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Abstract - Aiming at developing novel antitumor active compounds, we 

designed hexahydropyrano[3", 4"; 3'. 4'lpyrido[5', 6'; 4, S]cyclopenta[l, 2-b]- 

quinoline which is a C-ring modified analogue of camptothecin. m e  compounds 

(9-14) were synthesized via Friedkinder condensation and their in vitro cytotoxic 

activities were tested. 

Camptothecin (CPT, I), isolated from Cmnptorheca acurninrrta by Wall and co-workers' in 1966, is an 

antitumor agent due to the selective inhibition of DNA topoisomerase I' which is an essential enzyme for 

swiveling and relaxation of supercoiled DNA The clinical utility of CPT as an anticancer agent' was limited 

due to irs toxicity and an exuemely poor solubility profile. l l ~ u s ,  a number of water-soluble CPT 

derivatives such as irinotecan (CPT-11, 2). topotecan (4)' and GI-14721 1c (5)6 have been synthesized 

and undergone extensive clinical trials. In 1994, CPT-11 (2) has been the first drug of CPT derivatives to 

be licensed for the treatment of lung, cervix, and ovary cancer in Japan (Scheme 1). 
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On the other hand, the search for new derivatives with skeletal modification of CPT has extensively been 
carried out, especially the effects of modification of the A and E rings.' Recently, Glaxo groups reported the 

synthesis of the flexible analogues (6) of 1 in which the D M g ,  or D and C-rings are incomplete, and the 

lack of activity of compounds suggested the importance of the rigid camptothecin nucleus. 

Previously, we reported the'synthesis and biological evaluation of desC-Mg analogues of 1 such as 5.6- 

secocamptothecin (7). and C-nor-4.6-secocamptothecin (8) , the latter of which make possible to retain a 
plane molecule by an intramolecular hydrogen bonding between the quinoline nitrogen atom and the N-H 

group of pyridone ring9 The lack of activity of these compounds also showed the importance of the rigidity 

and planarity of the molecule. Therefore, we designed a rigid analogue of C-ring modified camptothecin, 

pyranopyridocyclopentaquinoLines (9-14). which correspond to a conformationally restricted molecule of 

secocamptothecins (7, 8).  

Our synthesis starred from cyclopentane M g  formation. Catalytic hydrogenation of a-keto ester (15)" on 

10% Pd-C followed by subsequent protection of the hydroxyl group of 1 6  with MOMCI in the presence of 
Hiinig base gave the ether (17) (Scheme 2). Dieckmann condensation of 1 7  with sodium hydride in 

refluxing toluene afforded the P-keto ester (18) in 97% overall yield from 15. Trement of 18 with 

benzylamine in the presence of SA-molecular sieves (MS-SA) in THF gave the enamino ester (19) in 88% 

yield. Reaction of 1 9  with rnalonyl chloride in refluxing benzene did not go to completion. Use of sodium 

acetate as hydrogen chloride scavenger provided the best result (77%) to give the amide (20). Dieckmann 

cyclization (NaOMe) of 20 followed by methylation of the resulting hydroxypyridone (21) with dimethyl 
sulfate afforded the methoxypyridone (22) in 69% overall yield from 19. Formation of the lactone ring (E 
ring) was then investigated based on our previous paper? 

~ c 0 2 E ~ 1 1 0 0 h  C02E1 pdC fcOzEt NaH BnNh 
CO2E1 toluene, reflux CO~E,  MS-SA, THF 

15 MOMCI, ' P ~ ~ N E ~  18 
CHCI3, reflux (97% from 15) (88%) 19 

MOM0 " O " W  CH2(C021B~)2 NaH 

* 
NaOAc A dioxane 

C O W  reflux CO2Me benzene 
reflux 20 21; R=H OR (MeO)zS02 (76") CH(CO~'BU)~ 

22; R=M~Z K2C03 a 
Scheme 2 (69% from 19) acetone, reflux 

' 
Reaction of 22  with di-ten-butyl malonate and sodium hydride in dioxane gave the malonate (23, 76%). 
which was treated in hlm with DIBALH, NaBH,, and TFA to give the lactone (24), but the yield was very 

poor (12% overall yield) (Scheme 3). Thus, a stepwise route was examined. Reduction of 2 3  with 
DIBALH in'DME at -78°C followed by purification by SiO, column chromatography gave the aldehyde (25, 

53%), together with the primary alcohol (2 6, 4%) and the starting material (2 3, 4%). Reduction of 2 5  with 

NaBH, in MeOH afforded the lactone (27) .in 68% yield as a 1:l mixture of diastereomers. Without 
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isolation of the aldehyde (2 5). the malonate (2 3) was directly converted to 2 7 in 49% overall yield. 

MOM 

C02Me (53%) CHO 

1)  DIBALH 
2) NaBH4 (12%) 1 3) TFA 

2.3N HCI-AcOEt 
(83%) 

24 

!27; R=H 
(49% from ester) acetone,reflux 

Scheme 3 28; R=Et (73, 'BuOH (59%) 

Ethylation (EtI/K,CO,) (73%) of 27  followed by aeatment of 28  with HCI in EtOAc gave the alcohol (29) 

in 83% yield. Oxidation of 2 9  with an oxygen in the presence of Cu(OAc), and hiethylamine in ten-BuOH 

afforded the diol (30) in 59% yield. Even though the diol (30) was ultimately in hand, oxidation of the 

secondary hydroxy group of 3 0  resulted in a recovery of the starting material after several trials, 

PDC, DMF . 
cat. p -TsOH, toluene 
reflux 

100% 
.21.R=H -Ma1 --, . .- . . " 

R1=Bn, R2=MOMr1 H2/10% 34; R=M~--]$o~ p-TsOH, toluene 
R'=H, R ~ = M O M  Pd-C (63%) (86%) reflux (91%) 
R'=H, R"H 2.3N HCI-AcOEt 

(91%) 02, EbNI CU(OAC)~ 1 g; R=OH 
DMF (12%) 

Scheme 4 
p -TsOH 3eq, toluene, reflux 

U 
0 2 .  EbN, CU(OAC)~L~~;  R=H 
DMF (42%) 10; R=OH 

probably due to the steric interaction with N-benzyl group in a pen position. Therefore, cleavage of N- 

benzyl group was investigated. Though debenzylation of 29  and 3 0  did not proceeded, that of 2 8  by 
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catalytic hydrogenation (10% Pd/C-Hz) gave 3 1  (63%). which was successively transformed to the alcohol 

(32) (91%) keeping the tea-butoxycarbonyl group by treatment with HCl in EtOAc in this case (Scheme 4). 
PDC oxidation of 32 to the ketone (33) was conducted, in 86% yield, under srandard conditions. 

Construction of quinoline ring was attained by Friedrider reaction of 33 with the imine (35)" in refluxing 

toluene in the presence of catalytic amounts of p-TsOH to give the pyranopyridocyclopentaquinoline (36) 
(100%). whose ten-butoxycarbonyl group was then cleaved by Uea!ment with p-TsOH (1 equiv.) to lead 

37 in 91% yield. The corresponding N-methyl derivative (38) was prepared by the method in analogy with 

the synthesis of 37, wherein the Friedli4nder condensation of 34, prepared by methylation (Mel/K,CO,) of 

33, with 35 barely proceeded by using three equivalenfs of p-TsOH to give 38 (66%) with de-tea- 

butoxycarbonylation. Finally, oxidative introduction of the hydroxyl group to 37 and 38 were performed 

by the described method for the preparation of 30 to give the target compounds 19 (12%). 10 (42%)], but 

the yields were unsatisfactory because quinohe derivatives (9, 10, 37, and 38) are extremely insoluble in 

organic solvents. Therefore, the another approach was examined. First, the lactones (33, 34) were 
converted to 39 (99%) and 40 (94%) by weament withp-TsOH, which were oxidized with OZ followed by 
Friedbder condensation of the resulting alcohols [41 (34%), 42 (58%)] with 35 to give 9 (95%) and 1 0  

(70%), respectively (Scheme 5). Though the yields were not very improved, this method was preferred to 
the former method for the synthesis of A-ring substituted CPT analogues by using key intermediates 41 

(42). 

