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Figure. 1 The segmentalized structure of PD 404182 (1).
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Table 1. Synthesis of PD 404182 Derivatives.

diamines NaH
lz K,CO.

/j _CS
DMF
70°C 80°C

t BuOH

(1) NaOH
MeOH-H,0
(2) BrCN
/g EtOH /gNH
reflux
entry  yield of 3 yield of 4 yield of 1
N N N
A
4 H
R 5 27X Rn s s’gs F\‘9 8 S*NH
1 3a: R=H, X=F 4a: R=H la: R=H
(71%) (86%) (61%)
2 3b: R=OMe, X=F  4b: R=OMe 1b: R=OMe
(67%) (95%) (61%)
3 3c: R=Me, X=Br  4c: R=Me 1c: R=Me
(88%) (88%) (68%)
4 3d: R=F, X=Br 4d: R=F 1d: R=F
(97%) (76%) (52%)

o o

o O
5 3e (90%) 4e (quant.) le (63%)
N N N
% oY oY
SN” > Br SN s’gs SN S’gNH
6 3f(95%) 4f (71%) 1f (32%)

ERRERBKOBIEICLVER L, T F
Tt Rrbt Y I PUBEERIICK LT lerr-
TFNA I FFTT F— b & DFFHERE
BESCEAT o T2 1%. tert-7 FVED Bifk
#E 21T BRI 1a,1g-m %457 (Table 2),




Table 2. Synthesis of PD 404182 Derivatives.

X

lp, KzCO;

diamines

t-BuOH
70°C

@a@

NaH MS4A
BUNCS TFA
DMF reflux
80°C Nt-Bu
entry  yield of 3 yield of 5 yield of 1
N N N
PO Sy 4 @ R{,\ID
-+ H
S ’gmau o s’gNH
1 3a: R=H, X=F 8a: R=H 1a; R=H
(71%) (62%) (85%)
2 3g: R=4-Br, X=F 5g: R=9-Br 1g: R=9-Br
(81%) (88%) (91%)
3 3h:R=4-CF;, X=F  5h: R=9-CF, 1h: R=9-CF;
(65%) (64%) (84%)
4 3i:R=4-NO, X=F  5i: R=9-NO» 1i: R=9-NO,
97%) (62%) (63%)
5 3j:R=3-Br, X=F  5j: R=8-Br 1j: R=8-Br
(69%) (95%) (71%)
6 3k: R=5-Br, X=F  5k: R=10-Br 1k: R=10-Br
(79%) (77%) (89%)
7 31: R=6-F, X=F 5k R=11-F 1l: R=11-F
(78%) (73%} (90%)
0 ) )
(I " (I N (I N
H
Br s’km-s‘.. s*nu
8 3m: X=Br (68%) Sm (49%) 1m (57%)

Scheme 1. Synthesis of Derivatives Bearing Nitrogen

Functional Group

H, Nl/j
Tpaien N
EtOH A
n,7% HN S7 NH
N
i NaOMe |/j
Y (CH,0), )CE'N
2
PdiC NeOH  mern s nr
EtOH v
" ® MS4A, TFA— BR=f-Bu
74% reflux, 37% 9 R H
Ac,O
)@:k DMAP /d\
TEtN
,&N{ Bu Cstlz AcHN ,& N-R
MS4A, TFA 10R = -Bu
reflux, 68% 11 R=H
NaNO,
) @
; NaN3 /K N-R
70%
MS4A, TFA 12R=t-Bu
reflux, 30% 13R=H
TIVEEETHILEm6IT, =buF

EHTOLEY i 2EMEBET T LI

L 07~ (Scheme 1),
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Scheme 2. Synthesis of the Compounds Containing Other

Heteroatoms.
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Lawesson's N|/j
reagent N
xylene *
reflux N™ ™8
H
17

{1)NaOH
MeOH

H,0, reflux
(2) triphosgene
Eth CHQCIZ

61%
Cu(OAc),
19%

N’j Nl/j

[ BocNH

ocNH, N

L L,
H 130 °C N“So
15 16

53%

(1)Cu(OAS),, TsNH "(j
, DMF, 130°C N
(2) triphosgene ,j%
Et,N, CH,Cl, N0
0°C, 47% Ts
Cu(OAC), tnphosgene
d\ _H0,0; _TMEDA
TDOMF cHzcl2 [ |
130 °C; /g
TMEDA
1 9 70%
thlophosgene
0°C, quant. /g
(from crude of 19)
(1) TsCI

pyridine ? HaN-(CHy)5-NH,
CHCla, st l2, K,CO3
{2) PCC {-BUOH
NH; silica gel NHTs 70°C
CH,Cl, 1t 98%
80%
(1)conc sto4 /j
@% o @f*
NHTs EtOH
reflux
24 66%

