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98 kDa receptors is increased at  pHs lower than 8.8 (data 
not shown). 
Discussion 

Currently there exists only one electrophilic affmity label 
for glucocorticoid receptors. This is Dex-Mes, which 
displays irreversible antiglucocorticoid a~t ivi ty . ’ -~J~ We 
have now prepared several new potential electrophilic 
affinity labels which could have irreversible agonist or 
antagonist activity. One of these, Dex-NCS (6 in (Scheme 
I) fulfills all of the requirements for being a new affinity 
label. (1) Dex-NCS has reasonable affinity for gluco- 
corticoid receptors in cell-free extracts and in whole cells 
(Table I). (2) It is biologically active for the induction of 
the glucocorticoid-inducible enzyme TAT (Table I and 
Figure 1). (3) The apparent whole cell affmity of Dex-NCS 
for receptors is higher than the cell-free affinity (Table I), 
in keeping with the differences in off-rates of covalently 
vs noncovalently bound steroid being more noticeable a t  
the higher temperatures of the whole-cell assay.20 (4) 
Receptors prebound with Dex-NCS have a markedly re- 
duced capacity to exchangebind added [3H]Dex (Figure 
2). (5) The labeling of a species with the same molecular 
weight as the receptor (i.e., 98 kDa) by [3H]Dex-NCS is 
covalent in that it is not dissociated on a denaturing 
SDS-polyacrylamide gel (Figure 3). (6) The covalent la- 
beling by [3H]Dex-NCS of only this 98 kDa species is 
inhibited by excess nonradioactive glucocorticoid steroid 
(Figure 3). 

The labeling efficiency of the receptor by [3H]Dex-NCS 
is currently low (7-1670 at pH 7.5). However, it is also not 
clear that we have maximized the conditions for labeling. 
The results of the exchange binding assay suggest that 
-45% of the receptors are being covalently labeled (Table 
11). Thus it is possible that the instability of covalent 
adduct under the conditions of analysis by SDS-PAGE (see 
above) may artifactually lower the yield of the covalently 
labeled receptors. 

This same instability, however, provides a clue as to the 
functional group that is labeled by Dex-NCS. In partic- 
ular, it would be predicted that, under weakly basic con- 
ditions, the instability of the reaction products with various 

functional groups would follow an order of instability of 
thiol == acid > alcohol > amine.3s Our observed order of 
chemical reactivity of various functional groups was thiol 
> amine >> alcohol 1 acid. These two lines of evidence 
suggest that the amino acid of the receptor which most 
likely has been labeled by Dex-NCS (Figure 3) is a cysteine. 
Two lines of evidence argue that Cys-656, which is labeled 
by Dex-Mes,S is not being labeled by Dex-NCS. First, both 
Dex-Mes and Dex-NCS react essentially with only ionized 
thiols but the labeling by Dex-NCS increases a t  pH < 8.8 
(Table 11) while Dex-Mes labeling was maximal at pH 8.8.2 
Second, the reactive position of Dex-NCS is further away 
from the C-21 of Dex than is the reactive position of 
Dex-Mes. Thus it would appear that Dex-NCS is labeling 
a thiol group other than Cys-656. An attractive candidate 
is the second thiol that can be linked with Cys-656 with 
either MMTS” or arsenite.*% Further work is required 
to confirm this hypothesis. Thus studies with Dex-NCS 
promise to expand our knowledge of the steroid binding 
cavity of glucocorticoid receptors. 
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The synthesis of 5-heteroaryl-substituted 2’-deoxyuridines is described. The heteroaromatica were obtained from 
three different 5-substituted 2‘-deoxyuridines. Cycloaddition reaction of nitrile oxides on the 5-ethynyl derivative 
1 gave the isoxazoles 4a-e. The thiazole derivatives 14a-c were obtained from the 5-thiocarboxamide 11, while 
5-pyrrol-l-yl-2’-deoxyuridine (17) could be synthesized directly from 5amino-2’-deoxyuridine. The compounds were 
evaluated for antiviral activity. Selective activity against herpes simplex virus type 1 (HSV-1) and varicella zoster 
virus (VZV) was noted for 5-(3-bromoisoxazol-5-y1)-2’-deoxyuridine (44. The compound was inactive against herpes 
simplex virus type 2, cytomegalovirus, and thymidine kinase (TK)-deficient mutants of HSV-1 and VZV, which 
indicates that, most likely, ita antiviral activity depends on phosphorylation by the virus-specified TK. 

Introduction 
Substitution of the 5-methyl group of thymidine by 

other groups has led to a multitude of compounds with 
either cytostatic or antiviral properties,’ i.e. 5-fluoro-2’- 

(1) De Clercq, E. In Approaches to Antiviral Agents; Harnden, M. 

(2) Fischer, P. H.; Chen, M. 5.; Pruaoff, W. H. Biochem. Biophys. 
R., Ed.; MacMillan: New York, 1984; pp 57-99. 
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deoxyuridine, 5-ethyl-2’-deoxyuridine, 5-iodo-2’-deoxy- 
uridine, and 5-(E)-(2-bromovinyl)-2’-deoxyuridine. The 
biological activity of these compounds is dependent on 
their conversion to the 5’-O-phosphorylated metabolites. 
The enzymes that convert these compounds to their 5‘-0- 
monophosphates may be of either cellular or viral origin. 
5’-O-Phosphorylation of 5-fluoro-2’-deoxyuridine affords 
the 5-fluoro-2’-deoxyuridine 5’-monophosphate, a potent 
inhibitor of thymidylate synthetase and a widely used 
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antitumor agent. 5’-0-Phosphorylation of 5-iodo-2’- 
deoxyuridine (IdUrd) by virus-encoded thymidine kinase 
gives 5-iodo-2‘-deoxyuridine 5’-monophosphate and 5‘- 
diphosphate, which is further converted to its 5’-tri- 
phosphate (IdUrdTP). IdUrdTP can serve either as a 
substrate or inhibitor of both the viral or cellular DNA 
polymerase. For maximal selectivity, the compound should 
be an inhibitor for the viral DNA polymerase rather than 
host DNA polymerase. 

