t a l l o g r a p h i c  s tudy.
7

P a u s o n  a n d  h i s  c o w o r k e r s  i n v e s t ig a t e d  s o m e  r e a c t i o n s  

of  c y c l o p e n t a d i e n y l i r o n  s a l t s .  T h e y  found tha t  the  p r o d u c t s  h av e  

the  fo l lowing  s t r u c t u r e .
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+R

>------

F e

H

(R =  H , M e P h  )

S p e c t r o s c o p i c  c h a r a c t e r i s t i c s  a r e  u s e f u l  in  the id e n t i f i c a t io n  of the  

s t e r e o i s o m e r i c  s t r u c t u r e s .  . In  the  i n f r a r e d  s p e c t r u m  a s t r o n g  

C - H  s t r e t c h i n g  b a n d  a p p e a r s  a t  n e a r  o r  be low  2800 c m   ̂ f o r  a l l  

c o m p le x e s  of the ty p e ,  w h e r e  the  t e t r a h e d r a l  c a r b o n  b e a r s  a n  

e x o - h y d r o g e n  a to m . H

MY

R

e n d o - s u b s t i t u e n t

T h i s  a b s o r p t i o n  i s  a b s e n t  in  the  s p e c t r a  of a l l  the  e x o - s u b s t i t u t e d  

c o m p o u n d s  of the  type .

R

H

MY

e x o - s u b s t i t u e n t



In the  endo s u b s t i t u t e d  c o m p o u n d s ,  th e  C ^  s t r e t c h i n g

f r e q u e n c y  m a y  be l o w e r e d  b e c a u s e  of o v e r l a p p in g  b e tw ee n  the

C - H  bond th ro u g h  o r b i t a l  i n t e r a c t i o n .  In the n. m.  r .  exo
s p e c t r a ,  the  p r o t o n s  of s u b s t i t u e n t s  a t t a c h e d  to the  t e t r a h e d r a l

c a r b o n  a t o m  in  the  exo c o m p le x e s  a r e  m o r e  s h ie ld ed  c o m p a r e d

with  e n d o - s u b s t i t u e n t s .

It i s  n o t i c e d  a l s o  in  the  r e a c t i o n  b e tw ee n  (cyc loheptad ieny l)
8C cyc lohep ta -1 , 3, 6 - t r i e n e )  r u t h e n i u m  an d  n u c leo p h i le s  

su ch  a s  H th a t  the  a t t a c k  o c c u r s  p r e f e r e n t i a l l y  a t  the  c y c lo h e p ta -  

t r i e n e  l ig an d ,  th a t  i s ,  a t  the  e v e n  6 - e l e c t r o n  po lyene .  T h i s  c an  

be i l l u s t r a t e d  by the equ a t io n  show n  below.

R u Ru

H

H

W hen the c o m p le x  [Mo{C^H^)(t |^-G^H^)(dppe)]^ , r e a c t s

wi th  s o d iu m  cy an id e ,  i t  g ives  y e l lo w  c r y s t a l s .  The  p r o d u c t  was  

e x a m i n e d  by  n. m .  r .  s p e c t r o s c o p y  w h ich  s u g g e s t s  the  s t r u c t u r e  

[M o (C ,H ,C N )( t j , -C jH  )(dppe)], dppe  =  P h ^ .  P C H ^ C H ^ P P h ^ .  T h i s  

i n d i c a t e s  th a t  the  cyan ide  ion  a t t a c k s  the b en ze n e  r in g  an d  not 

the  Tt-allyl  g roup .  A ga in  th e  r e g i o s e l e c t i v i t y  h e r e  i s  in  a c c o r d  

wi th  the f i r s t  r u le .



l o

Bu

Ln
Bu L i

•Mo

L  =(dppe)
10R u l e  2; In 1972 L e w is  e t  a l  c a r r i e d  out a s tu d y  of the  

r e a c t i o n s  of  I wi th  both  n u c le o p h i l e s  a n d  e l e c t r o p h i l e s ,  

M e th o x id e  ion  g ives  ( c y c lo p e n ta d i e n y l ) ( 5 - m e th o x y c y c lo h e x a -  

1 , .3 -d ie n e )  r h o d i u m  (I). T h i s  shows th a t  the  n u c leo p h i l i c  

a t t a c k  o c c u r s  a t  the  o p en  c y c lo h e x a d ie n y l  l i g a n d  r a t h e r  th a n  

a t  the  c l o s e d  c y c lo p e n ta d ie n y l  r in g  w h ich  i s  c o n s i s t e n t  wi th  

r u l e  2 p r o p o s e d  by  G r e e n  a n d  h is  c o l l e a g u e s .

R h

OMe"

H OMe 

H I I H

R h



//

R u le  1 an d  R u l e  2j T r e a t m e n t  of  the  com pound  II w i th

5«5NalAlH (OCH CH OMe) ] g ives  I M o (C .H  ){dppe)(ti - M e C H C H C H , ) ] “ ,2 '  2 2 '2 
a s  f o l l o w s : -

Mo Mo
+ H

Me

II

T h i s  i s  in  a c c o r d  w i th  r u l e  2,  a t t a c k  a t  the  open  p o lyene  b u ta d ie n e

b e in g  f a v o u r e d  o v e r  t h a t  a t  the  c lo s e d  c y c lo p e n ta d ie n y l  g ro u p .

R u le  3: In  r u l e  3 i t  i s  s u g g e s t e d  tha t ,  fo r  ev en  open  p o ly e n es

nu c leo p h i l i c  a t t a c k  in  g e n e r a l  o c c u r s  a t  the t e r m i n a l  c a r b o n .

The  p r e v i o u s  e x a m p l e  of  the  Mo com pound  d e s c r i b e d  above

i l l u s t r a t e s  th e  r u l e .

In  the  c a s e  of odd open  p o ly en es  a t t a c k  a t  the  t e r m i n a l

c a r b o n  a t o m  o c c u r s  only  i f  ML ^ is  a s t r o n g  e l e c t r o n  w i th d ra w in g
^ 2

group .  T h e  fo l lowing  e x a m p l e  shows th a t  a t t a c k  on  th e  

-q^-allylcations by  H , D  a n d  CH^ = CH- o c c u r s  p r e f e r e n t i a l l y  

on the  c e n t r a l  2 - c a r b o n :

pen ta

P F ^  +Me

CH

. W . C
/

Me

H
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T h i s  cou ld  be i n t e r p r e t e d  in  t e r m s  of  bonding  in the a l l y l  g ro u p .

T h r e e  m o d e l s ,  of bonding  m ig h t  be c o n s i d e r e d ,  in  

o t h e r  w o r d s  the  a l l y l  g ro u p  m a y  be p r e s e n t  e s s e n t i a l l y  a s  

o r  When  i t  is  the p o s i t iv e

c h a r g e  wi l l  be  m o r e  c o n c e n t r a t e d  on the c e n t r a l  c a r b o n  a t o m  

b e c a u s e  of  l o c a t i o n  o f  a t  e a c h  t e r m i n a l  one.

“  2

“ 2

H o w e v e r ,  in  c a s e  of  n u c leo p h i l i c  a t t a c k  will  p r e f e r

t e r m i n a l  c a r b o n s  b e c a u s e  the  p o s i t i v e  c h a r g e s  a r e  c e n t r e d  t h e r e .
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C H A P T E R  2 .

K ine t ic  s tu d y  of th e  r e a c t i o n s  b e t w e e n  m e t h y l c y c l o p e n t a d i e n y l -  

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

p h o s p h in e  l i g a n d s .

2 . 1 .  M e t a l  c a r b o n y l s .

T r a n s i t i o n  m e t a l  c a r b o n y l  c o m p l e x e s  have  b een  know n  f o r  

o v e r  100 y e a r s .  In 1871, S c h u t z e n b e r g e r  r e p o r t e d  p l a t i n u m  

c a r b o n y l  c h l o r i d e s '  bu t  i t  w a s  no t  u n t i l  1890 th a t  the  f i r s t  b i n a r y  

c a r b o n y l .  Ni (CO)^ w a s  d i s c o v e r e d  by Mond.  T a b l e  I s u m m a r i s e s  

the  h i s t o r i c a l  d e v e l o p m e n t  of the  s u b je c t .

T A B L E  I 

M e t a l  c a r b o n y l  c o m p le x e s  ^

1871 -  1930

1871 P t ( C O ) ^ C lg P . S c h u t z e n b e r g e r

1890 Ni(CO)^ L. Mond,  C. L a n g e r  and  
F .  Q u incke

1891 F e (C O )g Li, Mond and  F .  Q u in c k e ;  
M. B e r t h e l o f  -

1905 J .  D e w a r  and  H. O. J o n e s

1907 F e 3 ( C O ) i 2 J .  D e w a r  and  H. O. J o n e s

1910 C o 2 ( C O ) g , C o ^ ( C O ) j 2 L. Mond,  H. H i r t z  an d  M. D. 
Cowap.

1910 M o (C O ) , L .  Mond,  H. H i r t z  an d  M. D. 
Cowap.

1924-26  [Ru(CO ) H a l

I r ( C O ) ^ C l  ;O s(CO)gCl^

W. M an c h o t  e t .  a l .

1927-■ 2 8 C r ( C O ) , :  W(CO)g A, J o b  e t .  a l .

1930 F e (C ^ H g ) (C O )g H. R e i h l e n  e t .  a l .

T h e  d e t a i l e d  fo u n d a t io n s  of c a r b o n y l  c h e m i s t r y  w e r e  l a id  

b e t w e e n  1 928 and  1 970 by  W . H i e b e r  and  h i s  g r o u p  who f r o m  1 935 

o n w a r d s  w e r e  b a s e d  in  M u n ich .  ^

N i c k e l  t e t r a c a r b o n y l  Ni(CO)^  c a n  be p r e p a r e d  by the  

d i r e c t  r e a c t i o n  b e tw e e n  n i c k e l  and  c a r b o n  m o n o x id e .  T h i s  fc 

the  b a s i s  of the  M ond p r o c e s s  f o r  the  r e f in in g  of the  m e t a l .
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I r o n  p e n t a c a r b o n y l  a l s o  c a n  be  f o r m e d  f r o m  c a r b o n  m o n o x id e  a n d

i r o n .  In  fac t ,  c a r b o n  m o n o x id e  s t o r e d  in  i r o n  c y l i n d e r s  c a n

c o n ta in  a p p r e c i a b l e  a m o u n t s  of F e (C O )^ .  Th is  c o m p le x  i s

m a n u f a c t u r e d  i n  to n n a g e  q u a n t i t i e s  f o r  the  p r e p a r a t i o n  of s p e c i a l

i r o n  p o w d e r  by  t h e r m a l  d e c o m p o s i t i o n .  U se  is  a l s o  m a d e

in d u s t r i a l l y  of the  t h e r m a l  d e c o m p o s i t i o n  of m o ly b d e n u m  h e x a -

c a r b o n y l  f o r  d e p o s i t in g  m e t a l l i c  m o ly b d e n u m .

The d i r e c t  r e a c t i o n  b e t w e e n  a t r a n s i t i o n  m e t a l  and

c a r b o n  m o n o x id e  i s  v e r y  l i m i t e d  in  i t s  a p p l i c a t io n  to  the

p r e p a r a t i o n  of c a r b o n y l  c o m p l e x e s .  U su a l ly  th e y  a r e

ob ta ined  by  r e d u c t i o n  of a m e t a l  com p o u n d  such  as  a h a l id e  o r

a c e t y l a c e t o n a t e  in  th e  p r e s e n c e  of c a r b o n  m o n o x id e ,  o f ten  u n d e r

p r e s s u r e .  R e d u c t io n  c a n  b e  e f fec ted  by  u s ing  sod ium ,  a l u m i n i u m

a lky ls ,  z inc  o r  e v en  a  m i x t u r e  of c a r b o n  m o n o x id e  i t s e l f  w i th

h y d ro g e n .  U se fu l  r e v i e w s  of c a r b o n y l  c h e m i s t r y  h av e  b e e n  
2

pub l ished .

The  s t r u c t u r e  an d  bond ing  in  t h e s e  com pounds  i s  of g r e a t

i n t e r e s t .  The  e f fec t iv e  a t o m i c  n u m b e r  r u l e  w h ich  w a s  f i r s t  f o r m -
3

u la ted  by  Sidgwick h a s  p r o v e d  u s e f u l  in  u n d e r s t a n d in g  th e  

s t r u c t u r e  of m e t a l  c a r b o n y l s .

The  c a r b o n  m o n o x id e  m o l e c u l e  h a s  lone e l e c t r o n  p a i r s  

on bo th  th e  c a r b o n  and  o x y g e n  a t o m s ,  the  sp o r b i t a l  of th e  c a r b o n  

a tom  co n ta in ing  i t s  lone  e l e c t r o n  p a i r  c a n  o v e r l a p  w i th  a  m e t a l  

h y b r id  o r b i t a l  to f o r m  a  j ' - b o n d ,  w h e r e  th i s  lone e l e c t r o n  p a i r  

of the  l ig a n d  i s  do n a ted  to  t h e  m e t a l  a to m .  C a r b o n  m o n o x id e  

h o w e v e r  i s  a  v e r y  p o o r  d o n o r  l ig an d  to con v en t io n a l  L e w is  a c id s  

such  a s  B F^  o r  S b F ^ .  B o r i n e  c a r b o n y l  H ^ B . C O  c a n  be  p r e p a r e d  

bu t  i t  d i s s o c i a t e s  r e a d i l y .  T h i s  i n d i c a t e s  tha t  CO is  not n o r m a l l y  

a  s t r o n g  d o n o r .  In  t r a n s i t i o n  m e t a l  c a r b o n y l s ,  t h i s  cT-bond is  

s u p p le m e n te d  by  a s e c o n d  b o n d  a  r e v e r s e  f f - h o n d  where a ' f i l l e d

m e t a l  d o r b i t a l  c o n ta in in g  a n  e l e c t r o n  p a i r  c a n  o v e r l a p  w i th  an
*

e m p ty  f][' an t ibond ing  o r b i t a l  of the  c a r b o n  m o n o x id e  l igand .
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T he  e x te n t  of th i s  'iT*-back d ona t ion  is  qu i te  v a r i a b l e  in  m e t a l  

c a r b o n y l  d e r i v a t i v e s ,  d ep en d in g  upon the  e l e c t r o n  d e n s i t y  on th e  

m e t a l  a to m  which  i s  a f f e c t e d  by v a r i o u s  f a c t o r s ,  s u ch  a s  the  

o t h e r  l ig a n d s  a t t a c h e d  to  th e  m e t a l  a to m  an d  the  c h a r g e  on the  

m e t a l  c a r b o n y l  s p e c i e s .  In th e  c a s e  of m e t a l  c a r b o n y l s ,  the  

f o r w a r d  <r -b o n d  b e t w e e n  c a r b o n  m o n o x id e  an d  th e  t r a n s i t i o n  

m e t a l  i s  s u f f i c i e n t ly  w e a k  th a t  s ig n i f i c a n t  a m o u n t s  o f tT ' -back  

d o n a t io n  a r e  r e q u i r e d  to  e n s u r e  r e a s o n a b l e  s t a b i l i t y  of th e  

co m p o u n d .

:=o M < 0  M O O C O :

Nonbonding o r b i t a l  l o c a l i z e d  
o n  c a r b o n  and  c o n ta in in g  

lone  e l e c t r o n  p a i r

0 0

e m p t y  h y b r i d  m e t a l - c a r b o n  
cr o r b i t a l  ' d a t iv e

*^-bond

E m p t y  a n t ibond ing ,o rb i t a l t r*  
o^COrmultiple bond

nonbond ing  
m e t a l  

o r b i t a l  
co n ta in in g  l£ 

p a i r

m e t a l - c a r b o n  
b a c k  d o n a t io n  

bond

T h e  fo l lowing  a d d i t i o n a l  f e a t u r e s  of the,  q T - b a c k  bond  in  

m e t a l  c a r b o n y l s  a r e  a l s o  of  s o m e  i m p o r t a n c e .

a) C a r b o n  m o n o x id e  h a s  two o r th o g o n a l  a n t ib o n d in g  o r b i t a l s  

w h ich  c an  f o r m  o r t h o g o n a l  'IT - b a c k  b o nds  w i th  the  m e t a l  a to m ,  

p r o v i d e d  th a t  s u i t a b l e  m e t a l  o r b i t a l s  a r e  a v a i l a b l e .

b) T he  Tr '-back d o n a t io n  in  m e t a l  c a r b o n y l s  p l a c e s  a d d i t io n a l  

e l e c t r o n  d e n s i t y  in to  the a n t ib o n d in g  o r b i t a l s  of the  c a r b o n  

m o n o x id e .  T h i s  l o w e r s  the  c a r b o n - o x y g e n  bond  o r d e r  and ,  t h e r e f o r e ,  

the  c a r b o n  o x y g e n  s t r e t c h i n g  f o r c e  c o n s t a n t .  T h i s  e f f e c t  c a n  be 

m e a s u r e d  f r o m  i n f r a r e d  f r e q u e n c i e s  in  m e t a l  c a r b o n y l s  and  

p r o v i d e s  a u s e f u l  m e a n s  fo r  d e d u c in g  the  a m o u n t  o f  b a c k  dona t ion .
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2 , 2 ,  Som e s u b s t i t u t i o n  r e a c t i o n s  in  m e t a l  c a r b o n y l s .

M e ta l  c a r b o n y l s  an d  m e t a l  c a r b o n y l  c o m p le x e s  u n d e r g o

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

co n d i t io n s  w i th  a l a r g e  n u m b e r  of n u c leo p h i l e s .

T h e s e  r e a c t i o n s  a n d  t h e i r  p r o d u c t s  have  b e e n  rev iew ed .

F o r  e x a m p l e ,  a r e n e  a n d  c y c lo p e n ta d ie n y l  m e t a l  c a r b o n y l s
4

have  b e e n  r e v i e w e d  by  W i lk in s o n  an d  Cotton,  F i s c h e r  an d
5 6 7F r i t z ,  P a u s o n  , a n d  Z e i s s  , o l e f in ic  d e r i v a t i v e s

8 9 , 10 by  G uy and  Shaw , B e n n e t t  , F i s c h e r  an d  W e r n e r  ,

d e r i v a t i v e s  of p h o s p h i n e s ,  a r s i n e s  an d  s t ib in e s  by

Booth^ ^ , an d  f in a l ly ,  th e  m e t a l  c a r b o n y l s  t h e m s e l v e s
2 12 by  A b e l  an d  C h a t t  e t  a l .

K ine t ic  s t u d i e s  o f  s u b s t i t u t i o n  r e a c t i o n s  r e q u i r e  

a t t e n t i o n  to the  fo l low ing  e x p e r i m e n t a l  p r o b l e m s ; -

a) R e m o v a l  of  c a r b o n  m o n o x id e  f r o m  the r e a c t i n g  

so lu t io n  e i t h e r  b y  e f f i c i e n t  s t i r r i n g  o r  the  u s e  of 

a n  i n e r t  ga s  in  w h ic h  c a s e  indep en d en t  s tu d ie s  of 

the  d e p e n d e n c e  o f  r a t e  c o n s t a n t  on flow r a t e  of 

c a r r i e r  ga s  a r e  a l s o  n eed ed .

b) E f f i c i e n t  r e m o v a l  of  oxygen  f r o m  the  s o lv en t  

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

c) E l i m i n a t i o n  of s id e  r e a c t i o n s  such  a s  

d e c o m p o s i t i o n  o f  c o m p l e x e s .
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N uc leoph i l i c  s u b s t i t u t i o n  r e a c t i o n s  c a n  p r o c e e d  v ia  S ^ l

o r  S 2 m e c h a n i s m s  a c c o r d i n g  to th e  c l a s s i c a l  o rg a n ic  t e r m i n o l o g y
13

of H u g h es  an d  Ingold .

In  Sj^l r e a c t i o n s , t h e  d i s s o c i a t i o n  of th e  m e t a l - l i g a n d  bond  

i s  the  r a t e  d e t e r m i n i n g  s t e p  fo l low ed  b y  a  r a p i d  r e a c t i o n  w i th  the  

a t t a c k in g  g ro u p  as  i l l u s t r a t e d  by  the  fo l lowing  equa t ions :

m l  M + L

f a s t
M + L' ^  ML *

The a t t a c k in g  n u c leoph i le  i s  f o r  e x a m p l e  a n  olefin ,  a c e ty l e n e ,  

a r e n e  o r  a  l ig an d  c o n ta in in g  a  d o n o r  a to m  su ch  a s  O, N, S o r  P .

An e x a m p l e  of an  S ^ l  m e c h a n i s m  i s  th e  s u b s t i t u t i o n  r e a c t i o n  of 

m a n g a n e s e  p e n t a c a r b o n y l h a l i d e s  w i th  t  r  iph  e ny Ipho s phi ne  ̂  ̂  to  

give mono, an d  d i s u b s t i t u t e d  d e r i v a t i v e s .  The  r a t e s  of t h e s e  

r e a c t i o n s  a r e  in d e p en d e n t  of th e  i n c o m in g  l ig an d  L.

Mn(CO) X *■ Mn(CO) X Mn(CO)^LX

T h e s e  r e a c t i o n s  h a v e  h igh  e n th a l p i e s  and  p o s i t i v e  e n t r o p i e s

of a c t i v a t i o n  in  c o n t r a s t  to a  b i m o l e c u l a r  p r o c e s s  w h ic h  w ould

b e  e x p e c t e d  to  l e ad  to  d e c r e a s e  i n  e n t r o p y .  The  r a t e s  f o r  the

p r e c e d i n g  r e a c t i o n  f a l l  i n  th e  s e q u e n c e  C l ^ B r ^ I ,  fo l lowing th e

a c t i v a t i o n  e n e r g i e s .  In  o t h e r  w o r d s ,  E^(l )  ^  E ^ ( B r ) ^ E ^ ( l )

u n d e r  th e  s a m e  co n d i t io n s .  T h i s  a g r e e s  w i th  a n  i n c r e a s e  i n  the

M n-C b o n d  s t r e n g t h  a s  i n d i r e c t l y  shown b y  th e  l^(C-O) i n f r a r e d

s t r e t c h i n g  f r e q u e n c i e s ,  w h ic h  s u g g e s t s  t h a t  th e  s t r o n g e s t  bonding

o c c u r s  in  [Mn(CO) I ] .
5

. In  Sj^2"substi tution re a c t io n s ,  the  r a t e s  dep en d  on the  n a t u r e  of 

the  a t t a c k in g  n u c leo p h i le .  The  r a t e s  of th e  s u b s t i t u t io n  r e a c t i o n s  

of G ro u p  VI c a r b o n y l  c o m p l e x e s  b y  p h o s p h o r u s  d o n o r s  fo l low the  

s e q u e n c e P E t ^ s i  P P r "  > P E t ^ P h > P E t P h  > P ( O M e )  > P P h  >  

P ( O P h ) ^ .

In  t h e s e  r e a c t i o n s  th e  su b s t i t u t in g  g ro u p  i s  w e a k ly  b onded
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to  the  m e t a l  in  th e  t r a n s i t i o n  s t a t e .  T h a t m e a n s  th a t  th e  r a t e  

d e te r m in in g  s te p  in v o lv e s  b o th  th e  c o m p le x  and  th e  a t ta c k in g  

n u c le o p h i le ,  a s  show n b y  th e  e q u a tio n

M(CO) + L  -------*- [ L . . . M ( C O )  , ____ C O ]  --------
n n -1

LM (CO) , + CO. 
n — 1

S te p w ise  s u b s t i tu t io n  r e a c t io n s  of m e t a l  c a r b o n y l  c o m p le x e s
16a lw ay s  b e c o m e  p r o g r e s s i v e l y  m o r e  d iff icu l t .  T h is  is  b e c a u s e  

the  s t r e n g th  of th e  r e m a in in g  m e t a l - c a r b o n  b o n d s  i n c r e a s e s  on 

r e p l a c e m e n t  of CO b y  a  l ig a n d  w h ich  is  a b e t t e r  cT-donor b u t a  

p o o r e r  - a c c e p t o r .  T he  m e t a l - c a r b o n  ^ b o n d i n g  i s  th u s  

enhanced .

S o m e  e x a m p le s  of s u b s t i tu t io n  r e a c t io n s  w h ic h  h av e  b e e n  

s tu d ie d  k in e t i c a l l y  a r e  s u m m a r i z e d  h e r e .

T h e  ^^CO ex ch a n g e  of V (C O )^^^ ' h a s  b e e n  r e p o r t e d  to  be  

v e r y  s lo w  in  h e p ta n e  at 0°C , bu t no o th e r  k in e t ic  d a ta  a r e  a v a i la b le

fo r  th i s  co m p o u n d . In  g ro u p  VI m e t a l  c a r b o n y ls ,  th e  e x ch an g e  r e a c t io n

c h ro ir  
17, 18

14of CO u s in g  to lu e n e  a s  a  so lv e n t  in d ic a te d  th a t  h e x a c a rb o n y l  c h ro m iu m

w as m u c h  l e s s  r e a c t i v e  th a n  e i t h e r  co b a lt  o r  n ic k e l  c a r b o n y ls .

It w as  found  th a t  th e  r e a c t i o n  o c c u r r e d  th ro u g h  a d i s s o c ia t iv e  m e c h a n is m .
19

G ra h a m  an d  A n g e l ic i  r e p o r t e d  th a t  th e  s u b s t i tu t io n s  of Mo(CO)^ and 

W(CO)^ b y  v a r io u s  p h o sp h in e  an d  p h o sp h ite  l ig a n d s  show s a  l i n e a r  

d ep en d e n c e  of o b s e r v e d  r a t e  c o n s ta n ts  w ith  l ig a n d  c o n c e n t r a t io n s ,  a 

two t e r m  r a t e  law  co u ld  b e  a p p l ie d  to  d e s c r ib e  th e  r e a c t io n

R a t e =  k j  [ Mo(CO)^ ] + k^  [ Mo(CO)^ ] [ L ]

T h e  r e a c t i o n  of Mn_ (CO) w ith  p h o sp h in e s  to  f o r m  m o n o
20and d i -p h o s p h in e  s u b s t i tu e n ts  h a s  b e e n  o b s e r v e d .  T he  a u th o r s  

s u g g e s te d  th a t  th e  r e a c t i o n  p r o c e e d e d  v ia  a  f i r s t  o r d e r  k in e t ic  p r o c e s s .
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The s u b s t i tu t io n  of CO in  Ni(CO) fo llow s a n  S I m e c h a n i s m .  T h e r e
4 IN

w as no e v id en c e  f o r  an y  S ^ 2  p a th w ay . T h is  b e h a v io u r  c o u ld  be

e x p la in ed  in  t e r m s  of r e p u l s io n  of the  a p p ro a c h in g  l ig a n d  b y  a
10

c e n t r a l  a to m  in  a  d c o n f ig u ra t io n  and  a l s o  m a y  b e  due to  th e

fa c t  th a t  N i(CO)^ f r a g m e n t  i s  m o r e  s ta b le  by  dfT -p^/ b ond ing  c o m p a r e d

w ith  Ni(CO) . The  r e a c t i o n s  of Co_(CO) w a s  found to  go th r o u g h  a
21 22

d is s o c ia t iv e  m e c h a n i s m '  T his  w as  c o n f i rm e d  by  the  A r r h e n i u s

p a r a m e t e r s  f o r  th e  ^^CO e x ch an g e  ( E = 98 k J  m o l   ̂ an d

AS = 55 J  K  ̂ m o l  , c o n s i s t e n t  w ith  an  S ^ l  m e c h a n i s m .

T he  ex ch a n g e  r e a c t i o n  of Fe(C O ) w ith  iso to p ic  a l ly  l a b e l l e d
23c a r b o n  m o n o x id e  w a s  s tu d ie d  b y  K e e ly  and  Jo h n so n .  T h e  r e a c t i o n

w as  though t to  p r o c e e d  a s  fo l lo w s :

2 F e ( C O ) ^  F e ^ (C O )^  + CO.

T hey s u g g e s te d  th a t  th e  p o s s ib i l i t y  of p h o to d is so c ia t io n  of F e (C O )
5

w ent th ro u g h  a n  i n t e r m e d i a t e  s p e c ie s  w h ich  e x is t s  in  e q u i l ib r iu m  w ith  

the  s p e c ie s  in  th e  g ro u n d  s t a t e

F e (C O ) ---- »- Fe(C O ) + CO
5 4

F e ( C O ) ^ +  F e (C O )^  — *  Fe^CCO)^

T he r e a c t i o n s  o f  m e t a l  c a rb o n y l  p h o sp h in es  w e r e  a ls o  

r e p o r t e d .  F o r  e x a m p le  r e a c t io n s  of m o n o -  and  d i - s u b s t i tu t e d  n ic k e l  

c a rb o n y l  p h o sp h in e  w i th  o th e r  p h o sp h in es  w e r e  found to  b e  in d e p e n d e n t  

of the  in c o m in g  p h o sp h in e  l ig a n d  and  so  a r e  a s s u m e d  to  o c c u r  b y  a  

d i s s o c ia t iv e  m e c h a n i s m .  A ls o  m e t a l  c a rb o n y l  h a l id e ^ ^  d e r iv a t i v e s
14

w e re  found to  u n d e rg o  CO ex ch an g e  b y  a  f i r s t  o r d e r  r e a c t i o n  w ith  

a r a t e  c o n s ta n t  w h ic h  w a s  in d e p en d e n t  of th e  d isp la c in g  c a r b o n y l  

c o n c e n t ra t io n .
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2 .3 :  M e ta l  c a r b o n y l  n i t r o s y l  c o m p le x e s .

T h e  n i t r i c  ox ide  m o le c u le  h a s  one e l e c t r o n  i n  . a n

an tib o n d in g  m o l e c u l a r  o r b i t a l  w h ich  c a n  b e  e a s i ly  lo s t  to  g ive  the
+

n i t r o s o n iu m  ion, NO . T he c o o rd in a t io n  of a  n i t r i c  o x ide  m o le c u le  

to  a  t r a n s i t i o n  m e t a l  a to m  c a n  f o r m a l ly  invo lve  th e  t r a n s f e r  of the  

an tib o n d in g  e l e c t r o n  f r o m  NO to  the  m e t a l  a to m

+
M + NO M + NO

and c o o r d in a t io n  of th e  n i t r o s o n iu m  g ro u p  to  M b y  a n  e l e c t r o n  p a i r  pf

the  n i t r o g e n ,  th a t  m e a n s  th a t  t h r e e  l ig an d  e le c t r o n s  a r e  in v o lv ed  in

th e  m e t a l  n i t r o s y l  bond.

M e a s u r e m e n t s  of e le c t r o n ic  s p e c t r a  show th a t  th e  n i t r o s y l

ligand  h a s  a  nr- a c c e p to r  p r o p e r t y  g r e a t e r  th a n  th a t  of CO o r  CN.

To c l a r i f y  th e  b ond ing  of th e  n i t r o s y l  g ro u p  to  a  t r a n s i t i o n

m e ta l ,  on e  h a s  to  know  th e  d i f f e r e n t  s t r u c t u r e s  of NO in  n i t r o s y l

c o m p le x e s .  T he  n i t r i c  ox ide  m o le c u le  c a n  a c t  no t o n ly  a s  th e

c o m m o n  NO , a  t h r e e  e l e c t r o n  l igand , bu t a l s o  a s  NO , a  one

e le c t r o n  lig an d . . 5 h o w n  b e lo w  a r e  w ay s  in  w h ic h  th e  n i t r i c  oxide
27m o le c u le  c a n  o c c u r  in  c o m p le x e s  in  s e v e r a l  m o d e s .

O

Î
l i n e a r

•O'

I I
sp

O O

N- n
I *— sp

M .M

b e n t V  n<  2

:0 :

I I
N sp

b r id g in g
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In  n e a r ly  a l l  n i t r o s y l  c o m p le x e s  th e  M -N O  g ro u p  is
+

e s s e n t i a l l y  l in e a r ,  an d  th e  l ig a n d  is  b onded  f o r m a l ly  a s  NO . T h is  i s

c l e a r l y  show n  by  the  m a g n e t ic  m o m e n ts  of n i t r o s y l  c y a n id e s .  F o r
28 2 ex am p le  th e  n i t r o p r u s s id e  io n  [ Fe(CN )^(N O ) ] i s  d ia m a g n e t ic ,

w h ich  in d ic a te s  th a t  i r o n  i s  in  the  + 2 o x id a tio n  s ta te  (d^). The

l in e a r  m o d e  of NO c o o r d in a t io n  i s  fo llow ed  a ls o  in  the  n i t r o s y lc a r b o n y l

com pounds  [ Mn(CO)(NO)^] an d  [ Fe(C O )^(N O )^] w hich  fo r m  p a r t  of

the  i s o e l e c t r o n ic  s e r i e s ,  [ C r(N O )^ ]  , [ Mn(CO)^ (NO) ] , [ Fe(C O )^(N O )^] ,

[C o(C O )^(N O )], [N i(C O )^ ] ,  [F e (C O )^ (N O )f .  The com pound

[v(CO )^(N O )] is  i s o e l e c t r o n i c  w ith  [ C r ( C O )^ ] ,  [ Mn(CO)^(NO)] w ith

[F e (C O )^ ]  and  [M n^(C O )^(N O )^] w ith  [F e ^ ( C O ) ^ ] .  A ll  th e s e

co m p o u n d s  and  th e i r  s u b s t i t u t e d  p r o d u c ts  obey  th e  e ig h te en  e l e c t r o n

r u l e .

A n a ly s is  of the  i n f r a r e d  s p e c t r a  of [ Mn(CO)(NO)^] 

[ F e ( C O ) ^ ( N O ) ^ f l n d  [ C o(C O )^(N O )f  i n d  s a l t s  of [F e(C O ) (N O )] '^^  

s u g g e s ts  th a t  th e s e  i s o e l e c t r o n i c  s p e c ie s  h av e  t e t r a h e d r a l  o r  d i s to r t e d  

t e t r a h e d r a l  s t r u c t u r e s  a s  e x p e c te d .  By th e  u se  of i n f r a r e d  s p e c t r o s 

copy  a l s o ,  i t  i s  thought th a t  [ M n(CO)^(NO)]^^has a  t r i g o n a l -  

b ip y r a m id a l  c o n f ig u ra t io n  w ith  th e  n i t r o s y l  g ro u p  in  one of th e  a x ia l  

p o s i t io n s .

S om e of th e s e  n i t r o s y l c a r b o n y l  c o m p le x e s  w e r e  p r e p a r e d  by  

th e  r e a c t i o n  of the  m e t a l  c a r b o n y l  a n d  n i t r i c  oxide, e. g.

o
[Co^(CO )g] + 2NO — - ^  -  2 [C o(C O )j(N O ) ]

33
If [Co(CO) (NO) ] r e a c t s  f u r t h e r  w ith  NO, i t  g ives  [Co(NO) ]

29
T he  co m p o u n d  [ Mn(CO)(NO)^] w as  o b ta in e d  by the a c t io n  of NO 

on [ M n(CO)^I ] a t  ca . 100°C , w h ile  [Mn(CO)^(NO) ] c a n  be f o r m e d  

f r o m  [ M n^(C O )^(P F h^)^  ] w ith  n i t r i c  ox ide  a t  90°C  in  t e t r a l i n .

On the  o th e r  h an d  [M n(CO)^(NO) ] c an  be  c o n s id e re d  a s  a s o u rc e  

fo r  p r e p a r i n g  [Mn(CO)(NO)^] on  t r e a t m e n t  w ith  n i t r i c  oxide.
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A g r e a t  n u m b e r  of m e ta l  n i t r o s y l c a r b o n y l  com pounds  w ith

o th e r  l ig a n d s  e x is t  su ch  a s  [V(77-C H )(CO)(NO)J^^, [Mo(77^-C_H_) 
36 37 ' 1 5  5

(CO) (NO) ] o r  [R u(C O )(N O )(PPh  )(C1) ] . C a t io n ic  an d
38a n io n ic  c o m p le x e s  a l s o  a r e  know n. In  a n io n ic  s p e c ie s  the

M -N -O  l in k a g e  is  p r o b a b ly  l i n e a r  a n d  the  NO g roup  fu n c t io n s '  a s

a O’ -d o n o r  (L ew is  b a s e ) ,  b a c k  b ond ing  f r o m  the  m e ta l  to  th e  NO

g roup  w ill  o c c u r .  H o w ev e r  in  so m e  c a t io n ic  c o m p le x e s  the  NO

lig a n d  a c t s  a s  a O’- a c c e p to r  (L ew is  a c id ) .  C o n seq u en tly  the

M -N -O  l in k a g e  is  b e n t  to 12 5°

T h e  b e n t  n i t r o s y l  c o m p le x  [ i r  (CO)(NO)(PPh_ )Cl] w as
39

f i r s t  r e p o r t e d  by I b e r s  an d  H o d g so n . T h is  com pound  w as

in v e s t ig a te d  by  X - r a y  d i f f r a c t io n  w h ich  c o n f i rm e d  th e  b e n t  m ode  

of m e ta l  n i t r o s y l  bonding ,

y
I / t ’

I r

L  CO
(F ig  i)

A s y s t e m  p o s s e s s i n g  b o th  l i n e a r  a n d  b en t  m o d e s  of n i t r i c

ox ide  c o o rd in a t io n  is  [R u (N O )^ (P P h ^ )^C l ]^ ,(  F ig .  i i) .  T h is

c o m p le x  is  s q u a r e  p y r a m id a l  w ith  a n  a n g u la r ly  c o o rd in a te d  NO
+in  the  a p ic a l  p o s i t io n  an d  a l i n e a r l y  b o n d ed  NO in  the  b a s a l  

p la n e .  T h e  M -N  d is ta n c e  f o r  a l i n e a r  n i t r o s y l  i s  s h o r t e r  th an  

th a t  fo r  a  b e n t  NO, T h is  i s  b e c a u s e  of g r e a t e r  m e ta l  n i t r o s y l

7 /^ bond ing  in  the  f o r m e r  u n i t .  T h e  n i t r o s y l  s t r e tc h in g  

e q u e n c ie s  NO 18 

n i t r o s y l s  r e s p e c t iv e ly .

f r e q u e n c i e s  2V NO OTCl 845 an d  1687 c m   ̂ f o r  th e  l i n e a r  an d  b en t

IC l , P P h ,
\

R u

P P h  \  (F ig  ii)
O
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T h e  d i f f e r e n c e  b e tw e e n  th e  l i n e a r  a n d  b e n t  m o d e s  of

bond ing  is  the  e l e c t r o n  p a i r  on  th e  n i t r o s y l  l ig a n d ,  the  i n t e r -

c o n v e r s io n  w ould be e a s i ly  a c h ie v e d  by w ith d ra w in g  o r  d ona ting

a n  e l e c t r o n  p a i r  to the  m e t a l  c o u r s e .  T h i s  w as  f i r s t  p o s tu la te d
40by  C o l lm a n  an d  h is  c o - w o r k e r s  in  1969. W hen the n i t r o s y l  b e n d s ,

a n  e l e c t r o n  p a i r  w i th d ra w s  f r o m  th e  m e t a l ,  th is  in  f a c t  w ill  c a u s e

the  c r e a t io n  of a v a c a n t  c o o rd in a t io n  s i t e  on  i t  w h ich  f a c i l i t a te s
41m a n y  c a ta ly t ic  p r o c e s s e s .  T h is  a g r e e s  w ith  the  p o in t  of v iew  

su g g e s t in g  th a t  NO c a n  a c t i v a te  a m e ta l  c e n t r e  m o r e  th an  the  

c o r r e s p o n d in g  c a rb o n y l  w h ich  e x h ib i ts  no te n d e n c y  to bend.

