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ABSTWVSb - - 
- - -- 

Two stereospecifically deuterium labelled cyclopropanes, 

namely trans-1-n-hexyl-cis-2,3-dideuteriocycloprpane - (XII), - and 
3 

cis-1-n-hexyl-cis-2,3-dideuteriocyclopropane (XIII), have been - - - 
synthesized. Reaction of tetrachloro(hiethylene)diplatinum(~~) 

f 

(Zeise's dimer) with n-hexylcylopropane, XII, and XI11 yielded 

dichloro - (2-n-hexylpropane-l,3-diy1)platinurn - A - - - - - - - - A - - - - complexes. - - -. - These 

complexes were converted to their dipyridyl adducts to give 

t r a n s - d i c h l ~ r o b i s ? ~ y r i d i n e  ( 2-n-hexylpropane-1, 3-diy1)platinum 

( X f f )  , derived frm n-hexylcycfuprogane, and the cormspaK~gg-- 7- 

adducts XVII, and XVIII, derived from XII, and XI11 respectively. 

Comparison of the 2 2 0  Mhz n.m.r. spectfum of XVI, with the 220 
+ 

Mhz spectra of XVII, and XVIII revealed that the insertion of Pt 

into the C2-C3 bond of' the cyclopropanes proceeded with reten- 

tion of configuratioq at both carbons. This result represents 
- - -- - - - - - - 

the first unequivocal evidence for a concerted cycloaddition 
1 

mechanism during the oxidative addition of a transition metal 

complex to a strained G C  bond. 
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i 
The development o f  hydrogenat ion c a t a l y s t s  by Wilkin- 

son  and coworkers1 has  l e d O t o  widespread i n t e r e s t  i n  t h e  

k f i e l d  o f  homogen ous c a t a l y s i s  by t r a n s i t i o n  m e t a l  complexes. 

To a l a r g e  e x t e n t ,  e r e s t  h a s a c u s e d  on what have 

baen l o o s e l y  o x i d a t i v e  a d d i t i o n  r e a c t i o n s .  2,334 
- A- -- 

This  i n c l u d e s  t he  r e a c t i o n s  of any t r a n s i t i d s  me ta l  complex 

"\ 
i n - w h i c h  an i n c r e a s e  ' in  t h e  formal  o x i d a t i o n  s t a t e  of t h e  

\- meta l  i s  accompanied by an  i n c r e a s e  i n  i t s  c o o r d i n a t i o n  num- 
1 
i b e r .  Among t h e  most i n t e r e s t i n g  t r a n s i t i o n  me ta l  c a t a l y z e d  

1, o r g a n i c  r e a c t i o n s  i n f e r r e d  t o  proceed by o x i d a t i v e  a d d i t i o n s  

a r e  " hydrogenat ion (1) , and hydroformylat ion ( 2 )  of  o l e f i n s ,  
2 

and va lence  i s o m e r i z a t i o n  ( 3 ) .  

RCH = CH2 + H 2  R h C 1 ( P P h j ) a  RCH2CHs (1) 

RCH = CH2 + H 2 ,  CO go 
C 0 7 ( C 0 ) '  > RCH2CH2-C, 



Oxida t ive  a d d i t i o n  r e a c t i o n s  have been s t u d i e d  f o r  a 

v a r i e t y  o f  metals, l i g a n d s ,  and s u b s t r a t e s .  Most of t K e  

t r a n s i t i o n  metal complexes which undergo o x i d a t i v e  a d d i t i o n  

r e a c t i o n s  a r e  low s p i n , ' c o o r d i n a t i v e l y  u n s a t u r a t e d  complexes 

2 ' 3 3 4  w i t h - d 7  6 4 )  , d 8  ( 5 )  o r  d l 0  ( 6 )  e l e c t r o n  c o n f i g u r a t i o n s .  

~ C C O I ' C C N )  5 3 3 a  + X-Y -+ C C O ~ " ( C N ) ~ X I ~ -  + C C O ' " ( ( N ) ~ ~ J ~ -  (4) 

X-Y = H 2 ,  Br2, H-OH, H-OOH,+ C H 3 - I ,  I - C N ,  e t c .  

X-Y = H z ,  C l p ,  H C 1 ,  C H 3 - I ,  RS02-C1, RHg-C1, R ~ s ~ - H ;  ' e t c .  

p t0(Pph3I2 + X-Y -+ P ~ " ( P P ~ ~ ) ~ ( x I ( Y )  ( 6 )  

X-Y = C H 3 - I  C 6 H S C H 2 - B r  ( C6H5 ) 3Sn-C1, e e c  . 

Owing t o . t h e  s t a b i l i t y  o f  many squa re  p l a n a r  d B  complexes o f  

I I Ir , Rh and ptI1,  a c o n s i d e r a b l e  -amount o f  r e s e a r c h  has been 

.d i rec ted '  a t - - t hese  complexes. 

c--' o x i d a t i v e  h d d i t l o n  r e a c t i o n s  u s u a l l y  proceed by i n s e r -  

t i o n  of t h e  metaS i n t o  an  X-Y s u b s t r a t e  single bond (e.g., 

X-Y = - C - H a l  ( H a l = I , B r , C l ) ,  C-H, H-H, 0-HI. Only a fewaddi -  

t i o n s  i n v o l v i n g  i n s e r t i o n  i n t o  C-C s i n g l e  bonds have been 
- 

r e p o r t e d  t o  date ' .  Suchproces ses  have been observed f o r  

two d imer i c  d8 complexes o f  R h l  ( I )  and pt'' ( G I .  - 



', 
2 OC, ,C1\ ,co 

Rh 
' ,,t /GI\ pt,C1 

oc' b l 'Rhb  C1 0 \ ' I  

These r e a c t i o n s  a r e  p a r t i c u l a r l y  i n t e r e s t i n g  since t h e y  are 

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

t i o n s .  The l a t t e r  u t i l i t y  o f  t h e s e  r e a c t i o n s  h a s  been dem- 
t 5 o n s t r a t e d  f o r  t h e  a d d i t i o n  o f  cubane t o  I which l e a d s  t o  t h e  

i n s e r t i o n  o f  CO i n t o  a  C-C s i n g l e  bond ( 7 ) .  

I n s e r t i o n  o f  ~h' i n t o  s t r a i n e d  C-C s i n g l e  bbnds h a s  a l s o  been  

r e p o r t e d  t o  o c c u r  w i t h  cycl -opropanes  and c y c l o b u t a n e s .  . W i l - .  

k i n s o n ,  -- e t  a l . '  f i r s t  r e p o r t e d  t h e  r e a c t i o n  o f  - I w i t h  

cyc lopropane  t o  y i e l d  an  i n s o l u b l e  complex, which on  t h e  b a s i s  

r 
o f  I.??., n . m . r .  and c h e m i c a l  r e a c t i o n s  w a s  fopmula ted  as t h e '  



More r e c e n t l y  Powell and ~ c ~ u i l l i n ~ ' *  have s t u d i e d r  t h e  r e a c  
-.$ 3 . 

t i o n  o f  'I' - with&&Qbstituted cyclopropanes .  From t h e  

s t r u c t u r e  q f  the '  k a ~ ~ ~  r e d u c t i o n  produc ts  o b t a i n e d  from t h e  

adducts,,  t hey  deduced t h e  s t r u c t u r e s  of t h e  a d d i t i o n  p r o d u c t s .  

"The r e a c t i o n  scheme proposed by t h e s e  a u t h o r s  t o  account  f o r  

bo th  a d d i t i o n , a n d  i s o m e r i z a t i o n  produc ts  i s o l a t e d , i n v o l v e s  a 

common i n t e r m e d i a t e  ( E ) , w h i c h  may be t r apped  by carbonyl  

i n s e r t i o n  o r  i somer ized  by hydrogen t r a n s f e r  ( F i g u r e  1). 

Figure 1: 

1 . 
r R-C 

Reaction of Complex I_ with Wonosubstituted Cyclopropanes 

S i m i l a r  r e a c t i o n s  wi th  - I i n  which a c y l  rhodium adduc t s  were 

i s o l a t e d  have been r e p o r t e d  f o r  quadr icyc lane  (9) and t r i c y c l o -  

octane (lO).The intermediates preposed f o r  t h e s e  r e a c t i o n s  and 

a t t e n d a n t  i s o m e r i z a t i o n s  c a t a l y z e d  by o t h e r  ~ h *  complexes a r e  

analogous t o  - I V .  



The i n s e r t i o n  o f  t h e .  p f I1  complex, 11, i n t o  s u b s t i t u t e d  

cyc lopropanes  i s  r e p o r t e d  t o ' g i v e  an i n s o l u b l e  po lymer ic  

product i n  h i g h  y i e l d .  The p a r e n t  cyc lopropane  adduc t  C3H6PtC12 

was f i r s t  d e s c r i b e d  by ~ i ~ ~ e r ' l ,  and f o r m u l a t e d  ak t h e  tetramer 

V on t h e  b a s i s  o f  s p e c t r a l  d a t a , 1 2  and X-ray d a t a  - '*"' o f  t h e  b i s -  

p y r i d i n e  d e r i v a t i v e  - V I  . 



~ c ~ u i l l i n ~ ~ ' ~ ~ ' ~ ~  and coworkers.  have s t u d i e d  t h e e f f e c t  of 

s u b s t i t u e n t s  on t h e  r e a c t i v i t y  and s e l e 6 t i v i t y  o f  c y c l o p r o -  

panes toward - I1 and have found that electron-donating groups on 

t h e  c y ~ i o p r o p y l  r i n g  f a c i l i t a t e  t h e  i n s e r t i o n  o f  P t  
11 

(complex 11) i n t o  t h e  C-C bond (11). 

