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Synthesis and Biological Activity of 10-Thia-10-deaza Analogs of Folic Acid, Pteroic
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The 10-thia analogs of pteroic acid, folic acid, their esters, and their 4-amino analogs were synthesized through a
reaction sequence involving, as a key step, the condensation of 2-amino-3-cyano-5-chloromethylpyrazine with appro-
priately substituted thiols. The abilities of the products to inhibit the growth of methotrexate (MTX)-sensitive and
MTX-resistant microorganisms were investigated as were their abilities to inhibit dihydrofolic acid reductase and
thymidylic acid synthetase. Several compounds had high activity.

Since the first reports that folic acid antagonists are use-
ful in the treatment of human neoplastic disease,!'2 a great
deal of research has been centered on investigating the
functions and interactions of folic acid and its reduced de-
rivatives in the hope that clues for the synthesis of more ef-
fective antagonists might be obtained. Further interest has
been added to this research area by the usefulness of folic
acid antagonists in the treatment of psoriasis®4 and their
usefulness in suppressing the immune response5® and in
treating protozoal disease.”

It is well understood that the functions of tetrahydrofolic
acid in essential one-carbon transfer reactions require the
availability of amine nitrogens in the 5 and 10 positions of
the reduced coenzyme.® However, in spite of the essential
nature of these nitrogens relatively few attempts in prepar-
ing antagonists of folic acid or its reduction products have
been centered on replacing them with other atoms.

In homofolic acid and related compounds the distance
between these nitrogens was lengthened.® In the 10-0xa an-
alog of pteroic and folic acid the 10-nitrogen was replaced
by an oxygen.!0 In isofolic acid, the positions of the methy-
lene and amine groups separating the pteridine and ben-

*This work was supported by grants from the National Cancer Institute
(CA-12186 to H.G.M. and CA-10914 to R.L.K.) and the American Cancer
Society (IC-12).

zene rings have been reversed.!! In 10-deazaaminopterin,
the 10-nitrogen of the 4-amino derivative of folic acid was
replaced by a methylene group.1213 Several of these antag-
onists showed interesting inhibitory activity in systems re-
quiring folic acid or its reduction products.

The present study describes the synthesis of analogs of
folic acid and of pteroic acid, as well as that of their 4-
amino analogs, in which the nitrogen in the 10 position was
replaced with sulfur. It was hoped that these compounds
might have useful inhibitory activity in folic acid requiring
systems. The synthesis is outlined as shown in Schemes I
and II.

4,4’-Dithiobis(penzoic acid) (1) was synthesized by the
procedure of Campaigne and Meyer! and converted to the
diethyl ester 2. An attempt to synthesize the diethyl ester
directly from ethyl p-aminobenzoate yielded material con-
taminated with a highly explosive by-product, possibly a
diazonium intermediate. The explosion occurred while the
product was being dried. Reduction of 2 with sodium bor-
ohydride yielded the thiol 3; the reaction was monitored by
the uv spectrum change!4 from Amax 273 nm t0 Amax 332
nm. Condensation of 3 with 2-amino-3-cyano-5-chloro-
methylpyrazine!® gave rise to the formation of 4 in excel-
lent yield. The 2-amino-3-cyanopyrazine 4 could then be
cyclized with guanidine to form ethyl 4-amino-4-deoxy-10-
thia-10-deazapteroate (6). The methyl ester 5 could be ob-
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tained when this reaction was carried out in methanol in
the presence of an excess of sodium methoxide. Hydrolysis
of the ethyl ester yielded the 10-thia analog of pteroic acid
(7). Condensation of this product with diethyl L-glutamate
via the mixed anhydride method using isobutyl chlorofor-
mate? gave rise to the formation of diethyl 10-thiafolate
(8). Hydrolysis then yielded the 10-thia analog of folic acid
(9). In Figure 1, the NMR spectra of 9 and of folic acid are
compared.

