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with an authentic sample.’O This confirms structure 
IV. Compound V gave a correct elemental analysis 
for a trityl dimethylated FUDR derivative; on acid 
detritylation it gave a product, which on acid hydroly- 
sis, like VIII, gave 3-N-methyl-5-fl~orouracil~~ as 
indicated by the identity of its uv absorption spectrum 
and tlc comparison with an authentic sample. This 
product was assigned structure IX because it has a 
higher R f  in tlc systems A-D than VIII. 

Compound I1 gave a correct elemental analysis for a 
monomethylated trityl FUDR derivative and, like 111, 
it had a uv absorption maximum at  290 mp. On acid 
detritylation I1 gave 1-(2-deoxy-P-~-ribofuranosy1)-4- 
methoxy-5-fluoro-2( 1H)-pyrimidone (VI). Compound 
VI had a uv absorption maximum at  285 mp (un- 
changed by the addition of acid or alkali) and its nmr 
spectrum showed a three-proton singlet centered at  
6 3.95 corresponding to the methoxy group (the S-Me 
group of VI11 is a t  6 3.35). lo VI on treatment with 30% 
aqueous formic acid (3 days, room temperature) or with 
1 N aqueous SaOH (40 min, room temperature) gave 
FUDR as the only uv-absorbing product, as ascertained 
by tlc (systems A-D) and uv absorption spectra. On 
heating with methanolic NH3 under pressure followed 
by acid detritylation, I1 gave 5-fluoro-2‘-deoxycytidine 
(FCDR) in over 80% yield.I2 This, along with ele- 
mental analyses, confirms structures I1 and VI. Com- 
pound I11 on detritylation yielded a product (VII) 
which gave an analysis for a dimethylated FUDR 
derivative. The product, like VI, had a uv absorption 
maximum at 285 mp (at pH 2 and 12). By analogy 
with VI, VI1 on treatment with dilute acid or alkali 
gave X, which, like FUDR, had a UV absorption 
maximum at  269 mp. Likewise on strong acid hydroly- 
sis X gave FU as the only uv-absorbing product, but 
its nmr spectrum showed a three-proton singlet a t  6 
3.32, indicating the presence of a methyl group. 
Since this methyl group could only be at  the 3’ position 
(5’ was blocked during methylation), VI1 and X must 
be 1-(2-deoxy-3-O-methyl-~-~-ribofuranosyl)-4-me- 

(10) Compound VI11 has been prepared by the action of CHzNx on FUDR: 

(11) T. A. Khwaja and C. Heidelberger, unpublished results. 
(12) I. Wempen, R. Dusohinsky, L. Kaplau, and J. J. Fox. J .  A m .  Chem. 

T. A. Khwaja and C. Heidelberger. unpublished results. 

Soc., 85 ,  4755 (1961). 

thoxy-5-fluoro-2(1H)-pyrimidone and 3’-O-methyl-j- 
fluoro-2‘-deoxyuridine, respectively. As in the synthesis 
of FCDR described above, I11 on treatment with 
methanolic S H 3  followed by  detritylation gave 3’-0- 
methyl-5-fluoro-2’-deoxycytidine (XIII). This con- 
stitutes the first synthesis of a series of 3’-O-methylated 
deoxyribonucleosides. 

I t  is of interest to note that both I1 and IV could not 
be converted to the corresponding dimethylated deriva- 
tives I11 and V, in spite of using more vigorous condi- 
tions (heating under reflux) and repeated methylations 
with 1IeI in the presence of AgZO. The methylation of 
I is a slow process and takes more than 10 hr for com- 
pletion; short-term methylation of I ( 2  hr at  room 
temperature) followed by detritylation of the products 
gave a uv-absorbing component corresponding to X. 
This suggests that 3’-0-methyl-5’-O-trityl-5-fluoro-2’- 
deoxyuridine may be one of the first methylation prod- 
ucts and is the precursor of I11 and V. Thus, in the 
case of pyrimidine 2’-deoxyribonucleosides, base me- 
thylation (S-3 or 0-4) seems to decrease the reactivity 
of the free 3’-hydroxyl group in such a way that it is not 
susceptible to the methylating agent.13 

Methylation of I with 3IeI-AgzO in DlZF gave 1V 
and V as the only products. Further studies with the 
same methylating agent using different solvents, as 
shown in Table I, demonstrated that the percentage of 

