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1X1

SUMMARY

I n  c h a p t e r  o n e ,  t h e  s e r i e s  o f  c o m p l e x e s  o f  t h e  t y p e  

[ R h ( d p m ) ( a l k e n e ) ( C ^ F ^ ) ]  i s  e x t e n d e d  by  a l k e n e  d i s p l a c e m e n t  

r e a c t i o n s  o f  [Rh(dpm) (C^^F^) ] .  The  r e a c t i o n  o f  some o f

t h e s e  a l k e n e - a l k y n e  c o m p l e x e s  w i t h  c y c l o p r o p a n e ,  p r o p e n e  an d  

t e t r a m e t h y l a l l e n e ,  t o  g i v e  1 , 4 - d i e n e  c o m p l e x e s  o f  r h o d i u m  i s  

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

t e t r a m e t h y l a l l e n e  d e r i v a t i v e .  C om plexes  o f  t h e  t y p e  

[ R h ( a c a c ) ( L ) ^ ( C 2̂ F^)]  (L=PPh^ ,  PPh^Me, A sPh^ ,  SbPh^)  a n d  

[ R h ( d p m ) ( L ) ( C ^ F ^ ) ] (L=PPh^,  P (C ^ H ^ ^ )^ ,  AsPh^)  a r e  c h a r a c t e r i s e d ,  

a n d  r h o d a c y c l o p e n t e n e  c o m p l e x e s  [ RhjCE^CH2 C (C F ^ )= C (C F ^ )} (d p m ) ( 1 ) 2 ) 

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

(L=C^H^N, 3-MeC^H^N,3,5-Me^C^H^N) w i t h  [ R h ( d p r a ) ( C ^ H ^ ) ( C ^ F ^ ) ] .

The X - r a y  c r y s t a l  s t r u c t u r e  o f  t h e  c o m p le x ,  w h e re  L = p y r i d i n e ,  

i s  d e s c r i b e d .

C h a p t e r  two p r e s e n t s  a  r e v i e w  o f  t h e  p r e p a r a t i o n ,  

p h y s i c o - c h e m i c a l  p r o p e r t i e s  a n d  r e a c t i o n s  o f  p l a t i n u m ( 0 ) — a l k y n e  

c o m p l e x e s .  T h i s  i s  f o l l o w e d  by  a  d e s c r i p t i o n  o f  t h e  

c h a r a c t e r i s a t i o n  o f  some p l a t i n a c y c l i c  c o m p l e x e s  w h ich  a r e  

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

a l k y n e d i o l b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  c o m p l e x e s .  The 

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

b u t - 2 - y n e - 1 , 4 - d i o l  d e r i v a t i v e  i s  d i s c u s s e d .  A s e r i e s  o f  a l k y n e  

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

e l e c t r o p h i l i c  a l k e n e s  and  a l k y n e s  w i t h  [P t (H ^C (0H )C 5C C H ^0H )(PP h^)^

51a n d  t h e  P n . m . r .  s p e c t r o s c o p i c  d a t a  f o r  t h e  p r o d u c t s  a r e  

r e p o r t e d .
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CHAPTER ONE



THE PREPARATION AND REACTIONS OF SOME MONO-ALKENE-ALKYNE 
COMPLEXES OF RHODIUM(l).

1 - 4

1 . 1  I n t r o d u c t i o n

The r e a c t i o n  o f  h e x a f l u o r o b u t - 2 - y n e  w i t h  t h e  

r h o d i u m ( l )  c o m p le x e s  [ R h ( / 3 - k e t o e n o l a t e )  ( a l k e n e ) a t  

room t e m p e r a t u r e  can  g i v e  one o f  tw o  t y p e s  o f  c o m p le x  ( I )  

an d  (II) d e p e n d i n g  on t h e  l i g a n d s  a t t a c h e d  t o  t h e  m e t a l ,  

a s  shown i n  F i g u r e  1 . 1 .

In b o t h  c o m p le x e s  (I) and  c o m p l e x e s  (II), one  

m o l e c u l e  o f  h e x a f l u o r o b u t - 2 - y n e  h a s  a d d e d  1 , 4  a c r o s s  t h e  

rhod ium -J3  - k e t o e n o l a t e  r i n g .  In c o m p l e x e s  (I) 
c y c l o c o t r i m e r i s a t i o n  h a s  o c c u r r e d  b e t w e e n  two m o l e c u l e s  

o f  t h e  a l k y n e  and  one m o l e c u l e  o f e t h e n e ,  t o  fo rm 

1 , 2 , 3 , 4 - t e t r a k i s ( t r i f l u o r o m e t h y l ) c y c l o h e x a - 1 , 2 - d i e n e ,  

w h ich  i s  c o - o r d i n a t e d  t o  t h e  r h o d iu m  t h r o u g h  t h e  d i e n e  

s y s t e m ,  a n d  one m o l e c u l e  o f  e t h e n e  h a s  b e e n  l o s t .  In 
c o m p l e x e s  (II), t h r e e  m o l e c u l e s  o f  t h e  a l k y n e  h a v e  

c y c l o t r i m e r i s e d  t o  fo rm h e x a k i s ( t r i f l u o r o m e t h y l ) b e n z e n e ,  

w h ich  i s  r i g i d l y  c o - o r d i n a t e d  t o  t h e  r h o d iu m  a s  a  d i e n e .  

Bo th  m o l e c u l e s  o f  e t h e n e ,  o r  t h e  c y c l o - o c t a - 1 , 5 - d i e n e  

m o l e c u l e ,  h a v e  b e e n  l o s t  i n  t h e  r e a c t i o n .

In an  a n a l o g o u s  r e a c t i o n  t o  t h a t  i n  w h ich  c om plex  (I) 
i s  f o r m e d ,  h e x a f l u o r o b u t - 2 - y n e  was  f o u n d  t o  r e a c t  w i t h

CFCF
C F

C F

Rh,
0 = C

C HCF

CH

( I I I )
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[R h (â c a c )  ( c i ^ -C g H ^ ^ )  2  ] a t  room t e m p e r a t u r e  t o  g i v e

com plex  One m o l e c u l e  o f  c y c l o - o c t e n e  h a s  b e e n

i n c o r p o r a t e d  i n  t h e  b i c y c l o [ 6 . 4 . 0 ]  d o d e c a - 9 , 1 1 - d i e n e  r i n g .

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

o f  a l k y n e  w i t h  one m o l e c u l e  o f  a l k e n e ,  t o  fo rm d e r i v a t i v e s

o f  c y c l o h e x a - 1 , 3 - d i e n e  h a s  b e e n  t h e  s u b j e c t  o f  a  num ber  o f  

5 - 1 4s t u d i e s . The  i n t e r m e d i a c y  o f  m e t a l l a c y c l o p e n t a d i e n e s

5 8 10 11h a s  b e e n  shown,  * ’ ’ a s  e x e m p l i f i e d  i n  F i g u r e  1 . 2  f o r

c o b a l t ^ ,  a n d  i n  F i g u r e  1 . 3  f o r  p a l l a d i u m ^ ^ .

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

f o r  c o b a l t ^  ( F i g u r e  1 . 4 ) .

R^CSCR^
[Co (»7^~C^H^) ( P P h ^ ) ^ ]   ----------- >[Co(ï7 (PPh^)  (R CSCR )]

R

R

R

R^ <

R-

R^CH=CHR^

3 4R^CSCR

Co (»7 -C^Ht_)(PPh^)

R

F i g u r e  1 . 2 [ r =H,  P h ,  COpMe.]

[ P d g C d b a )^ ]
RC5CR

W
Pd

RC=CR

F i g u r e  1 . 3  [dba = d i b e n z y l i d e n e  a c e t o n e ;  R = COJMe^



R

c RCH=CHR
[Co ( tî^-C^H^)  (PPh ) (RC5CR*)]-------------^ A Co(î ï^-C^H^) ( P P h j )

R'CSCR'

R'

R

F i g u r e  1 . 4  [R=CO^Me ; R * =Ph .]

R e c e n t l y ,  m o n o - a l k e n e - a l k y n e  c o m p l e x e s  o f  r h o d i u m ( l )  

15were  i s o l a t e d  , and  shown t o  be  i n t e r m e d i a t e s  i n  t h e  

f o r m a t i o n  o f  t h e  c y c l o h e x a d i e n e  s y s t e m s  ( I )  an d  ( I I I ) ,  

( F i g u r e  1 . 5 ) :

[Eh(dpm)(C ] ------ -^ [R h (d p m )(C ^ S ,  ) ( C , F . ) ]^ _ygOg ‘t o

G4 F6

f 3

H. A CF

H ( \  t
/

1

V\ / V
H Y

CF3

CF

Room t e m p e r a t u r e

\!

Rh(dpm.C2^F^)

?
5

F i g u r e  1 . 5



I n  t h e  work p r e s e n t e d  h e r e ,  t h e  s e r i e s  o f  mono- 

a l k e n e - a l k y n e  c o m p l e x e s  o f  r h o d i u m ( l )  i s  e x t e n d e d ,  a n d  

t h e i r  r e a c t i o n s  a r e  i n v e s t i g a t e d .



1.2 Results and discussion

A. The preparation of new mono"-alkene-alkyne complexes. 

of rhodiuni(l).

The c o m p le x e s  ( IV )  w ere  p r e p a r e d  by  t h e  low  t e m p e r a t u r e  

( - 7 8 ° C )  r e a c t i o n  o f  h e x a f l u o r o b u t - 2 - y n e  w i t h  t h e  c o m p le x e s

C 2

^ 0 "  C 5i) R*=CĤ

Rh ; C - H  b) R_,C:CR2 =cis-CgH^i^; R'=CHj

C

c) RgCiORg ; R'=CMe,

( IV )

[ R h ( j 3 - k e t o e n o l a t e )  ( a l k e n e ) ^ ]  The c r y s t a l  s t r u c t u r e s

13o f  t h e  c o m p le x e s  ( i V a )  a n d  (IVb)  showed  t h a t  t h e  r h o d i u m -

a l k e n e  bond  i s  l o n g e r ,  and  t h e r e f o r e  w e a k e r ,  t h a n  t h e

r h o d i u m - a l k y n e  b o n d .

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

X - r a y  s t r u c t u r e s  o f  [ R h ( a c a c )  an d  [ R h ( a c a c )

( C ^ F ^ ) ] ^ ^ ,  a n d  l a t e r  o f  [R h ( c p )  ( C ^ F ^ ) t h a t  t h e

7 T - a c c e p t o r  p r o p e r t i e s  o f  t h e  a l k e n e s  d o m i n a t e  t h e  b o n d i n g

t o  r h o d iu m  i n  t h e s e  s y s t e m s ,  and  C^F^ was  f o u n d  t o  be  more

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

16 17e x p e r i m e n t a l  r e s u l t s  ’ w h ich  h a d  i n d i c a t e d  t h a t  t h e r e  

i s  more T - b a c k - b o n d i n g  t o  C^F^ t h a n  t o  T h e s e

r h o d i u m - a l k e n e  and  r h o d i u r a - a l k y n c  d i s t a n c e s  a r e  g i v e n  i n  

T a b l e  1 . 1 .



o

g

»o
Pi

i n CO CO

orH
•s
EH

(0
<0
u
c

%

G
O-Mnî
0 

-+->

•S
Q)

1I
Ô3
0  
fH

■H

<D
<0

1I
o
Ph

fl

I
'cT
Ao

3

N
@)
g
a
(d

Â
w
(D
XQ)

f-H

o
<j
<0

u
o

U
I

CO

Ü

à

N
U

d
U

à

O
m r H r H

CVJ #—4
v O CVJ O v
CVJ 7t< i n

f —4 O o o o

CVJ CVJ <VJ c v i CVJ

o '
i n 1—1

CVJ #—4
CVJ v O

CO (VI r H CO
r-H o o o o

CVJ < v | <VJ CVJ CVJ

t - * *—4
m «—4 r—1

CVJ
c r* 1—I nO

v r v O r - o
r-H r —1 f -4 1—4

cv j c v j CVJ CVJ CVJ

v O 1—4 1—4
CVJ t—l

i n CVJ CO
c o ^ O v nO v O
r—1 1—4 1—4 »—4 t—4

•
N CVJ CVJ CVJ CVJ

:
-<4

Ui
CVJ

-  —1 ÜCVJ

X XCVJ CVJ
u u~—^
Ü Ü
d du o
d d

rd
.

nO

h
N Ü

U

%  CVJ
2

K
N

'IT
d
u
d

u A u

nO
Ui
o

X00

u
d
o
d

vO
k

O
*4
O

T|4
N

U
f4
O

Ü
73
d
d

CO

U

X
O
u
o

00

X
CVJ

u

CVJ
u
73
PJ
d

O



8

I t  i s  t h e r e f o r e  c o n s i s t e n t  t h a t  t h e  e l e c t r o n -  

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

i n f l u e n c e  i n  t h e  c o m p l e x e s  ( I V ) ,  a n d  t h e  c o n s e q u e n t  

w e a k e n i n g  o f  t h e  r h o d i u m - e t h e n e  bon d  i n  com plex  ( i V c ) ,  

f o r  e x a m p l e ,  r e l a t i v e  t o  t h e  b i s - e t h e n e  com plex  

[Rh(dpm) ( 02112^ )2 ] , s u g g e s t e d  t h a t  i t  m i g h t  b e  p o s s i b l e  t o  

d i s p l a c e  t h e  e t h e n e  w i t h  a n o t h e r  a l k e n e ,  t o  o b t a i n  

c o m p l e x e s  a n a l o g o u s  t o  ( I V ) ,  f o r  w h ic h  t h e  b i s ^ a l k e n e  

p r e c u r s o r s  a r e  unknown.

I t  was  f o u n d  t h a t  t h e  a l k e n e s  c i s - c y c l o - o c t e n e , 

c y c l o h e p t e n e , p r o p e n e ,  c i s - b u t - 2 - e n e  a n d  t r a n s - b u t - 2 - e n e  

a l l  d i s p l a c e d  e t h e n e  f ro m  com plex  ( i V c ) ,  t o  g i v e  c o m p l e x e s  

( i V d - h )  r e s p e c t i v e l y .

y C M e g

RgCiCRg = cis-CgH^i^ (d)
Rh ; C - H  c y  (e)

^ 0 — c (  , C Hg ( f )

C M e g  cis-C,^Hg ( g )C

(IV)

3 " 6  

i s - (

t r a n s - C/^Hg (h )

No r e a c t i o n  was o b s e r v e d  w i t h  t h e  a l k e n e s  c y c l o h e x e n e ,  

b i c y c l o  [ 2 . 2 . 1 ] h e p t - 2 - e n e  an d  2 , 3 - d i m e t h y l b u t - 2 - e n e .

Com plexes  ( i V d - h )  h a v e  i n f r a - r e d  s p e c t r a  w h ic h  a r e  

v e r y  s i m i l a r  t o  t h a t  f o r  ( I V c ) ;  t h e  b a n d  f o r  t h e  0=0 

s t r e t c h i n g  f r e q u e n c y  o f  t h e  c o - o r d i n a t e d  a l k y n e  i n  c o m p l e x e s  

( I V f - h )  i s  s p l i t  i n t o  tv;o s t r o n g  p e a k s ,  r a t h e r  t h a n  one  

s t r o n g  p e a k  an d  a  s h o u l d e r ,  a s  o b s e r v e d  f o r  t h e  o t h e r



1 9c o m p le x e s  ( I V ) .  The F n . m . r .  s p e c t r a  f o r  a l l  c o m p l e x e s

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

i n  a l l  c a s e s  e x c e p t  ( i V f )  and  ( i V h ) .  I n  c o n t r a s t  t o  t h e  

1H n . m . r .  s p e c t r a  f o r  c o m p le x e s  ( i V a - c ) , w h ich  w e r e  r u n  i n

10( C D ^ C O  o r  CDgCl^,  t h e  s p e c t r a  f o r  c o m p l e x e s  ( i V d - h ) ,  

r u n  i n  CDCl^, show two s e p a r a t e  r e s o n a n c e s  f o r  t h e  tw o 

t - b u t y l  g r o u p s  o f  t h e  dpm l i g a n d .  T a b l e  1 . 2  g i v e s  t h e  

n . m . r .  d a t a  f o r  t h e  c o m p l e x e s  [Rh(dpm) ( a l k e n e )  (C^^F^)] .

The H n . m . r .  s p e c t r u m  o f  ( I V c ) ,  [Rh(dpra) (C^H^^) (Cj^F^)] , 

was  r e - r u n  i n  CDCl^,  an d  showed s e p a r a t e  s i g n a l s  f o r  t h e  

t - b u t y l  g r o u p s ,  a t  8 . 8 4  and  8 . 8 9 r  [ l i t . v a l u e  = 8 . 8 6 t ( s ) ^ ] .  

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

t o  t h e  r h o d i u m ,  ( 6 . 3 3 ? ,  room t e m p e r a t u r e .

On c o o l i n g  t o  - 5 0 °C, t h e  s i g n a l  was f o u n d  t o  s p l i t  i n t o  

two d o u b l e t s ,  c e n t r e d  a t  5 * 8 0  and  7 . 0 6 ?.

T h i s  s u g g e s t e d  t h a t  t h e  e t h e n e  m i g h t  be  r o t a t i n g  

a b o u t  t h e  r h o d i u m - e t h e n e  a x i s ,  a t  room t e m p e r a t u r e ,  a n d  

t h a t  t h e  low  t e m p e r a t u r e  H n . m . r .  s p e c t r u m  shows t h e  

’’i n n e r "  a n d  " o u t e r "  e n v i r o n m e n t s  f o r  t h e  e t h e n e  p r o t o n s ,  

a s  shown i n  F i g u r e  1 . 6 .

/ ' ' '  I
0 0  H. = " I n n e r "  p r o t o n1

3 \  H = " O u t e r "  p r o t o n
Rh .1 ■■ °

y C  I
F 3 C H f

F i g u r e  1 .5
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The r o t a t i o n  o f  c o - o r d i n a t e d  a l k e n e s  h a s  b e e n  t h e

s u b j e c t  o f  much s t u d y  i n  r e c e n t  y e a r s ,  an d  work h a s  b e e n

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

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

e n e r g y  b a r r i e r .

T h u s ,  f o r  e x a m p le ,  b i s - a l k e n e  c o m p l e x e s  o f  

-]'7-24r h o d i u r a ( l )  , f i v e - c o - o r d i n a t e  c y a n o a l k e n e  c o m p l e x e s

29 32o f  r h o d i u m ( I )  , r a o n o - a l k e n e  c o m p l e x e s  o f  p l a t i n u m ( I I )

a n d  v a r i o u s  a l k e n e  c o m p l e x e s  o f  i r i d i u r a ( I ) ^ ^  h a v e  b e e n  

s t u d i e d ,  u s i n g  v a r i a b l e - t e m p e r a t u r e  H n . m . r . : t e c h n i q u e s .

T h e r e  a r e  two p o s s i b l e  m e c h a n i s m s  f o r  t h e  a l k e n e  r o t a t i o n ,  

a s  shovm i n  F i g u r e  1 . 7 *  Mechanism A h a s  b e e n  p r o p o s e d  i n  a l l

H H H I H

" j "
M ——— ---- 4 —  M

H H H ; H

I

A B

F i g u r e  1 . 7

t h e s e  c a s e s ,  b e c a u s e  mechan ism  B w o u ld  r e s u l t  i n  t h e  b r e a k i n g

o f  b o th  t h e  -  and 7r-com ponents o f  th e  m e ta l - a lk e n e  bond

( u s i n g  t h e  b o n d i n g  scheme p r o p o s e d  b y  D e w a r^ ^ , a n d  C h a t t  an d  

37D uncanson  ) ,  c a u s i n g  d i s s o c i a t i o n  o f  t h e  a l k e n e .  Mechanism A 

a lv /a y s  l e a v e s  t h e  c r -bond  i n t a c t ,  a n d  o n l y  t h e  d - z r * - o r b i t a l  

o v e r l a p  i s  r u p t u r e d ,  s o  t h e  " p r o p e l l o r - l i k e "  r o t a t i o n  seem s  

more  p r o b a b l e .
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D i r e c t  e v i d e n c e  f o r  t h i s  t y p e  o f  r o t a t i o n  h a s  b e e n  

shown,  u s i n g  t h e  c om plex  [Os(CO) (NO)
w here  e a c h  end o f  t h e  c o - o r d i n a t e d  e t h e n e  m o l e c u l e  i s  i n

a  d i f f e r e n t  c h e m i c a l  e n v i r o n m e n t ,  by  a  s t u d y  o f  i t s  v a r i a b l e 
' l l

t e m p e r a t u r e  C n . m . r .  s p e c t r u m .

The c o a l e s c e n c e  t e m p e r a t u r e  f o r  c o m p le x  ( I V c )  was

f o u n d  t o  be  - 5 0 ^0 , an d  u s i n g  t h e  a p p r o x i m a t e  f o r m u l a  o f

39Gutowsky a n d  Holm , a s  a p p l i e d  p r e v i o u s l y  t o  t h e s e  

2 1 , 2 9s y s t e m s ,  t h e  f r e e  e n e r g y  o f  a c t i v a t i o n  f o r  t h e

e t h e n e  r o t a t i o n  i n  com p lex  ( IV c)  was  c a l c u l a t e d  t o  be

1 1 . 4  k c a l . m o l : ;

AG* = -RT I n  c

T^ = C o a l e s c e n c e  t e m p e r a t u r e ;  Av  = maximum s e p a r a t i o n  

o f  t h e  s i g n a l s ,  i n  t h e  a b s e n c e  o f  e x c h a n g e  o f  e n v i r o n m e n t s ;  

R = Gas c o n s t a n t  ; h = P l a n c k ’ s  c o n s t a n t ;  k  = B o l t z m a n n ’ s  

c o n s t a n t •

S u b s t i t u t i n g  f o r  t h e  c o n s t a n t s ,  t h e  e x p r e s s i o n  

s i m p l i f i e s  t o :

AG = i f . 5 7 6 T .  /  9 . 9 7 2 2  + -  l o g ^ ^ A y l k c a l . m o l T ^
1 Ô Ô Ô  ' I  °  10 ^

T a b l e  1 . 3  c o m p a r e s  t h e  f r e e  e n e r g i e s  o f  a c t i v a t i o n  f o r

a  number  o f  b i s - a l k e n e  c o m p le x e s  o f  r h o d i u m ( I ) .

1The H n . m . r .  s p e c t r a  f o r  c o m p l e x e s  ( I V f )  an d  ( IV g )  a r e  

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

on t h e  a l k e n e s  a t  8 . 2 7 ?  ( d o u b l e t )  i n  b o t h  c a s e s .  The  

s p e c t r u m  f o r  t h e  p r o p e n e  c o m p le x e s  ( I V f )  i s  v e r y  s i m i l a r  t o  

t h a t  d e s c r i b e d  f o r  t h e  b i s - p r o p e n e  c o m p le x  [ ( R h ( a c a c ) ( C ^ H g ) ^
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w i t h  an  i r r e g u l a r  q u a d r u p l e t  s i g n a l  f o r  t h e  a l k e n i c  

p r o t o n s  ( 6 . 0 5 - 6 . 8 8  ) .

I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  m e t h y l  g r o u p s  on 

t h e  a l k e n e s  w ere  i n  " i n n e r "  o r  " o u t e r "  e n v i r o n m e n t s ,  s i n g l e  

c r y s t a l  X - r a y  s t r u c t u r e  d e t e r m i n a t i o n s  w ere  a t t e m p t e d .  

U n f o r t u n a t e l y ,  t h e  c r y s t a l  o f  c om plex  ( i V f )  d eco m p o se d  i n  

t h e  X - r a y  beam, b u t  t h a t  o f  com plex  ( I V g )  was  s u f f i c i e n t l y  

s t a b l e  f o r  t h e  o r i e n t a t i o n  o f  c i s - b u t - 2 - e n e  t o  b e  d e t e r m i n e d ,  

a l t h o u g h  t h e  d a t a  a r e  n o t  o f  v e r y  g r e a t  a c c u r a c y ,  a n d  h a v e

4on o t  t h e r e f o r e  b e e n  r e f i n e d .  The m e t h y l  g r o u p s  a r e ,  a s  

p r e d i c t e d  by s t e r i c  a r g u m e n t s ,  d i r e c t e d  aw ay f ro m  t h e  

c o - o r d i n a t e d  a l k y n e ,  a s  shown i n  F i g u r e  1 . 8 .

.CMe.
C /  \ C "

I; I
\  /

Eh CF

'  1
,  s .  CMe \

ÇF3

F i g u r e  1 . 8

(IVg)

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

p r o p e n e  l i g a n d  i n  c o m p lex  ( I V f )  i s  s i m i l a r l y  d i r e c t e d  away 

f rom t h e  a l k y n e .

A more d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  H n . m . r .  o f  t h e  

t r a n s - b u t - 2 - e n e  c om plex  ( iV h)  was c o n s e q u e n t l y  c a r r i e d  o u t ,  

b e c a u s e  a  s t a t i o n a r y  a l k e n e  would  n e c e s s i t a t e  h a v i n g  an
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" i n n e r "  m e t h y l  g r o u p ,  a n d  p o s s i b l y  r e s u l t  i n  d i s t o r t i o n  o f

t h e  a l k e n e .  H ow ever ,  i t  was f o u n d  t h a t  o v e r  s e v e r a l  h o u r s ,

a t  room t e m p e r a t u r e  i n  CDCl^ s o l u t i o n ,  t h e  c o m p le x  r e a r r a n g e d

t o  g i v e  t h e  c i s - b u t - 2 - e n e  com plex  ( I V g ) , i d e n t i f i e d  by i t s  
1

H n . m . r .  s p e c t r u m .

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

o f  com p lex  ( IV h )  f rom  [Rh(dpm) (C^H^^) (C^^F^)] ( i V c )  and  

t r a n s - b u t - 2 - e n e  d e p e n d e d  upon a  low t e m p e r a t u r e  a n d  a  s h o r t  

r e a c t i o n  t i m e ,  an d  o f t e n  com plex  ( IV g )  o n l y  c o u l d  be  d e t e c t e d  

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

The phenomenon  o f  m e t a l - c a t a l y s e d  c i s - t r a n s , and

t r a n s - c i s  i s o m é r i s a t i o n  h a s  b e e n  n o t e d  p r e v i o u s l y ,  a n d
k? 46

m e t a l  h y d r i d e ,  ’ i o n i c  ’ o r  d i p o l a r  i n t e r m e d i a t e s

h a v e  b e e n  p r o p o s e d .  The mechan ism f o r  t h e  c o n v e r s i o n  o f

com plex  ( I V h )  t o  ( iV g )  i s  u n c e r t a i n ,  b u t  i t  s eem s  u n l i k e l y

t o  i n v o l v e  a  m e t a l  h y d r i d e  i n t e r m e d i a t e ,  on t h e  b a s i s  o f  t h e

r e s u l t s  r e p o r t e d  i n  S e c t i o n  1 .2 B ,  w h e re  t h e  h e x a f i u o r o b u t - 2 - y n e

l i g a n d  a b s t r a c t s  a  h y d r o g e n  atom t o  fo rm  a  -C (C F ^)= C (H )C F^

g r o u p .

I t  was  a l s o  p o s s i b l e  t o  p r e p a r e  t h e  c y c l o - o c t e n e  

com plex  ( IV d )  by t h e  lo w  t e m p e r a t u r e  ( - 7 8 ^ 0 )  r e a c t i o n  o f  

h e x a f l u o r o b u t - 2 - y n e  w i t h  [Rh(dpm)(CgH^^)2 ] •

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

c y c l i c  a l k e n e  an d  two m o l e c u l e s  o f  h e x a f l u o r o b u t - 2 - y n e  i n  

t h e  room t e m p e r a t u r e  r e a c t i o n s  o f  C^F^ w i t h  c o m p l e x e s  ( IV d )  

an d  ( I V e ) , t o  g i v e  c o m p l e x e s  (V) an d  (V I)  r e s p e c t i v e l y .
4

T h e s e  c o m p l e x e s  w ere  shown t o  be  a n a l o g o u s  t o  c o m p le x  ( I I I )
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CF.CF.

CF.

R h

C F .

C F

C F .
/

0= — H
X /

c / C M e g

CMe,

(V)

19by t h e i r  F n . m . r .  s p e c t r a ,  The c y c l o c o t r i m e r i s e d  d i e n e  

l i g a n d s  a r e  d i s t i n g u i s h e d  f rom  t h e  r i g i d  h e x a k i s ( t r i f l u o r o m e t h y l ) -

2 h 2 4 48b e n z e n e  l i g a n d  by h a v i n g  tw o ,  ’ i n s t e a d  o f  t h r e e  ’ ’

C F C F
CF

CF

C - H> R h

•CMeCF

C F CMe

(VI)

19b r o a d  s i g n a l s  i n  t h e i r  F n . m . r .  s p e c t r u m .  T a b l e  1 . 4

19 4c o n t r a s t s  t h e  F n . m . r .  d a t a  f o r  c o m p le x e s  ( I I I )  , (V)

an d  ( V I ) ,  w i t h  t h a t  f o r  some c o m p le x e s  c o n t a i n i n g  a

h e x a k i s ( t r i f l u o r o m e t h y l ) b e n z e n e  m o i e t y .

The r e a c t i o n  o f  h e x a f l u o r o b u b - 2 - y n e  w i t h

[Rh(dpm) (C^H^) (C^F^^) ] a t  - 7 8 °C was f o u n d  t o  g i v e  com plex

( IV c )  by d i s p l a c e m e n t  o f  t h e  f l u o r o a l k e n e .  More
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s u r p r i s i n g l y ,  t h e  room t e m p e r a t u r e  r e a c t i o n  o f  a n  e x c e s s  

o f  t e t r a f l u o r o e t h e n e  w i t h  com plex  ( I V c )  gave  

[Rh(dpm) (C2 Fj^) ] w i t h  d i s p l a c e m e n t  o f  t h e

The r e a c t i o n  o f  c i s - c i s - c y c l o - o c t a - 1 , 5 - d i e n e  w i t h  

com plex  ( I V c ) ,  a t  room t e m p e r a t u r e ,  a l s o  c a u s e d  t h e  

C^F^ l i g a n d  t o  be  d i s p l a c e d ,  a l o n g  w i t h  t o  g i v e

t h e  known com plex  [ R h ( d p m ) ( c o d ) ] •

The c o - o r d i n a t e d  h e x a f l u o r o b u t - 2 - y n e  was r e p o r t e d  

t o  be  d i s p l a c e d  f ro m  t h e  c y c l o - o c t e n e  com plex  ( i V b ) ,  

by  c y c l o - o c t e n e ,  a t  room t e m p e r a t u r e ,  t o  g i v e

[Rh(acac) ( C g H ^ 2 ^ . ^ 2  1 ^  However ,  i t  s eem s  l i k e l y  t h a t

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

-78°C
[R h ( a c a c )  ( C g H ^ ^ ) ^  [ R h (a c a c )  (C ^ F ^ ) ]  +

r a t h e r  t h a n  t h e  p r o d u c t  o f  t h e  r e v e r s e  r e a c t i o n ,  b e c a u s e  

no  r e a c t i o n  was o b s e r v e d  when c o m p l e x e s  ( IV d)  a n d  ( IV e )  

w e re  t r e a t e d  w i t h  an  e x c e s s  o f  c i s - c y c l o - o c t e n e , a n d  

c y c l o h e p t e n e , r e s p e c t i v e l y ,  a t  room t e m p e r a t u r e .

A p u r e  s a m p l e  o f  [ R h (a c a c )  (CgH^^) (C^^^F^) ] ( iV b )  was  t h e n  

t r e a t e d  w i t h  an  e x c e s s  o f  CgH^^, a t  room t e m p e r a t u r e ,  

and  no  d i s p l a c e m e n t  o f  h e x a f l u o r o b u t - 2 - y n e  by  c y c l o - o c t e n e  

was o b s e r v e d .

B.  R e a c t i o n s  o f  a l k e n e - a l k y n e  c o m p l e x e s  i n v o l v i n g  d i e n e  

f o r m a t i o n .

A l t h o u g h  no r e a c t i o n  was o b s e r v e d  a t  room t e m p e r a t u r e ,  

an  e x c e s s  o f  c y c l o p r o p a n e  s h a k e n  w i t h  [Rh(dpm) (C^H^^) (C^Fg)]

( IV c )  a t  60°C g a v e  an  i n t r a c t a b l e  r e d  o i l .  The  same com plex  

was a l s o  i s o l a t e d  i n  t h e  r e a c t i o n  o f  p r o p e n e  w i t h  c om plex  ( IV c )
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a t  50°C .  T h i s  com plex  ( V I I )  h a s  b e e n  a s s i g n e d  a

1 , 2 , 4 , $ - 7 ? - p e n t a - 1 , 4 - d i e n e  s t r u c t u r e ,  on t h e  b a s i s  o f  i t s  

1 19H and F n . m . r .  s p e c t r a .  M i c r o a n a l y t i c a l  r e s u l t s  an d

1.2

,CMe

RK

CMe

C F

( V I I )

t h e  mass  s p e c t r u m  f o r  c om plex  ( V I I )  i n d i c a t e  t h a t  one 

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

t h e  m o l e c u l e  o f  e t h e n e .  C o n f i r m a t i o n  t h a t  t h e r e  i s  no  

e t h e n e  i n  t h e  com plex  was g i v e n  by i t s  p r e p a r a t i o n  f rom 

com plex  ( I V d )  , [Rh(dpm) (CgH^i^) (Cjj^F^)] o r  co m p le x  ( i V e ) ,  

[Rh(dpm) c y c l o p r o p a n e ,  a t  6 0 ° C .

The H n . m . r .  s p e c t r u m  o f  com plex  ( V I I )  i s  

t e m p e r a t u r e  i n v a r i a n t ,  an d  t h e  s i x  d i s t i n c t  e n v i r o n m e n t s  

f o r  t h e  s i x  p r o t o n s  o f  t h e  CH2 = C H C H ( CF^)=C(H) CF^ 

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

F i g u r e  1 . 9 *

The p r o t o n  r e s o n a n c e  a t  7 . 4 9 ?  a p p e a r s  a s  a  q u a r t e t ,  

due t o  g e m i n a l  c o u p l i n g  t o  t h r e e  e q u i v a l e n t  f l u o r i n e s  

( Jgp=11  .OHz) and  i s  a s s i g n e d  t o  I t  a p p e a r s  a t

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

b e i n g  an  a l k e n i c  p r o t o n ,  w h e re  t h e  a l k e n e  i s  c o - o r d i n a t e d  

t o  a  m e t a l . T h e  d o u b l e t  r e s o n a n c e  c e n t r e d  a t  

6 . 9 7 ?  i s  a s s i g n e d  t o  t h e  o t h e r  " i n n e r ” a l k e n i c  p r o t o n ,
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A section of the H n.m.r. spectrum of complex (VII) 

(Coupling constants (Hz) in parentheses)

(S)'

11JL
8.07.06.0

F i g u r e  1.9
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a n d  a p p e a r s  a s  a  d o u b l e t  due t o  t r a n s  c o u p l i n g  t o

(Jhh= '^2H z) .  The " o u t e r ” p r o t o n ,  H^,  a p p e a r s  a t  l o w e r  

f i e l d  ( 6 . 7 5 ^ ) »  a s  i s  g e n e r a l l y  o b s e r v e d ^ ^ ’ ^ ^  a n d  shows 

c i s  c o u p l i n g  t o  Hz ), No c o u p l i n g  b e t w e e n

eind i s  o b s e r v e d ,  n o r  c a n  any  r h o d i u m  c o u p l i n g  be  

d e t e c t e d .  Rhodium c o u p l i n g  t o  " i n n e r "  and  " o u t e r "  p r o t o n s  

i n  s i m i l a r  e n v i r o n m e n t s  t o  and  i s  s o m e t i m e s  - 

o b s e r v e d ^ ^ ’ ( J j ĵ̂ jj= 0 , 5 “ 2 .8 H z ) • The  m u l t i p l e t  r e s o n a n c e  

a t  5 - 5 0 ^  i s  a s s i g n e d  t o  T h i s  p r o t o n  shows c o u p l i n g s

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

l a r g e r  c o u p l i n g  t o  H ^ .  The s i g n a l s  a t  6 . 3 8 t  a n d  7 » 9 6 r  

can  be  a s s i g n e d  t o  an d  Hgi a l t h o u g h  u n i q u e  a s s i g n m e n t s  

t o  an d  c a n n o t  b e  made.  The s i g n a l s  a p p e a r  a s  

d o u b l e t s  o f  d o u b l e t s  ( J  _ = 13 Hz,  J  = 8 H z ,  J  = 6 H z ) .
i 2 1 2 3

T h e s e  a s s i g n m e n t s  h a v e  b e e n  f u r t h e r  s u b s t a n t i a t e d  by

p r o t o n - p r o t o n  d e c o u p l i n g  e x p e r i m e n t s .  (See  e x p e r i m e n t a l

s e c t i o n  ( B ) l ( i ) ) .

19The F n . m . r .  s p e c t r u m  o f  c o m p le x  ( V I I )  s how s  a  

q u a r t e t  s i g n a l  a t  6 0 . 4 8  p . p . m . ,  r e l a t i v e  t o  e x t e r n a l  

f l u o r o t r i c h l o r o m e t h a n e ,  ( J p p = 1 1 . 0  Hz)  w i t h  c o u p l i n g  t o  t h e  

r h o d iu m  (Jj^^^.=1.2 H z ) ,  an d  an  a p p a r e n t  q u i n t e t  f o rm e d  by 

t h e  o v e r l a p  o f  two q u a r t e t  s i g n a l s ,  due  t o  t h e  p r o t o n -  

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

m a g n i t u d e  t o  t h e  f l u o r i n e - f l u o r i n e  c o u p l i n g  (5 3 * 4 6  p . p . m .  

r e l a t i v e  t o  e x t e r n a l  f l u o r o t r i c h l o r o m e t h a n e ,  J  =J  = 1 1 . 0  H z ) .  

The c i s  a r r a n g e m e n t  o f  t h e  CF^ g r o u p s  a b o u t  t h e  d o u b l e  bond 

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

f o r  t h e  known v i n y l i c  s y s t e m s  M-C(CF^)=C(H)CF^,  w he re  

e i t h e r  c i s ^ ^  o r  t r a n s ^ ^ * ^ ^  g e o m e t r y  i s  o b s e r v e d .

The d a t a  a r e  shown i n  T a b l e  1 .5 *
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T a b l e  1 . 5 .

19 F n . m . r .  c o u p l i n g  c o n s t a n t s  f o r  M-C(CF^)=C(H)CF^ s y s t e m s

Complex

Cl

( P h , P ) ^ P t ‘ Æ  (3 )
/

CF, ^ C F ,
3 3

( 1 ) ( 2 )

( P h , P ) ^ R u ' -  /H (3 )/
3 - 2 - \  /

/  \
CF3

( 1 )

CF3

( 2 )

1 2 . 2  0 9 . 6  5 0

( F , F )  (H ,F )  (H ,F )

1 4 . 4  0 1 1 . 0

( F , F )  (H ,F )  (H ,F )
5 1

( P h  P ) p ( C O ) R h , H  (3) 1 1 . 2 2 . 5 1 0 . 7 3 2

CF3
(1 )

( F , F ) ( H , F) ( H , F)

\
CF3

(2 )

( O C ) ^ M n ^

/
C F

^ C F ^

\
H

(3 ) 2 . 3

( H , F)
2 . 3

( F , F )

9.6
( H , F)

33

(1 ) ( 2 )

( O C ) r R e  

"  \  

/

/ - 3

\
H

(3 ) 2 . 5 2 . 5 9 . 1 3 4

( H , F) ( F , F ) ( H , F)

/
C F j

( 1 ) ( 2 )
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A p o s s i b l e  m echan ism  f o r  t h e  f o r m a t i o n  o f  c om plex  ( V I l )  

f rom p r o p e n e  and  [Rh(dpm) (C^F^)]  i s  i l l u s t r a t e d  i n

F i g u r e  1 . 1 0 .

H . C  

^ 2  . R h ( d p m )

\ CF.

H o C

h A q  P h ( d p m )

CH

GH2 R h ( d p m )

H

C F

\
C F -

'  C 2 H , .

F i g u r e  1.10
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Some e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  t h e  % - a l l y l  

i n t e r m e d i a t e  i s  g i v e n  by t h e  p r e p a r a t i o n  o f  a l l y l  c o m p le x e s  

f rom t h e  r e a c t i o n  o f  p r o p e n e  w i t h  [ i r H ^ C P P h ^ ) ^  ] and  w i t h  

[Ru(PPh^)2^(7r-MeCN)]^eCN, and  by t h e  o b s e r v a t i o n  o f  t h e

57t e m p e r a t u r e  d e p e n d e n t  e q u i l i b r i u m :

•Ni

-4o°c
H H 
\ /

\ H - 50°c
— N i  PF.

/ \  
H^C H

A l l y l  c o m p le x e s  o f  r h o d i u m ( l l l )  h a v e  b e e n  p r e p a r e d  f rom 

d i v i n y l c y c l o p r o p a n e  d e r i v a t i v e s ^ ^ B i s - a l l y l  c o m p le x e s

o f  r h o d i u m ( l l l )  h a v e  b e e n  shown t o  g i v e  rj - h e x a - 1 , 5 - d i e n e

r III / 3 1

t h f

A rene

Rh ( A re n e )  

( V I I I )

a ) R=H, A rene  = 1 ,3 i5 -C^H^Me^ d) R=Me, Arene

b) R=H, A rene  = C^Me^ e) R=Me, Arene

c) R=H, A rene  = 1 ,2 -C ^H ^(0 M e)2 f ) R=Ne, Arene

F i g u r e  1 . 1 1 .

= 1 ,5 ,5 -C ^ H ^ M e ^

= 1,2-C^H[^(0Me)g

c o m p l e x e s ,  by t h e  r e d u c t i v e  d i m é r i s a t i o n  o f  t h e  two

’7 ^ - a l l y l  l i g a n d s .  I n  t h i s  way, t h e  a r e n e  r h o d i u m ( l )  c o m p l e x e s

6o( V I I I )  w e re  i s o l a t e d ,  . a s  shown i n  F i g u r e  1 . 1 1 .
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A l l y l  p a l l a d i u m  c o m p le x e s  h a v e  b e e n  p r e p a r e d  f rom

6 1 - 6 3s u b s t i t u t e d  c y c l o p r o p a n e s ,  and  a  s m a l l  am ount o f

c y c l o p r o p a n e  was i s o m e r i s e d  t o  p r o p e n e ,  i n  i t s  r e a c t i o n  

6 k
w i t h  P d C l^  I n  t h e  r e a c t i o n  o f  s u b s t i t u t e d  c y c l o p r o p a n e s

w i t h  [ R h C l ( C O ) g ] ^ ,  some e v i d e n c e  was  f o u n d  f o r  t h e  i s o m é r i s a t i o n  

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

h y d r i d e  c o m p le x  was p r o p o s e d  a s  an  i n t e r m e d i a t e . ^ ^

The r e a c t i o n  o f  c y c l o p r o p a n e  w i t h  [Rh(dpm) 9̂ ;

(C ^ F ^ ) ]  may t h e r e f o r e  a l s o  i n v o l v e  a  r h o d i u m - a l l y l  

i n t e r m e d i a t e  ( F i g u r e  1 . 1 0 ) .

T e t r a m e t h y l a l l e n e  (TMA) r e a c t s  w i t h  [Rh(dpm) -

(C^^Fg)] ( I V c )  a t  room t e m p e r a t u r e ,  t o  fo rm  y e l l o w  c r y s t a l s  

o f  t h e  s u b s t i t u t e d  1 , 2 , 4 , 5 - i 7 - p e n t a - 1 , 4 - d i e n e  co m p le x  ( i X a ) .

CMe

C-H
R h ,

- C R

CMe

CR

Me

Me

( I X a )

A s e c t i o n  o f  t h e  H n . m . r .  s p e c t r u m  o f  c o m p lex  ( IX a )  

i s  r e p r o d u c e d  i n  F i g u r e  1 . 1 2 ,  t o g e t h e r  w i t h  p e a k  a s s i g n m e n t s



2 6

A section of the H n.m.r. spectrum of complex (IXa)

(Coupling constants (Hz) in 
parentheses)

RhH

RhH
(2A)

Me Me

11
7.0 8.0

F i g u r e  1.12
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and  c o u p l i n g  c o n s t a n t s .  As f o r  co m p le x  ( V I I )  t h e  c h e m i c a l

s h i f t s  f o r  t h e  a l k e n i c  p r o t o n s  a r e  c o n s i s t e n t  w i t h  d a t a  f o r

Z^^bonded a l k e n e - m e t a l  c o m p l e x e s .

19The F n . m . r .  s p e c t r u m  f o r  c o m p le x  ( IX a)  i s  s i m i l a r  

t o  t h a t  o f  com plex  ( V I I ) , and  shows a  q u a r t e t  s i g n a l  a t  

5 2 . 5 2  p . p . m .  r e l a t i v e  t o  e x t e r n a l  f l u o r o t r i c h l o r o m e t h a n e ,

( J  = 9 . 0 H z ) , t o g e t h e r  w i t h  an  a p p a r e n t  q u i n t e t  a t  5 3 - 8 6  p . p . m .  

( ,  f o r m e d ,  a s  f o r  c o m p le x  ( V I I )  by  t h e  o v e r l a p

o f  two q u a r t e t s .  No r h o d iu m  c o u p l i n g  i s  r e s o l v e d .  The 

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

a g a i n  c o n s i s t e n t  w i t h  a  c i s  a r r a n g e m e n t  o f  t h e  CF^ g r o u p s  

a b o u t  t h e  d o u b l e  bond  ( s e e  T a b l e  1 . 5 ) *

Complex ( IX a)  was  a l s o  p r e p a r e d  by  t h e  room t e m p e r a t u r e  

r e a c t i o n s  o f  TMA w i t h  [Rh(dpm) (CgH^^^.) ( ^ ^ ^ )  an d  w i t h

[Eh(dpm)(C ( I V e ) .

I n  an  i d e n t i c a l  r e a c t i o n ,  t h e  a c e t y l a c e t o n a t o  

a n a l o g u e  ( iX b )  o f  c o m p lex  ( IXa)  was i s o l a t e d  by  t r e a t i n g  

[ R h ( a c a c ) ( C 2H ^ ) ( C ^ F g ) ]  ( iV a )  w i t h  TMA. Complex ( IX b)  i s  

c r y s t a l l i n e  and  h a s  a  H n . m . r .  s p e c t r u m  w h ich  i s  a l m o s t

1 9i d e n t i c a l  t o  t h a t  o f  com plex  ( I X a ) ,  an d  i t s  F n . m . r .  

s p e c t r u m  t o o  i s  s i m i l a r ,  w i t h  a  q u a r t e t  s i g n a l  a t  5 3 - 2 2  p . p . m .  

( J p j ,= 9 .0 H z )  a n d  a  ’’q u i n t e t "  a t  5 4 . 5 1  p . p . m .  ( Jpp=J j^^=9 ,0H z)  , 

r e l a t i v e  t o  e x t e r n a l  f l u o r o t r i c h l o r o m e t h a n e .

The s t r u c t u r e  o f  com plex  ( IX a )  h a s  b e e n  r e c e n t l y

40c o n f i r m e d  by a  s i n g l e  c r y s t a l  X - r a y  c r y s t a l l o g r a p h i c  s t u d y .

The c r y s t a l s  o f  ( I X a ) ,  ^ 2 2 ^ 3 1 ^ 2 ^ 6 ^ ^ '  ( m o l e c u l a r  w e i g h t  = 

5 4 4 . 3 9 ) a r e  m o n o c l i n i c  w i t h  s p a c e  g r o u p  P 2 ^ / c ,  an d

a  = 11 .50%,  b = 19 .00%,  c= 23-32%, ^.= 9 9 . 7 4 ° ,

U = 5 0 2 2 . 0 %^ and  Z = 8 .
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O t h e r  p e n t a - 1 , 4 - d i e n e  c o m p le x e s  o f  r h o d iu m  h a v e  b e e n  

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

r e s u l t s .  The  c r y s t a l  s t r u c t u r e  o f  t h e  d î b e n z y l i d e n e a c e t o n e  

com plex  (X) h a s  b e e n  r e p o r t e d ^ * ^ ,  a n d  a  c o m p a r i s o n  o f  some

,-C
II R h ( n ? _ C c H c )
^  H /

n'

(X )

o f  t h e  b ond  l e n g t h s  i n  t h e  c a r b o n  s k e l e t o n s  o f  t h e

1 , 4 - d i e n e s  i n  ( IX a)  a n d  (X) i s  shown i n  T a b l e  1 . 6 .

