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Abstract: Alkoxides and phenoxides of copper(I) can be prepared by the heterogencous reaction between alcohols

and phenols and methylcopper(I). These organocopper(I) compounds are useful reagents for the formation of

ethers by displacement of hai ide from organic hal ides. The reaction of copper(l)  alkoxidcs with aryl hal ides yields

alkyl aryl ethers under part icularly mild iondit ions. Thermal decomposit ion of primary alkorycopper(l)  reagcnts

generates intermediate alkoxy radicals. Thermal clecomposit ion of secondary alkoxycopper(l)  reagents

apparently can take place either by a free-radical mechanism or by a mechanism tentat ively suggested to involve

copper(I)-hydride as an intermediate. The structural factors determining which mechanism wil l  predominate for

a given compound have not been established'

tTth. utit i ty of alkyl- and arylcopper(l) reagents in
I  organic synthesis is based on their  h igh nucleo-

phi l ic i ty toward carbon, and on their  abi l i ty  to take
part in electron-transfer reactions.2-a They also show

low basicity toward protons, an afff inity for carbon-
carbon double bonds, and an abi l i ty  to coordinate wi th
soft Lewis bases. Since the mechanisms by which

copper(I) influences the reactivity of carbanions are

not clearly understood, it is diff icult to predict the be-

havior of  new types of  organocopper( I )  compounds.
Nevertheless, there is obvious reason to hope that

organic derivatives of copper(I) other than those be-
longing to the wel l -explored class of  compounds con-
taining carbon-copper bonds might also show useful

(1)  Supported by the Nat ional  Science Foundat ior l ,  Grants GP-
28586X ancl  GP-14247, ancl  by the Internat ional  coppcr Rcsearch
Associat ion.
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19, | (1972),
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react iv i ty.  This paper descr ibes studies of  one such

class:  a lkoxides of  copper( l ) .  These studies had three

object i ies:  synthesis and character izat ion of  a lkoxides

und phenox ides  o f  copper ( l ) ;  de termina t ion  o f  the

behar l ior  of  thesc substances in react ions whose useful-

ness with alkylcopper reagents has already been es-

tabl ished: and examinat ion of  the mechanisms of  their

thermal decomposi t ion.
Copper( l )  a lkoxides and phenoxides have been im-

pl icated previously as intermediates in a var iety of

copper-catalyzed react ions,a '5 and poor ly character ized

examples of  these substances have been prepared'6 A

useful synthesis of copper([) tert-butoxideT is not ap-

pl icable to the preparat ion of  the thermal ly unstable

copper( I )  pr imary and secondary alkoxides that were

of 
^central  

interest  in our work.  The preparat ion of

copper( I )  phenoxide by a procedure analogous to that

descr ibed here has been reported.s Copper( I )  a lkoxides

(5)  J.  K.  I (ochi ,  Proc.  I t t t .  Congr.  Pure Appl '  Chem',  23rd,4 '  377
(1971), and referenccs citcd therein,

(6 )  b .  E .  H .  Bawr r  and  F .  J .  Wh i tbv ,  J .  Chem.9oc . ,3926  (1960) ;  G '

Costa.  A.  Camus, and N. Marsich,  J.  Inorg '  l ' ' luc l '  Chem',27'  281

(  I  e6s ) .
(7)  T.  Saegusa, T.  Tsucla,  and T.  Hashirnoto,  J '  Amer '  Chem' Soc"

94 ,658  (1972) .
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have been suggested as "holding groups" in mixed
copper ate complexes, Het(R)CuLi. '$

Results

S1'nthesis and Characterization of Copper(I) Alkoxides
and Phenoxides. Copper(t) alkoxides were obtainecl
by heterogeneous reaction between dry, oxygen-free
alcohols and hal ide-free methylcopper( I )  at  0o under a
nitrogen atr-nosphere (eq l). With the exception of

(CH3Li)r * 4"(Bu.zS).zCu[" ---->

(cH:,cu), t  
*h 

"RoCu" + cHlt  ( l )

copper( l )  methoxide, the copper( l )  a lkoxides were
soluble in ether at  0o;  most were also soluble in hy-
drocarbon solvents.  a l though copper( I )  cyclohexoxide
and cyclopentoxide provide notable except ions (c ide
infra). Copper(l) alkoxides were precipitated from
ether solut ions as l ight  yel low sol ids on cool ing to
-78",  and were pur i f ied by washing with cold ether.
Copper( l )  methoxide and copper( l )  phenoxides were
obtained using a s imi lar  react ion;  however,  s ince these
substances are insoluble in ether.  their  format ion was
heterogeneous throughout.  This procedure for the
preparat ion of  copper( l )  a lkoxides is a reasonably
general  one. al though high molecular weight alcohols
sometimes react s lowly or incompletely wi th methyl-
copper( I ) .  Further,  the isolated yields of  copper( l )
a lkoxides are more var iable than one would l ike (uide
in. f ru) .  Vigorous agi tat ion of  the suspension of  methyl-
copper( l )  in the solut ion of  excess alcohol  in ether is
required to achieve high yields of  copper( l )  a lkoxides.
Simi lar  procedures have been appl ied to the syn-
thesis of  copper( l )  carboxylates,  and seem to work
smoothly.

Copper( I )  a lkoxides are hydrolyzed on contact  wi th
water and rapidly oxidized by air .  Their  thermal
stabi l i ty  depends on their  structure:  copper( l )  der iva-
t ives of  ter t iary alcohols are stable for  hours at  tem-
peratures less than 170o, whi le those of  pr imary al-
cohols decompose rapidly at  room temperature.  The
sensi t iv i ty of  many of  these compounds precluded com-
bust ion analysis as a method of  establ ishing empir ical
composi t ion.  Instead, samples were hydrolyzed. and
the rat io of  a lkoxy to copper moiet ies (R :  RO/Cu) in
these samples was determined. These analyses indicated
values of R in satisfactory agreement with the expected
va lue  R :  1 .0 :  fo r  copper ( l )  methox ide ,  R :  1 .06 :
for copper( l )  n-butoxide, R :  0.98: for  copper( I )  rer t -
butoxide, R :  1.04; for  copper( l )  cyclohexoxide, R :

1 .04 ;  fo r  copper ( l )  i sopropox ide ,  R :  1 .01 .  These
resul ts leave no doubt that  the mater ia ls obtained using
the procedure out l ined in eq I  are copper( l )  a lkoxides.

For certain synthet ic appl icat ions,  i t  provecl  con-
venient to use an al ternat ive procedure for the prepara-
t ion  o f  copper ( l )  a lkox ides .  React ion  o f  l i th ium
alkoxide with a suspension of  copper( l )  chlor ide in
dimethoxyethane at  0o resul ted in format ion of  a
homogeneous solut ion containing organometal l ic
species whose react iv i ty was essent ia l ly  indist inguish-
able f rom that of  pure copper( I )  a lkoxides. The ob-
servat ion that cool ing these solut ions did not resul t
in precipi tat ion of  copper( l )  a lkoxides suggested that

(9)  G. H.  Posrrcr ,  C.  E.  Whit tcn,  atrd J.  J.  Stcr l ing,  J.  Amcr.  Chent.
Soc. ,  95,  7788 (1973);  see also W. H. Mar-rdevi l lc  ancl  G. M. Whitcs idcs,
J .  Org .  Chenr . ,39 ,400  (1974) .
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l i th ium chlor ide was complexed with organocopper
species present in solut ion.  and no ser ious ef for ts were
made to isolatc pure copper( l )  a lkoxides fronr these
solut ions.  Nevertheless.  s ince alkal i  metal  a lkoxides
are  f requent ly  morc  read i l y  ob ta ined in  la rge  quant i t y
than is  methy lcopper ( l ) ,  th is  p rocedure  w i l l  be  the  more
convenient for  the preparat ion of  what are presumed.
on the basis of  react iv i ty,  to be copper( l )  sal ts of  these
alkoxides, at  least  for  pract ical  appl icat ions involv ing
large quant i t ies of  these mater ia ls.

Oxidation of Copper(I) Alkoxides. The dimerizatiort
of  organic groups by oxidat ive coupl ing of  the organic
moiet ies of  copper( l )  a lkyls,  ary ls,  and acetylenes seems
to have no analogy in the chemistry of  copper( l  )
a lkoxides: react ion wi th rnolecular oxygen occurs
smooth ly ,  bu t  i r ie lds  on ly  copper ( l l )  a lkox ides :  reac-
t ion  o f  copper ( l )  n -bu tox ide  w i th  n i t robenzene y ie lds
r i -bu tana l  in  221, ;  y ie ld .