TABLE I 
THE PERCENTAGE COXPOSITIOX OF V ~ R I O U S  
PRODECTS OBTAIXED BY THE METHYLATIOX 

OF 1 IN DIFFEREST SOLVESTS 

-------yo composition----. 
10% MeOH- 107‘ 1feOH- 

Compd hleOH 3ZeZCO dioxane DAIF 
I1 19 30 32 
I11 21 23 22 
IV 44 27 29 63 
V 16 20 17 37 

N-3 and 0-4 methylation of the base varies and depends 
upon the polarity of the solvent used. Thus in 3IeOH 
me obtained a 40: 60 ratio of 0-methylated (I1 and 111) 
to N-methylated (IV and V) products, whereas in 10% 
R4eOH in dioxane a 54:46 ratio was observed. This 
indicates that probably in a polar solvent the meso- 
meric anion of FUDR exists preponderantly as the 
ketonate extreme, whereas in a nonpolar solvent the 
ratio is shifted in the favor of the enolate form. Such 
solvent-induced tautomeric shifts have also been 
observed by Shugar’s group in the case of the FU 
anion. l4  

It has been shown that methylation of the 2‘- 
hydroxyl group of a ribonucleoside increases its sta- 
bility to acid hydrolysis*5s16 and that the corresponding 
5’-phosphates are not substrates for bull semen or snake 
venom 5’-nucleotidases and several phosphorylases. , l e  

(13) The same phenomenon has been observed in the corresponding 

(14) These workers used an ir spectroscopic method for their measure- 
K. L. Wierzohowski, E. Litonska, and D. Shugar, J .  A m .  Chem. 

(15) Y. Furukawa, K. Kobayashi, Y .  Kanai, and M. Honjo, Chem. 

(16) D. M. G. Martin, C. B. Reese, and G. F. Stephenson, Biochemislry, 

(17) L. Hudson, M. Gray, and B. G. Lane, ibid., 4, 2009 (1965). 
(18) M. Honjo, Y. Kanai, Y. Furukawa, Y .  Mizuno, and Y. Sanno, 

uridine and thymidine series: T. A. Khwaja, unpublished results. 

ments: 
Soc., 87, 4626 (1965). 

Pharm. BJZ. (Tokyo), 15, 1273 (1965). 

‘7, 1406 (1968). 

Biocham. Biophys. Acta, 87, 698 (1964). 
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Compd 

FUDR 
.5‘-O-AIe-FUDR (XVIIj 
4-0-Me-FUDR (VI) 
:3‘-031e-FUDR (X) 
4,3’-Di-O-Me-FUDR (VII) 
3-N-Me-FUDR (1-111) 
FCDR 
3’-0-Me-FCDR (XIII) 

FUDR 
,j’-O-lle-FUDR (XVII) 
4-0-Me-FUDR (1-1) 
3’-0-Me-FUDR (X) 
4,3’-Di-O-hle-FUDR (VII) 
FCDR 
3’-0-Me-FCDR (XIII) 

FUDR 
.5’-O-;\Ie-FUDR (X1-11) 
4-0-Me-FUDR (VI j 
3‘-O-Me-FUDIt (X) 
4,3’-Di-O-lIe-FUDR (T-11) 
FCDR 
3’-O-l\Ie-FCDR (XIII) 

TABLE I11 
EFFECTS OF ~ ~ E T H Y L A T E D  NUCLEOSIDES ON THE GROWTH OF 

HeLa, L5178Y, AND L5178BF CELLS IN CULTURE” 
of control 

10- M 10-7 x 10- M 
IleLa Cells 
50 9 

104 93 

98 
100 I00 

26 6 
96 74 

L5178Y Cells 
- 42 - 56 - 59 

61 -2 -21 
72 11 - 59 

100 53 - 12 
100 100 100 
- 39 - 59 - 59 
- 13 - 50 - 69 

L5178BF Cells (Resistant to FUDR) 
112 112 38 
102 93 98 
100 100 100 
100 100 100 
100 100 100 
- 9 - 20 
93 43 -9 

10-5 .If 

- 20 
66 
27 
65 
93 

100 
- 58 

38 

- 59 
- 28 
- 89 
- 19 

11 
- 59 

- 27 
96 

100 
100 
100 

10-4 M 

- 57 
22 

0 
10 
45 

100 
- 67 
- 23 

- 59 
- 32 

- 35 
-4 
- 59 

- 42 
3 3 

10-0 M 

- 82 
13 

- 28 
-6 
- 5  
15 

- 81 
- 66 

a The methods of culture are described in ref 21, and the calculation of the per cent of controls is explained in ref 21. 

