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lized from methanol giving colorless needles or prisms, m.p. 258-
260°.

Anal. Caled. for CeHsN:O.8: C, 41.85; H, 4.68; N, 16.27,
S, 18.62. Found: C,41.84; H,4.73; N, 16.10; S, 18.70.

5-Ethylthiomethyluracil (IX).—Ethyl iodide (0.70 ml.) was
added to a solution of 5-mercaptomethyluracil (VI, 1.20 g., 7.6
mmoles) in 19, sodium hydroxide (50 ml.) and stirred at 5° for
48 hr. Treatment similar to that for compound VIII yielded
1.06 g. (749,) of a crystalline product, m.p. 232-234°. A sample
recrystallized from methanol afforded colorless needles, m.p. 244
246°.

Anal. Caled. for C;H(N,0.8: C, 45.15; H, 5.41; N 15.05;
8, 17.22, Found: C,45.17; H, 5.01; N, 15.08; S, 17.36,

Reactions of 5-chloromethyluracil (II) with thio derivatives
are listed in Table ITI. Isolation procedure A consisted of filter-
ing the precipitate, washing with ether, and drying in a desic-
cator ¢n vacuo over P:0;. In procedure B, the reaction product
was evaporated under reduced pressure at 50-60° and the residue
was washed with ethyl acetate, ether, and water and dried as
above.

Bis(thyminyl) Sulfone (XVI).—Hydrogen peroxide (309, 6 ml.)
was added slowly to a solution of bis(thyminyl) sulfide (XV,
2.0 g., 7 mmoles) in trifluoroacetic acid (20 ml.) at 25°. A
precipitate appeared after addition of the peroxide; the resulting
suspension was heated at 60° for 30 min. and kept at 25° over-
night. The suspension was filtered and the residue was washed
with cold water, ethanol, and ether to yield 1.05 g. (46%) of a
colorless microcrystalline product, m.p. 340°.

XVI was sparingly soluble in boiling water and the usual or-
ganic solvents. Elemental analysis was performed on material
obtained from a similar preparation using analytically pure bis-
(thyminyl) sulfide (XV).

Anal. Caled. for CioH,oN:Q6S: C, 38.21; H, 3.21; N, 17.83;
S, 10.20. Found: C, 38.13; H, 3.48; N, 17.61; S, 10.32.

Bis(thyminyl) Disulfide (XVII). A.—A stream of air was
bubbled through a freshly prepared solution of 5-acetylthio-
methyluracil (VII, 11.40 g., 0.057 mole) in concentrated aqueous
NH; (250 ml.) at 25°, After 5 min. a copious precipitate ap-
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peared, and when the precipitation was complete (24 hr.), the
product was collected, washed with water, and dried to yield 4.2
g. of white crystals, m.p. >320°. A second crop of the same mate-
rial (3.4 g.) was obtained upon concentration of the filtrate, giving
a total yield of 849.

5-Mercaptomethyluracil (VI) in concentrated aqueous NH;
gave a 7877 vield of XVII in a similar manner to that described
above.

Compound XVII was sparingly soluble in water and in the
usual organic solvents at their boiling point. An analytical
sample was prepared from recrystallized VII and concentrated
aqueous NH; and oxidized with air for 16 hr. at 25°. Colorless
needles were obtained, m.p. >320°.

Anal. Calcd. fOI‘ C10H10N404822 C, 3821, H, 321, N, 1783,
8, 20.40. Found: C, 38.20; H, 3.57; N, 17.61; S, 20.45.

Compound XVII gave a negative nitroprusside test, indicating
the absence of a free thiol group, but after treatment with a so-
lution of 1 N NaOH at 70° for 10 min., a strong positive thiol test
with nitroprusside was obtained.

B.—5-(8-Dithiocarbamyl)methyluracil (XI, 2.17 g., 10 mmoles)
was dissolved in concentrated aqueous NH; (20 ml.) and kept at
25° for 15 hr. The resulting crystalline precipitate was collected,
washed with cold water, and dried to yield 1.50 g. (959) of a
crystalline product, m.p. >300° dec. This product was identi-
fied as XVII by means of ultraviolet spectra at different pH
values, and R¢ values in several solvent systems. It (0.314 g.,
1 mmole) was treated with Raney nickel (0.8 g.) by a similar
method to that described for VI. A yield of 0.090 g. (719%) of
chromatographically pure thymine (XVIII) was obtained.
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Reaction of the 5’-O-trityl derivative of uridine or 5-fluorouridine with thiocarbonyldiimidazole yielded
crystalline 2,2’-anhydro-1-(g-p-arabinofuranosyl)uracils (III, R = H or F; R’ = trityl) directly in high yields.
These derivatives (III) were converted to the 1-g-p-arabinofuranosyluracil (V, R = H) and 1-8-p-arabino-
furanosyl-5-fluorouracil (FUA) (V, R = F) in high yield. FUA was acetylated, thiated, and then alkylated
to the 4-methylmercapto derivative IX which was converted with liquid ammonia to 1-8-p-arabinofuranasyl-5-

fluorocytosine (FCA, X).
Sarcoma 180 in mice.