B r id g in g  NO g ro u p s :

B r id g in g  n i t r o s y l  g ro u p s ,  l ik e  th e  l i n e a r  o n e s ,  a r e  

c o n s id e r e d  to a c t  a s  t h r e e - e l e c t r o n  d o n o r s .  T h e y  a r e  l e s s  

c o m m o n  th a n  b r id g in g  c a r b o n y l  g ro u p s .  B o th  doubly  a n d  t r i p ly  

b r id g in g  n i t r o s y l s  c an  o c c u r .  T h e  NO s t r e t c h i n g  f r e q u e n c ie s  

d e c r e a s e  w ith  the  e x te n t  of the  b r id g in g .  F o r  e x a m p le  in  the  

c o m p le x  [M n^( 7y5jC^H^)^(NO)^] t h e r e  a r e  two b a n d s  due to the
-1doubly  b r id g in g  NO g ro u p s  a t  1543 an d  1481 c m  an d  one f r o m

_ 2
the  t r i p ly  b r id g in g  g ro u p  a t  132 0 c m

O

M n
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I n l C r  ( T)^C^H^)(NO)(/^-NO)ÜÜ(-NH^)(NO)(y]^-C^H^)Cr].

the  t e r m i n a l  NO g ro u p s  a b s o r b  a t  1644 c m  w hile  the  b r id g in g
- 1group  h a s  a f r e q u e n c y  of 1505 c m

42
B o t to m le y  s tu d ie d  th e  e l e c t r o p h i l i c i t y  of c o o rd in a te d

n i t r i c  ox ide  a n d  he  d e c l a r e d  th a t  NO m u s t  h av e  a s  lo w  a n  e l e c t r o n

d e n s i ty  a s  p o s s ib le  to a c t  a s  a n  e le c t r o p h i l e .  T h is  cou ld  be

a c h ie v e d  in  n i t r o s y l  c o m p le x e s  w hich  show  v e r y  h ig h  U  NO

f r e q u e n c i e s .  T h is  a r g u m e n t  is  s i m i l a r  to  th a t  u s e d  by  
43A n g e l ic i  in  h is  w o rk  on c a r b o n y ls .  T he  n i t r o s y l s ,  w h ich

B o t to m le y  s tu d ie d  an d  w h ich  b e h av e  a s  e l e c t r o p h i l e s  have  2/ NO

in  the  r a n g e  1886 to 1945 c m  G e n e r a l ly  c o m p le x e s  w ith  1/ NO 
_1

1890cm  r e a c t  w ith  a t  l e a s t  one n u c le o p h i le .  One e x am p le

of the  r e a c t i o n s  s tu d ie d  in  th i s  f ie ld  w as the  n u c le o p h i l ic  a t t a c k  by
_ 2 _

OH on  [Fe(CN^(NO)] a s  fo llow s:

[Fe(CN)g(NO) + 20H " a  [Fe(C N ) (NO^) + H^O

T h is  r e a c t i o n  h a s  a n  e q u i l ib r iu m  c o n s ta n t  o f  1. 5 x  

10^ dm ^ m o l  ^ w h ich  is  lo w e r  th a n  the  v a lu e  2. 3 x  10^^ fo r  the

p a r e n t  r e a c t i o n

NO“̂  + 2 0 H "  Z N O ^ '  + H^O

T h is  show ed  c l e a r l y  th a t  c o o rd in a te d  NO in  

[Fe(C N )^(N O )]^  is  a m u c h  w e a k e r  e le c t r o p h i l e  th a n  " f r e e "  NO^

Tw o m e th o d s  a r e  a v a i la b le  f o r  in d ic a t in g  the  

p r e s e n c e  of a  l i n e a r  MNO g ro u p ,  a) the  s tu d y  o f NO 

f r e q u e n c i e s  a n d  b) C r y s ta l lo g r a p h y ,  w h ich  show s MNO 

a n g le s  b e tw e e n  170. 3 a n d  180° i . e .  l i n e a r .
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442. 4 C y c lo p e n ta d ie n y l  c o m p le x e s .

T h e  c y c lo p e n ta d ie n y l  g roup  c an  bond in  s e v e r a l  w ays  to

m e ta l s .  T h e  m o s t  i m p o r t a n t  a r e

i) Io n ic  c y c lo p e n ta d ie n id e s  w hich  co n ta in  the  C_H_ ion,5 5
e. g. s o d iu m  c y c lo p e n ta d ie n id e .

' ' 'X:H
ii)  7}-c y c lo p e n ta d ie n y ls ,  e. g. M e^ Sn

i i i )  7 ]^-c y c lo p e n ta  d ie n y ls .

A ll  the  e l e m e n t s  of th e  f i r s t  t r a n s i t i o n  s e r i e s  f r o m
5

v a n a d iu m  to n ic k e l  in c lu s iv e  f o r m  b is - c y c lo p e n ta d ie n y ls ,  M (y | 

w hich  p o s s e s s  th e  sa n d w ic h  s t r u c t u r e  l ik e  f e r r o c e n e .

In th e s e  m o le c u le s  th e  m e ta l  a to m  is  e q u id is ta n t  b e tw e e n  two p la n e s  

r e g u la r  r in g s .

C y c lo p e n ta d ie n y l - c a r b o n y l  co m p le x es .

M any  s ta b le  7]^ -c y c lo p e n ta d ie n y lc a rb o n y l  c o m p le x e s  a r e
5

known. In  a l l  t h e s e  c o m p le x e s  the  -c y c lo p e n ta d ie n y l  m e ta l  bonding  

is  c o v a le n t .  M o s t  of th e s e  com p o u n d s  a r e  s ta b le  a t  r o o m  t e m p e r a t u r e .
5

S ince the  J) - c y c lo p e n ta d ie n y l  s y s t e m  is  a b e t t e r  donor and  a
5

w e a k e r  a c c e p to r  th a n  c a r b o n  m o n o x id e  l ig an d , the  "Jj -C ^ H ^  g ro u p  

s t a b i l i z e s  the  M - C ^ O  b o n d in g .B o th  the  m e ta l  c a rb o n y ls  th e m s e lv e s  

and  c y c lo p e n ta d ie n y l  c a r b o n y ls  obey  the  1 8 - e l e c t r o n  ru le  w ith  few  

e x c e p t io n s  a n d  a l s o  g ive  s ta b le  a n io n s  w hen  t r e a t e d  w ith  a lk a l i  m e ta l s ,  

e. g.
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l F e (  r f - C ^ H ^ H C O ) ^ ] ^  N a / H ^  N a + [F e (  y )^ .C ^H ^)(C O )^]-

R e p r e s e n t a t i v e  c o m p o u n d s  f o r m e d  by e le m e n t s  o f  the  f i r s t  

t r a n s i t i o n  s e r i e s  a r e  l i s t e d .  (T ab le  2).

T h e  c y c lo p e n ta d ie n y ln i t r o s y l  c o m p le x e s  hav in g  the

g e n e ^ l  f o r m u la  [M ( 7 ]^ -C  H )(NO) ], w h e re  M =  N i" ^ ^ ,P d ,^ ^
47 ^ ^

P t  w e r e  p r e p a r e d  s e v e r a l  y e a r s  ago . In  s u c h  co m p o u n d s

th e  n i t r i c  ox ide  a c t s  f o r m a l l y  a s  a t h r e e  e l e c t r o n  l ig an d .

T h e  m ic r o w a v e  s p e c t r u m  o f  th e  n ic k e l  c o m p le x  sh o w s  the

s y m m e t r i c  s t r u c t u r e  a s  fo l lo w s ;

1. 676 + 0. 02 A

T A B L E  2

M eta l N u m b e r  of d e l e c t r o n s F o r m u la

T i 4 T iCp^(CO )^

V • 5 VCp(CO)^

C r 6 [C rC p (C O )j]g

Mn 7 MnCp (CO)^

F e 8 [F eC p(C O )g]^

Co 9 CoCp(CO)^

N i 10 [NiCp(CO)]^
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2 , 5 ,  • R e a c t io n s  of c y c lo p e n ta d ie n y ld ic a rb o n y ln i t ro s y l  

m a n g a n e s e  (I) s a l t s  w ith  n u c leo p h i le s
s

R e a c t io n s  of s u b s t i tu te d  c y c lo p e n ta d ie n y l  n i t r o s y l
5 J.

m a n g a n e s e  c o m p le x  c a t io n s  [M nyj -(C^H ^R)(C O )^(N O )] ,

R =  H o r  M e w ith  so m e  p h o sp h in es  and n i t r o g e n  d o n o r  l ig an d s
48 49have  b e e n  in v e s t ig a te d  by m a n y  a u th o r s .  * W hen  Lf= triphenyl-

p h o sp h in e ,  t r i p h e n y l  p h o sp h i te  and  p y r id in e  c r y s t a l l i n e  c o m p le x e s

in  w h ic h  one o r  two c a rb o n y l  g ro u p s  have  b e e n  d i s p la c e d  w e re

i s o la te d  f r o m  the  r e a c t io n  m ix tu r e .  The r e a c t io n s  w e r e  c a r r i e d

out in  a c e to n e  so lu tio n .  Slow evo lu tio n  of a  gas  w a s  o b s e r v e d
5 1 

w hen  the  c o m p le x  [M n-(yj -C^H^R^(CO)^(NO)] [P F ^ ]  w as

d is s o lv e d  in  th is  so lv en t .  T h e  gas  p ro b a b ly  is  c a r b o n  m o n o x id e .

A lso  i t  w a s  n o t ic e d  th a t  the  c o lo u r  of the so lu t io n  c h a n g e s  f r o m

o ra n g e  to  b ro w n .  T h is  d id  n o t  h a p p en  if e th a n o l  w a s  u s e d

in s te a d  of a c e to n e .  T h is  b e h a v io u r  s u g g e s ts  p o s s ib le  su b s t i tu t io n

of a  c a r b o n y l  g ro u p  by a n  a c e to n e  m o le c u le  m a y  ta k e  p la c e .

T he  r e a c t i o n  b e tw e e n  [Mn( 7^^-C^H ^R)(CO )^(N O )]^ and  l ig a n d s

su ch  a s  d im e th y l  pheny l p h o sp h in e ,  p y r id in e s  and  the  b ip y r id y l
49 *o c c u r r e d  s m o o th ly  in  cold  a c e to n e .  B r u n n e r  and  S c h in d le r  

found th a t  s u b s t i tu t io n s  o c c u r r e d  in  re f lu x in g  e th a n o l  d u r in g  

periods g r e a t e r  th a n  1 h r .  J a m e s  and M c C le v e r ty ^ ^  r e p o r t e d  

th a t  the  s u b s t i t u t io n  of c a r b o n y l  l ig an d s  by  the  r a t h e r  w e ak ly  

b a s ic  t r i p h e n y l  pho sp h in e  and  t r ip h e h y l  p h o sp h ite  d id  no t  h ap p en  

s m o o th ly  w i th o u t  a  c a ta ly s t  s u c h  a s  t r im e th y la m in e .  T he  

c o m p o u n d s  w e r e  id e n t i f ie d  by th e i r  i n f r a r e d  and  n. m .  r .  s p e c t r a ,  

w h ich  a r e  c o n s i s t e n t  w ith  the  a s y m m e t r y  of the  m o le c u le s ,  the 

m a n g a n e s e  a to m  be in g  a p r o c h i r a l  c e n t r e .  T he  c o m p o u n d s  m a y  

be r e g a r d e d  a s  h av in g  a p s e u d o te t r a h e d r a l  s t r u c t u r e  w i th  the  

r i n g  o c cu p y in g  one c o - o r d in a te  s i te .

K ing  e t  a l .  a l s o  s tu d ied  the  r e a c t i o n  b e tw ee n  the

m a n g a n e s e  s a l t  [M n (7 j^ -(C ^H ^)(C O )^(N O )]^[PF^] and  s o m e  

t e r t i a r y  p h o s p h in e s  and r e l a t e d  l ig a n d s  upon h e a t in g  in  m e th a n o l .

Y ellow  to o ra n g e  p r o d u c ts  a r e  fo r m e d  w ith o u t  u l t r a v i o l e t  i r r a d i a t i o n  having
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5 +
the  f o r m u la  [Mn ( )] -(C^H^)(CO)(NO) L  ], L  =  P P h ^ ,  A sP h ^ ,  S b P h ^ ,

but no t B iP h ^  o r  P (O P h )^ .  T h e s e  r e a c t i o n s  co u ld  be e ffec ted

t h e r m a l l y  in  c o n t r a s t  to the c o r r e s p o n d in g  r e a c t i o n s  of the

i s o e l e c t r o n ic  [Mn (C H )(CO) ] w ith  t e r t i a r y  p h o s p h in e s  w hich

r e q u i r e  u l t a v io le t  i r r a d i a t i o n .  The p r o d u c ts  h e r e  w e re  p u r i f ie d

by s e p a r a t io n  f r o m  an y  u n r e a c te d  m a n g a n e s e  s a l t  by d is so lv in g  in

d ic h lo ro m e th a n e ,  th en  f i l t e r in g .  The p r e s e n c e  of h ex a f lu o ro p h o sp h a te

a n io n  w as  p ro v e d  by a n  i n f r a r e d  band in  the  r e g io n  860 - 820 c m

T he  r e a c t io n  of [M n(RC^H^)(CO)(NO) L  w ith  p r i m a r y

a m in e s ,  w h e re  R =  H o r  CH , L  =  CO, P P h -  w a s  s tu d ie d  by B u s e t to  
.53 ^

e t  a l , T h e y  su g g e s te d  a n u c le o p h i l ic  a t t a c k  a t  the  c a rb o n  a to m  of

the  c o o rd in a te d  c a rb o n y l  g ro u p .  T he  n a tu r e  of the  carb o x arn id o

p r o d u c ts  "wSlS e s ta b l i s h e d  f r o m  th e i r  i n f r a r e d  s p e c t r a  and, w h e re

p o s s ib le ,  by e le m e n ta l  a n a ly s i s .  T he  s i m i l a r i t i e s  of th e i r  i n f r a r e d

s p e c t r a  to  th o s e  of the  w e ll  c h a r a c t e r i z e d  m e th y la m in e  co m p lex es

in  the  C -O  and  N -O  s t r e t c h in g  reg ions c o n f i rm  th a t  the  s t r u c tu r e  of

th e s e  co m p o u n d s  is  of the type  show n below:

[M n(XC^H^)(CO)(NO) L, f  + 2NH^R ---- > [Mn(XC^H^)(NO){L)(CONHR) ] +RNH^

R e a c t io n s  of c y c lo p e n ta d ie n y l i ro n c a r b o n y l  ca tions  w ith
54^

a m in e s  w e r e  in v e s t ig a te d  by A n g e l ic i  and  B u s e t to .  C om plexes

s u c h  as[M n(C O ) (NH R)(CONHR)], have  b e e n  p r e p a r e d  by r e a c t io n
5 5of M n(CO) B r  w ith  p r i m a r y  a l ip h a t ic  a m in e s .  A n g e l ic i  show ed tha t,

5 . +w h en  the  i r o n  com pound , [F e  (7^ -C ^H ^)(C O )^L  ] , L  =  CO o r  P P h ^

r e a c t s  w ith  the  p r i m a r y  a l ip h a t ic  a m in e s ,  RNH^ the  c a rb o x a m id e

c o m p le x  f o r m s  a s  fo llow s :

[Fe(T|®-C^H^)(CO) L f  + 2RNH —>'[F e(7J^  Hg){CO)(L)(CONHR)]+ RNH^

T he  n a tu re  of th e s e  c o m p le x e s  w a s  e s t a b l i s h e d  f r o m

e le m e n ta l  a n a ly s i s  and th e i r  i n f r a r e d  s p e c t r a .  N. m .  r .  s p e c t r o s c o p ic

d a ta  a l s o  h e lp  in  e lu c id a t in g  the  s t r u c t u r e  of s u c h  com pounds. U n d e r

the  s a m e  co n d it io n s  w h e re  [F e (  H )(CO) r e a c t e d  w ith  a m in e s ,  the
5

n e u t r a l  . m a n g a n e s e  com pound  [Mn(TJ- C ^H ^)(CO )^] d id  not.
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T he  r e s u l t s  o b ta in ed  f r o m  the  i n f r a r e d  s p e c t r a  of th e s e  

com pounds  a r e  in  a c c o r d  with'.

H
/

N
I

R

The [F e(  'R -C ^H ^)(C O )^(C O N H C H ^) c o m p le x  show s two s t r o n g  bands
-1a t  1972 and 2015 c m  in  m e th y lc y c lo h e x a n e  s o lv e n t  w h ich  a r e  

a s s ig n e d  to the  =  O s t r e t c h in g  f r e q u e n c ie s  of the t e r m i n a l

c a rb o n y l  g ro u p s  an d  m e d iu m  in te n s i ty  band  a t  1625 c m   ̂ due to 

=  O s t r e t c h i n g  f r e q u e n c y  of the  c a r b o x a m id e  g ro u p , th is  

is  in  a g r e e m e n t  w ith  w h a t  w a s  found in  p re v io u s  w o rk  on s i m i l a r
56-60

s y s t e m s .

It i s  n o ta b le  th a t  ^  C = O s t r e t c h i n g  f r e q u e n c y  in  the

-CONHR g ro u p  is  lo w e r  th a n  in  HCONHR ( 1700), and  th a t  th e s e

s t r e t c h in g  f r e q u e n c i e s  in  the  com pounds  
5[F e( T l-C ^H ^)(C O )(PPh^){C O N H R )] a r e  lo w e r  th an  th o se  in  the  

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

[F e (  -n -C gH g(C O )^C O N H R  ].

T h is  cou ld  be i n t e r p r e t e d  b e c a u s e  of the  7 T -e le c tro n  d o n a t io n  f r o m  the 

m e ta l  to the  CONHR g ro u p  c a u s in g  a r e d u c t io n  in  the  ^ C  =  O bond 

o r d e r .
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2 .6  R e s u l t s  and D is c u s s io n

T h e  r e a c t io n s  of [M n(M eC^H ^)(CO )^(N O )]^  w ith  

so m e  p h o sp h in e  l ig a n d s  were s tu d ie d  in  a c e to n i t r i l e  a t  s e v e r a l

t e m p e r a t u r e s .  T he  ra n g e  of the  p h o sp h in e  l ig an d  c o n c e n t r a t io n
-2  -1 w as c h o se n  b e tw ee n  5 x 1 0  M̂ ’̂ and 1 . 5 x 1 0  M a c c o rd in g  to  the

s o lu b i l i ty  l im i t a t i o n  in  a c e to n i t r i l e .  T h e  c o n c e n t r a t io n  of the

m a n g a n e s e  com pound  wj

r e p r e s e n t e d  a s  fo llo w s:

m a n g a n e s e  com pound  w as  5 x 1 0  ^M . T he  r e a c t io n  could  be

CH CN
[M n(M eC^H^)(CO)^(NO)] + L  ---------------- [M n{M eC^H^)(CO)(NO)L]+CO (1)

L = P P h ^ ,  P ( p - F - C ^ H ^ ) ^  , P (O P h )^ .

A n  i n f r a r e d  s p e c t r o m e t e r  of the  type  P e r k i n - E l m e r  

177 w as  u s e d  fo r  the  k in e t ic  s tu d y .  T h e  a b s o r b a n c e  w as  

m e a s u r e d  by fo llow ing  the d i s a p p e a r a n c e  of the  p e a k  c o r r e s p o n d in g  

to  the  h ig h e s t  c a rb o n y l  s t r e t c h i n g  f r e q u e n c y  of the  s t a r t i n g  com pound, 

a t  d i f f e r e n t  t im e  in t e r v a l s  f r o m  the  e q u a tio n :

D =  l o g ( T „ / T )

w h e re  T is  the t r a n s m i t t a n c e  of the  p e a k  a t  t im e  t and T^q i s  the  

t r a n s m i t t a n c e  of the  b lan k  s o lu t io n .

Good l i n e a r  p lo ts  w e r e  o b ta in e d  f r o m  the  d a ta  show n 

by p lo t t in g  — InD v e r s u s  t im e  (F ig .  1), T h e  p s e u d o - f i r s t  o r d e r  

r a t e  c o n s ta n ts  o b ta in ed  f r o m  d u p l ic a te  r u n s  of the  s a m e  r e a c t io n  

w e r e  r e p r o d u c ib le  to 5% o r  b e t t e r .  T he  seco n d  o r d e r  r a te  

c o n s ta n ts  o b ta in ed  f r o m  r e a c t io n s  w i th  the  s a m e  r e a g e n t  bu t a t  

d i f f e r e n t  c o n c e n t r a t io n s  w e r e  r e p r o d u c ib le  w ith in  the  e x p e r im e n ta l  

e r r o r .

B e f o re  m a k in g  an y  ru n ,  a  d e c o m p o s i t io n  s tu d y  w as  

c a r r i e d  ou t q u a l i ta t iv e ly  in  a  t e s t  tube  to  ch o o se  the  m o s t  

c o n v en ie n t  s o lv e n t  fo r  the  in v e s t ig a te d  r e a c t i o n .  It w as  n o tic e d  

th a t  the  m a n g a n e s e  com pound  d e c o m p o s e s  f a s t e r  in  a c e to n e  th an  

in  a c e to n i t r i l e .  T he  s ta b i l i ty  in  n i t r o m e th a n e  and  in  m e th a n o l  

so lv e n ts  w as  good, bu t the  r e a c t io n  w i th  p h o s p h in es  w as  v e r y  

s low  in  th e s e  s o lv e n t s .  It w a s  found th a t  the  m a n g a n e s e  c a t io n

-3='KM =  m o l  d m
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te n d s  to d e c o m p o s e  in  a c e to n i t r i l e  so lu t io n  w ith in  a  s h o r t  p e r io d

(about 150 m in ) .  T h is  e x p la in s  w hy the ran g e  of t e m p e r a t u r e  u s e d

f o r  A r r h e n iu s  p lo t  s tu d y  is  l im i te d  (1 0 ,1 5 ,2 0 ,2 5  + 0 .1  °C ).

T h e  d a ta  c o l le c te d  f r o m  k in e t ic  s tu d ie s  of r e a c t i o n  (1)

w h e re  L» is  t r ip h e n y lp h o s p h in e  a r e  show n in  T ab le  3. F r o m  th e s e

d a ta  a  d e f in i te  d e p e n d e n c e  of the  o b s e r v e d  r a t e  c o n s ta n ts  on the

c o n c e n t r a t io n  of the  r e a g e n t  u s e d  can  be d i s c e r n e d .  T h is  is

i l l u s t r a t e d  by (F ig .  2) w h ic h  show s a  p lo t  of k  v e r s u s  theobs
re a g e n t  c o n c e n t r a t io n  in  a c e to n i t r i l e .  T he  f ig u re  show s a z e r o  

i n t e r c e p t  w h ic h  a g r e e s  w ith  the  r a t e  law  give by the  fo llow ing  

eq u a tio n .
R a te  =  k^ [L] [C om plex ]

T h i s  i s  in  a g r e e m e n t  w ith  o b s e rv a t io n s  fo r  so m e  m e ta l  

c a r b o n y ln i t r o s y l  c o m p le x e s  s u c h  a s  [Co(CO)^(NO)] and 

[M n(CO)(NO)^]. T h e s e  r e s u l t s  s u g g e s t  th a t  s u b s t i tu t io n  in v o lv e s  

a b im o le c u la r  d i s p l a c e m e n t  m e c h a n i s m ,  w h ich  could be of the  

type r e p r e s e n t e d  a s  fo l lo w s :

Me Me

CO

M n

CO N CO

Me

+ L -CO
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T he r a t e  d e te r m in in g  s te p  of th i s  m e c h a n i s m  in v o lv e s  no t only  the  

io n  [M n(M eC^H ^)(CO )^(N O )]^ , b u t  a l s o  the r e a g e n t  L .

T h is  m e c h a n i s m  is  e x a c t ly  l ik e  th a t  p ro p o s e d  f o r  the  

CO s u b s t i tu t io n  r e a c t i o n  of [Co(CO)^(NO)] and i t  i s  s i m i l a r  f o r  

the S ^ 2  m e c h a n i s m  p r o p o s e d  in  o rg a n ic  c h e m i s t r y  fo r  r e a c t io n s  

a t  a t e t r a h e d r a l  c a r b o n .  T h e  c o n f ig u ra t io n  of the  five  c o o rd in a te d  

i n t e r m e d ia t e  i s  no t know n, h o w e v e r  i t  is  q u ite  p o s s ib ly  e i t h e r  a  

s q u a r e  p y r a m id  o r  t r i g o n a l  b ip y r a m id .  T he  l a t t e r  i s  f a v o u re d  

h e r e  s in c e  th e r e  a r e  m a n y  e x a m p le s  of s u ch  s t r u c t u r e s  in  s y s t e m s  

co n ta in in g  Tr-bonding l ig a n d s .

T he  r e a s o n  w hy  m e t a l  n i t r o s y l  c a rb o n y ls  u n d e rg o

b im o le c u la r  d i s p la c e m e n t  r e a c t i o n s  m a y  be due to  the  e a s e  w ith

w h ich  n i t r i c  oxide c a n  o c c u r  in  m e t a l  c o m p le x e s  in  the fo r m s  
—

NO , NO, NO c o m p a r e d  w i th  c a r b o n  m onox ide  w h ich  can  a c t

only  a s  a  two e le c t r o n  d o n o r  in  th e s e  s y s t e m s .  A s m en tio n e d

above  n i t r i c  a c id  is  n o r m a l l y  a  t h r e e  e l e c t r o n  l ig an d , bu t c a n

b eh av e  a s  a  one e l e c t r o n  d o n o r  l ig a n d  in  so m e  c o m p le x e s .
+

It i s  though t th a t  the n i t r o s o n i u m  io n  NO is  the  b e t t e r  a p p r o x 

im a t io n  of the  g round  s t a t e  e x i s t e n c e  of th is  l ig a n d .

M n^- N"̂  =  d^: M n"  =  N"*" =  O: <— » M n -  N .

III I II

1C d o n o r

A m a jo r  c o n t r ib u t io n  f r o m  s t r u c t u r e  I i s  found in  

m o s t  of the  M - NO b o n d ing . S t r u c t u r e  II show s th a t  n i t r i c  

oxide b e h a v e s  a s  a  o n e - e l e c t r o n  d o n o r  and  is  p r e s e n t  in  the  

f o r m  NO . S t r u c tu r e  II i s  n o t s ig n i f ic a n t ly  im p o r ta n t  fo r  the  

g ro u n d  s t a t e  of the  m a n g a n e s e  c o m p le x .  In  the  t r a n s i t i o n  s ta t e ,  

i t s  f o r m a t i o n  w ould  be of g r e a t  v a lu e ,  the  r e a s o n  is  b e c a u s e  

a v a c a n t  o r b i t a l  of low e n e r g y  on  the m e ta l  c a n  th en  be r e a d y  to 

a c c e p t  a  p a i r  of e l e c t r o n s  f r o m  a n  e n te r in g  r e a g e n t .  By th is ,  

a  b im o le c u la r  d i s p la c e m e n t  p r o c e s s  cou ld  be a p p ro a c h e d .
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T h is  type  of m e c h a n i s m  is  no t a v a i la b le  to  b in a r y  

c a r b o n y l  s y s te m s  s u c h  a s  [Ni(CO)^] w h e n  th ey  r e a c t  w ith  

d i f f e r e n t  n u c le o p h i le s .  The f i r s t  s t e p  of the  r e a c t io n  in v o lv es  

the  s low  d i s s o c ia t io n  of n ic k e l  t e t r a c a r b o n y l  to give a t r i 

c o o rd in a te  in t e r m e d ia t e  a s  show n be low .

[Ni(CO)^] Ni(CO)^ + CO ^ [Ni(CO)^L]

T h e  k in e t ic  s tu d y  of th is  r e a c t i o n  show ed  th a t  i t  is  f i r s t  o r d e r  and  

the  r a t e  d e te r m in in g  s te p  is  d e p e n d e n t  on ly  on the  n ic k e l  c o m p le x  

c o n c e n t r a t io n .  N ic k e l  t e t r a c a r b o n y l  i s  t e t r a h e d r a l  and d ia m a g n e t ic .  

T h e  a c t iv a te d  c o m p le x  f o r m e d  in  the  t r a n s i t i o n  s ta te  is  l ik e ly  to be 

a  t r i - c o o r d i n a t e d  s p e c i e s .  S p e c t r o s c o p ic  ev id en ce  fo r  su ch  

s p e c i e s  have  b e en  found a t  v e r y  low  t e m p e r a t u r e s  by m a t r i x  

i s o la t io n .  T he  f o u r th  c o o rd in a t io n  p o s i t io n  of the  n ic k e l  m a y  be 

o c c u p ie d  s u b se q u e n t ly  by the  a t ta c k in g  l ig a n d .

M e a s u r e m e n t s  of a c t iv a t io n  p a r a m e t e r s  c an  give an  

in d ic a t io n  ab o u t the  type  of m e c h a n i s m  fo llo w ed . F o r  in s ta n c e  a 

p o s i t iv e  a c t iv a t io n  e n t ro p y  is  to  be e x p e c te d  f o r  a  d i s s o c ia t iv e  

p r o c e s s ,  b e c a u s e  in  the  t r a n s i t i o n  s ta t e  so m e  d e g r e e s  of f r e e d o m  

a r e  g a in ed .  B u t in  c a s e  of b im o le c u la r  r e a c t io n  m e c h a n is m ,  the 

a c t iv a t io n  e n t ro p y  is  n e g a t iv e ,  b e c a u s e  s o m e  d e g r e e s  of f r e e d o m  a r e  

l o s t .

O b s e rv e d  r a t e  c o n s ta n ts  d ep en d  on t e m p e r a t u r e .

P lo t s  show ing  d i f f e r e n t  f o r m s  of th is  d e p en d e n c y  a r e  g iven  below}

0)
4-i

T e m p e r a t u r e
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III IV

<ü

n)
Ph

T e m p e r a tu r e

C a s e  1 is  c o m m o n  and c a l le d  A r r h e n iu s  t e m p e r a t u r e  d e p en d e n c e ,  

bu t c a s e s  f r o m  II to V m a y  be c a l le d  a n t i - A r r h e n i u s .  W hen 

A r r h e n i u s '  e q u a t io n  h o ld s ,  i t  i s  found th a t  a p lo t  of log  k  v e r s u s  

l / .T  i s  n e a r l y  l i n e a r  w ith  n e g a t iv e  s lo p e .  T h is  i s  in  a g r e e m e n t  

w ith  the  r e l a t io n s h ip

d In k / d T  =  E  /R T ^  ,

i s  k n o w n  a s  A r r h e n iu s  a c t iv a t io n  e n e rg y ,  w h ich  is  in d e p en d e n t  

of t e m p e r a t u r e .  I n te g r a t io n  r e s u l t s  in

Ink  = - E ^ / R T  + c o n s ta n t ,  o r

-E  / R Tk =  Z e a ,* k  is  the  r a t e  c o n s ta n t ,

T is  the  a b s o lu te  t e m p e r a t u r e ,  R is  the  gas  c o n s ta n t .

By p lo t t in g  Ink  a g a in s t  1 /T ,  a  s t r a i g h t  l in e  i s  o b ta in e d  f r o m  

w h ic h  the  s lo p e  could  be c a lc u la te d

s lo p e  =  - E / R ,  and f r o m  th is  r e l a t io n s h ip

E could  be d e te r m in e d .

T he  e n th a lp y  of a c t iv a t io n ,  A H  , could  a l s o  be d e t e r m i n e d  f r o m  

the e q u a t io n
A H  =  E - R T

S u b s e q u e n t ly  the  e n t ro p y  of a c t iv a t io n  AS c an  be d e r iv e d  u s in g  

the fo l lo w in g  eq uation :



37

In  k  =  In k*+ InT - AH^ + AS^ 
h  R T R

k  =  B o l t z m a n n ’s c o n s ta n t  

h  =  P l a n c k 's  c o n s ta n t .

T he v a lu e s  of the  a c t iv a t io n  p a r a m e t e r s  AH and 

As"^ f o r  the  r e a c t io n  of m a n g a n e s e  com pound  w ith  P P h ^  w e r e  

r e c o r d e d  in  T a b le  5.

T he  n e g a t iv e  v a lu e  of AS in d ic a te s  th a t  the  r e a c t i o n  

p ro c e e d s  by a  b im o le c u la r  m e c h a n i s m .  M any w o r k e r s  have  

found s i m i l a r  r e s u l t s  f o r  s u c h  b im o le c u la r  s u b s t i tu t io n  r e a c t i o n s ,

fo r  e x a m p le  fo r  the  r e a c t i o n  of [Co(CO) (NO)] w ith  P P h  , B a s o lo
1 ^  1 '  

found AH =  64 k  J  m o l  and  AS = - 1 0 3  J . K ,  moL”^.

T he  r e a c t i o n  of the  m a n g a n e s e  com pound  w ith

P ( p -F -C ^ H ^ )^  w a s  t r i e d  a t  25+ 0, 1 °C . U nder  the  s a m e  co n d i t io n s

a t  w h ich  the  t r ip h e n y lp h o s p h in e  l ig a n d  w as  s tu d ied ,  th is  r e a c t i o n

w as found to  be too s low  to  fo llow  k in e t ic a l ly  e v en  by  u s in g  20 o r  50

t im e s  e x c e s s  of the  l ig a n d  c o n c e n t r a t io n .

A t 35 + 0. 1 °C  , h o w e v e r ,  a r e a s o n a b le  r a t e  of

change in  the  in te n s i ty  of the  i n f r a r e d  p e ak s  w as  o b s e r v e d .

The d e c o m p o s i t io n  of the  m a n g a n e s e  com pound  a t  s u c h  a h igh

t e m p e r a t u r e ,  h o w e v e r ,  c a u s e d  d iff icu l ty .

T he  k in e t ic  p r o c e d u r e  is  d e s c r ib e d  below  in  the

e x p e r im e n ta l  s e c t io n .  The r e a c t i o n  w as  fo llow ed  by m e a s u r i n g
- 1

the change  in  a b s o r b a n c e  a t  2125 c m  . The p e a k  w h ic h  is
- 1

g ra d u a l ly  f o r m e d  a t  2075 c m  is  a s s ig n e d  to the  p ro d u c t .

B y p lo t t in g  -InA a g a in s t  t im e  a s t r a ig h t  l in e  w as  

o b ta ined , f r o m  w h ich  v a lu e s  of the  in i t i a l  r a t e  c o n s ta n ts  cou ld  

be c a lc u la te d  (F ig . 4). T he  r e l a t io n s h ip  b e tw een  k^^^  and  the 

phosph ine  l ig a n d  c o n c e n t r a t io n  gave  a  good l in e a r  p lo t  p a s s in g  

v e r y  n e a r  to the  o r ig in  (F ig .  5). T h is  in d ic a te s  th a t  the  

o b s e r v e d  r a t e  c o n s ta n ts  a r e  p ro p o r t io n a l  to the  t r i - p a r a -  

f lu o ro p h en y lp h o sp h in e  c o n c e n t r a t io n .  T he  s lope  of th is  p lo t
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g ives  the  va lu e  of a s e c o n d  o r d e r  r a t e  c o n s ta n t .

U n fo r tu n a te ly ,  b e c a u s e  of the  te n d e n c y  of the 

m a n g a n e s e  com pound  to d e c o m p o s e  f a s t e r  a t  h ig h e r  t e m p e r a t u r e s ,  

i t  w i l l  be u n s a t i s f a c to r y  to e x te n d  the  s tu d y  to d e te r m in e  the 

a c t iv a t io n  p a r a m e t e r s  f o r  th is  r e a c t i o n .  T a b le  6 shows the 

v a lu e s  o b ta in ed  fo r  o b s e r v e d  r a t e  c o n s ta n ts  w ith  d i f f e r e n t  l ig an d  

c o n c e n t r a t io n s .

The r e a c t i o n  b e tw e e n  the  m a n g a n e s e  com pound and

P (O P h )^  w a s  in v e s t ig a te d  by  u s in g  the  s a m e  r e a c t a n t  c o n c e n t ra t io n s

a s  f o r  P P h ^  l ig an d . E v e n  a t  60 °C , h o w e v e r ,  only  t r a c e s  of

p r o d u c t  w e r e  f o r m e d  a f t e r  1 h r .  T h is  a g r e e s  w ith  the r e p o r t e d

se q u e n c e  of r e a c t i v i t y  of th e  p h o sp h in e  l ig a n d s  f o r  s u b s t i tu t io n
1 5of m e ta l  c a rb o n y l  c o m p le x e s .  T he r a t e s  l i e  in  the  o r d e r  

P ( E t^ ) - ^ P ( n - P r ) ^ > P ( E t )2 P h :> P ( E t ) P h ^ ) > P ( O M e ) ^ > P P h ^ ) > P ( O P h ) ^

T he r e a c t i o n  b e tw e e n  the m a n g a n e s e  com pound  and 

diphe nyl -p  - m e  thoxyphe ny lpho  s ph in e  w as  a ls o  a t te m p te d .  The 

r e a c t i o n  w e n t  sm o o th ly  a t  f i r s t  b u t  a f t e r  abou t 70 m in , i t  s t a r t e d  

to a c c e l e r a t e  sud d en ly .  ' T h is  b e h a v io u r  w h ich  w as  a lso  o b s e r v e d  

w ith  the  l ig an d  P ( p - F - C ^ H ^ ) ^  i s  n o t u n d e rs to o d ,  but m a y  be due to • 

t r a c e s  of im p u r i t i e s  in  the  s o lv e n t  w h ich  c a ta ly s e  the r e a c t io n .
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T A B L E  3

V a lu e s  of k  , and k_ fo r  th e  r e a c t i o n  b e tw e e n  obs 2

[ M n(M eC  H )(CO) (NO)] P F ,  and  P P h  in  a c e to n i t r i l e  at 
D 4  2 D 3

d i f f e r e n t  t e m p e r a t u r e s , .........................