TABLE IV 
TI.C OF COVPOUSDS IS FOUR SOLVENT SYSTEMS~ 

Rr 
A B C D  

FU 0.65 0.28 0.17 0.44 
Relative FU 1.00 1.00 1.00 1.00 
FUDR 1 .14  0.79 0.65 1.07 
j’-O-Tr-FUDR (I)  1.65 2.47 
3’-O-Tr-4-O-Me-FUDR (11) 1.90 2.53 
5’-0-Tr-4,3’-di-O-Me-FUDR (111) 2.18 3.47 

j’-O-Tr-3-?;,3’-O-di?\le-FUDR (V) 2.36 4.07 
4-0-Me-FUDR (VI)  1.32 1.15 0.70 2.04 
4,3’-Di-O-Ale-FUDR (VII) 1.38 1.66 1.88 2.14 
3-N-Ale-FUDR (VIII) 1.32 1.62 1.77 2.04 
3-N-?rIe-3’-O-?\Ie-FUDR (IX) 1.34 1.71 2.82 2.05 
3’-O-Me-FUDR (X) 1.25 1.26 1.59 1.36 
3’-O-Me-FUDR-5’-phosphate (XI) 0.76 1.30 0.00 0.14 
5’-0-Tr-3’-O-Sc-FUDR (XIV) 1.73 2.41 
a’-O-Ac-FUDR (XV) 1 .54  2.00 
5’-0-31~-3’-0-Ac-FUDR (XVI) 1.50 1.76 
.j‘-O-;\le-FUDR (XVII) 1.32 1.40 1.24 1.54 
FCDR 0.50 0.00 

.i’-O-Tr-3-Pu’-lIe-FUDR (IV)  2.12 3.53 

3’-O-lIe-FCDR (XIII) 0.80 0.00 
a The values are expressed as Ri relative to  FU. 

( e  l5,820), X.::.“” 243.5 mp (E 7590). Bnul. (C30H29FN205) 
C, H, N. 

The second peak (50-65) contained mainly I1 with traces of 
triphenylcarbinol and V as indicated by tlc (system C). Further 
elution of the column gave compound IV in fractions 80-140, 
which were collected and evaporated to a gum. The gum was 
chilled (6 weeks in freezer) and then triturated with EtOH to 
give I V  as a white powder (A:::” 269 mp). The silicic acid 
column was next eluted with 5% AfeOH in CHC13 and a fourth 
peak (fractions 175-183) containing I1 was obtained. These 
fractions were combined and evaporated to a gum, which %?as 
triturated with AleOH to give I1 as a white crystalline solid with 
traces of IV as an impurity. I1 was recrystallized from CHC13- 
MeOH to give 2.1 g (21Yc) of colorless crystalline material: 

mp 186-188’; uv absorption, A:::“ 290 mp ( e  7270). Anal. 
(C~H27FN205) C, H, N. 

Fractions 50-65, corresponding to the second peak (containing 
impure III), were collected and evaporated to a gum, which was 
adsorbed on a Florisil (60-100 mesh, 1200°F Act., Floridin Co., 
Tallahassee, Fla.) column ( 5  X 30 em). The column was eluted 
with CHCb, and three uv absorbing peaks were obtained. The 
first small peak contained traces of triphenylcarbinol, the second 
peak corresponded to T’, whereas the last major peak contained 
pure 111. The fractions of the last peak were combined and 
evaporated to give I11 as a pale powder, yield 1.35 g (137,). It 
was shown to be homogeneous by tlc (systems B and C);  uv 
absorption, A:::“ 290 mp ( E  7270). Compound I11 failed to 
crystallize and was used as such for further reactions. 

