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A Novel Dipeptide-based HIV Protease
Inhibitor Containing Allophenylnorstatine

Dipeptide analogues incorporating allophenylnorstatine [Apns; (285,35)-3-
amino-2-hydroxy-4-phenylbutyric acid] as a transition state mimic at the scissile
bond were designed and synthesized in the hope of obtaining a novel KNI series
of HiV protease Inhibitars. The precursors, N-Py'-3-(28,3S)-3-(tert-butyicxy-
carbonyl)amino-2-hydroxy-4-phenylbutanoyl)-5,5-dimethylthiazolidine-4-cartox-
amide {N-Boc-Apns-Dmit-P,") 4a—p were prepared by deprotection of the syn-
thones  N-Pp'-(tert-butyloxycarbonyl)-5,8-dimethylthiazolidine-4-carboxamide
(Boc-Dmt-P,’) 2a—p, then coupling with (28,35)3-(ter-butyloxycarbonyl)amino-
2-hydroxy-4-phenylbutancic acid (N-Boc-Apns-OH) 3. The deprotected inter-
mediates 4 were coupled with the activated carboxyl groups of the P, ligands 1o
afford the target dipeplides. in this work, we fixed at the P; site sither a 2,6«
dimethylphenoxyacetyl or a 3-hydroxy-2-methylbenzoyl group. Substitutes at the
P, site were varied to afford the members of the series 7 and 8. improved
activity of most of the members of series 8 relative to their analogues of series
7 can be partially attributed to the differences in the structures of the P, moieties.
Positional isomerism in the P, moieties significantly affected the activity and

polarity of the target.
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Introduction

Inhibitien of human immunodeficiency virus (HIV)
protease is one of the most important and promising
approaches for the treatment of an HIV infection.

The design and development of potent HIV protease
inhibitors have generated considerable interest among
the AIDS research field and HIV-positive patients. A
promising class of HIV protease inhibitors contalning
allophenylnorstatine (Apns) as a transition state mimic
yielded a series of KN| derivatives of highly potent in-
hibitory properties. In this work, we reported the syn-
thesis of dipeptides with different substituents at the
P, and Py’ posiiions with respect to the leads KNI-577
and KNI-901 (see Figure 1) and their protease inhi-
bition activities.

The use of the 2,6-dimethylphenoxyacetyl moiety as
P, ligand was already reported and provided com-
pounds with potent HIV protease inhibitory activity

Correspondence; Nawal A. EIl-Koussi, Pharmaceutical Medici-
nal Chemistry Deparment, Facully of Pharmacy, Assiut
University, Assiut 71526, Egypt; Phone: +20 88 411297, Fax:
+20 88 332776, e-mail: nawal-a@acc.aun.edu.eg

such as the dlinically used drug ABT-378 [1, 2] (Fig-
ure 2).

On the other hand, incorporation of the 2,6-dimeth-
ylphenoxyacetyl moiety into the KNI series of inhibitors
led to the development of highly potent compounds,
like the dipeptide KNI-901 [3].

Further chalienging of the protease inhibitory activity
of the KNI series was practiced by intraduction of the

9 )<
KNE-577: P, = Ho—tjk , P T MM
o]
0\/)’\ . HN
KNI- 901: Py = s Py =

Figure 1. Lead protease inhibition of the KNI seties.
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Figure 2, ABT-378 (Lopinavir).

3-hydroxy-2-methylbenzoyl moiety at P, sites, which

simultaneously provides eifective capabilities of hydro-
" phoebic and hydrogen bonding interactions with the en-
zyme relative sites [4].

This approach yielded the highly active KNI-577 [4-7].
The improved aciivity may be correlated with the com-
bined capabilities of hydrophobic and hydrogen bond-
ing potentiatities of their intact moisty.

Guided by the leads KNI-577 and KNI-901, we pre-
pared two series of dipeptide analogues. In one of
these series, the P, ligand was the 2,6-dimethyl-
phenoxyacetyl moiety as shown by compounds 7 in
Table 1. Introduction of the 3-hydroxy-2-methylbenzoyl
moiety at the P site provided the second series of
dipeptides represented by the compounds 8 in Table
2. In series 7 and 8, Py’ was changed in the hope
fo improve protease inhibition potential and enhance
polarity. It is clear that the partition coefficient, rep-
resented by the Rt value, and solubility are closely re-
tated phenomena; therefore, the choice of moisties at
P,' with predominant polar functions was targeted in
both series (8, 9.

Resuits and discussion

Chemistry

The target dipeptide inhibitors were prepared as lllus-
trated in Scheme 1, starting from 5,5-dimethyithiazol-
idine-3-carboxylic acid (Dmt-OH), which was prepared
by cyclization of L-peniclllamine with formaldehyds,
followed by N-protection by Boc to yield Boc-Dmt-OH
1 according to reported procedures [10]. Coupling of
the amino ligands P,'NH; with 1 in the presence of 1-
hydroxybenzotriazole (HOBt) in DMF [11, 12] or di-
phenylphosphochloridate (DPPCI), EtsN and AcOEt
[13] afforded the intermediates 2a—p (Table 3). N-
elimination of the Boc moiety and coupling with Boc-
Apns-OH 3 by either 1-sthyl-3-(3'-dimethylaminopro-
pyl) carbodiimide (EDC) or benzotriazole-1-yloxytris-
{dimethylamino) phosphonium hexafiuorophosphate
(BOP) in the presence of HOBt in DMF [14] vielded

Arch. Pharm, Pharm, Med. Chem. 2004, 337, 587-598

the synthones da—p (Table 4). These intermediates
were used as scaffolds for the synthesis of the targets
7 and 8. 2,6-Dimethyiphenoxyacetic acid 5 was acti-
vated by EDC, HOBt in DMF or THF and coupled with
the deprotected 4a—n to afford the series 7a—n (Table
1). In series 8, 3-acetyl-2-methylbenzoic acid 6 was
activated by DPPCI in AcOEt and then coupled with
the deprotected synthones 4a-h, o and p. Hydrolytic
cleavage of the 3-acetyl group by LiOH yielded 8a—h,
o and p dipeptides in Table 2. The final compounds
obtained after crystallization were checked by analyti-
cal HPLC; from the resulting data, preparative HPLC
was established and caried out. The purity was
checked again by analytical HPLC. The fractions were
mixed and lyophilized to afford the analytically pure
final compounds; yields of the products were deter-
mined by reversed-phase HPLC (RP-HPLC). Within
each series, the parallelism between Rt of the com-
pounds and the polarity of the P’ moieties could be
easily observed. The effect of the location of the polar
groups in the P2’ moieties on the Rt values of the posi-
tional isomers 7g, h, i, k, 1, m, n and in 8g, h, 0, p
was perceptible. Homogenity of targets 7 and 8 was
checked by TLC using two systems of different polarit-
ies: chloroform/methanol (10:1) and chloroform/meth-
anol/water (8:3:1).

Structure activity relationship against HIV-1 pro-
tease

The effect of variation of the P>’ moieties on HIV-1
protease inhibition of the potent leads KNI-801 and
KNI-877 was regarded as the main objective of the
present study. The benzylamino group at the Py’ site
in KNI-201 was the target modified o afford the dipep-
tides 7, whereas the t-butyl group at the Py’ site in
KNI-577 was replaced by the same modified benzyl-
amino derivalives to afford almost all members of
series 8,

Three approaches were considered for modification of
ihe benzylamine moiety. First, the assumption that the
pheny! ring must be distanced by one atom from the
amidic NH represents an essential requisite. Groups
of different bulkiness and polarity, with one atom bridg-
ing the phenyl ring and the amidic NH, were inserted
to replace the c-methylene group in benzylamine. This
approach was challenged by the compounds 7a, b, e
and 8a, b, e. As shown in Table 5, compounds 7b and
8b with inserted o-N (CH3) were the least active ones.
On the other hand, the 2-isopropylene bridge signifi-
cantly improved the activity of 7a and 8a, which are
slill less active than the corrésponding leads. Com-
pound 8e revealed 91.2 % inhigition potential, which is
higher than the potential of the lead KNI-577. Matching
the activities of 7a, e with their analogues 8a, e dem-

© 2004 WILEY-VCH Vetlag GmbH & Co. KGaA, Weinheim
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onstrated a boosting effect of the P, moiety in series  preparing 7e, d, f, K—n and 8¢, d, f dipeptides. All
8. Secondly, introduction of a polar substitute at the  these isomers were less active than the leads; how-
o-, m-, or p-position on the benzene ring was tried by  ever, the derivatives of the 8 series still revealed a

Table 1. Physical data of dipeptide-based HIV protease inhibitors 7.

fi\ibﬁz

No. Py’ mp (°C) Yield HPLGS TLC
(%) Rt (min) RfT R&¥
-
7a m 89-90 85 27.44 0.98 0.96
e
7b N O 115-117 54,5 24.81 0.81 0.90

7c ‘ﬁ’\é 8991 65 26.37 0.68 0.89
™
7d \N'\{j 85-88 71 27.12 0.72 0.90

7e¥ ‘ﬁ’% 103—-105 61 27.28 0.90 0.96

7t O 110-113 78 25.08 0.90 0.93

79 R 107108 71 16.92 0.80 0.86
S
7h G 141-143 70 17.34 0.62 0.77
~ N
7i 0 98-100 73 18.10 0.68 0.84
H
7i Y i 149- 151 55 21.10 0.62 0.77
~ ONH;
7k O 124-126 79 20.38 0.54 083
~ ;O0CH3
7 'S0 98100 53 24.70 0.84 091
L
7m ﬂ/\©\com 140-142 57 10.81 0.52 0.90
s
7n u/\QGOOCHg 99-100 63 24,38 0.89 0.94

# Mixture of diastereomers; § 20—-80% CHSCN in 0.1% aqueous TFA over 30 min; T CHCI/CHLOH (10:1);
¥ CHCI4/CH4OHM,O (8:8:1).
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Table 2. Physical data of dipeptide-based HiV protease inhibitors 8.

