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STUDIES O N  HETEROCYCLIC COMPOUNDS, V. 
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hsTRACT.-h order to examine the biological activities of furo(2,3-b)quinolin-4-one 
derivatives, a synthetic approach to the structure reported for glycarpine from Glycosmis 
cjanocarpa was unambiguously carried out. The spectral data of the synthetic prduct  were not 
identical with those described previously for glycarpine; thus, the original structure of this al- 
kaloid should be revised. 

The furoquinoline alkaloids are well known in nature and occur almost exclusively 
in the Rutaceae with only few exceptions. Some of these alkaloids have been found to 
possess some interesting pharmacological activities (2) .  

Recently, glycarpine, a novel furo(2 3-b)quinolin-4-one alkaloid, was isolated 
from Glycosmis cyanoratpa Spreng. (Rutaceae) by Sarkar and co-workers (3). The struc- 
ture of glycarpine was suggested to be 5,7-dimethoxy-9-methyI-4,9-dihydrofur0(2~ 3- 
b)quinolin-4-one (1) based on the spectral evidence. Some furo(2,3-b)quinolin-4-one 
compounds have been synthesized by the method of Tuppy and Bohm (4). However, 
the synthesis of glycarpine has not been reported. In this work, we attempted to prepare 
the reported structure of glycarpine (1) by the modified Tuppy and Bohm method 
(Scheme 1). 
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RESULTS AND DISCUSSION 

3,5-Dimethoxyaniline (2) was condensed with ethyl 2-ethoxy-4-oxo-4, 5-dihy- 
drofuran-3-carboxylate (3) (prepared in situ from chloroacetyl chloride and ethyl 
sodiomalonate) to afford the tetronic ester, ethyl 2-( 3,5-dimethoxyanilino)-4-opxo- 
4,5-dihydrofuran-3-carboxylated (4) .  Thermal cyclization of 4 in boiling diphenyl 
ether gave 5,7-dimethoxy-2,3,4,9-tetrahydro(2,3-b)-quinolin-3,4-dione (5 ) .  Com- 
pound 5 was methylated with dimethyl sulfate and K2C03 in DMF to afford compound 
6 with formula C14HlINO5. The ir spectrum of 6 showed two carbonyl absorptions at 
1700 and 1640 cm- . Its 'H-nmr (CF,COOD) spectrum exhibited three methyl 
groups at 6 4.05 (3H, s,  N-CH,), 6 4.13 (3H, s, 7-OCH3), and 6 4.30 (3H, s, 5- 
OCH,). A methylene group was found at 6 5.25 (2H, s, -CH,-), and a multiplet at 6 
6.94 (2H, m) was assigned to the aromatic protons. Based on the spectral data, the 
structure of 6 was assigned as 5,7-dimethoxy-9-methy1-2,3,4,9-tetrahydrofuro(2,3- 
b)quinolin-3,4-dione. Reduction of 6 with excess sodium borohydride in ethanolic al- 
kali afforded the corresponding alcohol, 3-hydroxy-5,7-dimethoxy-9-methy1-2,3,4,9- 
tetrahydrofuro(2,3-b)quinolin-4-one (7). Compound 7 was then dehydrated with 
anhydrous KHS04 or concentrated H2S04 to afford crystals of 1 with mp at 170". The 
mass spectrum (M+ 259) and elemental analysis of 1 suggested a molecular formula of 
C14H13N04.H20. The uv spectrum showed A max (EtOH) at 253.5, 333 nm (log 
4.45, 4.01), which is very similar to that of isoacronycidine (2). The ir spectrum 
showed a carbonyl absorption at 1640 cm- ', and the 'H-nmr spectrum (CDCI,) exhib- 
ited three methyl groups at 6 3.74 (3H, s,  N-CH,), 6 3.86 (3H, s, 7-OCH3), and 6 
3.89(3H, s, 5-OCH3). Twoprotonson thearomaticringwerefoundat66.33(2H, s), 
and AB quartets were foundat 6 6.91 (H, d ,  J=2.5 Hz)and 6 7.14(H,  d ,  J=2.5 Hz), 
representing the protons at position 2 and 3 of the furan ring. 

