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Abst ract :  L i th ium d ia iky l -  or  d iary lcuprates (R, ,CuLi )  react  w i th  ary l  iod ides in  e ther  so lu t ion by compet ing

mera l -ha logen exchange and coupi ing react ions.  Us ing appropr ia te  re i lgents .  h igh y ie lds o f  the coupled product

R-Ar  can be obta ined by a l lowing t t .  mera l -ha logen exchange to  proc ied to  complet ion in  the presence of  an

excess of  R, :CuLi ,  and ox id iz ing the resu l t ing mix t r . r re  o f  organometa l l ic  spec ies present . in  so lu t ion wi th  n i t roben-

zenc or  oxygen.  Th is  react ion sequence works w 'e l l  w i rh  l i th ium d i -n-a lky ' l -  and d iary l t ' t lp ra tes;  i t  fa i ls  w i th  d i -

sec-a lky l -  and d i - l -a lky lcuprates.  A l though most  a lky t l i th ium reagents  react  wi th  ar . " - l  iod ides on ly  by meta l -

ha logen exch.nge,  methy l l i th ium.  uncompiexed wi rh  copper .  smooth ly  conver ts  ary l  iod ides to  ar -v lmethanes '

Coupl ing o l i rh ium d ia lky l -  and c t iary , l .upr" , .s  wi rh  r r l , ( r i  ha l ides appcars  to  take p lace wi thout  s ign i f icant  meta l -

ha logen exchange.  The reacr ion o f  l i th ium d iphcny lcuprate  wi th  ( - ) - (R)-2-bromobl t t l tne occt t rs  wi th  the pre-

< jominant  incers i rn  o f  conf igurar ion (84-92 'T,  s rereoselec i iu i ry l  expected of  un Sr2- l ike  d isp lacenrent ' , .  coupl ing

rcact ions in l .o lv ing an r r -a lky lha l ide i is  onc reuct ion par tner  i roceed in  h igh y ie lc l :  thost  invohing r -a lky l  ha l ides

fa i l .  L i th ium d i -n-a lky l - ,  r3 i -sec-a lky . l - ,  and d i - r -a lky lcopper  re i lgents  u l t  co ip le  wi th  n-a lky l  ha l ides '  A number  o f

preparat ions for  rcpresentar ive copper( l )  are  complexes are desJr ibed.  and the sens i t i l i ty  o f  the coupl ing react ions

to  the merhod o[  preparat ion o f  the a te  complex.  to  the narure o f  the so lvent .  and to  the presence of  l i th ium hal ides '

t r ia lky lphosphines.  and d ia iky l  su l f i< jes  in  so lu t ion are d iscussed '

A broad ly  app l i cab le  p rocedure  fo r  coup l ing  the  or -
l l  gan ic  mo ie ty  o f  an  organometa l l i c  reagent  w i th

tha t  o i  an  or -qan ic  ha l ide  wou ld  be  a  use fu l  member  o f

the  c lass  o f  reac t ions  ava i lab le  fo r  the  syn thes is  o [

c a r b o n - c a r b o n  c  b o n d s .  U n [ o r t u n a i e l y ' t h e  c o m -

R M  +  R , X  _ >  R _ R ,  +  V I X  ( l )

mon ly  encountered  organometa l l i c  der iva t ives  o [  the

main group metals appear to be unsi i t is factory as rea-

gents lor  ef fect ing the format ion of  carbon-carbon

bonds by  nuc leoph i l i c  d isp lacement  a t  a  carbon-

ha logen bond.  A l though organo l i th ium reagents  a re

s t rong ly  bas ic ,  they  appear  to  be  on ly  weak ly  nuc leo-

ph i l i c  ioward  carbon:  reac t ion  o f  an  organo l i th ium

io*pound w i th  an  a lky l  o r  a ry l  ha l ide  in  hydrocarbon

or.  . ih.r  solut ions usual ly leads to mixtures of  products

der ived t ' rom compet ing metal-halogen exchange.t  a

meta la t ion ,s  i3  e l im ina t ion ,  and coup l ing ,  w i th  the  las t

reac t ion  apparent ly  p roceed ing ,  a t  leas t  in  par t ,  th rough

a complex  f ree- rad ica l  mechan ism'6  Organomagne-

( l )  suppor ted  by  c ran ts  cP-2018  and  GP- i266  f l rom thc  Na t iona l

Sc icncc  Founda t ion .
(2 )  Suppor tec i  by  Rcscarch  Gran t  No .  AFOSR-68 '1518  l rom the

Di icctoraie of  Chemicat  Scie nces,  Air  Force Off ice ot 'sc ient i f ic  Research'

(3 )  Na t iona l  Ins t i t u tes  o f  Hea l th  P re t joc to r r l  Fc l l ow ,  1966_1969 .

i , f i  n .  G .  J o n e s  a n d  H .  G i l m a n ,  O r g .  R e a c t t o n s , 6 , 3 3 9  ( 1 9 5 t ) ;  D . E .

App icqu is t  and  D .  F .  O 'B r i cn ,  J .  A rne r .  Chen t .  Soc . ,  85 .  743  (1961) ;

H .  L  S .  Wink lc r  and  H .  Wink le r ,  i b id . ,  EE ,  9U '  969  (1966) '
(5 )  W.  l ( i rmse ,  "Carbcne  Chemis t r y , "  Acadcmic  P ress '  New York '

N . Y . , 1 9 6 4 ; G . l ( i i b r i c h , A n g e w ' C h e m ' I n t . E d ' E n g l ' , 6 , ' l l ( 1 9 6 7 ) ' a n d
references in each.

( 6 )  H .  R .  W a r d ,  J .  A m e r .  C h e m '  S o c ' , 8 9 , 5 5 1 7  ( 1 9 6 7 ) ;  H '  R '  W a r d

a n d ' R . G . L a w l e r , i b i ( t . , 8 9 , 5 5 1 8 ( 1 9 6 7 ) ; C . G ' s c r e t t r s a n d J ' F '
Eas th rm,  i b id . ,  88 ,  5668  (1966) .

s ium reagents  a re  re la t i ve ly  unreac t ive  toward  s imp lc

e lky l  and ary l  ha l ides :  thc i r  reac t ion  w i th  ac t iva ted  ha-

l ides  aga in  ieac ls  to  n r ix tu res  o f  p roduc ts .T 'E  Organo-

z inc  anc l  o rganoa luminum compounds exh ib i t  low reac-

t i v i t y  toward  ,  € .8 . ,  n -a lky l  ha l ides '  A t  p resent '  thc

s t ruc tura l  fac to rs  respons ib le  fo r  low nuc leoph i l i c i t y  o f

these organometa l l i c  reugents  toward  carbon are  no t

en t i re ly  ev ident .
In  cont ras t .  o rganometa l l i c  compounds conta in ing

carbon-copper ( l )  bonds  prov ide  a  c lass  o f  reagents

whose use iu lness  in  coup l ing  reac t ions  w i th  o rgan ic  ha-

l ides has been amply demonstr l ted in certain special ized

circumstances. i t rut  react ion of  copper( l )  acetyl ides

wi th  ace ty len ic ,e  a romat ic . r0  v iny l , [a 'b  and acyFr "  ha-

(7 )  N I .  S '  Kharasc l r  and  O.  Re inmuth '  . ,Gr ignard  Reac t ions  o f  Nor r -

me ta l l i c  Subs t i t nccs , "  P ren t i ce -Ha t t ,  I nc ' ,  Nerv  York '  N '  Y "  19 ) l '

Chap te r  16 .
(8)  Normant has reported that  use of  hexamethylphosphoramidc ' ts

so ivenr  fo r  the  reac t ion  o f  a l ky l  ha l i des  w i th  Gr ignard  reagen ts  l eads  to

synthet icat ly  uscfuI  y ietds of  coupled products;  however '  the general in '

o [  t h i s  so l vcn t  e f fec i  has  no t  ye t  been  dcmons t ra ted :  c f 'H 'Norman t '

A n g e w .  C h e n t . l n t .  E t t .  E n g ! . , - 6 , 1 0 ' 1 6  ( 1 9 6 7 ) ;  J '  F '  N o r m a n t '  B u l l '  S o c

C h i m .  F r . ,  1 8 8 8  ( 1 9 6 3 ) .
(9 )  (a )  G .  Eg l i n ton  and  W'  N lcCrac ,  Ac !can '  Org '  Chem"4 '225  (1961) ;

(b )  F .Boh lmann ,  H '  Schdno loskv ,  E '  I nho f fen '  and  G '  Grau '  Chen t '

\ i r . , 91 ,794  (1961) ;  ( c )  R .  F '  Cur t i s  and  J '  A '  Tav lo r '  Te t rahedro r t

L e t t . , 2 9 l 9  ( 1 9 6 8 ) .
( t t i l  f a )  C .  E"Cas t ro ,  E .  J '  G ' rughan ,  and  D '  C '  Orvs ley '  J '  o rz

C h e m . , 3 l ,  - t 0 7 1  ( 1 t 6 6 ) ;  ( b )  C .  E .  C a s t r o  a n d  R '  D '  S t e p h e n s '  i b i d " 2 8 '

2 1 6 3  ( 1 9 6 3 ) :  ( c )  R . E .  D e i s y  a n d  s .  A .  K a n d i l ,  i b i d . , 3 0 . 3 8 5 7  ( 1 9 6 - < ) ;

(d )  R .  E .  A tk inson ,  R .  F .  i u r t i s ,  and  J '  A '  Tay to r '  J '  Chem'  Soc"  C"

i ; ' s  ( t soz l :  (e )  R .  E .  A tk inson ,  R '  F '  Cur t i s '  D '  M '  Jones '  and  J '  A '

Tay lo r ,  Chem.  Commun. '  718  (1967) '
( t t l  t o l  J .  Bu rdon ,  P .  L '  Coc '  C .  R '  Marsh '  and  J '  C '  Ta t low '  Chen t '

Comntun . ,  r zss  t l 96 i l ;  (b )  L .  Yu  Ukh in ,  A '  M '  S ladkov '  and  V '  I '

lVltitesitles. et tt l. I Lirhiunt Diulk-t' l- untl Diurylcuprute Reuctiltns



4872

l ides  has  been used success fu i l y  in  fo rmat ion  o f  a  bonds .
a n d  a  n u m b e r  o f  t h e r m a l l y  s t a b l e  a r y l c o p p e r ( l )  r e a -
gents  have been observed to  coup le  w i th  a ry l . 'a lky l .  and
acy l  ha l ides .  r ' r '  r r  un f  o r tunate ly .  the  use fu iness  o f  most
uncomplexed a lky lcopper ( l )  reagents  in  coup l ing  reec-
t ions  is  l im i ted ,  s ince  these compounds decompose
thermal ly  more  rap id ly  than they  reac t  w i th  o rgan ic  ha-
l ides .  However ,  p rev ious  work  w i th  o rganoJopper ( t )
conrpounds has  demonst ra ted  tha t  fo rmat ion  o f  I  :  I
"a te"  comple . resr {  o f  these reagents  w i th  o rgano l i th ium
and organomagnes iunr  reagents  s imu l taneous ly  resu l ts
in  a  s tab i l i za t ion  o f  the  carbon-copper ( l )  bon i  toward
thermal  deconrpos i t ion  and in  an  inc rease in  the  nuc leo-
ph i i i c  reac t iv i t y  toward  carbon o f  the  organ ic  mo ie ty
bonded to  copper .  r . i ,  16  Thus ,  l i th ium Oi i t t y t -  o r  d i -
ary lcuprates appeared to be of  interest  

" t  
, .og.nts for

car ry ing  our  the  d isp lacement  o f  ha logen a t  c i rbon by
organ ic  g roups .

Th is  paper  repor ts  the  resur ts  o f  our  examinat ion  o f
thc '  reac t iv i t y  o f  l i th ium d io rganocuprares  toward  or -
gan ic  ha l ides .  The resu l ts  o f  s im i la r , r  independent  in -
'es t iqa t ions  have recent ly  been descr ibed by  Corey  and
Posner ,17  and severa l  appr ica t ions  o f  these cbupr ing  pro-
ccdures  have been repor ted  s ince  the  or ig in . i  a . i i r ip -
t i o n s .  r ,

the  s ign i f i can t  inc rease in  thc-  y ie ld  o f  a rymethane .h -
ser 'ed  on  or ida t ion  o f  the  reac t ion  mix iu re  ind ica tcs
t h a t  a t  l e a s t  t w o  r e a c t i o n s  a r e  t a k i n g  p l a c e  i n  s o l u t i o ' :
a  reac t ion  lead ing  to  coupr ing  ( .q  2  o r  4 ) ,  and anothcr
reac t ion  invo lv ing  meta l -ha logen exchange be tween thc
ary l  iod ide  and rhe  cupra te  I  wh ich  comle tes  w i rh  ( r r r
p recedes)  the  coupr ing  reacr ion  (eq  3) .  The ox ic i : r r i rc
convers ion  o f  a  "mixec i "  l i th iu r  ph"ny lmethy lcup* rc
( represented  schemat ica l l y  by  2 )  to  to luene on  ox ida t ion

Ph l  +  (CH ' ) ,CuL i
I

Ph l  +  (CH, I :CuLi
I

- ->  PhCHr *  (CH,Cu)  *  L i t  r l r

=-  lPh)(CHr)CuLi  *  CHr l  ( - r r
2

2  +  CHI I  - -+  phCHr  *  (CHrCu)  { r r

2 * O: --> PhCH3 (_i )
(eq  5)  i s  in  accord  w i th  the  resu l ts  o f  p rev ious  s tud ics . r ,
ln  an  e f fo r t  to  es tabr ish  the  most  sa t is fac to ry  expc . -
menta l  cond i t ions  fo . r  coup_r ing  organocopper  re 'ge  r [ :
w i rh  a ry ' l  ha l ides .  and to  de f ine  the  i f fec t  o i  t t .  re rminu i
ox ida t ion  on  the  y ' ie ld  o f  coup lec l  p roduc t ,  we havc  er -
a m i n e d  t h e  r e a c t i o n s  o f  l i t h i u r ' d i m e t h y l c u p r a t e  a n d  r c _
la ted  subs tances  w i th  ioc lobenzene and l  - iodon 'p r r -
t h a l e n e  i n  d e t a i l .

. .  T h r e e  p r e p a r a t i o n s  f o r  s o l u t i o n s  c o n t a i n i n g  , . l i t h i u n r
d in re thy lcupra te"  a re  ava i lab le  (eq  6-g ; .  r i : , ,  Thcse

:CHrLi  *  CuX -_> (CH,r) :CuLi  + LiX (r , r
I

CH,Li  + CH,,Cu -> (CH,r)rCuLi  ( - / t
I

lCH3L i  *  L .CuX -__+ (CH, ) :CuL i .L  +  t iX  (s )
prepara t ions  d i f fe r  in  conven ience and in  the  proper t ie  s
o f  the  resu l t ing  organometa l l i c  reagents .  The rn ( )s r
amenab le  to  la rge  ica le  synrhet ic  ipp l i ca t ion  is  thc
d i rec t  reac t ion  be tween nre thy l l i th ium and copper (  I l
b romide or  iod ide  suspended in  e ther  (eq  6) .  The conr -
p o s i t i o n  o f  t h e s e  o r g a n o m e t a l l i c  s o l u t i o n s  i s  n o t  w c l l
de f ined on  two counts :  fo r  one.  the ,v  conta in  var iubre
a m o u n r s  o f  l i t h i u m  h a l i d e :  f o r  a  s e c o n d ,  t h e y  a p p e a r  [ ( )
be  s ign i f i can t ly  more  ac t ivc  in  cer ta in  reac t ions  than so-
l u t i o n s  c o n r a i n i n g  p u r e  l i t h i u m  d i m e t h y l c u p r a t e  ( t t d , ,
infra).  Preparat ion of  pure r i th ium dimethyrcuprate b, ,
reac t ion  o f  methy l l i th iunr  w i th  a  s l igh t  . * i . rs -o f  pur . ,
methy lcopper  (eq  7)  leads  to  l i th ium ha l ide  f ree  soru-
t ions  conta in ing  an  organocopper  reagent  o f  we l l -c lc -
f ined  s to ich iomet ry ,  bu t  i s  re la l i ve ly  inconven ien t  in  i rs
requ i remenr  tha t  methy lcopper ( r )  be  prepared in  a  sep-
ara te  s tep .  React ion  o l '  methy l l i th ium wi th  an  e thcr -
so lub le  copper ( l )  ha l ide  t r ia lky lphosph ine  or  b is (d ia lk l  I
su l f ide)  complex  resu l ts  in  a  so lu t ion  conta in ing  t i . , .
phosph ine  or  su l f ide  l igand and l i th ium ha l ide  in  iac i -
t ion  to  a  l i th ium d in re thy lcopper  a te  complex  (eq  E)

( 2 0 )  N o  f i r m  e v i d c r r c c  i s  a v a i l a b l c  c o ' c e r n i n g  t h e  s t r u c r u r c (  s )  o r
ex tenr (s )  o f  aggrc -ga t ion  o t '  thc  spec ies  reprcscntcd  in  th is  papcr  . r  r
R , : c u L i  a n d  R : C u L i ' p R r .  B y  a n a l o g y  r v i r i r  t h e  n r .  . o . p r " * c s  f o r n r e  c
b c n v e e n  m e t h . ' - l l i t h i u m  a n d  e i t h e r  d i m c t h y l m a g n c s i u m  o r  d i m e t h r i -
z i n c , : t  t h e  " l i t h i u m  d i m c t h l  l c u p r a r c s "  p r o b a b l y  c o n s i s r  o r  , . i . , i r i . J r . , ,
m c r a l  c l u s r e r s  r v i r h  l i r c c - c c . t c r c d  b r i d g i r r g  a l k y l  g r o u p s .  p r c l i m i . : r r , .
l o w - t e m p c r a t u r c  n m r  s t u d i c s  o f  c o p p c r  

" t "  
. o , r r p l e x c s  a r e  c o r l s l s t c r l  i

w r t h  s u : h  a  p i c r u r e  a n d  a l s o  s u g g c s r  t h c  e x i s t c n c c  o f  h i g h e r  c o m p l c r c :
h a v i n g  c o m p o s i r i o n ,  e . g . .  ( R C u ) . ( R L i ) 1 . : :  B o t h  c h c m i c a l  a n d  s p c c t r o -
s c o p i c  e v i d c n c c  i n d i c a t e  q u a l i t a r r v c l y  r h a t  t r i a l k y l p h o s p h i n e s  i n  s o l u r i o .
o ( ' copper  a re  complexcs  are  assoc ia tcd  rv i th  thc  mcta l  c lus te rs ,  bu t  ag ; r r r . .
n o  s t r u c t u r a l  i n f o r m a t i o n  c o n c c r n i n g  t h e  d e t a i l s  o f  t h i s  a s s o c r a r i o n  . r r c
a t  h a n d . : r

( 2 1 )  T .  L .  B r o w n ,  A c c o u n t s  C h e n t .  R e s . ,  l , 2 j  ( 1 9 6 g ) .
( 2 2 )  l .  S a n F i l i p p o ,  J r . ,  u n p u b l i s h c d  s t u d i e s .

