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Synthesis of cyclic and acyclic nucleosides was achieved by alkylation of various new aglycones follow-
ing the Vorbriiggen and Niedballa's procedure [6]. The analytical results allowed us to conclude that the

alkylation occured on N1 site and led to the B anomeric form for the cyclic nucleosides.
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Since the discovery of its prime role in the HIV replica-
tion, the Reverse Transcriptase has been considered as an
attractive target in the search for agents to combat the
spread of the Acquired Immmunodeficiency Syndrome
(AIDS) [1]. Thus, a lot of potential antiviral agents have
been screened in order to explore their ability to inhibit
this pivotal enzyme. Among the numerous compounds
showing such activity, nucleoside analogues are an essen-
tial chemical family. Thus, azidothymidine (AZT)
(Scheme I) and other 2',3'-dideoxynucleosides are very
potent Reverse Transcriptase inhibitors [2], but their toxi-
city prompted researchers to find new anti-HIV agents.

As a result acyclic nucleosides such as 1-[(2-hydroxy-
ethoxy)methyl]-6-(phenylthio)thymine (HEPT) or
1-(benzyloxymethyl)-5-ethyl-6-(phenylthio)uracil
(EBPU) have been reported [3] (Scheme I). Unlike AZT,
their biological mechanism which appears to be non com-
petitive is the result of an interaction at an allosteric site
of the Reverse Transcriptase [4].

Although the non competitive inhibitors encompass a
large variety of chemical structures, they share a number
of common features such as the presence of an hydropho-
bic region and their overall steric bulk [5].

In this article we describe the synthesis of HEPT and
EBPU related acyclic nucleosides and ribofuranosyl nucle-
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osides. These latter compounds will be precursors of modi-
fied nucleosides. We have also obtained analogues of
Ganciclovir or 1-(1,3-dihydroxy-2-propoxymethyl)guanine
(DHPG) which is used for the treatment against
cytomegalovirus, an opportunist virus of AIDS (Scheme I).

The aglycons of our compounds present a lipophilic
region constituted by an heterocycle (thiophene or dihy-
drothiophene) fused on the d side of an uracil ring. For the
heterocycles 5, 7 and 9, a phenyl ring increases the
lipophilicity of the thiophene ring. Their N1 position was
alkylated by acyclic ethers and ribofuranose.

Chemistry.

Our general strategy for the synthesis of nucleoside
analogues was based on the alkylation of silylated agly-
cones following Vorbriiggen and Niedballa's procedure
[6]. The synthesis of each aglycone required a functional-
ized thiophene or dihydrothiophene ring.

Methyl 4-oxothiolane-3-carboxylate 2 was prepared
according to the literature [7] and its cyclization was car-
ried out with S-ethylthiourea [8] to yield an S-ethylated
intermediate 3. Acidic hydrolysis of compound 3 was
improved by the use of micro-wave energy instead of
classical refluxing (50 hours) with the result that the
hydrolysis yield reached 65% after 20 minutes. The over-
all yield starting from the compound 2 approached 50%.

The preparation of heterocycle 5 required methyl
4-ox0-2-phenylthiolane-3-carboxylate 4 described by
Surey and co-workers [9]. This dihydrothiophene deriva-
tive was then refluxed with urea in N,N-dimethylfor-
mamide in order to form the uracil ring (Scheme II).

According to a Gewald's procedure [10] we could syn-
thesize a thiophene ring. Compound 6 upon reaction with
urea at fusion temperature yielded the desired heterocycle
7 (Scheme II). Excess urea could be removed by the use
of water and column chromatography.

The synthesis of the heterocycle 9 started from methyl
3-amino-5-phenylthiophene-2-carboxylate 8 described by
Hartman and co-workers [11]. The corresponding urea
derivative resulted from its reaction with potassium
cyanate in acetic acid medium. This intermediate was then
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treated in aqueous alkaline medium to yield compound 9.

The second phase of our work consisted in the alkyla-
tion of the various heterocycles. We have carried out this
essential step by the use of Vorbriiggen and Niedballa's
procedure [6] for the following reasons:

(a) The overall yield is quite acceptable.

(b) The satisfactory regioselectivity usually leads to the
desired N1 alkylated compounds.

(c) The mechanism of glycosylation [6] explains that only
B anomers are obtained in the case of D-ribonucleosides.

