mal conductivity or heat of combustion and applied to correct the
observed areas.

The relative retention times of materials analyzed are as follows:
low-boiling compounds (analyzed on 12 ft X 0.25 in. column),
toluene, 1.00; p-fluorotoluene, 1.00; p-xylene, 1.95; bromobenzene;
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3.17; p-chlorotoluene, 3.38; p-bromotoluene, 6.08; iodobenzene
6.60; p-iodotoluene, 12.50; high-boiling compounds (analyzed on
15 ft X 15 in. column), naphthalene, 1.00; o-methylbiphenyl, 1.54;
biphenyl, 1.65; m-methylbiphenyl, 2.20; p-methylbiphenyl, 2.42;
3,4’-dimethylbiphenyl, 3.06; 4,4’-dimethylbiphenyl, 3.22.
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Abstract: Lithium dialkyl- or diarylcuprates (R.CuLi) react with aryl iodides in ether solution by competing
metal-halogen exchange and coupling reactions. Using appropriate reagents, high yields of the coupled product
R-Ar can be obtained by allowing the metal-halogen exchange to proceed to completion in the presence of an
excess of RyCuli, and oxidizing the resulting mixture of organometallic species present in solution with nitroben-
zene or oxygen. This reaction sequence works well with lithium di-n-alkyl- and diarylcuprates; it fails with di-
sec-alkyl- and di-r-alkylcuprates. Although most alkyllithium reagents react with aryl iodides only by metal-
halogen exchange, methyllithium, uncomplexed with copper, smoothly converts aryl iodides to arylmethunes.
Coupling of lithium dialkyl- and diarylcuprates with alky/ halides appears to take place without significant metal-
halogen exchange. The reaction of lithium diphenylcuprate with (—)-(R)-2-bromobutane occurs with the pre-
dominant incersion of configuration (84-92%, stereoselectivity) expected of an Sn2-like displacement. Coupling
reactions involving an n-alkyl halide as one reaction partner proceed in high yield; those involving r-alkyl halides
fail. Lithium di-n-alkyl-, di-sec-alkyl-, and di-z-alkylcopper reagents all couple with n-alkyl halides. A number of
preparations for representative copper(l) ate complexes are described, and the sensitivity of the coupling reactions
to the method of preparation of the ate complex, to the nature of the solvent, and to the presence of lithium halides,

trialkylphosphines, and dialkyl sulfides in solution are discussed.

broadly applicable procedure for coupling the or-
ganic moiety of an organometallic reagent with
that of an organic halide would be a useful member of
the class of reactions available for the synthesis of
carbon—carbon ¢ bonds. Unfortunately the com-

RM 4+ R’X —> R-R’ + MX (1)

monly encountered organometallic derivatives of the
main group metals appear to be unsatisfactory as rea-
gents for effecting the formation of carbon-carbon
bonds by nucleophilic displacement at a carbon-—
halogen bond. Although organolithium reagents are
strongly basic, they appear to be only weakly nucleo-
philic toward carbon: reaction of an organolithium
compound with an alkyl or aryl halide in hydrocarbon
or ether solutions usually leads to mixtures of products
derived from competing metal-halogen exchange,* «
metalation,® 8 elimination, and coupling, with the last
reaction apparently proceeding, at least in part, through
a complex free-radical mechanism.® Organomagne-

(1) Supported by Grants GP-2018 and GP-7266 from the National
Science Foundation,

(2) Supported by Research Graut No. AFOSR-68-1518 from the
Directorate of Chemical Sciences, Air Force Office of Scientific Research,
(3) National Institutes of Health Predoctoral Fellow, 1966-1969.

(4) R. G. Jones and H. Gilman, Org. Reactions, 6, 339 (1951); D. E,
Applequist and D. F. O'Brien, J. Amer. Chem. Soc., 85, 743 (1963);
H. J. S. Winkler and H. Winkler, ibid., 88, 964, 969 (1966).

(5) W. Kirmse, **Carbene Chemistry,” Academic Press, New York,
N.Y., 1964: G. Kobrich, Angew. Chem, Int, Ed, Engl., 6,41 (1967), and
references in each,

(6) H. R. Ward, J. Amer. Chem. Soc., 89, 5517 (1967); H. R, Ward
and R. G. Lawler, ibid.,, 89, 5518 (1967); C. G. Screttas and J. F.
Eastham, ibid., 88, 5668 (1966).

sium reagents are relatively unreactive toward simple
alkyl and aryl halides; their reaction with activated ha-
lides again leads to mixtures of products.”® Organo-
zinc and organoaluminum compounds exhibit low reac-
tivity toward, e.g., n-alkyl halides. At present, the
structural factors responsible for low nucleophilicity of
these organometallic reagents toward carbon are not
entirely evident.

In contrast, organometallic compounds containing
carbon—copper(l) bonds provide a class of reagents
whose usefulness in coupling reactions with organic ha-
lides has been amply demonstrated in certain specialized
circumstances. Thus reaction of copper(l) acetylides
with acetylenic,® aromatic,’® vinyl,""*" and acyl™ ha-

(7) M. S. Kharasch and O, Reinmuth, “Grignard Reactions of Non-
metallic Substances,” Prentice-Hall, Inc., New York, N. Y., 1954,
Chapter 16.

(8) Normant has reported that use of hexamethylphosphoramide as
solvent for the reaction of alkyl halides with Grignard reagents leads to
synthetically useful yields of coupled products; however, the generality
of this solvent effect has not yet been demonstrated; c¢f, H. Normant,
Angew. Chem, Int, Ed. Engl., 6, 1046 (1967); J. F, Normant, Bull, Soc.
Chim, Fr., 1888 (1963).

(9) (8) G. Eglinton and W, McCrae, Adcan. Org. Chem., 4,225 (1963);
(b) F. Bohlmann, H. Schonolosky, E, Inhoffen, and G. Grau, Chem.
Ber., 97, 794 (1964); (c) R. F. Curtis and J. A. Taylor, Tetrahedron
Lett., 2919 (1968).

(10) (a) C. E. Castro, E. J. Gaughan, and D, C. Owsley, J. Org.
Chem., 31, 4071 (1966); (b) C. E. Castro and R. D. Stephens, ibid., 28,
2163 (1963); (c) R. E. Dessy and S. A, Kandil, ibid.. 30, 3857 (1963);
(d) R. E. Atkinson, R. F. Curtis, and J. A. Taylor, J. Chem. Soc., C,
578 (1967); (e) R. E. Atkinson, R. F. Curtis, D. M. Jones, and J. A.
Taylor, Chem. Commun., 718 (1967),

(11) (a) J. Burdon, P. L. Coe, C. R. Marsh, and J. C, Tatlow, Chem.
Commun., 1259 (1967): (b) L. Yu Ukhin, A. M, Sladkov, and V. I.
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lides has been used successfully in formation of ¢ bonds,
and a number of thermally stable arylcopper(l) rea-
gents have been observed to couple with aryl, alkyl, and
acyl halides.!>13  Unfortunately, the usefulness of most
uncomplexed alkylcopper(l) reagents in coupling reac-
tions is limited, since these compounds decompose
thermally more rapidly than they react with organic ha-
lides. However, previous work with organocopper(l)
compounds has demonstrated that formation of 1:1
“ate’ complexes!* of these reagents with organolithium
and organomagnesium reagents simultaneously results
in a stabilization of the carbon—copper(l) bond toward
thermal decomposition and in an increase in the nucleo-
philic reactivity toward carbon of the organic moiety
bonded to copper.!'®!® Thus, lithium dialkyl- or di-
arylcuprates appeared to be of interest as reagents for
carrying out the displacement of halogen at carbon by
organic groups.

This paper reports the results of our examination of
the reactivity of lithium diorganocuprates toward or-
ganic halides. The results of similar independent in-
vestigations have recently been described by Corey and
Posner, " and several applications of these coupling pro-
cedures have been reported since the original descrip-
tions. 1%

Results

Reaction of Methylcopper(I) Derivatives with Aryl
Todides. Pure lithium dimethylcuprate (1) can be
prepared by dissolving halide-free methylcopper(l) in
halide-free methyllithium solution.!> Reaction of this
material with aryl iodides such as iodobenzene or 1-
iodonaphthalene in ether solution at room temperature
for periods of 8 to 24 hr, foliowed by hydrolysis, yields
the corresponding arylmethane with a maximum con-
version of 30-5097 based on the aryl iodide. If the
organometallic components of the reaction mixtures
are oxidized!” prior to hydrolysis, the yield of aryl-
methane is increased to 60-70%, (Tables I and II).
These observations suggest that lithium dimethylcuprate
is reactive toward carbon—iodine bonds in a sense that
leads to carbon-carbon bond formation. However,

Gorshkov, Zh, Org. Khim., 4, 25 (1968); Chem. Abstr., 68, 7562 (1968);
(c) A, M., Sladkov and 1. R. Gol'ding, Zh. Org. Khim., 3, 1338 (1967).
Chem. Abstr., 67, 9376 (1967).

(12) (a) H. Gilman and J. M. Straley, Rec. Trav. Chim, Pays-Bas, 55,
821 (1936); (b) A. E. Jukes, S. S. Dua, and H. Gilman, J. Organometal,
Chem., 12, P24, P44 (1968); (c) A. Cairncross and W. A. Sheppard,
J. Amer. Chem. Soc., 90, 2186 (1968); (d) M. Nilsson und O. Wenuer-
strom, Tetrahedron Lert., 3307 (1968); (e) for a recent review, see M,
Nilsson, Scensk. Kem. Tidski., 80, 192 (1968): Chem. Abstr., 69, 8145
(1963).

(13) Evidence for coupling between arylcopper(I) compounds and aryl
halides has been found in studies of the Ullman reaction: (a) P, E.
Fanta, Chem, Rev., 64, 613 (1964); (b) C. Bjorklund and M. Nilsson,
Tetrahedron Letters, 675 (1966); M. Nilsson, ibid., 679 (1966), (c) A. H.
Lewin and T. Cohen, ibid., 4531 (19635); (d) M. Nilsson, Acta Chem.
Scand., 12,537 (1958); 20,423 (1966).

(14) W, Tochtermann [Angew. Chem. Int. Ed. Engl., 5, 351 (1966)]
and G, Wittig [Quart. Rev. (London), 20, 191 (1966)] have provided
reviews of the properties and reactions of ate complexes.

(15) H. O. House and W. F. Fischer, Jr., J. Org. Chem., 33, 949
(1968); H. O. House, W. L. Respess, and G. M. Whitesides, ibid., 31,
3128 (1966), and references in each.

(16) H, Gilman, R. G. Jones, and L, A. Woods, ibid., 17, 1630
(1952).

(17) E. J. Corey and G. H. Posner, J, Amer. Chem. Soc., 89, 3911
(1967); 90, 5615 (1968).

(18) G. Biichi and J. A. Carlson, ibid., 90, 5336 (1968); E. J. Corey,
J. A, Katzenellenbogen, and G. H. Posner, ibid., 89, 4245 (1967); E. J.
Corey, J. A. Katzenellenbogen, N, W. Gilman, S. A. Roman, and B. W,
Erickson, ibid., 90, 5618 (1968).

