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The 5'-hydroxymethylene function of several uracil and cytosine nucleosides has been modified to produce a variety 
of uronic acids, uronates, uronamides, and urononitriles of 2'-deoxy-/3-D-erythro-pentofuranosyl- and 0-D-
arabmo-pentofuranosylpyrimidines. In addition, the 5 position in many of these nucleosides has been substituted 
by a halogen atom. Twenty-one of the 35 compounds synthesized and examined for biological activity have not 
been previously reported. The purity of the products was measured by a high-pressure liquid chromatographic method. 
They were then evaluated as potential growth inhibitors of murine Sarcoma 180 cells in culture, of herpes simplex 
virus type 1 in vitro, and of Streptococcus faecium, a folic acid or deoxythymidine dependent bacterial strain. The 
ability of these nucleoside analogues to inhibit the phosphorylation of deoxythymidine by herpes simplex virus type 
1 encoded pyrimidine deoxyribonucleoside kinase was also investigated and a structure-activity relationship examined. 

We have been interested in the synthesis of nucleoside 
and nucleotide analogues that are capable of being 
transported into a cell with a subsequent inhibition of 
enzymes involved in the synthesis of DNA. Recent interest 
in the modification of the hydroxymethylene moiety in the 
5' position of nucleosides2 prompted us to reexamine the 
biological activity of a variety of compounds in which this 
group was replaced with a carboxyl, ester, amide, or nitrile 
in several pyrimidine nucleosides, some of which were 
substituted at C-5 with a halogen (Chart I). The biological 
activity of nucleosides modified in this position has been 
reported.3'4 For instance, 9-(/3-D-ery£hro-pentofuranuronic 
acid)adenine and several of its ester and amide derivatives 
are potent, nontoxic, coronary5,6 and renal vasodilators." 
Similarly, the uronic acid and uronate analogues of 5-
fluoro-2'-deoxyuridine (FdUrd) are toxic to some neoplastic 
cell lines.8 Studies of deoxythymidine variants as deox-
ythymidylate kinase inhibitors9 have shown that the 
urononitrile analogue of deoxythymidine had comparable 
activity to 5'-fluoro-2',5'-dideoxythymidine.10 However, 
the uronic acid and methyl uronate analogues of deoxy
thymidine were found to be poor inhibitors of deoxy
thymidine kinase isolated from Walker 256 carcinoma.11 

Although some of these derivatives have been tested 
against a wide variety of bacterial, viral, and tumor 
strains2,8 and their enzymic inhibitory properties deter
mined, no systematic biological and structural examination 
has been made. The present report describes the synthesis 
of some new pyrimidine nucleosides in which the 5'-
hydroxymethylene moiety has been modified and the effect 
of these, as well as other previously synthesized 5'-modified 
analogues, on the reproduction of herpes simplex virus type 
1, Sarcoma 180 cells, and Streptococcus faecium. Fur
thermore, the effect of these compounds on the phos
phorylation of deoxythymidine by the herpes simplex virus 
type 1 encoded pyrimidine deoxyribonucleoside is also 
described, and the structure-activity relationships of some 
of these compounds are discussed. 

Chemistry. Oxidation of hydroxymethylene groups to 
carbonyls is one of the most common transformations of 
carbohydrates.12 Several methods are available for the 
selective and mild oxidation of the C-5' hydroxyl group of 
nucleosides.13"15 The products obtained are useful pre
cursors for synthesizing 3',4'-unsaturated nucleosides16,17 

and nucleoside-specific synthetic antigens18,19 and for 
effecting the stepwise degradation of oligonucleotides.20 

In this present study, the 5'-hydroxymethylene groups of 
the pyrimidine nucleosides were oxidized using platinum21 

as catalyst utilizing a modification of the methods de
scribed by Moss et al.13 and Imai and Honjo.22 Thus, the 
uronic acids of both the uracil and cytosine series, 1-8, were 
formed from the corresponding 5'-hydroxymethylene-

Chart I. Structural Modifications of the Pyrimidine 
Nucleosides 

R 

0R2 

R1 = COOH (uronic acid) 
R, = COOMe (methyl uronate) 
R, = CONH2 (uronamide) 
R, = CN (urononitrile) 
R= OH, NH2 
R2 = H, COMe 
R3 = H, OH 
X= H, F,Br, I, Me 

pyrimidine nucleoside at 70 °C in bicarbonate-buffered 
solutions at pH 8 or 9 (the lower pH value was necessary 
for the more base-sensitive nucleosides). Oxidation was 
more efficient in dilute solutions of nucleosides. The 
reaction was monitored by TLC and paper electrophoresis 
and proceeded faster for the uracil than for the cytosine 
series. The ease of oxidation of both series of nucleosides 
varied with the nature of the substituent in the 5 position 
of the pyrimidine moiety and was in the order H > CH3 
> F > Br > I. Before proceeding with the next step in the 
synthesis it was necessary to ascertain that the 5-
halogen-substituted pyrimidineuronic acids, which were 
isolated by repetitive anion-exchange chromatography, did 
not contain traces of either starting material or hydrolysis 
product. This is very important since these impurities 
cannot be detected by conventional methods and some are 
biologically active even at minute concentrations. Using 
a high-pressure liquid chromatographic method, the acids 
were clearly separated from the parent pyrimidine bases 
and nucleosides on a reverse-phase column using a 
methanol-water gradient system. The retention times 
increased linearly with the size of the substituent on the 
pyrimidine base (Table I). The concentrations of the 
respective impurities in the uronic acids were less than 
0.005%. Because of the very potent inhibitory activity of 
FdUrd, a more sensitive assay utilizing radioactive nu
cleoside was devised (see the Experimental Section). 

