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The reactions of heterohomophthalic anhydrides, 3-carboxy-1-methylindole-2-acetic anhy-
dride (4), 2-carboxybenzo[blfuran-3-acetic anhydride (5), 2-carboxythiophene-3-acetic anhydride
(6), and 3-carboxy-1,4-dimethylpyrrole-2-acetic anhydride (23) with carbon—carbon multiple bonds
(C=C and C=C), acylating agents, and cyclic imines are described. Treatment of the anhydrides
(4—6) with various compounds containing carbon—carbon multiple bonds (7—10) in the presence
of a strong base caused cycloaddition with spontaneous extrusion of carbon dioxide to give the
corresponding linearly condensed peri-hydroxy heteroaromatic compounds (11—19), regioselec-
tively. Base-catalyzed acylation of 4 with acetic anhydride and B,8-dimethylacryloyl chloride gave
3,5-dimethylpyrano[4,3-blindol-1(5H )-one (21) and 3,3,11-trimethyl-3,4-dihydropyrano[4’,3": 2,3}
pyranof4,5-blindole-1,6(1 1 H)-dione (22), respectively. Reaction of the anhydrides (4, 6, and 23)
with 3,4-dihydroisoquinoline (24) gave the corresponding condensation products, 14-carboxy-13-
methyl-5,6,14,14a-tetrahydrobenz|alindolo[3,2-g]quinolizin-8(13H )-one  (25), 12-carboxy-5,6,12,-
12a-tetrahydrobenzo[ajthieno[2,3-g]quinolizin-8-one (26) and 12-carboxy-11-methyl-5,6,12,12a-
tetrahydrobenzo[a]pyrrolo[3,2-glquinolizin-8(11 H )-one (27), in high yields.

Keywords heterohomophthalic anhydride; regiospecific cycloaddition; heteroaromatic
orthoquinodimethane; polycyclic peri-hydroxy heteroaromatic compound; pyranoindole; benz[a}-
indolo[3,2-g]lquinolizinone;  benzo[a]thieno[2,3-g]quinolizinone;  benzo[a]pyrrolo[3,2-g]quinoli-
zinone

Homophthalic anhydrides (1) are very important intermediates in organic synthesis
because they have two active sites toward nucleophiles (C, and C; positions) and another
active site toward electrophiles (C, position). They have been used for the construction of
various types of compounds, such as isoquinolinones,!’ isocoumarins,?’ phthalazines,” and
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peri-hydroxy polycyclic aromatic compounds,® leading to alkaloids, antibiotics, and pharma-

- cologically important compounds. In a recent communication, we have briefly reported® the
cycloaddition reaction of heteroaromatic analogs of 1 leading to polycyclic peri-hydroxy
heteroaromatic compounds, and we now give a full account of this work and additional
studies concerning the reaction of 1 with acylating agents and cyclic imines.

Cycloaddition of Heterohomophthalic Anhydrides (4—6) with Carbon—Carbon Multiple Bonds
(7—10)

Since the utilization of so-called orthoquinodimethane intermediates (2) is well estab-
lished for the annulation of polycyclic aromatics, including alkaloids, steroids, and terpenes,®
the application to heteroaromatic systems is quite attractive for the synthesis of polycyclic
heteroaromatic compounds such as indole, benzofuran, and thiophene derivatives. Many
methods have been devised for the generation of 2, but few routes are applicable to the
heteroaromatic orthoquinodimethanes (3).” In the case of indole-2,3-orthoquinodimethanes,
a [1,5]-sigmatropic shift of 2-alkyl-3-vinylindole® or 3-alkyl-2-vinyl-indole® and a 1,4
elimination from the fluoride ion-induced benzylsilane fragmentation'® have been explored
recently. The generation of benzofuran- and thiophene-2,3-orthoquinodimethanes has not
appeared in the literature, and furanoic homologs of 2 have been generated only by a flash
vacuum thermolysis of the corresponding tetrahydrofurans.!”) In the past few years, we have
developed the strong base-induced cycloaddition of 1 via the orthoquinodimethane-like
intermediates and its application to an efficient synthesis of polycyclic peri-hydroxy aromatic
compounds including anthracyclinones and antibiotic SS-228R.* We have now applied this
method to the synthesis of various types of polycyclic peri-hydroxy indole-, benzofuran-,
and thiophene compounds from 3-carboxy-l-methylindole-2-acetic anhydride (4), 2-car-
boxybenzo[b]furan-3-acetic anhydride (5), and 2-carboxythiophene-3-acetic anhydride (6) in
a single step.

