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Synthesis of the @ and 8 anomers of 2’-deoxy-6-selenoguanosine (2 and 4) has been accomplished in good yield.
Treatment of 2 and 4 with several alkyl halides under basic conditions has furnished the corresponding 2’-deoxy-6-
alkylselenoguanosines. Treatment of the a and 8 anomers of 2-acetamido-6-chloro-9-(2-deoxy-3,5-di-O-p-toluoyl-p-
erythro-pentofuranosyl)purine (5 and 1) with sodium methoxide has provided the a and # anomers of 2-amino-6-
methoxy-9-(2-deoxy-D-erythro-pentofuranosyl)purine (10 and 6). Treatment of 5 and 1 with hydrogen in the pres-
ence of a Pd-on-C catalyst was followed by treatment with sodium methoxide to provide the a« and 8 anomers of 2-
amino-9-(2-deoxy-p-erythro-pentofuranosyl)purine (8 and 9). Compounds 10 and 6 as well as 8 and 9 have also
been prepared by an alternate route. The antitumor activity against leukemia L-1210 for the above compounds as
well as certain related selenonucleosides prepared previously in this laboratory is discussed.

The antitumor activity:2 of 6-thioguanine (TG) is sug-
gested to result from incorporation into DNA with ulti-
mate cell death. It is of interest that TG has been recently
isolated3 from a fermentation broth of pseudomonas sp. C,
H (HLR 186 B). Several tumor cell lines have developed+*
a resistance toward the chemotherapeutic effect of TG. A
better therapeutic index and comparable antitumor inhi-
bition have been reported® for 6-selenoguanine (SeG) and
this prompted the first synthesis of 6-selenoguanosine
(SeGR) in our laboratory.® A comparative study?8 (thio
vs. seleno) has subsequently established that SeG and
SeGR inhibit the growth of Sarcoma 180 ascites cells more
effectively than the corresponding thionucleosides. The
first synthesis of a- and 3-2’-deoxy-6-selenoguanosine was
accomplished in our laboratory?® on the basis that both a-
and B-2’-deoxy-6-thioguanosine had demonstrated® suffi-
cient antitumor activity to be considered as candidates for
clinical trials.

The initial route we envisaged for synthesizing selen-
onucleosides? in the deoxynucleoside area [2-amino-6-sel-
eno-9-(2-deoxy-B-p-erythro-pentofuranosyl)purine (4, g-
2’.deoxy-6-selenoguanosine) and 2-amino-6-seleno-9-(2-
deoxy-a-p-erythro-pentofuranosyl)purine (2, «-2’-deoxy-
6-selenoguanosine)] was based on our successful prepara-
tion of SeGR by treatment of 2-amino-6-chloro-9-(8-p-ri-
bofuranosyl)purine with sodium hydrogen selenide in
methanol at reflux temperature. However, synthesis of the
starting materials [the « and 8 anomers of 2-amino-6-
chloro-9-(2-deoxy-p-erythro-pentofuranosyl)purine] pre-
sented some difficulties since treatment of the individual
anomers (¢ and B8) of 2-acetamido-6-chloro-9-(2-deoxy-
3,5-di-0-p-toluoyl-p-erythro-pentofuranosyl) purine? (5
and 1, respectively) with methanolic sodium methoxide at

+This work was supported by Research Contract No. C-72-3710 and NO1
CM 23710 with Drug Research and Development, Division of Cancer
Treatment, National Cancer Institute, National Institutes of Health, U. S.
Public Health Service.

reflux temperature, which was required for a complete re-
moval of the acyl group from the exocyclic 2-amino group,
furnished a mixture of nucleosides in each instance. These
nucleosides were separated by tlc and assigned the struc-
tures 2-amino-6-chloro-9-(2-deoxy-p-erythro-pentofurano-
syl)purine (minor component) and 2-amino-6-methoxy-9-
(2-deoxy-p-erythro-pentofuranosyl)purine on the basis of a
comparison of uv spectra with model compounds.12.13
Since the desired nucleoside was found to be the minor
component, this prompted us to initiate an alternate
route for the synthesis of 2 and 4.