T / ° C [ L] /  m o l  dm  ^ ^  I  s -1obs j i O ^ k ^ /  d m ^ m o l   ̂s ^

1 0 .0 0 .0 5 0 .2 8 0 .5 6

1 0 .0 0 .0 7 5 0. 59 0 .7 8

1 5 .0 0 .0 5 0 .6 4 1 .2 8

1 5 .0 0 .0 7 5 1 .0 9 1 .4 5

1 5 .0 0 .1 0 1 .2 4 1 .2 4

1 5 .0 0. 12 1 .6 0 1 .3 3

2 0 .0 0 .0 5 1 .0 5 2 .1 0

2 0 .0 0 .0 7 5 1 .4 1 1 .8 8

2 0 .0 0 .1 0 1 .91 1 .91

2 0 ,0 0 .1 2 2 .3 0 1 .91

2 5 .0 0 ,0 5 1 .7 0 3 .4 0

2 5 .0 0 .0 7 5 2 .61 3 .4 8

2 5 .0 0. 10 3 .0 3 3 .0 0

2 5 .0 0. 12 4 .3 0 3 . 5  8



T A B L E  4

V a lu es  of In  k  and  1 /T  fo r  the  r e a c t io n  b e tw ee n
+ ■"[ M n(M eC^H ^)(CO )^(N O )] P E ^  and  t r ip h e n y lp h o sp h in e  in  a c e to n i t r i l e  

a t  the  c h o s e n  t e m p e r a t u r e s .

40

T / K 1 / T / K ' ^ k ^ /d m ^  m o l   ̂ s ^ In k

2 8 3 .4  

288. 2

29 3. 4  

298. 2

0. 00350 

0. 00347 

0. 00340 

0. 00335

0. 67 X 10*^ 

1 . 2 8  X 10 "^

1. 95 X 10"^ 

3 .4 8  X 10"^

-7 . 30 

-6 . 66 

-6 . 24 

- 5 .6 6

T A B L E  5 

f  .4;
A c t iv a t io n  p a r a m e t e r s  AH ' an d  AS of the r e a c t io n  b e tw ee n  

[ M n(M eC ^H ^) (CO)^ (NO) ]^ P F ^  and  P P h ^  in  a c e to n i t r i l e  a t  d i f f e r e n t  

t e m p e r a t u r e s .

T / K A H ^ /k J  m o l A S '^ /JK  m o l '^

2 8 3 .4 78. 3 - 29 . 4

288. 2 78. 2 - 2 8 .7

293.4 78. 2 -30 . 1

298. 2 78. 2 - 29 . 9
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TA B L E 6

V a lu es  of k  , f o r  the  r e a c t io n  b e tw ee n  [Mn(MeC H )(CO)_ (NO)] P F ,  obs  D 4 Z o

an d  P  (p - F ( C .H ^ ) ^ )  a t  35. 0 + 0. 1 C.

_ 2
[ L  ] /  m o l dm

0 .1 5 6 2. I X l O' S

0 .2 0 3. 0 X 10"^

0. 225 3. 3 X 10"^

0. 25 3. 7 X 10"^
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COXIO

4

3

2

1

0

[Lr ] /  m o l  d m

Fig-S" P lo t  of V .  [P (p -F (C ^ H ^ )^ ) ]  f o r  the r e a c t io n  b e tw ee n

[M n(M eC^H ^)(CO )^(N D )] and  in CH^CN a t  35°C .
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2. 7 E x p e r im e n ta l  S ec tion  

R e a g e n ts  and  S o lven ts :

T r ip h e n y lp h o sp h in e :  w a s  o b ta in ed  c o m m e r c i a l ly  

an d  u s e d  w ithou t any  f u r th e r  p u r i f ic a t io n .

T r i(4 - f lu o ro p h e n y lp h o sp h in e )  : u sed  a s  th e  

c o m m e r c i a l  p ro d u c t .

T r ip h e n y lp h o s p h i te : w as  o b ta in ed  c o m m e r c ia l ly ,  

bu t, b e f o r e  u s e  i t  w as  d i s s o lv e d  in  a  s u s p e n s io n  of so d iu m  in  

e th e r ,  a l lo w ed  to  s tan d  o v e rn ig h t  and  th e n  f r a c t io n a l ly  d i s t i l l e d  

u n d e r  n i t r o g e n .

A cetone : th is  w a s  p u r i f i e d  by  add ing  type  L in d e  (4A) 

m o l e c u l a r  s ie v e s ,  and  th e n  d i s t i l l e d  a f t e r w a r d s .

T e t r a h y d r o f u r a n :  th is  w as  re f lu x e d  o v e r  and

d i s t i l l e d  f r o m  so d iu m  an d  b en zo p h e n o n e .  T h is  so lv en t  h ad  to  be  

u s e d  d i r e c t l y  a f t e r  d is t i l la t io n .

A c e to n i t r i le :  w a s  p u r i f i e d  by  the  m e th o d  of P e r r i n ,
o

Shaking  w ith  d r i e d  L inde 4A m o l e c u la r  s ie v e s  re m o v e d  m o s t  of the  

w a te r  co n ten t  in  a c e to n i t i r i l e . T h en  s t i r r i n g  w ith  c a lc iu m  h y d r id e  

u n t i l  no f u r t h e r  h y d ro g e n  w a s  evo lved , r e m o v e d  a c e t ic  ac id ,  b u t 

le f t  t r a c e s  of w a te r .  T he  so lv e n t  w as  d i s t i l l e d  by  f r a c t io n a l  

d i s t i l l a t io n  a t  h igh  re f lu x  u n d e r  n i t ro g e n .  P h o s p h o ru s  pen tox ide  

w a s  ad d ed  to  r e m o v e  any  r e m a in in g  w a te r .  A ny e x c e s s  of P ^O ^  

sh o u ld  b e  avo ided , b e c a u s e  i t  f o r m s  a n  o ra n g e  p o ly m e r .  T r a c e s  

of P ^ O ^  co u ld  b e  re m o v e d  b y  d is t i l l in g  f r o m  an h y d ro u s  K^CO^. 

H o w e v e r  t h i s  m e th o d  of p u r i f i c a t io n  w as  con v en ien t fo r  so m e  

r e a c t i o n s  w h ile  fo r  o th e r s  i t  w a s  no t. T h is  w as  ex p la in ed  b y  

ru n n in g  th e  i n f r a r e d  s p e c t r u m  of d i f f e r e n t  s a m p le s  of th e  so lv en t .  

W hen  th e  s p e c t r u m  of th e  p u r i f ie d  so lv en t  b y  P e r r i n ' s  m e th o d  

w a s  c o m p a r e d  to  th a t  of th e  s t a n d a r d  one a  s t ro n g  new p e ak  

a p p e a r e d  a t l 2  3 0  cm  w h ich  c a n  be  a s s ig n e d  to  P  = O.
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P r e p a r a t i o n  of n ie th y lc y c lo p e n ta d ie n y lc a rb o n y ln i t ro s y l -  

m a n g a n e s e h e x a f lu o ro p h o s p h a te
3 0T h e  co m p le x  w as  p r e p a r e d  a c c o r d in g  to K in g 's

m e th o d .  T h e  r e a c t a n t s ,  m e th y lc y e lo p e n ta d ie n y l t r i c a r b o n y l -
3m a n g a n e s e  (30 g. ) in  95% e th an o l (450 c m  ) and  c o n c e n t r a te d

2
h y d r o c h lo r i c  a c id  (90 c m  ) w e re  m ix e d  u n d e r  n i t r o g e n .  T he

m ix tu r e  w a s  h e a te d  to. bo iling  po in t, and  a so lu t io n  of so d iu m
3n i t r i t e  (1 0 .5  g. ) in  w a te r  (25 c m  ) w as  a d d ed  d ro p w is e .  The

r e a c t i o n  m ix tu r e  w as  f i l t e r e d  to r e m o v e  s o d iu m  c h lo r id e .  T he

f i l t r a t e  w a s  t r e a te d  im m e d ia te ly  w ith  a  so lu t io n  of a m m o n iu m
3

h e x a f lu o ro p h o s p h a te  (30 g. ) in  w a te r  (50 c m  ), th en  a llow ed  to 

co o l .  T h e  p ro d u c t  w as  p r e c ip i t a t e d  a s  ye llow  c r y s t a l s  w h ich  

w e r e  f i l t e r e d  and p u r i f ie d  by r e  c r y s t a l l i z a t i o n  f r o m  d r y  

d i e th y le th e r  a f t e r  d is so lv in g  in  d r y  a c e to n i t r i l e .  Y ie ld  w as  80%.

P r e p a r a t i o n  of m e  thy lcy  c lo p e n ta d ie n y lc a r b o n y ln i t r  os y l t r ip h e n y l -
49

p h o s p h i te m a n g a n e s e  h e x a f lu o ro p h o s p h a te .

A so lu t io n  of [M n(M eC^H ^)(CO ) (NO)]’’' [ P F ^ ] '  (1 .3  g . )  

in  a n h y d ro u s  a c e to n e ( l0 cm ^) w as  m ix e d  w ith  t r ip h e n y lp h o s p h i te  

(1 g. ) w i th  good s t i r r i n g  u n d e r  n i t r o g e n .  C o m p le te  e v o lu tio n  of 

c a r b o n  m o n o x id e  gas  c e a s e d  a f t e r  ab o u t 2 h r .  - the  so lv e n t  w as  

r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The r e s id u e  w a s  ta k e n  up 

s e v e r a l  t im e s  in  s m a l l  q u a n t i t ie s  of m e th y le n e  c h lo r id e .  The 

s o lu t io n  w a s  f i l t e r e d ,  and h ex an e  w as  add ed  to the  f i l t r a t e  to 

p r e c i p i t a t e  the  p ro d u c t .  The o ra n g e  p h o sp h ite  d e r iv a t iv e  is  a i r  

s t a b le  in  the  so l id  s ta t e ,  bu t d e c o m p o s e s  s lo w ly  in  so lu t io n  

th ro u g h  o x id a tio n .  Y ie ld  is  abou t 72%.

P r e p a r a t i o n  of d ip h e n y l-p - to ly lp h o sp h in e  f r o m  a G r ig n a r d
6 3

r e a g e n t  and  c h lo ro d ip h e n y lp h o s p h in e .

T h e  m e th o d  fo llow ed  w as th a t  of V a l ie n t  e t  a l .
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T he  m a g n e s iu m  ( tu rn in g s)  (5. 6 g) w as p la c e d  in  the  r e a c t i o n

v e s s e l ,  to  w hich  a so lu tio n  of p a r a - b r o m o to lu e n e  (37, 6 g)
3

in  t e t r a h y d r o f u r a n  (75 cm  ) w as ad d ed  in  d ro p s  v e r y  s lo w ly .

T he  r e a c t io n  is  e x o th e rm ic .  A f te r  add ing  the w hole  q u a n t i ty

of p - b r o m o to lu e n e ,  the  r e a c t io n  m ix tu r e  w as t r e a t e d  w ith  a

so lu t io n  of c h lo r  o d ipheny lphosph ine  (33 g, ) in  t e t r a h y d r o f u r a n  
3

(2 5 c m  ), T h e n  i t  w as le f t  u n d e r  re f lu x  fo r  a b o u t  24 h r .  

to  o b ta in  good y ie ld  75% (m. p.^g.g , L i t  7 9 °C ). T h e  m e th o d  

cou ld  be  r e p r e s e n t e d  by the  eq u a tio n s

Mg tu rn in g s  . + B r  ^ ------ ^ ^ 3  C H j

B rM g CH_ +

+ M g B rC l

diphe n y l-p - to ly lp h o  sph ine

P r e p a r a t i o n  o f  d ip h en y l-p -m e th o x y p h e n y lp h o sp h in e

T h e  p r o c e d u r e  fo llow ed  is  s i m i l a r  to  th e  p r e c e d in g  

one e x c e p t  in  the  f i r s t  s te p  p -b r o m o a n i s o le  w as u s e d  in s t e a d  of 

p -b r o m o to lu e n e  to  p r e p a r e  th e  G r ig n a r d  r e a g e n t  (Y ield  70%, 

m . p .  7 8 . 7 °C , L i t .  79°C).
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K in e t ic  p r o c e d u r e

The r a t e s  of the  r e a c t io n s  

[Mn(MeC^H^)(CO)^(NO) ]+ [PF  ] '  + L  -------

[Mri(MeC^H^)(CO)(NO) L  ] + CO "f , (1)

L =  PPh^, P(O Ph)2,P(p-FC ^H ^)2

w e r e  fo llow ed  by m o n i to r in g  c h an g es  in  the  in f r a r e d  s p e c t r u m  

of the  r e a c t io n  m ix tu r e  by  u s in g  an  in f r a r e d  s p e c t r o m e t e r  of 

the  type  P e r k i n - E l m e r  177. A ll  the k in e t ic  s tu d ie s  w e r e  

c a r r i e d  out u n d e r  p s e u d o - f i r s t  o r d e r  cond itions  u s in g  a t  

l e a s t  a  ten fo ld  e x c e s s  of r e a g e n t .  A p r e l im in a r y  s tudy  

show ed  th a t  [M n(M eC^H^)(CO)^(NO) ] '^ [P F ^]“ obeyed the 

B e e r - L a m b e r t  law  in  the  C -O  s t r e tc h in g  re g io n .

The r e a c t io n s  w e r e  c a r r i e d  out u n d e r  n i t r o g e n  in  

a n  a lu m in iu m  f o i l - w r a p p e d  v e s s e l  (the c o m p le x  is  p h o to 

s e n s i t iv e ) ,  f i t te d  w ith  a  s e r u m  cap . The re a g e n t  so lu t io n s  

w e r e  p r e p a r e d  and t h e r m o s ta t t e d  f o r  abou t 2 0 m in . 'B 'iey  w e r e  th en  

t r a n s f e r r e d  .into the r e a c t i o n  v e s s e l  by: m e a n s  of a s y r in g e  ^equipped 

w ith  a s ix  in ch  n e e d le .  A s a m p le  of the m ix tu r e  w as  th en

in je c te d  in to  the  i n f r a r e d  c e l l .  The c o n c e n tra t io n  of the  

[M n(M eC ^H ^)(C O )^(N O )]^[P F^] had  to be b e tw een  5 x 1 0  ^ M 

and  2 x  10“^ M. A t a p p r o p r i a t e  t im e  in te r v a l s  s m a l l  p o r t io n s  

w e r e  w i th d ra w n  f r o m  the r e a c t io n  v e s s e l  w ith  the  s y r in g e ,  

t r a n s f e r r e d  in to  the  i n f r a r e d  c e l l  and th e i r  in f r a r e d  s p e c t r a  

m e a s u r e d  a g a in s t  a  r e f e r e n c e  co n ta in ing  the  r e a g e n t  so lu t io n  

on ly . A bout f i f te e n  m e a s u r e m e n t s  w e re  m ad e  d u r in g  a 

p e r io d  of 115 m in .

A few  r e a c t io n s  w e r e  too f a s t  to  follow  by the  

p r e c e d in g  m e th o d .  In su ch  c a s e s  the  r e a c ta n t s  w e re  p r e p a r e d ,  

th e r m o s t a t t e d ,  and  m ix e d  to g e th e r  in  the  n o r m a l  m a n n e r .

H o w ev e r ,  a s  so o n  a s  they  w e r e  m ix ed  a s m a l l  v o lum e  w as  

t r a n s f e r r e d  in to  a th e r m o s ta t t e d  in f r a r e d  c e l l .  R e p e a te d



51

- 1  - 1
s c a n s  o v e r  the  f r e q u e n c y  ran g e  2400 c m  to  2000 c m  w e re

m a d e  a t  su i ta b le  t im e  in te r v a l s .  T h e  ch an g e  in  a b s o r b a n c e  due 

to the  h ig h e s t  e n e r g y  C -O  s t r e t c h in g  band of 

[M n(M eC ^H ^(C O )^(N O )]^]PF^] w as  fo llow ed  co n tin u o u s ly  

by  m e a n s  of a r e c o r d in g  pen . It  w a s  found th a t  the ba th  

t e m p e r a t u r e  w h ich  supp lied  the  coo ling  w a te r  f o r  the  c e l l  

n e e d e d  to be a t  23. 2 °C  in  o r d e r  to give a t e m p e r a t u r e  of 25. 0°C 

w i th in  the  t h e r m o s ta t t e d  c e l l  w h en  i t  w as  in  the  i n f r a r e d  b e a m .
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C H A P T E R  3.

K in e t ic  s tu d y  of th e  r e a c t io n  of ( 6 - p h e n y lh e x a -3, 5 - d i e n - 2 - o l )  

t r i c a r b o n y l i r o n  and  t r i f lu o r o a c e t ic  a c id .

3 .1 .  In t ro d u c t io n .

S e v e r a l  c a t io n ic  c o m p le x e s  in  w hich  a  t r i c a r b o n y l i r o n

s p e c ie s  i s  -b o n d e d  to  a  p en tad ien y l  g roup  h av e  b e e n  p r e p a r e d .

F i s c h e r  a n d  F i s c h e r ^  in  I960 s u c c e e d e d  in  is o la t in g  s ta b le

s a l t s  of th e  c y c lo h e x a d ie n y l t r ic a r b o n y l  c a t io n  f r o m  th e  r e a c t i o n

of c y c lo h e x a d ie n e t r i c a r b o n y l i r o n  w ith  t r i p h e n y lm e th y l  f lu o r o b o ra te .
2Daub en  an d  H onnen  h a d  p re v io u s ly  u sed  a  s i m i l a r  m e th o d  f o r

p r e p a r i n g  th e  s a l t s  of the  t r o p y l iu m tr ic a rb o n y h n o ly b d e n u m  ca t io n .

T he  s a m e  p r in c ip le  w as  u t i l i s e d  to  ob ta in  s a l t s  of c y c lo h e p ta d ie n y l-

f r i c a r b o n y l i r o n  c a t io n  b y  h y d r id e  ion  a b s t r a c t i o n  f r o m  c y c lo h e p ta -
3

d i e n e t r i c a r b o n y l i r o n .

S tudy  of th e  s t r u c t u r e  and  s p e c t ro s c o p ic  p r o p e r t i e s  of

s u b s t i t u te d  p e n ta d ie n y l t r i c a r b o n y l  ca t io n s  h a s  b e e n  c a r r i e d  out

b y  m a n y  w o r k e r s .  F o r  in s ta n c e  the  in v e s t ig a t io n  m a d e  b y  
4, 5

M a h le r  et a l  , c o v e r e d  m a n y  im p o r ta n t  a s p e c t s  of th e  

c h e m i s t r y  of s u c h  t r i c a r b o n y l i r o n  c a t io n s .  The s t r u c t u r a l  

p r o p e r t i e s  h a v e  b e e n  s tu d ie d  in  d e ta i l  by  n. m .  r .  s p e c t ro s c o p y .

M e c h a n is t i c  s tu d ie s  and  k in e tic  m e a s u r e m e n t s  u s u a l ly  

m a k e  u s e  of i n f r a r e d  s p e c t r o s c o p y  fo r  fo llow ing the  d e c r e a s e  in  

th e  i n te n s i ty  of th e  c h a r a c t e r i s t i c  b an d s  of th e  c a r b o n y l  g ro u p s  

in  th e  p a r e n t  c a t io n .
A

M a h le r .a n d  P e t t i t  show ed th a t  th e  p e n ta d ie n y l t r i c a r b o n y l  

i r o n  c a t io n s  c a n  b e  p r e p a r e d  by  t r e a tm e n t  of a  s e r i e s  of p e n ta -  

d ie n o l t r i c a r b o n y l i r o n  c o m p le x e s  w ith  f lu o ro b o r ic  a c id .  A d d it io n  

of e th e r  to  th e  r e a c t i o n  m ix tu r e  c a u s e d  p r e c ip i ta t io n  of th e  

c a t io n  s a l t s  a s  b r ig h t  ye llow  c r y s t a l s .  In  a l l  c a s e s  n . m .  r .  

a n a ly s i s  of th e  s a l t s  in d ic a te d  th a t  th ey  p o s s e s s e d  th e  

c i s o id  s t r u c t u r e  i l l u s t r a t e d  be low .
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R

9 H
l

•c h - r '

• Fe"^ 
(CO),

HBF R B F

a - R^ =  R^ =  H 

b - R^ =  H, R^ =  CH, 

c - R^ =  R^ =  CH

The s a l t s  w e re  found to  b e  t h e r m a l ly  s ta b le ;  h o w ev er ,  

th e y  w e r e  found to  r e a c t  w ith  a  v a r i e t y  of n u c le o p h i le s  such  a s  

w a te r ,  a lc o h o ls ,  a m in e s ,  h y d r id e  io n s ,  and e l e c t r o n - r i c h  

a r o m a t ic  co m p o u n d s .

B e fo re  going any  f u r t h e r ,  i t  i s  w o r th  m e n t io n in g  th a t  

a c y c l ic  c a t io n s  m ig h t  e x is t  i n  two f o r m s ,  a c i s  and  a  t r a n s  

fo r m  a s  show n be low .

( C O J

F e
(CO)

C I S t r a n s
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F a r t h e r  ev id en ce  f o r  the  s y m m e t r i c a l  n a tu r e  of th e  p a r e n t  

c i s - i f  p e n ta d i e n y l t r i c a r b o n y l i r o n  c a t i o n  w a s  o b ta in e d  f r o m  

n . m . r ,  s p e c t r o s c o p y .

T he  t r a n s - p e n t a d i e n y l t r i c a r b o n y l i r o n  c a t io n s  w e r e  

p r o p o s e d  f i r s t  b y  M a h le r  a n d  Pettit"^ ' ^ a s  i n t e r m e d i a t e s  in  th e  

f o r m a t i o n  of th e  g e o m e t r i c a l ly  in v e r t e d  c i s - p e n ta d ie n y l  t r i c a r b o n y l 

i r o n  c a t i o n s ,  f r o m  th e  a lc o h o l  c o m p le x e s .

F e  
(CO).

C I S

T h e  r e a r r a n g e m e n t  of a c y l ic  t r a n s  p e n ta d i e n y l t r i c a r b o n y l  i r o n  

c a t i o n  to  th e  c is  i s o m e r  m ig h t  in d ic a te  th e  g r e a t e r  th e r m o d y n a m ic  

s t a b i l i t y  of th e  l a t t e r .
6

C lin to n  an d  L i l ly a  h a v e  o f f e r e d  m o r e  d i r e c t  e v id e n c e  

f o r  th e  p r e s e n c e  of t r a n s  io n s  f r o m  a  k in e t ic  s tu d y  of th e  h y d r o ly s i s  

r e a c t i o n  o f  th e  2, 4 - d in i t r o - b e n z o a te  e s t e r s  of th e  d i a s t e r e o m e r i c  

a lc o h o ls  show n  b e lo w . It w a s  found th a t  th e  / f - e x o  e s t e r  s o lv o ly s e s  

a b o u t  90 t i m e s  f a s t e r  th a n  th e  'y ' - e n d o  i s o m e r .  T he  m e c h a n i s m  

p r o p o s e d  f o r  th i s  r e a c t io n  i s  c o n s i s t e n t  w i th  S ^ l  ty p e .  W ith  th e  

b u lk y  le a v in g  g ro u p  d e p a r t in g  exo  to  i r o n ,  a  t r a n s - p e n t a d i e n y l -  

t r i c a r b o n y l i r o n  c a t io n  is  s u g g e s te d  in  th e  i n t e r m e d i a t e  s te p .  

R e t e n t io n  of c o n f ig u ra t io n  f o r  th e  s o lv o ly s i s  of s e v e r a l  p e n ta d ie n y l  

e s t e r  c o m p le x e s  w a s  o b s e r v e d .
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,OH

R. — _ / ~ A  / _____

\
R,

F e
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R.

DNB =  d i n i t r o -b e n z o a te

.7
S om e  r e s u l t s  in  fa v o u r  of an  e q u i l ib r iu m  b e tw e e n  th e  

t r a n s  a n d  c i s  c a t io n  have  b e e n  o b ta ined . S o r e n s e n  and J a b lo n s k i  

o b s e r v e d  s u c h  t r a n s  s p e c ie s  by  n .m .  r .  s p e c t r o s c o p y  to g e th e r  w ith  

s o m e  i n t e r  c o n v e r s io n s  of th e  c is  io n s .  P r o to n a t io n  of the  Sp-endo 

a lc o h o l  sh o w n  be low  w ith  f lu o ro su lp h o n ic  a c id  a t  low  t e m p e r a t u r e  

gave  a  d e e p  r e d  so lu t io n  co n ta in in g  a m ix tu r e  of the  t r a n s - p e n t a -  

d ie n y l t r i c a r b o n y l i r o n  c a t io n  and  the  c is  f o r m .

OH

HC

CH. CH
FSO.,H

I
F e^(C O ) ^ CH

2

CH

F e ^
(CO)
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T h e  e q u i l ib r iu m  c o n s ta n t  fo r  the  c i s  ^  t r a n s  i n t e r c o n 

v e r s io n  w h ic h  p r e s u m a b ly  in v o lv es  ro ta t io n  about th e  C -C  bon d2 3
i s 3 . 0  + 0 . 3  a t - :  50 C fav o u r in g  the  t r a n s  f o r m .

A s tu d y  of th e  r a t e  of t r a n s  c is  i n t e r c o n v e r s io n  u s in g

a m o d i f ic a t io n  of th e  n u c le a r  m a g n e t ic  double r e s o n a n c e  m e th o d
8

of F o r s e n  an d  H offm an  h a s  v e r i f i e d  th a t  an  e q u i l ib r iu m  s i tu a t io n
-1 o

ex is ts ,  and  l e a d s  to  a  r a t e  c o n s ta n t  of 0. 75 sec  a t  -32^i5 C and  ELn

e n e r g y  b a r r i e r  (E ) fo r  t r a n s  —► c is  in  the  o r d e r  of 54 k J .  
a  g

In  c o n t r a s t  to  M a h le r  and P e t t i t  who i s o l a t e d  on ly  th e  

c i s ,  syn , s y n  io n  f r o m  e i th e r  of the  d i a s t e r e o m e r i c  a lc o h o l  c o m p le x e s  of 

the p e n ta d i e n ty l t r i c a r b o n y l i r o n ,  th e  a u th o rs  found that, th e  a lco h o ls  

c l e a r l y  sho w ed  s t e r e o s p e c i f i c  c o n v e r s io n  in to  the  c i s  io n s  in  s t ro n g  

ac id  s o lu t io n s  a t  low  t e m p e r a t u r e :
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N .m .  r .  s tu d ie s  in d ic a te d  th a t  the  c o n v e r s io n  of c i s ,  syn, 

an ti  io n  to c i s ,  syn, sy n  io n  b e c o m e s  p o s s ib le  a t  t e m p e r a t u r e s  above

0 ° Q

A ls o  i t  co u ld  b e  a s s u m e d  a cc o rd in g  to th e  p re c e d in g  

o b s e r v a t i o n s  th a t  b o th  d ia s te re o m e r ic  a lco h o ls  in i t ia l ly  g ive th e  

fo llow ing  t r a n s  c a t io n s ,

H

CH,

H 3 I _ _ _ _

F e
(CO)^

The r e a r r a n g e m e n t  to  th e  c is  io n  o c c u r s  a t  low 

t e m p e r a t u r e ,  p ro b a b ly  b e c a u s e  the  c a rb o n iu m  l i f e t im e s  a r e  

e x ten d ed . U n d e r  so lv o ly tic  cond itions  w h e re  th e  p ro d u c t  i s  f o r m e d  

w ith  r e t e n t io n  of c o n f ig u ra t io n ,  th e  t r a n s  ions  m u s t  b e  t r a p p e d

b e f o r e  r e a r r a n g e m e n t  h a p p e n s .
9

C lin to n  an d  L i l ly a  p r e p a r e d  the  two p a i r s  of d i a s t e r e o 

m e r i c  d ie n o l  c o m p le x e s  a s  show n below . TheVj^-endo d i a s t e r e o m e r  

i s  f o r m e d  p r e f e r e n t i a l l y  f r o m  th e  a t ta c k  of sod ium  b o ro h y d r id e  on 

the  d ien o n e .

R

CH,
F e
(CO),

NaBH

vy- e n d o - is o m e r
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T he  o th e r  i s o m e r  c a n  be  p r e p a r e d  by  d i r e c t  c o o rd in a t io n

of the  d ie n o l  w ith  F e^(CO)^.

R R

F e
(CO).

CH.

e xo.-is o m e  r
I t  w a s  found th a t  the  d ie n o l t r ic a rb o n y l  i r o n  com p o u n d s  

exh ib it  no i n t r a m o l e c u l a r  h y d ro g e n  bonding b e tw e e n  th e  h y d ro x y  

g ro u p  an d  i r o n .  A p p lic a t io n  of c o n fo rm a t io n a l  a n a ly s i s  to  th e  

d ien o ls  c a n  g ive  s o m e  in fo rm a t io n  about th e  r e l a t i v e  c o n f ig u ra t io n s .

E x a m in a t io n  of the  fo llow ing m o d e l  show s th a t  the  t h r e e  

d i s t in c t  p o s i t io n s  w h ich  s u b s t i tu e n ts  on the  c a r b in o l  c a r b o n  occupy  

in  an  id e a l i z e d  s t a g g e r e d  c o n fo rm a t io n  c a n  be  c l a s s i f i e d  a c c o rd in g  

to  s t e r i c  f a c t o r s  as  fo llo w s . H

a - u n c ro w d ed  

b - s l ig h t ly  c ro w d ed  

c - s e v e r e l y  c ro w d ed b

. F e
C

C
2

O’

O

The s t e r i c a l l y  p r e f e r r e d  c o n fo rm a t io n s  of th e  two 

d i a s t e r e o m e r i c  d ie n o l  c o m p le x e s  w il l  be  th o se  w ith  th e  l a r g e s t  

g ro u p  in  th e  two r e l a t i y e ly  l e a s t  h in d e re d  p o s i t io n s .  The two 

d i a s t e r e o m e r s  show n above a r e  a s s ig n e d  V^-exo an d  'V -en d o  

c o n f ig u ra t io n  a c c o r d in g  to  th e  f a v o u re d  p o s i t io n s  of th e  h y d ro x y  

g ro u p  w ith  r e s p e c t  to  the  i r o n  a to m .

H o w e v e r  x - r a y  c r y s ta l lo g r a p h y  h a s  c o n t r ib u te d  to 

d e te r m in in g  th e  g e o m e t r y  of the  t r i c a r b o n y l i r o n  c o m p le x e s  of 12
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S t r u c t u r a l ly  d iv e r s e  d ie n e s .  The 4 - c a r b o n  d ien e  un it i s  n e a r ly  

p l a n a r  an d  w hen  the  co m p le x es  a r e  v iew ed  a lo n g  th e  n o r m a l  

d ro p p e d  f r o m  io n  to  th e  d iene  p lane , two c a r b o n y l  l ig a n d s  a r e  

a lw ay s  e c l ip s e d  w ith  the  two f o r m a l  double  b onds  of the  d ien e .

O an ti

syn

A ll  12 com pounds  exh ib it  th is  p r e f e r e n c e .  A n ti  su b 

s t i tu e n ts  a r e  d is p la c e d  out of the  d iene p lan e  aw ay  f r o m  i r o n  

b u t  s y n - s u b s t i tu e n t s  a p p e a r  to  b e  ben t to w a rd  i r o n .
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3. 2 N u c le o p h i l ic  a t ta c k  on pen tad ien y l t r i c a r b o n y l i r o n  c a t io n s

In v e s t ig a t io n  of the  sy n th e s is  an d  p r o p e r t i e s  o f  th e  

a c y c l i c  c a t io n s  s y n -1 -m e th y lp e n ta d ie n y l t r i c a r b o n y l i ro n  

[C ^ H g F e(C O )^  ] an d  syn, syn  -1 , 5 d im e th y lp e n ta d ie n y l t r ic a rb o n y l  

i r o n  [Q ^H j J F e  (CO)^^] in d ic a te d  (f rom  n . m . r ,  d a ta )  th a t  th e se  

s p e c i e s ,  l ik e  th e  c o r re s p o n d in g  cy c lic  s p e c ie s  p o s s e s s  c i s o id  

a r r a n g e m e n t  of p e n ta d ie n y lc a rb o n  a to m s .

T h e s e  c a t io n s  c an  u n d e rg o  m an y  e le c t ro p h i l i c  r e a c t io n s  

w ith  n u c le o p h i le s  su ch  a s  w a te r ,  a lco h o ls ,  a m in e s ,  p h o s p h in e s ,  

a r o m a  t i c s  a n d  h y d r id e  io n s .  T he h y d ro ly s is  r e a c t i o n  w as  the  

m o s t  th o ro u g h ly  s tu d ied .  T h is  r e a c t io n  w as show n by  M a h le r  

an d  P e t t i t ^  to be  s te r e o s p e c i f i c .  T hey  found th a t  the  n u c le o 

p h i l ic  a t t a c k  of w a te r  on c a t io n  I g ives only one d i a s t e r e o m e r .  

One m e c h a n i s m  w hich  h a s  b e e n  p ro p o s e d  in v o lv es  a n  e q u i l ib r iu m  

b e tw e e n  c is  I a n d  t r a n s  II 1 ,5  di m e  thylp e nta di e nyl t  r  i c a r  bo nyl - 

i r o n  c a t i o n s .  T he  a t t a c k  of w a te r  o c c u r s  th ro u g h  the  t r a n s  

c a t io n  a s  fo l lo w s

CHH^C
F e

I
(CO) OH

H ^C

F e

H^C

(CO)3 .

ro ta t io n

CH
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Q
T h e  s a m e  r e a c t io n  w as s tu d ied  by L i l ly a  and  th e n  

l a t e r  by  W il lc o t t  , an d  B ayoud  , T hey  a l l  c am e  to the  

s a m e  c o n c lu s io n ,  th a t  on ly  one of two p o s s ib le  d i a s t e r e o m e r s  

w ith  c o n fo rm a t io n s  R R  an d  SS was fo rm e d .  The two d i a s t e r e o 

m e r  s in  th e s e  co m p o u n d s  a r e  d e r iv e d  f r o m  the  p r e s e n c e  of two 

a s y m m e t r i c  c e n t r e s  in  the  a lco h o l ,  one a t  the  C - a to m  bonded

to the  h y d ro x y l  fu n c t io n a l  g roup  and  the o th e r  r e s u l t in g  f r o m
12th e  u n s y m m e t r i c a l  d i e n e - i r o n  t r i c a r b o n y l  g roup . F o r e m a n

who e m p lo y e d  the  L a n th a n id e  sh if t  r e a g e n t  tech n iq u e  h a s
9q u e s t io n e d  the  c o n fo rm a t io n  a s s ig n e d  by  P e t t i t  and  c o - w o r k e r s

a.
to  the  a lco h o l  f o r m e d  f r o m  the  h y d ro ly s is  of th e se  p e n td ie n y l  

c a t io n s .  He d e c l a r e d  th a t  the  a l t e rn a t iv e  d i a s t e r e o m e r s  i. e.

RS an d  SR r a t h e r  th an  e n a n t io m e r s  RR and  SS w e re  fo r m e d .

T h is  c o n t r a d ic t io n  h a s  b e e n  r e s o lv e d  by R i le y  an d  D a v is^ ^  

in  t h e i r  c r y s t a l l o g r a p h i c  s tu d y  of the s t r u c t u r e  of one of th e s e  

a lc o h o l s ,  (the 1, 5 -d im e th y l  s p e c ie s ) ,  w hich  p ro v e d  L i l l y a ' s  

s u g g e s t io n ,  ^

T h e  im p o r ta n t  f e a t u r e s  of the p re c e d in g  m e c h a n is m  

th e  h y d ra te d  ^ - a l l y l i r o n  c a t io n ,  and  th a t  the  a t t a c k  by  the  

n u c leo p h i le  o c c u r s  f r o m  th e  l e a s t  h in d e re d  fa c e .  In the  c a s e  of 

a s u b s t i tu te d  p e n ta d i e n y l t r i c a r b o n y l i r o n  ca t io n ,  w a te r  p r e f e r s  

to  a t t a c k  a t  the  c a r b o n  a to m  w hich  b e a r s  the s m a l l e s t  s u b s t i tu e n t .  

If o n ly  one end  of the  c a t io n  is  su b s t i tu te d ,  h o w e v e r ,  the  a t t a c k  

h ap p en é  a t  th is  s u b s t i tu te d  p o s i t io n  b e c a u s e  i t  is  though t th a t  

the  su b s t i tu e n t  s t a b i l i s e s  th e  r e a c t iv e  in te r m e d ia te .

N

N
______C  H

F e  R
(CO)^

N u c leo p h il ic  a t t a c k  f a v o u rs  the  t e r m in a l  c a r b o n  w hich  b e a r s  

a s u b s t i tu e n t .
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On the  o th e r  hand, the  r e a c t io n  of s a l t s  of p e n ta d ie n y l -

t r i c a r b o n y l  i r o n  ca t io n  w ith  so d iu m  b o ro h y d r id e  does  s e e m  to

be a c c o m p a n ie d  by  g e o m e t r ic a l  in v e rs io n .  The r e a c t io n  p ro d u c t

is  a m ix tu r e  of 80% (c is -1 ,  3 -p en tad iene )and  20% ( t r a n s - 1 ,  3 -p e n ta -

d iene) t r i c a r b o n y l i r o n  c o m p le x es ,
14

M u sco  e t a l  have  in v e s t ig a te d  the  r e a c t io n s  of

a m in e s  w ith  (syn, s y n - 1 , 5 -d im e th y lp e n ta d ie n y l ) t r ic a rb o n y l i r o n

(ca tion  Æ). T h e y  found th a t  the  r e a c t io n  p a thw ay  is  d ep en d en t on

the  b a s ic i ty  of a m in e s ;  fo r  e x a m p le ,s t ro n g ly  b a s ic  a m in e s

pK^ 3-6  su ch  a s  i s o p ro p y la m in e ,  e th y la m in e  an d  m e th y lb e n z y l-

a m in e  r e a c t  w ith  I by pa thw ay  A , ( i l lu s t r a te d  below), the  p ro d u c t

IV w as id e n t i f ie d  f r o m  TL C  e x a m in a t io n  of the  r e a c t io n  m ix tu r e .

A m in e  hav ing  pK 10 -13  v a lu e s  su ch  a s  p - b r o m o a n i l in e ,  
b

m - n i t r o a n i l i n e  and  p - n i t ro a n i l in e  give q u an t i ta t iv e  y ie ld s  of 

com pounds  of type  (V). M o d e ra te ly  b a s ic  a m in e s  r e a c t  by e i th e r  

A o r  B fo r  e x am p le  p - to lu id in e  p l ^  8 -9  show ed 

in t e r m e d ia t e  b e h a v io u r .

H_C

H^C

CH CH^NHR

F e
(CO)

IV+ H NR

+

CH CH ^N H R  

+ NH^R"^

F e
(CO).

V
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I t  could  be concluded  f r o m  th e se  r e s u l t s  th a t  the  s t ro n g  

a m in e s  a t t a c k  the c is  ion d i r e c t ly  w h e r e a s  r e a c t io n s  of the w eak  

a m in e s  p r o c e e d  th ro u g h  the the  t r a n s  ion.

