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Abstract A series of novel octahydro-1H-pyrrolo[3,2-c]pyridine derivatives were designed and synthesized as C-C chemo-
kine receptor type 5 (CCRS5) antagonists, and their biological activity of anti-human immunodeficiency virus type 1 (HIV-1) is
evaluated. A majority of these compounds showed anti-HIV-1 activities. Octahydro-1H-pyrrolo[3,2-c]pyridine derivative 19¢
exhibited potency against HIV-1 replication less than 1 pmoleL™'. Function assay was employed and the result showed that
there were other drug targets for HIV-1 inhibition besides CCRS. In addition, the preliminary structure-activity relationship
(SAR) of these compounds was rationalized by docking studies.
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SRS 1 Ho 2 B B 2% & i (Acquired Immune Defi- Active Antiretroviral Therapy, HAART)!, X —J7 kIR K

ciency Syndrome), fiiFR3WEME(AIDS), /& HIEG N K 5
PEERFER A 1 A2 EE(Human Immunodeficiency Virus,
HIV-1) G 51 A1, 120 i SN 5 5 R G108 oK A% G
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B PR (FDA)EAE I Tl R IR T 1) S B 20 7y 2
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()4 B 32 48 CCR5 (CC-Chemokine Receptor 5)af, CXCR4
ghty, Mgl —PRAEREPY KR, WS
R A, B MR AERIAZ A T, TR IR I\ 41 .

CCRS & G EAMBZAFKEN— 0, & RS
I P 5 75 B0 e T T A0 o AN T /D [ 4l B 32 4k 2 — 78,
T4, W2 KRB 25 28 =) RIRMIF N R &R E0F CCRS
MR, &, HEE Pfizer A 7P A
Maraviroc(F 1)T 2007 F&32E FDA it by, Bl
S AT BTN CCRS #i).

H H 4% Takeda 2 " & 1] TAK-220(F 1) B A 1R 4T
IHT HIV-1 3. ZAEA BRI CCRS £
(ICsp=13.5 nmoleL "), % & ¥ B fah & 4 1) v M (1ICs0 =
0.42 nmoleL"YRIR &7 ARt Fa e 1) Roche 24 7]
J\EUIHE [ 3,4-c ML IS AT 20 45 R AR TAK-220 Hh R I 45
o, WNmfEEtk &Y (& 1), HistES TAK-220 #1324
(ICso=2.7 nmolsL " 2012 4F, ZEF[EE Rl F R sk
UL FH 1,4- — HURIR IR TAK-220 A% O BERZ
WRIESE R, BEMLEY 208 1), HAERGHPUR S G T
(IC5p=6.17 nmol-L "), 7 H# S &) TAK-220 F
A 5 4 KT R IR R EEN AL 2013 4R, xR
RN OSSN E Y 2 IR IR
i, BREMEY 3, ZAE YA IR B DU E IS I,
FLAE 10 pmoleL ™" ¥ F A& LA 2 1.

AR SCAE R HASCRR AR 2L Atk 1, DL TAK-2201E %%

Ogj S

TAK-220

%”

Eas

SHEY, I ZHUR VSIS [3,2-c ] IE M 20 45 HA B
R TAK-220 1% 0 G5 R URE R, KA FENRIE M PR T B
BRIETEMIREIA. B AR T — RAVHIEL CCRS i
7, 1-HUAR-N-[3-(1-F 5 )\ LS [3,2-c] itk e ) P 25 - V-HX
RORFENRIE -4-B e R AW, AT T —AN1Cs A
CEBEMHIE L) /N 1 pmolsL™" () HIV-1 #1171
1 SRS
1.1 EYHERK