_ o 0
" oM ks/‘<
No. Py’ mp (°C) Yield HPLCS TLC
(%) Rt (min) Rt R&¥
8a m 128—130 65.5 20.86 0.69 0.88
CH3 .
N
8b [ 150—152 78 18.08 0.37 0.76
8c “u"é 127—129 68 19.45 0.57 0.83
N
8d ‘;r\é 121-123 72 21.10 0.67 0.86
. - _ 20.42
8e u‘% 139—-141 58 20.52 0.56 0.76
Sy
8t ”m 139—140 71 20.24 0.59 0.67
o \N
8g H/\@ 141-143 35.5 11.47 0.58 0.80
.
8h “m 154—156 24 9.94 0.35 0.65
8o \H'@ 153—155 76 27.15 0.56 0.66
8p \N@ 159—161 86 26.64 0.54 0.70

# 8 Tand ¥ as in Table 1.

higher pattemn of activity that can only be attributed to
the different P, moieties. Finally, the benzyl moiety
was replaced by the bicisosteric o, B-, and y-pico-
lines. This approach yielded the most active derivative
79, which is equally active as the lead KNI-901, with
an apparently enhanced polarity. Improvement of po-
larity presumably may advantageously affect its ab-
sarption and distribution properties. Furthermore, the
presence of a basic pyridine center allows for forma-
tion of salts.

The significantly teduced activity of the a-picolinyl de-
rivative 71 may be attributed to the possible compe-
fition for intramolecular hydrogen bond formation be-
tween the pyridine N and the amidic NH, which partici-
pates in a crucial hydrogen bonding with the water
molecule bridging Ala28 and Asp29 in the S,' site of
the enzyme [15]. In the absence of such interaction,
higher activity of the p- and y-picoline 7g and 7h was
observed. On the other hand, the lowered activity of
the alkoxy 7¢, d, 8¢, d and 4,6-dimethyl-1,2-dihydro-3-

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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\ [ (o) 0 fv, v
O)I\N

Q 0 0 iV, vi o] 0O

R 0
0 o N N——" Py

% o\/KOH OH Ls’?
4 a-p
Tan

o o]
~r @*m—l
o iv, vii, viii

6
o} o] O
N N—./u\pz-
HO H  on (S =

8a-h,o0,p

(D aq 37% HCHO (i) {Boc)0  {lif) HOBt in DMF or DPPCI, Et3N, AcOEt{lv) N HCl/dioxane

{v) EDC, HOBt In DMFor BOP, HOBt in DMF (vi) EDC, HOBt in DMFor THF

{vii} DPPCI in AcOEt, {viif) LIOH

Scheme 1. Synthesis of dipeptides 7 and 8.

picolinyl-2- one 7j can be equally attributed fo possible
intramoiecular hydrogen bonding between the un-
shared pair of electrons on the o-oxygen and the
amidic NH.

Positional isomers of the substituted benzyl amines
and of the picolines revealed a significant impact on
aclivity. The B-picolinyl 7g, and 8g and the m-substi-
tuted benzyl derivatives 7k, | on the one hand exerted

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 3. Physical data of intermediate compounds N-Boc-Dmt-P,’ 2.

No, P mp(°’C)  HPLCS  No. Py mp(°C)  HPLCS
Rt {min) Rt (min)
~, N,
2a \m 102-104  23.24 21 B 16-119 1020
N §
2 Y 185-188  19.74 2 WYY 128-130 1830
- - ~ NH,
2 N 12-118 2334 2k SN 88-89 1348
~ N ooCH, +
2d Y H3-114 22,92 21 e 20.14
23.92 ‘n“@\c
. .
2e¥ u’% s0-62 a0 2m o, 107-100 132
2f MO0 124126 218 2n ”mm 15-116  20.96
"- =
29 N t 7.68 20 \H/@\ 155—156  30.56
Y
2h W00 tea-tet ese 2p \N@ 176-179 3010

* Mixture of diastereomers; § 20-80% CHCN in 0.1% aqueous TFA over 30 min; ¥ not determined, sticky

semisolid material.

a relatively higher activity when matched with the y-
picolines 7h, and 8h and the p-substituted benzyls
7m, n on the other hand. A common feature of these
Isomers is the availability of an atom or group on the
aromatic ring that carries an unshared pair of elec-
trons. It seems feasible to correlate the observed dif-
ferences in activity with the unshared pair of electrons
that should be suitabiy orfented at a critical distance
from the amidic NH. Deviation from this critical dis-
tance might lead to decreased activity. Thus, a location
of the unshared pair of elecirons separated by three
carbons from the amidic NH seems o give the opti-
mum activity, as in 7g. Shifting of the unshared palr of
electrons on N towards - or y-positions either gets it
involved in intramolecular hydrogen bonding, as in 7i,
ot diminishes its supporting role of interaction with the
enzyme, as in 7h. By analogy, the differences in activi-
ties of the m- and p-isomers of benzylcarboxamides
7k and 7m and the methyl benzylcarboxylates 71 and
7n were found to paralle! the distance separating the
carbonyl oxygen from the amidic NH.

The folerance of the S’ site to accommodate a bulky
substituent was challenged by the attachment of 1- or
2- adamantyl groups, which can be regarded as the
constrained analogues of the tert-butyl moisty at the
P2’ position in the lead KNI-577, The vielded dipep-
tides 8o and 8p were found to be the least active de-
rivatives.

Conclusions

KNI-577 and KNI-901 leads are substrate-based HIV
protease inhibitors. The two leads are members of the
KNI series containing allophenylnorstatine (Apns) with
hydroxymethylcarbonyl isostere as a transition state
mimic at the scissile peptide bond.

The aclivity of the prepared series of P-Apns-Dmt-P,’
strongly depends on the simultaneous balance be-
tween electronic and steric properties of both the P,
and P moieties. As shown from Table 5, the ability of
interaction of P; and P,’ with the relevant enzyme

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 4. Physical data of intermediate compounds N-Boc-Dmt-P,’ 4.

No. Py’ mp (°C) HPLGS  No. X mp (°C) HPLCS
Rt {(min) Rt (min)
~ N,
4a \N><© 102-106 2556 a O 94-98 15,52
N,CH; OH
b N 106—109 2272 4 MY 147-150  18.87
~ ~ CONH,
4c ‘u"é 99-102  23.70 ak N 132-135  18.80
T ) ~ 0CH,
4d ) 100-108 28,57 al T 117-120 2544
R N _ 25.06 ‘n“@\c _
4e u’% 9%5-98 oo am o 96-99 17.78
~ ~
at N0 7s-78 2see an ”/\@m,m 110-112 22566
4g Y 96-100  16.19 4o \ﬂ@ 108-106 8275
.
ah M 105-100  14.92 4p \#/@7 107-100  31.94

# and 8 as in Table 3,

sites 8; and Sy' would significantly affect the fitting of
Apns to the enzyme catalytic site, which reflects the
HIV protease inhibitory activity.

Two derivatives were found 10 be equally or more ac-
tive than the leads KNI-577 and KNI-901 and present
promising candidetes for further investigations,

Experimental

Melting points were determined on a micro hot plate of a Yan-
aco micro melling point apparatus and were uncorrected. The
optical rotations were measured on a Horiba modsi SEPA-
300 digital polatimeter. TLC was performed on precoated
Merck silica gel 60 Fag4 Sheets, Column chromatography was
carried out on Merck silica gel 60 (particle size
0.063~0.200 mm).

Analytical RP-HPLC was performed with a Hitachi L-7100
pump and an L-7400 UV detector utilizing YMC Pack ODS-
AM AM 302.

Preparative RP-HPLC was performed with a Shimadzu LC-
4A liquid chromatograph utilizing a YMG Pack ODS-AM type
EH-343-5AM column {250 X 20 mm id., 8-5 um, 120 A).

"H NMR spectra were recorded on a JEOL JNM-EX 270 {270
MHz) spectrometer. Chemical shifts are given in (8 ppm) rela-
tive to tetramethylsitane (TMS} as an Internal standard. 13C
NMR spectra were recorded on a JEOL JNM-EX 270 (67.5
MHz} using solvents as internal standard. FAB mass spectra
(FAB-MS) and high-resolution FAB-MS (HRFAB-MS) wers re-
corded on a JEOL JMS-8X102 AQQYMS-HYB10 mass spec-
trometer using glycerol, thioglycerol or Magic Bullet as in-
temal references. MALDI TOF mass spectra were measursd
at Voyager-DE™RP Biospectrometry™ Waorkstation {Per-
Septive Biosystems). Commercially avallable chemicals wers
purchased from Nacalal lesque, Waku Chemicals or Tokyo
Chemical Industries, Japan, and were used without furiher
puiification. Commercially non-available chemicals were pre-
pared according to standard methods described in [16] and
showed 1H NMR and 13C NMR spectra in accordance with
the assigned structures. ‘

{ten-Butyloxycarbonyl)-5,5-dimethyithiazolidine-4-carboxylic
acic! Boc-Dmt-OH (1) [10]
Yield 81%, mp 124-127°C.

N-P,' -(tert-Butyloxycarbonyl)-5,5-dimethyithiazolidine-4-
carboxamide Boc-Dmt-Fy (2a—p)

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 5. HIV protease inhibitory activity of targeted dipeptides Pz-Apns-Dmt-Py’ 7 and 8.