(19) G. M. Whitesides, J. San Filippo, Jr., C. P, Casey, and E. J.
Panek, J. Amer. Chem. Soc., 89, 5302 (1967).

the significant increase in the yield of arymethane ob-
served on oxidation of the reaction mixture indicates
that at least two reactions are taking place in solution:
a reaction leading to coupling (eq 2 or 4), and another
reaction involving metal-halogen exchange between the
aryl iodide and the cuprate 1 which competes with (or
precedes) the coupling reaction (eq 3). The oxidative
conversion of a ‘“‘mixed” lithium phenylmethylcuprate
(represented schematically by 2) to toluene on oxidation

Phl + (CHy),CuLi —> PhCH, + (CH,Cu) + Lil  (2)

1
Phl + (CH,),CuLi == (Ph)(CH;)CuLi + CH;,l (3)
1 2
2 + CH;l —> PhCH; + (CH:Cu) 4
2 + O, —> PhCH; (&)

(eq 5) is in accord with the results of previous studies. 1?
In an effort to establish the most satisfactory experi-
mental conditions for coupling organocopper reagents
with aryl halides, and to define the effect of the terminal
oxidation on the yield of coupled product, we have ex-
amined the reactions of lithium dimethylcuprate and re-
lated substances with iodobenzene and 1-iodonaph-
thalene in detail.

Three preparations for solutions containing *lithium

dimethylcuprate” are available (eq 6-8).1%2 These
2CH;Li + CuX —> (CH;%Culi + LiX (6)
1
CH.Li 4+ CH;Cu —> (CH;),CuLi @)
1
2CH;Li + L-CuX —> (CH),CuLi-L + LiX ®)

preparations differ in convenience and in the properties
of the resuliing organometallic reagents. The most
amenable to large scale synthetic application is the
direct reaction between methyllithium and copper(l)
bromide or iodide suspended in ether (eq 6). The com-
position of these organometallic solutions is not well
defined on two counts: for one, they contain variable
amounts of lithium halide; for a second, they appear to
be significantly more active in certain reactions than so-
lutions containing pure lithium dimethylcuprate (vide
infra). Preparation of pure lithium dimethylcuprate by
reaction of methyllithium with a slight excess of pure
methylcopper (eq 7) leads to lithium halide free solu-
tions containing an organocopper reagent of well-de-
fined stoichiometry, but is relatively inconvenient in its
requirement that methylcopper(l) be prepared in a sep-
arate step. Reaction of methyllithium with an ether-
soluble copper(l) halide trialkylphosphine or bis(dialkyl
sulfide) complex results in a solution containing the
phosphine or sulfide ligand and lithium halide in addi-
tion to a lithium dimethylcopper ate complex (eq 8).

(20) No firm evidence is available concerning the structure(s) or
extent(s) of aggregation of the species represented in this paper as
R:CuLi and R:CulLi-PR;. By analogy with the ate complexes formed
between methyllithium and either dimethylmagnesium or dimethyl-
zing,2! the “lithium dimethylcuprates” probably consist of tetrahedral
metal clusters with face-centered bridging alkyl groups. Preliminary
low-temperature nmr studies of copper ate complexes are consistent
with such a picture and also suggest the existence of higher complexes
having composition, e.g., (RCu)-(RL1)z.?? Both chemical and spectro-
scopic evidence indicate qualitatively that trialkylphosplines in solution
of copper ate complexes are associated with the metal clusters, but again
no structural information concerning the details of this association are
at hand.2?

(21) T. L. Brown, Accounts Chem. Res., 1, 23 (1968).

(22) J. SanFilippo, Jr., unpublished studies.
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Table I. Reaction of Lithium Dialkylcuprates with Iodobenzene®
Recovered
iodo-
Other solution Reaction benzene, ~~—— Yield, %% ——
R,CuLi components (concn, M)  time, hr % Product Hydrolysis Oxidation¢

1. (CH;).CuLis¢ 1 95 Toluene 3 3
4 75 6 16
15 36 24 48
42 <1 46 70
2. (CH,),CuLi? CH,Li (0.1) 1 4 4
4 11 35
15 25 65
42 48 71
3. (CH;)CuLid LiBr (1.0) 1 ~1 ~1
15 29 60
4. (CH;)CuLid Lil (1.0) 1 <1 <1

34 16
5. (CHj),CuLid (n-C4H,);P (0.5) 1 20 91
4 18 92
6. (CH;),CuLie Lil (0.5) + 1 <1 <1
(n-C4Hy),S (1.0) 4 4 19
72 37 37
7. (CH,),CuLi/ LiI (0.5) + 0.25 12 60
LiBr (1.0) 12 12 60
8. (CH;)CuLid “residue” ¢ 1 55 52
2 99 98
9. (CH;)CuLid CH,Li (0.1) + 1 3 7
“residue” ¢ 4 80 80
15 95 95
10. (}‘l-(:,;I'I_c,)z(:l.lLiP(n-Bl.l)aA Lil (05) 0.7 n-C4H9C6H5 <1 50
11.  (sec-CHy)CuLiP(n-Bu),* LiI (0.5) 0.7¢ sec-C H,CsH5 <1 20
12, “(n-C4H9)2CULi” ! Lil (05) 1.0/ n-C4H9C6H5 <1 55
13, “(sec-CH,)CuLi” / Lil (0.5) 1.0/ sec-C:HoCsHj <1 <1

@ Reactions were carried out in ether solution at 25°, with [R,CuLi] = 0.5 M, and [CsH;I] = 0.1 M, unless otherwise noted.
¢ Oxidations were carried out by diluting the reaction mixture to ~0.1 M in Cu(I)
followed by addition of an excess of molecular oxygen at — 78°, unless noted otherwise.
¢ Prepared by reaction of 2 equiv of methyllithium with 1 equiv of [(#-C:H)SkLCul (eq 8)
/ Prepared by reaction of 2 equiv of alkyllithium reagent with a suspension of 1 equiv of Cul (eq 6).
ent in commercial copper(I) iodide which are insoluble in di-#-butyl sulfide.
action of 2 equiv of alkyllithium reagent with 1 equiv of ICuP(n-Bu); (eq 8).

were determined by glpc, and are based on iodobenzene.

in halide-free methyllithium solution (eq 7).

The presence of these ligands and their reaction products
during the work-up of reactions carried out on a syn-
thetic scale has consistently proved to be a major incon-
venience.

Lithium dialkylcuprates containing primary alkyl
groups other than methyl can in general be prepared by
procedures analogous to those of eq 6, 7, and 8, al-
though the solutions obtained by the procedure of eq 6
may contain alkyllithium reagent in appreciable excess
of the stoichiometry required by the formulation R.-
CuLli. Grignard reagents cannot in general be sub-
stituted for organolithium reagents in the procedure of
eq 6. We have only been successful in preparing well-
characterized sec- and t-alkylcopper(l) reagents by the
procedure of eq 8. The procedures exemplified by eq 6
[with copper(l) bromide], 7, and 8 were also satisfactory
for producing ether solutions of lithium diphenylcu-
prate.

The products of reaction of lithium dimethylcuprate
with iodobenzene and with iodonaphthalene were in-
ferred from a comparison of the glpc traces of two ali-
quots: one aliquot was hydrolyzed directly; the second
was first oxidized using an excess of molecular oxygen or
nitrobenzene, and then hydrolyzed. Using this ana-
lytical procedure, the yield of toluene or 1-methylnaph-
thalene obtained following the nonoxidative work-up
presumably provides a measure of coupling taking place
by some combination of reactions represented by eq 2,
3, and 4. Although a number of precautions were

b Yields
4 Prepared by dissolving halide-free methylcopper(T)

¢ ““‘Residue” refers to the materials pres-
See the text for a discussion of this point. * Prepared by re-
‘ Reaction carried out at —10°. 7/ THF solution.

taken to avoid contact between the reaction solution
and oxygen (from the air) in the reactions involving a
nonoxidative work-up, the possibility that some por-
tion of the toluene or 1-methylnaphthalene formed in
these experiments arose from unintentional reaction
with an oxidant cannot be rigorously excluded. The
increase in yield of unsymmetrical dimer on oxidation
provides a qualitative measure of the quantity of aryl-
metallic reagent present in the solution. Additional
evidence for the presence of an arylmetallic interme-
diate is discussed later in this manuscript. Since an ex-
cess of lithium dimethylcuprate was used in all studies,
and since oxidative coupling of mixed lithium diorgan-
ocuprates seems to give approximately statistical yields
of symmetrical and unsymmetrical dimers,? the prob-
ability of symmetrical coupling of the aryl moieties of
two arylmetallic reagents under oxidative conditions is
much lower than the probability of unsymmetrical cou-
pling.

The data of Table I summarize observations con-
cerning the response of the yield of toluene in coupling
of lithium dimethylcuprate with iodobenzene to a
number of types of changes in reaction conditions.
The reaction of pure lithium dimethylcuprate with iodo-
benzene in halide-free ether appears to be complete in
24 hr or less at 25°. The yield of toluene in the non-
oxidative work-up, and the increase in yield of toluene
on oxidation, demonstrate that the products of carbon—
carbon bond formation and metal-halogen exchange

Whitesides, et al. | Lithium Dialkyl- and Diarylcuprate Reactions


W-C4H.9C.6ri5

4874

Table II. Reaction of Methylcopper Derivatives with 1-lodonaphthalene
1-Iodonaph- Other solution Reaction —Yields, %¢——————
Copper reagent thalene components time, 1-Methyl- 1-Iodo-
(concn, M) concn, M (concn, M) hr Naphthalene naphthalene naphthalene
(CH;),CuLi (0.38)® 0.13 0.5 25 10 67
2.0 51 29 17
4.0 58 31 6
8.0 62 33
(CH3;).CuLi (0.38) 0.13 Lil (0.39) 0.5 72 11 7
1.0 73 13 3
2.0 77 14
23 69 20
(CH,),CuLi (0.32y 0.11 Lil (0.32) 2.5 59-70 26-28 3-10
2.5 2 62 10)4
2.5 2 57 16)°
2.5 4 70 4y
CH;CuP(n-Bu); (0.38) 0.13 0.5 1 8 91
2.0 1 31 68
4.00 5 75 3
CH;CuP(n-Bu); (0:38) 0.13 2.0 2 33 65
CH;CuP(n-Bu); (0.38) 0.13 Lil (0.38) 2.0 20 29 51

¢ Based on 1l-iodonaphthalene.

of 1 equiv of Cul (eq 6).
equivalent concentration would have been 1.4 M.
PhNO; at 0°; equivalent concentration 0.67 M.

form at comparable rates. Similar data for reactions
with 1-iodonaphthalene are presented in Table II; in
this case consumption by the aryl iodide is complete in
less than 8 hr. The addition of lithium bromide,
lithium iodide, or di-n-butyl sulfide to solutions of
lithium dimethylcuprate (1) prepared from pure methyl-
copper has relatively little effect on the rate either of the
metal-halogen exchange reaction or of the coupling
reaction. Addition of 1 equiv of tri-n-butylphosphine
to a reacting solution of lithium dimethylcuprate and
iodobenzene has two effects: it increases the rate of
metal-halogen exchange as judged by the yield of tol-
uene obtained on oxidation, and it increases the rate of
toluene formation prior to oxidation.

