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AbgmL A simple and efficient synthesis of 4-cyano-X-methoxy-9- 

methyl-1,3,4,6,11,11a-hexahydro-2H-benzob]quolue-7,lO-dione (20a) as a 

simple model compound of saframycin A (1) is described starting from the 

corresponding lactam (16). Reduction of the lactam (16) with lithium aluminum 

hydride followed by sodium cyanide treatment afforded the a-amino niaile (19) as 

an inseparable mixmre in an excellent yieid. Oxidative demethylation of compound 

(19) with ION HNO3 gave the title compound (20a) and its C-4 epimer (20b). The 

snucmre of U)a was confirmed by 1~ nmr and 1 3 ~  nmr spectroscopic analysis. 

Several naturally occurring isoquinolinequinones have been isolated from Actinomyoetes and marine sponges. l In 

view of these novel structures and their chemical fragility, a great deal of research has gone into determining the 

mode of antitumor action of these compounds.2 Saframycin A (1) is convened into a reactive intermediate such as 

an iminium ion before it binds covalently with DNA. If the quinone is reduced to a hydroquinone, the 7-cyano 

group can leave with formation of an iminium ion in a process involving participation by both the 10-hydroxy 

group and N-8 (Scheme 1). An elegant total synthesis of racemic saframycin A (1) has been reported by 

Fukuyama and his co- worker^.^ As a part of our continuing program aimed at the total synthesis of 
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isoquinolinequinone antibiotics? we have also engaged in the evaluation of simple smctures that might mimic the 

biological action of natural products. Two syntheses of the right half of saframycin A have been reported by 

Kurihara and klishimaSa and us,5b but synthesis of the left half of saframycin A has not yet been accomplished. 

In this paper, we repofl the synthesis of a model compound as ZOa, which contains the quinone moiety.6 

'uiococn, 

saframycin A (1) 

DNA - 

5 

Scheme I 

The synthesis of the tricyclic amide (16) from the readily available aldehyde (7) is outlined in Scheme U. 2,3,5- 

Trimethoxy-4-methylbenzaldehyde (7)7 was condensed with optically pure diisopropyl a-aminoadipate and 

gave a Schiif base (9), which on treatment with sodium cyanoborohydride afforded the alkylated diester (10) in 

53% yield. Cyclization of 10 with acetic acid afforded the ester (11) in 94.4% yield which in nun was hydrolyzed 

to the amido acid (12) in 93.4% yield. Friedel-Crafts intramolecular cyclization of 12 was canied out using an 

acid chloride intermediate according to the procedure of Rigo and ~olocour i s .9  The reaction of 12 with 

phosphorous oxychloride at 50°C for 30 min gave the acid chloride (13), which was subsequently treated with tin 

tetrachloride at 65-C for 3 0  min to provide the amido ketone (14) with partial cleavage of the aromatic ether in 

54.6% overall yield. The structure of 14 was supported by the I H  nmr specuum, which showed a peak at 6 

11.93 assignable to the hydroxy p e a k l o  Reduction of 14 with sodium borohydride afforded the 11P alcohol 
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(15a) in 70.3% yield along with the l lu  alcohol (15b) in 2.5% yield. The stereochemistry of the C-11 position 

in 15a is supported by the 1~ nmr spectrum, which displays H-11 as a doublet at 6 4.77 ( J  = 10 Hz), whereas 

the 1~ nmr specuum of 15b shows the H-11 as a doublet at 6 4.53 (J = 2.6 Hz). Reductive removal of the 

benzylic hydroxyl group of 15a with triethylsilane in Uifluoroacetic acidl1 gave the amide (16) as racemate in 

96.9% yield. Oxidative demethylation of 16  with 10N HNO3 at 25°C for 1 h afforded the p-quinone (17) in 

90.9% yield. 

