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Synthesis of 3-Monosubstituted and 2,3-Disubstituted
Indoles.

Indole is ubiquitous among a wide range of natural
products. While a large number of preeminent methods
have aiready been well documented for the construction
of this important nucleus, there appear to be few practical
procedures available for the synthesis of 2,3-disubstituted
indoles [1]. Herein we discuss a versatile tin-mediated
indole synthesis, which is particularly suited for the
preparation of 2,3-disubstituted indoles, and its applica-
tion to the synthesis of some natural products. In addition,
a novel amine synthesis, which we discovered during the
course of the synthetic studies of indole alkaloids, is also
discussed.

It has been known for quite some time that tin radicals
add to isonitriles to form imidoyl radicals [2]. Despite the
fact that some of the imidoyl radicals have been demon-
strated to have strong synthetic potentials for inter- and
intramolecular carbon-carbon bond formation [3], simple
a-stannoimidoyl radicals have attracted little attention
among synthetic organic chemists. At the outset of this
research, we reasoned that the a-stannoimidoyl radical 2,
generated from o-isocyanostyrene derivative 1 by addition
of a tri-n-butyltin radical, should lead to the formation of
the 2-stannylindole 3 through a radical cyclization and the
subsequent tautomerization as illustrated in Scheme 1.
The 2-stannylindole 3 would in turn be an ideal precursor
for 3-substituted indole 4 or 2,3-disubstituted indole 5.

Treatment of the isonitriles 1 [4] with tributyltin
hydride and a catalytic amount of 2,2'-azobisisobutyroni-

trile (AIBN) indeed gave the desired 3-substituted indoles
4 in high yields upon acidic workup as shown in Table 1
£S1. It should be noted that the substrates bearing radical-
stabilizing substituents at the B-position gave excellent
yields (entries 1 and 4). While a substantial amount (33%)
of the tetrahydroisoquinoline 6 was formed from the E-sub-
strate 1e (entry 5), the problem could be alleviated by
employing the Z-substrate 1f (entry 6).

The success of the foregoing experiments engendered
cautious optimism concerning the synthetic versatility of
the radical-induced indole formation. At this juncture,
however, we realized that a more versatile method needed
to be developed for preparation of the requisite o-iso-
cyanostyrene derivatives. To this end, we focused our
attention on the development of suitable Wittig or Horner-
Wadsworth-Emmons reagents such as 10 as the con-
stituents of the benzene portion of the indoles. These
reagents would then be condensed with a variety of alde-
hydes, resulting in the formation of the styrenes 1.

The crucial SyAr reaction was initiated by adding 1-flu-
oro-2-nitrobenzene 7 to a mixture of triethyl phospho-
noacetate and potassium hydride (Scheme 2). The resul-
tant substitution product 8 was quantitatively converted to
9 upon basic hydrolysis and the simultaneous decarboxyl-
ation. Subsequent catalytic hydrogenation of the nitro
group followed by formylation of the resultant amine with
acetic formic anhydride furnished the formamide. Upon
treatment with phosgene and triethylamine, the form-
amide underwent smooth dehydration to give the desired
isonitrile 10 in excellent yield.
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Table 1
Synthesis of 3-Substituted Indoles
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Scheme 2
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The Horner-Wadsworth-Emmons reagent 10 was con-
densed with several aldehydes under the standard condi-
tions (lithium diisopropylamide, tetrahydrofuran) to fur-
nish the expected olefins in excellent yields. Table 2 sum-
marizes representative examples and demonstrates that a
wide range of o-isocyanostyrenes are available through

Table 2
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this new procedure. With the indole precursors securely in
hand, we were ready to test the generality of our radical-
induced indole synthesis. Submission of the above sub-
strates to the aforementioned conditions (tributyltin
hydride and 2,2'-azobisisobutyronitrile in acetonitrile)
resulted in the clear-cut formation of the corresponding
indoles.

