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Abs t rac t  -  The  t he rma l  decompos i t i on  o f  d i a l ky l b i s ( t r i e thy lphosph ine )p la t i - num( I I )

comptexes prov ide examp1" ,  o i  react iont  i i  t l i :1 . . : t l " t t iva ted C-H bonds react .  a t  a

m e t a l c e n t e r o f w e r r _ d e f i n e d s t r u c t u r e . A n e x a m i n a t i o n o f a n u m b e r o f t h e s e
reac t i ons  sugges ts  a  su rp r i s i ng  ' i * i i u r i t y  i n  mechan i sn :  i n  mos t  i ns tances '  t he

reac t i ons  p roceed  by  i n i i i a t  a i s=oc iu t i on ' o f  a  phosph ine  u ld  
: " : " t i on  

o f  a  vacan t

c o o r d i n a t i o n s i t e , s u b s e q u e n t o x i d a t i v e a d d i t i o n o f a C - H b o n d t o p l a t i n u m , a n d
f i n a l r e d u c t i v e e l i m i n a t i o n o f a l k a n e . T h e r a t e - l i m i t i n g s t e p c a n b e e i t h e r
p t , osp t , i ne  d i ssoc ia t i on  o r  r educ t i ve  e l im ina t i on  o f  a l kanJ ;  i t  does  no t  seem to  be

the  ox ida t i ve  add i t i on  o f  a  C -H  bond  i o .p fa t i numt  imp l i ca t i on  t ha t  t hese

in t ramo lecu la r  ox ida t i ve  add i t i on  reac t i ons  a re  i n t r i ns i ca l l v  r ap id  s tands  i n  c l ea r

anT ias t  w i t h  t he  obse r . , , a t i on  t ha t  i n te rmo lecu la r  c -H  add i t i on  t o  p l a t i num i s  s10w '

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

INTRODUCTION

A number  o f  synthet ica l ly  impor tant  processes invo lv i -ng hydrocarbons (espec ia l l r '  h1 'droge-

na t i on  and  re fo rm ing )  a re  ca ta ryzed  he te rogeneous l y  by  p la t i num me ta1 .  These  reac t i ons  a re

genera l ly  be l ieved Io  invo1"" - ; i ; ; i . r r *  r , r t iace a1k. , -1s ' ,  tu t  ne i ther  s t ructures nor  react iv -

i t i es  o f  t he  i n te rmed ia tes  i nvo l ved  i r - ,  . u tu i f i i ,  i , " , r . .  been  es tab l i shed '  Fo r  a  number  o f

t echn i ca l  r easons ,  i t  i s  p resen i r y  ve ry  d i f f i cu l t  e i t he r  t o  exam ine  t he  mechan i sms  o f

he te rogeneous  reac t i ons  o r  t o  i den t i f ; ' -  i n t e r t " i i " t " t  I  l l " t "  
r eac t i ons '  The i r  r a t i ona l -

i za t i on  none the less  i s  ( o r  shou ld  be )  a  cen t ra l  conce rn  i n  mechan i s t i c  chem is t r y ,  because

they  a re  o f  ve ry  g rea t  p rac t i ca l  and  economic  impo r tance - . .  s i nce  d i r ec t  exp lo ra t i on  o f  t he

chemis t r y  o f  p i a t l num su r face  a l k ; - 1s  i s  p re t " " i r y  so  d i f f i cu l t ,  i n  app roach ing  t he  mecha -

n i s t i c  p rob lem o f  ca ta rys i s  by  p la t i num we  have  e lec ted  t o  exam ine  i ns tead  t he  cha rac te r -

i s t  j - c s  o f  so1ub1e ,  co rnp lexed ,  p l a t i num a l k r ' l s  "  we  have  p laced  pa r t i cu la r  emphas i s  on  t he

study of  the impor tant  c lass o i  react ions in ,h ich break (and make)  carbon-hydrogen bonds by

ox ida t i ve  add i t i on  t o  (and  reduc t i ve  e l im ina t i on  f r om)  p la t i nu rn ,  because  t hese  reac t l ons  a re

a  p a r t  o f  m a n y  o f  t h e  i n t e r e s t i n g  c a t a l y t i c ' i r o . " " " ' ' . ' f f t "  r e l e v a n c e  o f  t h e s e  s t u d i e s  t o

any  conce rns  rn  he te rogeneous  ca ia l ys i s - i nvo i v i ng  p ra t i num o f  cou rse  rema ins  t o  be  es tab -

l i shed .  They  do ,  i n  any  even t ,  p rov ide  a  body  o i  i n to rma t i on  wh i ch  c l a r i f i es  t he  mechan i sns

o f  r eac t i on  t ypes  wh i ch  a re  w ide ry  rep resen te i . i n  ho rog -eneous  ca ta l ys i s  by  t r ans i t i on  me ta l s