Reactions of Copper(I) Alkoxides and Phenoxides with
Organic Hal ides.  Coupl ing of  organic groups by
nucleophi l ic  d isplacement of  hal ide ion f rom an organic
hal ide by the alkyl  moiety oi  a l i th iunr c l ia lkylctrpratc
is one of  the most useful  rcact i t tns of  orgi t t tocopper( l )
compounds. :  Ana logous nuc leoph i l i c  re i tc t io t l s  bc-
tween a lky l  ha l idcs  and copper ( l )  a lkox ic les .  p rcpr r re t l
accord ing  to  eq  l .  g ive  modera te  y ie lds  o f  t l i r r l k r  I
e thers  (Tab lc  I ) . r "  Thcse y ie lds  responc l  to  ch l r lge  \  in

Tab le  I .  Reac t ions  o f  CoDner ( l )  A l kox ides  w i th  A lk r l  Ha l i dc r

R O M  R ' X
Ten rp .  ROR

Solvent (

r r -CrHlOCu l -C ,HrBr

l ( x )
l-5

l l 5

l-5

,scc-CrH,,OCu

ler l -CrHlOCu
CoHiOCr-r

n-C+HgOLi

n -CrH lC l
r l -C rH l l
l -C rH , ,OTs
.ter ' -CrHlBr
lcr l -C rHrrBr
Bromocyclo-

hexarre
(cH, , ) r ccHzBr
n - C r H r B r
r l -C+Hr , l
r l -C rH lBr

r l -C rH lBr

Et:O
EtJO-H M PA
Digli,me

P;,ridine

P1'ridine
EtIO_H M PA

- - . 1
5-5
55
5 3

100
6)t '

75"

"  The star t i t ig  corrcentrat ion of  ROCu was approximatc l l  0 '2 N"

R'X was present in 50'1, ,  excess.  Al l  react ions were al loweci  to
proceecl for 1.1 lrr at tlre temperature indicated. Ytelds were deter-

mine<l  by 'g lpc.  ancl  are based on the assumpt ior t  that  the f  ie lc l  of

copper( l )  a lkoxide isolatecl  l ' rom react ion of  r lethylcopper( l )  wi th

a lcoho l  was  64 .  50 ' )  , , .  The  tex t  con ta ins  a  c l i scuss ion  o l  t h i s  po in t .
/ '  Isolatecl  y ie ld Lrased on methy' l l i th ium. '  Yie lc ls were determined

by glpc.  ancl .  to make cont l - rar ison wi th the corresponding y ie lds

from the copper( l )  a lkoxic ies possib le.  are reported on the assump-

t ion that  the I  ie lc l  o[  l i th i r - rm alkoxic le f rom react ion of  methyl-

l i th ium rv i th a lcol . ro l  was crr .  501i .  In rcal i ty .  th is y ' ie ld is  probably

quant i tat ive.  sc l  that  the t rue y ie ld of  ROR' l ' rased on ROLi is  [a l I

of  that  g iven.

( l 0 )  Convcu t iona l  n rc thoc ls  fo r  thc  p rcpara t ion  o f  a l ky l  a r ld  a ry l
cthcrs arc s l r rvcyccl  t ry C.  A.  Bcuhlcr  and D. E.  Pcarsol t ,  "Survcy of
Orgnnic Slnthcscs,"  Wi lc l ' - l r t tcrscict rcc,  Ncw York,  N.  Y. ,  1970, Chal l -
tcr  6,  apcl  l t1 H.  \ {ccrucir t  i r t  "Mct l . roclct l  c lcr  Orgarr ischcl  Cl . rcr . r r ic"
(Houbcn-Wc: l ) ,  VI  3,  E.  \ ' t i . r l lcr ,  Ecl . ,  Gcorg Tl . r icruc Vcr lag,  St t r t tgart ,
1965, p I  l l ' .



react ion condi t ions and reactant structure in a fashion
that is qual i tat ively s imi lar  to that  character iz ing the
Wil l iamson ether synthesis:  product ion of  ethers is
favored by the use of  pyr id inel t  or  polar aprot ic sol-
vents :11  e l im ina t ion  is  a  ser ious  s ide  reac t ion  in  d is -
placements at  secondary centers.  The yields of  ethcrs
formed by react ion of  copper( I )  a lkoxides and alkyl-X
decreased in the order X :  OTs > Br -  t  > Cl l  the
corresponding order for  ary l -X was X :  I  )  Br ))  OTs
> Cl.  The react ion of  copper( l )  a lkoxides with alkyl
hal ides of fers certain adv'antages over the Wi l l iamson
synthesis of  ethers in that  react ion condi t ions in the
former are mi lder than those usual ly employed in thc
la t te r ,  and e l im ina t ion  appears  to  be  a  smal le r  p rob lem:
however,  i t  suf fers f rom the disadvantage that copper( l )
a lkox ides  are  ord inar i l y  less  read i l y  ava i lab le  and more
sens i t i ve  to  tempera ture  and oxygen than are  a lka l i
lnetal  a lkoxides.

The react ion of  copper( l )  a lkoxidcs wi th aryl  hal ides
produces alkyl  ary l  ethers in good yields (Table l l ) .

Table II. Reaction of Copper(l) Alkoxides with Aryl and
Vinylic Halides'

ROM/, ArX.
Temp. ArOR,

Solvent oC 
7"1

l l -C+HoOCu
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the species (or mixture of  species) obtained by react ion
of  l i th ium a lkox ides  w i th  cuprous  ch lo r idc ,  and f rom
l i th ium a lkox idc  in  the  presence o f  approx imate ly  l0
mol  7 , : ,  cuprousr2  ch lo r ide .  Aga in .  pyr id ine  or
e therea l  so lvcn ts  conta in ing  HMPA prov ide  thc  bes t
reac t ion  med ia .  H igher  tempera tures  or  longer  re -
act ion t imes ure required for these react ions than for
the  reac t ions  o f  copper  a lkox ides  w i th  a lky l  -ha l ides ,

a l though these d isp laccments  do  take  p lace  a t  a  ser r  i ce-
ab le  ra te  even a t  room tempera ture .  One impor tan t
funct ion of  pyr id ine in these react ions seems to be that
o f  s tab i l i z ing  the  copper  a lkox ides  aga ins t  thermal
decompos i t ion :1 ' r  i t  may a lso  change the  reac t iv i t y  o r
extent of  aggregat ion of  the copper alkoxides by co-
ord ina t ion .

These react ions provide the bcst  avai lable procedure
for  the  convers ion  o f  a ry l  ha l ldes  in to  a ry l  a lky l  e thers .
Al ternat ivc prepaiat ions based on react ions between
potass ium a lkox ides  and ary l  ha l ides  requ i re  more
vigorous condi t ions and produce lower y ie lds of  prod-
ucts,  and in addi t ion suf fer f rom the possibi l i ty  that
in te rvent ion  o f  an  aryne mechan ism in  any  new ex-
ample  may lead e i ther  to  a  mix tu re  o f  p roduc ts  o r  to  a
s ing le  p roduc t  in  wh ich  the  pos i t ion  o f  the  e ther  l inkagc
i s  a m b i g u o u s . r a

Thermal Decomposition of Copper(l) Alkoxides.
The thernra l  s tab i l i t y  o f  copper ( l )  a lkor ic les  i s  ap-
prec iab ly  h igher  than tha t  o f  copper ( l )  a lky ls :  fo r
example.  on warming t t - t  roont temperattrre f ront
-78o.  copper ( l )  n -bu tox ide  is  s tab le  fo r  12  hr .  wh i le
i r -bu ty lcopper ( l )  decomposes in  20  min .  Nonethe less .
thermal  c leconrpos i t ion  o f  copper  a lkox ides  is  an
impor tan t  compet ing  process  when reac t ions  o f  cer ta in
o f  these subs tances  are  car r ied  ou t  a t  tempera tures
above ambien t .  anc l  in fo rmat ion  conccrn i t tg  thesc
thermal  deconrpos i t ions  is  per t inent  to  the i r  syn the t ic
app l ica t ion .

Many pa thw 'ays  er is t  fo r  the  thermal  decompos i t ion
o f  t rans i t ion  n ie ta l  o rganonte ta l l i c  compot tnds  in
gencra l . l i - : r  and o f  o rganocopper ( l )  compot tnds  in
par t i cu la r . r \ - r :  A l though i t  has  been poss ib le  to  de-
f ine  cer ta in  de ta i l s  o f  these decompos i t ions .  i t  i s  s t i l l
r , 'ery di{ I icul t  to predict  the process that wi l l  dominate
for a part icular organometal l ic  rcagent.  Comparison

( 1 2 )  R .  G .  R .  B a c o n  a n d  S .  C .  R o r n i s o t ' r ,  J .  C h e m . . S o c .  C , 3 1 2
(1969) havc notcd that  thc nuclcoyt l ' r i l ic i ty '  of  socl iurrr  a lkor ic lcs to lvarc l
l r ry l  hal ic lcs is  incrcr tsccl  by t l ic  prcscncc of  copl lcr  s l l ts .

(13) A s imi lar  f t rnct iorr  is  scrvcd by t r i l r ry l l lhosphirrcs:  horvcvc' r ,  thc
prcscncc ol '  s to ichiorr tct r ic  quat t t i t ics of  phosphi lcs in orgar l ic  rcact ion
mix tu rcs  conrp l i ca tcs  thc i r  r vo rk -up .

( 1 4 )  M .  R .  V .  S a h y u t r  a t r c l  D . . 1 .  C r a r l ,  O r g . S - r ' r r . , 4 5 , 8 9  ( 1 9 6 5 ) l

J.  S.  Braclshaw. E.  Y.  Chcn, R.  H.  Halcs,  arr t l  J .  A.  South,  .1 ,  Ors.  Cl tetr t . ,
3 '7.2051 (1972):  D.  J.  Cranr,  B.  Ricktrorrr ,  r t t . tc l  G.  R.  I ( r rox,  J.  '4mer.
C hent. Soc., 82. 641 2 (l 960\.

(1-5)  P.  S.  Bratcrnrar t  ancl  R.  J.  Cross,  J.  Chem. Soc. ,  Dal tor t  Trat ts ' ,
6, \7 (972).

(16 )  G .  M.  Wh i t cs idcs , . l .  F .  Gaasch ,  anc l  E .  R .  S tcc l ro r l sky , . l  .  An te r .
Chcrn.  Soc. ,  94,  52-58 (1972);  G. M. Whitcs ic ies,  D.  Bcrgbrc i tcr ,  l r tc l
P.  E.  I (crrc la l l ,  ib id. ,96,  2806 (1971).

