
March 1969 CHEMOTHERAPEUTIC 5-XITROTHIAZOLES 303 

At 3-o weeks of age, the chicks were transferred to individual 
cages with hardware cloth floors where the efficacy experiments 
were conducted. 

The Eimeria tenella cultures used in these experiments were 
serially propagated in our laboratory over a period of several 
years. These cultures were isolated by single oocyst inoculation 
of coccidiosis-free birds to ensure the purity of the cultures. 
Infection was accomplished by depositing a predetermined vol
ume of calibrated oocyst suspension directly into the crop of each 
chick. 

The compounds tested in these trials were incorporated into a 
standard ration and fed to the birds for 2 days prior to infection, 
and continued for the duration of the test. 

The anticoccidial efficacy in these experiments was based on 

three factors: (1) mortality, (2) weight gain or loss, and (3) 
droppings scores. The primary criterion of efficacy was the 
mortality produced in the medicated-infected chicks as compared 
to the nonmedicated-infected chicks. Droppings scores and 
ratios of mean weight gains, medicated-infected vs. nonmedi-
cated-noninfected, were used as indicators of morbidity.3 
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A series of new 5-nitrothiazoles bearing carbon substituents in the 2 position has been prepared. Treatment 
of 2-bromo-o-nitrothiazole with CuCN provided o-nitrothiazole-2-carbonitrile, a key intermediate for subsequent 
conversion to other derivatives of 5-nitrothiazole-2-carboxylic acid. The corresponding aldehyde was obtained 
by condensing 2-meth3'l-5-nitrothiazole with benzaldehyde and oxidatively cleaving the resulting styryl inter
mediate. The compounds prepared in this study were evaluated in vivo for antimalarial and antischistosomal 
activity and in vitro for activity against bacteria, yeast, and a fungus. Little activity was noted in the malaria 
and schistosomiasis tests, but broad-spectrum inhibitory effects were widely evident in the in vitro assays. The 
most potent compound, 5-nitrothiazole-2-carboxaldehyde acethydrazone, was inhibitory at 1 ^ig/ml or less in all 
but one of the latter tests. 

Among the several classes of nitroheterocyclic drugs 
possessing useful properties in clinical or veterinary 
medicine,2 the 5-nitrothiazoles are of special recent 
interest. In addition to the well-established use of 
2-amino-5-nitrothiazole, and simple derivatives thereof 
(la-c), for the treatment of histomoniasis in turkeys,3 

another closely related nitrothiazole, niridazole (Id), 
has been found highly effective in human schis
tosomiasis4-6 and amebiasis.4'6'7 Favorable pre
liminary results against two other parasitic diseases, 
dracunculosis8-10 and strongyloidiasis,8,11 have also 

(1) This work was supported by the U. S. Army Medical Researcli and 
Development Command under Contract No. DA-49-193-MD-2750. This 
is Contribution Number 420 from the Army Research Program on Malaria. 

(2) W. T. Colwell, J. H. Lange, and D. W. Henry [J. Med. Chem., 11, 282 
(1968)] provide leading references in this area. 

(3) L. Joyner, S. Davies, and S. Kendall in "Experimental Chemo
therapy," Vol. I, R. J. Schnitzer and F. Hawking, Ed., Academic Press, New 
York, N. Y., 1963, pp 341-343. 

(4) Conference on the Pharmacological and Chemotherapeutic Properties 
of Niridazole and Other Antischistosomal Compounds, New York, N. Y., 
Oct 10-13, 1967; sponsored by The New York Academy of Science, Section 
of Biological and Medical Sciences and Division of Microbiology. 

(5) Acta Trop., Suppl 9, 1 1966. This publication comprises the proceed
ings of a symposium entitled Thertpuetique Nouvelle de la Bilharziose et de 
i'amebiase that was held in Lisbon, June 2-4, 1965, under the sponsorship of 
Professor F. S. da Cruz Ferreira of the Institute de Medicine Tropicale. 

(6) (a) H. L. Wolfe, Lancet, 330 (1967); (b) J. E. McMahon and C. P. 
Kilala, Brit. Med. J., 1047 (1966); (c) P. Schmidt and M. Wilhelm, Angev. 
Chem. Intern. Ed. Engl., 5, 857 (1966); (d) A. Ruas and L. T. Almeido 
Franco, Ann. Trop. Med. ParaUtol., 60, 288 (1966). 