FUA (V), FCA (X), and 1-8-p-arabinofuranosyleytosine (CA) were active against
FCA was highly active against transplanted mouse leukemias P815 and P388, and FCA

was more strongly active on a molar basis than CA against a 5-fluorouracil-resistant line of mouse leukemia

P815.

FCA and CA were effective against the 5-fluorouracil-resistant L1210 mouse leukemia. FCA, CA, and

IUDR showed essentially the same activity in preventing the development of herpes keratitis in rabbits.

Pyrimidine nucleosides containing the 1-8-p-arabino-
furanosyl moiety have exhibited interesting biological
properties, 1-8-p-Arabinofuranosyleytosine (CA)? is
effective against several experimental tumors,® was

(1) This investigation was supported in part by funds from the National
Cancer Institute, National Institutes of Health, U. 8. Public Health Service
(Grant No. CA 03190-09).

(2) E. R. Walwick, W. K. Roberts, and C. A. Dekker, Proc. Chem. Soc.,
84 (1959).

(3) J. 8. Evans, E. A. Musser, G. D. Mengel, K. R. Forsblad, and J. H.
Hunter, Proc. Soc. Ezpil. Biol. Med., 106, 350 (1961); M. Y. Chu and G. A.
Fischer, Biochem. Pharmacol., 11, 423 (1962); J. 8. Evans and G. D.
Mengel, ibid., 18, 989 (1964).

shown to inhibit several DNA viruses in cell cultures,
and is effective against herpes simplex keratitis in the
rabbit.t 5-Iodo-2’-deoxyuridine® (IUDR) also exerts
antitumor® and antiviral activity,"®? and recently it was
shown that 1-g-p-arabinofuranosyl-5-iodouracil is ac-
tive against herpes and vaccinia virus in cell cultures.”

(4) (a) H. E. Renis and H. G. Johnson, Bacteriol Proc., 62, 140, V435
(1962); (b) G. E. Underwood, Proc. Soe. Exptl. Biol. Med., 111, 660 (1962);
(¢) H, E. Kaufman, ¢bid., 109, 251 (1962); (d) D. A. Buthala, ibid., 118,
69 (1864).

(5) W. H. Prusoff, Biochim. Biophys. Acta, 82, 295 (1959).

(6) W. H. Prusoff, W. L. Holmes, and A. ID. Welch, Cancer Res. 18, 221
(1953).



102

Sc
0 B 0o
HN/UTR HN)E/R
0//J\N O//I\N
R'OCHzq —  |R'OCH.0
HO OH 0 0
I \_/
C
i
_ S N
I
|
S S
N7 | HNJE/F
. OA\N O)\N
HOCH; <— AcOCH; o
HO AcO
HO AcO
VIII Vil

Finally 1-g-p-arabinofuranosyl-5-fluorouwracil  (FUA)®
has demonstrated activity against leukemia B82 and
Sarcoma 180 (vide infra).

These data suggest that 1-3-p-arabinofuranosyl-3-
fluorocytosine (FCA), hitherto unknown, should be
examined as a potentially interesting chemotherapeutic
agent because of its structural similarity to CA and to
5-fluoro-2’-deoxycytidine® (I'CDR).  The synthesis
and some biological properties of FCA are the subject of
this paper. In addition, a new and direct synthesis of
2,2'-anhydropyrimidine nucleosides (the chemical pre-
cursors of arabino nucleosides) is described.

Though several approaches exist for the synthesis of
I'CA, a route proceeding via FUA was chosen, because
the latter compound was also needed in large amounts
for further biological investigation. Previous studies
showed good activity by FUA against certain experi-
mental tumors.® The synthesis of F'UA from 1-3-p-
ribofuranosyl-5-fluorouracil (FUR) has been described.®
In a recent communication'® we reported preliminary
studies on a direct approach for the conversion of
uridines (I, R = H; R’ = H or trityl) to their 2,2'-
anhydro derivatives by reaction of I with thiocarbonyl-
diimidazole which led to a simple synthesis of 1-8-p-
arabinofuranosyluracil (V, R H). This procedure

¢7) M. Privat and J. de Rudder, Compt. rend., 259 (1964).

(8) N. C. Yung, J. H. Burchenal, R. Fecher, R. Duschinsky, and .I. J.
Fox, J. Am. Chem. Soc., 83, 4060 (1961).

() 1. Wempen, R. Duschinsky, I.. Kaplan, and J. J. Tox, tbid., 83, 4755

(1961).
10y J. J. Fox and L Wempen, Telrakedron Letlers, 11, 643 (1965),
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was elegantly applicable to the synthesis of FUA (see
Scheme I).