FNT, ~TRRFEMICBERT,
FRF. MERTOWThE R4
HEDLETETLIHFEEOAKEITo -
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BEWT, 2-T X )RV NLT)va— L 22
% kb, PCC Bk LV, {LEW 23
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Table 3. Anti-HIV Activity of PD 404182 and the
Related Compounds.

10 Z | N 4
Rg A Y%Z
7
entry R Y 4 n ECso (UM)
1 H S NH 1 0.44
2 H S (0] 1 8.94
3 H S S 1 >10
4 H N NH, 1 >10
5 H NH S 1 >10
6 H NH (6] 1 >10
7 H NTs O 1 >10
8 H o S 1 >10
9 H (0] (8] 1 >10
10 9-OMe S NH 1 0.57
11 9-Me S NH 1 0.49
12 9-F S NH 1 0.49
13 9-CF; 8 NH 1 0.53
14 9-NO, S NH 1 1.13
15 9-NHMe S NH 1 >10
16 9-NH, S NH 1 >10
17 9-NHAc S NH 1 >10
18 9-N; S NH 1 0.43
19 9-Br S NH 1 0.25
20 8-Br S NH 1 >10
21 10-Br S NH 1 0.23
22 11-F S NH 1 1.67
23 H S NH 0 > 10

Figure 2. Anti-HIV Activity of the Related Compounds.
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LA rBeyra—l o A5 L EEk
27 L KRB TV LD A 28
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Scheme 1. Synthesis of compound 32.
Nl/j KOt-Bu Nllj
N- —PMBBr N
/g DMF /g
Br S NH 0°Ctort pr S” TNPMB
1g 98% 28

i PdCIP(dd( pr)hyé)lq'izcl
l2(dppf)- 2
KCO;
TBDPSOB—°
S

2 '3
toluene, EtOH
TBDPSO O O
O 28

HO
reflux, 68%

N
I

O SlNPMB

2. 4-nitrophenyichloroformate
pyridine, CH,Cly, reflux N ,j
N

|
O SANPMB
sUeg

‘ biotin-NH-(CHoCH,0)5-(CHy )p-NH,

j 1. TBAF, THF, rt
RgE
O (8]

EtsN, DMF,
rtto 40 °C, 46%

{from 28) N'/j
o] O N
biotin-NH-(CHZO)s-(CHz)g-NHJLO O O s’gNR
MS4A, TFA, C 30 R=PMB
0

1t, 35% 31 R=H: EC50=6.8 uM

BT, TIPUVRPLEALE T
7 44 OB EIT o, A -7 upxF
V) TR IR 32 % PMB L L TILED
33LL, v /= N AEREREESRGETE
HEE(Z LT ka3 18-, =hY
IVEDBITTIZHEWT, BT I Vb
e EITVME e 35 & LImt, tert-TF A

_7_

YFFT R NEERSE, {LEY 36
151 AbEW 36 DA I UEROREES
PMB E|ZE#H L, —#HK7 I D PMB E%
BIRAICHRE T AE T, A REES
HTB7 I 38 %57,

Scheme 2. Synthesis of compound 42.
1. 4-MeOBzC| PMB

H malononitrile
NoHCl  EtN, DMAP N
JRul A &
2. LiAlH,
Cl Cl Et,0, 0°C to rt Cl Cl 6954;(0:
32 73% 33
~NPMB
R 1.BHsTHF NN NaH
THF, 60 °C | LBUNCS
2. 2-fluoro-4-bromo /@\)\ H DMF
benzaldehyde t
NC, N 15, KoCOs Br F 69%
t-BuOH, 70 °C, 11% 35
~—NPMB ~——NPMB
Nl/j\/ 1. TFA, MS4A Nl’js/
N reflux, 72% N
/& 2. PMBBr, KOt-Bu A
Br 87 “NtBu DMF,0°Ctort Br S~ TNPMB
36 81% 37
~NH
NN
1-chloroethylchioroformats I/j\)
EtsN, CH,Cly, 0°C; N
MeOH, reflux A
Br S” “NPMB
38 (crude)

1. NBS, AIBN,benzene, reflux
2. CaCO3, Hy0O, 1,4-dioxane, reflux, 45% (2 steps)
3. TBDPSCI, NaH, DMF, rt, 29%
4. 4-nifrophenylichloroformate
pyridine, CH,Cl,, reflux

O,

N
\©\OJOLO OTBDPS

biotin-NH-(CH;CH;0)3-(CHz)2-NH2
EtaN, DMF, rt, quant.

