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, l b s t r a c t : T h c t h c r m a l d e c o m p o s i t i o n o f  s e v e r a l  m e t a l l o c y c l i c d e r i v a t i v e s o f  p l a t i n u m ( l l )  p a r t i c u l a r l v ( P h r P ) : P t ( C H : ) + ( l ) ,
( P h r P ) : P t ( C H : ) s  ( 2 ) .  a n d  ( P h r P ) 1 P t ( C H 1 ) r ,  ( 3 )  -  h a v e  b e e n  e x a m i n e d .  C o m p o u n d s  I  a n d  2  d e c o m p o s e  m o r e  s l o w l y  t h a n
( P h r P ) : P t ( C H r C H r ) :  ( 7 )  o r  ( P h r P ) : P t ( C H : C H : C H l C H r ) :  ( 8 )  b l  a  f a c t o r  o l m o r e  t h a n  l 0 a : 3 , 7 ,  a n d  8 d c c o m p o s c  a t  c o m -
parab le  ra tes .  Dccompos i t i on  o f  I  and  2  i s  acce le ra ted  by 'added  phosph inc l  decompos i t i on  o f  8  i s  i nh ib i ted .  Wc  p ropose  tha t
thc  h igh  thc rma ls tab i l i t y '  o f  1 ,2 ,  and  de r i va t i ves  re f l ec ts  s te r i c  i nh ib i t i on  o f  the  reac t ion  resu l t i ng  in  c i s  e l im ina t ion  o f  p la t i num
lnd  i -hyd rogen :  the  re la t i ve l y ' r i g id  l ' i ve -  and  s i x -membered  p la t i nocy ' c l i c  r i ngs  do  no t  pe rm i t  t he  PTCCH d ihedra l  ang le  to  as -
sun tc  thc  v i t l uc  o l ' 0o  tha t  seems to  bc  op t ima l  i o r  th i s  me ta l  hyd r ide  e l im ina t ion .  Inh ib i t i on  o l ' p la t i num 13-h " ' , ' ' d r i de  c l im ina t ion
shou ld  pc rm i t  t ypcs  o f  reac t ions  to  occu r  i n  p la t i nocyc les  tha t  wou ld  be  maskcd  in  acyc l i c  ana logucs .  In  acco rd  w i th  th i s
s u g g c s t r o n .  1 , 4 - t c t r a m e t h l , l e n e b i s ( t r i - r i - b u t y l p h o s p h i n e ) p l a t i n u m ( l l )  ( 9 )  y i c l d s  c l c l o b u t a n c  a s  a  m a j o r  p r o d u c t  o f  t h e r m a l
d c c o n t p o s i t i o n  i n  m e t h y " l e n e  c h l o r i d c  s o l u t i o n ;  d i e t h y l b i s ( t r i - n - b u t r l p h o s p h i n e ) p l a t i n u m ( l l )  ( 1 0 )  g e n e r a t e s  o n l y  e t h y l e n e  a n d
c t h l r n c  u n d c r  s i r r r i l i r  r  c o n d i t i o n s .

Trans i t ion meta l  meta l locyc les are in termediates in  a  var i -
ety'  of metal-catalyzed reactions: isomerizations of strained
carboc l 'c i ic  r ings, r  7  o le f in  d imer izat ion and re la ted reac-
t i o n s . t  r l  a n d  p r o b a b l y  o l e f i n  m e t a t h e s i s t l  t ;  ( e Q  1 , 2 ) .  T h e
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dominant  thermal  react ion o f  most  acyc l ic  t rans i t ion meta l
a l kv l s  i s  t he  c i s  e l im ina t i on  o f  me ta l  and  p -hyd rogen . l s  l 0

\ \ 'c  hr ive suggested prev ious ly  that  th is  meta l  hydr ide e l imi -
nu l ion re : rc t ion should  be suppressed in  s ix - ,  f ivc- .  four - .  (and
three-)membered meta l locyc les.  because the M-C-C-H d i -
hedra l  ang les in  these compounds are const ra ined to  va lues far
t ' r t lm 0o. l r  S low thermal  d-hydrogen e l iminat ion should  muke
o the  r  t r  pcs  o f '  r cac t i t t ns  pa r t i cu lu r l r  ca rbon  c t r r bon  bond -
Io rn r i ng  and  b t t nd -b rcak ing  r cuc t i ons  r c l a t i v c l r  mo rc  i r n -
po r tan t  i n  t r ans l ' o rn ta t i ons  o f  r nc ta l l ocvc les  t han  i n  t hose  rn -
vo l r , ' i n s  ucvc l i c  n te ta l  a l ky , l  i n t c rmcd ia tes .  An  unde rs tand ing
o l .  t hc  t he rn ta l  chem is t r y  o f  me ta l l ocvc les  shou ld  bo th  con -
t r ibutc  to  the usefu lness of  known types of  t ransformat ions in
u 'h ich thesc spec ies are in termediates and he lp  in  pred ic t ing
ncw tvpes of  t rans i t ion meta l -cata lyzed processes that  depend
on rcact ions o thcr  than meta l  hydrogen e l iminat ion to  de-
t c rm inc  t hc i r  p roduc t s .

Hc rc  w 'e  desc r i be  de ta i l s  o f  an  exam ina t i on  o f  t he  t he rma l
s tab i l i t i es  and  mechan i sms  o f  decompos i t i on  o i  b i s (phos -
ph ine )p la t i num( l l )  me ta l l ocyc les .  Th i s  c l ass  o f  compounds
was sc lcc tcd l -or  s tudy '  for  two reasons.  F i rs t .  d ia lky lb is(phos-
ph ine)p la t inum( I I )  complexes are s tab le ,  wel l -character ized.
substances whosc phys ica l  proper t ies  make them par t icu lar lv
su i t ab l c  f o r  mechan i s t i c  exam ina t i on .  Second .  t he  resu l t s  o f
a  s tudv o l ' the thermal  decomposi t ion o l 'p la t inum meta l locyc les
should  be d i rect ly  and prof i tab ly  comparable  wi th  those ob-
ta i ned  ca r l i c r  f r om examina t i on  o f  a  c l ose l y  re l a ted  acyc l i c
co rnp l c r .  d i - n -bu t y l b i s (  t r i phenv lphosph ine  )p l a t i num(  I  t  ) . : :

Results

Svnthesis. Two procedures have been used to prepare bis-
(phosph ine )p la t i num(  I  I )  me ta l l ocyc les :  r eac t i on  o f  d i -
c h l o r o ( 1 . 5 - c y c l o o c t a d i e n e ) p l a t i n u m ( l l )  w i t h  a l k a n e  d i -
(Gr ignard)  reagents  fo l lowed by d isp lacement  o f  the 1 ,5-
cvclooctadiene l igand by phosphines. and direct reaction of

Scheme I .  Prcparat ion o1'
I  . 4 -Te t rameth  y ' l eneb is ( t r i phcny ' l phosph  inc  )p la t i nu rn  (  I  I )  (  I  )
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dich lorob is(  phosphine)p la t inum( I  I )  w i th  d i l i th ioa lk2nsc.2 ' r '2 ' r
D i rcc t  react ion o f  d ich lorob is(phosphine)p la t inum( I  I  )  com-
p lcxcs wi th  ( i r ignard reagents  g ives a  mix ture o f  products
con ta in i ng  l a rge  quan t i t i es  o f  monoa l ky la ted  p la t i num( l l )
cornpounds,  and is  not  a  sat is factory  synthet ic  procedure.
Schenre I  summar izes y ie lds obta ined on preparat ion o f  1 ,4-

,  tc t ramethy lenebis( t r ipheny lphosphine)p la t inum( l  I )  ( l )  us ing
these procedures.  Each method has i ts  advantages.  A lkane
di (Gr ignard)  reagents  are more eas i ly  prepared,  less l ike ly  to
form two-phase systems in ethereal solvents, and more stable
than the corresponding alkane di l i thium reagents, but their use
generates product in lower yields and requires chromatography
in puri f icat ion. Moreover, the experimental procedures re-
qu i red in  the i r  use are compl icated (see the Exper imenta l
Sec t i on  ) .  D i l i t h i um reagen ts .  pa r t i cu la r l y  t hose  i nvo l v i ng  a
secondary  center  (e .g . ,  1 .4-d i l i th iopentane)  are inso lub le  in
hydrocarbon solut ions and unstable in diethyl ether, and thus
inconvenient  to  use,  but  generate  a lky lp la t inum complexes in
h igher  y ie ld  than do Gignard reagents .  In  pract ice,  I  and
l , -5-pentamethy lenebis( t r ipheny lphosphine)p la t inum( l l )  (2)
were prepared from the corresponding di l i thium reagents, and
other  compounds were obta ined f rom d i (Gr ignard)  re-
agents .

Kinetics and Products of Decomposit ion of I  and 2. The
major  f rac t ion o f  data concern ing the k inet ics  o f  thcrmal  de-
compos i t i on  o i  d i a l ky l p l a t i num(  |  I )  comp lexes  was  ob ta ined
us ing mcth) lene ch lor ide as so lvent  fo l lowing procedures de-
ve loped prev ious ly . r r  The pr inc ipa l  reasons for  choos ing
methv lenc ch lor ide arc  that  i t  i s  an exce l lent  so lvent  for  the
o the rw i sc  o f t cn  spa r i ng l v  so lub le  d i a l ky l b i s ( t r i pheny lphos -
ph ine )p la t i nun r (  I l )  comp lexes .  i t  seemed  no t  t o  i n f l uence  t he
k inct ics  o f  thermal  decomposi t ion (v ide in f ra) ,  and i t  had been
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T i m e  ( s e c  x  t O - 3 )

F igu re  1 .  The  apparen t  ra te  o l  t hc rma l  decompos i t i on  o f  1 . , l - t e t rameth -
y leneb is ( t r i pheny lphosph ine )p la t i num( l l )  ( l )  depends  on  rhe  conccn-
t ra t i on  o f  t r i pheny lphosph ine  in  so lu t i on .  Da ta  a re  fo r  runs  in  me th l l cne
ch lo r ide .  hav ing  [ ]o  =  0 .02 - i  M .  and  these  va lues  fo r  IPh jP ]e  (M) ;  ,4 .0 .0 :
B ,  0 .003 ;  C .  0 .007 ;  D ,  0 .026 :  E .  0 . I  3 ;  F .  0 .26 .  The  in i t i a l  ra res  a re  r cp ro -
ducib le.  The nonl incar port ions of  curves A through D tend to vary s l ight ly
in  d i f f e ren t  k ine t i c  runs  (see  the  tex t  fo r  a  d i scuss ion  o f  th i s  po in t ) .

t he  so lven t  used  in  ea r l i e r  s tud ies  o f  the  mechan ism o f  the rma l
d c c o m p o s i t i o n  o f  a c y c l i c  d i a l k y l b i s ( p h o s p h i n e ) p l a t i n u m

comp lexes . l l  I n  o rde r  to  ob ta in  fu l l y  rep roduc ib le  ra tes  i n
rne thy lene  ch lo r ide ,  i t  was  necessary  to  pu r i f y  the  methy lene
chlor ide carcfu l ly  to remove t races of  chloroform, and to take
great  caut ion in seal ing evacuated sample tubes to avoid sample
pyro lys is .

The ra tcs  o f  decomposi t ion o f  meta l locyc les were fo l lowed
using scveral procedures. Samples were taken periodical l ,r- ' .  and
werc cooled and quenched using hydrochloric acid or bromine:
GLC rvas used to  fo l low the appearance of  butane re la t ive to
an internal standard (HCl quench), the rat io of butane to olef in
products  (HCl  quench) ,  or  the d isappearance of  1 ,4-d ibro-
mobutane re la t ive to  an in terna l  s tandard (Br2 quench) .  The
resu l ts  obta ined us ing these d i f ferent  techniques were ind is-
t ingu ishable  wi th in  exper imenta l  er ror .

