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The thermal decomposit ion of bis(tr ic5'clr;pent;; lphosphine)plat inacyclopentane(I l)  ( l)  in cyclohexane
yields 1-butene and bis(tricyclopentylphosphine)platinum(0) (2) a-c the major products. Minor hydrocarbon
products include (Z)- and (E)-2-butenes, t . i tr tadiene, n-butane, and cyclopentene. f)ecomposit ion is t l rst
order in l  for ini t ial  concentrat ions of I  {  15 mlvl;  at higher init ial  concentrat ions of I  decomposit ions
proceed more slowly and deviate frorn first order" This deviation appears to he due to inhibition by 2.
Decomposit ion is slowed by added 2 and by' added tr icyclopent5rlphosphine (L). Deuterium-label ing
experiments suggest that two pathways are important in these decompositions. One involves intermolecttlar
transfer of hydrogen atoms: this process appears to be a chain reaction involving reduction of the car-
bon-platinum bond of the platinacyclopentane moietSr try a reactive hydridoplatinum species. The second
involves incorporation of hydrogen from tricyclopentylphosphine into the 1-butene and probably involves
initial cyclometalation. This latter process may be important, inter alia, in initiating the hydride chain
reaction. A mechanism involving p-hydride elimination directl5' from the platinacyclopentane group is
not importanb. Free alkyl radicals also do not seem to be intermediates in these reactions.

Introduction
The objective of this paper is to rationalize the high

stabil ity of platinacycloalkanes using a bis(trialkyl-
phosphine)platinacyclopentane as a representative. Me-
tallacycles are important intermediates in several homo-
geneous transition-metal-catalyzed reactions, including
olefin metathesis,2-e isomerization of straineci carbocyclic
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rings,10'11 and cyclotrimerization of acetylenes.l2-14 They
are undoubtedly also involved in heterogeneous metal-
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catalyzed reactions.ls Metallacvcles are often signifit:antly
more stable thermally than their acycl ic counterparts. l6
We have suggested previously that this stability reflects
the difficulty with which p-hydride elimination is expected
to occur in the plat inacyclopentane r ing (eq 1).16 The
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products from thermal decomposition of platinacvckr-
pentanes are. however, the mixture of 1-hutene and other
Ca products expected for sirnple p-hydride elimination.

We and others believe that a 0o N'I-C-C-H dihedral
angie is optimal tbr /3-hydride elimination.rT The structure
of the platinacyclopentane ring prohibits even a close ap-
prcach tc thi-s geornetry. Thermal dercornpositiorrr ol
3 . jl, 4 . 4 - t e t r a m e t h -i' I p I at i n a c y r: I o p e n t a rr e s -- -' c o rn p o i : n ri,'--
having no p-C-H bonds-are slc'rwer than those of trns,rb-
stit"ufed platinac5'i lcpentane: l:ut not dramaticailr so.ir
Direcr comparist;rr of the rate-q ot'clecornJr,.isit ion of rn,,th-
5'l-subsiitut,ed and unsubstituied platinacvclopentanes rs.
howeve r. precluded b-r' inten'ention of i iew f-vpes lf '  r i,- -
coml;osition pathrvays, ' lhe nrechanism of thermal de-
compn..it ion of platinacyclopentanes and simiiar rnetaiia-
t';lc'ies has rern :.ri ne':l o!-lsr-'ur"e.

'Ihe obiectii'e of the work reprirted in il:is Flaper rr,'AS ::.r
establish the mechariism of thermal deconlirri: i i t iotr of a
rcpresentat ive platinacyclopentane, bis(tric1'cicpent5,' l-
ph<lsphine)platinacyclcpentane ( 1), ar-ri i  particularl l '  to
determine ii'tJ-hydride elirnrnation occurs directly frorn the
olatinacyclopentane ring. Previous studies of mechanisms
of thermal det:omposition of metailac_ycloalkanes have nr;i
r ieajt with this sub.iect.i6'19 22 'fhe choice <rf tric', ' t. lr;
pentylphostrrhine as the sfalri i ieing l isand in tlr is work q'ns
based on two consi i jerat ic,ns. i r  First ,  hecause i t  is  !arge.
it is expected to dissociate readilv. A vacant coordinatitirr

"iLe rin piatinrrrn is often recluireci f 'or reactirx. Dei:onl-
1 ; i ; s i t i r lns  occur r ing  a t  ion ' tenrpera tures  t<15( )  " i l f  a re
irs'.railv cleaner and mechanisticall5' simpler than thc,se'
reqrr i r ing higher temperatures.  In addi t i , ;n.  the prr 'duct .
i: is(triaik-r.lphosphinr.)platinum(()) is unstable for sri"iall
ir ialkviphosphine l igands. Srrcorid, experienc:e has ir.rcii
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Scheme I .  Products of  Thermal Decomposi t ion of  1o
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catecl tha t bis (tricyclopentylph<nphine) dialkylpl atinum ( II )
complexes usually- have good s,rlubil i ty in the alkane sol-
vents preferred f 'or these decomposition studies.

In brief. the resrrlts obtaineil in this work indicate that
d-hvdride elirniiration from the platinacyclopentane moielt'
is  not  the rnajor i rathrvav for thermal decomposi t ion o1' l .
instead. i,he cir.cr:rng'osit,rr;n fri l lows a more complex path-
wa\- ,  i l tv t t iv i l r *  i \A , i )  nr ; I  i ( \ r  r ' l t - i r t ) ( )nentS:  an in termolect t ia r
hvCr ide chai l '  t : "ansfer  pr i )cess (eq 2)  and a react ion
{presumatr l , t '  r ; : ' , 'o } . . ' in*  in i t ia l  cvc lometa la t ion)  tha, t
tra. irsfers hvdrrgen in1-rarncIeclr lar lv from the cy'clopentl l l

i l re  r ,JpS t .o  thr :  l ; i r ' i ' r ' l  ln ( ) i { : l : ' teq.1) .
\- \-e irse the .arne :1, 'str:m cf nori ienclature ernployed in

r)rer: i()us r)al lFrs ir ;  ihis series: L :efers to tr icvclclprentl ' l -
g.,h<;s;;hrne, a.r:d i [ , . i , ,  indicates ihr col i( 'entrat ion of L added
i , l  a  sc l t i t , i i ,n

Resul ts

Products  o f  Thermai  Decomposi t ion n f  I  in  C-v*c !o
hexane,  T 'h{ : rn : . , !  r ie ' ;onrpos i t ion t i  I  rn  cyc lohexane l i i
i j l  'C  was c{ rn l i - ' ie l r  in  5  i r ,  S l }u t io t ts  ccr t : ta in ing decr i r i , -
pos i t ion pro i r ic t ,<  r " r rc  - r . .e l iow,  h t i f  r ro  so l ids  r ieJ ios i l r r r l .
I)ecr;mpos;i t  i '  rn vr eidecl b i  s ( tr icvc: lopent) ' lphr isp hine ) pl ai -

intrm{01 {3) l !-}?o,i  I  as the onl 'r '  r t ,son.cd phi.;sphorus c(in
iaining :; i ;ei ies. Ther tnl;or hvdrocarbr' 'n plnrluct (Schern*r

I7  u 'as  l - i ru tene.  Adr i i t iona i  | r1 , { rocarbr ;n  pr , ,c luc i ;  i l -
c iL ided ' .  ar " ; i r i t {  an l ( )unts  t i f  (Z} -  and (E)-2- } ru tene.  huta-
'J ier re ,  n-hu lar re ,  and cyc lopentene.  l )econlp ;os i t i r l r i  o f  i
in cvclohe.:. i lne i 'ol)Laininc 0.1 \,{  L -vielded a : i tni lar tntx'
iure oi i ;rodu,: ls. Again. i-butene anri 2 rverre r- l i r :  tr . .{ . ; : '1
pr,;du<;ts: t ,he ;. i , ieids oj ' l ) ' r i .alx€l and l lutadiene were redi iced
ar rr j  lv l ' l r ,pen l :{ :  r i  r :  appearetl  uir l  v at }r igher tetnperatui"es.
An ar:ceptahle n:ass hi i lance (>90% ) was ohtaineti  on the
C, i l r ,  ' i l t - i ( : is , ,1'  , . iet ' ,-rrni- ' t ;si i ion. C,vciohexellr ' .  t l -  i lu[,y- l-
cl  cici iexane. di i ' i 'c lohcxl ' l"  and n-octane - prrodrtcts vuhose
p  re  se  n  ce  wo  u i  d  l r  ave  s  ugges  I e  d  f ' r ee  rad  i  ca ]
internrediates-were not detected by GLI), and their
yields, if thet were present,. musl have been les-q than O.5o/c.
(',:rmDi',r-rnd 2 rvas charar:terized br,' ;r1P and lH Nl\IR
spectrosior"r'. b3' indetrrendent synthesis. and by conversion
t.r i  rne l  h1- 1i r id, r b is ( Lri  cvclr-rprentyl phosp hine ) piat, i  n um ( I I  )
{ l !7'1< irased ()n :-:aning 1) bv reaction rvith methy' i  iodide.
' i i ' r ,  : r i l r  ) {N, {R s ign ' r is  c l t te  t t ' ,2 ,  produced in  the decom-
posit ion o{ '  l .  rverer brr,acl.  The signals were lrroader in
rieccmpositions canied out'*'ith added l-cictene or L. 'fhe

products of t trermal decomposit ion of I  showed broacl
-signals at r) 5.75 and 4.9:l in the lH NMR spectrum at r<xtnr
temperature. We attr ibuted these result,s to rapid ex-
change of cc,ordinated and free l-butene on the NN{R time
scaie .2a

In order to determine whether or not the 2-butene
produced in t,he decomposition of I was a primarS'product.
we carr ied out the decomposit ion of 1 in the presence of
1-pentene. Deeomposition of I in cyclohexane containing

(24) Nuzzo,  R.  G.:  NlcCarthy,  T.  J. ;
.Soc.  1981. l0J.  3.{04-:1410.
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Figure l. Thermal decomposition of I tn ,--vclohexane
( .7  =  -99  'C ) :  ( t )  [ l ] o  =  8  mM;  (0 )  [ l ] 0  =  1 i5  mM;  ( l )

mM,  (o )  [1 ]o  =  30  mM.

