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Some novel benzotriazole, benzothiazinone and pyridooxazinone acyclonucleosides containing
4-hydroxybutyl, 4-hydroxybutoxy, 4-iodobutyl, 2-oxopropyl and 2,3-epoxypropoxy groups as a side chain

was prepared.
J. Heterocyclic Chem., 33, 315 (1996).

The antiviral activity of some acyclonucleocides has led
in recent years to numerous examples of their preparations
[1]. The synthesis and the antiviral activity of some
ribonucleosides containing benzotriazole moiety such as
benzotriazole nucleosides [2], 8-aza-1-deazapurine nucleo-
sides [3], 1-(2,3-dihydroxypropyltriazolo[4,5-d]pyrimi-
dine {4], 8-aza-9-[2-(phosphonomethoxy)ethyl]guanine [5]
are known. The synthesis and antiviral activity of some
nucleosides and acyclonucleosides containing [6:6] fused
heterocycles such as lumazine [6], pyrimido[4,5-d]pyrimi-
dine [7], quinazoline 8] and thiano[3,2-d]pyrimidine [9]
have been reported. Recently, 9-[(2-phosphonomethoxy)-
ethoxyladenine and its derivatives as acyclonucleosides
containing a new side chain with potent and selective
activity against human immunodeficiency virus-1 and
2-(HIV-1 and HIV-2) have been reported [10].

In previous papers [11], we also reported the synthesis
of pyridazine acyclonucleosides containing 2-oxopropyl,
2-hydroxypropyl, 2,3-dihydroxypropyl, 4-hydroxybutyl
groups as alkanol side chains.

Recently, our interest was focused on the development
of new lead compounds for antiviral acyclonucleoside.
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¢) NaH, CH;CN, 1,4-Diiodobutane, d) NaH, CH3CN, 4-Bromoacetoacetic acid

Therefore, we attempted the synthesis of benzotriazole
and [6:6] fused heterocyclic N-acyclonucleosides.

We now wish to report the synthesis of benzotriazole,
benzothiazinone and pyridooxazinone acyclonucleosides
containing some side chains such as 4-hydroxybutyl,
4-iodobutyl, 4-hydroxybutoxy, 2,3-epoxypropoxy and
2-oxopropyl groups.

Reactions of compounds 1, 11 and 15 with 4-iodobutyl
acetate in the presence of potassium carbonate in tetra-
hydrofuran gave the corresponding esters 2, 12 and 16 in
good yield, respectively.
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a) 4-Iodobutyl acetate, KoCOs, THF, b) i) MeONa, MeOH ii)Amberlite IRC-50 H*,
¢) NaOH, H,0, Epichlorohydrin, d) Diethanolamine, MeOH

On the other hand, we attempted to synthesize new
acyclonucleosides containing 4-hydroxybutoxy group.
O-Alkylation of 6 with sodium hydride and 4-iodobutyl
acetate in acetonitrile afforded 7 in 65% yield.
Deacylation of esters 2, 7, 12 and 16 with methanolic
sodium methoxide gave the corresponding acyclonucleo-
sides 3, 8, 13 and 17 in good yield, respectively.

The infrared spectra of compounds 2, 7, 12 and 16
showed an absorption band of C=0 bond for acyl group at
1750-1740 cm-!. In addition, the infrared spectra of 12
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Table 1 Scheme IIT
1H NMR Data of Compounds 2-5, 7-10, 12-14, 16 and 17 s S
a) b)
Compound  Solvent S (ppm) ©: l C[ l
No [a] [b] s I:I (¢} I;I (e}
(:[ l CH,(CH,);0Ac CH,(CHy);0H

2 C 2.10 (m, 7H), 4.00 (¢, 2H), 4.50-4.80 N0 12 13
(t, 2H), 7.70 (m, 4H) H s

3 C 1.90 (m, 4H), 3.00 (bs, OH), 4.20 (m, 4H), 1 9
7.50 (m, 4H)

4 C 1.80 (m, 4H), 3.00 (t, 2H), 4.60 (t, 2H), N o
7.60 (m, 4H)

5 C 2.20 (s, 3H), 5.50 (s, 2H), 7.75 (m, 4H) 14 !

7 C 1.90 (m, 7H), 4.00 (t, 2H), 4.60 (t, 2H),
7.70 (m, 4H) a) 4-lodobutyl acetate, K;COs, THF, b) i) MeONa, MeOH ii) Amberlite IRC-50 H*,