Scheme 5 

CPT-11 (2) and SN-38 (3) having an ethyl group and an oxygen function in the quinoline ring are 

efficiently more potent than CPT (1). Thus, the methoxyquinolines (11) (91%) and (12) (42%) were 

prepared by m e n t  of 41 and 42 with amino ketone (43)" by the same procedure as that used for the 

preparation of 9 and 10, respectively. Cleavage of methyl group of 11 and 1 2  were performed by 

weatment with 47% HBr solution in sealed tube at 140 "C to afford the hydroxy derivatives (13) (97%) and 
(14)(85%), whose 'H-NMR spectra exhibited phenolic OH proton signals at 6 10.10 (s) and 10.18 (s), 

respectively. 

The cytotoxic activities of compounds (9-14) synthesized in this study were investigated against P388 
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murine leukemia cells, CCRF-CEM human lymphoblastic leukemia cells, and Lu-99 human large cell lung 
carcinoma cells. AU tested compounds exhibited weak cytotoxic activities. In particular, 14  inhibited the 

CCRF-CEM proliferation with the IC,, of 0.08 pg/mL, which is about 50 times less than that of CPT (1) 
(IC,, 0.0015 pghnL). Consequently, this sludy would indicate UIZ the plane and rigid molecule is essential 

for the activity in the case of C-ring modified analogues of CPT. 

EXPERIMENTAL 
General. Melting points (mp) were determined on a Yanagimoto micromelting point apparatus and are 

uncorrected. IR spectra were recorded on a S h i z u  IR-435 spectrophotometer. 'H-NMR spema were 

measured in CDCl, ,unless otherwise stated,with Varian XL-300 and Varian Gemini-200 spectrometers; 

signals are given in ppm. Low-resolution and high-resolution mass spectra (HRMS) were recorded on a 

Hitachi M-4000H instruments. AU reactions with air- and moisture-sensitive compounds were carried out 
under a nitrogen atmosphere. For column chromatography, SiO, (Merck Art 9385) was used. 

Diethyl 2-Hydroxyhexane-1,6-dioate (16). A solutionof 15 (21.6 g, 0.11 mol) in EtOH (70 mL) 

was hydrogenated with 10% Pd-C (1 g) at initial pressure of 2.5 kg'cm2for 16 h. The catalyst was removed 

by filtration through a Celite pad, and the filtrate was concentrated in vacuo to give pure 1 6  (21.8 g, 100%). 
bp 145 'T (7 mmHg). 'H-NMR: 1.24 and 1.33 (each t, each 3H, J =  7.0 Hz, COOCH&H,), 1.78 (m, 4H, 
3-Hz, 4-Hz), 2.27 (5 2H. J = 6.5 Hz, 5-Hz), 2.81 (d, lH, J = 5.0 Hz, OH), 4.13 (q, 2H, J = 7.0 Hz, 

COOCH,CH,), 4.18 (m, IH, 2-H), 4.26 (q, 2H, J = 7.0 Hz, COOCH,CH,). IR (neat) mi': 3450 (OH), 

1730 (C=O). ClMS mlz: 219 (M++l). Anal. Calcd for C,,H,,O,: C, 55.03; H, 8.31. Found: C, 54.82; H, 

8.40. 

Diethyl 2-Methoxymethoxyhexane-1,6-dioate (17). A solution of 16 (2.0 g, 9.2 mmol), 

dusopropylamine (4.8 mL, 27.6 mmol), and MOMCI (2.1 g, 27.6 mmol) in CHCI, (10 mL) was refluxed 
for 90 min. The solution was removed by evaporation, and the residue was dissolved in EhO (300 mL). 

The solution was washed with water and brine, dried over MgSO,, and concentrated in vocuo. The residue 

was purified by column chromatography (20% EtOAc in hexane) to give 17 (2.40g. 100%) as an oil, bp 

1 15 QZ (0.5 mmHg). 'H-NMR: 1.24 and 1.33 (each t, each 3H, J= 7.0 Hz, COOCH,C&), 1.79 (m, 4H, 

3-Hz, 4-Hz), 2.35 (m, 2H, 5-Hz), 3.40 (s, 3H, OCH,OCH,), 4.10 (q, 2H, J = 7.0 Hz, COOCU 2 CH 3 3  ) 

4.12 (m, IH, 243). 4.23 (q, 2H, J=7 .0Hz ,  COOCHzCH,),4.66(d, lH, J = 7 . 5  Hz,OCHHO),4.71 (d, 
lH, J = 7.5 Hz, OCHYO). IR (neat) mi': 1735 (C=O). CIMS mlz: 263 (M++l). Anal. Calcd for 

ClzHzZO,: C, 54.95; H, 8.45. Found: C, 55.00; H, 8.46. 

Ethyl 3-Methoxymethoxy-2-0x0-1-cyclopentanecarboxylate (18). Method k. A suspension of 

17 (7.42 g, 28.3 mmol) and 60% NaH (2.04 g, 50.9 mmol) in toluene (20 mL) was refluxed for 10 min, 

then diluted with benzene (50 mL). The mixture was quenched with 10% HCl solution, and extracted with 

brine, dried over NqSO,, and concentrated in vocuo. The residue was purified by column chromatography 

(15% EtOAc in hexane) to &ive 1 8  (5.78 g, 95%) as an oil, bp 138 'T (9 mmHg). The 'H-NMR spectrum 
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clearly showed that 18 exis6 as a mixture of keto and en01 tautomers. IH-NMR: 1.30 (m, 3H, 
COOCHzCY,), 1.80 (m, lH, 5-HI, 2.30 (m, 3H, 4-Hz, 5-H), 3.19 (t, IH, J = 11 Hz, 3-H), 3.39 (s, 
3DH, OCH3), 3.40 (s, 3DH, OCH,), 4.15 (m, lDH, COCHCO), 4.21 (m, 2H, COOCYzCH,), 4.70 (m, 

IDH, C=COH), 4.78 (m, 2H, OCHzO). IR (neat) ad: 1760, 1730, 1670 (C=O), 1630 (C=C). EIMS 
mlz: 216 W'). Anal. Calcd for C,J,,O,: C, 55.54; H, 7.46. Found: C, 55.34; H, 7.56. 

Method B: Without isolation of the intermediate, 1 5  (71.2 g, 0.33 mol) was successively converted to 18 
(69.4 g, 97%) after work up as described above. 

Ethyl 2-Benzylamino-3-methoxymethoxycyclopent-l-ene-l-carboxy late (19). A mixture of 

18 (23.9 g, 0.11 mol), benzylamine (15.4 g, 143.9 mmol), and MS-5A (40 g) in THF (130 mL) was 

allowed to stand for 10 days. The MS-5A was removed by filtration, and the fdtrate was concentrated in 

vacuo. the residue was purified by column chromatography (5% EtOAc in hexane) to give 1 9  (29.7 g, 

88%) as an oil, bp 174 93 (0.5 mmHg). 'H-NMR: 1.28 (t 3H, J =  7.0 Hz, COOCH,C&), 2.00 (m, 2H, 

4-H,), 2.43 (m, IH, 5-H), 2.68 (m IH, 5-H), 3.41 (s, 3H, OCH,), 4.18 (q, 2H, J = 7.0 Hz, 
COOCHzCH3), 4.54 (d, 2H, J = 6.5 Hz, CHzPh), 4.65 (d, lH, J = 7.0 Hz, OCHHO), 4.75 (d, lH, J = 

7.0 Hz, OCHYO), 4.82 (m, IH, 3-H), 7.31 (m, 5H, a), 7.52 (br s, lH, NH). IR (neat) mi': 3330 
(NH), 1670 (C=O). EIMS mlz: 305 (M?. Anal. Calcd for Cl,Hz,NO,: C, 66.86; H, 7.59; N, 4.59. 

Found: C, 66.92; H, 7.61: N, 4.72. 

