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React ion of  Copper( I )  Hydr ide wi th
Organocopper( i )  Compounds I

Sir.'

A  number  o f  impor tan t  t rans i t ion  meta l  ca ta lyzed
organ ic  syn theses  are  car r ied  ou t  in  so lu t ions  conta in -
ing mi,r tures of  intermediate t ransi t ion metal  hydr ides
and a-a lky ls .3  The reac t iv i t y  o f  t rans i t ion  meta l  hy-
dr ides  toward  meta I  a lky ls  has  no t  been de f ined.  How-
ever,  the faci l i ty  wi th which nontransi t ion metal  hy-
r ides  reac t  w i th  many o-organometa l l i c  compounds i , r
suggests  tha t  ana logous reac t ions  o f  t rans i t ion  meta l
hydr ides  migh t  be  impor tan t  in  the  ca tary t i c  t rans i t ion
meta l  sys tems.

As par t  o f  a  s tudy  o f  the  mechan ism(s)  o f  thermal  de-
compos i t ion  o f  copper ( l )  a lky is ,  we have prepared cop-
per( l )  hydr ide and examined i ts react iv i ty toward oi-
ganocopper ( l )  compounds.  The reac t iv i t y  o f  copper
hydr ide  toward  copper  a lky ls  i s  o f  par t i curar  in re res t  as
a model for  the react iv i ty of  other t ransi t ion metal  hy-
dr ides  and a lky ls :  s ince  copper  hydr ide  does  no t  ca ta-
lyze olef in isomerizat ion or deuter ium exchange under
the  cond i t ions  used in  th is  s tudy ,  the  s t ruc tu res  o f  hy-
drocarbon products formed in the presence of  copper
hydr ide  can be  de termined w i thout  ambigu i ty .  Here
we w ish  to  repor t  tha t  hydr id ic  and o-organometa l l i c
der iva t ives  o f  copper ( t )  reac t  read i l y  w i th  one another ,
and tha t  the  mechan ism o f  th is  reac t ion  does  no t  invo lve
intermediate organic f ree radicals.

-Copper( t )  hydr ide was prepared by t reat ing I  equiv
o f  copper ( l )  b romide d isso lved in  100 equ iv  o ipyr i , i i ne
w i t h  l . l  e q u i v  o f  d i i s o b u t y l a l u m i n u m  h y d r i A e  ( j 0  %  i n
heptane)  r t  -  50o.  V igorous  mix ing  produced a  ho-
mogenous,  dark  b rown so lu t ion ,  f rom wh ich  copper ( l )
hydr ide could be precipi tated by di lut ion wi th . -300
equ iv  o f  e ther .  cen t r i fugat ion ,  separa t ion  o f  the  super -

( l )  supported by the Nat ionar Science Foundat ion,  crant  7266,
and by the Intcrnat ional  Copper Research Associat ion,  Inc.

natan t  l iqu id ,  and repeated  wash ing  o f  the  prec ip i ta tc
w i t h  e t h e r ,  a l l  a t  - 7 8 o ,  p e r m i t t e d  i s o l a t i o n  o f  c o p p e r ( l )
hydr ide  as  a  b rown so l id  in  g rea ter  than 90% y ie lc i . ;
The ra t io  o i  hydr ide  to  copper  in  th is  mater ia l  i s  0 .96  *
0 . 0 , 1 ;  i t  c o n t a i n s  l e s s  t h a n  0 . 5 %  a l u m i n u m  o r  b r o m i n e
but retains -25 / ,  pyr id ine,  based on copper.

Pure ,  anhydrous  copper ( l )  hydr ide  decomposes ro
h y d r o g e n  a n d  m e t a l l i c  c o p p e r  a b o v e  - 2 0 o ;  i t  i s  i n -
d e f i n i t e l y  s t a b l e  a t  - 7 8 o .  S u s p e n s i o n s  o f  c o p p e r ( l )
hydr ide  in  e ther  a re  re la t i ve ly  a i r  insens i t i ve ;  the  dry
so l id  i s  pyrophor ic .  T r i - r r -bu ty lphosph ine  and cop-
per ( l )  hydr ide  fo rm a  I  :  I  complex ,  the  h igh  so lub i l i t y
o f i  wh ich  has  prevented  i t s  i so la t ion .  A t tempts  to  de-
tec t  a  meta l -hydrogen s t re tch ing  v ib ra t ion  in  the  so lL r -
t ion  i r  spec t rum o f  copper  hydr ide ,  o r  a  hydr ide  reso-
nance in  i t s  nmr  spec t rum,  have so  fa r  been unsucces-
fu l .3

Hydr ido( t r i -n -bu ty lphosph ine)copper ( l )  reduces  pr i -
mary ,  secondary ,  and te r t ia ry  a lky l - ,  v iny l - ,  and ary l -
copper ( l )  compounds to  the  cor respond ing  hydrocar -

(2)  For reviews of  rcpresentat ive rcact ions,  see R. Heck,  Adcan.
Organomera l .  Chem. ,4 ,213  (  1966) ;  L .  Re ich  and  A .  Sch ind le r ,  . . po l ym_
er izat ion by organometal l ic  compounds,"  Interscience publ ishers,
New York,  N.  Y. ,  1966, ChapterIV;  R.  Cramer,  Accounts Chem. Res. ,
I ,  1 8 6  ( 1 9 6 8 ) .