(a l t hough  no t  espec ia l l y  by  p l a t i num,  , u l ? r . "  u t i l i t i - i n  To rnoeeneous  ca ta l ys i s  i s  l im i t ed )  '

In  addi t ion,  they prov ide in iormat ion whic} r  w i r i  uL i re tp fu l  in  in terpret ing s tud ies o f  the

he te rogeneous  ca ta l y t i c  r eac t i ons  i nvo l v i ng  p la t i num,  as  t hese  a re  f i na l l y  ca r r i ed  ou t '

THE MECHANTSI'{S OF THERMAL DECOMPOSITION

PLATINUI' ' I  (  I  I)  COMPLEXES'

RESULTS

The  d ia l ky l b i s  ( phosph ine )p la t i num( I  I )  comp lexes

prepared by s tandard procedures out l ined in  F ig '
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F i g .  1 .  P r e p a r a t i o n  o f  d i a l k y l b i s l l ' ' S e s p h i n e ) p l a t i n u m ( I I )  c o m p l e x e s .
L 1 P t R . ,  ( L  =  P E t "  u n l e s s  j n d j c a t c d  o t h e r . r , i s e ) .

t l  5

a i r - s tab le  subs tances  wh i ch  can  be  cha rac te r i : ed  bv  conven t i ona l  t echn iques .  When  hea ted ,
t hose  compounds  hav ing  B -C-H  bonds  decompose  b r -  i n i t i a l  B -hyd r i de  e l im ina t i on ,  gene ra t i ng  an
in te rmed ia te  hyd r i dop la t i num( I I )  a l k r ' 1  mo  j . e t1 - ,  f o l  l o rqed  by  reduc t i ve  e l im ina t i on  o f  a l kane .
Compounds conta in ing neopenty l  or  o ther  grou l ls  not  sub_j  ec t  to  3-hydr ide e l in inat ion undergo
a  re l a ted  t ype  o f  r eac t i on  i nvo l v i ng  c l eavagc  o f  a  C -H  bond  f r om some  access ib l e  pa r t  o f  t he
mo lecu le  (e i t he r  a1ky1  g roup  o r  phosph ine ) ,  f o l l o r i ed  by  reduc t i ve  e l im ina t i on  o f  a l kane .  I n
b o t h  t y p e s  o f  r e a c t i o n s ,  t h e  p l a t i n u m ( I I )  a t o n  i . s  t r a n s f o r m e d  i n t o  a  p l a t i n u m ( 0 )  s p e c i e s .

W e  h a v e  r e s t r i c t e d  d e t a i l e d  n e c h a n i s t i c  s t u r l i e s  t o  r e a c t i o n s  i n  w h i c h  t h i s  p l a t i n u m ( 0 )
comp lex ,  o r  some  de r i va t i ve  f o rned  f r om i t  i n  t he  reac t i on  m ix tu re ,  i s  so lub le  and  s tab le
u n d e r  t h e  r e a c t i o n  c o n d i t i o n s :  w h e n  d e p o s i t i o n  o f  p l a t i n u m ( 0 )  o c c u r s ,  o r  w h e n  a  p l a t i n u m ( 0 )
c o l l o i d  f o r m s ,  t h e  r e a c t i o n s  o f t e n  b e c o m e  d i f f i c L r l t  t o  r e p r o d u c e  k i n e t i c a l l y ,  a n d  m a y  s h o w
iso top i c  sc ramb l i ng  re f l ec t i ng  he te rogeneoL rs  ca ta l y ' s i - s  bv  t h i s  p l a t i num me ta l .