The most potent antiviral agent among the 5-substituted 
2’-deoxyuridine derivatives is 5-(E)-(2-bromovinyl)-2’- 
deoxyuridine (BrVdUrd). Depending on the choice of the 
cell systems, BrVdUrd inhibits HSV-1 replication at  a 
concentration of 0.001-0.1 pg/mL and varicella zoster virus 
(VZV) replication at a concentration of 0.001-0.01 pg/mL.3 
A structure-activity relationship (SAR) study with 
BrVdUrd as model compound has revealed that for op- 
timum anti-HSV-1 activity the 5-substituent should be 
unsaturated, conjugated with the pyrimidine ring, not 
longer than four carbon atoms, not branched and endowed 
with an hydrophobic, electronegative fun~ t ion .~  Various 
5-membered heterocyclic compounds seem to fulfill these 
requirements. Here, we present our work on several 
isoxazol-5-yl, thiazol-2-yl, and pyrrol-1-yl substituted 2’- 
deoxyuridine derivatives, which should help in delineating 
the structural requirements for the HSV-1 activity of 5- 
substituted 2’-deoxyuridine derivatives. 
Chemistry 

The 5-(isoxazol-5-yl) derivatives of 2‘-deoxyuridine 
(3a-e) were synthesized from 5-ethynyl-3’,5‘-di-0- 
toluoyl-2’-deoxyuridines (1) (Scheme I). A convenient 
method to obtain isoxazole rings is the cycloaddition re- 
action of nitrile oxides (2a-e) with acetylenic functions. 
Nitrile oxides, especially aliphatic nitrile oxides, are 
unstable compounds and have to be generated “in situ”. 

The cycloaddition of the aromatic nitrile oxides 2a and 
2b with 3’,5’-di-0-t~luoyl-5ethynyl-2’-deoxyuridine (1) was 
carried out by dropwise addition of triethylamine at  -20 
“C to the mixture of 1 and the chloroaldoximes 6a and 6b. 
Only the 3-phenylisoxazol-5-y1 and 3-(p-chloropheny1)- 
isoxazol-5-yl derivatives were formed. They were isolated 
in 35% and 60% yield, respectively. The starting chlo- 

e: R= CH?-CH~ 

~ ~ ~~ 
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roaldoximes were synthesized by chlorination of the ben- 
zaldoximes with N-chlorosuccinimide in dimethylform- 
amide from which the aromatic nitrile oxides 2a and 2b 
were generated with triethylamine (Scheme IIh6 

The bromo nitrile oxide’ 2c, however, could not be ob- 
tained from dibromoformaldoxime 7, when triethylamine 
was used as base (in tetrahydrofuran). The use of wet 
ethyl acetate as solvent and sodium bicarbonate as base 
did give the desired product 2c. The cycloaddition of 2c 
with 1 at  25 “C for 16 h gave 44% of 3’,5‘-di-O-toluoyl- 
5-(3-bromoisoxazo1-5-y1)-2’-deoxyuridine (3c). Attempts 
to remove the bromine atom of 3c by catalytic hydrogen- 
ation (10% Pd/C, 50 psi) failed. 

The aliphatic nitrile oxides (2d and 2e) were generated 
as shown in Scheme 111. Nitroethane and nitropropane 
react in a base-catalyzed dehydration reaction with 2 equiv 
of phenyl isocyanate with formation of the nitrile oxide 
and diphenylurea? This side product (diphenylurea) 
disturbs the chromatographic purification of the reaction 
mixture. However, diphenylurea can be easily removed 
chromatographically when the nucleosides are first de- 
protected. 

The reactions of 2d and 28 with 1 were carried out in 
toluene at  80 “C under anhydrous conditions, and the 
isoxazolyl derivatives 3d and 38 were obtained in 70% 
yield. The toluoyl groups of 3a-e were removed with 
methanolate in methanol to give the unprotected nucleo- 
sides 4a-e. 

The 5-(thiazol-2-yl) derivatives of 2‘-deoxyuridine 
(13a-c) were synthesized from 3’,5’-di-O-benzoy1-5- 
cyano-2’-deoxyuridine (lo)! The cyano function was first 
converted to a thiocarboxamide group, which was then 
reacted with different a-halogeno carbonyl synthons 
(Scheme IV). 

When a solution of 3’,5’-di-O-benzoy1-5-cyano-2‘- 
deoxyuridine in dimethylformamide, containing an excess 
of triethylamine, was saturated with hydrogen sulfide 
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Table 1. Antiviral Activity and Cytotoxicity in Vitro 
minimum inhibitory concentration?b rB/mL cell 

17 
70 >200 20 >40 20 

7 >40 >400 70 HSV-1 (KOS) &SM 
70 >400 20 >40 10 HSV-1 (F) &SM 

&SM >40 >40 >200 >400 >400 >200 >40 >400 >400 
HSV-1 (Mc Intyre) 

>400 >400 >200 >40 >400 
HSV-2 (G) &SM 10 

>400 >400 >20 >40 >400 >400 
HSV-2 (196) &SM >400 

>400 >400 >200 >40 >400 >400 
HSV-2 (Lyons) &SM >400 

>400 >400 >200 >40 >400 >400 
TK- HSV-1 (B2006) 

