
5808 Journal of the American Chemical Society I 100:18 f August 30, 1978

Oxidative Addit ion and Reductive Elimination Reactions

Involving Platinum Metallacycles 1

G. Brent Young2 and George M. Whitesides*

ContributionJ'rom the Department of Chemistrt ' , Mcr.s.sachusetts Irtstitute oJ'Technology,
Canrhridge, Massachusetts 02 I 39 Receired September 26, 1977

Abs t rac t :  Thc rma l  dcco rnpos i t i on  o f  a  se r ies  o f  p la t i nacyc loa lk lncs  t - ,p t tC  t t . ) "C t tR  tL  =  n -Bu tP ,  E t3P l  L2  =

M e 2 P C H 2 C H 2 P M e 2 . 2 , 2 ' - b i p y r i d y l ;  R = H , n = 3 , 4 :  R = M c , n = 3 l i n d i c h l o r o n r c t h a n c a n d d i b r o m o m c t h a n c s o l u t i o n s g c n -
cratcd both cycloalkanes and alkenes der ived f rom thc mctal lacycl ic  nroictv and hornologous c l ,c loalkanes and alkencs formed

by  inco rpo ra t ion  o f  a  so lven t -de r i ved  mc thy lcnc  g roup .  Thc rma l  decornpos i t i ons  o f  p la t i nacyc loa lkanes  in  hyd rocarbon  o r

e the rea l  so lu t i ons  y ie ldcd  on ly  a l kcncs  hav ing  the  same ca rbon  nun tbe r  as  the  n rc ta l l acyc l i c  g roup .  Thcsc  p roduc ts  re f l ec t  two

compct ing rcact ion paths.  Olcf ins arc formed by /3-hydr ide el inr inat ion.  C1'c loalkanes and homologatcd products arc gencrated

by  decompos i t i on  o f  p la t i num( lV )  i n te rmed ia tes ,  p roduced  by  ox ida t i vc  add i t i on  o f  d iha lomc thanc  to  p la t i num( l l )  me ta l l a -

cyc les .  The  thc rmo ly t i c  bchav io r  o f  two  modc l  sys tcms  [ c i . r - (BurP)2Pt (C I l2 )1 (CF. r ) l  and  (b ipy )P t (CH: )+ (CH2Cl )C l ] suppor t

these content ions.

Introduction

Metal lacyclesl  are emerging as an important c lass of  in-
termediates in organic react ions involv ing t ransi t ion metals,
with characteristic patterns of reactivity significantly different
from those of acyclic metal alkyls.a e One major factor con-
tributing to the difference between the reactivity of analogous
acyclic and cyclic organometall ic substances is the relative
rates of p-hydride elimination from them: because this reaction
is effectively suppressed in five- and six-membered metalla-
cycles,6 other types of reactions normally obscured in ali-
cyclic organometall ic compounds determine the products
derived from them. We have reported previously that the
thermal decomposi t ion of  d iethylbis( t r i -n-butylphosphine)-
plat inum( I  I  )  and 1,4-tetramethylene(tr i -n -butylphosphine)-
platinum(l I) in methylene chloride solution i l lustrates one such
character ist ic di f ference in react iv i ty.6 The formcr react ion
generates approximately the I  :  I  mixture of  o lef in and alkane
characteristic of the formation and decomposition of an in-
termediate hydridoalkylplatinum species, presumably by initial
(l-hydride elimination (eq I ).10' I I The latter reaction produces

nonhalogenatcd solvents (Et2O, TH F, n-hexane, cyclohcxane)
yielded only butenes and butane; no detectable cyclobutane
was formed (eq 3,  Table I ) .  Both the extent of  decomposi t ion

ethers  o r
h y d r o c a r b o n s  \  \  \

,tr)+\.)

'-#r, ). \.I

and the product distr ibut ion var ied s l ight ly wi th solvent,  but
the qual i tat ive character of  the decomposi t ion remained un-
changed. By contrast, decomposition of I in methylene chloride
solution proceeded more rapidly (by one to two orders of
magnitude) and yieldcd, in addi t ion to l inear C4 products,
significant quantit ies of cyclobutane, cyclopentane, I -pentene,
and 5-chloro- l -pentene (eq 3,  Table I ) .  The product distr i -
but ion was insensi t ive not only to the start ing concentrat ion
of I  over the range of  0.025 to 0.23 M but also to the ther-
molysis temperature between 80 and 120 "C. Thermal de-
composi t ion of  I  in methylene dibromide af forded simi lar
products, although the yield of C5 materials was significantly
higher,  and that of  cyclobutane lower,  than in methylene
chlor ide.  The use of  1,2-dibromoethane and carbon tetra-
chloride as solvents for thermolysis did not yield either cyclo-
butane or C-s compounds as detectable products.

The product distribution arising from thermal decomposi-
t ion of  the t r iethylphosphine analogue of  I  dcmonstrates the
general i ty of  thcsc phenomena. Replacement of  the mono-
dentate l igands by 1.2-bis(dimethylphosphino)ethane or
2,2'-bipyridyl produced significant changes in product distri-
bution; in both cases, high yields of C5 products were generated
and the sole plat inum-containing species detected was the
corresponding dichlor ide.  The 1,5-cyclooctadiene der ivat ive
evolved only linear Ca hydrocarbons in both methylene chloride
and hexane (Tab le  l ) .

Studies of the decomposition of I in methylene-d 2 chloride
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significant quantit ies of cyclobutane (eq 2). Carbon-carbon
bond formation by reductive elimination from transition-metal
alkyls is an important reaction in organometallic synthesis and
catalysis,l2 but one whose mechanistic determinants are poorly
understood. This paper describes an investigation designed to
clarify the mechanism of the reaction represented by eq 2. The
major conclusion from this work is that oxidative addition of
methylene chlor ide to plat inum(l l )  and generat ion of  a pla-
t inum(lV) intermediate preccdes reduct ive el iminat ion of
cyclobutane. Thus, the principal result of inhibit ion of /3-
hydr ide el iminat ion is,  in th is instance, react ion of  the te-
t ramethyleneplat inum(l  I )  moiety wi th methylene chlor ide.

Results

Products and Kinetics of the Thermal Decomposition of establishcd that the C5 products in this solvent were dideu-
1,4-Tetramethylenebis(t -n-butylphosphine)platinum(ll) ( I ) tcrated (-95%) and that the C4 products were deuterium free.
and Derivatives. Thermal decomposition of I at 1 20 oC in Protolysis of a solution of I during or shortly after mmpletion
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Table I.  Products ofThermal Decomposit ion of 1,4-Tetramethyleneplat inum( I I)  Derivatives, L2Pt(CH2)a'

Yield (mol/mol of Pt) x 100'

compd solvent
add i t i ve
(equ iv )

) )v -,/))T

Bu3P CH2C l2 '
CH2B12
BrCHzCHzBr "
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Bu rP  (2 .0 )
E r4NC l  (2 .0 )
M A H r  ( 1 0 . 0 )
PBqr  (10 .0 )
Mc rA l  ( 2 .0 )
LzN iB r :  ( 0 .1  )
FeCh  (0 .1  )
HzO (satd)
none

o Decomposit ions wcre carr icd out at 120 + 0.2 'C for l7 + 0.25 h using solut ions original ly 0.025 M in organoplat inum compound. unlcss
indicatcd othcrwisc. I A blank in the tablc signifi€s that the indicated product was sought cxplicitly but was not observcd. (Yields of 0 l% would
havebccndclcclcd.),5-Chloro-l-pcntcne(l%)wasalsodet€ctedasaproduct.Verysim;larproductdistr ibutionswereobscrvcdinCD2Clz,
cxcept that theC5 prod ucts con ta ined iwo dcuterium atoms. .r Yields dctected fol lowing trcatmenl ofthe rcact;on mixtur€ with l2 N aqueous
HCI; methanc yiclds quoted are maxima observed. " l-Hcxene (2%). 1.5-hexadicnc (3%). and cyclohcxane (2%) werc also detectcd as products.
/Abbreviat ioni:  dmp;, bis( I  ,2-dimethylphosphino)erhane: COD, I .5-cyclooctadienc: bipy.2,2'-bipyridyl l  MAH. maleic anhydridc; PBQ,
para-benzoquinone. s Decomposit ion at 180'C. ,  The cyclooctadiene rccovcred from this rcnction was 100q6 1,3-isomer (61 mol%. based

on plat inum). A plat inum mirror was produced.
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of  decomposi t ion generated apprec iab le  methane.  The
t r ie thy lphosphine analogue behaved s imi lar ly .