A l m o s t  a l l  o f  t h e  B - h y d r i d e  a n d  i n t r a m o l e c u l a r  C - H  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  w e  h a v e
s tud ied  f i t  a  common  mechan i s t i c  pa t t e r t t ,  eNL -m l l i f i ed  i n  F ig .  2  by  t he  mos t  t ho rough l y
s tud ied  examp le ;  v i z . ,  t he  $ -hyd r i de  e l i r n i na t i on  reac t i on  o f  LzP t (CHZCT)2 .  Th i s  nechan i sm

t_r,

\gJ

C=CHe
4 E

thermal  decomposi t ion o f  LrPtEt . .  in  cyc lohexane

Ana logous  nechan i sms  app l y  t o  o the r  B -hyd r i de

has three i rnpor tant  features.  In  descr ib ing these features,  we re fer  to  the concent ra t ion o f
t r i e thy lphosph ine  wh i ch  has  been  added  to  t he  so lu t i on  by  t L ] .  Thus ,  t L ]  =  0  i nd i ca tes  t ha t
no  t r i e thy lphosph ine  has  been  added ;  i t  does  no t  i nd i ca te  t ha t  t he re  i s  no  uncoo rd ina ted
t r i e thy lphosph ine  i n  so lu t i on ,  s i nce  some  (weE t i eve  on l y  a  sma11  amoun t )  d i ssoc ia tes  f r om
the  phosph ine -p la t i num comp lexes  p resen t  i n  t he  reac t i on  m ix tu re .  The  i n fe r red  t r ans i t i on -
s ta te  s t ruc tu res  a re  summar i zed  i n  F i s .  S .

K2PtCt+

L\ 
P(R

L/ ' - \R

1,5.-c)tclo- 
,_octod iene

<L

t-rt"tL-*"t
-->i'

\ - - -

L.+

(Et
:.6-Et

F i g .  2 .  M e c h a n i s m  o f

s o l u t i o n  ( T  =  1 4 1  " C ) .
e l im ina t i on  reac t i ons  .

-Et

t-r,-fitt
L/ CHz
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L
I
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Et
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i )  I \ h e n  t L l  =  0  N I ,  t h e  r a t e - i i m i t i n g  s t e p  i  s  t h e  d i  s s o c i a t i o n  o f  L  f r o m

L2PtEt  2 '

i i )  t t h e n  t L l ' \ '  0 . 3  l ! 1 ,  t h e  r a t e - l i m i t i n q  s t e P : r P P e a r s  t o  b e  t h e  l o s s  o f

e thane  i r om the - i n te rned ia te  LP t  ( l 1 l  (  t .  . l l  1 )  
I : t  .

i i i )  l r hen  t L ]  i s  l a rge  ( t  r  .  O  r t r )  ano thc r  ; r ccha t ] i  sm  becomes  impo r tan t  i n

r i h i ch  t he  ra te - r i n i t i ng  t i ans i . t j - on  s ta te  l i as  t he  e lemen ta ry  compos i t i on

i . p i i g j i i 2 H , l ) E t .  T h e  d e t a i l s  o f  t h c  b o n d - b r e a k l n g  a n d  b o n d - m a k i n g

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

tha t  l oss  o f  e i t he r  e thane  o r  e th r -L  c t l t '  i  s  l . a te - l  im i t l ng  '

The  ev idence  suppo r t i . ng  t hese  t h ree  mechan i - s t l c  p ro l ' , osa l s  i s  t oo  l eng thy  t o  de ta i l  he re '  and

h a s  b e e n  d e s c r i b e d  e l s e ' h e r e  ( r e f .  1 ) ;  o n l y '  u  . u * " r i '  i s  w a r r a n t e d .  s i m i l a r ,  a l t h o u g h  l e s s

comp le te ,  a rgumen ts  have  been  used  t o  suppo r t  . r  r *a l ogous  nechan i sm fo r  t he  decompos i - t i on

[t-l = o.o
L
I

L-Tt-Ef
ET

+ L'-"tl-'l*-*
L
I

+ Pt+5. F^ t Ftl*
it-et + lnrqr*Ft;,iH L cHzHl

klil.

