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1-3-pD-Arabinofuranosyl-5-methylcytosine!

Nucleosides.
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Pyrimidine nucleosides containing the 1-3-p-arabino-
furanosyl moiety have exhibited interesting biological
properties. Among these compounds are 1-(8-p-ara-
binofuranosyl)cytosine (CA)? which is active against
several experimental tumors;® 1-8-p-arabinofuranosyl-
5-todouracil which is active against herpes and vaccinia
virus in cell cultures; 1-8-p-arabinofuranosyl-3-fluo-
rouracil (FUA)® which is active against leukemia B82
and Sarcoma 180; and finally 1-3-p-arabinofuranosyl-
5-fluorocytosine (FCA)* which is active against Sar-
coma 180 and leukemias I’388, P815, and L1210, as well
as against the 5-fluorouracil-resistant strains of the lat-
ter two. Both CA and FCA are currently undergoing
clinical trials7s

These biological data suggested the synthesis of 1-
(8-p-arabinofuranosyl)-5-methyleytosine (VII, MCA,
see Chart I) because of its structural similarity to CA
and FCA. 1-(3-O-Trityl-3-p-ribofuranosyl)thymine (I)*
was converted dirvectly into the 2,2’-anhydroarabino
derivative (II)% (679) by use of the thionocarbonate
procedure®'® developed for nucleosides. Detritylation
of IT by anhvdrous hydrogen chloride in ether gave the
crystalline hydrochloride of I1I®® in quantitative yield
which was subsequently converted to nucleoside II1
(929,). Refluxing the 2,2’-anhydronucleoside III in
1 N sulfuric acid for 1 hr yielded 1-8-p-arabinofuranosyl-
thymine (IV)® in 889 yield.!

The arabinosyl nucleoside (IV) was converted to
MCA (VII) by modification of the thiation process pre-
viously reported for pyrimidine nucleosides.!'?  Acetyl-
ation of IV gave a 949, yield of the tri-O-acetate (V)
which was thiated with phosphorus pentasulfide in
pyridine to the 4-thione (VI) in quantitative yield.
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Reaction of the thione (VI) with liquid ammonta at 55°
overnight gave MCA (VII) in 809} yield.

Preliminary Screening Studies.—At doses of 100
nig/kg ip daily for ten doses, M CA was inactive in all
experiments against mouse leukemia P815. MCA
was administered intraperitoneally to Sarcoma 180
tumor-bearing mice twice daily starting with the day
following tumor implantation. With MCA, tumor
hosts showed no toxic signs after 13 injections of 123
mg/kg/day. The ratio of the average diameter of
treated tumors to the average diameter of the control
tumors (T/C) was 1.0 indicating o retardation of
growth of tumors over the coutrols by MCA.

Experimental Section!?

2,2’-Anhydro-1-(5-O-trityl-3-p-arabinofuranosyl)thymine
(IT),—This procedure is similar to that used to prepare 2,2'-
anhydro-1-(5-O-trityl-g-p-arabinosyl juracil from 5’-O-tritylur-
idine.* A suspension of 3-O-trityl nucleoside (I, 4.5 g, 9.0
mmoles) in anhydrons toliene (100 ml) was azeotroped to remove
water. The suspension was cooled to abont 80° and 1.8 g of
thiocarbonyldiimidazole (preparation in ref 4) dissolved in tol-
uene was added. Immediately a bright yellow solution formed
which was boiled for 1 hr. After the pale vellow solution had
cooled, crystalline plates of II precipitated and were collected,
3.1 g, mp 190-193°. Evaporation of the toluene filtrate to
dryness and treatment of the residie with chloroform gave a
second crop of 0.6 g, mp 225-230°. Recrystallization of both
crops from ethanol (100 ml) gave micaceous plates, 2.9 g (67%),
mp 225-230°, {a]®p —29° (¢ 0.31, methanol). Conipound 11
prepared from the 2’-O-tosyl derivative of 1% gave mp 230-233°
aid [e] %D —28°.