15R e c e n t ly  M cA rd le  and S h e r lo c k  r e p o r t e d  the  r e a c t io n s  

of the  1 - m e th y lp e n ta d ie n y l t r i c a r b o n y l i r o n  c a t io n  w ith  a m in e s ,  

t r ip h e n y lp h o s p h in e s  and t r i p h e n y la r s in e . T h e y  found th a t  

a n i l in e  an d  d ip h en y lam in e  add to the s u b s t i tu te d  end of the 

l ig a n d  in  the  1 -m e th y lp e n ta d ie n y l t r ic a r b o n y l  c a t io n  to give 

d ie n y la m in e  co m p le x es  hav ing  s y n - g e o m e t r y .  T e r t i a r y  a m in e s ,  

P P h ^  and  A sP h ^  add to the  u n s u b s t i tu te d  end to  give q u a t e r n a r y  

a d d u c ts  h av in g  a n t i - g e o m e t r y .  T he t e r t i a r y  a m in e  a d d u c ts  

u n d e rg o  e l ir r i ina tion  w hen  h e a te d  m  vacuo  to g ive  the  s y n -  

h e x a t r i e n e  c o m p le x  in  good y ie ld .  T he  1, 5 - d im e  thy  Ipe n tad  ie ny 1 - 

t r i c a r b o n y l  i r o n  is  c o n v e r te d  d i r e c t ly  in to  the s y n - h e p ta t r i e n e  

c o m p le x  on  t r e a t m e n t  w ith  t e r t i a r y  a m in e s ,  bu t  f o r m s  a n t i  

a d d u c ts  w ith  P P h ^ .  D e u te r iu m  la b e l le d  s y n -1 -m e th y lp e n ta 

d i e n y l t r i c a r b o n y l  i r o n  c a t io n  p ro to n a te s  a t  i t s  u n c o o rd in a te d  

doub le  bond .

T he  a u th o rs  o b s e r v e d  th a t  (5a) fo r m e d  a n  ad d u c t  (?) 

w ith  N E t^  w h e r e  a s  (Sb) gave the  t r i e n e  (8b), led  to  the  

s u g g e s t io n  th a t  s t e r i c  e f fec ts  w e re  a n  im p o r ta n t  f a c to r  in  th e  

r e a c t i o n  of c a t io n s  w ith  t e r t i a r y  a m in e s .

T he  s t r u c t u r e  of th e  phosph ine  ad d u c t of (5a) c o u ld  b e  

d e t e r m in e d  f r o m  i t s  n . m .  r .  s p e c t r u m .
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(v)(b)

OH

A
/

( 7 ^ N E t, (8 )
M

(9)

M =  E e(C O )^ , R =  H (a) o r  Me (b). (i) M e C O C l-A lC l^ ; (ii)

(iii) s i l i c a  g e l ;  (iv) H P F ^ ;  (v) N E t^ ; (vi) h e a t  in  v acuo  .
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R

/
P h

N -Y

R'

T he c y c lo h e x a d ie n y l t r i c a r b o n y l i ro n  c a t io n  is  a l s o  

a t ta c k e d  by n u c leo p h i le s ,  bu t is  m u c h  l e s s  r e a c t iv e  than  the 

c o r r e s p o n d in g  open  c h a in  c a t io n .  F o r  e x am p le ,  s a l t s  of the  

c y c l ic  c a t io n  can  be r e c r y s t a l l i s e d  f r o m  w a te r  w ith o u t  change , 

but the  a c y c l ic  ca t io n  is  r a p id ly  a t ta c k e d  by w a te r  to give .. 

the  * \^-exo-dienol.

F e
(CO)

F e
(CO)

CH

T h e re  is  s o m e  ev id en ce  th a t  n u c leo p h i l ic  a t t a c k

on c o o rd in a te d  l ig an d s  o c c u r s  exo to the  m e ta l .  H y d r id e

a b s t r a c t i o n  f r o m  c o o rd in a te d  d ie n e s  by t r ip h en y lrh e th y l  c a t io n
17a l s o  ta k e s  p la c e  e x o .fo r  s t e r i c  r e a s o n s .

O pen c h a in  c a t io n s  c an  a c t  a s  e le c t r o p h i le s  to w a rd s  

s o m e  r e a c t iv e  b en zen o id  a r o m a t i c  com pounds , a s  fo llow s:



7/

H

P h

F e
(CO)

CH

CH(CH)

F e(C O )^
18 .

OCH

OCH^
OC H '

OCH

-H ^ O

T h e  r e a c t i o n  w as  s tu d ie d  k in e t ic a l l y  in  e x c e s s  of the  

n u c le o p h i le  (1, 3-d im e th o x y  b en zen e )  b y  fo l lo w in g  the  d i s a p p e a ra n c e  

of a  c a r b o n y l  S tre tch in g  b a n d  in  the  i n f r a r e d  s p e c t r u m .  T he  

p r o d u c t  w as  c h a r a c t e r i s e d  by  a n a ly s is  a n d  n . m ,  r .  s p e c t ro s c o p y .

I t  w a s  s u g g e s te d  th a t  the  r e a c t io n  p r o c e e d s  v ia  th e  t r a n s  c a t io n  

w h ic h  e x i s t s  in  e q u i l ib r iu m  w ith  the  c is  f o r m .

Ph '

F e
(CO)

P h

C I S

F e
( c o ) ^

t r a n s

H
/

tc
V

+
\
CH

, ^ p ro d u c ts
b e n ze n e

T he  m e c h a n is m  is  c o n s i s te n t  w ith  th e  o b s e rv a t io n s  th a t  

th e  o p e n  c h a in  c a t io n s  a r e  g r e a t e r  in  t h e i r  r e a c t i v i ty  c o m p a r e d  

w i th  th e  c y c l ic  c a t io n s  a s  th e  l a t t e r  c a n  e x i s t  on ly  in  the c is  f o r m .  

B e c a u s e  of the  m u c h  g r e a t e r  r e a c t iv i t y  w h ic h  o pen  ch a in  c a t io n s  

p o s s e s s ,  th e y  cou ld  a ls o  b e  a t ta c k e d  b y  th e  so lv en t ,  t h u s a c e to -  

n i t r i l e  d e c o m p o s e d  s a l t s  of open  c h a in  c a t io n s ,  w h e r e a s ,  the
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19
s a m e  s o lv e n t  w a s  u s e d  in  a  k in e t ic  s tu d y  f o r  the  r e a c t i o n  of

P - d ik e to n e s  w ith  c y c lo h e x a d ie n y l  and  c y c lo h e p ta d ie n y l i r o n

t r i c a r b o n y l  t e t r a f l u o r o b o r a t e s .
20

P e a r s o n  h a s  r e p o r t e d  th a t  the  r e a c t i o n  of c y c lo h e x a 

d i e n y l t r i c a r b o n y l i r o n  s a l t s  w i th  l i th iu m  d im e th y lc u p r a t e  g iv e s  

s t e r e o s p e c i f i c  m é th y la t io n .  T h e  p r o d u c t s  w e r e  id e n t i f ie d  by  

d e u t e r i u m  la b e l l in g ,  w h ic h  sh o w ed  th a t  a lk y la t io n  o c c u r s  a t  the  

o p p o s i te  s id e  of the  d ie n y l  s y s t e m  to th a t  o c c u p ie d  by F e (C O )^ .

F e  R

X

W ith  the a s y m m e t r i c  c o m p le x e s  (R =  C H ^ ,O C H ^ )  a t t a c k

c a n  ta k e  p la c e  a t  e i t h e r  t e r m i n u s .  T h e  n . m .  r ,  s p e c t r a  of the

p r o d u c t s  in d ic a te  e x c lu s iv e  m é th y la t io n  a t  C^( w i th  R =  OCH^)

a n d  g r e a t e r  th a n  95% m é th y la t io n  a t  f o r  (R =  C H ^). T h i s

c o u ld  be m a in ly  a t t r i b u t e d  to s t e r i c  f a c t o r s .

T h e  s a m e  a u th o r  a l s o  s tu d ie d  the  r e a c t i o n  b e tw e e n  m ix e d
1 2a l k y l c u p r a t e  r e a g e n t s  (L iR  R Cu) and  the  c y c l o h e x a d i e n y l t r i c a r 

b o n y l i r o n  s a l t s :

(CO) F ^

RR^ _ 2

(CO^FemrnT ' J

I
2R
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W h en  R =  S P h ,  a lk y la t io n  of th e  i r o n  c a t io n  m a y  be a c h ie v e d  in

m o d e r a t e l y  good y ie ld s ,  b u t w h e n  =  P r \  B u  an d  Bu^, o n ly

s m a l l  y i e ld s  a r e  o b ta in e d .  T h e  n. m .  r .  s p e c t r u m  of the
1 2m é th y la t io n  p r o d u c t  in  the  c a s e  w h e r e  R =  H, R =  M e, sh o w e d

th a t  the  c o m p o u n d  w a s  id e n t i c a l  w i th  th a t  p r o d u c e d  in  the  r e a c t i o n

w ith  l i t h iu m  d im e t h y l c u p r a t e .  I t  fo l lo w s  th a t  a lk y la t io n  o c c u r s

a t  the  fa c e  w h ic h  is  o p p o s i te  to th a t  o c c u p ie d  by F e (C O )  .
21B i r c h  e t  a l  h av e  m a d e  a c o m p r e h e n s iv e  s tu d y  of the  

a lk y la t io n  of th e  d i e n y l t r i c a r b o n y l i r o n  s a l t s  w i th  o r g a n o c a d m iu m  

r e a g e n t s .  T h e y  found  th a t  f o r  a  s e r i e s  of R ^C d , (w ith  R = P h ,  

P h C H  , M e C H  , CH  =  CH CH  , M eC H  =  C H -C H  , o r  M eC H = C H )^ ^ M 4M u

a t  0 C a n d  u n d e r  n i t r o g e n  a t m o s p h e r e ,  the  p r o d u c t  r e s u l t e d  f r o m  

a t t a c k  a t  th e  t e r m i n a l  c a r b o n  a to m  of the  d ie n y l  s y s t e m .

(C O )^F e X

(C O )^F e  R

X =  B F ,  o r  P F ,  4 6 R

O n th e  o th e r  h an d , th e  a c y c l i c  p e n t a d i e n y l t r i c a r b o n y l i r o n  

s a l t s ,  i n  t h e i r  r e a c t i o n  w ith  o r g a n o - c a d m i u m  r e a g e n t s  u n d e r  

i d e n t i c a l  c o n d i t io n s ,  g ive  g r e a t e r  y ie ld s .  T h e  r e a c t i o n  m a y  

p r o c e e d  th r o u g h  the  fo l lo w in g  s c h e m e :

R

F e  (CO)

+ R ^ C d

F e (C F e(C O ).

+
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T h e  'H  n. m . r .  s p e c t r u m  of p h é n y l a t i o n  p r o d u c t s  i n d i c a t e

th a t  the  r e a c t i o n  o c c u r s  w i th  r e t e n t i o n  of  the  c i s o i d  g e o m e t r y  of

the d i e n y l  s y s t e m ,  th a t  i s ,  d i r e c t  a t t a c k  of the  o r g a n o c a d m i u m

r e a g e n t  on  the  c i s  c a t i o n  i s  in d i c a t e d .
22

L e w i s  e t  a l  , r e c e n t l y  p r e p a r e d  a s e r i e s  of ( 5 - a c y c l o -  

h e x a - 1 ,  3 - d i e n e )  t r i c a r b o n y l i r o n  c o m p l e x e s  f r o m  the  r e a c t i o n  of 

the  d i e n y l i r o n  c a t i o n  and  G r i g n a r d  r e a g e n t s  a s  s h o w n  be low .

CN COR

2 N H^Cl H ^ o

T h e  s t r u c t u r e  of the p r o d u c t  w a s  d e t e r m i n e d  f r o m  n . m .  r .

and  X - r a y  s tu d y .  T h e  m o l e c u l e s  a r e  m o n o m e r i c  a n d  the  cy an o

l ig a n d  a d o p t s  the  e x o - s t e r e o c h e m i s t r y ,  w i th  r e s p e c t  to the  m e t a l .

T he  i r o n  a t o m s  a r e  f o r m a l l y  f o u r - c o o r d i n a t e ,  the  f o u r t h  s i t e

be in g  o c c u p i e d  by the  b u ta d ie n e  s e g m e n t  of the  c y c l o h e x a d i e n e

r i n g .  In  bo th  m o l e c u l e s  the  b u ta d ie n e  m o i e t y  i s  p l a n a r  an d  the
2

c a r b o n  a t o m s  m a y  be c o n s i d e r e d  a s  sp  h y b r i d i z e d .  T h e  F e - C

(b u ta d ie n e )  d i s t a n c e s  a r e  s i m i l a r .  T h e  cyano  l i g a n d s  a r e

a p p r o x i m a t e l y  l i n e a r .  T he  e x o - o r i e n t a t i o n  of the  cy an o  g ro u p

in  (5- e x o - c y a n o c y c l o h e x a - 1 , 3 - d i e n e )  t r i c a r b o n y l i r o n  h a s  b e e n

c o n f i r m e d  by X - r a y  a n a l y s i s .
23

K a n e - M a g u i r e  e t  a l  r e p o r t e d  th a t  the  c a t  io n ic  d i e n y l  

c o m p l e x  [ F e ( C ^ H ^ ) ( C O ^ ) ] ^ I i ^ " c a n  a c t  a s  a n  e l e c t r o p h i l e  t o w a r d s  

a r o m a t i c  h e t e r o c y c l e s  to y i e ld  s u b s t i t u t e d  d i e n e s  a c c o r d i n g  to
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F e(C O ) . B F ^  + YH 4 F e (C O )^  + H B F ^

YH =  in d o l e ,  m er thy l indo le ,  p y r r o l e ,  f u r a n ,  t h io p h e n e ,  b u t  

no r e a c t i o n s  w e r e  o b s e r v e d  w ith  b e n z e n e ,  a l k y l b e n z e n e ,  a n i s o l e  

o r  p h e n o l .  T h e  r e a c t i o n s  p r e s u m a b l y  go to c o m p l e t i o n  a s  

e v i d e n c e d  b y  the  d i s a p p e a r a n c e  of  the  d ieny l  c a r b o n  i n f r a r e d  

b a n d s .  T h e  p r o d u c t s  w e r e  i s o l a t e d  a s  p a l e  y e l lo w  c r y s t a l s ,  

by  e v a p o r a t i n g  the  r e a c t i o n  m i x t u r e  to d r y n e s s  a n d  r e c r y s t a l l 

i z a t i o n  f r o m  m e t h a n o l / w a t e r .
24K a n e - M a g u i r e  h a s  c a r r i e d  out a k i n e t i c  s tu d y  of

n u c l e o p h i l i c  a t t a c k  on  c o o r d i n a t e d  c y c l i c  o r g a n i c  c o m p l e x e s  of 

the  type:

• +

< - H —M(CO)_X

(w h e re  n  =  1 , 2 ;  M =  F e ,  R u ,  O s ;  X =  C O , P P h ^ ) ,  T w o ty p e s  

of s u b s t i t u t i o n  h a v e  b e e n  o b s e r v e d :
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F e  (CO) + Y

Fe'"'(CO)^ + Y

Y (CH )2 n

F e (C O )^Y

Fe(CO ),

25
H o w e v e r ,  E v a n s  e t  a l  r e p o r t e d  the  a d d i t i o n  r e a c t i o n  of  

t r i p h e n y l p h o s p h i n e  a n d  p y r i d i n e  to c y c l o h e x a d ie n y l  a n d  

c y c l o h e p t a d i e n y l - t r i c a r b o n y l i r o n .  T h e y  found  t h a t  the  a d d i t i o n  

l e a d s  to  th e  f o r m a t i o n  of  p h o s p h o n i u m  io n s  i n  w h ich  a t t a c k  o f  t h e  

P P h ^  h a s  o c c u r r e d  a t  th e  d i e n y l  f r a g m e n t  a s  fo l low s .

B F

F e ( C O )

(I) n =  1
(II), n =  2

P P h .

(III)
(IV)

/
F e(C O )

n =  1 
n =  2

B F

T h e  a d d i t i o n  of  e x c e s s  of  t r i p h e n y l p h o s p h i n e  to  a 

s u s p e n s i o n  o f  e i t h e r  (I) a n d  (II) i n  d i c h l o r o m e t h a n e  x a p i d l y  l e a d s  

to  a  c l e a r  s o lu t io n .  A d d i t i o n  of  e t h e r  to t h e s e  so lu t io n s  

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

c o m p o u n d s  w as  by  a n a l y s i s  a n d  *H n , m ,  r .  s p e c t r a .  In a l l  

p r e v i o u s  s t u d i e s  a t t a c k  b y  b a s e s  s u c h  a s  t e r t i a r y  p h o s p h i n e s  h a d  

b e e n  found  to o c c u r  a t  t h e  m e t a l  a t o m  a n d  r e p l a c e m e n t  of  one  

c a r b o n y l  g r o u p ' t o o k  p l a c e .
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3, 3, R e s u l t s  a n d  D i s c u s s i o n

T h e  r e a c t i o n  b e t w e e n  v | / - e n d o - ( 6 - p h e n y l h e x a - 3 ,  5 - d i e n -

2 - o l )  t r i c a r b o n y l i r o n  an d  a n  e x c e s s  of t r i f l u o r o a c e t i c  a c i d  w as
o

s t u d i e d  k i n e t i c a l l y  a t  16, 0 + 0. 1 C in  n i t r o m e t h a n e .  T h i s  

s o l v e n t  w a s  c h o s e n  f o r  s e v e r a l  r e a s o n s .  H t s t l y  n o n - p o l a r  

s o l v e n t s  c a u s e  p r e c i p i t a t i o n  o f  the  c o m p l e x e s .  S ec o n d ly ,  

o t h e r  s o l v e n t s  s u c h  a s  a c e t o n i t r i l e  a n d  a l c o h o l s  w e r e  found  to 

d e c o m p o s e  th e  i r o n  co m p o u n d .  T r i f l u o r o a c e t i c  a c i d  w as  

c h o s e n  f o r  th e  p r o t o  n a t io n  p r o c e s s  fo r  the  d ie n y l  c o m p l e x ,  

b e c a u s e  i t  w as  found th a t  i t  i s  s o lu b le  i n  n i t r o m e t h a n e  a n d  d o e s  

no t  d e c o m p o s e  the  p r o d u c t .  A c i d s  w h ich  a r e  s u p p l i e d  i n  a q u e o u s  

so lu t io n ,  s u c h  a s  t e t r a f l u o r o b o r i c  a c i d  a n d  h e x a f l u o r o p h o s p h o r i c  

a c i d  a r e  u n s u i t a b l e  a s  th e  r e a c t i o n s  m u s t  be  s tu d i e d  u n d e r  

a n h y d r o u s  c o n d i t io n s .

T h e  r e a c t i o n  w a s  f o l lo w e d  b y  m e a s u r i n g  the  c h a n g e s  in
-1

the  c a r b o n y l  s t r e t c h i n g  r e g i o n  (2400 x  2 000 c m  ) i n  th e  i n f r a r e d  

s p e c t r u m  a s  a fu n c t io n  o f  t i m e .  A p r e l i m i n a r y  s tu d y  s h o w e d  th a t  

the  i r o n  c o m p o u n d  obeys  B e e r ' s  law .

It  w a s  found th a t  th e  v|/- exo  - d ieno  1 i s o m e r  r e a c t s  too 

f a s t  w i th  a c i d  to fo l low by  a  c o n v e n t i o n a l  i n f r a r e d  m e th o d .  I t 

w a s  no t  s u i t a b l e  t h e r e f o r e  f o r  t h i s  k in d  of s tudy ,  b u t  the  r e a c t i o n  

of  t r i f l u o r o a c e t i c  a c i d  w i th  thevj^-endo w as  c l e a r ,  s m o o t h  a n d  

r e a d i l y  f o l l o w e d  a t  the  c h o s e n  t e m p e r a t u r e .  P l o t s  of  In  ^  

a g a i n s t  t i m e  gave  s t r a i g h t  l i n e s  in  w h ic h  the  s lo p e  =  k ^ ^ ^  a s  in  

(F ig .  1 ). T h i s  i n d i c a t e s  t h a t  th e  r e a c t i o n  i s  f i r s t  o r d e r  i n  th e

i r o n  c o m p o u n d ,  the  t r i f l u o r o a c e t i c  a c i d  b e in g  i n  e x c e s s .  T o  

p r o v e  t h a t  the  r e a c t i o n  o r d e r  i s  d e p e n d e n t  a l s o  on  th e  a c i d  

c o n c e n t r a t i o n ,  the  r e l a t i o n s h i p  b e t w e e n  k^^^  a n d  th e  t r i f l u o r o 

a c e t i c  a c i d  c o n c e n t r a t i o n  w a s  p l o t t e d .  A good s t r a i g h t  l i n e  (F ig .  2) 

w as  o b t a i n e d  p a s s i n g  c lo s e  to  the  o r i g i n .  T h i s  sh o w s  th a t  the  

r e a c t i o n  p r o c e e d s  a c c o r d i n g  to a s i m p l e  k in e t i c  e x p r e s s i o n :
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R a t e  =  kg, [Acid ]  [C o m p le x ]

so  t h a t  th e  r e a c t i o n  i s  o v e r a l l  s e c o n d  o r d e r .

W h e n  th e  r e a c t i o n  b e tw e e n  th e  i r o n  c o m p o u n d  a n d

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

d e c o m p o s i t i o n  o c c u r r e d ,  w h ich  cou ld  be  n o t i c e d  f r o m  the

d a r k e n i n g  o f  the  y e l lo w  so lu t ion .

A p r e l i m i n a r y  s tu d y  of  th i s  r e a c t i o n  w a s  c a r r i e d  ou t

by  H o l d e r ^ ^  w h ic h  s h o w e d  a m o r e  c o m p l i c a t e d  p r o c e s s .  He

fo und  t h a t  th e  r e a c t i o n  r e a c h e d  a n  e q u i l i b r i u m  s t a t e ;  i n  o u r

s tu d y ,  h o w e v e r ,  i t  c l e a r l y  w e n t  to c o m p l e t i o n .  T h e  d i f f e r e n c e

c o u ld  b e  e x p l a i n e d  by  th e  p r e s e n c e  of w a t e r  in  t h e  r e a c t a n t s  in

the  p r e l i m i n a r y  w o rk .

T h e  m e c h a n i s m  p r o p o s e d  is  r e p r e s e n t e d  i n  s c h e m e  1

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

s t e p s .  T h e  f i r s t  one i s  th e  p r o t o n a t i o n  o f  t h e  a l c o h o l  o x y g e n

a t o m .  T h i s  i s  fo l lo w ed  by  e l i m i n a t i o n  of w a t e r  w h ic h  l e a d s  to

the  f o r m a t i o n  o f  a t r a n s  ion.  R e a r r a n g e m e n t  of  t h i s  c a t i o n  b y

r o t a t i o n  g ive  r i s e  to  th e  o b s e r v a t i o n  of e i t h e r  of th e  c i s - p e n t a -

d i e n y l  c a t i o n s  a c c o r d i n g  to the r e a c t i o n  t e m p e r a t u r e .  T he

p r o t o n a t i o n  p r o c e s s  i s  l i k e l y  to be  f a s t  a s  f o r  e x a m p l e  in  a c i d
27

c a t a l y s e d  e s t e r  h y d r o l y s i s .  L o s s  of w a t e r  m i g h t  be  th e  r a t e

d e t e r m i n i n g  s t e p .

T h e r e  i s  a  s i m i l a r  e x p l a n a t i o n  w h ic h  is  g iv en

p r e v i o u s l y  i n  f a v o u r  of the  p r e c e d i n g  m e c h a n i s m .  T h i s  cou ld

b e  d i s c u s s e d  in  t e r m s  of  the  s t e r e o c h e m i s t r y  of  the  d i e n o l  i s o m e r s
9

w h ic h  a r e  r e p o r t e d  b y  C l in to n  a n d  L i l l y a .  T h e y  found t h a t  the  

m o s t  s t a b l e  c o n f o r m a t i o n  of e a c h  i s o m e r  i s  a s  b e low .
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_ . T \  / -/!- .
c

F e  ^ O H
(CO)^

vy-exo  *' - e n d o

T h e  e x i s t e n c e  of a p r e f e r r e d  s t e r e o c h e m i s t r y  w a s  

d e m o n s t r a t e d  b y  m e a s u r i n g  the  r a t e  of s o l v o l y s i s  o f  t h e  3, 5 -  

d i n i t r o b e n z o a t e  e s t e r s  of b o th  i s o m e r s .  C l in to n  a n d  L i l l y a ^ ,  

in  t h e i r  w o r k  s h o w e d  th a t  the  v^ -exo  c o m p l e x  r e a c t s  100 t i m e s  

f a s t e r  t h a n  th e  - e n d o .  T h e y  s u g g e s t e d  th a t  the  r a t e  d e t e r m i n i n g  

s t e p  i s  the  a l k y l  o x y g e n  f i s s i o n  l e a d i n g  to f o r m a t i o n  o f  t h e  t r a n s  

ca t ion .  I t  i s  l i k e l y  t h a t  th e  l e a v i n g  g ro u p ,  the  d i n i t r o b e n z o a t e  

ion  in th e  e s t e r  h y d r o l y s e s ,  o r  w a t e r  in  o u r  r e a c t i o n ,  d e p a r t s  

exo to i r o n .  A s  d i s c u s s e d  a b o v e ,  th e  e x o - c o n f o r m a t i o n  of  the  

l e a v i n g  g r o u p  i s  f a v o u r e d  in  th e  c a s e  of theqv-exo a l c o h o l  a n d  

i t s  d e r i v a t i v e s ,  b u t  i s  l e s s  f a v o u r a b l e  f o r  the  \ y - e n d o .

In th e  e s t e r  h y d r o l y s i s ,  the  t r a n s  c a t i o n  i s  i m m e d i a t e l y  

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

wi th  r e t e n t i o n  o f  c o n f i g u r a t i o n .  In  th e  p r o t o  n a t io n  of  th e  a l c o h o l s  

the  t r a n s  io n  c a n  i s o m e r i s e  to g ive  the  c i s ,  syn ,  s y n - p e n t a d i e n y l  

ion  a s  o b s e r v e d ,  f r o m  the  n. m .  r ,  s p e c t r u m  sh o w n  i n  (Fig. 3, 4 )

We r e c o r d e d  the  n. m .  r ,  s p e c t r u m  of th e  i r o n  c o m p o u n d  

( F ig .  3 ) a n d  o u r  p r o d u c t  f r o m  th e  r e a c t i o n  b e t w e e n  e n d o -

{ 6 -p h e n y lh e x a - 3 ,  5 - d i e n - 2 - o l ) t r i c a r b o n y l i r o n  w i th  t r i f l u o r o a c e t i c  

a c i d  a t  a m b i e n t  t e m p e r a t u r e  to  s e e  i f  th e  c i s ,  an t i ,  syn ,  p e n t a - d i e n y l  

c a t i o n  i s  f o r m e d  o r  w h e t h e r  i t  r e a r r a n g e s  to th e  c i s ,  s y n ,  s y n  f o r m .  

T h e  fo l low ing  r e s o n a n c e s  w e r e  o b s e r v e d  (F ig .  3 ),

i) A s h a r p  s i n g l e t  p e a k  a t  7. 556 i s  a s s i g n e d  to t h e  p h e n y l  

g r o u p

i i )  A c l e a r  d o u b le t  r e s o n a n c e  a t  4. 146, m u s t  be  due  to the  

a n t i - h y d r o g e n
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i i i )  A d o u b le t  t r i p l e t  r e s o n a n c e  a t  3, 66 i s  a s s i g n e d  to the
5

a n t i - h y d r o g e n ,  H a d j a c e n t  to the m e t h y l  g ro u p .

iv) A d o u b le t  a t  1, 855 i s  a s s i g n e d  to a s y n - m e t h y l  g r o u p

w h ich  in  c o m p a r i s o n  to the  a n t i  m e t h y l  a t  1. 576 i s

s l i g h t l y  s h i f t e d  to l o w  f i e ld .

v) A t r i p l e t  a t  6, 946 c o u ld  be  a s s i g n e d  to w h ich  c o u ld
2b e  i n t e r p r e t e d  in  t e r m s  of a c i s  coup l ing  b e t w e e n  H

3 3 4
a n d  H a n d  a l s o  b e t w e e n  H a n d  H .

vi )  D o u b le t  of  d o u b l e t s  a t  5. 856, J  6. 5, 13Hz, a s s i g n e d  to

c o m p a r e d  w i th  6. 026 , J  6, 12. 5 H z ,  found  i n  r e f ? ^
2v i i )  D o u b le t  of d o u b l e t s  a t  6 . 4 4 6 ,  J  6. 5, 1 3Hz, due to  H

i s  c o n s i s t e n t  w i th  th e  p r e v i o u s  w o r k  v a l u e s  a t  6. 64 ,  J  6,

12. 6 Hz.

A s s i g n m e n t  cou ld  be  fo l l o w e d  f r o m  the  s t r u c t u r e  sh o w n  b e lo w  and  

f r o m  T a b l e  2.

H^

P h "

F e
(CO)

3 c i s ,  syn ,  syn .

2 6H o l d e r  c a r r i e d  o u t  a n  n. m .  r ,  s tu d y  f o r  the  r e a c t i o n  

of b o th  d i a s t e r e o m e r s  of ( 6 - p h e n y l h e x a - 3 ,  5 - d i e n - 2 - o l )  t r i c a r b o n y l 

i r o n  w i th  f l u o r o s u lp h o n ic  a c i d  a t  lo w  t e m p e r a t u r e  ( -7 8 °C ) .  I t  w a s



fo und  th a t  e a c h  i s o m e r  gave  a d i f f e r e n t  c a t i o n i c  s p e c i e s :

8/

OH

Ph- / T \ A M

F e
(CO)

F S O jH /S O ^ -T S  C 

■ o r H C l O ^ /A t j O

CH 3
c i s ,  syn ,  s y n  p e n t a d i e n y l  c a t i o n

P h .

e x o - d i e n o l
C H

3 F S O  H /S O

CH-78  C P h

OH
F e

(CO)

F e  
(0 0 ) 3

ip - e n d o - d i e n o l

c i s ,  syn ,  a n t i - p e n t a d i e n y l  c a t i o n

We c a n  c o n c lu d e  t h a t  the  two d i f f e r e n t  c i s  p e n t a d i e n y l  

c a t i o n s  w e r e  f o r m e d  a s  a r e s u l t  o f  th e  t r a n s  io n s  r o t a t i o n s .

On the  o t h e r  h and ,  f r o m  o u r  s tu d y  a t  h i g h e r  t e m p e r a t u r e ,  o n ly  

the  t h e r m o d y n a m i c a l l y  m o r e  s t a b l e  c a t i o n  (c i s ,  syn ,  syn )  c o u ld  

b e  o b s e r v e d .  In o t h e r  w o r d s  th e  f o r m a t i o n  of th i s  c a t i o n  f r o m  

the, vp -endo  i s o m e r  cou ld  be  f r o m  i n t e r  c o n v e r s i o n  of  th e  t r a n s

ion .

In  c o n c l u s i o n ,  the  k i n e t i c  d a ta  s h o w e d  t h a t  t h e  r e a c t i o n

o f v p - e n d o  i s o m e r  w i th  t r i f l u o r o a c e t i c  a c i d  i s  a s e c o n d  o r d e r  

p r o c e s s ,  f i r s t  o r d e r  in  the  d i e n o l  a n d  f i r s t  o r d e r  i n  th e  ac id /T \a \ ) le?  1.

T h e  r e s u l t s  o b ta in e d  f r o m  n . m .  r .  s t u d y  a r e  c o n s i s t e n t  

w i th  i n i t i a l  p r o t o n a t i o n  o f  h y d r o x y l  g r o u p  o x y g e n  fo l lo w e d  b y  l o s s  

o f  w a t e r  e x o -  to i r o n  to g e n e r a t e  t r a n s  p e n t a d i e n y l  c a t i o n s .

T h e s e  t r a n s  io n s  f o r m e d  two c i s  p e n t a d i e n y l  c a t i o n s  a t  ( - 7 8 ° C ) .

O n ly  th e  m o r e  s t a b l e  c i s ,  sy n ,  s y n  (1- p h e n y l ,  5 - m e t h y l  p e n t a d i 

e n y l t r i c a r b o n y l i r o n )  w as  o b s e r v e d  a t  r o o m  t e m p e r a t u r e .



P r o p o s e d  m e c h a n i s m  f o r  the  r e a c t i o n  b e t w e e n  

(6- p h e n y l h e x a -3 ,  5 - d i e n - 2 - o l ) t r i c a r b o n y l i r o n  s a l t  

a n d  t r i f l u o r o a c e t i c  a c id .

82

P h

F e
(C O ) , OH

P h

F e
(CO).

OH

/ y
CH,

H

T F A -> P h

F e \ F e

C H ,
/  3

(CO)(CO)

CHH„CP h P h

F e
(CO)

H

S c h e m e  1.
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F i g  2  P l o t  of  V .  t r i f l u o r o a c e t i c  a c id  c o n c e n t r a t i o n  f o r  the

r e a c t i o n  b e t w e e n  of»-endo - ( 6 -phenyl  - hexa  - 3, 5 - d i e n - 2 - 0 1 )  

t r i c a r b o n y l i r o n  and t r i f l u o r o a c e t i c  a c i d  at l b .  0°C.

10. Q
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S t d l n l . 6 3 0  f i t e e l  t \ i \ ^ n a

H o l e  f o r - \ ^  

t h e n n l a t e r < ;\

C o o l i n g *

w a t e r

F o a m  i n s u l a t i o n

C a ? ^  F i l t e r

C a P «  W in d o w s

P I C  C o n s t a n t  t e m p e r a t u r e  i n f r a - r e d .  c o l l

8S
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B 1 9  J o i n t  f o r

N  3 7  S u b a s o a l

T o  N i t r o g e n

R o t a f l o w  T a p

I n d e n t a t i o n  f o r .  

S y r i n g e  n e e d l e

P I G  6  R e a c t i o n  V e s s e l
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3 .4 .  E x p e r i m e n t a l

a.  M a t e r i a l s .

V ^ -e n d o (6- p h e n y l h e x a - 3 ,  5 d i e n - 2 - o l )  t r i c a r b o n y l 

i r o n  w as  p r e p a r e d  by  M i s s  I M oon  a n d  M i s s  K S m i t h  b y  the
9

m e t h o d  fo l l o w e d  b y  C l in to n  a n d  L i l l y a  . The  y e l lo w  p r o d u c t

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

N i t r o m e t h a n e  w a s  u s e d  a s  a  s o l v e n t  fo r  th e  k in e t i c  s tudy .  T h i s

s o lv e n t  (BDH) h a d  to be  p u r i f i e d  b e f o r e  u s e .  T he  m e t h o d  u s e d
28

was  b a s e d  on  t h a t  of Olah .  T h e  s o lv e n t  w as  w a s h e d  t h r e e

t i m e s  w i th  100 c m ^  a l i q u o t s  of  a  s o lu t io n  c o n ta in in g  s o d i u m  

b i c a r b o n a t e  (25 g) a n d  s o d i u m  m e t a b i s u l p h i t e  (2 5 g) i n  w a t e r

(1000 c m ^ ) .  F o l l o w i n g  th a t ,  it uios w i th  d i s t i l l e d  w a t e r
3 3 3(100 c m  ), 5% s u l p h u r i c  a c i d  (100 c m  ), a g a i n  w i th  w a t e r  (100 c m  )

an d  s o d i u m  b i c a r b o n a t e  so lu t io n .

T h e  w e t  n i t r o m e t h a n e  w a s  d r i e d  w i th  a n h y d r o u s  s o d i u m

su lp h a t e  f o l l o w e d  b y  d r i e d  m a g n e s i u m  s u lp h a t e .  F i n a l  r e m o v a l

of w a t e r  w a s  w i th  a c t i v a t e d  " D r i e r i t e " ,  th e n  f i l t r a t i o n  t h r o u g h  a
o

60 c m  c o l u m n  of  a c t i v a t e d  m o l e c u l a r  s i e v e s  (4 A ) type .

D i s t i l l a t i o n  w a s  c a r r i e d  out f o r  th e  d r i e d  s o lv e n t  a t  r e d u c e d

p r e s s u r e ,  t h r o u g h  a 500 c m  V i g r e u x  c o l u m n  u n d e r  n i t r o g e n ,

b.  p. 5 7 ^ /1 5 6  m m  Hg.

T r i f l u o r o a c e t i c  a c id

T h e  a c i d  (Koch L ig h t )  w a s  p u r i f i e d  by  m i x i n g  i t  (100 c m ^ )
3

with  t r i f l u o r o a c e t i c  a n h y d r i d e  (20 c m  ) u n d e r  n i t r o g e n .  T h e  

m i x t u r e  w as  a l l o w e d  to s t a n d  o v e r n i g h t  b e f o r e  b e in g  f r a c t i o n a l l y  

d i s t i l l e d  t h r o u g h  a 150 c m  V i g r e u x  c o lu m n .  T h e  a c i d  f r a c t i o n  

w as  c o l l e c t e d  a t  70.  5 - 71.  0° a n d  s t o r e d  u n d e r  n i t r o g e n  i n  

g r e a s e l e s s  a p p a r a t u s .

b.  A p p a r a t u s

T h e  i n f r a r e d  s p e c t r o m e t e r  P e r k i n - E l m e r  177

w as  u s e d  f o r  r e c o r d i n g  th e  s p e c t r u m  of  the  r e a c t i o n  m i x t u r e  

a t  2105 c m  \  A j a c k e t e d  c e l l  of th e  type  s h o w n  i n  F i g .  5 

w as  e m p l o y e d  f o r  th e  k i n e t i c  s tudy .
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T h e  s o lu t io n s  r e q u i r e d  f o r  the  k in e t i c  w o r k  w e r e  

p r e p a r e d  by  d i s s o l v i n g  the  a p p r o p r i a t e  a m o u n t  of  r e a c t a n t  in  

p u r e  n i t r o m e t h a n e  in  a n i t r o g e n  f l u s h e d  d r y  box.  In c a s e  of 

p r e p a r i n g  th e  a c i d  s o lu t io n ,  s t a n d a r d  a c c u r a t e  p i p e t t e s  w e r e  

u s e d .  B o th  s o lu t io n s  w e r e  d e g a s s e d  th o r o u g h l y  by  the  a i d  of 

l i q u id  n i t r o g e n  a n d  k i n e t i c  tu b e  s h o w n  in  F i g .  6. T h e  t e c h n i q u e  

of  t r a n s f e r r i n g  the  r e a c t i n g  s o l u t i o n s  to  th e  c e l l  w a s  e x p la i n e d  

on  p a g e  s a  •



93

R e f e r e n c e s  f o r  C h a p t e r  3.

1. E .  O, F i s c h e r  an d  R .  D, F i s c h e r , A n g e w  C h e m .  , 7 2 , 919

(I960).

