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Abstract A simple and efficient synthesis of 1,2,3,5,10,10a-
hexahydrobenz{flindolizine-6,9-dione (7) and its analogs (28-30) is described

starting from the corresponding lactam (15b).

This paper is dedicated to the memory of Dr. Yoshio Ban, Professor Emeritus,

Hokkaido University.

Saframycin A (1) is a novel antibiotic discovered in the culture broths of Streptomyces lavendulae along
with saframycins B-H, R, and 8. It has been shown to possess the highest biological activity and to be a l
potent antitumor agent against various experimental tumors.2 The ¢-amino nitrile functionality could
produce an iminium ion that would be highly reactive toward nucleophiles on DNA, which has been
proposed for cyanocycline A (2) and DX-52-1 (3).3 The mode of action and computer simulation of the
binding of these isoquinoline derivatives have been extensively studied.4 Furthermore, in order 1o
elucidate a rule for a latent iminium ion functionality, simple structures (5 and 6) that might mimic the

biological action of natural products have been synthesized.3 In our previous studies on the left half of
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saframycin A, we synthesized a simple model compound (4).! Unfortunately, against L 1210 murine
leukemia in vitro, 4 (EDsg = 3.0 ug/kg) was shown to possess low cytotoxic potency relative to 1 (EDsp
= 0.003 pg/kg). However, we observed characteristic activity of 4 against dermatophytes such as
Trichophyton mentagrophytes (MIC = 6.25 pg/m1).1 In order to increase its antifungal activity, we report

here the synthesis of 1,2,3,5,10,10a-hexahydrobenz{flindolizine-6,9-dione (7).

Scheme |

The preparation of the basic skeleton (15) is detailed in Scheme II and made by a modification of the
known procedure.6 2,3-Dimethoxybenzaldehyde (8a) was condensed with (1)-diisopropyl glutamate (9)
to give a Schiff base (10a), which upon treatment with sodium cyanoborohydride afforded the diester
(11a). Cyclization of 11a with acetic acid afforded the ester (12a) in 56.6 % overall yield. The
compound (12a) was hydrolyzed to give the acid (13a) in 85.8 % yield. Because the direct cyclization of
13a with 85% H3PQ4 and P20s5 at 110°C for 1 h gave 15a in low yield (21.3 %), we used the procedure
of Rigo and Kolocouris.? The reaction of 13a with phosphorous oxychloride gave the acid chloride
(14a), which was subsequently treated with tin tetrachloride to provide 15a in 35.8 % overall yield. By
employing 4-methyl-2,3,5-trimethoxybenzaldehyde (8b)8 instead of 8a, the compound (13b) was

obtained in the same manner in high yield. After treating 13b with 85% HzPQOy4 and P20s, no cyclized
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compound could be isolated. Accordingly, the sequence of reactions as previously described was studied.
The reaction of 13b with phosphorous oxychloride gave the acid chloride (14a), which was subsequently
treated with tin tetrachloride to provide 15b with partial cleavage of the aromatic ether in 57.1 % overall
yield. The structure of 15b was supported by the 1H nmr spectrum, which showed a peak at § 12.17
assignable to a hydroxyl peak due to the hydrogen bonding of the hydroxyl group bearing an oxygen

functional group at the 10 position.
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Next, we turned our attention to the conversion of 15b to compound (18) (Scheme IH). Numerous
efforts for the direct reduction of 15b were totally unsuccessful because of the instability of compound
(15b). This problem was solved by using the hydride reduction and reductive removal of hydroxyl group
sequence. The reduction of 15b with sodium borohydride afforded the alcohol (16) in 73 % yield along
with its epimer (17) in 0.7 % yield. The stereochemistry of the C-10 position in 16 is supported by the
1H nmr spectrum, which displays H-10 as a doublet at 8 4.68 (J = 9 Hz), whereas the IH nmr spectrum
of 17 shows the H-10 as a doublet at 8 4.71 (J = 2.7 Hz). The reductive removal of the benzylic hydroxyl
group of 16 with triethylsilane in trifluoroacetic acid” gave the amide (18) in 92 % yield.10

The introduction of a cyano group into the C-3 position of the amide was achieved by partial reduction
followed by sodium cyanide treatment. The reduction of 19, which was prepared from 18 in the usual

manner with lithium aluminum hydride in tetrahydrofuran (THF) at -18°C, afforded the unstable o-
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hydroxylamine, which was treated with sodium cyanide to give the amino nitriles (20) and (21) in 40.2 %
and 20.5 % yields, respectively, along with the amine (22) in 17 % yield. The stereochemical assignments
of 20 and 21 are based on !H nmr and 13C nmr spectral analyses. A strongly deshielding y-steric effect
was observed at the C-10a carbon in 20 (8 56.6), but not at C-10a in 21 (5 60.0) and 22 (8 59.8). On the
other hand, reduction of the phenol (18) with lithium aluminum hydride in THF at -18°C followed by
reatment of sodium cyanide gave an inseparable mixture of amino nitriles {23) and (24) in 56.1 % yield
along with the amine (25) in 19 % yield (11 % of the starting material recovered). Finally, treatment of a
mixture of phenols (23 and 24) with 10N HNO3 gave the quinones.(7) and (26) in 25.9 % and 14.5 %
yields, respectively. A strongly deshielding y-steric effect was also observed at the C-10a carbon in 7 (§
55.7), but not at C-10a in 26 (3 58.7). This was confirmed by observation of an NOE between H-3 and
H-10a in 26. Thus, the reaction of cyanide ion on the iminium ion mainly gave an axial orientation to the
cyano group. The stereochemical course of the reaction could be rationalized by invoking a
stereoelectronically controlled antiperiplanar addition of cyanide jon.11

Other quinone derivatives (28-30) were also synthesized from the corresponding benzene derivatives
(18, 16, and 27) using oxidative demethylation with 10N HNQO3.12