Arch, Pharm, Pharm. Med. Chem, 2004, 337, 587-598

Ne. 0\941. % HIV protease Ne. HO 2 % HIV protease
Pz = inhibition P,= inhibition
b (50 nM) N (50 nM)
2 ¥
7a N \© 725 Ba N \© 82.2
~ CHj, ~ (.:H:g
~N ~N
. N .
7b Y @ 15.3 8b N ‘@ 12.9
Q= o-
~N N
7c H'\© 24.0 8¢ H'\© 65.8
0/\. O/\.
~N —
7d H‘@ 41.7 8d g\@ 49.7
7e# \u’% 84.5 ge* \N% 91.2
Y O ~ o) .
7t NU°> 276 8t HI\@Q 676
~ Ty ~ N
79 N/@ 86.8 8g G P 62.6
~ £ - =
7h ﬁ/\@ 70.7 8h N/\E;!, 34.5
7i P 57.8 80 ~y 7.1
OH
<
7 NN 20.9 8 ~ @ 5.5
~ CONR, 87.6
7k ﬁ/\@ 67.7 KNI-577 '"Hk
N COOCH;
7) HU 45.0
\N
7m H/\@ 3.3
GONH;
~
7n ulﬁ 286
COOCH;
\N
KNI-001 H/\G 86

* mixture of diasteromers.
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Boc-Dmt-OH (1.5 g, 5.74 mmol) was dissolved and stirred in
AcOEt {20 mL); Et;N (0.88 mL, 6.33 mmol) and DPPCI (1.31
mL, 6.33 mmol) were added at 0°C. The mixture was stirred
al room temperature for 1 h, then appropriate amine (6.33
mmol) and EtzN (0.88 mL., 6,33 mmol) were added. Stirring
was continued at room temperature for 6 h. The mixture was
washed twice with 10% citric acid, 5% NaHCC; and brine,
dried over anhydrous Na,S0, and filtered. The filtrate was
evaporated under reduced pressure, crystallized from n-hex-
ane and dried in a dessicator [18, 17].

(25,35)3-(tert-Butyloxycarbony)amino-2-hydroxy-4-phenyl-
butanoic acid N-Boc-Apns-OH (3) [18]

Yield 8%, mp147—148°C.

N-P,'-3-(28,38)-3-(tert-butyloxycarbonyl)arnino-2-hydroxy-
4-phenylbutanoyl)-5,5-dimethylthiazolidine-4-carboxamide
Boc-Apns-Dmt-P;' (da—p)

To the appropriate Boc-Dmt-P;" 2a—p (0.5 mmol) in 4 N HCV
dioxane solution (2 mL}, anisol (108 uL, 1 mmol} was added
at 0°C. This soiution was stirred for 2 h at room temperature.
The solvent was evaporated in vacuo, ether was added, the
mixture was centrifuged, and the residus was dissolved in
DMF (6 mL). Boc-Apns-OH 3 (134 mg, 0.45 mmol), HOBt.
H.O {76.6 mg, 0.5 mmol}, BOP (211 mg, 0.5 mmol} and Et;N
(139 mL, 1 mmol) were added at 0°C. The mixture was
stirred ovemight at room temperature. The solvent was then
removed under vacuum and the residue was extracted with
AcOEL The organic layer was washed with 10% citric acid,
5% NaHCO; and brine, dried over anhydrous Na,S0, and
filtered. The filtrate was evaporated under reduced pressure.
The residue was purifled by column chromatography, and the
appropriate fractions were pooled and evaporated to yield the
coupled peptide (Boc-Apns-Dmit-P,’), which was dried in a
desiccator (16, 17].

2,6-Dimethyiphenoxyacetic acid (5)

Cornpound 5 was synthesized starting from 2,6-dimethyl phe-
nol by alkylation with ethyl-2-bromoacetate, then hydrolysis.
Yield 37 %, mp138-139°C.

3-Hydroxy-2-methylbenzoic acid [16}
Yield 86.5%, mp142—144°C,

3-Acelyloxy-2-methyibenzoic acid (6)

Acstylation of 3-hydroxy-2-methylbenzole acid yielded 3-ace-
tyloxy-2-methylbenzoic acid 6 {quantitative, mp 147—148°C).

Synthesis of dipeptides containing 2,6-dimethy! phenoxy-
acetic acld as Po ligand (2,6-dimethylphenoxyacelyl-Apns-
Dmi-Py') (7a—n}

The litied compounds were prepared, slarfing from N-Boc-
Apns-Dmit-P,’* 4a—n {20.8 mmol) in 4 N HCl/dioxane (40 mL);
anisole (4.5 mL, 41.67 mmal) was added at 0°C. The reaction
mixture was slirred for 1 h at room temperature, and the sol-
vent was then removed in vacuo at room temperature; ether
was added, and the mixture was centrifuged. The formed pre-
cipitate was dissolved in DMF (40 mL), and then 2,6-dmeth-
ylphenoxyacetic acid 5 {22.85 mmol), HOBt.H.0 (3.5 9, 22.85
mmal), EDC.HCI (4.3 g, 22.43 mmol) and Et;N (5.78 mt, 41.6
mmol) were added at 0°C. The reaction mixture was stirred
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ovemight at room temperature, and the solvent was removed
under reduced pressure. The residus was extracted with Ac-
OEL The organic layer was washed with 10% citric acid, 5%
NaHCO; and brine, dried over anhydrous Na,SQ,, filtered
and evaporated. The residue was crystallized from n-hexane.
Physical data are listed in Table 1.

2,6-Dimethyiphenoxyacelyl-Apns-Dmt-NH-cumy! (7a)

falg® —1.680 (¢ = 0.218, CHz0H), 'H NMR (DMSO-dg) 5: 1.43
{5, 3H), 1.49 (s, TH), 1.54 (s, 3H), 1.65 (s, 3H), 2.16 (s, &H),
2.70-2.73 (m, 2H), 3.99-4.05 (d, J = 14.51 Hz, 1H),
4,14-4.20 (d, J=13.85 Hz, 1H), 4.28 {bs, 1H), 4.42 (s, 1H),
466 (s, 1H), 4.84-493 (m, 2H), 6.92-7.02 (m, 3H),
7.16=7.24 (m, 10H), 7.41-7.44 (d, J = 7.69 Hz, 1H),
8.24—8.27 {d, J = 8.58 Hz, 1H), HRFAB-MS: m/z 618.3004
for [M+H]* (caled. 618.3002 for CgsHaaNa0sS).

2,6-Dimethylphenoxyacetyl-Apns-Dmt-NH-MPH (Tb)

[AJR*® —11.42 (¢ = 0.07, CH,OH), TH NMR (DMSO-dg) 5: 1.49
(s, 3H), 1.58 (s, 3H), 2.16 (s, 6H), 276—2.82 (m, 2H),
3.97-4.02 {d, J = 13.53 Mz, 1H), 4.15-4.20 (d, J = 18.52
Hz, 1H), 4.26—4.48 (m, 3H), 4.97—5.00 (m, 2H), 6.68—6.71
(t, J = 7.26 Hz, 1H), 8.81—7.03 (m, 4H), 7.12-7.25 (m, 8H),
8.17-8.20 (d, J = 8.91 Mz, 1H), 10.17 (g, 1H), HRFAB-MS:
V2 605.2804 for [M+H}* (calcd. 605,2798 for CagHayNaOsS).

2,6-Dimethylphenoxyacelyl-Apns-Dmi-NH-(2-OCH5)Bz (7¢)

[alg! ~ 14.85 (¢ = 0.202, CHa0OH), H NMR (DMSO-dg) 5: 1.34
(s, BH), 1.50 (s, BH), 2.14 (s, 6H), 2.77-2.80 (m, 2H), 3.77
(s, 3H), 3.97—4.02 (d, J = 14.19 Hz, 1H), 4.13-4.18({d, J=
14,18 Hz, 1H), 4.25~4.27 (d, J = 5.28 Hz, 2H), 4.37-4.40
(m, 1H), 4.46—4.49 (m, 2}, 4.91-5.00 {m, 2H), 6.79—6.85
{t, J=7.59 Hz, 1H), 6.89=7.01 (m, 2H), 7.15-7.30 {m, 9H),
8.12-8.15 (d, J = 857 Hz, 1H}, 8.27-8.35 {t, J = 5.6 Hz,
1H), HRFAB-MS: m/z 620.2854 for [M+H}* {caled. 620.2784
for 034H42N30.;S).

2,8-Dimethylphenoxyacetyl-Apns-Dmit-NH-(2-0CH)Bz (7d)}

[alg7® -8.96 (c = 0.158, CH,OH), 'H NMR (DMSO-ds} 5:
1.31-1.35 (m, 6H), 1.51 (s, 3H), 2.14 (s, 6H), 2.77—-2.80 (m,
2H), 3.93—4.05 (m, 3H), 4.12—4,18 (M, 1H), 4.26-4.28 (d,
J=4.29 Hz, 2H), 4.38 (s, 1H), 4.47—4.50 {m, 2H), 4.92—5.00
(m, 2H), 6.78—-6.83 {t, J = 6.27 Hz, 1H), 6.90~7.01 (m, 3H),
7.12-7.30 {m, 7H), 8.13—-8.15 (d, /= 7.91 Hz, tH), 8.30 {1,
J= 5,6 Hz, 1H), HRFAB-MS: m/z 634.2969 for [M+H]* (calcd.
634.2951 for CssH.“NgOES).

2,6-Dimethyiphenoxyacetyl-Apns-Dmt-NH-Ind (7e)

[aJf +19.86 (c = 0.448, CHsOH), 'H NMR (DMSO-dg) 5: 1,44
(s, 3H), 1.51 (s, 3H), 1.79-184 (m, 1H), 2.15 (s, 6H),
2.34-2.40 (m, 1H), 2.81-2.91 (m, 4H), 3.95-4.02 (m, 1H),
4.16-4.22 (m, 1H), 4,.39-4.50 {m, 3H), 4.98—4.99 (m, 2H},
5.32-5.35 (m, 1H), 6.90—7.08 (m, 4H), 7.17—7.38 (m, 8H),
8.14-8.17 (d, J = 8.24 Hz, 1H), 8.35-B.45 (dd, J = 8.24 Hz,
1H), HRFAB-MS: m/z 616.2878 for [M+H]* (calcd. 616.2845
for CaqustOsS), TOF-MS 616.727 for [M+H]J*.

