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Abstract: The thermal decomposition of di-n-butylbis(triphenylphosphine)platinum(Il) (l) in methylene chloride
to n-butane, l-butene, and a complex of platinum(0) is proposed to take place by an intramolecular process involv-
ing an init ial dissociation of I equiv of triphenylphosphine from 1 to yield a three-coordinate intermediate 5, elimi-
nation of platinum hydride from one butyl group of 5 with concomitant transfer of the resulting l-butene to the
vacant coordination site, several cycles composed of rapid addition of platinum hydride to the coordinated butene
and subsequent rapid reelimination of platinum hydride from the resulting butylplatinum complexes, and a final
reductive elimination of n-butane from an intermediate having both hydride and butyl moieties bonded to platinum.
Three significant conclusions concerning the mechanism of thermal decomposition of t have emerged lrom this
study. First a vacant coordination site on platinum is a prerequisite for thermal decomposition under the con-
ditions studied. Second, the identity of the rate-l imiting step for the overall decomposition reaction depends upon
the concentration of triphenylphosphine added to the solution: in the absence of added triphenyiphosphine,
the rate-l imiting step is the dissociation of I to 5; in the presence of ca. I equiv of added triphenylphoiphine, the
rate-limiting step is the reductive elimination of butane. Third, the olefins participating in the platinum hydride
addition-elimination sequence are coordinated in the intermediate platinum Complexes sufficiently firmly that they
do not exchange with 1-butene free in solution.

f  nformat ion concerning the mechanisms of  thermal
r  decomposi t ion of  a lkyl  der ivat ives of  t ransi t ion
metals is pert inent both to theoret ical  d iscussions of
the electronic structure of  carbon-metal  c bonds and
pract ical  appl icat ions of  t ransi t ion metal  organo-
metal l ic  compounds in organic synthesis and catalysis.
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Mechanisms involving both the homolytic scission of
carbon-metal a bonds and the 6 elimination of metal
hydrides have been proposed for these thermal de-
composi t ions;{ '5 however,  the lat ter  course has been
established as the more common for-n-alkyl derivatives

(4)  M. S.  Kharasch and O. Reinmuth.  "Gr ignard React ions of  Non-
metal l ic  SubstancEs,"  Prent ice Hal l ,  New York,  N.  Y. ,  1954, Chapter 5.

(5)  Reviews: (a)  G. E.  Coates,  M. L.  H.  Creen, and K.  Wadc,
"Organometal l ic  Compounds,"  Vol .  2,  3rd ed,  Methuen and Co.,
London, 1968, Chapter 7;  (b)  G. W. Parshal l  and J.  J.  Mrowca,
Adcan. Organometal .  Chem.,7,157 (1968):  (c)  F.  A.  Cotton,  Chem. Reo.,
52 ,  557  (1955) ;  (d )  I .  I .  K r i t skaya ,  Usp .  Kh im. ,35 ,  167  (1966) .



of platinum(Il),u rhodiur,n(I),7 and copper(I),E by

ideniif ication of metal hydrides as products of the
decompositions, and for derivatives of other metals
by less direct techniques.s'e The nature of the factors
determining both the rate of metal hydride elimination
in the thermal decompositions of these classes of
compounds and the reversibi l i ty  of  th is el iminat ion are

unknown. The work reported in th is paper deals wi th

an examinat ion of  the mechanism of thermal decompo-
sition of crs-di-n-butylbis(triphenylphosphine)plati-
num(Il) (1), a representative alkyl derivative of a dE
transition metal ion, whose physical properties make it
amenable to detailed mechanistic examination. The
purpose of this study was to substantiate a pathway for

itreimat decomposition of 1 involving platinum hy-

dride elimination and to provide detail to the steps
surrounding this elimination.

Results

Preparation and Characterization of Alkylplatinum-
(ID Compounds. Di-n-butylbis( t r iphenylphosphine)-
plat inum(I I )  and di 'n-octy lb is( t r iphenylphosphine)-
plat inum(l l )  (2)  were prepared by react ion of  the corre-

iponding n-alkyl l i th ium reagents wi th crs-dichlorobis-
( t r iphenylphosphine)plat inum(I I )  in ether-hexane at
0o, using procedures developed by Chatt  and Shaw.t0 '
Deuterated der ivat ives of  1 were synthesized by anal '
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prepared fol lowing the reaction sequences outl ined in
Scheme I.  r  r  Di-n-butyl '  and di-n-butyl-2,2-d'rU,I ' '

(6)  J.  Chatt ,  R.  S.  Coffey,  A.  Gough, and D. T.  Thompson, J.  Chem.
Soc.  A,  190 (1968),  and references c i ted therein.

(7 )  R .  Cramer ,  Accoun ts  Chem.  Res . ,  l ,  186  (1968) ;  see  a l so  J .  P .
Col lman. ib id. ,  136 (1968).

(S) G. fv t .  Whi tcs idcs,  E.  R.  Stredronskv,  C.  P.  Casev,  and J '  San
Fi l ippo,  Jr . ,  J .  Amer.  Chem. 9oc. ,92,  1426 (19701. See also K.  Wada,
l vL  Tamura .  and  J .  I (och i ,  i b id . ,92 ,6656(  1970) .

(9 )  R .  F .  Heck ,  Accoun ts  Chem.  Res . ,2 ,  l 0  (1969) ;  L .  Re ich  and
A. Schindler .  "Polymerizat ion by Organometat l ic  Compounds,"
In te rsc ience .  Nerv  York ,  N '  Y ' '  1966 ,  Chap tc r  4 ;  J '  P '  Cand l in '  K '  A '
Taylor ,  and D. T.  Thompson, "React ions of  Transi t ion-metal  Com-
plexes,"  Elsevier ,  Amsterdam, 1967.

(10 )  (a )  J .  Cha t t  and  B .  L .  Shaw,  J .  Chem.  Soc . ,  705 ,  4020  (1959) ;

507,< (1962):  (b)  J.  D.  Ruddick and B.  L.  Shaw, J.  Chem..Soc.  , { ,  2801
( 1 9 6 9 ) .

(  I  I  )  We have found reduct ion of  a-halo esters in a medium contain ing
D:O to be a much more et f ic ient  method of  int roducing deuter ium c to
the carbonyl  group than the base-catalyzed exchange methods com-
m o n l y  u s e d . l 2

(12 )  A .  Mur ray  and  D .  L .  W i l l i ams ,  "Organ ic  Syn thes is  w i th  I so '
topcs,"  Interscicnce,  Nerv York.  N.  Y. ,  1958; M, Fct izon and J.  Gra-
main,  Brr l1.  Soc.  Chint .  Fr . ,65l  (1969).
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Figure l .  Observed 100-MHz deuterium-decoupled nmr spectr i l
taken of cu. 0.25 rVl solut ions in methylene chloride of :  (A) di-rr-
butyl-2,2-d,-[ l, l '-bi s( d i phenyl phosph i no )ferrocene]plati n um( I I ) ( 3 ) ;
(B)  d i - r -bury l -2 ,2-drb is( t r ipheny lphosphine)p la t inum( l I )  ( f ) ;  (C)

calculated spectrum of di-rr-buty"l-2,2-drbis(tr iphenylphosphine)-
p la t inum( l l )  ( re f  14) .

Scheme I.  Synthesis of l-Bromobutane-2,2'dz and
l-Bromobutane-l, l -dz

l.  NsOEr, Dtorr 
'F?' l '

CHTCHzCCITCN +' CH'CHrCClzCOzEt
2 .  H rO .  

, r ^

CHTCHTCDzCO'Et 
ffi;;> 

CH'CH:CDrCH'Br
- 5 0 7 , ;  9 7 %  & , 3 %  d t

cHrcHrcHzco:Et 
l '  Li ' \ lDr 

' t cHrcHzcH:cD:Br
2. HBrl l : - ior  -50%; 98% dz,27i  t t t

b is(diphenylphosphino)ferrocenelplat inum(I I )  (3 and
3-2,2-d2, respectively) were prepared by reaction of thc
cor respond ing  l i th ium reagents  w i th  d ich lo ro [1 ,1 ' -b is -
(di  phenyl  phosphino)ferrocenelplat inum(I  I ) .  t  3

The deuter ium-decoupled rH nmr spectrum of 1-

2,2-d! was examined to establish the configuration of the

alkyl  and phosphine groups. The group of  l ines be-

tween -0.4 and 0.9 ppm in the spectrum shown in

Figure t  can be assigned to the terminal  ethyl  groups

(13 )  J .  J .  B i shop ,  A .  Dav ison ,  N I .  L .  Ka tcher ,  D .  W.  L i ch tenberg ,
R .  E .  Mer r i l t .  and  J .  C .  Smar t ,  J .  Organomera i .  Chern . ,27 ,24 l  (1971 \ '

There is  no evidence of  interact ion betwcen the i ron and plat inum atoms

in these compounds.  We have used the ferrocene- l , l ' -b is(diphenvi-
phosphine)( fdpp) l igand in these studies because i t  is  an easi ly  preparcd

bi . tenrate chelat ing phosphine whose dichloroplat inum(I I )  complcx

reacts c leanly wi th n-buty l l i th ium.

llthitesides, Gausclt, Stedronskl' ,t Di-n-butv'lbis(tiphenv'lplnspline)platinuntt I lt
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of the alkyl  chains:  the four.- l ine pattern at  1.04 ppm
and the one vis ib le rerPt satel l i te at  1.76 ppm ar ise f rom
the methy lene groups  d  to  the  p la t inum a tom.  Deta i led
ana lys is  o f  the  a-methy lene "quar te t "  ind ica ted  tha t
two d is t inc t  PPTCH coup l ing  cons tan ts  were  requ i red
to  s imu la te  the  spec t rumr{  and conf i rmed tha t  I  has
the cis conf igurat ion.  expected by analogy with related
organop la t inum compounds. r0  The spec t rum o f  3 -
2.2-d2 (Figure l )  was not analyzed in detai l ;  however,
i ts qual i tat ive s imi lar i ty to that  of  l -2,2-dt  suggests that
the PPIP and PPIC^F/ coupl ing constants,  and by in-
ference the corresponding bond angles,  are s imi lar  for
these two compounds.

Products of  the Thermal Decomposi t ion of  l .  Heat-
ing  a  0 .10  M so lu t ion  o f  I  a t  60o fo r  24  hr  in  methy lene
chlor ide or benzene resul ted in complete conversion of
rr-butyl  moiet ies to an equimolar mixture of  n-butane
and l -butene accompanied by t ransf,ormat ion of  the
solut ion f rom i ts or ig inal  pale yel low color to a dark
red color.  The relat ive y ie lds of  n-butane and l -butene
were independent of  the extent of  decomposi t ion of  1.
No (< l f  each) crs-2-butene, t rans-2-butene, or octane
was observed as a decomposi t ion product.  Product
yields did not change when I  was decomposed as a
suspens ion  in  hexane or  as  the  so l id .  Thermal  de-

.  compos i t ion  o f  2  under  s imi la r  cond i t ions  y ie lded 50%
n-oc tane and 50 [  l -oc tene.

The observa t ion  tha t  oc tane is  no t  fo rmed in  the
decompos i t ion  o [  1  i s  su f f i c ien t  ev idence to  exc lude the
poss ib i l i t y  tha t  bu tane and l -bu tene are  fo rmed by
d ispropor t ionat ion  o f  f ree  n-bu ty l  rad ica ls  p roduced by
homolys is  o f  the  p la t inum-carbon a  bonds o f  1 .  The
rate constant for  the coupl ing of  n-butyl  radicals is
grea ter  than tha t  fo r  the i r  d ispropor t ionat ion  by  a
fac tor  o f  4 -6 ,  bo th  in  the  vapor  phase and in  so lu t ion . ts
Moreover.  were n-butyl  radicals intermediates in the
thermal  decompos i t ion .  f rce- rad ica l  abs t rac t ion  o f
hydrogen or  ch lo r ine  a toms f rom the  methy lene ch lo r ide
solvent would be expected to be ref lected in a di f ference
bet rveen the  y ie lds  o f  bu tane and bu tene.  in  cont ras t  to
the observed equal i ty in y ie lds.  Indeed, decomposi-
t ion  o f  a  so lu t ion  o i  I  in  1 ,5 -hexad iene,  a  good hydrogen
atom donor,  resul ted in a decrease in the y ie ld of  butane
relative to that of butene (uide infra).

Addi t ional  qual i tat ive evidence support ing the con-
tent ion that f ree n-butyl  radicals are not intermediates
in the thermal decomposi t ion of  1 was provided
by the distr ibut ion of  products observed when ther-
molysis was carr ied out in the presence of  a f ivefold
excess of  dr- ter t -buty ln i t roxyl  (DTBNO). The butyl-
der ived products obtained under these condi t ions con-
sist  of  butane (467),  l -butene (50%), wi th only t race
amounts (- l%) of  octane and lV,y ' / -d i ' ter t 'buty l 'O'n '
buty lhydroxylamine. The absence of  a s igni f icant
yield of  the product of  coupl ing of  buty l  radicals wi th

( l -11  6 .  N{ .  'Wh i tes ides  and J .  F .  Gaasch,  J .  Organometa l .  Chem. ,33 ,

: - 1 1  ( 1 9 7 1 ) .  S p e c t r a l  p i l r a m c t e r s  o b t a i n e d  b y  m a t c h i n g  o f  t h e o r e t i c a l
a n d  e x p c r i m e n t a l  s p e c t r a  w e r e :  6 c n ,  -  0 . 5 2 , 6 c H r c u z  : 0 . 7 2 ,  d c a , p r :

1 . 0 4  p p m :  / p p t g t r  ( c i s l  :  *  1 3 ,  " / p p 1 g s  ( t r a n s )  -  i  1 9 ,  J P p '  -  2 1 ,  J s H '
:  1 .5 ,  /p ,s  :  72 ,Js : ' l ' g1 l ,  -  7 .3  Hz.  The accuracy  o f  these phospho-

rous-hydrogen and hydrogcn-hydrogen coup l ing  cons tan ts  may no t  be

h igh ;  however ,  the  va lue  o f  . /pp '  i s  in  rcasonab le  agreement  w i th  va lues

repor tcd  recent , l y  by  F .  H.  A l l cn  and S.  N.  Sze,  J .  Chem.  Soc .  A ,2054
, L97 t \ .

(15 )  N .  E .  Morganra th  and  J .  G .  Ca lve r t ,  J .  Amer .  Chem. .Soc . ,  88 ,
5387  ( t966) ;  A .  P .  S te fan i ,  i b id . ,90 .  1694  (1968) ;  N .  E .  Morganra th
anc l  J .  C .  Cr l ve r t ,  i b i l . ,  88 ,  5387  (  1966) :  R .  A .  She ldon  and  J .  K .  Koch i ,
ib i (1. ,  92,  -1395 (  1970),  and re l t rcnccs cr tcd in each.

DTNBO is ent i re ly compat ib le wi th a mechanism for
thermolysis of  I  not  involv ing f ree n-butyl  radicals.
However,  the pert inence of  these data to discussions of
the thermal behavior of  I  in the absence of  DTBNO
should be viewed with some reservat ions,  s ince DTBNO
forms complexes with a number of  metals16 and since
a complex of  1 and DTBNO cannot be excluded as the
species giv ing r ise to the products obtained from
decomposi t ion of  1 in the presence of  DTBNO on the
basis of  present ly avai lable evidence. rT

In order to test  expl ic i t ly  the hypothesis that  the
hydrogen atoms incorporated into the n-alkane por-
t ion of  the hydrocarbon products or ig inated exclusively
in the o-bonded n-alkyl  groups of  the start ing organo-
metal l ic  compound, and not in the solvent or the aryl
groups of  the coordinated tr iphenylphosphine l igands, t t

the octane formed as a product of  the thermal decom-
posi t ion of  2 in methylene-d2 chlor ide,  and of  d i -n-

C[)rC- l ' r

2 --+ octane ( 1.8 % dt, 98.2% dr) + octene
t i 0 " .  2 0  l r r

[(C6D;h P]:Pt(rr-ocryl), 
#

octane (0.3% dt,99.7% dn + octene

octylbis( t r iphenylphosphine-d1;)plat inum(I I )  in methyl-
ene chlor ide.  was isolated and i ts isotopic composi-
t ion determined mass spectrometr ical ly.  te The low
Ievel  of  deuter ium incorporat ion observed in these
exper iments  es tab l i shes  tha t  the  n-a lky l  g roups  o f  the
s tar t ing  organop la t inum compounds are  the  on ly
signi f icant sources for the hydrogen found on the
hydrocarbon products.

Taken together,  the foregoing observat ions are in-
consistent wi th a f ree-radical  mechanism for the
thermal  decompos i t ion  o f  l .  However ,  they  are  com-
pat ib le wi th a mechanism for i ts decomposi t ion,
an t ic ipa ted  by  ana logy  w i th  ear l ie r  s tud ies ,6-8  invo lv ing
an in i t ia l  e l im ina t ion  o I  a  p la t inum hydr ide  w i th
concomitant format ion of  I  equiv of  butene, fo l lowed
by reduc t ion  o f  a  carbon-p la t inum c  bond in  some
unspec i f ied  p la t inum a lky l  by  th is  p la t inum hydr ide  to
y ie ld  I  equ iv  o f  bu tane.

I t  was possible to obtain direct  evidence in support
of  an intermediate plat inum hydr ide by examinat ion of
the products ar is ing f rom thermal decomposi t ion of  1 in
1 ,5-hexad iene so lu t ion .  Thermolys is  o f  a  0 .07  M
solut ion of  1 in th is solvent resul ted in format ion of  n-
bu tane ( -457) ,  l -bu tene ( -557) ,  l -hexene (10  :b

5%) ,  and two add i t iona l  compounds,  ten ta t i ve ly
identif ied as crs- and tans-1.4-hexadiene (40 and 1507.,
respect ively) .  Isotopic analysis of  the hydrocarbons
isolated from thermolysis of  l '2,2-dz in 1,5 'hexadiene
establ ished that approximately -87,,  of  one deu-
ter ium atom from a butyl  group of  the organoplat inum
compound was incorporated into solvent-der ived

( 1 6 )  S e e  C .  ! { .  W h i t e s i d c s  a n d  J .  S a n  F i l i p p o ,  J r . ,  i b i d . , 9 2 , 6 6 1 1
(  1970) .  fo r  re f le rences .

(17)  Pre l im inary  examinat ion  o f  the  photo l .v ' t i c  decompos i t ion  o f  I  in

the  presence and absence o f  DTBNO appears  to  be  compat ib le  w i th  the

produc t ion  o f  t iee  n-bu ty t  rad ica ls  as  in te rmed ia tcs  (see the  Exper imenta l

S e c t i o n  f o r  d c t a i l s ) .
( 1 8 )  F o r  a  r e v i e r v  o f  r e a c t i o n s  i n v o l v i n g  o x i d a t i v e  a d d i t i o n  o f  a r o -

mat ic  C-H bonc ls  to  meta ls ,  see  C.  W.  Parsha l l ,  Accounts  Chem,  Res. ,  3 ,

139  (  1970 ) .
(19) Compound 2 rather than I was used for these experiments be-

cause n-octane undergoes less f ragmentat ion than n 'butane at  vol tages
required for  ionizat ion and is ,  as a resul t ,  the more t ractable subject
fo r  accu ra te  i so top ic  compos i t i on  s t r rd ies .



Table I. Mass
of the Thermal

Spectroscopic Deuterium Analysis of Products
Decomposition of l-2,2-dz in 1,5-Hexadiene

Compound Yield. 71"
Isotopic analysis, /o
do dr dz

l-Hexene
crs- 1.4-Hexadiene
" t rans-1.4-Hexadiene"'

l 0 * 5 b
40

r50

1 . 686
94
97

l 3
6 . 3
2 . 8

" Yields are based arbitrarily on the assumption that I mol of
product per mole of I corresponds to a yield of 1007". b The experi-
mental uncertainty in this datum reflects uncertainty concerning the
quanti ty of residual l-hexene present as a contaminant in the 1,5-
hexadiene (see the Experimental Section). " trans-|,4r, tans'|,3',
and cis-1,3-hexadiene all had identical retention times under the
conditions used for this glpc analysis.

products (Table I).zo An intermediate platinum hy-
dride would provide a plausible vehicle for the transfer
of hydrogen from the butyl groups of l-2,2-d2 to both
the l-hexene and the isomerized hexadienes.