The important ramification of the above finding is that
the hitherto unknown, N-unprotected 2-stannylindoles 3
have become readily available for further manipulation,
To the best of our knowledge, the chemistry of 2-stan-
nylindole has not been developed extensively presumably
because metallation of the N-protected indole has been the
only practical method for synthesizing it [6,7]. Since 2-stan-
nylindoles 3 were prone to undergo facile destannylation
during workup, Stille's palladium-mediated coupling [8]
was performed on the crude reaction mixture immediately
after the completion of the indole synthesis. As expected,
the one-pot Stille coupling proceeded smoothly to give
the desired 2,3-disubstituted indoles 5 in 49-82% yield as
shown in Table 3. A few comments are worthy of note.
Bromobenzene offered a higher yield of the coupling
product Sa than iodobenzene did (Table 3, entries 1 and
2). As reported by Stille [8¢], addition of lithium chloride

Synthesis of 3-Substituted Indoles

Bu;SnH
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PO(OEt), 1)LDA MeCN, 100° R
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Entry

10

11
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Substrate

1a

1a
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1a

ia
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Table 3

One-pot Synthesis of 2,3-Disubstituted Indoles
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1) n-Bu3SnH (1.1 equiv) R
AIBN (5%), CH3CN, 100° |
R
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Et3N (1 equiv), 100°
5
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[a] LiCl (S equiv) and 10% volume of DMF were added; [b] No Et;N was added; [c] Cul (1 equiv) was added.
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Yield, %
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was essential for successful couplings with triflates
(entries 4, 6, and 10). The 2-benzylindole Se was readily
obtained by treatment with benzyl bromide (entry 7).
When trans-1-iodohexene was used as a coupling partner,
addition of 1 equivalent of cuprous iodide was needed to
suppress the formation of the undesired 2-(1-butyleth-
enyl)indole (entry 8) [9].

The significance of this one-pot synthesis of a 2,3-di-
substituted indole is not limited to the Stille coupling with
2-stannylindoles. Since the tin-carbon bond can be readily
oxidized with iodine, we envisioned that this method
would pave the way for the synthesis of a range of N-unpro-
tected 2-iodoindoles (Scheme 3). Since there are not
many practical procedures reported in the literature for the
preparation of N-unprotected 2-iodoindoles, its chemistry
has not yet been explored extensively.

Scheme 3
OOMe BusSnH (1.1 eq)
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Our newly developed methodology makes not only
those 2-iodoindole derivatives more readily accessible,
but also extends the versatility of the coupling partners. In
addition to aryl halides, vinyl iodides, vinyl triflates, and
benzyl bromides which are suitable for the one-pot Stille
coupling reactions with 2-stannylindoles, we can now
include acetylenes (Sonogashira coupling), acrylates
(Heck reaction), and vinyl tin reagents (Stille coupling)
for couplings with 2-iodoindoles (Scheme 4).
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Since a wide variety of functional groups are known to
tolerate both radical and palladium-mediated reactions,
our efficient synthesis is well suited for a facile construc-
tion of a range of 3- or 2,3-substituted indoles from read-
ily accessible isonitriles.

Synthetic Approach to Discorhabdin A.

Much attention has been focused upon isolation and
structure determination of biologically active materials
from marine sources. One of the most interesting classes
of these compounds is the structurally diverse group of
alkaloids containing the pyrrolo[4,3,2-delquinoline
nucleus. Representative examples include the discorhab-
dins [10].

In order to apply this newly developed indole synthesis
to total synthesis of indole alkaloids, we started our syn-
thetic approaches toward the total synthesis of Discorhab-
din A which was isolated by Perry and coworkers from
the sponge of Latrunculia du Bocage in New Zealand
(Figure 1) [11].

