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Abstract. Tripeptide-derived molecules incorporating N-methyl amino acid residues and C-terminal Michael
acceptor moieties were evaluated as imreversible inhibitors of the cysteine-containing human rhinovirus 3C

protease (3CP). Such compounds displayed good 3CP inhibition activity (kobs/[1] up to 610,000 M-!s-!) and
potent in vitro antiviral properties (ECso approaching 0.03 uM) when tested against HRV serotype-14.
© 1999 Elsevier Science Ltd. All rights reserved.

The human rhinoviruses (HRVs) are members of the picornavirus family and are the single most significant

cause of the common cold.!'2 The replication of these viruses is entirely dependent on the proteolytic processing

of a large polyprotein produced by cellular translation of the viral RNA genome. This processing is primarily
accomplished by the human rhinovirus 3C protease (3CP),3 a cysteine protease with structural similarity to the

trypsin protein family but possessing minimal homology to prevalent mammalian enzymes4 Due to its

prominence in the viral replication cycle, 3CP is an ideal target for the development of novel antirhinoviral agents.
Indeed, several examples of 3CP inhibitors have appeared in the literature, including peptide aldehydes,s isatins,6
homophthalimides,” and other miscellaneous entities.8 Recently, we described the discovery and development of
a new class of 3CP inhibitors which display in vitro antiviral activity against several rhinovirus serotypes.?:10
These inhibitors are comprised of a substrate-derived? tripeptide binding determinant which provides affinity for
the target protease and a Michael acceptor moiety which irreversibly forms a covalent adduct with the active site
cysteine residue of the 3C enzyme (e.g., compound 1).1112 In this report, we describe the further exploration of

such irreversible 3CP inhibitors by the incorporation of N-methyl amino acids into the inhibitor design.
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As a routine exercise during peptide structure-activity studies, we introduced methyl groups along the amide
backbone of a typical tripeptidyl 3CP inhibitor (compound 1). This study was performed even though analysis of

the HRV-2 3CP-1 X-ray crystal structure® indicated that all inhibitor backbone amide NHs formed hydrogen
bonds with the enzyme. As expected from the X-ray analysis, inclusion of an N-methyl amino acid at the P, or

P3 position!3 within the inhibitor design resulted in drastic reduction in anti-3CP activity!4 relative to the non-
methylated compound (compare 2 and 4 with 1, Table 1). However, a molecule containing a P; (N-Me)Phe!s
residue surprisingly displayed only moderately reduced 3CP inhibitory activity and was active in a cell-based
antirhinoviral assay (compound 3, Table 1).16.17 This result paralleled the previous observation that replacement
of the same P,-P3 amide linkage with a ketomethylene isostere!8 resulted in minimal loss of anti-3CP activity,
although it was not anticipated that the bulky methyl group could be so readily accommodated in the enzyme

active site.!? In any event, the anti-3CP and antiviral activity displayed by compound 3 prompted an extensive
investigation of inhibitors containing P, N-methyl amino acids.

Table 1.
Os_NHy
Compd. Ry Ry Ry kusll] (M's™)* ECso (uM)®
Rz O 1 H H H 25,000 0.54
Cbz*r:j N ; r:‘ Z CO,Et 2 CH; H H NI ND
Rz O X Ry 3 H CHg H 5,300 1.0
@ 4 H H CHj3 100 ND
4Serotype-14. NI = no inhibition to 50 uM; ND = not determined.

Accordingly, modifications previously shown to improve the anti-3CP and/or antirhinoviral activity of
non-methylated tripeptidyl 3CP inhibitors were then incorporated into the P, N-methylamide-containing series.
Thus, substitution of an N-terminal S-cyclopentyl thiocarbamate for the Cbz moiety of 3 improved both 3CP
inhibition and antiviral properties in direct analogy with earlier structure-activity studies (compound 5, Table 2).10
However, in contrast to results observed with non-methylated tripeptides, inclusion of a Val residue at the P,
position within the inhibitor design did not significantly improve anti-3CP activity relative to the Leu-containing
compound (compare § with 6, Table 2).20 This activity difference probably results from a steric clash between
the Val side chain and the P, N-methyl moiety which attenuates the beneficial effects of P Val incorporation. A
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P3 S-phenyl cysteine residue was also combined with an N-terminal thiocarbamate moiety, and the resulting
compound (7) displayed good levels of both anti-3CP and antirhinoviral activity.

