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Several new acyclonucleoside purine and 8-azapurine analogs have been prepared from 2-amino-4,6-di-
chloropyrimidine (1) and 3-amino-1,2-propanediol (2a) and 4-amino-1-butanol (2b), respectively, as the star-
ting materials. The new target compounds are: 2-amino-6-chloro-942,3-dihydroxypropyl)purine (6a), 2-amino-
6-chloro-9{4-hydroxybutyl)purine (6b), 2-amino-6-chloro-9{2,3-dihydroxypropyl)}-8-azapurine (7a), 2-amino-6-
chloro-9{4-hydroxybutyl}-8-azapurine (7b), 942,3-dihydroxypropyl}-8-azaguanine (8a), 9{4-hydroxybutyl)-8-
azaguanine (8b), 942,3-dihydroxypropyl)-8-azathioguanine (9a), and 9{4-hydroxybutyl)}-8-azathioguanine (9b).
Also, the requisite intermediate pyrimidine derivatives, 2,5-diamino-442,3-dihydroxypropylamino)-6-chloro-
pyrimidine (3a) and 2,5-diamino-4{4-hydroxybutylamino)-6-chloropyrimidine (5b) are novel.

J. Heterocyclic Chem., 27, 1409 (1990).

During the last few years, a great variety of acyclo-
nucleoside analogs have been synthesized [3-15] and some
of these compounds have been shown to possess signifi-
cant antiviral activity. For example, 942,3-dihydroxypro-
pyDadenine (DHPA) and 9{2-hydroxyethoxymethyl)guan-
ine (acyclovir, Zovirax® ) have been reported to inhibit
the replication of certain DNA and RNA viruses and to
possess a selective activity against the Herpes Simplex [
and II virus, respectively [16,17]. In connection with our
systematic search for new anticancer and antiviral agents
[18-24], we have become interested in the synthesis of
2-amino-6-substituted 8-azapurine 9-acyclonucleoside
analogs with improved solubility in water and enhanced
antiviral activity.
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The starting materials for the synthesis were 2-amino-
4,6-dichloropyrimidine (1), 3-amino-1,2-propanediol (2a),
and 4-amino-1-butanol (2b). Condensation of 1 with 2a
and 2b in refluxing l-butanol in the presence of triethyl-
amine by the method described in the literature [25-27] af-
forded 2-amino-4-(2,3-dihydroxypropylamino)-6-chloro-
pyrimidine (3a) and 2-amino-4-(4-hydroxybutylamino)-6-
chloropyrimidine (3b), respectively. The intermediate
5{p-chlorophenyl)azo derivatives, 4a and 4b, were obtain-
ed in good yield (67% and 89%) by reaction of p-benzene-
diazonium chloride with 3a and 3b, using the method
described by Shealy and co-workers [28-29]. Subsequent
reduction of 4a and 4b with zinc in acetic acid afforded
the requisite 2,5-diamino-4-(2,3-dihydroxypropylamino)-6-
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chloropyrimidine (3a) and 2,5-diamino-4-(4-hydroxybutyl-
amino)-6-chloropyrimidine (5b), respectively. The new
purines, 2-amino-6-chloro-942,3-dihydroxypropyl)purine
(6a) and 2-amino-6-chloro-9{4-hydroxybutyl)purine (6b),
respectively, were obtained by the acid-catalyzed conden-
sation of 5a and 5b with triethyl orthoformate in dimethyl-
acetamide [25,28,29]. The 2-amino-6-chloro-8-azapurine
acyclonucleosides, i.e., 2-amino-6-chloro-9+2,3-dihydroxy-
propyl)-8-azapurine (7a) and 2-amino-6-chloro-9{4-hydr-
oxybutyl)-8-azapurine (7b) were prepared via diazotization
of 5a and 5b with sodium nitrite in aqueous acetic acid.
The acyclic nucleoside analogs of 8-azaguanine, 9-(2,3-di-
hydroxypropyl)}-8-azaguanine (8a) and 9{(4-hydroxybutyl)-
8-azaguanine (8b), were synthesized by treating 7a and 7b
with aqueous hydrochloric acid. Finally, the correspond-
ing 8-azathioguanine analogs, 9-(2,3-dihydroxypropyl)-8-
azathioguanine (9a) and 9-(4-hydroxybutyl)-8-azathioguan-
ine (9b), were obtained by reaction of 7a and 7b with
thiourea in 1-butanol. All the above synthetic procedures
are summarized in Scheme 1.

