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usual Simple ani Complex Metal Hydrides of
the Main Group Elements as Stereoselective

and Regioselective Reducing Agents

E. C. Ashby,Georgia Institute of Technology

The existence of higher cuprates of
LiCuR2 compounds have been postulated, but
never proven. We have recently shown by
variable temperature proton NMR that higher
ate complexes of LiCuR, compounds do exist.
These studies were carfied out in dimethyl-
ether, diethylether and tetrahydrofuran at-
temperatures as low as -136°C. The NMR
studies show that mixtures of CH,Li and
CH,Cu in 1:2, 1:1 and 2:1 produce
Liauz(ca )., LiCu{CH,)), and Li,Cu(CH.)

.3 i 2 2 373
respéctively. The ate complex
Li2Cu(CH )., in all solvents is best
represengea by the equilibrium (eq. 1)
whereas the other ate complexes are stable
to disproportionaticn.

CH3Li + LiCu(CH3)2 — LizCu(CHB)3(l)

The reactions of LiCu(CH3) R
LiCuz(CH ). and Li_Cu(CH,) w1tg several
enones have been s%udied in both diethyl
ether and tetrahydrofuran in an attempt to
compare reactivities and regioselectivaties
of the three cuprates. We have found that
in THF, Li,Cu(CH )3 is s8lightly more reac-
tive and more regioselective than
LiCu(CH )2, although with f-dialkyl substi-
tuted enonies a significant amount of
l,2-addition product is observed.



t———

BIBLIOGRAPHIC INFORMATION : PRFf## 9728 - ACl - 4C

Please refer to instructions. Fill in information requested on each card. Type
(double space) complete reference for one article in space below.
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The new organocuprates, LiCuZ(CHs)Bvand LiZCu(CH3)3 in THF and LiZCu3(CH3)5 in -

Et20, react with enones in a similar manner compared to LiCu(CH3)3. Except in the cases

of disubstituted enones, LiZCu(CH3)3 gives quantitative_conjugate methylation of the
enones studied at a comparable or greater rate than LiCL;(CHB)2 provided that the reac-—
tion is carried out in THF. On the other hand, poor regioselectivity was observed in di~
ethyl ether, LiCuz(CH3)3 gave quantitative regioselectivity in THF and reacted in genera
more slowly than LiCu(CH3)2. Since LiCuZ(CH3)3 is insoluble in diethyl ether, studies
were not carried out in this solvent. LiZCus(CH3)5 in ether gave excellent results with
all of the enones and appeared to react somewhat more rapidly compared to LiCu(CH3)2.

PRF 6/76 - 6

v e —



RESEARCH PROGRESS REPORT

Page 1 of 2 pages.

Date September 1979

prE$ 9728 - ACl - 4C

PRINCIPAL INVESTIGATOR(S)

E. C. Asbby

Please refer to instructions.

Fill in information requested
-above for each page.

 The report heading, narrative,
‘acd all drawings must be prepared

. within the box.

Make copy (Xerox, carbon, etc).

PRF 6/76 - 5

'L:taCu(CH3)5 + 5/2L1A1H

9728-AC1

G336

An Evaluation of New and Un-

usual Simple and Complex Metal Hydrides of

the Main Group Elements as Stereoselective

and Regioselective Reducing Agents

E. C. Ashby,Georgia Institute of Technology

Recently we reported the preparation

of lithium alkylcuprates other than
These compounds were

LiCuR, compounds.

prepared by the addition of CH,Li to CH_Cu
in Me, 0, Et,0 and THF and the integrity
established by variable temperature 'H NMR

and DTA-TGA.

We have now allowed a series of ate
to form the
corresponding lithium copper hydrides

complexes to react with LiAlH

(eqs. 1-5). LiCuH

2 4

5

LiCu(CH3)2 + LiAlH, — LiCuH, +

4 2
LiAl(CH3)2H2

LiZCu(CH + 3/2LiA1H

3)3
3/2L1A1(CH3)2H2

4 2

Li Cu(CH3)4 + 2LiAlH, ~—Li_CuH, +

3
2 LiAl(CH3)2H2

4 3

4 4
5/2LiA1(CH3)2H2

LiSCu(CH3)6 + 3LiAlH,—Li _CuH,6 +

4 5
3 LiAl(CH3)2H2

4

6

‘appreciable solubility in THF.

~>Li,Cull, +

—~—» Li, CuH_ +

5

and Li,CuH_ have

(1)
(2)
(3)
‘(4)

(5)

We have now studied the reactions of
these new hydrides of copper with alkyl

halides, enones and cyclic ketones.

It has

been shown that the different hydrides
exhibit different regioselectivities toward
enones and different stereoselectivities

toward cyclic ketones.

These data support

the integrity of each hydride as a single
compound rather than a physical mixture.
Tetrahydrofuran-soluble Li,Cul_ has been

shown to be the most reactive df the com~

plex metal hydrides of copper toward alkyl
halides in that this hydride reduced
l1-iodo-, 1l-bromo-, and l-chlorodecane in
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100, 100, and 99% yields, respectively.

The complex metal hydrides of copper reduce
enones predominantly 1,4(Li2CuH ,96%) or
1,2(L1 CuH5,95%), depending on ghe hydride.
In most caSes, the complex metal hydrides
of copper reduce 4-teri-butylcyclohexanone
predominantly from the axial side, as in
the case of LiAlH,. Other cyclohexanones
are reduced by the complex metal hydrides
of copper similarly to LiAlHA, except with
less selectivity.
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A series of stable complex metal hydrides of copper of composition LinCan (n=1-5).
prepared by the reaction of LiAlH, with the corresponding lithium methylcuprates in di-
ethyl ether, has been allowed to react with selected alkyl halides, enones, and cyclic
ketones in both diethyl ether and THF. It has been shown that the different hydrides
exhibit different regioselectivities toward enones and different stereoselectivities
toward cyclic ketones. These data support the integrity of each hydride as a single
compound rather than a physical mixture. Tetrahydrofuran-soluble Li CuH has been shown
to be the most reactive of the complex metal hydrides of copper toward aikyl halides in
that his hydride reduced l-iodo-, 1-bromo—-, and l-chlorodecane in 100, 100, and 99% yiel:
respectively. The complex metal hydrides of copper reduce enones predominantly 1,4-
(Ll CuH.,, 96%) or 1,2(Li,CuB_, 957%), depending on the hydride. In most cases, the com-
plex megal hydrides of copper reduce 4-tert~butylcyclohexanone predominantly from the

axial side, as in the case of LiAlH4. Other cyclohexanones are reduced by the complex

metal hydrides of copper similarly to LiA1H4’ except with less selectivity.
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E. C. Ashby,Georgia Institute of Technologf

We have been studying the hydromag-—
nesiation of olefins by the reaction of
R, Mg, RMgH, and RMgX compounds (where X -=
CI, Br, or I). The reaction is catalyzed
by CpZTiCI and is carried out in THF at
room temperature. For these studies:
MeMgH, EtMgH, »n-BuMgH, #-BuMgH, CpMgH, and
PhMgH have been prepared in addition to the
RZMg and RMgX compounds possessing the same
R groups as shown above for the RMgH com-
pounds. It appears that all of the RMgH,
R Mg and RMgX compounds hydromagnesiate
terminal olefins, although the rate and
yield are more a function of the nature of
the R group rather than the nature of the
magnesium compound (RMgH, RZMg or RMgX).
For convenience it appears that Grignard
compounds are best used for this reaction
and particularly i-BuMgBr.

.
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