The c o m p le x e s  (X I)  w ere  p r e p a r e d  f o r  d i e n e

45i s o m é r i s a t i o n  s t u d i e s ,  and  were  i s o l a t e d  a s  r e d  o i l s ,

II' — R h ( L )  
H /

/
H 

( X I  )

a )  R=H;

b)  R=H, L=h.^-C^H2.C0^Me

c)  R=Me, .
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T a b l e  1 . 6

a .
Some i n t e r a t o m i c  d i s t a n c e s ( % )  f o r  c o m p l e x e s  ( i X a )  an d  (X)

Rh-C.

Rh-C,

Rh-C,

Rh-C,

C1 - C 2

C5 -C 4

C3 - 0

( iX a )

2 . 1 8 5

2 . 1 7 1

2 . 1 5 5

2 . 0 8 9

1 . 4 6 9

1 . 4 5 5

1 . 5 8 0

(X)

2 . 2 4 1 ( 6 )

2 . 1 4 9 ( 6 )

2 . 2 5 0 ( 6 )

2 . 1 5 2 ( 6 )

l . 4 o 6 ( 8 )

1 . 4 1 6 ( 9 )

1 . 2 5 6 ( 7 )

R

\  /

Rh
H /  .  / R 4

R
Ç.3

\ R.

( i X a )  E^=H, Rg=Me,

(X) E^=Ej^=Ph,

R^=R^=H .

a .  R e f i n e m e n t  o f  t h e  c r y s t a l l o g r a p h i c  d a t a  f o r  c o m p le x  

( i X a )  i s  n o t  y e t  c o m p l e t e .



3 0

T h e i r  H n . m . r .  d a t a  w e re  r e p o r t e d ,  b u t  no d e t a i l s  o f  

c o u p l i n g  c o n s t a n t s  w e re  g i v e n .  The H n . m . r .  d a t a  f o r  

t h e  1 , 4 - d i e n e  l i g a n d s  i n  c o m p le x e s  ( V I I ) ,  ( i X a ) , ( l X b ) , ( X )  a n d  

( X I a - c )  a r e  p r e s e n t e d  i n  T a b l e  1 .7 *  The n u m b e r i n g  scheme 

i s  t h a t  a d o p t e d  e a r l i e r  f o r  c o m p l e x e s  ( V I I )  a n d  ( I X ) ,  and  

i s  shown i n  F i g u r e  1 . 1 3 *

R h\ / y  \ ‘ \ / Rh

\ 8

1 a n d  2 

( I X o . b ) i ( X ) .

1 a n d  2

\
8

{ V I I ) : ( X I a . b , c ) .

F i g u r e  1.13

I n  t h e i r  r e a c t i o n s  w i t h  c a r b o n  m o n o x id e ,  c o m p l e x e s  

( V I I )  a n d  ( IX a )  b o t h  g a v e  t h e  known com plex  [Rh(dpm )(CO )^]^^  

[ V (C = 0)= 2080 ,  2011 cm  ̂ ], w i t h  c o m p l e t e  d i s p l a c e m e n t  o f  

t h e  1 , 4 - d i e n e  l i g a n d .  I n  an  a t t e m p t  t o  i s o l a t e  a  

c r y s t a l l i n e  com plex  f rom  t h e  o i l  ( V I I ) ,  a  s o l u t i o n  o f  ( V I I )  

i n  d i e t h y l  e t h e r  was  t r e a t e d  w i t h  t r i p h e n y l p h o s p h i n e .  

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

d e c o m p o s i t i o n  o f  t h e  com plex  t o  r h o d iu m  m e t a l .

The r e a c t i o n  o f  TMA w i t h  t h e  a c e t y l a c e t o n a t o -  an d  

d i p i v a l o y l m e t h a n a t o ( a l k e n e ) ( a l k y n e ) r h o d i u m ( I ) c o m p l e x e s  

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

6 9w hich  was p e r f o r m e d  a t  low  t e m p e r a t u r e .  A b i s - a l l y l

r h o d i u m ( l l l )  com plex  was  i s o l a t e d ,  t o g e t h e r  w i t h  a

3 , 4 - d im e  t h y l e n e r h o d a c y  d o p e n t  an  e c o m p le x ,  w h ich  was  

shown t o  be  an  i n t e r m e d i a t e  i n  t h e  r e a c t i o n ,  a s  shown 

i n  F i g u r e  1 . 1 4 .

[ R h ( a c a c ) { C 2 H ^ ) 2 l

-7 8  C

(acac)Rh

' \  \  
'•CH2  C H 2

- 3 5  C

(acac)Rh
• CHo CHn

c /

C H 2

F i g u r e  1.14

The room t e m p e r a t u r e  r e a . c t i o n  o f  h e x a f l u o r o b u t - 2 - y n e  

w i t h  t h e  b i s - a l k e n e  c o m p lex  [(TMA)2 F h ( a c a c ) ] h a s  b e e n  

r e p o r t e d , ^ an d  a  h e x a k i s ( t r i f l u o r om eth y l ) b e n z e n e  com plex  

( 1 1 ) was i s o l a t e d  ( c f .  F i g u r e  1 . 1 ) .  The r e s u l t  o f  a  

s i m i l a r  r e a c t i o n ,  p e r f o r m e d  a t  - 7 8 °C i s  a w a i t e d  w i t h  

i n t e r e s t •
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C. R e a c t i o n s  o f  p h o s p h i n e s ,  a r s i n e s  a n d  s t i b i n e s  w i t h  

a l k e n e - a l k y n e  c o m p l e x e s .

Complex ( I V c ) ,  [Rh(dpm) (C^H^^) (C^F^)  ] , i s  known t o  

r e a c t  w i t h  t r i p h e n y l p h o s p h i n e ,  t r i p h e n y l a r s i n e ,

1 3 ,  4t r i p h e n y l s t i b i n e  and  1 , 2 - b i s ( d i p h e n y l p h o s p h i n o ) e t h a n e

t o  g i v e  t h e  c o m p le x e s  ( X I I ) .

L CM eg

N f i h /  V h

Q t \  ' . :, 0  0̂

\ m 6 3

OF.3 

( X I I  )

a ) L = PPh^

b) L = AsPh^

c) L = SbPh^

d) L-•L = PhgPCH^CH^PPhg

This-  s e r i e s  o f  r e a c t i o n s  h a s  b e e n  e x t e n d e d ,  an d  

c o m p le x e s  ( X l l e )  and  ( X l l f ) h a v e  b e e n  p r e p a r e d ,  w h e r e  

L = PPhgMe and  PPhgEt r e s p e c t i v e l y .

I n  a  s i m i l a r  s e r i e s  o f  r e a c t i o n s ,  t h e  a n a l o g o u s  

a c e t y l a c e t o n a t o  c o m p le x e s  ( X I I I )  w e re  p r e p a r e d  f ro m  

[ R h ( a c a c )  (C^H^) ( C ^ F ^ ) ] ( l V a ) .
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\Rh"
Q:

• O '

/ H 3

; c -  H

\ " 3

CF.

( X I I I )

a )  L = P P h ,
J)

b )  L = AsPh^

c )  L = SbPh

d) L = PPh^Ne

The e q u i l i b r i u m  shown i n  F i g u r e  I . I 5  h a s  b e e n  

p r o p o s e d  f o r  c o m p le x e s  ( X l l a - c )  i n  s o l u t i o n ,  f r o m  e v i d e n c e

1Q 4 , 1 3p r o v i d e d  by v a r i a b l e - t e m p e r a t u r e  "̂ F n . m . r .  s t u d i e s .

L 0-
: R h [

! \

F3C
I
CF

0
' f c - H

Cool  1! ! ^  ^ 0 — C"^
\ R

F 3 C
/

\ R

R = CMOg;
L= P P h g .A sP h g .S b P h ^

F ig u re  1.15
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1 9- The room t e m p e r a t u r e  F n . m . r .  s p e c t r a  a l l  showed 

one s i g n a l ,  w h ich  a p p e a r e d  a s  a  d o u b l e t  due t o  c o u p l i n g  

t o  t h e  r h o d iu m  . 5 “ 2 H z ) , C o u p l i n g  t o  p h o s p h o r u s

was n o t  o b s e r v e d  f o r  t h e  t r i p h e n y l p h o s p h i n e  c o m p lex  ( X l l a ) . 

On c o o l i n g  t h e  s o l u t i o n s  t o  -3 8 ^ C ,  t h e  s p e c t r a  t h e n  showed 

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

was o b s e r v e d  on t h e  low  f i e l d  s i g n a l  f o r  c o m p lex  ( X l l a ) ,

( J p j , = l 6 . 8 H z )  . T h i s  was  a t t r i b u t e d  t o  c o u p l i n g  t o  a  t r a n s  

p h o s p h o r u s  a to m ,  a n d  t h e  c i s  c o n f i g u r a t i o n  was i n v o k e d  

f o r  c o m p l e x e s  ( X I I ) ,  a s  shown i n  F i g u r e  1 . 1 $ .

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

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

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

d i s s o c i a t i o n  ( F i g u r e  1 . 1 3 ) f r o m  t h e  o b s e r v a t i o n  t h a t  t h e  

c o a l e s c e n c e  t e m p e r a t u r e s  (T^) f o r  t h e  s p e c t r a  a r e  i n c r e a s e d  

by  t h e  a d d i t i o n  t o  t h e  s D l u t i o n  o f  an  e x c e s s  o f  t h e  l i g a n d .  L, 

The d i p h o s  com plex  ( X l l d )  showed two s i g n a l s  i n  i t s

19 4F n . m . r .  s p e c t r u m  a t  room t e m p e r a t u r e ,  s h o w i n g  t h a t  t h e

h e x a f l u o r o b u t - 2 - y n e  i s  r i g i d l y  b o u n d ,  an d  t h a t , a s  e x p e c t e d ,

t h e  c h e l a t i n g  p h o s p h i n e  l i g a n d  i s  n o t  d i s s o c i a t i n g .  The

c h a r a c t e r i s a t i o n  o f  t h i s  com plex  c o n f i r m e d  t h e  a s s i g n m e n t

o f  a  c i s  c o n f i g u r a t i o n  t o  t h e  c o m p le x e s  ( X I I ) .

C om plexes  ( X l l e )  a n d  ( X l l f )  h a v e  room t e m p e r a t u r e

19F n . m . r .  s p e c t r a  s i m i l a r  t o  t h a t  f o r  ( X l l d ) , s h o w i n g  

t h a t  t h e  p h o s p h i n e s  PPh^Me and  PPh^Et  i n  t h e s e  c o m p l e x e s  

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

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

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

i s  p r o b a b l y  due t o  s t e r i c  e f f e c t s .  M e t h y l d i p h e n y l p h o s p h i n e
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a nd  e t h y l d i p h e n y l p h o s p h i n e , w h ich  do n o t  d i s s o c i a t e ,  a r e

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

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

70s e r i e s  s h o u l d  b e :

P P h ^P P h g M e >PPhMe2>PMe^

I t  seems l i k e l y  t h a t ,  i n  t h e s e  c o m p l e x e s ,  t h e  s m a l l e r  

p h o s p h i n e s  a r e  more e a s i l y  accom m oda ted  t h a n  PP h^ ,

B
AsPh^ o r  SbP h^ ,  t o  g i v e  t h e  d r h o d i u m ( l )  c o m p le x e s  

[R h (d p m ) ( 1 ) 2 ( 0 ^ ? ^ ) ] ,  (L c fP h ^ K e ,  PPh2 E t ) .

I n  t h e  a c e t y l a c e t o n a t o r h o d i u m C I )  c o m p l e x e s  ( X I I I ) , 

e x a c t l y  t h e  same s i t u a t i o n  i s  o b s e r v e d .  One s i g n a l  i s

1 9o b s e r v e d  i n  t h e  room t e m p e r a t u r e  F n . m . r .  s p e c t r u m  

f o r  c o m p le x e s  ( X l l l a - c ) , sh o w in g  t h a t  l i g a n d  d i s s o c i a t i o n  

i s  o c c u r r i n g .  Rhodium c o u p l i n g  ( . 6 - 2 . 0 Hz )  c a u s e s  

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

two s i g n a l s  a r e  o b s e r v e d ,  e ac h  o f  t h e  same i n t e n s i t y ,  

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

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

c o u p l i n g  on t h e  low f i e l d  s i g n a l  t o  be  m e a s u r e d .

The b i s ( m e t h y l d i p h e n y l p h o s p h i n e )  com plex  ( X l l l d )  shows  

two s i g n a l s  a t  room t e m p e r a t u r e ,  w i t h  p h o s p h o r u s  c o u p l i n g  

o b s e r v e d  on t h e  low f i e l d  s i g n a l  ( J p ^ = 1 2 H z ) ,  a s  f o r  t h e  

d i p i v a l o y l m e t h a n a t o  a n a l o g u e  ( X l l e ) , an d  i n d i c a t i n g  t h a t  

t h e  p h o s p h i n e  l i g a n d s  a r e  n o t  d i s s o c i a t i n g  a t  room 

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

1 9The F n . m . r .  d a t a  a r e  shown i n  T a b l e  1 . 8  f o r  

c o m p le x e s  ( X I I )  and  ( X I I I ) ,  t o g e t h e r  w i t h  t h e  t e m p e r a t u r e s  

a t  w h ich  t h e  two s i g n a l s  o f  t h e  s i x  c o - o r d i n a t e  c o m p le x e s  

c o a l e s c e  i n t o  t h e  one s i g n a l  o f  t h e  f i v e  c o - o r d i n a t e  c o m p l e x e s
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The i n f r a - r e d  s p e c t r a  o f  c o m p l e x e s  ( X I I )  a n d  ( X I I I )  

w ere  r u n  a s  n u j o l  m u l l s ,  and  n o t  a s  s o l u t i o n s ,  a n d  a r e  

t h e r e f o r e  t h e  s p e c t r a  o f  t h e  s i x  c o - o r d i n a t e  c o m p le x e s .

They show two b a n d s  f o r  p ( C = C ) ; one a t  l 8 l O - l 8 3 2 c m   ̂

an d  one a t  1791-1794cm ^ .

I n  an  a t t e m p t  t o  p r e p a r e  t h e  b i s ( t r i c y c l o h e x y l p h o s p h i n e )  

a n a l o g u e  o f  com plex  ( X l l a )  , t h e  c o m p le x  [R h (d p m ) |p ( C ^ H ^ ^ )^ } ( C 2̂ F^)] 

(XlVa) Was i s o l a t e d .  I t  i s  r e a d i l y  d i s t i n g u i s h e d  f ro m  t h e  

b i s - p h o s p h i n e  c o m p le x e s  by i t s  i . r .  s p e c t r u m .  T h i s  shows 

one s t r o n g  b an d  f o r  t h e  C=C s t r e t c h i n g  f r e q u e n c y ,  a t  a b o u t  

100cm~^ h i g h e r  t h a n  f o r  ( X l l a )  [ v (C=C) = 1924cm ~^] .

S u b s e q u e n t l y  i t  was f o u n d  t o  be  p o s s i b l e  t o  p r e p a r e  t h e  

c o m p le x e s  (XlVb) and  ( X I V c ) , from t r i p h e n y l p h o s p h i n e  and  

t r i p h e n y l a r s i n e , i n  t h e i r  r e a c t i o n s  w i t h  [Rh(dpm) 

u s i n g  e q u i m o l a r  q u a n t i t i e s .  However ,  t h e  r e a c t i o n  o f  one

l l l ^

/  ■ C M 8 3
F 3 C

(XIV)

a )  L = P(C^H^^)

b)  L = P(C^H^)

c)  L = As(C^H^)
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m o l a r  e q u i v a l e n t  o f  t r i p h e n y l s t i b i n e  w i t h  [Rh(dpm) (C^^F^)]

p r o d u c e d  o n l y  t h e  b i s - s t i b i n e  c om plex  ( X I I c ) , l e a v i n g  some

o f  com plex  ( i V c )  u n r e a c t e d .

The i n c o r p o r a t i o n  o f  o n l y  one m o l e c u l e  o f

t r i c y c l o h e x y l p h o s p h i n e , t o  form c o m p le x  (XlVa) m us t  be

a  c o n s e q u e n c e  o f  t h e  s t e r i c  i n t e r f e r e n c e  o f  tw o  c i s

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

b i s ( t r i p h e n y l s t i b i n e )  com plex  ( X I I c )  c a n  be  i s o l a t e d  i s

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

8l i g a n d ,  s u c h  t h a t  t h e  d r h o d i u m ( l )  com plex

[Rh(dpm) (S bP h^)  (Cj^F^)] would  be  t o o  e l e c t r o n  d e f i c i e n t ,

i n  t h e  s o l i d  s t a t e .

19The F n . r a . r .  s p e c t r a  f o r  c o m p l e x e s ( X I V ) show one 

s i g n a l ,  w i t h  rh o d iu m  c o u p l i n g  i n  e a c h  c a s e .

The 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  y(C=C) a r e  

shown i n  T a b l e  1 . 9 ,  f o r  c o m p le x e s  ( X I I ) ,  ( X I I I )  a n d  (X I V ) .

The t r i p h e n y l p h o s p h i n e  com plex  (XlVb) was  a l s o  

i s o l a t e d  f ro m  t h e  r e a c t i o n  o f  [Rh(dpm) (CgH^^) (C^^F^)] ( iV d )  

o r  [Rh(dpm) (C^H^2  ̂ w i t h  a n  e q u i m o l a r  q u a n t i t y

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

f rom c om plex  ( IV e )  by t r i p h e n y l a r s i n e ,  t o  g i v e  c o m p le x  

( X I V c ) .

The c o m p le x e s  (XIV) a r e  a n a l o g u e s  o f  t h e  known

71t e t r a f l u o r o e t h e n e  c o m p l e x e s  (XV) .  The  c o m p l e x e s  (XVb) 

an d  (XVc) r e a c t  w i t h  h e x a f l u o r o b u t - 2 - y n e  a t  room
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T a b l e  1 .9

I n f r a - r e d  d a t a  f o r  c o m p l e x e s  ( X I l ) ,  ( X I I I )  and  (XIV)

Complex P (C =c)

( X l l a ) [ R h( dpm) (PPh ) ^ ( ) ] i 8 i 5 s , 17 8 7 s

( X l l b ) [Rh(dpm) (AsPh^)^(Cj^F^) 1 8 2 1 s , 1 7 9 0 s

( X I I c ) [R h(dpm )(S bPh  ) g ( C ^ F g ) 1 829s , 1790m

( X l l d ) [Rh(dpm) (d i .p h o s )  (C^Fg) 1 8 2 9 s , 1794m

( X l l e ) [Rh( dpm) ( PPh e ) ^ ( C^F^ ] I 8 l 0m, 1 7 8 1 s

( X l l f ) [Rh ( dpm) (PPh2 Et  L ( C ^ F ^ ] 1829m, 1790m

( X l I I a ) [ R h ( a c a c ) ( P P h  ̂ ^ (C ^ ^ F ^ ) 1820m, 1786m

( X l I I b ) [ R h ( a c a c )  (AsPh^) ^(C^^Fg ] 1829m, 1791m

( X I I I c ) [R h( a c a c ) ( 8 b P h = ) ^ ( C^F. 1 1832m, 1790m

( X l I I d ) [Rh( ac  a c ) ( PPh e ) 2 ( C^F ; ) ] 1813m, 1782m

(XlVa) [ R h (d p m ) |p (C g H ^ . )^ } (C ^ ; Fg)] 1924s

(XlVb) [Rh(dpm)(PPh ) ( C ^ F ^ ) ] 1940s

(XIVc) [Rh(dpm)(A sPh  ) ( C ^ F g ) ] 1 934s

a .  R e c o r d e d  a s  n u j o l  m u l l s .
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L

v > <

A

0 — c
^ C M e g

^ C - H

\ CM e

(XV)

a )  L = PPh

b)  L

c)  L = SbPh

3
AsPh.

t e m p e r a t u r e  t o  g i v e  t h e  f i v e  c o - o r d i n a t e  r h o d a c y d o p e n t a d i e n e  

c o m p le x e s  (XVIa) and  (XVIb) r e s p e c t i v e l y . ^  The r e a c t i o n s  o f

C R  
\  '

\
c = 

/

Rh
\

\
F 3 C

a )  L = AsPh.

b)  L = SbPh.

CR

C M e r ,

\
C M 0 3

( X V I )

h e x a f l u o r o b u t - 2 - y n e  w i t h  [Ph(dpm) ( AsPh^)  (C^^Fg) ] , ( X I V c ) ,

Sind w i t h  [ Ph(  dpra) ( S b P h ^ ) 2 (C^Fg) ] ,  ( X I I c ) ,  w ere  c o n s e q u e n t l y  

i n v e s t i g a t e d .  Com plexes  (XVIa) an d  (XVIb) r e s p e c t i v e l y  

w ere  i s o l a t e d ,  i n  good  y i e l d .
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The r e a c t i o n  o f  t e t r a f l u o r o e t h e n e  w i t h  c om plex  (XIVc) 

was  p e r f o r m e d ,  an d  i t  was  fo u n d  t h a t  a n  e x c e s s  o f  t h e  

a l k e n e ,  a t  - 9 3 ° C ,  d i s p l a c e s  t h e  c o - o r d i n a t e d  

h e x a f l u o r o b u t - 2 - y n e ,  a s  i n  t h e  room t e m p e r a t u r e  r e a c t i o n  

w i t h  [Rh(dpm) (C^H^^) (Cji^Fg) ] d i s c u s s e d  i n  S e c t i o n  1 .2 A ,  and  

[ R h ( d p m ) ( A s P h ^ ) ( C ^ F ^ ) ] (XVb) was i s o l a t e d .

A summary o f  t h e  r e a c t i o n s  o f  t h e  t r i p h e n y l a r s i n e  

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

a n d  w i t h  h e x a f l u o r o b u t - 2 - y n e  i s  p r e s e n t e d  i n  F i g u r e  1 . 1 6 .

The r e a c t i o n  o f  c a r b o n  m onox ide  w i t h  

[ R h ( a c a c ) ( P P h ^ ) 2 (C^Fg) ] ,  ( X l l l a ) , a l s o  r e s u l t e d  i n  t h e  

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

c r y s t a l s  o f  t h e  known com plex  [ R h ( a c a c ) ( C O ) ( P P h ^ ) ]

D. R e a c t i o n s  o f  p y r i d i n e s  w i t h  a l k e n e - a l k y n e  c o m p le x e s  

I n  t h e  c o u r s e  o f  i n v e s t i g a t i n g  t h e  r e a c t i o n s  o f  

<r-donor l i g a n d s  w i t h  [ Rh(dpm) (C2H^) (C^^Fg) ] ( IV c )  , t h e  

r h o d i u m ( l l l )  c o m p le x e s  (XVII)  w e re  i s o l a t e d .  T h e s e

H g C

L

^ R h '

I
C F o

0

0

CF.

. C M s o

% - H

C M e g

( X V I I )

a )  L = p y r i d i n e

b)  L = 3 - m e t h y l p y r i d i n e

c )  L = 3 , 3 - d i m e t h y l p y r i d i n e
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c o m p le x e s  a r e  p r e p a r e d  by t h e  room t e m p e r a t u r e  r e a c t i o n  

o f  p y r i d i n e s  w i t h  a  s o l u t i o n  o f  c o m p le x  ( IV c)  i n  d i e t h y l  

e t h e r ,  and  fo rm  p a l e  y e l l o w - g r e e n  c r y s t a l s .  T h e s e  

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

r e a c t i o n s  o f  one an d  o f  two m o l a r  e q u i v a l e n t s  o f  p y r i d i n e  

w i t h  c om plex  ( I V c ) ,
'I

The H n . m . r .  s p e c t r u m  o f  c o m p le x  (X V IIa )  show s  t h a t  

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

t h e  p r o t o n s  a s  a  b r o a d  s i g n a l  ( 6 , 8 0 - 7 , 8 7 %, 4H)

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

c h a i n  s y s t e m ,  by a  c o m p a r i s o n  w i t h  t h e  s p e c t r a  o f  known 

rh o d iu m  c o m p le x e s  w i t h  l i g a n d s  c o n t a i n i n g  a
I I 2 18

CsC-CH^-CH^-CziCC m o i e t y ,  ’ ’ f o r  e x a m p l e .  The  s p e c t r u m  

a l s o  shows two s i n g l e t  s i g n a l s  o f  u n e q u a l  i n t e n s i t i e s  

( 4 , 4 9  an d  4 . 5 6 %), w h ich  a r e  a s s i g n e d  t o  t h e  7-CH o f  t h e  

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

dpm l i g a n d  ( 8 . 9 0  and  9 - 0 1 r ) ,  s h o w i n g  them t o  b e  i n  

d i f f e r e n t  c h e m i c a l  e n v i r o n m e n t s ,

1 9The F n . m , r ,  s p e c t r u m  i s  more s u r p r i s i n g ,  i n  t h a t  i t  

shows t h r e e  q u a r t e t  s i g n a l s  ( 9 2 . 8 3 , 5 4 , 7 2  and  5 7 - 9 3  p . p . m . ,  

r e l a t i v e  t o  e x t e r n a l  f l u o r o t r i c h l o r o m e t h a n e ) . The  two 

l o w e r  f i e l d  q u a r t e t s  a r e  r a t h e r  p o o r l y  r e s o l v e d ,  w h ich  

s u g g e s t s  some rh o d iu m  c o u p l i n g ,  an d  t h e y  a r e  o f  u n e q u a l  

i n t e n s i t i e s .  However ,  t h e i r  c o m b in ed  i n t e n s i t i e s  a r e  a b o u t  

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

w e l l  r e s o l v e d  ( J ^ ^ = l 4 , 0 H z )  and f o r  w h ich  no  r h o d i u m  c o u p l i n g  

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

CDCl^ s o l u t i o n  o f  c o m p lex  ( XVIIa)  t o  60°C ,  and  t h e  a d d i t i o n  

o f  an  e x c e s s  o f  p y r i d i n e  t o  t h e  CDCl^ s o l u t i o n  h a s  no  e f f e c t ,
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C om plexes  (X VIIb)  an d  (XVIIc)  s i m i l a r l y  show two
1

u n e q u a l  s i n g l e t s  i n  t h e i r  H n . m . r .  s p e c t r a ,  w h ic h  a r e

19a g a i n  a s s i g n e d  t o  t h e  y-CH o f  t h e  dpm l i g a n d .  T h e i r  F

n . m . r .  s p e c t r a  show t h r e e  s i g n a l s ;  two low  f i e l d  q u a r t e t s

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

The  n . m . r .  d a t a  f o r  c o m p le x e s  (X V II )  a r e  s u m m a r i s e d

i n  T a b l e  1 . 1 0 .

A s i n g l e  c r y s t a l  X - r a y  d i f f r a c t i o n  s t u d y  o f  com plex

(X VIIa)  was  u n d e r t a k e n , t o  e n a b l e  a  s t r u c t u r e  t o  b e  a s s i g n e d ,

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

The c r y s t a l s  o f  c o m p lex  ( X V I I a ) ,  '  ( m o l e c u l a r

w e i g h t  = 6 3 4 . 4 6 ) a r e  m o n o c l i n i c ,  w i t h  s p a c e  g r o u p  P 2 ^ / n ,

an d  a = 1 1 . 5 6 l 2 ,  b = l 6 . 6 8 6 &, c = l4 .8 3 4 % ,  j@=9 0 . 2 ° ,  U = 2 8 6 5 .4 2 ^

an d  Z=4.  The r e s u l t s  show com plex  (X V IIa )  t o  b e  an

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

40i n  a  c i s  c o n f i g u r a t i o n .  Some d e t a i l s  o f  t h e  s t r u c t u r e

a r e  shown i n  F i g u r e  1 . 1 ? .

I t  i s  r e l e v a n t  t o  c o n s i d e r  t h e  r e a c t i o n s  o f  p y r i d i n e  an d  

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

com plex  ( X V I I I ) ,  f o r  w h ic h  t h e  f o l l o w i n g  s t r u c t u r e  h a s  b e e n  

p r o p o s e d :

H2C=C =  CH2
/ H 3

, 0 — C

I ; ;C -H
C

CH 2 ^  ^ 6 —

'2-  CH3

( XVI I I )



[R h {C H ÿ ÿ (C ^ )< (C F ^ )} (d p m )(p y )^  ]
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( X V I I a )

r

2 / iAA

2.03A

1.53A

ill 2.01A

1.5AA F1.33A

F i g u r e  1.17
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T h i s  m i c r o c r y s t a l l i n e  com plex  was f o r m e d  by a d d i n g  

[ R h ( a c a c )  ] t o  l i q u i d  a l l e n e  a t  - 7 8 °C, b u t  was

f o u n d  t o  be  u n s t a b l e  a t  t e m p e r a t u r e s  h i g h e r  t h a n  O^C. 

The r e a c t i o n s  o f  com plex  (X V II I )  w i t h  p y r i d i n e  a n d  w i t h  

t r i p h e n y l p h o s p h i n e  a r e  o u t l i n e d  i n  F i g u r e  1 . 1 8 .

(XIX)

(XX)

F i g u r e  1 . l 8

The s i n g l e  c r y s t a l  X - r a y  s t r u c t u r e  o f  com plex  (XIX) h a s  

73b e e n  r e p o r t e d ,  and  i t  was  shown t o  b e  an  o c t a h e d r a l

py

py

/ H 3

C H o

II

C H 2

( X I X )

r h o d i u m ( I I I )  co m p le x ,  w i t h  c i s  p y r i d i n e  l i g a n d s .  The 

s t r u c t u r e  o f  c o m p le x e s  (XVII)  i s  t h e r e f o r e  v e r y  s i m i l a r  

t o  t h a t  o f  com plex  ( X IX ) .  Complex (X X ) , h o w e v e r , was



H HV

PPh

0
Rh

^ Ô -

X C - H

P P h

( XX )
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a s s i g n e d  a  t r a n s  c o n f i g u r a t i o n ,  on t h e  b a s i s  o f

1 6 9H n . m . r .  d a t a .

I t  i s  t h e r e f o r e  p r o p o s e d  t h a t  c o m p l e x e s  (X V II )  can  

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

an d  t h a t  t h e  c h e m i c a l  s h i f t s  o b s e r v e d  f o r  t h e  CF^ g r o u p s  

an d  f o r  t h e  7 -CH o f  t h e  dpm l i g a n d ,  i n  t h e  n . m . r .  s p e c t r a ,  

w i l l  be  d i f f e r e n t  f o r  t h e  two i s o m e r s .  The  d i f f e r e n c e  i n  

i n t e n s i t y  o b s e r v e d  f o r  t h e  two s i n g l e t  s i g n a l s ,  i n  t h e  

H n . m . r .  s p e c t r u m ,  w h ic h  a r e  a s s i g n e d  t o  t h e  7 -CH, can  

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

a n d  t r a n s  i s o m e r s .  L i k e w i s e ,  a s s i g n i n g  t h e  l o w e r  f i e l d

1 9q u a r t e t  s i g n a l s ,  i n  t h e  F n . r a . r .  s p e c t r u m ,  t o  t h e  CF^ 

g r o u p  a t t a c h e d  t o  t h e  c a r b o n  atom a d j a c e n t  t o  r h o d i u m ,  

t h e  d i f f e r e n t  i n t e n s i t i e s  o f  t h e s e  tw o q u a r t e t s  c a n  be  

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

i s o m e r s .

F o r  t h e  b i s - p y r i d i n e  com plex  ( X V I I a ) ,  t h e  c h e m i c a l  

s h i f t s  o f  t h e  CF^ g r o u p  f u r t h e s t  f rom  r h o d i u m  a r e  

f o r t u i t o u s l y  i d e n t i c a l ,  f o r  t h e  two i s o m e r s .  T h i s  g i v e s
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r i s e  t o  o n l y  one q u a r t e t ,  w i t h  no r h o d i u m  c o u p l i n g .

H owever ,  f o r  c o m p le x e s  (XVIIb)  an d  ( X V I I c ) , t h e s e

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

i s o m e r s ,  an d  t h i s  g i v e s  r i s e  t o  t h e  o b s e r v e d  m u l t i p l e t ,

19fo rm ed  by two o v e r l a p p i n g  q u a r t e t s ,  i n  t h e  F n . m . r .  

s p e c t r u m  o f  ea c h  c o m p le x .

The p y r i d i n e  l i g a n d s  i n  c o m p le x e s  (XVII)  do n o t  

a p p e a r  t o  d i s s o c i a t e  i n  s o l u t i o n ,  a s  was  o b s e r v e d  f o r  

t h e  l i g a n d s  EPh^ (E=P,A s  o r  Sb) i n  c o m p l e x e s  ( X I I )  an d  

( X I I I )  ( S e c t i o n  1 . 2 C ) ,  b e c a u s e  t h e  a d d i t i o n  o f  a n  e x c e s s
I— --------------------------1 ,

o f  p y r i d i n e  t o  a  s o l u t i o n  o f  [ Eh |CHpCHpC(CF^)=C(CF-) [ -

( d p m ) ( p y ) p ]  (X VIIa)  d o e s  n o t  a f f e c t  t h e  ^^F n . m . r .  

s p e c t r u m .

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

( s e e  F i g u r e  I . I 8 ) ,  w h e re  t h e  b i s - p y r i d i n e  com plex  (XIX) 

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

b i s - p h o s p h i n e  com plex  (XX) was i s o l a t e d  i n  t h e  p u r e  t r a n s  

c o n f i g u r a t i o n ,  com plex  (XVIIa)  was  t r e a t e d  w i t h  

t r i p h e n y l p h o s p h i n e ,  i n  d i e t h y l  e t h e r  s o l u t i o n  a t  room 

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

l i g a n d s  a n d  fo rm a  p u r e  t r a n s  b i s - t r i p h e n y l p h o s p h i n e  

c o m p le x .  A p a l e  y e l l o w  c r y s t a l l i n e  c o m p le x  (XXI) was  

i s o l a t e d  f rom  t h e  s o l u t i o n ,  w h ic h ,  a c c o r d i n g  t o  

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

an d  one o f  t r i p h e n y l p h o s p h i n e ,  p e r  r h o d iu m  a t o m .  The

1 1 9  31H, F an d  p r o t o n  d e c o u p l e d  P n . m . r .  s p e c t r a  s u g g e s t

t h a t  com plex  (XXI) i s  t h e  p u r e  c i s  i s o m e r :
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py

H g C

7

P P h o
C M e o  

' ' C M e ,

CP-

CF3 

( X X I  )

A p o s t u l a t e d  m echan ism  f o r  t h e  f o r m a t i o n  o f  t h i s  

p u r e  c i s  com plex  f rom t h e  m i x t u r e  o f  c i s  an d  t r a n s  

b i s - p y r i d i n e  c o m p le x e s  (X VIIa)  i s  shown i n  F i g u r e  I . I 9 .

py
py

R h ( d p m ]

R

/ ^ / |
R ^ p y

py
I
R h(dpm )

( X V I I a )

R

[ R z C F g ]

R

py
I

Rh(dpm)

P P h

P P h
py

R h ( d p m )

R (XXI)
F i g u r e  1.19
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1
The H n . m . r .  s p e c t r u m  shows o n l y  one s i n g l e t

r e s o n a n c e  f o r  t h e  7-CH o f  t h e  dpm l i g a n d ,  an d  t h e  

19F n . m . r .  s p e c t r u m  shows o n l y  two s i g n a l s ,  a t  53 * o 5  p . p . m .

( m u l t i p l e t ,  3 F) and  6 0 . 4 6  p . p . m .  ( q u a r t e t ,  5 F ,  J p p = 1 3 *1H z ) ,

r e l a t i v e  t o  e x t e r n a l  f l u o r o t r i c h l o r o m e t h a n e .  The low

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

t h e  c a r b o n  a tom a d j a c e n t  t o  r h o d i u m ,  a n d  a r i s e s  f rom

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

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

31m e a s u r e d  f rom  t h e  p r o t o n  d e c o u p l e d  P n . m . r .  s p e c t r u m

P P h g  C M e g

p y  V .  y O ------

^ R h ( .............

H , C ^ I

/ &
C F 3  

1 
CFo [A ]

P P h o  CMe.' 3  > > ^ 6 3

/ Q —
1 p C - H

F3C j, py CMe3

[B]

F ig u re  1.20
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w hich  shows one s i g n a l  c e n t r e d  a t  - 1 4 . 6  p . p . m . , r e l a t i v e

t o  e x t e r n a l  p h o s p h o n iu m  i o n ,  ( d o u b l e t  o f  q u a r t e t s ,

Jphp=^2H z ,  J p p = 1 1 H z ) .  T h i s  i n d i c a t e s  t h a t  t h e

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

c a r r y i n g  a  CF^ g r o u p ,  t o  w h ich  t h e  p h o s p h o r u s  c o u p l e s ,

a n d  t h a t  c o m p lex  (XXI) h a s  t h e  c i s  c o n f i g u r a t i o n  [aJ  r a t h e r

t h a n  t h e  t r a n s  c o n f i g u r a t i o n  [B], shown i n  F i g u r e  1 . 2 0 .

The r h o d i u m - p h o s p h o r u s  c o u p l i n g  c o n s t a n t  o f  82Hz i s

74  75t y p i c a l  o f  a  r h o d i u m ( I I I )  c o m p le x ,  ’ an d  t h e  c h e m i c a l  

s h i f t ,  t o o , ( - 1 4 . 6  p . p . m . )  i s  t y p i c a l  f o r  r h o d i u m ( I I I )

The c h a r a c t e r i s a t i o n  o f  t h e s e  r h o d a c y c l o p e n t e n e  

c o m p le x e s  (X VII)  and  (XXI) i s  o f  c o n s i d e r a b l e  i n t e r e s t . 

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

two m o l e c u l e s  o f  an  a l k y n e  w i t h  one o f  an  a l k e n e ,  t o  form 

a  c y c l o h e x a d i e n e  s y s t e m .  R e f e r e n c e  was  made i n  S e c t i o n  1 .2A 

t o  work i n  w h ich  m e t a l l a c y c l o p e n t e n e s  h a v e  b e e n  p o s t u l a t e d ,  

o r  i s o l a t e d ,  a s  i n t e r m e d i a t e s  i n  c y c l o c o t r i m e r i s a t i o n  

r e a c t i o n s .

Work i s  c u r r e n t l y  i n  p r o g r e s s  t o  i n v e s t i g a t e  t h e  

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

(X V IIa )  w i t h  h e x a f l u o r o b u t - 2 - y n e ,  a n d  t o  t r y  t o  e x t e n d  

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

U n l i k e  t h e  r h o d i u r a ( l )  c o m p l e x e s  (VII )  and  ( I X a ) , i n  

w h ich  t h e  1 , 4 d i e n e  l i g a n d s  w ere  d i s p l a c e d  by  c a r b o n  

m o n o x id e ,  t o  g i v e  [Rh(dpm)(CO )^  1» ( S e c t i o n  1 . 2 B ) ,  t h e  

r h o d i u m ( I I I )  com plex  (X V IIa )  showed no  r e a c t i o n ,  i n  

s o l u t i o n  w i t h  c a r b o n  m o n o x id e .
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The r e a c t i o n  o f  p y r i d i n e  w i t h  t h e  com plex  

[Rh(dpm) ] v/as a l s o  i n v e s t i g a t e d .  The

c r y s t a l l i n e  p r o d u c t  was  i d e n t i f i e d  a s

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

com plex  ( X X I I ) .  The a n a l o g o u s  a c e t y l a c e t o n a t o  c o m p le x ,  

t R h ( a c a c )  ( p y ) 2 (C2 F2̂ ) i s  known, a n d  t h e  ^^F n . m . r .

p y  C M e g

F  C M e g
\
F 

( X X I I )

s p e c t r u m  o f  com plex  (X X I l )  shows f o u r  l i n e s ,  a t  6 4 . 6 9 ,  

6 6 . 2 5 ,  6 7 . 7 5  an d  6 9 . 0 6  p . p . m . ,  r e l a t i v e  t o  e x t e r n a l  

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

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

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

( a l k e n e ) ( a l k y n e ) r h o d i u m ( I )  c o m p l e x e s .

The d i f f e r e n c e s  i n  s t a b i l i t y  o f  t h e  a l k e n e - a l k y n e  

c o m p le x e s  w h ic h  h a v e  b e e n  i s o l a t e d  a r e  q u i t e  m a r k e d .

V/hereas t h e  d i p i v a l o y l m e t h a n a t o  c o m p l e x e s  w i t h  c o - o r d i n a t e d  

e t h e n e ,  c i s - c y c l o - o c t e n e  o r  c y c l o h e p t e n e  a r e  s t a b l e  i n  a i r  

f o r  many w e e k s ,  t h e  a c e t y l a c e t o n a t o  a n a l o g u e s  a r e  f o u n d  

t o  decom pose  a f t e r  a  few d a y s ,  e v e n  i n  an  i n e r t  a t m o s p h e r e .
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A t t e m p t s  t o  s y n t h e s i s e  o t h e r  a l k e n e - a l k y n e  c o m p le x e s

h a v e  a l l  met  w i t h  f a i l u r e .  The a p p r o a c h  t o  t h e s e  a t t e m p t s

h a s  b e e n  b a s e d  on e l e c t r o n i c  a r g u m e n t s , s o  t h a t  t h e  ’’b a l a n c e "

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

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

[ Rh(dpm) 2  ] w i t h  e l e c t r o p h i l i c  a l k y n e s ,  o t h e r  t h a n

h e x a f l u o r o b u t - 2 - y n e ,  d i d  n o t  r e s u l t  i n  t h e  i s o l a t i o n  o f

77m o n o - a l k e n e - a l k y n e  c o m p l e x e s ,  s o  an  a l t e r n a t i v e  a p p r o a c h  

w as  t r i e d .

H e x a f l u o r o a c e t y l a c e t o n a t o b i s C e t h e n e ) r h o d i u m C I ) w a s  

t r e a t e d ,  a t  room t e m p e r a t u r e ,  w i t h  some e l e c t r o n - r i c h  

a l k y n e s .  H owever ,  no  r e a c t i o n  o c c u r r e d  w i t h  

3 - b r o m o p h e n y l t r i m e t h y l s i l y l e t h y n e ,  b u t - 2 - y n e ,  o r  h e x - 5 - y n e ,  

a nd  t h e  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  u n c h a n g e d .
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1 . 3  E x p e r i m e n t a l

I n  t h i s  s e c t i o n ,  t h e  m e l t i n g  p o i n t s ,  m i c r o a n a l y t i c a l  

r e s u l t s ,  and  i n f r a - r e d  an d  n . r a . r .  s p e c t r o s c o p i c  d a t a  a r e  

p r e s e n t e d  f o r  a l l  n e w ly  c h a r a c t e r i s e d  com pounds .

M i c r o a n a l y s e s  w e re  c a r r i e d  o u t  by  D . B u t t e r w o r t h ,

The B u t t e r w o r t h  M i c r o a n a l y t i c a l  C o n s u l t a n c y  L t d . ,  4 l  H igh  S t r e e t ,  

T e d d i n g t o n ,  M i d d l e s e x .

M e l t i n g  p o i n t s  w e re  r e c o r d e d  on a  R e i c h a r t  h o t - s t a g e  

a p p a r a t u s ,  and  a r e  u n c o r r e c t e d .

I n f r a - r e d  s p e c t r a  w e re  r e c o r d e d  a s  n u j o l  m u l l s ,  u s i n g  

C s l  p l a t e s ,  on a  P e r k i n - E l m e r  5 8 O s p e c t r o p h o t o m e t e r ,  an d  w e r e  

c a l i b r a t e d  u s i n g  a  p o l y s t y r e n e  f i l m .
'I

H n . m . r .  s p e c t r a  w ere  r e c o r d e d  i n  CDCI^ s o l u t i o n ,  u n l e s s

s t a t e d  o t h e r w i s e ,  on a  J e o l  JKM-PS-100 s p e c t r o m e t e r ,  o p e r a t i n g

a t  100 MHz. C h e m ic a l  s h i f t s  ( t ) a r e  r e p o r t e d  r e l a t i v e  t o

i n t e r n a l  T .M .S .

19 F n . m . r .  s p e c t r a  w ere  r e c o r d e d  i n  CD01^  s o l u t i o n ,  u n l e s s

s t a t e d  o t h e r w i s e ,  on a J e o l  JMM-PS-100 s p e c t r o m e t e r ,  o p e r a t i n g

a t  9 4 . 1  MHz. C h e m ic a l  s h i f t s  ( p . p . m . )  a r e  r e p o r t e d  r e l a t i v e

t o  e x t e r n a l  f l u o r o t r i c h l o r o m e t h a n e .

31 P n . m . r .  s p e c t r a  w ere  r e c o r d e d  i n  CDCl^ s o l u t i o n  on a

J e o l  JNM-FX6 0  s p e c t r o m e t e r ,  o p e r a t i n g  a t  2 4 . 1 3  MHz. C h e m ic a l

s h i f t s  ( p . p . m . )  a r e  r e p o r t e d  r e l a t i v e  t o  e x t e r n a l  p h o s p h o n iu m

'+ 1
i o n  (PH2̂  ) .  The s p e c t r a  w ere  c o m p l e t e l y  H d e c o u p l e d .

Mass  s p e c t r a  w e re  r e c o r d e d  on a  VG M ic ro m a s s  16b 

s p e c t r o m e t e r ,  o p e r a t i n g  a t  70 eV.

R e a c t i o n s  w ere  p e r f o r m e d  a t  room t e m p e r a t u r e ,  u n l e s s  

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

u s i n g  p r e v i o u s l y  d r i e d  an d  d e g a s s e d  s o l v e n t s .



57

R e a c t i o n s  c a r r i e d  o u t  i n  C a r i u s  t u b e s  (150cm ^ )  w ere  

done  i n  1 5 cm^ o f  t h e  s t a t e d  s o l v e n t .

R e a c t i o n s  p e r f o r m e d  a t  low t e m p e r a t u r e  w e re  c a r r i e d  o u t  

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

I c e - s o d i u m  c h l o r i d e  s o l u t i o n  ( - 1 0 ° C )

S o l i d  c a r b o n  d i o x i d e  -  c h l o r o b e n z e n e  ( - 4 4 ° C )

S o l i d  c a r b o n  d i o x i d e  -  a c e t o n e  ( - 7 8 ° C )

L i q u i d  n i t r o g e n  -  a c e t o n e  ( -95^C )

L i g a n d s  an d  r e a g e n t s

The f o l l o w i n g  m a t e r i a l s  w e re  p u r c h a s e d :  

c i s - c y c l o - o c t e n e  

c y c l o - o c t a - 1 , 3 - d i e n e  

h e x - 3 - y n e

3 , 5 - d i m e t h y l p y r i d i n e  

h e x a f l u o r o a c e t y l a c e t o n e  

c y c l o h e p t e n e  

b i c y c l o  [2 . 2 . 1 j h e p t e n e  

2 , 3 “ d i r a e t h y l b u t - 2 - e n e

Koch L i g h t  L a b s .  L t d .

t e t r a m e t h y l a l l e n e

t r i p h e n y l p h o s p h i n e

t r i p h e n y l a r s i n e

t r i p h e n y l s t i b i n e

d i p i v a l c y l m e t h a n e

t r i c y c l o h e x y l p h o s p h i n e

m e t h y l d i p h e n y l p h o s p h i n e

e t h y l d i p h e n y l p h o s p h i n e

p y r i d i n e

c y c l o h e x e n e

A l d r i c h  C h e m ic a l  Co .  L t d .

M a y b r id g e  C h e m i c a l  Co.  L t d .

May and  B a k e r  L t d .

F i s o n s  L t d .
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p r o p e n e  

c i s - b u t - 2 - en e 

t r a n s - b u t - 2 - e n e  

c a r b o n  m o nox ide  

e t h e n e

3 - m e t h y l p y r i d i n e

a c e t y l a c e t o n e

c y c l o p r o p a n e

p o l y t e t r a f l u o r o e t h e n e

b u t - 2 - y n e

h e x a f l u o r o b u t - 2 - y n e

The  M a th e s o n  Co .

B . O . C .

B .D .H .  C h e m i c a l s  L t d .

B . A . S . F .

B r i s t o l  O r g a n i c s  L t d .

T e t r a f l u o r o e t h e n e  was  p r e p a r e d  by t h e  t h e r m a l  

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

u n d e r  vacuum .  I t  was  t r a p p e d  o u t  by c o o l i n g  i n  l i q u i d  

d i n i t r o g e n .

A s a m p l e  o f  3 - b r o m o p h e n y l t r i m e t h y l s i l y l e t h y n e  was  

k i n d l y  d o n a t e d  by D r .  I . M . T .  D a v i d s o n ,  o f  t h i s  d e p a r t m e n t .

H y d r a t e d  r h o d iu m  t r i c h l o r i d e  was  o b t a i n e d  on l o a n  f rom 

J o h n s o n  M a t t h e y  L t d .

