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A mild method to access a variety of substituted indole derivatives has been developed. The strategy relies on the generation of highly
reactive indolyne intermediates, which function as electrophilic indole surrogates.

The indole heterocycle is found in an astonishing number
of natural products and medicinal agents.>? More than 10000
biologicaly active indole derivatives have been discovered
to date, with over 200 of these currently being marketed as
pharmaceuticals or undergoing clinical trials.® In the past
century, countless efforts have been devoted to the devel op-
ment of methods that enable the synthesis of functionalized
indoles. Although numerous methods for accessing C2- and
C3-substituted products from indole building blocks have
been discovered, access to C4-, C5-, C6-, or C7-substituted
indoles remains a significant challenge.
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Our approach to this problem rests opposite the well-
known paradigm of indole reactivity. Indoles typically
function as excellent nucleophiles that readily participate in
electrophilic aromatic substitution reactions (1 — 2, Figure
1); in contrast, methods for rendering indoles susceptible to
attack by nucleophiles are rare (1 — 3).* A method for
reversing the inherent reactivity of indoles from nucleophilic
to electrophilic would be conceptually interesting and could
also allow for the preparation of compounds that are difficult
to obtain by conventional means. In this paper, we describe
an efficient and mild method for accessing electrophilic
indole surrogates via the generation of aryne derivatives of
indoles, or “indolynes’ (i.e., 4).5°
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Figure 1. Indolyne 4 as an electrophilic indole surrogate.

Although heteroaromatic arynes have been a subject of
debate in the past,> the existence of indolynes has been
substantiated by experimental data. In the 1960s, it was found
that C3-unsubstituted 4,5-indolyne 6 could be generated from
5-bromoindole (5) and KNH, in ammonia to afford a
complex mixture of products, which upon purification
furnished 4- and 5-aminoindole products 7 and 8 (Figure
2).” In 2007, the Buszek laboratory demonstrated that C3-
substituted indolynes could be generated from dihal oindoles
in the presence of butyllithium reagents.®® The presumed
indolyne intermediates were trapped with furan to afford
Diels—Alder products (e.g., 9 + 10 — 12). Further studies
have recently been reported®® that include indolyne
Diels—Alder reactions of substituted furans and cyclopen-
tadiene.
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Figure 2. Previous syntheses of indolynes.

Despite these significant advances in the chemistry of
indolynes, many areas have remained unexplored, namely
(a) the potential to utilize indolynes as building blocks to
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construct libraries of substituted indoles, (b) the general use
of indolynes as electrophilic indole surrogates, and (c) the
site preference for nucleophilic attack on indolynes, including
its variation as a function of the nucleophile.

To initiate our studies, indolyne 4 was selected as our
primary target (Figure 1).° Interestingly, indolyne 4 would
possess both highly nucleophilic’® (at C3) and electrophilic®
(at C4 and Cb) sites. As current methods for generating C3-
unsubstituted indolynes were relatively harsh for our intended
studies (i.e., KNH,/NH; or BuLi),”®* we sought an alterna-
tive method to access the key indolyne species 4. The
approach to arynes by Kobayashi appeared optimal, as it
would permit indolyne formation from an indolyl silyltriflate
precursor using mild fluoride-mediated conditions.*?

Although the synthesis of an appropriate indolyl silyltriflate
proved challenging,® an efficient route was ultimately
developed (Scheme 1). Commercially available 5-benzy-
loxyindole (13) was converted to hydroxyindole 14 following
aknown two-step sequence.**** Next, hydroxyindole 14 was
allowed to react with isopropyl isocyanate in the presence
of cat. EtzN to afford carbamate 15. The net conversion of
13 to carbamate 15 proceedsin 85% yield and requires only
one final chromatographic purification event. Following the
protocol disclosed by Snieckus and Hoppe,'® carbamate 15
was lithiated and quenched with TMSCI to provide silyl
carbamate 16.1 Of note, the relatively acidic C2 proton of
the N-methylindole is not disturbed in this process, which is
testament to the outstanding ortho-directing ability of car-
bamates.® Although initial attempts to elaborate silyl car-
bamate 16 to silyltriflate 17 in a stepwise fashion were met
with difficulty,™® an efficient one-pot deprotection/triflation
sequence proved successful. Our optimized route to silyl-
triflate 17 can be carried out on multigram scale, and
proceeds in 63% overall yield. To confirm that silyltriflate
17 would function as a suitable precursor to the targeted 4,5
indolyne, 17 was reacted with TBAF in the presence of furan
(10) to afford Diels—Alder product 18 in 85% vyield.
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reported the synthesis of C3-substituted indolyl silyltriflates using a Fischer
indolization strategy; see ref 8b.

