HETEROCYCLES, Vol. 55, No. 7, 2001, pp. 1291 - 1299, Received, 18th April, 2001

REACTION OF 1-BENZENESULFONYLINDOLE-2,3-
DICARBOXYLIC ANHYDRIDE WITH WITTIG
REAGENTS: SYNTHESIS OF PYRROLO[1,2-a]-
INDOLES AND CYCLOPENTI[b]INDOLE

Yasuyoshi Miki,* Hiroko Hachiken, Atsuko Kawazoe, Yasuhiko Tsuzaki, and
Norihide Yanase

Faculty of Pharmaceutical Sciences, Kinki University, 3-4-1, Kowakae,
Higashi-Osaka 577-8502, Japan

Abstract - Treatment of 1-benzenesulfonylindole-2,3-dicarboxylic anhydride
with methylenetriphenylphosphorane gave the corresponding ylide.  After
esterification of the carboxyl group and remova of the benzenesulfonyl group of
theylide, the obtained ylide was reacted with adehydes to yidd a,[3-unsaturated
ketones, which were converted to pyrrolo[1,2-a]indoles. We adso examined the
reactivity of the anhydride with (carbethoxymethylene)triphenylphosphorane and
(carbethoxyethylidene)triphenyl phosphorane.

Pyrrolo[1,2-a]indoles, 3 ind uding mitomycin C, have received much attention because of their biologica
importance and were synthesized by reaction of 2-(benzotriazoylmethyl)indole with akyl dihdide in the
presence of a base,4 Dieckmann condensation of 1-substituted indole-2-caboxylic acid &ster,5 redica

cyclization of 1-substituted 3-formylindol 6,6 2-(toluenesulfonyl)indol es,7 and 2-bromoindoles.®

Recently, we have reported a reaction of 1-benzylindole-2,3-dicarboxylic anhydride with methylene-
triphenylphosphorane (Ph,P=CH,) and its application to the synthesis of cyclopent[b]indol es.® However,
the pyrrolo[ 1, 2-a]indoles were not prepared because debenzylation of the 1-benzylindole derivatives was
quite difficult. In this paper we show a reaction of 1-benzenesulfonylindole-2, 3-dicarboxylic anhydride

with Wittig reagents and its application to the synthesis of the pyrrolo[1,2-a]indoles.

~CH2OCONH,
OMe

pyrrolo[1,2-ajindole mitomycin C



1-Benzenesulfonylindole-2, 3-dicarboxylic anhydride (1) was reacted with Ph,P=CH, to give a ylide
(2)(87%), which was converted to 3-unsubstituted ylide (3) (72%) by trestment of sodium ethoxide.
Reection of 3 with benzaldehyde in refluxing mesitylene gave o, B-unsaturated ketone (4)™ in 93% yield.
Treatment of 4 with boron trifluoride etherate provided cyclopent[b]indol-3-one (5) in 72% yidd. Severd
efforts were made to isolate the pyrrolo[1,2-alindole (6a) under various conditions, but 6a was not
isolated. The cydlization of 4 to the 3-position of an indole is similar to our result’ and Bergman's
result. However, if asubstituent is positioned at the 3-position in an indole ring of 4, cyclization of 4 to
an indole nitrogen is given priority over the 3-position of that by this substituent. [Scheme 1]
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Theylide (7) was prepared from 2 by esterification (80%), followed by hydrolysis (87%). Reaction of 7
with benzddehyde (R = Ph) provided ao,3-unsaturated ketone (8a)(66%), which was led to
pyrrolo[1,2-a]indole (6a) in 84% yield by heating in mesitylene. 6a was dso directly obtained from 7 in
74% yidd. In asimilar manner, 7 was reacted with addehydes to give a,[3-unsaturated ketones (8b,c),
which were converted to the corresponding to pyrrolo[ 1,2-a]indoles (6b,c). [Scheme 2][Table 1]
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The ylide (2) was dso obtaned from 1 with (carbethoxyethylidene)triphenylphosphorane
(Ph,P=CHCOOEt) in hot benzene, followed by acid treatment in 81% yidd. However,
(carbethoxyethylidene)triphenylphosphorane, a disubstituted stabilized ylide, reacted with a carbonyl
group a the 3-position in 1 to give the enol lactone (10) as the sole product, which was converted to
lactone (11) by cataytic hydrogenation over 5% paladium on activated carbon in high yied. 10 was
changed to methyl 3-propionoylindole-2-carboxylte (12) by basic hydrolysis trestment, followed by
diazomethane in 57% vyield. Trestment of 10 with teterabutylammonium fluoride (TBAF)™ gave the
debenzylated product (13), which was dso transformed to the lactone (14) by catalytic hydrogenation
over 10% paladium on activated carbon in high yidd. The stereochemistry of the carbon-carbon bond in
13 was assigned on the basis that the proton of the 8-position (& 8.20) in 13 gppeared in lower fidd
compared with the proton (3 7.20-7.68) in 14.%*
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EXPERIMENTAL