The platinum originally present in 1 could be re-
covered as a red sol id of  unknown composi t ion at  the
conclusion of  thermal decomposi t ions in ei ther methyl-
ene chlor ide or benzene solut ion;  thus,  s ince the same
substance is obtained from decomposi t ions carr ied out
in different solvents, it is presumed not to be derived
from react ion of  some intermediate organoplat inum
compound with solvent.  The stoichiometry of  the
decomposi t ion suggests that  ^ pr imary inorganic
produc t  migh t  be  l -bu teneb is ( t r ipheny lphosph ine) -
plat inum(0) or bis( t r iphenylphos phine)plat inum(0) (4).  "

(PhlP)3Pt(o) 
_ pr,,p
\.-

(PhlJP)?Pt(0)

4

An analog of  the former compound, ethylenebis( t r i -
phenylphosphine)plat inum(0), : :  d issociates readi ly in
so lu t ion  to  e thy lene and 4 .23  Both  o i  these com-
pounds are yel low crystal l ine sol ids that  decompose
upon heat ing to a red melt .21'2r This last  observat ion
suggests that the red product isolated from the ther-
molysis of  1 might be a secondary product der ived from
4. However,  the i r  spectrum of the red sol id af ter
decomposi t ion of  1 does not agree with that  of  the
decompos i t ion  o f  p roduc t  o f  4 .2 r

I t  was possible to obtain indirect  evidence indicat ing
that either 4 or some material of very similar reactivity
was indeed an intermediate in the thermal decompo-
si t ion of  1 by isolat ing t r is( t r iphenylphosphine)plat i -
num(0) and iodomethylbis( t r iphenylphosphine)plat i -
num(I l )  when thermolyses of  1 were carr ied out in the
presence of  t r iphenylphosphine and methyl  iodide as
trapping agents.23' : {  The yields of  butane and butene

(20) The extent  of  deuter ium i r icorporat ion into C6 products pre-
sumably ref lects the re lat ive rates of  hydr ide addi t ion to coordinated
butene and displacement of  butene by 1,5-hexadiene.  Nei ther of  these
rates is  known. However,  assuming that  the extent  of  deuter ium scram-
bl ing in the buty l  groups under the c i rcumstanccs of  these exper iments
compares wi th that  dur ing thermal  decomposi t ion in the absence of
1,5- l rexadiene (u ide infra) ,  the maximum exlent  of  deuter ium incorpora-
t i on  in to  C6  p roduc ts  shou ld  be  -15%.

(21) R.  Ugo, R.  Car iat i ,  and G. LaMonica,  Chem. Commun.,868
(  1966) .

(22) C.  D.  Cook and G. S.  Jauhal ,  Inorg.  Nucl .  Chem. Let t . ,  3,31
(  1967) .

(23) J.  P.  Birk,  J .  Halpern,  and A.  L.  Pickard,  J.  Amer.  Chem. Soc. ,
9 0 , 4 4 9 1  ( 1 9 6 8 ) ;  I n o r g .  C h e m . , 7 , 2 6 7 2  ( 1 9 6 8 ) .

o ' 
oi. t.l.,, l ' tr 
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Figure 2. Plot of per cent decomposition of 1 us. t ime in methylene
chlor ide solut ion at  60.0":  ( r )  H :  0.280 rVland (A) t l l  :0.0- i0
rV, determined from butane-butene areas; (O) Ul : 0.030 rV, detcr-
mined from concentrations of butane relative to a pentane internal
standard.

were not af fected by added tr iphenylphosphine; these
yields were not determined for decomposi t ions carr ied
out  in  the  presence o f  methy l  iod ide .

Kinet ics.  The kinet ics of  thermal decomposi t ion ot-  I
in methylene chlor ide was examined by fo l lowing thc
appearance o f  1 -bu tene us ing  g lpc ,a f te r  quench ing
samples wi th hydrochlor ic acid in methylene chlor ide.
Points were obtained ei ther by fo l lowing the concen-
trat ion of  1-butene relat ive to that  of  an added internal
standard or by using as a reference the total  concentra-
t ion of  butene and butane observed fol lowing protonol l ' -
s is.

f l  decomposi t ion :  [butene], / [butene] X 100 :

2 [bu tene] , / ( [bu tane] ,  f  [bu tene] r )  X  l0 ( )

Typical  data obtained by appl icat ion of  both methods
are shown in Figure 2.  The sl ight  d iscrepancy be-
tween the intercepts at  /  :  0 obtained at  the two con-
centrations shown is a fair reflection ofl the precision

of the data.  Decomposi t ion was f i rst  order in 1,  wi th

a  ra te  cons tan t  a t  60o o f  k  :  3 .6  X  l0 - {  sec- l .  Com-
par ison of  the rates of  decomposi t ion of  1 and l '2,2-d:
establ ished that the thermolysis shows no signi f icant
p-deuter ium kinet ic isotope ef fect ' .  kr lkve,e-a,  :  0.97
*  0 .05 .

The observat ion that 1 and di-n-octy lb is( t r iphen;" i -
phosphine)plat inum(I l )  (2)  decompose at  very s imi lar

rates (kr lk,  :  1. l l  : t  0.05) provides the basis for  a

simple demonstration that the formal hydrogen trans-
fer involved in conversion of  the t rvo alkyl  groups of  1

to butene and butane proceeds by an intramolecuiar
process. Decomposi t ion of  a solut ion containing a

mixture of  approximately equimolar amounts of  l -

2,2-d2 and 2 was carr ied out.  the resul t ing octane iso-
lated, and i ts isotopic composi t ion determined by mass

spectrometr ic analysis.  I i  reduct ion of  p lat inum-

carbon bonds were to occur by an intermolecular

(24) Reviews: R.  Ugo, Coord.  Chent.  Reu.,  3 '  319 (1968);  J '

Halpern,  Accounts Chem. Res. ,  3,  386 (  1970).
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process, involving either qn intermediate platinum
hydride or a direct hydrogen transfer from the alkyl
group of  one molecule of  organoplat inum compound
to that of  a second, th is octane would contain deu-
ter ium or ig inat in g in l -2,2-d2. In fact .  the octane con-
ta ined no  de tec tab le  deuter ium (< l%) .  Hence,  the
hydrogen transfer must be an intramolecular react ion. !5
At the same t ime, th is resul t  establ ishes that no ex-
change of  a lkyl  groups between plat inum atoms occurs
dur ing  the  decompos i t ion .

I.I.'L"PtD

C8Hr?D

>< ./
(c{H;D:XCsHr?)PtL:

The addi t ion of  t r iphenylphosphine to solut ions of  1
in methylene chlor ide strongly inhibi ts i ts thermal
decomposi t ion,  a l though decomposi t ion cont inues to
fol low approximately f i rst-order k inet ics.  Thus, f i rst-
order rate constants for  thermolysis of  0.030 M 1 in the
presence of  concentrat ions of  t r iphenylphosphine
ranging t iom 0.043 to 0.202 I ' t  appeared roughly
equal ,  centered around a value of  5.5 X 10-6
sec-r ;  u iz. ,  a value approximately one-sixt ieth of  that
observed in the absence of  added tr iphenylphosphine.
The l im i ted  so lub i l i t y  o f  t r ipheny lphosph ine  in  meth-
ylene chlor ide precluded rate measurements at  h igher
concentrat ions.  At concentrat ions below ,-  0.04M, the
remova l  o f  t r ipheny lphosph ine  f rom so lu t ion  by  coord i -
nat ion wi th the plat inum(0) formed as a react ion product
resul ts in s igni f icant changes in the concentrat ion of  t r i -
pheny lphosph ine  dur ing  the  course  o f  a  k ine t ic  run .  Un-
der these circumstances any kinet ic data obtained would
be useless wi thout extensive correct ions requir ing a
knowledge of  the equi l ibr ium constants for  d issocia-
t ion of  p lat inum-l igand bonds; these data are not
avai lable.

Nonetheless,  the qual i tat ive observat ion of  rate de-
press ion  on  add i t ion  o f  t r ipheny lphosph ine  to  so lu t ions
of 1 could in pr inciple ref lect  one o[  two types of  equi-
l ibr ia taking place dur ing the thermal decomposi t ion
process: one involv ing dissociat ion of  t r iphenylphos-
phine from 1 at  some point  before or dur ing the rate-
determining step for the react ion:  or  a second requir ing
a preequi l ibr ium or rate- l imi t ing associat ion of  t r i -
phenylphosphine. These two possibi l i t ies are exempl i -
f ied by l imi t ing cases involv ing preequi l ibr ium forma-
t ion of  d iscrete three- or f ive-coordinate plat inum com-
plexes (5 and 6).  Equi l ibr ia involv ing addi t ion of
t r iphenylphosphine to 1 could be excluded unambigu-
ously by measur ing the solubi l i ty  of  1 in the presence
of excess tr iphenylphosphine. I f  the rate suppression
observed in the presence of  t r iphenylphosphine re-
f lected the operat ion of  a parasi t ic  equi l ibr ium 1 = 6,

(25)  The ev idencc  presented  la te r  tha t  the  deutc r ium and hydrogen

atoms o f  in te rmed ia te  p la t inum hydr ide  der ived  f rom l -2 ,2 -dr  wou ld  be

ex tens ive ly  sc ramblcd  dur ing  th is  exper imcnt  in  no  way v imtes  th is

c o n c l u s i o n .  A p p r o x i m a t e l y  l 5  %  o f  t h e  d e u t c r i u m  p r e s e n t  i n  o n e  b u t y l -

r / :  mo ic ty  o f  l -2 ,2 -d :  ( i .e . ,  -0 .3  deuter ium a toms per  CrHrD:  g roup)  i s

t rans fer rcd  to  thc  second in  fo rming  bu tane (c ide  in f ra ,  Tab le  I I ) .

Thus .  s ince  the  ra tes  o f  decompos i t ion  o f  l , l -2 ,2 -d ! ,  and 2  are  very  s imi -

la r ,  the  oc tane iso la ted  f rom the  mixed decompos i t ion  o f  l -2 ,2 -d t  andZ
rvou ld  be  expec ted  to  be  composed o f  -15 'Z  dr  and 857,  do  mater ia l ,
p rov ided tha t  thc  dcu le r ium k inc t i c  i so topc  e fec t  fo r  the  ra tes  o f  re '

i . rc t ion  be twcen p la t inum hydr ide  (deutc r idc )  and the  carbon-meta l

b o n d s  o f  o c t y [ -  a n d  b u t y l p l a t i n u m  c o m p l e x c s  w e r e  e q u a l .

products

more than 98 7.  of  the I  or ig inal ly present in solut ion
would necessar i ly  have to be in the form 6 in the
presence of -0.3 M triphenylphosphine to account for
the observed rate decrease of a factor of 60. Thus,
the solubi l i ty  of  1 in pure methylene chlor ide solu-
t ion should be less than that in solut ions containing
added tr iphenylphosphine. However,  i f  the added
tr iphenylphosphine inf luenced the rate by suppressing
dissociat ion (1 = 5 + PPh') ,  and i f  the equi l ibr ium
constant for this dissociation lay far to the left, then
added tr iphenylphosphine should have essent ia l ly  no
inf luence on the solubi l i ty  of  1.  Exper imental ly,
the solubi l i t ies of  I  in the presence and absence of
added tr iphenylphosphine are indist inguishable.
Hence, the added tr iphenylphosphine must af fect  the
rate of  thermal decomposi t ion of  I  by af fect ing a dis '
sociat iue equi l ibr ium (1 = 5) rather than an associat ive
one (1  =  6 ) .

This conclusion is a surpr is ing one, in that  f ive-co-
ord ina te  spec ies  o f  p la t inum( l l )  a re  we l l  es tab l i shed
both  as  d isc re te  compounds t  3 ' :6 -  ' re  and as  reac t ion
in te rmed ia tes ,30  wh i le  th ree-coord ina te  spec ies  o f  p la t i -
num( l l )  have no t  commonly  been imp i ica ted .s la  How-
ever,  both three- and two-coordinate compounds of
plat inum(0) are wel l  know'n. : {  and the usefulness of
formal valence state terminologY in rat ional iz ing the
behav io r  o f  o rganometa l l i c  compounds is  debatab le ,
s ince the strongly c-donat ing alkyl  or  ary l  l igands are
capab le  o f  impos ing  a  cons iderab ly  h igher  charge
densi ty on the metal  atom to rvhich they are bonded
than tha t  usua l ly  encountered  in  coord ina t ion  chem-
is t ry  invo lv ing  less  bas ic  l igands .s tb

The in f luence o f  che la t ing  d iphosph ine  l igands  on  the
s tab i l i t y  o f  d i -n -bu ty l  der iva t ives  o f  p la t inum( l I )
qual i tat ively conf i rms the requirement for  d issociat ion
of  a  phosph ine  l igand dur ing  the  thermal  decompo-
si t ion.  Heat ing methylene chlor ide solut ions of  e i ther
di-n-butyl Ib is(diphenyl  phosphino)ferrocene]plat inum(I  I  )
(3)  or  d i -n-butyl(diphos)plat inum(I I )  at  60o for 24
hr resul ted in decomposi t ion only to the extent of  l -4f ,
in contrast  to the complete decomposi t ion exper ienced
by 1 under these condi t ions.  The qual i tat ive c lose
simi lar i ty in the CHrPt regions of  the nmr spectra of  I
and 3 (Figure l )  suggests that  th is di f ference in thermal
stabi l i ty  is  not the resul t  o i  d i f ferences in the geometry

(26) R.  D.  Cramer,  R.  V.  L indse. ' - ,  Jr . ,  C.  T.  Prerv i t t ,  and U. G. Stol -
berg,  - / .  Amer.  Chem. Soc. ,  87,  658 (  1965).

(27) J.  P.  Fackler ,  Jr . ,  W. C. Scidel ,  and J.  A.  Fetchin,  ib id ' ,90,2707
(1968) ;  C .  M.  Har r i s ,  R .  S .  Nyho lm,  and  D .  J .  Ph i l l i ps ,J .  Chem'  Soc ' ,
4379  (1960) :  C .  N I .  Har r i s  and  R '  S .  Nvho lm.  i b id . ,4375  (1956) '

(28 )  L .  lV I .  Venar rz j ,  Angew '  Chem. ,  In t .  Ec ! .  Eng1 . ,3 ,453  (1964) '

Qg\ F.  Basolo ancl  R.  G. Pc'arSon'  " \ lechanisms of  Inorganic
React ions."  2ncl  cd,  !Vi ley ' ,  Nerv York,  N.  Y' ,  1967, Chapter 5.

(30 )  c .  H .  Lang tb rd  and  H .  B .  Gre1 , ,  "L igand  subs t i t u t i on  Processes , "
W. ,q . .  Ben jamin .  Nerv  York ,  N .  \ ' . ,  1965 ,  Chap t r . ' r  2 ;  P .  Haake  and

R.  M.  P fe i f f e r ,  Chem.  Commun. ,  l 3 i0  (1969) .
(31 )  (a )  Four -coord ina te  p la t i numr l l )  spec ics  i n  wh ich  one  coord ina -

t io 'n s i te is  loosely occupied by an easi ly  d isplaced solvent  molecule havc

been  i c len t i l i ed :  c f .  H .C .  C la rk  and  H .  Kurosawa,  i b id . ,957  (1971) '

The " three-coordinate" inte rmecj iate inferrcd f rom these solubi l i ty
cxpcr lmcnrs may conrain i r  rvcekir -  coordir rat tng solvent  mOlecule.  (b)

W.  H .  R iggs ,  Ana l .  Chem. ,  t l 4 ,  810  (19 i2 ) .
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or electronic character of the metal-l ieand bonds of
chelat ing and nonchelat ing phosphinei ;  hence, the
most direct  explanat ion of  th is di f ference is that  the
chelat ing phosphines exercise their  stabi l iz ing inf luence
on the di-n-butylplat inum(I I )  moiety by inhibi t ing
loss of  one coordinated phosphine group dur ing the
rate-determining s. tep for the decomposi t ion.s2

In a br ief  ef for t  to determine the rate of  interchange
of t r iphenylphosphine free in solut ion wi th t r iphenyl-
phosphine coordinated with 1,  the deuter ium-de-
coupled, tH nmr spectra of  solut ions containing 1-
2,2-d2 and triphenylphosphine were examined as a func-
t ion of  temperature.  At  the highest temperatures
reached (-60o), there was no evidence of collapse of
the pattern of  the CHzPt protons due to PPTCH spin-
spin coupl ing.  In related exper iments,  the spectrum
of a solut ion containing a mixture of  L-2,2-d:  and di-
phos was examined at  30o as a funct ion of  t ime. Slow
replacement of  the coordinated tr iphenylphosphine by
diphos was readi ly evident,  wi th the react ion being
complete af ter  several  hours.  No ef for t  was made to
establ ish the k inet ic order of  th is process. Thus, al-
though these exper iments permit  no quant i tat ive con-
clusion, they do demonstrate that  l igand exchange is
slow on the nmr t ime scale and that subst i tut ion of  one
coordinated phosphine in 1 by another is possible wi th-
out the destruct ion of  the carbon-plat inum bonds.

Deuter ium Label ing and Scrambl ing Exper iments.  In
order to establ ish the extent to which the plat inum hy-
dr ide el iminat ion responsible [or  the format ion of
butene from 1 is reversible,  a study was carr ied out of
the  deuter ium d is t r ibu t ion  in  p roduc ts  o f  thermal  de-
composi t ion of  L- l , I -d2 and l -2,2-dt ,  both in the
presence and absence oI  added tr iphenylphosphine.
The resul ts of  th is study combine with those descr ibed
previously to provide a detai led picture of  the react ion
prof i le for  the thermal decomposi t ion of  l .

Compar ison o f  the  iso top ic  compos i t ions  o f  1 -bu-
tene isolated from thermal decomposi t ion of  l -2,2-d, :
and l - / , l -d . :  in  methy lene ch lo r ide  so lu t ion  es tab l i shed
tha t  a  deuter ium or ig ina t ing  a t  the  I  o r  2  pos i t ion  o f
the  bu ty l  g roups  wou ld  be  los t  w i th  equa l  p robab i l i t y
in  fo rmat ion  o f  1 -bu tene (Tab le  I I )  and thus  demon-
strated that complete scrambl ing of  deuter ium between
the I  and 2 posi t ions of  the butyl  groups occurs dur ing
the thermal decomposi t ion.  To what extent scrambl ing
extends beyond the I  and 2 posi t ions to the 3 and 4
posi t ions is not c lear f rom these data.  I f  deuter ium
scrambl ing along the butyl  chain were complete dur ing
the  thermal  decompos i t ion ,  and i i  there  were  no  deu-
ter ium kinet ic isotope ef fect  on the react ion sequence
leading to butene, the probabi l i ty  that  the butene would
be formed by loss of  deuter ium would be 219 -  0.22;

(32) The except ional  thermal  stabi l i ty  of  other chelated t ransi t ion
metai  organometal l ic  compounds (e.9. ,  d i isopropylcyclooctatetraene-
p la t i num( I I ) , t r  d ie thy ld ipy r idy ln i cke l ( I I ) , 3 r  and  a l ky I  coba lox imes) ] s
and the enhanced stabi l i ty  of  many phosphine-coordinated organo-
metal l ic  compounds in the sol id state both probably have a s imi lar
mechanist ic  explanat ion.  These observat ions suggest  that  isolat ion of
othcr ,  present ly  unknown, organometal l ic  spccies suscept ib le to metal
hvdr ide el iminat ion may be possib lc by appropr iate choice of  chelat ing
l i gands .

(33 )  J .  M i i l l e r  and  P .  G i j se r ,  Angew.  Chem. ,  In r .  Ed .  Eng | . ,6 ,364
(  1 9 6 7 ) .

(3.1)  T.  Sai to,  Y.  Uchida.  A.  Misono, A.  Yamamoto,  K.  Mor i fu j i ,
and  S . I keda ,  f  .  Amer .  Chem.  Soc . ,  88 ,  5198  (1966) ;  A .  Yamamoto  and
S. Ikcda,  ib id. ,  89,5989 (  1967):  T.  Yamamoto,  A.  Yamamoto,  and S.
I keda ,  i b id . .  93 ,3350 ,  3360  (  l 97 l  ) .

(35 )  G .  N .  Schrauzer ,  Accoun ts  Chem.  Res . ,  l ,  97  (  1968) .

Table II .  lsotopic Composit ion of l-Butene from Thermal
Decomposit ion of Di-rr-butyl- 2,2-dr and
Di-rr-butyl- / ,  /-dr-bis(tr ipheny lphosphine)plat i  num( II)

Isotopic compn. 7o"-
Compd do dt dt dt

l '  I , l 'dzb
l-2,24rb,"
l-2,2-d,,t

2
J

I
I

.  Precis ion is  est imated to be l l 'n .  b Decomposi t ion was car-
r i ed  ou t  i n  me thy lene  ch lo r ide  so lu t i on  a t  60 " .  "  The  i so top ic  com-
posi t ion was establ ished to be independent of  conversion of  L-2.2- t l :
to l -butene (see the Exper imental  Sect ion).  d Decomposed wrth-
ou t  so l ven t  a t  -160 ' .

an isotope effect kslko ) I would decrease this prob-
abi l i ty .16 Since this probabi l i ty  is  ̂ -0.3 exper imental ly
(Table I I ) ,  the impl icat ion is that  the distr ibut ion oi '
deuter ium atoms along the butyl  chain is not qui te
stat ist ical .