The thermolyses of I  and 2 were f irst order only over ap-
proximately the f irst 30olo of decomposit ion. Rate constants in
th is  reg ion were independent  o f  the in i t ia l  concent ra t ion o f
p la t inum complex,  but  depended on the concent ra t ion o f  t r i -
pheny lphosphine in  so lu t ion.  F igure I  shows typ ica l  data  for
l ,  alone and in the presence of added tr iphenylphosphine. Rate
constants  der ived f rom the in i t ia l  l inear  reg ions of  the de-
composit ion curves'observed in the absence of added tr iphen-
y lphosphine for  severa l  p la t inum( l l )  meta l locyc les are sum-
mar ized in  Table  I ,  together  wi th  y ie lds  o f  hydrocarbon
products. These hydrocarbon yields dri f ted during the course
of  the decomposi t ions,  for  reasons that  have not  been estab-
l ished.  The y ie lds o f  hydrocarbons repor ted in  Table  I  are
relat iue yields obtained after ca. 30olo decomposit ion (close to
the cnd of  the k inet ica l ly  l inear  reg ion) ;  the mater ia l  ba lances
observed at  th is  po in t  ( that  is ,  the sum of  a lky l  groups in  the
reported hydrocarbon products and in undecomposed platinum
alky l )  and those obta ined at  the conc lus ion of  the decomposi -
t ion were both )90olo.

The in f luence of  added t r ipheny lphosphine on the ra te
constant  for  decomposi t ion o f  I  is  l inear  above ca.  0 .007 M
(Figure 2) ,  and the overa l l  ra te  constant  in  th is  reg ion can be
expressed by a  two- term rate  express ion (eq 3) ,

T a b l e  I .  R a t c  C o n s t a n t s  ( k  X  l 0 a  s - r )  a n d  P r o d u c t s  o t ' T h r r r n . r l
Decompos i t i on  o f  B is (phosph ine )p la t  i num ( I I )  N {  e ta l l oc1 ' c l  c  s
in N{eth-v lene Chlor id ea2

I

4

5

6

;
g

=
o

o.
E

q,

'S

Rate
Compound 60" 120"

Rc la t i ve  p rod r r .  i
r  i e ld  s  (1 i )

r -A l -  l -A l -  2 -A l -
kane  kene  keneb  [ ) i cn . ' ,

I  L , t j r  I\--, 0 .5  4

0 .40

: 0

1 ' 7
t l

/.)

7 8

7 5

8 3

8 3

1 0

1 " 7

,.,,,5
tr,,b l 5-)/2Bl 5

d l l l-  
&-  

:  (k ,  +  f t r lPPhr l ) [ l ]  (B)

z '. ufl

L ) ' r _  
)

r r l i p h r r s ; l ) t  I\,/

1 . 1 () t t

0 . 1  7

1 . 0

d

7  L . l ' t l ; r .  , + . - i

8  I r P t t r - B u ) ,  4 l  9 1 0 ( l ( '
5 ( )  50  0  t )
5 0  1 9  1  0

a L = PPh. :  thc  in i t ia l  conccnt ra t ion o f  the Pt  comple. r  was 0.025
l \ { .  Y ie lds are rc la t ivc :  mate r ia l  ba lanccs 'uvcre betu 'ecn 9-5 and 100. ; .
Relat ive l  ields ol 'olet ' ins and dienes tcnded to dri l ' t  during the-
course of  the rcact ion,  par t icu lar ly  for  4  and 6.  Rela t ive l  ic lds  arc
der ivcd t ' rom data co l lec tc .d  a t  30% decomposi t ion in  ordcr  Io  r r ro-
v i dc  I  mc ' l n i ng l t t l  c r rn t l ' ) a r i \ r ) l t .  h  n  n t i r l t r r e ' r r l  c i s  l r t t t l  l r : r r t r  i s , , r r t t , r s .
' '  Prcdominate l l ' c r ,  co.  d  Qrr r r l i ta t iv t  k inc t ics  ind icatcd that  t l r r .  ra tc-
o f  dccornp<ts i t ion \ \ 'as  comparablc  to  5 .  ( '  \ 'u luc  c \ t rap( ) le tcc l  t ' r r t r l
Ineasr l rcn lents  a t  l ( )$  e  r  t r ' l I l )c r i l t r l rcs .  Sc.c  t l tc  tc r t  t 'o r  an cr l t lana-
t i on .

w h c r e  k r  =  0 . - 5 . 1  s - r  1 n d  A - .  =  1 . 8  X  l g - r  M - l  s - l  , t  1 2 0  o C .

A n  c r p c r i n r c n t i r l l r  s i g n i f i c a n t  s h i i t  i n  p r o d u c t  c o m p o s i t i o n
lucconrp l rn ics  ur . r  incrcusc in  t r iphcnr  lphosphine concent ra t ion:
thc  Ca-dcr ivcd products  cons is t  o f  a  n t ix turc  o f  l -  and 2-butene
throughout ,  but  a t  h igh t r ipheny lphosphine concent ra t ion,  thc
format ion of  2-butcne is  s t rongly  inh ib i ted (F igure 3) .  To test
thc  s tab i l i ty  o [  the o le f in  products  under  the react ion condi -
t ions,  a  sample o f  I  was a l lowed to  decompose to  ca.  70o/o
complet ion in  the presence of  I  -pentene.  The l -pente ne could
be recovered quanti tat ivcly; no isomerization had taken place.
Thus,  equi l ib ra t ion o f  the o le f in ic  products  o f  the meta l locyc le
decomposi t ions presumably  takes p lace by meta l  hydr ide ad-
d i t ions and e l iminat ions before the o le f in  is  re leased in to  so-
lut ion. A similar phenomenon is observed for 8.rr I t  is not clear
whether  thc  sh i f t  in  rc la t ive propor t ions o f  l -  and 2-o le f in  re-
f lcc ts  a  gcnuinc sh i f t  in  the pos i t ion o f  the hydrogen that  is  los t
i n  t he  i n i t i a l  s t cp  o f  t he  decompos i t i on ,  o r  s imp l y  a  dec rease
in  t he  ra te  o l ' a  subsequen t ,  i n t r nmo lecu la r ,  me ta l  hyd r i dc -
ca ta l yzed .  i somer i za t i on ;  t he  deu te r i um l abe l i ng  s tud ies  t ha t
might  d is t ingu ish between thesc mechanisms have not  bcen
carr ied out .

The  t he rma l  decompos i t i on  o f  2  was  s tud i cd  i n  l ess  de ta i l
than that  o f  l ,  but  showed the same genera l  k inet ic  fearures.
The d isappearancc of  2  f  o l lowed reproduc ib le  f i rs t -order  k i -
netic behavior only over ca. the f irst 30olo of the decomposit ion.
As  t he  cx t cn t  o f  decompos i t i on  passed  th i s  va lue .  t he  ra t c  i n -
creased in  a  not  cnt i re ly  reproduc ib le  manner .  Added t r i -
pheny lphosphine acce lerated the react ion,  a l though not  as
st rongly  as i t  acce lerated thc dccomposi t ion o f  l .

These resu l ts  ind icatc  that  thc  thermal  decomposi t ion o f  I
and 2 d i f fers  f rom that  o f  acyc l ic  d ia lky lb is(phosphine)p la-
t i num( l l ) con ip l exes  i n  two  impo r tan t  r espec t s :  f i r s t ,  t hc  n t c -
t a l l ocyc les  a re  much  more  s tab le  t he rma l l y  t han  t he i r  ac l , c l i c
analogues:  second,  dccomposi t ion o f  thc  meta l locyc les is  ac-
ce lerated by added phosphrne.  whi le  decomposi t ion o f  acyc l ic
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Figure 2 .  Rate constants  for  thermal  decomposi t ion o f  I  (O)  and 2 ( r )
as a function of the concentrat ion ol added tr iphcnl, ' lphosphinc. Thcsc
curves arc  dcr ivcd l rom the data o f  F igurc  l .

complexes is inhibited. To test the hypothesis that dissociat ion
of a phosphine from 1 is not necessary for i ts decomposit ion,
t he  che la t i ng  comp lex  1 ,4 - t e t rame thy lene (1 ,2 -d ipheny l -
phosph inoe thane )p la t i num( l l )  ( 4 )  was  syn thes i zed  and
thcrmal ly  decomposed.  The equi l ib r ium constant  for  d isso-
c ia t ion o f  a  phosphine moiety  f rom th is  complex is  expected
to be much less than that from I or 2. l f  phosphine dissociat ion
promotes decomposit ion, 4 should bc appreciably more stable
than l .  In  fac t ,  the ra te  o f  thermal  decomposi t ion o f  4  is  on ly
ca. a factor of three less than that of l .  This factor is suff iciently
smal l  that  i t  re in forces the conc lus ion (drawn f rom the ob-
servation that added phosphine accelerates the decomposit ion
of I  and 2) that a three-coordinate plat inum complex is not an
in termediate  a long the react ion coord inate for  thermal  de-
composi t ion.

The solvent in which decomposit ions of I  and 2 were carr ied
out inf luenced the composit ion of the decomposed mixtures,
but not the kinetics of the decompositions. The decompositions
of I  and 2 in tr ichlorotr i f luoroethane, 1,2-dichloroethane. and
benzene took place at rates qual i tat ively comparable to those
observed in methylene chloride. The products derived from the
Ca and Cs f ragments  were s imi lar  in  these four  so lvents ,  w i th
the except ion that  a  l0o/o  y ie ld  o f  n-a lkane was produced in
benzene (presumably  re f lec t ing the invo lvement  o f  p la t inum
hydr ides generated by ox idat ive addi t ion o f  aromat ic  C-H
bonds to  Pt (0) ) ,  in  addi t ion to  the l -  and 2-o le f ins  and smal l
quanti t ies of dienes observed in chlorinated solvents. Thermal
decomposit ion of 2 in benzene-d7, resulted in production of
un labeled n-pentane.  I t  seems poss ib le  that  the hydrogen in-
corporated into this saturated product is derived from tr i-
pheny lphosphine.z '5  The decomposi t ions o f  I  and 2 in  ch lor i -
nated solvents often give colorless product mixtures; in ben-
zene.  decomposi t ion mix tures are the red co lor  character is t ic
of  the products  o f  thermal  degradat ion o f  b is ( t r ipheny lphos-
ph ine)p la t inum(0) .26 We assume that  p la t inum(0)  spec ies
produced init ial ly in chlorinated solvents are rapidly oxidized
to so lub le ,  co lor less,  p la t inum( l  I )  complexes.

To check the or ig in  o f  the hydrogens in  the Ca-der ived
products, I  was al lowed to decompose thermally in CD2Cl2,
and 1,4- te t ramethy lenebis( t r ipheny lphosphine-d 1s)p la t in-
um( l l )  was a l lowed to  decompose in  CHzClz .  Mass spect ro-
metric analysis of the butene mixture produced early in these
reactions showed ca. 5o/o incorporation of deuterium in each
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Figure 3.  The format ion ol '2-butenc on thermal  decomposi t ion ol '  I  is
supprcssed by addcd t r iphcnl ' lphosphinc.  The product  balance in these
exper imen ts  i s  comp lc ted  by  l  -bu tene .  w i th  sma l l  amoun ts  (  (3%, )  o i  bu -
tad ienc .

ins tance .  Thus  the re  i s  l i t t l e  hyd rogen  t rans fe r  f rom so lven t

or the phenvl  r ings of  t r iphenylphosphine to the products de-
r ived from the tetramethylene moiety.  Later in the react ions,
the deutcr ium incorporat ion increases to l0-  l5olo.

Comparisons with the Thermal Decomposition of Di-n-
butylbis(triphenylphosphine)platinum(II) (8) and Related Acyclic
Compounds. The kinetic behavior of 8 is less complicated than
that of I and 2. The thermal decomposition of 8 is cleanly first
order to greater than 80n/o conversion. The rate of decomposi-
t ion is decreased by a factor of  60 in the presence of  0.043 M
added tr iphenylphosphine.22 The rate of  thermal decomposi-
t ion of  8 is so much more rapid than that of  I  that  a direct
comparison is not pract ical .  We have. instead, measured the
rate of  decomposi t ion of  8 at  several  temperatures and ex-
trapolated the resulting Arrhenius plot to the temperature used
in studying the dccomposi t ions of  thc metal locycles (Figure
4) .  The resu l t  o f  th is  ex t rapo la t ion  is  inc luded in  Tab le  I .27

The thermal decomposi t ion of  8 involves dissociat ion of  a
phosphine l igand in or before the rate-determining step.22 I t
seemed possible that  the great di f ference in thermal stabi l i ty
between I and 8 reflected a difference in steric interaction
between the triphenylphosphine l igands and the alkyl moieties
attached to plat inum: the large n-butyl  group might interact
sul f ic ient ly wi th the phosphines to promote their  d issociat ion
strongly,  whi le the smal ler  1,4-tetramethylene moiety might
not do so. To test this hypothesis, the rate of decomposition of
diethylbis(triphenylphosphine)platinum(ll) (7) was measured.
An important contr ibut ion to the rate resul t ing f rom ster ic
interact ion between tr iphenylphosphine l igands and the alkyl
groups would be expected to be reflected in greater stabil ity
for 7 than for 8. In fact, the rates of decomposition of these
compounds are comparable.  Di-n-octy lb is( t r iphenylphos-
ph ine)p la t inum( l l )  was  a lso  examined qua l i ta t i ve ly22 and
found to decompose at  a s imi lar  rate.  Thus, the ster ic bulk of
the alkyl moieties attached to platinum does not influence the
rates of  decomposi t ion of  these metal  a lkyls in an easi ly in-
terpretable way.