(17) G. W. Parshal l  and J. .1.  Mrorvca,  AclL 'ar t .  Orgcutometal .  Chem',
7 ,  1s7  (1968) .

(18) G. M. Whitcs idcs,  C.  P.  Cascy,  and J.  I ( . I ( r icgcr,  J .  Amer.  Chem.
Soc. ,  93,  1379 (1971).

(19) A.  Cairncross ar tc l  W. A.  Sheplrar t l ,  '1 .  Anter .  Chem. Soc. ,  90,
2186  ( l c )68 ) ;  93 ,  247  (1971) :  A .  Ca i r r r c ross ,  H .  O t r ru ra ,  anc l  W.  A .
Shc l rpa rd ,  i b id . ,  93 .  248  (1971  ) .

(20) M. Tatrunt  arrc l  .1.  l ( .  I (ochi ,  J .  Orgatrcmetal .  Chem,,  42'  205
(1e72).

(21) G. M. Whitcs ic lcs,  E.  J.  Panek,  ancl  E.  R.  Stccl ronsky,  J.  Amer.
C h em. Soc. ,  94,  232 (197 2\ .

(22) C.  M. Whitcs idcs,  E.  R.  Steclronsky,  C.  P.  Cascy,  and J '  San
Fi l ippo,  Jr . ,  J .  Amar.  Chem. 9oc. ,92,1426 (1970) '

l -CrHsOCu"

n-CrHrOLi
(10i . ;  CuCl)

n-C,rHoOCu"

sec-CrHgOCu

lerl-C.rHlOCu

CtH;OCu
rl -C.HrOCu

Phenyl p-toluenesul-
fonate

Iodobenzene

Chlorobenzene
Bromobenzene
Iodobenzene

Iodobenzene

3- lodotoluene
4-lodotoluene
Bromobenzene
Iodobenzene

1-Bromocyclohexene

Pyr id ine 25

Diglyme
100

Pyridine 25
l l 5

Dimethoxy' -  85
ethane-
HMI 'A/

25
Pyr id ine I  l5

1 2

I
29
64
90
< t
6-s
98
96

75
70

55,,
65',
45,,
85
86
96t,
94
85
a  1 ^

" The starting concentration of copper alkoxide was approxi-
rnately 0.1 l / .  React ions were carr ied out  for  l2 hr .  r  Copper( l )
a lkoxides were prepared by the react ion of  methy' lcopper( l )  wi th
the alcohol. unless otherwise noted. " A 501.. exce:is of the aryl
halide was employed. d Yields are determined by glpc based on
the copper( l )  a lkoxide.  unless otherwise noted.  "  The copper( l )
a lkoxide was prepared by the react ion of  the l i th ium alkoxide wi th
cuprous chlor ide.  /  The DMF contained 4 equiv of  HMPA/equiv
of  l i th ium. o Isolated y ie ld based on methyl l i th ium. The ethers
produced in these reactions were isomericall l, '  pure within the limits
of  detect ion of  the analysis (+5%).  I  Copper( l )  ler l - t lu toxide was
prepared by the reaction of potassium /e/' l-blltoxide with cuprous
chloride.

Within the l imi ted range of  react ions examined, com-
parable y ie lds of  a lkyl  ary l  ethers are obtained from
copper( l )  a lkoxides prepared according to eq 1,  f rom

(11)  React ion  o f  copper ( I )  carboxy la tes  w i th  a lky l  ha l idcs  occurs  bes t
in  pyr id ine :  A .  H.  Lerv in  and N.  L .  Go lc lberg ,  Te t rahedror t  Lc t t . ,491
(1972) .  Magncs iu rn  n lkox ic les  rcac t  w i th  a lky l  ha l ides  in  hcxarnc thy l -
phosphorarn idc  to  g ive  c thcrs  in  gooc l  y ic lc l  ;  Y .  Lcroux ,  M.  Lar -
c h e v e q u e ,  a n d  J . - C .  C o m b r c t ,  B u l l .  S o c .  C h i m .  F r . , 3 2 5 8  ( 1 9 7 1 ) .
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of the mechanism(s) of thermal decomposition of cor-
responding copper( I )  a lkyls and alkoxides should help
to define the factors that determine the dominant de-
composition pathways.

The major products of the thermal decomposition
of pr imary and secondary copper( l )  a lkoxides are
copper metal ,  a lcohol ,  and the ketone or aldehyde
formally derived from oxidation of the alcohol (eq 2).

RCH:OCu ----> RCH:OH 1 RCH-O a Cu(O) (2)

Two fundamentally different types of mechanisms were
considered in trying to account for these products.
One, represented by eq 3 and 4,  involves an in i t ia l  e l im-

RCHTOCu ----> RCH:O 1 CuH (3)

RCHTOCu f CuH ----> RCHzOH 1 2Cu(O) (4)

inat ion of  copper( t )  hydr ide f rom one copper( l )
alkoxide moiety, followed by reduction of a second
copper( l )  a lkoxide by th is copper( l )  hydr ide.  This
mechanism has been establ ished for the decomposi t ion
of n-butyl( t r i -n-butylphosphine)copper( l )  ,20-22 but
clear ly cannot be important in the thermal decom-
posi t ion of ,  €.g. ,  copper( l )  lcr l -butoxide, for  which
vic inal  copper( t )  hydr ide el iminat ion is impossible.
The second mechanism (eq 5 and 6) requires homolyt ic

RCHTOCu ----> RCH:O' * Cu(O) (5)

RCHTO. ---> products (6)

scission of a copper-oxygen bond, followed by gen-
erat ion of  products f rom the in i t ia l ly  formed alkoxy
radicals:  th is mechanism would also be appl icable
to the decomposi t ion of  lcr l -a lkoxycopper( l )  com-
pounds. By way of  precedent,  thermal decomposi t ion
uia f ree alkyl  radicals is of  establ ished importance for
copper( t )  a lkyls containing no hydrogen atoms p to the
carbon-copper bond.21 Thus, a problem of central
concern  in  de termin ing  the  mechan ism o f  thermal
decomposi t ion of  a copper( l )  a lkoxide is that  of  de-
termining whether copper( l )  hydr ide or f ree alkoxy
radicals are intermediates in the decomposi t ion.2 ' r

Our f i rst  approach to th is problem centered on i l
s tudy of  the inf luence of  solvent on the distr ibut ion of
products f rom the thermal decomposi t ion of  representa-
t ive copper( l )  a lkoxides (Table I I I ) .  I f  f ree alkoxy
radicals are intermediates in these thermal decom-
posi t ions,  then the yield of  a lcohol  produced relat ive
to that  of  the carbonyl-containing product should be
higher in solvents that  are more act ive hydrogen donors
toward alkoxy radicals than in those that are less
act ive.2a The copper( l )  a lkoxides examined fel l  into
two categor ies:  those (u.g. ,  copper( l )  r l -heptoxide,
cyclohexoxide, and cyclopentoxide) for which the ratio

(23) A numbcr of variants are conccivable for a free-radical cleconl-
pos i t ion .  A t  o r rc  cx t rcmc,  in i t ia l  c lccompos i t ion  o f  the  copper ( l )

alkoxidc could yield a cl ialkyl pcroxide, which woulcl clecorrposc' in a

subsequent  s tcp  to  f rcc  a lkoxy  rad ica ls .  As  prcccdent ,  dccompos i t io r r

o f  v iny l i c  and aronra t ic  o rgauocoppcr ( l )  co t lpounc ls  p roducc  org l t r t i c

d imers  in  a  reac t ion  tha t  c locs  no t  invo lve  f rce- rad ica l  iu te rmcc l ia tes . t r ' i g

A l te rna t ivc ly ,  n lkoxy  rad ica ls  gcncra ted  by  horno ly t i c  sc iss ion  o f  a

carbon-coppcr  bond might  a t tack  copper ( I )  a lkox idc  to  inc luce  rad ica l

forrnation. Regarcl lcss, the most ir l rr .recl iate r lcchatr ist ic cl ist inct iorr

to  bc  made is  tha t  be t rveen thosc  rcac t ion  schemcs tha t  invo lvc  i t t te r -

rned ia te  f rcc  a lkoxy  rad ica ls ,  and those tha t  do  no t .
(24)  The hydrogcn a torn  c lonor  ab i l i t ies  l i s ted  fo r  thc  so lvcn ts  usec l  in

Table II I  are those estin.ratccl olt  a per molecule basis fror.r.r  clata for

reac t ions  o f  /e r l -bu toxy  rac l i ca ls  rv i th  thcsc  subs tances :  c / .  W.  A .  Pryor ,
"Free  Rad ica ls , "  McGraw-Hi l l ,  Ncw York ,  N.  Y . ,  1966:  C.  Wal l ing ,

Pure  App l .  Chem. , l5 .  69  (1961) :  A .  L .  Wi l l ianrs ,  E .  A .  Obcr r igh t ,  and

J .  W.  Brooks ,  J .  Amer .  Chem.  Soc . ,  78 ,  1190 (1956) ;  J .  A .  Hor .varc l ,

Adcan. Free Rqcl icct l  Chem., 4, 49 (1972).
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Table III. Solvent Effects on the Distribution of Products from

tl.re Thermal Decomposition of Copper(i) Alkoxides"

ROCU

Product
Alcoholi balance,
carbonyl' %

Solvent (H

donor abi l i ty)b

rr-CzHr;,OCu

Copper( I) cyclohexoxic'le

Copper( l )  cyclopentoxide

CH3CH(OCu)C;Hz

CTHiCH(OCu)CzH;

C6H,rCH(OCr-r)CoH;