Treatment of 1 with sodium hydrogen selenide in meth-
anol effected a facile nucleophilic displacement of the 6-
chloro group as evidenced by tlc and uv spectrum. The
protecting groups were then removed with sodium meth-
oxide in methanol at reflux temperature to furnish a
bright yellow crystalline nucleoside which was character-
ized as $8-2’-deoxy-6-selenoguanosine (4): pmr (DMSO-dg)
sharp singlet at § 6.8 (exocyclic amino group), a triplet
centered at 6 6.20 (peak width 14 Hz) (anomeric proton),
and the characteristic pattern usually observed for the re-
maining protons of a 2-deoxyribofuranose moiety.1¢ A
similar procedure using 5 furnished a 46% yield of «-2'-
deoxy-6-selenoguanosine (2). The pmr data obtained for 2
were found to be essentially the same as that observed for
the 8 anomer 4, except for the quartet at § 6.2 (peak
width 10.5 Hz) instead of a triplet which is generally
characteristic1# for the anomeric proton of a a-2’-deoxyri-
bofuranoside. The synthesis of both anomers (« and 8) of
2’-deoxy-6-selenoguanosine is of interest in view of a re-
port13 on the phosphorylation of both anomers of 2’-deoxy-
6-thioguanosine. The B anomer of 2’-deoxy-6-thiogua-
nosine has been converted to a nucleotide derivative by
certain neoplastic and normal cells while the a« anomer
was more specific and although several neoplasms did af-
ford the nucleotide derivative there was observed no phos-
phorylation in the normal tissues studied. A more recent
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study® has revealed that the 3 anomer of 2’-deoxy-6-
thioguanosine can be phosphorylated by a purified deoxy-
cytidine-deoxyguanosine kinase although this purified en-
zyme had now lost all ability to phosphorylate the « ano-
mer. Apparently, there is another kinase presumably re-
moved during the purification process, which is capable of
phosphorylating both the « and 8 anomers or perhaps may
even be specific for the @ anomer. These studies are of
considerable interest since it is the phosphorylation of 3-
2’-deoxy-6-thioguanosine with subsequent incorporation
into DNA7 which effectively circumvents the resistant

mechanism observed to develop toward the use of 6-
thioguanine, per se.

Methylation of 4 with methy! iodide in methanotlic sodi-
um methoxide furnished 2-amino-6-methylseleno-9-(2-
deoxy-3-p-erythro-pentofuranosyl) purine (7a) on the basis
of the following data: a sharp singlet in the pmr spectra at
8 =2.5 and a hypsochromic shift (Amax) in the uv spectra
which indicated that methylation had occurred on the ex-
ocyclic seleno group rather than a ring nitrogen. Addition-
al corroboration for the actual site of methylation was
provided when treatment of 7a with Raney nickel in
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Table I
R
Se
N# N\>
HzN_L‘N N
HOCH, O
HO
Animal wt Survival days,
R Dose, mg/kg Survivors diff (T — C) T/C % Test status
H (o) 200 5/7 -3.8 13.4/9.8 136 23P
H 8) 100 6/7 22P
50 6/6 -3.3 11.6/9.4 123 22P
25 6/6 —1.6 14.1/9.3 151 22P
12.5 6/6 —1.6 13.7/9.3 147 22P
OzNjN\> @ 100 6/6 -1.7 11.0/11.2 98 22F
N 50 6/6 -1.1 9.2/9.3 98 29F
CH,
oN—N 200 1/6 —6.4 7.0/11.2 Toxic 22
j\) ® 100 3/6 -5.4 9.3/11.2 Toxic 22
CH, 25 5/6 -1.9 13.4/9.3 144 22P
—CH.-CeH,-p-NO: (8) 200 6/6 -5.0 11.8/11.2 105 22F
100 6,6 —3.6 12.7/11.2 113 22F
—CH.-CeH4-p-NO; (a) 200 5/6 -3.2 10.8/10.7 100 22F
100 6/6 -3.3 10.8/10.7 100 22F

methanol furnished 2-amino-9-(2-deoxy-g8-p-erythro-pento-
furanosyl)purine (9):18 pmr spectra (DMSO-dg) revealed
two sharp singlets at 6 8.3 and 8.7 (C-8, C-6 protons), a
singlet at & 6.50 (2-NHj;), a pseudotriplet centered at §
6.35 (peak width 14 Hz) (anomeric proton), and the ab-
sence of a peak at § 2.5 for the methylseleno group. This
nucleoside (9) was identical with the compound obtained
by hydrogenation of 1 in the presence of a Pd-on-C cata-
lyst in ethyl acetate followed by a removal of the blocking
groups from the carbohydrate moiety with methanolic so-
dium methoxide. A similar series of reactions was per-
formed on 3a which was obtained by methylation of 2.
This furnished 2-amino-9-(2-deoxy-a-p-erythro-pentofura-
nosyl)purine (8) which was identical with the compound
obtained by hydrogenation of 5 with a Pd-on-C catalyst in
ethyl acetate followed by the removal of blocking groups
from the carbohydrate moiety with methanolic ammonia.