Ethyl 2-[N-Benzyl-N-(2-methoxycarbonyl-l-oxoethy1)1amino-3-methoxymethoxycyclo- 

pent- 1-ene-1-carboxy late (20). Methyl malonyl chloride (2.22 g. 16.2 mmol) was added to a mixture 

of 19  (1.52g, 5.0mmol)andNaOAc(1.64g, 19.9mmol)inbenzene(l6mL), and the whole was stirred 

for 2 h. The reaction was quenched with 10% HCI solution under ice cooling, and extracted with EtOAc. 
The extract was washed with brine, dried over N+SO,, and concentrated in vucuo. The residue was 

purified by column chromatography (15% EtOAc in hexane) to give 20 (1.56 g, 77%) as an oil. The 'H- 
NMR specrmm clearly showed that 20 exists as a mixture of cis and l r d 3  (ca 5:l) of rotational isomers. 
1 H-NMR: 1.20 (m, 3H. COOCH,CH,), 1.82 (m, 2H, 4-H,), 2.40 (m, 2H, 5-Hz), 3.33 (s, 5DH, OCfI,), 

3.46 (s, 1/6H, OCH,), 3.58 (m, 2H. COCHzCO), 3.74 (s, 5RH, COOCH,), 3.81 (s, 1/6H, COOCH,), 
4.00 (m, 2H, COOCH,), 4.60 (m, 5H, CH,Ph, 0CH20, 7-H), 7.24 (m, 5H, a). IR (neat) ad: 1740, 

1710, 1660 (C=O). EIMS mlz: 405 &I+). HRMS mlz: 405.1785 (calcd for Cz,Hz7N07: 405.1786). 

Methyl 1-BenzyI-4-hydroxy-7-methoxymethoxy-2-oxo-2,5,6,7-tetrahydm-1H-cyclo- 

penta[blpyridine-3-carboxylate (21). Asolution of 20 (4.33 g, 10.7 mmol) in MeOH (40 mL) was 

added to a solution of NaOMe [prepared from Na (370 mg, 16.0 mmol) and MeOH (20 mL)] under ice 

cooling, and the whole was stirred for 40 min. The reaction was quenched with water, and MeOH was 

removed by evaporation under reduced pressure. The residue was extracted with EtOAc, and the exaact 

was washed with brine, dried over Na$O,, and concentrated in vacuo. The residue was purified by 

column chromafography (10% EtOAc in benzene) to give 21 (3.1 g, 81%), which was recrystallized from 
EtOH to give crystals, mp 118-121 T. IH-NMR: 2.20 (m, 2H, 6-Hz), 2.72 (m, lH, 5-H), 2.91 (m, IH, 

5-H), 3.40 (s, 3H, OCH,), 3.98 (s, 3H, COOCH,), 4.65 (d, IH, J =  7.0Hz, OCHHO), 4.75 (d, lH, J =  
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7.0 H z  OCHHO), 4.92 (d, lH,  J  = 15 H z  CHHPh), 4.95 (m, lH, 7-H), 5.71 (d, lH, J  = 15 HZ 
CHHPh), 7.27 (m, 5H, B ) .  IR (KBr) cni': 3400 (OH), 1670 (C=O). EIMS mlz: 359 (W). Anal. Calcd 

for C,&,NO,: C, 63.50; H, 5.89; N, 3.90. Found: C, 63.42; H, 5.94; N, 3.95. 

Methyl l-Benzyl-4-methoxy-7-methoxymethoxy-2-oxo-2,5,6,7-tetrahydm-lH-cyclo- 

penta[blpyridine-3-carboxylate (22) Method A: A suspension of 2 1  (591 mg, 1.58 mmol), K,C03 
(481 mg, 3.48 mmol), and dimethyl sulfate (399 mg, 3.16 mmol) in acetone (7 mL) was refluxed for 2 h. 

After evaporation of the solvent, 10% NH, solution (20 mL) was added to the residue, and the whole was 
vigorously stirred for 20 min. The mixture was neuaalized with 10% HCI solution, and extracted with 

EtOAc. The extract was washed with brine, dried over Na$O,, and concentrated in vocuo. The residue 

was purified by column chromatography (25% EtOAc in hexane) to give 22 (474 mg, 80%). which was 

recrystallized from EtOH to give crystals, mp 110-1 12 T. 'H-NMR: 2.15 (m, 2H, 6-Hz), 2.67 (m, lH, 5- 

H), 2.90 (m, lH, 5-H), 3.42 (s, 3H, CHzOCH,), 3.92 (s, 3H, OCH,), 3.96 (s, 3H, COOCH,), 4.62 (d, 

IH, J  = 7.0 Hz, OCHHO), 4.72 (d, lH, J  = 7.0 Hz, OCHHO), 4.91 (d, lH, J  = 15 H z  CHHPh), 4.93 

(m, IH, 7-H), 5.72 (d, lH, J =  15 HZ CHHPh), 7.28 (m, 5H, a). IR (KBr) cm": 1730, 1650 (C=O). 

EIMS miz: 373 (W). A d .  Calcd for C,oH,3N0,: C, 64.33; H, 6.21; N, 3.75. Found: C, 64.38; H, 6.23; 

N, 3.95. 
Method B: Without isolation of the intermediate, 1 9  (10.0 g, 33.8 mmol) was successively converted to 22 

(9.5 g, 69%) after work up as described above. 

Di-tert-butyl l-BenzyI-3-methoxycarbonyI-7-methoxymethoxy-2-oxo-2,5,6,7-tetrahydro- 

1H-cyclopenta[blpyridin-4-ylmalonate (23). Di-ten-butyl malonate (12.15 mL, 54.3 mmol) was 

added to a suspension of 60% NaH (2.17 g, 54.3 mmol) in dioxane (60 mL) with stirring at rt Stirring 

was continued for 1 h, then a solution of 22 (1 1.57 g, 31.0 mmol) in dioxane (80 mL) was added, and the 
mixture was refluxed for 45 min. The reaction was quenched with water, and the solvent was removed by 

evaporation under reduced pressure. The residue was extracted with CHzCIz, and the extract was washed 
with brine, dried over N%SO,, and concentrated in vmuo. The residue was recrystallized from isopmpanol 

to give 2 3  (13.1 g, 76%), mp 139-141 T. 'H-NMR: 1.49 [s, 18H, 2xC(CH3),], 2.15 (m, 2H, 6-Hz), 

2.76 (m, IH, 5-H), 2.92 (m, lH, 5-H), 3.41 (s, 3H, OCH 3 ), 3.91 (s, 3H, COOCH 3 ), 4.58 [s, IH, 

CH(CootBu),l, 4.64 (d, lH, J =  7.0 H z  OCHHO), 4.74 (d, IH, J =  7.0 H z  OCHHO), 4.96 (m, IH, 7- 

H), 5.01 (d, lH, J  = 15 H z  CHHPh), 5.78 (d, IH, J  = 15 Hz, CHHPh), 7.29 (m, SH, B ) .  IR (KBr) 

m-': 1740, 1730, 1725, 1650 (C=O). EIMS mlz: 557 (W). A d .  Calcd for C,,H,,NO,: C, 64.61; H, 

7.05; N, 2.51. Found: C, 64.53; H, 7.15; N, 2.58. 

6-Benzyl-7-hydroxy-l,2,4,5,6,7,8,9-octahydrocyc1openta[b]pyrano[3,4-d]pyridine-2,5- 

dione (24). Method A: A 1 M solution of DIBALH in toluene (5.39 mL, 5.39 mmol) was added to a 

solution of 2 3  (1.0 g, 1.80 mmol) in DME (15 mL) at -78 T, and the whole was stirred for 20 min. The 
reaction was quenched with water, and the solvent was removed in vacuo. The residue was diluted with 

CHCI, (100 mL), and dried over MgSO,, then filtered through a Celite pad. The filtrate was concentrated in 

vmuo, and the residue was dissolved in MeOH (4 mL). NaBH, (271 mg, 71 mmol) was added to this 
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solution under ice-cooling, and the whole was stirred for 20 min. After evaporation of the solvent, TFA (12 

mL) was added to the residue under ice-cooling, and the mixture was stirred at n for 16 h. TFA was 

evaporated, neutraliled with saturated NaHCO, solution, and extracted with CHzC12. The extract was 
washed with brine, dried over NqSO,, and concentrated in vocuo. The residue was purified by column 

chromatography (25% EtOAc in hexane) to give 24 (66 mg, 12%) as an oil. 'H-NMR: 2.05 (m, IH, 8-H), 
2.50 (m, 2H, 8-H, 9-H), 2.70 (d, IH, J = 7.5 Hz, OH), 2.86 (m, lH, 9-H), 3.47 (s, 2H, 1-Hz), 5.07 (br 

s, lH, 7-H), 5.24 (d, lH, J = 15 H z  CHHPh), 5.36 (s, 2H, 4-Hz), 5.70 (d, lH, J =  15 Hz, CHHPh), 

7.25 (m, 5H, a). 1R (neat) cm-': 3350 (OH), 1745, 1660 (C=O). EIMS mlz: 311 (W). HRMS mh: 

311.1158 (calcdforCl,Hl,N0,:311.1157). 