DLHAR R 2 N R k), & Wl SE AR, SR, i
T4, BeRet i, £ R4k 7 F1 8 (Scheme 1), LA
33- AR W8N ERL, TER KA R A g OB,
53 3.3-— 28 IR FERE 12. 1515 2Bk 2 S AL 50
W, 198 3,3- = CH B Z 13, FREATAY) 13 4 Boc
PRy JE, SEmRERRN, BEEY 15, ZhEWTE
PR R K B VR A i R, 48 0o HR R R TR e R £ 1k K
fift, FREHEG-ARNE) DT TEE 16. tbE
¥ 16 5 N-SIHE-N,O-— (= H IR H &R (10) & £ 40
BRI, AR 1783 RS [3,2-c] e -5- FR R AL
THe7). WRMELAEY 16 5 N-FRBERO)EEX
N, A ARSI =Y 17, (HIRCRIRE, EENEFY
N BB A a7 BRI, SRk 7 A8
KA, A% H AR &4 19 (Scheme 2).
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Figure 1 Structures of CCRS5 antagonists
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Ac;6R" = CF3CO 7R"=Ac, 8R' = CF;CO

7a, 8a R? = H; 8b R? = 4-Me; 8¢ R? = 3-Me; 8d R? = 4-Cl; 8e R? = 3-Cl; 8g R? = 3-Cl, 4-Me; 8h R? = 3 4-Cl,
Reaction conditions: (a) HCOOH, Ac,0, 60 °C; (b) 1-bromo-3- chloropropane, Cs,CO3, actone, reflux; (c) conc. HCI, 'PrOH, 60 C; (d) EtsN,

DCM, r.t.
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Scheme 1 Syntheses of intermediates 7 and 8
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19h R' = CF4CO, R? = 3,4-Cl,

X
L e O
i R\N @ N 19a R' = Ac, R? = H; 19b R = CF5CO, R? = 3-Me; 19¢ R' = CF5CO, R? = 3-Cl-4-Meg;
No_~_N 19d R' = CF;CO, R? = H; 19f R' = CF;CO, R? = 3-Cl, 19g R' = CF3CO, R? = 4-C|;
© 19

Reaction conditions: (a) TMSCI, Et;N, DCM, r.t.; (b) NH3+H,O, r.t.; (c) LiAlH4, Et,0, reflux; (d) Boc,O, NaOH, H,O, PhMe, r.t.; (e) Allyl bromide,
KOH, DMF, r.t.; (f) p-MeC¢H4SO;3 « Py, H,0, actone, 45 °C; (g) 10, PhMe, reflux; (h) TFA, DCM, r.t.; (i) 7 or 8, K,CO3, Kl, MeCN, reflux.

B2 HisAY 19a~19h 4 BT 7E
Scheme 2 Syntheses of target compounds 19a~19h

1.2 EYNEMSITE

A0S PR DR AE A AR 7 55 B Y 4 4R K R 2 B
(Vanderbilt University Medical Center)f] Aiken S % 5¢
Jl. A P B BIHT HIV-1 iR 500, finktk &4
19a~19h i RS FEVEFHRIR G TZM-bl 4111 RE
REZHWERIE TIURdEEN. 2, 7 PEm
AR TAEDE MRS AR K. 3k 1 Fow, 1E2RFR
(1) 4 AL5| N FEETE 3 AL 5I N, &I EY G S
BITIR KBRS, R LAY 19¢ (3-Cl-4-Me), B
IRUF M LEMDRRAE, HIV-1 75N 1Cs fEN 0.8 pmols
L', HAIREME CCs EN 15 pmolsL ™.

Nk SRR ZRVAYRBT HIV-1 (R,
BATREHFASFE K HIV-GFP W58, Killatix — &7
HE M B IO A 19e I PUR FEE M (3R 2). Horh—F
W2 H AGPVV R8 Bal A1) RS BEIEFERK, 1Y
— P& H AGPVV RS AR X4 BEHERIE. HAk,
H CCRS5 #14l55] Maraviroc A1 CXCR4 $11455] AMD3100
VE BRI BRZH. SRae gt R DL A1) 19¢ A AT LA
il RS MR, X X4 WM R A — e rIHIEH,
X RS WM FEAR NG PE(ICso=1.5 pmolsL )& X4
FERRAMHIETE(Cso=5.0 pmoleL™ N 3 . iX—45 Bi
B, 19¢ Br1EFH T CCRS #EFRAL, 15 HIV-1 B4 S 1)
e, 2 AN A AE AR R F #E AR,

1.3 PDFXFHERR
TR Z AV EY S CCRS EHEMER TR,
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£1 HEEAEY 19a~19h (50 HIV-1 iE PR R4 557
Table 1 Anti-HIV-1 activities and cytotoxicities of 19a~19h