Copper(  I )  cyclobutoxide

3 . 1  9 2
2 . 9  7 9

r 0  8 8
1 04 100
2  7 t ,
2 . 3 2  9 r
8 7 3  8 6
l .  lB  84
7 6 8  7 2
o 7 4  8 9
0 . 8 9  8 3
0 . 9 6
0 . 7 9  9 0
r . 8 3  r 0 0
l . r 9  8 6
0 . 1 2
I  . 3 9  8 0
0 . 8 0  7 2
0 . 8 0  7 2

, ,  The decomposi t ions were carr ied out  by heat ing solut ions

or ig ina l l y  0 .3  +  O . l  M  in  copper ( l )  a l kox ide  fo r  20  h r  a t  I  15 " .  un less

noted otherwise.  'The method Lrsed to est imate these numlrers

is descr ibed in ref  24.  " 'Alcohol /carbonyl"  is  the rat io of  the

alcof to l -  and carbonl l -cor-r ta in ipg products der ived f rom the alkoxy

moiety of  the copper( l )  a lkoxide.  ' r  Decomposi t ior t  temperaturc

85' .  "  Decomposi t ion temperature 100".  /  Decomposi t ion tem-

pera tu re  160" .

of alcohol ic to carbonyl-containing products increased
signi f icant ly as the solvent was changed from relat ively
inef fect ive hydrogen atom donors st lch as pentane or

toluene tc l  an ef l ic ient  donor,  tetrahydrofuran, and

rhose (c .g . ,  copper ( l )  2 -pentox ide ,  3 -pentox ide .  cyc lo -
bu tox ide .  anc l  1 ,1 -d ipheny lmethox ide)  fo r  wh ich  i r
changc in  so lvcn t  hac l  no  s ign i f i can t  in f luence on  th is

ra t io .  Thcse y ie lds  a re  reasonab ly  reproduc ib le :  smal l
var ia t ions  rnay  bc  due to  advent i t ious  hydro lys is  in

some of the samples.  The physical  appearance of  a l l

o f  thc  santp les  d t r r ing  decompos i t ion  was s imi la r ,  w i th

two except ions :  copper ( l )  cyc lohexox ide  anc l  cyc lo -
pe-ntoxide werc nt t tch less soluble than the othcr

copper ( l )  a lkor ides  examined,  and the i r  deconrpos i t ions
were at  least  in part  hcterogeneol ls.

The high yields of  a lcohols observed in decom-
posi t ions of  the f i rst  group of  a lkoxides in solr 'ents of

high hydrogen atonl  donor capabi l i ty .  and the var ia-

t ion in th is y ie ld on changing the solvent.  are qual i ta-

t ively compat ib le rv i th the intermediacy of  f ree alkoxy

radicals in the decomposi t ions.  I t  is  d i f l icul t  to es-

t imate quant i tat ively the change in the rat io of  a lcohol-

to carbonyl-containing products expected on changing
solvent in these react ions,  assuming an alkoxy

radical  to be an intermediate.  s ince a number of

react ions (radical  combinat ion and disproport ion-
at ion.  at tack on solvent.  react ion wi th undecom-
posed copper ( l )  a lkox ide)  a re  conce ivab ly  open to

such a racl ical .  Ftrr ther qLlal i tat ive support  for  the

intermediacy of  f ree alkoxy radicals in these react ions
was provided by the obsern'at ion of  f ragmentat ions and

r ing c losurcs character ist ic of  a lkoxy radicals in certain

thermal  decompos i t ions .  Thus .  thermal  decompos i t ion

o f  copper ( t )  n -heptox ide  a t  70 '  in  to luene y ie lded 1-

heptanol ,  n-heptaldehyde, and dodecane. The forma-

t ion of  dodecane can best be explained as the resul t  of

Toluene ( I  .0)
I )entane (2 .6)
THF  (23 )
Benzene (0.0004)
Cumene (2 .  5)
Pentane (2 .6)
THF (23)
Pentane (2 .6)
THF (23)
Pentane (2 .6)
THF (23)
Benzene (0.0C[4)"
Tet ra l in  (4 .3)"
Ether (23)i
Toluene ( l  .0)
Pentane (2 .6)
THF (2] )
Pentane (2 .6)
THF  (23 )



7 0 0

n-CzHr;OCu -* rr-CzHrrOH
P h C H s

6 t %

* I-CoFITaCHO + rt-Cr,:Hro

207; 127;

the fragmentation of an intermediate heptoxyl radical
to an n-hexyl radical, and subsequent combination of
two of  these radicals.25 Simi lar ly,  thermal decom-
posi t ion of  the copper( l )  sal t  of  4-penten-1-ol  at  90'  in
toluene yielded 3-4% of 2-methyltetrahydrofuran, 26

The behavior of  pr imary alkoxycopper( l )  com-
pounds on thermal decomposition, and of cyclohexoxy-
and cyclopentoxycopper( l ) ,  indicates that the dominant
mechanism for decomposition of these substances
generates free alkoxy radicals. Establishing a mech-
anism for the remaining secondary alkoxycopper( l )
compounds examined is less straightforward, although
several  l ines of  evidence are compat ib le wi th a mech-
anism involv ing el iminat ion and subsequent react ion
of copper( I )  hydr ide.  First ,  the relat ive insensi t iv i ty of
product distr ibut ions f rom decomposi t ion of  these
substances to the hydrogen donor abi l i ty  of  the solvent
is expected for a mechanism involv ing generat ion and
consumption of  an intermediate copper( l )  hydr ide.
Second, an effort to detect fragmentation of the cyclo-
butyl  r ing dur ing the thermal decomposi t ion of  copper-
(l) cyclobutoxide was unsuccessful: the only products
observed were cyclobutanol and cyclobutanone. The
oxidation of cyclobutanol has been the object of careful
study: 27 i ts two-electron oxidat ion leads to cyclo-
butanone, whi le i ts one-electron oxidat ion leads al-
most exclusively to r ing-opened products.  Al though
the react ion condi t ions used to ef fect  the thermal de-
composi t ion of  copper( l )  cyclobutoxide are s igni f icant ly
di f ferent than those of  Rodek, the observat ions that no
r ing-opened products were cbtained,2s and the yields
of r ing-closed products were good (Table I I I ) ,  both
provide strong support  for  the content ion that the
cyclobutoxy radical  is  not an intermediate in th is de-
composi t ion.  Both observat ions are also compat ib le
with a decomposi t ion mechanism involv ing el iminat ion
of copper( I )  hydr ide.  Third,  i f  copper( l )  hydr ide is
generated in these decomposi t ions,  i t  must conrert
copper( I )  a lkoxides to alcohols (eq 4) at  a rate that  is at
least  comparable to i ts rate of  format ion:  the rat io of
the y ie lds of  a lcohols and ketones produced in the
thermal decomposi t ion never fa l ls  much below uni ty,
as i t  must i f  the el iminat ion of  copper( I )  hydr ide (eq 3)
were to be rapid compared with i ts subsequent reac-
t ion.  Exper imental ly,  react ion of  copper( l )  hydr ide' :e
with equimolar quant i t ies of  e i ther copper( l )  cyclo-
hexoxide in to luene or copper( I )  3-pentoxide in ether
at  100o resul ts in conversion of  a lkoxv moiet ies en-

(25) For compar ison,  r r -butoxy racl icals,  gencrated at  195" in thc
vapor phasc,  c lcconrpose to propyl  radicals to thc cxtcnt  of  291i , :
E.  R.  Bel l ,  J .  H.  Ralcy,  F.  F.  Rust ,  F.  H.  Seubold,  and W. E.  Vaughar.r ,
Discass.  Faraday Soc. ,  No.  10,242 (1951).

(26) I r radiat ion of  thc n i t r i te cstcr  of  4-pcnten- l -o l  resul ts in y ic lc ls
of  cycl izcd proclucts up to 687J:  R.  D.  Rieke and N. A.  Moorc,  Tetra-
h ecl ron Let  t . ,  25,  2035 (  1 969).

(27) l<.  Mcycr ancl  J.  Roi .ek,  J.  Art ter .  Chent.  |oc. ,94,  1209 (1912):
J.  Ro6ek ancl  A.  E.  Radkowsky,  J.  Org.  Chent. ,38.  89 (1973);  J.  Amer.
Cltent. Soc., 95, 7123 (1973).

(28) Thc observat ion that  no butyralc lchydc or  suberalc le l . ryde rvcre
clctcctccl  i r - r  th is react ion is  not  nccessar i ly  vcry s igni f icant ,  s incc coppcr( l )
a lkoxides arc suf f ic icnt ly  st rongly basic to destroy scusi t ive carbonyl
conr l rouncls under the condi t ions of  thcsc rcact ions.