The structures of the new compounds were determined
on the basis of their elemental microanalyses and spectral
data which are in agreement with their proposed struc-
tures. Detailed nmr, uv, and ir spectra are given in the Ex-
perimental.

For example, the ir spectra of the compounds with a
hydroxy group (hydroxy groups) exhibit a strong band at
3300-3500 cm™. The C=N ring bond shows a weak ab-
sorption at 1600-1650 cm™". The ir spectra are quite com-
plex in the 2700-3500 cm™! region due to the stretching
frequencies of the hydroxy and amino groups involved in
the formation of hydrogen bonds. In addition to the
methylene group signals, the 'H nmr spectra generally
show the broad interchangeable signals at 4.50-5.35 ppm
due to the presence of the hydroxy groups. In some com-
pounds with only one hydroxy group present, the OH
signals overlap with those from the CH,-CH, adjacent to
the hydroxy group (in dimethyl sulfoxide-d).

EXPERIMENTAL

Melting points were determined in capillary tubes heated in a
Thomas-Hoover melting point apparatus and are uncorrected.
The 'H nmr spectra were taken on Varian EM-360 (60 MHz) and
IBM NR 200 AF (200 MHz) spectrometers using
tetramethylsilane (TMS) as the internal standard. The electronic
absorption spectra (uv) were obtained on a Perkin-Elmer Lambda
4C ultraviolet-visible spectrophotometer, with a Perkin-Elmer
7700 professional computer. Absorption maxima were determin-
ed at pH 1, 4, 7, and/or 13. The ir specira were measured in
potassium bromide disks on a Perkin-Elmer 580B infrared
spectrophotometer with a Perkin-Elmer 3500 data station. The
purity of all compounds was checked by thin-layer
chromatography (tlc) on silica gel 60-F-254 precoated plates and
the spots were located in the uv light or by iodine vapor. Elemen-
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tal microanalyses were performed by Desert Analytics, Tucson,
AZ. All solvents used were reagent grade. The following solvent
systems were used as the mobile phases in tle: I, ethyl acetate-
acetone (1:1); II, acetonitrile-water (4:1); 111, ethyl acetate; IV,
chloroform-ethyl acetate (1:1).

2-Amino-4-(2,3-dihydroxypropylamino)-6-chloropyrimidine (3a)
[25-27].

A mixture of 2-amino-4,6-dichloropyrimidine (1, 18.6 g, 0.113
mole), 3-amino-1,2-propanediol (2a, 10.4 g, 0.114 mole), and
freshly distilled triethylamine (12.0 g, 0.119 mole) in 1l-butanol
(225 ml) was refluxed with stirring for 48 hours. Then the reac-
tion mixture was evaporated under reduced pressure in order to
remove the volatile materials, and the oily residue was dissolved
in water (100 ml). After chilling, the white solid which had formed
was filtered off with suction and washed three times with cold
distilled water. The product, 3a, was obtained in a good yield
(21.8 g, 88%), mp 238-240°. It was recrystallized from water and
dried under reduced pressure at 50° to afford an analytical sam-
ple, mp 240-242°; 'H nmr (DMSO-d¢): & 3.20-3.95 (m, SH,
CH,.CH.CH,), 4.80-5.25 (m, 2H, 2 OH), 6.20 (s, 1H, ArH), 6.82 (s,
2H, NH,), 7.52 ppm (m, 1H, NH); uv (aqueous hydrochleric acid,
pH 1): X max (log €) 215 (4.25), 237 (4.15), 276 (3.94), 286 sh (3.76),
316 nm (3.65); uv (water, pH 7): 211 (4.47), 239 (4.11), 286 nm
(4.06); uv (aqueous sodium hydroxide, pH 13): 239 (4.05), 286 nm
(4.07); ir (potassium bromide): strong and moderately strong
bands, 600-4000 cm™* region), » 670, 796, 975, 1015, 1160, 1362,
1475, 1575 and 1650 (C=C and C=N), 2900-3200 (NH,), 3350
cm™ (OH); tle: Rg, 0.55 (system I), 0.78 (II), 0.04 (III), 0.12 (IV).