Méelting points were determined on Yanagimoto micrometing point apparatus and are uncorrected. The
IH-NMR spectra were determined on a JEOL JNM-GSX 270 spectrometer using tetramethylsilane as an
internd standard. The IR spectrawere recorded with a JASCO FT/IR-7000 spectrophotometer. The high
MS were recorded on aJOEL JMX-HX100 spectrometer. Column chromatography was performed on E.
Merck silica gd 60 (70-230 mesh or 230-400 mesh). Tetrahydrofuran (THF) was distilled from sodium
and benzophenone prior to use. Dichloromethane (CH,Cl,) was distilled from calcium hydride prior to use.



[2-(1-Benzenesulfonyl-3-car boxyindol-2-yl)-2-oxoethylidene]triphenylphosphorane (2)
From methylenetriphenylphosphorane

A solution of 1-benzenesulfonylindole-2, 3-dicarboxylic anhydride (1) * (0.98 g, 3 mmol) in THF (60 mL)
was added to a solution of methylenetriphenylphosphorane [prepared from methyltriphenylphosphonium
bromide (3.24 g, 9.1 mol) and n-butyllithium (5.8 mL of a1.56 M n-hexane solution, 9 mmol) at rt for 20
min] in THF (15 mL) a 0°C under argon and the mixture was stirred for 3 h.  The reaction mixture was
acidified with 10% hydrochloric acid and extracted with CH,Cl,. The organic extracts were washed with
water, dried over Na,SO,, and concentrated. The residue was purified by column chromatography
(CH,CI, : MeOH = 50 : 1) to give [2-(1-benzenesulfonyl-3-carboxyindol-2-yl)-2-oxoethylidene] triphenyl-
phosphorane (2) (1.57 g, 87%) as a pde yelow solid, mp 163-165°C (n-hexane-CHCI,). IR (Nujol) v:
1773, 1694, 1542 cm™; *H-NMR (CDCl.) 5:7.16-7.84 (26H, m, aromatic protons), 8.10 (1H, dt, J= 8,
1Hz, H-7 or H-4), 8.36 (1H, dt, J= 8, 1 Hz, H-4 or H-7). HRMSm/z (M%) cdcd for C,;H,,NO,PS:
604.1347. Found: 604.1342.

From (carbethoxymethylene)triphenylphosphorane

A solution of the anhydride (1)(0.98 g, 3 mmol) and (carbethoxymethylene)triphenylphosphorane (1.04 g,
3 mmol) in benzene (30 mL) was refluxed for 1 h under argon. The reaction mixture was concentrated to
give a residue, which was purified by column chromatography (CH,Cl, : MeOH = 50:1) to give [2-(1-
benzenesulfonyl-3-carboxyindol-2-yl)-1-ethoxycarbonyl-2-oxoethylidene] triphenylphosphorane (9) (1.83
g, 90%) as a white solid, mp 188-190°C (decomp)(n-hexane-CHCI,)). IR (Nujol) v: 1675, 1542 cm'’;
'H-NMR (CDCl,) 5:0.48 (3H, t, J= 7 Hz, CH,CH,,), 3.62-3.75 (2H, m, CH,CH,), 7.20-8.15 (24H, m,
aromatic protons). Anal. Calcd for C;;H,,NO,PS: C, 67.55; H, 4.88; N, 2.07. Found: C, 67.46; H,
4.54; N, 2.03.