X
SeacUsag
41
o]

1. HFpyridine, THF, 0 °C to rt, 73%
2. 4-nitrophenylchloroformate
pyridine, CHCl,, reflux, 80%

OJL o OJL (- PEG-biotin
O IO H
a2
l 0

38, EtyN, DMF, rt

o} o
_/«NJ\o o - PEG-biotin
N/j;/ H
|
Qf“ °
Br S

/KNR 43 R=PMB
44 R=H: EC5o = 5.1 pM)

TFA, MS4A, tt,
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SHEHRIEE 3 : FHIE CXCR4 HAIDOE
&

A. BIEBEMN

rENA VZRE CXCR4 (X HIV-1 DIF
FHA~DEAROa LS ¥ —Thb
&b, CXCR4 #H1#1IX HIV BHEREE D
BHIREEBIZR D0 EH|FEINTWD,
M7 NV—TlIohE T, Mhk
CXCR4 HHEME R TRV F T F
R FC131 ()& BT L. fEx D_XTF FI A
T4 AEEALTFEMRIC L DEEEE
FHEAEFFE A FRBE L C & 7= (Figure 1),

Figure 1. Structures of Reported CXCR4 Antagonists.
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B LI ER RIS DBV A A H —T
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HEIND,

B. ARAZE
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Scheme 1 {Z7~7°, B ETERK LTI F
R7IVRFTL2DLRFPTER L=
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S LY, BEYRETHIBRIRT I K
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Scheme 1. Synthetic Scheme for Amidine-type Peptide
Bond Isostere 6.
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5 amldlne-type isostere 6
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RIF FEREETNENRT IV ICEHRL
T-FEAKL, FCI31 DF 7 FAT 5= Rk
O D-F 1o ENDOSLERMERE S,
BT EOFHEMR T OA K E FHE L7 (Figure
2),

Figure 2. FC131 Analogs 7 (R* = O or NH).
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ODRIGRINECENY 11 #1525 2 L0 H
37~ (Table 1),

Table 1. Optimization of the Aldoxime-Amino Acid
Coupling Conditions.

{OH stepa sOH <]
N| Chlorinating N| 2 (3,0
H agent Cl
NHBoc ~ DMF,rt NHBoc NHBoc
8a (major)
8b (minor) 9 10
step b SOl
H-Phe-O'Bu N "B
(1.0 equiv.) N ‘Bu
B
EtsN, solvent, it goey H 0
11
entry  substrate _method” yield (%)
1 8a A 77
2 8b A decomp
3 8a B 71°
4 8b B 81

“ method A: step a: NaOCl aq. (3.0 eq., 30% aqueous sol), Et;N
(3.0 eq.); step b: Et;N (6.0 eq.)/DCM. method B: step a: NCS

_9_

(1.1 eq.); step b: Et3N (4.0 eq.)/Et,0. * When CHCI; was used as
reaction solvent in step a, the starting material 8a was recovered.

BT, 7RI RXVANLET IV A~D
B zATolc, BMSEHE T, HyRaney Ni
PERSEREZ A, BHLETETIDY
BMORTFRAL YV ZAF—12 2B LN
Hi3k7= (Scheme 2),

Scheme 2. Conversion of N-Hydroxyamidine 11 to

Amidine 12.
N, Raney Ni, AcOH NH Bn
I MeOH/H,0, H,
N)\COZ’Bu N’kcoz‘au
H 67% H
NHBoc NHBoc