An unexcept ional ,  reversible el iminat ion and addi-
t ion of  p lat inum hydr ide is almost certainly responsible
for the deuter ium scrambl ing observed in 1-/ , /  -dt  ancl
l -2,2-d.r  (Scheme I [ ; . rs However,  at  least  one un-

Scheme II. Platinum(ll) Hydride Elimination-Addition
Mechanism for Deuterium Scrambling

3 l
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expected conclusion concerning this plat inum hydr ic i r :
e l iminat ion and readdi t ion sequence emerges from the
data  in  Tab le  I I :  r ' i 2 . .  the  observa t ion  tha t  no  apprec i -
ab le  quant i t y  o f  1 -bu tene-dr  i s  fo rmed dur ing  thesc
react ions indicates that the butene which is coordi-
nated to plat inum in the intermediate represented in

Scheme I I  does not exchange with l -butene free in
solut ion (e.9. ,  7=#8).  I [  exchange did occur,  co-
ordinat ion of  l -butene-dt  to a plat inum(I l )  deuter ide
center,  fo l lowed by deuter ide addi t ion and plat inum
hydr ide el iminat ion,  would provide an ef f ic ient  route to
l -butene-dr,  and this substance is not observed as a

(36) The data of  Chatt ,  er  a/ . ,  suggest  an isotope ef fect  of  ks ike :

1.5-2.0 for  loss of  ethylene f rom [(C:Hr)rP] :PtBrCDrCHr,6 whi le the
isotope ef fccts for  loss of  copper hy"dr ide f rorn [CHTCHTCHDCHzCUP-
(n-Bu)3J^ &p. lko -  4. '7)37 and of  l i th ium hydr ide f rom n-buty l l i th ium
(kgl  ko:  3J)s are larger.  How'ever,  these data are not  d i rect ly  i tp-
pl icable to considerat ions of  the probable magni tudes of  isotope er fccts
in the data of  Table I I ,  s ince the step expected,  on the basis of  the mcch'
anism of  Figure 5,  to determine an isotope ef fect  would be reduct i rc
el iminat ion of  butane f rom a L:BuPtH(D) f ragment.

(37) E.  R.  Stedronsky,  Ph.D. Thesis,  lv lassachusetts Inst i tute ot '

Technology,  Cambridge,  Mass. ,  1970.
(3S)  R .  A .  F innegan  and  H .  w .  Ku t ta ,  J .  Org .  Chem' ,30 ,4138  (196- i t .
(39) For reviervs of  evidence pert inent  to metal  hydr ide addi t ion and

e l im ina t ion  to  o le f i ns ,  see  F .  R .  Har t l ev ,  Chem.  Reu . ,69 ,799  (1969) ,  a t td
ref  6 and 7.  Note that  pr ior  coordinat ion of  o lef in to the metal l ic
center  ctnnot  be assumed to be a prerequis i te for  addi t ion of  a metel
hydr ide to the olef in,  s ince such coordinat ion is  a lmost  certa in ly not
involvecl  in at  least  one instance:  udz. ,  the addi t ion of  IHCo(CN) ' ]  3-

to otef ins.  Cf .  J .Halpern and L.  Wong, I '  Amer.  Chem. Soc. ,  90.

6665  (  r968) .

lVhitesides, Guasclt, Stedronsk.r* I Di-n-burvlbis(rriplrcnv'lphosphine)platinunt(llt



5264

C"ll"Or8r'l 1 6 C.Hp.Bre

c"t.o.B'i/ |c.qqa/'
n n  n  n  f fH  n  n

fil lil jtl lll
A B C D

Figure 3. Mass spectra of deuterated l-bromobutanes showing the
molecular ion region and M - 29 ion region: A, rr-butyl-dr bromide
derived from 1-2.2-dz after I half-life in the presence of added tri-
phenylphosphine; B, rr-butyl-r/.r bromide derived from 1-2,2-dz atter
I half- l i fe in the absence of added tr iphenylphosphine; C, n-butyl-
2,2-ch bromide; D, rr-butyl- l , l -dt bromide. Each region is normal-
ized independently. The isotopic doublet for CrHrDrTeBr and
CrHzDrErBr (for M+) and for C.rHrD.rTeBr and CrHrDzEtBr (for
M - 29)" is indicated above each trace.

s ign i f icant  react ion product .  {0  Thus,  the ra te  o f
addi t ion o f  the p la t inum hydr ide moiet ies ,  which are
presumeci  to  be in termediates in  the scrambl ing pro-

cess,  to  coord inated molecu les o f  l -butene,  and the
rate  o f  the subsequent  reduct ive e l iminat ion o f  butane
f rom these in termediates,  must  be cons iderab ly  more
rap id  than the ra te  o f  exchange of  coord inated l -
butene wi th  [ -butene f ree in  so lu t ion.

Hav ing estab l ished that  the deuter ium present  in  the
l -butene produced on thermal  decomposi t ion o f
l- l , l -d! and I-2,2-d.2 is extensively scrambled, we

turned our  a t tent ion to  the complementary  prob lem of

determin ing the extent  to  which deuter ium in  the
star t ing mater ia l  is  scrambled dur ing thermolys is .
The procedures used to  e f fec t  th is  analys is  are out l ined
Scheme I I I .  Samples o f  L-d t  were heated at  60o for

Scheme II I .  Determination of the Extent of Deuterium
Scrambling in l-l,l-dz and l-2,2-dz Recovered Following
Part ial Thermolysis

mass spectrum examined at low ionizing voltages.
Examination of the mass spectra of l-bromobutane-
I,l-d2 and l-bromobutane'2,2'dt demonstrated that
relat ively l i t t le posi t ional  scrambl ing of  c leuter ium
occurs in the molecular ion prior to its fragmentation
by loss of  ethyl  radical  (Figure 3,  Table I I I ) :  o iz. ,  only

Comoound
, -M+
do dr dz dt

---<M - Et)*-
do dt dz dt

c3H?-nD^CH?CN

ca. I half-l i fe of the thermal decomposition reaction and
then cooled and treated with molecular bromine.
The 1-bromobutane-d:  produced was isolated and i ts

(40) Chatt, et al., apptrently did not observe ethylene-dr as a product
of thermal decomposition of solid ethyl-l, l-dz-bromobis(triphenyl-
phosphine)plat inum(l l ) .6 This observat ion leads to conclusions con-
cerning the relative ratcs of exchange of free and coordinated ethylene
and plat inum hydr ide addi t ion to coordinated ethylene in the sol id
state or  mel t  that  are s imi lar  to those discussed here.

CHICHTCHICD:BT
CH3CHTCDTCHTBT
rr-C.HzD:Br'
It-CrHrDzBr"

" The nominal value of the ionizing voltage was l1 eV. Isotopic
compositions are corrected for contributions from r3C; precision
is estimated to be +1%. b l-Bromobutane was obtained from
partial thermal decomposition of l-2,2-dz (O.3 M in CHrClr).
" l-Bromobutane was obtained from partial thermal decomposition
of l-2,2-dz (0.3 M in CH:Clr) in the presence of added triphenyl-
phosphine (0.3 lvl).

ca.  13-161" of  one deuter ium atom is lost  f rom the C1
and C: posi t ions in the f ragmentat ion of  the molecular
ion of  l -bromobutane-/ , / -d ' :  or  -2,2-dz under the con-
di t ions used in obtaining these spectra.  Thus, com-
par ison  o f  the  iso tope compos i t ions  o f  the  M+ and
(M - Et)+ peaks in the spectra of  samples of  l -bromo-
butane obtained from part ia l ly  decomposed samples
of L-2,2-dz provides a measure of  the manner in which
the deuter ium present in the molecule is div ided be-
tween the f i rst  two and last  two carbon atoms of  the
butyl  group. The data in Table t I I  indicate that  l -
bromobutane-d' t  der ived from part ia l  thermal decom-
posi t ion of  L-2,2-d'z in methylene chlor ide shows the
same mass spectral  isotopic distr ibut ion as l -bromo-
butane-2,2-dt .  Hence, thermal decomposi t ion of  1-
2,2-d,r  in the absence of  added tr iphenylphosphine
apparent ly does not take place with s igni f icant scram-
b l ing  o f  deuter ium a long the  a lky l  cha in  in  undecom-
posed start ing mater ia l .

In contrast ,  comparison of  the isotopic composi t ion
of M+ and (M Et)+ for  l -bromobutane obtained
from a sample of l-2.2-dt thermolyzed to ca. I half-l i fe
in a solut ion containing added tr iphenylphosphine
indicates that extensive deuter ium scrambl ing has
occurred under these condi t ions.  I f  two deuter ium
atoms are distr ibuted ent i re ly randomly along an n-
butyl  chain,  the relat ive probabi l i t ies that  the Ct,C,
ethylene moiety wi l l  contain two, one, and zero deu-
ter ium atoms are 17:56:28, respect ively.nt  Approxi-
mate correct ions to these probabi l i t ies for  the s l ight
deuter ium loss observed (Table I I I )  f rom the Ct,C,
ethylene moiety of  l -bromobutane-d:  on f ragmenta-
t ion suggest that  a stat ist ical  d istr ibut ion of  deuter ium
along the chain of  l -bromobutane-2,2-d2 would
lead to a distr ibut ion of  isotopic composi t ions for  the
(M Et ) *  f ragment  o f  do :d1 :d .2 :  35  :50 :  15 .  Thus .
the observed distr ibut ion,  24 49:26. indicates qual i ta-
t ively that  thermolysis of  l -2,2-dt  in a solut ion con-
taining added tr iphenylphosphine is accompanied by
almost complete scrambl ing of  the deuter ium in the
butyl  groups of  undecomposed start ing mater ia l .

( .11) H.  Margenau and G. M. Murphy,  "The Mathemat ics of  Physics
and Chemistry,"  Van Nostrand,  Pr inceton,  N.  J. ,  pp 4l t  f f .
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The isotopic composition data in Table III demon-
strate that thermal decomposition of l-2,2-d2 in a
solut ion containing no added tr iphenylphosphine does
not resul t  in interchange between deuter ium at Cz and
hydrogen at  Cr or Cr;  they do not permit  any conclu-
sions to be drawn concerning scrambl ing between C1
and C:.  The extent of  th is scrambl ing was determined
expl ic i t ly  by convert ing the 1-bromobutane-d:  obtained
from recovered dibutyl-d:-bis(triphenylphosphine)-
plat inum(t I )  to valeroni t r i le,  washing out any deu-
ter ium in the posi t ion a to the ni t r i le group by t reat-
ment wi th base, and comparing the isotopic composi-
t ion of  the resul t ing exchanged valeroni t r i le wi th that
of  the l -bromobutane from which i t  was made.{2
The l -bromobutane had isotopic composi t ion do, 07o;
dt, 27n; dt, 98%; while that of the valeronitri le was
do,  6 /o ;  d r ,  l9%;  d2 ,  75%.  Thus ,  ca .  l3 /o  o f  the
deuter ium or ig inal ly present in the bromobutane can be
exchanged fol lowing conversion to valeroni t r i le;  th is
number provides a direct  measure of  the extent of
scrambl ing of  deuter ium onto Cr dur ing the thermal
decomposi t ion of  L-2,2-d' : .

The conclusions drawn from these mass spectro-
metr ic studies were conf i rmed independent ly by
complementary nmr studies.  Integrat ion of  the spec-
trum of 1-bromobutane-dr obtained from L- I  , l  -d l

at ier  incomplete thermolysis in methy' lene chlor ide
so lu t ion  conta in ing  no  added t r ipheny lphosph ine
ind ica ted  tha t  the  area  o f  the  CH, -nDnBr  peak  a t  3 .15
ppm cor responded to  0 .24  *  0 . I  p ro tons  (F igure  .1 ) .

This est imate of  t ranst 'er  of  ca.0.2-t  protons from C: to
C1 dur ing  thermal  decompos i t ion  o f  1 -  l , l -d r  i s  in  sa t is -
factory qual i tat ive agreement wi th the est imate,
ob ta ined by  exchange and mass spec t romet ry ,  o f
t rans fer  o f  0 .13  deuterons  f rom C1 to  C1 dur ing  ther -
molysis oI  L-2,2-d).  Simi lar ly,  integrat ion of  the
spectrum of l -bromobutane-d, :  obtaineC from I-2,2-d2
after incomplete thermolysis in meth! ' lene chlor ide
solut ion containing 0.3 M tr iphenylphosphine indicated
qua l i ta t i ve ly  tha t  the  deuter ium or ig ina l l y  loca l i zed  a t
C:  o f  the  bu ty l  g roup was s ta t i s t i ca l l y  d is t r ibu ted  a long
the alkyl  chain.  The errot  in th is measurement is s igni f i -
can t :  however ,  w i th in  i t s  l im i ts  o i  p rec is ion ,  i t  a lso
points to approximately the same deuter ium dis-
t r ibut ion as that inferred from the mass spectrometr ic
s tud ies .

In summary,  these label ing exper iments establ ish
that deuter ium scrambl ing in recovered start ing ma-
ter ia l  is  restr icted to a smal l  ( -13 % of one hydrogen)
interchange between C1 and Cx, for  thermal decompo-
si t ion of  1 carr ied to I  hal f - l i ie in solut ions containin-e
no added t r ipheny lphosph ine ;  sc rambl ins  o f  deuter ium
during thermal decomposi t ions of  1 carr ied to I  hal i -
l i ie in solut ions containing 0.3 r14 tr iphenylphosphine
is essent ia i ly  complete between al l  four carbon atoms
of the n-butyl  moiety.

Discussion

Six l ines of  evidence are direct ly pert inent to the
mechan ism o f  thermai  decompos i t ion  o i  1 .

( l )  The produc ts  o f  the  thermal  decompos i t ion ,  l -
bu tene,  bu tane,  and a  compound o f  unknown compo-

(42) Inciependcrr t  eroer iments using authentrc . ' 'a leroni t r i le-2,2<l :

es tab l i shed  tha t  -98 i  o f  t he  deu te r ium p rescn t  i n  th i s  subs tance  was
Iost  c iur ing thc e.rchange procedurc.

3"o 
3;i' 

r"o

Figure 4.  60-MHz nmr spectra in carbon tetrachlor ide of  :  (A) l -
bromobutane-c/: derived from l-l, l-.1) after partial thermolysis in
the absence of  t r iphenylphosphine; (B) l -bromobutane-r / :  denved
from l-2.1-rl: after partial thermol)'sis in the presence of triphenr l-
phosphine; (C) l -bromobutane-c/ , r .

s i t ion  conta in ing  p la t inum(0) ,  a re  fo rmed in  a  f i rs t -o rder .
in t ramolecu la r  p rocess .  No 2-bu tene is  fo rmed.

(2)  The ra te  o f  decompos i t ion  in  methy lene ch lo r idc
solut ion is decreased by adding tr iphenylphosphine t t ' r
the  so lu t ion  and by  coord ina t ion  o f  the  d ia lky lp la t inunr -
( l l )  mo ie ty  to  a  che la t ing  b identa te  phosph ine .  So l r r -
bi l i tv  exper iments demonstrate that  the ef fect  of  thc
added t r ipheny iphosph ine  is  tha t  o f  inh ib i t ing  d issoc ia -
t ion  o f  a  phosph ine  l igand f rom l .

(3 )  Deuter ium present  a t  Cr  o r  C2 o f  1  i s  ex tens ive ly '
sc rambled  in  the  i -bu tene produc t .  The degree t ) l
sc rambl ing  aDpears  to  be  independent  o f  the  ex ten t
o f  decompos i t ion  o f  the  sample .

(1 )  Dur ing  the  p la t inum hydr ide  e l im ina t ion  and
add i t ion  reac t ions  respons ib le  fo r  th is  deuter i r rm
scrambl ing.  there is no exchange between l -butene free
in  so lu t ion  and 1-  o r  2 -bu tene coord ina ted  to  p la t inun l .

(5)  Deuter ium present at  Cr or C2 of  the butyl  groups
at the ot l tset  of  decomposi t ion carr ied out in solut ions
containing no added tr iphenylphosphine is found to be
onty s l ight ly scrambled in start in-e mater ia l  recovered
after I  hal i - l i fe.  deuter ium present at  C: is extensively '
scrambled in start ing mater ia l  recovered af ter  t  hai i -
l i fe  in  so lu t ions  conta in ing  added t r ipheny lphosph ine .

(6) There is no observable d-deuter ium isotope
effect  on the rate of  thermal decomposi t ion of  1 carr ied
out  in  so lu t ions  conta in ing  no  added t r ipheny iphos-
p h i n e .

The most important features of  the react ion prof i le
charac ter iz ing  the  thermal  decompos i t ion  o f  1  in  so l t r -
t ions  conta in ing  no  added t r ipheny lphosph ine  are
def ined by three of  these observat ions.  First ,  t i re
scrambl ing  o f  deuter ium in  the  l -bu tene fo rmed dur inc
decomposi t ion of  l - l . l -d ' :  and 1-2,2-d) indicates that
the  e l im ina t ion  o f  p la t inum hydr ide  f rom buty l  g roups
and i ts readdi t ion to coordinated 1-butene are bot i r
more ranid react ions than the reduct ive el iminat ion of
rr-butane from intermediates containing hydr ide anci
n -bu ty l  g roups  c  bonded to  p la t inum.  Second,  the

lVhitesirles. Gtutsclt, Stetlronsl;)' Di-n-bur,,'lhis( rripitt'nvlphosphine)platinunu I ll



Figure _<.  Schemat ic representat ion of  the react ion coordtnate

dc ic r ib ing  the  the rma l  decompos i t i on  o f  l .  The  separa t ion  be -

tween two curves ts arbi t rary,  Since one represents Gibbs t tee energy

6 for  a : ;o lutron contain ing no added pl iosphine whi le the second

represen ts  c  l ' o r  a  so lu t i on  con ta in ing  added  t r i pheny lphosph ine .

L  rep resen ts  t r i phenr  l phosph ine .

observa t ion  tha t  the  scrambl ing  o f  deuter ium does  no t

exrend to unclecomposed start ing mater ia l  establ ishes

tha t  the  s ta r t ing  n la te r ia l  and those in te rmed ia tes  in

wh ich  deuter iun t  Scrambl ing  occurs  a re  Separa ted  by  a

barr ier  l r igher than that for  the reduct ive el iminat ion

s tep .  F ina l l y ,  s ince  the  h ighes t  bar r ie r  fo r  thermal

decompos i t ion  car r ied  ou t  in  the  absence o [  added

t r ipheny lphosph ine  appears  to  be  tha t  separa t ing

srarr ing marei ia l  f rom the hydr ido- and sec-butylplat i -

num intermediates responsible for  deuter ium scram-

b l ins ,  and s ince  the  overa l l  ra te  o [  the  decompos i t ion

is dicreased by ei ther the presence of  t r iphenylphos-

ph ine  in  so lu t ion  or  by  che la t ing  phosph ines  on  the

p la t inum a tom.  the  ra te -de termin ine  s t€p  in . the  ab-

i .n . .  o i  ac ic led  t r ipheny lphosph ine  can be  ass igned to

a  s rep  invo lv ing  d issoc ia t ion  o f  1  in to  I  equ iv  o f  t r i -

phenylphosphini  and 1 equiv of  a three-coordinate

p la t inum complex .  p resumably  hav ing  the  compos i -

i ion  phrppt (n -eu) ,  (S) .  A  reac t ion  coord ina te  wh ich

accommodates these observat ions is represented in

F i e u r e  5 .
i  number of  features of  th is diagram. and of  the

mechanism i t  impl ies.  deserve ampl i f icat ion.  First .

the vert ical  axis in the diagram represents G, the Gibbs

free enersy,  rather than E or H. Thus. added tr t -

phenylphoiphine decreases the rate of  the thermal

decompos i t ion  by  decreas ing  the  magn i tude o f  IS=

(and correspondin_uly of  ^G =) for  the recombinat ion ol

t r iphenylphosphine (cal leci  L in the diagram) rv i th

LPtBu, (5),  rather than by increasing the magnitude of

lG = for  the dissocict t ion step. Since the magnitude

oi  lG = for  the dissociat ion is not inf luenced by addeci

L.  the observeci  decrease in overal l  rate impl ies that

some step other than dissociat ion oi  L f rom 1 becornes

ra te  de termin ing  in  the  presence o f  added L '  Th is

imp l ica t ion  is  suppor ted  by  the  observa t ion  o f  ex tens ive

deuter ium scrambl ing in 1-d:  recovered from sampies

part ia l ly  decomposed in the presence of  added L but

nor f rom sampies decomposed in the absence of  addeci

L .  {J  Seconct .  we have no  d i rec t  ev idence fo r  the

existence of  LPtBur 8S 6r discrete intermediate along the

react ion coordinate and certainly no evidence con-

cerning i ts stabi l i ty  re lat ive to that  of  the intermediates

respon-sible for  scrambl ing.  In pr inciple.  extrusion of

the olef in into the coordinat ion s i te occupiecl  by the

leaving phosphine l igand could be concerted with

phosp-hine-plat inum bond breaking'  However,  the

obseivat ion that there is no p-cleuter ium isotope ef fect

on the rate of  thermal decomposi t ion of  I  in the ab-

sence of  added tr iphenylphosphine suggests that  p c-H

bond break ing  is  no t  impor tan t  in  the  d issoc ia t ion

step.{{  Third,  the Structure and relat ive energies of

the intermediates responsible for  deuter ium scrambl ing,

ancl  the magnitudes of  the barr iers separat ing these

species,  are not known. The deuter ium scrambl ing

data suggest that  exchange between cr and cz is more

rapid t f i in that  between Cx and Cr.  Evidence taken

irom other studies suggests that  complexes of  2 'butene

with plat inum(I l )  should be less stable than analogous

compiexes  o f  1 -bu tene.7 '3e ' { ;  These observa t ions ,  a l -

though helpful  in est imat ing qual i tat ive stabi l i t ies for

the intermediates involved in the deuter ium scram-

bl ing,  do not provide suftrc ient  informat ion to est imate

re la t i ve  concent ra t ions '
\ \ 'e assume that the intermediate f rom which reduc-

t i ve  e l im ina t ion  o f  bu tane takes  p lace  has  hydr ide

anc l  a lky l  g roups  c is {6  and tha t  the  reduc t ive  e l im ina-

t ion  s tep  is  concer tec i . ' ;
Th is  s tudy .  in  es tab l i sh ing  the  bas ic  mechan ism fo r

the  thermal  deconrpos i t ion  o i  1 .  po in ts  ou t  cer ta in

pr inc ip les  rvh ich  shou id  be  app l icab le  in  p rac t ice  to  the

synthes is  o f  o rganometa l l i c  compounds o f  p la t inum.