This method started with a bis(trimethylsilylation) of
the various heterocycles leading to their reactive form.
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This reaction was accomplished with hexamethyldisi-
lazane (HMDS) in the presence of a catalytic amount of
ammonium sulphate (Scheme III). This activated form
was subjected to reaction with 2-acetoxyethyl ace-
toxymethyl ether, 2-(acetoxymethoxy-1,3-propanediyl)
dibenzoate or benzyloxymethyl acetate. These reactions
were carried out in dry 1,2-dichloroethane with tin(IV)
chloride as a catalyst. The same procedure was used with
1-acetate-2,3,5-tri-O-benzoyl-D-ribofuranose giving the
protected ribofuranosyl nucleosides, followed by deblock-
ing using ammonia. Chromatographic purification yielded
the free nucleoside analogues.

All final compounds were Characterized by 1H.nmr,
13C-nmr, and ir spectra. According to Fox and Shugar's
method [12], in the uv spectra, the lack of a bathochromic
effect of an N-alkylated uracil derivative in alkaline
medium indicates N1-alkylation. This was observed for
all final compounds. The use of 13C-nmr provided the
confirmation [13], thus a deshielding of carbon C4a in the
nucleoside analogues provides a comparison with the cor-
responding heterocycle. This provided a second argument
for a N1 alkylation. With respect to the anomeric configu-
ration of ribonucleosides, we made use of the Imbach's
rule [14] to confirm the B configuration.

EXPERIMENTAL

Melting points were taken on a Kofler block and are uncor-
rected. Infrared spectra were recorded on a Philips PU 9716
apparatus and only noteworthy absorptions in cm-! are listed.
The uv spectra were recorded on a SECOMAM.S 1000 G spec-
trometer and only noteworthy absorptions (nanometers) are
listed. The 1H- and 13C-nmr spectra were recorded on a Jeol FX
200 in DMSO-dg solution using TMS as an internal standard.
Chemical shifts are reported in ppm downfield (8) from TMS.

5H,7H-2-Ethylthiodihydrothieno[3,4-d]pyrimidin-4-one 2.

Methy! 4-oxothiolane-3-carboxylate 1 (16 g, 0.1 mole) was
added dropwise at room temperature to a stirred aqueous solu-
tion of sodium carbonate (21.2 g, 0.2 mole) and S-ethylthiourea
hydrobromide (26.9 g, 0.15 mole). The mixture was stirred for
12 hours. The precipitate of 2 was collected, washed with water
and diethyl ether successively to yield 17.8 g (83%) of a white
solid, mp 220°; ir (potassium bromide): 1650 (CO); 1H-nmr
(DMSO-dg): & 1.25 (t, Jyzy = 7.3 Hz, 3H, CH3), 3.02 (9, Jyp =
7.3 Hz, 2H, CH,S), 3.83 (s, 2H, CHy), 3.98 (s, 2H, CHy), 10.38
(s, 1H, NH).

5H,7H-Dihydrothieno[3,4-d]pyrimidine-2,4-dione 3.

A solution of 2 (17.1 g, 0.08 mole), acetic acid (150 ml), con-
centrated hydrochloric acid (30 ml) and water (100 ml) was
refluxed in a microwave oven for 20 minutes. The reaction mix-
ture was then cooled and the precipitate which appeared was
collected, washed with water and diethyl ether successively to
yield 8.9 g (65%) of 4 as a white solid, mp > 260°; ir (potassium
bromide): 3140-3100 (NH), 1680 and 1630 (CO); H-nmr
(DMSO-dg): 83.76 (t, Jg.y = 2.9 Hz, 2H, H5), 3.98 (t, Jp.g =
2.9 Hz, 2H, H7), 11.09 (s, 1H, NH), 11.29 (s, 1H, NH); 13C-nmr
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(DMSO-d): 8 31.6 (CS5), 34.8 (C7), 108.4 (C4a), 151.7 (CTa),
151.9 (C2), 160.7 (C4).

Anal. Calcd. for CgHgN,0,S (170.19): C, 42.35; H, 3.55; N,
16.46. Found: C, 42.19; H, 3.51; N, 16.23.

5H,7H-5-Phenyldihydrothieno[3,4-d]pyrimidine-2,4 dione 5.

A mixture of ethyl 2-phenyl-4-oxothiolane-3-carboxylate 4
(7.5 g, 0.03 mole) and urea (3.6 g, 0.06 mole) in N,N-dimethyl-
formamide (50 ml) was refluxed for 3 hours. The reaction mix-
ture was cooled and poured into water (200 ml). The precipitate
was collected, washed with water and diethyl ether successively
and purified by column chromatography to yield a white solid
(4.5 g, 61%), mp >260°; ir {potassium bromide): 3200-3140
(NH), 1700 and 1650 (CO); 1H-nmr (DMSO-dg): 8 3.98 (d, Jy.n
= 16.1 Hz, 1H, H7), 4.29 (dd, Jy.pg = 16.1 Hz and 3.9 Hz, 1H,
HT), 539 (d, Jg.g = 3.9 Hz, 1H, H5), 7.27 (s, 5H, phenyl pro-
tons), 11.05 (s, 1H, NH), 11.40 (s, 1H, NH); 13C-nmr (DMSO-
dg): 8 34.8 (C7), 51.7 (C5), 111.6 (C4a), 126.9, 127.1, 128.1 and
143.4 (Ph), 151.6 (C2), 153.0 (C7a), 160.3 (C4).

