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A variety of 2,3-disubstituted derivatives of the previously unknown thieno|[2,3-b |pyrazine
ring system have been employed as a synthetic foundation for pyrazino|2',3":4,5 Jthieno[3,2d |-

pyrimidine and several of its derivatives.

As part of a program of investigating the biosignificant
pyrimidine nucleus as part of tricyclic heterocyclic arrays,
the ring system 1 possessing the thieno|2,3-b Jpyrazine
moiety was considered an important link in this study. The
literature contains no report of the thieno[2,3-b Jpyrazine
ring (2) (2) although the isomeric thieno[3,4-b Jpyrazine
(3) is well-analyzed (3). To circumvent the previous diffi-
culty in preparing 2 and its derivatives (l.e., the unattractive
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accessibility of 2,3-diaminothiophene for condensation
with a-dicarbonyl compounds) construction of the thio-
phene ring onto the preformed pyrazine nucleus was pur-
sued.

The most direct and versatile route into ring system 2,
which would also avail the necessary functionality for
fusion of the desired pyrimidine ring, was found to be via
cthyl 3-aminothieno[2,3-b Jpyrazine-2-carboxylate (4).
Compound 4 was prepared utilizing the sodium carbonate
mediated (4) reaction of ethyl a-mercaptoacetate with 2-
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chloro-3-cyanopyrazine (6) (5,6) as shown in equation (1).
Subsequent treatment of 4 with formamide yielded the
pyrimidinone 7 (7), which, in turn, was converted by
phosphorus oxychloride into 4-chloropyrazino[2',3:4,5]-
thieno|3,2-d |pyrimidine (8), a fruitful precursor for the
desired molecules.
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Reaction of 8 with sodium methoxide in methanol pro-
duced the 4-methoxy derivative (9) while treatment with
thiourea resulted in the 4-mercapto system (10). Com-
pounds 7 and 10 were found to be intractable to simple
base promoted methylation. The 4-hydrazino derivative
(11), prepared by the reaction of 8 with hydrazine hydrate,
permitted the preparation of the fused s-triazole (12) upon
treatment with formic acid. The parent ring, pyrazino-
[2',3":4,5 ]thieno[3,2-d ]pyrimidine (1), was prepared via
direct catalytic reduction of 8 or by bubbling oxygen
through a sodium ethoxide/ethanol solution of 11. By
analogy with hydrazine 8 also reacts with representative
amines to form 13 (morpholine) and 14 (piperazine).
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Saponilication of the ethyl ester 4 with potassium
hydroxide in absolute ethanol yielded 3-aminothieno[2,3-
b |pyrazine-2-carboxylic acid (15). Reaction of 15 with
acetic anhydride formed the oxazinone (16) which, upon
reaction with ammonium hydroxide, produced the 2-
methylpyrimidinone 17.

When a-mercaptoacetamide was employed in equation
(1) rather than cthyl a-mercaptoacetate 3-aminothieno-
12,3-b |pyrazine-2-carboxamide (5) was isolated. The
corresponding 2-carbonitrile (18), was readily available by
phosphorus oxychloride dehydration of 5. Treatment of
5 with cthyl chloroformate in pyridine resulted in the
pyrimidinedione 19 which was also available from fusion
ol the amino acid 15 or the amino amide 5 with urea.
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EXPERIMENTAL (8)

Ethyl 3-Aminothieno[2,3-b | pyrazine-2-carboxylate (4).

To 7.5 g. (53.7 mmoles) of 2-chloro-3-cyanopyrazine (6) (5,6)
in 150 ml. of absolute ethano! was added 6.48 g. (54.0 mmoles)
of ethyl occmercaptoacetate and 5.73 g. (54.0 mmoles) of anhydrous
sodium carbonate and the mixture was refluxed for 4.5 hours. After
cooling the reaction mixture was filtered. The residue was stirred
with 200 ml. of water, filtered and the insoluble material recrys-
tallized from aqueous ethanol to give 9.3 g. (77.6%), m.p. 114-1 16°;
ir (potassium bromide): 2.9 u (NH), 6.0 u (C=0); 'H nmr (deu-
teriochloroform): & 1.42 (1, CHj), 8 4.45 (q, CH,), 6 8.32 (q,
-5, H-6), 8 6.3 (bs, NH,); mass spectrum m/e (relative abundance):
223 (69, M*), 195 (20), 178 (23), 177 (100), 151 (11), 150 (14),
149 (32), 123 (14), 122 (13), 72 (15), 52 (10), 45 (13), 29 (15),
18 (21).