Method B: TFA (2 mL) was added to 27 (28 mg, 0.06 mmol) under ice-cooling. and the whole was stirred 

for 18 h. After removal of TFA, saturated NaHCO, solution and CH2CI, was added to the residue. The 

separated organic layer was washed with brine, dried over NqSO,, and concentrated in vocuo. The residue 

was purif~ed by column chromatography (25% EtOAc in hexane) to give 24 (4.8 mg, 25%). which was 
identical with 2 4  obtained by method A. 

Di-tert-butyl l-Benzyl-3-formyl-7-methoxymethoxy-2-oxo-2,5,6,7-tetrahydm-l~-cyclo- 

penta[blpyridin-4-ylmalonate (25) and Di-tert-butyl l-Benzy1-3-hydmxymethyl-7- 
methoxymethoxy-2-oxo-2,5,6,7-tetrahydro-lH-cyclopen[b]py i n - 4  m a o n a t e  (26). 
A 1 M solution of DIBALH in toluene (2.64 mL, 2.64 mmol) was added to a solution of 2 3  (736 mg, 1.32 
mmol) in DME (10 mL) at -78 @, and the whole was stirred for 10 min. The reaction was quenched with 

water, and the solvent was removed in vocuo. The residue was diluted with CHCI, (100 mL), and dried 

over MgSO,, then fdtered through a Celite pad. The filtrate was concentrated in vocuo, and the residue was 

purifted by column chromatography (10% EtOAc in hexane) to give 25 (278 mg, 53%) as an oil. 'H-NMR: 

1.47 and 1.48 [each S, each 9H, 2xC(CH3),I, 2.14 (m, 2H, 6-H,), 2.83 (m, 2H, 5-H 2 ), 3.39 (s, 3H, 

OCH,), 4.63(d, 1H7J=7.0Hz, OCHHO), 4.73(d, IH, J=7 .0Hz ,  OCHHO), 4.98(m, IH, 7-H), 5.07 

(d, lH, J =  15 Hz, CHHPh), 5.76(d, lH, J =  15Hz. CHHPh), 6.16 [s, lH, CH(C00tBu),], 7.27 (m, 

5H, a), 10.48 (s, lH, CHO). IR (neat) ad: 1745, 1740, 1680, 1650 (C=O). ElMS mlz: 527 (M'). 

HRMS mlz: 527.2520 (calcd for Cz,H3,N0,: 527.2517). The second eluate with the same solvent gave the 
starting material 23  (23 mg, 4% recovery). The third eluate with the same solvent gave 26 (19 mg, 4%) as 

an oil. 'H-NMR: 1.48 and 1.49 [each s, each 9H, 2xC(CH3),], 2.17 (m, 2H, 6-Hz), 2.73 (m, lH, 5-H), 

2.96 (m, IH, 5-H), 3.40 (s, 3H, OCH,), 4.68 [m, 5H, CH20H, 0CH20, CH(COOtBu),], 4.98 (m, lH, 
7-H), 5.05 (d, lH, J = 15 Hz, CHHPh), 5.75 (d, lH, J =  15 Hz, CHHPh), 7.28 (m, 5H, a ) .  IR (neat) 

cm-': 3410 (OH), 1740, 1730, 1640 (C=O). ElMS mlz: 529 (M'). HRMS mlz: 529.2662 (calcd for 

G,H,,NO,: 529.2673). 

tert-Butyl 6-Benzyl-2,5-dioxo-7-methoxymethoxy-l,2,4,5,6,7,8,9-octahydrocyclopenta- 

[blpy rano[3,4-d1py ridine-1-carboxy late (27). Method A: NaBH, (3 mg, 0.08 mmol) was added to 
asolution of 25  (44 mg, 0.08 mmol) in MeOH (2 mL) at 0 @, and the whole was stirred at n for 30 min. 

The reaction was quenched with cold 10% HCI solution, and extracted with CHzCh. The extract was 

washed with water and brine, dried over Na$O,, and concentrated in vocuo. The residue was purified by 
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column chromatography (20% EtOAc in hexane) to give 27 (23 mg, 68%) as an oil. The 'H-NMR 

spectrum clearly showed that 27 exists as a mixture of diastereomers (ca 1:l). 'H-NMR: 1.45 [s, 9RH, 

C(CH,),], 1.46 [s, 9RH, C(Cfl,),], 2.22 (m, 2H, 8-Hz), 2.84 (m, 2H, 9-Hz), 3.40 (s, 3RH, OCH 3 .  ) 

3.42 (s, 3RH. OCH,), 4.46 (s, IRH, CHCOOtBu), 4.47 (s, IRH, CHCOOtBu), 4.64 (d, IRH, J  = 7.0 

Hz, OCHHO), 4.65 (d, 1/2H, J =  7.0 Hz, OCHHO), 4.74 (d, 1/2H, J =  7.0 Hz, OCHHO), 4.75 (d, 1/2H, 

J =  7.0Hz, OCHHO), 5.02 (d, IRH, J =  15 Hz, CHHPh), 5.03 (m, IH, 7-H), 5.06(d, IRH, J =  15 Hz, 

CHHPh), 5.33 (d, IRH, J =  15 Hz, 4-H), 5.35 (d, IRH, J =  15 Hz, 4-H), 5154 (d, IRH, J  = 15 Hz, 4- 

HI, 5.57 (d, IRH, J  = 15 Hz, 4-H), 5.68 (d, IRH, J  = 15 Hz, CHHPh), 5.81 (d, IRH, J  = 15 Hz, 

CHHPh), 7.28 (m, 5H, Ph). IR (neat) d: 1750, 1730, 1660 (C=O). EIMS mlz: 455 (M'). HRMS mlz: 

455.1942 (calcd for C,,H2,N07: 455.1942). 

Method B: Without isolation of the intermediate, 23 (4.76 g, 8.55 mmol) was successively converted to27 

(1.91 g, 49%) after work up as described above. 

tert-Butyl 6-Benzyl-2,5-dioxo-l-ethyl-7-methoxymethoxy-1,2,4,5,6,7,8,9-octahydro- 

cyclopenta[blpyrano[3,4-dlpyridine-1-carboxylate (28). A suspension of 27 (1.0 g, 2.2 mmol), 

Etl(0.7 mL, 8.8 mmol), and K,CO, (608 mg, 4.4 mmol) in acetone (30 mL) was refluxed for 16 h. After 

removal of the solvent the residue was dissolved in amixture of CH,CI, and water. The organic layer was 

washed with brine, dried over Na$O,, and concentrated in vocuo. The residue was purified by column 
chromatography (30% EtOAc in hexane) to give 28 (772 mg, 73%) as an oil. The 'H-NMR spectrum 

clearly showed that 28 exists as a mixture of diastereomers (ca 1 :I). 'H-NMR: 0.80 ( t  3/2H, J  = 7.5 Hz, 

CHzCH,), 0.82 ( t  3RH. J =  7.5 Hz, CH2CH,), 1.38 [s, 9RH. C(CH,),], 1.44 [s, 9RH, C(CH,),], 2.15 

(m, 3H, 8-H,, CHHCH,), 2.54 (m, 2H, CHHCH,, 9-H), 2.82 (m, IH, 9-H), 3.42 (s, 3H, OCH,), 4.62 

(d, IRH, J  = 7.0 Hz, OCHHO), 4.63 (d, lRH, J  = 7.0 Hz, OCHHO), 4.72 (d, IRH, J  = 7.0 Hz, 

OCHHO), 4.73 (d, IDH, J  = 7.0 Hz, OCHHO), 4.96 (m, IH, 7-H), 5.03 (d, IH, J  = 15 Hz, CHHPh), 
5.30 (d, 1/2H, J =  17 Hz, 4-H), 5.32 (d, 1/2H, J =  17 Hz, 4-H), 5.47 (d, 1/2H, J =  17 Hz, 4-H), 5.49 (d, 

IRH, J =  17 Hz, 4-H), 5.77 (d, IRH, J =  15 Hz, CHHPh), 5.78 (d, IRH, J =  15 Hz, CHHPh), 7.28 (m, 

5H, Ph). IR (neat) cm~': 1750, 1730, 1660 (C=O). EIMS miz: 483 (M'). HRMS mlz: 483.2257 (calcd for 

C,,H,,NO,: 483.2255). 