(7) (a) S. J. Powell, A. J. Wilmot, I. MacLeod, and R. Elsdon-Dew, Am. 
J. Trop. Med. Hyg., 15, 300 (1966); (b) T. Kradolfer and R. Jarumilinta, 
Ann. Trop. Med. 1'amxitol, 59, 210 (1965). 

(8) G. Rattier, ref 4. 
(9) G. Raffier, Acta Trop.. 22, 350 (1965). 
(10) A. O. Lucas, ref 4. 
(11) G. Raffier, Experientia, 22, 826 (1966). 

been reported for this drug. In a recent paper in which 
Avramoff, et al.,u revealed a group of bis-5-nitro-
thiazoles with marked in vitro antiprotozoal activity, 
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they provided a brief survey of current developments in 
the nitrothiazole field. 

A characteristic feature of essentially all reported 
chemotherapeutic nitrothiazoles is the presence of a free 
or substituted amino group in the 2 position. In 
contrast, the antiprotozoal nitrofurans13,14 (e.g., furazol-

(12) M. Avramoff, S. Adler, and A. Foner, J. Med. Chem., 10, 1138 (1967). 
(13) H. Paul and M. Paul in "Experimental Chemotherapy," Vol. II , 

R. J. Schnitzer and F. Hawking, Ed., Academic Press, New York, N. Y., 1964, 
Chapter 7. 

(14) K. Miura and K. Reckendrof, Progr. Med. Chem., 5, 320 (1967). 
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idone, 2), the o-nitro-2-furyl nuclei of which are iso-
steric with the o-nitro-2-thiazolc nucleus, all bear 
carbon substi tuents in the 2 position, usually at the 
aldehyde or carboxyl oxidation level. The o-nitro-
imidazoles (e.g., 3), which have also achieved prom
inence recently as antiprotozoal drugs1 5 - 1 7 and are 
similarly isosteric with the o-nitrothiazoles. are also 
characterized by a carbon substituenf in the 2 position. 
As part, of a program to devise, novel antimalarial 
agents, it therefore seemed worthwhile to prepare o-
nitrothiazoles bearing carbon substituents in the 2 
position. In effect, this would combine the carbon 
side-chain types from the well-established antiprotozoal 
fui'an and imidazole series with the nitrothiazole 
nucleus, also known to possess antiparasitic properties. 
Some support for this concept was provided by the 
report of Samuels arid Stouder l s that 2-methyl-4-
nitrothiazole had some in ritro activity against Trich
omonas raginalis. Also, a low level of antimalarial 
activit v in one of a series of nitrofurans was reported by 
Wiselogle. l : ' 

Chemistry -The new compounds prepared in this 
study are listed in Table I, along with a few that were 
known previously. Preparative procedures are de
scribed in the Fxperimental Section and only a few 
general points need be discussed. 

:15) K. K. Ldsla^er in " A n n u a l R e p o r t s in Medic ina l Chemis t r 
. K. Cain , Ed . , Academic Press . New Vork, N . V.. 1967, ]i 130. 
(.IB) (a) R. Atk inson , J . W. l i r ad ley , J . R. Couch , a n d J . H. Qui: 

uidtril Sri.. 46, 1003 (1967), a n d references ci ted t he re in ; (b) .T. I 
:<.!•!•. T. W. Sul l ivan, a n d O. D. Grace , ihid., 47, 428 (1968). 

,17 . 1). 11. Huff in Proceedings of (he I n t e r n a t i o n a l S y m p o s i u m . 
. .search, M o n t r e a l . , lune 12-14, 1967, ].]> 100-107; sponsored by tl 
il C h e m i s t r y G r o u p of t he Chemica l I n s t i t u t e of C a n a d a . 

