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Summary

The composition of the Normant reagent in THF has been studied resulting
in the identification of the species in solution as halogen-free copper-magne-
sium ““ate” complexes of type Cu,,Mg,Me(y,+2n) (M =1,2,3,4,6;n=1, 2).

Applications of lithium organocuprate reagents in organic synthesis over the
past few years have been the subject of numerous reports [1, 2]. More recent-
ly, magnesium organocuprate reagents (Normant reagents) derived from the
reaction of Grignard reagents with cuprous halides, have attracted a great deal
of interest and have been utilized very imaginatively in organic synthesis [2—6].
However, the precise composition of the Normant reagent or the identification
of the reactive species present in the reaction mixture has not been reported.
Due to our continuing interest in the chemistry of organocuprates [ 7], we de-
cided to perform a detailed investigation of the composition of the Normant
reagent, particularly the reaction of ‘“MeMgBr”’ and Me,Mg with CuX (where
X = Cl, Br, I and Me). During our investigation, we observed the formation of
several methylmagnesium copper(I)ate complexes depending upon the reaction
conditions. Surprisingly, we have noticed no halide component in any of these
methylcuprates, contrary to earlier suggestions. A brief account of our studies
is presented here.

When “MeMgBr™” was allowed to react with CuBr in THF at temperatures
ranging from —78 to —80°C, formation of several THF soluble complexes i.e.,
CuMgMe3 s CU.3Mg2Me7 N CU.2MgMe4 N CU.3MgMes 5 CU4MgM36 and CuGMgMes N
were observed by PMR spectroscopy. At the same time, unreacted cuprous
bromide and/or MeCu were observed as insoluble solids. The characterization
of these complexes was established by complete elemental analysis of both the
solution phase as well as the solid phase of the reaction mixtures at selected
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times and intervals and at certain reaction temperatures. The analytical results
were then compared to the low temperature NMR spectra of the soluble com-
plexes with those of authentic samples prepared independently by the reactions
of cuprous halides or MeCu with Me,Mg in the appropriate stoichiometry as
shown in Scheme 1. The spectrum of each complex, Cup,Mg,Me(m +2n) (Where
m=1,2,3,4,6 and n = 1, 2), matched perfectly with the product prepared by
the reaction of Me,Mg and MeCu in the proper stoichiometry.

Thus, when equimolar amounts of “MeMgPBr’’ and CuBr in THF were mixed
at.—78°C and the reaction mixture allowed to react at —60°C for about 15—20

CuBr + “MeMgBr”’> — Products (1)

min., about one-third of the CuBr dissolved, resulting in the formation of solu-
ble CuMgMe; in addition to free MgBr; . The low temperature NMR spectrum

at (--85°C) of this solution showed a singlet at § 3.34 ppm upfield to the THF
multiplet which was found to be identical to the spectrum of the complex pre-
pared from the reaction of CuX (X = Cl, Br, I) or MeCu with Me,Mg in the ra-

tios 2/3 or 1/1, respectively.
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Alternatively, when CuBr and “MeMgBr” in THF were mixed in a 1/3 molar
ratio and allowed to react at —30°C for about 5 min, all the CuBr dissolved and
CuMgMe; was formed. On allowing the reaction mixture from eq. 1 to stand for
approximately 0.5 h at —60°C, about 80% more CuBr dissolved. The stoichiom-
etry and the PMR spectrum of the solution were found to be consistent with
the formulation of Cu;Mg,Me; . Similarly, allowing this reaction mixture to
react further by warming to —50 and —40°C, in time other complexes i.e.,
Cu,MgMe, , CusMgMe; and CusMgMeg were generated as more CuBr went into

*CuMgMe, trhough Cu,MgMe, also prepared from two mole equivalents of “MeMgBr”’ in place of
Me,Mg.
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solution. It is important to mention here that at certain times, in solution one
may find a mixture of two complexes observable by NMR. By integration of
the NMR spectrum and elemental analysis of the solution and the solid, the rel-
ative amounts of each complex can be determined.

