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Thermal Generation of
Bis( tr iethylphosphine )-3,3-dimethylplat inacyclobutane
from Dineopentylbis(tr iethylphosphine)plat inum( II  )r

Srr.'

Rcact ions which c leave unact ivated a l iphat ic  carbon hy-
droge n bonds are impor tant  in  a  range of  heterogeneous p la t -
inur l -cata lyz .ed t ransformat ions of  hydrocarbons,  and a
rnechanis t ic  undcrs tanding of  these types of  rcact ions is  onc
objcc t ivc  o f  cur rent  research in  cata lys is .2  Thc mcchanisms
ol 'hetcrogcneous react ions are d i f f icu l t  to  exarn ine d i rect ry .
l ic rc  wc out l ine the mechanism of  a  t rac tab le  and wel l -def incd
so lu t i on  r cac t i on -  t he  convc rs i on  o f  d i neopcn ty l b i s ( t r i e thy r -
p h o s p h i n c ) p l a t i n u m ( l l )  ( l )  r o  b i s ( t r i c t h y l p h o s p h i n e ) - 3 , 3 -
d imc thy lp l a t i nacyc lobu tane  (4 ) -wh i ch  i nvo l ves  c l eavage  o f
run unact ivated C -H bond by in t ramolccu lar  ox idat ive addi t ion
to  a  so lub l c  p l a t i num spec i cs .  Th i s  mcchan i sm es tab l i shes
cc r ta i n  o f  t he  s t ruc tu ra l  f ea lu res  wh i ch  f ac i l i t a te  c  H  bond
act ivat ion in  so lu t ion and suggcsts ,  by  analogy,  poss ib lc
charactcr is t ics  o f  thc  hetcrogeneous react ions.

H e a t i n g  a  s o l u t i o n  o f  I  ( 0 . 0 8  M ,  1 5 7  " C . 2 . 2 - 5  h , 0 . 0 2  M
Et rP)r in cyclohcxane results in the disappearance of I  and thc
appea rancc  o f  I  equ i v  o f  ncopcn tanc ,  0 . [ J  equ i v  o l ' 4 .  and  0 .1
cqu i v  o l  2 ,2 . -5 ,5 - t e t ran rc thy lhexane .  The  so lu t i on  rema ins
homogencous throughout thc dccomposit ion. Compound 4 was

Scheme I .  Mcchan isn t  o t ' ( 'onvcrs io r - t  o t ' I  in to  4 .  No Stc rcoc l te ' t r t i s t r l '

I s  l rnu l i cd  b r '  3

i so la ted as a  l ight  ye l low o i l  by  removing cyc lohexane and
t i t u ra t i ng  w i t h  ace ton i t r i l e  t o  remove  un reac ted  l .  4  showed
t h c  l b l l o w i n g :  r H  N M R  ( C o D 6 )  6 0 . 7 3  ( t o f  t , 4  H ,  l : 4 : l , J p 1  y 1
:  J 4 . J  :  l 2 H z ^  P t - C H : ) ,  1 . 5 7  ( t ,  6 H , J  =  3 H z , C ( C H r ) r ;
r  I  P  (C ( ,H  r : ,  H :PO+  ex te rna l  r e fe rence )  6  +9  ppm ( t ,  I  : 4 :1 .
J  p1 p = 1862 + 8  Hz) .  Treatment  o f  4  wi th  aqueous 38o/o DCI
in  D:O y ie lded a mix ture o f  deuterated neopentanes.4 Exam-
ina t i on  o f  t hc  c rack ing  pa t t e rn  o f  t h i s  neopen tane  i nd i ca ted
tha t  t hc  deu te r i um was  p rcsen t  i n  CH2D ra the r  t han  CHD2
groups  and  i s  cons i s ten t  w i t h  ac t i va t i on  o f  a  7  C  H  bond  and
no t  an  r v  C  H  bond .5  T rea tn rcn t  o f  4  w i t h  excess  i od ine  gen -
cratcd l ,  |  -d imethy lcvc lopropanc.  The d imethy lcyc lopropane
dc r i vcd  f r om the rmo lys i s  o f  [ (CHr ) rCCD2 ]2P t (PE t r )1  f o l -
I owcd  by  t r ca tmcn t  w i t h  l 2  was  d2 .

