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A Mn(III) mediated radical reaction of new designed multi-functionalized 2-isocyano-6-alkenyl(alkynyl)
benzonitriles with arylboronic acids has been developed. This reaction provides a method for the
synthesis of pyrroloisoquinoline derivatives through the formation of two C��C bonds and one C��N
bond via radical cascade cyclization in one step.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.
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Cyano group is one of the most powerful group in chemical
synthesis because it can participate in many reactions and
transform into various functional groups, such as amino, amido,
and carboxyl [1]. Very recently, the radical reactions involving
cyano group have attracted increasing attention for their efficient
and diversity applications. These reactions not only led to the
carbonyl group [2], but also construct the N-heterocylic com-
pounds [3]. Notably, the radical-mediated cyano group migration
strategies which afford the new cyano-containing compounds
have beenwell studied in the past few years [4]. On the other hand,
isocyanides, which are isomer with cyano groups, are highly
reactive groups and can participate in transition-metal-catalyzed
reaction [5] and radical reaction [6]. Especially, the reactions
utilizing o-functionalized arylisocyanides to construct the N-
heterocylic compounds via radical cascade cyclization strategy in
one step have received increasing attention of researchers. There
are many o-functionalized arylisocyanides as radical acceptors,
such as 2-isocyanobiaryls [7], 2-alkenyl arylisocyanides [8], 2-
alkynyl arylisocyanides [9], 1-azido-2-isocyanoarenes [10], o-
diisocyanoarenes [11], 2-isocyanothioanisoles [12].

It is of particular interest to develop the reactions of the
arylisocyanides which modified by cyano group in the ortho
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position to afford the N-heterocylic compounds. However, only
two relevant works have been reported in the literature. In 1999,
Ito and his collaborators reported the reaction of o-isocyanoben-
zonitile to give the 2-diethylaminoquinazoline (only one example,
Scheme 1a) [13], In addition, our group developed the novel
method to construct the pyrrolopridin derivatives in this year
(Scheme 1b). As our ongoing interest in the reaction of o-
isocyanobenzonitile, we designed and synthesized 2-isocyano-6-
alkenylbenzonitrile and 2-isocyano-6-alkynylbenzonitrile, respec-
tively. Herein, we demonstrate a radical cascade reaction of 2-
isocyano-6-alkenyl(alkynyl)benzonitrile to construct pyrroloiso-
quinoline derivatives (Scheme 1c).

We started our investigations with the reaction of methyl (E)-3-
(2-cyano-3-isocyanophenyl)acrylate (1a) and phenylboronic acid
(2a) in the presence of 2.0 equiv. of Mn(OAc)3 [20_TD$DIFF]�2H2O in toluene to
optimize the reaction. To our delight, the reaction proceeded
smoothly to form the target product methyl 2-phenylpyrrolo
[2,3,4-ij]isoquinoline-4-carboxylate (3a) in [30_TD$DIFF]61% yield after 12 h
(Table 1, entry 1). Alternative manganese salts such as MnSO4 and
Mn(OAc)2 [20_TD$DIFF]�2H2O, no desired product was detected (Table 1, entries
2 and 3). When increase the loading amount of Mn(OAc)3[20_TD$DIFF]�2H2O to
3.0 equiv., the reaction proceed smoothly to give 3a in [31_TD$DIFF]78% yield
(Table 1, entry 4). While, the yield of 3a reduce to [32_TD$DIFF]72% in the
presence of 4.0 equiv. of Mn(OAc)3[20_TD$DIFF]�2H2O (Table 1, entry 5). Other
solvents including DCE, DMSO, CH3CN and DMF were also
investigated under similar reaction conditions. However, all these
solvents could not improve the yield of 3a (Table 1, entries [33_TD$DIFF]6–9).
Notably, either elevating or lowering the temperature resulted in
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.



[(Scheme_1)TD$FIG]

Scheme 1. The reaction of isocyanides.

