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ABSTRACT
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A rapid one-pot protocol for the synthesis of indole-based polyheterocycles via a sequential Lewis acid catalyzed intermolecular Michael addition
and an intramolecular azide/internal alkyne 1,3-dipolar cycloaddition reaction has been described. The generality of the method has been
demonstrated by treating a series of aromatic/aliphatic 2-alkynyl indoles with substituted (E)-1-azido-2-(2-nitrovinyl)benzenes to furnish
annulated tetracyclic indolo[2,3-c][1,2,3]triazolo[1,5-a][1]benzazepines in good yields.

The intermolecular azide—alkyne 1,3-dipolar cycloaddi-
tion reaction has remained one of the classical methods for
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the synthesis of 1,2,3-triazoles with widespread applica-
tions in medicinal chemistry, chemical biology, and mate-
rial science.! The ease and efficacy of the reaction has been
successfully demonstrated in both aqueous® and organic
solvents involving either metal-catalyzed® or metal-free
conditions* with temperatures ranging from ambient to
heating. Besides, the remarkable cycloaddition process
was found to be compatible with both terminal/internal
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alkynes and diynes’ resulting in triazoles with a high order
of regioselectivity. In addition to this intermolecular
azide—alkyne 1,3-dipolar cycloaddition format, several
groups have also applied the intramolecular azide—alkyne
1,3-dipolar cycloaddition strategy for the synthesis of
triazole linked amino acids/oligopeptides® and triazole-
annulated polyheterocycles.” However, most of these
intramolecular strategies predominantly involved termi-
nal alkynes in a multistep format® to promote 1,3-dipolar
cycloaddition with limited applications’ to internal
alkynes. Ideally, an intramolecular 1,3-dipolar cyclo-
addition reaction in contrast to the intermolecular format
can be expected to furnish two annulated cyclic rings'®
including a triazole ring in a single step and can thus be
considered as a useful strategy for generating molecular
complexity in a one-pot format. In our laboratory we had
been exploiting the nucleophilicities of the three N-1, C-3,
and C-2 positions in the indole by treating functionalized
indoles with alkynyl (electrophiles) components to access
annulated indoles, fused at either of the two positions
using one-pot strategies.'" In one-pot formats func-
tionalized indoles, in general, have remained relatively
underexplored.12 In continuation, we next directed our
effort to yet another class of functionalized indoles, i.e.
2-alkynyl-indoles, that will act as a combined source for
both indole (nucleophile) and an alkyne (electrophile)
moiety for the development of a one-pot strategy for the
synthesis of annulated indoles involving an intramolecular
1,3-dipolar cycloaddition reaction. To achieve this, we
envisaged that functionalizing position C-3 in the 2-alky-
nyl-indole with an azido arene moiety may enforce (due to
the close proximity of the azide and the alkyne moieties)
the formation of two annulated 7- and 5-membered het-
erocyclic rings via the intramolecular 1,3-dipolar cyclo-
addition reaction in a single step. Here, we report a fast and
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versatile one-pot cascade intermolecular Michael addition-
intramolecular azide-internal alkyne 1,3-dipolar cycload-
dition reaction to furnish annulated tetracyclic indolo[2,3-¢]-
[1,2,3]triazolo[1,5-a][1]benzazepines in good yields.

Our studies commenced with the development of a
methodology for the C-3 functionalization of 2-phenyl-

Table 1. Optimization for the Synthesis of C-3 Alkylated
Product 3aa

NQOy
| NO,
,’r’_a\r n Lewis acid .
f "Lj»*b 22 d ~ sowent, 'r“'I/ 7 '--.—:Ej_
N Ph N:  r-50°C, 12h b -
1a 2a 3aa
yield (%)
entry catalyst solvent temp of 3aa

1 Yb(OTf)s toluene rt 10°
2 - toluene rt NR
3 Yb(OTf)s MeCN rt 61¢
4 Yb(OTh)3 DMF rt NR
5 Sc(OTo);5 MeCN rt NR
6 Zn(OTf), MeCN rt NR
7 AgOTf MeCN rt NR
8 Hg(OAc), MeCN rt NR
9 Cu(OTD), MeCN rt <10°
10 Sc(OTf)3 MeCN 50 °C 55

“Tsolated yields. ?Yields based on HPLC (CI8 reversed-phase
column; 150 mm x 4.6 mm; 5 um). “Reaction carried out without
catalyst; NR = No Reaction. All reactions were carried out on a I mmol
scale with 10 mol % of Lewis acid in 5 mL of solvent at rt and monitored
for 12 h.