8 C 1.90 (m, 4H), 3.70 (t, 2H), 4.00 (bs, OH), ¢) NaH, THF, 4-Bromoacetoacetic acid
4.50 (t, 2H), 7.70 (m, 4H)

9 C 2.70 (m, 2H), 3.70 (m, 1H), 4.40 (m, 2H), .
7.65 (m, 4H) 5 and 14 showed one or two absorption bands of carbonyl

10 D 2.50 (m, 4H), 3.30 (m, 4H), 4.00 (bs, 20H), groups (for 5, 1740 cm~!; for 14, 1740, 1680 cm1). The
g'?g g;; %}2347'67()5(2;12}:ﬁ;=7'5)’ proton magnetic resonance spectra of 5 and 14 showed

12 c 1.80 (m, 4H), 2.00 (s, 3H), 3.50 (m, 4H), two signals as singlets for the 2-oxopropyl group at & 2.20
4.80 (s, 2H), 7.20 (m, 4H) for 5 and 14 which was assigned to three Hy and 8 5.50

13 C 1-8(5) ("1,2:1})‘);‘3830 (b;’}{?}’{l)Z?)?O (l‘ié)ﬂ)» for 5 or & 4.80 for 14 which were assigned to two H;..
4.00 (, , 4.80 (s, 7. m, . . . .

14 c 220 (s, 3H), 3.50 (s, 2H), 4.80 (s, 2H), In addmon‘, treatment f’f 6 w1th‘ eplchlorohy.drm in
7.10 (m, 4H) aqueous sodium hydroxide solution gave oxirane 9

16 C 1.70 (m, 4H), 2.00 (s, 3H), 4.00 (t, 4H), instead of chlorohydrin derivative. Compound 9 was
4.80 (s, 2H), 7.55 (m, 3H) allowed to react with diethanolamine in methanol to

17 C 1.70 (m, 4H), 3.20 (bs, OH), 3.90 (m, 4H),

5.60 (s, 2H), 7.00 (m, 3H)

{a] C = Deuteriochloroform, D = DMSO-dg. [b] The proton signals of
the hydroxy group were detected by treatment of deuterium oxide;
Coupling constants (J) in Hz; Abbreviations used: s = singlet, bs = broad
singlet, d = doublet, t = triplet, m = multiplet.

and 16 also showed an absorption band for the amide car-
bonyl bond at 1680 and 1700 cm-!, respectively. Also,
proton signals of butyl and methyl groups were detected
in the proton magnetic resonance spectra for compounds
2, 7, 12 and 16. The infrared spectra of compounds 3, 8,
13 and 17 showed an absorption band of the OH group. In
the proton magnetic resonance spectra of these com-
pounds were observed proton signals for the hydroxy and
butyl groups involving proton signals of the aromatic
moiety. The molecular formulas of these compounds were
also established by their elemental analyses.

Alkylation of benzotriazole (1) with 1,4-diiodobutane
in the presence of sodium hydride in acetonitrile also fur-
nished compound 4 in low yield. In this reaction,
1,4-dibenzotriazolylbutane as a by-product was also
obtained [12). The structure of 4 was established by ele-
mental analysis, ir and pmr.

Reaction of 1 and 11 with 4-bromoacetoacetic acid in
the presence of sodium hydride (or potassium carbonate
for 11) gave the corresponding N-2-oxopropyl derivatives
5 and 14, respectively. This 2-oxopropylation under our
reaction conditions progressed via two steps; substitution
and then the decarboxylation [11d]. The infrared spectra of

afforded compound 10 in 83% yield. The structures of 9
and 10 were established by elemental analysis, ir and pmr.