In a different approach to this synthesis (Scheme II), the
condensation of diethyl L-glutamate with 4,4’-dithio(bis-
benzoic acid), in the presence of DCC in acetonitrile,
formed 4,4’-dithiobis(N-benzoyl-L-glutamate) (10), from
which the corresponding thiol was obtained by reduction
with sodium borohydride. The reduction product was per-
mitted to condense with 2-amino-3-cyano-5-chloromethyl-
pyrazine to yield 11. Cyclization with guanidine now formed
diethyl 10-thiaaminopterin, from which the 10-thia analog
of aminopterin could be obtained by hydrolysis in weak
base.

It should be noted that the reaction sequence followed in
Scheme II, but not the reaction sequence followed in
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Scheme 1, led to racemization of the glutamic acid residue
following guanidine cyclization.1®

Discussion

The potencies of the compounds synthesized were tested
in the Streptococcus faecium and Lactobacillus casei sys-
tems. As can be seen in Table I, several of these compounds
have considerable activity in inhibiting the growth of these
organisms. It is of some interest to note that, in addition to
several highly active 2,4-diaminopteridine derivatives, the
10-thia analog of folic acid, a 2-amino-4-oxo derivative, ex-
hibited some antibacterial activity as well. These findings
are in agreement with reports that 10-deazapteroic acid!?
and 10-deazafolic acid!? are inhibitors of S. faecium. The
relatively high in vitro inhibitor activity of the esters of
some of the derivatives is not surprising in view of the re-
port many years ago,!8 recently confirmed,!920 that esters
of amethopterin can have considerable activities.

The ability of some of the esters (5, 6, 12) to inhibit the
growth of a methotrexate (MTX)-resistant strain of S. fae-
cium is of some potential interest. It may be speculated
that this is due to these esters, but not the corresponding
acids, being able to enter resistant cells.

Several of the compounds were also tested for their abili-
ties to induce 50% inhibition of dihydrofolic acid reductase
and thymidylic acid synthetase. These data are summa-
rized in Table II. None of the compounds were effective in-
hibitors of thymidylate synthetase; however, the ability of
the racemic 10-thia analog of aminopterin to inhibit dihy-
drofolic acid reductase approaches that of MTX.

Studies of the abilities of several of these derivatives to
inhibit the growth of leukemia cells in tissue culture are in
progress in the laboratory of Dr. Ming-Yi Chu at Brown
University.
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Figure 1. NMR spectrum (F3CCOOH) of 10-thiafolic acid compared with that of folic acid (Calbiochem).

Experimental Section

Melting points were determined with a Gallenkamp melting
point apparatus and are not corrected. Uv spectra were deter-
mined with a Cary Model 14 spectrophotometer, NMR spectra
were measured in CDCl3, in DMSO-dg, and in TFA, using TMS as
an internal reference standard with a Hitachi Perkin-Elmer Model
R-20B spectrometer. Elemental analyses were carried out by Dr.
H. Agahigian, Baron Consulting Co., Orange, Conn., and obtained
within 0.4% of the theoretical values.

Diethyl 4,4'-Dithiobisbenzoate (2). 4,4’-Dithiobis(benzoic
acid)(1) was prepared by the method of Campaigne and Meyer.!*
The acid was esterified with ethanol-HCl. The product was recrys-
tallized from ether (at —70°): mp 53-56°; UV Amax (EtOH) 273 nm
(e 32,500); NMR (CDCl3) 6 1.34 (t, 3 H, -CH2CHS3), 4.23 (q, 2 H,
-CH3CHjy), 7.42 and 7.88 (aromatic quartet, 4 H, J = 8.4 Hz). Anal.
(C18H15028) C, H.

2-Amino-3-cyano-5-[(S-p-carbethoxyphenyl)thiomethyl]-
pyrazine (4). Diethyl 4,4’-dithiobisbenzoate (2, 0.91 g, 3 mmol) in
EtOH (30 ml) was reduced with NaBH, (0.2 g, 5.3 mmol) at room
temperature. Completion of the reduction was monitored by the
uv spectrum changing from Amax (EtOH) 273 nm to Amex (EtOH)
332 nm.