2,6-Dimethylphenoxyacetyl-Apns-Dimt-NH-Pip (7t)

[8)F ~2.00 (c = 0.15, CHsOH), TH NMR (DMSO-dq} 8: 1.34
(s, 3H), 151 (s, 3H), 2.15 (s, 6M), 2.76-2.80 (m, 2H),
3.99-4.02 (m, 1H), 4.14—4.29 (m, 3H), 4.34~4.48 (m, 3H),
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4.97 (s, 2H), 5.88—5.92 (m, 2H), 6.77 (s, 2H), 6.85 (s, 1H),
6.95-7.02 (m, 3H), 7.19-7.30 (m, 4H), B.09-8.13 (d, J =
9.47 Hz, 1H), 8.43-8.48 {1, J = 6.1 Hz, 1H), HRFAB-MS:
m/z634.2583 for [M+H]* {calcd. 634.2587 for CagHaoNaO7S).

2,6-Dimethylphenoxyacetyl-Apns-Dmt-NH-3-picolyl (7g)

[a]&8*® +47.14 (¢ = 0.28, CH3OH), 'H NMR (DMSO-dg) &: 1.34
{s, 3H), 1.53 (s, 3H), 2.12 (s, 6H), 2.76—2.84 (m, 2H),
3.93-3.98 (d, J=14.19 Hz, 1H), 4.11-4.17 (d, J= 14,19 Hz,
1H), 4.19-4,72 (m, 5H), 5.00 (m, 2H), 6.89-7.01 {m, 3H},
7.16—=7.24 (m, 5H}, 7.63-7.68 (m, 1H), 8.07-8.11 (d, J =
8.91 Hz, 1H), 8.14~8.17 (d, /= 7.59 Hz, 1H}, 8.57~8.58 (d,
J=3.96 Hz, 1H), 8.67 (s, 1H), 8.72—8.80 {t, /= 5.6 Hz, 1H},
HRFAB-MS: m/z 591.2839 for [M+H[* (calcd. 591.2641 for
032H39N4058). TOF-MS 591.543 for [M+H]".

2,6-Dimethylphenoxyacetyl-Apns-Dmi-NH-4-picolyl (7h)

[al8® +36.36 (¢ = 0.58, CH,OH), 'H NMR (DMSO-dg) &: 1.37
{s, 3H), 1.55 {s, 3H), 2.12 (s, 6H), 2.71-2.89 (m, 2H),
3.93-3.98 (d, J = 14.19 Hz, 1H), 4.08—-4.15 (d, J = 14.19,
1H), 4.32-4,61 (m, SH), 5,00 (s, 2H), 6.89~7.01 {m, 3H),
7.12-7.26 (m, BH), 7.63—7.66 (d, J = 574 Hz, 2H),
8.09—8.13 (d, J = 9.24 Hz, 1H), 8.58—8.61 (d, J = 6.26 Hz,
2H), 877-881 (t, J = 5.94 Hz, 1H), HRFAB-MS: mZz
591.2628 for [M+H}* (calcd, 591.2641 for CagHagN4OsS).

2,6-Dimethylphenoxyacetyl-Apns-Dmt-NH-2-picoly! (77)

[2]& +21.80 (c = 0.61, CHaQOH), 'H NMR (DMSO-dg) 8: 1.37
(s, 3H), 1.54 (s, 3H), 2.13 (s, 6H), 2.76~2.85 (m, 2H),
3.95—4.00 (d, J = 1419 Hz, 1H), 412-4.17 (d, J = 14,19
Hz, 1H), 4.26-4.56 (m, 5H), 4.94-5.02 (g, J/=9.24 Hz, 2H)},
6.89~7.01 (m, 3H), 7.12-7.26 (m, 5H), 7.32-7.37 (1, J=6.6
Hz, 1H), 7.53-7.56 (d, J= 7.59 Hz, 1H), 7.81-7.87 (t, J=
7.58 Hz, 1H), 8.11-8.14 {d, J = 8.57 Hz, 1H), 8.53-8.54 (d,
J=4.62 Hz, 1H), 8.71-8.75 (1, /= 5.94 Hz, 1H), HRFAB-MS:
m/z591.2631 for (MH]* (calcd. 591.2641 for CazHasN40:8).

2,6-Dimethyiphenoxyacetyl-Apns-Dmt-NH-(2-hydroxy-4,6-
dimethyi)-3-picolyl (7})

[a]&2 —4.28 {¢ = 0.07, CH5OH), TH NMR (DMSO-d,) & 1.3%
(s, 3H), 1.45 {s, 3H}), 2.05—2.24 {m, 12H), 2.73~2.80 {m, 2H),
3.88-4.20 (m, 4H), 4.29-4.40 {bs, 1H), 4.44—-4.50 {m, 2H},
4.93 {m, 2H), 5.74 (s, 1H), 6.91-7.06 (m, 3H), 7.13—-7.37
(m, 5H), 7.98—8.02 (1, J = 5.6 Hz, 1H), 8.13-816 (d, /=
7.71 Hz, 1H), HRFAB-MS: m/z 635.2897 for [M+H]* (calcd.
635.2903 for CgqH4gN4068).

2,6-Dimethylphenoxyacetyl-Apns-Dmi-NH-Bz(3-CONH,) (7k)

[alg® +42.66 (¢ = 0.075, GH;OH), 'H NMR (DMSO-dg) 5: 1.34
{s, 3H), 1.51 (s, 3H), 2.14 (5, 6H), 2.71-2.80 {m, 2H),
3.86—4.02 (d, J = 14.19 Hz, 1H), 4.14-4.18 (d, J = 14.19
Hz, 1H}, 4.24-4.49 (m, 5H}, 4.94-5.03 {m, 2t)), 6.90-7.05
(m, 3H), 7.15-7.34 {m, BH), 7.44—7.48 {d, J = 6.6 Hz, 1H),
7.68—7.70 (d, J = 7.58 Hz, 1H), 7.81 (s, 1H), 7.93 (s, 2H),
8.00-8.13 (d, J = 9.24 Hz, iH), 8.55-8.62 {t, J = 5.8 Hz,
1H), HRFAB-MS: m/z 633.2756 for [M+H]* {calcd. 633.2747
for CagHaiNs06S).

2,8-Dimethylphenoxyacetyl-Apns-Dmi-NH-8z(3-COOCH;}
{71
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[a]&* —13.33 (c = 0.08, CHgOH}, "H NMR (DMSO-d;) &: 1.33
(8 3H), 1.51 (s, 3H), 2.13 (s, 6H), 2.75-2.79 (m, 2H), 3.81
(s, 3H), 3.96—-4.02 {d, J = 14.19 Hz, 1H), 4.13-4.17 (d, J =
14,19 Hz, 1H), 4.230—4.52 {m, 5H), 4.96~-4.98 {m, 2H)},
5.50~5.53 {d, J= 8.7 Hz, 1H), 6.92—7.01 {m, 3H), 7.19-7.26
(m, 5H), 7.86-7.42 (t, J= 7.2 Hz, 1H), 7.57-7.681 (d, J = 6.6
Hz, 1H), 7.76~7.78 (¢, J = 7.58 Hz, 1H), 7.91 (s, 1H),
8.09-8.12 (d, J = 8.25 Hz, 1H), 8.58-8.62 (t, J = 5.8 Hz,
1H), HRFAB-MS: m/z 648.2753 for [M+H]* (calcd. 648.2743
for 035H42N307S).

2,6-Dimethylphenoxyacetyl-Apns-Dmt-NH-Bz{4-CONH,)
(7m)

[aJ® +22.00 {¢ = 0.05, CH3CH), "H NMR {DMSO-dg) 5: 1.35
(5, 3H), 1.52 (s, 3H), 2.14 (s, 6H), 277-2.89 (m, 2H),
3.06-4.03 (m, 1H), 4.15-4.20 (m, 1H), 4,26—4.52 (m, 5H),
500 (s, 2H), 6.90-7.03 (m, 3H), 7.15-7.33 (m, 5H),
7.35-7.40 (d, J=7.2 Hz, 2H), 7.76-7.81 (d, J= 7.2 Hz, 2H),
7.88 (s, 2H), 8.10~8.15 (d, /= 8.1 Hz, 1H), 8.55—-8.80 {f, J=
5.4 Hz, 1H), HRFAB-MS; m/z 633.2763 for [M+H]* (calcd.
633.2747 for Ca4H41N4OSS).

2,6-Dimathylphenoxyacetyl-Apns-Dmit-NH-B2(4-COOCH;)
{7n)

[8]2° +16.86 (¢ = 0.202, CHOH), 'H NMR (DMSO-d;) 5: 1.35
(5, 3H), 1.52 (s, 3H), 2.14 (s, 6H), 2.76-2.79 (m, 2H), 3.81
(s, 3H), 3.96~4.01 {d, J = 14.19 Hz, 1H), 4.18-4.19 (d, J=
14.51 Hz, 1H), 4.20—4.48 (m, 5H), 4.98 (s, 2H), 6.90-7.01
{m, 3H), 7.18—-7.24 (m, 5H), 7.43—7.46 (d, J = 7.26 Hz, 2H),
7.82-7.85 (d, J = 8.24 Hz, 2H), 8.11-8.15 (d, J = 8.75 Hz,
1H), 8.63 (1, J = 5.4 Hz, 1H), HRFAB-MS: m/z 648.2753 for
[M+H]* (calcd, 848.2743 for CasHaoNaO7S).

Dipeptides containing the 3-hydroxy-2-methylbenzoyl molety
(3-hydroxy-2-methy! benzoyl-Apns-Dmt-P;') (8a—h, ¢, p)

To a solution of the appropriate Boc-Apns-Omt-Py' 4a—h, a,
p (0.1 mmal) in 4 N HCl/dioxane solution {1 mL), anisole (22
pL, 0.2 mmol) was added at 0°C. The reaction mixture was
stirred for 1 h at room temperature. The solvent was removed
in vacuum at room temperature; ether was added. After cen-
trifugation, the residue was suspended in AcOER (5 mL), then
EtaN (17 ul, 0.12 mmol) was added (solution A). 3-Acetyloxy-
2-methyibenzoic acid 6 {21.3 mg, 0.11 mmol) was dissolved
in AcOEt (5 mL}, then EtgN (17 pL, 0.12 mmol) and DPPCI
(25 pL, 0.12 mmol) were added at 0°C. The mixture was
stirred at room temperature for 1 h, then mixed with solution
A. The mixture was further stirred at room temperature for 6
h, then washed with 10% citric acld, 5% NaHCOg and brine.
The organic layer was dried and evaporated under reduced
pressure. The residue was dissolved in methanol {2 mL}), then
7 M LIOH (3 mL} was added. Stiring was continued at room
temperature for 5 h, followed by addition of 10% citric acid
1ill pH 3. The mixture was extracted with AcOEt and washed
with 10% cliric acld and brine. The organic extract was dried,
evaporatad and crystallized from n-hexane, The crude prod-
uct was purified using anaiytical, preparative and analytical
HPLC. The pure product was lyophilized. Physical data are
listed in Table 2.

