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Some 3-substituted pyrrolo[1,2-alazines 4a-d were prepared in low yields from the corresponding
2-methylpyridines 1a,b and pyrazine derivatives 1c,d by quaternization with methyl bromoacetate followed
by treatment with N,N-dimethylformamide dimethyl acetal. Ethyl 2-pyridinylacetate (5) and 2-pyridinylaceto-
nitrile (6) were converted with 4-(2-bromo-1-dimethylaminoethylidene)-2-phenyl-5(4H)-oxazolone (9) into
pyrrolo[1,2-a]pyridine derivatives 10 and 12, intermediates in the synthesis of azaaplysinopsins.
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The 3-substituted azolo[1,2-x]azines have been pre-
pared by intramolecular cyclization of pyridinium
allylilides [1] and by intramolecular aldol condensation of
acyl and ethoxycarbonyl methines [2]. The reactions of
pyridines and pyridinium methylides with alkynic esters
provide a useful synthesis of indolizines containing ester
groups in the five-membered ring. Since the reactions of
1,3-dipoles as well as dipolarophiles are dependent on the
electronic and steric effects, the substituents in the 1, 2,
and 3 positions of the indolizine nucleus are restricted
mostly to electron withdrawing and relatively small
groups. If unsymmetrical dipolarophiles are employed, a
mixture of two possible isomers is often formed [3].
Carboxylic or ester group can be introduced at position 3
in indolizine system with ethyl chloroformate [4].

3-Acyl substituted imidazo[1,2-x]azines are formed by
treatment of N,N-dimethyl-N"-heteroarylformamidines
with o-haloketones [5], while the corresponding
3-acylpyrrolo[1,2-a]azines are prepared by quaternization
of a-methylazines, in order to activate the methyl group,
with a-haloketones followed by treatment with N,N-
dimethylformamide dimethyl acetal [6]. However, since
N,N-dimethylformamide dimethyl acetal is an excellent

dehydrating agent, a concurrent reaction produces 2-sub-
stituted pyrrolo[1,2-x]azines, in some instances as the
major products [6]. The reaction has been employed for
preparation of 3-acetyl- and 3-benzoylpyrrolo[1,2-a]-
pyridines, 7-benzoyl-3-methylpyrrolo[1,2-c]pyrimidine
and 6-benzoyl- 1-methylpyrrolo[1,2-a]pyrazine.

When 4-(2-bromo-1-dimethylaminoethylidene)-2-
phenyl-5(4H)-oxazolone has been employed instead of an
o-haloketone fused imidazole with oxazolone ring con-
nected through a double bond conjugated to imidazole
system has been formed in one step [7].

This latest reaction represents an alternative and simpli-
fied method for preparation of azaaplypsinopsins in com-
parison with other methods based on the coupling of an
heteroaromatic aldehyde and an appropriately substituted
hydantoin [8,9], and Standinger/aza-Wittig reaction fol-
lowed by electrocyclic ring closure [10,11].

In this communication we report on some attempts to
prepare 3-substituted pyrrolo[1,2-x]azines. First,
2-methylpyridine (1a), 2,4-dimethylpyridine (1b), 2,3-
dimethylpyrazine (1c) or 2,5-dimethylpyrazine (1d) was
converted with methyl bromoacetate (2) to give the corre-
sponding quaternary salts 3. They were without further
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purification treated with N,N-dimethylformamide
dimethyl acetal to give a mixture, from which products
were isolated in low yields: methyl pyrrolo[1,2-a]pyri-
dine-3-carboxylate (4a) in 23%, methyl 7-methyl-
pyrrolo[1,2-a]pyridine-3-carboxylate (4b) in 6%, methyl
1-methylpyrrolo[1,2-alpyrazine-6-carboxylate (4¢) in
2.8%, and methyl 3-methylpyrrolo[1,2-a]pyrazine-6-car-
boxylate (4d) in 2.2% yield. 2,6-Dimethylpyridine,
2-methylquinoline and 2,6-dimethylquinoline gave under
the same reaction conditions only tarry material from
which the corresponding products could not be isolated.
In an attempt to prepare some intermediates in the syn-
thesis of aplysinopsin derivatives ethyl 2-pyridinylacetate
(5) and 2-pyridinylacetonitrile (6) were first transformed
with N,N-dimethylformamide dimethyl acetal into ethyl
3-dimethylamino-2-(pyridinyl-2)propenoate (7) and
3-dimethylamino-2-(pyridinyl-2)propenonitrile (11)
according to the procedure described earlier [12].
Compound 7 hydrolysed by standing at room temperature
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to give ethyl 3-hydroxy-2-(pyridinyl-2)propenoate (8),
therefore the crude 7 was used immediately in further
reaction.

