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The most probable mechanism for the thermal decomposit ion ot ' /ron,s-chloroneopentylbis(tr icyclo-
pentylphosphine)platinum(II) (LrPtNpCl, 1) to froru-chlorohydritlobis(tricyclopentylphosphine)platinum(II)
(L2PtHCl, 5) and 1,1-dimethylcyclopropane (DMC) in cyclohexane solut ion involves init ial  equi l ibr ium
dissociation of tricyclopentylphosphine (L) from [, reversible intramolecular oridative addition of a 1-C-H
bond of the neopentyl moiety to plat inum and formation of an intermediate piat inacl 'clobutane, 3. and
rate-l imit ing reductive el imination of 1,1-dimethylcycloprr)pane (Scheme I l .  Reassoc' iat ion of L' , ' ields 5.
In the absence of added L, the reaction is half-order in 1; n' i th ad<led [,  (o 068-0.5-1 l \{ i .  the reaction is
f irst-order in I  and inverse f irst-order in L. Arrhenius activation parameters A' and E"1fbr the f irst-order
decomposit ion of I  to 5 and dimethylcyclopropane were determined in cvclohexane containing L ([Ll0 =
0 . 3 9  M ) :  E ^ , t  = . 1 9  +  1  k c a l / m o l ;  l o g  A ,  =  2 l  * . 2 ; \ H t  ( 1 5 6 ' C )  =  4 8  * . 1  k c a l / m o l ;  J S +  ( 1 5 6 ' C )  =  3 4
* 1 eu. Substitution of deuterium for hydrogen in the neopentyl group of I results in a deuterium kinetic
isotope effect of kr ' lks= 2.9. The dependence of the rate of reaction on the concentrat ion of l  al lows
estimation of the dissociation constant K* of L from l; K.., (156 "C) = 0.017 + 0.002 M. From the Arrhenius
parameters in the presence and absence of L, the temperature dependence of K"o can be determined: AS.o
=  3 0 +  5 e u a n d A H " o  =  1 6 + 3 k c a l / m o l .  A s i d e r e a c t i o n  ( 3 - 2 0 % )  i n t h e d e c b m p o s i t i o n o f  l  p r o d u c e s
neopentane and appears to proceed through free neopentyl radicals. frons-Chloro(1-norbornyhnethyl)-
bis(tr icyclopentylphosphine)plat inum(II) (L2Pt(CHzNh)C1,6) decomposes thermally at 156'C and gives
1-meth5rlnorbornane, L2PtHCl (5), and a product, 7, derived from cvclometalat ion r, f  the phosphine [, .

Introduction

This paper describes the mechanism of thermal decom-
posi t ion t - r f  f  rans-chloroneopenty- lb is( t r icyclopentvl-
phosph ine)p la t inum( I I )  (1 ,  L rPtNpCl )  to  l r ru rs -ch lo ro-
hydr idob is  ( t  r i cy 'c lopenty lphosph ine  )p la t  r  nu  rn  (  I  I  )  (5 .
L2PtHCl)  and 1.1-dimethl ' lcy 'c lopropane (DNIC) t  Scheme
I).  This react ion is interest ing for  three reasons. First .
in general, it pror-ides further information about the details
of elementary reactions which break and form C-H and
C-C bonds by reaction with a platinum atom. Reform-
irg,' ' t hydrogenation,a intermolecular C-H activation,5-8
intramolecular C-H activation,T-l2 B-hydride elimina-
tion-inser1iott,13-15 and reductive elimination of C-H and
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C-C bonds l l '1216-1e a l l  invo lve these types of  e lementary '
react ions.  Second,  compar ison r i f  th is  react ion wi th
anaiogous studies of the mechanisrn of therrnai dect,nr-

position nf tEt,flPtLplto$t3P;rflCHp6lH, Hr"

and of  (C_v-, ,P)rPtCH2C(CH;,)2CH2 to (Cy, iP)2Pt0 and i ,1-
dimethylc\/clopropanele permits us to draw mechanistically
useful inferences concerning the structural factors deter-
mining the rates of these reactions. Third, the kinetic
order of the reaction in I changes from half-order to
first-order on addition of tricyclopentylphosphine (L).
This kinetic feature permits us, for the first time in our
studies of organoplatinum compounds, to analyze sepa-
rately the thermodynamics of the preequil ibrium disso-
ciation of L from the platinum center.

We chose to use tricyclopentylphosphine (L) rather than,
e.g., triethylphosphine or tricyclohexylphosphine in this
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study for two reasons. First,  (EhP)2PtHCl reacts with
Et,P yielding (Et3P)3PtH+Cl- tj and thus complicates the
kinetics in the presence of phosphine; the analogous re-
act, ion does not occur with tr icyclopentylphosphine.
Second, plat inum complexes made with tr icyclopentvl-
phosphine tend to be more soluble in cyclohexane thal l
analogous complexes made with tr icyclohexylphosphine.

This study also examines a minor side reaction (3-20%)

in the decompositi<ln of I rvhich f ields 5 ancl neopentane
Deuterium-labeling studies indicate that protons originalli,'
present in the C-H bonds of cyclohexane (solvent), tr i -
cvclopentylphosphine. and the neopentvl group oi '  I  al l
take part in this reaction and are incorporated i t t to neo-

t)erltane. 
'fhe 

major pathway yielding neopentane appears
to involve neopentvl radicals. although pathways requiring
cvclometal lat ion of l ,  mav also be signif icant.

The thermal decornposition of a structurally analogous
i l i " ganop la t i n t i n r  comp lex ,  t r ans -ch lo ro (1  -no rbo rn l , ' i

rr reth3'l ) his( tricyclotrrentvlphosphine )platin um (II) ( 6). yielcls
I rrrethy-lr l( ,r ix)rnane, 5, and a product of cyclometalat ion
i l) .  

' i 'his 
reacti*n paral lels one of the side reactions in the

, ier :omposi t ion i ' f  I  wh ich f  ie lds  ner)pentane and 5.

Resu l t s

l)roducts. A 0.06 IVI solut, i t in of I  in ci 'c ' lohexane
v i , ' i r iec i .  r in  heat ing for  I  i r  a t  156 o( .1 ,  1 ,1-d i rnethv l r :yy 'c ' lo -

! ) r r i f , ) : l r lo ,  i rer ipentane (NpH) an<i .  as  the on ly  phc ispho-
rus-cr)ntaining llroduct detecleC lx, 3rP NMR -<pectroscopv.
5 iSr ;heme I i ) .  Smal l  q t rant i t ie : :  o f  i :vc l , rhexeur ' .  d ineo-
: ) r 'n tv l  (Nt r l - ) . l r tand c-vc: lopentene w€.re  a lso pr< l r iuced.  A
, i ; i r r t ion o l '  i  (0 .06 l \ { )  and t - r icvc lopenty lphosphi r re  {0 . j1 ! )
i r i ;  in  cvc lo i rexane.v ie ldcd.  on heat ing a t  156 o( l  for  i :2  i r ,
l ] ' r ,  sa i i - : t ,  i r rodt r t ' ts .  hut  thc  v ie lds o f  neopet r ta t re  and cv-
, ' ! i ,1 . : * i i tene increased anC that  o f  r l imeth-v lcvc lo l l ro i :ane
r-lrr, .r i"r-,artsd. Thr: reaction mixtures at the conclusion rf  the
Ihermal  r l r .conrpos i t i ( ) l ' ,  reac l r r l )s  w 'ere cokr r ie :s  anr i  ap-

lrel rei l  honr{rf€:11Pr)i l r .
K inet i t :  Rehav ior :  No Added Phosphine.  Wr- '  fo l -

:o' ,rr,( j  tht:  l r i r 'e1. i , 's r ' l f  decoruposi l i r>n of I  l rr '  t lP N\,{I t
: i ' { ' { .r .r ts.,_.() l} \ '  in sealecl }Jl i{R tubes. pigrrre I  : .hows
J'rr:i[",r]'iler lrui haif-<lrder plcts ,rf kinetic dafur r{erived frrln:
- i , ! ' t ' ;a i  t ,hr , ' r r r ra l  i lecomlros i l ions o f  I  in  r :y ' t : l i ; i r rxan6 ' 'gn! r - i '
t i o j i  r i l  i 56  o { , - .  ' f he  

i n i t i a i  con i ' en i r a t i nn  t r f  I  i I  j ,  ]  w r i s
v l i r ie r i  t r r i f i r  i i . i ' ! j '+ , ,  (1 .10 \ , { .  

' i 'hese 
data c lear lv  g ive bet i ,er

ir i l  ! i -r ' , : :dt ir  p!.rt : :  tba;r f  i rst-orr ler: half-ord,. lr  ratr,r constan1-s
(1 i1 , , . , . . )  varv  l : - ;  a  fac t , r i r  o t ' i . l  over  th is  range of ' I t l . , :  f i rs t -
r lrder r i i ' .e (:{)t ' t : ; t i lnts var' ;  i l1 '  a far:t t ,r  oi '  1.1}. ancJ the
f  iv r l -11; f le r  p !o ts  s i1 , -16 '  s ign i f icant  cr r rvature. l !  An . 'xanr

. .  i . i  i , , . . : 1 . . ' : , " ,  i  e t r a  i p  e t  h ' r i l l i e  x : .  i  :  f
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Figure l .  F' irst-order (a) and half-order (b) kinetic plots of the
decomposit ion of I  in cyclohexane solut ion at 156 "C at several
d i f ferent  in i t ia l  concent ra t ions o f  I  ( [1 ]o) :  o ,0 .10 M;r ,0 .08 M;
r. 0.06 N{: f  .  0 043 N{; o, t) .020 M.

- 'o.0

iJ  ro  ?o 30

T  i m e .  m i n

q.s f() i  i {)ws: i 'hrtw|hrtr lr .
.  l l t t ,  a i , i r  7  r r ; n s .  1 9 7 ?
l n i t r : .  ( ' h t r y r .  ! 9 8 0 .  i ! j .

E

-
u

€
I

c

-l'l/(rl.l'
-l-'
4 .O -a5 - 3.0

I n  t l J o

F ' i gu re  2 .  ' f he  i r r i t i a l  r a te , , f  r l eco tnp r i s i t i on  o i ' l  (  d [ ] , r d t ,  i n
M.s r .  l i ( l  ' 'C .  r " . 'c lohexane)  increeses wi th  increas in ;1  in i t i r i i
( - 'o t ' l ( 'en1rat  i r t t ts  ( ' l  l

ination ot'the dependence of the initial rates on [116, lt'igure
2)v ie ld  t l ie  empi r ic 'a i  ra te  iaw (eq 1) .  Wi th in  exper imenta l
er ror .  the or t ler  in  I  rs  one-ha i f .22 '23

d I l  i r  t l t  . =  i  !  I  *  ( , i . 2 )  X  1 ( ) - 4 [ !  l i ) ' r s h i r  ( i )

l 'here is a sl ight doq'nrvard crtrvatttre in fhe half-r lrder
rate pluts iFrgirre lb). \ \- . .r  aftr i frute this rate ac:celerat ion
t t l  the r - rnrdu i ' t  5 .  J .nc ) :a i f - r i lder  ra le  t ' { rns tant  f r ; r  de-
coml>os i t ion o1 ' I  { [  1 , ,  =  r ] . i )6  l \ '1 )  in  cyc l< 'hexat te  cot r ia in tng
i t [5]. ,  = f ]"f ] fb \ ' ' I r  iva" 2LlY',  larger t ' ] ran the rate constatrt
l i r r  decomp()s l ! ion in  i l ' c l , rhexat ie  conta i i t i r ig  no added 5.
' l 'he 

ra te  , , f  d t ' r 'omp,rs i t i i rn  o{ .  I  u 'as  inc iependent  o f  lS ln
t r r r rn  ( ) .Oi ; i  1 t ,  i i " i  1 ; l  \ , i .  \A 'e  emphasize that  the ra te  a{ ' -
celerat ioir r- ' i ius€d l l- , .-  5 is snial l  anrl  cann,;t  i te re:ponsibie
tor  the o i rservpr l  h i l l f -orc ier  k inet ics .

' l 'he 
raie {)t '  I  herlxi l i  dec<rmprosit ion depenclerl  sl ightlv

or i  s i l i ve l r i ,  l ru{  rhe < i is r r ibut i r in  , t f  pr r idut ' ts  was inde-
p e n t i e r , l , i !  s o i r  e n t . ' l ' h , '  r a t t  t , f '  r i e c o m l r , , s i t t o n  i n c r e a s e r i
iv i th  inr ' re ; is ing so l i 'e r . !1  i r l i la r i tv  f rom r r - l texane to  cvr : io-
h i :x r l re  t r . r  l ie r izer le  1 , , ( ,  " i 'HF- .