6-Benzyl-l-ethyl-7-hydroxy-1,2,4,5,6,7,8,9-octahydrocyclopenta[b]pyrano[3,4-d] - 
pyridine-2,s-dione (29). Compound (28) (228mg, 0.47 mmol) was dissolvedin2.3 N HCI inEtOAc 
(20 mL) and the solution was stirred for 18 h. After removal of the solvent the residue was neutralized 

with saturated NaHCO, solution and extracted with EtOAc. The e x a t  was washed with brine, dried over 

NqSO,, and concentrated in vocuo. The residue was purified by column chromatography (25% EtOAc in 

hexane) to give 29 (132 mg, 83%) as an oil. The 'H-NMR spectrum clearly showed that 29 exists as a 

mixture of diastereomers (ca 1:l). 'H-NMR: 1.08 (5 3H, J =  7.5 Hz, CHzCH,), 1.93 (m, 2H, CHzCH,), 

2.43 (m, 2H, 8-H,), 2.67 (m, IH, 9-H), 3.00 (m, IH, 9-H), 3.49 (q, IH, J  = 7.0 Hz, I-H), 4.89 (d, 

IIZH, J =  15 Hz, CHHPh), 4.91 (d, IRH, J =  15 Hz, CHHPh), 5.10(m, lH, 7-H), 5.25(d, IH, J =  16 

Hz, 4-H), 5.52 (d, lRH, J  = 16 Hz, 4-H), 5.55 (d, IRH, J  = 16 Hz, 4-H), 5.94 (d, IRH, J  = 15 Hz, 

CHHPh), 6.02 (d, IRH, J =  15 Hz, CHHPh), 7.30 (m, 5H, fi). IR (neat) mi': 3420 (OH), 1740, 1660 
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(C=O). ElMS mlz: 339 W). HRMS mlz: 339.1447 (calcd for C2,,HzlN0,: 339.1469). 

6-Benzyl-1,7-dihydroxy-l-ethyl-1,2,4,5,6,7,8,9-octahydrocycIopenta[b]pyrano[3,4-d]- 

pyridine-2,s-dione (30). A stream of oxygen was bubbled into a stirred suspension of 29 (235 mg, 

0.69 mmol), Cu(OAc),-HzO (28 mg, 0.14 mmol), and EGN (0.19 mL, 1.38 mmol) in ten-BuOH (15 mL) 
at rt for 5 h. After evaporation of the solvent in vafuo, the residue was dissolved in CH,C&, and the 

mixture was washed with 10% HCl solution, water, and brine, dried over NqSO,, and concentrated in 

vacuo. The residue was purified by column chromatography (20% EtOAc in hexane) to give 30 (144 mg, 

59%) as an oil. The 'H-NMR spectrum clearly showed that 30  exists as a mixture of diastereomers (ca 
1:l). 'H-NMR:0.99 (t, 3RH. J = 7 . 5 H z  CH,CB,), 1.01 (t, 3RH, J= 7.5Hz CH,CH,), 1.85 (m, 2H, 

CH,CH,), 2.38 (m 2H, 8-Hz), 3.00 (m, lH, 9-H), 3.35 (m, lH, 9-H), 4.92 (d, 1/2H, J = 15 Hz, 

CHHPh), 4.95 (d, lRH, J =  15 Hz, CHHPh), 5.11 (m, lH, 7-H), 5.19 (d, IRH, J =  17 Hz, 4-H), 5.20 

(d, lRH, J = 17 H z  4-H), 5.64 (d, IRH, J = 17 Hz, 4-H), 5.69 (d, IRH, J = 17 Hz, 4-H), 5.95 (d, 

IRH, J = 15 H z  CHHPh), 6.06 (d, lRH, J = 15 H z  CHHPh), 7.25 (m, 5H, m). IR (neat) mi': 3390 
(OH), 1750, 1650 (C=O). EIMS mlz: 337 (W-18). HRMS mlz: 337.1312 (calcd for C,,H,,NO,-H,O: 

337.1313). 

tert-Butyl 2,5-Dioxo-l-ethyl-7-methoxymethoxy-1,2,4,5,6,7,8,9-octahydrocyclopenta- 

[blpyran0[3,4-dlpyridine-1-carboxy late (31). A solution of 28  (373 mg, 0.77 mmol) in MeOH 

(30 mL) was hydrogenated with 10% Pd-C (100 mg) at initial pressure of 4.0 kg/cm2 for 16 h. The catalyst 
was removed by filmation through a Celite pad, and the filtrate was conenhated in vracuo. The residue was 

purified by column chromatography (75% EtOAc in hexane) to give 3 1  (191 mg, 63%) as an oil. The 'H- 
NMR spectrum clearly showed that 31  exists as a mixture of diastereomers (ca. 1:l). 'H-NMR: 0.74 (t, 

3/2H, J =  7.5 Hz, CH,CH,), 0.81 (t 3RH, J =  7.5 Hz, CH,C&), 1.40 [s, 9H, C(C&),], 2.15 (m, 2H, 
8-H, CHHCH,), 2.51 (m, 3H. 8-H, 9-H, CHHCH,), 2.80 (m, lH, 9-H), 3.49 (s, 3RH, OCH,), 3.50 (s, 

3RH, OCH,), 4.83 (m, 2H, OCH,O), 4.95 (br s, lH, 7-H), 5.33 (m, 2H, 4-H,). IR (neat) mi': 1750, 

1730,1660 (C=O). EIMS mlz: 393 W). HRMS mlz: 393.1787 (calcd for C,@,,NO,: 393.1785). 

tert-Buty 1 2,s-Dioxo-1-ethyl-7-hydrouy -1,2,4,5,6,7,8,9-octahydmcyclopenta[blpyrano- 

[3,4-dlpyridine-1-carboxylate (32). Compound (31) (1.08 g, 2.75 mmol) was dissolved in 2.3 N 

HCI in ElOAc (40 mL), and the solution was stirred for 30 min. The mixture was treated as described for 

the preparation of 29 to give crude product This was purified by column chromatography (20% EtOAc in 

hexane) to give 32 (874 mg, 91%) as an amorphous powder. The 'H-NMR spectrum clearly showed that 

32 exists as amixture of diastereomers (ca 1:l). 'H-NMR: 0.74 (t, 3RH, J = 7.5 Hz, CH,CH,), 0.82 (4 
3/2H, J = 7.5 H z  CH,CH,), 1.40 [s, 9H, C(CH,),l, 2.10 (m, 2H, 8-H, CHHCH,), 2.58 (m, 3H, 8-H, 

9-H, CHHCH,), 2.85 (m, lH, 9-H), 5.25 (br s, lH, 7-H), 5.35 (m, 2H, 4-Hz). IR (neat) cni ' :  3400 

(OH), 1750, 1730, 1660 (C=O). EIMS mlz: 349 (M'). HRMS mlz: 349.1525 (calcd for C,,H,,NO,: 

349.1524). 
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tert-Butyl l-Ethyl-2,5,7-trioxo-1,2,4,5,6,7,8,9-octahydmcyclopenta[b]py rano[3,4-dl- 
pyridine-1-carboxylate (33). PDC(3.10g. 8.25 mmol) was added to a solution of 32  (1.44 g, 4.13 

mmol) in DMF (4 mL), and the whole was stirred for 1 h. The mixture was agirated with EtOAc and water. 
The separated organic layer was washed with 10% HC1 solution, water, and brine, dried over Na$04, and 

concentrated in vacuo. The residue was purified by mlumn chromatography (EtOAc: CHCI,: hexane, 1: 2: 
2) to give 3 3  (1.22 g, 86%), which was recrystallized from a mixture of EtOH and hexane to give crystals, 
mp 199-201 T (decomp). 'H-NMR: 0.83 (t, 3H, J = 7.5 Hz, CHzCH3), 1.43 [s, 9H, C(CH,),], 2.24 

(sextet, IH, J = 7.5 Hz, CHHCH,), 2.63 (sextet, lH, J = 7.5 Hz, CHHCH,), 2.72 (m, 2H, %Hz), 2.82 
(m 2H, 9-H,), 5.37 (d, IH, J =  18 Hz, 4-H), 5.50 (d, 1H, J =  18 Hz, 4-H). IR (KBr) cni ' :  1750, 1730, 