Treatment of 5-O-trityl-d-fluorouridine (I, R 17
R’ = trityl)® with 1 equiv. of thiocarbonyldiimidazole!’
in refluxing toluene yielded the crystalline
hydronucleoside (ITI, R = 1"; R’ = trityl) directly in
909, vield. As suggested previously,’ this reaction
proceeds via the 2’,3’-thionocarbonate (II) or a thio-
carbamate derivative. Treatment of IIT with a slight
excess of alkali followed by neutralization with acetic
acid at room temperature afforded crystalline IV in
959, yield which upon detritylation yielded I'UA (V,
R = T) in nearly quantitative yields. Anhydronucleo-
side ITI may be converted to V directly without purifi-
cation of IV. However, since IV may be obtained
casily from III, this modification offered no practical
advantage.

FUA (V, R = 1) was converted to FCA (X) by
modifications of the thiation process previously re-
ported for pyrimidine nucleosides.’? Acetylation of V
proceeded quantitatively to the tri-O-acetate VI which
was then thiated with phosphorus pentasulfide in pyri-
dine to the 4-thione VII in high yield. Crystalline

2,2%-an-

Sy

(11) H. A. Staab and G. Walther, Ann., 667, 98 (1962); W. Reid and
B. M. Beck, ibid., 646, 46 (1961). In our hands, the procedure described by
Staah and Walther resnlted in a major produet containing no sulfur. There-
fore, the procedure used is a modification of that deseribed by Reid and
Beck.

(12) J. J. T'ox, D, van Praag, I. Wempen, I L. Doerr, L. Cheong, J. 15,
Knoll, M. L. Eidinoff, \. Bendich, and (.. B. Brown, .J. 4m. Chem. Soc., 81,
178 (1959).
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VII could not be obtained in analytically pure form.
However, it was quite satisfactory for subsequent con-
versions. Treatment of VII with iodine afforded a
crystalline disulfide VIII which was analytically pure.

It was advantageous at this point to methylate the
thione VII with methyl iodide and alkali to the methyl-
mercapto derivative IX. Crystalline IX (85%,) was
obtained which, upon treatment with liquid am-
monia®!®* af room temperature, afforded 1-8-p-
arabinofuranosyl-5-fluorocytosine (X) in ca. 809
yield.

Caution must be exercised in the treatment of FUA
(or its 5'-O-trityl derivative, IV) and FCA with alkali.
Treatment of FUA with 0.1 N sodium hydroxide for 1
day at room temperature caused a 309, decrease in the
ultraviolet absorption spectrum. After 4 days in
alkali, all selective absorption was lost. FCA also under-
went chemical change with loss of extinction in alka-
line solutions. These transformations of FUA and
FCA in dilute alkali will be discussed in another paper
in this series.

Screening Studies.’>—FUA (V), CA, and FCA (X)
were administered intraperitoneally to Sarcoma 180
tumor-bearing mice twice daily starting with the day
following tumor implantation. With FUA, tumor hosts
showed no toxic signs after 13 injections of 250 mg. /kg./
day. The ratio of the average diameter of treated
tumors to the average diameter of the control tumors
(T/C) was 0.38 indicating retardation of the growth of
tumor by FUA. FCA and CA were considerably more
toxic to tumor-bearing mice, the maximal tolerated
dose of either of these two drugs being only 31 mg./kg./
day. At thislatter dose level, tumors treated with FCA
were retarded to a greater extent (T/C = 0.42) than by
CA (T/C = 0.59).1%2

At doses of 6.25-25/mg./kg. i.p. daily for 10 doses,
FCA was highly active in all experiments against
transplanted mouse leukemias P815 and P388, produc-
ing doubling to quadrupling of survival times. It was
somewhat more active on a molar basis than CA, 5-
fluorouracil, or 5-fluoro-2’-deoxyuridine. FCA was also
strongly active and more active on a molar basis than
CA against a line of leukemia P815 made resistant to 5-
fluorouracil.’® Doses of FCA at 50 and 100 mg./kg.,
which were nontoxic, were effective in increasing the
median survival time by more than 1009, of mice
bearing the 5-fluorouracil resistant L1210 mouse leu-
kemia, %

Preliminary experiments were carried out to deter-
mine the prophylactic effects of a 1-mg./ml. solution of
IUDR, CA, and FCA in herpes keratitis in rabbits.
All three substances showed essentially similar activity
in preventing the development of herpes keratitis.

(13) It was noted previously? that treatment of 4-thio-FUDR with liquid
ammonia required heating at 60° to effect replacement of the 4-thione by
amine. Many by-products were obtained. Replacement of the methyl-
mercapto group of IX by amine at room temperature was complete in several
hours without the formation of troublesome by-products. The ease of re-
placement of a 4-methylmercapto by amines in the pyrimidine area had been
noted by Mizuno, lkehara, and Watanabe.1¢

(14) Y. Mizuno, M. Ikehara, and K. A, Watanabe, Chem. Pharm. Bull.
(Tokyo), 10, 653 (1962).

