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S r r c i e t y  a n d  r e p r i n t e c l  b v  p e r m i s s i < l n  , r f  t h e  c o p v r i g h t  o w n e r .

The Stereochemistry of the Thermal Decomposition
of Vinyl ic Copper( I )  and Si lver( l )
Organometall ic Com pounds I

Sir.'

The thermal decomposi t ion of  organometal l ic  com-
pounds of  copper( l )  and si lver( l )  is  important in thc
oxidat ive coupl ing of  ary l  Gr ignard reagents by cop-
per( t )  and si lver( t )  hal ides,2 and is probably involved
in the Ul lman and related react ions.s '4 These thermal
decomposi t ion react ions have been var iously suggested
to proceed by a bimolecular or concerted mechanism.
in which dimer format ion occurs wi th in an aggregate
of the organometal l ic  compound.sa'r  or  by a radical
mechanism. in which dimers ar ise f rom free radicals
generated by homolyt ic c leavage of  the carbon-metal
bonds . l ' i '

We have explored the quest ion of  the intermediacy of
f ree radicals in the thermal decomposi t ion of  v inyl ic
copper ( l )  and s i l ver ( I )  o rganometa l l i c  compounds bv

( l )  Supported in part  b-"-  the Nat ionaI  Sciencc Foutrdat ior t  ur tder
Gran t  GP-2018 .

(2 )  H .  Hash imoto  and  T .  Nakano ,  J .  Org .  Chem. ,3 l ,891  (1966) .  and
references therein.

(3)  (a)  A.  H.  Lewin and T.  Cohcn, Tetahedron Let ters,453t  (1965);
(b)  H.  C.  Brown and C. H.  Snyder.  t .  Am. Chem. Soc. ,  E3,  1002 (  l96l) .

(4)  E.  A.  Bickley and J.  H.  Gardner,  J.  Org.  Chem.,5,  126 (  1940).
(5)  F.  Glockl ing and D. Kingston.  J.  Chem. Soc. .  3001 (1959):  C.  E.
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examining the stereochemistry of  the diene products
obtained on decomposi t ion of  l -propenyl-  and 2-
butenylcopper( t )  and -s i lver( I )  compounds of  known
stereoche mistry.n In each of  the decomposi t ions

copper ( l )  and s i l ver ( l )  compounds wh ich  conta ined ncr
tr i -n-butylphosphine could be prepared in ether ar
-28o by  he terogeneous re lc t ion  be tween the  cor re -
spond ing  v iny l i c  l i th ium reasents  and e  opper ( l )  o r
s i lver( l )  iodide. Decomposi t ion of  these reagents was
comple te  a f te r  I  h r  a t  ambien t  tempera ture .  [n  each
case, dimeric products were produced in 70-90 %
y ie lds ,  w i th  g rea ter  than 99 !  re ten t ion  o f  con f igurar ion .

These stereochemical  resul ts strongly suggest that
f ree propenyl  radicals are not intermediates in thesc
reac t ions .  Mak ing  the  reasonab le  assumpt ion  tha t  the
ra te  o f  invers ion  o f  con f igura t ion  o f  l -p ropeny l  rad ica l
is approximately the sanre as that establ ished b. ' -  epr
spectroscopy for v inyl  radical  (k i . , , . , , ion :  l0 j -  l0 r ' { )

sec-t) ,  I  {  the rate of  conl 'ers ion of  an intermediate
propenyl  radical  into dimer must be at  least  l0r  faster
than the rate of  i ts  inversion of  conf igurat ion in order to
be consistent wi th the observed stereochemical  resul ts.
Under  the  reac t ion  cond i t ions  used.  the  undecomposed
organometa l l i c  compound is  the  most  concent ra ted
so lu t ion  component  po ten t ia l l y  capab le  o f  reac t ion  w i rh
propenyl  radicals to form dimers.  Therefore

k . . , , ,p r ing [R ] tRM]  >  l0 :k ;nu . , r1 , , " [R ' ]