2-Amino-3-cyano-5-chloromethylpyrazine!> (0.6 g, 3.7 mmol)
was added to the above solution in portions and the resultant mix-
ture was stirred at room temperature for 2 hr. A solid product was
collected and washed with EtOH and Et20 to give 0.85 g of 4
(90%): mp 154-156°; NMR (DMSO-d¢) 6 1.29 (t, 3 H, CH,CH3),
4.3 (s, 2 H, -CH,S-), 4.24 (q, 2 H, -CH,CH3), 7.22 (s, 2 H, -NH,),
7.32 and 7.78 (aromatic quartet, 4 H, J = 8.3 Hz), 8.29 (s, 1 H, Ce-
H); uv Amax (EtOH) 257 nm (e 20,850), 290 (20,150), 360 (7600).
Anal. (C;5H14N,O:S) C, H, N.

2,4-Diamino-6-[(S-p-carbethoxyphenyl)thiomethyl]pterid-
ine (6). To a mixture of 4 (1.5 g, 4.8 mmol) and guanidine hydro-
chloride (0.48 g, 5 mmol) in absolute EtOH (300 ml), NaOEt (0.4 g,
5 mmol) was added. The reaction mixture was heated under reflux
for 20 hr and diluted with EtOH (200 ml). The mixture was clari-
fied by filtration when hot and 30 mg of solid material was discard-
ed. The filtrate was passed through a charcoal bed and washed
with water to remove inorganic salt. The charcoal bed was triturat-
ed with hot DMF (3 X 100 ml) and the solvent was removed in
vacuo. The solid residue was recrystallized from EtOH-H,0 to
give 1.2 g (67%) of the desired product: dec >220°, mp 230-235°;
NMR (DMSO-dg) 6 1.28 (t, 3 H, CH2CH3), 4.46 (q, 2 H, CH,CH3),
4.52 (s, 2 H, -CH,S8), 7.4 and 7.94 (aromatic quartet, 4 H, J = 8.3
Hz), 8.69 (s, 1 H, C;-H); uv Amax (EtOH) 263 nm (¢ 30,200), 280
(22,000), 375 (7000). Anal. (C16H16N6028S) C, H.

2,4-Diamino-6-[(S-p-carbomethoxyphenyl)thiomethyl]-
pteridine (5). A mixture of 4 and guanidine hydrochloride in

methanol in the presence of NaOCHj was treated by the method
described for 6. The isolated product (48% yield) was identified as
the methyl ester: mp 263-266° dec; NMR (TFA) é 4.0 (s, 3 H,
-OCHsy), 4.51 (s, 2 H, -CH,S), 7.39 and 7.92 (aromatic quartet, 4
H, J = 83 Hz), 891 (s, 1 H, C7-H); uv Apax (EtOH) 263 nm (e
29,000), 280 (21,900), 375 (7000). Anal. (C15H14Ng03S) C, H, N, S.
2-Amino-4-0x0(3H)-6-[ S-(p-carboxyphenyl)thiomethyl]}-

pteridine (7). A suspension of 6 (1.1 g, 3 mmol) in 2 N NaOH-
EtOH (300 ml) was heated under reflux under N; atmosphere for 5
hr. The resultant solution was treated with charcoal; the pH was
adjusted to 3.5 with 1 N HCl. The precipitated product was col-
lected by centrifugation and washed with HyO (twice), CH5CN,
and ether to give a pure product: 0.7 g (71%); mp >360° (dec
>260°); NMR (TFA) 5 451 (s, 2 H, -CHS), 7.38 and 7.98 (aromat-
ic quartet, 4 H, J = 8.2 Hz), 89 (s, 1 H, C;H); uv Amax (0.01 N
NaOH) 257 nm (¢ 34,100), 280 (20,600), 365 (8700). Anal.
(C14H11N5058) C, H, N.