2. H. J ,  D a u b e n  a n d  L .  R,  H o n n e n ,  J ,  A m e r .  C h em .  Soc,  , 8 0 ,

5570 (1958).

3. H. J .  D a u b e n  a n d  D. J ,  B e r t e l l i ,  J .  A m e r .  C h e m .  Soc.  , 8 3 ,

497 (1961).

4.  J .  E .  M a h l e r  a n d  R. P e t t i t ,  J .  A m e r .  C h e m .  Soc.  , 8 5 , 3955 

(1963).

5. I . E .  M a h l e r ,  D. H. G i b s o n  a n d  R .  P e t t i t ,  J .  A m e r ,  C h em .  Soc.  , 

85,  3959 (1963).

6. N, A. C l in to n  a n d  C. P .  L i l l y a ,  C h e m .  C o m m .  , 579 (1968).

7. C. R . J a b l o n s k i  a n d  T. S. S o r e n s e n ,  J .  O r g a n o m e t a l .  C h e m .  ,

C62 (1970).

8. S. F o r s  en  a n d  R. H o f fm a n ,  A c t a  C h e m .  S cand .  , 22 ,  1787 

(1963);  J .  C h em .  P h y s . ,  39, 2893  (1963).

9. N. A. C l in to n  an d  C. P .  L i l l y a ,  J .  A m e r .  C h e m .  Soc.  , 92. 2 ,

3058 (1970).

10. M. R. W i l l c o t t ,  W. H. B e a r d e n ,  R .  E .  D a v i s  an d  R .  P e t t i t ,

O rg .  M agn.  R e s .  , 2» 557 (1975).

11. R.  S. B ay o u d ,  E .  R. B i e h l  a n d  P .  C, R e e v e s ,  J .  O r g a n o m e t a l .  

C h e m .  , 1_50, 75 (1978).

12.  M. I. F o r e m a n ,  J .  O r g a n o m e t a l .  C h e m .  , 39, 161 (1972).

13.  P . E .  R i l e y  a n d  R . E .  D a v i s ,  A c ta  C r y s t .  , B32 , 381 (1976).

14. G. M ag l io ,  A. M u sc o  a n d  R .  P a l u m b o ,  J .  O r g a n o m e t a l . C h e m .  , 

32,  127 (1971).

1 5. P .  M c A r d l e  a n d  H. S h e r l o c k ,  J .  C h e m .  Soc.  (Dalton),  678

(1978).



94

16, M, R .  C h u r c h i l l  a n d  R, M a s o n ,  P r o c ,  C h e m ,  Soc .  , 112 (1963),

P r o c ,  R oy ,  Soc . ,  4 2 7 9 , 191 (1964).

W, E .  O b e r h a n s l i  and  L .  F .  D ah l ,  I n o r g .  C h e m .  , 4 ,  1 50, 629 

(1965 ); P .  H. B i r d  a n d  M. R. C h u r c h i l l ,  C h e m .  C o m m .  , 777 

(1967);  P .  E . B a r k i e ,  O .S .  M i l l s ,  P .  L . P a u s o n ,  G. H. S m i th  

a n d  J .  V a le n t i n e ,  C h e m .  C o m m .  , 425  (1965).

17, I. U. K hand ,  P .  L .  P a u s o n  a n d  W. E .  W a t t s ,  J .  C h e m .  Soc,  (C),

2024 (1969).

18, T .  G. B o n n e r ,  K. A. H o l d e r ,  P .  P o w e l l  a n d  E .  S ty l e s ,

J .  O r g a n o m e t a l .  C h e m .  , 1 31 , 105 (1977).

19 , L .  A. P .  K a n e - M a g u i r e  a n d  C. A. M a n s f i e l d ,  J .  C h e m .  Soc.  ,

2187 (1973).

20,  A.  J .  P e a r s o n ,  A u s t .  J .  C h em .  , _29* 11 01 (1976); 30 , 345 

(1977).

21,  A. J .  B i r c h  an d  A. J .  P e a r s o n ,  J .  C h e m .  Soc.  ( P e r k i n  I), 954 

(1976).

22, B.  F ,  G. J o h n s o n ,  J .  L e w i s ,  D. G. P a r k e r ,  P .  R . R a i th b y

a n d  G.  M. S h e l d r i c k ,  J .  O r g a n o m e t a l .  C h e m . ,  1 50 , 115 (1978).

2 3. L .  A. P .  K a n e - M a  g u i r e  a n d  C. A. M a n s f i e ld ,  J .  C h em .  Soc.

(Dal ton) ,  2192 (1976).

24.  L .  A. P .  K a n e - M a  g u i r e ,  J .  C h em .  Soc,  (A), 1602 (1971).

2 5. J .  E v a n s ,  D . V .  H ow e,  B. F .  G. J o h n s o n  a n d  J .  L e w i s ,  J .  O r g a n o m e t a l .

C h e m .  , ^  C48 (1973).

26 . K. A. H o l d e r ,  P h .  D. T h e s i s ,  L o n d o n  U n i v e r s i t y  (1976).

27.  C. K. Ingo ld ,  " S t r u c t u r e  a n d  m e c h a n i s m  i n  O r g a n i c  

C h e m i s t r y "  2nd E d i t i o n ,  C o r n e l l  U n i v e r s i t y ,  L o n d o n  1969 

p.  1153.

28. G. A. O lah ,  S. J .  Kuhn, S. H. F l o o d  an d  B. A. H a r d i e ,  J .  A m e r .

C h e m .  Soc.  , 86, 1039 (1964).



95

C H A P T E R  F O U R

K IN E T IC  AND S P E C T R O S C O P I C  STUDIES 

ON C Y C L O P E N T A D I E N Y L  

(C Y C L O -O C T A -  1 -2 ,  4 - 6  D IENY L) 

C O B A L T  C A TIO N
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c h a p t e r  4 .

K in e t i c  an d  S p e c t r o s c o p i c  s t u d i e s  on  c y c l o p e n ta d i e n y l  ( c y c lo -  

o c t a - ^ - 1 -2 ,  4 - 6  d ieny l )  c o b a l t  c a t i o n

4. 1. I n t r o d u c t i o n .

T h e  a i m  of th e  w o r k  d e s c r i b e d  in  th i s  C h a p t e r

w a s  to  s tu d y  the k i n e t i c s  f o r  the  r e a c t i o n  b e tw e e n  c y c l o p e n t a -

dienyl(cycloocta - /?2  -1 ,  2, 4 - 6  d ie n y l )  c o b a l t  t e t r a f l u o r o b o r a t e

and  m e t h o x i d e  ion.  A p r e l i m i n a r y  q u a l i t a t i v e  i n v e s t i g a t i o n

sh o w e d  th a t  the r e a c t i o n  w a s  v e r y  l a s t ,  bu t  i f  the  m e th o x id e
-5  -3w a s  b u f f e r e d  a t  low c o n c e n t r a t i o n s  (ca  10 m o l .  d m  ), i t  

cou ld  be fo l low ed  by a  s t o p p e d - f l o w  t e c h n iq u e .  T h e  a c t i v a t i o n  

p a r a m e t e r s  c a n  be o b ta in e d  by  m e a s u r i n g  the  r a t e  of r e a c t i o n  

a t  d i f f e r e n t  t e m p e r a t u r e s .  In  o r d e r  to c a l c u l a t e  the  

c o n c e n t r a t i o n  of m e t h o x i d e  i n  the b u f f e r  s o lu t io n s  a t  t e m p e r a t u r e s  

o t h e r  th a n  298 K, a n c i l l a r y  t h e r m o c h e m i c a l  d a t a  a r e  r e q u i r e d .  

T h e  v a r i a t i o n  in  the  a u t o p r o t o l y s i s  c o n s t a n t  of m e t h a n o l  w i th  

t e m p e r a t u r e  h a s  b e e n  r e p o r t e d . ^  T h e  d i s s o c i a t i o n  c o n s t a n t  of 

t r i e t h y l a m i n e  in  m e t h a n o l ,  h o w e v e r ,  i s  know n  on ly  a t  2 5 ° C .

T o  be a b le  to c a l c u l a t e  v a l u e s  a t  o t h e r  t e m p e r a t u r e s ,  the  e n th a l p y  

of n e u t r a l i z a t i o n  of t r i e t h y l a m i n e  by p e r c h l o r i c  a c id  in  m e t h a n o l  

w a s  m e a s u r e d  by s o l u t i o n  c a l o r i m e t r y .

A s p e c t r o s c o p i c  s tu d y  of  the  r e a c t i o n  of t r i p h e n y l -  

p h o s p h in e  w i th  the c o b a l t  s a l t  sh o w e d  the s t o i c h e i o m e t r y  to be 

1:1.  R e c e n t l y ,  the  k i n e t i c s ^  of th i s  r e a c t i o n  w e r e  r e p o r t e d ,  so  

we d id  n o t  p r o c e e d  o u r s e l v e s  w i t h  th i s  a s p e c t  of the  w o r k .

T h e  p r o t o n  n.  m .  r ,  s p e c t r u m  of c y c l o p e n ta d i e n y l -  

( c y c l o - o c t a - ' t l  - 1 - 2 ,  4 -6  d ie n y l )  c o b a l t  t e t r a f l u o r o b o r a t e  h a s  b e e n  

a s s i g n e d  w i th  the  a id  of d o u b le  r e s o n a n c e  e x p e r i m e n t s .
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4 , 2 .  F l o w  t e c h n i q u e s .

T he  s tu d y  of r a p i d  r e a c t i o n s  i s  v e r y  i m p o r t a n t  

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

c e l l  r e p r o d u c t i o n ,  the  c o m b u s t i o n  of r o c k e t  fu e l  and  g a s o l e n e ,  

an d  the  a c t i o n s  of p o i s o n s  and  n e r v e  g a s e s  c o m e  in to  th i s  c a t e g o r y .  

S u c h  r e a c t i o n s  a t  one t im e  w e r e  r e g a r d e d  a s  i n s t a n t a n e o u s  r e a c t i o n s  

A s  i t  w a s  no t  p o s s i b l e  to fo l low  s u c h  r e a c t i o n s  by c o n v e n t i o n a l  

m e t h o d s ,  o t h e r  s p e c i a l  t e c h n i q u e s  h a d  to be  d e v e lo p e d ,  of w h ic h  

f low t e c h n i q u e s  w e r e  the f i r s t .  T h e  m o s t  w id e ly  u s e d  m e t h o d  is  

the  s t o p p e d - f l o w .  T h e r e  a r e  two o t h e r  m e t h o d s ,  c on t inuous  

flow  and  a c c e l e r a t e d  flow.

In  1923, H a r t r i d g e  an d  R o u g h to n ^ ,  w e r e  the  f i r s t  

to u s e  t h e s e  t e c h n i q u e s  f o r  s tu d y in g  b i o c h e m i c a l  p r o c e s s e s .  T h e y  

w i s h e d  to m e a s u r e  the r a t e  of r e a c t i o n  b e t w e e n  oxy g en  and  h a e m o 

g lo b in  i n  w a t e r .  T h e y  m a d e  a  s o l u t i o n  of c a r b o x y h a e m o g l o b i n  

f low  up  a  v e r t i c a l  tube  i l l u m i n a t e d  by b r i g h t  l i g h t  and  th e n  in to  a 

d a r k  tu b e .  U n d e r  the  in f l u e n c e  of  l ig h t ,  the  c a r b o n  m o n o x id e  in  

c o m b i n a t i o n  w i th  the h a e m o g l o b i n  w a s  ph o to  c h e m i c a l l y  d i s p l a c e d  

by d i s s o l v e d  oxygen .  The  r e a c t i o n  in  the  f low ing  l iq u id  w a s  

m o n i t o r e d  a t  v a r i o u s  d i s t a n c e s  a lo n g  the  tu b e .

M
| P

F i g .  i
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In the  con t in u o u s  flow m e t h o d ,  the  two r e a c t a n t s  

a r e  p a s s e d  f r o m  big  r e s e r v o i r s  a long  two c a p i l l a r y  tu b e s  w h ic h  

m e e t  a t  a m i x i n g  po in t  (M, F i g .  i  ). T h e  c o n c e n t r a t i o n  of one  

o r  b o th  r e a c t a n t s  c an  be d e t e r m i n e d  a t  the  o b s e r v a t i o n  p o in t  P .

A s o u r c e  of m o n o c h r o m a t i c  l i g h t  and  a p h o t o m u l t i p l i e r  c o n n e c t e d  

to a n  o s c i l l o s c o p e  m i g h t  be u s e d  a t  P  f o r  m e a s u r i n g  the  c o m p o s 

i t io n  of the  s o lu t io n .  The  g r e a t  d i s a d v a n t a g e  of c o n t in u o u s  flow 

i s  the  r e q u i r e m e n t  th a t  l a r g e  v o l u m e s  of r e a c t a n t  s o lu t i o n s  a r e  

c o n s u m e d .  T h i s  t e n d s  to be  v e r y  s e r i o u s  w i t h  b i o c h e m i c a l  

r e a c t i o n s  i n  p a r t i c u l a r ,  w h e r e  the  q u a n t i t i e s  a v a i l a b l e  m a y  be 

v e r y  s m a l l .

In a l l  f low t e c h n i q u e s ,  i t  i s  n e c e s s a r y  t h a t  the  flow 

sh o u ld  be v e r y  f a s t  to r e d u c e  a s  m u c h  a s  p o s s i b l e  the  m i x i n g  

t i m e .  M o r e o v e r ,  i t  i s  a s s u m e d  th a t  a l l  the  f lu id  e l e m e n t s  m o v e  

w i th  the  s a m e  v e lo c i ty .

In  the a c c e l e r a t e d  flow m e t h o d ,  the  r e a c t a n t s  a r e  

d r i v e n  f r o m  s y r i n g e s  of e q u a l  v o lu m e .  T h e  c h a n g e  in  r e a c t a n t  

c o n c e n t r a t i o n s  c a n  be fo l lo w ed  a t  P  f r o m  the  b e g in n in g  of the  

d r i v e ,  u n t i l  m a x i m u m  f low v e l o c i t y  i s  a c h i e v e d .  T h e  f low  r a t e  

i n c r e a s e s  s t e a d i l y  a s  the  p l u n g e r s  a c c e l e r a t e  so  th a t ,  a t  the  

d e t e c t i o n  p o in t ,  the  o v e r a l l  r e a c t i o n  t i m e  d e c r e a s e s .  T h a t  m e a n s  

the t i m e  b e t w e e n  m ix in g  and  o b s e r v a t i o n  i s  i n v e r s e l y  p r o p o r t i o n a l  

to the  f low r a t e .

T h e  s to p p ed  f low  t e c h n iq u e  h a s  now b e c o m e  q u i te

s t a n d a r d i z e d .  T h e  r e a g e n t s  a r e  k e p t  in  two h y p o d e r m i c  s y r i n g e s
3

of e q u a l  v o l u m e ,  u s u a l l y  b e t w e e n  2 and  50 c m  . T h e  p l u n g e r s  

a r e  p u s h e d  t o g e t h e r  to d e l i v e r  e q u a l  a m o u n t s  of the  two r e a c t a n t s  

to  the  m i x i n g  c e l l .  T he  s o lu t io n s  a r e  m a d e  to f low ,  t h e n  s to p p e d  

s u d d e n ly .  T h i s  i s  done  by p a s s i n g  the  m i x i n g  s o l u t i o n  in to  a 

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

a  s to p  and  a t  the  s a m e  t i m e  o p e r a t e s  a m i c r o s w i t c h .  B y  the  

t i m e  the  m i x e d  l iq u id  h a s  r e a c h e d  the  o b s e r v a t i o n  p o in t  a  c e r t a i n
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f r a c t i o n  of th e  r e a c t i o n  w i l l  be o v e r .  The  r a n g e  of r e a c t i o n  

h a l f  l i v e s ,  w h i c h  c a n  be m e a s u r e d  by flow te ch n i q u e  i s  f r o m  a 

few m i l l i s e c o n d s  to a  few m i n u t e s .  T h e  s t o p p e d - f l o w  a p p a r a t u s  

w h ic h  i s  u s e d  in  o u r  s tu d y  i s  d e s c r i b e d  in  d e t a i l .



too

4.3 C y c l o p e n t a d i e n y l  ( c y c l o - o c t a - 1 , 5 - d i e n e ) c o b a l t l
3

T h i s  c o m p o u n d  w a s  p r e p a r e d  by K ing  e t  a l  by

d i r e c t  i n t e r a c t i o n  of d i c a r b o n y l  ( c y c lo p e n ta d ie n y l )  c o b a l t  and

( c y c l o - o c t a - 1 ,  5 - d i e n e ) .  In  J a p a n ,  i t  w a s  o b ta in e d  by the

h y d r o g e n a t i o n  of the  c o r r e s p o n d i n g  c y c I o - o c t a - 1 , 3, 5 - t r i e n e
4

and  c y c l o - o c t a t e t r a e n e  c o m p l e x e s .  L e w is  and  P a r k i n s  t r e a t e d  

a  m i x t u r e  of a n h y d r o u s  c o b a l t  b r o m i d e ,  c y c lo p e n ta d i e n e ,  and  

c y c l O : - o c t a - l , 5 - d i e n e  w i t h  i s  o p r  o p y lm a  gne s i u m  b r o m i d e  in  

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

T h e  s a l t  [ C o ( C g H ^ ) ( C g H j j ) ] ' ^ [ B F ‘ ] . H 2 0  w a s  

p r e p a r e d  by d i s s o l v i n g  the  a p p r o p r i a t e  a m o u n t  of c y c l o p e n t a -  

d i e n y l ( c y c l o - o c t a - l , 5 - d i e n e )  c o b a l t  i n  d i c h l o r o m e t h a n e ,  f o l l o w e d  

by t r e a t m e n t  w i th  P h ^ C  . . A f t e r  f ive  m i n u t e s ,  the  s o l u t i o n

w a s  e x t r a c t e d  w i th  w a t e r ,  a n d  w a s h e d  w i th  d i e t h y l e t h e r .  

E v a p o r a t i o n  of the  a q u e o u s  l a y e r  in  v a c u o  gave  the  c r i m s o n  

p r o d u c t .

T h e  s a l t  i s  a i r - s t a b l e  and  s o lu b le  i n  a c e t o n e ,  

l iq u id  s u l p h u r  d io x id e  and  w a t e r  to give r e d  s o l u t i o n s .  T h e  

c a t i o n  i s  p r e c i p i t a t e d  f r o m  w a t e r  by  u s i n g  a s a t u r a t e d  a q u e o u s  

s o lu t io n  of p o t a s s i u m  h e x a f l u o r o p h o s p h a t e  o r  by p i c r i c  a c i d .

T h e  n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r u m  of 

the  [Co(C^H^ )(CgH^  ̂)]^ w a s  m e a s u r e d  i n  l iq u id  s u l p h u r  d io x id e  

L e w i s  an d  P a r k i n s ^  a s s i g n e d  a  s h a r p  p e a k  a t  6 5 . 4  to the  p r o t o n s  

of the  c y c l o p e n t a d i e n y l  g r o u p .  In  a  d i f f e r e n t  so lv en t ,  c a r b o n  

d i s u l p h i d e ,  the  c y c l o p e n t a d i e n y l  p r o t o n s  w e r e  o b s e r v e d  a t  6 4 . 5 .  

T h e  r e m a i n d e r  of the  s p e c t r u m ,  h o w e v e r ,  i n d i c a t e d  th a t  the  

s y m m e t r y  of the  c y c l o - o c t a - 1 ,  5 - d i e n e  r i n g  h a s  b e e n  d e s t r o y e d .

A n  i n f r a r e d  s tu d y  w a s  a l s o  c a r r i e d  out  by the  s a m e  a u t h o r s  w ho  

no t iced  a b r o a d  a b s o r p t i o n  b an d  a t  1060 c m  , w h ic h  i s  due  to 

the  a s y m m e t r i c  s t r e t c h i n g  m o d e  of the  f l u o r o b o r a t e  a n io n  i n  the  

s a l t  [ C o - t i ^ C g H g ) ( C g H j j ) ] t B F ^ ‘;
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O n the  o t h e r  hand ,  th e  r e a c t i o n  of c y c l o p e n t a d i e n y l -  

c y c l o o c t a - 1, 5,-diene r h o d i u m  w i th  1 m o l .  of t r i t y l  f l u o r o b o r a t e  

in  d i c h l o r o m e  thane  l e a d s  to s o m e  d e c o m p o s i t i o n ,  but t r i t y l c y c l o -  

p e n t a d i e n y l ( c y c l o - o c t a - l , 5 - d i e n e  ) r h o d i u m  i s  i s o l a t e d  in  50% 

y i e l d  by  c h r o m a t o g r a p h y  of the  s o l u t i o n  on  s i l i c a ,  w i th  the  

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

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

T h e n .  m .  r .  s p e c t r u m  of [Rh(C^H^)(CgH^^)] ,

S c h e m e  1, in  d e u t e r o - c h l o r o f o r m  g iv e s  r e s o n a n c e s  of r e l a t i v e  

i n t e n s i t i e s  5:4:8 a t  6 5 . 2 ,  3 . 9  an d  2 . 0  a s s i g n e d  to the c y c l o p e n t a 

d ie n y l ,  c o o r d i n a t e d  o le f in ic  and  s a t u r a t e d  m e t h y l e n e  p r o t o n s  

r e s p e c t i v e l y .  The  s p e c t r u m  of the  t r i t y l  d e r i v a t i v e s  

[R h (P h ^ .  C. C ^H^)(CgH^^)]  sh o w s  f in e  d i s t i n c t  r e s o n a n c e s  i n  the  

r a t i o  15 :2 :2 :4 :8  a t  6 7 . 4 ,  5 . 3 ,  4 . 7 ,  3 . 6  and  1 . 9  r e s p e c t i v e l y .  T he  

band  a t  6 7 . 4  i s  a m u l t i p l e t  a s s i g n e d  to  th e  p h en y l  p r o t o n s .  T he  

t r i p l e t s  a t  5. 3 and  4.  7 a r e  a s s i g n e d  to the  p r o t o n s  of the  c y c l o 

p e n t a d i e n y l  r i n g .

C y c l o p e n ta d i e n y l  ( c y c l o o c t a - 1 ,  5 - d i e n e )  i r i d i u m  

r e a c t s  in  the  s a m e  w ay  a s  the  R h  a n a l o g u e .  W i th  1 m o l .  of 

the  r e a g e n t  t r i t y l  f l u o r o b o r a t e ,  the  n e u t r a l  co m p o u n d  t r i t y l -
2c y c l o p e n t a d i e n y l  ( c y c l o - o c t a - 1 , 5 - d i e n e ) i r i d i u m  (I, R ,  =PJ^C, R =  H) 

is  o b t a in e d .  I ts  n. m .  r .  s p e c t r u m ^  in  CDCl^  show s  p e a k s  a t  

6 7 . 3 ,  5 . 2 ,  4 . 7 ,  3 . 4  and  1 . 8 .  T h e  r e s o n a n c e  a t  7. 3 i s  due  to the 

p h e n y l  p r o t o n s  and  th o se  a t  3 . 4  and  1 . 8  a r e  due ,  r e s p e c t i v e l y ,  

to the  c o o r d i n a t e d  olefinic an d  s a t u r a t e d  p r o t o n s  of th e  c y c l o - o c t a -  

1, 5 - d i e n e  l ig a n d .  T h e s e  a r e  a t  s l i g h t l y  l o w e r  f i e ld  th a n  the  

c o r r e s p o n d i n g  r e s o n a n c e s  a t  3 . 8  and  1 . 9  i n  the  u n s u b s t i t u t e d  

c o m p l e x .  T h e  c y c l o p e n ta d i e n y l  r e s o n a n c e s  a t  6 5 . 2  an d  4 . 7  a p p e a r  

a s  t r i p l e t s  owing  to coup l ing  in  the  c y c l o p e n t a d i e n y l  r i n g .
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8

3

M E )
R

M

II

C o

1R

III

M R =  H

M =Rh.

IV

S c h e m e  1

If 2 m o l ,  of t r i t y l  f l u o r o b o r a t e  r e a c t s  .with [M (C ^H ^)-  

M =  Rh  o r  I r ,  the  c a t i o n ic  c y c l o - o c t a - 2 ,  5 - d i e n y l  c o m p l e x  

c a n  be  o b ta in e d ,  [ I r  (Ph^C-^C^H^)(CgH^  ̂ (I) w h i c h  c a n  be i s o l a t e d

a s  the  h e x a f l u o r o p h o s p h a t e  s a l t .  T he  n.  m .  r .  s p e c t r u m  of th is  

io n  in  l i q u id  s u l p h u r  d iox ide  i s  v e r y  c o m p l i c a t e d .  T he  c y c l o p e n t a 

d i e n y l  p r o t o n s  a p p e a r  a t  6 5.  9 and  5 . 6  s h o w in g  the  h ig h  f i e ld  

s h i f t  e x p e c t e d  f o r  c a t i o n s  w h e n  c o m p a r e d  w i th  t h e i r  n e u t r a l  

co m p o u n d s*

R

R j  = P h ^ C , R ^ = H

CPh,

I r

11



103

4. 4 R e s u l t s  a n d  D i s c u s s i o n

T h e  r e a c t i o n  b e t w e e n  [C o (C ^ H ^ ) (C g H j   ̂ . H^O

a n d  m e t h o x i d e  io n  w as  s tu d i e d  a t  395 n m  by  the  s t o p p e d - f l o w

te c h n i q u e  o v e r  the  r a n g e  o f  t e m p e r a t u r e  b e t w e e n  2 5 a n d  4 5°C.

T h e  c o b a l t  c o m p o u n d  w as  found  to be  s t a b l e  f o r  a f ew  d a y s

i n  a c i d i c  m e t h a n o l .  The  m e th o x id e  w a s  g e n e r a t e d  f r o m  a

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

a s  e x p l a i n e d  in  the  e x p e r i m e n t a l  s e c t io n .  A p r e l i m i n a r y  s tu d y
-2 - 3s h o w e d  t h a t  the  r e a c t i o n  of the  c o b a l t  c a t i o n  w i th  10 m o l .  d m

m e t h o x i d e  i o n  w a s  too f a s t  to fo l low e v e n  by  s t o p p e d - f l o w

t e c h n i q u e s .  B y  m ix in g  a p p r o p r i a t e  v o l u m e s  of  th e  a c i d  
- 3

(0. 05 m o l .  d m  ) in  m e t h a n o l  a n d  the  a m i n e  s o l u t i o n

(0. 5 m o l .  d m  ^ ) in  m e t h a n o l ,  a r a n g e  of m e t h o x i d e  c o n c e n -
-6 - 5  _3

t r a t i o n  f r o m  3. 8 x  1 0 to 2.  2 x  10 m o l ,  d m  w a s  o b ta in e d .

F o r  e a c h  c o n c e n t r a t i o n  of the  m e t h o x i d e  s i x  r u n s

w e r e  done .  T h e  r e s u l t s  g iv en  be low  show a t y p i c a l  e x a m p l e

w i th  a l l  the  s e t t i n g s  in d i c a t e d .

T e m p . 2 9 . 0  + 0. 1°C

[Co+] 5 x 1 0 ^  m o l .  d m  ^

[ O M e ‘ ]
-67, 3 X 1 0 m o l .  d m

S w eep  t i m e 20 s

B la n k 2400

S e n s i t i v i t y  

1. o f  ru n s

0 .2  V

\ b s  ,
1 0. 312 + 0. 002

2 0. 301 + 0. 002

3 0. 302 + 0. 002

4 0. 304 + 0. 002

5 0, 304 + 0. 002

6 0. 303 + 0. 003

^ E r r o r s  r e f e r  to tw ic e  the  s t a n d a r d  d e v ia t i o n  in  th e  l e a s t  
s q u a r e s  c a l c u l a t i o n s .
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T h e  s w e e p  t i m e  w a s  a l t e r e d  a c c o r d i n g  to the  r e a c t i o n  c o n d i t io n s ,  

a n d  ho w  f a s t  the  r e a c t i o n  p r o c e e d e d .  T h e  r a n g e  of  s w e e p  t i m e  

a v a i l a b l e  in  the  s t o p p e d - f l o w  a p p a r a t u s  w as  f r o m  5 m s  to  2 00 s.

T h e  r e a c t i o n  w a s  found to be f i r s t  o r d e r  w i th  r e s p e c t  

to c o b a l t  c o m p o u n d  c o n c e n t r a t i o n .  T h i s  w a s  i n d i c a t e d  f r o m  

p l o t t i n g  In  ( ) vs  t. , w h ich  gave  a s t r a i g h t  l i n e  F ig .  9

B y  f in d in g  the  r e l a t i o n s h i p  b e tw e e n  a n d  m e t h o x i d e  io n

c o n c e n t r a t i o n  th e  o r d e r  of the  o v e r a l l  r e a c t i o n  c a n  be d e t e r m i n e d .  

T h e  s t r a i g h t  l i n e s  o b t a in e d  w hen  k^^^  w a s  p l o t t e d  a g a i n s t  [OMe ], 

s h o w e d  a l i n e a r  d e p e n d e n c e  of  th e  o b s e r v e d  r a t e  c o n s t a n t s  on  

th e  m e t h o x i d e  c o n c e n t r a t i o n  F i g . e . g .  1. A t  e v e r y  t e m p e r a t u r e  

o v e r  the  r a n g e  u s e d ,  s i x  r u n s  w e r e  done f o r  e a c h  of  s i x  c h o s e n  

m e t h o x i d e  c o n c e n t r a t i o n s .  T he  c a l c u l a t i o n s  of the  m e th o x id e  

io n  c o n c e n t r a t i o n  r e q u i r e d  v a lu e s  of th e  a u t o p r o t o l y s i s  c o n s t a n t  

o f  m e t h a n o l  a n d  of  the  d i s s o c i a t i o n  c o n s t a n t  of t r i e t h y l - a m i n e  

in  m e t h a n o l  a t  e a c h  t e m p e r a t u r e .  L i t e r a t u r e  v a l u e s  of the  

f o r m e r  w e r e  u s e d ,  w h i le  th e  l a t t e r  w e r e  o b t a in e d  f r o m  the  

e n t h a l p y  o f  n e u t r a l i s a t i o n  o f  t r i e t h y l a m i n e  by  p e r c h l o r i c  a c id ,  

d e t e r m i n e d  c a l o r i m e t r i c a l l y  ( s e c t io n  4.  5). T a b l e  1 sh o w s  

th e  v a r i a t i o n  of  pK ^^  a n d  pK^ w i th  t e m p e r a t u r e .

T h e  g r a p h s  sh o w in g  the  r e l a t i o n s h i p  b e t w e e n  k^ ^ ^  

a n d  th e  m e t h o x i d e  c o n c e n t r a t i o n  a t  e a c h  t e m p e r a t u r e  c a n  be 

s e e n  i n  ( F ig s .  1, 2, 3, 4, 5, 6). . S t r a i g h t  l i n e s  w e r e

o b t a i n e d  in  e a c h  c a s e  w i th  a p o s i t i v e  i n t e r c e p t .  T h e  s lo p e s  

o f  t h e s e  l i n e s  r e p r e s e n t  k^ v a lu e s  w h ich  v a r y  a c c o r d i n g  td the  

t e m p e r a t u r e  u s e d .  T h e  p o s i t i v e  i n t e r c e p t  c o u ld  a r i s e  b e c a u s e  

o f  s o m e  d i r e c t  a t t a c k  by the  s o lv en t ,  m e t h a n o l ,  t h e r e f o r e  the  

fo l lo w in g  r a t e  e q u a t i o n  i s  s u g g e s t e d .

T h e  s tu d y  o f  the  r e a c t i o n  o f  th e  c o b a l t  c a t i o n  w i th  

th e  m e t h o x i d e  io n  a t  d i f f e r e n t  t e m p e r a t u r e s  e n a b l e s  u s  to
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c a l c u l a t e  th e  a c t i v a t i o n  p a r a m e t e r s  of  the  r e a c t i o n  o f  c o b a l t

c o m p o u n d  w i th  b o th  the  s o l v e n t  and  the  m e t h o x i d e  ion ,  by-

m a k i n g  u s e  of  A r r h e n i u s  p l o t s .  S ince  the r e l a t i o n s h i p  b e t w e e n

I n k a n d  (1/T) g iv e s  a s t r a i g h t  l i n e  ( F i g . 7, 8) w i th  a s lo p e  w h ic h

is  e q u a l  to E / R ,  E ,  the  e n e r g y  of a c t i v a t i o n  c a n  b e  c a l c u l a t e d ,
?

C o n s e q u e n t l y  AH c a n  be  o b ta in e d  f r o m  the  fo l low ing  e q u a t io n ;

AH*^ =  E  - R T

T h e  e n t h a l p y  o f  a c t i v a t i o n ,  AH^ fo r  a t t a c k  of  m e t h o x i d e  i o n  w a s
_1

found  to b e  35. 24 + 0. 12 k j  m o l  . T h e  e n t r o p y  o f  a c t i v a t i o n ,
t  -1 -1

AS =  -4  3. 03 + 0. 82 J K  m o l  , w as  c a l c u l a t e d  a c c o r d i n g  to

the  e q u a t io n :

T h e  a c t i v a t i o n  p a r a m e t e r s  f o r  the r e a c t i o n  w i th  m e t h o x i d e  

a r e  l i s t e d  i n  T a b l e  5 . T h e  n e g a t i v e  v a lu e  of AS^ i s

e x p e c t e d  f o r  t h i s  k in d  of  r e a c t i o n  p r o c e e d i n g  b y  a n  a s s o c i a t i v e  

m e c h a n i s m .

H o w e v e r  i t  i s  w o r t h  m e n t i o n i n g  th a t  the  r e a c t i o n

b e t w e e n  the  c o b a l t  c o m p o u n d  a n d  m e t h a n o l  o c c u r r e d  p a r a l l e l

to t h a t  w i th  the  m e t h o x i d e ,  b u t  a t  a m u c h  s l o w e r  r a t e .  T a b l e  6

sh o w s  the  v a l u e s  of  k^  f o r  the  m e t h a n o l  r e a c t i o n  w h ic h  b y

c o m p a r i n g  w i th  the  c o r r e s p o n d i n g  k  v a l u e s  fo r  the  m e t h o x i d e
7

r e a c t i o n ,  i n d i c a t e s  t h a t  the  l a t t e r  i s  f a s t e r  by  a  f a c t o r  o f  1 0 / T a b le  4). 

A l s o ,  th e  a c t i v a t i o n  p a r a m e t e r s  AH a n d  ^ S  w e r e  c a l c u l a t e d  

f o r  th e  s o l v e n t  r e a c t i o n .  T he  r e s u l t s  in  T a b le  7 s h o w  t h a t  the
■At -1

e n t h a l p y  o f  a c t i v a t i o n  is  g r e a t e r  (AH =  53. 33 + 0. 12 k J  m o l  )

t h a n  f o r  the  m e t h o x i d e  r e a c t i o n .  The  l a r g e  n e g a t i v e  v a lu e  of
^  -1 -1 

th e  e n t r o p y  o f  a c t i v a t i o n  (AS = - 1 1 5 .  4 + 1 . 0  J K  m o l  ) i s

e x p e c t e d  f o r  a n  a s s o c i a t i v e  r e a c t i o n  in  w h ich  a s o l v a t e d  p r o t o n

is  p r o d u c e d .  T h e  fo l lo w in g  e q u a t io n  i s  s u g g e s t e d  f o r  t h e  r e a c t i o n ;
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OMe

+OMe
Co +MeOH

[C o { C ^ ^ ) (C g H j j ) ] '* '  + M e O H —  [Co(C H g ) ( C g H j jO M e ) ]  +

R e c e n t l y  a k i n e t i c  s tu d y  w a s  c a r r i e d  ou t  by  

K a n e - M a  g u i r e  e t  a l^  f o r  t h e  r e a c t i o n  b e t w e e n  [Co(C^H^)  (C^H^ 

a n d  P P h ^  in  a c e t o n e .  T h e  r e a c t i o n  w as  i n v e s t i g a t e d  a l s o  by  

s t o p p e d - f l o w  t e c h n i q u e  a t  4 9 0  n m .  A t t a c k  o c c u r r e d  a t  the  

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

+L J j ]
( 1 )

R e a c t i o n  (1), L  =  P P h ^  is  r a p i d  in  a c e t o n e  s o lv e n t  

a n d  is  a c c o m p a n i e d  b y  a l a r g e  d e c r e a s e  i n  a b s o r b a n c e  a t  490 l im .  

T h e  r e s u l t s  o b s e r v e d  w e r e  c o n s i s t e n t  w i th  the  fo l lowing  r a t e  l a w

^  1 
[C o(C ^H g)(C gH jj)] ‘̂  + P P h 3  ?  [Co(C^Hg)(CgH3 3 P P h 3 ) ] \
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T h e  a c t i v a t i o n  p a r a m e t e r s  a s s o c i a t e d  w i th  a r e

A H ^ = 2 1 . 0 +  1. 2 k J  m o l" ^  a n d  AS^, =  -  114 + 5 J K " ^  m o l " \

c o n f i r m i n g  th a t  the  r e a c t i o n  p r o c e e d s  b y ' b i m o l e c u l a r  m e c h a n i s m .

On th e  o t h e r  h a n d ,  the  l a r g e r  AH v a lu e  of  86. 2 + 5. 1 K J  m o l

i s  in  a g r e e m e n t  w i th  bond  c l e a v a g e  in  d i s s o c i a t i o n  k  ^ , a s  i s  the

p o s i t i v e  AS ^  of  60 + 17 J K   ̂ m o l  ^ .

We s tu d i e d  th e  r e a c t i o n  b e t w e e n  [Co(C  H )(C H,  , )]^5 5 o i l
a n d  P P h ^  u s i n g  J o b ' s  m e t h o d .  T h e  r e s u l t s  sh o w n  in  F i g ,  10 

i n d i c a t e d  th a t  a 1:1 a d d u c t  i s  f o r m e d  in  t h i s  r e a c t i o n ,  wh ich  

a g r e e s  w i th  K a n e - M a g u i r e ' s  w o rk .  O u r  s t u d y  w a s  m a d e  b e f o r e  

K a n e - M a g u i r e ' s  p u b l i c a t i o n  a p p e a r e d .
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4 .  5 C a l o r i m e t r y

C a l o r i m e t r y  i s  a v e r y  l a r g e  top ic  a n d  h e n c e  th i s  

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

t h e r m o c h e m i s t r y  t h a t  i s  r e a c t i o n  c a l o r i m e t r y  w h ic h  w a s  u s e d  

in  th e  w o r k  d e s c r i b e d  in  th i s  t h e s i s .

