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Abstract: The thermal decomposit ion of cis- and tans-l-propenylcopper(I) and cis- and. trctns-l-propenyl(tr i-n-
buty lphosphine)copper( t )  y ie lds  copper(O)  and 2.4-hexadienes wi th  i . t .n i ion o f  conf igurat ion a t  the o le f in ic  double
bcnds.  Th is  s tereochemica l  resu l t ,  when in terpreted in  l ight  o f  the known ra te  o f  invers ion of  conf igurat ion o f
v iny l rad ic i r l ,  i s  sufhc ic 'n t  to  estab l ish that  f ree propeny l  rad ica is  are not  in termediates in  these thermal  coupl ing re-
t tc t ions.  A compar ison of  the re tent ion o f  s tereochemist ry  observed on decomposi t ion o f  the analogous 2-buteny l -
copper( t )  and -s i lver ( [ )  compounds wi th  the complete  loss o f  s tereochcmist ry ;  observed on reduct ion o f  c is -  and
rruns-2-bromo-2-butene wi th  t r i -n-buty l t in  hydr ide undcr  f ree- rad ica l  condi t ions qual i ta t ive ly  suppor ts  a  s imi lar
conc lus ion.  A s l t rvey o f  the y ie td  and s tcreochcmist ry  o f  the convers ion of  t run. t -propt - 'ny l l i th ium to  2 .4-hexadienes
on ox idat ion rv i th  a  var ie ty  o f  t rans i t ion meta lsa l ts  suggests  that  f rec  propenyt rad ica is  a t io  arc  not  inv ,o lved in  these
co up l ings.

f h e  r e a c t i o n  o f  a r y l r l a g n e s i u m  a n d  - l i t h i u n r  r e -
I  *gents  w i rh  t rans i t ion  nre ta l  ha l ides  is  w ide ly  usec l

s .v "n the t icer l l y  as  a  n le rhod lo r  p repar ing  b ia rv ls . r - ;
Thesc  reac t ions  are  be l ieved in  most  ins tances  to  i r rvo lve
t rans i t io r r  meta l  a ry ls  as  in te rnrec l ia tes ;  the  iso la tec l
p roduc ts  resu l t  f ronr  the  rap id  decompos i t ion  o f  these
t h e r m a l l y  u n s t a b l e  i n t e r m e d i a t e s  u n d e r  t h e  c o n d i t i o n s
of  the  reac t ions .  A l t t rough idenr i f i ca t ion  o f  the  in rer -
n red ia re  o rg i rnometa l l i c  con lpounds in  these reac t ions
and independent  der lons t ra t ion  tha t  the i r  thernra l  de-
compos i t ion  y ie lds  coup lec i  p roc- luc t  have proved poss ib le
in  spec ia l  cases , ' , ' 6  in  genera l  the  thermal  s tab i l i t y  o f
t r a n s i t i o n  m e t a l  o r g a n o m e t a l l i c  c o m p o u n d s  h a s  a p -
pearc 'd  su f t rc ien t ly  low to  d iscourage a t tenrp ts  to  exam-
i n e  t h e  m e c h a n i s n r s  o f  t h i s  i n t e r e s t i n g  c r a s s  o f  c o u p l i n g
r e a c t i o n s  i n  d e t a i l .

A  number  o f  s tud ies  have es tab l i shec i  copper ( l )  and
s i l v 'e r ( [ )  as  among the  n los t  use fur  o i  the  t rans i t ion
nre ta ls  fo r  the  ox ida t ive  coup l ing  o f  a rv l  and v iny l i c
Gr ignard  reagents .s '7 - r r  Dur ing  these s tud ies  severa l
-q roups  have prepared and charac ter izec l  au thent ic  a ro-

_  t  l )  suppor tcd  i r r  pa r t  by  the  Na t io r r l r  Sc ience  Founda t ion ,  Gran ts
GP-2018 ,  GP-7266 ,  unc t  Gp-  14217 .
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meta i l i c  subs ta r rces , "  P rcn r i ce -Ha l l ,  Engre rvoo , t  c t i n i ,  N .  J . ,  l 9_s+ ,  chap-
t c r  5 .
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m a t i c  a n d  v i n y l i c  o r g a n o n r e t a l l i c  c o m p o u n d s  o f  t h e s e
m e [ a l s . ' - r ' r  T h e  t h e r n i a l  s t a b i l i t y  o f  t h i s  c l a s s  o f  c o m -
pounds,  a l though low conrpared w i th  the  s tab i l i t ies  o l
n ra in  g roup organometa l l i c  co t l tpounds,  appeared tu
Lrs  to  be  su l l i c ien t  to  make a  dera i led  inves t iga t ion  o t '
the  i r  thernra l  decom pos i t ion  a  p rac t ica l  en terpr isc .
There fore .  in  consequence o f  our  in [e res t  in  the  mecha-
n i s m s  a n d  s y n t h e t i c  a p p l i c a r i o n s  o i  t h e  U l l m a n  a n d  r e -
la ted  coup l ing  reac t ions , r { - r6  as  we l l  as  in  the  var ie ty  t t t -
o ther  o rgan ic  reac t ions  ca ta lyzec i  by  compounds o f  cop-
per . ' ' t ' 17  we have examined the  mechan ism o f  thermal
d e c o m p o s i t i o n  o f  v i n y l i c  c o p p e r ( l )  a n d  s i l v e r ( l )  o r g a n o -
m e t a l l i c  c o n r p o u n d s  t o  b u t a d i e n e  s .

A  ques t ion  o f  fundamenta l  in te res t  in  d iscuss ion  o t '
these reac t ions  concerns  the  mechan ism o f  the  s tep  in
wh ich  the  carbon-meta l  bond is  b roken and the  nerv ,
carbon-carbon bond is  fo rmed.  Th is  s tep  has  been
var ious ly  suggested  to  take  p lace  by  a  mechan ism in
which dimers ar ise f ronr f ree radicals generated b1,
homoly t i c  c leavage o f  the  carbon-meta l  bonds ,e ' rs  anc l
by  a  b imo lecu la r  o r  concer ted  n iechan ism in  wh ich
d i rner  fo rmat ion  occL l rs  w i th in  an  aggregate  o f  the  or -
ganometa l l i c  compound w i thout  the  in te rvent ion  o f  f rec
rad ica ls .s ' r  In  b r ie i .  our  approach to  the  ques t ion  o f
the  in te rmed iacy  o f  f ree  rad ica ls  in  t t rc  d imer iza t ion  has
invo l red  an  inves t iga t ion  o f  the  s te reochemis t ry  o f  con-
vers ion  o f  l  -p ropeny l -  and 2-bu teny lcopper ( l )  and
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-s i l ver ( t )  con tpounds in to  the  cor respond ing  2 ,4 -hexa-
dienes. Since vinvl ic radi 'cals have very low conf igura-
t iona l  s tab i l i t y , t r ' :o  g [g  obser l 'a t ion  o f  ex tens ive  isomer i -
za t ion  a t  the  doub le  bond in  the  convers ion  o f ,  e .g . ,
I rans- l -p ropenv lcopper ( l )  in to  one or  more  s te reo iso-
meric 2.4-hexadienes would suggest t tee propenyl  radi-
cals as intcrnrediates:  conversely,  retent ion of  stereo-
chern is t ry  a round the  do t rb le  bond wou ld  imp l ica te  a
nonrad ica l  mechan ism.

In th is paper we report  the synthesis and character iza-
t ion  o f  a  number  o f  l -p ropeny l -  and 2-bu teny lcopper ( l )
and -s i l ver ( l )  compounds.  and exper imenta l  resu l ts  in -
d ica t ing  tha t  the i r  thermal  convers ion  in to  d ienes  occurs
with complete retent ion of  stereochemistry around the
v i n y l i c  d o u b l e  b o n d . 2 t

Results

Preparat ion and Character izat ion.  The vinyl ic cop-
per ( t )  and s i l ver ( l )  o rganometa l l i c  compounds ex-
amined in th is study were prepared by react ion between
the  cor respond ing  organo l i th ium reagents  and an  ap-
propr ia te  copper ( l )  o r  s i l ver ( I )  sa l t  in  e thcr  so lu t ion  i r t
low temperatures.  The required isorner ic l -propenyl-
and 2-bu teny l l i th ium reagents  had been prepared pre-
viously,  and had been demonstrated to be conf igura-
t iona l l y  s tab le  once t 'o rn ted ' : : , :3  however ,  Ihe  con l ,e r -
s ion  o f  l -b ron topropene to  p ropeny l l i th ium on reac t ion
wi th  l i th iun t  had been repor ted  to  be  accon lpan ied  by  a
s l igh t  loss  in  s te reochern is t ry . l i |  In  th is  work .  the  iso-
rner ic  conrpos i t ion  o f  sanrp les  o f  c is -  and r rans- l -p ro-
peny l l i th iunr  and 2-bu teny l l i th iunr  was assaved by  con-
l 'e rs ion  o f  these subs tances  to  the  cor respond ing  v iny l i c
bromides  on  t rea tnren t  w i th  1 ,2 -d ib ronroethane.  io l -
lowed by  g lpc  ana lys is  o f  these bromides .  Meta l -ha lo -
gen exchange be tween d ib romoethane and a lky l l i th iu rn
reagents  apparent ly  takes  p lace ,  a t  leas t  in  par t ,  by  a
l ree- rad ica l  n rechan isnr . i {  However .  i t  was  poss ib le  to
es tab l i sh  tha t  convers ion  o f  c is -p ropeny l l i th ium to  l -
b romopropenc occurs  cssent ia l l y  s te reospec i f i ca l l y  w i th
re ten t ion  o t '  con f igura t ion :  p resL lmab l ; -  thc  convers ions
o f  o t h e r  v i n v l i c  o r g a n o l i t h i u n r  r e a g e n t s  t o  a n a l o g o u s
v iny l i c  b romides  fo l lows the  same s te reochenr ica l
course .  Thus .  care fu l  reac t ion  o l  l -b ron lopropene w i th
l i th ium, fo l lowed by several  recrystal l izat ions of  the re-
su l t ing  organo l i th iu rn  reagent ,  a f fo rded a  sample  o f  l -
p ropeny l l i th iL r rn  wh ich ,  on  reac t ion  w i th  1 ,2 -d ib romo-
e t ,hane,  y ie lded l -b romopropene cons is t ing  o f  99 .6  *
0 2 %  c i s  i s o m e r  a n d  0 . 4  +  0 . 2 %  t r a n s  i s o m e r .  S i m i l a r
recrystal l izat ion of  t rans-propenyl l i th iunr was less sat is-
fac to ry  in  i t s  e l i rn ina t ion  o f  c is  i somer :  reac t ion  o f  re -
c rys ta l l i zed  t rans-propeny l l i th ium wi th  d ib romoethane

(19 )  R .  W.  Fessendcn  and  R .  H .  Schu le r ,  J .  Chem.  ph l ' s . ,39 ,2147
(1963);  R.  W. Fesscndcn, J.  Phvs.  Chem.,  71,  71 (1967).

(20 )  P .  H .  Kasa i  and  E .  B .  Wh ipp le ,  i .  Amer .  Chem. . !oc . ,  89 ,  1033
( le67\ .

(21 )  Par t  o f  t h i s  work  h i l s  bcen  commun ica ted :  G .  N I .  Wh i tes idcs
and C. P.  Casey,  J.  Anrer Chem. Soc. ,88,  1541 (1966).  Relareci  work
has been reported by T.  I (auf fmann and W. Sahm, Angew. Clrcm.. ,  Int .
E d .  E n g l . , 6 , 8 5  ( 1 9 6 7 ) .

(22 )  D .  Scy fe r th  and  L .  G .  Vaughan ,  J .  Amer .  Chem. .Soc . ,  86 ,  883
(1964) .  The  s te reochemis t r y  o f  t he  l -p ropeny l l i t h ium reagen ts  has
bcen determined di rect ly  by nmr spectroscopy:  D.  Scyt t r th and L.  G.
V i rughan ,  J .  Organometa l .  Chem. ,  1 .20  I  (1963) .

(23) A.  S.  Drcid ing and R. J.  Pratr ,  J .  . ' lmer.  Chem. Soc. ,76.  1902
(  I  954 ) .

(21 )  G .  A .  Russe l l  and  D .  W.  Lamson ,  i b id . ,91 ,3967  (1969) .  See
a lso  H .  R .  Wurd ,  R .  G .  Law le r ,  and  R .  A .  Cooper ,  i b id . ,9 l ,716  (1969) :
A.  R.  Leplc 'y  and R. L.  Landau, ib id. ,9 l ,748 (1969),  and refercnces in
cach.

p r o d u c e d  i - b r o n r o p r o p e  : : '  J  ' -  i  : l  -  
J  . i  I  m a x i m u m  o f

9 8 . 8  *  0  ) %  t r a n s  i s . . - ' ' n r ' :  \  ^ : : - : , : s s .  i t  i s  c l e a r
f ' rom the  fo rnrer  exper in lan :  : ^ . r :  " r  " : i  r  , . : / fn  o f  0 .4 , i
i s o r n e r i z a t i o n  a c c o n l p a n r e s  ; : : - : l - 1 . ,  - . i ,  . : - ;  e r c h a n q c
b e t w e e n  c i . r - p r o p e n y l l i t h i u m  a n J  l . l - : :  . i . " , . . l . . . . .  - , , i  i
w e  b e l i e v e  t l t a t  t , h e  e x c h a n g e  i s  r n  : 1 . . .  : : c : e ; s : i _ , ' ' .
Thus .  th is  rne thod prov ides  a  re l iab lc '  rn r - - lho tJ  c i  . , ,  -
ing  the  s te reochenr ica l  conrpos i t ion  o i  the  organ, - r r . . . -  -
reagents  u t i l i zed  in  th is  s tudJ / .  In  p rac t ice .  rh .  s : . : :
chemica l  pur i t y  o i  the  organo l i th ium reagents  usc . :  - .
s ta r t ing  mater ia ls  fo r  rhe  prepara t ion  o f  the  copper r  I
and s i l ver ( l )  cor r rpounds ra r ied  f rom 97% for  c is -  a i ' . . r
l rans- l -p ropenr , l l i th iu rn  to  93% for  c is -  and t rans l -
bu teny l l i th iu rn .

Convers ion  o f  these r in i ' l i c  l i th iu rn  reagents  in to  the
c o r r e s p o n d i n g  c o p p e r ( l )  e n d  s i l r e r ( [ )  c o m p o u n d s  w a s
accompl ished in  h igh  y ' ie l , , l  e i ther  bv  he terogeneous re -
a c t i o n  w i t h  s o l i d  c o p p e r ( l ) o r  s i l r e r ( l )  i o d i d e  a t  - 2 3 '
in  d ie thy l  e ther  o r  by  hor r r t tg " 'ncor rs  re tc t ion  w i th  te r ra -
k i s [ i o d o ( t r i - r r - b u t y l p h o s p i r i n e ) c ( ) p p e r (  [  ) ] r 7  ( 1 )  o r  t e r r l -
k i s f i o d o ( t r i - r r - b u t y l p h o s p h i n e ) s i l r  e r ( l  ) ] r t  ( 2 \  a r  F  7 S  '

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

+  L i I

o r  ch lo r idc  p resen[  f ronr  p rcpara t ion  o f  the  organo l i th -
ium reagent.s could be rcnrored b,""  precipirat ion as ether-
inso lub lc  d ioxanates  on  add i t ion  o i  i rnhydrous  d ioxane.
A d d i t i o n  o f ' d i o x a n e  t o  a  s o l u t i o n  o l  t h e  n o n p h o s p h i n e -
c o n r p l e x e d  c o p p e r ( l )  a n d  s i l r e r ( [ )  o r g a n o m e t a l l i c  c o n l -
pounds un [or tunate ly  p rec ip i ta ted  these compounds t , t -
ge ther  w i th  the  l i th iunr  ha l ides :  however .  the  pres€f lc€  t ) i '
l i t h i u r n  h a l i d c s  d u r i n g  t h c  t h e r n r a l  d e c o m p o s i t i o n s  o t '
e i t h e r  p h o s p h i n e - c o n r p l e r c d  o r  - u n c o r n p l e x e d  o r g a n o -
c o p p e r ( [ )  a n d  - s i l r e r ( l ) c o n r p o u n d s  h a d  n o  i n f l u e n c e  o n
e i ther  the  s te reochenr is t ry  o r  y ie ld  o i  the  produc ts  o i
these reac t ions .