: 18) R. Samue l s a n d !.). .1. S touder , ./. 1'mtozool., 9, 249 119621. 
19.) ]•'. Wiselosile. "A Survey of Ant imala r ia l Druas , 1911-1916 

dicard.-. Ann Arhor. Mich. , 1916, p S:!. 
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Derivatives of .>-nitrothiazolc-2~earboxylic acid (4 7) 
were all ([uitc sensitive to alkaline reagents. For 
example, black resinous products were formed imme
diately upon treating 6 with X11:; or 4 with lithium 
aluminum tri-/-butoxyhydride.-" 

The synthesis of ">-nitrothiazole-2-carboxaldehyde 
(8) required 2-methyl-5-nitrothiazole (9) as precursor. 
At the time this study was undertaken this compound 
was unknown, although 2-methyl-4-nitrothiazole had 
twice been erroneously assigned the o-nitro struc
ture.-1 '-" After this work was completed. Asato- : i 

described a nitration procedure for preparing 9 from 
2-methylthiazole that was virtually identical with that 
developed for the present work. Asato established the 
structure' of 9 by converting it to a derivative of la. In 
the present work, conversion of ethyl 2-methyl-
thiazole-4-carboxylate-'1 to 9 ria 10 served the same 
purpose. 

During the exploratory phase of this work. 2,1-
tlimetlnd-.")-niti'othiazole-r' (11) was used in place of 9 
as a model in condensation experiments. Condensation 
of 11 with /)-chlorobenzaldehyde was found to favor 
reaction on the 2-methyI group (to give 12) rather than 
the 4-methyl, although bis condensation to give 13 was 
predominant in all experiments. The structure of 12 
was established by oxidation and decarboxylation to 
give 14.-'- This result contrasts with that of Ilerrling 
and Mueekter-'1 who assigned 4-styryl structures to 
monocondensation products obtained in a similar 
manner. 

Biological Activity.- When tested against lethal 
Plasmodium berghci infections in mice.27 compounds 
4, 5. 7. 9, 11, 13, 16, and 19-21 were without positive 
effect. Compounds 15 and 18 were marginally pro
tective, prolonging survival times of treated mice by 
about 2 days at (540 mg 'kg. As demonstrated in the 
malaria assay.-7 significant toxicity was present in the 
group; compounds 5, 11, 16. 19. and 21 caused toxicity 
deaths at (540 mg kg. Compound 4 was lethal at doses 
of 40 mg kg ami above. 

Five of the compounds (5, 11. 18. 20. and 21) were 
tested for antischistosomal activity in a mouse Schis
tosoma mansoni mortality assay,2s but they did not 
prolong the survival time of treated mice at nontoxic 
doses. 

In ritro assays against a series of four bacteria, two 
yeasts, and a fungus211 indicated that, distinct, broad-

)20) 11. ( ' . Brown and ( ' . I>. Clara, ./. , l i» . ( 7 , ™ . .Sec, 86, 10S6 i 191,11 
(21! II. von Haho and IS. l 'rijs, Heir. Chun. Art;, 33 , :106 I',),".!)). 
.22) K. G a n a p a l h i and K. K u l k a m i . l'-tw. Irdiun . | r , . , ( , Sn., 37A, 70S 

,19.-,:t). 
(2:i) G. Ai-ato. ./. <)<<j. Cl„m.. 33 , 2.V14 (1968). 
:21) 1). R. II. Jones . K. A. Robinson , and M. N. S i r a c h a n . ./. l 'J..i». Sm .. 

87 (1946). 
.25) K. G a n a p a t h i and A. Vei ika ta ramai i , Vrnr. Indum Arm!. Sri., 22A, 

:14:S {lit 15): ( ' / . us . .W.N/. . , 40, 40o6 (1946). 
(26) S. Uerr l ina and II, Mueck te r . G e r m a n Ta len t 1 ,1 59, 1'iU .196:1). 
(27) T h e s e tes t - were performed by Dr. Leo R a u e of t he I ' n i v e r s i n .4 

Miami , Miami , 1'la. T h e d a t a were p rov ided th rough (he c o u r l o y of Dr. 
David J a c o b u s of the Wal t e r Reed Army I n s t i t u t e for Research , f o r a de
script ion of t he tes t , see T. S. Osdene. P . I',. Russell , and Leo Rane . ./. Med. 
Chrm., 10, M l (1967). 

(28) Col. Wil l iam E. R o t h e of the Wal t e r Reed Army I n s t i t u t e of Re
search kindly p rov ided lest results and a descr ip t ion of t he test p rocedure . 
I.t. Go!. M y r o n G. Ra. lke M06 Medical Labo ra to ry , A P O San Krancisco 
Calif. 90:St:l! d i rected t he scl.isl . isomiasis assay work. 1'i.r a descr ipt ion ..1 
•he assay, see W. G, Duncan and I). W. l l e n n , ./. Mid. Chin,., 12, 2.'. 