A l l  c h e m i c a l  a n d  p h y s i c a l  p r o c e s s e s  a r e  a c c o m p a n i e d  

b y  e n e r g y  c h a n g e s .  C a l o r i m e t r y  i s  e m p lo y e d  f o r  the  m e a s u r e 

m e n t  o f  th e  c h a n g e s  in  e n e r g y  co n ten t  w h ich  a r e  a s s o c i a t e d  w i th  

c h a n g in g  the  s y s t e m  f r o m  one s t a t e  to a n o t h e r  u n d e r  s p e c i f i e d  

c o n d i t i o n s .  T h e  g r e a t e s t  c a r e  t h e r e f o r e  s h o u ld  b e  e x e r c i s e d  

in  d e f i n i n g  p r e c i s e l y  the  i n i t i a l  a n d  f in a l  s t a t e s .

T h e  u s e  o f  c a l o r i m e t r i c  m e th o d s  fo r  d i r e c t  

m e a s u r e m e n t  of  the  h e a t  c h a n g e s  of c h e m i c a l  r e a c t i o n s  in  

s o l u t i o n  h a s  b e e n  r e v i e w e d .  ^ R e a c t i o n  c a l o r i m e t r y  i n  s o lu t i o n  

i s  r e l a t i v e l y  s t r a i g h t f o r w a r d  if  th e  r e a c t i o n  i s  w e l l  d e f in e d ,  

c o m p l e t e  w i th in  a  few  m i n u t e s  a t  the  c h o s e n  t e m p e r a t u r e  a n d  

t h e r e  i s  no i n t e r f e r e n c e  f r o m  s id e  r e a c t i o n s .

T h e  c a l o r i m e t e r s  u s e d  in  th i s  w o r k  o p e r a t e  a t  

a r o u n d  2 5 ° C  a n d  the  cbmpounch c£ the  r e a c t i o n  a r e  5 io x m a l ly  h a n d l e d  in  

p r e d o m i n a n t l y  a q u e o u s  s o lu t io n .  H e n ce  the e x p e r i m e n t  y i e ld s  

a n  e n t h a l p y  ch an ge f o r  a  s t u d i e d  r e a c t i o n  a t  2 5°C,

I t  i s  c o n v e n i e n t  to d e s c r i b e  b r i e f l y  the  c a l o r i m e t e r s  

u s e d  i n  t h e  c o u r s e  of t h i s  w o r k .  Two ty p e s  w e r e  u s e d .

a ) A p u r p o s e  b u i l t  a l l  g l a s s  D e w a r  ty p e  c a l o r i m e t e r  

(F ig ,  i i  )

b) A c o m m e r c i a l  LK B  8700 R e a c t i o n  C a l o r i m e t r y  

S y s t e m  ( F ig . i i i  ).

T h e  f i r s t  c o n s i s t s  of a P y r e x  D e w a r  v e s s e l  w i th
-6the  v a c u u m  j a c k e t s  e v a c u a t e d  a n d  s e a l e d  a t  10 m m  of  Hg,

T h e  g l a s s  l i d s  of  the  v e s s e l s  w e r e  l u b r i c a t e d  w i th  s i l i c o n e  

g r e a s e  to  p r e v e n t  an y  l e a k a g e ,  a s  the  c o m p le t e  c a l o r i m e t e r  is  

i m m e r s e d  i n  w a t e r  d u r i n g  o p e r a t i o n .  The  i n t r o d u c t i o n  o f  

c o m p o n e n t s  in to  th e  c a l o r i m e t e r  c e l l  w as  a c h i e v e d  t h r o u g h
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I

H =  H e a t e r  
T =  T h e r m i s t o r  
S =  S t i r r e r  
A =  A m p o u le  
C =  C o o l in g  W e l l  
J  =  E v a c u a t e d  J a c k e t  
F  =  F l a n g e  (1 .5  c m . )
R =  P r e c i s i o n  G l a s s  Rod

F i g  - L o n g i t u d i n a l  S e c t io n  
t h r o u g h  C a l o r i m e t e r



n o

::::

%

C o n t r o l  U ni t  
T h e r m o s t a t  
C a l o r i m e t e r  Unit  
M o t o r  B u r e t t e  
S t i r r e r  D r i v e r  
E v e n t  T i m e r

P3  i.V
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s o c k e t s  in  the  l i d s .  D u r i n g  the  e x p e r i m e n t  th e  c e l l  m u s t  be 

i m m e r s e d  to  th e  b a s e  o f  the  ’’q u i c k f i t ” s o c k e t s  in  a c o n s t a n t  

t e m p e r a t u r e  w a t e r  b a th  m a i n t a i n e d  a t  2 5. 0 + 0, 01 ° C .  T h e  

v e s s e l s  w e r e  e q u i l i b r a t e d  b e f o r e  the  r e a c t i o n  f o r  a t  l e a s t  

one  h o u r .  C o o l in g  o f  the  c a l o r i m e t e r  v e s s e l s  a f t e r  th e  r e a c t i o n  

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

o f  l i q u i d  n i t r o g e n  in to  the  coo l ing  tube .

T h e  c a l o r i m e t e r s  a r e  c a l i b r a t e d  by e l e c t r i c a l

s u b s t i t u t i o n .  T h e  t e m p e r a t u r e  s e n s o r y  d e v i c e  w a s  a t h e r m i s t o r
o -1

(a p p ro x .  5000/1 a t  2 0 C a n d  a b o u t  lOOAK , ) T h e  t h e r m i s t o r

f o r m e d  one  a r m  of  a DC W h e a t s to n e  b r i d g e  a n d  the  o u t - o f 

b a l a n c e  b r i d g e  p o t e n t i a l  w a s  d i s p l a y e d  on  a  p e n  r e c o r d e r .

T h e  a m p o u l e  u s e d  f o r  th e  s o l id  c o m p o u n d s  i s  s k e t c h e d  b e low .

■> B7 S o c k e t

b —  -̂ r> th in n e d  g l a s s  f r a c t u r e  
bu lb

T h e  h e a t  due  to a m p o u l e  b r e a k i n g  w a s  show n  to be  n e g l ig ib l e  

f r o m  b l a n k  c a l o r i m e t r y  r u n s .  B e c a u s e  o f  the  n a t u r e  o f  the  

s e n s i n g  d e v ic e ,  the  r e a c t i o n  i s  fo l l o w e d  iii t e r m s  of  r e s i s t a n c e  

c h a n g e ,  no t  t e m p e r a t u r e .

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

c a l i b r a t i o n  a r e  s h o w n  in  F i g .  iv* w h e r e ,  T ^ ,  the  t e m p e r a t u r e  

a t  the  t i m e  of a m p o u l e  b r e a k i n g  an d ,  T ^ ,  g ive  the  r e p r e s e n t e d  

c o r r e c t e d  f in a l  t e m p e r a t u r e .  C o r r e c t i o n  f o r  t h e r m a l  l e a k a g e  

i s  o b t a i n e d  by  b a c k  e x t r a p o l a t i o n .  T h e  r e s i s t a n c e  v a l u e s



( a )  R e a c t i o n .
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T i m e

( b )  C a l i b r a t i o n ,

F i g .  iv
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a n d  a r e  r e c o r d e d  a t  and  T^ ;  A T i s  c a l c u l a t e d  f r o m  the  

fo l low ing  c h a r a c t e r i s t i c  e q u a t io n s  f o r  a t h e r m i s t o r

R =  A exp  B /T

R =  r e s i s t a n c e  in  o h m s ,  T =  a b s o l u t e  t e m p e r a t u r e  

a n d  A ,  B a r e  t h e r m i s t o r  c o n s t a n t s .

T =  B / l n  (R /A )

"  1 1So AT =  T ^ -  T j  =  B
In  ( R j / A ) In  (R_ /A)

R ,  R ,
=  B I n  CR^/Rj ) /  [ In  —  X  In  —  ]

If AT i s  th e  r e a c t i o n  t e m p e r a t u r e  ch an g e  a n d  AT the  
R  C

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

AT,R
AT

In C R ^ /R j )  

In  (R ^ /R ^ )

T h i s  a p p r o x i m a t i o n  i s  j u s t i f i e d  only  w hen  R^çd R^  

a n d  R^ ^  R ^  w h e r e  th e  t e r m s  inv o lv in g  A c a n c e l .

T h e  e q u a t i o n  u s e d  t o  d e t e r m i n e  th e  e n th a l p y  c h an g e  

d u r i n g  the  r e a c t i o n  i s

■ I T  /  T '  1 1 * 1  r I M  I n ^ l ^ ^ ZA H ^  /  K c a l m o l  =  f x p x t  x  —  x

f  =  f a c t o r  to  a c c o u n t  the  h e a t  d i s s i p a t e d  in  th e  
h e a t e r  l e a d s  

p =  p o w e r  of th e  h e a t e r  (in w a t t s )  
t =  t i m e  ( in  s e c s )  ^
M =  m o l e c u l a r  w e ig h t  ( g m o l  )
W= w e i g h t  u s e d  (g )

P  i s  o b t a i n e d  by  m e a s u r i n g  the  c u r r e n t  in  the  

h e a t e r  c i r c u i t  a n d  th e  p o t e n t i a l  d r o p  a c r o s s  the h e a t e r  w h i le  

the  h e a t e r  i s  on.

A t e s t  r e a c t i o n  w as  c a r r i e d  ou t  to c h e c k  th e  a p p a r a t u s  

b e f o r e  do ing  a n y  c a l o r i m e t r y .  T h i s  r e a c t i o n  w as  the  n e u t r a l 

i z a t i o n  of  t r i s  ( h y d r o x y - m e t h y l a m i n o m e t h a n e ) ,  TH A M , in  e x c e s s



/M

-3of 0. 1 m o l  d m  h y d r o c h l o r i c  a c id .

[ (C H ^O H )^C .  NH^ + C l “ ] (n - 1) H C l  (aq)

T h e r m o c h e m i c a l  d a ta  fo r  th i s  r e a c t i o n  a r e  w e l l - d o c u m e n t e d .
8

O u r  r e s u l t s  f r o m  TH A M  r e a c t i o n  c a n  be s e e n  in  the  fo l low ing  table:

E n t h a l p i e s  of  n e u t r a l i z a t i o n  (AH ) o f  t r i s - (h y d r o x y m e th y l )
- 1 - 3a m i n o - m e t h a n e  (THAM) in  e x c e s s  0. 1 m o l  d m  H C l  a t  298. 1 5K

R u n m ( T H A M ) / g .
*

d i lu t i o n - A H ^ / k J  m o l

1 0 .7  044 954. 8 29. 94

2 0. 7306 920. 6 29. 66

3 0. 6825 9 8 5 . 4 29. 68

4 0. 6939 969. 3 29. 69

5 0. 6847 9 8 2 .2 29. 80

6 0. 6948 968.  0 29. 74

A H ^  =  (-29.  75 + 0. 09) k J  m o l
-1

D i l u t i o n  i s  c a l c u l a t e d  f r o m [ N o  of m o l e s  of  H ^ O /N o .  of  m o l e s  o f  THAM ]
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D e t e r m i n a t i o n  of e n th a lp y  of n e u t r a l i s a t i o n  f o r  the  r e a c t i o n  

b e t w e e n  p e r c h l o r i c  a c id  and  t r i e t h y l a m i n e  in  m e t h a n o l .

T h e  va lue  of the  h e a t  of n e u t r a l i s a t i o n  of the  

r e a c t i o n  b e t w e e n  p e r c h l o r i c  a c id  and  t r i e t h y l a m i n e  a t  

25 + 0, 1 C c a n  be u s e d  to d e t e r m i n e  the  d i s s o c i a t i o n  c o n s t a n t  

of  t r i e t h y l a m i n e  (pK^) o v e r  the  r a n g e  of t e m p e r a t u r e  of the  

k i n e t i c  m e a s u r e m e n t s ,  t ak ing  R i t c h i e ' s  v a lu e  a t  2 5°C  and  

a p p l y i n g  the  V a n ' t  Hoff i s o c h o r e ,

I ^ I n K  \  A H

\  ^  ^  /  p

T h e s e  r e s u l t s  a r e  show n  in  T a b le  I

T h e  a u t o p r o t o l y s i s  c o n s t a n t  p K ^^  f o r  m e t h a n o l  a l s o  c h a n g e s

w i t h  t e m p e r a t u r e .  T he  d a t a  we  u s e d  i n  t h i s  w o r k  a r e  f r o m

a p a p e r  by  K o s k i k a l l i o .  B o th  v a l u e s  pK^ an d  pK^ w e r e

n e e d e d  to f ind  ou t  the  c o r r e c t  m e t h o x i d e  i o n  c o n c e n t r a t i o n

g e n e r a t e d ,  f r o m  the m e t h a n o l i c  b u f f e r  m i x t u r e  ( p e r c h l o r i c

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

T h e  r e a c t i o n  w a s  s tu d i e d  a t  25.  0 + 0 . 1°C .

T h e  L K B - 8 7 0 0  s o lu t io n  c a l o r i m e t e r  ( F i g . i i i  ) w a s  u s e d  f o r  th i s

w o r k .  A k now n  w e ig h t  of t r i e t h y l a m i n e  l iq u id  w a s  c o n ta in e d

i n  a  s p e c i a l  a m p o u le  w h ic h  w a s  s u s p e n d e d  in s i d e  the  c a l o r i m e t e r .
3

T h e  c a l o r i m e t e r  w a s  c h a r g e d  w i th  the  a c id  s o lu t io n  (100 c m  of 

0. 05 m o l  d m  ) and  l e f t  in  the  w a t e r  b a th  to a c h i e v e  . t h e r m a l  

e q u i l i b r i u m .  W h en  the a m p o u le  w a s  b r o k e n  r e m o t e l y ,  a n  

e v o l u t i o n  of h e a t  w a s  o b s e r v e d  t h r o u g h  the  r e s i s t a n c e  c h an g e  

of the  t h e r m i s t o r .  T he  c a l o r i m e t e r  i s  c a l i b r a t e d  by 

e l e c t r i c a l  s u b s t i t u t i o n .

T h e  r e a c t i o n  c a n  be  r e p r e s e n t e d  by the  

f o l lo w in g  equa t ion :

E t  N(l)  + [HCIO^ + MeOH] so ln .  ------^  [ E t ^  + HC10^+ Me OH] so ln .
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A l t e r n a t i v e l y ,  the  r e a c t i o n  m a y  be w r i t t e n :
AH

E t^ N ( l )  + [ZHCIO^ + M eO H  ] s o l n  -----------^  [E t^ N H  + M e O H ^  + 2C10 j s o l n .

T h e  h e a t  of s o lu t i o n  of t r i e t h y l a m i n e  in  m e t h a n o l  w a s  r e q u i r e d  

a s  an  a n c i l l a r y  m e a s u r e m e n t .

E t j N U )  + M eO H  (1)  [E t  N + M eO H  ] so ln .

T h e r e f o r e  the  e n th a l p y  of n e u t r a l i s a t i o n  (AH^) i s  g iv e n  by

AH  =  A H ,  - A H  
n 1 Z

f r o m  4 e x p e r i m e n t s ,  AH^ =  - 5 3 .  52 k J  m o l  ^

an d  f r o m  3 e x p e r i m e n t s ,  AH^ =  - 9 . 2 1  k J  m o l  \  h e n c e

A H  =  -  4 4 .3 1  k J  m o ln

T h i s  i s  c lo s e  to the  v a lu e  o b ta in e d  f r o m
9 -1p r e v i o u s  w o r k  by G r u n w a ld  (AH^ =  - 4 4 . 4 5  k J  m o l  a t

2 5 ^ 0 .  In h is  e x p e r i m e n t  h o w e v e r ,  he  s tu d i e d  the  n e u t r a l 

i s a t i o n  of h y d r o c h l o r i c  a c id  by s o d i u m  m e t h o x i d e  in  m e t h a n o l .
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4 .  6 N . m . r .  s t u d y  f o r  the  com pound  [C o (C ^H^  ̂ H _ 0

D o u b le  r e s o n a n c e  o r  sp in  d e c o u p l in g  c a n  o f t e n  

p r o v i d e  a n  e f f e c t iv e  m e a n s  of s i m p l i f i c a t i o n  of c o m p l e x  s p e c t r a  

and  of d e t e r m i n i n g  w h ic h  n u c l e i  a r e  c o u p led  in  s u c h  s p e c t r a .

T o  a p p ly  th i s  m e t h o d  i t  i s  n e c e s s a r y  th a t  the  n u c l e i  to be 

d e c o u p le d  sh o u ld  be  s e p a r a t e d  in  c h e m i c a l  s h i f t  by  a t  l e a s t  

20 -  30 H z .  S u p p o s e  we  hav e  a  s y s t e m  (AX) w i th  two d o u b l e t s  

only ,  and  th a t  w h i l e  o b s e r v i n g  the r e s o n a n c e  of A w i th  th e  u s u a l  

w e a k  r f  f i e ld ,  H ^ , a  m u c h  s t r o n g e r  r f  f i e ld ,  H^,  i s  p r o v i d e d  a t  

the  r e s o n a n c e  f r e q u e n c y  of X. In th i s  c a s e  the  A d o u b le t  

c o l l a p s e s  to a  s i n g l e t .  T h e  r e a s o n  i s  b e c a u s e  the  f i e l d  H 

h a s  c a u s e d  the  n u c l e u s  to j u m p  b a c k  and  f o r t h  so  r a p i d l y  

b e t w e e n  i t s  p o s s i b l e  s p i n  s t a t e s  and  th a t  i t  no l o n g e r  p e r t u r b s  

the s p i n  s t a t e s  of A ,  D i f f icu l ty  m a y  a r i s e  s o m e t i m e s  ow ing  

to the  f a c t  t h a t  a t  l e v e l s  of the  f i e ld  H^ be lo w  th a t  r e q u i r e d  f o r  

c o m p l e t e  c o l l a p s e  of a  m u l t i p l e t ,  a d d i t i o n a l  l i n e s  a p p e a r .

B y  r e v e r s i n g  the  e x p e r i m e n t ,  one c a n  s e e  a l s o  

the  c o l l a p s e  of the  d o u b l e t  of X up o n  i r r a d i a t i n g  A, D o u b le  

i r r a d i a t i o n  m a y  be  c a r r i e d  ou t  e i t h e r  by k e e p in g  the  f i e l d  H^ 

c o n s t a n t  on  the c h o s e n  r e s o n a n c e  w h i le  s w e e p in g  H^ th r o u g h  

the s p e c t r u m  ( f r e q u e n c y  sw e e p )  o r  by s w e e p in g  H^ , w h i c h  

i s  e q u i v a l e n t  to  s w e e p i n g  H^ and H^ t o g e t h e r  w h i le  m a i n t a i n i n g  

a f ix ed  f r e q u e n c y  d i f f e r e n c e  b e tw e e n  th e m ,  A 1/, e q u a l  to 

2^ -  l / ^  ' ( f i e ld  s w e e p ) .

T h e  s p e c t r u m  of a c e t a l d e h y d e  i s  a  s i m p l e  c a s e  

w i t h  w h ic h  to i l l u s t r a t e  the  id e a  of double  r e s o n a n c e .  F i e l d  

s w e e p  i r r a d i a t i o n  of the  a ld eh y d e  p r o t o n  w i th  A l /  =  454  Hz 

c o l l a p s e s  the  CH^ d o u b le t  to a s in g le t ,  w h i le  i r r a d i a t i o n  

of the  CH^ p r o t o n s  c o l l a p s e s  the a ld eh y d e  q u a r t e t  to a  s i n g l e t .



m

n. m .  r .  s p e c t r u m  f o r  C H ^C H O  __

i r r a d i a t i o n  a t  CHO

i r r a d i a t i o n  a t  CH. - t -
By the u s e  of the  doub le  r e s o n a n c e  t e c h n iq u e  i t  

w a s  p o s s i b l e  to o b ta in  f u r t h e r  i n f o r m a t i o n  to a id  a s s i n g m e n t  

of the  s p e c t r u m  of [C o(C ^H ^)  ( C g H ^ j ) ] B F ^  ( F i g J l - 1 7 )

T h e  p r o t o n  s p e c t r u m  of th e  c o m p o u n d  a t  90 M Hz w i th o u t  an y  

i r r a d i a t i o n  sh o w s  s e v e n  d i f f e r e n t  g r o u p s  of r e s o n a n c e s  w h ic h  

cou ld  be i n t e r p r e t e d  a s  fo l l o w s :
1

i) A q u a r t e t  a t  6 . 1 4  5 s h o u ld  be a s s i g n e d  to H , w h ic h  m a y
8 8 * 2

c o u p le  w i th  t h r e e  a .d ja^en t  p r o t o n s  (H , H , H ).

i i )  T w o  q u a r t e t s  a t  5 . 6 5  6 o b s c u r e d  by C H , w h ic h  cou ld  be
3 6 3

a s s i g n e d  to  H and  H p r o t o n s .  (H r e s o n a n c e  due  to
2 4 4 '  6

c o u p l in g  w i th  H , H , H  ) and  H w h ic h  i s  a d j a c e n t  to
5 7 7'H ^ . H \ H  ).

2
i i i ) T r i p l e t  a t  4 , 4 6  6 w h ic h  m u s t  be  due  to H b e c a u s e  of

3 1
c o u p l in g  w i th  H , H .

5
iv) A q u a r t e t  r e s o n a n c e  a t  3 . 6 6  5 w h ic h  i s  due to H (which

6 4 4 '
c a n  cou p le  w i th  H , H , H  ).

4 '  7'v) A c o m p l e x  m u l t i p l e t  a t  c a .  3 6 i s  a t t r i b u t e d  to H and  H .



H9

8'  4 7 "vi)  M u l t i p l e t  a t  2. 1 6 w h ic h  cou ld  be a s s i g n e d  to H , H , H  ,
g

v i i )  F i n a l l y ,  a m u l t i p l e t  a t  1 .2 2  6 w h ic h  i s  a s s i g n e d  to H .

T he  i n t e n s i t y  r a t i o  s h o w ed  t h a t  the  c o m p o u n d  h a s  

16 p r o t o n s  in c lu d in g  a  s h a r p  s i n g l e t  (5H) of the  c y c l o p e n t a d i e n y l  

g r o u p .  O n  i r r a d i a t i o n  a t  d i f f e r e n t  f r e q u e n c i e s ,  one  c a n  

d e d u c e  w h ic h  p r o t o n s  a r e  a d j a c e n t  to w h i c h  by  n o t i c in g  the  

c h a n g e s  i n  s p e c i f i e d  r e s o n a n c e s .  T he  fo l lo w in g  s c h e m e  

m i g h t  be u s e f u l ,  the  c h a n g e s  a r e  g iv en  i n  t e r m s  of p o s i t i v e  

an d  n e g a t i v e  d e p en d in g  on w h e t h e r  t h e r e  i s  an y  c h an g e  o r  no t  

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

In ten s ity  R atio 1 5 + 2 1 1 2 3 1

A s s ig n m e n t h ' h "' h ^h ^'h ^

+ - - - - + + 1
+ - - + + + t +

- + - 1 + - - -

+ + t - - - - -

- t + + + + + -

t - + - - - + • +

X
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A s s i g n m e n t  cou ld  be c l a r i f i e d  a s  f o l l o w s ,  s e e  T a b l e  8

3_22

4_05
3 .3 2

2^44

4,,93

A s s i g n m e n t s  g iv e n  by M a i t l i s ^ ^  f o r  the  c o m p o u n d

[Ir(CgMe5)(CgHjj)]PF^

H o w e v e r ,  f o r  the  c o b a l t  co m p o u n d  f r o m  th i s  w o r k  a s s i g n m e n t s  

g i v e n  b y  D r  P  P o w e l l  a r e  c o n s i s t e n t  w i th  the  n ,  m .  r .  d a t a .

A s s i g n m e n t  of H a s  e n d o - h y d r o g e n  w i th  3. 0 6 s h i f t e d  to
7

l o w e r  f i e l d  r e l a t i v e  to e x o - h y d r o g e n  H a t  2.  1 5 i s  i n  a c c o r d

w i t h  P a u s o n ' s  w o r k .  T he  s a m e  a s s u m p t i o n  i s  m a d e  i n  the
4 4 ’ 8 S'a s s i g n m e n t s  of H and  H and  of H and  H .



T A B L E  1

V a r i a t i o n  o f  t h e  d i s s o c i a t i o n  c o n s t a n t  (pK^) of 

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

(pK^^) o f  m e t h a n o l  w i th  t e m p e r a t u r e .

12!

T / ° C P ^ a

25. 0 10. 88 16. 73

29. 0 10. 78 16. 63

33. 0 10. 68 16. 56

37. 0 10. 58 16. 48

41.  0 1 0 . 4 8 16. 38

45.  0 10. 39 1 6 .2 7
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T A B L E  4

V a lu e s  of  k  a n d  In  k  o f  th e  r e a c t i o n  of  [Co(C H )(C H )] B E  a n d  
^ 5 5 o i l  4

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

T / K k^ / d m ^  m o l   ̂s ^ 1 / T  /  k "^ In  k^

2 9 8 . 2 2. 29 X 10^ 0. 00335 10. 04

302. 2 3. 00 X 10^ 0. 00331 10. 30

306. 2 3. 71 X 10^ 0. 00326 10. 52

3 1 0 .2 4 . 2 3  X 10^ 0. 00322 10. 65

3 1 4 .2 4. 89 X lo"^ 0. 00318 10. 80

3 1 8 .2 6 . 2 0  X 10^ 0. 00314 1 1 . 0 3

T A B L E  5

A c t i v a t i o n  p a r a m e t e r s  f o r  th e  r e a c t i o n  o f  [Co(C^H^)(CgH^  ̂)] B E ^  

w i th  m e t h o x i d e  a t  d i f f e r e n t  t e m p e r a t u r e s .

T / K A H ^ /k J  m o l " \
4 -1 -1

AS / J K  m o l

298. 2 35. 32 -43 .  1

302. 2 35. 30 -42 .  6

306. 2 3 5 .2 6 ‘ - 4 2 . 5

3 1 0 .2 3 5 .2 3 - 4 3 .1

3 1 4 .2 3 5 .2 0 - 4 3 . 6

3 1 8 .2 35. 16 -43 .  3



T A B L E  6

1 2 5

k , a n d  k_ v a l u e s  o f  the  r e a c t i o n  b e t w e e n  obs  2

[C o (C ^ H ^ ) (C g H j  )] BF^ a n d  m e t h a n o l  a t  d i f f e r e n t  t e m p e r a t u r e s

T / K k ^ /  d m ^  m o l   ̂s 1 / T  /  K"^ I n k ^

2 9 8 .2 0. 09 2 . 9  X 10"^  ; 0. 00335 -5 .  84

302. 2 0. 12 3 . 8 x 1 0 0. 00331 - 5 .  57

3 0 6 .2 0 .1 4 4 . 5 x 1 0 " ^ 0. 00326 : - 5 . 4 0

3 1 0 .2  , 0 .1 9 6. 1 X 1 0 "^ 0. 00322 ; - 5 . 1 0  :

3 1 4 .2 0 .2 7 8. 6 X 10 ^ 0. 00318 - 4 .  76

3 1 8 .2 0. 37 1 1 . 8 x 1 0 " ^ 0. 00314 - 4 . 4 3

T A B L E  7

A c t i v a t i o n  p a r a m e t e r s  AH a n d  AS f o r  the  r e a c t i o n  b e tw e e n  

[Co(C^H^)(CgH^ j  ) ]^B F ^  a n d  m e t h a n o l .

T / K AH / k j  m o l
*!= , -1 -1 

AS / J K  m o l

2 9 8 . 2 5 3 .4 1 - 1 1 4 . 5

3 0 2 .2 53. 38 -1 1 5 .  1

3 0 6 .2 53. 34 -1 15 .  8

3 1 0 .2 53. 31 -115 .  8

3 1 4 .2 • 53. 30 I - 1 1 5 .4

31 8 .2
1

5 3 . 2 4  ; - 1 1 5 . 3
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1 2 7

F i g .  1, P l o t  of k V ,  m e th o x id e  ion  c o n c e n t r a t i o n  f o r  the  obs
r e a c t i o n  b e t w e e n  [ C o (C _ H _ ) (C .H .  . )]^BF% a n d  O M e "  a t  25 .  0°C

5 5 o i l  4

0. 70 .

0. 6 0 .

0 . 5 0 .

(0 0 .4 0

0 . 2  0-

18 20 

10^[OMe ] /  m o l  d m

22
-3

F i g .  2,  P l o t  of k  ,  V ,  m e th o x id e  ion  c o n c e n t r a t i o n  f o r  the  r e a c t i o n  obs
b e t w e e n  [Co(C H )(C_H, , )] B F  and  OMe a t  29 .  0°C  

5 5 o i l  4

I .  00.

CO 0. 80.

00rÛ
-O 0 . 6 0

0 .40-

0. 20 -

16 20186 1210 140 2 4 8

FO^ [OMe J /  m o l  d m -3



1 28

F i g .  3 - P l o t  of k V .  m e t h o x i d e  ion  c o n c e n t r a t i o n  f o r  the  r e a c t i o n

[ Co (C ^H ^) (C „H ,  , an d  O M e '  a t  33. 0°Cb e t w e e n

m

m
XiO

6 1610 14 182 120 4 8 20

lO^[OMe ] /  m o l  d m

(0

O

F i g ,  4 - P l o t  of k  , V ,  m e t h o x i d e  io n  c o n c e n t r a t i o n  f o r  the  r e a c t i o n
+ - ■ - 

b e t w e e n  [Co(C H )(C H.  , )] B F  an d  OMe a t  37,  0 C.

1 . 2 0

00

0. 80

0 . 6 0

0 . 4 0

0 . 2 0

16 18 20 22146 12100 82 4

10 ^ [O M e ] /  m o l  d m



1 2 9
F i g .  5 - P l o t  of k  - V ,  m e t h o x i d e  ion  c o n c e n t r a t i o n  f o r  the  r e a c t i o n  obs

b e tw e e n  [Co(C^H^)(CgH^  ̂)] B F ^ '  a n d  O M e "  a t  41 .  0°C .

n

20

1. 00

0. 80

60

0 .4 0

0 . 2 0

6 1610 12 14 180 2 4 8 20

lC^[O M e ] /  m o l  d m

F i g .  6 - P l o t  of  k  , V .  m e th o x id e  io n  c o n c e n t r a t i o n  f o r  the  r e a c t i o n  obs
b e t w e e n  [Co(C^H^)(CgH^ j )] B F ^  a n d  OMe a t  45 .  0 °C .

1 . 6 0

1 . 4 0

20

1. 00

rO 0 , 8 0

0 . 6 0

0 . 4 0

0 . 2 0

20

1 0 ^ [ O M e  ] /  m o l  d m

22
3

14



F i g .  7, - A r r h e n i u s  p lo t  f o r - th e  r e a c t i o n  b e t w e e n  

[C o(C ^H ^) (C g H j  j )]^BF^ an d  m e t h o x i d e .

no

- 2 . 8

1
( 1 /T )  / K

F i g .  8 - A r r h e n i u s  p lo t  f o r  the  r e a c t i o n  b e t w e e n  

• [C o (C ^ H ^ ) (C g H j  j ) ]^BF ^  an d  m e t h a n o l .

- 4 . 6

- 4 . 8

-5 .  Q

A:
d - 5 . 2 .

- 5 . 4

- 5. 8 _

1
(1 /T )  /  K
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4. 7 E x p e r i m e n t a l

a .  M a t e r i a l s

C y c l o p e n ta d i e n y l  ( c y c l o -  o c t a - 1 , 5  d i e n e ) c o b a l t  (I): 

the  c o m p o u n d  w a s  p r e p a r e d  by  D r  L  J  R u s s e l l  a c c o r d i n g  to the  

m e t h o d  of King.

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

C h l o r o f o r m ;  A n a l a r  B D H  w a s  u s e d  w i th o u t  f u r t h e r  

p u r i f i c a t i o n .

M e th a n o l :  t A n a l a r  BD H  p r o d u c t  w a s  u s e d .

b.  D e t e r m i n a t i o n  of the  s t o i c h e i o m e t r y  of a d d u c t  f o r m a t i o n  b e t w e e n  

[ C o ( C j H g ) ( C g H j j ) f B F ^ ‘ a n d  P P h ^ .

F i r s t  a  s tudy  of B e e r ' s  L a w  f o r  the  c o b a l t  co m p o u n d

•was c a r r i e d  out,  by  p r e p a r i n g  s e v e n  d i f f e r e n t  c o n c e n t r a t i o n s  of
-3 -2the  c o m p l e x  in  A n a l a r  c h l o r o f o r m  o v e r  the  r a n g e  10 -  10

-3
m o l .  d m  . T he  a b s o r b a n c e  w a s  m e a s u r e d  f o r  e a c h  s o lu t io n  

s e p a r a t e l y  a g a i n s t  a  r e f e r e n c e  c e l l  c o n ta i n in g  the  so lv e n t .

A P y e - U n i c a m  S P - 5 0 0  S p e c t r o m e t e r  w a s  u s e d  f o r  th i s  p u r p o s e .  

W h en  the  a b s o r b a n c e  v a lu e  w a s  p l o t t e d  ou t  a g a i n s t  c o n c e n t r a t i o n ,  

a  good s t r a i g h t  l ine  w a s  o b t a i n e d  in d i c a t i n g  t h a t  the  c o m p o u n d  o b e y s  

B e e r ' s  L a w .

T h e  s o lv e n t  w a s  c h o s e n  a f t e r  t r y i n g  s e v e r a l  o t h e r  

s o l v e n t s  q u a l i t a t i v e l y  in  a  t e s t  t u b e .  F o r  i n s t a n c e  bo th  

[Co( C ^H ^) (C g H j  ) ]^BF ^  a n d  t r i p h e n y l p h o s p h i n e  are* s o lu b le  i n  

a c e t o n e ,  b u t  the  r e a c t i o n  s e e m s  to  be v e r y  s low .  In  d io x a n e ,  

on ly  t r i p h e n y l p h o s p h i n e  d i s s o l v e s .  H o w e v e r  in  d i c h l o r o m e t h a n e ,  

bo th  the c o b a l t  c o m p o u n d  a n d  the  p h o s p h in e  l i g a n d  w e r e  s o lu b le ,  

b u t  t h i s  i s  e x c lu d e d  b e c a u s e  of i t s  h ig h  v o la t i l i t y .  In a c e t o n i t r i l e  

t r i p h e n y l p h o s p h i n e  w a s  l e s s  s o lu b l e  th a n  the o r g a n o m e t a l l i c  

c o m p o u n d ,  w h ic h  m a k e s  a  t u r b i d i t y  i f  i t  i s  u s e d  in  e x c e s s .

So, the  A n a l a r  c h l o r o f o r m  w a s  the  m o s t  c o n v e n ie n t  f o r  th i s  r e a c t i o n .
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b. A p p a r a t u s  ;

A N o r t e c h  L a b o r a t o r i e s ,  C a n t e r b u r y  SF3A M k . I l l  

s t o p p e d - f l o w  s p e c t r o p h o t o m e t e r  w a s  u s e d  in  c o n ju n c t io n  w i t h  a 

D a t a l a b  DL901 t r a n s i e n t  r e c o r d e r  l i n k e d  to  a c a t h o d e - r a y  

o s c i l l o s c o p e ,  c h a r t  r e c o r d e r  and  tape  punch.- F i g . v  show s  a 

b lo c k  d i a g r a m  fo r  the  s t o p p e d - f lo w  a p p a r a t u s .

F l o w  u n i t  
a n d  c o n s t a n t  
t e m p e r a t u r e  

ba th

C o n t r o l
u n i t

T a p e  p u n c h

C h a r t  J 
r e c o r d e r

C a th o d e  r a y  
O s c i l l o s c o p e

D ig i t a l
o u tpu t

R e c o r d

V i s u a l
d i s p l a y

T r a n s i e i i t  
r e c o r d e r  
D L  901

T

F i g .  V
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T h e r e  a r e  t h r e e  m a i n  u n i t s  f r o m  w h i c h  the  a p p a r a t u s

i s  c o n s t r u c t e d ,  i) A flow u n i t  (F ig .v i  ) ,  i i)  a n  o p t i c a l  s y s t e m ,

i i i )  a n  e l e c t r o n i c  u n i t .  T h e  r e a c t a n t s  a r e  w i t h d r a w n  f r o m  r e s e r v o i r s
3 *

and h e ld  i n s i d e  two s y r i n g e s  (2 c m  ) , the. p l u n g p r s   ̂o f  w h ic h  c a n  be 

p u s h e d  s i m u l t a n e o u s l y .  E a c h  s y r i n g e  i s  c o n n e c t e d  to  a  c o i l  of 

g l a s s  t u b in g  f i l l e d  w i th  r e a c t a n t  and l e a d i n g  to the  m i x i n g - c h a m b e r ,  

w h e r e  th e  r e a c t i o n  s t a r t s .  T h e  m i x t u r e  th e n  f low s  pas t  the  

o b s e r v a t i o n  p o in t  3 and  in to  a t h i r d  s y r i n g e ,  the  p l u n g e r  of w h ic h  

i s  p u s h e d  b a c k  by  the  l iq u id  p r e s s u r e  u n t i l  i t  c o m e s  a g a i n s t  a s top .  

