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Evaluation of Peptidomimetic HTLV-I Protease Inhibitors
Containing Hydroxymethylcarbonyl as a Transition-State
Isostere

Ayako Itami, Hikoichiro Maegawa, Keiji Nishiyama, Koushi Hidaka, Yasuhiro
Arii, Tooru Kimura, Yoshio Hayashi, and Yoshiaki Kiso

Department of Medicinal Chemistry, Center for Frontier Research in Medicinal
Science, 21" Century COE Program, Kyoto Pharmaceutical University, Yamashina-ku,
Kyoto 607-8412, Japan
e-mail: ky00027@poppy.kyoto-phu.ac.jp

We have synthesized a series of HILV-I protease inhibitors containing
hydroxymethylcarbonyl (HMC) isostere as a transition-state mimic. From SAR
study of the hexapeptide-type inhibitor, we found that phenylglycine (Phg) and
tert-leucine (Tle) fitted the S3 and S2 pockets, respectively. Moreover, we found
out pentapeptide-type inhibitors, KNI-10247 and -10252 as new lead compounds
that show comparative inhibitory activities with hexapeptide-type inhibitors.

Keywords: HTLV-1, aspartic protease inhibitor, hydroxymethylcarbonyl,
allophenylnorstatine, transition-state mimic

Introduction

Human T-cell leukemia virus type I (HTLV-I) is a retrovirus that has been
associated with adult T-cell leukemia (ATL) [1], tropical spastic paraparesis / HTLV-I
associated myelopathy (TSP / HAM) [2, 3] and numerous chronic diseases.
Estimations in 1997 revealed that between one and two million people were infected
with HTLV-I in Japan where the virus is most prevalent in the world [4]. However,
HTLV-I specific chemotherapeutic agents have not been developed. Without a doubt,
the discovery of such drugs is urgently needed. HTLV-I encodes a virus-specific
aspartic protease responsible for processing the gag and gag-pro-pol polyproteins,
leading to the proliferation of the retrovirus [5]. Since this process is essential for .
retroviral replication, this protease is one of the major therapeutic targets for
developing specific anti-HTLV-I agents. o

In our previous study of HIV protease inhibitor, we developed a series of
substrate-based peptidomimetic inhibitors containing Apns [allophenylnorstatine;
(285,35)-3-amino-2-hydroxy-4-phenylbutyric acid] with a hydroxymethylcarbonyl
(HMC) isostere as an ideal transition state mimic (Fig. 1) [6]. We performed HTLV-I
protease assays on our tripeptide-type HIV-1 protease inhibitors because the sequences
of HTLV-I protease shares 28% homology with HIV-1 protease, with a more
conserved substrate binding region (45%). Some of the inhibitors containing
Apns-Dmt [Dmt; (R)-5,5-dimethyl-1,3-thiazolidinecarboxylic acid] at the PI-PI’
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positions exhibited inhibitory activities against HTLV-I protease (Fig. 2) [7], which
suggests that the Apns-Dmt scaffold is effective for the development of new drugs.
Consequently, we synthesized Apns-Dmt containing HTLV-I protease inhibitors based
on the amino acid sequence of p19 / p24, and observed that the substrate-mimetic
octapeptide 1 possesses high inhibitory activity for HTLV-I protease (Ki= 3.9 £ 0.7
pM) (Fig. 3) [8]. Moreover, from the study of size reduction, we found out
hexapeptide-type inhibitor 2 showed enough activity (Fig. 3). Herein, we report further
SAR of inhibitors using 2 as a lead compound.

0 N 0 7]
(OO,U\ASP O’U\Asp o 1
HeH H/ O)J\Asp
(O/ o
N N ~ N ~ O + N '
ﬁ O)ié/ u \ %K N S
o 0 H 0 H 0
Asp/lL 9/’H Asp)j\o'; Asp)j\OH
Leu-Pro substrate transition cf. Apns-Pro
state

Fig. 1. Hydrolysis by aspartic protease and transition-state analogue containing
allophenylnorstatine (Apns) with a hydroxymethylcarbonyl (HMC) isostere.

! Apns | Dmt} ! Dmt i

[s}) E [o} ; [N}
o M Rt b
PQt ateta S RS
i s s
KNI-727 KNI-764
HTLV-IPR 43 % inhibition (100 pM) HTLV-IPR 31 % inhibition (100 pM)
HIV-1 PR 96 % inhibition (50 nM) HIV-1PR 96 % inhibition (50 niV)

Fig. 2. Structures and inhibitory activities of KNI-727 and KNI-764.