VIIa  - VIIb - 
I 

Fur the rmore ,  t h e  i n s e r t i o n  r e a c t i o n  o c c u r s  w i t h  marked selec- 

t i v i t y  a t  t h e  leas t  s u b s t i t u t e d  c y c l o p r o p y l  bond. The s t r u c -  

t u r e s  o f  t h e  a d d u c t s  w e r e  e s t a b l i s h e d  as VIIa and VIIb by 

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

v a t i v e s .  
, . 

R e a c t i o n s  of  C-C s i n g l e  bonds w i t h  p t O  and pdO have 

a l s o  been o b s e r v e  b u t  are c o n f i n e d  t o  compounds i n  4 * 
which one o f  t h e  c a r b o n s  i s  e i ther  p a r t  o f  a cyano f u n c t i o n  

19 o r  i s  h i g h l y  s u b s t i t u t e d  by cyano g roups  ( 1 2 ) 1 8 ,  ( 1 3 )  , 

Pd o r  Ft (PPh3j4 + N-C-CzN 10oOc* C N P ~ ( P P ~ ~ ) ~ C N  3 h r s  



c' 

' The r e c e n t l y  r e p o r t e d 2 1  r e a c t i o n  of  P t ( P P h L C 2 H I ,  o r  MLn 

( n  = 3 4  M = Pd o r  P t ;  L = phosphines o r  t r i a r y l a r s i n e s )  

w i t h  te t racyanocyc lopropane  g ives  meta l locyc lobutane  d e r i -  
. , 

v a t i v e s  ( 1 5  I .  

.The s t r u c t u r e  of t h e  meta l locyc lobutane  complex was deduced 

from i . r . ,  n .m. r . ,  and X-ray d i f f r a c t i o n  d a t a 2 2  (IX: - L = 

The mechanism f o r  o x i d a t i v e  a d d i t i o n  r e a c t i o n s  i s  

c u r r e n t l y  under d i s p u t e ,  undoybtedly due t o  t h e  broad c l a s s i -  

f i c a t i o n  of such r e a c t i o n s .  Two g e n e r a l  mechanisms have been 7 
f 



proposed t o  d e s c r i b e  t h e  o x i d a t i v e  a d d i t i o n  r e a c t i o n s  of 
d I 

s q u a r e  p l a n a r  d B  complexes of lr l  and Rh . A one-s tep  Con- 

c e r t e d  mechanism, based on o r b i t a l  symmetry arguments,  ha s  been 

p o s t u l a t e d  by pearsonZ3 f o r  t h e  r e a c t i o n  of  Ir(CO)ZL2 ( Z  = 

C1, I, SCN; L = PPh3, PPh2Me) i n  d i c h l o r o e t h a W w i t h  C H 3 1 ,  

which e x p l a i n s  t h e  occur rence  o f  both  - c is -and  t r a n s - a d d i t i o n  

produc ts  ( F i g u r e  2 )  . 

Figure  2 : Pearson '  s Mechanism f o r  - c i s  and .- . t rans -Addi t ion  

of lrl t o  Alkyl  Ha l ides .  

Evidence . fo r  t h e  one-s tep ,  concE?kd p roces s  i s  i n d i c a t e d  by 

t h e  f a i l u r e  t o  i n c o r p o r a t e  l J 1 l -  i n t o  t h e  p r o d u c t ,  and by t h e  

a d d i t i o n  o f  C H ~ ~  ga s  t o  s o l i d  complexes,where fo rma t ion  of 
\ 
4 

i o n i c  i n t e r m e d i a t e s  can reasonably  be excluded.  I n  a d d i t i o n ,  
/ 

Pearson observed t h a t  t h e r e  i s  r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  

t he  r e a c t i n g  carbon of o p t i c a l l y  a c t i v e  CHs- d u r i n g  

i t s  a d d i t i o n  t o  I ~ ( c o ) c ~ ( P M ~ P ~ ~  ( 1 6 ) .  



The assumption made i n  t h i s  deduc t ion  w a s  t h a t  c leav-  

age  o f  ' the  I r - a l k y l  bond of  t h e  a d d i t i o n  p roduc t ,  
'G 

- 
I ~ ( C O ) C ~ ( P M ~ P ~ ~ ) ~ ( ~ ~ C H C Q Q C ~ H ~ ) B ~ , W ~ ~ ~  b k n e  proceeded with  - 
r e t e n t i o n  of c o n f i g u r a t i o n .  S ince  t h e &  . a r e  r e l a t e d  metal 

- a l k y l  bond c leavages  2 4 ' 2 5  y 2 6  e f f e c t e d  w i t h  'bromine which 

i n v o l v e  i n v e r s i o n  of c o n f i g u r a t i o n  of  t h e  a l k y l  ca rbon ,  f u r -  

t h e r  work i s  neces sa ry  t o  d e f i n e  t h e  s t e r e o c h e m i s t r y  o f  t h i s  

3 0 r e a c t i o n .  Osborn has  r e p e a t e d  t h i s  exper iment  and found t h a t  

9 
I t h e  p u r i f i e d  I$'* produc t  ( c f .  16) showed only  n e g l i g i b l e  o p t i -  

ca l  a c t i v i t y  under a v a r i e t y  o f  expe r imen ta l  c o n d i t i o n s .  

. Another mechanism,which accounts  f o r  t h e  observed 

t r e n d  toward - increased  r e a c t i v i t y  o f  t h e  me ta l  .complexes w i t h  
-- - 

- i nc reas ing  l i g a n d  b a s i c i t y , i n v o l v e s  an SN2 process?in which 

the meta l  complex a c t s  as a nuc l eoph i l e .  T h i s  model p r e d i c t s  
J 

i n v e r s i o n  of c o n f i g u r a t i o n  a t  t h e  r e a c t i n g  carbon atom of  an 

a l k y l  h a l i d e ,  and e i t h e r  c i s  o r  t r a n s  a d d i t i o n  t o  t h e  metal. - 
The only o x i d a t i v e  a d d i t i o n  of an a l k y l  h a l i d e  t o  a d8 complex 



thought  t o  i nvo lve  i n v e r s i o n  of  c o n f i g u r a t i o n  a t  carbon w a s  

2 7 
t' "% 

r e p o r t e d  by Osborn and coworkers. They ana lyzed  t h e  r eac -  

t i o n  mixture  o b t a i n e d  from a d d i t i o n  of trans-l-bromo-2- 

by n.m.r.  and concluded t h a t  t h e  a d d i t i o n  produc t  possessed  - cis 
C 

cyc lohexyl  s te reochemis t ry ,  r e s u l t i n g  from i n v e r s i o n  a t  t h e  

carbon ~ n d e r g o i ~ n g  r e a c t i o n  ( 1 7 ) .  

Jensen and   nickel^' were unable  t o  r e p e a t *  t h i s  w ~ ~ k , f i n d i n g  

no r e a c t i o n  under t h e  r e p o r t e d  c o n d i t i o n s , n o r  under condi-  * 

t i o n s  a p p r e c i a b l y  more d r a s t i c .  OsbornPg has  r e p e a t e d  t h i s  

work and found t h a t  t h e  observed r e a c t i o n  d i d  proceed b u t  on ly  

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

AIBN o r  peroxide .  R e i n v e s t i g a t i o n  of  t h e  s t e r e o c h e m i s t r y  o f  

t h e  r e a c t i o n  r e v e a l e d  t h a t  bo th  c i s  and t r a n s  1-bromo-2-fluoro- 

cyclohexane gave t h e  same adduc t .  Thus, t h i s  p roces s  appears  

t o  be r a d i c a l  i n  n a t u r e  and i n v o l v e s  o r g a n i c  r a d i c a l  i n t e r -  

med ia t e s  capable  of l o s s  o f  s t e r eochemis t ry  a t  t h e  r e a c t i n g  

' ca+bon a t o m .  



' ~ d d i t i o n a l  ev idence  f o r  a f r e e  r a d i c a l  pathway comes 

from t h e  r e a c t i o n  of IrClCO(PMe3)2 wi th  C6H5CHFCHBrCOOEt (Xa). 30 - - 
The n.m.r. s p e c t r a  ( ' H ,  l 9 ~ ,  3 ~ )  o f  t h e  i s o l a t e d  adduc t  i n d i -  

c a t e d  i t  t o  be c o n s i s t e n t  w i t h  c o n f i g u r a t i o n  G'. However, 

t h e  n.m'.r. spectrvm of t h e  r e a c t i o n  mix ture  b e f o r e  work-up 

XIa M ='IrC1BrCO(PMe3)2' XIb M = I r C l B r C O  P(Me3I2 - - 

shows t h e  presence  o f  bo th  spec'ies (a and XIb) i n  t h e  r a t i o  

- o f  1:b.S.  The same r a t i o  i s  ob ta ined  wi th  & . S i m i l a r  

r e a c t i o n s  have been r e p o r t e d  30-32 f o r  ?to and pdO complexes, 

and bo th  cha in  and n ~ n - c h a i n ~ ~  f r e e  r a d i c a l  mechanisms 

have been proposed.  These a d d i t i o n s  are c h a r a c t e r i z e d  by 

dec reases  i n  r e a c t i o n  r a t e s  by r a d i c a l  scavengers  and by l o s s  of 

s t e r e o c h e m i s t r  a t  carbbn.  Kramer and ~ s b o r n ' ~  have projmsed - i( 
a g e n e ~ a l i z e d  reaction scheme ( F i g u r e  3 j  f o r  a l k y l  h a l i d e  

a d d i t i o n  t o  p t O  complexes. The- scheme a l lows  f o r  s e v e r a l  

r o u t e s  depending on t h e  r e a c t i v i t y  of  The a l k y l  h a l i d e ,  t h e  



n u c l e o p h i l i c i t y  o f  t h e  me ta l  complex, t h e  a b i l i t y  of t h e  

me ta l .  complex t o  undergo o n e - e l e c t r o n  t r a n s f e r  p r o c e s s e s ,  34 - .  
s t e r i c  e f f e c t s  and l i g a n d  exchange p roces ses .  

a 

! 
v .  