Anal. Caled. for CjoH gN,O,S (246.28): C, 58.52; H, 4.09;
N, 11.37. Found: C, 58.50; H, 4.12; N, 11.21.

6-Phenylthieno[2,3-d]pyrimidine-2,4-dione 7.

A mixture of 2-amino-5-phenylthiophene-3-carboxamide 6
(6.4 g, 0.04 mole) was heated with urea (10 g, 0.16 mole) at
fusion temperature (180°) for 30 minutes. After cooling, water
(100 ml) was added. The suspension was stirred for 30 minutes
at room temperature and filtered. The precipitate was purified by
a column chromatography to give a white solid, 3.65 g (75%),
mp >260°; ir (potassium bromide): 3200 (NH), 3060 (NH), 1700
(CO); 1H-nmr (DMSO-dg): 8 7.35 (s, 1H, H5), 7.56 (m, 2H,
phenyl protons), 7.63 (m, 3H, phenyl protons), 11.32 (s, 1H,
NH), 11.75 (s, 1H, NH); 13C-nmr (DMSO-d): 8 116.0 (C4a),
117.1 (C5), 124.9, 127.7, 129.0 and 132.5 (Ph), 133.1 (C6),
150.4 (C7a), 151.6 (C2), 159.0 (C4).

Anal. Caled. for C(,HgN,0,S (244.27): C, 59.00; H, 3.30; N,
11.46. Found: C, 59.03; H, 3.42; N, 11.38.

6-Phenylthieno(3,2-d]pyrimidine-2,4-dione 9.

2-Methyl 3-amino-5-phenylthiophene-2-carboxylate 8 (6.0 g,
0.026 mole) was dissolved in an aqueous solution of acetic acid
(15%). After cooling, potassium cyanate (12 g, 0.15 mole) in
water (40 ml) was added dropwise at room temperature and the
mixture stirred for 12 hours. The precipitate was collected,
washed with water then poured into a hot 10% sodium hydrox-
ide solution. The resulting solution was stirred for 2 hours.
Acidification with a 15% aqueous acetic acid solution yielded a
white precipitate which was collected and purified by a column
chromatography, 4.25 g (67%) mp >260°; ir (potassium bro-
mide): 3100 (NH), 1680 (CO); H-nmr (DMSO-dg): & 7.23 (s,
1H, H7), 7.48 (m, 2H, phenyl protons), 7.75 (m, 3H, phenyl pro-
tons), 11.28 (s, 14, NH), 11.67 (s, 1H, NH); 13C-nmr (DMSO-
dg): 8 112.7 (Cda), 112.8 (CT), 125.9, 129.2, 129.7 and 132.0
(Ph), 146.8 (C6), 151.3 (C7a), 151.4 (C2), 158.7 (C4).

Anal. Calcd. for C,HgN,0,8 (244.27): C, 59.00; H, 3.30; N,
11.46. Found: C, 58.92; H, 3.52; N, 11.28.

5H,7H-1-(B-D-ribofuranosyl)dihydrothieno[3,4-d]pyrimidine-
2,4-dione 10a.

