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A series of new N-alkyl-2,3,4,9-tetrahydrofuro[2,3-b]quinoline-3,4-dione and N-alkyl-4,9-dihydrofuro[2,3-5]
quinolin-4-one derivatives were prepared and evaluated for their anti-inflammatory activity by the car-
rageenin hind paw edema method and antiallergic activity by the rat passive cutaneous anaphylaxis method.
Among those tested compounds, N-ethyl-2,3,4,9-tetrahydrofuro[2,3-b]quinoline-3,4-dione was the most pro-
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mising agent which could provide a novel structural prototype for antiallergic agents.

J. Heterocyclic Chem., 28, 955 (1991).

Introduction.

The furoquinoline alkaloids are well known in nature,
some of these compounds of type 1 have been found to
possess many interesting pharmacological activities [2].
However, the biological activity of furo[2,3-b]quinolin-4-
ones of type 2 have not been reported.
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In the course of our project directed toward the in-
vestigation of synthesis and biological activities of furo-
[2,3-blquinolin-4-ones 2, we have already published the
work on the total synthesis of glycarpine (3) [3], taifine (4)
[4] and isomaculosidine (3) [5].
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In continuation of our research program, some more
substituted 4,9-dihydrofuro[2,3-b]quinolin-4-ones 2 were
synthesized and their anti-inflammatory and antiallergic
activities were investigated. Additionally, some of the
intermediates, N-alkyl-2,3,4,9-tetrahydrofuro[2,3-b]quin-
oline-4,9-diones 6 were found to possess significant anti-
inflammatory and/or antiallergic activities. Therefore, us-
ing 2,3,4,9-tetrahydrofurof2,3-b]quincline-3,4-dione 6a as
the basic nucleus, a variety of derivatives were synthesized
and their anti-inflammatory and antiallergic activities are
reported in this paper.
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Chemistry.

The synthetic route to the majority of the tested com-
pounds is outlined in the Scheme. Ethyl 2-ethoxy-4-oxo-
4,5-dihydrofuran-3-carboxylate (8) prepared in situ from
chloroacetyl chloride and ethyl sodiomalonate was con-
densed with 4-substituted anilines 7a-e to give the cor-
responding ethyl 2-(4-substitutedanilino)-4-0x0-4,5-di-
hydrofuran-3-carboxylates 9a-e (Table I). Thermal cycliza-
tion of compounds 9a-e in boiling diphenyl ether afforded
the corresponding 6-substituted-2,3,4,9-tetrahydrofuro-
[2,3-b]quinoline-3,4-diones 6a-e (Table II). When
2,3,4,9-tetrahydrofuro[2,3-b]quinoline-3,4-diones 6a was
treated with a variety of alkyl halides and potassium car-
bonate in dry DMF, the corresponding N-alkyl-2,3,4,9-
tetrahydrofuro[2,3-b]quinoline-4,9-diones 6h-k (Table III)
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10d, R'= CH,CH,CH,-
-CH, -CH,4

were obtained. Reduction of 6h-k with excess sodium
borohydride in ethanolic alkali gave the corresponding
alcohols 10a-d (Table 1V) which were then dehydrated
with anhydrous potassium bisulfate to yield the correspon-
ding N-alkyl-4,9-dihydrofuro[2,3-b]quinolin-4-ones 2a-d
(Table V).

Nevertheless, when compound 6a was treated with
sodium hydroxide in dry DMF followed by reaction with
acetyl chloride at room temperature, instead of forming
N-acetyl derivative of 6a, a novel product was obtained.
Based on the mass spectrum (M* 285) and elemental
analysis, the molecular formula of this product was deter-
mined as C;sH,;NOs. The ir spectrum showed three car-
bonyl absorption at 1775, 1760 and 1658 cm™*. The uv ab-
sorption at A max (methanol) 251 and 325 nm (log e = 3.63
and 3.12 respectively) which is similar to that of taifine (4)
[3] [\ max (methanol) = 255 and 322 nm (log ¢ = 4.37 and
4.05 respectively]. The 'H-nmr spectrum exhibited two

acetyl groups at 6 2.33 and 2.53 and the signals for protons
on the benzene and furan rings appear at 6 7.60-7.93 (5H,
m). From the data cited above, the novel product was
elucidated to be 3-acetoxy-N-acetylfuro[2,3-b]quinolin-4-
one (2e).

Pharmacological Results and Discussion.