(29) G. M. Whitesides,  J.  San Fi l ippo,  Jr . ,  E.  R.  Stccl ronsky,  ancl
C .  P .  Casey ,J .  A tne r .  Cher t r .  Soc . ,91 ,654211c1691 t  J .  A .  D i l t s  and  D .  F .
S l r r i vc r ,  i b id . ,90 .5769  (1968) ;  91 ,  4088  (1969) t  G .  M.  Wh i t cs i c l cs  anc l
J.  Sarr  Fi l ippo,  Jr . ,  ib id. ,92.66l  I  (1970).
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tirely to alcohol; no ketones were detected in either
reduct ion.  Thus the transformat ion of  copper( I )
a lkoxides to alcohols by copper( l )  hydr ide is rapid.
Fourth,  i f  copper( l  )  hydr ide were produced dur ing
thermal decomposi t ion of  copper( l )  a lkoxides, some
quantity of molecular hydrogen might be found among
the products of  the decomposi t ion,  s ince thermal de-
composi t ion of  copper( l )  hydr ide to hydrog'en is a rapid
react ion under the condi t ions encountered in these
react ions.  Examinat ion of  the thermal decomposi t ion
products of  pentane solut ions of  copper( l )  cyclobu-
toxide and 2-pentoxide indicated the presence of  ap-
proximately 1[  molecular hydrogen based on copper
alkoxide; those from copper( t )  n-butoxide and cyclo-
hexoxide also showed smal l  ( -0. l -0.2[)  y ie lds.  The
quantit ies of hydrogen detected from decomposition
of copper( l )  cyclobutoxide and 2-pentoxide are only
4-6% of that  required to account fu l ly  for  the di f ference
in the y ie lds of  ketone and alcohol  generated in these
react ions;  neverthelcss,  they are again compat ib le
with the presence of  copper( l )  hydr ide in the decom-
posi t ion.  Final ly,  br ief  examinat ion of  the k inet ics of
these thermal decomposi t ions revealed behavior very
simi lar  to that  observed both by Kochi2( ' '30 and by
Stedronsky;rr  for  the thermal decomposi t ion of  a lkyl-
copper ( l )  compounds in  wh ich  the  e l im ina t ion  o f
copper ( l )  hydr ide  is  o f  es tab l i shed impor tance:  de-
composi t ion of  copper( l )  2-pentoxide in pentane shows
an induct ion per iod of  var iable durat ion,  fo l lowed by a
decomposi t ion whose t ime course var ies f rom sample
to sample.  The induct ion per iod can be el iminated by
the  add i t ion  o f  5  mo l  % copper ( l )  hydr ide .  Cur i -
ously,  the k inet ics of  the thermal decomposi t ion of
copper ( l )  n -heptox ide  shows s imi la r ,  e r ra t i c ,  behav io r .

Discussion

The react ion of  methylcopper( l )  (and presumably
other thernral ly stable,  basic,  organocopper( l )  re-
agents )E 32-34 w i th  a lcoho ls  and pheno ls  p rov ides  one
conven ien t  rou tc  to  copper ( l  )  a lkox ides  and phen-
ox ides :  mater ia ls  o f  s im i la r  reac t iv i t y  may a lso  be
obtained by react ion between l i th ium alkoxides and
cuproLrs chlor ide .  The two types of  react ions in which
these reagents secm to hav'e immediate synthet ic poten-
t ia l  are thclse involv ing the format ion of  ether l inkages,
part icular ly by displacement of  hal ide ion f rom an
aromat ic nucleus, and those requir ing the thermal
generat ion of  pr imary alkoxy radicals. : r i '  In the former
react ion,  copper( l )  a lkoxides seem clear ly super ior  to

(30)  K .  Wada,  M.  Tar lu ra ,  a r - rd  J .  I (och i ,  J .  Amer .  Chem.  Soc . ,92

6 6 5 6  ( r e 7 0 ) .
(31)  E .  R.  S tcdronsky ,  Ph.D.  Thcs is ,  Massachusc t ts  I r l s t i tu tc  o f

Techno logy ,  Car rbr ic lgc ,  Mass . ,  I  970.
(32)  T .  Cohcn and A.  H.  Lcwin ,  J .  Amer .  Chent .  Soc . ,  88 ,  4521

(  1  9 6 6 ) .
(33)  A .  Ca i rncross ,  J .  R .  Ro land,  R.  M.  Henc le rsor . t ,  i l t td  W.  A .

S h c p p a r c l ,  J .  A r t r e r .  C h e m .  5 o c . , 9 2 , 3 l  8 7  (  1 9 7 0 ) .
(34)  T .  L .  Cohcn and R.  A .  Scharnbach,  J .  Amer .  Chem.  Soc . ,  92 ,

3 1 8 9  (  r  9 7 0 ) .
(35)  A  br ic f  c ranr ina t ion  o f  thc  ther r t ra l  c lccor t t ; ros i t io r l  o f  cop l l c r ( [ )

phcnor ic lcs  was car r i cc l  ou t  in  thc  hope th t t  th is  rcac t ion  rn igh t  gc l tc ra tc

l rhcnoxy  rac l i ca ls ,  anc l  n r igh t  accorc l ing ly  l t rov ic le  a  r r rc thod o f  ox ida t ivc ly

coup l i r rg  phcno ls .  Thc  rcs t r l t s  o f  th is  s tudy  rvc rc  c l i sappo i r - r t ing :  a l -

though d ig l l ' 111g so lu t ions  o f  coppcr ( I )  2 ,6 -c l in re thy lphcr ro r ic lc  y ie ldcc l
,1 ,4 ' -c l ihyc l roxy-1 ,3 ' ,5 ,5 ' - tc t ra r r rc thy l t r iphcny l  i r t  y ic lc ls  L rp  to  60  l l  o r l

rap ic l  c lccor lpos i t io r t  a t  >100o,  r ' t tuch  lo rvcr  y ic lc ls  ( . '20 ' l ; )  were  a lso

obta incc l  unc lc r  apparcn t ly  s i rn i la r  conc l i t ions .  Thcr rna l  dcconrpos i t ion

o f  copper ( l )  phcnor ic lc  l " i c ldcc l  r .n i r tu rcs  o f  c l ihydroryb ipheny ls  i r l  no

morc  than 5  i ' , ,  y ic lc l .  Dc t i r i l s  o f  thcsc  cx t l c r imcr t ts  rnay  be  found in  the
Ph.D.  Thcs is  o f  .J  S .  Sadon 'sk i ,  Massachusc t ts  Ins t i tu te  o f  Tcchno logy ,

C a r n b r i d g c ,  M a s s . ,  1 9 7 2 ,
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other present ly avai lable reagents.  The abi l i ty  of
copper( l )  to faci l i tate reagents that  involve formal
nucleophi l ic  d isplacements at  sp2 carbon centers is
wel l  known,a and evidence has been presented that these
react ions may in some instances involve f ree-radical
intermediates.3:  We have no concrete evidence con-
cerning the mechanism of the displacement of  hal ide
ion from aromat ic nuclei  by copper alkoxidcs,  Smal l
quant i t ies (- l  , "A of  b iphenyl  are obser 'ed in react ions
wi th  pheny l  iod ide :  th is  observa t ion  is  cons is ten t  w i th ,
but does not demand, ei ther a f ree radical  or  an aryl-
copper intermediate in the react ion.  The pronounced
effect  of  solvents,  part icular ly HMPA, on the react ion.
the suggest ion of  radical  character.  and the faci l i ty
wi th which alkoxides of  copper( t )  (as opposed to other
meta ls )  par t i c ipa te  a re  compat ib le  w i th  mechan isms
of  the  Snu l  type ,32 '36  bu t  ox ida t ive  add i t ion  to  Cu( l )
migh t  a lso  be  invo lved,3T and add i t iona l  work  i s  re -
quired to def ine a mechanism convincingly.

As  a  method o f  genera t ing  pr imary  a lkoxy  rad ica ls .
the thermolysis of  copper( l )  a lkoxides of fers at  the
same t ime the advantages that these substances are
much eas ie r  to  ob ta in .  and sa fer  to  man ipu la te ,  than
are pr imary alkyl  peroxides, and the disadvantage that
they are more sensi t ive to air  and water than these
perox ides .

The examinat ion  o f  the  mechan isms o f  thermal  de-
compos i t ions  o f  copper ( l )  a lkox ides  pro i ' ides  two con-
v inc ing ,  i f  qua l i ta t i ve ,  p ieces  o f  ev idence ind ica t in_e tha t
free alkoxy radicals are inrportant intermediates bc-
tween pr imary  copper ( l )  a lkox ides  and produc ts :  th r :
response o f  p roduc t  y ie lds  to  changes in  the  hydrogen
atom donor  ab i l i t y  o f  the  so lvent .  and t l re  p roduc t ion
of f ragmentat ion and cycl izat ion products character ist ic
o f  a lkoxy  rad ica ls .  These da ta  do  no t  requ i re  e i ther
that a f ree-radical  mechanism be fol lowed exclusirely
(a l though i t  z ippears  to  be  a  donr inant  pa thway fo r
pr imary  copper ( l )  a lkox ides) .  o r  tha t  the  a lkoxy  rad ica ls
necessar i ly  be generated by hontolysis of  an oxygen
copper  bond (a l though th is  pa thway seents  u  p r io r i
the  most  l i ke ly ) .  Regard lcss .  i t  i s  e r ident  tha t  a t  l cas t
one addi t ional  mechanism -most probabl l ,  involv ing
the generat ion and react ion of  copper( l )  hydr idc- is
operat ive in the thermal decomposi t ion of  secondary
a lkoxycopper ( l )  compounds.  The ev idence suppor t ing
the involvement of  copper( l )  hydr ide in th is second
mechanism is nrore compat ib le than obl igatory:  the
nature and relat ive y ie lds of  decomposi t ion products
are relat ively insensi t ive to solvent:  more ketone than
alcohol  is  produced in certain of  the decomposi t ions:
t races of  hydrogen are detected among the products:
copper( l )  hydr ide rapidly reduces copper( l )  a lkoxide.s
to alcohols.  These observat ions are al l  very s imi lar  to
those made in  es tab l i sh ing  copper ( l )  hydr ide  as  an
intermediate in the thermal decomposi t ion of  n-butyl-
( t r i -n-butylphosphine)copper( l ) ,  and make an analogous
mechanism for the decomposi t ion of  copper( l )  a lk-
oxides at t ract ive.

The ident i f icat ion of  these two mechanisms does not
clarify the structural factors that control the path

(36) J.  F.  Bunnct t ,  ,4ccourt ts Chern.  Res. .5,  139 (1972):  J.  A.  Zolrerv icz
arrd T.  M. Oestre ich,J.  Art rer .  Chem. Soc. ,95,6863 (1973),  ancl  rcfcrcuces
ci ted in cach.