19119). 
(29, A serial, tenfold. 

2 plot id.> a descr ipt ion 
u h h u i o n p •d. ltefe 
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spectrum, growth-inhibitory properties are present 
in the type of nitrothiazole examined in this study. 
All of the compounds except 11, 13, and 15 blocked 
the growth of all test organisms in the 100-1000-/!g/ml 
range and several (19-21) were uniformly active in the 
0.1-10-^g/ml range. Furazolidone analog 21 was 
0.1-0.01 times as active as the nitrofuran parent. 
Acethydrazone 20, the most potent nitrothiazole in 
this test, was only slightly less active than furazolidone. 

Experimental Section30 

5-Nitrothiazole-2-carbonitrile (4).—A stirred mixture of 30 g 
(0.33.5 mole) of CuCN in 150 ml of DA IF at 140° was treated 
with 30.0 g (0.144 mole) of 2-bromo-5-nitrothiazole.21 After 1 or 
2 min, the temperature of the mixture rose spontaneously to 154° 
without external heating and was then maintained at 150° by 
heating. Exactly 10 min after the bromo compound had been 
added, the mixture was cooled under the tap and poured slowly 
into 800 ml of vigorously stirred E t 2 0 . The yellow supernatant 
was decanted from the dark viscous oil that precipitated. The 
E t 2 0 phase was extracted four times with H 2 0 and dried (Xa2-
S04). Evaporation in vacuo left 13.3 g (59%) of an orange, 
readily crystalline product suitable for further reactions. A 
3.1-g sample was recrystallized from aqueous AleOH to give 1.2 g 
of yellow crystals, mp 48.5-49.5°. Anal. (C4HX302S) C, H, N. 

Ethyl 5-Nitrothiazole-2-carboximidate (5).—A slightly warm, 
filtered, stirred solution of 6.0 g (39 mmoles) of crude 4 
in 25 ml of absolute EtOH was placed in an ice bath and was 
treated quickly with a solution of 8 mmoles of XaOEt in 4 ml of 
absolute EtOH. The mixture, which instantly turned very 
dark, was seeded immediately and stirred for 3-4 min longer. 
Dilution with 50 ml of HoO gave a dark, crystalline suspension of 
product (4.5 g). Recrvstallization (charcoal) from 75 ml of 
90% EtOH (diluted while warm with 150 ml of H 20) gave 3.4 g 
(44%) of tan material, mp 87-88°. Anal. (C6H7X303S) C, H, N. 

Ethyl 5-Nitrothiazole-2-carboxylate (6).—Hydrolysis of 189 
mg (0.94 mmole) of 5 in dilute HC1 (immediate reaction at 25°) 
provided 182 mg of crude product, mp 38-43°, analytical sample 
mp 48-49° (hexane). Anal. (C6H6X204S) C, H, X." 

2-(5-Xitro-2-thiazoly])-2-thiazoline (7).—A solution of 0.69 g 
(3.4 mmoles) of 5 and 0.39 g (3.4 mmoles) of 2-mercaptoethyl-
amine hydrochloride in 6 ml of absolute EtOH was refluxed for 
12 hr. The dark crystalline mass that formed was crushed in 
situ, and ca. 10-15 ml of H 2 0 was added. After cooling in ice, 
the dark brown, crude product (0.56 g) was filtered off and washed 
(H20). The crude material was extracted three times at 90-100° 
with a total of 50 ml of heptane. The combined extracts were 
concentrated on the steam bath under a stream of N2 until the 
product began to precipitate. Chilling netted 266 mg (36%) of 
reddish, flaky crystals, mp 142-144.5°, analvtical sample mp 
145-146.5° (EtOH). Anal. (C6H5X302S2) C, H, X. 