Chain Process 
I I I I 

R-Pt-X;H-Pt -X 

Figure  3:- Generalized Osborn Mechanism f o r  React ion o f  p t O  . 
with  A l k y l  Hal ides .  

Suppor t ing  ev idence  f o r  t h e  SN2 mechanism dur ing  ox i -  
-- 

f 
d a t i v e  a d d i t i o n s  of  d a  complexes has  been r e c e n t l y  r e p o r t e d  

by Collman 35 f o r  a mac+ocyclic R ~ I  complex and by ~~o~~ f o r  



For t h e  r e l a t e d  d l 0  complexesf tille37 ' 38 has  r epo r -  

t e d  i n v e r s i o n  o f , c o n f i g u r a t i o n  a t  t h e  r e a c t i n g  carbon a tomdur-  

i n g  t h e  a d d i t i o n  o f  a l k y l  h a l i d e s  t o  pdO complexes. H e  

used o p t i c a l l y  a c t i v e  a-phenylethyl bromine and PdCO( PPh 3 3 . 

-Pd(PPh3I4  under a CO atmosphere ( 1 8 ) .  

--; 

I n  t h i s  r e a c t i o n  sequence carbonyl  t r i s ( t r i p h e n y 1 p h o s p h i n e  - 
pal lad ium (0) undergoes o x i d a t i v e  a d d i t i o n  t o  g i v e  an i n t e r -  

mediate,followed by i n t r a m o l e c u l a r  carbon monoxide i n s e r t i o n  

t o  a f fopd  a stable8 acy lpa l l ad ium complex. The assumption i s  

made i n  t h i s  work t h a t  t h e  carbonyl  i n s e r t i o n  occu r s  w i t h  

1 0 0 %  r e t e n t i o n  o f  c o n f i g u r a t i o n .  It  w a s  determ*ed t h a t  I 

L,  

under t h e s e  condi t ion;  t h e  s t e r e o s p e c i f i c i t f r  of-$he o x i d a t i v e  
4 ' 

a d d i t i o n  p roces s  w a s  approximately  90-95%. The same-.authors 
4 -r 

* 



a l s o  r e p o r t  t h e  r e a c t i o n  of  o p t i c a l l y  a c t i v e  l-phenyl-  

t r i f l t r o r o e t h y l  c h l o r i d e  wi th '  Pd(PPh3) I+ t o  g i v e  a s t a b l e  

complex Pd(PPh3) [ P ~ C H ( C F ~ )  1 C 1  t h a t  e x h i b i t e d  l i t t l e  o r  no 

o p t i c a l  r o t a t i o n .  This  outcome i s  r emin i scen t  o f  OsbornLs 

r a d i c a l  p r o c e s s e s .  An SN2 mechanism has  a l s o  been i m p l i c a t e d  
C 

- i n  t h e  r e a c t i o n  of  p t O  and pdO complexes w i t h  t e t r a c y a n o  ---+ 

c y c l o p r o p i e s 2 1  t o  g i v e  meta l locyc lobutane  a d d i t i o n  p roduc t s .  

I 
which enab le s  one t o  d i f f e r e n t i a t e  among t h e  proposed mech- 

f anisms.  I t  would s e e m , l i k e l y  from t h e  e x i s t i n g  l i t e r a t u r e  t h a t  

t h e  mechanism of  o x i d a t i v e  a d d i t i o n  could  va ry ,  depending on 
J 

t h e  me ta l  complex and add ing  s p e c i e s .  

The g o a l  o f - t h e  p r e s e n t  i n v e s t i g a t i o n  was t o  des ign  a 

r e a c t i v e  hydrocarbon capab le  o f .  C-C a d d i t i o n  t o  a  t r a n s i t i o n  

me ta l  complex,which would y i e l d  an adduct  amenable t o  
' 

spectroscopic determination of the stereochemis-try of t h e  a d d i t i o n  

a t  bo th  r e a c t i v e  C-C c e n t e r s  af t h e  hydrocarbon.  For r e a s o n s  

which are d e t a i l e d  below,we chose t o  s y n t h e s i z e  a p a i r  o f  

d e u t e r a t e d  a lky lcyc lopropanes .  These molecules  posses s  C-C 

bonds r e a c t i v e  i n  t h e  o x i d a t i v e  a d d i t i o n  p roces s  and are 

expected t o  y i e l d ,  prcducts which could be e h e d  by n.m.r. 

spec t roscopy .  I t  w a s  hoped t h a t  t h e  s t e r eochemica l  ou'tcomet o f  

t h e  a d d i t i o n  process  could be  determined by examinat ion of t h e  

n.m.r .  e p e c t r a  of  t h e s e  adduc ts .  



R e s u l t s  

%. 

Since  t h e  r e a c t i o n  o f  ptl '  (complex - 11) has been reported 

t o  proceed w e l l  wiYh monosubs t i tu ted  cyc lopmpanes  16317 at 

t h e  least s u b s t i t u t e d  cyc lop ropy l  C2'C3 bond, t h e  s y n t h e s i s  - 
of cornpouhds - XI1 and - XI11 s t e r e o s p e c i f  i c a l l y  deuf e r a t e d  a t  

C 2  and C j  w a s  under taken ,  
, . 

A p r i o r i ,  t h e r e  a r e  t h r e e  s t e r eochemica l  c o u r s e s  - 
3 

-- - 

which could be observed du r ing  a d d i t i o n  of t h e  p t l I  complex 

t o  a C2'C3 bond of such cyclopropanes;  t h e s e  are (F ig .  4) : L 

d'- / 
a )  Reten t ion  o f  c o n f i g u r a t i o n  (R,R) a t  b o t h  carbon 

+ . c e n t r e s  (C2 and C 3 ) ;  

G. b)  I n v e r s i o n  of c o n f i g u r a t i o n  (1,I) a t  b o t h  carbon 

c e n t r e s  (C2, C3);. 

and C )  Re ten t ion  of  c o n f i g u r a t i o n  a t  one c e n t r e ,  i nve r -  

s i o n  a t  t h e  o t k e ~  C CR, I ) .  -- 



XVa - XIVa - 

Figtire 4 .  Poss ib l e  Products of Reaction o f  Complex= 
with  and u. 
a) Retention at both C2 and C3 (R,R). 

e) Retention at one carbon, inversion at artother (R , I ) .  



I t  w a s  d e s i r e d  t h a t  t h e  d i s t i n c t i o n  be tyeen  t h e s e  
/ 

t h r e e  p o s s i b i l i t i e s  be e v i d e n t  upon examinat ion o f  t h e  n.m.r. 

s p e c t r a  o f  t h e  a d d i t i o n  p roduc t s .  Two s t e r eochemica l  p r o b e s  

based on n.m.r.  s p e c t r a l  parameters  were cons ide red .  A 

d i f f e r e n c e  i n  chemical  s h i f t s  between t h e  cyc lop ropy l  hydro- 

gens (C2 and C 3 )  c i s  and t r a n s  t o  t h e  n -a lky l  s u b s t i t u e n t  of - 
monoalkyl cyclop-ropanes has  been r e p o r t e d .  39 S i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  coupl ing  c o n s t a n t s  o f  c i s - and  t r a n s -  - 
40 cyc lopropyl  hydrogens have a l s o  been e s t a b l i s h e d  . . 

4 I t  i s  known t h a t  a l k y l  groups have a s h i e l d i n g  
3 9 

e f f e c t  due t o  t h e i r  magnet ic  an igo t ropy .  It has been observed 

that the absorption peaks of cyclopropyl hydrogens cis t o  alkyl substitu- - 
ents are shifted upfield than those of the i r  t r a n s  counte r -  

p a r t s .  This  e f f e c t  i s  a l s o  e x h i b i t e d  by t h e  .ptl' adduc t s  of 

cyclopropanes  a s  i n d i c a t e d  by t h e  n.m.r.  d a t a 1 7  f o r  a s e r i e s  

of  cyclopropanes  and t h e i r  cor responding  p t I1  C l z  ( p ~ ) ~  

adduc t s  and shown i n  Table  1. A t r e n d  a l s o  obvious  from t h i s  

t a b l e  i s  t h a t  a l l  cyc lop ropy l  methylene proton peaks are shifted 

downfie ld  by approximately  t h e  same va lue  as one proceeds  

from t h e  cyclopropane t o  t h e  adduc t .  