and presumably  o f  o rher  t rans i t ion  meta ls .  ha l ' ing

h igh  thermal  s tab i i i r y .  Thus .  in  par t i cu la r ,  a lky l

( 4 3 t  T h c  o b s c r v a t i o n  o f  I  s m a l l  i l m o u n l  o f  s c r a m b l i n g  b e t w e e n  C r

a n c i  C ,  i 1 1  l c c e v c r c d  s t a r r i r r g  m u t c r i a l  i n  t h c  ] b s c n c e  o f  a d d c d  L  s u g g c s t s

t h a t  r h c  c n e r g l c s  o f  t h c  t r a n s i t i o n  s t l t e s  l c e c i i p g  t o  l o s s  o f  L  f r o m  l ,

a n d  t o  r c d u c t i v c  c l i m i n l t i o n  o f  b u t a n c ,  i n  l n c t  d i t f c r  b y  - l  k c a l i m o l '

t . l - t t  . 4 . n o r h c r  i r l t e r r l r t r V e ,  i n l ' o l v i n g  c x t r u s i o n  o f  o l c r i n  t o  g i v e  a  d v c -

c o o r c i i n a r c  i r r t c r r n c c i i ; . t t e  c o m p l c x  i i r r  a  p r c e q u i l i L ' r i u m  s t e p  O c c u r r i n g

LrPt (  n 'Bu ) :  - , -^

L 'PIH(n 'Bul (  l 'butene '  - * *  LPtHBu( l 'butene)

+t 
determrning

L,Pt t  n 'Bu X sec 'Bu )

be. l 'o re  < j i ssoc i r t t ion  o f  a  mo lecute  o f  t r ipheny lphosph ine '  i s  a lso  fo rm-

a i l y  c o m p a t i b l e  r v r t h  o u r  e v i d e n c e ,  p r o c i c i e d  t h a t  o i a t t n u m - h y d r i d e  a d d i '

t io i r  ro  ihe  coord i r ra red  l - l tu tene in  i  on ly  tekes  p l i . rce  to .  regenera tc

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

bu tene can c lcar ly  occur  ro  g ive  e i ther  p r i rn ; r ry  o r  secondary  carbon-

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

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

e n  i n t c r : n c d i r i t c  s u c h  a s  i .
( J 5 )  R .  J .  C v e t a n o ! ' i c ,  F .  J .  D u n c l n ,  W '  E '  F a l c o n e r '  a n d  R '  S '  I r r v i n '

J .  . 1 , n t e r .  C h e n r . s o c . ,  8 7 '  l 8 : 7  ( 1 9 6 - i ) :  R  C r a m e r '  i b i d "  8 9 '  4 6 2 1  ( 1 9 6 7 )  '

F .  R .  H a r t l c ' ,  a n d  L .  f f .  V e n a n z i ,  i '  C h e m '  S o c '  A '  3 3 3  ( 1 9 6 7 ) '  a n d

r e f e r e n c c s  c i t c d  i n  e a c h .
( . 1 { l ) C o n c e r t c d t r a n s r e d u c l i r , e e i i n l i r r a t i o n i s p o s s i b l e b u t S e e r n 5

u n i r k c i )  
' .  c J .  F . R .  J . n s " n  i r n c i  B '  i ( r r i c k c i '  J '  ' l m e r '  C h e m '  S o c "  9 3 '

r ) 3 3 9  (  l 9 7 l ) ;  J .  A .  L : r o i n g ' : r ,  R .  J .  B r r t u s ,  D '  D o i p h i n '  a n c i  J '  A '  O s b o r n '

C l t e m .  C o n t r n u r r . . 6 l :  ( 1 9 ; 0 ) ;  R . G . P e r l r s o n  a r r t l  \ \ "  R '  N { u i r '  J '  A m e r '

C h c r t . S o c . , 9 l . 5 , 5 l 9  ( 1 9 7 0 ) ;  i .  S .  B r e t i l e i ' ,  D .  E  C o n n o r ,  D '  D o l p h t n '

J .  A .  L a b r n g c r ,  a n d  J .  . \ .  O s b o r r t ,  ; i t i t i ' , 9 ' l '  l 0 ' t i  r  l 9 7 l ) ;  - a n d  
G '  ) l '

w h i r c s i d c s  a r r u  D .  J .  B o s c h e t t o ,  ; 6 n i . ,  9 i .  i 5 : 9  (  l 9 7 l  t ,  f o r  b r i e f  d i s c u s s i o n s

o i  t h c  s t c r e o c h e r n i i r r i '  o i  o x i d a t t v c  l d d i t i o '  o i  e i k l  t  h a l i o c s  t o  t r a n s i t i o r t

m e t l l s .
( .17)  Free  a lky I  rad ic : r l  in re r rnec l ia tes  have been exc luded in  a  re la ted

r e d u c r i r c  e l i r n i n . r t r o n  i n v o l v i n g  a  p a l l ' r c i i u m  a i k i l :  E '  V e d e j s  l n d  l V l '  F '

Sa lomo. ,  ib id . ,  92 , ,  r i96 j  (19 t0) .  Scr .  a lso  G.  ! t .  Whi tes ides .  J .  Ser t

F i L i p p o ,  J r . ,  E .  R '  S t c c i r o r r s k v ,  l n c t  C '  P '  C a s *  '  i b i d "  9 l '  6 5 4 2  ( 1 9 6 9 ) '
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der ivat ives of  p lat inum(I I )  in which metal  hydr ide
el iminat ion is blocked, ei ther by incorporat ion of
l igands which render the metal  coordinat ively satu-
rated or by using o-alkyl  groups so constructed that
metal  hydr ide el iminat ion f rom them is impossible,
shou ld  be  more  s tab le  than 1 .

In a more general  vein,  i t  appears that  rat ional iza-
t ions of  the thermal instabi l i ty  of  t ransi t ion metal
alkyls that  are based on considerat ions of  the relat ive
energies of  carbon-metal  o and a* orbi ta ls{8 have only
smal l  pert inence to the thermal decomposi t ions of
many, or perhaps most,  der ivat ives of  ds-dt0 metals
studied to date,  s ince metal  hydr ide el iminat ion rather
than homolyt ic carbon-metal  bond scission seems to
provide the lowest energy pathway for thermal de-
composi t ion avai lable for  a lkyl  der ivat ives of  those
metals capable of  forming strong bonds to hydrogen.{e
The high stabi l i ty  associated with methyl ,  neopentyl ,
and aryl  der ivat ives of  these metals is thus at t r ibutable
to the absence of  6 hydrogens which can be el iminated
as metal  hydr ide.

For  compounds o f  the  dS-d  r0  meta ls  in  wh ich  meta l
hydr ide  e l im ina t ion  has  been b locked as  a  pa thway fo r
thermal  decompos i t ion .  i t  i s  no t  obv ious  what  reac t ion
type wi l l  emerge as preferred for decomposi t ion.
Mechan isms invo lv ing  homoly t i c  sc iss ion  o f  carbon-
meta l  bonds  prov ide  one poss ib i l i t y ; ;0  b imo lecu la r
decompos i t ions ,  o r  reac t ions  occur r ing  be tween or -
gan ic  l igands  on  a  common meta lcenter  o r  on  the  sur face
of  a  meta l  a tom c lus te r ,  p rov ide  a  second. i ' t  I f  rad ica l
mechanisms do intervene. increasingly the polar i ty of
the  carbon-meta l  bond shou ld  inc rease the  s tab i l i t y
o f  the  compound toward  thermal  decompos i t ion ,  and
the  s tab i l i t y  o f  o rganometa l l i c  der iva t ives  o f  f luoro-
carbons,t :  metal  acetyl ides,  and the recent ly reported
der iva t ives  o f  t r imethy ls i l y l l i th ium' i3  can each be
ra t iona l i zed  on  the  grounds tha t  these subs tances
cannot  decompose by  e l im ina t ion  o f  meta l  hydr ides

( .18) For revi , : rvs,  scc rcf  -sa,b and J.  Chatt  rncl  B.  L.Shaw, J.  Chem.
S o c . .  l 7 l 8  ( 1 9 6 0 ) .

(49 )  A lky l s i l vc r ( l )  compounds  m igh t  bc  cxpec tcd  to  bc  l ess  l i kc l y  to
dccomposc  by  a  pa thwuy  invo lv ing  mc ta l  hyd r idc  c l im ina t ion  than  a rc
a lky l coppc r ( l )  compounds ,  s ince  s i l ve r (  I )  hyd r ide  appcars  to  be  somc-
what less stablc than copper(  I )  hydr idc.  Thus,  ct ror ts to preparc s i lver
hyd r ide  us ing  t cc l rn iqucs  p rev ious ly  p rovcd  success fu l  i n  the  p repara t ion
o f  copper  hyd r idc r6  havc  rcsu l t cd  in  the  fo rmat ion  o I  uncharac tc r i zcd
mater ia ls o[  r 'ery low thcrmal  stabi l i ty  that  dccornposed rapid ly evet l  at
-  78 ' ,  w i th  fo rmat ion  o f  s i l ve r (0 )  and  cvo lu t i on  o f  hyd rogen .  (No tc ,
however,  that  AgH has becn detectcd in the vapor phase and inferrcd in
so lu t i on :  B .  S icgc [ ,  . / .  Chem.  Educ . ,  38 ,  ,196  (1961) ;  J .  Ha lpe rn .
Adcan .  Ca ta l . ,  l l , 30 t  (1959) ;  J .  Ha lpc rn ,  G .  Cz rpsk i ,  J .  Jo r tne r ,  and
C.  S tc in ,  lVa tu re  (London) ,  186 .  619  (1960) ) .  I r r  keep ing  w i th  th i s
expec ta t i on ,  examina t ion  o f  the  mechan ism o t ' t hc rma[  dccompos i t i on  o f
n -bu ty l ( t r i - r r -bu t1  l phosph ine )s i l ve r ( l )  has  in  fac t  p rov ided  good  ev idence
tha t  a  s i l ve r  hyd r ide  i s  no t  an  in te rmcd ia te  i n  th i s  reac t ion :  P .  E .
Kenda l l ,  unpub l i shed .

(50) See, for  example,  G. iv [ .  Whi tesides,  E.  J.  Panek,  and E.  R.
Stedronsky,  J.  .4mer,  Chem.Soc. ,  94,  232 (1972),  and references c i ted
therein.

(51 )  V iny l i c  and  a ry l copper (  I )  and  -s i l vc r (  I )  compounds  p roduce  the
d imers  o f  the  o rgan ic  l i gands  on  the r rna l  dcconrpos i t i on ,  by  mechan isms
tha t  do  no ,  i nvo lve  o rgan ic  f rec  rad ica ls :  G .  i v { .  Wh i tes ides ,  C .  P .
Casey ,  and  J .  K .  K r ieger .  i b id . ,93 ,1379  (1971) ;  A .  Ca i rnc ross  and  W.  A .
Sheppard ,  i b id . ,93 ,247  (1971) ;  A .  Ca i rnc ross ,  H .  Omura ,  and  W.  A .
S h e p p a r d ,  i b i d . ,  9 3 , 2 1 8  ( 1 9 7 1 ) .

(51 )  Rcv igvs :  R .  S .  Nyho tn t ,  Quur t .  Rc t ' . ,  C l te rn .9oc . ,21 ,  I  (1970) :
lV l  .  [ .  B ruce  and  F .  G .  A .  S tone ,  ,4ngew.  Chenr . ,  I t r r .  Ed .  Eng l . ,7 ,747
(  1 9 6 8 ) ,

(53 )  G .  Yagupsky ,  W.  Morva t ,  A .  Shor t l and ,  and  G.  Wi l k inson ,
Chern .Comntun . ,  I l 69  (1970) ;  F .  Hug ,  !V .  Morva t ,  A .  Shor t l and ,  A .  C .
Skapsk i ,  and  C .  Wi l k inso r r ,  i b id . ,  1079  (1971) :  l v { .  R .  Co l l i e r ,  I v { .  F .
Lappc r t ,  and  i v t .  M .  T rue lock ,  J .  Organornc ta l .  Chem. ,  25 .  C36  (1970) :
M.  R .  Co l l i e r ,  B .  , ! { .  K ings ton ,  and  M.  F .  Lappc r t ,  Chen .Commun. , l 498
(  1 9 7 0 ) .

and that low-energy polar resonance structures for
the i r  carbon-meta l  bonds  render  homoly t i c  bond
sc iss ion  energet ica l l y  un favorab le .  I f ,  however ,  non-
radical  react ions leading, €.g. ,  to organic dimers
prove to provide the lowest energy pathway for thermal
decompos i t ion , ;  t  dev is ing  a  success fu l ,  ra t iona l  fo rmula
for  the  pro tec t ion  o f  o rganometa l l i c  compounds aga ins t
thermal  decompos i t ion  w i l l  depend on  an  unders tand ing
of  the  de ta i l s  o f  the  mechan isnrs  invo lved.

Experimen tal Section'r{

cls-Dichlorobis( t r iphenylphosphine)plat inum(I I ) ,  prepared f rom

po tass ium te t rach lo rop la t i n i t e  and  t r i pheny lphosph ine  in  e thano l .

acco rd ing  to  the  method  o f  Jensen .56  had  mp 305"  dec  ( l i t . 56  mp

308 '  dec ) .
c is-Dichlorobis( t r iphenylphosphine-t / r ; )p lat inum(I I )  was prepared

using t r iphenylphosphine-c/r ;  having mass spectra l  isotopic analysis :

90/ ,  dr  9 'Z , l r r ,  l \  d1x.57 Recrystal l izat ion f rom CHrCh-heptane
gave  mate r ia l  hav ing  mp 305  "  dec .

Dichloro[ ,1 ' -b is(diphenylphosphino)ferrocene]plat inum(I I ) .  A

so lu r ion  o f  2 .0  C  ( -1 .8  mmol )  o f  po tass ium te t rach lo rop la t i n i t e  i n  30

ml  o f  \ ra te r  was  t rea ted  rv i th  1 .0  g  (10  mmol )  o f  d ie thy l  su l f i de '

The  reac t ion  m ix tu re  was  s t i r red  fo r  3  h r  and  ex t rac ted  w i th  two

20-ml  po r t i ons  o f  me thy lene  ch lo r ide .58  The  ex t rac t  was  added  to  a

s o l u t i o n  o f  3  g  ( : 1 . 8  m m o l )  o f  l . l ' - b i s ( d r p h e n y l p h o s p h i n o ) f e r r o -

c e n e r 3  s e  i n  8 0  m t o t  m e t h y l e n e c h l o r i d e .  A f t e r  t h e  r e a c t i o n  m i x t u r e

was  s t i r red  fo r  I  h r .  75  m l  o f  [ ep tane  rvas  added .  and  the  resu l t i ng

s6 lu t i on  was  s lo rv l y '  concen t ra ted  a t  room tempera tu re  by  s t i r r i ng

us ing  reducec l  p ressure  (  100  Tor r ) to  c r t .  70  m l .  The  resu l t i ng  so l i d

rvas  f i l t e rcd  and  d r red  a t  0 .01  Tor r .  The  b r rgh t  ye l l ow  powder  had

m p  3 3 5 '  d e c  ( l i t . r r  m p  >  3 1 5 '  d e c ) a n d  r v e i g h e d  3 . 8  g  ( 9 0 7 " ) :  i r
( K B r )  3 0 5 0  w ,  l - 1 3 0  s p ,  l 1 6 0  m b .  l l 0 0  m b . 7 5 0  s b , 6 5 0  w ,  5 0 0  b

c m -  I .

(5 - l )  i v lc l t ing  po in ts  rvc rc  dc tc rmi r led  us ing  a  Thomas-Hoover  cap i l -

l a r y  m c l t i n g  p o i n t  a p p a r l t u s  i n  t u b c s  s c a l c d  u t r d c r  r c d u c e d  p r e s s u r c  ( 8 ( )

Tor r )  and are  uncor rcc tcd .  Bo i l ing  po in ts  a rc  uncor rec ted .  In f ra rcd

s p c c t r i . r  \ v c r e -  t a k c n  i n  s o d i u m  c h l o r i d c  c c l l s  o r  p o t a s s i u m  b r o m i d e  p c l l e t s

a s  n o t c < l  u s i n g  a  P c r k i n - E l m c r  M o d c l  2 1  7  o r  2 1 7 B  g r a t i n g  s p c c t r o -

p h o t o m c t c r .  B l n d  p o s i t i o n s  a r e  r c p o r t c d  i n  r c c i p r o c a l  C e n t i m c t c r s

w  i r h  t h c  f o l t o w i n g  n o t a t i o n s :  v s ,  v c r y  s t r o r l g  i n t c n s i t y ;  s ,  s t r o n g :  m '

m c c l i u m ;  w .  r v c a k :  b ,  b r o a d :  s h ,  s h o u l d c r ;  a n d  s p ,  s h a r p .  M a s s

spcc t r l r  usec l  f io r  compound idcn t i f i ca t io t l  wcrc  de tc rmined on  a  H i tach i

P c r k i r r - E l m c r  R i v l U - 6 D  m l s s  s p e c t r o m e t c r  a t  7 0  e V ;  s p c c t r a  u s e d  t r r

i s o t o p i c  a n a l y s i s  w . c r c  t l k c n  a t  t h c  l o r v c s t  i o r r i z i n g  v o l t a g e s  c o m p a t i b l c

r v i t h  a c l c . q u a t c  s i g n a l  i t t t c r t s i t i c s . 3 :  P r o d u c t  m i x t u r c s  w c r e  a n a l y z e d  b y "

g l p c  o n  a n  F  &  ! l  M o d c l  8 1 0  f ' l a m c  i o n i z a r i o n  i r r s t r u m c n t  e q u i p p e d  r v i t h

a  D i s c  i n t c g r a t o r .  P r o d u c t s  r v c r c  c o l l c c t e d  f o r  m a s s  s p e c t r a  b y  g l p c

u s i n g  a  F  &  ! 1  M o d c t  7 2 0  t h c r m a l  c o n d u c t i v i t y  i n s t r u m e n t .  T h c

f o t l o w i n g  c o l u m n s  w c r e  u s c d :  c o l u m n  A ,  6  f t  X  0 . 2 5  i n . 3 %  A p i c z o n  N {

o n . l 0 : 6 0  a l u m i n a  o p c r a t e d  a t  8 0 ' ;  c o l u m n  B '  8  f t  X  0 . 2 5  i n . 3 0 %

U C w 9 8  o n  6 0 : 8 0  C h r o m o s o r b  P  o p e r a t e d  a t  8 0 " ;  c o l u m n  C , 8  f t  X

0 . 3 7 - s  i n .  l 0 T  s E - 3 0  o n  6 0 : 8 0  C h r o m o s o r b  P  o p e r a t e d  a t  5 0 o ;  c o l u m r t

D .  8  f t  X  0 . 2 5  i n .  l 0 %  X F  l l 5 0  o n  6 0 : 8 0  C h r o m o s o r b  P  o p e r a t e d  a t

8 0 ' ;  c o l u m n  E .  I 0  f t  X  0 . 2 5  i n '  l 0 i  s a t u r a t c d  s o l u t i o n  o f  A g N O r -

te t rae th l  lene  g lyco i  on  60  :  80  aqucous b icarbonate 'washed Chromosorb

o p e r a t e d  a t  4 0 ' :  c o l u m n  F , 6  f t  x  0 . 1 5  i n .  l 0 ? l  s a t u r a t e d  s o l u t i o n  o f

A g N O ; - b e n z y l  c y a n i d e  o n  6 0 ; 8 0  a q u e o u s  b i c a r b o n a t e - w a s h e d  c h r o m o -

, o i U  p  o p e r a t c d .  a t  -  1 0 " :  c o l u m n  G .  l 0  f t  X  0 . 1 5  i n .  l 0 %  C a r b o r v a r

2 0 1 v 1  o n  7 0 : 8 0  c h r o m o s o r b  P  o p e r l r c d  a t  1 0 0 " .  N m r  s p e c t r a  w e r c

t a k c n  u s i n g  V a r i a n  A - 6 0 ,  T - 6 0 .  o r  H A - 1 0 0  s p e c t r o m e t e r s .  M i c r o -

ana lyses  w.c re  per fb rmed by  lv l id rves t  i v l i c ro lab ,  Inc . .  Ind ianapo l is ,  Ind .