Comparison of entries 1, 3, 4, and 7 of Table I and
similar data in Table II establishes that the reaction be-
tween aryl iodides and pure lithium dimethylcuprate,
prepared from methyllithium and methylcopper(l), is
appreciably slower than that with lithium dimethyl-
cuprate prepared by reaction of methyllithium and
copper(l) iodide: the latter reaction appears to be com-
plete in 15-30 min, while the former process requires
8-24 hr. Further, although the yield of toluene ob-
tained on oxidation of the latter reaction mixture is
comparable to that obtained on oxidation of reaction
mixtures incorporating pure lithium dimethylcuprate,
the yield of toluene produced in the direct coupling reac-
tion is significantly lower. Thus, it appears that metal-
halogen exchange is significantly more rapid using the
reagent prepared by reaction of methyllithium and
copper(l) iodide than using pure lithium dimethylcu-
prate.

The reason for the observed differences in reactivity
of the organometallic reagents prepared by the proce-
dures represented by eq 6 and 7 is not presently clear.
Methyllithium itself reacts readily with iodobenzene
to yield toluene.?®* In fact, the direct reaction of

(23) (a) H. Gilman and F. W, Moore, J. Amer. Chem. Soc., 62, 1843
(1940); (b) W, Langham, R. Q. Brewster, and H. Gilman, ibid., 63, 545
(1941). In our hands, reaction of | equiv of methyllithium with 1

equiv of iodobenzene in ether yielded 91 & toluene in 30 min at room
temperature. Under similar reaction conditions, 1-iodonaphthalene

Reactions were carried out in ether solution at 25° unless otherwise indicated.

halide-free methylcopper(I) in halide-free methyllithium solution (eq 7).

4 Yields obtained on oxidation with O, at 0°.
¢ Oxidation with O, at —78°;

¢ The reaction was stirred at 25-27° for 2 hr and then heated to 60-70° for 2 hr.

b Prepared by dissolving
¢ Prepared by reaction of 2 equiv of methyllithium with a suspension

If all the oxygen added had dissolved in the reaction solution, its
equivalent concentration 1.4 M. / Oxidation with

methyllithium with aryl iodides in the absence of copper
salts often gives yields of coupled products comparable
or superior to those obtained using lithium dimethyl-
cuprate. However, comparison of entries 1 and 2
of Table I establishes that the presence of methyllithium
in excess of the stoichiometry required by the formula-
tion “(CH;).,Culi” does not appreciably enhance the
reactivity of the copper ate complex in the coupling
reaction.

A possible clue to the difference in reactivity of pure
lithium dimethylcuprate and material prepared directly
from methyllithium and commercial copper iodide
appears in comparison of entries 2, 7, 8, and 9 of Table
I. The ether-soluble complex of di-»-butyl sulfide and
copper(l) iodide used in the preparation of pure methyl-
copper(l) (eq 7) is obtained by dissolving copper(l)
iodide in the sulfide. Commercial “copper iodide”
ordinarily contains approximately 5%, impurities which
are insoluble in di-n-butyl sulfide. Entries 8 and 9
summarize experiments in which these di-n-butyl sulfide
insoluble residues were collected and added to copper
ate complexes prepared from pure methylcopper. Sur-
prisingly, it appears that addition of these residues to
the organocopper solutions significantly enhances their
reactivity in the nonoxidative coupling reaction. Work
in progress is designed to explore the significance of
these observations, and any discussion of the mechanism
by which the di-n-butyl sulfide insoluble residues might
influence the course of the coupling reaction is clearly
speculation. Nonetheless, these results raise the in-
triguing possibility that metals, other than copper,
present in the residues may be capable of catalyzing the
coupling reaction.?

yielded 86% 1-methylnaphthalene. Consequently, the direct reaction
with methyllithium appears to be the method of choice for synthetic
methylation reactions involving aryl iodides when other functional
groups in the organic iodide are compatible with this organometallic
reagent. Comparison of these yields and reaction times with those in
Table I provides chemical evidence that solutions of lithium dimethyl-
cuprate do not contain appreciable concentrations of free methyllithium,

(24) NOTE ADDED IN PROOF. Semiquantitative flame speetropho-
tometric analysis of a representative sample of the di-n-butyl sulfide
insoluble “residue” in commercial copper(I) iodide has established that
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Table III. Reaction of Lithium Diphenyl Cuprate with Aryl and Vinyl Halides
(CsH;).CuLi Organic halide Additive(s) Reaction
(conen, M) (concn, M) (concn, M) time, hr — Product yields, % ——————
1-Iodo- 1 Phenyl- 1,1’-Bi-
Iodo- Naph- naph- naph- naph-
benzene thalene thalene thalene thyl
0.16 1-Iodonaphthalene LiBr (ca. 0.48)* 1 58 60 25 13
(0.032) 4 68 75 22
19 49 70 28
0.16 LiBr (ca. 0.48)° 4 b 52 5
0O, (excess)
0.16 LiBr (ca. 0.48), 4 b 53 2
0O, (excess)d
0.16 LiBr (ca. 0.48),% 4 b 10 90
PhNO:; (0.40)
0.16 LiBr (ca. 0.48), 4 b 25 70
MeNO, (0.59)
0.16 LiBr (ca. 0.48),2 4 b 15 81
CuCl; (0.32y
0.18 Lil (ca. 0.02) 1 25 24 59 12
4 48 56 3 37
22 19 44 45
0.21 LiBr (ca. 1.7) 1 b 41 34 25
(0.042) 3.5 b 59 2 39
trans-Stilbene cis-Stilbene
0.24 trans-B-Bromostyrene LiBr (ca. 0.72)c 2.0 75 <2
(0.049) 4.0 90 <2
0.20 cis-3-Bromostyrene LiBr (ca. 0.60)* 2.0 <1 73
(0.042)
1,8-Diphenyl-
naphthalene 1-Phenylnaphthalene
0.60 1,8-Diiodonaphthalene LiBr (ca. 1.8)¢ 24 (reflux) 5 56
(0.10)
0.60 0O, (excess) 47 2

= This salt was formed in the reaction solution during the preparation of phenyllithium and during the subsequent formation of lithium

diphenylcuprate from phenyllithium and copper(I) bromide.

. b In these runs the yield of iodobenzene was not determined.
action solution had been stirred for the specified time it was cooled to 0° before the oxidant was added.

¢ After the re-
4 After the reaction solution had

been stirred for the specified time it was cooled to —78° before the oxidant was added.

Reaction of lithium di-a-butyl- and di-sec-butyl-
(tri-n-butylphosphine)cuprates®  with  iodobenzene
yields appreciable quantities of n-butyl- and sec-butyl-
benzene, respectively, on oxidative coupling, but no
butylbenzenes on nonoxidative hydrolytic work-up
(Table I). Apparently metal-halogen exchange can
take place with these reagents, but the direct coupling
reaction is slow.

Hydrolysis of aliquots of a reaction mixture contain-
ing pure lithium dimethylcuprate and iodonaphthalene
demonstrates that the decrease in the concentra-
tion of iodonaphthalene is accompanied by a cor-
responding increase in concentration of both I-
methylnaphthalene and naphthalene, the latter com-
pound presumably arising from protonation of a
1-naphthyl organometallic reagent. The data in Table
Il suggest that nitrobenzene is a slightly more efficient
reagent for the oxidative coupling than is molecular
oxygen. The last three entries in Table II establish
that formation of an ate complex is not a prerequisite

its principal metallic constituents are: Cu (>10%), Fe (>10%),
Na (1-10%), Ni (0.1-1.0%), and Cr (0.1-1.0%). A mixture of “pure”
lithium dimethylcuprate, prepared using the procedure represented by
eq 7, and iron(II) chloride (<209}, based on copper) shows the same
reactivity toward iodobenzene as material prepared directly from
methyllithium and commercial copper iodide. Nickel(II) bromide
significantly enhances both the yield and rate of formation of toluene
in the direct coupling reaction of “‘pure” lithium dimethylcuprate with
iodobenzene. Thus, both nickel and iron catalyze the coupling of
lithium dimethylcuprate with iodobenzene. Studies of applications
and mechanism of this catalysis are continuing.

for successful coupling. Methyl(tri-n-butylphosphine)-
copper(l) reacts with I-iodonaphthalene to give
l-methylnaphthalene. This reaction seems to be
accompanied by appreciably less metal-halogen ex-
change than the corresponding reaction involving
methylcopper ate complexes. Unfortunately the pres-
ence of tri-n-butylphosphine in these reaction mixtures,
and the thermal instability of alkylcopper(l) reagents
other than methyl, severely limit the practical usefulness
of coupling reactions involving the alkyl(tri-n-butyl-
phosphine)copper(I) reagents.

For reaction systems in which metal-halogen ex-
change is faster than direct coupling, there may be
practical advantages in certain cases to a coupling
scheme involving direct formation of the mixed ate
complexes required for oxidative coupling from organo-
lithium reagents. This scheme is most attractive for
couplings involving sec- or t-alkylcopper compounds.
The thermal stability of these reagents is sufficiently
low that extensive thermal decomposition occurs under
the reaction conditions required for coupling and
metal-halogen exchange to take place. In contrast,
both the formation of mixed ate complexes by reaction
of organolithium reagents with copper(l) salts (eq 6 and
8), and their subsequent oxidative coupling, can be
carried out at —78° Thus, for example, sec-butyl-
benzene is formed in higher yield by oxidation of pre-
formed ate complexes than by direct reaction of lithium
di-sec-butylcuprate with iodobenzene (Table I).
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1. 2.5 CuBr, THF, —78°

SeC-C4HgLi + 4C6H5L1 > SEC-C4H9C3H5

2. Qg —78° (767)
_ 1. 2.5 CuBr, THF, —78°
I'CngLl + 4C6H5L1 —_— 1-C4H9C6H3
2.

(737

Reaction of Lithium Diphenylcuprate with Aryl and
Vinyl Halides. The reaction of lithium diphenyl-
cuprate with 1-iodonaphthalene (Table III) appears to
follow approximately the same pattern that appeared
in reactions of the methyl reagent 1 with l-iodonaph-
thalene and iodobenzene. The operation of metal-
halogen interchange in this reaction system is unam-
biguously confirmed by the observation that hydrolysis
of a reaction aliquot with D,O after the metal-halogen
exchange has taken place leads to naphthalene having
isotopic composition 807 di, 207 do, and by the si-
multaneous appearance of iodobenzene and naphthalene
in approximately equal yields from hydrolysis of ali-
quots taken early in the reaction. Metal-halogen ex-
change is complete in approximately 4 hr at room tem-
perature; the coupling reaction, which may reflect either
direct reaction of lithium phenyl(l-naphthyl)cuprate
with the iodobenzene formed in the exchange, or
thermal decomposition of a 1-naphthylcopper organo-
metallic reagent in the presence of a phenylcopper com-
pound, continues more slowly. Regardless of the
mechanism of the thermal coupling reaction, oxidation
of the mixture of organometallic reagents obtained after
the initial metal-halogen exchange reaction is complete
results in efficient conversion of 1-naphthylmetal species
present in solution to I1-phenylnaphthylene. Once
again, nitrobenzene appears to produce the highest
yields of l-phenylnaphthalene in the oxidative cou-
pling: oxidation with oxygen either at 0° or at —78°,
nitromethane, or copper(II) chloride gives appreciably
lower yields.

Similarly, reaction of an excess of lithium diphenyl-
cuprate with 1,8-diiodonaphthalene in refluxing diethyl
ether solution for extended periods of time appears to
result in approximately 509 conversion of the aryl
iodide to 1-phenyl-8-copper(I)naphthalene, as judged
by the difference in yield of 1-phenyl- and 1,8-diphenyl-
naphthalene before and after oxidation.