A suspension of SH,7H-dihydrothieno[3,4-d]pyrimidine-2,4-
dione 3 (1.70 g, 0.01 mole) and ammonium sulphate (15 mg, 1.1 x
10-4 mole) in hexamethyldisilazane (40 ml) was stirred and
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refluxed for 4 hours. Hexamethyldisilazane in excess was evapo-
rated under reduced pressure to give the bis(trimethylsilyl) com-
pound. A solution of 1-acetate-2,3,5-tri-O-benzoyl-D-ribofura-
nose (5.06 g, 0.01 mole) in dry 1,2-dichloroethane (60 mi) and
tin(IV)chloride was added to the residue of silylated compound
and stirred at room temperature for 18 hours. After addition of
pyridine (4 ml) the mixture was filtered to remove inorganic mate-
rials. The filtrate was diluted with chloroform (100 ml). The
organic layer was washed with a saturated solution of sodium
hydrogenocarbonate (150 ml) followed by a 1N solution of
hydrochloric acid (150 ml), then brine (100 ml) and water succes-
sively, dried over magnesium sulphate and concentrated to dry-
ness under reduced pressure. The protected form of 10a was dis-
solved in methanol saturated with ammoniac and stirred for two
days at room temperature. Then the solution was concentrated to
dryness and the residue was purified by a column chromatography
to give the deprotected nucleoside 10a as a white solid, 1.38 g
(46%) mp 203°; ir (potassium bromide): 3520-3300 (OH), 3160
(NH), 1700 (CO), 1640 (CO); H-nmr (DMSO-d¢): 8 3.65 (m,
2H, H5"), 3.72 (m, 1H, H4') 3.82 (s, 2H, HS5), 4.03 (m, 1H, H3’),
430 (d, Jg. = 3.9 Hz, 2H, H7), 4.44 (m, 1H, H2), 4.77 (m, 2H,
OH), 5.24 (s, 1H, OH), 5.45 (d, Jy.ig = 44 Hz, 1H, H1'), 11.49 s,
1H, NH); 13C-nmr (DMSO-dg): 6 31.7 (CS), 35.7 (C7), 61.3
(C5Y, 69.2 (C3"), 70.9 (C2'), 84.8 (C4"), 92.1 (C1'), 112.0 (C4a),
150.7 (C7a), 151.8 (C2), 159.7 (C4); uv (pH 7): X max 262.3 nm;
(pH 1): A max 263.1 nm; (pH 14): A max 263.8 nm.

Anal. Caled. for Cy1H 4N,OgS (302.29): C, 43.71; H, 4.67; N,
9.27. Found: C, 43.85; H, 4.46; N, 9.02.

5H,7H-1-[(2-Hydroxyethoxy)methyl]dihydrothieno[3,4-d]-
pyrimidine-2,4-dione 10b.

Compound 10b was prepared from heterocycle 3 (1.70 g, 0.01
mole) and 2-acetoxyethyl acetoxymethyl ether (1.76 g, 0.01 mole)
by the same procedure as for 10a to yield a white solid, 1.45 g
(59%), mp 198°; ir (potassium bromide): 3440 (OH), 3140 (NH),
1675 (CO), 1630 (CO); IH-nmr (DMSO-dg): § 3.49 (m, 4H, O-
CH,-CH,-0), 3.84 (s, 2H, H5), 432 (s, 2H, H7), 4.68 (s, 1H, OH),
5.19 (s, 2H, O-CH,-N), 11.48 (s, 1H, NH); 13C-nmr (DMSO-d¢): &
32.1 (CS), 35.0 (C7), 59.8 (CH,), 70.3 (CH;), 73.6 (O-CH,-N),
111.1 (C4a), 151.7 (C2), 152.6 (CTa), 159.9 (C4a); uv (pH 7): A
max 262.6 nm; (pH 1): A max 263.1 nm; (pH 14): A max 263.8 nm.

Anal. Calcd. for CoH[,N,04S (244.27): C, 44.25; H, 4.95; N,
11.46. Found: C, 44.31; H, 4.68; N, 11.48.

5H,7H-1-[2-Hydroxy-1-(hydroxymethyl)-ethoxymethyl]-dihy-
drothieno[3,4-d]pyrimidine-2,4-dione 10c.

Compound 10¢ was prepared from heterocycle 3 (1.70 g, 0.01
mole) and 2-(acetomethoxy-1,3-propanediyl) dibenzoate (3.72 g,
0.01 mole) by the same procedure as for 10a to yield a white
solid, 1.40 g (51%), mp 178°; ir (potassium bromide): 3400
(OH), 3140 (NH), 1705 (CO), 1665 (CO); TH-nmr (DMSO-de):
3 3.34 (m, 1H, CH), 3.46 (m, 4H, CH,), 3.83 (s, 2H, H7), 4.36
(s, 2H, HS), 4.66 (s, 2H, OH), 5.27 (s, 2H, O-CH,-N), 11.42 (s,
1H, NH); 13C-nmr (DMSO-dg): 8 32.3 (C7), 35.2 (CS5), 60.73
(CH,), 73.5 (CH), 80.4 (O-CH,-N), 111.1 (C4a), 151.8 (C2),
153.3 (C7a), 160.2 (C4); uv (pH 7): A max 261.8; (pH 1) A max
263.2; (pH 14): . max 264.3.

Anal. Caled. for CjgH 4N,OsS (274.28): C, 43.79; H, 5.14;
N, 10.2. Found: C, 43.56; H, 4.86; N, 9.94.