The decomposi t ion o f  I  in  methy lene ch lor ide fo l lowed
f i rs t -order  k inet ics  for  c lose to  two ha l f - l i ves ( f t rzo:  1 .0  X
l0 -as - t ,  r r  l z=  1 .9  h ) .  The  evo lu t i on  o f  cyc lobu tane  and  bu -
tenes was f irst order during this period. After two half- l ives,
the decomposit ion accelerated, and butenes were the only
further products gencrated. For comparison, the decomposition
o f  1 ,4 - t e t rame thy leneb i s ( t r i pheny lphosph ine )p la t i num(  I  l )
in methylene chloride at 120 oC-a reaction which generated

no s ign i f icant  C-s  products  (< lV"  I  -pentene)- fo l lowed f i rs t -
o rde r  k i ne t i cs  w i t h  k126  :  0 .54  y  1g -a  t - t . 6

I t  was not  pract ica l  to  examine the in f luence of  added t r i -
n-butylphosphine on the course of decomposit ion of l .  Addit ion
of 2 equiv of phosphine to a solut ion of 1 suppressed the for-
mat ion of  cyc loa lkanes,  s l ight ly  increased the y ie ld  o f  butanc
and l -pentene,  and acce lerated the ra te  o f  decomposi t ion by
a factor  o f  ten (Table  I ) .  Independent  s tud ies estab l ished,
however ,  that  t r i -n-buty lphosphine reacted rap id ly  wi th
methy lcne ch lor ide a t  120 "C and re leased,  among other
products ,  I  cqu iv  o f  ch lor ide ion.  Thc presence of  2  equiv  o f
te t raethy lammonium ch lor ide in  decomposing so lu t ions o f  I
in methylene chloride produced changes in rates and products
d is t r ibut ion s imi lar  to  those observed on addi t ion o f  t r i -n-
butylphosphine. Thus, there is no simple way of dist inguishing
the inf luence of added phosphine from that of chloride ion
generated by react ion o f  phosphine wi th  methy lene ch lor ide.
Addi t ion o f  an excess ( tenfo ld)  o f  male ic  anhydr ide or  ben-
zoquinone to a methylene chloride solution of I did not increase
the yield of cyclobutane observed on thermolysis, as might havc
bccn cxpccted by analogy wi th  the behav ior  o f  re la ted 1,4-
te t ramethy lenenicke l ( l l )  spec ies. l3 ' la  Ins tcad,  l ike  t r i -n-
butylphosphine (or chloride ion), these electron-withdrawing
ole f ins  whol ly  or  par t ia l ly  suppressed the format ion of  cyc lo-
butane and a lso o f  the C_s products  and led to  butenes as thc
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Figure l .  F i rst -order p lot  for
ch lo r ide  a t  120  o ( - .

l O  2 t , 1 "  1 5  ? O

t i m e  ( s e c ' l O - 3 )

t he  rma l  decompos i t i on  o f  I  i n  mc th r l cnc

major or exclusivc products. The product distr ibution was

ident ica l  in  dry  mcthy lene ch lor ide which had been saturated

wi th  d ioxygen bcfore thermolys is .  Ther 'e  was.  s imi lar ly ,  no

s ign i f icant  changc in  product  d is t r ibut ion upon inc lus ion of

anhyd rous  i r on ( l l l )  ch lo r i de  (0 .1  equ i v )  i n  t he  t he rmo lys i s

mix turc ,  but  in t roduct ion o f  b is ( t r i -n-buty lphosphine)  d i -

bromonickc l ( l l )  (0 .1  equiv)  produccd a marked decrease in

the y ie ld  o f  cyc lobutanc.  Two equiva lents  o f  t r imethy la lumi-

num also suppresscd cyclobutanc formation in favor of butene.

When I  decomposed in  methy lenc ch lor ide saturated wi th

water ,  thc  y ie lds o f  n-butane and c is-2-butene increased and

that  o f  cyc lobutane decreased.  Label ing s tud ies ind icated ex-

tcnsive incorporation of water-derived hydrogen in product

butcncs, but nonc was detectcd in cyclobutane. Prior hydrolysis

of  methy lenc ch lor ide may be par t ly  rcspons ib le  for  these ob-

scrvat ions.  Thermal  decomposi t ion o f  1  in  pure t r i -n-buty l -

phosphinc y ic lded main ly  l -butene.
Phospho rus  and  p ro ton  NMR spec t roscop i c  cxam ina t i on
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of solut ions derived from thermolysis of I  rn methylene chloride
ind icatcs  the presence of  the four  p la t inum-conta in ing spec ies
show'n in  cq 4 :  no other  phosphorus-conta in ing spec ies were

cr{?cl,  
t ' \  

/cH.' l  
t \  

, /L
L P t  |  

' '  
P t  +  P t

\--- l  r20'c /  \  , /  \
17  h  c l l  L  H ,C  C l

557o
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+

( t i )
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L C l
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Pt ( .1)

94% g7o  I%

( 11)

507o  40% I27o
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Pt
/ \ , / \

C I  L L ( . I

l37o 77o

dctccted in  quant i t ies  greater  than 2o/o.  The ch loromethy lp la-
t i nu rn ( l l )  compound  2  was  no t  i so la ted .  bu t  i t s  s t r uc tu re  was
inferred on the basis of spectroscopic parirmeters und chemical
behavior detai led in thc E,xperimental Section. This compound
decomposed ovcr the course of several weeks at room tem-
pcr i r ture  to  a  nr ix ture o f  c i .s -  and t rans-L2PtCl2.  The fa te  o f
i t s  me thv l cne  un i t  has  no t  been  es tab l i shed ,  a l t hough  sma l l
l , i c lds  o i  c thy lene (2  4o/ " ,  based on p la t inum) are gcnera l ly
observed on thermolys is  o f  I  in  methy lene ch lor ide.

Oxidative Addit ion of Alkyl Halides to I  and 4 and Products
of Thermal f)ecomposit ion of the Result ing Plat inum(lV) Or-
ganometa l l ics .  The gcncrat ion o f  cyc lobutanc in  mcthy lene
chlor idc ,  thc  incorporat ion o f  so lvent -dcr ived f ragn ' rents  in to
products ,  and the suppress ion of  both o f  these react ion by
coord in i r t ing spec ies suggest  that  ox idat ive addi t ion o f  so lvcnt
to  I  may precede cyc lobutane format ion.  We have ncver  de-
tectcd a  product  hav ing the composi t ion expected f rom ox i -
dat ive addi t ion o f  methy lcne ch lor ide to  l .  We have,  however ,
been ab le  to  prepare and iso la te  two model  substanccs and to
show that thcir thermaldecomposit ions take place by reductive
c l iminat ion o f  carbon carbon bonds and y ie ld  products  con-
s is tent  wi th  those obta ined f rom I  in  methy lene ha l ide so lu-
t  i o n s .

Rcact ion o i  I  w i th  t r i f luoromethy l  iod ide gcnerated the
p la t i num( lV )  spec ies  3 .  The rma l  decompos i t i on  o i t h i s  com-
pound generated cvc lobutanc as thc  major  product  (eq 5) .  No

I

R

butenes +
3 7 %
71o/o
5 8 %

product  incorporat ing e  i ther  t r i f luoromethy l  or  iodo moiet ies
was detecLed: .  t rans- (Bu3P)2Pt(CF:) l  was the predominant
p la t i num-con ta in i ng  p roduc t . l 5  S im i l a r l y ,  r eac t i on  o f  1 ,4 -
t e t rame thy lenc (b ipy r i dy l ) p l a t i num( l l )  ( 4 )  w i t h  me thy lene
chlor ide a t  ambient  temperature readi ly  y , ie lded 5 (eq 6) .  Th is
compound  was  s tab le  i n  so lu t i on  a t  120  oC  bu t  decomposed
at  180 oC to  y ie ld  the ar ray o f  products  l is ted for  4  in  Table  I .
Thesc products  inc lude l i t t le  c l ,c loburane but  a  h igh y ic ld  o f
pentcnes; 2.2' -bipy r idyld ich loroplat i  n u m ( I  I  )  was also formed.
Related qual i ta t ive resu l ts  werc  obta ined on thermar  decom-
pos i t ion o f  p la t inacyc lopentanes in  the prcsence of  mcthyr  io-
d ide.  a  mater ia l  which undergoes rap id  ox idat ive addi t ion to
rnany  l ow-va len t  me ta l s  ( cq  7 ) . 15 .17  T6 . l ow  y i e l d  o f  pen tencs
observed when th is  rcact ion is  car r ied out  in  hcxane presunl -
ably ref lects the slow ratc oi oxidative addit ion of methl, l  iodide

t ,o,)  crr ,X,  
,

C" products C. products

of  th is  scquence,  wc have examined sevcra l  react ions o i  1 , ,5-
pen ta rnc thy l cneb i s ( t r i - n -bu t y l phosph ine )p la t i num(  |  I  )  ( 6 ) .
Dccomposi t ion o f  6  i tse l l  in  methy lene ch lor ide y ie lds a  spec-
t rum of  products  analogous to  those observed ior  I  (Table  I I ) .
l -ow y ie lds (<5 'zo)  o f  Ca products  are a lso observed.  l t  has not
been deter rn ined rvhcthcr  these arc  der ivcd f rom the buty l
groups of  thc  phosphinc or  f ront  the f ragmentat ion o f  the
pcn tamc thv l cne  un i t .  a l t hough  thc  l o rmer  seems  more  l i ke l y .
In  isooctanc.  dccomposi t ion is  more s luggish and no cyc lo-
pentarnc is  for rned.  Thus.  d i rect  thermal  decomposi t ion o f  6
docs not  appear  to  o f fc r  a  p laus ib le  mechanism for  the gener-
a t ion o f  c .v-c lopent i lnc .  but  docs ind icate  that  the react iv i ty
observed for  thc  p la t inacyc lopcntane is  a lso character is t ic  o f
a  p l a t i nacyc lohexanc .

Treatment of 6 rvith I  equiv of rnolecular bromine gcnerates
thc  m ix tu r c  o f  con tpounds  shown  i n  eq  9 .  T rca tn ten t  o f  t h i s
rearc t ion mix turc  wi th  r rn  addi t iona l  1 .4  molar  equiv  o f  brorn inc
dcst ro lcd the rcs idual  6  and af forded a react ion mix ture

l c r . r
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18o oc 
, Products l isted in + Q-*rt '

cH2cr2 Table I  for  4 

Or 

"-a,

r2o "c
+  C H . I

pentenes + hexenes;  so lvent  L  R
56Vo CH,CI"  Ph.P H
8 5 %  B u . P  ( 7  )
26Vo  CoH,  o
527o 48"/o CH.CI, Me

to  p la t i num( l l )  i n  a  nonpo la r  so l vcn t  and  t he  co r respond ing
impor t i ince of  ther rna l  dccomposi t ion o f  I  by  13-h idr ide e l i r r . r -
i na t i on  be fo rc  ox ida t i vc  add i t i on .  l 8

T'hcsc studics indicate that reductive el imination of two alkvl
groups from plat inum( IV) with carbon-carbon bond formation
occurs  undcr  thc  condi t ions used for  thc  ther rno lys is  o f  l .  Wc
dc l 'er  the prob lcm of  ra t iona l iz ing the par t i t ion ing of  products
bctween cyc loa lkanes and l inear  a lkenes unt i l  the Discuss ion.
Ox ida t i ve  add i t i on  o i  mc thy lene  ch lo r i de  t o  4  i s  c l ca r l y  an  i n -
tegra l  s tep in  the fornrat ion o f  the products  l is ted in  Tablc  I ,
s ince the in tcrmediatc  5  can be iso la tcd.  The ox idat ive adduct
of I  and methylcnc chloride has not been detected dircct ly, but
I  does add t r i f luoromethy l  iod idc (and apparent lv  rnethy l  io -
d i de )  r ead i l y .