52 334 >lo0 >lo0 237 33 
TK- HSV-1 (VMW1837) &SM >400 
vzv (YS) 
VZV (OKA) HEL 0.003 38 9 0.09 
TK- VZV (YS-R) HEL 

22 >loo HEL 8.0 61 TK- VZV (07-1) 
CMV (Davis) HEL 250 25 7 >loo 

7 >loo N.D.e 250 >lo0 70 250 >lo0 CMV (AD169) HEL 250 25 
>400 >400 >200 >40 >400 >400 >40 >40 >400 

vsv &SM >400 >400 >400 >200 >40 >40 >400 1 >40 >40 >400 
&SM >40 >40 >400 >400 >400 >200 >40 >400 >400 

vv 
morphologic alteration &SM >400 

>200 >200 >50 >200 >200 >50 >200 >200 >50 cell growth HEL 200 

4d 4e 14a 14b 1 4 ~  virus (strain) culture BVdUrd 4a 4b 4c 
7 0.07 >40 >40 

0.07 >40 >40 2 40 150 
0.07 >40 >40 2 

>40 >40 >400 
>40 >40 >400 

EBSM 100 >40 >40 >400 
>40 >40 >400 

HEL 0.003 73 >40 0.24 
87 >400 >loo >lo0 >400 42.3 

>400 >400 >loo >loo >400 
>400 >400 >loo >loo >400 

250 250 >lo0 70 200 

0.4 >lo0 77 

OConcentration required to reduce virus-induced cytopathicity (HSV, VSV, VV) or plaque formation (VZV, CMV), or cell growth by 50%; 
for morphologic alteration, it corresponded to the minimum concentration required to cause a microscopically detectable change in normal 
cell morpholoau. bThe results listed in the table are representative of a single experiment. The experiments were repeated several times. 
e Not determined. 

Scheme IV 
n 

- I 

I I 

L O  R'O 

11  a: R-H, X=Cl 12: a-e: R'= c&CO - 
b R-C!,Y, X= Br 1 4  a-e: R'= H 

e: RICH,, X= CI 
- 

(H2S) and stored overnight a t  room temperature, a more 
apolar compound was formed as judged by TLC analysis 
(CHC1,-MeOH, 95/5). lac NMR analysis revealed the 
disappearance of the signal of the cyano group and ap- 
pearance of a new signal a t  191.4 ppm, indicating formation 
of the 5-thioamide function. Also, the 'H NMR was in- 
dicative of the formation of a 5-thioamide function: the 
H-6 signal shifted from 6 8.68 ppm to 9.22 ppm and two 
(exchangeable) signals appeared at  6 9.79 ppm and 10.1 
ppm. However, attempts to isolate unprotected 5-thio- 
carbamoyl-2'-deoxyuridine as a crystalline solid failed, as 
the crystallization solution always turned yellow and a 
second more polar compound was formed. 

The thiocarboxamide function reacted readily with 
chloroacetaldehyde (12a), 2-bromoacetophenone (12b), and 
chloroacetone (120) to afford the thiazol-2-yl (13a), 4- 
phenylthiazol-2-yl (13b), and 4-methylthiazol-2-yl (13c) 
derivatives of 3',5'-di-O-benzoyl-2'-deoxyuridine, respec- 
tively. These nucleosides were deprotected with ammonia 
in methanol to 14a-c. 

Scheme V 

H N W  

O A N  HN 3..,Hc1 O A N  

HO + QoMe A H o d  

HO HO 

15 16 17 - - - 

The 5-pyrrol-l-yl-2'-deoxyuridine 17 could be obtained 
by reaction of the hydrochloric salt of 5-amino-2'-deoxy- 
uridine1° 14 with dimethoxytetrahydrofuran (16). The 
amino function in the &position of pyrimidine nucleosides 
is strongly deactivated so that rather drastic conditions 
were necessary for this reaction (1.5 h, 100 "C). As a 
consequence, the &amino function of 5-amino-2'-deoxy- 
uridine did not react with either diformylhydrazine or 
N,"-dimethylformamide azine hydrochloride." 

Assignments of the 13C NMR signals to the different 
carbon atoms of the pyrimidine and isoxazole rings were 
made and indicated the position of the substituents. The 
carbon-4 of an isoxazole resonates a t  a higher field than 
the carbon-5 atom of the isoxazole. If the other isomer is 
formed (Le. isoxazol-4-yl), the carbon-5 should be the un- 
substituted one. However, the signal a t  6 102.8 ppm (13C 
NMFt) was coupled with the signal appearing at 16.69 ('H 
NMR) ppm, which is indicative for an isoxazol-5-yl 
structure. Thus, the '9c NMR off-resonance spectrum was 
in agreement with the proposed structures. Assignment 
of the sugar signals (2-4' and C-1' of the final produds was 
proven by selective carbon-proton coupling experiments. 
Antiviral Activity 

Of the 5-substituted 2'-deoxyuridine derivatives evalu- 
ated for antiviral activity, only 5-(3-bromoisoxazol-5- 

(10) Shen, T. Y.; McPherson, J. F.; Linn, B. 0. J. Med. Chem. 1986, 

(11) Wigerinck, P.; Van Aerschot, A. A.; Janssen, G.; Balzarini, J.; 
De Clercq, E.; Herdewijn, P. A. J.  Med. Chem. 1990, 33, 
868-873. 

9, 366-369. 