The chromatographically pure uronic acids were con
verted sequentially into their respective uronates 10-17, 
uronamides 19-27, and urononitriles 33-35 by the method 
of Baker et al.2 The uronic acids were esterified to the 
methyl esters with absolute methanol containing a catalytic 
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Table I, LC of Parent Nucleosides, Bases, 
and Uronic Acids" 

retention retention 
compdc time, min compd time, min 

FUra 5.29 3 2.97 
FdUrd 7.93 BrdCyd 16.53 
5 2.43 8 3.05 
BrUra 7.69 IdCyd 19.87 
BrdUrd 12.16 7 3.35 
4 2.56 ara-C 2.07b 

IUra 8.85 9 2.56b 

IdUrd 14.41 
a Du Pont 830 liquid chromatograph. Conditions: 

Partisil-10 ODS (Whatman) column, 25 cm X 4.6 mm i.d., 
ambient temperature; mobile phase A = H20 and B = 20% 
MeOH in H20, linear gradient 0-100% at 5% B/min; inlet 
pressure 500 psi; flow rate 0.75 mL/min; detection at 
254 nm; reproducibility within + 2%. b Conditions: 
Partisil-10 SCX (Whatman) column; mobile phase 0.2 M 
sodium acetate, pH 5; isocratic; inlet pressure 800 psi; 
flow rate 1.4 mL/min. c See ref 28. 

amount of concentrated sulfuric acid, and treatment of the 
uronates with aqueous ammonia gave the amides. Ace-
tylation of the uronamides with acetic anhydride gave the 
3'-0-acetyl derivatives which were dehydrated with 
phosphoryl chloride in pyridine at 0 °C, and the resulting 
3'-0-acetylated urononitriles were isolated by chroma
tography on silica. Deblocking with dilute ammonia gave 
the appropriate urononitrile in good overall yield. By the 
same route, l-(/3-D-ara6ino-pentofuranosyl)cytosine (ara-C) 
was oxidized to uronic acid 9 and converted, via methyl 
ester 18, to amide 27. The structures of the products were 
fully supported by conventional analytical data (Table II). 

The profound deshielding observed in the *H NMR 
spectra for H-6, compared to little or none for H-5, is best 
explained by intramolecular hydrogen-bond stabilization 
caused by the 5'-carboxylic acid, ester, and amide functions 
on the carbohydrate moiety of the uracil and cytosine 
series, localized at H-6 (i.e., 6-C—H---0=C—C-4'), and 
suggests a preferred anti-base conformation for these 
analogues in solution.23,24 This deshielding effect increased 
in the order amide > acid > ester for all the pyrimidine 
2'-deoxyribonucleosides. The presence of an electron-
withdrawing group adjacent to H-6 caused additional 
polarization. The ara-C variants, however, had an in
creased deshielding effect in the order acid > ester > 
amide, and this may be due to the 2'-hydroxyl function 
participating in hydrogen bonding with the 5' substituent.2'' 
Interestingly, the amide protons in all the uronamides were 
observed as two peaks separated by about 0.4 ppm which 
deuterated very slowly (almost 1 month) at ambient 
temperature and may be ascribed to restricted rotation of 
the o'-amide C-N bond.26 The nitrile function caused the 
strongest downfield shift of H-4', followed by that of the 
ester, acid, and amide functions, respectively, in all the 
nonhalogen-containing nucleosides. There was no clear 
correlation for the halogen-containing variants. These 
results indicate that it is not only the nature of the group 
on the C-5' position2,9 but also the substituents on C-5 and 
C-2' that determine the extent of the interaction between 
the glycosyl and the aglycon and the preferred confor
mation in Me2SO-d6 for this series of compounds. 

Biological Results and Discussion. A. Enzyme 
Studies. Table III shows the kinetic constant {K) for 
various nucleoside analogues with herpes simplex virus 
type 1 encoded pyrimidine deoxyribonucleoside kinase. All 
the compounds tested showed a competitive inhibition 
pattern against deoxythymidine as the substrate. The 
specific substituent (H, Me, F, Br, or I) at the 5 position 

of the pyrimidine moiety of the nucleoside analogues 
affects their affinity for the enzyme. Although the in
ductive effect of the methyl function is opposite to that 
of the halogens, the changes in the affinity of the com
pounds for the enzyme are probably mainly due to che van 
der Waals radius of the group at the 5 position rat'.ier than 
to the electron distribution in the pyrimidine r>ng. The 
state of ionization at N-3 probably has no significant effect 
on the binding of the compounds to the enzyme since the 
pK"a values of the parent compounds27 are, respectively, 
9.3 (dUrd), 9.8 (dThd), 7.7 (FdUrd), and 8.2 (IdUrd).28 As 
anticipated, all the 5-unsubstituted uracil nucleoside 
derivatives, 1, 10, and 19, have poor binding affinity. 

