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Abstract—1-Bis(methoxy)-4-bis(methylthio)-3-buten-2-one has been shown to be a useful three carbon synthon for efficient regiospecific
synthesis of a variety of five (pyrazole and isoxazole) and six membered (pyrimidines, pyridone and pyridines) heterocycles with masked (or
unmasked) aldehyde functionality by cyclocondensation with bifunctional heteronucleophiles such as hydrazine, hydroxylamine, guanidine,
thiourea, cyanoacetamide and substituted b-lithioaminoacrylonitriles. Reaction of 1-bis(methoxy)-4-bis(methylthio)-3-buten-2-one with
methylene iodide and Zn–Cu couple under Simmons–Smith reaction conditions afforded 2-(methylthio)thiophene-4-aldehyde in good yield,
whereas cycloaromatization with thiophene-2- and 3-acetonitriles gave the corresponding substituted benzothiophene-4- and 7-aldehydes in
good yields. q 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction

The regiospecific introduction of a formyl group in five and
six membered heterocycles is a useful synthetic operation
since the formyl group is a versatile functionality for further
elaboration of these heterocyclic compounds through C–C
and C–heteroatom bond formation.1 The usual methods for
the synthesis of various heterocyclic aldehydes involve
electrophilic substitution (Vilsmeier–Haack reaction),2

formylation of metallated heterocycles,1a,b,3 oxidation of
methyl or hydroxymethyl groups4 and reduction methods.5

However, all these methods require preconstructed hetero-
cyclic precursors and suffer from some limitations such as
formation of inseparable regioisomeric mixtures of alde-
hydes, poor yields and drastic reaction conditions. On the
other hand, there are only a few examples in the literature
for the synthesis of heterocyclic aldehydes from acyclic
two or three carbon synthons with masked aldehyde
functionality (principal synthesis).6 During the course of
our continued interest in the development of new general
synthetic methods for regiospecifically substituted and
fused heterocycles based on a-oxoketene dithioacetals,7

we now report the synthesis and heterocyclization of
1-bis(methoxy)-4-bis(methylthio)-3-buten-2-one (2) as a
versatile multifunctional 1,3-bielectrophilic synthon for a

variety of five and six membered heterocycles with masked
(or unmasked) aldehyde functionality.

2. Results and discussion

The a-oxoketene dithioacetal 2 was obtained in 85% yield
by treatment of pyruvaldehyde dimethylacetal 1 with
sodium hydride and carbon disulfide in THF followed by
alkylation with 2 equiv. of methyl iodide (Scheme 1). When
2 was reacted with hydrazine hydrate in refluxing ethanol,
the corresponding 3(5)-[bis(methoxy)methyl]-5(3)-
(methylthio)pyrazole 3 was obtained in 80% yield.8

Hydrolysis of the dimethylacetal moiety of 3 with aqueous
acetic acid (50%) yielded the corresponding pyrazole-3(5)-
aldehyde 4 in 95% yield (Scheme 2). Similarly, treatment of
2 with hydroxylamine hydrochloride in ethanolic KOH
under neutral conditions afforded 3-[bis(methoxy)methyl]-
5-(methylthio)isoxazole 5 in 75% yield.9 The corresponding
5(3)-cycloaminopyrazole derivatives 6 and 7 were also
synthesized in a one pot sequence by prior displacement of
one of the methylthio groups of 2 by the respective amines
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(i.e. piperidine and morpholine) in refluxing ethanol
followed by in situ cyclization of the resulting N,S-acetals
with hydrazine hydrate under similar reaction conditions
(Scheme 2). The ketene dithioacetal 2 was also converted
into the corresponding N,S-acetal 8 by treatment with
m-methoxyaniline in the presence of n-BuLi.10 Subsequent
cyclization of 8 with either hydrazine hydrate or hydroxyl-
amine hydrochloride afforded the corresponding 5(3)-(m-
methoxyanilino)-pyrazole 9 and the corresponding isoxa-
zole derivative 10 respectively in good yields (Scheme 3).
The N,S-acetal 8 was also subjected to intramolecular
cyclocondensation in the presence of POCl3 to afford the
corresponding 2-methylthio-7-methoxyquinoline-4-alde-
hyde 11 via Combes type synthesis (Scheme 4).11

The ketene dithioacetal 2 was next subjected to treatment
with methylene iodide and Zn–Cu couple with a view to
prepare the corresponding 2-methylthio-4-[bis(methoxy)-
methyl]thiophene (14) in line with our earlier observations
on Simmons–Smith reaction on a-oxoketene dithio-
acetals.12 However the product isolated (65%) was

characterized as 2-(methylthio)thiophene-4-aldehyde (12)
which is apparently derived from the initially formed
thiophene 14 through deacetylation under experimental
conditions. The probable mechanism for the formation of 14
from 2 appears to be similar as suggested earlier12 involving
carbenoid methylene addition to one of the methylthio
groups of 2 to give ylide 13A, which on intramolecular aldol
type condensation assisted by coordination of zinc with
carbonyl oxygen lone pair followed by demethylation of
S-methylthiophenium salt 13B affords the thiophene 14
(Scheme 5). The reaction provides a facile entry to not
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easily accessible thiophene-3-(or 4-) aldehyde since direct
Vilsmeier formylation of thiophene affords only 2- (or 5-)
formyl derivatives.13

Cyclocondensation of 2 with 1,3-heterobinucleophiles was
next examined with a view to synthesize six membered
heterocycles with a masked aldehyde group. Thus, cycliza-
tion of 2 with guanidine nitrate in the presence of the
appropriate sodium alkoxides (NaOMe or NaOEt) in
refluxing alkanols (methanol or ethanol) afforded the
corresponding 2-amino-4-[bis(methoxy)methyl]-6-methoxy
or ethoxypyrimidines 15a and 15b in 65 and 60% yields,
respectively, in accordance with our earlier reported
alkoxypyrimidine synthesis (Scheme 6).14 Similarly, treat-
ment of 2 with thiourea in the presence of either sodium
methoxide or ethoxide under refluxing conditions furnished
the respective 6-alkoxy-4-[bis(methoxy)methyl]-2-mer-
captopyrimidines 16a,b in good yields.14 One of the
alkoxypyrimidines 15b was hydrolyzed with dilute HCl in
ethanol to afford the corresponding 2-amino-6-ethoxy-
pyrimidine-4-aldehyde 17 in 85% yield. (Scheme 6).6c

Reaction of 2 with cyanoacetamide in the presence of
sodium t-butoxide in t-butanol yielded the highly

functionalized 6-[bis(methoxy)methyl]-3-cyano-4-(methyl-
thio)-2(1H)-pyridone 19 in 67% yield (Scheme 6).15