(12)  ' l ' h "  
in i t i r r i  f i r s t - , r rd t : r  ra fes  were  der ived  f rom the  f i rs t  two Dr ' in t ,s

o f  t h r ,  k i n e t i r ' p l i ' f . s  i { 1 1 ; .  *  { !  a n c l  6  m i n )  a n d  t . h t t s  ' r r e  l r t l i ' a p p r , ; x i n r a

t iL r r rs  r r t  thp  tn re  in i . t ta !  ra tes .  
' fh is  p rocedr ; re  ( ) \ . ' e res t : In . l tes  rhe  in i t ia :

ra les  a t  i t ,w  r l l ,1  an i l  th ' . i s  u r tc le rps t in i : r te \  lh€ ' . 'a l t te  io r  the  ord t ' r  in  l .  i l

th i - .  iwo :n r t ia l  raLes  { le te i l r r lne{ i  e l  i l l , ,  =  ( t .020 a l ; r l  { } . (1116 } I  a re  omi t ted ,
. t  ! r : , i s t -s r i r rn res ; r ; ra ivs is  o f  i  j ' re  re rnr r in ing  da ta  p rod t tces :  a  h ighr ' l ' "a i r . te  f i : r

i h t  o r , " i e r i r r l t j :  d i l l  r i r =  i . ; i i 0 - 1  i 1 i ' r ; ' * t '  
'

, z l l i  o thcr  i ' xan : i ; les  . f  ha l t  ,  rder  k ine i i cs  a r "c
i  I  \ t . .  J lo r ' .  .1 , . ,  5h ; r : 'na .  i i  \ l  . j .  (  ' i t r ,n ' .  

. i . r c

-  ,1?  . ) i i . r i r  i i ' , j r r , .  l ' !  .  [ ,u i t rv .  \ r ' :  .1  .  Pa i r - : t t , r .  l l  A
h 1 , '  ! . 1 ' , '
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Figure 3. First-order kinetic plots for the decornposition of !
in cyclohexane solutions in the presence of L: U lo = 0.06 \{; I
= 156 oC. [Lls is indicated on the figure for each curVt:.

Addi t ion of  the radical  t rap 2,2.6, l - tetramethyl-
piperidinyloxy (TEMPO) (0.069 M) did not change th.e
rate of decomposition of 1. The yield of neopentane in the
decomposition of I decreased from 3-4% to ca. 1% in thc
presence o f  TEI \4PO. , l \ -Neopentox_v- -2 .2 ,6 ,6 - te t ra -
methylpiper id ine (TEN{PO-Np) was detect ,ed in i -2%
yield in the decomposition of I carried out in the presence
of TEMPO. The 5'islds of neopentane and TEN{PO-Np
were independent of the cr)ncentration of TEMPO from
0 . 0 i 5  t o  0 . 1 2  M .

'fhe 
addition of mercurv to NI\{R tubes containing -sr,i-

lutions of LDrPtlipncl24 in cyclohexane did not signifi-
cantly change the rate <lr products of decomposition.2s
'fhis observation and the observation that solutions are
clear and colorle'ss on completion of decomposition con-
stitute evidence that this reaction is homogeneous.

Kinetic Behavior: Added Tricyclopentylphosphine.
Figure 3 shows first-order kinetic plots for the therrnal
decomposition of I at l l i6 oC in cyclohexane solutions
containing diff 'erent concentrations of acided tricyclo-
pentvlphosphine ([L]o). ' fhe kinetics were first-order in
I when [L]o 2 0.068 I\{. and increasing [L],, slowed the rate
of thermal dccoinposition. Vary'ing fls from 0"041 to t).101
M in the presence of [LJn = 0.39 IVI did not change the rate
oi decomposition.

Kinetic Analysis: Partit ioning between DMC and
NpH. Activation Parameters. The change in rate law
for decomposition of I to 5 from hall-order to first-crcier
in [] r-rn adding L is useful in mechanistic analysis (see
below), and we have rrsed kinetic information derived h,ith

(24) Throughout this paper, platinrrm cornpounds will be named bv
reference to Iron.s-chloroneopentylbis(tricyclopent,ylphosphine)platinurrr-
( I I )  (1,  L2PtNpCl) .  Thus,  f<- ' r  example,  f ron.s-chloro(neopent) ' l -d, , lb is-
(tricvclopentylphosphine-d27)platinum(Ii) will be named LD,,Pt NlrDCl.
Many of the kinetic studies of decomposition were carried cut in soiutic,ns
containing added tricyclopent-vlphosphine We use the term IL],, to refer
to the concentration of this added phosphine and use the ferm [L] to refer
to the folol concentration of phosphine in solution. The valtres of thc.se
two terrns differ at low concentrations of added L because disso,-iation
of L irom L2PtNpCl is significant.

(25) The suppression by nrercury of unwanted heterogene<lus plati-
num(0)-catalyzed reactions in a numtrer of clrganoplatinum decorrtpr.rsi.
tions has been studied in detail. In particular, the therrnal decompositiorr
of LDTPINpDCI in the presence of added mercury is discussed and thus
wi l l  not  be t reated in detai l  here.  Whitesides,  G. I \ {  ;  Hacket t  M.;
Brainard,  R.  L. ;  Laval le5;e.  J P.  P.  M.:  Sowinsky,  A.  F. ;  lzumi.  .4.  N. :
Moore.  S.  S. ;  Brown, D. W.:  Staudt ,  E.  \ l  Organontet t i i l jc t  1985. :
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F'igure 4. { Ipper: amo'.rnt of neollenkrne increases with increasing
i [ ,  j ,1.  Lou'r . ' r :  reciprocal  of  the t i rs t -order rate cr instant  h1;111.  vs.

l l , l r , :  I U , ,  =  0 . ( 1 6  I \ l : ' l ' =  7 5 6  " C .  F ] r r o r  b a r s  r e p r e s e n t  9 5 %
conl idence l imi ts lor  l1&p'u11 and t - ' r ror  in IL]r .  

' l -he 
insert  show-s

cia ia wi th expanded axes ancl  wi ihout  error  bars.

in the presence and absence of  aclded I - .  For reference in

whal, follows, we define several ohserved rate constants (eq

I  i r ) ;  ana lys i s  o f  t hese  emp i r i ca l  < 'ons tan ts  i n  te rms  o f  the

i l f i  l r  r l t  =  -k r ,o i r [ l l '  ?  ( [L1 , ,  =  ( ] )  (2 )

d l l l , z d l  =  - A r i , . , I l l  { L l . i , , >
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ft trlt,- = ft ,i,-,,r./nM('

llNu = ltrir.,-/uo

0.068 M)  (3 i

( 4 1

i ; r )

element ,arv  ra te  constants  in  Scheme I  is  defer red to  the
I) iscussion. \Ve cal l  the ohsen:pd half-order rate i :r instant
(eq 2t l , ' , , ,u Ar)r l  the observed f irst-order rate consti lnt l l , i . . , .
' l 'he  ob-served rn te  const ,ants  for  i r l rmat ion o f  1 ,1-d i -
meth. l , is l ,c lopnrpane (&p1ar ' )  or  o f  neopentane ( l ;1 , , )  are
given ir l '  eq 4 and i ' , ,  rvhere. e.3.. , f i rr ,r t .  is the f ract ion ir f  the
decomposed I that appears as DI\{C.

Analysis oi ' r iecomposit ion products by gas chromatog-
raphy sh<lwed that. the vield of neopentane inc,reased with
increas ing [ I - ] , ,  (F igr r re  4 ,  upper) .  \4 l i th  [L1, ,=  0 .3-Q ] \ { ,  the
relat ive vields of I .1-dimethvlcyclopropane and neopentane
were independent  o f  the extent  o f  decornpos i t ion.  We
calculat.ed the f irst-order rate constants fr ir  production of '
dimet,hylcyclopropane (ft  plar ')  and treropentane (A^-ui from
the re la t ive -v ie lds  o f  these produc ' ts  a t  the end of  the
react io t . r .  A p lo t  o f  1 / f tDM(.vs.  IL1, ,  (F igure 4)  s ] rows that
t i ie  ra te  o t ' f  t i rmat ion o f  1 .1-d inret l rv lcyc lopropane is  in-
vc ' rse l ) 'p r rpor t iona l  to  [ , ] , ,  when [ [ ,1 , ,  )  0 .034 M anc l  is
less c lependent  u lx) r )  [L ] , ,  when IL ] , ,  (  0 .034 M.  A p lo t  t i l
i r r  1 ;11r .  vs .  i r r  [ , ] ( ]  (0 .068 , : -  [L ] , ,  <  0 .541V{)  showed that
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F ieu re  6 .  Ha i i ' r i r de r  k ine t i r  p lo ts  fo r  the  decompos i t i on  o t

L r f ,P tNpL ' ( ' l  i a i  a rd  l ,D rP tNpCl  {o )  i n  cvc lohexane-d ,2aL  132
' i l .

Table I I .  Deuter ium Kinet ic  Isotope Ef fects for  the

--_ alf T-11P. ""_g-f"ttion 
of LzPtNpCL --_=--

L : o t l - r  p d H  < r , , m p t i D  ( 4 H i . " 1 1 . / k l ) 6 o 1 1 ) o

l,-;i;,I;irj;ir/;NPcr' 
---te 

* ;t
L 2 l ' t l i y r (  I '  i - r P t N p r r i ' 1 "  2 . 4  t  ( ) . 1

L 2 l ' i N t r r ,  
' i  

L i ' , , i ' t  N p ( l i " '  l . ( )  : r  i l .  i
( - l n H .  ,  i i ' , . I ) t . i )  *  ( )  I

" I 'he  I ra l f -< t r r - l i ' r  r "a tc  ( lo l l s i . ;n t : i  (un i ts  ' . r i  \ {1 ' '? ' s  1 l  a re  l i s t t 'd  ; ; i
' l ' ab le  

I .  l )e r i le r ru tn  k i t te l , i t ' i " r r . r . i .1v [ 'g  e t fec t  i l i l l i !  ( r11 ' l i r  l im i i ' s  a re  s r ' t

l i ,  ' j l : t i l t  cttnf idelce l l r t  i . l : , .  \ , [€.1hrrt i i  i is: ' i , r i  1t,  [ ]r()pat:. l te err{)rs airt '

r i i s t , r rsse i  i l i  l he  l i xper in i t ' r i1 . t r l  $6 , '1 ' r . io t r .  "K I I i  e . lper in ren ts  \ \ t r t '

per l 'o r tne t l  i r t  1 r , . , , th  ( ' , . f l r2  xnd f l , , f ) ,2 .  b r t t  r t r le  c 'mpar i r .ns  ! \ 'e r€ l

l t a d , '  , , n l r  b t t u ' e e r :  e X l l e l i m e t r t s  1 ' r r i l r i t t ,  t t ' d  i r i  t h e  s i r n t t '  . " i t t ' t l 1

1 'he  n l i6 "1 i i  / r1 )6u1 i  r 'a l t tes , . r l t ta inec i  ln  ( l ' ,Hr : ; ip {  [ inT) , ,  t ver t l  a t 'e raget i

t , ,  e ive ' l i re  i t x , l i ca te< i  K I l . j  va lues .  '  I ta te  c .n ipar is6u . -  l re t ' *een

L r r i i l p c t  a n d  l - i ' , i ' t i , i 1 r t , i  a n d  b e t w ' e e n  L r P t N p D t i l  a r r c i  i ' r - - 2 I ) 1 -

N ioC ' t 'were  averaged to  g ive  the  f ina l  va lue .  i  l l a l t ,  ( . r ) l r ' : t )z i i ; s ( ) l t s

, "e le  made be tween exDer iments  c rxdr , tc led  in  ( .oH1;  t i I r i l  { i , ,D , ,  i i t t '

i  h e  t h e r m a |  1 l p ( ' 6 r p ' r p r s t l  i , , n s , , 1  L " P t N p a l l ,  L 2 i ' t N p D C l .  L r " P t  N p ( - i '

a r r d  L i ' . I r t N p t ' { ' i .  ( - ) n h '  , r r r t '  i s o t o p t '  r ' o m p o n e n t  ( e . g . ,  C , , } { r ,  3 n d

( - l ^ I ) rz )  wa.  c i ra t rg r rd  a1  a  i ime fo r  an ,v  pa i r  o f  exper iments ;  t l )e

,. . ,m6inat. i .r t t  r t l  r , . i i  ' ,hese comp:lr isolts pri ivi6lgd the averageci vi l lut ' '

ohta ined h{  c i )mpar ing the ha l f -order  ra te  constant : .  i } l

pair.r of experin'rt-.r,ts that differ in the isotopic la}elifl$ ll

r )ne l igand ( r i r  so ivent , .  F-or  example,  the t1191iu  isotope

efi 'er: i  obtained h1' cornparison ()f  LII 'PINpDCI al ld [ ' i ) ,-

PtNpt l i  in  cyc lohexane was 2.9  and the k inet ic  isotope

eiferl t  of the safi le compounds in cvclohexane-i i  r ,  \ \ 'aS 2.9.

\\ :r :  averased these trvg value5 io fet the isgtlpe effect

i l restrnted in Table IL
We t  hormai l - r '  decr imposed L2Pt(CD2C{( ' lF I3) r )Cl  ( l -dr )

ir ' ,  cyclohexane at l '45 n{ '  and in cr ' , 'c lohexane containing

i)..llil\{ t, at 165 'C. f)euteriurrr NN{it spectroscopv ol the

fjrocJuct,s Of cOrnplete dec()mposit ionrrf l  -4 showeci

CFI 'DrC(CH,3)r '  L l l { rCD2C(CH") ' '  and C}{2CI{ 'C(Cl - l  I  l "  I

C)H, were formed in t .he rat i<.r <-rf  1: i l4:1 in the absettce ' ' i

i ,  and in  the ra t io  o f  3 :13, :1  wi th  L .