L+

L
I

il-Er
Et

fik
cHz

EtH[u] = o.3
H{Jlcnz

L. cHo
-* -pt-l-[ f ErH

( CHz

l;!kJ**)'<]l 
ceH+

t l re  decomPosi t ion o f  LrPtEt ,  a t

added  t r i e thY lPhosPh ine  I L ] '

H
!.,Et 'r'

0Hz

\

[r-] t.6 LzP-,t
1,c

,"(

F i g .  3 .  T r a n s i t i o n

d i f f e ren t  va lues  o f

s ta te  s t ruc tu res  f o r

t he  concen tTa t i on  o f
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o f  ( B u . P ) r P t B u ,  ( r e f .  2 ) ,  a n d  s e v e r a l  c o m p l e x e sJ Z

I n  b r i e f ,  t he  ass ignmen t  o f  mechan i sm i n  s tud ies

exper imenta l  ev idence :

t he  s t ruc tu re  L rP t ( cyc loa l ky l ) ,  ( r e f .  j )

(Et3P)  
2PtEt2 

rests  on four  types of

o f

o f

i )  The  dependence  o f  i t s  r a te  o f  decompos i t i on  on  t L ] .

i i )  The  ex ten t  o f  sc ramb l i ng  o f  deu te r i um l abe1  i n  p roduc t s  and  i n
recove red  s ta r t i ng  ma te r i a l  i n  decompos i t i ons  o i  L2p t ( cH2cD)2 ,

i i i) 
il:"ffi5:i:iff :i i:;.?ff:S;lYm 

kinetic isotope errect on the rate or
z  '  2  3 ' 2 '

i r ' )  The magni tude of  the Arrhenius preexponent ia l  fac tor  A for  the
d e c o m p o s i t i o n .

The in terpreta t ion o f  the f i rs t  three t ) 'pes o f  exper imenta l  data  is  s t ra ight forward,  but  thato f  t he  l as t  dese rves  b r i e f  commen t .  we  be l i eve ,  f t o r  compar i sons  o f  a  nu rnbe r  o f  r eac t i ons  o ft hese  t ) ?es  o f  o rganop la t i nun  compounds ,  t ha t  a  r r a l ue  o f  l og  A  =  14 -16  i nd i ca tes  t ha t  twopa r t i c l es  a re  be ing  c rea ted  f r om one  i n  t he  t r ans i t i on  s ta te ,  and  t ha t  l og  A  =  20  i nd i ca tes
l l " t  r yg  

pa r t i c l es  a re  be ing  f o rmed  f r om one .  These  i n te rp re ta t i ons ,  as  a l l  i n t e rp re ta -
t i ons  o f  t he rmod lnam ic  t e rms  o f  en t rop i c  o r i g i n ,  r equ i re  a  ce r ta i n  e l enen t  o f  f a i t h .  weno te ,  ho t i e r -e r ,  t ha t  t he  so l ven t  r eo rgan rza t i on  t ha t  comp l i ca tes  t he  i n te rp re ta t i on  o fen t rop i c  t e rms  i n  reac t i ons  i nvo l v i ng  po la r  med ia  shou l i  be  l a rge l y  absen t  i n  t he  cyc lohexaneso lu t i ons  used  i n  t h i s  wo rk .  s im i l a r  i n te rp re ta t i ons  have  been  o f f e red  f o r  o the r  non -po1a rr e a c t i o n s  ( r e f .  4 ) .

The  impo r tance  o f  t h i s  i n te rp re ta t i on  l i es  i n  t he  ass ignnen t  o f  t he  ra te - l im i t i ng  s tep  f o rf r l

LLJ  =  0 ' 5  11 '  A t  t h i s  concen t ra t i on  o f  added  t r i e thy lphosph ine ,  t he  k i ne t i c  depe idence  o fra te  on  I r ' f  i nd i ca tes  t ha t  d i ssoc ia t i on  o f  L  p receeds  t he  ra te - l im i t i ng  t r ans i t i on  s ta te .The  obse rved  k i ne t i c  i so tope  e f f ec t  ( \ - , /S  =  r )  i s  compa t i b l e  e i t he ,  * i t h  C_H bond_b reak ing
o r  bond - fo rm ing  i n  t he  t r ans i t i on  s ta t8 . - l { e  conc lude  t ha t  c -H -S ; ;a :e " r * i ng  ( i . e .  r educ t i ve
e l im ina t i on  o f  e thane  f r om LP t (H )  ( c2H6)E t )  i s  r a te - l im i t i ng  f ; " ; - ; ; " f f i u ; i ; ;  