Thermal Decomposit ion of 1,5-Pentamethylenebis(tr i-n-
butylphosphine)platinum(II) (6) and Derivatives. A possiblc route
f rom I  to  products  would  fo l low eq 8.  To chcck the p laus ib i l i ty
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Table II .  products of Thermal Decomposit ion of Five- and Six-Membered Plat inacycles Related to 6o

Yie ld  (mol /mol  o f  Pt )  x  l00D

CHuClz
i  -CsH  1s
CHzClz

48 3
< l  ( t t9 ) ,
< 1

C H a

(  l 5 ) '

( 1 2 ) 't )

< l

o Decompositions were carried out at 120 + 0.2'C for l7 a 0.25 h, using solutions originally 0.025 M in organoplatinum compound, unless

indicated otierwise. , A blank in this table signifies that the indicated product was checked for explicilly but was not detected. ' Yields following

treatm€nt with l2 N aqueous HCl. d Includes 2-methyl- l  -pentene.

containing 7 (25-30"/") as the only organometall ic specres.
Thermolysis of  7 (prcpared by th is sequence, used without
isolat ion) for  l7 h at  120 oC resul ted in i ts quant i tat ive con-
version to cyclopentane.

B r L B r
L r P t  )  

'  , 6 +  ) * '
\_J ctcle.2cH,cl ,/ \

6 eO "C " 36Vo Br 
'L

357o

u*3 + r,*? (  10)

6 8

cyc lobutane)  are formed on ly  in  low y ie ld .  Decomposi t ion o f

8  in  the presencc of  iodomethane a lso gcneratcs  low y ie lds o f

C6 products .  Ster ic  h indrance to  ox idat ivc  addi t ion by the

rv-methyl substi tuent is probably responsible for thc dif ference

in  r cac i i v i t y  o [  1 .6 ,  and  8  t t lwa rd  me thy lene  ch lo r i dc . l ' )

f)iscussion

Scheme I organizes the avai lable experimental information

and our  cur rcnt  specula t ion about  the course of  the thermal

dccompos i t i on  o f  1 ,4 - t e t rame thy leneb i s ( t r i - n -bu t y l phos -
ph ine )p la t i num( l l )  ( l )  and  re l a ted  spec ies  i n  me thy l cne

chlor ide so lu t ion.  The major  pathway lead ing f rom I  to  cy-

c lobutane,  cyc lopentane,  and pentenes- format ion of  8  by

ox idat ive addi t ion o f  methy lene ch lor ide to  I  and decomposi -

t ion of 8 by rcductive el imination of carbon carbon bonds-is

supported by f ive types of cvidence. First,  formation of cyclo-

butane and Cs mater ia ls  does not  take p lace in  the absence of

a solvent capable of oxidative addit ion. In unreactive solvents,

thermal  decomposi t ion o i  I  generates on ly  acyc l ic  products :

butenss predominate,  and butane and butad iene are minor

products .  Second,  the Cs products  obta ined in  methy lene-d2

chlor ide incorporate  mcthy lene un i ts  der ived f rom so lvent .

L
Br' I

+ \i.
gr/ |

L

r2o "c
1 7 t l
)91Vo ( 9 )
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To determine whether five- and six-membcrcd platinacycles
were in equi l ibr ium (via p-hydr ide el iminat ion readdi t ion),
the products of  thermolysis of  I  -methyl-  I  ,4- tetramethylene-
bis( t r i -n-butylphosphine)plat inum(l l )  (8)  were determined
under condi t ions used for the decomposi t ion of  6 (Table I I ) .
The very different array of products observed from 6 and 8
suggests that  the equi l ibr ium represented by eq l0 is not im-
portant in these systems. Thermolysis products from 8 as-
cr ibable to pr ior  oxidat ive addi t ion by solvent (e.g. ,  methyl-

Scheme I.  Possible Reactions Contr ibuting to the Products of Thermolysis of 1 in CHrCl,
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Third, thermal decomposition of 3 and S-isolable models for
the proposed adduct 8-generate cyclobutane and pentenes
(rcspectively) in good yields. Fourth, the oxidative adduct 5
from methylene chlor ide and (bipy)Pt(CHz)+ (4) can be iso-
lated and established as an intermediate in the thermolysis of
4. Fifth, species which might be expected to hinder oxidative
addition to the platinacyclopentane, either by occupying
coordination sites on platinum (chloride ion, maleic anhydride)
or by ster ic hindrance (coordinated tr iphenylphosphine, an
a-methyl substituent on the metallacyclic ring) suppress the
formation of cyclobutane and C5 products and enhance the
production of butenes. Differing electronic properties of the
ligands may also influence the tendency of the platinacycle to
undergo oxidative addition and the subsequent course of de-
composition of the adduct, although the ESCA datare suggest
that electron dcnsi t ies on the plat inum do not correlate wi th
react iv i ty in oxidat ive addi t ion.

I t  is  probable,  a l though not r igorously establ ished, that
conversion of 8 to cyclopentane proceeds through the ring-
expanded plat inacyclohexane 11. An authent ic sample of  7
( the dibromo analogue of  1 I  ) ,  prepared in s i tu.  generated cy-
clopentane on thermal decomposition. The pentenes certainly
arise via 8, since analogous behavior is observed in the thermal
decomposition of the isolable example (5, L: = 2,2,-bipyridyl).
The pathway for this transformation is not, however, entirely
clear. These alkenes are not produced in appreciable quantities
upon decomposition of authentic 7 under the conditions we
explored, but that does not preclude their generation from l l,
produced as an intermediate, under the prevail ing thermolytic
conditions. Alternatively they may arise from other modes of
decomposi t ion of  8 ( for  example,  to 9 or l0) .

Our observations are consistent with direct carbon-carbon
bond formation by reductive elimination from pt(lV) pre-
cursors. More convoluted explanations are, however, con-
ceivable. Sequential oxidative addition/reductive elimination
steps might,  for  example,  generate t ransient isomers of  thc
or ig inal  Pt(r l )  complex wi th stereochemical  or  e lectronic
features which favor carbon carbon bond formation.20 The
simpler arguments current ly seem more just i f iable for  these
plat inum organometal l ic  compounds.

The or ig in of  the plat inum-containing products is ambigu-
ous. t r a ns -Methylchlorobis(tri-n -butylphosphine) platinum( I I )
may, plausibly, be generated by reduction of the chloromethyl
group of  2 by a hydr idoplat inum species present in solut ion.
The quant i t ies of  d ienes and 5-chloropentene generated are
general ly suf f ic ient  to account for  the quant i t ies of  hydr ide
required. Ear l ier  reduct ion of  the chloromethyl  groups of  8
seems less l ikely,  s ince the methyl  groups of  the adduct I  and
methyl iodide are converted primarily to pentenes. Compound
2 could be generated both from 8 and by oxidative addition of
methylene chloride to a platinum(0) species, in turn produced
dircct ly f rom l .  The thermal decomposi t ion of  2 appears to
yield L2PICl2.

The reactions inferred in this scheme suggest two general-
izations about organoplatinum chemistry. First, it appCars that
reduct ive el iminat ion of  two alkyl  groups and format ion of  a
carbon-carbon bond occurs  read i l y  f rom p la t inum-
( lV)2r  23  bu t  no t  f rom p la t inum( l l ) .  ID ia ry l -  and d iv iny l -
platinum(il) analogues, by contrast, yield biaryls or butadienes
dur ing thermal decomposi t ion. ]22 The p-hydr ide el iminat ion
react ion dominates the chemistry of  p lat inum( I  I )  d ia lkyrs in
the absence of  compet ing oxidat ive addi t ion processes. This
di f ference bctween the react iv i ty oi  d ia lkylplat inum(l  I )  and
dialkylplat inum(lV) compounds cannot present ly be rat ion-
al ized theoret ical ly but should be useful  empir ical ly.  Second,
the part i t ioning of  t r ia lkylplat inum(lV) species containing a
metal lacycl ic group between l inear alkenes and cycloalkanes
seems to bc very sensi t ive to the structure of  the start ing
complex. This partit ioning probably reflects severar factors,
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especially the strain involved in the formation of cyclobutane
r ings, and the enhanced energy of  o bonds between plat inum
and electronegatively substituted carbon.2a Thus, on the basis
of  l imi ted evidence, i t  appears that  product ion of  cycloalkane
is favored i f  the group R is electron withdrawing (CF32l)  but

@"" <--
R

L-. I
-P t ( [V )  (CH2) ,  -  CnHrn  ,R

L ' l
X

that formation of acyclic products is favored if R is electron
donat ing  (CH: ) .