5H,7H-1-(Benzyloxymethyl)dihydrothieno[3,4-d]pyrimidine-
2,4-dione 10d.
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Compound 10d was prepared from heterocycle 3 (1.70 g, 0.01
mole) and benzyloxymethyl acetate (1.80 g, 0.01 mole) by the
same procedure as for 10a to yield a white solid, 1.50 g (52%),
mp 205°; ir (potassium bromide): 3150 (NH), 1700 (CO), 1640
(CO); H-nmr (DMSO-dg): 8 3.82 (t, Jy.y = 3.4 Hz, 2H, HS),
4.29 (t, Jg.; = 3.4 Hz, 2H, H7), 457 (s, 2H, CHy), 5.27 (s, 2H,
O-CH,-N), 7.35 (s, 5H, phenyl protons), 11.47 (s, 1H, NH); 13C-
nmr (DMSO-dg): 8 32.1 (C5), 35.1 (C7), 70.2 (CHp), 73.3 (O-
CH,-N), 111.3 (C4a), 1274, 127.5, 128.1 and 137.3 (Ph), 151.7
(C2), 152.3 (C7a), 159.9 (C4); uv (pH 7): A max 261.9; (pH 1)
A max 262.8; (pH 14): A max 263.6.

Anal. Caled. for C14H 4N,O3S (290.33): C, 57.92; H, 4.86;
N, 9.66. Found: C, 57.70; H, 4.82; N, 9.68.

5H,7H-1-(B-D-ribofuranosyl)-5-phenyldihydrothieno[3,4-d]-
pyrimidine-2,4-dione 11a.

The ribonucleoside 11a was prepared from heterocycle §
(2.46 g, 0.01 mole) and 1-acetate-2,3,5-tri-O-benzoyl-D-ribofu-
ranose (5.06 g, 0.01 mole) by the same procedure as for 12a to
yield a white solid as a diastereoisomeric mixture, 2.60 g (69%),
mp 212°; ir {potassium bromide): 3300-3500 (OH), 3160 (NH),
1700 and 1640 (CO); 'H-nmr (DMSO-dg): & 3.66 (m, 2H, HS"),
3.75 (m, 1H, H4"), 4.08 (m, 1H, H3'), 430 (d, Jg.y = 15.7 Hz,
1H, H7), 4.43 (m, 1H, H2"), 4.51 (dd, Jg.y=15.7Hz and Jyy =
3.9 Hz, 1H, H7), 4.63 (s, 1H, OH), 4.79 (s, 1H, OH), 5.06 (s,
1H, OH), 5.44 (d, Jy.g = 3.9 Hz, 1H, H5), 5.54 (d, Jy.g =39
Hz, 1H, H1"), 7.28 (m, 5H, phenyl protons), 11.45 (s, 1H, NH),
13C_nmr (DM SO-dg): 8 35.3 and 35.4 (C7), 51.1 (C5), 61.2 and
61.3 (C5", 69.1 and 69.3 (C3"), 70.9 (C2'), 84.7 and 84.8 (C4"),
92.2 and 92.7 (C1"), 114.7 and 115.0 (C4a), 127.0, 127.1, 127.2,
128.4, 143.2 and 143.3 (Ph), 150.7 and 150.8 (C2), 153.0 and
153.2 (C7a), 159.1 (C4); uv (pH 7): A max 262.9 nm; (pH 1): A
max 263.1 nm; (pH 14): A max 263.9 nm.

Anal. Caled. for C17HgN,OgS (378.40): C, 53.96; H, 4.79;
N, 7.40. Found: C, 54.01; H, 4.83; N, 7.28.

5H,7H-1-[(2-Hydroxyethoxy)methyl]-5-phenyldihydrothieno-
[3.4-d)pyrimidine-2,4-dione 11b.

Compound 11b was prepared from heterocycle 5 (2.46 g, 0.01
mole) and 2-acetoxyethyl acetoxymethyl ether (1.76 g, 0.01
mole) by the same procedure as for 10a to yield a white solid,
1.34 g (42%), mp 157°; ir (potassium bromide): 3400 (OH),
3160 (NH), 1710 and 1685 (CO); 'H-nmr (DMSO-d¢): & 3.54
(m, 4H, CH,), 434 (d, Jy.z = 16.6 Hz, 1H, H7), 4.63 (dd, Jy.
= 16.6 Hz, Jy.g = 4.4 Hz, 1H, H7), 4.77 (s, 1H, OH), 5.28 (s,
2H, O-CH,-N), 5.45 (d, Ji.g = 4.4 Hz, 1H, HS5), 7.29 (m, 5H,
phenyl protons), 11.40 (s, 1H, NH); 13C-nmr (DMSO-dg): § 34.6
(C7), 51.7 (C5), 59.9 (CHy), 70.5 (CH,), 73.6 (O-CH,-N), 113.9
(C4a), 126.8, 126.9, 128.1 and 143.3 (Ph), 151.8 (C2), 153.6
(C7a), 159.2 (C4); uv (pH 7): A max 269.0 nm; (pH 1): A max
269.0 nm; (pH 14): A max 269.5 nm.