In the reactions of compounds 7 and 11 with 4-(2-
bromo- 1-dimethylaminoethylidene)-2-phenyl-5(4H)-oxa-
zolone (9), 1-ethoxycarbonyl-3-[(dimethylamino)-
(2-phenyl-5-oxo0-2-oxazolinylidene-4)methyl]pyrrolo-
[1,2-a]pyridine (10) and 1-cyano derivative 12 were
formed in 31% and 16% yields, while 2-aminothiazole
has been transformed according to this methodology into
3-acylimidazo[2,1-b]thiazole [13].

2-Methyl-4,5-dihydrothiazole (13) gave with ¢-butoxy-
bis(dimethylamino)methane 2-(2-dimethylaminoethyl-
idene)-4,5-dihydrothiazole (14), which was further trans-
formed with bromoacetophenone (15) into 3-benzoyl-
methyl-2-(2-dimethylaminoethenyl)-4,5-dihydrothia-
zolium bromide (16). All attempts to transform it into
3-benzoyl-2,3-dihydropyrrolo[2,1-b]thiazole (17) failed.

EXPERIMENTAL

Melting points were taken on a Kofler micro hot stage. The
1H nmr spectra were obtained on a Bruker Avance DPX 300
(300 MHz) spectrometer in such solvent as dimethyl-dg sulfox-
ide and deuteriochloroform with tetramethylsilane as the internal
standard. The ir spectra were obtained on a Perkin-Elmer 1310
spectrometer. The microanalyses for C, H and N were obtained
on a Perkin-Elmer CHN Analyser 2400. Mass spectra were
obtained on an AutoSpeck Q spectrometer.

Ethyl 3-dimethylamino-2-(pyridinyl-2)propenoate (7) and
3-dimethylamino-2-(pyridinyl-2)propenonitrile (11) were pre-
pared by the procedures described in the literature [12].

Methyl Pyrrolo[1,2-a]pyridine-3-carboxylate (4a).

2-Methylpyridine (1a, 0.94 g, 1 mmole) and methyl bromo-
acetate (2, 1.53 g, 1 mmole) were heated at 80° for 90 minutes.
The quaternary salt obtained was dissolved without further
purification in 10 ml of N,N-dimethylformamide, 2.4 ml of N,N-
dimethylformamide dimethyl acetal was added and heated under
reflux for 2 hours. The solvent was evaporated, and the residue
was purified by the column chromatography (silica gel and
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ether/petroleum ether 1:3 as the solvent) to give 4a in 23%
yield, corresponding to the compound obtained previously [14].
By the same procedure compounds 4b-d were prepared:

Methyl 7-Methylpyrrolo[1,2-a]pyridine-3-carboxylate (4b).

This compound was prepared from 2,4-dimethylpyridine (1b)
in 6% yield, mp 33-34° dec (from hexane); H nmr (deuterio-
chloroform): & 2.32 (s, 3H, 7-Me), 3.84 (s, 3H, OMe), 6.32 (d,
1-H), 6.60 (dd, 6-H), 7.20 (dd deg, 8-H), 7.47 (d, 2-H), 9.24 (d,
S'H), 11,2 =4.5 HZ, J5,6 =7 HZ, J5,8 = 1.5 Hz.

Anal. Caled. for C41H{1NO,: C, 69.83; H, 5.81; N, 7.40.
Found: C, 70.15; H, 5.93; N, 7.28.

Methyl 1-Methylpyrrolo[1,2-a]pyrazine-6-carboxylate (4c).

This compound was prepared from 2,3-dimethylpyrazine (1¢)
in 2.8% yield, mp 110-113° dec (from heptane); 'H nmr
(deuteriochloroform): 8 2.72 (s, 3H, 1-Me), 3.83 (s, 3H, OMe),
6.67 (d, 8-H), 7.40 (d, 7-H), 7.66 (d, 3-H), 8.96 (d, 4-H), I3 4 = 5
HZ, Jg,g =4 Hz.

Anal. Calcd. for CigH;oN,0,: C, 63.15; H, 5.30; N, 14.73.
Found: C, 63.16; H, 5.22; N, 14.39.