(12) Himeshima, Y .; Sonoda, T.; Kobayashi, H. Chem. Lett. 1983, 12,
1211-1214.

(13) Challenges are primarily associated with the acidity of the C2
hydrogen and the electron-rich nature of the indole ring (e.g., undesired
reactivity at C3 and propensity to undergo protodesilylation at C4).

(14) (a) Stadlwieser, J. F.; Dambaur, M. E. Helv. Chim. Acta 2006, 89,
936-946. (b) Gwaltney, S. L.; et al. Bioorg. Med. Chem. Lett. 2001, 11,
871-874.

(15) 5-Hydroxyindoles can aso be readily prepared by the classic
Nenitzescu indole synthesis; for a review, see: Allen, G. R. Org. React.
1973, 20, 337454,

(16) (a) Kauch, M.; Snieckus, V.; Hoppe, D. J. Org. Chem. 2005, 70,
7149-7158. (b) Kauch, M.; Hoppe, D. Synthesis 2006, 1578-1589.

(17) For the selective C4 lithiation of a related N-silylated substrate,
see: Griffen, E. J;; Roe, D. G.; Snieckus, V. J. Org. Chem. 1995, 60, 1484~
1485.

(18) Snieckus, V. Chem. Rev. 1990, 90, 879-933.

(19) Cleavage of the carbamate of 16 was routinely accompanied by
loss of the C4 silyl substituent under a variety of reaction conditions.

Org. Lett, Vol. 11, No. 4, 2009



Scheme 1. Synthesis of Silyltriflate 17 and Diels—Alder Product
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Asshown in Table 1, anumber of heteroatom- and carbon-
based nucleophiles undergo smooth reaction with indolyne
4, which indeed functions as an electrophilic indole surrogate.
Treatment of silyltriflate 17 with either p-cresol or aniline,
in the presence of CsF, led to the formation of products 19a,b
and 20a,b (entries 1 and 2, respectively).° In addition,
indolyne formation in the presence of p-methylthiophenol
afforded sulfur-containing products 21a,b (entry 3). With
respect to carbon-based nucleophiles, a cyclic -enaminoke-
tone could be used to prepare monosubstituted indole
products 22a,b (entry 4),%* whereas employment of potas-
sium cyanide afforded cyanoindoles 23a,b (entry 5). The
latter result is notable because cyanide has rarely been used
in nucleophilic addition reactions to arynes.?

Indolyne precursor 17 could also be used in a variety of
formal cycloaddition processes to access several unique 4,5
disubstituted indole derivatives. For instance, reaction of
benzylazide and silyltriflate 17, in the presence of TBAF,
provided access to indolyltriazoles 24a,b in 86% yield, using
aformal aryne [3 + 2] cycloaddition (Table 1, entry 6).%3
Moreover, aformal [2 + 2] cycloaddition provided indolyl-
cyclobutanones 25a,b (entry 7), whereas a variant involving
cycloaddition followed by fragmentation provided ketoesters
26a,b (entry 8).2*

Several salient features of the reactions shown in Table 1
should be noted: (a) the diverse collection of compounds
synthesized demonstrates the potential to utilize silyltriflate
17 as a common precursor to alibrary of substituted indole
derivatives, (b) many of the products obtained would not be
readily accessible by conventional means; (c) the C3 position
in all products remains unfunctionalized, and thus could be
easily substituted if so desired; (d) high-yielding access to
these compounds is only made possible by the mild reaction

(20) Liu, Z.; Larock, R. C. J. Org. Chem. 2006, 71, 3198-32009.

(21) Ramtohul, Y. K.; Chartrand, A. Org. Lett. 2007, 9, 1029-1032.