Anal. Calcd. for C;sH; gN,O,4S (320.36): C, 56.24; H, 5.03;
N, 8.74. Found: C, 56.50; H, 4.73; N, 8.51.

5H,7H-1-{2-Hydroxy-1-(hydroxymethyl)ethoxymethyl]-5-
phenyldihydrothieno[3,4-d]pyrimidine-2,4-dione 1lc.

Compound 11c was prepared from heterocycle 5 (2.46 g, 0.01
mole) and 2-(acetoxymethoxy-1,3-propanediyl) dibenzoate (3.72
g, 0.01 mole) by the same procedure as for 10a to yield a white
solid, 1.90 g (55%), mp 188°; ir (potassium bromide): 3380-3440
(OH), 3160 (NH), 1710 and 1665 (CO); H-nmr (DMSO-dg): &
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3.45 (m, 5H, CH,-CH-CH,), 4.38 (d, Jy.g = 16.6 Hz, 1H, H7),
4.68 (dd, Jy.y = 16.6 Hz, Jg g1 = 3.9 Hz, 1H, H7), 4.78 (m, 2H,
OH), 5.34 (s, 2H, O-CH,-N), 5.43 (d, Jy.g = 3.9 Hz, 1H, H5),
7.26 (m, SH, phenyl protons), 11.34 (s, 1H, NH); 13C-nmr
(DMSO-dg): & 34.4 (CT7), 51.8 (C5), 60.8 (CHy), 61.0 (CHp), 72.9
(CH), 80.3 (O-CH,-N), 113.7 (C4a), 126.9, 127.0, 128.1 and
143.3 (Ph), 152.0 (C2), 154.2 (C7a), 159.4 (C4); uv (pH 7): A max
263.3 nm; (pH 1): A max 263.5 nm; (pH 14): A max 264.7 nm.

Anal. Calcd. for C;gH gN,O5S (350.38): C, 54.85; H, 5.18;
N, 7.99. Found: C, 54.58; H, 5.12; N, 8.21.

SH,7H-1-(Benzyloxymethyl)-5-phenyldihydrothieno(3,4-d]-
pyrimidine-2,4-dione 11d.

Compound 11d was prepared from heterocycle § (2.46 g, 0.01
mole) and benzyloxymethyl acetate (1.80 g, 0.01 mole) by the
same procedure as for 10a to yield a white solid, 2.60 g (71%),
mp 209°; ir (potassium bromide): 3170 (NH), 1700 and 1660
(CO); 'H-nmr (DMSO-dg): § 4.32 (d, Jy.g = 15.9 Hz, 1H, H7)
4.53 (dd, Jy.g = 159 Hz, Jy.g = 3.9 Hz, 1H, H7), 4.64 (s, 2H,
CH,), 5.35 (s, 2H, O-CH;-N), 5.43 (d, Jg.ig = 3.9 Hz, 1H, H5),
7.26 (s, SH, phenyl protons), 7.35 (s, SH, phenyl protons), 11.42
(s, 1H, NH); 13C-nmr (DMSO-dg): 8 34.6 (C7), 51.6 (C5), 70.5
(CH,), 73.5 (O-CH,-N), 114.0 (C4a), 128.0, 126.9, 127.4,
127.5, 128.1, 137.5 and 143.2 (Ph), 151.7 (C2), 153.3 (C7a),
159.1 (C4); uv (pH 7): A max 263.5 nm; (pH 1): A max 263.3
nm; (pH 14): A max 263.8 nm.

Anal. Caled. for CygH gN,05S (366.43): C, 65.56; H, 4.95;
N, 7.64. Found: C, 65,29; H, 4.86; N, 7.44,

1-(B-D-ribofuranosyl)-6-phenylthieno[2,3-d]pyrimidine-2,4-
dione 12a.