2-MethyI-5-nitrothiazoIe (9) and 2-methyI-4-nitrothiazole (16) 
were prepared from 2-methylthiazole31 by the method of Asato.23 

2-(f3-StyryI)-5-nitrothiazole (15).—A* mixture of 28.8 g (0.20 
mole) of 9, 80 ml of benzaldehyde (ca. 0.8 mole), 20 ml of piperi-
dine acetate catalyst solution, and 50 ml of absolute EtOH was 
heated at 70-80° for 10 hr. [The catalyst solution was prepared 
by mixing 5.7 ml (6.0 g, 0.10 mole) of AcOH and 9.9 ml (8.5 g, 
0.10 mole) of piperidine in 50 ml of absolute EtOH.] A few 
crystals of previously obtained product were added at the begin
ning of the reaction. Cooling in ice caused precipitation of the 
dark brown, crystalline product. Purification was effected by 
washing thoroughly with EtOH and sublimation at 155-160° 
(0.1 mm); yield of yellow-orange crystals, 23.4 g (50%); mp 163-
166°; analvtical sample mp 164-166° (EtOH). Anal. (C„HSX,-
0,S) C, H, X. 

(30) Melting points were taken in a Mel-Temp apparatus and are cor
rected. Microanalyses were performed by Miss Betty McCarthy of the 
Stanford Research Institute Analytical Department. Where analyses are 
indicated only l>y the symliols of the elements, analytical results obtained 
for those elements were within ± 0 . 4 % (if the theoretical values. 

(31) R. Handley, E. F. G. Horington, M. Azzaro, and J. Metzger, Bull. 
Sac Cliim. France, 1H04 (1!)63). 

5-Nitrothiazole-2-carboxaldehyde (8).—A mixture of 22.0 g 
(0.095 mole) of powdered 15, 42.8 g (0.20 mole) of XaI0 4 , 300 
ml of ethylene glycol dimethyl ether (glyme), 100 ml of H»0, 
and 1.0 g of Os04 (added last) was stirred mechanically for 12 hr 
at room temperature.32 The reaction mixture was poured into 
ca. 1 1. of H 2 0 and extracted with CHC13 (three times). After 
drying (XaS04) solvents were largely removed in vacuo and the 
very dark residue was filtered through glass wool. The collected 
solids were washed with a little CHCls and the combined filtrate 
and washings were distilled. Benzaldehyde was collected at 
25-35° (1-3 mm), followed by the desired product (4.4 g, 29%) at 
80-90° (1.0 mm). It crystallized upon cooling below room tem
perature and melted at about 20°. This compound, although 
nearly colorless, causes persistent dark brown to black stains on 
the skin. 

A pure sample of the aldehyde was collected by glpc (conditions, 
91.4 X 9.65 cm column packed with 7% SE 30 on Gas-pak F, 
60-80 mesh, 147°, 100 ml of He/min) ; retention time 2.7 min. 
Anal. (C4H„N203S)C,H,X. 

Derivatives of 5-»itrothiazole-2-carboxaIdehyde formed rapidly 
in aqueous EtOH from equimolar amounts of reagents in the 
presence of a few drops of 3 A* HCL They precipitated spon
taneously except for the oxime which required dilution with 
H 2 0 : semicarbazone (18), mp 260-270° dec, 93%, yellow 
crystals (Anal. (C5H3X5OaS) C, H, X) ; oxime (19), mp 153-163° 
dec, 83%, off-white crystals (Anal. (C4H3X303S) C, H, X); 
acethydrazone (20), mp 238-244° dec, 67%, yellow crystals (Anal. 
(C6H6X403S) C, H, X); 3-(5-nitro-2-thiazolylmethylideneamino)-
2-oxazolidinone (21), mp 220-225°, 89%, yellow crystals (Anal. 
(C,H6X404S) C, H, X). 

Ethyl 2-Methyl-5-nitrothiazole-4-carboxylate (10).—Ethyl 2-
methylthiazole-4-carboxylate24 (1.0 g, 5.8 mmoles) was nitrated 
with X204-BF3 in CH 3X0 2 by essentially the method used by-
Parent for 2-nitrothiazole.33 Examination of the crude oily 
product (0.76 g, isolated by E t 2 0 extraction) by glpc showed it to 
consist of about 60% of 10, 20% of starting material, and 20% of 
9; the latter compound was apparently formed from the product 
during work-up. Pure nitro ester was isolated by preparative 
glpc. It was an oil that crystallized upon chilling in the refriger
ator. The ir spectrum was consistent with the assigned struc
ture. Anal. (C,H8X204S) C, H, X. 