(13) Melting points are corrected. Elemental analyses were made by the
Spang Microanalytical Laboratory, Ann Arbor, Mich, Ultraviolet absorp-
tion data were obtained using 1he Cary recording spect(rophotometer, Model
15,
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2,2'-Anhydro-1-3-u-arabinofuranosyithymine®* (III).- ~I'hc
hydrochlaride of 11T was prepared by detritylation of IT with
ethereal HCL in the manner desceribed.®  The free nneleoside TI1
wax obtained from its hydroehlaride salt by a procednre which ix
simpler aud affords higher vields than the Dowex T odnectate:
method previansly described.®®
A snspension of the hydrocldoride of 111 (1O gy in 15l of
ethanol was stivred and 1 eqniv of triethyhinine was added drop-
wise.  The reaction mixture was allowed ta stand at room tem-
peratire 1 hr,  The solid (I111) was filtered off and washed with
ethanol followed by ether. The prodnet had s mp 225-228°
and wis obtained in 9290 yield. ¥ Ultraviolet spectin and chiro-
matographic data abtaived for 11T were the same ax far an anthen-
ticsample.®®
1-8-n-Arabinofuranosylthymine (1V ). —Twenty milliliters of
PV LSO, was added to the 2,2 -anhydro vucleoside (111, 1.0 g,
4.0 mmoles) and the resction mixture was refluxed for 45 min.
On cooling the reaction mixture, V.84 g of I-8-n-arabinosyl-
thvinine (1V7), mp 245-248°, precipitated.  The mother lignor
was nentralized (BaCOy) and the salts were removed by filtration.
tn evaporation of the filtrate, an additional 0.1 g anp 24%-250°,
over-all vield 880¢) wax obtained.  Crystalbzation of the com-
bined solids from 25 ethanol gave a 03¢0 recovery,  Chromato-
graphie data, infrared, and nhltraviolet spectin of thix sample were
identical with those reported for anthentic TV, %
1-(Tri-O-acetyl-8-p-arabinofuranosyl)thymine (V)10 a
stirred suspension of 1.3 g (5.2 mimales) of 1-g-p-nrabinofurano-
svlthymine i1 20 1wl of pyridine was added 1.6 ml (17 mmolex)
of acetic anhvdride.  The suspension was heated nt 45° for a few
minntes nntil solntion ocenrred. The reaction mixtnre wax
allowed to stand at room temperatare Tor 18 hr.o Ethanol 0.4
ml) was added to gnench the reaction and the pyridine evaporated
off. The symp was evaporated (wice with 2007 ethanol and
then azeotroped with absolnte ethanol.  The crystalline vesidne
wax tritirated with ether and filtered, 1.9 g (94003, mp Lis-140°,
Crystallization from ethanol gave short colarless veedles, mp
mp 140--142°, [e]®D +65° (¢ 0.3, ethanol).
Anal, Caled for CellTaNOw: C 3000 H,
Found: C, 30,0t 11, 5220 N, T.2s
1-(Tri-O-acetyl-3-n-arabinofuranosylj-4-thiothymine (VI).
To a stirred pyridine (50 ml) solntion containing 1.9 g (4.9
miles) of neetvlated nieleoside V was added 2.4 g (10.9 mimolex)
of Pasy. The wixture was refluxed and when solution was com-
plete cwithin the first 30 mirg 012 il of water was added and the
reaetione mixtare was reflnxed for 35 bro o After the reaction mix-
tare bad ennled, the pyridine <olntionc containing the produne
wis decanted from a0 vellow  hygroseopic preeipitate. The
solid was extracted twice with pyridine, and the combined pyri-
dine solations were evaporated Jic racico to an amhber-colored
svinp.  The =vrap wax treated with 30¢ ethanol and the
crthanol-water mixtire was eoncentrated.  This procedire was
repented. The vellow residne was taken up i ehiloroform wd
Altered from o <mall residie. The CHCL =olution wax evapo-
vted /noracno, and ethanol was added to the vellow glass. Pre-
cipitation «f a light yvellow <olid ocearred, 2.0 g, mp 124-126°.
Crystallization of the solid from cthanal gave light vellow needles,
mp P20-127°, [a]®n 4+ 148° (¢ 0.23, acetonel. Spectral proper-
Lies 1 00 ethanol shawed maxima at 332 and 243 my, mivimn
at 270 and 222 mpu; <pectral ratio in 00 ethanol 332/243 mu =
5.3,
Anel. Caled for CullaNGO0S0 C0dS 00 1H 504 N, .90
N, 000 Fonnd: ) 47870 H, 4800 N 70808, TL0
[-g-11-Arabinofuranosyl-5-methyicytosine (VII).—-The thio-
tackeoside (VE 1.3 ¢, 3,25 mimoles) within a glass container was
treated with lignid N1E 20 ml) and heated o a steel bomb for
20 hrat 33-60° The lignid anmonin was driven off by a stream
al dry nitrogen. The resnlting pale vellow syvimp was dissolved
o water (30 ml), nentyalized with 2\ acetic acid, and applied
tn a Dowex H0 (11 7) 100200 mesh colnmn (1.4 X 14 em), The
colump was washed with wuter until the effluent was free fromn
nltraviolet-absorbing material and then elinted with 2 N NH,OH.
The ultraviolet absorbing fractivus were evaporated to dryness.
The white residue was dissolved in 50¢; ethanol, treated with
charcoal, and filtered using a filter aid of diatomaceous earth.
Colorless enbic erystals precipitated, 0.7 g (809 ), which sintered
at ~150°, and effervesced at 160-163°: [o]*p +103° ¢ 0.39,
witer ] nltraviolet absoyption properties at pll 7.5 entral