(37) Nucleophi l ic  coupl ing of  gold( I )  ate complexes wi th a lky l  hal ide s
involves oxidat ive addi t ion of  thc a lky l  rnoiety to thc golc l  atom: A.
Tamaki  arrc l  J .  I (ochi ,  J .  Organometal .  Chem.,5l ,  C39 (1973).
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fo l lou'ed bv a part icular organocopper( f )  contpound in
i ts  thc rmal  dccompos i t ion .  Inc leed.  the  e l in t ina t ion  o f
copper( l  )  hyclr ic lc '  f rom a copper( l  )  a lkoxide would seenl
energet ical ly more at t ract ive than i ts el iminat ion f rom
a copper ( l )  a lky l ,  bo th  because the  energy  change as-
sociatcd wi th the conversion of  a carbon-oxygen single
bond to  a  carbony l  g roup is  more  favorab le  than tha t
o f  a  carbon-carbon s ing le  bond to  a  doub le  bond,  and
because a coppcr(  l ) -orygen bond is expected to be morc
po lar ,  and less  suscept ib le  to  homoly t i c  sc iss ion ,  than a
copper ( l )  carbon bond.  The fa i lu re  o f  th is  reason ing
suggests that  othcr factors ent i re ly- the structure of  the
organometal l ic  aggregates,  the presence o1' t race rnetal
ca t i i l ys ts .  thc  a ra i lub i l i t y  o f  vacant  coord ina t io l r  s i tes
on the metal  may ul t intate ' ly  c ieterni ine the deconr-
pos i t ion  mechan isnrs  and thcr r la l  s tab i l i t i cs  o f  these
and other orgrrr l  r ' r r11r. t l r  I  I  ic  rca gcn ts.

Experimental Section '

Iodo fb is (d i -n -bu t1 ' l  su l f ido) ]copper ( I ) .  Commerc ia l  coppcr ( l )  io -
d ide  (  195 g ,  1 .0 -5  n ro l )  i va is  s t i r red  w i th  d i - l -bu ty l  su l f ide  (290 g ,  2 .00
nto l )  in  a  500-nr l  e r lenrnc l 'e r  11ask .  Thc  reac t ion  nr ix tu rc  was
* ,a rnrec l  to .3 ( )  l i r r  l0  n r in  and thc  rcsu l t ing  amber  l i c lu ic l  f i l te red

t l t roLrgh  a  Buchncr  fu r rne l  and s to red  a t  room tempera ture .

\ Ie th1 ' l copper ( I ) .  Iodo[ t r i s (d i - r i -bu ty , l  su l f ido) ]copper ( l )  (1 .4  g ,

2 .8  mmol )  and 30  r l l  o f  e ther  u 'e re  added to  a  f lame-dr ied .  serun l -

s toprpered,  -10-ml  ccn t r i fuge tubc  conta in ing  a  Tef lon-coated  s t i r r ing

bar  aud s ix  to  e igh t  3 -nrnr  g lass  beads to  a ic l  in  subsec ;uc l t l  l t c tc ro -
geneous reac t ious  

" r i th  
t l rc  a lcoho ls .  Thc  so lL r t io l l  w i l \  coo lec l  to

-  7 8  i n  a  [ ) r 1  l c e  i s o p r o l - r r l  a l c o h o l  b a t h  a n d  n r e t l r 1 , l l i 1 1 1 l l ' r r n  ( 1 . - 5

n r l  o f  a  1 . 6 . V  s o l u t i o n  i n  c l i e t h y , l  e t h c r . 2 . 4  m r n o l )  r v a s  a d d e d .  p r o -

d u c i n g  a n  i n r n r c d i a t c  p r e c i l r i t a t e  o f  b r i g h t  l e l l o w  m e t h y l c o p p e r ( l ) .

The so l i c l  wa\  cor rpac ted  b1  cent r i l ' L rga t i ( )n  a t  roont  tcmpera tL l re

a n c l  t h e  \ L l l l c r n a t a n t  l i q u i d  r c r l o v e c l  b 1 '  c a n n u l a .  F r e s h  e t l r c r  ( 3 0

r r l )  was  ac lc lec l  u ' l r i l e  keeprng the  nre th l , l co l - rper ( l )  co lc i  in  a  Dr -v  l ce

i s o l r r o l r l ' l  a l c o h o l  b a t l t .  a n c l  t h e  t L r b e  w : r s  s h a k e n  a r r d  c c n t r i l u g e d .

The e t l te r  was  agar in  renrovcd and t l te  wash ing  pr r l cer lu re  rcpeated

a n  a d d i t i o r r a l  t w o  t i m e s .

Copper ( l )  a lkor ides  \ \c re  p rcparcc l  b1  a  contn to l ' t  p roccdurc .

i l l us t ra ted  hcrc  l ry  thc  1 ' r1e1]nrs t ion  o f  copper ( l )  n -bu tox ic lc .  To  a

sus l rens ion  o f  2 . - l  n rn ro l  o f  n te t l rv lcopper ( l ) .  p reparcd  as  descr i t rcd

above.  was ac ldec l  r r -bu t1 l  a lcoho l  (0 .22  ml .  2 . -1  mnto l ) .  l -he  reac-

t ion  nr ix tu re  \ ras  s t i r red  a t  0  fo r  3  h r  under  n i t rogen.  Thc  resu l t -

i n g  h o n t o g c r - l c o l r s  s o l u t i o n  u a s  c o o l e d  t o  - 7 8 '  ;  c o p p e r ( l )  r r - b u -

to r ide  prec ip i ta ted  as  a  l igh t  le l low '  po i . r 'dc r .  The so l id  \ , \ ' as  com-

(38)  A l l  r l c l t ing  po i l r t s  anc l  bo i l ing  l . ro in ts  l r rc  u r lcor rcc ted .  In f ra rcc l
spcc t r i l  rvc rc  r i c tc ru r incc l  u  i th  a  Pcrk in -E ln rc r ,  Modc l  237,  g ra t ing
s1: rcc t ro l r l - ro tonrc tc r .  Nnr r  s l - rcc t ra  \ \ ' c rc  c lc tc rn r incc l  i v i th  a  Var i l rn  T-60
nnr r  spcc t ron lc tc r .  Mass  spcc t ra  wcre  c lc tc r rn incc l  on  a  H i tach i -
Pcrk in -E l rncr  R M U-6  n lass  s l )cc t ronrc tc r .  Con. r t tus t ion  ana ly 'scs  u 'c rc

l l c r fc l r tnc t l  111 '  M '11r ,1 'gs1  N ' [ i c rp l t rbs ,  L tc l . ,  . l ' l r l c l i i t r l t t l - r t l l i s ,  I ' d .  A . i r l y . t i -
ca l  g lpc  ana lyses  u 'c rc  pcr fo r r l cc l  on  F&M Moc lc l  810 anc i  Pcrk in -
E l rner  Moc lc l  990 l lu rn r '  ion iz l t ion  ius t run . rc r . r ts .  Hyc l rogcn ana lyses
r , l ' c rc  car r i cc l  ou t  L ry  g lpc  us ing  n i t rogcn car r i c r  gas ,  a  thermal  con-
c luc t i v i t l ,  c lc tcc to r ,  anr l  rnc th lnc  l l s  in ten l l l  s t i rnc lu rc l .  Abso l r . r tc  y ic lc ls
o f  l r roc luc ts  rvc rc  ca lcu la tcc l  f ro r . r . r  1 ' rcak  l r rc l rs  us ing  in tc rna l  s tanc la rc l
te  chr r iqucs ,  w i th  rcsponsc  f i rc to rs  ob ta incr l  f ronr  uu thcn t ic  sar .np lcs .
D ic thy l  c thcr  rnc l  t c t rahydro fur i i l l  wcrc  c l i s t i l l cc l  f ronr  l i th iu r . r r  u l t rn r i -
ru i - rn i  hyc l r i c lc  o r  ca lc iunr  hy  c l r i t l c  bc fo rc  usc .  D i r r rc thoryc t l ra r tc  a r tc l

l l cn tanc  rvc rc  c l i s t i l l cc l  f ronr  c l i soc l iunr  [ rcuzo l rhcr rouc  c i ian ion  unc lc r
n i t rogen:  pyr ic l inc  unc l  l . rcnzer rc  wcrc  c l i s t i l l cc l  f rom ca lc iunr  hydr ic lc
under  n i t rogen;  hcxr r rne thy lphosphoranr ic le  rvas  d is t i l l cc l  f ro r r r  sod iunr
a t  rcc luccd  l r rcssurc .  A lcoho ls  rvc rc  d is t i l l cc l ,  c l r iec l  o l ' c r  3A r .no lccu la r
s icvcs ,  anc l  c lcory 'gcr ra tcc l  us ing  a  s t rcar l l  o f  n i t rogcn.  Orguu ic  ha l i c lcs
rvcrc  passcd th rough a  co lunr r . r  o f  u lumi r ra ,  and c lcorygcnatcc l  us i t rg  a
s t rcan l  o f  n i t rogcn.  Ha l ic lc - f rec  n rc th l , l l i th ium (1 .6  . '11  in  c t l . rc r )  was
purchascd f ro rn  Footc  Mincra l  Corp .  Cy , ' c lopcnty l - ,  r r -b r . r t - ' * l - ,  a r tc l
t c r l -b r - r ty l l i t l ' r i r . r rn  rcagcnts  \ \ ' c rc  supp l icd  b l '  Foote  Mincra l  Corp .
scc-But_n- l l i th iunr  \ \ ' l s  su l rp l iec l  b l  A l fa  I r to rgun ics ,  Inc .  L i th iun t
reagcnts  * ,c rc  anu lvzcc l  b1 ,  thc  G i l r lan  c loLrb le  t i t ra t ion  nrc t l toc l .  j r r t  A l l
reac t io r . rs  invo lv ing  organo luc ta l l i c  rcagcnts  werc  car r i cc l  ou t  u t rdcr
prcpr , r r i f i c r l  n i t rogcn,  us i  n  g  s tu  r rc la rd  inc r t  a tmosphcrc  tcch  n iques ,  l { t

(39)  H.  G i ln r i rn .  F .  l ( .  Car t l cc lgc ,  and S. -Y .  S in r ,  , l  .  Orgcr t ron te ta l .
Chem. ,  l .  8  (19( r - j . t  ;  6 .  M.  Whi tes ic les ,  C.  P .  Cascy ,  anc l  J .  I ( .  I { r iegcr ,
J .  Anter .  Chc t r t .  ̂ Soc . ,  93 .  1319 (1911) .