Anal. Caled. for CgHgN30,8:
C, 48.23; H, 4.14.

Pyrazino|2',3":4.5 Jthieno[ 3,2-d | pyrimidin-4(3H )one (7).

C, 48.41; H, 4.06. Found:

A mixture of 5.0 g. (22.4 mmoles) of 4in 150 ml. of formamide
(9) was refluxed for 8 hours. Upon cooling a light yellow precipate
resulted which was filtered and recrystallized from 1-butanol to
yield 2.8 g. (61%) of white crystals, m.p. > 390°; ir (potassium
bromide): 2.90 u (NH), 5.90 u (C=0).

Anal. Caled. for CgHaN408: C, 47.05; H, 1.97. Found: C,
40.99; H, 2.27.

A-Chloropyrazino| 2',3":4.5 | thieno[ 3,2-d ] pyrimidine (8).

To 10 ml. of phosphorus oxychloride was added 0.5 g. (2.45
mmoles) of 7 and the resulting mixture was refluxed for 3.5 hours.
After cooling the reaction mixture was poured with vigorous stirring
over ice. The tan erystals that resulted were filtered, dried, and
then sublimed (150°/1.5 mm.) to give 0.38 g. (70%) of white
crystals, m.p. 175-177°%; ir (potassium bromide): 6.45 u (C=N);
mass speetrum mje (relative abundance): 224 (37), 223 (10), 222
(100), 187 (85), 160 (17).

Anal. Caled. for CgH3CINgS: C, 43.05; H,1.34. Found: C,
43.01; H, 1.14.
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4-Methoxypyrazino[2',3":4,5 ] thieno[ 3,2-d] pyrimidine (9).

A solution containing 0.3 g. (1.34 mmoles) of 8 and 0.05 g. of
sodium in 15 ml. of absolute methanol was refluxed for 3 hours.
The solution was cooled, evaporated to dryness and the resulting
residue treated with water. The insoluble material was filtered, air
dried and then sublimed (140°/1.5 mm.) to give 0.1 g. (34%) of
white crystals, m.p. 216-218°; ir (potassium bromide): 6.40 u
(C=N).

Anagl. Caled. for CoHgN40S: C, 49.54; H, 2.75. Found: C,
49.61; H, 2.86.

4-Mercaptopyrazino[ 2’,3":4,5] thieno[ 3,2-d ] pyrimidine (10).

A solution of 0.7 g. (3.15 mmoles) of 8 and 0.608 g. (8.0
mmoles) of thiourea in 30 ml. of absolute ethanol was refluxed for
3 hours. After cooling, the yellow-orange mixture was filtered and
the precipitate was recrystallized from a large volume of methanol
to yield 0.66 g. (94%) of yellow crystals, m.p. dec., 365-367°; ir
(potassium bromide): 6.30 u (C=N); mass spectrum m/e (relative
abundance): 220 (100, M™), 193 (22), 187 (28), 28 (13), 18 (29).

Anal. Caled. for CgH4N4S,-%2H,0: C,42.10; H,2.19. Found:
C,42.02; H, 2.17.

4-Hydrazinopyrazino[2’,3":4,5 ) thieno[3,2-d ] pyrimidine (11).

To 0.5 g. (2.25 mmoles) of 8in 20 ml. of absolute ethanol was
added 2 ml. of 97% hydrazine and the mixture was refluxed for
12 hours. After cooling, the orange mixture was filtered and the
precipitate recrystallized from absolute ethanol to give 0.45 g.
(91.7%) of the white product, m.p. 256-258°; ir (potassium bro-
mide): 3.05 p (NH), 3.15 ¢ (NH3), 6.31 x (C=N); mass spectrum
m/e (relative abundance): 218 (100, M), 188 (17), 161 (26).

Anal. Caled. for CgHgNgS: C, 44.02; H, 2.77. Found: C,
44.23; H, 2.91.

s-Triazolo| 4,3 | pyrazino| 2',3":4,5 | thieno[ 3,2-d] pyrimidine (12).

A solution of 0.2 g. (0.92 mmole) of 11 and 15 ml. of formic
acid was refluxed for 4 hours. After cooling the formic acid was
removed in vacuo. The residue was sublimed (220°/1.5 mm.) to
yield 0.08 g. (37%) of a white product, m.p. 274-276°, which
appeared to be hydgroscopic when exposed to air; ir (potassium
bromide): 5.92 u (C=N).