(15) The authors are indebted to the following investigators of this In-
stitute for kindly providing their preliminary results: (a) Drs. G. 8. Tarnow-
skiand F. A. Schmid for their data on Sarcoma 180; (b) Dr. J. H. Burchenal
for the data on mouse leukemias P815 and P388; (¢) Dr. D. J. Hutchison
for the study on L1210 (5-fluorouracil-resistant) mouse leukemia; and
(d) Dr. E. Grundberg of Hoffmann-La Roche, Inc., Nutley, N. J., for his data
on herpes keratitis in rabbits.
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Further experiments will have to be carried out to
determine the relative potencies of these substances,®¢
These data would suggest that (where comparative
data are available in these preliminary investigations)
the behavior of FCA is more akin to that of CA than
to that of the fluorinated pyrimidine nucleoside, FUA.
A detailed study of FCA, CA, and FUA is presently
underway in this institute to evaluate the relative ef-
ficacy of these drugs in several experimental systems.

Experimental Section?

N,N-Thiocarbonyldiimidazole.!*—A solution of predried imid-
azole (39 g., 0.87 mole) in 700 ml. of dry benzene was heated to ca.
60° and was thoroughly flushed with a slow stream of dry nitro-
gen, preferably by use of a gas sparger. The efficiently stirred
solution was treated dropwise with thiophosgene (25 g., 0.22
mole) in dry benzene. The temperature was maintained as high
as the exothermic reaction permitted. A continuous slow stream
of nitrogen was maintained during the addition and during the
reflux period which followed. (Omission of the nitrogen resulted
in a 509, diminution of yield.) After addition of the thiophos-
gene, the reaction mixture was refluxed for 5 hr. Precipitation of
solid usually started at the onset of the reflux period. The
orange-red reaction mixture was finally allowed to stand overnight
at room temperature under an atmosphere of nitrogen. The
precipitate of imidazole hydrochloride was removed by rapid
filtration on a large Biichner funnel preferably under a stream of
nitrogen, and the solid was thoroughly washed with dry benzene
until any occluded yellow solid was dissolved. The benzene fil-
trate was evaporated ¢n vacuo to a thin syrup which was treated
with ca. 50 ml. of dry tetrahydrofuran (THF) and re-evaporated.
This procedure was repeated until the residual benzene was re-
placed by the THF. During this treatment, the syrup solidified
to a bright yellow granular solid. After thorough chilling, the
solid was filtered and washed with small portions of cold THF
containing increasing amounts of dry ether and finally with dry
ether alone. The residual solvent was removed in a continuously
evacuated desiccator and the solid, m.p. 100-102°, was stored in a
refrigerator under an atmosphere of nitrogen. A second crop was
obtained by allowing the THF-ether filtrate (under nitrogen) to
stand overnight at 0°. The yield averaged 80-909% and, under
the above storage conditions, the product was usable for several
weeks. The ultraviolet absorption spectrum of thiocarbonyldi-
imidazole in THF shows a strong maximum at 293 mu.

2,2'-Anhydro-1-(5'-0-trity}-g-p~arabinofuranosyl)uracil (11I,
R = H; R’ = trityl).—A suspension of 58 g. (0.12 mole) of dry
5'-O-trityluridine!” in 2500 ml. of anhydrous toluene was heated
to ca. 80°, and, over a period of 10 min., a solution of 23 g. (0.13
mole) of thiocarbonyldiimidazole in anhydrous toluene was added.
After the addition, solution occurred. The reaction was heated
slowly to reflux temperature; a solid gradually precipitated.
The reaction mixture was allowed to reflux for 1 hr. After
thorough chilling of the reaction mixture, the solid was removed
by filtration and washed with dry toluene. Recrystallization
of the precipitate from methanol (decolorizing carbon) afforded a
highly crystalline product, 33.4 g., m.p. 217-219°. From the
methanol solution, a further 7.5 g. of material was obtained;
m.p. 194-196°. Evaporation of the original toluene filtrate,
followed by recrystallization of the residue from methanol,
yielded a second crop, 11.3 g., m.p. 194-196°. The lower melt-
ing materials were combined and recrystallized again (vield,
15.3 g.), m.p. 206-209°.1%1%19  The total yield of recrystallized
IIT (R = H; R’ = trityl) was 857%.

2,2'-Anhydro-1-( 3-p-arabinofuranosy!)uracil (III, R, R’ = H).
A. From Uridine.—Uridine (1.34 g., 0.0056 mole) was sus-
pended in ca. 50 ml. of dry toluene, a solution of 1.0 g. (0.0056
mole) of thiocarbonyldiimidazole in toluene was added, and the

(16) All melting points were taken on a Thomas—Hoover capillary melting
point apparatus and are corrected. Microanalyses were performed by
Galbraith Laboratories Inc., Knoxville, Tenn., and by Spang Microanalytical
Laboratory, Ann Arbor, Mich.