Generally, the anhydrides (4—6) were deprotonated by treatment with NaH in tetra-
hydrofuran (THF) under mild conditions and reacted with 1.0-—1.2 eq of dienophiles (7—
10) to give considerable yields of the corresponding linearly condensed adducts (11—19). A

e

9 1
e R
0 o .- gj\ _0pe0
&y 2 7-10 O 9
G, @Y
0 ‘_,,—”’ R1COR2
4-6 20
AN
OH Q
Gl
Y R2
‘gé 11-19
- 2
Chart 1

typical experimental procedure is as follows for the reaction of 4 with diethyl acetylenedi-
carboxylate (7). After deprotonation of 4 by treatment with NaH in THF at room tempera-
ture for several minutes, a THF solution of 7 was added to the mixture, and the whole was
stirred for 3h under the same conditions to give 2,3-diethoxycarbonyl-4-hydroxy-9-methyl-
carbazole (11). The structures of all unknown compounds (11—19) were determined
on the basis of microanalyses and infrared (IR), proton nuclear magnetic resonance (*H-
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TaBre I.  Results of Cycloaddition Reactions of Heterohomophthalic Anhydrides (4—6)
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NMR), and mass spectral (MS) data.

The cycloaddition occurred regioselectively in that the nucleophilic end (C,-position) of
the heteroaromatic orthoquinodimethane-like intermediate (20) reacted at the electrophilic
site of the dienophiles, as observed in the reaction with ethyl propiolate or haloquinone (Runs
2,3, 5, 6, and 8). The regiochemistry is well explained by the frontier orbital theory:'? since
both the nucleophilic site (C,-position) of 20 and the electrophilic site of dienophiles have
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large coefficients in this normal electron-demand Diels—Alder reaction (reaction of a diene
having an electron-donating group and a dienophile having an electron-withdrawing group),
the carbon—carbon bond formation occurs regioselectively in this way.

The reaction conditions, products and yields of the products (11—19) are summarized in
Table I.

Reaction of 3-Carboxy-1-methylindole-2-acetic Anhydride (4) with Some Acylating Agents

Base-catalyzed acylation of the reactive methylene (C,-position) of 1 with acetic,
propionic, and butyric anhydrides!® or B,B-dimethylacryloyl chloride'® is known to give 3-
alkylisocoumarins or 3,3-dimethyl-1(1 H)-0x0-3,4-dihydropyrano[4,3-clisocoumarin. We
have examined the reaction of 4 with acetic anhydride and S,f-dimethylacryloyl chloride
in pyridine, and found that the reaction proceeded similarly to give moderate yields of
the heteroaromatic analogs (21 and 22) of the above isocoumarins as visualized in Chart 2.
The structures of 21 and 22 were supported by their microanalyses and IR, NMR, and MS
data.

Chart 2

Condensation Reaction of Heterohomophthalic Anhydrides (4, 6, and 23) with 3,4-
Dihydroisoquinoline (24)