Discorhabdin A

Figure 1.
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When heated with p-benzyloxyiodobenzene 16 in the
presence of copper powder, nitro chloride 15 underwent a
facile Ullmann reaction to give 17 in a quantitative yield
(Scheme 5). Alkaline hydrolysis of the methyl ester in 17
followed by the Curtius rearrangement of the resultant
acid furnished dinitroamine 18. With the dinitroamine in
hand, we then focused our attention on the indole forma-
tion using our tin-mediated radical cyclization. Since the
nitro groups might interfere with the radical chain reac-
tion, it was determined that the indole formation would be
carried out after reduction of the nitro groups. To this end,
the free amino group was first converted into a formamide
using the mixed anhydride conditions. Subsequent reduc-
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tion of the nitro groups with activated zinc dust gave the
desired diamine 19.

Iodination of the electron-rich aromatic compound 19
was performed by means of iodine monochloride, giving
the diamino iodide 20 in nearly 80% yield (Scheme 6).
The precursor for the indole synthesis, 21, could be pre-
pared through the Heck reaction of iodide 20 with methyl
acrylate followed by dehydration of the formamide using
triphenylphosphine, carbon tetrachloride and triethyl-
amine. It should be noted that dehydration of the form-
amide was successful in the presence of the reactive
diamines under the reaction conditions.

Scheme 5
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Radical cyclization proceeded smoothly when isonitrile
22 was heated with tributyltin hydride and 2,2'-azobisiso-
butyronitrile in acetonitrile, providing the somewhat
unstable diaminoindole 23 in 76% yield (Scheme 7). The
lactam 24 was obtained from diaminoindole 23 by treat-
ment with trimethylaluminum. The successful conversion
of the fully substituted aromatic isonitrile 22 to the indole
23 demonstrates the versatility of our methodology.
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Scheme 7
OMe
n-Bu;SnH s NH;
AIBN N\ O
CH3CN NH, O
COMe 'OBn
22 23

Synthetic Studies on (+)-K252a.

Indolocarbazole alkaloid (+)-K252a (Figure 2), isolated
by Kase and coworkers [12] at Kyowa Hakko in 1986,
has a strong PKC inhibitory activity, The first total syn-
thesis of (+)-K252a has recently been reported by Wood
and coworkers [13].

300

0.
Me+* ey
MeO,C**
H

(+)-K252a
Figure 2.

Heck reaction of the readily available o-iodoform-
anilide 25 with acrylamide 26 gave cinnamamide 27
which was subjected to dehydration with phosphoryl
chloride to afford o-isocyanocinnamamide 28 (Scheme 8).
Radical-mediated cyclization of 28 was effected by heat-
ing with tri-n-butyltin hydride and 2,2'-azobisisobutyroni-
trile in acetonitrile at 90° to give the unstable 2-stannylin-
dole 29.



1050 Vol. 35
Scheme 8
n (o]
g CO.Et
/\Ir ~
I 2 NN o,k
o Bn
Pd(OAc),, P(o-Tol);
NHCHO BtN CHON NHCHO
25 reflux 27
88%
POCl3
Py
CH,Cl,
23°
2%

Bn
_\COZEt n-Bu;sSnH
] o) AIBN
ﬁ SnBu; CH,CN

reflux

Since the 2-stannylindole 29 was too unstable to isolate,
the subsequent Stille coupling with N-protected 2-bro-
moindole 30 was performed in a one-pot process to give
the biindole 31 (Scheme 9). Following protection of the
indole nitrogen in 31 as its z-butyl carbamate, Dieckmann-
type condensation of 32 furnished lactam 33 by employ-

o
@f\)Lgn/\coza
NC
28

Upon treatment with trifluoroacetic acid, 33 underwent
simultaneous deprotection of the Boc group and cycliza-
tion to give the desired indolocarbazole 34 in high yield
(Scheme 10). The regioselective synthesis of the N-pro-
tected K252a-aglycon moiety has been thus achieved by
employing the novel tin-mediated indole synthesis.

ing tetra-n-butylammonium fluoride as a base.