(17) P. A. Levene and R. 8. Tipson, J. Biol. Chem., 104, 385 (1934).

(18) The variance of this melting point with that previously reported:s
was discussed in paper XX VI of this series,18

(19) J. F. Codington, 1. L. Doerr, and J. J. IFox, J. Ory. Chem., 39, 558,
564 (1964).
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reaction mixture was refluxed for 40 min. Gradually, solution
oceurred.  After ca. 0.5 hr., a film of oil began to deposit on the
wall of the flask and the color darkened appreciably. The reac-
tion mixture was chilled, and the toluene was decanted. The
brittle residue was dissolved in hot 957 EtOH, treated with
decolorizing carbon, and after filtration dl owed 1o cool slowly.
The precipitate of fine needles waxs filtered and washed with cold
methanol.  The yield of pure product (I1I, I, ' = II) was 460
mg. (367.), nup. 240-244° (effervescent). A second crop, 0.5 g.
(45¢), m.p. 240-243° (effervescent), was obtained from the mother
liquor. A recrystallization of the combined crops from 007,
cthanol yvielded stout needles, m.p. 244-247°, and showed no
depression when admixed with an authentic sample.'t The
identity of the compound as 2,2’-anhydroarvabinosyluracil was
confirmed by comparison of the ultraviolet absorption proper-
ties with those of the known material.

B. From 2,2'-Anhydro-1-(5'-O-tritylarabinosyl)uracil.—Com-
pound IIT(R = H; R’ = trity]) (0.95 g., 0.002 mole) was stirred
with a methanolic solution of HCl at 0° for 1 hr.  The methanol
was removed in vacuo, and the resulting solid was dissolved in
water and treated with Dowex-1 (acetate) to remove chloride jons.
The resin wus removed by filtration, and the filtrate was evapo-
ruted invacwo.  The residue was recrystallized from 9047 ethanol.
The vield of III (R, IV = H) was 300 mg. (66°7), m.p. 246-249°.

1-3-p-Arabinofuranosyluracil (V, R = H).—An ethereal sus-
pension of 25.2 g. (0.05 mole) of IV (R = H) was treated with ca.
530 ml. of ether, previously saturated at 0° with HCl. The mix-
ture was stirred for 2 hr. at 0°. The vellowish suspension wus
filtered, and the solid was triturated thoroughly with dry ether.
The crude product was recrystallized from ca. 600 ml. of hot
methanol containing 10 ml. of water. The yield of crystalline
product was 9.2 g. (759¢), m.p. 222-224°; Bergmann and Burke?®
reported 226-228°. A mixture melting point with an authentic
specimen prepared by Miss I. L. Doerr of this laboratory by
hydrolysis of 2,2’-anbydroarabinosyluracil?? showed no depres-
sion. A further crop, 2.6 g. (21¢%), of equal purity was obtained
from the mother liquor. The combined crops (11.7 g., 965.)
were uridine-free and migrated identically with autheutic 1-8-p-
arabinosyluracil in paper electrophoresi= (borate buffer, pIl 9.2,
900 v. ).

1-(5’-0-Trityl-g-p-arabinofuranesyljuracil (IV, R = H).—
This procedure is similar to that previously reported.'* A solu-
tion of 30 g. (0.076 mole) of I1II (R = H) in 1500 ml. of ethanol-
water (1:1) was treated with 112 ml. of 1 N NaOH and stirred at
room temperature for 2 hr. During this time, the ultraviolet
abxorption maximum shifted to 260 mu. The solution was neu-
tralized with 2 V acetic acid, the ethanol was removed in vacuo,
and the resulting precipitate was filtered. After thorough wash-
ing with water, the damp solid was dissolved in hot 505 ethanol -
water, filtered, and allowed to cool slowly. The precipitated
roxettex of crystals were chilled thoroughly, filtered, and dried
ina vacuum desiccator overnight, then at l( )0° for 2 hr tn vacuo,;
vield of pure product, 25.2 g.(68¢;), m.p. 132-135° effervescent
(It 2 mup. 119-120° effervescent). The inn.ned dnd ultraviolet
absorption specira were identical with those of an authentir
saumple.t?