Based on the above data, the structure of 1 was determined to be 5,7-dimethoxy-9- 
methyl-4,9-dihydrofuro(2,3-b)quinolin-4-one. Tentative assignments for the ',C-nmr 
spectrum of 1 (Table 1) were made by analogy with model compounds furoquinoline al- 
kaloids (6), quinolin-4-one compounds (7), and benzofuran compounds. Of the two 
quinolin-4-one tertiary carbon signals, carbon 6 was assigned to that at 92.40 ppm be- 
cause of its proximity to two -OCH, groups, and the lower field 97.03 ppm signal was 
assigned to carbon 8. Signals for carbons 3a and 4a and 7 and 9a were assigned by virtue 
of their long-range coupling in the gated spectrum. 

The spectral data of the synthetic product (1) were not identical with those de- 
scribed previously for glycarpine (3). In order to confirm the structure of l ,  the method 
of Govindachari (2), which involves the treatment of 5 with excess sodium borohydride 
and ethanolic alkali, was employed to prepare 1. The usual work-up yielded a mixture 
of two products. 

After chromatography over silica gel and repeated crystallization, two pure com- 
pounds, 8 and 9, were isolated. The 'H-nmr spectrum of 8, having signals at 6 3.87 

d,J=2.5Hz,8-H),66.91(H,d,J=2.5Hz,3-H),67.42(H,d,J=2.5Hz,2-H), 
and 6 9.86 (H, b, -NH), was consistent with the structure 5,7-dimethoxy-4,9-dihy- 
drofuro(2,3-b)quinolin-4-one. The 'H-nmr spectrum of 9, having signals at 6 3.20 

(3H, S, 7-OCH3), 6 4.03 (3H, S, 5-OCH,), 6 6.35 (H, d, J=2.5 Hz, 6-H), 6 6.81 (H, 

(2H, t ,  J z 1 1 . 0  Hz, -OCH,-CH,-), 6 3.85 (3H, S, 7-OCH3), 6 3.96 (3H, S, 5- 
OCH,), 6 4.67 (2H, t ,  J= 11.0 Hz, -O-CH,-CH,-), 6 6.28 (H,  d ,  J=2.5 Hz,  6-H), 
and 6 6.75 (H, d, J=2.5 Hz, 8-H), suggested compound 9 to be 5,7-dimethoxy- 
2,3,4,9-tetrahydrofuro-(2,3-b)quinolin-4-one. Methylation of 8 with dimethyl sulfate 
and K,C03 in DMF yielded N-methyl derivative which was demostrated to be the same 
as the dehydration product of 7. With all of the preceding data, the structure of the syn- 
thetic product (1) appeared to be well established, indicating that the natural product 
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was formulated incorrectly in the original publication (3), and thus, the original struc- 
ture of glycarpine should be revised. As to the structure of glycarpine isolated from G. 
ryanocarpa (3), it  seems difficult to suggest a structure with a carbonyl group on 
furoquinolin-4-one skeleton, based upon the published spectral data, especially the ab- 
sorption at 1720 cm-' in the ir spectrum. 

From this study, 5,7-dimethoxy-9-methyl-4,9-dihydrofuro(2,3-b)quinolin-4-one 
(1) was synthesized. The screening test of its pharmacological activities is still in prog- 
ress, and results will be published later. 