Scheme 9
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Scheme 10
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2-Todoindole 35, which was obtained from the 2-stan-
nylindole 29 by treatment with iodine, and o-aminophen-
ylacetylene 36 [14] were submitted to the Sonogashira
coupling conditions, yielding the 2,3-disubstituted indole
37 (Scheme 11). Stereoselective glycosidation of the
indole nitrogen was accomplished by deprotonation of the
indole NH in 37 with sodium hydride followed by addi-
tion of the deoxyribosyl chloride 38 [15] to give the
1,2,3-trisubstituted indole 39. Subsequently, 39 was sub-
jected to palladium-mediated cyclization using a catalytic
amount of PACl,(CH3CN), giving the desired biindole 40
in a quantitative yield.

The biindole 40, upon treatment with potassium
hydride, furnished the cyclization product 41, which
underwent electrocyclic ring closure when heated in
toluene, giving the desired indolocarbazole 42 as a result
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of spontaneous dehydration (Scheme 12). The indolocar-
bazole 42 is an important intermediate for the regioselec-
tive synthesis of (+)-K252a which is currently underway.

Scheme 12

Scheme 11
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Synthetic Studies on (x)-Vincadifformine.

As a prime representative of aspidosperma alkaloids,
vincadifformine (44) occurs in both enantiomeric as well
as racemic forms in nature. Being an important member
of the pentacyclic skeleton of aspidosperma/iboga series
of indole alkaloids, vincadifformine has been synthesized
several times in the past twenty years [16]. Kuehne's total
synthesis of vincadifformine went through secodine (43),
a biomimetic intermediate postulated by Wenkert and
Scott (Scheme 13) [17]. Since our indole synthesis [18] is
particularly suited for the synthesis of 2,3-disubstituted
indoles such as 43, we decided to carry out a total synthe-
sis of Vincadifformine to demonstrate the general applica-
bility of our methodology.

Scheme 13

Vincadifformine

Starting from the isonitrile 45, readily prepared from
commercially available o-iodoaniline in several steps,
2-iodoindole 46 was obtained by employing our indole
synthesis methodology shown above (Scheme 14). The
Stille coupling with methyl 2-tri-n-butylstannylacrylate
and subsequent hydrolysis of the acetate then furnished
the alcohol 47.

Scheme 14
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At this juncture, we focused our attention on two of the
many available coupling procedures to give the amine 48:
reductive amination of the indole aldehyde, derived from
47 by Swern oxidation, with an amine using NaBH3CN or
Mitsunobu alkylation of 47 with a suitably activated
amine derivative. The first protocol was soon ruled out
because the indole aldehyde was too unstable to survive
the reductive amination. We therefore concentrated on the
Mitsunobu alkylation of 47. The Mitsunobu reaction
would be successful only when the nucleophile compo-
nent is a Brgnsted acid with a pKa value around 11 or
lower [19]. Accordingly, it is imperative that an amine
group needs to be activated to be used for the Mitsunobu
reaction. Toluenesulfonamides [20] or trifluoroacetamides
[21] in the case of aromatic amines have been used for
this purpose. However, an unfortunate problem with these
methods, especially with sulfonamides, is that relatively
harsh conditions are required for their N-deprotection.
Therefore, it was necessary to create an entirely new pro-
tecting group which could meet these requirements. It
seemed quite obvious from the outset that the amine had
to be protected as a sulfonamide derivative which could
be deprotected under very mild conditions. After many
attempts, we finally found that 2,4-dinitrobenzenesuifon-
amides could be cleaved via the SyAr processes as shown
in Scheme 15. A facile deprotection of the 2,4-dinitroben-
zenesulfonyl group occurs via the Meisenheimer complex
upon addition of a soft nucleophile such as thiolates, giv-
ing the desired secondary amine.

For example, an amine 50 reacted with commercially
available 2,4-dinitrobenzenesulfonyl chloride to give sul-
fonamide 5§1. This sulfonamide underwent smooth
Mitsunobu coupling with indole alcohol 47 to afford com-
pound 52 in excellent yield as shown in Scheme 16.
Application of this novel amine synthesis to a total syn-
thesis of vincadifformine is now in progress.