Anal. Caled. for CoHgNgS-%2H,0: C, 45.56; H, 2.09. Found:
G, 45.81; H,2.12.

Pyrazino[2',3":4,5 | thicno( 3,2-d ] pyrimidine (1).
Method A.

Oxygen was bubbled through a 40 ml. absolute ethanolic solu-
tion of 0.2 g. (0.0086 g-atoms) of sodium and 0.2 g. (0.917 mmole)
of 11 for 3 hours. Dilute hydrochloric acid was added until the
solution was slightly acidic and then sodium bicarbonate was care-
fully added 1o achieve neutrality. The resulting solution was ex-
tracted with ether (4 x 40 ml.) and the ether extracts were com-
bined and dried over anhydrous sodium sulfate. The ether was
removed to leave a green-brown residue which was sublimed ( 160°/
1.5 mm.) to give 0.14 g. (81.4%) of white crystals, m.p. 192-195°;
ir (potassium bromide): 6.30 u (C=N); 'H nmr (hexadeutero-
dimethylsulfoxide): & 8.84 (d, 7-H or 8-H), § 8.97 (d, 7-H or
8-H), 5 9.33 (s, 2-H or 4-H), § 9.63 (s, 2-H or 4-H).

Anal. Caled. for CgHaN4S: €, 51.05; H, 2.14. Found: C,
50.99; H, 2.33.

Method B.

A 35 ml. ethanolic solution of 0.1 g. (0.45 mmole) of 8 con-
taining 50 mg. of palladium on charcoal and 60 mg. of magnesium
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oxide was treated with an atmospheric pressure of hydrogen for
four days. PFollowing this exposure, the solution was filtered, the
catalyst washed with warm elhanol and the ethanolic filtrate
evaporated. The residue was treated with water, extracted with
ether (2 x 25 ml.), the ether extracts combined and dried over
anhydrous magnesium sulfate and evaporated to yield after purifi-
cation, 0.05 g. (60%) of while crystals identical to that described in
method A.

4{N-Morpholino)pyrazino[2',3":4,5] thieno] 3,2-d]| pyrimidine ( 13).

A solution of 0.1 g. (0.44 mole) of 8 and 1 ml. of morpholine
in 7 ml. of absolute ethanol was refluxed for 10 hours. The
solution was cooled, the cthanol evaporated and the product ob-
tained by filtering the residue. The collected material was washed
with water, air dried and purified by vacuum sublimation (150°/
1.5 mm.) to give 0.06 g. (50%) of white crystals, m.p. 206-208°; ir
(potassium bromide): 6.45 u (C=N).

Anal. Caled. for C1,Hy1NsOS: C,52.75; H, 4.03. Found: C,
52.68; H, 4.24.

N,N'-Bis(pyrazino|2',3":4,5 | thicno[ 3,2-d] pyrimidin-4-y)pipera-
zine (14).

To 5 ml. of absolute ethanol was added 0.1 g. (0.45 mmole) of
8 and 0.02 g. (0.23 mmole) of piperazine and the mixture was
refluxed for 10 hours. Upon cooling the precipitate was collected
and recrystallized from dimethylformamide to yicld 0.1 g. (48%),
m.p. 336° dec.; ir (potassium bromide): 6.50 u (C=N).

Anal. Calcd. for C20H14N1082'2“201 C, 4858, H, 3.02.
Found: C, 48.21; H, 3.92.

3-Aminothieno| 2,3-b | pyrazine-2-carboxylic Acid (15).

A mixture of 2.0 g. (8.96 mmoles) of 4and 1.2 g. (21.4 mmoles)
of potassium hydroxide in 50 ml. of absolute cthanol was refluxed
for 1 hour. After cooling the precipitate was filtered, dissolved in
water, and then acetic acid was added until precipitation was com-
plete. The product was filtered and air dried to yield 1.2 ¢. (68.6%)
of light yellow crystals, m.p. 218-220°; ir (potassium bromide):
2.92 ¢ (NH), 3.10 g (OH), 5.95 u (C=0); mass spectrum m/e
(relative abundance): 195 (100, M%), 178 (10), 177 (100), 149
(45), 123 (11), 122 (30), 105 (11), 72 (15), 52 (21), 45 (40), 28
(20),18 (12).

Anal. Caled. for C;HsN30,S: C, 43.07; H, 2.56. Found: C,
43.19; H, 2.69.

2-Methyl-4H-pyrazino[2',3":4,5 | thieno| 3,2-d] 3,1 Joxazin-4-one
(16).