0.1 M L and 0.1 M 1-pentene resul ted
Iess than 0.57o rif the l-pentene to

I ,  L
/n_,., __*_ -\,^\

l l i  " c ,  l h

Decomposition oi I with l-pentene in cyclohexane resulteri

in isomerization of l-27" t>t the l-pentene to 2-penteires

Atidit i t in of merr: i i r : ' ' i0) clr the tree radical tr i ;1-r telra-

rr iethylpiperidinvioxy ( ' I 'EIV{PO) did not chattge t ire r{ i : ' . .

trrbution r. , f  trrroducts t ' rom Cecomposit ion ot '  1.r5
Kinet ics .  

' I 'he k inet ics  t l f  thermai  decotnp. r " i i io l t  i i f '  I

were t ' r i l lowed b-o- t"P NIV{R sgrectrusccipl".  Coi i i i -r ,rr j i ' idr I

and 2 were the c , rn ly  spec ies observe i i  bv : ' iP  NN' { i i  i } )e( r -

trclsc(rpy during the thermai clecontptlsi t iutt  t i l  I  At ldi ' t iotr

of warer. powdererl giass. or 'f l ' l lt 'fPO i.ir Pxpr;sLirt' ttl str{)!:g

visihle l ight did nrrt  signif ic:anti ' , r  aff 'eci '"he kinefi t :s. 
' lhe

kinet. ics of t i rermal dect,rnprisi t ion of I  were qul i i i . . l t  iveir '

sinri lar in c5;clohexarre. THF, and tolrtene" 
' fhe 

tr)resPncri
of 'piat inunr metal ( in lhe ft i rm t l f  a r i ietal l ic mirrtr ' t t t  i l . r t '

r va l l  o f ' t he  NMR tuhe )  acce le ra : l d  c i ec ' , t i : i ' r i s i t i r ' i r  i r f  1
Figtrre I  ihorn's Ji lot: ;  ol  ve-rpresent.at ir 'e ki irr t ic i l : l l ; i  ' r i , '

te in* , i i  : r i  d i i ' fc rent  in i t i t i l  va l r les  o f  the c{ . )n( 'ent ra t ic i :  , ,1

I  ( i i  j { , i .  Decumpo- ; i t ion r i f  I  f t i i lowed i ' i rs r - r , ru ier  i ' ' - i i i { '1 r t ' r .

1r.,r  [  1,,  < 15 ml\{.  For [  ]r ,  )  l  i r  rnl\{" the rate of t i i :cr;ni '
positir)n decrea.ced and deviation f'rom first-orcier llerlin'":'ir

in t " r t ' i loer t .  
' I ' l : , ,  

a l jperen i  r t r ic r  in  I  a1 Lhe h ighe:  
" : l l t , l t ' ' s

of [1,1 was greater t ] :an i ' i rst:  evicien('c st lnl tnarizei l  ! ;6' l .r l

suggests that the i leviat ions f ' ron: f i rsr-order behavit,r  are

at t r ibutah le  to  t ,h t '  i t r f ' luenue <, f  pror iuc ts  o f  react ior ;  (c i -

pecial iv 2' t  <tn the rate. Frlr the pt lr l lose of analysis i ' : rsi"

order (eq ir) ratc cr-)nstatrts determined ovr:r t .he i i ls l

half-t i fe r i f  the r jecotnposif ion hat 'e been used thrt l t tghl i i l

th is  paper .
- d t l  j / d t  =  k . i , . a [ j  i 5 ]

Our examinaticln of the int luence rtf  reaction prodrt<'ts

on rates was quali tat ive and focr.tseC on L, 1-but.ene. attd

2. Changing trhe concentrat ion of i l - l6 from 0 to ().() l i l  l \ i

decreased the rate of '  decomposit ion hv a factor ol 6.

Fur ther  change ( f rom 0.013 to  0 .2  M)  had no s ign i f icant

eftect (Figure 2). For technical reasons we chose not to

add l-butene i tself  to the reaction because i ts volat, i l i tv
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Figure 2. Observed first-order rate constant as a function of [[,]:
? ' =  9 9  ' C ;  [ 1 ] o  =  2 5  m M .
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Figure 3. 
' ! 'hcrm't l  decir lnptisi t ion gf I  i t r  cvclohexa.ne cr;rrtaini lrg

e i l r l e r i  2  ( 7 '=  g f t  "C r :  i l l , , =  2 i i  m IV l ;  ( t i  [ 2 ] , )  =  f ]  n i lV [ ;  { a )  [ 21 , ,
- '  !0  nrNl :  { t ] ] )  [2 j , ,  =  i ] i )  rn lVt :  (O)  [2 lo  = t i { )  m\ ' { .

r :nakes rt ,  i r tconr,et: iett t  tc irarrci le, irut,  r l 'e eslabl isheci thal

t i re  ra te  t i l  deconlp( 's i t i ( ,n  t l f  I  was inc ie l tender l t  r : i '  th t

concent ra t ion u i  l - ( ) ( ' tene f r< tn i  t t  to  ( ) .1( ;  X ' l .  Addi l io t ;  o l

?  s l r ;wer j  l  l i r :  decot r tp t ts i f i r i l t  i  F  igr r re  1 i ) .

In  t ,he a t lsen i re  o t 'adc iec l  I , ,  ra t t ' -q  o i 'dec, inr1) t ts i t ion t , ' r  t ' r

t he  t i r s t  ' '  '  Lo  I  ha l f  i i f e  we re  reJ r roc i t t t : i i r i e  { * i ( )  i { ) 9 ' ;  } .
A i t ,er  the i i rs t  ha l f - i i ie  ,  ra tes var ied i ;v  tar - ' t r r rs  o f  * i ' i  :2  { } .
' l 'he ir . ; tgth ot i , i rne f irr  whi i :h I  hatl  t ieel:  stored |1sl<1;"r '  i - tse

t i )  " ( ' .  da r i . : .  i l  a i : ' )  r i i t i  t t , r t  i t r f ' l ueuc :e  t he  k i r i e t i , ' : . .  i  lm -

pirt i f  i t i  l .  ivhen tt i  sr l l i i t i t ln '  sl t l '* lv cieconlprlser- i  on exp()sl lre

1, ,  r l i r ix - , -gr - '11.  I l  i races of  c i i t ,xy 'aen l ra i1  l lee l l  11p i ' ;1111: 'g  ; t i

i r repr t ,duc i i i i t r r - r ' .  we wt iuk l  ha i r :  e : ; i tec ted tha l  a t i ie t i  l ,

; i i :o r . t l t l  i l r , . ' rpust '  reproc l r rc i i l i i i t r '  { i l l  sca"r ' r tg ing ' l iox- r 'get ' i

t ia tes r , j  r l  r - i  ( ) t lP{ )s i t - i , - rn  in  th{ '  i - i r t , ' ,e 'nr 'e  r l i  ! ,  wt ' r (  '1 , 's .