A l though the  presence o f  the  phosph ine  in  the  so l t r -
t ion  inc reased the  thermal  s tab i l i t y  o f  the  copper  and
s i l ver  conrpounds s l igh t l , ' " .  the  pr inc ipa l  advantage in
the  prepara t ion  o i  phosph ine-complexed reagents  over
uncomplexed mater ia ls  was one o f  conven ience:  bo th
1  and 2  are  so lub le  in  e ther  a t  -78o,  and the i r  use  as
s tar t ing  tna [er ia ls  permi t ted  a  rap id  hornogeneous reac-
t ion  wh ich  av 'o ided the  h igher  ten lpera tures  and longcr

(15) The loss of  stcrcochemistry observcd on react ion of  v inyl ic
bromides rv i th l i th ium var ied crrat ical ly  ovcr a range of  -27o,  wi t l ' '
occasional  values 6-7i i  f rom a nominnl  "average" value.26 In at  lcast
onc i l rs tunce rvc have observcd rc lct iorr  of  l rans- l -bromopropene rv i th
l i t h ium to  y ie ld  t rans -p (openy l l i t h ium con ta in ing  <0 .1  % c i s -p ropeny - l '
l i th ium ( ls  dctermined b1'  react ion rv i th d ibromoethane).  Cf .  E.  J
Panck,  Jr . ,  Ph.D. Thesis,  iVlasslchuset ts Inst i tute of  Technology,  Cam-
br idge.  iv lass. .  1968, p 140.

(26) For d iscussions of  thc mechart ism of  format ion of  Gr ignard
and  o rgano l i t h ium rcagen ts ,  sce  H .  \ { .  Wa lbo rsky  and  M.  S .  A rono t I ,
J .  Organometa l .  Chem. ,4 , . l l 8  (1965) ;  T .  Yosh ino ,  Y .  Menabe ,  and  Y .
Kikuchi ,  J .  Anter .  Chem.  ̂ Soc. ,  E6,  1670 (196.1) ;  E.  Grovenstc i r t  and \ ' . -
M. Clreng,  Chem. Commun.,  l0 l  (1970);  M. J.  S.  Dewar and J.  NI .
Har r i s ,  J .  Amer .  Chem. .Soc . ,9 l ,3652  (1969) .

(27 )  F .  G .  Mann ,  D .  Purd ie ,  and  A .  F .  Wc l l s ,  J .  Chem. .Soc . ,  l 50 l
(  r  9 3 6 ) .

(28 )  F .  G .  i v lann ,  A .  F .  We l l s ,  and  D .  Purd ie ,  i b id . ,1828  (1937) .
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Thermal Decornposit ion of Vinyl ic Copper(l)  and Si lver( l)  Compounds"

Organometal l ic  comprl .  R-, \ {

--Uncomplexed
Isomeric puri ty, [b
R [ i I  R - R

compds--
Yield. ["

R_R

-Tri-rr- butylphosphine compleX€S-
Isomeric purity, [b Yield-i(

R L i I R_R R-R

I  ra t  ts-  l  -  I ' ro l tnyls i  lver(  I  )
I r (uts-  l -Properry lcopper(  I )
c is-  l -Pro1;e rry ls i lver(  [ )
a.r -  l  -PropcnylcopPer(  [ ) '
t ru t s-2- Butenl lsi lver( I )
I rr t n.s -2-Bute n y lcop pert I )
c i . r - l -  Butcnyls i lver(  I  )
c is-  l -  Butenylcopper(  I )

9 7 2
9 7 . 2
97 1
9 7 . 1
93  1
9 3 .  l
9 1 . 5
9 3 .  s

98 . . r
97 .7
9 7  . 7
9 8 2
92.2
9 5 . 0
9 s . 6
9 6 . 2

90
100
8 2
8'l
90
92
71
72

9 7 . 2
9 7 . 2
9 7  . 1
97 1
9 2 .  I
9 2 .  I
9 3 .  5
9 3 . 5

9 7 . 2
9 7 . 1
9 7 . 6
9 1 . 7
9 3  . 6
9 3  . 0
92 .7
9 3 . 5

t02
89

103
99

100
99
90
92

' 0.1 ,v solutions in dierhyl ether decomposed at ambient tempe.ature, except where noted. Lithium halides were not removed fiom thes€
rolurions. t Deiined in rexr. " Yield is based on vinylic lithium compound. I Determined by 1,2-dibromoethane qucnch of the starting
organoli thium reagents. 'Decomposed at 90' in erher.

rexct ion t i r r res necessary to ef fect  the heterogeneot ls re-
ac t ions .  We entphas ize ,  however ,  tha t  the  phosph ine
had no  s ign i f i can t  in i luence on  the  s te reochemis t ry  o f
t h e  t h e r n r a l  d e c o r n  p o s i t i o n s .

The h igh  so lub i l i t y ,  thernra l  ins tab i l i t y ,  and sens i t i v -
i t ; -  to oxtgc'n and watcr displayed by thesc reagents are
such that rve hal 'e not yet  been successt 'u l  in isolat ing
them as  so l ids .  Consec luent ly ,  the i r  charac ter iza t ion
dcpends on  severa l  k inc ls  o i  inc l i rec t  ev idence.  F i rs t ,
h 1 ' d r o l y ' s i s  o f  e t h e r c a l  s o l u t i o n s  c o n t a i n i n g  v i n y l i c  c o p -
pcr l  I  )  nnd s i l ver (  I  )  phosph ine  cont  p le  xes  f ro rn  wh ich  the
l i t h i u n r  h a l i d e s  h a v c  b e e n  r e n r o ! ' e d  y i e l d s  t h e  c o r r e -
s p o n d i n g  h y d r o c a r b o n ;  t h c r n r a l  d e c o r t r p o s i t i o n  p r o -
duces  l r igh  y ic lds  o f  d in rc rs  ( t ide  in f ru )  anc l  copper  o r
s i l re r  n re t .a l .  These observa t ions  cs tab l i sh  tha t  reac t ion
r > f  I  a n d  2  w i t h  r i n y l i c  l i t h i u n r  r e a g e n t s  d o e s  y i e l d  o r g a n -
o n r c t a l l i c  c o n r p o L r n d s  c o n t a i n i n g  c a r b o n - c o p p e r  a n d
-s i l re r  bonds .  Second,  the  ernp i r i ca l  con ' lpos i t , ion  o f
the  phosph inL-  cornp lc 'xes  can be  rough ly  es tab l i shed by
p e r n r i t t i n g  " l i t h i u n r  h a l i d e - f r e e "  s o l u t i o n s  t o  d e c o n t p o s e
thcr rna l l y ' .  and  ana lyz ing  the  resu l t ing  nr ix tu res  fo r  the
ra t io  o t '  r iny ' l i c  g r ( )L lps  to  meta l ,  t r ia lky lphosph ine ,  and
l i th iunr  ion .  Ana lyscs  o f  th is  type  fo r  severa l  t yp ica l
con lpounds es tab l i sh  Ihe  conrpos i t ion  IR] r . , , [ i v l ]0 .e+0. r -
I P B u , ] ,  r = , ,  1 .  T h i r d ,  r e a c t i o n  o f  t h e  v i n y l i c  c o p p e r ( l )
a n d  s i l v e r ( l )  c o n r p o u n d s  w i t h  n r o l e c u l a r  i o d i n e  o r  b r o -
rn in" '  y ' ie lds  v inv l i c  ha l ides  hav ing  the  sanrc  conf ig r l ra -
t ion  and s te reochcr r r i ca l  pur i t y  as  the  s ta r t ing  organo-
l i th iu rn  reagents .  Th is  observa t ion .  coup led  w i th  thc
re t r -n t ion  o f  s te reochcnr is t ry  observed in  the  thermal  d i -
r r rc r i za t ion .  ind ica tes  t ,ha t  bo th  fo r r r ra t ion  o f  the  carbon-
c o p p e r ( ' l )  a n d  - s i l v e r ( l )  b o n d s  a n d  t h e i r  c l e a v a g e  w i t h
ha logens proceed w i th  re ten t . ion  o I  con f igura t ion .2e '30
T i rese  t rans format ions  are  summar ized fo r  c is - l -p ro-
penv l ( t r i -n -bu ty lphosph ine)s i l ver ( l )  in  Scheme [ ;  taken
toge lher ,  they  and s i rn i la r  reac t ion  seqL lences  fo r  o thers
o f  the  orsanocopper ( l )  and -s i l ver ( l )  reagents  examined
in  th is  work  es tab l i sh  tha t  the  reac t ion  o f  l -p ropeny l -  o r
2-bu ten ; - l l i th iunr  w i th  copper ( l )  iod ide .  s i l ver ( l )  iod ide ,
or  the i r  t r i - i r -bu ty lphosph ine  complexes  1  and 2  y ie lds
the  cor respond ing  copper ( l )  and s i l ver ( l )  o rganonte ta l -
l i c  c t r rnpounds w i th  re ten t ion  o f  con f igura t ion  around
t h e  d o u b l e  b o n d .

Thermal  Decompos i t ion .  The v iny l i c  copper ( l )  and
s i l ver ( l )  o rganometa l l i c  compounds decompose ther -
mal ly  over  severa l  days  a t  0o ,  and w i th in  4  h r  a t  25o,

(19 )  In  add i t i on ,  hyd ro l ys i s  o f  c i s -2 -bu teny ls i l vc r ( l )  and  o f  the  ana lo -
gous  phosph inc  comp lcx  y i c lds  c i s -2 -bu tenc .

(30) For analogics,  scu D. Seyfcr th and L.  G. Vuughan,J.  Orgatro-
rne ra l .  Chen . .  l .  138  (1963) ,  and  rc fe rcnccs  thc rc in .

Scheme I.  Preparation and Thermal Decomposit ion of
cis- I  -Pro penyl( tr i-rr-b utylphosphine)si lver( I)

ctl/Br
(>99'l" cis )

ry* t{rli #ffiH*.tJ'.
(97/" cis)

[L/*tt ' ]" 
+ Lil

/ ,  I A g P B u , l ,

Er.(),  -?8"

( )  { )  -19"

- t - l E  r .  L u

[tL'/-tt".]' 
Ir'-:ru -

room rempera,"*  
j  

- ,  on.  

( -

ttr'
8@/, yield,
95.7% cis

H,C-\
1 * A g t o l + P R ,

H'C'r?
(9i/" yield.

96.5% cis )

g iv ing  meta l l i c  mi r ro rs  and h igh  y ie lds  o f  d imers
Table I  shows that wi th in exper imental  error,  wi th thc
single except ion of  c is-propenyl( t r i -n-butylphosphine)-
copper ( I ) ,  the  decompos i t ions  to  d imers  a re  comple te ly '
stereospeci f ic .  In th is table.  the isomeric pur i ty of  the
dimers is def ined in terms of  the y ie lds of  c is,c is- ,  c i .s.-
trans-, and lrans,lrans-2,4-hexadienes; e.g.

lf, trans isomeric purity :

2 (y ie ld  t rans , t rans  d imer )  *  (y ie ld  c is , t rans  d imer )  \1  t . ( )
Zlvr tot  y i . t , l  of  a i t . t t ;  

-  '^  rww

The y ie lds  a re  ca lcu la ted  on  the  bas is  o f  the  s ta r t ing
l i th ium reagents .

Independent exper iments easi ly establ ished that c i . r ' -
l -p ropeny l ( t r i - r r -bu ty lphosph ine)copper ( l )  was  i t se l t -
con f igura t iona l l y  uns tab le  under  the  cond i t ions  o f  the
room- tempera ture  thermal  decompos i t ion .  Quench ing
one sample  o f  th is  copper  con lpound w i th  iod ine  imme-

CuPR3
'25'/ \

CHr Cu-PR, Et?o

d ia te ly  fo t low ing  i t s  p repara t ion  produced [ - iodopro-
pene having the sante isonrer ic pur i ty as the start ing pro-

CHt
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penyl l i th ium (92% cis,  8% trans).  Quenching the
same sample after it had been allowed to stand for 44
hr at  0o produced a mixture of  l3 /o c is-  and 37 f t  t rans-
l - iodopropene. However,  carry ing or l t  the thermal de-
composi t ion of  th is compound in a sealed tube at  90o
almost completely suppressed the compet ing conf igura-
t ional  isomerizat ion (Table I ) .  This last  observat ion
indicates that the isomerizat ion react ion is character-
ized by a s igni f icant ly lower enthalpy of  act ivat ion than
the thermal decomposi t ion,  and is probably an inde-
pendent react ion.  3 r

No direct  exper imental  evidence concerning the ex-
tent of  aggregat ion of  the compounds l is ted in Table I
is  present ly avai lable.  However,  the related com-
pounds phenylethynyl( t r imethylphosphine)copper( I )32
and -s i lver,33 copper( l )  d iethyldi th iocarbamate,3{ tetra-
kis[ iodo(tr i -n-butylphosphine)copper( l ) ] , tz ' rs and [Cur-
(S:CC(CN)r)ul tu are aggregated both in solut ion and
as crystal l ine sol ids.  We presume by analogy that the
vinyl ic copper( t )  and si lver( I )  compounds examined here
are also associated.13 However,  in the absence of  f i rm
informat ion concerning their  aggregat ion,  in the greater
part  o[  what fo l lows we wi l l  d iscuss these organometal-
l i c  compounds as  i f  they  were  monomer ic .

As  par t  o f  an  ind i rec t  a t tempt  to  inves t iga te  the  in -
f luence o[  aggregat ion on the decomposi t ions by chang-
ing the degree of  aggregat ion or the srructure of  the pre-
sumed aggregates ,  the  t r iden ta te  l igand l , l , l - t r i s (d i -
methy lphosph inomethy l )e thane (3 )  was  syn thes ized by
the  sequence shown in  Scheme I [ .  Th is  phosph ine  is

Scheme II. Synthesis of
l, l , I -Tris(dimethylphosphinomethyl)ethane

CI 'PS *  CHrMgt  
oo  

t
aL.ro, BSLk

S S
l l  l l  2p(n- r l r r ) ,

(cH3)'P-P(CHr):
1 7 0 o ,  3  h r ,

7O7u

(CHs)rP-P(CHr)r

C I L C ( C L I : C l ) r
CHrC(CH,P(CH3)2)3 +___ [2(CH,,)rp-K+J

T I I F ,  5 I ' %

3

I
I

,K I
;r"

potent ia l ly  wel l  sui ted for  s imultaneous coordinat ion
with three of  the four possible coordinat ion s i tes of  cop-
per( l ) .37 [ t  was our hope that,  even without detai led in-
format ion concerning the structures of  the organocop-
per aggregates in the presence or absence of  t r i -n-butyl-

(31) The possib i l i ty  that  an ate complex between propenyl l i th ium ancl
propenylcopper was responsible for  the conf igurat ional  isomerizat ion
of  cu-propenyl( t r i -n-buty lphosphine)copper was et iminated by an
independent demonstrar ion of  the conf igurat ional  stabi l i ty  of  th is ate
complex.  The concentrat ion of  added t r i -n-buty lphosphine or  l i th ium
hal ide also had no ef fect  on the conf igurat ional  stabi l i ty  of  th is copper
reagent.

(32) P.  W. R. Corf ie ld and H. M. M. Shearer,  Acta Crystal logr. ,2 l .
957  0960 .