" ; " ; ; ;p reexponen t i a l  f ac to r  ( i og  A  ' t ,  20 ) .  Th i s  conc lus ion  i s  suppo r ted  by  t he  obse rva t i on  o fextens ive scrambl ing o f  deuter ium i -n  both products  and s ta i i i t rg  mater ia ls  der ived f romT  D r f a H  a n  \
L a r  L  \ U r r ^ v u - ,  ^ .

z .  Z  J ' Z

App l i ca t i on  o f  t hese  t echn iques  t o  seve ra l  o the r  d i a l ky l p l a t i num( I I )  comp lexes  capab le  o f
B -hyd r i de  e l im ina t i on  y i e l ds  da ta  wh i ch  f o rm  the  bas i s  f o r  t he  mechan i s t i c  conc lus i . ons
sumnar i zed  i n  Tab le  I .  The  ra te - i im i t ed  s teps  a re  ass igned  by  ana logy  w i t h  t he  s t ruc tu resin  F ig '  2 ;  t he  ex tens ion  o f  t he  s t ruc tu res  i n  t h i . s  scheme  to  t hos .  

" f p "op r i a te  
f o r  o the ra l kv1s  i s  obv ious .  The  va r i a t i on  i n  t he  ra te - l im i t i ng  s tep  i n  t h i s  se r i es  o f  d i a l ky l -

l i i i "= to.oo; l t ; ; t :S l .Parameters 
and l rechanisms for  Decomposi t ion of  LzptR2

Re1  Ra te 1 o g  A Mechanisrn Ra te -L im i t i ng
S te

L2Pt  (c2H)  
2

(dnpe ) Pt (C2Hs )

L r P t  ( c - C " H _  )  _

L ,  P t  ( c - C , H , )  .
L - + / Z

L 2 p t  ( c _ C s H s ) z

L2Pt(cHzc(cH) 
)  2

L2Pt (cH2c (cH5) 
zcTzcql z

LzPt (CH|C (CH3) 
scHzcHzcH) z

F i g .  2

Unknown

Unknown

F i g .  2

F i g . 2

F i g . 4

F i g .  4

F i g .  4

I - + 2

6 x

4 x

1 x

4 x

4 x

3 3

2 2

4 6

3 8

3 8

2 0

1 3

2 T

2 0

1 9

)
1 0 -

1
1 0 "

- q
1 0  "

- ' l
1 0

1

1 0 -

3 - >  4

r - > 2

8 + 9

8 - > 9

8 + 9



Mechan isms  o f  the rma l  decompos i t i on  o f  L2PIR2  comp lexes

plat inun compounds seems to  re f lec t  the aggregate e f fec t  o f  two maj  or  in f luences:  larger

a l ky l  g roups  p romo te  phosph ine  d i ssoc ia t i on  and  acce le ra te  decompos i t i on ;  s t r a i ned  o le f i ns

fo rm  s low ly .  The  deco*pos i t i on  o f  L rP t [ 9 -C rHr ) rP robab l y  a l so  p roceeds  by  a  nechan i sm

ana logous  t o  t ha t  i n  F ig .  2 ;  i t s  mechan i sm i s ,  howeve r ,  obscu red  by  t he  i ns tab i l i t y  o f

cyc lopropene under  the ieact ion condi t ions.  
' i t r "  mechanism of  decomposi t ion o f  dmpePtEt ,  is

not  unders tood.  The observat ion that  a  cyc lohexane so lu t ion o f  th is  compound is  morg s tab le

(by a  fac tor  o f  tu  4000)  than a t r ie thy lph6FpEfne-  so lu t ion o f  (Et jP)  
2PtEt2 

suggests  that  some

factor  nore complex than the equi l i -br ium constant  for  d issoc ia t ion o f  a  phosphine-p la t inum

bond  i s , " r po , . , r i b1 "  f o r  t he  obse rved  d i f f e rence  i n  ra te  o f  decompos i t i on .  we  sugges t  t ha t

t he  i nab i l i t y  o f  t he  P -P t -P  bond  ang le  o f  ( dmpe)p la t i num to  sp read  du r i ng  t he  s tep  wh i ch

t rans fo rms  p la t i num( I I )  t o  p l a t i n t r * (o )  con t r i t u t - es  t o  t he  s tab i l i t y  o f  ( dmpe)P tE t2 '

