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Novel heterocyclic compounds from 2-carboxy-6-methoxybenzofuran- 
3-acetic acid anhydride
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2-Carboxy-6-methoxybenzofuran-3-acetic	acid	anhydride	is	utilised	for	the	synthesis	of	novel	polycyclic	heteroaromatic	
compounds	in	which	the	benzofuran	ring	is	fused	or	bound	to	pyrido[1,4]benzothiazine,	thiazole,	pyridine,	pyrazolo-
pyridine,	pyrazole,	pyrano-pyridine,	and	pyrazolo[1,5-a]pyrido[3,2-e]pyrimidines	using	versatile	reaction	strategies.
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Benzofurans1-4	 and	 2-pyridones5-7	 are	 well	 known	 for	 their	
broad	 spectrum	 of	 biological	 activities.	 This	 has	 generated	
much	 interest	 in	 the	 synthesis	 of	 heterocycles	 bearing	 the	
benzofuran	and	pyridone	moieties.

7-Methoxypyrano[3,4-b][1]benzofuran-1,3(4H)-dione	 (7-
methoxy-2,9-dioxafluorene-1,3(4H)-dione,	 or	 2-carboxy-
6-methoxybenzofuran-3-acetic	 acid	 anhydride)	 (1) has a 
pyranobenzofuran	 moiety	 and	 an	 active	 methylene	 group	
at	 position	 4.	 Its	 utility	 is	 still	 not	 much	 explored	 in	 the	
literature.8-11	Hence	we	decided	to	explore	the	possibilities	of	
this	compound	for	the	synthesis	of	novel	heterocycles,	which	
might	 be	 useful	 for	 biological	 applications.	 Therefore,	 in	
continuation	of	our	work	on	the	synthesis	of	novel	heterocyclic	
compounds,8,9	we	now	report	the	preparation	of	a	number	of	
novel	systems	originating	from	the	anhydride	1.

Results and discussion
Compounds	 containing	 the	 pyridobenzothiazine12-14	
and	 aminothiazole15,16	 nuclei	 are	 well	 known	 for	 their	
biological	 activities.	 Hence,	 1 was	 utilised	 for	 the synthesis	
of	 the	 pyridobenzothiazine	 4	 and	 the	 fused	 aminothiazole	 5	
(Scheme	 1).	 Compound	 1	 on	 fusion	 with	 p-anisidine	 gave	
the	N-inserted	product	2,	which	was	brominated	 to	give	 the	
monobromo	compound	3,	both	 reactions	proceeding	 in	high	
yield.	 Compound	 3	 on	 heating	 with	 o-aminothiophenol	 and	
thiourea,	in	the	presence	of	triethylamine	in	ethanol,	gave	the	
expected	pyridobenzothiazine	derivative	4 and aminothiazole	
derivative	5,	respectively,	in	good	yields	(Scheme	1).

Since	 pyrazole	 derivatives	 are	 also	 well	 known	 for	 their	
biological	 activities,17-19	 we	 explored	 the	 utility	 of	 1	 for	
the	 synthesis	 of	 pyrazole	 derivatives	 of	 the	 benzofuran	

anhydride.	Compound	1	 reacted	with	 triethyl	orthoformate	 to	
give	 the	 ethoxymethylene	derivative	6.	This	 on	 reaction	with	
3-aminopyrazole-4-carbonitrile20	 gave	 the	 pyridopyrazole	
derivative	 7	 in	 good	 yield.	 The	 IR	 spectrum	 of	 7	 showed	 a	
characteristic	peak	for	the	CN	functional	group	at	2228	cm-1	and	
13C	NMR	spectrum	showed	a	signal	at	120.3	ppm	for	CN	carbon.	
Compound	7	on	fusion	with	p-anisidine	gave	by	N-insertion	the	
product	8. When	compound	7 was refluxed in ethanolic NaOH 
it	underwent	ring-opening	to	give	the	pyridopyrazole	derivative	
9. This was confirmed by the 1H	NMR	spectrum	which	showed	
D2O-exchangeable	 peaks	 at	 d	 6.80,	 11.95	 and	 12.11	 for	 the	
three	OH	protons,	and	the	disappearance	of	the	CN	peak	in	the	
IR	spectrum.	Further	support	 for	structure	9	was	provided	by	
its esterification in acidic methanol, which formed the methyl 
diester	10	(Scheme	2).

Compound	 6	 with	 hydrazine	 hydrate	 in	 ethanol	 gave	
the	 fused	 pyrazole	 derivative	 11	 in	 good	 yield.	 Which	 was	
confirmed on the basis of 1H	NMR	spectrum	 showing	peak	
at	d	8.11	for	NH	proton,	which	was	D2O	exchangeable,	and	
absence	of	peaks	 for	ethyl	protons.	Compound	11	on	 fusion	
with	p-anisidine	gave	the	N-insertion	product	12.	When	lactone	
11 was heated in ethanolic NaOH it underwent ring-opening; 
acidification formed the acid 13, and this on esterification in 
acidic	methanol	gave	its	methyl	ester	14	(Scheme	3).