W hen  the  f low  i s  thus  s to p p ed  su d d e n ly  the  s o lu t i o n  a t  the  o b s e r v a t i o n  

po in t  i s  of  f r e s h l y  m i x e d  r e a c t a n t s .  T h e  r e a c t i o n  now p r o c e e d s  and  

i t s  p r o g r e s s  c a n  be fo l lo w ed  by  m e a s u r i n g  the  a b s o r p t i o n  of the  b e a m  

of l ig h t  by r e a c t a n t s  o r  p r o d u c t s .  T h e  i n t e n s i t y  of l i g h t  t r a n s m i t t e d  

by the  s a m p l e  a t  the  o b s e r v a t i o n  p o in t  i s  d i s p l a y e d  on  a n  o s c i l l o s c o p e  

a s  a f u n c t i o n  of  t i m e  fo l low ing  the  s to p p in g  of the  f low .  ' T h e  l ig h t  

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

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

by a p h o t o m u l t i p l i e r .  In  th i s  a p p a r a t u s  the  s i g n a l  f r o m  the. s t o p p e d  

flow i n s t r u m e n t  i s  p a s s e d  to a  t r a n s i e n t  r e c o r d e r  ( m e m o r y )  w h ic h  

s t o r e s  the  t r a n s m i t t a n c e  v a l u e s  in  d ig i t a l  f o r m  (1024 v a l u e s  d u r i n g  

the  s c a n  t i m e  s p e c i f i e d ) .  T h i s  i n f o r m a t i o n  c a n  be fe d  ou t  on to a 

c h a r t  r e c o r d e r  o r  on  to  p u n c h e d  tape  fo r  c o m p u t in g  p r o c e s s  w h e n  i t  

a p p e a r s  i n  b i n a r y  f o r m .  T h e  k in e t i c  t r a c e  a l s o  a p p e a r s  on  a n

o s c i l l o s c o p e  s c r e e n .  T he  s t o r e d  i n f o r m a t i o n  a b o u t  a  s p e c i f i c
\

k i n e t i c  r u n  i s  c l e a r e d  a u t o m a t i c a l l y  a s  m o r e  s a m p l e s  a r e  fed  in to  

the  t r a n s i e n t  r e c o r d e r .  W h en  the  t r i g g e r  p u l s e  i s  a p p l i e d ,  the  inpu t  

in to  the  m e m o r y  i s  s t o p p e d  a t  the  end  of the  s w e e p  so  t h a t  the  

i n f o r m a t i o n  of  the  one s w e e p  fo l low ing  the  t r i g g e r  i s  r e t a i n e d .
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r e s e r v o i r
/

s i g n a l  t r i g g e r

In t h e r m o s t a t t e d  
b a th

C o n t r o l
Uni t

co i l

=  3 - w a y  tap

m i c r o s w i t c h

W a s te

F i g .  VI
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T h e  s t o p p e d - f l o w  a p p a r a t u s  h a s  b e e n  d e s i g n e d  to  

fu l f i l  the  r e q u i r e m e n t s  of a c c u r a t e  k i n e t i c  i n v e s t i g a t i o n .  I t  h a s  

m a n y  a d v a n t a g e s  in  p a r t i c u l a r :

a .  ) E a s e  an d  s p e e d  of o p e r a t i o n ,  the r e s u l t  c a n  be i n s p e c t e d  a t  

once  on  a n  o s c i l l o s c o p e  s c r e e n .  b. ) S e n s i t i v e  d e t e c t i o n  by

m e a n s  of a p h o t o m u l t i p l i e r ^ h i g h  s e n s i t i v i t y  i s  s e c u r e d  by  the  u s e  

of h igh  l i g h t  i n t e n s i t y .  A ch an g e  in  c o n c e n t r a t i o n  of 1% c a n  be  

f o l lo w ed  w i th  a n  e r r o r  of + 1% and  r a t e  c o n s t a n t s  d e t e r m i n e d  w i t h  

+ 1 o r  2% e r r o r s .  c .  ) T h e  m ix in g  c h a m b e r ,  o b s e r v a t i o n  tube  

and  the  g l a s s  c o i l s  a r e  a l l  i m m e r s e d  i n  a t h e r m o s t a t  b a th  i n  o r d e r  

to a c h i e v e  good t e m p e r a t u r e  c o n t r o l .  M o r e o v e r  the  w h o le  

s y s t e m  i s  r e s i s t a n t  to a l l  n o r m a l  r e a g e n t s  and  s o l v e n t s .

T h e  s t o p p e d - f l o w  t e c h n iq u e  h a s  found a  w id e  

r a n g e  of a p p l i c a t i o n s ,  in  fo l l o w in g  e n z y m e  r e a c t i o n s ,  r e a c t i o n s  of 

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

u t io n  in  i n o r g a n i c  c h e m i s t r y ,  p r o t o n - t r a n s f e r  and  s i g m a - c o m p l e x  

f o r m a t i o n  in  o r g a n i c  s y s t e m s  an d  r e a c t i o n s  of o r g a n o m e t a l l i c  

c o m p o u n d s .
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C ,  J o b ' s  M e t h o d .

S o lu t io n s  of the  c o b a l t  c o m p o u n d  a n d  t r i p h e n y l p h o s -

p h in e  in  A n a l a r  c h l o r o f o r m  w e r e  p r e p a r e d  e a c h  h a v in g  the
-3 -3

c o n c e n t r a t i o n  5 x 1 0  m o l .  d m  . A s e r i e s  of  s o lu t io n s  w i th  

d i f f e r e n t  m o l a r  f r a c t i o n s  w a s  p r e p a r e d  by m i x i n g  a p p r o p r i a t e  

v o l u m e s  of the  r e a c t a n t s .  In e a c h  c a s e  the  a b s o r b a n c e  w a s  

r e c o r d e d .  T h e s e  v a lu e s  w e r e  p lo t t e d  out a g a i n s t  the  m o le  

f r a c t i o n s  f r o m  whichtfie s t o i c h e i o m e t r y  of th e  c o m p l e x  f o r m e d  

c o u ld  be  d e t e r m i n e d .  P r e c a u t i o n s  h a d  to  be  t a k e n  to e x c lu d e  

a i r ;  t h i s  cou ld  be a c h i e v e d  by the  u s e  of a  g lo v e  bag . T h i s  w a s  

f i r s t  e v a c u a t e d ,  th e n  f l u s h e d  w i th  n i t r o g e n .  T h e  p r o c e s s  b e in g  

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

f l u s h e d  w i th  n i t r o g e n  and k e p t  in  the g love  b ag .

d.  G e n e r a t i o n  of m e th o x id e  ion .

M e th o x i d e  jon w a s  g e n e r a t e d  f r o m  a b u f f e r  m i x t u r e  of p e r c h l o r i c

a c i d  an d  t r i e t h y l a m i n e  in  m e t h a n o l .  T h e  a c i d  c o n c e n t r a t i o n

( 0. 05 m o l .  d m  ^ ) w a s  m e a s u r e d  e x a c t l y  by  s t a n d a r d i s a t i o n

w i th  b o r a x .  T h e  t r i e t h y l a m i n e  c o n c e n t r a t i o n  u s e d  w a s  0 .5

m o l .  d m  . D i f f e r e n t  r a t i o s  of a c i d - a m i n e  m i x t u r e  w e r e  c h o s e n

to o b t a i n  s e v e r a l  c o n c e n t r a t i o n s  of the  m e t h o x i d e .

F r o m  l i t e r a t u r e  v a lu e  u s e d  by R i t c h i e  
[E t  N] [MeOH +]

-  “  [E t^NH+ ]

[ E t  NH+] ,
-  l o g  [MeOH^] = 1 0 . 8 8  -  log  '

-  log  [OM eH^^]  [OMe ] =  1 6 ,7 3  l i t e r a t u r e - v a l u e

[Et.NH"' ' ]
-  l o g  [OMe j = 1 6 , 7 3 - 1 0 , 8 8  + log [EtjN]

[E t  NH'*']
=  5 , 8 2  + log  jE t^ N ]
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e .  K in e t i c  p r o c e d u r e :

T h e  s to p p e d - f lo w  a p p a r a t u s  d e s c r i b e d  on  p a g e  l 4 l  

w a s  u s e d  f o r  the  k i n e t i c  s tu d y  of the  r e a c t i o n  b e t w e e n  the  c o b a l t  

c o m p o u n d  an d  m e th o x id e .

F o r  e a c h  s e r i e s  of k i n e t i c  r u n s ,  f r e s h  s o l u t i o n s  of 

the  r e a c t a n t s  in  m e t h a n o l  w e r e  p r e p a r e d .  B o th  s o l u t i o n s  of the  

o r  g a n o m e t a l l i c  co m p o u n d  and  the  r e q u i r e d  m e t h o x i d e  b u f f e r  w e r e  

t r a n s f e r r e d  to  the  r e s e r v o i r s  of the  flow u n i t  of th e  s t o p p e d - f l o w  

a p p a r a t u s ;  f l u s h e d  th r o u g h  the  t h e r m o s t a t t e d  c o i l s  an d  a l l o w e d  to 

e q u i l i b r a t e  a t  c o n s t a n t  t e m p e r a t u r e  f o r  1 0 - 1 5  m i n u t e s .  A i r  

b u b b le s  s h o u ld  be  av o id ed  b e c a u s e  th i s  c a u s e s  u n s a t i s f a c t o r y  

t r a c e s .  T h e  l ig h t  s o u r c e  w a s  a t u n g s t e n  p r o j e c t o r  b u lb .  

M o n o c h r o m a t i c  l ig h t  of the  r e q u i r e d  w a v e l e n g t h  w a s  s e l e c t e d  

u s in g  a f i l t e r  m o n o c h r o m a t o r .  A U V / v i s i b l e  s p e c t r o p h o t o m e t e r  

of the  type  P y e - U n i c a m  SP 1 8 0 0  w a s  u s e d  to d e t e r m i n e  tïie s u i t a b l e  

w a v e l e n g t h  f o r  o b s e r v a t i o n .  T h e  p l u n g e r s  of the  r e s e r v o i r  

s y r i n g e s  w e r e  o p e r a t e d  m a n u a l l y .  A s  the  r e a c t a n t s  e n t e r e d  the  

m ix in g  c e l l ,  the  s to p p in g  s y r i n g e  w a s  f o r c e d  a g a i n s t  a  m i c r o 

s w i t c h  w h i c h  t r i g g e r e d  the r e c o r d i n g  d e v i c e .  T h e  c h a n g e  i n  

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

be ing  o b s e r v e d  on the  o s c i l l o s c o p e  cou ld  be s t o r e d  i n  the  t r a n s i e n t  

r e c o r d e r ,  t h e n '  p lo t t e d  by m e a n s  of a  c h a r t  r e c o r d e r  and  s t o r e d  

on  p u n c h e d  t a p e ;  t h i s  p r o c e d u r e  w a s  r e p e a t e d  a t  l e a s t  f ive  t i m e s  

f o r  e a c h  c o n c e n t r a t i o n  of m e t h o x i d e .
r

B e f o r e  an y  k i n e t i c  r u n  i t  i s  n e c e s s a r y  to  c o n v e r t  the

t r a n s m i t t e d  l ig h t  i n t e n s i t y  in to  o p t i c a l  d e n s i t y ,  t h i s  w a s  p o s s i b l e

by d e t e r m i n i n g  two v a lu e s  " I "  and  " I ” . " I"  i s  the ̂ ^ b l a c k  b l a n k  b l a c k
v a lu e  of  the  in f in i te  a b s o r b a n c e ,  w a s  t a k e n  w i th o u t  a n y  l i g h t  b e in g  

t r a n s m i t t e d .

"I", , , . i s  m e a s u r e d  by r u n n in g  a  c o l o u r l e s sb lank
s o lu t io n  in to  the c e l l .  (F ig .  v i i )
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b la c k

l . I

c o m p l e t i o n  of r e a c t i o n  r

in e t i c  t r a c e

l e v e l  r e a c h e d  a t  s t o p p in g  p o in t

b la n k

t i m e

F i g .  v i i

T h e  m e th o x id e  so lu t io n  w a s  u s e d  a s  the  b lank .

T h e s e  v a lu e s  w e r e  th e n  fed  in to  a  s u i t a b l e  c o m p u t e r  

p r o g r a m  (A p p e n d ix  p. 182 ) an d  p r o c e s s e d  u s in g  the  r e l a t i n g

e q u a t i o n

O p t i c a l  d e n s i t y  =  log  - 1. e.
I - I
b l a c k  b la n k

I -  I
b l a c k  t

T h e  p r o g r a m  w a s  w r i t t e n  to g ive  the  log  o p t i c a l  d e n s i t y  a n d  

r a t e  c o n s t a n t  v a lu e s  w e r e  c a l c u l a t e d  by the  u s e  of l e a s t  m e a n  

s q u a r e s  a n a l y s i s .  P s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t s  w e r e  

o b t a in e d  a s  the  m e th o x id e  c o n c e n t r a t i o n  w a s  b u f f e r e d .  T h e  o r d e r  

of the  r e a c t i o n  w i th  r e s p e c t  to  m e t h o x i d e  w a s  e s t a b l i s h e d  by  f ind ing  

the  r a t e  c o n s t a n t s  a t  s e v e r a l  c o n c e n t r a t i o n s  of the  m e t h o x i d e  ion.
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c h a p t e r  5

K in e t i c  Study of the  r e a c t i o n  of C y c l o h e p t a t r i e n y l t r i c a r b o n y l  

C a t i o n s  of m e t a l s  in  g ro u p  (VI) w i th  m e t h o x i d e  ion

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

T h e  s tu d y  of n u c leo p h i l i c  a t t a c k  on  c o o r d i n a t e d  t r o p y l i u m  

c a t i o n s  h a s  i n t e r e s t e d  m a n y  w o r k e r s  i n  t h e  f i e ld  of o r  g a n o m e t a l l i c  

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

we  w i l l  d i s c u s s  w o r k  done  on  n u c l e o p h i l i c  a t t a c k  on th e  t r i c a r b o n y l  

t r o p y l i u m  c a t i o n s  of m e t a l s  in  g r o u p  VI.

In  1961 , M u n r o  and  P a u s o n ^  s t u d i e d  th e  r e a c t i o n  of 

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

two p o s s i b l e  r e a c t i o n  p a th w a y s :

(i) [ Cr(C^H^)(CO^]'* '  + X '  --------- [ C r ( X C ^ H ^ ) (C O )^ ]  o r

(ii) [ C r (C ^H ^) (C O )^ ] '^  + X "  [ C r ( C ^ H ^ ) ( C O ; ^ ]  + CO

T he  f i r s t  r e a c t i o n  i s  m o r e  l i k e l y  to  h a p p e n  b e c a u s e  i t  i s  th o u g h t  t h a t

t h e  p o s i t i v e  c h a r g e  i s  m o r e  c o n c e n t r a t e d  o n  th e  s e v e n - m e m b e r e d  r in g ,

a n d  h e n c e  the  a n io n s  c a n  add  to  t h i s  r i n g  a s  t h e y  do to  f r e e  t r o p y l i u m

i o n s .  T h e  s e c o n d  p o s s i b i l i t y  a s s u m e s  t h a t  su f f i c i e n t  of t h e  c h a r g e

i s  l o c a t e d  on  th e  m e t a l  a t o m  f o r  a n io n ic  a t t a c k  a t  t h i s  po in t  a n d  i s  a l s o

b a s e d  on  th e  a n a lo g y  w i th  the  b e h a v i o u r  o f  t h e  t r i c a r b o n y l b e n z e n e -
2

m a n g a n e s e  c a t i o n  w i th  c y a n id e .

[Mn(C^H^):(CO)^]^ + CN" ------^ [ M n ( C ^ H  )(CO) CN] + CO

t
P a u s o n ' s  w o r k  c o n s i d e r e d  th e  f i r s t  p o s s i b i l i t y  a s  t h e  n o r m a l  r e a c t i o n  

w h i c h  l e d  to  p r o d u c t s  s u c h  a s

[ w h e r e  H, OMe,  SH, C ^ H ^ C M e ^ ,  C M e (C O ^ E t )^  ]

CHR

Or,

C CO
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R c a n  b e  on  th e  s a m e  s id e  of th e  r in g  a s  t h e  m e t a l  t r i c a r b o n y l  

g r o u p  ( th e  e n d o - i s o m e r )  o r  on  th e  o p p o s i t e  s id e ,  ( th e  e x o - i s o m e r ) .  

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

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

c o n d i t i o n s  e m p l o y e d .
3

In  a  l a t e r  p i e c e  of w o r k ,  P a u s o n  e t  a l  r e p o r t e d  th e  r e a c t i o n  

of t r i c a r b o n y l t r o p y l i u m c h r o m i u m  gait s ,  w i th  v a r i o u s  n u c l e o p h i l e s  

to  be  of t h e  n o r m a l  t y p e  an d  th a t  t h e r e  a r e  tw o  s t e r e o i s o m e r i c  

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

e x o - i s o m e r  a n d  th e  e n d o - i s o m e r .  R e l a t e d  a d d i t i o n s  t o  c a t i o n i c
4

c o m p l e x e s  h a v e  b e e n  s t u d i e d  i n  th e  t r i c a r b o n y l b e n z e n e m a n g a n e s e  ,
5 . . .  6t h e  b e n z e n e c y c l o p e n t a d i e n y l i r o n ,  and  th e  c o b a l t i c e n i u m  s e r i e s .

T h e  a d d i t i o n  of a n io n s  o c c u r s  f r o m  the  l e s s  s t e r i c a l l y  h i n d e r e d
7

e x o - s i d e  a s  w a s  sh o w n  b y  X - r a y  c r y s t a l l o g r a p h i c  s tu d y .

exo
R

endo
H

(I)C r

COGO CO

(II)C r

OC CO CO

R

A l l  o t h e r  r e l a t e d  a d d i t i o n s  m e n t i o n e d  fo l low  t h e  s a m e  s t e r e o 

c h e m i c a l  c o u r s e  a n d  b o n d in g  of an io n s  to  t h e  m e t a l  to  f o r m  a n

i n t e r m e d i a t e  i s  a p p a r e n t l y  e x c lu d e d  h e r e  i n  s u c h  r e a c t i o n s .
8

I n  a  f ew  o t h e r  c a s e s  , f o r  i n s t a n c e ,  w h e n  a l k o x y c y c l o h e p t a -  

t r i e n e s  r e a c t  w i th  t r i s a c e t o n i t r i l e t r i c a r b o n y l c h r o m i u m  t h e  

c o r r e s p o n d i n g  7 - endo i s o m e r  w a s  o b ta in e d .  T h e  n . m . r .  s p e c t r a  

p l a y  a n  i m p o r t a n t  r o l e  i n  d i s t i n g u i s h in g  the  exo f r o m  t h e  en d o -  

i s o m e r .  T h e  d i f f e r e n c e  i s  a s s o c i a t e d  w i th  th e  H - 7 i n  th e  endo
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i s o m e r s  a n d  a l s o  i n  th e  m e t a l - f r e e  c o m p o u n d s .  T h i s  h y d r o g e n  

i s  " a x i a l "  and  i s  s h i e l d e d  b y  th e  t r i e n e  s y s t e m ,  i t s  r e s o n a n c e  

o c c u r s  a t  6 v a l u e s  5 1 - 1. 5 t o  h i g h e r  f i e ld  t h a n  t h a t  of th e  

e q u a t o r i a l  H - 7  of  t h e  e x o - i s o m e r .  The  a p p e a r a n c e  of p e a k s  

due  to  H -1 ,  6 a t  6 6 i s  th e  m o s t  c h a r a c t e r i s t i c  f e a t u r e  of t h e  

e x o - s e r i e s .

A n  excunple  of  a r e a c t i o n  w h ich  e v e n tu a l ly  l e a d s  to  

n u c le o p h i l i c  s u b s t i t u t i o n  of  a  c a r b o n y l  l i g a n d  i s  a t t a c k  b y  i o d id e  ion .  

The  c o m p o u n d  [ M o(C ^H ^) (C O )^ I  ], w a s  d e s c r i b e d  in  a  t h e s i s  b y  

B e r t e l l i ^ ,  and  [ W (C ^H ^)(CO )^ I  ] w a s  f i r s t  p r e p a r e d  b y  K i n g î ^

The  p r o c e d u r e  f o l lo w e d  w a s  b y  r e a c t i n g  t h e  s a l t  [ W(C^H^' )(GO)^[B.F^]  

w i th  s o d iu m  io d id e  i n  a c e t o n e .  A b r o w n  s o lu t io n  i s  f o r m e d  w h ic h  

b e c o m e s  g r e e n - b l a c k  a f t e r  a  few  h o u r s  a t  r o o m  t e m p e r a t u r e .  F r o m  

t h i s  s o lu t io n  th e  [ W (C^H ^)(CO )^I  ] w a s  i s o l a t e d  c o m p l e t e l y  a n a l o g o u s  

to  t h e  know n  m o l y b d e n u m  c o m p o u n d  [ M o(C^H ^)(CO )^I  J . T h e  

in i t i a l  o b s e r v a t i o n  of  a  t r a n s i e n t  d a r k  b r o w n  s o lu t i o n  i n  th e  r e a c t i o n  

b e t w e e n  io d id e  an d  [ W(C ^H^)(CO)^] B F ^  s u g g e s t s  a p p r e c i a b l e  

s t a b i l i t y  of a n  i n t e r m e d i a t e  t r i c a r b o n y l  d e r i v a t i v e ,  p o s s i b l y  

w h ic h  e v e n tu a l ly  l o s e s  CO to  g ive  [ W(C^H^)(CO)^ l]  . S o m e  k i n e t i c  

s t u d i e s  of t h e s e  r e a c t i o n s  a r e  m e n t i o n e d  b e lo w .

W

'C OCO
CO

T h e  r e a c t i o n  of  t e r t i a r y  p h o s p h i n e s  w i th  t r o p y l i u m  t r i c a r b o n y l  c a t i o n s  

h a s  b e e n  i n v e s t i g a t e d  b y  m a n y  r e s e a r c h  w o r k e r s  s in c e  1959^^  ̂^ 

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

a s  fo l lo w s :
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o c c
CO

T3L

[1 . 2 ] [ 3 . 4 ]

CO
COo CO

H

T h e  c o u r s e  of t h e  r e a c t i o n  i s  d e p e n d e n t  on  th e  a m o u n t  of 

l ig a n d  L* and  a l s o  on  i t s  b a s e  s t r e n g t h .  It w a s  found  th a t  i f  t h e  

l ig a n d  w a s  u s e d  i n  e x c e s s  (L  = P P h ^ )  th e  p r o d u c t  i s  [ M(CO)^(pPh^]^ 3 

b u t  i f  e q u a l  a m o u n t s  of c o m p l e x  an d  l i g a n d  w e r e  u s e d  a  d i f f e r e n t  

p r o d u c t  [ M ( C ^ H ^ ) ( C O ) ^ P P h ^ ]  w a s  i s o l a t e d .

T h e  m e c h a n i s m  p r o p o s e d  f o r  b o th  r e a c t i o n  p a th s  1 an d  2 

i s  t h r o u g h  a n  i n t e r m e d i a t e  [ M( ^H ^) (C O )^L  ] w h ic h

th e n  r e a c t s  e i t h e r  b y  d i s p l a c e m e n t  of a  CO g r o u p  to g ive  

[ M (C ^ H ^ ) ( C 0 ) ^ L ]  o r  b y  r i n g  d i s p l a c e m e n t  g iv ing  u l t i m a t e l y  

f a c - [  M(CO) L  ] . H a c k e t t  a n d  J a o u e n  o b s e r v e d  p a th  3 i n  th e  c a s e  of
+ 2 g

th e  r e a c t i o n  of  [ C r (C ^ H ^ ) (C O ) ^ ]  w i th  a l k y l p h o s p h i n e s .  U n d e r  

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

[ Mo(C.^H^) (C0]^L] , a p p a r e n t l y  b y  p a t h  2. The  a u t h o r s  s u g g e s t e d  

t h a t  the  t r o p y l i u m  r i n g  i n  th e  c h r o m i u m  c a t i o n  i s  m o r e  e l e c t r o p h i l i c  

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

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

th e  c h r o m i u m  c o m p o u n d  m a y  i n d i c a t e  l e s s  m e t a l  to  r i n g  b a c k  b o nd ing  

in  th e  l a t t e r .  Thus  m o r e  c h a r g e  i s  d r a i n e d  out of th e  t r o p y l i u m  r in g  

i n  the  c h r o m i u m  c o m p o u n d  t h a n  in  i t s  m o l y b d e n u m  a n a lo g u e  w i th  th e
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r e s u l t  t h a t  th e  i n c o m i n g  n u c l e o p h i l e  i s  d i r e c t e d  t o w a r d s  t h e  r i n g  

r a t h e r  t h a n  to  th e  m e t a l .

S a l z e r ,  h o w e v e r ,  found  th a t  t r i - i s o - p r o p y l p h o s p h i n e  a d d s  

i n i t i a l l y  to  t h e  r i n g  i n  [ M o(C ^H ^)(C O ^]  , an d  w a s  a b l e  to  i s o l a t e

th e  p h o s p h o n i u m  s a l t  (p a th  3) b y  w o r k i n g  a t  - 4 0 ° C . A t  r o o m  

t e m p e r a t u r e  t h i s  a d d u c t  d e c o m p o s e d  to  t h e  s u b s t i t u t e d  c o m p l e x

17J o h n ,  K a n e - M a g u i r e  a n d  S w e i g a r t  s t u d i e d  in  1976 th e  

k i n e t i c s  of th e  r e a c t i o n  of  t r i - n - b u t y l p h o s p h i n e  w i th  [ M(C.^H^)(CO)^BF^ 

(M = C r ,  Mo,  W). T he  r e a c t i o n  w a s  i n v e s t i g a t e d  i n  a c e t o n e  b y  

s t o p p e d - f l o w  t e c h n i q u e s .  T he  r e a c t i o n  f o l l o w e d  th e  r a t e  l a w  

R a t e  = k  [ c o m p le x ]  [ P B u ^ ]  , s ig n i f i c a n t ly ,  th e  r a t e s  f o r  t h i s  r e a c t i o n  

d e p e n d  v e r y  l i t t l e  on  t h e  n a t u r e  of th e  m e t a l .  A  f a c t o r  of o n ly  two 

s e p a r a t e s  th e  f a s t e s t  C r  c o m p l e x  f r o m  t h e  Mo a n d  W c o m p o u n d s  

w b ic h  h a v e  n e a r l y  th e  s a m e  k  v a l u e s .  T h e s e  r e s u l t s  a g r e e  

w i th  th e  a u t h o r s ’ c o n t e n t i o n  t h a t  th e  t r o p y l i u m  r i n g s  in  

[ M (C ^H ^)(C O )^ ]  , (M = C r ,  Mo,  W ) h a v e  s i m i l a r  e l e c t r o p h i l i c i t i e s .

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

t r i - n - b u t y l p h o s p h i n e  to  th e  t r o p y l i u m  l ig a n d  i n  e a c h  c a s e .  A n  

a l t e r n a t i v e  m e c h a n i s m  in v o lv in g  i n i t i a l  r a t e - d e t e r m i n i n g  a t t a c k  b y  

t h e  p h o s p h i n e  l ig a n d  a t  t h e  m e t a l  fo l lo w e d  b y  r e a r r a n g e m e n t  to  th e  

r i n g  w ou ld  b e  e x p e c t e d  to  l e a d  to  l a r g e  r a t e  d i f f e r e n c e s .  F o r  

e x a m p l e ,  th e  r e l a t i v e  r a t e s  of r i n g  d i s p l a c e m e n t  b y  t r i m e t h y l p h o s - 

p h i t e  f r o m  [ M (C^Hg)(CO)^]  a r e  M oJS W  ^  C r  = 2200: 350: 1^?'

T he  r a t e s  of a t t a c k  of t  r  ib u ty lpho  s ph i  ne  on  t h e  i s o e l e c t r o n i c  

c a t i o n s  [ F e (C ^ H ^ ) (C O ) ^ ]  a n d  [ M n(C ^H ^)(C O )^ ]  w e r e  c o m p a r e d  

g iv ing  th e  r e a c t i v i t y  s e q u e n c e  [ F e (C ^ H ^ ) (C O ) ^ ]  ^  [ C r (C ^ H ^ ) (C O ) ^ ]  .

^  [ M n(C ^H ^)(C O )^ ]  , a n d  th e  q u a n t i t a t i v e  e l e c t r o p h i l i c i t y  o r d e r

a s  l 6 0 : 6 0 : l
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T h e  r e a c t i o n s  of t r i - n - b u t y l  p h o s p h i t e  w i th  [Fe(C^H^)(CO).^ ] '^BF‘ , 

[F e ( C ^ H ^ )O M e (C O )^ ]  B F ^  a n d  [ C r ( C ^ H ^ ) (C O )^ J ^ B F ^  w e r e  r e p o r t e d  

by  J o h n  a n d  K a n e - M a g u i r e  in  1976^^  F r o m  the  f i r s t  r e a c t i o n  a n  

a d d u c t  w a s  i s o l a t e d  h a v in g  the  s t r u c t u r e  (i) w h i c h  w a s

c o n f i r m e d  b y  c h e m i c a l  a n a l y s i s  a n d  b y  the  I R  s p e c t r u m  i n  a c e t o n e ,  

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

P(O B u )

CO CO CO ( I )

B F

a d d u c t s .  F o r m u l a t i o n  a s  th e  B F  s a l t  w a s  s h o w n  b y  t h e  p r e s e n c e
- 1  1of a  s t r o n g  b a n d  a t  1060 c m  . A l s o  th e  H n m r  s p e c t r u m  i n  a c e t o n e

f o r  t h e  a d d u c t  w a s  s tu d i e d .  T h e  p r e s e n c e  of m u l t i p l e t s  c e n t r e d  at

( 6 c a  4.  21,  5. 30 a n d  6 . 1 7  ppm) i s  a l s o  c o n s i s t e n t  w i th  t h e  a d d u c t

s t r u c t u r e .  S i m i l a r  c o m p o u n d s  w e r e  o b ta in e d  no t  o n ly  w i t h  th e

i r o n  t r i a d ,  b u t  a l s o  w i th  th e  c h r o m i u m  c o m p o u n d .  P r e l i m i n a r y

k i n e t i c  m e a s u r e m e n t s  i n d i c a t e  t h a t  P (O B u)^  a d d s  to  t h e  c o m p o u n d s  .

8000 t i m e s  s l o w e r  t h a n  P ( B u ) ^ .

A  k i n e t i c  s tu d y  h a s  b e e n  r e p o r t e d  b y  A l - K a t h u m i  an d  K a n e -

M a g u i r e  of  t h e  r e a c t i o n  of a c e t o n i t r i l e  a s  a  n u c l e o p h i l e  an d  t r o p y l i u m
21c a t i o n s  of C r ,  Mo an d  W. T h e  r e a c t i o n s  show  s e c o n d  o r d e r

+
k i n e t i c s  i n t e r p r e t e d  in  t e r m s  of SN2 d i s p l a c e m e n t  of C ^ H ^  f r o m  t h e  

c o m p l e x  b y  M e C N  l i g a n d s .  T he  r e a c t i o n s  w e r e  fo l lo w e d  b y  i n f r a r e d  

s p e c t r o m e t r y  b y  fo l low ing  t h e  a p p e a r a n c e  o f  s t r o n g  c a r b o n y l  g r o u p  

b a n d s  a t  1920 an d  1800 c m  ^ . T he  so lv en t  w a s  d e o x y g e n a t e d  f i r s t .  

S p e c t r a l  c h a n g e s  d u r in g  t h e  r e a c t i o n  w e r e  c o n s i s t e n t  w i th  th e  

fo l lo w in g  o v e r a l l  r e a c t i o n
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[M (C  H )(CO) J B F +  S M e C N  >- f a c .  [ M (M eCN ) ( C O ) J  + C_H B F
i f j r *

AH* v a l u e s  f o r  t h i s  r e a c t i o n  w e r e  o b ta in e d  b y  m e a s u r e m e n t  o v e r  a  

r a n g e  of t e m p e r a t u r e s  f r o m  50 to  70°C f o r  M = C r ,  25 - 45°C 

f o r  M = Mo c o m p o u n d  an d  f r o m  27 to  50^C f o r  M = W. T h e  d a t a

s h o w ed  t h a t  t h e  e a s e  of d i s p l a c e m e n t  of t r o p y l i u r n  r i n g  d e c r e a s e s
+ + + 

in  the  o r d e r  M o ^  W ^  C r  (850 : 280 : l ) .

T h e  s e c o n d  o r d e r  r a t e  l a w  o b s e r v e d  i s  c o n s i s t e n t  w i th  a

r a t e - d e t e r m i n i n g  d i s p l a c e m e n t  of C ^H ^ b y  M eC N ,  f o l lo w e d  b y

r a p i d  a d d i t i o n  o f  a n o t h e r  two M e C N  l ig a n d s .  H o w e v e r  a s  h a s  b e e n

p o in te d  ou t  f o r  s i m i l a r  r e a c t i o n s  of  [ M o ( a r e n e ) ( C O )  ] c o m p l e x e s  
22w ith  p h o s p h i n e s  i t  s e e m s  doub t fu l  w h e t h e r  a  t w o - e l e c t r o n  d o n o r  

( e . g .  M eC N )  c o u l d  r e p l a c e  u n a id e d  a s e v e n - e l e c t r o n  d o n o r  s u c h  a s  

C^H^ . So, a  m e c h a n i s m  w a s  f a v o u r e d  i n  w h ic h  t h e  b o n d in g  o f  th e  

C ^H ^  g r o u p  to  t h e  m e t a l  a l t e r s  f r o m  invo lv ing  a l l  s e v e n  c a r b o n  a t o m s  

in  the  c o m p l e x  [ M (C ^H ^)(C O )^ ]  B F ^  to e s s e n t i a l l y  f ive  a n d  f i n a l ly  

on ly  t h r e e  c a r b o n  a t o m s  a s  M e C N  l ig a n d s  (L) a r e  p r o g r e s s i v e l y  a d d e d  

to th e  m e t a l .  A n  a l t e r n a t i v e  m e c h a n i s m ,  invo lv in g  a  p r e - e q u i l i b r i u m  (K)

a s s o c i a t i o n  b e t w e e n  th e  c o m p l e x  [M (C  H )(CO) ] B F  an d  M e C N  to f o r m
-j- ^ 4

a  r e a c t i v e  s p e c i e s  w h ic h  th e n  l o s e s  C^H ^ b y  u n i m o l e c u l a r  d i s s o c i a t i o n

(k), c a n  b e  d i s c o u n t e d  s i n c e  th e  r a t e  law  f o r  s u c h  a  m e c h a n i s m

k = kK [ M e C N ]  /  ( l  + K [ M e C N ]  } r e q u i r e s  t h a t  t h e  r e a c t i o n  obs
w i l l  b e c o m e  f i r s t  o r d e r  a t  h ig h  [ M eCN ] .

s low

4-
M CO

CO CO CO CO

f a s tf a s t

+

C_H
CO

CO CO
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T h e  r e a c t i o n  b e t w e e n  iod ide  an d  IM (C _H  ) (C 0 )  ] , M  =  Mo,
23

W) h a s  b e e n  i n v e s t i g a t e d  b y  P o w e l l  a n d  h i s  c o w o r k e r s .  T h e  

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

m e d i a t e  p o s s i b l y  in v o lv in g  a m e t a l - i o d i d e  bon d  b u t  w h ic h  m a y  b e  a n  

io n  p a i r ,  f o l l o w e d  b y  t r a n s f e r  of the  n u c l e o p h i l e  to the  a r o m a t i c  

r i n g .  T h i s  i n t e r m e d i a t e  th e n  d e c o m p o s e d  in  a s lo w  s t e p  to  g ive  the  

f in a l  p r o d u c t  [M (C ^H ^)(C O )^ l ] ,  A c c o r d i n g  to K i n g ’s p o s t u l a t e ,

the  i n t e r m e d i a t e  in  th i s  r e a c t i o n  w as  f o r m e d  by  a t t a c k  o n  th e  m e t a l  
5

t h r o u g h  a n  7| - c y c l o h e p t a t r i e n y l t r i c a r b o n y l  d e r i v a t i v e  g iv in g  the

f in a l  p r o d u c t  b y  l o s s  o f  one c a r b o n y l  g ro u p .  T h e  m e c h a n i s m

s u g g e s t e d  by  P o w e l l  e t  a l  a b o u t  the  p r o d u c t i o n  of the  i n t e r m e d i a t e
24

w as  s i m i l a r  to t h a t  d e c l a r e d  by  B r o w n  a n d  o t h e r s  f o r  the  r e a c t i o n  

b e t w e e n  [ F e ( C ^ H ^ ) (C O )^ ]^  a n d  n u c l e o p h i l e s  s u c h  a s  (N^, O E t ,  B u ^ P ) ,  

K in e t i c  r e s u l t s  on  th e  a d d i t io n s  of a c e t y l a c e t o n e  a n d

m e t h o x i d e  i o n  to [M (C _H  )(CO) ]^,  (M =  C r ,  Mo,  W) h a v e  b e e n
15 25r e p o r t e d .  In  c o n t r a s t  to H a c k e t t ' s  s u g g e s t io n ,  the  a u t h o r s

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

s i m i l a r  e l e c t r o p h i l i c i t i e s  . • T h e  s tu d y  a l s o  s u p p o r t s

a m e c h a n i s m  in v o lv in g  d i r e c t  n u c l e o p h i l i c  a t t a c k  a t  the  t r o p y l i u m

r i n g s  a s  in

N

BF + N (or NH)
M(CO)M(CO)

(+ H B F ^  )
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5. 2 R e s u l t s  a n d  D i s c u s s i o n

T h e  r e a c t i o n  o f  the  c a t i o n s  IM(C^H^){C0)^]"^,  (M =  C r ,  Mo, W) 

w i th  m e t h o x i d e  io n  in  m e t h a n o l  a t  26 + 0. l ^ C  w as  s tu d i e d  k i n e t i c - 

a l l y  b y  the  u s e  of a s t o p p e d  f lo w  s p e c t r o p h o t o m e t e r .  P r e l i m i n a r y  

i n v e s t i g a t i o n s  sh o w e d  th a t  th e  r e a c t i o n  w o u ld  be  o v e r  in  a f r a c t i o n  

of  a s e c o n d  i f  the  m e t h o x i d e  c o n c e n t r a t i o n  w a s  a b o u t  1 m o l  d m  

V e r y  lo w  c o n c e n t r a t i o n s  of m e t h o x i d e  h a v e  to be  g e n e r a t e d  f r o m  a 

b u f f e r  m i x t u r e .  B y  u s i n g  t r i e t h y l a m i n e  (0, 5 M ) / p e r c h l o r i c  a c i d  

(0. 05M) m i x t u r e  a  r a n g e  o f  m e t h o x i d e  io n  c o n c e n t r a t i o n  b e t w e e n

3. 8 X  1 0 M an d  2 1 . 9 x 1 0  ^ M w a s  o b ta in e d .  B e c a u s e  the 

m e t h o x i d e  ion  c o n c e n t r a t i o n  r e m a i n s  c o n s t a n t  (buf fe red) ,  the  

k i n e t i c  e q u a t i o n  w a s  p s e u d o  f i r s t  o r d e r .  R a t e  =  k ^ ^ ^ [C o m p le x ] ,

U s ing  a s c a n  t i m e  f r o m  0. 5 - 50 s e c .  d e p en d in g  o n  the  

b u f f e r  r a t i o  u s e d ,  s a t i s f a c t o r y  t r a c e s  c o u ld  be  show n  on  th e  

o s c i l l o s c o p e  s c r e e n .  T h e  k i n e t i c  r u n s  w e r e  r e p e a t e d  s i x  t i m e s  f o r  

e a c h  c o n c e n t r a t i o n  o f  m e t h o x i d e .  T h e  r u n s  w e r e  r e c o r d e d  o n  

p a p e r  t a p e s  a n d  t h e s e  w e r e  f e d  in to  a c o m p u t e r  f o r  c a l c u l a t i o n  o f  

the  r a t e s .

R e a c t i o n  of  [M (C^H^)(CO)^]  B F ^  w i th  m e t h o x i d e  a t  26 + 0. 1 °C  :

T h e  r e a c t i o n  w a s  c a r r i e d  ou t  a t  the  s e l e c t e d  w a v e le n g th .