(33) P.  W. R. Corf ie ld and H. M. M. Shearer,  ib id. ,20,502 (1966).
(31 )  R .  Hesse ,  A rk .  Kemi ,20 ,  481  (1963) .
(35) A. F. Wells, Z. Kristallogr. Kristallgeometrie, Kristallphys. Kristall-

chem. ,94 ,  447  (1936) .
(36) L.  E.  lv lcCandl ish,  E.  C.  Bissel l ,  D.  Coucouvanis,  J.  P.  Fackler ,

and  K .  Knox ,  J .  Amer .  Chem. ,Soc . ,90 ,  7357  (1968) .
(37) This type of  coordinar ion has been esrabl ished for  copper( I )

by an X-ray structure determination of the related complex bis(o-
dimethylarsinophenyl)merhylarsinecopper(I)-manganese(I) pentacarb-
onyl .  Cf .  B.  T.  Ki lbourn,  T.  L.  Blundel l ,  and H. M. Powel l ,  Chem.
Commun.,444 (1965).  See also A.  S.  Kasenal ly ,  R.  S.  Nyholm, and
M. H. B.  St iddard (J.  Amer.  Chem. Soc. ,  86,  1884 (1964))  for  the prepa-
rat ion of  the monomeric l ,  l ,  l - t r is(d imethylars inomethyl)ethanecopper-
(I)-man ganesell) pentacarbonyl.

phosph ine ,  a  s ign i f i can t  change in  the  aggregate  s r rud-
tu re  on  coord ina t ion  o f  the  v iny l i c  copper  reagenrs  w i rh
3  wou ld  be  re f lec ted  as  a  change in  the  y ie ld  o r  S t€rer . -
spec i f i c i t y  o f  p roduc t ion  o f  d imer  in  the  thermal  deconr -
pos i t ion  reac t ion .  Unfor tunate ly ,  the  resu l ts  o f  exper -
iments  w i th  3  were  ambiguous.  Compound 3  fo rmed
a h igh-mel t ing ,  inso lub le ,  and probab ly  po lymer ic  I  :  I
complex  w i th  copper ( t )  iod ide  wh ich  d id  no t  reacr  w i th
I i th ium reagents  in  e ther  a t  room tempera ture .  Conse-
quent ly,  the ef fect  of  3 on the deconlposir ion of  a typical
o rganocopper  compound cou ld  be  inves t iga ted  on ly
th rough i t s  add i t ion  to  a  p re fo rmed so lu t ion  o f  o rgano-
copper  compound.  Add i t ion  o f  cc .  I  equ iv  o f  3  to  a
solut ion of  t rans-2-butenyl( t r i -n-butylphosphine)cop-
per( l )  d id dramat ical ly increase the stabi l i ty  of  the cop-
per  compound:  comple te  thermal  decompos i t ion  o [
the mixture of  copper reagent and 3 required heat ing at
80o for l8 hr.  Nonetheless,  the stereochemistry of  d i -
mers  p roduced in  th is  decompos i t ion  ind ica ted  tha t  the
reac t ion  had taken p lace  w i th  comple te  re ten t ion  o f
s te reochemis t ry .  Thus ,  a l though the  decrease in  the
ra te  o f  decompos i t ion  o f  the  organocopper  reagent  in
th is  exper iment  ind ica tes  tha t  3  d id  coord ina te  w i th  the
organocopper  reagenr ,  the  absence o f  any  change in  the
stereochemistry of  the decomposi t ion leaves unanswered
the  ques t ion  o f  the  in f luence o i  the  ex ten t  o f  aggregat ion
on the stereochemical  course o[  the react ion.s

Reactions of trans-Propenyll ithium with Transition
Nletal  Sal ts.  Examinat ion of  the thermal conversion
of v inyl ic copper( t )  and si lver( l )  organometal l ic  com-
pounds to subst i tuted butadienes establ ished that these
react ions are character ized by high yield and stereo-
select iv i ty.  For comparison. the y ie ld and stereochem-
istry of  the 2,4-hexadienes produced on react ion of
t rans-propenyl l i th ium with a var iety of  t ransi t ion metal
salts were surveyed (Table II). No effort was made to
character ize any intermediate t ransi t ion metal  organo-
metal l ic  compounds in these react ions,  to establ ish op-
t imum stoichiometr ies for  the react ions leading to 2.- t -
hexadienes, or to determine the iate of  the propenyl
groups not accounted for in the dimeric products.

Two features of  the data in Table I I  deserve comment.
First ,  copper( I )  and (on the basis of  work reported in
preceding sect ions) s i lver( l )  appear to be almost unique
in their  ef f ic iency as coupl ing agents:  only bis( t r iphenyl-
phosphine)nickel( I I )  d ibromide of fers comparable
yields.  Second, the stereoselect iv i ty observed in con-
version of  propenyl l i th ium to 2. .1-hexadiene is high for
most of  these metals,  even though the yields in most in-
stances are low. Without knowing ei ther the extent to
which the presumed propenvlmetal  intermediates in
these react ions themselves isomerize under the react ion
condi t ions,  or  the relat ive y ie lds of  c is,c is- ,  c is, t rans-,
and trans,trans-2,4-hexadienes eKpected on dimerization
of propenyl  radicals,  i t  is  d i f f icul t  to interpret  the s igni f r -

(38) tn related experiments a large excess of tri-n-butylphosphine was
found to increase significantly the resistance of the copper and silver
reagents toward thermal  decomposi t ion,  but  not  to a l ter  the stereo-
speci f ic i ty  of  their  decomposi t ion.

/ ' R '  , / \
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gen atom from tr ia lkyl t in hydr ide.se An at tempt to
generate 2-butenyl  radicals in the presence of  c ls-2-
butenyl( t r i -n.butylphosphine)copper( l )  by t r i -n-butyl t in
hydr ide reduct ion of  2-bromo-2-butene was ab-andoned
when i t  was discovered that the organocopper reagent
was reduced to a mixture of  butenes more rapidly than
was the vinyl ic bromide.{o

+ Bu,SnH
uPR,

88%

Discussion

The rate data which form the basis for our mechanis-
t ic interpretat ion of  the stereospeci f ic i ty of  the decompo-
si t ion of  v inyl ic copper( I )  and si lver( l )  compounds are
der ived from a number of  physical  and chemical  invest i -
gat ions of  the conf igurat ional  isorner izat ion of  v inyl ic
radicals.  Epr spectroscopic examinat ions re '20'4 r  "r2
have establ ished that unsubst i tuted vinyl  radical  under-
goes  invers ion  o f  con f igura t ion  a t  -  180o,  w i th  an  inver -
s ion  bar r ie r  o f  ca .2  kca l /mo l  and a  pre invers ion  l i fe t ime
of  i  X  l0 - i -3  X  l0 - r0  sec ; re  l -methv lv iny l  rad ica l  in -
ver ts  more  s lowly .  The invers ion  o f  l -methy l -subs t i -

i i nu" r 'on  :  j l  X  l0 ; -3  X  lOe sec- l

ac  -180"

tuted vinyl  radicals,  generated by thernrolysis of  ter t -
buty l  c i . r -  and trans-c.-methyl-  and a,p-dimethylpercin-
namates, is taster than their  hydrogen abstract ion f rom
cumene and to luene.  {3  A t ten lp ts  to  t rap  s te reo isomer ic
vinyl ic radicals using the more react ive scavengers
bromot r ich lo romethane{a  and sod ium naphtha l ide{ r '
have apparent ly been part ia l ly  successful ;  however,  the
nature of  these scavengers indicates that only mater ia ls
capab le  o f  reac t ing  w i th  v iny l i c  rad ica ls  a t  ra tes  c lose  to
di f fusion l inr i ted can be exoected to cornDete successful lv
w i t h  i n v e r s i o n .

The thermal  decompos i t ion  o f  the  v iny l i c  copper ( l )
and si lver( l )  reagents examined in th is work might rz
pr ior i  take place by any of  several  paths.  Dimers might
be produced by in i t ia l  homolyt ic scission of  the carbon-
metal  bond of  the organometal l ic  compound R-M to
yield v inyl ic radicals R . ,  fo l lowed by radical-radical

(39) For a revicw of  the evidence support ing a radical  chain mecha-
nism for  reduct ions wi th t in hydr ides,  see (a)  H.  G. Kuiv i la,  Adaan.
Organometal .  Chem.,  l ,  - t7 (1964);  (b)  L.  W. lv lenapace and H. G.
Kuiv i la.  J .  . {mer.  Chem. Soc. ,  86.  l0 '17 (196- l ) ;  (c)  H.  G. Kuiv i la.
Accoun ts  Chem.  Res . ,  l .  299  (1968) .

(40 )  F .  J .  A .  Des  Tombe,  G .  J ,  M .  van  de r  Kc rk ,  H .  M.  J .  C .  Creem-
ers,  and J.  G. Nol tes have reported that  react ion of  d imethylcadium-
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' '  Reac t ions  were  ca r r i ed  ou t  by  comb in ing  the  componen ts  w i th
s t i r r i ng  in  e the r  so lu t i on  a t  -78 "  and  a l l ow ing  them to  s tand  a t25"
lbr  6-20 hr  pr ior  to hydrol l ,s is .  The hydrolyzed react ion mixtures
were stored at  -20'  unt i l  analyzed by glpc,  unless otherwise noted.
b Typical ly  tRLi l  :  0.1-0.2 N. For consistency,  y ie ld calculat ions
r"ere based on the arbi t rary assumpt ion that  thc metal  sal ts  acted
only as one-elccrron oxidants in the react ions leading to 2,4-hexa-
die nes,  and y ie lds were calculated on the basis of  the l imi t ing rea-
gcn t .  Thus .  l o r  cxpc r imcn ts  i nvo lv ing  ( r  mmo l  o i  RL i  and  b  mmol
o l 'N f  X^ ,  and  in  wh ich  RL i /MX"  <  l ,  l 00 i i y ie ld  o f  d imer  wou ld
co r rcspond  to  0 .5 r r  mmo l  o t ' d imer ;  f o r  those  in  wh ich  RL i /MX"  >
l .  lm% y ie ld  wou ld  co r respond  to0 .5b  mmol  o [  d imer .  c  "Z  re -
tent ion" is  del ined as [ ( isomeric pur i ty  o i  R-R)/( isomeric pur i ty  of
RL i ) l ;  see  Tab le  I .  Thc  accuracy  o l ' t hese  numbers  i s  es t ima ted  to
bc *291.  I  Not  hydrolyzed bel 'ore analysrs.  ,  Ether-THF solu-
t i on .  /  No t  de te rm incd .

cance o f  those s te rcochemica l  rcsu l ts  in  the  severa l  re -
ac t ions  in  wh ich  s ign i f i can t .  i sonrer iza t ion  is  observed;
horvever ,  those reac t ions  proceed ing  w i th  h igh  s te reo-
sc lcc t i v i t y  a re  p robab ly  sub jeo t  to  thc  sarne  mechan is t i c
cons t ra in t .s  as  a re  the  thermal  c lecompos i t ions  o f  au then-
t i c  v iny ' l i c  copper ( t )  and s i l ver ( l )  compounds(o ide  in f ra ) .

Reduction of cis- and trans-2-Bromo-2-butene with
Tr i - r r -buty l t in Hl 'dr ide.  For comparison with the
s tereochemica l  resu l ts  ob ta ined on  thermal  decompos i -
t ion of  2-buten, ' " ImetaI  compounds. we invest igated
br ief ly the conf igurat ional  stabi l i ty  o[  2-butenyl  radical
under  s imi la r  cond i t ions  by  examin ing  the  s te reochem-
is t ry  o f  the  2-bu tenes  ob ta ined on  reduc t ion  o f  2 -bromo-
l -bu tene w i th  t r i -n -bu ty l t in  hydr ide .  The same mix -
ture of  65% trans- and 35 f t  c is-2-butene was obtained
in greirter than 50 i l yield from the room temperature
reduct ion of  both c is-  and trans-Z-bromo-2-butene with
e i ther  neat  t r i - / r -bu ty l t in  hydr ide  or  w i rh  t r i -n -bu ty l t in
hydr ide  in  e ther  so lu t ion .  Ne i ther  the  2-bromo-2-
butenes nor c is-2-pentene present in the react ion mix-

\ r eo
R,Sn[{

\  /  r n n
\.9

( -5U/o y ie ld)

tu re  i somer ized dur ing  the  reduc t ion .  Hence,  under
these cond i t ions  i t  appears  tha t  the  2-bu teny l  rad ica l
i somer izes  much nrorc  rao id ly  than i t  abs t rac ts  a  hydro-
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FcClr
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Cu l
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cis-R. - -  l r r r ls-R'

2cis-R cis.ci.r- R:

cis-R. * /rrurs-R ci.r./rurrt.r-R.r

2trrrrs-R. -+ | nttt.r.l rutts-R :

simpl ic i ty in th is scheme we assume that t l te rate con-

stants ki,,.,.,, i .,n for the forward and back configurational
isomerizat ion react ions are eql ta l ,  and that the rate con-

stants k" are the sanre for  each of  the possible dimeriza-
t ions of  pairs of  crs-  and trans-propenyl  radicals.  Simi-

lar ly,  an in i t ia l ly  produced radical  might react di rect ly
w i th  in tac t  o rganometa l l i c  compor lnd  to  y ie ld  d imer ,
aga in  in  compet i t ion  w i th  invers ion  o f  con f igura t ion
(Scheme lV).  Al ternat ively,  two radicals might be

Scheme IV

c i . r -R .  i  l r ru t s -R '  l i nun . , i , , n

c is-R. *  c is-R- iVl( l )  -> c i . r ,c is-R,:  + lv l (O) k" . '

/ rarrs-R. *  c is-R-M(t)  + c is, /ntr ts-R,:  a N{(0)  k" '

fo rn red  s in tu l taneous ly  in  a  so lvent  cage and combine
be lore  esc i rp ing  the  cage (Schenre  V;  a  caged geminate

Schcme V

k ' i . r -R-Nt(  I )1 , .

cY.r.R. ,Yi'-R

. r r -R.  t ' r 'R

-+ c ' i . r . - l { .  c i . r -R.  + iv t (Q),r  *  [c is-R- iVl( l ) ] . - t

l  384

combinat ion in compet i t ion wi th inversion of  conf igura-

t ion at  the radical  center (Scheme t l l ) .  For the sake of

Scheme I I I

[c is-R-M(l) ] -  -> c is-R'  + Iv l (0)  *  [crs-R-M(l) l - - r

cons tan t  k " '  in  Scheme IV  r ru ls t  nccessar i l y  be  grea tc r
t h a n  l 0  t 2  t 1 - t  s e c - t .  T h i s  n l a q n r t u d e  i s  g r e a t e r  t h a n
t h a t  o f  a  d i f f u s i o n - c o n t r o l l e d  r e a c t r o n  u n d e r  t h e  c o n d i -
t ions  o f  the  organonte ta l l i c  dc 'c t tn tnos i t ionrby  ca .  l0 : .  , '

O n  t h e  b a s i s  t h a t  a n y '  r e a c t i o n  p a t h w a v  r e q u i r i n g  a  b i -
mo lecu la r  ra te  cons tan t  o f  th is  n raqn i tudc  is  phys ice l l l '
unreasonab le ,  we exc lude the  nrechan ism o f  Scheme IV .
a n d  b y  a  s i m i l a r  a r g u m e n [  t . h a t  o i  S c h e m e  I I [ ,  a s  p o s s i -
b le  descr ip t ions  o i  the  thermai  decor r tpos i t ion  o f  p ro-
peny lcopper ( l )  and -s i l ver ( l ) .5  t