Reaction of lithium diphenylcuprate with cis- or
trans-3-bromostyrene results in high conversions to cis-
and trans-stilbenes, respectively; oxidation is not re-
quired in this reaction system to obtain high yields of
coupled products. Less than 27 of the stilbene isomer
having inverted configuration around the double bond
is formed in each case. For reasons discussed pre-
viously® the observation of retention of stereochem-
istry in these coupling reactions strongly argues against
free 3-styryl radicals as reaction intermediates.

Reaction of Lithium Dialkyl- and Diarylcuprates with
Alkyl Halides. The reaction of typical lithium dior-
ganocuprates with alkyl halides (Table IV) differs in
several important practical aspects from the reactions
with aryl halides discussed previously. First, these
coupling reactions usually proceed more rapidly and
in higher yield than do the corresponding couplings to
aryl moieties. Second, there is no evidence for im-
portant involvement of metal-halogen exchange in
coupling reactions involving alkyl halides in ether

Qq, —78°

(25) G. M. Whitesides and C. P, Casey, J. Amer. Chem. Soc., 88,
4541 (1966).

solutions: in most of these reactions we have ex-
amined, the yields of coupled product obtained after
either oxidation or hydrolysis of the reaction mixtures
are very similar. Since the oxidation of lithium di-
alkylcuprates gives good 'yields of dimeric products,!®
this observation indicates that these reaction solutions
did not contain significant concentrations of organo-
metallic compounds corresponding to the starting or-
ganic halides, at the point at which the oxidant was
added. Although this fact does not by itself exclude
the products of metal-halogen exchange as transitory
intermediates in the coupling reaction, the observed
stereochemistry of the reaction of lithium diphenylcu-
prate with (—)-(R)-2-bromobutane (vide infra) renders
this reaction course unlikely. Third, couplings involv-
ing alkyl halides are significantly improved by using a
polar solvent such as tetrahydrofuran as the reaction
medium.

Several specific points concerning the data in Table
IV deserve brief comment. First, lithium dimethylcu-
prate (1) prepared from methyllithium and copper(l)
iodide appears to have the same reactivity toward alkyl
halides as does pure 1. Since the difference between
the reactivity of these reagents toward aryl halides
seemed to be related to a difference in their activity in
metal-halogen exchange, their similarity in a reaction
system in which metal-halogen exchange apparently
does not take place is not surprising. Second, it ap-
pears that it may be possible in certain coupling reac-
tions to use a mixture of organolithium reagent and
catalytic quantities of copper(l) ion in place of pre-
formed dialkylcuprates to effect the coupling reaction,
albeit at appreciable detriment to reaction rate and
product yield. The reaction of threefold molar excess
of 1 with n-octyl iodide to yield n-nonane takes place
quantitatively in less than 3 hr. Reaction of a similar
quantity of methyllithium with #-octyl iodide for 12 hr
yields only 69 n-nonane. However, addition of 5
mol % copper iodide (based on n-octyl iodide) to the
methyllithium results in a 649 yield of n-nonane in 12
hr. Third, lithium di-z-butylcuprate reacts with almost
equal facility with n-pentyl iodide, bromide, chloride,
and tosylate to yield n-nonane, provided that tetrahy-
drofuran is used as solvent. The use of diethyl ether as
solvent results in lower yields of coupled products with
n-pentyl bromide and chloride; the use of pentane as sol-
vent appears to completely inhibit the direct coupling
reaction. These observations are in qualitative accord
with the proposition that the response of the coupling
reactions to changes in solvent and leaving group are
those expected for an SN2 reaction. Fourth, although
2-bromobutane couples in high yield with lithium di-
phenylcuprate, the yields of coupled products obtained
on reaction of secondary alkyl halides with lithium di-
alkylcuprates are much lower than those obtained with
primary halides. The yields of coupled products ob-
tained using t-alkyl halides are so low that the re-
action appears to be of no practical utility. In con-
trast, lithium di-sec-alkyl- and di-¢-alkyl(tri-n-butylphos-
phine)cuprates® give good yields of coupled products on
reaction with primary alkyl halides. Thus, coupling of
a primary with a sec-alkyl group is best accomplished
either by reaction of a primary alkyl chloride with a
“di-sec-alkylcuprate,” or by reaction of a primarily
alkyl bromide with a di-sec-alkyl(tri-n-butylphosphine)-
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Table IV. Reactions of Lithium Dialkyl- and Diarylcuprates with Alkyl Halides®

R-R’ yield, %¢

Copper reagent, R,CuLi Alkyl halide, R’X LiX Time, Hydrol- Oxida-
(concn, M) (concn, M) (concn, M) hr Solvent ysis tion?
(CH;),CulLi (0.5)¢ n-CsHul (0.1) 0.25 Et,O 18 18
0.5 30 30
3.5 98 98
(CH;).CuLi (0.5)3 n-Cs:Hul (0.1) LiI (0.5) 0.25 56 56
0.5 75 75
3.5 98 98
(CH;),CulLi (0.33)¢ n-CgHi:1 (0.11) Lil (0.5) 2.7 97
CH;Li (0.66) + 5 mol % Cule 12 64
(n-C4H,),CulLi (0.4) n-CsHul (0.1) 1 68 72
2 69 75
26 70
(n-C4H,).CuLi (0.4 n-C;Hul (0.1) 12 THF gg 98
(n-C4H,),CulLi (0.4)¢ n-C;HuBr (0.1) 1 n-C;Hi. <2 67
2 <2 70
26 <2
(n-C4Hy),CuLi (0.4) n-CsHyBr (0.1) 1 Et.O 68 72
2 69 75
26 70
(n-C4H,),CuLi (0.4) n-CsHyBr (0.1) ; THF gg 98
6
(n-C4H,),CulLi (0.4 n-CsHuCl (0.1) 1 Et.O 10 32
2 9 32
26 10
(n-C4H,),CuLi (0.4) n-C;:HnCl (0.1) 1 THF 80 86
2 80 86
26 81
(n-C{H,).CuLi (0.4) n-C:HnOTs (0.1) 1 THF 98
(n-C4H,),CuLi (0.4) C;H,CHBrCH; (0.1) 1 THF 12 12
2 12 12
26 12
(n-C4H,),CuLi (0.4) C:H;CBr(CHj3;), (0.1) 1 THF <10 <10
2 <10 <10
(n-C:H,),CuLi-PBu; (0.5)/ n-CsHul (0.1) Lil (0.5) 1 THF-CsH,, 91 91
(n-C4H,),CuLi- PBu; (0.5)/ n-CsHuBr (0.1) (0.5) 1 93 93
(sec-C4H,),CuLi- PBu; (0.5)/ n-C;HuBr (0.1) (0.5) 1 94 94
(-CH,).CuLi- PBu; (0.5)/ n-CsHuBr (0.1) (0.5) 1 THF-C:H,, 92 92
“(n-C4H9)zCuLi” (O.S)d I1-C5H11[ (0.1) (05) 1 Eth—CeH“ 53 73
*(n-C4Hg)CuLi” (0.5)% n-C:Hul (0.1) 0.5) 1 THF-CH; 39 55
“(sec-C4Hy),CuLi” (0.5)3 n-C;Hul (0.1) (0.5) 1 7 7
“(t-CsHy),CuLi” (0.5)3 n-C;Hul (0.1) 0.5) 1 THF-C;:H;, <1 <1
“(n-CH,).CuLi” (0.5)% #-CsHiCl (0.1) 0.5 1 79 80
“(sec-C4Hg),CuLi” (0.5)3 n-C;HiCl (0.1) 0.5) 1 64 60
2 60 60
“(t-C4H;),CuLi” (0.5)¢ n-CsHuCl (0.1) 0.5) 1 <1 <1
(n-CHy),CuLi.-PBu; (0.5)/ ¢-CsHyBr (0.1) (0.5) 1 THF-C¢H,# 25 25
(Ce¢H ;) CuLi (0.2)4 n-CsHyil (0.1) LiBr (0.2) 2 Et,0 99
(CsH;5)CuLi (0.39)¢ C:H;CHBrCHj; (0.12) (0.39) 72 THF-Et,0¢ 87
(C¢H;)CuLi (0.3) ¢-Ce¢Hy1Br (0.1) (0.3) 96 g 10 10
(CsH;),CuLi (0.39)¢ Adamantyl Br (0.12) (0.39) 72 g <1
(CsH;)CuLi (0.2)¢ (CH;);CBr (0.1) 0.2) 4 g <1
(CHy==CH),CuLi- P(n-Bu); (0.5)/ n-CgHy7I (0.1) Lil (0.5) 0.75 95 91
(CH;==CHCH,),CuLi (0.3)* n-CsHul (0.1) (0.6) 0.75 98¢
(C¢H;C=C);CuLi, (0.3)3 n-CsHul (0.15) 0.3) 3 Et,O <1

2 Yields are based on the organic halide.

reagent with copper(I) iodide or bromide (eq 6).

Reactions were carried out in ether at 25°, unless otherwise noted. * Oxidation with O, at
—78°, unless otherwise noted. ¢ Prepared by dissolving alkylcopper in alkyllithium solution (eq 7). ¢ Prepared by reaction of alkyllithium

The composition of these reagents is uncertain, ¢ The amount of Cul added is based on

quantity of n-CsHi:I present. / Prepared by reaction of alkyllithium reagent with ICuPBu; (eq 8). ¢ Reaction temperature 52°, * Prepared
by reaction of 2 equiv of allyllithium solution with 1 equiv of [(n-C4H,).S]:Cul (eq 8). The same yield was obtained from reaction of

CH;=CHCH,Li.

cuprate. Coupling of a primary with a z-alkyl group
can be accomplished by reaction of a primary alkyl ha-
lide with a lithium di-z-alkyl(tri-n-butylphosphine)cu-
prate; this coupling fails using ‘‘di-z-alkylcuprate.”
Finally, although the coupling of lithium diallylcuprate
and n-pentyl iodide was a rapid and high-yield reac-
tion, comparable yields of 1-octene could be obtained
by direct reaction between allyl/ithium and n-pentyl
iodide. Thus, in this particular case, formation of the
copper ate complex offers no synthetic advantage.

The mild conditions and high yields associated with
these coupling reactions afforded an opportunity to ex-
amine the stereochemistry of carbon—carbon bond for-
mation during a coupling reaction. Optically active
(+)-(S)-2-butanol (optical purity 77-79%) was pre-
pared by oxidation of the hydroboration product from
cis-2-butene and optically active diisopinocampheyl-
borane.?® This alcohol was converted to 2-bromo-

(26) (a) Prepared from diborane and (—)-a-pinene by the method
of H. C. Brown, N. R, Ayyangar, and G. Zweifel, J. Amer. Chem. Soc.,
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CgHa CzHa CgH:,
! Phi:PBr: ! (CsHs)2CuLi !
H{||C|/|OH ——— Br!l|C|/|H —> HJ|{[C||CH;s (9)
i DMF i Et:0-THF i
CH; CH; CH;
S R S

[]®D +10.43-10.69° [a]?D —27.01° [«]*D +18.70°

butane by treatment with triphenylphosphine and bro-
mine in dimethylformamide. This procedure is a modi-
fication of a previously published method? which min-
imizes racemization by distilling the bromide from the
reaction mixture as it is formed.?* By analogy with the
work of Schaefer® and related studies by Snyder®® we
assume this halogenation proceeds with inversion of
configuration to produce bromide of the (—)-R con-
figuration having [¢]?**D —27.01° (neat), corresponding
to an optical purity of 76 to 8197, depending on the
value accepted for the rotation of optically pure 2-bro-
mobutane.® Reaction of this bromide with lithium
diphenylcuprate in refluxing ether—tetrahydrofuran
yielded (4 )-(S)-2-phenylbutane having [o]%*~*D +18.20
to +18.70° (neat),®! corresponding to 67-689, op-
tically pure material.?* Thus the coupling of lithium
diphenylcuprate with 2-bromobutane proceeds with
predominant inversion of configuration. Comparison
of the optical purities of the starting bromide and cou-
pled product establishes that the reaction takes place
with 84-92 97 stereoselectivity, depending on the value
accepted for the optical rotation of the enantiomerically
pure 2-bromobutane.

