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Abstract: Catalytic CuCN mediates the in situ transmetalation of a-thionocarbamoyl stannanes and
subsequent conjugate addition to a,B-unsaturated carbonyls in the presence of chlorotrimethlysilane at
or a little above room temperature. Copyright © 1996 Elsevier Science Ltd

Organocopper reagents have gained wide acceptance due largely to their low basicity as compared
with other common anionic species and their unique chemical reactivities.! A hallmark of the latter is an
unparalleled proclivity towards conjugate or Michael additions. Typically, organocopper reagents are
prepared by slow addition of the corresponding, but more reactive, organolithium or Grignard to a
suspension of Cu(l) salt at low temperature. We?2 and others,> however, have demonstrated a direct and
facile transmetalation between copper salts and organostannanes.4 In the case of o-heteroatom substituted
alkyitributylstannanes, the overall process of transmetalation and cross-coupling with organohalides
proceeds with retention of configuration.2 Herein, we report that the coordinatively stabilized, lower order
cyanocuprates 2, generated in situ from o-thionocarbamoyl stannanes 1 and CuCN, readily undergo
conjugate addition to a,B-unsaturated carbonyls (eq 1).5.6
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The reaction parameters for conjugate addition were initially explored using equimolar amounts of
stannane 3 and 2-cyclohexen-1-one (4) as a model system. Acceptable yields of §7 (Table 1), isolated as a
~2:1 diastereomeric mixture after hydrolytic work-up, were only achieved when the addition was conducted
in the presence of chlorotrimethylsilane.6-8 The use of CuCN was also critical, although only a catalytic
amount (8 mole %) was needed. Other copper salts, e.g., CuCl, CuBr, CuBry, or [ICuPBusly, failed or
led to low yields. Generally, THF and DME were satisfactory solvents whereas Et;0, benzene, DMSO
and HMPA gave poor results. Cyclopentenone 6 likewise smoothly accepted 3 furnishing 7. Substituted
enone 8 inserted 3 exclusively from the less hindered a-face giving rise to 9 in fair yield. In contrast, (S)-
carvone (23) was recovered unchanged from the identical reaction conditions. Couplings with acyclic
ketone 10 and aldehyde 12 were uneventful and afforded adducts 11 and 13, respectively. Notably, the
best yield of 11 (75%) was obtained in THF/acetone; in acetone or THF alone, this dropped to 66% and
57%, respectively.
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Table 1. Conjugate Addition Using Catalytic CuCN
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fisolated as an ca. 1:1.2-2.4 mixture of diastereomers as determined by NMR analysis after hydrolytic work-up

1o remove any silyl ethers.



In all of the above examples, destannylation of 3 to thiocarbamate 24 accounted for virtually all of
this precursor's remaining material balance. Dimers? and/or B-hydride elimination products were not
observed. To gain a better insight into the destannylation process, 3 was added to either perdeuterated 4 in
THF or to 4 in THF-dg. Only the latter showed in any significant deuterium incorporation (28%) into 24.
This is consistent with a radical intermediate, most likely from homolytic cleavage of the carbon-tin bond in
3 or derived cuprate, that abstracts a hydrogen atom from solvent to form 24. Partial validation of this
hypothesis was found in the CuCN mediated addition of 25 to 4 (THF,45°C, 8h) which afforded a mixture
of 1,4-adduct (51%), destannylated thiocarbamate (20%), and intramolecular cyclization!0 product 26
(12%). Not unexpectedly, the level of substitution at the stannyl carbon!! also had an influence on the
competition between conjugate addition and destannylation. Addition of primary (unsubstituted) stannane
14 to 4 afforded 15 in good yield and was accompanied by < 5% of the destannylation by-product.
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Following the usual order of reactivity,2 coupling of benzyl stannane 16 was the most facile and
transfer of the benzylic moiety to 4 or 10 could be done at room temperature. Unfortunately,
destannylation proved competitve resulting in modest yields of 17 and 18, respectively. Allylic stannane
19 displayed intermediate reactivity, but still gave a synthetically useful yield of 20.

General Procedure: A solution of freshly purified chlorotrimethylsilane (2 mmol) and Michael
acceptor (0.8 mmol) in the solvent (1.5 mL) specified in Table 1 was added to a suspension of
thiocarbamoy1 stannane (0.8 mmol) and CuCN (8 mole %) in the same solvent (8 mL) at room temperature
under an argon atmosphere. The reaction mixture was maintained at the temperature and for the time
indicated in Table 1, then diluted with EtpO (60 mL), washed with 1 N HCI (25 mL), Ho0 (75 mL), and
dried over NaSO4. Concentration in vacuo and chromatographic purification of the residue over SiO;
afforded the conjugate.

The above methodology offers several distinct advantages, viz., (a) operational simplicity, (b) use
of catalytic amounts of copper, (c) transfer of a stereogenic center, and (d) complete utilization of the
organic ligand versus homocuprates in which only one-half of the organic ligands is usually transferred.
Initial results, e.g., conversion of 21 1o 22, suggest extensions of the procedure may be applicable to other
classes of Michael acceptor.12 Progress toward this objective as well as intramolecular versions will be
reported elsewhere.
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