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Condensation of indoles, aldehydes and pyrazol-5-amine in the
presence of ceric ammonium nitrate gives 3-substituted indoles.
These then cyclise to a-carbolines at room temperature through
I,-promoted intramolecular C2 amination and aromatisation in
open air. A plausible mechanism is proposed based on some con-
trolled experiments.

Indoles are one of the most promising structural motifs widely
used in pharmaceuticals and, therefore, this structural moiety
is important due to its potential in the creation of a new era of
drugs.” Many derivatives of indoles are used as antihyperten-
sive,” antineoplastic,” antibacterial,® and antimitotic agents,>
and hypoglycemic,” and protein kinase inhibitors.” Due to
their significant bioactivities, the synthesis of new indole
derivatives has become an interesting topic for pharmaceutical
industries. Indoles have high affinity to bind with most of the
biological targets and because of this, most of the indole
derivatives are found in biologically active natural products.®
The study of a-carbolines, a class of fused indole alkaloids are
lagging behind in comparison with well-known f-carbolines.
Few a-carboline alkaloids have been isolated to date (Fig. 1).
Grossularine-1 and grossularine-2 are derivatives of
a-carbolines having an anti-cytotoxic effect and are isolated
from the tunicate Dendrodoa grossularia.” Compound [C] is a
GABA modulator used in the treatment of anxiety.® Natural
a-carboline mescengricin is used as an inhibitor of
L-glutamate excitotoxicity in neurons, isolated from
Streptomyces ~ griseoflavus.’ Cryptotackieine isolated from
Cryptolepis sanguinolenta displays a strong antiplasmodial
activity.™

Strategies for the development of nucleophilic reactions at
C3 and C2 positions of indoles have become an interesting
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and challenging topic for chemists nowadays. Generally, C3
and C2 positions of indoles give electrophilic reactions. There
are some reports in which researchers developed a new meth-
odology to synthesize important indole derivatives by convert-
ing the nucleophilic centre of the indole to the electrophilic
centre."" For instances, Batey and coworkers have reported ally-
lation and crotylation reactions of indoles at the C2-position
using allylic trifluoroborate salts by an electrophilic addition
reaction.”” Nishina and coworkers have reported the C2 site-
selective intermolecular nucleophilic addition of an electron-
rich aromatic compound using BF;-OEt, in (CF;),CHOH."**

In recent years, different methodologies for the formation
of C-0,"* C-S,"® and C-N"* bonds at the C2 position of indoles
have been applied, which leads to complex molecular struc-
tures. We are also interested in the polarity inversion of the C2
carbon of indoles especially through intramolecular cyclisa-
tion."®” There are a number of reports of intermolecular C-N
bond formation at the C2 position of indoles through this pro-

cess.' ¢ But intramolecular C-N bond formation at the C2
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Fig. 1 Few bioactive a-carbolines.
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position of indoles is not as much reported.'*"¥ Recently, Yao
et al. reported the formation of the C-N bond at the C2 posi-
tion of indoles using Pd(u) as a catalyst and a stoichiometric
amount of silver salt as an oxidant, which leads to the for-
mation of indolo[1,2-a]quinazolinones.'¥ Sekar and coworkers
recently disclosed a couple of reports in which they also syn-
thesized indolo[1,2-a]-quinazolinones and a variety of fused
indole derivatives through intramolecular C2 amidation of
indoles.’* Here we have developed an efficient synthetic
method to obtain a-carboline derivatives via intramolecular C2
amination of 3-substituted indole, which is formed from the
3-component reaction at room temperature (Scheme 1).

At the beginning, we planned to synthesize 4 by the 3-com-
ponent reaction of indole 1a, benzaldehyde 2a and 3-methyl-1-
phenyl-1H-pyrazol-5-amine 3a. The reaction was treated under
different conditions by taking 1 equivalent of each starting
material. The results are summarized in Table 1. In some
cases we observed complete formation of bis(indolyl)methanes
(BIMs), e.g., InCl; and FeCl;-6H,0 gave 47% and 43% of BIM,
respectively, with no formation of 4a (entries 2 and 3, Table 1).
After screening different catalysts and solvents, we found
maximum yield of 4a (90%) in 8 h when 10 mol% of ceric
ammonium nitrate (CAN) was used as a catalyst at room temp-
erature under neat conditions (entry 9, Table 1). A trace
amount of BIM was also formed as a side product. Under
heating, the reaction afforded less yield of 4a while increasing
the formation of BIM (entry 11, Table 1).

Since we were interested in synthesizing 5 through C2 cycli-
sation of the indole ring of 4, we isolated 4a and attempted to
cyclise it into 5a. We checked the feasibility of the reaction
with different catalysts and solvents. Initially we found that
molecular I, (0.1 eq.) in the presence of TBHP (1.5 eq.) in DCE
at room temperature produced good yield of the cyclised
product (entry 4, Table 2). We also used different catalysts in
the presence of TBHP. However, none of these were as good as
I,. Under reflux conditions the reaction gave poor yield after
1 h, although complete disappearance of 4a was noticed (entry
9, Table 2). When the reaction was performed in the absence
of TBHP using only I, (1 eq.) in DCE, we observed that the
reaction produced an even better yield of 5a than the yield
obtained using TBHP/I, (entry 4 vs. 14, Table 2). In both the
cases we recovered a minute quantity of unreacted 4a. To
improve the yield further, we used more amount of I, (2 eq.) or
increased the reaction time, but failed to obtain better yield
(entries 15 & 16, Table 2).