The f o l l o w i n g  w e re  p r e p a r e d  a s  d e s c r i b e d  i n  t h e  l i t e r a t u r e :  

[Rh( dpm) ( C ) ( C^Fg)] , [R h (a c a c )  (C^Fg)]  a n d

[Eh ( a c a c  ) ( CgH ̂  ) ( C^^Fg ) ] ' ' 5  

Çîh ( dpm) ( C^H^) ( C^F^) ]

p!h(dpm)(CgE^2^)2]

^ h ( h f a c a c )
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( ) The p r e p a r a t i o n  o f  new m o n o - a l k e n e —a l k y n e  c o m p l e x e s  o f  

r h o d i u m ( l )

I , R e a c t i o n s  o f  a l k e n e s  w i t h  d i p i v a l o y l m e t h a n a t o C e t h e n e ) -  
( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( I )

i )  With c i s - c y c l o - o c t e n e

To a  s t i r r e d  s o l u t i o n  o f  [Rh(dpm) (C^H^^) ( C ^ F ^ ) ]

( 0 . 1 5 g ,  0 . 3 2 mmol) i n  d i e t h y l  e t h e r ,  c i s - c y c l o - o c t e n e  

( 0 . 0 4 g ,  0*32mmol) was a d d e d .  The y e l l o w  s o l u t i o n  was 

s t i r r e d  f o r  3  h o u r s ,  and  a  y e l l o w  s o l i d  was  o b t a i n e d  by  

e v a p o r a t i n g  t h e  s o l v e n t  u n d e r  vacuum .  The s o l i d  was  

r e c r y s t a l l i s e d  f rom d i e t h y l  e t h e r / m e t h a n o l ,  a n d  i d e n t i f i e d  

a s  fRh(dpm) ( c i s -CgH^^ ) (C,^F^)1 

Y i e l d  = 0 . 1 3 g ,  ?4%.

M .P . 140-2°C  (decomp)

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^O^F^Rh: C , 49*47%, H, 3*96% 

F ound :  C, 4 9 .2 4 % ,  H, 5*95%

I n f r a - r e d . 1 9 7 1 m ,s h ,  1 9 5 9 s ,  1370m, 1 3 5 3 s ,  1 3 3 8 s ,  1 3 3 0 m , s h ,  

1 3 0 6 s ,  I 3 2 IW, 1 2 7 0 s ,  1 2 3 1 m , s h ,  1 2 2 6 s ,  1 2 0 2 w, 1 l 8 9 m, 1 1 7 4 w , s h ,  

1 1 4 9 s ,  1 1 3 8 s ,  1 0 2 3 w , b r ,  9 8 0 w, 9 6 2 w, 9 3 3 w, 9 2 0 w, 9 0 2 m, 8 o 6 m ,  

7 8 7 m, 7 6 9 m, 7 5 0 w, 7 3 9 # ,  7 2 6 w, 7 0 6 m, 6 7 2 m, 6 4 7 m , s h ,  64 lm ,

3 2 2 m, 3 0 9 # ,  497#*

n . m . r . 4 . 2 0 ( s ,  1H);  6 . 6 4  ( q u i n . x  d ,  2H, J  =7Hz,

J g ^ g = 2 H z ) ; 7 * 6 7 ( m ,4 H ) ;  8 . 2 2 - 8 . 7 6 ( b r , 8 H ) ; 8 . 8 3 ( s , 9 H ) ;

8 . 9 5 ( 6 , 9 H ) .

n . m . r . 3 2 . 6 6 ( d ,  J p h p = 2 H z ) .
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i i )  With  c y c l o h e p t e n e

C y c l o h e p t e n e  ( 0 . 0 3 g ,  0.32mrriol) w as  a d d e d  t o  a  s o l u t i o n  

o f  [Rh(dpm) (C^H^^) (C^^Fg)] ( 0 . 1 3 g ,  0 .32m m ol )  i n  d i e t h y l  e t h e r .

The y e l l o w  s o l u t i o n  was  s t i r r e d  f o r  2 h o u r s ,  a n d  a  y e l l o w  

s o l i d  was  o b t a i n e d  by e v a p o r a t i n g  t h e  s o l v e n t  u n d e r  vacuum.  

The s o l i d  was  r e c r y s t a l l i s e d  f rom  d i e t h y l  e t h e r / m e t h a n o l  

a n d  i d e n t i f i e d  a s  [Rh(dpm)

Y i e l d  = 0 . 1 3 g ,  8 7 %.

M .P . 121 -2°C  (decorap)

A n a l y s i s  C a l c u l a t e d  f o r  ̂ 2 2 ^ 3 1 ^ 2 ^ 6 ^ ^ '  C, 48 .5 4 % ;  H, 5*74%

Found :  C, 4 8 .2 9 % ;  H, 5*46%

I n f r a - r e d . 1974m, 1 9 5 9 s ,  1 5 4 6 s ,  1 5 3 9 s , s h ,  1 5 3 0 m , s h ,  1 5 0 6 s ,  

1323W, 1 2 6 8 s ,  1 2 4 9 m ,s h ,  1 2 2 4 s ,  1203w, 1 l85w ,  1 l 6 0 s , s h ,  1 l 4 5 s ,  

1062w, 1 0 2 8 w , b r ,  9 6 lw ,  9 3 &w, 9 0 2 m, 8 3 IW, 8 0 9 m, 7 8 8 w, 7 7 2 w, 

7 5 1 # , 7 2 7 # , 7 08w, 6 7 2 m, 643m, 6 l 8 w , s h ,  534w, 5 l 6 w, 498w,

468w, 454w, 442w, 4 3 1 w.

n . m . r . 4 . 1 9 ( s , 1 H ) ;  6 . 3 6  ( q u i n . x  d ,  2K, J g g = 6 Hz,  Jj^^jj=2Hz) 

^^F n . m . r .  5 3 - 3 3 ppm ( d ,  J^}^p=2H z ) .

i i i )  With  p r o p e n e

An e x c e s s  o f  p r o p e n e  ( I .O cm ^)  was  c o n d e n s e d  ( - 1 9 6 ° C )  

on t o  a  s o l u t i o n  o f  [Rh(dpm) (C^Hj^) (C^F^)]  ( 0 . 2 0 g ,  0 .42m m ol)  

i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  5 0 cm^ " Q u i c k f i t "  f l a s k .

The f l a s k  was  a l l o w e d  t o  warm up  t o  -4 4 ^ C  an d  t h e  s o l u t i o n  

was s t i r r e d  f o r  3 0  m i n u t e s  u n d e r  a  d r y  n i t r o g e n  a t m o s p h e r e .  

The f l a s k  was  t h e n  e v a c u a t e d  an d  c o o l e d  t o  - 1 9 6 ^ 0  a g a i n ,  a n d  

a  f u r t h e r  I .O cm ^ o f  p r o p e n e  i n t r o d u c e d ,  an d  a l l o w e d  t o  r e a c t  

a t  - 4 4 ° C .  I n  t h i s  way 3 a l i q u o t s  o f  p r o p e n e  w e re  i n t r o d u c e d
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t o  t h e  s o l u t i o n .  F i n a l l y  i t  was e v a p o r a t e d  t o  a n  o r a n g e  

o i l ,  w h ich  on c a r e f u l  a d d i t i o n  o f  m e t h a n o l  g a v e  a  y e l l o w  

s o l i d ,  i d e n t i f i e d  a s  [Rh(dpm) (CH^C(H)=CH2 ) (C^^F^)] .

C r y s t a l s  w e re  o b t a i n e d  by  r e c r y s t a l l i s a t i o n  f ro m  d i e t h y l  

e t h e r / m e t h a n o l .

Y i e l d  = 0 . 1 7 g ,  8 3 %.

M .P . 6 1 -2 ° C  (decomp)

A n a l y s i s  C a l c u l a t e d  f o r  2 3 ^ 2 ^ 6 ^ ^ '  0 ,  4 4 .1 0 % ;  H, 5*14% 

F ound :  C, 44 .3 4 % ;  H, 5.18%

I n f r a - r e d . 1 9 7 3 s ,  1 9 6 0 s ,  1 5 4 9 s ,  1 5 3 3 s ,  1 5 0 2 s ,  1 2 7 6 s , s h ,  

1 2 6 7 s ,  1 2 4 0 m , s h ,  1 2 2 1 s ,  1 2 0 1 w, 1 l84m ,  1 l 6 l s ,  1 l 4 7 s ,  1 1 3 2 s ,  

1049w, 9 9 6 w ,  9 6 8 w ,  960w, 9 3 0 w , b r ,  9 0 0 m, 8 0 7 m, ? 8 8 w, 7 7 1 # ,  

7 3 2 w, 7 2 6 # ,  706w, 6 7 3 m, 648m, 5 3 2 w, 5 1 3 # ,  496w.

n . m . r . 4 . 1 7 ( s , l H ) ;  6 . 0 3 - 6 . 8 8 ( m , 3 H ) ; 8 . 2 7 ( d , 3 H , J y g = 7 H z ) ;  

8 . 8 4 ( s , 9 H ) ;  8 . 9 2 ( s , 9 H ) .

^^F n . m . r . 5 2 . 6 8 ( s ) .

i v )  With c i s - b u t - 2 - e n e

An e x c e s s  o f  c i s - b u t - 2 - ene  ( 1 .0 c m ^ )  was  c o n d e n s e d  

( - 1 9 6 ^ 0 ) on t o  a  s o l u t i o n  o f  [Rh(dpm) (C^H^^) (C ^ F ^ ) ]

( O . I O g ,  0 .21m m ol)  i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  50cm^ 

" Q u i c k f i t "  f l a s k *  The f l a s k  was  a l l o w e d  t o  warm up  t o  -1 0 ° C  

a nd  t h e  s o l u t i o n  was  s t i r r e d  f o r  1 h o u r  a t  t h i s  t e m p e r a t u r e .  

E v a p o r a t i o n  o f  t h e  s o l v e n t  gave  a  y e l l o w  s o l i d ,  w h i c h  was  

r e c r y s t a l l i s e d  f rom  d i e t h y l  e t h e r / m e t h a n o l  a n d  i d e n t i f i e d  

a s  [Rh(dpm) (c is -CH^C(H)=C(H)CH^)  ( C ^ F ^ ) ]  .

Y i e l d  = 0 . 0 7 g ,  71%

M .P . 57 -5 8 °C

A n a l y s i s  C a l c u l a t e d  f o r  C^^H2 ,p0 2 F^Rh: C, 4 5 .2 5 % ;  H, 5*40%

Found :  C,  4 5 .2 8 % ;  H, 5.39%
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I n f r a - r e d  1 9 7 5 s ,  1 9 6 l s ,  1 5 5 5 s ,  1 5 5 8 s ,  1 5 3 2 m , s h ,  1 5 0 6 s ,

1 2 6 9 s ,  1248m, 1 2 2 6 s ,  1 1 9 9 m, 1185m, 1 l 6 4 s , s h ,  1 1 5 1 s ,  1 1 1 3 m , s h ,  

1 0 8 5 w , s h ,  1 0 5 7 # ,  1040w, 968w, 9 3 7 # ,  900w, 8 4 lw ,  8o6w, 789#,  

772w, 7 5 1 # ,  7 2 6 w, 708w, 6 7 2 m, 649w, 640w, 5 3 1 # ,  5 1 1 # ,  4 9 7 # .

n . m . r . 4 . 2 0 ( s , 1 H ) ;  6 . 5 8 - 6 . 7 8 ( m , 2 H ) ; 8 . 2 7 ( d , 6 H ,  J g ^ = 6 H z ) ;  

8 .8 5 ( s ,9 H ) ;  8 . 9 4 ( s ,9 H ) .

n . m . r . 5 2 .9 1  ( d ,  .6Hz ) .

v )  With t r a n s - b u t - 2 - e n e

An e x c e s s  o f  t r a n s - b u t - 2 - e n e  ( I .O c m ^ )  was  c o n d e n s e d  

( - 1 9 6 ^0 ) on t o  a  s o l u t i o n  of  [Rh(dpm) (C^^F^)]

( 0 . 2 0 g ,  0 .42m m ol)  i n  d i e t h y l  e t h e r  c o n t a i n e d  i n  a  5 0 cm^ 

" Q u i c k f i t "  f l a s k .  The f l a s k  was  a l l o w e d  t o  warm up  t o  

-1 0 °C  an d  t h e  s o l u t i o n  was s t i r r e d  f o r  1 h o u r  a t  t h i s  

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

a d d i t i o n  o f  m e t h a n o l ,  g a v e  a  y e l l o w  s o l i d ,  w h ic h  was 

i d e n t i f i e d  a s  fPh(dpm) ( t r a n s -CH^C(H)=C(H)CH^) (Ci^F^)l 

Y i e l d  = 0 . l 6 g ,  7 6 %.

M .P . 102-3°C

A n a l y s i s  C a l c u l a t e d  f o r  C^^H2 y 0 2 F ^ R h : C, 45*25%; H, 5,40% 

Fo u n d ;  C, 4 5 *37%; H, 5.60%

I n f r a - r e d . 1 9 7 2 s ,  1 9 6 0 s ,  1 5 7 0 s ,  1 5 3 8 s ,  1 5 0 4 s ,  1 2 8 6 s ,  1247m, 

1 2 2 4 s ,  1 1 8 7 m, 1164m,s h ,  1 1 4 9 s ,  1 1 5 7 s , s h ,  1 0 3 9 # ,  9 6 6 w, 934w, 

8 9 9 # ,  840w, 8 0 5 # ,  788w, 770w, 752w, 7 2 5 # ,  7 0 6 w, 6 7 2 m, 649m, 

642m, 5 3 2 w, 5 1 1 # ,  496w.

n . m . r . 4 .2 2 ( s , 1 H ) ;  6 . 5 8 ( m , 2 H ) ;  7 * 8 3 ( s , 6 h ) ;  8 . 8 5 ( s ,9 H ) ;  

8 . 9 4 ( s , 9 H ) .

^^F n . m . r .  5 3 *7 2 ( s )
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v i )  With c y c l o h e x e n e

C y c l o h e x e n e  ( 0 . 0 3 g , 0 . 32mmol) was  a d d e d  t o  a  s o l u t i o n  

o f  [Rh(dpra) (C^^Fg)] (0 .1 5 g »  0 ,32 ram ol)  i n  d i e t h y l  e t h e r .

The s o l u t i o n  was s t i r r e d  f o r  3 h o u r s .  The y e l l o w  s o l i d  

o b t a i n e d  by e v a p o r a t i n g  t h e  s o l v e n t  w as  i d e n t i f i e d  a s  

u n r e a c t e d  s t a r t i n g  m a t e r i a l ,  by i t s  H n . m . r .  a n d  i . r .  

s p e c t r a  an d  i t s  m .p .

I n  a  s i m i l a r  r e a c t i o n , c a r r i e d  o u t  i n  b e n z e n e  s o l u t i o n  

a t  70^C  f o r  24 h o u r s ,  t h e  s t a r t i n g  m a t e r i a l  was  a g a i n  

r e c o v e r e d  u n c h a n g e d .

v i i )  With  b i c y c l o  [2 . 2 . l l h e p t e n e

B i c y c l o  [2 . 2 . 1 ] h e p t e n e  ( 0 . 0 3 g ,  0 .32m m ol )  w as  a d d e d  

t o  a  s o l u t i o n  o f  [R h(dpra) (C^H^)(C^F^)]  ( 0 . 1 5 g *  0 . 3 2 mmol) 

i n  d i e t h y l  e t h e r .  The s o l u t i o n  was  s t i r r e d  f o r  2 h o u r s .

The y e l l o w  s o l i d  o b t a i n e d  by e v a p o r a t i n g  t h e  s o l v e n t  was 

i d e n t i f i e d  a s  u n r e a c t e d  s t a r t i n g  m a t e r i a l  by  i t s  

H n . m . r .  a n d  i . r .  s p e c t r a ,  an d  i t s  m . p .

I n  a  s i m i l a r  r e a c t i o n ,  c a r r i e d  o u t  i n  b e n z e n e  s o l u t i o n  

a t  50°C f o r  20 h o u r s ,  t h e  s t a r t i n g  m a t e r i a l  was  a g a i n  

r e c o v e r e d  u n c h a n g e d .

v i i i ) With  2 , 3 - d i m e t h y l b u t - 2 - e n e

2 , 3 - d i m e t h y l b u t - 2- e n e  ( 0 . 0 3 g ,  0 .52m m ol )  w as  a d d e d  t o

a  s o l u t i o n  o f  [Rh(dpm) (C^^F^)] ( 0 . 1 ^ g ,  0 . 3 2 mmol) i n

d i e t h y l  e t h e r .  The s o l u t i o n  was  s t i r r e d  f o r  24  h o u r s .

A y e l l o w  s o l i d  was  o b t a i n e d  by  s l o w  e v a p o r a t i o n  o f  t h e

s o l v e n t ,  a n d  i d e n t i f i e d  a s  u n r e a c t e d  s t a r t i n g  m a t e r i a l  
1

by i t s  i , r .  and  H n . m . r .  s p e c t r a .
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i x )  With t e t r a f l u o r o e t h e n e

An e x c e s s  o f  t e t r a f l u o r o e t h e n e  ( I .O cra^ )  was

c o n d e n s e d  ( - 1 9 6 ° C )  on t o  a s o l u t i o n  o f  [Rh(dpra) (C2j^F^)]

( 0 . 1 5 g ,  0 .32m m ol)  i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  C a r i u s

t u b e .  The t u b e  was s e a l e d  an d  s h a k e n  f o r  19 h o u r s .  A f t e r

o p e n i n g  t h e  t u b e  an d  r e m o v i n g  t h e  v o l a t i l e  m a t e r i a l  t h e

y e l l o w  s o l u t i o n  was e v a p o r a t e d  t o  g i v e  a  s t i c k y  y e l l o w

s o l i d .  T h i s  was  r e c r y s t a l l i s e d  f ro m  d i e t h y l  e t h e r / m e t h a n o l ,

and  i d e n t i f i e d  a s  t h e  known c o m p lex  [Rh(dpm) (C^F^^)]

19by i t s  i . r .  and  F n . m . r .  s p e c t r a .  Y i e l d  = O . I O g ,  75%*

x )  With  c i 5 - c i s - c y c l o - o c t a - l , 3 - d i e n e

To a  s o l u t i o n  o f  jjRh(dpm) (Cj^F^)] ( 0 . 0 5 g ,  O . l l r am o l )

i n  d i e t h y l  e t h e r ,  c i s - c i s - c y c l o - o c t a - 1 , 3 - d i e n e  ( 0 . 0 1 2 g,

0 . 1 1 mmol) was  a d d e d ,  a n d  t h e  s o l u t i o n  was s t i r r e d  f o r  2  h o u r s .  

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

gave  y e l l o w  m i c r o c r y s t a l s  w h ich  were  i d e n t i f i e d  a s  t h e  known 

c om plex  [R h (d p m ) (c o d ) ]  , by  t h e i r  i . r .  and  n . m . r .  s p e c t r a .  

Y i e l d  = 0 . 0 4 g ,  925b.

I I .  R e a c t i o n s  w i t h  h e x a f l u o r o b u t - 2 - y n e  a t  -78°C

i )  D i p i v a l o y l m e t h a n a t o b i s ( c y c l o - o c t e n e ) r h o d i u m ( I )

An e x c e s s  o f  h e x a f l u o r o b u t - 2 - y n e  ( I .O cm ^)  was 

c o n d e n s e d  ( - 1 9 6 °C) on t o  a  s o l u t i o n  o f  [Rh(dpm )(CgH ^^)^ ]  

( 0 . 5 6 g ,  l . l l m m o l )  i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  

50cm " Q u i c k f i t "  f l a s k .  The f l a s k  was  a l l o w e d  t o  warm up 

t o  - 7 8 ° C ,  a n d  t h e  s o l u t i o n  was s t i r r e d  f o r  12 h o u r s  a t  

t h i s  t e m p e r a t u r e .  R a p i d  e v a p o r a t i o n  o f  t h e  s o l v e n t  gav e
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a  y e l l o w  s o l i d ,  w h ich  was  pumped on a  vacuum l i n e  t o  

remove any  c y c l o - o c t e n e .  R e c r y s t a l l i s a t i o n  f ro m  d i e t h y l  

e t h e r / m e t h a n o l  gave y e l l o w  c r y s t a l s  w h ic h  w ere  i d e n t i f i e d
'I

by t h e i r  i . r .  and  H n . m . r .  s p e c t r a  a s  [Rh(dpm) (CgH.j^) (C^^F^)] , 

by c o m p a r i s o n  w i t h  t h e  s p e c t r a  o f  t h e  s a m p le  p r e p a r e d  i n

(A) I . ( i i ) .  Y i e l d  = 0 . 5 6 g ,  9CP/o.

i i )  D i p i v a l o y l m e t h a n a t o ( e t h e n e ) ( t e t r a f l u o r o e t h e n e ) ( r h o d i u m ( l )

An e x c e s s  o f  h e x a f l u o r o b u t - 2 - y n e  ( 1 .0 c m ^ )  was 

c o n d e n s e d  ( - 1 9 6 ^ 0 )  on t o  a  s o l u t i o n  o f  [Rh(dpm) (C^H^) (C^F^^)] 

( 0 . 2 0 g,  0 .48m m ol)  i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  5 0 cm^ 

" Q u i c k f i t "  f l a s k .  The f l a s k  was a l l o w e d  t o  warm up  t o  - ? 8 ^C 

an d  t h e  s o l u t i o n  was s t i r r e d  f o r  2  h o u r s  a t  t h i s  t e m p e r a t u r e .  

The  s o l v e n t  was  e v a p o r a t e d  r a p i d l y  t o  g i v e  a  y e l l o w  pow der  

w h ich  was  i d e n t i f i e d  by i t s  i . r .  s p e c t r u m  an d  m . p .  a s  

f îh(dpm) (C^H^^) (C^Fg)], by  c o m p a r i s o n  w i t h  t h o s e  o f  a n  

a u t h e n t i c  s a m p l e .  Y i e l d  = 0 . 2 0 g ,  8 8 %.

I l l , R e a c t i o n s  w i t h  h e x a f l u o r o b u t - 2 - y n e  a t  room t e m p e r a t u r e

i )  D i p i v a l o y l m e t h a n a t o b i s ( c y c l o - o c t e n e ) r h o d i u m ( l ) -

An e x c e s s  o f  h e x a f l u o r o b u t - 2 - y n e  ( I .O c m ^ )  was 

c o n d e n s e d  ( - 1 9 6 ° C )  on t o  a  s o l u t i o n  o f  [Rh(dpm) (CgH^2| . )2 Î 

( 0 . 2 0 g ,  0 .40m m ol)  i n  d i e t h y l  e t h e r  c o n t a i n e d  i n  a  C a r i u s  

t u b e .  The  t u b e  was s e a l e d  an d  s h a k e n  f o r  8  d a y s .  A f t e r  

o p e n i n g  t h e  t u b e  and  r e m o v i n g  t h e  v o l a t i l e  m a t e r i a l ,  

t h e  y e l l o w  s o l u t i o n  was e v a p o r a t e d  t o  g i v e  a  y e l l o w  

s o l i d .  R e c r y s t a l l i s a t i o n  f rom d i e t h y l  e t h e r / m e t h a n o l  

gave  y e l l o w  c r y s t a l s  w h ich  w ere  i d e n t i f i e d  a s  

^ h (d p m .C ^ F g )  { (CgH^^) Y i e l d  = 0 . 1 5 g .  42%
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M.P. 197~8°C (decomp)

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^O^F^gRh: C, 4 2 .1 9 % ;  H, 3*77% 

Found :  C, 4 2 .1 3 % ;  H, 4.06%

I n f r a - r e d . 1 6 7 0 s ,  l6 4 6 w ,  1575m, 1309m, 1 2 7 4 s , s h ,  1 2 4 8 s ,  1 2 2 9 s ,  

1 2 1 2 s , s h ,  1 1 9 6 s ,  1 1 7 2 s ,  1 1 5 6 s , b r ,  1 l 4 0 s ,  1 1 l 6 s ,  1 0 8 2 m, 1 0 6 lm,

1 0 3 5 m, 1 0 1 2 m, 1 0 0 0 m , s h ,  9 6 5 m, 945m, 9 0 2 w, 8 6 9 w, 8 4 lw ,  8 2 8 w,

821w, 773w, 741w, 724w, 713m, 690m, 679m, 6 6 8 m, 657m, 6 lOw,

591w, 539w, 5 1 9w, 5 0 8 w, 495w, 456w, 424w.

n . m . r . 3 . 5 5 ( s ,  1 H ) ; 7*54(ra,  2H ) ;  7 - 8 8 - 8 . 6 6 ( b r ,  12H);

8 . 7 7 ( s ,  i 8h ) .

n . m . r .  5 2 . 7 0 ( b r ,  3F) ; 5 4 . 4 4 ( b r ,  6 f )  ; 5 4 . 9 2 ( b r . 6 F )  ;

5 6 . 1 9 ( q ,  3F ,  J p ^ = 1 5 - 9 H z ) .

i i )  D i p i v a l o y l m e t h a n a t o ( c y c l o - o c t e n e ) ( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( I )  

An e x c e s s  o f  h e x a f l u o r o b u t - 2 - y n e  ( I .O cm ^)  was  c o n d e n s e d  

( - 1 9 6 ° C )  on t o  a  s o l u t i o n  o f  [ph(dpm) (CgH^j^) (Cj^Fg)]

( 0 . 1 5 g ,  0 .27m m ol)  i n  d i e t h y l  e t h e r  c o n t a i n e d  i n  a  C a r i u s  

t u b e .  The t u b e  was s e a l e d  an d  s h a k e n  f o r  6  d a y s .  A f t e r  

o p e n i n g  t h e  t u b e  a n d  r e m o v i n g  t h e  v o l a t i l e  m a t e r i a l ,  t h e  

s o l u t i o n  was  e v a p o r a t e d  t o  g i v e  a  y e l l o w  s o l i d .  Y e l l o w  

c r y s t a l s  w e re  o b t a i n e d  by r e c r y s t a l l i s a t i o n  f ro m  c h l o r o f o r m /

m e t h a n o l ,  an d  i d e n t i f i e d  a s  | ^ b / d p m . C ^ F ^ ) {  ( C g H ^ ^ ) ( C ^ F ^ ) 2 |̂,

1 9by c o m p a r i n g  t h e i r  F n . m . r .  and  i . r .  s p e c t r a  w i t h  t h o s e  

f rom t h e  p r e v i o u s  e x p e r i m e n t .  Y i e l d  = 0 . l 6 g ,  6 7 %.

i i i )  D i p i v a l o y l m e t h a n a t o ^ y c l o h e p t e n $ i e x a f l u o r o b u t - 2 - y n 4 r h o d i u m ( l ) 

An e x c e s s  o f  h e x a f l u o r o b u t - 2 - y n e  ( I .O cm ^)  was  

c o n d e n s e d  ( - 1 9 6 ° C )  on t o  a  s o l u t i o n  o f  [Rh(dpm) (C^H^2 ^

( 0 . 1 5 g ,  0 .28mmol)  i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  C a r i u s  

t u b e .  The t u b e  was  s e a l e d  a n d  s h a k e n  f o r  7 d a y s .  A f t e r  

o p e n i n g  t h e  t u b e  and  r e m o v i n g  t h e  v o l a t i l e  m a t e r i a l ,  t h e
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s o l u t i o n  was  e v a p o r a t e d  t o  g i v e  a  y e l l o w  s o l i d .  

R e c r y s t a l l i s a t i o n  f rom d i e t h y l  e t h e r  gav e  y e l l o w  c r y s t a l s  

w h ich  w ere  i d e n t i f i e d  a s  [Rh(dpra.C^Fg) |

Y i e l d  = 0 . 1 9 g ,  79%

M .P . 234 -6°C  (decomp)

A n a l y s i s  C a l c u l a t e d  f o r  C ^ ^ H O ^ F ^ g R h : C, 4 l . 4 9 ? o ;  H, 3*60% 

Found :  C, 4 1 .7 5 % ;  H, 3*80%

I n f r a - r e d . 1 6 7 8 s ,  l6 4 9 w ,  1 3 8 0 m, 1350w, 1291m, 1 2 6 9 s ,  1 2 4 8 s ,  

1 2 3 0 s ,  1 1 9 3 s ,  1 1 7 2 s ,  1 1 5 0 s ,  1 1 2 7 s ,  1 1 1 3 s ,  1 0 8 lm ,  1 0 3 2 m,

1024m, 1 0 1 1 m, 974w, 9 5 8 w, 94 lw ,  8 9 9 w, 8 3 0 w , s h ,  843w, 8 2 7 w, 

8 l 1w, 7 7 6 w, 744w, 7 2 8 m, 7 1 2 m, 6 9 0 w, 6 8 lm,  6 6 9 w, 6 5 9 m, 6 5 I W , s h , 

6 3 8 W, 6 lOw, 5 9 2 w, 540w, 518w, 479w, 452w, 426w.

n . m . r . 3 * 4 8 ( s ,  I K ) ;  7*35(m,  2H );  7 * 6 8 - 8 . 4 o ( b r , 10H);

8 . 7 6 ( 5 , 1 8 h ) .

^^F n . m . r . 53*61 ( b r ,  3 F ) ;  5 6 . 0 7 ( b r ,  1 2 F ) ; 5 7 * 5 4 ( q ,  3F ,  

J p ^ = 1 5 * 2 H z ) .

IV .  T r e a t m e n t  o f  some a l k e n e - a l k y n e  c o m p l e x e s  w i t h  a n  e x c e s s  

o f  t h e  a l k e n e .

i )  D i p i v a l o y l m e t h a n a t o ( c y c l o - o c t e n e ) ( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( l )

An e x c e s s  o f  c y c l o - o c t e n e  ( 0 . 0 3 g ,  0 .27m m ol)  w as  a d d e d  

t o  a  s o l u t i o n  o f  [Rh(dpm) (CgH^^) (C^^Fg)] ( O . I O g ,  0 . l 8 m m o l )  i n  

d i e t h y l  e t h e r ,  and  t h e  m i x t u r e  was  s t i r r e d  f o r  2  h o u r s .  

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

gave  a  y e l l o w  powder  w h ic h  was i d e n t i f i e d  a s  u n r e a c t e d  

s t a r t i n g  m a t e r i a l ,  by  i t s  i . r .  an d  H n . m . r .  s p e c t r a .
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i i )  D i p i v a l o y l m e t h a n a t o ( c y c l o h e p t e n e ) ( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( l )

An e x c e s s  o f  c y c l o h e p t e n e  ( 0 . 0 4 g ,  0 .42mmol)  was  a d d e d  

t o  a  s o l u t i o n  o f  [Rh(dpm) 1 ( 0 *1 0 6 , O . l 8 raraol)

i n  d i e t h y l  e t h e r ,  an d  t h e  m i x t u r e  was  s t i r r e d  f o r  5  h o u r s .  

E v a p o r a t i o n  o f  t h e  s o l v e n t  gave  a  y e l l o w  s o l i d  w h ic h  was  

i d e n t i f i e d  a s  u n r e a c t e d  s t a r t i n g  m a t e r i a l ,  by  i t s  i . r .  a n d  

H n . m . r .  s p e c t r a .

i i i )  A c e t y l a c e t o n a t o ( c y c l o - o c t e n e ) ( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( I )

An e x c e s s  o f  c y c l o - o c t e n e  ( 0 . 0 3 g ,  0 .27mmol)  was  a d d e d  

t o  a  s o l u t i o n  o f  [R h (a c a c )  (CgH^^) (C^^Fg) ] ( 0 . 1 0 g ,  0 .21m m ol )  

i n  d i e t h y l  e t h e r .  The s o l u t i o n  was  s t i r r e d  f o r  2 h o u r s ,  and  

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

y e l l o w  pow d er  w h ich  was i d e n t i f i e d  a s  u n r e a c t e d  s t a r t i n g
'I

m a t e r i a l ,  by  i t s  i . r .  an d  H n . m . r .  s p e c t r a .

(B) R e a c t i o n s  o f  a l k e n e - a l k y n e  c o m p le x e s  i n v o l v i n g  d i e n e  f o r m a t i o n .

I . R e a c t i o n s  o f  d i n i v a l o y l m e t h a n a t o ( e t h e n e ) ( h e x a f l u o r o b u t - 2 - y n e ) -
r h o d i u m ( l ) .

i )  With c y c l o p r o p a n e

No r e a c t i o n  o c c u r r e d  when c y c l o p r o p a n e  was  s h a k e n  w i t h  

[Rh(dpm) (C^Hj^) (C^^F^) ] i n  a  C a r i u s  t u b e  a t  room t e m p e r a t u r e  

f o r  4 d a y s ,  s o  t h e  r e a c t i o n  was  r e p e a t e d  a t  a  h i g h e r  

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

An e x c e s s  o f  c y c l o p r o p a n e  ( 1 . 0 c m ^ )  was c o n d e n s e d  

( - 1 9 6 ° C )  on t o  a  s o l u t i o n  o f  [Rh(dpm) (Ĉ Ĥ ^ )̂ (C^^Fg) ]

( 0 . 2 3 g ,  O.53mmol) i n  d i e t h y l  e t h e r  c o n t a i n e d  i n  a  C a r i u s  

t u b e .  The t u b e  was  s e a l e d  a n d  p l a c e d  i n  an  o v e n ,  a t  60°C 

f o r  20 h o u r s .  A f t e r  o p e n i n g  t h e  t u b e  and  r e m o v i n g  t h e
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v o l a t i l e  m a t e r i a l ,  t h e  r e d  s o l u t i o n  was  e v a p o r a t e d  t o  g i v e

a  r e d  o i l .  A f t e r  pum ping  d r y ,  t h i s  was  i d e n t i f i e d  a s

[Rh( dpm) ( 1 , 2 , 4 , 5 - ? -CH2 = C H C H ( CF^) =C( H) CF^) ]  Y i e l d  = 0 . 2 2 g , 8 5 % .  

Mass s p e c t r u m , m/e  = 4 9 0 (M^)

A n a l y s i s . C a l c u l a t e d  f o r  C^gH^^O^FgRh: C, 4 4 .1 0 % ;  H, 5*14%.

F ound :  C, 4 4 .0 2 % ;  H, 5*28%.

I n f r a - r e d . l 6 0 5 m , s h ,  1 5 5 1 s ,  1 5 5 8 s ,  1 5 0 4 s ,  1 2 9 7 s ,  1 2 7 8 s ,  1 2 6 0 s ,  

1 2 4 9 s ,  1 2 2 6 s ,  1 1 8 2 s ,  1 1 4 5 s , b r ,  1 1 2 9 s , s h ,  1 0 8 5 m, 1042m, 1 0 2 8 w , s h ,  

9 6 5 m, 9 5 2 w , s h ,  9 2 0 m, 8 9 5 # ,  848w, 8 2 6 w, 8o4m, 7 9 5 m , s h ,  7 7 0 m,

7 5 0 m, 7 0 5 # , s h , 6 8 lm,  6 6 8 w, 642m, 6 2 0 w , s h ,  5 9 6 w, 5 2 5 # , s h ,  504w, 

494w, 4 7 OW, 4 4 lw ,  5 8 2 W.

n . m . r .  4 . l 6 ( s ,  1K);  5*50(m,  ^=8Hz , ^=6Hz ,
J V, I J

^=12Hz, J ,  . = 8h z ) :  6 . 5 8 ( d x d ,  H , , J .  ^=15Hz, J .  ^= 8H z ) ;
5 , 7  5 , 0  i ' , 1 , 5

6 . 7 5  ( d ,  Hg,  J ^ ^ _ = 8H z ) ;  6 . 9 7 ( d ,  J ^ ^ ^ = 1 2 H z ) ;  7 * 4 9 ( q ,  H^,

p= 1 1 H z ) ; 7 . 9 6 ( d x d ,  H^,  i=15%z,  ^ = ^ H z ) ; 8 . 8 7 ( 6 , 1 8 h ) .

^^F n . m . r .  5 3 - 4 6 ( » ' q u i n . " , 3F ,  J , . ^ = 1 1 .0 H z ,  J „  ^ = 1 1 . 0 H z ) ;
— — — — — —  r  i'

6 0 . 4 8 ( q x d ,  3F ,  J ^ ^ = 1 1 . 0 H z ,  . 2Hz) .

P r o t o n - p r o t o n  d e c o u p l i n g  e x p e r i m e n t s  ( s e e  F i g u r e  1 . 9 )

I r r a d i a t e d  A f f e c t e d  R e s u l t a n t
S i g n a l  S i g n a l  M u l t i p l i c i t y

H ,  (dxd )  d ( J= 1 3 H z)

(d) s

(d) s

No o b v io u s  change

No o b v io u s  change

H^(dxd) d ( J= 6 Hz )
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i i )  With p r o p e n e

An e x c e s s  o f  p r o p e n e  ( 1 .0 c m ^ )  w as  c o n d e n s e d  ( - 1 9 6 ° C )  

on t o  a s o l u t i o n  o f  [Rh(dpm) (C^H^^) (C^Fg)  ] ( 0 . 2 0 g ,  0 .42m m ol )  

i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  C a r i u s  t u b e .  The t u b e  

was  s e a l e d  a n d  p l a c e d  i n  an  o v e n ,  a t  5 0 °C f o r  4 d a y s .

The t u b e  was  o p en ed  an d  t h e  v o l a t i l e  m a t e r i a l  r e m o v e d .  

E v a p o r a t i o n  o f  t h e  s o l v e n t  gave  a  r e d  o i l ,  w h ich  was  pumped 

d r y ,  an d  i d e n t i f i e d  a s

[Rh(dpm) ( 1  , 2 , 4 , 5 -î?-CH2 =CHCH2 C(CF^)=C(H)CF^)] ,  by  c o m p a r i n g  

1 19i t s  H an d  F n . m . r .  s p e c t r a  w i t h  t h o s e  f o r  t h e  c o m p lex  

p r e p a r e d  i n  t h e  p r e v i o u s  r e a c t i o n .  Y i e l d  = 0 . 1 9 g ,  92F/o.

i i i )  With t e t r a m e t h y l a l l e n e

T e t r a m e t h y l a l l e n e  ( 0 . 0 4 g ,  0 .4 2 m m o l )  was a d d e d  t o  a  

s o l u t i o n  o f  [Rh(dpm) (C^K^^) (C^^Fg) ] ( 0 . 2 0 g ,  0 .42m m ol)  i n  

d i e t h y l  e t h e r .  The s o l u t i o n  was  s t i r r e d  f o r  22 h o u r s ,  

and  t h e  s o l v e n t  s l o w l y  re m o v e d .  C a r e f u l  a d d i t i o n  o f  

m e t h a n o l  g a v e  o r a n g e  c r y s t a l s ,  w h ic h  w e r e  i d e n t i f i e d  a s  

[ R h ( d p r a ) ( 1 ,2 , 4 ,3 ^ C H 2 = C ( C H ^ ) C |= C ( C H ^ ) 2 } C ( C F ^ ) : ^ ( H ) C F ^ ' ) ] ,

Y i e l d  = 0 . l 6 g ,  70%.

M .P . 1 1 3 - 4 ° C .

A n a l y s i s  C a l c u l a t e d  f o r  (^22^31^2^6^^ '  4 8 .5 4 % ;  H, 5*74%

F ound :  C, 5 0 . 1 ^ ;  H,  6.04%

I n f r a - r e d  1 5 6 5 m ,s h ,  1 5 5 0 s ,  1 5 3 6 s ,  1 5 0 2 s ,  1 3 3 1 s ,  1 2 8 l s , 1 2 3 9 m ,  

1 2 2 7 m, 1 l 8 6 w, 1 1 6 8 m, 1 l 4 8 s , s h ,  1 l 4 0 s ,  1124m, 1 0 9 7 m, 1 0 7 7 # , s h ,  

1032m, lOOIw, 974w, 962w, 9 38# ,  8 9 3 # ,  8 2 9 # ,  800ra, 7 6 8 m, 7 6 l w ,  

7 4 9 # ,  7 1 9 m, 7 0 5 # ,  6 7 8 # ,  6 6 lw ,  648m, 5 9 2 w, 511#» 5 0 0 # ,  4 9 1 # ,  

4 3 8 # ,  4 1 3 # ,  3 8 6 # ,  3 0 9 # .



71

~'h n . m . r . 4 . 1 9 ( s ,  1H) ;  6 . ? 4 ( s ,  1H ) ;  7 . 3 7 ( d ,  1H, J  = 2 . 4 h z )-, 

7 . 6 4 ( q x d ,  1H, J j jp = 9 .0 H z ,  J g ^ g = 2 . 4 H z ) ;  7 . 8 5 ( s , 3 H ) ;  8 . 4 0 ( s , 3 H ) ;  

8 . 4 6 { s , 3 H ) ;  8 . 8 9 ( s , 9 H ) ;  8 . 9 1 ( s , 9 H ) .

'*^F n . m . r . 5 2 . 5 2 ( q ,  3F ,  J  = 9 .0H z)  ; 5 5 . 8 6  ( " q u i n " . ,  3F ,

Jj,p=9.0Hz, Jjjj,=9.0Hz).

I I .  R e a c t i o n s  o f  d i p i v a l o y l m e t h a n a t o C c y c l o - o c t e n e ) -  

( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( l ) .

i )  With  c y c l o p r o p a n e

An e x c e s s  o f  c y c l o p r o p a n e  ( l . O c m ^ )  was  c o n d e n s e d  ( - 1 9 6 ° C )  

on t o  a  s o l u t i o n  o f  [Rh(dpm) (CgH^^) (C^^F^) ] ( 0 . 1 0 g ,  O . l8m m ol )  

i n  d i e t h y l  e t h e r  c o n t a i n e d  i n  a  C a r i u s  t u b e .  T h e  t u b e  was  

s e a l e d  and  p l a c e d  i n  an  oven a t  60^C f o r  3 d a y s .  A f t e r  

o p e n i n g  t h e  t u b e  and  r e m o v i n g  t h e  v o l a t i l e  m a t e r i a l ,  t h e  

o r a n g e - r e d  s o l u t i o n  was e v a p o r a t e d  t o  g i v e  a  r e d  o i l .  T h i s  

was  i d e n t i f i e d  a s  [Rh(dpm) ( 1 , 2 , 4 , 5-^j-CH2=CHCH2C(CF^)=C(H)CF^)]
'I

by c o m p a r i n g  i t s  i . r .  an d  H n . m . r .  s p e c t r a  w i t h  t h o s e  o f  t h e  

com plex  p r e p a r e d  i n  ( B ) l ( i ) .  Y i e l d = 0 . 0 8 g .  91%.

i i )  W ith  t e t r a m e t h y l a l l e n e

T e t r a m e t h y l a l l e n e  ( 0 . 0 3 g ,  0 .27m m ol)  was a d d e d  t o  a  

s o l u t i o n  o f  [Rh(dpm) (Cgïï^ 2̂ ) (C^^Fg) ] ( 0 . 1 5 g ,  0 .2 7 m m o l )  i n  

d i e t h y l  e t h e r .  The s o l u t i o n  was  s t i r r e d  f o r  3 d a y s ,  an d  

t h e n  e v a p o r a t e d  t o  g i v e  a  s t i c k y  o r a n g e - y e l l o w  s o l i d .  

R e c r y s t a l l i s a t i o n  f rom  d i e t h y l  e t h e r / m e t h a n o l  g a v e  o r a n g e

c r y s t a l s  o f  [Rh(dpm) ( 1 ,2,4,5-??-CH2=C(CH^)c}=C(CH^) Jc (C F ^ )= C (H )C F ^ ) ]
']

i d e n t i f i e d  by c o m p a r in g  t h e i r  H n . m . r .  s p e c t r u m  w i t h  t h a t  o f  

t h e  com plex  p r e p a r e d  i n  ( B ) l ( i i i ) .  Y i e l d  = 0 . 1 2 g ,  82%.
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I I I  R e a c t i o n s  o f  d i p i v a l o y l m e t h a n a t o ( c y c l o h e p t e n e ) -  

( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( l ) .

i )  With  c y c l o p r o p a n e

An e x c e s s  o f  c y c l o p r o p a n e  ( 1 . 0 c m ^ )  was c o n d e n s e d  

( - 1 9 6 ^ 0 ) on t o  a  s o l u t i o n  o f  [Rh(dpm) (C^H^^) (C^^^F^)]

( 0 . 0 5 g ,  0 . 0 9 ramol) i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  

C a r i u s  t u b e .  The t u b e  was  s e a l e d  a n d  p l a c e d  i n  a n  oven  

a t  60^C f o r  2 d a y s .  The  t u b e  was  o p e n e d ,  t h e  v o l a t i l e  

m a t e r i a l  was  r e m o v e d ,  an d  s o l u t i o n  was  e v a p o r a t e d  t o  g i v e  

a  r e d  o i l .  T h i s  was  i d e n t i f i e d  a s

[Rh ( dpm) ( 1 , 2 , 4 , 5 -?7-CHg=CHCH^C( CF^) =C (H) CF^) ] by  c o m p a r i n g
'I

i t s  H n . m . r .  s p e c t r u m  w i t h  t h a t  o f  t h e  com plex  p r e p a r e d  

i n  ( B ) I ( i ) .  Y i e l d  = 0 . 0 4 g ,  95^6.

i i )  With  t e t r a m e t h y l a l l e n e

T e t r a m e t h y l a l l e n e  ( 0 . 0 0 9 g ,  0 .0 9 m m o l )  was a d d e d  t o  

a  s o l u t i o n  o f  [Rh(dpm) (^*^5g»  0 . 0 9 cimol) i n

d i e t h y l  e t h e r ,  and  s t i r r e d  f o r  24 h o u r s .  E v a p o r a t i o n  o f  

t h e  s o l v e n t  gave  an  o r a n g e - y e l l o w  s o l i d  w hich  was  i d e n t i f i e d

a s  [ R h ( d p m ) ( 1 , 2 , 4 , 5 - 7 7 - C H g = C ( C H ^ ) C { = C ( C H ^ ) ^ } c ( C F ^ ) = C ( H ) C F ^ ) }

'I
by c o m p a r i n g  i t s  H n . m . r .  s p e c t r u m  w i t h  t h a t  o f  t h e  

com plex  p r e p a r e d  i n  ( B ) l ( i i i ) .  Y i e l d  = 0 . 0 4 g ,  80%.

IV R e a c t i o n  o f  a c e t y l a c e t o n a t o ( e t h e n e ) ( h e x a f I u o r o b u t - 2 - y n e ) -  
r h o d i u m ( I )

i )  With t e t r a m e t h y l a l l e n e

T e t r a m e t h y l a l l e n e  ( 0 . 0 5 g ,  0 .5 2 m m o l )  was a d d e d  t o  a  

s o l u t i o n  o f  [RhCacacCC^H^^) (C^F^) ] ( 0 . 2 0 g ,  0 . 5 1 mmol) i n
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d i e t h y l  e t h e r ,  an d  s t i r r e d  f o r  24 h o u r s .  The s o l u t i o n  

t u r n e d  o r a n g e - r e d ,  an d  e v a p o r a t i o n  o f  t h e  s o l v e n t  f o l l o w e d  

by c a r e f u l  a d d i t i o n  o f  m e t h a n o l  g a v e  d a r k  y e l l o w  c r y s t a l s  

w hich  w ere  i d e n t i f i e d  a s

[R h (a c a c ) (1 ,2 ,4 ,5 -7 7 -C H 2 = C (C H ^ )c {= :C (C H ^ )2 [c (C F ^ )= C (H )C F ^ ) ]

Y i e l d  = 0 . 1 9 g ,  81%.

M.P . 1 3 0 -1 ^ 0

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^O^F^Rh: C, 4 l . ? 6% ; H, 4.16% 

F o u n d :  C, 4 3 .8 ? % ;  H, 4.60%

I n f r a - r e d . I ^ B l s ,  1 5 5 8 s ,  1 5 2 2 s ,  1500m, 1 3 3 3 s ,  1 2 ? 9 s ,  1238m, 

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

975# ,  960w, 9 4 9 # , b r ,  894w, 8 6 8 w, 8 2 9 # ,  785m, 7 6 1 w, 7 2 6 # , s h ,  

7 1 9 # ,  7 0 6 m, 6 8 7 # ,  6 6 lw ,  6 3 2 # ,  620w, 5 9 3 # ,  5 2 9 # ,  5 1 3 # ,  4 9 9 # ,  

4 9 OW,sh , 456w, 441w, 4 l 4 w ,  3 8 9 # ,  3 0 6 w.

\  n . m . r . 4 . 5 6 ( s ,  1H);  6 . 7 4 ( s ,  1H) ; 7 - 3 5 ( d ,  1H, J j^^j j=2.3Hz)  ; 

7 .6 0 (q  X  d ,  IK, J y p = 9 . 0 H z ,  J j^^j j=2.7Hz) ; 7 - 8 6 ( s ,  3H) ;

8 . 0 1 ( s ,  3 H ) ;  8 . 0 4 ( s ,  3 H ) ;  8 . 4 o ( s ,  3 H ) ;  8 . 4 5 ( s ,  3 H ) .

^^F n . m . r . 5 3 - 2 2 ( q ,  3F ,  J ^ ^ = 9 * 0 H z ) ; 5 4 . 5 1  ( " q u i n " ,  3F ,

J j ,^= 9 . 0 Hz,  J g p = 9 . 0 H z ) .

