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Abstract: An expedient synthesis of biologically important pyri-
do[4,3-b]carbazole alkaloids, ellipticine and 9-methoxyellipticine,
is reported. Our synthetic approach applies a key H3PO4-mediated
Friedel–Crafts cyclodehydration to construct the pyridine core.
Key words: alkaloids, nitrogen heterocycles, natural products, total
synthesis, cyclization

Natural products belonging to the pyrido[4,3-b]carbazole
family of alkaloids are well represented in the chemical
literature.1–12 Examples of such pyridocarbazole alkaloids
are depicted in Figure 1, each of which possesses a pyri-
dine ring fused to a carbazole moiety. Since the initial iso-
lation of ellipticine (1) and 9-methoxyellipticine (2) in
1959 by Goodwin et al.,2 several other compounds in this
family have been isolated from Apocynaceae plants.3 The
interesting structures of these molecules, and their wide
biological properties,4,6 have prompted a number of syn-
thetic investigations.5,8 The antineoplastic property of el-
lipticine was established to be largely due to DNA
intercalation and inhibition of topoisomerase II.6 Success-
ful clinical trials and commercialization of derivatives
have provoked significant interest in the chemistry and bi-
ology of pyrido[4,3-b]carbazole alkaloids.7 This is high-
lighted by several reviews covering the synthesis and
biological properties of ellipticine derivatives.8

Figure 1  Representative pyrido[4,3-b]carbazole alkaloids 1–4

Previous syntheses of ellipticine and 9-methoxyellipticine
have been accomplished from known 1,4-dimethylcarba-
zole-3-aldehyde precursors using a Pomeranz–Fritsch cy-
clization as key step; reported individually by Saxton,9
Jackson,10 Chern,11 and Dračínský.12 However, acid-cata-
lyzed Friedel–Crafts-type cyclodehydration reactions
have been less explored in the total synthesis of natural
products.13

We herein describe a novel route to the synthesis of ellip-
ticine and 9-methoxyellipticine, starting from N-benzyl-
1,4-dimethylcarbazole-3-aldehyde precursors. Our syn-
thesis commenced with the preparation of 9-benzyl-1,4-
dimethylcarbazoles 7 and 8 from the corresponding 1,4-
dimethylcarbazoles, which can be readily prepared by lit-
erature methods7 (Scheme 1). N-Benzylation of 5 and 6
afforded 7 and 8 in excellent yields. Next, Vilsmeier–
Haack formylation of 7 and 8 with DMF and POCl3 at
70 °C furnished aldehydes 9 and 10. Subsequent Pinnick
oxidation, using 30% aqueous H2O2, NaClO2, and
KH2PO4 in THF–H2O (2:1), transformed 9 and 10 into ac-
ids 11 and 12 in 94% and 97% yields, respectively. Acids
11 and 12 were converted into the corresponding acid
chlorides using SOCl2, followed by amidation with 2-am-
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Scheme 1  Synthesis of 9-benzyl-N-(2-hydroxyethyl)-1,4-dimethyl-
9H-carbazole-3-carboxamides 13 and 14

N
H

N
Bn

N
Bn

N
Bn

CHO COOH

R R

R R

5 R = H
6 R = OMe

7 R = H, 84%
8 R = OMe, 86%

9 R = H, 71%
10 R = OMe, 78%

11 R = H, 94%
12 R = OMe, 97%

N
Bn

O

NH

OH N
Bn

O

O

NH2

R R

13 R = H, 86%
14 R = OMe, 88%

15 R = H, 9%
16 R = OMe, 6%

(i) SOCl2, CHCl3
    3–5 h, reflux

(ii) 2-aminoethanol
     DIPEA, CH2Cl2
     0 °C to r.t., 4–6 h

major minor

NaOH, BnCl

DMSO, r.t., 1 h

DMF, POCl3

70 °C, 2 h

30% aq H2O2

NaClO2, KH2PO4

THF–H2O (2:1)
r.t., 1 h

+

SYNLETT 2014, 25, 2791–2793
Advanced online publication: 20.10.20140 9 3 6 - 5 2 1 4 1 4 3 7 - 2 0 9 6
DOI: 10.1055/s-0034-1379305; Art ID: st-2014-d0706-l
© Georg Thieme Verlag  Stuttgart · New York

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



2792 N. Ramkumar et al. LETTER

Synlett 2014, 25, 2791–2793 © Georg Thieme Verlag  Stuttgart · New York

inoethanol afforded the desired amides 13 and 14 along
with esters 15 and 16 in smaller amounts.
Following access to amides 13 and 14, we explored the
critical Friedel–Crafts cyclodehydration and ensuing pyr-
idine ring formation, as summarized in Scheme 2. We
were delighted to find that treatment of 13 or 14 with
H3PO4 in air at 150 °C furnished dihydropyridocarbazolo-
nes 17 and 18 in 73% and 71% yields, respectively. Under
these rather forcing conditions, we also observed the for-
mation of the oxidative cleavage products 7 or 8 in trace
amounts.

Scheme 2  The key H3PO4-mediated Friedel–Crafts cyclodehydra-
tion

Having assembled the tetracyclic scaffold of the natural
products, two simple transformations remained in order to
access ellipticine (1) and 9-methoxyellipticine (2). This
would involve conversion of the amide group into an
imine followed by the cleavage of the N-benzyl group in
the intermediates 17 and 18.
As shown in Scheme 3, the first of these challenges was
achieved by reductive amination using mild reagents Tf2O
and Et3SiH. This generated N-benzylellipticines 1914 and
20 in good yields. Next, the N-benzyl group was removed
from 19 and 20 by using 10% palladium on carbon to fur-
nish ellipticines 1 and 2 with analytical data consistent
with those previously reported in literatures in all as-
pects.8

Scheme 3  Synthesis of ellipticine (1) and 9-methoxyellipticine (2)

In summary, we have completed an expedient synthesis
of the pyrido[4,3-b]carbazole alkaloids, ellipticine (1) and
9-methoxyellipticine (2) over seven steps from known
1,4-dimethylcarbazoles (5 and 6) with 23% and 25%

overall yields, respectively. For the first time, we have uti-
lized the H3PO4-mediated Friedel–Crafts cyclodehydra-
tion as a key step to construct these pyrido[4,3-
b]carbazole alkaloids and observed in situ aerial oxidation
during the course of the reaction.
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