1-( 2-Deoxy-~-~-ribofuranosyl)-4-methoxy-5-fluoro-2( lH)-py- 
rimidone (VI).-Compound I1 (200 mg, 0.4 mmole) was treated 
with 3 ml of cold formic acid (97+ 70) for 3 min and then evapor- 
ated with an oil pump at room temperature. The residual gum 
>vas evaporated twice from dioxane (two 5-ml portions), follom~ed 
by evaporations from EtOH and EtzO. Finally, the residue was 
extracted with 10 ml of warm HzO, the insoluble triphenyl- 
carbinol was filtered, and the filtrate was evaporated zn vucuo. 
The residual gum wai dissolved in EtOH (1 ml), dry Et20 (20 ml) 
was added, and the product was precipitated with petroleum 
ether (30-60”, 10 ml) (the gummy precipitate was chilled and 
bcratched to induce crystallization). Recrystallization from the 
same solvent system gave fine needles of VI: mp 132-134”; 
uv absorption, A::: 285 mp ( e  6210), A::,,* 241 m p  ( E  956), A:::’ 
285 m p  ( e  5880), A::,,” 246 mp ( E  2630). The nmr spectrum 
showed a three-proton singlet centered at  6 3.95. The anomeric 
proton was a triplet centered at 6 6.1. VI on treatment with 
dilute acid or alkali gave FUDR as the sole uv-absorbing product 
as shown by tlc in systems A-D. Anal. (CloH13FN20~) C, H, N. 
5-Fluoro-2’-deoxycytidine (FCDR).-Compound I1 (200 mg, 

0.4 mmole) was dissolved in methanolic NH, (50 ml) and the 
solution was heated in a pressure bottle on a steam bath for 18 
hr. Then the contents of the flask were evaporated and the 
residual gum was detritylated with cold formic acid (as described 
above). After removal of the formic acid the residue was ex- 
tracted with warm H2O (30 ml) and the triphenylcarbinol was 
filtered. The filtrate was evaporated and the residual gum was 
adsorbed (aqueous solution) on a Dowex I-X8 (OH form) 
column (2 X 5 em). The column was eluted with 407, aqueous 
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over Alg2S04 and evaporated, and the residual gum was used for 
detritylation. Each product was detritylated as described earlier 
and the resulting nucleosides were extracted from the gum with 
hot H?O (25 ml). The aqueous solutions of the products were 
used for paper chromatography (system C). In  each case t,here 
were spots corresponding to the four major products, TI-IX (in 
the case of MeOH and methanolic ?Yle2C0, 1Oso of the starting 
material was recovered as FUDR; there were also some minor 
slow-moving products). The spots of the products were cut and 
eluted with H20 and the relative percentages of each were calcu- 
lated. The results are presented in Table I. 
5‘-O-Trityl-5-fluoro-2’-deoxyuridine-6-3H.-5-Fluoro-2’-deoxy- 

uridi1ie-6-~H (1 mCi) (obtained from Schwarz BioResearch, Inc.) 
was diluted with nonradioactive FUDR to 160 mg and dissolved 
in dry pyridine (5 ml). The solution was heated under reflux 
(bath temperature 100’) with trityl chloride (194 mg) for 1 hr. 
The cooled reaction was poured over ice-water (50 ml) and ex- 
tracted with CHC13 (three 20-ml portions). The CHCls layers 
were collected and evaporated, and the residue m-as subjected to 
preparative t lc  (silicic acid plates, system C). The bands corre- 
sponding to 5’-O-tritgl-5-fluor0-2‘-deoxyuridine-6-~H were cut 
and eluted with MeOH to give 200 mg of t,he desired product. 