2,2’-Anhydro-1-(5'-0-trityl-3-p-arabinofuranosyl)-5-fluoro-
uracil (III R = F; R' = trityl).—Dry 1-(3’-0-trityl-g-p-ribofu-~
ranosyl)-5-Aluorouracil (I, R = F; R’ = trityl) (25 g., 0.05 mole}
was suspended in ca. 1 1. of dry toluene and warmed to ca. 80°.
To the well-stirred suspension, a solution of 9.4 g. (0.53 mole) of
thiocarbonyldiimidazole in dry toluene was added in one portion.
The reaction mixture was then heated to reflux. Afterca. 10 min.,
solution oceurred and usually, within an additional 10 min., pre-
cipitation began accompanied by a bleaching of the yellow-orange
color.  After a reflux time of 1 hr. the reaction mixture was
chilled.  The precipitate was removed by filtration and washed
thoroughly with dry toluene. The crude product was reerystal-
lized from boiling methanol and the color was removed by the
use of decolorizing carbon.  After drying, the yvield of crystalline
product was 19.8 g, n.p. 200-203°. A further amount of
product, 2.4 g, m.p. 180-182°22 was obtained by evaporation
of the original toluene filtrate ‘md crystallization of the resulting

(200 W, Bergmann and [) (. Burke, /4d., 20, 1301 (1955).

121 DAL Brown, AL R Tedd, and 8. Varadarajan, J. Chem. Soc., 2388
(1956).

722) Conmparison of the infrared spectra of the differently melting prod-
uets showed complete identity except for a slight aberration in the 833-cm. -
region,  When the respective KBr disks were heated at 100° for 15 min.,
cotnplete spectral identity was ubrained.

. Fox, NarsrHuN MiLLkr, axp Irts WeEMPEN Vol. 9

=vrup from hot methanol with liberal use of decolorizing carbon.
The total yield of IIT (R = F; R’ = trity]) was 01¢,.  Analiquo
was recrystallized from ethanol for analysis.
Anal. Caled. for CoHaFNL,0,-0.5E001T: C, 68.37; H, 5.10;
l*,i 30 N, 350, Found: C,68.39; 11, 4.98; F, 41_‘ N, 5. lu
«(5'-0-Trityl-3- 1)-arabmofuranos)l) 5-ﬂuor0uracll (1V, =
F). C umpmuml [HI (R = I'; R’ = trity]) (12.00 g, 0.025 molL‘
in 1 1of B0 et thano! was treated with 70 ml. of 1 N NaOH at
room temperature for | hr.  During this period, the ultraviolet
absorption maximum shifted to 268 mu. The solution was neu-
tralized with 2 N acetic acid, and the alecohol was evaporated /n
pacuo.  The resulting solid was washed thoroughly with wuter,
and the damp solid was recrystallized from 30, ethanol. Pure
IV (R = F) precipitated as micaceous flakes, 12.4 ¢, m.p. 172
174° {effervescent).  An additional 0.5 g. was obtained from the
aleohiol filtrate; total vield of IV(R = F)920¢
Anal. Caled. for CosHeFNO: C, 66.66; 11, 4.99; F, 3.77:
N, 555, Found: (,64.43: H,5.10; F,3.71; N, 5.34,
1-3-n-Arabinofuranosyl-5-fluorouracil (FUA) (V, R = F).-
Compound IV (R = F) (12,0 g., 0.024 mole) was detritylated by
a procedure analogous to that described above for the preparation
of V(R = H). The crude product was recrystallized from a
winimunt of hot ethanol and allowed to cool slowly.  The crysial-
line precipitate was filtered und washed with dry ether; 5.7 g.
(92977, mup. 187-188°. The product was identical with an an-
thentic sample® as demonstrated by a comparizon of ultraviolet
absorption properties and of their migration in paper clectro-
phoresis (horate buffer, p11 9.2, 900 v.).
1-(2",3',5’-Tri-O-acetyl-3-p-arabinosyl)-5-fluorouracil (V1.
~Acetic anhyvdride (8.0 ml.) was added to 60 ml. of anhydrous
pyridine containing 3.4 g, (0.02 mole) of 1. The clear solution
was stirred for 16 hr, at room temperature. Iithanol {10 ml.)
was added, and the solution was evaporated in vacuo 10 a thin
SVrup. P\‘Iidil)(* was removed by repeated evaporation and
addition of 50¢; ethavol after which crystallization of IT occeurred.
The mixture was cooled to complete erystallization and, after
filtration, the <olid was washed with water and dried: yield 7.78 ¢.
{OR77 10 mup. 139-140°;  recrystallization hom 5066 FtOH gave
an analyvtically pure sample, m.p. 142-143° : 205 and
275 m, minimun at 232 ny.
{na[ Caled. for CL:HEFNQ-05H0: C) 45.35:
N, 7.05. Found: €, 45.26; H, 4.44; N, 6.75.
-(2',3’,5'-Tri-0O-acetyl-3-p-arabinosyl )-5-fluoro-4-thiouracil
(VII).—«v—Phosphorus pentasulfide (4.4 g., 0.02 mole) was added to a
solution of 40 ml, of pyridine (reagent grade) containing 3.9 g.
(.01 mole) of VI, The mixture was refluxed (stirring) for 4 hr.
The reaction was monitored as follows. A small sample wax re-
moved from the reaction mixture and evaporated to dryness.
tepeated addition and evaporation, using 530C¢ ethanol, gave u
gummy solid free from py ridine. The ultraviolet spectrum of the
gummy residue in 507 ethanol gave two maxima, at 267 mu for
the starting material and at 334 for the thiated product. The
ratio of extinctions at 267/334 mu was —4, indicating approxi-
mately 107, thiution.  Phosphorus pentasulfide (4.4 g.) wax
again added 1o the stirred reaction mixture and refluxing was
continued for 4 hr.  The ratio at 267 /334 mu of 0.7 indicated
607, thintion. A third addition of 4.4 g. of phosphorus penta-
sulfide was made and the reaction was refluxed for 4 more hr.
Ultraviolet examination of the reaction product gave a ratio,
267/334 . of ~0.2. The pyridine mixture was cooled and
decanted from an oily, vevstalline deposit. The decantate was
evaporated to drvness in racio.  Water (250 ml.) was added to
the residue and, on stirring, a vellow granular solid separated.
The =olid wa=~ dissolved it methylene chloride and filtered from
some insolubles. The filtrate was evaporaied to a syrup, and
methanol was added. A small amount of insolubles was filtered.
After cooling, cryvstallization took place.  In several runs, yields
of erude material ranged from 3.0-3.6 g, Recrystallization of
seversd batches from methanol gave yellow needles of varyving
melting points ranging from 59-120°,  The absorption spectra
of all these recrystallized batehes were identical (A 334 and 244
M, ratio 3347224 mg = 3.6 in 5090 ethanol).  liven after re-
peated  recrystallizatinn  trom  different  solvents (methanol,
ethanol, ether, efc.) consistent analyses could not be obtained.
It was found, however, that this material (as well ax the crude
nuerialy was of =uflicient purity for subsequent reactions.
1-3-p-Arabinofuranosyl-4-methylmercapto-5-fluoro-2-pyrimi-
done (IX). - The thione VIT (13.6 g ) w: i di==olved in 250 ml. of
methanol, 50 mb of water, aind 9.0 g of methyl iodide.  Ta the
stirred solution, 345wl of 1.V NaOH wus added dropwise over a
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period of 40 min. The resulting solution (pH 8) was neutralized
with acetic acid to ~pH 6 and the methanol was removed by
evaporation in vacuo to give long light yellow needles. Three
crops yielded 8.3 g. (87%) of IX. Recrystallization from hot
water gave a pure, colorless material: m.p. 140-141°; \2% BoR
202.5, 277.5, 315 mu; minima at 237.5 and 292.5 mu; shoulder at
220 mu; ratio at 277.5/315 mu = 0.79. The absence of acetyl
groups in IX was verified by the absence of acetoxy resonances
in the n.m.r. spectrum?3; [«]2%p 4+219° (¢ 0.22, methanol).