Modification of the 5' position from a hydroxymethylene 
to a carboxylic acid group greatly decreases the affinity 
of the analogues for the enzyme relative to the parent 
compound. Under the assay conditions (pH 7.8) used, the 
carboxylic acid function is fully ionized. The uronic acid 
analogue of deoxythymidine, compound 2, is a weak in
hibitor of deoxythymidine kinase derived from Walker 256 
carcinoma11 and Sarcoma 180 ascites cells29 and of de-
oxythymidylate kinase derived from Sarcoma 180 ascites 
cells.30 Esterification of uronic acids 1-5 to methyl uro
nates 10-14 does not change significantly the affinity of 
the compounds, except for FdUrd analogue 14 which has 
a fourfold decreased affinity. Although the steric volume 
of the methyl group is much larger than the carboxylic 
hydrogen atom which it replaced, the affinity for the 
enzyme is not affected by this parameter per se. Fur
thermore, the fact that the uronic acid analogues are 
ionized does not account for the decreased affinity, since 
the un-ionized methyl uronates have a similar Kr The 
relatively low affinity for ester 14 is reversed in amide 
analogue 23, as shown by the 20-fold increase in the 
binding affinity. Animation of the other carboxylic acid 
analogues produced, at best, a small increase in the affinity 
of these compounds for the enzyme. The steric effect of 
the amide function would be similar to that of the car
boxylic acid group; hence, it would appear that the neutral 
charge on the amide or nitrile function, compared to the 
negative charge on the carboxylic acid, slightly decreases 
the K\ value. The nitrile analogues have about the same 
affinity for the enzyme as the amide variants. 

A comparison has been made with substituents in the 
5' position that are of less steric volume than the modi
fication described in the present report. 2',5'-Dideoxy-
thymidine relative to deoxythymidine has a 30-fold de
creased binding affinity to Escherichia coli deoxy
thymidine kinase.31 This has been interpreted as being 
due to the loss in binding by the group normally present 
in the 5' position. Steric hindrance is not a factor since 
the bulkiness of the hydrogen atom at C-5' is considerably 
less than that of the hydroxyl group. Furthermore, we 
have found the K; for 5'-fluoro-2',5'-dideoxy-5-iodouridine 
(5'-FIdUrd) to be 1.5 AtM.32 The covalent radii of fluorine 
and hydroxyl are 0.72 and 1.10 A, respectively. The 
binding affinity of 5'-FIdUrd is similar to the K\ of IdUrd 
analogues with bulky substituents at the 5' position, such 
as the carboxylic acid, methyl ester, carboxamide, or nitrile, 
and, hence, the size of the moiety in the 5' position does 
not appear to be a major factor in the binding of these 
analogues to the kinase. 

The K-x of 3'-0-acetyl-2'-deoxythymidine is 58 juM, a 
decrease of about 100-fold in affinity for the enzyme when 
compared to deoxythymidine.32 This decrease in affinity 
is further illustrated by the 3'-0-acetylated derivatives of 
the uronamides and urononitriles (Table III). The im
portance of a 3'-hydroxyl group, which is not only un-



Table II. Characterization of the Pyrimidine Nucleoside Analogues 

compd R 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 

29 

30 

31 
32 
33 
34 
35 

OH 
OH 
OH 
OH 
OH 
NH2 

NH2 

NH2 

NH 2 

OH 
OH 

OH 
OH 
OH 
NH 2 

NH2 

NH 2 

NH2 

OH 
OH 

OH 
OH 
OH 
NH 2 

NH 2 

NH 2 

NH 2 

OH 

OH 

OH 

OH 
OH 
OH 
OH 
OH 

R i 

COOH 
COOH 
COOH 
COOH 
COOH 
COOH 
COOH 
COOH 
COOH 
COOMe 
COOMe 

COOMe 
COOMe 
COOMe 
COOMe 
COOMe 
COOMe 
COOMe 
CONH2 

CONH2 

CONH 2 

CONH2 

CONH2 

CONH 2 

CONH2 

CONH2 

CONH2 

CONH2 

CONH2 

CONH2 

CN 
CN 
CN 
CN 
CN 

R 2 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
COMe 

COMe 

COMe 

COMe 
COMe 
H 
H 
H 

a The yields quoted here have gen 
recorded on a '. 