Table 2.
O NH, o R
Compd. R Kono/[l] (M7's™)®  ECsg (M)
O\ j\ R CH O 5  CHCH(CHy)p 17,320 0.32
sN N N > co,et 6 CH(CHy), 22,500 - o019

7 CH,SPh 36,800 0.54
@ 4Serotype-14.

In addition to the molecules described above, we examined several P, N-methylamide-containing
tripeptides which incorporated an N-terminal amide derived from 5-methylisoxazole-3-carboxylic acid (Table
3).21 Substitution of the Cbz moiety of 3 with such an amide improved both 3CP inhibition activity and antiviral
properties in analogy with previous SAR studies (compound 8). Surprisingly, incorporation of a P, (4-F,N-
Me)Phe residue into the inhibitor design resulted in somewhat diminished anti-3CP activity (compound 9). This
result was again in contrast with that observed for non-methylated tripeptidyl 3CP inhibitors where the identical
substitution resulted in slightly improved activity (1.8-fold vs. HRV-14 3CP).19 However, since the (4-F,N-
Me)Phe-containing molecules exhibited somewhat improved in vitro stability relative to the corresponding non-
fluorinated inhibitors, this functional group was retained in several additional compounds.22 Thus, combination
of Py amino acids containing aromatic side chains with the N-terminal 5-methylisoxazole-3-carboxamide and P;

(4-F,N-Me)Phe moieties also afforded several active 3CP inhibitors and antiviral agents (compounds 10-12).

Table 3.

Ox-NH2 Compd. R koos/ll] (M's™)?  ECso (uM)*

X
O R CHy O 8  CH,CH(CHg), H 108,000 0.14
U

9  CH,CH(CH F 59,300 0.40

_(/%N)\H/N\_)LN = COE 2CH(CH3),
o—{\l Ho§ 2 H 10 CHy(1-Naphthyl) F 95,800 0.20
\@ 11 CHy(2-Naphthyl) F 144,000 0.16

X 12>  CH,(4-Imidazole) F

66,000 1.8
2Serotype-14; PTFA salt.

Finally, we also prepared a P, N-methylamide-containing inhibitor which included a P;-lactam moiety in

lieu of the glutamine-derived fragment (compound 13). As expected from previous SAR studies,?3 this
modification significantly improved both anti-3CP and antiviral activity relative to the corresponding glutamine-
containing inhibitor (compare 9 with 13).  Although not quite as potent as optimized tripeptidyl and

ketomethylene-derived molecules,!823 compound 13 demonstrates that N-methylamide-containing tripeptide
Michael acceptors can function as both highly active 3CP inhibitors and effective ir: vitro antirhinoviral agents.
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i Kkops/Tl] = 610,000 M's™
.(})Lu N\;)Lﬁ A cogE ECé = 0.03 uM
O-N (o} ’\@\ (Serotype-14)
F

The 3CP inhibitors described in this work were prepared by methods analogous to those utilized previously
to synthesize related non-methylated tripeptidyl compounds.?-1® A typical preparation is illustrated by the

synthesis of inhibitor 3 (Scheme 1).24-26 In contrast to the highly crystalline non-methylated inhibitors,%10 the
N-methyl amino acid-containing molecules typically exist as oils or waxes and required flash column
chromatography for purification.

Scheme 1.
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Reagents and conditions (Tr = CPhs): (a) HCI, 1,4-dioxane, 23 °C, 1 h; (b) Boc-(N-Me)Phe-OH, EDC, HOBt,
NMM, CH;Cl,, 23 °C, 18 h, 46%; (c) Cbz-Leu-OH, EDC, HOBt, NMM, CH;Cl,, 23 °C, 18 h, 36%; (d) TFA,
CH,Cl,, (iPr)3SiH, 23 °C, 73%.

In summary, tripeptide-derived molecules which incorporate C-terminal Michael acceptor moieties and P,

N-methyl amino acid residues are shown to be potent irreversible inhibitors of the human rhinovirus 3C protease
and highly active in vitro antirhinoviral agents.
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