Anal. Caled. for C,H,,CIN,O,: C, 38.46; H, 5.07; N, 25.63.
Found: C, 38.91; H, 5.17; N, 25.40.

2-Amino-4-(4-hydroxybutylamino}-6-chloropyrimidine (3b).

A solution of 2-amino-4,6-dichloropyrimidine (1, 9.3 g, 0.057
mole), 4-amino-1-butanol @b, 5.2 g, 0.058 mole), and
triethylamine (6.0 g, 0.059 mole) in 1-butanol (130 mi) was heated
under reflux for 48 hours. The volatile materials were removed
under reduced pressure and the tan oily residue was dissolved in
water (80 ml). After cooling, the white solid which had formed was
filtered off with suction and washed three times with cold water,
to give the product, 3b (9.3 g, 76%), mp 137-138°. Recrystalliza-
tion from water followed by drying at 50° under reduced
pressure gave the analytically pure sample, mp 137-138°; *H nmr
(DMSO-dg): & 1.35-1.85 (m, 4H, CH,CH,), 3.15-3.75 (m, 4H,
CH,CH,0H), 4.50-4.72 (m, 1H, OH), 6.20 (s, 1H, ArH), 6.80 (s, 2H,
NH,), 7.45 ppm (m, 1H, NH); uv (aqueous hydrochloric acid, pH
1): X max (log €) 214 sh (4.35), 236 (4.05), 274 (3.95), 310 nm (3.25);
uv (water, pH 7). 211 (4.35), 239 (4.01), 284 nm (3.96); ir
(potassium bromide): » 640, 790, 890, 920, 970, 1045, 1075, 1160,
1275, 1350, 1455, 1475, 1580 and 1650 (C=C and C=N),
2900-3180 (NH,), 3370 cm~* (OH); tle: Ry, 0.74 (system I), 0.82 (II),
0.53 (III), 0.32 (IV).

Anal. Caled. for CH,,CIN,O: 44.35; H, 6.05; N, 25.86. Found:
C, 44.25; H, 6.15; N, 25.60.

2-Amino-4-(2,3-dihydroxypropylamino)-5-(p-chlorophenylazo)-
6-chloropyrimidine (4a) [28,29].

A cold solution of p-chlorobenzenediazonium chloride was
prepared at 0-5° from p-chloroaniline (5.90 g, 0.046 mole), con-
centrated hydrochloric acid (12.8 ml), water (45 ml), and sodium
nitrite (3.56 g, 0.052 mole) dissolved in water (40 ml). This cold
solution was added dropwise during 20 minutes to a solution con-
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taining 3a (9.6 g, 0.044 mole), sodium acetate trihydrate (84 g),
acetic acid (200 ml), and water (250 ml), and the resulting mixture
was stirred at room temperature for 48 hours. The yellow
crystalline precipitate was filtered off with suction, washed three
times with cold water, and dried at 50° under reduced pressure,

to give 4a (10.6 g, 68%), mp 202-204°. This product was
recrystallized from dimethylformamide-water (1:2), filtered off,
washed with cold water, and dried in vacuo at 50° to give the
pure compound (10.2 g, 96% recovery), mp 202-204°; 'H nmr
(DMSO0-dg): 6 3.45-3.85 (m, SH, CH,.CH.CH,), 4.95-5.65 (m, 2H, 2
OH), 6.75 (s, 2H, NH,), 7.85-8.30 ppm (m, 4H, CsH.); uv (aqueous
hydrochioric acid, pH 4): A max (log €) 231 (4.20), 274 sh (3.85),
363 nm (4.15); ir (potassium bromide): » 685, 797, 920, 1075,
1165, 1275, 1355, 1470, 1576, 1652, 2850-3200 (NH,), 3450 cm™*
(OH); tle: Ry, 0.70 (system I), 0.73 (II), 0.45 (III), 0.13 (IV).

Anal. Caled. for C,3H,,CI;N,O,: C, 43.72; H, 3.95; N, 23.53.
Found: C, 43.80; H, 3.88; N, 23.36.