Experimental Section

Generaland Instrumental. Mclting points were determined in opcn
cap i l l a r i es  us ing  a  Thomas-Hoover  appara tus  and  a rc  uncor rec ted .
Gas  ch romatograph ic  ana lyses  were  pe r fo rmed  on  Pc rk in -E lmer
Modc ls  990  and  3920  B  ins t rumen ts ,  equ ipped  w i th  c lec t ron ic  i n t c -
grators (Spectra Phvsics Minigrator) .  GLC MS measurcments were
car r i cd  ou t  us ing  a  n rod i f i ed  Perk in -E lmer  990  ch romatograph  in -
te r faccd  w i th  a  H i tach i -Perk in -E lmer  RMU-68  mass  spec t ron tc te r .
r H  N M R  d a t a  w e r c  o b t a i n c d  i n  c h l o r o f o r m - d 1 a t  6 0  M H z  w i t h  a
Var ian  T -60 .  Chern ica l  sh i f t s  a re  p resen ted  in  ppm re la t i ve  to  te t ra -
mcthyls i lanc.  r lP NMR spectra ( lH decoupled) rvcrc recorded ar  36.4
M H z  on  a  mod i f i cd  B ruker  H  FX-90  ins t run tcn t .  l l  P  chemica l  sh i f t s
arc re lat ive to external  607o phosphor ic acid (downf ie ld shi i ts  posi t ivc) .
In l ra rcd  spec t ra  were  rcco rded  on  a  Perk in -E lmer  -567  spcc t ropho-
tometer.  Assignntents o lchenr ical  ident i ty  bascd on spectra wcre made
by  compar i son  w i th  those  o f  au then t i c  ma te r ia l s  and /o r  re fe rence  to
the  l i t e ra tu re .  X - ray  pho toc lec t ron  spcc t ra  (ESCA)  were  mcasurcd
on  a  Hcw le t t -Packard  5950  A  ins t rumen t  us ing  an  A l (K2a)  anodc
X-ray 'sourcc.  Sarnples wcre e xamined as sol id f i lms on gold p lates wi th
ovcr la id gold windows to minimizc sur lacc charging ef fects.  Pt(4f7r2)
b ind ing  enc rg i cs  were  co r rec ted  rc la t i ve  to  those  o f  C(  l s )  =  l g -5  cV . lo
E lemcn ta l  ana lyscs  u 'e rc  pc r fo rmed  by  Rober tson  [_abora to ry ,
F lo rham Park .  N . .1 .  P repara t ion  o f  o rganomcta l l i c  ma te r ia l s  was
car r ied  ou t  undc r  a rgon  o r  n i t rogcn ,  acco rd ing  to  cs tab l i shed  inc r t -
i r tmosphere proccdurcs.  2s Solvents for  organometal  I  ics wcre pur i  f ied
by  d i s t i l l a t i on  th rough  a  l -m  co lumn o f  g lass  he l i ccs  undc r  a rgon .
D ie thy l  c thc r  and  t c t rahvdro fu ru ln  wc rc  d i s t i l l ed  f rom d isod iun r
benzophenone dianion.  Pentane, hcxane, and cyclohexanc were dr icd
and deolef inated rv i th concentrzr ted sul iur ic  acid.  t re:r ted wi th anh1,-
d rous  sod ium ca rbona te ,  and  d i s t i l l ed  l rom a  suspens ion  o f  sod iun r
bcnzophenone  ke ty l .  D ich lo romethanc ,  1 ,2 -d i ch lo roc thane .  1 .2 -d i -
b romoethane ,  and  d ib romomethane  were  d i s t i l l cd  f rom phosphorus
pcn tox idc .  l odomethane  was  passed  th rough  a  l0 -cm co lumn o f
Woe lm Ac t i v i t y  I  a lu rn ina  and  d i s t i l l ed  under  vacuum.  T r i -n -bu ty l -
phosphine was dist i l led undcr vacuum. Malc ic anhydr ide was pur i f ied
by  vacuum sub l ima t ion  and  p -benzoqu inone  was  rcc rys ta l l i zed .
1 ,2 -B is (d in ie thy lphosph ino )c thane  was  p repared  by  thc  method  o f
Parsha l l : 16  Org t rnop la t i num comp lexes  were ,  w i th  th rec  excep t ions
(v ide  in i ra ) ,  s to rcd  in  thc  da rk  a t  amb icn t  tempera tu re  i n  g lass -
s toppered  vcssc ls  i n i t i a l l y  i i l l cd  w i th  a rgon .  P r io r  to  ana lyses  o r
the rmo ly t i c  s tud ics ,  cach  was  d r ied  in  vacuo  fo r  a t  l eas t  l 6  h  a t  am-
b ien t  t cmpera tu rc .

Preparation of DiGrignard Reagents. 1,4-Butane-. 1.5-pentane- and
1 ,4 -pen taned i (magnes ium b romide)  were  p repared  accord ing  to
prcviously descr ibed procedurcs.6 Their  conccntr t t ions wcrc dete r-
m incd  by  t i t ra t i on  aga ins t  2 -bu tano l  i n  xy lencs ,  us ing  the  pu rp le - rcd
I ,  l  O-phenan th ro l i ne  o rganomagnes ium comp lcx  as  ind ica to r .2T

( 1,5-Cyclooctadiene)-  1,4- tetramethyleneplat inum(I I ) .  Sl  i  ght  mod-
i f i ca t i on  o f  appara tus  and  t cchn ique  a l l owcd  the  ready  i so la t i on  in
quan t i t y  and  in  good  y ie ld  o f  comp lexes  (COD)Pt (CHz)n ,  p rev ious ly
cmployed as unisolated intermediates in p lat inacycloalkane syntheses.6
(COD)PtCqHs  was  ob ta incd  i rom (COD)Pt l2  (6 .2  g .  I  l . l  mmo l )  and
I , z l - b u t a n e d i ( m a g n c s i u m  b r o m i d e )  i n  1 6 0 m L o f  c a .  l : l e t h e r  T H F
by  f i r s t  quench ing  the  reac t ion  by  passagc  th rough  a  25 -cm ch roma-
tography column prepared in ether under argon to the fo l lowing
spec i f i ca t i ons :  l owes t  5  cm,  s i l i ca -ge l  F - l l cen t ra l  l 5  cm,  s i l i ca  gc l /
ac t i va ted  charcoa l  d i spc rs ion  (ca .3 :1 ,  w /w) ;  h ighes t  5  cm,  s i l i ca  ge l
F- I  .  These adsorbents were contained in a 2-cm diameter f r i t ted glass
column wi th a Tcf lon stopcock,  equippcd wi th an 8-cm diameter g lass
lacket  which was ul t imatc ly i i l lcd wi th ice-water coolant .  A f ragment
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oidry ice sunk to the bot tom scrveC, by ef fervescence, to maintain a

constant  column tempcratures of  0 I  oC. Thc pale amber reactant
mixture was t ransferred in a l iquots to the column by forced syphon

via a needle-tippcd Tellon catheter. These portions werc swept through

the column at  posi t ivc prsssurc and emergcd v ia a hypodermic needle

as  an  en t i re l y  co lo r l css  so lu t i on  wh ich  was  co l l cc ted  a t  0  oC in  a  sep-

tum-capped f lask.  The react ion vcssel  and column wcrc then r insed

with successive port ions of  cthcr  (1 X 50 mL).  The solvent  wi ls  re-

moved at  reduced pressurc,  leaving a cream-whi te.  cxtremely ether-

so lub le  r cs iduc  w i th  a  charac le r i s t i c  ac r id  odor .  F ine  wh i te  necd lcs
(mp 74  oC i ,  sha rp ,  no  decompos i t i on  be low 150 'C)  werc  r ccovercd
via successivc rccrystal l izat ions by dissolut ion in r t  minimum volulne

o f ' e the r ,  add i t i on  o f  ca .  4  m[ -  o f  me thano l ,  and  g radua l  cvapora t ion
b y  a n  a r g o n  s t r e a m ,  n r a i n t l i n i r t g  a  t e m p e r a t u r e  o f  0  " C  [ 3 . 1 6  g , 7 9 ' / o

b a s e d  o n  ( C O D ) P t l 2 l .  T h e  m a t e r i a l  i s  t h e r m a l l y  u n s t a b l c  i n  c t h e r

mcthanol if not rel'rigerated, but when dry it appears to bc indelinitely

s tab le  i n  a i r  a t  amb ie  n t  tempera tu re :  I  H  N  MR (CDCh)  6  4 .85  [a l -
k c n e ,  4  H ,  J  ( l 0 s P t  l [ { )  =  3 9  H z . ] , 2 . 2 9  ( m e t h y l e n i c ,  u n r e s o l v c d ,  l 2

H) ,  1 .40  (me thy lcn ic  un reso lved .  4  H) .
A n a l  C a l c d  f o r  C r 2 H 2 1 ; P t :  C , 4 0 . 1 0 ;  t l , 5 . 6 1 .  F ' o u n d : C , 3 9 . t i 6 ;  t l ,

- 5 .70 .
(1,5-Cyclooctadiene)-2-methyl-1,4-tetramethyleneplatinum(ll) rvas

isolated analogously ( in 6f f lu y ie ld)  as a pale-yel low, a lmost  t ransluccnt
oi l  at  ambient  tempcraturc.  l t  was solublc in cther but  not  in methanol
i n  w h i c h  i t  f o r m e d  a  m i l k y  c m u l s i o n :  r  H  N  M R  6  4 . 8 3  [ l  : 4 : l  t r i p l e  t .

a l kene ,  1H,J  (P t  l l )  =  3 l l  I Jz ] ;  2 .33  (me thy len ic ,  un reso lved  l2  F l ) .

I  . 20  ( rnc thy l cn i c ,  un reso lved ;  supc r imposed ,  I  : 4 : l  t r i p le t  o f  I  : l  dou -
b l c t s ,  n - re thy l ,  /  (H  H)  = '7  Hz .  J  (P t  l - l )  =  65  ! l z , ;  t o ta l  ca .7  H) .

l t l cmen ta l  ana lys i s  o f  t h i s  con rpound  was  no t  ob ta incd  bu t  i t s  N  MR
slrcctrum and good y ie ld on convcrs ion to b is(phosphine)plat inacyclcs
i n d i e  a t c d  r c u s o n u b l c  p u r i t l  .