{ Apns | Dmt HY { Dmt !
HTLV-l PR cleavage site i P poPRE e
P4 P3 P2 P1| PY P2 P3 P4 ; i ol | ol ol
—Pro~Gin-Val—Leu  Pro-Val-Met-His— C— H-Proeln-vmi\ N .-\”\;\,a,.w.mso” =5 Acllelo-Ly N L MetNH;
LN LESieN
substrate p19/p24 1 (KNI-10162) 2 (KNI-10166)

Fig. 3. Structures of substrate-based HTLV-I protease inhibitors.
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Results and Discussion

We already prepared a series of hexapeptide-type inhibitors by substitution of
each position for natural amino acid residues. As the result, compound 2 was the most
potent inhibitor. Now we substituted each residue of 2 for unnatural amino acid, Phg
(L-a-phenylglycine) or Tle (L-a-tert-butylglycine) (Table 1). Under consideration for
enzymatic stability, the P3 position of Phg was prefered rather than Ile, however, these
modifications at P2’ position decreased its activity. The P3’ position of 2 was
substituted for natural amino acids and we found out that Gln was suitable for this
position. Based on these results, we synthesized compound 13 and 14. These inhibitors
showed 99% and 100% inhibitory activities, respectively, and with a ICsy value of 0.46
pM for 13. The synthetic route to 13 is shown in Scheme 1 as a representative
example.

In order to obtain smaller-size inhibitor, we synthesized a pentapeptide-type
inhibitor 15 (Table 2) by eliminating the P3’ moiety of 13. Since compound 15
maintained relatively high inhibitory activity, we modified P2’ position with some
benzylamine derivertives as shown in Table 2. Among these compounds, compound 19,
which has a 2-methylbenzylamine moiety, exhibited comparable inhibitory activity
with that of compound 15.

Table 1. SAR of hexapeptide-type inhibitors.

Inhibition %

Compound P3 P2 P1 PI' P2 P¥ HTLVAI (100 pM)  HIV-1 (50 i)
2 (KNI-10166) Ac-Ile-Ilé-Apns~Dmt-Ile-Met~NH2 94 98
3 Ac-Tle-Ile-Apns-Dmt-Ile-Met-NH2 63 o8
4 Ac-Phg-Ile~Apns-Dmt-Ile-Met-NH2 96 98
5 Ac-Ile-Tle~-Apns-Dmt-Ile-Met-NH2 94 97
6 Ac-Ile-Phg-Apns-Dmt-Ile-Met-NH2 37 88
7 Ac-Ile-Ile~-Apns~Dmt-Tle-Met~NH2 62 79
8 Ac-Ile-Ile-Apns-Dmt-Phg-Met—-NH2 87 86
9 Ac~Ile-Ile-Apns-Dmt-Ile-Gln-NH2 97 93
10 Ac~Ile~Ile-Apns-Dmt~Ile-Phe-NH2 90 98
11 Ac-Ile-Ile~Apns~-Dmt-Ile-Ala-NH2 91 82
12 Ac~Ile~Ile-Apns-Dmt~Ile-Phg~NH2 83 99
Y
13 (KNI-10220) Ac~-Phg~Tle-Apns-Dmt~Ile-Met~NH2 99 99
14 (KNI-10221) Ac~Phg-Tle~Apns-Dmt~Ile-Gln-NH2 100 o8

Fmoc—NH—) (Rink amide AM resin)
1) 20 % piperidine / DMF, 20 min
2) Fmoc-amino acid (2.5 eq.), HOB (2.5 eq.), DIPCDI (2.5 eq,) / DMF, 2 h

Fmoc-Phg-Tle-Apns-Dmt-lle- Met-NH-_)

1) 20 % piperidine / DMF, 20 min

2) AcyO (1.2 eq.), EN (2.2 eq.) / DMF, 45 min

3) TFA, m-cresol, thioanisole, H,0 (85:5:5:5),1.5h
Y 4) RP-HPLC

Ac-Phg-Tle-Apns-Dmt-lle- Met-NH, 13 (KNI-10220)

Scheme 1. Synthetic scheme for HTLV-I protease inhibitor 13 using Rink amide AM
resin.
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Table 2. Modification at P2’ position of pentapeptide-type inhibitors.

o
Am%hjﬁ B
RASe mﬂgi@

Inhibition % - Inhbiton %
Compound R
HILV-I(100 pM)  HIV-1 (50 nM) HILV-I (100 uM)  HIV-1 (50 nM)

15 (KNI-10247) ;\b%[NHZ 84 93 19 (KNI-10252) A {j\é 82 99

: g 20 -‘”‘H .