The reaction of 1 with cyclic imines has been shown to afford 3,4-dihydro-1(2H)-
isoquinolinones, berbin-8-ones, hexahydroyohimbane-21-ones, and 5,6-dihydro-8H-di-
benzofa,g]-quinolizine-8-ones, and was applied to the synthesis of protoberberine and
benzophenanthridine alkaloids.’® In this work, we investigated the reaction of structurally
similar heterohomophthalic anhydrides (4, 6, and 23) with a typical cyclic imine, 3,4-
dihydroisoquinoline (24). Treatment of the anhydride 4 with 24 in refluxing benzene for a few
hours gave 14-carboxy-13-methyl-5,6,14,14a-tetrahydrobenz[alindolo{3,2-glquinolizin-8-
(13H)-one (25). Other anhydrides (6 and 23) reacted similarly with 24 to give the correspond-
ing annulated compounds (26 and 27) (Chart 3). The assignment of the stereochemistry was
made based on NMR studies of their methyl esters (28—30) and comparison of the coupling
constants with those (J, 5)'"'® of related cis and trans isomers. Thermodynamically more
stable cis diastereomers (28,;; J5 =4 and 30,,; J,z=>5Hz) were obtained in the case of

indole and pyrrole systems, and the trans isomer (29,..; Jos=9Hz) in the case of the
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TasLe II. Condensation Reaction of Heterohomophthalic Anhydrides (4, 6, and 23)

Starting Reaction Products Yield

Run anhydrides conditions (%)

0 i) In benzene, 78

l reflux, 2h
N 0 ii) CH,N,

2 S i) In benzene, 7
| | 0 reflux, 0.5h

0 ii) CH,N,

3 6 i) In benzene, 63
reflux, 1h
if) In benzene,
AcOH,

reflux, 18 h

iii) CH,N,

0 i) In benzene,
4 [ N‘ reflux, 2h
i 0 ii) CH,N,

78

cis

thiophene system, though the cis isomer (29.;;; J, g =5 Hz) could be obtained by refluxing the

benzene solution of 6 and 24 for a long period in the presence of acetic acid. The reaction

conditions and yields of the methylated produts (28—30) are summarized in Table II.
Spectral data for all unknown compounds (6, 11—19, and 21—30) are listed in Table I11.

Experimental

All melting points are uncorrected. IR absorption spectra were recorded on a JASCO IRA-1 spectrometer, and
'H-NMR spectra on a Hitachi R-22 (90 MHz), or JEOL JNM-FX 90Q FT-NMR (90 MHz) spectrometer (with
tetramethylsilane as an internal standard). Low- and high-resolution MS were obtained with a JEOL JMS D-300
instrument, with a direct inlet system. For column chromatography, E. Merck Silica-gel (0.063—0.200 mm, 70—230
mesh ASTM) was used.

The starting anhydrides, 4'” and 5'® were prepared by the reported methods.