Anal. Caled. for CioHi;FN.OsS: C, 41.08; H, 4.48; F, 6.50;
N, 9.58; 8§, 10.97. Found: C, 40.99; H, 4.76; F, 6.82; N, 9.70;
S, 10.82.

1-3-p-Arabinofuranosyl-5-fluorocytosine (FCA, X).—Compound
IX (5.0 g., 0.017 mole) was left at room temperature in 25 ml. of
anhydrous ammonia overnight. Ammonia was removed in vacuo.
About 50 ml. of water was added and the residual ammonia was
neutralized to «~pH 5 with acetic acid. Thesolution wasevaporated
to a crystalline residue, and 10 ml. of water was added to give X
(3.4 g. in two crops), m.p. 232-233° dec. (effervescent with pre-
vious browning at 210°). X was purified on a column of Dowex
50 (H*) 100-200 mesh, by first washing with water until free of
ultraviolet-absorbing material, then eluting with 1 N NH,OH.
The ammonia eluates containing ultraviolet-absorbing material
were combined and evaporated to a crystalline residue, which was
recrystallized in 909; ethanol. Two crops of colorless needles
vielded 3.2 g., m.p. 237-238° (to a brown liquid with previous
browning at 225°), [«]*D +163 =% 2 (¢ 0.18, in water). FCA was
examined in thin layer chromatography using Brinkmann GF 254
silica gel and was found to be free from FUA, 5-fluorocytosine,
and all other pyrimidine derivatives listed in Table I in two chro-
matographic systems.

Ultraviolet absorption properties of FCA are: in 1 N HCI,
maxima at 221 and 290.5 mu (e 10,300 and 11,900), minimum at
246 mu (e 1160); at pH 5-7, maxima at 235 and 280 mu (e 7860
and 8240), minima at 225 and 257.5 mu (e 7550 and 5240); pK,
(spectrophotometrically determined)?* = 2.33 %= 0.05.

Anal. Caled. for C,Hi.FN;04: C, 41.38; H, 4.63; F, 7.27;
N,16.08. Found: C,41.53; H, 4.62; F, 7.32; N, 16.05.

