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Palladium catalysed-reaction of indole carboxylic acids with
nitriles in the presence of Ag,CO; proceeds via
decarboxylative dual C-H activation leading to the nitrile
insertion products, triazaindeno-fluorenes (indolocarbolines);
in the absence of nitrile, diindolocarbazoles (heptacyclic
triindoles, triazatruxenes) are formed.

Development of methods for the direct conversion of C-H bonds to
C-C and C-N bonds has received significant attention in organic
chemistry.' Palladium-based and other transition metal catalytic
systems are widely used for such transformations and are important
tools to construct and convert the indole core motif into more
complex structures.”™ In such cases, the nitrile group is considered to
be inert and thus acetonitrile is a commonly used solvent.* To our
knowledge, there is hardly any report on the nitrile insertion directly
into a cyclic structure.”® Such reactions utilizing the indole system
could lead to carbolines’ that are again another important class of
medicinally useful products (cf. Figure S1).® This is the first point
that we would like to address in this paper.

Another component/additive that is often used in [Pd]-catalysis
as an oxidant is Ag,COs. Quite often, decarboxylation in conjunction
with C-H activation is the observed phenomenon.” A few examples
utilizing indole carboxylic acids are known.'® Although it is possible
that intermediates formed in such decarboxylations undergo self-
association leading to multiply fused indoles, to this date, reports of
this kind are absent in the literature. In the course of our
investigations on such a system we have discovered that indole-2-
carboxylic acids lead to triindoles (diindolocarbazoles) that
constitute the hot area of organic electronic materials (cf. Figure
S2)."! Despite the fact that both acetonitrile and Ag,CO; have been
utilized in several [Pd]-catalysed reactions involving indoles,”™'**!2
rather surprisingly, formation of triindoles (albeit in only moderate
yield) is not mentioned in earlier reports.”® This is the second point
that we wish to highlight in this work.

This work began with a serendipitous observation that a blank
reaction of 1-methyl-indole-2-carboxylic acid (1a) with CH;CN (2a,
used actually as a solvent!) in the presence of Pd(OAc), /Ag,CO;
afforded indole fused a-carboline 3aa as one of the products.”®> We
then surmised that it may be possible to construct indole fused a-
carbolines by treating 1a-j with various nitriles under [Pd] catalysis.
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The best conditions for the reaction of 1a with 2b (see ESI, Table
S1) were: 10 mol % of Pd(OAc), as catalyst, Ag,CO; (2.0 equiv) as
oxidant at 80 °C for 12 h (65% yield; entry 4). The scope of this
decarboxylative [Pd]-catalysed reaction was then examined with
respect to both indole-2-carboxylic acids 1 and nitriles 2 (Table 1).
Gratifyingly, this protocol was general to a wide range of indole
carboxylic acids and nitriles (48-65 %) except in the case of 3aa
where formation of triindoles was significant (vide infra).
Compounds of type 4-5 were not obtained in other cases (viz. entries
2-22). The yield of the isolated product was moderate probably
because of the formation of insoluble silver carboxylate salt (X-ray
powder diffraction). A variety of substrates including cinnamyl
nitrile afforded the expected products 3ab-3jd in good yield. Nitrile
attached to heterocyclic moiety or a functional group like CHO
attached to phenyl moiety of nitrile were perfectly tolerated
(products 3aj-3ak). X-ray structures of compounds 3aa (Figure S3)
and 3ac (Figure S4) have been determined.'* The new carbolines
exhibit fairly strong fluorescence emission spectra in the visible
region (see ESI).