1710, 1670 (C=O). EIMS mlz: 347 (W). A d .  Calcd for Cl,HzlNO,: C, 62.24; H, 6.10: N, 4.03. Found: 
C, 62.09; H, 6.03; N, 3.98. 

tert-Butyl l-Ethyl-6-methyl-2,5,7-trioxo-1,2,4,5,6,7,8,9-octahydmcyclopenta[b]py rano- 

[3,4-dlpyridine-1-carboxylate (34). Asuspension of 33 (281 mg, 0.81 mmol), MeI(0.13 mL.2.03 
mmol), and KzC03 (174 mg, 1.26 mmol) in acetone (30 mL) was refluxed for 90 min. After removal of the 

solvent, the residue was dissolved in a mixture of CHzC1, and water. The separated organic layer was 

washed with brine, dried over NqSO,, and concentrated in vocuo. The residue was purified by column 

chromatography (20% E 0 . 4 ~  in hexane) to give 34  (250 mg, 86%). which was recrystallized from a 
mixture of EtOH and hexane to give rrystals. mp 151-153 T. 'H-NMR: 0.80 (t, 3H, J = 7.5 Hz, 

CHzCH3), 1.43 [s, 9H. C(CH,),I, 2.20 (sextet, 1H. J =  7.5 H z  CHHCH,), 2.60 (sextet, lH, J =  7.5 H z  

CHHCHJ, 2.72 (m, 2H. 8-Hz), 2.80 (m, 2H. 9-Hz), 3.88 (s, 3H, NCH,), 5.33 (d, lH, J =  17 H z  4-H), 
5.49 (d, IH, J =  17 H z  4-HI. IR (KBr) mi': 1750, 1730, 1700, 1660 (GO).  EIMS mlz: 361 (MI). Anal. 
Cal~dforC,,H,~NO,:C,63.14;H,6.42:N,3.88.Found:C,63.W,H,6.31;N,3.89. 

tert-Butyl 1-Ethy1-1,2,4,5,6,13-hexahydropyrano[3",4":3',4']pyridoI5',6':4,5lcyclo- 

penta[l,2-blquinoline-1-carboxylate (36). A solution of 3 3  (52 mg, 0.15 mrnol) and 35 (63 mg, 

0.30 mmol) in toluene (20 mL) was refluxed for 30 min with Dean-Stark water separator. p-TsOH (7 mg) 

was added to the reaction mixture, and the mixture was refluxed for an additional 90 min. After removal of 

the solvent, the residue was dissolved in a mixture of CHzC1, and saturated NaHCO, solution. The 

separated organic layer was washed with brine, dried over NqSO,, and concentrated in vacuo. The residue 

was purified by column chromatography (3% MeOH in CHCI,) to give 36  (65 mg, 100%), which was 

recrystallized from a mixture of EtOH and hexane to give crystals, mp 21 1-213 T (decomp). 'H-NMR: 
0.88 (t, 3H, J =  7.0 Hz, CHzCH,), 1.40 [s, 9H, C(Cil,),], 2.44 (q, IH, J =  7.0 Hz, CHHCH,), 2.68 (q, 

1H,J=7.0HzCHHCH3),3.85(s,2H,13-Hz), 5.50(d, lH , J=I8H&4-H) ,5 .60 (d ,  1 H , J = 1 8 H &  

4-H), 7.61 (t, 1H, J = 8.5 H z  10-H), 7.77 (t, IH, J = 8.5 Hz, 9-H), 7.89 (d, lH, J = 8.5 Hz, 11-H), 

8.13 (d, lH, J = 8.5 Hz, 8-H), 8.24 (s, IH, 12-H). IR (KBr) ad: 1740, 1720, 1670 (C=O). EIMS mlz: 

432 (M'). Anal. Calcd for C2,Hz,Nz0,: C, 69.43; H, 5.59; N, 6.48. Found: C, 69.28; H, 5.60; N, 6.51. 

1-Ethyl-1,2,4,5,6,13-hexahydropyrano[3",4":3',4'lpyrido[5',6':4,5]cyclopenta[l,2- 
b]quinoline-2,s-dione (37). Asolution of 36  (65 mg, 0.15 mmol) and p-TsOH (27 mg, 0.15 mmol) 
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in toluene (50 mL) was refluxed for 5 h. After removal of the solvent, the residue was dissolved in a 
mixture of CH2C12 and MeOH (20: 1). The mixtux was washed with saturated NaHCO, solution and brine, 

dried over NqSO,, and concentrated in vocuo. The residue was recrystallized from a mixture of CHC1, and 
MeOH to give 37 (45 mg, 91%). mp 265-268 T (decomp). 'H-NMR: 1.15.(t, 3H, J =  7.5 Hz, CH2CH,), 

2.08 (m, 2H, CH2CH,), 3.74 (t, lH, J = 7.5 Hz, 1-H), 3.82 (s, 2H, 13-Hz), 5.35 (d, lH, J =  15 Hz, 4- 
H), 5.65 (d, IH, J =  15 Hz, 4-H), 7.61 (t, lH, J =  8.5 Hz, 10-H), 7.78 (t, lH, J =  8.5 Hz, 9-H), 7.90 (d, 

lH, J = 8 . 5  Hz, 11-H), 8.14 (d, lH, J =  8.5Hz, 8-H), 8.28 (s, lH, 12-H). IR (KBr)cnil: 1740, 1640 

(C=O). EIMS mlz: 332 (W). Anal. Calcd for C2,Hl,N203~ l/5H20: C, 71.50; H, 4.92; N, 8.34. Found: C, 

71.69; H, 4.88: N, 8.34. 

l-Ethyl-6-methyl-1,2.4,5,6,13-hexahydropyrano[3",4":3',4'~pyrido[5',6':4,5~cyclo- 

penta[l,2-blquinoline-2,s-dione (38). A solution of 34 (100 mg, 0.28 mmol) and 35 (174 mg, 

0.83 mmol) in toluene (50 mL) was refluxed for 1 h with Dean-Stark water separator. p-TsOH (148 mg, 
0.83 mmol) was added to the reaction mixture, and the mixture was refluxed for an additional 48 h. After 

removal of the solvent, the residue was dissolved in a mixture of CH2C1, and saturated NaHCO, solution. 

The separated organic layer was washed with brine, dried over Na$O,, and concentrated in vocuo. The 

residue was purified by column chromatography (CHCI,) to give 38 (63 mg, 66%), which was 
recrystallized from a mixture of CHCI, and MeOH to give crystals, mp 289-291 'C (decomp). 'H-NMR: 
1.12(t. 3H, J = 7 . 5  Hz, CHzCH3), 2.04(m32H, C&CH,), 3.72(t, lH,J=7.0Hz,  I-H), 3.75(s, ZH, 

13-Hz),4.50(s, 3H, NCH,), 5.35(d, lH, J=16Hz,4-H), 5.64(d, IH, J =  16Hz,4-H),7.60(t, lH, J 
=7.5Hz,10-H),7.76(t,lH,J=7.5Hz,9-H),7.88(d,lH,J=7.5Hz,ll-H),8.18(d,lH,J=7.5Hz, 

8-H), 8.23 (s, lH, 12-H). IR (KBr) rn-': 1740, 1650 (C=O). EIMS mlz: 346 (M'). Anal. Calcd for 

CzlHl,N203~ 1/3H20:C, 71.58; H, 5.34; N, 7.95. Found: C, 71.58; H, 5.17; N, 7.94. 

l-Ethyl-l-hydroxy-l,2,4,5,6,13-hexahydropyrano[3",4":3',4']pyrido[5',6':4,5]cyclo- 

penta[l,t-blquinoline-2,s-dione (9). Method A: A stream of oxygen was bubbled into a sfkred 

suspension of 37 (21 mg, 0.06 mmol), Cu(OAc),-H,O (2.5 mg), and EbN (0.018 mL, 0.13 mrnol) in 

DMF (70 mL) at 45 93 for 12 h. After removal of the solvent, the residue was dissolved in a mixture of 
CH,CL, and MeOH (20: 1). The mixture was washed with saturated NaHCO, solution and brine, dried over 

NqSO,, and concentrated in vacuo. The residue was recrystallized from a mixture of CHCI, and MeOH to 

give9 (2.2 mg, 12%), mp 268-270 T (decomp). 'H-NMR: 1.08 (t, 3H, J = 7.5 Hz, CH2CH,), 1.95 (m, 

2H, CH2CH,), 3.90 (s, lH, OH), 3.97 (d, lH, J =  22Hz, 13-H), 4.29 (d, lH, J =  22 Hz, 13-H), 5.28 (d, 

lH,J=17Hz,4-H),5.75(d,lH,J=17Hz,4-H),7.61(t,lH,J=8.5Hz, lQH),7 .77( t , lH,J=8.5  

Hz, 9-H), 7.90 (d, IH, J =  8.5 Hz, 11-H), 8.14 (d, lH, J = 8.5 Hz, 8-H), 8.25 (s, lH, 12-H). IR (KBr) 

mi': 3490 (OH), 1740, 1650 (C=O). EIMS mlr: 348 (Mi). Anal. Calcd for Cz,Hl,N204~1/10H,0: C, 

68.60; H, 4.66; N, 8.00. Found: C, 68.48; H, 4.56; N, 8.03. 