Discussion

The experimental data presented in this paper indi-
cate that the reaction of lithium dialkylcuprates with
alkyl halides proceeds without significant metal-halogen
exchange, by a mechanism which requires, in at least
one instance, predominant inversion of configuration at
the carbon atom originally bonded to halogen. Fur-
ther, the structure of the alkyl group bonded to the
metal and to the halogen, the nature of the leaving
group, and the polarity of the solvent all exert an in-
fluence on the course of the reaction which is consistent
with a mechanism for carbon-carbon bond formation
which involves an SN2 displacement at carbon. Un-

86, 397 (1964). (b) The absolute stereochemistry of 2-butanol has been
established by relation to lactic acid. See K, Wiberg, J. Amer. Chem,
Soc., 74, 3891 (1952), and references cited therein,

(27) (a) J. P. Schaefer and D. S. Weinburg, J. Org. Chem., 30, 2635
(1965); (b) G. A. Wiley, R, L. Hershowitz, B. M. Rein, and B. C.
Chung, J. Amer. Chem. Soc., 86, 964 (1964).

(28) The procedure used here is similar to that developed in the
unpublished work of F. R, Jensen and V, Krimsley, University of
California at Berkeley,

(29) R. G. Weiss and E. I, Snyder, Chem. Commun., 1358 (1968).

(30) (a) P.S. Skell, R. G, Allen, and G. Helmkamp, J. dmer. Chem.
Soc., 82, 410 (1960), observed [a]25D 32.09° for (4 )-2-bromobutane and
calculate that the maximum value should be 39.3°; (b) from the data of
R. L. Letsinger, L. G. Maury, and R, L. Burwell, ibid., 73, 2373 (1951), a
maximum value for [«]|?°D of 34.3° may be calculated; (c) F. R. Jensen
and D. D. Davis believe the maximum value is within the range 33.1-
35.3°% See D. D. Davis, Ph.D. Dissertation, University of California
at Berkeley, Aug 1966; (d) P. Salvadori, L. Lardicci, and M. Stagi,
Ricerca Sci., 37, 990 (1967), show that Skell’s value®® of 39.3° is too
high. From their data a maximum value for [«]»D of 35.7° may be
calculated; (e) D. G. Goodwin and H. R. Hudson, J. Chem. Soc., B,
1333 (1968), observed [a]®D —33.4° for (- )-2-bromobutane and cal-
culated a maximum value of 34.8°. From these results it appears that
the actual value lies between 33.4° and 35.7°.

(31) The absolute configuration of (4)-(S)-2-phenylbutane has been
assigned by relation to 2-butanol,32 and by relation to a-phenylethanol.33

(32) D. J. Cram, J. Amer. Chem. Soc., 74, 2149 (1952).

(33) D.J. Cram, ibid., 74, 2137 (1952).

(34) J. Kenyon, P. W, B. Harrison, and J. R. Sheppard, J. Chem. Soc.,
658, 661 (1926), reported [a]?"D —27.3¢ for (—)-2-phenylbutane,

fortunately, the available data are not sufficiently de-
tailed to permit a precise description of the bond-
forming step. The reaction may involve simply dis-
placement of halide ion at carbon by an alkyl group
(eq 10), or some more complex pathway proceeding, for

Cu N\ /
—~3C— — Cul + R—C~ + I" (0
R / AN

example, by nucleophilic displacement with inversion of
configuration on the alkyl halide by the copper atom
(eq 11), followed by collapse of the resulting formal

R,Cu— C—I

chu(m)—é< — R—C|:<
copper(IIT)# organometallic compound with retention
of configuration.®® Until more information concerning
both the state of aggregation and structure of the copper
ate complexes and the influence of alkyl halide structure
on the rate and stereochemistry of the coupling reaction
are available, further speculation on detailed mech-
anism is pointless.

Reaction of lithium dialkylcuprates with ary/ halides
differs from reaction with alkyl halides, in that metal-
halogen exchange is important. The role of this metal-
halogen exchange in nonoxidative coupling of copper
ate complexes with aryl halides is presently unclear.
Initial generation of an arylcopper compound and an
alkyl halide by metal-halogen exchange might be fol-
lowed by nucleophilic displacement of halide ion from
the alkyl halide by the arylmetallic reagent (eq 12). Al-

R:CuLi + Arl === RI + ArRCuLi —> RAr 12)

+ RCu(D) (1)

ternatively, the metal-halogen exchange might simply
constitute a side reaction competing with direct cou-
pling of the components (eq 13). Our data do not

RI + ArRCuLi === R,CuLi + Arl —> RAr (13)

permit an unambiguous distinction between these al-
ternatives at present. However, the observation that
digrylcuprates are capable of nonoxidative coupling
with aryl iodides establishes that a mechanism for
carbon—carbon bond formation does exist which does
not involve an SN2 displacement of the type implicated
by eq 10 and 11.

From the point of view of potential application of
copper “ate” complexes in carbon~carbon bond forming
reactions, several practical features of this work are
worth emphasizing. First, the most convenient prep-
aration of the prerequisite ate complexes from a syn-
thetic point of view is that involving reaction of 2 equiv
of organolithium reagent with 1 equiv of the ap-
propriate copper(l) halide. This preparation is ap-
plicable to aryl, vinyl, and primary alkyl reagents, its
success with secondary reagents is marginal, and it
fails with tertiary reagents. For coupling reactions
requiring z-alkylcopper(I) reagents, lithium di-r-alkyl-
(tri-n-butylphosphine)copper(I) compounds are the

(35) Cf. A. Levitzki and M, Anbar, Chem. Commun., 403 (1968).

(36) Formally similar oxidative addition reactions have been ob-
served for a wide variety of d&-d!° transition metal complexes. Un-
fortunately the stereochemistry of these reactions is not presently

known. Cf. J. P. Collman, Accounts Chem. Res., 1, 136 (1968);
L. Vaska, ibid.. 1, 335 (1968).
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only practical choice, despite the problems frequently
encountered during work-up procedures. Second, the
high reactivity of methyllithium toward aryl iodides
indicates that this material, rather than lithium di-
methylcuprate, is probably the reagent of choice for
methylation of aromatic halides. Third, the relative
rates of coupling and metal-halogen exchange in the
reaction of lithium dialkylcuprates other than methyl
derivatives with aryl halides is such that the yield of
unsymmetrical dimer obtainable by direct coupling
reaction appears to be less than that obtainable from a
combination of metal-halogen exchange followed by
oxidative coupling. In certain cases it may prove
advantageous to attempt to convert the arylcopper
reagents formed during metal-halogen exchange to
coupled products by addition of a large excess of alkyl
halide to the solution.® Alternatively, formation of
the lithium reagents of both of the organic groups to be
coupled, followed by oxidative coupling of the ap-
proximately statistical mixture of ‘“‘ate” complexes ob-
tained when these reagents are mixed in solution with
an appropriate copper salt, may provide a useful route
to an unsymmetrical dimer, provided that this material
is easily separated from the two symmetrical dimers
necessarily formed at the same time.

Experimental Section

Preparation of the Organometallic Reagents. All reactions in-
volving organometallic reagents were carried out under an inert
atmosphere of prepurified nitrogen. Ether and tetrahydrofuran
were distilled from lithium aluminum hydride immediately before
use, and were transferred under nitrogen using hypodermic syringes
or stainless steel cannulas.

Solutions of methyllithium (prepared from methyl chloride) in
ether, #-butyllithium in hexane, sec-butyllithium in hexane, and -
butyllithium in pentane, obtained from the Foote Mineral Corp.,
contained less than 0.01 equiv of lithium halide/equiv of alkyllithium
reagent. Solutions of methyllithium (prepared from methyl bro-
mide) in ether, obtained from Alfa Inorganics, Inc., were saturated
with lithium bromide. Solutions of vinyllithium (THF solution)
obtained from Alfa contained 5% lithium chloride by weight.
Halide-free solutions of phenyllithium were obtained by the pre-
viously described® reaction of iodobenzene with n-butyllithium
in a benzene-hexane mixture. The solid phenyllithium was col-
lected, washed with hexane, and redissolved in ether. After the
ether solution was cooled to —78°, the crystalline lithium reagent
which separated was collected, redissolved in ether, filtered through
a Celite pad, and stored under nitrogen. Ether solutions of phenyl-
lithium containing lithium bromide were prepared from bromoben-
zene in the usual way. Fthereal solutions of the purified, halide-
free phenyllithium were relatively stable when stored in the re-
frigerator. For example, an ether solution which was initially 3.05
M in phenyllithium was found to be 3.00 A after 2-months storage
at 1-2°.

(37) The usefulness of this technique has been demonstrated by
Corey and coworkers, 17 1¥

(38) All melting points are corrected and all boiling points are
uncorrected. Unless otherwise stated magnesium sulfate was employed
as a drying agent, The infrared spectra were determined with a Perkin-
Elmer, Model 237, grating spectrophotometer. The ultraviolet spectra
were determined with a Cary recording spectrophotometer, Model 14,
The nmr spectra were determined at 60 MHz with a Varian Model A-60
spectrometer. The chemical-shift values are expressed either in hertz
or & (ppm) relative to a tetramethylsilane internal standard. The mass
spectra were obtained with a CEC Model 21-130 or a Hitachi (Perkin-
Elmer) niass spectrometer.  Analytjcal glpc analyses were performed
on F & M Model 810 flame ionization and Model 720 thermal conduc-
tivity instruments, Absolute yicelds of products were calculated from
peak areas using internal standard techniques, with response factors
obtained with authentic samples,

(39) M. Schlosser and V. Ladenberger, J. Organometal. Chem., 8, 193
(1967).
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Analyses of lithium reagents were carried out using the Gilman
double-titration procedure,® or by titration with a standard solu-
tion of 2-butanol in xylene with bipyridyl as an indicator, 4!

The bis(di-n-butyl sulfide) and the tri-n-butylphosphine com-
plexes of copper(I) iodide were prepared as described previously.!s
Copper(I) iodide was purified using a literature procedure,? and
an analogous procedure employing saturated aqueous potassium
bromide was used to purify commercial copper(I) bromide.