The oxoketene dithioacetal 2 was next subjected to
cyclocondensation with b-lithioaminocrotononitrile 20a
and other b-substituted b-lithioaminoacrylonitriles 20b,c
according to our earlier reported method7c,16 to afford the
respective 6-[bis(methoxy)methyl]-2-substituted-4-
(methylthio)nicotinonitriles 22a–c with a masked 6-formyl
group in 57–65% overall yields (Scheme 7). The nicotino-
nitriles 22b,c were deprotected in the presence of dilute
hydrochloric acid to give the corresponding 6-formyl
derivatives 23b,c in 90 and 95% yield, respectively. It
should be noted that substituted pyridine-2-carbaldehydes
are usually synthesized by long and circuitous routes, most
commonly by oxidation of activated methyl group of the
picolines17 or their N-oxides18 or by oxidative cleavage of
2-vinylpyridine derivatives.19 Only recently, a short versa-
tile route to 2-formyl nicotinates has been reported by
cyclocondensation of methyl 3-amino-4-bis(methoxy)-
but-2-enoate (bearing masked aldehyde group) with a
variety of Mannich base hydrochlorides or b-aminovinyl
ketones.5b,20
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Finally, the versatility of 2 for regiospecific introduction of
aldehyde functionality was demonstrated by its two step
cycloaromatization with isomeric 2- and 3-thiophene
acetonitriles 24 and 25 (Scheme 8).7d Thus compound 24
underwent base induced conjugate addition elimination with
2 to afford the conjugate adduct 26 in 78% yield. Acid
induced intramolecular cyclocondensation of 26 in refluxing
benzene directly afforded the multifunctional deprotected
7-cyano-6-(methylthio)benzothiophene-4-aldehyde 27 in
70% yield. The corresponding regioisomeric 4-cyano-5-
(methylthio)benzothiophene-7-aldehyde 29 was similarly
obtained in good yields by cyclocondensation of 2 with
3-cyanomethylthiophene 25 under identical conditions
(Scheme 8).

In summary, cyclocondensation of readily accessible
1-bis(methoxy)-4-bis(methylthio)-3-buten-2-one (2) with
various 1,2- and 1,3-binucleophiles provides efficient
regiospecific routes to a variety of five and six membered

heterocycles with masked aldehyde functionality which can
be deprotected and utilized for further elaboration.

3. Experimental

3.1. General

1H NMR (300 and 400 MHz) and 13C NMR (75 and
100 MHz) spectra were recorded in CDCl3, DMSO-d6 and
TMS was used as internal reference. Melting points are
uncorrected. Chromatographic purification was done by
column chromatography using 60–120 mesh silica gel
obtained from Acme Synthetic Chemicals. All reactions
were monitored by TLC on glass plate coated with silica gel
(Acme) containing 13% calcium sulfate as binder and
visualization was effected with short wavelength UV light
(254 nm) or acidic KMnO4 solution. All reagents were used
directly as obtained commercially unless otherwise noted.
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DMF was distilled over CaH2 and stored over molecular
sieves. THF was distilled over sodium benzophenone ketyl
prior to use. n-BuLi (1.5 M) was purchased from Aldrich
Chemical Co.

Pyruvaldehyde dimethylacetal (1), methoxyacetonitrile,
thiophene-2- (24) and 3-acetonitriles (25) were purchased
from Aldrich Chemical Co.

3.1.1. 1-Bis(methoxy)-4-bis(methylthio)-3-buten-2-one
(2). To a suspension of NaH (0.96 g, 20 mmol, 50%) in
THF (25 mL) under N2 atmosphere at 08C carbon disulfide
(0.62 mL, 10 mmol) in THF (25 mL) was added followed
by stirring for 20–30 min. A solution of pyruvaldehyde
dimethylacetal (1.2 mL, 10 mmol) in THF (25 mL) was
added over a period of 30 min at 08C followed by stirring at
room temperature for 7 h. The reaction mixture was then
cooled at 08C and a solution of methyl iodide (1.6 mL,
25 mmol) in THF (25 mL) was added and the reaction
mixture was further stirred for 6 h. It was then poured into
saturated ammonium chloride solution (50 mL), extracted
with chloroform (3£50 mL), washed with water (3£50 mL),
dried (Na2SO4) and the solvent evaporated under reduced
pressure to give the crude product which was purified by
column chromatography over silica gel using hexane–
EtOAc (9:1) as eluent, to give the title compound 2 as dark
red viscous liquid; Rf 0.40 (8.5:1.5 hexane–EtOAc). Yield
1.88 g, 85%; IR (CCl4): 1642, 1102, 1069, 1013 cm21; dH

(300 MHz, CCl4) 6.29 (1H, s, vCH), 4.43 [1H, s,
CH(OMe)2], 3.38 (6H, s, OCH3), 2.50 (3H, s, SCH3), 2.47
(3H, s, SCH3); dC (75 MHz, CCl4) 187.5, 107.8, 104.0, 96.0,
53.9, 16.9, 14.5; MS: m/z (%): 222 (Mþ, 14), 148 (100).
Anal. calcd for C8H14O3S2 (222.32): C, 43.22; H, 6.35%.
Found: C, 43.33; H, 6.25%.

3.1.2. 3(5)-[Bis(methoxy)methyl]-5(3)-(methylthio)pyra-
zole (3). To a solution of 2 (1.1 g, 5 mmol) in ethanol
(50 mL), hydrazine hydrate (0.36 mL, 7.5 mmol) was added
and the reaction mixture was refluxed for 3 h. The solvent
was removed under reduced pressure and the residue was
dissolved in chloroform (100 mL), washed with water
(3£100 mL), dried (Na2SO4) and concentrated to give
crude product which was purified by column chromato-
graphy over silica gel using hexane–EtOAc (6:1) as eluent,
to give the title compound 3 as light brown crystals
(CHCl3–hexane); Rf 0.35 (1:1 hexane–EtOAc); mp 135–
1368C. Yield 0.75 g, 80%; IR (KBr): 3240, 1437, 1365,
1120, 1091 cm21; dH (300 MHz, CCl4) 6.25 (1H, s, vCH),
5.54 [1H, s, CH(OMe)2], 3.34 (6H, s, OCH3), 2.49 (3H, s,
SCH3); dC (75 MHz, CCl4) 144.3, 104.5, 97.3, 95.9, 51.8,
16.4; MS: m/z (%): 188 (Mþ, 43), 157 (100). Anal. calcd for
C7H12N2O2S (188.25): C, 46.66; H, 6.42; N, 14.88%.
Found: C, 46.51; H, 6.54; N, 14.90%.