A suspension of [2-(1-benzenesulfonyl-3-carboxyindol-2-yl)-1-ethoxycarbonyl-2-oxoethylidene] triphenyl-
phosphorane (9) (1.35 g, 2 mmol) in 20% hydrochloric acid (40 mL) was refluxed for 3.5 h under argon.
The reaction mixture was neutraized to pH 7 with 10% sodium hydroxide solution, and extracted with
CHCI,. The combined extracts were washed with water, dried over Na,SO,, and concentrated to give a
residue, which was purified by column chromatography (CHCI, : MeOH = 50 : 1) to yield 2 (1.09 g,
90%).

[2-(Indol-2-yl)-2-oxoethylidene]triphenylphosphorane (3)

Theylide (2) (1.57 g, 2.6 mmol) was added to asolution of sodium (359 mg, 16 mmol) in EtOH (25 mL).
The mixture was refluxed for 5 h and neutralized with 10% hydrochloric acid. The precipitates were
collected by filtration to yield [2-(indol-2-yl)-2-oxoethylidene] triphenylphosphorane (3) (0.78g, 72%) as a
pde ydlow solid, mp 206°C (decomp) (n-hexane-CH,Cl,). IR (Nujol) v: 3180, 1505 cm*; *H-NMR
(DMSO-d;) 6:4.50 (1H, d, J= 24 Hz, CHPPh,), 6.85 (1H, br s, H-3), 6.92-7.80 (20H, m, aromatic
protons). Anal. Cdcd for C,;H,,NOP: C, 80.18; H, 5.29; N, 3.33. Found: C, 79.93; H, 5.34; N, 3.51.
(E)-1-(Indol-2-yl)-3-phenyl-2-propen-1-one (4)

A solution of [2-(indol-2-yl)-2-oxoethylidene]triphenylphosphorane (3) (754 mg, 1.8 mmol) and
benzaldehyde (0.20 mL, 2.0 mmol) in mesitylene (9 mL) was refluxed for 3 h under argon. The solvent
was evaporated off to give aresidue, which was purified by column chromatography (n-hexane : ACOEt =



5: 1) to afford (E)-1-(indol-2-yl)-3-phenyl-2-propen-1-one (4) (414 mg, 93%) as a yellow solid, mp 222-
225°C (MeOH)(lit.,™® mp 226-227°C). IR (Nujol) v: 3280, 1651 cm*; *H-NMR (CDCl,) &: 7.16-7.50
(7H, m, aromatic protons), 7.54 (1H, d, J= 16 Hz, COCH=CHPh), 7.64-7.78 (3H, m, aromatic protons),
7.92 (1H, d, J = 16 Hz, COCH=CH), 9.38 (1H, br s, NH). Anal. Cdcd for C;H,,NO: C, 82.57; H,
5.30; N, 5.66. Found: C, 82.54; H, 5.53; N, 5.59.
1-Phenyl-3-0x0-1,2,3,4-tetrahydrocyclopent[b]indole (5)

Boron trifluoride etherate (26 pL, 0.4 mmol) was added to a solution of (E)-1-(indol-2-yl)-3-phenyl-2-
propen-1-one (4)(25 mg, 0.1 mmol) in CH,CI, (3 mL) under argon and the mixture was refluxed for 1 h.
The reaction mixture was basified with saturated aqueous NaHCO, solution and extracted with CHCl,.
The combined extracts were washed with water, dried over Na,SO,, and evaporated. The residue was
purified by column chromatography (CHCI,) to give 1-phenyl-3-oxo-1,2, 3,4-tetrahydrocyclopent[b]indole
(5) (18 mg, 72%) as a white solid, mp 245-248°C (AcOEt). IR (Nujol) v: 3204, 1678 cm*;
'H-NMR(DMSO-d,) 8:2.71 (1H, dd, J =18, 3Hz), 3.49 (1H, dd, J =18, 7Hz), 4.74 (1H, dd, J = 7,
3 Hz), 6.98-7.50 (9H, m, aromatic protons), 11.67 (1H, br s, NH). Anal. Cdcd for C,H ,NO: C,
82.57; H, 5.30; N, 5.66. Found: C, 82.50; H, 5.48; N, 5.56.