Treatment of 4 with p-nitrobenzyl bromide in methano-
lic sodium methoxide furnished a good yield of 7b. Treat-
ment of 7b with methanolic sodium methoxide resulted in
the formation of 2-amino-6-methoxy-9-(2-deoxy-3-b-
erythro-pentofuranosyl)purine!® (6) by a nucleophilic dis-
placement of the p-nitrobenzylseleno group. A pmr spec-
trum (DMSO-dg) of 6 revealed a sharp singlet at & 8.1
(C-8 proton), a broad singlet at § 6.4 (2-NH; group), a
pseudotriplet centered at § 6.3 (peak width 16.0 Hz) (ano-
meric proton), and a 3-proton singlet at é 4.0 for the 6-
methoxy group. Alkylation of 2 with p-nitrobenzyl bro-
mide under similar conditions furnished 3b. Treatment of
3b with methanolic sodium methoxide furnished a nucleo-
side which was identical with the nucleoside [2-amino-6-
methoxy-9-(2-deoxy-a-p-erythro-pentofuranosyl)purine
(10)] obtained by treatment of 5 with methanolic sodium
methoxide. The pmr spectrum of 10 was essentially iden-
tical with that observed for 6 except for a quartet centered
at § 6.35 (peak width 10.5 Hz) (anomeric proton) instead
of a triplet (Scheme I).

Treatment of 4 and 2 with 5-chloro-1-methyl-4-nitroim-
idazole under basic conditions in methanol furnished 7c¢

and 3c, respectively, which were prepared primarily for
their potential antitumor activity.

Since only preliminary data are available, definite com-
parisons in the selenonucleoside area cannot be made at
this time. However, some general observations of interest
are as follows. From the preliminary data (Table I) it is
obvious that the @ and 8 anomers of 2’-deoxy-6-selenogua-
nosine both possess some antitumor activity] with the g
anomer possessing a slightly higher T/C value. Alkylation
of 2 and 4 appears to effect a marked decrease in antitu-
mor activity. SeGR and the 6-alkylselenoguanosine deriv-
atives were found to be the most active compounds in the
6-selenoinosine?! and SeGR area (Table II). In fact, the
derivative 6-(1-methyl-4-nitroimidazol-5-yl)selenogua-
nosine was more active (T/C of 255 at 50-mg/kg dose with
6/6 survivors) than 6-selenoguanosine. This is of consider-
able interest since the reverse appears to be true for the
2-deoxynucleosides (vide infra) and would suggest that the
mode of action for this series of nucleosides may be differ-
ent unless further evaluation of the 2’-deoxynucleosides
provides some very different results. The 6-alkylselenopu-
rine ribonucleosides?! displayed no antitumor activity and
were more toxic than the aforementioned guanosine ana-
logs. This is interesting in view of the recent finding? that
6-methylselenopurine ribonucleoside is an excellent inhib-
itor of the de novo pathway of purine biosynthesis and
these closely related 6-alkylselenopurine ribonucleosides
would be expected to inhibit the same pathway.

It has been reported® that 6-methylselenoguanosine is
completely inactive as an inhibitor of the de novo path-
way of purine biosynthesis and the feedback inhibition ex-
hibited by SeGR was found to be due to its conversion by
purine nucleoside phosphorylase to SeG which was then
converted to SeGR 5’-phosphate via the salvage pathway
of purine biosynthesis. This was followed by conversion of
the 5’-phosphate to the triphosphate by guanylate kinase.