Methyl 3-Methylpyrrolo[1,2-a]pyrazine-6-carboxylate (4d).

This compound was prepared from 2,5-dimethylpyrazine (1d)
in 2.2% yield, mp 73-74° dec (from heptane); !H nmr (deuterio-
chloroform): & 2.54 (s, 3H, 3-Me), 3.95 (s, 3H, OMe), 6.69 (d,
8-H), 7.42 (d, 7-H), 8.85 and 9.00 (s, 5, 1,4-H), Jg g = 4 Hz.

Anal. Calcd. for CigH|gN,O,: C, 63.15; H, 5.30; N, 14.73.
Found: C, 63.16; H, 5.08; N, 14.82.

Ethyl 3-Hydroxy-2-(pyridinyl-2)propenoate (8).

To a solution of ethyl 2-pyridinylacetate (5, 0.2 g, 1.2
mmoles) in toluene (3 ml) N,N-dimethylformamide dimethyl
acetal (0.8 ml, 6 mmoles) was added and the mixture was heated
under reflux for 2 hours. Reaction was followed by tlc (DC-
Alufolien Kieselgel 60 F 254, 0.2 mm, E. Merck, and chloro-
form/methanol 25:1 as the solvent). The volatile compounds
were evaporated in vacuo. When the oily residue was allowed to
stand at room temperature, ethyl 3-dimethylamino-2-(pyridinyl-
2)propenoate (7) hydrolysed into 3-hydroxy-2-(pyridinyl-
2)propenoate (8), mp 96-97° dec (from water); 'H nmr
(dimethyl-dq sulfoxide): & 1.26 (t, 3H, COOCH,CH,), 4.17 (q,
2H, COOCH,CHj3), 7.22 (ddd, 1H, Hs), 8.04 (ddd, 1H, Hy),
8.35 (dd, 1H, Hg), 8.54 (dd, 1H, H3), 9.65 (s, 1H, CHOH), J3 4 =
90Hz, J35=11Hz Jy5=72Hz I 6=14Hz Js¢=6.1 Hz,
JCH2CH3 =7.1 Hz.

Anal. Caled. for C1gH||NO;5: C, 62.17; H, 5.74; N, 7.25.
Found: C, 62.10; H, 5.65; N, 7.33.

1-Ethoxycarbonyl-3-[(dimethylamino)(2-phenyl-5-0x0-2-0xa-
zolinylidene-4)methyl]pyrrolo[1,2-a]pyridine (10).

To a solution of ethyl 2-pyridinylacetate (5, 0.2 g, 1.2 mmoles)
in toluene (3 ml) N,N-dimethylformamide dimethyl acetal (0.8
ml, 6 mmoles) was added and the mixture was heated under
reflux for 2 hours. The reaction was followed by tlc (DC-
Alufolien Kieselgel 60 F 254, 0.2 mm, E. Merck, and chloro-
form/methanol 25:1 as the solvent). The volatile compounds
were evaporated in vacuo. The oily residue was dissolved in N,N-
dimethylformamide (2 ml) and 4-(2-bromo-1-dimethyl-
aminoethylidene)-2-phenyl-5(4H)-oxazolone (9, 0.3 g, 1 mmole)
was added. The reaction mixture was allowed to stand at room
temperature for 5 days and then heated for 3 hours under reflux.
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The reaction was followed by tlc (DC-Alufolien Kieselgel 60 F
254, 0.2 mm, E. Merck, and diethyl ether as the solvent). After
that the solvent was evaporated in vacuo and water (2 ml) was
added to give 10 in 31% yield, mp 113-115° dec (ethanol); ms:
m/z 403 (M+); 'H nmr (dimethyl-dg sulfoxide): & 1.33 (1, 3H,
COOCH,CH3), 3.37 (s, 6H, N(CH3),), 4.30 (q, 2H,
COOCH,CHy), 7.00 (ddd, 1H, Hg), 7.18-7.55 (m, 6H, H;, Ph),
7.68 (s, 1H, Hy), 7.91 (m, 1H, Hg), 8.20 (dd, 1H, Hs), Js¢ =7
HZ, J5’7 =1 HZ, "6,7 =7 HZ, J6.8 =15 HZ, JCHZCI‘B =7 Hz.

Anal. Caled. for C53H; N304 C, 68.48; H, 5.25; N, 10.42.
Found: C, 67.72; H, 5.19; N, 10.19.