The coupl ing  c o n s t a n t s  o f  c i s  and t r a n s  cyc lop ropy l  - 
hydrogens have been s t u d i e d  by a number o f  workers4' argd a r e  

'c. 
summarized i n  Table  2 .  A s  i s  e v i d e n t  from t h e  t a b l e ,  t h e  - 
coupl ing  between v i c i n a l  - c i s - cyc lop ropy l  hydrogens i s  8 t o  



11 HZ , whereas  t h a t  f o r  v i c i n a l  t r a n s  hydrogens  i s  5 t o  8 

Hz. V i c i n a l  c y c l o b u t y l  hydrogen c o u p l i n g s  show similar 44 

b e h a v i o r  ( s e e  T a b l e  3) i n  t h a t  c o u p l i n g  between v i c i n a l  

T a b l e  '1 

Downfield P r o t o n  Chemical  S h i f t s  f o r  P tC12(py)2  

\ T r i m e t h y l e n e  D e r i v a t i v e s  i n  Comparison 

With t h e  

Cyclopropane 

t P a r e n t  Cyclopropanes .  

Complex 
T 

7.03 
5-90 

7.02 

5.44 

7.30 

6.79 

7.58 

7.25 

7.05 
5.07 

6.80 

4.88 
5.25 
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Vic ina l  ~ H - I H  Couplings i n  Four Membered Rings 41 

Compound J a- . 
J 

cyc lobutane  

cyclobutanone 

t h i e t a n e  

oxe tane  . 8 . 7  , 6 . 7  

a z e t i d i n e  8 . 4  6 . 0  

t h i a t a n e - 1 , l - d i o x i d e  10 .3  6 . 3  



Our i n i t i a l  e f f o r t s  were d i r e c t e d  a t  unequivocal  syn- 

t h e s e s  of n-hexylcyclopropane and i t s  s t e r e o s p e c i f i c a l l y  
Z 

d e u t e r a t e d  ana logs  and X I I I .  The synthesis of n-hexylcycko- 

propane w a s  c a r r i e d  o u t  acco rd ing  t o  t h e  procedure  of Simmons 

' and smith4'.  The s y n t h e s i s  of  XI1 proceeded from r e a c t i q n  o f  

a mix ture  of  - cis and t r a n s  1-chloro-oct-1-enes4' and d i c h l o r o -  + - 
carbene genera ted  i n  t h e  presence  o f  a phase t r a n s f e r  agen t  

( ce ty l t r ime thy lammo~ium bromide 1 4 5  (CTBA)  . The mix ture  of  - h&l- 

, t r i ch lo rocyc lop ropanes  t h u s  gene ra t ed   as reduced tp t h e  

48 
d i c h l o r o  s t a g e  by r e a c t i o n  w i t h  t r i - n - b u t y l t i n  h y d r i d e  . 
Deuterium was p l aced  i n  t h e  molecule s t e r e o s p e c i f i c a l l y  

t r a n s  t o  t h e  hexy l  s u b s t i t u e n t  by r e d u c t i o n  o f  t h e  d i ch lo ro -  

cyclopropane isomers  gene ra t ed  above w i t h  sodium i n  methanol- 

OD. . T h i s  r e d u c t i o n  i s  known t o  y i e l d  p roduc t s  i n  which deu- 

t e r ium i s  p l aced  i n  t h e  l e a s t  h indered  p o s i t i o n  a t  each 

, c h l o r i n e  c o n t a i n i n g  carbon 49 (F igu re  5 ) .  . 
I n  t h e  p r e s e n t  case ,  a n a l y s i s  of t h e  deutemted product 

(principally cyclopmpane - XII) by rmss spectroscopy revealed 92% D2 and 8% 

Dl. Analysis by n.m.r. revealed that the dideuterio species (XI11 - was 

contaminated t o  t h e  e x t e n t  of 9% wi th  X I 1 1  o r  t h e  isomer i n  

which t h e  deuter iums were t r a n s  t o  one a n o t h e r .  The t o t a l  

con tamina t ion  due t o  XI11 and isomers hav ing  C2 o r  Cg pro tons  

- - t r a n s  t o  t h e w 1  group w a s  1 7 %  by - n.m.r. a n a l y s i s .  - - 



BuLi 
44 

45  
CTAB 

[ :CC121 - CHC13+NaOH 

i 

Figure 5: Synthesis 

\L 



A 

The s y n t h e s i s  o f  X I 1 1  proceeded from 1-deuter io-1-  

chlorooct-1-ene This  o l e f i n  w a s  p repared  by r e a c t i o n  

o f  d i s iamylborane .  w i t h  1-chlorooct- l -yne52 fo l lowed by 

52 . h y d r o l y s i s  of t h e  v i n y l  borane i n  a c e t i c  acid-OD . The 

d e u t e r a t e d  ch lo rooc tene  t h u s  produced w a s  a l lowed t o  r e a c t  w i t h  d i -  

ch lorocarbene  as above and t h e  hexyltrichlorocyclopqopane 

produced was reduced t o  t h e  d i c h l o r o  s t a g e  by r e a c t i o n  wi th  

t r i - n - b u t y l t i n  deu teo ide4* .  This  sequence p l aced  one deuteririm 

a t  each o f  t h e  c h l o r i n a t e d  carbons ( C2 and C3 . Reduction 

of t h e  d i c h l o r o d i d e u t e r  o c lopropanes  w i t h  sodium i n  methanol 49 
, 

jl CY 
gave predominantly X I 1 1  . Mass s p e c t r o s c o p i c  a n a l y s i s  of the 

deuterated product pmduced by t h i s  sequence revealed 73% D2 and 27% Dl. 

S ince  nuc leqr  magnetic resonance a n a l y s i s  r e v e a l e d  28% contam- 
1 \ 

i n a t i o n  of X I ~ I  by isomers  n t a i n i n g  p ro tons  a t  C2 and C s  v 
c i s  t o  t h e  hexy l  group,  one may deduce t h a t , w i t h i n  expe r i -  - 

I 

mental  l i m i t s  of d e t e c t i o n ,  X I 1 1  was contaminated on ly  w i t h  t h e  

monodeuterio s p e c i e s  ( F i g u r e  6)~. - 

Each of - 9  X I 1  - X I I I ,  and n-hexylcyclopropane were 

r e a c t e d  wi th  ptl '  (complex I) under t h e  c o n d i t i o n s  used b> 

17 Powell and McQuillin . The i n s o l u b l e  yel low p r o d u c t s  t h u s  

formed.were r e a c t e d  w i t h  t h e  cor responding  

17 b i s p y r i d i n e  adduc ts  . These adducts  were t h e n  analyzed zy 

220 MHz n.m.F. to determr'ne the s t e r e o c h e m i s t r y  of t h e  i n -  

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

From t h e  preceed ing  arguments,  t h e  chemical  s h i f t s  

f o r  t h e  2,3-cis-hydrogens of  X 1 . I  should be f u r t h e r  u p f i e l d  - - 



CTAB 
:CC121 - CHC13+NaOH 

Figure 6: Synthesis of XI11 - 



/'-- 

tha'n t h e  1 9 3 - ~  hydmg-. of X I I L  Thus the &emical  s h i f t s  o f  - 
d' 

, t h e  C2 and C3 hydrogens i n  t h e  de r ived  pt l*  c ~ ~ ( P ~ ) ~ '  adduc t s  

shou ld  depend on t h e  s t e r eochemica l  outcome o f  t h e  r e a c t i o n  

o f  each  d e u t e r a t e d  cyclopropane wi th  ptS1 (complex a .  If 
. - 

, t h e  r e a c t i o n  proceeds  w i t h  

a) t o t a l  r e t e n t i o n ,  t h e n  6~ of  t h e  adduck from 
2 ,  3 

X I 1  w i l l  be l e s s  t han  6 -. of  t h e  adduc t  
Hz ,H3 

d e r i v e d  from X I I I ;  

b )  t o t a l  i n v e r s i o n , t h e n  d H  o f  t h e  adduc t  from 
I 2 ,  3 

X I 1  w i l l b e  greater than 6* H' - of  t h e  adduc t  de- 
+- 29 3 

r i v e d  from X I I I ;  

c )  . r e t e n t i o n  a t  one c e n t e r  and i n v e r s i o n  a t  a n o t h e r  

c e n t e r , t h e n  t h e  s p e c t r a ' o f  adduc t s  d e r i v e d  from 

X I 1  and X I I I  w i l l  be i d e n t i c a l .  - 
The ' d i s t i n c t i o n  between t h e  t h r e e  p o s s i b l e  cou r se s  

based on t h e  coup l ing  c o n s t a n t  d i f f e r e n c e s  f o l l o w s  an 

e q u a l l y  d e f i n i t i v e  argument. 

Thus f o r  t h e  c a s e  where J > J i.cau i n  t h e  de r ived  & 
adducts,  i f  t h e  r e a c t i o n  proceeds  w i t h  

a) t o t a l  r e t e n t i o n , t h e n  J 1  2 and J1,3 i n  t h e  adduc t  
9 

d e r i v e d  f r o m =  w i l l  be less t h a n  J 1 , 2  and J1,3 

i n  t h e  adduc t  d e r i v e d  from X I I I ;  

bZ t o t a l  i nve r s ion ,  t l e n  J1 ,2 a n d  J1, 3 i n  t h e  adduc t  

d e r i v e d  from X I 1  w i l l  be g r e a t e r  t han  J l , 2  and 
4 

J1 3 i n  t h e  adduc t  de r ived  from X I I I .  

c) r e t e n t i o n  a t  one cen te r , and  i n v e r s i o n  a t  t h e  

o t h e r  c e n t e r  t hen  t h e  H2 and \H3 hydrogens i n  t h e  



adduc t s  d e r i v e d  .from bo th  - X I 1  and X I 1 1  w i l l  exh i -  - 
b i t  bo th  - cis and t r a n s  c o u p l i n g p  H 1 .  