TABLE 1. 'k-nrnr  Chemical Shifts of 5,7-Dimethoxy-9-methyI- 
4,9-dihydrofuro(2,3-b)quinolin-4-one (1)" 

U I  c 1-1 3 

PPm 

34.75 
57.71 
57.95 
92.40 
97.03 

108.57 
109.22 
109.92 
141.85 
144.20 
157.38 
163.83 
166.50 
173.61 

Multiplicity 

9 
9 
9 
d 
d 

d 

d 

S 

S 

S 

S 

S 

S 

S 

Carbon 

N-CH, 
0-CH, 
0-CH, 
C-6 
C-8 
C-3a 
c -3  
C-4a 
c-2 
C-8a 
c -5  
c -7  
C-9a 
c - 4  

"JEOL FX-100 TMS as an internal standard; CD,COOD as a 
solvent. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-Melting points were determined in open-ended capil- 

lary tubes on a Thomas Hoover apparatus and are uncorrected. Ir spectra were taken in KBr using a 
Shimadzu-IR-440. The 'H-nmr spectra were recorded in CDCI,, unless otherwise indicated, on a JEOL- 
PMX 60 spectrometer. The I3C-nmr spectra were recorded in CD,COOD on a JEOL-FX 100 NMR spec- 
trometer. TMS was used as internal standard. Mass spectra were determined on Hitachi RMU 7 1 mass 
spectrometer. TIC was carried out on Wakogel B-5FM plates. 

hydride (2.0 g), previously washed with dry n-hexane, was suspended in dry THF (100 ml) and added 
slowly, with shaking, over 10 min to a solution of diethyl malonate (13.7 ml) in dry THF (30 ml). The 
reaction mixture was refluxed on a water bath for 2 min, then cooled to 10- 12' and chloroacetyl chloride 
(13.7 ml) in dry THF (20 ml) was added dropwise over 10 min. The solution was kept at this temperature 
for 1 h, at 40-45" for another hour and 3,5-dimethoxyaniline (5.0 g) in dry THF (50 ml) was then added 
dropwise over 20 min. The reaction mixture was left at room temperature overnight, heated under reflux 
for 1 h, then cooled and poured into ice H,O. The precipitated solid was extracted with CHCI, and the ex- 
tract was washed with 1 N NaOH solution (400 ml). The alkaline solution was neutralized with concen- 
trated HC1 and reextracted with CHCI,. The organic layer was washed with H 2 0  and dried (MgSO4). The 
solvent was partially evaporated and the concentrated residue refrigerated for 2 days. The precipitate was 
collected and recrystallized from EtOH to afford the tetronic ester (4), 8 .6  g (90%); mp 136- 138"; ir v max 
(KBr) 3260 (NH), 1700 (-COOC,H,), 1640, 1590, and 1560 cm-I; uv X max (MeOH) 299; 'H-nmr 6 

ETHYL 2-(3,5-DIMETHOXYANILINO~4-OXO-4,5-DIHYDROFURAN-3-CARBOXYLATE (4).-&dium 
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1.38 (3H, t ,  -CH,-CH,), 3.80 (6H, S,  -OCH,), 4.35 (2H, q, -CH,-CH3), 65.3 (H, S, 4-H), 6.4-6.5 
(2H, 2-H, 6-H) and 10.22 (H, s, -NH). Calcd for Cl5H,,NO6; C 58.63, H 5.53, N 4.56. Found; C 
58.60, H 5.52, N 4.67%. 

5,7-DIMETHOXY-2,3,4,9-TETRAHYDROFURO(2,3-B@UINOLIN-3,4-DIONE (5).-The tetronic ester 
(4 ,4 .0  g) as a fine powder was added with stirring in one lot to diphenyl ether (35 ml) maintained at 240'. 
The temperature was then raised to 256" and kept there for 5 min. The mixture was cooled to room temper- 
ature and diluted with a large volume of hexane to precipitate a dark solid that was collected and washed 
with hot hexane and purified by chromatography on silica gel (100 g) column. Elution with CHC1,-MeOH 
(9: 1) yielded a light-brown solid of 3-oxohroquinolone (5), 2.55 g (70%); mp 232-234'; ir u max (KBr) 
4260 (NH), 1720 (-0-CH,-CO-), 1660, 1640 (Ar-CO-C=C-), 1590, and 1550 cm-'; uv A max (MeOH) 
257.5 and 318.5 nm; 'H-nmr6(CF3COOD)4. 1 (3H, s, 7-OCH3), 4.3 (3H, s, 5-OCH,), 5.23 (2H, s, - 
OCH,-CO-), 6.86 (H, s, 8-H), and 7.03 ( l H ,  s, 6-H). Calcd for C13H,,NOS; C 59.77, H 4 .2  1. Found; C 
59.01, 59.50; H 4.27, 4.30%. 