The anti-inflammatory and antiallergic activities of the
compounds studied are summarized in Tables VI-VIIL
Among the compounds tested, compounds 6h and 6i
showed significant anti-inflammatory activity, whereas
somewhat weaker than that of aspirin and compounds 6i
and 6j had significant antiallergic activity about half as
potent as that of theophylline (Table VI). The order of
antiallergic activity was C;H, > C,Hs > H for R., where
R,, R, and R; = H. Thus, substitution with lower alkyl
groups at R, resulted in an increase in both activities as
compared with compound 6a (H at R, R,, R; and R,). On
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Table VI
Antilnflammatory and Antiallergic Activities of Substituted-2,3,4,9-tetrahydrofuro[2,3-b]quinoline-3,4-diones 6
(o)
R, 0
|
R; N
R, P4
Compound R1 R2 R3 R4 Dose Antiinflammatory Rat PCA
mg/kg inhibition % [a] inhibition %
P.O. 2 3
6a H H H H 80 0.6 0.6 24
6b -COOEL H H H 80 9.6
6¢ -CH,COOEt H H H 80 29
6d CN H H H 80 0.0
6f -COOH H H H 80 16.5
6g -CH,COOH H H H 80 18.9
6h [b] H H H -CHj 80 15.8 20.3%* 16.5
6i H H H -CH,CH; 80 159 22.2* 27.8%
6j H H H -CHyCH,;CH3 80 11.1 12.0 46.8**
6n H -OCHj H -CHj 80 11.8 8.7 113
6o H -OCHj H H 80 9.2 44 -10.1
6p H H -OCHj H 80 8.2
6q -OCH3 H -OCHj H 80 -9.5
Asprin 80 30.8%*  25.8%*
Indomethacin 32 12.6
4 26.4%*  26.9%*
Theophylline 80 67.2%*

* 0,01 <p <0.05 ** p < 0.01 Significantly different from each control group. [a] At 2 hours, 3 hours after carrageenin ingection in the hind-paw
edema test in rats. [b] The synthesis of compounds 6h, 10h, 10i and 10§ have been reported previously.

Table VII
Antilnflammatory and Antiallergic Activities of N-Alkyl-3-hydroxy-2,3,4,9-tetrahydrofuro[2,3-b]quinolin-4-ones 10

(o]

OH
|
N
R
Compound R Dose Aantiinflammatory Rat PCA
mg/kg inhibition % [a] inhibition %
P.O. 2 3
10a CH, 80 4.2 23 9.5
10b -CH,CH, 80 58 -3.6 16.3
Asprin 80 30.8%*  25.8+*
Indomethacin 32 12.6
4 26.4%*  26.9%*
Theophylline 80 67.2*

*0.01 < p<0.05 ** p < 0.01 Significantly different from each control group. [a] At 2 hours, 3 hours after carrageenin ingection in the hind-paw
edema test in rats.

the other hand, no significant increase in these activities (Table VII), and all 7-substituted 4,9-dihydrofurof2,3-5)-

was seen by substitution with methoxy, carboxy, acetic quinolin-4-ones 2a-g were inactive in the PCA test, though
acid and carboxymethyl groups at Ry, R, and/or R; (Table compound 2b exhibited slight anti-inflammatory activity
VI). (Table VIII). These results suggest that carbonyl group on

In a series of N-alkyl-3-hydroxy-2,3,4,9-tetrahydrofuro- the furan ring may be important for the pharmacological
[2,3-b]quinolin-4-ones 10a-b, compounds 10a and 10b ex- activities.
hibited neither anti-inflammatory nor antiallergic activity There was no correlation between anti-inflammatory
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Table VIII
Antilnflammatory and Antiallergic Activities of Substituted-4,9-dihydrofuro[2,3-b]quinolin- 4-ones 2
(o]
jeowt
L X
2 Ry
Compound R1 R2 R3 Dose Antiinflammatory Rat PCA
mg/kg inhibition % {a] inhibition %
P.O. 2 3
2a H H -CH3 80 0.5 3.2 115
2b H H -CH,CH; 80 19.8%* 76 10.7
2c H H -CH,CH; CHy 80 9.2 6.8 8.1
2d H H -CHyUHy CHyCH, 80 85 47 9.1
2e -OCOCHj3 H -COCH;, 20 11.7
2f [b] H -OCHj3 -CH3 80 14.8* 113
2g [b] H -OCH, -CH,CH; 80 23
Asprin 80 30.8%%  25.8%*
Indomethacin 32 12.6
4 26.4%%  26.9%*
Theophylline 80 67.2%*

*001<p < 0.05 ** p < 0.01 Significantly different from each control group. [a] At 2 hours, 3 hours after carrageenin ingection in the hind-paw
edema test in rats. [b] The synthesis of compounds 2f and 2g have been reported previously [4].

and antiallergic activities of N-alkyl-2,3,4,9-tetrahydro-
furo[2,3-b]quinoline-3,4-diones and their related com-
pounds.