T h i s  w a s  c h e c k e d  f i r s t  by  u s i n g  the  u l t r a  v i o l e t / v i s i b l e  s p e c t r o m e t e r  

SPIBOO. T h e  r e s u l t s  s h o w e d  t h a t  the  r e a c t i o n  p r o c e e d e d  in  two 

s t e p s .  T h e  f i r s t  one  w h ic h  i s  the  f a s t  s t e p  h a p p e n s  in  a r a n g e  of 

s c a n  0. 2 - 0 .  5 sec .  T h i s  m a y  s u g g e s t  v e r y  q u ic k  a t t a c k  by  the  

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

s u b s e q u e n t  t r a n s f e r  to the  r i n g .  T h e  s low  r e a c t i o n  o c c u r r e d  in  the  

r a n g e  of  s c a n  20, 0 - 50. 0 s e c ,  , a n d  th is  r e p r e s e n t s  th e  s e c o n d  

s t e p  of  the  r e a c t i o n .  One p o s s i b l e  e x p la n a t io n  f o r  o u r  o b s e r v a 

t io n s  i s  the  i n i t i a l  f o r m a t i o n  of  a c a r b o m e t h o x y  i n t e r m e d i a t e  

b y  a t t a c k  o f  m e t h o x i d e  a t  a c a r b o n y l  g r o u p ,  ( fas t  r e a c t i o n ) ,  

f o l l o w e d  by  t r a n s f e r  of  the  m e t h o x y  g ro u p  to the  r i n g  (s low r e a c t i o n ) .  

A t  p r e s e n t  we c a n n o t  d i s t i n g u i s h  b e t w e e n  th i s  m e c h a n i s m  a n d
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i n i t i a l  a t t a c k  of m e th o x id e  io n  a t  t h e  m e t a l .  A l th o u g h  P o w e l l  
23

e t  a l  h a v e  s u g g e s t e d  th a t  io d id e  m a y  f i r s t  a d d  r a p i d l y  to the

m e t a l  c e n t r e  in  [M  (C ^ H ^ ) (C 0 )^ ]^  to g ive  IM (7 ]^ -C ^ H ^ ) (C 0 )^ I ]^ ^

th e  f o r m a t i o n  of a n  a r y l  io d id e  -C ^H ^) (C O )^ (C O I) ]  i s  a n o t h e r

p o s s i b i l i t y ,  w h ic h  i s  s u p p o r t e d  by  i n f r a r e d  e v id e n c e  in  the  c a s e  of

io d id e  a t t a c k  on  [F e(C^H ^)(C O ^]^ .

A t t a c k  of  a lk o x id e  ion  on  c o o r d i n a t e d  c a r b o n y l  g r o u p s  to give

s t a b l e  c a r b o m e t h o x y  c o m p l e x e s  i s  w e l l  e s t a b l i s h e d  f o r  the  m a n g a n e s e  
2 6 - 2 8c o m p l e x e s .

[M n (C ^ H ^ ) (C O ) (N O )(P P h ^ ) ] ‘̂  + 0 R ‘ [M n  (C ) (COOR) (NO ) (P P h ^] .

In  1977 L e w i s  e t  a l  s h o w e d  t h a t  th e  r e a c t i o n  of the  c y c l o -  

h e x a d i e n y l t r i c a r b o n y l o s m i u m  c a t i o n  w i th  m e t h o x i d e  ion  f i r s t  g ives  

the  c a r b o m e t h o x y  c o m p l e x  [O s (C ^ H ^ ) (C O )^ (C O ^ M e)]  w h ic h  on 

h e a t i n g  u n d e r g o e s  r e a r r a n g e m e n t  to g ive  a r i n g  s u b s t i t u t e d  p r o d u c t  

a s  fo l low s :

Os{CO) O s(C O )^ (C O ^ M e) Os(CO)

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

p r o p e r t i e s  a n d  e l e m e n t a l  a n a l y s i s .  T h e  p r e s e n c e  of  a b a n d  a t
- 1  Î1635 c m  in  the  i n f r a r e d  s p e c t r u m  of  t h i s  c o m p l e x  s u g g e s t e d  

i n i t i a l  a t t a c k  a t  a c o o r d i n a t e d  c a r b o n y l  g r o u p .  T h i s  r e s u l t  w as  

c o n s i s t e n t  w i th  w h a t  w a s  found  f o r  th e  r u t h e n i u m  a n a lo g u e  in 

p r e v i o u s  w o r k  b y  L e w i s  a n d  c o w o r k e r s .  T h e y  m e n t i o n e d  in  t h e i r

s t u d y  of th e  r e a c t i o n  of  the  s a l t s  [R u ( C ,H  )(CO) ] B F  a n d
30 ^

[Ru(CgH^^ ) ( C 0 ) ^ ] B F ^  w i th  m e t h o x i d e  io n  t h a t  the  i n i t i a l  p r o d u c t

i s  a n  e s t e r  [ R u ( C ^ H ^ X C O ( C O ^ M e )] o r  [Ru(CgH^  ̂ (CO^Me)].

T h i s  i n d i c a t e d  th a t  the  n u c leoph i l ic  a d d i t i o n  o c c u r s  in  th e  f i r s t



160

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

m e n t  to  g iv e  the  s u b s t i t u t e d  c o m p le x .

T h e  p s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t s  f o r  th e  f a s t  

r e a c t i o n s  of th e  m o l y b d e n u m  and  t u n g s t e n  c o m p l e x e s  a r e  l i s t e d  

i n  t a b l e s  2 a n d  4 and  a r e  a l s o  p lo t t e d  a g a i n s t  m e t h o x i d e  c o n 

c e n t r a t i o n  i n  f i g u r e s  1 an d  2 .

T h e  i n t e r c e p t  i n  the  f a s t  r e a c t i o n  p lo t s  c o u ld  be  due  

to  the  p o s s i b i l i t y  of the  p r e s e n c e  of a b a c k  r e a c t i o n .  T h e  

fo l lo w in g  e q u a t i o n  m i g h t  be a p p l i c a b l e  i n  t h i s  c a s e :

M + OMe , z  I n t e r m e d i a t e

31
S in ce  k  , =  k . fO M e  ] + k  , obs  I*- •* -1

So, by  p l o t t i n g  k ^^^  v s  the  m e t h o x i d e  c o n c e n t r a t i o n s ,  the  s lo p e

r e p r e s e n t s  k  , and  k  i s  r e p r e s e n t e d  by  th e  i n t e r c e p t .  T h i s
32s o r t  of i n t e r p r e t a t i o n  w a s  g iv e n  by K a n e - M a g u i r e  f o r  s i m i l a r  

r e a c t i o n s  of c o m p o u n d s .

F r o m  the  f a s t  r e a c t i o n  p lo t s ,  th e  f o r w a r d  r e a c t i o n  

r a t e  c o n s t a n t s  k^ f o r  b o th  the  m o l y b d e n u m  an d  t u n g s t e n  c o m p o u n d s  

w e r e  c a l c u l a t e d  and  found to be  3 .3 6  x  10^ a n d  3 . 5 0  x  1 0 ^ / d m ^ m o l  ^s  ̂

r e s p e c t i v e l y .  T h e  i n t e r c e p t s  w h ic h  g ive  th e  k  ^ v a l u e s  w e r e  

1 6 , 5  s ‘ \ m o )  and  1 0 . 0  s 'C W ) .

In  the  c a s e  of th e  c h r o m i u m  c o m p o u n d ,  h o w e v e r ,  

t h e  f i r s t  s t e p  w a s  no t  c l e a r l y  o b s e r v e d  u n d e r  the  s a m e  c o n d i t i o n s .

T h e  s lo w  s t e p  of th e  r e a c t i o n s  w a s  fo l lo w e d  i n  a l l  t h r e e  c o m p l e x e s ,  

of c h r o m i u m ,  m o l y b d e n u m  and  t u n g s t e n .  A p r o p o s e d  m e c h a n i s m  

f o r  t h e  r e a c t i o n  i s  &s f o l l o w s : .



/(f/

+  -  ^1
M + OMe i n t e r m e d i a t e  (I) f a s t  s t e p

-1

I 2y p r o d u c t s  (C) s lo w  s t e p

In  t h i s  m e c h a n i s m  t h e r e  is  a f a s t  f o r m e d  i n t e r m e d i a t e ,

S in ce  th i s  i n t e r m e d i a t e  d o e s  n o t  r e a c h  a  s t a b l e  s t a t e ,  th e  f a s t

e q u i l i b r i u m  a p p r o x i m a t i o n  i s  a p p l i e d  h e r e .  T h e  r a t i o  k  / k  c a n
1 -1

be c o n s i d e r e d  a s  a n  e q u i l i b r i u m  c o n s t a n t  K.

[I]
K =

+ K [OMe+]

t h e r e f o r e

[  ̂ 1 + K[OM e ]

d t  d t

d [c l_  =  k  [I] 
d t

=  k^K[M'*‘] [ O M e “]

~  1 + K [ O m e ‘ ]

R a t e  =  k  [M^].obs  •‘in i t

t h e r e f o r g .

\ b s  “  1 + K [O M e"]  (1)
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F r o m  (1) i t  c a n  b e  s e e n  t h a t  the  r e l a t i o n s h i p  b e t w e e n

k  , and  [OMe ] w i l l  g ive  a c u r v e  a s  o b s e r v e d  in  o u r  r e a c t i o n ,  
obs

( F ig .  3 ,5 ), A t  low  c o n c e n t r a t i o n s  of OMe the  t e r m  K[OMe]

c a n  be  n e g l e c t e d  an d  e q u a t i o n  (1) c a n  be  e x p r e s s e d  a s ;

k  , =  K k^[O M e 1, bu t  a t  h i g h  c o n c e n t r a t i o n s  of m e th o x id e  the
o o s 2

t e r m  K [ O M e “] w i l l  be  s i g n i f i c a n t  an d  the  e x p r e s s i o n  in  th is

c a s e  b e c o m e s

k  =  k  obs  2

i . e . ,  the  p lo t  t e n d s  to a  l i m i t i n g  v a lu e  of k^ w h ic h  w a s  c o n f i r m e d  

by u s i n g  a h ig h  c o n c e n t r a t i o n  of s o d i u m  m e th o x id e  s o lu t io n  

(10 ^ m o l  d m  ^).

T a k in g  r e c i p r o c a l s  in  e q u a t i o n  (1) g ives

__1__  =  1 + KfOMe J
k ^ K k., [OMe 1 obs  2 *• •’

+ h -  (2 )
‘' o b s  ‘'2  ] ‘'2

i . e . ,  i f  the  r e l a t i o n s h i p  b e t w e e n  ----  and  77-77—-t: i sk , IOMeo b s  '■ ■'

p lo t t e d  out  a s t r a i g h t  l in e  s h o u ld  be  o b ta in e d  of s lo p e  1/Kk^

an d  i n t e r c e p t  1/ k ^ .

A c c o r d i n g  to the  p r e c e d i n g  m e c h a n i s m ,  f r o m  the  

s lo w  r e a c t i o n  p lo t s ,  we w e r e  a b l e  to  c a l c u l a t e  the  v a l u e s  of 

k^ f o r  the  t h r e e  c o m p l e x e s  ( T a b le  6 ), I t  i s  n o t i c e d  th a t  the  

r a t e  of the  d e c a y  of the  i n t e r m e d i a t e  d e c r e a s e s  i n  the  o r d e r  

C r ^ M o ^ W .  V a l u e s  of the  e q u i l i b r i u m  c o n s t a n t  K, a l s o  w e r e  

c a l c u l a t e d  and  found  to be v e r y  l a r g e  f o r  a l l  the  c o m p l e x e s .
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33
A n g e l i c i  and  B l a c i k  i n v e s t i g a t e d  the  r e a c t i o n  

b e t w e e n  the  [M n (a re n e ) (C O ) ^ ]^  c o m p l e x e s  w i t h  p r i m a r y  a lk y l  - 

a m i n e s .  T h e y  found  th a t  the  r e a c t i o n s  p r o c e e d  a s  fo l low s :

[ M n ( a r e n e ) ( C O ) ^ ] \ z R N H ^  7: [ M n ( a r e n e )  (CO)^(CONH R)]+RNHg^

w h e r e  a r e n e  =  to lu e n e ,  p - x y l e n e ,  m e s i t y l e n e  an d  d u r e n e .  O t h e r  

c a r b o x a m i d o  c o m p l e x e s  of F e ,  R u ,  Mn, R e ,  P d ,  P t ,  Mo an d  W 

h a v e  b e e n  p r e p a r e d .  Only  in  a  few  c a s e s  c a n  the  c a r b o x a m i d o  

c o m p l e x  be  i s o l a t e d .  T h e s e  w o r k e r s  t r i e d  to  c o r r e l a t e  the  

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

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

c o n s t a n t s .  T h e  e l e c t r o n  d e n s i t y  on  th e  c a r b o n y l  c a r b o n  is  

r e f l e c t e d  by  i t s  CO s t r e t c h i n g  f o r c e  c o n s t a n t .  I t  a p p e a r s  p o s s i b l e  

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

w i l l  be  m o r e  r e a c t i v e  t o w a r d s  n u c l e o p h i l i c  a d d i t i o n s .
.34A n g e l i c i  in  h i s  r e v i e w  of c a r b a m o y l  an d  a lk o x y -

c a r b o n y l  c o m p l e x e s  of t r a n s i t i o n - m e t a l s ,  g a v e  a  c l a s s i f i c a t i o n

of the  c o m p l e x e s  i n  t h e i r  r e a c t i o n s  w i th  a m i n e s .  T h e  c a r b o n y l

c o m p l e x e s  a r e  d iv id e d  in to  t h r e e  g r o u p s  w h i c h  r e f l e c t  t h e i r

t e n d e n c y  to  f o r m  c a r b o x a m i d o  c o m p l e x e s .  T h o s e  f r o m  w h ic h  a

c a r b a m o y l  c o m p l e x  w a s  i s o l a t e d  and  t h e r e  w a s  no e v id e n c e  f o r

a  r e v e r s e  r e a c t i o n ,  th o s e  w h i c h  w e r e  no t  c o m p l e t e l y  c o n v e r t e d

t o  th e  c a r b a m o y l  d e r i v a t i v e ,  and  t h o s e  f o r  w h i c h  t h e r e  w a s  no

e v i d e n c e  of r e a c t i o n  e v e n  w h e n  the  c a r b o n y l  c o m p l e x  \^as

d i s s o l v e d  in  p u r e  a l k y l a m i n e .  I t a p p e a r s  t h a t  CO l ig a n d s  w i th
- 4  -1

f o r c e  c o n s t a n t s  g r e a t e r  t h a n  1 . 7  x  10 N m  r e a d i l y  f o r m

c a r b a m o y l  c o m p l e x e s ,  th o s e  w i th  f o r c e  c o n s t a n t s  b e t w e e n
- 4  - 4 - 11 . 6  x  10 an d  1 , 7  x  10 N m  give  r e v e r s i b l e  e q u i l i b r i u m

- 4  -1m i x t u r e s ,  an d  t h o s e  h a v in g  f o r c e  c o n s t a n t s  b e lo w  1 . 6 x 1 0  N m  

do  n o t  f o r m  c a r b a m o y l  c o m p l e x e s .  In  t e r m s  of CO s t r e t c h i n g  

f r e q u e n c i e s  i t  a p p e a r s  t h a t  c a r b o n y l  c o m p l e x e s  w i th  CO s t r e t c h i n g
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a b so rp tio n s  b e low  2000 c m  do not y ie ld  ca rb a m o y l c o m p le x e s ,

A s i m i l a r  study for  r e a c t io n  of t r a n s i t io n -m e ta l  c a rb o n y ls  
»

and o rg a n o lith iu m  com pounds w as  c a r r ie d  out by D a r en sb o u rg  and  
35

D a r e n sb o u r g ,  T h ey  r ep o r ted  that so m e  m e ta l  ca rb o n y ls  su ch

as [Re(CO)g] u n d ergo  n u c le o p h il ic  a ttack  on a ca rb o n y l ca rb o n

atom  by H O or OH to g ive  in te r m e d ia te s  of the type  
+[Re(CO)g(COH^)] or Re(CO)g COOH r e s p e c t iv e ly .  A l s o  r e a c t io n s  of

[M(CO)^L^]^ c o m p le x e s ,  M =  Mn, R e, L =  PPh^ w ith  a lk o x id e s

(OR , R = C H ., C H , C H , CH C , H 3  g ive  produ cts  of the type  
2  ̂ 3 6 -3 8  2 o 5

[M(CO)^(L<^)COOR]. Thn D a r en sb o u rg s  con cluded  in  th e ir

study that p r e d ic t io n  of r e a c t iv i t y  toward attack ing n u c le o p h ile s  

at carb on  i s  dependent on the CO fo r c e  co n s ta n ts .  T he m o s t  

r e a c t iv e  c a rb o n y ls  have the l a r g e s t  CO fo r c e  c o n s ta n ts ,  O r g a n o 

l ith iu m  r e a g e n ts  LiR (R =  CH^ or C^H^) w e re  the c h o s e n  a ttack in g  

n u c le o p h ile s  for  a group of m e ta l  c a rb o n y ls .  F r o m  th e ir  

ca lcu la t io n  of CO fo r c e  co n sta n ts  for  th e s e  carb on y l c o m p le x e s ,

they  in d ica ted  that r e a c t io n  to o c cu r  b etw een  LiR and MCH O
0 - 4  - 1w h e n e v e r  k  ^  1. 53 x  10 N m  .

King e t  a l .  in v e s t ig a te d  the rea c t io n  b e tw een  
+  —

[Mn (Cg Hg) (CO)^NO]PFg and m eth an o lic  so d iu m  m e th o x id e .

T hey  found that the product i s  [Mn(CgHg)(CO)(NO)(COOCH^)], 

with s p e c t r o s c o p ic  p r o p e r t ie s  favou rin g  the fo l lo w in g  s tr u c tu r e :

Mn
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The  m a n g a n e s e  c o m p o u n d  i s  s i g n i f i c a n t  in  r e p r e s e n t i n g  the  f i r s t  

known c o m p o u n d  .of the  type  [Mn(CgHg)(CO)(NO)(COOR)] ,  R = C H g .

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

n i t r o s y l m a n g a n e s e  h e x a f l u o r o p h o s p h a t e  e x h ib i t s  s t r o n g  m e t a l
40 -1

c a r b o n y l  b an d s  a t  2125 an d  2075 c m  ,

W e m e a s u r e d  the  i n f r a r e d  s p e c t r a  of o u r  t h r e e  c o m p l e x e s

) (CO )g]^B F^ ,  M =  C r ,  Mo o r  W in  the c a r b o n y l  s t r e t c h i n g

r e g i o n  a s  sh o w n  i n  T a b l e  1 . f r o m  w h ic h  the  f o r c e  c o n s t a n t s  by  th e
41m e th o d  of C o t to n  an d  K r a i h a n z e l  w e r e  c a l c u l a t e d .

T A B L E  1

I n f r a r e d  s p e c t r a  gnd f o r c e  c o n s t a n t s  of [M(C,^H^)(CO)g] B F ^  

M =  C r ,  Mo o r  W i n  C H ^ N O ^ ( C a F ^  ce l l )

C o m p o u n d C O ( c m ’ ^ f o r c e  c o n s t a n t s  (k) 
N m ' ‘

[ C r ( C ^ H ^ ) ( C O ) ^ ] + B F '  

: [W (C ^H ^)(C O)^]+B F"

r

2071 ,  2029 

2080 ,  2029 

2075 ,  2017

1 . 6 8  X 1 0 " 4

1 .69  X l o " ^  

1 .67  X 10"4
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T h e  f r e q u e n c i e s  of the  c a r b o n y l  s t r e t c h i n g  b an d s  

f o r  o u r  c o m p o u n d s  a r e  q u i te  c l o s e  to t h o s e  of the  m a n g a n e s e  

c o m p o u n d  [M n (C g H g )(C O )^ (N O )]^ P F g  . I t  i s  t h e r e f o r e  r e a s o n a b l e  

to p o s t u l a t e  t h a t  m e th o x id e  m a y  i n i t i a l l y  a t t a c k  a c a r b o n y l  g ro u p

in  o u r  r e a c t i o n  to f o r m  a c a r b o m e t h o x y  i n t e r m e d i a t e .
1 _

T h e  r e a c t i o n  b e t w e e n  [M(C.^H,^)(CO)g] B F ^  and  , 

m e th o x id e  c a n  be  r e p r e s e n t e d  a s  fo l l o w s  :

+ O M e"  [M(Ç.^H.^)(CO)^(COOCH^)]

S in c e  t h e  s t r u c t u r e  of the  c o m p o u n d  

[Mn(CgHg)(CO)(NO)(COOCHg)]  w a s  d e t e r m i n e d  f r o m  i t s  s p e c t r o 

s c o p ic  p r o p e r t i e s ;  thus  th e  i n f r a r e d  s p e c t r u m  e x h ib i t s  a
-1

t e r m i n a l  m e t a l  band  a t  2023 c m  , a  t e r m i n a l  m e t a l  n i t r o s y l  

band  a t  1786 c m  \  and  a n  e s t e r  c a r b o n y l  b a n d  a t  1653 c m  

T h e  p r o t o n  n . m . r .  s p e c t r u m  f o r  t h e . s a m e  c o m p o u n d  e x h ib i t s  

s h a r p  s i n g l e t  r e s o n a n c e s  a t  5 . 1 5  a n d  3 . 4 6 6  of a p p r o x i m a t e  

r e l a t i v e  i n t e n s i t i e s  5:3 w h ic h  m a y  be  a s s i g n e d  to the  - c y c lo ^  

p e n t a d i e n y l  a n d  m e t h y l  p r o t o n s ,  r e s p e c t i v e l y .  S i m i l a r  

s p e c t r o s c o p i c  s t u d i e s  c a r r i e d  ou t  a t  low  t e m p e r a t u r e  m i g h t  

a l low  one to r e c o g n i s e  the  i n t e r m e d i a t e  in  t h i s  r e a c t i o n .



T A B L E  2

V a l u e s  f o r  k  , an d  k,  fo r  the  f a s t  r e a c t i o n  b e t w e e n  obs  ^ 1
I M o (C^H^)(CO)^]  B F ^  and  O M e in  m e t h a n o l  a t  26,  0°C

/67

[O M e  ] /  m o l  d m  ^ k /  6  ̂. obs k j  /  d m ^  m o l   ̂s

- 6
3 .  8 X 1 0 2 9 .  2 3 .  3 4  X 1 0 ^

- 6
5 . 1  X 1 0 3 6 .  0 3 .  8 2  X 1 0 ^

7 .  3  X  1 0 " ^ 39. 0 3 .  0 8  X 1 0 ^

1 1 .  1 X  1 0 " ^ 5 6 . 4 3 .  5 9  X 1 0 ^

1 6 . 7 x 1 0 6 9 .  3 3 . 1 6  X 1 0 ^

2 1 .  9 x 1 0 ' ^ 8 6 .  6 3 . 2 0  X 1 0 ^

T A B L E  3

V a l u e s  f o r  1 / k  . a n d  1 / [ O M e  1 f o r  th e  s lo w  r e a c t i o n  obs
b e t w e e n  [ M o B F ^  a n d  O M e in  m e t h a n o l  a t  26, 0°C

OM e ^ b s  /
3 -1 

l / [ O M e  ] /  d m  m o l

3 . 8  X 10"^ 0. 37 26. 31 X 10* 2: 70

5. 1 0 .4 3 19. 60 :~ f 2. 32

7. 3 0. 54 13. 69 ‘ '• 1. 85

11. 1 0. 62. 9. 0 0  ; 1. 60

16. 7 0. 73 6 . 0 2  ' 1. 37

2 1 . 9 0. 75 4. 56 : 1. 33



T A B L E  4

V a l u e s  of  k  , an d  k ,  fo r  the  f a s t  r e a c t i o n  b e t w e e n  obs  1
[W (C^H^)(CO)^] BF^“ a n d  OM e"  in  m e t h a n o l  a t  26.  0°C.

16%

[OMe ] /  m o l  d m  ^
^ b s  / k^ /  d m ^  m o l   ̂s ^

- 6
3 . 8  X  1 0 2 3 .  1 3 .  4 5  X  1 0 ^

- 6
5 . 1 x 1 0 2 7 .  7 3 .  4 7  X  1 0 ^

7 . 3  X  1 0 " ^ 3 4 .  6 3 .  4 0  X  1 0 ^

1 1 .  1 X  1 0 " ^ 5 0 .  5 3 .  6 4  X  1 0 ^

1 6 ,  6  X  1 0 6 9 .  3 3 .  5 7  X  1 0 ^

V a l u e s  of  k obs

T A B L E  5 

f o r  the  s lo w  r e a c t i o n  b e t w e e n

[W (C^H ^)(CO^)  ] B F ^  a n d  O M e in  m e t h a n o l  a t  26.  0 C

_ _ o

[O M e ] /  m o l  d m \ b s /

3 . 8  X  10 0 .  1 2 2

5: l x l O ' 6 0 . 1 2 3

7 . 3  X 10"^ 0 .  1 2 1

1 1 .1  X  1 0 ' ^ 0. 123

1 6 . 6  X  1 0  ^ 0 .  1 2 1

2 1 . 9  X  1 0 ' 0 .  1 2 2
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F ig .  5 P l o t  o f  V .  m e t h o x i d e  ion  c o n c e n t r a t i o n  fo r  the a low

r e a c t i o n  b e tw e e n  | C r ( C .^ H ^ ) ( C O )^ ]^ B F ^  a nd  O M e ” in 

m e t h a n o l  a t  26.  0 °C.

4 . 0  ^

3. 0 -

1 . 0  -

10 '20

1 0^1 OM e  ] /  mol  d m
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4. 3 E x p e r i m e n t a l

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

(white c r y s t a l s )  u s e d  w i th o u t  a n y  p u r i f i c a t i o n .

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

p r o d u c t .

C y c l o h e p t a t r i e n e :  y e l lo w  l i q u id  (Koch-Light)  w a s  f r e s h l y  

d i s t i l l e d  u n d e r  n i t r o g e n  b e f o r e  u s e  b. p. 1 1 4 -1 1 5  ° C .  

n - O c t a n e :  w a s  u s e d  w i th o u t  f u r t h e r  p u r i f i c a t i o n ,

D i c h l o r o m e t h a n e :  the  A n a l a r  p r o d u c t  w a s  u s e d .

T e t r a f l u o r o b o r i c  a c id :  48% a q u e o u s  a c i d  w a s  u s e d  f o r  th e  

p r e p a r a t i o n  o f  t r i p h e n y l m e t h y l t e t r a f l u o r o b o r a t e .

P r o p i o n i c  a n h y d r i d e :  l i q u id  u s e d  w i th o u t  p u r i f i c a t i o n .

M e th a n o l :  ( A n a l a r  BDH).

P e r c h l o r i c  a c i d :  ( A n a la r  BDH).

T r i e t h y l a m i n e :  ( a n h y d r o u s  p u r i s s ) ( K o c h - J i g h t )  b. p .  8 9 - 9 1 ° C .

41
P r e p a r a t i o n  o f  c y c l o h e p t a t r i e n e y l t r i c a r b o n y l m o l y b d e n u m

It  w a s  p r e p a r e d  b y  the  m e t h o d  of R .  B .  K ing ,  b u t  

m o d i f i e d  a s  f o l l o w s :

A m i x t u r e  of h e x a c a r b o n y l m o l y b d e n u m  ( lOOmmol) ,
3 3c y c l o h e p t a t r i e n e  (50 c m  ) a n d  n - o c t a n e  (200 c m  ) w a s  h e a t e d

u n d e r  r e f l u x  to  th e  b o i l in g  p o in t  w i th  s t i r r i n g  f o r  16 h r .  T h e

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

f i l t e r e d  u n d e r  n i t r o g e n .  T h e  f i l t r a t e  w as  c o o le d  to  ( - 7 8 ° C )

f o r  s e v e r a l  h o u r s  b u t  f a i l e d  to c r y s t a l l i z e .  T h e  s t i c k y  b l a c k

r e s i d u e  f r o m  th e  f i l t r a t i o n  w a s  d i s s o l v e d  i n  d i c h l o r o m e  t h a n e ,

th e n  p a s s e d  t h r o u g h  a s i l i c a  ge l  c o l u m n  m a d e  up  i n  c y c l o h e x a n e .

T h e  p r o c e s s  w a s  done  u n d e r  n i t r o g e n  w i th  the  a i d  of v e r y  lo n g

n e e d l e s  a n d  S c h l e n k  tube  f o r  th e  so lv e n t .  A r e d  b a n d
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d e v e l o p e d  w h ic h  w a s  c o l l e c t e d  a n d  e v a p o r a t e d  u n d e r  v a c u u m  to 

y ie ld  the  p r o d u c t  a s  r e d  c r y s t a l s .

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

t e t r a f l u o r o b o r a t e :
42

T h i s  c o m p l e x  w a s  p r e p a r e d  by  D a u b e n  a n d  H o n n e n  

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

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

the fo l lo w in g  equa t ion :
C R C L

Mo(C^Hg)(CO^

T r i p h e n y l m e t h y l  t e t r a f l u o r o b o r a t e  i s  m o s t

c o n v e n i e n t l y  p r e p a r e d  b y  t r e a t m e n t  of  t r i p h e n y l c a r b i n o l  w i th

48% a q u e o u s  t e t r a f l u o r o b o r i c  a c i d  i n  p r o p i o n i c  a n h y d r i d e  
43

s o lu t io n .  A f r e s h  s o l u t i o n  of  c y c l o h e p t a t r i e n y l t r i c a r b o n y l -
3

m o l y b d e n u m  (100 m m o l )  in  m e t h y l e n e  c h l o r i d e  (150 c m  ) w a s

t r e a t e d  w i th  t r i p h e n y l m e t h y l  t e t r a f l u o r o b o r a t e  (110 m m o l )  a n d

s t i r r e d  f o r  30 m i n  a t  r o o m  t e m p e r a t u r e .  T h e  r e a c t i o n  w a s

c a r r i e d  ou t  u n d e r  n i t r o g e n .  A f t e r  a b o u t  45 m i n  the  t a n
3p r e c i p i t a t e  w as  f i l t e r e d ,  w a s h e d  w i th  f ive  (50 c m  ) p o r t i o n s  of 

d i c h l o r o m e  thane  a n d  s u c k e d  d r y  to give a b o u t  80% y ie ld .

P r e p a r a t i o n  of c y c l o h e p t a t r i e n y l t r i c a r b o n y l t u n g s t e n :
44

It w a s  p r e p a r e d  a c c o r d i n g  to th e  m e t h o d  of S a l z e r  .

T u n g s t e n  h e x a c a r b o n y l  (30 m m o l )  w a s  m i x e d  w i th  f r e s h l y
3 3d i s t i l l e d  c y c l o h e p t a t r i e n e  ( 7 c m  ) a n d  n - n o n a n e  (80 c m  ).

T h e  s o l u t i o n  w as  h e a t e d  w i th  c o n t in u o u s  s t i r r i n g  u n d e r  r e f l u x ,

f i t t e d  w i th  n i t r o g e n  tap .  E v e r y  24 h r  f r e s h  c y c l o h e p t a t r i e n e  
3

(2 c m  ) w a s  a d d e d  to r e p l a c e  l o s s e s  a r i s i n g  f r o m  p o l y m e r i s a t i o n .  

T he  t u n g s t e n  h e x a c a r b o n y l  w h ic h  s u b l i m e d  in to  the  c o n d e n s e r  

c o u ld  b e  w a s h e d  b a c k  to the  r e a c t i o n  v e s s e l  b y  r a i s i n g  the  b a t h  

t e m p e r a t u r e  s e v e r a l  t i m e s  f o r  a  few m i n u t e s .  A t  the  en d  of
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the  r e a c t i o n  the  s o lu t i o n  w a s  c o o l e d  to r o o m  t e m p e r a t u r e  th e n  
oto - 3 0  C, a d a r k  r e d  p r e c i p i t a t e  s e p a r a t e d .  T h i s  w a s  f i l t e r e d

r a p i d l y ,  w a s h e d  w i th  co ld  h e x a n e  a n d  d r i e d  i n  h ig h  v a c u u m .
oT h e  p r o d u c t  w a s  p u r i f i e d  b y  s lo w  s u b l i m a t i o n .  A t  50 C an y  

of  th e  e x c e s s  of  t u n g s t e n  h e x a c a r b o n y l  w a s  r e m o v e d  t o g e t h e r  

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

w as  s u b l i m e d  f o r  2 d ay s  a t  9 0 ° C ,  t h e n  1 d a y  a t  130^C.

Y ie ld  50%

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

b o r a t e :

T h e  s a m e  p r o c e d u r e  fo l l o w e d  i n  th e  c a s e  of the  

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

P r e p a r a t i o n  of  c y c l o h e p t a t r i e n y l t r i c a r b o n y l c h r o m i u m :

T h i s  w a s  p r e p a r e d  b y  the  m e t h o d  of  S t r o h m e i e r
45

a n d  p u r i f i e d  by  s u b l i m a t i o n  in  v a c u o .

P r e p a r a t i o n  of c y c l o h e p t a t r i e n y l t r i c a r b o n y l c h r o m i u m  t e t r a f l u o r o  

b o r a t e :

A l s o  the  m e t h o d  of  D a u b e n ,  H o n n e n  a n d  H a r m o n  

w a s  fo l l o w e d  h e r e  s i m i l a r  to  th e  m o l y b d e n u m  a n d  t u n g s t e n  

c o m p o u n d .

K in e t i c  P r o c e d u r e .

A s  e x p la i n e d  in  e x p e r i m e n t a l  s»ection in  C h a p t e r  4.  -
f
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PROGRAM FLSQ( INPUT*OUTPUT*TAPE 1 = INPUT»TAPE3=0UTPUT)
1 0 ( I N P

DIMENSION 0 ( 1 0 2 4 ) * T ( 1 0 2 4 ) * I N T O ( 1 0 2 4 ) * F D ( l 0 2 4 )  
d i m e n s i o n  C 0 M P ( 5 ) * A L K ( 5 ) * H A L ( 5 )

C  UNWEIGHTED LEAST SQUARES METHOD FOR RATE CONSTANT I N F I N I T Y
C VALUE KNOWN

(>1=1024
PEAD(1 * 1 1 3 ) COMP * ALK * HAL 

113 FO RMA T( 3 ( 5A2 ) )
P E A D ( 1 * 2 0 ) N S * I D S  
FORMAT( 21 3)
PEAD( 1 * 2 S ) J * K * L  

25 FORMAT( 31 4)
REAOd * 10)CONC*TOTALT*ZB*TEMP 

i n  FORMAT(4F10.0)
DELTAT=T0tALT/FL0AT(N)
NT = 1
D013NUS=1*NS 
CALL RDTAPE(INTD*N)
WRITE( 3 * 4 0 ) INTO 

40 FORMAT ( I H , 3214)
D 0 1 5 I = 1 * N  '

15 D ( I ) = F L 0 A T ( I N T D ( I ) )
C DISCARD FIRST J  AND LAST K DATA POINTS

. M=N-K 
N = N- J  
D 0 4 5 1 = 1 *N 
I J = I ^ J  

45 D ( I ) = D ( I J )
C PEZERO.TIME AT NEW I N I T I A L  DATA POINT

T ( 1 ) = 0 . 0  
D 0 3 5 I = 2 * N  

35 T ( I ) = T ( I - 1 ) ^ D E L T A T
R £A D ( 1 * 6 1 0 ) Z R * D I N F  

610 FORMAT(2F10.0)
DINF=DINF-ZR  
D0620 I  = 1 *N 
D ( I ) = D ( I ) - Z R  
D ( I ) = A B S ( Z B / ( Z 8 - D ( I ) ) )
D ( I ) = A L 0 G ( D ( I ) ) / 2 . 3 0 25 8 5  

620 CONTINUE
A I N F = A B S ( Z B / ( Z B - 0 I N F ) ) I
A I N F = A L 0 G ( A I N F ) / 2 . 3 0 25 85
D I = D ( 1 )
0 0 7 0 I = 1 * L * I D S  /
F D ( I ) = A B S ( ( A I N F - D I ) / ( A I N F - D ( I ) ) )
F D ( I ) = A L O G ( F D ( I ) )

70 CONTINUE
WRITE( 3 * 7 1 )  (FD ( I ) *1 = 1 * L * I D S )

71 F0RMAT( 12F10 .6 )
C  LEAST SQUARES ANALYSIS

SD=0.0  
S T= 0. 0  
SDT=0.0

• \
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S T2 = 0 . 0  
0 0 5 5 1 = 1 * L * I D S  
SD=SD* FD( I )
ST=ST^ T( T)
S O T = S ü T * F D ( I ) * T ( I )
ST2 = ST2»T( I ) <>*2  

5 5  COrJTINUE
XN=FLOAT( L- 1) / F L O A T ( I D S ) ♦ 1 , 0  
C = ( 5 T » * 2 - X N « S T 2 )
A =( ST ^S DT- SD «S T2 ) / C  
0= (SD*ST-XN<>SDT) / C  
F = 0 . 0  I
0 C 6 6 I = l f L * I D S  \
nCALC=A+G*T( I )
E = E> ( D C A L C - F D ( I ) ) * * 2  [

66 CONTINUE . [
F R R = S Q R T ( E / ( X N - 1 . 0 ) ) |
7=AB5(XN/C)
FRPG=ERR*SQRT(Z) ;
WRITE( 3 * 1 1 4 ) COMP,ALK*HAL j

114 FORMAT(5X,^REACTION OF»♦ 1X * 5 A 2 * 1X ♦«COMPLEX W I T H * . l X * 5 A 2 » 5 A 2 t / / )
W R I T E ( 3 * 1 4 ) N T  |

14 FORMAT(15Xf»TAPE N 0 . « * I 3 )  [
WRITE( 3 * 0 0 ) CONC j

9's f o r ma t ( 1 SX, »C 0NC EN TR AT I0 N o f  H A L I D E = » * E l 4 . 6 * « M 0 L . D M - 3 « )  [
WRI TE (3 »9 1) T0 TA LT !

91 f o r m a t  ( I S X , « T I M E  OF SCAN = « * F 1 0 . 6 * » S E C « )  I
WRITE( 3 * 8 0 0 ) AINF I

8^.6 FORMAT ( 1 5 X * » I N F I N I T Y  VALUE OF ABS0RBANCE = « , F 1 0 . 6 )  j
WRITE( 3 * 2 4 9 ) TEMP |

249 FC/RMAT(15X*«TEMPERATURE:»*F5.2 * «DEGREES CENTRIGRADE») [
W R I T E ( 3 * 2 5 0 ) X N  {

250 F0PmAT(1SX*»NUMBER OF POINTS USED IN LEAST SQUARES=«*F10.2)
W R I T E ( 3 * 9 2 ) G  1

92 FORMAT( 15 X* »G RA DI EN T=« *E 14 .6 )  |
WRITE( 3 * 9 3 ) A [

93 f o r m a t ( 1 5X*« INTERCEPT= «*E1 4 , 6 )
WRITE(3*73)ERRG I

73 FORMAT( 15X*»ERP0R IN GRADI ENT=«*E14. 6)
PERR=ARS( ERRG» 2 0 0 . 0 / G)
WR ITE (3 *9 4) P£R R I

94 FORMAT(15X*«PERCENT ERROR IN GRADIENT=«»F1 0 . 6 )  I
NT=NT*1 I

13 CONTINUE !
STOP i
END !

W