Scheme 11: a) A C O H . C H I C I ~ ,  reflux, 17 h; b)  NaBH3CN, 2-propmal,  2 2  h,  53.0% overall yield; r )  AcOH, rcnux, 

5 h, 94.4%; d )  2N KOH, MoOH-dioxane, room tcmperature. 4 h, 93.4%; r )  POCII, 50% 30 mi"; fl SnCl,, 6 5 T ,  

30 min, 54.6% overlit  yield; g) NnBHI, MeOH, rt 1 h, 15e  (70.3%) and 1Sb (2.5%); h )  (CIHI),SiH, TF.4, room 

tcmpemture, 1 h, 96.9%; i )  ION HNO,, room lemp~rature ,  1 h, 90.9%. 

Introduction of a cyano group into the C-4 position of the amide (16) was achieved by partial reduction followed 

by sodium cyanide treatment (Scheme IIl).l2 Reduction of 16  with lithium aluminum hydride in THF at -17'C 

afforded the unstable a-hydroxy amine (18). which was treated with sodium cyanide to give an inseparable 

mixture of the 4 u  cyano derivative (19a) and the 4f3 cyano derivative (1Yb) in 69.9% overall yield (15.6% of 16  

was recovered).l3 Finally, treatment of a diastereomeric mixture of phenols (19a and 1Yb) with 10N HNO3 at 
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2 5 T  for 1 h afforded the p-quinones (20a) and (20b) in 66.9% and 10.9% yields, respectively. The 

stereochemical assignments of 2Oa and 20b are based on IH nmr and 13c nmr spectral analysis. A strongly 

deshielding y-steric effect was observed at C- l la  carbon in 2Oa (S 51.3). but not at C-lla in 20b (6 55.9). This 

was confmed by observation of an NOE between H-4 and H-lla in 20b.14 

19h: RI = CN, R2 = H 2Ob: RI = CN, Rz = H 

Scheme 111: a )  LiAIH., THP, 10 mio, . 17-C; b)  NaCN, THP.HzO, room temperature, 2 h, 69.9% 

averall yield; c) ION HNO,, ZS'C, 1 h, 2Oa (66.9%) and ZOb (10.9%). 

With 20a and 2Ob in hand, cytotoxicity of these compounds in vitro against L 1210 murine leukemia was 

studied. However, neither compound showed any significant cytotoxic activity (2Oa: ED50 = 3.0 ) log ,  20b: 

ED50 = 4.0 pgkg). Interestingly, compound (20a) exhibits antimicrobial activity against Bacillus subtiiis (MIC = 

16.0 pglml). Further studies toward the synthesis of the lefi half of saframycin A are in progress in our 

laboratories. 
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EXPERIMENTAL SECTION 

All 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 I H  nmr spectra were recorded at 270 MHz with a JEOL EX 270 

spectrometer. 1 3 ~  Nmr spectra were recorded at 67.5 MHz (multiplicity determined from off-resonance 

decoupled or DEPT spectra). Nmr spectra were measured in CDC13, and chemical shifts were recorded in SH 

values relative to internal tetramethylsilane standard. Ms was recorded on a IMS-DX 302 mass spectrometer. 

Elemental analyses were obtained by a Perkin-ElmerModel240B elemental analyzer. Measurement of optical 
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rotations were performed on a JASCO DIP4 polarimeter in a 10 cm cell. 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 

fmally, under high vacuum. Column chromatography was performed with E. Merck silica gel 60 (230 - 400 

mesh). 

Diisooro~yl69 .-- ( ) N - I( 2 . 3 . 5 - t r i m e t h o x v 4 - m e t h v l ~ h e n v l ~ m e t h v l l - a d  2,3,5-Trimethoxy-4- 

methylbenzaldehyde (7) (10.5 g, 5 mmol) was added to a stirred solution of diisopropyl(5')-a-aminoadipate (8) 

(32.0 g, 13 mmol) in dichloromethane (200 ml) and acetic acid (1 ml). The mixture was heated at reflux for 17 h 

under a Dean-Stark separator. The organic layer was dried and the solvent was removed in vacuo to give the 

Schiff base (9) which was used in the following reaction without funher purif~cation. The crude Schiff base (9) 

was dissolved in 2-propanol (500 ml) and sodium cyanoborohydride (6.28 g, 100 mmol) was added in one 

portion with stirring. The mixture was stirred for 22 h, and the solvent was removed in vacuo. The residue was 

diluted with water (200 ml) and extracted with dichloromethane (200 ml x 3). The combined extracts were washed 

with 5% NaHC03 (200 ml), dried, and concentrated in vacuo. The residue was subjected to chromatography 