( 1,5-Cyclooctadiene)-1,5-pentamethyleneplatinum(lI) was obtained
in 65olo y ie ld as of f -whi tc,  f inc necdles f rom cthcr methanol  by s lorv

evepora t ion  (mp  .15  oC sharp ) .  The  so l i d  undergocs  apprcc iab le  y "e  l -

l ow ing  a t  amb ien t  t cmpe  ra tu rc  bu t  i s  s tab lc  a t  -20  oC under  a rgon :
r H  N M R  ( C D C l r )  6 . 1 . 0 6  ( b r o a d  l : 4 : l  t r i p l c t ,  a l k e n e ,  4 I I , J  ( P t  H )
=  38  Hz) ,  2 .27  (b road  t r i p l c t .  cyc l i c  me thy len ic ,  l 0  H) ,  1 .5 ,s  (b road

s ing le t .  rne thy len ic ,8  t l ) .  Duc  to  the  the rma l  i ns tab i l i t y  o f  t h i s  me-

tc r ia l ,  c lemen ta l  ana l l ' scs  wc rc  no t  sough t .
Preparat ion of  l .zPt(Ct l2)r .  General .  1,4-Tctramethylencbis( t r i -

n -bu ty lphosph ine )p la t i nu rn (  I  |  )  (  I  )  and  |  . 4 - te t ramethy lcncb is ( t r i -
pheny lphosph inc )p la t i num( l l )  (2 )  we  re  p repared  and  charac te r i zcd
as  dcsc r ibed  p rev ious ly6  l f o r  r lP  NMR paramcte rs ,  sec  Tab lc  l l l ) ;

sat is factory e lemcntal  analyscs were obtained.  Homologous divalcnt
plat inacycloalkanes and dcr ivat ives wi th othcr  l igands wcre prcpared

s im i la r l y  by  metha thc t i ca l  r cp laccment  o f  1 ,5 -cyc looc tad icne  in  ap -
propr iate nretal lacycl ic  prccursors.  Thesc t ransformat ions were ef-
fec tcd  undc r  a rgon  and ,  un less  o thc rw ise  spcc i f i ed ,  i n  d ie thy l  c thc r
so lu t i ons .

1,4-Tetramethylenebis(triethylphosphine)platinum(ll ). To a rapidly
st i r red solut ion of  rccrystal l ized (COD)Pt(CH:)+ (0.30 g.0.84 mrnol)
i n  c r h e r  ( 4 0  m t - )  a 1  - 7 8  o C ,  d i s r i l l e d  E t r P  ( 0 . 2 5  m L , 2 0 . 3  m g .  1 . 7 2

mmol)  was added dropwisc f rom a syr ingc.  Thc reagents wcre st i r red
fo r  4  days  a t  0  oC w i thou t  v i s ib l c  change ,  a l though  the re  rcma ined
no residual  odor of  phosphine.  Solvent  was rcmoved at  rcduced pres-

su rc ,  l eav ing  a  co lo r l css  o i l .  Th is  o i lwas  d i sso lved  in  c thc r  (5  mL) ,  an
cquivalcnt  volume of  methanol  was added, and the solut ion was cooled
under argon to -78 oC. Slow concentrat ion by a rapid f low of  argon
lcd to gradual  precip i tat ion of  a whi te sol id.  Two subsequcnt rccrvs-
ta l l i za t i ons  y ie ldcd  g ranu la r  wh i te  c rys ta l s  (3 .56  g ,87o l '  bascd  on  P t )
wh ich  mc l ted  ove r  a  I  oC  range  a t  -58  oC w i thou t  dccompos i t i on :  lR
(57o  KBr  d i spe rs ion )  2960 ,2910 ,  287-5 ,  2820  (vs ) ,  l a50  (s ) .  142 ,s  (m) ,

1 3 7 5  ( m ) ,  1 3 2 0 .  1 3 0 0 ( m w ) ,  1 2 5 0 ( m ) ,  l l 9 5  ( m w ) ,  1 0 6 5 ,  l 0 - 5 5  ( v s ) ,

1 6 0 . 1 2 0  ( v s ) , 6 3 0  ( m ) ,  5 1 5 ,  5 3 0  ( m w )  4 5 5 , 4 1 5  ( r n )  c r n - r .  r H  N M R
( C l D C l r )  6  0 . 7 - 1 . 4  ( m u l t i p l e t  m e t h y l i c ,  l 8  H ) ;  1 . 4  2 . 2  ( m u l t i p l c t ,

r n c t h y l e n i c . 2 0  H ) ;  l r P  N M R  d a t a  a p p e a r  i n  T a b l e  l l l .
A n a l  C a l c d  f o r  C r o F I t s P 2 P t :  C ,  3 9 , 4 2  H , 7 . 8 6 .  F o u n d :  C , 3 9 . 1 6 :

H . 1 . 9 4 .
1,4-Tetramethylene- 1,2-bis(dimethylphosphino)ethaneplatinum( I | ).

T o  5 0  m L  o f  a n  a g i t a t e d  c t h c r  s o l u t i o n  o f  ( C O D ) P t ( C I l : ) +  ( 0 . 6 a  g .
1 .78  mmol )  a t  -50  oC was  cau t ious l l , added  a  so lu t i on  o idmpc  (0 . -50

g .2 . ( r6  rnn ro l )  i n  c the r  (5  mt - ) .  Thc  homogeneous  n r i x tu re  acqu i red
a  pa lc -ye l l ow  co lo r  du r ing ,5  days  a t  0  oC.  The  so lven t  r vas  rcmovcd
a t  l ow  p rcssu re ,  l cav ing  a  ye l l ow ish  w 'h i t c  so l i d  c rus t .  Th ree  rec r ) ' s -

ta l l i za t i ons  by  d i sso lu t i on  in  c the r  and  g radua l  evapora t ion  undc r

argon at  0 oC y ' ie ldcd wel l - formed whi tc p lates which mcl tcd sharply

Table I I I .  l rP NMR Parameters for  L2PI(Cl lz) , "

5 U  l 3

Complex
/  ( r o s P 1 - r t P ; ,

* .2  t lz  6r rp(*2)

(Ph rP )zP t (C  Hz )+
(  Bu rP ) :P t (C l l r ) 4
(Bu rP )zP t (C .  t t : ) s
(  Bu :P ) :P t (C  F I z ) . lC  HCHr
(  Er . rP)2Pt(ClH2)1
(dmpc)Pt (CFI : )+

l  842
1 1 1  5
l 7 l  l
1 , s52 ,  l t t 8 . sh
t 7 E 2
l  6 l 0

21 .6
2.',l
2 . 1
1 . 4

I  r . 0
26.2

"  Spec t ra  wc rc  ob ta ined  us ing  ca .  0 .03  M so lu t i ons  in  C I I :C l : l
chcmical  shi f ts  arc in pprn downf ie ld f ronr 60ozn l l r [ 'O+ cr ternal
s tandard .  b  The  sn ra l l e r  coup l i ng  cons tan t  i s  p robab l l ' duc  to  phos -
phorus  t rans  to  thc  sccondary  ca rbon .  '  Recordcd  in  C f {C l r .

u ' i t h  d c c o n r p o s i t i o n  r r t  l l l ' C  ( y i c l d  0 . 5 1  g . 7 l 9 u o  b a s c d  o n  P t ) :  l f l

N \ 1 R  ( C I ) C l r ) .  ( i  1 . 5  1 . 2  [ u n r c s o l v c d ,  m c t h y l e n i c ) ,  o n  w h i c h  i s  s u -

pc r in rposed  a  t r i p l c t  o f  l : l  doub lc ts  a t  l . -50 ,  phosph inc  rne thy l .  J
( P  H )  =  9  H t . /  ( t  t . l )  =  2 0  H t l . t r P  N M R  c h a r a c t e r i s t i c s  a p p e a r

in Table l l  l :  lR (  KBr d ispcrs ion) 2970. 2860, 2t t20,  2780 (br ,  vs) .  I  42t)

( b r .  v s ) .  1 3 0 0  ( m ) .  l 2 t i 5  ( v s ) ,  1 2 4 5 .  l 2 - 1 5  ( m s ) . 9 4 0  ( b r , v s ) . 9 0 0  ( v s ) ,

8 3 5  ( s ) . 7 4 - 5  ( s ) , 7 1 - s  ( v s ) . 6 6 0  ( s ) , 5 . 1 5 , 5 3 - 5  ( m s ) . 6 4 0  ( m s )  c m - r .

, \ n a l  C a l c d  I ' o r  C 1 1 y H z a P z P t :  C .  1 9 . 9 1 ;  l l , 6 . 0 3 .  F o u n d :  C , 2 9 . 6 0 :

H .  6 . 1 7 .
1.4-Tetramethylene-2,2 ' -b ipvr idr ' lp lat inum( I  I  )  41.  2.2 ' '  Bi  pyr idY'  I

( 0 . 9 | i  g .  ( r . 2 8  n r r n o l )  a n d  ( C O D ) P t ( C H : ) +  ( 2  2 , 5  g . 6 . 2 6  r n r l o l ) ,  d i s -

solvcd in 60 ml.  of  hcxanc under r t rgon in a scptum-cappcd vcsscl .  werc

al loucd to rcact  r t t  ambie nt  tcnrperaturc in thc abscncc of  l ight .28 Ovcr

a  pc r iod  o f  3  wccks ,  thc  so lu t i on  g radua l l y  assumed t  p ink  huc ,  and

ruby - rcd  nced les  bcgan  to  scp r t ra te .  i n  add i t i on  to  quan t i t i cs  o f  f i nc

o rangc -ye l l ow  powdcr .  F rom the  4 th  to  the  8 th  week .  r veek ly  c rops

o f  c r l ' s ta l s  wc rc  r ccovercd ,  and  thc  r cac t ion  was  a l l owcd  to  cc ln t i nuc

un t i l  no  f ' u r thc r  de  pos i t i on  was  apparcn t .  Rcc r l s ta l l i za t i on  o l  t hc  r cd

matc r ia l  was  bcs t  e i f cc tcd  f ron t  a  f i l t e  red ,  ho t  so lu t i on  in  I  : l  c tha -

nol  acctonc.  By cool ing ( to ambicnt)  and cvaporat ion by a strcanl  of

n i t rogcn .  beau t i f u l  b lood- rcd  need lcs  wc rc  ob ta incd ,  wh ich  decom-

poscd  to  a  b lack  rcs iduc  I ' r om l86  oC rv i thou t  n rc l t i ng  (up  to  320 'C)
( i ' i c l d .  1 . .11  g .  5 l ' ' , ,  bascd  on  P t ) :  lR  (4q1 ,  KBr  d i spc rs ion )  3100 ,  -1080 ,

1 0 ; 1 0  ( n r ) .  1 9 l ( l  l l { 0 0  ( b r .  v ' s ) .  2 7 7 0  ( v s ) .  1 6 0 5  ( v s ) .  1 4 6 8 ,  |  4 6 5  ( v s ) .

l 4 - 1 0  ( s ) .  l - l  l 0  ( s ) .  l l 5 0  ( s ) .  I  2 0 0 ,  I  1 6 0  ( s ) .  7 7 5  ( b r ,  s ) .  7 4 7  ( b r .  v s ) .