r r p r i l i l t i i r i l ' l e  i - han  t ho ' ; e  i n  r t s  abscn r :e '
' l ' t r t  qua i i t ] ,  , r i '  t  he k i r rc t t  r r t  t ia t ,a  r i ,  >es I i , r t  per t l i i t  det : r i i ' ' i i

rnechanis t ic  rn ter l i t 'e l , t i i1 , t l  l - t r r t  is  adet l t ta te  ! ' t l r  q i . ra i i l i l i l \  { '

mech-an is t i r  s tur i iec .  
' l 'ho- ' l r ror l ' : r :1  

rJ is t . r " i i r r r t i t rn  is . 'hat tgr : r i

l t v  t he  adc l i t r , r n  r i l ' 1 .  {Sche t r , e ' l l .  an r i  f i i u s  < i r rE ,  ' , 1 '  ; i 111 i ' g  { i t

the pathwavs ftliiorr.+'ri ttr t,he absr:rlt:e o1'I. i1;s e;|orved' J'his

effect acc()Llnts f t ,r  st l tne of l .hr: rate der'r t 'ase ol ' l  adti i tron

of '  [ , .  We suggest beicw that a maior decornptlsi tr trn
pathwav is an intermoiecular process and the <-rveral l  rale

of decomposit ion rs probabll ' '  stronglv relat-eri  lo the r:rrn-

centrat ion of 'one or more reactive species. i t ,  appears t lr i r t

1-octene and h1 'anaiogv l -butene are t io t  r€- 'p i . r l l s i i r ie  for

the t lev ia t ions f ' rom f i rs t -or t ler  behav i t t r .  We l re i ieve the

deviat ions : ire r iue to the bui ld-r-rp <;f 2 over t l te t : t t t trse nf '

the c lecompr is i t ion.  Spec i r :s  2  mav be inh i l ; i t ing react ion

!-rv i t tcreasing the {: ,rncetl trat iotr , : i" free L {)r l l lore pro!-rabl1'
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Tsble I. Isotopic Codposition of l-Butetre Derived frorn Thermal D_ecomposition of I in Cyclohexane
second component

(concn.  mM) lL lo
isotopic compositn of
l -bu tene  compd (%) "

d{r  (>98) 
I  , , , ,  solvent  involvement

d , )  (>98)  I

ds (60),  d;  ( .40i  
I  cvclometalat ion of  L occurs

d o  ( 9 4 ) ,  d l  ( 6 )  l  
-  '

da (87),  d? (13) o 'c lometalat ion of  L i -q reduced bv added L

d "  ( 2 5 ) .  d -  Q 1 ) .  d r  ( 1 9 i .  d , ,  ( : J 2 )  \
d i  ( 6 6 ) .  d ,  ( 1 2 i .  d ;  { 3 ) .  d A  ( 3 2 t  t  _
d-t  1 ' l t .  a,  tZ ' i t ,  d,  1n' ,  )  cr( )ssover occurs in the decomposi t ion of  I

d4 (51) .  c / ,  {3 ; l i  , r "  t iS l r  t

in ference

1t'
1 .

1-don
L-dunb

1-ds'

I -dr,

l-dr,
| -dnb

L-d+'

CoDt t

CuDt,

1  (13 )
1-butene (30)

0.0
0 . 1
0.0
0.0
0 .1
0 . 1
0 . r
0.0
0 . i

oThe methods used to determine these values are deecribed in the Experimenlal Section. The values are not corrected for isotopic
impurit ies in the starl , iDg materials. ol l lo= 25mM: ?=99oC; after I  h. ' l l l , r  = 25 mM; T = 110 oC; after 2 h. dl l l0 = 13 mM; 7= 110
"C; after 2 h.

T ("C)
9 0

o  2 o  . , i m e  ( m i n )  
o o  6 0

Figure 5. Thermal decomposit ion of I  (n), l -d4 (o), and 1-d8
(a) in cyclohexane: ?'= ! ]9 oC; 

I t ]o = [ l-do]o = [-ds]o = 25 mM.

Scheme II" Synthesis of Deuterated Analogues of I

t 3 0
t o o

8 0

q)

o

E
O  O U
c'

!}

f

6\

- 5

2.4 ?.9 3.O
t o 3 t t  ( .  K - l )

Figure 4. Arrhenius pltits for <iecomposition of I with two
concentrations of L (indicated in the figure): [t]o = 25 mM.

by consumption of the species mediating the intermole-
cular process.

Activation Parameters. The temperature dependence
,;f the rate of decomposition of I was studied under two
different reaction conditions. I,inear Arrhenius plot: were
obtained by using &ou"a (ee 5) at two different valu€s r)f
added L: [L]o = 0 M and 0.1 M. For [Ll = 0 M, iog A -
11 and E, = 25 kcal/mol. For [L] = 0.1 M, log A :r 12
and Eq ry 28 kcailmol (Figure 4).

Kinetic Isotope Effect. The kinetic isotope effect on
the rate of thermal decomposition was determined bv
decomposition of l . bis(tricyclopentvlphosphine)platina-
cvclopentan e- d s (.I - d s), and bis ( tricyclopentylp hosphine I -
platinacyclopentane-3,3,4,4-d.+ (I-dn1 in separate NNfR
tubes. The kinetic isotope effects were ft(1) lh(l-d') = 2.3
+ 0.4 and k( l ) lk( I -d4) = L.2 + 0.1 (Figure 5).  The di f -
ference in the magnitude of these kinetic isotope effects
indicates that the rate of decomposition does not depend
onlv on the rate of breaking a C-H(D) bond in the B-
position of the platinacycle.

Deuterium-labeling experiments were used to es-
tablish the origin of the hydrogen atoms in the hydro-
carbon products (Table l).n,n When cyclohexane-d12 was

(25) Merck, Sharp, and Dohme eellr cyclopentyl-de bromide.
(26) A eimilar synthesis .of deuterium-labeled metallacyclopentanes

has appeared recently. Yank, G. K.; Bergman, R. G. Organometallics
1985.4.  129-138.

ar {} a, +#,:rtrj- p rC}ag):
t , ' - 3

c o 2 E t

t l  
D z ' P d l c .

c i c2 r t  
ceHo

c 0 2 E t
/  

_  
L A D

Y do ---::+
I  e f n e r

c  0 2 E r

o - H  $ r

i ,  - - * B , L  l ,  r ) M s , e t h e r

f  " t  ;F;  (  "8 
, )  coDP'"?* ' ;

o H  B r

L .  e f h e r  / ^ \
C O D t , y a A  L Z P t _ l d A

the sr' ' lvent, nn deuterium was incorporated in the l-but-
ene. I)ecomposition of' 1-d6 or bis{perdeuteriotricyclo-
pentylphosphine)platinacyclopentane (1-dsa) (in the ab-
sence of added L) resulted in significant (0.06-0.4 equiv)
but less than stoichiometric transfer of'H(D) from L to
l-butene. trn the decomposition of I in the presence of 0.1
M L, only 0.1 equiv of H was transferred from L to butene.

l)ecomposition l-da yielded l-butene having deuterium
on all carbons (eq 6). The 2H NMR spectrum of this

N u m b e r  o f
D e u t e r i u m  A f o m s

D 
0.69 t . l

. " p i iR  
coHrz ' o ' tY !  

) J  ( 6 )- e '  . \ Z U

D  l 6 h , l l o o c  
,  t

0 .76  1 .4

l-butene yielded the relative numbrsi of deuterium atoms
at each position. The process which produces l-butene
is accompanied by transfer of deuterium atoms from the
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B-position of the platinacyclopentane to the 1- and 4-
positions of l-butene. We expected transfer of deuterium
from the B-position of the platinacyclopentane to the 4-
position but not the l-position of l-butene. A reversible
B-hydride elimination from an intermediate n-butyl-
platinum species provides the simplest rationalization of
deuterium atoms in the l-position of l-butene and the
observation of 2-butenes as primary reaction products
(Scheme I).

Decomposition of l-d6 and 1 in the presence of 0.1 M
L yielded a mixture of l-butenes containing 8, 7, 1, and
0 (Table I) deuterium atoms. We demonstrated that the
crossover of hydrogen isotopes was a primary reaction by
the absence of l-butene-d1 in the decomposition of 1-d3
and l-butene. The appearance of l-butene-d5 in the de-
composition of l-da also supports crossover. Transfer of
deuterium from the S-position of the platinacyclopentane
to the 4-position of l-butene and crossover imply that there
is no preference for intramolecular transfer.

We were unable to determine whether hydrogen transfer
from coordinated L into l-butene was inter- or intramo-
lecular, because exchange of phosphine moieties between
platinum centers was much faster than decomposition: the
3tP NMR spectrum of a mixture of 1 and 1-d5a taken im-
mediately upon dissolution showed a statistical mixture
of l-d5a, L-dn, and 1. An intramolecular hSrdrogen transfer
accompanying cyclonretalation has, however, ample pre-
cedent2?-2e (eq 7; in this equation, any of the C-D bonds
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h l  . H

L z p C  +  . - t r - l . * 9 .  L z p r ( o )  +  /  - , /  ( 8 )

3

rate of decomposition of I in the absence of 3. Complex
3 not only reacted stoichiometrically with I but also cat-
alyzed the decomposition of 1. We hypothesize that the
catalysis occurs by generation of a new hydridoplatinum
species in the reaction of I and 3 which competit ively
reacts further with a second molecule of 1. This species
may or may not be the species mediating the intermole-
cular pathway observed in the decomposition of I itself.