The or ig in  o l ' thc  hydrogen atonr  consumed in  convers ion
o l ' a  neopcn ty l  g roup  o i  I  t o  neopen tane  was  es tab l i shed  as  a
rncthy l  group of 'a  second neopenty l  group by deuter ium la-
bc l i ng  cxpe r imcn ts :

[  ( C  l t  r )  r C C H l ]  l P t I P ( C z D s ) r l  :
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Thc  dcco rnpos i t i on  o i  [ (CHr ) . rCCH: ] :P t IP (C2D.s ) : ] 2  i n  so -
l u t i ons  o f  C r ,D l l  con ta in i ng  added  P (C :Ds ) r  ( 0 .02 -0 .3  M)  was
lirllow'cd bi' N M R spcctroscop)'. Thcsc decompositions obeyed
thc  cn rp i r i c r r l  f t r t c  cqu r r t i on

d [ ] / d t  =  A , , b , t j I l ] [ P ( C r D s ) r ] - '  ( : )

Thc obscrvcd ra tc  cquat ion is  cornpat ib le  wi th  the fornra l  ra te
cr  prcss ion

d I l ] / d t  =  A r A  ) l r l l ( A :  *  A _ 1 [ P ( C : D . ) r J )  ( 3 )

dcri'cd lbr a prccquilibriurn dissociation of phosphine follorved
b1  ra t c - l i r n i t i ng  C  H  add i t i on .  and  w i t h  an  ana logous  ex -
prcss ion fbr  u  schcnrc  in  uh ich C H reduct ive c l iminat ion (A r )
i s  r a t c  l i r n i t i ng  (Schcn tc  l ) .  Ana l ys i s  o i  t he  t empc ra tu re  de -
pcndcncc  l b r  dccon tpos i t i on  o l ' I  ovc r  t he  range  l l t l  1 , 57  oC

i ' i c l dcd  t hcsc  va lucs  l b r  t hc  A r rhcn ius  ac t i va t i on  pa ran tc te r s :
E ^  = ; i 9  +  . l  k c u l  n r o l - t .  , 4  =  l 0 l 0 + l  s - I .  T h e  e x c h a n g c  o f
( C H r C [ ] : ) r P  i n t o  I t C O . , C D : ) : p ] 1 p t I C H r C ( C H r ) : ] ,  w a S
lo l l t l ' , vcd br  r iP NIVIR spcct roscopy.  Th is  exchange was
con rp l c t c  a t  100  o ( -  r n  1 .0  h  w i t h  no  dc t cc tab le  decompos i t i on
o f  l .  Thc  ra t c  o l ' t h i s  c r changc  was  i ndependcn t  o f  added  E t rp
conccn t ra t i on  I ' r on r  0 .1  ro  1 .7  M  and  i nd i ca ted  t ha t  exchangc
occurrcd b\, ; .rn Sl l  proccss. This observation is consistent with
thc  p rccqu i l i b r i un r  d i ssoc ia t i on  o f  l l t rP  imp l i ed  i n  Sche rne
|  / r
t -

-T ' hc  
so lub i l i t r  o l '  I  i n  so lu t i ons  o f  cyc lohe ranc  con ta in i ng

t  r i c t h l ' l phosph inc  cs tab l i shcd  t ha t  t hc  dec reasc  i n  r a te  o f  dc -
c( )nrpos i t ion o l '  I  obscrvcd t ln  adding t r ic thy lphosphine could
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no t  be  ra t i ona l i zed  by  assun t i ng  an  assoc ia t i ve  cqu i l i b r i un t
f o r r n i n g  [ ( C H r ) : C C H : ] 2 P t ( P E r r ) r :  a  q u a n r i r y  o f  t r i c t h y ' l -
phosphinc which dccrcased thc ra tc  o f  decomposi r ion o i  I  by
a factor  o f  I  5  incrcased i ts  so lub i l i ty  by  on ly '16, ' /o .1  Examina-
t i on  o f  t he  r l  P  N  M R  spcc t rum o f  I  i n  t he  p rcsencc  o f  t r i c t h -
y lphosphine a lso shou 'ed no cv idencc of  format ion of  a  spcc ics
con ta i  n i  ng  t h ree  t r i c t hy lphosph i  ne  mo ie t i es  undc r  cond i t i ons
(0 .08  M  l , 0 .3  M  E t . rP , )  i n  wh i ch  93%ot  I  wou ld  havc  neccs -
sar i lv  been convcr tcd in to  such a spec ics  to  ra t iona l iz_c thc
observed decreasc in 4,,6,,1.

