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Pyrimidine nucleosides containing the 1-0-D-arabino-
furanosyl moiety have exhibited interesting biological 
properties. Among these compounds are l-(0-D-ara-
binofuranosyl)cytosine (CA)2 which is active against 
several experimental tumors;3 l-/3-D-arabinofuranosyl-
o-iodouracil which is active against herpes and vaccinia 
virus in cell cultures;5 l-/3-D-arabinofuranosyl-5-fluo-
rouracil (FUA)6 which is active against leukemia B82 
and Sarcoma 180; and finally l-/3-D-arabinofuranosyl-
5-fluorocytosine (FCA)4 which is active against Sar
coma 180 and leukemias P388, 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 trials.7,8 

These biological data suggested the synthesis of 1-
(j3-B-arabinofuranosyl)-5-methylcytosine (VII, MCA, 
see Chart I) because of its structural similarity to CA 
and FCA. l-(o-0-Trityl-/3-D-ribofuranosyl)thymine (I)9 

was converted directly into the 2,2'-anhydroarabmo 
derivative (II)8b (67%) by use of the thionocarbonate 
procedure4'10 developed for nucleosides. Detritylation 
of II by anhydrous hydrogen chloride in ether gave the 
crystalline hydrochloride of III9 b in quantitative yield 
which was subsequently converted to nucleoside III 
(92%). Refluxing the 2,2'-anhydronucleoside III in 
1 N sulfuric acid for 1 hr yielded l-/3-D-arabinofuranosyl-
thymine (IV)9 yield. 

The arabinosyl nucleoside (IV) was converted to 
MCA (VII) by modification of the thiation process pre
viously reported for pyrimidine nucleosides.12 Acetyl-
ation of IV gave a 94% 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 ammonia at 55° 
overnight gave MCA (VII) in 80% yield. 

Preliminary Screening Studies.—At doses of 100 
mg/kg ip daily for ten doses, MCA 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 125 
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 no retardation of 
growth of tumors over the controls by MCA. 

Experimental Section13 

2,2'-Anhydro-l-(5-0-trityl-/3-D-arabinofuranosyl)thymine 
(II).—This procedure is similar to that used to prepare 2,2'-
anhydro-l-(5-0-trityl-/3-D-arabinosyl)uracil from o'-O-tritylur-
idine.4 A suspension of o'-O-trityl nucleoside (I, 4.5 g, 9.0 
mmoles) in anhydrous toluene (100 ml) was azeotroped to remove 
water. The suspension was cooled to about 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 he. After the pale yellow solution had 
cooled, crystalline plates of I I precipitated and were collected, 
3.1 g, mp 190-195°. Evaporation of the toluene filtrate to 
dryness and treatment of the residue 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]25D - 2 9 ° (c 0.51, methanol). Compound II 
prepared from the 2'-0-tosyl derivative of I9b gave mp 230-233° 
and [al25D - 2 8 ° . 

(13) Melting points are corrected. Elemental analyses were made by the 
Spang Microanalytical Laboratory, Ann Arbor, Midi. Ultraviolet absorp
tion data were obtained using the Cary recording spectrophotometer, Model 
15. 
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2,2'-Anhydro-l-0-u-arabinofuranosylthymine!"' (III). T h e 
hydrochloride of III was prepared by detritylation of II with 
ethereal IIC1 in the manner described.91' The free nucleoside I I I 
was obtained from its hydrochloride salt by a procedure which is 
simpler and affords higher yields than the i IDWOX 1 (acetate! 
method previously described.911 

A suspension of the hydrochloride of III (1.0 gj in 15 ml of 
ethanol was stirred and 1 equiv of triethylamine was added drop-
wise. The reaction mixture was allowed to stand at room tem
perature 1 hr. The solid (III) was filtered off and washed with 
ethanol followed by ether. The product had a mp 225-228° 
and was obtained in 0 2 ' ( yield.14 Ultraviolet spectra and chro
matographic data obtained for III were the same as for an authen
tic sample.9b 

1-0-n-Arabinofuranosylthymine (IV).9" Twenty milliliters of 
1 X II2SO.i was added to the 2,2'-anhydro nucleoside (III , 1.0 g, 
-1.0 mmoles) and the reaction mixture was rerluxed for 45 min. 
On cooling the reaction mixture, 0.S4 g of 1-8-n-arabinosyl-
thymine (IV), mp 245-248°, precipitated. The mother liquor 
was neutralized (BaC()3) and the salts were removed by filtration. 
()n evaporation of the filtrate, ait additional 0.11 g [mp 248-250°, 
over-all yield 8 8 r

( ) was obtained. Crystallization of the com
bined solids from 2.V,'j. ethanol gave a OM';', recovery. Chromato
graphic data, infrared, and ultraviolet spectra of this sample were 
identical with those reported for authentic IV.9a 

I-(Tri-0-acetyI-(3-D-arabinofuranosyl)thymine (V).--To a 
.stirred suspension of OS g (5.2 mmoles) of l-j3-D-arabinofurano-
sylthymine in 20 ml of pyridine was added 1.6 ml (17 mmoles; 
of acetic anhydride. The suspension was healed at 45° for a few 
minutes until solution occurred. The reaction mixture was 
allowed to stand at room temperature for 18 hr. Ethanol ('0.5 
ml) was added to quench the reaction and the pyridine evaporated 
off. The syrup was evaporated twice with 50'', ethanol and 
then azeotroped with absolute ethanol. The crystalline residue 
was triturated with ether and filtered, 1.0 g (!)4'('i, mp 1:58-140°. 
Crystallization from ethanol gave short colorless needles, mp 
mp 140-142°, [ff]26jj +65° (<• 0.3, ethanol). 