V R e a c t i o n s  w i t h  c a r b o n  m o nox ide  an d  w i t h  t r i p h e n y l p h o s p h i n e

i )  The r e a c t i o n  o f [ R h ( dpm) ( 1 , 2 , 4 , 5-V-CH^=CHCH^C( CF ^ ) =C(H) CF^ )] 

w i t h  c a r b o n  m o n o x i d e .

C a rb o n  m onox ide  was p a s s e d  s l o w l y  t h r o u g h  a  s o l u t i o n

o f [ R h ( d p m ) ( 1 , 2 , 4 , 5 -?7-CK^=CHCH^C(CF^)=C(H)CF^)]  ( 0 . 0 5 g ,

O.IOmraol) i n  d i e t h y l  e t h e r ,  f o r  15 m i n u t e s .  E v a p o r a t i o n

o f  t h e  s o l v e n t  gave  a  r e d - g r e e n  s o l i d  w hich  was  i d e n t i f i e d

a s  t h e  known com plex  [ R h (d p m ) ( 0 0 ) ^ ] ,  by  i t s  i . r .  s p e c t r u m .

Y i e l d  = 0 . 0 3 g ,  8 8 %.
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i i )  The r e a c t i o n  o f  [R h (d p m )( 1 , 2 , 4 , 5 “ V"CH^ =CHCH^C(CF^)=C(H)CF^)1 

w i t h  t r i p h e n y l p h o s p h i n e .

T r i p h e n y l p h o s p h i n e  ( 0 . 0 5 g ,  0 .2 0 m m o l )  was a d d e d  t o  a  

s o l u t i o n  o f  [ Rh( dpm) ( 1 , 2 , 4 , 5 -:?- C H ^ = C H C H ( CF^) =C( H) CF^)]

( 0 . 0 5 g ,  O.IOmraol) i n  d i e t h y l  e t h e r .  S t i r r i n g  f o r  30  m i n u t e s  

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

i i i )  The r e a c t i o n  o f

rR h ( d p m ) ( 1 ,2 ,4 ,3-%-CH^=C(CH^)C^=C(CH^ )  J c ( C F ^ ) = C C a ) C F ^)1  

w i t h  c a r b o n  m o n o x i d e .

C a rb o n  monoxide  was  p a s s e d  s l o w l y  t h r o u g h  a  s o l u t i o n  o f  

[R h (d p m )( l  , 2 , 4 , 5 ->/-CH2 = C (C H ^)c |=C (C H ^)2 }c(CF^)=C(H )CF^) ]

( 0 . 1 0 g,  O . l 8 ramol) i n  d i e t h y l  e t h e r ,  f o r  2 0  m i n u t e s .

E v a p o r a t i o n  o f  t h e  s o l v e n t  gave  a  r e d - g r e e n  s o l i d  w h ich  

was i d e n t i f i e d  a s  t h e  known com plex  [ R h ( d p m ) ( C O ) ^ ] ,  by  i t s  

i . r .  s p e c t r u m .  Y i e l d  = 0 . 0 5 g ,  82%.

(C) R e a c t i o n s  o f  p h o s p h i n e s . a r s i n e s  a n d  s t i b i n e s  w i t h  a l k e n e -  

a l k y n e  c o m p l e x e s .

I  R e a c t i o n s  o f  a c e t y l a c e t o n a t o ( e t h e n e ) ( h e x a f l u o r o b u t - 2 - y n e ) -  

r h o d i u m ( I ) .

i )  With  t r i p h e n y l p h o s p h i n e

T r i p h e n y l p h o s p h i n e  ( 0 . 2 ? g ,  1 .02m m ol)  was a d d e d  t o  a  

s o l u t i o n  o f  [ R h ( a c a c )  (C^H^^) (C^^F^)] ( 0 . 2 0 g ,  0 .31 m m o l )  i n  d i e t h y l  

e t h e r ,  and  s t i r r e d  f o r  30 m i n u t e s .  A y e l l o w  m i c r o c r y s t a l l i n e  

pow der  p r e c i p i t a t e d  a f t e r  a b o u t  5 m i n u t e s .  The p o w d e r  was  

f i l t e r e d ,  w ashed  w i t h  m e t h a n o l ,  a n d  i d e n t i f i e d  a s  

[ R h ( a c a c ) ( P P h ^ ) ^ ( C 2̂ F^)] .  Y i e l d  = 0 . 3 6 g ,  79%.
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M .P . 127~8°C

A n a l y s i s  C a l c u l a t e d  f o r  C^^^H^yO^P^F^Rh: C, 6 0 .8 2 % ;  H, 4 .20%

F ound :  C, 6 1 .0 4 % ;  H, 4 .4 5 % .

I n f r a - r e d . l820m ,  17&6m, 1 5 8 5 s ,  1566m, 1 5 1 4 s ,  1 2 5 2 s ,  1 2 4 1 s ,

1 2 2 5 s ,  1 2 0 5 m, 1 1 9 0 m, 1 l 6 lm ,  1 1 3 6 s ,  1 1 1 0 s ,  1 0 9 2 s ,  1 0 3 0 w, 1 0 2 2 w , s h ,  

lOOOw, 978w, 933#, 900w, 857#, 8 5 1 # ,  8 0 9 # ,  7 89# ,  773# ,  7 4 6 s ,

7 3 1 # ,  7 2 5 # ,  6 9 9 s ,  6 7 7 m, 642w, 6 i 8 w ,  5 9 2 m, 5 3 8 s ,  5 2 1 s ,  5 0 4 s ,

459m, 4 3 9 m, 4 l1 w .

n . m . r . ( i n  CD C l . )  2 . 6 0 ( m , 3 0 H ) ;  4 . 6 7 ( 6 , 1 H ) ; 8 . 2 7 ( s ,  6 h ) .

19F n . m . r . ( i n  CD^Cl^) (room t e m p e r a t u r e )  5 1 . 7 2  ( d ,  . 6Hz) .

( - 3 2 ° C )  5 0 . 9 8  ( s ,  3 F ) ;  5 1 . 7 2  ( s ,  3 F ) .

i i )  W ith  t r i p h e n y l a r s i n e

T r i p h e n y l a r s i n e  ( 0 . 3 1 g ,  1 .02mmol)  was a d d e d  t o  a  

s o l u t i o n  o f  [ R h (a c a c )  (C^H^) (C^^F^) ] ( 0 . 2 0 g ,  0 .5 1 m m o l )  i n  

d i e t h y l  e t h e r ,  and s t i r r e d  f o r  30 m i n u t e s .  The  y e l l o w  

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

f o l l o w e d  by s low  e v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  o r a n g e  

c r y s t a l s  o f  [ R h ( a c a c )  ( A s P h ^ )^ (C 2̂ F^)]. Y i e l d  = 0 . 3 9 g ,  78%.

M .P . 1 5 1 - 2 ° C .

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^^O^As^F^Rh: C, 53*3^%; H, 3 .82%

F ound :  C, 5 5 .2 9 % ;  H, 4 .01%

I n f r a - r e d  l829m,  1791m, 1 5 8 9 s ,  1569m, 1 5 1 6 s ,  1 2 5 5 s ,  1 2 4 3 s ,

1 2 2 3 s ,  1 1 9 0 m, 1 l 6 l w ,  1 1 3 7 m, 1 1 l 4 s ,  I 08 IW, 1028w, 1002w, 974w,  

934w, 9 1 Ow, 8 5 8 W, 8 o 6 w, 7 9 0 w, 7 4 0 s ,  6 9 7 s ,  6 8 0 m, 6 4 5 # ,  6 0 0 w,

485m, 475m, 4 6 3 # ,  436# ,  354w, 331# .

n . m . r .  2 .7 1  (m, 3 0 H ) ; 4 . 6 9  ( s ,  1 H ) ;  8 . 1 6  ( s ,  3H ) ;

8 . 3 5 ( s , 3H ) .

^^F n . m . r . ( i n  CH^Cl^) ( room t e m p e r a t u r e )  5 2 . 5 0  ( d , . 8Hz)

( - 9 3 ° C )  5 2 . 0 1  ( d , 3 F , J j ^ ^ p = 2 . 7 H z ) ;

5 5 . 5 4  ( d , 3 F , J ^ ^ ^ = 2 . 7 H z ) .
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i i i )  With t r i p h e n y l s t i b i n e

T r i p h e n y l s t i b i n e  ( 0 . 0 9 g ,  0 .26mraol)  was a d d e d  t o  a  

s o l u t i o n  o f  [ R h (a c a c )  (C^H^^) (C^^F^) ] ( 0 . 0 5 g ,  O . l^m m o l)  i n  

d i e t h y l  e t h e r .  The s o l u t i o n  t u r n e d  r e d  i m m e d i a t e l y ,  and  

t h e  s o l v e n t  was q u i c k l y  e v a p o r a t e d  a f t e r  5  m i n u t e s ,  t o  g i v e  

a  r e d - b r o w n  p o w d e r .  T h i s  powder  was  i d e n t i f i e d  a s  

[Rh( a c a c ) ( SbPh^) ^ ( C^^F^)]. Y i e l d  = 0 . 1 1 g ,  75%.

M .P . 98 -100°C  (d e c o m p . )

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^O^Sb^F^Rh: C, 5 0 .4 8 % ;  H, 5*49?^

F ound :  C, 5 0 .6 7 % ;  H, 3.8o%

I n f r a - r e d  l832m,  1790m, 1 3 8 4 s ,  1 3 6 9 m , s h ,  1 5 1 1 s ,  1 2 5 3 s ,  1 2 2 2 s ,

1 l89w ,  1 1 1 6 s ,  1069m, 1022w, lOOOw, 934w, 900w, 851w, 803w, 

776w, 7 5 1 s ,  697sy  6 7 8 m, 642w, 6 0 0 w, 455m, 4 2 7 # ,  2 7 1 w, 2 5 9 # .  

n . m . r . 2 . 7 1  (m, 3 0 H ) ; 4 . 8 o ( s ,  1 H ) ; 8 . l 6 ( s , 3 H ) ;  8 . 4 9 ( s ,  3H ) .

19 F n . m . r . (room t e m p e r a t u r e )  5 2 . 5 7  ( d , J ^ ^ p = 2 . 0 K z )

( - 2 8 ° C )  5 2 . 1 2 ( s ,  3 F ) ;  5 3 . 4 3 ( s , 3 F ) .

i v )  With m e t h y l d i p h e n y l p h o s p h i n e

M e t h y l d i p h e n y l p h o s p h i n e  ( 0 . 2 0 4 g ,  1 .02mmol)  w as  a d d e d  

t o  a  s o l u t i o n  o f  [R h ( a c a c )  (C^H^) (O^^F^)] ( 0 . 2 0 g ,  0 -51mm ol)  i n  

d i e t h y l  e t h e r ,  and s t i r r e d  f o r  3 0  m i n u t e s .  S low  

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

gave  y e l l o w  m i c r o c r y s t a l s  which  w ere  i d e n t i f i e d  a s  

[R h (a c a c ) (P P h ^ M e )^ (C ^ F ^ ) ] .  Y i e l d  = 0 . 3 8 g ,  979%

M .P . 1 1 3 - 4 ° C .

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^O^P^F^Rh: C , 5 4 .9 8 % ;  H, 4.36%

Found :  C , 55 -03% ; H, 4.49%

I n f r a - r e d  l 8 l 5 m ,  1782m, 15 8 4 s ,  1 5 7 4 s , s h ,  1 5 1 0 s ,  1312w,

1 2 8 9 m, 1 2 5 5 s ,  1 2 4 3 s ,  1 2 2 3 s ,  1 2 0 0 m, 1194m, 1 l 6 l w ,  1 1 3 0 s ,
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1 1 0 6 s ,  1 0 7 5 # ,  1021W, lOOIw, 978w, 9 5 0 # ,  905# ,  8 9 2 # ,  8 8 6 s ,  

849# ,  8 0 9 # ,  7 6 8 # ,  754m, 748m, 7 5 8 s ,  6 9 9 s ,  679m, 6 4 3 # ,

61 9 # ,  5 8 9 # ,  5 1 1 s ,  488w, 4 7 OW, 4 5 OW, 4 3 2 # ,  4 2 4 # ,  4 o iw ,  3 6 9 #.

n . m . r . 2 . 7 4 ( m ,  2 0 H ) ; 4 . 9 6 ( s ,  1 H ) ; 8 . 1 0 ( s ,  3 H ) ;

8 . 4 4 ( 6 ,  3 H ) ,  8 . 4 6 ( d ,  3H, J p ^ = 1 2 H z ) ; 8 . 6 o ( d ,  3H, J p ^ = 1 2 K z ) .  

n . m . r . 5 1 . 5 4 ( d ,  3F ,  J p j . = l 6 . 4 H z )  ; > 1 . 9 6 ( s ,  3 F)  .

v )  R e a c t i o n  o f  a c e t y l a c e t o n a t o b i s ( t r i p h e n y l p h o s p h i n e ) -

( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( l )  w i t h  c a r b o n  m o n o x i d e .

C a rb o n  monoxide  was p a s s e d  s l o w l y  t h r o u g h  a  s o l u t i o n  

o f  [ R h (a c a c )  ( P P h ^ ) 2 (C2̂ F^) ] ( O . l l g ,  0 .12m m ol)  i n  b e n z e n e ,  

f o r  3 0  m i n u t e s .  The s o l v e n t  was e v a p o r a t e d ,  a n d  a d d i t i o n  

o f  d i e t h y l  e t h e r  gave  y e l l o w  m i c r o c r y s t a l s .  T h e s e  were  

i d e n t i f i e d  a s  t h e  known com plex  [ R h ( a c a c ( C O ) ( P P h ^ ) ] by 

t h e i r  i . r .  s p e c t r u m  a n d  m . p .  Y i e l d  = 0 . 0 5 g ,  8 3 %.

I I  R e a c t i o n s  o f  d i p i v a l o y l m e t h a n a t o ( e t h e n e ) ( h e x a f l u o r o b u t - 2 - y n e )  

r h o d i u m ( l ) .

i )  With  m e t h y l d i p h e n y l p h o s p h i n e

M e t h y l d i p h e n y l p h o s p h i n e  ( 0 . 1 3 g ,  O.65mmol) was  added  

t o  a  s o l u t i o n  o f  [Rh(dpm) (C^H^^) (C ^ F ^ ) ]  ( 0 . 1 5 g ,  0 . 3 2 mmol) 

i n  d i e t h y l  e t h e r .  A f t e r  s t i r r i n g  f o r  45  m i n u t e s  t h e  s o l u t i o n  

was  e v a p o r a t e d  u n d e r  vacuum,  t o  g i v e  y e l l o w  m i c r o c r y s t a l s ,  

w h ich  w ere  i d e n t i f i e d  a s  [Rh(dpm) (PPh^M e)2 (C^Fg)].

Y i e l d  = 0 . 2 5 g ,  92%.

M .P . 1 2 6 -7 ° C .

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^O^FgP^Ph: 0 , 5 8 . 0 2 % ;  H ,5 .34%  

Found :  0 , 5 7 . 7 7 % ;  H ,5 .67%
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I n f r a - r e d . I 8 l0 m ,  1 ? 8 l s ,  1 5 8 l s ,  1 5 6 5 s ,  1 5 2 6 s ,  1296m, 1 2 5 1 s ,  

1 2 4 l s ,  1 2 2 5 s ,  1 1 8 9 s ,  1l60ra,  1 1 2 5 s ,  1 1 0 9 s ,  1 0 5 1 # ,  lOOIw,

9 7 8 # ,  8 9 5 m, 8 8 9 s ,  847# ,  8 0 9 m, 7 8 5 # ,  7 4 0 s ,  7 5 1 m, 699m, 6 9 1 m, 

6 7 6 m, 6 4 3 # ,  6 1 9 # ,  5 1 4m, 5 0 2 m, 489m, 464w, 450w, 4 4 3 # ,  4 2 6 # ,  

4 l4w ,  3 6 7 # .

' 'h n . m . r . 2 . 7 5 ( m ,  20H ) ;  4 . 5 1  ( s ,  1H ) ;  8 . 3 7 ( d ,  3 H , J  =9H z) ;  

8 . 4 6 ( d ,  3H, Jp j j=9Hz) ;  8 . 8 4 ( s , 9 H ) ;  9 . 2 3 ( s ,  9H ) .

F n . m . r . 5 1 . 1 3 ( d  x d ,  3F ,  J p _ = l 6 . 3 H z ;  J  = 3 . 6 Hz ) ;

5 1 . 9 1 ( d ,  3 F ,  J p ^ p = 2 . 2 H z ) .

i i )  With e t h y l d i p h e n y l p h o s p h i n e

E t h y l d i p h e n y l p h o s p h i n e  ( 0 . 0 9 g ,  0 .42mmol)  was  a d d e d  t o  

a  s o l u t i o n  o f  [Rh(dpm) (C^K^) (C^j^F^) ] ( O . I O g ,  0 .21m m ol )  i n  

d i e t h y l  e t h e r .  A f t e r  s t i r r i n g  f o r  3 h o u r s ,  t h e  s o l u t i o n  

was s l o w l y  e v a p o r a t e d  u n d e r  vacuum , g i v i n g  a  s t i c k y  y e l l o w  

s o l i d ,  w h ich  was p u r i f i e d  on an a l u m i n a  c h r o m a t o g r a p h y  

co lu m n ,  u s i n g  d i e t h y l  e t h e r / m e t h a n o l  ( 5 0 : 5 0 ) a s  e l u a n t .

Y e l low  c r y s t a l s  w e re  o b t a i n e d  f rom t h e  d i e t h y l  e t h e r /  

m e t h a n o l  s o l u t i o n ,  and  i d e n t i f i e d  a s [ R h ( d p m ) ( P P h 2 S t ) 2 (C ^ F ^ ) ] .  

Y i e l d  = 0 . l 4 g ,  7 6 %.

M.P.  9 8 - 9 9 ^ 0 .

A n a l y s i s  C a l c u l a t e d  f o r  C^^^Hj^QO^F^P^Ph: C , 5 8 .9 1 % .  H, 5 . 6 3 % 

F ound :  0 , 5 8 . 0 5 % ;  H ,5 .74%

I n f r a - r e d . l829m ,  1790m, 1 5 8 1 s ,  1 5 6 5 s ,  1546m, 1 5 2 8 s ,  l 4 9 7 s ,  

1 2 5 6 s ,  1 2 4 5 s ,  1 2 2 1 s ,  1 1 9 1 m, 1 1 3 6 s , s h ,  1 1 1 9 s ,  1 1 0 7 s , s h ,  1 0 3 3 # ,  

1009# ,  lOOOw, 9 7 4 # ,  902w, 8 5 1 # ,  8 0 2 # ,  7 8 9 # ,  7 5 6 m, 7 4 3 s ,  7 2 6 m, 

7 0 8 m , s h ,  6 9 9 s ,  6 7 9 m, 6 6 8 w , s h ,  6 4 7 # ,  6 2 1 # ,  540m, 5 2 1 m, 491m, 

4 6 2 # ,  4 4 2 # ,  4 3 0 # .
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n . m . r . 2 . ? 2 ( m ,  20H);  4 . 3 7 ( s ,  1H) ;  7 - 7 7 ( m ,  4 h ) ;

8 . 90 ( 8 , 9H); 9 . 0 8 ( s ,  9H); 9-4o(ra, 6h ) .

n . m . r . 5 0 . 6 6 ( d ,  b r ,  3F ,  ; 5 3 - 0 1 ( s ,  3 F ) .

i i i )  With t r i c y c l o h e x y l p h o s p h i n e

T r i c y c l o h e x y l p h o s p h i n e  ( 0 . 1 2 g ,  0.42raraol)  was  a d d e d  

t o  a  s o l u t i o n  o f  [Rh(dpm) (C^H^^) (C^F^)  ] (O . IO g ,  0 .21ramol )  

i n  d i e t h y l  e t h e r .  A f t e r  s t i r r i n g  f o r  4 h o u r s ,  t h e  s o l u t i o n  

was s l o w l y  e v a p o r a t e d  u n d e r  vacuum,  t o  l e a v e  a  b r i g h t  

y e l l o w  m i c r o c r y s t a l l i n e  s o l i d .  T h i s  was r e c r y s t a l l i s e d  

f rom d i e t h y l  e t h e r / m e t h a n o l ,  a n d  i d e n t i f i e d  a s  

[Eh(dpm){P(CgH^^) }(Cj|^Fg)]. Y i e l d  = 0 . l 4 g ,  91%.

M .P. 1 8 4 - 6 ° C .

A n a l y s i s  C a l c u l a t e d  f o r  ^ 4 .3 9 % ;  H, 7-19%

F ound ;  C, 54.23%.; H, 7.28%

I n f r a - r e d . 1924m, 1570m,s h ,  1 5 5 9 s ,  1531m, 1 4 9 9 s ,  1309m,s h ,  

1294m, 1285m, 1257s ,  1 2 2 2 s ,  1200m, 1 l 86ra, 1179m, 1 1 5 0 s , s h ,  

1137 s ,  1 1 2 5 s , s h ,  1078# ,  1050W, 103 1 # ,  1004w, 9 5 7 # ,  938# ,  

918w, 899# ,  8 9 3 # , s h ,  8 5 OW, 827# ,  803# ,  7 9 4 # ,  7 7 0 # ,  7 4 lw ,  

726 # ,  7 1 8w, 680m, 6 4 7 # ,  626# ,  568# ,  535#» 5 2 0 # ,  495#» 448w,

432 # ,  4 0 5 # -

n . m . r . 4 . 2 1 ( s ,  1 H ) ; 8 . 1 5 (m ,  3 3 H ) ; 8 . 8 7 ( 8 , 1 8 h ) .

^^F n . m . r .  5 2 . 3 4 ( d ,  J j^ ^ j ,= 2 .1 H z) .

The same com plex  was  s u b s e q u e n t l y  p r e p a r e d  by t h e  

r e a c t i o n  o f  one m o l a r  e q u i v a l e n t  o f  t r i c y c l o h e x y l p h o s p h i n e  

w i t h  [Rh(dpra)  (C^H^^) (C^F^) ] , g i v i n g  a  s i m i l a r  y i e l d .
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i v )  With t r i p h e n y l p h o s p h i n e

T r i p h e n y l p h o s p h i n e  ( 0 . 0 5 5 g ,  0 .21m m ol )  v;as a d d e d  t o  a  

s o l u t i o n  o f  [Rh(dpm) (C^H^^) ] ( 0 . 1 0 g ,  0 . 2 1 mmol) i n

d i e t h y l  e t h e r .  A f t e r  s t i r r i n g  f o r  4 h o u r s ,  t h e  s o l u t i o n  

was e v a p o r a t e d  u n d e r  vacuum,  l e a v i n g  y e l l o w  m i c r o c r y s t a l s  

w h ich  w ere  i d e n t i f i e d  a s  [ Rh(dpm) (P P h ^)  (C^^F^)].

Y i e l d  = 0 . l 4 g ,  90%.

M .P . 1 6 6 - 7 ° C .

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^O^F^PRh: C, 55*78%; H, 4 .82% 

Found :  C, 55*41%; H, 4 .80%

I n f r a - r e d . 1 9 4 0 s ,  1 5 7 0 m ,s h ,  1 5 5 4 s ,  1 5 3 2 s ,  1 5 0 1 s ,  1 2 8 8 m ,s h ,  

1 2 6 3 s ,  1 2 2 3 s ,  1 1 8 7 m, 1 1 6 2 m, 1 1 3 7 s ,  1 1 0 0 m, 1 0 7 6 w, 1 0 2 9 # ,  

lOOIw, 972w, 9 5 8 # ,  938w, 9 1 9 # ,  90OW, 852w, 8 4 7 # ,  8 0 3 # ,  790#, 

7 7 1 # ,  7 5 1 m, 7 2 8 # ,  7 1 2 m, 7 0 0 m, 679m, 6 6 9 # , s h ,  6 4 5 # ,  6 2 9 # ,  538m, 

5 3 3 m , s h ,  513m, 5 0 4 # ,  4 9 0 # ,  4 5 6 # ,  4 3 1 # ,  4 2 4 # , s h .

n . m . r . 2 . 4 6 ( m ,  1 5 H ) ; 4 . 1 7 ( 5 , 1H ) ;  8 . 9 2 ( s ,  9 H ) ; 9 * 2 2 ( s ,  9 H ) .  

n . m . r .  5 3 * 4 0 ( d ,  J ^ ^ ^ = 2 . 1H z ) .

v )  With t r i p h e n y l a r s i n e

T r i p h e n y l a r s i n e  ( 0 . 0 4 g ,  0 .21m m ol)  was a d d e d  t o  a  

s o l u t i o n  o f  [Rh(dpm) (C^H^) (C^^F^)] ( O . I O g ,  0 .21m m ol)  i n  

d i e t h y l  e t h e r .  A f t e r  s t i r r i n g  f o r  3 h o u r s ,  t h e  s o l u t i o n  

was  e v a p o r a t e d  u n d e r  vacuum t o  g i v e  a  y e l l o w  m i c r o c r y s t a l l i n e  

s o l i d ,  w h ic h  was  i d e n t i f i e d  a s  [Rh(dpm) (AsPh^) (C^^^F^)].

Y i e l d  = 0 . 1 3 g ,  82%.

M .P . 1 3 9 - 4 1 °C.

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^^O^AsF^Rh: C, 5 2 .5^% ;  H, 4 .54%  

F o u n d :  C, 52 .23% ;  H, 4 .75%
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I n f r a - r e d . 1 9 3 4 s ,  1 5 5 1 s ,  1 5 3 4 s ,  1 5 0 2 s ,  1 2 6 0 s ,  1 2 2 3 s ,  1 l86m,  

1 l 6 l s , s h ,  1 1 5 6 s ,  1 l 4 0 s ,  1 1 2 2 m ,s h ,  IO 8 3 W, IO3 OW, lOOIw, 9 6 0 w , b r ,  

939w, 921w, 900w, 8 5 IW, 809w, 790w, 7 7 3 # ,  74 lm ,  7 2 6 w , s h ,  7 1 1 # ,  

6 9 5 m, 6 7 8 # ,  646w, 6 3 5 # , s h ,  5 3 6 # ,  5 0 9 # ,  4 8 lw ,  474w, 351# ,

33 9 # ,  382w.

n . m . r . 2 .6 4 ( r a ,  1 5 K ) ; 4 . 2 4 ( s ,  1 H ) ; 8 . 9 6 ( s ,  9H) ;  9 * l 8 ( s ,  9 H ) .  

n . m . r . 5 4 . 0 3 ( d ,  J ^ ^ ^ = 1 . 6H z ) .

v i )  With  t r i p h e n y l s t i b i n e

T r i p h e n y l s t i b i n e  ( 0 . 1 2 g ,  0 .32m m ol)  was a d d e d  t o  a 

s o l u t i o n  o f  [Rh(dpm) (C^H^) (C^^F^)] ( 0 . 1 5 g ,  0 . 3 2 ramol) i n  

d i e t h y l  e t h e r .  The y e l l o w  s o l u t i o n  t u r n e d  o r a n g e - r e d  

i m m e d i a t e l y ,  and  t h e  s o l v e n t  was  rem o v e d  u n d e r  vacuum .

C a r e f u l  a d d i t i o n  o f  m e t h a n o l  gave  an  o r a n g e  p o w d e r ,  w h ich  

was  i d e n t i f i e d  a s  t h e  known com plex  [Rh(dpm )(S bP h^)  

by  i t s  i . r .  s p e c t r u m  a n d  m .p .

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

s t a r t i n g  m a t e r i a l  [ ^ (C =C )=1976s ,  1 9 6 2 m , s h ] .  S u b s e q u e n t  

r e a c t i o n s  o f  l e s s  t h a n  one m o l a r  e q u i v a l e n t  o f  

t r i p h e n y l s t i b i n e ,  w i t h  [Rh(dpm) (C^H^) (Cj^F^) ] g a v e  o n l y  t h e  

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

I l l  R e a c t i o n  o f  d i p i v a l o y l m e t h a n a t o ( c y c l e - o c t e n e ) -  

( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( l ) .

i )  With t r i p h e n y l p h o s p h i n e

T r i p h e n y l p h o s p h i n e  ( 0 . 0 4 7 g ,  O . l 8 mmol) was  a d d e d  t o  a  

s o l u t i o n  o f  [Rh(dpm) (CgH^2{.) ( ^ 4 ^ ^ )  ] ( O . IO g ,  O . l 8 mmol) i n  

d i e t h y l  e t h e r  and  s t i r r e d  f o r  1 8  h o u r s .  E v a p o r a t i o n  o f  t h e
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s o l v e n t ,  an d  c a r e f u l  a d d i t i o n  o f  m e t h a n o l  gave  y e l l o w  

r a i c r o c r y s t a l s  o f  [Eh(dpm X PPh^) (C^Fg) ] ,  i d e n t i f i e d  by 

c o m p a r i n g  t h e i r  i . r .  s p e c t r u m  w i t h  t h a t  o f  t h e  c o m p lex  

p r e p a r e d  i n  ( C ) l l ( i v ) .  Y i e l d  = 0 . 0 9 g ,  70%.

IV R e a c t i o n s  o f  d i p i v a l o y l m e t h a n a t o ( c y c l o h e p t e n e ) -  

( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( I ) .

i )  With  t r i p h e n y l p h o s p h i n e

T r i p h e n y l p h o s p h i n e  ( 0 . 0 2 4 g ,  0 .09m m ol)  was a d d e d  t o  a  

s o l u t i o n  o f  [Rh(dpm) ] ( 0 . 0 5 g ,  0 .09m m ol )  i n

d i e t h y l  e t h e r .  A f t e r  s t i r r i n g  f o r  18 h o u r s ,  t h e  s o l v e n t  was  

e v a p o r a t e d ,  a n d  m e t h a n o l  was a d d e d ,  g i v i n g  a  y e l l o w  p o w d e r .  

T h i s  was  i d e n t i f i e d  a s  [Rh(dpm) (PPh^)  (Cj^F^)] by c o m p a r i n g  

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

s a m p l e s .  Y i e l d  = 0 . 0 5 5 g ,  8 6 %.

i i )  With t r i p h e n y l a r s i n e

T r i p h e n y l a r s i n e  ( 0 . 1 3 3 g ,  0 ,43m m ol)  was a d d e d  t o  a  

s o l u t i o n  o f  [Rh(dpm)(C^H.^^)(Cj^Fg)] ( 0 . 2 4 g ,  0 .43m m ol)  i n  

d i e t h y l  e t h e r ,  an d  s t i r r e d  f o r  3 h o u r s .  E v a p o r a t i o n  o f  t h e  

s o l v e n t  g a v e  a  s t i c k y  s o l i d  w h ich  was  r e c r y s t a l l i s e d  f rom  

d i e t h y l  e t h e r / m e t h a n o l , an d  i d e n t i f i e d  a s  [R h (dpm )(A sP h^ ) (C ^F ^ ) ]  

by c o m p a r in g  i t s  i . r .  s p e c t r u m  w i t h  t h a t  o f  t h e  c om plex  

p r e p a r e d  i n  ( C ) I l ( v ) .  Y i e l d  = 0 . 2 8 g ,  8 6 %.
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V R e a c t i o n s  o f  d i p i v a l o y l m e t h a n a t o ( t r i p h e n y l a r s i n e ) -  

( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( l )

i )  With  t e t r a f l u o r o e t h e n e

An e x c e s s  o f  t e t r a f l u o r o e t h e n e  ( l .O c m ^ )  w as  c o n d e n s e d  

( - 1 9 6 ^ 0 ) on t o  a  s o l u t i o n  o f  [R h (d p m ) (A s P h ^ ) (C ^ F ^ ) ]

( 0 . 2 0 g ,  0*27mmol) i n  d i e t h y l  e t h e r  c o n t a i n e d  i n  a  5 0 cm^ 

" Q u i c k f i t "  f l a s k .  The s o l u t i o n  was  a l l o w e d  t o  warm up t o  

- 9 5 ° C ,  and  s t i r r e d  f o r  1 h o u r  a t  t h i s  t e m p e r a t u r e .  The 

s o l v e n t  was t h e n  r a p i d l y  r em o v e d ,  a n d  c a r e f u l  a d d i t i o n  o f  

e t h a n o l  gave  p a l e  y e l l o w  c r y s t a l s ,  w h ic h  w ere  i d e n t i f i e d  a s  

t h e  known com plex  [ R h ( d p m ) ( A s P h ^ ) ( C _ F ^ ) ] b y  t h e i r  i . r .  

s p e c t r u m  a n d  m . p .  Y i e l d  = 0 . 1 5 g ,  80?^.

i i )  W ith  h e x a f l u o r o b u t - 2 - y n e

An e x c e s s  o f  h e x a f l u o r o b u t - 2 - y n e  ( l .O c m ^ )  was  

c o n d e n s e d  ( - 1 9 6 ° C )  on t o  a  s o l u t i o n  o f  [Rh(dpm)( A sP h ^ ) (C ^ F ^ ) ]  

( 0 . 1 0 g ,  0 .13nimol)  i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  C a r i u s  

t u b e .  The t u b e  was s e a l e d  and  s h a k e n  f o r  23 h o u r s .  A f t e r  

o p e n i n g  t h e  t u b e  and  r e m o v i n g  t h e  v o l a t i l e  m a t e r i a l ,  t h e  

s o l v e n t  was  e v a p o r a t e d  t o  g i v e  a d a r k  y e l l o w  s o l i d .

C r y s t a l s  w e re  o b t a i n e d  f rom d i e t h y l  e t h e r / m e t h a n o l  s o l u t i o n ,  

an d  i d e n t i f i e d  a s  t h e  known com plex

[RhIC( CF ) = C (C F ^ ) -C (C F ^ ) =C( CF^) } ( dpm) ( A s P h ^ ) ] by  i t s  i . r .  

s p e c t r u m  an d  m . p .  Y i e l d  = 0 . 0 9 g ,  76%.



84

VI R e a c t i o n  o f  d i p i v a l o y l m e t h a n a t o b i s Ç t r i p h e n y l s t i b i n e )  

( h e x a f l u o r o b u t - 2 - y n e ) r h o d i u m ( l )

i )  With  h e x a f l u o r o b u t - 2 - y n e

An e x c e s s  o f  h e x a f l u o r o b u t - 2 - y n e  ( I .O cm ^)  was  

c o n d e n s e d  ( - 1 9 6 °C) on t o  a s o l u t i o n  o f  

[ R h (d p m ) (S b P h ^ )^ (C 2̂ Fg)] (O .^Og,  O . 2 6 mmol) i n  d i e t h y l  

e t h e r ,  c o n t a i n e d  i n  a  C a r i u s  t u b e .  The  t u b e  w as  s e a l e d  

and  s h a k e n  f o r  23 h o u r s .  The r e d  s o l u t i o n  h a d  t u r n e d  

y e l l o w  and  c o n t a i n e d  a  s u s p e n d e d  y e l l o w  s o l i d .  T h e s e  

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

a n d  i d e n t i f i e d  a s  t h e  known com plex

[ R h { c ( C F ^ )  = ( C ( C F ^ ) C ( C F ^ ) = C ( C F ^ ) } (d p m ) (S b P h ^ ) ]  by  t h e i r

i . r .  s p e c t r u m  and  m . p .  Y i e l d  = 0 . 2 2 g ,  8 8 %.

( D) R e a c t i o n s  o f  p y r i d i n e s  w i t h  [Rh(dpm) (C^H;.) (C/^F^-)] 

a n d  w i t h  [Rh(dpm) (C^F,. ) (C^F,^ )J

I  R e a c t i o n s  o f  d i p i v a l o y l m e t h a n a t o ( e t h e n e ) ( h e x a f l u o r o b u t - 2 - y n e ) 

r h o d i u m ( l )

i )  With  p y r i d i n e

P y r i d i n e  ( 0 . 0 5 g ,  0 .64mmol)  was a d d e d  t o  a  s o l u t i o n  

o f  [Rh(dpra) (C^H^^) (C^^Fg)] ( 0 . 1 3 g ,  0 . 3 1 mmol) i n  d i e t h y l  

e t h y l .  The s o l u t i o n  was  s l o w l y  e v a p o r a t e d  a f t e r  s t i r r i n g  

f o r  2 h o u r s ,  t o  g i v e  a p a l e  y e l l o w - g r e e n  o i l .  C a r e f u l  

a d d i t i o n  o f  e t h a n o l  gav e  p a l e  g r e e n  c r y s t a l s ,  w h i c h  w e re

i d e n t i f i e d  a s  [Rh{C H ^ C H ( CF^) : C( CF_) } ( dpm) ( C^H_N) ^ ].  

Y i e l d  = 0 . 0 8 g ,  40%.
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M.P. 48-9°c

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^N^O^FgPh:

C, 51 .11% ;  H, 5 . 2 5 %; N, 4.41%

Found :  C, 51*22^6; H,  5*40%; N, 4 .?1%

I n f r a - r e d . l603m,  1 5 8 2 s ,  1 5 6 7 s ,  1548m, 1 5 3 1 s , s h ,  1 5 2 8 s ,  1 4 9 8 s ,  

l 4 8 4 s ,  I 4 l 0 s ,  1 3 2 6 m, 1 2 7 6 s ,  1 2 4 2 s ,  1 2 2 3 s ,  1 1 9 6 m, 1 l 4 8 s ,  1 1 3 8 s ,  

1 1 2 3 s ,  1 0 9 5 s ,  1071m, 106 lm ,  1044w, 1 0 1 5 # ,  974w, 9 5 6 # ,  935m, 

9 0 1 # ,  8 2 2 w, 7 8 9 m, 7 6 9 m, 7 5 8 m, 7 2 2 w, 7 0 0 s ,  6 7 1 # ,  648w, 6 3 6 # ,

6 1 Ow, 5 6 2 # ,  5 3 8 # ,  504w, 4 9 6 # ,  446w, 4 2 7 # ,  399#•

n . m . r . (20°C t o  60°C)  1 . l 4 ( d ,  1 H ) ; 1 . 3 5 ( d ,  1 H ) ;  1 . 8 6 ( d ,  1 H ) ; 

1 . 9 9 ( d ,  1H ) ;  2 . 2 6 ( q u i n ,  2H );  2 . 7 3 ( m ,  4h ) ;  4 . 4 9 ( s ) an d  

4 . 5 6 ( s ) (1H ) ;  6 . 8 0 - 7 . 8 7 ( b r ,  4h ) ;  8 . 9 0 ( s , 9H);  9 . 0 1 ( s ,  9H ) .

^^F n . m . r . (20°C t o  60°C)  5 2 . 8 3 ( 0 ) a n d  5 4 . 7 2 ( q ) ( 3 F , J p ^ = l 4 . 0 H z ) ; 

5 7 - 9 3 ( q ,  3F ,  J p ^ = l 4 . 0 K z ) .

The same com plex  was  a l s o  p r e p a r e d  i n  an  a n a l o g o u s  

r e a c t i o n ,  u s i n g  one m o l a r  e q u i v a l e n t  o f  p y r i d i n e .  The  

co m p le x e s  c o u l d  n o t  be  p u r i f i e d  by column c h r o m a t o g r a p h y ,  

u s i n g  a l u m i n a  w i t h  4 0 - 6 0  p e t r o l / d i e t h y l  e t h e r  ( 2 : 1 ) a s  e l u a n t .

i i )  With  3 - m e t h y l p y r i d i n e

3 - M e t h y l p y r i d i n e  ( 0 . 0 4 g ,  0 .42m m ol)  was a d d e d  t o  a  

s o l u t i o n  o f  [Ph(dpm) (C^H^) (Cj^Fg)] ( O . I O g ,  0 .21m m ol )  i n  

d i e t h y l  e t h e r  an d  s t i r r e d  f o r  2 h o u r s .  E v a p o r a t i o n  o f  

t h e  s o l v e n t  gave  a  p a l e  y e l l o w  o i l  f r o m  w h ich  p a l e  y e l l o w -  

g r e e n  c r y s t a l s  w ere  o b t a i n e d  by c a r e f u l  a d d i t i o n  o f  4 0 - 6 0  

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

[Rh{ CH^CH^C ( CF^) =  C( CF^) } ( dpm) ( 3 - C H ) ^ ]. Y i e l d  = 0 .0 9 g ,6 5 % .
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M .P. 1 1 2 - 4 ° C .

A n a l y s i s  C a l c u l a t e d  f o r  :

0 ,  5 2 , 5 8 %; H, 5 . 6 3 %; N, 4 . 2 3 ?̂

F ound :  C, 52 .86%;  H, 5*84%; N, 4.36%

I n f r a - r e d . l6o8w ,  1 5 8 8 s ,  1 5 7 0 s ,  1548m, 1532m, s h ,  1 5 2 6 s ,  1 4 9 8 s ,  

I 4 l 1 s ,  1 2 8 0 s ,  1 2 4 5 s ,  1 2 2 6 s ,  1 1 8 7 m, 1 l 6 l s ,  1 1 5 1 s ,  1 1 3 4 s ,  1 1 2 1 s ,  

1 0 9 6 s ,  1 0 6 lm, 9 7 5 w, 9 3 2 m, 9 0 0 w, 8 2 6 w, 7 9 2 m, 724m, 7 0 2 m, 6 7 1 w, 

6 5 OW, 6 1 Ow, 5 0 6 w, 4 9 OW.

n . m . r . 1 . 4 5 ( m ) ,  2 . 1 2 (m) ,  2 .4 8 (m )  a n d  2 . 8 8 m ( 8 h ) ;

4 . 4 9 ( 5 ) and 4 . 5 7 ( 5 ) ( 1 H ) ;  6 . 78—^ . 6 8 ( b r , 4h ) ;  7 * 6 4 ( s ) ,

7 . 7 1 ( s )  a n d  7 * 7 7 ( s )  ( 6 h ) ;  8 . 8 7 ( 5 , 9 H ) ,  8 . 9 8 ( s ,  9 H ) .

n . m . r . 5 3 . 8 ? ( q )  a n d  5 5 . 9 4 ( q )  ( 3 F ,  J j ,p=15-3H z)  ;

5 9 . 1 9 ( 5  l i n e s , 3 F ,  Jj ,j ,=15 .5Hz) .

i i i )  With 3 , 5 - d i m e t h y l p y r i d i n e

3 , 5 - D i m e t h y l p y r i d i n e  ( 0 . 0 9 g ,  O.84mmol) was  a d d e d  t o  

a  s o l u t i o n  o f  [Rh(dpm) (C^H^) (Cji^Fg) ] ( 0 . 2 0 g ,  0 .42m m ol )  i n  

d i e t h y l  e t h e r ,  and  s t i r r e d  f o r  2 h o u r s .  The s o l v e n t  was 

e v a p o r a t e d  t o  g i v e  a  p a l e  y e l l o w  o i l ,  and  c a r e f u l  a d d i t i o n  

o f  m e t h a n o l  gave  cream c o l o u r e d  c r y s t a l s  w h ich  w e re  

i d e n t i f i e d  a s  [Rh|CH2 CH2 C(CF^)^^C(CF^)  [ (dpm) ( 3 , 5 - ( C H ^ ) 2 C^Hy0 2 l 

Y i e l d  = 0 . 2 3 g ,  79?^*

M.P .  1 3 1 - 2 ° C .

A n a l y s i s : C a l c u l a t e d  f o r  C^^Hj^^N^O^FgRh:

C, 5 3 . 92?°; H, 5 . 98%; 4 . 05?°

F ound :  C, 53 .75?° ;  H, 5.76?^;  4.065&
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I n f r a - r e d . l601m,  1 5 8 9 s ,  1 5 6 8 s ,  1554m, 1 5 5 2 s ,  1 5 0 0 s ,  l 4 l 5 s ,

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

1 0 9 5 s ,  1062w, 1046w, 974w, 955# ,  9 5 5 # ,  9 0 1 # ,  8 6 7 w, 8 6 lw ,

825#, 792w, 766w, 755#, 724w, 705m, 675#, 65OW, 609#, 561#, 

540w, 500w, 489#, 425#.

n . m . r . 1 . 5 1 (m ) ,  1 . 7 0 (ra) ,  2 . l 6 (m ) ,  2 . 3 7 (m) a n d  2 . 6 8 (ra) ( 6 h ) ;  

4 . 5 K s )  a n d  4 . 6 l ( s )  ( 1H ) ;  6 . 8 l - ~ 7 . 7 4 ( b r , 4 h ) ;  7 . 6 9 ( s ) ,  7 . 7 6 ( s )  

and  7 . 8 3 ( s )  (1 2 H ) ;  8 . 8 8 ( s ,  9H);  8 . 9 9 ( s ,  9H).

n . m . r .  5 5 * 1 5 ( q )  an d  5 5 - 2 6 ( q )  ( 3 F ,  J ^ ^ = 1 2 . 7 H z ) ;  5 8 . 2 6———— —— jj 1*

(7 l i n e s ,  3 F ,  J ^ ^ = 1 2 . 7 H z ) .

I I  R e a c t i o n s  o f  d i p i v a l o y l m e t h a n a t o ( e t h e n e ) ( t e t r a f l u o r o e t h e n e ) -  

r h o d i u m ( l )

i )  With p y r i d i n e

P y r i d i n e  ( 0 . 0 7 6 g , O.96mmol) was  a d d e d  t o  a  s o l u t i o n  o f  

[Rh(dpm) (C^Hj,^) (C^F^^)] ( 0 . 2 0 g ,  O.48mraol)  i n  d i e t h y l  e t h e r .

A f t e r  s t i r r i n g  f o r  1 h o u r  t h e  s o l v e n t  was  e v a p o r a t e d  t o  

g i v e  a  p a l e  y e l l o w  o i l .  C a r e f u l  a d d i t i o n  o f  m e t h a n o l  gav e  

a  c ream c o l o u r e d  m i c r o c r y s t a l l i n e  pow der  w h ich  was  i d e n t i f i e d  

a s  [ R h ( d p m ) ( p y ) ^ ( C ^ F 2̂ )] , by a n a l o g y  w i t h  t h e  known c o m p le x ,  

[ R h ( a c a c ) ( p y ) ^ ( C ^ F ^ ) ] .  Y i e l d  = 0 . 2 0 g ,  77%.

M.P . 122-40^C (d e c o m p . )

A n a l y s i s  C a l c u l a t e d  f o r  C^^H^^N^O^F^^Rh: C, 5 0 .7 5 % ;  H , 5 ,5 7 % .

Found ;  C, 5 0 .9 8 % ;  H, 5 -41%.

I n f r a - r e d . I 6 0 9 # ,  l6 0 1 w ,  1 5 8 7 s ,  1 5 6 8 s ,  1 5 5 0 s ,  1 5 2 9 s ,  1 5 0 0 s ,

I 4 l 0 s ,  1 2 4 9 # ,  1 2 2 9 m, 1 2 2 0 m, 1 1 9 6 m, 1 1 5 5 # ,  1 l4 0 w ,  1 0 9 2 s ,  1 0 7 0 m , s h ,  

1 0 6 l s ,  1 0 4 2 s , s h ,  1 0 3 9 s ,  101 3 # ,  1 0 0 2 w, 9 8 0 w, 9 3 6 # ,  8 2 9 s ,  7 9 1 # ,  

7 8 2 # ,  764m, 7 5 9 m , s h ,  7 2 5 # ,  7 0 1 m, 693m, 6 7 9 # ,  6 6 9 # ,  6 5 3 # , b r ,

63OW, 6 lOw, 503#, 487#, 424#, 375#.
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n . m . r . 1 . 5 0 ( d ) ,  1 . 7 6 ( d ) ,  2 . 4 2 (m )  a n d  2 . 8 8 ( m )  (1 0 H ) ;  

4 . 6 2 ( 6 , 1H) ;  8 . 9 1 ( 8 , 9H ) ,  9 . 0 2 ( 6 , 9 H ) .

n . m . r . 6 4 . 6 9 ,  6 6 . 2 5 ,  67 .75»  6 9 . 0 6  (AB p a t t e r n ,  

Jp j ,=1 3 5 Hz,  Lv^  2 4 1 H z ) .

I l l  R e a c t i o n e  w i t h  t r i p h e n y l p h o s p h i n e  a n d  w i t h  c a r b o n  m o n o x id e .

i ) R e a c t i o n  o f  [ RhjCH CH C(CF )=C(CF ) [ (d p m ) ( p y )  ] w i t h

t r i p h e n y l p h o s p h i n e .

T r i p h e n y l p h o s p h i n e  ( 0 . 0 6 g ,  0 .23m m ol )  was  a d d e d  t o  a 

6 o l u t i o n  o f  [Rh{C H ^ C H ( CF^) =C( CF^) } ( dpm) ( p y ) ^ ] ( 0 . 1 5 g »  

0 .23mmol)  i n  d i e t h y l  e t h e r .  The p a l e  y e l l o w  6 o l u t i o n  was 

s t i r r e d  f o r  1 h o u r ,  a n d  t h e n  t h e  s o l v e n t  was  e v a p o r a t e d  t o  

g i v e  an  o i l .  C a r e f u l  a d d i t i o n  o f  e t h a n o l  gave  a  c r e a m -  

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

w ere  o b t a i n e d  from d i e t h y l  e t h e r  s o l u t i o n ,  a n d  i d e n t i f i e d  

a s  [Rh{CH^CH^C( CF^) =C( CF^) } ( d p m ) ( p y ) ( P P h ^ ) ].

