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OCH, 
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7, X = H  
15, X = F  

* I I 

10, X=H;  R=CH3 
12, X=H;  R = H  
16, X=F; R=CH3 

14, X'H; Y=NH2 
17, X - F  Y=NH2 
18, X = F  Y=OH 

BzO OH 
11 

was subsequently converted into 5-fluoro-2'-C-methyl- 
cytidine (17) and 5-fluoro-2'-C-methyluridine (18). 

2'-C-Nethylcytidine was also prepared from 3 and N- 
ncetylcytosinemercury (19). When 3 and S-acetyl- 
cytosinemercury reacted, 1- (2,3,5-tri-O-benzoyl-2- 
C-methyl-p-~-ribofuranosyl)-4-acetamido-2( lH)-pyrim- 
idinone (20) was formed, but in low yield; the major 
reaction product was 2-(2,3,5-tri-O-benzoy1-2-C- 
methyl - p - D-ribofuranosyloxy)-4-acetamidopyrimidine 
(21)5 (Scheme 111). The ribofuranosyloxy derivative 
21 was rearranged to 20 in refluxing xylene containing 
HgBr2.'j The rearrangement was slow and mas accom- 
panied by considerable decomposition with the 
formation of 11" and the yield of 20 was only 25%. 
Ammonolysis of 20 produced 2'-C-methylcytidine, 

( 5 )  Although t h e  formation of "0-glycosides" in the  synthesis of pyrimi- 
dine nucleosides t h e  mercury method is not uncommon, the  formation of 
the  0 derivative (21) in the  present case v a s  unexpected. Previously 
~-ace ty lcy tos inemercury ,  with a base to  mercury ratio of 1: 1, has yielded 
N-~Iycosyl  derivatives exclusively in reaction with glycosyl halides; see, for 
example, A I .  Hoffer, R.  Duschinsky, J. J. Fox, and N. Yung, J .  B m e r .  Chem.  
Sue.,  81, 4112 (1959); J. J. Fox, h-. C .  Tung, I. IVempen, and hl. Hoffer, 
ib id . ,  83, 4066 (1961); J. J. Fox, N. Yung, I. Kempen,  and I. L. Doerr, ib id . ,  
79, 5060 (195i);  H. 31. Kissman and AI .  J.  ITeiss, ib id . ,  80, 2595 (1958); 
C. L. Stevens and K. Saparajan,  J .  M e d .  P h a r m .  Chem. .  6, 1124 (1962); 
c'. L. Stevens and P. Blumherrs, J .  Org. Chem. ,  30, 2723 (1965). During the  
course of this nork H. G. Gara and T. L. V. Ulhricht, J .  C h e m .  SOC., C ,  51 
(196i ) ,  reported tiie first obserration of the  formation of a n  0-glycoside in 
the  reaction of K-acetyicytosinemercury with 3,4,6-tri-O-acety1-2-deoxy-Z- 
(2',4'-dinitroanilino)-a-~-glucopyranosyl bromide. They suggested tha t  tiie 
formation of the  0-glycoside may he related to the lowered reactivity of their 
glycosyl halide. Hon.erer, the reaction of 3 with N-acetylcytosinemercury 
\ \as  rapid 0 0  min) compared t o  the sloiv reaction (5 hr) noted by Garg and 
U1l)richt. T h e  recovery of 0-glycoside in the  present case is more likely due  
to  t h e  more restrictii-e steric interaction of the pyrimidine moiety with the  
2'-C-methyl group in 20 than  in 21. 

(6) (a) G .  ITagner and H. Pirchel, S i i tu r z f . i .~ i en , , eha fe~ ,  48, 454 (1961); 
(b) T. Ukita,  I [ .  Hayarsii. and Y. Tomita, C h e m .  I'hnrm. Bzcll. (Tokyo), 11, 
1068 (IY6,'i). 
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identical with that obtained by the Hilbert-Johnqon 
method. 

Configurational Assignments.-The ORD curves of 
the products 5, 14, 17, and 18 all showed positive Cot- 
ton effects, whereas that of 9 showed a negative Cotton 
effect which is in keeping with the configurational as- 
signments.' The ''trans rule'' * predicts that the 2'- 
C-methylcytidine obtained from the reaction of 3 with 
S-acetylcytosinemercury would be of the p-D configura- 
tion. That it was identical with the product from the 
Hilbert-Johnson reaction supports the proposal that 
all of the products, except 9, obtained from 3 via Hil- 
bert-Johnson reactions are also of the p-D configuration. 

Biological Activity.-The role of nucleosides in the 
suppression of DSA virus replication has been studied 
extensively, both in the in  vitrog and i n  vivo10 host sys- 
tems. The studies reported herein are concerned with 
the activity of branched-chain sugar nucleosides in the 
suppression of dermal lesions in the vaccinia-infected 
mouse. The use of the tail vein assay system is ad- 
vantageous in that it is highly sensitive and compares 
favorably in reliability to severe testing procedures for 
systemic manifestation of neurovaccinia infections. 
The test system here reported results in a self-limiting 
disease offering opportunity to observe the onset, 
progress, and ultimate regression of the disease procesh. 

