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ABSTRACT

A new LDA-induced anionic N-C carbamoyl migration of 2-arylindoles (7) is reported. Treatment of N-carbamoylindoles 10 and 13, readily
available by direct and ipso-borodesilylative Suzuki-Miyaura cross-coupling routes from 8 and 12, respectively, provides a general route to
functionalized 2-arylindoles 11 and 14, respectively (Tables 1 and 2). The reaction has been applied to the synthesis of benzo[a]carbazoles 16
and indeno[1,2-b]indoles 18, and its intramolecularity has been established by a crossover experiment (Scheme 4).

Carbanion chemistry1 continues to noticeably impact syn-
thetic method development for the construction of aromatics
and heteroaromatics.1c–d In context of contributions from our
laboratories which aim to enhance links to the directed ortho
metalation (DoM) reaction,2 the anionic O- (1)3 and N-ortho
(2) Fries,4 its remote (3)5 and homologous (4)6 counterparts,
and most recently, O- to C-carbamoyl transfer (5)7 have
constituted key steps in establishing unusual substitution
patterns and facilitating efficient total synthesis (Scheme 1).8

The recent finding that the indole N-CONEt2 serves, after
2-TMS protection, as an excellent DMG for C-7 deproto-
nation (6)9 and the availability of 2-arylindoles by Suzuki-
Miyaura cross-coupling chemistry10 have provided, in com-
bination, the opportunity for the discovery of a new directed
remote metalation (DreM) concept (7). Herein, we report
preliminary studies on this reaction which piggy-backs the
carbamoyl DMG to the 2-aryl substituent for further DoM.
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It also facilitates formation of derivatives 11 which, due to
steric encumbrance, are obtained less efficiently or may be
unavailable by direct cross-coupling11 and allows the con-
struction of benzocarbazoles and indeno[1,2-b]indoles
(Schemes 2 and 3), compounds of considerable current
interest in the areas of antitumor,12 estrogen deficiency,13

melatoninergic disorder,14 and protein kinase inhibition.15

The results of our preliminary investigations comprise two
series of 2-aryl- and 2-heteroarylindoles and are summarized
in Tables 1 and 2. In the first series with a view toward remote
anionic cyclization chemistry to fused carbazoles,11 N-carbam-
oyl-2-aryl-3-methylindoles 10a-i16 were prepared by generally
efficient Suzuki-Miyaura cross-coupling of the N-carbamoyl-

2-bromoskatole 817 with a variety of aryl- and heteroarylboronic
acids 9a-i, respectively (Table 1).18 In the prototype reaction
(Table 1, entry 1), treatment of 10a with 2 equiv of LDA19 led
to the formation of the N-carbamoyl migration product 11a in
80% yield. Table 1 illustrates selected cases which deserve brief
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Scheme 2

Scheme 3

Table 1. Synthesis of 2-(Carbamoyl)arylindoles 11a-i: The
Direct Suzuki-Miyaura Cross-Coupling Route from 8

a Isolated yields. b Pd2(dba)3/SPhos/K3PO4/MeOH/50 h. c -40°C/1 h.
d -40°C/2 equiv of LDA/1 h. e 0 °C/2 equiv/40 min.
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comment. In simple cases, 2 equiv of LDA was sufficient for
smooth rearrangement while in substituted derivatives, e.g.,
10c,d, up to 4 equiv of LDA was necessary for optimum yields.
Weak (entry 2) and strong (entry 5) electron-donating groups
provide excellent yields of products and a synergistic DMG
effect, analogous to that observed in m-di-DMG-substituted ben-
zenes, is demonstrated by the regioselective migration result (entry
4) albeit in lower yield. A fluoro substituent is tolerated (entry
6), carbamoyl transfer to furan and thiophene rings is observed
to the expected, more acidic site20 (entries 7 and 8) and a styryl
case (entry 9)21 demonstrating an interesting migration to a vinyl
anion analogous to that observed generally for O-carbamate
series,7 may be noted. The present methodology for the
synthesis of N-substituted skatole derivatives 10 circumvents
the direct Suzuki-Miyaura coupling route,11 whose inefficiency
is presumably due to a tri-ortho-substitution hindrance effect.22