We for_rnd that the neolrentane produced i1 thg cJec,trr-

pos i t ion 0 f  t  (Table  I )  conta ined deuter i r im (hydroeeni

ut,rm. which had originated in the phosphine l igands oi

1, in the neopent] ' l  group of 1. and in the cyckrl . iexatre

so lvent .  A compar ison of  the amount  o f 'neopentan. -d

produced upon thermolysis of L2PtNpCl in <:1' 'ci . i texane

with the amount. produced in cyclohexane-d12 strggestecl

that 1? 7c 0f the neopentane was formed by reaction with
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Figure 5. Arrhenius plot cf ln A5"y ([L]o = g'0 M) (a) and ln &p11i'
( [L]o = 0 '39 M) (r)  vs.  I  /?:  I l ]o = 0 '06 M'

Table I .  Decomposi t ion of  Isotopical ly  Labeled I  in

!:99h"1l1"_'tlll]c"
Nnf)  ( r , r

1 0 6 A h " l r b  N P d I ) ) , ' %

- -i:44-
L2PtNpCl 9.- t  9.2 0 1?

LD"PtNp( l l  11.6 9.1 '1 6?

L,,itNobcl 3..f i : ' l  ' i ' i  3 37

LDrPtNpDt l l  l l . l i '  : l  1d 22 9l l

o. fhe in i t ia l  concentrat ion r : f  I  u 'as ( ) . f ) : l  0. ( )d 14.  
' l 'he 

f  ie id t , f

neopentane t . ( ia+ dt  or  d i1 + drn)  jn cach exper iment was 5 + '  ? 'o1r '

as  de te rm ined  bv  ( iC .  b  Ha l f - r , r c ie r  ra le  cons la l t t s  a r t '  i t i  i t n l t s  ( ) f

l , t t i 2 . (  l .  ' The  amoun t  < t f ' neopen lane-d r  o r  neopen tane-d t ,  (as  ap

propriate) reiat.ive to t.otal arnttut'tt {)f ne(r})entane as deterrninetl Lr1'

t ;C7t f , tS.  Detai ls  0f  these analVses are out l ined in the Exper imen-
. ia l  Sect ion.  dAverage () f  three exper i rnents.  '  Average t r f  tq 'o ex-

penments.

rs approximately independent of [LJ6: a plot of ln Atu vs'

in  [ I . ln  {0 .068 S [ t , lo  <  i ) ,54 M)  ind icated an order  o f  I -  o f

0 . 2  *  0 . 1 .
Arrhenius activation parameters were determined f 'r

the decompositi(il) of I in cyr:lohexane and in c1'clohexane

conLaining [L]a = 0.39 Nf in ihe half-order kinetic regirne

( [LJ, ,  =  0 .0  M) ,  p io t t ing log A6"1 i  VS.  i  lT  gave I ) , . ' , . '  =  '11

*  1  kca l lmol  and log A l ,z  =  \ i  *  2  (Ar ' :  is  in  t r r r i ts  o{

M|r.s 1) (Figure 5). In the f irst-order regime ([L], '  = 61. '111

M), piott ing iog ko*,,  vs. i  1T gave 8,,.r  = 49 * 1 kcal,/moj

a n d  l o g  A i  =  2 1  * 2  ( A ,  i s  i r r  u n i t s  o f  s r ) '

We recorded the 31P NMR spectruln of a n: ixi 'ure of I

ai ld 5 in decai in-dh at 125 oc. The sigr-rals clue to 5 wcre

sharp, but only'a single very broad signal was obsen'etl for

L We inf*r that interchange 9f l, 9n L is fasr 6n i,he NN'{I{

t ime scale, while t irat of 5 is siow.

I)euterium-Labeling Experiments. ' [ ' [p ggtl lpgttpds

i,.rPtNpCll, L2PtNpr)L-'I, LDrPtNpCl, and LD:PtNpD(-l were

decomposed at 132 oC in cyclohexane-d0 or cyclohex.lrl€-d1;,
(Npt '  =  ( -1D2C(CDr) r ;  LD = P(C5l )1 i ) : r ) '  

' l 'he  ra te  , r f  de-

composit ion- for each (ombination of compound and soi '

vent in separate NI\{R ttr i :es (Figure 6) was r ietermined

by:tlp NMR spectroscop\'. 
'fhe half-order rate cotistant-s

(Table I) were an average of at least two experiments'

T'able II  present.s the deuterium kinetic isotope efl 'ects

_-(r5) 
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Thermal Decompo-*it ion oi LrPtNpCl

Scheme II I .  Products of Thermal Decomposit ion of 6
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Figure 7.  Decomposi t ion of  6 in cvclohexane-dp at  1 i - r6 'C ( [6] i ,
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" ' l 'he in i t  ia i  r :oncen t rat  i r in r r f  LrPt  (CHzl \ r  i r  ) ( l  l  i  Lr ' !Pt  (C H2Nb) ( '  l )
was {) . ( )3 ( } .0.1 l \ '1 .  Dt 'cor i rposi i ions were carr ier l  , rut  at  156'C. b 1"
l t e th l ' l no rbon la l )€ -d1 .  re ia t i ve  to  the  to ta l  I  me thv lno rho rna r te  (d1

arrd , / , ,1,  producei i  a.  c letermirred bv ( ; ( l  /  11S.

F igrrre 7 shr. r rvs the re lat i \ /e cr l i l { ieni rat io i ls  <; i '  5.  6,  and

? as a funr: t ion cf  t inre.  T ' i re k i r re l icrs { ; f  t } ie decomposi t i r i r r

rvcre neitherr clr:;rniy first-order nor half -order in 6 and rvere

no t  exa rn ine , : i  i n  de ta i l .  
' l ' he  

ra te  t - ' i  dec r . r rn l ros r t . i r ' n  o t ' 6

a t  1 i - .o  o ( - ' *a : r  cs .  1 ( ) -  i i i nes  s i t , ' r e r  i ban  thc  r r r te  a t  u " ' l i i i : h

I  t ' o rn :s  1  ,1 - r l i r r re r th 'u ' l cvc l cp r { ) l ) i l r I e  a t i d  c ;a .  , l  t i r r res  s lower

l h : r n  t h e  r a t e  a t  w h i c h  t  i i i r n r i ;  n e < : 1 r e n t a n e .  T ' a l r l e  I I i

sho i , r ' i  t he  l l l r L 'e r i t i l ge  r . f  1 - tn ( . th r ' l n , r r l r l r r t  a t \ t )  i  l t n  t  i s  r  i e r  r -

i e r a l . e { . i  i n  t l i e  r i e i ' o r n p o s i i i . n  , , f  i , . i ' t i ( ' l { . f i h l ( l l  a n r l

l , i l , l r t  t (  i - { " N  i r  : r ' i  ; t ' , , . r ' 1 t l r , i ' r i l x i : ; r r :  a n d  i n  r . r , ' c l , r h t : x i l t r f  r / , , .

i ) i s c  u s s i r n
' l ' i , . '  

r r i r . ' 1  ! r ; i r  i r l ' n , ; i ; r r r  i n t e r e s l  l r ,  t i t t s  w l r k  i s  [ . i r f  c , , n -

r , ' i ' r . - i i ' , ; ;  i i 1  i  l r ;  t i , n i r t i r r ' l r : v r  l , r l i r r l l i , i l l t  i  i ) l l { ' .  i O  l ) i i ' , ;
. ' i e  j , 1 ) :  i he  soc , ' l r t - l  , , i - ; s t r ve l i  i : \ ' r i r r i , , ' i r L i l on  p ro< l i i r . t  i l r , { ) -

p c t l t r t n e  i i l  - i ) ( ; i  i  a i r p ( r a r s  1 r i  l l t , f o r n , r r t l  i 1 i : . : g ' 1 ' 1 . y : - i i  c o r r , -

pa t i r rg  pa thn ' i i y$ .  i t - " ' r : i ud r t rg  r t r t r .  i nvu lv t l l g  I r ' " * :  11p i ) [ ) i ' i . i ' ,  1

r a c l i l l t i s .  
' l ' h t  

l : i a i l r  l l i e l ' e s  u t  e ' " ' i ( l e t r r . r - ' r r : l t . l ' r t n i  i , i  I h i '

m e c ' h a t r i t  n t  , i l  l ' , ' r r t n a t i r ) i t  r ) f  i ) l \ { ( l  a r e  a s  f  o l l r : r v s :

{ i i  F 'n r : r l i - r t i o r r  r , f '  I )N ' l (  1 r r , ' r i ' r , re , ' lS  h ,o '  i i  r ea r  l  i r rn  t i r : r t  i s

k i n c i i e a i t . '  i r a i i '  r r r d e r  i n  I  u  l l r , "  r r , ' r  a d r i e r l  t r  i r ' . . ' < r l i r l l e r r t v l -

r i l r c { ( r h i r r i . i s  p r e s e n t  i n  s t ' l t t t i c t r ;  w } i r - t :  i i , ] , , > j  0 . f } l  l \ ' 1 ,  t } : r .

r * i r c t i { ) n  1 1 6 , 4 ' 1 ' s r - 1 q , r  l i r " s t - o r d e r  i i r  I  a u t i  i n i  s r s l  l i r s t  - n r d c r

i n  [ ,
t i i )  i r r  i i i e  i ' i r s l - L r i i ' i i . r  r eq i r t i t , ,  i og . l  = ,21  *  2 .  ' i ' h i s  va l r ; { '

i s  i :cnr l ta t rh ic  rv i lh  convers iun o l  I  to  three p.ar l i t ' lns  in  thr '
ra te-  i i r : r r t i r : {  t ra t r . : i  t  i r ,n  s t  a te .

t i i i  t ' l ' he  de r r t e r i un r  k i ne t i c r  i so tope  e f ' f ' e c t , rF ; se rvc r i , , . ' ,
su bst i  l .  rr  i  i ,  in of '  cl  e i . l l , t .r t t i rn f ,  rr  i rvci rogen i  n thcr ne() l)clrt  vi
g r ( )up  i s  i , l i  , ' A ' ,  .  2  l t .

r i v )  A  rn i no r  p r ( ) ( ' esq r  i s  i n te r r change  o f  t ne thv l  ; r nd
rneth: r lene groups in  I  (as  in ler red f r t i rn  f 'o rmat i r ; i r  , r i

( l F I 2 ( ' F l " ( l ( (  i ) , H ) t ( ' H . , )  t ' r t i n r  1 , .  t ) ;  [ ( . ' [ ) , f , ( ( l F I ; r ) , , I f  i  i n

y ie lc is  approx imate l - r ,  , \  l07c t i i  th r ;se , ,1 tF. i  nJ- ' ( (  lH. , ) , , "
' fhe t ' i rs t .  task in  anal l ' z i r r ;1  the '  mechanism of  reat : t io r r

i * :  t o  r a t i o r i r ; l i z r  t i : r - , t ' hange  i n  l i i ne t i c  o l r l e r  i n  i l I  i r , r n i
t r r r e -ha l f ' t o  one , r r t  < ' hang ing  f r rm  [ , i , ,  =  i )  i \ l  t o  I L ] , )  -  0 .0 ;
11 .  

' l ' l i i s  t ' hanqe  i s  t h i :  t nos {  i i t t r , r es l i ng  an t i  i n f ' o r rn r t i i r . t

L . l ' rCHrNb) ( . i
L ' ' , ,Pr (CH -Nb)C1

P t r  ' I
' ' 2  

\  /
P t

7

P T

7b

hexane and cycloherane-d12, however, suggested t,hat ?1%,
of the neopentane was formed by reaction wit.h cvclo-
hexane. This variat ion is compatible with the observed
isotope effect: deuteration of L slows hydrogen (deuter-

ium) transfer from it and renders reaction with solveni ibl'
whatever mechanism) more important. Similar voriatir.rns
were observed in the amount of deuteriurn (hydrr-rgen)
transferred from L (4 50Vo) and from t,he neol:enlane
group of the start ing material ( .3 20(Ya;.

The rma l  Decompos i t i on  o f  t r ans -Ch lo ro ( l - n t ' r -
bo rny lme t  hy l  ) b i s  ( t r i c yc lopen ty  l phosph ine  )  p l a t i -
num(II) (LrPt(CH:Nb)C1,6). ln an effc' ;"t  to r-rnderstanci
the side reactir i i -r(s) which trrroduced neopentane in the
t.hermai clecomposit ion of 1, we studied the t.hennai de-
cr,rmposit ion of 6 (Schenre II I)" 

' ' rVe 
reas,rneti  that intra-

nrolecular act ivat ion of the C H bonds of tbe i-r:or ' .
bornylrneth5' l  grr:up r i i  this cumpound wouid l is 5,11vi," 'sp
than that  o f  the l leopenty l  gr t luJ- '  o f  I  hecat rs* ; r t tack o f
plat inum on the 1 or 15 ( l-H bonds rvotr ld prr iduce<i (ap-
parently) strained tricy'clic ring systerns. 