( 1 0 )  D .  F .  S h r i v c r ,  " T h c  M a n i p u l a t i o n  o f  A i r - S c n s i t i v c  C o r . r . r p o u u d s , "
M c G r a u , - H i l l ,  N c r r  Y o r k ,  N .  Y . ,  1 9 6 9 ,  C h a p t c r  7 .



pacted br  ccntr i fugat ion at  -  78 "  and the supernatant  l ic lu id
removec l  by  cannu la .  F resh  e the r  was  added  wh i le  kecp ing  thc
coppre r ( l ) r : -bL r to r i c le  co l c l  i n  a  Dr1 '  I ce  i so l t ro l r l l a l coho l  ba t l - r .  a r r c l
the tLrbc was shaken ancl  centr i l 'ugecl .  The ether was again re-
movecl  ancl  the w'ashing proceclure repeatecl .  The l ie lc ls  ( r i t lc  i t r l ru)
of  colrper( l )  a lkor ides ol r ta inecl  Lrs ing th is proceclure werc r . lot  par-
t icular ly  reprocluci [ ' r le .  l 'or  two reasons:  the heterogenei t .v  of  the
react ion in et l rer  ancl  the restr ic t ions i rnposecl  b, l  the methocl  of
anal l 's is .

When the alkor ide was gcnerated as arr  intermediate.  the react ton
was  homogeneous  (py ' r i d i r re  d i sso lves  methy lcopper ( l ) ) .  anc l  a  tw ' c t -
fo lc l  ercess of  a lcohol  rvas used. When the alkoxic le was to be iso-
latecl .  thc react ion rvas heterogeneous (d iethyl  ether does not  c l is . -
solve rnethylcol- rper( l ) ) .  and I  equiv of  a lcolro l  r , r 'as usecl .  The
washing anci  cerr t r i fuging had to be c lone at  -  78 .  as the alkoxic les
are ver)  ether soluble at  h igher teniperat l l res.  Tl rese ntanipulat ions
were technical ly  c l i f i icu l t .  l }ecause the acid c luench regeneratecl
the star t ing alcohol .  care had to be taken to rentove excess alcohol
before quenching the alkoxic le.  ancl  onl , l  I  ec lu iv of  a lcohol  rvas
used. The isolatecl  f  ie ld of 'a lkoxic le l r robably var iecl  over a rv ic ler
range tharr  d id the nonisolated l , ie lc l  of  a lkoxide internrecl iate.
Average f  ie lc ls  (per cents ancl  ranges) observecl  l -or  var ious copper
a lkox ides  rve re :  me tho r i c le  -70 :  r r - i ru tox i c le  - . -55  (48 -66 ) :  / c r t -
bu to r ide  -65  (52  83 ) :  cyc lohexor ide  -80 ;  phenox ide  . - -1 - i  ( : - s
57):  ancl  isopropoxic le -  50.

, , \n: r lys is of  Copper( I )  . \ lkoxides.  To a solLr t ion of  co1-rper( l )
a lkoxide (  I  :1 mmol)  in et l rer  at  0 lvas aclded 0.-5 nt l  of  concen-
trated h1'drochlor ic  acic l .  Addi t ion of  internal  stanclard pernt i t tcd
glpc anal l 's is  of  t l re rcsul t ing honrogeneous solut ion for  a lcohol  on a
l5 i ' l  Ca rbowax  20M on  Chromosorb  W co lun tn .  The  co l )pc r
con ten t  o f  t he  so lu t i on  was  then  c ie te rn r ined  b l ,add ing  to  i t  10
ml  o f  concen t ra tec l  r r i t r i c  ac i r i .  c l i l L r t i ng  to  200  r l l  u , i t h  d i s t i l l ed
water.  ancl  anal lz ing fo l lou. i r rg the procct lure o1'  F lasclrka anci
A l rd ine . I  I

Smal l  Scale React ions of  Copper( I )  . \ lkoxides wi th Orsanic
Hal ides.  The proccclures used for  ntost  of  t l rcsc rcact ion\  \ \ r re
simi lar .  and arc i l lustratecl  here [ ' r_r  t l - rc mct l tod usecl  for  rhc rcucrron
of  copl ter( l  )  n-butoxic le * ' i th n- t rut l  l  bromicic.  A 2.- l -ntnrol  sar lgr le
of  nTethylcopper( l )  rvas prepared.  The bulk of  thc cthcr  used in
the  f i na l  wash ing  was  removed .  py r id ine  (20  m l )  anc l  n -bu t1 l  a l coho l
(0.22 nt l .  2. : l  mrnol)  rvere aclc leci .  ancl  the centr i t 'Lrgc tube was calrper l
wi th t lvo serLl l l  s to l l l lers.  ( - lhc scconcl  serrecl  to \ lo\ \  l l tc  ratc c l f '
l eakage  o f  ox rgen  in to  the  1 lask . )  The  so lL r t i o l t  \ ! as  s l i r r c t l  l o r  . r
h r  a t  0 " :  t hen  n -bL r t1 ' l  b romic le  (0 .32  n r l .  J .6  mmol )  r ' , as  a rk l r r l
ancl  the react ion mixture was st i r red for  an ar lc l i t ional  fJ  hr  ar  roorrr
temperature.  Anal1, 's is  b1 gl l tc  on an 8- [ '1.  10"; i  TCEI,  on Chronro-
so rb  W co lumn inc l i ca ted  a  y  i c l c l  o l ' c l i - i r -bL r t l  l  e thc r  o l ' 6 -1 " , , .

Pur i f icat ion of  Ciuprous Chlor ide. t r  ( -uprorr '  chlor ide (-50 g)
was  g round  in  a  mor ta r  w i t l r  c r r .  l 0  n t l  o f  |  \  ' L r l l i r r i c  ac i c l .  T I t c
resu l t i ng  pas te  was  added  to  7 ( )0  n r l  o f  ( r " , ,  s r r l l ' u r t )L r r  l t c i t l .  I he
suspens ion  rvas  s t i r red  fo r  l 0  m in ;  thc  suspcnde t l  so l i t l  un r l  t l r r  | 111g
blue supernatant  l iquid were separalcd b_r f i l t rar ion.  T l rc t i l tcrccl
sol id was rvashed wi th 300 nr l  of  g lacia l  acer ic acic l .  2-50 nt l  of
ethanol ,  and 250 rn l  of  ether.  The ol l - 'uvhi te sol id rvas dr ied under
vacuum ancl  stored at  5 ' .

Reaction of lodobenzene with Copper(I) l-Butoxide b5' the Rcac-
t ion of  L i th ium n-Butoxide wi th Cuprous C'hlor ide.  Cuprous
chlor ide (0.20 g.2.0 ntnrol )  n,as added to a scrunt-stoppcrecl .  l lantc-
dr ied,  :10-ml centr i fuge 1ut-re contain ing a T 'ef lon-coatccl  s t i r r i r rg
bar .  and  thc  tube  was  l l L rshec i  u  i t h  n i l rogen .  A  so lL r t i on  o f  l i t h iL rn t
n -bu tox ide .  p reparcd  t r1  reac t ion  o f  0 .1 .18  g  (2 .0  mnro l )  o f  i r - l rL r t ] l
a l coho l  w i th  2 .0  n rn ro l  o f  me th i l l i t l t i un r  i n  -5  m l  o f  DMt : .  was  ac ldcd
and the mixture st i r red for  30 mirr .  P.rr id ine (20 nr l )  w,as added to
the resul t ing le l low solLr t ion.  ancl  th is nt ix ture al lo lvecl  to react  w' i t l r
i odobenzene  (0 .61  c .3 .0  n tmo l )  f o r  l 2 l r r  a l  r c l l ux .  G lpc  ana l l s i s
ind ica ted  t l ra t  r i -bu t l l  l t hen l l e the r  l ras  p resen t  i n  98 ' ' . , t i c l d .  bascd
on  copper ( l )  a l kox ide  1 ie ld .

Reaction of l ithium n-butoxide with iodobenzene in the prcsence of
109;  cuprous chlor ide r ,vas carr ied out  in an analogous manner,  rv i t l - t
the except ion that  only 0.02 g (0.2 ntnto l )  of  cuprous chlor ide u.as
used .  Ana lys i s  on  a  6 - f t .  3 : ;  OV-17  on  Chronrosorb  Q co l r lmn
showed a 70o, i  y ' ie ld of  n-but1 I  phenl ' l  ether.