1" 12

@ 7IV/EH FC131 BB ED &

LA EEBAWTT RV UEH FCl131
FEREZBAR LI FITFATS=-T Y
vV (Nal- [C(=NH)-NH]-Gly) #7 32
&4 FC131 FHE (R Tb DA IR %Z Scheme
31Z/R9, Fmoc & Fufx o7 I 2 @A
KIEA IR TELNEZT I ) AF Ly
Y13 IZRL, TATE R 14b 2{EASH
e A FFXFTALI 15 EEA L
MMz, < BEAREICL HTF R
HOMRERT, XSF RFT7 LRI AL
TV 16b 157, B S OEIRTE,
= MU AR RERE LZBIER .
Raney Ni & W2 IBo/Ui, RISHEREE D
ErERECEZRE T, BB E T35
Nal- [C(=NH)-NH]-Gly % FC131 (K 7b
5T,

Scheme 3. Synthesis of Amidine-containing FC131
Analogs 7b.
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H
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—_—
Arg N)l\( o

H oTyr
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fDEALIZA V) 2 F — 2 HTHFHERS
FE ORI SEZAWTE/M LTz, &&RAE
) 1% HPLC |2 CHIBERRIL . BILE
21-67%ICTCTROTIVUVERARXTF R
Ta—g BELNZ, H, BEINTERY
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@ i PEaFih

& L72 FC131 &K Ta-g ® CXCR4 IZ
%9 % SDF-1 #E A PR EIE M % ['*1)-SDF-1 &
FAWTEMM L7z (Table 2),

Table 2. Inhibitory Activity of FC131 and the Derivatives
7a—g against ['*’I]-SDF-1 Binding to CXCRA4.

peptide sequence ICso (nM)
FC131 (1) cyclo(-D-Tyr-Arg-Arg-Nal-Gly-) 126
FC122 cyclo(-D-Tyr-D-MeArg-Arg-Nal-Gly-) 37

7a cyclo(-D-Tyr-Arg-Arg-Nal-Gly-¥ -) 9.4

7b cyclo(-D-Tyr-Arg-Arg-Nal-¥-Gly-) 42

Tc cyclo(-D-Tyr-Arg-Arg-D-Nal-¥-Gly-) 4.9

7d cyclo(-D-Tyr-Arg-Arg-¥-Nal-Gly-) 12

Te cyclo(-D-Tyr-Arg-¥-Arg-Nal-Gly-) 16

" cyclo(-D-Tyr-¥-Arg-Arg-Nal-Gly-) 679

Tg cyclo(-Tyr-¥-Arg-Arg-Nal-Gly-) 334
“\ indicates the y[-C(=NH)-NH-] substructure. * ICs, values are
the concentrations for 50% inhibition of the ['*I]-SDF-la
binding to CXCR4 transfectant of HEK293 cells.

FOFER. 5 EOFERD FC131 1Tk~
TEWHEAEEEEEZRLEZ, T
Nal-Gly % 7 I ¥ TEH# L -FHHEEK T
I, TNETICHE I TWVW5 FCI31 #FE
EEOFTRLBVIEEEZ R L, £/,
ZARR ORI & OFBEERBRE SN
TV % Gly-D-Tyr Al 2 U* Arg-Arg RO~
F FREEGDT IV ~DEBPIEMEO E
WZ&HE L2 025 (Table 2, 7a &2 TN 7e) .
T DU SRR L CIRE L
TWBZ ENRB I, —Fh, Tyr-Arg
R~OT7 IV OBEADBFEEDET 2N
7oz LB (Table 2, 7f RN 7g) . Tyr-Arg

BIDRTF REEA I VAR = )VERTEHERER,
WARFIRTHDZ ENRBENT, £,
CXCR7 IZxt4 BfEAHEBITBE SN2 H
277,

BT, P HIV-1 &M 254 L7z (Table
3), CXCR4 EZMFEThH D NL4-3 & 1B
Z AWTEBRICIIM A Rt HIV-1 xR L,
Z D58 X%, #%42 SDF-1 PRLETE M4 & [F
BROMBEMIZH >72, —F . CCRS BZMrK
Tod D Ba-L IZx L TIEERERZ 20>
7=
Table 3. Anti-HIV Activity of FC131 and the Derivatives
Ta—g.