The stereochemical  resul ts oi  Tablc I  cannot be usecl
r igorous ly  to  exc lude a  cage nrechan is rn  o i  the  type  ou t -
l ined  in  Scheme V fo r  the  produc t ion  o f  2 ,4 -hexad iene
f rom the  l -p ropeny l  o rganonre ta l l i c  compounds.  The
l i fe t ime o f  a  caged geminate  rad ica l  pa i r  has  been es t i -
m a t e d  t o  b e  o n  t h e  o r d e r  o f  l 0 - t r s e c . 5 :  E v e n  a  l i f e t i m e
as shor t  as  th is  wou ld  be  erpec ted  to  resu l t  in  some in te r -
conversion of  c i . l -  'a.nd truns-propenyl  radicals;  unior-
tunate lv ,  w i thout  knowing t l te  ra te  cons tan t  fo r  p r imar r
recombina t ion  fo r  these rad ica ls .  i t  i s  d i f f i cu l t  to  dec idc
i i  t h e  m a x i m u n r  l %  i s o m e r i z a t i o n  w h i c h  w o u l d  h a r c
gone undetec ted  in  our  exper in ten ts  wou ld  be  compat -
ib le  w i th  cage recornb ina t ion .s3  However ,  in  o rder  f t r r
Schenre  V to  p rov ide  a  cor rec t  descr ip t ion  o [  the  nrech-
an isnr  t r f  these reoc t ions ,  the  pr i rnary  cage recombina-
t ion  must  no t  on ly  p roceed w i tho t l [  loss  o f  s te reocher r t -
is t ry in the propeny' l  ntoiet ic 's,  bLl t  must also procee,, i
w i t l r  an  overa l l  e l l i c iency  appr ( ) rch ing  100 f t fo r  each o t '
these conrpounds in  Tab le  I  t ' o r  rvh ich  the  d imer  y ie l t l
approaches 100%.  The rcq t r i ren ten t  o f  p r imary  cagc
conrb ina t ion  o f  th is  e f i i c iency  is  phys ica l l y  unreasonab lc .
and prov ic les  su l l i c ien t  g ro t lnds  to  d iscard  Scheme V as  a
poss ib le  mechan is t i c  descr ip t ion . ;  {

The e l im ina t ion  o f  mechan isn ts  based on  Schentcs
I I I ,  IV ,  and V lcaves  the  d i rec t  convers ion  o f  o rgant l -
meta l l i c  cornpound in to  d in te r  (Scheme V[ ) ,  w i tho t r t
in te rmed ia te  f ree  propeny l  rad ica ls .  as  the  on ly  p laus ib lc
descr ip t ion  o f  thc  decornpos i t ion . ; ' r  However ,  i t  i s
wor th  po in t ing  ou t  tha t  Schente  VI  covers  a  var ie t l '  , r l '

( . 1 7 )  T y p i c a I  v a l u c s  f o r  a b s o l u t c  r l l t c  c ( ) n s t l l l l t s  ( , 1 / - t  s e c - t )  f o r  r . r d r '

c r r [ - r a d i c a l  r e a c t i o n s  i n  s o l u t i o r t  . t r c :  1 . 0  +  0 ' ]  X  l 0 e  ( n - C ; H " ' .

b c n z c n c  s o l u t i o n .  2 5  
' ' ) ; ' r  ' l . l  *  l . l  X  l 0 '  ( b c n z y l '  ,  b c n z e n e  2 5  

' )  
;  ' '

1 . 7  *  0 . 4  r a  1 g s 1 C . r H t . , c t h i l n c .  - I 7 i ' ) ' L r ' t )  ' 1 . 7  X  l 0 e ( C r H r ' , i s o c t ; t t t e  .

f  5  2 ) . ; { )  A l t h o u g h  a r t  a b s o l u t c  r a t c  c o t l s t ; l t l t  f o r  t h e  d i m c r i z a t i o n  , r t -

p r o p e r r y I  r i r c i i c a l s  h a S  u o t  b e c n  r n c l t s u r c d .  t h c  r a t c  o f  . 1 ' - g 1 ' 2 ' 1 i 6 n  r r t '

v i n y l  r a c l i c l l s  i s  c a .  l , l  t i m c s  t h . r t  o f  d i r n e r i z a t i o r r  o f  e t h y l  r a d i c n i s  . r t
-  1 6 0 "  i n  l i q u i d  c t h a r r c - e  t h y l c t l c . i l

( 1 f ] )  R .  D .  B u r k h a r t ,  J .  " 1 n r e r .  C h e n t , . S , - l c . ,  9 0 .  : 7 3  ( 1 9 6 8 ) .

( . t 9 )  R .  W .  F c s s c n d c n ,  ' / .  P l r l s .  C l t e n t . . 6 8 .  1 5 0 8  ( 1 9 6 4 ) '

1 - s t ) )  R .  I ( .  L y o n ,  J .  A n t e r .  C h e m .  S o c . ,  8 6 .  1 9 0 7  ( 1 9 6 4 ) .

( 5 1 )  U s i n g  t h i s  a r g t t n t c n t ,  . r t  l c a s t  t 0 ' ;  i s o m e r i z a t i o n  w o u i d  l ' c

e  x p c c t c d  i n  a n y  r c a c t i o n  i n v o l v i n g  1  k i n c t i c l t l l v '  f r c c  ( i . e . ,  n o n s o i v ' c r t  c

c a g e d )  l - p r o p c n y l  r a d i c i r l  i u  a  s o l u t r o n  o i  n o r r n a l  v i s c o s i t y ,  c v c n  i 1  t l t e

prescr lcc  o f  a  I  . t /  co l l ccn t ra t io t l  o t ' . I  r i . I ( l i c : r l  t rapp ing  rcagcnt  rc i l c t lng  . t t

a  c l i t f u s i o n - c o n t r o l l c c l  r a t e ,  I n  c o n s c t l u c n c u ' ,  c o r t t i g t t r a t i o r r a l  i S o m c r t z l t -

t i o n  o f  t h e  t - p r o p c n y t  g r o u p i n g  p r o v i d c s  r  v c r y ' s e n s i t i v c  p r o b c  t i r r  ' r

t i ce - rac l i ca l  in  tc rmed ia tc .
( 5 1 )  R .  ! I .  N o y e s ,  P r o q r .  R e u c t i t t r r  K i n e r . ,  l .  l : 9  ( 1 9 6 1 ) .

( 5 1 )  I 1  i r  n u r l b c r  o f  e x p c r i m c r t t s  r v I i c i l  l t ; . t v c  t l c t c c t c d  c i r g e  c o m ] ' t r t . t -

t i o l  o f  r a r l i c u l s  u S i n g  v a r i o t t s  s t c r c o c h c r n i c a I  t c s t s .  t h c  r C a c t t O n  s t c r c ( ) -

s p c c i f i c i t i e s  h l v c  b c c n  r c l l t t l v e  l y '  l o r v :  H .  \ 1 .  W . r t b o r s k y  a r t d  C .  C l r c r r .

J . . 1  r r t t ' r .  C h e n t .  S o c . , 8 9 , 5 - 1 9 ' )  ( 1 9 6 7 ) :  E '  I .  l { c i t - ' l  a n d  R .  ! 1 .  D c s s r t ' ' r '

i b i t l . , 8 9 , : l - 1 l l  ( 1 9 6 7 ) ;  I i .  B .  \ \ ' i b c r g  a r r d  C .  F o s t e r ,  i b i d . , 8 3 ,  ' $ 2 3  ( l 9 5 l r '

R .  J .  C r a r v f b r d  l r t c l  A .  \ l i s h r a .  i b i d . , 8 1 , 3  r ' 6 P ' ( 1 9 6 5 ) ;  C .  G '  O v c r b c r g u r .

N .  W c i n s h e n k e r .  a n d  J .  P .  A r t s c l r n c ,  i b i t l . , 8 6 '  5 1 6 ' l  (  1 9 6 ' l ) ;  F .  D .  G r e  c n e  '

N L  A .  B c r r v i c k ,  a n d  J .  C .  S t o w e l l ,  i h i l . '  9 2 , 3 6 7  ( 1 9 7 0 ) ,  a n d  r e f c r e r t c ' - s

t h c r e t n .
( 5 - l )  S c e ,  f o r e x l r n p l c ,  I { '  P .  W . r i t s  r n d  C .  S .  H e m r n o n d ,  i b i d ' , 8 6 '  t ( ) l t

( t 9 6-r).
( 5 - i )  I 1  l i g h t  o f  t h i s  c o n c l u s i o r t  i t  s e c r t t s  s c s t  t o  r c f o r m u l a t e  t h e  " r a t i  i -

c a [ "  r e a c t i o n  p r o p o s c d  I  r , 5 0  t o  A c c o r r n r  f o r  t h c  r c l c t i o n  o f  2 - m c t h v t '  t  -

p r o p e n y l s i l v c r ( I )  a n d  c t h n n o [ - o - r l  t o  _ v i e i d  ] - m e t h l ' [ - l - p r o p e n e - l - , 1  . r s

d c u t c r o l y s i s  o f  t h e  c a r b o r t - r t t c t a l  b o r t d .
( i 6 )  F .  C t o c k l i n g ,  J .  C h e m .  S o r c . ,  7 1 6  { 1 9 5 - i ) ;  l 6 ' 1 0  ( 1 9 5 6 ) '

f t  i  n "ur r i , , ^

k"

k"
,.

A g

t i n t u r r i , r , t

, t o

.  
' c i . l -R .  / r r t r t s  R .

+ cis.cis-R.r

radical  pair  is  indicated by a superscr ipt  bar) .  Final ly,
dimer might be produced by a direct  react ion between
two molecu les  o f  o rganometa l l i c  con lpoL lnds ,  w i thout
the  fo rmat ion  o f  an  in te rmed ia te  f ree  rad ica l .

Scheme Vl

[ci.r-R-]1(l)1,^ -> cis,cis-R.l + ivl(0)': * [cis-R-M(l)].-,

Our  in te rpre ta t ion  o f  the  s te reospec i f i c i t y  o f  the  ther -
mal  decompos i t ion  o f  1 -propeny lcopper ( l )  and 's i l ver ( l )
compounds in ternrs of  these al ternat ives rests on the
reasonab le  assun lp t ion  tha t  the  ra te  o [  invers ion  o f  con-
f igurat ion of  l -propenyl  radical  is  approximately the
same as that establ ished by epr spectroscopy for v inyl
rad ica l i  k in , , " . , i , , . ( -  180" )  >  3  X  107 sec- r . le  Assum-
ing  a  c lass ica l  f requency  fac to r  o f  l0 r r  and ex t rapo la t ing
the rate to 25o, the est imated magnitud€ of  k1n'n. . . ;on for
l -p ropeny l  rad ica l  under  the  cond i t ions  used fo r  the
organocopper  and -s i l ver  thermal  decompos i t ions  is  ca .
l0e sec-r . '16 To be consistent wi th the complete reten-
t ion of  stereochemistry observed in the thermal decom-
posi t ions,  the rate of  d imerizat ion of  any intermediate
propenyl  radicals must be at  least  l0:  faster than the rate
o f  the i r  invers ion  o f  con f igura t ion  1  € .g . ,  fo r  Scheme IV

k" ' (R XR- iv t )  > l0 :k i , , , , " . , ; " " (R ' ) ( t )

For al l  the react ions summarized in Table I  the in i t iat
concentrat ion o[  the organometal l ic  compound (Rlv{)
was ca. 0.1 M. Thus, in order for  coupl ing to take
place to the exclusion of  inversion, the bimolecular rate

(a6) This valuc is  probably a minimum vir lue:  see footnote -{0 of
r c t ' 1 9 .

Journul tt/'tlte .-lttrcric'un Clrcmical Societ.t' I 9l:6 I March 21, I97l



qu i te  d i f fe ren t  n rechan isms between wh ich  we cannot
present ly '  d is t ingu ish .  For  exar f ip le ,  n tcchan isms wh ich
would inv 'o l l 'c  a four-center t ransi t ion state (4),  "c-r"
in te rconvers ion  to  an  in te rnred ia te  conta in ing  a  l -p ro '
peny l  rad ica l  r  bonded to  a  copper  a tom c lus te r  5 ,  o r

4 s

d ispropor t ionat ion  o f  two molecu les  o f  copper ( I )  o r -
sanometa l l i c  reagent  to  a  copper (O)  a tom and a  copper -
(  I I  )  o rganometa l l i c  in te r rned ia te  wou ld  a l l  be  compat ib le
r r  i th  our  p resent  knowledge o f  th is  reac t ion .

The observa t ion  o f  s te reospec i f rc  d imer  to rmat ion  in
the  decompos i t ion  o f  2 -bu tenv lcopper ( l )  and s i l ver ( l )
l c 'nds  qua l i ta t i ve  suppor t  to  the  proposa l  tha t  long- l i ved
f ree  rad ica ls  a re  no t  in te rnred ia tes  in  the  decompos i t ion
o i  r i n v l i c  c o p p e r ( l )  a n d  s i l v e r  ( l )  c o m p o u n d s .  A l -
thoueh these deconrpos i t ions  a lmost  cer ta in ly  p roceed
b1 the  same nrechan is rn  as  do  those o f  l -p ropen, " " l -
copper (  I )  and -s i l ver ( l  ) ,  in  the  absence o f  a  re l iab le  quan-
t r r a t i r e  v a l u e  f o r  t h e  r a t e  c o n s t a n t  c l e s c r i b i n g  t h e  i n v e r -
s i o n  o f  c o n f i g u r a t i o n  o f  2 - b u t e n y l  r a d i c a l .  i t  i s  d i f t i c u l t
to  de f ine  a  lo rver  l i rn i t  fo r  the  l i fe t in re  o f  any  rad ica l
in tc rnrec l ia tes  in  thc  b r r teny l  ( ) rg : , tnonre ta l l i c  decompos i -
t ions .  A  vc ' ry  rough cs t in r l te  fo r  th is  r i l tL -  cons tan t  can
be ob ta inec l  t ' ronr  thc  obscrv 'a t ion  tha t  t r i - r r -bu ty l t in
h v ' d r i d c  i s  n o t  a  s u l i r c i e n t l y  a c t i v e  h y d r i d c  d o n o r  u n d e r
t h e  c o n d i t i o n s  u s e d  i n  o u r  c x p c r i n t e n t s  t o  t r a p  t h c
s tc reo isomer ic  2 -bu teny l  rac l i ca ls  be fore  in te rconver -
s ion .57  We assume tha t  the  ra te  cons tan t  to r  reac t ion
ot ' t r i - i r -bu ty l t in  hydr ide  w i th  2 -bu teny l  rad ica l  i s  g rea ter
than or  equa l  to  tha t  fo r  rcac t ion  w i t l t  le r t -bv ty l  rad ica l :
r l ; . ,  k." , r , ,ct i . rn )  3 X l0s lVt-  r  5gg.;r i '5e With th is assunrp-
t i o n .  a n d  t h e  a d d i t i o n a l  a s s u r n p t i o n  o f  a  b i m o l e c u l a r
ra te  law fo r  reac t ion  o f  2 -bu teny l  rad ica l  w i th  t r i -n -
bun ' l t in  hydr ide ,  the  re la t i ve  ra tes  o f  invers ion  and re -
duc t ion  fo r  2 -bu teny l  rad ica l  a re  g iven by  eq  2 .  Hence.

k in * , . . r i , , , , [R '  ]  >  l 0 : k . " , 1 , , . 1 ; , , u [R ' ] [R , rSnHJ ( 2 )

for  [R3SnH] :  I  M, k i , . , , .ers i , , ,  )  I  X l0? M-r sec.  Us-
i n g  t h i s  v a l u e  i n  e q  I  a n d  p r o c e e d i n g  t h r o u g h  a n  a r g L t -
n ren t  ana logous to  tha t  s iven  prev ious ly  to r  l -p ropeny l
rad ica l .  a  va lue  o f  k .  >  l0 t ' )  wou ld  be  requ i red  to  ra t io -
na l i ze  the  comple te  re ten t ion  o f  con f igura t ion  observed
in  the  c lecornpos i t ion  o f  the  2-bu teny l  o rganometa l l i c
compounds on  the  bas is  o f  a  mechan ism invo lv ing  a  f i ree
in te rmed ia te  2 -bu tenv l  rad ica l .  A l though th is  a rgLr -
m e n t  i s  q u a n t i t a t i v e l y  l e s s  c o n v i n c i n g  t h a n  t h a t  f o r  l -
p ropeny lcopper ( l )  anc i  -s i l re r ( l ) ,  i t  leads  to  the  same
qua l i ta t i ve  conc lus ion :  f ree  v iny l i c  rad ica ls  a re  no t  in -
vo lved as  in te rmed ia tes  in  these ther rna l  decompos i t ion
reac t ions .