Chemistry of Nitrobenzene Sulfonamides: Preparation of
Diamines.

Conversion of primary amines to the corresponding
secondary amines appears deceptively simple [22].
Alkylation of primary amines with alkyl halides and sul-
fonates frequently leads to the formation of the undesired
tertiary amines and/or quaternary ammonium salts.
Reductive alkylation with aldehydes or ketones using
NaBH;3CN often produced tertiary amines to a varying
extent unless the desired secondary amine is sterically
hindered. Perhaps reduction of N-monoalkyl amides with
such strong reducing agents as lithjum aluminum hydride
(LAH), diisobutylaluminum hydride (DIBAL), or borane
might be the most reliable procedure. As mentioned
above, to circumvent these problems, the Mitsunobu
alkylations of toluenesulfonamides and trifluoroaceta-
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mides have recently been reported. However, due to the
relatively harsh deprotection conditions, these methods do
not appear to be suitable for the preparation of the base
sensitive secondary amines. 2-Nitro- and 2,4-dinitroben-
zenesulfonamides [23,24], which we developed during the
course of the total synthesis of vincadifformine, can be
applied to the synthesis of a wide range of secondary
amines.

Since both 2-nitro- and 2,4-dinitrobenzenesulfon-
amides, derived from primary amines, can be easily N-alkyl-
ated by the Mitsunobu reaction or by the conventional
methods, a combination of these sulfonamides may be
used for the preparation of a wide variety of diamines as
illustrated in Scheme 17. To demonstrate the general

Ar = 2 4-dinitropheny!

applicability of our protocol, 5-amino-1-pentanol (53)
was chosen as the starting material. Thus, the readily
available amino alcohol 53 was converted to 2-nitroben-
zenesulfonamide 54 by treatment with 2-nitrobenzenesul-
fonyl chloride (NsCl) and pyridine in dichloromethane.
Selective alkylation of 54 with benzyl bromide and potas-
sium carbonate in dimethylformamide furnished N,N-dial-
kyl-2-nitrobenzenesulfonamide 55 in almost quantitative
yield. The second amino functionality was introduced to
$5 by means of the Mitsunobu reaction (diethyl azodicar-
boxylate (DEAD), Ph,P, benzene) with N-p-methoxyben-
zyl-2 4-dinitrobenzenesulfonamide 56, which was easily
prepared from p-methoxybenzylamine and 2,4-dinitroben-
zenesulfonyl chloride (DNsCl).
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Scheme 17
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Selective deprotection of 2,4-dinitrobenzenesulfon-  alkylation to give the tertiary amine 59 in high yield.
amide 57 was performed by treatment with mercap-  Finally, the 2-nitrobenzenesulfonamide 59 was depro-
toacetic acid and triethylamine in dichloromethane to give  tected with benzenethiol and cesium carbonate in acetoni-
the desired amine 58 in a quantitative yield (Scheme 18). trile to give the amine 60 in high yield, which, once again,
The secondary amine 58 can either alkylated or acylated  can either be alkylated or acylated with a wide variety of
at this stage. For example, 58 was subjected to reductive  reagents.

Scheme 18
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Because of the extreme ease of the entire procedure, we
believe that the use of 2,4-dinitrobenzenesulfonamides in
conjunction with 2- and 4-nitrobenzenzsulfonamides
serves as a method of choice for the preparation of a wide
variety of secondary amines just like the Gabriel synthesis
for primary amines. As illustrated in Scheme 18, our pro-
tocol seems particularly suited for preparation of the com-
binatorial library of diamine derivatives which may find
widespread use in the pharmaceutical industry. In addi-
tion, these nitrobenzenesulfonamides proved to be quite
amenable to the solid-state synthesis of secondary amines
for peptide synthesis and/or combinatorial chemistry [25].
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