Diethyl 10-Thiafolate (8). To a suspension of 7 (500 mg, 1.53
mmol) in DMF-DMSO (30 ml, 1:1) triethylamine (200 mg, 2
mmol) was added. The mixture was gently heated and the resul-
tant clear solution was cooled to 0°. To the chilled solution was
added isobutyl chloroformate (210 mg, 1.53 mmol) and the mix-
ture was stirred for an additional 15 min. After adding free diethyl
L-glutamate (400 mg, 2 mmol) in THF (3 ml) the mixture was
stirred for 0.5 hr at room temperature. The solvent was removed
by rotatory evaporation in vacuo at 50° and the residue was tritur-
ated with ether, ethyl acetate, and 95% ethanol to give a yellow
solid product (430 mg) (55%), dec >265°, mp 284-286°, This prod-
uct (100 mg) was dissolved in a minimum amount of DMF and di-
luted with 0.001 N NaOH (50 ml) and titrated back to pH 7 with
HCI1 to remove any contamination by unreacted starting material
6. Precipitated product was collected by centrifugation and
washed with HyO, CH3CN, and ether: NMR (DMSO-dg) 6 1.15 (m,
6 H, -CH,CH3), 4.1 (q, 4 H, -CH.CH3), 4.48 (s, 2 H, -CH,S), 7.4
and 7.74 (aromatic quartet, 4 H, J = 8.3 Hz), 8.64 (s, 1 H, C;-H);
UV Amax (0.01 N NaOH) 257 nm (¢ 34,700), 280 (23,800), 365 (9500).
Anal. (C23H2Ng06S-0.5H20) C, H, N.

10-Thiafolic Acid (9). A suspension of 8 (130 mg) in 0.1 N
NaOH (50 ml) was heated at 80° under N; atmosphere for 40 min.
The resultant solution was made acidic (pH 2.7) at 0° and the pre-
cipitated product was collected by centrifugation and then washed
with Hy0, CH3CN, and ether, respectively: NMR (TFA) 6 2.8 [b,
HNCH(CH3CH;-)2-}, 4.46 (s, 2 H, CH3S), 7.37 and 7.67 (aromatic
quartet, 4 H, J = 8.3 Hz), 89 (s, 1 H, C7-H); uv Amax (0.01 N
NaOH) 257 nm (e 34,000), 280 (22,700), 365 (9350). Anal.
(C19H,8N606S-0.5H.0) C, H, N.

Tetraethyl 4,4'-Dithiobis(N-benzoyl-L-glutamate) (10). To
a suspension of 4,4’-dithiobis(benzoic acid) (1, 7.7 g, 25 mmol) and
diethyl L-glutamate (10.3 g, 50 mmol) in CH3CN (300 ml), a 10%
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Table I. Microbiological Activities of Thia Derivatives®
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Strept. faecium Strept. faecium L. casei L. casei
Compd ATCC 8043 MTX-resistant ATCC 7469 MTX-resistant
2 >400 >400
3 >400 >2,000
4 >2,000 >2,000
6 8 180 70 >2,000
5 6 180 84 >2,000
7 >400 >2,000
8 >400 >2,000
9 50 1,520 740 >1,000
12 9 360 13 >2,000
13 2.4 >2,000 0.01 >2,000
MTX 0.15 6,000 0.01 38,000
Aminopterin 1 0.03

sMicrobiological assays were carried out as described previously.2! Concentration in ng/ml for 50% inhibition. Folate is present at 1 ng/ml

concentration.