R 3 

H 
H 
H 
H 
H 
H 
H 
H 
OH 
H 
H 

H 
H 
H 
H 
H 
H 
OH 
H 
H 

H 
H 
H 
H 
H 
H 
OH 
H 

H 

H 

H 
H 
H 
H 
H 

X 

H 
Me 
I 
Br 
F 
H 
I 
Br 
H 
H 
Me 

I 
Br 
F 
H 
I 
Br 
H 
H 
Me 

I 
Br 
F 
H 
I 
Br 
H 
I 

Br 

F 

I 
Br 
I 
Br 
F 

recrystn vield ' 
solvent 

E t O H 
E t O H 
E t O H 
EtOH 
H 2 0 
H 2 0 
H 2 0 
H 2 0 
H 2 0 
E t O H 
MeOH 

E t O H 
EtOH 
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
E t O H 

E t O H 
MeOH 
H 2 0 
E t O H 
MeOH 
E t O H 
E t O H 
E t O H 

E t O H 

E t O H 

E t O H 
E t O H 
E t O H 
E t O H 
E t O H 

% 
67 
60 
51 
38 
51 
26 
34 
51 
21 
96 
63 

89 
96 
88 
95 
77 
7 8 
74 
85 
89 

98 
96 
98 
98 
9 3 
57 
98 
44 

97 

98 

57 
61 
40 
43 
47 

a 

m p , °C (lit. m p ; ref) ' 

2 2 6 - 2 2 7 dec ( 2 2 2 - 2 2 3 ; 
2 5 0 - 2 5 1 dec ( 2 6 3 - 2 6 5 ; 
1 8 7 - 1 8 8 dec ( 1 8 7 - 1 8 9 ; 
1 8 6 - 1 8 7 d e c ( 1 8 5 ; 2 2 ) 
2 1 8 - 2 1 9 dec ( 2 1 8 - 2 2 1 ; 
1 8 6 - 1 8 7 d e c ( 1 8 8 ; 1 4 ) 
2 0 3 - 2 0 4 d e c ( 1 9 2 - 1 9 4 ; 
1 9 9 - 2 0 0 dec 
2 4 1 - 2 4 2 dec ( 2 3 5 - 2 3 8 ; 
2 2 7 - 2 2 8 
2 3 7 - 2 3 8 dec ( 2 4 7 ; 11) 

2 5 1 - 2 5 2 dec 
2 5 8 - 2 5 9 dec 
2 4 8 - 2 4 9 ( 2 5 0 - 2 5 3 ; 8 ) 
2 0 7 - 2 0 8 
2 2 0 - 2 2 1 dec 
2 1 3 - 2 1 4 dec 
2 1 9 - 2 2 0 dec 
2 5 7 - 2 5 8 dec 
2 5 1 - 2 5 2 dec ( 2 4 0 ; 9) 

2 4 9 - 2 5 0 dec 
2 4 0 - 2 4 1 dec 
2 5 3 - 2 5 4 ( 2 6 5 - 2 6 6 ; 2 ) 
2 2 5 - 2 2 6 
1 9 8 - 1 9 9 dec 
1 8 9 - 1 9 0 dec 
2 0 2 - 2 0 3 dec 
2 2 7 - 2 2 8 dec 

2 1 0 - 2 1 1 

1 3 3 - 1 3 5 ( 1 3 7 - 1 3 8 ; 2) 

8 3 - 8 4 
8 4 - 8 6 

2 3 9 - 2 4 0 dec 
2 2 1 - 2 2 2 dec 
1 7 7 - 1 7 8 ( 1 9 0 ; 2 f 

!> 

22) 
13) 
22) 

8) 

, 2 2 ) 

22) 

formula 0 

C„H1 0N2O6 

C,„H 1 2 N 2 O t 

C 9 H 9 I N 2 0 6 

C 9 H , B r N 2 0 6 

C 9 H 9 F N 2 O „ 0 . 7 5 H 2 O 
C , H M N , O s - H 2 0 
C 9 H 1 0 IN 3 O s 

C 9 H 1 0 BrN 1 O 5 

C 9 H M N 3 0 6 - H 2 0 
C 1 0 H 1 2 N 2 0 6 

C „ H 1 4 N 2 0 6 

C 1 0 H l l I N 1 O , 
C 1 0 H 1 1 BrN J O t 

C 1 0 H , , F N 2 O 6 

C 1 0 H 1 3 N 3 O s 

C 1 0 H, 2 IN 3 O 5 

C 1 0 H I 2 BrN 3 O 5 

C 1 0H 1 3N 3O 6-H 2O 
C 9 H , , N 3 0 5 

C 1 0 H 1 3 N 3 O s 

C,H 1 0 IN 3 O 5 

C 9 H, 0 BrN 3 O 5 

C 9 H 1 0 FN 3 O 5 

C „ H 1 2 N 4 0 4 

C 9 H , , I N 4 0 4 - H 2 0 
C 9 H n B r N 4 0 4 1 . 5 H 2 0 
C 9 H I 2 N 4 O 5 0 . 2 5 H 2 O 
C ^ H ^ I N j O . O . S E t O H 

C 1 1 H, 2 BrN 3 O„0 .5H 2 O 

C „ H 1 ! F N 3 0 6 

C, ,H 1 0 IN 3 O 5 -1 .5EtOH 
C 1 1 H 1 0 B r N 3 O 5 0 . 5 H 2 O 
C 9 H 8 I N 3 0 4 

C 9 H 8 BrN 3 0 4 

C „ H 8 F N 3 0 4 

6-H 

8.23 (d, 7.7) 
8.06 
8.79 
8.77 
8.54 (d, 6.9) 
8.19 (d, 7.4) 
8.70 
8.70 
8.21 (d, 7.4) 
8.09 (d, 7.7) 
7.95 