%N‘.‘% 63 % T 99
I3

17 ’{H% 75 100 21 L 63 99

OH
18 Ay 46 .99 22 "LN"\© 74 79

Compound R

s

16

In conclusion, we synthesized a series of HTLV-I protease inhibitors containing

- Apns-Dmt scaffold as transition-state mimic and obtained pentapeptide-type inhibitors

KNI-10247 (15) and -10252 (19) that are small in size and possessed the high
inhibitory activities. These results would greatly contribute to the development of
small-sized inhibitors with potent inhibitory activity and high cell-permeability.
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From Peptidic Substrate to Small Inhibitor Possessing Non-Natural Amino Acids:
A Summary on HTLV-I Protease Inhibitor Optimization Studies

J-T. Nguven, A. Itami, H. Maegawa, K. Nishiyama, T. Kimura and Y. Kiso
Deparment of Medicinal Chemistry, Center for Frontier Research in Medicinal Science and
21° Century COE Program, Kyoto Pharmaceutical University, Yamashina-ku, Kyoto 607-8412, Japan
kiso@mb.kyoto-phu.ac.jp

The human T-cell lymphotrophic virus type 1 (HTLV-I) infects human white blood cells causing malignant
proliferation of adult T-cell leukemia / lymphoma that infiltrates skin and brain, as well as myelopathy / tropical spastic
paraparesis in which patients present with a gradual onset of symmetrical weakness, upper motor neuronal signs, mainly
affecting lower limbs. Infection with the oncogenic retrovirus is endemic in south-western Japan, the Caribbean basin,
South America, Central and West Africa, the Middle East and the Pacific region. The HTLV-I protease (PR) plays a
key role in the replication of the HTLV-I virus; thus inhibiting the protease would essentially stop viral propagation.

From a matrix-capsid cleavage substrate that is only recognized by HTLV-1 PR, we roughed out a series of peptide

" inhibitors and ended with octapeptide KNI-10161, exhibiting 94% HTLV-I PR inhibition at 100 pM of the compound.

Realizing the difficulty for large peptides to penetrate intact cells, we then chipped octapeptide KNI-10161 down to
hexapeptide KNI-10127 with some loss of inhibitory activity (66%). On the premise that other substrates are also
cleaved by the HTLV-I PR, we carved out small libraries at each residue of KNI-10127 to recover equipotency in
inhibitor KNI-10166 (94%). In the midst of our woes on how frail peptides are against proteolytic cleavage, we slowly
changed the natural amino acid foundation of the inhibitor, and sculpted hexapeptide KNI-10220 exhibiting 99%
activity. Filing away an excess residue, we rejoiced as we uncovered pentapeptide KNI-10247 with minimal loss of
activity (84%). Finally, after much polishing, we unveiled small tetrapeptide KNI-10455 (94%) that is completely
devoid of any natural amino acid residue.

Structure HTLV-1PR
Compounds - - - ; ] Inhibition
Peptide Substrate H Ala Pro Gln Val Leu Pro Val Met His Pro OH Not Applicable
KNI-10161 H Pro Gln Val Apns Pro Val Met His OH 94%
KNI-10127 Ac Gln Val Apns Dmt Val Met NH, 66%
KNI-10166 Ac lle lle Apns Dmt lle Met NH; 94%
KNI-10220 Ac Phg Tle Apns Dmt Jle Met NH, 99%
KNI-10247 Ac Phg Tle Apns Dmt lle NH; 84%
KNI-10455 Ac Phg Tle Apns Dmt Bma ' 949,

Apns, (25,35)-3-amino-2-hydroxy-4-phenylbutyric acid, allophenylnorstatine
Dmt, (R)-5,5-dimethyl-1,3-thiazolidine-4-carboxylic acid

Phg, L-(+)-a-phenylglycine

Tle, L-tert-leucine

Bma, B-methallyl




V. Effect of Ciclosporin on Virus
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