5930 N, 7.0

¢19) The hydroeldaoride of 2.2 anlgodro-1-3- caaanbinofararosyburaeil was
alse evmverto] Goies free base 10 970 viebkl by ihis Geapmend .

Val 10

Species ), maxinmnn ae 277 mg Te SGOO0)Y mindnimm at 235 mg
Ce 4600): 1 0.0 N HCT Centionie spreies) maximim al 287 g
Ce F2,700), minimn at 244 iy (e 14007,

Annl. Caled for CullaNa, - HLO: O $5e: T 22 N
thtd Foma: Co44.00: H, 6260 NG 1.
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Syvnthesis of Some Orotic Acid Analogs as

Potential Antimetabolites!
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The clucidation  and  biosynthesi= of  pyruntdine
nucleotides has extablished orotic acid (2,6-dihydroxy-
4-carboxypyrimidine)  as an hnportant etabolite,
The significance of inhibition of this metabolic route is
genterally aceepted ax being veflected in antiviral, anti-
neoplastie, and antibiotic effeets on the organisny’
Many isosteres and analogs of orotic acid as well as
other pyrimidine derivatives have been shown to inter-
fere with orotic acid metabolisin and subsequently
with nucleie acid formation. We wishh to report on
the syutliests and biologic evaluation of o series of 4-
substituted orotie acid analogs designed as potential
anthietabolites of orotie acid.  Inhibition by pyrimi-
dines at this level of nnelete actd biosyntliesis hias the
advantage of the use of molecules which can be more
castty prepaved than thiceir corvesponding nueleotides
ancd also have the opportunity of being more spectfic in
actiont since carlier metabolites (e.g.. aspartic acid,
DPXN., ete) have more diverse metabolic applications,

In view of the antimcetabolic activity of some 2,4-di-
aminopyranidines® on orotic ackd a sertes of 2-amino-,
J-liydroxy-, and  2-thio-G-amino-4-carboxypyritnidines
substituted at the 5 position was synthesized.  Al-
thougl the 5 position of orotic acid is not ivolved in
the biosynthesis of the pyrimidine nucleotides, it has
heen mentioned by Stone wid Potter® as the chotee posi-
tion for substitntion i the preparation of orotic neid
anfagonists. -\ hwited mnnber of S-substitnted orotie
actds iave been synthesized and <shown (o possess aiti-
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