2-Amino-4-(4-hydroxybutylamino)-5{p-chlorophenylazo)-6-chloro-
pyrimidine (4b).

A solution of 3b (4.8 g, 0.222 mole) in acetic acid (105 ml) and
water (100 ml), with sodium acetate trihydrate (42 g) in the solu-
tion, was cooled to 5-10° and a cold solution (5-10°) of p-chloro-
benzenediazonium chloride [prepared from p-chloroaniline (3.2
g, 0.025 mole), concentrated hydrochloric acid (7.2 ml), water (25
ml), and a solution of sodium nitrite (1.9 g, 0.028 mole) in water
(25 ml)] was added dropwise within 30 minutes. The mixture was
stirred at room temperature for 48 hours, the yellow crystalline
precipitate was filtered off with suction, washed three times with
cold water, and dried at 50° under reduced pressure to give 4b
(7.0 g, 89%), mp 197-199°; "H nmr (DMSO-d¢): 6 1.55-1.82 (m, 4H,
CH,CH,), 3.45-4.05 (m, SH, CH,CH,0H and OH), 6.80 (s, 2H,
NH,), 7.85-8.40 ppm (m, 4H, C¢H,); uv (aqueous hydrochloric
acid, pH 4): \ (log €) 230 (4.28), 274 sh (3.88), 367 nm (4.21); ir
(potassium bromide): » 795, 835, 1090, 1202, 1300, 1380, 1485,
1580, 1655, 2850-3490 cm™* (NH,, OH); tle: R, 0.82 (system I),
0.79 (1), 0.55 (I11), 0.13 (IV).

Anal. Caled. for C,H,sCI;NsO: C, 47.34; H, 4.54; N, 23.66.
Found: C, 47.48; H, 4.64; N, 23.22.

2,5-Diamino-4-(2,3-dihydroxypropylamino)-6-chloropyrimidine
(5a).

To a suspension of 4a (4.0 g, 0.011 mole) in ethanol (100 ml),
water (90 ml) and acetic acid (10 ml) were added and the mixture
was heated to 75° under nitrogen. Zinc dust (10.0 g) was added in
small portions during 30 minutes and a light yellow solution was
obtained. The vigorously stirred mixture was heated to 75° for 3
more hours and the completion of the reaction was checked by
tle. The solid phase was separated by filtration in the atmosphere
of nitrogen, the residue was washed twice with ethanol, the
filtrate and the washings were combined, and the solution was
concentrated to a small volume under reduced pressure. The con-
centrated solution was extracted three times with ether to remove
the unreacted p-chloroaniline and the aqueous layer was evapor-
ated under reduced pressure. The residue was chromatographed
on a silica column. Elution with dimethylformamide-methanol
(1:1) afforded Sa (1.80 g, 69 %), suitable for the preparation of 6a
without further purification. A small portion was recrystallized
from a mixture of dimethylformamide and methanol and the
yellow crystals were dried at 50° under reduced pressure, mp
195-198° dec; 'H nmr (DMSO-de): 6 3.55-3.95 (m, SH,

6-Substituted 2-Aminopurines and 2-Amino-8-azapurines 1411

CH,.CH.CH,), 4.93-5.55 (m, 2H, 2 OH), 6.15 (s, 2H, NH,), 6.95 (s,
2H, NH,), 8.25 ppm (m, 1H, NH); uv (water, pH 7): A max (log €)
223 (4.24), 246 sh (4.28), 297 nm (4.08); ir (potassium bromide): »
650, 793, 930, 1050, 1100, 1250, 1340, 1420, 1590, 1630,
3100-3200 (NH,), 3390 cm-* (OH); tlc: R, 0.20 (system I), 0.73 (II),
0.31 (III), 0.11 (IV).

Anal. Caled. for C,H,,CIN;O,: C, 35.99; H, 5.18; N, 29.98.
Found: C, 35.93; H, 4.95; N, 30.28.

2,5-Diamino-4<(4-hydroxybutylamino)}-6-chloropyrimidine (Sb).