Methylated 5-Fluor0-2’-deoxyuridine-6-~H Derivatives.-5’- 
O-Trity1-5-fluoro-2’-deo~yiiridine-6-~H (146.3 mg, 0.3 mmol) was 
dissolved in dioxane (1 ml) and treated with AgyO (500 mg) and 
Ale1 (0.63 ml, 10 mmoles). The stoppered solut,jon was stirred 
arid kept a t  room temperatiire for 24 hr. The mixture was 
filtered (washed with 3 ml of hot Alle2CO) and the filtrate and 
washings were collected and evaporated to a gum. The gum was 
detritylated with cold formic acid (0.5 ml, 2 min at 0-5’) as de- 
scribed above. The detritylated residue was extracted with hot 
H2O (3  ml), subjected to preparative tlc (silicic acid plates, sys- 
tem C),  and developed twice with system C. There were four 
major bands. The top one corresponded to 3-h’,3’-O-dimethyl-5- 
fluor0-2’-deoxyuridirie-6-~Ii arid was removed (several plates) and 
eluted with hleOH. It was further purified by preparative tlc in 
system C. The second band (from top) contained l-(a-deoxy- 
3-O-methyl-p-~-riboful.ano~~1)-4-methoxy-5-fl~ioro-2( lH)-pyrimi- 
d0ne-6-~H (purified by preparative tlc on silicic acid plates, 
system B), and the third band on elution gave 3-S-methyl-5- 
fluoro-2’-deoxyuridine-6-3H. I t  was purified by preparative tlc 
on silicic acid plates with tem €3 to  give 13.8 pCi (sp act. 
0.527 pCi/pmole) of the product. The lowest uv-absorbing 
band was cut and eluted to give 1-(2-deoxy-p-~-ribofuranosy1)-4- 
methoxy-5-fluoro-2( 1H)-pyrimidione-6-3€I. 
3’-O-Methyl-5-fluor0-2‘-deoxyuridine-6-~H.-The labeled VI1 

obtained in the last step was dissolved in 1 S NaOH ( 2  ml) and 

kept a t  room temperature for 1 hr. Then it was neutralized with 
Amberlite 1R-120 (H+) and filtered, and the filtrate was evapo- 
rated to  a gum. Preparative t’lc (system B)  gave 12.8 mg of the 
required product (yield 13.7 pCi, sp act. 0.247 pCi/pmole). 

5’-O-Methyl-5-fluoro-2’-deoxyuridine-6-3H.-5’-O-Trityl-5- 
fluoro-2’-deoxy~iridirie-6-~H (54 mg) was dissolved in dry pyridine 
(0.2 ml) and acetylated with AczO (0.3 ml) as described earlier 
to give crude labeled XIV which on acid treatment gave 30 mg 
of radioactive XV, which was mesylat,ed, and the tritiated XVI 
(obtained as a pale glass, 36.6 mg) was heated under reflux (bat,h 
temperatLire 80”) with 3 AT methanolic Tu’aOlIe for 1 hr. The 
cooled reaction products were neutralized with Amberlite In-120 
(H +) and filtered, and the filtrate was evaporated t,o a gum which 
was purified by preparative tlc (silicic acid, sj-stem B) to give 
4.72 mg (0.006 pCi) of product. 

Methylation of 5’-O-Trityl-5-fluoro-2’-deoxyuridine with MeI- 
14C.-h’or~radioactive I was methylated with kleI-’*C (213 mg, 
1.5 mmoles, 1 mCi) (obtained from Amersham-Searle) in dioxane 
(1 ml) in the presence of Ag2O (375 mg) by the methods previously 
described. The reaction products were detritylated and separated 
by preparative tlc to give the various 14C-methylated products as 
described above. 
3’-0-Methyl-14C-5-fluoro-2‘-deoxyuridine was obtained by 

alkaline treatment of I4C-labeled VI1 obtained in the previous 
step. It was purified by preparative tlc methods described earlier, 
yield 6.44 mg, 13.8 pCi (sp act. 0.568 pCi/pmole). 

3’-O-Methyl-14CC-5-fluoro-2’-deoxyuridine-6-3H 5’-Phosphate. 
-3’-O-AIethyl-5-fluoro-2’-deoxyuridine-6-5H (sp act. 0.247 pCi/ 
pmole) and 3’-O-methyl-14C-5-fluoro-2’-deoxyuridine (sp act. 
0.568 pCi/pmole) were mixed in a ratio of 8:2 (w/w) and then 
phosphor) lated and worked up by the method described for the 
preparation of the nonradioactive XI. 

5’-0-Methyl-14C-5-fluoro-2’-deoxyuridine.-lle~H-*4C ( 1 
mCi, obtained from Amersham-Searle) was diluted to 0.1 ml with 
nonradioactive AIeOH, then Xa (16 mg) was added to prepare 
NaOMe-14C. This methanolic solution of SaOMe-14C was 
treated with unlabeled XVI (36.6 mg, 0.1 mmole) and worked iip 
according to  the methods described for the preparation of the 
corresponding tritiated derivative, yield S.4S mg, 5.95 pCi 
(sp act. 0.182 pCi/pmole). 
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