( 5 5 )  K .  B i e m a n n  " l l a s s  S p e c t r o m e t r l ' - O r g a n i c  C h e m i c a l  A p p l i c a -

t i o n s . "  M c G r a w - H i l l ,  N e r v  Y o r k ,  N .  Y . '  l 9 6 l '  p p  2 2 3  f f '

( 5 6 )  K .  A .  J e n s e n ,  Z .  A n o r q .  A l l g .  C h e m - ,  2 2 9 . 2 1 2  ( 1 9 3 6 ) .

( 5 7 )  T r i p h c n y l p h o s p h i n s - 6 / 1 3  w i l s  g c ' n c r o u s l y  p r o v i d e d  b y  D r .  W '  J '

Ehmann,  J r . :  c . l .  C .  l v l .  Whi tes ides  and lV .  J .  Ehmann,  J .  Amer '  Chem'

S o c . . 9 2 , 5 6 2 5  ( 1 9 7 0 ) ;  a n d  W .  J .  E h m l n n ,  P h . D .  T h e s i s ,  M a s s a c h u s e t t s

I n s t i t u t e  o f  T e c i t n o l o g y ,  C a m b r i d g e .  \ 1 a s s . ,  1 9 6 9 .

( 5 8 )  R c p o r t c d  p r e p a r a r i o n s  o f  h a l o p h o s p h i n e - p l a t i n u m ( I I )  c o m p l e x c s

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

f o  a  h o t  s o l u t i o n  o f  p h o s r . h i n e  i n  a  s o l l ' e n t ,  s u c h  a s  e t h a n o l  o r 2 ' p r o p a l o l ,

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

c o m p l e r .  T h i s  p r o c c d u r e  f r e q u c n t l i '  l c a d s  t o  i m p u r e  p r o d u c t s '  D i -

c h l o i o b i s ( c l i e  t h y l s u l f i d o ) p l a t i n u m (  I I  )  i s  r c a d i l y  s o l u b l e  i n  m e t h l ' l c r t c

ch lo r idc ,  anc l  the  c l ie thy l  su l f ide  l igand is  rcad i l y  d isp laced by  phos-

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

ieads  to  homoger reous  re lc t ions  and to  p roduc t  o f  h igh  pur i ty '

( 5 9 )  C .  p .  S o t t o t ,  J ,  L .  S n c r d .  S .  P o r t n o v ,  W .  R .  P e t e r s o n ,  a n d  W '  E '

l l c r rvav ,  u .  S ,  Depar [mcnr  o f  cornmerce ,  o f i l ce  o f  Tcchn ica l  Serv iccs .

R c o o r t  A .  D .  6 1 1 8 6 9 ;  C h e m -  A b s t r ' , 6 3 ,  l 8 l 1 7 u  ( 1 9 6 5 ) '

lVl i tesielas. Gttasch, Stedronsk)'  , '  Di-n-butt ' lbis(tr iphcnvlplnsphine)plat inunt( I l l
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cis-  Di- l -buty lh is( t r i  pheny I  phosphine)plat inum( I  I )  (  I  ) .  To a st i r red
suspens ion  o f  2 .0  g  (2 .5  mmol )  o t '  c rs -d i ch lo rob is ( t r i pheny lphos -
p h i n e t p l a t i n u m ( l l )  i n  2 0  m l  o f  d r y  e t h e r  a t  0 ' w a s  a d d e d  4  m l ( 6 . 2
mmol )  o f  a  1 .6  r f l  so lu t i on  o I  r -bu ty l l i t h ium in  hexane .  The  reac -
t i on  m ix tu re  was  a l l o rved  to  t va rm to  25 'ove r  30  m in  and  l0  m l  o f
ware r  was  added .  The  resu l t i ng  so l i d  was  co l l ec ted  and  washed  in
success ion  w i th  5 -m l  po r t i ons  o f  wa te r .  e thano l .  and  e the r .  A f te r
d ry ing  a t  100  Tor r .  t he  p roduc t  we ighed  2 .0  g  t95  \ )  and  had  mp
125 '  dec  (  l i t .m  mp I  32 -  l J . l  ' ) .  P rec ip i ta t i on  o f  the  samp le  f rom ca .
?0  m l  o f  me thy lene  ch lo r ide  by  add ing  an  equa l  vo lume o f  heprane
and  remov ing  mc thy lene  ch lo r rde  a t  reduced  p ressure [20 ' (  l 00mm)1 ,
fo l lorved by recrystal l izat ion l rom methylene chlor ide.  y ie lded a
co lo r less  c rys ta l l i ne  ana ly t i ca l  samp le  (90 'a ) ,  hav ing  i r  (KBr )  3050
m ,  2 9 5 0  s h ,  2 9 2 0  s ,  2 8 6 0 s h ,  l 4 8 0 s p ,  l . l - l 0 s p ,  I  1 9 0 m ,  I  1 6 0 m ,  l l 0 0 s .
740  vs ,  700  vs .  5 .10  sh ,  515  vs ,  500  sh , . l 20  cm- r ,  and  nmr  (CD1CI : )
6  0 . 5 - 1 . 3  ( m ,  l 8 )  a n d  7 . 1 - 7 . 7  ( m .  3 0 ) .

Anal .  Calcd for  CrrH, ' rP:Pt :  C.  63.37.
Found :  C ,  63 .  I  I  ;  H .  5 .85  :  P ,  7 .29 .

The  comp lexes  t ,  2 .  and  3  were  m ic roc rys ta l l i ne  powders  when
prec ip i ta ted  l rom methy lene  ch lo r ide  by  hcp tane .  When  rec rys ta l -
l i zed  s low ly  f i om a  s ing le  so lven t ,  t he l '  r ve re  m ' - l c roc rys ta l l i ne  so l i ds .
These  mate r ia l s  a re  s tab le  when  so l i d  toward  t va te r  and  oxygen .
s tab le  i n  so lu t i on  tow i r rd  r va tc r ,  s l i gh t l y  ox )  gen-sens i t i ve  i n  so lu t i on .
a n d  s o m e w h a t  l i g h t  s e n s i t i v e  b o t h  w h e r r  s o l i d  a n d  i n  s o l u t i o n .  T h e v
are  inso lub le  i n  sa tu ra ted  hyd rocarbon  so lven ts  and  wa te r ,  s l i gh t l y
so lub le  i n  e thy ' l e the r  and  e than t r l ,  and  modera te l y  so lub le  i n  me thy l -
c n e  c h l o r i d e  a n d  t o l u e n e .

c i s -D i - r r -oc ty lb i s ( t r i phen l ' l phosph ine )p la t i num( l I )  (2 ) .  To  a
s t i r r e d  s u s p e n s i o n  o i  1 . 6  g  ( 2  m n r o l )  o f  c i s - d i c i r l o r o t r i s ( t r i p h e n y l -
p h o s p h i n e ) p l a t i n u n r ( l l )  i n  2 0  m l  o f  e t h e r  a t  0  r v a s  a d d e d  3  m l  t 6
n r n r o l )  o l ' a  2  r l l  s o l u t i o n  o t ' r - o c t y l l i t h i u n r  i n  h e x a n e .  A f t e r  t h e
ac ld i t i on .  the  reac t ion  n r i x tu re  r vas  a l l o rved  to  r va rm to  room tem-
pc ra tu re  ove r  J0  m in  and  I  n r l  o t 'me thun t t l  r , vas  added .  The  so lu -
l l r )n  was  co r rccn t ra tcd  under  reduccc l  l l r cssu rc .  a r rd  the  resu l t i ng
s t r l i d  p : r t i t i o n e ' J  l r c t r v c e n  a  m i r t u r e  o t ' 2 0 - m l  e a c h  o f  w a t e r  a n d
nr - ' l hy l cne  ch l r r r i c le .  T l t c  l ay 'e rs  wc re  scpara ted  and  t l t e  o rgan ic
I r v c r  r v a s  d r i e l  ( i \ l g S O r t .  A t i e r  t h e  a r l t l i t i o n  o t '  2 0  m l  o f  h e p t a n c ,
rh ' :  me thy le r rc  ch lo r ide  was  s lo !v l )  removc t l  (20  ' ,  100  Tor r ) .  A f t c r
d r ' . i n g  a t  , i 0 ' a n ' J  0 . 1  T o r r ,  t t r c  r e s u l t i n g  o l f - r v h i t e  m i c r o c r y s t a l l i n e
p r o J u c t  w e i g h e d  1 . 6  g  t 3 5 : t ; ) ,  a n d  l r l i l  m p  7 0 '  d e c .  R e c r y s t a l l i z a -
t l o n  t w i c e  l ' r o m  a c e t o n c  a t  - 3 ( ) ' g : r l ' e  c r . " - . t t a l l i r r e  c o l o r l e s s  m a t e r i u l
i r a r i n g  m p  7 6 '  d c c  a t r d  i r  ( K B r )  : 9 i ) l )  v s ,  i n  l d J i t i o n  t o  a b s o r p t i o n s
I t  3 0 5 0 ,  l + 1 0 .  1 1 6 0 .  I 1 0 0 ,  7 5 0 .  7 0 0 .  6 , i 0  c m - t  t h a t  a r e  l b u n d  i n
L : P r C l : :  n r n r ( C D , C l , )  o 0 . - l - 1 . 6 ( m .  3 6 t . 7 . 1  - 7 . 3  ( m .  3 0 ) .

, - t t t u l .  Ca lcd  fo r  C , , :H , r rP :P t :  C .  66 . .11 :  H .  6 .87 :  P .  5 .94 .
F o u n d  :  C .  6 6 . 3 8  :  H .  6 . 8 . 1 :  P .  6 . 1 |  .

c i . r -  Di- r r -octy lb is(  t r i  phcn r ' lphosphinc-r / , ; )  p la t  in um( I  I  ) ,  prepare d
f - r t t rn  r : i . r -d i chk r roL r rs ( t r i phcn ,v - lphosph ine - r / r ' , )p la t i num( l l )  and  t t -
o c t r  l l i t h i u n r .  h a d  m p  7 5 ' d e c  a f t e r  r e c r y ' s t a l l i z a t i o n  f r o m  a c e t o n e .

D i - r -bun ' i i l .  [ ' - b i s (  d i  phen l  l  y ' hosph ino ) fe r rocene  Jp la t i numt  l  l  )  (  3 ) .
T o  a  s t i r r e d  s u s p e n s i o n  o t ' 0 . 8 7  g  ( l  m n r o l )  o f  d i c l r l o r o i l . l ' - b i s l d i -
p h c n y  l p l r o s p h i n o ) f e r r o c e n e l p l a t i n u m (  I I  )  r n  2 0  m l  o f  e t h e r  a t  0 '  w a s
a d . i c d  2  m l  ( 3  m m o l )  o f  1 . 5  , t r /  r r - b u t y l l i t h i u n r  i n  h e x a n e  s o l u t i o n .
. { t ' t c r  20  m in  the  reac t ion  m ix tu re  r vas  cen t r i f uged .  and  the  super -
n l tan t  so lu t i on  l vas  separa ted  and  conccn t ra ted  to  - v ie ld  a  ye l l o l v
s o i r d .  T h i s  s o l i d  w a s  d i s s o l v e d  i n  2 0  n r l  o t ' m c t h y l e n e  c h l o r i d e .  t h e
so lu t i on  rvas  t i l t e red .  l 0  n r l  o t ' hep tane  rvas  added .  and  methy lene
ch lo r ide  was  removed  a t  roon t  tempera tu re  (100  Tor r )  t o  y ie ld  a
p c r v d e r  r v h i c h  r v a s  i s o l a t e d  b y  f i l t r a t i o n  a n d  d r i e d  a t  6 0 ' ( l  T o r r ) :
m p  ( d e c |  1 7 2 . 5 - 1 7 3 . 5 ' :  i r ( K B r t  2 9 0 0  5 . , 1 0 5 0 .  I 1 3 0 .  I  I 6 0 .  I  1 0 0 .  7 5 0 .
7 0 ( ) . 6 5 0 .  a n d  6 0 0  c m - r ;  n m r  ( C D C I : )  6  0 . - q - 1 . i  ( m .  l 8 ) . 6 . 5 - 6 . 7  ( m .
3 ) .  7 .  l - 7 . 5  ( m .  2 - l ) .  A r r  a n a l y t i c a l s a m p l e  r v a s  o b t a i n e d  b y  r e c r y s t a l -
l i za t i on  f rom methy lene  c l r l o r i de .s  t

A t t q l .  C a l c d  f o r  C , . . : H , r F e P : P t :  C .  5 8 . - l l :  H .  5 . 4 0 :  P ,  7 . 1 8 .
F o u n d :  C . 5 7 . 9 1 .  5 7 . 9 5 :  H .  5 . 5 3 . 5 . 6 1  :  P . 7 . 0 0 . 7 . 1 1 .

E th l l  2 .2 -D ich lo robu ty ' ra te .  To  a  so lu r ion  p repared  f rom 5  g
( 0  2 2  g - a t o m )  o l ' s o d i u m  m e t a l  i n  - i C 0  m l  o t ' d r y  e t h a n o l  i n  a  t h r e e -
n e c k e d  l - 1 .  f l a s k  c o n t a i n i n q  a  m a g n e t i c  s t i r r i n g  t  a r  a n d  e q u i p p e d
t v i t h  a  d r o p l r r n g  l ' u n n e l a n d  d r y  n i t r o g e n  i n l e t  r v a s  a d d e d  a t  0 ' o r e r  I
h r  l l 0  I  ( l  n r o l ) o l ' 2 . 1 - d i c i r l o r o b u r y r o n r r r i l e . d r  A f t c r  s t a n d i n g  l o r
I  h r .  t he  so lu t ton  rvas  ac ided  s lo rv l y , ,  r v i t h  cons tan t  s t i r r i ng .  to  a  m ix -
tu re  o l ' 80 { )  g  o f  i ce  and  I  50  m l  (  1 .8  mo [ )  o f  concenr ra ted  hyd roch lo r i c
a c t d .  T h e  r e s u l t i n g  m i x t u r c  w u s  c x t r a c t c c i  r v r t h  t l r r e e  1 0 0 - m l  p o r -

( 6 0 )  B .  A .  l \ { o r r o r r ,  C u t t .  J .  C h e m . , 4 8 . : l 9 l  ( 1 9 7 0 ) .
t  6 l  )  C o m p o t r n d  3  i n c l u d e s  s o l v e n t  r t f  c r v s r a l l i z a t i o n  t e n a c i o u s l y .

T h i s  a n a l y - t i c a l  s a n t p l e  \ r ' . r s  p r c p a r c d  b y  D r .  T c r r y  N c r v i r t h .
t 6 l )  l , l - D i c h l o r o b u t ) ' r o r r i r r i l e  r v a s  o b ( ; . r i n c d  a s  a  g i f t  f r o m  t h c  D o r v

C i r e m i c a l  C o .

t i ons  o f  I  . l /  sod rum b ica rbona te .  d r ted  ( ! l u . \ ( ) , ) .  and  d i s t i l l ed
ca re fu l l r  us ing  a  40 -cm Tc t lon  sp rnn tng -band  co l r r rnn .  Ana lys i s  by
g lpc  ( co lumn G)  showed  tha t  ea r l y -  d i s t r l l a t ton  ' r i r c r rons  con ta ined
er l r y l  2 -ch lo robu ty - ra te .  de r i vec l  f rom a  sma l l  q r r i r r r t t r y  o f  2 -ch lo ro -
bu ty ron i t r i l e  i n  the  s ta r t i ng  mate r ia [ .  The  e thy l  ] . 2 - t l i ch lo robu ty -
r a t e  ( 1 4 0  5 . 7 6 : , ; l  o b t a i n e d  h a d  b p  7 5 - 7 6 ' ( l l J ' l ' o r r )  [ l i t . c l  b p  7 i '
(  l 6  To r r  t l .

l -Butanol-2.1-r l : .  Porvdered z inc metal  (2Ul  v)  wf ls  act ivated b '
r vash ing  rv r th  100  m l  o f  5  [  hyd roch lo r rc  ac id  l i r l f t rwed  by  th ree
100-ml port ions of  ' ,vater .  The actrvated porvr le r  rvas col lected br-
f i [ t ra t i on  and  p laced  in  a  th ree -necked  2 '1 .  l i ask  cqu ipped  w i rh  u
mechan ica l  s t i r re r  and  Dean-S ta rk  t rap .  Bcnzcnc  r i dO ml )  was
added  an r l  t he  n r i x tu re  was  re f l uxed  un t t l  a l l  w i r t c r  was  removed .
\ l os t  o f  t he  benzene  was  removed  by  d i s t i l l a t i ( )n  rnd  250  m l  o f  1 .2 -
d ime tho . rye thane  (  D ! l  E ) .  f resh ly  d i s t i l l ed  I ' r o tn  benzophenone
sod ium d ian ion .  was  added .  A  re l l ux  condcnsc r  and  d ropp ing
funne l  r ve re  f i t t cd  to  the  f l ask .  The  d ropp ing  l i r r rnc l  was  charged
w i t h  1 4 5  g  ( 0 . 8  m o l )  o f  e t h y l  2 . 2 - d i c h l o r o b u t y r r t t . .  u 0  e  ( 4  m o l )  o f
deu te r ium ox ide  09 .57 ;  d r ) .  and  300  m l  o [  d ry  l ) i \ lE .  Th is  two-
phase  m ix tu re  was  ag i ta ted  wh i le  be ing  addc r l  ovc r  2  h r  to  the
s t i r red .  re f l ux ing  suspens ion  o f  z inc  i n  D iV l  E .6 r  A l ' t c r  an  add i t i ona l
8  h r  a t  re f l ux  tempera tu re  no  d i ch lo ro  ( ) r  mor roch lo ro  es te r  re -
ma ined .  as  de te rm ined  by  g lpc  ( co lumn G) .  z \ l ' t c r  coo l i ng ,  the
so l i ds  r ve re  t i l t c red  and  rvashed  vv ' i t h  two  150-n r l  ' o r t i ons  o f  d r r
e the r .  The  comb i r red  f i l t r a tes  wcrc  addcd  s low lv  i r ve r  l 2  h r  to  a
n t i r t u r e  o f  8 0  g  ( 2  m o l ) o l ' l i t h i u m  a l u m i n u m  h v r l r r r l c  r n  2 5 0  m l o f  d r r
e r h c r  i n  t h e  s a m e  a p p a r a t u s .  O n  c o n r p l c t i o r t  t l l  t l r c  r e d u c t i o n .  c a u -
r r o u s  a r l d i t i o n  o l ' l l 0  m l  t t i  s a t t t r r t t e d  s o d i u m  : u l l : r t e  s o l u t i o n  p r o -
duced  a  scmiso l i d  maJS th i . l t  l vas  ex t roc tec l  l i r t r r  t r rncs  w i th  100-m l
p o r r i o u s  o l ' e t h e r .  T h e  d r i e d  (  N l g S ( ) ' )  e x t r a c t  w ; r s  t l i s t i l l e d  u s i n g  a
T e l l t r l  s l ) t n n l n g - i r a n t l  c o l L r r n r l  t o  )  i c l t l  l l  g  (  7 l  " , ' t  o f  l - b u t a n t - l l -
: . : - d ! .  h a v i r r g  b P  I  l 6  

' .

l _ l l u tan0 l_ / .1 - ( / j  w l t s  p rcpurc t !  [ r r  r c r . l uc t i t )n  o l  i l l c th ]  L r -bu ty ra tc
u s r r r  g  l i t h i u n t  a l u m i n t t r n  d c u t c r t d c .

l - [ f romobu t lnc - / .  l < l t  l nd  l -b r r lmobu t l l nc - ] . J - , / ,  r ve re  p repared
f ron r  the  co r rcspon( l i ng  a l coh t l l s  l r v  t rea t l ] l c l l l  ' , v r th  concen t ra tcd
h l  d rob romic  ac i t l  i t r  co t t cen t ra ted  su l t i r r i c  l c t t l . ' 1  ' f 6e  

to rmer  Sac i
i : o t o p i c  c o r r r p t l s i r i r l r r  9 S ' , ' ,  r 1 2 . 2 ' ' . ' ,  r 1 , .  t l t c  l l r t t e r  l r ; r d  i s ( ) t o p i c c o m -

l tos t t i on  97  " , ' ,  J  t ,  3 " i ,  t l , .
f ) i - i r -bu t1 l - i . / - c l : -b i s r t r i phen l ' l phosph ine )p l : t t i n r r rn ( l l ) ,  d i - r r -bu t l l -

- ' .J- t l : - l r is( t r ip l renr lphosphinc)plat inum( I I ) ,  at t t l  d i - r r -buty l -2.2- l : -
(  l . l  ' - l l i sd iphen l  l phosp l t i no fe r rocene  )p l l t i n r tm(  l l )  ' . ve  r c  p repared  and

l r t r r r f i cd  t r s ing  mc thods  iden t i ce l  r v t t l t  t l t osc  t t : e t l  r r r  t l r e  p repara t io r l
o t '  n t l t t dc t t t c r l t t ed  m i l t c r l a l s  us i t rg  r t - l l u t r  I l t t h t t r r r t -  / .  / - , / :  and  r r -bu ty ' l -
l i t h i u m - l . l - , i , .  T h e  n t c l t i r t g  p o i n t s  o t '  t l t c  l r t t r t l i c r l  s a m p l e s  w e r c
i d c n t  r c a I  r v i  t  l t  t  l t o s c  o l '  n o n d e u t c r a t c d  s a t n p l c s