A suspension of 4b (3.8 g, 0.011 mole) in ethanol (100 ml),
water (100 ml), and acetic acid (10 ml) was heated to 75° under
nitrogen and zinc dust (8.0 g) was added in small portions during
30 minutes. A light yellow solution resulted and the stirring was
continued at 75° for an additional 4 hours. The solid material
was removed by filtration, the filtrate combined with the
washings was evaporated under reduced pressure, and the
residue was chromtographed on a silica column. The column was
eluted with ethyl acetate to remove the unreacted p-chloro-
aniline. Subsequent elution with dimethylformamide-methanol
(1:1) afforded the title compound 5b (1.5 g, 61 %), mp 175-178°
dec; 'H nmr (DMSO-d): 6 1.75-1.95 (m, 4H, CH,CH,), 3.60-3.95
(m, 5H, CH,CH,0H and OH), 5.95 (s, 2H, NH,), 6.95 ppm (s, 2H,
NH,); uv (water, pH 7): X max (log €) 223 (4.21), 247 sh (4.18), 300
nm (4.07); ir (potassium bromide): » 620, 700, 960, 1040, 1420,
1460, 1550, 1625, 3100-3200 (NH,), 3390 cm-! (OH); tlc: R, 0.05
(system I), 0.31 (II), 0.07 (III), 0.05 (IV).

Anal. Caled. for CgH,,CIN;O: C, 41.48; H, 6.09; N, 30.23.
Found: C, 41.67; H, 5.98; N, 30.56.

2-Amino-6-chloro-9-2,3-dihydroxypropyl)purine Hydrochloride
(6a).

To a cold solution of 5a (1.2 g, 0.051 mole) and
dimethylacetamide (10 ml), freshly distilled triethyl orthoformate
(10 ml) and concentrated hydrochloric acid (0.5 ml) were added,
and the mixture was stirred overnight at room temperature. Then
the solution was evaporated under reduced pressure, and the oily
residue was dissolved in a mixture of chloroform (10 ml) and
ether (10 ml). Hydrogen chloride was bubbled through the cooled
solution until a white solid precipitated out. It was collected by
filtration and dried under reduced pressure at room temperature,
to give 6a (1.35 g, 94%), mp 189-190°. Recrystallization from
methanol-ether (1:2) afforded the pure product, mp 189-191°; 'H
nmr (DMSO-d): 8 3.45-3.85 (m, SH, CH,.CH.CH,), 4.85-5.45 (m,
2H, 2 OH), 6.45 (s, 2H, NH,), 7.95 ppm (s, 1H, purine CH); uv
(water, pH 7): A max (log €) 224 (4.35), 250 sh (4.01), 315 nm (3.82);
ir (potassium bromide): » 680, 790, 1010, 1160, 1355, 1480, 1535,
1570, 1625, 2300-2550 (C=NH"), 2900-3200 (NH,, NH), 3400
cm™ (OH); tic: Ry, 0.35 (system 1), 0.75 (II), 0.13 (III), 0.10 (IV).

Anal. Caled. for C4H,,C1,N;0,: C, 34.31; H, 3.96; N, 25.01.
Found: C, 34.29; H, 3.52; N, 24.58.

2-Amino-6-chloro-9{4-hydroxybutyl)purine Hydrochloride (6b).

Freshly distilled triethyl orthoformate (8 ml) and concentrated
hydrochloric acid (0.5 ml) were added to a cold solution of 5b
(0.85 g, 0.0037 mole) in dimethylacetamide (8 ml). The mixture
was stirred overnight at room temperature, then the solution was
evaporated under reduced pressure, and the remaining oily
residue was dissolved in chloroform (10 ml) and ether (10 ml).
The solution was cooled and saturated with dry hydrogen
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chloride gas. The white precipitate was filtered off and dried
under reduced pressure at room temperature. Recrystallization
from methanol-ether (1:2) afforded the hydrochloride 6b (0.93 g,
91%), mp 145-147°% 'H nmr (DMSO-dg): 6 1.55-1.85 (m, 4H,
CH,CH,), 3.45-4.15 (m, 5H, CH,CH,OH and OH), 6.55 (s, 2H,
NH.,), 8.05 ppm (s, 1H, purine CH); uv (water, pH 7): A\ max (log ¢
230 (4.23), 252 sh (3.95), 313 nm (3.85); ir (potassium bromide): »
670, 730, 890, 1030, 1175, 1200, 1320, 1440, 1580, and 1620,
(C=C and C=N), 2350-2600 (C=NH"*), 2800-3200 (NH,, NH),
3400 cm™! (OH); tlc: Ry, 0.45 (system I), 0.88 (II), 0.12 (III), 0.05
av).