As an alternative route to 2-arylindoles, with the aim of
making 3-unsubstituted systems in order to leave the option
for further well-established electrophilic substitution chemistry,23

the recently disclosed method10 was adapted. Thus, using the

common starting N-carbamoyl-2-TMS indole 12,9 ipso-borode-
silylation followed by in situ Suzuki-Miyaura cross coupling
of the presumed dichloroborane24,25 with selected aryl bro-
mides led to a variety of 2-aryl (Table 2, entries 1-5) and
heteroaryl (entries 6-8) indole derivatives. For the cross
coupling, expected halogen chemoselectivity26 (entries 3 and
4) was observed (see the Supporting Information). In this series,
the remote metalation-N-carbamoyl migration reaction also
proceeded smoothly and, in some cases (entries 1 and 6,
Table 2), in higher yields than the corresponding skatole deriva-
tives (entries 1 and 8, Table 1). In the heteroaryl series, the
thienyl product 13f, obtained by an inverted partner route,
is unexceptional in terms of greater C-2 over C-3 acidity,20

the pyridyl case 13g follows previous observations on depro-
tonation site selectivity,27 and the isoquinoline derivative 13h
shows presumably the result of great heteroring C-H acidity
and/or CIPE alignment over the alternate peri-position.

To further advance synthetic utility, the application of the
directed remote metalation (DreM) concept5,8b was tested
on several carbamoyl-translocated skatole products 11a and
11b (Scheme 2). After a not unexpected failure at an attempt
to affect a one-pot procedure by subjection of a solution of
the initially formed anion corresponding to the migration
product 11a to treatment with additional LDA,28 this reaction
solution was treated with Boc anhydride, and product 15a
was subjected to reaction with LiTMP to give the benzo[a]
carbazole 16a in 88% yield (based on recovered 11a).29,30

The corresponding m-tolyl series, 11bf 15bf 16b, gave,
not surprisingly, a less synthetically useful result.

In a further enhancement of synthetic utility (Scheme 3),
the 2-arylindoles 14a and 14g were protected as the corre-
sponding Boc derivatives 17a and 17b, and the isolated
products were subjected to LDA conditions as above to
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Table 2. Synthesis of 2-(Carbamoyl)arylindoles 14a-g: The
ipso-Borodesilyation-Suzuki-Miyaura Cross-Coupling Route
from 12

a Isolated yields. b For preparation, see ref 10. c Boropinacolates were
used. d 0 °C for 40 min.
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afford the indeno[1,2-b]indoles 18a and the corresponding
aza derivative 18b in 78% and 35% yields, respectively.
Interestingly, since, to the best of our knowledge, direct
Friedel-Crafts reaction of the carboxylic acids corresponding
to 17a,b-type compounds has not been reported, the above
DreM route may serve as a useful method for the preparation
of these somewhat unexplored ring systems.13,14

Based on considerable precedent,8b a carbamoyl-LDA
coordination (CIPE) is suggested to play a role in the
deprotonation-migration reaction.31 Examination of models
and the X-ray crystal structure of 10e (Figure 1), although
with the normal caveat of inadequate argument based on
solid-state analysis and lack of knowledge of the structure
of the derived lithiated species,32 one may expect a reason-
able Burgi-Dunitz angle33 trajectory approach of an incipient
2-aryl anion toward the carbamoyl carbonyl.1

The carbamoyl translocation reaction of 13a was conveniently
followed by React IR and showed smooth disappearance of
the N-CONEt2 band at ν 1684 cm-1 over 1 h and the
concomitant appearance of the CONEt2 band at ν 1601 cm-1.
This suggests that the migration proceeds via the tetrahedral
intermediate 20, whose conversion to product rather than 6-oxo-
6H-isoindolo[2,1-a]indole 21 (ν 1720 cm-1)34 is driven by strain
and indole N-anion leaving group propensity.35,36 As a test of
intramolecularity of the migration, a crossover experiment
was executed (Scheme 4). Thus, treatment of a 1:1 mixture
of 13b and 19 under the standard LDA conditions afforded
14band 22 in quantitative conversions. Although the expected

rate differences in the migration of 13b and 19 were qualita-
tively observed, this result nevertheless supports an intramo-
lecular pathway for the N-carbamoyl translocation reaction.

In conclusion, a new and general anionic N-carbamoyl migra-
tion, 10, 13f 11, 14 has been added to the tool box of synthetic
carbanionic aromatic chemistry (Scheme 1).37 This reaction
offers an alternative to direct cross-coupling approaches to
2-arylindoles16whichmaybeunderminedbysterichindranceeffects16

and provides products 11 and 14, useful for further DoM and
DreM reactions as well as additional anionic technology for
the synthesis of benzocarbazoles (16a,b)38 and an anionic route
to indeno[1,2-b]indole (18a) and azaindeno[1,2-b]indole (18b).
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Figure 1. ORTEP view of compound 10e with atomic numbering
scheme.

Scheme 4
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