Table 1. Formation of indole fused a-carbolines 3“

Pd(OAc), R
R N COOH _ (10 mol %)
N + RZC=N
lla 1 Ag,CO, R2
(2.0 equiv) R
1a- 2a 80°C,12h rv 3aa-3jd
RrR1
entry R, R R? product  yield
(%]
1° H, Me (1a) Me (2a) 3aa 38
(see
text)”
2 1a Ph (2b) 3ab 65
3¢ 1a 3-Me-C¢Hy (2¢) 3ac 61
4 1a 4-Me-C¢H, (2d) 3ad 57
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5¢ la 4-MeO-C¢Hy (2¢)  3ae 59 since in the absence of the catalyst, the reaction did not take
place. Also, dimethylacetylene dicarboxylate (DMAD) did not
6 la CsHy (2D) 3af 36 undergo [4+2] cycloaddition with VI. These results are also
7 1a C.H, (22) 3ag 53 consistent with the involvement of palladium catalyst in the
final steps.
1a CH,Ph (2h) 3ah 60
9 1a CH,(4-MeO- 3ai 55 M e
CgHy) (2i) Pd(OAc)2
10 la 2-thiophenyl (2j) 3aj 59
HOAc
11° 1a 3-OHC-C¢Hy (2k)  3ak 60
/ ;
12 la cinnamyl (21) 3al 63 oPd A
13 5-OMe, Me 2d 3bd 58 0
(1b) .
14 5-OCH,Ph, 2b 3cb 64 d"
Me (1¢) 0w
15 5-F,Me(1d)  2b 3db 51 Me o
16 5,6-dimethyl, 2b 3eb 62 HOAc
Me (1e) Co, ~
pd" insertion \ PhC=N
17 7-CLMe (1) 2b 3tb 56 Qj/ ~ (2b)
18 H, Et (1g) 2f 3gf 55 N
/
19 1g 2d 3gd 55 Me
20 H, Bn (1h) 2b 3hb 57
21 H,EOM(1li) 2b 3ib 50 metatation . O)
22 H,MOM(1j) 2d 3d 48 @f\ﬂm j Pa(oAG),
“ Reaction conditions: indole-2-carboxylic acid (1.0 mmol), nitrile pd reductive  ye—N\ -HOAc
(20 mmol), Pd(OAc), (10 mol %), Ag,CO; (2.0 mmol) under N, IV Me - zlf";(';u'at"’" _
atmosphere. © Yield of isolated products. ¢ X-ray structures of 3aa g"a Agzcola and N, N—Me
and 3ac determined.  In this reaction, we isolated the triindoles (4a  “***™% ation) Me O
and 5a, see Table 2 also) in ca 28% yield. 2.5 mmol of 2e and 2k v pdnﬂpd vi
were used. f (not isolated)

Acrylonitrile gave a decarboxylated 3-substituted
product (see ESI).

The intermediate palladium(I) carboxylate species I
(Scheme 1) is formed first. This proposal is consistent with the
fact that 1a reacts with Pd(OAc), (1:1 stoichiometry) even at
room temperature (25 °C) within 15 min with the complete
consumption of la. Species I undergoes carbo-palladation at
the 3-position affording the key palladacycle intermediate
I1.°%'%15 Decarboxylation of I results in the metallated species
III. Meanwhile, 1a undergoes decarboxylation in presence of
silver carbonate affording the aryl metal species IV,’" which on
transmetallation with the Pd" species III gives the biaryl Pd"
species V.>*5&16 Intermediate V gives the biindolyl VI (also see
Scheme 2 below) and Pd’ by reductive elimination. This Pd’
species may be oxidized in the presence of Ag' salt to
regenerate active Pd" species. The in situ produced biindolyl VI
undergoes palladation to give VII. This species has been
proposed earlier by Liang et al.'” Species VII upon nitrile
insertion produces VIIL®™'™' Upon intramolecular C-H
activation, VIII leads to the palladacycle IX that by reductive
elimination affords indole fused a-carboline 3ab. Again, Pd’ is
reoxidized to Pd" via Ag', thus closing the catalytic cycle.

As mentioned above, the pathway for the formation of
indole fused o-carboline (e.g., 3ab) is assumed to take place via
biindolyl intermediate by dual C-H activation.”® To confirm
this, we performed a reaction between biindolyl VI'™?%® and
benzonitrile. Satisfyingly, this reaction afforded a-carboline
3ab in 52% yield (Scheme 2) vindicating our proposal.
Formation of 3ab from VI is not a simple [4+2] cycloaddition,
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Scheme 1 Plausible pathway for decarboxylative coﬁpling of 1a and nitrile 2b.

Pd(OAc),
t (10 mol %) O
O N Ag,CO, (2.0 equiv)
\ 80°C,12h |

Me Me
Scheme 2 Double C-H Activation of biindolyl with 2b

3ab (52%)

The reaction of 1-methyl-indole-2-carboxylic acid 1a with
benzonitrile 2b using of Pd(OAc), [10 mol %]/ Ag,CO; [2
equiv] in DMF at 80-90 °C afforded three products. One was
indole fused a-carboline (3ab; ~10 %); the other two the
heptacyclic triindoles (diindolocarbazoles). After careful
chromatography, both symmetrical and unsymmetrical
triindoles (overall yield 35%) were isolated thus revealing a
new type of reaction in indole chemistry. Such products must
have been formed in several reactions of indole substrates
(albeit in small quantities) where Pd(OAc),/Ag,CO; system is
utilized, but to our knowledge, are not reported thus far.