2-Carboxythiophene-3-acetic Anhydride (6)——Acetyl chloride (3.3ml) was added to a solution of 2-
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TaBLE III. Spectral Data for Unknown Compounds
Compounds IR yEHCh e 1 'H-NMR (CDCly) 6
6 1785, 1730 4.24 (2H, s), 7.21 (1H, d, J=5Hz), 8.09 (1H, d, J=5Hz)”
11 3500—3100, 1740, 1.40 BH x 2, t, J=8 Hz), 3.80 (3H, s), 4.35 (2H, q, J=8Hz),
1675 4.38 (2H, q, J=8Hz), 6.92 (1H, s), 7.15—7.45 (3H, m),
8.3—8.45 (1H, m), 11.87 (1H, s)
12 3500—3100, 1660 1.43 (3H, t, J=7Hz), 3.79 (3H, s), 4.40 (2H, q, J=7Hz),
6.79 (1H, d, J=9Hz), 7.25—7.45 (3H, m), 7.86 (1H, d, /=9 Hz),
8.37 (1H, dd, J=7, 2Hz), 11.81 (1H, s)
13 3500—3100, 1650, 1.8—2.0 (2H, m), 2.75—3.6 (4H, m), 3.92 (3H, s), 4.05 (4H, s),
1630, 1620, 1600 7.3—7.55 (3H, m), 7.70 (1H, s), 8.35—8.5 (1H, m), 13.47 (1H, s)
14 3450—3100, 1725, 1.40 BH x 2, t, J=7Hz), 4.35 (2H, q, /=7Hz), 4.41 (2H, q, /J=7Hz),
1675 7.3—7.75 (3H, m), 7.55 (1H, s), 7.85—8.0 (1H, m), 11.11 (1H, s)
15 3400—3050, 1675 1.45 (3H, t, J=7Hz), 4.44 (2H, q, J=7Hz), 7.3—8.0 (4H, m),
7.38 (1H, d, J=9Hz), 7.81 (1H, d, /=9Hz), 11.31 (1H, s)
16 3400—3050, 1640, 1.75—2.0 (2H, m), 2.75—3.0 (4H, m), 4.04 (4H, s), 7.3—7.75 (3H, m),
1615 7.9—8.05 (1H, m), 8.18 (1H, s), 12.73 (1H, s)
17 3600—2600, 1720 1.35 BH x 2, t, J=THz), 432 (2H, q, J=7Hz), 4.37 (2H, q, J=T7Hz),
1665 7.28 (1H, d, J=5Hz), 7.37 (1H, s), 7.63 (1H, d, J=5Hz), 11.65 (1H, s)
18 3500—3100, 1650, 1.8—2.0 (2H, m), 2.7—3.0 (4H, m), 4.01 (4H, s), 7.40 (1H, d, J=5Hz),
1635, 1605 7.69 (1H, d, J=5Hz), 8.00 (1H, s), 13.24 (1H, s)
19 3700—2700, 1660, 7.48 (1H, d, J=5Hz), 7.65—7.85 (3H, m), 8.27 (1H, s},
1625, 1590 8.2—8.4 (2H, m), 13.83 (1H, s)
21 1710, 1630 2.36 (3H, s), 3.70 (3H, s), 6.24 (1H, s), 7.2—7.5 (3H, m),
8.05—8.25 (1H, m)
22 1735, 1715 1.59 BH x 2, s), 3.04 (2H, s), 4.07 (3H, s), 7.25—7.5 (3H, m),
8.05—8.3 (1H, m)
23 1775, 17309 2.27 (3H, s), 3.53 (3H, s), 3.87 (2H, s), 6.40 (1H, s)
25, 3200—2300, o)
1725, 1590
26, 45 3600—2600, 2.7—3.4 (3H, m), 4.16 (1H, d, J=9Hz), 4.5—4.8 (1H, m),”
1720, 1600 5.55 (1H, d, J=9Hz), 6.95—7.25 (5H, m), 7.41 (1H, d, J=4Hz),
11.20 (1H, s)
27 3600—2300, o
1720, 1595
28, 3100—2800, 1740, 2.5—3.0 (1H, m), 3.0—3.45 (2H, m), 3.70 (3H, s), 3.72 (3H, s),
1640 4.54 (14, d, J=4Hz), 4.65—4.95 (1H, m), 5.49 (1H, d, J=4Hz),
6.9—7.35 (7H, m), 8.0—8.25 (1H, m)
29,1.0ns 3000—2800, 1735, 2.8—3.2 (3H, m), 3.78 (3H, s), 4.05 (1H, d, J=9Hz), 4.6—4.9 (1H, m),
1635 5.41 (1H, d, J=9Hz), 6.83 (1H, d, J=5Hz), 7.0—7.3 (4H, m),
7.45 (1H, d, J=5Hz)
29, 31502800, 1735 2.65—3.25 (3H, m), 3.28 (3H, s), 4.27 (1H, d, J=5H2z),
1630 4.65—4.95 (1H, m), 5.24 (1H, d, J=5Hz), 6.96 (1H, d, J=5Hz),
7.05—7.3 (4H, m), 7.44 (1H, d, J=5Hz)
30 3000—2800, 1735, 2.21 (3H, s), 2.6—3.2 (3H, m), 3.48 (3H, s), 3.72 (3H, s),

cis

1630

421 (1H, d, J=5Hz), 4.6—5.0 (1H, m), 5.36 (1H, d, J=5Hz),
6.24 (1H, s), 7.0—7.3 (4H, m)

a) Measured in KCI disc.