548  (b r ,  s ) .417  (n rs )  cn r - r .  The  v i s ib l c  spcc t rum in  d i ch lo romc thane

display 'cd pronr incnt  absorpt ion at  470 nm. assigned to thc f i rs t  M I -CT

bcrnd , r8  wh ich  g radua l l y  d i sappcared  ( r  r  l t  o  30  rn in ) .  Bccausc  o f  thc

poor  so lub i l i t y  o l ' 4  i n  so l ven ts  w i th  wh ich  i t  docs  no t  reac t ,  r c l i ab le
l l {  N M R  d a t a  w c r c  d i f f i c u l t  t o  o b t a i n .  T h e  s p c c t r u n t  o f  a  f r c s h l y

preparcd chlorol t t r r l - r /  I  solut ion revealed coniplex nrul t ip lets at  6 9.  I  ,
t 1 .0 .  and  7 . -5  [asc r ibab le  to  6 - ,3 - .  and . l - ,  and  5 -b ipy ' r i dy l  hyd rogens ,

respcct ivc l l ' :  - /  (Pt  Hu,,h, , )  := 2 l  l lz . l  and spanning O.t t  3.4 (prominent

m a x i m a  a t  1 . , 1  a n d  2 . 6 .  p l a t i n a c v c l i c  h l d r o g c n ) .

A n a l  C a l c d  l o r  C i + H  r o N z P t :  ( .  1 1 . 2 1 :  H .  3 . 9 6 :  N ,  6 . I J 8 .  F o u n d :

C .  4 0 . 8 2 :  H .  4 . 0 1 :  N .  6 . 9 6 .
1,5-  Pentamethy lenebis(  t r i -  n-but .v- .  lphosphine )p lat inum( I  I  )  (  6) .  To

a  s t i r r cd  c thc r  so lu t i on  o f  lCOD)Pt (CH: )s  (6 .34  g ,0 .91  rnmo l )  a t  -20
o C l .  t r i - n - b u t ; ' l p h o s p h i n c  ( 0 . - 1 6  m l - ,  0 . 1 7  g .  1 . 8 5  m m o l )  w a s  a d d e d

dropw ise  v ia  a  sy r inge  .  Thc  m ix tu rc  was  s to rcd  f  o r  4 l l  h  a t  0  oC,  w i th

no  v i s ib l c  a l t c ra t i on .  Rcmova l  o f  so l vcn t  a t  l ow  p ressure  a i fo rded  a
pa le -yc l l ow  o i l .  Th is  o i l  was  takcn  up  in  a  m in in tum vo lumc  o f  c thc r

and  ca .  5  rn [ -  o f  mc thano l  was  added .  S low concen t ra t i on  a t  0  oC

under  an  a rgon  s t r ca r r  l cd  to  the  separa t ion  o f  a  m i l ky 'o i l .  Dur ing  36 -h

s to rage  a t  -20  oC th i s  ma te  r i a l  becamc la rge  t rans luce  n t  c t l l o r l ess

cuboids.  Thcsc \ r 'crc rccovcrcd and washed wi th coolcd mcthanol .  and

thc  p roccss  was  rcpca ted  tw ice  p r io r  to  d ry ing  in  racuo .  The  matc r ia l

had  n rp  30  3 l  'C  w i thou t  decompos i t i on  (y ' i c ld  0 .51  g .87 ' r ' o  based  on

P t ) :  l t l  N M R  ( C I ) C l r )  s p e c t r u m  c o n s i s t e d  o l a  b r t t a d - b a s c d  s h a r p

rcs r )nancc  6  0 .9  (n re  thv l .  I  E  I  l ) ,  I  . 0  l . l  ( un rcso lvcd .  r l c th l ' l cn i c .  ; 16

H ) ;  r l P  N M R  d a t a  e p p c a r  i n  T a b l e  l l l . ' f h i s  m a t c r i r t l  u l s  s t o r c d  a t
- ,1  "C  in  an  u rg t tn - f i l l cd  dcs i cca to r .

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

H .  q . 7 , 1 .

1 -Meth.'-l- 1.4-tetramethy lenebis( tri- n-butylphosphine )plati num( I I )
( 8 ) .  T o  a  s o l u t i o n  o t ' ( C O D ) P t ( C H r ) r C ' t l M c  ( 2 . 4 9  g . 6 . 6 4  t t t r t t o l )  i t t

c t h c r  a t  0  o C  u ' r t s  c e u t i o u s l f  i n t r o d u c c d  l t n  c t h c r  s o l u t i o r t  ( l ( )  r l l [ - ) o l

t r i - n - b u t v l p h o s p h i n c  ( 2 . 7 0  g .  l - 1 . 3 5  n r n r o l ) .  w i t h  c o n t i n t r ( ) u s  s w i r l i n g .

Thc  m ix tu rc  u r rs  u l l owed  to  s tand  a t  0  oC f ' o r  72  h  i n  thc  r tbscncc  o f
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l ight .  dur in-u u hich thcre was no v is ib le indicat ion of  rezrct ion.  Solvent
rcn rovu l  l c l t  a  pa lc - l c l l ow  o i lwh ich  wasd isso lved  in  e the r  ( ca .5  m l - ) .
.Add i t i on  o f  an  equa l  vo lume o f  me thano l  caused  p rcc ip i ta t i on  o f  a
\ \ax ) .  c rcenr -co lo rcd  so l i d .  Th is  so l i d  was  d i sso lved  by  add i t i on  o f  a
nr in inrunr of  cthcr .  and the solut ion was s lowly coolcd to -30 "C. Ovcr
30 nr in.  f inc rvhi te nccdlcs deposi ted.  Thcsc wcre separated and washcd
u ' i t h  n rc thano l .  The  l i quo rs  werc  fu r the r  concen t ra ted  by  s low cvap-
orat ion.  and an addi t ional  crop of  wel l - formcd crystals was recovercd.
T'uvo successivc recrystal l izat ions y ie lded snow-whi tc matcr ia l  which
af tcr  vacuum dry ing mel ted sharply at  60 "C wi thout  dccomposi t ion
( 1 " i c 1 d . 4 . 3 6  g . 9 8 o / o  b a s e d  o n  P t ) :  1 H  N M R  ( C D C l r )  6  2 . 4  ( s n r a l l
broadened hump, nrcth ine I  H),  1.3 [methylenic and exocycl ic  mcthyl ,
t o t a l  4 - 5  H ; " r  ( P t  H )  = ' 1 4  H z ,  /  ( P  H )  =  6  H z l , 0 . 9  ( s h a r p ,  t e r m i n a l
m c t h y l ,  l 8  H ) .  l ) c t a i l s  o f  t h e  3 r P  N M R  s p e c t r u n r  a p p c a r  i n  T a b l e
i l t .

Ana l .  Ca lcd  io r  C2eH6aP2Pt :  C .  52 .00 t  H ,  9 .63 .  Found :  C ,  52 .00 :
H , 9 . 1 1 .

Bis(tri- n-butylphosphine)( 1,4-tetramethylene ttrif l uoromethyl )-
i odop la t i num( lV ) (3 ) .  I n  a  heavy -wa l l cd  g lass  bomb (ca .  l 0 -cmr  ca -
paci ty)  was placed a solut ion of  (BurP)zPt(CHz)+ (0.13 g,  0.50 mnrol)
i n  d i ch lo romc thanc  ( l  mL) .  The  vcssc l  was  a t tachcd  t r t  a  v i t cuum
sys tcm (<5  X  l0 - r  To r r ) .  t he  con tcn ts  wc rc  dcgasscd  th rough  two
f rccze  thaw cyc lcs ,  and  t r i f l uo ro iodomethanc  was  condcnscd  in  v ia
a  gas  bu rc t t c  ( l t tO  cmr  a t  a tmosphcr i c  p rcssu re  and  292  K ;  7 . ,51
mmol ) .  Thc  bo rnb  was  sca led  undc r  vacuum a t  77  K .  A f t c r  warmrng
to  a r rb i cn t  t cmpcra tu re ,  the  con ten ts  wc rc  shakcn  con l i nuous ly  fo r
4  days  in  thc  absence  o f  l i gh t ,  du r ing  wh ich  t ime  thcy  acqu i red  a  pa lc
lemon colorat ion.  Thc vessel  was opened at  -18 oC, thc solut ion was
rcmoved, and the solvcnt  was cvaporatcd at  rcduced prcssure,  leaving
a  v i scous  ye l l ow  o i l .  A l though  l lP  NMR ana lys i s  sugges ted  tha t  the
ma jo r  componcn t  (>90yo)  was  (Bu3P)2Pt (CH2)1 (CFr ) l  ( v idc  i n f ra ) ,
i t  cou ld  no t  bc  i nduced  to  c rys ta l l i ze .  TLC on  s i l i ca  ge  I  us ing  4 : l
pcntane dichloromethane as elucnt  resolved s ix componcnts,  the most
abundan t  o f  wh ich  had  R7  0 .40  0 .58 .  Two  success ive  e lu t i ons  on
preparat ive scale p lates y ie lded,  af ter  dry ing in vacuo, a pale-ycl low,
s l i gh t l y  opaque  and  v i scous  f l u id  (3 .53  g ,  83o , /o  based  on  P t ) :  lR  ( th in
f i l m )  2 8 0 0  3 0 1 0  ( v s ,  b r ) ,  1 4 6 0  ( s ) ,  l a l 0  ( m ) ,  1 3 8 0  ( n r ) ,  1 2 5 0  ( m ) ,
l 2 l 0  ( m s ) ,  l l 5 5  ( m ) , 9 8 0  l l 2 0  ( v s ,  b r )  ( C F ) , 7 2 0  ( m s )  c m - r ; r H
NMR (CDCI : )  cons is ted  o f  6  2 .0  (p la t i nacyc lc  me thy lcn ic ) ,  1 .47
(methy len ic ,  l i gand  subs t i t uen ts ) ,  and  0 .97  (sharp ,  l i gand  merhy l )
( rat io ca.  4:  I  9:9) .  The I  I  P N M R spectrum consisred of  I  :3:3:  l  quartets
which appeared in l  :4:  l  t r ip let :  - /  (  le-5Pt--r  I  P)  = 996 Hz.  J ( l  eF 3l  P)
=  12 .5  Hz  6  ( r rP )  =  -35 .1  ppm ( to  h igher  f i e ld  than  HrpO4) .  These
spectroscopic parameters are consistent  only wi th a structure for  3
wi th c is-phosphine l igands and mutual ly  t rans-t r i f luoromethyl  and
lrans- iodo subst i tuents (see text  eq 5)  and compare wel l  wi th thosc
obtained for  re latcd dimethylp lat inum (  |  V)  der ivat ives.2e The ma.;or
impur i t y  f rom the  p repara t ion  was  iden t i f i ed  as  t rans - (Bu jP )2Pt l2 .
The mater ia l  was stored at  -4 "C in an argon-f i l led desiccator .