I Screening was performed under the auspices of DR & D according to

the protocols described in ref 20; instruction 14 from Drug Research and
Development, National Cancer Institute, March 1972.
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Table II}
R2
Se
N# ' N\>
1
R—L\N N
HOCH,
HO OH
Animal
Dose, Sur- wt diff Survival days, Test
R! R mg/kg vivors (T - ©C) T/C % status
NH, H 50 6,6 -3.7 15.2,/8.1 187 22
25 6/6 -2.4 22.0/9.6 229 22
12.5 6/6 -1.1 20.5/9.6 213 22
200 1/6 -3.0 7.0/9.5 22F
H H 100 6/6 -4.0 10.0/9.5 105 22F
50 6/6 1.0 9.7/10.1 96 29F
ON_ 50 6/6 -0.9 24 .5/9.6 255 22
NH ‘ jI S 25 5/6 ~2.3 18.0/9.6 189 22
2 N 25 6/6 -1.7 14.2/8.1 175 22
CH, 12.5 6,6 ~1.6 13.5/8.1 166 22
ON—N 200 0/6 -1.1 Toxic
u 2 1 Y 100 0/6 -1.1 Toxic
N 25 6/6 -1.5 9.2/9.3 98 22F
CH, 12.5 6/6 -1.2 9.7/9.3 104 22F
NH, —CH,CeH.NO; 100 4/6 -3.9 13.7/9.3 147 22
50 6/6 -2.3 10.5/8.8 119 22
25 6/6 -1.2 9.8/8.8 111 22
H —CHz—CGHg—NOQ 200 0/6 —-1.0 TOXiC 22
100 1/6 -5.5 6.0/9.2 Toxic 22
50 3/6 -3.1 9.7/12.1 Toxic 22F
25 6/6 -0.5 12.2/12.1 100 22F
NH, —-CH.CH=CH, 200 0/6 Toxic 22
100 0/6 Toxic 22
25 6/6 -2.0 9.3/9.3 100 22F
12 .5 6/6 0.7 9.7/9.3 104 22F
H —-CH,CH=CH, 50 6/6 —4.1 9.0/8.6 104 22F
25 6/6 -0.7 9.5/8.6 110 22F
12.5 6/6 +0.5 8.6/8.6 100 22F
6.25 6.6 1.3 9.6/9.5 90 22F
H —CH,-CH, 25 0/6 ~1.8 Toxic 22
12.5 6.6 ~4.3 11.2/10.1 110 22
6.25 6/6 -1.7 9.8/10.1 97 22F
3.12 6/6 —0.4 9.5/10.1 94 29F
CH 50 4/6 —4.4 8.8/10.1 87 22
H —CHzCH=C<CH3 25 6/6 -2.2 9.2/10.1 91 22
: 12.5 6/6 ~-1.5 9.2/10.1 91 22
P 12.5 6/6 -2.2 9.8/8.8 111 22
H O 6.25 6/6 ~1.3 10.0/8.8 113 22
©OON 3.12 6/6 ~2.0 9.0/8.8 102 22

It has been proposed?? that GMP kinase inhibition by
TGMP may play a role in the inhibitory mechanism of
TG. It is tempting to postulate that since inhibition of
GMP kinase by SeGR 5’-phosphate was observed, that the
mechanism of action of SeG and Tg and the ribonucleos-
ides SeGR and TGR may be similar in that respect. This
implies that a greater inhibition of GMP kinase by SeGR
5’-phosphate in comparison to the thio analog may be re-
sponsible for the increased antitumor activity observed for
SeGR in comparison to TGR.23

Comparative studies between these selenonucleosides
and the corresponding thionucleosides as well as studies
on the specific mode of action for certain selenonucleos-
ides are currently under investigation.

Experimental Section

Melting points were obtained on a Thomas-Hoover capillary
melting point apparatus and are uncorrected. Ultraviolet absorp-
tion spectra were obtained with a Beckman DK-2 spectrophotom-