With various tricyclic quinones (7, 26, 28-30) in hand, the cytotoxicity of these compounds in vitro
against L 1210 murine leukemia was studied. Neither compound showed any significant cytotoxic activity
(7: EDsg = 3.0 ug/kg, 26: EDsp = 3.0 ng/kg, 28: EDsp = 2.0 pg/kg, 29: EDsg = 3.5 pg/kg, 30: EDsg =
3.0 pg/kg). However, we observed that the amino nitriles (7) and (26) were active against fungi with
relatively low MIC values against Trichophyton mentagrophytes.!3 Interestingly, the a-cyano compound
(7: MIC = 6.25 pg/ml) has a 4 times higher antifungal activity against dermatophytes than that of the -

cyano compound (26: MIC = 25 pg/ml). Further studies on the preparation of new derivatives of 7

having even more antifungal activity are now in progress.
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EXPERIMENTAL SECTION
Al melting points were determined with a Yanagimoto micromelting point apparatus and are uncorrected.
Uv spectra were determined in methanol with a Hitachi 200-20 spectrophotometer. Ir spectra were obtained

with a Hitachi 260-10 spectrophotometer and 'H nmr spectra and 13C nmr spectra were measured on a
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JEOL JNM-EX 270 (operating at 270 MHz and 67.5 MHz, respectively). Nmr spectra were taken in
CDCl3, and chemical shifts were recorded in 8y values relative to internal tetramethylsilane standard. Ms
spectra were recorded on a JMS-DX 302 mass spectrometer. Elemental analyses were obtained by a Perkin-
Elmer Model 240B elemental analyzer. All reactions were conducted under an argon atmosphere. Dry
solvents and reagents were obtained using standard procedures. Anhydrous sodium sulfate was used for
drying organic solvent extracts; removal of the solvent was done with a rotary evaporator and finally, under
high vacuum. Column chromatography was performed with E. Merck silica gel 60 (230-400 mesh).
-[(2,3-Dim henyDmethyl]-5- xy-2- idon

2,3-Dimethoxybenzaldehyde (8a} (1.66 g, 10 mmol) was added to a stirred solution of diisopropyl (+)-
glutamate (9) (2.31g, 10 mmol) in dichloromethane (100 ml) and 10 drops of acetic acid. After the mixture
was heated at reflux for 2 h under a Dean-Stark separator, an additional 100 mol % of glutamate was added
in two portions, every 30 min, together with 10 more drops of acetic acid. Refluxing was continued for an
additional 8 h and then the solution was evaporated in vacuo to give the Schiff base (10a) which was used
in the following reaction without further purification. The crude Schiff base (10a) was dissolved in 2-
propanol (100 ml) and sodium cyanoborchydride (1.26 g, 20 mmol) was added in one portion with stirring
at 0°C. The reaction mixture was stirred for 12 h, and the solvent was removed in vacuo. The residue was
diluted with water (100 ml) and then extracted with dichloromethane (100 ml x 3). The combined extracts
were washed with 5% NaHCO3 (100 ml), dried, and concentrated in vacuo to give the residue (11a) which
was used for the next step without further purification. A solution of the ester (11a) (5.43 g) in acetic acid
(25 ml) was heated under reflux for 7 h. The reaction mixture was diluted with water (100 ml), made
alkaline with powdered NapCO3, and then extracted with dichloromethane (50 ml x 3), The corr!lbincd
extracts were washed with water (100 ml), dried, and concentrated in vacuo. The residue (5.11 g) was
subjected to chromatography (silica gel, 130 g; elution with 1:1 = hexane-ethyl acetate) to give 12a (1.82 g,
56.6 %) as colorless syrup; vmax (neat) 1740, 1690 cm-!; 8y 1.31 (6H, d, J = 6 Hz, CH(CH3)2), 1.56-
2.63 (4H, m), 3.73, 3.78 (each 3H, s, OCH3), 4.02 (1H, d, J = 14 Hz, ArCH), 4.33 (1H, m, CHN),
4.87 (1H, 4, J = 14 Hz, ArCH), 4.92 (1H, sept, J = 6 Hz, OCH), 6.54-7.00 (3H, m, ArH). A solution of
the ester (12a) (1.55 g, 4.8 mmol) in dioxane (20 ml) was cooled at 0°C, and a methanol (15 ml) solution
of 2N KOH (10 ml) was added and stirring was continued at room temperature for 3 h. The solution was
evaporated, and the residue was diluted with water (100 ml) and then washed with ether (100 ml). The

aqueous phase was then adjusted pH 3. The resulting precipitate was recrystallized from ethanol to give
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13a (1.15 g, 85.8 %) as colorless needles, mp 157-160°C; vimax (KBr) 3300-2200, 1720, 1630 ¢cm-1;
Amax nm (log €) 227 (3.80), 276sh (3.25), 284 (3.20); 8y 1.70-2.80 (4H, m), 3.76, 3.79 (each 3H, s,
OCH3), 3.89-4.00 (1H, m, CHN), 4.08, 4.97 (each 1H, d, J = 15 Hz, ArCH), 6.56-7.00 (3H, m, ArH),
7.00 (1H, br s, D20 exchangeable); m/z (%) 279 (M, 42), 234 (14), 223 (23), 206 (38), 151 (100), 136
(69), 91 (40). Anal. Caled for C14H17NO5-1/5H0: C, 59.44; H, 6.06; N, 4.95. Found: C, 59.37; H,
6.13; N, 5.07.

6,7-Dimethoxy-1,2.3.5.10,10a2-hexahvdrobenz[Alindolizine-3, 10-dione (152) {a) Direct Method: A

solution of 13a (76.6 mg, 0.27 mmol) in 85% H3PO4 (0.64 ml, 11 mmol) was cooled at 0°C, and
phousphorus pentoxide (1.0 g, 16.2 mmol) was added and then this mixture was heated at 110°C for 1 h.
The reaction mixture was diluted with water (20 ml), made alkaline with 5% NaHCOj3, and extracted with
chloroform (10 ml x 3). The combined extracts were washed with water, dried, and concentrated in vacuo.
The residue (26.8 mg) was subjected to chromatography (silica gel, 5 g; elution with 3:1 = hexane-ethyl
acetate) to give 15a (15.0 mg, 21.3 %) as a pale yellow oil. (b) 2 Steps Procedure: A solution of 13a (34.6
mg, .12 mmol) in phosphorous oxychloride (1 ml, 10.7 mmol) was heated at 50°C for 30 min. The
solution was cooled at room temperature, and then $nCly (0.5 ml, 4.28 mmol) was added in one portion
with stirring. The mixture was heated at 65°C for 45 min, then poured into water (10 ml). The resulting
solution was made alkaline with powdered NapCO3, and extracted with dichloromethane (10 ml x 3). The
combined extracts were washed with brine, dried, and concentrated in vacuo. The residue (24.4 mg) was
subjected to chromatography (silica gel, 5 g; elution with 3:1 hexane-ethyl acetate) to give 15a (11.2 mg,
35.8 %) as a pale yellow oil; vipax (neat) 1675 cm-!; Apax nm (log €) 228 (3.90), 276sh (3.20), 284
(3.22), 344 (3.50); &y 2.10-2.50 (4H, m), 3.83, 3.87 (each 3H, s, OCH3), 4.10 (1H, d, J = 18 Hz, 5-H),
4.29-4,33 (1H, m, 10a-H), 5.31 (1H, d, J = 18 Hz, 5-H), 6.79, 7.69 (each 1H, d, J = 8 Hz, ArH); m/z
(%) 261 (M+, 1003, 233 (37), 219 (30), 178 (29), 163 (21), 150 (42), 92 (16). High resolution-ms Calcd
for C14H15NCy4: 261.1001. Found: 261.1020.