Rcac t i ' n  ' f  f ) i _ i r - l l u t r  l _ l . l - r l , : -b i s ( t r i p l r cny  lphorph ine )p la t i num( l l )

6 -_ ' . - ' - , / r )  r v i t h  1 .2 -D ip l ren r ' l phosph in r - re thanc  ( t l i l r hos ) .  A  0 .20  . l /
s t - - l u t r g n  r l l ' l - J . J - t l j  t v a s  l ) r e p a r c d  a n c l  t l t e  n t t t r ' , 1 ) : ' c l r o m e t e r  t u n c c i  .
r \  ( ) . 2 _ i _ e q u i v , p . r t r o n  g t ' s o l i d  d i p l r t l r  r v a s  d i s s r r l v r . r l  r r r  t l r e  s a m p l e  a n d
f ,  s p c c t r u m  o f  t h e  s o l t t t i o n  i t n r n c d t : . r t e l t  t l t k c t t  " r  C h a n g e  i n  t h c
c ( )mpos i te  spcc t rum cou ld  be  o l l se rve t i  rn  l ( )  t r t t t t .  Spec t ra  r ve re
take i r  a t  r cgu la r  i n te rva ls  ove r  6  I t r ,  a t ' t e r  r v l t i ch  t r r r r r :  subs iquen I  spec -
t ra  s l to rved  no  change  .  The  nmr  spec t rL t tn  o t ' t l l i  , ' , 9 lu t i on  was  com-
p a t r b l e  w i t h  a  f b r m u l a t i o n  o f  t h e  r e s u l t i n g  c o r t t p l c x  a s  d i - n - b u t y l -
2 . : - ( t , - \ d iphos )p la t i num(  I I  t .  T l r i s  so lu t ron  \ \  i l \  l r ca tcd  a t  60 .0 '  f o r
2 l  l r r .  t rea ted  rv i t i r  h -u -d roch lo r i c  ac td .  and  an r t l yzcd  by  g lpc .  T5e
p e r  c e n t  d e c o m p o s i t i o n  o f  t h e  c o m p l e x .  a s  d c l c r r n t n e d  b y  b u t a n e -
b u t e n e  x r e a s  a s  d e s c r i b e d  i n  t h e  K i n e t t c s  S t u d i c s  ' , c c t i o n .  w a s  4 i l

P roduc ts  o f  Therm l l  Decompos i t i on  o f  t ' i s - f ) i - r r - l ru t y lb i s ( t r i phen l  l -
phosph ine )p la t i numt  I I ) .  So iu t i ons  o f  I  i n  se : t l c t l  t u l t es  decomposed
in  c r r .  3  h r  a t  6O to  g tve  a  red  so lu t i on .  T i t c  o r113n ic  p roduc ts  o l '
t he  decompos i t i on  ' , l e re  de te rm ined  bv '  g lp ' c  ; t r l r l ys i s  ( co lumn A I
u s l n g  p e n t a n e  a s  i n t e r n a i  s t a n d a r d  a n d  c o l u t t t t t  l  u s i n g  h e p t a n e  a s
i n t e r n a l  s t a n c l a r d .  T o g e t h e r  t h e  c o i u m n s  s c l ) ; r r i t t e  u - b u t u n a .  I -
l . u tene .  r ' i s -  an t - l  t r c r t . r -2 -b t t tene .  and  oc tanc .  

' I  
l r c  n roduc ts  o f  de -

c o m l r o s i t i r t r r  o f ' 0 . 1  ; I 1  s o l u t i o n s  o i  I  i n  m e t h r l c n t :  c h l o r i d e  o r  b e n -
zene .  as  a  su : ;pens lon  in  hexane .  a r rd  as  a  s t - i t t l  ( l r t  ca .  120 ' ) ,  were
50  *  11 "  bu tane .  50  -  I  T ;  l - i r l r t ene .  en t l  l e ' , . ,  t l r an  l7 i  o f  c i . s -

( 6 1 )  J .  v ' o p  [ J r a u n ,  F .  J o s t c s ,  i t r t d  \ ! ' .  ] l u r : l l r ,  . 1  4 \ t t t . \  L i e b i g s  A u n .
C h e m . . 4 5 3 .  l l 6  ( 1 9 1 7 )

t 6 - l )  A g i t a t i o r t  \ v i l s  a c c o m p l i s i l c d  b v  p . t s s t r r  i  . r  ' , l r c . m  o f  n i t r o g c r r
t h r o r r g h  t h e  m i r t u r c :  l g i t ; t t t t t n  * ' . t s  s u r l i c i e n t l l "  : 1 q , , , , r u s  t h a t  t h e  a m o u r r r
t > f ' D , . : O  a n d  c t l r l l  d i c h l t l r o b t l t t ' r l l t c  l r d t l c d  t o  l ' ' e  z r r r q  s u s o c n s i o n  r v e r c

r o u g h l v  p r o p o r t i o r r u t e ,  d e  s p i t c '  t l t e  h e  t e  r o g c l t c t ) . . i  n , r r u r c  o t l  t h e  m i x t u r c .
( 6 - i )  O .  I ( l m m  a n d  C .  S .  i V l a r v c l ,  " O r g a n i c  S .  t t l l r c s c s , "  C o l l e c t .  V o l .

I ,  W i l c t ' ,  N * v  Y - o r k ,  N .  \ ' . ,  l 9 ' l l ,  p  I ' s .

t 6 6 )  D i p h o s  w ( I s  p r e p . t r e d  f r t l m  t r i p h c ' n y l p h c ' r p l t t t r c  h v  t h e  p r o c e d u r e

o l ' J .  C l t u t t  l t r t d  F .  A ,  H . r r t ,  J '  C h e n .  S o c . ,  l l T i ' l ' t r , t t l .

Jt turnul  t t l  t l te , ' l tnar icur t  Clr tnr icul  Sr; r ' r t , /  t .  t  9,1; t5 I  Jul t '  26.  197)
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cis-Di-n-buty lb is( t r iphenylphosphine)plat inum(l I )  (  l ) .  To a st i r red
suspens ion  o f  2 .0  g  (2 .5  mmol )  c i f  c i s -d i ch lo rob is ( t r i pheny lphos -
ph ine )p la t i num( l l )  i n  20  m l  o f  d ry  e the r  a t  0 '  was  added  4  m l (6 .2
mmol )  o f  a  1 .6  I l  so lu t i on  o f  l -bu ty l l i t h rum in  hexane .  The  reac -
t ron  m ix tu re  was  a l l owed  to  t va rm to  25"  ove r  30  m in  and  l0  m l  o f
rvater  was added. The resul t ing sol id was col lected and washed in
succession rv i th 5-ml port ions o[  rvater .  ethanol .  and ether.  Af ter
dry ing at  100 Torr .  the product  rveighed 2.0 g (gS \ )  and had mp
125"  dec  ( l i t .m  mp 132- l ' 3 .1 ' ) .  P rec ip i ta t i on  o f  t l r e  samp le  f rom cn .
20  m l  o f  me thy lene  ch lo r ide  by  add ing  an  equa l  vo lume o f  hep tane
and  remov ing  methy lene  ch lo r ide  a t  reduced  p ressure [20 ' (  100  mm ) ] ,
fo l lowed by recrystal l izat ion f rom met l ry ' lene chlor ide,  y ie lded a
co lo r fess  c rys ta l l i ne  ana ly ' t i ca l  samp le  (90%) ,  hav ing  i r  (KBr )  3050
m.  2950  sh ,  2920  s .  2860  sh .  1480  sp ,  l 4 -10  sp ,  I  190  m,  I  160  m,  I  100  s .
7 .10  vs .  700  vs ,  540  sh .  515  vs .  500  sh .  -120  cm- r ,  and  nmr  (CDrC l : )
, i  0 . 5 - 1 . 3  ( m .  l 8 )  a n d  7 . 1 - 7 . 7  ( m ,  3 0 1 .

Ana l ,  Ca lcd  fo r  Cr rHrsP . . ,P t :  C ,  63 .37 ,  H .  5 .80 :  P ,  7 .43 .
F o u n d :  C ,  6 3 . 1  I  ;  H ,  5 . 8 5 ;  P ,  7 . 2 9 .

The  comp lexes  1 .  2 .  and  3  were  m ic roc rys ta l l i ne  powders  when
precip i tated f rom methylene chlor ide by heptane.  When recrystal -
l ized s lowl .v f rom a s ingle solvent .  they rvere m:rcrocrystal l ine sol ids.
These  mate r ia l s  a re  s tab le  when  so l i d  toward  l va te r  and  oxygen .
s tab le  i n  so lu t i on  toward  l va te r .  s l i gh t l y  ox ) ' gen -sens i t i ve  i n  so lu t i on .
and  somewhat  l i gh t  sens i t i ve  bo th  ' ' vhen  so l i d  anc l  i n  so lu t i on .  Thev
are  inso lub le  i n  sa tu ra ted  hyd rocar [ ' l on  so lven ts  anc l  wa te r ,  s l i gh t t y '
so lub le  i n  e thy l  e the r  and  e thano l ,  and  modera te [ - v ' so lub le  i n  me thy l -
ene  ch lo r rde  and  to luene .

c i . r - f ) i - r r -octy lb is( t r iphenylphosphine)plat inum(I I )  (2) .  To a
s t i r red  suspens ion  o f  L6  g  (2  mnro l )  o f  c ' i . s -d i ch lo rob is ( t r i pheny l -
p h o s p h i n e ) p l a t i n u m ( l l )  i n  l C  m l  o t ' c t h e r  a t  0 "  r v a s  a d d e d  3  m t  l 6
m m o l )  o l ' a  2  r l /  s o l u t i o n  o l ' r - o c t y l l i t l r i t r n r  i n  h e x a n e .  A f t e r  t l r e
add i t i on .  the  reac t ion  n r i x tu re  r vas  a l l o rved  to  r va rm to  room tem-
pc ra tu re  ove r  30  m in  and  I  n r l  o f  me t l t ano l  r v 'as  addcd .  The  so lu -
t i on  rvas  concen t ra ted  unc le r  reduccd  p ressurc .  and  the  resu l t i ng
s o l i d  p r r t r t i o n e i  l r e n v e c n  a  m i x t u r e  o l ' ] 0 - m l  c a c h  o f  w a t e r  a n d
m: thy lene  ch lo r rde .  The  laye rs  were  separa ted  and  t l t e  o rgan ic
laye r  was  d r i c : l  (N lgSO, ) .  A l ' t e r  the  add i t i on  o f  f0  m l  o f  hep tane .
the  methy ' l ene  ch lo r rde  rvas  s low l -v  re rnovcd  (20  ' .  l (X )  To r r ; .  A f te r
d r v i n g  a t  3 0 ' a n ' l  0 . 1  T o r r .  t h e  r e s u l t i n g  o l f - r v h i t e  m i c r o c r y s t a l l i n e
p r o d u c t  w e i g h e d  1 . 6  g  t 8 5 ' l ; 1 .  a n d  h a d  m p  7 0 '  d c c .  R e c r y s t a l l i z a -
t i o n  t w i c e  f r o m  a c e t o n c  a t  - 3 0 ' g a v e  c r y s t a l l i n e  c o l o r l e s s  m a t e r i a l
h a v i n g  m p  7 6 '  d e c  a n d  i r  ( K B r )  2 9 i ) 0  v s .  i r r  a d J r t i o n  t o  a b s o r p t i o n s
a t  3 0 5 0 .  1 1 3 0 .  1 1 6 0 .  1 1 0 0 .  7 5 0 .  7 0 0 ,  6 5 0  c m - r  t h a t  a r e  I ' o u n d  i n
L : P r C l : :  n m r  ( C D : C l . )  6  0 . 4 - 1 . 6  ( m .  3 6 t . 7 . I  - 7 . 8  ( m .  l 0 ) .

A t tu l .  Ca lcd  lo r  C , , :H , i rP :P t :  C ,  66 .43 :  H ,  6 .87 ;  P ,  5 .9 .1 .
F o u n c l :  C .  6 6 . 3 8  :  H .  6 . 8 4 :  P .  6 . 1 t .

c i . r -  Di- r r -octy ' lb is(  t r iphen 1 ' lphosphine-r / , , , )  p lat inum( [  I ) ,  prepared
f rom c i . s - r l i ch lo roL r i s ( t r i phen-v lp l rosph ine - r / , ' , ) p la t i num(  | I )  and  t t -
oc ty  l l i t h iu rn .  l rad  mp 75  .  c lec  a t ' t e r  rec r l ' s ta l l i za t i on  f rom ace tonc .

D i - r r -bu ty ' l [ .  ] ' - b i s (  d i  pheny ' l  phosph ino ) fe r rocene ]  p la t i num(  l  l  )  (  3 ) .
T o  a  s t i r r e d  s u s p e n s i o n  o t ' 0 . 8 7  g  ( l  m m o l )  o t ' d i c h l o r o f l , ] ' - b i s ( d i -
p h e n y l p h o s p h i n o ) f e r r o c e n e l p l a t i n u r n (  I I )  i n  2 0  m l  o f  e t h e r  a t  0  '  w a s
a d d e d  2  m l  ( 3  m m o l )  o i  1 . 5  r l l  r r - b u t y l l i t l r i u r n  i n  l t e x a n e  s o l u t i o n .
A f te r  20  m in  the  reac t ion  m i , r tu re  r vas  cen t r i f uged .  and  t l t e  super -
na tan t  so l r , r t i on  was  separa ted  anc l  concen t ra ted  to  y ' i e ld  a  ye l l ow
so l id .  T l r i s  so l i d  was  d i sso lvec l  i n  20  m l  o f  me thy lene  ch lo r ide .  the
so lu t i on  was  f i l t e red .  l 0  n r l  o t ' hep tane  rvas  added .  and  methy lene
ch lo r ide  rvas  removed  a t  room tempera tu re  (  100  Tor r )  t o  y ie ld  a
porvder  r vh i ch  rvas  i so la ted  by  f i l t r a t i on  and  d r ied  a t  60 '  ( l  To r r ) :
m p  ( d e c  1  1 7 2 . 5 - l 7 3 . 5 ' :  i r ( K B r t  2 9 0 0  s .  3 0 5 0 .  I 1 3 0 .  I  | 6 0 .  I  1 0 0 .  7 - i 0 .
7 0 0 . 6 5 0 .  a n d  6 ( ) 0  c m - t :  n m r  ( C D C t : )  o  0 . 5 - 1 . 3  ( m .  l 8 ) . 6 . 5 - 6 . 7  ( m .
3  ) .  7 .  l - 7 .5  (m.  2 -1 ) .  An  ana l ; ' t i ca l  samp le  rvas  ob ta ined  by  rec ry ' s ta l -
l i za t i on  f rom methy lene  ch lo r ide .6  t

A n q l .  C a l c d  f o r  C , : H , s F e P : P t :  C .  , s 8 . . l l :  H .  - < . 4 0 ;  P ,  7 . 1 8 .
F o u n d :  C .  5 7 . 9 1 .  5 7 . 9 5 ;  H .  5 . 5 3 . 5 . 6 1  :  P . 7 . 0 0 . 7 . 1 1 .

E thv l  2 .2 -D ich lo robu ty ' ra te .  To  a  so lu t i on  p repared  f rom 5  g
( 0 . 2 2  g - a t o m )  o f ' s o d i u n r  m e t a I  i n  5 0 0  m l  o i  d r y  e t h a n o l  i n  a  t h r e e -
n e c k e d  l - 1 .  f l a s k  c o n t a i n i n L r  a  m a g n e t i c  s t i r r i n g  b a r  a n d  e q u i p p e d
r v i t h  a  d r o p p i n g  l u n n e l a n d  d r y  n i t r o g e n  i n l c t  r v a s  a d d e d  a t  0 "  o v e r  I
h r  l . l 0  g  (  I  rno l )  o i  2 .2 -d i ch lo ro l tu t y ron i t r i l e .6?  A f te r  s tand ing  fo r
I  h r .  t h e  s o l u t i o n  r v a s  a d d e d  s l o r v l y ,  r v i t h  c o n s t a n t  s t i r r i n g .  t o  a  m i x -
t u r e  o f  8 0 t )  g  o i i c e  a n d  1 5 0  m t (  1 . 8  m o l )  o f  c o n c e n t r a t e d  h y d r o c h l o r i c
ac id .  The  resu l t i nq  rn rx tu rc  ! ! as  ex t rac ted  rv i th  th ree  100-m l  oo r -

( 6 0 )  B .  . { .  l l o r r o w  ,  C u n .  J .  C h e m . . 4 8 .  : l 9 l  (  1 9 7 0 ) .
l 6 l )  Compour rd  3  i nc ludes  so lven t  o f  c ry -s ta l l i za t i on  tenac ious ly

Th is  ana l l t i ca l  samp lc  \ vas  p reparcd  by  Dr .  Tc r ry  N*v i r th .
t6 l )  l . l -D ich lo robu t l ron i t r i l e  r vas  ob tu incd  i r s  . r  g i t ' t  f rom thc  Do*

C l . r cmrcu l  Co .

t i ons  o f  I  r , l " /  sod ium b ica rbona te .  d r ied  (N IgSOr ) ,  and  d i s t i l l ed

ca re fu l l y  us ing  a  40 -cm Te t lon  sp inn rng -band  co lumn.  Ana lys i s  by
g lpc  ( co lumn G)  showed  tha t  ea r l y -  d rs t i l l a t i on  f rac t i ons  con ta ined

e t i r y l  2 -ch lo robury ra re .  de r i ved  f rom a  sma l l  quan t i t y  o f  2 -ch lo ro -

bu ry ron i t r i l e  i n  the  s ta r t i ng  mate r ia l ,  The  e thy l  2 ,2 -d tch lo robu ty ' -

r a t e  ( 1 4 0  c , 7 6 % )  o b t a i n e d  h a d  b p  
' 7 5 - 7 6 ' ( 1 8  

T o r r )  [ l i t ' c r  b p  7 l '

(  l 6  T o r r ) 1 .
l -Butanol-2. .?-r l r .  Porvdered z inc metal  (200 g)  was act ivated by

rvash ing  w i th  200  m l  o f  5T  hyd roch lo r i c  ac id  fo l l owed  by  th ree

200-ml port ions of  water.  T l te act tvated powder was col lected by

f i l t ra t i on  and  p lacec l  i n  a  th ree -necked  2 -1 .  f l ask  equ ipped  w i th  a

n rechan ica l  s t i r re r  and  Dean-S ta rk  t rap .  Benzene  (200  m l )  wa .s

added  and  the  m ix tu re  was  re f l uxed  un t i l  a l l  wa te r  was  removed .

\ l os t  o f  t he  benzene  was  removed  by  d i s t r l l a t i on  and  250  m l  o f  1 .2 -

c l ime thoxye thane  (  DNI  E ) ,  f resh ly  d i s t i l l ed  l rom benzophenone

sod ium d ian ion .  r vas  added .  A  re f l ux  condenser  and  d ropp ing

funnel  were f i t ted to the f lask.  T[e dropping funnel  was charged

w i th  145  c  (0 .8  mo l )  o f  e thv l  2 ,2 -d i ch lo robu tv ' ra te ,80  g  (4  mo l )  o t -

deu te r ium ox ide  
,99 .5% c / : ) .  and  300  m l  o id ry  DME.  Th is  two-

p f iase  m ix ru re  r vas  ag i ta ted  wh i le  be ing  added  over  2  h r  to  the

i t i r red .  re f l ux ing  suspens ion  o f  z inc  rn  D iV lE .6 {  A f te r  an  add i t i ona l

8  h r  a t  re f l ux  tempera tu re  no  d i ch lo ro  o r  monoch lo ro  es te r  re -

ma inec i .  as  de te rm ined  b -v  g lpc  ( co l t rmn  G) .  A f te r  coo l i ng ,  thc

so l i ds  r ve re  f i l t e red  and  rvashed  rv i th  t l vo  l - iO -m l  po r t i ons  o t '  d ry

c the r .  The  com[ iped  h l t ra tes  wcrc  added  s low ly  ove r  l 2  h r  to  a

n r i x ru re  o i  80  g  (  I  mo l )  o t ' l i t I i um a l t rmt t ' t t tm  hydr ide  in  250  m l  o f  d r1

e rhe r  i n  thc  san te  appara tL l s .  On  c t l n t l ; l c t i on  o f  the  reduc t ion ,  caL l -

t rous  ac ld i t i on  o f  80  rn l  t l f  sa t t t r l t c i i  s t l d ium su l fa te  so lu t i on  p ro -

c iuce r l  a  semisc l i d  mass  t l t a t  w l l s  ex t r l l c ted  lbu r  t imes  w i th  l 0 ( ) -m l

po r r i ons  o l '  e the r .  The  d r ie . l  (  I l gS( )  r  )  ex t rac t  was  d i s t i l l ed  us ing  l r

Tc t io r r  sp inn i r rg -b i tn t l  co lu tn r l  t o  y rc le l  J l  S  Q3%)  o f  l ' bu tan t r [ -

- ' . 1 - , / . r .  h a v i n g  b P  I  l 6 ' .
l - 8u ten6 l -1 . / - r l :  r vas  p reparcc !  [11  re t l uc t i t l l  o I  me thy l  r t - t ru t y r l t c

u s i n  g  l i t i t r u n t  a l u n t i n t t m  d c u t e r i d c .
l - i l r r rmobu tane- / .  l - , 1 :  ' , nd  1 - l r r0mobu t lne - l . l < l r  were  p rep l l r cd

l ' rom thc  Cor rcspOI l ( l i ng  a lC t l l t t l l s  [ l y  t r c l t t rncn t  r v i t h  COnCent r : t t cd

hydr r t t r romic  ac i t l  i t r  c t l r t cen t t ' l t t ed  su l l ' u r t c  ac id .os  T l te  to rmer  hac l

, r i r , , rp ,a  co rnpos i t i t l n  98  "u  t l : .  2 ' ' , ' ,  , l t .  t hc  l a t te r  had  i so top ic  co t t t -

p r r s t t i o n  9 7  "  ;  I : .  3 " i , , t  .