8.64 
8.62 
8.43 (d, 7.1) 
8.08 (d , 7.3) 
8.58 
8.54 
8.10 (d, 7.5) 
8.32 (d, 8.1) 
8.18 

8.97 
8.99 
8.81 (d, 7.3) 
8.32 (d , 8.1) 
8.79 
8.82 
7 .93 (d, 7.4) 
8.79 

8.82 

8.64 (d, 7.5) 

8.17 
8.21 
8.00 
8.03 
7.92 (d, 7.1) 

erally been derived from mult iple exper iments . b Uncorrec ted . c Analytical results (C, H, and N) are 
Bruker 270 HX spec t rometer in Me2SO-d6 ; chemical shifts 6 ( p p m ) ; d = doub le t ; where there is n o symbol 

' H N M R (J,Hz)d 

4'-H 

4.35 
4.30 
4 .38 
4.39 
4.36 
4 .31 
4.36 
4.40 
4.30 
4.42 
4.41 

4.45 
4.47 
4.47 
4.40 
4 .45 
4.46 
4 .30 
4 .21 
4.19 

4.25 
4.26 
4.24 
4 .22 
4 .21 
4 .25 
4.10 
4.42 

4.44 

4 .42 

5.13 (d, 2.7) 
5.14 
4.77 
4 .78 
4 .75 

within ±0.4%. 

o the r 

1.76 (5-Me) 

3.72 (COOMe) 
1.80 (5-Me) 
3.75 (COOMe) 
3.75 (COOMe) 
3.75 (COOMe) 
3.76 (COOMe) 
3.72 (COOMe) 
3.74 (COOMe) 
3.74 (COOMe) 
3.68 (COOMe) 
7 . 7 1 , 7.34 (CONH 2 ) 
1.77 (5-Me) 
7 . 7 1 , 7.37 (CONH 2 ) 
7 .80, 7.39 (CONH 2 ) 
7 .82, 7.39 (CONH 2 ) 
7 . 8 1 , 7.43 (CONH 2 ) 
7 .72, 7 .35 (CONH 2 ) 
7.84, 7 .35 (CONH 2 ) 
7 .89, 7.34 (CONH 2 ) 
7 . 4 1 , 7 . 3 6 ( C O N H 2 ) 
7 .78, 7.54 (CONH, ) 
2.09 (COMe) 
7 . 8 1 , 7 .55 (CONH 2 ) 
2.10 (COMe) 
7 .77, 7.54 (CONH 2 ) 
2.10 (COMe) 
2.07 (COMe) 
2.08 (COMe) 

d NMR spectra were 
a singlet was observed. Mass spec t rum m/e 2 4 1 (M+), 
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Table III, Kinetic Constants for Herpes Simplex Virus Type 1 Encoded Pyrimidine Deoxyribonucleoside 

parent compd" 

dThd 
dUrd 
FdUrd 
BrdUrd 
ldUrd 

KitnM 

0.6-1.06 

9.5 
1.5 
0.2 
0.2 

uronic 
acid 

5.4 
500 

98 
2.7 
4.2 

methyl 
uronate 

4.0 
500 
410 

2.9 
1.5 

analogue 

uronamide 

1.6 
310 

18 
0.8 
1.0 

K. L d M 

3'-0- 3'-0-
acetyl- acetyl-

uronamide urononitrile 

960 
192 28 

20 18 

urono
nitrile 

75 
1.8 
1.3 

See ref 28. K„ 

substituted but also in the erythro configuration, is 
supported by the following. 2',3'-Dideoxythymidine ex
hibits an 80-fold loss in binding31 to E. coli deoxythymidine 
kinase relative to deoxythymidine, which has been sug
gested to be due to the loss of binding by the 3'-hydroxy 
function. Furthermore, the K-, of l-(2-deoxy-/3-D-t/ireo-
pentofuranosyl)-5-iodouracil against deoxythymidine as 
substrate for the HSV-1 encoded pyrimidine deoxyribo
nucleoside kinase is 66 MM,32 which may indicate that the 
3'-hydrogen of IdUrd is not involved, at least to a major 
extent, in the binding to the enzyme. 

Several uronic acid derivatives of FdUrd, compounds 
5, 14, 23, and 35, as well as the uronamide of 2'-deoxy-
uridine, compound 19, were tested by the methods of 
Roberts33 as potential inhibitors of deoxythymidylate 
synthetase derived from two sources, L1210 ascites cells 
and Lactobacillus casei. None of these compounds showed 
significant inhibition at 250 /^M.34 These results indicate 
that the carboxyl, methyl ester, amide, and nitrile functions 
are unable to mimic the o'-phosphate group, since it is 
known that 2'-deoxyuridine 5'-monophosphate is an ex
cellent substrate and the corresponding 5-fluoro analogue 
is a potent inhibitor of these enzymes. 