[2-(3-M ethoxycar bonylindol-2-yl)-2-oxoethylidene]triphenylphosphorane (7)

A solution of the ylide (2)(600 mg, 1.0 mmol) and conc. sulfuric acid (1 mL) in MeOH (10 mL) refluxed
for 11 h. The solution was basified with 10% KOH solution and extracted with CH,Cl,. The combined
extracts were washed with water, dried over Na,SO,, and concentrated to provide a residue, which was
purified by column chromatography (CH,CI, : AcOEt = 5:1) to give [2-(3-methoxycarbonylindol-2-yl)-2-
oxoethylidene]triphenylphosphorane (494 mg, 80%) as a pae ydlow solid, mp 106-107°C (n-hexane-
CH,CL,). IR (Nujol) v: 1720, 1538 cm*; *H-NMR (CDCl,) d:3.60 (3H, s, OCH3), 4.08 (1H, d, J= 24
Hz, CH=PPhg), 7.24-8.24 (24H, m, aromatic protons). HRMS m/z (M™) cdcd for C3gH2gNOsPS:
618.1504. Found: 618.1479.

A solution of [2-(3-methoxycarbonylindol-2-yl)-2-oxoethyliden€]triphenylphosphorane (477 mg, 0.8
mmol) and K,CO; (442 mg, 3.2 mmol) in MeOH (24 mL) and H,O (6 mL) was refluxed for 30 min.
Water was added to the mixture and the agueous mixture was extracted with CH,Cl,. The extracts were
washed with water, dried over NapSOy, concentrated, and purified by column chromatography (CH,CI, :
AcOEt = 2:1) to give 7 (331 mg, 87%) as apae ydlow solid, mp 247-248°C (decomp)(n-hexane-CH,Cl,).
IR (Nujol) v: 3194, 1693, 1527 cm'*; *H-NMR (CDCl3) &: 3.97 (3H, s, OCH3), 6.18 (1H, d, J= 26 Hz,
CH=PPh3), 7.16-8.18 (19H, m, aromatic protons), 10.20 (1H, br s, NH). Anal. Cacd for C3gH24NO3P:
C, 75.46; H, 5.07 ; N, 2.93. Found: C, 75.16; H, 5.21; N, 3.08.
(E)-1-(3-Methoxycarbonylindol-2-yl)-3-phenyl-2-propen-1-one (8a)

A solution of the ylide (7) (48 mg, 0.1 mmol) and benzaldehyde (11 pL, 0.11 mmol) in toluene (1.0 mL)
was refluxed for 23 h. The solvent was evaporated off to afford aresidue, which was purified by column
chromatography (n-hexane : AcOEt = 5:1) to give (E)-1-(3-methoxycarbonylindol-2-yl)-3-phenyl-2-
propen-1-one (8a) (20 mg, 66%) as a ydlow solid, mp 158-161°C (MeOH). IR (Nujol) v: 3292, 1711,
1647 cm™; *H-NMR (CDCl,) 5:4.03 (3H, s, OCH,), 7.26-7.72 (8H, m, aromatic protons), 7.90 (1H, d,
J=16 Hz, COCH=CH), 8.14 (1H, d, J = 16 Hz, COCH=CHPh), 8.19 (1H, d, J =8, 1 Hz, H-4), 9.99



(1H, br's, NH). Anal. Cdcd for C,iH,;NO,: C, 74.74; H, 4.95; N, 4.59. Found: C, 74.50; H, 5.14; N,
4.62.

(E)-1-(3-Methoxycarbonylindol-2-yl)-2-buten-1-one (8b)

