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6-Chloro-9-(4-thio-g-p-ribofuranosyl)purine was prepared by condensation of 2,3,3-tri-O-acetyl-4-thio-p-ribo-
furanosyl chloride with the chloromercuri derivative of 6-chloropurine, followed by ammonolysis.  Nucleophilic
substitution was used to replace the 6-chloro with NHa, MesN, or SH, and dehalogenation furnished the 4’-thio
analog of 9-g-p-ribofuranosylpurine (nebularine). Replacement of the O in the carbohydrate skeleton with S
led to marked changes in the potency of the compounds, as determined in vitro with Streptococcus faccium,
Escherichia coli, Leukemia 1-1210, and Ehrlich ascites cells. Depending on the test system used, the potency
of the thioribosyl nucleosides was greater or smaller than that of the corresponding ribosyl analog. These dif-
ferences in activity are likely related to differences in the metabolic disposition of the compounds. For example,
unlike 6-mercapto-9-(8-p-ribofuranosyl)purine, the corresponding thio-p-ribosyl analog did not undergo enzy-
matic cleavage of its glycosyl bond. As a result, a mutaut strain of S. faecium resistant to the inhibitory effect
of 6-mercapto-9-(4-thio-g-p-ribofuranosyl)purine was still sensitive to the action of both 6-mercaptopurine and
6-mercapto-9-(g-p-ribofuranosyl)purine. When used in combination with the corresponding ribosyl analogs,
the thioribosyl derivatives tested interfered with the growth of S. faectum in a synergistic mauner. In view of
this synergism and the observed activity agaiust resistant strains, these compounds deserve evaluation in vivo.
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In the past, numerous chemotherapeutically useful
compounds of the nucleoside variety have been ob-
tained through struetural modification of either the
base or the sugar moiety. Compounds of this nature
include, for instance, 6-mercapto-9-(8-p-ribofuranosyl)-
purine? and 1-(8-p-arabinofuranosyl)eytosine.®* The
simultaneous modification of both the base and the
sugar has also been done, as, for example, 9-(8-p-arabino-
furanosyl)-6-mercaptopurine.* Such double alterations
offer the possibility for additional changes in the po-
tency and selectivity of singly modified compounds,
resulting, possibly, in their improved chemotherapeutic
effectiveness. This paper reports the preparation and
activity of a number of adenosine analogs, modified
both at the 6 position of the heterocvele and in the 4
position of the carbohydrate (Figure 1).

From the available synthetic routes for the prepara-
tion of the desired purine nucleosides,*—® direct glyco-
sylation of the chloromercuri derivative of 6-chloro-
purine was chosen. Treatment of 2,3,5-tri-O-acetyl-4-
thio-p-ribofuranosyl chloride with the chloromercuri
derivative of 6-chloropurine gave a 379, yield of the
acetylated syrupy nucleoside (Ia). Deacetylation of
Ia gave crystalline 6-chloro-9-(4-thio-8-p-ribofurano-
svDpurine (Ib). Its structure was established by
conversion into 9-(4-thio-g-p-ribofuranosyl)adenine
through treatment in MeOH-NH; to produce com-
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pound IIT identical with that previously prepared®
from chloromercuri 6-benzamidopurine and 2,3,5-tri-O-
acetyl-4-thio-p-ribofuranosyl chloride. Treatment of
Ib with thicurea in EtOH produced 6-mercapto-9-(4-
thio-g-p-ribofuranosyl)purine (IT). Nucleophilic dis-
placement of the 6-Cl in Ib with HN e, in MeOH gave
6-dimethylamino-(4-thio-8-p-ribofuranosyl)purine (I'V).
Compounds IT and IV possessed uv spectra similar to
6-mercapto-9-(8-p-ribofuranosyl)purine?® and 6-dimeth-
vlamino-9-(8-p-ribofurancsyl)purine, respectively. 01!
Dehalogenation of Ib with H, and Pd catalyst gave
9-(4-thio-g-p-ribofuranosyl)purine (4’-thionebularine).
An attempt was made to synthesize 4'-thionebularine by
condensation® of 2,3,4-tri-O-acetyl-4-thio-p-ribofurano-
syl chloride with the chloromercuri derivative of purine,
but after the usual work-up and ammonolysis, tle showed
no evidence of compound V.