1969

I i  esults

I leact ion of  i \ Iethytcopper( I )  Der ivat ives rv i th Aryl
Iod ides .  Pure  l i rh ium d imethy lcuprare  (  l )  can  be
prepared b,v dissolv ing hal ide-t iee nrethylcopper( I )  in
h a l i d e - f r e e  m e r h y l l i t h i u m  s o l u r i o n . r ;  R e a c t i o n  o f  t h i s
nur te r ia l  w i th  a ry l  iod ides  such as  iodobenzene or  l -
rodonaphtha lene in  e ther  so lu t ion  a t  roonr  tempera ture
t 'or  per iods of  8 to 2-t  hr ,  fo l rowed by hydrorysis,  y ie lds
t h c '  c o r f € s p o n d i n g  a r y l m e t h a n e  w i t h  a  m a x i m u m  c o n -
rers ion  o i  30-501[  based on  rhe  ary l  iod ide .  I f  the
organometa l l i c  components  o t '  the  reac t ion  mix tu res
;1rc  ox id izedr r  p r io r  to  hydro lys is ,  the  y ie id  o f  a ry r -
n rerhrne  is  inc rcased ro  60-70% (Tab l ts  I  and r i l .
These observ 'a t ions  suggest  tha t  l i th ium d imethy lcupra te
rs  re lc t i ve  toward  carbon- iod ine  bonds in  a  sense tha t
leeds  to  carbon-carbon bond fo rmat ion .  However ,
C o r s h k o v ,  Z h .  O r g .  K ! i y . r O , ? t  t l 9 6 g ) ;  C h e m .  A b s n . , 6 g , 7 S 6 2 1 l 9 6 g ) ;
r c r A .  I t .  S l a d k o v  

1 1 < {  1 . . _ R . _ G o l . d i n g ,  Z h .  O r g .  K t i m . .  f , ' t j t S  ( 1 9 6 7 ) ;
Chem.  Abs r r . ,  67 ,  9376  , l 967 ) .

( l : )  (a )  H .  Cr lman .a r r t J  J .  M_ .  S t ra l cy ,  Rec .T rac .  Ch i rn .pa1 ,s_Bas ,55 ,
s l l  ( 1 9 1 6 ) ;  ( b )  A .  E .  J u k c s ,  S .  s .  D u a ,  a n c r  H .  c i r n ' * ,  l .  d r g a n o ^ e r o r .Chem. .  12 ,  P l . l .  P . l . l  ( 196g) ;  ( c )  A .  Ca i rnc ross  and  W.  n .  

"S i re .ppard ,
J '  ' l r n e r '  C h e m .  s o c . , 9 0 ,  2 r g 6  ( r 9 6 g ) ;  ( d )  M .  N i l s s o n  a n d  o .  w e n n e r -strom. Tetrahedron Let t_ 3307 0963);  (e)  for  a recent .* i " ru,  see NI .\ r l sson ,  S rensk .  Ke tn .  T i t l sk i . ,  90 ,  l 9Z  i tSOat ;  Chem.  . l bs r r . . , 69 ,  g l45
r  I 9 6 3 ) .

(  l l )  Ev idcnce  fo r  coupr i .g  be r rveen  a ry rcopper ( r )  compounds  and  a rv rh ' r l ides h;rs bcen fouud i r r  s tuci ies of  t t re ur i -an , . " . i ion,  i ; ; ' ; r . " i :F . rn r r .  Chem.  Rec . ,64 , -6 l  j  t 1964) ;  (b )  C .  B jd rk lunc l  , rnJ .v t  N i l sson ,Tetrahedron Let ters,  675 ( t966);  M. Ni isso n,  ib id. ,  679 (1966),  (c)  A.  H.Lcn in  and  T .  Cohcn ,  i b id . ,  1531  (1965) ;  (d )  M.  N i l sson .  Aua  Chem.Scan< l . ,  lZ ,  537  (1958) ;  20 .  . l 2 j  (  1966) .
( l . l )  W.  Tochrc rmann  lAnzew.  Chem.  In t .  Ec t .  Eng l . ,  S ,35 t  (1966) lrnd  C .  Wi t t i g  [euar r .  Rec .  (London) ,  20 ,  tg t  f  lSe"6 ) l ' have  p rov idedre\  lc_\ 'vs oI  the propert ics and rc.act ions of  ate aoaptr*ar . - - - '( l - i )  H .  O .  H o u s c . r n d  W .  F .  F i s c h e r ,  I r . ,  J .  O r g .  i h e m . , 3 3 , 9 . 1 9t t968) ;  H .  O .  Housc .  W.  L .  Rcspess ,  and  C .  V  fV i r i , " r i J . r , ' i a i . f . ,  l t ,l l lS  (1966) ,  and  re l ' c rences  in  each .
(16 )  H .  G i lman .  R .  C .  Joncs .  anc l  L .  A .  Woods ,  i b id . ,  l i ,  1630(  I  9 5 1 ) .

.  ! ! i )  E ,  J .  Core ; -  r l d  G .  H .  posner ,  J .  An te r .  Chem.  Soc . ,  E9 ,  39 i l( 1 9 6 7 ) ;  9 0 .  5 6 1 5  ( 1 9 6 8 ) .
( 1 8 )  G .  B i j c h i  a n d  J .  A .  C a r t s o n ,  i b i c t . , 9 0 ,  5 l l 6  i l 9 6 g ) ;  E .  J .  C o r e y ,J.  A.  Karzenel lcnbogcrr ,  and C. H.  posner,  ib i ( I . ,  gg, . t245 (  1967);  E.  J.Corey ,  J .  A .  l (a rzene l l cnbogen ,  N .  W.  G i iman ,  S .  A .  Roman,  and  B .  W.Er i ckson ,  i b id . ,  90 ,56 t  8  (  tSOSl .
(19 )  G .  M.  \ \ ' h i t cs idcs ,  J ._San  F i l i ppo ,  J r . ,  C .  p .  Casey ,  and  E .  J .P r rnek ,  J .  Amer .  Chem.  Soc . ,  g9 ,  S IO:  i iSOZt .

Josynr, l  o l '  t / re . l r t rar i< 'ut t  Chent iut l  Strc ietv 9 l  ;  t7 Augusr I J,



Table I. Reaction of Lithium Dialkylcuprates with lodobenzene"

RrCuLi
Other solution

components (concn, /v/)

Recovered
- iodo-

Reaction benzene,
t ime, hr  7 l  Product

-  Y ie ld ,  7o '  -
Hy drolysis Oxidation"

l.  (CHr}CuLid

2. (CHr)zCuLid

3. (CHrhCuLid

4. (CHrlCuLid

5. (CHr)rCuLid

6. (CHr}CuLi '

7. (CHr!CuLii

8. (CHr)zCuLid

9. (CHr)rCuLid

10. (rr-C.Ho):CuLiP(rr-Buh^
I l .  (sec-CrH,r)zCuLiP(rr-Buh^
12. "(rt-C.Hc):CuLi" i
13. "(sec-C1H,,)rCuLi" i

I
4

l 5
42

I
4

l 5
A' l

+z

I
l 5
I

34
I
4
I
,1

72
0 2 5

t 2
I

2
I
A

l 5
0 . 7
o . 7 i
1 . 0 ,
I  . 0 ,

95
75
36

< l

To luene

r l -CrH rC,;H;
sec-CrHgCoHs
rt-C.rHgCoH:
sec-CrH,rCoH;

9 l
92
< l
l 9
37
60
60
52
98

7
80
95
50
20
55
< t

6
1 {
A A

16
.l

l l
25
.18

- l
29

< l
l 6
20
l 8

< l
1

J I

l 2
l :
5 5
99

J

80
95
< l
< l
< l
< l

3
l 6
48
70
4

35
65
7 L

- [
60
< l

cHrl- i  (0.1)

L iBr  (1 .0)

Lir  ( r .0)

( r r -CrHg)rP (0.5)

Lit (0.5) +
( r r -CrHc)zS (1.0)

Lir  (0.5) +
L iBr  (1 .0 )

"residue" o

cH3Li (0.1) +
"residue" 4

Lir (0.s)
Li t  (0 .5)
Lir (0.s)
L i r  (0 .s)

.  Reactions wcre carncd ou! in erher solut ion at 25',  with [RrCuLi] = 0.5 11, and [C.Hil l  -  0.1 I / ,  unless otherwise no(ed. '  Yiclds
were dctermined by glpc, and sre based on iodobenzenc. " Oxidations were carried out by diluting the reaction mixlure to -0.1 M in Cu(l)
followed by addition ofan excess of moleculff oxygen at -78', unless noted olherwise. d Ptepared by dissolv in g hal idc-free m€thylcopper( I)

in hatide-fiee methytlithium solurion (eq ?). , Prepared by reaction of 2 equiv of melhyllithium wirh I cquiv of (r'-C.H')rslrcul (eq 8)
/ prepar€d by reaction of 2 equiv of alkyllilhium reagent with a suspension of I equiv of Cul (eq 6), , "Residue".refers to the materials pres-

enr in commircial copper(l) iodide which are insoluble in di-r-butyl sul6de. See the text lbr a disctrssion of this poin!. I Pr€pared by re-
acrion of 2 equiv of aikyl l i rhium .eagent wirh I equiv of lCuP(r-Bu)r (eq 8). I  Relct ion carr ied out a( -10'.  )THFsolurion-

The presence of  these l igands and their  react ion products
dur ing  the  work-up  o f  reac t ions  car r ied  ou t  on  a  syn-
the t ic  sca le  has  cons is ten t ly  p roved to  be  a  major  incon-
ven ience.

L i th ium d ia lky lcupra tes  conta in ing  pr imary  a lky l
g roups  o ther  than nre thy l  can  in  genera l  be  prepared by
procedures  ana logous to  those o f  eq  6 ,  7 ,  and 8 ,  a l -
though the  so lu t ions  ob ta ined by  the  procedure  o f  eq  6
may conta in  a lky l l i th ium reagent  in  apprec iab le  excess
of  the  s to ich iomet ry  requ i red  by  the  fo rmula t ion  R: -
CuL i .  Gr ignard  reagents  cannot  in  genera l  be  sub-
st i tuted for organol i th ium reagents in the procedure of
eq 6.  We have onlr '  been successful  in prepar ing wel l -
character ized sec- and t-alkylcopper( l )  reagents by the
procedure of  eq 8.  The procedures exempl i f ied by eq 6

[wi th copper( l )  bromide],  7,  and 8 were also sat isfactory
fo r  p roduc ing  e ther  so lu t ions  o f  l i th ium d ipheny lcu-
pra te .

The products of  react ion of  l i th ium dimethylcuprate
wi th  iodobenzene and w i th  iodonaphtha lene were  in -
te r red  f rom a  compar ison o f  the  g lpc  t races  o f  two a l i -
quots :  one a l iquot  was  hydro lyzed d i rec t l y ;  the  second
was f i rst  oxidized using an excess of  molecular oxygen or
n i t robenzene.  and then hydro lyzed.  Us ing  th is  ana-
ly t i ca l  p rocedure ,  thc  y ie ld  o f  to luene or  l -methy lnaph-
tha lene ob ta ined fo l low ing  the  nor tox ida t ive  work-up
presumably  p rov ides  a  measure  o f  coup l ing  tak ing  p lace
by sonre combinat ion of  react ions represented by eq 2,
3 ,  and -1 .  A l though i t  number  o f  p recaut ions  were

taken to avoid contact  between the react ion solut ion
and oxygen ( f rom the  a i r )  in  the  reac t ions  invo lv ing  a
nonox ida t ive  work-up ,  the  poss ib i l i t y  tha t  some por -
t ion  o [  the  to luene or  l -methy lnaphtha lene fo rmed in
these exper in ten ts  a rose f rom un in ten t iona l  reac t ion
wi th  an  ox idant  cannot  be  r igorous ly  e , rc luded.  The
increase in y ie ld of  unsymmetr ical  d imer on oxidat ion
provides a qual i tat ive measure of  the quant i ty of  ary l -
meta l l i c  reagent  p resent  in  the  so lu t ion .  Add i t iona l
evidence for the presence of  an arylmetal l ic  interme-
d ia te  i s  d iscussed la te r  in  th is  manuscr ip t .  S ince  an  ex-
cess of  l i th ium dimethylcuprate was used in al l  studies,
and s ince  ox ida t ive  coup l ing  o f  mixed l i th ium d io rgan-
ocuprates seems to give approximately stat ist ical  y ie lds
o f  symmet r ica l  and unsymmet r ica l  d imers , re  the  prob-
ab i l i t y  o f  symmet r ica l  coup l ing  o f  the  ary l  mo ie t ies  o f
two ary lmeta l l i c  reagents  under  ox ida t ive  cond i t ions  is
much lower than the probabi l i tv  of  unsymmetr ical  cou-
p l ing .

The data of  Table I  summarize observat ions con-
cern ing  the  response o f  the  y ie ld  o f  to luene in  coup l ing
of l i th ium dimethylcuprate wi th iodobenzene to i . I
number  o f  types  o f  changes in  reac t ion  cond i t ions .
The reac t ion  o I  pure  l i th ium d imethy lcupra te  w i th  iodo-
benzene in hal ide-f i ree ether appears to be complete in
24 hr  o r  less  a t  25o.  The y ie ld  o f  to luene in  the  non-
oxidat ive work-up, and the increase in y ie ld of  to luene
on ox ida t ion .  demonst ra te  tha t  the  produc ts  o f  carbon-
carbon bond format ion and metal-halogen exchange

lVhiresitles, et al. I ! ithium Dialky'l- uncl Diarylcuprare Reactions



I I .  Reaction of Methylcopper Derivatives wirh r-rodonaohthalene

Copper reagent
(concn. /V/)

l - l odonaph-
thalene

Concn, rVf

Other  so lu t i on
componen(s
(concn,  , l / )

Reac t ron
t l m e .

h r

_yields. oto ---.
l -Me thy l - l - Iodo-

Naph tha lene naphthalene _naphthalene
(CHr)zCuLi (0.38)b

(CH'):CuLi (0.38)"

(CH' ) 'CuLi  (0 .32X

CHTCUP(rr-Buh (0.38)

CH.rCuP(rr-Bu)r (0:38)
CH,CUP(r r -Buh (0 .38)

0 .  l 3

0 .  l 3

0 . l l

0 .  r 3

0 .  l 3
0 . 1 3

LiI (0.3e)

Lir (0.32)

Li I  (0 .38)

0 . 5
2 . O
4 . 0
8 . 0
0 5
1 . 0
2 . 0

23
2 . 5
t i
) <

2 . 5
0 . 5
2 . 0
4 . 0 q

2 . 0
2 . 0

25
5 l
58
62
72
73
77
69
59-70
(2
(2
(4

I

I

5
2

20

l 0
29
3 l
J J

l l
l 3
t 4
20
26-28
62
5 7
70
8

3 l
75
J J

29

67
t 7
6

7
3

3-10
l0;a
l6) "
4)l

9 l
68

J

65
5 l

" Bas€d on l_iodonaphlhalene. Reactions were carried out in ether solution a! 25' unless otherwise indicated. ! prepared by dtssolvrnghalide-freemerhylcopper(I) inhal ide'freernethyl l i thiumsolut ion(eq7)..Preparedbyreacrionof2equivoimii lytt i thiumwittr isuspensioi
oi I equiv of Cul (eq 6). d Yields obtained on oxidalion with o. a! 0'. If all the oxygen added had dissolved in the reaction solurion. itsequrlalcn! concentrat ion would have been 1.4,L/. .  Oxidation wilh 01 at -78": equivalent concentrat ion 1.4 M, /Oxidation wilhPhNO! at 0"; equivalent concentration 0.67 rll. , The reaction was stirred at 25-27' for 2 h. ano *ten treareJiotO-io" ror z tr.

fo rm a t  comparab le  ra tes .  S imi la r  da ta  fo r  reac t ions
w i t h  l - i o d o n a p h t h a l e n e  a r e  p r e s e n t e d  i n  T a b l e  I I ;  i n
th is  case consumpt ion  by  the  ary l  iod ide  is  comple te  in
less  than 8  hr .  The add i t ion  o f  l i th ium bromide,
l i th ium iod ide ,  o r  d i -n -bu ty l  su l f ide  to  so lu t ions  o t
l i th ium d imethy lcuprare  ( t )  p repared f rom pure  methy l -
copper  has  re la t i ve ly  l i t t le  e f rec t  on  the  ra te  e i ther  o f  the
meta l -ha logen e , \change reac t ion  or  o f  the  coup l ing
reacr ion .  Add i t ion  o f  I  equ iv  o f  t r i -n -bury lphosph ine
to  a  reac t ing  so lu t ion  o f  l i th iunr  d imethy lcupra te  and
iodobenzene has two ef fects:  i t  increases the rate of
metal-halogen e,rchange as judged by the y ie ld of  to l -
uene ob ta ined on  ox ida t ion ,  anc l  i t  inc reases  the  ra te  o f
to luene fo rmat ion  pr io r  to  ox ida t ion .

Compar ison o f  en t r ies  l ,  3 ,  4 .  and 7  o f  Tab le  I  and
s in r i la r  da ta  in  Tab le  I I  es tab l i shes  tha t  the  reac t ion  be-
tween ary l  iod ides  and pure  l i th ium d imethy lcupra te .
p repared f rom methy l l i th ium and methy lcopper ( l ) ,  i s
apprec iab ly  s lower  than tha t  w i rh  l i th ium d imethy l -
cuprate prepared by react ion of  methyl l i th ium and
copper ( l )  iod ide :  the  la t te r  reac t ion  appears  to  be  com-
p le te  in  l5 -30  min .  wh i le  the  fo rmer  p rocess  requ i res
8-2- l  hr .  Further,  a l though the yield of  to luene ob-
ta ined on  ox ida t ion  o f  the  la t te r  reac t ion  mix tu re  i s
comparab le  to  tha t  ob ta ined on  ox ida t ion  o [  reac t ion
mix tu res  incorpora t ing  pure  l i th ium d imethy lcupra te ,
the  y ie ld  o f  to luene produced in  the  d i rec t  coup l ing  reac-
t ion is s igni f icant ly lower.  Thus. i t  appears that  metal-
halogen exchange is s igni f icant l ,v more rapid using the
reagent prepared by react ion of  methyl l i th ium and
copper ( l )  iod ide  rhan us ing  pure  l i th ium d imethy lcu-
pra te .