A mixture of theylide (7) (334 mg, 0.7 mmol), NaHCQO, (88 mg, 1.1 mmol), and acetadehyde (0.78 mL,
0.11 mmol) in CH,CI, (7.0 mL) was stirred for 28 h. Theinsoluble materid was filtered off and the filtrate
was evaporated off to give a residue, which was purified by column chromatography (n-hexane : AcCOEt =
5:1) to give (E)-1-(3-methoxycarbonylindol-2-yl)-2-buten-1-one (8b) (108 mg, 63%) as a ydlow solid,
mp 124-125°C (n-hexane-AcOMe). IR (Nujol) v: 3304, 1714, 1652 cm™*; *H-NMR (CDCl,) 5:2.02 (3H,
dd, J= 6.5, 1 Hz, CH,), 4.01 (3H, s, OCH.,), 7.19 (1H, dd, J= 15, 6.5 Hz, COCH=CHCH,), 7.24-
7.48 (4H, m, aromatic protons), 8.15 (1H, dd, J =8, 1 Hz, H-4), 9.72 (1H, br s, NH). Anal. Cacd for
C,,H.,NO;: C, 69.12; H, 5.39 ; N, 5.76. Found: C, 69.19; H, 5.34; N, 5.77.

(E)-1-(3-Methoxycar bonylindol-2-yl)-2-propen-1-one (8c)

A mixture of the ylide (7) (954 mg, 2.0 mmol), NaHCQO, (252 mg, 3.0 mmol), and 37% formdin (0.22
mL, 2.9 mmol) in CH,CI, (20 mL) was stirred for 2 h. Water was added to the mixture and the agqueous
solution was extracted with CH,Cl,. The extracts were washed with water, dried over NaSO,,
concentrated to give a residue, which was purified by column chromatography (n-hexane : AcOEt = 5:1) to
give (E)-1-(3-methoxycarbonylindol-2-yl)-2-propen-1-one (8c) (232 mg, 51%) as ayelow solid, mp 112-
113°C (n-hexane-AcOMe). IR (Nujol) v: 3324, 1715, 1644 cm™; *H-NMR (CDCl,) &: 4.01 (3H, s,
OCH.), 5.91 (1H, dd, J=11, 2 Hz, COCH=CH,), 6.55 (1H, dd, J=17, 2 Hz, COCH=CH,), 7.25-7.50
(3H, m, aromatic protons), 7.55 (1H, dd, J=17, 11 Hz, COCH=CH,), 8.16 (1H, br d, J = 8 Hz, H-4),
9.53 (1H, br s, NH). Anal. Cdcd for C;H,;NO,: C, 68.11; H, 4.84; N, 6.11. Found: C, 68.11; H,
4.89; N, 6.19.

Methyl 2,3-Dihydro-3-phenyl-1-oxo-1H-pyrrolo[1,2-a]indole-9-carboxylate (6a)

From (E)-1-(3-Methoxycarbonylindol-2-yl)-3-phenyl-2-propen-1-one (8a)

A suspension of (E)-1-(3-methoxycarbonylindol-2-yl)-3-phenyl-2-propen-1-one (8a) (31 mg, 0.1 mmol)
in mesitylene (0.5 mL) was refluxed for 5 h. The solvent was evaporated off to afford a residue, which
was purified by column chromatography (n-hexane : AcOEt = 3:1) to give 6a (26 mg, 84%) as a ydlow
solid, mp 196-198°C (MeOH). IR (Nujol) v: 1720, 1700 cm™; *"H-NMR (CDCl.) 6 3.13 (1H, dd, J = 18,
4Hz), 3.75(1H, dd, J =18, 8 Hz), 4.02 (3H, s, CH,), 5.79 (1H, dd, J =8, 4 Hz), 6.92-7.40 (8H, m,
aromatic protons), 8.37 (1H, dt, J =8, 1Hz, H-4). Anal. Cdcd for C,;H,.NO;: C, 74.74; H, 4.95; N,
4.59. Found: C, 74.66; H, 5.09; N, 4.69.

From [2-(3-Methoxycarbonylindol-2-yl)-2-oxoethylidene]triphenylphosphorane (7)

A solution of [2-(3-methoxycarbonylindol-2-yl)-2-oxoethylidene] triphenylphosphorane (7) (144 mg, 0.3
mmol) and benzaldehyde (33 pL, 0.33 mmol) in mesitylene (1.5 mL) was refluxed for 3.5 h. The solvent
was evaporated off to afford a residue, which was purified by column chromatography (n-hexane: AcOEt
= 3:1) to give 6a (69 mg, 74%).