. ECso (M)’
peptide NL4-3 1B Bal
FC131 (1) 21 21 K
FC122 76 7.6 b
7a 1.3 0.61 b
7b 1.4 1.0 K
Te 22 2.0 K
7d 44 6.3 K
7e 1.9 1.2 b
7 300 258 b
Tg 248 238 b

* ECs is the concentration that blocks HIV-1 infection by 50%. ®
No inhibitory activity was observed at 10 pM.
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BELE, £k, REREETIVVER
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TIVUVERRTF FOAMIZELTWD
ZEEARLK,
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1. Envil R R HIV-1# D & CXCRAMBEHI 3 4 DML

ECS50 (nM)
Virus KRH-3956 (lold increase) __KRH-3148 AMD3100 AMDO70 AZT
NL4-3 44(1.0) 78(1.0) 45(1.0) 64(1.0) 178 (1.0)
NL4-3 (passage control) 49(1.1) 10(13) 49(1.0) 60(1.1) 18701.1)
KRH-3955" 17(38) 71(80) 278(57) 402 (7.4) 194 (1.1)
KRH-3148" 15 (34) 40(5.1) 176 (3.6) 303 (5.6) 36 (0.20)
AMD3100* 13(2.0) 41(52) 171(35) 254 (4.7) 221(12)
AMDO70" 184.1) 76 (26) 280(5.7) 79 (7.0) 21(0.11)
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A transmembrane glycoprotein of HIV-1, gp41, plays a central role in membrane fusion of HIV-1 and host
cells. Peptides derived from the amino- and carboxyl-terminal heptad repeat (N-HR and C-HR, respec-
tively) of gp41 inhibit this fusion. The mechanism of resistance to enfuvirtide, a C-HR-derived peptide, is
well defined; however the mechanism of resistance to N-HR-derived peptides remains unclear. We char-
acterized an HIV-1 isolate resistant to the N-HR-derived peptide, N36. This HIV-1 acquired a total of four

I:;{/w]ords: amino acid substitutions, D36G, N126K and E137Q in gp41, and P183Q in gp120. Among these substitu-
Fusi_on tions,N126K and/or E137Q conferred resistance to not only N36, but also C34, which is the corresponding

AriiRo-termiinis C-HR-derived peptide fusion inhibitor. We performed crystallographic and biochemical analysis of the

gp41 6-helix bundle formed by synthetic gp41-derived peptides containing the N126K/E137Q substitutions.

Resistance The structure of the 6-helix bundle with N126K/E137Q was identical to that in wild-type HIV-1 except for
the presence of a new hydrogen bond. Denaturing experiments revealed that the stability of the 6-helix
bundle of N126K/E137Q is greater than in the wild-type. These results suggest that the stabilizing effect
of N126K/E137Q provides resistance to N36 and C34.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

An envelope glycoprotein (Env) of human immunodeficiency
virus type 1 (HIV-1), gp120, interacts with CD4 and co-receptors,
such as CCRS5. This induces conformational changes of gp120 to
activate gp41, which mediates viral membrane fusion to the host
membrane (Eckert and Kim, 2001b). Briefly, after the fusion domain
located in the N-terminal end of gp41 penetrates into the host cell
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membrane, the interaction of a trimer of the amino-terminal hep-
tad repeat (N-HR) with the carboxyl-terminal HR (C-HR) of gp41,
results in the formation of a 6-helix bundle in which the N- and
C-HRs are arranged in a three-hairpin structure. Alternatively, the
three N-HRs form a coiled-coil, and the three C-HRs are packed in
an antiparallel manner into highly conserved, hydrophobic grooves
on the surface of the coiled-coil (Chanetal., 1997). Peptides derived
from the N- and C-HR regions inhibit fusion by blocking the inter-
action between the N- and C-HRs and preventing the formation
of the 6-helix bundle fusogenic state of gp41 (Chan et al., 1998;
Wild et al., 1993, 1992). One of the C-HR-derived peptides, enfuvir-
tide (T-20), effectively suppresses HIV-1 replication in vivo (Kilby
et al., 1998; Lalezari et al., 2003; Lazzarin et al., 2003). Another
C-HR-derived peptide, C34, which contains the four amino acids,
W117, W120, D121, and 1124, required to dock into a hydropho-
bic pocket termed the “deep pocket” of the trimer of the N-HR
also exerts strong inhibition of HIV-1 fusion in vitro (Chan et al.,
1997).1In addition to peptides derived from the HIV-1 gp41 consen-
sus amino acid sequence, several modified peptides have also been
developed, including T-1249 (Eron et al., 2004), T-2635 (Dwyer et
al.,, 2007), SC34EK (Nishikawa et al., 2009) and T-20s738a (Izumi et
al., 2009).