Ana l  Ca lcd  fo r  C2eH62F3 lP2Pt :  C ,40 .89 ;  H .  7 .33 .  Found :  C ,40 .86 :
H . 1 . 3 2 .

T rea tmen t  o f  (PhrP)zP t (CH2)4  w i th  CF3 l  under  ana logous  con-
di t ions for  2 l  days at  room temperature resul ted in no react ion.

( 2,2'-Bipyridyl )(chloromethyl)chloro- 1,4-tetramethyleneplatinum(I V )
(5 ) .  (B ipy )P t (CH2)4  (0 .11  g ,0 .28  rnmo l )  was  d i sso lvcd  in  d i ch lo ro -
methanc  (30  mL)  and  thc  m ix tu re  s t i r red  fo r  16  h  a t  amb ien t  tem-
pc ra tu re  under  a rgon .  The  so lu t i on ,  i n i t i a l l y  w ine  red ,  bccame pa lc
lemon  ye l l ow ,  and  a  i vo ry -wh i te  so l i d  p rec ip i ta ted .  Th is  so l i d  was
separated by f i l t rat ion and fur thcr  deposi t ion was induced by s low
solvent  removal .  Almost  color lcss.  t ranslucent  needlcs were obtained
by  d i sso lv ing  th i s  ma te r ia l  i n  d i ch lo romethanc  and  concen t ra t i ng  i t
s low ly  (0 .13  g ,  94o /o ) .  The  matc r ia l  exh ib i ted  no  me l t i ng  po in t  be low
300 'C,  but  rapid ly decolor ized to br ight  red-orange and yel low
need les  f rom |  35 -  145  "C ,  subsequen t l y  becoming  russe t  and  f i na l l y
d u n - b r o w n  b y  3 0 0  o C :  r H  N M R  ( C D C l r )  6  8 . 6 _ s  I l : 4 : l  t r i p l e t  o f
b roadcned  doub le ts ,  b ipy r idy l  H6 ,  2  H :  /  (P t ,  H )  =  22  Hz l ,7  .6  8 .2
(bipyr idyl  H3 and t {4,  4 H),  7.4 (unsymmetr ical  r r ip let ,  b ipyr idyl .  H5,
2  H) ,  3 .73  [ sha rp  |  : 4 : t  t r i p le t .  ch lo romethy lene ,  2  H ;  J  (P t  H1  =  51
H z l . 0 . 7 - 3 . 0  ( p l a t i n a c y c l i c  m e t h y l e n i c .  [ l  H ) ;  I R  ( K B r )  3 1 0 - s - 2 9 8 0
( -5  sharp  bands ,  ms) ,  2930 ,  2900 .  2840  (vs ) .  I  630  (vs ) .  149-5 ,  147 ,5  ( s ) ,
1 4 4 - s  ( v s ) ,  1 3 2 0 ,  l 3 l 0  ( s ) ,  1 2 5 , s  ( s ) ,  1 2 0 4  ( s ) ,  I 1 9 0 .  t l 7 0  ( m s ) ,  l l 0
(s ) .  1  030 ,  1  022  (s ) ,  770  (b r ,  vs ) ,  738  (vs ) ,  670  640  (_s  bands  (s )  cm- r :
thcrc was in addi t ion a sharp isolated absorpt ion ol  mcdium intcnsi ty
a t  370  cm- r ,  a t t r i bu tab le  to  r ,  (P t  C l ) .  A  d ideu tc ra ted  ana logue  rvas
prepared by an analogous procedurc using CD2Cl2.  I ts  inf rared
spcc t rum d isp layed  I i n  add i t i on  toana logous  r ,  (P t  C l )  a t  368  cm- l l
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new sharp  z rbso rp t ions  o f  modera te  i n tens i t y  a t  2 l  60  and  2255  cm- l

[ r , (C-D)1.  Apart  f rom lessening of  complcxi ty  in the region I  2 I  0-  I  I  50
cm- l  t he  spcc t rum was  o the rw ise  ind is t i ngu ishab lc  f rom tha t  o f  t he
unlabeled dcr ivat ive .  This was also the case,  except for  the absence
o f  the  t r i p l c t  a t  1 .73  ppnr .  f o r  thc  rH  NMR spcc t rum.  The  s te reo -
chemis t r y  o f  coo rd ina t ion  canno t  be  cc r ta in l y  ass igned ,  bu t  thc

transoid structurc for  5 ( text ,  eq 6)  is  bel ieved most l ikely.
A n a l .  C a l c d  f o r  C 1 s H 1 3 C l 2 N 2 P t :  C ,  3 6 . 5 9 ;  H ,  3 . 6 9 ;  N ,  5 . 6 9 ;  C l .

1 4 . 4 0 .  F o u n d :  C . 3 6 . 4 8 :  H . 3 . 7 8 ;  N , 5 . 6 0 ; C l ,  1 4 . 5 6 .
Thermo ly t i c  S tud ies .  So lu t i ons  o f  p la t i nacyc loa lkancs  (25  mM)

wcrc prcparcd.  dcgasscd.  and thermal ly  dccomposed in c lean.  dry ' .
g lass vesscls according to procedures dcscr ibed previouslv.T Unlcss
othcrwise speci f ied in thc tcxt ,  dccomposi t ion was accompl ished by
immcrs ion  fo r  l 7  +  0 .25  h  i n  s t i r red  o i l  whose  tempcra tu re  was

the rmos ta t i ca l l y  regu la ted  to  t20  +  0 .2  oC. r0  Decomposed  samp lcs
wcre stored at  -78 oC pr ior  to analysis.  The cxtent  of  decomposi t ion

could be determined by in ject ing al iquots of  residual  solut ion,  f rom
a p rccoo led  sy r inge .  on to  an  appropr ia tc  GLC co lumn.  l t  was  es tab -
l i shed  tha t  none  o l ' t he  comp lexes  s tud ied  undc rwen t  decompos i t i on

a t  t c m p e r a t u r c s  ( 1 0 0 ' C  a n d  s o  t h c  G l - C  i n j e c t i o n  p o r t  w a s  m r t i n -
ta incd  a t  th i s  l eve l .  Subscqucn t  to  chcn i i ca l  quench ing  w i th  I {C1 ,6  thc
sanrplcs wcrc rcanalyzed to ver i fy  that  tota l  hydrocarbon evolut ion
correspondcd sat is factor i ly  wi th predict ions.  Al though nei thcr  of  thc
P t (  I  V  )  dc r i va t i ves  was  suscep t ib le ,  a l l  d i va  len t  p la t i nacyc loa lkanes
u l t ima tc l y  y i c ldcd  quan t i t a t i ve  n -a l kanc  on  HCI  t re : r tmen t .  (The  ra te
o f  p ro teo lys i s  was  so lven t  dependen t ;  a t  -78  oC,  reac t ion  in  d i ch lo -