Methyl 2,3-Dihydro-3-methyl-1-oxo-1H-pyrrolo[1,2-a]indole-9-carboxylate (6b)

A suspension of (E)-1-(3-methoxycarbonylindol-2-yl)-2-buten-1-one (8b) (49 mg, 0.2 mmol) in
mesitylene (2 mL) was refluxed for 5.5 h. The solvent was evaporated off to afford a residue, which was



purified by column chromatography (n-hexane : ACOEt = 1:1) to give methyl 2, 3-dihydro-3-methyl-1-oxo-
1H-pyrrolo[1,2-a]indole-9-carboxylate (6b) (33 mg, 67%) as aydlow solid, mp 126-127°C (MeOH). IR
(Nujol) v: 1729, 1702 cm*; *H-NMR (CDCl,) 8:1.71 (3H, d, J =7 Hz, CH,), 2.87 (1H, dd, J = 19, 3
Hz, one of CH,), 3.50 (1H, dd, J =19, 7.5Hz, oneof CH,), 3,99 (3H, s, CH,), 4.89-5.02 (1H, m),
7.31-7.55 (3H, m, arométic protons), 8.38 (1H, dt, J = 8, 1 Hz, H-4). Anal. Cdcd for C,,H,,NO;,: C,
69.12; H, 5.39; N, 5.76. Found: C, 69.19; H, 5.34; N, 5.77.

Methyl 2,3-Dihydro-1-oxo-1H-pyrrolo[1,2-a]indole-9-carboxylate (6c)

A suspension of (E)-1-(3-methoxycarbonylindol-2-yl)-2-propen-1-one (8c) (23 mg, 0.1 mmol) in
mesitylene (3 mL) was refluxed for 2 h. The solvent was evaporated off to afford a residue, which was
purified by column chromatography (CHCI,) to give methyl 2,3-dihydro-1-oxo-1H-pyrrolo[ 1, 2-a]indole-
9-carboxylate (6¢) (4 mg, 17%) as asolid, mp 160-161°C (MeOH). IR (Nujol) v: 1733, 1703 cm'*; *H-
NMR (CDCl,) 6:3.30 (2H, dd, J =6.5, 5.5 Hz), 3.99(3H, s, CH,), 4.49(2H, t, J = 6.5 Hz), 7.33-
7.51 (3H, m, aromatic protons), 8.37 (1H, dt, J =8, 1 Hz, H-4). HRMS m/z (M%) cdcd for
C,5H,;NO,: 229.0739. Found: 229.0751.

Ethyl (E)-2-(4-Benzenesulfonyl-1,3-dihydro-3-oxo0-4H-furo[3,4-b]indol-1-ylidene)-
propionate (10)

A solution of the anhydride (1) (654 mg, 2 mmol) and (carbethoxyethylidene)triphenylphosphorane (796
mg, 2.2 mmol) in benzene (20 mL) was refluxed for 1 h under argon. The reaction mixture was evaporated
off to give aresidue, which was purified by column chromatography (CH,Cl,) to afford ethyl (E)-2-(4-
benzenesulfonyl-1, 3-dihydro-3-oxo-4H-furo[ 3,4-b]indol-1-ylidene) propionate (10) (817 mg, 99%) as a
paeyedlow solid, mp 192-193°C (AcOEt). IR (Nujol) v: 1790, 1720 and 1632 cm'*; *H-NMR (CDCl.) &:
1.36 (3H,t,J =7 Hz, CH,CH,), 2.24 (3H, s, CH,), 4.41 (2H, q,J = 7 Hz, CH,CH,), 7.36-7.66 (6H,
m, aromatic protons), 7.97 (br d, J =8 Hz, H-8 or H-5), 8.11-8.18 (2H, m, SO,Ph), 8.40 (1H, dd,J =9,
1 Hz, H-5). Anal. Cdcd for C,;H,;NQ,S: C, 61.31; H, 4.16; N, 3.40. Found: C, 61.37; H, 4.27; N,
3.24.