3.1.3. 3(5)-(Methylthio)pyrazole-5(3)-aldehyde (4). The
pyrazole (0.94 g, 5 mmol) was added at a time to 20 mL of
ice cooled AcOH (50%) with stirring and the reaction
mixture was heated at 608C with continuous stirring for 4 h
(monitored by TLC). It was then cooled, poured over ice-
cooled saturated NaHCO3 solution and extracted with
CHCl3 (3£50 mL). The combined extract was washed
with water (1£50 mL), dried (Na2SO4) and evaporated to
give crude aldehyde which was purified by column

chromatography using hexane–EtOAc (5:1) as eluent, to
give the title compound 4 as colorless crystals (CHCl3–
hexane); Rf 0.6 (8:2 hexane–EtOAc); mp 156–1578C.
Yield 0.67 g, 95%; IR (KBr): 3154, 1696, 1535, 1468 cm21;
dH (400 MHz, DMSO-d6) 9.80 (1H, s, CHO), 6.81 (1H, s,
CHv), 2.49 (3H, s, SCH3); dC (100 MHz, DMSO-d6) 184.2,
138.8, 106.2, 103.8, 16.7; MS: m/z (%): 142 (Mþ, 100).
Anal. calcd for C5H6N2OS (142.18): C, 42.23; H, 4.25; N,
19.70%. Found: C, 42.35; H, 4.23; N, 9.51%.

3.1.4. 3-[Bis(methoxy)methyl]-5-(methylthio)isoxazole
(5). A suspension of 2 (1.1 g, 5 mmol), hydroxylamine
hydrochloride (0.52 g, 7.5 mmol) and potassium hydroxide
(0.42 g, 7.5 mmol) were refluxed in ethanol (25 mL) for 3 h
(monitored by TLC). The solvent was then removed under
reduced pressure and the residue was diluted with water,
extracted with chloroform. The combined extract was
washed with water (2£50 mL), dried (Na2SO4) and
evaporated to give the crude residue which was purified
by column chromatography over silica gel using hexane–
EtOAc as eluent, to give the title compound 5 as light brown
crystals (CHCl3–hexane); Rf 0.35 (1:1 hexane–EtOAc); mp
75–768C. Yield 0.71 g, 75%; IR (KBr): 2994, 2934, 1544,
1194, 1115 cm21; dH (300 MHz, CDCl3) 6.07 (1H, s,
CHv), 5.30 [1H, s, CH(OMe)2], 3.35 (6H, s, OCH3), 2.58
(3H, s, SCH3); dC (75 MHz, CCl4) 161.9, 99.8, 97.8, 96.2,
53.2, 15.1; MS: m/z (%): 187 (M22, 43.3), 156 (62.5%).
Anal. calcd for C7H11NO3S (189): C, 44.44; H, 5.82; N,
7.40%. Found: C, 44.56; H, 5.92; N, 7.51%.

3.2. 3(5)-[Bis(methoxy)methyl]-5(3)-aminopyrazoles 6
and 7: general procedure

To a solution of 2 (1.1 g, 5 mmol) in ethanol (25 mL), the
respective amine (5.1 mmol) was added at a time and the
reaction mixture was refluxed for 2 h. It was then brought to
room temperature and hydrazine hydrate (0.36 mL,
7.5 mmol) in ethanol (10 mL) was added dropwise over a
period of 10 min. Then the reaction mixture was refluxed for
another 3–4 h (monitored by TLC). The solvent was
removed under reduced pressure and the residue was
dissolved in chloroform (50 mL), washed with water
(3£50 mL), dried (Na2SO4) and concentrated to give
crude solid which on recrystallization from CHCl3–hexane
(1:3) yielded analytically pure compounds.

3.2.1. 3(5)-[Bis(methoxy)methyl]-5(3)-(1-N-piperidino)-
pyrazole (6). Light brown crystals (CHCl3–hexane); Rf

0.2 (7:3 hexane–EtOAc); mp 84–858C. Yield 0.95 g, 85%;
IR (KBr): 3191, 2928, 1568, 1362, 1108 cm21; dH

(400 MHz, CDCl3) 8.03 (1H, brs, NH), 5.69 (1H, s,
CHv), 5.45 [1H, s, CH(OMe)2], 3.30 (6H, s, OCH3), 3.13
[4H, t, J¼5.4 Hz, N(CH2)2-], 1.61–1.67 (4H, m, CH2),
1.50–1.55 (2H, m, CH2); dC (100 MHz, CDCl3) 159.7,
142.2, 97.5, 89.9, 52.4, 49.3, 25.3, 24.2; MS: m/z (%): 225
(Mþ, 20). Anal. calcd for C11H19N3O2 (225.29): C, 58.64;
H, 8.50; N, 18.65%. Found: C, 58.50; H, 8.56; N, 18.69%.

3.2.2. 3(5)-[Bis(methoxy)methyl]-5(3)-(1-N-morpholino)-
pyrazole (7). Colorless crystals (CHCl3–hexane); Rf 0.15
(6.5:3.5 hexane–EtOAc); mp 98–998C. Yield 0.87 g, 77%;
IR (KBr): 3290, 2827, 1560, 1490, 1121 cm21; dH

(400 MHz, CDCl3) 7.73 (1H, brs, NH), 5.73 (1H, s,
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CHv), 5.52 [1H, s, CH(OMe)2], 3.83 [4H, t, J¼4.8 Hz,
O(CH2)2–], 3.34 (6H, s, OCH3), 3.20 [4H, t, J¼4.8 Hz,
N(CH2)2–]; dC (100 MHz, CDCl3) 157.3, 143.7, 96.9, 89.4,
66.3, 52.6, 48.3; MS: m/z (%): 227 (Mþ, 76), 196 (100).
Anal. calcd for C10H17N3O3 (227.26): C, 52.85; H, 7.54; N,
18.45%. Found: C, 52.69; H, 7.42; N, 18.90%.

3.2.3. 1-Bis(methoxy)-4-(3-methoxyanilino)-4-(methyl-
thio)-3-buten-2-one (8). To a solution of m-anisidine
(1.23 g, 10 mmol) in dry THF (50 mL), n-BuLi (7.8 mL,
15 mmol) was added at 2788C under nitrogen atmosphere
and stirred at the same temperature for 30 min. A solution of
2 (2.23 g, 10 mmol) in 25 mL dry THF was added over a
period of 20 min at 2788C and the resulting suspension was
allowed to warm to room temperature followed by refluxing
for 10 h. It was then brought to room temperature, poured
into ice cold saturated NH4Cl solution (50 mL), extracted
with CHCl3 (3£50 mL), washed with water (3£50 mL),
dried (Na2SO4) and evaporated under reduced pressure to
give crude product which was further purified by column
chromatography over silica gel using hexane–EtOAc (9:1)
as eluent, to give the title compound 8 as deep red viscous
liquid; Rf 0.45 (8.5:1.5 hexane–EtOAc). Yield 2.23 g, 75%;
IR (DCM): 2952, 2839, 1554, 1477 cm21; dH (400 MHz,
CDCl3) 13.04 (1H, brs, NH), 7.17 (1H, t, J¼8.4 Hz, ArH),
6.79 (1H, d, J¼8.0 Hz, ArH), 6.74 (1H, s, ArH), 6.70 (1H, d,
J¼8.0 Hz, ArH), 5.52 (1H, s, CHv), 4.57 [1H, s,
CH(OMe)2], 3.70 (3H, s, OCH3), 3.36 (6H, s, OCH3),
2.29 (3H, s, SCH3); dC (100 MHz, CDCl3) 187.7, 168.9,
159.8, 138.6, 129.5, 117.0, 112.1, 110.3, 103.5, 87.4, 55.0,
53.8, 14.4. Anal. calcd for C14H19N2O4S (297.38): C, 56.54;
H, 6.43; N, 4.71%. Found: C, 56.49; H, 6.48; N, 4.76%.