Diis 1 N-[(2.3.5-trimethoxy-4-methylphenvDmethyliglutamate 2,3,5-Trimethoxy-4-
methylbenzaldehyde (8b) (8.4 g, 40 mmol) was added to a stirred solution of diisopropyl (£)-glutamate (9)
(9.24 g, 40 mmol) in dichloromethane (400 ml) and 10 drops of acetic acid. After the mixture was heated at
reflux for 3 h under a Dean-Stark separator, an additional 100 mol % of glutamate was added in two
portions, every 30 min, together with 10 more drops of acetic acid. Refluxing was continued for an

additional 8 h and then the solution was evaporated in vacuo to give the Schiff base (10b) which was used
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in the following reaction without further purification. The crude Schiff base (10b) was dissolved in 2-
propanol (100 ml) and sodium cyanoborohydride (4.69 g, 80 mmol) was added in one portion with stirring
at 0°C. The reaction mixture was stirred for 5 h, and the solvent was removed in vacuo. The residue was
diluted with water (100 ml} and then extracted with dichloromethane (100 ml x 3), The combined extracts
were washed with 5% NaHCO3 (100 ml), dried, and concentrated in vacuo. The residue (21.7 g) was
subjected to chromatography (silica gel, 210 g; elution with 5:1 = hexane-ethyl acetate) to give 11b (15.08
g, 88.7 %) as a pale yellow oil; viax (neat) 1730 cm-1; Apax nm (log €) 211 (4.26), 225sh (3.94), 275sh
(3.30), 284 (3.37); 6y 1.20, 1.26 (each 6H, d, J = 6 Hz, CH(CH3),), 1.81-2.05 (3H, m), 2.11 (3H, s,
ArCH3), 2.38-2.44 (2H, m), 3.24 (1H, dd, J = 8, 2 Hz, CH), 3.65, 3.78 (each 1H, d, J = 13 Hz, ArCH),
3.79, 3.81, 3.81 (each 3H, s, OCHjy), 4.98, 5.06 (each 1H, sept, J = 6 Hz, OCH), 6.61 (1H, s, ArH); &¢
8.8 (g, ArCHz3), 21.7, (g, CH{CH3}2), 21.7 (q, CH(CHz1)32), 21.8 (g, CH(CH3)2), 21.9 (g, CH(CHa3)3),
28.4 (t, CHp), 31.1 (t, CHy), 46.7 (t, NCH2Ar), 55.8 (g, OCH3), 60.2 (d, NCH), 60.2 (g, OCHj3), 60.9
(q, OCH3), 67.6 (d, OCH), 68.3 (d, OCH), 106.3 (d), 119.6 (s), 130.2 (s), 145.3 (s), 151.8 (s), 154.0
(s), 172.7 (s, CO), 174.4 (s, CO); miz (%) 425 (M*, 6), 339 (12), 338 (60}, 230 (19), 210 (20), 196
(15), 195 (100), 180 (39). High-resolution ms Calcd for C22H35NO7: 425.2413, Found: 425.2417.

A solution of the ester (11b) (14.88 g, 35 mmol) in acetic acid (100 ml) was heated under reflux for 7 h.
The reaction mixture was diluted with water (100 ml), made alkaline with powdered Na3COs, and then
extracted with dichloromethane (50 ml x 3). The combined extracts were washed with water (100 m),
dried, and concentrated in vacuo. The residue (12.76 g) was subjected to chromatography (silica gel, 130 g;
elution with 1:1 = hexane-ethyl acetate) to give 12b (11.06 g, 86.6 %) as colorless syrup; vimax (neat)
1738, 1702‘ cm-1; Apax nm (log €) 217 (4.03), 226sh (3.96), 274sh (3.07), 285 (3.39); 8y 1.26 (6H, d, J
= 6 Hz, CH(CH3)2), 1.95-2.05 (1H, m), 2.11 (3H, s, ArCH3), 2.16-2.60 (3H, m), 3.75, 3.76, 3.81
(each 3H, s, OCH3), 4.00 (1H, dd, J =9, 3 Hz, CHN), 4.12, 4.91 (each 1H, d, J = 14 Hz, ArCH), 5.07
(1H, sept, J = 6 Hz, OCH), 6.49 (1H, s, ArH); 8¢ 8.8 (9, ArCH3), 21.6, (g, CH(CH3)2), 21.7 (q,
CH(CH3)3), 22.8 (1, CH»), 29.5 (t, CHz), 40.1 (t, NCH3Ar), 55.7 (q, OCH3), 58.9 (d, NCH), 60.1 (q,
OCH3), 60.7 (g, OCH3), 68.8 (d, OCH), 106.8 (d), 120.8 (s), 126.1 (s), 145.5 (s), 151.6 (s), 154.1 (s),
171.4 (s, CO), 175.0 (s, CO); m/z (%) 365 (M*, 74), 334 (36), 292 (13), 278 (15), 250 (20), 196 (13),
195 (100), 180 (34), 132 (12). High-resolution ms Calcd for C19H7NOg: 365.1838. Found: 365.1841.
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imethoxy-4-methylph methyl]-5- -2- lidon A solution of the ester
(12b) (10.95 g, 30 mmol) in dioxane (50 ml) was cooled at 0°C, and a methanol (30 ml) solution of 2N
KOH (22.5 mi) was added and stirring-was continued at room temperature for 3 h. The solution was
evaporated, and the residue was diluted with water (100 ml) and then washed with ether (100 ml). The
aqueous phase was then adjusted pH 3. The resulting precipitate (13b) {10.9 g) was recrystallized from
ethanol to give 13b (8.31 g, 85.9 %) as colorless needles, mp 132-133°C; vpax (KBr) 3000-2500, 1724,
1640 cm-1; Apax nm (log €) 227 (3.77), 226sh (3.96), 276sh (3.33), 284 (3.40); 8y 2.11 (3H, s, ArCH3),
2.13-2.67 (4H, m), 3.77, 3.77, 3.80 (each 3H, s, OCHz3), 4.11 (1H, dd, J = 9, 3 Hz, CHN), 4.17, 4.94
(each 1H, d, J = 15 Hz, ArCH), 6.51 (IH, s, ArH), 8.64 (1H, br s, D2O exchangeable); 8¢ 8.9 (q,
ArCH3), 23.0 (t, CHp), 29.5 (t, CHp), 40.6 (t, NCH3Ar), 55.8 (q, OCH3), 58.8 (d, NCH), 60.2 (q,
OCH3), 60.7 (q, OCH3), 107.0 (d), 121.1 (s), 125.7 (s), 145.5 (s), 151.7 (s}, 154.2 (s), 175.3 (s, CO),
176.0 (s, CO); m/z (%) 323 (M+, 100), 308 (13), 292 (49), 195 (33), 180 (24). Anal. Calcd for

Ci16H21NOg¢: C, 59.43; H, 6.55; N, 4.33. Found: C, 59.40;, H, 6.56; N, 4.29.