(silica gel, 500 g; elution with 1:1 = hexane-ethyl acetate) to give 10 (11.63 g, 53.0 %) as a pale yellow oil: vmax 

(neat) 1730 cm-1; hmax nm (log E) 214 (4.03), 276sh (3.30), 282 (3.36); SH 1.21 (6H, d, J = 6 Hz, 

CH(CH3)2), 1.26 (3H, d, J = 6 Hz, CH(CH3)2), 1.59-1.79 (3H, m), 2.04-2.06 (IH, m), 2.11 (3H, s, 

ArCH3), 2.25-2.30 (2H, m), 3.20-3.25 (IH, m), 3.64 (IH, d, J = 13 Hz, ArCH), 3.79 (IH, d, J = 13 Hz, 

AKH), 3.80, 3.80, 3.81 (each 3H, s, OCH3), 4.99 (IH, sept, J = 6 Hz, CHI, 5.07 (IH, sept , J= 6 Hz, CH), 

6.61 (lH,'s, ArH); tic 8.8 (q, ArCH3), 21.5 (I), 21.8 (q, CH(CH3)Z), 21.9 (q, CH(CH3)Z), 32.8 (I), 34.3 (t), 

46.9 (1, NCHz), 55.8 (q, OCH3), 60.2 (d, CHNH), 60.7 (q, OCH3), 60.9 (q, OCH3). 67.5 (d, OCH), 68.1 (d, 

OCH), 106.3 (d), 119.6 (s), 130.2 (s), 145.8 (s), 151.7 (s), 154.0 (s), 172.7 (s, CO), 174.7 (s, CO); mlr (9%) 

439 (M+, 4), 352 (78), 244 (191, 210 (16), 195 (100), 180 (25). Anal. Calcd for C23H37N07: C, 62.85; H, 

8.48; N, 3.19. Found: C, 62.67; H, 8.40; N, 3.08. [a]D25 - 8.6'(c = 1, MeOH). 

I S ) ~ m ~ v I o x v c a r b o n v 1 - 2 - ~ i ~ e r i d o n e  (m A 

solution of the ester (10) (8.55 g. 19.5 mmol) in acetic acid (50 ml) was heated under reflux for 5 h. The mixture 

was diluted with water (100 ml) made alkaline with powdered Na2C03, and then extracted with dichloromethane 

(100 ml x 3). The combined extracts were washed with water (100 ml), dried, and concentrated in vacuo. The 

residue was subjected to chromatography (silica gel, 800 g; elution with 1:l = hexane-ethyl acetate) to give 11 

(6.97 g, 94.4%) as a solid. which was recrystallized from hexane-ethyl acetate to give colorless needles, mp 69- 

7OoC vmax (KBr) 1736, 1648 cm-I; ha, nrn (log E) 219 (4.01). 276sh (3.31). 284 (3.39); 6~ 1.24 (3H, d, J 

= 6 Hz, CHCH?), 1.27 (3H, s, J = 6 Hz, CHCH3). 1.70-1.81 (2H, m), 1.83-1.95 (IH, m), 2.08-2.11 (lH, 
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m), 2.11 (3H, s, ArCH3), 2.37-2.60 (ZH, m), 3.20-3.30 (lH, m), 3.75, 3.76, 3.80 (each 3H, s, OCH3), 3.94 

(lH, d, J  = 15 Hz, ArCH), 4.07 (lH, m, HCN), 5.08 (lH, sept, J =  6Hz, CH), 5.30 (lH, d, J =  15 Hz, 

ArCH), 6.53 (lH, s, ArH); SC 8.8 (q, ArCH3), 18.2 (0, 21.7 (q, CH(CH3)z). 21.8 (q, CH(CH3)2), 26.6 (t), 

31.7 (t), 43.5 (t, ArCHzN), 55.8 (q, OCH3). 58.4 (d, NCH), 60.2 (q, OCH3), 60.8 (q, OCH3), 69.0 (d, 

OCH), 106.7 (d), 120.5 (s), 127.0 (s), 145.8 (s), 151.6 (s), 154.2 (s), 170.1 (s, CO), 171.3 (s, CO); mlr (%) 

379 (M+, 61), 348 (15). 292 (2% 264 (17), 195 (100), 180 (37). Anal. Calcd for C20H2gN06-1/5H20: C, 

62.71; H, 7.63; N, 3.66. Found: C, 62.94; H, 7.88; N, 3.65. [alD25 + 9.0° (c = 1, MeOH). 