The quest ion of  how fr . r r  these resul ts can be general-
i zed  to  inc lude the  thermal  dcconrpos i t ion  o f  o ther

t 5 7 )  I ( u i v i l l  h l s  r c p o r r c r l  p r r r t i u l  r c t c n t i o n  o f  c r r n t i g u r a t i o n  o n  r e d l t c -

t r o n  o t '  l - b r o m o - 2 - b u t c n c  r v i t h  t r i - r r - b u t 1 ' l t i n  h 1 - c l r i d c  a t  -  7 5  o .  t t

( 5 l l )  D .  C .  C i t r l s s o n  a n d  l ( .  U .  I r r g o l t l ,  J . . - l n t e r . C l t e r n .  S o c . , 9 0 ,  l 0 - s 5
(  1 9 6 8 ) .

t - ( 9 )  T h c r c  i l r c  n o  t l u t i t  p e r t i r t c r t t  t o  t h c  q u e s t i o n  o f  t h e  r e l a t r v c  r c -
a c t i " ' i t i e s  o f  t h c s e  t w o  r a d i c a l s .  P h c n y t  r a d i c a l s  s h o r v  a p p r o x i m . r t c [ 1  t h c
samc rcac t i l ' i t y  rs  mcth . " - l  r : . r t l  i cu ls . " ' )  A  v iny l i c  rad ic l l  n r igh t  be  e .xpcc ted

to  bc  cornparab lc  to  a  p l tcny ' l  rad ica l  in  i t s  re lc t i v i t y ,  nnd hence tnore

r e u c t i v c  t h a n  r  t c r l - b u t y l  r e c l i c a l .
( 6 0 )  R .  F .  B r i d g c r  i t n t l  G .  A .  R u s s c l l ,  J . . 1 t n e r .  C h e n t .  S o c . , 8 5 '  3 7 - s ' l

(  l 9 6 l ) .
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organometa l l i c  co  m po t rnds  is  an  in te res t ing  one.
Other  s tud ies  in  thesc  l rbora tor ies  have es tab l i shed tha t
comple te ly  d i f fe ren t  mechan isms descr ibe  the  thermal
decompos i t ion  o I  a l ipha t ic  copper ( l )  and s i l ver ( l )
conrpounds:^ t  however ,  i t  does  seem probab le  tha t  a
nonrad ica l  pa thway descr ibes  the  decompos i t ion  o f  the
very  s imi la r  a ry lcopper ( l )  and -s i l ver ( l )  reagents ,  par -

t i cu la r ly  s ince  ne i ther  these reac t ions  nor  the  U l lman
reac t ion  show ev idence o [  the  produc ts  wh ich  wou ld  be
expected from attack on solvent in a react ion character-
i zed  by  ex tens ive  invo lvement  o f  f ree  rac l i ca ls .62  Fur -
ther.  the high stereoselect iv ' i ty  observed on conversion
of  t rans-propeny l l i th ium to  2 , ' l -hexad iene dur ing  reac-
t ion  w i th  a  var ie ty  o f  t rans i t ion  meta l  sa l ts  (Tab le  I I )
suggests that  f ree propenyl  radicals are also not inter-
med ia tes  in  these reac t ions .

Exper imenta l  Sec t ion  r3

General  \ tethods.  Al l  rcact ions involv ing organometal l ic  com-
pouncls rvere carr icc l  out  under inert  atmospheres using standard

techn iques .d r  He l ium rvas  used  w i thou t  fu r the r  d ry ing  o r  de '

ox - lgena t ion :  p repur i f i ed  n i t rogen  rvas  1 ;assed  th rough  two  d ry ing

tu t res  con ta in ing  ca lc ium s t t l t a te  be t ' o re  l t se .  E the r  and  te t ra -

hyd ro tu ran  wcrc  d i s t i l l cd  t ' r om l i t l r i um a l t tm in t tn r  hyd r ide  under  a

nl t rogcn atm()s[)ncre immcdiatc ly '  l lc t 'ore t tsc and were t ranst 'erred

under  an  ine r t  l t tmosphere  us ing  h11- roderm ic  sy r i r t ges  o r  cannu las .

Pentane and t i ioxarrc \ ! 'e  rc prrr i t icd by dist i l la t iot r  f rom a dark purple

:o lu t i on  o l '  s t l d iu r t t  L rcnzop l t cnonc  d i i t t r i o r t .
Ana l l t i ca l  g [1 l c  ana lyses  wcrc  pc r l i r r rnc t t  o r r  F  &  M Mode l  810

instrumcnts ecl t r i ; l l tcc l  rv i th f ' larne ionizat ion dct .cgtors and Drsc

in teg ra to rs ,  us i r rg  t l t c  tb l l o rv i r rg  co l t t t nns :  co lumn A ,  8 ' t t  20%

SE-10  on  C l rg rn6sgrb  P :  co luml  B .  - l - t ' t  ' g ' l ;  SE-30  on  Chro -

mosorb  P :  co lun tn  C .  l l - t ' t  15 " ;  1 .1 .3 - t r i s (2 -c . ' -anoe thoxy )p ropane
(TCEOP)  on  C l t ro rnosorb  W:  co l t t n rn  D ,  t l - t ' t  l 5 ' ' ; l  Ca rbowax  20

\ ,1 on Chromosorb w. Absolutc y ie lds were calculated f rom

l t cak  n reas  i r s ing  in te rna l  s tan t la r t l  t echn iq t t cs ,  t t t t l i z tng  respOnSe

lac to rs  ob ta inc t l  r v i t l t  au thcn t i c  samp les .
Vin-"- f  ic  I  la l idcs.  t  rurrs- l -Chloro- t -propene (  bp 39' )  and crs-

l -b romo- l -p ropene  (bp  57 ' )  l ve re  ob ta incd  in  >99 : t ;  pu r i t y  (g lpc '

co lumn A)  bv  ca rc t ' u I  c l i s t i l l a t i on  o f ' commcrc ia l  m : r te r ra l  (Co lumb ia

organics.  Inc.)  l ' rom l rorvdere. l  sodium bicarbonatc using a Nester-

Faus t  Te l l on  annu la r  sp inn ing  band  co lL rmn.  The  b romide  was

co l l ec ted  ove r  so t l i L tm b ic l rbona te  and  s to re ' J  a t  -  l 0 '  t o  i nh ib i t

i r s  l ac i l c  rhc rma l  and  ac id -ca ta l y ' zed  i somer i za t ion .  (The  h igher

bo i l i ng  r rans  i somer  cog ld  no t  bc  ob ta ined  in  pu re  io rm in  th i s

d i s t i l l a t i on  due  to  t t r c rma l  i somer i za t ion  to  the  c i s  i somer  i n  the

t l is t i l la t ion column. )  c ' i . r -2-Bromo-2-butene was prepared by

r lehy'drohalogenat ion ot '  nre.ro-2.J- t i ibromotrutane65 using the

procedure  o l '  D re id ing  and  Pra t t . : ' r  The  p roduc t  o i  dehydro -

ha logena t ion  (97" ;  c i s  i somer .  3 - ,  t rans  by  g lpc .  co lumn B)

i somer i zed  on  a t temptcd  pu r i f i ca t i on  bv  d i s t i l l a t i on ,  and  was  used

rf  i rect lv '  i t t ' tcr  c l rv ing (  N{gSOr).  t rur ts '2 'Bromo-2-butene was

prepared t rv '  a s imi lar  procedure2r t ' rom r i l -2.3-dibromobutane.65

D is t r l l a t i gn  us ing  a  Nes te r -Faus t  Te l l on  sp inn ing  band  co lumn

( 6 1 )  G .  \ I .  \ \ ' h i t c s i t l c s .  E .  R .  S t c d r o r t s k . " " ,  C . P .  C i r s e y ,  a n d  J .  S a n

F i t i p p t r .  J r . .  i b i t t . . 9 l .  l - 1 2 6  ( 1 9 7 0 ) :  C .  P .  C a s c v ,  J .  S a n  F i l i p p o '  J r ' '

P .  E .  I s . c n d a l l ,  E .  R .  S t c ' t l r o n s k y ,  E .  J .  P a r r c k .  a n d  G .  i ! 1 .  W h i t e s i d e s '

u n  p  u b l i s h e  d .
( 6 : )  A  s i m i l a r  c o n c l L r s i o n  h i t s  b e e n  r c a c h e d  b y  A . C a i r n c r o s s  a n d

\ ! ' .  A .  S h c p p a r d , t l
t 6 l t  N l c l i i n g  p o i n t s  r v c r e  t l c t c r m i n e d  u s i r r g  r l  T h o m a s  H o o v e r  c a p i l -

l a r y  m c l t i n g  p o i i r t  a p p a r a t u s ,  i l n d  a r e  u n c o r r e c t e d .  B o i l i n g  p o i n t s  a r e

qpcor rcc tcd .  Nrnr  spec t ra  werc  run  on  a  Var ian  A-60 speCt rometer '

I r r f ra red  spcc t rx  rvc rc  tukcr l  in  sod iu rn  ch lo r ide  cc l l s  us ing  a  Perk in -

E l m c r  l v t o d c t  l l T B  o r  3 3 7  g r a t i r t g  s p c c t r o p h o t o m c t e r .  U l t r a v i o l c t

spccr r t r  rvere  dc tc rmi t tcc l  o t t  a  C i t ry  l ' l  spcc t rop f to tometer .  Mass

s p c c t r i l  w c r e  d c t c r m i n e d  o n  a  H i t a c h i - P c r k i n - E l m c r  R f v l U - 5 D  m a s s

spcc t romcter .  L i t l r i t t rn  l rna l . " -Scs  rvc re  c i r r r i cc l  ou t  t rs i lg  a  Ba i rd -AtOmiC

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

b r a t c  i h c  g u l v u . o r n e t c r .  ! I i c r o a . a [ 1 s c s  \ v c r c  p c r t o r r n e d  b y  D r .  S .  M .

N a g y  a n d  a s s o c i a t c s  a t  ! 1 . 1 . T .

r o + l  o .  F ,  S h r i v c r .  " T h c  ! l a r r i p u l r r t i o r r  o t - A i r - s c n s i t i v e  c o m p o u n d s , "

N I c C r a u - H i l l .  N * v  Y o r k ,  N .  Y . ,  1 9 6 9 ,  C h a p t c r  7 .
( 6 - 5 )  F .  C .  B o r d r r c l t  ; r r t d  P .  S .  L i r r r d i s ,  J .  . l m e r '  C h e m '  S o c ' ,  1 9 ,

r  5 9 1  (  l 9 s 7 ) .
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y ie lded  mate r ia l  hav ing  bp  4 -1 " {160  mm)  [ l i t . 23  bp  82 -83 ' (710  mm) ] .

which consisted of  99% trans isomer (g lpc.  column C).

t \nalysis of  L i th ium Reagents.  The concentrat ion of  l i th ium re-

agents was determined by a modi f icat ion of  Ci lman's double t i t ra-

t ibn rnethod.6s A l 'ml  hypodermic syr inge wi th 0.01-ml gradua-

t ions was used to t ransfer  I  ml  of  the l i th ium reagent to ca.  l0 ml

of  water in a 50-ml er lenmeyer f lask.  Tl te aqueous solut ion was

r i r ra ted  w i th  0 .1  N  hyc l roch lo r i c  ac id  us ing  phenoph tha le in  as  an

indicator  to determine the tota l  amount ot 'base in the solut ion.

About 5 ml of  1.2-dibromoethane was passed through a short

column of  a lumina into a 5Gml Er lenmeyer f ' lash which had been

dr ied at  I  l0 '  in  an oven. The f lask was capped wi th a serum

stopper and f lushed wi th n i t rogen. L i th ium reagent ( l  ml)  was

in jected through the stopper into the 1,2-dibromoethane. The

solut ion was swir led and , -  l0 ml  of  water  was added. The aqueous

solut ion was t i t rated wi th 0. I  N hydrochlor ic  acid using phenol-

phthale in as indicator .  The concentrat ion of  residual  base in the

1,2-dibromoethane quench o[  the l i th ium reagent was subtracted

from the conccntrat ion of  tota l  base to obtain the t rue concen-

t ra t i on  o f  the  l i t h ium reagen t .
The c is- t rans rar io of  the v inyl ic  l i th ium reagents was deter-

mined by glpc analy 's is  (columns C or D) o i  the isomeric v inyl ic

b romides  p roduced  by  quench ing  ce .0 .5  m l  o i  l i t h ium reagen t  w i th

c r r .  0 .5  m l  o f  1 ,2 -d ib romoethane  under  n i t rogen .
rrars- l -Propenl l l i th ium. Fol lowing a procedure s imi lar  to that

o f  sey le r th  and  Vaughan ,2e  100  m l  o f  e the r  and  2 .0  g  (0 .29  g -a tom)

o t ' l i t h i u m  ( l . l %  s o d i u m )  c u t  i n t o  s m a l l  p i e c e s  w e r e  a d d e d  t o  a

100-ml iVlor ton t lask equipped wi th a dropping funnel  and high-

speed st i r rer  and protected by a hel ium atmosphere.  The l lask was

cooled in an ice-water bath,  ant l  t ret t ts ' l -c l r loro- l -propene (2.0 g,

0 .026  mo l .99 [  t rans )  i n  l 0  m l  o [e thy l  e the r  was  added  d ropw ise

over  0 .5  h r .  A t ' t e r  1 .5  h r  o f  add i t i ona l  s t i r r i ng ,  ana lys i s  o f  a

hyt l rot .v-zed al ic luot  [ ' rv  g lpc showed I  'T unreacted l -chloro-  l -

p ropene  and  a  s tmt la r  amoun t  o f  ! nu ts . t r tu r . r -2 .4 -hexad iene .  ( l n

several  preparat ions.  incomplete react ion ol '  t r rurs-  l 'ch loro-  l -
propcnc wi ls  observcd,  even al tcr  6 hr  o l '  h igh speed st i r r ing '

These cascs al l  involved at tempts to prcpare more concentrated
(>0 .3  .N)  so lu t i ons  o t ' t hc  l i t h ium reagen t . )  So l i d  l i t h ium ch lo r ide

and sot i ium chlor ide were al lowed to sct t le belbre th is l i th ium

reagcnt was decanted tor  storage.  Doublc t i t rat ion showed the

so lu t i on  to  bc  0 .154  ,V  in  l i t h ium rcagcn t  and  0 .008  N  in  res idua l

base .  Reac t ion  o t '  t hc  l i t h ium reagen t  r v i t h  1 ,2 -d ib romoethanc
gave 97.2| , ,  t ren.r-  l -bromo-l -propene and 2.8[  c is- l -bromo-l -
propene. in addi t ion to 2[  t rut ts, t ren. t -2. .1-hexadiene present in

the  l i t h ium recgen t .
c is- l -Propenyl l i th ium. Fol lowing a s int i lar  procedure,2:  c is-

l - b r o m o - l - p r o p e n e  { 5 . 7  g . 0 . 0 4 7  m o l .  > 9 9 ' ;  c i s t  i n  c u . 2 0  m l  o f

e t h y l  e t h e r  r v a s  a d d e d  t o  l i t h i u m  m e t a l  ( 2  g . 0 . 1 9  g - a t o m )  i n  1 0 0  m l

o l ' e t h y l  c t h e r  a t  - l t i ' ( c a r b o n  t e t r a c h l o r i d c - D r y  l c e  s l u s h )  w i t h

h igh  spced  s t i r r i ng  ove r  - l ( )  m in .  A l i c r  l 0  m in  o f  add i t i ona l

s t i r r i ng .  ana l . ' - s i s  o t ' a  hyd ro l yzed  a l i c luo t  by  g lpc  showed  no  re -

ma in ing  c i s - l -b romo- l -p ropene  and  no  2 .1 -hexad ienes .  Doub lc

t i t ra t i on  ind ica ted  tha t  the  so lu t i on  was  0 .12  N  in  l i t h ium reagen t
and 0.028 rV in residual  base.  React ion of  the l i th ium reagent
rv i th I  .2-dibromoethane gave 97 .4 i ,  c is-  l -bromo- l -propene and
2 .6 \  r runs -  l -b romo-  l -p ropene  (g lpc ,  co lumn C,  i n  >95  f ,  y ie ld ) .