3.2.4. 3(5)-[Bis(methoxy)methyl]-5(3)-(3-methoxy)ani-
linopyrazole (9). The pyrazole 9 was prepared following
the earlier procedure for 3, by refluxing a solution of 12
(1.45 g, 5 mmol) and hydrazine hydrate (0.36 g, 5 mmol) in
40 mL of ethanol. Workup and column chromatography of
the reaction mixture using hexane–EtOAc (1:1) afforded
the title compound 9 as red viscous liquid; Rf 0.2 (7:3
hexane–EtOAc). Yield 0.98 g, 75%; IR (DCM): 2943,
1603, 1491, 1341 cm21; dH (400 MHz, CDCl3) 7.62 (1H,
brs, NH), 7.24 (1H, t, J¼8.4 Hz, ArH), 6.77–6.87 (2H, m,
ArH), 6.50 (1H, dd, J¼8.4, 2.0 Hz, ArH), 6.31 (1H, s,
CHv), 5.74 [1H, s, CH(OMe)2], 3.86 (3H, s, OCH3), 3.49
(6H, s, OCH3); dC (100 MHz, CDCl3) 160.6, 149.6, 144.6,
142.6, 130.0, 108.1, 104.6, 101.4, 97.6, 92.9, 55.1, 52.5;
MS: m/z (%): 263 (Mþ, 60), 188 (100). Anal. calcd for
C13H17N3O3 (263.29): C, 59.30; H, 6.50; N, 15.96%. Found:
C, 59.23; H, 6.66; N, 15.78%.

3.2.5. 3-[Bis(methoxy)methyl]-5-(3-methoxyanilino)-
isoxazole (10). The isoxazole 10 was prepared following
the similar procedure as for 5 by refluxing a suspension of 8
(1.45 g, 5 mmol), hydroxylamine hydrochloride (0.52 g,
7.5 mmol) and KOH (0.42 g, 7.5 mmol) in 25 mL of ethanol
for 3 h. Workup and chromatography (hexane–EtOAc, 9:1)
of the reaction mixture yielded the title compound 10 as red
viscous liquid; Rf 0.48 (8.5:1.5 hexane–EtOAc). Yield
0.92 g, 70%; IR (DCM): 2926, 1600, 1493 cm21; dH

(400 MHz, CDCl3) 7.21 (1H, t, J¼7.8 Hz, ArH), 6.77
(1H, brs, NH), 6.69 (1H, d, J¼1.2 Hz, ArH), 6.67 (1H, m,
ArH), 6.58 (1H, dd, J¼8.2, 2.4 Hz, ArH), 5.62 (1H, s,

CHv), 5.35 [1H, s, CH(OMe)2], 3.79 (3H, s, OCH3), 3.41
(6H, s, OCH3); dC (100 MHz, CDCl3) 165.4, 163.2, 160.7,
140.1, 130.4, 110.0, 108.0, 103.8, 98.3, 79.6, 55.3, 53.7;
MS: m/z (%): 264 (Mþ, 13). Anal. calcd for C13H16N2O4

(264.28): C, 59.08; H, 6.10; N, 10.60%. Found: C, 59.21; H,
6.05; N, 10.51%.

3.2.6. 7-Methoxy-2-(methylthio)quinoline-4-carbalde-
hyde (11). The N,S-acetal 8 (1.49 g, 5 mmol) was dissolved
in POCl3 (20 mL) at 08C and was heated to 80–908C with
stirring for 3–4 h (monitored by TLC).The reaction mixture
was cooled and poured into ice cold saturated NaHCO3

solution. It was then extracted with chloroform, washed
with water and dried over Na2SO4 to give the crude product
which was further purified by column chromatography over
silica gel using hexane–EtOAc as the eluent, to give the title
compound 11 as yellow crystals (CHCl3–hexane); Rf 0.70
(9:1 hexane–EtOAc); mp 93–948C. Yield 0.79 g, 68%; IR
(KBr): 2925, 1708, 1611, 1509 cm21; dH (400 MHz,
CDCl3) 10.28 (1H, s, CHO), 8.75 (1H, d, J¼9.1 Hz, ArH),
7.44 (1H, s, CHv), 7.37 (1H, d, J¼2.4 Hz, ArH), 7.19 (1H,
dd, J¼9.1, 2.4 Hz, ArH), 3.95 (3H, s, OCH3), 2.71 (3H, s,
SCH3); dC (100 MHz, CDCl3) 192.8, 161.2, 160.6, 151.3,
136.4, 125.7, 124.2, 119. 8, 116.2, 107.1, 55.5, 13.1; MS:
m/z (%): 234 (Mþ1, 100). Anal. calcd for C12H11NO2S
(233.30): C, 61.78; H, 4.75; N, 6.00%. Found: C, 61.62; H,
4.85; N, 6.18%.

3.2.7. 2-(Methylthio)thiophene-4-carbaldehyde (12). To a
well stirred suspension of Zn–Cu couple (3.0 g, 30 mmol)
in dry Et2O (25 mL), under nitrogen atmosphere, a small
crystal of iodine and CH2I2 (1.34 g, 6.7 mmol) was added
and the reaction mixture was refluxed for 45 min. A solution
of 2 (1.5 g, 6.7 mmol) in dry THF (25 mL) was added to the
reaction mixture followed by further refluxing for 6 h
(monitored by TLC). The solvent was removed under
reduced pressure and the residue was diluted with CHCl3
(150 mL), washed with water (100 mL) and the organic
extract was filtered through sintered funnel to remove metal-
based residue. The organic filtrate was washed with
saturated NH4Cl solution (100 mL), water (3£50 mL),
dried (Na2SO4) and concentrated to give crude product
which was purified by column chromatography over silica
gel using hexane as eluent, to give the title compound 12 as
pale yellow viscous liquid; Rf 0.7 (9.5:0.5 hexane–EtOAc).
Yield 0.69 g, 65%; IR (CCl4): 1682, 1506, 1387 cm21; dH

(300 MHz, CDCl3) 9.74 (1H, s, CHO), 7.95 (1H, s, CHv),
7.38 (1H, s, CHv), 2.52 (3H, s, SCH3); dC (75 MHz,
CDCl3) 182.0, 143.2, 140.3, 136.6, 127.4, 20.9; MS: m/z
(%): 158 (Mþ, 48), 83 (100). Anal. calcd for C6H6OS2

(158.25): C, 45.54; H, 3.82%. Found: C, 45.60; H, 3.78%.