Thermal Decomposition of 1,4-Tetramethylenebis(tri-n-
butylphosphine)platinum(II) (9) Yields Cyclobutane. The ther-

White, Whitesides I Bis(phosphine)platinum(ll) Metallocycles
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h l d r i d o a l k r  l p l a t i n u m (  I  I  )  c o m p l c r .  d c p c n d i n g  o n  p h o s p h i n e
c i )nccn t ra t i on .  i s  t )VCr l r | |  r a te - l i n r i t i ng .  Thc  mcchun i sm(s )  o l '
deconrpt ' ls i t ion o f  thc  rne ta l locrc lc  I  is  c lcar lv  d i f f ' c rent  f rorn
t h o s c  o 1  l l .  \ \ ' h e t h c r  n r c t r r l  h r d r i d e  e l i n r i n a t i o n  i s  i t s c l f - t h c
n r t c - l i n r i t i ng  s t cp  i n  t hc  dccompos i t r on  o l '  l  i s  no t  cv i dcn t  f ' r o rn
t h c  u v u i l a b l c  d l t l .  \ ( ) n r ' t h c l c s s .  i t  l p p e a r s  t h r r t  h i n t l c r r n g  t h c
rnc ta l  h rd r i dc  e l i n t t n l r t i on  r csu l t s  i n  l t  l r r r gc  t l ec r c : r r c  r r  l hc  r l t c
, r 1 ' t h c r n l r l  c l c c , r r t t p o \ r l r ( ) n  o f ' t h c s c  d r r r i k r  l p l u t i r r u n r t  l l  l  r  r ) l r ) -
p l c r c s .

\ l t h r i u g h  t h c  t i c t . l i i s  , r 1  l l t c  t t t c c i t ; t i r l . l l  i ' ' \  t i  l r ; .  ! 1  ' l . i  ' r , i ' l

l t l l , t c r r ] c s  d u c r r t t l p r r r g  . l l - , '  i l , , l  .  i , ' i t '  . i r  i . ' l , r i  , r i r : c t . i . , i i , ' l r r  , i i :

i n  k c c p r n g  u r l l i  { s l t ) u  ) r r r c l l r i  r  i r ' ' r l r i r l u ,  ' r r : r .  : '  , r '

e ( ) l l t p ( ) u n t l s .  I  i t ' : i .  I h c  l ' r r , t n t l t t n e  e  t i  t i c t l c l l t i c n t  r '  , , :  : i - ,  , .

d c c t l t t r p ( . t . ' i t i ( r l t  ( ) n  i l I l !  r t z c  i s  e o i l t P ; r t t ] ' , i e  ' , \  i l i t  i ] t t  : i i : . ' ! !  r i , ,  '

t h ; r l  i n  t l r c  r c l . r t r r  c l r  r r g r c l  r i n ! s  l h u l  e ( ) n r p ( l \ c  |  . r n , . l  I  , '

h r d r o g c n  t r l r r i t s  ; r r e  r ( ) n \ t r r r t n c d  t t t  p r r s i t t o n s  t ' l t r  l r o r l  i l i r '

p i i t l i p g l l t  e c p l c r .  h 1 i  r r r  l h c  f l C r i b l c  \ c \ C n - n l r l n b c r c d  l ' t 1 1 g  r r i

J .  ' .  r ' , ' i u n r i r ; i l r r , n  , i l  n r i ' l ; r i  i r r d r r r l c  i r  l c s :  h i n d c r c t i  .  S c c t l n r J .  t h c

1 . , . ' i r . t ,  , i i - r , i i :  r l , , t 1 i ; , . 1 . , , i , 1 r , , r ( i l l l : l ( ) \ i l l i J n . i i u  - . t . t i i  i . r t t r r r l , t l i Z C t i
' r  I  r .  l . l  l \ i \ l i  r l r t , l i  :  i ! ! ) - 1 , !  i l i { r ! t  i r r j i r r \ \ t ' r j  i ' , f  i ' t - . r l i i L l l \ C

I  .  . i l i  i r i r s i r c r i

- 4

2 . 5  2 . 7  2 . 9

t / T  ( d e g - l  . l 0 3 ;
F i g u r e  4 .  A n  , \ r r h c n i u s  p l o t  d c : c r i b i n g  t h c  l c r n p e r a t u r e  \ ' l l n l r i r ( ) r . t  u t  r l t u
r a t c o l ' t h c r n r r r l  d c c o m p t t s i t i o n o f ' t l i - n - b u t r l b i s ( t r r p h c n r l p h o s p h i n c l p l r r -

t i n u m ( l l ) .  [ : x p c r i n t e  n t l r l  p o i n l s  r r e  r e  o b t a i n c c l  u t  - i 0 .  6 0 .  l n d  l 0  o ( - .  r r n d
t h e  r e s u l t i n g  p l o t  r v a s  c x t n r p o l i r t e d  t o  l l 0  " (  l i r r c o r . r . r p r r r i s o n  r r i t h  l h c  r t r t c
o f  d c c o m p o s i t i o n  o l ' 1 .  T h c  a c t i v i l t i o n  c n c r g \  e s t l n i r t c d  l r o n r  r h i s  p l o t  i s

L , , . :  J l  k c a l  r l o l - i .

nra l  dccomposi t ion o1 ' I  b1 n te ta l  1 l -hydr ide c l in r inat i tx r  r :  r r ruc l t
s l ower  t han  t ha t  o1 '7  and  8 .  Wc  hoped  tha r  b_v -  i nh ib i t i ng  r i i c
n re ta l  hyd r i dc  c l i r n i na t i on  r sac t i on .  o the r  t hc rn ra l  decon tpo -
s i t i on  pa ths  m igh t  appea r .  A l t hough  the re  i s  no  ev idencc  f o r
reac t i v i t \  pecu l i a r  t o  mc ta l l t ) cvc les  among  thc  con tpounc l i
rc la tcd to  l ,  unusual  react iv i tv  was obscrvcd f 'o r  the r ru logou-s
complex I  .4- tc t rar lc th i  lb is ( t r i - r i -but l  lphosphinc )p lu t rnurr r l  I  I  i
(9). Therrnal decorr-rposit ion of 9. as cxpected. tukcs plucc rrruclr
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r r  h r d r i d c  t t n t i  , u r  . l j i . . ' .  j  u r o r r i ,  , r r e  t i r t r r L l i n ; r i e t i  t r l r n \  I I l a )
R . C t i t l t i t ' . , - '  , . ' r ' ' l ' .  '  h , -  l ' r '  :  , :  ' i r i \  \ l t ' l l a t t t  l - r :  r h t l U l d  b u

r i i t \ \ ' .  i  .  . l r l  "  .  r r ! r  ,  i l h ,  l i l , ,  i l l ( ) \ t  l i t l \ i l i l \ l l i c t t ) f \

. r r l r \ ' . ;  ;  , , .  ,  .  , ;  ,  . r l l t t l e  i ' i i l t t i l l . i l l r ) l l  l t l c e l l : i l l l r l t l . t : , r

r i l t l r ) n , r i l , , , r l r , i 1 1  ! r r 1 .  t h e  l h e  r r l t l r l  t i c c t l n t p o s i t i r t n  o l ' t h c s c  p i l r t r -

n r ) r \ c l c \  r s  l i r r i  i l  r :  n r r l  L l c l l r  t h a t  t h c  p l l r t i n u m  i l t o m  l r r t d  i r

, - i r ' . d r , r g e  n  , r t r r n r  c i r n  L ) r  b r o u g h t  c l r t s c  c n o u g h  t o g c t h c r  l i r r  l r

u o i t e  c f  t c d  c l i i i r t n ; r l r ( ) n  l ( )  t l r k c  p i l t c c .  \ \  r l h ( ) u t  i r r t i ' r t c J u r ' l n u  c l i -

c r g c t r c l r l l r  u n i ! e e c p l l l h i e  b o n t l  r r r ) t i e  r l t : l r t n r r ) n \ .  \ n  r - r l r t

s t r u c t u r c  o t -  |  r s  l r \ i l r l i r b i c .  i ' t t r t  ; r  r e  l e  r ' i r n t  t o  I h t s  g l r t r b l c r n  o n i r

i n  s h r l r r t n f  r t  r i r : t l t l ' : r , t l l  r l t r i , , l ' i t ' , r r , r l  t l t c  t ' i  r c - r t t c t t t b c r c d  r r n u

I ' r o r n  p l t r n a r i l \ . "  i r r i i i r r ' r .  t i r e  . t r r b r i r t \  o l  t l t c  t t - r n c t h r l s u b -

s t t t u t c d  \ u L ) \ l i t r t g c ' 5 . i i t ( 1  ( )  l r  p 1 1 7 7 l r n g :  h r d r r d e  l t l s s  l r t l n r  t h c

n r c t h r l  g r ( ) l l i ) \  r . r l u r r l  r r t  r  \ l r c  ] t c d  t g  h c  l e s s  i n l t r b r t e d  t l i t r n

l r r  d r r J c  i t l : .  I  t  , : ; : ,  '  r : (  '  ' i t i

S e v c r i r i  i r l t . ' r  n , r l r \ i . ' l n e c h i l n i s n l s  a r e  l t r r t t l a b l c .  a  p r - 1 1 v 1 - 1 .  i , , t

t h c  c l e c o n r l t o : r i i r r l j  i r t  L  I  l r c  r l r c t l r l  h r . d r i d e  c i r r n t n l t t l r ) n  - l r - ' t '

n l g h t  b c  l r r . i . i , : t i  i - . ' .  . l l r  c \ t c r n t r l  i r c r d  t l r  b u s c  ( 1 2 ) .  r l r  i i r i l i : :

r e q u i r c  i r n  l n i i r . i ,  , ,  i r r t l l r d c  c l t n r i n a t i o n  ( c q  - l ) . ' '  ' '  I  i r e  r r ' r .

t i t l n  r r l g h t  t l r \  {  r i \  ( '  1  n  i  i l l e n r t o l c c u l : t r  c h a t n  r c a c t t ( ) n  (  c q  : . t .  5 n  t
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more  s l ow l r  t han  t hc  co r r cspond ing  d i c th i r l p l a t i num con rp l cx
10.  Thc major  hvdrocarbon formcd f ' rom 9 in  nreth l lenc
ch lor ide so lu t ion is  cyc lobutanc.  thc  product  o l 'carbon carbon
bond format ion.  Decomposi t ion o l - l0  y ' ie lds  on l - l  thc  expcctcd
ethanc and c thy lcne:  no ( lozo would have bee n dctected)  butanc
rvas formed.