The  decompos i t i on  o f  p l a t i num comp lexes  con ta in i ng  neopen ty l  and  re l a ted  a l ky l  g roups  f o l l ows

a  mechan i s t i c  pa t t e rn  wh i ch  i s  ve ry  s i r n i l a r  t o  t ha t  obse rved  i n  L rP tE t ,  ( r e f '  5 ,  6 ) '  F i g '  3

ou t l i nes  t he  mechan i sm fo r  L rP t (CH2c (CHs)3 )2 ;  Tab le  I  con ta ins  ac t i va t i on  pa rame te rs '  The

type  o f  cyc lome ta l l a t i on  reac t i on  shown  i n  F ig .  - l  p roceeds  read i l y  f o r  a  nu rnbe r  o f  r e l a ted
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F ig .  4 .  Mechan i sm o f  t he rma l  decompos i t j - on  o f  d i neopen ty l b i s ( t r i e thy l -

pho sphine ) pl at inum ( I  I  )  .
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r a te - l im i t i ng  (and  p roduc t -de te r rn i n i ng )  t r ans i t i on  s ta tes  l ead ing

(e .g .  1_L )  a l i eady  cbn ta in  t he  p la t i nacyc l i c  r i ngs  wh i ch  appea r  i n

i s  ske t ched  i n  eq .  1 .  The  s i gn i f i cance

on the nechanis t ic  in ference that  the

to these comPounds
the  p roduc t s .  The  re l a t i ve
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I i e l d s  o f  p r o d u c t s  s h o u l d  t h e r e f o r e  b e  c L o s e t l ' r e l a t e d  t o  t h e  r e l a t i v e  s t r a i n  e n e r g i e s  i nt h e s e  r i n g s .  A l t h o u g h  q u a n t i t a t i v e  e s t i m a t e s  o f  r i n g  s t r a i n s  b a s e d  o n  t h e s e  y i e l d s  i s  n o tj us t i f i ed  f o r  seve ra l  r easons ,  t he  qua l i t a t i ve  obse rva t i on  t ha t  ana logous  p la t i nacyc lo -
bu tanes ,  p l a t i nacyc lopen tenes ,  and  p la t i nac l ' c l ohexanes  a re  gene ra ted  i n  s im i l a r  y i e l ds
sugges ts  t ha t  t he  sp read  i n  t he  va lues  o f  r i ng  s t ra i n  i n  t h i s  se r i es  i s  l ess  t han  5  kca l- t
mo l  

- ,  
and  t hus  much  l ess  t han  t he  sp read  i n  t he  co r respond ing  cyc loa l kanes  ( x  z l  kca l  mo t -1 ) .The  i n fe rence  t ha t  t he  p la t i nacyc lobu tane  r i ng  has  a  1ow  s t ra i n  ene rgy  i s  he lp fu l  i nra t i ona l i z i ng  t he  re l a t i ve l y  common  occu rence  o f  me ta l l ocyc lobu tanes  i n  o rganometa l l i c

r e a c t i o n s  ( r e f .  7 - 9 ) .