In  these re l l c t ions .  IRM]
must  be  grea ter  than l0 r '  .V / - r  sec- r  to  compete  w i th
invers ion .  The poss ib i l i t v  tha t  a  reac t ion  is  tak ing
p lace  in  so lu t ion  whose ra te  cons tan t  i s  o f  th is  magn i tude
can c lear ly  be  exc luded b i '  cons idera t ion  o f  the  nr r r i -
munr  ra tes  a t ta ined by  o ther  tas t  reac t ions . r t '

These resu l ts  do  no t  r igorous ly  exc lude the  occur rence
of  so lvent -caged rad ica ls  as  in te rmed ia tes :  however .  wc
fee l  tha t  I  cage mechan ism is  improbab le  because thc
y ie ld  o l  d imer ic  p roduc ts  observed in  the  decompos i t io r r
o f '  I  wou ld  requ i re  tha t  the  e f l i c iency  o f  cage combina-
t ion  approach 100 %.  An a l te rna t ive  pa th  fo r  the
decompos i t ion .  in  wh ich  v inv l i c  rad ica ls  a re  fo rmed bLr t
remain  n  bonded to  the  nre tu l  r l toms o f  an  aggreg i . i t c .
cannot  be  exc luded.

A l though the  ra te  o f  invers ion  o f  2 -bu teny l  rad i -
ca l  i s  p robab ly  s lower  than tha t  o f  v iny I  rad ica [ . '  '

recent  s tud ies  have ind ica ted  tha t  th is  invers ion  r5
a lso  rap id  on the  t ime sca le  o f  most  reac t ions . r6  Thc
retent ion of  stereochemistr_v" observed in decomposi-
t ion  o f  the  2-bu teny l  o rganometa l l i c  compounds lends
qua l i ta t i ve  suppor t  to  the  proposa l  tha t  long- l i ved
free radicals are not intermediates in the decom-
pos i t ion  o f  v iny l i c  copper ( [ )  and s i l ver ( l )  compounds.
However ,  in  the  absence o f  a  re l iab le  quant i ta t i ve
value for the rate of  inversion of  conf igurat ion ot '
2-butenyl  radical .  i t  is  not  possible to def ine a lower
l imit  for  the l i fet ime of  an1'  r ; rd ical  intermediates in the
decompos i t ion  o f  these compounds.

These proposals cannot be extended without modi-
f i ca t ion  to  inc lude the  thermai  decompos i t ion  o f  u l i -

( 1 4 )  R .  W .  F e s s e n d e n  a n d  R
(  1963 ) .

(15 )  Fo r  examp le ,  thc  abso lu tc  ra te  cons tan !  fo r  comb in r t to r  r ) t
me thy l  rad ica ls  i s  approx ima te l l '  lQ to  . ! / - r  sec - r :  A .  F .  T ro tman-
Dickenson, .4nn.  Rept.  Progr.  Chem. (Chem. Soc.  London),  55.  i { ,
(  1 9 5 8 ) .

( lO J.  A.  Kampmeier and R. \L Fantazicr ,  J .  Am. Chem. Soc. ,  E8.
1959 (1966);  L.  A.  Singer and N. P.  Kong Tetahedron Let ters,  ?089
(1960. In re lated exper iments.  * 'e have observed that  t r i -n-buty l t in
hydr ide reduct ionrT at  ambient  tempcrr lures of  e i ther cu- or  tans- ' -
bromo-2-butene y ie lds the same mixturc of  65% trans- and 35Ti  c is-) -
burene.

(  l7)  H.  G. Kuiv i la,  Adcan. Organometal .  Chem., l ,  !17 (196.1) .
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X:Cu(I) ,  Ag(I) ,  Cu(I)-P(butyl)r ,  Ag(I)-P(butyl) . r

studied, the resul t  obtained was that,  wi th in our l imi ts
of  detect ion,  the decomposi t ion of  the organometal l ic
compound to the corresponding diene took place with
complete retent ion of  conf igurat ion around the carbon-
carbon doub le  bond.