Compound 6i did not inhibit the increased vascular
permeability induced by histamine in the rat skin at an
oral dose of 80 mg/kg (data not shown), suggesting that
compound 6i had no antagonistic activity for the
histamine H,-receptor. Compound 6i, structurally dif-
ferent from the known anti-asthmatic agents, is a promis-
ing compound which could provide a novel structural pro-
totype for antiallergic agents.

EXPERIMENTAL

Chemistry.

Melting points were determined in open-ended capillary tubes
on a Thomas Hoover apparatus and are uncorrected. Infrared
spectra were determined with Shimadzu IR-440, and the nmr
spectra were determined with a JEOL-FX-90Q NMR spectro-
meter. Elemental analyses were performed by the analytical sec-
tion of Dainipon Pharmaceutical Co. Ltd (Japan) and Chung
Shan Institute of Science Technology (Republic of China). The
structures of all new compounds were determined by their mass
spectra which were taken on HP 5995 GC-MS spectrometer.

Ethyl 244'-Substituted-anilino}-4-oxo-4,5-dihydrofuran-3-carb-
oxylates 9a-e. Sodium hydride (56 g, 1.5 moles), previously wash-
ed with dry n-hexane, was suspened in dry THF (250 ml) and add-
ed slowly, with shaking, over 20 minutes to a solution of diethyl
malonate (250 ml, 1.5 moles) in dry THF (500 ml). The reaction
mixture was refluxed on a water bath for 2 minutes then cooled to
10-12°, and chloroacetyl chloride (63.8 ml, 0.8 mole) in dry THF
(340 ml) was added dropwise over 1 hour. The solution was kept
at this temperature for 1 hour and at 40-50° for another hour,

then cooled to 10+2°, p-substituted anilines (0.75 mole) in dry
THF (850 ml) was then added dropwise over 1 hour. The reaction
mixture was left at room temperature overnight, heated under
reflux for 2 hours, then cooled and poured into ice water. The
precipitated solid was extracted with chloroform, and the extract
was washed with water and dried (magnesium sulfate). The sol-
vent was partially evaporated and the concentrated residue
refrigerated for 6 days. The precipitate was collected and
recrystallized from appropriate solvent to afford the correspond-
ing ethyl 2-(4-substituted-anilino)-4-0x0-4,5-dihydrofuran-3-
carboxylates 9a-e (Table I).

6-Substituted-2,3,4,9-tetrahydrofuro(2,3-b]quinoline-3,4-diones
6a-e.

Compounds 9a-e (0.06 mole) as fine powders were added with
stirring in one lot to diphenyl ether (100 ml) maintained at 240°.
The temperature was then raised to 250+ 5° and kept there for
10 minutes. The mixture was cooled to room temperature and
diluted with a large volume of n-hexane to precipitate a dark
solid that was collected and washed with hot n-hexane and
purified by chromatography on silica gel (200 g) column. Elution
with chloroform-ethanol (9:1) yielded the corresponding
3-oxofuroquinolones 6a-e (Table II).

3,4-Diox0-2,3,4,9-tetrahydrofurof2,3-b]quinolin-6-carboxylic Acid
(61).

Compound 6b (2.73 g, 0.01 mole) was dissolved in ethanol (150
ml). The solution was stirred at 50° and 2N sodium hydroxide
(100 ml) was added dropwise until the reaction mixture became
clear. The stirring was continued for a further 30 minutes then
the mixture was poured into ice-water and acidified with 10%
hydrochloric acid. The crystals formed were filtered off and

recrystallized from chloroform-ethanol to give pale-yellow 6f
(Table II).
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3,4-Dioxo-2,3,4,9-tetrahydrofuro[2,3-b]quinoline-6-acetic Acid
(6g).

Compound 6¢ (2.86 g, 0.01 mole) was treated as in the prepar-
ing of 10f to afford 6g (2.43 g, 85%) Table II).