2-Methyl-5-nirrothiazoIe (9) from Ethyl 2-Methyl-5-nitro-
thiazoIe-4-carboxylate (10).—A solution of 40 mg (0.18 mmole) 
of 10 in 0.5 ml of EtOH was heated overnight with 1 ml of 3 3 % 
aqueous H2S04. The mixture was diluted with 2.5 ml of H 2 0 
and extracted with E t 2 0 . Removal of the E t 2 0 left 15 mg 
(56%) of crystalline product, mp 63-68°, whose ir spectrum was 
identical with that of 9, lit.23 mp 70-72 °. 

2,4-Di(jB-chloro-(3-styryl)-5-nitrothiazoIe (13).—A mixture of 
2.0 g (12.7 mmoles) of 2,4-dimethyl-o-nitrothiazole,25 7.15 g of 
p-chlorobenzaldehyde (51 mmoles), 20 ml of absolute EtOH, and 
1 ml of piperidine was heated at 75° for 1.5 hr. The product, 
which crystallized from the dark solution during the reaction, was 
filtered off and washed with EtOH and H 2 0 ; crude weight 1.8 g. 
It was crystallized from AIe2C0 to give 1.0 g of product melting at 
221-227°, analvtical specimen mp 225-227°. Anal. (Ci„HpClo-
X202S) C, H, X. 

2-(p-Chloro-/3-styryl)-4-methyl-5-nitrothiazoIe (12).—A mix
ture of 0.40 g (2.5 mmoles) of 2,4-dimethyl-5-nitrothiazole,25 0.35 
g (2.5 mmoles) of p-chlorobenzaldehyde, and 2 drops of piperidine 
was heated at 140° for 2 hr. The dark reaction mixture was 
cooled and triturated with 3.5 ml of absolute EtOH. The result
ing crystalline suspension was chilled and filtered, and the crude 
product (416 mg) was washed with EtOH. Tic (silica gel, E t 2 0) 
showed that the bis condensation product (Ri 0.85) and the de
sired monocondensation product (Ri 0.75) were present in about 
equal quantities. Sublimation (150°, 0.1 mm) provided 196 mg 
(28%) of nearly pure 12 (by tic). Recrystallized from Me2CO 
and resublimed it melted at mp 170-172°. Anal. (Ci2H»ClX2-
02S) C, H; X: calcd, 9.99; found, 10.4.5. 

4-Methyl-5-nitrothiazoIe (14) from 2-(p-Chloro-/3-styryl)-4-
methyl-5-nitrothiazoIe (12).—A mixture of 0.28 g (1.0 mmole) 
of 12 in 10 ml of Ale2CO was stirred in an ice bath and treated 
over ca. 20 min with 0.42 g (2.67 mmoles) of KMn0 4 . After 

(32) General procedure of R. Pappo, D. S. Allen, R. U. I.emieux, and 
W. S. Johnson, ./. Org. Chern., 21, 478 (1950). 

(33) R. A. Parent, ibid., 27, 2282 (1962). 
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stirring 1 hr longer, 10-20 ml of HjO was added and the MnOj 
was removed by filtration. The filtrate was made acidic by 
addition of 2-3 ml of 3 A' IIC1, and the resulting suspension was 
heated at 100° for O.fi hr, cooled, and filtered. Extraction of the 
filtrate with Et2() provided 48 mg of oil. Glpc indicated this to 
be about SO'/j p-chlorobenzaldehyde and 20 r , 4-methyl-o-nitro-
thiazole. The latter component was isolated by glpc in crystal
line form, mp 4S-50.50. I ts ir spectrum was identical with that of 

authentic 4-methyl-o-nitrothiazole (mp ."2 .">:>.,">°), prepared by 
nitration of 4-methylthiazole,2- and quite different from that of 
2-methyl-.Viiil rot hiazolo. 

Acknowledgment. The author is grateful to Miss 
Debra Tinker for assistance during the early phases of 
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The synthesis of 3'-C-methylcytidine and its a-o auomer as well as 2'-C-methylcytidine, 2'-C-methyl-r>-nuoro-
eytidine, and 2'-C-methyl-5-fluorouridiiie via the Hilbert-Johnson reaction is described. In the synthesis of 
2'-C-methylcytidine from N-acetylcytosinemercury a preponderance of the "O-glycoside" was formed. Biologi
cal testing indicates that 3'-C-methylcytidine as well as the previously synthesized 2'- and 3'-0-methyladeno-
sines are effective antivaccinia agents in mice. 