In the second experiment, a solution of | (52 pmol) in
toluene was exposed to 26 pmol of dihydrogen at room
temperature. Within t h, 0.6 equiv of 1 yieided 2 and a
mixture of n-butane and butenes (a.8:1.0) (eq 9). The

c z H g  r
L , P U  +  H z  L z P r ( o l + /  * b u f e n e s  ( 9 )

reaction of bis(trialkylphosphine)dialkylplatinum com-
plexes with an excess of dihydrogen has been investigated
previously, and the observed products were always alkane
and t rans- bis (trialkylphosphine) dihydridoplatinum ( I I ). 32

Here, there is an excess of l, and reaction of an interme-
diate in the hydrogenolysis of I with a second molecule of
1 is apparentl.v competit. ive with unimolecular decompo-
si t ion of  th is intermediate.

Discussion
We summ arize the mechanisticall5' important results

from this study.
(i) The major hydrocarbon products from thermal de-

composition of I are butenes; in the absence of added L,
butane and butadiene appear as minor components of the
reaction rnixture.

(i i) The decomposition is f irst-order in 1. The kinetics
are not sufficientlv reproducible to permit detailed anal-
ysis, but the sor rrces of this irreproducibility probably rest,
in mechanisticailv uninteresting phenomena (e.g., the in-
f luence ol  products such as LoPt ' )  on the react ion).  A<:-
tivation parameters and kinetic isotope effects derived
from these studies are not mechanisticaiiy useful.

(i i i) Several different experiments demonstrate deu-
terium crossover and intermolecular reaction: decompo-
sition of a mixture of L2Pt(C4Ds) and LzPt(C4Hs) yields
a mixture of 1-butene-dp, -dy, -d7, and -ds; decomposition

of L2PICH2CD2CD2CH2 yields a significant quantit l '  of
l-butene-d5; decomposition of a mixture of L2Pt(CaDs) and
L2PI(CH3)2 yields CH3D as the principal product.

(iv) L2PIH2 reacts rapidly with 1 and yields butane; H,
reacts with I and yields both butane and 1-butene.

(v) Deuterium present in 1-butene derived from L2-

PICH2CD2CD2CHz is extensively scrambled. The pro-
cesses responsible for this scrambling may contribute to
the difference in deuterium kinetic isotope effects observed

for LzPICD2CD2CDTCD, (kulha = 2.3) and LrftCHrG

D2CD2CH'  (ku lko  -  L .2 ) .
The immediate conclusion from these studies is that the

thermal decomposition of I to 2 and l-butene does nof
proceed exclusively by simple p-hydride elimination from
the metallacyclopentane ring followed by intramolecular
reductive elimination (eq 1), as wel6 and others have tacitly
assumed. This and other types of intramolecular reaction

(32) Reamey, R. H.;Whitesides, G. M. J. Am. Chem. Soc. 1984, /06,
81-85.

?,n
R z P - P O  *

-/a^
R 2 P - l t J  +

n

x^-
R 2 P - P t )  ( 7 )- t

u

of the cyclopentyl-dg moiety might, in principle, add to
platinum). It thus seems unnecessary to invoke intermo-
lecular reaction.

The intermolecular hydrogen transfer between C4
moieties is a more interesting reaction. We hypothesized
that this transfer might occur via an intermediate platinum
hydride (eq 2). A mechanism of this type has not been
established for platinum, but relatecl processes have been
investigated for cobalt and osmium.30'31 To provide evi-
dcnce for a reactive hydridoplatinum(II) intermediate in
the decomposition of t. we allowed 1-d8 (1.0 equiv) to
decompose in the presence of L2PI(CH3)2 (1.0 equiv); this
latter compound is itself thermally stable under these
reaction conditions. The methane obtained (ca. 0.1 equiv)
was 90% d1.

We have carried out two additional experiments which
demonstrate that both a stable platinum(Il) hydride
species and a platinum(Il) fiy4t;de generated in situ can
react with l. In the first, we found that trans-bis(tri-
cyclopentylphosphine)dihydridoplatinum(II) (3) reacted
with l. In the absence of dioxygen, 3 is itself thermally
stable. When an equimolar solution of I and 3 was pre-
pared in a sealed NMR tube and heated to 58 oC, 1 and
3 yielded 2 and a mixture of n-butane and l-butene
(2.2:1.0) (eq 8). Approximately 1.5 mol of 1 reacted with
1.0 mol of 3 at a rate more than 30 times faster than the

(27) Foley, P.; DiCooimo, R.; Whitesides, G. M. J. Am. Chem. Soc.
1980, 102, 6713-6725.

(28) 7,eiher, E. H. K.;DeWit, D. G.; Caulton, K. G. J. Am. Chem. Soc.
198{,  I06,7006-7011.

(29) Cheney,  A.J. ;  Mann, B.  E. ;Shaw, B.L. ;  Slade,  R.  M. J.  Chem.
Soc. ,  Chem. Cornntun.1970, 1176-1177. Cheney,  A.  J. ;  Shaw, B.L.  J.
Chem. Soc., Dolton Trans. 1972,754-763. Cheney, A. J.; McDonald, W.
S.; O'Flynn, K.; Shaw, B. L.; T\rrtle,B.L. J. Chem. Soc., Chem. Commun.
1973. 128-129.

(30) Janowitz, A. H.; Bergman, R. G. J. Am. Chem. Soc. 1981, /03,
2488-2489.

(31) Norton, J. R. Acc. Chem. r?es. 1979. 12, t39-145.
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are effectively excluded by the extensive intermolecular
deuterium transfer observed between Cn moiet.ies. A
piausible vehicle f<rr this (these) intermolecular process(es)
is a platinum hydride of undefined structure. Independent
experiments establish that I reacts readily with authentic
[ , ,PtHr.

lf the therrnal decomposition of 1 does not proceed en-
trrely bV tJ-hydride elimination followed by reductive
elimination of butene, what ls the major pathway for de-
composition? The insensitivity of the reaction to TEMPO
and the absence of products characteristic of free radicals
effectively exclude a free radical process. The observation
that hydrogen transfer between Ca moieties proceeds by
an intermolecular process, and the implication of platinum
hvdrides as intermediates is compatible with a hvdride
chain process of the form outlined in eq 2 and eq 10-13'

LzPO

l , .o)
L* -H t -  . r - {  |  '

Cr'.| - L + ir'/.'* brr)

[ r r1 l  +  L .PO + Cot . '  +  r .P? ( r  )
n = 1 , 2  H

I+  L x P r - \  =  L y P r - H  ( i 2 )

L y P t - H  +  u n e f )  +  L z P l ( o )  +  L . . P D  (  l 3  )

ri

I 'he st-.r ies of reacttons represented hv eq 10 rat ionai ize an
in i t i a i  gene ra l i r i n  t ' ' f  a  hvd r i dop la t i n t rm{ l l )  socc ies  hv  a

i)ru)cess i i rat ci , . .es not reqtt i ; :e 1i-hvdride el irninatir t tr  n' i thir l

,r f ilatinacyckrpentane. These reactions also rationalize the
, 'hservat ion o l 's ign i f icant  hydrogen t ransfer  (g2.  1r . i ) i  - ( ) .1

eqtin,) of hydrogen from L to 1-hutene. C1'g1ntn"r:r lat ion
ieact ions o f  the t1 'pe ind ic : r lec i  in  eq 1 l i  have ahundant
prc 'c 'edent .2? ls  We rvr i te  the in i t ia l  c -vc lorneta l i i t ion as

i : r i ,  : i ' "  i r r l ,  i  th r le- t 'oord inate p la t tnu in  c t lnr l l ) "> : .  i lo t i :  h , ,

:  : l , r  l (  )gv rvith previ ixrsl l= studied reactions]4':  ; ' : i r ' '  r ld l let 'ause
' i r t -  ! " a I { '  o f ' t he  t he r rna l  decompcs i t i on  t , f  I  i s  l ow 'e rec i  hv
r r jc iec l  L  iand l :v  the prese l r ( ' { , !  r r i ' spec ies s t l t 'h  i t .  ?  lvh ich

orrir i  plausibl l , 'sr:rv'e as a sol. lrce of L). ]n r:andoi. hrlwever.
. , , 'p  112r . 's  n , '  d i re-  l  r rxper imenta l  ev idet t t ' r '  bcar i t rg  on ihe
, , : : :$r1 .  "  t i ! -  r . r :s r i l inat i6p r ' r i '  any o f  the spec ies in  t i i i s  t l t r . r 'h -
i : i l S { } 1 .

i ' , i ' : l i i i on  i  i  p r ' ' s , r i l : l l r s  an  : n i i . i a t i on  s t s i r  f t , ' . r  t he  l b l -

l , r i ' .  i l '  l :vdr ide cha in  reac l i { ) t t .  Reduct ion o f '  a  p la t inr . r rn-

I i r  a lkv !  hond bv i r  hv- t i r idop la t inurn spec ies has i in ip ie

i-,ii 'r:edent hoth hert :rnd in rither svstems.ll: bttt ari {thscir!"('
" ,e< 'hanicm.  We l i ten l . iona i i ' ' '  leave the c legre 'e  l r i  c , t , r -
. i : r r : r i i r i n  t nd  f , r rma l  ox ida t i , r n  : r t a te  o f ' p i a t i n : rm  i l i t spec -
' i . ' , r i  i rr  thnle arrd the fol i i ' 'uvrr ig eqrtat ions. btt t  we n{)te that
r : r  1 ; r ' i i i r : i g ' ! e .  o r i e  r t f ' t he  l i g i t n i i : i  i ' l r  t he  p la t i n i r n r  hvd r i i l r ,
: ; r , r i , , i . '  : , " 1 i " : l r i  l . l e  ; l i a t i nu tn :  t ha l  i s ,  d i -  o r  po l ' v . J r l a t i nua r
.gr i  f  ie - .  i , r ; , { l ; t  i re  in tern:^d ia tes in  these react ions.

