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Abstract—Synthesis and HCV NS3 serine protease inhibitory activity of some novel 2-oxoimidazolidine-4-carboxylic acid deriva-
tives are reported. Inhibitors derived from this new P2 core exhibited activity in the low pM range. X-ray structure of an inhibitor,

15¢ bound to the protease is presented.
© 2004 Elsevier Ltd. All rights reserved.

Hepatitis C virus (HCV) is the etiologic agent of non-A,
non-B hepatitis leading to liver cirrhosis, heptacellular
carcinoma, and liver failure in humans.! It has been esti-
mated that 3% of the human population worldwide is in-
fected by HCV.? Currently, a-interferon monotherapy
and o-interferon-ribavirin combination therapy are the
only approved treatment regimen.’ Recently pegylated
version of a-interferon, PEG-INTRON and PEGASYS
has been approved by the FDA as improved therapy.
Due to the seriousness of the disease there is an urgent
need for new and more effective protocol for the treat-
ment of HCV infections.

Since identification of this virus, the NS3 serine protease
contained within the N-terminal region of the NS3 pro-
tein has been studied extensively.* This chymotrypsin-
like serine protease is implicated in the viral replication
and hence is an attractive target for HCV antiviral thera-
peutics.”> While a number of HCV NS3 serine protease
inhibitors have been reported by different groups, most
of these are peptide-like molecules derived from the
cleavage site sequences. Based on the P2 moiety, these
reported inhibitors could be classified as leucine® or pro-
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line based” analogs. Replacement of naturally occurring
proline residue with a non-natural proline surrogate
may impart beneficial biological and pharmacological
properties to the peptide inhibitors. Herein, we report
the incorporation of one such proline surrogate, 2-oxo-
imidazolidine-4-carboxylic acid derivative,® as a promis-
ing P2 scaffold in the design and synthesis of potent
HCV NS3 serine protease inhibitors.” Noteworthy fea-
ture of this scaffold is the ability to introduce additional
functionality off the N-1 position; a mission that was
undertaken in the SAR development of potential inhib-
itors. In the present study, an a-ketoamide functional
group was incorporated as electrophilic serine trap (see
Fig. 1), since this entity facilitated probing the P prime
region of the protease.'’

Synthetic approach for the preparation of the designed
inhibitors was initiated from 2-oxoimidazolidine deriva-
tive 1 prepared by the method of Hayashi et al.!”
(Scheme 1). Migration of the benzyloxycarbonyl (Z)
protecting functionality was carried out in DMF using
sodium hydride as the base at room temperature to af-
ford 2. N-Acylation of the potassium salt of 2 with the
activated ester derived from N-Boc-Val-OH at —40°C
provided the benzyl ester 3. Removal of the benzyloxy-
carbonyl and benzyl protecting groups were carried out
in a single step under hydrogenation conditions to give
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Figure 1.

acid 4. Installation of the P1-P’ residue was done by cou-
pling the acid 4 with amine 5 under EDCI, HOBt condi-
tions. The resulting mixture of hydroxyl amide
diastereomers was oxidized using Dess—Martin’s period-
inane to provide the ketoamide 6. Deprotection of the
Boc group of 6 and subsequent elaboration of the P re-
gion was then accomplished by treatment with the P6-P4
tripeptide, Ac-Glu(z-Bu)-Glu(z-Bu)-Val-OH [prepared
from commercially available protected amino acid
derivatives employing standard protocol] using peptide
coupling methodology, which afforded the protected
ketoamide 7. The target compound 8 was obtained by
deprotection of the ester functionalities using 4M HCI
in dioxane.

Introduction of substitution on the N-1 position of the
P2 imidazolidinone core and subsequent conversion to
target compounds are described in Scheme 2. Thus, N-
alkylation of 1 to give 10 was carried out in DME (or
acetone) using potassium carbonate as the base rather
than NaH, to avoid migration of the Z protecting group.
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Selective removal of the Z functionality was achieved by
treatment with 30% HBr in glacial acetic acid to provide
ester 11. Installation of the P3 valine residue and further
processing to afford the targets 15 essentially followed
procedures described in Scheme 1.