'fhus. g,ith the..e
leaction 1ra[hwavs unar,ai lable, we expected that t  he trre-
dominant reaction pathn'ar '(s) for the decornpr;sit i i in of { i
wt;ulci  pe,ral lel  tht ise whic,h produced neopentan* f ' rurn I
and,  in  th is  case.  woulc l  produce methv lnorLrornan: . .

l -)ecomposit ion of f i  i i ) .() '1 M) in (:r . 'c iohexanr-d1, at l :) f i
oC t , r r  .19 h  y ie ic led a  c lear  t :o ior iess so lu t i r r r r  co] r ta in ing
nrethv lnonb<trnanc i i i l i% ) .  , . ' r '< ' l th r ,x r - ' l r i '  ( ig i  ) . tu  5  f  ,1{ , 'n r ,  I ,
anr t  a  p la t inr i in -<:ont : i rn i t rH r  r rnrpu11nd wi th  i r rer ; r i i va lent
phusg r i t i nes  (7 ,  ' l \ t% \  

iScheme  i I l t ,  We  be l i e r . ' e  i h i : 1  ?  i s
a r r t rduct  re 's i r l t in t :  f rom r :vc lonrefa la l i , r r :  r r f  a  ( ' -F i  i ' r ' 'nc
t i ' ' ; , .  I ) r re  to  th+.  < 'omgr lex i ty  o f ' thc ,  IH l ' "JMi t  s t r rer :1 f l r f i - i .
howe.,'er. r,r,'e cannot ciistingrrish ttetwq:en strut'1.ures ?a. 7b,
and 7c.17 [n suppr-rrt  oi ' this structr-rral assignrnenl nre t] 'e
observations t hat 7 contains no norb{)rnr, ' lmerhvl gr, ' rrr) t l } ' .
'F{ } i i \ ' lR spectr i) : icoF}, i ,  7 is a Drortuct oi the iherrr. ' r ;
d tco lnpn. i t i r ,n  o1 '  I  rons-1, , ,PtMeCl l  i r i  c r rc l r rhexann. ' / f  ar r i
der t ter ium- label ing exper i lnents  ind icate  t i ra t .  pro t ( )ns r l  I
r : r  D)  or ig i l ra t ing or i  L  are t ransfer red to  t l re  methv lnr , r -
borny l  group"  * , . ie id i r rg  inethv lnorhornane tv ide in i ra) .
Decomposition of' 7 ir: cvcloi^iexane at 195 o(l slowlv lrt ldeci
e ) R
a). -'

(2?) , \ l thoi.rgh rr,c are u,rral. le tc dist. inquish l :etweerr stm<'f rrrer 7a,7i i
anrl  7c ba^ced on our experinrelts. other w,rrkers have denronslrat.eci t .hl i
I ' l i  D exchanse of C-H br,n<.!c in tr ialk'vlphosphines ()ccrJrs rvith l .his ,oe-
lec t i v i t y :  C , , )  C .  >  C- -o  >> C1.  On th is  bas is  we pre fer  s t ruc t t r re  7a .
Te lher ,  E .  H.  K . ;  DeWi t ,  D .  ( i . ;  ( lau l ton ,  K .  G.  , i .  , lm.  ( -henr .  Sr r r ' .  1984.
/06 ,7006-7011"  K i f feu ,  A .  A . ;  Mast .e rs .  C . :  Rayr i .and,  1 , .  , J . lhem St tc
Da l ton ' f rqns .  1975.  85 i l -85? An empi r i ca l  comela t ron  has  heen showr ,
to  ex is t  he . .ween the  r inq  s ize  o f  o rganomeLa l l i c  cc tn ip lexes  ccr r t . r i r r in la
che la ted  phosph ines  and the  chen i ica l  sh i f t  o f  thp  r i I l  n ' . rc ieus :  L le r "ou .
P.  F l .  { - / renr .  / i r i .  !981 .  81 .229-266 The, rbsr r rva t io r :  o f  u ,1 , ' * -1 f ip i .1  ;h i f1

on meta la t i r in  a lso  auppor ts  s t rnc t , i re  7a
(28)  Bra inard ,  R.  L .  Ph. f )  D isser t r t io r . i ,  -L lassachuse* ts  Jns t i t i r lp  t ' i

T rchnr . r i , igv .  ( lam| r idge.  N{  A  i  985.

- . ^ ^ t' J .  ! ' .  
I

Tab le  I I I .  Me thy lno rbo rnane
f)ecomposi t ion of  LzPt(CHzNb)Cl

( ) rganometa l i ic -c ,  \ 'o l  5 .  No.  7 .  1986 1,485

t i

^ ^ x lnzt . .  
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kinet ic feature of  the react ion.  We propose that i t  is  a
straightforward consequence of phrisphine dissociation
prior t,o the rate-l imiting step. In principle, this t,ype of
kinetic behavior should he observed for many decompo-
sitions of complexes of the structure [,rPtRR'; phosphine
di-qsociatiorl seems to he a common feattrre in tirese de-
compositions. The difference between lialf-order and
first,order kinetic behavior is, however. diff icult to detect
experimentally, and the decomposition of I is the first
systr:rn we have examined in which the quality r.rf thr-. data
was high enough to permit this distinction.

We relate the rate of appearance of produr:t (d[5li 'a't,
eq 6) to the rate constants cnntained in Scheme I and the

hf t2h ' tL tJ
d l l j i d t = - ;  -  1  i 6 ir /  A  , ( h  . .  +  h , ] ) u ' l

concentration of I bv application of the steaciy'-state ap-
proximat ion Lo 3 (dt3l  ldt  = 0) and appl icat ion of ' the
equi l ibr ium approximat ion Lo 2 (Kuo = [2] tL l l t l l  = f t , , '
h-).2s The concentrations of I and 5 were measured at
room temperature. Equation 6 is applicable at elevated
temperatures at which t,he decompositions were carried
out" At roclm temperature the only species present in
significant concentrations are 1 and 5. and we assume that
all of'2 and 3 revert to I during the thermai quench before
concentrations are measured. This a,qsurnption allows
dts l ld t  and-d [ ] ld t  tobeequ; r ted .  Set t ing  K"o= k r l i i  ,
and &r' = k2ful(h-z * h'l, eq 6 can be rewritten (eq 7). ld,'.]
assume that in the absence of added L dissocial. ion o{ 1,
into 2 and L determines the concentrat,ion of L (t,hai is,
that the concentration of L is essent,ially independent of
the concentrat ions of  3,4,  and 5) and that h : )  4, ,  anel
thus [L] = [21. With these assumptions, the concentral,ion
of IL]  is  g iven by eq 8 and 9.  Subst i tut ion of  th is value

dll)/dt = -h2'K"utllitLl {7)

Keq t2lfr,l i lrl = Wl'z / lrl

[L j  =  K" , t t t2 lL f1 t2

d [ l / d t  =  - kz 'K " , r t ' : [ 1 ] ' ' '  -  - hnu r r [ ] t , ' ,

I l ] t r ,  =  [ 1 ] c , , , 2  -  ( 1 / 2 \ h 2 , K " u t , r f  ( . i 1 ]

of [L] into eq 7 yields eq 1t); integration yields ec1 it. !\ 'e
otrserve experimentall-v that in the absence of added f,, the
kinetics of ciecomposition of 1 in cyclohexane soltrt it.rn
f<lllow a half-order rate law over the concentration rangJe
0.02 < [1]o -< 0.1 M (Figure 1b).  The slotrres of  the l ines
in this figure are thus equal to -(1/2)ft r 'Koo't '. Haif-order
kinetics were also observed in ru-hexane, benzene, arid
THF, indicating that a trace contaminant in cyclohexane
is not causing unusual kinetic behavior. We have nrit
identified t.he origin of the small increase in rate tibserved
with increasing solvent polaritv.

When decompositions of I were carried out in the
presence of [L]6 > 0.07 M, first-order kinetics were ob-
served for the disappearance of L tlnder these conditions,
tire concentration of L in solution is negligiblv affected by
dissociation of l, from l. Substitution of [L]6 for [L] in
eq 7 and integration yields eq72. Experimentally, the rate

l n  ( [ l ]  / I l ) n ]  =  k2 'K "o [1 ] [ L ]o -1 {

Bra inord e t  a l .

f'he data in ]'able II show that substitution of'deuterium
for h\tdrogen in the cyclohexane used as solvent or in L
does not produce a kinetic isotope effect which dif fers
s ign i f icant l l ' f rom ks lh ' ,  =  l .  The va lue of  ks f  ks  = 2 .9
* 0.3 obtained on suhstitution of deuterium for hvdrogen
in  the neopentv l  group of  I  ind icates that  a  carbon--hy-
r irogen bond is being br.rken r lr  formed belbre or during
the ra t .e ' l imi t ing s tep in  the ahsence of  added L.  iWe d id
i i ( , t  measure a  KIE in  the presence of  ar - lded L. )  Ol . 'ser -

vat ion u t  f r i t l (CI ) rH)CH,  in  the decomposi t ion o f
1-d,  suggests  that  the process which produces d imethy l -
c-vciopropane also sl,- iwl, ' -  exchanges the melhylene and
rnethy' l  posit ions ot ' the neopentyl group of I  and is corrr-
pat ib le  wi th  the propr>sal  that  convers ion of '3  to  2  is  a t
least cornpeti t ive with conversion of ' lJ to 4. The yield of
I,his isotopical ly srrbst i tuteci cyclopropane is, h<lwever, low

(appro:: imateh' l l  l0ozi that of i  , f f i )(CF{.)2 in the
same experiment) .rni i  th' .rs not sul ' f ic ient to dist inguish
be1-ween con\.ersron of 2 t i ,  3 i i '  H bonrl breaking) and 3
to 4 (C C b,.rr ici  I ' rrrnring) as rate l imit ing. Analysi l  of the
Arrhenius parameters for the reaction argue for the latter
isee be low) .  

' l 'h i is ,  
the observec l  iso tope ef f 'ec t  is  in ter -

preted as an ta:t i ! ihr iunz isotope ef ' t 'ect ref lect ing conver-
s i r ;n  t i f  a  f l -H iDl  bonr l  in  I  t , r  a  Pt -H(D)  bond in  the
',r'ansition stai.e l\Ie and others have oirsen'ed equilibrium
kinei ic isot.r ipe r. f ' f 'er: ts r- ' f  this niagnitude previouslr-. t ' ' t l r

\ \ 'e have l irulrd l l reexponential factors derived i ' rr>m
f  i rs l . -order  k in t : t i l r  to  be ver l 'usefu l  for  dc ter rn in ing the
nurnirer i l f  1nirrslat is-,nal lv independent part icles createcl
i ' roni the start ing material in the rate-l imit ing transit ior i
sta.te in str:die-* i l t  other organoplat inum compoultds in
weakl5, ' interacting solvents. l l  i ' i  ie ' i t i  ' fhe 

r lhserved value
( log r { ,  =  21)  ohta ined wr th  [L ] , r  =  0 .39 M sug;gests  that
three part icles are formed froin t ;ne before or during the
rate-limiring trar,-sit,ion state. A similar value (log A = 21)
was obs=l qrevi,gly for t i rerr i ial  decomposit ion of '

iCyrP)"PtCHz( l (CH3)20H2,  a  mechanis t ica l ly  re la ted re-
action we believe to invr;ive dissociation of phosphine and
rate- l imi t ing reduct ive e l iminat ion o f  1 ,1-d imethy lcyc lo-
propane. le

The Arrhenius parameters for the decomposit ion <lf '  I
in the f irst-order and half-order kinetic regimes dif fer
substantial ly. We have no experience in interpreting the
vaiue of A observed in the half-order regime. Because, as
derived here f'rom 1,he temperature dependence of /i641, A1,',
has unit-.  containing c( 'ncen[rat ion, i t  cannot be compared
directly with vaiues ohtained f ' rom f irst-orcler reactions.
N-onetheless, we do not expect Cecreasing the concentra-
t ion of '  L present in solut ion-the result of 'working at [L]1,
= O-to change the mechanisrn.

We pr,rpose the mectranism presented in Scheme I for
the decomposit ion of 1 to dimethylcvciopropane and 5.
Reversible dissociat ion of l ,  is supported bv precedence
in other organoplat inum studies.r I ' r2'14' ie'31 the half-order
depenclence on I in the absence of L, the inverse order in

[Lji,, the ixoadening of the signais due to 1 in t,he 31P NMR
spectruni of I  at high temperature, and the value of log
At = 21 obtained in the f irst-order kinetic regime. This
value of log A suggests that reductive el imination of di-
methylcyclopropane is overal l  rate-l imit ing. This sug-
gestion is supported by the observation of small quantities

of  CH2CH2C(CHD2)CHs on decomposi t ion o f  L2Pt ICD2-
C(CH3)j lCl.  The fact that larger quanti t ies of this deu-

t30) Reamey, R.  H. ;  Whi tesides,  G.
81-85.  Whitesides,  (1.  M.;  Reamey, R.
l lcCarthv.  T.  J.  Ann. N' .Y.  Accd.  Sci .