N-Alkyl-6-substituted-2,3,4,9-tetrahydrofuro{2,3-b]quinoline-
3,4-diones 6h-m.

Compound 6a-c (0.02 mole) was suspended on DMF (140 ml)
and warmed to 40°. To the suspension was added anhydrous
potassium carbonate (34.6 g, 0.25 mole) and alkyl halide (0.25
mole) was then added in portions at 30° +2°, stirring was con-
tinued for an additional 1 hour. The reaction mixture was filtered
and the precipitate was washed with chloroform. The filtrate and
washings were combined, and the solvent was evaporated in
vacuo, iced water was added to the residue, and the precipitate
was collected by filtration washed with water and dissolved in
chloroform. The chloroform solution was dried over magnesium
sulfate and evaporated. The residue was purified by column
chromatography on silica gel (200 g). Elution with chloroform-
ethanol (95:3) yield compound 6h-m (Table II).

N-Alkyl-3-hydroxy-2,3,4,9-tetrahydrofuro[2,3-b]quinoline-4-ones
10a-d.

Compounds 6h-k (0.004 mole) was dissolved in methanol (400
ml) and cooled to 20°. To the solution was added 2N sodium
hydroxide (25 ml, 0.005 mole), sodium borohydride (3.8 g, 0.1
mole) was then added in portions over 1 hour. The resulting
yellow solution was left at room temperature until it became col-
orless (3 hours). The solvent was removed in vacuo, the residue
was extracted with chloroform, dried over magnesium sulfate and
concentrated. Recrystallization from a suitable solvent yielded
the corresponding alcohols 10a-d (Table IV).

N-Alkyl-4,9-dihydrofuro[2,3-b]quinolin-4-ones (2a-d).

A solution of compounds 10a-d (0.004 mole) in dry dioxane (15
ml) was refluxed with freshly fused potassium sulfate (0.3 g). Afier
2 hours additional potassium sulfate (0.4 g) was added, and
refluxing was continued for 4 hours. The hot dioxane solution
was filtered, and the solvent was removed in vacuo. The residue
was purified by column chromatography over silica gel (100 g)
eluting with chloroform. The eluate was evaporated and the
residue crystallized from a suitable solvent to give the com-

pounds 2a-d (Table V).
3-Acetoxy-N-acetylfuro[2,3-b]quinolin-4-one (2e).

2,3,4,9-Tetrahydrofuro[2,3-b]quinoline-3,4-dione (6a) (2 g, 0.01
mole) was suspended in dry DMF (20 ml) and sodium hydride
(0.012 mole) was added portionwise with stirring for 30 minutes
at 5-10°. Acetyl chloride (1.6 g, 0.02 mole) was then added drop-
wise at 5-10°. Stirring was continued for an additional 2 hours
and then the reaction mixture was poured into ice water and ex-
tracted with chloroform. The chloroform layer was washed with
water, dried over magnesium sulfate and evaporated. The

N-Alkyl-2,3,4,9-tetrahydrofuro{2,3-b]quinoline-3,4-diones 963

residue was purified by column chromatography (silica gel-
chloroform) and recrystallized from chloroform-ethanol yield col-
orless crystalline 2e (Table V).

Pharmacology.
Anti-inflammatory Assay [6].

Male Wistar rats (110-130 g) were used. Hind paw edema was
induced by a subcutaneous injection of 0.1 ml of a 1% car-
rageenan solution into the right food pad of rats. Hind paw
volume was measured 1 hour before and 2 and 3 hours after car-
rageenin injection. Test compounds were administered orally to
the rats 1 hour before carrageenin injection. The anti-inflam-
matory activity of the compounds was expressed as precent in-
hibition of the swelling rate of hind paw compared with the vehi-
cle control. Five rats were used for each dose (8 rats for the con-
trol).

Anti-allergic Assay (PCA) [7,8].

Male Std:Wistar rats (140-200 g) were injected intradermally
with 0.1 ml of a dilute solution of mouse antiserum to egg
albumin in two sites of the shaved ventral skin. Fourty-eight
hours later each rat was challenged by an intravenous injection of
2 mg of the antigen together with 1 ml of 10.5% Evan’s blue
saline solution. The blueing area was measured 30 minutes after
the challenge. Test compounds were administered orally to the
rats 1 hour before antigen challenge. The antiallergic activity of
the compounds was expressed as percent inhibition of the blue-
ing area compared with the vehicle control. Three to eight rats
were used for each dose.
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