- - . . ~ - ( + ~ - N - 1 ( 2 . 3 . 5 - T r i m e t h o x v - 4 - m e t h v l ~ h e n ~ b ~  A solution of 

11 (2.653 g, 7.0 mmol) in dioxane (10 ml) was cooled at O°C, and a methanol (5 ml) solution of 2N KOH (5 ml) 

was added and stirring was continued at room temperature for 4 h. The solution was evaporated, and the residue 

was diluted with water (100 ml) and washed with ether (50 ml x 3). The aqueous phase was then adjusted to pH 7 

with H3P04, heated to boiling for 45 min, cooled to room temperature, and adjusted to pH 3 (H3P04). The 

resulting precipate of the amido acid 12 (2.204 g, 93.4%) was obtained as colorless needles, mp 146-147°C; 

vmax (KBr) 1722, 1598 cm-l; hmax nm (log e) 218 (3.99), 276sh (3.311, 284 (3.37); SH 1.81-1.96 (4H, m), 

2.11 (3H, s, ArCH3). 2.20-2.66 (ZH, m), 3.76, 3.77, 3.80 (each 3H, s, OCH3), 4.00 (lH, d, J  = 15 Hz, 

ArCH), 4.20 (lH, m, HCN), 5.32 (lH, d, J  = 15 Hz,  ArCH), 6.54 (IH, s, ArH), 7.74 (lH, br s, COOH); 6C 

8.9 (q, ArCH3), 18.1 (t), 26.4 (t), 31.4 (t), 44.2 (t, ArCHzN), 55.8 (q, OCH3), 58.2 (d, NCH), 60.2 (q, 

OCH3), 60.9 (q, OCH3), 106.8 (d), 120.8 (s), 126.5 (s), 145.7 (s), 151.7 (s), 154.3 (s), 171.4 (s, CO), 174.9 

(s, CO); mlz (%) 337 (M+, 100). 305 (47). 264 (12), 195 (54), 180 (36). Anal. Calcd for C17H23N06: C, 

60.52; H, 6.87; N, 4.15. Found: C, 60.45; H, 7.03; N, 4.11. [alD25 + 19.3' (c = 1, MeOH). 

IS)-(-~-lO-Hvdroxv-7.8dimethoxv-9-methvl-1.3.4.6.11.1 la-hexahydro-2H-knzo[blouinolizine4.1 l.dione 

1l41 A solution of 12 (2.20g, 6.52 mmol) in phosphorous oxychloride (5 ml, 53.6 -01) was heated at 50°C 

for 30 min. The solution was cooled at room temperature, and SnC14 (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 N a ~ C 0 3 ,  and extracted with dichloromethane (50 ml x 3). The 

combined extracts were washed with brine, dried, and concentrated in vacuo. The residue was subjected to 

chromatography (silica gel, 150 g; elution with 1:2 = hexane-ethyl acetate) to give 14 (1.087 g, 54.6%) as a pale 

yellow oil; vmax (CHCl3) 1642 cm-1; ha, nm (log e) 216 (4.281, 280 (4.07), 349 (3.65); SH 1.68-1.79 (2H, 

m), 2.06 (3H, s, ArCH3). 2.08-2.19 (lH, m), 2.27-2.44 (3H, m), 3.74 (lH, d, 1 = 17 Hz, 6-H), 3.74, 3.86 

(each 3H, s, OCH3). 4.12 (lH, t, J = 6 Hz, Ila-H), 6.01 (lH, d, J  = 17 Hz, 6-H), 11.93 (lH, s, OH); 6C 8.1 

(q, ArCH3), 19.0 (0, 22.9 (t), 32.4 (t), 39.1 (t, 6-C), 60.5 (q, OCH3), 60.8 (q, OCH3), 62.1 (d, lla-C), 

110.2 (s), 118.8 (s), 130.7 (s), 141.0 (s), 158.9 (s), 159.1 (s), 169.2 (s, 4420). 197.9 (s, 11-CO); mlz (%) 305 
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(M+, 100). 290 (54), 249 (24), 193 (14). 180 (14). High-resolution ms Calcd for C16H19N05: 305.1258. 