(22) Scardiglia, F.; Roberts, J. D. Tetrahedron 1958, 3, 197-208.

(23) (a) Shi, F.; Waldo, J. P.; Chen, Y.; Larock, R. C. Org. Lett. 2008,
10, 2409-2412. (b) Campbell-Verduyn, L.; Elsinga, P. H.; Mirfeizi, L.;
Dierckx, R. A.; Feringa, B. L. Org. Biomol. Chem. 2008, 6, 3461-3463.

(24) Tambar, U. K.; Stoltz, B. M. J. Am. Chem. Soc. 2005, 127, 5340—
5341.
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Table 1. Synthetic Applications of Indolynes

entry  trapping agent products yield (ratio)

80% yield

12 0.5 + 4 ;
OH N N

91% yield
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N N
St
. @ .
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N N
Me Me
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2 Conditions; 17, CsF, CHsCN, 50 °C. ° Conditions: 17, CsF, CHzCN,
40 °C. °Conditions; 17, TBAF, CHCN, 23 °C. 9 Conditions: 17, CsF,
CH3CN, 23 °C. € Conditions: 17, CsF, CH3CN, 80 °C.

conditions employed; most of the trapping agents and
products shown in Table 1 would not be stable to more basic
butyllithium or amide base conditions for indolyne genera-
tion; and (€) each of the examples shown reflect an interesting
general preference for initial nucleophilic attack at C5 of
the presumed indolyne intermediate 4 with selectivity as high
as 12.5:1 (entry 2).

With the goal of accessing additiona 4,5-disubstituted
indole products, the propensity of indolyne 4 to participate
in Diels—Alder reactions was investigated (Table 2). We
were delighted to find that N-Boc-pyrrole and cyclopenta-
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diene could also be used to trap indolyne 4, thus affording
adducts 27 and 28 (entries 1 and 2). In addition, reaction in
the presence of a-pyrone produced benzoindole 29 (entry
3), presumably via a Diels—Alder/retro-Diels—Alder process
with concomitant loss of CO,. Finaly, trapping of indolyne
4 with anthracene furnished indolyltriptycene 30 in good
yield (entry 4).

Table 2. Diels—Alder Reactions of Indolyne 4

entry trapping agent products yield
/Boc
rI?loc /N
12 83% yield
i\ /} N
N
Me

65% yield
28
‘ A 85% yield

72% yield

a Conditions: 17, TBAF, CH5CN, 23 °C. ® Conditions: 17, CsF, CHsCN,
100 °C. € Conditions: 17, CsF, CH3CN, 80 °C.

The potential to synthesize 5,6-indolyne 34 was also
explored as a means to further study the generation and
reactivity of indolynes (Scheme 2). Fortunately, it was
possible to access indolyne precursor 32 from silyl carbamate
31 in a straightforward manner.®® With silyltriflate 32
available, we investigated formation of indolyne 34. Upon
treatment of 32 with TBAF in the presence of furan (10),
Diels—Alder reaction took place to provide cycloadduct 33
in 92% yield. Additionally, reaction of silyltriflate 32 with
CsF and aniline resulted in the formation of a 3:1 mixture

(25) See the Supporting Informationfor details.
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of 20a and 20c, reflecting a curious preference for attack of
aniline at C5 of indolyne 34. That a preference is observed
in this case suggests that the origin of selectivity in the attack
of indolynesislikely not controlled strictly by steric factors.
The subtle factors that govern the observed selectivity are
currently under active investigation in our laboratory.

Scheme 2. Preparation of 5,6-Indolyne 34 and Related Studies
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In summary, we have developed an efficient new method
for accessing avariety of substituted indole derivatives. Our
strategy relies on the generation of highly reactive indolyne
intermediates, which function as electrophilic indole sur-
rogates. These studies have shown, for the first time, that
nucleophilic addition to 4,5- and 5,6- indolynes occurs with
ageneral preference for attack at C5. Studies geared toward
the synthesis of complex molecules using indolynes as
surrogates for electrophilic indoles are currently underway
in our laboratory, as are efforts to obtain a fundamental
understanding of selectivity in nucleophilic addition reactions
to indolynes.
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