The obscrvat ion o f  cyc lobutane as a  product  o f  decornpo-
s i t i on  o f  9  i nd i cu t cs  t ha t  ca rbon  ca rbon  bond  fb rma t i on  can
b c  a n  i m p o r t a n t  r c a c t i o n  o f  ( i n i t i a l l l )  d i a l k y l p l a t i n u r n ( l l )
con rp l cxes .  when  p la t i num hyd r i de  e l i n r i na t i t t n  i s  s l owed .  \ \ ' c
have  no t  ye t  es tab l i shcd  t hc  de ta i l ed  cou rse  o l ' decon rpus i t i on
of  9 . r8

Discussion

Five-  and s ix-me mbcrcd p la t inurn mcta l locyc les (1 .  2 .  5 .  and
6), but not thc sevcn-nrembered metalkrcl 'cle 3. arc much nrore
s tab l c  t han  t he  acvc l i c  d i - n -a l k r l p l a t i nun r  con lp l exes  7  and  l l .
Th i s  s tab i l i za t i on  i s  cas i l y '  r a t i ona l i z cd  us ing  t he  h r  po thcs i s
tha t  c i s  n re la l  / - h i r d rogen  c l i r - n i na t i on  i s  i nh ib i t cd  i n  t hc  t ' i v c -
and  s i x -n r cmbc rcd  n re ta l l ocyc les .  I n  8 .  n r c ta l  hvd r i de  c l i n r r -
na t i on  i s  no l  t hc  so l c  r a t c -dc t c rm in ing  s t cp :  c i t hc r  l oss  o l
phosphine (poss ib ly  conccr tcd wi th  rneta l  hvdr ide c l in r inat ron )
l ' rom 8 or  reduct ivc  c l iminat ion o f  a lkane f ronr  an in tcrmcdratc

Journa l  o . f  the Anter ican ( 'hemica l  Soc ie tv  , i  9 , \ : ) l  /  ( ) t ' toher  l -1 .  !976



I t  m igh t  i nvo l vc  l ' r c c  a l k r l  r ad i ca l s .  Thc ' r c  a r c  t t b i ec t i ons  t o
scvcral of thcse possibi l i t ics. \ \ 'c havc sccn ntt o' idcncc tor acid
o r  busc  ca ta l r  s i s :  t r c l i t i ng  I  u  i t h  l lC l  r csu l t s  i n  p ro ton t t l v s r s

t r f  carbon p ia t inunr  bonds and lbrn ia t ion o f  butanc nt ther  than
product i t ) f l  t r t 'bute  nc:  thc  dccontposr t ion o l '  I  i s  not  induccd br
\  c r \  \ l  r t r ng l )  bus i c  o rgano l i t h i un t  r cagen ts .  l f  decon lp ( ) s i t l on
rcqu i r c r i  l r  L r rn ro l ccu la r  cha in  reac t i on  bc lw 'een  l t  p l r t t t nu r t t
h r c i ndc ; r r . r t l  r r  n l i r l r nun r  r r l k v l .  t he  n t t e  u ' t t u l d  no t  L r c  i ' r r s t  o rdc i - .
I  l r ' l  i rbscrvr r l io l r  th l r l  t l rc  dceontp( ) \ l t l ( )n  d t les  f t l l lo r i  l ' i rs t - t t rder
t i r i r t i c s  r n  t h c  c l t r l r  ' t . t t l c s  t r l  r c l t c l t { ) n , t r g l l c s ' t u l t r n s t  f r c c
t - l r , ' i i c l t l cha in  re l r e l i r t n ' . . r n t l  t n l c r f l t o l ccu l l l l  l - i - ' ; 1 i 1 . i t r ns  i n ro l v i ng
. r  p l a t i n u n i  h r t l r i d c .  ; r l t l t t , r i g h  l l t e  r : t l .  . r a e c i f r r i l r ( ) i t  . t n d  l t c -
c , t r npan t i nB  c \ t c rn : r l  t l c t r t c r i t t t t i  i t t co r l ' l t r r l t i i r r t l  l r l l t l  n r t l duc t s
i i . l i l t  { } ccu rs  i i r t c r  r n  t hc  f c . r c i i on  t n i t r  r c l l c c t  t h i s  i . t L t c r  t \  pc  t t f
r e i l c t r ( ) n .  I i  i ' ,  l t o * c r  c r .  d i l ' l ' i cu l t  t t t  c r c l udc  . r - h rd r i de  c i i r n i -
n a t r r ) n  (  l l )  o n  t h c  b a s r s  o l ' a v a i l a b l c  c v i d c n c c .

l1 '  rvc  e : ' . tume that  thc  dcc:omnost t ion o t '  I  invo lvcs n le ta l
, i - h r d r i d e  e l i r l i n a t i o n .  i t  i s  p o s s i b l e  t o  n l t k e  a n  i n t c r c s t r n g
comparrson bct r rccn thc ra tes o l 'decomposi t i t tn  t r l  |  ; tnd l t .  Thc
t l cco t t t pos t l t r i n  t t f ' 8  r i r r r t t " u l l l r  i n r t r l ' u c \ . gcnc r l l t i t l t i  , l t  . t  t h ; ' r ' c -

e o o r < J i  t 1 ' 1 1  g  g l l l l l p l c r  b r  l t t s :  t l l  p h o ' , 1 : i l  p l 1 '  r  r i  i  l 1 r " r . : r  i  l  i '  l  i  i ' ' t '  1 1  1 t '

r ) t -  l ' l t  i C - l i r r t r l i n t  . 1 c 1 .  { S L l t e  p t r '  l l ,  I h L  '  , ' , . '  ; : i ' r l - r  r l ] , , r t  r r i r
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:crvcd i i rr  l l  on adding phosphinc stands in clel ir  c()ntrast t tr  thc
ru t c  accc le ra t i on  obse rvcd  w i t h  l .  A l t hough  th i s  accc l c ra t ron
n r i sh t  bc  duc  c i t hc r  t u  rnh ib i t i on  o l ' t hc  f o r rna t ron  o l ' u  t h re . c -
, i t x ) r t l i n l r l c  r n te  r r ned i l t t e .  14 .  o r  t o  p romo t i on  o f  t hc  f o rma t i on
, r1 '  a  f i r  c - c t ; o rd ina t c  i n t c rn rcd iu t c .  15 .  t hc  f o rmc r  sccn rs  t hc
n ro re  l i ke l r :  t he  k i nc t i c  behav io r  o f  8  de  mons t ra t cs  t ha t  d i s -
r o c i a t i o n  o 1 -  t r i p h e n l ' l p h o s p h i n c  I ' r o m  d i a l k l  l b i s -
i  phosph ine )p la t i nu rn (  |  I  )  co rnp lexcs  i s  cnc rgc t i c i l l l y  f eas ib l c .
l i  nc  : r \ su r ] ) c  t ha t  dccompos i t i on  o f '  I  p rocceds  t h rough  a
i t ) L r i - e r x ) rd i na t c  comp lcx .  and  t ake  rn to  accoun t  t hc  ra te  de -
- r c . r sc  o l  ca ,  6 ( )  obse rved  i n  so lu t rons  o f ' 8  on  add ing  t r i phen -
r  l ph t r sph rnc . l l  ue  es t rma te  t he  d i f f e rence  i n  ra te  o l '  decc rm-
l i ) s l t i ( ) n  o l '  l 4 l r n d  l 6  t o  b e  g r e e t e r  t h r r n  l 0 i .

Rcgu rc l l r : s s  o1 '  r i hc thc r  t hc  dccon tpos i t i on  o1 '  I  p rocccds
t h r o r r u h  c l i r r r i n l t i o n  o l ' l i n  t f -  ( ) r  ̂ J - h r d r i d c .  e n d  r c g r r r d l c s s  o f
u n c c ! - l l i n t r c r  c o n c c r n i n g  t l r c  r t r l c  o 1 ' a d d c c i  p h o s p h i n r :  i n  t h i s
, l ce t ; r l r pcs i t r on .  t hc  i n rpo r tun t  I ' ac t  r c r i . r a i ns  t h l r t  I  l i nd  r c i a t c t i
r t e tu l l oc r c l cs  u r c  pa r t r cu la r i r  t hc r rna l l r  s t ab l c  subs tances .  J ' hc
p roduc t ron  o I ' e  r c l obu tanc  t ' r on r  dcc r t r npos i t i on  o l ' 9  p rov idcs
l r  r c i c r r r cc  t i r r t  $  hcn  ' i - h rd r i dc  c l i n t i na t i on  i s  b l t t c kcd .  r t t hc r
i \  n e \  i l t ' r r r r c t r o n .  n r t n l a l l r  n r l s k c c l  r n  u c r c l i c  d i a i k r  I  p l a t r n u n r
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complexcs b1 thc fac i l i t l  o l ' th is  c l in r inat ion.  become impor tant .

Thc  pa r t i cu l l i r  s t r uc tu ra l  f ca tu res  f avo r i ng  ca rbon -ca rbon

bond for rnat ion h tn 'c  no l  bcen crp lorcd hcrc .  but  a  re la ted
e  xam ina t i on  o f  t hc  decompos i t i on  o f  n i cke l (  I I  )  me ta l l ocyc les
sugges ts  sevc ra l  poss ib i l i t i eq . l r i  r l

The nru ior  po in t  o f ' th ts  work  that  supprcss lon of  rJ -hydr ide
c l in t rn i i t ion br  r  ncr l rpor r t  t  lon o l '  l r lk1 ' l  g roups in to  nreta lk lc l 'c l ic

n ro i c t i c s  i nc r c r t se  s  t hc rn l l t l  s t ab i l i t l  l nd  pc r rn i t s  ncw '  n  pcs  r l l

rcact ions is  f ' r r l l r  suppor tcd b1 thc rcsu l ts  repor tcd herc  and

i r :  i l r c  r l c c o n l p l l n \  l l l g  l . r p c r  c ( r n c e  r n l n g  r e l l l l c d  t i t a n i u r n ( l V  l

n re  t a l l ( ) c \  c l c r  t  t  T ' hc  i t npo r t r t ncc  o f  l i l u r -  and  f i v c -n l cn rbc rcd
n tc t l r l l t t c l c l i e  r n t c r t l l cd l l l t c s  l n  l r i r ns i t i on  t l t c t . t l  c l t t a l r r i s  i . r

c r r s i l r  doCu l l c r t t c t ' l .  l u t t i  t i t c  unusu l t l  chc t r t i s t r r  t ha t  ch i r r i t c -

t c r i z cs  t i r csc  l l t l cn l l cd l ; l t e r  p ;11$ ;1b r l r  r c f ' l c c t s .  i t t  l e l t s t  l n  p l l r t .

t  h c  i  n h  r  b r t  i o r r  ( ) l  n ) c l l l  l , J - h l  d r i d c  c l i n t t n a t t o n . ' \  n  t r n e r p e c t c c i
r csu l t  I ' r t r n r  t h i s  uo rk  r s  t l t l t l  l t  s i r - t t ' t c t t t bc red  p l l r t i n t t l t r  n l c t l i l -

I oc r c l c  ' h t t us  t l t e  s r t n t c  t hc rm l t l  s t ab i l i t r  l t s  i t s  l ' i v c -n rc r r t he rcc l

; r n l r i oguc .  f hc r c  i r r e  p r c \ cn t l r .  no  c i e t t r  c r l l n i p l cs  o l ' i t r t po r l l t n t

c l r t l r l r l i c  rc l tc t i t ins  lhr t l  dcncnc l  t ln  s i r - tncn lbcrccJ in tcr r t tc t i i l i tcs .
p r csun r t rb l r  bceau \c  \ ue  h  \ pcc i cs  t r r c  d i l ' l ' i cu l t  t , . ;  l ' , l r t l r . ' *  T ' hc

u n u s u i . r l  e h e i n t s t r r  c l t l t r l t c t c r i s t l c  o l  s t a b l e  t t l c t . t l i o e r e l c :
\ u ! l , s c \ t \  i h ; r t  . r  \ e  i i r c l l  l ( ) r  r e i i e  t i r l n s  g c n c r a t i n g  s u c h  s p c c i c t
t t t r l l t t  i e  r t i  t r r u r c l l l i  i . t t , t , , ' i l , t n :

I  r ; r t  r u n ( ' n l l  |  \ t ' e  t  i o l t

{ , t ' n c r : t l  \ l t ' l h o d s .  \ l i  r , ' : r { ,  l t ( ) r l \  l n \ ' ( ) l v i n g  ( ) r g i l n ( } l l l c t l t l l i ( '  c ( ) l l l -

r , r i r r t t i '  \ \ r ' r - c  t , l l i l t ' r i  o l l l  l l r l ( 1 r ' r  n f c l l i r l l t t ' t l  n r t r ( ) g C n  ( ) r  $ C i i l t n U - g r l t t l c

, r o r i l t  l l \ r i t !  \ 1  r | , i  t ' , j  : , ' r - i r D t t l U c s ' '  1 , r r  i l t r n t l  l i n g ; l i r - r c n r t i l \ ( l  e { ) n l
, . ,  , 1 , 1 1 1 j .  s , r i r c I i \ .  ,  "  i l \ (  t r  r r t - P i t i l ( ) l l l c t a i l r c  r c l t c l t 0 n i  r r ' c r c  d l . i t l l c t j

r r r i e r  i n r  l n c f l  r l r t , r - 1 r i 1 , ' 1 e  l ) i c t h i l c t h c r  u a s  t l  i s l i l l c t l  l r , , r t t  l r l h t t t t t t