1770 Journal of Medicinal Chemistry, 1991, Vol. 34, No. 6 

yl)-2’-deoxyuridine (4c) showed a marked activity against 
HSV-1 in both embryonic skin muscle (WM) cells (Table 
I) and primary rabbit kidney (PRK) cells (data not shown). 
However, as compared to the reference compound 
BrVdUrd, compound 4c was about 100-fold less active. 
The 5-(3-methylisoxazol-5-yl) (4d), 5thiazo1-2-y1(14a), and 
5-pyrrol-l-y1(17) derivatives showed slight activity against 
HSV-1, but only in EsSM cells (Table I). Pronounced 
activity was found with 4c against the TK+ strains YS and 
OKA of VZV (Table I). Also, compounds 4d and 17 were 
slightly active against these two VZV strains, while 14a was 
inactive. 

As could be expected from the results recently obtained 
with other 5-substituted 2’-deoxyuridines,12J3 none of the 
compounds that were subject of the present study proved 
active against thymidine kinase deficient (TK-) HSV or 
VZV. Apparently, the presence of a bromine atom in the  
isoxazole ring (4c) does not allow any activity against TK- 
viruses. This contrasts with the  behavior of 5-fluoro-2’- 
deoxyuridine, which is active against TK- HSV.14 

None of the test compounds at a concentration up to 
40 pg/mL showed cytotoxicity, whether monitored by 
alteration of cell morphology or inhibition of cell growth. 
It may be assumed that the inactive compounds me most 
probably not phosphorylated by either viral TK or cellular 
kinases as it  has been clearly demonstrated previously with 
other 2‘-deoxyuridine derivatives. However, failure of 
phosphorylation of the  inactive compounds has not been 
directly demonstrated, and hence, it cannot be entirely 
ruled out that the  lack of antiviral activity may be the  
result of phosphorylated anabolites of these nucleosides 
failing to inhibit the target viral function (presumably the 
viral DNA polymerase). 

The compounds with the smaller substituents (4d, 14a, 
and 17) show some inhibition of HSV-1 replication and 
might be good starting products for further structure- 
activity relationship studies. Introduction of the electro- 
negative and hydrophobic bromine in the isoxazole ring 
potentiates the antiviral activity, whereas introduction of 
an alkyl substituent (48) seems to reduce the antiviral 
activity. Surprisingly, introduction of a p-chlorophenyl 
group on the isoxazole ring yielded a compound [5-[3-(p- 
chlorophenyl)isoxazol-5-yl]-2’-deoxyuridine, 4b] with dis- 
tinct anti-CMV activity (Table I). Compound 4b was more 
effective in  this regard than the other compounds tested 
and  might represent a new lead for the development of 
CMV inhibitors. 

Experimental Section 
Melting points were determined in capillary tubes with a 

Bilchi-Tottoli apparatus and are uncorrected. Ultraviolet spectra 
were recorded with a Philip PU 8700 W/vis spectrophotometer. 
The ‘H NMR and ‘9c NMR spectra were determined with a JEOL 
FX 9OQ spectrometer with tetramethyhilane as intemal standard 
for the ‘H NMR spectra and DMSO-d6 (39.6 ppm) for the 13C 
NMR spectra (a = singlet, d = doublet, t = triplet, br s = broad 
signal, m = multiplet). Precoated Merck silica gel F254 plates 
were used for TLC, and the spots were examined with UV light 
and sulfuric acid-anisaldehyde spray. Column chromatography 
was performed on Merck silica gel (0.060.200 mm). Anhydrous 
solvents were obtained as follows: tetrahydrofuran was refluxed 
overnight on lithium aluminum hydride; dichloromethane was 
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stored for 1 week on anhydrous calcium chloride, filtered, and 
distilled; water was removed from NJV-dimethylformamide by 
distillation with benzene followed by distillation in vacuo. 
5-(3-Phenylisoxazol-5-y1)-2’-deoxyuridine (4a). To a solu- 

tion of 200 mg (0.41 mmol) 3’,5’-di-O-toluoyl-5-ethynyl-2’- 
deoxyuridine and 280 mg (1.80 mmol) of benzohydroximoyl 
chloride in 20 mL of THF, cooled at -20 OC, was added dropwise 
a solution of 2 mL of Et3N (14.3 mmol) in 10 mL of THF. The 
temperature was raised slowly (2 h) up to room temperature; TLC 
evaluation (CHC13-MeOH, 95/5) revealed that all starting material 
had been transformed to a more lipophilic product. The mixture 
was evaporated and taken up in 20 mL of a 0.1 M solution of 
sodium methoxide in MeOH. After 2 h, 5 mL of acetic acid was 
added and the mixture was evaporated. Chromatographic pu- 
rification yielded 90 mg (59%) of the phenylisoxazolyl derivative, 
which was crystallized from acetone: mp >250 OC; UV (MeOH) 
A, 237 nm (e = 20250), 303 (e = 18450); ‘H NMR 6 2.27 (t, 2 
H, H-29, 3.68 (br s, 2 H, H-5’), 3.85 (m, 1 H, H-4’),4.33 (m, 1 H, 
H-3’), 5.23 (br s, 2 H, 3’-OH and 5’-OH), 6.23 (t, 1 H, H-l’), 7.26 
(s, 1 H, H-4”), 7.51 and 7.86 (2 X br s, 5 H, aromatic H), 8.76 (8, 
1 H, H-6), 11.81 (br s, 1 H, NH) ppm; 13C NMR 6 40.5 (C-2’),60.9 

126.6,128.5, 129.1 and 130.1 (aromatic C), 139.5 (C-6), 149.4 (C-2), 
162.0, 159.7, and 163.6 (C-4, C-3”, and C-5”) ppm. Anal. CU- 