B. Cell Culture, Viral, and Bacterial Studies. None 
of the compounds in the cytosine series, 6-9, 15-18, and 
24-27 (Table II), was active at 400 juM (final concentration 
used in all the biological testing) when evaluated as in
hibitors of the reproduction of Sarcoma 180 (S-180) cells 
in vitro, herpes simplex virus type 1 (HSV-1) in vitro, and 
S. faecium with the exception of the arabino compound 
9 (Table IV). This carboxylic acid analogue of ara-C 
inhibited growth of S-180 cells by 76%, and this activity, 
like that of ara-C, was prevented by 2'-deoxycytidine or 
cytidine. No further studies were conducted with this 
series. 

In the uracil series 1-5, 10-14, 19-23, and 28-35, there 
was no significant inhibition for the derivatives tested with 
the exception of the uronamides 21 and 22 which inhibited 
the yield of HSV-1 by 96 and 92%, respectively. A 10-fold 
decrease in concentration reduced the activity of these 
analogues to 78 and 42%, respectively (Table IV). A 
moderate 74% inhibition of HSV-1 was produced by 
urononitrile 33. Although the uronic acid analogue of 
FdUrd, compound 5, was previously reported8 to be 
moderately toxic to human tumor cells (KB), mouse cells 
(Glioma 26), and human normal cells (WI 38), it had no 
detectable activity against the reproduction of S-180. 
However, methyl uronate 14 produced a slight inhibition 
(32%) of S-180. 

The same uracil series was tested for inhibitory activity 
against S. faecium. The cells were grown in the presence 
of either folic acid (4.53 nM) or deoxythymidine (7 /J.M), 
and the growth was measured as a function of turbidity 
of the cells in the stationary phase. None of the com
pounds exhibited significant activity with the exception 
of the uronamide analogue of dUrd, compound 19, which 

Table IV. Biological Activity of Several 5'-Substituted 
Pyrimidine Nucleosides 

compd 

9 
14 
19 
21 

22 

33 
ara-C 

FdUrd 

BrdUrd 

IdUrd 

concn, JJM 

400 
400 
400 
400 

40 
400 

40 
400 
200 

5 
400 

0.1 
0.001 

400 
10 

400 
50 

S-180 

76 
32 

0 
0 

0 

0 

98 

95 

inhibiti 

HSV-1 

0 
0 
0 

96 
78 
92 
42 
74 
91 

88 

99.6 

99.7 

on, % 

S. faecium 

+ dThd 

0 
0 

71 
0 

0 

0 

96 

76 

12 

+ folic 
acid 

0 
0 

22 
28 

0 

14 

95 

91 

71 

inhibited growth by 71% when the medium contained 
deoxythymidine. An inhibition analysis indicated that 
maximum inhibition was attained with compound 19 at 
600 MM and the ED50 was 200 nM. The inhibition of 
growth by the uronamide of dUrd (500 jiM) can be pre
vented by deoxythymidine (ED50 = 1 1 juM), 2'-deoxy-
uridine (ED50 = 37 pM), and 2'-deoxycytidine (ED50 = 50 
IUM), as well as by purine 2'-deoxyribonucleosides. Sur
prisingly, the uronamide analogue of deoxythymidine, 
compound 20, had no inhibitory activity against the above 
microorganism. 

Whether the uronamide analogue of IdUrd or BrdUrd 
has any unique property which merits further investigation 
as an antiviral agent remains to be elucidated. It is en
couraging that both of these analogues are rather potent 
inhibitors of the HSV-1 encoded pyrimidine deoxyribo
nucleoside kinase with Kx values of 1.0 and 0.8 ûM, re
spectively, whereas the inhibition constants of two very 
potent antiviral agents, IdUrd and BrdUrd, for this enzyme 
are 0.2 /JM. The range of antiviral activity, toxicity, and 
mechanism of action of these two amides remains to be 
established. 

Experimental Section 
Chemical Methods and Materials. Melting points were 

taken on a Thomas-Hoover Unimelt apparatus and are uncor
rected. 'H NMR spectra were recorded on a Bruker 270 HX 
spectrometer in Me2SO-d6 solution at a concentration of <30 mM. 
Chemical shifts are reported in 5 units, parts per million downfield 
from internal tetramethylsilane. Chemical shifts and coupling 
constants (J values in hertz) are first order. Double-resonance 
studies support the assignment of protons for the compounds. 
The OH and NH protons were confirmed by deuterium exchange 
and integrations were consistent with peak assignments. Mass 
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spectra were obtained on an AEIMS9 high-resolution instrument 
at an ionization potential of 70 eV. TLC was performed on 
Eastman 6060 precoated silica gel sheets with fluorescent indicator. 
In the LC analysis, distilled, deionized water and methanol 
distilled in glass (Burdick & Jackson Labs, Inc., Mich.) were both 
degassed. The elemental analyses were carried out by Baron 
Consulting Co., Analytical Services, Orange, Conn. 5-Iodo- and 
5-bromo-2'-deoxycytidine were synthesized by the method of 
Cheng and Welch.35 5-Fluoro-2'-deoxyuridine was a gift from Dr. 
W. E. Scott of Hoffmann-La Roche. DEAE-cellulose (DE52) was 
obtained from Whatman, Kent, U.K. All other chemicals were 
obtained from commercial sources. 