Found: 305.1253. [alD25 - 3.9' (c = 1, MeOH). 

Reduction of the Ketoamide 114): (11.7. Il~-(-l-lO.ll-Dihvdroxv-7.8-dimethoxv-9-methvl-1.3.4.6.11.1 la-  

hexahvdro-2H-benzolblauinolizin-4-one (15al and f11R. I laS-(-)-lO.l 1-Dihvdroxv-7.8-dimethoxv-9-methvl- 

1 4  . . .  
-h x . 3 . . 6 . 1 1 , 1 1 a e  A solution of the keto amide (14) (525 mg, 

1.7 mmol) in methanol (10 ml) was cooled at 0°C and sodium borohydride (78 mg, 2.06 mmol) was added and 

stirring was continued at room temperature for 1 h. The mixture was diluted with water (15 ml), and then it was 

acidified 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. Chromatography on a silica gel (50 g) with 

chloroform-acetone (4:l) as the eluent gave 15a (371 mg, 70.3 %) as a colorless solid, recrystallization of which 

from ethanol gage an analytical sample as colorless prisms. Further elution with chloroform-acetone (3:l) as the 

eluent gave 15b (13.0 mg, 2.5 %) as a colorless solid, recrystallization of which from ethanol gave an analytical 

sample as colorless prisms. 15a: mp 192-193°C; vmax (KBr) 3168, 1618, 1582 cm-1: Xmax nm (log E) 214 

(3.94), 276sh (3.08), 286 (3.14); 6H 1.75-1.87 (lH, m), 1.98-2.23 (4H, m), 2.11 (3H. s, ArCH3). 2.30-2.34 

(2H, m), 3.46-3.51 (IH, m, lla-H), 3.78 (IH, d , J  = 17 Hz, 6-H), 3.78, 3.79 (each 3H, s, OCH3), 4.77 (lH, 

d, J  = 10 Hz, 11-H), 5.52 (IH, d, J =  17 Hz, 6-H), 8.14 (IH, br s, OH); SC 8.6 (q, ArCH3). 17.2 (t), 23.5 (t), 

32.0 (0, 40.6 (t, 6 - 0  58.3 (d, lla-C), 60.3 (q, OCH3), 60.3 (q, OCH3), 68.9 (d, 11-C), 116.7 (s), 118.0 (s), 

124.3 (s), 142.0 (s), 150.2 (s), 151.3 (s), 169.5 (s, CO); mlz (%) 307 (M+, 9), 289 (100). 274 (74), 259 (15). 

Anal. Clacd for C16H21N05: C, 62.52; H, 6.89; N, 4.56. Found: C, 62.47; H, 6.86; N, 4.50. [alD25 - 2.1 (c 

= 1, MeOH). 15b: mp 189-190°C; vmax (KBr) 3416, 1614 cm-1; ha, nm (log E )  222 (3.96), 275sh (3.37), 

284 (3.44); 6~ 1.55-2.33 (6H. m), 2.09 (3H, s, ArCH3). 3.48-3.55 (lH, m, lla-H), 3.74 (6H, s, OCH3), 

3.76 (IH, d, J  = 18 Hz, 6-H), 4.53 (IH, d, J  = 2.6 Hz, 11-H), 5.47 (lH, d, I =  18 Hz, 6-H), 8.22 (IH, br s, 

OH); SC (DMSO-d6) 9.3 (q, ArCH3). 18.9 (t), 25.0 (t), 32.5 (t), 39.5 (t, 6 - 0 ,  56.7 (d, lla-C), 59.6 (q, 

OCH3). 59.7 (q, OCH3), 63.2 (d, 11-C), 116.8 (s), 120.5 (s), 124.1 (s), 141.7 (s), 148.8 (s), 150.4 (s), 169.5 

(s, CO); miz ('36) 307 (M+, 27), 289 (100), 274 (82), 259 (13). 210 (IS), 195 (33). Anal. Clacd for 

C16H21N05: C, 62.52; H, 6.89; N, 4.56. Found: C, 62.52; H, 6.83; N, 4.58. [a]D25 - 3.2 (c = 0.13, 

MeOH). 