Compound	6	on	reaction	with	piperidine	in	ethanol	and	p-
anisidine	 in	 benzene	 gave	 condensation	 products	 15	 and	 16	
respectively.	 Compound	 15	 on	 fusion	 with	 p-anisidine	 gave	
the	 N-insertion	 product 17,	 and	 compound	 16 on	 treatment	
with	 morpholine	 gave	 the	 ring-opening	 product	 18	 in	 good	
yield.	(Scheme	4)
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Scheme 1 Reagents: a, p-anisidine,	fused	at	170-180°C;	b,	Br2/AcOH,	50°C;	c,	2-aminobenzenethiol,	Et3N/EtOH,	reflux;		
d,	thiourea/Et3N/EtOH,	reflux
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Scheme 2 Reagents: a, CH(OEt)3/Ac2O/C6H6,	reflux;	b,	3-aminopyrazole-4-carbonitrile/EtOH,	reflux;	c,	p-anisidine,		
fused	at	170-180°C;	d,	NaOH/EtOH,	reflux;	e,	MeOH/p-TSA,	reflux
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Scheme 3 Reagents: a, N2H4.H2O/EtOH,	refl;	b,	p-anisidine,	fused,	170-180°C;	c,	NaOH/EtOH,	refl;	d,	MeOH/p-TSA,	refl.
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Scheme 4 Reagents: a, piperidine/EtOH,	reflux;	b,	p-anisidine,	fused,	170-180°C;	c,	p-anisidine/C6H6,	reflux;	d,	morpholine/EtOH,	
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Scheme 5 Reagents: a, b,b–dimethylacryloyl	chloride/pyridine,	0-5°C;	b,	pyridine,	reflux;	c,	as	a but	heat	to	reflux
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Isocoumarins	 also	 possess	 biological	 activity.21-26		
The	 isocoumarin	 derivative	 21	 was	 synthesised	 as	 follows.	
Compound	 1	 reacted	 with	 b,b-dimethylacryloyl	 choride	
in	 pyridine	 at	 0–5°C	 to	 give	 19. This on reflux with 	
pyridine	 gave	 the	 isocoumarin	 analogue	 21	 in	 moderate	
yield	via	the	rearrangement	product	20.	Alternatively,	21	was	
synthesised in good yield by directly refluxing 1	 with	 b,b-
dimethylacryloyl	choride	in	pyridine	(Scheme	5).

Conclusion
In	 this	 paper	 we	 report	 simple	 and	 convenient	 synthetic	
routes	 for	 the	 synthesis	 of	 novel	 heterocyclic	 compounds	
containing	 pyridobenzothiazine,	 aminothiazole,	 pyrazole,		
and	 isocoumarin	 systems	 starting	 from	 the	 benzofuran	
anhydride	1.

Experimental
Melting	 points	 were	 taken	 in	 open	 capillaries.	 IR	 spectra	 were	
recorded	on	Perkin-Elmer	257-FTIR	1600	series	spectrometer,	using	
the	KBr	disc	method	 for	 solid	materials.	 1H	and	 13C	NMR	spectra	
were	recorded	at	300	and	75	MHz	using	a	Varian	VXR	300	machine	
at	25°C	(chemical	shifts	 in	d	ppm).	Mass	spectra	were	recorded	on	
Shimadzu	 QP	 2010	 GC	 MS	 instrument.	 Elemental	 analyses	 were	
obtained	using	a	Thermoquest	Flash1112	series	instrument.

7-Methoxypyrano[3,4-b][1]benzofuran-1,3(4H)-dione (1):	The	anhydride	
1	 was	 synthesised	 from	 3-carboxymethyl-6-methoxy	 benzofuran-	
2-carboxylic	acid	using	the	reported	method.8
7-Methoxy-2-(4-methoxyphenyl)[1]benzofuro[2,3-c]pyridine-1,3(4H)- 
dione	 (2):	Compound	1	 (2.32	g,	0.01	mol)	and	p-anisidine	 (1.23	g,		
0.01	 mol)	 were	 fused	 at	 170-180°C	 in	 an	 oil	 bath	 for	 one	 hour.		
A clear thick solution was obtained, which solidified on cooling. 
Acetic	acid	(20	ml)	was	added	and	the	resulting	solution	was	heated	
to reflux for 30 minutes. On cooling, the crystalline solid 2	 was	
obtained. It was filtered off, washed with water, and vacuum-dried; 
yield 85%, m.p. 215°C. IR: νmax	 1694,	 1625	 cm-1	 (C=O).	 NMR	
(DMSO-d6):	dH	7.54–7.51	(d,	2H,	H-3',5',	J	=	8.4	Hz),	7.49–7.46	(d,	
1H,	H5,	J	=	7.8	Hz),	7.45–7.42	(d,	2H,	H-2',6',	J	=	8.4	Hz),	7.35–7.34	
(d,	 1H,	H8,	J	 =	2.1	Hz),	 6.94–6.91	 (dd,	 1H,	H6,	J	 =	2.1,	 8.1	Hz),	
4.87	(s,	2H,	CH2),	3.85	(s,	3H,	OCH3),	3.78	(s,	3H,	OCH3); dC	166.3,	
160.3	(2	CO),	158.1,	157.2,	155.7,	145.3,	133.0,	121.1,	120.0,	118.2,	
114.7,	113.6,	103.8,	93.5	(14	aromatic	C),	56.1,	55.7	(2	OCH3),	20.9	
(CH2). Found: C, 67.45; H, 4.27; N, 4.02. C19H15NO3	 requires	 C,	
67.45; H, 4.48; N, 4.15%.

4-Bromo-7-methoxy-2-(4-methoxyphenyl)[1]benzofuro[2,3-c] 
pyridine-1,3(4H)-dione	 (3):	 Compound	 2	 (3.21	 g,	 0.01	 mol)	 was	
dissolved	in	acetic	acid	(50	ml)	at	50°C,	and	a	solution	of	bromine	
(0.51	ml,	0.01	mol)	in	glacial	acetic	acid	(20	ml)	was	added	dropwise	
with	 constant	 stirring	 over	 one	 hour.	 After	 complete	 addition,	
reaction	 mixture	 was	 stirred	 for	 one	 hour	 at	 the	 same	 temperature.	
The	reaction	mixture	was	poured	onto	crushed	ice	(100	g)	and	stirred	
vigorously	to	afford	the	solid	product	3 which was filtered off, washed 
with	water,	air-dried	and	recrystallised	from	chloroform,	yield	87%,		
m.p. 95°C. IR: νmax	 1695,	 1628	 cm-1	 (C=O).	 NMR	 (DMSO	 d6):		
dH	 7.55–7.52	 (d,	 2H,	 H-3',5',	 J	 =	 8.4	 Hz),	 7.50–7.47	 (d,	 1H,	 H5,		
J	=	8.1	Hz),	7.44–7.41	(d,	2H,	H-2',6',	J	=	8.4	Hz),	7.34–7.33	(d,	1H,	
H8,	J	=	2.1	Hz),	6.94–6.91	(dd,	1H,	H6,	J	=	2.1,	8.1	Hz),	5.81	(s,	1H,	
CH),	3.84	(s,	3H,	OCH3),	3.75	(s,	3H,	OCH3); dC	167.1,	161.2	(2	CO),	
157.9,	157.7,	157.2,	145.2,	144.8,	133.1,	123.7,	121.3,	119.7,	113.9,	
107.9,	97.7	(14	aromatic	carbons),	56.0,	55.7	(2	OCH3),	40.5	(CH)	
ppm. Found: C, 54.70; H, 3.16; N, 3.17; Br, 19.02. C19H14BrNO5	
requires C, 54.83; H, 3.39; N, 3.37; Br, 19.20%.