eter and pmr spectra on Varian 56/60 instrument using tetra-
methylsilane as an internal standard. Thin layer chromatography
used 0.25-mm thick Mallinckrodt SilicAR 7 GF plates unless oth-
erwise specified and for dry column chromatography Baker silica
gel powder and Du Pont No. 609 phosphor were used. All prod-
ucts were dried under vacuum with an oil pump unless otherwise
specified.
2-Amino-6-seleno-9-(2-deoxy-3-D-erythro-pentofuranosyl)pu-
rine (4). A three-necked flask containing 2.50 g of 111 (0.0044 mol)
in 250 ml of dry MeOH was fitted with a gas inlet tube and a re-
flux condenser protected with a drying tube, and the stirred sus-
pension was then saturated with dry N2 gas for 5 min. The mix-
ture was heated to reflux temperature and saturated with dry
H.Se gas for 1 min, and then 15 ml of a 1 M NaSeH solution in
MeOH was added with the passage of dry HzSe being continued
for another 10 min. The flow of HySe was then terminated and
the mixture stirred and heated at reflux temperature for an addi-
tional 45 min. To this solution was added a 1 M NaOCHj3; solu-
tion in MeOH (7.5 ml) and the solution then stirred and heated
at reflux temperature for another hour. The solution was exposed
to the atmosphere, allowed to cool to room temperature, and then
gravity filtered (two or three times) to remove all the selenium
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metal, The light yellow filtrate was evaporated to dryness in
vacuo and the residue then triturated with 125 ml of CHCl3 and
125 ml of H30. The aqueous layer was washed with CHCl3 (2 X
100 ml); the pH of the solution was adjusted to 6-7 with glacial
HOAc and immediately lyophylized. The fluffy yellow solid was
added to boiling water (30-40 ml), the elemental selenium re-
moved by filtration, and the solution allowed to stand at 5° for 4
hr. The yellow solid was collected by filtration, washed with ice
water (20 ml), and dried over CaCly at 100° for 1 hr in vacuo to
furnish 1.1 g of product (75% yield): mp softens =~ 180° with dec
>186°. A small sample was recrystallized from Hy0 and dried for
2 hr'in vacuo over Drierite at the temperature of refluxing tolu-
ene: mp =~180° with dec >186° (lit.§ mp 166-167°); uv Amax (PH
1) 265 nm (¢ 6260), 368 (18,640); uv Amax (MeOH) 366 nm (e
22,580); uv Apmax (pH 11) 254 nm (¢ 13,650), 330 (19,200). Anal.
(C10H13N5038e) C, H, N .
2-Amino-6-seleno-9-(2-deoxy-a-p-erythro-pentofuranosyl)pu-
rine (2). The procedure is the same as that used for the synthesis
of 4 except that 3.0 g (0.0053 mol) of 5 and 18 ml of a 1 M NaSeH
solution in MeOH were used, followed by 9 ml of 1 M NaOCHj3
- solution. After lyophylization, 20 ml of HoO was added to the
solid, the elemental selenium was removed by gravity filtration,
and the solution was allowed to stand at 5° for 24 hr. The tan
solid was collected by filtration, washed with 10 ml of ice water,
and dried over CaCl; for 2 hr at 100° to furnish 800 mg (46%) of a
light tan solid, mp 203-204° dec (lit.§ mp 176°). A sample was re-
crystallized from H2O and dried in vacuo over Drierite at the
temperature of refluxing toluene for 2 hr: mp unchanged; uv Amax
(pH 1) 265 nm (e 6260), 368 (18,640); uv Amax (MeOH) 366 nm (¢
22,580); uv Amax (pPH 11) 254 nm (e 13,650), 330 (19,200). Anal.
(C10H13N5038e) C, H, N.
2~-Amino-6-methylseleno-9-(2-deoxy-g8-p-erythro-pentofura-
nosyl)purine (7a). To 500 mg (0.0015 mol) of 4 in 25 ml of MeOH
containing 100 mg of NaOCH; was added 250 mg of methyl io-
dide. The solution was stirred at room temperature for 10 min
and evaporated in vacuo to a foam which was dissolved in 50 ml
of MeOH containing 15 ml of J. T. Baker silica gel. The mixture
was evaporated to dryness in vacuo and the resulting solid was
placed on the top of a nylon dry column (3.75 X 24.5 cm) packed
with Baker silica gel + 0.4% of a phosphor. The column was elut-
ed with EtOAc-MeOH (8:1); the uv-absorbing fractions contain-
ing nucleoside material were determined by tlc and evaporated in
vacuo to afford a residue which was dissolved in 20 ml of H;O
and lyophylized. The solid was then placed in a Soxhlet extrac-
tion thimble and extracted with diethyl ether (150 ml) at reflux
temperature for 48 hr. The ether solution was evaporated to dry-
ness in vacuo, the white solid was dissolved in EtOAc (5 ml), and
sufficient cyclohexane was then added to produce a permanent
cloud point at the boiling point of the mixture. The solution was
allowed to stand at 5° for 18 hr; the white solid was collected by
filtration, washed with 10 ml of cyclohexane, and dried at room
temperature for 24 hr in vacuo to yield 250 mg of product (48%):
mp slowly softens to a glass >70°; uv Amax (pPH 1) 336 nm (e
13,600); UV Amax (MeOH) 312 nm (e 14,400); uv Amax (pH 11) 316
nm (e 14,400). Anal. (C;1N15N503Se-0.5H20) (verified by pmr
spectrum) C, H, N.
2-Amino-6-methylseleno-9-(2-deoxy-a-p-erythro-pentofura-
nosyl)purine (3a). The procedure was the same as that used for
the synthesis of 7a except that 500 mg (0.0015 mol) of 2 was used
and the yield from the EtOAc-cyclohexane mixture was 200 mg
(39%) of product, mp 167-170°. For analysis the sample was dried
in vacuo over Drierite for 1 hr at the temperature of refluxing tol-
uene: mp unchanged; uv Apax (PH 1) 334 nm (e 14,400); uv Amax
{MeOH) 313 nm (e 15,800); uv Amax (pH 11) 316 nm (e 15,500).
Anal. (C11H15N503SE) C, H, N.
2-Amino-6-p-nitrobenzylseleno-9-(2-deoxy-8-p-erythro-pento-
furanosyl)purine (7b). 3-2'-Deoxy-6-selenoguanosine (4, 1.0 g,
0.003 mol) was added, with stirring, to 50 ml of MeOH containing
200 mg of NaOCHs. To this mixture was added p-nitrobenzyl
bromide (650 mg) and the resulting solution was stirred at room
temperature for 15 min. The mixture was allowed to stand at 0°
for 2 hr; the solid was collected by filtration, washed with cold
(—20°) MeOH (20 ml), and air-dried. The solid was recrystallized
from absolute MeOH and then air-dried to yield 900 mg of prod-
uct (65%), mp 204-206° with presoftening at ~200°. A small sam-
ple was recrystallized from MeOH and then dried in vacuo over
Drierite for 1 hr at the temperature of refluxing toluene: mp
unchanged; uv Amax {PH 1) 282 nm (¢ 15,700), 324 (15,700); uv