Method B: A solution of 41 (16 mg, 0.08 mmol) and 35 (32 mg, 0.15 mmol) in toluene (60 mL) was 

refluxed for 20 min with Dean-Stark water separator. p -TsOH (4 mg) was added to the reaction mixture, 

and the mixture was refluxed for an additional 2 h. After removal of the solvent, the residue was treated as 

described above to give 9 (20 mg, 95%). This was identical with 9 obtained from 37, based on 



HETEROCYCLES, Vol. 46,1997 369 

comparison of their 'H-NMR spectra. 

l-Ethyl-l-hydroxy-6-methyI-1,2,4,5,6,13-hexahydropyrano[3",4":3',4']pyrid0[5',6~: 

4,5lcyclopenta[l,2-blquinoline-2,5-dione (10). Method A: Asueam of oxygen was bubbled into 

astimed suspension of 38 (6.4 mg, 0.02 mmol), Cu(OAc),-H,O (2 mg), and Q N  (0.002 mL, 0.03 mmol) 

in DMF (20 mL) at rt for 4 h. After evaporation of the solvent in vacuo, the residue was dissolved in 
CH,Ch, and the mixture was washed with water, and brine, dried over Na$04, and concenhated in vacuo. 

The residue was purified by column chromatography (CHCI,) to give 1 0  (2.8 mg, 42%), which was 

recrystallized From a mixture of CHCI, and MeOH to give crystals, mp 269-271 T (decomp). 'H-NMR: 

1.06 (t, 3H, J = 8.5 Hz, CH,CH,), 2.94 (m, 2H, CH,CH,), 3.90 (s, lH, OH), 3.94 (d, lH, J = 23 Hz, 

13-H), 4.29 (d, IH, J =  23 Hz, 13-H), 4.56 (s, 3H. NCH,), 5.28 (d, IH, J =  16 Hz, 4-H), 5.76 (d, IH, 

J=16Hz,4-H),7.60(t,  lH , J=7 .5Hz ,  10-H),7.76(t, lH,J=7.5Hz,9-H),7.88(d,  IH , J=7 .5Hz ,  

11-H), 8.18 (d, lH, J =  7.5 Hz, 8-H), 8.23 (s, lH, 12-H). IR (KBr) cm-': 3450 (OH), 1740, 1650 (C=O). 

EIMS mlz: 362 (M?. Anal. Calcd for C,,H,,N,O,: C, 69.60; H, 5.00; N, 7.73. Found: C, 69.53; H, 4.99; 
N, 7.71. 

Method B: A solution of 42 (67 mg, 0.24 mmol) was treated with 35 (153 mg, 0.73 mmol) and p-TsOH 

(42 mg, 0.24 mmol) as described for 9 (Method B) to give 1 0  (62 mg, 70%). This was identical with 1 0  

obtained from 3 8, based on comparison of their 'H-NMR spectra. 

1-Ethyl-1,2,4,5,6,7,8,9-octahydrocyclopenta[b]pyrano[3,4-d]pyridine-2,5,7-trione (39) .  

A solution of 3 3  (96 mg, 0.28 mmol) and p-TsOH (47 mg, 0.28 mmol) in toluene (20 mL) was refluxed 

for 1 h. After removal of the solvent, the residue was neutralized with saturated NaHCO, solution and 

extracted with CH,CI,. The e x m t  was washed with brine, dried over NqSO,, and concentrated in vacuo. 

The residue was purif~ed by column chromatography (20% acetone in CHCI,) to give 39  (68 mg, 99%). 
which was recrystallized from EtOH to give crystals, mp 248-250 'C (decomp). 'H-NMR: 1.09 (t, 3H, J = 

7.0 Hz, CH,CH,), 2.00 (m, 2H, CU,CH,), 2.77 (m, 2H, 8-H,), 2.93 (m, 2H, 9-H,), 3.64 (t, lH, J = 
7.0 Hz, 1-H), 5.28 (d, lH, J =  18 Hz, 4-H), 5.57 (d, IH, J = 18 Hz, 4-H), 9.97 (br s, lH, NH). IR 

(KBr) cm-I: 1750, 1710, 1660 (C=O). EIMS mlz: 247 (M*). Anal. Calcd for Cl,Hl,N04: C, 63.15; H, 

5.30; N, 5.67. Found: C, 63.05; H, 5.33; N, 5.70. 

l-Ethyl-6-methyl-1,2,4,5,6,7,8,9-octahydrocyclopenta[blpyrano[3,4-d]pyridine-2,5,7- 

trione (40) .  The same procedure as described for the preparation of 39 provided a crude product from 3 4 
(772 mg, 2.14 mmol) and p-TsOH (368 mg, 2.14 mmol), and this was purified by column 

chromatography (20% EtOAc in CHCI,) to give 40 (525 mg, 94%), which was recrystallid from a 
mixture of EtOH and hexane to give crystals, mp 164-167 T. 'H-NMR: 1.08 (t, 3H, J = 7.0 Hz, 

CH,CH,), 1.95 (m, 2H, CH,CH,), 2.80 (m, 4H. 8-H,, 9-H,), 3.61 (t, IH, J =  7.0 Hz, 1-H), 3.86 (s, 3H, 

NCH,), 5.27 (d, lH, J = 18 Hz, 4-H), 5.55 (d, lH,  J =  18 Hz, 4-H). IR (KBr) mi': 1730, 1700, 1660 

(C=O). EIMS mlz: 261 (W). Anal. Calcd for C14Hl,N0,: C, 64.36: H, 5.79; N, 5.36. Found: C, 64.27; 
H, 5.72; N, 5.40. 
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l-Ethyl-l-hydroxy-l.2,4,5,6,7,8,9-octahydrocyclopenta~blpyrano[3,4-d]pyridine-2,5,7- 

trione (41). A stream of oxygen was bubbled into a stirred suspension of 39 (139 mg, 0.56 mmol), 

Cu(OAc),-H,O (5 mg), and EGN (0.1 mL, 0.73 mmol) in DMF (10 mL) at rt for 2 h. Work up as 
described for the preparation of 1 0  (Method A) gave a crude product This was purified by column 

chromatography (15% acetone in CHCI,) to give 41  (51 mg, 34%), which was recrystallized from a 

mixture of CHCI, and MeOH to give crystals, mp 284-286 'T (decomp). 'H-NMR: 1.02 (t, 3H, J =  7.5 Hz. 

