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Abstract: Reduction of the carbonyl group in organomercurials can be carried out
with retention of the mercury, provided it is protected by methylation. Thus, the
bromomercurio aldehyde 6 is first methylat&d by MeCu to giv&ll, whose reduction
with NaBH,, LiAlH(-BuQ),, L-Selectride™, or superhydride™ affords the alcohol
12. Mercury is then deprotected by treatment with HgBr, (12 — 13). The resulting
alcohol 13 undergoes the palladium(Il)-catalyzed carbonylation to produce the
corresponding lactone 15. Five- and six-membered lactones are readily accessible via
this methodology. Copyright © 1996 Elsevier Science Ltd

Organomercurials are frequently encountered intermediates in organic synthesis.! The usual
role of mercury is to serve as a vehicle introducing a desired substituent. In most cases, after having
served its purpose, mercury is removed by reduction.!? This scenario is exemplified by the well known
oxymercuration of olefinic double bonds! and by cyclopropane cleavage.’-5 However, this is not the most
economic strategy because, in general, stoichiometric processes, employing either expensive or toxic
metals, should capitalize on the presence of the metal in the molecule by engaging it in more than one
productive step.

As part of a program aimed at the more atom-economic utilization of organomercurials, we
have recently shown that the C-HgX group can serve as a store of the carbon-metal bond. The mercurio
group would be activated later in the synthetic scheme, eventually effecting, e.g., an intramolecular
addition across a C=0 or an activated C=C bond.4-

Organomercurials are relatively stable and easy-to-handle,! so that the R-HgX group (X =
halogen) can be expected to survive a number of operations in a multiple-step sequence, before actually
being activated and used. However, these compounds can easily be reduced even with relatively mild
reducing agents,! which considerably limits the scope of this methodology. In order to avoid the latter

flaw, we have developed a protocol that involves protection of the mercurio group from reduction and its
subsequent deprotection.
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We have shown earlier that, on reaction with MeCu, halomercurials (e.g., R-HgCl) undergo
an instantaneous, high yielding methylation on mercury.*> We now wish to report that the resulting
methylmercurio derivatives R-HgMe are stable to a number of hydride reagents and that the
halomercurio functionality can then be regenerated by treatment with HgX,.

To develop this method, we have utilized two model compounds: the chloromercurio alcohol
4 and the steroidal aldehyde 6. The former compound was prepared from the cyclopropyl alcohol 1, via
a sequence involving protection of the OH group by Mel/NaH methylation (1 — 2; 69%), cyclopropane
ring opening®® with (AcO),Hg (2 — 3; 74%), and saponification (3 — 4; 98%).” The aldehyde 6 has
been readily obtained from the cyclopropyl derivative § (which, in turn, was prepared in four steps from
cholesterol!®) via the mercury(II)-mediated rearrangement.*
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The chloromercurio alcohol 4 was first methylated with MeCu (generated in situ from
equimolar amounts of MeLi and Cul) to afford the methylmercurio derivative 7.1' The latter compound
was then oxidized with pyridinium chlorochromate (PCC) and the resulting ketone 8 stereoselectively
reduced with NaBH, to give the inverted alcohol 9 as the major product (16:1). Finally, the
chloromercurio grouping was regenerated by treatment with HgCl, (9 — 10).
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Similarly, methylation of the steroidal aldehyde with MeCu (6 — 11),* followed by the
NaBH, reduction, gave the alcohol 12. Treatment of the latter product with HgBr, furnished the
bromomercurio alcohol 13. A brief screening showed that the reduction (11 — 12) can also be carried
with LiAIH(z-BuO);, L-Selectride®, or superhydride® in high yields.!? By contrast, treatment with
LiAlH, led to the reduction of both functional groups.
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On heating at 60 °C with (MeCN),PdCl, (10 mol%) and 2 equivs of p-benzoquinone (p-BQ)
in THF under an atmosphere of CO for 4 days,'? the chloromercurio alcohol 10 has been almost
quantitatively consumed, giving almost exclusively the five-membered lactone 14, which was isolated as
a pure compound in 58% yield.!# On the other hand, the organomercurial 13 exhibited high conversion to
the corresponding lactone only when the reaction was carried out with a stoichiometric amount of Pd%*
(still in the presence of p-BQ which, apparently, serves as a ligand‘5). The six-membered lactone 15
(55%)'6 thus formed, was accompanied by the tetrahydrofuran derivative 16 (11%).17 The catalytic
version (8 mol% of Pd?*, 60 °C, 7 days) gave rise to a mixture of 15 (14%) and 16 (44%), with the latter
product dominating. These results indicate that the lactonization will be less successful if a competing
pathway, such as a 5(O)"-exo-tet cyclization,'® is available. By contrast, synthesis of 5-membered
lactones does not seem to suffer from that kind of competition, for the only available 4-(O)"-exo-tet
cyclization is much less likely.
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In conclusion: We have developed a protocol for the protection/deprotection of the
organomercurials, namely via the methylation-demethylation. The protected organomercurials are stable
to a number or hydride reagents, enabling a selective reduction of an aldehyde or ketone group, present in
the molecule. The resulting halomercurio alcohols readily afford either 5- or 6-membered lactones on the
Pd(II)-catalyzed carbonylation. This protocol represents a novel approach to the synthesis of lactones and
supplements those in existence.!®
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