Table II. Inhibitor Concentration for 50% Inhibition of
L. casei Dihydrofolate Reductase and L. casei
Thymidylate Synthetase?®

Concentration, M

Thymidylate

Compd DHF reductase synthetase
5 3.5 x 107¢ >3 x 107°
6 3.4 x 10 >3 x 107
9 5 x 107 >3 % 107

12 6.0 x 10°¢ >1.0 x 107°¢

13 1.6 x 1078 >1.0 x 1074
MTX 3.3 x 10°° >3 x 107

4 Assays were carried out as described previously.22

excess of DCC (11.9 g, 55 mmol) was added. The reaction mixture
was stirred under anhydrous conditions at room temperature for 3
days. After removal of dicyclohexylurea by filtration the solvent
was evaporated from the filtrate. The oily residue was dissolved in
CHCl;3 (350 ml) and washed with 10% NaHCO; (2 X 50 ml), 0.1 N
HCI (2 X 50 ml), and water. The organic layer was dried (MgSQO,)
and the solvent removed. The oily residue was redissolved in warm
CH3CN (350 ml) and CH3CN-insoluble material was discarded.
Concentration of the filtrate followed by cooling gave 7.9 g (46%)
of the desired colorless, crystalline product: mp 97-99°; NMR
(CDCl3) 6 1.23 (m, 6 H, -CH,CH3), 4.08 (q, 4 H, -CH,CH3), 7.44
and 7.71 (aromatic quartet, 4 H, J = 8.3 Hz); uv Anax (EtOH) 270
nm (e 31,200). Anal. (C32H4N2010S3) C, H, N.

Diethyl N-[p-[(2-Amino-3-cyanopyrazin-5-yl)methyl-
thio]benzoyl]-L-glutamate (11). Compound 10 (3.38 g, 5 mmol)
in absolute EtOH (100 ml) was reduced with NaBH, (0.37 g, 10
mmol) at room temperature. When the reduction was completed,
2-amino-3-cyano-5-chloromethylpyrazine!® (1.68 g, 10 mmol) was
added in small portions within 5 min. The mixture was stirred at
room temperature for 2.5 hr. On TLC the fluorescent spot of 2-
amino-3-cyano-5-chloromethylpyrazine was completely replaced
by a quenching spot [Ry 0.48; CHCl3-MeOH (19:1)] and the sodi-
um mercaptide spot (origin) disappeared, and two new minor spots
(Rr 0.7 and 0.3) appeared. The solvent was removed in vacuo, the
residue was suspended in water (150 ml) and extracted with CHCl3
(3 X 50 ml). The extract was dried (MgSO,) and the solvent re-
moved. Development with ether of preparative layer chromato-
grams (silica gel PF 254, E. M. Reagents Div., Brinkmann) sepa-
rated the three components. The major component (Ry 0.48) was
identified as the desired product, a very thick oil, 2.2 g (47%). The
minor by-products were not identified. Column chromatography
with Florisil was not successful: NMR (CDCl3) & 1.25 (m, 6 H,
-CH.CH3), 4.16 (q, 4 H, -CH,CHs), 4.14 (s, 2 H, -CH;3S), 7.2 and
7.65 (aromatic quartet, 4 H, J = 8.3 Hz), 8.11 (s, 1 H, C¢-H).

Diethyl 10-Thiaaminopterin (12). To a mixture of the pyraz-
ine 11 (1.24 g, 2.5 mmol) and guanidine hydrochloride (0.24 g, 2.5

mmol) in EtOH (150 ml) was added NaOEt (0.135 g, 2.5 mmol).
The reaction mixture was heated under reflux for 16 hr and the
mixture was passed through a charcoal-Celite bed. After removal
of the solvent, the semisolid residue was thoroughly triturated
with water to remove any inorganic salt to give 0.75 g (58%) of solid
product. Recrystallization from CH3CN (twice) gave an analytical-
ly pure, yellow crystalline product: mp 192-194°; NMR (DMSO-
dg) 6 1.15 (m, 6 H, -CH,CH3), 4.04 (q, 4 H, -CH,CH3), 7.41 and
7.63 (aromatic quartet, 4 H, J = 8.3 Hz), 8.68 (s, 1 H, C;-H); uv
Amax (EtOH) 263 nm (e 31,400), 285 (21,500), 375 (8350). Anal.
(C23H27N-058) C, H, N.