Anal. Caled. for C,H,;CI;N;O: C, 38.87; H, 4.71; N, 25.18.
Found: C, 38.55; H, 4.48; N, 24.85.

2-Amino-6-chloro-942,3-dihydroxypropyl)-8-azapurine (7a).

A solution of 5a (1.1 g, 0.0047 mole) in water (30 ml) and acetic
acid (8 ml) was cooled to 0-5° and a solution of sodium nitrite
(0.35 g, 0.005 mole) in water (15 ml) was added dropwise. The
mixture was stirred at 0-5° for 2 hours, and then the solution was
concentrated to about a half of the original volume under reduc-
ed pressure and chilled (-15°). The precipitated 7a was filtered
off, washed with cold water, and dried under reduced pressure at
50°, 0.65 g (57%), mp 215-217° dec; 'H nmr (DMSO-d¢): &
3.45-3.95 (m, 5H, CH,.CH.CH;), 4.90-545 (m, 2H, 2 OH),
6.75-7.50 ppm (m, 2H, NH,); uv (aqueous hydrochloric acid, pH
4): X max (log €) 223 (4.26), 246 sh (4.15), 307 nm (3.89); ir
(potassium bromide): » 680, 1010, 1040, 1060, 1200, 1340, 1420,
1640, 2900-3200 (NH_), 3400 cm-' (OH); tlc: R, 0.18 (system I),
0.49 (1), 0.11 (II1), 0.10 (IV).

Anal. Caled. for C,H,CINsO,: C, 34.37; H, 3.71; N, 34.36.
Found: C, 34.30; H, 4.10; N, 34.16.

2-Amino-6-chloro-9{4-hydroxybutyl)-8-azapurine (7b).

A solution of 5b (1.2 g, 0.0052 mole) in water (30 ml) and acetic
acid (7.5 ml) was cooled to 0-5°, and a solution of sodium nitrite
(0.5 g, 0.0073 mole) in water (15 ml) was added dropwise. The
mixture was stirred for 3 hours, and then the solution was con-
centrated to about a half of its original volume under reduced
pressure, and chilled. The crystalline 7b was filtered off, washed
twice with cold water, and dried under reduced pressure at 50°,
0.75 g (60%), mp 212-214° dec; 'H nmr (DMSO-d¢): 6 1.65-1.92
(m, 4H, CH,CH,), 3.65-4.05 (m, 5H, CH,CH,0H and OH), 6.30
ppm (s, 2H, NH,); uv (aqueous hydrochloric acid, pH 4): X max
(log €) 225 (4.25), 247 sh (3.85), 307 nm (3.98); ir (potassium
bromide): » 680, 840, 940, 1030, 1055, 1240, 1330, 1400, 1625,
2950-3200 (NH,), 3400 cm™! (OH); tle: R, 0.25 (system I), 0.55 (II),
0.10 (III), 0.06 (IV).

Anal. Caled. for CgH,,CINsO: C, 39.60; H, 4.57; N, 34.64.
Found: C, 39.89; H, 4.23; N, 34.88.

942,3-Dihydroxypropyl}8-azaguanine (8a).

A solution of 7a (0.105 g, 0.00043 mole) in 1N hydrochloric
acid (5 ml) was heated under reflux for 3.5 hours. Then the mix-
ture was treated with activated charcoal and filtered, the col-
orless filtrate was neutralized to pH 6.0 with 0.25N sodium car-
bonate, the crystalline precipitate was filtered off, washed three
times with cold water, and dried under reduced pressure at 50°,
to give 8a (0.075 g, 77%), mp 258-262° dec; 'H nmr (DMSO-d¢): 6
3.60-3.95 (m, 5H, CH,.CH.CH,), 4.85-5.35 (m, 2H, 2 OH), 6.40
ppm (s, 2H, NH,); uv (water, pH 7): A max (log €) 225 (4.25), 246 sh
(3.92), 278 nm (3.95); ir (potassium bromide): » 790, 840, 1030,

Vol. 27

1140, 1235, 1360, 1420, 1500, 1580, 1685, 1720, 3200-3280 (NH,),
3400 cm™* (OH); tle: Rg, 0.35 (system I), 0.75 (II), 0.32 (III), 0.11
Iv).