Table 2
Elemental Analysis of Compounds 2-5, 7-10, 12-14, 16 and 17

Compound Molecular Calcd/Found (%)
No Formula C H N
2 C2H5N30, 61.79 6.48 18.01
61.82 6.52 18.06
3 C,oH13N30 62.81 6.85 21.97
62.92 6.95 22.12
4 CygH aN3l 39.89 4.02 13.95
40.02 4.01 13.93
5 CygHgN3O 61.70 5.18 23.99
61.58 522 23.70
7 Cy,H;sN305 57.82 6.07 16.86
57.68 6.23 16.74
8 CioH13N30, 57.96 6.32 20.28
57.78 6.62 20.35
9 CyoHgN30, 56.54 475 21.98
56.37 4.92 21.78
10 C13HygN4O4 52.69 6.80 18.91
52.49 6.75 19.02
12 Cy4H7NSO, 60.19 6.13 5.01
60.25 6.12 5.22
13 Ci2H5NSO, 60.73 6.37 5.90
60.72 6.13 5.77
14 C11H; NSO, 59.71 5.01 6.33
60.11 4.97 6.21
16 Cy3H1gN;O4 59.08 6.10 10.60
58.87 6.32 10.88
17 C;1H4N5O4 59.45 6.35 12.61

59.72 6.27 12.60
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a) 4-Todobuty] acetate, K,COs, THF, b) i) MeONa, MeOH ii) Amberlite IRC-50 H*

Compounds 4, 5 and 14 may be regarded as useful
starting materials for the synthesis of other acylonucleo-
sides. Therefore, additional chemical transformations of
the novel compounds, along with an evaluation of their
biological properties, are currently under investigation in
our laboratory.

EXPERIMENTAL

Melting points were determined with a Thomas-Hoover capil-
lary apparatus and are uncorrected. The pmr spectra were
obtained on a Bruker AW-80 MHz spectrometer with chemical
shift values reported in & units (parts per million) relative to an
internal standard (tetramethylsilane). Elemental analyses were
performed with a LECO Micro Carbon Hydrogen Determinator
(CHN-800). Open-bed column chromatography was carried out
on silica gel 60 (70-230 mesh, Merck) using gravity flow. The
column was packed as slurries with the elution solvent.
4-TIodobutyl acetate [11a}, 1,4-diiodobutane [13] and 4-bromo-
acetoacetic acid [11d,14] were prepared following published
methods.

1-(4-Acetoxybutyl)benzotriazole (2).

A mixture of benzotriazole (1, 0.65 g, 5.46 mmoles), potas-
sium carbonate (0.76 g, 5.48 mmoles) and tetrahydrofuran (20
mil) was refluxed for 1 hour. 4-Iodobutyl acetate (1.32 g, 5.50
mmoles) was added to the reaction mixture. The mixture was
refluxed for an additional 4 hours. After cooling to room tem-
perature, the solvent was evaporated under reduced pressure.
The resulting residue was applied to the top of an open-bed sil-
ica gel column (12 x 3 cm). The column was eluted with
dichloromethane. Fractions containing the product were com-
bined and then evaporated under reduced pressure to give com-
pound 2 as a liquid in 81% (1.03 g) yield; ir (neat): 3060, 2950,
1750, 1250 cm-1.

1-(4-Hydroxybutyl)benzotriazole (3).

A mixture of compund 2 (0.3 g, 1.28 mmoles), anhydrous
sodium methoxide (0.4 g) and dry methanol (20 ml) was stirred
for 2-3 hours at room temperature. After adding Amberlite
IRC-50 (1.6 g, H* form), the mixture was stirred for an additional
4 hours at room temperature. The resin was filtered and washed
with hot methanol (10 ml x 2). The combined filtrate was evapo-
rated under reduced pressure to give compound 3 as a liquid in
86% (0.21 g) yield; ir (potassium bromide): 3500, 1620 cm~1.

1-(4-Iodobutyl)benzotriazole (4).