, r i t i n t i n r r n r  h r t l r r t l e . . r r r r l  l c l n r h v d r o l t t n r n  l j . i r t t t  s t f i i u t t t  b c n z , t D h e n t t n c

1 l j ; 1 1 1 i o l r  I l e  r l t n c  \ \ i t \  \ l t r r c ( l  ( ) \ c r  c o n c c n t r i l l c d  s t r l f t r r i c  l t c t d  l i l r  s e v t ' r ; t l

! . l r n . ' .  l h c n  t l i s t r l l c r l  l r r l n t  t h t  d ; t r k c n c d  r t c ' t t l  l r n r i  r c d t s l i l l c d  1 r ( ) l l l  . i

\ l t \ n e  r ) \ r ( ) n  o l '  : r r t J i t t t t t  b c n z r r p h u n r ) n c  k c l \  |  \ l r ' t h r  l c n c  c h l o r i t l e  l i r r  t i : c

i n  k i n c l i r ' r u n i  u , r r  r l r s t j l l c t i  l r , r r n  b l r i - r t t n t  o t t d c  t t t t t l c r  n t l r , r g c n . l h e n

r c r i  i . l r l l c d  l h r , r u g h  l i  ( r 0 - c n t  n l l t t i n u t t l  \ n t n n l n g  L r l i n d  c o i u n r r l  \  L e n l c r

e  u t  ( e ; l  l ( ) ( ' r , )  \ \ r t s  c o l l c c t t t i  l i r r  u s c . ' l - h c  r l l c l h r l c n c  c h l r r r t t l c  r ' r l l n i ' ) \ e ( i

r r t  r c t r r : l r t l i i z l l l l ( . | r l \  \ \ l l \  ! ' c l t g C n l  U f l t t l C . . l \  \ \ C f t ' r t t h c r . i r l r i . ' t l l \ .  l l n l C \ \

, , 1 l t r ' r ' r r r \ r ' n ( ) l r ' ( i  \ h r t l l t t t c  c l h l r r t t l l  r r ; t s  t t s c c i  I n  \ \ l l l i l t ' 1 t c  r r , t r [  [ h c

l . i  r l t t t t r r t t : r l i r r , i '  r t r  i h i :  \ l l J ( l \  i l f C  t l ( i l  \ C f \  \ C n \ l l i \ r ' l r )  l l '  , , r  \ \ i l 1 C f

i r , ' : , ' t , ) L  \ \ , ' r f . i l n  ! - c ( ! - \ s l l r i l t z l t l t r t n .  l t n t l  \ n c c t r i l ]  l l l c t ! \ t l l ' c l l l c n l  c ( ) u l ( i

, , r  r , , ' t r : :  ) r i ' { 1  , "  t i i t ' , r l r r r , r r p l t t r r ' r t t l h o t t l  r p c c i l r l  l ' r r c c l t t t t t r l n . .  I h c r n t l t i

r t r ' r  ( i r : i n | \ r r r { ) r i \  , , , ' r , . ' .  l l , ) \ r C \ t f .  L ' i t f f  i t : d  , r i j l  l l n { . j C f  ; i n h t t l f t r t t s .  t l \ t -

- t ( . 1 1 -  i r ' ! ' r ' .  f  i ) n ( l i i i ( ) n \  | \ c c  l l ( ' i { ) \ \  }  \  n U l l l t - . c I  r r l  r ) f  ! l i l l l ( ) p l ; l t l l l l - l  t l l  c ( ) l l l -

l . r ' t j 1 ( j \  1 j g 1 . 1 r 1 1 . r J r 1  r r g r j  r i t r r r  t ' ,  r p  c l t l r r i ' r t l ( r 1 l t  1 l  1 i  c (  c v C n  t i r t t u g h  t h t ' r
' {  i ' r ' !  r l  u r l e  \ l l l h l c  l r t  , r l h . ' r  r o l v c n l s . 1 { ' (  1 l ] { ) r ( ) l o r n l - 1 1  ,  c ( ) t l l ( l  .  h o w e " c r .
i ' r ' - . r l r . l l r e l o r r l r  c t l ; r l , r r c t i  l n r  s p c c t r l t l  t l l r i l l \ l l ! ' c r l l c n l s  n r r r v t t l t ' t l  t h c

. . r  t i i l ( ) n \  u c r c  q u t t c  l ' r c s l r  l ) l t r l i n t t n r , r l k " l .  r l t r t u  r l i l l t t  i c t t s t l i " i t r  1 , t

: r : l  i t t . ; r n r i  . , h r t u l r l h c s l r ) r C ( l  r n t h e c l l t r k  \ 1  c l t t n g p o i n l i \ t r ' r e i ) l l l ; l l n t l ( j

r \ l r . i g  r r  
- l  

h o t t t r r . - [ l r r r r r , . ' r  a i i l ) t i i l l r \  n l c i t t n g  F , t i n l  l , J ' r n ; l r , t t t i \  . t n r l  l t r c

u n c ( ) r r c e l e ( l  I  h t '  i l [ r . , 1 - ' 1 - 1  c t l  n r c l l i n g  p r t r r r l s  ( l t c t t t l l l l r  t i c c t l t l 1 p t r s 1 1 i 1 l l

n ( ) r n t \ i  r r l  t h e  I . l r t l t t t t l t t t  l t l I r  l s  i t r r ' t l \ r r i l l l r  h l g h c r  t n  l t  s c l t l c d  c v l l c t t l t l c d

t r r b c .  i n t l r c r r t i n p  s o t r t t  r c n r t t t v i l r  l t t  r t i r  t t b t x ' c  l ( ) ( )  o (  : r l t i u c s  Q t ' , c n  h c r c

u c r c  l l r k c n  i n  c r r r c r l r l c r l  c r r p i l l l r r i c s .  r i n l c s s  n o l c d  t l t h t ' r u i s c  l n t r l t r c t i

\ n c e  l n l  \ \ c r c  t r r k c t t  , r n  l t  [ ) c r k t n - F . l r l c r  \ { o d c l  ] . 1  7  i n s t r u r l l g p l .  \  \ {  R

. l c c t r r l  \ \ e  r c  r u r )  r ) 1 1  l i  \ : t r r : r n  
' f  - 6 0  , r r  P c r k i n - l r l n r c r  R  l 0 B  s p c c

1 r o 1 1 1 g 1 g ; .  ( ' h e  r r r i c l r l  s h r f ' l s  r t r c  r c p t l r t e d  i n  p l t r t s  p c r  n r r i i r t l n  d o u  n f i e l d

1 ' r o r r r  \ 1  c l S i  \ l i c r o : r n l r i r s c s  u c r c  p ! ' r f ( ) r n r c d  b l  V i d w c s t  V l r c r o l l t L l .

l r r c . .  I n t i i r r n l t p o l i s .  I n d  S , t i u t i ( ) n s  w c r c  a n a l v z . c d  b r  g l t s  c h r ( ) m l l t ( ) g -

r , r 1 - r | 1  1  o n  [ ) c r k t n - l : l n t c r  V o d c l  9 9 0  o r  I l c u l c t t - P l t c k a r c l  f { l ( )  i n r ( r ' r t '

r r e n l \  c q u r p p c d  u i t h  f l r t n i e  i r l n i z l t t i t l n  d c t c c t o r .  [ ) r o d u c t s  t r c r c -

l l c n t i f  i C d  b r  C r . r m p l t r i s ( ) t t  r ) l  r C l t : n l i t , n  t ' t t r c s  t i l  t h o s c  o 1 ' l t u t h C n t t c

\ : l n r n l c \  l d c n t r t r  r r l r r  c t t n s i t l c r c d  c s t e b l i s h c d  b r  r - ' t l t t r t l  r c l c n t i o n  t i n l c s

i ) n  l r l  l c i l \ 1  1 * o  c o l u r n n s  u  r l h  r j r l - f c r a 1 1  1 1 3 1 - i r l n r l r r  p h l t s c s  P r , x j t t c t  v i c l d t

r i e  r t ' i l c l e i ' t t t i n c d  b r  r L r \ p ( ) r r s c  r t : l l l l i v c  l o  l t n  i n t t r n l t l  s l l t n d l t r d  R t l s y r n s e

i ' ; r t t o r s  r r  c r c  r l t r l r r i n c c l  t ' r o n t  ; i  r t l  l t e n t i c  s l t t t t l - r l g s

I ) i c h l o r r l l . 5 - c r c l o o c t a d i e n e t p l a t i n u m t l l t l ( ( ' O I ) ) P t ( ' l 2 l . r '  l ) o t r t s s i u t t r

t c l n t c h l o r t t p l r r t i n i t c  ( K . P t (  i r .  l . :  c .  ( r  ( )  m r n o l  )  u l t : .  d i s s o l l ' c d  i n  ' l ( ;

n t l  o l ' u i l l c r  a n ( l  t i l t e r e d  f t r  ! l t c  d e e p  r c d  f i l t r : r t e  ' , r c r r " ' : r d d e d  6 0  m l  , r l

g l r r c i l t l  l r c c t i c  u c i d  l r n d  1  i  n r i  i l ( t  n i m r t i  )  o l '  l . i - c r c l o o c l r t d i c n t '

{ t c t ' h n t c l r l  g r t r d e  .  u r c r l  r r  i t h r l r r i  p u r l ' i c t t t i o n  }  T h c  r c , t r ' 1 l 1 r t l  t ' t } i \ 1 1 1  i - r '

\ \  j r \  \ l r r r r ' t l  l t t . t r l l r  , r n r l  i t t , r t r : t i  
' { i l ; 1 1 ' r , r 1 ; i  ' ) { r  ! ) {  ( t n  I  \ t ! : l t r t  t - t l t t h  ( ) r r . l :

l t )  r r - l n  l h c  r l c t ' n  r c r l  r r r ! i t l ! 1 ) t  \ l ( ) \ \ l r  b r t c r l l - j C  l l i l l c  r c l ! t r r r  r t n r l  I ' l  n , '

/-)
I'r I 

_-__> I\F{ +

I I

\

I I

I

l . -  i r  I\ , .  / \ - . t "  i
l ' r  I

t t -  
- ' - a . .  

i
I '

l l t  ! ) e r n t o u .  l 4 ' ' h i t ( . l . l ' h r t e r i d t , t  l J t . s , p h , t s p h i n r t f  l u t i r t t u t r i l I t  l l t t u i i , , , ' \ ' , ! "



6526

crystals were deposi tcd.  The volume of  the solut ion was reduced to
30 ml by evaporation under reduced pressure. The light yellow needles
were col lected and washed in succession wi th 50-ml port ions of  water,
ethanol, and ether. After being dried at 100 "C for 60 min, the product
weighed 2.16 g O6V") and decomposed wi thout  mel t ing between 250
and 280 oC 

1l i1. t t  dec 220-218 oC).  The dichloro(1,5-cycloocta-
diene)platinum(ll) was used without recrystall ization in the syntheses
o f  the  a l ky lp la t i num comp lexes .

Butane- 1,4- Pentane-1,5-, Pentane-1,4-, and Hexane-1,6-di(mag-
nesium bromide). The di(Grignard) reagents were prepared from the
corresponding dibromides (pur i f ied by dist i l la t ion f rom calc ium hy-
d r idc )  and  t r i p l y  sub l imed  magnes ium tu rn ings  in  d ie thy l  e the r  ac -
cording to thc procedure of  Neni tzescu and Necsoiu.38.3e Dur ing the
format ion of  the di (Gr ignard) reagents the react ion mixture separated
into two l iquid laycrs.  The upper ether layer was removed by forced
siphon under n i t rogen pressure using a cannula and discarded. Adding
dist i l led tetrahydrofuran to the oi ly  lower layer gave a homogeneous
so lu t i on .  To  cs t ima te  the  amoun t  o f  t hc  Gr ignard  reagen t  p resen t ,  2
rnl  of  the tct rahydrofuran solut ion was quenched in ca.  5 ml of  water ,
and  thc  aqueous  so lu t i on  t i t ra ted  w i th  hyd roch lo r i c  ac id  to  g i ve  the
total  base prcsent .  Thc saturated solut ions of  Gr ignard reagents in
thc mixed diethyl  ether TH F solut ions,  formed by adding just  enough
TH F to the separated lower layer of the two-phase ether system to give
a homogenous solut ion,  were found to have the fo l lowing normal i t ies:
B r M g ( C H 1 ) a M g B r ,  0 . 1 9  N ;  B r M g ( C H 2 ) s M g B r ,  0 . 7 8  N ;
B T M g C H ( C H r ) ( C H 2 ) . r M g B r ,  0 . 6 0  N ;  B r M g ( C H 2 ) 6 M g B r :  0 . t t 0
N .

