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The Stereochemistry of the Thermal Decomposition
of Vinylic Copper(I) and Silver(l)

Organometallic Compounds'

Sir:

The thermal decomposition of organometallic com-
pounds of copper(l) and silver(l) is important in the
oxidative coupling of aryl Grignard reagents by cop-
per(l) and silver(I) halides,? and is probably involved
in the Ullman and related reactions.** These thermal
decomposition reactions have been variously suggested
to proceed by a bimolecular or concerted mechanism.
in which dimer formation occurs within an aggregate
of the organometallic compound.®* or by a radical
mechanism, in which dimers arise from free radicals
generated by homolytic cleavage of the carbon-metal
bonds.*?

We have explored the question of the intermediacy of
free radicals in the thermal decomposition of vinylic
copper(l) and silver(I) organometallic compounds by
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examining the stereochemistry of the diene products
obtained on decomposition of l-propenyl- and 2-
butenylcopper(l) and -silver(I) compounds of known
stereochemistry.® In each of the decompositions

CH, H CH, CH;
-H X H X

CH, X CH; X

H H H CH,
X=Cu(D), Ag(I), Cu(I)~P(butyl);, Ag(D)-P(butyl),

studied, the result obtained was that, within our limits
of detection, the decomposition of the organometallic
compound to the corresponding diene took place with
complete retention of configuration around the carbon-
carbon double bond.

In a typical experiment, cis-1-propenyl(tri-n-butyl-
phosphine)silver(l) (I) was prepared at —78° in ether
solution by treating 1 equiv of tetrakis[iodo(tri-n-
butylphosphine)silver(I)]*® with 1 equiv of 1-propenyl-
lithium!! (97 97 cis, as determined by vpc analysis of the
propenyl bromides obtained after reaction with 1,2-
dibromoethane). After precipitation of lithium halides
from the cold reaction mixture with dioxane, addition
of iodine to the solution of the organosilver reagent
at —28° gave l-iodopropene having 9697 cis stereo-
chemistry in 849 yield,!? indicating that formation of
the carbon-silver bond occurred with retention of
stereochemistry. Thermal decomposition of either
the halogen-free or halogen-containing solutions of |
at ambient temperature over 4 hr gave silver(0) (9597),
cis,cis-2,4-hexadiene (9597), and cis,trans-2,4-hexadiene
(4.8%), corresponding to 97 9 cis-propenyl groups and
10097 stereospecificity in the decomposition, based on
l-propenyllithium. !?

By an analogous procedure, trans-1-propenyllithium
(9797 trans) could be converted quantitatively to a
mixture of trans.trans- and cis.trans-2.4-hexadienes
containing 979 trans-propenyl groups. Although
these organometallic reagents have not yet been char-
acterized as solids, analysis of the products from the
thermal decomposition of the halogen-free solutions
has established their empirical composition as [C;H],.o-
[Ag]o_951:0'1[P(C4H9)3]1‘13;0.1, with less than 05% lithtum
ion remaining in solution.

Tri-n-butylphosphine complexes of cis- and trans-2-
butenylsilver(I) and -copper(I) were prepared and
characterized using similar procedures. Solutions of

(6) No direct experimental evidence on the extent of aggregation of
these compounds is presently available. However, the related com-
pounds phenylethynyl(trimethylphosphine)copper(1),” phenylethynyl-
(trimethylphosphine)silver(I),s and tetrakis[iodo(tri-n-butylphosphine)-
copper(1)]? are aggregated both in solution and as crystalline solids.
19(?3)1’. W. R. Corfield and H. M. M. Shearer, Acta Cryst., 16, A-T!
( {8) P. W.R. Cortield and H. M. M. Shearer, ibid., 20, 502 (1966).

(9) A. F. Wells, Z. Krist., 94, 447 (1936): F. G. Mann, D. Purdie, and
A. F. Wells, J. Chem. Soc., 1503 (1936).

(10) F. G. Mann, A. F. Wells, and D. Purdie, ibid., 1828 (1937).

l;é}‘; D. Seyferth and L. G. Vaughan, J. Am. Chem. Soc., 86, 883
( (12)'We are indebted to Dr. R. C. Neuman, Jr., for an authentic
(si\;rézl)c of l-iodopropene: R. C. Neuman, Jr., J. Org. Chem., 31, 1852

(13) L. K. Montgomery, K. Schueller, and P. D. Bartlett, J. Am.
Chem. Soc., 86, 622 (1964).

copper(I) and silver(l) compounds which contained no
tri-n-butylphosphine could be prepared in ether at
—28° by heterogeneous reaction between the corre-
sponding vinylic lithium reagents and <opper(l) or
silver(l) todide. Decomposition of these reagents was
complete after 1 hr at ambient temperature. In each
case, dimeric products were produced in 70-90°7
yields, with greater than 99 77 retention of configuration.

These stereochemical results strongly suggest that
free propenyl radicals are not intermediates in these
reactions. Making the reusonable assumption that the
rate of inversion of configuration of l-propenyl radical
is approximately the same as that established by epr
spectroscopy for vinyl radical (kigversion = 103-10Y
sec™!),'* the rate of conversion of an intermediuate
propenyl radical into dimer must be at least 107 faster
than the rate of its inversion of configuration in order to
be consistent with the observed stereochemical results.
Under the reaction conditions used, the undecomposed
organometallic compound is the most concentrated
solution component potentially capable of reaction with
propenyl radicals to form dimers. Therefore

kcoupling[R'][RM] > [O:kinversion[R']

In these reactions, [RM] < 0.1 M, hence, A upiing
must be greater than 10! W~! sec™! to compete with
inversion. The possibility that a reaction is taking
place in solution whose rute constant is of this magnitude
can clearly be excluded by consideration of the muaxi-
mum rates attained by other fast reactions. '

These results do not rigorously exclude the occurrence
of solvent-caged radicals as intermediates: however, we
feel that a cage mechanism is improbable because the
yield of dimeric products observed in the decomposition
of I would require that the efficiency of cage combina-
tion approach 10077. An alternative path for the
decomposition, in which vinvlic radicals are formed but
remain 7 bonded to the metal atoms of an aggregate.
cannot be excluded.

Although the rate of inversion of 2-butenyl radi-
cal is probably slower than that of vinyl radical. '
recent studies have indicated that this inversion 1s
also rapid onthe time scale of most reactions.'® The
retention of stereochemistry observed in decomposi-
tion of the 2-butenyl organometallic compounds lends
qualitative support to the proposal that long-lived
free radicals are not intermediates in the decom-
position of vinylic copper(l) and silver(I) compounds.
However, in the absence of a reliable quantitative
value for the rate of inversion of configuration of
2-butenyl radical, it is not possible to define a lower
limit for the lifetime of anv radical intermediates in the
decomposition of these compounds.

These proposals cannot be extended without modi-
fication to include the thermal decomposition of ali-
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. phatic copper(l) compounds, since these reactions give

‘fundamentally different types of products. For ex-
ample, thermal decomposition of ‘n-butyl(tri-n-butyl-
phosphine)copper(l) at room temperature in ether gives
butane (5097) and 1-butene (50%7), but no detectable
octane. Details of these reactions will be discussed in
later papers.
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