10-Methoxy-6-(4-methoxyphenyl)-5H-[1]benzofuro[3',2':3,4] 
pyrido[3,2-b][1,4]benzothiazin-7(6H)-one (4):	 The	 bromo-
compound	3	(4.0	g,	0.01	mol)	in	ethanol	(75	ml)	was	stirred	at	50°C,	
and	triethylamine	(1.0	g,	0.01	mol)	and	o-aminothiophenol	(1.25	g,		
0.01 mol) were added. The reaction mixture was refluxed for 5 h. 
Excess	 of	 ethanol	 was	 removed	 under	 vacuum	 and	 the	 reaction	
mass	 was	 poured	 onto	 crushed	 ice	 (100	 g)	 and	 stirred	 vigorously.		
The	solution	was	then	neutralised	with	2N	HCl	to	afford	solid	product	
4. Which was filtered, washed with water, air-dried and recrystallised 
using methanol. IR: νmax	3295	(NH),	1616	(C=O),	1513	cm-1	(NH).	
NMR	 (CDCl3):	 dH	 7.63–7.60	 (d,	 2H,	 H-3',5',	 J	 =	 8.4	 Hz),	 7.55–
7.52	 (d,	 1H,	H12	 J	 =	8.7	Hz),	 7.44–7.43	 (d,	 1H,	H9,	J	 =	2.1	Hz),		
7.34–7.31	 (d,	 2H,	 H-2',6',	 J	 =	 8.4	 Hz),	 6.96–6.93	 (dd,	 1H,	 H11,		

J	=	2.1,	8.1	Hz),	6.58–6.52	(m,	4H,	aromatic	protons),	4.34	(s,	1H,	
NH,	D2O-exchangeable),	 3.86	 (s,	 3H,	OCH3),	 3.79	 (s,	 3H,	OCH3); 	
dC	160.3	(CO),	158.8,	158.1,	157.5,	147.3,	146.3,	133.4,	130.5,	130.2,	
125.9,	125.4,	122.6,	121.1,	119.6,	118.9,	118.2,	115.3,	114.7,	108.6,	
97.8,	 91.5	 (22	 aromatic	 carbons),	 56.0,	 55.6	 (2	 OCH3).	 MS	 (EI):		
m/z	 442	 (M+). Found; C, 67.70; H, 4.00; N, 6.17; S, 7.02. 
C25H18N2O4S requires C, 67.86; H, 4.10; N, 6.33, S, 7.25%.

2-Amino-8-methoxy-4-(4-methoxyphenyl)[1]benzofuro[3,2-d]thiazolo 
[4,5-b]pyridin-5(4H)-one (5):	 The	 bromo-compound	 3	 (4.0	 g,		
0.01	mol)	in	ethanol	(75	ml)	was	stirred	at	50°C,	and	triethylamine	
(1.0	 g,	 0.01	 mol)	 and	 thiourea	 (0.76	 g,	 0.01	 mol)	 were	 added.		
The reaction mixture was then heated to reflux for 5 h. Excess of 
ethanol	was	removed	under	vacuum	and	the	reaction	mass	was	poured	
onto	100	g	crushed	ice	and	stirred	vigorously.	This	solution	was	then	
neutralised	with	2N	HCl	to	afford	solid	product	5, which was filtered 
off,	washed	with	water,	 air-dried	 and	 recrystallised	 from	methanol.	
Yield 84%, m.p. 145°C. IR: νmax	 3133	 (NH),	 1618	 (C=O),	 1511	
cm-1	(NH).	NMR	(CDCl3):	dH	7.68–7.65	(d,	2H,	H-3',5',	J	=	8.4	Hz),		
7.54–7.51	(d,	1H,	H10,	J	=	8.4	Hz),	7.48–7.47	(d,	1H,	H7,	J	=	1	Hz),		
7.34–7.31	 (d,	 2H,	 H-2',6',	 J	 =	 8.4	 Hz),	 7.05–7.02	 (dd,	 1H,	 H9,		
J	=	2.1,	8.4	Hz),	4.79	(s,	2H,	NH2,	D2O-exchangeable),	3.82	(s,	3H,	
OCH3),	3.74	(s,	3H,	OCH3); dC	170.7	(C–NH2),	159.3	(CO),	158.1,	
157.2,	155.7,	145.3,	133.0,	130.8,	123.7,	121.1,	120.0,	118.2,	114.1,	
108.7,	107.9,	95.4	(16	aromatic	carbons),	56.3,	55.7	(2	OCH3).	MS	
(ESI)	 m/z	 393	 (M+). Found; C, 60.88; H, 3.68; N, 10.52; S, 8.02. 
C20H15N3O4S requires C, 61.06; H, 3.84; N, 10.68; S, 8.15%.