3-Hydroxy-2-methylbenzoyl-Apns-Dmt-NH-cumy! (8a)

[a]t*® +18.69 (¢ =0.23, GH;0H), "H NMR {DMSO-d;) &: 1.43
(s, 3H), 1.50 (s, 3H), 1.53 (s, 3H), 1.65 (s, 3H), 1.82 (s, 3H),
2.71 (m, 2H), 4.20—4.38 (m, 2H), 4.50~5.51 {d, J = 2.97 Hz,
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1H), 4.65 (5,1H), 4.93-4.97 (d, J = 8.9 Hz, 1H), 5.08-5.12
(d, J = 89 Hz, 1H), 655-6.58 (d, J = 7.26 Hz, 1H),
6.76—6.79 (d, J = 7.91 Hz, 1H), 6.92-7.04 (m, 2H),
7.11-719 (m, 7H), 7.40-7.43 (d, J = 8.25 Hz, 2H),
8.19~8.21 (d, J = 8.25 Hz, 1H), 9.22—9.32 (bs, 1H), HRFAB-
MS: m/z 5902704 for [M+H]* (caled. 590.2689 for
CasHaoNaOsS).

3-Hydroxy-2-methylbenzoyl-Apns-Dmt-NH-MPH (8b)

{a]ff +28.82 (¢ = 0.17, CHaOH), 'H NMR (DMSO-dg) &: 1.47
(s, 3H), 1.56 {8, 3H), 1.82 (s, 3H), 2.67~2.87 {m, 2H}, 3.06
(s, 3H), 4.41 (s, 2H), 4.49 (s, 1H), 5.02-5.06 {d, J =8.91 Hz,
1H), 5.14-5.18 (d, /= 9.24 Hz, 1H), 6.54-657 (d, J=7.26
Hz, 1H), 6.66-6.72 {t, /= 7.26 Hz, 1H), 6.76-6.78 {d, J=
7.58 Hz, tH), 6.87—-6.96 {m, 3H), 7.11-7.27 (m, 7H),
8.15—8.19 (d, J = 8.25 Hz, 1H}, 9.35 (g, 1H), 10.12 (s,1H),
HRFAB-MS: m/z 577.2492 for IM+H]* (caled. 577.2485 for
Ca1Ha7N4O58).

3-Hydroxy-2-methylbenzoyl-Apns-Drni-NH-(2-OCHs)B2 (8c)

[a]&7® 0.00 (c = 0.07, CH,OH), 'H NMR (DMSO-dg) &: 1.35
{s, 3H), 1.51 (s, 3H), 1.84 (s, 3H), 2.69-2.88 (m, 2H), 3.79
(s, 3H), 4.20—4.38 (m, 2H), 4.40-4.48 (m, 3H), 4.99-5.03
(d, J =9.24, 1H), 5.12—5.16 (d, J = 9.24, 1H), 6.54—86.57 (d,
J = 7.28 Hz, 1H), 6.76-6.94 (m, 4H), 7.14~7.33 (m, 7H),
8.12—8.15 {d, J = 824 Hz, 1H), 8.25-8.28 {m, 1H),
9.20-9.50 (bs, 1H), HRFAB-MS: m/z 592.2472 for [M+H]*
(caled. 532.2481 for CasHagNa0s5).

3-Hydroxy-2-methylbenzoyil-Apns-Dmt-NH-(2-0OCzHg)Bz (8d)

[a]g®® +20.32 (¢ = 0.128, CHgOH), 'H NMR (DMSO-dg) &:
1.33-1.38 (m, 6H), 1.51 (s ,3H), 1.83 (s, 3H), 2.76-2.85 {m,
2H), 4.00-4.05 {m, 2H), 4.14~4.49 (m, 5H), 5.00—5.03 (d,
J =9.24 Hz, 1H), 5.13-5.16 (d, J = 9.24 Hz, 1H), 6.53~6.56
(d, J = 7.26 Hz, 1H), 6.75-6.84 (m, 2H), 6.91~7.04 (m, 2H),
7.14=7.35 (m, 7H), 8.12-8.15 (d, J = 7.58 Hz, 1H),
8.20-8.30 (m, 1H), 9.35 (s, 1H), HRFAB-MS: m/z 606.2652
for (M+H]* {calcd. 606.2638 for CssHasNs0sS).

3-Hydroxy-2-methylbenzoyi-Apns-Dmt-NH-ind (8e)

[a)@*2 +35.00 (¢ = 0.22, CH30H), 'H NMR (DMSO-dg) &: 1.44
(s, 3H), 1.51 {s, 3H), 1.82 (s, 3H), 2.27-2.49 (m, 2H),
2,75-2.91 (m, 4H), 4.46-4.51 (m, 3H), 5.00-5.04 (m, 1H},
5,06—5.18 {m, 1H), 5.24-5.37 (m, 1H), 6.54—6.57 (4, J =
7.26 He, 1H), 6.76—-6.7¢ (d, J = 7.91 Hz, 1H}, 6.84-8.95
{m, 1H), 7.10-7.39 (m, 9H), 8.16—8.18 {1, J = 7.59 Hz, 1H),
8.33-8.39 (t, J= 8.91 Hz, 1H), 9.37 {bs, 1H), HRFAB-MS:
m/z 588.2548 for [M+H]* (caled. 588.2532 for CaaHagNz05S).

3-Hydroxy-2-methylbenzoyl-Apns-Dmt-NH-Pip (8f)

[AJR*S +16.36 (¢ = 0.11, CHyOH), "H NMR (DMSO-dg) 5: 1.34
(s, 3H), 1.50 (s, 3H), 1.83 (s, 3H), 2.78-2.88 (m, 2H),
4.03—4,10 (m, 1H), 4.28-4.36 (m, 1H), 4.42—4.47 (d, J =
12.7 Hz, 3H), 4.99—5.03 (d, J = 9.24 Hz, 1H), 5.12-5.16 (d,
J= 8.9 Hz, 1H), 5.90~5.96 (m, 2H), 6.54~6.57 (d, J = 7.26
Hz, 1H), 6.73—6.88 (m, 4H), 6.92—6.98 {1, J= 7.82 Hz, 1H),
7.16=7.33 (m, 5H), 8.11-8.14 {d, J = 7.92 Hz, 1H),
8.37-8.39 (1, J = 561 Hz, 1H), 9.20—0.60 (bs, 1H), HRFAB-
MS: m/z 606.2269 for [M+H]* (calcd. 6062274 for
CazHagNa078).

3-Hydroxy-2-methylbenzoyl-Apns-Dmi-NH-3-picoly! (8g)

A Novel Dipeptide-based HIV Protease Inhibitor 597

[aR?® +15.62 (¢ = 0.224, CHOH), "H NMR (DMSQ-dg) &
1.32 (s, 3H), 1.50 (s, 3H), 1.82 (s, 3H), 2.68-2.86 (m, 2H),
4.15-4.23 (m, 1H), 4.28~4.47 (m, 4H), 5.00-5.08 (d, J =
8.91, 1H), 5.13=5.17 {d, J = 9.23 Hz, 1H), 5.49-5,52(d, J=
6.6 Hz, 1H), 6.58—6.56 (d, J = 7.26 Hz, 1H), 6.76~6.79 (d,
J = 7.91 Hz, 1H), 6.90-6.98 (m, TH), 7.13-7.31 (m, 6H),
7.67-7.70 (d, J = 7.58 Hz, 1H), 8.12~8.15 (d, J = 7.91 Hz,
1H), 8.39-8.53 (m, 3H), 9.38 ({bs, 1H), HAFAB-MS: m/z
563.2341 for [M+H]* (calcd. 563.2328 for CagHasN.OsS).

3-Hydroxy-2-methylbenzoyl-Apns-Dmt-NiH-4-picoly! (8h)

[al75 +26.92 {c = 0.135, CHsOR), 'H NMR (DMSO-dg) &:
1.37 (s, 3H), 1.55 (s, 3H), 1.80 (s, 8H), 2.70-2.90 (m, 2H),
4.20-4.66 (m, 5H), 5.01-5.05 (d, J=8.7 Hz, 1H), 5.15-5.19
(d, J = 8.9 Hz, 1H), 6.53-6.55 (d, J = 7.26 Hz, 1H),
6.73-6.76 (d, J = 7.9 Hz,1H), 6.86-6.92 (t, J=7.83 Hz 1H),
7.05-7.32 {m, 4H)}, 7.66—7.68 (d, J = 574 Hz, 2H),
8.08-8.12 (d, J = 7.9 Hz, 1H), 8.26 (d, J = 1.7 Hz 1H),
8.56-8.60 (d, J = 6.26 Hz, 2H), B70-8.76 (m, 1H),
8.35—-9.45 (bs, 1H), HRFAB-MS: m/z 563.2337 for [M+H]*
(Caicd. 563.2328 for C30H35N405S).

3-Hydroxy-2-methyibenzoyl-Apns-Dimt-NH-1-Adam (8o}

[a]38E +7.45 (c = 0.295, CHaOH), *H NMR (DMSO-dg) &: 1.41
(s, 3H), 1,48 (s, 3H), 1.61 (s, 6H), 1.82-1.96 (m, 12H),
2.69-2.82 (m, 2H), 4.24-4.42 (m, 1H), 4.53 (s, 2H),
4.94-4.97 (d, J = 9.23 Hz, 1H), 5.15-5.18 {d, /= 8.25 Hz,
1H), 6.55-6.57 (d, J= 6.93 Hz, 1H), 6,76-6.79 (d, J=7.58
Hz, 1H), 6.81—-6.94 (m, 1H), 7.07-7.23 (m, 3H), 7.37-7.39
(d, J =692 Hz, 2H), 7.49 (s, 1H), 8.22—-8.25 {d, J = 8.25
Hz, 1H), $.20-9.60 (bs, 1H), HRFAB-MS: m/z 606.3011 for
[M+H]+ (Ca'cd. 606.3002 for 034H44N305S).