Preparation of Bis(triphenylphosphine)platinum(II) Metallocycles
by Reaction of Dichloro(1,5-cyclooctadiene)platinum(Il) and Di-
(Gr ignard)Reagents:  General  Remarks.  At tempts to prepare the pla-
t i nocyc les  by  add ing  THF d ie thy l  e the r  so lu t i ons  o f  d i (Gr ignard )
reagents to (COD)PtCl2 suspended in ether were unsat is l 'actory '  both
because the di(Grignard) reagents precipitated from the ether medium
and because they formed intractable gums when they underwent rc-
ac t ion  w i th  (COD)PtC l2 .  Te t rahydro fu ran  was  an  equa l l y ,  unsa t i s -
factory react ion solvent ,  because, even at  low temperatures,  the re-
act ion of  (COD)PtClz and the di (Gr ignard) reagents gave dark brown
solut ions and low yie lds of  metal locycl ic  products.a0 By adding only
enough tetrahydrofuran to keep the di (Gr ignard) reagents f rom
precip i tat ing f rom the ether react ion medium, a successful  react ion
occurred.  The (COD)PtCl2 could react  more completely in the mixed
solvent and the 1,5-cyclooctadieneplatinocycles formed seemed to be
more stable than in tetrahydrofuran alone.  The y ie lds of  p lat inocycles
were highest  when the react ions were st i r red as rapid ly as possib le.

React ions were carr ied out  in 40-ml centr i fuge tubes capped wi th
No-Air  stoppers and equipped wi th Tef lon-coated st i r rer  bars.  The
temperature of  the react ion mixtures was regulated by immersing the
centr i fuge tubes in a Dewar contain ing a mixture of  isopropvl  a lcohol
and dry ice.  Unl ike the solvent  composi t ion,  the temperature did not
seem to be a crit icalparameter. The temperature was regulated in each
case  so  tha t  the  reac t ion  o f  (COD)PtC12  w i th  the  d i (Gr ignard )  re -
agen ts  was  comp le te  a f te r  1 .5  h ,  and  the  reac t ion  so lu t i on  was  on ly
a l ight  brown. At  temperatures much above 0 oC, the react ion solu-
t ions turned dark brown in a few minutes,  indicat ing that  the plat i -
nocycle had decomposed.

The method used to quench the solut ion mixtures was,  however,
cr i t ical .  I f  t r iphenylphosphinc was added direct ly  to one of  the l ight
brown react ion mixtures above,  the bis( t r iphenylphosphine)plat i -
nocycles later  isolated were contaminated wi th L2PtCl2 and part ia l ly
subst i tuted Lu PIRCI which were di f f icul t  to remove. I f  the reacr ion
mixture was quenched by adding i t  d i rect ly  to ice water before adding
tr iphenylphosphine,  very l i t t le  b is( t r iphenylphosphine)plat inocycle
was isolated because the intermediate (COD)Pt(CH2), ,  apparent ly
decomposed. The most satisfactory method involved the preparation
under n i t rogen of  a short  chromatography column contain ing s i l ica
gel in pentane. The entire column was cooled to 0 oC in a refrigerator
before use,  and the react ion mixture was quickly l lushed through
under a pressure of  n i t rogen. The s i l ica gel  reta ined the brown de-
composition products, and if the quenching procedure had been carried
out correct ly ,  a c lear ether solut ion resul ted.  I f  the resul t ing ether
solut ion was st i l l  brown, however,  a p inch of  act ivated charcoal
completely decolor ized the solut ion.  Al though 1,5-cyclooctadiene-
plat inocycles were never isolated,  their  ether solut ions appeared to
be air stable. The ether solutions were therefore fi ltered in the air into
a f lask contain ing sol id t r iphenylphosphine,  g iv ing a c lear solut ion.
Let t ing the solut ion stand at  room temperature caused the 1,5-cy-

c looc tad iene  in  (COD)Pt (C I " l : ) , ,  t o  be  rep laccd  by  two  t r i phcnr l -
phosphine l igands.  Dur ing thc replacernent react ion.  the c lear solut ion
o f ten  tu rned  a  l i gh t  ye l l ow ,  bu t  the  co lo r  change  d id  no t  comp l i ca te
the  i so la t i on  o f  wh i te  c rys ta l l i ne  p la t i nocyc l i c  p roduc ts .

1,4-Tetramethylenebis( t r iphenylphosphine)plat inum(I I )  (  l  ) .  To a
s t i r red  so lu t i on  o f  (COD)PtC l2  (0 .187  g ,0 .5  mmol )  i n  30  m lo f  d ie thy l
e the r  and  5  m l  o f  t e t rahydro fu ran  a t  -50  oC was  added  5 .5  m l  (0 .53
mmol )  o f  a  t c t rahydro fu ran  so lu t i on  (0 .19  N)  o f  bu tane-1 ,4 -d i -
(magnes ium b romide) .  The  reac t ion  m ix tu re  was  a l l owed  to  warm
s low ly  to  -20  oC over  30  m in  and  then  s t i r red  an  add i t i ona l  60  m in
between -25 and -15 "C to g ive a brown solut ion.  The react ion
mixture was t ransferred by cannula under n i t rogen to a 2-cm chro-
matography  co lumn,  con ta in ing  l0  cm o f  a  pen tane  s lu r ry  o f  s i l i ca
gel  (Merck,  No 60) at  0 "C. The react ion mixture was forced through
the  co lumn w i th  a  pos i t i ve  p ressure  o f  n i t rogen .  The  co lumn was
washed wi th 40 ml of  ether.  A pinch of  act ivated charcoal  decolor iz-ed
the  resu l t i ng  c lea r .  l i gh t  b rown .  so lu t i on .  wh ich  was  then  f i l t e red  in
the  a i r  i n to  a  100-m l  f l ask  con ta in ing  so l i d  t r i pheny lphosph ine  (0 .26
g ,  1 .0  mmol ) .  The  so lu t i on  was  a l l owed  to  s tand  a t  amb ien t  temper -
ature for  30 min:  l0 ml  of  z ibsolute ethanol  was added. and the solut ion
concentrated to l0 ml  by evaporat ion at  reduced pressure.  The whi te
sol id which prccip i tatcd f ronr the concentrated solut ion was col lected
w i th  a  f r i t t ed -g lass  d i sk  and  washcd  oncc  w i th  l 0  m l  o f  abso lu te  e th -
a n o l  a n d  t w i c c  w i t h  l 0 - m l  p o r t i o n s  o f  e t h e r  t o  y i e l d  0 . 1 5 5  g  o f  w h i t e
c rys ta l s  (40e ,o  bascd  on  (COD)PtC- l : ) :mp  190  oC (  dec ,  the  c rys ta l s
had  tu rned  a  sa lmon  co lo r  b1 ' ca .  145  oC and  go lden-b rown by  ca .  175
oC) .  The  mc ta l l ocyc le  was  rec rys ta l l i zed  by  d i sso lv ing  i t  i n  20  m l  o f
me thy lene  ch lo r ide  and  add ing  l5  m l  o f  abso lu te  e thano l ,  and  evap-
orating the methylene chloride by heating the solution on a steam bath
unt i l  whi te crystals appeared.  Cool ing the solut ion s lowly to room
temperature and then to -20 oC gave more white crystals which were
co l l ec ted  and  washed  w i th  l 0  m l  o f  abso lu te  e thano l  and  l0  m l  o f
e the r .  A f te r  a i r  d rv ing .  the  p roduc t  we ighcd  0 .12 -5  g .  An  add i t i ona l
c rop  o f  c rvs tn l s  wc igh ing  0 .01  -5  g  was  rccovc red  when  the  vo lume o f
the  mother  l i quo r  w 'as  l ' u r thc r  reduced  to  l 0  m l .  Any  so lven t  o f  re -
c rys ta l l i za t i on  was  ren rovcd  b1  pump ing  on  the  p roduc t  ove rn igh t  a t
0 .01  Tor r  i n  an  Abdcrha lden  appara tus  con ta in ing  re f l ux ing  meth -
y lene chlor ide .  The pur i f ied product  has mp 197 oC (dec;  the crystals
turned a salmon color  ca.  l4-5 "C and a gold-brown color  ca.  180 oC):

NMR (2 : l  n i i x tu re  o f  CD2Cl2  and  py r id ine -ds )  6  1 .0  2 .0  (m peak ing
a t  d  1 . 5 5 ,  4  H ,  - ( C H 2 ) 1  ) .  7 . 0 - 7 . 7 7  ( m  w i t h  t w o  p r o m i n e n t  p e a k s  a t
6  7 .22  and  7 .40 .  l -5  H .  a romat i c ) ;  i r  (CHrC l r )  2875  m,  2820  m. l4 '76
m .  I  4 3 0  a n d  |  4 l  t {  m d .  9 9 - l  c m - r  .

A n a l .  C a l c d  f o r  C a p H  1 3 P r P r :  C .  6 l  . 9 3 ;  H ,  4 . 9 4 .  F o u n d :  C ,  6 l  . 6 9 :
H , 5 . 1 5 .  M o l  w t .  C a l c d :  

' 7 7 5 . 7 4 .  
F o u n d :  7 5 0  ( C H C h ) .

1,5-Pentamethylenebis( triphenylphosphine)platinum(II) (2). To a
s t i r r e d  s u s p e n s i o n  o i ( C O D ) P t C l r  ( 0 . 1 8 7  g , 0 . 5  m m o l )  i n  2 5  m l  o f
e ther and I  5 ml of  tetrahydrol 'uran at  -50 oC was added L35 ml (0.-5- l
m m o l )  o f  a  t c t r a h r d r o f u r a n  s o l u t i o n  ( 0 . 7 i i  N )  o f  p e n t a n e - 1 , 5 - d i -
(magnes ium b ron r rde ) .  The  reac t ion  m ix tu re  was  a l l owed  to  warm
s low ly  to  0  o ( -  ovc r  i 0  m in  and  then  s t i r red  an  add i t i ona l60  m in  be -
tween  -10  and  0  oC to  g i ve  a  b rown  so lu t i on .  The  reac t ion  m ix tu re
was worked up and added to t r iphenvlphosphine fo l lowing procedure
analogous to that  used to make I  to g ive 0.177 g of  whi te crystals (45olo
based  on  (COD)PtC l2 ) .  The  meta l l ocyc le  was  rec rvs ta l l i zed  b1 ,d i s -
so lv ing  i t  i n  l 5  m l  o f  me thy lene  ch lo r ide ,  add ing  l0  m l  o iabso lu te
ethanol ,  and evaporat ing the methylene chlor ide by boi l ing thc solut ion
on a steam bath unt i l  rvhi tc  crystals appeared.  The solut ion was cooled
s low ly  to  room tempera tu re  and  then  to  -20  oC to  g i ve  more  wh i te
c rys ta l s  wh ich  were  co l l ec ted  and  washec i  w i th  l 0  m l  o f  abso lu te
e thano l  and  then  l0  m l  o f  ch i l l ed  e the r .  A f te r  a i r  d ry ing .  the  p roduc t
we ighed  0 .15  g .  By  concen t ra t i ng  the  mother  l i quo r  to  8  m l ,  an  add i -
t ional  0.01 2 g of  whi te crystals was recovered.  Any solvent  of  recrys-
ta l l izat ion was removed by pumping on the product  overnight  at  0.01
Torr in an Abderhalden apparatus containing refluxing acetone. The
pur i f ied product  had mp 188 oC (dec;  the crystals turned pink by ca.
1 6 0  ' C  a n d  g o l d e n - b r o w n  b y  c a .  1 8 0 ' C ) ;  N M R  ( C D 2 C l 2 )  6  0 . 6 6 -
1 .67  (m w i th  two  ove r lapp ing  b road  peaks  a t  d  0 .88  and  1 .5 .  I  H ,  -

(CH: )s - ) ,  6 .9 - ' 1 .6  (m w i th  two  p rominen t  peaks  a t  6 ' / . 20  and  7 .35 ,
3  H ,  a romat i c ) :  i r  (CHCl r )  3000  mb,  2880  mb,  281  5  mb,  1475  s ,  1430 .
l 0 9 l  s  c m - r .

