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f R e p r i n t e d  f r o m  t h e  J o u r n a l  o f
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S r r c i e t y  u n t l  r e p r i n t e r l  b y  l r e r m i s s i o n  o f  t h e  c r r p y r i g h t  o w n e r

Oxidat ive Coupl ing Using Copper(I )  Ate Complexesr

.Sir.'

The ox ida t ive  coup l ing  o f  ace ty len ic  copper  com-
pounds provides a useful  method of  forming carbon-
carbon bonds under  mi ld  cond i t ions . r  Ex tens ions  o f
th is coupl ing react ion ro hydrocarbons less acidic
than te rmina l  ace ty lenes  have been l im i ted . ,  p r imar i l y
t lue  to  the  prac t ica l  d i f t i cu l t ies  invo lved in  genera t ing
the  requ is i te  o rganocoppcr  spec ies  i ,  s i t t t  in  ncu t ra r  o r
weak ly  bas ic  so lu t ions .  We wish  to  repor t  tha t  o r -
gano l i th ium and -n ragnes ium reagents .  in  wh ich  the
ava i lab i l i t y  o f  the  requ i red  carban ion ic  s i te  i s  nor
determined by the ease of  hydrogen abstract ion.  can be
coupled in synthet ical ly useful  y ie lds by conversion to
copper( l )  ate complexes, fo l lowed by oxidat ion wirh
molecu la r  oxygen or  w i th  copper ( l l )  sa l ts . , t

2C.H,,Li  *  l tcup(CrH,,) , ] r  
' t t t l  
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- 7 8 "  

I  
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I n  a  t y p i c a l  e x p e r i n t e n t ,  l i t h i u n r  d i - l - b u t y l c u p r a t e  ( t )
was  prepared by  reac t ion  o f  I  equ iv  o f  te t rak is [ iodo-
( t r i -n -bu ty lphosph ine)copper ( t )J t  in  te t rahydro furan
(THF)  a t  -78o w i th  2  equ iv  o f  commerc ia l  n -bu ty l -
l i th ium. Treatment of  the resul t ing color less or pale
yel low solut ion at  -78o with excess oxygen resul ted in
immediate react ion and format ion of  a dark precipi tate.
After the reaction mixture had been stirred vigorously
for several  minutes,  hydrolysis and analysis indicated
the presence of  octane (84%), l -butene (14\) ,  and l -
bu tano l  (5%) . ' r  Representa t ive  resu l ts  ob ta inec l  on

( l )  Suppor tcd  i r r  pa r t  by  thc  N ; r t i ona l  Sc ie r rce  Four rda r io r r .
(2 )  (a )  G .  Eg l i n ton  and  W.  McCrae ,  .4dca i l .  Org .  Chenr . ,4 .22S

(1963);  (b)  F.  Bohlrnan' ,  H.  Schorrowsky,  E.  I r rhot l 'err ,  and G. Gr:ru,
Ber., 97, 794 (1964\.

(3)  W. Tochtermann, /ngew. Chem. Intern.  Ed.  Engl . ,  S,  351 ( t966),
and  G.  Wi t t i g ,  Quar t .  Reu .  (London) ,20 .  l 9 l  (1966) ,  have  p rov ided  re -
v iervs of  the propert ies and react ions of  ate complexes.

(4 )  G .  B .  Kau f lman  and  L .  A .  Tc te r ,  I no rg .5 .vn . ,7 ,9  (1963r .
(5)  The same yie lds were observecl  on oxidat ion of  the more c lear ly.

def ined ate complcx obtained by t reatment of  a suspension of  hal ide-
and  phosph i ' c - l i cc  r r -bu ty l copper ( l )  a r  -  50 '  i n  THF w i rh  n -bu tv l -
l i t h i u m .

