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The influence of lithium ions on the conjugate addition of the monoorganocuprate reagent, Li[BuCul], to a chiral crotonate has been investigated.
The results show that iodotrimethylsilane (TMSI) is crucial for the asymmetric conjugate addition of the copper reagent, but only in THF or
when 12-crown-4 is used. The reaction is thought not to involve any halosilane in any critical steps in the organocopper mechanisms conducted
in Et,0.

Organocopper reagents are among the most powerful re-reagents, RCu-LiX or Li[RCuX}® possess an excellent

agents available for carbon—carbon bond formatiomke economy of group transfer, but their inherent lower reactivity
applications of organocopper chemistry started in 1966 whenand solubility have limited their widespread use in conjugate
Housé2 demonstrated the Gilman reagents, iGR, in addition reactions. Such problems can be circumvented by

conjugate addition reactions. However, one major disadvan-taking advantage of nontransferable ligahuisLewis acid$
tage with the LiRCu reagents is that one has to employ at in the conjugate addition process. Chlorotrimethylsilane
least 2 equiv of the lithium reagent for each equivalent of (TMSCI) is probably the most common additive employed
Cu(l) source, which becomes more of an acute problem if with Gilman-type reagents.

expensive R groups are employed. The monoorganocuprate Several contradicting theories on the precise role of TMSCI
in the addition of LiRCuLi have appearet;V but it seems

* To whom correspondence should be addressed. most likely TMSCI is responsible for a rate-limiting silylation
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insight regarding organocuprate reactions was supported by G

determination of kinetic isotope effects for the TMSCI-
mediated reactions of Li[BXCu] to enones in ether and
THF 5 Because of the uncertainty of many variables in the

organocopper reactions (e.g., cuprate structures, solvent,

additives, reaction conditions, and substrate, as well as the
cuprate cluster at each stage of the reaction pathway), a

detailed mechanistic explanation has not yet emerged.
However, it is generally accepted that the initial lithitm
carbonyl coordination is a critical factor in the conjugate
addition in the absence of additives, which seems to be a
sufficient activator for highly reactiveo,-unsaturated
systems. On the other hand, butylcopper prepared from BulLi
and Cul in E$O, washed free from Lil, has been reported to

undergo conjugate addition to a chiral enoate in the presence

of iodotrimethylsilane (TMSI}¢ Hence, even in absence of
lithium, there is evidence that electrophiles more powerful
than TMSCI, e.g., TMSIand trimethylsilyl triflate$? can
facilitate the conjugate addition of butylcopper.

We have encountered two dramatically different solvent-
dependent reaction pathways for the conjugate addition of
Li[BuCul])/TMSI to N-crotonyl-2-oxazolidinonel()’ (Table
1). Conducting the addition td.} in THF afforded 96% de
of product2S (entry 1). On the other hand, conducting the
conjugate addition in EO, employing the same copper
reagent system, gave 88% de of the ott&R)(diasteromer

Table 1. Asymmetric 1,4-Additions

0o Ph 1)"Bucy’ Bu, H 0 Bu ,H 0
Me/\)J\ /> ~78°C 4n Me)\)J\R‘ MeMR'
)\ BN, NHCL g b 2R)
entry Cu()? reagent additive(s)® ratio (ab) yield®
1 A  Li[BuCulyTHF TMSI 98:2 83
2 A L[BUCUI/THF - 2476 60(30)
3 A LiBuCulyTHF T™SCI 14:86  12(85)
4 A L[BUCUl/ELO ™SI 6:94 90
5 A Li[BuCul)/Et,O - 6:94 90
6 A Li[BuCull/Et,0 (2 h) TMSI 6:94 75(20)
7 A LBuCulELO@h) - 6:94  75(20)
8 A LiBuCul/EtL,O TMSI2w4? 7228 80
9 A LiBuCul/Et,0 TMSI/12w4¢  96:4 80
A LiBuCuIjELO 12 wr4® - 0(90)
11 B’ Li[BuCul)/THF TMSI 90:10 50(45)
12 B Li[BuCul/THF - 44:56  12(85)
13 B Li[BuCul)/THF TMSI 0(95)
14 A Li[BuyCu]Lil/THF TMSCI 69:31 55(40)
15 A Li[BuyCu]Lil/Et,O TMSCI 45:55 85

a“RCu” (1.5 equiv) vsl. A = Cul purified via DMS and used as the
(Cul)4(DMS); complex.B = 99.999% grade CuP Halosilane (1.0 equiv)
vs copper reagent.Based on isolated and purified material {ab)%.
Recovered. in bracketsd 12-Crown-4 (1.0 equiv) vs lithiunt 12-Crown-
4 (2 equiv) vs lithiumf DMS (0.75 equiv) was added to Cul.

in 90% vyield (entry 4). Due to the radical turn in diastere-
omeric ratio, several mechanistic questions for the iodosilane-
promoted conjugate addition of Li[BuCul] became apparent.
The lithium ion is proposed to initially coordinate one or
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766—770. (b) Lou, B.-S.; Li, G.; Lung, F.-D.; Hruby, V. J. Org. Chem
1995,60, 5509—5514. (c) Qian, X.; Russel, K. C.; Boteju, L. W.; Hruby,
V. J. Tetrahedronl1995,51, 1033—1054. (d) Andersson, P. G.; Schink, H
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both carbonyl groups in the imide employing@t while a
rapid silylation by TMSI of the coppet-complex is more
likely the case in THF.