Ribonucleoside 12a was prepared from heterocycle 7 (2.44 g,
0.01 mole) and 1-acetate-2,3,5-tri-O-benzoyl-D-ribofuranose
(5.06 g, 0.01 mole) by the same procedure as for 10a to yield a
white solid, 2.10 g (56%), mp 242°; ir (potassium bromide):
3420 (NH), 3260 (NH), 1690 (CO); 'H-nmr (DMSO-dg): 6 3.72
(m, 2H, H5"), 3.87 (d, Jg.g = 4.4 Hz, 1H, H4'), 4.08 (m, 1H,
H3"), 4.49 (m, 1H, H2"), 4.96 (s, 1H, OH), 5.19 (s, 1H, OH), 5.44
(s, 1H, OH), 6.02 (d, Jiz.5 = 6.3 Hz, 1H, H1"), 7.40 (m, 3H, H5,
phenyl protons), 7.68 (m, 3H, phenyl protons), 11.77 (s, 1H,
NH); 13C-nmr (DMSO-dg): § 61.4 (CS'), 69.4 and 69.7 (C2',
C3'), 85.5 (C4"), 90.1 (C1"), 117.3 (C4a), 118.0 (C5), 125.1,
128.0, 129.6 and 132.3 (Ph), 132.4 (C7a), 135.2 (C6), 149.7
(C2), 157.9 (C4); uv (pH 7): A max 292.2 nm; (pH 1): A max
293.4 nm; (pH 14): A max 293.8 nm.

Anal. Calcd. for C;7H;¢N,OgS (376.39): C, 54.24; H, 4.28;
N, 7.44. Found: C, 53.97; H, 4.33; N, 7.51.

1-[(2-Hydroxy ethoxy)methyl]-6-phenylthieno[2,3-d]pyrimi-
dine-2,4-dione 12b.

Compound 12b was prepared from heterocycle 7 (2.44 g, 0.01
mole) and 2-acetoxyethyl acetoxymethyl ether (1.76 g, 0.01 mole)
by the same procedure as for 10a to yield a white solid, 1.6 g
(63%), mp 164°; ir (potassium bromide): 3300 (OH), 1690 and
1660 (CO); !H-nmr (DMSO-d¢): 8 3.50 (m, 4H, CHy), 3.55 (s,
1H, OH), 5.39 (s, 2H, O-CH,-N), 7.44 (m, 3H, HS, phenyl pro-
tons), 7.67 (m, 3H, phenyl protons), 11.61 (s, 1H, NH); 13C.nmr
(DMSO-dg): 8 59.6 (CH,), 70.5 (CHj,), 75.8 (O-CH,-N), 117.0
(C4a), 117.6 (CS), 125.2, 127.8, 130.1 and 132.0 (Ph), 134.7 (C6),
150.0 (C7a), 151.5 (C2), 158.0 (C4); uv (pH 7): A max 298.6 nm;
(pH 1): A max 298.7 nm; (pH 14): A max 299.3 nm.
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Anal. Caled. for C;sH4N,O4S (318.35): C, 56.59; H, 4.43;
N, 8.79. Found: C, 56.63; H, 4.52; N, 8.50.

1-[2-Hydroxy-1-(hydroxymethyl)ethoxymethyl]-6-phenyl-
thieno[2,3-d]pyrimidine-2,4-dione 12c¢.

Compound 12¢ was prepared from heterocycle 7 (2.44 g, 0.01
mole) and 2-(acetoxymethoxy-1,3-propanediyl) dibenzoate (3.72
g, 0.01 mole) by the same procedure as for 10a to yield a white
solid, 1.63 g (47%), mp 220°; ir (potassium bromide): 3400-3250
(OH), 3180 (NH), 1680 and 1620 (CO); H-nmr (DMSO-dg): 8
3.45 (m, 5H, CH,-CH-CH,), 4.68 (m, 2H, OH), 5.46 (s, 2H, O-
CH,-N), 7.41 (s, 1H, H5), 7.55 (m, 2H, phenyl protons), 7.93 (m,
3H, phenyl protons), 11.40 (s, 1H, NH); 13C-nmr (DMSO-dg): 8
60.61 (CHy), 75.4 (CH), 80.8 (O-CH,.N), 117.0 (C4a), 117.1
(CS), 125.0, 127.0, 132.0, and 132.4 (Ph), 134.3 (C6), 150.3
(C7a), 151.6 (C2), 158.3 (C4); uv (pH 7): A max 297.1 nm; (pH
1): A max 297.3 nm; (pH 14): A max 298.8 nm.

Anal. Caled. for CigH ¢N,OsS (348.38): C, 55.16; H, 4.62;
N, 8.04. Found: C, 55.22; H, 451; N, 8.24.

