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Abstract—Starting from ethyl 5-hydroxy-2-methyl-1-phenylindole-3-carboxylate, a simple and effective approach to the synthesis of
pyrido[4,3,2-mn]pyrrolo[3,2,1-de]acridine skeleton of arnoamines A and B, unique pentacyclic alkaloids from the ascidian Cysto-
dytes sp., has been developed. Synthesis of this ring system involves seven steps and produces ethyl 4-methoxy-1-methyl-
pyrido[4,3,2-mn]pyrrolo[3,2,1-de]acridine-2-carboxylate in 41.5% overall yield.
� 2006 Elsevier Ltd. All rights reserved.
Arnoamines A 1 and B 2 are the first members of a new
family of marine cytotoxic alkaloids possessing a pyrido-
[4,3,2-mn]pyrrolo[3,2,1-de]acridine ring system which
has not been previously observed in nature.1 In 2000,
Delfourne and co-workers accomplished the first synthe-
sis of these alkaloids.2
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Starting from commercially available 2-methoxy-5-
nitroaniline, arnoamine B 2 was obtained in 12 steps
with a 5% overall yield. In this synthesis, a pentacyclic
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product, ethyl 4-methoxypyrido[4,3,2-mn]pyrrolo-
[3,2,1-de]acridine-1-carboxylate, having the ring system
of arnoamines A and B, was formed in 10 steps with
a 5.5% overall yield, using many expensive chemicals.

Now, we report a simple and effective approach to the
synthesis of pyridopyrroloacridine ring system of arno-
amines A and B.

The starting material in our sequence (Scheme 1) was
the known indole 3 readily available by the condensa-
tion of p-benzoquinone with commercially available
ethyl 3-anilinocrotonate.3,4

The treatment of 3 with dimethyl sulfate in the presence
of base gave methyl ether 4 in 95% yield. Nitration of 4
with 75% nitric acid in acetic anhydride at �10 �C affor-
ded a mixture of nitro derivatives 5 and 6 which was sep-
arated by flash chromatography5 to give the desired
nitro compound 5 with 63% yield.6 The conversion of
5 to amine 7 was then achieved in almost quantitative
yield using reduction on Raney nickel.7

Amine 7 was treated with 5-(methoxymethylene)-2,2-di-
methyl-1,3-dioxane-4,6-dione8 to produce Meldrum’s
acid derivative 8 in 95% yield.9 The thermal cyclization
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Table 1. 13C and 1H NMR data for 11 in CDCl3 at 75 and 300 MHz, respectively

Atom dC (mult)a dH (mult, J, Hz) HSQC, HMBC (1H! 13C)

1 138.4 s
2 109.9 s
2a 120.8 s
2b 137.9 s
3 102.6 d 7.69 s H(3)! C(3) H(3)! C(2a)

H(3)! C(2b) H(3)! C(2)
H(3)! C(4) H(3)! C(4a)
H(3)! C(4b)

4 150.8 s
4a 113.3 s
4b 116.2 s
6 147.4 d 8.98 d, J = 5.2 H(6)! C(6) H(6)! C(7)

H(6)! C(7a) H(6)! C(4a)
H(6)! C(7b) H(6)! C(2b)

7 110.6 d 7.80 d, J = 5.2 H(7)! C(7) H(7)! C(6)
H(7)! C(4a) H(7)! C(7b)
H(7)! C(2b) H(7)! C(2a)

7a 132.1 s
7b 122.0 s
8 125.5 d 8.34 dd, J1 = 8.0, J2 = 1.6 H(8)! C(8) H(8)! C(10)

H(8)! C(7a) H(8)! C(7b)
H(8)! C(11a) H(8)! C(11)

9 124.7 d 7.46 ddd, J1 = 8.0, J2 = 7.2, J3 = 0.6 H(9)! C(9) H(9)! C(11)
H(9)! C(7b) H(9)! C(8)
H(9)! C(11a)

10 130.5 d 7.61 ddd, J1 = 8.6, J2 = 7.2, J3 = 1.6 H(10)! C(10) H(10)! C(11)
H(10)! C(8) H(10)! C(7b)
H(10)! C(11a)

11 117.5 d 8.23 dd, J1 = 8.6, J2 = 0.6 H(11)! C(11) H(11)! C(9)
H(11)! C(11a) H(11)! C(7b)
H(11)! C(7a)
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Scheme 1. Reagents and conditions: (a) Me2SO4, 2 N NaOH, H2O, dioxane, rt, 30 min; (b) HNO3 (75%), Ac2O, �10 �C, 3 h; (c) Ni(Ra), H2, i-PrOH,
60 �C, 2 h; (d) Meldrum’s acid, CH(OMe)3, reflux, 1 h; (e) Ph2O, N2, 220 �C, 30 min; (f) POCl3, reflux, 30 min; (g) Bu3SnH, AIBN, PhH, reflux, 24 h.
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Table 1 (continued)

Atom dC (mult)a dH (mult, J, Hz) HSQC, HMBC (1H! 13C)

11a 136.2 s
OCH3 55.9 q 4.14 s H(OMe)! C(4)
CO 166.0 s
OCH2CH3 60.1 t 4.50 q, J = 7.1 H(OCH2CH3)! C(CO)

H(OCH2CH3)! C(OCH2 CH3)
OCH2CH3 14.5 q 1.57 t, J = 7.1 H(OCH2 CH3)! C(OCH2CH3)
CH3 15.9 q 3.26 s H(CH3)! C(CH3) H(CH3)! C(1)

H(CH3)! C(2) H(CH3)! C(11)
H(CH3)! C(CO)

a Carbon multiplicities were assigned on the basis of the results of DEPT-135, DEPT-90, HSQC, and HMBC experiments.
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of 8 in diphenyl ether at 220 �C gave the cyclized prod-
uct 9 in 80% yield.10 When 9 was treated with phospho-
rus oxychloride at reflux, the chloro derivative 10 was
obtained.11 The thermal cyclization of 10 in benzene at
reflux under the action of tri-n-butyltin hydride in the
presence of a,a 0-azoisobutyronitrile furnished ethyl 4-
methoxy-1-methylpyrido[4,3,2-mn]pyrrolo[3,2,1-de]acri-
dine-2-carboxylate 11 in 97% yield.12 Thus, compound
11, possessing the unique pentacyclic ring system of
arnoamines A and B, was synthesized from ethyl 5-hy-
droxy-2-methyl-1-phenylindole-3-carboxylate 3 in seven
steps in 41.5% overall yield. The structure of 11 was con-
firmed by 1H and 13C NMR measurements (Table 1).

In conclusion, our approach to the pyrido[4,3,2-mn]pyr-
rolo[3,2,1-de]acridine ring system could be used to syn-
thesize various structural analogues of arnoamines A
and B, that, in turn, has opened up fresh opportunities
for detailed study of the structure-activity relationships
among these potentially cytotoxic compounds.
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