The observar t ion o f  a  s ign i f icant  k inet ic  isotope e f fcc t  in  thc
dccomposi t ion o f  I  ind icatcs  that  C-H bond break ing or  bond
fo rm ing  occu rs  i n  o r  be fo re  t hc  ra te - l im i t i ng  s tep .  Thc  ra t cs
of  decomposi t ion o f  I  - r l r  a  nd [  (C Dr) rCC D: ]  3  Pt  I  P(  C1 Ds )  r l  :
( 5 )  we re  de t c rm ined  by  compar i ng  t he  y i e l ds  o f  ncopcn tanc
as a funct ion o f  t ime.  Af ter  cor rect ion for  isotop ic  impur i t ics .
a n a l y s i s  o f  t h e s e  d a t a  y i c l d e d  A  r  l k . -  =  k l l k r )  =  3 . 0  3 . - 5 .

The rnost  impor tant  conc lus ion f ront  th is  work  is  that  thc
c leavagc of  an unact ivated C H bond which takes p lace dur ing
the convers ion of  I  in to  4  proceeds by an ox idat ive addi t ion to
the  p la t i num a tom o f  a  reac r i ve  ( r r i a l ky l phosph ine )d ia l k l ' l -
p l a t i num(  |  l )  mo ie t y .  Wc  a re  cu r ren t l y  s tudy ing  a  number  o f
o ther  examplcs o f  re la ted.  unact ivated C H bond c leavage
reac t i ons  i nvo l v i ng  add i t i ons  t o  p l a t i num:8  mos t  appca r  t o
invo lve a  LPtR2 moiety  as the rcact ive in ternrcd ia tc .  and thus
to requi rc  a  varcant  coord inat ion s i te  on ( formal ly )  threc-
coo rd ina te  p la t i num( l l ) .  The  ava i l ab l c  ev idcnce  i s  no r  su l f i -
c ient  to  d is t ingu ish bctween ox idat ive addi t ion o f  a  C-  H bond
t o  p l a t i n u m ( l l )  ( k 2 )  o r  r e d u c t i v e  e l i m i n a t i o n  o f  a  C - H  b o n d
f rom p la t i num( lV )  ( f t  j )  as  t he  ove ra l l  r a te - l im i t i ng  s t cp . ' )

Ac t i va t i on  o l .  C  H  bonds  by  su r face  a toms  o f  p l a t i nun r
me ta l  occu rs  read i l . v " . l 0  We  no te  t ha t  a  p rom ine  n t  f ea tu rc  o f
a  me ta l  su r f ace  i s  t hc  ava i l ab i l i t v  o l - vacan t  coo rd ina t i on  s i t cs
lund suggest  that  cxp l ic i t  compar isons of  the react iv i tv  o l 'vacant
s i tes  on so lub le  contp lcxes and on nrc ta l  sur faces should  bc onc
of  thc  most  uscfu l  and d i rcc t  methods of  cs tab l ish ing para l lc ls
bc tween  homogeneous  and  he t c rogeneous  ca ta l ys t s .  Thc  ac -
t ivat ion encrgv detcrnt incd for  the t ransformat ion I  -  4  dc-
sc r i bed  hc re  (  E^  o  49  kca l  r no l - l )  canno t  bc  d i r ec t l y , com-
pa red  w i t h  t hc  l owc r  va lues  (d , ,  o  l 0  kca l  mo l - l )  cha rac te r -
i z i ng  C  H  bond  c l cavagc  du r i ng  su r l acc  reac t i ons . l 0  s i ncc  t hc
former  is  composed of  cont r ibut ions f rom the cncrgv o f  d is -
soc ia t i on  o f  a  phosph ine  l i gand .  t hc  ene rgy  (o r  t he  cne rgv  o f

2 1  3 3

act ivat ion)  o f  add i t ion o f  thc  C-  H bond to  p la t inum,  the s t ra in
cnc rg ) '  i nvo l vcd  i n  f o rm ing  t hc  p l a t i nacyc lobu tane  r i ng ,  and
(poss ib l y )  t hc  cne rgy  o f  ac t i va t i on  f o r  r cduc t i ve  e  l im ina t i on
of ncopentanc l-rom 3. Studies of other C H oxidativc addit ions
to  p la t inum and of  svste  ms dcs igncd to  prov idc contparab lc
thermodynamic parameters  for  homogeneous and heterogc-
ncous act ivat ion o f  C H bonds by p la t inum wi l l  bc  rcpor ted
as  t hcy  a re  comp le  t ed .
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