CH,CH,), 1.87 (m, 2H. CH,CH,), 2.70 (t, 2H, J = 4.5 Hz, 8-H,), 3.05 (dt, IH, J =  18, 4.5 Hz, 9-H), 

3.40(dt, l H , J = I 8 , 4 . 5 H z , 9 - H ) , 3 . 8 4 ( ~ ,  lH,OH), 5.21(d, lH,J=18Hz,4-H),5,67(d,  l H , J =  18 

Hz, 4-H), 9.65 (br s, lH, NY). IR (KBr) mi': 3470 (OH), 1740, 1700, 1660 (C=O). EIMS mlz: 263 
(Mt). And.  Calcd for C,,Hl,NO~1/4H,0: C, 58.32; H, 5.08; N, 5.23. Found: C, 58.19; H, 4.98; N, 

5.20. 

l-Ethyl-l-hydroxy-6-methyl-1,2,4,5,6,7,8,9-octahydrocyclopenta[b]pyrano[3,4-d]- 
pyridine-2,5,7-trione (42). The same procedure as described for the preparation of 4 1  provided a 
crude product from 40 (525 mg, 2.01 mmol), Cu(OAc),-H,O (20 mg), and &N (0.34 mL, 2.41 mmol), 

and this was purified by column chromatography (10% acetone in CHCI,) to give 42 (320 mg, 58%). 
which was recrystallized from a mixture of EtOH and hexane to give crystals, mp 214-216 'T (decomp). 
I H-NMR: 1.02 (t, 3H, J = 7.5 Hz, CH,CH,), 1.87 (m, 2H, CH,CH,), 2.70 (t, 2H, J = 5.0 Hz, 8-H,), 

3.00(df IH, J =  18, 5.0Hz. 9-H), 3.37 (dt, lH, J =  18, 5.0Hz, 9-H), 3.84(s, lH, OH), 3.87(s, 3H, 

NCH,), 5.20 (d, lH, J =  18 Hz, 4-H), 5.67 (d, IH, J = 18 Hz, 4-H). IR (KBr) rn-': 3430 (OH), 1750, 

1710, 1650 (C=O). EIMS mlz: 277 (W). And.  Calcd for C,,H,,NO,: C, 60.64; H, 5.45: N, 5.05. Found: 
C, 60.46; H, 5.45; N, 5.06. 

1,12-Diethyl-l-hydroxy-l0-methoxy-1,2,4,5,6,l3-hexahydropyrano[3",4":3',4']- 

pyrido[5',6':4,5lcyclopenta[l,2-blquinoline-2,5-dione (11). The same procedure as described 

for the pre~aration'of 9 (Method B) provided a crude product from 41  (27 mg, 0.1 mmol), 43  (37 mg, 0.2 
mmol), and p-TsOH (18 mg, 0.1 mmol), and this was recrystallized from dioxane to give 11 (38 mg, 

91%), as crystals, mp 276-278 'T (decomp). 'H-NMR (DMSGd6): 0.91 (t 3H, J = 7.5 Hz, CH,CH,), 

1.32 (f 3H, J = 7.5 Hz, ArCH,CH,), 1.95 (m, 2H, CH,CH,), 3.18 (q, 2H, J = 7.5 Hz, ArC&CH,), 
3.95(d, 1 H , J = 2 1  Hz, 13-H), 3.97(s, 3H,0CH3), 4.10(d, IH, J = 2 1  Hz, 13-H), 5.36(s,2H, 4-H), 2 

6 . 4 7 ( ~ ,  lH,OH),7.43(d, lH, J=9 .0Hz ,  8-H),7.46(~, lH, 11-H), 8.03(d, lH, J=9.0Hz,9-H). IR 
(KBr) mi': 3420 (OH), 1730, 1660 (C=O). EIMS mlz: 406 (M'). And.  Calcd for C,,H2,N,O,~ lnH,O: C, 

66.50: H, 5.58; N, 6.74. Found: C, 66.74; H, 5.65; N, 6.49. 

1,12-Diethyl-l,l0-dihydroxy-1,2,4,5,6,13-hexahydropyrano[3",4":3',4']pyrido[5',6': 

4,5lcyclopenta[l,2-blquinoline-2,s-dione (13). A mixture of 11 (13 mg, 0.03 mmol) in 47% 

HBr solution (8 mL) was heated in a sealed tube at 140 'T for 4 h. The reaction mixture was neunalized 
with 6 N NaOH solution, and the resulting precipitate was collected by filtration. Recrystallization from a 

mixture of DMF and water to give 1 3  (13 mg, 97%). mp 270-274 'T (decomp). 'H-NMR (DMSO-d6): 

0.92 (t, 3H, J = 7.5 Hz, CH,CH,), 1.31 (t, 3H, J =  7.5 Hz, ArCH2CH,), 1.96 (m, 2H, CH,CH,), 3.08 
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(9. 2H. J =  7.5 Hz, ArCH2CH,), 3.93 (d, IH, J =  20 Hz, 13-H), 4.10 (d, IH, J =  20 Hz, 13-H), 5.36 (s, 
2H,4-H2),6.47(s, IH,OH),7.35(d, IH, J=8 .0Hz ,8 -H) ,7 .38 (~ ,  1H.11-H),7.99(d, I H , J = 8 . 0  

Hz, 9-H), 10.10 (s, IH, ArOH). IR (KBr) c d :  3420, 3240 (OH), 1730, 1650 (C=O). ElMS mlz: 392 

(MI). A d .  Calcd for C2,H2,N20,~3RH20: C, 63.00; H, 5.53; N, 6.68. Found: C, 62.77; H, 5.23; N, 

6.87. 

1,12-Diethyl-1-hydroxy-10-methoxy-6-methy1-1,2,4,5,6,13-hexah~dro~~rano[3",4":3', 

4'lpyrido[5',6':4,5lcyclopenta[l,2-blquinoline-2,5-dione (12). The same procedure as 

described for the preparation of 1 0  (Method B) provided a crude product from 42 (146 mg, 0.53 mmol), 
4 3  (283 mg, 1.58 mmol), and p-TsOH (91 mg, 0.53 mmol), and this was purified by column 

chromatography (10% EtOAc in hexane) to give 12  (94 mg, 42%). which was recrystallized from a 

mixture of CHCI, and MeOH to give crystals, mp 272-274 93 (decomp). 'H-NMR: 1.06 (t, 3H, J =  7.5 Hz, 

CH,CH,), 1.39 (1, 3H, J = 7.5 Hz, ArCH,CH,), 1.95 (m, 2H, CH,CH,), 3.18 (q, 2H, J = 7.5 Hz, 

ArCH,CH,), 3.84 (d, lH, J =  22 Hz, 13-H), 3.92 (s, IH, OU), 4.00 (s, 3H, OCH,), 4.19 (d, IH, J =  22 

Hz, 13-H), 4.51 (s, 3H, NCH,), 5.27 (d, IH, J =  17 Hz, 4-H), 5.76 (d, IH, J = 17 Hz, 4-H), 7.32 (d, 

I H , J = 2 . 5 H z ,  Il-H), 7.40(dd, IH, J = 9 . 0 ,  2.5Hz. 8-H), 8.08(d, IH, J=9.0Hz,9-H).  IR(KBr) 

c d :  3420 (OH), 1750, 1640 (C=O). EMS mlz: 420 (W). A d .  Calcd for C,,H,,N,O,. 1/4H20: C. 

67.83; H, 5.81; N, 6.59. Found: C, 67.94; H, 5.81; N, 6.61. 

1,12-Diethyl-l,l0-dihydroxy-6-methyl-1,2,4,5,6,13-hexahydropyrano[3",4":3',4']- 

pyrido[5',6':4,5lcyclopenta[l,2-blquinoline-2,5-dione (14). Thesame procedure as described 

for the preparation of 13 provided acrude product from 1 2  (36 mg, 0.085 mmol) and 47% HBr solution 

(6 mL), and this was purified by recrysrallid from a mixture of DMF and water to give 12  (29 mg, 85%). 

mp >300 'C. 'H-NMR (DMSOd6): 0.92 (t, 3H, J = 7.0 Hz, CH,CH,), 1.30 (t, 3H, J = 7.0 Hz, 
ArCH2CH,), 1.98 (m, 2H, CH,CH,), 3.08 (q, 2H, J = 7.0 Hz, ArC@,CH,), 3.94 (d, IH, J = 23 Hz, 13- 
H), 4.14 (d, IH, J =  23 Hz, 13-H), 4.35 (s, 3H, NCH,), 5.41 (s, 2H, 4-H,), 6.50(s, IH, OH), 7.36 (d, 

IH, J=8 .0Hz ,  8-Hh7.39 ( s ,  IH, 11-H), 7.98(d, lH, J =  8.0Hz, 9-H), 10.18 (brs, IH, M E ) .  IR 

(KBr) mi': 3430, 3240 (OH), 1740, 1640 (C=O). EIMS mlz: 406 (M'). Anal. Calcd for 

C,,H,,N,O,~H,O: C, 65.08; H, 5.70; N, 6.60. Found: C, 64.88; H, 5.41; N, 6.69. 
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