ethynyl-1H-indole 1a by treating it with a (£)-1-azido-2-(2-
nitrovinyl)benzene 2a. Among several methods described
in the literature'® for the C-3 functionalization of the
indoles under mild conditions, we proposed to use a Lewis
acid catalyzed Michael addition, and the results have
been summarized in Table 1. Accordingly, 1a was initially
treated with 2a in the presence of Yb(OTf); in toluene at rt,
and after 12 h of stirring a new product was obtained in
~10% isolated yield with a molecular weight of 407 Da
(entry 1). The structure of the product was elucidated by
the combined use of "H and '*C NMR experiments that led
to its identification as 3-[1-(2-azido-phenyl)-2-nitro-ethyl]-
2-phenylethynyl-1H-indole 3aa arising from the C-3 alky-
lation of the indole. Carrying out the same reaction in the
absence of catalyst failed to yield 3aa (entry 2). Switching
the solvent from toluene to acetonitrile at rt in the presence
of Yb(OTHY); furnished 3aa in 61% isolated yield (entry 3),
whereas carrying out the reaction in DMF at rt failed to
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yield any product (entry 4). Replacement of Yb(OTf); with
other Lewis acid catalysts Sc(OTf)3, Zn(OTf),, Cu(OTf),,
AgOTf, and Hg(OAc), played a detrimental role in the
reaction (entries 5—9). However, carrying out the reaction
in the presence of Sc(OTf); at 50 °C in MeCN furnished
3aa in 55% isolated yield (entry 10).

Next we examined the ability of intermediate 3aa to
undergo an intramolecular azide-internal alkyne 1,3-dipo-
lar cycloaddition reaction, and the results have been
summarized in Table 2. For this 3aa was subjected to
heating in toluene under reflux in the presence of Yb(OTf)s,
and to our delight within 30 min we obtained an annulated

Table 2. Optimization for the Conversion of 3aa to 4aa

Yb(OTf)3 (10 mol%
3aa 3{ ) =2 \ N"'h.
solvent, 90-145 °C A&_m

05t012h N o)
Ph
4aa
temp time yield (%)*
entry catalyst solvent (°C) (h) of 4aa

1 Yb(OTD3 toluene 120 0.5 88
2 ~b toluene 120 0.5 90
3 Yb(OTf)3 MeCN 90 12 52
4 b MeCN 90 12 45
5 Yb(OTD)3 tylene 145 0.5 85
6 b xylene 145 0.5 86

“Isolated yields. ® Reaction carried out without catalyst.

tetracyclic compound 4aa comprising a benzazepine ring
and a triazole ring annulated to the indole in 88% isolated
yield (entry 1).

In order to establish the role of Yb(OTf); in the 1,3-
dipolar cycloaddition reaction, we carried out the same
reaction in the absence of catalyst and gratifyingly product
4aa was isolated in 90% yield (entry 2). Switching the
solvent from toluene to acetonitrile in both the presence
and absence of Yb(OTf); furnished 4aa (entries 3 and 4) in
reduced yield. However carrying out the reaction in xylene
had no effect on the yield of 4aa (entries 5 and 6). From the
above studies it is apparent that while the Lewis acid
played a crucial role in the C-3 functionalization of the
indole for introducing azido arenes to furnish 3aa, the
intramolecular 1,3-dipolar cycloaddition occurred without
the involvement of the catalyst and remained a thermally
induced reaction.

Once the reaction conditions for the synthesis of 3aa and
4aa were optimized, we proceeded with the development of
a one-pot strategy for the synthesis of 4aa from 1a and 2a,
and the results have been summarized in Table 3. We
commenced our studies by treating 1a with 2a in toluene
under reflux in the absence of a Lewis acid, which failed to
yield the desired product (entry 1). Carrying out the
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reaction in the presence of Yb(OTf); using toluene as
solvent under reflux afforded 4aa within 30 min in 86%
isolated yield (entry 2). Switching the solvent from toluene
to acetonitrile and heating at 90 °C furnished a mixture of
3aa and 4aa in 14% and 42% yields (entry 3), whereas in
xylene at 145 °C 4aa was furnished in 38% yield (entry 4).
Carrying out the reaction in DMF and heating at 120 °C
failed to furnish 4aa; instead 3aa was obatined in 45%
isolated yield (entry 5). Replacing Yb(OTf); with other
Lewis acids resulted in only Sc(OTf); and Zn(OTY), fur-
nishing 4aa in 58% (entry 6) and 35% isolated yield (entry 7);
AgOTf, Cu(OTf),, and Hg(OAc), failed to even promote
the formation of 3aa and 4aa (entries §—10).

Table 3. Optimization of Reaction Conditions for the One-Pot
Synthesis of 4aa
Lewis acid

1 + 2a ————————»  4aa
solvent, 90-145 °C

05t012h
temp time yield (%)
entry catalyst solvent (°C) (h) of 3aa/daa

1 b toluene 120 0.5 NR

2 Yb(OT1)s toluene 120 12 0/86%

3 Yb(OTf)s MeCN 90 12 14/42¢
4 Yb(OTD)3 xylene 145 12 0/38%

5 Yb(OTf)s DMF 120 12 45%/0

6 Sc(OTo)3 toluene 120 12 0/58%

7 Zn(0TD)q toluene 120 12 0/35%

8 AgOTf toluene 120 12 NR

9 Cu(OTf)y toluene 120 12 NR

10 Hg(OAc), toluene 120 12 NR

“Isolated yields. ® Reaction carried out without catalyst. ¢ Yields
based on HPLC (C18 reversed-phase column; 150 mm x 4.6 mm; 5 um).
NR = No Reaction. All reactions were carried out on a 1 mmol scale
with 10 mol % of Lewis acid in 5 mL of solvent.