TETRAHYDROFURO(2.3-B@UISOLIS-4-ONE @).-The 3-oxohroquino~one (5, 0.6 g), suspended in a 
mixture of EtOH (150 ml) and 2 N NaOH solution (20 ml), was treated portionwise with excess ofsodium 
borohydride (7.5 g) over 1 h. The mixture was refluxed for 6 h until a solid separated. It was then filtered, 
and the filtrate was concentrated in vacuo. The residues were dissolved in H,O, and the combined aqueous 
solution was filtered; the filtrate was nautralized with glacial HOAc and refrigerated for 2 days. The pre- 
cipitated brown solid was collected and dissolved in CHCI,, washed with H 2 0 ,  dried (MgS04, and evapo- 
rated. The residue of 8 and 9 after evaporation was subjected to chromatography over silica gel (50 g) and 
eluted with CHCI,-4%-MeOH. Removal of the solvent from the eluate yielded a brown residue that was 
repeatedly crystallized from CHC1,-hexane to yield compound 8 (0.23 g, 41.07%); mp 188-189"; ir u 
max (HBr) 3280 (NH), 1660, 1630, and 1610 cm-'; uv A max (MeOH) 250.5 and 323 nm; 'H nmr 6 
(CDCI,) 3.87 (3H, s, 7-OCH3), 4.03 (3H, s, 5-OCH,), 6.35 ( l H ,  d,  ]=2.5 Hz, 6-H), 6.8 1 ( lH ,  d, 
]=2.5 Hz, 8-H), 6.9 1 (H, d,  ]=2.5 Hz, 3-H), 7.42 (H, d, ]=2.5 Hz, 2-H), and 9.86 (H, b, NH). 
Calcd for CI3HllNO4; C 63.67, H 4.48. Found: C 64.01, 64.10; H 4.40,4.45, and compound9 (0.20 
g, 35.7%); mp 191'; irumax(KBr)3250(NH), 1710, 1640and 16lOcm-';uvAmax(MeOH)258and 
319 nm; 'h-nmr 6 (CDCI,) 3.20 (2H, t,]=11.0 Hz, -OCH2-CH2-), 3.85 (3H, s, 7-OCH OCH,), 3.96 
(3H, s, 5-OCH,), 4.67 (2H, tJ= 11.0 Hz, -OCH2-CH,-), 6.28 (H, d,]=2.5 Hz, 6-H) and 6.75 (h, d, 
]=2.5 Hz, 8-H). Calcd for C,,Hl,N04; C 63.15, H 5.22. Found; C 63.20, H 5.23%. 

~,~-DIMETH~XY-~-METHYL-~,~,~,~-TET~AHYDROFUR~(~, 3-B)CZUINOL.IN-3.4-DIONE (6).-The Cy- 

clized product (5) (3.0 g) was suspended in DMF (20 ml) and warmed to 40'. To the suspension was added 
anhydrous K,CO, (25.0 g). Dimethyl sulfate (20.0 g) was then added dropwise over 1 h. The reaction 
mixture was filtered and the precipitate washed with CHCI,. The filtrate and washings were combined, 
and the solvent was evaporated in uucuo. Ice H,O was added to the residue, and the precipitate was collected 
by filtration, washed with water, and purified by chromatography on silica gel (100 g) column. Elution 
with CHCI, yielded colorless crystals 6 (2.84 g, 90%); mp 254-258"; ir u max (KBr) 1700, 1640, 1600, 
1570 and 1540 cm-'; uv A max(MeOH) 257.5- and 318.5 nm; 'H-nmr 6 (CF,COOD)4.05 (3H, s, N- 
CH,), 4.13 (3H, s, 7-OCH,), 4.30 (3H, s, 5-OCH3), 5.25 (2H, s, -CH,-), and 6.94(2H, m, 6-H, 8-H). 
Calcd for Cl4HI3NO5; C 59.77, H 4.21. Found: C 60.01, 60.20; H 4.25, 4.28%. 