The reason for the observed di f ferences in react iv i ty
of  the organometal l ic  reagents prepared by the proce-
dures represented by eq 6 and 7 is not present ly c lear.
Methy l l i th ium i tse l f  reac ts  read i l y  w i th  iodobenzene
to y ie ld to luene. !3 In fact ,  the direct  react ion of

(23) (a)  H.  Gi lman and F.  W. Moore,  J.  Amer.  Chem. Soc. ,  62,  lg4j
(1940) ;  (b )  W.  Langham,  R .  Q .  B rewsre r ,  anc l  H .  G i lman ,  i b id . ,63 ,  S4S
( l9 , l l ) .  I n  ou r  hands ,  reac r ion  o f  I  equ iv  o f  me thy l l i r h ium w i th  I
equ iv  o f  i odobenzene  in  e thc r  y ie lded  9 l  f  t o luene  in  30  m in  a t  room
tempcraturc.  Under s imi lar  react ion condi t ions,  l - iodonaphthalcne

methy l l i th ium wi th  a ry l  iod ides  in  the  absence o f  copper
sa l ts  o f ten  g ives  y ie lds  o f  coup led  produc ts  comparab lc
or  super io r  ro  those ob ta ined us ing  l i th ium d imethy , l -
cupra te .  However ,  compar ison  o f  en t r ies  I  and l
of  rable I  establ ishes thar the presence of  methyi l i th iur '
in excess of  the stoichiomerry required by the formula-
t ion  " (CHr) ,CuL i "  does  nor  apprec iab ly  enhance the
reac t iv i ry  o f  the  copper  a re  complex  in  the  coup l ing
reac t ion .

A possible c lue to the di f ference in react iv i ty of  purc
l i th ium d imethy lcuprare  and mater ia l  p repared d i rec t l y
f rom methy l l i th ium and commerc ia l  copper  iod idc
a p p e a r s  i n  c o m p a r i s o n  o f  e n t r i e s  2 , 7 , 8 ,  a n d  9  o f  T a b l c
I .  The e ther -so lub le  complex  o f  d i -n -bu ty l  su l f ide  anc l
copper ( l )  iod ide  used in  the  prepara t ion  o f  pure  methy l -
copper ( t )  (eq  7)  i s  ob ta ined by  d isso lv ing  copper ( l  )
iod ide  in  the  su l f ide .  Commerc ia l  "copper  iod ide"
ordinar i ly  contains approximately 5 f t  impur i t ies which
are  inso lub le  in  d i -n -bu ty l  su l f ide .  Ent r ies  8  and 9
summarize exper iments in which these di-n-butyl  sul f ide
insoluble residues were col lected and added to copper
ate complexes prepared from pure methylcopper.  Sur-
pr is ingly,  i t  appears that  addi t ion of  these residues t t r
the organocopper solut ions s igni f icant ly enhances their
react iv i ty in the nono,r idat ive coupl ing react ion.  Work
in progress is designed to explore the s igni f icance ot-
these observa t ions .  and any  d iscuss ion  o f  the  mechan ism
by which the di-n-butyl  sul f ide insoluble residues mighr
in f luence the  course  o f  the  coup l ing  reac t ion  is  c lear ly '
speculat ion.  Nonetheless.  these resul ts raise the in-
t r igu ing  poss ib i l i t y  tha t  meta ls ,  o ther  than copper ,
p resent  in  the  res idues  may be  capab le  o f  ca ta lyz ing  thc
c o u p l i n g  r e a c t i o n . : {

y i e l d e d  8 6 %  l - m e t h y l n a p h t h a l e n e .  C o n s e q u e n t l y ,  t h e  d i r e c r  r e e c t i o n
wi th  methy l l i th ium appears  to  bc  the  merhod o f  cho ice  fo r  syn thcr rc
mcthy la t ion  reac t ions  invo lv ing  ary l  iod ides  when o ther  func t ion . r l
g roups  in  the  organ ic  iod ide  are  compat ib te  w i th  th is  o rganometa l l i c
reagent .  Compar ison o f  these y ie ids  and reacr ion  t imes w i th  those in
Tab le  I  p rov ides  chemica l  ev idence tha t  so lu t ions  o f  l i th ium d imeth l , l -
cupra te  do  no t  con ta in  apprec iab le  concent ra t ions  o f  f ree  methy l l i th ium.

(24)  Nore  Apoeo rx  PRoor .  Semiquant i ta t i ve  f lame spec t ropho-
tomet r ic  ana l -vs is  o f  a  representa t ive  sample  o f  the  d i -n -bu ty l  su l f idc
inso lub le  " res idue"  in  commerc ia l  copper ( I )  iod ide  has  es tab l i shed thar

Journul o/ ' t l rc Americun Chemical srrcierl '  I  9l : t7 I  August I j ,  1969



Table I I I .  Reacr ion of  L i th ium Dipheny l  Cuprate wi th  Ary l  and Viny l  Hal ides

(CeHr)rCuLi
(concn.  r ! / )

Organic hal ide
(concn,  , l / )

Addit iv(s)
(concn, M)

Reac t ion
t ime ,  h r Product  y, ie lds,

l - l odo -  I
I odo -  Naph-  naph-

benzene  tha lene  tha lene

Phenyl -  l , l ' -B i -
naph- naph-

thalene thyl

0 .  1 6

0 .  1 6

0 .  1 6

0 .  1 6

0 . 1 6

0 .  1 6

0 .  1 8

0 . 2 t

0 . 2 - l

0 . : 0

0 . 6 0

0 6 0

l  - lodonaphthalene
(0 032)

(0 042)

I rar t s- 13-Br omostyrene
(0 .04e)

cis-d-  Bromostyrene
(0 .042)

1 ,8 -  D i  i odonaph tha lene
( 0 . 1 0 )

LiBr (ca. 0.48)"

LiBr (ca. 0.48)"
Oz (excess)"

LiBr (ca. 0.48),"
O: (excess)d

LiBr (ca.0.48),"
PhNOr (0.40)"

LiBr (ca. 0.48),"
MeNOr (0.59f

LiBr (ca. 0.48),"
CuClr (0.32Y

Lrl (ca.0.02)

L iBr  (ca.  1 .7)

LiBr (ca. 0.72)"

LiBr (cn. 0.60)'

L iBr  (ca.  1 .8)"

O.: (excess)"

6 :-i

b  l 5

: 5
.18 ,i6
l 9 r 1

b J l
b 5 e

,rrurs-St  i lbene' t5

90
< l

1 ,8-Diphenl ' l -
naphtha lene

5

4 1

l 3
22
28
5 2 5

5 1  )

90

70

8 l

t 2
a 1
J I

45
25
39

crs-Sti lbene
<2
<2
73

I

, I

t 9
. t

I

A

,|

t1

I
4

) )
I

3 5

2 . O
4 . 0
' t n

2.1( re f lux)

5 3
6,i
J9

h

b

b

60

t 0

?5

59
J

J +

2

l- Phenylnaphthalene
56

2

. This salt  was formed in the reaction solut ion during the preparation of phenyl l i thium and during the subscquent lbrmation of l i thium
diphenylcuprare from phenyllithium and copper( t) bromide. ' In these runs the yield of iodobenzene was not determined. "After the re-
acrion solulion had been srirred for the specilied trrne it was cooled to 0' before the oxidant was added. d Aftcr the reaclion solution had
been stirred for lhe specified time it was cooled to - 78' before the oxidant wds added.

React ion  o f  l i th iunr  d i - r r -bu ty l -  and d i -sec-bu ty l '
( t r i -n -bu ty lphosph ine)cupra tes :0  w i th  iodobenzene
y ie lds  apprec iab le  quant i t ies  o f  n -bu ty l -  and sec-bu ty l -
benzene.  respec t ive ly ,  on  ox ida t ive  coup l ing ,  bu t  no
buty lbenzenes on  nonox ida t ive  hydro ly t i c  work-up
(Tab le  I ) .  Apparent ly  meta l -ha logen exchange can
take p lace  w i th  these reagents ,  bu t  the  d i rec t  coup l ing
reac t ion  is  s low.

Hydro lys is  o f  a l iquo ts  o f  a  reac t ion  mix tu re  conta in -
ing  pure  l i th ium d imethy lcupra te  and iodonaphtha lene
demonst ra tes  tha t  the  decrease in  the  concent ra -
t ion  o f  iodonaphtha lene is  accompan ied  by  ^  cor -
respond ing  inc rease in  concent ra t ion  o f  bo th  l -
methy lnaphtha lene and naphtha lene,  the  la t te r  com-
pound presumably  a r is ing  f rom pro tonat ion  o f  a
l -naphthy l  o rganometa l l i c  reagent .  The da ta  in  Tab le
I I  suggest that  n i t robenzene is a s l ight ly more ef t rc ient
reagent  fo r  the  ox ida t ive  coup l ing  than is  mo lecu la r
oxygen. The last  three entr ies in Table I I  establ ish
tha t  fo rmat ion  o f  an  a te  complex  is  no t  a  p rerequ is i te

i r s  p r i n c i p a l  m c t a l l i c  c o n s t i t u e n t s  a r e :  C u  ( >  l 0 % ) ,  F e  ( > 1 0 % ) ,

N a  ( l - 1 0 ; ) ,  N i  ( 0 . 1 - 1 . 0 ' l l ) ,  a n d  C r  ( 0 . 1 - 1 . 0 T ) .  A  m i x t u r e  o f  " p u r c "

l i rh ium d imethy lcupra te ,  p rcp i l red  us ing  the  procedure  rcpresented  b t '

e q  7 .  a n d  i r o n (  I I )  c h l o r i d c  1 < 2 0 T ,  b a s e d  o n  c o p p c r )  s h o r v s  l h e  s a m e

r c a c t i v i t y ' t o w a r d  i o d o b e n z c n c  a s  m a t e r i a l  p r e p a r c d  d r r e c t l y  f r o m

m e t h r t l i t h i u m  a n d  c o m m c r c i a l  c o p p e r  i o d i d e .  N i c k e l ( t l )  b r o m i d e

s i g n i t i c a n t l y  c n h a n c c s  b o t h  t h c  y i e l d  a n d  r a t e  o f  f o r m a t i o n  o f  t o l u e n e

i n  t h c  d i r e c t  c o u p l i n g  r e  a c t i o n  o l ' " p u r e "  l i t h i u m  d i m c t h y l c u p r a t e  w i t h

iodobenzene.  Thus ,  bo th  n icke l  and i ron  ca ta lyze  the  coup l ing  o f

l i t h i u m  d i m c t h y l c u p r a t e  r v i t h  i o d o b e n z e n e .  S t u d i e s  o f  a p p l i c a t i o n s

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

for  successful  coupl ing.  Methyl( t r i - r r -buty lphosphine)-
copper ( l )  reac ts  w i th  l  - iodonaphtha lene to  g ive
l -methy lnaphtha lene.  Th is  reacr ion  seems to  be
accompanied by appreciably less metal-halogen ex-
change than the  cor respond ing  reac t ion  invo lv ing
methy lcopper  a te  complexes .  Unfor tunate ly  the  pres-
ence o f  t r i -n -bu ty lphosph ine  in  these reac t ion  mix tu res .
and the  thermal  ins tab i l i t y  o f  a lky lcopper ( l )  reagenrs
other than methyl ,  severely l imi t  the pract ical  usefulness
of coupl ing react ions involv ing the alkyl( t r i -n-butyl-
phosphine)copper( [ )  reagents.

For react ion systems in which metal-halogen ex-
change is faster than direct  coupl ing,  there may be
prac t ica l  advantages  in  cer ta in  cases  to  a  coup l ing
scheme invo lv ing  d i rec t  fo rmat ion  o f  the  mixed are
complexes  requ i red  fo r  ox ida t ive  coup l ing  f rom organo-
l i th ium reagents.  This scheme is most at t ract ive for
coup l ings  invo lv ing  . rec-  o r  l -a lky lcopper  compounds.
The thermal stabi l i ty  of  these reagents is suf f ic ient l , ' -
low that extensive thermal decomposi t ion occurs under
the  reac t ion  cond i t ions  requ i red  fo r  coup l ing  and
meta l -ha logen exchange to  take  p lace .  In  cont ras t .
bo th  the  fo rmat ion  o f  mixed a te  complexes  by  reac t ion
of  o rgano l i th ium reagents  w i th  copper ( l )  sa l ts  (eq  6  and
8) ,  and the i r  subsequent  o . r ida t ive  coup l ing ,  can  be
carr ied out at  -78o. Thus. for  example,  sec-butyl-
benzene is formed in higher y ie ld by oxidat ion of  pre-
formed ate complexes than by direct  react ion of  l i th ium
di-sec-butylcuprate wi th iodobenzene (Table I ) .

l,l,'lritesides, et al. I Litltium Diulk-t'l- und DiarT'lcuprctte Reuctions
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React ion  o f  L i th ium Dipheny lcupra te  w i th  Ary l  and
Viny ' l  Ha l ides .  The reacr ion  o f  l i th ium d ipheny l -
c u p r a t e  w i t h  l - i b d o n a p h t h a l e n e  ( T a b l e  t I I )  a p p e a r s  t o
fo l low approx imate ly  the  same pat te rn  tha t  appeared
in  reac t ions  o f  the  methy l  reagent  I  w i th  l - iodonaph-
tha lene and iodobenzene.  The opera t ion  o f  meta l -
ha logen in te rchange in  th is  reac t ion  sys tem is  unam-
b iguous l .v  conf i rmed by  the  observa t ion  tha t  hydrorys is
o f  a  reac t ion  a l iquot  w i th  D:O a f te r  the  meta l -ho log .n
exchange has  taken p lace  leads  to  naphtha lene hav ing
iso top ic  compos i t ion  80  74  dr ,  20% do,  &nd by  the  s i -
n ru i taneous appearance o f  iodobenzene and naphtharene
in  aopror imate ly  equa l  y ie lds  f rom hydro lys is  o f  a l i -
quots  taken ear ly  in  the  reac t ion .  Meta l -ha logen ex-
ch : rnge is  comple te  in  approx imate ly  4  h r  a t  room tem-
pcr r tu re :  the  coup l ing  reac t ion ,  wh ich  may re f lec t  e i ther
d i r e c r  r c a c r i o n  o I  l i t h i u m  p h e n y l (  l - n a p h t h y l ) c u p r a t e
* ' i th  the  iodobenzene fo rmed in  the  exchange,  o r
t h r ' r n t a l  d e c o m p o s i t i o n  o l  a  l - n a p h t h y l c o p p e r  o r g a n o -
n le ta l l i c  reagent  in  the  presence o f  a  pheny lcopper  com-
p o u n d .  c o n t i n u e s  n t o r e  s l o w l y .  R e g a r d l e s s  o f  t h e
n r e c h a n i s n r  t r f  t h e  t h e r m a l  c o u p l i n g  r e a c t i o n .  o x i d a t i o n
cr i  the  mix tu re  o t 'o rgunonre ta l l i c  re rgents  ob ta ined a f te r
t h e  i n i r i a l  m e t a l - h a l o g e n  e x c h a n g e  r c u c t i o n  i s  c o m p l e t e
rcsu l ts  in  e f t i c ien t  conv 'e rs ion  o f  l -naphthy lmeta l  spec ies
p r c s e n t  i n  s o l u t i o n  t o  l - p h e n y l n a p h t h y l e n e .  O n c e
a g l i n .  n i t r o b e n z c n e  a p p e a r s  t o  p r o d u c e  t h e  h i g h e s t
v i e l d s  o f  I  - p h e n y l n a p h t h a l e n e  i n  t h e  o x i d a t i v e  c o u -
p l i n g :  o r i d a t i o n  w i t h  o x y g e n  e i t h e r  r r r  0 o  o r  a t  - 7 8 o ,
n r t r o m e t h a n e ,  o r  c o p p e r ( l l )  c h l o r i d e  g i v e s  a p p r e c i a b l y
l c r w € f  y i e l d s .

S i m i l a r l y ,  r e a c t i o n  o f  a n  e x c e s s  o f  l i t h i u m  d i p h e n y l -
c u D r a t e  w i t h  1 , 8 - d i i o d o n a p h t h a l e n e  i n  r e f l u x i n g  d i e t h y l
e ther  so lu t ion  fo r  ex tended per iods  o f  t ime appears  to
rcsu l t  in  approx in ra tc ly  50 , |o  convers ion  o f  the  ary l
i o d i d e  t o  l - p h e n y l - 8 - c o p p e r ( l ) n a p h t h a l e n e .  a s  j u d g e d
b. r  the  d i f fe rence in  y ie ld  o f  l -pheny l -  and 1 .8-d ipheny l -
naphtha lene be fore  and a f te r  ox ida t ion .

React ion  o f  l i th ium d ipheny lcupra tc  w i th  c , . r -  o r
t rat t .s '$-bromostyrene resul ts in high conversions to crs-
and t rcn . r -s t i lbenes ,  respec t ive ly ;  ox ida t ion  is  no t  re -
qu i red  in  th is  reacr ion  sysrem to  ob ta in  h igh  y ie lds  o f
coup led  produc ts .  Less  than 2 \  o f  the  s t i lbene isomer
hav ' ing  inver ted  conf igura t ion  around the  doub le  bond
is  to rmed in  each case.  For  reasons  d iscussed pre-
v ious ly2s  the  observa t ion  o f  re ten t ion  o f  s te reochem-
rs t ry  in  these coup l ing  reac t ions  s t rong ly  a rgues  aga ins t
f ree  d-s ty rv l  rad ica ls  as  reac t ion  in te rmec i ia tes .

React ion of  L i th ium Dialk l ' l -  and Diary lcuprates wi th
A lk l ' l  Ha l ides .  The reacr ion  o f  typ ica l  l i th ium d io r -
ganocupra tes  w i th  a tky l  ha l ides  (Tab le  IV)  d i f fe rs  in
severa l  impor tan t  p rac t ica l  aspec ts  f rom the  reac t ions
wi th  a r ,v l  ha l ides  d iscussed prev ious ly .  F i rs t .  these
coup l ing  reoc t ions  usua l lv  p roceed m() re  rap ic l ty  and
in  h igher  y ie ld  than do  the  cor respond ing  coup l ings  to
ar .v l  mo ie t ies .  Second,  there  is  no  ev ic lence fo r  im-
por tan t  invo lvemcnt  o f  meta l -ha logen exchange in
coup l ing  reac t ions  invo lv ing  a lky l  ha l ides  in  e ther

(2 -s )  G .  lV I .  Wh i tes ides  and  C .  P .  Casey ,  J .  An te r .  Chem. ,Soc . ,  Eg .
. t5- l  I  (  1966).

so iu t ions :  in  most  o f  these reac t ions  we have ex-
amined.  the  y ie lds  o f  coup lcd  produc t  ob ta ined a f te r
e i ther  ox ida t ion  or  hydro lys is  o f  the  reac t ion  mix tu rcs
are  very  s imi la r .  S ince  rhe  o . r ida t ion  q f  l i th ium d i -
a lky lcupra tes  g ives  good y ie lds  o f  d imer ic  p roduc ts . r l
th is  observa t ion  ind ica tes  tha t  these reac t ion  so lu t ions
d id  no t  con ta in  s ign i f i can t  concent ra t ions  o f  o rgano-
meta l l i c  compounds cor respond ing  to  the  s ta r t ing  or -
gan ic  ha l ides .  a r  the  po in t  a t  wh ich  the  ox idant  was
added.  A l though th is  fac t  does  no t  by  i t se l f  exc lude
the  produc ts  o f  meta l -ha logen exchange as  t rans i to r l .
in te rmed ia tes  in  the  coup l ing  reac t ion ,  the  obser r .e j
s te reochemis t ry  o I  the  reacr ion  o f  l i th ium d iphen,v - lcu-
prate wi th (-)-(n)-2-bromoburane (uide infra) renclers
th is  reac t ion  course  un l i ke ly .  Th i rd ,  coup l ings  invo lv -
ing  a lky l  ha l ides  are  s ign i f i canr ly  improved by  us ing  a
po lar  so lvent  such as  te t rahydro furan  as  the  reac t lon
m e d i u m .