i ' l i i , ralr lrrs. l? and 
' !3 

reltresernt fhe propagatirtn reactions
i r  lhe pr i ;p , ;se. l  hvdr idr - '  t ' l - ra in .  in  eq I2 ,  an n-bt t tv l -
p lar inurn *Det ' i t :s  v ie l r is  l i l r tenes and r r  p la t inum h-" "dr ide
hv reve'cihlo iJ-h.." 'dr ir ie ei iminatir ,rn from a nr ' 'n-metai-
iacvr: irr '  species. Rever-qihle iJ-hvclr icie el irninat. ion in eq I2
rat. ionai izes transfer of deuterium frorn the i i -posit ion of
thu r ing i . : i  1 -d1 t t ;  the 1-pos i f ion o f  i 'huteue at r .d  obser-
, i r ' ion , , i  i , i1 , - '  p roduct  2-butene.  In  eq l l l  react ion o f  the
p l ; l i r r r r : r r  h- r 'd r i<1e wi th  the p la l t i r : tcyc i . ) i )entane r i l ig  re-
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generates the butylplatinum species of eq 12 and yields
2. Because alkylhydr idoplat inum(I I )  species are not ex-
plicitly generated in this sequence (although they may be
intermediates in eq 1ll), the most common reaction of
hvdridoplatinum(II) moieties in the chemistry of L2PIR2
complexes--reductive elimination of alkane--does not
0ccur.

We dernonstrated that 3 reacts stoichiometrically with
l. This observalion is compatihle with our hrpothesis that
a soluble plat inum hydr ide carr ies the chain in the de-
composition of I (eq 10 and 11). We also found that 3 or
a species derived from reaction of I and 3 and a species
derived from reactiort of 1 and dihydrogen catalyze the
decomposition of t. The identitv of these species is not
known: however, the facil i ty with which these intermole-
cular reactions take place in dilute solutions is remarkable.

Because we do ttrit have experimental evidence relevant
to many of the processes in this complex sequence, it is
not useful to speculate further about its details. Although
the details of the proposed sequences are only partly un-
derstood, the central proposal-that the decomposition
proceeds by a chain reaction carried by a reactive inter-
mediate hvcl i idoplat inum species (most econonl ical ly
summarized i rv eq 1)- is supported by al l  the avai lable
experimental evidence. This evidence is clearly incom-
patible with a simple 0-hydride eliminationlreductive
elimination mechanisrn (eq 1). 'I'he proposed sequence of
reactions represents b<lth a previousiy unrecognized de-
composition path ft lr metallacycles and a procedure i;f
interest as a method l 'or generating hvdridometal species.
Ry establishing that rates of decomposition of platinac5'-
clopentanes do not represent /3-hydride eiiminatirln but
only a lower l imit for such a process, we aiso raise the
est imate: ,  c, f  ther stabi l i ty  conferred on alk-v iu lar inum
r ' ( r i r l p . ) i ' n ,1 . .  i r i r v ing  . l - ( -  H  honds  hv  inc , t rpo fa t i o i l  t ; { ' L l - re

; l i i . i  I  g r l l l l ) s  i t i t , ' 1 " 1  . ' ' r ' -  i l t l r l  t r . '  i r i i - r p t l i ' e  s i r -  a r r r j  : 1 1 1 i r f  i

l r l ( ' l r )  l i r ' ; , ' r l  r :  I t i . l r .

l , x  p e r i  n t e : n f  a l  S e c t i o  r r

( ]enera l  l n fo rmat ion .  A l i  rea t ' l i o t t s  a t td  t r ; rns fp i s  t ; i i  t , l '  i t ;F .

' ) r ' ga l ron te la l l iC  c , ! l I i p ( ru l i ( i s  were  Car r ied  g r r t  i i : lC i t : r  i l ! ' [ i ( ) l l .  ( ' r ' -

,  j1r i ; . r .Lrr{ '  ar tc!  i r t ' r r let t ter i i t r - 'vc l< lhexal le were st i r reC ' ) \ 'er  :1 rn ixt i r te

, , i  r ; j " ; , .  , i , , r i  i i r  . , , t l t ' , r i i ' i t ,  i t l  f t t r  I  w c e k  a t l c i  w ; , s i t t ' i  l t l  - t ' : : t l r ' 1 t , . ' i '

, i  t ' .  i -  r i ' r : t r  '  , i i i r r t e  ' , l r i  i r i t n  ! r i r ' a rhona te ,  an r {  sa t t l i ' ; t t ec !  aq r ie r } t l s

. r ' , 1  1 ,111 ;  .  i r i t , r i , i t ' .  
' [ ' l i e t '  

l l r ' r e  then  passed  t i i r , i t l gh  : l  t ' o i t t i t : n  o t '
' r , i i , ' 2  1 1 p l  , . r n r !  ' i i s l r i l e ' c J  l r , i r q  l i o t t i t J  N a  l K  a l :  , , ' t t n c i e i  a r s ' r n  i t n -

r r i e ' l i a l c l . ;  l , r i o r  t { }  i i se .  F l the r .  t e t , rahvdr r l f t i r ' , n ; rn r i  l t e l }7 t ' ne  wr , r r l

r l i .  ; ,  i . , , i  ' a r l n l  i i t - ( ' i j r i l i ! :  ! r i ' 1 1 2 o 1 l h t ' i t o l l t '  r i i i t l l i , ) 1 )  , t n d e r  a r g ( ) n .
' i -o i , i r 'nr  

* 'a j  s l i r ret i  n ' i th s l i ih i r ic  aci t l  t i r r  I  h.  w' ; ' t -s i rer i  wi th uater ,

: : L l i l : ' i  ' ' i 5  \ - i i ( iF t '  i t t l t l  ' * ' : r 1 '  r . ' i r i e t l  t t l ' l l r  t ' r l i '  i : ; i r i ' l l ; i u r l de '  1 ; ' as - ted
1 j t i . r t l g l - : : t i i i ' a  g , ' i " : r i : l i  ' i r " : i i i ; ' i r  i r , r t ' r l  \ ; r  i - i r i r r : ' 1 ' r  i . : s e  ' I ' o i t t e t r e - t i .

, . : ' : . r :  r i i s r i i l r  i i r , , r l ;  i i : l r i ' ; t t  . i i , t : : i i t r i i , t i  h i ' t l r i r , l i ' 1 i ' l " i o i  ' i r i  i l - - , e .  I ) i -

L 'b io r i , l  i  . i - t ' \ ' r ' l o , r c ta r l i t ' r r , ' t l . i a t , i l t t l t " l l  , I I ;  l q  i : ' ? l : s - i i . t ch l< ' r ' , b i s i l i l

c - vc lopen tv l ; l hosph tn t ' i p l ; r t , i t i t lm( I I i . ' l ' t r i r ' ' ' t ' l r )p i ' t i t ' . ' l r r ' hosph i r i t ' , : ' ' t
t . r i c v c l l p e n t v l - r J , - . ; ' i 1 1 ; c p i r i n r - ' : l a  a n t j  i i ' ; ' - r - ' v i ' i p r r ' : t ' a d t e n t ' ) d i

mei  ! i r . ' ipr i i r t . i r t t tn i  I l  t : t j  ro 'er , . '  l t ret t i r r r ' r l  l , r .  ; ; r " t ' '  i r l r r " l ' . '  t iesqr" i l led

1- l r , rcedr- t res.  i  ( . i , ' t+: t re '  : t l l (1 t l le thvl  i r , , ! r<. . i r '  \ t " 'a i r '  o, i l i i : red t t i r t lugh a

co iumn o l  a Iu ln ; t t ; t  i r nn red ra t ,e i v  p r io r  t , t '  i i se .  l - [ ] e t l t ene  was

c i r s t i l i c -d  f r r ;m  i . ' l l l z  und t r  i i r f un .  Y ie ids  o l ' ( i r t gna rd  reage t t t s

wer r  es t i n ia re r j  i r v  i t t ra r . i l n  aga ins t  2 -bu ta l to l  i n  x - r ' - i e r res  r v i th

2 .? ' - i r r t l  , t i t : r , i l i i i -  as  a t t  i t i t ! , , ' ; t i . . , r , ' " '  O th . r :  r ' ( ) r r l i n { ' r (  i a l  l eagen t , s
' re re  t t se t l  r v r th l t t t  : ' u r the r  p t t r i f i t a t ton .  LH N \ {h  spe t : t r r t  we ie
run () i l  Rr, rke-r  A\{ ' l iX ' }  , r .  \ | \ !  l l (Xl  i t rs tntment.q.  Prokrn-dei ' ' r t t1, , i td

O t s r r k a "  S .  / n r - r r q "  S v n t h .  1 9 7 9 ,  i  9 ,  1 0 1 -  1 0 ?