A n a l .  C a l c d  f o r  C a l H a 6 P l P t :  C , 6 2 . 3 5 ;  H . 5 . l l .  F o u n d :  C . 6 2 . 4 t t :
H ,  -5 .29 .  Mo l  w t .  Ca lcd :  789 .76 .  Found :  t t t l 0  (CHCl r ) .

The metal locycle was pur i f ied fur ther by using preparat ive th in-
lavc r  ch romatography .  E lu t i on  o f  the  pen tamethy lene  meta l l ocyc l c
(0  |  g )  w i th  me thy lene  ch lo r ide  on  a  1000  p  th i ck  s i l i ca  ge l  p la te  gave
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onc band (R/ 0.U) which was scraped f rom the plate.  The product  was

re mt lved f rom the s i l ica gel  using a I  : l  solut ion of  methylene chlor ide

and mcthanol .  Two recrystal l izat ions f rom methylene chlor ide eth-

ano l  so lu t i ons  y ie lded  0 .6  g  o f  pu re  samp le  hav ing  mp 187  oC

( d e c ) .
A n a l .  C a l c d  f o r  C + r H a 1 1 P l P t :  C . 6 2 . 3 5 ;  H , 5 . 1 l .  F o u n d :  C , 6 2 . 1 6 ;

6 2 . 4 3  H .  5 . 0 1 ,  5 . 0 - 5 .  M o l  w t .  C a l c d :  1 8 9 . 7 6 .  F o u n d :  8 0 0  ( C H C I : ) .

1,4-Tetramethylenebis( t r iphenylphosphine)plat inum(I I )  ( l  )  and

1,5-pentamethvlenebis( t r iphenylphosphine)plat inum(l I )  (2)  were pre-

pa rcd  us ing  s im i la r  p rocedures ,  i l l us t ra ted  he re  fo r  l .  B i s ( t r i pheny l -
p h o s p h i n c ) p l a t i n u m ( l l )  d i c h l o r i d e  ( 0 . 8 0 2  g ,  l . 0 l  m m o l )  w a s  s t i r r e d

in  40  m l  o1 'd i c thy l  e the r  a t  0  oC.  An  e the r  so lu t i on  o f  I  , 4 -d i l i t h iobu-
lunc  (  1 .5  n rmo l )  was  added  by  sy r inge  and  thc  so lu t i on  s t i r red  fo r  l 0

rn in  a t  0  oC.  thcn  a l l owcd  to  warm to  room tempera tu re  ove r  an  ad -

di t ional  20 rn in.  A whi tc prccip i tate was col lected af ter  adding water

to  thc  r cac t ion  m ix tu re .  The  p rcc ip i ta te  was  washcd  w i th  wa te r  and

cthanol .  Recrystal l izat ionar f rom EtOH CH:Cl:  gave whi tc crvstals,

0 .1 t3  g  (62 ' / " )  o f  l ,  mp  (dcc  in  vacuo)  235  231  "C .
Metal locycle 2 wi ts prepared in an analogous manner in 

'70o/o

y ' i c ld .
1,6-Hexamethylenebis( t r iphenylphosphine)plat inum(I I )  (3) .  To a

s t i r r c d  s u s p c n s i o n  o f  ( C O D ) P t C l r  ( 0 . 1 8 7  g , 0 . 5  m m o l )  i n  2 - 5  m l  o f

d i s t i l l ed ,  anhydrous  te t rahydro fu ran  a t  5  oC was  added  1 .3  m l  (0 .54

mmol )  o f  a  te t rahydro fu ran  so lu t i on  (0 .80  N)  o f  hexane-1 .6 -d i -
(magnes ium b romide) .  A f te r  1 .5  h ,  t he  so lu t i on  con ta ined  a  b rown-

black precip i tate and had i tsel f  turned l ight  brown. The react ion

mixture was worked up and added to the triphenylphosphine following

a procedure analogous to that used to make l, except that the fi ltered

reaction solution was evaporated to dryness to yield a light yellow solid.

Pentane (50 ml)  was added and the f lask heated on a steam bath unt i l
the pentane boi lcd.  Thc ycl low sol id was scrapcd f rorn the wal ls  o l  thc

l l ask .  and  w i th  v igo rous  s t i r r i ng .  thc  pen tanc  cx t rac tcd  the  1 'e l l ou
i rnpur i t i es  l cav ing  bch ind  a  wh i te  so l i d .  Thc  wh i te  p roduc t  was  co l -

lected in a funnel  wi th a f r i t ted-glass disk and washed four t imes wi th

20-ml port ions of  warm pentanc to remove any unreacted t r iphenyl-

phosph inc .  A f t c r  a i r  d ry ing .  i t  we ighed  0 .047  g .  The  wh i te  so l i d  was

st i r red wi th 20 ml of  acetone and f i l tered to g ive a c lear solut ion which.

upon  evapora t ion ,  y ie lded  0 .026  g  o f  the  des i red  meta l l ocyc le  (3 .2oh

based  on  (COD)PtC l r ) .  The  met i r l l ocyc le  was  rec rys ta l l i zed  by  d i s -

s o l v i n g i t i n  l 0 m l  o f  a c c t o n e , a d d i n g  l 0 m l  o f  a b s o l u t c e t h a n o l , a n d
slowly cvaporat ing the acetonc at  reduced pressurc.  This procedure

gave 0.020 g of microcrystall ine white powder having mp 135 "C (dec.

the  wh i te  so l i d  had  tu rned  da rk  red  ca .  120  oC) :  NMR (CDCl r )  6

0 . 6 - 1 . 8  ( m  p e a k i n g  a t  6  1 . 0 , 2  H ,  ( C H : ) c - )  1 . 0  1 . 1  ( m  w i t h  t u ' c r

p rominen t  peaks  a t  6  7 .30  and7 .4 l .5  H ,  a romat i c ) :  i r  (CHCl r )  302- \

m b ,  1 9 l 0  s ,  l 4 1 6  s . l  l 0 - s  s  c m - r .
A n a l .  C a l c d  f o r  C a z H a z P 2 P t :  C ,  6 2 . 7 5 ,  H ,  - 5 . 2 7 .  F o u n d :  C ,  6 3 . 0 0 :

H .  5 . 4 1 .  M o l  w t .  C a l c d :  8 0 3 . 7 9 .  F o u n d :  8 0 0  ( a c e t o n e ) .

1,4-Tetramethylene( 1,2-diphenylphosphinoethane)plat inum(I I  )  (4)

was prcpared f rom I  by displacement of  PPh.r  by diphos.  A 0. l3-mmol

s a m p l c  o f  I  w a s  d i s s o l v e d  i n  l 0  r n l  o f  C H 3 C l z  w i t h  0 . 0 6 4  g  ( 0 . 1 6

mmol )  o f  d iphos .  The  reac t ion  was  mon i to red  by  NMR.  F ree  PPhr

could be detected af ter  |  5 min.  The onc unobscured peak due to

comp lexed  PPhr  a t  61 .22  had  d i sappeared  a f te r  24  h .  No  fu r the r

change in the spectrum was observed af tcr  40 h.  The solvent  was rc-

moved at  reduced pressurc lcaving a c lear o i l .  Addi t ion of  absolute

ethanol  caused the oi l  to sol id i fy .  The sol id was col lected and washed

tho rough ly  w i th  e thano l .  Rec rys ta l l i za t i on  f rom E IOH CH:C l :
y ie lded  0 .043  g  (53o lo )  o f  p roduc t  hav ing  mp242  247  "C  and  NMR
( C D C h )  6 1 . 4 , 7 . 3  ( m .  2 0  H ,  P h ) .  2 . 0 - 0 . , 5  ( m ,  l 2  H ) .

A n a l .  C a l c d  f o r  C r o H r : P z P t :  C . 5 5 . 4 7 :  H , 4 . 9 6 .  F o u n d :  C , 5 5 . 2 3 ;
H .  5 . l  l .

I -Methyl- 1,4-tetramethylenebis(triphenylphosphine )platinum( II )
( 5 ) .  T o  a  s t i r r e d  s u s p e n s i o n  o f  ( C O D ) P t C l :  ( 0 . 1 8 7  g ,  0 . 5  m m o l )  i n  a

so lu t i on  o f  30  m lo f  e the r  and  5  m lo f  te t rah i ' d ro fu ran  a t  -30  oC was

added  2 .0  m l  (1 .2  mmol )  o f  a  0 .60  N  te t rahydro fu ran  so lu t i on  o f
pen tane-1 .4 -d i (magnes ium b romide) .  The  reac t ion  m ix tu re  was

st i r red for  I  h as the bath temperature s lowly warmed to l0 oC. The
l ight  brown react ion mixture was worked up and added to t r iphenyl-
phosph inc  fo l l ow ing  a  p rocedure  ana logous  to  tha t  used  to  make  l ,
cxcept  that  the resul t ing ether solut ion was evaporated wi thout  adding
any  abso lu te  e thano l  to  g i ve  a  c lea r .  co lo r l css  v i scous  o i l .  The  o i l y
p roduc t  was  d i sso lved  in  5  m l  o f  mc th -v . ' l cne  ch lo r ide  and  40  m l  o f  ab -
so lu te  e thano l  was  addcd .  Comp le te  evapora t ion  o f  the  methy ' l ene
chlor ide at  reduccd pressure and a s low cool ing to 0 oC gave whi te
crystals which were col lected,  washed wi th l0 ml  of  absolute ethanol

6527

and three lO-ml port ions of  pentane,  and ai r -dr ied to g ive 0.24 gof

product .  Further concentrat ion of  the mother l iquor to 20 ml by

evaporat ion at  reduced pressure y ic lded another 0.034 g for  a tota l

o f  0 .27  4  g  (69u"  based  on  (COD)  P tC l : )  o f  wh i te  c rys ta l l i ne  p roduc t .

The  meta l l ocyc le  was  rec rys ta l l i zed  by  d i sso lv ing  i t  i n  5  m l  o f  me th -

y lene chlor ide,  adding l  5 ml  of  absolute ethanol  and evaporat ing the

methy lcnc  ch lo r ide  w i th  gcn t le  hca t ing  on  a  s team ba th .  Coo l ing

s low ly  to  room tcmpera tu re  and  thcn  to  -30  oC gave  wh i te  c rys ta l s

which wcre col lectcd.  washed wi th absolute ethanol  and pentane.  and

air-dr ied to g ivc 0.2r1 g of  product .  Anv solvent  of  recrystal l izat ion was

r t :moved  by  pump ing  on  the  c rys ta l l i ne  p roduc t  a t  0 .01  Tor r  i n  an

Abde  rha lden  appara tus  con ta in ing  rc f l ux ing  ace tone '  The  pu r i l i ed

mc ta l l ocyc le  has  mp 176  oC (dec :  thc  c r . vs ta l s  tu rned  a  sa lmon  co lo r

by  ca .  140  oC.  and  decp  rcd  b i ,  ca .  170  "C) :  NMR (CDCI : )  6  0 '75  2 .0

( m  u ' i t h  t h r e e  s n r a l l  s h a r p  p c a k s  a t  6  0 . 8 8 .  1 . 0 2 .  a n d  l . l 3  a n d  w i t h  a

l a r g c r  p e a k  a t  ,  l . - s 5 .  I  t { .  a l i p h a t i c ) , 6 . l i  7 . 6  ( m .  3  H ,  a r o m a t i c ) :  i r

( C H C l r )  3 0 5 2  a n d  3 0 0 . s  n r d .  l 4 7 t t  s .  1 4 3 3  s .  l l - 5 3  w ,  1 0 9 0  s  c m - r .

A n a l .  C a l c d  f o r  C a l H r o P : P t :  C . 6 2 . 3 5 :  H . 5 . l l .  F o u n d :  C . 6 2 . 4 1 :

H . , s . 3 0 .  M o l  w t .  C a l c d :  7 8 9 . 1 6 .  F o u n d :  7 t t 0  ( C H C l r ) .