§ The synthesis of this compound has also been reported by Chu and Da-
vidson.24
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Amax (MeOH) 313 nm (e 19,000), 352 (19,300); uv Amax (pH 11)
252 nm (e 15,300), 313 (19,500). Anal. (C17H,5N6QsSe) C, H, N.
2-Amino-6-p-nitrobenzylseleno-9-(2-deoxy-a-n-erythro-pen-
tofuranosyl)purine (3b). The procedure was the same as that for
7b except that 800 mg (0.0024 mol) of 2, 160 mg of NaOCHj3, and
520 mg of p-nitrobenzyl bromide were used. The yield after re-
crystallization from MeOH was 950 mg (83%) of 3b, mp 110° with
presoftening at 100°. A sample was dried in vacuo over Drierite at
the temperature of refluxing EtOH for 2 hr: mp unchanged. Anal.
(C17H18N¢05Se-0.5H20) (verified by pmr spectrum) C, H, N.
2-Amino-6-(1-methyl-4-nitroimidazol-5-yl)seleno-9-(2-deoxy-
B-D-erythro-pentofuranosyl)purine (7c). 8-2’-Deoxy-6-selenogua-
nosine (4, 1.0 g, 0.003 mol) was added to 50 ml of MeOH contain-
ing 200 mg of NaOCHjs. To this mixture was added 490 mg of 5-
chloro-1-methyl-4-nitroimidazole and the solution stirred at room
temperature 0.5 hr. After being adjusted to pH 6-7 with glacial
HOAc, the resulting solution was evaporated in vacuo to afford
an oily residue. The residue was triturated with 50 ml of acetone
and evaporated in vacuo to dryness. This residue was triturated
with 20 m] of H;O and then MeOH was added to effect a solution
at the boiling point of the mixture. This solution was allowed to
stand at 5° for 24 hr; the solid was collected by filtration, washed
with 20 ml of ice water, and dried over CaCl; in vacuo at 100° for
2 hr to yield 1.0 g (73%) of product: mp softens at 150° with dec
178° (foams up); uv Amax (PH 1) 315 nm (e 14,500); uv Amax
(MeOH) 246 nm (e 14,100), 310 (14,400); uv Apax (pH 11) 310 nm
(é 15,500) Anal. (C14H16N305Se) C, H, N.
2-Amino-6-(1-methyl-4-nitroimidazol-5-yl)seleno-9-(2-deoxy-
a-p-erythro-pentofuranosyl)purine (3c). The procedure was the
same as that for 7c except that 800 mg (0.0024 mol) of 2, 160 mg
of NaOCH3, and 400 mg of 5-chloro-1-methyl-4-nitroimidazole
were used. The product obtained by crystallization from MeOH-
H20 was dried over Drierite in vacuo at the temperature of re-
fluxing toluene for 2 hr to yield 1.0 g (91%) of 3c: mp 148° softens
to a glass. Anal. (C14H16NgO5Se-0.5H20) (verified by pmr spec-
trum) C, H, N.
2-Amino-6-methoxy-9-(2-deoxy-G-n-erythro-pentofuranosyl)-
purine?! (6). Method I. The nucleoside 1 (1.0 g, 0.0018 mol) was
suspended in 100 ml of dry MeOH containing 500 mg of NaOCHj
and heated at reflux temperature for 1 hr. After standing at 0° for
1 hr, the solution was adjusted to pH 7 with glacial HOAc and
evaporated to dryness in vacuo. The residue was redissolved in 50
ml of MeOH, 10 ml of Baker silica gel was added, and the mix-
ture evaporated to dryness in vacuo. The solid was placed on top
of a nylon dry column (1.5 X 10 in.) packed with Baker silica gel
+ 0.4% phosphor and the first nucleoside band as determined by
tle was eluted with EtOAc-MeOH (4:1 v/v). The eluent was
evaporated to a solid foam in vacuo. The foam was dissolved in a
minimum amount of hot 2-propanol and then allowed to stand at
0° for 48 hr. The white crystalline solid was collected by filtration,
washed with 15 ml of cold 2-propanol, and air-dried to yield 225
mg (456%) of a white solid: mp 129-131° melts to a foamy glass.
The product was recrystallized from 2-propanol and dried over
Drierite at the temp of refluxing toluene for 2 hr in vacuo: mp re-
mained unchanged; uv Apax (PH 1) 285 nm (e 11,500); uv Amax
(MeOH) 247 nm (e 10,000), 281 (9550); uv Amax (pH 11) 247 nm (e
9550), 279 (9250). Anal. (C11H2sN504) C, H, N.