Severa l  spec i f i c  po in ts  concern ing  the  da ta  in  Tab le
I V  d e s e r v e  b r i e f  c o m n r e n t .  F i r s t ,  l i t h i u m  d i m e t h v l c u -
p r a t e  ( 1 )  p r e p a r e d  f r o n t  m e r h y l l i r h i u m  a n d  c o p p e r ( l )
iod ide  appears  to  hav 'e  the  same reac t iv i t y  toward  a lk , , l
ha l ides  as  does  pure  l .  S ince  the  d i f fe rence be tw,een
the  reac t iv i t y  o f  these reagents  toward  ary l  ha l ides
seenred to  be  re le ted  to  a  d i f le rence in  the i r  ac t i v i t l , in
m e t a l - h a l o g e n  e x c h a n g e .  t h e i r  s i m i l a r i t y  i n  a  r e a c t r o n
sys tem in  wh ich  meta l -ha logen exchange apparenr lv
d o e s  n o t  t a k e  p l a c e  i s  n o t  s u r p r i s i n g .  S e c o n d ,  i t  a p -
pecrs  the t  i t  mav be  poss ib le  in  cer ta in  coup l ing  re i tc -
t ions  to  usc  a  mix tu re  o f  t t rgano l i th ium reagent  an t i
ca ta l . r ' t i c  quant i t ies  o f  coppcr ( l )  i t tn  in  p lace  o f  p rc -
fo rmed d i i t l ky lcupra tes  to  e f l ' c .c t  the  coup l ing  reac t ion .
a lbe i t  a t  apprec iab le  de t r i rncnr  to  reac t ion  ra te  an t i
p roduc t  y ic ld .  The reacr ion  o f  th ree fo ld  mo lar  exccss
of  I  w i th  r r -oc ty l  iod ide  t t t  v ic ld  / r -nonane takes  p lace
q u a n t i t a t i v e l y  i n  l e s s  t h a n  3  h r .  R e a c t i o n  o f  a  s i m i l a r
q u a n t i t y  o I  m e t h y l l i t h i u m  w i t h  r r - o c t y l  i o d i d e  f o r  l 2  h r
y i e l d s  o n l y  6 %  n - n o n a n e .  H o w c v e r ,  a d d i t i o n  o i  5
mol  I  copper  iod ide  (based on  l -ocry l  iod ide)  to  rhe
m e t h y l l i t h i u n r  r e s u l t s  i n  a  6 l ' ' l  y i e l d  o I  r r - n o n a n e  i n  l ]
h r .  T h i r d .  l i t h i u m  d i - i r - b u r y ' l c u p r a t e  r e a c t s  w i t h  a l n l o s r
equa l  iac i l i t y  w i th  r r -penry l  iod ide .  b romide,  ch lo r idc .
and tosy la te  to  y ie ld  / r -nonane.  p roc ided tha t  te t rahv-
dro furan  is  used as  so lvent .  The use o f  d ie thy l  e ther  as
so lvent  resu l ts  in  lower  y ie lds  o f  coup led  produc ts  w i th
n - p e n t y l  b r o m i d e  a n d  c h l o r i d e ; t h e  u s e  o f  p e n t a n e  a s  s o l -
v e n t  a p p e a r s  t o  c o m p l e r e l y  i n h i b i t  t h e  d i r e c t  c o u p l i n g
reac t ion .  These observa t ions  are  in  qua l i ta t i ve  accorc i
w i t h  t h e  p r o p o s i t i o n  t h a t  t h e  r e s p o n s e  o f  t h e  c o u p l i n g
reac t ions  to  changes in  so lvent  and leav ing  group are
those expec ted  fo r  an  Sv2 reac t ion .  Four th ,  a l though
2-bromobutane coup les  in  h igh  y ie ld  w i th  l i th ium d i -
pheny lcupra te .  the  y ie lds  o f  coup led  produc ts  ob ta ined
on reac t ion  o f  secondary  a lky ' l  ha l ides  w i th  l i th ium c i i -
a lkv lcupra tes  are  much lower  than those ob ta ined w ' i t t r
p r imarv  ha l ides .  The y ie lds  o f  coup led  produc ts  ob-
ta ined us ing  t -a lky l  ha l ides  are  so  low tha t  the  rc -
ac t ion  appears  to  be  o f  no  prac t ica l  u t i l i t y .  In  con-
t ras t .  l i th ium d i - .sec-a lky l -  and d i - r -a lky l ( t r i -n -bu ty lphos-
ph ine)cupra tes :0  g ive  good y ie  ids  o f  coup led  produc ts  on
reac t ion  w i th  p r imary  a lky l  ha l ides .  Thus ,  coup l ing  o t '
a  p r imary  w i th  a  sec-a lky l  g roup is  bes t  accompl ished
e i ther  by  reac t ion  o f  a  p r imary  a lky l  ch lo r ide  w i th  a
"d i -sec-a lky lcupra te , "  o r  by  reac t ion  o f  a  p r imar i t l '
a lky l  b romide w i th  a  d i -scc-a lky l ( t r i -n -bu ty lphosph ine) -
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Table IV. Reactions of Lithium Dialkyl- and Diarylcuprates with Alkyl Halides"

Copper reagent. RrCuLi
(concn. rV)

Alkyl hal ide, R'X
(concn, M)

LiX
(concn, M)

T ime .
h r Solvent

R-R' yield, /o"
Hydrol- Oxida-

ysis tionb

(CH,LCuLi (0.5)"

(CHr)rCuLi (0.5) 'r

(CH')zCuLi (0.33)d
CH3Li (0.66) * 5 mol 7. CUI'
(rr-CrHr):CuLi (0.4)'

(rr-CnHc):CuLi (0.4)"

(rr-CrHg)2CuLi (0.4)"

(rr-CnHr):CuLi (0.4)"

(rr-CrH,r):CuLi (0.4)"

(rr-CrH,).rCuLi (0.4)"

(rr-CrHr):CuLi (0.4) '

(rr-CrH,.,):CuLi (0.4)"
(rr-CrH,):CuLi (0.4)"

(r-CrH,).:Cu Li (0.4)"

( r r -C1Hr) rCuLi  .  PBur  (0 .S)r
( r r -CrHc)zCuLi '  PBur  (0 .S)r
(.sec-CrHr)zCuLi '  PBU''  (0.5) '
( / -c . rH, ) :cuL i '  PBur  (0 .s1r
"(rr-C,rH,')rCuLi" 10.5 ;a
"(rr-CrHu)zCuLi" 10.5;a
"(scc-CrHr):CuLi" (0.5 ) 'r
"( /-CrHq):CuLi" (0.5)r
"(rr-CrHn).rCuLi" (0. 5 )a
"(sec'-CrH,r)zCuLi" (0.5 )'r

"( l-CoHu):CuLi" (0.5)d
(n-CrHr)zCuLi .  PBur  (0 .51r
(CoH;)rCuLi (0.21' l
(C'H'hCuLi (0.39)'r
(CrHr) :CuLi  (0 .3)d
(C'H')rCuLi (0.39)' j
(CeHr)rCuLi (0.2) ' t
(CH.::CHhCuLi '  P(l- Buh (0.S)r
(CH':6gCHz):CuLi (0.3)n
(CoH rC:C)rCuLis (0.3 )'r

n-CrHrr l  (0 .1)

rr-CsHrrI (0.1)

I t 'CaHrzI  (0 .1 l )

r r -CsHrr l  (0 .1)

rr-CsHrrI (0. I  )

r r 'C iHrrBr  (0 .1)

r r -CiHrrBr  (0 .1)

n-CiHrrBr  (0 .1)

r r -C;HrrCl  (0 .1)

r r -CiHrrCl  (0 .1)

r r -CiHrrOTs (0 .1)
C'H,;CHBTCH' (0. I  )

C,HiCBr(CHr) ,  (0 .1)

r r -CrHrr l  (0 .1)
r r -CsHuBr (0 .1)
r r -CiHrrBr  (0 .1)
r r -CiHrrBr  (0 .1)
r r -C rHr r l  ( 0 .1 )
r r -CrHrr l  (0 .1)
r r -C;Hrr l  (0 .1)
r r -C;Hrr [  (0 . I  )
r r -C;HrrCl  (0 .1)
r r -C;HrrCl  (0 .1)

r r -C;HrrCl  (0 .1)
c -C rHr rB r  (0 .1 )
r r -CrHnl  (0 .1)
CrH'CHBTCHT (0.12)
c-CoHrrBr  (0 .1)
Adamantyl Br (0.12)
(CH,hCBr (0 .1)
r r -C 'Hul  (0 .1)
r r -C ;H r r l  ( 0 .1 )
I t -C 'H ' r [  (0 .15)

Lir (0.5)

Lir  (0.5)

0 2 5
0 5
3 5
0 2 5
0 5
3 5
2 . 7

t a
I L

I
2

26
t
I

2
I
2

26
I
2

) 6
I
I

26
I
2

26
I

io
I
I
2
26
I
2

EtrO l 8
30
98
56
75
98
97
64
68
69
70
98
98

<2
<2
<2
68
69
70
98
98
l 0
9

l 0
80
80
8 l
98
l 2
l )

l 2
< t 0
< 1 0

9 l
93
94
92
5 3
39
7

< l
79
64
60

< l
25
99
87

-  
l 8
30
98
56
75
98

72
75

98

67
70

72
75

98

1 )

1 )

86
86

l 2
l 2

< 1 0
< 1 0

9 l
93
94
92
t )

55
7

< t
80
60
60
< l
25

Lir (0.5)
(0.5)
(0.5)
(0.s1
(0.s ;
(0.s1
(0.5)
(0's)
(0 .5)
(0.s1

(0.5)
(0.5)

LiBr (0.2)
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xidation with Or al
- 78 ', unless otherwise nored. . Prepared by dissolving alkylcopper in alkyllithium solution (eq 7). d Prepared by -reaction o[ slkyllithium

reagent wirh copper( I) iodide or bromirJe {eq 6). The iomposition of these reagents is uncerta-in. ' The amount of CuI added is based on

qua-nrity ofa-C"i,,I piesenr. r Prepareti by reaction ofalkillithium reagent with lCuPBur (eq 81. o p"u"r;on temperature 52" i hepared

by reaciion of 2 equiv of allyllithium solution wirh I equiv of t0rC.H,)rS]zCuI (eq 8). i The same yield was obtained from reaction ol

CH,:CHCHrLi.

cupra te .  Coup l ing  o f  a  p r imary  w i th  a  t -a lky l  g roup
can be  accompl ished by  reac t ion  o f  a  p r imary  a lky l  ha-
l ide  w i th  a  l i th ium d i - r -a lky l ( t r i - r r -bu ty lphosph ine)cu-
pra te ;  th is  coup l ing  fa i l s  us ing  "d i - t -a lky lcupra te . "
F ina l l y ,  a l though the  coup l ing  o f  l i th ium d ia l l y lcupra te
and l -pentyl  iodide was a rapid and high-yield reac-
t ion .  comparab le  y ie lds  o I  l -oc tene cou ld  be  ob ta ined
by direct reaction between allyl l i thiurn and n-pentyl
iodide. Thus, in th is part icular case, format ion of  the
copper ate complex of fers no synthet ic advantage.

The mi ld condi t ions and high yields associated with

these coupl ing react ions af forded an opportuni ty to ex-

amine the stereochemistry of  carbon-carbon bond for-

mat ion  dur ing  a  coup l ing  reac t ion .  Opt ica l l y  ac t i ve
(+)-(S)-2-butanol  (opt ical  pur i ty 77-79%) was pre'

pared by oxidat ion of  the hydroborat ion product f rom

crs-2-butene and opt ical ly act ive di isopinocampheyl-
borane.26 This alcohol  was converted to 2-bromo-

(26) (a)  Prepared f rom diborane and (- ) -a-pinene by the method

of H.  C.  Brown, N. R.  Ayyangar,  and C'  Zwei fe l ,  J .  Amer.  Chem' Soc"

lVhitesitles, et al. I Lithium Dialkyl- und Diury'lcuprate Reactions
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CTH; CrH' CzH;
I  P h , P I l . .  I  , ( - - r l  l r r : C r r  L i  t

H r r r C l l l O H  -  - >  B r l l l G l i l H  H ; i i c l l l C 6 H r  ( 9 )
1  D I I I I  I  E I r ( ) - T I I F  I
C H r  C H l  C H r

[ o ] t t o  +10 .43 -10 .69 '  [ o ] "o  -2 l .O l '
s

[ o ] ' " o  +18 .70 '

butane by  t rea tment  w i th  t r ipheny lphosph ine  and bro-
mine in  d imethy f  fo rmamide.  Th is  p rocedure  is  a  mod i -
f i ca t ion  o f  a  p rev ious ly  pub l i shed method:7  wh ich  min-
im izes  racemiza t ion  by  d is t i l l i ng  the  bromide f rom the
react ion mixture as i t  is  formed.2r By analogy with the
work of  SchaefersT and related studies by Snyder2e we
assume this halogenat ion proceeds with inversion of
conf igura t ion  to  p roduce bromide o f  the  ( - ) -R con-
f ieura t ion  hav ing  [o ] "o  -27 .01o (neat ) ,  cor respond ing
to  an  op t ica l  pur i t y  o f  76  to  8 l [ ,  depend ing  on  the
value accepted for the rotat ion of  opt ical ly pure 2-bro-
mobutane.s0  React ion  o f  th is  b romide w i th  l i th ium
dipheny lcupra te  in  re f lux ing  e ther - te t rahydro furan
f  ie lded (  +  ) - (S) -2 -pheny lbu tane ha ' , ' i ng  [cv ] * -  r7o  *  18 .20
t o  +  1 8 . 7 0 "  ( n e a t ) , 3 r  c o r r e s p o n d i n g  t o  6 7 - 6 8 %  o p -
t i ca l l y '  pure  mater ia l .3 {  Thus  the  coup l ing  o f  l i th ium
diphen,v lcupra te  w i th  2 -bromobutane proceeds w i th
predominant  invers ion  o f  con f igura t ion .  Compar ison
o i  thc  op t ica l  pur i t ies  o f  the  s ta r t ing  bromide and cou-
p lcd  produc t  es tab l i shes  tha t  thc  reacr ion  takes  p lace
wi th  8 - l -92  T ;  s te reose lec t iv i t y ,  depend ing  on  the  va lue
accepted  fo r  the  op t ica l  ro ta t ion  o f  the  enant iomer ica l l y
p u r e  2 - b r o m o b u t a n e .

D iscuss ion

The exper imenta l  da ta  p resented  in  th is  paper  ind i -
ca te  tha t  the  reac t ion  o f '  l i th ium d ia lky lcupra tes  w i th
a lky ' l  ha l ides  proceeds w i thout  s ign i f i can t  meta l -ha logen
exchange,  by  a  mechan ism wh ich  requ i res ,  in  a t  leas t
one ins tance,  p redominant  invers ion  o f  con f igura t ion  a t
the  carbon a tom or ig ina l l y  bonded to  ha logen.  Fur -
ther .  the  s t ruc tu re  o t '  the  a lky l  g roup bonded to  the
nre ta l  and to  the  ha logen.  the  na ture  o f  the  leav ing
g r o u p .  a n d  t h e  p o l a r i t y  o f  t h e  s o l v e n t  a l l  e x e r t  a n  i n -
f luence on  the  course  o f  the  reacr ion  wh ich  is  cons is ten t
w i th  a  mechan ism fo r  carbon-carbon bond fo rmat ion
w h i c h  i n v o l v e s  a n  S x 2  d i s p l a c e m e n t  a t  c a r b o n .  U n -

8 6 . 3 9 7  ( 1 9 6 l ) .  ( b )  T h e  a b s o l u t e  s t e r c o c h e m i s t r y  o f  2 - b u t a n o l  h a s  b e e n
c s t r b l i s h c d  b y  r c l a t i o n  t o  l a c t i c  a c i d .  S c e  K .  W i b e r g ,  J .  A m e r .  C h e m .
S o c . ,  7 4 ,  3 8 9 1  ( 1 9 5 2 ) ,  a n d  r e f c r e n c c s  c i t e d  t h e r e i n .

( 1 7 )  ( a )  J .  P .  S c h a e l c r  a n d  D ,  S .  W c i n b u r g ,  J .  O r g .  C h e m . . 3 0 ,  2 6 3 5
( 1 9 6 5 ) ;  ( b )  C .  A .  W i l c y ,  R .  L .  H e r s h o r v i t z .  B .  M .  R e i n ,  a n d  B .  C .
Chung,  J .  Amer .  Chem.  Soc . .  86 ,  9 f l  (196. l ) .

(28)  The procedurc  used hcrc  i s  s im i la r  to  tha t  deve loped in  the
u n p u b l i s h e d  w o r k  o f  F .  R .  J c n s e n  a n d  V .  K r i m s l e y ,  U n i v e r s i t y  o f
C u l i l o r n i a  a t  B e r k c l e  y .

( 1 9 )  R .  G .  W e i s s  a n d  E .  I .  S r r v d e r .  C h e m .  C o m m u n . , l 3 5 8  ( 1 9 6 8 ) .
( 3 0 )  ( a )  P .  S .  S k c l l ,  R .  G .  A l l e n ,  a n d  G .  H e l m k a m p ,  J .  A m e r .  C h e m .

. S o c . .  8 2 ,  ' l l 0  ( 1 9 6 0 ) ,  o b s c n ' e d  [ a ] : s o  3 t . O n "  l b r  ( * ) - 2 - b r o m o b u t a n e  a n d
c a l c u l a t e  t h a t  t h e  m a x i m u m  v a l u e  s h o u l d  b e  3 9 . 3 ' :  ( b )  f r o m  t h e  d a t a  o f
R .  L .  L e t s i n g e r ,  L .  G .  N { a u r y ,  a n d  R .  L .  B u r r v e l l ,  i b i d . , 7 3 , 2 3 7 3  ( 1 9 5 1 ) ,  a
m a x i m u m  v a l u c  f o r  [ a ] r , o  o f  3 4 . 3 ' m a . " ' b e  c a l c u l a t e d ;  ( c )  F .  R .  J e n s e n
a n d  D .  D .  D a v i s  b c l i c v c  t h c  m a x i m u m  v a l u e  i s  w i t h i n  t h e  r a n g e  3 3 . 1 -
3 - s . J " .  S c c  D .  D .  D a v i s ,  P h . D .  D i s s e r t a r i o n .  U n i v e r s i t y  o f  C a l i f o r n i a
a t  B c r k e l e y ,  A u g  1 9 6 6 :  ( d )  P .  S a l v a d o r i ,  L .  L a r d i c c i ,  a n d  M .  S t a g i ,
R i c e r c a  S c i . ,  3 7 .  9 9 0  (  1 9 6 7 ) ,  s h o r v  t h a t  S k e  l l ' s  v a l u c s "  o l  3 9 . 3 o  i s  t o o
h i g h .  F r o m  t h c i r  d a t a  a  m l x i m u m  v a l u c  f o r  [ . l r ] l i o  o f  3 5 . 7 o  m a y  b e
c a l c u l a t e d ;  ( c )  D .  G .  C o o d w i n  a n d  H .  R .  [ - l u c i s o n ,  J .  C h e m .  S o c . ,  B ,
l l 3 3  (  I 9 6 8 ) ,  o b s e r r  c d  [ a ] : : o  -  J 3 . ' t o  t b r  (  -  ) - l - b r o m o b u t a n e  a n d  c a l -
c u l a t c d  e  m a x i r n u n r  v a l u e  o t -  3 {  8 c .  F r o m  t h c s c  r c s u l t s  i t  a p p e a r s  t h a t
t h c  a c t u a l  v a l u c  l i e s  b e t r v c c n  3 1 . 4 o  a n d  3 - s . 7 o .