4-Ethoxymethylene-7-methoxy-1H-pyrano[3,4-b][1]benzofuran-
1,3(4H)-dione	 (6):	 The	 anhydride	 1	 (4.0	 g,	 0.01	 mol)	 was	 stirred	
in	 dry	 benzene	 (150	 ml)	 containing	 triethyl	 orthoformate	 (2.22	 g,		
0.015	mol)	and	a	catalytic	amount	of	acetic	anhydride.	The	reaction	
mixture was refluxed for two hours. Excess of benzene was removed 
under	vacuum	and	a	light	pink	solid	(6)	separated	from	the	solution.	
This was filtered off, washed with cold benzene, and recrystallised 
from chloroform as white needles (85%, m.p. 144°C). IR νmax	1755,	
1701	cm-1	(C=O).	NMR	(CDCl3):	dH	8.09	(s,	1H,	CH),	7.66–7.63	(d,	
1H,	H5,	J	=	8.1	Hz),	7.35–7.34	(d,	1H,	H8,	J	=	2.1	Hz),	6.96–6.93	
(dd,	1H,	H6,	J	=	2.1,	8.1	Hz),	4.53	(q,	2H,	CH2),	3.84	(s,	3H,	OCH3),	
1.80	(t,	3H,	CH3); dC	161.3,	151.7	(2	CO),	156.7	(C-O),	160.1,	158.1,	
143.2,	130.6,	120.3,	118.0,	108.8,	106.8,	97.4,	(9	aromatic	carbons),	
61.3	 (OCH2),	 55.5	 (OCH3),	 11.8	 (CH3). Found; C, 62.3; H, 4.02. 
C15H12O6 requires C, 62.50; H, 4.20%.

9-Methoxy-6-oxo-6H-[1]benzofuro[2',3':5,4]pyrano[3,2-e]pyrazolo 
[1,5-a]pyrimidine-1-carbonitrile (7):	 3-Aminopyrazole-4-carbo-
nitrile20	 (1.08	 g,	 0.01	 mol)	 was	 added	 to	 a	 stirred	 solution	 of	 the	
enol	ether	6	 (2.88	g,	0.01	mol)	 in	acetic	acid	(35	ml).	The	reaction	
mixture was refluxed for 6 hours. Excess of acetic acid was removed 
under	vacuum	and	the	solution	was	poured	onto	crushed	ice	(100	g)	
to	afford	a	solid	yellow	product	(7)	(91%),	m.p.	>250°C,	which	was	
filtered off, washed with warm water, and dried in vacuo. IR: νmax	
2228	 (CN),	 1692	 cm-1	 (C=O).	 NMR	 (DMSO-d6):	 dH	 8.47	 (s,	 1H),	
8.28	(s,	1H),	7.51–7.48	(d,	1H,	H11,	J	=	8.1	Hz),	7.35–7.34	(d,	1H,	
H8,	J	=	2.1	Hz),	6.89–6.86	(dd,	1H,	H10,	J	=	2.1,	8.1	Hz),	3.84	(s,	
3H,	OCH3); dC	165.3	(CO),	161.4,	160.1,	155.2,	154.2,	145.1,	141.7,	
137.3,	 132.1,	 123.0,	 121.1,	 113.5,	 112.6,	 102.2,	 95.6	 (14	 aromatic	
carbons),	 120.3	 (CN),	 55.8	 (OCH3). Found; C, 61.25; H, 2.22; N, 
16.72.	C17H8N4O4 requires C, 61.45; H, 2.43; N, 16.86%.

9-Methoxy-5-(4-methoxyphenyl)-6-oxo-5,6-dihydro[1]benzofuro 
[2',3':5,4]pyrido[3,2-e]pyrazolo[1,5-a]pyrimidine-1-carbonitrile	(8):	
The	lactone	7	(3.32	g,	0.01	mol)	and	p-anisidine	(1.23	g,	0.01	mol)		
were	 fused	 in	 an	 oil	 bath	 at	 170–180°C	 for	 45	 minutes.	 A	 clear	
thick solution was obtained, which solidified on cooling to room 
temperature.	 To	 this	 solid,	 acetic	 acid	 (20	 ml)	 was	 added	 and	 the	
mixture was heated to reflux for 20 minutes. On cooling compound 8	
separated as a crystalline solid; it was filtered off, washed with water, 
and vacuum-dried (yield 88%, m.p. >250°C. IR: νmax	 2227	 (CN),	
1623	cm-1	(C=O).	NMR:	dH	(DMSO-d6)	8.50	(s,	1H,	=CH),	8.26	(s,	
1H,	=CH),	7.62–7.59	(d,	2H,	H-3',5',	J	=	8.4	Hz),	7.53–7.51	(d,	1H,	
H11,	J	=	7.8	Hz),	7.47–7.44	(d,	2H,	H-2',6',	J	=	8.4	Hz),	7.33–7.32	(d,	
1H,	H8,	J	=	2.1	Hz),	6.94–6.91	(dd,	1H,	H10,	J	=	2.1,	8.1	Hz),	3.85	
(s,	3H,	OCH3),	3.75	(s,	3H,	OCH3)	dC	(CDCl3):	166.2	(CO),	163.2,	
158.5,	158.3,	158.1,	157.7,	145.3,	133.0,	130.5,	122.6,	119.6,	118.2,	
114.3,	 110.3,	 105.6,	 97.5	 (20	 aromatic	 carbons),	 120.9	 (CN),	 56.0,	
55.8	(2	OCH3).	MS	(EI):	m/z 437	(M+). Found; C, 65.73; H, 3.36; N, 
17.07.	C24H15N5O4 requires C, 65.90; H, 3.46; N, 17.19%.