M. J.  Am. Chem. Soc.  1984, 106,
H.;  Brainard,  R.  L. ;  Izumi,  A.  N. ;
1983. 415.  56-66.

(B)

(9)

( ] 0 )

( 1 2 )

of decomposition was inversely proportional to [L],, for [L]p
> 0. t )34 M and f i rst-order in [ ]  for0.04 M < [ ]0 s 0.10
M and [L]o > 0.07 M.

(29) Pyrrn,  C.  W. J.  Chem. Ecluc.  1971,.18.  194-196.
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terium-scrambled cyclopropane are uot observed connot,
however, be used as an argument that conversirin o1'3 to
4 is faster than return of 3 to 2: there is no reason t<t
believe that the Pt-H bond of 3 is symmetrically disposed
with respect to the two Pt-C bonds of this intermediate.

The inference that decomposition of I to 5 proceeds by
the same mechanism but with different rate laws at dif-
ferent values of [L]o permits a determination of ftu' and
K*. We have used methods of analysis based on two sets
of experimental data; the agreement between them is good.

The first method proceeds from data summarized in
Figures 1b and 4. The average of the slopes of the l ines
in Figure lb y ie lds (1f  2)k2'K"ut l '= (8.43 * 0.62) x 10-5
M1/2.s-1 (eq 11). The reciprocai of the slope of 1/Aps11 r's.

[L]s (Figure 4) gives kr'K*= (2.22 + 0.23) x 10-5 M's-l (eq
7). Comparison of these two nttmerical values of distinct
combinations of k2' and K"o allows these parameters to be
evaluatedt K"o (156 "C) = 0.017 + 0.002 M, h2'  (156 'C)

= ( i .31 + 0.18) x 10 3 s-1.  The value of  AG.o (156 oC) =
-RT ln Keq 3.5 + 0.2 kcallmol is compatible with dis-
sociation constants of bulky phosphines from analog<tus
metal centers.3l

'lhe second method is based on the different Arrhenitts
pararneters obtained in the half-order and first-order ki-
netic regimes. Equations 13 and 14 give the Arrhenius
expressions describing the temperature dependence of ft541
and kp..p1. Crlmbination of these equati<lns and rear-
rangement yieids expressions for k2' and K"o (*q 15 and
16).  Insert ion <i f  the values of  Ar,2,  Ar,  E^,1r,  and En.,

ln k6ai  = ln (kz 'K"ot / ' )  = ln Ar rz-  Ea,t tz/RT ( l : l )

ln kpy1, = ln (hz 'K"o/ [L]o) = ln Ar -  E^, t /RT (14)

ln h2'  = In (Ar , r ' /  Ar[L]o) + (En -  2E*i)  /Rr (15)

ln K"o = 2Un (A.IL\1/  Arr)  + (E*tz --  Eu,t)  I  RTl (16)

derived frrim the plots in Figure 5 into these equations
5' ie lds K"q (156 oC) = 0.016 M and h2'  (156 oC) = l .4 l  x
10-s s-l. These numbers are within the experimental errors
of those obtained by the first method. Equation 16 also
yields directly values of AH.o and .\S.o (eq 17-19). The

ln Kuo = - \Guq/RT = AS"qi  R -  LHu,t /  RT (17)

ASuq = 2R ln (At lL l ' /  A,z)  = 30 * 5 eu (18t

AI{.q = 2(E^t -- E^,tr.:) = 16 * 3 kcal/mol (i9)

value of AH"o is r;f interest as the bond dissociatioll elt-
thalpy of L from l. Evaluation of the terms in eq 15 yields
the activation parameters for decomposition of interme-
diate 2: E^(2 - 5) = 33 + 1 kcal/mol; log A(2 * 5) = 14
+ 2. The latter number is consistent with the conversion
of one particle to two postulated in Scheme I.

The production of the byproduct neopentane in the
decomposition of I appears to proceed by a pathwaSr trn-
related to that for formation of dimethylcyclopropane: in
particular, neopentane is generated by a path which is
kinetically independent of [L]6, and neopentyl moieties are
trapped to a significant extent by the radical scavenger
TMPO.32 The rate of decomposition of I in the presence
of 0.069 M TEMPO was unchanged from that in the ab-
sence of TEMPO, indicating that TEMPO does not react
rapidly with 1. We attribute the decrease in the yield of
neopentane in the decomposition of I with TEMPO and

(31) Mann, B.  E. ;  Musco,  A.  J.  Chem.
7i6- i85.

(32) Nigam, S. ;Asmus, K.-D.;Wi l lson,  R.
Trans. I 1976. 72.2324-2340.

Soc. ,  Dal ton Trcn.s.  1980,

L.  J.  Chem. Soc. ,  Faraday

( ) r lunr tn te ta l l ics ,  \ 'oL.  5 ,  No.  
' i ,  

1986 I4 ' i  i

the oLrservat ion o t 'T ' I |MPO-Np to  t rapp ing of  t reot r re t r l r ' l

radicals which otherwise abstract hydrttgen or deuterirtnt
atoms { 'rom solvent. l ,  r l r  l .  The data in' l 'able I  indir:ate

that more deuteriums are transferred f ' rom a specit ' ic
proton source (ligands or cycloherane) to lirrm neopentane
when the other  proton sot l rces are deuterated,  an ohser-

vat ion which is  cons is tent  rv i th  format io t r  o f  ueopenty l

rad ica ls .  I t  nonethe les:s  appears  that  a l though mr i i ; t  (ca,
2 / , r )  o f  the neopentane is  produced v ia  a  rad ica l  pr ( ) ( :ess,

another nonradical process may also t le i lperative. si t tc 'e

even in t l ie presence of a large excess of 'TFIMPO (0.12 N4t

some neopentane (ca.  1%) is  s t i l l  observed.  The o i rser -
vation of small  amnunts of dineopentvl and cyclohexene
in the decomposition of I is also consistent with procluction

of neopentvl radicals. We propose that the major pathwav

.-vielding neopentane in the decomposit ion of 1 inv<l ives

d i rect  homoly t ic  c leavage of  the Pt ' -C bond.  Other  con-

ceivable pathways. for which we have ncl experimental
evidence. malr include cl lclometalat ion of L or intermole-

cular act ivat ion of a C-H bond tt f  cyclohexane b5, '  2.

The decompt.rsit ion of 6 to rnethylnorbornane and the

decomposit icln ot '  I  to neopentane are mec:hanist ical lv

dissirni lar. A major pathwav for dec<tmposit i t tn of '  I  t<r
neopentane appears  to  invo lve neopent -v l  rad ica ls .  The

large amclunt of 1-methvlnorbornane-d, formed during the

decomposit ion of LD,rPttCHrI{b)Cl and the production of

substant ia l  amot tn t -q  o f  7  resu l t ing f rom cyc lometa la l iu t r
of L suggest t.hat the rnajor pathway f'or rlecomposit.ion tit'

6 involves cyclometalat ion of L. At present, we cann()t
rat ional ize these dif fere.nces in behavior.

Exper imenta l  Sect ion

General Information. Al l  rcactions and transfers i t lvt, lvinpl
organometal l ic compounds were carr ied out under nitrogen or
argon. Liyclohexane and cyclohexane-d12 (Merck) were st irre<i
over  su l f 'u r ic  ac idT 'n i t r ic  ac id  (c :a .2 :1)  for  8  davs,  washed se-
quentiail,v with suifuric acid and water, and stirred over aque()us
sat. sodium bicarbonate lor 1 dav. ' Ihe1'were then washed w'i th
water, passed thnrugh a column o1'si l ica gel,  atrd dist i l led f rom
Na/K al lov into Schlenk t lasks containing l i thium alt tmtnunt
irydride. Diethl ' l  ether and ' l 'HF rvere dist i l led inrm ri isocl i trni
benzophenone dianiotr, and benzene rn'as distilled lrom Na,''K allor'
pr iclr  to use. Other commercial reagent-s were used withoit t  l l t l -
r i f icat ion. Melt ing points were obtained in sealed tubes under
argon and were not correct,ed " iP NMIi spectra were recorded
on a Bruker WM 1300 spectrornet,er and were proton decttupled;
chemical shilts are relative Lo 8[tYc phosphun<' acid (upf ield shi{'ts
pos i t ive) .

Tr icyc lopenty lphosphine-d '7 .  A so iu t ion o f  (cvc lo l rentv l -
de)magnesium bromide ' r3  in  d ie thv l  e ther  (15{ i  mi , ,  t ) .46 Nl " '1 .14
equiv) in a l300-rn[, rotrnd-bottomed flask equipped with a septuni
and a magnetic st irr ing bar was cooled to -78 oO. Phosphorus
tr ichloride (1.45 mL, 2.28 g,16.6 mmol) was added i t t  one port ion.
'fhe reaction solution was all<-'wed to warm to 0 oC over 6 h, stirred
at rurm temperature for 18 h, quickly heated to reflux (ca. lfi min),
cooled t,o 0 o(,', and quenched with l]0 mL of saturated ammotrium
chloride/water ( l:i ). The ethera.l iayer wa^s separated via cannula,
and the aqueous layer was washed with three 30-ml, portions of
ether. Ethereal fract ions rvere combined. dried <,rver sodium
sulfate, and filtered through magnesium sulfate/cottotr" '['he

filtrate was reduced in volume under a steady stream of nitrt,gert
17' = 25-60 "C), 2 mL of a 2.2 M solut ion of n-butyl l i thiunr irr
n-hexane3a was added, and the result ing solut ion was dist i l led
yielding 2.9'2 g rc6% ) of tricyclopent.u-lphosphine-d,,7, bp 113- 1 I 6

"C (0 .01 tor r ) .  3rP NMR (C5Hr2) :  6  3 .37.  Th is  substance was
contaminated bv il3% of the corresponding phosphine oxide. 'r1I'

NMR 1C6H12) :  6  42.5.

(33) Cyclopentyi-de-magnesium bromide was prepared frorr^, cvcii.,-
pentyl-dn bromide (Merck, Sharp and Dohmel in76To yield using unex-
ceptional procedures.

(34) Tricyclopentyiphosphine-d21 was disti l led from n-butyll ithium to
remove (CsDe)?PH and (CiDo)LPO.
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Tricyclopentylphosphine-da was synthesized from PCI.r (15.1
g,0.110 mol) and cyclopentylmapSresium bromide (700 mL.0.725
M, 4.6 equiv) with use of a similar procedure: crude yield 61%:
bp l2ir-130 "C (0.05 torr).  A second dist i l lat ion from n-butyl-
l i thium yielded pure tr icyclopentylphosphine (>99% try rrP

NN,IR) .  tH NMR (C6D6) :  6  1 .?-3.0  (m,9 H) ,  L2- l . i  (m,  18 Hi .
3 iP N\ , fR (C6H,2) :  6  4 .88.

Pival ic-de Acid [(CDr).CCOzH] was prepared in 59% I ' ielcl
from 18 g of f erf-butyl-do chloride (Aldrich) bv using the pror:edure
of Puntambeker and Zoellner;3s bp 163-165 "C ( l i t .11 hp 162 - 164
'C). (CD:1)3CCD2OH was prepared in 88% yield by reaction of
1 1.68 g of pival ic-de acid with 15 g of LiAlDl in diethyl ether;3s
b p  1 1 3 - 1 1 4 ' C .  I R  ( n e a t ) :  i 1 3 9 0 , 2 2 1 5 , 2 1 0 0 , 2 0 8 0 , 2 0 6 0  c m i .
Neopentyl-d,,  tosylate was prepared in 72% yield from (C-
D3).rCD2OH; mp .12' 44 oC (l i t . '16 (d,,) nrp 43.4-4.4.5 '(-).  Neo-
pentyl-d11 bromide was prepared on a 17-g scale from ne<1.
pentyl-dt1 tost ' late with use of the procedure of Mosher et al. i rr
and was used Lo make a 0.09 i l {  ethereal solut ion of (neo-
pentir l-d11)magnesium bromide (160 mL) in 22% yield overal l .

( 1,5-Cyclooctadiene)dineopentylplatinum(II). A suspension
of dichloro(1,5-cyclooctadiene)plat inum(II) (3.t  g, 8.3 mmol)s in
diethvl ether (150 mL) in a f lame-dried 300-mL f lask equipped
with a septum and a magnetic stirring bar was cooled to -?8 oC.