A mixture of benzotriazole (1, 1 g, 8.39 mmoles), sodium
hydride (0.36 g, 16 mmoles 60% in oil) and dry acetonitrile
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(20 ml) was stirred for 1 hour at room temperature. After adding
1,4-diiodobutane (1.1 ml, 8.3 mmoles), the reaction mixture was
evaporated under reduced pressure. The resulting residue was
applied to the top of an open-bed silica gel column (15 x 3 cm).
The column was eluted with chloroform. Fractions containing
the product were combined and evaporated under reduced pres-
sure to give compound 4 in 66% (1.67 g) yield, mp 84-85°; ir
(potassium bromide): 3050, 2950, 1600, 1570, 1330, 1200 cm™1.

1-(2-Oxopropyl)benzotriazole (5).

A mixture of benzotriazole (1, 1 g, 8.39 mmoles), sodium
hydride (0.36 g, 16 mmoles 60% in oil) and dry acetonitrile (20
ml) was stirred for 20 minutes at room temperature. After adding
4-bromoacetoacetic acid (1.4 g, 8.3 mmoles), the reaction mix-
ture was refluxed for 25 hours. After cooling to room tempera-
ture, the solvent was evaporated under reduced pressure. The
resulting residue was applied to the top of an open-bed silica gel
column (15 x 3 cm). The column eluate was evaporated under
reduced pressure to give compound 5 in 83% (1.22 g) yield, mp
118-119°; ir (potassium bromide): 3080, 2940, 1740, 1440 cm1.

1-(4-Acetoxybutoxy)benzotriazole (7).

A mixture of 1-hydroxybenzotriazole hydrate (6, 1 g, 7.4
mmoles), sodium hydride (0.35 g, 15 mmoles, 60% in oil) and
dry acetonitrile (20 ml) was stirred for 30 minutes at room tem-
perature. The mixture was stirred for an additional 30-31 hours
at room temperature after 4-iodobutyl acetate (1.8 ml, 7.4
mmoles) was added to the reaction mixture. After adding water
(50 ml), The product was extracted with chloroform (100
ml x 3). The chloroform solution was dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was applied to the top of
an open-bed silica gel column (13 x 3 cm). The column was
eluted with chloroform/methanol (95:5, v/v). Fractions contain-
ing the product were combined and evaporated to afford com-
pound 7 as a liquid in 95% (1.82 g) yield; ir (potassium bro-
mide): 3100, 2950, 1750, 1100 cm-1.

1-(4-Hydroxybutoxy)benzotriazole (8).

A mixture of compound 7 (1 g, 0.44 mmoles), anhydrous
sodium methoxide (0.45 g) and dry methanol (20 ml) was stirred
for 3 hours at room temperature. After adding Amberlite IRC-50
(9 2 g, H* form), the mixture was stirred for an additional 12
hours at room temperature. The resin was filtered and washed
with hot methanol (10 m! x 2). The combined filtrate was evapo-
rated under reduced pressure to give compound 8 as a liquid in
87% (0.80 g) yield; ir (potassium bromide): 3400, 3080, 2950,
1100 cm™1.

1-(2,3-Epoxypropoxy)benzotriazole (9).

A mixture of 1-hydroxybenzotriazole (6, 2 g, 14.8 mmoles),
epichlorohydrin (2.5 ml, 32 mmoles) and aqueous sodium
hydroxide solution (0.75 g, in 5 ml of water) was stirred for 2
hours at room temperature. The product was extracted with
dichloromethane (25 ml x 2). The organic solution was dried
over anhydrous magnesium sulfate, and the solvent was evapo-
rated under reduced pressure. The resulting residue was applied
to the top of an open-bed silica gel columnn (12 x 3 cm). The col-
umn was eluted with chloroform. Fractions containing the prod-
uct were combined and evaporated under reduced pressure to
give compound 9 as a liquid in 73% (2.1 g) yield; ir (potassium
bromide): 3080, 2950, 1600, 1450, 1100 cm~1.
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1-[3-[N,N-di(2-hydroxyethyl)amino]-2-hydroxypropoxy]benzo-
triazole (10).