10-Thiaaminopterin (13). A suspension of 12 (100 mg) in 0.02
N NaOH-CH3CN (3:1, 40 ml) was stirred under Ny atmosphere at
room temperature; the mixture became homogeneous within 1 hr.
The stirring was continued for an additional 30 min. After comple-
tion of the saponification, which was confirmed by TLC (CHCls-
MeOH, 19:1), CH3CN was removed in vacuo and the residue dilut-
ed with water (300 ml). Water-insoluble material was removed by
filtration (Celite) and the filtrate carefully adjusted to pH 3 with
0.1 N HCL. Precipitated product was collected by centrifugation
and washed with water (twice) and CHsCN, respectively, to obtain
90 mg of beige product (36%): dec >180°, mp 239-241°; NMR
(TFA, TMS external standard) § 4.25 (s, 2 H, -CH,S), 7.15 and
7.45 (aromatic quartet, 4 H, J = 8.3 Hz), 8.68 (s, 1 H, C7-H); uv
Amax (0.01 N NaOH) 260 nm (¢ 33,000), 280 (22,000), 373 (8500).
Anal. (C19H19N705S) C, H, N, S.
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Synthesis and Biological Activities of Some Nb-(Nitro- and -aminobenzyl)adenosines?
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Synthesis and biological activities of 12 analogs of N®.benzyladenosine are described. The compounds were prepared
by two methods: (1) direct alkylation of adenosine with an appropriately substituted benzyl bromide to give the N!-
substituted derivative which was then rearranged in base to give the Nf-substituted compound, and (2) by nucleo-
philic displacement of chlorine in 6-chloropurine ribonucleoside, 6-chloro-2-aminopurine ribonucleoside, and 6-
chloro-2-aminopurine with an amine. These analogs were examined for their growth inhibitory effect in cultured leu-
kemic cells and also for their effect on adenosine aminohydrolase activity. N¢-p-Nitrobenzyladenosine and its 2’-
deoxy analog were competitive inhibitors (K; 65, 22 uM). The 2-amino-N¢€.p-nitrobenzyladenine and its ribonucleo-
side were found to be noncompetitive inhibitors of adenosine aminohydrolase. In cultured L1210 leukemia, 2-amino-
6-p-nitrobenzylaminopurine and the corresponding ribonucleoside were better growth inhibitors than Né-benzylade-
nosine, while N®.p-nitrobenzyladenosine, its 2’-deoxy analog, and N-p-fluorobenzyladenosine were as active as N&-

benzyladenosine.

The clinical usefulness of N®-benzyladenosine in neo-
plastic disease! prompted the synthesis and exploration of
the biological activity of nitro and aminobenzyl analogs of
this compound. N®-Benzyladenosine has been shown to
possess growth inhibitory activity in tumor cell systems in
vitro and in vivo.23 Some of the N¢-benzyladenosine deriv-
atives have exhibited inhibitory activity toward the uptake
of purines and pyrimidines in cultured cells.*5 It stimulates
the growth of tobacco pith tissue in vitro® and in cell-free
systems acts as a competitive inhibitor of adenosine ami-
nohydrolase.” Reported herein are the syntheses of 12 ana-
logs of N6-benzyladenosine, their growth inhibitory prop-
erties in three cell lines in culture, and their effect on aden-
osine aminohydrolase activity.