In earlier publications we described the synthesis of 
2'-C-methyladenosine ( l ) l a ' b and 3'-C-methyladenosine 
(2)lc from the novel branched-chain glycosyl halides 
2,.3,.")-tri-0-benzoyl-2-C-methyl-^-D-ribofuranosyl chlo
ride (3) and 2,3,o-tri-0-benzoyl-3-C-methyl-a:- (and 
fi-) i)-ribofuranosyl bromide (4), respectively. We 
have now used the halides 3 and 4 in the synthesis of 
several related pyrimidine 2'- and 3'-C-methyl nucle
osides. This paper describes the syntheses of these 
compounds. The effective antiviral activity shown by 
2'-C-methyladenosine (1), 3'-C-methyladenosine (2), 
and 3'-C-methylcytidine (5), as evidenced by the pro
tection they afford mice infected with neurovaccinia, 
is also reported. These branched-chain sugar nucle
osides are representatives of a new class of synthetic 
antiviral agents. 

For the synthesis of 3'-C-methylcytidine (5), 2,3,")-
tri-()-benzoyl-3-C-methyl-D-ribofuranosyl bromide (4) 
was converted to l-(2,3,o-tri-0-benzoyl-3-C-methyl-
fJ-D-ribofuranosyl)-4-methoxy-2(lH)-pyrimidinone (6) 
by a Hilbert-Johnson2 reaction with 2,4-dimethoxy-
pyrimidine (7) (Scheme I). In addition to 6, the a-i> 
anomer 8 was isolated from the reaction mixture in a 
yield about one-tenth that of the (3-D anomer 6. 
Reaction of the pyrimidinones 6 and 8 with methanolic 
ammonia produced 3'-C-methylcytidine 5 and its «-D 
anomer 9, respectively. 

In contrast, the Hilbert-Johnson reaction between 
2,3,5-tri-()-benzoyl-2-C-methyl-/3-D-ribofuranosyl chlo
ride (3) and 2,4-dimethoxypyrimidine (7) was very 
sluggish (Scheme II). Chromatography of the reaction 
products yielded the desired l-(2,3,5-tri-0-benzoyl-2-

(1) (a) L. Wal ton , S. R . J enk ins , R. K. N u t t , M . Z i m m e r m a n , and K. \V. 
Holly, ./. Atner. (^hem. .Sot'., 88, 4524 (1966); M>) S. R . J enk ins , B. Arison. 
and 1-:. Wal ton , ,/. Org. Chern., 33 , 1798 (1968); ic) R . V. N u t t , M. J . Dickin
son. !•". W. Holly, and F . Wa l ton , ibid., 33 , 2490 (1968). 

(2) ft. !•:. Hill ien and T. B. Johnson , ./. Amrr. Cl.rm. Sue., 52, 2001 i 1!«0). 
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C-methyl-/3-n-ribofuranosyl-4-methoxy-2(lH)-pyrimi-
dinone (10), but failed to indicate that any of the a-i> 
anomer of 10 had been produced.3 When 10 was 
heated in methanolic XH3, 2'-C-methylcytidine (14) 
was obtained. 

In a similar manner, reaction of the glycosyl chloride 
3 with 2,4-dimethoxy-o-fluoropyrimidine (15)4 produced 
I-(2,3,")-tri-0-benzoyl-2-C-methyl-/3-D-ribofuranosyl)-o-
fluoro-4-methoxy-2(lH)-pyrimidinone (16), which 

(3) '[ ' . .1. Barilos. M . P . Kotiok, and (.'. C'zantay, Tetrahedron Lilt., 1 i ,~>9 
(1966), h a v e shown tha t in react ions of s i lated pyr imid ines with D-glycosyl 
halides, high t e m p e r a t u r e s t'avor t he (3-D configurat ion, whereas at low tem
pera tu res t he a-n p roduc t p r e d o m i n a t e s . T h e isolat ion of only 0-n p r o d u c t s 
in t he reac t ion ot 3 with a lkoxvpyr imid ines may lie a result of t he hiyh reac
t ion t e m p e r a t u r e s requi red . 

14) M. I ' rvs tas and F. S . r in , C.Urrt. f>W, . Chun. Commnn.. 30, 1900 
I » ! ) • > ) . 