A solution of 13b (1.62 g, 5 mmol) in phosphorous oxychloride (5 ml, 53.6 mmol) was heated at 50°C
for 30 min. The solution was cooled at room temperature, and then SnCly (2.5 ml, 21.4 mmol) was added
in one portion with stirring. The mixture was heated at 65°C for 30 min, then poured into water (50 ml).

The resulting solution was made alkaline with powdered NaxCOs, and extracted with ethyl acetate (50 ml x

3). The combined cxtracts were washed with brine, dried, and concentrated in vacuo. The residue (1.35 g)
was subjected to chromatography (silica gel, 100 g; elution with 3:1 hexane-acetone) to give 15b (832 mg,
57.1 %) as a pale yellow oil; vipax (nujol) 3472, 1688, 1642 cm-1; Apax nm (log €) 206 (4.32), 220sh
(4.26), 280 (4.05), 350 (3.62); dy 2.13 (3H, s, ArCH3), 2.33-2.59, (4H, m), 3.81, 3.93 (each 3H, s,
OCH3), 4.09 (1H, d, J = 18 Hz, 5-H), 4.29-4.35 (1H, m, 10a-H), 5.40 (1H, d, J = 18 Hz, 5-H), 12.17
(1H, br s, DO exchangeable); 8¢ 8.1 (g. ArCH3), 20.7 (t, CHp), 29.9 (1, CHy), 37.2 (t, 5-C), 60.4 (q,
OCH3), 60.5 (q, OCH3), 60.6 (d, 10a-C), 110.2 (s), 119.1 (s), 129.9 (5), 141.2 (5), 159.3 (5), 159.3 (s),
173.6 (s, CO), 199.2 (s, CO); m/z (%) 291 (M*, 100), 277 (13), 276 (37), 248 (15), 222 (11), 193 (16),
180 (15). High-resolution-ms Caled for CysH17NQOs: 291.1107. Found: 291.1117.

Reduction of the Ketoamide (I1SbY A solution of the ketoamide (15b) (694 mg, 2.38 mmotl) in methanol
(10 ml) was cooled at 0°C, and sodium borohydride (108 mg, 2.85 mmol) was added and stirring was

continued at room temperature for 1 h. The mixture was diluted with water (10 ml) and then it was acidified
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with 3% HCI, and extracted with dichloromethane (10 ml x 3). The combined extracts were washed with
brine, dried, and concentrated in vacuo to give the residue (689 mg). This material was subjected to
chromatography (silica gel, 70 g; elution with ethyl acetate) to give 16 (511 mg, 73 %) as colorless solid,
recrystallization of which from ethyl acetate gave an analytical sample as colorless prisms. Further elution
with ethyl acetate-methanol (20:1) as the eluent gave 17 (5 mg, 0.7 %) as colorless solid, recrystallization
of which from ethyl acetate gave an analytical sample as colorless prisms. 16: mp 180-181°C; vpax
(KBr) 3308, 3204, 1668, 1620, 1584 cm-1; Apmax nm (log €) 210 (4.53), 225sh (4.03), 276sh (3.38), 286
(3.49); 8y 2.12 (3H, s, ArCH3), 2.06-2.21 (1H, m), 2.40-2.48 (3H, m), 3.61-3.67 (1H, m), 3.79, 3.80
(each 3H, s, OCH3), 4.04 (1H, d, J = 18 Hz, 5-H), 4.60 (1H, br s, OH, D20 exchangeable), 4.68 (1H,
d, J =9 Hz, 10-H), 4.89 (1H, d, J = 18 Hz, 5-H), 8.49 (1H, br 5, D20 exchangeable); 8¢ 8.6 (q,
ArCH3), 22.2 (t, CHp), 29.6 (t, CHa), 38.6 (1, 5-C), 59.3 (d, 10-C), 60.2 (g, OCH3), 60.2 (q, OCH3),
71.6 (d, 10a-C), 116.0 (s), 118.3 (s), 123.4 (s), 142.2 (5), 151.1 (s), 151.4 (s), 174.4 (s, CO); m/z (%)
293 (M+, 38), 276 (17), 275 (100), 274 (29), 261 (16), 260 (93), 245 (22), 210 (16), 195 (41). Anal.
Caled for C1sH19NOs5: C, 61.42; H, 6.53; N, 4.78. Found: C, 61.42; H, 6.53; N, 4.63. 17: mp 178-
180°C; vmax (KBr) 3328, 3204, 1664, 1606, 1586 cm™}; Apax nm (log €) 225 (3.89), 276sh (3.38), 284
(3.46); dy 2.06-2.48 (5H, m), 2.17 (3H, s, ArCH3), 3.73-3.87 (2H, m), 3.80, 3.81 (each 3H, s,
OCH3), 4.03 (1H, d, J = 18 Hz, 5-H), 4.71 (1H, d, J = 2.7 Hz, 10-H), 4.99 (1H, d, J = 18 Hz, 5-H);
8¢ 9.0 (g, ArCH3), 19.2 (t, CHzy), 30.7 (t, CH»), 38.5 (¢, 5-C), 58.9 (d, 10-C), 60.2 (q, OCH3), 60.3 (q,

OCH3), 63.6 (d, 10a-C}, 118.7 (s), 119.0 (s), 123.6 (s), 143.0 (s}, 149.6 (s), 151.5 (s), 176.0 (5, CO);
miz (%) 293 (M*, 9), 276 (19), 275 (100), 274 (27), 261 (14), 260 (93), 245 (28), 195 (13). Anal. Calcd
for C1sH19NOs: C, 61.42; H, 6.53; N, 4.78. Found: C, 61.26; H, 6.50; N, 4.69.

