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A series of C-2 pyrroloquinoline analogs designed to improve aqueous solubility were examined for her-
pesvirus polymerase and antiviral activity. Several analogs were identified that maintained the antiviral
activity of the previous development candidate against HCMV, HSV-1 and VZV, but with significantly
improved aqueous solubility.

� 2010 Elsevier Ltd. All rights reserved.
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The Herpesvirus family contains eight known viruses that infect
humans.1 These members of Herpesviridae are the herpes simplex
viruses (HSV-1 and HSV-2), varicella zoster virus (VZV), Epstein-
Barr Virus (EBV), human cytomegalovirus (HCMV), and human her-
pes viruses (HHV-6, HHV-7 and HHV-8). Infections by members of
this family are responsible for a wide range of diseases. Although
troublesome, infections in immunocompetent patients are typi-
cally minor and may involve periodic reactivation of a latent state.
However, for patients with suppressed immune systems as a result
of chemotherapy, HIV infection or old-age, serious morbidity and
mortality can occur.2

Safe and effective treatments have been developed for infec-
tions resulting from some members of the Herpesviridae family,
for example treatment of HSV-2 with acyclovir.3 The treatment
of other Herpesvirus infections has not proven as successful. For
HCMV, agents such as ganciclovir are associated with a range of
serious adverse effects and display only modest efficacy.4 Even
with these complications, ganciclovir is considered the gold stan-
dard compared to other less ideal agents such as forscarnet, fomi-
virsen and cidofovir.1 The emergence of drug-resistant strains also
poses an increasing problem for disease management.4a Therefore,
the discovery of a new class of treatments for immunocompro-
ll rights reserved.
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mised patients infected with HCMV represents a serious unmet
medical need. Previously disclosed DNA polymerase inhibitors 1,5

26 and 37 ( Fig. 1) are broad-spectrum anti-herpetic compounds
that show activity against ganciclovir resistant isolates.5c One con-
sistent issue observed for these and related templates was poor
aqueous solubility.3,8 This Letter describes our C-2 analog effort
OH3

Figure 1. Previously reported polymerase inhibitors.
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Scheme 1. Synthesis of C-2 pyrroloquinoline analogs 8–24. Reagents and conditions: (a) 4-chlorobenzylamine, 135 �C, 4 h; (b) CuI, PdCl2(PPh3)2, triethylamine, alkyne, EtOH,
reflux, (c) if deprotection was required, HCl in dioxanes or methanol for Boc removal or in THF/water for ketal hydrolysis.
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to alleviate the poor aqueous solubility shown by development
candidate 3, while attempting to improve, or at least retain, potent
antiviral activity.

The synthesis of key intermediate 5 from 4 (Scheme 1) has pre-
viously been reported and is amenable to pilot plant synthesis.7a

Conversion of 5 to pyrroloquinoline analogs 8–24 (Table 1) was
accomplished by two routes. Reaction of 5 with 4-chlorobenzyl-
amine generated compound 6.7,9 Sonogashira coupling of 6 with
the appropriate alkyne and concomitment annulation generated
the C-2 pyrroloquinoline analogs.10 Although this approach al-
lowed for late stage diversity, removing Pd from the target com-
pound proved difficult in some cases.7a An alternate approach
from 5, that allowed an extra step for Pd removal, involved initial
Sonogashira coupling/annulation generating 7, followed by 4-chlo-
robenzylamide formation and, if required, deprotection.

