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ABSTRACT

The selective synthesis of substituted indoles was achieved by the ring-closing olefin metathesis (RCM)/elimination sequence or the RCM/
tautomerization sequence of functionalized pyrrole precursors. The RCM/elimination sequence was also applied to double ring closure to yield a
substituted carbazole.

Indoles are important synthetic targets because of their
diverse biological activities.1 A large number of methods
for the construction of the indole skeleton have been
reported,2 and those methods can be classified into two
broad categories (Scheme 1). One is the construction of
a pyrrole ring onto a functionalized benzene precursor,
and the other is the construction of a benzene ring onto
a functionalized pyrrole precursor. Compared with the

former, however, the latter is considerably rare.3 Taking
into account differences in product variation between the
two approaches, more attention should be given to the
latter approach.

The construction of aromatic rings using ruthenium-
catalyzed ring-closing olefin metathesis (RCM)4,5 has

Scheme 1. Two Synthetic Approaches to Indole Skeleton
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recently emerged as an interesting and efficient strategy for
the preparation of aromatic compounds.6�9 In the past few
years, we have focused our efforts10 on this field and have
reported that substituted benzenes 2 can be synthesized by
RCM/dehydration of 1,5,7-octatrien-4-ols 1 (eq 1).10e One
of the advantages of this strategy is that it enables the

flexible and selective introduction of various substituents
to the benzene rings.
Based on this background, we report herein a new

synthetic strategy that employs the RCM/dehydration
sequence to yield substituted indoles 4 from functionalized
pyrrole precursors 3 (eq 2).

Scheme 2. Retrosynthetic Analysis of Substrates 3

Table 1. Synthesis of Substituted Indoles 4 by RCM/Dehydration Sequencea

aRing-closing olefin metathesis was carried out with 3 and ruthenium catalyst (8, 7.5 mol %) in toluene. The reaction mixture was treated with
p-toluenesulfonic acid (10mol%) at room temperature for 1 h. b Isolated yield by silica gel chromatography. cAmixture of 3b and a regioisomer (1:0.18)
was used (see the Supporting Information). d 3e�f were found to be somewhat unstable. eThe dehydration was carried out at 80 �C for 1.5 h. fThe
reaction was carried out with 15 mol % of 8.
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Precursors 3were synthesized from three basic segments
5�7 (Scheme 2). A combination of the cross-coupling
reaction of 511 with vinylmetal reagents 6, and the allyla-
tion of the resulting coupling products with allylic metal
reagents 7 led to 3.12

With the desired precursors in hand, we looked into the
synthesis of indoles 4 using Grubbs second-generation
catalyst13 8. Examples of the synthesis of indoles having
a benzyl group and a benzenesulfonyl group attached
to nitrogen are listed in entries 1�4 and entries 5�12 in
Table 1, respectively. The reaction of 3a that has a benzyl
group at the R1 position and a methyl ester group at the
R5 position proceeded, but the yield of desired indole 4a
was only 12% (entry 1). Because we suspected that a
vinyl group at the R3 position and a methyl ester group
at the R2 position of 3a or 4a inactivated the catalyst by
forming a Hoveyda�Grubbs-type complex,14 the reac-
tion of 3b, the structure of which is the same as that of 3a
except that an aryl group is found at the R3 position
instead of a vinyl group, was next examined. However,
the result was almost the same as that of 3a and product
4b was obtained in only 13% yield (entry 2). Then, the
reaction of 3c, which is analogous to 3a but has a methyl
ester group at a different position (R6), was performed.
Much improvement was noted in this case and indole 4c
was formed in 53% yield (entry 3). Removing the methyl
ester group from the R6 position of 3c further improved
the reactivity. The RCM of 3d proceeded even at

room temperature and 4d was obtained in good yield
(entry 4).
On the other hand, the reaction of simpler 3e that has a

benzenesulfonyl group at the R1 position gave desired
indole 4e quantitatively (entry 5). In the reactions of
substrates that have the basic structure of 3e, good yields
wereobserved (entries 6�10). The introduction of amethyl
ester group at theR5 orR6 positionwas no longer a serious
problem and the reaction of 3f,g gave indoles 4f,g in good
yields (entries 6 and 7 vs 1�3). Substrates having substi-
tuents at the R4 or R7 position were also converted into
corresponding products 4h�j in excellent yields without
any problems (entries 8�10).15 Although the reaction of

Scheme 3. Synthetic Sequence to Substituted Carbazole 10

Scheme 4. Synthetic Sequence to 7-Hydroxyindole 12
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3k, in which the formation of a tetrasubstituted double
bond is necessary at the RCM step, was very slow as
predicted (entry 11), increasing the catalyst loading im-
proved the product yield (entry 12).
To extend this methodology, the RCM/dehydration

protocol was applied to the synthesis of carbazole.16,17

The construction of two benzene rings from symmetrically
substituted pyrrole 9, which was prepared by a similar
synthetic strategy to 3, led to the formation of substituted
carbazole 10 in 81% yield (Scheme 3).18

Finally, we attempted to apply the RCM/tautomeriza-
tion sequence to 1119 that was readily prepared by the
Dess�Martin oxidation of 3f. As a result, the desired
7-hydroxyindole 12was obtained in 95%yield (Scheme 4).
In conclusion, we have presented a new selective syn-

thetic approach to indoles from functionalized pyrroles by
utilizing the RCM/dehydration or the RCM/tautomeriza-
tion sequence. As the method employs a rare approach
(construction of a benzene ring onto a functionalized
pyrrole precursor), unique indoles can be produced with
this method.
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