( l  l )  T h c  a b s o l u r c  c o n t i g u r a t i o n  o t ' ( * ) - ( S ) - 2 - p h e n y l b u t a n e  h a s  b e e  n
a s s i g n c d  b y '  r e l r r t i o n  t o  2 - b u t a n o l ,  r :  a n d  b y  r e l a t i o n  t o  a - p h c n y l e t h a n o l .  r 3

( 3 2 )  D .  J .  C r a m ,  J .  A m e r .  C h e n r , S o c . ,  7 4 ,  : 1 . 1 9  ( 1 9 5 2 ) .
( l l )  D .  J .  C r a m ,  i b i d . , 7 4 , 2 1 3 7  ( 1 9 5 1 ) .
( 3 . 1 )  J .  K c r r y ' o n ,  P .  W .  B .  H a r r i s o n ,  a n d  J .  R .  S h c ' p p a r d ,  J .  C h e m .  S o c . ,

6 5 8 ,  6 6 1  (  1 9 2 6 ) ,  r e p o r t c d  [ c ] : : o  -  l 7 . l '  t b r  (  -  ) - l - p h e n y l b u t a n e .

-I -) CuI + R-CL + I-
\

( t0)

1, ,
R.,Cu( l l l  ) -C\  + --( + RCuu) (r )

copper ( l [ [ )35  organometa l l i c  compound w i th  re ten t ion
of  con f igura t ion .  s6  Unt i l  more  in fo rmat ion  concern ing
both the state of  aggregat ion and structure of  the coppc.r
a te  complexes  and the  in f luence o i  a lky l  ha l ide  s t ruc tu rc
on the  ra te  and s te reochen l is t ry  o f  the  coup l ing  reac t ion
are avai lable,  fur ther speculat ion on detai led mech-
a n i s m  i s  p o i n t l e s s .

React ion  o f  l i th ium d ia lky lcupra tes  w i th  a r_r ' l  ha l idcs
d i f le rs  f rom reac t ion  w i th  a lky l  ha l ides ,  in  tha t  meta l
ha logen exchange is  impor tan t .  The ro le  o f  th is  n re ta l -
ha logen exchange in  nonox ida t ive  coup l ing  o f  copper
a te  complexes  w i th  a ry l  ha l ides  is  p resent ly  unc lear .
In i t ia l  genera t ion  o f  an  ary lcopper  compound and an
a lky l  ha l ide  by  meta l -ha logen exchange might  be  f i r l -
lowed by  nuc leoph i l i c  d isp lacement  o f  ha l ide  ion  t ' ronr
the  a lky l  ha l ide  by  the  ary lmeta l l i c  reagent  (eq  l2 ) .  A l -

.  R :CuL i  *  Ar l  .  -  R I  *  ArRCuLi  - - ->  RAr  ( l l l

te rna t ive ly ,  the  meta l -ha logen exchange might  s imp l ; '
cons t i tu te  a  s ide  reac t ion  compet ing  w i th  d i rec t  cou-
p l i n g  o f  t h e  c o m p o n e n t s  ( e q  l 3 ) .  O u r  d a t a  d o  n o t

RI  +  ArRCuLi  = -  R:CuL i  *  Ar l  ->  RAr  ( t l l

p e r m i t  a n  u n a m b i g u o u s  d i s t i n c t i o n  b e t w e e n  t h e s e  a l -
te rna t ives  a t  p resent .  However ,  the  observa t ion  tha t
d ic r_r ' l cupra tes  are  capab le  o f  nonox ida t ive  coup l ing
wi th  a ry l  iod ides  es tab l i shes  tha t  a  mechan ism fo r
carbon-carbon bond fo rmat ion  does  ex is t  wh ich  docs
not  invo lve  an  Sx2 d isp lacement  o f  the  type  imp l ica ted
b y  e q  l 0  a n d  I  l .

F rom the  po in t  o f  v iew o f  po ten t ia l  app l i ca t ion  o t '
copper  "a te"  complexes  in  carbon-carbon bond fo rming
react ions,  several  pract ical  leatures of  th is work i l re
wor th  emphas iz ing .  F i rs t ,  the  most  conven ien t  p rep-
ara t ion  o f  the  prerequ is i te  a te  complexes  f rom a  s ) 'n -
t h e t i c  p o i n t  o f  v i e w  i s  t h a t  i n v o l v i n g  r e a c t i o n  o f  2  e q u i v
o f  o rgano l i th ium reagent  w i th  I  equ iv  o f  the  ap-
propr ia te  copper ( l )  ha l ide .  Th is  p repara t ion  is  ap-
p l i c a b l e  t o  a r y l .  v i n y l .  a n d  p r i m a r y  a l k y l  r e a g e n t s .  i t s
success  w i th  secondarv  reagents  i s  marg ina l ,  and i t
f  a i l s  w i th  te r t ia ry  reagents .  For  coup l ing  reac t ion  s
requ i r ing  r -a lky lcopper ( l )  reagents .  l i th ium d i - l -a lky ' l -
( t r i -n -bu ty lphosph ine)copper ( l )  compounds are  th ' :

( 1 5 )  C f .  A .  L c v i t z k i  a n d  N I .  A n b a r .  C h e n t .  C o m m u n . , 4 0 l  ( l 9 6 t l ) .
( J 6 )  F o r r n a l l y  s i r n i l a r  o x i d a t i v e  a d d i t i o n  r e e c ! i o n s  h a v e  b e c r t  t t l r -

s e r v c d  f o r  a  w i d c  v a r i e t y  o l '  d t - d t 0  t r a n s i t i o n  m c t a l  c o m p l e x e s .  U r t '

fo r tunr tc ly '  thc  s (ereochemis t ry  o f  thcse  reac t ions  is  no t  p rescnt lv

k n o r r r r .  C f .  l .  P .  C o l l m a n ,  A c c o u n r s  C h e m .  R e s . ,  l ,  1 3 6  ( 1 9 6 E ) :

L .  V a s k a ,  i b i d . ,  l , 1 3 5  (  1 9 6 8 ) .

fo r tunate ly ,  the  ava i lab le  da ta  a re  no t  sumcien t ly  de-
tai led to permit  a precise descr ipt ion of  the bond-
forming step. The react ion may involve s imply dis-
p lacement  o f  ha l ide  ion  a t  carbon by  an  a lky l  g roup
(eq l0) ,  or  some more comple. \  pathway pFoceeding, for

?\_).
R , /

example ,  by  nuc leoph i l i c  d isp lacement  w i th  invers ion  o f
conf igurat ion on the alkyl  hal ide by the copper atom
(eq I I ), followed by collapse of the resulting forrnol

I
R,Cu---\C-l !
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on ly  p rac t ica l  cho ice .  desp i te  the  prob lems f requent ly
encountered  dur ing  work-up  procedures .  Second,  the
h igh  reac t iv i t y  o f  methy l l i th ium toward  ary l  iod ides
ind ica tes  tha t  th is  mater ia l .  ra ther  than l i th ium d i -
methy lcupra te ,  i s  p robab ly  the  reagent  o f  cho ice  fo r
methy la t ion  o f  a romat ic  ha l ides .  Th i rd ,  the  re la t i ve
ra tes  o f  coup l ing  and meta l -ha logen exchange in  the
reac t ion  o f  l i th ium d ia lky lcupra tes  o ther  than methy l
der iva t ives  w i th  a ry l  ha l ides  is  such tha t  the  y ie ld  o t
unsymmet r ica l  d imer  ob ta inab le  by  d i rec t  coup l ing
react ion appears to be less than that obtainable f rom a
combinat ion of  metal-halogen exchange fol lowed by
ox ida t ive  coup l ing .  In  cer ta in  cases  i t  may prove
advantageous to at tempt to convert  the arylcopper
reagents formed dur ing metal-halogen exchange to
coup led  produc ts  by  add i t ion  o f  a  la rge  excess  o f  a lky l
ha l ide  to  the  so lu t ion .  sT  A l te rna t ive ly ,  fo rmat ion  o f
the  l i th ium reagents  o f  bo th  o f  the  organ ic  g roups  to  be
coup led .  fo l lowed by  ox ida t ive  coup l ing  o f  the  ap-
prox imate ly  s ta t i s t i ca l  m ix tu re  o f  "a te"  complexes  ob-
ta ined when these reagents  a re  mi . red  in  so lu t ion  w i th
an appropr ia te  copper  sa l t ,  n rav  prov ide  a  use fu l  rou te
to  an  unsymmet r ica l  d imer .  p rov ided tha t  th is  mater ia l
i s  eas i l y  separa ted  f rom the  two symmet r ica l  d imers
neccssar i ly  fornred at  the same t inre.

Exper imenta l  Sec t ions '

Preparat ion of  the Organometal l ic  Reagents.  Al l  react ions in-
vo lv ing  o rganornc ta l l i c  reagen ts  wc re  ca r r i ed  ou t  under  an  ine r t
atmosphere of  prepur i f ied ni t rogen. Ether and tetrahydrofuran
rvc re  d i s t i l l ed  l t om l i t h ium a luminum hydr idc  immed ia te l y  be tb re
use.  and were t ranslerred under n i t rogen using hypodermic syr inges
or  s ta in less  s tee l  cannu [as .

So lu t i ons  o f  me thy l l i t h ium (p repared  f rom methy l  ch lo r ide , t  i n
e the r ,  r -bu ty l l i t h ium in  hexane .  sec -bu ty l l i t h ium in  hexane .  and  l -
bu ty l l i t h ium in  pen tane ,  ob ta ined  l t om the  Foo te  M ine ra l  Corp . ,
con ta ined  less  than0 .0 l  equ iv  o f  l i t h ium ha l i de /equ ivo f  a l ky l l i t h ium
reagen t .  So lu t i ons  o f  me thy l l i t h ium (p repared  f rom methy l  b ro -
mrde) in  e the r .  ob ta ined  f rom A l fa  Ino rgan ics .  Inc . ,  were  sa tu ra ted
wr th  l i t h ium b romrde .  So lu t i ons  o i  v iny l l i t h ium (THF so lu t i on )
ob ta rned  f rom A l fa  con ta ined  5  [  l i t h ium ch lo r ide  by  we igh t .
Ha l ide - l t ee  so lu t i ons  o f  pheny l l i t h ium were  ob ta ined  by  the  p re -
v rous ly  desc r ibedse  reac t ion  o f  i odobenzene  w i th  r r -bu ty l l i t h ium
in  a  benzene-hexane  mrx tu re .  The  so l i d  pheny l l i t h ium was  co l -
lected.  washed wi th hexane. and redissolved in ether.  Af ter  the
e the r  so lu t i on  was  coo led  to  -78" ,  t he  c rys ta l l i ne  l i t h ium reagen t
which separated was col lected.  redissolved in ether,  f i l tered through
a Cel i te pad.  and stored under n i t rogen. Ether solut ions of  phenyl-
l i th ium contain ing l i th ium bromide were prepared f rom bromoben-
zene in the usual  way.  Ethereal  solut ions of  the pur i f ied,  hal ide-
t iee phenyl l i th ium were re lat ively stable when stored in the re-
f r igerator .  For example,  an ether solut ion which was in i t ia l ly  3.05
r l1 rn phenyl l i th ium was found to be 3.00 iVI  af ter  2-months storage
a t  l - 2 ' .

(37)  The usefu lncss  o f  th is  techn ique has  been demonst ra ted  by
Corey  and corvorkcrs .  17 ,  lB

( 3 8 )  A l l  m c l t i n g  p o i n t s  a r e  c o r r e c t e d  a n d  a l l  b o i l i n g  p o i n t s  a r e
uncor rec ted .  Un lcss  o therw ise  s ta ted  magnes ium su l f ia te  was employed
as a  dry ing  agenr .  The in f ra rcd  spec t ra  were  dc termined w i th  a  Perk in -
E lmcr ,  Mode l  237,  g ra t ing  spec t rophotomerer .  The u l t rav io le t  spec t ra
were  dc tc rmined w i th  a  Cary  record ing  specr rophotometer ,  Mode l  14 .
The nmr  spec t ra  were  de termined a t  60  MHz w i th  a  Var ian  Mode l  A-60
spect rometcr .  The chemica l -sh i f t  va lucs  are  expressed e i ther  in  her tz
o r  r l  ( p p m )  r e l a t i v c  t o  a  t e t r a m e t h y l s i l a n e  i n t e r n a l  s t a n d a r d .  T h e  m a s s
s p c c t r a  r v e r c  o b t a i n e d  w i t h  a  C E C  M o d e l  2 l - 1 3 0  o r  a  H i t a c h i  ( P e r k i n -
E lmcr )  mass  spcc t rometer .  Ana ly t i ca l  g lpc  ana lyses  were  per fo rmed
on F  & iV l  ! Iode l  810 f lame ion iza t ion  and iV lode l  720 thermal  conduc-
t i v i t y  ins t ruments .  Abso lu te  y ie lds  o f  p roducrs  were  ca lcu la ted  f rom
peak areas  us ing  in te rna l  s tandard  techn iques ,  w i th  response fac to rs
o b t a i n c d  w i t h  a u t h e n t i c  s a m p l c s .

(39)  l v t .  Sch losser  and V.  Ladenbcrger ,  J .  Organometa l .  Chem. ,  E ,  193
( t 9  6 7  ) .
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Ana lyses  o f  l i t h ium reagen ts  were  ca rned  ou t  us ing  the  G i lman
doub le - t i t ra t i on  p rocedure .$  o r  by  t i t ra t ron  wr th  a  s tandard  so lu -
t i on  o f  2 -bu tano l  i n  xy lene  w i th  b ipy r idy  I  as  an  ind ica to r . { r

The  b i s (d i - r r -bu ty l  su l f i de )  and  the  tn - r r -bu ty lphosph ine  com-
plexes of  copper( l )  iodide were prepared as descrrbed previously. ts
Copper ( l )  i od ide  was  pu r i f i ed  us ing  a  l r t e ra tu re  p rocedure , { t  and
an analogous procedure employ ' rng saturated aqueous potassium
bromide  was  used  to  pu r i f y ' commerc ia l copper ( l )  b romide .

So lu t i ons  o [  pu re .  ha l i de - f ree  l i t h ium d rmethy lcupra te  were  ob -
ta ined  by  d i sso lv ing  a  suspensron  o f  ha l i de - f ree  methy lcopper  i n  an
e the r  so lu t i on  con ta in ing  s l i gh t l y  l ess  than  I  equ iv  o f  ha l i de - f ree
methy l l i t h ium. rs  Ha l ide -con ta in ing  so lu t i ons  o f  l i t h ium d ime thy l -
cup ra tes  were  ob ta ined  e i the r  by '  add ing  a  so lu t i on  o f  l i t h ium iod ide
or  l i t h ium b romide  in  e the r  to  a  so lu t i on  o f  ha l i de - f ree  l i t h ium
dimethylcuprate.  or  by di rect  react ion ol '  2 equiv of  methyl l i th ium
in  e the r  w i th  a  suspens ion  o f  I  equ iv  o t ' copper ( l )  i od ide  in  d ie thy l
e the r  a t  0 " .  So lu t i ons  o f  l i t h ium d ia l k_ , - l cup ra tes  con ta in ing  t r i - r r -
bu ty lphosph ine  ( rep resen ted  in  th i s  paper  as  RrCuL i .PBur )  were
prepared  by  add ing  2  equ iv  ( t yp rca t l y  8 .10  mmol ,5 .00  m l  o f  1 .62
N so lu t i on )  o f  me thy l l i t h ium (as  ha l i de - f ree  o r  ha l i de -con ta in ing
e the r  so lu t i on ) ,  v iny l l i t h ium,  r r -bu ty l - .  sec -bu ty l - .  o r  t -bu ty l l i t h ium
to  I  equ iv  o f  t e t rak i s iodo(  t r i - r r -bu ty lphosph ine )copper ( l )  ( t yp i ca l l y
3 . 1 8  g , 8 . 1 0  m m o l .  i n  1 . 5  m l  o f  T H F  o r  e t h e r )  a t  - 7 8 o .  R e a c t i o n
be tween  the  o rgano l i t h ium rcagen t  and  thc  copper ( l )  ha l i de  was
essen t ia l l y  i ns tan taneous  under  these  cond i t i ons .  The  resu l t i ng
solut ions ranged in color  l tom color less to pale p ink or  yel low, and
rve re  s tab le  i nde f in i te l y '  a t  -78 ' ' .  The  the rma l  s tab i l i t y  o f  t hese
mix tu res  va r ied  cons ide rab ly  :  l i t h ium d i - t -bu ty l ( t r i - r r -bu ty lphos -
phinetcuprate was the least  stable.  i ts  decomposi t ion being essen-
t ra l l y  comp le te  a l te r  ]0  mrn  a t  0  '  ;  t he  ana logous  merhy l  a te  comp lex
shorved  the  g rea tes t  s tab i l i t y ' ,  d i sp lay ' i ng  l i t t l c  ev idence  o f  the rma l
decompos i t i on  a l te r  1 .5  h r  a t  t he  same tempcra tu rc .

S l i gh t l y  c loudy  so l r : t i ons  o l '  l i t h iun r  d ipheny lcupra te  rang ing  in
concen t ra r ion  l ' r om 0 .16  to  ( ) . - i 0  O /  wc rc  p repared  by  add ing  2  equ iv
o f  e the rea l  pheny ' l l i t h ium to  a  co lc l  (0  )  suspens ion  o f  pu r i f i ed
copper (  l )  b romrde .  These  so lu t i ons  rangcd  in  co lo r  t rom pa le  ye l l ow
to  a  pa le  g reen ish  ye l l ow  w i th  the  l cas t  co lo r  and  tu rb id i r y  be ing  ob -
served when thc solut ions wcre prcparer i  l iom pur i f ied phenyl-
l i t h ium.  We rve re  cons is ten t l y  unab le  to  p rcpare  these  so lu t i on
by  the  add i t i on  o l '  e thc rea l  pheny l l i t h ium so lu t i ons  to  co ld  (0  to
-78" )  suspens ions  o f  pu r i f i ed  copper ( l )  i od ide .  In  a l l  cases  a
b lack  suspens io r r  resu l ted  ra the r  than  the  so lu t i ons  ob ta ined  w i rh
copper ( l )  b romrde . t3  So lu t i ons  o t '  l i t h iu rn  d ipheny lcupra te  cou ld
a lso  be  ob ta ined  by  the  add i t i on  o l ' 2  equ iv  o l ' e the rea l  pheny l l i t h ium
to an ethereal  solut ion of  b istd i - r r -buty l  sul f ide)copper( l )  iodide.
These observat ions suggcst  that  the decomposi t ion observed dur ing
at tempts to prepare phenylcopper der ivat ives l tom suspensions of
copper ( t )  i od ide  shou ld  be  a t t r i bu ted  to  impur i t i es  i n  the  iod ide
wh ich  were  no t  removed  by  the  pu r i f i ca t ron  p rocess r2  we  emp loyed .