Triethylsilane (0.956 ml, 1.6 mmol) was added to a stirred solution of 16 (439.5 mg, 1.5 mmol) in
trifluoroacetic acid (2 ml) at 0°C, and the resulting solution was stirred at room temperature for 3 h. The
reaction mixture was diluted with water (10 ml), made alkaline with powdered NayCQO3, and then extracted
with dichloromethane (10 ml x 3). The combined extracts were washed with water (10 ml), dried, and
concentrated in vacuo. The residue (530 mg) was subjected to chromatography (silica gel, 60 g; elution
with 20:3 = chloroform-acetone) to give 18 (381 mg, 9I2 %) as a solid, recrystallization of which from
ethyl acetate gave colorless prisms, mp 209-211°C; vyax (KBr) 3296, 1666, 1586 cm-1; Agax nm (log €)
219 (4.04), 274sh (3.28), 283 (3.36); 8y 1.77-1.89 (1H, m), 2.17 (3H, s, ArCH3), 2.27-2.52 (4H, m),
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3.14 (1H, dd, J = 16, 4 Hz, 10-H), 3.65-3.76 (1H, m), 3.80, 3.80 (each 3H, s, OCH3), 3.80 {1H, m),
416 (14, 4, J = 18 Hz, 5-H), 4.99 (1H, d, J = 18 Hz, 5-H); ¢ 8.9 (g, ArCH3), 25.1 (t, CHy), 30.1 (t,
CHj), 30.4 (t, CH2, 10-C), 38.8 (1, 5-C), 53.6 (d, 10a-C}, 60.2 (q, OCH3), 60.4 {q, OCH3}, 116.0 (s),

116.0 (s), 123.7 (s), 143.4 (s), 147.7 (s), 149.6 (s), 174.4 (s, CO); m/z (%) 278 (M*, 18), 277 (100},
262 (31), 246 (11), 194 (63), 179 (78), 164 (12), 151 (19). Anal. Calcd for C1sH19NQ4: C, 64.97; H,
6.91; N, 5.05. Found: C, 64.75; H, 6.89; N, 4.98.

Sodium hydride

(60 %, oil dispersion, washed with dry hexane three times, 28.8 mg, 1.2 mmol) was added to a stirred
solution of 18 {277 mg, 1 mmol) in dry DMF (12 ml) under ice-cooling, and stirring was continued for 1.5
h at room temperature. Methyl iodide (284 mg, 2 mmol) in dry DMF (1 ml) was added for 5 min at 0°C.
The reaction mixture was stirred for 17 h at room temperature, poured into water (100 mi), and extracted
with dichloromethane (50 ml x 3). The combined extracts were washed with brine, dried, and concentrated
in vacuo. The residue (330 mg) was subjected to chromatography (silica gel, 30 g; elution with 4:1 =
chloroform-acetone) to give 19 (287 mg, 98.5 %) as pale yellow 0il; Viyax (neat) 1666, 1604, 1584 cm-1;
Amax nm (log €) 224 (3.96), 274sh (3.06), 284 (3.36); 6y 1.78-1.90 (1H, m), 2.19 (3H, s, ArCH3),
2.33-2.54 (3H, m), 3.20 (1H, dd, J = 16, 4 Hz, 10-H), 3.65-3.72 (2H, m), 3.67, 3.81, 3.84 (each 3H, s,
OCH3), 4.18 (1H, d, J = 18 Hz, 5-H), 4.88 (1H, d, J = 18 Hz, 5-H); 8¢ 9.3 (q, ArCH3), 25.2 (1, CHy),
30.2 (t, CHp), 30.6 (t, CH2, 10-C), 38.8 (1, 5-C), 53.6 (d, 10a-C), 60.0 (q, OCH3), 60.1 (g, OCH3),
60.1 (q, OCH3), 122.5 (s), 123.6 (s), 123.9 (5), 146.1 (s), 150.0 (s), 152.1 (5), 174.3 (s, CO); m/z (%)
291 (M+, 100), 276 (20), 260 (11), 208 (53), 193 (51). High-resolution ms Calcd for C1gH21NO4:
291.1470. Found: 291.1469.

and 21) Lithium aluminum hydride (33 mg, 0.87 mmol) was added to a stirred solution of 19 (125

mg, 0.43 mmol) in dry THF (10 mI) at -18°C. After being kept at the same temperature for 10 min and then
0°C for 1 h, the solution was treated sequentially with NaCN (84 mg, 1.7 mmol) in water (0.2 ml) and
allowed to stir for 3 h. The mixture was filtered and the filter cake was carefully washed with
dichloromethane (100 ml). The combined filtrates were concentrated in vacuo. The residue (119 mg) was
subjected to chromatography (silica gel, 15 g; elution with 10:1 = benzene-ethyl acetate) to give 20 (52.3
mg, 40.2 %) and 21 (26.7 mg, 20.5 %). Further clution with ethyl acetate-methanol (20:1) gave 22 (20.3
mg, 17 %). 20: colorless oil; vax (neat) 2940, 2838, 1462, 1412, 1378, 1342, 1308, 1288, 1260, 1212,