Solutions of pure, halide-free lithium dimethylcuprate were ob-
tained by dissolving a suspension of halide-free methylcopper in an
ether solution containing slightly less than 1 equiv of halide-free
methyllithium,!®s Halide-containing solutions of lithium dimethyl-
cuprates were obtained either by adding a solution of lithium iodide
or lithium bromide in ether to a solution of halide-free lithium
dimethylcuprate, or by direct reaction of 2 equiv of methyllithium
in ether with a suspension of 1 equiv of copper(I) iodide in diethyl
ether at 0°, Solutions of lithium dialkylcuprates containing tri-n-
butylphosphine (represented in this paper as R.CuLi-PBu;) were
prepared by adding 2 equiv (typically 8.10 mmol, 5.00 ml of 1.62
N solution) of methyllithium (as halide-free or halide-containing
ether solution), vinyllithium, n-butyl-, sec-butyl-, or ¢-butyllithium
to 1 equiv of tetrakisiodo(tri-»-butylphosphine)copper(I) (typically
3.18 g, 8.10 mmol, in 1.5 ml of THF or ether) at —78°, Reaction
between the organolithium reagent and the copper(I) halide was
essentially instantaneous under these conditions. The resulting
solutions ranged in color from colorless to pale pink or yellow, and
were stable indefinitely at —78°. The thermal stability of these
mixtures varied considerably: lithium di--butyl(tri-»-butylphos-
phine)cuprate was the least stable, its decomposition being essen-
tially complete after 20 min at 0°; the analogous methyl ate complex
showed the greatest stability, displaying little evidence of thermal
decomposition after 1.5 hr at the same temperature.

Slightly cloudy solutions of lithium diphenylcuprate ranging in
concentration from 0.16 to 0.50 M were prepared by adding 2 equiv
of ethereal phenyllithium to a cold (0°) suspension of purified
copper(I) bromide. These solutions ranged in color from pale yellow
to a pale greenish yellow with the least color and turbidity being ob-
served when the solutions were prepared from purified phenyl-
lithium. We were consistently unable to prepare these solution
by the addition of ethereal phenyllithium solutions to cold (0 to
—78°) suspensions of purified copper(I) iodide. In all cases a
black suspension resulted rather than the solutions obtained with
copper(l) bromide.*® Solutions of lithium diphenylcuprate could
also be obtained by the addition of 2 equiv of ethereal phenyllithium
to an ethereal solution of bis(di-n-butyl sulfide)copper(I) iodide.
These observations suggest that the decomposition observed during
attempts to prepare phenylcopper derivatives from suspensions of
copper(l) iodide should be attributed to impurities in the iodide
which were not removed by the purification process2 we employed.

Purified solutions of lithium diphenylcuprate were prepared
by the general procedure described previously!® in which the ether-
insoluble phenylcopper was collected and washed with cold (0°)
ether under an inert atmosphere. Although the methylcopper
reagent prepared by an analogous procedure!s was essentially free
of halide containing impurities, the corresponding phenylcopper
reagent contained 10-20 mol % of halide salts. The washed phenyl-
copper was redissolved in an ethereal solution of halide-free phenyl-
lithium,

Allylcopper(l) and lithium diallylcuprate were prepared from
allyllithium. Following a previously described procedure, ¢
1.955 g (6.90 mmol) of tetraallyltin was allowed to react with 27.3
mmol of phenyllithium in 29 mli of ether for 1 hr. After centrifu-
gation to remove the tetraphenyltin, the supernatant ether solution
was separated and found to be 0.974 M in allyllithium. The addi-
tion of 1 equiv of an ethereal solution of allyllithium to a cold
(—78°) ethereal solution containing 1 equiv of the bis(di-n-butyl
sulfide) complex of copper(I) iodide produced a bright red pre-
cipitate of allylcopper. Addition of a second equivalent of allyl-
lithium converted the mixture to a pale yellow solution of diallyl-
cuprate.

“Lithium di-n-butylcuprate” was prepared by reaction of »-
butyllithium with copper(I) iodide using the following proce-

(40) H. Gilman, F. K. Cartledge, and S. Y. Sim, ibid., 1, 8 (1963).

(41) S. C. Watson and J. F. Eastham, 1bid., 9, 165 (1967).

(42) G. B. Kauffman and L., A. Teter, Inorg. Syn., 7, 9 (1963).

(43) This decomposition may result from the presence of traces of
other transition metals in the copper(I) iodide.2#

(44) D. Seyferth and M. A. Weiner, J. Org. Chem., 26, 4797 (1961).
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dure. Copper(l) iodide (0.677 g, 3.54 mmol) was placed in a
40-ml centrifuge tube. The tube was capped with a serum stopper,
and flamed dry under a stream of nitrogen. Ether (20 ml) was
added to the tube, and the resulting suspension was cooled to —50°,
At this temperature 4.0 ml (7.08 mmo]) of halide-free n-butyl-
lithium solution was added. The tube was shaken vigorously for
5 min while holding the temperature between —50 and —20°.
Centrifugation at — 78~ separated the resulting suspension into a
small quantity of black solid and a red solution. This solution was
transferred to another centrifuge tube and hydrolyzed. Analysis%
indicated that the hydrolyzed mixture contained butane and copper
in the ratio 1.89:1,00. Oxidation of the organometallic solution
before hydrolysis using molecular oxygen produced n-octane (40 %)
and n-butyl alcohol (25%), calculated on the basis of initial »n-
butyllithium. Similar treatment of n-butyllithium produced n-
butyl alcohol exclusively; pure lithium di-z-butylcuprate(I) yields
80 % n-octane and 5 % n-butyl alcohol on oxidation. ®

The exact nature of the mixtures produced by the reaction of
n-butyllithium with copper(I) iodide in ether remains unclear. How-
ever, both the approximate analyses outlined above and the chem-
ical reactivity of the mixtures indicate that they can be considered as
mixtures of n-butyllithium and lithium di-n-butylcuprate.

Preparations of “lithium di-sec-butylcuprate” and “‘lithium di-z-
butylcuprate” by direct reaction of 2 equiv of alkyllithium reagent
with 1 equiv of copper iodide followed an analogous procedure.

Solutions of dilithium tris(phenylethynyl)cuprate were prepared
by permitting 18.2 mmol of phenylethynyllithium (obtained by
mixing 1.85 g (18.2 mmol) of phenylacetylene and 10.7 ml (18.2
mmol) of methyllithium in 20 ml of ether) to react with 1.15 g (6.06
mmol) of copper(]) iodide at 25° to yield a pale yellow homogeneous
solution, If only 2 equiv of phenylethynyllithium was used/equiv
of copper iodide, a heterogeneous yellow suspension was formed.
Addition of one further equivalent of phenylethynyllithium to this
suspension resulted in immediate formation of a pale yellow solu-
tion,

Preparation of the Halides and the Hydrocarbon Products.
Commercial samples of trans-stilbene, 1-phenylnaphthalene, nonane,
n-hexane, toluene, n-butylbenzene, sec-butylbenzene, I-octene,
2,2-dimethylheptane, 3-methyloctane, 7-butylbenzene, phenylcyclo-
hexane, 1-methylnaphthalene, and n-octylbenzene were used for
identification and glpc calibration. 1-Iodooctane (Eastman White
Label), iodobenzene, and 1-iodopentane were used without further
purification. Commercial 1-iodonaphthalene was redistilled before
use; bp 151-152° (10 mmy), #24p 1,7010 [lit.*¢ bp 161-162° (15 mm),
nl4p 1.7054]. Crude trans-B-bromostyrene lca. 109 cis (first
eluted) and 9097 trans (eluted second),¥ Eastman Organic Chem-
icals] was purified by treatment with NaOH in isopropy! alcohol as
previously described;* bp 59-61.5° (1.5 mm), n?p 1.6060 [lit.*
bp 45-50° (1.75 mm), n%p 1.6048]; ir (liquid film), 940 cm™!
(trans CH=CH); nmr (CCly) é 7.19 (5 H aryl CH) and an AB
pattern, J = 14 Hz and estimated chemical shifts 6.60 and 7.00
(2 H, vinyl CH). cis-3-Bromostyrene was prepared from trans-
cinnamic acid dibromide as previously described;*® bp 39-40°
(0.5 mm), n2p 1,5984 [lit. bp 55-56° (2 mm),** 55-58° (2 mm),*
n2p 1.59804.4¢]; nmr (CCly) 6 7.1-7.7 (5 H multiplet, aryl CH),
6.87 (1 H doublet, J = 8 Hz, vinyl CH), and 6.23 (1 H doublet, J
= 8 Hz, vinyl CH). Previously described procedures were used to
prepare cis-stilbene,®s 1,8-diphenylnaphthalene 5 and 1,8-diiodo-
naphthalene, mp 107-109° (lit.5! mp 109 °).5?

(—)-a-Pinene, [a]*D —47.5° (neat),’® was converted to the di-

(45) Glpc analyses of n-butane were accomplished on a column
composed of 3% Apiezon L on alumina. EDTA was employed for
copper analysis; c¢f. C. W. Elwell and I. Scholes, ‘“Analysis of Copper
and Its Alloys,” Pergamon Press, Ltd., London, 1967.

(46) F. Krollpfeiffer, Ann, Chem., 430, 161 (1923).

(47) A glpc column packed with a nitrile silicone gum, XE-60,
suspended on Chromosorb P was employed for this analysis.

(48) L. J. Dolby, C. Wilkins, and T. G, Frey, J. Org. Chem., 31, 1110
(1966).

(49) 8. J. Cristol and W. P. Norris, J. Amer. Chem. Soc., 75, 2645
(1953).

(50) (a) L. Fieser, “Experiments in Organic Chemistry,” 3rd ed, D.
C. Heath and Co., Boston, Mass., 1955, p 186; (b) H. O. House, R. W,
Magin, and H. W, Thompson, J. Org. Chem., 28, 2403 (1963); (b) H.
O. House and R. W, Bashe, 11, ibid., 30, 3942 (1965); 32, 784 (1967).

(51) R. Scholl, C. Seer, and R. Weitzenbock, Ber., 43, 2202 (1910).

(52) This experiment was performed in our laboratories by Robert
W. Bashe, Ph.D. Dissertation, Aug 1966, Massachusetts Institute of
Techuology.