3.3. 2-Amino-4-[bis(methoxy)methyl]-6-alkoxy-
pyrimidines 15a,b: general procedure

Guanidine nitrate (0.61 g, 5 mmol) was added to a solution
of sodium alkoxide (10 mmol, prepared in situ from 0.23 g
of sodium metal and 5 mL of the corresponding alkanol) in
alkanol (30 mL) and after 5 min of stirring at room
temperature, a solution of 2 (1.1 g, 5 mmol) in correspond-
ing alkanol (5 mL) was added. The reaction mixture was
refluxed for 10–14 h with stirring (monitored by TLC). The
solvent was removed under reduced pressure and the residue
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was diluted with ice-cold water (50 mL). It was then
extracted with CHCl3 (3£50 mL), washed with water
(3£50 mL), dried (Na2SO4) and evaporated to give crude
product which was purified by column chromatography over
silica gel using hexane–EtOAc (1:1) as eluent.

3.3.1. 2-Amino-4-[bis(methoxy)methyl]-6-methoxypyri-
midine (15a). Colorless crystals (CHCl3–hexane); Rf 0.15
(1:1 hexane–EtOAc); mp 105–1068C. Yield 0.65 g, 65%;
IR (KBr): 3438, 3267, 1624, 1581, 1105, 1061 cm21; dH

(300 MHz, CDCl3) 6.29 (1H, s, CHv), 5.51 (2H, brs, NH2),
5.10 [1H, s, CH(OMe)2], 3.88 (3H, s, OCH3), 3.36 (6H, s,
OCH3); dC (75 MHz, CDCl3) 171.5, 166.2, 163.2, 102.0,
95.5, 53.5, 53.2; MS: m/z (%): 199 (Mþ, 32), 153 (100).
Anal. calcd for C8H13N3O3 (199.20): C, 48.24; H, 6.53; N,
21.10%. Found: C, 48.35; H, 6.69; N, 21.20%.

3.3.2. 2-Amino-4-[bis(methoxy)methyl]-6-ethoxypyrimi-
dine (15b). Colorless crystals (CHCl3–hexane); Rf 0.20
(1:1 hexane–EtOAc); mp 120–1228C. Yield 0.64 g, 60%;
IR (KBr): 3301, 1632, 1575, 1169, 1057 cm21; dH

(300 MHz, CDCl3) 6.27 (1H, s, CHv), 5.35 (2H, brs,
NH2), 5.08 [1H, s, CH(OMe)2], 4.31 (2H, q, J¼7.0 Hz,
OCH2CH3), 3.36 (6H, s, OCH3), 1.36 (3H, t, J¼7.0 Hz,
CH3CH2); dC (75 MHz, CDCl3) 171.1, 166.3, 163.1, 102.1,
95.7, 62.1, 53.2, 14.4; MS: m/z (%): 213 (Mþ, 25), 181
(100). Anal. calcd for C9H15N3O3 (213.23): C, 50.69; H,
7.09; N, 19.70%. Found: C, 50.55; H, 7.12; N, 19.68%.

3.4. 6-Alkoxy-4-[bis(methoxy)methyl]-2-mercapto-
pyrimidines 16a,b: general procedure

The 2-mercaptopyrimidines 16a,b were prepared following
the similar procedure for 2-aminopyrimidines 15a,b by
refluxing a suspension of 2 (1.1 g, 5 mmol), thiourea
(0.389 g, 5 mmol) and the corresponding sodium alkoxide
(6 mmol) in the appropriate alkanol (60 mL) for 6–7 h.
Workup and column chromatography (hexane–EtOAc 1:1)
of the reaction mixture afforded the mercaptopyrimidines
16a,b.

3.4.1. 4-[Bis(methoxy)methyl]-6-methoxy-2-mercapto-
pyrimidine (16a). Colorless crystals (CHCl3–hexane); Rf

0.30 (6:4 hexane–EtOAc); mp 107–1088C. Yield 0.59 g,
55%; IR (KBr): 3143, 1631, 1567, 1186, 1049 cm21; dH

(400 MHz, CDCl3) 6.26 (1H, s, CHv), 5.30 [1H, s,
CH(OMe)2], 3.40 (6H, s, OCH3), 3.10 (3H, s, OCH3); dC

(100 MHz, CDCl3) 182.7, 168.9, 154.6, 97.9, 97.3, 55.6,
55.3; MS: m/z (%): 216 (Mþ, 8). Anal. calcd for
C8H12N2O3S (216.35): C, 44.44; H, 5.55; N, 12.96%.
Found: C, 44.53; H, 5.61; N, 12.72%.

3.4.2. 4-[Bis(methoxy)methyl]-6-ethoxy-2-mercapto-
pyrimidine (16b). Colorless crystals (CHCl3–hexane); Rf

0.35 (6:4 hexane–EtOAc); mp 88–898C. Yield 0.61 g,
53%; IR (KBr): 3562, 3113, 1844, 1794 cm21; dH

(400 MHz, CDCl3) 6.22 (1H, s, CHv), 5.26 [1H, s,
CH(OMe)2], 4.54 (2H, q, J¼7.0 Hz, OCH2CH3), 3.39
(6H, s, OCH3), 1.38 (3H, t, J¼7.0 Hz, CH3CH2); dC

(100 MHz, CDCl3) 182.7, 168.6, 154.3, 98.1, 97.2, 64.3,
53.4, 14.2; MS: m/z (%): 230 (Mþ, 24). Anal. calcd for
C9H14N2O3S (230.29): C, 46.94; H, 6.12; N, 12.20%.
Found: C, 47.00; H, 6.20; N, 12.01%.

3.4.3. 2-Amino-6-ethoxypyrimidine-4-carbaldehyde
(17). A solution of alkoxypyrimidine dimethylacetal (15b)
(1.06 g, 5 mmol) in 20 mL of ethanol and 40 mL of 0.4N
HCl was refluxed for 1 h. It was then heated with animal
charcoal, refluxed and filtered hot on a sintered funnel. The
filtrate was adjusted to pH 9–10 with 5% NaOH solution.
The resulting precipitate was dried in oven under reduced
pressure for 1 h to give the title compound 17 as colorless
crystals (ethanol). The aldehyde 17 was insoluble for
recording 1H NMR spectra in CDCl3 or DMSO-d6. Mp
3908C (decomposed). Yield 0.71 g, 85%; IR (KBr): 3475,
1697, 1456 cm21, MS: m/z (%): 167 (Mþ, 100). Anal. calcd
for C7H9N3O2 (167.16): C, 50.29; H, 5.42; N, 25.13%.
Found: C, 50.12; H, 5.58; N, 25.21%.