Ethyl 2-(4-Benzenesulfonyl-1,3-dihydro-3-oxo0-4H-furo[3,4-b]-indol-1-yl)propionate
(11)

A suspension of ehyl (E)-2-(4-benzenesulfonyl-1,3-dihydro-3-oxo-4H-furo[3,4-b]indol-1-ylidene)-
propionate (10) (164 mg, 0.4 mmol) and 5% Pd-C (16 mg) in AcOEt (12 mL) was stirred for 30 h under
hydrogen. The catalyst was removed by filtration through Celite and the filtrate evaporated off. The
residue was purified by column chromatography (n-hexane : AcOEt = 3:1) to give ethyl 2-(4-
benzenesulfonyl-1, 3-dihydro-3-oxo-4H-furo[ 3,4-b]-indol-1-yl)propionate (11) (164 mg, 99%) as a white
solid, mp 96-97°C (EtOH). IR (Nujol) v: 1785 and 1736 cm™; *"H-NMR (CDCI,) d: 1.03 (3H, d, J =7
Hz, CHCH,), 1.22 (3H, t, J =7 Hz, CH,CH,), 3.16 (1H, dq, J = 7, 5Hz, CHCH,), 4.20(2H, g, J =
7, CH,CH,), 5.88 (1H, d, J =5 Hz, OCH), 7.34-7.66 (6H, m, aromatic protons), 8.10-8.16 (2H, m,
SO,Ph), 8.39 (1H, brd, J =8Hz, H-5 or H-8). Anal. Cdcd for C, H,,NO,S: C, 61.01; H, 4.63; N,
3.39. Found: C, 61.00; H, 4.63; N, 3.47.

Methyl 3-Propionylindol-2-carboxylate (12)



A suspension of ethyl 2-(4-benzenesulfonyl-1, 3-dihydro-3-oxo-4H-furo[3,4-b]-indol-1-yl)propionate (10)
(62 mg, 0.15 mmol) in 3N NaOH solution and MeOH (1:2) (2 mL) was refluxed for 1 h. The mixture was
acidified with 10% hydrochloric acid, extracted with CH,Cl,. The extracts were washed with water, dried
over Na,SO,, concentrated to give aresidue. The residue was trested with diazomethane to provide a crude
ester, which was purified by column chromatography (n-hexane : AcOEt = 5:1) to afford methyl 3-
propionylindol-2-carboxylate (12) (20 mg, 57%) as a pde yedlow solid,, mp 98-99 °C (n-hexane-ether).
IR (Nujol) v: 3302, 1725, 1644 cm'*; *H-NMR (CDCl,) d: 1.25 (3H, t, J = 7 Hz, CH,CH,), 3.08 (2H, q,
J =7 Hz CH,CH,), 3.98(3H, s, OCH,), 7.20-7.97 (4H, m, aromatic protons), 9.26 (1H, br s, NH).
Anal. Cdcdfor C,H,,NO,: C, 67.52; H, 5.67; N, 6.06. Found: C, 67.54; H, 5.74; N, 6.05.

Ethyl (E)-2-(1,3-dihydro-3-o0x0-4H-furo[3,4-b]indol-1-ylidene)propionate (13)

To a solution of ethyl (E)-2-(4-benzenesulfonyl-1,3-dihydro-3-oxo-4H-furo[3,4-b]indol-1-ylidene)-
propionate (10) (411 mg, 1 mmol) in THF (40 mL) was added 1M TBAF in THF (1.0 mL, 1 mmol) at
-30°C and the mixture was stirred for 0.5 h. The reaction mixture was acidified with 1% hydrochloric acid
and extracted with CH,Cl,. The extracts were washed with water, dried over Na,SO,, and evaporated in
vacuo. The residue was separated by chromatography (CH,CI,) to afford ethyl (E)-2-(1,3-dihydro-3-oxo-
4H-furo[ 3,4-b]indol-1-ylidene) propionate (13) (198 mg, 73%) as apdeydlow solid, mp 194-195°C (n-
hexane-AcOEt). IR (Nujol) v: 3264, 1756 and 1635 cm''; *H-NMR (CDCl.)) &: 1.40 (3H, t, J = 7 Hz,
CH,CH,), 2.26 (3H, s, CH,), 4.43 (2H, 9, J = 7 Hz, CH,CH,), 7.25-7.55 (3H, m, arométic protons),
8.20 (1H, dd, J = 8, 0.5 Hz, H-4), 9.54 (1H, br s, NH). Anal. Cdcd for C.H,,NO,: C, 66.41; H,
4.83; N, 5.17. Found: C, 66.38; H, 4.89; N, 5.15.