We made an attempt to synthesize the cyclised product 5a
through a one-pot process by mixing all the reactants (1a, 2a

CAN

(10 mol %)
Neat RT

. RZCHO f(

3Ph
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Scheme 1 Synthesis of a-carbolines.
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Table 1 Optimization of the synthesis of 4°

CHO
N Catalyst
@ + * LN Sovent
N HNT N Poven
H Ph
1a 2a 3a
Entry  Catalyst (mol %) Solvent Time (h) Yield of 4a (%)
1 — — 18 n.r.”
2 InCl; (10) CH;CN 12 n.d.c
3 FeCl;-6H,0 (10)  CH,CN 12 n.d.c
4 LiCl (10) CH;,CN 12 n.r.
5 CAN (10) CH;CN 8 80
6 CAN (10) DCE 8 80
7 CAN (10) Toluene 12 68
8 CAN(10) DMF 12 55
9 CAN(10) — 8 90
10 CAN (20) — 8 90
11 CAN(10) — 1 72¢
12 (CF;S0;);Yb — 8 60

“Unless otherwise mentioned, all reactions were performed using 1a
(1 mmol, 117 mg), 2a (1 mmol, 106 mg) and 3a (1 mmol, 173 mg) at
room temperature. Products were purified by column chromatography
using silica gel (100-200 mesh) and yields are for the isolated pro-
ducts. ’n.r.: no reaction. ‘n. d The desired product 4a was not
detected but obtained only BIM. ¢ Reaction was carried out at 80 °C.

and 3a) and adding CAN (10 mol%) and I, (1 eq.) in DCE
solvent. But the reaction gave only 4a and no trace of 5a was
observed. We presumed that the reason for no formation of 5
in a one-pot process may be the presence of CAN which inter-
feres in the cyclisation step. Therefore, we performed a reac-
tion to synthesize 4a first and removed the catalyst CAN after
completion of the reaction by washing with water. Crude 4a
was then treated with I, in DCE to obtain the cyclised product
5a. In this process we were able to isolate good yield of 5a and
therefore, we treated it as our optimized reaction condition to
synthesize 5 (Scheme 2).

We next screened the substrate scope of the reaction. We
noticed that electron-withdrawing groups such as -F, -NO,,
-Br and -Cl on the aldehyde ring increased the product yield,
whereas electron-donating groups such as -CH; and -OCHj;
decreased the yield of 5. We obtained a similar yield in o-, m-,
and p-substituted aromatic aldehydes (e.g., 5e-5g, Scheme 2).
Heterocyclic aromatic aldehydes also produced good yield (5k,
Scheme 2).

On the other hand, substitution in the indole ring
decreased the yield of the product (5u, Scheme 2). With

’
HNT N

a-Carbolines
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Table 2 Optimization of the synthesis of 57

Catalyst

——

Solvent

4a 5a
Catalyst Oxidant Time Yield

Entry (equiv.) (equiv.) Solvent  [h] [%]
1 I, (0.1) TBHP (1.5) DCM 10 36
2 I, (0.1) TBHP (1.5) CHCl; 10 30
3 I, (0.1) TBHP (1.5) CH;CN 10 70
4 I, (0.1) TBHP (1.5) DCE 10 78
5 I, (0.1) TBHP (1.5) Toluene 10 50
6 I, (0.1) TBHP (1.5) McOH 10 20
7 I, (0.1) TBHP (2) DCE 10 78
8 I, (0.1) TBHP (1.5) — 10 20
9 I, (0.1) TBHP (1.5) DCE 1 25°
10 KI (0.1) TBHP (1.5) DCE 8 60
11 NBS (0.1) TBHP (1.5) DCE 8 62
12 NIS (0.1) TBHP (1.5) DCE 8 67
13 NCS (0.1) TBHP (1.5) DCE 8 n.d.c
14 I, (1.0) Open air DCE 8 87
15 I, (1.0) Open air DCE 12 86
16 I, (2.0) Open air DCE 8 87

“Unless otherwise mentioned, all reactions were performed with 4a
(0.5 mmol, 189 mg) at room temperature. The product 5a was purified
by column chromatography usmg silica gel (100-200 mesh) and ylelds
are for the isolated products. ” Reaction was carried out at reflux. “n.d.:
not detected.

N-substituted indoles we also obtained very good yield of the
product (5n-5t, Scheme 2). We also investigated the scope of
the reaction by changing the aromatic aldehyde to aliphatic
aldehyde. The reaction gave us moderate yield (51-5m,
Scheme 2). 3-Phenyl substituted pyrazol-5-amines were also
used and a very good yield of 5 was isolated in all cases (5v—
5w, Scheme 2). The single crystal X-ray structures of 5a and 5u
established the structure of the cyclised product (Fig. 2).