3.4.4. 3-Cyano-6-[bis(methoxy)methyl]-4-(methylthio)-
2(1H)-pyridone (19). To a stirring suspension of sodium
t-butoxide [prepared by reacting molecular sodium (0.12 g,
5 mmol) in t-butanol (50 mL)], cyanoacetamide (0.42 g,
5 mmol) was added and the reaction mixture was further
stirred for 10 min. A suspension of 2 (1.19 g, 5 mmol) in
t-BuOH (5 mL) was then added followed by refluxing for
5 h. The solvent was removed under reduced pressure to
give orange colored sodium salt of the pyridone 19 which
was dissolved in water (30 mL) followed by acidification
with dilute HCl (10 mL, 8%) to afford the title compound 19
as yellow crystals (CHCl3); Rf 0.15 (1:1 hexane–EtOAc);
mp 149–1508C. Yield 0.80 g, 67%; IR (KBr): 2213, 1656,
1602, 1468, 1353, 1205 cm21; dH (300 MHz, DMSO-d6)
6.37 (1H, s, CHv), 5.22 [1H, s, CH(OMe)2], 3.34 (6H, s,
OCH3), 2.62 (3H, s, SCH3); dC (75 MHz, DMSO-d6) 164.2,
159.5, 153.7, 148.2, 114.8, 99.2, 98.8, 53.8, 13.9; MS: m/z
(%): 240 (Mþ, 33). Anal. calcd for C10H12N2O3S (240.28):
C, 49.99; H, 5.03; N, 11.66%. Found: C, 49.89; H, 5.10; N,
11.60%.

3.5. General procedure for synthesis of pyridines 22a–c

A solution of 2 (1.1 g, 5 mmol) in dry THF (25 mL) was
added dropwise to a solution of either lithioaminocrotono-
nitrile 20a [7.5 mmol, generated16 from acetonitrile
(0.8 mL, 15.3 mmol) and n-BuLi (5.0 mL, 7.5 mmol)] or
2-substituted-2-lithioaminoacrylonitrile 20b,c [generated16

from acetonitrile (0.4 mL, 7.5 mmol), alkyl/aryl nitrile
(7.5 mmol) and n-BuLi (5.0 mL, 7.5 mmol)] in THF
(25 mL) at 2788C and the reaction mixture was brought
to room temperature and refluxed for 2 days. It was then
cooled and poured into saturated NH4Cl (50 mL) solution,
extracted with CHCl3 (2£50 mL) and the combined organic
layer was washed with water (2£50 mL), dried (Na2SO4)
and concentrated to give crude product which was purified
by column chromatography over silica gel using hexane–
EtOAc (5:1) as eluent.

3.5.1. 3-Cyano-6-[bis(methoxy)methyl]-2-methyl-4-
methylthiopyridine (22a). Colorless crystals (CHCl3–
hexane); Rf 0.40 (8.5:1.5 hexane–EtOAc); mp 78–798C.
Yield 0.73 g, 62%; IR (KBr): 2923, 2218, 1742, 1541 cm21;
dH (400 MHz, CDCl3) 7.27 (1H, s, CHv), 5.28 [1H, s,
CH(OMe)2], 3.42 (6H, s, OCH3), 2.74 (3H, s, CH3), 2.59
(3H, s, SCH3); dC (100 MHz, CDCl3) 161.5, 159.0, 156.6,
115.1, 112.7, 106.1, 103.6, 54.1, 23.7, 14.1; MS: m/z (%):
236 (M-1, 15). Anal. calcd for C11H13N2O2S (237.29): C,
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55.44; H, 5.92; N, 11.78%. Found: C, 55.56; H, 5.83; N,
11.75%.

3.5.2. 3-Cyano-6-[bis(methoxy)methyl]-4-(methylthio)-
2-(methoxymethyl)pyridine (22b). Colorless crystals
(CHCl3–hexane); Rf 0.40 (8:2 hexane–EtOAc); mp 77–
798C. Yield 0.76 g, 57%; IR (KBr): 2935, 2218, 1570,
1445 cm21; dH (400 MHz, CDCl3) 7.37 (1H, s, CHv), 5.33
[1H, s, CH(OMe)2], 4.69 (2H, s, CH2OCH3), 3.50 (3H, s,
OCH3), 3.43 (6H, s, OCH3), 2.60 (3H, s, SCH3); dC

(100 MHz, CDCl3) 160.1, 159.3, 157.4, 114.5, 114.1, 106.4,
103.8, 74.1, 59.3, 54.3, 14.3; MS: m/z (%): 268 (Mþ, 10).
Anal. calcd for C12H16N2O3S (268.33): C, 53.70; H, 6.01;
N, 10.44%. Found: C, 53.92; H, 5.81; N, 10.35%.

3.5.3. 3-Cyano-6-[bis(methoxy)methyl]-2-(4-methoxy-
phenyl)-4-(methylthio)pyridine (22c). Colorless crystals
(CHCl3–hexane); Rf 0.30 (9.5:0.5 hexane–EtOAc); mp
107–1088C. Yield 1.07 g, 65%; IR (KBr): 3447, 2926,
2852, 2217, 1607, 1512 cm21; dH (400 MHz, CDCl3) 7.88
(2H, dd, J¼9.6, 2.9 Hz, ArH), 7.33 (1H, s, CHv), 7.01 (2H,
dd, J¼9.6, 2.9 Hz, ArH), 5.33 [1H, s, CH(OMe)2], 3.87 (3H,
s, OCH3), 3.47 (6H, s, OCH3), 2.62 (3H, s, SCH3); dC

(100 MHz, CDCl3) 161.2, 160.5, 159.3, 157.9, 130.6, 129.4,
115.9, 113.9, 112.5, 104.3, 103.9, 55.4, 54.5, 14.4; MS: m/z
(%): 330 (Mþ, 10). Anal. calcd for C17H18N2O3S (330.39):
C, 61.79; H, 5.40; N, 8.48%. Found: C, 61.52; H, 5.62; N,
8.59%.

3.6. Acid induced hydrolysis of 22b,c to 23b,c

To an ice cold solution of dimethylacetal 22b,c (1 mmol) in
(CH3)2CO (22b) or CH2Cl2 (22c), 5 mL of 2N HCl was
added and the reaction mixture was stirred at room
temperature for 1 h. It was then neutralized with ice cooled
saturated NaHCO3 solution and the precipitated aldehydes
were filtered, dried and crystallized from hexane–CHCl3 to
give analytically pure products.

3.6.1. 3-Cyano-2-methoxymethyl-4-(methylthio)pyri-
dine-6-carbaldehyde (23b). Orange crystals (CHCl3–
hexane); Rf 0.5 (1:1 hexane–EtOAc); mp 114–1158C.
Yield 0.21 g, 95%; IR (KBr): 3158, 2274, 1651, 1438 cm21;
dH (400 MHz, CDCl3) 10.08 (1H, s, CHO), 8.02 (1H, s,
CHv), 4.78 (2H, s, CH2OCH3), 3.56 (3H, s, OCH3), 2.66
(3H, s, SCH3); dC (100 MHz, CDCl3) 192.3, 161.2, 158.8,
152.0, 114.1, 113.4, 109.5, 73.7, 59.5, 14.3; MS: m/z (%):
224 (Mþ2, 15). Anal. calcd for C10H10N2O2S (222.26): C,
54.03; H, 4.50; N, 12.60%. Found: C, 54.20; H, 4.45; N,
12.81%.