A solution of 0.7 g. (3.68 mmoles) of 15 in 15 ml. of acetic
anhydride was refluxed for 3 hours. After cooling to room tempera-
ture a white precipitate had formed, which was filtered and reerys-
tallized from absolute ethanol to yield 0.5 g. (64%) as white crys-
tals, m.p. 198-202°; ir (potassium bromide): 5.75 u (C=0), 6.20
u (C=N).

Anal. Caled. for CoHsN30,8: C, 49.31; H, 2.29. Found: C,
49.55; H, 2.46.

2-Methylpyrazino[2',3":4,5] thieno| 3,2-d] pyrimidin-4(3H)one aD.

In 7 ml. of 95% ethanol was mixed 0.2 g. (0.91 mmole) of 16
and 2 ml. of concentrated ammonium hydroxide and the solution
was refluxed for 4 hours. The yellow solution was cooled 1o room
temperature and filtered 1o yield a white precipitate which was
recrystallized from absolute ethanol to give 0.18 g. (90%) of white
crystals, m.p. 243-244°; ir (potassium bromide): 5.95 u (C=0),
6.25 u (C=N).

Anal Caled. for CgHgN40S-%2H,0: €, 47.57; H, 3.08. Found:
C,47.81; H, 3.22.
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3-Aminothicno| 2,3-b ] pyrazine-2-carboxamide (5).

A mixture of 1.5 g. (10.8 mmoles) of 2-chloro-3-cyanopyrazine
(6) (5,6), 0.98 g. (10.8 mmoles) of ormercaploacetamide and 1.48
g. (13.9 mmoles) of sodium carbonate in 25 ml. of absolute ethanol
was refluxed for 2 hours, cooled, and then filtered to give a greenish-
yellow precipitate. The precipitate was mixed with water, filtered
and then recrystallized from methanol to yield 2.0 g. (96%) of a
yellow product, m.p. 284-286°; ir (potassium bromide): 2.90 u
(NH), 3.00 u (NH), 5.99 u (C=0); 1Y nmr (hexadeuterodimethyl-
sulfoxide): & 6.88 (b, NH), 8 7.34 (b, NH,), 6 8.70 (d, 5-H or
6-H), 6 8.81 (d, 5-H or 6-H); mass spectrum m/e (relative abun-
dance): 194 (100, MHy, 178 (13), 177 (76), 150 (13), 149 (38),
123 (16), 122 (20), 106 (10), 72 (17.5), 52 (20), 45 (24), 44 (20),
28 (17), 18 (22).

Anal. Caled. for CoHgN40S: €, 43.27; H, 3.11. Found: C,
43.41; H, 3.31.

3-Amino-2-eyanothieno| 2,3-b | pyrazine (18).

To 10 ml. of phosphorus oxychloride was added 1.0 g. (5.15
mmoles) of B and the mixture was refiuxed for 5 hours. Alter
cooling, the mixture was carefully poured over jce and then filtered
to yield a brown cake which was dried and sublimed (1800/1.5 mm.)
to yield 0.8 g. (88%) of yellow crystals, m.p. 204-206°; ir (polas-
sium bromide): 4.55 u (C=N), 6.10 g (C=N).

Anal. Caled. for C,H4NgS: C, 47.71; H, 2.28. Found: C,
47.99; H, 2.27.

Pyrazino| 2',3":4,5 | thieno| 3,2-d | py rimidin-2,4(1 H,3H)dione (19).
Method A.

To a mixture of 15 ml. of pyridine and 0.5 g. (2.58 mmoles) of
5 was carefully added 2 ml. of ethyl chloroformate and the mixture
was refluxed for 48 hours. After cooling, the solution was concen-
trated and then water was added to produce a yellow precipitate
(0.4 g., 70%) which was filiered and purified by repeated dissolu-
tion in aqueous base and precipitation by dilute acid, m.p. > 340°;
ir (potassium bromide): 2.95 u (NH), 5.85 u (C=0), 5.95 p (C=0).

Anal. Caled. for CgHaN402S-Ho0: €, 40.33; H,2.52. Found:
C, 40.46; H, 2.43.

Method B.

A finely ground mixture of 0.4 g. of Sor 15 (2.1 mmoles) and
0.8 g. of urea were heated at 180° for 20 minutes. At this tempera-
ture the mixture melted and resolidified. The solid mass was
extracted with warm 5% sodium hydroxide, filtered and the cooled
filtrate acidified with acetic acid to yield, upon fillering and air
drying, a yellow product (60-70% yield) identical to that described
in method A.
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