( S S Q  

Triethylsilane (0.32 ml, 2 mmol) was added to a stirred solution of 15a (154 mg, 0.5 -01) in trifluoroacetic acid 

(1 ml), and the resulting solution was stirred at room temperature for 1 h. The reaction mixture was diluted with 

water (10 ml), made alkaline with powdered Na2C03, and extracted with dichloromethane (10 ml x 3). The 

combined extracts were washed with water, dried, and concentrated in vacuo. The residue was subjected to 
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chromatography (silica gel, 15 g; elution with t W 3  = chloroform-methanol) to give 16 (141 mg, 96.9 %) as a 

solid, recrystallization of which from ethyl acetate gave colorless prisms, mp 206-207.5'C: vmax (KBr) 3180, 

1622 cm-l; &ax nm (log E) 222 (3.97), 274sh (3.26). 283 (3.32); 6~ 1.75-1.96 (3H, m), 2.02-2.22 (IH, m), 

2.16 (3H, s, ArCH3). 2.45 (2H, t , J  = 6 Hz, 3-H2), 2.59 ( lH ,dd , J  = 16.2, 11.6 Hz, 11-H), 2.85 (lH, dd, J =  

16.2, 3.6 Hz, 11-H), 3.59 (lH, m, lla-H), 3.79, 3.80 (each 3H, s, OCH3), 4.04 (lH, d, J = 18 Hz, 6-H), 

5.44 (lH, d, J =  18 Hz, 6-H), SC 8.8 (q, ArCH3), 18.2 (t, 243, 28.8 (t, 1-C), 30.6 (t, 11-C), 32.7 (t, 3-C), 

40.9 (6-0 ,  52.7 (d, lla-C), 60.3 (q, OCH3), 60.4 (q, OCH3), 115.5 (s), 116.2 (s), 124.6 (s), 143.2 (s), 147.3 

(s), 149.5 (s), 169.8 (s, CO); mlz (9%) 291 (M+, loo), 276 (23 ,  194 (64). 179 (44). Anal. Calcd for 

C16H~lN04:  C, 65.96: H, 7.26; N, 4.81. Found: C, 65.91; H, 7.23; N, 4.81. 

(*)-8-Methoxv - .  9 methy 1- 1.3.4.6.11.1 la-hexahvdro-2H-benzolblou inolizine4.7.10-none A solution of 

16 (58.2 mg, 0.2 mmol) in ION HNO3 (2 ml) was stirred at room temperature for 1 h. The reaction mixture was 

diluted with water (10 ml) and extracted with dichloromethane (10 ml x 3). The combined extracts were washed 

with water (20 ml), dried, and concentrated in vacuo. The residue was subjected to chromatography (silica gel, 20 

g; elution with 1:2 = hexane-ethyl acetate) to give 17 (50.0 mg, 90.9 %) as a yellow solid, recrystallization of 

which from ether gave pale yellow prisms; mp 116-1 17'C: vm, (KBr) 1658, 1636 cm-I; nm (log E) 205 

(4.21), 268 (4.11); SH 1.73-1.94 (3H, m), 1.95 (3H, s, 9-CH3), 2.10-2.20 (lH, m), 2.30-2.41 (lH, m), 2.43- 

2.47 (2H, m), 2.75 (IH, d, J = 18 Hz, 11-H), 3.45-3.55 (lH, m, lla-H), 3.72 (lH, ddd, J = 21, 3, 3 Hz, 6- 

H), 4.01 (3H, s, OCH3), 5.30 OH, dd, J = 21, 2 Hz, 6-H); SC 8.7 (q, 9-CH3). 18.1 (t), 28.5 (t), 30.0 (t, 11- 

C), 32.8 (0, 39.8 (t, 6-C), 51.9 (d, lla-C), 60.9 (q, OCH3), 128.5 (s), 136.6 (s), 138.9 (s), 155.5 (s), 169.7 

(s, 4-CO), 181.5 (s, CO), 186.7 (s, CO); mlz (%) 275 (M+, 100). 260 (301, 232 (18), 205 (44), 191 (11). Anal. 