Data relating the antivaccinia effect of the test and 
reference compounds are shown in Table I. The 
relationship of drug concentration to range of lesion 
within a given test group with the reiultant median 
lesion count suggests a dose-dependency response in 
the case of the active compounds. 

2'-C-llethyladenosine and S-methylisatin 3-thiosem- 
icarbazone" at  the 2.0-mg level were comparable in 

( 7 )  T. L. V. Ulhricht, J. P. Jennings, P. RI. Scopes, and I\'. Klyne, Tetrn-  
h e d r o n  Lett., 695 (1964). 

(8) B. R. Baker, Ciba Foundation Symposium, Chemistry and Biology of 
Purines, Little, Broivn and Co., Boston, Rlass., 195i, p 120. 

(9) (a) E. C. EIermann, Proc .  SOC.  E r p .  Bid.  .Wed,, 107, 142 (1961): ( 1 1 )  
N. P. Salzman, -1. J. Shatkin, and E. D. i3edrin.r. A n n .  S. Y .  A c a d .  Sci.. 180, 
240 (1965). 

(10) (a) H. D .  Kauffman, Proc .  SOC. E r p .  B id .  M e d . ,  109, 251 (1962); (11) 
P. Calahresi, R. IV. RlcCollum, and A .  D .  \Velch, S a t u r e ,  197, 763 (1963). 

(11) 3Iarllorana,  methisasone. D .  J. Bauer and P. IT. Sadler, B r i t .  J 
Pharmaeo l .  Chemotherapy ,  16, 101 (1960). 





2'-C-Methylcytidine (14) from 10.--Ry the method iised for 
the preparation of 5 ,  1.0 g (1.7 mmoles) of 10 was converted into 

tallization (3leOH) gave 394 my (90cx) of 14 as 
solvate, mp 243-24.3" (transition 140-170"). After being dried 
at, 110' for several hours a t  rednced pressure 14 had mp 243- 

pk (288),  0 (272) ,  -21,800 tr (245) (c 0.031, H2O). (Cm- 

1-( 2,3,5-Tri-O-benzoyl-2-C-methyl-~-~-ribofuranosy~)-5- 
fluoro-4-methoxy-2( la)-pyrimidinone (16).-By the procediire 
iised to synthesize 6, 4.8 g (9.7 mmolen) of 3 and 3.5 g (22 .2  
mmoles) of 153 were ronveried ir1t.o 16. After piirifiration by 
chromat#ography on  uilica gel in CsH6-EtOA4c (10: 1) followed hy 
rerryst,allixation (CsHs-EtYO), there was obtained 3.2 g ( 3 5 5 )  
of 16, mp 157-159', [a111 -14" (c 1, CHClr). ( C T P H ~ T -  

5-Fluoro-2'-C-methyluridine (18).-.4 suspension of 603 mg 
(1.0 nimole) of 16 in 20 ml of LLleOH in 2 ml of € 1 2 0  and 170 mg 
(4.0 nimoles) of XaOH was refliixed 45 min and the soliition was 
roncentrated. The residiie was dissolved in 20 ml of H20 and 
Ilowex 305-4 ( H + )  resin was added iintil the pH was 4. The 
resin and precipitated benzoic acid were removed and washed 
(H?O) and the combined HnO solut.ions were washed six times with 
Et,20. The H 2 0  layer was concentrated and the residue was re- 
crystallized i lIeOH-Et20) twice to give 74 mg (27yc) of 18: 
mp 203-207" : [ a ] ~  +HO" ( e  1, DZO); d +700" (400 mp), 
+13,100 pk (288) ,  0 (274); nmr (1120), 7 4.03 (d C-1' H, J ~ , F  = 
1.3 Hz). 
5-Fluoro-2'-C-methylcytidine (17).-By the procedwe used in 

the synthesis of 5 ,  80 mg (0.13 mmole) of 16 was converted into 
17. Recrystallization (MeOH-Et,O) gave 24 mg (67%) of 17: 
mp 247-249'; Rf 0.78, tlc on cellulose in H,O: [4 ]  +1200" (400 
mp), +15,700 pk (302), 0 (281); nmr (I)&), T 4.10 (d, C-1' H, 

1-( 2,3,6-Tri-O-benzoyl-2-C-methyl-p-~-ribofuranosyl)-4-acet- 
amido-2( 1H)-pyrimidinone (20) and 2 4  2,3,5-Tri-O-benzoyl-2-C- 
methyl-~-ribofuranosyloxy)-4-acetamidopyrimidine (21).-2,3,.5- 
Tri-O-benzoyl-2-C-methyl-p-~-ribofuranosyl chloride (3) (3.4 
mmoles) in 73 ml of dry xylene was added to a suspension of 327 
mg (2 mmoles) of 19 in 73 ml of dry xylene and the mixture m-as 
refllixed and stirred for 30 min. The reaction solution was con- 
centrated to  35 ml, cooled, and treated with 175 ml of petroleiim 
ether. The precipitated solid was removed, dissolved in 100 ml 
of CHC13, and washed wit,h three 40-ml portions of 30CG KI solu- 
tion and t,wo 40-nil portions of H20. The CHC1, solution was 
concent,rated and the residue (1.2 g )  was chromatographed on 40 
g of silica gel in  CHC13-EtOAc (1 : 1). The eluent was monitored 
by tlc on  silica gel in the same solvent mistiire. The first several 
column fractions contaiiied two reaction products of Ri (tlc) 0.8 
and 0.96. Later column fractions contained a prodiict showing 
an Rf (tlc) of 0.23. These fractions were combined and con- 
centrated to give 100 mg (13c; based on 19) of 2 as a glass: [ a ] ~  
-46" (c 0.86, CHC13); iiv max (EtOH), 231 mp (log E 43.0), 273 
irifl (8.0),  283 ( 7 . 3 ) ,  300 (6.1). dnal .  ( C ~ R H , ~ ~ , O , )  H, 4; C: 
calcd, 64.80; forind, 64.37. 