Pur i t i ed  so lu t i ons  o l '  l i t h ium d ipheny lcupra te  were  p repared
by the general  procedure descr ibed previouslyts in which the ether-
i nso lub le  pheny lcopper  was  co l l ec ted  and  washed  w i th  co ld  (0 ' )
e the r  under  an  ine r t  a tmosphere .  A l though  the  methy lcopper
reagent prepared by an analogous procedure15 was essent ia l ly  f ree
o f  ha l i de  con ta in ing  impur i t i es .  t he  co r respond ing  pheny lcopper
reagent contained l0-20 mol  I  o[  hal ide sal ts.  The washed phenyl-
copper was redissolved in an ethereal  solut ion of  hal ide-f ree phenyl-
l i t h ium.

Al ly lcopper( l )  and l i th ium dia l ly lcuprate were prepared f ronr
a l l y l l i t h ium.  Fo l l ow ing  a  p rev ious ly  desc r ibed  p rocedure . { r
1 .955  g  (6 .90  mmol )  o f  t e t raa l l y l t i n  was  a l l o rved  to  reac t  w i th  27 .3
mmol of  phenyl l i th ium in 29 ml oI  ether tor  I  hr .  Af ter  centr i fu-
gat ion to remove the tetraphenyl t in.  the supernatant  ether solut ion
was separated and found to be 0.97.1 ,&/  in a l ly l l i th ium. The addi-
t i on  o f  I  equ iv  o f  an  e the rea l  so lu t i on  o l '  a l l y l l i t h ium to  a  co ld
( -78" )  e the rea I  so lu t i on  con ta in ing  I  equ iv  o f  t he  b i s (d i -n -bu ty ' l
sul f ide) complex of  copper( l )  iodide produced a br ight  red pre-
c ip i tate of  a l ly lcopper.  Addi t ion of  a second equivalent  of  a l ly l -
l i th ium converted the mixture to a pale yel lorv solut ion of  d ia l ly l -
cuprate.

"L i th ium di-n-buty lcuprate" was prepared by react ion of  n-
bu ty l l i t h ium w i th  copper ( l )  i od ide  us rng  the  lo l l ow ing  p roce -

( 4 0 )  H .  C i l m a n ,  F .  K .  C a r t l e d g e ,  a n d  S .  Y .  S i m ,  i b i d . , l , 8  ( 1 9 6 3 ) .
( 4 1 )  S .  C .  W a t s o n  a n d  J .  F .  E a s t h a m ,  i b i d . , 9 ,  1 6 5  ( 1 9 6 7 ) .
(42 )  C .  B .  Kau f fman  and  L .  A .  Te te r ,  I no rg .  S ) 'n . ,7 ,9  (1963) .
(43 )  th i s  decompos i t i on  may  resu l t  f rom the  p rcsence  o f  t races  o f

o the r  t rans i t i on  mc ta l s  i n  the  copper ( l )  i od ide . rs "
(4 - l )  D .  Sey fe r th  and  M.  A .  We ine r ,  J .  Org .  Chem. ,26 ,4797  (1961) .
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dure .  Copper ( t )  i od ide  t0 .677  g .  j . 5 .1  mmol )  was  p laced  in  a
4o-ml centr i fuge tube.  The tube was capped wrth a serum stopper.
and  f l amed  d ry  under  a  s t ream o f  n i t rogen .  E the r  (20  m l )  was
added  to  the  tube .  and  the  resu l t i ng  suspensron  was  coo led  to  -  50 , .
A t  th i s  tempera tu re  4 .0  m l  (7 .08  mmol )  o f  ha r ide - f ree  r r -bu ty l -
l i th ium solut ion was added. The tube was shaken v igorously for
5  m in  wh i le  ho ld ing  the  tempera tu re  be tween  -50  and  -2O" .
ccntrr fugat ion at  -  78 '  separated the resul t ing suspension into a
sma l l  quan t i t y  o f  b lack  so l i d  and  a  red  so lu r ion .  Th is  so lu t i on  was
transf ierred to another centr i fuge tube and hydrolyzed.  Analysis{s
rndrcated that  the hydrolyzed mixture containecl  butane and copper
in  the  ra r ro  1 .89 :1 .0o .  ox ida t ion  o f  the  o rganometa l l i c  so lu t i on
before hydrolysis usrng molecular  oxygen produced , r -octane (4or, )
and rr -buty l  a lcohol  (2571, calculated on the basis of  in i t ia l  r r -
bu tv l l i t h ium.  s im i la r  t rea rmen t  o f  n -bu ry l r i t h ium p roduced  r r -
buty ' l  a lcohol  exclusively;  pure l i th ium di- r r -butyrcuprate( l )  y ie lds
80  !  r r -oc tane  and  5  [  l - bu ty l  a l coho l  on  ox ida r ion . re

The exact  nature o[  the mixtures produced by the react ion of
rr -buty l l i th ium rv i th copper(  I )  iodide in ether remains unclear.  How-
e'er ,  b 'oth the approximate analyses out l ined above and the chem-
rcal  reactrv i ty  of  the mixtures indicate that  they can be considered as
mrx tu res  o f  r r -bu ty l l i t h i  um and  l i t h ium d i - r r -bu ry l cup ra te .

P repara t ions  o f  " l i t h ium d i - sec -bu ty l cup ra te "  and  " r i t h ium d i - / -
bu ry l cup ra te "  by  d i rec t  reac t ion  o f  2  equ iv  o i  a rky i l i t h ium reagen t
wrrh I  equiv of  copper iodide fo l lowed an analogous procedure.

So lu t rons  o f  d i l i t h ium t r i s {  pheny le thyny l ; cup ra re  were  p repared
by  pe rmr r t rng  18 .2  mmol  o f  pheny le thyny l l i t h ium (ob ta ined  by
m r x i n g  1 . 8 5  g  ( 1 8 . 2  m m o l )  o f  p h e n y l a c e r y l e n e  a n d  1 0 . 7  m l  ( 1 g . 2
m m o l ) o f  m e r h y l l i t h i u m  i n  2 0  m l  o f  e t h e r )  r o  r e a c r  w i t h  l . l 5  g  ( 6 . 0 6
mmol )  o f  copper (  I )  i od ide  a r  25  "  to  y ie ld  a  pa le  ye l l ow  homogeneous
so lu t i on .  I f  on l y  2  equ iv  o f  pheny te thyny l l i t h ium was  used /equ iv
oi  copper iodide,  a hererogeneous yel lorv suspen-sion was formed.
Addr t ron  o f  one  I ' u r rhe r  equ iva len t  o l '  pheny lc thyny l l i t h ium to  th i s
suspensron  resu l ted  rn  immedra te  tb rmat ion  o l ' a  pa le  ye l l ow  so lu -
t  l o n .

Preparat ion of  the Flu l ides and the I  I1 'drocarbon products.
Commcrc ia l  samp les  o l ' r ra r rs -s t i l benc ,  I  -pheny lnaph tha lene ,  nonane .
r r -hcxane .  to luene .  l -bu ty lbenzene .  sec -bu ty lbenzene ,  l -oc tene .
1 .1 -d rmethy lhcp tane .  1 -methy loc tane ,  r -bu ty lbenzene ,  pheny lcyc lo -
hcxane .  l -merhy lnaph tha lene .  and  r r -oc ty lbenzene  were  used  fo r
rdc 'n r r f i ca t i on  and  g lpc  ca l i b ra t i on .  l - l odooc rane  (Eas tman  wh i te
Labe i l ,  i odobenzene .  and  l - i odopen tane  were  uscd  w i thou t  fu r the r
pu r r f i ca t ron .  Commerc ia l  l - i odonaph tha lene  was  red is t i l t ed  be fo re
u s e ;  b p  I 5 l - 1 5 2 ' (  l 0  m m ) .  r r : r D  1 . 7 0 1 0 [ l r t . { 6  b p  l 6 l - 1 6 2 " ( 1 5  m m t .
r r r rD  1 .70541 .  Crude  t rans -$ -b romos ty rene  l cu .  l 0% c rs  ( f i r s t
c iu ted )  and  90 ' . ' ;  I ra t t s  (e lu ted  second) . ,7  Eas tman  Organ ic  Chem-
rca ls l  was  pu r i f i ed  by  t rea tmen t  w i th  NaoH in  i sop ropy l  a l coho l  as
p r e v r o u s l y  d e s c r i b e d : ' {  b p  5 9 - 6 1 . 5 '  (  1 . 5  m m ) .  r r r s D  1 . 6 0 6 0  [ l i t . r a
b p  J 5 - - ; 0 '  ( 1 . 1 5  m r n ) .  r r r s D  1 . 6 0 . 1 8 1 ;  i r  ( l i q u i d  f i l m ) .  9 4 0  c m - r
u r u t t s  C H : C H ) :  n m r  ( C C l r )  6  7 . 1 9  ( 5  H  a r y l  C H )  a n d  a n  A B
pa t te rn .  " /  

:  l 4  Hz  and  es r ima ted  chemica l  sh i f t s  6 .60  and  7 .00
t l  H.  vrnyl  CH).  c i r - r j -Bromostyrene was prepared f rom l rans-
c rnnamrc  ac rd  d ib romide  as  p rev ious ly  desc r ibed : {e  bp  39 -40 ,
t ( 1 . 5  m m ) ,  r : 5 D  1 . 5 9 8 . 1  f l i t .  b p  5 5 - 5 6 "  ( 2  m m ) . r e  5 5 - 5 8 o  ( 2  m m ) , r s
r i 5 D  1 . 5 9 8 0 ' 8 , r e l ;  n m r  ( C C l { )  6  7 . 1 - 7 . 7  ( 5  H  m u l t i p l e t ,  a r y l  C H ) ,
6 . 8 7  ( l  H  d o u b l e t .  " f  

:  8  H z .  v i n y ' l  C H ) .  a n c l  6 . 2 3  ( l  H  d o u b l e t . . f
:  8 Hz.  v inyl  CH).  Previously descr ibed procedures were used to
p repare  c rs -s t i l bene . r "  I  . 8 -d ipheny lnaph tha lene . : rb  and  1 ,8 -d i i odo -
n a p h t h a l e n e .  m p  1 0 7 - 1 0 9 '  ( l i t . s t  m p  1 0 9  ' ; . r ,

( -  ) -a -P inene .  [a ] :5D -  -17 .5 '  (nea t ) , i r  r vas  conver ted  to  the  d i -

( - l -5 )  G lpc  ana lyscs  o t '  n -bu tane  wcre  occomp l i shcd  on  a  co lumn
composcd  o t '  3X  Ap iezon  L  on  a lumi r ra .  EDTA rvas  emp loyed  fo r
copper  ana lys i s :  cJ ' .  C .W.  E l r ve l l  and  L  Scho lcs .  . .Ane lys i s  o f  Coppcr
and  I t s  A l l oys , "  Pc rgamon Prcss ,  L td . ,  London .  1967 .

( { 6 )  F .  K r o l l p t t i f f c r , . 4 n n .  C h e n r . . 4 3 0 ,  l 6 l  ( l 9 l l ) .
( -17 )  A  g lpc  co lun rn  packcd  , , v i rh  a  n i t r i l c  s i l i cone  gum,  XE-60 ,

suspended  on  Chromosorb  P  was  emp loycd  to r  th i s  ana lys i s .
( . 1 8 )  L .  J .  D o l b y ,  C .  W i l k i n s .  " r n d  T .  C .  F r e r , ,  J .  O r q .  C h e m . , 3 l ,  l l l 0

(  1 9 6 6 ) .
( -19 )  S .  J .  C r i s to l  and  W.  P .  Nor r i s ,  J .  . lmer .  Chem.  Soc . ,  75 ,  f6 l5

r  l 9 5 l ) .
t 5 0 )  t a t  L .  F i c s c r ,  " E r p c r i m e n r s  i n  O r g a n i c  C h c n r i s t r y , "  l r d  c d ,  D .

C .  H c a t h  a n d  C o . ,  B o s r o n ,  \ l a s s . ,  1 9 5 j ,  p  1 8 6 ;  ( b )  H .  O .  H o u s e .  R .  W .
\ t . r g i n , . r n d  H .  W  T l r o m p s o r t .  J .  O r g .  C h e m . , 2 l t ,  l - l 0 l  f l 9 6 j ) ;  ( b )  H .
O.  House  and  R .  \ \ ' .  B r rshc ' ,  l l .  i b id . ,30 .  l 94 l  i l 965 ) ;  32 ,  78 .1  ( t967) .

( 5 1 )  R .  S c h o l l ,  C .  S e c r ,  a n d  R .  W c i t z c n b o c k ,  B e r . , 4 3 , 2 2 O Z  0 9 1 0 ) .
(51 )  Th is  cxper imcn t  r vas  pe r fo rmed  in  ou r  l abo ra to r ies  by  Robcr t

W.  Bashc ,  Ph .D .  D issc r !a t i o r r ,  Aug  1966 ,  iV lassachusc t t s  Ins t i t u re  o f
Tcch  no logy .

(53 )  Th r '  ro tu r ion  rcpor rcd  fo r  pu rc  (  -  ) -a -p incnc  i s  [a ] : rop  -  51 .18 ,
(nc : r ! ) :  F .  H .  Thur l ' r c r  and  R .  C ,  Th ic l kc ,  . / .  An te r .  Chem.  Soc . ,  53 .

a l ky ' l bo rane  and  then  a l l owed  to  reac t  w i th  c i s -2 -bu tene  in  d ig l yme
so lu r ron  as  p rev ious ly  desc r ibed .  16 "  A f te r  ox ida t ion  o f  the  resu l t rng
t r ra l ky lbo rane .  the  f rac t i on  con ta in ing  2 -bu tano l ,  bp  60 -  120  .
was separated.  dr ied by dist i l la t ion f rom calc ium l rydr ide,  and then
f rac t rona l l y  d rs t i l l ed  i n  a  sp inn ing -band  co lumn.  The  pu r r l i ed
(+ ) - (S ) -2 -bu tano l  was  ob ta ined  in  55  T ,  y ie ld ;  bp  99_100 ,  (76o
mm) ,  r r : sD  1 .3958 ,  d25r  0 .800 ,  [ . r ] t t o  +10 .69 .  (nea t )  (op t i ca l  punr ] ,
79' ;1.st  In a second run where the pur i f icat ion scheme di<i  nor
inc lude  a  d i s t i l l a t i on  l rom ca lc ium hy 'd r ide ,  the  2 -bu tano l  r vas  ob -
ta ined  in  .18 [  y ie ld ;  98 -99"  (760  mm) ,  n :5o  1 .3963 ,  d2s t  O .7gg .
[o ] t t o  +  10 .43 ' '  (near )  (op t i ca l  pu r i t y ,  77 '2 ' , 1s t  [ r i t . *  bp  99 .5 , ,  r r r5o
1.39501. In both runs the f inal  product  exhib i ted a s ingle peak <;n
g lpc . t t

The  convers ion  o f  (+ ) - ( s ) -2 -bu tano l  ro  ( - ) - (R) -2 -b romobu tane
was ef fected by an adaptat lon 'n of  a general  procedure descrrbet l
p rev ious ly . r  To  a  so lu t i on  i lG -15 , )  o f  15 .0  g  (0 .202  mo l )  o f  ( * .1_
(S) -2 -bu tano l  1J41 tse  +10 .69" ,  op r i ca l  pu r i t y  7972)  and  56 .g  g
(0.218 mol)  of  t r iphenylphosphine in 250 ml of  d imethyl fornramide
was added, droprv ise and wi th st i r r ing,  sulhcient  bromine so rnar
the react ion mixture maintained a yelrow-orange color .  The reac-
t ion mi. r ture was s lowly warmed to 45 "  whi le volat i le  mater ia ls rvere
al lowed to d ist i l  l rom rhe react ion mixture under reduced pressurc
(0.5 mml inro a cold t rap.  The crucre dist i i la te was parr i t ionct l
between pentane and water and the organic layer was washed wrth
aqueous  NaHCOr ,  d r ied ,  and  concen t ra ted .  D is t i l l a t i on  o f  thc
res idua l  l i qu id  i n  a  Te f lon  sp inn ing -band  co rumn a f fo rded  l { . 1  g
(  5 I  i ;  of  (  -  ) - (  R)-2-bromoburane. bp 90'  (  76{)  mm),  l  r5D I  . . l l . t  I  .  r / , r - ,
1 .236 .  [ . r ] , ' o  -26 .02 '  (near )  (op r i ca l  pu r i t y  7 i  t o  7g  \  f o r  max imurn
ro ta t i ons  o f  35 .7  and  33 . - l ' ,  r espec t i ve l y ) .30  [n  a  second  reac t ion .
(+ ) - (S ) -2 -bu tano l  ( [a ]15o  +  I0 . . l l  " ,  77 \  op t i ca l l y  pu re )  was  con-
ve r ted  in  63 !  y ie ld  to  ( - ) - (R) -2 -b ro rnoburane ,  bp  9G-9 t ,  r760
m m ) ,  / r : r o  l . - 1 3 5 J ,  d 2 s t  1 . 2 . 1 6 ,  [ o ] 5 o  - 2 7 . 1 O ,  ( n e a t )  ( o p t i c a l  p u n r !
76  to  8 l  ' ' l  l b r  max imum ro ta r ions  o t ' 35 .7  and  33 .4 " ,  respec t i ve l y  ) : ,
I t i t .  bp  Q 1 .1  ' , sea  90 -9  1 .5  1 ,56 r ,  7 ; : r s  D  1 . .135056r , ] .  I n  each  case  ou r  p ro t i _
uc t  exh ib i ted  a  s ing lc  peak  on  g lpc  ana lys i s .  {7  ou r  exper imenrs  sug-
gcs t  tha t  the  m in imum va lue  lb r  the  ro ta r ion  o f  (  - ) - (R) -2 -b romobu-
tane  shou ld  be  -  33 .0  to  -  35 .  I  ' ' .

React ion of  mcthyl l i th ium wi th ioc iobenzene was carr iecj  out  b- , .
a c l d i n g  - 1 . 6 2  m m o l  o f  m e r h y l l i r h i u m  b y  s y r i n g e  t o  1 . 6 2  m m r l  o l '
i odobenzene  d i sso lv ' cd  i n  - ' 1 .5  m l  o l '  e the r  a t  25 ' .  The  rcac r ro rs
wcre  a l l o rved  to  s tand  lb r  l 5 -10  mrn .  hyd ro l yzed .  and  ana lyzcd  b_ r
g rpc .