The mechanism for the formation of 4 is usual."> Indole
reacts with an aldehyde in the presence of catalyst and gives
an intermediate alkylideneindolenine, which is then attacked
by pyrazol-5-amine to form 4. To establish the mechanism for
the conversion of 4 to 5, we performed a number of control
experiments (a—e, Scheme 3). Radical scavengers such as buty-
lated hydroxytoluene (BHT) and 2,2,6,6-tetramethylpiperidin-1-
oxyl (TEMPO) were used under the optimum reaction con-
ditions along with I, (1 eq.) to check the probability of the
radical pathway for the reaction (Scheme 3a). Both the scaven-
gers inhibited the cyclisation reaction indicating the radical
route. As I, cannot be a free radical at room temperature in the
absence of any radical initiator, we thought light may be the
source of the initiators. And therefore, we performed a reaction
under dark conditions. However, darkness could not stop the
reaction from occurring and we isolated 79% of 5a
(Scheme 3b). From previous reports it is obvious that one equi-
valent of I, is the minimum requirement for C-C or C-X bond
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Scheme 2 Synthesis of a-carbolines from the 3-component reaction
without isolating the uncyclised compound 4. Time in the parentheses
indicates the reaction time for the synthesis of 4 and its conversion to 5.
Products were purified using column chromatography and yields are for
the isolated products.

Fig. 2 X-ray structure of 5a (CCDC 18677967) & 5u (CCDC 18677977).
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Scheme 3 Controlled experiments (a—e) to establish the mechanism.

13,145, conversion of

formation at the C2 carbon of the indole.
4 to 5 involves C-N bond formation (cyclisation) and then aro-
matisation. Our reaction requires one equivalent of I, which
we believe is consumed for C-N bond formation. Moreover, we
have already seen in Table 2 (entry 16) that the increased
amount of I, did not improve the yield of 5, which indicates
that I, is not involved in the aromatisation. To check the role
of aerial O,, we performed a reaction in the absence of air
which gave us a trace amount of 5 (Scheme 3c). Therefore, we
come to a conclusion that aerial O, is responsible for the aro-
matization. During the aromatisation by oxygen, H,O, is
formed as the by-product.'® Therefore, we believe that this
H,0, might function as the radical initiator in the reaction. In
acidic medium H,O, reacts with I, to generate iodine free rad-
icals.'” To prevent free radical generation, we neutralized the
acidic medium of the reaction (which is formed due to the
elimination of HI in the reaction) by adding NaHCO; (2 eq.)
under the optimal condition. To our surprise, the reaction still
produced a moderate yield of product 5 (Scheme 3d). To
explain the paradox, we performed a reaction again in the pres-
ence of NaHCOs; (2 eq.) but along with BHT (1.5 eq.) under the
optimal condition (Scheme 3e). This time we observed that
there was a little inhibition of the reaction by BHT unlike
earlier. This means that in the presence of NaHCO; (under
neutral conditions) the reaction is not a free radical process.
From the above controlled experiments we concluded that the
reaction could be a free radical or non-free radical process. But
under our optimized reaction conditions, it preferably follows
a free radical pathway as the free radical reacts faster with the
substrate.

This journal is © The Royal Society of Chemistry 2018
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Scheme 4 Tentative mechanism for the reaction.

Based on these experiments we here propose a tentative
mechanism (Scheme 4). Compound 4 first reacts with I, in a
non-free radical process and is cyclised to 5, which is sub-
sequently aromatized to 5 by O, and generates H,O,. Once a
small amount of H,0, is generated, it reacts with I, forming
an iodine radical and hydroperoxyl radical. This initiates the
radical chain and compound 4 converts to 5’ via [A] to [D] and
is finally aromatized to 5.

Conclusions

In summary, we have successfully developed an efficient meth-
odology to synthesise a-carboline derivatives. The reaction of
indoles, aldehydes and pyrazol-5-amine first gives 3-substi-
tuted indoles which undergo intramolecular oxidative amin-
ation at the C2 carbon of the indole ring and aromatisation
giving the desired product. All the reagents and substrates are
very cheap and environmentally benign. The reaction is mild,
and has a broad substrate scope. A tentative mechanism is pro-
posed based on several controlled experiments.

Experimental
General procedure for the synthesis of 5

Compounds 1 (1.0 mmol), 2 (1.0 mmol), and 3 (1.0 mmol)
were stirred in the presence of CAN (10 mol%) at room temp-
erature for mentioned hours. The progress of the reaction was
monitored by TLC. After completion of the reaction, the reac-
tion mixture was dissolved in EtOAc and washed with H,O (2 x
25 mL). The organic layer was separated and dried with anhy-
drous Na,SO,. The solvent was removed on a rotary evaporator
which gave 4 as the crude product. The crude 4 was then dis-
solved in DCE and I, (1 eq.) was added. Then the reaction

Org. Biomol. Chem., 2018, 16, 7806-7810 | 7809
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mixture was stirred at room temperature for the appropriate
time. The solvent was removed using a rotary evaporator and
the crude product was purified using column chromatography
(silica gel, 100-200 mesh; ethyl acetate/hexane).
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