D i - [ -hu r1 l - i , / - t l ] - b i s r t r i phen l ' l p l rosph inc )ph t inum( l l ) ,  d i ' r r -bu tv l -

- ' .  j -c l : - [ is(  t r iphcn y lpIosplr inc)  p l i r t in  um( I  I  ) .  an d di ' r r -buty l -3.J-r l , -

(1 .1 , -b i s t l i p f ten1 ' l p l rosph ino fe r rocene)p la t i n r rm( l l )  were  p repared  anc l

1 ;u r i f i cd  us i r rg  me thods  iden t i ca l  w i th  t l t ose  used  i r r  t he  p reparc t l o r r

o l '  no r tdcu te r i t " , l  m l l t e r i a l s  us i t rg  r t -bu t l  l l r t h i r rm-  I  . l - d t  and  r r - [ l r ' r t y  l -

l i r h ium- l . l - r l : .  The  n re l t i r t g  po in ts  o t '  t he  p r r r i f i ed  samp les  wcre

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

R cact ion of  Di- i r -bu t  1 '  l  -?. , ' - r i : -b is(  t r i  phen Y l  phosphine)plat inum( l  l  )

(  l  - . 1 . - ' - , / : )  r v i t l t  1 .2 -D iphenr ' l phosph inoe thanc  (d iphos ) '  A  0 '20  l /

s t ; l u t i o r r  o t ' t - J . J - r i r  \ ras  [ ) r c l ] a re r l  and  t l t e  nn t r  Spgc t romete r  tunc ( l '

A  0 . 1 - 5 - e q u i v  p o r t i o l l  o l s o l i d  d i p l r o s  w a s  t l i s s c l v e c i  i n  t h e  s a m p l e  a t t t l

{ l  s p e c t r u m  o I  t h e  s o l u r i o n  i n r m e d r a t e l y  t a k e n . ' ; 6  c h a n g e  i n  t h c

c r tmpos i te  : ; pcc t rum cou ld  be  obsc r red  in  l ( )  m in .  Spec t ra  r ve rc

take i r  a t  regu la r  i n te rva ls  ove r  6  h r .  a t i e r  r v l t i c i r  t ime  subsequen t  spec -

t r a  s h o w e d  n o  c h a n g e .  T h e  n m r  s p c c t r u m  c i  t I i s  s o l u t i o n  w a s  c o m -

pa t rb le  r v i t h  a  fo rmu la t ron  o t '  t he  re ' ; u l t i ng  comp le , r  as  d i - r r -bu t . " " [ -
' 2 .2 -d : (d ip Ios tp la t i nun r (  

I I  t .  T f t i s  sc lu t i on  w i l s  hea ted  a t  60 .0 '  f 6 r

2 -1  [ r .  t rea teC w i t l r  I yd roc f t l o r i c  ac rd .  and  ana lyzed  by  g lpc .  T l t c

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

i r u t . n .  s r e a s  a s  d e s c r i b e d  i n  t h e  K i n c t r c s  S t u d i e s  s e c t i o n .  w a s  4 [ .

Pror lucts of  Thermal Decomposi t ion of  t ' r . r -Di- r r -buty lb is( t r iphenr ' l -

phosph ine )p la t i num(  l l ) .  So iu t i ons  o l '  I  i n  sea led  tubes  decomposc t l

i n . , i . :  l r r  a t  6 0 .  t o  g i v e  a  r e d  s o l u t i g r r .  T i r e  o r g a n i c  p r o d u c t s  o f

r Ie  decompr ts i t i on  l ve re  de te rmrned  t r v  g lpc  ana lys i s  ( co lumn A t

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

rn te rna l  s tandard .  Toge t Ie r  t l t e  co iumns  separa te  r t -bu tane .  l -

bu tene .  c i s -  an r j  / ra r t . r -2 -bu tene .  : l nd  L rc tane .  The  p roduc ts  o f  de -

coml tos i t i t t n  o t ' 0 .1  , ! /  so l r r t i o r r s  o f  I  rn  mc th ! lene  ch lo r ide  o r  [ c t r -

zenc .  a : ;  a  suspens ion  in  hexane .  and  as  a  so l i d  (a t  ca '  120 ' ) ,  t vc re

:0  -  l I  bu tane .  50  - f  l 1 ' ;  l - i r u rene .  an t i  l ess  than  I  I  o f  t ' i ' r -

( 6 1 \  L  v o t t  B r a u n .  F .  J o s r c ' s ,  l t n c l  \ \ ' .  \ l  u r r c h ,  J u s t t t s  L i e b i g s  ' 1 i l r t  '

C h e m . . 1 5 3 .  l j 6  ( 1 9 2 7 ) .

f  6 - l )  A g i r a t i o l l  w i r s  r r c c o m p l i s h e  1  r . ' .  p l t s s i r l g  a  s t r c a m  o f  n i t r o g e  r r

f  h r o u g h  t h c  m i r t u r c ;  l g l t i l t l o n  r v r t s  s i t l i i ; l c t r t l y  v i g 1 ; r o u s  t h a t  t h e  i l t n o u l r  t

, r f  D j i )  1 n d  e t [ ] l  d i c h l o r o b u t y r e t c . r u c l e d  t o  t h e  z i r r c  s u s p e n s i o t l  \ \ ' e r e

r o u g h l y  p r o p o r t i o r r i t t e ,  c l c s p i r c  t h e  i t e  t e  r o g e  t l c o u s  n a t u r e  o t '  t h e  m i x t t t t  e

r e s l  o .  I ( l m m  a n d  c .  s .  \ l a r r c l ,  " c r g : r n i c  s v n t h e s e s , "  c o l l e c t .  v o l .

I ,  W i t c r ' ,  N e . ' v  Y o r k ,  N .  Y ' ,  l 9 { 1 ,  p  i - r .
( 6 6 )  D r p h o s  w i t s  p r c p r r e d  l r o n r  t r l i r r e r r r ' l p h o s p h i n e  b y  t h e  p r o c e d u r c

o f  J .  C I r a t t  a r r t l  F .  A .  H l t r t ,  J .  C l t e t t r .  J r r c ' . ,  l l 7 8  ( 1 9 6 ( ) ) '

J r tu r t t t r l  , t l  t l t , :  . l r na r i cu r t  C l t t t t r t t ' u l  S t t t ' i e t y  I  91 .15  I  Ju l y  26 .  197 :



or t rans-2-butene or  octane.  Products were ident i f ied by com-
p tnson  o f  g lpc  re ten t lon  t imes  and  mass  spec t ra  w i th  those  o f
au then t rc  samp les  (  ! l a theson  ) .

An  rno rg rn rc  p roduc t  was  i so la ted  by  hea t ing  a  sa tu ra ted  (a t  60 ' )
\ o l u r r o n  o t ' l  i n  b e n z e n e  o r  m e t h y l e n e c h l o r i d e  l o r  c a . 3  h r .  a l l o w i n g
rhe  ruL re  ro  s (and  a t  room tempera tu re  ove rn igh t ,  co l l ec t i ng  by  f i l -
i r a r ron .  washrng  thc  resu l t i ng  red  so l i d  w i th  hexane ,  and  d ry ing .
F r o m  0 . i 0  g  o i  I  r n  I  m l o [ b e n z e n e  w a s  o b t a i n e d  0 . 2 1  g  o f  m a t e r i a l .
m p  l J ] '  d e c  ( w r t h  c f t a n g e  i n  l b r m  a t  1 3 9 ' ) ;  f r o m  0 . 3  g  o f  I  i n  0 . 5
n r l  o i  m : th t ' l ene  ch lo r ide  was  ob ta ined  0  22  g  o f  ma te r ia l .  mp  2 .10 '
t l c ' c  r r v r r h  c h a n g e  r n  f o r m  a t  1 3 9 ' ) :  i r  ( K B r )  3 0 5 0  m b .  1 4 8 0 - 1 4 7 0  s
t j oub le t .  l - l - . 10  sp ,  1380  mb.  I  120  wsh ,  1095  s .  735  s ,  685  vs  cm- r .

. - t n o t .  F o u n d :  C .  5 5 . 2 0 ;  H ,  3 . 9 5 :  P .  9 . 3  l .
\ \ 'e  were not  successful  in ident i fy ing th is subsrance (r ide supra).
Tr is( t r iphenylphosphine)plat inum(O) was prepared according to

rhe  method  o f  Ugo ,  e t  a l . ,  by  reduc t ion  o f  po tass ium te t rach lo ro -
p la t rn i te  i n  e thano l  i n  the  p resence  o f  t r i pheny lphosph ine .6?  The
t e l l o w  s o l i d  o b t a i n e d  h a d  m p  ( i n  a i r t  1 2 0 - 1 2 5 ' i l i 1 . 0 r  ( i n  a i r )  1 2 5 -
1 3 5 ' 1 ,  m p  (  I  m m )  1 9 2 - 1 9 8  "  ( r e d  l i q u i d )  [ i r . 6 7  m p  (  I  m m )  2 0 5 - 2 0 6 '
t re ' J  l rqu rd ) ] .  Rec rys ta l l i za t i on  under  n i t rogen  l i om ace tone6T  gave
pa le  1 'e l l ow  p la te le ts  wh ich  da rkened  ins tan t l , v  to  a  b ronze  co lo r
uoon  exposure  to  a i r .  E r , ' en  in  a  n i t rogen- f i l l cd  g love  bag  the  co lo r
c h a n g e C  s l i g h t l y  d u r i n g  t r a n s t e r  t o  a  m e l t i n g  p o i n r  c a p i l l a r y :  m p
r l m m ) 1 9 5 - 2 0 0 ' ;  i r ( K B r l  l 4 l 0 v s .  l 1 7 5 v s .  l l 5 0 m n ,  1 0 7 5 v s ,  1 0 2 0
s .  990  s .  710  vs .  700  vs  cm- r .

lodomethy lb is( t r iphent ' lphosphine)pl : r t inum( I I )  rvas prepared ac-
co rd ing  ro  the  method  o f  Cha t t r0 "  by  re l c t i on  o f  t r i s ( t r i pheny l -
p h o s p h r n e  t p l e t r n u m ( 0 )  a n d  m e t h y l  i o d i d e .  A f t e r  r e c r y s t a l l i z a t i o n
l ' r o m  b e n z e n e .  t h e  m a t e r i a l  h a d  m p  2 7 2 - 2 7 5 ' ( l i r . d 7  m p  2 7 0 - 2 7 J ' l :
r r  (KBr )  - i 0 i0  r v ,  2950  rv ,  l -180  sp ,  l J . l 0  sp ,  l l 00  sb ,  715  sb ,  690  r ' s
c m -  r .

The solubi l i ty  of  d i - r r -hut1 ' lb is( t r ipheny' lphosphine)plat inum(I I )  in
methy lene  ch lo r ide  rvas  de tc rm ined  rv i th  and  l v i t hou r  0 .1  I I  t r r -
p h e n y ' l p h o s p h i n c  p r e s e n t .  A  m i x t u r c  o f  c x c e s s  s o l i d  p l a t i n u m
conrp lcx  and  mc thy ' l enc  chk r r i dc  o r  o f  exccss  conrp lex  and  a  so lu -
t ron  o f  t r i phcn l . l phosph inc  in  n re th_ ' - l enc  ch lo r ide 'uvas  s t i r red  a t  : l '
l ' t t r  l 0  n r rn  and  t i l t e red  in to  a  l -m l  vo lumet r i c  f l ask .  and  the  so lven t
! r ' as  removed  under  vacuum to  cons tan t  r ve igh t .  The  so lub i l i t r es
w e r e  d c t c r m r n e d  t o  b e  l l 8  m g  o l ' c o m p l e x  p e r  m r l l i l i t e r  o f  m e t h y l e n e
ch lo r ide :  l -10  mg o f  comp lex  pe r  m i l l i l i t e r  o f  me thy lene  ch lo r idc
th r t  r vas  0 .1  ,V  in  t r i pheny lphosph ine :  and  205  mg o f  comp lex  pe r
mr l l r l r t e r  o f  me thy ' l ene  ch lo r ide  tha t  r vas  ( ) .3  .V t  i n  t r i pheny lphos -
ph ine .  A l te r  r vash ing  rv i th  a  sma l l  vo lume o f  hexane .  the  res idue
l ' rom t i l t r a t i on  o l ' t he  so lu t i on  con ta in ing  0 .3  ; \ l  t r i pheny lphosph ine
had  a  me l r i ng  1 ;o in t  i den t i ca l  r v i t h  tha r  o t '  l .  A  sa tu ra red  so lu t ron  o f
I  a t  l l  '  i n  m e t h l  l e n c  c h l o r i d e  i s  0 . 2 8  . t / .

Thcrmolvsis of  I  in  the Presence of  Tr ipheny, lphosphine.  A sealed
t u b c  c o n t a i n r n g  a  d e g a s s e d  s o l u t i o n  o l ' 0 . 8 0  g  o t ' I  a n d  0 . - 1 0  g  o f  t r i -
p h e n l l p h o s p i r i n e  i n  2  m I  o i  m e t h y l e n c  c h l o r r d e  r v a s  h e a r e d  a t  6 0 '
l ' o r  72  h r .  The  tube  rvas  coo led  and  opened .  and  - l  m l  o f  hexane
rvas  added .  Thc  resu l t i ng  so l i d  r vas  co l l ec red  by  f i l t r a t i on ,  bo i l ed
i r r  l 0  m l  o f  e thano l  under  n i t rogen  fo r  2  h r .  t i l t e red .  washed  w i th
e t h a n o l .  a n d  d r r e d  ( 0 . 1  T o r r .  2 5 ' )  t o  y ' i e t d  0 . 7 0  C  ( 7 0 % )  o f  a  y e l l o r v
so l i d  i den t r f i ed  a .s  t r i s ( t r i pheny lphosph ine )p la r inumr0)  by  i t s  mp
( l  T o r r )  l 9 l - 1 9 8 ' t  m p  [ o t ' a n  a u t h e n t i c  s a m p l e  ( t ' i d e  s u p r a \  ( l  T o r r t ]
1 9 2 - 1 9 8 ' ( l i t . 6 6  m p  2 0 5 - 2 0 6 ' ' ) ,  b y  t h e  i d e n t i t y  o f  i t s  i r  s p e c r r u m
( K B r )  t o  t h a t  o f  a u r h e n t i c  m a t e r i a l ;  a n d  b y  r r s  c o n v e r s i o n  t o  i o d o -
m e t h y l b i s ( t r i p h e n v l p h o s p h i n e ) p l a t i n u m (  I I )  ( 8 0 T ) .  A f t e r  r e c r y s t a l -
l i za t i on  f rom benzene  the  ioComethy ' l  comp lex  had  mp 270-27-1 ' ,
m m p  2 7 1 - : 7 - 1 '  ( l i t . 6 ?  m p  2 7 0 - 2 7 1 ' ) .  a n d  a n  i r  s p e c r r u m  i n d i s t i n -
gu ishab le  t ' r om tha t  o f  au then t i c  ma te r ia l .

Thermol l 's is  of  1 in the Presence of  Nlethy, l  lodide.  A sealed tube
con ta in ing  a  degassed  so lu t i on  o f  0 .80  g  o i  t  and  I  m i  o f  merh t ' l
i od ide  rvas  hea ted  a t  60 '  f o r  I  h r .  The  resu l t i ng  so l i d  0 .75  e ,70 \ )
i vas  co l l ec ted .  rec rys ta l l i zed  l ' r om benzene .  and  iden t r f i ed  as  iodo-
m e t h y ' l b i s ( t r i p h e n r  l p h o s p h i n e  t p l a t i n u m t  I  I  ) :  m p  2 7 0 - 2 7 J '  :  m m p
2 7 1 , - 2 7 4  ' ( l i r . 4 i  m p  2 7 0 - 2 7 - l ' ) ;  a n d  s p c c r r u m  i n d i s t i n g u i s h a b l e  k o m
t h a t  o f  a u r h e n r i c  m a r e r i a l .

Thermo l l ' s i s  o f  l  i n  1 .5 - l l exad iene .  1 .5 -Hexad iene  (99 .9X) ,  ob -
ta rned  I ' r om Chenr rca l  Samp les  Co . .  w 'as  pu r i f i ed  bv  p repara r r \e
g l p c  ( c o l u m n  E ) :  t h e  m a t e r i a l  u s e d  a s  s o l v e n t  c o n t a i n e d  l e s s  t h a n
0 .00  I  ' I  l - hexcnc .  In  a  rep resen ta t i ve  exper rn ten t .  r  samp le  con-
r a n r n g  - i - i . 8  m g  t  r ) . t ) 6 7  m m o l  t  o f  t .  I  p l  (  0 . 7 3  m 9 )  o t '  c i s -  I . l - d i m e t h l  l -
cv ' c loheranc  os  an  in te rna l  g lpc  s tanc le rd .  and  l . ( )  m l  o f  l . - i - he . rad i -
cns  l vas  degrssed  and  sea lcd  in  a  l ) y rex  tube .  hea ted  a r  8 ( ) '  f o r  6  h r ,
coo led .  op :ned .  and  an t l r zed  b_v  g lpc  ( . co lumn E) .  Bes rdes  bu rane .

(67 )  R .  Ugo ,  F .  C . r r i a r i .  . rnd
r  l 96 t l  ) .
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l - bu tene .  i n te rna l  s tandard .  and  so lven t  the re  were  th ree  peaks  re -
spec t rve ly 'ass igned  to  l -hexene  (0 .8  mg .0 .0 l  mmo l .  l 0  -+ -  5 [  bascd
on  the  assumpt ion  tha t  p roduc t ron  o f  I  cqu iv  o f  l -hexene  f rom the r -
ma l  decomposr t i on  o f  I  equ iv  o i  I  wou ld  cons t i t u te  lO0%) .  c rs - l . J -
hexad iene  ( \ t ruc tu re  ass igned  by  compar i son  o f  g lpa  re ten t ion  t rmc
and  mass  spec t rum wr th  tha t  o f  an  au then t i c  samp le ) .  and  a  com-
pound  rvhose  re ten t ion  t lme  co r responded  w i th  those  o f  t rans -1 .4 - .
c i s -  1 .3 - .  and  t rans -  1 ,3 -hexad iene .  Samp les  o f  l -hexene  used  fo r
i so top ic  ana lys i s  tb l l ow ing  the rma l  decompos i r i on  o f  l -2 ,2 -dz  in  I . 5 -
hexad iene  rve re  co l l ec ted  f rom g lpc  ( co lumn E) .