React ion of  L i th ium Dimethl ' lcuprate wi th lodobenzene. (Typicel
Procedurc) .  Iodobenzenc (0.1()J g,  I  mmol)  and a weighed quar-
t i t y '  o f  an  in t c rna l  s tandard  ( r r -oc tane)  were  p raced  in  a  l 5 -m l  ccn -
t r i f uge  tube  capped  w i th  a  sc rum s topper .  T r re  tube  was  l rushcd
w i t h  n i t r o g e n  a n d  i r s  c o n r c n t s  d i l u t c d  w i t h  e t h e r .  t h e n  t r a n s l c r r c d
t o  a  . 1 0 - m l  c e n r r r l ' u g c  t u b e  c o n r a i n i n g  5  m l  ( 5 . 0  m m o l )  o f  l i t h i u r n
d imc th -v l cup ra te  so iu t ron  a t  -  7s  rhc  tube  was  a l rowed  to  l va rn
to  room tempcra ru rc .  A l i quo ts  ( -0 .5  m l )  were  removec l  pe r iod -
i ca l l l ' .  and  e i the r  h - r ' d ro l vzcd  b -v  ad r l i t i on  o i  0 . r0  m l  o f  ware r  o r
d i l u ted  by  ca .  a  l ac ro r  o f  5 , ; ;  ox id i zed  by  exposure  to  oxygen  a r
-78 ' ' ,  and  ana lyzed  by  g lpc .  A  co l l ec ted  samp le  o f  to luene  rvas
ident i f ied b-v compar ison ol '  i r  spectrum and glpc retent ion t i rnes
w i th  an  au then t i c  samp le .

con t ro l  exper imenrs  i nd i ca ted  tha t  the  source  o f  the  l i t h ru rn
ha l i des  p resen t  i n  these  reac t ion  m i . r tu res  was  no t  impor ran r :
reac t ions  con ta in ing  l i r h ium ha l i de  p repared  f rom 1 .2 -d iha loe rnanc
and  added  to  rhe  p re lb rmed  l i t h ium d ime thy ' l cup ra te  so lu r ions
produced  the  same y ' i e lds  o f  to luene  as  d id  reac t ions  conra ln lng
l i t h ium ha l i de  o r ig ina l l y  p resenr  i n  rhe  methy l l i t h ium so lu t i on .

Preparat ion of  " . \ [ i .xed" , \ te Complexes.  Uns.v-mmetr icaI  Oxida-
t i ve  Coup l ing .  Copper (  I )  b romide  (1 .426  g ,  I0 .0  mmol )  was  p race ( r
in  a . l f ) -m [  cen t r i l ' uge  tube .  The  tube  was  capped  w i th  a  se ru r ] r
s topper  and  gen t l y  l l a rned  d ry  under  a  s r ream o f  n i t rogen .  T I - {  F
( 5  m l )  a n d  a n  e t h c r  s o l u r i o n  o f  p h e n y l l i t h i u m  ( 9 . 0  m l .  I 8  m m o r )
were  added  to  the  tube  a t  25  .  Th is  m ix tu re  r vas  shaken  v igo rous i r
f o r  5  m i n .  I t  r v a s  r h e n c o o l e d  t o  - 7 8 '  a n d  l . l 5  m l ( 2 . 0 m m o l ) o t ' a

l 0 l 0  ( l 9 l l ) .  T h c r e t ' o r c ,  t h c  r o r a t i o n  o f  o u r  s a m p l c  i n d i c a t e d . r r r
o p t r c a l  p u r i r v  o f  9 3  ' ' , .

( - s - l )  P .  J .  L e r o u x  a r r d  H .  J .  L u c a s  l J .  . . l m e r .  C h e m .  S o c . ,  7 J ,  . l l
t  l 9 5 l ) l  r c p o r t  [ a ] : ; o  -  l J . - s '  f o r  ( -  ) - l - b u r a n o r .

( 5 5 )  R .  F .  B r u n e l ,  J .  L .  C r c n s h e w ,  a n d  E .  T o b i n ,  i b i ( t . , 4 3 , 5 7 . 1 ( l 9 l l ) .
t 5 6 )  ( a )  J .  T i m m c r n r a n  a n d  Y .  D e l c o u r t ,  J .  C h i m .  p h . r ' s . ,  J l ,  , l o

( l 9 l 1 l :  ( b )  N .  J .  L e o n l r d  a n d  E .  W .  N o m m c n s c n , . / .  A m e r .  C h e r n .  S o c . ,
7 1 .  1 8 0 8  (  1 9 , 1 9 ) .

( 5 7 )  T h c  y i c l d  o f  c o u p l c d  p r o d u c r  o b t a i r r e d  o n  o x i d a t i o n  o f  d i a t k r l -
o r  a r y ' l a l k y l c u p r a t e s  d c c r e a s c s  o n  i n c r c a s i n g  t h c  c o n c e r t r a t i o n  o t '  r l r e
o r g a n o c o p p c r ( I )  r c a g e n t  t o  \ u l u e s  g r c t t c r  ! h a n  c a . 0 . 1  . t / .

Jrutrnul  , t l  t l te . .1nt t ' r icr t t r  C/ tenr i t 'u l  St tc ' ietv q |  .  l7  ,  Auqu.t r  lJ ,  /q4g



pen tane  so lu t i on  o f  t -bu ty ' l l i t h ium was  added .  The  resu l t i ng  m ix -
tu re  was  shaken  tho rough l -v ,  l o r  l 0  scc .  Ihen  ox id i zed  by  add i t i on
of  60 ml of  molecular  oxygen by syr inge at  -  78 ' .  Hydrolysis and
glpc analysis indicated the presence of  l -buty lbenzene (7374, based
on  r -bu ty l l i t h ium) .

Coupl ing React ions of  L i th ium Diphcnl ' lcuprate wi th . \ lky l  and
! ' iny ' l  FIaf ides.  , \ .  t rurrs-p-Bromostyrene.  To 20.7 ml of  a cold
(0 ' )  e the r  so lu t i on  o f  l i t h ium d ipheny lcupra tc ,  p repared  f rom 728
mg (5 .0  mmol )  o f  coppe i ( l )  b romide  and  10 .0  mmol  o f  pheny l -
l i t h ium.  was  added  - l  m l  o f  an  e the r  so lu t i on  con ta in ing  l . 0 l  mmo l
of  t rarrs- i3-bromostyrene and a known weight  of  hexamethylbenzene
(an internalstandard).  The resul t ing mixture.  f rom which a yel low-
green precip i tate s lowly separated,  was st i r red at  room tempera-
ture under a n i t rogen atmosphere.  An al iquot  removed af ter  2 hr
rvas quenched in saturated aqueous NHrCI (adjusted to pH 9 wi th
added NHr) and then e, \ t racted wi th benzene. Af ter  the benzene
solut ion had been rvashed wi th aqueous NaCl,  i t  was dr ied,  con-
centrated,  and analyzed by glpc.st  The calculated y ie lds were75\
of  t rarrs-st i lbene and 19i i  of  unchanged star t ing bromide.  Af ter
a tota l  react ion per iod of  . l  hr ,  the remaining react ion mixture was
quenched, worked up,  and analyzed.s6 The components detected
( in order of  e lut ion)58 were:  star t ing bromide (4% recovery) ,  b i -
phenyl ,  hexamethy' lbenzene ( internal  standard).  and / rarrs-st i lbene
(90% y ie ld ) .  Comparab le  resu l t s  (511  b romo o le f i n  and  90g l
I rarrs-st i lbene) were obtained in a second react ion.  In each case the
y' ie ld of  crs-st i lbene (e luted betore lhe I rut ts isomer)  was less than
2-o.  A col lectedsd sample of  the / r rurs-st i lbene was ident i f ied wi th
an authent ic  sample by compar ison of  in i rared spectra and glpc
retcnt ion t i rnes.

B.  r ' i . r -d-Bromost] - rene.  Thc corresponding react ion of  5.00
mmol  o f  l i t h iun r  d ipheny ' l cup ra re  and  1 .02  n r rno l  o f  c i s -p -b ron ro -

.  s t y rene  in  2 -1 .5  m l  o l ' c thc r  was  run  lb r  2  h r  a t  room tempera tu re .
The  c rude  p roduc t  co l l t a ined  ( i n  o rde r  o l '  c lu t i on :58  b ipheny l ,
hexamethylbenzcnc,  arrd c i . r -st i lbene (cak ula:ed y ie lds 72 and
73i  in two reacr ions).  In each case,  t l tc  yrc ld ot '  I rarrs-st i lbene
rvas less than I '1.  A col lecred5s sample ot '  rhe c is-st i lbene was
ident i f ied wi th an aurhent ic  sample by compar ison of  inf rared spec-
t ra  and  g lpc  re tcn t ion  t i rnes .

C. Iodooctane.  The reacr ion of  5.00 mmol of  l i rh ium diphenyl-
cup ra te  w i th  l . 0 l  mmo l  o f  l - i odooc rane  in  2J .7  m l  o f  e the r  con -
ta rn ing  a  we ighed  amoun t  o f  l -me th , " ' l naphrha lene  (an  in te rna l
s tandard )  was  run  a t  room tcmpcra ru re  lb r  2  h r .  The  c rude  neu t ra l
p roduc t  con ta ined  ( l i s ted  in  o rde r  o [  e lu t i on ) :$  l -me thy lnaph tha -
lene ,  b ipheny l .  and  r -oc ty lbenzene  (ca lcu la ted  y ie lds  99  and  l00 f  i n
two react lons).  A col lected5E sample of  the n-octy lbenzene was
rden t i t i ed  w i th  an  au rhenr i c  samp le  by  compar i son  o f  i n f ra red
spec t ra  and  g lpc  re ten t ion  t imes .

D .  (  -  ) - (R) -2 -Bromobu tene .  A  m ix tu re  o l '  120  mmot  o f  l i t h ium
d iphenr ' l cup ra rc  anc l  5 .00  g  ( i 6 .5  mmol )  o i  f  -  ) - (R) -2 -b romoburanc
( [ c r ] : s o  - 2 6 . 0 2 . ,  o p t i c a l  p u r i t y  7 3 - 7 8 i )  i n  a  m i x t u r e  o f  1 2 9  m l  o t '
c the r  and  180  m l  o f  t e t rahydro fu ran  was  re l l uxed  (51 -52 , )  f o r  72
hr  and  then  quenched  in  aqueous  NHrCI  and  ex t rac ted  w i th  e the r .
A l ' t e r  the  e the rea l  so lu t i on  had  been  washed  w i th  aqueous  NaCl .
d r ied .  and  conccn t ra red .  d i s t i l l a t i on  o t ' t he  res idua l  l i qu id  th rough  a
Te f lon  sp inn ing -band  co lumn separa red  .1 .33  g  (87 io )  o f  (+ ) - ($ -
2 - p h e n y l b u t a n e .  b p  1 7 0 ' .  r r ! 5 o  1 . 4 8 7 9 ,  r / : 5 r  0 . 8 5 6 .  [ o ] t o  + 1 8 . 2 0 .
(nea t )  (op t i ca l  pu r i t y  67 ' ' : ) . se  [n  a  second  run  emp loy ing  ( - ) -
(R) -2 -b romobu tane  ( [a ] t t o  -27 .01 . ,  op r i ca l  pu r i t y  76 -8 l  %)  rhe
(  * ) - { S ) - 2 - p h e n y l b u t a n e  w a s  o b t a i n e d  i n  6 7 \ , ; - i e l d ;  b p  1 6 9 - 1 7 0 " ,
r r r5D 1 .4877 .  r / : 5 r  0 .855 .  [o ] .uo  +  18 .70 ,  (nea t )  (op t i ca l  pu r i t y  6g71 t , ,
( l r t . 5e  bp  172 ' ,  r t 23o  1 .4883) .  I n  each  case  the  d i s t i l l ed  p roduc t
exh ib i ted  a  s ing le  peak  on  g lpc . "  p re l im ina ry  exper imen ts  s tudy ' -
i ng  the  reac r ion  o t ' l i t h ium d ipheny lcupra te  w i th  racemic  2 -b romo-
butane were per lbrmed wirh an internal  standard (r r -buty lbenzene)
p resen t  to  pe rm i t  g lpc  ana lys i s . {7  The  lb l l ow ing  ca lcu la ted  y ie lds
of  2-phenylbutane were obtained afrer  a 2{hr  react ion per iod
under  the  spec i f i c  cond i t i ons :  g ' i  i n  e the r  a r  25 . :  51% in  e the r -
I  . l -d imethoxyerhane (  3 : .1 v/v)  at  60-6- l ;  72\  in erher-retrahydro-
f u r a n  ( 3 : J  v , v )  a t  5 2 - 5 4 ' .  U n d e r  t h e  s a m e  c o n d i t i o n s  r e a c r i o n
o f  l -b romobu tane  wr rh  phcny l l i r h ium in  bo i l i ng  e the r  fo r  2 l  h r
lbrmed 2-phenylbutanc in - l 'T y ie ld.  when rhe t ime lbr  the reac-
t i on  rv i th  l i t h ium d ipheny lcupra te  i n  the  e rhe r - te t rahydro lu ran
mrx tu re  was  ex rcnded  to  72  h r .  rhe  ca lcu la ted  y ie ld  o f  2 -pheny l -
butane rvas 8.1 '1.

E.  l -Bromoadamcntane. To a solut ion ot '  -1.50 mmol of  d i -
pheny lcupra te  i n  a  m ix ru re  o f  6 .8  m l  o t '  t e t rahydro fu ran  and  5 .0

( 5 8 )  A  g l p c  c o l u m r r  p a c k c d  r v i t h  s i l i c o n c  g u m ,  S E - 5 1 ,
C h r o r n o s o r b  P  w ' u s  e  m p l o y c d  t b r  t h i s  a r r l l l ' s i s .
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ml  o f  e the r  was  added  a  so lu t i on  o f  -122  mC (  1 .50  mmol )  o f  l -b romo-
adamantane  in  1 .0  m l  o [  t e t rahvdro fu ran .  A f te r  the  resu l t i ng
solut ion had been ret luxed for  75 hr  wirh no v is ib le evidence
o f  reac t ion .  the  so lu t i on  rvas  h td ro l yzed  and  worked  tp  i n  the
usua l  way .  The  c rude  l i qu id  p roduc t  con ta tneds  the  s ta r t i ng  b ro -
m ide  ( re ten t ion  t ime  23 . .1  mrn t  and  a  number  o f  m ino r  l ower
bo i l i ng  componen ts :  no  peak  co r respond ing  to  l -pheny ladaman-
tane  ( re ten t ion  l ims  -1 -1 .4  m in )  was  de tec ted .  An  au then t i c  samp le
o f  l -pheny ' l adamantane .mp 86-87 :  ( l i t . se t r  mp  88 -89o) ,  was  p repared
as previously dcscrrbcd.5e" The spectra l  propertres of  the producr
correspond to those previously descr ibed.5et , , "

React ion of  L i th ium Dimethr lcuprate wi th l - Iodooctane.  Ether
so lu t i ons  (6 .0  m l )  con ta in inc  2 .0O mmol  o f  i odooc tane ,  a  we ighed
amoun t  o f  l -decane  ( i n te rna l  . s tandard ) ,  and  the  va r ious  o rgano-
metal l ic  reagents speci f ied bclorv rvere st i r re( l  at  room temperature
and al iquots were per iodical ly  removed. hydrolyzed,  and ana-
l yzeg l . t ; ' s ,  I n  the  reac t ion  rv r rh  2 .00  mmol  o f  l i t h ium d ime thy l -
cuprate.  a l ier  2.67 hr  the calculated y ie ld of  , r -nonane was 97 / ,  and
only 3 [  of  the rr -octy ' l  iodide remained. In a s imi lar  react ion where
21 .00  mmol  o f  me thy l l i t h ium was  r rea red  rv i th  on ly  0 .10  mmol  ( j
mo l  %)  o f  copper ( l )  i od ide ,  the  ca lcu la ted  y ie lds  a f te r  a  l 2 -h r
reactron per iod were l9[  r r -octane.  6.59" l -octene.  642,  n-nonane,
and 2 i  ot ' the star t ing rodide.  When 4.00 mmol of  methyl l i th iun-,
was used rv i th no added copper sal t  the y ie lds al ' rer  a l2-hr  react ion
were  2791  r r -oc tane .  l 8 : ;  l - oc tene .6 [  r r -nonane .  and  42 \  o f  t he
unchanged iodooctane.  Col lected samples of  r r -nonane. / t -octane.
and l -octene rvere ident i f ied wrrh authent ic  samples by compar ison
o f  i n f ra red  spec t ra  and  g lpc  re ren t ion  t imes .  Two  g lpc  co lumns
were  requ i red  fo r  ana l ; s i s .  On  one  co lumn i8  the  o rde r  o f  e lu t i on
was  / r -oc tane  and  l -oc tene  (un reso lved) ,  nonane ,  decane ,  and  l -
iodooctane.  A second columnri  was used to resolve / , -octanc
(e lu ted  f i r s t )  t i om l - t l c tene  (e lu red  second) .

React ion of  L i th ium Dimethr ' lcupr i l tc  wi th l - [odonaphthalene.
E the rea l  so lu t i ons  con ta in ing  hexamcrhy lbcnzene  ( i n te rna l  s tan -
da rd )  and  the  mo l l r  concenr ra r ions  o l '  l - i odonaph tha lene  and  I i t h -
i um d ime th l , l cup ra te  i nd i ca tec l  i n  Tab lc  l l  r vc re  s t i r red  a t  room
tcmpera tu re  (25 -27 ' )  and  a l i quo rs  r ve re  removed  a t  the  ind ica ted
t imes  and  hy 'd ro l yzed  and  ana l . vzed  in  the  usua l  way .  Wi th  the
g lpc  co lumn used .5 t  the  componen ts  were  e lu ted  in  the  o rde r  naph-
tha lene .  l -me thy lnaph tha lcne .  he . ramethy lbenzene .  and  l - i odo -
naph tha lene .  Co l lec ted ;E  samp les  o l ' naph tha lene  and  i t s  l -me thy , l
de r i va t i ve  were  idcn t r t i ed  w i th  au thcn t i c  samp les  by  compar i son  o l '
i n l ra red  spec t ra  and  g lpc  re ten t ion  t imes .  In  ce r ta in  cases  ha l i de -
l ' r ee  l i t h ium d ime thy lcupra re  was  emp loyed :  i n  o the rs  the  reac t ion
so lu t i on  con ta incd  L i l  i n  a  concen t ra t i on  equ iva len t  to  the  copper
reagen t .  The  p resence  o t '  L i l  i s  rnd ica ted  in  Tab le  I I .  I n  ce r ra in
o f  the  runs  an  ox idan t  r vas  added  to  one  a l i quo t  o f  t he  reac t ion
mix tu re  a t  the  end  o l ' t l r e  s ta ted  reac t ion  pe r iod  be lb re  the  reac t ion
mlx tu re  was  h ; ,d ro l vzed  and  ana l l ' zed .  Nr t robenzene  was  added
to the react ion solutron r l r  a knor ' , 'n  volunre ot 'oxy 'gen was added to
the  n i t rogen  a tmosphere  above  the  reac t ion  m ix tu re  and  the  m i . r tu re
was  tho rough ly  mrxed  by  shak ing .  Add i t i on  o f  oxygen  resu l r s
in  immedra te  l b rmat ion  o f  a  b lack  p rec ip i ta te ;  add i t i on  o f  n i t ro -
benzene produces a deep red color  in solutron.