General Method for Preparation of Uronic Acids 1-9. 
Platinum oxide (1 g) was reduced at room temperature in glacial 
acetic acid (20 mL) with hydrogen at 20 psi (107.9 kN/m2) for 
5 min. The suspension was carefully filtered, washed first with 
water until neutral and then with bicarbonate buffer (pH 9, 
prepared from 2.2 g of sodium bicarbonate and 0.355 g of sodium 
carbonate in 860 mL of water), and stored moist under nitrogen. 
To a three-necked flask fitted with a condenser, overhead stirrer, 
and oxygen inlet (fritted head) were added the powdered nu
cleoside, platinum, and bicarbonate buffer. For optimum yield, 
the ratio of nucleoside to platinum and buffer should be of the 
order 1 mmol:0.25 g:45 mL. Oxygen was bubbled into the rapidly 
stirred suspension maintained at 70-75 °C for 10-18 h. The 
reaction was monitored by TLC (CHCl3-EtOH, 2:1) and paper 
electrophoresis (0.05 M phosphate or citrate buffer, pH 6.8 and 
3.8, respectively). The warm suspension was filtered and the 
platinum was recovered. The filtrate containing colloidal platinum 
was reduced to about half its volume in vacuo and then adjusted 
with glacial acetic acid to pH 3. It was then filtered through Celite 
and the clear solution reduced to almost dryness. The acid slowly 
crystallized at room temperature or was recovered and purified 
as described below. 

Purification of Uronic Acids 1-9. The solution of the crude 
uronic acid was adjusted to pH 8 with 1 M NaOH and applied 
to a column of DEAE-cellulose in the bicarbonate form (C02 free). 
The column was eluted with distilled water until the eluant showed 
no absorption at 268 nm. The column was then eluted with a 
freshly prepared solution of triethylammonium bicarbonate (0.2 
M, pH 7.5-8). The UV-absorbing fractions were evaporated under 
reduced pressure and the moist solid was coevaporated several 
times with methanol. The residue was redissolved in water and 
the pH of the solution adjusted to 3 with AG50W-X2 (H+) resin. 
The mixture was filtered and the filtrate evaporated to dryness 
in vacuo to give an oil which slowly crystallized. The crystals were 
washed with cold ethanol, filtered, and then dried. Recrystal-
lization in the appropriate solvent gave the pure uronic acid. The 
purity was confirmed using a LC analytical system before sub
mitting samples for bioassay. 

Methyl Uronates 10-18. Application of the method of Baker 
et al.2 gave the methyl uronates in 63-96% yield. However, 
compounds containing the cytosine residue were neutralized, after 
esterification, with a 1 M K2CO3 solution in order for the product 
to separate. The methyl uronate 15 had to be desalted by 
chromatography on a short silica column eluting with CHC13-
EtOH (2:1), since this compound is very soluble in both water 
and methanol. 

Uronamides 19-27. The uronates were converted to the 
uronamides by the method of Baker and co-workers2 in almost 
quantitative yields. The course of the reaction was followed on 
TLC (CHCl3-EtOH, 4:1). 

Urononitriles 33-35. The urononitriles were obtained via the 
3'-0-acetyluronamides 28-30 by the method of Baker and co
workers2 in 10-47% yield (based on the unprotected uronamide). 
Care should be taken in hydrolyzing the excess phosphoryl chloride 
since both deacetylation and dehydration can occur. 

l-(2-Deoxy-/J-D-erytli.ro-pentofuranuronic acid)-5-
fluorouracil (5). This compound was prepared according to the 
method of Tsou et al.8 However, when the oxidation was 
completed, the suspension was filtered and to the filtrate was 
added [2-14C]-5-fluoro-2'-deoxyuridine as a marker. This was then 
loaded onto an AG1-X8 (CI" form, 200-400 mesh) resin column. 
The column was first eluted with water until the eluant showed 
neither absorption at 268 nm nor radioactive counts when 
concentrated (99.7% of the radioactivity was recovered). The 

column was then eluted with 0.01 M HC1 and the fractions were 
collected. Early fractions containing low counts were discarded. 
The remaining UV-absorbing fractions were pooled and evap
orated to dryness under reduced pressure. The solid obtained 
was recrystallized twice from water to give white prisms, mp 
218-219 °C dec (lit.8 mp 218-221 °C). A sample of this material 
(15 mg) was found to have no radioactivity above background. 