The 'H n.m. r .  s p e c t r a  o f  XII  ( ~ i ~ u i e  7 1, X I 1 1  ( F i g u r e  

81 ,  and n-hexylcyclopropane r evea l ed  t h e  p re sence  o f  a quartet 

at 6 1.08 ( J = 7  Hz) a s s igned  t o  t h e  CH;! group a t o  t h e  r i n g ,  a 
P 

broad m u l t i p l e t  a t  6 1 . 2 0  a s s igned  t o  t h e  remain ing-d&exyl  

7 methylene hydrogens, a nrethyl group, appear ing  as a t r i p l e t  a t  6 0.83 

(J=6.7 Hz) and a one hydrogen m u l t i p l e t  a t  6 0.50 a t t r i b u t a b l e  

t o  H 1 .  The 1~ n.m.r.  spectrum o f  n-hexylcyclopropane r e v e a l e d  

t h e  C2 and C3 hydrogens - cis t o  t h e  hexyl  group as a m u l t i p l e t  

c e n t e r e d  a t  6 0 . 1  and t h e  h y d r o g e m t r a n s  t o  t h e  hexy l  group as 

1 7  a m u l t i p l e t  cenqered a t  6 0.27 . I n  t h e  spectrum o f ,  - X I 1  

( F i g u r e  71 , the  s i g n a l  due t o  t h e  - c i s - 2 , 3  hydrogens appea r s  as 
' 

a doub le t  ( J l , 2 ( 3 ) = 5  Hz).and t h a t  due t o  t h e  trans-2,3-hydro- 
fi. 

gens as a reduced s i z e  m u l t i p l e t  ( 1 7 %  o f  - c i s ) .  The n.m.r. 

spectrum o f  X I 1 1  ( F i g u r e  8 )  r evea l ed  t h e  s i g n a l  o f  t h e  trans- 

2,3-hydrogens t o  be 28% t h a t  o f  t h e  t rans-2,3-hydrogens  

which gave a doub le t  s i g n a l  ( J 1 , 2 ( 3 ) = 8  H Z ) .  

The P t2C12(Py)2  adduc ts  o f  n-hexyl,cyclopropane, 

and X I 1 1  r e v e a l e d  common IH-n.m.r. s i g n a l s  due t o  coo rd ina t ed  

p y r i d i n e  (6  6.5-8.9) and n-hexyl groups (CH3,S 0.80; (CH2)4, 

6 1.25;  CH2-ring,6 1 .75 ) .  The n.m.r. spectrum of - XVI ( F i g u r e  

9 , 9 a ) ,  t h e  adduc t  o f  n-hexylcyclopropane,  e x h i b i t e d  a mul t i -  . 
> 

plet s i g n a l  a t  6 3 . 3 9  as s igned  t o  H1. The r i n g  methylene - c 

hydrogen s i g n a l s  appear  as q u a r t e t s  a t  6 2.95 (cis-2,3-H) - and 

6 3.22 ( trans-2,3-H) w i t h  l 9 5 ~ t  q u a r t e t  sa tel l i tes .    he 

coupl ing  o f  t h e  - cis-2,3-hydrogens w i t h  H 1  was observed t o  be ' 



- 
9 . 0  Hz and coupl ing  w i t h  l g 5 p t  86 Hz. Coupling o f  *the trails? 

2,3-hydrogens w i t h  H1 w a s  7 . 5  Hz and w i t h  l 9 S ~ t  82 H Z .  

The above assignmefits a r e  c o n s i s t e n t  w i t h  t h e  s h i e l d i n g s  17,39 and 

and. f o u r 1  membered coup l ings  observed i n  o t h e r  th ree-  

1 7  r i n g s  and w i t h  t h o s e  p rev ious ly  r e p o r t e d  f o r  X V I  . - 
Examination o f  t h e  n.rn.r. spectrum of t h e  PtC12(Py)2 

addue t  ( X V I I ,  F igure  10)  de r ived  from XII  r e v e a l e d  t h e  s i g n a l  

due t o  t h e  - cis-2,3-hydrogens a s  a doub le t  ( J1 ,2( 3)=9.0 Hz) a t  

6 2.91 wi th  l g 5 p t  s a t e l l i t e s .  A s i g n a l  (6 3.18 due t o  t r a n s -  

2,3-hydrogens r e v e a l e d  t h a t  con tamina t ion  was t h e  same as i n  

+ X I I .  Th is  o b s e r v a t i o n  unequivoca l ly  e s t a b l i s h e s  t h e  s t r u c t u r e  

of t h e  adduct  o f  X I 1  as X V I I .  S i m i l a r l y  t h e  n.m.r. spectrum - - 
of  t h e  adduct  X V I I I  ( F i g u r e  11) de r ived  from X I 1 1  r e v e a l e d  a - 

4 

doub le t  (J1 ,2( 3 ) = 7 . 5  Hz) s i g n a l  a t  6 3 1 8  w i t h  lVg5pt  s a t e l l i t e s  

due t o  t h e  trans-2,3-hydrogens.  ~ o n t a m i n a t i o d h ~  isomers  con- 

t a i n i n g  cis-2,3-hydrogens w a s  t h e  same (28%)  as t h a t  no ted  - 
i n  X I I I .  These o b s e r v a t i o n s  d e f i n e  t h e  s t r u c t u r e  of t h e  - 
adduc t  of X I 1 1  as X V I I I .  The expected s p l i t t i n g  f o r  cyclo-  - - 
propy l  hydrogens i n  X V I I  and X V I I I  i s  shown i n  F igu re  1 2 .  

- - -- -- ~ 

Within t h e  l i m i t s  of  d e t e c t i o n  o f  o u r  n.m.r. method, 

t h e  a d d i t i o n  of ptl' (complex II) t o  cyclopropanes  XI1 and - 
X I 1 1  proceeds  s t e r e o s p e c i f i c a l l y  wi th  r e t e n t i o n  of conf igura-  - 
tion a t  t h e  two unhindered r i n g  darbons.  
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D i s c u s s i o n  

The mechanisms p roposed  f o r  o x i d a t i v e  a d d i t i o n  reac- 

t i o n s  o f  t r a n s i t i o n  m e t a l  complexes v a r y  from SN2 d i s p l a c e -  

ment p r o c e s s e s , i n  which t h e  c e n t r a l  m e t a l  atom acts  as a 

n u c l e o p h i l i c  c e n t r e , t o  t h e  involvement  o f  a m e t a l  a tom which be- 

haves  as a L e w i s  acid t o  g i v e  a  carbonium ion i n t e m d i a t e .  Free radical 

p r o c e s s e s  and one s t e p  c o n c e r t e d  pathways a l s o  have  been  

p roposed .  Although a l l  o f  t h e  above pathways have  been 

c o n s i d e r e d  i n  t h e  l i t e r a t u a ,  it w i l l  become clear from t h e  

f o l l o w i n g  t h a t  o n l y  a  c o n c e r t e d  p r o c e s s  i s  c o n s i s t e n t  w i t h  - 
t h e  s t e r e o c h e m i c a l  outcome of 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  p t r l  (complex 11). 

The SN2 mechanism proposed  by ~ a l ~ e r n ' ~  i n v o l v e s  

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

n e r  f o l l o w e d  by c l e a v a p e  o f  a C-C bond,as shown below f o r  t h e  

p r e s e n t  sys tem.  

L 

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

one ca rbon  c e n t r e .  T h i s  p r o c e s s  h a s  been b r o u g h t  i n t o  s e r i o u s  



c o n s i d e r a t i o n  by v a r i o u s  f e a t u r e s  of  t h e  k i n e t i c s  o f  known 
* 

SN2 r e a c t i o n s ,  and a p p e a r s  t o  be  i n  good agreement  w i t h  t h e  

a d d i t i o n  of a l k y l  h a l i d e s  t o  a v a r i e t y  o f  m e t a l  complexes.  

An S N 2  mechanism h a s  a l s o  been i m p l i c a t e d  i n .  t h e  o x i d a t i v e  

a d d i t i o n  of  v e r y  n u c l e o p h i l i c  metal c e n t r e s  ( R ~ P )  J ~ %  t o  C-C 

s i n g l e  bonds l9 y 20  y *'. The s t e r e o c h e m i c a l  p r e d i c t i o n  o f  i n -  

v e r s i o n  a t  one  r e a c t i v e  c e n t e r  i s ,however ,  c o n t r a r y  t o  t h e  

o b s e r v a t i o n  o f  comple te  r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  b o t h  

ca rbon  c e n t e r s  of t h e  c y c l o p r o p a n e s  used  i n  t h e  p r e s e n t  s t u d y .  