The effects of the thionucleosides on the in vitro
growth of 4 cell systems is shown in Table I. To evalu-
ate the contribution which the ring S makes to the
poteney of the compounds, the corresponding nucleo-
sides were examined in parallel, with the exception of 6-
dimethylamino-9-(8-p-ribofurancsyl)purine. The in-
troduction of S as the sugar ring heteroatom led to
marked changes both in potency and in selectivity of
the compounds. Thus, the 6-chloro-9-(4-thio-3-p-
ribofuranosyl)purine was approximately 300 times more
active against S. faecium than was the 6-chloro-9-(5-n-
ribofuranosyl)purine.  Similarly, the 9-(4-thio-8-p-
ribofuranosyl)purine was an effective inhibitor of the
growth of this organism, whereas 9-(8-p-ribofuranosyl)-
purine was inactive. This change in potency oeccurred
also in the reverse direction, as shown by the fact that
6-mercapto-9-(3-p-ribofuranosyl)purine was approxi-
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Lo+ O b= 4-thio-g-v-ribofuranosyl auwalog did not.  Since  6-
NN mercaptopurine ttself wus somewhuat more wetive than
OAc OAc II{gCl the 11pcleosidg ((.). XK 1077 M) 1t appears that, in this
. organlsm, activation of the nucleoside proceeds ria a
¢l pyrophosphoryiase rather than eda a kinase. 'The lack
N N N N of cleavage of the 9-(4-thio-g-n-ribofuranosylypurine
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N7°N N7 N activation,
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Figure 2.—Effect of combinations of p-ribofuranosides and 4

thio-p-ribofuranosides on the growth of S. faccium as expressed i

terms of fractional inhibitory eoncentrations: (a) compound A,

6-mercaptopurine b-riboside; B, 6-mercaptopurine 4-thio-v-

riboside; (@) compound A, 6-chloropurine p-riboside: B, 6-
chloropurine 4~thio-p-riboxide.

mately 400 times more inhibitory to S. faecium than
was the corresponding 4-thio-n-ribofuranosyl analog.
The inhibition of growth of this organism by both the
@-b-ribofuranosyl analog and the 4’-thio-g-n-ribo-
furanosyl analogs was readily reversed by the natural
purine nucleosides, indieating their antimetabolite
nature.

With the exeeption of the 6-chloro- and 6-meveapto-9-
(8-p-tibofuranosvhpurine, none of the analogs was
active against £, coli, demonstrating n scleetive effect
whieh, in turn, refleets differences in the metabolic
disposition of the compounds by the cells.  For example,

In 8. Jeecium  the G-niercapto-9-(4-thio-g-n-ribo-
furanosylpurine did not undergo cleavage cither, wud
its biologieal activity may result from its activation ria
a kinase.  This deduetion receives support from cross-
resistance studies. As summarized o Table 11, the
strain of S. Jeeciwm resistant to G-mercapto-9-(8-v-
ribofuranosyl)purine was completely eross-resistant to
the effects of the corresponding 4-thio-g-v-ribofurnnosyl
anadog, while the mutaut reststant to the action of the
G-mereapto-9-(4-thio-g-n-ribofuranosyl)purine wax still
sensitive to tahibition by the corvesponding v-ribosyi-
purine and by the base. In this organism the 6-
mercapto-9-(3-v-ribofuranosyvl)purine  resistanee  in-
volves the deletion of both a phosphorviase and a
kinase, whereas resistance to the G-mercapto-9-(4-thio-
g-v-ribofuranasvl)purine may require deletion of ouly
a kinase. Blochemical differences of this natuve may
well contribute to the svuergistie effects seen when
corresponding pans of S-v-ribafuranosyl and 4-thio-g-n-
riboluranosyl nueleosides were tested in ecombination
(Iigure 2).  Differences in potency between the ribosyl
and thioribosyvl analogs were also scen in the two tumor
lines, leukemin L-1210 and Ehelich asecites earcinama
(Table 1).  With the exception of the 6-Cl devivative,
the 4-thto-g-p-ribofuranosy] analogs were less effeetive
inhibitors of these cell lines than were the corresponding
s-p-ribofuranosyl nueleosides.  Nevertheless, m view of
the syuergistic effects produced by combinations of
corvesponding  b-ribosvl and  4-thio-p-ribosyvl nucleo-
sides, and the continued sensitivity of the t-mereapto-9-
(4-thio-g-p-ribofuranosvl)purine-resistant mutant ta in-
libition by G-mereapto-9-(3-v-ribofuranosyl) purine. fur-
ther evaluation of the compounds /v zive is Indicated.

