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The Rh(II)-catalyzed coupling of chiral 2-thiopyranylindoles
with vinyl diazoacetates results in the generation of indo-
lines having quaternary substitution at C(3) in high dias-
tereoselectivity.

The presence of highly substituted indoles and indo-
lines in a variety of bioactive molecular targets has
inspired a number of groups, including ours, to develop
new and improved routes to their synthesis.1-3 Along
these lines, we have found that ylide-derived Claisen
rearrangements of 2-thioindoles result in the generation
of indolines having quaternary substitution at C(3).4-6

From a desire to control the relative stereochemistry
of these reactions we recently reported that racemic
thiopyranyl indole 3 was capable of transferring its
chirality from the position adjacent to sulfur to the
3-position on the indole when vinyl diazoacetate 4 was
used in the coupling reaction (eq 2).7

Described in this paper are studies that extend the
scope of these initial experiments through the examina-
tion of a more extensive array of vinyl carbenoid precur-
sors and optically active thiopyranyl indoles. Also de-
scribed are related investigations that examine ring
expansion reactions of thiopyranyl indoles through their
coupling with malonate and â-ketoester carbenoid sys-
tems.

To establish the stereocenter that we hoped would
ultimately end up controlling the facial selectivity in the
carbenoid coupling chemistry we turned to a one-pot
DIBAl-Grignard reaction and tryptophan derivative 6.8
N-Boc protected D-tryptophan 6 was subjected to DIBAl
and MeMgBr to give 7 in 52% yield. In addition to
MeMgBr, both PhMgBr and vinyl MgBr also added to
the tryptophan/DIBAl mix to give amino alcohols 8 and
9, respectively. As expected from the work of Polt,
Yamamoto, and Angle the threo isomer was the major
or, in the case of 7, the only diastereomer that was
isolated from these reactions.

Outlined in Scheme 1 is our conversion of amino
alcohol 7 into thiopyran 11. Displacement of the tosylate
from 7 with KSAc gave thiol 10 after acetate hydrolysis.
Oxidative cyclization provided the desired thiopyran 11.9

With a reasonably efficient approach to 11 in hand,
we examined its conversion into thioimidates 13 and 14
through its Rh2(OAc)4-catalyzed coupling with vinyl
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diazoacetates 12 and 4, respectively (Table 2). Interest-
ingly, we found that the diastereoselectivity of the
reaction was dependent upon the level of substitution on
the diazo moiety; gem-dimethyl-substituted vinyl car-
benoid 4 gave indoline 14 having vicinal quaternary
substitution in 87% yield with a >21:1 diastereomeric
ratio while the parent vinyl diazo acetate 13 gave much
lower levels of diastereoselectivity.10,11 Through the use
of 2D NMR experiments, we were able to show that the
major diastereomer in both cases was the anticipated
anti-product resulting from ylide formation on the thio-

ether lone pair that sits on the face of the thiopyran
opposite the methyl substituent.

Having shown that the isoprenyl diazoacetate 4 coupled
with 11 with a high level of stereoselectivity, we set out
to determine whether related vinyl diazoacetates would
give similar results. We were pleased to find that both
cyclohexenyl and cyclopentenyl diazo acetates 15 and 16
gave the corresponding thioimidates 17 and 18, respec-
tively, with high anti:syn diastereoselectivity.

The thioimidates from the carbenoid couplings are
potentially useful precursors to other indoles and indo-
lines. For example, by stirring 14 with NaH in THF we
were able to induce an intramolecular Michael addition
to give tetracyclic adduct 19 as a single diastereomer in
81% yield (eq 3). The C(3) isoprenoid group in 14 can be

induced to undergo a stereoselective Cope rearrangement
when 14 is exposed to HgCl2. This results in the genera-
tion of 20 as a single diastereomer in 85% yield (eq 4).
Interestingly, the corresponding thermal rearrangement
gave a 1.6:1 mixture of diastereomers in an 80% yield.

Having demonstrated the utility of thiopyranylindole
11 in the synthesis of quaternary substituted indolines,
we turned our attention to the use of 11 in other ylide-
initiated cascades. First on the list was the reaction of
11 with malonate and â-ketoester carbenoids (Table 4).
Previously, we had demonstrated that acyclic 2-thio-
indoles undergo ylide-derived Stevens’ rearrangements
when exposed to malonate and â-ketoester carbenoids;
if a similar reaction occurred with 11, this would result
in a novel one-carbon ring expansion reaction. To our
delight, we found this to be the case; both malonate and
â-ketoester rhodium carbenoids underwent successful
Stevens’ rearrangements to generate thiepines 21 and

(10) The lower levels of diastereoselectivity observed with 12 may
be due to a competitive direct C(3) alkylation of the unsubstituted vinyl
carbenoid.

(11) It is also possible that the lower levels of selectivity with 12
may be due to the formation of a configurationally unstable ylide. We
thank a reviewer for this suggestion.

TABLE 1

entry R alcohol dr yield, %

1 Me 7 >95:5 52
3 Ph 8 7:1a 56
3 vinyl 9 4:1b 48

a Obtained after conversion into the corresponding cyclic car-
bamate. b Obtained from the integration of the vinyl signals in the
1H NMR of the crude reaction mixtue.

TABLE 2

entry R thiomidate yield, % anti:syna

1 H 13 64 3:1
2 Me 14 87 >21:1

a From the integration of the vinyl signals in the 1H NMR of
the crude reaction mixture.

SCHEME 1

TABLE 3

entry n thiomidate yield, % anti:syna

1 1 17 72 >19:1
2 0 18 63 >21:1

a From the integration of the vinyl signals in the 1H NMR of
the crude reaction mixture.
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22, respectively. Impressively, 22 was isolated as a 6:1
mixture of diastereomers although the reaction was run
at 80 °C.

In conclusion, we have shown that the coupling of
optically active thiopyranylindoles with diazoacetates in
the presence of Rh2(OAc)4 gives highly substituted indo-

lines and indoles in high yield and moderate to high
levels of diastereoselectivity. We are continuing to explore
these reactions including their application to the syn-
thesis of interesting targets. These efforts will be reported
in due course.
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TABLE 4

R R′ thiepine ds yield, %

Me OMe 21 64
t-Bu Me 22 6:1 60
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