A mixture of 9 (0.7 g, 3.6 mmoles), diethanolamine (0.6 g,
5.70 mmoles) and methano! (15 ml) was stirred for 51 hours at
room temperature. The solvent was evaporated under reduced
pressure. The resulting residue was applied to the top of an
open-bed silica gel column (12 x 3 cm). The column was eluted
with chloroform/methanol (9:1, v/v). Fractions containing the
product were combined and evaporated under reduced pressure
to give compound 10 in 83% (0.92 g) yield, mp 66-67°; ir
(potassium bromide): 3400, 3050, 2950, 1450, 1080 cm~1.

4-(4- Acetoxybutyl)-2H-1,4-benzothiazin-3-one (12).

A mixture of compound 11 (1 g, 6.0 mmoles), potassium car-
bonate (0.83 g, 6.0 mmoles), 4-iodobutyl acetate (2 g, 8.2
mmoles) and tetrahydrofuran (20 ml) was refluxed for 49 hours.
After cooling to room temperature, the solvent was evaporated
under reduced pressure. The resulting residue was applied to the
top of an open-bed silica gel column (12 x 3 cm). The column
was eluted with dichloromethane. Fractions containing the prod-
uct were combined and evaporated under reduced pressure to
give compound 12 as a liquid in 72% (1.2 g) yield; ir (potassium
bromide): 3080, 2950, 1740, 1680, 1240 cm1.

4-(4-Hydroxybutyl)-2H-1,4-benzothiazin-3-one (13).

A mixture of compound 12 (1.2 g, 4.3 mmoles), anhydrous
sodium methoxide (1 g) and dry methanol (20 ml) was stirred
for 5 hours at room temperature. After adding Amberlite IRC-50
(2 g, H* form), the mixture was stirred for an additional 18
hours at room temperature. The resin was filtered and washed
with hot methanol (10 ml x 2). The combined filtrate was evapo-
rated under reduced pressure to give compound 13 as a liquid in
80% (0.81 g) yield; ir (potassium bromide): 3400, 3080, 2950,
1660, 1460 cm™1.

4-(2-Oxopropyl)-2H-1,4-benzothiazin-3-one (14).

A mixture of compound 11 (1 g, 6.5 mmoles), potassium car-
bonate (1.3 g, 10 mmoles), 4-bromoacetoacetic acid (1.46 g,
9 mmoles) and tetrahydrofuran (20 ml) was refluxed for 21
hours. After cooling to room temperature, the solvent was evap-
orated under reduced pressure. The resulting residue was applied
to the top of an open-bed silica gel column (15 x 3 cm). The col-
umn was eluted with chloroform. Fractions containing the prod-
uct were combined and evaporated under reduced pressure to
give compound 14 in 83% (1.20 g) yield, mp 60-61°; ir (potas-
sium bromide): 3050, 2940, 1740, 1680 em-1.

4-(4-Acetoxybutyl)-2H-pyrido{3,2-b]-1,4-oxazin-3-one (16).

A mixture of 15 (1 g, 7.29 mmoles), potassium carbonate
(1 g, 7.29 mmoles), 4-iodobutyl acetate (0.87 g, 7.29 mmoles)
and tetrahydrofuran (20 ml) was refluxed for 16 hours. After fil-
tering the salt, the solvent was evaporated under reduced pres-
sure. The resulting residue was applied to the top of an open-bed
silica gel column (12 x 3 cm). The column was eluted with chlo-
roform/methanol (99:1, v/v). Fractions containing the product
were combined and evaporated under reduced pressure to give
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16 as a liquid in 78% (1.5 g) yield; ir (potassium bromide):
3080, 2960, 1750, 1700, 1240 cm™!.

4-(4-Hydroxybutyl)-2H-pyrido[3,2-b]-1,4-0xazin-3-one (17).

A mixture of 16 (1.2 g, 4.54 mmoles), anhydrous sodium
methoxide (1 g) and dry methanol (20 ml) was stirred for 1 hour
at room temperature. After adding Amberlite IRC-50 (2 g, H*
form), the mixture was stirred for an additional 22 hours at room
temperature. The resin was filtered and washed with hot
methanol (10 ml x 2). The combined filtrate was evaporated
under reduced pressure to give compound 17 as a liquid in 80%
(0.81 g) yield; ir (potassium bromide): 3500, 3080, 2950, 1700,
1100 cm™1.
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