romcthanc was complete in as l i t t lc  as 3 h,  whereas rcact ion in hexanc
rcquircd up to |  30 h.)  Compar ison of  product  d ist r ibut ions beforc and
a f t c r  qucnch ing  a l l owed  es t ima t ion  o f  thc  cx tcn t  o f  decompos i t i on .
Absolutc product  I ic lds wcrc calculated by compar ison of  peak areas
w i th  thosc  o l  i n t c rna l  s tandards :  no rma l l y ,  / l - pen tane  io r  Ca  and  Cs
products and isooctane or  rnethylcyclopcnt i rnc (where i t  was not  i tsc l f
a  p roduc t )  f o r  Cs  and  C6  p roduc ts  wc rc  uscd .  l t  w : rs  cs tab l i shed  tha t
, l -pcntanc was nci the r  a product  of  thermal  decomposi t ion nor d id i ts
p resence  in  anv  way  a l f cc t  t he  u l t ima te  p roduc t  d i s t r i bu t ion  f rom
l- :Pt(CH:) l  in  rncthylcnc chlor idc.  Assumpt ion of  l : l  correspondcnce
of detector  rcsponse per uni t  weight  was found to g ivc sat is factory
resul ts for  hydrocarbtrns:  mass balanccs for  unequivocnl ly  p lat ina-
cycle-dcr ivcd products were general ly  wi th in 100 + -5olu.  Response
fac to rs  fo r  ha loca rbons  wcre  eva lua ted  f rom au then t i c  ma te r ia l s .
Products were ident i f ied by their  retent ion character is t ics (predc-
t c rm incd  f rom au thcn t i c  samp les )  on  two  G l -C  co lumns  o f  d i f f e ren t
pack ing .  A  number  o f  co lumns  wcre  cmp loyed :  A ,  tandem co lumn.
8  rn ,  20o lo  d ibu ty l  ma lcz r t c  on  Chromosorb  P  (NAW;  60  80  mesh)  i n
se r i cs  w i th  4 .3 -m.  l 0o /o  b i s (2 - (2 -methoxye thoxy )c thy l )e the r  on
Chromosorb P (NAW; 60 80 mcsh):31 B,  tandcm column. l0 m. 2-5 '2,
o f  a  se r tu ra ted  so lu t i on  o f  AgNOr  in  te t ramethy lenc  g l yco l  on  Chro -
mosorb  W (80  100  mesh)  i n  sc r i cs  w i th  3 .3  m,  l 5o /o  t r i s (cyano-
e thoxy )p ropanc  (TCEOP)  on  F - l  A lumina  ( t tO-90  mesh) ;  C ,  8  m.
20olo propylene carbonate on F- l alumina (80 100 mesh): D. 4 m. 2(P/o
SE-30  on  Chromosorb  P  ( t30 -  100  mesh) .  Co lumn A  was  found  to  bc
cspecia l ly  sat is factory for  the separat ion of  hydrocarbons f rom C1 to
C6 wi th part icular ly  good basel ine resolut ion of  Ca products.  Column
B was cmployed for  C. l  and C5 analyses,  whi le column C served for
Cs  and  C6  charac te r i za t i ons .  Co lumn D was  ma in l y  o l  use  in  ha lo -
ca rbon  iden t i f i ca t i on .  Co lumns  A  C  were  opc ra tcd  i so the rma l l y  a t
amb ien t  (30  35  oC)  tempera tu rcs  w i th  ca r r i c r  f l ow  ra tcs  o f  30  m[ ,
m l n

K ine t i c  ana lvs i s  o f  decompos i t i on  o f  I  was  acconrp l i shed  by  mon-
i to r ing  the  d i sappearance  o f  I  as  r cvea led  by  thc  abso lu te  y ie ld  o i
n-butanc fo l lowing HCI qucnching of  samples wi thdrawn and cooled
( -7 { l  'C )  a t  no ted  in te rva ls .  I n te rna l  , ? -pen tane  rvas  a l so  inc luded  to
allow observation of rclative levels of dccomposition products as dccav
proceeded, as wel l  as a check on overal l  mass balances.

Evafuation of Thermal Decomposition of (Bu3P)2Pt(CHz\aBrz 0 l.
Th is  p rocess  was  obsc rvcd  by  l lP  NMR spec t roscopy .  Two  1 ,2 -d i -
ch lo romc thanc  so lu t i ons  wcrc  p rcparcd  undc r  a rgon  con ta in ing  (a )
6  ( 0 . 0 8 5  M )  a n d  ( b )  b r o m i n e  ( 0 . 0 8 6  M ) .  S o l u t i o n  b  ( 1 . 0  m [ - )  w a s
addcd  d ropw ise  to  a  s t i r r cd  equa lvo lume o f  so lu t i on  a .  A f te r  20  m in .
thc 3lP NMR spectrum of  an al iquot  (0.4 mL) was recordcd,  reveal ing
thc prcsence only of  6 (36 mol  o/o l2) ,  t rans-(Bu3P)PtBr2 (35 mol  "z, , l l1
[6p -2 .T  ppm.  J  (P t  P )  =  2332  Hz :  l i t . 33  =  2334  Hz ] ,  and  a  spcc ics
idcn t i f i ab le  by  subscqucn t  r c r r c t i on  as  l ron .s -  (  Bu tP)zP t (C  l {2 )aBr l
(7 )  (29  mo ln /o r3 )  [6p  l8 . l J ,  J  (P t  P )  =  2066  l l z : c f .  f o r  i sos t ruc tu r ; t l
( P h : M e P ) : P t ( C t J r ) 2 B r .  J  =  t 9 7 0  H z 3 a ] .  T h i s  m i x t u r c  i s  c o n s i s t e n t
w i th  thc  consumpt ion  o i0 .99  equ iv  o f  b romine .  To  the  rc rna in ing  1 .6
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mL of  a was added I  . l  5 mL of  addi t ional  bromine solut ion,  af fording
f inal  concentrat ions of  0.025 M for  p lat inum and 0.061 M for  added
bromine  (B r2 /P t  =  2 .41 ) .  A l i quo ts  o f  t he  go lden  l i quo rs  were  w i th -
d rawn  a f te r  l 0  m in  s t i r r i ng  and  sea led  in to  thc rmo lys i s  vcssc ls  i n  thc
norma l  manner  ( v ide  supra ) .  The  rema inder  o f  t he  so lu t i on  was
meanwhi le subjectcd to l l  P N M R analysis.  At  th is stage the mixturc
con ta ined  t rans - (Bu3P)2PtBrq  ( ' 12  mo l  o /o32)  [6n  -18 .3  /  (P t -P1  =

1474  Hz : , c f  .  t rans - (Bu :P)zP tC l+  =  1462  Hzr r ]  and  7  (28  mo l  7o r2 ) .
Thermo ly t i c  t r ca tmcn t  (120  oC,  l 7  h )  o f  t h i s  m ix tu re  was  found  to
yield cyclopentane (28 + 2 mol o/o, absolutc yicld bascd on original Pt)
a n d  v c l l o w  s o l u t i o n s .

Examinat ion of  Residual  Products f rom I  in CHzClz.  More con-
ccn t ra ted  so lu t i ons  o f  I  (0 .23  M)  were  p repared  and  thc rma l l y  dc -
composed according to standard procedures. Hydrocarbon production
was  checked  by  G LC,  and  the  res idua l  so lu t i on  was  immcd ia te l y  an -
a l yzed  by : lp  NMR spec t roscopy .  Thc  so lvcn t  was  thcn  qu ick l y  re -
moved and replaccd by chloroform-d 1, prior to I H N M R analysis. On
the basis of  thcsc two tcchniques,  four d issolved components could be
idcn t i f i ed :  c i . s - (Bu3P)2PtC l2  [ " I  (P t -P )  =  351  I  Hz ,  l i t r 5  =  3502  Hz ]
and t rans- (BurP):PtCl2 U (Pt  P) = 2393 Hz,  l i t r5 = 2400 Hzl  wcrc
read i l y  i den t i f i ab le  ( ca .  7  mo l  and  l3  mo lo /o ,  r cspec t i ve l ys2 ) .  A  th i rd
minor  p roduc t  ( ca .  I  5  mo l  u /o r2 )  was  / rans - (BurP)zP tMeCl .  The  3 lP

NMRev idence(6p  7 .6 .  /  (P t  P )  =  2 '789  Hz ,  c f .  f o r  t rans - (E t3P) r -
PtMeCl = 2816 *  l  -5 Hzra) was supportcd by lH N MR observat ions:
r )  0 .32  (  l : 2 :1  t r i p le t ,  one  sa te l l i t e  obscured  /  (P  H)  -  80  Hz ;ca .  l " i o
o f  to ta l  resonance  fo r  Bu :P ;  mc thy lp la t i num subs t i t uen t ) .16  Thc  3 lP

NMR spec t rum o f  the  ma jo r  ( ca .55  mo l  o /n r2 )  componen t  [6n  14 .7 ;
/  (P t -P )  =  2 '7 l4  Hz . l  i s  cha rac tc r i s t i c  o f  a  fu r the r  t rans -b i s (phos -
ph ine )o rganop la t i nu rn ( l  l )  de r i va t i ve .  Tha t  th i s  i s  l rans - (Bu . jP )2 -
P t (CH2Cl )C l  secms ce r ta in  f rom thc  p resence  in  the  lH  NMR
spec t rum (ca .2o /o  o f  to ta l  Bu3P resonance)  o f  a  sc t  o f  s igna ls  com-
pr is ing a 1:2:1 t r ip let  wi th f lanking satel l i tes of  ca.  one-fourth intensi ty ' ,
c e n t c r e d  a t  d  3 . 7 0  U  ( P t - H )  =  c a . 5 0  H z ,  /  ( P - H )  =  8  H z l .  T h o s c
parameters compare wel l  wi th those at t r ibutable to the chlorometh-
y lp la t i num subs t i t uen t  o f  5  ( v ide  supra ) .  Th is  l a t te r  spec ies  does  no t
su rv i ve  4  weeks  s to rage  even  a t  0  oC.  B imo lecu la r  e l im ina t ion  o f
ethylene af fording (Bu jP)2PtCl2 seems a l ikely explanat ion,  and th is
was indeed thc major compound observed after protractcd storage (ca.
I -3 mol o/o ethylene is also a product of decomposition lrom I and 4-6
i n  C H z X z ) .

Al though up to l4 mol  o/o mcthane was observed upon t reatment
o f  res idua l  so lu t i ons  w i th  aqucous  l2  N  HCI  p resumab ly  l rom
l ran . r - (Bu3P)2Pt (Mc)C l  no  ch lo romethane  was  de tec ted .  Upon
treatment wi th neat  t r i f luoromethanesul fonic acid,  however,  chlo-
romethane was produced in l8o/o y ie ld (at  ca.  70olo dccomposi t ion).

Therma l  decompos i t i on  o f  (PhrP)2Pt (C2Ha)  i n  CH:C lz  a t  120  oC

led to a complex mixture o[  products among which in addi t ion to
ethylene--benzenc (ca.  40 molo/o)  and biphenyl  (ca.  l3 molo/o)  were
prominent.22 [These are also nt inor secondary products of  thermal
decompos i t i on  o f  (PhrP)zP t (CH2)a  in  CH2Cl2 . l
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