Biological Evaluation. Compounds reported in this paper 
were screened for activity against murine Sarcoma 180 and HSV-1 
(yield reduction assay). The methodology used as has been 
described previously.36 

Antimicrobial and Inhibition Analysis. S. faecium (ATCC 
8043) was obtained from the American Type Culture Collection 
and grown overnight at 37 °C in tomato juice, yeast extract (Difco), 
and skim milk (Carnation) in the ratio 100 mmoklOO mL:5 g in 
1 L of distilled water at pH 7. The stock bacteria were maintained 
by transfers from medium to medium, medium to agar slant, or 
slant to slant. Every week a new culture was started from agar. 
For the experiment, an inoculum from agar was transferred to 
10 mL of inoculum broth [glucose (5 g), yeast extract (20 g), and 
anhydrous sodium acetate (5 g) in water (1 L)] and incubated at 
37 °C overnight. One-tenth milliliter of cell suspension was 
transferred to 10 mL of inoculum broth and incubated for 5-6 
h. The cells were harvested by centrifugation at 800g for 10 min. 
These were then washed with saline (0.9% w/v, 2 X 5 mL) and 
the pellet was resuspended in enough saline to yield a turbidity 
of 100 units (1 Klett unit corresponded to 2 x 106 cells/mL) as 
measured on a Klett-Summerson photoelectric colorimeter using 
a red filter (640-700 nm). A 10-fold dilution in saline was used 
as the inoculum. All the reagents were sterilized either by au-
toclaving at 121 °C for 15 min at 15 psi (103.4 kN/m2) or by sterile 
filtration for heat-sensitive compounds. 

A solution of the compound to be tested, basal medium37 (2.5 
mL), and deoxythymidine (7 ̂ M final concentration) or folic acid 
(4.53 nM final concentration) was added into sterile Klett tubes 
covered with metal caps (final volume 4.9 mL). To this mixture 
0.1 mL of the previously prepared S. faecium suspension was 
added, the tubes were thoroughly mixed, and the transmission 
was measured. The tubes were then incubated at 37 °C for 15-17 
h. The extent of the growth was determined by measuring the 
difference in turbidity before and after incubation. Prevention 
of inhibition of uronamide 19 (500 MM) by deoxyribonucleosides 
was carried out by adding dThd, dUrd, or dCyd in increasing 
concentrations to the incubation medium which contained de
oxythymidine (7 MM). EDso values of the deoxyribonucleosides 
were estimated from dose-response curves compiled from two 
separate experiments and represent the concentration needed to 
prevent cell growth by 50%. Appropriate controls were performed 
for all the experiments including positive controls using the known 
S. faecium antimetabolites (e.g., FUra, FdUrd, or BrdUrd). 

Enzyme Assay. Herpes simplex virus type 1 encoded py
rimidine deoxyribonucleoside kinase was purified from LMTK" 
cells by the procedure of Cheng and Ostrander.38 

Assays of the kinase activity were performed at 37 °C by 
measuring the amount of [2-14C]deoxythymidine phosphorylated. 
Initial velocity experiments were carried out as follows: the final 
volume of 100 ixL contained 3 mM ATP-Mg2+, 50 mM Tris (pH 
7.8), 0.3 mg/mL of BSA, 0.3 mM 2-mercaptoethanol, 2% v/v 
glycerol, varied amounts of [2-14C]deoxythymidine, and the 
nucleoside analogue. The reaction was initiated by the addition 
of enzyme followed by incubation at 37 °C. At several time 
intervals, a 15-ML aliquot was removed from the incubated 
mixture, and the amount of phosphorylated [2-14C]deoxy-
thymidine formed was determined as described previously.39 All 
kinetic constants (K) were calculated from double-reciprocal plots. 
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Arylsulfonylhydrazone Analogues 
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A series of pyridine-2-carboxaldehyde iV-oxide and pyridine-2-carboxaldehyde (thio)phosphoric hydrazones and 
two cupric chelates was synthesized. The hydrazones, chelates, and combinations of hydrazones and cupric chloride 
were tested against mice bearing P388 lymphocytic leukemia, Sarcoma 180, or Ehrlich carcinoma ascites cells. The 
effects of various structural modifications of the hydrazones on antineoplastic activity for this latter system were 
determined. In general, the pyridine-2-carboxaldehyde thiophosphoric monohydrazones containing P-phenyl or 
P-phenoxy substituents possessed the highest activity when concurrently administered with cupric ion, whereas 
the ligands themselves were inactive. Two of the compounds were prepared with P-hydroxyl groups to permit increased 
hydrophilicity. The ability of the hydrazones to chelate cupric, ferrous, and cobaltous salts was investigated, and 
discrepancies between determined and calculated log P values for three compounds are discussed. 

A series of arylsulfonylhydrazones of aromatic aldehydes 
has been investigated for murine antineoplastic properties, 
with the establishment of relationships between such 
activity and structure,1,2 In general, the greatest effects 
resulted when the aldehyde portion was 2-formylpyridine 
iV-oxide and when bulky substituents were on the sulfur 
atom, In the case of the related 5-hydroxy-2-formyl-
pyridine thiosemicarbazones, relatively large groupings on 
the N4 are also beneficial with regard to the effect against 
the Sarcoma 180 animal model system but not as concerns 

inhibition of ribonucleoside diphosphate reductase.3 

Thiophosphoric hydrazones related to the highly inves
tigated oncolytic 2-formylpyridine thiosemicarbazones have 
been prepared and tested against Ehrlich carcinoma, with 
significant activity noted with certain cupric chelates and 
with concurrently administered ligands and cupric chlo
ride.4 

The present paper describes the synthesis and biological 
evaluation against three murine tumor systems of phos
phoric and thiophosphoric hydrazones of 2-formylpyridine 
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