[(Scheme_2)TD$FIG]

Scheme 2. The reaction of 2-isocyano-6-alkenylbenzonitrile with arylboronic
acids. Reaction conditions: 1 (0.1mmol), 2 (0.2mmol), Mn(OAc)3 [20_TD$DIFF]�2H2O (3.0 equiv.),
toluene (2mL), [21_TD$DIFF]80 �C,12 h, argon atmosphere. Isolated yield. 3 uwas synthesized in
1.0mmol scale by 1f (1.0mmol), 2a (2.0mmol), Mn(OAc)3 [20_TD$DIFF]�2H2O (3.0 equiv.),
toluene (20mL), [21_TD$DIFF]80 �C, 12 h, argon atmosphere.
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lower yields (Table 1, entries 10 and 11). Therefore, the optimized
reaction conditions is following: methyl (E)-3-(2-cyano-3-isocya-
nophenyl)acrylate (1a) and phenylboronic acid (2a) in the
presence of 3.0 equiv. of Mn(OAc)3[34_TD$DIFF]�2H2O in 2.0mL toluene at 80 �C.

After having established the optimal reaction conditions, we
investigated the substrate scope of 2-isocyano-6-alkenylbenzoni-
triles and arylboronic acids (Scheme2). The reactions of arylboronic
acidswhichsubstrateswithelectron-doating(Me,OMe)orelectron-
withdrawing groups (F, Cl, Br, CN, COMe) in the para position could
proceed smoothly to afford the corresponding products 3b-3h in
[35_TD$DIFF]36%–69%yields.When themethyl groupshifted to the orthoormeta
positionof thearyl ring, the reactionproceededsmoothly togive the
desired products 3[36_TD$DIFF]j and 3m in 23% and 75% yields, respectively.
While,whenthe(2,6-dimethylphenyl)boronicacid2lwasappliedto
thereactionwith1a, thereactionfailedtogivethedesiredproduct3l.
Table 1
Optimization of the reaction conditionsa.

[TD$INLINE]

Entry Mn salts (equiv.) Solv

1 Mn(OAc)3·2H2O (2) Tolu
2 MnSO4 (2) Tolu
3 Mn(OAc)2·2H2O (2) Tolu
4 Mn(OAc)3·2H2O (3) Tolu
5 Mn(OAc)3·2H2O (4) Tolu
6 Mn(OAc)3·2H2O (3) DCE
7 Mn(OAc)3·2H2O (3) DMS
8 Mn(OAc)3·2H2O (3) CH3

9 Mn(OAc)3·2H2O (3) DMF
10 Mn(OAc)3·2H2O (3) Tolu
11 Mn(OAc)3·2H2O (3) Tolu

a Reaction conditions: 1a (0.10 mmol), 2a (0.20 mmol), manganese salts, solvent, 80
b Isolated yields.
It isworthnoting thatwhen the Fatomasanortho substituentof the
arylboronic acid, the yield of the corresponding product 3k
increased to [37_TD$DIFF]60%. The results indicate that steric effects have a
significant effect on the reaction. In addition, the reactions of the
(3,4-dimethylphenyl)boronicacidandnaphthalen-2-ylboronicacid
ent (2 mL) T (oC) Yield (%)b

ene 80 61
ene 80 0
ene 80 0
ene 80 78
ene 80 72

80 68
O 80 11
CN 80 56

80 26
ene 60 30
ene 100 70

°C, 12 h.
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Scheme 3. The reaction of 2-isocyano-6-alkynylbenzonitrile with arylboronic
acids. Reaction conditions: 4 (0.2mmol), 2 (0.4mmol), Mn(OAc)3[20_TD$DIFF]�2H2O (2.0 equiv.),
toluene (6mL), [21_TD$DIFF]80 �C, 12 h, argon atmosphere. Isolated yield.
[(Scheme_4)TD$FIG]

Scheme 4. Control experiment.
[(Scheme_5)TD$FIG]