206 HETEROCYCLES, Vol. 42, No. 1, 1996

1192, 1170, 1146, 1116, 1076, 992, 964, 896 cm-1; Apax nm (log €) 222 (3.88), 275 (2.93); 8y 1.61-
1.83 (1H, m), 2.14-2.39 (3H, m), 2.19 (3H, s, ArCH3), 2.45 (1H, dd, J = 16, 5 Hz, IO-H), 2.68-2.80
(1H, m), 3.17 (1H, dd, J = 16, 3 Hz, 10-H), 3.67 (3H, s, OCH3), 3.70 (1H, 4, J = 15 Hz, 5-H), 3.80,
3.83 (each 3H, s, OCH3), 4.16 (1H, d, J = 15 Hz, 5-H), 4.19 (1H, d, J = 7 Hz, 3-H); 3¢ 9.3 (g,
ArCH3), 28.0 (t, CHa), 29.2 (1, CHy), 30.8 (t, CH3, 10-C), 47.0 (1, 5-C), 54.5 (d), 56.6 (d), 59.9 (q,
OCH3), 60.1 (q, OCH3), 60.1 (q, OCH3), 117.5 (s, CN), 123.1 (s), 123.3 (s), 125.8 (s), 146.0 (s),
149.8 (s), 152.3 (s); miz (%) 302 (M, 25), 275 (26), 208 (100), 193 (68). High-resolution ms Caled for
C17H29N205: 3021630, Found: 302,1635. 21: colorless prisms from dichloromethane-hexane, mp 105-
106°C; vinax (KBr) 2996, 2944, 2900, 2836, 2800, 1464, 1412, 1384, 1342, 1310, 1260, 1200, 1114,
1078, 1058, 996 cm-1; Az nm (log €) 224 (3.92), 278 (2.94); 8y 1.72-1.83 (1H, m), 2.13-2.33 (3H,
m), 2.18 (3H, s, ArCH3), 2.35-2.55 (2H, m), 3.12 (1H, d, J = 15 Hg, 10-H), 3.27 (1H, 4, J = 15 Hz, 5-
H), 3.30 (1H, t, J = 8 Hz), 3.67, 3.80, 3.84 (each 3H, s, OCH3), 4.47 (1H, d, J = 15 Hz, 5-H); &¢ 9.2
(g, ArCHj), 27.9 (1, CHp), 30.0 (t, CHp), 30.4 (t, CH,, 10-C), 49.9 (1, 5-C), 54.3 (d), 59.8 (q, OCH3),
60.0 (d, 10a-C), 60.1 (g, OCH3), 60.1 (g, OCHj3), 119.8 (5, CN), 123.2 (s), 123.4 (5), 125.6 (s), 145.8
(s), 149.7 (s), 152.2 (s); m/z (%) 302 (M*, 35), 208 (100), 193 (49). Anal. Calcd for Cy7H92N20s3-
1/20H,0: C, 67.33; H, 7.34; N, 9.24. Found: C, 67.14; H, 7.28; N, 9.24, 22: colorless oil; vpax (neat)
2944, 2832, 2788, 2464, 1410,1380, 1338, 1318, 1304, 1256, 1114, 1066, 998, 966 cm™!; Apax nm (log
£) 224 (3.83), 273 (2.92); 8y 1.51-1.65 (1H, m), 1.78-2.02 (2H, m), 2.05-2.33 (3H, m), 2.18 (3H, s,
ArCH3), 2.46 (IH, dd, J = 16, 5 Hz, 10-H), 3.11 (1H, dd, J = 16, 4 Hz, 10-H), 3.19 (1H, d, J = 16 Hz,
5-H), 3.31 (1H, dt, J = 8, 2 Hz), 3.67, 3.80, 3.81 (each 3H, s, OCH3), 4.27 (1H, d, J = 15 Hz, 5-H); 8¢
9.2 (g, ArCHj3), 21.5 (t, CHz), 30.4 (t, CHp), 30.7 (t, CHp,}), 51.1 (t, CHp), 54.9 (1, CHy), 59.8 (q,
OCH3),, 60.1 (d, 10a-C), 60.1 (q, OCHs3), 60.1 (q, OCH3), 122.7 (s), 124.2 (s), 127.2 (s), 145.8 (s),
149.5 (s), 152.4 (s); m/z (%) 277 (M*, 54), 276 (28), 209 (15), 208 (100), 193 (57). High-resolution ms

Caled for C1gHy3NO3: 277.1686. Found: 277.1682.

nes n Lithium aluminum hydride (38 mg, 1 mmol) was added to a stirred solution of 18
(139 mg, 0.5 mmol) in dry THF (20 ml) at -18°C. After being kept at the same temperature for 30 min and
then 0°C for 1 h, the solution was treated sequentially with NaCN (98 mg, 2 mmol) in water (0.3 ml) and
allowed to stir for 3 h. The mixture was filtered and the filter cake was carefully washed with

dichloromethane (100 ml). The combined filtrates were concentrated in vacuo. The residue (128 mg) was
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subjected to chromatography (silica gel, 15 g; elution with 20:1 = chloroform-acetone) to give 23 and 24
(81.1 mg, 56.1 %) as a ca 3:1 mixture of isomers. Further elution with ethyl acetate-methanol (4:1) gave
the starting material (18) (14.6 mg, 11 % recovery) and 25 (25.2 mg, 19 %). For the mixture; vy {(neat)
3700-3100, 2240 cm-}; 8y (major isomer: 23) 1.61-1.72 (1H, m), 2.15 (3H, s, ArCHz), 2.17-2.19 (1H,
m), 2.17-2.35 (2H, m), 2.39 (1H, dd, J = 16, 11 Hz, 10-H}, 2.73-2.78 (1H, m, 10a-H), 3.03 (1H, dd, J
= 16, 4 Hz, 10-H), 3.69 (1H, d, J = 15 Hz, 5-H), 3.80, 3.81 (each 3H, s, OCH3), 4.16 (1H, d, J = 15
Hz, 5-H), 4.19 (IH, d, J = 8 Hz, 3-H), 4.56 (1H, br, OH); 8y (minor isomer 24) 1.71-1.81 (1H, m),
2.08-2.23 (1H, m), 2.15 (3H, s, ArCH3), 2.25-2.33 (2H, m), 2.40-2.47 (2H, m), 2.97 (1H, dd, J = 21,
9 Hz, 10-H), 3.27 (IH, d, J = 15 He, 5-H), 3.28 (1H, t, /= 8 Hz, 3-H), 3.80, 3.81 (each 3H, s,
OCH3), 4.47 (1H, d, J = 15 Hz, 5-H), 4.52 (1H, br, OH); &c (major isomer: 23) 8.7 (g, ArCH3), 28.0
(t, CHp), 29.3 (1, CH2), 30.5 (t, CH3), 46.9 (1, CH3), 54.5 (d, 3-C), 56.6 (d, 10a-C), 60.3 (g, OCH3),
60.4 (g, OCH3), 115.3 (s), 116.0 (s), 117.4 (s, CN), 125.8 (s), 143.3 (s), 147.6 (s), 149.4 (s); 8¢
(minor isomer 24) 8.7 (q, ArCHa), 27.9 (1, CH3), 30.1 (1, CHp), 30.1 (t, CH2), 49.8 (t, CH3), 54.3 (d,
3-C), 60.0 (d, 10a-C), 60.3 (q, OCH3), 60.4 (q, OCH3), 115.5 (s), 116.2 (5),.119.8 (s, CN), 125.6 (s),
143.2 (5), 147.6 (s), 149.4 (s); miz (%) 288 (M, 24), 277 (18), 261 (19), 219 (12), 194 (100), 179 (60),
151 (20), 83 (12). 25: colorless prisms from dichloromethane-hexane, mp 123-124°C; viyax (KBr) 2940,
2884, 2832, 1462, 1416, 1380, 1354, 1310, 1264, 1120, 1066, 1004, 980 cm-!; Apax nm (log €) 221
(3.86), 284 (3.32); dy 1.51-1.61 (1H, m), 1.77-1.86 (1H, m), 1.88-1.98 (1H, m), 2.06-2.13 (1H, m),
2.12 (3H, s, ArCH3), 2.26-2.30 (2H, m), 2.37 (1H, dd, J = 15, 11 Hz, 10-H), 2.90 (1H, dd, J = 15, 3
Hz, 10-H), 3.19 (1H, d, J = 15 Hz, 5-H), 3.32 (1H, t like), 3.69 (1H, s, D20 exchangeable, OH), 3.77,
3.79 (each 3H, s, OCH3), 4.26 (1H, d, J = 15 Hz, 5-H); 8¢ 8.8 (q, ArCHj3), 21.4 (t, CHy), 30.1 (t,
CH3), 30.9 (1, CH2), 51.0 (t, CH2), 54.8 (t, CH2), 60.3 (g, OCH3), 60.3 (q, OCH3), 116.0 (s), 117.5
(s), 126.6 (s), 143.1 (s), 147.9 (s5), 149.3 (5); m/z (%) 263 (M*, 65), 262 (29), 195 (13), 194 (100), 193
(11), 179 (66), 131 (11), 70 (28). Anal. Caled for C15H21NO3: C, 68.41; H, 8.04; N, 5.32. Found: C,