Experimental Section '

6-Chloro-9-(2,3,5-tri-O-acetyl-4-thio-s-p-ribofuranosyl)purine
(Ia).—Tao a =aspension of an nzeotropically dried mixture (7 g

117) Where analyses imhicated by the
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Tasre IT
Cross-RESISTANCE OF Streptococcus faecium CELLS RESISTANT TO 6-MERCAPTOPURINES

6-Mercaptopurine

8. faecium /6-mercaptopurine

8. faccium /6-mercapto-9-(3-p-ribofuranosyl)purine

8. faecium/6-mercapto-9-(4-thio-g-p-ribofuranosyl)purine
“ (4) Resistant, (—) not resistant.

of the Hg derivative!® of 6-chloropurine and Celite and 5 g of
molecular sieve (Fisher Scientific Co., 4 A) in 50 ml of dry PhMe
was added 3.15 g (0.01 mol) of 2,3,5-tri-O-acetyl-4-thio-«,8-p~
ribofuranosyl chloride!* (prepared from 1,2,3,5-tri-O-acetyl-4-
thio-g-ribofuranose in 50 ml of dry PhMe). The reaction mixture
was stirred with exclusion of moisture at 80-85° for 38 hr. The
solids were removed by filtration and washed with 80 ml of
EtOAc. This solution was washed with 309, KI (2 X 80 ml),
once with HyO (100 ml), and dried over anhyd Na,SO, The
syrup remaining after removal of the EtOAc was purified by
columu chromatography on silica gel with hexane-EtOAc (3:2,
v/v) as the eluent. After removal of the solvent, the syrup was
dissolved in 50 ml of MeOH and evaporated to yield 1.62 g
(37.3%%): uv max (MeOH) 264 mg.

6-Chloro-9-(4-thio-3-p-ribofuranosyl)purine (Ib).—Ia (1.27 g,
0.003 mol) was dissolved in 70 ml of methanolic NH; (saturated
at 0°), allowed to stand at 5° overnight, and was conceuntrated to
dryness at 40-45°. The product was dissolved it 20 ml of hot
MeOH from which it crystallized on standing overnight. The
colorless needles were removed by filtration, washed with EtOH,
aud dried; yield 680 mg; mp 190-192° dec. Partial evaporation
of the filtrate yielded an additional 65 mg; total vield 829.
Recrystallized from MeOH, mp 190-192° dee; [«]%p —41.8°%;
uv max (Hx0) 264 mu (e 10,200). Anal. (CiHnCIN.OsS)
C, H, Ci, N, 8.

6-Mercapto-9-(4-thio-3-p-ribofuranosyl)purine (II).—A mix-
ture of 0.605 g (0.002 mol) of Ib, 0.2 g of thiourea, and 60 ml of
95.69 EtOH was refluxed 1.6 hr on a steam bath. Charcoal
was added to the warm solution and the mixture filtered. The
rexidue remaining after concentration of the filtrate was dis-
solved in 5 ml of hot HyO and 10 ml of hot EtOH was added.
Crystallization occurred after standing of the solution overnight
at 25°; vield 300 mg; mp 233-235° dec. Partial concentration
of the filtrate yielded au additional 200 mg. TRecrystallization
from HyO gave 390 mg (657 ); mp 234-235° dec; [«]¥D —55.6°;
uv max (H.0) 322 mu (e 24,900). Anal. (C1oH1N4O:8) C, H, N,
s

9-(4-Thio-g3-p-ribofuranesyl)adenine (III).—Ib (100 mg,
0.0005 mol) in 5 ml of methanolic NH; (saturated at 0°) was
heated in a sealed tube at 100° for 7 hr. The residue after evapo-
ration of the solveut was vecrystallized twice from \eOH;
vield 74 mg; mp and mixture mp 247-248°; [«|¥Dp —41.53°,
uv max (HyO) 261 mp (e 14.600); lit.? mp 248-249°; [a]|?D
—42°; uv max (pH 7, 12) 261 mu (e 14,870). Anal. (CyoHys-
N:,0:8-0-5H,0) C, H, N, 8.