5-[3-(p-Chlorophenyl)iso~zol-5-yl]-2/-deoxyuridine (4b). 
To a solution of 250 mg (0.51 mmol) of 3’,5’-di-O-toluoy1-5- 
ethynyL2’-deoxyuridine and 1.9 g (10 mmol) of p-chlorobenzo- 
hydroximoyl chloride in 20 mL of THF, cooled at -20 “C, was 
added dropwise a solution of 2 mL (14.3 mmol) of triethylamine 
in 10 mL of THF. The mixture was kept for 2 h a t  -20 OC and 
slowly warmed up to room temperature (2 h). After evaporation, 
the protective groups were removed by treatment with 20 mL of 
0.1 M NaOMe in MeOH during 2 h. The solution was neutralized 
with 0.5 M HC1 and evaporated. Column chromatography yielded 
70 mg of 5[3-(p-chlorophenyl)isoxezol-5yl]-2’deoxyuridine, which 
was crystallized from acetone: mp 229-231 OC; W (MeOH) A- 
(t, 2 H, €1-29, 3.70 (br s, 2 H, H-59, 3.87 (m, 1 H, H-49, 4.23 (m, 

H, H-l’), 7.28 (s, 1 H, H-4’9, 7.58 and 7.95 (2X) (d, 2 H, J = 8.7 
Hz, aromatic H), 8.76 (s, 1 H, H-6), 11.79 (br s, 1 H, NH) ppm; 

NMR (DMSO-de) 6 42.0 (C-29, 61.1 (C-59, 70.3 (C-3’), 85.8 
(C-l’), 88.0 (C-4’),99.7 (C-4‘9,102.0 ((2-9, 127.4, 128.4, 129.1, and 
135.2 (aromatic C), 139.7 (C-6), 149.5 (C-2), 161.1, 159.7, and 163.9 
(C-4, c-3”, and c-5”) ppm. Anal. Cl&,6N306C1~3/,Hz0 (C, H, 
N). 
5-(3-Bromoisoxazo1-5-y1)-2’-deoxyuridine (4c). 3’,5’-Di-0- 

toluolyl-5-ethynyl-2’-deoxyuridine (700 mg, 1.43 mmol) was 
dissolved in 100 mL of EtOAc with gentle heating. To this solution 
were added 3 mL of HzO, 700 mg (2.3 mmol) of dibromoform- 
aldoxime (7), and 700 mg (7 “01) of potassium bicarbonate. The 
mixture was stirred vigorously during 16 h. TLC analysis 
(CHC13-MeOH, 95/5) revealed the disappearance of all starting 
material and the formation of a more lipophilic product. This 
product was isolated by column chromatography (390 mg, 44% 
yield), and the protective groups were removed by treatment with 
a 0.1 M sodium methoxide solution in methanol a t  room tem- 
perature for 8 h. Column chromatography yielded 5-(3-bromo- 
isoml-5-y1)-2’-deoxyuridine in 92% yield (220 mg). The product 
was recrystallized from acetone: mp 170-172 OC; UV (MeOH) 
A- = 248 nm (c = l0400), 302 (e = 18000); ‘H NMR (DMSO-d6 
+ DtO) 6 2.25 (t, 2 H, H-2’), 3.66 (br s, 2 H, H-5’),3.89 (m, 1 H, 
H-4’),4.31 (m, 1 H, H-39, 6.18 (t, 1 H, H-l‘), 6.94 (8, 1 H, H-49, 
8.76 (8 ,  1 H, H-6) ppm; 13C NMR (DMSO-d8) 6 40.6 (C-2’),60.8 

ppm. Anal. C12H12N308Br (C, H, N). 
5-(3-Methylisoxazol-5-y1)-2’-deoxyuridine (4d). 3’,5’-Di-O- 

toluolyl-5-ethynyl-2’-deoxyuridine evaporated three times with 
25 mL of toluene, was dissolved in 50 mL of toluene with heating. 
To this solution were added 150 pL (2.10 mmol) of nitroethane, 
600 p L  (5.25 mmol) of phenyl isocyanate, and 2 drops of tri- 
ethylamine. The mixture was heated for 16 h at  90 OC under an 
inert atmosphere. After cooling and evaporation, the remaining 
oil was taken up in 50 mL of 0.1 M NaOMe in MeOH. The 

(C-5’),70.2 (C-3’),85.4 (C-l’), 87.9 (C-4’), 99.4 (C-4’9, 102.7 (C-5), 

H17N306 (C, H, N). 

242 m (C  = 21000), 305 (C = 17600); ‘H NMR (DMSO-ds) 6 2.26 

1 H, H-39, 5.03 (t, 1 H, 5’-OH), 5.19 (d, 1 H, 3’-OH), 6.21 (t, 1 

(C-5’), 70.0 (C-3’), 85.7 (C-l’), 88.0 (C-4’),101.2 (C-5), 104.5 (C-4”), 
140.5 (C-6), 140.5 (‘2-3’9, 149.3 (C-2), 159.6 (C-4), 165.0 (C-5”) 

(12) Kumar, A.; Lewis, M.; Shimiza, S.-I.; Walker, R. T.; Snoeck, 
R.; De Clercq, E. Antiviral Chem. Chemother. 1990,1, 35-40. 

(13) Aahwell, M.; Jones, A. S.; Kumar, A.; Sayers, J. R.; Walker, R. 
T.; Sakuma, T.; De Clercq, E. Tetrahedron 1977, 43, 
4601-4608. . - - - - - - -. 