Fur-tgermore, no r e a c t i o n  was o b s e r v e d  between mono-subs t i tu-  

t e d  c y c l o p r o p a n e s  and metal complexes more n u c l e o p h i l i c  t h a n  

I1 ( e . g .  P t ( P P h 3 ) 4 ,  P t ( P P h 3 I 3 ) .  - 
The f r e e  r a d i c a l  mechanism proposed by Osborn 29 -32  

f o r  lrl and p t O  a d d i t i o n  t o  a l k y l  ha logen  bonds must a l s o  

be  r u l e d  o u t  on t h e  b a s i s  o f  t h e  s t e r e o c h e m i s t r y  o b s e r v e d  
d 

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

Of S t .  

e o c h e m i s t r y  a s  h a s  been obse rved  by Osborn. 2 9 - 3 2  

Another  p l a u s i b l e  r o u t e  f o r  o x i d a t i v e  a d d i t i o n s  

which h a s  been i m p l i e d  i n  i s o m e r i z a t i o n  r e a c t i o n s  f o r  catalysis  of 

s t r a i n e d  c y c l i c  h y b x a r k n s ,  involves t h e  ' fo rmat ion  o f  carbonium 

i o n  i n t e r m e d i a t e s .  T h i s  mechanism h a s  been  ' e x t e n s i v e l y  

60  s t u d i e d  by ~ a s s r n a n ~  7 ,  p a q u e t t e 5  * , lIaubens9, and Masumune , 
f o r  a v a r i e t y  of t r a n s i t i o n  metal complexes ( s u c h  as - 



+ [ R ~ ( c o ) ~ c ~ ] ~ ,  Pd(C6H5CN)2C4, CIr (C0)  3~1]2 ,  Ag e tc .  1. I n  

t h e  r e a c t i o n  o f  C ~ h ( C 0 ) ~ C l l ~  w i t h  b i c y c l o b u t a n e s ,  t h e  , , 

t r a n s i t i o n  metal complex 5 7 3 6 0  behaves  i n i t i a l l y  as a v e r y  

s p e c i f i c  Lewis a c i d  s p e c i e s  which a t t a c k s  t h e  b i c y c l o b u t a n e  

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

. s t a b l e  carbonium i o n .  The i n t e r m e d i a t e  ( F i g u r e . 1 3 )  t h e n  
4 

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

F i g u r e  13: Gassman's Mechanism f o r  B i c y c l o b u t a n e  Rearrangement.  

p a q u e t t e S 8  and ~ a u b e n "  have  proposed a d i f f e r e n t  i n t e r m e d i -  

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

F i g u r e  1 4 :  P a q u e t t e  and Dauben Mechanism f o r  B i c y c l o b u t a n e  
Rearrangement . 



The reaction pathways available for an electrophilic 

addition process of ptrl (complex to a substituted 

cyclopropane are shown in Figure 15. Initial attack of Pt 11. 

could be at the corner of the cyclopropane ring or-at the 

edge which may be ultimately cleaved61. Although this mech- 

anism is in agreement with the reaction rates of substituted 

cyclopropanes with ptl' (complex 11) 
17 and substituted 

cyclopropanes5 with ~h' , the formation of a free carbonium ion 
in our system would undoubtedly result in the formation ,bf 

isomeric products - with respect-to the deuterium positiops. 

Furthermore, the product resulting from cleavage of the 1,2-bond 
f 

would be preferred over that from the,/2,3-bond since the 

former results from the more stable carbonium ion (Figure 15). 

yeither of these predictions were observed in the present 

investigation. 

The only mechanism which is in full agreement with the 

stereochemical outcome appears to be a one-step concerted 

2 3 eycloaddition as outlined by Pearson . Such a mechanism can 

be envisioned as a donation of electrons from the cyclopropane 

C-C bond to an empty d orbital on ptl' and n-back donation 

into an antibonding level of the cyclopropane. This model 

has been challenged22 since it does not readily explain the 

puckering observed in the metallocyclobutane ring of & 



Figure 15:  A p p l i c a t i o n  of Carboniun Ion Mechanism to P r e s e n t  - 
Addition Process ( R  = n-C6H13, M = P t ) .  



This  mechanism imp l i e s  r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  

bo th  carbon c e n t e r s , a n d  t h e  meta l  atom behaving as a we* 

Lewis a c i d  ( i n  agreement w i t h  t h e  produc ts  o b t a i n e d ) .  

Our r e s u l t s  r e p r e s e n t  t h e  f i r s t  s t e r e o c h e m i c a l  ev idence  

f o r  a conce r t ed  c y c l o a d d i t i o n  mechanism dur ing  t he  o x i d a t i v e  

a d d i t i o n  of a  t r a n s i t i o n  meta l  complex t o  a s t r a i n e d  C-C 

s i n g l e  bond. 



Experimental  

Mass s p e c t r a  were o b t a i n e d  on a  H i t a c h i  Perkin-Elmer 

RMU-6E double f o c u s i n g  mass spec t rome te r  u s i n g  an i o n i z a t i o n  

v o l t a g e  of  80 eV. NMR s p e c t r a  were o b t a i n e d  on Varian A56/60 

and XL 100 spec t rome te r s  u s ing  C D C 1 3  a s  s o l v e n t  and TMS as an 

i n t e r n a l  s t a n d a r d  ( 6 0 )  u n l e s s  o the rwi se  s t a t e d .  I.R. s p e c t r a  

were ob ta ined  e i t h e r  as n e a t  f i l m s  o r  K B r  p e l l e t s  u s i n g  a 

Perkin-Elmer 4 5 7  spec t rophotometer .  Mel t ing  p o i n t  determina-  

t i o n s  were c a r r i e d  o u t  u s ing  a Fisher-Johns m e l t i n g  p o i n t  

, a p p a r a t u s  and a r e  unco r rec t ed .  GLC a n a l y s e s  were done us ing  

a  6 x 1 /8"  column packed wi th  2 0 %  SE-30 on Chrornosorb 

G ( 1 0 0 / 1 2 0  mesh) u n l e s s  o the rwi se  s p e c i f i e d .  

Syn thes i s  of trans-1-n-hexyl-cis-2,3-dideuteriocyclopropane - 
P r e p a r a t i o n  o f  Chloromethyl t r iphenylphosphonium c h l o r i d e  4 3  

I n t o  t r i pheny lphosph ine  3  1 g ,  0.5 m) and 15 g  

( 0 . 5  m) of  paraformaldehyde i n  250 m l  o f  d ry  e t h e r  w a s  passed 

a  stream o f  hydrogen c h l o r i d e  gas  u n t i l  no f u r t h e r  pre-  

c i p i t a t e  fo rmat ion  w a s  no ted  ( c a .  2 h r s )  . The wh i t e  p r e c i p i -  

t a t e  t h a t  formed was f i l t e r e d ,  d r i e d  i n  vacuo, and d i s s o l v e d  - 
i n  300 ml of dichloromethane.  To t h i s  s o l u t i o n  w a s  added 

9 0  g (0 .75  mole) of  t h i o n y l  c h l o r i d e .  The s o l u t i o n  w a s  r e -  

f l u x e d  f o r  30 minutes  and t h e  v o l a t i l e  components were 

removed - i n  vacuo, t h e  remaining p a l e  green r e s i d u e  w a s  d i s -  

so lved  i n  ho t  d ichloromethane and p r e c i p i t a t e d  by a d d i t i o n  of  



h o t  e t h y l  a c e t a t e .  The p r e c i p i t a t e  w a s  d r i e d  i n  vacuo t o  - 
g i v e  1 5 0  g (84%)  of chloromethyltriphenylphosphonium 

4 3  
c h l o r i d e ,  m.p. 262-64O~; lit. m.p. 260-61•‹c. 

P r e p a r a t i o n  of  C i s  and Trans- l -ch lorooc t - l -ene  44 - 
A s o l u t i o n  of  34.7 g ( 1 0 0  mmol) o f  ch loromethyl  

tr iphenylphosphonium c h l o r i d e  i n  50 m l  o f  d r y  glyme w a s  

p repared  and coo led  i n  a dry ice -ace tone  b a t h  wh i l e  60 m l  

of 2M'bu ty l l i t h ium i n  hexane w a s  added dropwise w i t h  stir- 

r i n g  over  a p e r i o d  o f  1 h r .  The r e a c t i o n  mix ture  became r e d  , 

and copious  q u a n t i t i e s  o f  whi te  p r e c i p i t a t e  formed. .While 

ma in t a in ing  t h e  r e a c t i o n  mixture  a t  -50•‹c, h e p t a n a l  (14.9 g,  , 

iL2 m )  was added. The mix ture  w a s  a l lowed t o  w a r m  t o  room 

tempera ture  t hen  r e f l u x e d  f o r  1 6  h r s .  The r e a c t i o n  mix ture  

w a s  f i l t e r e d ,  t h e  s o l v e n t  removed i n  vacuo, and t h e  r e s i d u e  - 
d i s t i l l e d  to y i e l d  30-35% of a mix tu re  of cis-, and - 

a n a l y s i s  showed two major  components, n.m.r.  of mix tu re  
t 

6 ( C D C l , )  0.9 (3H,t,CH3 ,J=SHz), 1.3 (8H,b,(CH214-1, 2 . 1  - 
H H ( 2 H , m , C H 2 - C = C ) ,  - and 5.9 ( 2 H , m ,  ->C=C<-1. M.*S. (Calcd.  f o r  

C1 

C 8 H I 5 C 1 ,  M+ 146) :  146 (M', 1 8 % ) ,  i 4 8  ( M + + 2 ,  5 . 7 %  M + / M + + ~  = 

P r e p a r a t i o n  of  1,1, 2-trichloro-3-n-hexylcyclopropane 45 

A s o l u t i o n  of l -ch lorooc t - l -ene  ( 7 . 5  g) and cetyl-tri .n~th~l- 
, 



ammonium bromide (CTAB), s. 0.2 g )  i n  18  g of ch lo ro fo rm  

w a s  p r e p a r e d  and h e a t e d  under  a Nz b l a n k e t  t o  50•‹c: A 

s o l u t i o n  o f  17  g  o f  NaOH i n  17 m l  H20 w a s  added d ropwise  
3 

o v e r  a p e r i o d  of 15 min. The p r o g r e s s  ~f t h e - r e a c t i o n  w a s  moni- 

t o r e d  by Femoving sampleq from t h e  o r g a n i c  l a y e r  and sub- , 

' j e c t i n g  them t o  g : l .  c. . (170?) .  ' The r e a c t i o n  was a l lowed  

t o  proceed u n t i l  no f u r t h e r  d e c r e a s e  i n  1-chlorooet -1-ene  

w a s  obse rved  a f t e r  a d d i t i o n  o f  more base .  