An ethereal solut ion of neopentylmagnesium bromide (50 mI-,
0.41 M, 20.5 mmol) was added over 10 min. This reaction was
allowed to warm to -10 oC <;ver 3 h and kept between , i0 and
-5 "C for 2 h during which t ime i t  turned Cark yelkrw. ' I 'he

reaction mixture was then cooled to *70 oC, quenched with an
aqueous solut ion of NFIaCi (2.0 mL, 2.5 M), quickl5, '  warmed r.o
rtxrm temperature. and filtered thnnrgh ('elite e'ith liberai washing
r*'it,h ether. The filtrate (ca. ,100 rnl,) was reduced irr voiurne to
40 m[, by rotarv evaporation, dissolved in ether/pet,rrrleum ether
(l ; l  ) ,  anri  quickly passed thnrrrgh 6t) g of si l ica gel, ' re I ' ielding a
vel iow oi l .  F iash chromatography t i i0 g ol 'si l ica gel,  perr() ieum
el l rer )1( ' f  ie lded CODPtNp:  { .1 .21 g,8 iT, . )  as  a  ve l low t : rvs ta l i ine
s t r l i d .  mp  106 -108  oC  ( l i t . i 1  mp  109  oC) .  iH  NMR (C6D6) :  0 ,1 .11
{ h r  f  .  J s  . ,  =  1 3 8  } { 2 , . 1  H ) . 4 1  : . 1 ?  ( t , . / r i  p t  =  g 2 H z , 4  H ) ,  1 . 6 - 1 . 9
{ r r r ,  5  H) .  I . :12 ( t ,  JH r , ,  =  4  Hz.  18 F{) .

i'ODPtNSrri, w&.s svnthesized tru'm CODPICI2 in 89"2o vieiC with
rrse r i f 'a sinri lar prr ir :edure; ntp 1{)t i  10;.5 o( '1. rH NN{H,spectnrm
rvas eonsistent u.: i th t  he. assrgned sl.rucLrrre.

i )  h l o ro  (  1 .5 - cyc looc tad iene  )  neopen  t , v l  p l a t i n  um (  I  I  ) . ' f  o  a
r . r i i r . i t ion or ' [ ]OD[ ' rNpl l  (96t i  mg.  i .15 mrnc i )  in  ] i  ml , , r f  pet ro leur . r
e1 hr:r at rooln tetnpr'13i11re in a ,-r l  )-mL rourrd-l l i i t t .unic'r l  l l i tsk
er1 urpoed wi th  r r  i f iagnr  i ic  ' t i r r inc  i ia r  n 'as  added : . i i  : t i l ,  , r f
. 'ot ' r :r :ntratet l  hvttr lchir;rrr '  : tcir j  ' l 'hr:  i r , i rr . ' r i r , l ' i  was al iotei i  l*  , .r  11"
:1  , o ( ) i i t  l tmpe ra i i : i e  i o r : . l i r  h  a i  w , i r r ch  po in t  i t  r va "  ] uc lge ' i  t , .
i r r ,  , . '< , in i ; lg1.e  i r ' , ,  

' I '1  
, ( , -  te ther ,Det r , , l . runt  r - th i i r ,  l :1 )  ' f  l r r  r .€at  t ion

- r r i i i l r ! 1111  w i lS  l ) i rSs f . r i  t . h ro t rgh  t ta .  j i l i r  g  r . i i  s l l i r g  ge l  r l i t l i  i i i t e ra l
t '1  ht : f  i : l ; i  washi t r ; ; .  S, , i1 p y11 wt i  - .  rer i !  i  11, , : t l  bv r r , tdtv ev: t  i )o rJ l  r \ ,1 r .
. . i t l r l i n g  l . i ) . - , g , :  a  r r , h i t c . ; c l  i i i  i , l 1 l ' l  r : r r . r r i r - ' . i r l d )  l i i r s h  r h r , , .
r l ; ; i ! i i g ia l i l i r  i i i i )  I  s i l r r ; r  ge i :  r l i i . t hv i  i . t he r . , ' t r e t r , . , l eum e t  he r ,  j , : r :

, r l  i l l i , q  so l i c l  l i e i c i i ' r l  ( ' { . tD i r t } : p { ' l  i ; t 1  1 ins .90% las  r vh i te  l r yq r ;1 l . .
r : r 1 r  i 2 l ,  j ' 1 8 ' { - .  r H  N \ . { l t  ( i l " l ) n ) :  i , , . 4 t  { i r i .  r . . 1 l r  , .  =  , 1 . 1  H ; .
: i  l 1  i .  . i . r j 5  t ! ; r  t - .  J1 ,  r - ,  =  T3  H t  ' . /  l 1 r .  l . q6  \ t  .  . l s  p t  =  , t  t  I {2 .  j  i {  t .
: . i , r  i . , l  u t r .  i *  H ) ,  l . l i h l  : " ,  i )  H ! .  , \ r ; a l .  i ' a l c r i  i ' 1 ' y  ( ' 1 , H ; , t ' i [ , 1 :  l '
l , ' , . i U :  i - i ,  i . 6 6 :  ( ' i ,  d . t j ; . . ,  F o r r n t l :  t l , . i , S . 0 Z :  H . , r . l i r l ;  ( - l , , x i j l t

(  i i i - i i ' 1Nu l ' ( , i  was  s - \ ' n t l res i ; ze t l  i ' r , r i i r  i ' { - rD I , tNp l ) ,1  i r l  ! } . 1 ' l  v , t , i c i
l t rL i i  r t , ; e  r ; l  i r  s r r r i i l a r  p r t :pg6 iu t ' e : ;  t r : i )  i ' : t . i : -  125 . i  t t  r i - i  l ; \ i f {
. . 1 ; . r r ' t r um w i l s  c ( )ns i s ten t  w i t i r  i he  ass ign r , l  s in l r ' l  r t re .

{ r"a n s i-- h I o ro n e,) pell t } I b i s ( t ri c 3,' c I o pe n t1' I p h o s p h i ne )

' ,  
i i u n t n r n i r , . k n , .  s .  r  -  2 , , * r i " " r . t - l  , ,  r  . . . - i l , . i t i t r ;  i , ' r - r , r ,

r  l i r ' , i  F ' ie se ' '  L F :  F ieser.  t r { .  f reng, ,n ls  l . ry  i iTaon;r  Srt Ihpsr. , :  \ { ' i l r ' , , '
l l p rv  i ' o rk .  ! t : ) t i j :  i . ' r ' l .  I .  pp  i81  i8 t .  i l ; r i -  1181 .

l : 11 )  .S iephenson ,  i i . :  So l l ad ie .  G . ;  l \ l t r she r ,  H .  S . . / .  Am.  ( ' l t en . . f , , r .
t ' ; i i? . .  1;4, '1 i  f {  i  4 I  t ! ,

, 1 3 !  | - f e . r t  r i . ; i ; l i . : . i i " r -  o b t a i n e r l  i . ' i 1 . r r  r C , . ) D i F t ( l i ,  r q  r n  t L - ' i ' i l r l t . t l  a
i i ' r ,  r : . ien t  w i i t ie  i r i ' a i iB r  i rs  i s  t , l r t i i l ne , j  f r . r i1  a  p ieg i ; rus i . , , '  d , .s i r r i re i j  f c -
1 i i . s t : i i i i ; ; ; : t i ( i r i  i , , - r ' r r r - -+ 'd l r re  l l re* ' .  I ] : f , l , , . , r i * . ' .  . j  R  ln r , :g .  S l r r ln  1972.  l ' ] .
+  ,  t . 1 .

t ; !11)  S i l i ca  ge l  , t ' : r s  : : i { ) . -4 ( l { }  inesh , - .u i t ,a } - le  f r , r  i ' l ash  t : j r romato{ raphv .
j i i r l i ,  i l .  i . :  i i a i : n ,  M .  \ ' f i 1 . r a , . . \ . . 1 .  r ' r r ! a .  t ' h e n . l g 7 S , . / , j , : 3 2 3  2 9 2 5

; - i , ) t  f  i6 r |1  . [1 r ip3 i . i i1 " l ]p ] r ' v  ts  r i  u , . r , f : , r l  tn t - r i rod  o f  separ i r t inc  r  i l t )Pr
' r ,  .  i l a r g e  i d , j  i r o n  r h c  r n a i o r  c i d e  i r r , r , i i ; r  t  l ' O D P t N p ( { ' " t i l , } P t N n ,
,  ,  r i  r l l  ; ' i ,  i

'  : -1  '  ? ia t i  l r r : r r  i s  { ' r )q i l } ( }sed  o1 'o } - , t ' th r r i l  iq i ' } ) t  l sp in  i72)  a r r r i  fu 'o - th i r {1s
.  i ' : r  r  . - i i )1 , rp6 , r  {s ; r in  t } )  A  . lharar : r i - . r , ; r t i i ' c i s r . ;1 , i1 ;1g  f r r t tp r r i i . t  I  1  I  - t r ip le t ' .

fJ ra inard e t  a l .

p l a t i num( I I )  ( l  ) .  A  suspens ion  o f  CODPtNpCI  (429  mg ,  1 .05
mmol) in 12 ml, of diethvl ether in a 50-mL round-bottom f lask
equipped with a septum and a magnetic st irr ing bar was cooled
to -78 oC.  Tr icvc lopentv lphosphine (0 .59 m[ , ,  2 .43 mmol ,  2 .3 i
eqrr ir ' ,  d = 0.9rJ glmI.) was added in one port ion. The reaction
mixture was st irred at 78 'C for 6 h, then warmed to room
temperature, and f i l tered through 1 g of si l ica gel.  Eiher w'as
removed with a steady stream of nitrogen (25 "C) i ' ielding [,r-
PtNpCl as white crvstals. LrPtNpCl was further purified bv one
recrvstal l izat ion t ' rom methanol and twrl recrystal l izat ions fnrrr
pet ro leum ether  I ' ie ld ing whi te  crys ta ls  (405 mg,  50%),  nrp
17 ( ) -171  oc .  rH  NL , fR  t L toDo i :  62 .9 -2 .9  (m ,6  H ) ,  1 .9 -2 .2 (n t , 21
H) ,  1 .7E  ( t  o f  t . nJH  r , ,  = '  38  Hz ,2  H ,  P ta 'H ) ,az , . 6  1 .8  (m ,  12  H ) ,
l . '1 - - i .5  (m,  12 H) ,  l . . i?  is .9  H) .  3rP NN{R (CuD6) :  6  12.66 ( . /p-p t
= . l()4i) Hz) 'rrP NMR (( '5[{,2): 72.66 Up p, = 3060 Hz). Anal.
Calcd frrr C 1nH*;ClP,Pt: C, 54.01; H. 8.-12; Cl, +.55; P, 7.96. Found:
C ,  5 , { . 19 ;  H ,  8 . ; 10 ;  C l ,  4 .57 ;  P ,  8 .11 .

L"PINpDCl, Lr 'rPtNpCl, LDrPtNpDCl, and l-d2 were pre-
pared b1,'procedures analogous to those used t,o prepare L:PtNpCl.
f . .zPtNpDCl :  mp 169-1?0 oC;  3 tP NMR (C6H12)  . )  12.80 (Jp-pr=
3060 Hz). LDrPtNpCl: mp 174-125 oC;3'P NMR (C6H1o) 6 12.05
(Jp,p,  =  j lOf i4  Hz) .  LD,PINpDCI:  mp 1?4.5-1?5.5 o{ - :  31P NMR
(C6Hr?) A 111.33 (,lp p1= 3059 Hz). Anal. Calcd for C35D6,ClPrPt:
C , . 19 .88 ;  [ " i .  7 . l i ;  C l , . 1 .21 .  Found :  C ,  i 0 .20 ;  D ,7 .61 ;43  C l . 4 .21 .
l-d2: mtrr i i2- i i4 oC; trP NMR (( '6H12) 612.i7 (.Jp p, = 3058 Hz).
t,rPtNpr'ill, LDrIttNpCl, Ll)2PtNpDCl, and l-d2 all gave rH NI\'I[t
spectra consistent, with their assigned structures^

(i-Norbornr'l)methyl bromide was synthesized in three steps
bv the methods of  Wiberg and Lowryaa f rom b icyc lo [2 .2 .1 ]hep-
tarre-l-cari loxvl ic acid with an overai l  -"- ield of 60%.

( I ,5-Cycloot ' ta diene)his ( (  l  -norborn-vlmethyl )plat inum (II  )
lvas svnthesizerl  i tv a proceclrtre anaio(orrs !o that used to syn-
thesize CODPINp,. CODI)t(CH,Nhfz u'as obtained in 6i]% ' , ' ielr i
as  a ,ve lkrw so l id ,  mp 72 i ,1"C.  r t I  NMR (CoDo) :  D 4.69 ( t , , , /q  i . ,
=  1 1 6  H z . , t  H ) . 2 . 2 " 1  { t . J n  } , t  =  I 1 o H z . . 1  H i ,  1 . 6 - 2 . 1  ( r n , 2 ?  I { t .
1 . 1  1 . 6  / n r .  8  l i ) .