3-HYDROXY->, 7-DIMETHOXY-9-METHYL-2,3,4,9-TETRAHYDROFURO (2.3-8) QUINOLIN-4-ONE 
(7).-A solution of compound 6 (0.4 g) in EtOH (160 MI) was cooled to 15" and treated with sodium 
borohydride (2.0 g) over a period of 1 h. The resulting yellow solution was left at room temperature 
until it became colorless (3 h). The solvents were removed in uacuo, and the residue was extracted with 
CHCI,, dried, and concentrated. Recrystallization from CHC1,-MeOH yielded the alcohol 7 (0.3 14 
g, 78%), mp 171-173"; ir u max (KBr) 3 100 (CH-OH), 1640, 1610, 1580, 1530 and 15 10 cm-'; 
'H-nmr 6 (CF,COOD) 4.13 (3H, s, N-CH,), 4.33 (6H, s ,  5- and 7-OCH,), 6.98 (2H, s, 6-H, 8-H), 
7 .2  ( l H ,  d , j = 2 . 5  Hz, 3-H) and 7.72 ( l H ,  d,]=2.5 Hz, 2-H). Calcd for CI4H,,NO,; C 60.64, H 
5.41. Found: C 60.10, 60.40; H 5.45, 5.48%. 

5,7-DIMETHOXY-4,9-DIHYDR0FUR0(2,3-B)CZUIN0L1S-4-0SE (8) AND 5,7-DIMETHOXY-2,3,4,9- 

5 ,7-DIMETHOXY-9-METHYL-4.9-DIHYDROFURO(2, 3-B)CZUINOLIN-4-ONE (l).--A sohtion of com- 
pound 7 (0.15 g) in dry dioxan was refluxed with freshly fused K,S04 (0.225 g). After 2 h, additional 
K2S04 (0.375 g )  was added, and refluxing was continued for 4 h. T h e  hot dioxan solution was filtered, and 
the solvent was removed in vacuo. The yellow residue was purified by chromatography over silicagel (50 g) 
eluting with CHCI,. T h e  eluate was evaporated and the residue crystallized from CHCI,-n-hexane to give 
white crystalline needles of l(O.10 g, 75%); mp 17 1'; ir u max (KBr) 1640, 1620, 1590, 1540 and 1520 
cm-'; ms m/z  259 (M+); uv A max (MeOH) 253.5, 333 nm; 'H-nmr 6 (CDCI,) 3.74 (3H, s, N-CH,), 
3.86 (3H, s, 7-OCH3), 3.89 (3H, s, 5-OCH3), 6.33 (2H, s, 6-H, 8-H) 6.9 1 (H, d,J=2.5 Hz, 3-H), and 
7.14 (H, d,J=2.5 Hz, 2-H). Calcd forCl,H,,N04; C 64.86, H 5.02. Found: C 64.85,64.87; H 5.05, 
5.03%. 
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In an alternate preparation, concentrated H,SO, was added dropwise to 7 (0.15 g) until it was com- 
pletely dissolved and the solution was neutralized with NaHCO,. The mixture after neutralization was ex- 
tracted with CHCI,, and the solvent removed in uacuo. The residue was crystallized from CHCI3-n-hexane 
to give the same compound 1. 

N-METHYLATION OF 8.-A suspension of compound 8 (0.3 g) in DMF (25 ml) was warmed to 40' 
and anhydrous K,CO, (5.0 g) was then added. Dimethyl sulfate (3.0 g) was added dropwise over 1 h, and 
the precipitate was filtered off and washed with CHCI,. The filtrate and washings were combined, and the 
solvent was evaporated in uacuo. Ice H,O was added to the residue, and the mixture was filtered. The recipi- 
tate was washed with H,O and purified by chromatography on silica gel (50.0 g). Elution with CHCI, 
yielded colorless crystals of 1 (0.285 g,  90%). 
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