HCV NS3 serine protease inhibitory data'? for the imid-
azolidineone targets were obtained using the continuous
spectrophotometric assay described earlier!* and the
results are summarized in Table 1. The parent molecule
8 containing the unsubstituted imidazolidineone moiety
at P2 and the corresponding diester 7 exhibited moder-
ate inhibition with Ki* of 46 and 69puM, respectively.
It has been previously reported that ethers derived from
trans-4-hydroxyproline as P2 core improved the potency
considerably.!> Hence, we decided to investigate the ef-
fect of substitution on the ring nitrogen of our imidazol-
idineone P2 core. Introduction of the methylene
carbethoxy moiety at the N-1 position improved the
activity significantly; while the protected compound
14a displayed an activity of 30 uM against the NS3 ser-
ine protease, the corresponding fully deprotected target
15a exhibited an improved activity of 4 uM. Importance
of the P6-P5 residue is clearly evident from the data for
the truncated derivatives 16 and 17 (synthesis not
shown), which were less potent. Installation of the ben-
zyl group at the N-1 position on the ring was well toler-
ated as exemplified by compound 15b, which displayed
K;* of 1 uM. In an attempt to probe the P prime region,
compound 15b’ (glycine allyl ester as P’ residue) was
synthesized. This P prime extended inhibitor 15b" was
found to be equipotent (K;* = 1 M) as the allyl amide
15b. Further exploration of the structure—activity rela-
tionship (SAR) established that substitution of the aro-
matic ring as 3,4-dichloro derivative in the P prime
extended series enhanced the potency further, resulting
in 15¢ with HCV NS3 serine protease inhibitory activity
of 0.31 uM.
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Scheme 1. Reagents and conditions: (a) NaH, DMF (66%); (b) 2, KO#-Bu, THF; add Boc-Val-OSu, THF (80%); (c) H,, 10% Pd/C, EtOH (quant);
(d) (i) 5, EDCI, HOBt, NMM, CH,Cl,; (ii) Dess—Martin’s periodinane, CH,Cl, (60%); (e) (i) 4 M HCI, dioxane; (ii) Ac-Glu(#-Bu)-Glu(#-Bu)-Val-OH,

EDCI, HOOBt, NMM, CH,Cl, (31%); (f) 4M HCI, dioxane (quant).
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Scheme 2. Reagents and conditions: (a) R|Br, K,COj3, TBAI (cat), DME (62-83%); (b) 30% HBr/AcOH (50-70%); (c) 11, KO¢-Bu, THF; add Boc-
Val-OSu, THF (50-55%); (d) for series a and b—H,, 10% Pd/C, EtOH; for series c—aq 1 M LiOH, THF, MeOH (quant); (e) for 14a see method A,
for 14b see method B, for 14b’ see method C, for 14¢ see method D;'' (f) 4M HCI, dioxane (quant).

Table 1.
R1
o=
N (6] (0]
Cap” :
PN
Compound Cap R! P’ K* (uM)?*
7 Ac-Glu(z-Bu)-Glu(z-Bu)-Val- H Allyl 69
8 Ac-Glu-Glu-Val- H Allyl 46
14a Ac-Glu(#-Bu)-Glu(#-Bu)-Val- CH,CO,Et Allyl 30
15a Ac-Glu-Glu-Val- CH,CO,Et Allyl 4
16 i-Boc-Val- CH,CO,Et Allyl 78
17 t-Boc- CH,COEt Allyl 150
14b Ac-Glu(z-Bu)-Glu(7-Bu)-Val- CH,Ph Allyl 61
15b Ac-Glu-Glu-Val- CH,Ph Allyl 1
14b’ Ac-Glu(#-Bu)-Glu(#-Bu)-Val- CH,Ph Gly-Oallyl >100
15b’ Ac-Glu-Glu-Val- CH,Ph Gly-Oallyl 1
14c Ac-Glu(7-Bu)-Glu(z-Bu)-Val- CH,Ph(3,4-dichloro) Gly-Oallyl >100
15¢ Ac-Glu-Glu-Val- CH,Ph(3.4-dichloro) Gly-Oallyl 0.31

@ K;* value is reported as a weighted mean of at least three independent determinations.

X-ray crystal structure of the inhibitor 15¢ bound to the
protease is shown in Figure 2. It can be seen that the
peptidic core binds to the protease through a series of
hydrogen bonding interactions. The norvaline residue
at P1 occupies the shallow hydrophobic S1 pocket.
The P’ residue wraps over the side chain of lysine 136,
thus resulting in some hydrophobic interaction. Most

notably, the dichlorobenzyl group off the N-1 position
of the imidazolidineone ring extends towards glutamine
41, and thereby causing a slight increase in the size of the
S1’ pocket.

In summary, we have discovered that 2-oxoimidazol-
idine-4-carboxylic acid derivatives are suitable P2
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Figure 2. X-ray structure of 15¢ bound to the protease.

surrogates with potent HCV NS3 serine protease inhib-
itory activity. While truncated inhibitors were not as po-
tent, targets containing the P6 residues exhibited potent
activity. X-ray crystal structure of one of the inhibitors
(15¢) bound to the protease revealed that the substituent
off the N-1 position of the P2 ring extends towards glu-
tamine 41 in an unique fashion. We are currently in the
process of using this information in the design of other
analogs in this series.

We

Acknowledgements

thank the Structural Chemistry group for providing

NMR and Mass Spectral assistance. We also thank Dr.