The presence of TMSI is crucial for high stereoselectivity
and yield, but only in THF. Avoiding TMSI in the addition
of Li[BuCul] in THF not only decreased the rate of the
reaction but also provided an excess of diasterec®fer
(entry 2). This same major diastereomer was obtained in
much greater excess and yield in@tentry 4). As the initial
lithium carbonyl interaction seems stronger igEtompared
to THF, the imide is allowed to more readily undergo a
conjugate addition via the proposed lithium-chelated syn-s-
cis conformation rather than the asticis conformer. This
same syn-s-cis chelated metal complex has been proposed
for the MgBr-promoted addition of Li[BuCul] tdL.”8

Surprisingly, we found that the presence of TMSI for the
addition of Li[BuCul] to1 in E,O was unnecessary (entry
5). The results, including rates, yields, and selectivities, were
identical independently of the presence of TMSI in the
conjugate addition of Li[BuCul] td in Et,O (entry 6). By
guenching the Li[BuCul] reactions after 2 h instead of the
standard 4 h reaction time, the same yield as well as
stereoselectivity was obtained with or without the presence
of TMSI (entry 7). Employing 1 equiv of 12-crown-4 relative
to Li[BuCul]/TMSI in Et,O increased the influence of the
iodosilane as the silylating agent (entry 8). Increasing the
amount of crown ether to 2 equiv afforded an increased
stereoselectivity in favor of produ2r (entry 9). 12-Crown-4

(8) Pollock, P.; Dambacher, J.; Anness, R.; Bergdahl,Tetrahedron
Lett. 2002,43, 3693—3697.
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Scheme 1. Proposed Influence of the Lithium lon
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s-face of the imide in an-sis conformation, yielding an
excess of the other diastereom2R]. Although formation

of an a-cuprioketoné® has been reported for Gilman-type
reagents as a favored intermediate, it cannot be neglected as
one possible intermediate also for the Li[BuCul] reagent.
The nature of the monoorganocopper species forming the
st-complexX” depicted is unknown, but there is the possibility
for dimers® and higher oligomer¥,

Quite surprisingly, employing 1 equiv TMSCI relative to
lithium has a retarding effect on the conjugate addition of
Li[BuCul] (entry 3). Compared to the more electrophilic
TMSI (entry 1), TMSCI is proposed to inhibit the reactivity
of the Li[BuCul] reagent either via a chlorireopper or
chlorine—lithium interaction. As expected, when 1 equiv of
TMSCI was employed in combination with the more reactive
Gilman reagent, Li[BpCu]Lil showed a moderate solvent

Gilman-type reagents have been characterized by crystal-dependence; a slower reaction was observed in’? téftry

lography, where it was shown that each lithium ion is
coordinated to two 12-crown-4 molecufe¥/e propose that
the lithium—carbonyl coordination in ED is kinetically
favored over TMSI—carbonyl interaction, even though the
iodosilane is highly electrophili¥. The results reported show
that TMSI appears to coordinate very favorably to the
carbonyl group in THF or in the presence of 12-crowH-4.
When Li[BuCul] is added td in the absence of TMSI either
in THF (entry 2) or in the presence of 2 equiv of 12-crown-4
(entry 10), the initial lithium carbonyl interaction decreases,
as shown by the significant drop in yield.

14) relative to EXO (entry 15).

As a final point, the Li[RCul] reagent is a versatile reaction
system that provides a more economical use of the “R”
groups compared with the Gilman-type reagents. It was
instrumental to use the Catimethyl sulfide complex (Cul
0.75DMS¥! instead of the high-purity-grade Cul. Entries
10—12 demonstrate the effect of DMS, either by precomplexa-
tion??2 or subsequent additioc’? on the solubility and
reactivity of the copper reagent.

In summary, this paper shows that monoorganocuprate
reagents react at78 °C as long as the Ct0.75DMS is

Scheme 1 depicts the different proposed mechanisms ofemploye® Even though the exact mechanistic details of

the conjugate addition reaction conducted in THF relative
to EtO that rationalize the shift in stereoselectivity. TMSI
is proposed to rapidly silylate an initial coppgrcomplex

in THF, thus allowing the copper reagent to add taa the
most availabler-face of the s-cis enone with the imide

the organocopper reactions are still quite elusive, a qualitative
pattern using the Li[RCul] reagent system is emerging.
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rapid silylation of an initial copperr-complex has been
proposed not only for the MEULI/TMSCP4¢¥combination
but also for Li[BuCul]/TMSI in additions to cyclohexenot,

a process that is shown here to be favored only in THR.
Et,0O, a lithium species is believed to chelate the carbonyl
groups preceding the formation of the copperomplex41>
thereby allowing the addition to occur with the most available
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