Y i e l d  = 0 . 1 2 g ,  64%.

M.P.  1 3 6 - 8 ° C .

A n a l y s i s  C a l c u l a t e d  f o r  C^^Hj^^NO^FgRRh:

C, 5 8 . 7 6 %; H, 5 . 3 0 %; N, 1 . 7 1 %. 

F ound :  C, 5 8 . 6 5 %; H, 5 .45%;  N, 1 .85%.

I n f r a - r e d . l 6 l 9 m ,  l609m ,  1 5 9 2 s ,  1 5 7 0 s ,  1 5 3 4 s , s h ,  1 5 3 0 s ,

1498s ,  1420s, I 4 l 4 s ,  1327ra,sh, 1280s ,  1 2 4 l s ,  1227s ,  1221s ,  

1190m, 1153s ,  1 1 4 2 s , sh ,  1136s ,  1122s ,  1098s ,  1075m, 1062m, 

1034w, 1004w, 978w, 930m, 8g4w, 849w, 821w, 792w, 765m, 750s ,  

726w, 699s ,  67OW, 639W, 605w,545w, 525s ,  502m, 4 7 2w, 448w, 

43OW, 4oiw.
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n . m . r . 1 . 3 9 ( d )  and  2 . 7 3 ( m ) ( 2 0 H ) ; 4 . 6 2 ( s ,  1 H ) ; 6 . 5 0 -  

7 . 9 4 ( b r ,  4h ) ;  8 . 9 0 ( s ,  9H);  9 . 0 0 ( s ,  9 H ) .

n . m . r . 5 3 . 8 5 ( m ,  3 F ) ; 6 o . 4 6 ( q ,  3 F ,  J ^ ^ = 1 3 . 1 H z ) . 

n . m . r . - l 4 . 6  ( d x  q ,  Jj^^p=8 2 Hz; J p p = 1 1 H z ) .

I  .1 ■ I. ■

i i ) T r e a t m e n t  o f  fRh|CH^CH^C ( C F ^ ) = C ( C F ^ ) f ( d p m ) ( p y ) ^ ] w i t h

c a r b o n  m o n o x id e .

C a rbon  monox ide  was  p a s s e d  s l o w l y  t h r o u g h  a  s o l u t i o n  

o f  [Rh CHpCHpC( CF ) =C( CF^) ( dpm) ( p y ) p ] (O . IO g ,  O . l 6 mmol) i n  

b e n z e n e ,  f o r  30 m i n u t e s .  T h e r e  w as  no  a p p a r e n t  c h a n g e ,  

an d  on e v a p o r a t i n g  t h e  s o l v e n t  t h e  s t a r t i n g  m a t e r i a l  

was  r e c o v e r e d  u n c h a n g e d  and  i d e n t i f i e d  by i t s  i . r .  s p e c t r u m  

an d  m .p .

(E) A t t e m p t e d  p r e p a r a t i o n s  o f  a l k e n e - a l k y n e  c o m p l e x e s  f rom 

h e x a f l u o r o a c  e t y l a c e t  o n a t  o b i s ( e t h e n e ) r h o d i u m ( I ) .

i )  W ith  3 - b r o m o p h e n y l t r i m e t h y l s i l y l e t h y n e

An e x c e s s  o f  3 - b r o m o p h e n y l t r i m e t h y l s i l y l e t h y n e  

( 0 . 2 0 g ,  O . 7 9 mmol) was  a d d e d  t o  a  s o l u t i o n  o f  

[ R h ( h f a c a c ) ( C p H ^ ) ^  ] ( 0 . 2 0 g ,  O.55mmol) i n  d i e t h y l  e t h e r .

A f t e r  s t i r r i n g  f o r  4 d a y s  t h e  s o l v e n t  was r e m o v e d ,  l e a v i n g  

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

by  i t s  i . r .  s p e c t r u m .

i i )  W ith  b u t - 2 - y n e

An e x c e s s  o f  b u t - 2 - y n e  ( l . O c m ^ )  w as  c o n d e n s e d  ( - 1 9 6 ^ 0 )  

on t o  a  s o l u t i o n  o f  [ R h ( h f a c a c ) ( C p K ^ ) 2  ] ( 0 . 2 0 g , 0 . 53mmol) 

i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  C a r i u s  t u b e .  The  t u b e  

was  s e a l e d ,  an d  s h a k e n  f o r  24 h o u r s .  A f t e r  o p e n i n g  t h e  t u b e ,
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and  r e m o v i n g  t h e  v o l a t i l e  m a t e r i a l ,  t h e  s o l v e n t  was 

e v a p o r a t e d  t o  g i v e  a  s o l i d  w h ich  was i d e n t i f i e d  a s  

u n r e a c t e d  s t a r t i n g  m a t e r i a l  by i t s  i . r .  s p e c t r u m .

i i i )  With h e x - 3 - y a e

An e x c e s s  o f  h e x - 3 - y n e  ( 0 . 1 0 g ,  1 .22mmol)  w as  a d d e d  

t o  a  s o l u t i o n  o f  [ R h ( h f a c a c ) ( C p H 2̂ )p ] ( 0 . 2 0 g ,  O . 5 5 mmol) 

i n  d i e t h y l  e t h e r ,  and  s t i r r e d  f o r  24 h o u r s .  E v a p o r a t i o n  

o f  t h e  s o l v e n t  gave  a  s o l i d  w h ich  was  i d e n t i f i e d  a s  

u n r e a c t e d  s t a r t i n g  m a t e r i a l ,  by i t s  i . r .  s p e c t r u m .
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REACTIONS OF HEXAFLÜOROPROPANONE WITH ALKYNEDIQL COMPLEXES 

OF PLATINmi(O).

2 . 1  I n t r o d u c t i o n

A lkyne  c o m p l e x e s  o f  z e r o v a l e n t  p l a t i n u m

A. M ethods  o f  p r e p a r a t i o n

P l a t i n u m  f o rm s  c o m p le x e s  w i t h  u n s a t u r a t e d  h y d r o c a r b o n s ,  

i n  b o t h  t h e  z e r o v a l e n t  an d  d i v a l e n t  s t a t e .  The f i r s t  su ch  

com plex ,  K [P tC l^ (C pH 2̂ )].HpO, was i s o l a t e d  by Z e i s e ,  i n  

1 8 2 7  • S u b s e q u e n t l y  a l k y n e s ,  a s  w e l l  a s  a l k e n e s ,  w ere  

f o u n d  t o  fo rm  s t a b l e  o r g a n o m e t a l l i c  c o m p l e x e s ,  a n d  two 

g e n e r a l  m e t h o d s  a r e  now commonly u s e d  t o  p r e p a r e  z e r o v a l e n t  

a l k y n e  p l a t i n u m  c o m p l e x e s ,  o f  g e n e r a l  f o r m u l a  [ P t ( a c ) L p ]  

o r  [ P t ( a c ) p ] , ( a c  = a l k y n e )  ;

( i )  R e d u c t i o n  o f  p l a t i n u m ( l l )  c o m p le x e s  

( i i )  L i g a n d  e x c h a n g e  i n  p l a t i n u m ( O )  c o m p l e x e s .

( i )  R e d u c t i o n  o f  p l a t i n u m ( l l )  c o m p l e x e s

a )  C om plexes  o f  t h e  t y p e  [ p t ( a c ) ^ ]

The w h i t e  a i r - s t a b l e  c r y s t a l l i n e  c o m p l e x e s  o f

g e n e r a l  f o r m u l a  [P t (R^R^C(0H )C5CC(0H )R^R^)g]»  c o m p le x e s

( I ) ,  h a v e  b e e n  s y n t h e s i s e d  by  t r e a t i n g  an  a q u e o u s

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

2 5w i t h  t h e  a p p r o p r i a t e  a l k y n e ,  ’ a s  shown i n  F i g u r e  2 . 1 .
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K ^ P tC l ^  + R^R^C(OH)C=CC(OH)R^R^

^  Et OH 

[Pt(R^R^C(OH)CËCC(OH)R^R^)^]

( I )

a )  R^= CH^, R^ = d)  R*̂  = CH^, R^ = C^H^^

b) R^= R^ = C^H^ e)  R^ = C^H^, R^ = C^H^

c)  R^= CH^, R^ = C^Hy f )  A lk y n e  =

F i g u r e  2 .1

The X - r a y  c r y s t a l  s t r u c t u r e  o f  com plex  ( I b )  h a s  
if

b e e n  d e t e r m i n e d ,  s h o w in g  t h a t  t h e  c o - o r d i n a t i o n  a t  

t h e  p l a t i n u m  atom i s  e s s e n t i a l l y  t e t r a h e d r a l ,  w i t h  

t h e  two a l k y n e  l i g a n d s  b e i n g  m u t u a l l y  p e r p e n d i c u l a r  :

( E t ) 2 ( 0 H l C  ^ C ( 0 H ) { E t ) 2

( E t ) 2 (0 H ) C ' c

C(0H)(Et)2
( I b )

b)  Com plexes  o f  t h e  t y p e  [ P t ( a c ) L ^ ]

Most  z e r o v a l e n t  p l a t i n u m - a l k y n e  c o m p l e x e s  a r e  

o f  t h e  g e n e r a l  f o r m u l a  [ P t ( a c ) ! ^ ] i  w here  L i s  a  

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

r e d u c t i o n  o f  an  e t h a n o l i c  s u s p e n s i o n  o f  

c i s - [ P t C l ^ ( P R ^ ) ^ ] ,  u s u a l l y  w i t h  h y d r a z i n e  h y d r a t e ,  

i n  t h e  p r e s e n c e  o f  t h e  a l k y n e ^ .  The f i r s t  mechan ism 

p r o p o s e d  f o r  t h i s  r e a c t i o n  i n v o l v e s  t h e  r e d u c t i o n ,  by
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h y d r a z i n e ,  o f  c i s - [ P t C l ^ ( P R ^ ) ^  ] i n i t i a l l y  f o r m i n g  

t h e  h y d r i d e  c om plex  [ P t H C l ( P R ^ ) ^ ] ,  w hich  i s  i n  t u r n  

r e d u c e d  by h y d r a z i n e  t o  g i v e  t h e  r e a c t i v e  i n t e r m e d i a t e  

[ P t ( P R ^ ) ^ T h i s  scheme i s  shown i n  F i g u r e  2 . 2  :

H NNH
c i s - [ P t C l ^ ( P P h ^ ) ^ l  —  [ P t H C K P P h ^ ) ^ ]

ac
[ P t ( a c ) ( P P h ^ ) g ]  < -----------  [ P t ( P P h ^ ) g ]

H^NNHg

F i g u r e  2 . 2

H owever ,  t h i s  r e a c t i o n  now seems u n l i k e l y  b e c a u s e :  

f i r s t l y ,  no b a n d s  due t o  P t -H  o r  P t - C l  s t r e t c h i n g  modes 

a r e  o b s e r v e d  i n  t h e  i n f r a - r e d  s p e c t r u m  o f  t h e  compound 

i s o l a t e d  f rom t h e  r e a c t i o n  o f  e t h a n o l i c  c i s - [ P t C l ^ ( P P h ^ )  

w i t h  h y d r a z i n e  h y d r a t e ; ^  s e c o n d l y ,  i n  o n l y  a  v e r y  few 

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

o r  a l k y n e s  r e s u l t  i n  t h e  i s o l a t i o n  o f  a l k e n e  o r  a l k y n e

13

c o m p l e x e s , ^  a n d  u s u a l l y  v i n y l  c o m p l e x e s  a r e  p r o d u c e d . ^

The more l i k e l y  mechanism i s  shown i n  F i g u r e  2 . 3 -

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

showed i t  t o  be  a  m i x t u r e  o f  c o m p l e x e s  ( I I )  a n d  ( I I I ) ^ .

The f a c t  t h a t  h y d r o x y a l k y n e s  do n o t  r e a c t  w i t h  

13com p lex  I I I , a l t h o u g h  t h e  h y d r o x y a l k y n e  c o m p l e x e s
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2
L /  N q

N2 H^ /  E tOH

' NH

( I I )

NH

C I 2  +

L L

H

( I I I )

RC=CR

- H C

Cl

F i g u r e  2.3

[ P t ( a c ) ( P P h _ ) g ] c a n  be  p r e p a r e d  by t h i s  m e t h o d ,  

s u g g e s t s  t h a t  ( I I )  i s  t h e  r e a c t i v e  s p e c i e s .
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The m e thod  h a s  b e e n  s u c c e s s f u l l y  e m p lo y ed  i n  t h e

p r e p a r a t i o n  o f  a  number  o f  a l k y n e  c o m p l e x e s ,  f o r  

1 4 -1 9
e x a m p l e .  I t  d i d  n o t  v/ork,  h o w e v e r ,  f o r

[ P tC l^ C P B u ^ ) ^ ]  o r  [ P t C l ^ ( P P h g M e ) ^ ] . ' ^ ^

( i i )  L i g a n d  e x c h a n g e  i n  p l a t i n u m ( O )  c o m p le x e s

a )  C om plexes  o f  t h e  t y p e  [ P t ( a c ) ^ ] .

The com plex  [ P t ( P h C ^ P h ) ^  ] h a s  b e e n  s y n t h e s i s e d

f rom [ P t ( c o d ) ^ ] i n  i t s  room t e m p e r a t u r e  r e a c t i o n  w i t h

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

20x - r a y  s t r u c t u r e  was d e t e r m i n e d .  As f o r  c o m p le x  ( I b ) , 

t h e  b i s - d i p h e n y l e t h y n e  com plex  i s  e s s e n t i a l l y  t e t r a h e d r a l .

w i t h  t h e  a n g l e  b e t w e e n  t h e  two Pt-C=G p l a n e s  b e i n g  8 2 ° .

b)  C om plexes  o f  t h e  t y p e  [ P t ( a c ) L ^ ] .

The c o m p le x e s  [P t  ( P R ^ ) ^ ] “ "* an d  [ P t  (P R ^ )^

a r e  commonly u s e d  a s  s t a r t i n g  m a t e r i a l s  i n  t h e  p r e p a r a t i o n

o f  c o m p l e x e s  o f  t h e  t y p e  [ P t ( a c ) L ^ ] .  The  occhange o f

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

23 24p h o s p h i n e s ,  i n  s o l u t i o n :  ’

K.
[P tCPPh ) ^ ] ; ^ = ± = [ p t ( P P h  ) ] + PPh K.J l a r g e

[ptCPPh ) [P t (PPh  ] + PPh Kg=

H y d r o x y a l k y n e s  h a v e  b e e n  f o u n d  t o  r e a c t  w i t h

[P t ( P P h ^ ) ^ ^ ] t o  g i v e  two t y p e s  o f  c o m p l e x , a s  shown

i n  F i g u r e  2 . 4 .  An e x c e s s  o f  a  b u l k y  t e r m i n a l  a l k y n e

gave  c o m p le x e s  o f  t y p e  ( V ) , w h i l e  c o m p le x e s  ( IV )  w e re

i s o l a t e d  f rom r e a c t i o n s  w i t h  l e s s  b u l k y  a l k y n e s .  The

r e a c t i o n  w i t h  1 - e t h y n y l c y c l o h e x a n o l  gave  b o t h  c o m p le x e s  

13( IV )  a n d  (V ) ,  an d  a  s i n g l e  c r y s t a l  X - r a y  s t u d y  on t h e

25 2  com plex  ( IV )  c o n f i r m e d  t h a t  t h e  a l k y n e  i s  V - b o n d e d .
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A s i n g l e  c r y s t a l  X - r a y  s t u d y  o f  t h e  c o m p lex  o f

t y p e  (V) showed it- t o  be  a  t r a n s  b i s - a l k y n y l  co m p le x ,

[ P t L j [ P t L g ]  + L

[ P t L g ]  + RC sCH

R

L
\

+ L

(V)

[ L = P P h g ]

L
, C '

/
H

( I V )

+ L

R

F i g u r e  2 .4

b u t  t h e  h y d r o g e n  a t o m s  were  n o t  l o c a t e d .  E v i d e n c e  

f o r  t h e  p l a t i n u m ( I V )  d i h y d r i d e  f o r m u l a t i o n  i s  p r o v i d e d

1 1 3by t h e  H n . m . r .  s p e c t r u m  w here  a  s i g n a l  i s  s e e n  

a t  2 2 . 8 8 r ,  t h e  r e g i o n  a s s o c i a t e d  w i t h  m e t a l  h y d r i d e  

s p e c i e s .
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U s i n g  a  s i m i l a r  m e th o d ,  t h e  two c y c l o - a l k y n e

^,C ----^  a )  n = k

P t ' "  ill (CHg)^ b) n = 5

P h j P ^  ' • • ' c ------"  c )  n = 6

(VI)

c o m p l e x e s  ( V i a )  a n d  (VIb)  h a v e  b e e n  p r e p a r e d  by t h e  

r e a c t i o n s  o f  1 , 2 - d i b r o m o c y c l o h e x e n e  and  

1 , 2 - d i b r o r a o c y c l o h e p t e n e  r e s p e c t i v e l y ,  w i t h  a  sod ium  

amalgam i n  t h f . , i n  t h e  p r e s e n c e  o f  [ P t ( P P h ^ ) ^ ] .

T h e i r  s i n g l e  c r y s t a l  X - r a y  s t r u c t u r e s  h a v e  b e e n

2 8d e t e r m i n e d .  A l t h o u g h  t h e r e  i s  some e v i d e n c e  f o r  

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

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

i n  t h e  f r e e  s t a t e .  However ,  c y c l o - o c t y n e  c a n  be 

i s o l a t e d ,  an d  t h e  complex  (V Ic )  h a s  b e e n  p r e p a r e d  by 

t h e  h y d r a z i n e  h y d r a t e  r e d u c t i o n  o f  c i s - f P t C l ^ ( P P h ^ ) ^ ] ,

2 9i n  t h e  p r e s e n c e  o f  c y c l o - o c t y n e .

An a l t e r n a t i v e  l i g a n d  e x c h a n g e  method  i n v o l v e s  

p l a t i n u m (0 )  c o m p l e x e s  o f  t h e  t y p e  [ P t ( a l k e n e ) ( P P h ^ ) ^  ] 

o r  [ P t ( a l k y n e ) ( P P h ^ ) 2 ]• Such  r e a c t i o n s  i n c l u d e ,  f o r  

e x a m p l e ,  t h e  d i s p l a c e m e n t  o f  c o - o r d i n a t e d  e t h e n e  from

.  3 0[ P t ( C 2H ^ ) ( P P h ^ ) 2 ]

[p t02(PPh^)2  ] + ^  [Pt(C2H^)(PPh^)2l
NaBH^

PhC=CPh 

[Pt(PhC2Ph)(PPh^)2 ]

S i m i l a r l y ,  a l k e n e ^ ^  and  a l k y n e ^ ^  c o m p le x e s  o f  p l a t i n u m ( O )  

h a v e  b e e n  p r e p a r e d  by t h e  d i s p l a c e m e n t  o f  t r a n s - s t i l b e n e
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f rom [ P t ( t r a n s - P h C ( H ) C = C ( H ) P h ) ( P P h ^ ) ^ ] .  L i k e w i s e ,  

u s i n g  an  a l k y n e  com p lex :

F CC=CF
[ P t ( P h C _ H ) ( P P h .^ ) _ ]  — ^--------- ^ [ P t ( F ^ C C = C C F ^ ) ( P P h , ) „ ]

2  3  2 J 3 3 3  2

5
I n  a  s e r i e s  o f  d i s p l a c e m e n t  r e a c t i o n s ,  t h e  

s t a b i l i t y  o f  t h e  c o m p le x e s  [ P t ( a l k y n e ) ( P P h ^ ) 2 ] was 

shown t o  i n c r e a s e  i n  t h e  o r d e r  :

HC=CH<RC=CH<PC=CR-PhC=CH<PhC=CPh<C2(C^H^W02-£)2
(R = a l k y l )

U s u a l l y ,  c o - o r d i n a t e d  a l k y n e s  c a n n o t  b e  d i s p l a c e d  

by  a l k e n e s ,  b u t  e x c e p t i o n s  t o  t h i s  b e h a v i o u r  a r i s e  

w i t h  e l e c t r o n e g a t i v e  a l k e n e s ,  f o r  e x a m p le ,  w i t h  

t e t r a c y  a n o e t h e n e  (TCNE)^^:

TONE
[Pt(PhC2Ph)(PPh^)2] ----->  [Pt(TCNE)(PPh^)2 ]

and  w i t h  t e t r a f l u o r o e t h e n e  ( s e e  S e c t i o n  2 o f  t h i s  

c h a p t e r ) :

CpF^
[ P t ( H 2 C( OH) CËCCK2 OH) (PPh ) 2 ] ------- >  [ P t ( C 2 F ^ ) ( P P h ^ ) 2 ]

14The m echan ism  f i r s t  p r o p o s e d  f o r  t h e s e  

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

b l s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) a s  an  i n t e r m e d i a t e ,  

a s  sh  own i n  F i g u r e  2 .5 »  T h i s  d i s s o c i a t i v e  m e chan ism  

i s  s u p p o r t e d  by t h e  i s o l a t i o n  o f  [ P t ( P P h ^ ) 2 l ^ ^  an d  i t s
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U  . c / "

P t : .

L '
R

[ P t L 2 l  + RC =  CR

r '  R C = C R

^ ^ r '  [L =  PPhg]

F i g u r e  2 .5

r e a c t i o n  w i t h  a l k y n e s  t o  g i v e  t h e  c o m p le x e s  

[ p t ( a l k y n e ) ( P P h ^ ) 2 ] . ^ ^

However ,  n . m . r .  s t u d i e s  o n [P tC P h C ^ M e ) ( P P h ^ ) ^ ] ^ ^  

and  l a t e r ,  on [P t(B^C^CSCH){p C C ^ D ^ ) ^ } ^ ] showed no 

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

c o - o r d i n a t e d  a l k y n e ,  i n  s o l u t i o n .  An a l t e r n a t i v e
? Q

m echan ism  f o r  l i g a n d  ex c h a n g e  was t h e r e f o r e  p r o p o s e d ,  

a s  shown i n  F i g u r e  2 . 6 ,  w h e re  t h e  r a t e  d e t e r m i n i n g  

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

o r i g i n a l  s q u a r e  p l a n a r  a l k y n e  c o m p le x ,  t o  g i v e  a  

p s e u d o t e t r a h e d r a l  t r a n s i t i o n  s t a t e ,  by r o t a t i o n  o f  t h e  

a l k y n e  t h r o u g h  9 0 °  a b o u t  t h e  p l a t i n u m - a l k y n e  b o n d .

The i n c o m i n g  a l k y n e  c an  t h e n  be  acc om m oda ted  i n  a
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H

F i g u r e  2 . 6

s i x  c o - o r d i n a t e  s p e c i e s ,  f o l l o v / e d  by l o s s  o f  t h e  

o r i g i n a l  a l k y n e ,  an d  r o t a t i o n  b a c k  t o  a  s q u a r e  

p l a n a r  c o m p le x .

The s t a b i l i t y  o f  t h e  c o m p l e x e s  h a s  b e e n  shown 

t o  i n c r e a s e  a s  t h e  e l e c t r o n e g a t i v i t y  o f  t h e  a l k y n e  

i n c r e a s e s .  T h i s  o b s e r v a t i o n  c a n  be  e x p l a i n e d  by a  

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

t h e s e  c o m p l e x e s .
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B. B o n d in g  i n  a l k y n e  c o m p le x e s

The b o n d i n g  scheme w h ich  b e s t  f i t s  t h e  o b s e r v e d

b e h a v i o u r  o f  t h e s e  c o m p le x e s  i s  t h e  scheme f i r s t

p r o p o s e d  by Dewar^^ f o r  s i l v e r ( l )  a l k e n e  c o m p l e x e s ,  and

l a t e r  e x t e n d e d  by C h a t t  and  D u n c a n s o n ^ ^  f o r  p l a t i n u m ( I I )

a l k e n e  c o m p l e x e s .  T h i s  model  was o r i g i n a l l y  d e s i g n e d  f o r

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

s u c c e s s f u l l y  t o  a l k e n e  c o m p le x e s  w i t h  o t h e r  c o - o r d i n a t i o n

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

41b e t w e e n  a l k y n e s  a n d  m e t a l s .

The t h e o r y  i n v o l v e s  a  <r- type  b o n d  fo rm ed  f ro m  t h e  

o v e r l a p  o f  a  f i l l e d  tt b o n d i n g  o r b i t a l  o f  t h e  a l k y n e  w i t h  

a  v a c a n t  h y b r i d  o r b i t a l  on t h e  m e t a l  w h ich  e n a b l e s  e l e c t r o n  

d e n s i t y  t o  be  t r a n s f e r r e d  t o  t h e  m e t a l  f rom t h e  a l k y n e .

T h i s  <r bond  i s  s u p p l e m e n t e d  by tt b a c k - d o n a t i o n  o f  c h a r g e  f rom 

a  f i l l e d  n o n - b o n d i n g  m e t a l  d - o r b i t a l  t o  an  empty tt* 

a n t i b o n d i n g  o r b i t a l  on t h e  a l k y n e .  F i g u r e  2 . 7 ( A )  i l l u s t r a t e s  

t h i s  s y n e r g i c  b o n d i n g  a n d  shows (B) how 7r - t y p e  b o n d i n g  i s  

a l s o  p o s s i b l e  o u t  o f  t h e  xy p l a n e ,  f o r  a l k y n e s ,  due  t o  t h e i r  

h a v i n g  two o r t h o g o n a l  tt o r b i t a l s .  The  s t r e n g t h  o f  m e t a l -  

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

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

e x p l a n a t i o n s  o f  t h e  p h y s i c o - c h e m i c a l  p r o p e r t i e s  w h ic h  a r e  

g e n e r a l l y  o b s e r v e d  f o r  m e t a l - a l k y n e  c o m p l e x e s ,  i . e . :

( i ) A  w e a k e n i n g ,  a n d  l e n g t h e n i n g ,  o f  t h e  t r i p l e  

bond  on c o - o r d i n a t i o n  ( m e a s u r e d  by X - r a y  

d i f f r a c t i o n  s t u d i e s ,  and  by t h e  c h a n g e  i n  t h e  

C=C s t r e t c h i n g  f r e q u e n c y  o b s e r v e d  i n  t h e  

i n f r a - r e d  s p e c t r u m ) .
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. ( i i ) T h e  s u b s t i t u e n t s  on t h e  a l k y n e  become b e n t  

away from t h e  m e t a l ,  i n  t h e  p l a n e  o f  t h e  

com plex  ( o b s e r v e d  by X - r a y  d i f f r a c t i o n  s t u d i e s ) ,  

( i i i ) T h e  c h a n g e  i n  m u l t i p l i c i t y  o f  t h e  a l k y n i c  bo n d ,  

t o g e t h e r  w i t h  t h e  o b s e r v e d  c h a n g e  i n  g e o m e t r y  

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

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

( o b s e r v e d  by  H n . m . r .  s t u d i e s  on c o - o r d i n a t e d  

t e r m i n a l  a l k y n e s ;  f o r  e x a m p l e ^ ^ * .

C.  P h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  p l a t i n u m - a l k y n e  c o m p le x e s

The D e w a r - C h a t t - D u n c a n s o n  model  f o r  b o n d i n g  c a n  t h e r e f o r e  

be  i n v o k e d  f o r  a l k y n e  c o m p l e x e s ,  b u t  t h e  r e l a t i v e  c o n t r i b u t i o n s  

o f  t h e  a and  tt c o m p o n e n t s  t o  t h e  o v e r a l l  bond v a r y  w i t h  

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

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

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

now p r e s e n t e d ,  f o r  p l a t i n u m - a l k y n e  c o m p l e x e s ,  an d  r a t i o n a l i s e d  

i n  t e r m s  o f  t h i s  b o n d i n g  m o d e l .

( i )  I n f r a - r e d  s p e c t r o s c o p y

E v i d e n c e  f o r  t h e  w e a k e n i n g  o f  t h e  a l k y n i c  t r i p l e  

bond  i s  p r o v i d e d  by i n f r a - r e d  s p e c t r o s c o p y .  The  

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

on c o - o r d i n a t i o n ,  w h ich  s u p p o r t s  t h e  p r o p o s a l  t h a t  b a c k -  

d o n a t i o n  o f  e l e c t r o n  d e n s i t y  t o  t h e  a l k y n e  ir* a n t i b o n d i n g  

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

i t s  7T b o n d i n g  o r b i t a l ,  r e d u c e s  t h e  bond  o r d e r .

F o r  u n c o - o r d i n a t e d  a l k y n e s ,  t h e  s t r e t c h i n g  f r e q u e n c y  

o c c u r s  i n  t h e  r e g i o n  2000-2400cm ^ , an d  c an  b e  l o w e r e d  

by a s  much a s  6 0 0 cm  ̂ on c o - o r d i n a t i o n .
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F o r  p l a t i n u m ( I I )  c o m p le x e s  o f  t h e  t y p e

[ PtCl^X(RC=CR' ) ] ,  (X=C1, a m i n e ,  f o r  e x a m p l e ) ,  t h e

C=C s t r e t c h  a p p e a r s  a s  a  weak b a n d ,  l o w e r e d  by up 
- 1

t o  200cm f rom  t h a t  o f  t h e  f r e e  a l k y n e .  F o r  t h e s e  

c o m p l e x e s ,  i t  i s  p r o p o s e d  t h a t  t h e  or c o m ponen t  o f  t h e  

b o n d i n g  model  i s  i m p o r t a n t ,  b u t  t h a t  tt b a c k - b o n d i n g  i s  

m i n i m a l ,  due t o  t h e  h i g h  o x i d a t i o n  s t a t e  o f ,  and  

c o n s e q u e n t  low  e l e c t r o n  d e n s i t y  on t h e  m e t a l .  The 

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

m e t a l  i s  t h e r e f o r e  r e l a t i v e l y  s m a l l ,  and  t h e  c o n s e q u e n t  

c h a n g e  i n  g e o m e t r y  i s  o n l y  s l i g h t .  H o w ever ,  t h e  s l i g h t  

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

o b s e r v a t i o n  o f  v (C=C) i n  t h e  i n f r a - r e d  s p e c t r u m .

I n  p l a t i n u m ( O )  c o m p le x e s  o f  t h e  t y p e  [ P t (P C = C P * )L ^ ] ,  

( L = p h o s p h i n e ,  f o r  e x a m p le ) , t h e  s t r e t c h i n g  f r e q u e n c y  c a n  

be  l o w e r e d  by  up  t o  6 0 0 cm ^ , due  t o  a  much h i g h e r  

d e g r e e  o f  b a c k - b o n d i n g  t o  t h e  t t*  a n t i b o n d i n g  o r b i t a l s ,  

w h ich  c o n t r i b u t e s  t o  a  d e c r e a s e  i n  t h e  b o n d  o r d e r  

a l m o s t  t o  tw o .  T h i s  i s  a s  e x p e c t e d  f o r  a  z e r o v a l e n t  

m e t a l ,  w i t h  much e l e c t r o n  d e n s i t y  a v a i l a b l e  f o r  b a c k -  

d o n a t i o n .  T h e s e  two e x t r e m e  c a s e s ,  f o r  p l a t i n u m ( I I )  

a n d  p l a t i n u r a ( O ) ,  a r e  i l l u s t r a t e d  i n  F i g u r e  2 . 8 .  I t

V  K  y f
P t  y  P t  :

/  ’\ C  /
o r  ^ l i i  r

A  B

F i g u r e  2 .8
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can  be  s e e n  t h a t  i n  c a s e  B, t h e  mos t  e x t r e m e  

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

s y s t e m .

T a b l e  2 .1  p r e s e n t s  t h e  i n f r a - r e d  C=C s t r e t c h i n g  

f r e q u e n c i e s  f o r  some a l k y n e  c o m p le x e s  o f  p l a t i n u m ,  

t o g e t h e r  w i t h  t h e  v a l u e s  o f  Ay(C=C) ,[  A»^(C=C) =

(/(C=C) ( f r e e  a l k y n e ) -  t ' (C=C) ( c o - o r d i n a t e d  a l k y n e ) ] .

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

(C=C) , i s  o f t e n  t a k e n  a s  a n  a p p r o x i m a t e  q u a n t i t a t i v e  

i n d i c a t i o n  o f  t h e  m e t a l - a l k y n e  bond  s t r e n g t h .

T a b l e  2 . 1

A lkyne  s t r e t c h i n g  f r e q u e n c i e s  f o r  p l a t i n u m - a l k y n e  c o m p le x e s

*/(C=C) (cm ) A*'(cm ) R e f e r e n c e

K | P t C l ^ ( a c ) j ; ac  =

Me^C(0H)C5CCMe^0H 2010 38 42

^BuC=CC(Me)^OH 2008  65 42

[ P t ( a c ) ( P P h ^ ) ^ ] ;  ac=

HC=CCMe^OH 1681 433  13

HC=CC‘(Me) (Et)OH l 6 ? 0  455  13

HCECPh 1 6 7 5  4 4 5  1 6 , 3 3

PhCECPh 1 7 6 8 , 1 7 4 0 ^  469  1 6

F^CC=CCF^ 1 7 5 5  425  1 6 , 3 5

NCCSCCN 1 6 8 3  555 4 3

a .  u (C=C) t a k e n  a s  t h e  mean o f  t h e  two o b s e r v e d  v a l u e s .
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The m e t a l - a l k y n e  bond i s  s t a b i l i s e d ,  t h e r e f o r e ,  

by s t r o n g l y  c - d o n a t i n g  l i g a n d s ,  w h ich  f a c i l i t a t e  

b a c k - d o n a t i o n  f rom  t h e  m e t a l  t o  t h e  a l k y n e ,  and  

l i k e w i s e ,  e l e c t r o n e g a t i v e  a l k y n e s  e n c o u r a g e  g r e a t e r  

TT-type b a c k - d o n a t i o n .  T h i s  e x p l a i n s  t h e  s t a b i l i t y  

s e r i e s  f o r  [ P t ( a c ) ! ^ ] c o m p l e x e s , ^  m e n t i o n e d  e a r l i e r ,

( i i )  X - r a y  d i f f r a c t i o n  s t u d i e s

The p r e d i c t i o n s  made by  t h e  D e w a r - C h a t t -  

D uncanson  model  a r e  a g a i n  s u p p o r t e d  by t h e  s t r u c t u r a l  

f e a t u r e s  o b s e r v e d  i n  a  number  o f  X - r a y  d i f f r a c t i o n  

s t u d i e s .

A l l  [ P t ( a l k y n e ) D ^ ]  c o m p l e x e s  h a v e  a p p r o x i m a t e l y  

p l a n a r  g e o m e t r y  an d  t h e  t r i p l e  bond  i s  l e n g t h e n e d  f rom  

t h a t  o f  u n c o - o r d i n a t e d  a l k y n e s  ( 1 . 2 0 4 ^ , on a v e r a g e ^ ^ ) . 

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

4 6 - 4 8s u g g e s t e d  by t h e o r e t i c a l  c o n s i d e r a t i o n s .

T a b l e  2 . 2  g i v e s  t h e  t r i p l e  bond  l e n g t h s  f o r  a  

number  o f  p l a t i n u m - a l k y n e  c o m p l e x e s .

T a b l e  2 . 2

C=C bond  l e n g t h s  f o r  p l a t i n u m - a l k y n e  c o m p l e x e s

Complex Bond l e n g t h  ( 2 ) R e f e r e n c e

[ P t ( a c ) ( P P h ^ ) ^ ] ;  a c =

NCC=CCN 1 . 4 0  49

F^CCECCF^ 1 . 2 5 5  45

PhCECPh 1 . 5 2  50

K [ P t C l ^ ( a c ) ]  ; ac=

Et^C(0H)C5CCEt^0H 1 . 1 8  51

[pt  ( a c ) ^ ]  ; ac=

EtgC(0H)C5CCEt^0H 1 . 5 5  4

PhC=CPh 1 . 2 8  20
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The c o m p le x e s  [ P t ( a l k y n e ) a r e  a p p r o x i m a t e l y

t e t r a h e d r a l ,  w i t h  m u t u a l l y  p e r p e n d i c u l a r  a l k y n e  l i g a n d s .

T h i s  a g a i n  can  be  e x p l a i n e d  by  t h e  b o n d i n g  m o d e l ,

b e c a u s e ,  i n  o r d e r  t o  o b t a i n  maximum b a c k - b o n d i n g  f rom

t h e  a v a i l a b l e  m e t a l  o r b i t a l s ,  t h e  two a l k y n e s  wou ld

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

I n  a d d i t i o n ,  i n t r a m o l e c u l a r  s t e r i c  i n t e r a c t i o n  i s

m i n i m i s e d .

( i i i )  N . m . r .  s p e c t r o s c o p y

Com plexes  c o n t a i n i n g  t e r m i n a l  a l k y n e s  show a  
1

s i g n a l  i n  t h e i r  H n . m . r .  s p e c t r a  i n  t h e  r a n g e  

*'3 - 2  t o  3 »8 t ,  w h ich  i s  i n  t h e  r e g i o n

53a s s o c i a t e d  w i t h  u n c o - o r d i n a t e d  a l k e n i c  p r o t o n s ,  

s h o w in g  a g a i n  t h a t  some r e h y b r i d i s a t i o n  h a s  o c c u r r e d  

a t  t h e  c a r b o n  a t o m .

The  p o s s i b i l i t y  o f  a l k y n e  r o t a t i o n ,  a b o u t  t h e  

m e t a l - a l k y n e  b o n d ,  can  be  i n v e s t i g a t e d  u s i n g  n . m . r .  

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

c o m p l e x e s  [ P t ( a l k y n e ) L ^ ] t h e r e  i s  no r o t a t i o n  i n  

s o l u t i o n .  F o r  e x a m p le ,  c om plex  ( V I I )  s h o w s ,  i n  i t s

> < -  P h q P /  '  C

' P h  
(V II )

H n . m . r .  s p e c t r u m ,  c o u p l i n g  b e t w e e n  t h e  m e t h y l

p r o t o n s  and  t h e  tw o i n e q u i v a l e n t  p h o s p h o r u s  n u c l e i .

37 52T h i s  i n d i c a t e s  t h a t  t h e  a l k y n e  i s  n o t  r o t a t i n g .  ’
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5 4T h e o r e t i c a l  c a l c u l a t i o n s  on p l a t i n u m ( l l )  a n d  

p l a t i n u m ( O )  co m p le x e s ,  a r e  i n  a c c o r d a n c e  w i t h  t h e  

g r e a t e r  b a r r i e r  t o  r o t a t i o n  f o r  p l a t i n u m ( O )  s y s t e m s  

p r e d i c t e d  by t h e  b o n d i n g  m o d e l .

D. R e a c t i o n s  o f  a l k y n e  c o m p le x e s  o f  p l a t i n u m ( O )

( i )  L i g a n d  d i s p l a c e m e n t  r e a c t i o n s

5  14A lkyne  e x c h a n g e  r e a c t i o n s  ’ h a v e  b e e n  o u t l i n e d  

i n  S e c t i o n  2 . 1 A .

( i i )  O x i d a t i o n  r e a c t i o n s

The c o m p le x e s  [ P t ( a c ) ( P P h ^ ) r e a c t  w i t h  a c i d s ,

(HX) a c c o r d i n g  t o  t h e  r e a c t i o n  whose p r o p o s e d

55m echan ism  i s  shown i n  F i g u r e  2 . 9 .  The p r o p o r t i o n s

o f  c i s - a n d  t r a n s - a l k e n e s  f o rm e d  v a r y  a c c o r d i n g  t o  b o t h  

a c i d  and  a l k e n e .

E v i d e n c e  i n  s u p p o r t  o f  t h i s  mechan ism i s  g i v e n  by  

t h e  r e a c t i o n s  o f  HCl and  F^CCO^H w i t h  c o m p l e x e s  o f  t h e  

t y p e  [ P t ( a c ) ( P P h ^ ) ^ ] » w here  s t a b l e  v i n y l  c o m p l e x e s  o f  

p l a t i n u m ( I I )  w e re  i s o l a t e d . T h e  r e a c t i o n  o f  

HgX^ (X = C l ,B r )  w i t h  [ P t ( C ^ F ^ ) ( P P h _ ) ^ ]  g a v e  t h e  

c i s - v i n y l  com plex  ( V I I I ) . ^ ^  The g e o m e t r y  a b o u t  t h e

Ph^MeP

Ph^MeP

( V I I I )

19d o u b l e  bond i s  shown t o  be c i s  f ro m  t h e  F n . m . r ,  

d a t a .



1 0 9

. / ' • c
/ R

\
R H X

L
H

P t : '

X

/ R

'C
\

R

R/

HX

X

H R .R

I > - c
^ 7 \ .

[L=P P hg ; R = CH^;

X = Cl, Br, CHgCOg, CF^COg, CHgCOS, p ic ra te . ]

F ig u re  2.9
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The p l a t i n u m ( I I )  com plex  ( IX )  was i s o l a t e d  f rom 

t h e  o x i d a t i v e - e l i m i n a t i o n  r e a c t i o n  b e tw e e n  t e t r a c h l o r o *

o - b e n z o q u i n o n e  an d  [ P t ( P h C ^ P h ) ( P P h ^ ) ^ ] ^ ^ ^ ^ ^  The  a l k y n e

HX
Ph

(IX)

[L = P P h ^ i  X = Cl,Br. ]

(X)

was d i s p l a c e d  by t h e  r e a c t i o n  w i t h  t r i p h e n y l p h o s p h i n e ,  

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

t o  t h e  p l a t i n u m ( I I ) - a l k y n e  c o m p l e x e s ( X ) .

A l k y n e - a l k y n y l  i s o m é r i s a t i o n  h a s  b e e n  o b s e r v e d  

f o r  some p l a t i n u m  c o m p l e x e s .  The  f i r s t  w e l l  d e f i n e d  

ex a m p le  was o f  t h e  p h o t o c h e m i c a l  i s o m é r i s a t i o n  o f  

[P t (N CC5CCN )(P P h^)g ]  t o  c i s - [ p tC N ( C ^ C N )  ( P P h ^ )^ ] .  

R e c e n t l y ,  t h e  c om plex  [ P t ( P h C ^ C l ) ( P P h _ ) 2 )w as  p r e p a r e d ,  

an d  shown t o  i s o m e r i s e  t o  t h e  t r a n s  com plex  

[ P t C l ( C g P h ) ( P P h ^ ) ^ ] ,  v i a  t h e  c i s  co m p le x ,  a s  shown 

in F i g u r e  2.10.^^
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2 . 2  R e s u l t s  an d  d i s c u s s i o n

P l a t i n u m  f o r m s  T^^-a lkyne  c ompl e xe s " ' ^ ’ a nd  

a l k y n y l  c o m p l e x e s ^ ^  w i t h  c t - h y d r o x y a l k y n e s .  Some 

i n t e r e s t i n g  d e h y d r a t i o n  r e a c t i o n s  o f  t h e  a l k y n y l  c o m p le x e s  

h a v e  b e e n  r e p o r t e d . T h u s ,  on r e f l u x i n g  t h e  

b i s - a l k y n y l  c o m p le x e s  t r a n s - [ P t ( C ^ C ( R ^ ) ( R ^ ) Q H ) ^ ( P P h M e ^ ) ^ ] ( X I ) , 

i n  a c e t i c  a n h y d r i d e  c o n t a i n i n g  a  s m a l l  am ount o f  p y r i d i n e ,  

t h e  b i s - e n y n e  com plex  ( X I I ) ^ ^  was  f o r m e d ,  a s  shown i n  

F i g u r e  2 . 1 1 .  The a n a l o g o u s  b i s - t r i p h e n y l p h o s p h i n e  c o m p l e x e s

R. L R. R^ L R^
I I I - 2 H p O  ^  I /  ^

HO-C -C =C-Pt-C=C-C-OH ------------ =---------  C - C = C -P t - C = C - C
I I I  /  I \
Rg L Rg L E^

(X I )  ( X I I )

LzzPPhMe^;

a )  R^=R2 =Me; R^=Me, R^=CH2

b)  R^=Me, R ^ ^ E t ;  R ^ = E t , R^=CH2 , o r  R =Me, R^=C(H)Me

F i g u r e  2 . 1 1

Were p r e p a r e d  by  r e f l u x i n g  c i s - [ P t C I ^ C P P h ^ ) ^  1 i n  n e a t  

a - h y d r o x y a l k y n e  i n  t h e  p r e s e n c e  o f  ammonium h y d r o x i d e ,  

a s  shown i n  F i g u r e  2 . 1 2 ,  f o r  2 - m e t h y l b u t - 3 - y n e - 2 - o l .

The m ono-enyne  com plex  ( X I I I )  was  p r e p a r e d  by r e f l u x i n g
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Cl OH

P h ^ P - P t - C l  + 2NH^ + 
3 I , 3

PPh.
2

PPh OH

Me_C-C=C-Pt-C=C-CMe^ + 2NH. C l 
2  j 2 4

PPh^

(X Ic )

-2H_0

PPh
Me I Me

^ C - C E C - P t - C 5 C - C ^
/  I \

"*2°  P P h j

( X I I c )

F i g u r e  2 . 1 2

c i s ~ [ P t C l ^ ( P P h ^ ) ^ ]  i n  c h l o r o f o r m ,  w i t h  a n  a - h y d r o x y a l k y n e , ^ ^  

a s  e x e m p l i f i e d  i n  F i g u r e  2 . 1 3 ,  f o r  2 - m e t h y l b u t - 3 - y u e - 2 - o l .

PPh^ OH P P h ,  OH
3 ! I 3

—HCT
P h ^ P - P t - C l  + H-CEC-CMe^----- — - ^ C l - P t - C s C - C M e ^

Cl PPh

PPh Me

C l-P t -C = C -C

CHPPh

( X I I I )  

F i g u r e  2 . 1 3
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T h e s e  r e a c t i o n s  show t h a t  t h e  p r e s e n c e  o f  t h e  

h y d r o x y l  g r o u p  on t h e  a l k y n e  h a s  an  i m p o r t a n t  i n f l u e n c e  

on t h e  r e a c t i v i t y  o f  t h e s e  c o m p l e x e s .

2
I n  t h e  work  d e s c r i b e d  h e r e ,  t h e  77 - a l k y n e d i o l  

c o m p le x e s  ( X I V ) ^ ^ ’ ^ ^  w e r e  t r e a t e d  w i t h  h e x a f l u o r o p r o p a n o n e

R. 2  / O H

A
PhgPx,^ „C a) R̂ =E2=H

P i " '

y
I 
I 
I I

b)  R^=I?2=Me

P h ^ P  ' 'C R^-M e, R^=Et

R g  O H

( X I V )

(H F P ) , t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  d e h y d r a t i o n ,  an d  

r i n g  c l o s u r e ,  i n  t h e s e  c o m p l e x e s .

A. R e a c t i o n s  o f  h e x a f l u o r o p r o p a n o n e  w i t h  a l k y n e d i o l b i s -  

( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( Q )  c o m p l e x e s .

The room t e m p e r a t u r e  r e a c t i o n  o f  a n  e x c e s s  o f  HFP w i t h  

b u t - 2 - y n e - 1 , 4 - d i o l b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  (XlVa) 

g a v e  a  w h i t e  m i c r o c r y s t a l l i n e  p o w d e r ,  com plex  (XV),  w h ich  

f ro m  m i c r o a n a l y t i c a l  d a t a  i s  t h e  p r o d u c t  o f  a  1 : 1  

c o n d e n s a t i o n  r e a c t i o n  b e t w e e n  t h e  p l a t i n u m  c o m p le x  a n d  HFP.

The i n f r a - r e d  s p e c t r u m  o f  (%V) show s  a  s t r o n g  band  a t  

1 6 5 1 cm  ̂ w h ich  i s  a s s i g n e d  a s  a  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y ,  

an d  a  b a n d  o f  medium i n t e n s i t y  a t  551cm ^ .  I t  h a s  b e e n  

p r o p o s e d ^ ^  t h a t  b a n d s  a t  5 5 0 - 5 cm  ̂ g i v e  an  i n d i c a t i o n  o f  t h e  

s t e r e o c h e m i s t r y  o f  b i s - t r i p h e n y l p h o s p h i n e  c o m p l e x e s  o f  

p l a t i n u m ,  an d  on t h i s  e v i d e n c e ,  com plex  (XV) i s  a s s i g n e d  

c i s  s t e r e o c h e m i s t r y .
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1
The H n . m . r .  s p e c t r u m  s h o w s ,  b e s i d e s  a  m u l t i p l e t

f o r  t h e  t r i p h e n y l p h o s p h i n e s ,  two s i n g l e t  s i g n a l s  i n  t h e

a l k e n i c  r e g i o n  [ 4 . 2 0 ( 1 H )  and  4 . 4 5 t ( 1 H ) ] ,  and  a  d o u b l e

d o u b l e t  c e n t r e d  a t  7 * 4 1 r  ( 2 H ) , w h ic h  a p p e a r s  a s  a  1 : 4 : 1

t r i p l e t ,  due  t o  p l a t i n u m  c o u p l i n g  ( Jp^j j=68Hz) • T h i s

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

p h o s p h o r u s  .