The alkynes used in the Sonogashira couplings in Scheme 1
were commercially available or prepared in the following manners.
For compound 8, the protected alkyne (Fig. 2) was generated by
periodate cleavage of the diketal of mannitol (25).11 Attempted
conversion of the resulting aldehyde to an alkyne by a Corey–Fuchs
reaction resulted in a low yield of 26, but the alternate dia-
zophosphonate protocol resulted in a reasonable yield of 26.12

The ether-containing alkynes used in Scheme 1 were generated
according to literature.13 The alkynes with amine linkers (entries
11–24) were prepared simply by reacting propargyl bromide or
3-butynyl p-toluenesulfonate and the corresponding amine in the
presence of diisopropylethylamine or potassium carbonate in
dichloromethane or ethanol.14

The HCMV DNA Polymerase and Plaque Reduction assays re-
sults are shown in Table 1 and the details of these assays and their
statistical error have previously been disclosed.3,5,6,7b The C-2 ana-
logs in Table 1 were designed to improve the thermodynamic
aqueous solubility15 while also attempting to pick up additional
interactions with the protein. The results for compound 3 are
shown for comparison purposes to its C-2 analogs.
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Figure 2. Preparation of alkyne 26 for generation of compound 8.
Compounds 8 and 9 are analogs that included an additional hy-
droxyl group in the C-2 side-chain. Although compound 8 and 9 had
improved aqueous solubility compared to 3, they both had dimin-
ished antiviral activity, likely associated with a decrease in perme-
ability. Entry 10, with an increase chain length and ethereal oxygen
demonstrated a significant improvement, almost 10-fold, in aque-
ous solubility (P5 lg/mL was the observation-based criteria for
the team) and comparable HCMV polymerase and antiviral activity.

Acyclic amine derivatives 11, 12, 14 and 15 all displayed an
improvement in aqueous solubility compared to 3, but interest-
ingly compound 13, despite its basic amine, displayed no solubility
improvement. Unfortunately, compound 11 showed a slight loss in
HCMV polymerase inhibition, and 12 and 14 demonstrated mar-
ginally lower antiviral activities. Compound 15 was similar in
HCMV polymerase and plaque reduction activity when compared
to 3, but with almost an order of magnitude improvement in aque-
ous solubility.

The cyclic amine containing C-2 analogs are entries 16–24 in
Table 1. Entries 17, 20, 21, 23 and 24 showed significantly better
aqueous solubility than 3, but only 17 maintained antiviral activity.
In contrast, poor solubility was observed for entries 16, 18, 19 and
22. It is interesting to note the dramatic difference (31-fold) in sol-
ubility between 16 and its homolog 17. Two aqueous solubility
prediction programs employed (data not shown) calculated that
16 and 17 would have similar solubility, less than threefold differ-
ence, and both programs overestimated the solubility of these
compounds. This exemplifies the difficulty in accurately predicting
thermodynamic aqueous solubilities.

In many examples in Table 1, as one would expect, incorporat-
ing polar functionality to improve solubility appears to have nega-
tively impacted permeability. This is supported by the higher
HCMV plaque reduction IC50 values despite similar DNA polymer-
ase inhibition. It is also noteworthy that pyrroloquinoline com-
pounds 3, 8–24 showed micromolar or better HCMV DNA
polymerase inhibition. This implies that the C-2 substituent is
not in close contact with the polymerase protein when bound. Un-
like the tight structure activity relationship of the 4-chlorobenzyla-
mide moiety, the structural tolerance displayed by the C-2 region
supports the choice of this region to refine physical properties.

An alternate method to improve aqueous solubility, besides
introducing polarity or removing ‘grease’ is to decrease the crystal
packing capabilities of the analog. One means to accomplish this is
to reduce the planarity of the template. Towards that goal, entry 3
and 10 were reduced generating racemic 27 and 28 ( Fig. 3),16

which showed acceptable solubilities of 7.1 and 4.9 lg/mL, respec-
tively. However, a slight loss of HCMV DNA polymerase activity
was observed (IC50 = 1.5 lM for both).17



Table 1
HCMV polymerase and plaque reduction and aqueous solubility results for compounds 3, 8–24

N

OO

N

Cl

N
O H

R
2

Entry R HCMV Pol. IC50
a (lM) HCMV Plaq. IC50

a,b (lM) Aq Sol. pH 7.0c (lg/mL)