(6)  In pract icc,  thermal  decomposi t iorr  prol , ides . r  rnorc col lvcnrcnr
method of  coupl ing v inyl ic  and aromat ic copper( I )  cornpourrds than
oxidat ion of  are complexes:  G. M. Whitesidcs and i .  p.  Casey,
J .  Am.  Chem.  Soc . ,88 , .1541  (1956) .

(7)  This observat ion is  in agreement wirh thc rupid inrermolecular
exchange observcd by nmr spcctroscopy tbr  the mcthyl  groups of
l i t h ium d imerhy lcupra rc  and  merhy l l i t h ium:  H .  O .  Housc .  w .  L .
Respess ,  and  G.  f v { .  Wh i rcs ides ,  J .  Org .  Chem. ,3 l ,  I  l 2g  (  1966) .

ox ida t ion  o t '  o ther  a te  complexes  under  s imi la r  con-
d i t ions  are  g iven in  Tab le  I .

Table I .  Oxrdat ive Coupl ing ol 'Copper l l )  Ate Complexes (Eq l ) , ,

Start ing organometal
compo

Y i e l d .
Product  " ' t '

r r - B u t y l l i t h i u m
l -Bu ty lmagnes ium b ro -

mide
r c r ' - B u t y l l i t l r i u r n
r -  B u t y l l i t  h i u r n
l ' >heny l l i t h iu rn
I r(t, ! s- | - Propen_v- | I i t hi um
I 'henylet  hy rr ,v l l i t  l r ium
Bulane- I  .4-di (  magnesi  um

bromide)
Pentane- I . 5-d i( magnest um

bromide)
Octane- I  .8-di (  magncsi  um

bromide)
Pheny l l i t h ium f  r r -hu ty l -

l i t h i u m l l : l )

N e o p h r  l l i t h r u r r r

Octane
Oc tanc

J. . l -  Drmcthy lhc.rane
2 .2 .3 .  i -Te t  ramethy lbu  tane
Br  pheny  I
I ru n s. t ru t t.t-2.J- Hexadienc
I  . .1-  Di  phenyl  butadiyne"
Cyc lobu taner

Cyclopentane

Cyclooctane

Octane
Br  phenv l
r r -  Buty ' lhrenzene
1 .5 -  D imethy l -2 .5 -d ipheny l -

nexane

' ,  Unless otherwise indicated.  a l l  react ions wcre carr ied out  tn
THF so lu t ron  a t  -78 'under  an  ine r t  a tmosphere  us ing  oxygen  as
oxidant .  Concenrrat ion ol 'ate comple.x ranged f rom 0.05 to 0.1 . \ ' .
D Yields were determined by quanr i tat ive vapor phase chromatog-
raphy:  isolated y ie lds in preparat ive-scale react ions were l0-20i , ,
lower.  'Oxrdatron at  l5 ' .  d No cyclooctane or  cyclododecanc
could be detected in the react ion mixtures.

This react ion sequence sL-ents to be appl icable to the
coup l ing  o f  p r imary  a lky l .  secondary  a lky l ,  v iny l ,  and
ary l  g roups :  in  our  hands  te r t ia ry  a lky l  g roups  hav 'c
g iven poor  y ie lds  o f  d i rner ic  p roduc ts .0  Ox ida t ion
of  mixed a te  con lp lexes ,  ob ta ined by  add i t ion  o f  I  equ i \
each of  two di f ferent l i th ium reagenrs to I  equir  o i
copper( l )  sal t ,  g ives nl ixtures of  products.T The use
of THF and dimethoxyethane as solvents resul ts in
appreciably higher y ie lds of  coupled products than
diethyl  ether or hydrocarbons. Organol i th ium conr-
pounds g ive  sonrewhat  h igher  y ie lds  o f  d imers  than do
the corresponding Grignard reagents.