Bru

ce Malcolm for helpful discussion.

References and notes

. (a) Cohen, J. Science 1999, 285, 26; (b) Houghten, M. In

Virology; Fields, B. N., Knipe, D. M., Howley, P. M.,
Eds.; Raven: New York, 1996; pp 1035-1058; (c) Cuth-
bert, J. A. Clin. Microbiol. Rev. 1994, 7, 505.

. Consensus Panel. EASL International Consensus Confer-

ence on Hepatitis C, Paris, 26-28 February 1999, Con-
sensus Statement. J. Hepatol. 1999, 30, 956.

Dymock, B. W. Emerging Drugs 2001, 6(1), 13, and
references cited therein.

(a) De Francesco, R.; Tomei, L.; Altamura, S.; Summa,
V.; Migliaccio, G. Antiviral Res. 2003, 58, 1; (b) Stein-
kuhler, C.; Koch, U.; Narjes, F.; Matassa, V. G. Curr.
Med. Chem. 2001, 8, 919-932; (¢) Kwong, A. D.; Kim, J.
L.; Rao, G.; Lipovsek, D.; Raybuck, S. A. Antiviral Res.
1998, 40, 1.

(a) Kolykhalov, A. A.; Mihalik, K.; Feinstone, S. M.;
Rice, C. M. J. Virol. 2000, 74, 2046; (b) Bartenschlager,
R.; Lohmann, V. J. Gen. Virol. 2000, 81, 1631.

. (a) Han, W.; Hu, Z.; Jiang, X.; Wasserman, Z. R.;

Decicco, C. P. Bioorg. Med. Chem. Lett. 2003, 13, 1111;
(b) Colarusso, S.; Koch, U.; Gerlach, B.; Steinkuhler, C.;
De Francesco, R.; Altamura, S.; Matassa, V. G.; Narjes,
F. J. Med. Chem. 2003, 46, 345; (c) Colarusso, S.; Gerlach,
B.; Koch, U.; Muraglia, E.; Conte, I.; Stansfield, 1.
Matassa, V. G.; Narjes, F. Bioorg. Med. Chem. Lett. 2002,

10.

11.

12.

12, 705; (d) Narjes, F.; Koehler, K. F.; Koch, U.; Gerlach,
B.; Colarusso, S.; Steinkuhler, C.; Brunetti, M.; Altamura,
S.; De Francesco, R.; Matassa, V. G. Bioorg. Med. Chem.
Lett. 2002, 12, 701; (e) Beevers, R.; Carr, M. G.; Jones, P.
S.; Jordan, S.; Kay, P. B.; Lazell, R. C.; Raynham, T. M.
Bioorg. Med. Chem. Lett. 2002, 12, 641; (f) Bennett, J. M.;
Campbell, A. D.; Campbell, A. J.; Carr, M. G.; Dunsdon,
R. M.; Greening, J. R.; Hurst, D. N.; Jennings, N. S.;
Jones, P. S.; Jordan, S.; Kay, P. B.; O’Brien, M. A.; King-
Underwood, J.; Raynham, T. M.; Wilkinson, C. S
Wilkinson, T. C. 1.; Wilson, F. X. Bioorg. Med. Chem.
Lett. 2001, 11, 355; (g) Dunsdon, R. M.; Greening, J. R.;
Jones, P. S.; Jordan, S.; Wilson, F. X. Bioorg. Med. Chem.
Lett. 2000, 10, 1577.

(a) Llinas-Brunet, M.; Bailey, M. D.; Bolger, G.; Brochu,
C.; Faucher, A.-M.; Ferland, J. M.; Garneau, M.; Ghiro,
E.; Gorys, V.; Grand-Maitre, C.; Halmos, T.; Lapeyre-
Paquette, N.; Liard, F.; Poirier, M.; Rheaume, M.;
Tsantrizos, Y. S.; Lamarre, D. J. Med. Chem. 2004, 47,
1605; (b) Perni, R. B.; Farmer, L. J.; Cottrell, K. M.;
Court, J. J.; Courtney, L. F.; Deininger, D. D.; Gates, C.
A.; Harbeson, S. L.; Kim, J. L.; Lin, C.; Lin, K.; Luong,
Y.-P.; Maxwell, J. P.; Murcko, M. A.; Pitlik, J.; Rao, B.
G.; Schairer, W. C.; Tung, R. D.; Van Drie, J. H.; Wilson,
K.; Thomson, J. A. Bioorg. Med. Chem. Lett. 2004, 14,
1939; (¢) Lamar, J.; Victor, F.; Snyder, N.; Johnson, R. B.;
Wang, Q. M.; Glass, J. I.; Chen, S.-H. Bioorg. Med. Chem.
Lett. 2004, 14, 263; (d) Nizi, E.; Koch, U.; Ontoria, J. M.;
Marchetti, A.; Narjes, F.; Malancona, S.; Matassa, V. G.;
Gardelli, C. Bioorg. Med. Chem. Lett. 2004, 14, 2151; (e)
Priestley, E. S.; De Lucca, I.; Ghavimi, B.; Erickson-
Viitanen, S.; Decicco, C. P. Bioorg. Med. Chem. Lett.
2002, 12, 3199; (f) Han, W.; Hu, Z.; Jiang, X.; Decicco, C.
P. Bioorg. Med. Chem. Lett. 2000, 10, 711; (g) Zhang, R.;
Durkin, J. P.; Windsor, W. T. Bioorg. Med. Chem. Lett.
2002, 12, 1005.