(3)  N.  G. Gaylord,  "Reducr ion wi th Complex N{ctal  Hydr idcs."
In te rsc i cnce  Pub l i she rs ,  New York ,  N .  y . ,  1956 ,  Chap te .  4 ;  T .  C .
Traylor ,  Chem. Ind.  (London),  1223 ( t959).

(4 )  D .  J .  Pas to  and  J .  A .  Gon ta rz ,  J .  Amer .  Chem.  Soc . ,  91 ,  719
(1969) ;  L .  L  Zakhark in  and  I .  M .  Khor l i na ,  Zh .  Obshch .  Kh im. ,32 ,
2783 (t962).

(5)  This procedure is  bascd on that  developed by Wiberg and Henlc,d
bu t  y ie lds  cuH o f  h ighc r  pu r i t y  than  tha t  ob ta ined  us ing  L iA lH ,  as  a
reducing agent.? The resul ts of  our examinat ion of  thc mater ia l
produced by the wiberg-Henle proccdure are in general  agreement wirh
those reported b7 Shr iver; r  in part icular ,  we concur that  th is mater ia l
rs CuH, howbei t  extensively contaminated.

(6)  E.  Wiberg and W. Henle,  Z.  Naturforsch. ,7b,250 (1952).
(7)  J.  A.  Di l rs and D. F.  Shr iver,  ! .  Amer.  Chem. Soc. ,  90,  5769

( 1 9 6 8 ) ;  9 1 ,  4 0 8 8  ( t 9 6 9 ) .
(8)  Sce also ref  7.
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bons in high yield under very mi ld condi t ions.e We
have explored the intermediacy of free radicals in these
reduct ions by examining the stereochemistry of  the
products obtained upon reduction of endo-Z-norbornyl-
(tri-n-butylphosphine)coppe(I) (2) and of cis- and trans-
2-butenyl(tri-n-butylphosphine)copper(l) with deriva-
t ives of  CuH. In each of  the react ions studied the re-
sul t  obtained was that,  wi th in our l imi ts of  detect ion,
the reduct ion of  the organocopper compound occurred
with complete retention of configuration at carbon.
Under these condi t ions,  HCuPBu3 does not reduce nor-
bornene or 1- or 2-butene.

Typically, 2 was prepared by reactio n of endo-Z-nor-
bornylmagnesium bromide (1) t0 wi th bromo(tr i -n-butyl-
phosphine)copper( I )  in ether at  -78 o (Scheme I) .
The stereochemistry of  2 could be establ ished by con-
version to the corresponding methyl  ate complex 3 on
treatment with 3-5 equiv of methyll ithium, followed by
oxidat ive coupl ing by react ion wi th ni t robenzene at
-78o to y ie ld 2-methylnorbornane (98% endo, 2%
exo).r t  The same stereochemical  resul t  was obtained
on nucleophi l ic  coupl ing of  methyl  tosylate wi th the ate
complex 4 formed on addi t ion of  3-5 equiv of  n-butyl-
l i th ium to I  equiv of  2.r2 Control  react ions carr ied
out using equil ibrium mixtures (55-60% endo)\o of
epimeric 2-norbornyl  Gr ignard reagents y ie lded mix-
tures of  2-methylnorbornanes containing -60 f  of  the
endo isomer. Taken together, these results establish

(9) Copper(I) hydride and its derivatives also act as reducing agenrs
toward a number of other organic and organometallic substrates.
For example, hydrido(tri-n-butylphosphine)copper(I) reduces iodoben-
zene to benzene (80%), and benzoyl chloride to benzaldehyde (50%) in
2 hr at 2-{o in ether, and diphenylmercury(Il) to benzene quantitatively
a t  - 5 0 " .

(10) F.  R.  Jensen and K. L.  Nakamaye, J.  Amer.  Chcm..Soc. ,  88,
3437 (1966).

( l l )  C.  M. Whitesides,  J.  San Fi l l ippo,  Jr . ,  C.  P.  Casey,  and E.  J.
Panek, ibid.,E9,5302 ( 1967).

(12 )  E .  J .  Corey  and  G.  H .  Posner ,  i b id . ,90 ,5615  (1968) ;  G .  M.
Whitesides, W. F. Fischer, Jr., J. San Filippo, Jr., R. W. Bashe, and
H. O. House, ib id. ,9 l ,  4871 (1969),  and references rherein.

6CHrLi

that  conversions of  1 to 2,  and o[  3 and 4 to 6,  take place
with high stereoselect iv i ty,  presumably wi th retent ion
of conf igurat ion in each step.