React ion of  I  wi th Hydrochlor ic  , \c id.  [nto a f lame-dr ied cenrr i -
f uge  tube  rvas  rv 'e ighed  50  mg (0 .017  mmol )  o f  1 '  A  no -a i r  s topper
' , vas  f i t t ed  to  the  tube  and  the  so l i d  d i sso lved  a t  0o  in  I  m l  o I  merhy ' l -
ene  ch lo r ide  con ta in ing  pen tanc  as  in te rna l  s tandard .  A t  0 ' .  I  m l
o Iconcen t ra ted  aqueous  hyd roch lo r i c  ac id  r vas  added  and  the  tube
was  shaken  fo r  5  m in .  The  p roduc t  m ix tu re  was  cen t r i f uged  and
the methylene chlor ide layer rv 'as analyzed by '  g lpc using columns ,A,
a n d  B .  T h e : " i e l d  o f  b u t a n e  w a s  1 0 0 % ;  n o  ( ( l f )  b u t e n e  o r  o c -
tane was formed. The upper aqueous iayer was discarded and 5 nr l
o f  pen tane  added  to  the  rema in ing  m ix tu re .  The  so l i d  was  co i -
l ec ted ,  washed  w i th  pen tane .  and  d r ied  to  g i ve  50  mg o f  d i ch lo roL r rs -

l t n p h e n y l p h o s p h i n e ) p l a t i n u m t  l l ) ,  m p  3 0 3 '  d e c ,  m m p  3 0 3 '  d e c .
Kinet ics Studies.  General  \ lethods.  Solut ions of  I  useJ lbr

k ine r i cs  s tud ies  \ \e re  p repared  L rv  r ve igh ing  I  i n to  a  vo lumet r i c  f l ask
and  add ing  d r t '  me thy lene  ch lo r rde  tha t  had  been  d i s t i l l eC  and
s to red  ove r  5A  L inde  i \ l o lecu la r  S ieves .  A l i quo ts  (0 .25  m l )  o f  rh i '
so lu t i on  were  t rans fe r red  to  P - r rex  tubes  (8  mm)  tha t  had  l t cen
w 'ashed  w l th  d i l u te  hyd roch lo r rc  ac i c i .  r i nsed  rv i th  d i s t i l l eo  warc r .
s o a k e d  i n  d i l u t e  a m m o n i a  s o l u t r o n .  e n d  d r i e C  i n  a  v a c u u m  o v c n :
the  tubes  rve re  degassed  a t  0 .05  Tor r  and  see led .  The  tubes  rve rc
in tmerscd  in  a  6 { )  +  0 .1 "  o i l  l t a th  ( cxcep t  as  no ted ) ,  removed  u t
in te rva ls .  and  s to red  a t  l i qu i c l  n r t rogen  t cmpera tu re  un t i l  quenchcd .

Quench ing  w 'as  ca r r i ed  ou t  by  open ing  the  tube  a t  0o ,  add ing  c r r .
( ) . 1  m l  o l ' c o n c e n t r a t e d  h y d r o c h l o r t c  a c r d .  f i t t i n g  a  n o - a i r  s t o p p e r  r t r
t h e  t u b e .  a r r d  m i x i n g  t h e  t w o  l e r c r s  l ; l  s h a k i n g .  A l l  s a m p l e s  r v c r c
q u c n c h e d  a t  t h e  s a m e  t i m e  a n c l  : t r t r e r l  l t t  - 2 0 ' d u r i n g  g l p c  a n a l r s c s .
As  a  con t ro l .  one  tubc  in  each  sc t  \ v i t s  n ( ) t  hea ted  bu t  was  o the r rv i sc
t rea ted  in  the  sa rne  manner  l s  the  the rmo ly ' zed  samp les .  Ana l l ' s r '
o l ' t h i s  tube  showed  no  o lehn  t  .<  I  )  ' i  due  to  spur ious  decomposr r  ro r r

S ince  undecomposed  1  p roduccd  on ly '  bu tane  on  quench ing ,  an t r
I  p roduced  equ imo la r  amoun ls  o t '  l - bu tene  and  bu tane  on  thc rme i
decompos i r i on .  i t  r vas  poss ib l c  to  de tc rm ine  the  ex ten t  o f  decompo-
s i t i on  o f  I  f rom the  re la t i ve  a re l s  o t ' t he  peaks  due  to  l -bu tene  an r i
bu tane  in  the  g lpc  t races  o f  the  p ro ton ( ) l t ' zed  samp les  w i thou t  ncc , . i
o f  an  in t c rna l  s tandard .  How 'e rc r .  t< l  ve r i [ y '  t he  accuracy  o f  th r ,
me thod .  an  in te rna l  s tandard  (pen t i t nc )  r vas  used  in  rep resen ta t l \ c
decompos i t i on  reac t ions .  As  ln  tn t c rn l t l  check .  two  po in ts  w 'e r i :
c o m p u t e d  f r o m  t h e  g l p c  t r a c c  t r f  c a c h  s a m p l e  i n  t h e s e  r e a c t r o n ; :
o n e  f r o m  t h c  r a t i o  o f  a r e a s  o t ' t h e  [ r t t t c n c  a n d  p e n t a n e  p e a k s  (  l ( ) {  )

m inus  pc r  cen t  l re ld  b r - r tene) .  t hc  o thc r  f rom the  bu tene-bu tane
area : ; :  100  mrnus  t r vo  t imes  thc  l ] u tene  a rea  d i v ided  by  (bu ten r

a rea  - -  bu tane  a rea ) .  Tvp ica l  d l ta  ob ta ined  us ing  each  method  a rc
p lo t ted  in  F igu re  2 .  The  ag reement  be tween  these  p rocedures  r '
sa t i s fac to ry ' :  t i r s t -o rde r  ra te  cons tan ts  were  es t lma ted  to  be  3 .6  - : ,
0 . l X  l 0 - r s e c - r .

Thermal Decomposi t ion of  1 in the Presence of  Added Tr iphen.v l -
phosph ine .  The  concen t ra t i on  o t '  I  r vas  he ld  cons tan t  a t  0 .03  . \1
rvh i l e  the  concen t ra t i on  o f  phosph ine  r , vas  va r ied  ove r  0 .20 .  0 .1 - r .

0 .086 .  and  0 .0 .1 - - i  . 11  so lu t i ons .  The  co r respond ing  ra te  cons tan r \
ob ta ined  in  these  exper lmen ts  \ee re  - i . , s .  5 .6 .  5 .2 .  and  5 .8  X  l0 - ' t  sec -  i .

respec t i ve l y .  f rom da ta  tha t  ex tended  t l t ro r - rgh  I  ha l f - l i ves .
Thermal decomposi t ion of  d i - r r -hu t1 l  -2.2-c l : -b is( t r i  phenl '  I  phos-

ph ine )p la t i n r rm(  [ I )  (  I -2 .2 -c l  ) ,  9 .9 - t  . 11  i r r  me th ; - l ene  ch lo r ide  )  f  i e ldcd
a  r a t e  c o n s t a n t  o i  3 . 7  X  l 0 -  {  s e c - t .

Therma l  decompos i t i on  o f  d i - , r -oc t t  l b i s ( t r i pheny lphosph ine )p la t i -

num( l I )  (2 )  (0 .3  . t 1 )  r vas  ca r r i ed  ou t  i n  n l c th ) ' l ene  ch lo r ide  so lu t i on .

The  comb ined  y ' i e id  o f  oc tane  and  r ) c tenc  \ r ' as  de te rm ined  to  be  99  '  ,
b y  g l p c  ( c o i u m n  B )  u s i n g  r - n o n a n c  a s  i n t c r n a l  s t a n d a r d .  T h e  r e i a -

t i ve  amoun ts  o f  r t -oc tane  and  l - r ) c t€ f l o  r ve re  de te rm ined  b1 ' co l l t c t -
i ng  the  s ing lc  oc tane-oc tene  pc rk  [ ' r  g lpc  l ' r c - rm co lumn B .  d i sso lv r r rg
t h e  m a t e r r a l  i n  p e n t a r r e .  a n d  r e r n l l l z i n g  o n  c o l u m n  E .  A l ' t e r  l 0  h r
a t  6 0 '  t h c  r a t i o  o f  o c t a n e  t o  o c t c r l c  r v a s  i l  : J 9 .  K i n e t i c  d a t a  t r i ' -

t a iued  us rng  technrques  desc r r t ' cd  abor  c  r  re ldcd  a  f i r s t -o rde r  r l l t e
c o n s t a n t  f o r  t h e r m a l  d e c o m p t t s t t t o n  o t ' l  o l ' 1 . 0  X  l 0 - {  s e c - r .

Therm: r l  decompos i t i on  o f  d i - , r -b t r t r  l [ 1 .  1 ' -b i s (d ipheny lphosph ino  ) -

fe r rocene jp la t i num ( t l )  (3 )  (0 .0 ,1  \1  rn  mt thy - lene  ch lo r ide )  p roduced

a  red  so lu t i on  and  a  b iack  mete i l r c  "m i r ro r . "  The  ino rgan ic  p ro , . l

u c t s  o f  t h r s  r e a c t i o n  w e r e  n o t  d e t c r m i n c d ;  b u t a n e  a n d  l - b u t e r r t
were  p roduceC in  y re lds  o f  l 0  l nd  6 ( ) ! ,  respec t i ve l y .  T l te  ra tc

lVl i tes ic las.  Grru: ;c l r ,  Sr t l r t tnskt '  Di-n-bur ' , l t : i .sr  r r inht 'n. r lp l to.sol t ine)plat inunt t  l l  t
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cons tan t  fo r  decompos i t i on  was  de te rm ined  to  be  1 .9  X  l0 - {  sec - t
a t  1 2 0  *  2 ' .

Deuterium Labeling Studies. General l\ lethods. Solutions of
deuterated plat inum complexes were prepared and thermolyzed
fo l l ow ing  p rocedures  ou t l i ned  in  the  K ine t i cs  sec t ion ;  excep t  where
noted solut ions were heated for  ca.  6 hal f - l ives.  In pur i fy ing mate-
r ia l  by g lpc f ior  deuter ium analyses.  care lvas taken to col lect  as much
of the peak as possib le to avoid isotopic l ract ionat ion.$ Hydro-
ca rbons  were  co l l ec ted .a t  l i qu id  n i t rogen  tempera tu re  ( co lumn A)
and  the i r  i so top ic  compos i t i on  de te rm ined  us ing  a  nonr ina l  i on i z ing
vo l tage  o f  l 0  eV .68  Resu l t s  o f  t hese  s tud ies  a re  g i ven  in  the  tex t .

Preparation and Nlass Spectral .\nalysis of l-Bromobutane from
Di-r-buty l-2,2-rlr-bis(tri pheny l phos phine) pla tin um( I I ) Recovered Fol-
lowing Part ia l  Thermal Decomposi t ion.  A solut ion of  250 mg
o f  the  p la t i num compound  in  2  mI  o f  me thy lene  ch lo r ide  con ta ined
in an 8-mm Pyre.x tube was degassed at  0.001 Torr ,  sealed,  and
heated at  60.0" for  20 min.  The tube was opened, the volat i les
were swept of f  rv i th a stream of  n i t rogen, and the resul t ing sol id was
evacuated to 0.05 Torr  for  30 min.  Af ter  2 hr .  2 ml of  chloroben-
zene was added and the resul t ing red mixture was st i r red at  room
temperature ' ,vhi le being t reated wi th an excess of  bromine which was
swep t  s low ly  ove r  the  m ix tu re  i n  a  s t ream o f  n i t rogen .  The  so l i d
product  was separated by centr i fugat ion and the l -bromobutane
was  co l l ec ted  by  g lpc  f rom the  superna tan t  so lu t i on  (co lumn C) ;
the  y ie ld  o f  b romide  rvas  - -50%.  The  mass  spec t rum o f  th i s  sub -
s tance  a t  I  I  eV  rvas  examined  fo r  the  i so top ic  compos i t i ons  o f  the
mo lecu la r  i on  ( iV I ' )  and  o i (M -  E r ) " :  iV [ * ,  0 ' \  d r ,97 'Z  dz ,  37 "  4 ,
0 " ;  d r ;  (M  -  E t ) ' ,  0% r / , .  83  7 id , ,  16T l  r l , ,  l ' \ Jo .

A  s im i la r  ana lvs i s  was  pe r lo rmed  on  l -b romobu tane  f rom a  so lu -
t i on  o r ig ina l l - v  con ta in ing  250  mg o f  the  l - l . l - r l r  and  80  mg o f  t r i -
p h e n l l p h o s p h i n e  i n  I  m l  o f  m e t h y l e n e  c h l o r i d c :  M * ,  0 %  & , 9 8 7 ;
d, , ,  2*o d, ,  0 ' '  : . / , .  (  Nl  -  Et  ) - .  0.6\  d t ,  26", ' ,  I  t .  J9 ' 'u r /1,  21'Z d, , .

Conversion of  l -Bromobut lne to Valeroni t r i le .  A micromagnet ic
s t r r r i ng  ba r  r vas  sea lcd  in to  a  sma l l  bu lb  tbs i roned  f rom S-mm tub ing
toge the r  r v i t h  a  mrx tu re  o f  ca .  2  n rg  o l '  I - l r romobu tane .  50  mg o l '
sod ium cy 'an ide .  and  0 .15  m l  o f  d ry  d ig l - r ' n re .  The  reac t ion  m ix tu re
rvas  hea ted  a t  65 '  f o r  t2  h r  r v i t h  s t i r r i ng .  Thc  tube  rvas  coo led  and
opened :  va l c ron r t r i l c  1 -70 'T  y ie ld )  r vas  co l l cc ted  us ing  g lpc
( c o l u m n  B ) .

Exchange of  a H- ' "drogens of  Valeroni t r i le .  The exchange of
hy 'd rogen  lb r  deu te r ium uv 'as  ca r r i ed  ou t  i n  a  so lu t i on  o f  NaCH:CN
in  ace ton i t r r l e  p repared  by  cau t ious ly  add ing  l0  m l  o f  ace ton i t r i l c
(d i s t i l l ed  f rom PrO; )  to  c r r .0 .2  g  o t ' sod ium amide  ( iV la theson  Co le -
man  and  Be l l )  a t  0 ' ,  s t i r r i ng  fo r  30  m in  a t  room tempera tu re .  and
separa t ing  inso lub le  ma te r ia l  by  cen t r i l ' uga t ron .  The  superna tan t
l i qu id  had  a  ye l l ow ish  co lo r  tha t  d i sappeared  upon  exposure  ro
wa te r .  On ly '  samp les  d i sp iay ing  th i s  . " ' e l l o rv  co lo r  were  cons ide red
t o  c o n t a i n  a c t i v e  b a s e .

Va le ron i t r i l e  ! vas  cc l l ec ted  f rom g lpc  d i rec t l f  i n to  a  f l ame-d r ied
l - m m  P y r e x  t u b e  c o o l e d  t o  - 7 8 ' .  O n c  e n d  o t ' t h e  t u b e  w a s  s e a l e d .
the  o the r  end  rvas  c losed  rv i th  a  no -u i r  s topper .  and  the  va le ron i t r i l e
rvas  fo rceC in to  the  sea led  end  o f  the  tube  by  cen t r i f uga t ion .  The
tube  was  t l ushed  rv i th  d ry  n i t rogen .  and  cn .  150  p I  o f  t he  ace ton i t r i l e
so lu t i on  o f  NaCH:CN was  added  us ing  a  sy r inge .  The  tube  was
s e a l e d .  c o m p l e t e l y ' i m m e r s e d  i n  a  7 0 ' o r l  b a t h  f o r  l 2  h r .  t h e n  c o o l e d .
and  opened .  Va le ron i t r i l e  was  pu r i f i ed  by  g lpc  ( co lumn C)  fo r
i so top ic  ana lys i s  (  l 5 -eV  nomin r l  i on i z ing  vo l tage) .  A f te r  va le rno -
n r tn le  tha t  had  been  p repared  f rom l -b romobu tane- l , l - dzO87 i  d ! )
r vas  sub jec ted  to  th i s  exchange  and  ana lvs i s  p rocedure .  i t s  i so top ic
composr r ion  was  lbund  to  be  0 .77 ;  d ! .  2 .7 " i  d1 ,96 .6 \ f ,  do .  A f te r
va le ron i t r r l e  tha t  had  been  p repared  f rom l -b romobu tane  ob ta inec i
f rom 1-1.?-c l . r  afrer  parr ia l  thermol .vs is rv i thout  added t r iphenl , l -
phosph ine  as  desc r ibed  above  rvas  su [ ' r j ec ted  to  th i s  p rocedure .  i t s
isotope composi t ion \ ! 'as found to be 75 ' ' i ,  d. : .  197" d, ,67i  do.

Photol l 's is  of  c is-  Di- l -but1 '  lh is( t r iphenv I  phosphine)plat inum( I I ) .
A  degassed  0 .021  . t /  so lu t i on  o i  1  i n  merhy lene  ch lo r ide  con ta in ing
pentane and undecane as internal  standards rvas i r radiated in a
Pr  rex  ce l l  l o r  8  h r  a t  room tempera tu re  us in r l  a  3600-A  Hanov ia

( 6 8 )  F o r  d c t a i l s  o f  t h e  c o l l e c t i o n  a n d  a n a l y s i s  p r o c c d u r e ,  s e e  J .  F .
G a a s c h ,  P h . D .  T h e s , i s ,  ̂ \ [ a s s a c h u s e t t s  I n s r i r u t c  o f  T e c h n o l o g y ,  C a m -
b r i d g c ,  N t a s s . , 1 9 7 0 .

medium-pressure mercury lamp. The result ing yel lowish solut ion
was analyzed by glpc using columns A (butane and butene) and B
(octane). The yield of butane was 5.1%, of butene was 3 f,  and ot
o c t a n e w a s c l [ .

Thermolysis and Photolysis of Solution Containing cls-Di-rr-butyl-
bis(tr iphenylphosphine)plat inum(lI) and Di-rerr-butyl Nitroxide in
i\ lethylene Chloride. A solut ion of 70.8 mg (0.085 mmol) of 1 and
68.3 mg (0 .47 mmol)  o f  d i - rer r -buty l  n i t rox ide60 was d isso lved in  4 .0
ml of methylene chlorrde containing pentane and undecane as tn-
ternal standards. A port ion of this solut ion was heated to 80o and
held at that temperature for I  hr. Another porr ion was irradiated
for 8 hr in a Pyrex cel l  with 3500-A lamps in a Rayonet reactor.
Analysis for butane and butene was carr ied out by glpc using
column A. Analy'si  s for N. N-d i-  terr-butyl-O-n- butylhydroxylami ne
(DTBNO-n-butyl) and octane was carr ied out using column B.
The product yields observed in these experiments are summarized
in  Table  IV.

Table IV. Hydrocarbon Products from Thermolysis and
Photo lys is  o f  1  in  the Presence of  DTBNO

Products (yields. 7,Y--
DTBNO

Butane l -Butene Octane r r -buty l

The rmo [1s rs
Photoly'sis

A so lu t i on  o f  c r r .  50  mg o f  d i - r r -bu t l l b i s ( t r i pheny lphosph ine t -
p la t rnum( l l )  and  c 'a .  30  mg o t ' d i - re r r -bu ty l  n i t rox ide  in  me thy lene
ch lo r ide  a t i e r  s tand ing  a t  room tcmpcra ru re  5  days  shows  i r  absorp -
t i o n s  a t  1 6 7 0 .  l l 0 0 - 1 1 0 0 .  a n d  9 7 0  c m - t  i n  a d d i t i o n  t o  b a n d s  c h a r -
a c t e r i s t i c  o l ' t h e  t r v ' o  s t a r t i n g  m a t e r i a l s .

rV.rV-Di-rerr-buty l -O-n-butv lh l 'droxy ' lamine.  To a f lame-dr ied
50-m l  round-bo t tomed  t l ask  equ ipped  rv i th  a  s ide  a rm.  condenser .
magne t i cs t i rnng  ba r .  and  n i t rogen  in le t  t ube  were  added  3 .6  g  (ZS
mmol )  o f  d i - re r r -bu ty ln i t roxy l .  - . 10  m l  o f  d ry  d ime thoxye thane ,  and
l . l  g  t l a rge  excess )  o f  sod ium meta l .  The  m ix tu re  was  a l l owed  to
re f l ux  under  n i t rogen ,  w i th  s t i r r rng .  ove rn rgh t .  The  resu l t i ng  co lo r -
l ess  so lu t i on  was  t rans fe r red  by  cannu la  to  a  c i r y  5Gml  round-bo t -
tomed  f l ask .  equ ipped  w i th  a  magne t i c  s t i r  ba r  and  re l l ux  condenser .
con ta in ing  -1 .6  g  (25  mmol )  o l '  l - i oc iobu tane .  The  so lu t i on  was
a l lo rved  to  s t i r  f o r  f  h r  under  n i t rogen  and  was  quenched  w i th  wa te r .
the  ac lueous  la1 'e r  was  sa tu ra ted  wr th  sod ium ch lo r ide .  the  o rgan ic
layer rvas separated,  and the aqueous phase e.r t racted several  t imes
rv i th  e the r .  The  comb ined  e the r  phase  rvas  washed  w i th  wa te r .
d i l u te  hyd roch lo r i c  ac id .  wa te r .  sa tu ra ted  sa l t  so lu t i on ,  d r ied  (N lg -
SO, ) .  and  concen t ra ted .  Unreac ted  l - i odobu tane  was  separa ted
l rom the  p roduc t  by  d i s t r l l a t ron .  The  resu l t i ng  pa le  o range  o i l  was
passed  th rough  a  s i l i ca  ge l  G  co lumn ( l  I  X  I  cm)e lu t i ng  w i th  cyc lo -
hexane  to  g i ve  0 .95  g  (  19 t r1  o f  n -bun ' l -d i - t c r r -bu ty lhyd roxy lamine :
i r  (CC l , )  3000 .  2970 .2930 .  :875 .  l -500 .  1485 .  1470 .  1460 ,  1370 ,1250 .
1 2 0 5 .  1 0 7 5 ,  l 0 - i 0 .  1 0 2 5  c m - i :  n m r  ( C C l . )  d  3 . 6 5  ( t . 2  H ) ,  1 . 1 5  ( t ,  l 8
H ) .  l . l ( m . 7 H ) .

Arrct l .  Calcd for  Cr:H:rNO: mol  rvt .  201.209.  Found: mol
w r .  2 0 1 . 2 0 8 .
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