(14) De Clercq, E.; Blres, J.; Bentrude, W. G. Mol. Pharmacol. 
1987,32, 286-292. 
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deprotection was completed within 2 h. After the usual workup 
procedure and purification step, 210 mg (69%) of 5-(3-methyl- 
isoxazo1-5-y1)-2’-deoxyuridine was obtained. This product crys- 
tallized from acetone: mp 237 “C; UV (MeOH) A, = 244 nm 
(e = 11 900), 301 (c = 16000); ‘H NMR (DMSO-d,) 6 2.26 (br s, 
5 H, H-2’ and CH3), 3.65 (br s, 2 H, H-59, 3.89 (m, 1 H, H-49, 
4.31 (m, 1 H, H-3’), 5.27 (t, 1 H, 5’-OH), 5.49 (d, 1 H, 3’-OH), 6.20 

H, NH) ppm; l% NMR (DMSO-d6) 6 11.3 (CH3), 40.7 (C-2’),61.2 

139.6 (C-6), 149.7 (C-2), 160.1, 160.4, and 162.5 ((2-4, C-3”, and 
C-5”) ppm. Anal. C13H15N306.1/4H20 (C, H, N). 
5-(3-Ethylisoxazol-5-y1)-2’-deoxyuridine (4e). 3’,5’-Di-O- 

toluoyl-5-ethynyl-2’-deoxyuridine (1) (500 mg, 1.02 mmol), dried 
by coevaporation with toluene, was dissolved in 100 mL of toluene 
with gentle heating. Nitropropane (135 pL, 1.5 mmol), 328 pL 
(3 mmol) of phenyl isocyanate, and 3 drops of EbN were added. 
The mixture was heated for 16 h at  80 “C under anhydrous 
conditions. At  that moment TLC revealed that all starting 
material had disappeared. The mixture was cooled, and the 
volatiles were evaporated. The resulting oil was taken up in 50 
mL of 0.1 M sodium methanolate in MeOH and kept for 2 h at 
room temperature. The reaction mixture was neutralized, 
evaporated, and purified, yielding 212 mg (64%) of 4e as a foam. 
The compound was recrystallized from acetone: mp 193-195 “C; 
UV (MeOH) &- = 244 nm (c = 13350), 301 (c = 17900); ‘H NMR 

CH2CH3), 3.63 (br s, 2 H, H-5’), 3.87 (m, 1 H, H-49, 4.28 (m, 1 
H, H-3’), 5.02-5.40 (br s, 2 H, D20 exchangeable, 3’-OH and 
5’-OH), 6.18 (t, 1 H, H-l’), 6.71 (8,  1 H, H-4’9, 8.61 (8,  1 H, H-6), 
11.75 (8,  1 H, NH) ppm; 13C NMR (DMSO-d,) 6 12.5 (CH3), 19.0 
(CHZCHS), 40.5 ((2-29, 61.0 (C-5’), 70.3 (C-39, 85.4 (C-l’), 87.9 
(C-49, 101.2 ((2-4’9, 102.5 (C-5), 139.0 (C-6), 149.4 (C-2), 159.8 
(C-4), 162.2 (C-5”), 165.1 (C-3”) ppm. Anal. cl4Hl7N3o6 (C, H, 
N). 
&ThiocarbamoyL3’,5’-di- O-be.nzoyl-2’-deoxyuridine ( 11). 

To a solution of 1 g (2.16 mmol) of 5-cyan0-3’,5’-di-O-benzoyl- 
2’-deoxyuridine in 20 mL of DMF was added 3 mL of EbN. The 
solution was saturated with H2S (0.5 h). The reaction vessel was 
closed and kept for 24 h at room temperature. The mixture was 
neutralized with acetic acid, evaporated, and purified by column 
chromatography (CHZCl2-CH3CN, 90/10), giving 970 mg (90%) 
of 2 as a foam: ‘H NMR (DMSO-d,) b 2.75 (m, 2 H, H-2’),4.61 
(br s, 3 H, 2 X H-5’ and H-4’), 5.64 (m, 1 H, H-3’), 6.25 (t, 1 H, 
H-l’), 7.04-8.82 (br s, 10 H, aromatic H), 9.22 (8,  1 H, H-6), 9.79 
(8 ,  1 H, NH2), 10.1 (s, 1 H, NH2), 11.97 (8, 1 H, NH) ppm; 13C 

109.3 (C-5), 128.5, 128.7, 129.3, and 133.6 (aromatic C), 148.9 and 
149.9 ((2-6 and C-2), 162.4 (C-4), 165.2 and 165.5 (C=O), 191.4 
(C-S) ppm. 
5-Thiazol-2-yl-2’-deoxyuridine (14a). To a solution of 400 

mg (0.87 mmol) of the protected thioamide 11 in 45 mL of a 
mixture of THF and EtOH (2/1) were added 2 mL (15 mmol) 
of a chloroacetaldehyde solution (50% in HzO). This mixture 
was refluxed for 6 h. TLC (CHzClZ-CH3CN, 80/20) revealed that 
about 20% of the starting material was transformed, another 6 
mL (45 mmol) of the chloroacetaldehyde solution was added, and 
the mixture was refluxed ovemight (total 24 h). After evaporation 
and chromatographic purification, 230 mg (51 %) of 3’,5’-di- 
benzoyl-5-thiazol-2-yl-2’-deoxyuridine (13a) was obtained as an 
oil. The protective groups were removed by treatment with 
methanol saturated with ammonia (16 h); column chromatography 
yielded 120 mg (70%) of 5thiazol-2-yl-2’-deoxyuridine (14a). The 
compound was recrystallized from isopropanol: mp 217-219 O C ;  

UV (MeOH) &- 320 nm (c = 14 100); lH NMR (DMSO-d,) 6 2.23 
(t, 2 H, H-2’), 3.63 (br s, 2 H, H-5’1, 3.89 (m, 1 H, H-4’),4.30 (m, 

