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Abstract Isocryptolepine (1), a potent antimalarial natural product,
was prepared in three steps from 3-bromoquinoline and 2-aminophen-
ylboronic acid hydrochloride. The key transformations were a Suzuki–
Miyaura cross-coupling reaction followed by a palladium-initiated intra-
molecular C–H activation/C–N bond formation between an unprotect-
ed amine and an aromatic C–H group. The two key reactions can also
be performed in one pot.
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Isocryptolepine (1, Figure 1), a naturally occurring quin-
oline alkaloid isolated from the West African plant Cryptole-
pis sanguinolentain,1 has been shown to display potent anti-
malarial activity against the virulent and increasingly resis-
tant strain of Plasmodium falciparum.2 Malaria is a serious
health concern that is responsible for the loss of millions of
lives every year. The World Health Organization estimated
that, during 2015 alone, there were as many as 214 million
new cases of malaria and 438,000 deaths.3 The disease is
caused by one of four protozoan parasite strains, Plasmodi-
um vivax, P. falciparum, P. ovale, and P. malariae. Resistance
towards antimalarial drugs available today is a major con-
cern and the need to develop new antimalarial drugs rep-
resents a common interest globally.4,5 Isocryptolepine (1)
belongs to the indoloquinoline family, which also includes
cryptolepine (2) and neocryptolepine (3), and all are char-
acterised by a quinoline and indole fused ring system.
While both cryptolepine and neocryptolepine are tetracy-
clic heteroaromatic linearly fused alkaloids, isocryptolepine
is a tetracyclic heteroaromatic angularly fused alkaloid.

Development of efficient synthesis of these quinoline alka-
loids has recently been of high interest6 as a potential scaf-
fold for future medical chemistry. Generally, the reported
syntheses of isocryptolepine utilise the following key syn-
thetic strategies: palladium-catalysed coupling reactions,7
Fischer indole cyclisation,8 photochemical cyclisation,9 Pic-
tet–Spengler cyclisation,10 aza-Wittig reaction11 and a re-
cently reported one-pot approach.12 Herein, we present an
efficient and convenient synthesis of isocryptolepine from
readily available starting materials and show that the two
key steps in the synthesis can also be performed in one pot.

Figure 1 Structure of isocryptolepine (1), cryptolepine (2) and neo-
cryptolepine (3)

Our retrosynthetic analysis of isocryptolepine (1),
which is shown in Scheme 1, was inspired by the seminal
work of Buchwald and co-workers,13 and by a recent publi-
cation by Bjørsvik and Elumalai, who reported a protocol
that gave access to carbazole frameworks upon intramolec-
ular C–N bond formation via C–H activation.14 Interestingly,
this method,14 together with another iridium-catalysed
method,15 in contrast to many earlier methods,16 involved
tandem C–H activation and C–N bond formation, which al-
lowed the C–N formation to take place between an unpro-
tected amine and an aromatic C–H. We envisaged that the
intramolecular palladium-catalysed tandem C–H activation
and C–N bond formation of a 2-aminobiaryl intermediate 6,
which could be obtained from bromide 4 and boronic acid 5
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by a Suzuki–Miyaura cross-coupling,17 would be the key
step in our synthesis. Finally, a selective N-methylation
would provide isocryptolepine (1).

Scheme 1 Retrosynthetic analysis of isocryptolepine (1)

The synthesis commenced with the Suzuki–Miyaura
cross-coupling reaction between 3-bromoquinoline (4) and
2-aminophenylboronic acid hydrochloride (5). Under opti-
mised conditions, using PdCl2(dppf) as catalyst and potassi-
um carbonate as base in EtOH/water (5:1), the coupling
product 6 was formed in 80% yield (Scheme 2).18 2-Amino-
biaryl 6 was then subjected to a tandem C–H activation and
C–N bond formation utilising the conditions reported by
Bjørsvik and Elumalai,14 which involved treating compound
6 with PdCl2(dppf), 1,3-bis(2,4,6-trimethylphenyl)imidaz-
ole-2-ylidene (IMes), and hydrogen peroxide in acetic acid
for 10 min at 118 °C in a microwave (MW). Gratifyingly this
resulted in the formation of 11H-indolo[3,2-c]quinolone (7)
in 62% yield after column chromatography along with unre-
acted starting material (15%).19 Attempts to prolong the re-
action time to force the reaction to completion only result-
ed in a reduced yield of the desired product 7. Compound 7
was then subjected to a regioselective methylation using a
previously reported method.20 By such means, the desired
natural product isocryptolepine (1) was formed in 76%
yield. All spectroscopic data for compound 1 were in full
agreement with the reported data.20,21

We have previously reported on our one-pot chemistry
in which a Suzuki–Miyaura cross-coupling reaction is fol-
lowed by reductive amination,22 and demonstrated the ad-
vantages of combining several steps into one pot.23 With
that in mind, and with the successful synthesis of isocryp-
tolepine (1) in hand, we attempted to combine the two pal-
ladium-catalysed steps in one pot. Conducting the Suzuki–
Miyaura cross-coupling reaction first, utilising PdCl2(dppf)
as precatalyst, followed by changing the reaction medium
from basic to acidic by addition of acetic acid when the
Suzuki–Miyaura cross-coupling reaction had reached com-
pletion (as judged by TLC analysis) in addition to adding

more catalyst [PdCl2(dppf)], hydrogen peroxide, and IMes
followed by stirring the reaction mixture at 118 °C for
18 min, resulted in the formation of 11H-indolo[3,2-
c]quinolone (7) in 32% yield in one pot from 3-bromoquino-
line (4) and boronic acid (5).24 The 1H and 13C NMR spectra
of 11H-indolo[3,2-c]quinolone (7), obtained from the two
described synthetic routes were compared and found to
match. Finally, selective N-methylation of 7 utilising a pre-
viously described method,20 gave isocryptolepine (1) (76%
yield),25 resulting in an overall yield of 19% over the two
steps.

In conclusion, we have developed a short synthesis of
isocryptolepine (1). The key step is the selective tandem C–
H activation and C–N formation between the unprotected
amino group and the aromatic C–H. To our knowledge, the
synthesis reported herein represents the first example in
which a Suzuki–Miyaura cross-coupling is combined with a
tandem C–H activation and C–N bond formation in a one-
pot reaction. Further work is now focusing on using the de-
veloped synthetic strategy for the synthesis of analogues of
isocryptolepine (1) with the aim of enhancing the antima-
larial activity.
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Scheme 2 Synthesis of isocryptolepine (1). Reagents and conditions: 
(a) PdCl2(dppf), K2CO3, EtOH/H2O (5:1), 60 °C, 24 h; (b) PdCl2(dppf), 
IMes, H2O2, AcOH, MW sealed tube 10 min 118 °C; (c) MeI, toluene, re-
flux, 3 h; (d) PdCl2(dppf), K2CO3, EtOH/H2O (5:1), MW sealed tube 4 h 
60 °C followed by addition of PdCl2(dppf), IMes, H2O2, AcOH, MW 
sealed tube 18 min, 118 °C.
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