Calcd for C15H17N04-lIlOH20: C, 65.02; H, 6.26: N, 5.05. Found: C, 65.09; H, 6.20; N, 5.04. 

Formation of ~+~-4-Cvano-lO-hvdroxv-7.8-dimethoxv-9-meth~l-l.3.4.6.ll.lla-hexahvdro-2H-benzolbl- 

guinolizine (19a and 19hl ac a fi:l ratio of isomers Lithium aluminum hydride (38.0 mg, 1 mmol) was added to 

a stirred solution of 16 (145.5 mg, 0.5 mmol) in dry THF (10 ml) at - 1 7 T .  After being kept at the same 

temperature for 10 min and then O°C for 1 h, the solution was treated sequentially with NaCN (30 mg, 0.16 

mmol) in water (0.3 ml) and allowed to stir for 2 h. n e  mixture was filtered and the filter cake was carefully 

washed with dichloromethane (30 ml). The combined filtrates were concentrated in vacuo. The residue (163.9 

mg) was subjected to chromatography (silica gel, 20 g; 1:l = hexane-ethyl acetate) to give 19a and 19b (105.0 

mg, 69.9%) as a cn. 6:l mixture of isomers. Funher elution with ethyl acetate gave the starting material (16) 

(22.7 mg, 15.6 %) as a solid. For the mixture; Vmax (KBr) 3470, 2220w cm-l; 6H (major isomer: 19a) 1.34 

(lH, m), 1.77-1.86 (2H, m), 1.95-2.03 (3H, m), 2.14 (3H, s, ArCH3). 2.38 (lH, dd, J = 16, 10 Hz, 11-HP), 

2.67 (lH, m, lla-H), 2.85 (1H. dd, J =  16,4 Hz, 11-Ha), 3.66 (1H. d, J =  15 Hz, 6-Ha), 3.79, 3.79 (each 
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3H, s, OCH3). 3.95 (lH, d, J = 15 Hz, 6-HP), 4.09 (IH, t, J = 3 Hz, 4-H), 4.49 (lH, s, OH); (minor isomer: 

19b) 1.38-1.48 (lH, m), 1.86-2.07 (3H, m), 2.13 (3H. s, ArCH3), 2.17-2.33 (lH, m), 2.15-2.32 (IH, m, 

lla-HI, 2.48 (lH, dd, J = 16, 11 Hz, 11-HP), 2.76 (lH, dd, J = 16, 4 Hz, 11-Ha), 3.15 (lH, dd, J = 11, 3 

Hz, 4-H), 3.20 ( l H , d , J  = 15 Hz, 6-Ha), 3.80, 3.80 (each 3H, s, OCH3). 4.51 (lH, s, OH), 4.58 (IH, d , ~  = 

15 Hz, 6-HP); SC (major isomer: 19a) 8.6 (q, ArCH3), 20.2 (t), 28.8 (1). 31.1 (t, 11-C), 33.2 (t), 50.4 (t, 6-C), 

52.3 (d, 1la-C), 54.8 (d, 4-C), 60.4 (q, OCH3). 60.4 (q, OCH3), 115.0 (s), 115.2 (s), 116.8 (s), 124.8 (s), 

142.6 (s), 147.0 (s), 149.2 6) ;  (minor isomer: 19b) 8.6 (q), 22.8 (t), 30.7 (I), 31.3 (t, 11-C), 32.5 (t), 52.1 (t, 

6-C), 55.7 (d, 4-C), 57.3 (d, lla-C), 60.4 (q, OCH3), 60.4 (q, OCH3). 115.4 (s), 115.4 (s), 119.3 (s), 124.7 

(s), 142.8 (s), 147.0 (s), 149.3 (s); rnlz (%) 302 (Mf, 321, 275 (44), 194 (loo), 179 (48). 