b) Measured in acetone-ds. ¢) Insoluble in CDCl,.  d) Measured in pyridine-ds : CDCl; (2:5).

carboxythiophene-3-acetic acid'® (220 mg, 1.18 mmol) in dioxane (22 ml). The mixture was heated at reflux for 2h
and concentrated in vacuo to give a quantitative yield of 6, which was used for the next reaction without purification.
Recrystallization from benzene gave pure 6, mp 138—140°C. Anal. Calcd for C;H,0,S: C, 50.00; H, 2.40. Found: C,

50.06; H, 2.35.
General Procedure for the Cycloaddition of Heterohomophthalic Anhydrides (4—6) to Dienophiles (7—10)

A

mixture of the anhydride (I mmol) and NaH (60% in mineral oil, 1 mmol) in anhydrous THF (29 ml) was stirred at
room temperature for several minutes, then a solution of dienophile (1 mmol) in anhydrous THF (2 ml) was added.
The reaction mixture was stirred under the conditions indicated in Table I, then quenched with saturated aqueous
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NH,ClI (5ml) and partitioned between 5% hydrochloric acid (5 ml) and methylene chloride (59 ml). The organic layer
was washed with saturated aqueous NaCl (10 ml), dried over Na,SO,, and concentrated under reduced pressure. The
residue was subjected to column chromatography on silica gel using benzene, chloroform, or benzene—ether as the
eluting solvent to give the corresponding adduct.

2,3-Diethoxycarbonyl-4-hydroxy-9-methylcarbazole (11)——This was prepared from 4 (54 mg, 0.25 mmol) and 7
(43 mg, 0.25 mmol). Recrystallization from ligroin gave pure 11, mp 130.5°C. Anal. Caled for C;,H;,NO;: C, 66.85;
H, 5.61; N, 4.10. Found: C, 66.90; H, 5.55; N, 4.16.

3-Ethoxycarbonyl-4-hydroxy-9-methylcarbazole (12)——This was prepared from 4 (54mg, 0.25mmol) and 8
(25 mg, 0.25 mmol). Recrystallization from ligroin gave pure 12, mp 132—133 °C. Exact mass Calcd for C;4H;sNO;:
269.1051. Found: 269.1061.

9,9-Ethylenedioxy-13-hydroxy-5-methyl-8,9,10,11-tetrahydronaphtho[2,3-b]carbazole-7,12-dione ~ (13)——-This
was prepared from 4 (54 mg, 0.25mmol) and 9 (64 mg, 0.25 mmol). Recrystallization from benzene-n—hexane gave
pure 13, mp 273—275°C. Exact mass Caled for C,;H;sNOs: 389.1261. Found: 389.1261.

2,3-Diethoxycarbonyl-4-hydroxydibenzofuran (14)——This was prepared from 5 (51mg, 0.25mmol) and 7
(43 mg, 0.25mmol). Recrystallization from ligroin gave pure 14, mp 132°C. Exact mass Calcd for C,gH,¢O4:
328.0946. Found: 328.0946.

3-Ethoxycarbonyl-4-hydroxydibenzofuran (15)——This was prepared from 5 (51 mg, 0.25 mmol) and 8 (25 mg,
0.25mmol). Recrystallization from ligroin gave pure 15, mp 128 °C. Exact mass Caled for C,sH,,0,: 256.0736.
Found: 256.0746.

10,10-Ethylenedioxy-6-hydroxy-8,9,10,11-tetrahydroanthra[2,3-b]benzofuran-7,12-dione (16)——This was pre-
pared from 5 (32 mg, 0.16 mmol) and 9 (40 mg, 0.16 mmol). Recrystallization from benzene gave pure 16, mp 233—
235°C. Anal. Calcd for C,,H,3O,: C, 70.21; H, 4.28. Found: C, 70.13; H, 4.14.