6-(2'-Carboxy-6'-methoxybenzofuran-3'-yl)-7-hydroxypyrazolo 
[1,5-a]pyrimidine-3-carboxylic acid (9):	 The	 lactone	 7	 (3.32	 g,		
0.01	 mol) was refluxed in 20% ethanolic NaOH solution for 	
2.5	h.	Excess	of	ethanol	was	removed	under	vacuum	and	the	reaction	
mass	 was	 poured	 onto	 crushed	 ice	 (100	 g)	 and	 stirred	 vigorously.		
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This	 solution	 was	 then	 neutralised	 with	 2N	 HCl	 to	 precipitate	 9,	
which was filtered off, washed with water, air-dried and recrystallised 
from methanol : benzene (1 : 5); yield 78%; m.p. 225°C. IR: νmax	
3432	 (OH),	 1712,	 1698	 cm-1	 (C=O).	 NMR	 (DMSO-d6):	 dH	 12.11	
(s,	 1H,	 COOH,	 D2O-exchangeable),	 11.95	 (s,	 1H,	 COOH,	 D2O-
exchangeable),	8.57	(s,	1H,	=CH),	8.38	(s,	1H,	=CH),	7.55–7.52	(d,	
1H,	H4',	J	=	Hz),	7.44–7.43	(d,	1H,	H7',	J	=	2.1	Hz),	6.96–6.93	(dd,	
1H,	 H5',	 J	 =	 2.1,	 8.1	 Hz),	 6.80	 (s,	 1H,	 OH),	 3.85	 (s,	 3H,	 OCH3); 
dC	177.3,	172.0	(2	COOH),	170.4,	161.3,	155.2,	154.2,	145.1,	141.7,	
137.3,	132.1,	127.1,	121.1,	113.5,	105.6,	102.2,	94.9	(14	aromatic	C),	
54.7	(OCH3).	MS	(ESI):	m/z 369	(M+). Found; C, 55.19; H, 2.887; N, 
11.25.	C17H11N3O7 requires C, 55.29; H, 3.00; N, 11.38%.

Methyl 6-(6'-Methoxy-2'-methoxylcarbonylbenzofuran-3'-yl)-7-
hydroxypyrazolo[1,5-a]pyrimidine-3-carboxylate (10):	The	diacid	9	
(3.69 g, 0.01 mol) was heated to reflux for 3 h in methanol (35 ml) 
with	 catalytic	 p-toluenesulfonic	 acid	 (60	 mg).	 Excess	 of	 methanol	
was	 removed	 under	 vacuum	 and	 the	 reaction	 mass	 was	 poured	
onto	 crushed	 ice	 (100	 g)	 and	 stirred	 vigorously	 to	 afford	 the	 solid	
product	10. This was filtered off, washed with water, air-dried and 
recrystallised from methanol : benzene (1 : 5); yield 72%, m.p. 159°C. 
IR: νmax	 3457	 (OH),	 1746,	 1732	 cm-1	 (C=O).	 NMR	 (DMSO-d6):	
dH	 8.55	 (s,	 1H,	 =CH),	 8.36	 (s,	 1H,	 =CH),	 7.54–7.51	 (d,	 1H,	 H4',		
J	=	8.1	Hz),	7.41–7.40	(d,	1H,	H7',	J	=	2.1	Hz),	6.99–6.96	(dd,	1H,	
H5',	J	=	2.1,	8.1	Hz),	6.89	(s,	1H,	OH,	D2O-exchangeable),	3.84	(s,	
3H,	OCH3),	3.82	(s,	3H,	OCH3),	3.75	(s,	3H,	OCH3); dC	169.0,	158.3	
(2	CO),	168.4,	158.7,	157.2,	155.0,	141.9,	135.3,	132.6,	132.1,	127.6,	
122.1,	121.2,	106.4,	102.7,	95.9	(14	aromatic	C),	55.5,	51.2,	48.4	(3	
OCH3). Found; C, 57.29; H, 3.70; N, 10.43. C19H15N3O7	requires	C,	
57.43; H, 3.81; N, 10.58%.

8-Methoxy[1]benzofuro[3',2':4,5]pyrano[2,3-c]pyrazol-5(2H)-
one (11):	The	enol	ether	6	(2.88	g,	0.01	mol)	was	stirred	in	ethanol	
(50	ml),	and	hydrazine	hydrate	(80%,	0.75	ml,	0.015	mol)	was	added	
dropwise	over	10	minutes	at	room	temperature.	The	reaction	mixture	
was refluxed for 30 min, and on cooling to room temperature a solid 
product	 (11) separated. This was filtered off, washed with ethanol, 
air-dried and recrystallised from ethanol; yield 72%, m.p. 149°C. IR: 
νmax	3245	(NH),	1684	(C=O),	1570	cm-1	(C=N).	NMR	(DMSO-d6):	
dH	8.11–8.08	(d,	1H,	NH,	D2O-exchangeable,	J	=	9	Hz),	7.72–7.69	
(d,	1H,	CH,	J	=	9	Hz),	7.51–7.48	(d,	1H,	H10,	J	=	8.1	Hz),	7.32–7.31	
(d,	1H,	H7,	J	=	2.1	Hz),	7.00–6.97	(dd,	1H,	H9,	J	=	2.1,	8.1	Hz),	3.85	
(s,	 3H,	 OCH3); dC	 154.3	 (CO),	 161.4,	 158.2,	 142.5,	 135.3,	 132.5,	
132.0,	122.4,	121.1,	107.8,	104.7,	96.0	(11	aromatic	C),	55.7	(OCH3).	
Found; C, 60.81; H, 3.05; N, 10.79. C13H8N2O4 requires C, 60.94; H, 
3.15; N, 10.93%.