68.16; H, 7.97; N, 5.23.
ith 10N HNOs;: (3RS, 10aRS)-3-Cyano-7-

mixture (23} and (24) (ca 3:1 mixture; 77.6 mg, 0.27 mmol) in 16N HNO3 (1 ml) was stirred for 15 min

at 0°C. The reaction mixture was diluted with water (10 ml) and extracted with dichloromethane (10 ml x
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3). The combined extracts were washed with water (10 ml), dried, and concentrated in vacuo. The residue
(67.4 mg) was subjected to preparative layer chromatography on silica gel (Merck 5715, solvent 5:1 =
benzene-ethyl acetate ) to afford 7 (19.0 mg, 25.9 %) and 26 (10.6 mg, 14.5 %). 7: pale yellow prisms
from ether-hexane, mp 106-107°C; vax (KBr) 1685, 1636, 1610 cm-1; Apax nm (log €) 270 (4.06), 362
(2.70); 8y 1.60-1.68 (1H, m), 1.96 (3H, s, quinone CHz), 2.12-2.19 (2H, m), 2.20-2.32 (2H, m), 2.62-
2.69 (1H, m, 10a-H), 2.95 (1H, dt, 7 = 19, 3 Hz, 10-H), 3.46 (1H, ddd, J = 18, 4, 3 Hz, 5-H), 3.92
(1H, dd, J = 18, 3 Hz, 5-H), 4.00 ( 3H, s, OCH3), 4.16 (1H, d, J = 8 Hz, 3-H); 8¢ 8.7 (q, quinone
CH3), 27.8 (t, CHy), 28.7 (t, CHp), 29.8 (t, CHyp), 45.4 (t, CHy), 53.7 (d, 3-C), 55.7 (d, 10a-C), 60.9
(g, OCH3), 117.1 (s, CN), 128.8 (s}, 137.6 (s), 139.8 (s), 155.5 (s), 181.8 (s), 187.2 (s); m/z (%) 272
(M+, 79), 271 (35), 257 (39), 256 (11), 247 (11), 246 (12), 245 (58), 244 (100), 243 (12), 242 (14), 241
(50), 232 (16), 231 (10), 230 (62), 229 (52), 226 (20), 212 (10), 202 (13), 198 (13}, 180 (15), 178 (42),
150 (14), 148 (10), 91 (11), 83 (16), 68 (10), 67 (13). Anal. Calcd for C15H16N203: C, 66.16; H, 5.92;
N, 10.29. Found: C, 66.11; H, 5.94; N, 10.18. 26: pale yellow prisms from e¢ther-hexane, mp 110-111°C
(dec.); vmax (KBr) 1668, 1658, 1638, 1612 cm"l; Apax nm (log €) 268 (4.11), 367 (2.27); 8y 1.65-1.80
(1H, m), 1.96 (3H, s, quinone CH3), 2.10-2.30 (4H, m), 2.32-2.44 (1H, m, 10a-H), 2.62-2.69 (1H, m),
2.89 (1H, dt, J = 19, 3 Hz, 10-H), 3.06 (1H, ddd, J = 18, 4, 3 Hz, 5-H), 3.33 (1H, t, J = § Hz, 3-H),
4.00 ( 3H, s, OCHz3), 4.23 (1H, dd, J = 18, 3 Hz, 5-H); &¢c 8.7 (q, quinone CH3), 27.9 (t, CH2), 29.6 (t,
CH3), 29.7 (t, CH3), 47.8 (1, CH2), 53.4 (d, 3-C), 58.7 (d, 10a-C), 61.0 (g, OCHj3), 119.4 (s, CN),
128.8 (s), 137.4 (s), 140.1 (s), 155.5 (s), 181.9 (s), 187.2 (s); m/z (%) 272 (M*, 67), 271 (28), 257
(33), 246 (15), 245 (73), 244 (100), 243 (16), 242 (25), 241 (92), 232 (14), 231 (14), 230 (85), 229
(59), 228 (11), 227 (12), 226 (34), 213 (10), 212 (15), 211 (11), 202 (18), 198 (24), 184 (15), 183 (13),
180 (11), 178 (37), 154 (13), 150 (14), 144 (11), 142 (10), 118 (11), 115 (10), 91 (14), 83 (20), 77 (14),
68 (12), 67 (17). Anal. Caled for C15sH1gN203: C, 66.16; H, 5.92; N, 10.29. Found: C, 66.37; H, 5.97;
N, 10.20.

6.7.9.10-Tetramethoxy-9-methy]-1.2,3.5.10.10a-hexah vdrobenz[flindolizine-3-one (27) Sodium hydride
{60 %, oil dispersion, washed with dry hexane three times, 26.4 mg, 1.1 mmol) was added to a stirred
solution of 16 (147 mg, 0.5 mmol) in dry DMF (10 ml) under ice-cooling, and stirring was continued for 1
h at room temperature. Methyl iodide (156 mg, 1.1 mmol) in dry DMF (1 ml) was added for 5 min at 0°C.
The reaction mixture was stirred for 3 h at room temperature, poured into water (100 ml), and extracted

with ethyl acetate (50 ml x 3). The combined extracts were washed with brine, dried, and concentrated in
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vacuo. The residue (167 mg) was subjected to chromatography (silica gel, 30 g; elution with 10:1 =
chloroform-acetone) to give 27 (139 mg, 87 %) as pale yellow oil; Vpax (neat) 1776, 1686 cm*1; Ayax nm
(log €) 223 (3.98), 274sh (3.06), 284 (3.07); oy 1.68-1.81 (1H, m), 2.20 (3H, s, ArCH3), 2.23-2.39
(1H, m), 2.41-2.57 (2H, m), 3.36, 3.72 (each 3H, s, OCH3), 3.78 (1H, d, J = 16 Hz, 5-H), 3.84, 3.84
(each 3H, s, OCH3), 4.05-4.12 (1H, m), 4.49 (1H, d, J = 3 Hz, 10-H), 5.16 (1H, d, J = 16 Hz, 5-H),;
3¢ 9.6 (g, ArCH3), 26.2 (t, CHy), 31.0 (t, CHy), 36.1 (t, CH3), 56.6 (g, OCH3), 60.2 (q, OCHj), 60.3