5,6-Diethoxycarbonyl-7-hydroxybenzo[ b]thiophene (17)——This was prepared from 6 (30 mg, 0.18 mmol) and 7
(31 mg, 0.18 mmol). Recrystallization from methylene chloride-n-hexane gave pure 17, mp 78—79 °C. Anal. Calcd
for C,,H,,0,S: C, 57.13; H, 4.80. Found: C, 57.48; H, 4.83.

7,7-Ethylenedioxy-11-hydroxy-6,7,8,9-tetrahydroanthra[ 2,3-b]thiophene-5,10-dione (18)——This was prepared
from 6 (60 mg, 0.36 mmol) and 9 (91 mg, 0.36 mmol). Recrystallization from chloroform gave pure 18, mp 253—
255°C. Exact mass Calcd for C;gH,,0,S: 342.0559. Found: 342.0533.

11-Hydroxyanthra[2,3-b]thiophene-5,10-dione (19)——This was prepared from 6 (60 mg, 0.36 mmol) and 10
(57 mg, 0.36 mmol). Recrystallization from chloroform gave pure 19, mp 274—275 °C. Anal. Calcd for C,sHgO,S: C,
68.56; H, 2.88. Found: C, 68.55; H, 2.89.

3,5-Dimethylpyrano[4,3-blindole-1(SH)-one (21)——A mixture of 4 (300 mg, 1.4 mmol), pyridine (0.1 ml), and
acetic anhydride (10 ml) was heated at reflux for 30min, then cooled, and the resulting solid was collected.
Recrystallization of the solid from acetonitrile gave a 71%; yield (212 mg) of pure 21, mp 229—230°C (lit.}” 223—
224°C). Anal. Calcd for C,3H,;NO,: C, 73.22; H, 5.20; N, 6.57. Found: C, 73.42; H, 5.14; N, 6.61.

3,3,11-Trimethyl-3,4-dihydropyrano[4',3':2,3]pyrano[ 4,5-b]indole-1,6(11 H)-dione (22)——A mixture of 4
(300 mg, 1.4 mmol), B,B-dimethylacryloyl chloride (249 mg, 2 mmol) and dry pyridine (0.5 ml) was heated at reflux for
3h, then cooled, diluted with ether (5 ml), and shaken. A clean brown solid was obtained by filtration. Additional
product was obtained from the ether extract by washing it with 1 N hydrochloric acid and then evaporating off the
ether. Purification of the combined crude solid by column chromatography on silica gel (with ethyl acetate-n-hexane
as the eluting solvents) gave a 41% yield (170 mg) of 22, mp 229—230°C. Anal. Caled for C,,H,;NO,: C, 68.67; H,
5.08; N, 4.71. Found: C, 68.50; H, 5.04; N, 4.66.

3-Carboxy-1,4-dimethylpyrrole-2-acetic Anhydride (23)——A mixture of 3-carboxy-1,4-dimethylpyrrole-2-acetic
acid®*® (788 mg, 4 mmol) and acetic anhydride (4.8 ml) was heated at 160 °C for 3 min, then cooled, and the resulting
solid was collected. The solid was washed with n-hexane to give 23 in 849 yield (600 mg). This product was used for
the next reaction without purification. Exact mass Calcd for CoHyNO;: 179.0580. Found: 179.0569.

General Procedure for the Condensation of Heterohomophthalic Anhydrides (4, 6, and 23) with 3,4-Dihydro-
isoquinoline (24)——A solution of the anhydride (1 mmol) and 24 (1 mmol) in benzene (3 ml) was refluxed for the
period indicated in Table II, then cooled to 10 °C, and the resulting crystals were collected and washed with n-hexane
to give the condensation product.

cis~-14-Carboxy-13-methyl-5,6,14,14a-tetrahydrobenz[ a]-indolo[ 3,2-g |quinolizin-8(13 H)-one (25.;) This was
prepared from 4 (215mg, 1.0 mmol) and 24 (131 mg, 1.0 mmol). Recrystallization from methanol gave pure 25, mp
187—189°C. A4nal. Calcd for C,,;H,gN,0;: C, 72.82; H, 5.24; N, 8.09. Found: C, 72.55; H, 5.15; N, 7.81.