8-Methoxy-4-(4-methoxyphenyl)-2,4-dihydro-5H-[1]benzofuro[3,2-d] 
pyrazolo[3,4-b]pyridin-5-one (12):	Compound	11	(2.56	g,	0.01	mol)		
and	 p-anisidine	 (1.23	 g,	 0.01	 mol)	 were	 fused	 in	 an	 oil	 bath	 at	
170–180°C	 for	45	min.	A	clear	 thick	 solution	was	obtained,	which	
solidified on cooling. To this solid acetic acid (20 ml) was added 
and the mixture was refluxed for 20 min, after which cooling gave 
a	crystalline	solid	12, which was filtered off, washed with water, and 
vacuum dried (yield 87%, m.p. 215°C). IR: νmax	 3210	 (NH),	 1620	
(C=O),	1590	cm-1	(C=N).	NMR:	dH	(DMSO-d6)	d	8.12–8.09	(d,	1H,	
NH,	D2O-exchangeable,	J	=	9	Hz),	7.82–7.79	(d,	1H,	CH,	J	=	9	Hz),	
7.64–7.61	 (d,	 2H,	 H-3',5',	 J	 =	 8.4	 Hz),	 7.51–7.48	 (d,	 2H,	 H-2',6',		
J	=	8.4	Hz),	7.42–7.39	(d,	1H,	H10,	J	=	8.1	Hz),	7.28–7.27	(d,	1H,	
H7,	J	=	2.1	Hz),	6.96–6.93	(dd,	1H,	H9,	J	=	2.1,	8.1	Hz),	3.85	(s,	3H,	
OCH3),	3.76	(s,	3H,	OCH3); dC	(CDCl3):	159.7	(CO),	158.5,	158.1,	
157.7,	154.0,	145.5,	132.0,	131.3,	122.5,	121.4,	120.1,	114.7,	108.7,	
97.4,	92.0	(17	aromatic	C),	56.3,	56.0	(2	OCH3).	MS	(EI):	m/z	361	
(M+). Found; C, 66.32; H, 4.04; N, 11.51. C20H15N3O4	 requires	C,	
66.48; H, 4.18; N, 11.63%.

3-(3-Hydroxy-1H-pyrazol-4-yl)-6-methoxybenzofuran-2-carboxylic  
acid (13):	 The	 lactone	 11 (2.56	 g,	 0.01	 mol) was refluxed in 20% 
ethanolic	 NaOH	 for	 3	 h.	 Excess	 of	 ethanol	 was	 removed	 under	
vacuum	and	the	reaction	mass	was	poured	onto	crushed	ice	(100	g)	
and	stirred	vigorously.	This	solution	on	neutralisation	with	2N	HCl	
afforded	the	acid	13, which was filtered off, washed with water, air-
dried	and	 recrystallised	 from	methanol	:	benzene	 (1	:	5)	 (yield:	72%,	
m.p. >250°C). IR: νmax	3457	 (OH),	3265	 (NH),	1700	 (C=O),	1585	
cm-1	 (C=N).	 NMR:	 dH	 (DMSO-d6)	 d12.12	 (s,	 1H,	 -COOH,	 D2O-
exchangeable),	8.21–8.18	(d,	1H,	NH,	D2O-exchangeable,	J	=	9	Hz),	
7.66–7.63	(d,	1H,	CH,	J	=	9	Hz),	7.54–7.51	(d,	1H,	H4,	J	=	8.1	Hz),	
7.44–7.43	(d,	1H,	H7,	J	=	2.1	Hz),	6.94–6.91	(dd,	1H,	H5,	J	=	2.1,	
8.1	Hz),	6.44	(s,	1H,	OH,	D2O-exchangeable),	3.86	(s,	3H,	OCH3); 
dC	 (CDCl3)	 161.7	 (CO),	 161.5,	 157.7,	 143.5,	 135.1,	 132.0,	 131.3,	
121.8,	120.7,	108.3,	105.1,	97.3	(11	aromatic	carbons),	55.8	(OCH3).	
Found; C, 56.82; H, 3.54; N, 10.09. C131H10N2O5 requires C, 56.94; 
H, 3.68; N, 10.22%.

Methyl 3-(3-hydroxy-1H-pyrazol-4yl)–6-methoxybenzofuran-
2-carboxylate	 (14):	 Compound	 13	 (2.74	 g,	 0.01	 mol)	 was	 heated	
to reflux for 3 h in methanol (35 ml) with a catalytic amount of p-
toluenesulfonic	acid	(60	mg).	Excess	of	methanol	was	then	removed	
under	vacuum	and	the	reaction	mass	was	poured	onto	100	g	crushed	
ice	and	stirred	vigorously	 to	afford	a	 solid	product	 (14)	which	was	
filtered off, washed with water, air-dried and recrystallised from 
methanol : benzene (1 : 5); yield 90%, m.p. 171°C. IR: νmax	 3468	
(OH),	 3272	 (NH),	 1742	 (C=O),	 1596	 cm-1	 (C=N).	 NMR	 (CDCl3):		
dH	8.20–8.17	(d,	1H,	NH,	D2O-exchangeable,	J	=	9	Hz),	7.61–7.58	
(d,	1H,	CH,	J	=	9	Hz),	7.55–7.52	(d,	1H,	H4,	J	=	8.1	Hz),	7.42–7.41	
(d,	1H,	H7,	J	=	2.1	Hz),	6.94–6.91	(dd,	1H,	H5,	J	=	2.1,	8.1	Hz),	6.68	
(s,	1H,	OH),	3.83	(s,	3H,	OCH3),	3.92	(s,	3H,	OCH3); dC	159.3	(CO),	
158.8,	158.1,	142.3,	134.3,	131.9,	131.3,	122.5,	121.1,	109.0,	105.3,	
97.8	 (11	 aromatic	 carbons),	 56.0,	 51.7	 (2	 OCH3).	 MS	 (ESI)	 (m/z):	
289	(M+). Found; C, 58.21; H, 4.04; N, 9.53. C14H12N2O5	requires	C,	
58.33; H, 4.20; N, 9.72%.