Method II. The nucleoside 7b (100 mg) and NaOCHs (100 mg)
were added to 25 ml of MeOH and the mixture was stirred and
heated at reflux temperature for 24 hr while the reaction was
monitored by uv and tlc. At the end of 24 hr, all trace of 7b had
disappeared and only 6 remained. The mixture was filtered and a
small portion of the filtrate was applied to 0.25-mm SilicAR 7GF
plates. These plates were developed using EtOAc-MeOH (10:1
v/v) and the first uv-absorbing band was eluted with MeOH-
EtOAc (1:2 v/v). The nucleoside material obtained from the el-
uent was established by uv and tlc comparisons in four different
solvent systems to be identical in every respect with 6 prepared
by method 1.

2-Amino-6-methoxy-9-(2-deoxy-a-p-erythro-pentofuranosyl)-
purine (10). Method 1. The nucleoside 5 (500 mg, 0.0009 mol)
was dissolved in 50 ml of dry MeOH containing 250 mg of
NaOCHj3; and the solution heated at reflux temperature with stir-
ring for 1 hr. The solution was allowed to stand at 0° for 2 hr and
the pH adjusted to 6-7 with glacial AcOH. The solution was
evaporated to dryness in vacuo; the residue was suspended in 20
ml of acetone with the solid being collected by filtration, then
washed with 10 ml of acetone. The solid was retained and the fil-
trate was evaporated to dryness. To the resulting residue was
added 25 ml of benzene and the mixture stirred for 18 hr at room
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temperature. The solid was collected by filtration and washed
with 10 ml of benzene, and the remaining solid was combined
with that obtained above. The combined solids were dissolved in
25 ml of MeOH, 10 ml of Baker silica gel was added, the mixture
was evaporated to dryness in vacuo, and the solid was placed on
top of a nylon dry column (1.5 X 10 in.) packed with Baker silica
gel + 0.4% phosphor. The first uv-absorbing fractions (as deter-
mined by tlc) eluted with EtOAc-MeOH (4:1 v/v) were collected
and evaporated in vacuo to afford a white solid which was crys-
tallized from EtOAc and air-dried to yield 185 mg (71%) of 10:
mp 170° slowly softens to a solid melt or glass. For analysis a
sample was dried over Drierite in vacuo over refluxing toluene for
1 hr: mp unchanged; uv Amay (pH 1) 285 nm (¢ 12,600); uv Amay
{(MeOH) 247 nm (e 11,600), 281 (10,600); Amax (PH 11) 247 nm (¢
11,300), 280 (10,400). Anal. (C3;H15N504-0.5H;0) (verified by
pmr spectrum) C, H, N.