Anal. Calcd for Clf,ir2llN*-.0..: C, 50.00: II. 5.25: N, 7.20. 
Found: C, 50.00; II, 5.22: N, 7.28. 

l-(Tri-0-acetyl-(3-rj-arabinofuranosyl)-4-thiothymine (VI). 
To a stirred pyridine (50 ml) solution containing 1.9 g (4.0 
mmoles) of acefylated nucleoside V was added 2.4 g (10.0 mmoles) 
of P-jS:,. The mixture was rerluxed and when solution was com
plete (within the first. 'M min ) 0.12 ml of water was added and the 
reaction mixture was refluxed for '•> hr. After the reaction mix
ture had cooled, the pyridine solution containing the product 
was decanted from a yellow hygroscopic precipitate. The 
solid was extracted twice with pyridine, and the combined pyri
dine solutions were evaporated in raetto to an amber-colored 
syrup. The syrup was treated with 50 ' , ethanol and the 
ethanol-water mixture was concentrated. This procedure was 
repeated. The yellow residue was taken up in chloroform and 
filtered from a small residue. The CH(T< solution was evapo
rated in. raetto. and ethanol was added to the yellow glass. Pre
cipitation of a light yellow solid occurred, 2.0 g, mp 124-126°. 
Crystallization of the solid from ethanol gave light yellow needles, 
nip 120-127°, [«|2,ii> +148° (c 0.25, acetone!. Spectral proper
ties in 50',, ethanol showed maxima at 332 and 243 nba, minima 
at 275 and 222 m^i; spectral ratio in 50',', ethanol 332/243 m/j = 
5.3. 

Anal. Calcd for C1,H,„N..(),S: C, 48.00: II, 5.04: N, (i.llil; 
«,'".!)!).. Kound: C, 47.87: 11,4.80; N, 7.08: 8,7.02. 

l-#-i>-Arabinofuranosyl-5-methy)cytosine (VII). The t.hio-
niicleoside (VI, 1.3 g. 3.25 mmoles) within a glass container was 
treated with liquid Nil,-) (20 ml) and heated in a steel bomb for 
2!) hr at 55- -00°. The liquid ammonia was driven off by a stream 
of dry nitrogen. The resulting pale yellow syrup was dissolved 
in water (30 nil), neutralized with 2 X acetic acid, and applied 
to a Dowex 50 (II T) 100-200 mesh column (1.4 X 14 cm). The 
column was washed with water until the effluent was free from 
ultraviolet-absorbing material and then eluted with 2 X NH4OH. 
The ultraviolet absorbing fractious 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 cubic crystals precipitated. 0.72 g (80%), which sintered 
at - 1 5 0 ° , and effervesced at 160-165°: [a]Mn 4-105° (r 0.39, 
water!; ultraviolet absorption properties at- [ill 7.!! (neutral 

( I t ) Tin: li.wlrochloride of 2,2,~anh> dm-1 -,;- o-aral>inofuraiios\ lurar i l ua.-
uls.i conver ted In ill- friT base ill 1»T' -; yield li.t llii> I rrn I liienl . 

species), maximum at 277 ni/i it NliOOl. minimum at 253 inn 
(e 4600); in 0.1 .V HC1 ("cationic species), maximum at 287 inn 
(t 12,700), minimum at. 244 im< (f 1400). 

Anal. Calcd for ('i„II,-,N;,0;,. 114 >: C, 43.63; II, 6.22: N. 
15.14. Found: C. 44.00: 11,6.26: N, 15.14. 
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The elucidation and biosynthesis of pyrimidine 
nucleotides has established orotic acid (2,0-dihydroxy-
4-carboxypyrimidine) its an important metabolite. 
The significance of inhibition of this metabolic route is 
generally accepted as being reflected in antiviral, anti
neoplastic, and antibiotic effects on the organism/' 
Many isosteres and analogs of orotic acid as well as 
other pyrimidine derivatives have been shown to inter
fere" with orotic acid metabolism and subsequently 
with nucleic acid formation.4 We wish to report on 
the synthesis and biologic evaluation of a series of .">-
substi tuted orotic acid analogs designed as potential 
antimetabolites of orotic acid. Inhibition by pyrimi-
dines at this level of nucleic acid biosynthesis has the 
advantage of I he use of molecules which can be more 
easily prepared than their corresponding nucleotides 
and also have the opportunity of being more specific in 
action since earlier metabolites (e.g., aspartic acid, 
D P X , etc.) have more diverse metabolic applications. 

In view of the antinietabolic activity of some 2,4-di-
aminopyriinidines4f"'' on orotic acid a series of 2-amino-. 
2-hydroxy-. and 2-thio-()-amitio-4-carboxypyrimidines 
substituted tit the ."> position was synthesized. Al
though the .") position of orotic acid is not involved in 
the biosynthesis of the pyrimidine nucleotides, it has 
been mentioned by Stone and Potter1' its the choice posi-
iion for substitution in the preparation of orotic acid 
antagonists. A limited number of ."(-substituted orot ic 
acids have been synthesized and shown to possess anti-
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