Chemistry. Né.p-Nitrobenzyladenosine (2) was synthe-
sized by a reaction of adenosine with p-nitrobenzyl bro-
mide in DMF to furnish the N!-p-nitrobenzyladenosine
derivative. The latter was rearranged in base to give N6-p-
nitrobenzyladenosine.? Similarly 0- and m-nitrobenzylade-
nosine (3 and 4) and p-fluorobenzyladenosine (9) were pre-
pared starting from adenosine and an appropriately substi-
tuted benzyl bromide. 2’-Deoxyadenosine was used as the
starting material for the preparation of 2’-deoxy-NS-ben-
zyladenosine (13)° and 2’-deoxy-NS-p-nitrobenzyladeno-
sine (5). Catalytic reduction of N®.p-nitrobenzyladenosine
gave N6.p-aminobenzyladenosine (7), which was isolated
as the HCI salt. Acetylation of the latter afforded NS-p-
acetamidobenzyladenosine (8). Reaction of methyl isocyan-
ate with 2/,3',5'-tri-O- acetyl- Né-benzyladenosine followed
by deacetylation gave a more soluble compound, N-[(9-8-
D-ribofuranosylpurin-6-yl)-N- benzylcarbamoyllmethylam-
ine (10). Treatment of N®-benzyladenosine (1) with metha-
nolic hydrogen chloride gave the N®-benzyladenosine hy-
drochloride (14), which was more soluble in water than the
parent compound. However, it was less stable. Nucleophilic
displacement of chlorine in 6-chloro-2-aminopurine and 6-
chloro-2-aminopurine ribonucleoside with p-nitrobenzyl-
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amine!® ! gave 2-amino-6-p-nitrobenzylaminopurine (12)
and 2-amino-6-p-nitrobenzylaminopurine ribonucleoside
(11), respectively. N®.(2-Methoxy-5-nitro)phenyladenosine
(6) was similarly prepared starting from 6-chloropurine ri-
bonucleoside and 2-methoxy-5-nitroaniline. The structures
of all these compounds were confirmed by their uv, ir, and
NMR spectra as well as from their correct elemental analy-
ses. The physical properties of these analogs are listed in
Table I.

Experimental Section

Melting points were determined by a Mel-Temp laboratory
model melting point apparatus and are uncorrected. Uv spectra
were recorded on a Cary 14 and Beckman Acta-V spectrophotome-
ter. NMR spectra were recorded on a Varian A-60A spectrometer
in DMSO-dg solution using MeSi as an internal standard. Ele-
mental analyses were carried out by Heterocyclic Chemical Corpo-
ration, Harrisonville, Mo. Homogeneity of all the compounds was
checked by thin-layer chromatography in three solvent systems:
(a) i-PrOH-concentrated NH,OH-H,0 (7:1:2 v/v); (b) EtOAc-2-
ethoxyethanol-16% HCO:H (4:1:2 v/v, upper phase); and (c)
EtOAc-n-PrOH-H;0 (4:1:2 v/v, upper phase).

Nt-p-Nitrobenzyladenosine (2). Method A. To a solution of
1.33 g of adenosine (5.0 mmol) in 25.0 ml of freshly distilled anhy-
drous DMF was added 3.24 g (15.0 mmol) of p-nitrobenzyl bro-
mide and the mixture stirred in a stoppered flask at room temper-
ature for 48 hr. The reaction mixture was then evaporated to dry-
ness in vacuo at 45°. The gummy residue was triturated three
times with 50 ml of hot acetone. The crude residue was dissolved
in 50 ml of distilled water and the pH of the solution was adjusted
to 9.0-9.5 by careful addition of diluted aqueous NH4OH. The
mixture was then heated on a steam bath for 3 hr. The pH of the
solution was maintained within the range of 9.0-9.5 by addition of
diluted aqueous NH,OH from time to time. The reaction mixture
was evaporated to a small volume and kept at 4° for 20 hr. A yel-
low crystalline product was collected on a filter and washed with
H20. Two recrystallizations from absolute EtOH furnished 1.25 g
(62.2%) of pure product: mp 174-176°; NMR 6 8.53 (s, 1, 8-H), 8.33
(s, 1, 2-H), 8.27 and 7.67 (pair of doublets, 4,/ = 8 Hz in each case,
protons of phenyl ring), 598 (d, 1,JJ = 6 Hz, 1’-H), 5.43 (d, 2, J = 7
HZ, —CH2C6H5). Anal. (C]7H13N606) C, H, N.

NS.p-Aminobenzyladenosine Hydrochloride (7). To a solu-
tion of compound 2 (500 mg) in 125 ml of MeOH was added 500