8.83 (8, 1 H, H-6), 11.90 (a, 1 H, NH) ppm; ’% NMR (DMSO-d6) 

and 161.3 (C-2” and (2-4) ppm. Anal. C13H13N305S (C, H, N). 
5-(4-Phenylthiazol-2-y1)-2’-deoxyuridine (14b). To a so- 

lution of 643 mg (1.39 mmol) of 5-thiocarbamoyl-3’,5’-di-O- 
benzoyL2’-deoxyuridine in a mixture of THF and EtOH (2/1) 
was added 300 mg (1.5 mmol) of 2-bromoacetophenone. The 

(t, 1 H, H-l’), 6.69 (9, 1 H, H-4”), 8.61 (5, 1 H, H-6), 11.26 (9, 1 

(C-5’), 70.5 (C-3’),85.8 (C-l’), 88.0 (C-49, 102.8 (C-4’9, 102.9 (C-5), 

(DMSO-de) 6 1.20 (t, 3 H, CH&, 2.21 (t, 2 H, H-27, 2.64 (q,2 H, 

NMR (DMSO-ds) 6 64.4 ((2-59, 74.6 (C-3’),82.4 (C-l’), 87.3 (C-4’), 

1 H, H-39, 5.01 (t, 1 H, 5’-OH), 5.30 (d, 1 H, 3’-OH), 6.22 (t, 1 
H, H-1’1, 7.46 (d, 1 H, 3.3 Hz, H-59, 7.85 (d, 1 H, 3.3 Hz, H-4”), 

6 40.3 ((3-2’1, 61.4 (C-5’), 70.5 (C-3’), 85.4 (C-l’), 87.9 (C-4’), 107.7 
(C-5), 119.8 (C-5’9, 138.6 (C-6), 141.9 (C-4’9, 149.4 (C-2), 159.1 
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mixture was refluxed for 6 h, cooled, and evaporated. Chroma- 
tographic purification yielded 710 mg (88%) of 3‘,5‘-dibenzoyl- 
5-(4-phenylthiazol-2-y1)-2’-deoxyuridine as an oil, which was 
deprotected with 0.1 M sodium methoxide in MeOH (20 mL, 6 
h). After neutralization, evaporation, and purification 338 mg 
(71%) of 14b was obtained. The product was recrystallized from 
MeOH: mp >250 OC; UV (MeOH) A, = 230 nm (c = 18900), 

2 H, H-2’1, 3.70 (br s, 2 H, H-59, 3.92 (m, 1 H, H-43, 4.33 (m, 1 

H-1’), 7.37 (br s, 3 H, aromatic H), 8.00 (br 8 ,  3 H, aromatic H), 
9.06 (s, 1 H, H-6), 12.03 (br s, 1 H, NH) ppm; ’% NMR (DMSO-ds) 

(C-51, 114.0 (C-5’9, 126.1, 127.8, 128.7, and 134.1 (aromatic C), 

C-4) ppm. Anal. C18H17N305S (C, H, N!. 
5-(4-Methylthiazol-2-yl)-2’-deoxyur1dine (14c). 5-Thio- 

carbamoyl-3’,5’-dibenzoyl-2’-deoxyuridine (238 mg, 0.51 mmol) 
was dissolved in 20 mL of a mixture of THF and EtOH (2/1); 
2 mL of chloroacetone (25 “01) was added and the mixture was 
refluxed overnight. The solution was cooled and evaporated to 
an oil, which was taken up in 20 mL of methanol saturated with 
ammonia and kept at room temperature ovemight. The mixture 
was evaporated and purified by column chromatography. It 
yielded 97 mg of 14c as a foam; the compound was recrystallized 
from acetone: mp 245-247 “C; UV (MeOH) A, = 256 nm (c = 

2.39 (d, 3 H, 0.9 Hz, CH3), 3.60 (br s, 2 H, H-57, 3.88 (m, 1 H, 
H-4’),4.28 (m, 1 H, H-3’),4.98 (t, 1 H, 5’-OH), 5.30 (d, 1 H, 3’-OH), 

11.88 (br s, 1 H, NH) ppm; 13C NMR (DMSO-de) 6 17.0 (CH3), 

157.4 and 161.3 (C-2” and C-4) ppm. Anal. C13H14N305SJ/lH20 
(C, H, N). 
5-Pyrrol-l-yl-2‘-deoxyuridine (17). To a solution of 210 mg 

(0.63 mmol) of the hydrochloride salt of 5-amino-2’-deoxyuridine 
(15) in 20 mL of DMF was added 0.5 mL (3.8 mmol) of 2,5-di- 
methoxytetrahydrofuran (16). The solution was heated for 1.5 
h a t  100 “C, cooled, and evaporated. The reaction mixture was 
purified twice by column chromatography before an analytical 
pure compound was obtained; 70 mg (38%) of 5-pyrrol-l-yl-2’- 
deoxyuridine was yielded as a foam: UV (MeOH) &- = 228 nm 
(c = 7250), 287 (c = 8100); ‘H NMR (DMSO-d,) 6 2.20 (m, 2 H, 
H-2’),3.60 (br s, 2 H, H-5’),3.81 (m, 1 H, H-4’),4.27 (m, 1 H, H-39, 
5.11 (t, 1 H, 5’-OH), 5.25 (d, 1 H, 3’-OH), 6.13 (bra, 3 H, H-l’, 

(s, 1 H, NH) ppm; ’% NMR (DMSO-ds) 6 40.1 (C-2’), 60.9 ((2-59, 

ppm. Anal. C13H16N306J/2H20 (C, H, N). 
In vitro antiviral assays were performed as described previ- 