(a) Rinnova, M.; Nefzi, A.; Houghten, R. A. Tetrahedron
Lett. 2002, 43, 2343; (b) Robinson, R. P.; Laird, E. R.;
Donahue, K. M.; Lopresti-Morrow, L. L.; Mitchell, P. G.;
Reese, M. R.; Reeves, L. M.; Rouch, A. I.; Stam, E. J;
Yocum, S. A. Bioorg. Med. Chem. Lett. 2001, 11, 1211.
The HCV NS3 serine protease inhibitory activity of
similar compounds (i.e., Ps-P’ ketoamide derivative) with
P, proline moiety is described in Ref. 7f.

Ingallinella, P.; Bianchi, E.; Ingenito, R.; Koch, U,
Steinkuhler, C.; Altamura, S.; Pessi, A. Biochemistry
2000, 39, 12898.

Method A: (i) 5, EDCI, HOB¢, NMM (47%); (ii) 4M HCl/
dioxane; (iii) Ac-Glu(#-Bu)-Glu(#-Bu)-Val-OH, EDCI,
HOOBt, NMM (81%); (iv) Dess—Martin’s periodinane
(73%).

Method B: (i) 5, EDCI, HOOB:, NMM (91%); (ii)) 4M
HCl/dioxane; (iii) Boc-Val-OH, EDCI, HOOB¢, NMM
(60%); (iv) Dess—Martin’s periodinane (78%); (v) 4 M HCl/
dioxane; (vi)  Ac-Glu(#-Bu)-Glu(z-Bu)-OH, EDCI,
HOOB¢, NMM (64%).

Method C: (i) 9, EDCI, HOOBz, NMM (64%); (ii) Dess—
Martin’s periodinane (83%); (iii)) 4M HCl/dioxane; (iv)
Ac-Glu(z-Bu)-Glu(z-Bu)-Val-OH, EDCI, HOOB/, NMM
(59%).

Method D: (i) 9, EDCI, HOOB¢, NMM (98%); (ii)) 4M
HCl/dioxane; (i)  Ac-Glu(z-Bu)-Glu(z-Bu)-Val-OH,
EDCI, HOOB:, NMM (72%); (iv) DCC, DMSO,
Cl,CHCOOH (49%).

Hayashi, K.; Nunami, K.; Kato, J.; Yoneda, N.; Kubo,
M.; Ochiai, T.; Ishida, R. J. Med. Chem. 1989, 32, 289.



13.

14.

A. Arasappan et al. | Bioorg. Med. Chem. Lett. 14 (2004) 5751-5755 5755

The HCV NS3 serine protease inhibitory value is provided
as K;*. For a definition of K;* and discussion, see: Morrison,
J. F.; Walsh, C. T. In Adv. Enzymol.; Meister, A., Ed.; John
Wiley & Sons: New York, 1988; Vol. 61, pp 201-301.
Zhang, R.; Beyer, B. M.; Durkin, J.; Ingram, R.; Njoroge,
F. G.; Windsor, W. T.; Malcolm, B. A. Anal. Biochem.
1999, 270, 268. For the present study, the substrate Ac-
DTEDVVP(Nva)-O-PAP was employed.

15. (a) Poupart, M.-A.; Cameron, D. R.; Chabot, C.;

Ghiro, E.; Goudreau, N.; Goulet, S.; Poirier, M.;
Tsantrizos, Y. S. J. Org. Chem. 2001, 66, 4743; (b)
Llinas-Brunet, M.; Bailey, M.; Fazal, G.; Ghiro, E.;
Gorys, V.; Goulet, S.; Halmos, T.; Maurice, R.; Poirier,
M.; Poupart, M.-A.; Rancourt, J.; Thibeault, D.;
Wernic, D.; Lamarre, D. Bioorg. Med. Chem. Lett.
2000, 10, 2267.



	Novel 2-oxoimidazolidine-4-carboxylic acid derivatives as Hepatitis C virus NS3-4A serine protease inhibitors: synthesis, activity, and X-ray crystal structure of an enzyme inhibitor complex
	Acknowledgements
	References and notes