7-Methoxy-4-(piperidin-1-ylmethylene)-4H-pyrano[3,4-b][1] 
benzofuran-1,3-dione	(15):	Piperidine	(0.95	g,	0.011	mol)	in	a	little	
ethanol	was	added	dropwise	into	a	stirred	solution	of	the	enol	ether	6	
(2.82	g,	0.01	mol)	in	ethanol	(50	ml)	over	10	min	at	room	temperature.	
The solution was then heated to reflux for 3 hr. Excess of ethanol was 
removed	in vacuo	and	the	residue	was	poured	onto	crushed	ice	(100	g)	
and acidified with 2N HCl to afford the enamino-anhydride 15,	which	
was filtered off, washed with water, air-dried and recrystallised from 
ethanol (yield 87%, m.p. 245°C). IR: νmax	3300	(NH),	1725,	1670	cm-1		
(C=O).	 NMR:	 dH	 (CDCl3)	 7.65–7.62	 (d,	 1H,	 H5,	 J	 =	 8.1	 Hz),	
7.38–7.35	 (d,	 1H,	 H8,	 J	 =	 2.1	 Hz),	 6.97–6.94	 (dd,	 1H,	 H6,		
J	=	2.1,	8.1	Hz),	6.91	(s,	1H,	CH),	3.74	(m,	4H,	N(CH2)2),	1.90	(m,	
4H,	 (CH2)2),	 1.79	 (m,	 2H,	 CH2); dC	 (DMSO-d6)	 161.5,	 154.0	 (2	
CO),	151.6	C=C–N),	160.0,	157.7,	144.7,	130.6,	121.9,	119.8,	107.9,	
96.6	(8	aromatic	C),	109.3	(C=C–N),	55.7	(OCH3),	50.1,	26.0,	24.7		
(5	CH2). Found; C, 65.94; H, 5.11; N, 4.14. C18H17NO5	requires	C,	
66.05; H, 5.23; N, 4.28%.

7-Methoxy-4-(4'-methoxyphenylaminomethylene)-4H-pyrano[3,4-b] 
[1]benzofuran-1,3-dione	 (16):	 p-Anisidine	 (0.629	 g,	 5	 mmol)	 in	
benzene	 (20	 ml)	 was	 added	 dropwise	 at	 room	 temperature	 into	
a	 stirred	 solution	 of	 the	 enol	 ether	 6	 (1.44	 g,	 5	 mmol)	 in	 benzene		
(50 ml). The reaction mixture was then heated to reflux for 3 h. 
Removal	of	excess	of	benzene	under	vacuum	resulted	in	precipitation	
of	 yellow	 solid	 16, which was filtered off, washed with benzene 
and	2N	HCl	 to	remove	unreacted	anisidine,	and	recrystallised	from	
dimethyl formamide (DMF) (yield 87%, m.p. >250°C. IR: νmax	3300	
(NH),	1745,	1680	cm-1	(C=O).	NMR	(CDCl3):	dH	11.20	(s,	1H,	NH,	
D2O-exchangeable),	 8.22	 (s,	 1H,	 =CH),	 7.69–7.66	 (d,	 H5,	 J	 =	 8.1	
Hz),	 7.35–7.34	 (d,	 1H,	H8,	J	=	2.1	Hz),	 7.17–7.14	 (d,	 2H,	H-3',5',	
J	=	8.4	Hz),	6.96–6.93	(dd,	1H,	H6,	J	=	2.1,	8.1	Hz),	6.91–6.88	(d,	
2H,	H-2',6',	J	=	8.4	Hz),	3.94	(s,	3H,	OCH3),	3.81	(s,	3H,	OCH3); dC	
160.2,	156.3	(2	CO),	151.7	(C=C–NH),	160.9,	158.0,	144.7,	144.3,	
138.7,	 130.7,	 122.4,	 120.7,	 115.7,	 114.4,	 112.3,	 97.6	 (14	 aromatic	
carbons),	109.1	(C=C–NH),	56.2,	55.7	(2	OCH3). Found; C, 65.59; 
H, 4.01; N, 3.66. C20H15NO6 requires C, 65.75; H, 4.14; N, 3.83%.

7-Methoxy-2-(4-methoxyphenyl)-4-(piperidin-1-ylmethylene)-4H-
[1]benzofuro[2,3-c]pyridine-1,3-dione (17):	 p-Anisidine	 (0.629	 g,		
5	mmol)	and	the	anhydride	15	(1.6	g,	5	mmol)	were	fused	together	
at	 170–180°C	 and	 kept	 at	 that	 temperature	 for	 1	 h.	 A	 clear	 thick		
melt was produced, which solidified on cooling. Acetic acid (20 ml)	
was added and the resulting solution was refluxed for 30 min. 	
Cooling	afforded	a	bright	yellow	solid	(17), which was filtered off, 
washed	 with	 water,	 air-dried	 and	 recrystallised	 from	 DMF	 (yield		
68%, m.p. >250°C). IR: νmax	3300	(NH),	1725,	1670	cm-1	(C=O).	NMR:	
dH	(CDCl3)	7.94	(s,	1H,	=CH),	7.53–7.50	(d,	2H,	H-3',5',	J	=	8.4	Hz),	
7.49–7.46	(d,	1H,	H5,	J	=	8.1	Hz),	7.44–7.41	(d,	2H,	H-2',6',	J	=	8.4	Hz),		
7.33–7.32	 (d,	 1H,	 H8,	 J	 =	 2.1	 Hz),	 6.94–6.91	 (dd,	 1H,	 H6,		
J	 =	 2.1,	 8.1	 Hz),	 3.90	 (s,	 6H,	 2	 OCH3),	 3.76	 (m,	 4H,	 N(CH2)	 2),		
1.93	(m,	4H,	2	CH2),	1.81	(m,	2H,	CH2); dC	(DMSO-d6)	160.4,	162.0	
(2	 CO),	 155.2	 (C=C–N),	 154.2,	 150.0,	 146.1,	 141.7,	 137.3,	 130.1,	
127.1,	121.3,	119.1,	113.5,	105.6,	95.1	(14	aromatic	carbons),	111.3	
(C=C–N),	 55.4,	 55.2	 (2	 OCH3),	 50.1,	 26.1,	 24.8	 (5	 CH2). Found; 
C, 69.25; H, 5.43; N, 6.32. C25H24N2O5 requires C, 69.43; H, 5.59; 	
N,	6.48%.