3-Hydroxy-2-methylbenzoyl-Apns-Dmi-NH-2-Adam (8p)

[alf? +11.81 {c = 0.127, CHzOH), 'H NMR (DMSO0-dg) 5: 1.38
{s, 3H), 1.48—1.52 (m, 6H), 1.69-2.09 (m, 15H), 2.65—2.81
{m, 2H), 3.89 (s, 1H), 4.31—-4.37 (m, 1H), 4.51 (s, 1H}, 4.70
(s, 1H), 499-5.02 (d, J = 8,91 Hz, 1H), 5.13-5.16 (d, J =
8.58 Hz, 1H), 6.53—6.56 (d, J = 7.59 Hz, 1H), 6.76—6.78 (d,
J=7.25 Hz, 4H)}, 6.91-6.93 {t, J = 7,58 Hz, 1H), 7.08-7.32
{m, 5H), 7.81-7.84 (d, J = 6.26 Hz, 1H), B.19-8.22 (d, J =
7.92 Hz, 1H), HRFAB-MS: vz 606.3011 for [M+H]* (calcd.
606.3002 for CasH44Na05S8).

HiV protease inhibition

HIV protease inhibition was determined by an HPLC method
using S10 peptide (H-Lys-Ala-Arg-Val-Tyr*Phe(p-NQ,)-Glu-
Ala-Nie-NH,) as the enzyme substrate. The inhibitory poten-
tials were tested at 50 nM concentration of the inhibitor. The
assay prolocol was followed as described by Mimoto et al.
{15]. .
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Abstract—Recently, we reported potent and small-sized BACE1 inhibitors KM[-358 and KMI-370 in which the Glu residue is
replaced by a p-N-oxalyl-DAP (L-o,B-diaminopropionyl) residue at the P4 position. The B-N-oxalyl-DAP group is important for
enhancing BACEI inhibitory activity, but these inhibitors isomerized to o-V-oxalyl-DAP derivatives in solvents. Hence, we used
a tetrazole moiety as a bioisostere of the free carboxylic acid of the oxalyl group. KMI-420 and KMI-429, containing a tetrazole
ring, showed improved stability and potent enzyme inhibitory activity.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction Similarly, the compounds 1b-3b are converted to a-N-
oxalyl-DAP derivatives (Fig. 2), which show the low
Amyloid B peptide (Ap), which is the main component enzyme inhibitory activities, in aqueous and organic

of senile plagues found in the brains of Alzheimer’s dis-
ease (AD) patients,! is formed by proteolytic processing

of amyloid precursor protein (APP).%* Since BACE1 (B- O _OH
site APP cleaving enzyme, fi-secretase) triggers Ap for- Q

matioil__,by cleaving at the N-terminus of the AP do- o o o OH o

main, it is a molecular target for therapeutic H H

intervention in AD.%-!! Recently, we reported on the HQN\;)H\I( N\_./lLN ¥ N N\:/LN o
BACE] inhibitors, KMI-300 (1b), -358 (2b), and -370 i H g ¢ B oggH 5 & H §
(3b)!? (Fig. 1), which contained phenylnorstatine [Pns: )Nf >— . 4
(2R,38)-3-amino-2-hydroxy-4-phenylbutyric acid] as a o% “COOH

substrate transition-state mimic.!>!* These inhibitors 1b (KMI-300)

were designed from the octapeptide BACE] inhibitor
KMI-008!! as the lead compound. However, inhibitors,

X
1b-3b, have labile B-N-oxalyl-DAP residues (DAP: o o
L-t, B-diaminopropionic acid) at the P4 position. B-N-oxal- \)I\ H \)I\ ?
yl-DAP is known as the neurotoxic constituent of the H2N N N YN N OH
O “>_H én H o

legume Lathyrus sativus,'®'7 which thermally isomerizes
to an equilibrium mixture with o-N-oxalyl-DAP.I8:19

O~ “COOH
- o 2b X = H {KMI-358
Keywords:  Alzheimers disease; BACE1 inhibitor; {-Secretase; 3bX= CéOH (KM?—E?O)
Bicisostere.
* Corresponding author, Tel; +81 75 595 4635; fax: +81 75 591 Figure 1. Structure of BACE! inhibitors containing P-oxalyl-DAP
9900; e-mail: kiso@mb kyoto-phu.ac.jp residue at the Py position,

0960-894X/S - see front matter © 2004 Elsevier Ltd. Al rights reserved,
doi:10.1016/j.bme), 2004.09.090
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(a) fe)

Han L A Hof
. HOOG N\)l\ HOOCTN\.)I‘NX
“NH N —— o i H

] / —— R
HO W NH,
O “COCH J
g-form five- rnembered ﬂng o-form

transition-state

(b)
HOOC. N\)L Iru\)L 8

Figure 2. (2) Isomerization of oxalyl-DAP derivatives. (b} Structure of
BACE! inhibitor’s isomers containing ¢-oxalyl-DAP residue at the Py
position.

1a R = -Asp-Ala-Glu-OH
{KMI-302)

2aR=NH : COOH

{KMI-359)

(a) 4b R = -Asp-Ala-Glu-OH

{KM1-404)
o} W 0
qu\)LN N\)LN /©\
i N R B 5b R = NH COOH
Sy © > OH (KM1-420)
N, COOH
HN~

66 R = NH COOH
(b) {KM:-429)

4a R = -Asp-Ala-Glu-OH
(KMMOS)

A IWN\)L 8

Figure 3. Structure of BACE] inhibitors containing a tetrazole ring at
the P, position (a) and their a-isomers (b).

5a R =NH COOH
(KMmI-802)

solvents. To improva the stability of compounds 1b-3b,
the oxalyl moiety was replaced with tetrazole carbonyl
derivatives as a bioisostere®® of carboxylic acid. Conse-
quently, we found the tetrazole-containing BACE!
inhibitors 4b—6b (Fig. 3), with enhanced chemical stabii-
ity and enzyme inhibitory activity.

2. Synthesis

BACE] inhibitors {(4b and 5b) and a-isomers (1a, 2a, 4a,
and 5a) were synthesized by the 9-fluorenytmethoxycar-
bonyl (Fmoc)-based solid phase peptide synthesis as
previously reported.'? As an example, Scheme 1 shows
the synthesis of 5b (KMI-420). Namely, the N-Fmoc-
3-aminobenzoic acid was attached to 2-chlorotrityl chlo-
ride resin using diisopropylethylamine (DIPEA) in
dichloromethane (DCM). The Fmoc group was re-
moved with 20% piperidine in DMF and the peptide

,[ 1 a ,[ 1 -—( ;
Fmoc—N OH 2 . Fmoc—N 0
H ) H

0
M_,. Fmoc—VaI—Leu—Pns—-H : ‘n’o_o
8]
__bd Boc—oAP(Fmoc)-Val—Leu—Pns—H’ : TO_O
0
H o]
be BDC_N\E/U\VaI—Leu—Pns—H O_Q
- > . 0
NH
O&N:N
HN=p

—_—

(Q = 2-chlorotrityl resin )

Scheme 1. Reagents and conditions: {(a) 2-chlorotrityl chloride resin,
DIPEA/DCM,; (b) 20% piperidine/DMF; (¢} Fmoc-AA-OH, DIPCDI,
HOBYDMEF; (d) Boc-DAP(Fmoc)-OH, DIPCDI, HOBt/DMF; (e)
1 A-tetrazole-5-carboxylic acid, DIPCDI, HOBt/DMEF; (f) TFA,
m-cresol, thioanisole.

5b {KMI-420)

bonds were formed using diisopropylcarbodiimide
(DIPCDY]) in the presence of 1-hydroxybenzotriazole
(HOBt). The coupling of Boc-Pns-OH and amino-
benzoyl resin was achieved using the same manner
reported previously'? without any problem. The DAP
residue at the P, position was introduced using N*-
Boc-NP-Fmoc-1-2,3-diaminopropionic acid [Boc-DAP-
(Fmoc)-OH). The B-substituted DAP moiety in 4b
(KMI-404) was introduced in a manner similar to that
in 5h, However, for the a-substituted derivatives (1a, 2a,
4a and Sa), the DAP residue at the P, position was intro-
duced using NP-Boc-N*-Fmoc-L-2,3-diaminopropionic
acid [Fmoc-DAP(Boc)-OH]. After peptide chain elonga-
tion, the 1H-tetrazole-5-carbonyl residue at the B-posi-
tion of DAP was introduced using 1H-tetrazole-5-
carboxylic acid. Finally, the peptide was cleaved from
the resin by treatment with trifluoroacetic acid (TFA)
in the presence of m-cresol and thioanisole. The crude
peptide was purified by preparative RP-HPLC. On the
other hand, the a-oxalyl residue at the P4 position in
compounds 1a and 2a was introduced using oxalic acid
mono-I-butyl ester.

Compound 6b (KMI-429), which contained 5-amino-
isophthalic acid at the C-terminus, was synthesized by
a traditional solution method (Scheme 2). Dibenzyl 5-
aminoisophthalate was used as a starting compound
and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide HCl
(EDC-HCI) in the presence of HOBt formed the peptide
bonds. Boc and Fmoc groups were deprotected using
4M HCI in dioxane and 20% diethylamine in DMF,
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N
‘W COOH
Boc—DAP{Fmoc)—OH
Boc—Val—OH —————— 3
ab
Boc~—Leu—CH
Boc~—Pns—0OH

COOBz! ab

a,d

|——m= Gl

(KMi-429)

ab

HzN
COO0Bz!