(23) The authors are indebted to Dr. Floie Vane of Hofimann-La Roche,
Inc., Nutley, N. J., for the n.m.r. spectrum.

(24) J. J. Fox and D. Shugar, Bull. soc. chim. Belges, 64, 44 (1952); D.
Shugar and J. J. Fox, Biockim. Biophys, Acta, 9, 199 (1952).
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TapLe 1
THIN LAYER CHROMATOGRAPHY DATA

~—R: in solvent system®—

Compd. A B
FCA (X) 0.06 0.11
Cytosine 0 0
5-Fluorocytosine 0.22 0.09
CA 0 0
5-Fluorocytidine 0.03 0
5-Fluorouracil 0.42 0.74
FUA (V) 0.31 0.69
5-Fluorouridine 0.21 0.04

@ Solvent system A, ethyl acetate-acetic acid (22:3); B, 5%
boric acid in ethanol-ethyl acetate (1:3). The authors are in-
debted to Dr. R. Duschinsky of Hoffmann-La Roche, Inc., for
these solvent systems.

1-8-p-Arabinofuranosyl-4-thio-5-fluorouracil Disulfide (VIII).
—Crude VII (300 mg.) was allowed to stand overnight at room
temperature in 20 ml. of methanol saturated with HCl. The
solution was evaporated to dryness and azeotroped repeatedly
with ethanol. The syrup did not erystallize. It was treated with
20 ml. of phosphate buffer (pH 6.8). Iodine solution (1 N, 1.3
ml.) was added dropwise to pH 4. Immediately a white amor-
phous material precipitated. The solid was collected and
washed with water, ethanol, and ether (yield 120 mg., m.p. 199-
203° dec.). Reecrystallization from 509, ethanol gave minute
crystals: 50 mg.; m.p. 213-214° (to amber liquid with efferves-
cence, with previous browning at 210°); A? ®°® 215, 260, 327.5
my; minima at 205, 234, 288 mu; ratio at 260/327.5 mu = 0.66.

Anal. Caled. for CisHyoFoNuOoS:: C, 39.13; H, 3.65; N,
10.14; §,11.24. Found: C,38.93; H, 3.98; N, 9.98; S, 11.32.

Acknowledgment.—The authors express their ap-
preciation to Drs. A. Brossi and R. Duschinsky of
Hoffmann-La Roche, Inc., for a generous supply of 5-
fluorouridine used in this study. The authors are in-
debted to Drs. George B. Brown and C. Chester Stock
of this Institute for their warm and continued interest.
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The synthesis and biologic evaluation of 4-methylthio-1-g-p-ribofuranosyl-1H-imidazo[4,5-¢]pyridine, the 3-
deaza analog of 6-methylthiopurine ribonucleoside, a highly eytotoxic purine nucleoside, is described.

6-Mercaptopurine  [purine-6(1H)-thione, 1] is
converted in vivo by inosine monophosphate-guanosine
monophosphate (IMP-GMP) pyrophosphorylase to its
ribonucleotide, thioinosinic acid (I1I),? a potent allo-
steric inhibitor of phosphoribosyl pyrophosphate (PR-
PP)—glutamine amidotransferase.® Furthermore, there
is good evidence that inhibition of this enzyme is re-
sponsible for the eytotoxicity of 6-mercaptopurine.*

In an effort to learn more about the binding sites of

(1) This work was supported by funds from the C. F. Kettering Founda-
tion and the Cancer Chemotherapy National Service Center, National Can-
cer Institute, National Institutes of Health, Contract No. PH-43-64-51.

(2} For a review of this subject see J. A. Montgomery, Progr. Drug Res.,
8, 433 (1963).

(3) R.J. McCollister, W. R. Gilbert, Jr.,, D. M. Asleton, and J. B. Wyn-
gaarden, J. Biol. Chem., 289, 1560 (1964).

(4) L. L. Bennett, L. Simpson, J. Golden, and T. L. Barker, Cances Res.,
28, 1574 (1963).

all the enzymes involved in this process of growth in-
hibition by 6-mercaptopurine, we first synthesized its
four deaza analogs.® None of these compounds are
cytotoxic except at high levels. This lack of biologic
activity could be due to the fact that the possible deaza
analogs of thioinosinic acid do not bind to the allosteric
site of phosphoribosyl pyrophosphate-glutamine amido-
transferase, but it is equally likely that the deazapurines
simply are not metabolized to ribonucleotides by cells.
Recently we have found that, although 6-mercapto-
purine ribonucleoside is not a substrate for cellular
purine kinase (presumably adenosine kinase), 6-methyl-
thiopurine ribonucleoside (IT) is, and is readily con-
verted <n vivo to 6-methylthiopurine ribonucleotide
(IV) (see Chart I). As a consequence II is highly

(5) J. A. Montgomery and K. Hewson, J. Med. Chem., 8, 708 (1965).