(53) The rotation reported for pure (—)-a-pinene is []2D —51.28°
(neat): F, H. Thurber and R. C, Thielke, J. Amer. Chem. Soc., 53,

alkylborane and then allowed to react with cis-2-butene in diglyme
solution as previously described.2*  After oxidation of the resulting
trialkylborane, the fraction containing 2-butanol, bp 60-120°,
was separated, dried by distillation from calcium hydride, and then
fractionally distilled in a spinning-band column. The purified
(+)-(S)-2-butanol was obtained in 557 yield; bp 99-100° (760
mm), n*p 1.3958, d%, 0.800, []?D +10.69° (neat) (optical purity.
79%).5¢ In a second run where the purification scheme did not
include a distillation from calcium hydride, the 2-butanol was ob-
tained in 489 vield; 98-99° (760 mm), »n*D 1.3963, <23, 0.799,
[a]**D +10.43° (neat) (optical purity, 77 27)*¢ [lit.5® bp 99.5°, n%p
1.3950]. In both runs the final product exhibited a single peak on
glpc. ¥

The conversion of (+4)-(S)-2-butanol to (— )-(R)-2-bromobutane
was effected by an adaptation? of a general procedure described
previously.¥ To a solution (10-15%) of 15.0 g (0.202 mol) of (+)-
(S)-2-butanol ([e]®p +10.69°, optical purity 79%) and 56.8 g
(0.218 mol) of triphenylphosphine in 250 ml of dimethylformamide
was added, dropwise and with stirring, sufficient bromine so that
the reaction mixture maintained a yellow-orange color. The reac-
tion mixture was slowly warmed to 45° while volatile materials were
allowed to distil from the reaction mixture under reduced pressure
(0.5 mm) into a cold trap. The crude distillate was partitioned
between pentane and water and the organic layer was washed with
aqueous NaHCQ;, dried, and concentrated. Distillation of the
residual liquid in a Teflon spinning-band column afforded 14.1 g
(51%) of (—)~(R)-2-bromobutane, bp 90" (760 mm), #25p 1.4341, 4%,
1.236, [«)2'D — 26.02° (neat) (optical purity 73 to 78 7 for maximum
rotations of 35.7 and 33.4°, respectively).® In a second reaction,
(+)-(S)-2-butanol ([a]*p +10.43°, 77%, optically pure) was con-
verted in 637; yield to (—)-(R)-2-bromobutane, bp 90-91° (760
mm), n2¢p 1.4354, d%, 1.246, [a])2D —27.10° (neat) (optical purity
76 to 81 % for maximum rotations of 35.7 and 33.4", respectively)*
[lit. bp 91.2°,*6290-91.5°,56% 425 p 1.4350%%]. In each case our prod-
uct exhibited a single peak on glpc analysis.*” Our experiments sug-
gest that the minimum value for the rotation of (—)~(R)-2-bromobu-
tane should be —33.0to —35.1°.

Reaction of methyllithium with iodobenzene was carried out by
adding ~1.62 mmol of methyllithium by syringe to 1.62 mmol of
iodobenzene dissolved in 3.5 ml of ether at 25°. The reactions
were allowed to stand for 15-30 min, hydrolyzed, and analyzed by
glpe.

Reaction of Lithium Dimethyicuprate with lodobenzene. (Typical
Procedure). lodobenzene (0.204 g, 1 mmol) and a weighed quan-
tity of an internal standard (u-octane) were placed in a 15-ml cen-
trifuge tube capped with a serum stopper. The tube was flushed
with nitrogen and its contents diluted with ether, then transferred
to a 40-ml centrifuge tube containing 5 mi (5.0 mmol) of lithium
dimethylcuprate solution at —78°. The tube was allowed to warm
to room temperature. Aliquots (~0.5 ml) were removed period-
ically, and either hydrolyzed by addition of 0.10 ml of water or
diluted by ca. a factor of 5,5 oxidized by exposure to oxygen at
—78°, and analyzed by glpc. A collected sample of toluene was
identified by comparison of ir spectrum and glpc retention times
with an authentic sample.

Contro]l experiments indicated that the source of the lithium
halides present in these reaction mixtures was not important:
reactions containing lithium halide prepared from 1,2-dihaloethane
and added to the preformed lithium dimethylcuprate solutions
produced the same yields of toluene as did reactions containing
lithium halide originally present in the methyllithium solution.

Preparation of ‘‘Mixed”’ Ate Complexes. Unsymmetrical Oxida-
tive Coupling. Copper(I) bromide (1.426 g, 10.0 mmol) was placed
in a 40-ml centrifuge tube. The tube was capped with a serum
stopper and gently flamed dry under a stream of nitrogen. THF
(5 ml) and an ether solution of phenyllithium (9.0 mi, 18 mmol)
were added to the tube at 25°. This mixture was shaken vigorously
for 5min. It was then cooled to —78° and 1.25 ml (2.0 mmol) of a

1030 (1931). Therefore, the rotation of our sample indicated an
optical purity of 93 9.

(54) P. J. Leroux and H. J. Lucas [J. Amer. Chem. Soc., 73, 41
(1951)] report [a]»D —13.5° for (—)-2-butanol.

(55) R. F. Brunel, J. L. Crenshaw, and E, Tobin, ibid., 43, 574 (1921).

(56) (a) J. Timmerman and Y. Delcourt, J. Chim. Phys., 31, 96
(1934); (b) N.J. Leonard and E. W. Nommensen, J. Amer. Chem. Soc.,
71, 2808 (1949).

(57) The yield of coupled product obtained on oxidation of dialkyl-
or arylalkylcuprates decreases on increasing the concentration of the
organocopper(l) reagent to values greater than ca. 0.1 M.
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pentane solution of s-butyllithium was added. The resulting mix-
ture was shaken thoroughly, for 10 sec, then oxidized by addition
of 60 ml of molecular oxygen by syringe at —78°. Hydrolysis and
glpc analysis indicated the presence of -butylbenzene (73 77, based
on t-butyllithium).

Coupling Reactions of Lithium Diphenylcuprate with Alkyl and
Viny!l Halides. A. trans-8-Bromostyrene. To 20.7 ml of a cold
(0°) ether solution of lithium diphenylcuprate, prepared from 728
mg (5.0 mmol) of copper(I) bromide and 10.0 mmol of phenyl-
lithium, was added 4 ml of an ether solution containing 1.01 mmol
of trans-B-bromostyrene and a known weight of hexamethylbenzene
(an internal standard). The resulting mixture, from which a yellow-
green precipitate slowly separated, was stirred at room tempera-
ture under a nitrogen atmosphere. An aliquot removed after 2 hr
was quenched in saturated aqueous NH.Cl (adjusted to pH 9 with
added NH;) and then extracted with benzene. After the benzene
solution had been washed with aqueous NaCl, it was dried, con-
centrated, and analyzed by glpc.®® The calculated yields were 75%
of trans-stilbene and 19% of unchanged starting bromide. After
a total reaction period of 4 hr, the remaining reaction mixture was
quenched, worked up, and analyzed.®® The components detected
(in order of elution)® were: starting bromide (4% recovery), bi-
phenyl, hexamethylbenzene (internal standard), and trans-stilbene
90% yield). Comparable results (5% bromo olefin and 90
trans-stilbene) were obtained in a second reaction. In each case the
yield of cis-stilbene (eluted before the frans isomer) was less than
2%. A collected® sample of the frans-stilbene was identified with
an authentic sample by comparison of infrared spectra and gipc
retention times.

B. cis-B-Bromostyrene. The corresponding reaction of 5.00
mmol of lithium diphenylcuprate and 1.02 mmol of cis-g-bromo-
styrene in 24.5 ml of ether was run for 2 hr at room temperature.
The crude product contained (in order of elution:®# biphenyl,
hexamethylbenzene, and cis-stilbene (calculated yields 72 and
73% in two reactions). In each case, the yield of trans-stilbene
was less than 19%. A collected® sample of the cis-stilbene was
identified with an authentic sample by comparison of infrared spec-
tra and glpc retention times.

C. Iodooctane. The reaction of 5.00 mmol of lithium diphenyl-
cuprate with 1.01 mmol of 1-iodooctane in 24.7 ml of ether con-
taining a weighed amount of l-methylnaphthalene (an internal
standard) was run at room temperature for 2hr. The crude neutral
product contained (listed in order of elution): 1-methylnaphtha-
lene, biphenyl, and n-octylbenzene (calculated yields 99 and 100 & in
two reactions). A collected’® sample of the n-octylbenzene was
identified with an authentic sample by comparison of infrared
spectra and glpc retention times.

D. (—)-(R)-2-Bromobutane. A mixture of 120 mmol of lithium
diphenylcuprate and 5.00 g (36.5 mmol) of (—)-(R)-2-bromobutane
([«)*D —26.02°, optical purity 73-78%) in a mixture of 129 ml of
ether and 180 ml of tetrahydrofuran was refluxed (51-52°) for 72
hr and then quenched in aqueous NHCl and extracted with ether.
After the ethereal solution had been washed with aqueous NaCl,
dried, and concentrated, distillation of the residual liquid through a
Teflon spinning-band column separated 4.33 g (87%) of (-+)-(S)-
2-phenylbutane, bp 170°, n2p 1.4879, d2, 0.856, [a]*D +18.20°
(neat) (optical purity 67%).5® In a second run employing (—)-
(R)-2-bromobutane ([«]*®p —27.01°, optical purity 76-81%) the
(+)-(S)-2-phenylbutane was obtained in 679 yield; bp 169-170°,
n*p 1.4877, 4%, 0.855, [«]2%D +18.70° (neat) (optical purity 68 97)2?
(lit.*® bp 172°, n?p 1.4883). In each case the distilled product
exhibited a single peak on glpc.*" Preliminary experiments study-
ing the reaction of lithium diphenylcuprate with racemic 2-bromo-
butane were performed with an internal standard (n-butylbenzene)
present to permit glpc analysis.” The following calculated yields
of 2-phenylbutane were obtained after a 24-hr reaction period
under the specific conditions: 9% in ether at 25°; 547 in ether—
1,2-dimethoxyethane (3:4 v/v) at 60-64; 72% in ether-tetrahydro-
furan (3:4 v/v) at 52-54°, Under the same conditions reaction
of 2-bromobutane with phenyllithium in boiling ether for 24 hr
formed 2-phenylbutane in 4% yield. When the time for the reac-
tion with lithium diphenylcuprate in the ether-tetrahydrofuran
mixture was extended to 72 hr, the calculated yield of 2-phenyl-
butane was 84 9.

E. 1-Bromoadamantane. To a solution of 4.50 mmol of di-
phenylcuprate in a mixture of 6.8 ml of tetrahydrofuran and 5.0

(58) A glpc column packed with silicone gum, SE-52, suspended on
Chromosorb P was employed for this analysis,
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ml of ether was added a solution of 322 mg (1.50 mmol) of 1-bromo-
adamantane in 1.0 ml of tetrahydrofuran. After the resulting
solution had been refluxed for 75 hr with no visible evidence
of reaction, the solution was hydrolyzed and worked up in the
usual way. The crude liquid product contained® the starting bro-
mide (retention time 23.4 min) and a number of minor lower
boiling components; no peak corresponding to 1-phenyladaman-
tane (retention time 34.4 min) was detected. An authentic sample
of 1-phenyladamantane, mp 86-87° (lit.5%= mp 88-89°), was prepared
as previously described.®= The spectral properties of the product
correspond to those previously described.®b.c

Reaction of Lithium Dimethylcuprate with 1-Iodooctane. Ether
solutions (6.0 ml) containing 2.00 mmol of iodooctane, a weighed
amount of n-decane (internal standard), and the various organo-
metallic reagents specified below were stirred at room temperature
and aliquots were periodically removed, hydrolyzed, and ana-
lyzed.*".%8 In the reaction with 2,00 mmol of lithium dimethyl-
cuprate, after 2.67 hr the calculated yield of n-nonane was 979 and
only 3% of the n-octyl iodide remained. In a similar reaction where
4.00 mmol of methyllithium was treated with only 0.10 mmol (5
mol %) of copper(I) iodide, the calculated yields after a 12-hr
reaction period were 199 n-octane, 6.5 % 1-octene, 64 % n-nonane,
and 2% of the starting iodide. When 4.00 mmol of methyllithium
was used with no added copper salt the yields after a 12-hr reaction
were 27 % n-octane, 18 % 1-octene, 6 7 n-nonane, and 42 % of the
unchanged iodooctane. Collected samples of #-nonane, n-octane,
and 1-octene were identified with authentic samples by comparison
of infrared spectra and glpc retention times, Two glpc columns
were required for analysis. On one column®® the order of elution
was n-octane and l-octene (unresolved), nonane, decane, and 1-
iodooctane, A second column*’ was used to resolve n-octane
(eluted first) from 1l-octene (eluted second).