Method II. The procedure was the same as that used for the
preparation of 6 (method II) except that 100 mg of 3b was used
and the nucleoside product was established by uv and tlc com-
parisons to be identical in every respect with 10 prepared by
method 1.

2-Amino-9-(2-deoxy-a-p-erythro-pentofuranosyl)purine  (8).
Method I. The nucleoside 5 (1.0 g, 0.0018 mol) was dissolved in
ethyl acetate (100 ml) containing 200 mg of triethylamine and 500
mg of a 5% Pd/C catalyst. The mixture was stirred on an atmo-
spheric hydrogenator for 2 hr, at which time 44-45 ml of H2 had
been adsorbed. The mixture was filtered through a Celite pad
and washed with 100 ml of boiling EtOAc, and the filtrate was
evaporated in vacuo to a white solid. The solid was dissolved in
dry MeOH (100 ml) containing 200 mg of NaOCHj3 and this solu-
tion was heated at reflux temperature for 1 hr. The solution was
then allowed to stand at 0° for 24 hr, adjusted to pH 7 with gla-
cial HOAc, and evaporated to a solid foam in vacuo. To the foam
was added 50 ml of CHCl3 and the mixture stirred at room tem-
perature for 4-5 hr. The solid was collected by filtration, washed
with 25 ml of CHCl;, and then suspended in 50 ml of acetone.
This mixture was stirred at room temperature for 18 hr; the solid
was collected by filtration, resuspended in 50 ml of acetone, and
again stirred at room temperature for 18 hr. The solid was collect-
ed by filtration and the combined filtrates were then evaporated
to a white solid in vacuo. The solid was recrystallized from 2-pro-
panol and the product dried in vacuo for 2 hr over Drierite at the
temperature of refluxing toluene to vield 175 mg (39%) of 8: mp
190-192°; uv Apax (PH 1) 314 nm (¢ 4420); uv Apmax (MeOH) 245
nm (¢ 7500), 309 (8000); uv Apmax (PH 11) 244 nm (e 7100), 304
(7400). Anal. (C10H13N503) C, H, N.

Method II. The procedure was the same as that used for the
synthesis of 9 (method II) except that 50 mg of 3a was used. The
product (~15 mg) was found by uv, tlc (in four different solvent
systems), and mixture melting point to be identical in every re-
spect with the product obtained from method .

2-Amino-9-(2-deoxy-g-p-erythro-pentofuranosyl)purine  (9).
Method I. The procedure was the same as that for 8 except that 1
(1.0 g, 0.0018 mol) was used and a reaction time of 3 hr was re-
quired for hydrogenation. The yield of product obtained by crys-
tallization from 2-propanol was 200 mg (44%): mp slowly shrinks
>105°, melts >148° to a glass. For analysis the sample was dried
in vacuo over Drierite for 2 hr at the temperature of refluxing 2-
propanol: mp unchanged; uv Apax (pH 1) 314 nm (¢ 4500); uv
Amax (MeOH) 245 nm (e 7500), 309 (8200); uv Amax (pH 11) 244
nm (e 7800), 304 (8000). Anal. (C10H13N503-0.5H20) (verified by
pmr spectrum) C, H, N.

Method II. The nucleoside 7a was dissolved in MeOH (25 ml)
containing ~500 mg (wet weight) of Raney nickelz with the mix-

Milne, Townsend

ture then being stirred and heated at reflux temperature for 30
min. The Raney nickel was removed by filtration and washed
with 25 ml of boiling MeOH, and the filtrate was evaporated in
vacuo to afford a white solid. The solid was crystallized from 2-
propanol to yield ~20 mg of a white solid which was established
by mixture melting point, uv, and tlc comparison in four different
solvent systems to be identical in every respect with the product
obtained by method I above.
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