Treatment of  2 (>98 f  endo) wi th a l imi t ing amount
of  deuter io( t r i -n-butylphosphine)copper( l )13 in ether
a t  -30o y ie lded norbornane-2-dr  (98  +  5 f  endo) . t l
Reduction of a mixture of endo- and exo-2-norbornyl-
( t r i -n-butylphosphine)copper( I )  (60 / ,  endo) under s im-
i lar  condi t ions produced norbornane-Z-& (-607,,
endo).  Thus, reduct ion of  2 to 5 takes place with re-
tent ion of  stereochemistry.  Since the intermediacy of
a f ree 2-norbornyl  radical  in th is react ion would lead to
products wi th loss oi  stereochemistry at  the 2 posi t ion.
react ion o[  2 wi th DCuPBur rnust take place by a non-
radicaI  pathway. t6

The conclusion that f ree organic radicals are not in-
termediates in the reduct ion of  organocopper( I )  com-
pounds by HCuPBua is supported by two related ob-
servations: f irst, reduction of either cis- or trans'2'
butenyl( t r i -n-butylphosphine)copper( t )  in ether at  -  30"
yields the corresponding 2-butene with >97 f  retent ion

(13) Copper( I )  deuter ide was prepared using di isobuty la luminum
deuteride synthesized by a procedure described for the preparation of
diethyla luminum deuter ide:  G. Wi lke and H. Mul ler ,  Ann.,  629,
222 (1960). Isotopic purity of the CuD was established by analysis of
the mixture of  Hr O.5%),  HD (95.17),  and Dt (1.3%) obtained on
protonolysis at  -  30 '  wi th methanol ic  HC[.

(14) The epimer ic composi t ions of  the norbornane-2-dr f rom the re '
action mixtures were determined by comparison of their ir spectra with
spectra of mixtures of endo- and exo-norbornane-2-dr o[ known epimertc
composi t ion.  The presence of  norbornane-do among the react ion
products made it impossible to use the fingerprint regiontr for thesc
analyses, and the relative insensitivity of the C-D stretching region to
changes in the ratio of endo- to exo-norbornane-2-dt l imited the accu-
racy of  i r  analysis to -+5[  in samples contain ing >90 mole l f ,  endo
epimer.

(15) A.  Nickon and J.  H.  Hammons, J.  Amer.  Chem. Soc. ,  E6'  3322
( r  964).

tl6) The results of Scheme I also exclude free norbornyl radicals as
intermediates in the oxidative or nucleophilic coupling reactions of the
copper(I) ate complexes 3 and 4. By contrast with the conversion ot'
2 to 5, reduction of either exo- or cndo-2<hloronorbornane with tri-n-
buty l t in deuter ide under radical  condi t ions (AIBN, hv,20")  y ie lds mix-
tures of the epimers of norbornane-2'drcontaining 84 + 5 ft exo isomcr'

N

R,
J".ta,",r,)n(PBu3),n

4

N
,//\,

A/!u
|  ^ ^

Cu.(CHrLi)n.(PBu3)^

3

Ier,No,
lEr,c.THF, 

-7r

fv"

Nrl
7s

CH.'

6

\
/l----,

MgBr

I

I 
n.cunau,

lEtp,  
-7r

N
D

rn
CuPBu3

h

Sc.Heli

f cH,or,
lEtP,  

-2go

I-'*
I 
ocueeu,

lEt,o. 
--30e

l-8s%
Y

Communications to the Editt.tr



of conf igurat ion;17 and second, reduct ion of  neophyl-
( t r i -n-butylphosphine)copper( I )  under s imi lar  condi-
t ions leads to / -buty lbenzene, wi th no observable rear-
rangement to isobutylbenzene.

The detai led nature of  the C-H bond forming step in
these reduct ions has not been establ ished, al though i t
could plausibly proceed by intramolecular react ion of
hydr ido  and a lky l  l igands  coord ina ted  to  a  common
cluster of  copper( l )  atoms. tz '  ta Studies of  the mecha-
nism of th is and related react ions,  and of  the role of
copper hydr ide in the thermal decomposi t ion of  a lkyl-
copper( l )  reagents,  wi l l  be discussed in later papers.

(17) For a discussion of the stereochemical consequcnces expected
from a free 2-butenyl radical in the related thermal decomposition of
these compounds, see G. M. Whitesides and C. P. Casey, J. Amer,
Chenr.  Soc. ,  88,  4541 (1960.

(18) A.  Cairncross and W. A.  Sheppard,  Abstracts,  l57th Nat ional
Meet ing of  the American Chemical  Society,  Minneapol is ,  Minn. ,
Apr i l  1969 ,  ORGN l l 8 .

(19) (a)  Nat ional  Inst i rutes of  Heal th Predocroral  Fel low, 1966-1969;
(b)  Nat ional  Inst i tutes of  Heal th Predocroral  Fel low, 1967-1968; (c)
Nat ional  Science Foundat ion Predoctoral  Fel low, 1963-1967.
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