1-Cyano-3-[(dimethylamino)(2-phenyl-5-oxo0-2-oxazolinyli-
dene-4)methyl]pyrrolo[1,2-a]pyridine (12).

To a solution of 3-dimethylamino-2-(pyridinyl-2)propenoni-
trile (11, 0.16 g, 0.9 mmole) in N,N-dimethylformamide (2 ml)
4-(2-bromo-1-dimethylaminoethylidene)-2-phenyl-5(4H)-oxa-
zolone (9, 0.3 g, 0.9 mmole) was added. The reaction mixture
was allowed to stand at room temperature for 4 days with occa-
sional shaking and then heated under reflux for 2 hours. The
reaction was followed by tlc (DC-Alufolien Kieselgel 60 F 254,
0.2 mm, E. Merck, and diethyl ether as the solvent). After that
the solvent was evaporated in vacuo and methanol/n-hexane (2
ml) was added to precipitate 12 in 16% yield, mp 223-225° dec
(ethanol); ir: 2200 cm-!; 'H nmr (dimethyl-dg sulfoxide): & 2.50
(rs, 6H, N(CHs),), 7.02 (ddd, 1H, Hg), 7.33-7.41 (m, 1H, Hy),
7.51-7.53 (m, 3H, Ph), 7.54 (s, 1H, Hy), 7.78 (d, 1H, Hy), 7.87-
7.91 (m, 2H, Ph), 8.26 (d, 1H, Hs), Js5 6 = 6.9 Hz, J5 7 = 6.8 Hz,
Jes=12Hz,J;3=79 Hz.

Anal. Caled. for Cy HjgN4Oy: C, 70.78; H, 4.53; N, 15.72.
Found: C, 70.63; H, 4.33; N, 15.38.

2-(2-Dimethylaminoethylidene)-4,5-dihydrothiazole (14).

To a solution of 2-methyl-4,5-dihydrothiazole (13, 2.5 g, 25
mmoles) in N,N-dimethylformamide (10 ml), under an atmos-
phere of argon, t-butoxybis(dimethylamino)methane
(Bredereck’s reagent) (3.75 g, 21.5 mmoles) was added. The
mixture was heated at 110° for 6 hours. After cooling, the dark
reaction mixture was poured into water and extracted with 3
portions of 15 ml of methylene chloride. The organic layer was
washed with 3 portions of 15 ml of water and dried over magne-
sium sulphate. The volatile components were evaporated in
vacuo and the residue recrystallized from diisopropyl ether to
give 14 in 31% yield, mp 104-106° dec; ms: m/z 156 (M*); 1H
nmr (deuteriochloroform): § 2.86 (s, 6H, N(CH3),), 3.20 (t, 2H,
5-CHj), 4.18 (t, 2H, 4-CH,), 5.20 (d, 1H, (CH), 6.92 (d, 1H,
(CH), J4CH2-5CH2 =7.74 Hz, JCH:CH =13.26 Hz.

Anal. Calcd. for CyH|;N,S: C, 53.35; H, 7.69; N, 17.95.
Found: C, 53.74; H, 7.77; N, 18.03.

3-Benzoylmethyl-2-(2-dimethylaminoethenyl)-4,5-dihydrothia-
zolium Bromide (16).

The solution of 14 (0.16 g, 1 mmole) and bromoacetophenone
(15) in N,N-dimethylformamide (1.5 ml) was stirred at room
temperature for 24 hours. The precipitate was collected by filtra-
tion and recrystallized from the mixture of ethanol and water to
give 16 in 48% yield, mp 150-152° dec; ms: m/z 275 (MH+-Br);
'H nmr (dimethyl-dg sulfoxide): § 3.00 (s, 3H, NCHj3), 3.29 (s,
3H, NCH3), 3.50 (t, 2H, 5-CH,), 4.08 (t, 2H, 4-CH,), 5.52 (s,
2H, CH,CO), 5.60 (d, 1H, =CH), 7.59-7.74 (m, 3H, PhCO),
7.85 (d, 1H, =CH), 8.00-8.03 (m, 2H, PhCO), J4chr.5cH2 = 7.63
Hz, JCH=CH =11.90 Hz.
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Anal. Calcd. for C;sH gN,OSBr: C, 50.71; H, 5.39; N, 7.88.
Found: C, 50.49; H, 5.60; N, 7.80.
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