0 u s l y . ~ ~ 9 ~ ~  The origin of the viruses [herpes simplex virus type 
1 (HSV-1 strain KOS, F, and McIntyre], thymidine kinase de- 
ficient (TK-) strains B2006 and VMW1837), herpes simplex virus 
type 2 (HSV-2, strains G, 196 and Lyons), varicella-zoster visus 
(VZV, strains Oka and YS), TK- VZV (strains 07-1 and YS-R), 
vaccinia virus (VV), vesicular stomatitis virus (VSV) and cyto- 
megalovirus (CMV, strains AD169 and Davis) has been de- 
scribed.14J5 Cytotoxicity measurements were based on either 
microscopically detectable alteration of normal cell morphology 
or inhibition of cell growth. The antiviral activity and cytotoxicity 
assays were performed in primary rabbit kidney (PRK), human 
embryonic skin-nude (&SM) or human embryonic lung (HEL) 
cells seeded in 96-well microtiter plates. 
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Substituent Effect on the Stereochemistry of H2-Receptor Antagonists of the 
Phenylformamidine Series. A Conformation-Dependent Mode of Interaction with 
the H2 Receptor 

Arturo Donetti,*#? Harold M. M. Bastiaans: Klaas Kramer,f Giuseppe Bietti,' Enzo Cereda,' Enrica Dubini,' 
Maurizio Mondoni,? Aalt Bast,* and Hendrik Timmermant 
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Universiteit, De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands. Received September 13, 1990 

The influence of alkyl substitution on the stereoisomerism of the formamidine cation (E$ vs E,Z) of several 
N-substituted (imidazoly1phenyl)formamidines (1-10) was investigated. As (imidazoly1phenyl)formamidines having 
alkyl Substituents of more than three carbon atoms bind to Hz-receptor preparations in a pseudoirreversible mode 
causing unsurmountable antagonism, the four isomeric butylformamidines (5-7 and 9) having comparable lipophilic 
character but different E,E/E,Z composition were investigated in H2-receptor assays to determine quantitatively 
any difference in their pseudoirreversible inhibitory pattern. It was found that the geometry of the formamidine 
cation is affected by the steric bulk of the substituent on the formamidine nitrogen. A relationship between the 
percentage of the E,E conformation of the formamidine cation and degree of pseudoirreversible antagonism was 
also found. The present studies support the hypothesis that bidentate hydrogen bonding plays an important role 
in the interaction of (imidazolylpheny1)formamidines with the Hz receptor. 

The search for Hz antagonists by the structural modi- 
fication of cimetidine has led to the discovery of a number 

H 

dmetidine mifentidine (1) 

of new compounds.' Chemical variations of this prototype 
structure have focused mainly on the two molecular de- 
terminants for H,-receptor antagonism, i.e. the imidazole 
ring and the cyanoguanidine moiety. 

While the imidazole ring was amenable to replacement 
only by a limited number of moieties (e.g. aminomethyl- 
furan, guanidinothiazole, aminomethylbenzene), manipu- 
lation of the cyanoguanidine part has led to a wide variety 
of amidine-type structures which were introduced on 
structural parts of classical Hz-receptor 
Thiourea, cyanoguanidine, nitroethenediamine, and sul- 
famoylamidine are examples of acyclic amidine systems. 
Aminopyrimidones, -thiadiazoles, -thiatriazines, and 
-thiazoles (benzo- or thieno-fused) may be considered cy- 
clized amidine correspondents. Most of them possess a 
reduced basicity conferred by the presence of electroneg- 
ative substituents or by the inherent sp2 character of their 
nitrogens' lone pairs. 

Ganellin and co-workers,9 in a study aimed at analyzing 
quantitatively differences in the antagonist activity asso- 
ciated with these moieties, have ppinted out the impor- 
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tance of the orientation of the dipole moment associated 
with these amidine systems. Their findings suggest that 
interaction of these structural parts with the Hz receptor 
might be largely determined by their hydrogen-bonding 
ability. Recent studies2p4 on mifentidine (1): a new type 
of Hz-receptor antagonist having a phenylformamidine 
structure, have led us to suggest a general model for the 
interaction of amidino groups with the Hz receptor. The 
model proposes that these moieties bind to a common 
binding site in two possible modes, as depicted in Figure 
1. 

It is implicit from this model that in order to establish 
an effective bidentate coupling, a syn relationship of the 
two hydrogens on the amidine nitrogens is required. The 
model also implies that the formation of the cyclic complex 
is energetically compatible and that the amidine group is 
present at the receptor in a proper alignment. Provided 
the latter condition is fulfilled, whether the formamidine 
binds in its protonated form to an ionized acidic moiety, 
as in Figure 1 (part a), or in its neutral form to an un- 
ionized acidic counterpart (part b), the energy of binding 
will be influenced by its steric bias to assume the required 
syn relationship of NH bonds (Le. the E$ configuration 

(1) For a recent review on the medicinal chemistry of Hz-receptor 
antagonists see: Donetti, A. In Actualit6 de Chimie Thera- 
peutique; Chatenay-Malabry CBdex, 1988; pp 227-246. 

(2) Donetti, A.; Cereda, E.; Ezhaya, A.; Micheletti, R. J .  Med. 
Chem. 1989, 32, 957-961. 

(3) Young, R. C.; Durant, G. J.; Emmet, J. C.; Ganellin, C. R.; 
Graham, M. J.; Mitchell, R. C.; Prain, H. D.; Roantree, M. L. 
J. Med. Chem. 1986,29,44-49. 

(4) Bazzano, C.; Vanoni, P. C.; Mondoni, M.; Gallazzi, A,; Cereda, 
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( 5 )  Donetti, A.; Cereda, E.; Bellora, E.; Gallazzi, A,; Bazzano, C.; 
Vanoni, P. C.; Del Soldato, P.; Micheletti, R.; Pagani, F.; Gia- 
chetti, A. J. Med. Chem. 1984, 27, 380-386. 
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