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Abstract—ortho-Hydroxynaphthalene carboxamides have been identified as inhibitors of HCMV DNA polymerase. SAR investi-
gations have demonstrated that both the amide and hydroxy functionalities are required for activity. Substitution on the naphtha-
lene ring has led to inhibitors with submicromolar 1Csys against HCMV polymerase. These compounds have been found to be
>100-fold selective for inhibition of HCMV polymerase versus human alpha polymerase and display antiviral activity in a cell-
based plaque reduction assay. © 2000 Elsevier Science Ltd. All rights reserved.

Human cytomegalovirus (HCMV) is a ubiquitous
member of the herpes virus family which infects over
forty percent of the population. Like other herpes viru-
ses, HCMYV npersists in the host in a latent state after
primary infection. Although generally benign in the
immunocompetent host, reactivation of the latent
infection is associated with significant morbidity and
mortality in immunocompromised individuals. Active
HCMYV infection is associated with clinical syndromes
such as pneumonia, retinitis, hepatitis, gastrointestinal
disease and congenital birth defects. Ganciclovir, foscar-
net, cidofovir and formivirsen, the only drugs approved
for treatment of HCMYV infections, are less than ideal
agents due to their significant toxicity, modest efficacy
and required intravenous or intraocular routes of
administration.!?> Clearly, less toxic, orally available
alternatives are needed.

In order to address this unmet medical need, the herpes
virus program team at Pharmacia initiated a program to
develop better anti-HCMV agents. The program team
has chosen HCMV DNA polymerase (HCMYV pol) as a
molecular target.’ Currently marketed therapies includ-
ing ganciclovir, foscarnet and cidofovir all inhibit
HCMYV via inhibition of this viral enzyme.*® Through
broad screening of the compound collection, the naph-
thalene carboxamide 1 was identified as an inhibitor of
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HCMYV pol. Structure—activity relationship (SAR) stu-
dies were initiated around this template.

SAR investigations of this template were focused on
three major structural features of the molecule, the
amide functionality, the hydroxyl group and substitu-
tion on the naphthalene ring. The reported naphthalene
carboxamides were prepared by condensation of the
corresponding naphthalene carboxylic acid with the
appropriate amine, utilizing reaction conditions of
either PCls in refluxing xylenes’ or carbonyldiimidazole
in THF.® Compounds were tested for their ability to
inhibit HCMV pol using a scintillation proximity
assay.’ Initial SAR investigations of the naphthanilides
showed that the presence of an electron withdrawing
substituent on the aniline ring was essential for activity
(Table 1). Unsubstituted or electron rich anilides were
found to be less active, as were pyridyl amides.

To further examine the SAR around this template,
optimal placement of the electron-deficient aromatic ring
was explored. It was found that a one carbon linkage
between the amide nitrogen and the electron-deficient
aromatic group gave similar HCMV pol inhibitory
activity (Table 2). Longer linkages resulted in diminished
activity.

Continuing investigations focused on the hydroxyl sub-
stituent, evaluating the necessity and the placement of
this functionality (Table 3). In the aniline series, deriva-
tization of the hydroxyl group as either its methyl ether
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Table 1. Aryl amides
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Compound Aryl group HCMYV pol ICsy (uM)
1 3-NO,-Ph 12
2 4-NO,-Ph 22
3 4-Cl-Ph 69
4 4-Br-Ph 22
5 4-CN-Ph 19
6 Ph >100
7 4-OCHj;-Ph 56
8 3-NH,-Ph >100
9 2-pyridyl >100
10 3-pyridyl >100

Table 2. Linker region

Compound n R HCMYV pol ICsy (M)
11 1 NO, 12
12 1 Cl 52
13 2 NO, >100
14 2 Cl >100
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Compound R R’ n HCMYV pol ICsy (LM)
15 NO, 3-OCHj; 0 >100
16 NO, 3-OMOM 0 >100
17 Cl 3-OCHj; 1 8.0
18 NO, H 0 >100
19 Cl H 1 >100
20 Cl 1-OH 0 37
21 Cl 1-OH 1 13
22 NO, 1-OH 1 14.5

(15) or its methoxymethyl ether (16) resulted in reduc-
tion of activity. This was not true for the benzylamide
series, in which the corresponding methyl ether (17) was
actually more active than the free hydroxyl group.
Removal of the hydroxyl functionality resulted in
reduction of activity in both series (18 and 19). Of note
in this study was that the hydroxy group could be
placed at either the 1- or 3-position of the naphthalene
ring ortho to the carboxamide with little difference in
activity. Again, both anilides and benzylamides were
active within this new series (20, 21, and 22).