Ethyl 2-(1,3-dihydro-3-oxo0-4H-furo[3,4-b]indol-1-yl)propionate (14)

A suspension of ethyl (E)-2-(1,3-dihydro-3-oxo-4H-furo[3,4-b]indol-1-ylidene)propionate (13) (109 mg,
0.4 mmol) and 10% Pd-C (33 mg) in EtOH (12 mL) was stirred at 40°C for 1 h under hydrogen. The
catalyst was removed by filtration through Cerite and the filtrate evaporated off. The residue was purified
by chromatography (n-hexane : AcOEt = 3:1) to give ethyl 2-(1,3-dihydro-3-oxo-4H-furo[3,4-b]indol-1-
yl)propionate (14) (103 mg, 94%) as a white solid, mp 134-135°C (n-hexane-AcOEt). IR (Nujol) v:
3242 and 1724 cm™; *H-NMR (CDCl,) &: 1.28 (3H, d, J = 7 Hz, CHCH,), 1.31 (3H, t, J =7 Hz
CH,CH,), 3.14 (1H, dg, J =7, 6 Hz, CHCH,), 4.29 (2H, 9, J =7, CH,CH,), 6.04 (1H, d, J =6 Hz,
OCH), 7.20-7.68 (4H, m, aromatic protons), 10.06 (1H, br s, NH). Anal. Cdcd for C,.H,.NO,: C,
65.92; H, 5.53; N, 5.13. Found: C, 65.93; H, 5.57; N, 5.14.

REFERENCES

1. E. D. Edstrom, 'Advances in Nitrogen Heterocycles’, Vol. 3, ed. by C. J. Moody, JAI Press,
London, 1998, p. 45; R. J. Sundberg, ' Comprehensive Heterocyclic Chemistry', Pergamon Press,
New York, 1984, p. 374.

2. Forreviews, see: S. J. Danishefsky and J. M. Schkeryantz, Synlett, 1995, 475.

3. For recent synthesis of pyrrolo[1,2-a]indoles and mitomycins, see: Z. Wang and L. S. Jimenez,
Tetrahedron Lett., 1996, 37, 6049; idem, J. Og. Chem., 1996, 61, 816; F. E. Ziegler and M. Y.
Berlin, Tetrahedron Lett., 1998, 39, 2455; W. Dong and L. S. Jimenez, J. Og. Chem., 1999, 64,



© o N oA

10.
11.
12.
13.
14.

2520; S. Lee, W.-M. Lee, and G. A. Sulikowski, J. Org. Chem., 1999, 64, 4224; G. B. Jones, M.
Guzd, and J. E. Mathews, Tetrahedron Lett., 2000, 41, 1123; R. S. Coleman and W. Chen, Org
Lett. 2001, 3, 1141.

A. R. Katritzky, C. N. Fali, and J. Li, J. Org. Chem., 1997, 62, 4148.

W. Zhang, M. LoCurcio, C.-C. Lin, and L. S. Jmenez, J. Heterocycl. Chem., 1996, 33, 1647.

C. J. Moody and C. L.Norton, Tetrahedron Lett., 1995, 36, 9051.

S. Caddick, K. Aboutayab, K. Jenkins, and R. 1. West, J. Chem. Soc., Perkin Trans.1, 1996, 675.
A. P. Dobbs, K. Jones, and K. T. Ved, Tetrahedron, 1998, 54, 2149.

Y. Miki, H. Hachiken, Y. Sugimoto, and N. Y anase, Heterocycles, 1997, 45, 1759.

M. A. Rekhter, Kim. Geterosikl. Soedin, 1996, 472 (Chem. Abstr., 1996, 125, 1953415s).

J. Bergman, L. Venemam, and A. Gogoll, Tetrahedron, 1990, 46, 6067.

Y. Miki, H. Hachiken, and I. Y oshikawa, Heterocycles, 1997, 45, 1143.

A. Yasuharaand T. Sakamoto, Tetrahedron Lett., 1998, 39, 595.

M. M. Kayser, K. L. Hatt, H. Yu, and D. L. Hooper, Can. J. Chem., 1993, 71, 1010.