I-.;  Mil ier, 
' I ' .  
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Bis (t  r ic y c lo p e nt y lp hos p hine i  p la t  inac y c I  o p e nt ane

31P NMR spectra were run on a Bruker WM 300 instrument at
121.513 MHz. Chemical shifts are reported downfield from 85%
H.PO4. Melting points were determined in open capillary tubes
on a Thoma.s-Hoover apparatus and are uncorrected. Mass spectra
were recorded on a Hewlett-Packard 59904 GCTN,IS instrument.
Gas chromatograms were recorded on a Perkin-Elmer Modei
39208 instrument. Satisfactorl' elemental analvses were obt.ained
on al l  nondeuteraLed compounds from Galbraith Laboratories,
Inc., Kntlxvi l le, T'N.

Dimethyl Succinate-da. A 360-mL pressure bott le was
chargeci with 0.25 g of 5Tc Pd,.Alumina. flushed rvith argon. and
charged wi th  150 mL of  benzene and z l .5  mL ( t ) . i75 nro i )  t , f
dimethl-l acetylenedicarboxylate.% Reduction witir D" t.1(t PSI(l i
at room temperature for 6 h yielded, after distiilation. :'-i g (9.1% t
of dimethyl succinate-d4@4-46 oC.0.{)5 torr).  rH NN,{R rCDCll i :
6  3 .61 (s ,  6  H) .

1,4-Butanediol-dg. To a dr1' 3f l0-rnL round-bottomed t lask
equipped with a condenser and an addition funnel was added 7.0
g (0.17 mol) of lithium aluminum deuteride and i00 mL of ether.
A so i t t t ion o f  24 g i0 .16 nro l )  o f 'd imethv l  succ inate-d.  in  100 ml ,
o f  e ther  r ' , ,as  a t - i rk 'd  i i r t ,owise, r 'e ! "  i  h  a t  { i  c ( '  ' [ -he 

reat t ior r
nr i x tu re  was  s t i r red  ove rn tgh t  i l 11d  a l l t . r$eg [  !1 r  \ \ . i r n !  [ r ,  r ( ) ( ) i l t
t , empera tu re .  \ \ -o rkuLr  v ie ided  j2 .1  g  \ t IC7 ,  |  ( t j i  68  o {  1 ,  L ( l  i ( ) r r r
o f  1 ,4 -bu taned io l -ds .  Car r f  i ng  ou t  the  reduc t io r - r  r v i i h  i i t h r r r rn
aluminum hydr ide y ie lded 1,4-butanediol -da.

1,4-Dibromobutane-ds.  The procedure of  Gi lman was used
to ccinvert  i .4-butanedict l -ar  to 1.4-dibromobutane-43 ancl  1,4-
t rutanediol  -d n t<t  1 ,4-dibromobutane-r /n in 85 % i  iek l  : i^

P repara t ion  o f  f ) i -Gr ignard  Reagen ts .  i  l .  {  B r r tan ( ' i
i l , 4 -bu tane-d r i -  anc i  (1 ,4 -b r i t ane -ds )d imagnes l r . l i n  l r r , ' n t t r l e  i i ,  r ' , .
p repared  accord ing  to  a  p rev ious lv  des t ' r i l l ec i  p r , r r  t ' ( i r l i - r .

rou r rd -bo t t . i lme 'd  f l ask  equ ipper i  u ' r t h  a  s t i r r i ng  ba r  ru l c l  a  r i r i ; t ; t , r
s e p l . u n t  ' " r ' a s  t : t r a r g t , r l  r r i t h  1 . ! ;  g  { i l . l l - 1  n u n ( , l r  , r l  d i c i r l t ' r , . ' i  i
cy r  l ooc tad , ie r ie . tp ia l i r run r t l l ) .  F l the r  { t i l )  rn l . ,  \ \ ' r 15  t ' r d ( i r . ( l  rnd  th t
s u s J r e n s i o r t  c r i , ' l e , l  1 , ,  : 8  o C .  a ; r c l  ' l l  m l .  t r ) . 1 ;  \ l . . l l  r r , n i o l i  o l '
d i -Gr ign , r rd  reagen i  i n  f 'HF  rvas  added  d ropu ' i se  ove r  10  m in .
T'he react i ( ) i r  \ \ 'as a l iou 'ed t ( )  warm t t l  roor l  ierr . ipdrat t r re over t l
h,  arrc i  a br , r rvn strspension resul ted.  The react ion \ \ 'as cooled t l r
i l  o( .  .  ar id 0.5 rn l -  of  saturated aqueous NHICI was added. Af ter
the solut ion was warmed to room temperature.  Na2SOn and de-
color izrng charcoal  were added ancl  the mixture \^ 'as st i r red for
a short  per iod before f i l t rat ion through [ ]e l i te.  ( - i 'ncentrat ion

bv rotary evaporat ion ' , ' ie lded -Q3f l  nrg i l !7 )  t ' ' f  i r  tan sr , l i r , l  i ' i r is
rna te r ia l  w i r s  used . , v i t h r , . i t i  f r i r t he r  p i i r i f i r ' l t l i on  'H  \ \ l i t  ( ( ' ^ I ) , ; ) ;
l . { . { 1 1  i s , , +  } { ,  , J i , ,  H  = . 1 1 1  l - t z ) .  2 . 1 i )  i n r .  - l  H . . / 1 , ,  r i  =  y : :  H z t .  1 . 9 S

i i r ,  , i  F i .  . i i . , , ,  , =  i r : - ;  I l z )  1 . ( j { - )  ; . 9 i r  { n i .  8  H i  l l . 5 - ( l v r l o -
, , . t . , i 1 i i . r e l p l a t i u e e i c l i r l ) e i r t J n e - , 1 o  a n d  - d *  ( I l )  w e r e  p r e p a r e , r i
a  r l  i i ; , .  ) H  (  ,  i i S  i \ ' .

Bis(tr icyclopentylphosphine)plat inacyclopentane ( I  ) .  A
25-mL round-bri t tomed f lask ecluipped with a st irr ing trar and
a ruhber  sept ,um was charged rv i th  l . ( )1  e  ( . . l . i J i  mrnol )o i  (1 ,5-
cvclooctat l iene)piat inacvciopentane( I i  )  anC r.t  l ier t  ! t . t)  m L ).  The
result ing sr-r lut ir tn of 'piat inurr '  coniplex was co, ' led to () o(1. and
tr icyclopentvlphosphine (1.48 mL, 1.48 g,6.19 mmol) was addecl
riropwise and the reaction allowed to warm to nrom ternperature.
' l 'he reaction was st irred overnight. A white precipitate (1.69 g,
827c) lormed and. was separated frorn thc, reaction mixt l l re hv
filtration. One slow recrystailizatir-.,n from tollrene rinder &rgr;11
yieicled rnaterial suitable for kinetic studies: ,865 ms (42"1,):  mp
l2 l - I 23  oC  dec .  tH  NMR (CaDu) :  62 .2 *2 .5  (m .  1 { )  H } .  13 -2 .2
(m, 52 H). rtp NMR (C6D6): 6 19.6 (Jpt_p = 1?6(_r Hz). I  -d4,l-dt,
and l-d5a were prepared by analogous procedures. l -dr: tH NMR
(C6D6)  6  2 .2-2"5 (m,  10 H) ,  i .3 -2 .0  (m,  48 H) ;  t ' i '  NMR (C6D6)
D 19.6 (Jp,  p  = 1758 Hz) ;  mp 118-120 oC dec.  l -ds :  IH NMR
(CoDs)  6  2 .2-2.5  (m,  6  H) ,  1 .3-2.0  (m.  48 H) ;  t tP NMR ( (16D0)  6
19.7 (Jft-p = 1752 Hz):mp l2O-123 uC dec. l-d.,a: tH NMR (C6D6)
6 2.3i (4 H, Jpt H = 67 Hz),2.04 (4 H, Jp,-H = 84 Hz); 31P NI\{R
(CuDut d 18.5 (./p.,p = 1760 Hz);mp lI7-l2L oC dec. Anal. Calcd:
C , 5 6 . 1 0 ;  H , 8 . 5 9 ;  P , 8 . 5 i .  F o u n d :  C , 5 6 . 1 1 0 ;  H , 8 . 4 0 ;  P , 8 . 7 3 .

cis -Bis(tr icyclopentylphosphine )dimethylplat in um (II  ) .
A 10-mL round-bottomed flask equipped with a stirring bar and
a rubber septum was charged with 122 mg (0.366 mmol) of

(3?) Gilman, H.: Blatt, A. H. Organic Synthesi.s; Wiley: New York,
1941; Col f  ect .  Vol .  l ,  pp 25-4L.