Irals-2-Buteny'lt ithium.!: truns-2-Bromo-2-butene (6.1 g, 0.045
mo l ,  >99 [  pu re )  i n  ca .  20  m l  o f  e thy l  e the r  was  added  to  l i t h ium

m e t a l  ( 1 . 6  g , 0 . 2 3 7  g - a t o m )  i n  8 0  m l  o i  e t h y l  e t h e r  a t  - 2 8 ' w i t h

h igh -speed  s t i r r i ng  ove r  0 .75  h r .  A f te r  I  h r  o f  add i t i ona l  h igh -

speed st i r r ing,  analysis of  a hydrolyzed al iquot  showed no re-

maining t rans-2-bromo-2-butene and no dimers.  The resul t ing
solut ion was 0.1-17 ,V in l i th ium reagent and 0.01 N in residual  base

as  shown by  doub le  t i t ra t i on .  Reac t ion  o f  an  a l i quo t  o f  t he

(66) H.  Ci lman, F.  K.  Cart ledgc,  and S.  Y.  Sim, J.  Organometal .
Chem. , l .  S  (1961) .  See  a l so  R .  A .  F innegan  and  H .  W.  Ku t ta ,  J .  Org .
Chem. ,30 .  ,1  138  (  1965) .  A  number  o f  l l t e rna t i ve  methods  have  been
proposed for  analysis of  organol i th ium reagent solut ions.  (For
examp les ,  see  S .  C .  Watson  and  J .  F .  Eas tham,  Ana l .  Chem. ,39 ,  17  l
(1967) ,  R .  L .  Epp ley  and  J .  A .  D ixon ,  J .  Organometo l .  Chem. ,8 ,  176
(1967),  and J.  R.  Urrv in and P.  J.  Reed, ib id. ,  15,  I  (1968),  and references
therein.)  However,  in our hands the Gi lman procedure has proved to be
simple to usc and quite reproducible procided that acidic impurities
haae been remored from the 1,2-dibromoethane by fi lnation through
alutnins immediately before use. The yield of the vinylic bromides
formed in the 1,2-dibromoethane quench was shown in a number of
instances to be between 95 and 100% of  thc amount calculated on the
basis of  thc double t i t rat ion method by gtpc analysis:  th is agreement
providr , 's  a pract ical  chcck on the accuracy of  th is method of  analysis.

l i t h ium reagen t  w i th  1 .2 -d iL r romoe thane  gave  93 .1 f l  t rans '  and

6 .9 ' -u  c i s -Z -b romo-2 -bu tene  (  g lpc .  co lumn D) .
c is-2-Butenyl l i th ium.2r c is-2-Bromo-2-butene (5.1 g,  0.038 mol .

96 .5% c i s .  1 .5 [  t rans .  con ta in ing  cu .4 lo  by  we igh t  2 -bu tyne)  r v 'as

a d d e d  t o  l i t h i u m  m e t a l  ( t . 5  g . 0 . 2 2  g - a t o m )  i n  e t h e r  a t  - 2 8 " ' v i t h

h igh -speed  s t i r r i ng  ove r  0 .5  h r  and  s t i r red  an  add i t i ona l  1 .5  h r .

Analysis of  a hydrolyzed al iquot  showed no remaining 2 'bromo-2-

butene and no dimers.  Double t i t rat ion showed that  the solut iorr

rvas 0.22 N in l i th ium reagent and 0.028 M in residual  base.  Reac-

t i on  o f  the  l i t h ium reagen t  w i th  I . 2 -d ib romoethane  gave  93 .57

cis-  and 6.51f ,  t rans-2-bromo-2-butene (g lpc,  column D).
Determination of the Stereochemistry of Reaction of Propenvl-

l ithium Rergents with 1,2-Dibromoethane. Samples of crs- and

fru. / ls-propenyl l i th ium used in these exper iments wcre prepared as

descr ibed atrove,  e. \ccpt  that  commercia l  l i th ium dispersion (Foote

\ l i ne ra l  Co . .  50 f i  by  we igh t  i n  hexane ,  l f  sod ium)  was  used  tn
place of  l i th ium wire and a magnet ic st i r rer ,  rather than a high-speed

st i r rer .  was used. Yie lds and pur i t ies of  propenyl l i th ium reagents
prepared using l i th ium dispersion were higher than those prepared

using wire;  horvever,  these reagents could not  be analyzed accurately

using the double t i t rat ion procedure.  because of  d i f f icul t ies in sepl-

ra t i ng  the  l i t h ium d ispers ion  f rom the  so lu t i on .  Ins tead ,  so lu t i ons
were analyzed by quenching rvr th 1,2-dibromoethane, lb l lowed bv '
g lpc  ana lys i s  o t  t he  resu l t i ng  p ropeny l  b romides .

Recrystal l izatron ol '  r ' i . r -  l -propenyl l i th ium was accompl ished by

coo l ing  a  so lu t i on  in  e thc r  (0 .13  N ,  <0 .00006  I l  i n  b romopropenc)

to  -  I  l 0 '  t b r  3  h r .  Approx ima te l y  one- l ta l i  o f  t he  superna tan t

so lu t i on  ove r  the  resu l t i ng  wh i te  c rys ta l s  r vas  d i sca rded  and  thc

solut ion rvas al lorved to warm unt i l  homogcneous and then cooled

aga in  to  -  I  l 0 ' .  Th is  p rocess  was  repea ted  th ree  t imes .  G l1 ;c

ana lys i . s  o f  t he  m ix tu re  ob ta incd  by '  reac t ion  o f  the  l -p ropenr [ -

l i t h ium rema in ing  in  t l r e  t i na l  so lu t ron  w i th  1 ,2 -d ib romoc thanc

inc l i ca ted  tha t  i t  con ta ined  t ' i s -  and  I  r l t t s -  l -b romopropene  i r r

99 .6 :0 . - l  re la t i ye  f  i e lds .  T l t c  ove ra l l  recovery  o f  p ropeny l l i t h ium

t ' rom these cr ' 's ta l l izat ions was -- ' l ' ' ; .

Recr-vstal l izat ion of  / f t r l r . t - [ ) ro l )enyl l i th iunr lvas accompl ished by

a  t J i t l c ren t  p rocedure .  A  so lu t i on  o t ' I ru t t s - l -p ropeny l l i t h ium rn

c the r  (20  m l .0 .21  ,V )  was  rec luced  in  vo lumc  to  -3  m[  undc r

vacuum.  and  the  Superna tan t  so lu t i o r r  ( ) vc r  thc  reSu l t i ng  rvh i t c

mass was t l iscarde d.  Pentanc t25 mlt  rvas added to the f lask

c o n t a i n i n g  t h e  o r g a n o l i t I i u m  r c a g c n t .  C o o l i n g  a n  a l i q u o t  ( 1 0  m l t

o f  t hc  resu l t i ng  sa tu ra ted  s t l l u t i t t n  to  -7U '  fo r  l 0  h r  resu l ted  rn

p rcc ip i ta t i on  o f  p ro l ;eny l l i t I rum.  T [c  supc rna tan t  so lu t i on  rv i t s

aga in  d i sca rded .  and  the  res idue  was  take  n  up  in  e the r  and  quenchcd
' , v i t h  l . l - c l i b romoc thane .  C Ipc  ana lys i s  o f  t h i s  so lu t i on  ind ica ted

thc  l r resence  o l ' c i . r -  and  ln t r t l ; - l - t l r omopropene  in  1 .4 :98 .6  re la t t r c

y ' i c lds .  Re  pca ted  rec r l s ta l l i za t i on  d id  no t  appear  to  improve  thc

pur i t y  o f  t h i s  l i t h ium rcagen t  ap l r rec ia t r l y .
Tetrakis[ iodo(tr i - l -buty ' lphosphine)copper(  I ) ]  ( l ) .  [n a modi i lca-

t i on  o f  the  me thod  o l '  \ l ann .  P t r rd ie .  and  We l l s .27  copper t  I t

i od ide  (95  g .0 .50  mot )  was  d i sso lved  ip  6 i l )  m lo l ' sa tu ra ted  aqueou , '

po tass ium iod ide  so lu t i on  and  s t i r red  w i t I  t r i - r r -bu ty lphosph inc
(95  g ,  0 .47  mo l )  i n  . l (D  mt  o f  e the r  l o r  I  h r .  The  laye rs  werc

separated and the ether layer rvas washed wi th saturated potassium

iodide solut ion and wi th water.  The ether layer was concentrated

t o  g i v e  1 7 0  g  ( 9 2 %  y i e l d )  o i  ( C u l P B u r ) r  a s  a  w h i t e  w a x y  s o l i d '

The  so l i d  was  d i sso lved  in  250  m l  o f  90 [  ace tone- lo f  merhano l

a t  r o o m  t e m p e r a t u r e .  C o o l i n g  t o  -  l 0 ' g a v e  1 0 0  g  o f  ( C u l P B u , t r .

m p  7 5 - 7 5 . 5 '  ( l i t . 2 7  m p  7 5 " ) ,  f u r t h e r  c o o l i n g  t o  - 7 8 "  g a v e  i l n

a d d i t i o n a l  1 o  g  0 6 [  t o t a l  y i e l d l  o t ' ( C u l P B u r ) r ,  m p  7 5 ' .  T h r s

compound rvas stored in the ret t igerator .  Storage at  room tem-

perature resul ted in decomposi t ion to a green sol id af ter  u usf  ixble

per iod  o f  t ime .
Tetrakis[iodo( tri-rr-butylphosphine )silver( I)] (2). Following t h e

p rocedure  o f  N{ann .  We l l s .  and  Purd ie . :8  s i l ve r ( [ )  i od ide  (39 .6  g .

0.168 mol)  was dissolved in 150 ml of  saturated aqueous potasstum

iodide solut ion.  The solut ion was f i l tered and shaken wi th t r t - r r -

bu ty lphosph ine  (30 .3  g ,0 .15  mo l )  f o r  2  h r  i n  a  separa to ry  funne l .

The product  separated as an oi ly 'upper layer and rvas washed rv i th

25 ml of  saturated potassium iodide solut ion.  The oi ly  product

was  d i sso lved  in  bo i l i ng  e thano l .  Upon  coo l i ng  to  room tem-

perature.  a v iscous oi l  separated f rom the ethanol  solut ion.  The

oi l  became a crystal l ine mass when cooled to -  l5o '  A saturated

so lu t i on  o f  th i s  so l i d  i n  e thano l  a t  room tempera tu re  was  coo led  to
-  l 5 '  t o  g i ve  wh i te  c rys ta l l i ne  (Ag lPBur ) r  (31 .5  g ,  ' 18 [  y ie ld t

which was clried at l0-mm pressure at room temperature, mp 'l '1 '

( l i t . r a  m p  4 3 ' ) .

Tri-rr-butylphosphine Complexes of Vinylic Coppe(I) and Silvert I )

Compounds.  Al l  of  the t r i - r r -buty lphosphine complexes of  c ' rs-

and t runs-2-butenyl-  and - l -propenylcopper( l )  and -s i lver( l )  rverc
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prepared in solut ion using s imi lar  procedures.  exempl i f ied here for
t ratrs- l -propenyl( t r i - r r -buty lphosphinetopper( l ) .  To a f lame-dr ied
l2 -m l  cen t r r fug€  tube  capped  w i th  a  se rum s topper  was  added  190
mg (0 . .183  mequ iv )  o i  (Cu lPBur ) r ,  and  the  tube  was  f l ushed  w i th
n r ( rogen .  E the r  ( ca .  2  m l l  was  t rans t ' e r red  in to  the  f l ask  f rom a
s to rage  vesse l  us rng  a  s ta in less  s tee l  cannu la .

t rans-Propenyl l i th ium ka.3O ml)  was t ranslerred by cannula f rom
a storage bot t le to a .10-ml graduated centr i fuge tube sealed wi th a
scrum stopper.  r r -Decane (an internal  gtpc standard) was in jected
in ro  rhe  l i t h ium reagen t  w i th  a  l -m l  hypodermic  sy r inge  and  the
inc rease  in  wergh t  measured  w i th  an  accuracv  o f  t0 . l  mg .  The
rveight  of  r r -decane per mole of  l i th ium reagent was calculated f rom
rhese data.  The concentrat ion of  the solut ion was recalculated to
rakc  in to  accoun t  the  d i l u t i on  o f  the  l i t h ium reagen t  by  i n te rna l
s tandard .

A port ion of  th is l i th ium reagent solut ion was t ransferred to a
l2-ml graduated centr i fuge tube whose volume could be read wi th
an  accuracy  o i  -+ -6 .1  11 .  One  equ iva len t  (4 .0  -+ -  0 .1  m l  :  *37" )
o i  t he  l i t h ium reagen t  was  t rans te r red  by  cannu la  to  the  co ld
( -78 ' )  so lu t i on  o f  the  phosph ine  comp lex .  ! l i x i ng  the  reagen ts
p roduced  e i the r  a  ye l l ow  so lu t i on  o f  the  t r i -n -bu ty lphosph ine
comp lex  o f  the  v iny l i c  copper ( l )  compound  o r  a  p ink  so lu t i on  o f  the
t r r - i r -L ru t l l phosph ine  comp lex  o f  the  v iny l i c  s i l ve r ( l )  compound .
E th l l  e the r  was  thcn  ac lded  by  cannu la  to  g rvc  a  so lu t i on  o f  the
des r rc t i  concen t ra t  i on .

Dioxane Precip i tat ion of  L i th ium l la l ides f rom Tr i - r r - t ruty lphos-
phine Complexes of  Vinr ' l ic  Copper{ I )  and Si lver( [ )  Compounds.
So lu t rons  o l '  t he  t r i - l - bu ty lphosph ine  comp lcxes  o f  the  o rgano-
copper (  I  )  and  -s r l ve r (  I )  compounds  rve re  p repared  a t  -  78  "  i n
l2 -m l  g radua ted  cen t r i f ' uge  tubes  as  desc r rbed  above ,  excep t  tha t
r r -decanc  was  l l o t  p resen t  i n  the  l i t l i i um reagen t .  The  so lu t i on  was

'  r v 'a rmed  to  -2 l l '  ( ca rbon  te t rach lo r idc  s lush )  and  2 .4 -3 .0  equ iv
o l '  anhvdrous  c l i oxunc iccp r i v  o l '  copper  o r  s i l ve r  compound  was
added  to  thc  so lu t i on  us ing  : . r  50 -p l  Hamr l ton  sy r inge .  The  wh i te
p rec rp r ta te  wh ic l r  l ' o rmed  rvas  shaken  sevc ra l  t imes  a t  -28o  ove r
i ( )  mrn and then centrr t 'ugcd in a precoolcd centr i l 'uge bucket  at
-  -  50 '  l ' o r  0 .5 -  1 .0  m in  to  compac t  the  p rec ip i ra te .  The  superna-
tan t  so lu t i on  was  t rans te r red  t l r rough  a  cannu la  to  ano the r  cen -
t r r t ' uge  tu [ ; c  a t  -28 ' .  A  known amoun t  o l ' r r -decane  ( i n te rna l  g lpc
standard) was aclc led wi th a 50-pl  syr inge.  Flame photometr ic
ana lys i s  o f  t hese  so lu t i ons  a f te r  decompos i t i on  t yp i ca l l y  showed
tha t  0 .1 -0 .0O5 ec lu i v  o f  L i ' / cqu iv  o l ' o rganocopper  reagen t  was  le f t
i n  thc  so lu t i on  by  th i s  p rocec lu re .