The r e a c t i o n  mix tu r e  w a s  d i l u t e d  w i t h  100 $1 ~ ~ 0 ,  

a c i d i f i e d  w i t h  1 0 %  H2S04 and e x t r a c t e d  w i t h  e t h y l  e t h e r  ( 3  x  

100 m l )  . The s o l v e n t  was d r i e d  ove r  anhyd rous  MgS04, removed 

i n  vacuo,  and ' t h e  r e s i d u e  d i s t i l l e d  under  r educed  p r e s s u r e  t o  - 
g i v e  6 7 %  y i e l d  of 1,1,2-trichloro-3-n-hexylcyclopropane; b .p .  

95 -96O~  ( 5  mm Hg) . N . m . r .  6 ( C D C l a )  : 0.9. ( 3 H , t , J = 4 . 5  Hz, CI-13), 
H 

1 . 5  (11H,b,-(CH2)5- - and C 1 - H , .  - 3 . 1  ( O . S . H , b , c i s - G I ,  - 3.6 (0.5 H,d), 

J = 8 . 5  Hz, t r a n s  C 41) 
'H ' 

M.S. ( a t  15  eV. c a l c d .  
- 

228):  193 ( ~ + - ~ 1 , 1 0 % )  157 ( ~ + - 2 ~ 1 , 6 8 % ) ,  1 2 2  ( 100%) .  

P r e p a r a t i o n  o f  T r i - n - b u t y l t i n  Hydride . 
Reduct ion o f  t r i - n - b u t y l t i n  c h l o r i d e  w i t h  l i t h i u m  

aluminum h y d r i d e  a c c o r d i n g  t o  H.G.  ~ u i v i l a ~ ~  and Birnaum 47 

gave t r i - n - b u t y l t i n  h y d r i d e  i n  87% y i e l d ;  b .p .  70 -72 '~  ( 0 . 2  
. , 

6m Bg), lit. 45 6 8 - 7 4 • ‹ / 0 . 2 m m ~ g .  I . R .  v max ' 

f i l m  
1810 cm-I -  

(Sn-H) . 



P r e p a r a t i o n  of  1,2-Dichloro-3-n-hexylcyclopropane 

Reduction of 1 , 1 , 2 - t r i c h l o r o -  3-n-hexylcyclopropane was 

accomplished by t h e  u e o f  t r i - n - b u t y l t i n  hydrid,e acco rd ing  P 
4 8  t o  t h e  method of D .  S e y f e r t h  . To 1 ,1 ,2 - t r i ch lo ro -3 -n -  

hexylcyclopropane ( 4 . -  - 0 2  mole) neat ,was  added t r i - n -  

b u t y l t i n  hydr ide  (5 .82  g ,  0 . 0 2  mole) .  The r e a c t i o n  was 

mainta ined a t  l l 5 O ~  and monitored by g .1 .c .  ( 1 8 0 ~ ~ )  by fol low- .- 
i n g  t h e  d i sappearance  of t h e  s t a r t i n g  compound. G.1.c. analy-  

s i s  a f t e r  r e a c t i o n  f o r  0 . 5  h r s  r e v e a l e d  t h e  appearance of 

t h r e e  new peaks of s h o r t e r  w t e n t i o n  t i m e s  t h a n  those '  o f  t h e  

s t a r t i n g  t r i ch lo ro -cyc lop ropane  a t t r i b u t e d  t o  t h e  t h r e e  

p o s s i b l e  r o d u c t s  of  a s i n g l e  r e d u c t i v e  p roces s .  The r eac -  9 
t i o n  w a s  a l lowed t o  proceed u n t i l  t h e  s t a r t i n g  m a t e r i a l  was 

exhaus ted  ( c a .  3 . 5  h r ~ ) ~  The mix ture  w a s  d i s t i l l e d  a t  0 . 1  
Li - 

mm Hg, c o l l e c t i n g  s e v e r a l  f r a c t i o n s  between 61• ‹  t o  

1 1 2 ~ ~ .  The o v e r a l l  y i e l d  of d i s t i l l a t e  w a s  8 0 % ;  n.m.r. 

Reduction of 1,2-dichloro-3-n-hexylcyclopropane t o  

P 

The reaction was c a r r i e d  o u t  accord ing  t o  M . R .  W i f  l c o t t  49 
e 

and V . H .  Cargle  with minor modi f ica t io rs .  I n  a t y p i c a l  reac- 



of methanol-  OD and d e u t e r i u m  o x i d e  (1%) w e r e  mixed u n d e r  

n i t r o g e n .  Clean p i e c e s  of sodium were added t o  t h e  m i x t u r e  

and a l l o w e d  t o  r e a c t  under  a p o s i t i v e  N2 a tmosphere .  The 

p r o g r e s s  o f  t h e  r e a c t i o n  was f o l l o w e d  by g . 1 . c .  ( 1 8 0 ~ ~ )  and 

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

o r  no f u r t h e r  consumpt ion o f  s t a r t i n g  material w a s  o b s e r v e d  

upon f u r t h e r  a d d i t i o n  o f  sodium. 

The m i x h r e  was d i l u t e d  w i t h  w a t e r ,  e x t r a c t e d  w i t h  
PJ 

hexane ,  d r i e d  o v e r  anhydrous  MgS04, and d i s t i l l e d  a t  atmos- 

p h e r i c  p r e s s u r e .  F r a c t i o n s  d i s t i l l i n g  i n  t h e  r a n g e  120-140 '~  

w e r e  c o l l e c t e d  and poo led  g i v i n g  a n  o v e r a l l  y i e l d  o f  t r a n s -  

1-n-hexyl-cis-2,3-dideuteriocyclopropane - o f  20-30%., G .  1. c. 

a n a l y s i s  o f  t h e  f r a c t i o n  w i t h  b . p .  135-140 '~  showed one com- 

p o n e n t .  I 4 . m . r .  a s  shown i n  F i g u r e  7. 6(C6D6) : (ex te rna lTMS)  -0 .1  

(2H;d , J=5  Hz,C2,3-HI, - 0 . 5  ( l H ,  b.m., J.5 Hz, C1-HI; - 0.3 (3H, 

t , J = 4 . 5  Hz, - C H s ) ,  - 1 . 2  ( 1 0 H ,  ( C H 2 1 5 )  - M.S. ( c a l c d .  for \ , 

+ + 
C 8 H 1 6 D 2 ,  M 1 2 8 ) :  128 ( M  , 1 9 %  , D o = O % ,  D1=8%, D2=92%).  

\ 

S y n t h e s i s  o f  cis-1-n-hexyl(cis-2,3-dideuterio)cyclopropane ( X I I I ) .  - 
P r e p a r a t i o n  o f  1-chloro-oct -1-yne  

'P 

T h i s  p r o c e d u r e  was a d a p t e d  from H.G.  Viehe.  50  To 
"s 

2 0 0  r n l  o f  d r y  < e t r a h y d r o f u r a n  (THF) was added 8 .5  g sodium 

amide.  T h i s  s o l u t i o n  w a s  warmed and t o  it was added ,  drop- 
?--- 

w i s e ,  1 -octyne  (22  g) and a d d i t i o n a l  THF as r e q u i r e d  t o  keep 

t h e  s o l u t i o n  homogeneous. The m i x t u r e  w a s  r e f l u x e d  u n t i l  



b 

gas e v o l u t i o n  ceased  (G. 1 h r )  , cooled t o  room t empera tu re ,  

t r e a t e d  w i t h  benzenesu l fony l  c h l o r i d e ,  (dropwise  a d d i t i o n  of 

36 g  i n  2 5  m l  THF) and s t i r r e d  f o r  an a d d i t i o n a l  2 h r s .  

The r e s u l t i n g  r e a c t i o n  mix ture  w a s  d i l u t e d  w i t h  100 
a- 

m l  o f  wa te r  and e x t r a c t e d  i n t o  e t h e r .  The e t h e r  e x t r a c t  was dried 

over  anhydrous MgS04 and t h e  s o l v e n t  removed i n  vacuo. - 
D i s t i l l a t i o n  o f  t h e  r e s i d u e  y i e l d e d  S O % ,  o f  1-chlorooct-1-yne,  

b . p .  40-44O~ ( 6  mrn Hg) . L i t .  51 6 1 - 6 2 O ~  (17 mm Hg) ;  N . m . r .  