19The F n . m . r .  s p e c t r u m  shows one  s i n g l e t  r e s o n a n c e ,

a t  75*94 p . p . m .  u p f i e l d  from e x t e r n a l  f l u o r o t r i c h l o r o m e t h a n e ,

31The p r o t o n  d e c o u p l e d  P n . m . r .  s p e c t r u m  show s  t h e  

two p h o s p h o r u s  a to m s  t o  be i n e q u i v a l e n t .  T h e r e  a r e  two 

d o u b l e t  r e s o n a n c e s  ( J p ^ , =14 .6H z)  a t  - 2 8 . 0 4  p . p . m .  (P)  and  

- 1 0 . 5 9  p . p . m .  ( P ' ) ,  r e l a t i v e  t o  e x t e r n a l  p h o s p h o n iu m  i o n ,  

e a c h  o f  w h ich  shows c o u p l i n g  t o  p l a t i n u m  ( J p ^ p = 2 3 7 8 H z ; 

J p t p , = 3 9 7 5 H z ) . T h i s  d a t a  s u p p o r t s  t h e  a s s i g n m e n t  o f  a  

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

I n  o r d e r  t o  d e t e r m i n e  t h e  s t r u c t u r e  o f  c om plex  (XV), 

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

p e r f o r m e d .  The c r y s t a l s  o f  c o m p le x  (XV), C^^^H^^OpF^PpPt 

( m o l e c u l a r  w e i g h t  = 9 53*95)  a r e  m o n o c l i n i c ,  w i t h  s p a c e  

g r o u p  P 2 ^ / n ,  an d  a  = 12 .881%,  b = 22 .272% ,  c = 13*572%,

= 9 9 ° ,  n  = 3 8 4 5 *6 7 %^ and  Z = 4 .  The  r e s u l t  shows t h a t  

t h e  com plex  c o n t a i n s  a  s i x - m e m b e r e d  p l a t i n a c y c l i c  r i n g ,  

w i t h  a  p l a t i n u m - o x y g e n  a n d  a  p l a t i n u m - c a r b o n  b o n d .  The 

s t r u c t u r e ,  w i t h  bond l e n g t h s ,  i s  shown i n  F i g u r e  2 . 1 4 .

The a s s i g n m e n t  o f  P and  P '  i s  made on t h e  b a s i s  o f  

a v a i l a b l e  d a t a .  L i g a n d s  ( L ) , w i t h  a  h i g h  t r a n s  i n f l u e n c e  

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

t o  ( L ) ] ^ * ^ ^  The e x p e c t e d  v a l u e  o f  J p ^ p  f o r  c i s  

b i s - p h o s p h i n e  p l a t i n u m ( l l )  c o m p le x e s  i s  g r e a t e r
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[Pt(0C(CF3)2C(=CH2)C(-0)CH2)(PPh3)2l

(XV)

Pli

2.255A ^

1.462A I 2.30

1.320Â 1492 A
.375A 3

1.315A

F ig u r e  2.14
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( ~ 3 5 0 0 - 3 8 0 0 Hz) t h a n  t h a t  f o r  a n a l o g o u s  t r a n s  c o m p l e x e s

2 2 0 0 - 2400H z ) .  ̂̂  ̂  T h e r e f o r e  t h e  s i g n a l  a t  - 2 8 . 0 4  p . p . m . ,

w h ich  h a s  t h e  l o w e r  v a l u e  f o r  J p ^ p ( 2 3 7 8 Hz) i s  a s s i g n e d  t o  

t h e  p h o s p h o r u s  (P)  w h ic h  i s  t r a n s  t o  t h e  o r -bonded  c a r b o n ,  

w h ich  h a s  a  s t r o n g  t r a n s  i n f l u e n c e .

A p o s s i b l e  m echan ism  f o r  t h e  f o r m a t i o n  o f  c o m p lex  (XV) 

i s  shown i n  F i g u r e  2 . 1 5 *

The r e a c t i o n s  o f  HFP w i t h  2 , 5*“d i m e t h y l h e x - 3 - y n e - 2 , 3 -  

d i o l b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  (XlVb) a n d  w i t h

3 , 6 - d i m e t h y l o c t - 4 - y n e - 3 i  6 - d i o l b i s ( t r i p h e n y l p h o s p h i n e ) -  

p l a t i n u m ( O )  (X IV c) ,  g a v e  t h e  c r y s t a l l i n e  c o m p le x e s  (XVI) 

an d  ( X V I I ) , r e s p e c t i v e l y .  From m i c r o a n a l y t i c a l  d a t a ,  

t h e s e  c o m p le x e s  b o t h  a p p e a r  t o  b e  t h e  c o n d e n s a t i o n  p r o d u c t s  

o f  1 : 1  r e a c t i o n s ,  and  s p e c t r o s c o p i c  d a t a  s u g g e s t  t h a t  

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

com plex  (XV).

T h e i r  i n f r a - r e d  s p e c t r a  show no  e v i d e n c e  f o r  c a r b o n y l  

g r o u p s ,  o r  e x o c y c l i c  d o u b l e  b o n d s .  B o th  c o m p l e x e s  h a v e  a  

ban d  o f  medium i n t e n s i t y  a t  348cm ^ , i n d i c a t i n g  c i s  

c o n f i g u r a t i o n s .

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

o f  (XVI) shows a  s i n g l e t  r e s o n a n c e  a t  8 . 4 8 r  ( 6 h ) ,  a n d  a  

d o u b l e  d o u b l e t  c e n t r e d  a t  9 « 0 4 r  ( 6 h )  w h ich  shows p l a t i n u m  

c o u p l i n g  ( J p ^ ^ = 2 0 H z ) . T h i s  l a t t e r  s i g n a l  i s  a s s i g n e d  t o  

two e q u i v a l e n t  m e t h y l  g r o u p s ,  w h ic h  c o u p l e  t o  t h e  c i s  an d  

t h e  t r a n s  p h o s p h o r u s  *5Hz; ' ^ p t r a n s H " ^ ^ ^ ^  * t h e

s y s t e m :

P t  CH3

P h a P
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0 = C

C' 'H o OH

C ^ H 2 0 H

p /  \

0

p

p

I " "

H p C A .  /  
^ 0

B

P-t

r  " o - c  
/

c l

c k  
V "

' ^ p l u  . f r
/.

H O .  / R
c (

H A " ^  ^ R

' ^ p / 4 r "
0

[P  = PhgP;  R= CFg. ]

— V ^
’\  / C

P t  ^ c 2 = d H .
) /  ^ [ 4 —

H 2
0

(XV)

F i g u r e  2.15
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Complex ( X V I I )  shows s i n g l e t  r e s o n a n c e s  a t  8 . 2 8 r ( 3 H )

a n d  8 . 4 2 r  ( 3 H ) ,  an d  a  m u l t i p l e t  c e n t r e d  a t  9 * 0 9 t’ (1 0 H ) ,

a s  w e l l  a s  t h e  a r o m a t i c  s i g n a l s ,  i n  i t s  H n . m . r .  s p e c t r u m ,  

19The F n . m . r .  s p e c t r u m  o f  c o m p le x  (XVI) show s  a

s i n g l e t  r e s o n a n c e  a t  7 9 . 8 6  p . p . m . ,  r e l a t i v e  t o  e x t e r n a l

f l u o r o t r i c h l o r o m e t h a n e ,  w h i l e  t h a t  o f  com plex  (X V II )

shows one m u l t i p l e t ,  c e n t r e d  a t  8 l . 4 l  p . p . m .

51The P n . m . r .  s p e c t r a  o f  c o m p l e x e s  (XVI) a n d  (X V I l )  

show t h e  two p h o s p h o r u s  a to m s  t o  b e  i n  d i f f e r e n t  

e n v i r o n m e n t s ,  i n  e a c h  c o m p le x .  The  tw o  d o u b l e t  r e s o n a n c e s  

a p p e a r  a t  - 2 6 . 1 2  p . p . m .  (P) an d  - 1 4 . 1 2  p . p . m .  ( P * ) ,  

r e l a t i v e  t o  e x t e r n a l  phosphon ium  i o n ,  f o r  c o m p le x  (X V I) ,

( J p p , = l 4 . 6 H z ;  J p ^ p = l8 9 9 H z ;  , = 4 5 2 2 H z ) . F o r  c o m p le x  

( X V I I ) ,  t h e  two d o u b l e t s  a r e  a t  - 2 5 * 0 0  p . p . m .  ( P ) ,  and  

- 1 3 * 2 0  p . p . m .  ( P * ) ,  w i t h  J p p , = l 4 . 6 H z ,  J p ^ p = 1 8 8 5 Hz and  

J p t p , = 4 5 4 6 H z .  T h e s e  d a t a  g i v e  good e v i d e n c e  f o r  a  c i s  

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

t o  a  c r -bonded  c a r b o n ,  an d  P ’ t r a n s  t o  o x y g e n ,  a s  i n  

com plex  ( X V ) .

A p r o p o s e d  s t r u c t u r e  f o r  c o m p l e x e s  (XVI) a n d  (XVII )  

i s  shown i n  F i g u r e  2 . l 6 .  T h i s  s t r u c t u r e  i s  c o n s i s t e n t  

w i t h  a v a i l a b l e  d a t a ,  and  w i t h  t h e  p r o p o s e d  m e ch an is m  f o r  

t h e  r e a c t i o n  o f  HFP ( F i g u r e  2 . 1 5 ) *  The  r e s u l t  o f  a  

s i n g l e  c r y s t a l  X - r a y  d i f f r a c t i o n  s t u d y  i s  a w a i t e d ,  f o r  

c o n f i r m a t i o n  o f  t h e  s t r u c t u r e  o f  c o m p le x  ( X V I ) .

The n . m . r .  s p e c t r o s c o p i c  d a t a  f o r  c o m p l e x e s  (XV),

(XVI) a n d  (XVII)  a r e  su m m a r i s e d  i n  T a b l e  2 .3 *

The o x i d a t i v e  l i n k i n g  o f  HFP w i t h  c o - o r d i n a t e d

7 2a l k e n e s  h a s  b e e n  r e p o r t e d  f o r  c o m p l e x e s  o f  i r o n ,
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P h ^ P ^

R
1— C

/
R o

(X V I)  R^=R^=Me

( X V I I )  R^=He,  R^=Et

0

F i g u r e  2.16

72 75r h o d iu m  an d  p l a t i n u m ,  and  some e x a m p le s  a r e  s u m m a r i s e d

i n  F i g u r e  2 . 1 7 .

V ^ e  

i) (O O o F e - l

^  A w ,

HFP

u . v .
i r r a d i a t i o n

Me
Me,

F e

(OC)

R

5 \li) (A, - C c H c ) R h -

A
MeHFP

^  ( r i - C n H c ) R h

Me

R

Hi) (cod)2 P t
HFP

room
t e m p e r a t u r e

[ R ^ C F g ]

( c o d ) P t

+

C - R
(cod)Pt

R - Ç
F i g u r e  2.17 R

R i n g - e x p a n s i o n  r e a c t i o n s  o f  HFP w i t h  b i s - p h o s p h i n e  

c o m p le x e s  o f  p l a t i n u m ( l l )  a r e  w e l l  c h a r a c t e r i s e d . * ^ ^

Two e x a m p l e s  a r e  shown i n  F i g u r e  2 . 1 8 .
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y  „  J  / R

(Ph3P)2Pt^^ — (PhgPl ^Pt^^ ^
« ) r %

R R\

/ C ~ ^ 0  

( P h g P l g P t  I

l R  = C F 3 l  h '" " ''! ''’

/ 9  HFP
(PhoMePloPt ----------- >  (Ph.,MeP),Pt I

^  ' ' c  ' ' C " °
/  \  \

R R ^  R

F i g u r e  2.18

An i n t e r e s t i n g  c a r b o n y l a t i o n  r e a c t i o n  h a s  b e e n  

r e p o r t e d  f o r  t h e  b n t - 2 - y n e - 1 , 4 - d i o l  com plex  ( X l V a ) , ^ ^  

f rom  w h ich  t h e  p l a t i n a l a c t o n e  co m p le x  ( X V I I I ) was  

i s o l a t e d .  No mechan ism  f o r  t h i s  r e a c t i o n  was p r o p o s e d .

HXÇ/CH2OH

2 

0
Pt

0

( X V I I I )

B. R e a c t i o n s  o f  e l e c t r o p h i l i c  a l k e n e s  a n d  a l k y n e s  w i t h  

b n t - 2 - y n e - 1 , 4 - d i o l b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) .

A number  o f  a t t e m p t e d  d i s p l a c e m e n t  r e a c t i o n s  w ere  

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

t h i s  a l k y n e d i o l  c o m p le x .
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B u t - 2 - y n e - 1 , 4 - d i o l  was  r e a d i l y  d i s p l a c e d  by  t h e  

f o l l o w i n g  a l k y n e s :  h e x a f l u o r o b u t - 2 - y n e ,

d i m e t h y l e t h y n e d i c a r b o x y l a t e ,  and  1 - p h e n y l b u t - 1 - y n e - 5 - o n e ;

i t  was n o t  d i s p l a c e d  by d i p h e n y l e t h y n e .  I t  was a l s o

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

t e t r a c y a n o e t h e n e ,  b u t  n o t  by  t e t r a e t h y l e t h e n e

t e t r a c a r b o x y l a t e  a t  room t e m p e r a t u r e .  The co m p lex

[Ptjc^CCO^Et)^^!  ( P P h ^ ) ^ ]  c o u l d ,  h o w e v e r ,  be  p r e p a r e d  by

t h e  d i s p l a c e m e n t  o f  t h e  a l k e n e  f ro m  t h e  com plex

[ P t ( t r a n s - s t i l b e n e ) ( P P h ^ ) ^ ]  a t  room t e m p e r a t u r e .

The b u t - 2 - y n e - 1 , 4 - d i o l  was a l s o  d i s p l a c e d  by

N - s u l p h i n y l a n i l i n e ,  t o  g i v e  t h e  knov/n com plex

[P t  (PhNSO) ( P P h ^ ) ^ ]  A c e t o n e d i c a r b o x y l i c  a c i d  d i m e t h y l

e s t e r ,  w h ich  i s  known t o  d i s p l a c e  e t h e n e  an d  t r a n s - s t i l b e n e

from  t h e  c o m p le x e s  [ P t ( a l k e n e ) ( P P h ^ ) ^ ] i n  t h e  p r e s e n c e

o f  d io x y g e n  ( s e e  C h a p t e r  5 t  a n d  r e f e r e n c e  5 * 5 9 ) > d i d  n o t

r e a c t  a t  room t e m p e r a t u r e  w i t h  t h e  a l k y n e d i o l  c o m p l e x ,

s t i r r e d  i n  a n  open f l a s k .

31P r o t o n  d e c o u p l e d  P n . m . r .  s p e c t r a  were  r e c o r d e d

f o r  t h e  a l k e n e  and  a l k y n e  c o m p le x e s  o f  p l a t i n u m ( 0 ) t h u s

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

a r e  p r e s e n t e d  i n  T a b l e  2 . 4 .

F o r  t h e  p l a t i n u m ( I I )  c o m p l e x e s  c i s - [ P t X ^ ( P B u ^ )  ^ ],

31t h e  c o u p l i n g  c o n s t a n t s  Jp.j-p d e c r e a s e ,  a n d  t h e  P c h e m i c a l

s h i f t s  move t o  h i g h e r  f i e l d ,  w i t h  a  d e c r e a s e  i n  t h e

70e l e c t r o n e g a t i v i t y  o f  X ( C l - B r - I ) .  However ,  a l t h o u g h

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

i n  t h e  o r d e r  ( CO^Me) p>Cp( C F ^ ) ( CH^OH) ^>C ^Ph^C ^(C N e^O H ) ^

=fC^(C(Me) ( E t ) OH)2 $ no  s u c h  t r e n d  i s  o b v i o u s  f o r  t h e  a l k e n e  

c o m p l e x e s .  T h e r e  i s  no  a p p a r e n t  t r e n d  i n  t h e  c h e m i c a l  s h i f t  

v a l u e s  f o r  any  o f  t h e s e  p l a t i n u m ( O )  c o m p l e x e s .
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2 . 5  E x p e r i m e n t a l

I n  t h i s  s e c t i o n ,  t h e  m e l t i n g  p o i n t s ,  m i c r o a n a l y t i c a l

r e s u l t s ,  an d  i n f r a - r e d  an d  n . m . r .  s p e c t r o s c o p i c  d a t a  a r e

p r e s e n t e d  f o r  a l l  n ew ly  c h a r a c t e r i s e d  com pounds .

M i c r o a n a l y s e s  w e re  c a r r i e d  o u t  by D. B u t t e r w o r t h ,

The B u t t e r w o r t h  M i c r o a n a l y t i c a l  C o n s u l t a n c y  L t d . , 42  High

S t r e e t , T e d d i n g t o n ,  M i d d l e s e x .

M e l t i n g  p o i n t s  w e r e  r e c o r d e d  on a  R e i c h a r t  h o t - s t a g e

a p p a r a t u s ,  an d  a r e  u n c o r r e c t e d .

I n f r a - r e d  s p e c t r a  w ere  r e c o r d e d  a s  n u j o l  m u l l s ,  u s i n g

C s l  p l a t e s ,  on a  P e r k i n - E l m e r  5^0 s p e c t r o p h o t o m e t e r ,  and

w e re  c a l i b r a t e d  u s i n g  a  p o l y s t y r e n e  f i l m .
•1

H n . m . r .  s p e c t r a  w ere  r e c o r d e d  i n  CDCl^ s o l u t i o n ,

on a  J e o l  JNM-PS-100 s p e c t r o m e t e r ,  o p e r a t i n g  a t  100MHz.

C h e m ic a l  s h i f t s  ( r )  a r e  r e p o r t e d  r e l a t i v e  t o  i n t e r n a l  T .M .S .  

19F n . m . r .  s p e c t r a  w ere  r e c o r d e d  i n  CDCl^ s o l u t i o n ,

on a  J e o l  JNM-PS-100 s p e c t r o m e t e r ,  o p e r a t i n g  a t  94.1MHz.

C h e m ic a l  s h i f t s  ( p . p . m . )  a r e  r e p o r t e d  r e l a t i v e  t o  e x t e r n a l

f l u o r o t r i c h l o r o m e t h a n e ,

51 P n . m . r .  s p e c t r a  were  r e c o r d e d  i n  CDCl^ s o l u t i o n  on 

a  J e o l  JNM-FX60 s p e c t r o m e t e r ,  o p e r a t i n g  a t  2 4 . 1 5  MHz. 

C h e m ic a l  s h i f t s  ( p . p . m . )  a r e  r e p o r t e d  r e l a t i v e  t o  e x t e r n a l  

p h o s p h o n iu m  i o n  ( P H ^ ^ ) .  The s p e c t r a  w e re  c o m p l e t e l y  ^H 

d e c o u p l e d .

R e a c t i o n s  were  p e r f o r m e d  a t  room t e m p e r a t u r e ,  u n d e r  

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

u s i n g  p r e v i o u s l y  d r i e d  an d  d e g a s s e d  s o l v e n t s .

R e a c t i o n s  c a r r i e d  o u t  i n  C a r i u s  t u b e s  (150cm^)  w ere
3

done  i n  1 5 cm o f  t h e  s t a t e d  s o l v e n t .
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L i g a n d s  an d  r e a g e n t s

The f o l l o w i n g  m a t e r i a l s  w ere  p u r c h a s e d :

2 . 5 - d i m e t h y l h e x - 5 - y n e - 2 , 5 - d i o l

5 . 6 - d i m e t h y l o c t - 4 - y n e - 5 , 6 - d i o l  

b u t - 2 - y n e - 1 , 4 - d i o l  

d i m e t h y l e t h y n e d i c a r b o x y l a t e  

d i p h e n y l e t h y n e  

t r a n s - s t i l b e n e

F l u k a  AG

►Koch L i g h t  L a b s .  L t d .

I A l d r i c h  C h e m ic a l  C o . L t d .

—L a n c a s t e r  S y n t h e s i s  L t d .

— B .D .H . C h e m i c a l s  L t d .

— The M a th e s o n  Co.  

- B r i s t o l  O r g a n i c s  L t d .

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

t e t r a c y a n o e t h e n e  

1 - p h e n y l b u t - 1 - y n e - 3 ~one  

t e t r a e t h y l e t h e n e  t e t r a c a r b o x y l a t e  

p o l y t e t r a f l u o r o e t h e n e  

h e x a f l u o r o p r o p a n o n e  

h e x a f l u o r o b u t - 2 - y n e

T e t r a f l u o r o e t h e n e  was  p r e p a r e d  by t h e  t h e r m a l  

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

u n d e r  vacuum* I t  was  t r a p p e d  o u t  by  c o o l i n g  i n  l i q u i d  

d i n i t r o g e n .

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

f rom  J o h n s o n  M a t t h e y  L t d .

The f o l l o w i n g  w e re  p r e p a r e d  a s  d e s c r i b e d  i n  t h e  

l i t e r a t u r e :

b u t - 2 - y n e - 1 , 4 - d i o l b i s ( t r i p h  e n y l p h  o s p h  i n  e ) p l a t  i n u m ( 0 )  ̂̂

2 . 5 - d i m e t h y I h e x - 5 - y n e - 2 , 5 - d i o l b i  s ( t  r i p h  e n y l p h  o s p h  i n  ̂ l a t  i n u m ( 0 )

3 . 6 - d i m e t h y l o c t - 4 - y n e - 5 »  6 - d i o l b i s ( t r i p h e n y l p h o s p h i n ^ l a t i n u m ( 0 )

32t r a n s - s t i l b e n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) 

d i p h e n y l e t h y n e b i s C t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( O ) ^

18
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A u t h e n t i c  s a m p l e s  o f  t h e  f o l l o w i n g  w ere  p r e p a r e d  f o r  

c o m p a r a t i v e  p u r p o s e s :

h e x a f l u o r o b u t - 2 - y n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) ^ ^

d i m e t h y l e t h y n e d i c a r b o x y l a t e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( O ) ^ ^

551 - p h e n y l b u t - 1 - y n e - 3 “ O i i o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m (0 )

79t  e t r a f l u o r o e t h e n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t  i n u m ( 0 )

8 ot e t r a c y a n o e t h e n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )

77N - s u l p h i n y l a n i l i n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m (0 )
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A* R e a c t i o n s  o f  h e x a f l u o r o p r o p a n o n e

( i ) W i th  b u t - 2 - y n e - 1 , 4 - d i o l b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) 

An e x c e s s  o f  h e x a f l u o r o p r o p a n o n e  ( I .O c m ^ )  was 

c o n d e n s e d  ( - 1 9 6 °C) on t o  a  s u s p e n s i o n  o f  

[P t (H g C (O H )C = C C H ^ O H )(P P h ^ )^ ] (0 . l8 g ,  0 .22m m ol )  i n  

d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  C a r i u s  t u b e .  The t u b e  

was  s e a l e d ,  an d  s h a k e n  f o r  24 h o u r s .  I n i t i a l l y ,  a  

c o l o u r l e s s  s o l u t i o n  f o r m e d ,  b u t  a f t e r  24 h o u r s ,  a  w h i t e  

m i c r o c r y s t a l l i n e  pow der  h a d  p r e c i p i t a t e d .  A f t e r  o p e n i n g  

t h e  t u b e  an d  r e m o v i n g  t h e  v o l a t i l e  m a t e r i a l , t h e  w h i t e  

pow der  was f i l t e r e d ,  an d  w a s h e d  q u i c k l y  w i t h  d i e t h y l  

e t h e r .  I t  was  i d e n t i f i e d  a s [ P t ( OC( CF^)^C( : CH^)C( : 0 ) CH^)-  

( P P h ^ ) ^ ] .  Y i e l d  = 0 . 1 5 s ,  6 l%

M .P » 221 -5°C  (decomp)

A n a l y s i s  : C a l c u l a t e d  f o r  Cj^^H^^O^F^P^Pt :

c , 54.14^6; H, 5.59%; F, 11.95%

F ound ;  C, 55-88%; H, 5*78%; F ,  12.57%

I n f r a - r e d . 1651s, l605w, 1590w, 1298m, 1 2 5 1 s ,  1207s,

1 1 9 0 s ,  1185s, 1144s, 1127W, 1099m, 1029w, 1000m, 954s,  

855w, 7 5 2 w, 744m, 750w, 706m, 692s ,  679w, 6 6 8 w, 5 5 1 m, 

5 2 5 s ,  5 2 0 m , s h , 5 1 Ow, 5 0 1 m, 4 6 2 w, 421w.

n . m . r .  2 . 7 3 ( m , 3 0 H ) ; 4 . 2 0 ( s , 1 E ) ; 4 . 3 4 ( s , 1 H ) ;

7 .4 l(d x d ,2 H ,J p ^ g = 6 H z, Jp^j,=68H:î).

n . m . r .  7 5 » 9 4 ( s )

^'*P n . m . r .  - 2 8 . 0 4 ( d ,  J p p , = l 4 . 6 H z ;  J p ^ p = 2 3 7 8 Hz) ;

- 1 0 . 5 9 ( d ,  J p p , = l 4 . 6 H z ;  J p ^ p , = 3 9 7 5 H z ) .
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( i i ) With 2 , 5 - d i m e t h y l h e X " - 5 - y n e - 2 ,  5 - d i o l b i s ( t r i p h e n y l p h o 6 p h i n e )' 

p l a t i n u m ( 0 )

An e x c e s s  o f  h e x a f l u o r o p r o p a n o n e  ( I .O c m ^ )  was  

c o n d e n s e d  ( - 1 9 6 °C) on t o  a  s u s p e n s i o n  o f  

[Pt(Me^C(OH)C=CCMe^OH)(PPh^)^] ( 0 . 2 0 g ,  0 .2 3 m m o l )  i n  

d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  C a r i u s  t u b e .  The  t u b e  

was s e a l e d ,  a n d  s h a k e n  f o r  24  h o u r s .  A c o l o u r l e s s  

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

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

pow der  was i s o l a t e d  by  s lo w  e v a p o r a t i o n :  o f  t h e  s o l v e n t ,  

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

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

[P t{OC(CF^)^C(=C)C(Me)^OC(Me)g  } ( P P h ^ ) ^ ] .  Y i e l d = 0 . l 8 g  ?8% 

M .P . 212 -5 °C  (decorap)

A n a l y s i s  C a l c u l a t e d  f o r  Z{.2^2^2^6^^

C, 5 5 . 8 9 %; H, 4 . 1 9 %

F ound :  C, 5 4 .7 6 % ;  H, 4 .03%

I n f r a - r e d . I 5 8 9 W, 15?6w, 1309m, 1292m, 1 2 8 lm ,  1 2 2 0 s ,

1204s, 1186s ,  1 l 6 lm, 1135m, 1101m, 1094m, 1 0 b 2 s ,  1 0 2 9 w, 

1024w, IOOIw, 9 7 5 w , s h ,  9 5 6 s ,  937w, 858w, 845w, 772w,

753m, 744m, 7 3 1 w, 7 2 2 m, ? 0 1 s ,  6 9 4 s ,  668w, 645w, 6 l ? w ,  

548m, 5 2 5 s ,  5 2 1 s , s h , 5 1 0 m, 499m, 460w, 43?w ,4 2 2 w ,  4 l 6 w ,  

37ÛW. 

n . m . r .  2 . 7 4 ( m , 3 0 H ) ;  8 . 4 8 ( s , 6 h ) ;  9 . 0 4 ( d x d , 6 H ,

^^F n . m . r . 7 9 * 8 6 ( s )

n . m . r . - 2 6 . 1 2 ( d ,  J p p , = l 4 . 6 H z ;  J p ^ p = l 8 9 9 H z ) ; 

- I 4 . 1 2 ( d ,  J p p , = l 4 . 6 H z ;  J p ^ p , = 4 5 2 2 H z ) .
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( i i i ) W ith  3 , 6 - d i m e t h y l o c t - 4 - y n e - 3 , 6 - d i o l b i s ( t r i p h e n y l p h o s p h i n e )- 

p l a t i n u m ( O )

An e x c e s s  o f  h e x a f l u o r o p r o p a n o n e  ( 1 .0 c m ^ )  was 

c o n d e n s e d  ( - 1 9 6 °C) on t o  a  s u s p e n s i o n  o f  

[ P t ( E t C ( M e ) ( 0 H ) C 5 C C ( M e ) ( E t ) 0 H ) ( P P h ^ ) ^ ]  ( 0 . 2 8 g ,  0.31mraol)  

i n  d i e t h y l  e t h e r ,  c o n t a i n e d  i n  a  C a r i u s  t u b e .  The 

t u b e  w as  s e a l e d ,  a n d  s h a k e n  f o r  3 d a y s .  A c o l o u r l e s s  

s o l u t i o n  fo rm ed  a n d  t h e  t u b e  w as  o p e n e d .  A f t e r  r e m o v i n g  

t h e  v o l a t i l e  m a t e r i a l ,  a  w h i t e  m i c r o c r y s t a l l i n e  powder  

was  i s o l a t e d  by e v a p o r a t i o n  o f  t h e  s o l v e n t  a n d  c a r e f u l  

a d d i t i o n  o f  m e t h a n o l .  The p o w d er  was  c o l l e c t e d ,  

w a s h e d  w i t h  m e t h a n o l  and  p o s t u l a t e d  t o  be  

[ p t { 0 C ( C F ^ ) p C ( = C ) C ( M e ) ( E t ) 0 & M e ) ( E t ) } ( P P h ^ ) g ]

Y i e l d  = 0 . 1 3 g ,  47%

M .P . 1 8 8 - 9 1 °C (decomp)

A n a l y s i s : C a l c u l a t e d  f o r  C^QH^^OpP^F^Pt:

C ,3 6 .6 9 % ;  H ,4 .4 5 %

F ound :  C , 33 .77% ;  H ,4 .6 o %

I n f r a - r e d : 1390w, 1374w, 1306m, 1291m, 1 2 7 9 m , s h ,

1 2 0 8 s , s h ,  1 1 9 9 s ,  1 1 8 7 s ,  1 l 6 0 m , s h ,  1 1 3 1 m, 1 1 0 0 m, 1 0 9 3 m,

1 0 7 1 m , b r ,  IO3 OW, lOOIw, 975w, 951m, 920w, 894w, 8 3 OW,

7 ?4 w , 7 5 3 m, 742m, 724m, 7 0 2 m, 6 9 4 s ,  6 6 8 w, 6 2 0 w, 348m,

5 2 3 s ,  3 0 9 s ,  4 9 8 m, 454w, 445w, 423w,

n . m . r . 2 .78(m.,30H) ; 8 . 2 8 ( s , 3 H ) ;  8 . 4 2 ( s , 3 H ) ;  9 .0 9 (M ,1 0 H )  

^^F n . m . r . 8 l . 4 l ( m ) .

^^P n . m . r . - 2 5 . 0 0 ( d ,  J p p , = l 4 . 6 H z ;  J p ^ p = 1 8 8 3 H z ) ;

- 1 3 . 2 0 ( d ,  J p p , = l 4 . 6 H z ;  J p ^ p , = 4 5 4 6 H z ) .
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B. R e a c t i o n s  o f  e l e c t r o p h i l i c  a l k e n e s  a n d  a l k y n e s  w i t h  

b u t - 2 - y n e - 1 , 4 - d i o l b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( O )

( i ) With  h e x a f l u o r o b u t - 2 - y n e
•2

An e x c e s s  o f  h e x a f l u o r o b u t - 2 - y n e  ( 0 .5 c m  ) was 

c o n d e n s e d  ( - 1 9 6 ^ 0 ) on t o  a  s u s p e n s i o n  o f  

[P t(H^C(OH) C=CCH^OH) ( P P h ^ ) ^ ] ( 0 . 0 5 g ,  0 . 0 6 m m o l ) ,  i n  

b e n z e n e ,  c o n t a i n e d  i n  a  C a r i u s  t u b e .  The  t u b e  was  

s e a l e d ,  and  p l a c e d  i n  an  oven  a t  6 0 ^C f o r  2 4  h o u r s .

A f t e r  o p e n i n g  t h e  t u b e  and  r e m o v i n g  t h e  v o l a t i l e  

m a t e r i a l ,  t h e  s o l u t i o n  was e v a p o r a t e d  t o  g i v e  an  

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

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

[ P t  (C^^Fg) (P Ph^) ]  by t h e i r  i . r .  a n d  ^^F  n . m . r .  s p e c t r a .  

Y i e l d  = 0 . 0 5 g ,  94%.

^'^P n . m . r . - 2 1 . 3 8  p . p . m .  ( q ,  J p p = 9 . 8 Hz; J p ^ p = 3 3 9 4 H z )  ;

[ l i t .  v a l u e ; J p p = 1 0 . 3 Hz^^ ].

( i i )  With  d i m e t h y l e t h y n e d i c a r b o x y l a t e

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

( 0 . 0 1  g , O.Oymmol) was  a d d e d  t o  a  s o l u t i o n  o f  

[ Pt(H^C(OH)C5CCHpOH)(PPh^)p] ( 0 . 0 3 g ,  0 .0 6 m m o l )  i n  

d i c h l o r o m e t h a n e ,  a n d  s t i r r e d  f o r  5 h o u r s .  T he  c o l o u r l e s s  

s o l u t i o n  was e v a p o r a t e d ,  an d  c r y s t a l s  w e re  o b t a i n e d  by  

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

i d e n t i f i e d  a s  [P t{ C p ( C O p C H ^ ) ^ } ( P P h ^ ) ^ ] ,  by  t h e i r  i . r .  

s p e c t r u m  and  m . p .  Y i e l d  = 0 . 0 5 g ,  97%.

^^P  n . m . r . - 2 4 . 2 0 ( s ;  J p ^ p = 3 ? 2 6 H z ) .

( i i i )  With  1 - p h e n y l b u t - 1 - y n e - 3 - o n e

1 - p h e n y l b u t - 1 - y n e - 3 - o n e  ( 0 . 0 0 9 g ,  0 . 0 6 mmol) was  

a d d e d  t o  a  s u s p e n s i o n  o f  [P t (H 2 C (0 H )C = C C H 2 0 H )(P P h ^)^ ]



1 3 2

( 0 . 0 3 g ,  O.Oômraol) i n  d i e t h y l  e t h e r ,  and  s t i r r e d  

f o r  24 h o u r s .  I n i t i a l l y ,  a  p a l e  y e l l o w  s o l u t i o n  

f o r m e d ,  f rom w h ic h  a  m i c r o c r y s t a l l i n e  pow der  

p r e c i p i t a t e d .  T h i s  was f i l t e r e d ,  a n d  r e c r y s t a l l i s e d  

f ro m  d i c h l o r o m e t h a n e / m e t h a i n o l  t o  g i v e  c r y s t a l s  which  

w e re  i d e n t i f i e d  a s  [ P t ( P h C = C C ( : 0 ) M e ) ( P P h ^ ) ^ ] ^ ^  t h e i r  

i . r .  s p e c t r u m ,  a n d  m . p .  Y i e l d  = 0.04-5g ,  8 7 %-

n . m . r . - 2 6 . 7 2  ( d ,  J p p , = 2 4 . 4 H z ;  J p ^ p = 3 7 9 9 Hz) ; 

- 2 4 . 1 0 ( d ,  J p p , = 2 4 . 4 H z ;  J p ^ p , = 3 4 l 8 H z ) .

( i v ) With  d i p h e n y l e t h y n e

D i p h e n y l e t h y n e ,  ( 0 . 0 2 2 g ,  0 . 1 2mmol) w as  a d d e d  t o  

a  s u s p e n s i o n  o f  [ P t ( H 2 C(0 H)C=CCH2 0 K ) ( P P h ^ ) ^  ] (O . IO g ,

0 . 1 2 mmol) i n  d i e t h y l  e t h e r ,  a n d  s t i r r e d  f o r  4 h o u r s .

The s u s p e n d e d  p o w d e r  was f i l t e r e d ,  and  w a s h e d  w i t h  

d i e t h y l  e t h e r .  The w h i t e  m i c r o c r y s t a l s  w ere  i d e n t i f i e d  

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

( v ) W ith  t e t r a f l u o r o e t h e n e

An e x c e s s  o f  t e t r a f l u o r o e t h e n e  ( 0 .3 c m ^ )  was 

c o n d e n s e d  ( - 1 9 6 ^ 0 ) on t o  a  s u s p e n s i o n  o f  

[ P t ( H 2 C ( 0 H)C=CCH2 0 H )(P P h ^ ) 2  ] ( 0 . 0 5 g ,  0 . 0 6 mraol) i n

b e n z e n e ,  c o n t a i n e d  i n  a  C a r i u s  t u b e .  The t u b e  was 

s e a l e d ,  and  p l a c e d  i n  an  oven  a t  6 0 ^C f o r  24 h o u r s .  

A f t e r  o p e n i n g  t h e  t u b e  and  r e m o v i n g  t h e  v o l a t i l e  

m a t e r i a l ,  t h e  s o l u t i o n  was e v a p o r a t e d ,  g i v i n g  an 

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

d i c h l o r o m e t h a n e / d i e t h y l  e t h e r  t o  g i v e  c r y s t a l s  w h ich  

w e re  i d e n t i f i e d  a s  [PtCC^F/^^) ( P P h ^ ) ^ ]  by t h e i r  i . r .

19a n d  F n . m . r .  s p e c t r a .  Y i e l d  = 0 . 0 4 g ,  82%.

31
P n . m . r .  - 2 3 . 4 1  (7  l i n e s ;  J p ^ p = 2 3 3 9 H z ) .
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( v i ) With  t e t r a c y a n o e t h e n e

T e t r a c y a n o e t h e n e  ( 0 . l 6 g ,  0 .12mmol)  was  ad d ed  

t o  [ P t ( H 2 C(0 H)CECCH2 0 H ) ( P P h ^ ) 2 ] (O . IO g ,  0 .12m m ol)  

s u s p e n d e d  i n  d i e t h y l  e t h e r ,  and  s t i r r e d  f o r  4  h o u r s .

A w h i t e  m i c r o c r y s t a l l i n e  s o l i d  was  f i l t e r e d ,  washed

w i t h  d i e t h y l  e t h e r ,  and  i d e n t i f i e d  a s

[ p t ( C 2 ( C N ) ^ ) ( P P h ^ ) p ] by i t s  i . r .  s p e c t r u m  a n d  m . p .

Y i e l d  = 0 . 0 7 g ,  69?o.

n . m . r . - 1 5 . 5 3 ( s ;  J p ^ p = 3 ? 4 5 H z ) .

( v i i ) With  t e t r a e t h y l e t h e n e t e t r a c a r b o x y l a t e

T e t r a e t h y l e t h e n e t e t r a c a r b o x y l a t e  ( 0 . 0 2 g ,

0 .05m m ol)  was a d d e d  t o  a  s u s p e n s i o n  o f  

[ P t ( H 2 C ( 0 H)CSCCH2 0 H ) ( P P h ^ ) 2 ] ( 0 . 0 3 g ,  0 . 0 6 mmol) i n  

d i e t h y l  e t h e r .  The  m i x t u r e  was s t i r r e d  f o r  24 h o u r s ,  

a n d  a  w h i t e  p o w d er  was  f i l t e r e d  o f f .  T h i s  was  

i d e n t i f i e d  a s  u n r e a c t e d  s t a r t i n g  m a t e r i a l  by i t s

1 . r .  s p e c t r u m .

( v i i i ) W i th  N - s u l p h i n y l a n i l i n e

An e x c e s s  o f  N - s u l p h i n y l a n i l i n e  ( 0 . 0 5 g ,  O.36mraol) 

was  a d d e d  t o  a  s u s p e n s i o n  o f  [ P t ( H 2 C ( 0 H)C=CCH2 0 H ) ( P P h ^ ) ^ I  

( O . I O g ,  0 .12m m ol)  i n  d i e t h y l  e t h e r .  A f t e r  s t i r r i n g  f o r  

a b o u t  2  m i n u t e s ,  t h e  s u s p e n d e d  w h i t e  pow der  t u r n e d  p a l e  

y e l l o w .  T h i s  pow der  was s t i r r e d  f o r  1 h o u r ,  an d  

f i l t e r e d .  The p a l e  y e l l o w  m i c r o c r y s t a l l i n e  s o l i d  was  

w as h ed  w i t h  d i e t h y l  e t h e r ,  a n d  i d e n t i f i e d  a s  

[ p t ( P h N S O ) ( P P h ^ ) p ] b y  i t s  i . r .  s p e c t r u m  an d  m . p .

Y i e l d  = 0 . 0 9 g ,  8 7 %.
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( i x ) With  a c e t o n e d i c a r b o x y l i c  a c i d  d i m e t h y l  e s t e r

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

e s t e r  ( 0 . 0 5 g ,  0 *2 8 mmol) was a d d e d  t o  a  s u s p e n s i o n  o f  

[ P t ( H p C ( OH) CECCHpOH) ( P P h ^ ) ^ ] ( 0 . 0 3 g ,  0 . 0 6 m m o l ) ,  i n

d i e t h y l  e t h e r .  The m i x t u r e  was  s t i r r e d  i n  a n  open  

f l a s k  f o r  24 h o u r s .  The w h i t e  pow der  w h ic h  was 

f i l t e r e d ,  an d  w a s h e d  w i t h  d i e t h y l  e t h e r ,  was  

i d e n t i f i e d  a s  u n r e a c t e d  s t a r t i n g  m a t e r i a l ,  by  i t s

i . r .  s p e c t r u m .

C. P r e p a r a t i o n  o f  t e t r a e t h y l e t h e n e t e t r a c a r b o x y l a t e b i s -  

( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )

T e t r a e t h y l e t h e n e t e t r a c a r b o x y l a t e  ( 0 . 2 0 g ,  0 .63mmol)  

was  a d d e d  t o  a  s u s p e n s i o n  o f  [ P t ( t r a n s - s t i l b e n e ) ( P P h ^ ) ^ ]  

( O . I O g ,  O el lm m ol)  i n  d i e t h y l  e t h e r .  The m i x t u r e  was 

s t i r r e d  f o r  24 h o u r s ,  an d  t h e  c rea m  c o l o u r e d  powder  

was  f i l t e r e d .  T h i s  was r e c r y s t a l l i s e d  f ro m  

d i c h l o r o m e t h a n e / m e t h a n o l ,  an d  i d e n t i f i e d  a s  

[ P t { ( C 2 (C0 2 E t ) 2̂ } ( P P h ^ ) p ] .  Y i e l d  = 0 . 0 ? g ,  6 l% .

M .P .  130 -32°C  (decomp)

A n a l y s i s : C a l c u l a t e d  f o r  C^QH^^OgP^Pt:

C, 5 7 . 96%; H, 4.86%

F o und :  C, 57 .49%;  H, 4 . 7 8 %

I n f r a - r e d : 1 7 2 5 s ,  1 7 0 1 s ,  1588w, 1569w, 1310m, 1300m, 

1 2 4 0 s ,  1 2 0 8 s ,  1 1 8 2 m, 1 1 5 9 m, 1 1 0 0 s ,  1 0 9 4 s ,  1 0 5 8 s ,  1 0 2 8 w, 

lOOOw, 973w, 8 2 9 m , s h ,  821m,7 7 OW, 7 3 0 s , s h ,  7 4 4 s ,  7 0 6 s ,  

6 9 3 s ,  619w, 5 8 5 w , b r ,  551m, 539m, 5 2 0 s ,  4 9 8 s ,  472w,

46lw , 420w, 350w.

^H n . m . r .  2 . 7 3 ( m , 3 0 H ) ;  6 . 3 0 ( q , 8 H , J g g = 7 H z ) ; 

9 . 0 4 ( t , 1 2 H , J g g = 7 H z ) .

31 P n . m . r . - 6 . 4 5 ( s ;  Jp ^ p = 3 7 0 1 H z ) .
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THE PREPARATION OF SOME NOVEL METALLACYCLOBUTANONE COMPLEXES

3*1 I n t r o d u c t i o n

The p r e p a r a t i o n  and  r e a c t i o n s  o f  m e t a l l a c y c l o b u t a n e

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

The f i r s t  exam ple  o f  a  p l a t i n a c y c l o b u t a n e  c o m p le x  was  
1

r e p o r t e d  by  T i p p e r  , who f o u n d  t h a t  c h l o r o p l a t i n i c  a c i d  

r e a c t e d  w i t h  c y c l o p r o p a n e  t o  g i v e  [ P t C l ^ C C ^ H g ) ] ^ ( l ) • 

T r e a t m e n t  w i t h  p y r i d i n e  gav e  [P tC l^ C C ^ H ^ ) ( p y ) ( I I ) , an d  

c y c l o p r o p a n e  was e v o l v e d  f rom  ( I )  a n d  f rom  ( I I )  on  t r e a t i n g  

w i t h  a q u e o u s  c y a n i d e .  T i p p e r  t h e r e f o r e  s u g g e s t e d  t h a t  t h e  

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

e a c h  c a r b o n  atom was b o n d e d  e q u a l l y  t o  t h e  p l a t i n u m  a tom 

t o  fo rm a n  " e d g e  c o m p le x "  ( l A ) ^ w i t h  n = 2 .

(IB) n

S p e c t r o s c o p i c , ^ ’ ^ c h e m i c a l ^  a n d  X - r a y ^  d a t a  showed 

t h e  c o m p lex  ( I )  t o  be  p o l y m e r i c  an d  t o  c o n t a i n  t h e  

t r i m e t h y l e n e - p l a t i n u m  m o i e t y  ( I B ) .  The X - r a y  a n a l y s i s  o f  

c om plex  ( I I ) showed a  s i m i l a r  s t r u c t u r e ,  w i t h  t h e  C^-C^ 

d i s t a n c e  o f  2 . 5 5  % B e i n g  t o o  l o n g  f o r  t h e r e  t o  b e  s i g n i f i c a n t  

b o n d i n g  b e t w e e n  t h e s e  tw o a t o m s .  N . m . r .  s t u d i e s  on

py«

py

Cl

P t (II)

0 1
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6 1 7  c om plex  ( I I )  , t o g e t h e r  w i t h  H n . m . r .  and  X - r a y  d a t a

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

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

some P t - C g  i n t e r a c t i o n  a c r o s s  t h e  f o u r - m e m b e r e d  r i n g .

py.

py

Cl

P t

01

( I I I )

R

T h e s e  p l a t i n u m ( I V )  c o m p le x e s  w e r e  s y n t h e s i s e d  a c c o r d i n g

7 9t o  t h e  f o l l o w i n g  r e a c t i o n  ’ • ( F i g u r e  5*1)

I ICl
\ . /

P t  P t

.R'

Cl

R

Cl

P t

Cl

R

n

R=n-CgH^^,  PhCH^, P h ,  o-NO^C^H^; R'=H 

R=H; R'=£-MeC^H^.

R = R '= P h ( t r a n s ) . R= n-C^H^; R * =Me(t r a n s ) 

RsCO^Me, COMe, CN; R*=H: no  r e a c t i o n

F i g u r e  5 . 1
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t h e  p r o p o s e d  mechan ism  i n v o l v e s  e l e c t r o p h i l i c  a t t a c k  by 

P t C l ^  on t h e  c y c l o p r o p a n e  r i n g ,  a n d  t h e  p o s i t i o n  o f  t h e  

i n s e r t i o n  o f  t h e  P t C l ^ m o i e t y  i n t o  t h e  r i n g  was s t u d i e d ,

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

1 7 10 t h e  H n . m . r .  s p e c t r a  o f  t h e  b i s - p y r i d i n e  a d d u c t s  ( I I I )  ’

I t  was f o u n d  t h a t ,  w i t h  t h e  e x c e p t i o n  o f

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

c y c l o p r o p a n e  bond  (R=n-C^H^^ ,  P h C H ^ ,P h ,o -N 0 ^C^H2̂ ) .

H o w e v e r ,  t h e  a s s u m p t i o n  t h a t  i s o m é r i s a t i o n  o f  c o m p le x e s

o f  t y p e  ( I B )  w ou ld  n o t  r e a d i l y  o c c u r  i n  t h e  m i l d  r e a c t i o n  w i t h

11p y r i d i n e  h a s  b e e n  shown t o  be  i n c o r r e c t  , so  t h a t

7 10c h a r a c t e r i s a t i o n  o f  t h e  c o m p le x e s  ( I I I )  d o e s  n o t

n e c e s s a r i l y  show t h e  i n i t i a l  p o s i t i o n  o f  r i n g  o p e n i n g .