Organometal l ics,  VoL. 5,  l lo .  7,  1986 I4 i9

( 1,5-cyclooctadiene)dimethylplatinum(II) and ether (2.0 mLt. The
resul t ing sol t r t ion was cooled to 0 oC, and 225 pl ,  t i ) .92 mmol)
of  t r icvclopentv lphosphine w'as added anr i  the react ion al lowed
to warm kr room ternperature. 

' i 'he 
rt,acti,rn u;is stirred overnight.

The react ion mixture was passer l  thrr ,ugh ca.  i  g ofs i l ic 'a gel .  ant l
the s i l ica gel  was washed wi th ether.  f 'he voiat i les \ \ 'ere removed.
and recr l 's ta l l izat ion f rom ether-methanoi  v ie ldcd 1i )5 mg (41%l

of white crvstals, mp 120- 125 'C dec. rH NI\{R (Cnll, j): A 2.2}-'2.1:l
( m , 6  H ) ,  1 . 2 U - 2 . 0 0  ( m , 4 8  H ) ,  l . t l s  ( t  w i t h  P t  s a t . ,  J p ,  H  - -  6 6 . 8
Hz ,6  H) .  3 rP  NMR {CoD. ) :  6  l g . r i  i . / p ,  , ,  =  1852  Hz) .  Ana l .  ( ' a l cd :

C ' .  ; - r ' 1  l t i :  l { ,  8 .62 :  P .  8 .811 .  F .ound :  C .  i r . l . 7 i :  H .  s . , l i :  I r .  ! ) . ( } -1 .
t  r a n s - R i s ( t r i c y c l o p e n t y l p h o s p h i n e ) p l a t i n u m ( I I  )  D i -

h v d r i d e  ( 3 ) .  A  s u s p e n s i o n  o f  2 1 0  m g  ( 2 8 9  p m o l )  o f  l  i n  1 . 1  r n [ ,
o l  ether i r r  i t  l r r€ 'sstr re bot t le was t reated rv i t t r  r i ihvdrogen ( .11r

l 'SI( i r ' A slichi iv vr lkrw solution resulted after -1 h The solutirin
uas  t rans l t . r r i . r i  r , r ; i  r r rund- l )o t t t t n ted  f l ask ,  anc i  t he  vc r l t i t ne  was
reducer l  i ) r ' , i r r , ,  i r r r l l .  i ' , rg i r t  rn i i l i l i ters o1'degassed absolute ethanol
were  adder l  .  an r j  i i r t , - r , l t r t i o r i  vu i r s  coo led  to  0  oC l .  A  wh i te  c rvs -
ra l l i ne  so l i d  p r t , ,  i L r i i r t e .d  i l i i J  rng .6 t ' t ' Z  i ove r  1  da ,v * .  The  c rvs ta l s
were  washed  l v i t h  e t i r i l r , i  . r r r r i  t i r i c t i  r - r r i r i e r  vacuum.  ' f h i s  

t : o rn -
pounr- l  iu  sol t t t i t 'u  arrd i rs  r r  . ,  ' i i , i  l -  - i ight i ' , '  set ts i t ive to atmospher ic:
oxvgen  o r  i . ' i s i b le  i i gh t  a r r r l  ( , \ l ) ( ) s r l r r . t l  l r r r i h  u 'as  n r in im ize r l  when
h a n d l i n g  i t ;  m p  ( u n d e r  a r g o n i  i l i e  1 , ' l  " ( '  r l ' N l l l i  r ( ' , 1 ) ,  ) :  , 4

6 1 . 9  ( , , / t , t  r .  =  2 8 9 5  H z t :  ; H  N I I f {  r t  n [ ) , ; i  
] '  i . . 1 , ]  j . , j u  ( 1 r .  , ' , . i  l i  r .

-  2 . t19  ( t  c r f  t .  ' 2  H ,  Jp1 i l  =  782  Hz . ,  Jp  i r  =  l l  Hz t .  A r to i .  ( ' . i t ' t i ;
( ' . 5 3 . 4 7 ;  H . 8 . 3 8 ;  P , 9 . 1 9 .  F o ' r n d :  C . 5 : 1 . 3 9 ;  H . 8 . 1 7 ;  I ' ] , 8 . 9 0 .

Products of Thermal l)ecomposition. T'hermolv-qis reactions
were t'arried orrt in seaied lubes prepared in the toll<;wing manner.
l ' , . r . \  t r r l ; t r r g  r { i - r r i l i - r  r ' . r i  .  n r e d i r r m  w a l l e d .  c a . 2 ( )  c m )  w a s  s e a l e d

: , , i  -  , i 1 i r , , j  ' ,  : i  : { ! ' i  } l l } l ( i  g l a s s  i r - l i r t l  a t  i h e  o t h e r .  
' l ' h e

r r , l r r  : l  r ; r \ -  i  , r r r r  . r - s i , t . t  i ) l r (  \  \ \ ' c r { ,  t t ; t e r l  l i l r  i e a k s , , r ' i t h

, i , * . 1 i , ' , .  i . f  , r  l -  l l t e  t l t ' ) r  , , \ i l - . t 1 l , r t  h i , i 1 ,  i h , . \ i r r l , r r r )  l t f l t . f  i i r  r l .

f  f  r  r r . t t , r i  i l a . .  , l ,  , i t  l l .  l l a l r , t -  i l i - 1 r r i .  : t l t ( i  : r l l ,  , ' , r  f ' r 1  1 r ,  (  (  ) (  ) l  r  l l l ( l I f  \  i i i  l i l i l l i .
. l ' l t e  

a s s e n r l r l i  q ' a s  f  i l i e r i  w ' i t h  ; r r ; r , r r .  r r t r r l  t i . r  r r r g  t I . j  t r t r r o i t  o l  I

nas  ac l i l ed  r . l ' h i l e  the  t t r l l e  wa .  i ' j , r s i i t . r1 ' . r ' r l i r  r i r g ( )n .  
' l " he  

asseml r l . , '
and I  were keJrt  r rnder ' . 'acuurn l i t  ler tst  I  h pr i r r r  t t l  adding solvent
(0 . t  m l , )  v ia : r ' r i nge , r ' n i i t ,  t h r , ' t t r l i , e  n ; , r , r  f i , r s i rec l  w i th  a rgon .  

' I ' he

susperrs ion ol  l  i l ,  ,  ' , .  ! , ; f  ia . ' ;21 1 '1(  v. 'as t reezt ' -1 l rmp-- thaw degasset l
at  least  t r " ,o l inr t ,s  [ ) r '1 . , i ' l r ,  . ( , ; r j jn1:  i rnder va( 'uunt  ( ( ] .0()b t r i r r i .  ( 'are

mt r -s l  he  taken  to  en ' r ; r i , i i r , r i  I  i -  n r r t  l t . f t  , r t  t he  t t r l t e  a t  t he  sea l i r t g
p o i t t t  l l e c a u s e  i ) \ ' r ( ,  r  * r -  '  i  . . ' i j t  r ' ; r t r s  i ; i a i i n r i r n  m e l i r l  w h i c h
i - t a t a l ! ' Z e S  d e ( ' i l f ] t l . r ( ) S i i t { , l i  i i i . . ' , l r r ; i , r t r  r , i  i  , , " i i .  , t ( , , r l r t t r l : r . h e C i  l l f "
g e n t i e  w a r t n i n g  r v i l i r  ; ,  l r t ' : r i  g r t t r  . i t t r i  \  r l r r r i : r r .  j r r . i ; r ' i , , ; 1  l l  1 l - r t '
s e a l e d  t t r b e .  

' f u l i e s  
! t ' t ' r e  h , - . l r l t ' r i  i , 1  - , 1 : - f  ; € , r t  r r ) r r  t l t  t h r :  \ J r ) ( l i s , i i

a  r e f i r i x r t t g  s o l v e n t :  z . i 1 - t l i n r e l l r r ' l i r r i l , r r ) t , i i - r  ' ( ' ; .  r n e l l i r i r r t , l  r t i ; ,
o ( _ - ) .  c r . c l . r h e x a n e  i 8 0  " ( ' ) .  r r  h e i , i i i r r t . i l . i ! ) . ' ( ' i .  t r , l r r c ; i e  ( 1 l t )  n (  , ,
o r , ' ] - o< ' tan t  ( ' l  lS  oC) .  A f t c r  i ] € ' r ' r rn r l ) r ' s , i t i r , , n  the  tu i re  \ r , ' i t , r  C ( ) ( ) i r ( j
t o  - . i 96  o ( - . .  op t - ,ned .  a r r r . l  t : a i t p . i l  . r i t h  i i  ; i i i l i r e r , s€p tu r } l  .  \ ' o l11  i l r
p rod r - r c t s  n 'e re  iCen i i f i ed  i i r r r i  i l r e j r  l e la t i v t  r l t i , , s  i l e te r r l r i i - r t : c i  l i r
ga -<  c ' l t romatographv  l t r  s . r tn l t i i l r , ;  I  f r t ,  l i i ; u id  1 ; l t as t  i : r t i r r . d ia ie  l r
u p o n  w a r m i n g  t h e  t u L r e  t , r  f ( \ 1 r l l l  I e i t i i . i i r l " i i l . ' . i  i t '  I l F l r ' r , 1 i r , i l  l l f l e :
were  comJra red  w i th  those  r r t  au the l i t i r :  l r l l i ' l  t , ; ' i a i : r  r i r r  { ' r r ] i . lm I rs
having tw. ,  d i f ferent  l iquid 1thasl :s.  ( -her: - i i t 'a I  ident t t . . ' ' ' " r 'as I ' r r r ther
conf i rmeci  h. , '  r ' , tmp21ison t ' l f 'mass sper" t ra 1o tho,se oj  ar i lhent ic
n ra le r ia l .  Ther  abso l t r te  v ie ld  , ' f  1 -bu ten ( -  \ { r } s  de te rn r incd  bv
q r rench ing  a  reac t i< ln  so lu t i r . r t i  