A  cu r ren t  ob - ' i ec t i ve  o f  wo rk  i n  t r ans i t i on  me ta l  ca ta l ys i s  i s  t o  c l a r i f y  t he  p rocesses  byt vh i ch  me ta l  su r f aces  c l eave  unac t i va ted  c -H  bonds ,  and  t o  sugges t  why  ana logous  reac t i ons  a res e l d o m  o b s e r Y e d  u s i n g  s o l u b l e  n e t a l  c o m p l e x e s  i n  s o l u t i o n .  n " t a  f a c i i e  c y c l o m e t a l l a t i o n
reac t i ons  ha r " ' e  t he  po ten t i a l  t o  con t r i bu te  t o  t h i s  p rob lem,  because  t hey  do ,  i n  f ac t ,  c l eaveunact i - l 'a ted C-H bonds (a lbe i t  in t ranolecu lar ly ' ,  ra ther  than i .n termolecu iar ly )  .  I t  i ;
p a r t i c u l a r l r '  i n s t r u c t i v e  t o  c o n s i d e r  t h e  c o n v e r s i o n  o f  a  d i ( n e o p e n t y l ) p l a t i n u m ( I I )  m o i e r yi n to  neopen tane  and  a  2 ,Z -d tme thy lp l a t i nac ' c1ob r - r t ane  r i ng  (q  *  i o  * ' , r " op " r t ane ) .  Th i sp rocess  p roceeds  i n  h i gh  y i e l d .  We  canno t  p resen t l y  measu re  t t r e  magn i t uae  o f  AGo  fo r  t hereac t i on  quan t i t a t i ve l y ,  bu t  qua l i t a t i ve l y  i i e  have  seen  no  ev idence  o f  i t s  r eve rs i b i l i t y .  A
f j r s t  s t ep  i n  unde rs tand ing  t h i s  r eac t i on  mus t  be  t o  ra t i ona l i ze  t he  f ac t  t ha t  i t  p roceeds
i n  t h e  d i r e c t i o n  6  *  1 0 ,  a n d  n o t  v i c e  v e r s a .  l i e  s u g g e s t  t h a t ,  a t  p r e s e n t ,  i . t  i s  n o t  o b v i o u swha t  comb ina t i on -  o f  f ac to r s  p rov ide ! - t ne  a r i v i ng  f o r ce  f o r  t he  reac t i on .  As  a  f i r s t
app rox ima t i - on ,  t he  sum o f  t he  bond  ene rg ies  rema ins  unchanged  du r i ng  t he  reac t i on .  R ings t r a i n  s h o u l d  f a v o r  6 ,  a l t h o u g h  w e  b e l i e v e  t h a t  r i n g  s t r a i n  i s  s m a l 1  ( r e f .  6 ) .  T h eo b s e r r ' ' a t i o n  t h a t  a p p a r e n t l y  s i m i l a r  c y c l o m e t a l l a t i o n  r e a c t i o n s  p r o d u c e  s i x - ,  f i v e - ,  a n dfou r - -membered  p la t i nacyc les  sugges ts  t ha t  no  pa r t i cu la r  s tab i l i t y  i s  assoc ia ted  w i t h  t he2 ,2 -d ime th l ' l p l a t i nacyc lobu tane  r i ng .  h ' i r a t  t hen  rema ins?  l { e  no te  t ha t  a t  l eas t  t h ree  f ac to r sn i g h t  c o n t r i b u t e  t o  t h e  r e a c t i o n :

i )  t he  i nc rease  i n  en t ropy ,  r e f l ec t j . nq  t he  gene ra t i on  o f  two  pa r t i c l es
f rom one ;

i i )  r e l i e f  i n  n o n - b o n d e d  s t e r i c  s t r a i n ,  r e s u l t i n g  f r o m  e x p u l s i o n  o f  t h e
la rge  neopen ty l  mo ie t y  f r om t i r e  c ro rvdec i  mo le iu l e  o f  !

i i i )  f a v o r a b l e  c h a n g e s  i n  1 o c a l  e l e c t r o n j . c  e n e r o i e s ,  a s  t h e  p - p t - p  b o n d
ang le  sp reads  du r i ng  reac t i on .

The  o r i g i n  o f  t he  d r i v i ng  f o r ce  t hus  canno t  be  i den t i f i ed  a t  p resen t ,  bu t  f u r t he r  s tudy  o ft h i s  sub jec t  i s  wa r ran ted  by  i t s  po ten t i a l  u t i  1 i t , v  i n  c l a r i f v i ng  t he  rnechan i s t i c  o r i g i n  o ft he  d i f f e rence  be tween  the  rap id  i n te rmo lecu la r  c l eavage  o f  C -H  bonds  wh i ch  occu rs  a t  ap la t i num su r face ,  and  t he  ana logous ,  s l o r v  ( i n  f ac t ,  ,mkno"n )  r eac t i on  i nvo l v i ng  so lub lep l a t i n u m  i o n s .

Ac\nowledgement  -  Th is  work  was suppor ted by grants  f rom the Nat iona l
Sc ience  Founda t i on .  I t  i s  t he  p roduc t  o f  t he  e f f o r t s  o f  a  number  o f
ab le  coworke rs ,  mos t  r ecen t l y  Ra lph  Nuzzo ,  Tom ldcca r thy ,  s teve  Moore ,
Bob  D iCos imo ,  A11an  Sow insk i ,  and  pa t r i  Fo1ey .
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