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Abstract—Dimethyl 1-methoxycarbonyl-1,2-dihydroquinoline-2-phosphonates 1a–f obtained from corresponding quinoline
derivatives 2 in one step were ozonized in CHCl3 and CH3COOH. Treatment of the resulting mixture with NaHCO3 produced
the 2-formyl-1-methoxycarbonylindole derivatives 5a–g in high yields. The ring transformation of quinolines 2 to indoles 5
proceeded under mild conditions. © 2002 Elsevier Science Ltd. All rights reserved.

Considerable efforts have been made to synthesize
indole moieties from commercially available starting
materials in short steps. To date, there have been
several procedures reported for the synthesis of indole
such as the Fisher,1 Bischler–Mohlau,2 Martinet,3

Madelung,4 Nenitzescu,5 Reissert,6 Sandmeyer,7 Stolle8

and Fukuyama9 methods. This report describes a novel
method for the ring transformation of quinolines to
indole derivatives in two steps producing a high yield.

The dimethyl 1-acyl-1,2-dihydroquinoline-2-phospho-
nates 1 obtained from quinoline 2a in one step10 have a
double bond between the 3 and 4 positions. We pre-
dicted that compound 3 with two carbonyl groups
would be produced by the reaction of 1 with ozone. In
the structure of 3, the phosphonate and carbonyl

groups are substituted at the same C atom, so the anion
compound 4 is readily obtained by treatment with a
weak base for example NaHCO3, and the indole deriva-
tive 7 can be obtained via an intramolecular Wittig–
Horner reaction (Scheme 1).

The 1-methoxycarbonyl-2-phosphonates 1 were
obtained by modifying the Akiba et al. method10 (Table
1).

Typical oxidation procedure:

Compound 1a10 (0.01 mol) was dissolved in CHCl3 (500
ml) free from EtOH, then CH3COOH (5 ml) was
added. Ozone was subsequently introduced into the

Scheme 1.
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Table 1. Preparation of phosphonates 1 and formylindoles 5

Yield (%) 1H NMR 2-, 3- and 4-H (�) 51 RR Yield (%) 1H NMR 2-CHO and 3-H (�)

85 5.64, 6.59, 6.05 aa HH 99 10.42, 7.46
99 5.37, –, 6.35 b Ha 73 2.52,b 7.09b 3-Me
27 5.59, 5.86, – c4-Me 3-Mec 76 10.33, –

6-Med 88 5.65, 6.55, 6.03 d 5-Me 95 10.40, 7.37
7-Mee 72 5.64, 6.56, 5.97 e 6-Me 94 10.39, 7.45

90 5.66, 6.56, 6.07 f6-MeO 6-MeOf 98 10.43, 7.41
g H 86c 9.68, 7.47

a 2-Acetyl-1-methoxycarbonylindole.
b COCH3.
c From dimethyl 1-benzoyl-1,2-dihydroquinoline-2-phosphonate.10

reaction mixture at room temperature. After the spot
of 1a disappeared on the TLC (SiO2/CH2Cl2), the
ozonized solution was washed several times with iced
water to remove CH3COOH. NaHCO3 (0.02 mol)
and water (50 ml) were added to the stirred CHCl3
layer, and the entire mixture was kept at room tem-
perature for 0.2 h. The CHCl3 solution was separated
and dried over MgSO4, filtered, and concentrated.
The residue was practically pure but purified where
necessary by chromatographing on a silica gel column
eluted with benzene to yield 5a (Table 1).

Phosphonate 1 and indole 5 were each characterized
by FAB-MS, IR, 1H, 13C, COSY, NOESY, CH-
COSY and HMBC NMR analysis, and the spectro-
scopic data were in agreement with the reported
structure.11

Although the COOMe group (1a) was compared with
the PhCO group (dimethyl 1-benzoyl-1,2-dihydro-
quinoline-2-phosphonate10) at position 1, there was no
difference observed in the yields of 5a and 5g.

This novel method offers great potential in the syn-
thesis of new medicines containing an indole moiety
and can also be used for the synthesis of heat sensi-
tive compounds due to the mild reaction conditions.
The preparation of derivatives from many known bio-
logically active substances for example, quinine, is
possible using this novel reaction including the trans-
formation of a quinoline moiety into an indole
adduct.
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11. For example 5a: 1H NMR (600 MHz, CDCl3): � 10.42 (s,
2-CHO), 4.12 (s, OCH3), 7.46 (s, 3-H); 13C NMR (150
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