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The cyclization reactions of 2-(N-propargyl)imidazole-2-yl)indoles (synthesized via the hydroamination
reaction between N-propargyl indole-2-carboxamides and propargylamine) have been investigated
under Lewis acid- and base-promoted conditions. The polyheterocyclic compounds thus obtained were
shown to possess promising photophysical properties.

© 2020 Elsevier Ltd. All rights reserved.

Ring-forming reactions involving positions 1 and 3 of the indole
nucleus and a propargylamino motif attached at position 2 via var-
ious linkers is a common method of building polycyclic heteroaro-
matic scaffolds. Recent noteworthy examples of utilizing this
strategy include the Au(Ill)- and Pt(II)-catalyzed cyclizations of
propargylic indole-2-carboxamides reported by Padwa [1] and Bel-
ler [2], respectively. Interestingly, a similar cyclization was
achieved by Watkins and co-workers upon heating in the presence
of weakly basic sodium bicarbonate [3]. Cyclizations onto N-1 of an
indole core are also typically achieved under base-promoted condi-
tions. The use of a rather strong base is considered necessary as the
propargylamide moiety needs initially to be converted into the
respective C-reactive allene amide. This approach is illustrated by
the DBU-promoted cyclization reported by Llauger [4] and post-
condensational modification of indole- and propargyl-containing
products of the Ugi reaction achieved by Shafiee and co-workers
upon brief treatment with t-BuOK [5]. We became interested in
exploring the possibility of employing 2-(imidazol-2-yl)indoles 1
as a template for complexity-generating cyclizations at either posi-
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tion N-1 or C-3, depending on the reaction conditions. We rea-
soned that compounds 1 could be obtained via the Zn(OTf),-
catalyzed hydroamination-cyclization sequence described by Bel-
ler and co-workers [6] as well as Krasavin and co-workers [7]. If
applied to readily available N-propargyl indole-2-carboxamides 2
and propargylamine, this approach would deliver the expected
starting materials 1 for further cyclizations. The possibility of
cyclization at position C-3 was preliminarily indicated by the
recent report by Nagarajan and co-workers [8] of cyclizations
involving position 3 of N-substituted indole and a propargyl group
attached to position 2 via various heterocycles. However, similar
cyclization at position N-1 has not been investigated. Both of these
divergent cyclizations would deliver tetracyclic aromatic imidazo
[1,2':1,2]pyrido[3,4-b]indole (3) and imidazo[2’,1':3,4]pyrazino
[1,2-alindole (4) scaffolds (Fig. 1) which are known for their anal-
ogy to anticancer kinase inhibitors [9] as well as their valuable
photophysical properties [10], respectively.

Unfortunately, the yields of N-propargyl imidazoles 1a-d from
the respective N-propargyl indole-2-carboxamides 2a-d proved
disappointingly low, under modified literature conditions employ-
ing 20 mol% Zn(OTf), [7b]. Lowering the amount of the catalyst to
5 mol% (as described by Beller and co-workers [6]) led to no pro-
duct formation while raising it to 50 mol% [7a] did not improve
the yield (Scheme 1). Notably, attempts to carry out the same
transformations with N’-methylated versions of 2 did not result
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Fig. 1. Examples of cyclization of a propargylamino moiety onto C-3 or N-1 of the indole core and the chemodivergent strategy investigated in this work.
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Scheme 1. Synthesis of N-propargyl imidazoles 1a-d.

in the formation of the imidazole product. Nonetheless, this
approach provided a rapid entry into NH-indoles 1a-d which we
intended to engage in regiodivergent cyclizations involving the
propargyl moiety and either C-3 or N-1 of the indole core.
Screening of Lewis acid catalysts for the cyclization at C-3 using
1a as a model substrate, identified Zn(OTf), (50 mol%) as the opti-
mum catalyst which gave 99% yield of the respective cyclized pro-
duct (3a). Among the examined catalysts (including Gd(OTf)3;, Cu
(OTf)z, AuPPh3C1, AUPPh3Cl/AgOTf, AgOTf, Ptclz, PtClz/AgOTf, K-
PtClg, Pd(OAc),, TfOH, Cul, CuBr, Ce,(S04);, Yb(OTf)s, Zn(OAc),, Sc
(OTf),) screened at 10 mol% in compatible solvents and at temper-
atures varying from ambient to reflux, only Cu(OTf), and Gd(OTf)s
also gave the desired product 3a in 10% and 70% yield, respectively.
With Zn(OTf), as a catalyst, the cyclizations were extended to sub-
strates 1b-d; however, the reaction was rather sensitive to the

Scheme 2. Zn(OTf),-catalyzed cyclizations of substrates 1a-d.

substitution pattern with the most electron-rich substrate 1d
affording no product (Scheme 2).

For the cyclization involving the propargyl substituent and the
N-1 atom of the indole nucleus, presumably proceeding via the cor-
responding allene, various base promoters (employed in equimolar
amount or two-fold excess) were screened against substrate 1a. As
is evident from the data provided in Table 1, the range of inorganic
as well as organic bases capable of driving the reaction forward is
rather wide. While the reaction was faster at elevated temperature,
the product purity was better for reactions conducted over 7 h at
ambient temperature. Overall, the use of Cs,CO3 (2 equiv.) at room
temperature (Table 1, Entry 1) was deemed optimal. These condi-
tions were then applied to substrates 1a-d (Scheme 3). To our
delight, the desired cyclization products 4 formed in each case;
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Table 1
Optimization of the base-promoted cyclization of 1a.