Composi t ion of  the Tr i - r r -buty ' lphosphine Complexes of  Vinyl ic
Copper( l )  and Si lver( I )  Compounds.  These organometal l ic  com-
pounc is  were  too  uns tab le  the rma l l y  l o r  t rad i t i ona l  i so la t i on  and
combus t ion  ana lys i s  to  l re  p rac t i ca l .  I ns tead .  approx ima te  de -
te rm ina t ions  o t '  t he i r  cmpr r i ca l  compos i t i ons  were  ca r r i ed  ou t  by
a l l ow ing  the i r  so lu t i ons  l rom wh ich  l i t h ium ion  had  been  removed
to decompose thermal ly  (c ide in l ru)  and by subsequent ly analyzing
the  resu l t i ng  m ix tu res  lo r  me ta l .  phosph ine .  l i t h ium ion ,  and  v iny l i c
g roups .

lv leta l l ic  copper lormed in the decomposi t ion of  organocopper
compounds rvas t ransferred to a s intered glass crucib le.  washed wi th
e the r  and  l va te r .  and  ox id i zed  to  copper ( i l )  w i th  ca .  l 5  m l  o f  50 [
n i t r i c  ac id .  The  resu l t i ng  so lu t i on  was  h l te red  and  ana lyzed  us ing
the  Kuchne l -Hagen  vo lumet r i c  p rocedure .6T

Sih 'er  metal  lormed l ' rom organosi lver  reagents was t ransferred
to  a  s in tc red  g lass  c ruc i t r l e .  washed  rv i th  e the r  and  wa te r ,  and
ox id rzed  to  s i l ve r ( l )  r v r th  c r r .  l 5  m l  o f  50 - , ,  n i t r i c  ac id .  The  re -
su l t i ng  so lu t i on  rvas  f i l t e red  th rough  the  s in te red  g lass  c ruc ib le  and
the crucrble was washed rv i th rvater .  Si lver  was determined by
addr t ron  o t ' sa tu ra ted  aqueous  sod ium b romide  so lu t i on  and  g rav i -
me t r i c  dc te rm ina t ion  o t ' t he  resu l t i ng  s i l ve r  b romide .

T r i - r -bu tv lphosph ine  was  de te rm ined  by  spec t ropho tomet r i c
anal) 's is  of  i ts  adduct  rv i th carbon disul f ide.  The red adduct  of
t r i - r r -bu ty lphosph ine  w i th  ca rbon  d i su l f i de  has  \ , . . r  362  mp w i th  a
rveaker absorpt ion at  . l9u mri .  Since the adduct  does not  obey
Bcer ' s  l a rv  i n  c thano l  so lu t i on .  t r i - r r -bu ty lphosph ine  and  ca rbon
d isu l f i de  a re  p robab ly  i n  ec lu r l i b r i um rv i th  the i r  adduc t .

S

Efu,P *  CS.+ Bu.P*-C'\ .
S-

K.,r  :  I  Bu;PCS.3] i [Bu,rP][CS:1

t r f  C o p p e r  a n d  i t s
l ( ) 6 3 ,  p  8 8 .
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Hence

OD :  e [Bu3PCS. ; ]  :

/ K.qlcs:l \ .__ ^ -^- ,'(tffi,t/(tP Bu'l * [BurPCSz])

Thus. the apparent observed extinct ion coetf icient for a solut ion
conta in ing t r i - r r -buty ' lphosphine in  equi l ib r ium wi th  i ts  carbon
disulf ide adduct wi l l  be

/ K.q[cs:] \€ "bsd : t \ l +K . , , t c s t /

and wi l l  be cons(ant  i i  [CS: l  is  constant .  When a 3.4 X l0-2 M
so lu t i on  o f  ca rbon  d i su l f i de  in  e thano l  (OD :  1 .58  a t  315  mp;
OD :  0.00 at  362 ms) was used for  a l l  d i lut ions of  t r i -n-buty l -
phosphine,  an apparent  ext inct ion coef f ic ient  of  e.b" . i  -  5.7 X 103
M-L cm-twas determined at  361 mr.r .  This value did not  vary
w i th  the  concen t ra t i on  o f  t r i - r r -bu ty lphosph ine .

In a typical  analysis tbr  t r i - l -buty lphosphine in the thermal
decompos i t i on  o f  v iny l i c  copper ( l )  and  s i l ve r ( l )  compounds ,  ca .
5 pl  of  the decomposi t ion solut ion was added to l0 ml  of  the stock
solut ion of  carbon disul f ide in ethanol .  The opt ical  densi ty of  the
solut ion at  362 ms rvas determined on a Zeiss spectrophotometer
and the concentrat ion of  t r i - r r -but ." - lphosphine was calculated.

Li th ium ion was determined in the organometal l ic  solut ions by
cx t rac t i on  o f  a  l -n r l  a l i quo t  o t  t he  so lu t i on  w i th  5  m l  o f  wa te r ,
lb l lowed by l lame photometr ic  analysis.  The l imi t  of  detect ion
in thesc analyscs was ca.  I  ppm l r th ium ion rv i th an accuracy of
-r- 20%.

Since previous examinat ion of  the products of  the thermal  de-
composi t ion of  these v inyl ic  coppcr and s i iver  reagents had es-
tab l i shed  tha t  the r r  convc rs ion  to  the  co r respond ing  bu tad ienes
was  esscn t ia l l y  e luan t i t a t i ve  (Tab le  I ) ,  t he  above  ana lyses  were

rel 'erenced to thc y ie lds of  d ienes detcrmined by glpc analysis.
Typ ica l  ana lyses  a rc  shown rn  Tab le  I  I  I .

Tab te  I I I .  Norma l i zed  Emp i r i ca l  Compos i t i ons  o f  V iny l i c
Copper ( l )  and  S i l ve r (  [ )  Compounds"

R iV{ PBur vl PBurR 6

c is -  P ropeny lcopper (  I  ) '  PBur
c i s -P ropeny  l s ih 'e r t  [ )  '  PBur
/ ra l r . r -Bu teny lcopper (  I  ) '  PBu  r
/ ra l r . r -Bu teny ls i l ve r t  I ) '  PBu  r

00 0 9 l
.  fx )  0 .94
0 ( )  0 .84
(x )  0 .  86

"  Da ta  a re  l o r  0 .1  rV  e the r  so lu t i ons .  b  Ass t tmed .

Thermal Decomposition of Tri-ir-butl ' lphosphine Complexes of

Vinyl ic  Copper( I )  and Si lver( I )  Compounds.  Ca. 0 ' l  N solut ions
of  the t r i - r r -buty lphosphine complexes of  the v inyl ic  copper( l )  and

si lver(  I )  compounds were thermal ly  decomposed to metal l ic  mirrors

and dimers at  ambient  temperature wi th in ' l -6 hr .  (The crs-pro-
penyl( t r i -n-buty lphosphine)copper( l )  rvas decomposed in a sealed

tube on a steam bath at  approximatelv 90" to minimize isomeriza-

t i on  o f  copper  compound  p r io r  to  decompos i t i on . )  A t  0o ,  the

compounds decomposed over several  days.  Al though no quant i ta-

t ive rates were measured.  i t  was noted that  the copper compounds

were more stable than the s i lver  compounds.  and that  the butenyl

compounds were more stable than the propenyl  compounds.  The

solut ions rvere analyzed lbr  hydrocarbon products by glpc (column

c).
Reaction of crs-1-Propenyl(tri-rr-but1'lphosphine)coppe(I) with

Iodine. A l i thium hal ide l iee solut ion of cis- l-propenyl(tr i-rr-
buty lphosphine)copper( l )  a t  -23 '  (2 . - l  ml .  0 .12 N,  0 .29 mmol ,
90.5% cis) was transferred through a cannula into a centr i fuge
tube conta in ing a co ld  so lu t ion o i  iod ine in  e ther  (2 .0  ml ,  0 .20 N"
0.40 mmol). The ether solut ion became clear immediately and a
white sol id (possibly a product of the reaction of iodine with tr i-
r r -buty lphosphine)  prec ip i ta ted.

The solutron was analyzed by glpc (column C, 40"). The prod-

ucts obtai lcd rvere c i  s. r  ntns'2,1-hexadicne \27i),  cis.cis-2,4-hexadi-
ene (8  "  , ) .  < ' i . i -  l - ro t lo-  l -pro l rcne (81 .6  ' , t .  und / r r t r t . r -  l ' iodo- l 'p ropene
(7.J  " ;  ) .  T l rc  iodt lprog lenes wcrc  rdcnt i t icd  by compar ison o i

. 2  0 . 0 0 5

.  l  0 .004

. 2  0 . 0 6

. l  0 . l l

[ )  ( ' ( ' (  )  t  )  t  l ) (  )  r  i  1 i1 t t t  o /  L '  i  n t  l  i  < '  {  )  r  l t tnt '  r r t  e t  u l  l  ic  Cont pot t  nd : ;
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glpc retention t imes and ir spectra rvith an authentic sampleot and

i i th cis- l- iodo-l-propene (98.2f cis) prcparcd by reaction of

crs- l -propeny l l i th ium 07.9\c is t  w i th  iod ine.
Decomposition of cis-2-Butenyl(tri-rr-buty'lphosphine)silver([) in

the Presence of 1,2-Dibromocthane. Wherr a solutton of cis 'Z'

Uuteny l ( t r i - r r -buty lphosphine)s i lver (  l )  conta in ing l  '3  equiv  o f

1ngt . -pBu, l  an4 ipprox imate ly  2  equiv  o f  d ibromoethane was

i..o*por.cl at room temperature. the products obtained were

ci.r.cis- and cis. lrarrc-J.4-dimeth-"- l-2.4-hexadiene in a rat io of 92:8

and a combinecl yietd of 65 f .  No 2-bromo-2-butene could be

detected.
Tetramethyldiphosphine was prepared according to the procedure

of iV1aier.6e 
- 

Trl-rr-burylphosphine (50 e, 0.217 mol) and tetra-

methy ld iphosphine c l isu l f ideto  (2O g,0. l l8  mol )  were heated to-

gether under a nitrogen atmosphere at 170' for 3 hr. The product

ivas dist i l led from the reaction mixture using a bath temperature

o i  240"  ar  100-140"  (760 mm),  and at  40-50"  (25 mm).  A to ta l  o f

10 e t70%) of extremely pyrophoric l iquid was obtained, whose

nmr spectrum agreed with that reported-7r
t, t , t-Tris(dimethylphosphinomethyl)ethane' Approximately 350

ml of anhydrous tetrahydrofuran was added to a l-1. three-necked

flask whic-h had becn f lamed out in a strcam ot 'nitrogen. Tetra-

methy ld iphosphine ( .11.5  g ,  0 .3 .1  mol )  was added by cannula .  Po-

tassium m.taf (27 g,0.69 g-atom) was added in small  pieces and the

mixture was st irred lbr 20 hr to give a red solut ion of potassium

dimethylphosphicle. The solut ion was decanted l iom the excess

potassi lm metal into a S(X)-rnl three-necked l lask and cooled in an

icc-methanol  bath.  I  , l  , l  -Tr is (ch loromethy l )e thanei2  (34.5 g ,  0 .19 ' l

mol) was adcled slowly to the cold solut ion. and the reaction mixturc

rvas ref luxed tbr I  hr- Water was added to dcstroy any remaining

organometa l l ic  spcc ies,  and the react ion mix ture was poured in to

706 ml of lvater in a separatory funnel under a nitrogen atmosphere.

T[e tetrahydrofuran laler rvas separated and protccted from atmo-

spheric o*yg.n. The aqueous layer was saturatcd rvith sodiurn

c'hloricle and extracted with two l0Gml port ions of l texane. Thc

combined organic layers were washed rvtth saturated aqueous

sodium ct r lo i iOe so lu t ion.  dr ied ( lv lgSOr) ,  and concent ra ted.

Dis t i l la t ion through a p la t inum sp inn ing band co lumn at  reduced
pressure gave a colorfess air-sensit ive l iquid. I  , I  , l  - l r is(dimethy' l-

p l rospt r inJmethy l )e thane (21.5 g ,  5 l%) .  bp 93"  (0 '6  mm) '  Th is

compoun.l  was characterizecl by i ts nmr spcctrurn (benzene), which

l rad  peaks  a t  6  1 .68  (d ,6 ,  P -CHr . J  :  3 .3  Hz ) ,  l ' 10  ( s ,3 '  CHr ) ,  and

0 .93  (d .  18 ,  P -CHr '  J  : 3 .4H2) .
Rcaction of cuI with cFI,rc[cFI.rP(CtI,): l r .  A suspension of

copper( l )  iod ic le  (3 .17 g,  16.6 mmol)  was s t i r red overn ight  wi th

t . i , l - t r is i r . t imerhy lpSosphinomerhy l )c thane (4 .25 g,  16.8 mmol)  in

50 ml of erher. i l ]"  white sol id which lbrmcd rvas washed with

ether ancl driecl in a vacuum oven. Thc sol id was insoluble in

water ,  n lc thy lenc ch lor ic le ,  benzene.  and acetone '  I t  began de-

composing at  220"  and became l iqu id  a t  310 ' .  The so l id  d id  not

react  wi th  r r -Lruty l l i th ium at  room tcmperature. ; r
, l t t t t l .  Ca l cd  f o r  C r rH : iPCu l :  C '  29 .83 :  H .  6 ' 15 '  Found :

C . 3 0 . 8 8 :  H , 6 . 5 5 .
Decomposition of trans-2-Butenylcoppertl) in the Presence of

t.1,1-Tris(dimethylphosphinomethyl)ethane. A 0. l l  N solut ion

of tratrs-2-burenyl(tr i- / ' -butylphosphine)copper(l)  in ether was

preparetl  at -78' from [CulPBur]r (0.444 g, l . l l  mequiv) and

irrrrrs-2-butenylt i thium ( 1.20 ml. 0.94 ^/.  L l3 mequiv, 90.6%

rrans). Lithium salts were precipitatecl by the addit ion of 225 pl

o f  d ioxane.  A por t ion o f  the supcrnatant  so lu t ion (2 .5  ml .  0 .28

mmol)  was decanted in to  an 8-mm test  tube.  Addi t ion o f  l , l , l -

tr is(dimethylphosphinomethyl)ethane (70 mg, 0.28 mmol) gave a

solurion coniaining a gummy oi l .  The tr identate l igand greatly

s rab i l i zed  the  copper  compound :  dccompos i t i on  requ i red  hea i i ng

the sample for  l8 hr : r t  80 '  in a sealed tube.  Glpc analysis shorved

50.5 l ;  I  rat l r  . r  rat ts-  and I  1.9 \  c  i . r . r  rarr . r -3.4-dimethyl-2,4-hexadiene

(go.4% trans groups).  T l re gummy oi l  was r ich in organocoppcr

compound s ince the solut ion decanted f rom the oi l  gave only an

l 8 [  y i e l d  o f  d i m e r .
Uncomplexed Vinyl ic  Coppe( l )  : rnd Si lver( l )  Compounds'  The

c is  and  t i ans  i somers  o f  2 -bu tenV l -  and  - l -p ropeny lcopper ( l )  and

-si lver(  I )  were prepared by the lb l lorv ing procedure.  Si lver( l )

iodic le (Bacler  Reagent)  or  copper( l )  iodide (Fischer Reagent)  tvas

added to a 40-ml ientr i fuge tube contain ing a st i r r ing bar.  The

metal  iodides were dr ied by f laming the tube under a nr t rogen

armosphere.  (The metal  iodic les decompose i I  heated excessively.)

Several  mi l l i l i ters of  anhydrous ethyl  ether were added and the tube

was  coo lec i  t o  -78" .  ' i h .  
appropr ia te  l i t h ium reagen t  (no rma l l y ,

less than I  equiv/equiv of  copper or  s i lver)  was added by cannula.

The solut ion was di luted to ca.  0.1 rV rv i th ethyl  ether.  No react ton

occurred at  -78o.  HOwever.  rvhen the mixture was st i r red 3t

-28' for  approximately 30 min.  react ion occurred accompanied by '

d issolut ion of  the metal  iodide.  The color  of  the resul t ing solut ions

tvas nor reproducib le ancl  ranged t rom l ight  yel low through bluc-

green, to dark recl .  crs- l -Propenvls i lver( l )  rvas except ional  in that

an orange to tan sol ic l  was produced in adcl i t ion to d issolved c i ' r -

propenyls i lver(  [ ) .'  
Thermal c lecomposi t ion and analy,s is of  these compounds were

carr ie i i  out  as ctescr ibed for  the corresponding phosphine comprlexes.