6-Dimethylamino-9-(4-thio-8-p-ribofuranosyli)purine (IV).—Ib
(3303 mg, 0.001 mol) dissolved with stirring in 10 ml of MeOH
containing 0.5 ml of Me,NH was allowed to staud at 25° for 2
hr. Ib went into solution in 15 miu and a white solid begau to
precipitate. This solid was removed by filtration; yield 257
mg (82.69);, mp 225.5-227°. The residue after conceutration
of the filtrate was dissolved in 8 ml of EtOH after 1 hr at 25 °the
crystals were removed by filtration to vield an additional 21 mg
of TV; total vield 278 mg (88.7%); [a]®D —59.2°; uv max
(H:0) 271 mu (e 14,700). Anal. (C:Hi:N:O038) C, H, N, 8.

9-(4-Thio-3-p-ribofuranosyl )purine. 4’-Thionebularine (V).
—Ib (454 mg, 1.5 mmol) was dissolved in a mixture of 50 ml of
MeOH, 10 ml of H,O, and 0.2 ml of methanolic NH; (saturated
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Resistant to inhibition® by
6-Mercapto-9-(8-p~-
ribofuranosyl)purine

6-Mercapto-9-(4-thio-8-p-
ribofuranosyl)purine

+ + +
+ + +
- - +

at 0°). To this solution Pd black (100 mg) was added and the
mixture hydrogenated at 25° at atmospheric pressure for 8 hr.
After removal of the catalyst by filtration and concentration of
the filtrate to dryuess, the residue was dissolved in 6 ml of EtOH
and allowed to crystallize at 25°. Removal of the crystals by
filtration gave V, yield 302 mg (759). Recrystallization from
H,0-EtOH gave pure V; mp 214-215°; [«|¥D — 17.6°; uv
max (HsO) 262 mu (e 7,500). Anal. (C1oH1:NLOsS) C, H, N, 8.

Biological and Biochemical Assays.—6-Mercaptopuritie was
purchased from Sigma Chemical Co; 6-mercapto-9-(g8-p-ribo-
furanosyl)purive from Cyclo Chemical Corp.; 6-chloro-9-(8-p-
ribofuranosyl)purine from K & K Labs, Inc., and nebularine was
kindly provided by the Sloan-Kettering Institute for Cancer
Research.

The techuiques used for the microbial assays have been pub-
lished previously.® E. coli K-12 was grown in the synthetic
medium of Gray and Tatum,® 8. faecium in the medium of
Flyun, e al,” from which the purines and pyrimidines were
deleted, and to which 1 mu/ml of folate was added. The inhibi-
tion analyses were performed by addiug the natural nucleosides
at concentrations ranging from 107% to 107¢ M to the growth
medium containing the inhibitors. The resistant strains were
selected by serial trausfer in increasing concentrations of in-
hibitor. The in zitro autitumor assays were made by a microassay
techuique developed recently.!s

Aliquots (0.5 ml) of medium?!?® containing the various conceu-
trations of the analog were added to 0.5-ml portions of medium
containing 3 X 105 L-1210 or 4 X 103 Ehrlich ascites cells, In-
cubation at 37° proceeded for 40 hr, after which the viable cells
were counted with trypatt blue. During this time the cell number
in the controls increased five to ninefold, with a viability of 99¢7.

The susceptibility of 6-mercapto-9-(8-p-ribofuraunosyl)purine
and the 4-thio-g-p-ribofuranosyl aualog to enzymatic cleavage
was examined iun cell-free extracts of S. faecium aund E. coli.
Both uucleosides were rechromatographed before use with H,O,
pH 10, as the solvent. Preparation of the extracts was conducted
as described previously® and the 4097 (NH)80. fraction of
E. coli and the 6067 fraction of S. faecium were used for the assays.
The latter fraction was further purified by chromatography on
Sephadex G-25, with 0.05 M Tris, pH 7.0, as the eluent. The
incubation mixture included 0.08 ml of the nucleoside (2 X 103
M), 0.03 ml of 0.1 M MgCly, 0.04 ml of 0.1 M phosphate or Tris
buffer, pH 7.5, and 0.2 ml of enzyme in a total volume of 0.35 ml.
Incubation proceeded at 37° for 60 and 120 min. The reaction
products were identified by comparison with authentic samples
according to their R; and their spectral properties after chro-
matography of the mixtures in n-BuOH-glacial AcOH-H.O
(2:1:1 v/v); +~AmOH-59, Nas;PO, (1:1); and H,O pH 10.
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