In  reac t ions  o t '  l - i odonaph tha lene  w i th  the  t r i -n -bu ty lphosph ine
comp lex  o f  me thy lcopper .  t he  rn r t i a l  reac r ion  m ix tu res  were  hy ' -
d ro l yzed  w i th  aqueous  l . . l  , t /  HCI  ra the r  than  the  aqueous  NH,CI
to  fac i l i t a te  separa t ion  o f  the  t r r - l -bu ty lphosph ine .  [n  ce r ta in  o f
these  reac t ions  rv i th  the  phosph ine  comp le . \ .  t he  in i t i a l  e the r  so lu -
t ion rvas concentrated under reduced pressure and the residue was
ei ther d issolved i r r  ret lLrxrng tetrahydrofuran or  heated to 60-70'
r v i t hou t  added  so lven t .  t b r  l -2  h r  p r io r  to  ana lys i s .oE  60 ,6 r  The
calculated60 ."" ie lds of  products vv 'ere l5-13 " ;  naphthalene and 6G-
85T  l -me th t lnaph tha lene .  A l though  no  ox idan t  was  de l i be ra te l l
added  to  these  la t te r  reac t ion  mrx tu res .  the  poss rb i l i t y  tha t  some
oxygen ( l tom the ai r )  nray have reached the react ion mixtures can
not be excluded. in spi te of  our ef lor ts to maintain an oxygen-free
a tmosphere .

As  a  con t ro I  exper imen t .  an  e  rhe r  so lu t i on  o l '  naph tha lene  (2 .96
m m o l )  a n d  t h e  t r i - r r - b u t y l p h o s p h r n e  c o m p l e x  o f  m e r h y l c o p p e r  ( 1 0

( 5 9 )  ( a )  H .  S t c t t c r .  \ l  .  S c h r v a r t z .  a r r d  A .  H c r s c h h o r n ,  C h e m .  B e r . .
9 2 .  l 6 1 9  ( 1 9 5 9 ) ;  ( b )  R .  C .  F o r r ,  J r . ,  a n d  P .  r o n  R .  S c h l e y e r ,  J .  O r g .
C h e n r . , 3 0 ,  7 8 9  ( 1 9 6 5 ) :  t c )  Z .  D o l e l : u k ,  S .  H u l a ,  V .  H a n u s ,  a n d  S .
Landa,  Co l lec t .  C :ech .  Chern .  Comrnun. ,  31 ,  - l l5  (  1966) .

( 6 0 )  A  g l p c  c o l u m n  p a c k c d  * i t h  C a r b o r v a x  l 0 \ 1  s u s p e n d e d  o n  C h r o -
m o s o r b  P  r v u s  e  m p l o y c d  f o r  t h i s  a n a l y  s i s .

( 6 1 )  A n a l y s c s  d o n c  u i t h  a  C u r b o r " ' a x  c o l u m n 6 ' r  u s c d  b i p h e n y l  a s  a n
i t r t e r n a l  s t a n d u r d .  O n  t h i s  c o l u m n  t h e  o r d c r  o t '  c l u t i o n  w a s :  n a p h -
t h a l c r r c ,  l  - r n c t h v l n l p h t h a l c r r c ,  b i p n c n r  l ,  a n d  l  - i o d o n a p h t h a l e n e .

suspcnded on
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mmol)  w'as ccncentrated and then heated to 50' -60o for  2 hr .  Af ter

hyd ro l l s rs .  no  l -me thv lnaph tha lene  was  de tec tedm in  the  c rude

reac t ron  p roduc r .  A  l so  an  e the rea l  so lu t i on  con ta in ing  hexa-

merhv lbenzene .  -1 . f )0  mrno l  o f  ha l i de - f ree  methy l l i t h ium.  and  l ' 00

mmol  o f  l - i odonaph tha lene  was  s t i r red  fo r  2  h r  a t  room tempera -

tu re  and  then  hvd ro l yzed  and  ana lyzed .58  The  ca lcu la ted  y ie lds

rve re  l l i  naph tha lene  and  867"  l - rne thy lnaph tha lene .
React ion of  L i th ium Diphenylcuprate wi th , \ ry l  Hal ides.  ' \ .

l - l odonaph tha lene .  E the r  so lu t i ons  con ta in ing  1 .2 -d ipheny le thane
(an  in re rna l  s tandard )  and  the  mo la r  concen t ra t i ons  o f  l i t h ium

tJ rphcnr  l cup ra te  and  l - i odonaph tha lene  ind ica ted  in  Tab le  I  I  I

r r c re  s t i r red  a t  room tempera tu re  Q5-27" ) .  A t  the  t imes  ind ica ted

rTab le  I I I )  a l i quo ts  l ve rc  removed ,  hyd ro l yzed .  and  ana lyzed  in  the

usual  rv 'ay ' .  On the glpc columns used.s '62 the order of  e lut ion of

componenrs  was  :  i odobenzene ,  naph tha lene .  b ipheny l ,  1 ,2 -d i -
pheny le thane .  l - rodonaph tha lene ,  l -pheny lnaph tha lene ,  and  l , l ' -

b inaph thy l .  Co l l ec ted t8  samp les  o f  naph tha lene  and  1 -pheny l -

naphrha lene  w 'e re  i den t i f i ed  w i th  au then t i c  samp les  by  compar i son

o l ' i n f ra red  spec t ra  and  gas  ch romatograph ic  re ten t ion  t imes .  A l l
o t ' rhe  da ra  p resenred  in  Tab le  I I I  r ve re  ob ta ined  w i th  l i t h ium d i -
pheny lcupra te  r vh i ch  con ta ined  some l i t h ium ha l i de .  When  the
cuprate reagent was prcpared f rom washed 5 hen u lcopper precip i tate

: , rnd  rec ry ' s ta t l i zed  pheny l l i t h ium so  tha t  on l )  0 .1 -0 .2  equ iv  o f  ha l i de
sal ts rvas present.  the i r r r t ia l  exchange react ion benveen the cuprate

and  l - i odonaph tha lene  was  s l i gh t l y  s lower  than  the  co r respond ing
re rc t ron  rvnerc  cxcess  l i t h iun t  b romide  was  p resen t .  Cer ta in
re rc t i on  a l i c luo ts  were  t rea ted  rv r th  va r ious  ox idan ts  p r io r  to  hy -

d ro l vs i s  and  ana lys rs .  W i th  the  so l i d  and  l i qu id  ox idan ts .  t he

re3c t lon  m ix tu res  rve rc  s t i r red  fo r  l 5  m in  a f te r  add i t i on  to  ensure
comp ic te  ox i c la t i on .  [ : o r  reac t ion  rv i th  oxygen  gas ,  the  so lu t i ons
wcre str r red rv 'h i lc  a largc excess ot 'gas was ; lasscd over the surf 'ace
o t ' t h e  s o l u t i o n .

. { s  a  con t ro l  exper in tc t r t .  I l . 7  m l  o f  an  e t l ' l c res l  so lu t i on  con ta in -
r n g  1 . 5 0  m m o I  o t ' p h c r r v l l i t h i u m  a n d  0 . 5 0  m m o l  o f  l ' i o d o n a p h t h a -
lene  rvas  s t i r red  a t  ro ( ) r l l  t cmpera tu re .  and  a l i quo ts  were  removed ,
h r d r o l y z e d .  a n d  l n a l y z c d 5 s  p c r i o d i c a l l y .  A l t h o u g h  9 6 %  o f  t h e
l - i t t donaph tha lcne  hac l  l r cen  conver ted  to  l -naph th l , l l i t h ium (naph-

tha lene  a t ' t e r  hyc i ro i ys rs )  a l ' t e r  I  h r .  no  l -pheny lnaph tha lene  was

dc tc ' c ted  in  the  reac t ion  t t r i x tu re  even  a f te r  a  l { . h r  reac t ion  pe r iod .

An  e the rea l  so lu t ron  p rcpared  f rom 1 .0  mmol  o t ' t he  t r i - r r ' bu ty l -
p h o s p h r n e  c o m p l e x  o t ' c o p p e r ( l )  i o d i d c .  1 . 0  m m o l  o i  p h e n y l l i t h i u m .
( ) .1 -1  mmol  o f  l - i odon lph tha lene ,  and  an  in te rna l  s tandard  rvas

c ( )ncen t ra ted  undc r  a  n t t rogen  a tmosphere  and  then  hea ted  to  9G-
95 '  t b r  2  h r .  The  resu l t i ng  m ix tu re  was  t rea ted  rv i th  2 .0  m l  o f
dcu te r rum ox ide  so lu t ron  con ta in ing  DCI  (10" ;  by  we igh t )  and
th rn  sub jec ted  to  the  usua I  i so la t ton  and  ana lys i s .5s  The  ca lcu la ted
y r c i d s  r v e r e :  5 ' l  i o d o l r e n z e n e .  2 J ' [  n a p h t h a l e n e .  5 2 %  l - p h e n y l -
naph tha lene .  and  6  " , ;  |  .  I  

' -  [ ; i nap l r thv '1 .  A  co l l ec teds  samp le  o f  the
ntph rhalene containet i  (  rnass .spectrometr ic  analysis )  83 % c/r  species
and  l7 ' ' i  r / ,  spec ies .  Var ious  a t tempts  to  improve  the  y ie ld  o f  l -
pheny tnaph tha lene  w i t l t ou t  use  o f  an  ox rdan t  such  as  the  use  o [
qu rno l i ne  as  a  so lven t  o r  the  use  o f  no  so lven t  gave  c rude  p roduc t

mr \ tu res  in  r vh i ch  the  ca lcu la ted5d  y ie ld  o f  l -pheny lnaph tha lene
ranged  f rom 0  to  50" , i .

B .  1 .8 -D i iodonaph thn lene .  A  so lu t i on  o f  1 .2 -d ipheny le thane .
6 .0  mmol  o f  l i t h ium d i r rheny lcupra te .  and  380  mg (1 . f f )  mmo l )  o f
I .S -d i i odonaph tha lenc  r r r  I 0  m l  o l ' e the r  was  re f l uxed  fo r  2 ' l  h r  and

then  two  a l i quo ts  r ve rc  ren toved .  One  a l i quo t  was  hyd ro l yzed
w i t h o u t  a d c l i t i o n  o t ' a r r  o x i d a n t  t o  g i v e  a  m i x t u r e  c o n t a r n i n g  ( i n

o rde r  o [  e lu t i on ) : ;8  n lph tha lene  (35 [  y ie ld ) ,  1 ,2 -d ipheny le thane .

r 6 l )  A  g l p c  c o l u m n  p r r c k e d  w i t h  s i l i c o n e  g u m .  N o .  S E - 1 0 '  s u s p e n d e d

o n  C h r o m o s o r b  P  r v a s  e  r r r p l o y c d  l o r  t h i s  a n a l y s i s .

l - phen t lnaph tha lene  (567 ] '  y ie ld ) ,  and  1 ,8 -d ipheny lnaph tha lene
(5T  y re ld t .  The  second  a l i quo t  was  coo led  to  0 ' ' ,  ox id i zed  wr rh
gaseous  oxygen .  and  then  hyd ro l yzed  to  p roduce  a  m ix tu re  con-
t a r n r n g :  1 . 2 - d i p h e n y l e t h a n e .  l - p h e n y l n a p h t h a l e n e  ( 2 %  y i e l d r .
and  1 ,8 -d ipheny lnaph tha lene  G77 ' ,  y ie ld ) .  Co l l ec teds  samp les  o i
naph tha lene .  l -pheny lnaph tha lene .  and  1 ,8 -d ipheny lnaph tha lene
were ident i f ied wi th authent ic  samples by- compar ison of  inf rared
spectra and gas chromatographic retent ion t imes.  Prel imrnarv
exper iments had demonstrated that  a 2{-hr  react ion per iod pre-
ceding o.r idat ion was necessary in th is case to complete the in i t ra l
metal-halogen exchange.

React ion of  L i th ium Dialky ' l -  and Diary lcuprates wi th . - \ lky l
Hal ides.  The data of  Table IV were obtained using a common
procedure .  i l l us t ra ted  he re  by  the  coup l ing  o f  l i t h ium d i - r r -bu t1 ' l -
cup ra te  r v i th  l - ch lo ropen tane .  One  m i l l i l i t e r  o f  a  THF so lu t ron
con ta in ing  1 .0  mmol  o f  l - ch lo ropen tane  was  added  in  one  po r t i on
to  a  so lu t i on  o t  5 .0  mmol  o f  l i t h ium d i - r r -bu ty l cup ra te  i n  5  m l  o t '
T H F a t  - 7 8 ' .  T h i s  m i x t u r e w a s  a l l o r v e d  t o  s t a n d  f o r  I  h r  a t : 5 '
w i th  occas iona l  sw i r l i ng ,  then  cau t ious ly  hyd ro l yzed  and  ana lyzed
by  g lpc  d i rec t l y .

Preparat ive Scale React ion of  L i th ium Di-r r -buty l ( t r i - r -butr ' l -
phos phine)cu prate u ' i th l  - Iodo pentane. Tetrakis[ iodo( t r i -n-  bu r  v l -
p l rosph ine ;copper ( l ) l  (76 .6  g ,  0 .195  mo l )  was  p laced  in  a  t l amc-
d r ied .  th ree -necked .  l -1 .  f l a . sk  equ ipped  rv i th  a  n i t rogen  in le t  and
mechan ica l  s t i r re r .  E the r  (500  m l t  r vas  added  a f te r  the  f l ask  hau
been  evacua ted  and  f i l l cd  r v i t h  n i t rogen  severa l  t imes .  The  resu i t i ng
s o l u t i o n  r v a s  c o o l e d  t o  - 7 8 ' a n d  2 1 0  m l  ( 0 . 3 9  m o l )  o f  r r - b u n l -
l i t h ium in  hexane  rvas  edded  wr th  s t i r r i ng  ove r  a  20 -m in  penod .
l - [ o d o p e n t a n e  ( 1 0 . 0  g , 0 . 0 3 9 1  m o l )  m i x e d  r v i t h  l 0  m l  o f  e t h e r  w u s
t rans le r red  by  cannu la  i n to  the  reac t ion  m ix tu re  and  s t i r r i ng  co r r -
t i nued  tb r  30  m in  a t  -  78 ' .  The  m ix tu re  was  a l l owed  to  warm t ( )
room tempcr r r tu re  and  s t i r red  io r  6  h r .  t hen  coo led  to  -20 '  l r r r r l
car . r t iousl l '  hydrolyzed r ,vr th 100 mi of  5 .V/  hydrochlor ic  acid.  Thc
trvo layers were separated.  and the aclueous layer rvas rva.shcr j
w i th  t r vo  100-m l  po r t i ons  o f  pen tane .  The  comb ined  o rgan ic  p l tasc
was  t rea tcd  wr th  deco lo r i z ing  charcoa l .  t i l t e red  th rough  Cc l r t c .
a n d  d r i e d .  S h o r t - p a t h  d i s t i l l a t r o n  ( b p  l - 1 5 - 1 6 0 ' )  y i e l d e d  5 . 1 0  g  o t '
c rude  p roduc t  wh ich  g lpc  ana lys rs  i nd i ca ted  to  be  8G '82 [  r -nonanc
( theore t i ca l  y ie ld  5 . t \ )  g , t .  The  impur i t i es  i n  th i s  ma te r ia l  appearc t l
to be produced b."-  thermal  dccomposi t ion o[  t r i - r r -buty lphosphirrc-
c o p p c r ( l )  c o m p l e x e s  i n  t h e  d r s t r l l a t i o n  p o t .  A  l r a c t i o n  ( b p  l 5 l -
1 5 4 . 5 ' )  t a k e n  d u r i n g  r e d i s t r l l a t r o n  t h r o u g h  a  g o l d  s p i n n i n g - b a n d
co lumn had  r r :5o  l . -1070  and  an  r r  spec t rum and  g lpc  re ten t lon
t ime  i c ien t i ca l  w i th  thosc  o f  au then t t c  f l - nonanc .

React ion o f  . \ l  l -v '  I  Orqanometa I  l ic  Der i  vat i  ves wi th l - Iodopentane.
T o  a  c o l c l  ( - 7 8 ' )  s o l u t r o n  o f  l r t h i u m  d i a l l y l c u p r a t e  p r e p a r e d  l . r o m
l . - 1 5  g  ( 3 . [ X )  m m o l )  o f  t h e  b i s t r r - l r L r t y l  s u l f i d e )  c o m p l e x  o f  c o p p c r t l t
i od ide  and  6  00  mmol  o f ' a l l - v l l i t h ru rn  i n  10 .2  m l  o f  e the r  was  a t l dc t i
1 . 0  m i  o l ' a n  e t h e r  s o l u t i o n  c o n t a i n i n g  1 . 0 0  m m o l o f  l - i o d o p e n t a r l u
and  a  knorvn  we igh t  o l ' r -nonane  (an  in te rna l  s tandard ) .  A f te r  t l r c
m ix tu re  had  been  s t r r red  fo r  I  h r  a t  -  78 '  i t  was  a l l owed  to  warn t  t t l
0 "  ( the  copper  reagen t  decomposed  w i th  separa t ion  o f  me ta l l i c
copper )  and  then  quenched  in  an  aqueous  so lu t i on  o f  NHrCI  and
NHr  and  ex t rac ted  w i th  e the r .  A f te r  the  e the rea l  so lu t i on  had  been
washed  w i th  wa te r .  d r ied .  and  concen t ra ted .  ana lys i s  by  g lpcd t

ind ica ted  the  p resence  o f  l -oc tene  (y ie lds  i n  two  runs  98  and  l [ I ) " , ; .
f i r s t  e lu ted )  and  / r -nonane  (e lu ted  second) .  A  co l l ec tedor  samp le
o f  the  l -oc tene  was  iden t i f i ed  w i th  an  au then t i c  samp le  by ' con t -
pa r i son  o f  i n f ra red  spec t ra  and  g lpc  re ten t ion  t imes .  A  comparaLr l c
reac t ron  was  run  w i th  -1 .00  mmol  o f  a l l y l l i t h ium and  1 .00  mmoI  o l '

l - i odopen tane  in  9 .0  m l  o f  e the r  a t  15 "  fo r  I  h r .  A f te r  the  m ix tu rcs
from trvo ident ical  runs had been hydrolyzed,  dr ied,  and concen-
t ra ted .  ana ly -s i s6 t  i nd i ca ted  the  p resence  o f  l -oc tene  (y ie lds  98  and
gg'I,).
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