I t  was f o u n d  t h a t  t h e  p h e n y l c y c l o p r o p a n e  com plex  ( IV )

r e a d i l y  i s o m e r i s e d  t o  com plex  ( V ) , an d  t h e  m e ch an ism  shown

11i n  F i g u r e  5*2  was  p r o p o s e d

Ph
Cl

p y

py

P t  'C

Cl ( IV )

Cl

\ / \  
/  X /

- p y

0 Ph

0 1 (V)

p y

F i g u r e  5 . 2

p y

Ph 
Cl f

/ \
P t  X

\  /
c

Cl Ph
I

Cl c

py —— P t  - - - 1  - - C

l \ : /
Cl

p y , c

^ C — Ph

Cl
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Complex ( IB )  was  n o t  o b t a i n e d  when c y c l o p r o p a n e  was 

r e a c t e d  w i t h  [PtCl^CC^H^) o r  w i t h  H [ P t C l ^ C C ^ H ^ ) ] .  

I n s t e a d ,  [P tC l^ (C H ^C H =C H ^)]^ (V l)  was  f o r m e d ^ ^ ’ The  two 

i s o m e r i c  c o m p le x e s  ( IB )  and. (VI)  c o u l d  be  r e a d i l y  

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

t h r o u g h  s o l u t i o n s  o f  (V I )  o r  ( IB )  r e s p e c t i v e l y  ( F i g u r e  3 - 3 ) •

/

( v i )

A 01

P t

or
n

( IB)

F i g u r e  3 .3

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

15

1 3 , 1 4

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

[P tX g (C ^H ^)L g ]  , (X=C1, B r ;  , 4-CH^C^H^M)

an d  |P tX ^ (C _ H ^ ) (L - I j ) ]  (X=C1, B r ,  L-L= e t h y l e n e d i a m i n e , 2 , 2 ' -  

b i p y r i d y l )  h a s  b e e n  r e p o r t e d ,  an d  an  e s t i m a t e  was  made,  o f  

1 1 3 - 1 2 4 k J  mol , f o r  t h e  P t - C  bond s t r e n g t h  i n  t h e s e  

m e t a l l a c y c l o b u t a n e  s y s t e m s .
2

Complex ( I I )  h a s  b e e n  f o u n d  t o  i s o m e r i s e  i n  h o t  b e n z e n e  

t o  g i v e  a  y e l l o w  y l i d e  c o m p le x ,  t  r a n  s ~ f P t  C l ^ ( C^H C H E t ) ( p y ) l

( V I I ) .

N

h\ .

/
E t

Cl

I
P t   py

Cl

(V I l )
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The c r y s t a l  s t r u c t u r e  o f  t h i s  p l a t i n u m ( X l )  c o m p le x  h a s  b e e n

h 16r e p o r t e d  ’ , t o g e t h e r  w i t h  t h a t  o f  t h e  p l a t i n u m ( I V )  a n a l o g u e

[PtCl^^CC^H^NCHEt ) (p y )  ] • The mechan ism  o f  t h i s  i s o m é r i s a t i o n

1 7h a s  b e e n  s t u d i e d  , a n d  i t  was s u g g e s t e d  t h a t  t h e  p r o c e s s  i s  

d i s s o c i a t i v e .

A n a l o g o u s  p a l l a d i u m ( I I )  and  p l a t i n u m ( l l )  m e t a l l a c y c l o b u t a n e  

c o m p l e x e s ( V I I I ) h a v e  b e e n  p r e p a r e d  ( F i g u r e  3*4)  u s i n g  

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

m e t a l  c o m p l e x e s  a c t i n g  a s  n u c l e o p h i l e s " ' ^ ’ ^ ^ * ^ ^ .

CNNO
V

ML,'h

NO

.ONNO

L,

NO

( V I I I )

M= P t ,  P d .  L=PPh^,  A sPh^ ,  PPh^Me. n = 3 , 4 .

R” = CN: E=R»=H; R=R'=GH^; R=CH^, R'=C^H^;  R+R '= (CH^)^

R"= CO^C^H^: R=H, R ’ =Ph.

F i g u r e  3»4

[ P t ( C ^ H ^ ) ( P P h ^ ) ^ ] a l s o  g a v e  c o m p le x e s  ( V I I I ) ,  a n d  i n  some

19c a s e s ,  t h e  l i g a n d s  L i n  ( V I I l )  c o u l d  b e  e x c h a n g e d

T h e s e  c o m p l e x e s  w e r e  c h a r a c t e r i s e d  by  t h e i r  i . r #  aind

1 19 2 0 ,2 1H n . m . r .  s p e c t r a  , a n d  l a t e r  by  X - r a y  c r y s t a l l o g r a p h y

The X - r a y  d a t a  showed" t h a t  w h e r e a s  i n  t h e  o c t a h e d r a l

p la t in u m (X V )  c o m p le x e s  ( I I ) and  ( I I I )  t h e  e q u a t o r i a l  d o n o r

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

i n  t h e  p l a t i n u m ( n )  c o m p l e x e s  ( V I I I )  t h e r e  i s  some d i s t o r t i o n

a b o u t  t h e  p l a t i n u m  f rom  s q u a r e  p l a n a r  g e o m e t r y .  The  s u g g e s t e d

m echan ism  f o r  t h e  r e a c t i o n s  ( F i g u r e  3*4)  o f  z e r o v a l e n t

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

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

i s  s u p p o r t e d  by t h e  f a c t  t h a t  [ P t ( P P h ^ ) J  d o e s  n o t  r e a c t  w i t h

19
1 , 2 - d i c y a n o c y c l o p r o p a n e

The p l a t i n u m ( l l )  and  p a l l a d i u m ( l l )  c o m p l e x e s  ( IX)

h a v e  b e e n  s y n t h e s i s e d  f rom  t h e  r e a c t i o n  o f  t e t r a c y a n o -  

22 23o x a c y c l o p r o p a n e  ’ (TCNEO), w i t h  z e r o v a l e n t  p a l l a d i u m  o r  

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

M L 4  + ^ C N
NC^ '•CN CN

L 2 M ^  O X )
/ C N  

0'^  ■ ^ C ( C N ) 2  

(X)
L=PPh , PPhgMe, P E t ^ ,  PC^-MeCgHj^)^, A sPh^ .

M=Pt,  P d .

com plex  o f  p l a t i n u m  ( IX )  h a s  b e e n  c o n f i r m e d  

by  X - r a y  c r y s t a l l o g r a p h y .  The f o u r  e q u a t o r i a l  a t o m s  a r e  

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

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

t h a n  i n  o x a c y c l o b u t a n e s ^  ’. The c o m p l e x e s  ( IX )  w e r e  n o t

23t h e r m a l l y  s t a b l e  , an d  i n  p a r t i c u l a r  w h e re  M = p a l l a d i u m  o r  

L = t r i e t h y l p h o s p h i n e , o n l y  t h e  t r i c y a n o e t h e n o l a t e  c o m p le x e s  (X)

w ere  i s o l a t e d .  T r e a t m e n t  o f  (IX)  w i t h  a q u e o u s  c y a n i d e  d i d  n o t

22l i b e r a t e  TCNEO from t h e  complex  . The  r e a c t i o n  o f

[ P t ( C 2Hj^) ( P P h ^ ) ^  ] w i t h  2 , 2 , 3 - t r i c y a n o - o x a c y c l o p r o p a n e  gave

t h e  e x p e c t e d  com plex  ( X I ) ,  w i t h  m e t a l  i n s e r t i o n  o c c u r r i n g

b e t w e e n  t h e  oxygen  a tom  an d  t h e  most  e l e c t r o n e g a t i v e l y
2 5

s u b s t i t u t e d  c a r b o n  a tom
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NC

P  t

P h g P /  H

0( 1)

CN

R e a c t i o n s  o f  c y c l o p r o p e n e  d e r i v a t i v e ' s  w i t h

[P t (CgH 2̂ ) ( P P h ^ ) g ] y i e l d e d  o n l y  a l k e n i c  com plexes^ '^  ’ an d

t h e  s t r u c t u r e  o f  t h e  c o m p le x e s  was  c o n f i r m e d  by X - r a y

c r y s t a l l o g r a p h y ^ ^ ’ The c y c l o p r o p e n e s  c o u l d  b e  d i s p l a c e d

from t h e  p l a t i n u m  by t r e a t i n g  t h e  c o m p l e x e s  w i t h  c a r b o n  

27d i s u l p h i d e  . T h i s  t y p e  o f  com plex  was  shown t o  be  

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

by [ P t ( C ^ H ^ ) ( P P h ^ ) ^ ] ^ ^ .  ( F i g u r e  3 - 5 ) .  The r e a c t i o n  o f  

d i p h e n y l c y c l o p r o p e n o n e  w i t h  [ P t ( P P h ^ ) j ^ ^  gave  t h e  r i n g - o p e n e d  

co m p le x .

H \ / H

( P h 3 P ) 2 P t

H H 3 C'

OH

0

0

H

( P h 3 P ) 2 P t « - 0

F i g u r e  3 .5
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R i n g - o p e n i n g  was  n o t  o b s e r v e d  i n  t h e  r e a c t i o n  o f

m e t h y l e n e c y c l o p r o p a n e s  w i t h  [Pt ( P P h ^ ) ^ ]  i a n d  o n l y

2 31t h e  Tj - a l k e n e  c o m p le x e s  ( X I I )  w ere  i s o l a t e d  • S i m i l a r l y ,

o n l y  a l k e n e  c o m p le x e s  w e re  o b t a i n e d  f ro m  t h e  r e a c t i o n  o f

P h ^ P

P h ^ P

R^=R2=R^=H. 

R^zzR^zzCO^CH^; R2=H. 

R^=R2=C02CH^; R^=H.

( X I I )

m e t h y l e n e  c y c l o p r o p a n e s  w i t h  t r a n s - [  PtCl^CC^Hjj ) ( p y )  1 «

H ow e ve r ,  t h e  r e a c t i o n  o f  1 , 2 - d i p h e n y l - 3 - d i c y a n o m e t h y l e n e -

c y c l o p r o p a n e  w i t h  [ P t ( C ^ H ^ ) ( P P h ^ ) ^ a g a i n  showed  e v i d e n c e  o f

n u c l e o p h i l i c  a t t a c k  by t h e  P t ^ P P h ^ ) ^  m o i e t y  a t  t h e  most

p o s i t i v e l y - c h a r g e d  c a r b o n  a tom ,  a n d  t h e  two c o m p l e x e s  ( X I I l )

a n d  (XIV) w e re  i s o l a t e d .  The s t r u c t u r e s  o f  ( X I I l )  and  (XIV)

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

32d e t e r m i n a t i o n s '

NC- .CN

\PhgP /
P t  c — P h

p h ^ p /

I
P h

(XIII)
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P h  CN
J 1

Ph — C C '-n / P P h o
\  /  \

PhgP N^ c. yC — Ph

CN P h  

(XIV)

D e s p i t e  much work on t h e  p r e p a r a t i o n  an d  r e a c t i v i t y

33o f  c y c l o p r o p a n o n e s  , t h e r e  h a v e  b e e n ,  t o  d a t e ,  n o  r e p o r t s  

o f  p l a t i n u m  o r  p a l l a d i u m  c o m p le x e s  d e r i v e d  f rom  s u c h  m o l e c u l e s .  

I n  t h e  w ork  p r e s e n t e d  h e r e ,  t h e  p r e p a r a t i o n  a n d  c h a r a c t e r i s a t i o n  

o f  s e v e r a l  m e t a l l a c y c l o b u t a n o n e  c o m p l e x e s  i s  d e s c r i b e d .
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3 * 2  R e s u l t s  a n d  d i s c u s s i o n

Th e r e a c t i o n  o f  [ P t ( P P h ^ ) ^ ]  i n  b e n z e n e  s o l u t i o n ,  i n  a i r ,

w i t h  a c e t o n e d i c a r b o x y l i c  a c i d  d i m e t h y l  e s t e r ,  MeO^CCH^COCE^CO^Me,

(ACADME) g a v e  a  w h i t e  p r e c i p i t a t e ,  a f t e r  a b o u t  24  h o u r s .  T he

i n f r a - r e d  s p e c t r u m  o f  t h i s  c o m p l e x ,  (XV),  h a d  s h a r p  b a n d s  i n

—1 1t h e  c a r b o n y l  r e g i o n  ( l 6 2 0 - 1 ? 1 0 c m  ) a n d  i t s  H n . m . r .  s p e c t r u m

showed a  s i n g l e t  a t  r  =  7 . 0 0  (6 h ) ,  a n d  a  d o u b l e t  a t  r  = 6 . 1 2  (2H)

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

51due  t o  c o u p l i n g  t o  t h e  p l a t i n u m .  The  P n . m . r .  showed  o n e  

s i g n a l  a t - 1 6 . 7 4  p . p . m . ,  w h ic h  w as  a l s o  c o u p l e d  t o  t h e  p l a t i n u m .  

Complex  (XV) was  a l s o  p r e p a r e d  by  t h e  r e a c t i o n  o f  f P t ( t r a n s -  

s t i l b e n e ) ( P P h ^ ) ^ ] »  i n  b e n z e n e  s o l u t i o n  w i t h  ACADME, i n  t h e  

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

The  r e a c t i o n  o f  [ P t 0 2 ( P P h ^ ) ^  ] s u s p e n d e d  i n  d i e t h y l  e t h e r ,  

w i t h  ACADME, a g a i n  i n  t h e  a i r ,  was  f o u n d  t o  g i v e  c o m p le x  ( X V I ) ,  

w h ic h  h a s  a  f i v e - m e m b e r e d  p e r o x o - c o n t a i n i n g  r i n g .  T h i s  

s t r u c t u r e  w as  a s s i g n e d  b y  c o m p a r i n g  t h e  i . r .  a n d  n . m . r »

H CO2CH3

P h . P ^  C

 ̂ / \
H CO^CHo

(XV)  ^ ^

P L  I ^ C H o C O o C H

C H 2 C O 2 C H 3

P h 3 P  ' 0

(XVI)
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s p e c t r a  o f  com plex  (XVI) w i t h  t h o s e  o f  t h e  c o m p l e x e s  fo rm ed

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

[ P t 0 2 ( P P h ^ ) 2 ] ( F i g u r e  3 * 6 ) .  T h e s e  p e r o x o - r i n g  c o m p l e x e s

ca n  a l s o  be  p r e p a r e d  by r e a c t i n g  t h e  a p p r o p r i a t e  a l d e h y d e

35o r  k e t o n e  w i t h  [ P t ( P P h ^ ) ^ ] ,  i n  t h e  p r e s e n c e  o f  d i o x y g e n  

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

b a n d  i n  t h e  i n f r a - r e d  s p e c t r u m  a t  a b o u t  y 80  cm ^ , w h ich  h a s

35b e e n  a s s i g n e d  t o  f ( O - O )  • Complex (XVI) show ed  a  weak

ban d  a t  7 7 6  cm  ̂ i n  t h e  i n f r a - r e d  s p e c t r u m ,  t o g e t h e r  w i t h  

s t r o n g  b r o a d  b a n d s  i n  t h e  c a r b o n y l  r e g i o n  ( 1 6 9 0 - 1 7 5 0  cm ^ ) .

The  H n . m . r .  s p e c t r u m  o f  (XVI) showed  a  s i n g l e t  a t  r  = 6 . 6 1 ( 6 h ) ,  

an d  f o u r  more p e a k s  a t  r =  6 . 6 6 ,  6 . 8 0 , 6 . 9 3  a n d  7 * 0 7 ( 4 h ) ,  

c h a r a c t e r i s t i c  o f  an  AB p a i r .  F u r t h e r  e v i d e n c e  f o r  t h e

s t r u c t u r e  o f  (XVI) a s  [P t (0 0 C (C H 2 C 0 p C H ^)2 0 (P P h ^)2 ]  was  

p r o v i d e d  by  i t s  r e a c t i o n  w i t h  h e x a f l u o r o p r o p a n o n e  (H F P ) . The 

p r o d u c t  o f  t h i s  r e a c t i o n  was i d e n t i f i e d  a s  t h e  known com plex

[ p t (O O C (C F ^ )g O ) (P P h ^ ) 2 ] . An a n a l o g o u s  r e a c t i o n  i n  w h ich

aci

37

p r o p a n o n e  was  r e p l a c e d  by  HFP i n  t h e  com plex  [p t(OOC(CH^)2 O )(P P h ^ ) 2

h a s  b e e n  r e p o r t e d .

The r e a c t i o n  o f  ACADME w i t h  [ P t ( P P h ^ ) ^ j s u s p e n d e d  i n  

39d i e t h y l  e t h e r  was r e i n v e s t i g a t e d  a n d  i t  was f o u n d  t h a t  t h e  

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

f o r  24 h o u r s  was  a  m i x t u r e  o f  c o m p l e x e s  (XV) a n d  (X V I ) .  From 

t h e  H n . m . r .  s p e c t r u m  i t  was c l e a r  t h a t  t h e  m a j o r  com ponent  

o f  t h i s  m i x t u r e  was c o m p le x  (X V I) .  H ow ever ,  i t  h a d  b e e n  f o u n d
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[PtlCHfCOgCHglCWCHlCOgCHgDtPPĥ lg]

(XV)

=P, (D)=c, 0 = 0 .

(The phenyl rings have been omitted for clarity.]

F i g u r e  3.7
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t h a t  on l e a v i n g  t h i s  m i x t u r e  i n  d i c h l o r o m e t h a n e  s o l u t i o n

f o r  s e v e r a l  d a y s ,  c r y s t a l s  o f  c o m p le x  (XV) o n l y  w e re  r e c o v e r e d ,

an d  a  s i n g l e  c r y s t a l  X - r a y  s t r u c t u r e  d e t e r m i n a t i o n  was c a r r i e d  

39o u t  , t h e  r e s u l t  o f  w h ic h  i s  shown i n  F i g u r e  3*7* I t  was

t h e r e f o r e  a p p a r e n t  t h a t  com plex  (XVI) c o u l d  r e a c t  f u r t h e r ,

p e r h a p s  a s  a  r e s u l t  o f  b e i n g  i n  s o l u t i o n ,  t o  g i v e  com plex  (XV),

by l o s i n g  one m o l e c u l e  e a c h  o f  d i h y d r o g e n  and  d i o x y g e n .

To t e s t  t h e  h y p o t h e s i s ,  a t t e m p t s  w e re  made t o  c o n v e r t  a

p u r e  s a m p l e  o f  com plex  (XVI) i n t o  p u r e  (XV).  S t i r r i n g  (X V I) ,

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

o r  i n  t h e  p r e s e n c e  o f  ACADME, f o r  24 h o u r s  i n  an  open  f l a s k ,

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

S t i r r i n g  (XVI) i n  d i c h l o r o m e t h a n e  s o l u t i o n ,  i n  an  o p en  f l a s k

f o r  4 d a y s ,  l e f t  t h e  c o m p le x  u n c h a n g e d ,  an d  a  f u r t h e r  s a m p le

s t i r r e d  i n  d i c h l o r o m e t h a n e  s o l u t i o n ,  f o r  5 d a y s ,  i n  t h e

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

I t  was  f o u n d  t h a t  t h e  c o n v e r s i o n ,  a l t h o u g h  s l o w ,  c o u l d  be

e f f e c t e d  i n  t h e  p r e s e n c e  o f  b o t h  t r i p h e n y l p h o s p h i n e  and  ACADME,

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

The e a s i e s t  way t o  f o l l o w  t h i s  c o n v e r s i o n  was  t o  r e c o r d

t h e  c h a n g e s  i n  t h e  i . r .  s p e c t r u m ,  i n  t h e  3 0 0 - 5 6 0  cm  ̂ r e g i o n .

+  — 1I t  h a s  b e e n  p r o p o s e d  t h a t  t h e  b a n d  a t  5 5 0 - 5  cm i s  a  u s e f u l  

g u i d e  i n  a s s i g n i n g  s t e r e o c h e m i s t r y  t o  [ P t X Y ( P P h ^ ) ^ ] c o m p l e x e s ,  

and  t h a t  t h i s  band  i s  r e l a t i v e l y  s t r o n g  i n  t h e  i . r .  s p e c t r a  o f  

c i s  c o m p l e x e s .  F o r  c o m p le x  (XV) t h i s  b a n d  a p p e a r s  a t  541 cm , 

a n d  f o r  (XVI) i t  i s  a t  553  cm ^ .  T h u s  t h e r e  i s  a  s u f f i c i e n t  

d i f f e r e n c e  b e tw e e n  t h e s e  tv/o b a n d s  f o r  m i x t u r e s  o f  (XV)and ( X V l ) t o  be 

e a s i l y  d e t e c t e d ,  and  t h e  ch an g e  i n  t h i s  b a n d  was  u s e d ,  a l o n g  

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

a t t e m p t e d  c o n v e r s i o n s .
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L=py.,  P = P Phg .  

F i g u r e  3 .9
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I t  i s  i n t e r e s t i n g  t o  compare some o f  t h e  i m p o r t a n t  

f e a t u r e s  o f  t h e  c r y s t a l  s t r u c t u r e  o f  c om plex  (XV),  w h ich  was 

f o u n d  ( F i g u r e  5 . 8 ) ^ ^  t o  c o n t a i n  a  n o v e l  m e t a l l a c y c l o b u t a n o n e  

r i n g ,  w i t h  t h o s e  o f  t h e  known s t r u c t u r e s  f o r  t h e
r  O

m e t a l l a c y c l o b u t a n e  c o m p l e x e s  o f  p l a t i n u m ( l V ) , ( X V I l )  , ( X V I I I a )  , 

( X V I I Ib )G ,  and  o f  p l a t i n u m ( l l ) , ( X I X ) ^ ^ ,  (XX)^° a n d  ( X X I ) ^ ° ,  

w h ich  a r e  shown i n  F i g u r e  5*9 .

H .COoCH^
\ /

P t .  . 0 = 0  (XV)
/  \  / /

P h .P
/  \

F i g u r e  3 . 8  "  C O 2 CH 3

The c r y s t a l s  o f  (XV),  C^^H ^gO ^P^Pt , ( m o l e c u l a r  w e i g h t  = 

8 9 1 . 8 8 ) a r e  t r i c l i n i c ,  w i t h  s p a c e  g r o u p  P Î ,  a n d  a  = 1 7 « 5 9 l S ,  

b = 1 2 . 7 3 6 %, c = 1 0 . 2 7 2 %, a = 1 1 8 . 1 9 ° ,  = 9 4 . 7 1 ^ ,  7  =  7 5 . 9 8 ° ,

U = 1 9 4 6 . 4 4 %^ and  Z = 2 .  T a b l e  5*1 c o m p a r e s  some o f  t h e  b o n d -  

l e n g t h s  a n d  a n g l e s  o f  t h e s e  s e v e n  c o m p l e x e s .  From t h e  t a b l e  i t  

can  be  s e e n  t h a t  :

i )  t h e  d i h e d r a l  a n g l e  b e tw e e n  t h e  p l a n e s  d e f i n e d  by 

C ^ - P t - C ^  a n d  C^-C^-C^ i s  much g r e a t e r  i n  (XV),  t h a t  i s ,  t h e  

r i n g  i s  more  p u c k e r e d ;

i i )  t h e  a n g l e  i s  l a r g e r  i n  (XV);

i i i )  t h e  a n g l e s  P t - C ^ - C ^  and  P t - C ^ - C ^  a r e  s m a l l e r  i n  (XV); 

i v )  t h e  bond  l e n g t h s  C^-C^ a n d  C^-C^ a r e  c o n s i d e r a b l y  

s h o r t e r  i n  (XV).

As a  c o n s e q u e n c e  o f  t h e s e  d i f f e r e n c e s  o b s e r v e d  f o r  (XV),

v )  t h e  P t . . . . 0 ^  d i s t a n c e  i s  v e r y  s h o r t ,  m e a s u r i n g  2 .4% .
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Compar ing  t h e  s h a p e s  o f  t h e  p l a t i n a c y c l o b u t a n e  r i n g
l\.'\

s y s t e m s  w i t h  t h o s e  o f  c y c l o b u t a n e s  , i t  can  be  s e e n  t h a t  

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

I n  c o n t r a s t  t o  t h e  p l a t i n a c y c l o b u t a n o n e  r i n g ,  c i s - 2 , 4 -  

d i b r o m o - 2 , 4 - d i - t - b u t y l c y c l o b u t a n o n e  h a s  f o u r  i n t e r n a l  

a n g l e s  o f  a p p r o x i m a t e l y  9 0 ^ ,  and a  f o l d  a n g l e  o f  o n l y  10°

The P t . . . .C^ d i s t a n c e  o f  2 . 4 °  i n  (XV) i s  i n t e r e s t i n g .  

I n t e r a c t i o n  be tw ee n  t h e s e  two a toms h a s  b e e n  p r o p o s e d
g

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

)0

p r o p o s e d ^  f o r  (X V II)  and  ( X V I I I ) , f o r  which  t h e  f o r m u l a t i o n

was an  i n t e r m e d i a t e  b e t w e e n  a c y c l o p r o p a n e  com plex  and a

t r i m e t h y l e n e  com plex .  S y n e r g i c  i n t e r a c t i o n  was e n v i s a g e d ,

be tw ee n  a v a i l a b l e  m e t a l  o r b i t a l s  o f  t h e  c o r r e c t  symmetry and

43t h e  Walsh m o l e c u l a r  o r b i t a l s  o f  t h e  c y c l o p r o p a n e  m o ie ty  

( F i g u r e  3 . 1 0 ) .

^ 7  é
and  s u p p o r t e d  by G n . m . r .  d a t a  . A b o n d in g  m ode l  was

I

P t P t

i , i i , i i i )  E l e c t r o n  d o n a t i o n  t o
empty m e t a l  c r - o r b i t a l .

i v ) Back d o n a t i o n  from 
m e t a l  r - o r b i t a l  t o  empty 
c y c l o p r o p a n e  o r b i t a l .

F i g u r e  3.10
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195 15R e l a t i v e l y  l a r g e  P t — c o u p l i n g  c o n s t a n t s  w ere

r e c o r d e d  f o r  c o m p le x e s  o f  t y p e  ( X V I l ) ^ ,  w here  ^ Jp ^ ^= 105~ 110H z .

T h i s  was  c o n t r a s t e d  w i t h  0 - 5 SHz f o r  e t h y l p l a t i n u m

c o m p l e x e s ,  an d  s u g g e s t e d  t h a t  t h e r e . m a y  be  some b o n d i n g

i n t e r a c t i o n  b e t w e e n  t h e  p l a t i n u m  a to m  an d  t h e  c a r b o n  a t o m ( C p ) .

The e v e n  s h o r t e r  P t . . . . C 2  d i s t a n c e  i n  com plex  (XV) t h e r e f o r e  

13s u g g e s t s  t h a t  C n . m . r .  s t u d i e s  o f  t h i s  com plex  m i g h t  r e v e a l  

a  P t - C p  c o u p l i n g  c o n s t a n t  o f  s i m i l a r  m a g n i t u d e .  The  r e s u l t s  

o f  t h e s e  s t u d i e s  a r e  a w a i t e d .

The d i h e d r a l  a n g l e  i n  com plex  (XV),  b e t w e e n  t h e  p l a n e s  

d e f i n e d  by  C ^ - P t - C ^  a n d  C^-Cp-C^ i s  n e a r l y  5 0 ° ,  a n d  t h e  

s u b s t i t u e n t s  on a n d  a r e  t h e r e f o r e  p s e u d o - a x i a l  and  

p s e u d o - e q u a t o r i a l .  On one c a r b o n  a t o m ,  t h e  h y d r o g e n  atom 

o c c u p i e s  an  9a x i a l "  p o s i t i o n ,  an d  on t h e  o t h e r ,  i t  o c c u p i e s
'I

an  " e q u a t o r i a l "  p o s i t i o n .  The room :t e m p e r a t u r e  H n . m . r .  

s p e c t r u m  showed t h e s e  two p r o t o n s  t o  be e q u i v a l e n t ,  so  t h e  

e q u i l i b r i u m  shown i n  F i g u r e  3*11 was  p r o p o s e d ,  w h e r e b y  t h e  two 

p r o t o n s  e x c h a n g e  " e q u a t o r i a l "  an d  " a x i a l " e n v i r o n m e n t s .  Low

C O 2 C H 3  

Ç O 2 C H 3  0

5 0 " :  C O 2 C H 3

C O 2 C H 3  

F i g u r e  3.11

t e m p e r a t u r e  H n . m . r .  - s p e c t r a  w ere  r e c o r d e d  ( - 2 6 ° C ) ,  t o  e n d e a v o u r  

t o  " f r e e z e  o u t "  t h e  tw o e n v i r o n m e n t s  by s l o w i n g  down t h e
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e q u i l i b r i u m ,  i f  i n d e e d  su ch  a n  e q u i l i b r i u m  e x i s t s .  The 

f a c t  t h a t  t h e  low t e m p e r a t u r e  and  room t e m p e r a t u r e  s p e c t r a  

w ere  i d e n t i c a l  shows e i t h e r  t h a t  a n  even  l o w e r  t e m p e r a t u r e  

i s  r e q u i r e d  t o  s low  down t h e  " a x i a l "  -  " e q u a t o r i a l "  e x c h a n g e ,  

o r  t h a t  t h e  c h e m i c a l  s h i f t s  f o r  t h e  two e n v i r o n m e n t s  a r e  

e q u a l .

C o m p lex es  ( X X I I ) , ( X X I I l )  an d  (XXIV) w ere  i s o l a t e d  by

H C 0  n C H o 
\  ^

U  C  XXII : L=PPh Me, M=Pt

M , C = 0  X X II I  : L=PPhMep, M=Pt

l /  N /
H C O 2 C H 3

XXIV : L=PPh^,  M=Pd

t h e  r e a c t i o n  o f  ACADME w i t h  [ P t ( P P h ^ M e ) ^ ] , [ (P t (P P h M O p )^ ]  

a n d  [ P d ( P P h ^ ) ^ ]  r e s p e c t i v e l y ^ ^ .  The  n . m . r .  s p e c t r a  o f  

t h e s e  c o m p l e x e s  w ere  s i m i l a r  t o  t h a t  o b t a i n e d  f o r  com plex  (XV) 

( s e e  T a b l e  3 * 2 ) ,  an d  t h i s ,  t o g e t h e r  w i t h  i . r .  an d  m i c r o a n a l y t i c a l

TABLE 3 - 2

H n . m . r .  d a t a  f o r  c o m p l e x e s  [M | C H (C0^CH ^(=0)CH ( CO^CHj)j  I g ]

M L CH = CH " '^P t ransH ^^ ^^ % t E .

P t PPh^ 7 * 0 0 ( s ) 6 . 1 2 ( d ) 6 5 2

P t PPhpMe 6 . 9 8 ( 5 ) 6 . 0 0 (d ) 5 . 3 5 5 . 8

P t PPhMe^ 6 . 5 0 ( s ) 5 . 9 1 (d ) 5 . 7 5 7 . 3

Pd PPh 7 * 0 3 ( s ) 5 . 8 6 (d ) 3 . 3

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

( X X I I ) ,  ( X X I I I )  and  (XXIV).
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None o f  t h e  z e r o v a l e n t  c o m p l e x e s  r e a c t  w i t h

ACADME i n  t h e  a b s e n c e  o f  d i o x y g e n .  T h i s  o b s e r v a t i o n ,  

t o g e t h e r  w i t h  t h e  i s o l a t i o n  o f  t h e  f i v e - m e m b e r e d  r i n g  

p e r o x o  c o m p le x  ( X V I ) , a n d  i t s  s u b s e q u e n t  c o n v e r s i o n  t o  t h e  

p l a t i n a c y c l o b u t a n o n e  c om plex  (XV),  s u g g e s t s  t h a t  a l l  o f  t h e s e  

r e a c t i o n s  m i g h t  p r o c e e d  v i a  an  i n t e r m e d i a t e  p e r o x o  r i n g  

com plex  a n a l o g o u s  t o  (X V I ) .

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  i n t o  t h e  r e a c t i v i t y  o f  t h e  

p l a t i n a c y c l o b u t a n o n e  c o m p le x  (XV) h a v e  shown t h a t  t h e  two 

p l a t i n u m - c a r b o n  b o n d s  c a n  be  c l e a v e d  w i t h  c o n c e n t r a t e d  

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

c i s - f P t C l ^ ( P P h ^ ) ^  1 a n d  c i s - f P t ( O C O C F ^ ) ^ ( P P h ^ ) ^ ] , r e s p e c t i v e l y .  

T r e a t m e n t  o f  com plex  (XV) w i t h  t - b u t y l  i s o c y a n i d e  r e s u l t e d  

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

com plex  (XV) was a l s o  r e c o v e r e d  u n c h a n g e d  a f t e r  t r e a t m e n t  

w i t h  N - s u l p h i n y l a n i l i n e .

An a t t e m p t  t o  make t h e  t r i p h e n y l a r s i n e  a n a l o g u e  o f  

com plex  (XV),  by t r e a t i n g  [p t (A s P h ^ )^ ^ ] w i t h  ACADME was 

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

f rom  c o m p le x  (X V I) ,  w i t h  e i t h e r  m e th y O d ip h e n y lp h o s p h in e  o r

1 , 2 - b i s ( d i p h e n y l p h o s p h i n o ) e t h a n e .
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3 * 5  E x p e r i m e n t a l

I n  t h i s  s e c t i o n ,  t h e  m e l t i n g  p o i n t s ,  m i c r o a n a l y t i c a l  

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

p r e s e n t e d  f o r  a l l  n e w ly  c h a r a c t e r i s e d  com pounds .

M i c r o a n a l y s e s  w e re  c a r r i e d  o u t  by D . B u t t e r w o r t h ,

The B u t t e r w o r t h  M i c r o a n a l y t i c a l  C o n s u l t a n c y  L t d . ,  41 H igh  S t r e e t ,  

T e d d i n g t o n ,  M i d d l e s e x .

M e l t i n g  p o i n t s  w e re  r e c o r d e d  on a  R e i c h a r t  h o t - s t a g e  

a p p a r a t u s ,  a n d  a r e  u n c o r r e c t e d .

I n f r a - r e d  s p e c t r a  w e re  r e c o r d e d  a s  n u j o l  m u l l s ,  u s i n g  

C s l  p l a t e s ,  on a  P e r k i n - E l m e r  5 8 0  s p e c t r o p h o t o m e t e r ,  an d  w e r e  

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

H n . m . r .  s p e c t r a  w ere  r e c o r d e d  i n  CpGl^ s o l u t i o n ,  on 

a  J e o l  JNM-PS-100 s p e c t r o m e t e r ,  o p e r a t i n g  a t  100MHz.

C h e m ic a l  s h i f t s  ( r  ) a r e  r e p o r t e d  r e l a t i v e  t o  i n t e r n a l  T . M .S .

31 P n . m . r .  s p e c t r a  w e re  r e c o r d e d  i n  CDCl^ s o l u t i o n  on a  

J e o l  JNM-FX6 0  s p e c t r o m e t e r ,  o p e r a t i n g  a t  2 4 . 1 5  MHz. C h e m i c a l  

s h i f t s  ( p . p . m . )  a r e  r e p o r t e d  r e l a t i v e  t o  e x t e r n a l  p h o s p h o n iu m  

i o n  ( P H ^ + ) . The s p e c t r a  w e re  c o m p l e t e l y  H d e c o u p l e d .

R e a c t i o n s  w ere  p e r f o r m e d  a t  room t e m p e r a t u r e  u n d e r  an  

a t m o s p h e r e  o f  d ry  d i n i t r o g e n ,  u s i n g  p r e v i o u s l y  d r i e d  and  

d e g a s s e d  s o l v e n t s ,  e x c e p t  w he re  i t  i s  s t a t e d  t h a t  t h e  r e a c t i o n  

h a d  t o  be  p e r f o r m e d  i n  t h e  a i r .

L i g a n d s  an d  R e a g e n t s

The f o l l o w i n g  m a t e r i a l s  w ere  p u r c h a s e d :  

a c e t o n e d i c a r b o x y l i c  a c i d  d i m e t h y l  e s t e r  Koch L i g h t  L a b s . L t d .

t r i f l u r o e t h a n o i c  a c i d  A l d r i c h  C h e m ic a l  C o . L t d .

m e t h y l d i p h e n y l p h o s p h i n e  M a y b r i d g e  C h e m ic a l  C o . L t d .

1 , 2 - b i s ( d i p h e n y l p h o s p h i n o ) e t h a n e  M a y b r id g e  C h e m i c a l  C o . L t d .

P o t a s s i u m  t e t r a c h l o r o p l a t i n i t e  was  o b t a i n e d  on l o a n  f rom  

J o h n s o n  M a t t h e y  L t d .
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The following were prepared as described in the 

literature :
44tetrakisCtriphenylphosphine)platinum(O)

44tetrakisCtriphenylarsine)platinura(O)
45peroxobisCtriphenylphosphine)platinum(II)

trans-stilbenebis(triphenylphosphine)platinum(O)^^
47N-sulphinylaniline

48t-butylisocyanide
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A. R e a c t i o n s  o f  a c e t o n e d i c a r b o x y l i c  a c i d  d im e th .y l  e s t e r

i )  With  t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n n m ( O )  i n  b e n z e n e  
s o l u t i o n

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

( 0 . 1 0 g ,  0 .57mmol)  was  a d d e d  t o  a  y e l l o w  s o l u t i o n  o f  

[ P t ( P P h ^ ) j ^ ] ( 0 . 3 2 g ,  O.26mmol)  i n  b e n z e n e ,  an d  s t i r r e d  i n  a n  

open  f l a s k  f o r  24 h o u r s .  A w h i t e  m i c r o c r y s t a l l i n e  powder  

v/as f i l t e r e d  o f f ,  w a s h e d  w i t h  d i e t h y l  e t h e r ,  an d  i d e n t i f i e d  

as [P t{CH (C 0gCH^)C( :0)CH (C0^CH ^)}  ( P P h ^ ) ^ ] .

Y i e l d  = 0 . l 4 g ,  SOP/o

M.P.  212 -3°C  ( d e c o r a p - )

A n a l y s i s . C a l c u l a t e d  f o r  C^^^H^gO^P^Pt ;

C, 5 7 . 9096; H,  4 . 2996; 0 ,  8 .9 6 9 6

F ound :  C, 57.7796; H,  4.4096; 0 ,  8.3596

I n f r a - r e d . 1 7 1 0 s ,  l 6 9 5 s ,  1 6 7 6 m, 1 6 2 0 s ,  15&4w, 1570w, 1 3 1 6 s ,

1 2 9 8 m , s h ,  1 2 3 6 m, I I 9 IW, I I 8 OW, 1 l 6 l m , s h ,  1 l 4 8 s ,  1 1 3 5 s ,  1106ra, 

1 0 9 5 m, 1 0 9 0 m, 1073W, 1037m, 1028m, 999w, 9 6 lw ,  912w, 890w, 

864w, 845w, 8 0 0 w, 7 7 0 w, 756m, 743m, 7 0 4 s , s h ,  6 9 6 s ,  6 8 5 m, 6 0 2 w, 

54 lm ,  5 2 6 s ,  5 1 0 s ,  495m, 4 6 lw ,  423w, 3 8 5 w, 3 6 0 w.

n . m . r .  ( - 2 6 ° C  t o  +20°C) 2 .7 6 ( r a ,  3 0 H ) ; 6 . 1 2 ( d , 2 H , J p g = 6 H z ;

Jp^g=52Hz); 7 . 0 0 ( 8 ,  6h ) .

^^P n . m . r . ~16 .74(s , Jp^p=3066Hz).

i i )  With  t r a n s - s t i l b e n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( O )

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

( 0 . 2 0 g ,  1 . 1 5 mmol) was  a d d e d  t o  a  p a l e  y e l l o w  s o l u t i o n  o f  

[ p t ( t r a n s - s t i l b e n e ) ( P P h ^ ) ^ ]  ( O . ^ l g ,  O.34mmol) i n  b e n z e n e ,  

an d  s t i r r e d  i n  an  open  f l a s k  f o r  4 d a y s .  The w h i t e
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r a i c r o c r y s t a l l i n e  pow der  w h ich  was f i l t e r e d  o f f  a n d  washed  

w i t h  d i e t h y l  e t h e r  was  i d e n t i f i e d  a s

[Pt{cH(C0 p C H ^ )C ( : 0 )CH(C0 pCH^)}(PPh^)p],  by  i t s  i . r .  and  

H n . m . r .  s p e c t r a .  Y i e l d  = 0 . l 6 g ,  5296.

i i i )  With p e r o x o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I )

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

( 0 . 2 0 g ,  1 . 1 5 mmol) was a d d e d  t o  [ P t O g ( P P h ^ ) ^ ] ( 0 . 5 0 g ,  0 .40mmol)  

s u s p e n d e d  i n  d i e t h y l  e t h e r ,  and  t h e  m i x t u r e  was s t i r r e d  i n  

a n  open  f l a s k  f o r  1 h o u r .  The c r e a m - c o l o u r e d  s u s p e n s i o n  h a d  

t u r n e d  w h i t e ,  an d  t h e s e  w h i t e  m i c r o c r y s t a l s  w e re  f i l t e r e d ,  

w as h ed  w i t h  d i e t h y l  e t h e r ,  and  i d e n t i f i e d  a s  

[Pt  jOOC( C H p C O p C H ^ } ( P P h ^ ) g ] .  Y i e l d  = 0 . 2 5 g ,  6896.

M.P .  1 5 8 -9 °C  (d e c o m p . )

A n a l y s i s .  C a l c u l a t e d  f o r  C^^H^^QÜ^P^Pt :

C, 5 5 . 7896 ; H, 4 . 5596; 0 ,  1 2 . 1 0 9 6  

F o u n d :  C, 55.1296; H, 4.4096; 0 ,  11.9196

I n f r a - r e d .  1 7 4 2 s ,  1 7 2 5 s , s h ,  1 6 9 6 m, I 5 8 9 W, 1575w, 1 5 1 6 m , s h ,  

1 2 9 8 s ,  1 2 2 3 m, 1 2 1 5 m , s h ,  1 l 8 6 m, 1 1 7 0 s ,  1 l49m,  1 1 l4 m ,  1 1 0 0 s ,  

1074m, 1046w, IO3 OW, 1 0 2 0 w, 1 0 0 0 m, 9 7 9 w, 9 3 8 w, 8 5 OW, 7 7 6 w , s h ,  

7 5 8 m, 7 4 7 s ,  7 2 6 w, 7 0 6 s , s h ,  6 9 9 5 , 6 2 1 w, 574m, 5 5 3 s ,  5 3 0 s ,  5 2 3 s ,  

5 1 8 s ,  5 0 4 s ,  468w, 452w, 424w, 3 6 IW, 3 2 0 w.

^H n . m . r .  2 . 8 o ( m ,  3 0 H ) ; 6 . 6 l ( s ,  6 h ) ;  6 . 6 6 , 6 . 8 0 , 6 . 9 3 .  7 . 0 7  

(AB p a t t e r n ,  4 h ,  J g ^ = l 4 H z ,  A y = 2 3 . 1 H z ) .
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i v )  W ith  t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) , s u s p e n d e d  
i n  d i e t h y l  e t h e r .

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

( 0 . 2 0 g ,  1 . 1 5 mmol) was  a d d e d  t o  a  s u s p e n s i o n  o f  

[PtCPPh^)^^] ( 0 . 5 0 g ,  0 .40m m ol )  i n  d i e t h y l  e t h e r ,  a n d  s t i r r e d  

i n  a n  open  f l a s k  f o r  24 h o u r s .  A s a m p l e  o f  t h e  w h i t e  pow der  

was f i l t e r e d  from t h e  r e a c t i o n ,  a n d  shown t o  be  a  m i x t u r e  o f  

c o m p l e x e s  (XV) and  (XVI) by  i t s  i . r .  a n d  H n . m . r .  s p e c t r a ,  

w i t h  com plex  (XVI) a s  t h e  m a jo r  c o m p o n e n t .

The  r e m a i n d e r  o f  t h e  m i x t u r e  was  l e f t  s t i r r i n g  f o r  a  

t o t a l  o f  12 d a y s ,  i n  d i e t h y l  e t h e r .  The s u s p e n d e d  w h i t e  

pow der  was  f i l t e r e d  a n d  shown t o  be  c om plex  (XV),  by i t s

i . r .  a n d  H n . m . r .  s p e c t r a .  F i n a l  y i e l d  = 0 . 3 2 g ,  8996.

A l t e r n a t i v e l y ,  t h e  m i x t u r e  o f  c o m p l e x e s  c o u l d  be  

c o n v e r t e d  i n t o  p u r e  c o m p le x  (XV) by  s t i r r i n g  t h e  m i x t u r e  

i n  d i c h l o r o m e t h a n e  s o l u t i o n ,  f o r  4  d a y s ,  i n  an  o p e n  f l a s k .  

O v e r a l l  y i e l d  = 8796.

B . A t t e m p t e d  c o n v e r s i o n s  o f  fPtjOOC(CH^CO^CH^ ) ^ o [ ( P P h ^ ) ^ ]  (XVI) 

i n t o  f P t {  GH(CO^CH^)C(:~ôyCH(CO^CH..) I (PPh^ ) ^ l  (XV).— 3^ 2-

1 .  I n  s u s p e n s i o n

i )  Complex (XVI) ( 0 . 1 0 g ,  0 . 1 1 mmol) was  s t i r r e d  i n  d i e t h y l  e t h e r

w i t h  a c e t o n e d i c a r b o x y l i c  a c i d  d i m e t h y l  e s t e r  ( 0 . 0 2 g ,  O . l l r a m o l )  

i n  a n  open  f l a s k  f o r  24 h o u r s .  The w h i t e  pow der  was  f i l t e r e d  

and  w as h ed  w i t h  d i e t h y l  e t h e r ,  a n d  i d e n t i f i e d  a s  u n c h a n g e d  (XVI) 

by i t s  i . r .  s p e c t r u m  a n d  m . p .
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i i )  Complex (XVI) ( O . I O g ,  0 ,11mmol)  was  s t i r r e d  i n  d i e t h y l

e t h e r  w i t h  t r i p h e n y l p h o s p h i n e  ( 0 . 0 1 g ,  0 .04mmol)  i n  .an open  

f l a s k  f o r  24 h o u r s .  The  w h i t e  pow d er  was  f i l t e r e d  and  

w ashed  w i t h  d i e t h y l  e t h e r ,  and  i d e n t i f i e d  a s  u n c h a n g e d  (XVI) 

by i t s  i . r .  s p e c t r u m  a n d  m . p .

i i i )  Complex  (XVI) ( 0 . 2 0 g ,  0 .22mmol)  was  s t i r r e d  i n

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

( 0 . 0 3 g i  0 .17m m ol)  a n d  t r i p h e n y l p h o s p h i n e  ( 0 . 0 2 g ,  O.OSmmol) 

i n  an  open  f l a s k  f o r  6 d a y s .  The w h i t e  pow der  w as  f i l t e r e d  

an d  w a s h e d  w i t h  d i e t h y l  e t h e r ,  a n d  i d e n t i f i e d  a s  p u r e  (XV),  

by i t s  i . r .  an d  H n . m . r .  s p e c t r a ,  a n d  i t s  m . p .

2 .  I n  s o l u t i o n

i )  Complex (XVI) ( 0 . 1 0 g ,  O .U m m o l)  was  s t i r r e d  i n

d i c h l o r o m e t h a n e  w i t h  t r i p h e n y l p h o s p h i n e  (O .O Ig ,  0 .04m m ol)  

i n  an  open  f l a s k  f o r  5 d a y s .  The w h i t e  p o w d e r ,  w h ic h  was 

r e c o v e r e d  by s low  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  was  w a s h e d  

w i t h  d i e t h y l  e t h e r ,  a n d  i d e n t i f i e d  a s  u n c h a n g e d  ( X V I ) ,  by  

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

i i )  Complex  (X V I) ,  ( 0 . 1 0 g ,  O .U m m o l )  was  s t i r r e d  i n

d i c h l o r o m e t h a n e  i n  a n  o p e n  f l a s k  f o r  4 d a y s .  E v a p o r a t i o n  

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

p r o d u c e d  a  w h i t e  pov;der w h ich  was i d e n t i f i e d  a s  u n c h a n g e d  (XVI) , 

by  i t s  i . r .  s p e c t r u m  a n d  m .p .
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i i i )  Complex (XVI) ,  ( 0 . 1 0 g ,  O .U m m o l )  w as  s t i r r e d  i n

d i c h l o r o m e t h a n e  w i t h  t r i p h e n y l p h o s p h i n e  ( 0 . 0 1 g ,  0 .04m m ol)  

an d  a c e t o n e d i c a r b o x y l i c  a c i d  d i m e t h y l  e s t e r  ( 0 . 0 2 g ,  O .U m m o l )  

i n  a n  open  f l a s k  f o r  4 d a y s .  E v a p o r a t i o n  o f  t h e  s o l v e n t ,  

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

w h i t e  pov/der  w h ic h ,  a f t e r  t h o r o u g h  w a s h i n g  w i t h  d i e t h y l  

e t h e r ,  was  shown t o  b e  p u r e  (XV), by  i t s  i . r .  a n d  

H n . m . r .  s p e c t r a ,  a n d  i t s  m . p .