In the above reaction, benzonitrile is not required for the
formation of triindoles. Even a blank reaction of la with
Pd(OAc),/ Ag,CO; in DMF led to the symmetrical and
unsymmetrical triindole in an overall yield of 48 % (Table S2,
entry 4).2! Inspired by this, we synthesized triindoles 4a,i,k,1
and S5a,b,h,i,] using the protocol: Pd(OAc), (10 mol %)/
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Ag,CO; (2.0 equiv) in DMF at 80 °C for 10 h (48% overall
yield; Table S2, entry 4).

Because of the closeness in the R values of the symmetrical
and unsymmetrical triindoles, we were able to separate both the
isomers only in selected cases. Overall, four symmetrical
triindoles (4a, 4i, 4k, and 41) and five unsymmetrical triindoles
(5a-b, 5h, 5i, and 51) have been obtained in a pure state.?' Quite
pleasingly, the yield (after isolation) and selectivity of Sa was
dramatically increased to 50% by keeping the reaction for 12 h
at 30 °C and then slowly raising the temperature to 50 °C during
12 h (Table 2, entry 2). This observation may be related to
kinetic/steric parameters. Inspired by this, we prepared
compound 5h also in 42% yield (entry 5). In other cases, both
the isomers were formed under these conditions. The structures
of Sb and 4k were confirmed by single crystal X-ray analysis
(Figures S5 and S6);'* fluorescence spectra for selected
compounds are provided as ESI.

Table 2. Synthesis of triindoles (diindolocarbazoles) 4 and 5°

R N\ Pd(OAc), (10 mol %), Ag,CO; ( 2 equiv)
COOH
N DMF, 80 °C, 10 h

R?

Symmetrical Unsymmetrical
R Compounds 4 & 5
entry substrate R, R' triindole” overall
yield
sym unsym (%)
1 1a H, Me 4a (20%) 5a(28%) 48
2° 1a H, Me - 5a (50%) 50
34 1b OMe, Not 5b (30%) 45
Me isolated
44 1h H,Bn  Not 5h (32%) 43
isolated
5¢ 1h H,Bn - 5h (42%) 42
6 1i H, 4i (21%) 5i(31%) 52
EOM
7¢ 1k OMe, 4k Not 44
Bn (35%) isolated
8 11 H, Bu 41(20%) 51(30%) 50

“ Reaction conditions: indole-2-carboxylic acid (1.0 mmol)/
Pd(OAc), (10 mol %)/ Ag,CO5 (2.0 mmol)/ DMF(5 mL) under
N, atmosphere. ° Isolated yield. ¢ Reactions were performed at rt
for 12 h and then heated to 50 °C (oil bath) for 12 h. ¢ In these
cases, only one isomer was isolated in a pure state. The other
isomer was eluted along with the first one (very close Ry
values); this was obtained only as the isomeric mixture. The
combined weight (isomeric mixture + pure isomer) corresponds
to the total yield.

This journal is © The Royal Society of Chemistry 2012
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Formation of triindoles is possible through the biindolyl and
an in situ formed N-methylindole via cycloaddition followed by
aromatization. At least in the reaction of biindolyl VI with 1a
or N-methylindole, we have been able to isolate the
symmetrical triindole 4a, albeit in 25% yield, but this could
also be due to self-reaction involving 1a or N-methylindole.

In summary, a new [Pd]-catalysed cyclization reaction of
indole carboxylic acids with a nitrile (e.g., acetonitrile or
benzonitrile) involving nitrile insertion and leading to
fluorescence active indolocarbolines, is discovered This result
is significant because acetonitrile or benzonitrile is often used
as a solvent in [Pd]-catalysed reactions involving indoles. In the
absence of the nitrile, triindoles are obtained. This observation
acts as a caveat while using the common [Pd]-catalyst/Ag,CO;
system in similar reactions. To our knowledge, there is no such
previously recorded report.

We thank DST and UGC (New Delhi) for financial support
and equipment. RNPT thanks UGC, New Delhi for a
fellowship; he also thanks M. Ramu Sagar and K Suresh for
help in recording fluorescence spectra. KCK thanks DST for
the J. C. Bose fellowship and UGC for a one-time grant.
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