Chloro( 1,5-cyelooctadiene) ( 1-norbornyl methyl )plat in um-
( I I ) .  ' f t ,  

a  so l i r r i on  o f  i ( ' ( t l ) )P t {CH2Nb)2  (L . i 4  g ,3 .34  mmo l )  i r . -
25  m l , , r t . pe t r r i l eun r  c the r  a t  r o t rm  tempera tu re  i n  a  5 { } -n i i ,
rortrtd-i tottotnei l  ! ' lask eqrr i i rr leci n' i th a mrrgneli t '  sl i rr ing bsr was
adderl (J. ir l  l rL ir l  frrnt 'gntrateri  hvdr"ochkrr ic acid i ,r  ! .)n(r l)( lr i iou.' [ ' ] : r . r r rar : l  

r ( ]n  \ \ ' i t :  a l iowt 'c l  1r ;  " t i r  i t t  ro( )m Lernp, : ra ture Ior  j  r  h
at  whi<:h  r )nrn1 ihe, rear l i lh  \ \ , i ts  judged to  be complete  br , " [ ' ] , i
i r t h r r ,  p r . t i r , i t , i l r n  c the r .  i  i l .  ' l ' he  t i r gan i c  i ave r , , f  t he  rpu t  t r t ; r '
; t . i i . t i l t r r ,  ' . \ . ' ; .1, r  r . '111"r ' t r i ,  :  i , . r  , l , t l leol i : .  la , , 'er  anr l  react inn i lask ivere
. , . 'as l i+v1 v, ' i1  h cr , t r i r . r  i r .  r ) ' t r r ; ) t  i t ies of  c i ieth-v l  pther,  and ihr :  cornbined
( ) l ' g i )n i i  ph r t s l  r t ' i iS  I ) : iSS€r i  , ' l i l i i c i l r , t h r t r r tg i l  i ( )  g  o f  . j l i r : a  ge l .  ' l - h t

: { i l 1 ' a :1 t  t . ' ; . t c  i * - i r t ( r l r ' , i  f r ' ,  :  . t i 1 i v  p r . ;apon t t i on . ' , ' ; e , i ; i ; ng , t  r l ' h i i f .  " , , l i d .' [ ' r . r , ' r :  
i c i . r \ . s i  r l l i z ; - r t t ( r ! i s  ' r , : r t  iX ' t r ( t l eun t  e t l re l  , " ' i e , i ded  ' ' { i ' ) l r t r i '

F { , i . ]  r , ; (  i  r r i - ' '  n : , . 1  t i . l  t . ' r . \  : ; '  t .  i , , i i i t i ,  s ; r l i r i ,  r i t l :  l i ; -  I  i { : i  t i '  f l
N \ I R  i { ' , i ) . i ) .  ' , . , . i i  t i . . / i i  t ,  =  i l i  ! 1 t . . . - l i r , ; l  i l , l  { t , ; n  1 , ,  -  , ' i
f i ; i .  :  I { i , 2 . 1  i . .  ,  i { r ,  : . 1  r  i i . . 1 r . ,  f  ,  - , ,  : l i  t i z .  :  \ i \ .  l . ' :  ) 1 . { r  i ; n .
l x  i l  )  . \ r r a j .  i ' a l r  < i  f , ' r  i  , , . } . i  , " C l I ) t :  ( ' .  , 1 j . : . ; { t :  l i ,  5 . € i l l :  ( ' 1 .  l . f l r
F , r r r n d :  ( ' .  i  I  I  ;  f l .  ; r .  1 . 1 :  ( ' i .  ?  9 3

f r;i n s - C h lo ro { I n r.r r b rr r n.v I me t hf' I ) b i s ( t ri c-"-c I o pe nty I -

phosph ine  ip la t . i : r t r r r r i ! f  )  i f i ) .  A  s r rsp+ ,nc ion  o l  ( 'O I ) [ ) t iC [ { .N l ; ) ( ] j

i i i i i  n r ; .  i l . l )  .  r r rn r r i i l  i r l  , - '  , r . i ,  o i ' i l i e  l h , v l  , . ' t h+ l f  \ vas  c 'oo lec l  t { ,  - ; - {
c f ' ' ' J - r r :  ; , - i r ; p c r r t . ,  l p h , r s i i h i n e  ( r r . 5 ' - l ; i 1 1 , . 2 . 1 1  : n m o i , 2 . 3 2  e r j u i r . )
, . , , ' ; r s  a t i r i , , r i  i , :  r r n r .  1 r , , p l i r ; 1 1 .  

' l ' h q ' r e , i l ' l i o r : . ; r , i r t l i o r r ' , l a s . i i r r e d  
a t

: r ,  ' ( ' i r ' r : ;  
i ' t . ; i i l , ' w r , < l  i l )  \ i - r t r l n  1 , ,  r o ( ) m  f , e l i ' i f ; t : r A t r t r e ' r r v e r  I  h .

( ' r ' ' , i l ed  t . )  ; ' i  " ( ' . : rnd  f i l t r . red .  
- l ' i i e  

res r . l i t i n r :  n ' i r i t e  so l i r l  was

; i i r r i f i ed  l , r '  d i ss r ; i v i l i g  r i  i n  l ne ihv lene  ch lu r ide  and  pass ing  th i s
s ' . ' i r r t . i<ur thrr , iuqlr  ' l  g  r>! '  s i l i ra gel .  ' I 'wo 

recn,-qral l izat ions f rom
pei i -o ierrr l l  t ' ther  v i r , l t iec i  L. , l ' t (CHiNb)Cl  (3{ i? rng.  ,19% ) as rvhi te
r : r vs ta l s .  n r r r  2 l i  21 , t  o ( , '  i t - l  N I , {R  ( ( l u i_ ln ) :  i ,  ? .?  1 .9  (n r .  t i  F { ) ,
i . : j , : . 2  ( u r .  i i t  I l ,  , r l , '  : i I t H  { { ) 6 1 ) 6 ) :  d  1 ' 1 . 0 ' J  ( . r i '  1 "  -  : l { ) l i r  l i z )

(41) ' f  he l ' } t t ' , r l  i )r()t i )ns ere n(tt  resolved frorn the ph,lsphine prrrton:r
in  L , [ ' tNp( ' l  i r :  rhe  i ] J  NMR spec t r l r rn .  The chenr ica l  sh i r i  and  coup l ing
t;ottstanls 1r., i  t l tese f)r()tons'*,ere t ie'uermined fr<lm l.he rH ir iNl l t  sper:tr 'um
r i f  L r ' ,P lNpCl  and : r re  rnc l ' . rc ied  l re re  f r r r  { ' ( )nvenrenr .e .

r  l l t i  i )e r i ienr . tn l  . l - rn i lo t  l ie  , ie  1 r -  r tn rned ip r '<  i { ' i ca l  l i '  } , r '  t . ienr t l t ia l  lna l -
' , ' i t s  \ {c lu rng l l r l  e ienr t , r r ta i  a r ra lvsgg,  h r ' . , ver re r .  r ,a r :  i - . i '  ' ; i : i a t : le ( l  l i . r  i l e r - i -
le rg lu l i  compor rnds  bv  t  a lc r : i : r t r r rg  7o  der r l ,e r iunr  , r . ,  'Z  hvc l rogen and t r ; . '
' , s j l t g  i h e  h i : t i e r  t i l i , r i l e r a t e d  )  n t , r i t , t ' u l a r  w e i g l r l

(44)  \4 r iherg .  ; - i  J l  ;  l , r ,wr t ' .  B .  R .1  .  .4 'n  I 'h+ ' ry r  Sr ; r ' .  i1 ! f i3 ,  I t
: i  I  R8-  31  911



Thermal Decomposit ion of L2PtNpCl

31P NMR (CuH12): 6 14.12 (Jp-pt = 11035 Hz). Anal. Calcd f<-rr
C6H67CIP2P I :  C ,55 .90 ;  H ,8 .27 :  P ,  ? .59 .  Found :  C ,55 .82 :  H ,
8.30;  P.  7 .69.

LIr2Pt(CH2Nb)Cl was prepared in 59% vield b-',- a procedure
which was analogous to that used to prepare L2Pt(CH2Nb)Cl; mp
2L9-220 "C. 31P NMR (C6H12): 6 13.50 (Jp-p, = 3028 Hz).

trans-Chlorohydridobis(tr icyclopentylphosphine) plat i-

num(Il) (5) is the major organometallic product of decomposition
of L2PtNpCl. As part of our proof of its structure, we s5'nthesized
L2PtHCl independently by the thermal decomposit ion of
f rons-chloroethylbis (tr icyclopentylphosphine ) plat inum ( I I  )  t i r
L2PtHCl and ethylene.s Samples of [,2PtHCl produced b5r these
two methods were indist inguishable; mp 131-132 oC. lH NMR
(CuD5) :  6  2 .36  (m ,6  H ) .  1 .88  (m ,  24H) ,1 .68  (m ,  12H) ,1 .5  (m ,

12 Hi, -1?,80 (t  of t ,  JH-pt = l2l5 Hz, Js-p = 71.5 Hz.1 H)'  3tP

NMR (C6H,2): 6 44.03 (Jp-p, = 2876 Hz). IR (CHCI'.) :  t 'pt H =

224A ctn-". Anal. Calcd for C,,pH."CIP2PI: C, 50.88; H, 7.83; Cl.
5.01. Found: C, 50,731H,7.7i i  Cl,  4.87. LD2PtH(l l  gives a similar
3tP NMR spectrum (C6H12): 6 43.03 (Jp-n = 2867 Hz). l,2PtDCl:
IR  ICHCIT )  vp t  n  1615  cm r .

Sample Preparation. Two procedures were used to prepare
solutions of I in cv-clohexane. Procedure A was used in the
deuterium-label ing experiments to decrease contamination bv
water. In a typical experiment, a 5-mm NMR ttrbe which was
joined to a 6-mm o t l .  P1'rex glass t ' ,rbe {5 cm long) w'as t 'harged
with 25 nig of Lri,tNpCl (or 6) and attached to a r,it('i.tuln triitrster
manifolri b5' an O-ring connector. The sample was placed under
vacuum for 4-12 h. Cyclohexane (ds and d12) was stored over
LiAII-I4 in Schlenk f lasks and was purged of volat i le impurit ies
by at least three i'reeze-prrmp-thaw degassing cycles before use.
C-"-clohexane (0.4-f).8 mL)16 was added to the sample tube bv
trap-to-trap dist i l lat ion. The result ing soiut ion was freeze-
pump-thaw Cegassed three more t imes. and thc NMR tube was
sealed under vacuum. Procedure B was used in kinetic studies
when an accrrrate determination Of I l ]e was necessarv r ir  u'herr
cyclohexane s0lutions c<-rntaining L were trsed. Cvclrlhexane used
here was dist i l led from Na/K alkry. immediatel l '  pr ior to i ts use.
A 5-mm Wilmad NN'IR tube was sealed to a groltnci glass Joirt t
and checked for leaks rvith use of a Tesla coil. The assenlblv was
washed with dist i l led water, acetone, and ether and attached t<r
a vacuum i ine via i ts ground glass joint.  The assembly' rvas
tlame-dried, cooied '.tnder !'acuun). and filled wi[h argt,n' and 23.]l
rng of t ,2PrNpCl (0.(-): l r i  ntmol) was added \^ 'hi ie the ttrbe was
flushed with argon. 

' l 'he -\ i lmpic rvas driei i  under va('Lnlni fr ir  at
least,4 h, and solvent r{). ; '  ni [-) was addeci b-v s1'r ir ige rvhi le the
Luhe was f lushed with argon. 

' fhe solut ion was taken through
three freezrprrmp- thaw degassing c1'cles, and the NMIt trttre rvas
se; r l r .d  :  j i r i i3 r  \  ac t i i !n i  t0 .005 tor r r .

Kinetics of Thermal Decomposit ion. Sealed NMR tuires
r.gntainiirg solutions of I {ur 6) in cvclohexane rvere immersed in
a solvent-vapor bath. removed at regular inten'als, and imnlersed
in water The temperatures of the solvent-vapor bath-s were
deterrnineci u'ith a caiibrat,e,j thermomet.er and were f ound to be
c<lnstant to *().? .C {95% conl ' idencei. The nrole l ' rar-rt ion of '
l,rPtNpCl remaining at each interval rvas caictrlated fr<-,m 'irP

NMR ciata and was set equal to the integral of the signal dtte t tr
i  divided by the sum of the integrals of the signals due to I  and
5. Reai:tions were 11'picallv followed to ca. il(h completion (2i;%

und ec'omposed L2P tN pf-- l )
Thermal l)ecomposit ion of LzPt(CH?Nb)Cll .  Soltrt ions t; l

6 in c-v-clohexane were prepared by using prrrcedtire A. 
'l'he 

extent
o{ decomposition rvas deterrnined }ly 3tP NMR spectrrtscopv. The
mole fractit n of 6 remaining was set equal to the, integral of the
signal due to 6 divided l-:-v the sutn of the integrals of the signals
due to 5, 6. and 7. IR, rH NMR, and 31P NMR spectra of i,.,PtH('l
produced in the decomp<isition of 6 were indistinguishahle from
spectra of 5 from other sources (thermoll 's is of L2PtNpCl or
trans-L2PtEtcl); no olefinic hydrogens rvere observed bv tH NMR.

(45) The thermal decomposition of L2PtEtCl to L2PtHCl and ethy'lene
is related to the thermal decomposition of trcns-(Et.,P)2PtEtCl which has
been studied extensively.lrl

{46) T'he volume of the solution was determined by comparing the
height of the solution in the NMR tube against the height of a column
of water weiehed into an identical NI\{R tube" I)etermined in this u'a1',
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The cyclometalated compound 7 is produced as a major producl

i n  the  the rma l  decompos i t i ons  o f  L2Pt (CH2Nb)C l ,  t rans '

LrPtMeCl,  and t rans-L2Pt(CH2Ad)Cl  (L = t r icyclopenl l ' l -

phosph ine :  Ad  =  1 -adamanty l ) ,28  lH  NMR (CaDn) :  6  _2 .77  
(m) ,

i . o  t - t ,  2 .2 -2 .5  (m) .2 .1  (m) ,  1 .9  (m) ,  1 .75  (m) ,  l . i l i )  (n i ) .  31P  NMR

(C, ;H '2 ) :  6  40 . .19  ( t  o { ' d ,  Jp -p ,  =  3061 .  Jp  p  =  i l 93  Hz) .26 . ' 1 l l  ( t

r r f  d,  Jp p. ,  = 2972, Jp.p = 393 Hz).