6 (CDC13): 0 . 9 2  ( 3 H , t , J = 5  Hz, CH3); - 1 . 4  (8H, b.: (CH214), - 2 . 2  

max (2H, t , J=6  Hz, - CH2-C=C-C1) .  I . R .  u f i l m  2920, 2832, 2224, 1460, 

1430, 1380, 1035,  and 725 cm-I 

P r e p a r a t i o n  of cis-1-chloro-1-deuteriooct-1-ene - 
The method of  p r e p a r a t i o n  o f  t h e  c h l o r o d e u t e r i o o c t e n e  

i s  adopted from H. C. Brown and G .  Zweifel .  5 2  A s o l u t i o n ,  

under a rgon ,  c o n t a i n i n g  sodium borohydride  (1 .9  g )  i n  2 5  ml 

o f  dry  diglyme and 2-methylbut-2-ene ( 9 . 5  g )  w a s  coo led  t o  

OOC,  f l u s h e d  wi th  a rgon ,  and f r e s h l y  d i s t i l l e d  boron t r i f l u o r -  

i d e - e t h e r a t e  ( 9 . 2  g )  i n  10 m l  bf diglyme w a s  added dropwise 

whi le  maintaining the t empera tu re  below loOc. S t i r r i n g  (0-SOC) 

was cont inued  f o r  2 h r s .  A f t e r  t h i s  t ime 1->hlorooct-1-yne 

(7 .25  g )  was added ( a t  5-loOc) ahd t h e  r e a c t i o n  mix ture  w a s  

0 s t i r r e d  f o r  0.5 h r s  a t ' 0 - 5  C, then f o r  2.5 h r s  a t  r . t .  

A c e t i c  a c i d - D ~  (12 m l )  w a s  added a t  0 - 5 O ~  and the 

r e a c t i o n  s t i r r e d  f o r  an  a d d i t i o n a l 2 . 5  h r s .  D i l u t i o n  wi th  



wate r  (150 m l )  and e x t r a c t i o n  y i t h  e t h e r  y i e l d e d  an e t h e r  

e x t r a c t  which w a s  washed wi th  d i l u t e  NaOH and subsequen t ly  
-& 

s e v e r a l  t i m e s  wi th  wa te r .  Removal of t h e  e t h e r  - i n  vacuo 

and d i s t i l l a t i o n  of t h e  r e s i d u e  a t  reduced. p r e s s u r e  gave a 
0 

c l e a r  l i q u i d ,  b.p. 53-56 ( 8  mrn Hg) . G . l .  c .  a n a l y s i s  r e -  

vea led  t h i s  f r a c t i o n  con ta ined  a major component ( c a .  90%) 

and a minor component due t o  s t a r t i n g  material. N . m . r .  

7 

(2H,d,J=7 Hz, -CH2-C=C1-1 ,  - 5 . 8  ( 1 H , m , C 2 , ~ ) .  M.S. ( c a l c d .  

0 % ) ,  4 3  ( M + - ( C H ~ )  3 ~ ~ = ~ ~ ~ 1 )  1 0 0 % ) .  
, , 

P r e p a r a t i o n  o f  1,1,2-trichloro-2-deuterio-3-n-hexy3cyclo- 

propane 

A s o l u t i o n  c o n t a i n i n g  - cis-1-chloro-1-deuterio-1- 

45 oc tene  ( 7 . 5  g )  and c e t y l  trime*thylammonium bromide (CTAB) . 

i n  20  m l  o f  chloroform was hea t ed  t o  50-5S0c. A s o l u t i o n  o f  

- 20 g NaOH i n  20  ml of  wa te r  was added dropwise.  The p r o g r e s s  . 

of t h e  r6ac t ion  w a s  monitored by g. 1. c ( 1 7 0 ~ ~ )  and a l lowed t o  d 

proceed u n t i l  no f u r t h e r  dec rease  i n  c o n c e n t r a t i o n  o f  s tart-  

i n g  m a t e r i a l  was no ted  upon f u r t h e r  a d d i t i o n  o f  base .  The.  

r e a c t i o n  mixture  was cooled  t o  room t empera tu re ,  d i l u t e d  w i t h  
- 

water (100 ml), a c i d i f i e d  wi th  1 0 %  H2S04 and e x t r a c t e d  i n t o  

e t h e r .  So lven t  removal and d i s t i l l a t i o n  under riduced pres- 

sure a f f o r d e d  1,1,2-trichloro-2-deuterio-3-n-hexylcyclopro- 



pane as a clear liquid. b.p. 70-75O (0.1 mm Hg). G.1.c. 

at 1 7 0 ~ ~  showed the product to consist mainly -of one component 

with minor impurities. M.S. (at 15 eV.1 (calcd. for 

C9HlrDC13 , M+, 2291, 194 (M+-~1,20%), 123 (100%). 

Reduction of 1,1,2-trichloro-2-deuterio-3-n-hexylcyclopropane 

The reaction was carried out under nitrogen and using 

tri-n-butyltin deuteride 46-48 . The progress of the reaction 

was followed by g.1. c. using a 6 ' x 1/8" 5% Carbowax column 
at 180'~. Work-up as previousJy described and distillation 

\ 
gave a main fraction b.p. 65-8s0 (0.1 mrn Hg) consisting of 

approximately 80% of two isomeric products along with some un- 

reacted starting material and minor impurities. This mixture 

was subjected to sodium and alcohol reduction without further ' 

purification. 

Reduction of 1,2-dichloro-1,2-dideuterio-3-n-hexylcyclopropane 

Crude n-hexyl- dichloro-dideuteriocyclopropane ( 3 g) 

was added to 25 ml of methanol containing 1% water. While 

keeping the reaction under N P ,  clean pieces of sodium (~100 rrg) were 

added to the mixture and allowed to react at r.t. with constant 

stirring. The progress of the reaction was followed by g.1.c. 

and terminated when no further reaction of the starting 

material was observed. 

The mixture was diluted with water (100 ml), extracted 
r. 

with ether, the organic layer dried over anhydrous MgS04, and 



distilled at atmospheric pressure to give 40% of - cis-1- 

n-hexyl-cis-2, - 3-dideuterioc~clopropane, 95% pure by g. 1.p.c. ; 

b.p. 133-135'~; n.m.r. as in Figure 8 .  M.S. (at 15 eV.1 

Preparation of tetrachloro(diethylene)diplatinum (11) (Zeise's 

Dimer) 

The dimeric complex was prepared from K2(PtC14) by the 

6 4  method of Chatt and Searle . Recrystallization from hot 

toluene gave a microcrystalline yellow-orange product; m.p. 

(darkens) 1 9 0 ~ ~ ;  -dec. 205-210'~ (litf4 dec. 210~~); I.R. 

C v max- 141.2 (C=C), ,1250, 1019, 225, 485 and 335 (PtC1) c F 1 .  KBr 

Reaction of Zeisels Dimer with ~~clo~ro~anes'to give Dichloro(2-n- 

In a typical reaction, Zeise's Dimer (200 mg, 0.34 

mmol) and n-hexylcyclopropane (200 mg, 1.55 mmol) in 5-10 ml 

of ether was stirred under reflux for 8 hrs. .During the 

course of the reaction, the' orahge coloured Zeise's Dimer was 

replaced by a pale yellow precipitate. The precipitate was 

filtered, washed with ether and dried to give 230 mg (85%) of 

a pale yellow powder; m. p. 120-5~CXdarkens), lit. l7 (dec) 120'~; 

4 
Preparation of trans-dichlorobispyridine(2-n-hexylpropane-l,3- 

diy1)platinum derivatives. 

Method A 



w a s  coo l ed  i n  an i ce -wa t e r  b a t h  fo l lowed  by t h e  a d d i t i o n  of 

i c e - c o l d  p y r i d i n e  s u f f i c i e n t  f o r  d i s s o l u t i o n .  The s o l u t i o n  

was a l lowed  t o  w a r m  t o  r. t .  t h e n  .added dropwise  and with constant 

s t i r r i n g  t o  100 m l  of c o l d  H20. The r e s u l t i n g  mi lky  suspen-  

s i o n  was c e n t r i f u g e d ,  t h e  w a t e r  decan t ed  and t h e  ye l l ow  pre -  

c i p i t a t e  d i s s o l v e d  i n  C H C 1 3 .  Removal o f  t h e  CH,C13+ i n  vacuo - 
gave a  p a l e  ye l l ow  s o i i d .  R e c r y s t a l l i z a t i o n  from benzene- '  

p e t .  e t h e r  gave a p a l e  ye l l ow  c r y s t a l l i n e  s o l i d  which e x h i b i -  

t e d  one s p o t  on t h i n  l a y e r  chromatography ( S i l i c a  Gel HF254, 

C H C 1 3 ) .  M.p. 1 2 4 - ~ O C  ( d a r k e n s ) ,  lit. 17 da rkens  1 2 5 O ~ ,  d e c  

2 2 0 ~ ~ ;  n .m.r .  a s  i n  F i g s  9-11. 

Method B 

A s  d e s c r i b e d  by Powel l  and McQui l l in  l7 100 mg o f  t h e  

p l a t i num carp lexewere  d i s s o l v e d  ' in 1 g o f  C H C l j  c o n t a i n i n g  

100 mg o f  p y r i d i n e  and s t i r r e d  f o r  f i v e  minu tes .  ' The 

r e s u l t i n g  ye l low s o l u t i o n  w a s  chromatographed on a S i l i c a  

&1 column ( 3 0  x 1 . 5  c m )  u s i n g  C H C 1 3  as t h e  e l u t i n g  s o l v e n t .  

Two ye l low bands were v i s i b l e  on t h e  column. The cor respond-  

i n g  f r a c t i o n s  w e r e  combined, and the solvent w a s  removed t o  g i v e  t h e  

d e s i r e d  p roduc t  from t h e  f i r s t  band and trace amounts of a 

ye l l ow  s o l i d  from t h e  second band. 
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