Anal. Caled. for C,H,0N¢O,: C, 37.17; H, 4.46; N, 37.15. Found:
37.53; H, 4.55; N, 36.86.

94(4-Hydroxybutyl)-8-azaguanine (8b).

A solution of 7b (0.077 g, 0.00032 mole) in 1N hydrochloric
acid (5 ml) was heated under reflux for 4.5 hours and then
neutralized to pH 6.0 with 0.25N sodium carbonate. The
crystalline precipitate was filtered off, washed three times with
cold water, and dried under reduced pressure at 50°; 0.055 g of
8b (77%), mp 235-240° dec; 'H nmr (DMSO-d¢): 6 1.60-1.95 (m,
4H, CH,CH,), 3.40-3.95 (m, 5H, CH,CH,0H and OH), 6.75 ppm
(s, 2H, NH,); uv (water, pH 7): A max (log €) 228 (4.23), 255 sh
(4.02), 275 nm (3.75); ir (potassium bromide): » 785, 940, 1020,
1100, 1270, 1350, 1590, 1640, 1740, 2920-3100 (NH,), 3380 cm™!
(OH); tlc: Re, 0.37 (system I), 0.78 (II), 0.35 (III), 0.12 (IV).

Anal. Caled. for C¢H,,N4O,: C, 42.85; H, 5.39; N, 37.49. Found:
C, 42.95; H, 5.49; N, 37.63.

942,3-Dihydroxypropyl)-8-azathioguanine (9a).

A mixture of 7a (0.115 g, 0.00047 mole) and thiourea (0.085 g,
0.0011 mole) in 1-butanol (10 ml) was heated under reflux for 8
hours. Then the reaction mixture was concentrated to about a
half of the original volume under reduced pressure, chilled, and
the yellow crystalline solid was separated by filtration, washed
three times with cold water, and recrystallized from 1-propanol to
give 9a (0.075 g, 66%), mp 289-292° 'H nmr (DMSO-d¢): &
3.45-3.85 (m, 5H, CH,.CH.CH,), 4.85-5.45 (m, 2H, 2 OH), 6.50 (m,
2H, NH,), 10.50 ppm (s, 1H, NH); uv (water, pH 7): A max (log ¢)
233 (4.24), 265 (3.88), 315 nm (3.56); ir (potassium bromide): »
840, 950, 1030, 1045, 1320, 1480, 1540, 1645, 2600, 2900-3200
(NH,, NH), 3400 cm"* (OH); tlc: Rf, 0.45 (system I), 0.80 (II), 0.42
(I11), 0.18 (IV).

Anal. Caled. for C,H,0N:0,S: C, 34.71; H, 4.16; N, 34.69.
Found: C, 34.27; H, 3.98; N, 34.48.

9(4-Hydroxybutyl)-8-azathioguanine (9b).

A mixture of 7b (0.105 g, 0.00043 mole) and thiourea (0.080 g,
0.001 mole) in 1-butanol (10 ml) was heated under reflux for 4
hours, then the reaction mixture was concentrated to about a half
of the original volume under reduced pressure, chilled, and the
light yellow crystalline product was filtered off, washed with cold
water, and dried under reduced pressure at 50° to give 9b (0.075
g, 73%), mp > 300° dec; 'H nmr (DMSO-de): 6 1.60-1.94 (m, 4H,
CH,CH,), 3.65-4.05 (m, 5H, CH,CH,0H and OH), 6.95 ppm (s,
2H, NH,); uv (water, pH 7): A max (log €) 234 (4.25), 258 (3.85), 305
nm (3.35); ir (potassium bromide): v 895, 940, 1020, 1175, 1355,
1385, 1455, 1575, 1615, 2900-3200 (NH,), 3450 cm ™' (OH); tlc: R,
0.42 (system I), 0.73 (II), 0.37 (11}, 0.12 (IV).

Anal. Caled. for CgH,NsOS: C, 39.99; H, 5.03; N, 34.98.
Found: C, 39.69; H, 4.98; N, 34.89.
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