Scheme 5. Plausible mechanism.
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with 1a could furnish the corresponding products 3n and 3p in [38_TD$DIFF]76%
and 79% yield, respectively. Unfortunately, when the pyridin-4-
ylboronic acid was employed in the reaction with 1a and failed to
obtain the desired product 3o under the standard conditions.
Then, a series of 2-isocyano-6-alkenylbenzonitrile were synthe-
sized and have been subjected to the reactions with 2a under the
optimized conditions. It should be noted that the corresponding
products 3q-3u were obtained in moderate to excellent yields. To
show the potential applications of our method, we tried the
reactions of 1f with 2a in 1.0mmol scale under the standard
reaction conditions. To our delight, the reaction proceeded
smoothly to afford 3u in [39_TD$DIFF]93% yield.

Next, we turned our attention to the reaction of 2-
isocyano-6-alkynylbenzonitrile with arylboronic acid
(Scheme 3). After extensive optimization, we were able to
identify conditions which included 2-isocyano-6-(phenyl-
ethynyl)benzonitrile (4a) and phenylboronic acid (2a) in the
presence of 2.0 equiv. of Mn(OAc)3 [20_TD$DIFF]�2H2O in toluene at [40_TD$DIFF]80 �C that
delivered the desired product 5a in [41_TD$DIFF]45% isolated yield. To further
evaluate the scope of this method, differently substituted
arylboronic acids were examined. It is worth mentioning that
several functional groups, including electron-rich (Me, tBu) or
halogen groups (F, Br) of the arylboronic acid as the substrate the
corresponding products 5b, 5c, 5d, 5e, 5[42_TD$DIFF]g were obtained in
[43_TD$DIFF]28%–37% yields. It is notable that 5f could not be observedwhen o-
tolylboronic acid reacted with 4a due to the steric effect.
Additionally, the desired product 5h could be obtained in 28%
yield when using naphthalen-2-ylboronic acid as the substrate.
Unfortunately, the reaction of pyridin-4-ylboronic acid with 4a
failed to give the corresponding product 5i. We also explored the
scope of 2-isocyano-6-alkynylbenzonitrile. Different groups on the
aryl ring including methyl (5[44_TD$DIFF]j), chloro (5k), and fluoro (5l) were
also tolerated under the reaction conditions.

To gain insight into the reaction mechanism, a series of radical
capture experiments have been carried out (Scheme 4). When 4.0
equiv. of 2,2,6,6-tetramethylpiperidinyloxy (TEMPO) was
employed in the reaction system under the optimized conditions,
we could isolated the desired product in [45_TD$DIFF]21% yield. The above
results which suggest a radical process is probably involved in the
reaction of 2-isocyano-6-alkenylbenzonitrile and arylboronic
acid. After that, a similar result was observed when 4.0 equiv.
of TEMPO was applied to the reaction of 4a and 2a.

On the basis of the results above and related literatures [3,14],
we proposed a plausible reactionmechanism (Scheme 5). First, the
Mn(III) promotes the phenylboronic acid to give the phenyl radical.
Next, the radical intermediate A is generated by the reaction of
methyl (E)-3-(2-cyano-3-isocyanophenyl)acrylate (1a) and the
phenyl radical. Subsequently, the radical intermediate A adds to
the cyano group to furnish the corresponding N-centered radicalB.
The N-centered radical B undergoes intramolecular cyclization
with the C��C double bond to afford the radical intermediate C.
Then, the intermediate D
of C by Mn(III). Finally, the corresponding product 3a is formed by
hydrogen abstraction from the intermediate D.

In summary, we have developed a radical cascade reaction of 2-
isocyano-6-alkenyl(alkynyl)benzonitriles with arylboronic acid in
the presence of Mn(III). This reaction provides a novel strategy for
the construction of pyrroloisoquinoline derivatives in one step via
the formation of two C��C bonds and one C��N bond, which has
high step and atomic economy.
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416 P. Xu et al. / Chinese Chemical Letters 32 (2021) 413–416
Appendix A. Supplementary data

Supplementarymaterial related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.cclet.2020.03.023.
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