The next phase of SAR investigations involved the
study of the effects of substitution on the naphthalene

Table 4. Naphthalene substitution effects
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Compound R R’ HCMYV pol ICsy (uM)
23 NO, 4,7-di-Br 2.9
24 NO, 5-OH 3.8
25 Cl 5-OH 33
26 NO, 7-OH 10.6
27 Cl 7-OH 2.4
28 NO, 7-OCH;, 0.82
29 Cl 7-OCHj; 0.76

ring system. Toward this end, commercially available
naphthalene carboxylic acids were condensed with 4-
chloro- or 4-nitrobenzylamine to form the desired car-
boxamides. The results of this study are shown in Table
4. In general, substitution at the 5- and 7-positions of
the naphthalene ring had beneficial effects on HCMV
pol inhibitory activity, with the 7-methoxy substituted
analogues being the first compounds in this series to
display submicromolar activity.

Having identified methoxy as a favored substituent at
the 7-position, the identity and necessity of the amide
group was revisited within this series. Heterocyclic
amides were investigated. Again, the desired analogues
could be prepared by PCl; or carbonyldiimidazole pro-
moted condensations of the naphthalene carboxylic acid
with the appropriate aminoheterocycle. The compounds
prepared and their HCMYV pol inhibitory activities are
shown in Table 5. As can be seen in this table, although
electron deficient heterocyclic amides displayed activity
in the polymerase assay, they appeared to be less potent
than the benzyl amides. To further evaluate the neces-
sity of the amide functionality, the amide of 29 was
reduced with LiAlH4 to provide 35. This led to a
marked decrease in activity.

The next step in the biological investigations of these
compounds was to determine the selectivity of the poly-
merase activity. The initial lead 1 was found to only be 2-
to 3-fold selective for inhibition of HCMYV pol versus
human alpha polymerase. In contrast, many of the new
analogues showed remarkable selectivity (10- to 100-
fold) for inhibition of HCMV pol versus human alpha
polymerase. Additionally, antiviral activity in a plaque
reduction assay was observed for many of the more
potent analogues, while less potent HCMYV pol inhibi-
tors (e.g. 14 and 21) did not exhibit measurable antiviral
activity.'? Data for select analogues is shown in Table 6.

In summary, ortho-hydroxynaphthalenecarboxamides
have been identified as HCMV DNA polymerase
inhibitors. SAR investigations of these compounds
show that both the amide and hydroxy functionalities
are required for activity. Electron-deficient phenyl, and
benzylic amides provide the highest levels of inhibition.
Substitution at the 5- or 7-postion of the naphthalene
ring with either hydroxy or methoxy groups enhances
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Table 5. Heterocyclic amides
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Table 6. Polymerase selectivity and antiviral activity for select com-
pounds

Compound HCMYV pol Human a-pol Plaque reduction
ICso (M) ICso (M) ICsp (LM)

1 12.3 32 nd

14 >100 nd? >20

21 13 nd >20

24 3.8 >100 1.5
25 3.3 63 0.6
27 2.4 18 1.0
28 0.82 >100 3.7
31 6.4 93 >5
Aphidicolin 0.4 3.0 —
Ganciclovir — — 0.6

2nd not determined.

polymerase inhibition activity, resulting in compounds
(e.g. 28) which display submicromolar ICsos against
HCMYV pol. This compound was also found to be
greater than 100-fold selective for inhibition of HCMV

pol versus human alpha polymerase and shows antiviral
activity in a cell-based antiviral assay.
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