Al though our understanding of  the detai led course
of th is react ion is st i t l  incomplete,  severat  observat ions
perrni t  a descr ipt ion of  the general  teatures of  i ts  mecha-
nism. First ,  the products of  the oxidat ions providc
conv inc ing  ev idence aga ins t  long- l i ved  f ree  a lky l  rad ica ls
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as react ion intermediates.  Speci f ical ly.  the oxidat ion
of l i th ium dineophylcuprate is unaccompanied by the
1,2-aryl  migrat ion character ist ic of  f ree neophyl  rad-
icals.  even when carr ied out at  room temperature.S
In addi t ion.  the oxidat ion of  l i th ium di- tans- l -pro-
penylcuprate yields trens.trans-2.4-hexadiene without
loss of  stereochemistry around the olef in ic bonds: we
have argued previously that  th is stereochemical  resul t
is  incompat ib le wi th f ree propenyl  radicals as reacr ion
intermediates.6 Simi lar ly,  the y ie ld of  butanol  ob-
served in the oxidat ion of  I  is  much smal ler  than that
expected from a reaction which generates free butyl
radicals in a solut ion containing oxygen.

Second, uncomplexed butylcopper( l )  can be isolated
in moderate y ie ld f rom incomplete oxidat ion of  l .
Hence, butylcopper( l )  appears to be an intermediate
formed rapidly in the in i t ia l  stages of  oxidat ion,  which is
i tsel f  oxidized in a subsequent step.e Examinat ion
of the oxidat ion of  buty lcopper( l )  under these con-
di t ions indicates that al l  of  the l -butene and butanol
formed in the oxidat ion of  I  could be accounted for by
i ts oxidat ion and suggesrs that  the in i t ia l  oxidat ion of
I  y ie lds octane and butylcopper( l )  quant i tar ively.

Third,  a wide var iety of  mater ia ls other than oxvgen
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are ef fect i l 'e oxidants in these reactants.  For example.
the y ie lds of  octane obtained from I  by oxidat ion wi th
n i t robenzene.  Cu( l l )C l? .TMEDA.  or  oxygen arc
equa l . r ( '  Hence.  i t .  seems un l i ke ly  tha t  the  ox id iz ine
agent  i s  invo lved in  the  produc t ion  o f  d in rer  in  an i
capaci ty other than that of  e lectron acceptor.

These observa t ions ,  taken together ,  make an  in i t ia l l r
fornred di-n-butylcopper( l  I  ) ,  which rapidly dispro_
port ionates or fur ther reacts to n-butvlcopper( l )  and
octane. an at t ract ive intermediate in the in i t ia l  oxidat ion
of  l .  Fur ther  ev idence suppor t ing  th is  p roposa l  w i l l
be presented in later papers.

(8)  For a review of  recent  work,  see R. Kh.  Freid l ina,  Adran.  Frec
Red ica l  Chenr . . l .  2 l  I  (1965) .

(9)  Simi lar  observat ions have bccn made in Glaser coupl ing5. . : '
( 10 )  Even  bcnzophcnone  w i l l  ox id i ze  I  t o  oc tane  ( i n  25 f  . v ie ld r .

horvcver,  these other oxid iz ing agcnrs produce lower y ie lds oi  d i rn"r ,
than does oxygen i r r  oxidat ion of  secondar-v and alkynyr ate complexes.

( l  l )  (a )  Na t iona l  Ins r i t u tes  o f  Hea l th  P redoc to ra l  Fe l l ow .  l 966 -
1967 ;  (b )  Na t iona l  Sc iencc  Foundar ion  Predoc to ra l  Fe l l ou , ,  1963-1967 .
(c)  E.  B.  Hershberg Fel lor . r ' ,  1965-1966

Ceorge NI.  Whiresides,  Joseph SanFi l ippo,  Jr . r r , ,
Char les  P .  Caser , t t r ,  Edward  J .  Panek r ro  ̂

D epu rr ment o/ C hent i st n'. tll ussuc ltu.reI t s I tt.rt i I u r e of Tec hnol og.r'
Cuntbridgc, Mu.r.sachu.reus 02 I -19

Receired June 28. t96-


	18(1).PDF
	18(2).PDF
	18(3).PDF