C. R e a c t i o n s  o f  rP t jc H (C 0 ^ C H ^ )C ( :0 )C H (C 0 ^ C H ^ ) f  ( P P h _ ) ^ ]  (XV)----------------------- L !-------------- 2— 3-------- ----------- 2— 3— — ------ ---------------

i )  With  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d

An e x c e s s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

(36%w/ w, 0 .1 c m ^ )  was a d d e d  t o  [P t  { CH(C0^CH^)C(:0)CH(C0^CH^)}- 

( P P h ^ ) ^ ]  ( 0 . 2 5 g» O . 2 8 mmol) i n  d i c h l o r o m e t h a n e  s o l u t i o n ,  and  

s t i r r e d  f o r  3 d a y s .  E v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  a 

w h i t e  pow der  w h ich  was  c o l l e c t e d  a n d  w as h ed  q u i c k l y  w i t h  

c h l o r o f o r m .  The pow d er  was i d e n t i f i e d  a s  c i s - f P t C l ^ ( P P h ^ )  

by i t s  i . r .  s p e c t r u m  [ r ( p t - C l ) = 3 1 9 $  293  cm ^ ;

( L i t .  3 1 6 , 2 9 7 c m " ^ ) ^ ° ]  a n d  i t s  m . p .  [ 310°C ;  ( L i t ,  = 3 1 0 - 3 1 2 ° C ) ^ ^ ]  

Y i e l d  = 0 . 1 9 g ,

i i )  With t r i f l u o r o e t h a n o i c  a c i d

T r i f l u o r o e t h a n o i c  a c i d  ( 0 . 0 2 6 g ,  0 .228m m ol)  w as  added  t o

[P t{ C H (C 0 ^ C H ^ ) C ( : 0 ) C H ( C 0 g C H ^ ) } ( F P h ^ ) ^ ] ( 0 .2 0 g ,  0 .22m m ol )  i n  

d i c h l o r o m e t h a n e  s o l u t i o n ,  and  s t i r r e d  f o r  3 h o u r s .  A w h i t e  

s o l i d  was  i s o l a t e d  by s lo w  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  and  

r e c r y s t a l l i s e d  f rom d i c h l o r o m e t h a n e / 4 0 - 6 0  p e t r o l .  The w h i t e  

c r y s t a l s  w e re  i d e n t i f i e d  a s  c i s - [ P t ( O C O C F ^ ) o ( P P h ^ ) ^ T , by t h e i r
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i . r .  s p e c t r u m  [ i/ (OCO)=1727, 1700 cm” "* ; ( L i t .  1 7 2 7 ,  1700 ,  

1400 c m " ^ ) ^ ^ ] and  t h e i r  m . p .  [ 223°C;  ( L i t . 2 2 0 - 5 ° C ) ^ °  ] .  

Y i e l d  = 0 . l 8 g ,  87%.

i i i )  W ith  t - b u t y l i s o c y a n i d e

t - B u t y l i s o c y a n i d e  ( 0 . 0 3 7 g ,  O.44mmol) was a d d e d  t o

[P t jC H (C 0 ^ C H ^ )C ( :0 )CH(C0 ^ C H ^ ) } ( P P h ^ ) ^ ]  ( 0 . 20g ,  0 . 22mmol) 

i n  d i e t h y l  e t h e r ,  an d  s t i r r e d  f o r  3 d a y s .  The w h i t e  pow der  

w h ic h  was f i l t e r e d  was  i d e n t i f i e d  a s  u n r e a c t e d  (XV) by i t s

i . r .  s p e c t r u m .

i v )  With  N - s u l p h i n y l a n i l i n e

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

( 0 . 0 4 g,  0 .28mmol)  was ad d e d  t o  [ P t |  CH(C02CH^)C(;0)CH(C02CH^) 

( P P h ^ ) ^ ]  ( 0 . 20 g ,  0 . 22mmol) i n  d i e t h y l  e t h e r  and  s t i r r e d  f o r  

8 h o u r s .  T h e r e  was no a p p a r e n t  c h a n g e ,  and  t h e  pow der  w h ich  

was f i l t e r e d  was i d e n t i f i e d  a s  u n r e a c t e d  (XV),  by i t s  i . r .  

s p e c t r u m .

D. An a t t e m p t  t o  p r e p a r e  [ p t  CH(CO CH^)C( : 0 )CH(C0 ^CH^) } (A sPh^)  ,,1

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

( 0 . 0 8 g ,  0 .46mmol)  was  a d d e d  t o  a  s u s p e n s i o n  o f  [ P t ( A s P h ^ ) ^ ]  

( 0 . 3 2 g ,  0 . 2 3 ramol) i n  d i e t h y l  e t h e r ,  a n d  s t i r r e d  i n  an  open  

f l a s k  o v e r n i g h t .  The  c ream  pow der  w as  f i l t e r e d  a n d  w ashed  

w i t h  d i e t h y l  e t h e r  an d  i d e n t i f i e d  as  u n r e a c t e d  [ P t  (AsPh^)^^] 

by i t s  i . r .  s p e c t r u m .
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E.  A t t e m p t s  t o  d i s p l a c e  PPh^ from [ ^ O O C ( C H ^CO^CH^) (PPh^ ) ^ ]  (XVI)

i )  With 1 , 2 - b i s ( d i p h e n y l p h o s p h i n o ) e t h a n e

1 , 2 - B i s ( d i p h e n y l p h o s p h i n o ) e t h a n e  ( 0 . 0 4 3 g ,  O . l6m m ol)  

was  a d d e d  t o  [P t{00C(CH^C0^CH^)^6 } ( P P h ^ ) ^ ]  ( 0 . 1 0 g .  O .U m m o l )  

i n  d i e t h y l  e t h e r  and  s t i r r e d  f o r  3 d a y s  i n  a n  o p e n  f l a s k .

The w h i t e  pow der  was  f i l t e r e d  an d  i d e n t i f i e d  a s  u n r e a c t e d  

s t a r t i n g  m a t e r i a l ,  by i t s  i . r .  s p e c t r u m .

i i )  With m e t h y l d i p h e n y l p h o s p h i n e

M e t h y l d i p h e n y l p h o s p h i n e  ( 0 . 0 4 3 g ,  0.22mraol)  was  a d d e d

t o  [ P t {OOC( CH^CO^CH^)^6 [ ( P P h ^ ) ^ ]  ( 0 . 1 0 g ,  O .U m m o l )  i n  

d i e t h y l  e t h e r  and  s t i r r e d  f o r  4 h o u r s .  The w h i t e  powder  

which  was f i l t e r e d  was  i d e n t i f i e d  a s  u n r e a c t e d  s t a r t i n g  

m a t e r i a l ,  by i t s  i . r .  s p e c t r u m .



REFERENCES 

FOR 

CHAPTER ONE



165

. 1 D. M* B a r l e x ,  J .  A. E v a n s ,  E.  D* W. Kemmit t  and
D. R,  R u s s e l l ,  J . C . S .  Chem, Comm», 1971 ,  3 31 -

. 2  D. 14. B a r l e x ,  A. C. J a r v i s ,  R. D. W. Kemmitt  an d
B. Y. K im u ra ,  J .  Chem. S o c .  D a l t o n , 1972 ,  2549*

. 3 A. C. J a r y i s  and  R.  D. W. K em m it t ,  J ,  O rg an o m e t a l .
Chem. , 1977 ,  1 3 6 ,  1 2 1 .

. 4  M. E.  Howden,  PhD. T h e s i s ,  U n i v e r s i t y  o f  L e i c e s t e r , 1977*

. 5 H. Yamaz'.aki and  N. H a g i h a r a ,  J .  O r g a n o m e t a l .  Chem. ,
1 9 7 0 ,  4 3 1 .

. 6  P .  H e im b a c h ,  K - J .  P l o n e r  and  F .  T h o m e l ,  Angew. Chem. 
I n t .  Ed. ,  1 9 7 1 , 1 0 ,  2 7 6 .

. 7  A. J .  C h a l k ,  J .  Amer.  Chem. S o c . , 1 9 7 2 ,  5 9 2 8 .

• 8 Y. V / a k a t s u k i ,  T .  K u r a m i t s u  and  H. Y a m a z a k i ,  T e t .
L e t t e r s , 1 974 ,  4 5 4 9 .

. 9  Y. W a k a t s u k i ,  K. Aoki  an d  H. Y a m a z a k i ,  J .  Amer.  Chem.  
S o c . ,  1 9 7 4 , 9 6 , 5 2 8 4 .

. 1 0  H. S u z u k i ,  K.  I t o h , Y. I s h i i ,  K, S im on an d  J .  A. I b e r s ,  
J .  Amer.  Chem. S o c . ,  1976 ,  9^ , 8 4 9 4 .

.1 1  Y. W a k a t s u k i  and  H. Y am azak i ,  J .  O r g a n o m e t a l .  C h e m . ,
1 9 7 7 , 1 3 9 ,  1 6 9 .

. 1 2  P .  C addy ,  M. G re e n ,  E.  O’ B r i e n ,  L .  E,  Sm ar t  a n d
P .  Woodward,  Angew. Chem. I n t .  E d . ,  1977 ,  I 6 , 6 4 8 .

. 1 3  J .  H.  B a r l o w ,  G. R.  C l a r k ,  M. G. C U r l , M. E.  Howden,
R. D. W. Kemmitt  an d  D. R. R u s s e l l ,  J .  O r g a n o m e t a l .
Chem. ,  1 9 7 7 , 1 # ,  0 4 7 .

. 1 4  J .  A. E v an s  an d  D. R.  R i s s e l l ,  J . C . S .  Chem. Comm. ,
1 9 7 1 , 1 9 7.

. 1 5  L .  J .  G u g g e n b e r g e r  an d  R.  C ra m e r ,  J .  Amer.  Chem. S o c . ,
1 9 7 2 , 9 4 , 3 7 7 9 .

. 1 6  E .  C r a m e r ,  J .  Amer. Chem. S o c . ,  1 9 6 7 ,  % ,  4 6 2 1 .

. 1 7  R.  C r a m e r ,  J .  B. K l i n e  and  J .  D. R o b e r t s ,  J .  Amer .
Chem. S o c . ,  1 9 6 9 ,  9 1 ,  2519-

. 1 8  R, C r a m e r ,  J .  Amer. Chem. S o c . , 1 9 6 4 ,  217-

. 1 9  R.  C r a m e r ,  J .  Amer.  Chem. S o c . , I 9 6 7 , 53 7 7 -

. 2 0  K. M o s e l e y ,  J .  W. Kang and  P .  M. M a i t l i s ,  J .  Chem.
S o c .  (A) ,  1 9 7 0 , 2 8 7 5 -

.21  R. C ram er  a n d  J .  J .  Mrowca,  I n o r g .  Chim. A c t a , 1 9 7 1 ,  5 ,
528 .



166

1 . 2 2  R.  C ram er  and  G. S .  Reddy ,  I n o r g .  Chem. ,  19 7 3 ,  1_2, 3 4 6 .

1 . 2 3  J -  K r i z  a n d  K. B o u c h a i ,  J .  O r g a n o m e t a l .  Chem. 1 9 7 4 ,  6 4 ,
2 3 3 .

1 . 2 4  M. H e r b e r h o l d ,  C.  G. K r e i t e r  an d  G. 0 .  V / i e d e r s a t z ,
J .  O r g a n o m e t a l .  Chem. , 1 9 7 6 ,  1 2 0 , 103»

1 . 2 3  T .  K a n e s h im a ,  K. Kawakami a n d  T .  T a n a k a ,  I n o r g .  Chem. ,
1 9 7 4 , 1 3 ,  2 1 9 8 .

1 . 2 6  K. Kawakami,  K. T a k e u c h i  an d  T .  T a n a k a ,  I n o r g .  Chem. ,
1 9 7 3 , 14 ,  8 7 7 .

1 . 2 7  T .  K a n e s h im a ,  K.  Kawakami an d  T .  T a n a k a ,  I n o r g .  Chim.
A c t a , 1 9 7 3 , 1 5 , 1 6 1 .

1 . 2 8  T .  K a n e s h im a ,  Y. Yumoto ,  K. Kawakami an d  T .  T a n a k a ,
I n o r g .  Chim. A c t a , 1976 ,  1_8, 29-

1 . 2 9  C. E .  H o l l o w a y ,  G. H u l l e y ,  B. F .  G. J o h n s o n  a n d  J .  L e w i s ,
J .  Chem. S o c .  (A) , 1969 ,  33#

1 . 3 0  C. E.  H o l l o w a y , G. H u l l e y ,  B. F .  G. J o h n s o n  a n d  J .  L e w i s ,
J . Chem» S o c .  (A) , 1970 ,  1653*

1 . 3 1  J .  A s h l e y - S m i t h , I .  Douek,  B.  F .  G. J o h n s o n  a n d  J .  L e w i s ,
J .C h e m .  S o c .  D a l t o n , 1972 ,  1 7 7 6 .

1 . 3 2  J .  A s h l e y - S m i t h , Z.  Douek ,  B.  F .  G. J o h n s o n  a n d  J .  L e w i s ,
J .  Chem. S o c .  D a l t o n , 1974 ,  1 28 .

1 . 3 3  A. L .  O n d e r d e l i n d e n  a n d  A. v a n  d e r  E n t , I n o r g .  Chim. A c t a ,
1 9 7 2 , 6 , 4 2 0 .

1 . 3 4  K. v a n  P u t t e  and  A. van  d e r  E n t ,  I n o r g .  Chim. A c t a , 1 9 7 3 ,
7 ,  4 9 7 .

1 . 3 3  H. L .  M. v a n  G a a l  a n d  A. v a n  d e r  E n t ,  I n o r g .  Chim. A c t a ,
1 9 7 3 , 7 ,  6 5 3 .

1 . 3 6  M. J .  S .  D ew ar , B u l l .  S o c .  Chim. F r a n c e , 1 9 3 1 ,  1_8, C79.

1 . 3 7  J .  C h a t t  an d  L .  A. D u n c a n s o n ,  J .  Chem. S o c . , 1 9 3 3 ,  2939*

1 . 3 8  J .  A. S é g a l  an d  B.  F .  G. J o h n s o n ,  J .  Chem. S o c .  D a l t o n ,
1 9 7 3 , 6 7 7 .

1 . 3 9  H.  S .  G u to w sk i  an d  C.  H.  Holm, J . Chem. P h y s . 1 9 3 6 ,  2 3 ,
1 2 2 8 .

1 . 4 0  D. R.  R u s s e l l ,  P e r s o n a l  c o m m u n i c a t i o n .

1 . 4 1  J .  A s h l e y - S m i t h ,  M. G reen  and  D. C. Wood, J .  Chem. S o c . (A) ,
1 9 7 0 , 1 8 4 7 .

1 . 4 2  R.  F i e l d s ,  G. L .  Godwin a n d  R.  N. H a s z e l d i n e ,
J .  O r g a n o m e t a l .  C h e m . , 1 9 7 1 ,  2 6 ,  C70.



167

1 . 4 3  M. W r i g h t on ,  G. S .  Hammond an d  H. B.  G ray ,  J .  Amer.
Chem. S o c . , 1 971 ,  3285 .

. 4 4  Y. W a k a t s u k i ,  S .  H o z a k u r a  and  S . M u r a h a s h i ,  B u l l .  Chem.
S o c .  J a p a n , 1972,  4 5 ,  3426 .

. 4 5  M. A r t h u r s ,  M. S l o a n ,  M. G. B.  Drew a n d  S .  M. N e l s o n ,
J .  Chem. S o c .  D a l t o n , 1975 ,  1 7 9 4 .

. 4 6  D.W. H a r t  an d  J .  S c h v / a r t z ,  J .  O r g a n o m e t a l .  Chem.,
1 9 7 5 ,  C i l .

. 4 7  M .J .  D ' A n i e l l o  an d  E . K .  B a r e f i e l d ,  J .  Amer. Chem. S o c . ,
1 9 7 8 , 1 0 0 , 1 4 7 4 .

. 4 8  R . S .  D i c k s o n  and  G. W i l k i n s o n ,  J .  Chem. S o c . ,  1 9 6 4 ,  2 6 9 9 .

. 4 9  S.M. N e l s o n ,  M. S l o a n  and  M.G.B.  Drew, J .  C hem ,S oc .
D a l t o n , 1 9 7 3 , 2 1 9 5 .

. 5 0  H .C .  C l a r k  and  W.S.  T s a n g ,  J .  Amer.  Chem. S o c . ,  1967 ,
5 3 3 .

. 5 1  T .  B l a c k m o r e ,  M . I .  B r u c e ,  F .G .A .  S t o n e ,  R . E . D a v i s  an d  
A. G a r z a ,  J . C . S .  Chem. Comm. , 1 9 7 1 ,  8 5 2 .

. 5 2  B .L .  B o o th  and  A.D. L l o y d ,  J .  O r g a n o m e t a l .  Chem. , 1972 ,
3 5 , 1 9 5 .

. 5 3  P.M. T r e i c h e l ,  E.  P i t c h e r  and  F . G . A .  S t o n e ,  I n o r g .  Chem. ,
1 9 6 2 , 1 ,  5 1 1 .

. 5 4  J . B .  W i l f o r d  and  F , G . A .  S t o n e ,  I n o r g .  Chem. , I 9 6 5 , 4 ,  9 3 .

• 5 5  M.G. C l e r i c i ,  S .  D i G i o a c c h i n o ,  F .  M a s p e r o ,  E,  P e r r o t t i  an d
A. Z a n o b i ,  J .  O r g a n o m e t a l .  Chem. , 1975 ,  _84, 5 7 9 .

. 5 6  E.O. S herm an  and  P . P .  S c h r e i n e r ,  J . C . S .  Chem. Comm.,
1 9 7 8 , 2 2 5 .

. 5 7  H.  Bonnemann,  Angew. Chem. I n t .  E d . ,  1970 ,  9 ,  7 3 6 .

. 5 8  N.W. A l c o c k ,  J .M .  Brown, J . A .  C o n n e e l y  and  J . J .  S t o f k o ,
J . C . S .  Chem. Comm. , 1975 ,  2 3 4 .

• 5 9  N.W. A l c o c k ,  J .M .  Brown,  J . A .  C o n n e e l y  a n d  D.H..  W i l l i a m s o n ,  
J . C . S .  Chem. Comm. , 1975,  7 9 2 .

. 6 0  M. G reen  an d  G . J .  P a r k e r ,  J .  Chem. Soc» D a l t o n , 1 9 7 4 ,  333*

. 6 1  A.D. K e t l e y  and  J . A .  B r a a t z ,  J .  O r g a n o m e t a l . C h e m . , I 9 6 7 »
9 ,  P 5 .

. 6 2  A.D. K e t l e y  and  J . A .  B r a a t z ,  J . C . S .  Chem. Comm. , 1968 ,  959-

. 6 3  A.D. K e t l e y ,  J . A .  B r a a t z  and  J .  C r a i g ,  J . C . S .  Chem. Comm. ,
1 9 7 0 , 1 1 1 7 .



168

1 . 6 4  J .  T s u j i ,  M. M or ikaw a an d  J .  K i j i ,  T e t .  L e t t e r s ,  1965 ,
8 1 7 .

1 .6 5  F . J .  M c Q u i l l i n  and  K .C . P o w e l l ,  J .  Chem.Soc. D a l t o n ,
1 9 7 2 , 2 1 2 9 .

1 . 6 6  H. B. Lee  and  P .M. M a i t l i s ,  J .  O r g a n o m e t a l .  Chem. , 1975 ,
C8 7 .

1 .6 7  J . A .  I b e r s ,  J .  O r g a n o m e ta l .  Chem., 1 9 7 4 , 7 3 , 389 .

1 . 6 8  A.C. J a r v i s ,  R.D.W. K e m m i t t , D .R .  R u s s e l l  an d  P . A .  T u c k e r ,
J .  O r g a n o m e t a l .  Chem. , S u b m i t t e d  f o r  p u b l i c a t i o n .

1 .6 9  G. I n g r o s s o ,  L .  P o r r i , G. P a n t i n i  a n d  P .  R a c a n e l l i ,
J .  O r g a n o m e t a l .  Chem. , 1973 ,  8 4 ,  7 5 .

1 . 7 0  J .  B eh an ,  R.A.W. J o h n s t o n e  an d  R . J .  P u d d e p h a t t ,  J . C . S .
Chem.Comm. , 1 9 7 8 ,  4 4 4 .

1 . 7 1  A.C.  J a r v i s  and  R.D.W. K em m it t ,  J .  O r g a n o m e t a l . Chem. ,
1 9 7 4 , 8 1 , 4 1 5 .

1 . 7 2  F .  B o n a t i  an d  G. W i l k i n s o n ,  J .  Chem. S o c . , 1 9 6 4 ,  3 1 5 6 .

1 . 7 3  G. I n g r o s s o ,  A. I m m i r z i  and  L .  P o r r i ,  J .  O r g a n o m e t a l .  Chem. ,
1 9 7 3 , 6 0 , C35.

1 . 7 4  W. W i n t e r , Angew. Chem. I n t .  Ed . ,  1 9 7 5 ,  14 ,  I 7 0 .

1 .7 5  T .H .  Brown and  P . J .  G r e e n ,  J . Amer. Chem. S o c . ,  197 0 ,
92 ,  2359.

1 . 7 6  G.W. P a r s h a l l  and  F . N .  J o n e s ,  J .  Amer.  Chem. S o c . I 9 6 5 ,
5336 .

1 . 7 7  M.E.  Howden,  P e r s o n a l  C o m m u n ic a t io n .

1 . 7 8  A.C.  J a r v i s ,  PhD. T h e s i s ,  U n i v e r s i t y  o f  L e i c e s t e r ,  1 9 7 3 .



R E F E R E N C E S  

F O R  

C H A P T E R  TW O



169

2 .  1 W. C.  Z e i s e ,  P o g g .  A nn . 1827 ,  9 ,  6 3 2 .

2 .  2 F .  D. Rochon  and  T .  T h e o p h a n i d e s ,  C a n .  J .  Chem. ,  1968 ,
4 6 ,  2 9 7 3 .

2 .  3 F .  D. Rochon  an d  T .  T h e o p h a n i d e s ,  C a n .  J .  Chem. , 1972 ,
3 0 , 1 3 2 3 -

2 .  4 R.  J .  Dubey ,  A c ta  C r y s t . ,  1973 ,  B3 I , i 8 6 0 .

2 .  3 J . C h a t t ,  G. A. Rowe a n d  A. A. W i l l i a m s ,  P r o c .  Chem. S o c . ,
1 9 3 7 , 2 0 8 .

2 .  6  G. C.  D o b i n s o n ,  R.  M ason ,  G. B.  R o b e r t s o n ,  R.  Ugo,  F .  C o n t i ,
D. M o r e l l i ,  S .  C e n i n i  and  F .  B o n a t i ,  J .  C. S .  Chem. Comm. ,
1 9 6 7 , 7 3 9 .

2 .  7 P .  U g u a g l i a t i  an d  W. H. B a d d l e y ,  J .  Amer.  C h e m . S o c . ,  1 9 6 8 ,
9 0 , 5 4 4 6 .

2 .  8  H.  D. K a e s z ,  R.  B.  K i n g  and  F .  G. A. S t o n e ,  Z .  N a t u r f o r s c h ,
i 9 6 0 , 1^ ,  7 6 3 .

2 .  9 H. C.  C l a r k  and  V/. S .  T s a n g ,  J .  C. S .  Chem. Comm., 1 9 6 6 ,  123*

2 . 1 0  H. C.  C l a r k  and  W. S .  T s a n g ,  J .  Amer. Chem. S o c . , I 9 6 7 , 8 9 ,
5 2 9 .

2 . 1 1  H. C. C l a r k ,  K. R.  D ix o n  an d  W. J .  J a c o b s ,  J .  Amer.  Chem. S o c . ,
1 9 6 8 , 9 0 , 2 2 5 9 .

2 . 1 2  D. A. H a r b o u r n e  an d  F .  G. A. S t o n e ,  J .  Chem. S o c .  (A) ,  1 9 6 8 ,
1 7 6 5 .

2 . 1 3  J .  H.  N e l s o n ,  H.  B.  J o n a s s e n  an d  D. M. R o u n d h i l l ,
I n o r g .  Chem. , 1 9 6 9 , 8 ,  2 5 9 1 .

2 . 1 4  A. D. A l l e n  and  C. D. Cook,  C an .  J .  Chem. , 1 9 6 4 ,  4 2 ,  IO 6 3 .

2 . 1 5  E.  0 .  G r e a v e s  and  P .  M- M a i t l i s ,  J .  O r g a n o m e t a l .  Chem. ,
1 9 6 6 , 6 , 104 .

2 . 1 6  E.  0 .  G r e a v e s ,  C.  J .  L .  Lock  a n d  P .  M. M a i t l i s ,
C an .  J .  Chem. ,  I 9 6 8 , 4 6 ,  3 8 7 9 .

2 . 1 7  A. F u r l a n i ,  P .  C a r u s i  an d  M. V. R u s s o ,  J .  O r g a n o m e t a l .  Chem.
1 9 7 4 , § 7 ,  3 1 3 .

2 . 1 8  H.  D. E m p s a l l ,  B.  L .  Shaw and  A. J .  S t r i n g e r ,  J .  Chem. S o c .
D a l t o n , 1 9 7 6 , 1 8 5 .

2 . 1 9  J .  B u r g e s s ,  M. E.  Howden,  R. D. W. Kemmitt  a n d  N. S .  S r i d h a r a ,
J .  Chem. S o c .  D a l t o n , i n  p r e s s .

2 . 2 0  M. G r e e n ,  D. M. G r o v e ,  J .  A. K.  H oward ,  J .  L .  S p e n c e r  an d
F .  G. A. S t o n e ,  J .  C. S .  Chem. Comm. , 1 9 7 6 ,  7 5 9 .

2 . 2 1  L .  M a l a t e s t a  and  C.  C a r i e l l o ,  J .  Chem. S o c . , 1 9 3 8 ,  2 3 2 3 .



170

2 . 2 2  Y .  A l b a n o ,  P .  L .  B e l l o n  and  V. S c a t t u r i n ,  J .  C. S .  Chem.
Comm. , 1 9 6 6 , 5 0 7 .

2 . 2 3  J .  P .  B i r k ,  J .  H a l p e r n  a n d  A. L .  P i c k a r d ,  J .  Amer .  Chem. S o c . ,
1 9 6 8 , 9 0 , 4 4 9 1 .

2 . 2 4  J .  P .  B i r k ,  J .  H a l p e r n  and  A. L .  P i c k a r d ,  I n o r g .  Chem. ,
1 9 6 8 , 7 , 2 6 7 2 .

2 . 2 5  S. J a g n e r ,  P .  G. H a z e l l  and S.  E .  Raraussen, J .  Chem. S o c .
D a l t o n , 1 9 7 6 , 35 7 -

2 . 2 6  R.  A. M a r i e z c u r r e n a  a n d  S .  E. R a m u ss e n ,  A c ta  Chem. S c a n d . ,
1 9 7 3 , 2 7 , 2 6 7 8 .

2 . 2 7  M. A. B e n n e t t ,  G. B.  R o b e r t s o n ,  P .  0 .  Whimp a n d  T .  Y o s h i d a ,
J .  Amer. Chem. S o c . ,  1971 ,  9 3 ,  3 7 9 7 .

2 . 2 8  G. B.  R o b e r t s o n  an d  P .  0 .  Whimp, J .  Amer. Chem. S o c . , 1973?
9 7 ,  1 0 3 1 .

2 . 2 9  G. W i t t i g  an d  S .  F i s c h e r ,  Chem. B e r . , 1972 ,  1 0 3 , 3 3 4 2 .

2 . 3 0  C.  D. Cook and  G. S .  Z a u h a l ,  I n o r g .  N u c l .  Chem. L e t t e r s ,
1 9 6 7 , 3 ,  3 1 .

2 . 3 1  W. J .  B l a n d  an d  R.  D. W. K e m m it t ,  J .  Chem. S o c .  (A) ,  1969 ,
2 0 6 2 .

2 . 3 2  J .  C h a t t ,  B. L.  Shaw and A. A. W i l l i a m s ,  J .  Chem. S o c . ,
1 9 6 2 , 3 2 6 9.

2 . 3 3  J .  L .  B o s t o n ,  S .  0 .  Grim and  G. W i l k i n s o n ,  J .  Chem. S o c . ,
1 9 6 3 , 3 4 6 8 .

2 . 3 4  W. H. B a d d l e y  and  L .  M. V e n a n z i ,  I n o r g .  Chem. , 1 9 6 6 ,  5 ,  3 3 .

2 . 3 3  R.  Ugo,  G. L aM on ica ,  F .  C a r i a t i ,  S .  C e n i n i  a n d  F .  C o n t i ,
I n o r g .  Chim. A c t a , 1970 ,  4 ,  3 9 0 .

2 . 3 6  S .  C e n i n i ,  R.  Ugo a n d  G. L aM on ica ,  J .  Chem. S o c .  (A) ,
1 9 7 1 , 4 0 9 .

2 . 3 7  E.  0 .  G r e a v e s ,  R.  B r u c e  an d  P .  M. M a i t l i s ,  J .  C.  S .  Chem.
Comm. , 1 9 6 7 , 8 6 0 .

2 . 3 8  C. D. Cook and  K. Y. Wan, I n o r g .  Chem. , 1 9 7 1 ,  1 2 ,  2 6 9 6 .

2 . 3 9  M. J .  S .  Dewar,  B u l l . S o c .  Chim. F r a n c e , 1931 ,  1 § ,  C?9 .

2 . 4 0  j .  C h a t t  and  L.  A. Duncanson,  J .  Chem. S o c . ,  1 9 3 3 ,  2939#

2 . 4 1  J .  H.  N e l s o n ,  K. S .  W h ee lo ck ,  L .  C.  C u s a c h s  a n d
H. B.  J o n a s s e n ,  J .  Amer. Chem. S o c . , 1 9 6 9 ,  9 1 ,  7 0 0 5 .

2 . 4 2  J .  C h a t t ,  R.  G. Guy, L .  A. D u n can s o n  an d  D. T .  Thompson,
J .  Chem. S o c . , I 9 6 3 , 5170 .



171

2 . 4 3  W. H. B a d d l e y ,  I n o r g .  Chim. A c ta  R e v i e w s , 1 9 6 8 ,  2 ,  7 -

2 . 4 4  J .  A. I b e r s  an d  S .  D. I t t e l ,  Adv. O r g a n o m e t a l .  Chem. ,
1 9 7 6 , 1 4 ,  3 3 .

2 . 4 5  B. W. D a v i e s  and  N. C.  P a y n e ,  I n o r g .  Chem. , 1 9 7 4 ,  1 3 ,  l 8 4 8 .

2 . 4 6  R.  M ason ,  N a t u r e , I 9 6 8 , 2 1 7 , 543-

2 . 4 7  A. C.  B l i z z a r d  a n d  D. P .  S a n t r y ,  J .  Amer.  Chem. S o c . ,
1 9 6 8 , 9 0 , 5 7 4 9 .

2 . 4 8  Y. I w a s h i t a ,  F .  T am ura  a n d  A. N ak am u ra ,  I n o r g »  Chem. ,
1 9 6 9 , 8 ,  1 1 7 9 .

2 . 4 9  C.  P a n a t t o n i  an d  R.  G r a z i a n i ,  i n  M. G a i s  ( E d . ) ,  " P r o g r e s s
i n  C o - o r d i n a t i o n  C h e m i s t r y " ,  E l s e v i e r ,  A m ste rdam ,  1 9 6 8 ,  
P310.

2 . 5 0  J .  0 .  G l a n v i l l e ,  J .  M. S t e w a r t  a n d  S .  0 .  Grim, J .  O r g a n o m e t a l .
Chem. ,  1 9 6 7 , 7 ,  P 9 .

2 . 5 1  A. Beauchamp,  F .  D.  Rochan  and  T .  T h e o p h a n i d e s ,  Can .  J .  Chem. ,
1 9 7 3 , 51 ,  1 2 6 .

2 . 5 2  J .  H. N e l s o n ,  J .  J .  R .  Reed  and  H. B.  J o n a s s e n ,
J .  O r g a n o m e t a l .  C h e m . , 1971 ,  2 9 ,  I 6 3 .

2 . 5 3  R.  M. S i l v e r s t e i n  a n d  G. C.  B a s s l e r ,  " S p e c t r o m e t r i c
I d e n t i f i c a t i o n  o f  O r g a n i c  Compounds" ,  J .  W i l e y  and  S o n s ,  
L o n d o n ,  1967*

2 . 5 4  K. S .  W h e e lo c k ,  J .  H.  N e l s o n ,  L .  C.  C u s a c h s  and
H. B.  J o n a s s e n ,  J .  Amer. Chem. S o c . , 1 9 7 0 ,  9 2 ,  3 1 1 0 .

2 . 5 5  P .  B.  T r i p a t h y ,  B.  W. R enoe ,  K.  A dzam l i  a n d  D. M. R o u n d h i l l ,
J .  Amer.  Chem. S o c . , 1 9 7 ”̂» 9 3 ,  4 4 o 6 .

2 . 5 6  D. M. B a r l e x ,  R.  D. W. Kemmitt  an d  G. W. L i t t l e c o t t ,
J .  C .  S .  Chem. Comm. , I 9 6 9 , 6 1 3 .

2 . 5 7  P .  B.  T r i p a t h y  and  D. M. R o u n d h i l l ,  J .  Amer. Chem. S o c . ,
1 9 7 0 , 9 2 , 3 8 2 5 .

2 . 5 8  B* E. Mann,  B. L .  Shaw a n d  N. I .  T u c k e r ,  J .  C.  S .  Chem. Comm. ,
1 9 7 0 , 1 3 3 3 .

2 . 3 9  D. M. B a r l e x ,  R.  D.  W. Kemmitt  an d  G. W. L i t t l e c o t t ,
J .  C.  S .  Chem. Comm. , 1971 ,  1 9 9 .

2 . 6 0  D. M. B a r l e x ,  R. D. W. Kemmitt  and  G. W. L i t t l e c o t t ,
J .  O r g a n o m e t a l .  Chem. ,  1 9 7 2 ,  4 5 ,  225-

2 . 6 1  W. H. B a d d l e y ,  C. P a n a t t o n i ,  G. B a n d o l i ,  D. A. C le m e n t e  and
U. B e l l u c o ,  J .  Amer .  C hem .S oc . ,  19 7 1 ,  9 3 , 3 5 9 0 .

2 . 6 2  P .  B.  T r i p a t h y  an d  D. M. R o u n d h i l l ,  J .  O r g a n o m e t a l .  Chem. ,
1 9 7 0 , 24 ,  2 47 .



172

2 . 6 3  A. F u r l a n i ,  P .  Bicey / ,  M. V. R u s s o  an d  P .  C a r u s i ,
J .  O r g a n o m e t a l .  Chem. ,  1971 ,  3 2 1 .

2 . 6 4  J .  H. N e l s o n ,  A. V/. V e r s t u y f e ,  J .  D. K e l l y  and
H. B.  J o n a s s e n ,  I n o r g .  Chem. , 1 9 7 4 ,  1 3 ,  27-

2 . 6 3  H.  D. E m p s a l l ,  B.  L .  Shaw and A. J .  S t r i n g e r ,
J .  O r g a n o m e t a l .  Chem. 1975 ,  9 4 ,  131*

2 . 6 6  A. F u r l a n i ,  P .  C a r u s i  an d  M. V. R u s s o ,  J .  O r g a n o m e t a l .
Chem. ,  1 9 7 6 , 1 1 6 , 1 1 3 .

2 . 6 7  S .  H.  M a s t i n ,  I n o r g .  Chem. , 1 9 7 4 ,  1 3 ,  IOO3 .

2 . 6 8  J .  H.  B a r l o w  an d  D. R . R u s s e l l ,  P e r s o n a l  C o m m u n ic a t io n .

2 . 6 9  T .  G. A p p l e t o n ,  H. C.  C l a r k e  a n d  L .  E .  M an ze r ,  C o - o r d .C h e m .
R e v i e w s , 1975 ,  1 2 ,  5 5 5 .

2 . 7 0  A. P i d c o c k ,  R.  E.  R i c h a r d s  an d  L .  M. V e n a n z i ,  J .  Chem.
S o c .  ( A ) , 1 9 6 6 , 1 7 0 7 .

2 . 7 1  S .  0 .  G r im ,  R. L .  K e i t e r  an d  W. M c F a r l a n e ,  I n o r g . C h e m . ,
1 9 6 7 , 6 ,  1 1 3 3 -

2 . 7 2  M. G re e n  an d  B.  L e w i s ,  J .  Chem. S o c .  D a l t o n , 1 9 7 5 ,  1137-

2 . 7 3  M. G r e e n ,  J .  A. K. H oward ,  A. L a g u n a ,  M. M u r r a y ,  J .  L .  S p e n c e r
and  F .  G. A. S t o n e ,  J .  C.  S .  Chem. Comm. , 1 9 7 5 ,  4 3 1 .

2 . 7 4  J .  A s h l e y - S m i t h ,  M. G reen  an d  F .  G. A.  S t o n e ,  J .  Chem.
S o c .  (A) ,  1 9 7 0 , 3 1 6 1 .

2 . 7 5  W. J .  B l a n d ,  R. D. W. Kemmitt  a n d  R,  D.  M oore ,  J .  Chem.
S o c .  D a l t o n , 1 9 7 3 ,  1293-

2 . 7 6  J .  B r o w n in g ,  H. D. E m p s a l l ,  M. G reen  an d  F .  G. A.  S t o n e ,
J .  Chem. S o c .  D a l t o n , 1973 ,  3 ^ 1 .

2 . 7 7  D. M. B l a k e  and  J .  R.  R e y n o l d s ,  J .  O r g a n o m e t a l .  Chem. ,
1 9 7 6 , 1 1 3 ,  3 9 1 .

2 . 7 8  G. K r e s z e ,  A. M a s c h k e ,  R. A l b r e c h t ,  K.  B e d e r k e ,
H. P .  P a t z s c h e ,  H.  S m a l l a  a n d  A. T r e d e ,  Angew. Chem.
I n t .  E d . ,  1 9 6 2 , 1 ,  8 9 .

2 . 7 9  W. J .  B l a n d  and  R.  D. ¥ .  K e m m i t t ,  J .  Chem. S o c .  ( A ) , 1 9 6 8 ,
1 2 7 8 .

2 . 8 0  W. H. B a d d l e y  and  L .  M. V e n a n z i ,  I n o r g .  Chem. 1 9 6 6 ,  3 ,  3 3 .

2 . 8 1  J .  C.  B a i l a r  and  H. I t a t a n i ,  I n o r g .  Chem. I 9 6 3 , 4 ,  I 6 1 8 .



REFERENCES

FOR

CHAPTER THREE



173

3 -  1 C. F .  H.  T i p p e r ,  J .  Chem. S o c . ,  1 9 5 5 ,  2043*

3 .  2 D. M. Adams, J .  C h a t t ,  R. G. Guy a n d  K. S h e p p a r d ,
J .  Chem. S o c . , 1 9 6 l , 7 3 8 .

3 .  3 S .  E,  B i n n s ,  R.  H. C r a g g ,  R.  D. G i l l a r d ,  B. T .  H e a t o n
and  M- F .  P i l b r o w ,  J .  Chem. S o c . ( A ) ,  1969 ,  1 2 2 7 .

3 - 4  N. A. B a i l e y ,  R.  D. G i l l a r d ,  M. K e e t o n ,  R. Mason an d
D. R.  R u s s e l l ,  J .  C.  S .  Chem. Comm. ,  1966 ,  3 9 6 .

3 .  3 R. D.  G i l l a r d ,  M. K e e t o n ,  R. Mason,  K.  F .  P i l b r o w  and
D. R.  R u s s e l l ,  J» O r g a n o m e t a l .  Chem. , 1971 ,  3 ^ ,  2 4 7 .

3 -  6 P .  W. H a l l ,  R. J .  P u d d e p h a t t  a n d  C.  F .  H. T i p p e r ,
J .  O r g a n o m e t a l .  Chem. , 1974 ,  7 1 ,  1 4 3 .

3 .  7 F .  J .  M c Q u i l l i n  an d  K. G. P o w e l l ,  J .  Chem. S o c .  D a l t o n ,
1 9 7 2 ,  2 1 2 3 .

3 .  8 J .  A. M c G in n e ty ,  J .  O r g a n o m e t a l .  Chem. , 1973 ,  4 2 9 .

3.  9 w. J .  I r w i n  and  F. J .  M c Q u i l l i n ,  T e t .  L e t t e r s , 1968, 1 9 3 7 .

3 . 1 0  K. G. Powell and F .  J. McQuillin, Tet. Letters, 1 9 7 1 ,  3 3 1 3 .

3 . 1 1  R. J .  P u d d e p h a t t ,  M. A- Q uyse r  a n d  C.  F .  K. T i p p e r ,
J .  C. S .  Chem.Comm. , 1976 ,  6 2 6 .

3 .1 2  D. B.  Brown, J .  O r g a n o m e t a l .  Chem. , 1 9 7 0 , 7 8 7 .

3 . 1 3  P. V/. Hall, R. J. Puddephatt, K. R. Seddon and C. F. H. Tipper,
J .  Organometal. Chem., 1974 ,  ^1» 4 2 3 -

3 . 1 4  F .  Tw anc iw ,  M. A. Q u y s e r ,  R. J . P u d d e p h a t t  an d  C. F .  H.  T i p p e r ,
J .  O r g a n o m e t a l .  Chem. , 1976 ,  1 1 3 , 91-

3 . 1 3  P- W. Hall, R. J. Puddephatt and C. F. H. T i p p e r ,
J . O r g a n o m e t a l .  Chem. , 1975 ,  4 0 7 -

3 - 1 6  M. K e e t o n ,  R.  Mason a n d  D. R. R i s s e l l ,  J .  O r g a n o m e t a l .  Chem..,
1 9 7 1 , 3 3 ,  2 3 9 -

3 - 1 7  R. D. G i l l a r d  an d  M. F .  P i l b r o w ,  J .  Chem- S o c .  D a l t o n , 1973  
1 0 2 .

3 - 1 8  M. L e n a r d a ,  R.  R os ,  M- G r a z i a n i  a n d  ü -  B e l l u c o ,
J. O r g a n o m e t a l .  Chem. , 1972 ,  C29-

3 - 1 9  M. L e n a r d a ,  R. R os ,  M. G r a z i a n i  a n d  U. B e l l u c o ,
J .  O r g a n o m e t a l .  Chem», 1974 ,  4 0 7 -

3 . 2 0  J .  R a j a r a m  and  J .  A. I b e r s ,  J .  Amer.  Chem. S o c . ,  1 9 7 8 ,  1 0 0 ,
8 2 0 .

3 . 2 1  D. J .  Y a r ro w ,  J .  A. I b e r s ,  M. L e n a r d a  a n d  M. G r a z i a n i ,
J .  O r g a n o m e t a l .  Chem. , 1974 ,  7 0 ,  133-



174

3 . 2 2  R.  S c h l o d d e r ,  J .  A, I b e r s ,  M. L e n a r d a  a n d  M. G r a z i a n i ,
J .  Amer» Chem. S o c » , 1974,  9 6 ,  6893*

3 . 2 3  M. L e n a r d a ,  0 .  T r a v e r s o ,  W. D. P i t t s ,  W. H. B a d d l e y  and
M. G r a z i a n i ,  I n o r g .  Chem», 1 9 7 7 ,  16_, 3 1 7 8 .

3 . 2 4  S .  I .  C han ,  J .  Z i n n ,  J .  F e r n a n d e z  a n d  W. D. S w in n ,
J .  Chem. P h y s . , I 9 6 O, 1643»

3 . 2 5  M. L e n a r d a ,  N. B. P a h o r ,  M. C a l l i g a r i s ,  M. G r a z i a n i  and
L .  R a n d a c c i o ,  J .  Chem. S o c .  D a l t o n , 1 9 7 8 ,  2 7 9 .

3 . 2 6  J .  P .  V i s s e r ,  A. J .  S c h i p p e r i j n ,  J .  L u k a s ,  D. B r i g h t  a n d
J .  J .  de  B o e r ,  J .  C. S .  Chem. Comm. , 1 9 7 1 ,  1 2 6 6 .

3 . 2 7  J .  P .  V i s s e r ,  A. J .  S c h i p p e r i j n  a n d  J . L u k a s .  J .  O r g a n o m e t a l .
Chem. ,  1 9 7 3 , 4 7 , 4 3 3 .

3 . 2 8  J .  J .  d e B o e r  and  D. B r i g h t ,  J .  Chem. S o c .  D a l t o n , 1973 ,  6 6 2 .

3 . 2 9  J .  P .  V i s s e r  and  J .  E.  R a m a k e rs -B lo m ,  J»  O r g a n o m e t a l .  Chem. ,
1 9 7 2 , # ,  C6 3 .

3 . 3 0  W. Wong, S .  J .  S i n g e r ,  W. D. P i t t s ,  J .  F .  W a t k i n s  and
W. H. B a d d l e y ,  J .  C. S .  Chem. Comm. , 1972 ,  6 7 2 .

3 . 3 1  M. Green, J .  A. K. Howard, R. P .  Hughes, S .  C.  Kellett
an d j 'P .  Woodward, J .  Chem. S o c .  D a l t o n , 1 9 7 3 ,  2 0 0 7 .

3 . 3 2  M. L e n a r d a ,  N. B. P a h o r ,  M. C a l l i g a r i s ,  M. G r a z i a n i  and
L .  R a n d a c c i o ,  I n o r g .  Chim. A c t a , 1 9 7 8 ,  L 1 9-

3 . 3 3  N. J .  T u r r o ,  Acc» Chem. Res., I 9 6 6 , _2, 25*

3 . 3 4  R. Ugo, F .  Conti, S .  Cenini, R. Mason and G. B. Robertson,
J .  C. S .  Chem.Comm» ) 1 9 6 8 , 1 4 9 8 .

3 . 3 3  P .  J .  H ay w ard ,  D. M. B l a k e ,  G. W i l k i n s o n  a n d  C.  J .  Nyman,
J .  Amer.  Chem. S o c . ,  1970 ,  9^ , 3873*

3 . 3 6  P .  J .  H ayw ard ,  S .  J .  S a f t i c h  an d  C.  J .  Nyman, I n o r g .  Chem. ,
1 9 7 1 , 1 0 , 1 3 1 1 .

3 . 3 7  P .  J .  Hayward  an d  C. J .  Nyman, J .  Amer» Chem. S o c . ,  1 9 7 1 ,
93 ,  6 1 7 .

3 . 3 8  G. M. Z a n d e r i g h i ,  R.  Ugo,  A. F u s i  a n d  Y. Ben T a a r i t ,
I n o r g .  N u c l .  Chem. L e t t e r s , 1 9 7 6 ,  1_2, 7 2 9 .

3 . 3 9  D. A. C l a r k e ,  P h .D .  T h e s i s ,  U n i v e r s i t y  o f  L e i c e s t e r ,  1 9 7 6 .

3 . 4 0  S .  H. M as t  i n ,  I n o r g .  Chem. ,  1 9 7 4 ,  1_3, IOO3 .

3 . 4 1  F .  a . C o t t o n  and  B.  A. F r e n z ,  T e t r a h e d r o n , 1 9 7 4 ,  1589 -

3 - 4 2  C- R i c h e ,  A c t a  C r y s t . , 1974 ,  B3 0 , 3 8 7 -



175

3 - 4 3  A. D. l é i l s h ,  T r a n s .  F a r a d a y  S o c . ,  1 9 4 9 ,  4 5 ,  179-

3 . 4 4  L .  M a l a t e s t a  and  C. C a r i e l l o ,  J .  Chem. S o c . ,  1 9 5 8 ,  2323-

3 - 4 5  C. J .  Nyman, C. E,  Wymore an d  G. W i l k i n s o n ,  J . Chem. S o c . ( A ) ,
1 9 6 8 , 5 6 1 -

3 - 4 6  J .  C h a t t ,  B.  L .  Shaw a n d  A. A. W i l l i a m s ,  J .  Chem. Soc - ,
1 9 6 2 , 3 2 6 9 .

3 . 4 7  G. K r e s z e ,  A. M a s c h k e ,  R.  A l b r e c h t ,  K.  B e d e r k e ,  H . P .  P a t z s c h e ,
H. S m a l l a  and  A. T r e d e ,  Angew. Chem. I n t .  E d . , 1962 ,  _1» 8 9 .

3 . 4 8  J .  C a s a n o v a ,  N. D. W e rn e r  and  R.  E.  S c h u s t e r ,  J .  O rg .  Chem. ,
1 9 6 6 , 31 , 3 4 7 3 -

3 . 4 9  J .  C. B a i l a r  an d  H. I t a t a n i ,  I n o r g .  Chem. 1 9 6 5 ,  4 ,  I 6 1 8 .

3 . 5 0  D. M. B a r l e x ,  PhD. T h e s i s ,  U n i v e r s i t y  o f  L e i c e s t e r ,  1 9 7 0 .