Preparat ion of  Cy'c lohexane Solut ions Contain ing Tr i -

cyclopenty lphosphine.  A Schlenk f lask cal ibrated t0 2.0 anr l

4 .0  mI -  was  charged  w i th  t r i cyc lopen ty lphosph ine  (516  mg,2 . l7

mmol)  and f i l led wi th cyclohexane to 4.0 mL. A port ion of ' th i -s

0 '54 M solut ion (0 '5 ml ' )  was wi thdrawn b1's} ' r inge and used in

the preparat ion of  a sample in an NMR tube.  The remaining

solution was reduced to 2.0 mL via cannula and diluted with fresh

cvclohexane to the 4.0-m[,  mark.  v ie ld ing a () .27 Ni l  solut ion ol '

tricyclopentylphosphine. This successive dilution technique was

repeated,  y ie ld ing 0,135,  0.068.  and 0.34 M solut ions of  t r ic l ' r 'Lr-

penty lphosphine.  We est imate the error  in concentrat ion of  rhe

0.54 I \ {  sol t r t ion to be *3% (0.54 + 0.02 M) and the error  in eat :h

s u c c e s s i v e  d i l u t i o n  t o  b e  * 5 % :  0 . 2 i  *  0 . 0 2  M  ( * 8 % ) , 0 . 1 3 5  +

0 . 0 2 M  e n % ) . 0 . 0 ?  + 0 . 0 1  M  ( + 1 8 % ) , 0 . 0 3 +  0 . 0 1  M ( + 2 3 q ( t .

S im i la r l y ,  t r i cyc lopen ty lphosph ine  (26 .9  mg,  0 .113  mmol )  i n  a

second schlenk flask calibrated to a 5.0 and 10.0 mL wa-s dissolr,ed

ip t '1 'c lohexape to make a 0.011 N{ solut ion (10.0 mL).  Successive

r l i l r r t ion vrelded 0.()056 and 0. f .X)28 NI solut ions.  we est imate the

error in the lt.n<.entrations of each of these solttt. ions t.o be *0.(tff)5

M .
Gas  Chromatograph ic  and  C ;C /MS Ana lys i s  o f  Reac t ion

Mix tu res .  Reac t i< i t i  r t t i x l t t r t ' ' ,  i t t  sea iec l  N \ { } t  t t rbes  wh i th  had

been thermal l r -  dt ' t ' , r rn i roser i  r rn l  i i  ca.  )3cr ' ,  i i  t  ht .  s tar t ing mit tc ' r ia l

ren ra ined  l l  o r  f i lwe re  coo led  u ' i t h  i i qu id  l l i t r ( )ge I l  t t l  c t . r t l c l ens t '

volat i les,  opened, and capped wi th a septum' T 'he l iqurd phasi '

of  each sample was anal l -zed b-u-  GC and GC/M-S.
'  f  he absr ' , l t r1 e 5 ' ie lds of  1,  1 -d imet hvlcvclopropane'  neopent at le,

i i nd  t ' . " . c [ rpen tene  were  r l e te rm ined  b1 '  cgn tpa r i l g  the i r  f i ( '  i r r -

t eg ra l s  w i th  tha t  o f  an  in te rna l  s tandard  o f  n -pen tane  ( -1 - t t r  " i  
" '

I  i ( ' \ \ ' - l i 8  ( i ( '  r : , r l u r ; rn  . l t  r ( ) ( )n . t  t en t l l e ra t t t re l .  h t l t  i n  r ' r t t l t r t t '

a l a i y s e s ,  t h e  r e l a t i v e  a r n ( ) u n l  s  t , f  ! . l - c i i r n e t h y l c l ' c l g p r o p a n e  l n d

ne( ,pen ta r )e  \ . t vc re  r l ,  l t ' r rn ine 'd  t r v  i l i r e l t  comJra r i so r r  < t f  t he i r  ( i ( '

in tegrals"  ( . r '< ' lohexene . 'vAs sep; l r : l ter l  f r t tm cv<' iohexane ()n a ?-m

25% AgNO, ( i ( '< 'o lumt l  at  r (x) I r  te lnperat( l re.  The absolute 1- ie ld
o f  cyc l< ,hexene  was  de te rm ined  l l 1 '  c i ,mpo l i so f l  w i th  a r r  i n t t ' r r t : r l

. tandi l rd of  < ' r 'c loheptat te.  l lu t  bercause o1' tht '  c l i f f icul t l '  assot ' ia tet l

wit h separlting smail i lr,rantit ies ryf 6'1,6'l lrhgxette frtint t 'r 'clqhexatlt

the repor lecl  r ,a lues f r , r  the amount of  t 'Yclohcxene producecl  arr '

prgLrabl .v nq)t  h ighlv i . rcr :prate.  [ ) isegpentv l  was atra i l 'zeci  i ; r '

comparison with an internal standard <'f n-drxl*rcane {4-m LI(-\\ '-!}8

G( '  co lumn a l  7 ( - )  o ( l i .

Mass sJtet ' t . ra were ol r l ; t i t red i i r '  Lts ing a Hewlel t - I 'a t 'kard 5f t i i ( ) : \

GC,\4S. r , t ' i th  a 7t) -6 ' r " '  i , tn izt t rg vol lsos.  F 'or  a g iver l  in jet ' t i t ' t r  tnt ' r

t h i s  i ns t r r rmen l .  each  ( ) ( "  peak  was  sa r l l t l s : r . i  s i r  t t i  e igh t  t i 1 r " .

oyer a broad range qf  re1 ent i r ]n t intes.  
' l - l re 

resrr l t i lg  -spectra were

stat is t ical i l '  rveight .ed according to t t re i r  i rase Jteak ; l i t i tndance t t i

p rod r rce  ( )n t '  ( ' ( )mp( ,s i te  mass  spec l rum.

T 'he  rc la t i r , e  r l uan l . i t i es  r t l  neop€" l l t ane -J , ,  l "  -d i  and  nco -

pen t ,ane-c l  , ,  I ' s .  -d1n  wer t '  d t ' t e rm ined  bv  comi - t i t r i ng  the  re la t i ve

abundance 1f  the (N4 nrethyl  i *  peak* of  *"he pr6t l t t r : t  net ipentane
(n t  t  c  5 i .5 ,3 ,  65 .  66 )  w i th  th t '  i \ 1  Me thv l ) *  ; . ' e i i ks  o l  au t l ' i en t i c '

nerrpentan e- t1, ,  \5 i  '1 [ t09t  .  58,"1.? o/ ,  1.  r tet4tet l taner-11,  ( i1 ] i : ( l t

i r S . , ' 1 0 0 %  ) . r ;  n e o p r n t a n e - d , ,  { 6 i t , ' i 0 l l %  .  6 $ ' | i 9 ' n  } ,  a t r r d  r t e ( ) -

t r ren tane-d , - '  i t l i r , , '  i 1 .4c f t .  66 , '  100 'Z  ) .18  1e  The  re la t i ve  q t l an t  i l  ; e -

of  1 -methr. lnorbornatre-r1, ,  and l -  t i le th.r ' lnor t lornane-d r  $"Pre, l€-

--lI?i 
N",,lr"t tt*"a-*;- rrd"."d hr..tt itg 1;,l iff;;;;;;n"a" 

- 
u

Addi t i , rn of  I l ( ' l  in  D10 (99 atom % )  t ,o a solr r t ion . ' f  r  is-(Fl t rP)1I) t .N1r ' ,
( l l ) i n  d r1 ' rne th - t ' l ene  ch lo r ide  p roduced  neopen tane-d , '  ( i i l  A  samp le
of neopentl ' l magnesium bromide which had been dried under vacutlm
*as que. tched wi th DrO to produce neopentane-d1'  

' lhese 
methods

produced samples of ne<ipentane-di which gave similar rnass .spectra.
t48) Twt,  e ihereal  soiut ions ot  (neopenty l -d,1)magnesium brornide

(useci in the s-v-nthesis,rf Ll)rPtNpr)Cl and i,,PtNpD(-l) were clried r.rnder
high vacuum an.l were r|renched with H2O and I)2() to pr,rduce samplcs
ci f  neopent,ane-d11 and t reopeniane-d12.

(19i  The mass spectra of  the re{erence samples were redeterminerJ
per iodical ly  tp minimize errors which cguld ar i -*e f rom vi i r iat i6ns in tht '
performani 'e of  the ( l { "MS These var iat ions were nei 'er  ver!  large anr l
would,  at  most .  contr ibute onl .v i  '2Vo errctr  in the determinat ion < ' f  %
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termined by comparing the relative abundance of the m I e 81.82.
110. and 111 peaks of the product 1-methylnorbornane with the
relat ir . 'e abundance of the same peaks of authentic 1-rnethvl-
r r o rh r r rnan  e -ds  8 l  I  100%,  82  19 .5%,  110 /1 t )%,  1  11  l 0 .9Ta )  and
i  - r rer thv lnorbornane-dr  (81 , t  l i  .5% .  821 100%, l10 i  1  .8% ,  \11 I
't | 7, \.5{)

J 'he tneast t red isotopic composi t ion of  neopentane ancl  1-

rnethl' lnorbornane did not depend on the histor-v- of the iniection

port  l iner .  Several  soi t r t ions der ived f rom the decornp6si t ion of '

l - r ) j [ ' tNpi)Cl  in cyckrhexane which contained mixtures r t f  neo-

pentane-d,r  and neopentane-d, '  were analyzed b5, 'GCi lMS using

an in jet : t ion port  l iner  which had i reen in use for  ca.  3 months

rvithout cleaning and iry GC,,'N,{S usittg a new injection port l iner.
'fhe 

mass spect,ra ,rbtained r.tttder these two conditions were verv

s i rn i l a r .
Error  Analysis.  Standard deviat ions f rom least-squares

analvses ot  k inet ic  p lots were adjusted to 95% ct inf idence level-q
(f values for N - 2 degrees of freedom). When several values were

,rveraged (e.g., kinetic isotope effects. rate constants), I values for

- \ '  '  I  degrees of  f reedom rvere r tsed.  When error  bars (95%

confidence limits) were usecl. the error in slope and intercept were

determined by drawing t ,wo l ines through the error  bars having

the iargest, and smallest reasonable slopes. This method prrduceci

t i rO)  A  re fe rence sample  o f  l -mefhy lnorbornane-dr  was made b l 'a l -

I t " * ' ing  a  cvc lohexane so lu t ion  o f  CODPT(CH2Nh) :  to  reac t  w i th  DCI  in

l ) "O (99  a tom ?c) .  S imi la r ly ,  1 -methy lnorbornane-d ,1  was tnade i rv  a i

Io r r ing  a  so lu t ion  t i f  C-ODPI(CHzNb)"  to  reac t  rv i th  HC!  in  l l  f )

error  l i rn i ts  whr< 'h  were ( ' ( ) rnparab le  rv i th  those determined b1 '
least  -squares r t t ra lvs is .
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I  02:107-6.1-2:  t  rans- ! .?PtEtCl ,  I0?:107-65-3;  t rans- f  ,2PtMe( '1 .
102 ;107 -66 -4 ;  t  r ons -L ,2P  t  (CH2Ad  iC '1 .  I  02 :107 -67 -5 ;  t r i n ' c l o -

lre11tvlprhrisphi le-d,-,  1 02:01 f i  t- i j .  (cvr: lopent ! ' l -du) magnesi urn
bromide,  1  ( )2 ; l ( )?-69-?:  t r ic 'vc ' lopent l  lphosphine,  765() -88.  t i :  ( ' \ ' .

c lopenty lmagnesium bromic le ,  ; l :1240-34-5;  p iva l ic -d ,  i rc ic l .
42983-0?- : l ;  t reopentv l -d1 1 l l romide,  ? i r i  60-21- l l ;  I leopentv l - . / r  i
t .osy la te ,  102: l t )7  -  70-0;  (  neopenty l -d , ,  )m i ienes i t r t t r  i ;  r9nt  ic ie ,
t0230?-71-1:  neopenty lmagnesium bromiCe,  j i , i !17-1- '1 I - i i .  neo-
pen tane -d1 , ' , l 7 ' 11 -9 ' 1 -0 ;  ne , l pen tane -d r r .  l 02 l l 0? -?2 - l :  neo -
pen tan t -d1  , ,  ; ' i . r ! - 51 - j r :  l - r ne th t ' l n , r r i r o rnan t ' - r / ' .  1 l ) l j i ( ) ; - 7 : l - : l i
r l  r r e t t , r i t t n r .  l ' ,  s . l  l : l  t , .
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