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Abstract—LL-N-Formyl tryptophan methyl ester (3) underwent a Bischler–Napieralski reaction with POCl3 at room temperature or
under microwave irradiation, resulting in the unusual formation of b-carboline dimers 5 and 6. Most importantly, acetylation using
Ac2O of each of the dimers 5 and 6 separately afforded 1-[3 0-carbomethoxy-b-carbolinyl]-3-carbomethoxy-9-acetyl-b-carboline (7) as
the only product, the structure of which was confirmed by X-ray crystallography studies.
� 2004 Elsevier Ltd. All rights reserved.
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The use of chemotherapeutic agents in cancer has ad-
vanced from the treatment of late diseases to the early
use of effective agents in patients with relatively small
tumors. Among the various chemotherapeutic agents,
1-substituted-b-carboline derivatives,1 including the re-
cently synthesized dimeric b-carboline alkaloid benga-
carboline,2 have attracted the attention of organic
chemists because of their potential anti-tumor activity.
In our endeavor to obtain 1-substituted b-carbolines of
physiological importance, the b-carbolines 2 were syn-
thesized from the corresponding tryptamine derivatives
1 using the microwave assisted Bischler–Napieralski
reaction. The Bischler–Napieralski reaction3 is one of
the most widely used reactions in the synthesis of b-
carboline derivatives. Many indole alkaloids have been
synthesized with the help of this reaction.

Treatment ofN-formyl tryptamine 1 (R=H) andN-acetyl
tryptamine 1 (R=Me) with POCl3 under microwave
irradiation or at room temperature gave 3,4-dihydro-
b-carboline 2 (R=H) and 1-methyl-3,4-dihydro-b-carb-
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oline 2 (R=Me) in very good yields. Surprisingly, reac-
tion of LL-N-formyl tryptophan methyl ester 3 with
POCl3 under microwave irradiation resulted in the di-
meric b-carbolines 5 (30%) and 6 (10%) together with
the expected b-carboline derivative 4 (50%) as the major
product (Scheme 1). The same reaction when per-
formed4 with POCl3 at room temperature for 30min
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Scheme 1. Reaction conditions: (a) POCl3, microwave irradiation,

600W, 10min; (b) POCl3, 28�C, 30 min.
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Figure 1.
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afforded the dimeric b-carbolines 55 and 66 in 70% and
12% yields, respectively, together with 3-carbomethoxy-
b-carboline 4 in 8% yield. This is the first report on
the formation of such chiral dimeric b-carbolines under
the well-known Bischler–Napieralski reaction condi-
tions. The above reaction when performed under an
oxygen-free nitrogen atmosphere gave the same dimeric
b-carbolines 5 and 6 in 50% and 15% yields, respec-
tively. Also, the reaction when performed using an equi-
molar mixture of 3 (246mg; 1mmol) and 4 (226mg;
1mmol) afforded 4 (235mg), 5 (165mg), and 6 (26mg)
in the molar ratio 1.04:0.36:0.05, respectively. Therefore,
it appears that the dimeric b-carbolines 5 and 6 are
probably formed due to the presence of the acidic a-pro-
ton of the COOMe group, which is involved in amine–
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Scheme 2. Acetylation of chiral b-carbolines 5 or 6. Reaction

conditions: (a) Ac2O–Py, 80�C, 4h.

Figure 2. X-ray crystal structure 1-[3 0-carbomethoxy-b-carbolinyl]-3-carbom
crystal.
imine tautomerism facilitating addition to another mole-
cule of an imine followed by ring closure. No dimeric
product was formed with N-formyl tryptamine under
the same reaction conditions (Fig. 1).

Cook et al.7 have previously shown that the stereochem-
istry at the C-1 and C-3 positions in 1,3-disubstituted
1,2,3,4-tetrahydro-b-carbolines can be assigned from
the chemical shifts of the carbons at C-1 and C-3 in their
13C NMR spectra. The signals for the C-1 and C-3 car-
bons of the cis diastereoisomers are clearly distinct from
those of the analogous signals for the trans diastereoiso-
mers. The reason for the higher yield of the trans isomer
5 compared to the cis isomer 6 is due to the absence of
the 1,4-gauche effect in the trans isomer. It should be
mentioned that Bailey et al.8 have shown that by
employing the kinetically controlled Pictet–Spengler
reaction, the cis 1,3-disubstitued tetrahydro-b-carbo-
lines are the favored products. As expected, the
Bischler–Napieralski reaction when performed using
DD-N-formyl tryptophan methyl ester with POCl3
afforded the trans isomer (+)-(1R,3R)-1-(3-carbometh-
oxy-1,2,3,4-tetrahydro-b-carbolinyl)-3-carbo-methoxy-
b-carboline, 9 and the cis isomer (+)-(1S,3R)-1-(3-
carbomethoxy-1,2,3,4-tetra-hydro-b-carbolinyl)-3-carbo-
methoxy-b-carboline10 along with 4 in the same propor-
tion as was obtained from 3.

Surprisingly and most importantly, acetylation11 of both
the isomers 5 and 6 separately using Ac2O in pyridine at
80 �C for 4h afforded a single compound 712 in near
quantitative yield, wherein acetylation had occurred at
the indole NH (H-9 0) of the dimer rather than the sec-
ondary amino group (H-2) of the tetrahydro-b-carbol-
inyl moiety (Scheme 2). As anticipated, acetylation of
the corresponding trans and cis isomers obtained from
ethoxy-9-acetyl-b-carboline (7) with an entrapped CHCl3 in the single
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DD-N-formyl tryptophan methyl ester gave 7 in similar
yield. The acetylation reaction, when performed under
an oxygen-free nitrogen atmosphere with or without a
base (pyridine), afforded the same product 7. This could
plausibly have arisen by initial acetylation of the second-
ary NH (H-2) followed by transacetylation due to the
close proximity of the indole NH (H-9 0) and subsequent
aromatization. The structure of compound 7 has been
confirmed by X-ray crystallographic studies 13 (Fig. 2).
All new compounds have been characterized from their
spectral data, particularly NMR (including COSY and
HMBC).

In summary, the present observation is the first report of
the formation of dimeric b-carbolines using the well-
known Bischler–Napieralski reaction from N-formyl
tryptophan methyl esters. Moreover the formation of
the fully aromatized system 7 from the chiral dimers 5
or 6 is interesting due to the unusual acetylation as well
as the consequent aromatization.
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