Following the optimization of reaction conditions for
the synthesis of indole-based tetracyclic 4aa was estab-
lished, the scope and limitation of the one-pot strategy
was established by treating a variety of 2-alkynyl indoles
with a range of preformed substituted (E)-1-azido-2-
(2-nitrovinyl)benzenes. The R' in the aromatic ring of
the indole has been substituted with 7-methoxy, 5,6-di-
methoxy, and 5,6-methylenedioxy groups whereas R* in
the alkyne included aliphatic, aromatic, and trimethylsilyl
moieties. The R? in the aromatic ring of the nitrostyrene
has been substituted by a 4-chloro as well as a 6-methoxy
group. In all, 26 compounds based on 4aa—mec were
synthesized in isolated yields of 40—88% (Table 4), and
in all cases, the one-pot reactions were found to be
complete with 30—90 min. As is evident from Table 4,
the electronic properties of the substituent on the phenyl
ring of the indole moiety or nitrostyrene had no effect on
the yields of the final compounds. Similarly, replacing
R? with an aliphatic moiety or an aromatic ring had a
negligible effect on the reactions, offering products with
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Table 4. One-Pot Synthesis of Tetracyclic Compounds Based on 4¢

NO,
5
" T: _\>__ ‘ Yb(OTf)a
S L T
H N toluene, 120 °C
1a-m 2a-c 30-90 minutes
Rl= H, 7-OMe, 5, 6-OCH30, R3= H, 4-Cl, 6-OMe
5, 6-diOMe 26 compounds
R? = Ph, 4-Me Ph, 4--Bu Ph, 40-88% yield

CgHg, C4Hg, CgH13, CaHgSi
no. R! R? R? time (min) product % yield
1 H CeHs H 30 4aa 86
2 H 4-CH3-CgHy H 35 4ba 85
3 H 4-t-Bu-CgHy H 30 4ca 84
4 H CeHo H 40 4ea 80
5 H CeHs 11-Cl 30 4ab 86
6 H 4-CH3-CgHy 11-Cl1 35 4bb 80
7 H 4-t-Bu-CgHy 11-Cl 35 4cb 83
8 H CeHo 11-Cl 40 4eb 78
9 H CeHs 13-CH30 30 4ac 88
10 H 4-t-Bu-CgHy 13-CH;30 35 4cc 85
11 H CeHo 13-CH30 45 4ec 83
12 H CeHis 13-CH;30 45 4dc 82
13 5-CH30 CeHs 11-Cl 30 4kb 80
14 5-CH30 06H5 13-CH30 35 4ke 84
15 5-CH3O C4H9 H 45 4la 79
16 5-CH30 C4H9 13-CH30 40 4lc 78
17 6,7-di-CH30 CeHs H 35 4fa 81
18 6,7-di-CH30 4-CH;3-CgHy H 35 4ga 77
19 6,7-di-CH30 CeHs 11-Cl 40 4fb 80
20 6,7-di-CH30 4-CH;3-CgHy 11-Cl 45 4gb 82
21 6,7-di-CH30 CeHo H 40 4ha 76
22 6,7-OCH,0- CeHs H 35 4ia 82
23 6,7-OCH,0O- CeHs 13-CH;30 40 4ic 84
24 6,7-OCH,0- CeHyg H 45 4ja 77
25 H H H 90 4ma 40
26 H H 13-CH;30 90 4mce 42

“Reaction conditions: 1a (1.0 mmol), 2a (1.0 mmol), and Yb(OTf); (0.1 mmol) in toluene (5 mL) at 120 °C under N, atmosphere.

minimal variation in yields. However, substituting R with
a trimethyl silyl group furnished 4ma (R*> = H) and 4mc
(R? = H) in reduced yields of 40 and 42% respectively. In
general, internal alkynes with R as the aromatic ring
furnished products in 77—88% isolated yield, whereas R?
having an aliphatic and trimethyl silyl moiety furnished
products in 40—83% isolated yields.

In conclusion, we have developed a simple and efficient
cascade reaction for the synthesis of highly substituted
indolo[2,3-¢][1,2,3]triazolo[1,5-a][1]benzazepines in good
yields under mild reaction conditions. The salient feature
of the protocol involves a Lewis acid catalyzed intermole-
cular Michael addition followed by a thermal induced
intramolecular azide/internal alkyne 1,3-dipolar cycload-
dition reaction in one pot. Further studies are in progress

Org. Lett,, Vol. 14, No. 7, 2012

to extend this one-pot intramolecular azide/internal alkyne
1,3-dipolar cycloaddition strategy to other functionalized
indoles, and findings shall be published elsewhere.
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