Scheme 2, Reagents and conditions: (a) EDC-HC!, HOBY/DMEF; (b)
4M HCWdioxane; {¢) 20% Et,NH/DMF,; (d) TMS-Br, thioanisole,
m-cresol/ TFA,

respectively. The final deprotection of the Boc and ben-
zyl groups using trimethylbromosilane (TMS-Br), thio-
anisole, and m-cresol in TFA and subsequent
purification by preparative RP-HPLC gave the desired
inhibitor 6b.

3. Results and discussion
3.1. Stability of KMI-300 (1b) and KMI-358 (2b)

Since the small-sized BACEI] inhibitors, 1b-3b, showed
unstable features, we investigated the mechanisiz and
kinetics for the unstability. It seems that by-products
are formed from the isomerization via oxalyl migration.
‘Thus we synthesized the a-oxalyl isomers 1a and 2a, corx-
responding to 1b and 2b, respectively, which contained a
B-oxalyl DAP group. The HPLC analysis and mass
spectra showed that compounds 1a and 2a are identical
to the by-products of 1b and 2b, respectively. Next, we
monitored the isomerization of 1b, 2b, 1a, and 2a in var-
ious solvents by HPLC. Compounds 1b, 2b, 1a, and 2a
showed a time-dependent isomerization to an equilib-
rium mixture (Fig. 4). A slower migration is observed
in an aqueous solvent, for example, PBS (phosphate-
buffered saline, pH 7.4), than in organic solvents such
as MeOH and DMSO. Though the B-isomers (Ib and
2b) and a-isomers (1a and 2a), respectively, were isomer-
ized to reach the same equilibrium ratio under the same
conditions, the equilibrium ratio and migration rate are
dependent on the solvents and the chemical structure of
the compounds. Abegaz et al. indicated that the migra-
tion rate of oxalyl-DAPs is influenced by the rotamers in
the solvents.!® The difference between «-N to B-N and §-
N to a-N oxalyl migration rates might determine the
equilibrium ratio. Recently, we reported on the water-
soluble prodrugs of HIV-1 protease inhibitors based
on O— N intramolecular acyl migration®'** and the
kinetic study in different solvents.?*** These prodrugs
could be converted to the parent drugs via a ‘five-mem-
bered ring intermediate’ under physiological conditions.
This mechanism via a five-membered ring intermediate,
permitted two equilibrium constants, is consistent with
the above findings.

120

14p —o—
260 —a—
80 o

: . 100

160 —a
20 980 %
®) o : : ; : 100

20
40 —0-
\G0 —a—
180 %
100

(day)

-o— 1b
(KMI-300)

- 1a
(KMI-302)

—a— 2b
{KM(-358)

—a— 2a
(KMi-359)

Figure 4. Stability of KMI compounds containing - or f-oxaiyl-DAP
residue at the P4 position in MeOH (a), DMSO (b), or pH 7.4 PBS (c).
To unify the B-isomer’s ratio to upward direction in the graph, the y-
axis direction of w-isomers (1a and 2a) was reversed.

3.2. Stability and BACE1 inhibitory activity of KMI-404
(4b), KMI-420 (5b), and KMI1-429 (6b)

To improve the stability of BACEI inhibitors 1b-3b, we
replaced the oxalyl group with the 1 H-tetrazole-5-carbon-
yl group. The stability of the tetrazole-type BACEI
inhibitors 4b (KMI-404), 5b (KMI-420), and 6b (KMI-
429), which correspond to 1b-3b, respectively, was veri-
fied by HPLC. 4b—6b showed no isomerization in PBS
(pH 7.4), MeOH and DMSO over a period up to 5 days.

As shown in Table 1, the BACE) inhibitory activities of
B-N-tetrazole-3-carbonyl-type inhibitors 4b—6b were
enhanced over B-N-oxalyl-type inhibitors 1b-3b, respec-
tively. The a-isomers 1a, 2a, 4a, and Sa showed weaker
BACE! inhibitory activities than the corresponding

Table 1. BACE] inhibitory activity

Compd (KMI No.) BACE! inhibition (%)  ICso (nM)
At2uM At 0.2pM

1b (KMI-300) 96.7 57.6 84
2b (KMI-358) 98.4 85.5 16
3b (KMI-370) 99.8 96.7 47
1a (KMI-302) 75.2 — —
2a (KMI-359) 87.9 58.6 -
4b (KMI-404) 93.0 73.1 —
5b (KMI-420) 99.0 87.1 8.2
6b (KMI-429) 100 98.1 39
4a (KMI-405) 23.2 - —
5a (KMI-602) ~0 — —
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Figure 5. Modeled structure of BACEI (skeleton model)-6b KMI-429
(ball and stick model) complex based on the crystal structure of
BACE! bound to OM99-2.2* White dashed lines indicate hydrogen
bonds to the inhibitor,

B-isomers 1b, 2b, 4b, and 5b, respectively. As compared
with 4a and 5a showing no isomerization, relatively high
activities of 1a and 2a are probably due to the activities
of the corresponding B-isomers 1b and 2b formed par-
tially by the isomerization of 1a and 2a during incuba-
tion in this assay. The ICsp values of Sb and 6b were
improved as compared to those of 2b and 3b,
respectively.

As shown in Figure 5, the tetrazole ring, which is slightly
larger than a carboxylic acid, allows the formation of
hydrogen bonds to both Arg235 and Arg307 residues
of BACEL. Moreover, as previously described,'? com-
pound 3b, which contains two carboxylic groups at the
P, position, exhibited a higher BACEI inhibitory activ-
ity than compound 2b, which contains a carboxylic
group at the Py’ position. Similarly, compound 6b exhib-
ited higher BACEI inhibitory activity than compound
Sp. The two carboxylic groups at the Py’ position of
compound 6b allow the formation of rigid hydrogen
bonds in BACE] as shown in Figure 5. As described
-above, it seems that the acidic functional groups at the
P, (as an isostere of the carboxylic group) and P/’ sites
are important for enhancing BACE1 inhibitory activity.

4. Conclusion

We found that replacing the labile p-N-oxalyl-DAP
group of 2b (KMI-358) and 3b (KMI-370) with a 1H-
tetrazole-5-carbonyl group resulted in more potent and
chemically stable BACE! inhibitors, 5b (KMI-420)
and 6b (KMI-429). Replacing carboxylic acid with bio-
isostere, such as tetrazole ring, is expected to enbance
the membrane permeability, which is considered to be
a key issue in develogning AD’s drugs based on the ‘amy-
loid hypothesis’.26-2
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The human immunodeficiency vitus type-1 Vif protein
has a erucis] vole in regulating viral infectivity, How-
ever, we found that newly synthesized Vif is rapidly
degraded by cellular proteases, We tested the dose de-
pendence of Vif in non-permissive HS cells and found
that Vif, when expressed at low levels, increased virus
infectivity in a dose-dependent manner. Surprisingly,
however, the range of Vif required for opiimal virus
infectivity was narrow, and further increages in Vif se.
verely reduced viral infectivity, Inhibition of viral infec-
tivity at higher levels of Vif was cell type-independent
and was associated with an accumulation of Gag-pro-
cessing intermediates, Vif did not act as a general pro-
tease inhibitor but selectively inbibited Gag processing
at the capsid and nucleocapsid (NC) boundary. Identifi-
cation of Vif variants that were efficiently packaged but
were unable to modulate Gag processing suggests that
Vif packaging was mecessary but insufficient for the
production of 38- and 84-kDa processing intermediates.
Interestingly, these processing intermediates, like Vif,

associated with viral nucleoproiein complexes mora rig- -

idly than mature capsid and NC. We conclude that virus-
associated Vif inhibits processing of a subset of Gag
precursor malecules at the p2/NC primary cleavage site.
Modulation of processing of a small subset of Gag mole-
cules by physiclogical levels of Vif may be impoxtant for
virus maturation. However, the accumulation of such
processing intermediates at high levels of ¥if is inhibi-
tory. Thus, rapid intracellular degradation of Vif may
have evolved as a mechanism to prevent such inhibitory
effects of Vif,

The human immmodeficiency virus type-1 (HIV.1)* Vif pro-
tein is essential for viral replication Jn non-permissive cells
such as primary CD44 T lymphocytes and macrophages as well
as some T cell lines including HE and CEM cells (for review, see

*This work was supporled in purl by & grant from the National
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K. $.). The costs of publication of this article were deftayed in part by
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ammaonio]- l-propanesulfomc acid; PR, protease,
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Refs. 1 and 2). Vif-defective viruses produced from non-permis-
sive cells are’ defeetive at an early postentry step of infection
and are unable 1o complebe reverse transeription and integra-
tion (8--9). In fibroblasts and most T cell lines, however, Vif is
not requited for the production of infections HIV-1, This cell
type-dependent requirement for Vif implied the involvement of
host fuctor(s). Indeed, the recent identification of CIIM16
(APOBEC3M) us & cellular inhibitor of HIV replieation (10)
confirmed earlier speetlations on the existence of an inhibitory
factor m non-permissive cell types (11, 12). APOBECIG was
subsequently found to induce hypermutation of the HIV ge-

nome by desminating cytidine residues on the viral minus-

strand cDNA resuliing in the introduction of guanopsine io
adenosine mutations in the HIV genome (18-16). Subssquent
reporta suggested a role of Vif in the inhibition of APOBRECIG
packaging inlo virus particles (17-21). The mechanism of
APQOBECSG exclusion from virions, however, remains under
investigation. Some reports suggest that Vil induces degrada-
ticn of APOBREC3( (20, 21), whereas others report an e{‘fm.t on.
APOBECSG translation (17, 19) or both (18).

While most, current models propose an intracellular interac-
tion. of Vil with APOBEC3G, Vil is alse packaged into virions.
Virus particles produced from acutely infected cells incorporate
80-100 copies of Vif (22). In fact, packsging of Vif ia specific
and requires the interaction of Vif with the viral genomic RNA
and the nuclevcapsid (NC) domain of the Gag precursor (23).
Moreover, virus-associated Vif is partially cleaved by the viral
protease (PR) (24), Interestingly, mutations at the processing
site that iphibited Vif provessing iuhibited Vit fonction,
whereas mutations that did not interfere with Vif processing
also did nat, affect Vif fonction (24). While these findings stg-
gested an importamt rolé of virus-associated Vil in virions (24),
its specific rold remains under investigation.