3.6.2. 3-Cyano-4-(methylthio)-2-(4-methoxyphenyl)pyri-
dine-6-carbaldehyde (23c). Pale yellow crystals (CHCl3–
hexane); Rf 0.65 (8.5:1.5 hexane–EtOAc); mp 203–2048C.
Yield 0.27 g, 95%; IR (KBr): 3099, 2360, 2338, 1711 cm21;
dH (400 MHz, CDCl3) 10.10 (1H, s, CHO), 7.95 (2H, dd,
J¼6.8, 1.9 Hz, ArH), 7.66 (1H, s, CHv), 7.06 (2H, dd,
J¼6.8, 1.9 Hz, ArH), 3.89 (3H, s, OCH3), 2.68 (3H, s,
SCH3); dC (100 MHz, CDCl3) 192.7, 161.7, 161.5, 159.4,
152.1, 130.7, 128.6, 115.3, 114.2, 112.2, 107.2, 55.5, 14.5;
MS: m/z (%): 284 (Mþ, 76.6). Anal. calcd for C15H12N2O2S
(284.33): C, 63.35; H, 4.20; N, 9.85%. Found: C, 63.26; H,
4.35; N, 9.95%.

3.7. 7-Cyano-6-(methylthio)benzothiophene-4-
carbaldehyde (27) and 4-cyano-5-(methylthio)-
benzothiophene-7-carbaldehyde (28): general procedure

To a stirred suspension of NaH (0.60 g, 40%, 10 mmol) in
DMF (10 mL) at 08C, a solution of 2- or 3-thiophene-
acetonitrile (5 mmol) in DMF (5 mL) was added dropwise
during 15 min and the reaction mixture was stirred at 08C
for 45 min. A solution of 2 (1.1 g, 5 mmol) in DMF (10 mL)
was slowly added and the reaction mixture was allowed to
warm to room temperature with stirring during 8–10 h. It
was then poured into saturated NH4Cl solution (200 mL)
and extracted with CHCl3 (3£50 mL). The combined
organic layer was washed with water (3£50 mL), dried
(Na2SO4) and evaporated to give the crude adducts (26, 28)
which were used as such for further cyclization. The crude
adduct (,5 mmol) dissolved in dry C6H6 (20 mL) was
refluxed with PTSA (1.9 g, 10 mmol) for 3–4 h (monitored
by TLC). It was then cooled, poured into ice-cold water
(150 mL), extracted with CHCl3 (3£50 mL), the combined
organic layer was washed with water (3£50 mL) and dried
over Na2SO4. The solvent was distilled under reduced
pressure to give crude product, which was purified by
column chromatography over silica gel using hexane–
EtOAc (97:3) as eluent.

3.7.1. 7-Cyano-6-(methylthio)benzothiophene-4-car-
baldehyde (27). Yellow crystals (CHCl3–hexane); Rf 0.75
(9.5:0.5 hexane–EtOAc); mp 197–1998C. Yield 0.82 g,
70%; IR (KBr): 3123, 2919, 2218, 1681 cm21; dH

(400 MHz, CDCl3) 10.32 (1H, s, CHO), 8.27 (1H, d,
J¼5.6 Hz, CHv), 7.83 (1H, s, ArH), 7.76 (1H, d, J¼5.6 Hz,
CHv), 2.73 (3H, s, SCH3); dC (100 MHz, CDCl3) 190.1,
143.3, 141.1, 135.0, 134.0, 132.4, 128.4, 121.1, 115.4,
111.0, 17.1; MS: m/z (%): 233 (Mþ, 100). Anal. calcd for
C11H7NOS2 (233.32): C, 56.63; H, 3.02; N, 6.00%. Found:
C, 56.68; H, 3.01; N, 5.90%.

3.7.2. 4-Cyano-5-(methylthio)benzothiophene-7-car-
baldehyde (29). Yellow crystals (CHCl3–hexane); Rf 0.75
(9.5:0.5 hexane–EtOAc); mp 199–2008C. Yield 0.78 g,
67%; IR (KBr): 3113, 2208, 1688, 1308 cm21; dH

(400 MHz, CDCl3) 10.28 (1H, s, CHO), 7.88 (1H, d,
J¼5.6 Hz, CHv), 7.84 (1H, s, ArH), 7.61 (1H, d, J¼5.6 Hz,
CHv), 2.73 (3H, s, SCH3); dC (100 MHz, CDCl3) 190.1,
143.4, 141.1, 135.0, 134.2, 132.4, 128.5, 121.1, 115.4,
111.0, 17.1; MS: m/z (%): 233 (Mþ, 100). Anal. calcd for
C11H7NOS2 (233.32): C, 56.63; H, 3.02; N, 6.00%. Found:
C, 56.42; H, 3.10; N, 6.24%.

Acknowledgements

P. K. M. and U. K. S. thank CSIR, New Delhi for Senior
Research Fellowships. Financial assistance under DST
project is also acknowledged.

References

1. (a) Comins, D. L.; Nolan, J. M. Org. Lett. 2001, 3, 4255.

(b) Kurata, H.; Nakaminami, H.; Matsumoto, K.; Kawase, T.;

P. K. Mahata et al. / Tetrahedron 59 (2003) 2631–26392638



Oda, M. Chem. Commun. 2001, 529. (c) Patra, A.; Batra, S.;

Kundu, B.; Joshi, B. S.; Roy, R.; Bhaduri, A. P. Synthesis

2001, 276. (d) Felpin, F.-X.; Girard, S.; Vo-Thanh, G.; Robins,

R. J.; Villieras, J.; Lebreton, J. J. Org. Chem. 2001, 66, 6305.

(e) Wang, W.; Xiong, C.; Yang, J.; Hruby, V. J. Tetrahedron

Lett. 2001, 42, 7717. (f) Noguchi, M.; Sakamoto, K.; Nagata,

S.; Kajigaeshi, S. J. Heterocycl. Chem. 1988, 25, 205.

2. (a) Meth-Cohn, O.; Tarnowski, B. Advances in Heterocyclic

Chemistry; Katritzky, A. R., Ed.; Academic: New York, 1982;

Vol. 31, pp 207–236. (b) Meth-Cohn, O.; Stanforth, S. P.

Comprehensive Organic Synthesis; Trost, B. M., Ed.;

Pergamon: Oxford, 1991; Vol. 2, pp 777–794. (c) Rudloff,

I.; Michalik, M.; Montero, A.; Peseke, K. Synthesis 2001,

1686.