The first products ( I f f  0.8 and 0.96, 1.05 g )  that, were removed 
from the chromatographic column were rechromahgraphed on 
40 g of silica gel in C~H6-Eto~kc (19: 1). Several fractions yielded 
200 mg of by-prodiicts followed by fractions corit,aining 600 mg of 
prodiirt, whirh when crystallized twice from 1IeOH gave 400 mg 

244"; 

H i - , S 3 0 j )  C, H,  N. 

[a]D +13'2" ( C  0.5, H20); 4 +4000° (400 mp), +19,200 
Anal. 

Anal. 
FStOg) C, H, F, N. 

Anal. (CIOHL~FX~O~) C ,  H, F, K. 

J1.r: = 1 Hz). d n d .  (CiaHiaFSsO:) C, H, N. 

(*52%) of 21: mp 99-100'; [ a ] ~  +SO.lo i c  1, CHCI,): iiv mas 
IEtOH), 230 mp (log E 49.5), 274 (t4.5). (C33H281X30!1) C, 
H, X. 

I-( 2,3,5-Tri-O-benzoyl-2-C-methyl-~-~-ribofuranosyl)-4-acet- 
amido-2( 1H)-pyrimidinone (20) from 24 2,3,5-Tri-O-benzoyl- 
2-C-methyl-~-ribofuranosyloxy)-4-acetamidopyr~mid~ne (21).- 
A soliition of 100 mg (0.16 mmole) of 21 in 20 ml of dry xv- 
lene containing 180 mg (0.5 mmole) of HgBrr was refliised for 
4 hr, filtered, and concentrated. The residiie was added to 20 
ml of CHC13 and filtered, and the CHC13 soltition was waqhed 
with three 15-ml portions of :<Or; KI and three 15-ml portions 
of H20 .  Concentration of the CHCl, layer gave 80.5 mg of 
re.sidna1 glass which was chromatographed on silica gel i n  C,He- 
EtOAr (1: 1). After removal of 11 (Ri 0.8) fractions cont,aining 
20 were obtained. The yield of 20, having propert.ies identical 
with that prepared above, was 25 mg (25R).  

2'-C-Methyicytidine (14) from 20.-By the method iised to 
prepare 5, 47 mg (0.08 nimole) of 20 was converted into 17 mg 
( 8 0 5 , )  of 14 with properties identical with t,hose of 14 prepared 
from 10. 

Virus.-The WR strain of vaccinia viriis 
was obtained from the American Type Ciiltiire Collection and 
maintained in tmhis lahoratory as part of the viriis seed stock in- 
ventory. The stork pool iised in these stitdies was the 25th 
moiise brain passage, stored at  -80" as a 10co mouse brain stis- 
pension aiid had a mouse brain titer of 106,3LDj0 per 0.03 ml. 
The appropriate dillition of viriis used for intravenolis inoculation 
was so standardized that discrete tail lesions appeared at  3 days 
but had no lethal effect on the drug-treat,ed or placebo mire. 
Virus dilutions were prepared with niitrient broth. 

Mice.-Random-bred male albino mice (IRC strain) weighing 
9-11 g a3 obt.ained from t,he Merck Sharp and Dohme moiise 
breeding colony were used throughout, these studies. 

Compounds and Treatment Regimen.-The compoiinds used 
in the antiviral studies incliided the branched-chain sugar 
niicleosides (1, 2, 6, and 14) described in this and earlier' publica- 
tions. The compounds were dissolved in nutrient broth and 
diluted to contain 2.0, 1.0, and 0.3 mg/0.5-ml dose or approxi- 
mat,ely 200, 100, and 50 mg/kg, respectively. The respective 
compoiind dosage was administered to  groups of ten mice each by 
the intraperitoneal roiite 3 hr prior to viriis challenge. -4 single 
postinfection dose of rompoiind was administered 18 hr later. A 
suspension of the reference compound, S-methylisatin 3-thio- 
semicarbazone (13) was prepared and administered as described 
above. 

Virus Inoculation.-The appropriat,e virlis dilution contained 
in 0.2 ml was administered intravenoiisly. To facilitate this 
procediire, the tail veins were dilated by placing the mice in a 
thermostatically controlled warming box for approximately 10 
min prior t o  inoculation. 

Anal. 

Biological Testing. 
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