Oxidative Demethvlation of the Phenols 19a and 19b with 10N HNO5 (4RS. 1 laRS)-ffi-4-Cvano-8-methoxv- 

9- 1 h 1- 4 1 -h 4RS, llaSR)-(f)-4-Cvano- 

8-methoxv - 9 - methv 1-1.3.4.6.1 1 .I la-hexahvdro-2H-benzoIh1~uinolizine-7.10dione (20b) A solution of 

UI (epimeric mixture: 117 mg, 0.38 mmol) in 10N HNO3 (2 ml) was stirred at 25°C for 1 h. 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 (105 mg) was subjected to preparative 

layer chromatography on silica gel (Merck 5715, solvent 5:l = hexane-ethyl acetate) to afford 20a (73.6 mg, 

66.9 9%) and 20b (12.0 mg, 10.9 %). Compound 20a: pale yellow prisms from ether-hexane, mp 110-111°C; 

vmax (KBr) 1668,1634, 1612 cm-1; ha, nm (log E) 204 (3.9% 269 (4.13); SH 1.24-1.34 (lH, m), 1.63-2.07 

(5H, m), 1.95 (3H, s, 9-CH3), 2.16 (lH, dddd, J = 19.5, 9.6, 4.3, 2.3 Hz, 11-HP), 2.54 (lH, m, lla-H), 

2.74 (lH, ddd, J =  19.5, 3.0, 3.0 Hz, 11-Ha), 3.39 (IH, ddd, J =  18.5, 4.3, 3.0 Hz, 6-Ha), 3.72 (IH, dd , J  = 

18.5, 2.3 Hz, 6-Hb), 3.99 (3H, s, OCH3). 4.03 (lH, dd, J = 3.0, 3.0 Hz, 4-H); SC 8.7 (q, 9-CH3), 20.1 (t), 

28.6 (0, 30.6 (t, I LC), 32.6 (t), 48.5 (t, 6-C), 51.3 (d, 1 la-C), 54.3 (d, 443,  60.9 (q, OCH3), 116.5 (s, CN), 

128.8 (s), 136.1 (s), 138.5 (s), 155.4 (s), 181.5 (s, CO), 186.9 (s, CO); rnlz (%) 286 (M+, 100), 271 (29), 259 

(4% 244 (40), 232 (96), 217 (20), 205 (12), 190 (17), 178 (20). Anal. Calcd for C16H18N203-1/10 H20: C, 

66.69; H, 6.30; N, 9.72. Found: C, 66.53; H, 6.30; N, 9.69. Compound 20b (not crystallizable): v m a x  

(CHC13) 1660, 1644, 1620 cm-l; hmax nm (log E) 203 (4.03), 270 (4.10); SH 1.35-1.42 (ZH, m), 1.84-1.98 

(3H, m), 1.94 (3H, s, 9-CH3), 2.09-2.11 (IH, m), 2.19 (lH, m, IIa-H), 2.25 (IH, dddd, J =  14.2, 9.9, 4.3, 

2.3 Hz, 11-HP), 2.67 (IH, ddd, J =  14.2, 3.0, 1.0 Hz, 11-Ha), 2.98 (lH, ddd,J = 18.1, 3.0, 3.0 Hz, 6-Ha), 

3.16 (IH, d d , J  = 11.6, 3.3 Hz, 4-H), 4.00 (3H, s, OCH?), 4.31 (IH, dd, J = 18.1, 2.0 Hz, 6-H), SC 8.6 (q, 

9-CH3). 22.5 (t), 30.5 (t), 30.5 (t, 11-C), 31.8 (0, 50.1 (t, 6-C), 55.0 (d, 4-C), 55.9 (d, lla-C), 60.9 (q, 

OCH3), 118.9 (s, CN), 128.5 (s), 135.9 (s), 138.9 (s), 155.4 (s), 181.5 (s, CO), 187.0 (s, CO), mlz  (%) 286 
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(M+, loo), 271 (25). 259 (19). 244 (16), 232 (77). 217 ( l l ) ,  190 (13), 180 (21). 178 (24). 109 (22). High- 

resolution rns Calcd for C16HlgN03: 286.1313. Found: 286.1309. 
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