3. Chackalamannil, S.; Davies, R. Org. Lett. 2001, 3, 1427.

4. (a) Frey, L. F.; Marcantonio, K.; Frantz, D. E.; Murry, J. A.;

Tillyer, R. D.; Grabowski, E. J. J.; Reider, P. J. Tetrahedron

Lett. 2001, 42, 6815. (b) Nicolaou, K. C.; Huang, X.;

Giuseppone, N.; Rao, P. B.; Bella, M.; Reddy, M. V.; Snyder,

S. A. Angew. Chem. Int. Ed. Engl. 2001, 40, 4705.

5. (a) Brown, D. J. Comprehensive Heterocyclic Chemistry;

Katritzky, A. R., Rees, C. W., Eds.; Pergamon: Oxford, 1984;

Vol. 3, p 125, Part 2B. (b) Mizzoni, R. H. Chemistry of

Heterocyclic Compounds, Pyridine and its Derivatives;

Abramovitch, R. A., Ed.; Wiley: New York, 1975; Vol. 14,

pp 116–118, Suppl. Part IV. (c) Hartough, H. D. Chemistry of

Heterocyclic Compounds; Interscience: New York, 1952;

pp 307–311.

6. (a) Abdallah, H.; Gree, R. Tetrahedron Lett. 1980, 21, 2239.

(b) Piantadosi, C.; Skulason, V. G.; Irvin, J. L.; Powell, J. M.;

Hall, L. J. Med. Chem. 1964, 7, 337. (c) Baker, B. R.; Jordaan,

J. H. J. Heterocycl. Chem. 1967, 4, 31. (d) Bredereck, H.; Sell,

R.; Effenberger, F. Chem. Ber. 1964, 97, 3407.

7. (a) Review: Junjappa, H.; Ila, H.; Asokan, C. V. Tetrahedron

1990, 46, 5423. (b) Ila, H.; Junjappa, H.; Mohanta, P. K.

Progress in Heterocyclic Chemistry; Gribble, G. W., Gilchrist,

T. L., Eds.; Pergamon: Oxford, 2001; Vol. 13, pp 1–24.

(c) Suresh, J. R.; Syam Kumar, U. K.; Ila, H.; Junjappa, H.

Tetrahedron 2001, 57, 781 and references therein. (d) Suresh,

J. R.; Barun, O.; Ila, H.; Junjappa, H. Tetrahedron 2000, 56,

8153 and references therein. (e) Barun, O.; Patra, P. K.; Ila, H.;

Junjappa, H. Tetrahedron Lett. 1999, 40, 3797.

(f) Basaveswara Rao, M. V.; Syam Kumar, U. K.; Ila, H.;

Junjappa, H. Tetrahedron 1999, 55, 11563. (g) Barun, O.; Ila,

H.; Junjappa, H.; Singh, O. M. J. Org. Chem. 2000, 65, 1583.

(h) Kishore, K.; Reddy, K. R.; Suresh, J. R.; Ila, H.; Junjappa,

H. Tetrahedron 1999, 55, 7645.

8. Chauhan, S. M. S.; Junjappa, H. Synthesis 1975, 798.

9. Purkayastha, M. L.; Ila, H.; Junjappa, H. Synthesis 1989, 20.

10. Singh, O. M.; Junjappa, H.; Ila, H. J. Chem. Soc., Perkin

Trans. 1 1997, 3561.

11. Giardina, G. A. M.; Sarau, H. M.; Farina, C.; Medhurst, A. D.;

Grugni, M.; Raveglia, L. F.; Schmidt, D. B.; Rigolio, R.;

Luttmann, M.; Vecchietti, V.; Hay, D. W. P. J. Med. Chem.

1997, 40, 1794.

12. (a) Bhat, L. N.; Thomas, A.; Ila, H.; Junjappa, H. Tetrahedron

1992, 48, 10377. (b) Thomas, A.; Singh, G.; Ila, H.; Junjappa,

H. Tetrahedron Lett. 1989, 30, 3093. (c) Bhat, L. N.; Ila, H.;

Junjappa, H. Synthesis 1993, 959.

13. Rajappa, S. Comprehensive Heterocyclic Chemistry;

Katritzky, A. R., Rees, C. W., Eds.; Pergamon: Oxford,

1984; Vol. 4, p 759, Part 3.

14. (a) Chauhan, S. M. S.; Junjappa, H. Synthesis 1974, 880.

(b) Chauhan, S. M. S.; Junjappa, H. Tetrahedron 1976, 32,

1779.

15. (a) Rastogi, R. R.; Kumar, A.; Ila, H.; Junjappa, H. J. Chem.

Soc., Perkin Trans. 1 1978, 549. (b) Rastogi, R. R.; Ila, H.;

Junjappa, H. J. Chem. Soc., Chem. Commun. 1975, 645.

16. Gupta, A. K.; Ila, H.; Junjappa, H. Tetrahedron 1990, 46,

3703.

17. (a) Troschutz, R.; Heinemann, O.; Waibel, R.; Troschutz, J.

Arch. Pharm. 1995, 328, 557. (b) In Houben-Weyl, Methoden

der Organischen Chemie; Falbe, J., Ed.; Thieme: Stuttgart,

1983; p 231, Band E3.

18. (a) Kao, B. C.; Doshi, H.; Reyes-Rivera, H.; Titus, D. D.; Yin,

M.; Dalton, D. R. J. Heterocycl. Chem. 1991, 28, 1315.

(b) Rimek, H.-J. Liebigs Ann. Chem. 1963, 670, 69.

19. Niu, C.; Li, J.; Doyle, T. W.; Chen, S. H. Tetrahedron 1998,

54, 6311.

20. Graf, E.; Troschutz, R. Synthesis 1999, 1216.

P. K. Mahata et al. / Tetrahedron 59 (2003) 2631–2639 2639


	1-Bis(methoxy)-4-bis(methylthio)-3-buten-2-one: useful three carbon synthon for synthesis of five and six membered heterocycles
	Introduction
	Results and discussion
	Experimental
	General
	3(5)-[Bis(methoxy)methyl]-5(3)-aminopyrazoles 6 and 7: general procedure
	2-Amino-4-[bis(methoxy)methyl]-6-alkoxy&?show [hyphen];pyrimidines &b;15a&/b;,&b;b&/b;: general procedure
	6-Alkoxy-4-[bis(methoxy)methyl]-2-mercapto&?show [hyphen];pyrimidines &b;16a&/b;,&b;b&/b;: general procedure
	General procedure for synthesis of pyridines 22a-c
	Acid induced hydrolysis of 22b,c to 23b,c
	7-Cyano-6-(methylthio)benzothiophene-4-carbaldehyde (27) and 4-cyano-5-(methylthio)&?show [hyphen];benzothiophene&hyphen;7&hyph

	Acknowledgements
	References