(d, 10a-0C), 60.8 (g, OCH3), 61.5 (g, OCHz), 76.1 (d, 10-C), 122.2 (s), 124.1 (s), 128.6 (s), 145.5 (s),
151.8 (8), 154.7 (s), 173.8 (s, CO); m/z (%) 321 (M*, 90), 289 (11). 239 (16), 238 (100), 224 (14), 223
(93). High-resolution ms Calcd for C17H23NCs: 321.1576. Found: 321.1580.

lizine- i A solution of

18 (138.5 mg, 0.5 mmol} in 10N HNO3 (2 ml) was stirred for 1 h at 0°C. The reaction mixture was diluted
with water (10 ml) and extracted with dichloromethane (10 ml x 3). The combined extracts were washed
with water (10 ml), dried, and concentrated in vacuo. The residue (135.4 mg) was subjected to
chromatography (silica gel, 15 g; elution with 10:1 = chloroform-acetone) to give 28 (129 mg, 99 %) as a
solid, recrystallization of which from ether-dichloromethane gave yellow prisms, mp 104-105°C; vpax
(KBr) 1688, 1656, 1640 em-1; Apax nm (log €) 267 (4.12), 376 (2.72); 8y 1.78-1.88 (1H, m), 1.96 (3H,
s, quinone CH3), 2.04-2.17 (1H, m), 2.39-2.51 (3H, m), 3.03 (1H, d, J = 18 Hz, 10-H), 3.56-3.66 (1H,
m, 10a-H), 3.85 (1H, dd, J = 21, 4 Hz, 5-H), 4.02 ( 3H, s, OCH3), 4.75 (1H, dd, J = 21, 3 Hz, 5-H);
3¢ 8.8 (g, quinone CH3), 24.9 (1, CHy), 29.4 (t, CHp), 29.7 (t, CHp), 37.8 (t, CHy), 52.3 (d, 10-C),
61.0 (q, OCH3), 128.7 (s), 136.2 (s), 139.0 (s), 155.5 (s), 174.2 (s), 181.5 (s), 186.6 (s); m/z (%) 261
(M+, 100), 260 (56), 246 (32), 245 (12), 218 (17), 206 (11), 191 (13), 178 (12). Anal. Calcd for

C14H15NO4: C, 64.36; H, 5.79: N, 5.36. Found: C, 64.44; H, 5.80; N, 5.31.

A solution of 16 (147 mg, 0.5 mmol) in 10N HNQO3 (2 ml) was stirred for 1 h at 0°C. The reaction mixture
was diluted with water (10 ml) and extracted with dichloromethane (10 ml x 3). The combined extracts
were washed with water (10 ml), dried, and concentrated in vacuo. The residue (138 mg) was subjected to
chromatography (silica gel, 15 g; elution with 10:1 = chloroform-acetone) to give 29 (127 mg, 92 %) as a
solid, recrystallization of which from ether-dichloromethane gave yellow prisms, mp 151-152°C (decomp.);
Vmax (KBr) 3368, 1680, 1654, 1638, 1614 cm-1; Apa, nm (log £) 265 (4.06), 384 (2.78); 8y 1.95 (3H,
s, quinone CH3), 2.05-2.22 (1H, m), 2.42-2.52 (3H, m), 3.52-3.59 (1H, m, 10a-H), 3.81 (1H, dd, J =
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21, 3 Hz, 5-H), 4.05 ( 3H, s, OCH3), 4.32 (1H, br s, D70 exchangeable, OH), 4.66 (1H, dt, J = 8, 3 Hz,
10-H), 4.79 (1H, dd, J = 21, 2 Hz, 5-H); d¢c 8.5 (g, quinone CH3), 22.5 (1, CHy), 29.3 (t, CHy), 37.9 (t,

CHj), 57.4 (d, 10a-C), 61.1 (g, OCH3), 68.6 (d, 10-C), 128.8 (s), 137.2 (s), 139.0 (s), 155.7 (s),
174.3 (s), 181.5 (s), 189.3 (s); m/z (%) 277 (M*, 100), 261 (33), 260 (36), 259 (63), 258 (40), 248 (14),
246 (35), 244 (32), 241 (12), 230 (20), 216 (27), 205 (13), 204 (36), 195 (10), 194 (68), 188 (17), 165
(58), 84 (74), 83 (14), 77 (11), 67 (10). Anal. Calcd for C14H;5sNOs: C, 60.64; H, 5.54; N, 5.05. Found:
C, 60.66; H, 5.48; N, 4.98.

A solution of 27 (100 mg, 0.31 mmol) in 10N HNOs3 (1 ml) was stirred for 1 h at 0°C. The reaction
mixture was diluted with water (10 ml) and extracted with dichloromethane (10 ml x 3), The combined
extracts were washed with water (10 ml), dried, and concentrated in vacuo. The residue (67.3 mg) was
subjected to chromatography (silica gel, 15 g; elution with 10:1 = chloroform-acetone) to give 30 (56.6
mg, 62 %) as a solid, recrystallization of which from ether-dichloromethane gave yellow prisms, mp 91-
92°C; vmax (KBr) 1692, 1642, 1608 cm-1; Az« nm (log £) 266 (4.06), 367 (2.96); 8y 1.97 (3H, s,
quinone CH3), 2.01-2.11 (1H, m), 2.44-2.65 (3H, m), 3.60-3.65 (1H, m), 3.68 (3H, s, OCH3), 3.69
(1H, dd, J = 20, 2 Hz, 5-H), 3.99 ( 3H, s, OCH3), 4.10 (1H, dt, J = 8, 2 Hz, 10-H), 4.80 (1H, dd, J =
20, 2 Hz, 5-H); 3¢ 8.9 (q, quinone CH3), 24.4 (t, CHy), 29.6 (1, CHy), 37.2 (t, CH3), 58.3 (d, 10a-C),
60.9 (g, OCH3), 61.0 (g, OCH3), 77.1 (d, 10-C), 130.1 (s), 137.9 (s), 140.6 (s), 155.0 (s), 173.7 (s),
181.5 (s), 186.4 (s); m/z (%) 291 (M*, 100), 208 (63), 193 (74), 180 (18), 179 (61), 165 (16). Anal.
Caled for Cy5Hp7NOs: C, 61.85; H, 5.88; N, 4.81. Found: C, 61.80; H, 5.90; N, 4.79.
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