1-(B-D-ribofuranosyl)-6-phenylthieno[3,2-d]pyrimidine-2,4-
dione 13a. :

Ribonucleoside 13a was prepared from heterocycle 9 (2.44 g,
0.01 mole) and 2,3,5-tri-O-benzoyl-D-ribofuranose-1-acetate
(5.06 g, 0.01 mole) by the same procedure as for 10a to yield a
white solid, 1.84 g (49%), mp 242°; ir (potassium bromide):
3380-3260 (OH), 3170 (NH), 1690 and 1650 (CO); 'H-nmr
(DMSO-dg): 8 3.70 (m, 2H, HS"), 3.90 (m, 1H, H4’), 4.10 (m,
1H, H3"), 4.50 (m, 1H, H2"), 4.72 (m, 1H, OH), 4.80 (s, 1H,
OH), 5.22 (s, 1H, OH), 5.61 (s, 1H, H1"), 7.22 (s, 1H, H7), 7.74
(m, 5H, phenyl protons), 10.92 (s, tH, NH); 13C-nmr (DMSO-
dg): 8 60.7 (C5"), 68.4 (C3"), 69.8 (C2'), 85.3 (C4'), 88.1 (C1'),
112.6 (C7), 115.8 (C4a), 125.7, 1259, 1293, 132.5 (Ph), 145.0
(C6), 150.8 (C7a), 151.1 (C2), 157.6 (C4); uv (pH 7): A max
296.1 nm; (pH 1): A max 296.7 nm; (pH 14): A max 297.5 nm.

Anal. Caled. for Cj7HgN,OgS (376.39): C, 54.24; H, 4.28;
N, 7.44. Found: C, 54.31; H, 4.40; N, 7.38.

1-[(2-hydroethoxy)methyl]-6-phenylthieno[3,2-d]pyrimidine-
2,4-dione 13b.

Compound 13b was prepared from heterocycle 9 (2.44 g, 0.01
mole) and 2-acetoxyethyl acetoxymethyl ether (1.76 g, 0.01
mole) by the same procedure as for 10a to yield a white solid,
1.40 g (56%), mp 220°; ir (potassium bromide): 3370 (OH),
3180 (NH), 1680 and 1660 (CO); H-nmr (DMSO-dg): 8 3.52
(m, 4H, CH,), 4.52 (s, 1H, OH), 5.46 (s, 2H, O-CH,-N), 7.27 (s,
1H, H7), 7.67 (m, 2H, pheny) protons), 7.79 (m, 3H, phenyl pro-
tons), 11.50 (s, 1H, NH); 13C-nmr (DMSO-d¢): 8 59.9 (CHy),
69.9 (CH,), 73.7 (O-CH,-N), 112.3 (C7), 113.7 (C4a), 125.7,
125.9, 129.1 and 132.4 (Ph), 146.8 (C6), 149.2 (C7a), 153.6
(C2), 160.7 (C4); uv (pH 7): A max 292.7 nm; (pH 1): A max
293.1 nm; (pH 14): A max 294.1 nm.

Anal. Caled. for CysH4N,O,4S (318.35): C, 56.59; H, 4.43;
N, 8.79. Found: C, 56.48; H, 4.33; N, 8.85.

1-[2-Hydroxy-1-(hydroxymethyl)ethoxymethyl]-6-phenyl-
thieno[3,2-d]pyrimidine-2,4-dione 13c.

Synthesis of Cyclic and Acyclic Nucleosides Analogues Ring 957

Compound 13c was prepared from heterocycle 9 (2.44 g, 0.01
mole) and 2-(acetoxymethoxy-1,3-propanediyl) dibenzoate (3.72
g, 0.01 mole) by the same procedure as for 10a to yield a white
solid, 2.25 g (65%), mp 222° ir (potassium bromide): 3340
(OH), 3160 (NH), 1660 and 1630 (CO); !H-nmr (DMSO-dg): &
3.40 (m, 1H, CH), 3.65 (m, 4H, CH,), 4.68 (s, 2H, OH), 5.54 (s,
2H, O-CH,-N), 7.41 (s, 1H, H7), 7.69 (m, 2H, phenyl protons),
7.93 (m, 3H, phenyl protons), 11.56 (s, 1H, NH), 13C-nmr
(DMSO-dg): & 60.9 (CH,), 73.3 (CH), 80.1 (O-CH,-N), 111.2
(C7), 114.3 (C4a), 125.7, 125.9, 129.7 and 132.1 (Ph), 147.2
(C6), 151.0 (C7a), 151.2 (C2), 157.9 (C4); uv (pH 7): A max
294.2 nm; (pH 1): A max 294.3 nm; (pH 14): A max 295.9 nm.

Anal. Calcd. for C;¢H1gN;O5S (348.38): C, 55.16; H, 4.62;
N, 8.04. Found: C, 55.34; H, 4.68; N, 8.18.
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