Prep:rrative Scale Reaction of Copper(I) .rt c-Butoxide with Bromo-
benzene .  D imethox le thanc  (30  n r l )  and  2 -bu tano l  ( ,5 .6  g .75

(41 )  H .  F laschka  a r rc l  H .  Abc l i nc ,  ,V i k roch im.  Ac tu ,770  (1956) .
( .1:)  R.  N.  I (c l ler  ancl  H.  D.  Wy'cof i ' ,  I t torg.  Syt t . ,2,  1 (1946).
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mmol)  wcrc addc-d to a serum-stoplrered.  f lamc-dr ied.  100-ml er len-
me) ,c r  l l ask  co r r ta in ing  a  Tc l l on -coa ted  s t i r r i ng  ba r .  The  resu l t i ng
solLr t ion u 'as cooled i r r  arr  ice bath ancl  nrethl ' l l i th iLrnr  ( .17 nr l  of  a
1.6 , \ r  solut ion in ct l rer .  75 rnmol)  u,as added s lowl-r , .  Cuprous
chlor ic ie (7.-5 g.7.5 rnnrol)  rvas placed in a serunr-stopl lerecl .  f lanre-
dr ied.  500-nr l .  ro l rncl -bot lomed f lask equipped rv i t l r  a Tef lon-coated
st i r r ing t rar  and a scrul 'n-stoppcred re l lux condenser.  Tl re a1r-
pa ra tu \  and  i t s  con ten ts  r  e re  f ' l ushed  w i th  n i t rogen .  thc  l i t h ium
.scr ' -butor ic ie solut ion was acldecl .  and the mixture was st i r rcd for  30
min  a t  25  P1 ' r i c l i ne  (200  n r l )and  b romobcnzenc  {  |  l . f r  g .  75  mmol )
were ac ' lc lecl  to the resul t ing solut ion anci  the react ion mixture was
ret lurcd for  l l  l r r .  Sohcnt  \ \ 'as renlovecl  by c l is t i l la t ion through a
30-cni  Holznrann colunrn.  ancl  t l - tc  resic lue rvas c l is t i l lec l  thror-rgh thc
same co lu rnn  a t  rec luccc l  p rcssu rc .  l i e ld ing  5 .1  g  ( -1 ,59 ; )  o f  . r cc -bu t1 l
p h e n l ' l  e t h e r  l r a v i n g  b p  9 l  ( l - 5  m m ) :  n m r  ( C C l ' )  6  6 . 8  ( s . 5 .  a r o -
m a t i c  C H ) .  . 1 . 0 ( m .  l "  O C H ) .  2 . 0  0 . 8  ( r n .  8 .  C H r a r r c l  C H , r ) .

Preparation Scale Reaction of l-Bromobutane with Copper(I)
Phenoxide.  A nragnet ic st i r r ing bar and 15.3-rnn-r  g lass beads ( to

incrcase thc rate of  sol id solut ion react iorrs b1'  gr incl ing) rvcre placed
in each of  t rvo 2f f1-nr l  centr i f i rge bot t les.  The bot t les were sto[) -

l rercd.  and l lanrecl  r - rndcr r t i t rogen. Methl , lcol r l rer( I )  (50 mmol)
was preparecl  in eaclr  1ubc.  To t l re w'ashccl  susl- rcnsions of  mcthyl-
copper ( l )  i n  c t l r c r  ( -50  n rmo l )  r vas  ac lded  8 .8  m l  o f  l rhe r ro l  (0 .1  mo l )
anc l  100  m l  o f  py r i c l i nc .  The  m ix tu re  was  s t i r rec l  f o r  3  h r  a t  0 ' .
But .v l  bronr ic le (8.{ l -5 ml.  0.075 mol)  was adcled to each bot t le and the
mixtures rverc s l i r recl  at  roor11 temperature uncler  n i t rogerr  I 'or  .18 hr .
TIre rcact iorr  mir turcs werc poured or . l to ice ancl  t l re cor lb ineci
o rgan ic  p ro r luc ts  e r t rac tec l  i n to  e the r .  Ammon iun r  I r l c l ro r ide
( -10  m l )  u 'as  u r ldc r l  t o  con rp l c r  co l l l l e r  as  wa te r -so lub le  CLr ( l l )
s l t ec ies .  

- fhc  
c r t rac t \  \ \ c rc  washed  * i t h  ac lueous  KOH and  r . l ' i t l t

i ce  wa tc r :  t l r e  e thc r '  \ \ a \  r cmorec l  on  a  ro ta r )  eva l ro ra to r .  On
dist i l la t ion urr t ler  rcc lucct l  pressLlrc.  9.3 g ( ( r2 " , ,  l rased otr  tnet l - t1 l -
l i t h i r - r r l )  o f  l - [ r i t t r I  p l t en1 [  e the r  *as  c l t r t a ined :  nn t r  (C 'C l r )  o
6 . 7  7 . 2  ( n r .  5 .  a r o n . r a t i c  C H ) .  . 1 . 8  1 . 0  ( t .  l .  O C H : r ) . 0 . 8  2 . 0  ( r l .  7 .
cH :  an r l  ( -F {  r :  i r  r c ( ' 1 , )  l 9 ( r0 .  29J0"  2880 .  l 6 (x ) .  l 5 (x ) .  1290  cm 1 :

/l l c 1 -50.
l)reparative Sc:rle Reaction of I -Bromocl'clohexene rvith Copper(I)

l -Butor idc.  Thc react ion uas carr iec l  o l l t  on a 70-nrnrol  scalc i t r
a  manucr  ana logour  to  tha l  c lesc r i t r cd  above :  the  rea tc t i on  t i n re  was
2J hr .  A re c luccr l  pre\ \ure c l is t i l la t ion l  ie lc led 3.(r  g (  33 1, , )  of
l -b r r to ry ' c l c lo l re renc :  t r2 'D  1 .11635 :  nmr  (CC l1 )  6  -1 .15  (m.  l .
.  C H ) .  1 . , s 5  ( t .  l .  O C H : ) .  0 . 9 - 5  2 . 0  ( m .  l - 5 .  C H :  a n c l  C H , ' ) :  i r  ( C C l r )

107-5.  29(X).  I  ( r ( r ,5.  l - i ,50.  l -+3- i .  1 37.5.  I  190 cnr 1 :  r r " t ,  I  5-1.
React ion of  Copper( l )  Phenoxide wi th lodobenzene. A solut ion

o f  l ra l i dc - f r cc  n re lh l l co l - rpc r ( l )  (2 .0  n rn ro l )  i n  l 0  n r l  o l ' p l r i c l i nc  was
transfcrrccl  to a f lar lc-c ' l r ied.  -10-ml ccntr i fuge tutre contai r r iug
pheno l  (0 .87  g .  I0  n r rno l ) .  a r t c l  s t i r r cc l  a t  25  fo r  30  rn in .  Thc
resu l t i ng  a rn [ ' re r  so lu l i on  \ \a \  t rans fc r rec l  t o  a  f l a rne -c l r i ec l . , 50 -n t l .
rount l - l - rot tonrcr l  l lask eclLr ippecl  u. ' i th a Tef lon-cozrtecl  s t i r r ing bar
I r r r r l  l  ' c l r rn t - \ i ( r l r l ) c le ( l  r c t l L r r  con r lenser .  l oc lober rzenc  (0 .61  g .  3 .0
r l r . no l  )  u l r '  l r r l r l c t l  a r t t l  t l r c  reac t ion  tn i x tu re  r c l l u rec l  l - c l r  l 2  h r .
Anu l r : i :  t r l '  t h t  r cue  t i ( )n  r r r i r t u re  l r y  g l l r c  r . r s ing  au  S- f t .  l - 5  " , ,  Carbo-
rvar 20\{  col r rn.r r . r  int l icatct l  a 9- l  " , ,  l  ie lc l  of  c l rphenyl  ethcr .

C1'c lobut : rnt l l  \ \  i t \  prc l - rarcd using t l te l l rocedl t rc of  Caser io.
Grahan t .  anc l  R r tbc r t s .  I

Thermol l 's is  of  Copper( l )  , \ lkoxides.  Approxinrale l l  2-nr l
a l ic luots of  coplrer(  I )  a lkoxide solut io l r  \ \  crc t ransferrccl  under
ni t rogen into drr  S-ntnt  P1 rcr  tu[ ' rcs.  thc contents of  thc tubes u 'erc
f rozen  in  l i qL r id  n i l rogcn .  anc l  t l r c  tubes  ne re  sca led  unc ie r  vacL lum.
The tubes rvere l teatcci  in a bonrt ' r  oven for  the reclurs i te t ime. coolecl .
ani l  openccl .  lntcrr ta l  g lpc starrc larc ls were adclecl .  arrc l  t l rc  nr i r tures
r. r 'ere anal lzet l  l r r  g lpc.  Thc colr l rer  content  o l ' these solut ions was
cletcrnr inecl  br  the l r roceclure of  Flaschka ancl  Abdine.{ t

Thermal Decomposition of Copper(I) \ lkoxides in the Presence of
Copper( I )  Hvdr ide.  Solut iorrs of .  c . ,q ' . .  copper( l )  cyclo l rexor ic lc
(-5.0 mr-nol)  i r r  l0 nr l  of  lo luene and coi- r1rer( l )  -1-pentoxide (3.1
mmol)  rn 10 nr l  of  c ther \ !ere t ransferrecl  to -10-rnl  centr i fugc tLrbes
con ta in i r rg  J .0 -mnro l  san rp l cs  o f  copper ( l )  hyd r ide .2e  The  resu l t i ng
mi r tu rcs  u 'e rc  c leconrnosec l  i n  sea led  tubes  a t  I l 5  anc l  ana lvzed  as
clescr ibed aL-rove.
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