6-Methoxy-3-[2-(4-methoxyphenylamino)-1-(morpholine-4-carbonyl) 
vinyl]benzofuran-2-carboxylic acid	 (18):	 Morpholine	 (0.5	 g,		
6	 mmol)	 was	 added	 dropwise	 over	 10	 min	 to	 a	 stirred	 solution	 of	
16	(1.8	g,	5	mmol)	in	ethanol	(50	ml)	at	room	temperature.	Stirring	
was	continued	for	3	hours	at	the	same	temperature.	Excess	of	ethanol	
was	removed	under	vacuum	and	the	obtained	mass	was	poured	onto	
crushed ice (100 g) and acidified with 2N HCl to afford the yellow 
solid	 18. This was filtered off, washed with water, air-dried and 
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recrystallised from ethanol (yield 73%, m.p. 110°C). IR: νmax	3300	
(OH),	 1740,	 1680	 cm-1	 (C=O).	 NMR	 (CDCl3):	 dH	 10.41	 (d,	 2H,	 1	
NH,	1	COOH,	D2O-exchangeable),	8.23	(s,	1H,	=CH),	7.69–7.66	(d,	
1H,	H4,	J	=	8.1	Hz),	7.35–7.34	(d,	1H,	H7,	J	=	2.1	Hz),	7.19–7.16	
(d,	2H,	H-3',5',	J	=	8.4	Hz),	6.96–6.93	(dd,	1H,	H5,	J	=	2.1,	8.1	Hz),	
6.94–6.91	 (d,	2H,	H-2',6',	J	=	8.4	Hz),	3.91	 (s,	6H,	2	OCH3),	3.80		
(t,	4H,	2	CH2),	3.78	(t,	4H,	2	CH2); dC	164.8,	162.3	(2	CO),	152.6	
(C=C–NH),	159.8,	158.1,	144.5,	140.4,	139.0,	130.7,	122.5,	121.1,	
116.4,	114.3,	113.2,	97.7	(14	aromatic	C),	109.0	(C=C–NH),	71.3	(2	
OCH2),	56.1,	56.0	(2	OCH3),	50.6	(2	NCH2).	MS	(EI): m/z 452	(M+).	
Found; C, 63.58; H, 5.22; N, 6.03. C24H24N2O7 requires C, 63.71; H, 
5.35; N, 6.19%.

7-Methoxy-4-(3-methyl-1-oxobut-2-enyl)pyrano[3,4-b][1] 
benzofuran-1,3(4H)-dione (19):	b,b-Dimethyacryloyl	chloride	(1.78	g,		
0.015	 mol)	 was	 added	 dropwise	 at	 0–5°C	 to	 a	 stirred	 solution	 of	
the	anhydride	1	(2.32	g,	0.01	mol)	in	pyridine	(25	ml).	The	reaction	
mixture	was	stirred	for	2	h	at	room	temp.	It	was	poured	onto	crushed	
ice (100 g) and acidified with 2N HCl to afford the solid 19,	which	
was filtered off, washed with water, air-dried, and recrystallised from 
ethyl acetate (yield 80%, m.p. 148°C). IR: νmax	 1748,	 1722,	 1688	
cm-1	(C=O).	NMR	(DMSO-d6):	dH	7.55–7.52	(d,	1H,	H5,	J	=	8.7	Hz),	
7.43–7.42	(d,	1H,	H8,	J	=	2.1	Hz),	7.02–6.99	(dd,	1H,	H6,	J	=	2.1,	
8.1	Hz),	6.89	(s,	1H,	=CH),	5.64	(s,	3H,	CH),	3.83	(s,	3H,	OCH3),	
2.07	(s,	3H,	CH3),	1.85	(s,	3H,	CH3); dC	196.5,	166.3,	160.1	(3	CO),	
158.7,	 155.3,	 145.2,	 123.1,	 122.6,	 117.6,	 107.5,	 95.7	 (8	 aromatic	
C),	147.7	 (C(CH3)2),	123.3	 (	=CH),	56.1	 (OCH3),	50.2	 (CH),	24.9,	
19.2	(2	CH3). Found; C, 64.78; H, 4.30. C17H14O6 requires C, 64.97; 	
H,	4.49%.

9-Methoxy-3,3-dimethyl-3,4-dihydropyrano[4',3':2,3]pyrano[3,4-b] 
[1]benzofuran-1,6-dione (21):	b,b-Dimethylacryloyl	chloride	(1.78	g,	
0.015	mol)	was	added	dropwise	to	a	stirred	solution	of	the	anhydride	
1	 (2.32	 g,	 0.01	 mol)	 in	 pyridine	 (25	 ml)	 at	 0–5°C.	After	 complete	
addition, the reaction mixture was refluxed for 1 h. It was then 
poured onto crushed ice (100 g) and acidified with 2N HCl, affording 
the	solid	lactone	21, which was filtered off, washed with water, air-
dried,	and	recrystallised	using	ethyl	acetate	(yield	67%,	m.p.	106°C).	
IR: νmax	 1689,	 1702	 cm-1	 (C=O).	 NMR	 (DMSO-d6):	 dH	 7.55–7.52	
(d,	1H,	H-11,	J	=	8.7	Hz),	7.48–7.47	(d,	1H,	H8,	J	=	2.1	Hz),	6.99–
6.96	 (dd,	 1H,	 H-10,	 J	 =	 2.1	 8.1	 Hz),	 3.84	 (s,	 3H,	 OCH3),	 3.03	 (s,	
2H,	CH2),	1.98	(s,	6H,	2	CH3); dC	191.3,	168.1	(2	CO),	163.3,	158.5,	
156.3,	146.3,	128.5,	121.3,	119.2,	105.7,	97.4,	84.1	(10	aromatic	C),	
58.2	 (C(CH3)2),	 56.1	 (OCH3),	 44.7	 (CH2),	 26.5	 (2	 CH3).	 MS	 (EI):	
m/z	314	(M+). Found; C, 64.75; H, 4.32. C17H14O6 requires C, 64.97; 	
H,	4.49%.
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