In a typical  exper iment,  c is- l -propenyl( t r i -n-butyl-
phosphine)si lver( I )  ( I )  was prepared at  -78o in ether
solut ion by t reat ing I  equiv of  tetrakis[ iodo(tr i -n-
butylphosphine)si lver( I ) l '0 wi th I  equiv of  l -propenyl-
l i th iumt t  (97  f l  c is ,  as  de termined by  vpc  ana lys is  o f  the
propenyl  bromides obtained af ter  react ion wi th 1,2-
dibromoethane).  Af ter  precipi tat ion of  l i th ium hal ides
from the cold react ion mixture wi th dioxane, addi t ion
of iodine to the solut ion of  the organosi lver reagent
a t  -28o gave l - iodopropene hav ing  96% crs  s te reo-
chemistry in 84f y ie ld, '2 indicat ing that format ion of
the carbon-si lver bond occurred with retent ion of
stereochemistry.  Thermal decomposi t ion of  e i ther
the halogen-t iee or halogen-containing solut ions of  I
ar  ambient temperature over 4 hr gave si lver(0) (9570,
cis,cis-2,4-hexadiene (95 fl), and cis,trans-2,4-hexadiene
(4.87),  corresponding to 97% cis-propenyl  groups and
100% stereospecificity in the decomposition. based on
l -p ropeny l l i th ium.  t l

By  an  ana logous procedure ,  t rdns- l -p ropeny l l i th ium
(97 Z trons) could be converted quant i tat ively to a
mixture of  t rans. t rans- and cis. t rans-2.4-hexadienes
containing 97 % tran:;-propenyl  groups. Al though
these organometal l ic  reagents have not yet  been char-
acterized as solids, analysis of the products from the
thermal decomposi t ion of  the halogen-free solut ions
has establ ished their  empir ical  composi t ion as [CrHo], .0-
[Ag]o ssto r [P(C*He) ' ] t  t ru.r ,  wi th less than 0.5% l i th ium
ion remaining in solut ion.

Tr i -n-butylphosphine complexes of  c is-  and trans-2-
butenylsiiver(l) and -copper(I) were prepared and
character ized using simi lar  procedures.  Solut ions of

(6)  No di rect  exper imental  evidence on rhe extenr of  aggregat ion of
these compounds is presently available. However, the related com-
pounds phenylethynyl( t r imethylphosphine)copper( I ) , r  phenylethynyl-
( t r imethylphosphine)s i lver( I ) ,5 and tetrakis[ iodo(tr i -n-buty lphosphinet-
copper(  l ) l  t  are aggregated both in solut ion and as crystal l ine sol ids.

(7)  P.  W. R. Corf ie ld and H. M. M. Shearer,  Acta Cryst . ,  16,  A-71
(  I  963 ) .

(8)  P.  W. R. Cort ie ld and H. M. M. Shearer,  ib id. ,20,502 (1966).
(9)  A.  F.  Wel ls ,  Z.  Kr ist . ,94,447 (193O; F.  G. Mann, D.  Purdie.  an<i

A .  F .  We l l s ,  J .  Chem.  Soc . .  1503  (193O.
(10) F.  G. Mann. A.  F.  Wel ls,  and D. Purdie,  ib id. ,1828 (1937).
( l l )  D.  Seyfer th and L.  G. Vaughan, J.  Am. Chem. Soc. ,  86,  883

( 19f l ) .
(12) We are indebted to Dr.  R.  C.  Neuman, Jr . ,  for  an authendc

sample of  l - iodopropene: R.  C.  Neuman, I r . ,  J .  Org.  Chem.,3l ,  1852
( r  966).

(13) L.  K.  Montgomcry,  K.  Schuel ler ,  and P.  D.  Bart letL J,  Am.
Chem. Soc., 86. 622 (19il).
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phatic copper(I) compounds, since these reactions give
'fundamentally 

different types of products. For ex-
ample, thermal decomposition of 

'n-butyl(tri-n-butyl-

phosphine)copper(I) at room temperature in ether gives
butane (50f) and l-butene (50%), but no detectable
octane. Details of these reactions wil l be discussed in
later papers.

George M. Whitesides, Charles P. Casey
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