In the course of reaction 1, at —30°C, there was a time when over 75% of
the CuBr was in solution giving a clear, very light yellow cclored solution of
CugMeMeg . However, this complex at —30°C persisted only a few minutes and
then MeCu precipitated from solution. After 15 min, the solution contained
CusMgMes and CugMgMe;g in about 6/1 ratic. The observation was better un-
derstood when we examined the nature of CugMgMeg prepared separately by
the reaction of CuBr with Mg,Mg in 3/2 ratio. We found that CugMgMeg had a
tendency to disproportionate in the presence of a small amount of CuBr and
also by itself on dilution to give insoluble MeCu leaving behind CusMgMeg in
solution (eq. 2). The amount of insoluble MeCu increased slowly as the reaction
proceeded. This observation can be explained on the basis of the reaction of
Cu;MgMeg with remaining unreacted CuBr to form CugMgMe, which in turn
disproportionates to give MeCu and Cu,MgMe, . After the reaction of CuBr and

CugMgMezs = 2MeCu + Cu;MgMeg (2)

“MeMgBr”’ proceeded for 1 h at —30°C, only about 30% of the copper as
Cu,MgMes and CugMgMe; (in 6/1 ratio) was found in solution and the insolu-
ble solid contained mainly MeCu contaminated with magnesium (< 10%) and
the remaining unreacted CuBr. After ~ 2 h reaction, it appeared that equilibrium
was reached and approximately 20% of the copper was in solution. However,

on adding a small amount of “MeMgBr”’ or Me,Mg, more copper was formed in
solution.

In the reactions of CuBr with either “MeMgBr”’ or Me,Mg, we have found in
solution the same complexes, Cu,, Mg,Me(n+2n). The only observable difference
between Me,Mg and ‘“MeMgBr’’ reaction is that Me,Mg reacted at a faster rate
than “MeMgBr”’. These complexes can be prepared halide free from the reaction
of MeCu with Me,Mg, however, the reactions to prepare CusMgMes and higher
copper containing complexes, are slow probably because of the loss of the reac-
tivity of MeCu, once isolated. The reactivity among the cuprous halides followed
the trend CuCl > CuBr > Cul*.

All the cuprates reported here are soluble in THF and are reasonable stable
at low temperature. The solubility and the stability in solution decreases as the
Cu/Mg ratio increases and follows the sequence CuMgMe; > Cus;Mg,Me, >
Cu,MgMe, > Cu;MgMe; > Cu,MgMeg, > CusMgMeg . PMR spectra of all the
complexes show only one peak at the highest temperature of their stability in-
dicating a rapid methyl group exchange, however upon cooling to approximate-
ly —50°C this exchange can be stopped where splitting of the signals is observed
(Table 1). The spectra at —85°C, show sharp signals. However, in order to ascer-
tain the absence of an exchange process, dimethyl ether was introduced in order
to make it possible to obtain spectra at —120°C where no further splitting in
the signals was observed. Molecular association studies performed under reduced

*By means of kinetic studies comparing the reaction rates of copper(l)ate complexes and the Normant
reagents with 1-alkynes, we have determined the reactive copper species responsible for addition to the
triple bond. These results will be reported shortly.
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TABLE 1

PROPERTIES OF SOLUTIONS OF “ATE” COMPLEXES

Complex 'H NMR (—85°C) Ratio of  Stability
(ppm, upfield signals
from THF)
CuMgMe, 3.34(s) Stable at room temp. over 2
days; at 0°C, more than 4 weeks
Cu,Mg.Me, 3.33(s). 2.21(s) 3/1 Stable at room temp. over one
day; at 0°C, more than a week
Cu,MgMe, 3.04(s), 2.08¢s) 3/1 Stable at room temp. for a few
hours; at —10°C for 2 days
Cu;MgMe, 3.03(s), 2.07(s) 5/2 Stable at —25°C for 1 day
Cu,MgMe, 3.03(s). 2.06(s) 2/1 Stable at —25°C for 10 h
Cu MgMe, 3.03(s), 2.18(s). 2/1/1 Stable below —40°C for a few
2.06(s) hours with dissociation into

MeCu and Cu,MgMe,

pressure in THF reveals that CuMgMe; and Cu;Mg,Me; are monomeric where-
as Cu,MgMe, is dimeric. Molecular weights of the other complexes could not
be carried out successfully due to their instability above 0°C.
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