Hexane-2,5-di (magnesium bromide).  A port ion of  a 50-ml cther

so lu t i on  o f  2 .5 -d ib romohexane  (6  6  g ,  27  mmol )  was  added  to  a

f lame-dr ied f lask contain ing 3.6 g of  Mg turnings.  Af ter  the react ion

had  in i t i a ted  the  rema in ing  so lu t i on  was  addcd .  The  so lu t i on  was

s t i r r cd  fo r  30  m in  un t i l  spon tancous  re f l ux ing  had  ceased .  then  re -

f l uxed  an  add i t i ona l  hour  to  cnsurc  comp lc t i on  o f  the  reac t ion '  Two

lay ' c rs  fo rmed .  Thc  upper  l ave r  was  reduced  in  vo lume by  a  s t ream

o i  N1  un t i l  t hc  to ta l  vo lun tc  uas  20  m l .  Thc  so lu t i on  was  d i l u ted  w i th

I  -10 rn l  of  tc t rahy'dr t l furan.  The Gr ignard reagent was f i l tered through

e  p lug  o f  Cc l i t e  i n to  an  a i r - t i gh t  s to rage  tube .  T i t ra t i on  o f  a  wa te r

qucnchcd  a l i quo t  gave  a  to ta l  base  concen t ra t i on  o f  0 .186  N

( s 0 % ) .
1,4- Dimethyltetramethylenebis(triphenylphosphine )platinum( I I ) ( 6 ).

(Cyc looc tad iene  )p la t i num d ich lo r idc  (0 .28  g .  0 '75  mmol )  was  sus -

pendcd  in  2 ,5  m l  o f  d ie thy l  e the r  a t  -50  "C  by  rap id  s t i r r i ng .  [ { cx -

ane-2 .5 -d i (magncs ium b romidc )  (0 .8  mrno l  i n  9  m l  o f  t e t rahydro iu -

ran-cther)  was introduced b-t -  s ; - ' r ingc and the solut ion was st i r red for

I  h  a t  -20  oC.  Thc  so lu t i on  was  passed  th rough  a  shor t  s i l i ca  gc l

co lumn a t  -10  oC and  thc  co lumn washed  w i th  an  add i t i ona l  2 -5  n r l

o i  Et2O. The solut ion u 'as dccolor ized wi th a smal l  amount of  charcoal .

thcn  f i l t e red  on to  0 .40  g  (1 .55  mmol )  o f  t r i pheny lphosph inc '  A f te r

30  m in  the  so lven t  was  removed  a t  r cduced  p ressure  leav ing  a  ye l l ow

sol id which was washed wi th cthanol  and pentane. The weight  of  crude

producl  was 0.27 g.  Recrystal l izat ional  f rom EIOH CtJ:Cl :  gave 0.20

g  (3 - lo ,o )  o f  co lo r less  c ry ' s ta l s  hav ing  mp (dec  in  vacuo)  189-194  oC:

\ M R  ( C D C I \ l  6 1 . 1 1  7 . 2 6  ( m . 3 0  H .  P  P h ) , 2 . 3  1 . 0  ( m . 6  H .

P t C H C t l r ) . 0 . 1 t 0  ( m . 6  t l ,  C H  C H r ) .  T h e  m u l t i p l e t  a t  0 ' 8 0  h a s

rough l l '  t hc  appcarancc  o f  a  t r i p l c t ,  bu t  i s  i n  fac t  two  ove r lapp ing

doublets (J = T Hz) due to the presencc of  two isomers,  epimer ic wi th

respect  to the mcthyl  groups:  /ptg = 64 Hz.  is  a lso observed for  thc

methy l  g roups .
Diethylb is( t r iphenylphosphine)plat inum(l l )  (7) ,  prepared by the

method  o f  Cha t t  and  Shaw,4 l  was  rec rys ta l l i zeda l  f rom E tOI I

C t { : C l : .  y i c l d i n g  p r o d u c t  h a v i n g  m p  ( d e c )  1 5 3  l - 5 4  o C  ( l i t .  m p a r

1 1 1  l 4 l { o C ) :  N M R ( C D C l r )  6 ' 7 . 4 , ' 7 . 2  ( m , 3 0 H , P  P h ) ,  1 . 7 - 0 . 2 ( r n .

l o  H .  c H : c t J r ) .
A n a l .  C a l c d  f o r  C + o H + o P 2 P t :  C ,  6 1 . 7 1 :  H , 5 . 1 0 .  F o u n d :  C , 6 2 . 0 5 :

H . 5 . 2 0 .
Di-n-buty lb is( t r i -n-buty lphosphine)plat inum(I I )  (8)  was prcpared

as  desc r ibed  p rev ious ly ' . l l
1 ,4-Tetramethylenebis l t r i -n-buty lphosphine)plat inum(I I )  (9) .  A

1 . 2 0 1 - g  ( 0 . 5 4  m m o l )  s a m p l e  o f  ( C O D ) P t C l l  w a s  s t i r r e d  i n  3 5  m l  o { '

c thy l  e the r  and  l0  m l  o f  t e t rahydro fu ran .  Seven  m i l l i l i t e rs  o f  0 .09 -5

M bu tane-1 ,4 -d i (magnes ium b romide)  was  added  a t  -50  oC.  The

solut ion was st i r red for  40 min whi le warming to -  l5 "C.  The react ion

mix tu re  was  passed  th rough  a  s i l i ca  ge l  co lumn a t  0  oC.  Thc  co lumn

was  washed  w i th  severa l  add i t i ona l  vo lumes  o f  e the r .  T r i -n -bu ty l -

phosph inc ,  0 .25  m l  ( l . l  mmo l ) .  was  added  by  sy r inge  and  the  so lu t i on

was  a l l owed  to  s tand  a t  25  oC fo r  I  h .  A f te r  deco lo r i za t i on  w i th  ac -

t ivated charcoal .  the solvent  was removed at  reduced pressure leaving

a  l i gh t  ye l l ow  o i l .  Thc  o i l  was  taken  up  in  l 0  m l  o f  me thano l '  Wate r

was added unt i l  a s l ight  c loudiness pers isted.  Cool ing overnight  to -2-5
oC yie lded 0.06 g (17'%) of  whi te needles,  having mp 79 80 oC: NMR

( C D C I r )  6  2 . 4  1 . 0  ( m .  - 4 2  H ,  a  b r o a d  u n r e s o l v e d  s i g n a l  w i t h  a

m a x i m u m  a t  1 . 5 7 ) .  l . l  0 . 7  ( m ,  - 2 0  H .  s h a r p  s i g n a l  a t  0 . 9 1 J  d u c  t t r

P C r H o  C H r ) .
A n a l .  C a l c d  f o r  C : x H r . : P l P t :  C .  - 5 1 . 2 0 r  H . 9 . 5 1 .  F o u n d ;  C . 5 l . 3 i i :

Mt'Dernttt t t ,  white, whitesides I Bis(phrt 'rphine)plat inum(l l)  Metal lr tcvcles
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F igu re  5 .  The  thc r rna l  dccompos i t i on  o f  8  i n  n rc thy , l enc  ch lo r ide  a r  - i ( )
o  ( ' .

F l . 9  7 6
Diethylb is( t r i -n-buty lphosphine)plat inum(I I )  (  l0) .  A 0.375-g (  I  .0

mmol )  samp lc  o i  (COD)PtC l l  was  suspcnded  in  2 -5  m lo id ie thy le thc r .
-10  oC.  b_" -  rap id  s t i r r i ng .  An  e thc r  so lu t i on  o f  E tMgBr  (2 .5  mmol )
u ' i i s  addcd  and  thc  re rc t i on  m ix tu rc  s t i r r cd  fo r  4 -5  m in  un t i l  a  c l ca r
honrogcncous  so lu t i on  o f  (COD)PtE tz  w : rs  ob ta incd .  T r i -n -bu ty l -
p h o s p h i n e  ( 0 . . s  m l , 2 . 2  m m o l ) w a s  a d d e d  a n d  t h c  s o l u t i o n  w a s  s t i r r e d
an  add i t i ona l  hour  a t  0  oC and  thc  reac t ion  quenchcd  w i th  wa tc r .  Thc
organic phusc wus dr icd and thc solvent  removed at  reduccd pressure
lcav ing  a  ye l l ow  o i l .  Thc  o i l  was  d i sso lvcd  in  l 0  m l  o i  ho t  mc thano l
wh ich  uas  qu ick l y  coo led  to  -70o .  p rcc ip i ta t i ng  a  wh i t c  scn r i so l i d
mate r ia l  a f te r  30  m in .  The  methano l  was  d i sca rded .  F rcsh  n re thano l
( l - 5  m l )  w a s  a d d e d  t o  t h e  s o l i d i f i c d  o i l .  C o o l i n g  t o  - 1 5  o C  u i t h  r i g -
o rous  sc ra tch ing  caused  c r_vs ta l l r za t i on  to  commencc .  The  c r rs ta l .
g r c w  i l t  t h c  c x p c n s c  o f  t h e  o i l  d u r i n g  1 4  h .  T h c  u h i t c  n c c d l c s  \ \ c r c
u ' a s h c d  w i t h  p c n t a n c  a t  - 2 - 5  o C .  a n d  d r i c d  b 1  p u m p i n g  a t  0 . 0 1 T o r r .
T h c  c o m p o u n d  i s  a n  o i l  e t  l - 5  o ( - ,  h a v i n g  m p - 5  o C .

' I 'hermolvsis 
React ions and Kinet ics.  Methods.  Thermal decom-

pos i t i ons  cmp loycd  0 .02 ,5  M so lu t i ons  in  me thy lcnc  ch lo r ide  o r  o the r
so lvcn t  as  no tcd .  In te rna l  s tandards  werc  i nc ludcd  in  the  s tock  so lu -
t rons .  P r re r  tubcs  o f  6 -mm o .d .  were  cu t  i n t t t  l l l - cm leng ths .  sea lcd
r r t  onc  cnd .  washcd  w i th  ace tonc  and  d i s t i l l cd  wa tc r .  and  d r i cd  i n  an
( ) \ ' cn  a t  120  oC lo r  a t  l cas t  24  h .  The  tubes  werc  coo lcd  undc r  d ry  n i -
t r ( )gcn .  i \ bou t  0 . - l  n r l  o f  t he  so lu t i on  to  be  thc rmo lyzed  was  added  to
cach  tubc  by ' s1 ' r i ngc .  Care  was  takcn  to  avo id  con tac t  o l  t hc  so lu t i on
rv i th thc upper part  of  thc tubc:  otherwise p)ro lys is products gcnerated
c lu r ing  sca l i ng  caused  c r ra t i c  resu l t s .  Thc  tubes  were  connec tcd  to  a
vaLruunr l inc (<0.00-5 Torr)  and dcgassed through threc f reczc thaw
C\c les .  Thc  san tp le  was  re  f rozcn  and  the  tubc  sea lcd  undc r  vacuum.
Tirc sanrples \ \ 'ere then imntcrscd in a thermostated oi l  bath constant
to  * ( )  I  oC .  Thc  tubes  wcrc  ren roved  a t  i n t c rva ls  and  qucnched  b1
in rn re  r s ion  in  l i qu id  n i t rogcn .  Chemica l  quench ing  was  accomp l i shed
by 'opcn ing  thc  tubes  and  add ing  0 .3  m l  o f  concen t ra tcd  HCI  o r  a
I ' i r e  fo ld  cxccss  o f  B r - .  (based  on  P t )  as  appropr ia te .  and  c los ing  w i th
a \o-Air  stoppcr.  Sarnples contain ing cthanc or  cthylcnc were stored
a t  - 7 8 o C  u n t i l  a n a l v z e d .  T h c  c o l d  s o l u t i o n s  w e r e  d r a w n  i n t o  a  l 0 - p l
s1 ' r inge and in jected quickly into the gas chromatograph. Fi rst -order
rate constants for  decomposi t ion of  8 on which Figure 4 is  based are:
A .  s - r  ( t e m p ,  o C ) :  9 . 3  x  l 0 - 5  ( , s 0 ) :  + . 1  x  l 0 - 1  ( 6 0 ) :  2 . 0  x  l 0 - r  ( 7 0 ) .
F igu rc  5  g i ves  a  rep resen ta t i vc  k ine t i c  p lo t  ob ta ined  in  th i s  work .
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