Reaction of Lithium Dimethylcuprate with 1-Iodonaphthalene.
Ethereal solutions containing hexamethylbenzene (internal stan-
dard) and the molar concentrations of 1-iodonaphthalene and lith-
ium dimethylcuprate indicated in Table Il were stirred at room
temperature (25-27°) and aliquots were removed at the indicated
times and hydrolyzed and analyzed in the usual way. With the
glpc column used, the components were eluted in the order naph-
thalene, 1-methylnaphthalene, hexamethylbenzene, and 1-iodo-
naphthalene, Collected®® samples of naphthalene and its 1-methyl
derivative were identified with authentic samples by comparison of
infrared spectra and glpc retention times. In certain cases halide-
free lithium dimethylcuprate was employed; in others the reaction
solution contained Lil in a concentration equivalent to the copper
reagent. The presence of Lil is indicated in Table II. In certain
of the runs an oxidant was added to one aliquot of the reaction
mixture at the end of the stated reaction period before the reaction
mixture was hydrolyzed and analyzed. Nitrobenzene was added
to the reaction solution or a known volume of oxygen was added to
the nitrogen atmosphere above the reaction mixture and the mixture
was thoroughly mixed by shaking. Addition of oxygen results
in immediate formation of a black precipitate; addition of nitro-
benzene produces a deep red color in solution.

In reactions of l-iodonaphthalene with the tri-n-butylphosphine
complex of methylcopper, the initial reaction mixtures were hy-
drolyzed with aqueous 2.4 M HCI rather than the aqueous NH,Cl
to facilitate separation of the tri-n-butylphosphine. In certain of
these reactions with the phosphine complex, the initial ether solu-
tion was concentrated under reduced pressure and the residue was
either dissolved in refluxing tetrahydrofuran or heated to 60-70°
without added solvent, for 1-2 hr prior to analysis.’ .61 The
calculated® yields of products were 15-33%7 naphthalene and 60-
85% l-methylnaphthalene. Although no oxidant was deliberately
added to these latter reaction mixtures, the possibility that some
oxygen (from the air) may have reached the reaction mixtures can
not be excluded, in spite of our efforts to maintain an oxygen-free
atmosphere.

As a control experiment, an ether solution of naphthalene (2.96
mmol) and the tri-n-butylphosphine complex of methylcopper (10

(59) (a) H. Stetter, M, Schwartz, and A. Herschhorn, Chem. Ber.,
92, 1629 (1959); (b) R. C. Fort, Jr., and P, von R, Schleyer, J. Org.
Chem., 30, 789 (1965); (c) Z. Dolejsek, S. Hala, V. Hanus, and S,
Landa, Collect. Czech. Chem. Commun., 31, 435 (1966).

(60) A glpc column packed with Carbowax 20M suspended on Chro-
mosorb P was employed for this analysis,

(61) Analyses done with a Carbowax columns$® used biphenyl as an
internal standard. On this column the order of elution was: naph-
thalene, 1-methylnaphthalene, biphenyl, and l-iodonaphthalene.
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mmol) was concentrated and then heated to 50-60° for 2 hr, After
hydrolysis, no 1-methylnaphthalene was detected® in the crude
reaction product. Also an ethereal solution containing hexa-
methylbenzene, 3.00 mmol of halide-free methyllithium, and 1.00
mmol of l-iodonaphthalene was stirred for 2 hr at room tempera-
ture and then hydrolyzed and analyzed.®® The calculated yields
were 12 % naphthalene and 86 % 1-methylnaphthalene.

Reaction of Lithium Diphenylcuprate with Aryl Halides. A.
1-Iodonaphthalene. FEther solutions containing 1,2-diphenylethane
(an internal standard) and the molar concentrations of lithium
diphenylcuprate and 1l-iodonaphthalene indicated in Table 1I1
were stirred at room temperature (25-27°), At the times indicated
(Table III) aliquots were removed, hydrolyzed, and analyzed in the
usual way. On the glpc columns used,.82 the order of elution of
components was: iodobenzene, naphthalene, biphenyl, 1,2-di-
phenylethane, 1-iodonaphthalene, 1-phenylnaphthalene, and 1,1'-
binaphthyl. Collected® samples of naphthalene and 1-phenyl-
naphthalene were identified with authentic samples by comparison
of infrared spectra and gas chromatographic retention times. All
of the data presented in Table III were obtained with lithium di-
phenylcuprate which contained some lithium halide. When the
cuprate reagent was prepared from washed 1 henylcopper precipitate
and recrystallized phenyllithium so that only 0,1-0.2 equiv of halide
salts was present, the initial exchange reaction between the cuprate
and l-iodonaphthalene was slightly slower than the corresponding
reaction where excess lithium bromide was present. Certain
reaction aliquots were treated with various oxidants prior to hy-
drolysis and analysis. With the solid and liquid oxidants, the
reaction mixtures were stirred for 15 min after addition to ensure
complete oxidation. For reaction with oxygen gas, the solutions
were stirred while a large excess of gas was passed over the surface
of the solution.

As a control experiment, 11.7 ml of an ethereal solution contain-
ing 2.50 mmol of phenyllithium and 0.50 mmol of l-iodonaphtha-
lene was stirred at room temperature, and aliquots were removed,
hydrolyzed, and analyzed®® periodically. Although 967 of the
1-iodonaphthalene had been converted to 1-naphthyllithium (naph-
thalene after hydrolysis) after 1 hr, no 1l-phenylnaphthalene was
detected in the reaction mixture even after a 24-hr reaction period.

An ethereal solution prepared from 1.0 mmol of the tri-n-butyl-
phosphine complex of copper(l) iodide, 1.0 mmol of phenyllithium,
0.43 mmol of l-iodonaphthalene, and an internal standard was
concentrated under a nitrogen atmosphere and then heated to 90—
95° for 2 hr. The resulting mixture was treated with 2.0 ml of
deuterium oxide solution containing DCl (2097 by weight) and
then subjected to the usual isolation and analysis.®®8 The calculated
yields were: 5°%7 iodobenzene, 24%, naphthalene, 529 1-phenyl-
naphthalene, and 6% 1,1’-binaphthyl. A collected® sample of the
naphthalene contained (mass spectrometric analysis) 83 %, @ species
and 17% d, species. Various attempts to improve the yield of 1-
phenylnaphthalene without use of an oxidant such as the use of
quinoline as a solvent or the use of no solvent gave crude product
mixtures in which the calculated® yield of 1-phenylnaphthalene
ranged from 0 to 50 7.

B. 1,8-Diiodonaphthalene. A solution of 1,2-diphenylethane,
6.0 mmol of lithium diphenylcuprate, and 380 mg (1.00 mmol) of
1,8-diiodonaphthalene in 10 ml of ether was refluxed for 24 hr and
then two aliquots were removed. One aliquot was hydrolyzed
without addition of an oxidant to give a mixture containing (in
order of elution):® naphthalene (35% yield), 1,2-diphenylethane,

(62) A glpc column packed with silicone gum, No. SE-30, suspended
on Chromosorb P was employed for this analysis.

1-phenylnaphthalene (56%, yield), and 1,8-diphenylnaphthalene
(5% yield). The second aliquot was cooled to 0°, oxidized with
gaseous oxygen, and then hydrolyzed to produce a mixture con-
taining: 1,2-diphenylethane, 1-phenylnaphthalene (29 yield),
and 1,8-diphenylnaphthalene (47 % yield). Collected® samples of
naphthalene, 1-phenylnaphthalene, and 1,8-diphenylnaphthalene
were identified with authentic samples by comparison of infrared
spectra and gas chromatographic retention times. Preliminary
experiments had demonstrated that a 24-hr reaction period pre-
ceding oxidation was necessary in this case to complete the initial
metal-halogen exchange.

Reaction of Lithium Dialkyl- and Diarylcuprates with Alkyl
Halides. The data of Table IV were obtained using a common
procedure, illustrated here by the coupling of lithium di-n-butyl-
cuprate with 1-chloropentane. One milliliter of a THF solution
containing 1.0 mmol of 1-chloropentane was added in one portion
to a solution of 5.0 mmol of lithium di-n-butylcuprate in 5 ml of
THF at —78°. This mixture was allowed to stand for 1 hr at 25°
with occasional swirling, then cautiously hydrolyzed and analyzed
by glpc directly.

Preparative Scale Reaction of Lithium Di-n-butyl(tri-n-butyl-
phosphine)cuprate with 1-Iodopentane. Tetrakis[iodo(tri-n-butyl-
phosphine)copper(I)] (76.6 g, 0.195 mol) was placed in a flame-
dried, three-necked, 1-1. flask equipped with a nitrogen inlet and
mechanical stirrer., Ether (500 ml) was added after the flask had
been evacuated and filled with nitrogen several times. The resulting
solution was cooled to —78° and 220 ml (0.39 mol) of #-butyl-
lithium in hexane was added with stirring over a 20-min period.
1-Iodopentane (10.0 g, 0.0391 mol) mixed with 10 ml of ether was
transferred by cannula into the reaction mixture and stirring con-
tinued for 30 min at —78°. The mixture was allowed to warm to
room temperature and stirred for 6 hr, then cooled to —20° and
cautiously hydrolyzed with 100 ml of 5 M hydrochloric acid. The
two layers were separated, and the aqueous layer was washed
with two 100-ml portions of pentane. The combined organic phase
was treated with decolorizing charcoal, filtered through Celite,
and dried. Short-path distillation (bp 145-160°) yielded 5.10 g of
crude product which glpc analysis indicated to be 80-82 9 n-nonane
(theoretical yield 5.00 g). The impurities in this material appeared
to be produced by thermal decomposition of tri-n-butylphosphine-
copper(I) complexes in the distillation pot. A fraction (bp 154-
154,5°) taken during redistillation through a gold spinning-band
column had n2p 1.4070 and an ir spectrum and glpc retention
time identical with those of authentic »-nonane.

Reaction of Allyl Organometallic Derivatives with 1-Iodopentane.
To a cold (—78°) solution of lithium diallylcuprate prepared from
1.45 g (3.00 mmol) of the bis(#-butyl sulfide) complex of copper(l)
iodide and 6.00 mmol of allyllithium in 10.2 ml of ether was added
1.0 ml of an ether solution containing 1.00 mmol of 1-iodopentane
and a known weight of #-nonane (an internal standard). After the
mixture had been stirred for 1 hr at —78° it was allowed to warm to
0° (the copper reagent decomposed with separation of metallic
copper) and then quenched in an aqueous solution of NH.Cl and
NH; and extracted with ether. After the ethereal solution had been
washed with water, dried, and concentrated, analysis by glpc®!
indicated the presence of 1-octene (yields in two runs 98 and 100 7,
first eluted) and #-nonane (eluted second). A collected®! sample
of the l-octene was identified with an authentic sample by com-
parison of infrared spectra and glpc retention times. A comparable
reaction was run with 3.00 mmol of allyllithium and 1.00 mmol of
1-iodopentane in 9.0 ml of ether at 25° for 1 hr.  After the mixtures
from two identical runs had been hydrolyzed, dried, and concen-
trated, analysis®! indicated the presence of 1-octene (yields 98 and

99%).
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