Identification of Isomeric 2..1-I Iexadienes. Unsubstituted cis,-

c is- ,  c is , l ra l r . t - ,  and I rat ts, ! r ( t t ts-2.J-hexadiene produced in-  the ther-

mal  decomposi t ions were character ized by col lect ion f rom glpc

and compar ison of  i r  spectra ancl  re lat ive glpc retent ion t imes rvr th

those reported by Bart tet t ;7r  the i r  spectra and retent ion t imcs ot '

these mater ia ls a lso agreet- l  rv i rh compounds isolated f rom a mlx-

ture of  isomers avai lable l tom Columbia Organics,  Inc '

3,4-Dimethl , l -3,4-hexanediol .  A s() lut ion of  mercur ic chlor ide

(21  g ,0 .08  mo l )  i n  2 -bu tanone  (126  g ,  1 .75  mo l )  was  added  s lo rv l y

io  n ragnes ium tu rn ings  (20  g .0 .83  g -a tom)  in  200  m l  o f  benzene

untr l  the react lon , ' , i * tur"  began to ret lux spontaneously.  Tht :

remainder of  the solut ion of  mercur ic chlor ide in 2-butanone !va: i

added over a 45-min per iod at  such ra(e that  a v igorous ref lux wLts

maintained.  Al ter  the react ton mixture had been ref luxed lbr  an

acld i t ional  1.5 hr .  .10 ml of  water  was added and the mixture ' .vas

heatecl  to ref lu,x lbr  30 min.  The gray sol id which formed upon

ad<Ji t ion of  water was separared l iom the benzene solut ion by

f i l t rat ion and returner i  to ihe react ion t lask,  together wi th 175 ml

of  f resh benzene. This mixturc was rct luxed and f i l tered.  TI tc

benzene f i l t ratcs were combincd.  ;onccntratcd.  and dist i l led undcr

rec lucec l  p ressure  to  g i ve  3J '7  c  (31 '7 " ; )  o f  3 '4 -d ime thy l -3 ' J -

hexanec l i o l ,  bp  108-109 '  (  l 9  rnmt  [ t i t . 75  98  -106 '  (6  mm) ] '

c is ,c i . r -3,4-Dimethyl-2.4-hexadiene prepared f rom l '4-dimcthyl-

, t . J -hexaned io l  L ry  the  method  o i  \ l aca l l un t  and  wh i tby ;6  had  l r l r

1 3 6 " ,  r r ! r D  1 . 4 7 J 0  ( l i t . ? ?  b p  l _ 1 J - 1 3 5 ' ) ,  a n d  w a s  > 9 9 1 1  p u r c  h r

g lpc .  The  nmr  spec t rum (CCl , )  o f  t h i s  i somcr  cons is ted  o [  peaks  a t

i  i ; . z r  ( q ,  2 .  J  :  6 . 5  H z ) .  1 . 6 8  t s .  6 ) .  a n d  l . l 2  ( d .  6 .  J  :  6 ' 5  H z t :

each of  ihese peaks was fur ther spl i t  ( . r  -  I  Hz) into ca.  four l i .cs.

The  i r  spec t rum o f  th i s  and  the  o the r  1 .4 -d ime thy l -2 ,4 -hexad iene

isomers al lhave absorpt ion abo' ,e -10()  cm-t  lbr  v inyl  C-H strctc l t t t tg

v ib ra t i ons ,  bu t  a re  mos t  readr l v  d i s t i ngu ishab le  i n  the  reg ron

be tween  l l 00  and  800  cm- r .  
- i ' he  

c i s . c i s  i somer  had  absorp t ions

( C S : )  a t  7 9 5 , 8 1 5 .  8 3 5 . 8 7 5 . 8 9 0 '  9 9 5 .  t 0 2 0 .  1 0 5 0 .  a n d  1 6 5 0  c m - ' '

The uv specrrum of  th is marer ia l  has \ - . .  (ethanol)  2,-1- l  mLr

(e 17,000).
c is, t rat ts-3.4-Dimethyl-2,4-hexadiene rvas isolated f rom the dc-

hydrar ion of  3.4-dimethyl-3.{ -hexanediol  by col lect ing a l tact ion

f rom g lpc .  A  bo i l i ng  po in t  o f  113 'was  ob ta ined  us ing  a  m ic r t r

bo i l i n !  
' po in t  

appa .u tu i  ( l i t . ;  bp  I  l 3 - l  l - l ' ) .  Th is  i somer  ha t l

nmr ( tc l r )  which appeared to be approximately a superpost t rorr(68) We are in<icbtcci  to Professor R. c.  Neurnan, Jr .  (univers i ty  of

Cai i fornia at  Rivcrs idc) ,  for  provid ing an authcrr t ic  sample o[  crs-  and

lrans- l - iodo-propenc:  R.  C.  Neuman, Jr- ,  J '  Org.  Chem',  31'  l85l

(  r 9 6 6 ) .
(69) L.  Maier ,  J .  Inorg.  Nucl .  Chem.,24,275 (1962) '

izOl  g.  Niebergal t  and B.  Langenfeld,  Chent.  9er, ,95,64 (1962\ '

i z r i  a .  G .  F ine i  and  R .  K .  Har r i s ,  Mo l .  Ph .vs . ,  12 ,157 :  l 3 '  65  (  1967) ;

R. 'K.  Harr is  and R. G. Hayter ,  Can. J.  Chem. '  42.2282 (1964) '

(71) W. H. Urry ant l  J '  R.  Eiszncr,  J .  . l rner '  Chcnr '  Soc' ,74'  5822
I  t q i , ) \

( 7 3 )  A  c l i f ' l c r c n t  c o n r p l e x  w a s  f o r m c d  w h c t t  a  s t r s p e n s i o r r  o f  c o p p c r ( [ )

i o d i c l c  ( 0 . 1 8 . 1  g ,  0 . 9 7  r r r n r o l )  i n  l 0  m t  o f  c t h c r  r v i t s  s t i r r c d  r v i t h  l . l . l -

t r i s (c l in rc rhy lp t iosph i r ronrerhy l )c t6ar rc  (0 .21  g ,  0 .91  r r rn ro l )  fo r  o ' [ y  I  h r .

T h c  m i x t u r c - r v i l s  l i l ( e r c c l  t o  g i v c  a  r v h i t c  s o l i d ,  n r p  l - 1 9 - l 5 l  o ,  r v h i c h  r v i l s

s o l u b l c  i n  c t h a r r o l ,  a c c t o l l c ,  a n d  b c r r z c n c .  T h i s  l o r r c r  I n c l t i r t g  c o t t r l r l c r

i s  t h o u g h t  t o  l r c  n t g t t 1 ; m c r i c  r r I i l c  t h c  h i g I c r  l r c l t i r r g  c o t t t p l c x  i s  t l t o u g l t t

t o  b c  p o l y r r t c r i c .

I ( r a s n v a n s k a .  l n d  B .  A '  K a z a n s k r

Jottrnttl tt l l l ta .lrttt 'r ictttt Cltuttit 'u! Srrcic'l-l '  I I 6 t lvlurclt 2'1' 197 I

Tr t t r rs .  Ror .  Soc .  Ct r t



oi  the specrrs  o l  the two s-v-mmetr ica l  isomers wi th  peaks at  6  5 .12
(q.  l .  _ /  -  i  Hz rvr rh  l 'u r rher  f ihe sp l i t t ing) ,  l .q2-1.75 (m.  l2) :  i r
rCS , r  3 l _ i .  S - r - i . 375 .9 .15 .  l i ) ( n .  t 030 .  1040 .  1055 .  and  l 0g5  cm- r :
rhc r r r  i l rcc l rum showcd on ly  end absorpt ion \  (e thanol ;  230 mp
(  c  l 9 tY )  t

i  r . ;  t  r  5.  1 7. , , ,  t -J . { -Dimethl , l -2,{ -hcxadiene was prepared by thermal
. i c c o m c o s r r r o n  o l ' 2 - b u t e n y l s i l v e r ( l )  a n d  p u r i t i e d  b y  g l p c  ( c o l u m n
C r . - r  I r s  s t r t r c tu re  r vas  ass igned  ou  the  bas is  o f  spec t ra  and  ana ly ,s i s .
r r : . . 1  i ' . '  c l rmrna t ron  o f  the  c i s . t rans  and  c i s . c i s  i somers  as  poss ib le
) i : u . r u r c s :  n m r  ( C C l , )  , i  s . . l l J  ( q , 2 ,  J  :  6 . 5  H z ) .  1 . 7 2  ( s ,  6 ) .  a n d
i  6 ? , , 1 .  6 . . i  =  6 . i  H z r ;  i r  ( C S : )  g l 0 ,  1 0 2 0 ,  1 0 7 0  c m - r ;  u v ,  e n c l
: r i . s , . rp r ron  , \  t e rhano l )  230  mp (e  12 f f ) ) .

. l t u t ' .  C a l c d  l b r  C * H r r :  C . 8 7 . 1 9 ;  H ,  1 2 . 8 1 .  F o u n d :  C ,
S 7 . 0 7 :  H .  1 2 . 8 2 .

Reacrions of trurts-Propenyllithium with rransition Nletal Hatides.
The same general  proccdure was used lbr  each react ion.  Anh1.-
drous t ransir ion mctal  hal ide (5G-100 mg) was t ransferred into a
rared f lame-dr ied l2-ml stoppered centr i fuge tube in a n i t rogen-
6l led glove bag,  the tube was removed l rom the bag,  and the
*erght  of  the sal t  determined by weighing the tube.  Tl ie tube rvas
f lushed  w i th  n i t rogen ,  rhe  sa l t  suspended  in  e rhe r  o r  THF 1 -2_1g
ml .  su thc ien r  to  resu l t  i n  a  so lu t i on  -0 .1  , ! /  i n  mera l  i on ) .  and  the
susper rs ion  coo led  to  -78 ' .  A  measured  vo lume o l ' an  e the r  so lu -
t ion of  t rut ts-propenyl l i t l r ium (-0.1-0.2 rV) contain ing rr -  c iecaneas
inrernal  g lpc standard 

"vas 
t ransrerred by lbrcet l  s iphon t l r rough a

cannu la  i n to  the  suspens ion  o f  t rans i t i on  meta l  sa i t .  The  cen t r i -
I 'uge rube contain ing the react ion mixture was shaken or st i r recl  at
-78 '  l b r  5 -15  m in .  the .  a l l owed  to  s tand  a t  room tempera tu re  l o r
6 -18  l r r .  The  reac r ion  m ix ru res  were  usua i l1 ,  hyd ro ryzed  w i rh  0 .2
ml o l ' rvarer  belbre analysis by glpc on column C.

Rcduct ion of  2-Bromo-2-butene rv i th r r i - r r -but1 ' l t in  Hydr ide.  crr-
2 -Bromo-2 -bu rene  (0 .881  g ,  6 .54  mmol ,  9 l I  c i s ) ,  c i . r -2 -pen tene
(Ph i l l i ps  Pe t ro leum.  0 .170  g ,  95 [  c i s ) ,  and  , -hep tane  ( t . 1 .212  g ,
glpc internal  srandard) were placcd in a 5-ml f lask.  SamolJs
cou ld  be  raken  by  inse r t i ng  a  sy r inge  need le  th roug l r  a  se rum s roppc r
and a sto l lcock connecred to the f ' lask.  Tr i - r r -buty l t in hy,dr ide"n
(2.217 g,  7.72 mmol)  was added ro rhe crs-2-bromo-2-buiene bv

(79 )  Thc  g lpc  r c ten t ion  r imcs  o f  thc  rh rcc  i somcr i c  3 , .1 -d imc thy l -2 ,4 -
hu ' . xud ie  nes  on  th i s  co lu rnn  a t  J0 "  undc r  comparab lc  conc l i t i ons  rve re :
t rAns , r r i . l ns .  8 .6  n r i r r ;  c i s , t r rns ,  12 .2  m in ;  c i s , c i s .  27 .0  m in .

(80) C.  J.  M. Van dcr l ( r : rk,  J .  G. Nol tcs,  and J.  G. A.  Lui j tcn,  - / .
Appl .  Chem.,  7,  366 (  1957).
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syringe. No effort was made to flush air from the system r,"hosc
dead volume was ca. - l  ml.

samples were wi thdrawn at  in terva ls  and analyzed on e i ther
column C at 65' or on a 6-ft  l0 ' i  benzylnitr ire=si lver nitratc
co lumndr  a t  -  l5 ' .  Af ter  I  l r r .  t l re  c is - t rans ra t io  o f  2-butenes
formed was 33.5:66.5. After t7 hr. -18[ of crs-2-bromo-2-butene
had been conver ted to  2-butene wi th  a  33.5:66.5 c is - t rans ra t io .
and .15]l  of the crs-2-bromo-2-butene (86'" cis; had not reacted.
At ier  2-hr  reacr ion,  the c is - t rans ra t io  o t '2-penrene was s t i l l  95:5 .

Similarl .v ' .  trans-2-butene ( l  .077 g,7.98 mmol. >99% trans) rvas
reduced wi th  r r i - r r -buty l t in  hydr ide (2 .255 g,7 .75 mmol)  a t  room
temperarure in the presence of ci .r-2-pentene (0.109 g, 95[ cisl
and r -heptane (0 .155 g,  g lpc in terna l  s tandard) .  Af ter  I  day, -2g""
of the trans-2'bromo-2-butene had been converted to a 36:6.1
mrxture of cis- and trans-2-butene. rvhile 69 % of the ftatt.s-2-
bromo-2-lrutene had not reacted. Neither rrons-2-bromo-2-butene
nor crs-2-pentene rvere isomerized under the reaction condit ions
after I  day.

Reaction of rri-rr-huty t tin t{y dridc rvi th cis-2-Butenyl(tri-rr-buty' l-
phosphine)copper(I).  A 0.15 N solut ion of cis-2-butenyl(tr i- i r-
phosphine.ycopper( I)  (0.96 mmol) l iom which l i thium hal ide hacl
been remov'ed as a dioxane precipitate rvas cooled to -7g, anci
t r i - r r -buty ' l t rn  hydr ide (200 p l :  0 .756 mmol)  was added to  g i r ,e  a
deep red solut ion. upon warming to room temperature. tne
solut ion became black. n-Heptane ancl rr-decane were added to
the decomposed solut ion tbr use as glpc standards. The solut ion
rvas analyzed by glpc on column c and on a 6-fr l0[ benzylnitr i lc-
si lver nitrare column. The prod'crs wcre 2-buteni (0.3'g mmol.
40[  y ' ie ld ,  78 i ]  c is )  and crs ,c is -2 , .1-hexadiene (0 .05 mmol ,  l l , rJ
y ie ld l .

ln a similar reacrion. crs-2-burenylt tr i -rr-trut l , lphosphine)copperr I  )
(0 .84 mmol) .  t r i - r r -bury l r in  hydr ic le  0 .76 mmol) ,  and t rans- ) -
bromo-2-butene (0 .96 mmol)  were mixec l  a t  -78"  and warmed t r r
room tempcrature lbr several hours. Analrsrs showed that thc
so lu t ion conra ined f -butene (0 . .10 rnnro l .  17,T y ie ld .  66/o  c ts t .
3 ,J-d imethy l -2 .4-hexadiencs (0 .05 mnro l .  t2 \  y ie ld ,  85% c is
isomeric 1;uri ty),  an<J Iratts-2-bromo-l-burcnc (0.83 mmol).

Acknow ledgmen ts .  We  w ish  t o  exp ress  ou r  app rec i -
a t i on  t o  D r .  H .  L .  M i t che l l  f o r  r unn ing  mass  spec t r i . r .
and  t o  D rs .  W.  A .  Sheppa rd  and  A .  Ca i rnc ross  f o r  i n -
f o rm ing  us  o f  n l any  o f  t he i r  r esL r l t s  p r i o r  t o  pub l i ca t i on .

(81)  F.  van dc Craars ,  Anal .  Chem.. lc ru ,  14,  l l6  t1956) .
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