//
base f\N ’\§

N B .
H1 N solvent
1a T, time
Entry Base (equiv.) Solvent T (°C) Yield 4a (%)
1 Cs,CO5 (2.0) DMSO 22° 76
2 Cs,CO5 (1.0) DMSO 227 66
3 Cs,C05 (2.0) DMSO 120° 74°
4 KOH (2.0) DMSO 22° 70
5 KOH (2.0) DMSO 120° 68
6 t-BuOK (1.0) THF 22° 70
7 TBAF (1.0) THF 22° 70
8 K,CO5 (2.0) DMSO 22° 63
9 NaHCO3 (2.0) DMSO 22° 30
10 DBU (1.0) CH,Cl, 22° 10
11 TEA (1.0) CHCl, 22° 0
12 None DMF 120° 0

@ Reaction time - 7 h.
b Reaction time — 1 h.
¢ The product was contaminated with an unknown impurity.

Vi
C52C03
(2 equw
£~ @J*
”1 DMSO
_ rt,7h 4a, 76%
Ta-d 4b, 40%
4c, 17%
4d, 70%

Scheme 3. CsCOs-promoted cyclizations of substrates 1a-d.

however, for substrates bearing substituents at position 5 the yield
was markedly lower.

Finally, capitalizing on the prior work of Nagaraja and co-
workers [8] who described similar cyclizations of N-(3-aryl)

NHBoc

1) Arl, Cul (4 mol%)

propargyl 2,2’-bis-indolyl derivatives, we became interested in
introducing aryl substituents at the terminus of the propargyl
group in 1a. Surprisingly, the standard Sonogashira coupling pro-
tocol failed to give the expected derivatives 6. Therefore, we
resorted to preparing 3-arylprop-2-yn-1-ylamines 5a-d from
Boc-protected propargylamine as described in the literature
[11]. The use of these 3-arylpropargylamines in the Beller imida-
zole synthesis under catalysis by Zn(OTf), (20 mol%) led directly
to the double cyclization products 7a-c. In the case of propargy-
lamine bearing the electron-poor 4-nitrophenyl group (5d), the
second cyclization did not proceed, even under forcing conditions,
and the respective imidazole product 6d was isolated in low yield
(Scheme 4).

It should be noted that positioning the (N-propargyl)imidazole-
2-yl moiety at C-2 of the indole appears crucial for the success of
subsequent Zn(OTf),-catalyzed cyclization. Indeed, imidazoles
9a-b prepared from propargylic indole-3- (8a) and indole-4-car-
boxmides (8b), respectively, did not undergo subsequent cycliza-
tion (Scheme 5).

Considering the propensity of polycyclic heteroaromatic sys-
tems such as imidazo[2’,1":3,4]pyrazino[1,2-a]indole (4) to display
useful photophysical properties, we recorded emission and absorp-
tion spectra for selected compounds in the 3, 4 and 7 series. All of
the compounds were found to be phosphors and showed blue
emission with maxima at 350-400 nm under excitation at 305-
355 nm in DMSO solutions at concentrations of 50 uM (Fig. 2a).
All compounds exhibited complex absorption spectra with maxima
in the UV region at 270-320 nm (Fig. 2b). Each series of com-
pounds (3, 4 or 7) showed its own characteristic absorption and
emission pattern (Figs. S1 and S2). More detailed information on
the absorption and emission characteristics of compounds investi-
gated is provided in the Supplementary data.

In summary, we have investigated the cyclization reactions of
2-(N-propargyl)imidazole-2-yl)indoles (synthesized via a previ-
ously described hydroamination-cyclization protocol from readily
available indole-2-(propargyl)carboxamides) at the C-3 and N-1
atom of the indole nucleus under the influence of a Lewis acid
(Zn(0OTf),) and base (Cs,CO3) promoter, respectively. Although
the reaction was found to be rather sensitive to the indole substi-
tution pattern, it provided a rapid access to two distinct polyhete-
rocyclic cores. Interestingly, the attempted preparation of
terminally arylated propargyl derivatives from N-propargyl
indole-2-carboxamide led directly to the corresponding tetracyclic
products.

5a, Ar = Ph, 67% PdCly(PPhj), Arl, Cul (4 mol%)
5b, Ar = 1-Naphth, 64% (1.3 mol%) PdCIy(PPhg), (1.3 mol%)
5¢, Ar = 2-FCgHy, 73% TEA, THF TEA, THF
5d, Ar = 4-O,NCgH,, 63% reflux, 4 h reflux, 4 h
2) 4M HCI/1,4-dioxane
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NH, 4
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(IN \ \ Zn(OTf), NN NH
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2a toluene, reflux 6a-d 7a, 40%
16 h L _ 7b, 36%
7¢c, 57%
7d, 0%

Scheme 4. Preparation of 1-arylproparylamines 5a-d and their use in the hydroamination-cyclization sequence with 2a (*compound 6d was isolated in 11% yield).
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Scheme 5. Attempted positioning of the (N-propargyl)imidazole-2-yl moiety at positions 3 and 4 of the indole nucleus.
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Fig. 2. Emission (a) and absorption (b) spectra of selected compounds in the 3, 4 and 7 series measured in DMSO (50 uM).
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