3 OH 0.35 0.04 0.6

8 OH
OH

0.29 0.20 1.4

9 O
OH

OH 0.44 (±0.02) 0.20 5.8

10 O
OH 0.51 (±0.03) 0.03 5.8

11 N 0.80 nd 55

12 N
H

OH
0.35 0.20 16.1

13 N
OH

0.46 0.10 0.37

14 N
OH

OH
0.52 0.10 2.4

15 N
OH(              )2 0.55 (±0.03) 0.06 5.2

16 N
O 0.65 0.03 0.2

17 N
O 0.45 (±0.06) 0.04 6.2

18 N
OH

0.90 nd 0.1

19 N OH 0.80 nd 0.1

20
N

NH
1.1 (±0.0) nd 80.3

21 N
NH 0.39 (±0.02) 0.35 23

22 N
NH

O
0.72 nd 0.4

23
N

NH 0.39 0.20 168

24 N
NH

0.43 0.14 34.5

a Ref. 6a (nd = not determined).
b Determined by plaque reduction assay (Davis strain).
C Thermodynamic method used from Ref. 15.

J. A. Nieman et al. / Bioorg. Med. Chem. Lett. 20 (2010) 3039–3042 3041
The compounds that showed antiviral activity on par with 3 and
had improved aqueous solubility (Table 1, entries 10, 15, and 17)
were then examined for broad-spectrum activity against HSV-1
and VZV in the DNA Polymerase Inhibition and Plaque Reduction
assays as well as selectivity over human a-DNA polymerase and
cytotoxicity (Table 2). As observed for other templates3,5,6,8 all
show good broad-spectrum anti-herpetic activity. In the Plaque
Reduction assays the pyrroloquinoline compounds in Table 2 had
better antiviral activity than ganciclovir against HCMV and acyclo-
vir against VZV. For HSV-1, acyclovir and the pyrroloquinoline
compounds had comparable antiviral activity. However, com-
pound 17 showed human a-DNA polymerase inhibition and com-
pound 15 displayed cytotoxicity. Compound 10 had good
selectivity, no cytotoxicity and also demonstrated almost identical
pharmacokinetics to 3 in rats (F = 66%, T1/2 = 0.8 h, CL = 2.5 L/h/kg,
and Vss = 1.7 L/kg). Overall, compound 10 had a very similar profile
to the develop candidate 3, but with dramatically improved
solubility.
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Figure 3. Reduction of 3 and 10 generating 27 and 28, respectively.

Table 2
Comparison of select compounds, including 3, and established therapies for broad-
spectrum herpesvirus activity, selectivity and cytotoxicity

Compound DNA polymerase IC50
a (lM) Plaque reduction

IC50
a,b (lM)

CC50
c

(lM)

HCMV HSV-1 VZV Human a HCMV HSV-1 VZV

3 0.35 0.12 0.07 >50 0.04 0.8 0.05 >75
10 0.51 0.37 0.38 >50 0.03 1.2 0.10 >75
15 0.55 0.75 0.23 >20 0.06 1.7 nd 23
17 0.45 0.36 0.19 26 0.04 2.1 0.03 nd
Ganciclovir 1.3 nd nd >100
Acyclovir >20 2.1 8.1 >100
Forscarnet 2.5
Aphidicolin 0.487 0.438 0.473 2.6
AZT-TPd 22.1 3.3 5.8

a Ref. 6a (nd = not determined).
b Determined by plaque reduction assay with Davis strain (HMCV), KOS strain

(HSV-1) and Webster strain (VZV).
c Ref. 8b.
d AZT-TP = Azidovudine triphosphate.
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In conclusion, this examination of analogs at C-2 of the pyrrol-
oquinoline template successfully demonstrated that solubilizing
groups could be incorporated and the HCMV antiviral activity
maintained. Analogs 10, 15 and 17 demonstrated broad-spectrum
anti-herpetic activity that was equal or better than current thera-
pies with improved aqueous solubility over previous development
candidate 3. Compound 10 also had good selectivity over human a-
DNA polymerase, no cytotoxicity and acceptable rat pharmacoki-
netics. The focus of our next publication will be the exploration
of the C-8 position of the pyrroloquinoline system, in combination
with select C-2 substituents presented here.
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