" v i t h  
en  excess  o t  l r r r ' ' n inc ,  und

r ' ( ) r r l pa r i s ( ) r . t  o {  t  he  i , l - t l i b ron r lb r t tane  r rh t .a ine ,d  to  ; i ' 1  i n1pp1- tu1
s tanc la rd  b r  C I ' t ' .  Tc  de te rm ine  the  ahso l i r t e  r i ek i  o {  l - l r i i ' , p .g
in  s< i i u t i ons  c ' c r r ta in in : l  I - ,  t h t i  v r ' ' l a t i l es  w( . r c  l rans f  e r r t ,< l  , ' r rde r

vacuum into a t r "atr l  ancl  quencheei  u ' i th l : ro i r r ine.  A sealed t r ibe
contain ing I  anc L2Pt(N{e)2 which had i reen heated for  2 h a l  99
oC was brr iken insiCe a heavy glass vessei  capped wi th a ru l rber
septum to rvhich 0.04 ml,  (STP) of  et lu, ,nt '  haci  been aci t led.  

' l 'he

-"- ie l t l  of 'melhane t0.12 eqrr ivs of  LrPt()Vle) ' I  was det ,ermineci  b."-
( lPC of  t .he gas phase inside the glass vessel .

Character izat ion of  2.  To 24.2 g t f  17" sodiurn amalganr in
a round-bot tomed f lask was added 30 mL <. , f  a 

' l 'HF soiut ion of '
1 . 0 0  g  ( 1 . 3 5  m m o l )  r , r f  / r c n . s - d i c h l o r o b i s ( t r i c 1 , r : i o p e n t v l -
phosphine)plat inum([ I ) .38 The mixture was warnred t .o t iO o( ]

and st i r red r ivernight .  Transfer  of  the solut ion v ia cannul le to
a Schlenk flask {bllowed by removal of volatiles in vacuo allbrded
a mixture of  2 and sbart ing nrater ia l^  

' fhe 
spectra l  para;ueters

(38) Otsuka,  S. ;  Yoshida.  T. ;  Matsumoto,
Chem. Soc.  1976. 98.  5850-5858.

( 1 , 5 - C y c l o o c t a d i e n e i p i a t i n a c y ' c ' l o p e n t a n e ( I I  ) ,  - \  i 1  i ,  r -  i ; ,  1 ,  i ,  - ,  . ,  ' '  , \  r : i i . r ) ' r t ' i i : , l i - t ,  i t , r j  , r i , i r ' l ' . : 1 ( r , l ( ) l l i ' .  i t l l ( l  l P : l l " t , i i t

] , , . ' i ' .  , . : ' , '  i , t f - l . ' ) r ' . \ : : - , ' l . r ' l l , , i f  i 1 r . 1 ; r , r 1 , ' r ' l i t l r . t i , r ' r .
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of 2 obtained by this procedure were identical with those of 2
trbtained from thermolysis of l. We could not crystallize 2. rH

\N,lR (CrDa): 6 1.40-2.30 (m,54 H). 31P NMR (C5H12): 6 66.5
\.Jp, r = 4221Hz). To a solut ion of 2 in cyclohexane prepared
lr1' complete decomposition of 27.3 mg (3?.5 pmol) of I was added
().25 mL (4.0 mmol) of methyl iodide in a glovebox. Removal of
vtilatiles yielded frons-iodomethylbis(tricyclopentirlphosphine)-
l r la t inum(I I )  (39.5  mg,  36,2 pmol ,  97%).  tH NMR (CsD^) :  6
2. ;6  3 .05 (m,  6  H) ,  l .7 i -2 .07 (m,  24 H) ,  1 .58-1.7? ( rn ,  12 H) ,
1.:15-1.58 (m, 12 H), 1.00 (t  with Pt sat.;  3 H, Jp g = 6.2 Hz, Jpl s
= 82.5 Hz). 3rP NMR (CeDo): 61.42 (Jp, p = 2i85Hz\.

Kinetics of Thermal Decomposit ion of l .  The kinetics of
thermal decomposit ion of 1 were fol lowed in sealed, 513A-PP
\\-ilmad, &mm,g-in. NMR tubes prepared a-q follows. A restriction
w'as placed about 3 cm from the open end of an NMR tube. It
* as then sealed to a ground glass joint and checked for leaks with
a 

'fe:ila 
coil. The assemblv was washed with distilled water,

acetone. and reagent diethyl ether. Sealed 10- or 20-pL capillary
tubes were prepared containing 6.6 M H3PO4. A capi l lary was
placed in the NMR tube and the assembly attached to the vacuum
Iine via its ground glass joint. The assembly was flame dried,
cooled under vacuum, and filled with argon, and 27.3 mg (37.5

smol) of 1 was added while the tube was flushed with argon. The
assernbly was evacuated for at least i h before solvent (1.5 nil)
was added. The suspension r;f I in solvent was freeze- pumpthaw
rlegassed at least two t imes prior to seal ing ttnder vacuurn at the
restr ict ior-r.  Gentle warming and agitat ion were again reouired
li'r dissolution. Before heating. three succes-"ive'l1P NMR spectra
were taken and the rat io of the areas of the central peak of I  to
the peak for phosphoric acid found by electronic integration. The
NNIR tube was then heated as above for a specified period of time
and thermally quenched in a room-temperature water bath. The
resulting concentration of 1 was determined from duplicate 31P

NN{R spectra. 31P NMR spectra were recorded by using a 90o
pulse width and a relaxation delay of greater than 5T1 for both
thr phosphoric acid and l .  The concentrat ion of I  was varied
irr changing the amount of I placed in the NMR tube assembly.
'l 'he' 

concentration of 1-octene and tricyclopentylphosphine was
r' :rr ied b1'preparation of a standard solut ion of reagent in cy-
t'L'hsvanp and then performing successive diltrtions in volumetric
Schlenk ware. A stock solut ion of 2 (60 mM) in cyclohexane was
prepared by complete decomposit ion of 1, removal of volat i ies,
and addition of cyclohexane. Varying amounts of the stock so-
iution and cyclohexane were used as solvent to prepare three trrbes
containing 60, 30, and 10 mM [21e. The kinetic isotope effect on
decomposition was determined by preparation and thermolysis
, i f  separate tubes containing l ,  L-d4, and l-ds.

Mil ler and Whitesides

Deuterium Labeling Experiments. The preparation,
cleaning. sealing. and thermolysis of tubes containing l-d8, 1-d4,
or 1-d5a were the same as for the product studies. Deuterium
incorporation in l-butene was determined by two dif ferent
methods. In the f irst method a thermolysis tube was cooled to
-196'C. opened. and warmed to room temperature. An al iquot
was removed frr.rm the l iquid phase and analyzed hy GC/MS.
Becarrse of signif icanl i :rotoDic fract ionation actoss the width of
GC peaks. e'ight to 1en rnass spectra were recorded and weighted
averages of these spectra were calculated and used to determine
isotopic t 'ontent. The parent ion (70 eV) of l-butene was used,
and corrections were applied for r3C isotrrpic content and hydrogen
or deuterium losses. It was assumed that the isotopic effect on
the loss of hydrogen or deuterium was one. In the second methtxl,
bromine was added to the tube after being opened and the 1,2-
dibromohutane analyz.ed by GC/MS. The M - Br peak was useC,
and corrections were applied for l3C isotopic content. The resuits
from the two methods were indistinguishable with experimental
error. Tlre isotopic ccmposition of the methane produced in the
decomposit ion of t-ds and [,2Pt(Me)2 was determined hv the
following method. After decomposition, a sealed tube was fitted
to one end of a brass valve with a rubber 0-ring and a Su'agelc'k
nut. The other end of the valve was fitted with a rubber septum.
' | ]he valve !r;as evacuated and the tube hroken with the plunger
. r i  t l i r - , r ' a l r . . .  i h r . r i as  ph r r se  was  ana l yzed  b1 'GC/MS.  and  t he
151 r { r rp i r '  (  ( ) n } t ) ( r i i l l o l r  , r i  t he  me thane  oh ta ined  c t tmpa red  w i t h
aut i rent rc  sanrp l t ' r  o t '  methane and nte thane-dr .
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