In the current study we report that newly synthesized Vifis
rapidly degraded in fransiently transfocted Hela cells with a
half-life of less than 80 min. We found that the presence or
absence of APOBECSG had no sigoificant effect on the degra-
dation kinetics of Vif. Based on recent roports demonstrating
an interaction of Vif with APOBECSG (17, 21, 25), we pastu-
lated that Vif enhances vira] infectivily in & dose-dependent
and saturable manner. Accordingly, increasing levels of Vif
were expected to result in an increase in viral infectivity reach-
ing & plateaw of maximal infectivity once saturating amounts of
Vif were reached or exceeded. Parthertoore, increasing the
amounts of Vif in permissive cell types was not expected £
affect viral infectivity, as virug production in such, cell types is
Vilindependent due to the lack of APOBIECSG in such cells. As
expected, physiological expression of Vif increased viral infoe-
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tivity in non-permissive cell types in a dose-dependent manner.
Surprisingly, however, the amoonts of VI{ required for maxi-
mal effect exhibited a narrow window, and further increases in
Viflevels did not result in a platean of maximal viral infeetivity
bud, instead increasingly suppressed viral infectivity irrespec-
tive of the producer cell type. We investigated the mechanistic
basis of this phenomenon and found. that Vif suppresses proe-
essing of the Gag procursor ab the p2/NC primary cleavage site.
The resulting accumulation of 33- and 34-kDa Gag intermedi-
ates composed of CA-p2-NC and CA-p2-NC-pl was found to
inhibit viral infectivity. These results provide evidence that
virus-associated VIf has {he ability to interact with Gag pre-
carsor molertles and to modulate (Gag maturation. However,
Ciag maturation is 4 highly erdered process, and accumudation
of excessive amounks of processing intermediales due to high
level expression of Vit is detrimental to virus infectivity,

BXPERIMENTAL PROCEDURES

Plosmiicds—The full-length HIV-1 molecular clone pNL4-3 was used
for the predaction of wild iype infectivus virws (26). Construction of ils
variants pNL43-K1 (Bnv-defiective) or pNL4-3vif{~) (Vif-deleclive) was
described previonsly (27, 28). An Buv- and Vif-defective variant,
pNL4§-K1.vill-), wag constructed by introdueing a frameshift muta-
tlon it env at & Kpnl site in pNLA-3vif{-). Plasmid pHCMV-G contuing
the vesioizlar stomalitis viras glyeoprotein G (VSV-(1) geno expressed
fram the immediate early gene promoter of human cytom agalovirus (29)
and was used for the preduction of VSV-O! psendotypes. Construction of
the APOBEQ3CH vxpression vector pHIV-Ape3Q is described elsewhere
(19). Bxpression of APOBECIG from. pIIIV-Apo3G ik under the control
of the HIV-1 Jong terminal vepeat and thus requires Tat for expression.
For expression of Vil in frans, the subgenomic expression vector
PNL-AL (30) was used. A Vif-defective variant of pNL-Al, pNL-
Alvif~}, wag used as a control. Vif delation matants VifAD (deletion of
residues 28-43), VAR (delotion of residues 23.-74), and VifAl (deletion
of residees 4-45) were created by two-step PCR amplification. PCR
producls were colomn-purified; appropriate pairs were mixed at
equimelar ralios and used as templales for a second round of amplifi-
cation using flanking primers. Final PCR products were cloned inte
pNL-AL botween the BssIiI! and EcoRI sites.

Colls-119 and LuSIV cells were colbured in RPMI1 1640 mediom
supplemented with 1.0% fetal bovine sevam, 1-glutamine, and antibiot-
ica. Hel.a cells were maintained in complete Thilbeceo’s modified Eagle's
medium supplemented with 0% fetal bovine serom, L-glatamine, and
antibiotics.

Transfection and Analysis of Viral Proteins.-F9 cells (4 % 10" were:
transfoctod by eleclroporation with 10 s each of pNL43-K1 or pNL48.
K1.vil{~) and 10 pg of pNL-AL or pNL-Alvif(—). 'The culture superna-
tants were harvested 24 h after lvansfection, filtered through 0.45-m
filters, and concentrated by ultracentrifogation throngh 20% sucrose
for 1 h at 25,000 rpm using an SW4l rolor (Beckman Instruments).
Alternatively, FleLa cells (6 X 109 were bromalocted with 2 pg aach of
variants of pN1L4-8 and pNL-Al using LipofectAMINE PLUS™ (In-
vitrogen). Culiure supernatants and cells were harvested 24 h later,

‘ell and viral lysates were analyzed by immumoblobting as deseribed
provionsty (28) using an HIV-1-infecled palient serumn (AFS) and anti-
bodies againat Vif (28), NC (kindly provided by Robert Govelick), re-
verse transeriptase (Intracell), p24 capsid, and matvix (MA) (provided
by 5. Zolla-Pazner and P. Spearman, respectively, and obtained
through the National Institutes of Health ATDS Resenrch and Refer-
ence Reagent Program (31, 82)).

Pulse/ Chase Analysis of Vij—Transfected celis were metabolically
labeled for 10 min with [**$lmethionine (2 mCirmil; ICN Bioizedienl,
Ine., Costa Mesa, CA). After the labeling, cofls were wiashed ence with
phosphate-buffered saline to vemove free isotope and suspended in
complete RPML containing ulf amine acids and 109 fetal bovine serum.
Cells were ineuboted fox varions mes al $7 °C as tndieated in the texl.
Cells wora then pelleted snd skored nb 50 °0. Cell pellets were subso-
quently extracted with CHAMS buffer (680 mm Tris-hydrochicride, pH
8.0, 5 mM EDTA, 100 mM NaCl, and 0.5% (w/v) CHADPS (3-[(3-cholami.
dopropyhidimethytammonin]-1-propanesullfonic  acld))  supplemented
with (.2% deoxycholale, incubaled on iee for 5 min, vortexed, nod
pelleted for 3 min at 15,000 X g. Froteins present in the supernatant
were uged for immunoprecipitation wilh a Vif-specifio polyclonal anti-
body (Vifed) (28). Immunoprecipiteted proteins were solubilized by

High Levels of Vif Inhibit Viral Infectivity
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Fi6. 1. Newly synthesized Vifls rapidly degraded. A, Hel.n cells
were transfected with pNI-Al {4 pg) and a control vector, pHIV-T4 (1
ng) or pNL-AT (4 pg) plus pHIV-Apo3G (1 pg). Cella were collented 24T
after transfection, Tabeled for 10 min with [**Simethicning, and chased
for np to 60 min as indicated above the lanss. Cell lysates were prepared
as deseribed under “Experimental Procedures” and precipitated with a
Vil:gpeeific polyclonal antibody. Vit proteins were idenlitied by SDS-
PAGE followed by fluorography. B, Vif-specific bands shown in A,
respectively, were quantified using a Fuji BAS 2000 Phospho-Imager.
Signals were calealated relative to the input value (fhme 0 = 100%) and
plotied as a fanclion time,

bailing in sample buffer and separated by SDS-PAGE. Radioactive
bands were visualized by Quoerography, and quantitation was per-
formed using & Fuji BAS 2000 Bio-Tmage analyzer.

Single-round Viral Infectivily Analysis—Virus stocks derived from
transfocted H9 or Hela cells were uned for Lhe infection of TSIV
indlicator cells (83). To increase the sengitivity of the assay, viruses were’
prendotyped with the vesicelar stumatilis viens glycoprotein G, Unlike
Naf defects, VEV-0 psendotyping does not rescue Vif defects (3, 34).
LuSIV cdlls (B % 10%) were infected in a 24-well plate with 200-400 p)
af utieontenirated viras supernstants. Cells were ineubated for 24 h al
87°C, Cells were then harveslod nnd lysed in 150 ul of Promega 1%
repurter lysis buffer (Promega Corp., Madison, WI. To determine Lhe
tuciferase activity in the lysates; 50 ul of each Jysate were combined
with luciferase substrate (Promoga Corp.) by automatic injection, and
Tight emiasion was measured for 10 s at room temperature in a lumni-
noemeter (Optocomp Il, MUM Instruments, Hamden, G,

Siep Gradient Analysis--Congeniratod virus prepuraiions were
treated with 0.1% Triten X-100 (final concentration) and subjected to
fruclionation by condrifugation Lhrough a 209%/60¢% sucrese slop gradi-
eut as described previonsly (23). Thres equal fractions were collected as
depieted in Fig. 5; the top Fraclion (fraction 1) contains detergent-
soluble viral proleins, frockion 2 is a buffer feaction and should nol
contain significant amounts of any viral proteins, and fraction 3 con-
Luins viral core com ponents that ars resislant to extraction with Triton
K-100. Aliquots of each fraction were analyzed for vival proteins by
immunabiotting.

RESULTS

Newly Synthesized Vif Is Rapidly Degraded—Recent, work
proposed that Vif induces proteasome-dependent degradation
of APOBEC3G (20, 21, 25). Althongh we and others were un-
ablé to verify such Vif-dependent degradation of APOBECSG
(17, 19}, we nevertheless wanted to assess the pogsible impact
of APOBECRG on Vif stability. To address this question, we
performed pulse/chase analyses in fransiently transfected
Hela cells (Fig. 1), To ascertain coexpression.of Vif and
APOBECACG in the same cells, Vif was expressed from the
sibgenomic expression vector pNE-AL (80), and APOBECSG
was expressed from- the Tat-dependent vector pETV-Apoi
(19). Transfected Hela cells wepe labeled for 10 min with
[P*8Imethionine and chased for up to 60 min as described under
“Experimerntal Procedures,” As can be seen in Fig. 1A, Vif was
rapidly degraded both in the absence and presence of