trans-12-Carboxy-5,6,12,12a-tetrahydrobenzo[ a]thieno] 2,3-g]quinolizin-8-one  (26,415) This was prepared
from 6 (70mg, 0.41 mmol) and 24 (54 mg, 0.41 mmol). Recrystallization from methanol gave pure 26, mp 187—
190°C. Anal. Caled for C,(H3NO,S: C, 64.20, H, 4.38; N, 4.68. Found: C, 64.46; H, 4.29; N, 4.49.

cis-12-Carboxy-11-methyl-5,6,12,12a-tetrahydrobenzo[ a]-pyrrolo[ 3,2-g|quinolizin-8(11 H)-one  (27.) This
was prepared from 23 (90 mg, 0.5 mmol) and 24 (79 mg, , 0.6 mmol). Recrystallization from methanol gave pure 27,
mp 199—201 °C. Exact mass Caled for C,gH;3sN,0O5: 310.1317. Found: 310.1345.

General Procedure for the Methylation of the Condensation Products (25—27)——A solution of the condensation
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product (0.5 mmol) in ethyl acetate (25 ml) was slowly added to a solution of diazomethane (ca. 0.5 g) in ether (10 ml)
at 0°C. After 2h at 0°C, the excess diazomethane was evaporated off by bubbling nitrogen through the solution
(under a hood), and the solvent was evaporated off to give a residue, which was purified by column chromatography
on silica gel or by recrystallization to give the pure methyl ester.
cis-14-Methoxycarbonyl-13-methyl-5,6,14,14a-tetrahydrobenz[ a]indolo[ 3,2-g ] quinolizin-8(13H)-one  (28.;)
This was prepared from 25 (200 mg, 0.58 mmol). Recrystallization from benzene-n-hexane gave pure 28, mp 174—
177°C. Anal. Caled for C,,H,N,05: C, 73.31; H, 5.58; N, 7.77. Found: C, 73.15; H, 5.53; N, 7.71.
trans-12-Methoxycarbonyl-5,6,12,12a-tetrahydrobenzo| a]-thieno[ 2,3-g Jquinolizin-8-one  (29r4ss) This was
prepared from 26 (60 mg, 0.2 mmol). Purification by column chromatography on silica gel (with ether and benzene as
the eluting solvents) gave 29, which was recrystallized from benzene-n-hexane to give an analytical sample, mp 144—
145°C. Anal. Calcd for C,H,sNO,S: C, 65.15; H, 4.83; N, 4.47. Found: C, 64.76; H, 4.76; N, 4.40.
cis-12-Methoxycarbony}-5,6,12,12a-tetrahydrobenzo[ a]-thieno[ 2,3-g]quinolin-8-one (29.;) A solution of 6
(84 mg, 0.50mmol) and 24 (66 mg, 0.50 mmol) in benzene (2ml)) was refluxed for 1h, then cooled to room
temperature. Acetic acid (1 ml) was added to the solution, and the reaction mixture was heated at reflux for 18 h and
concentrated in vacuo to give an oil. The residual oil was taken up in ethyl acetate (25 ml) and added to a solution of
diazomethane (ca. 0.5 g) in ether (10 ml) at 0 °C. Work-up as described for the general procedure gave a pure sample
of 29.is as a syrup. Exact mass Caled for C;,H,;sNO,S: 313.0773. Found: 313.0779.
cis-12-Methoxycarbonyl-9,11-dimethyl-5,6,12,12a-tetrahydrobenzo[ a]pyrrolo[ 3,2-g]quinolizin-8(11 H)-one
(30.;,) —This was prepared from 27 (80 mg, 0.26 mmol). Purification by column chromatography on silica gel (with
ether and benzene as the eluting solvents) gave 30, which was recrystallized from benzene-n-hexane to give an
analytical sample, mp 215—216°C. Exact mass Calcd for C,oH,,N,O: 324.1473. Found: 324.1478.
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