X
Cxii
\N Z N
No~N

(6]
1 2 ICs/ CCsy/
Compd. R R (umol-L™)  (umol-L™")
19a MeCO H >20 >40
19b CF;CO  4-Me 10 >40
19c¢ CF;CO  3-Cl-4-Me 0.8 15
19d CF;,CO H >20 >40
19e CF;CO  3-Me 18 40
19f CF;,CO 3-CI 18 >40
19g CF;CO 4-CI >20 30
19h CF;,CO 34-Cl, 8 25
Maraviroc 0.004

R2 PUREIIREVH T Ik EE

Table 2 The selectivity of function assay

Compd.  ICs, for RS virus strain ~ 1Csq for X4 virus strain
19¢ 1.5 pmoleL™ 5.0 pmolsL™
Maraviroc 30 nmoleL™" None activity
AMD3100 None activity <0.5 nmol+L™"

© 2017 Chinese Chemical Society & SIOC, CAS
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Maraviroc & 9100 e 40 H 1Ak 45 F H0TE R 1E 2807,
SR, S HTIIRIEA R B2, EW 19¢ 71— umffF
FLER, 3 Phe-112, Phe-109, Tyr-108 25 i /K 2 1R
R BK 48, 5IX SR LR A4 Pi-Pi MIEAE
F, TN G H E] R 2R R 3% G 1E X — ik A,
B IE X — RSP e F &Y TAK-220
T PR E B R AL R, 7R LS IR R, AT
SARTE D —un M SN TS B KR ], AT TR R
ST EYS CCRS RAMS A HA.
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Figure 2 Binding model of 19¢
Oxygen atom (red stick), nitrogen atom (blue stick), fluorine atom (green
stick), H-bone (green dash line), salt bridge (organic dash line), pi-pi
stack (purple dash line)

2 ZEig

TESCHR AR ) 36 A -, FRATTUL TAK-220 N6 34k &
Y, Bt IEE R T — R 153 SIS [3,2-c e AT
AR NPT HIV-1 CCRS #iilF, L&k 8 AN HARMEE
), HEH2Z "TH NMR, °C NMR, HRMS #iik. 7EHi
HIV-1 PSR, Z2HERIE T4 HIV-1
T DL AT S A B B . SR MTETh eIt b, V51
B EY) 19¢ Bos T B4 CCRS 75 1) 2 BTk
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AREALILAR. BRUE, PRSI AP BRI 75 5
HE— U

3 LIRS
31 X5

A S E6 T BT B4 28 Bruker Advance 400 1%
Wi HEAR1X B Bruker Advance 500 MREFEIRIL; &4 HE 5
A (A5 A G3250AALC/MSD TOF system, H13%[E %
FEAE o~ A\ A 77 84 B ); ESI-MS  (Esquire  6000);
FA2004A HL RV, A SIS B A5 25 sl ) 35 o
BETT L, W VAT M SRR O M ali e . T2
(TLC) A F 11 42 vay 2850 2wk e il , A 2 b 8 D 1) 2
300-400 H K.

32 ZWHE
32.1 33-Z T AARBLE(12)89 6 &

4 3,3- LA NER LBE(S g, 26.3 mmol)iE T2 K
(100 mL), =6 F#HHE 48 h. HED IR MNIAR, &
HAHUAH, FKFR & K Be A MU, T8Aa LA
JERE L, 1530 B GRS — P o aith, B
BT F—4 M. "H NMR (CDCls, 400 MHz) J: 6.41
(s, 1H), 4.82 (t, J=5.2 Hz, 1H), 3.71 (tt, J=14.1, 7.1 Hz,
2H), 3.62~3.52 (m, 2H), 2.58 (d, J=5.2 Hz, 2H), 1.23 (t,
J=17.1 Hz, 6H).

322 33-ZCTAAFEA3)GE R

FALEY 12 (0.5 g, 3.1 mmol)i& T Z k(10 mL),
VKIS R8I S AL ER#E(0.24 g, 6.2 mmol) Bk
W, ERIRENR 5 h FHERAEE, H %A%
BN R, AR A aE g . JiEE, S
EUCPEW, EIHAENAE, BUEDE. [RFHEE RS
B0 B alifh, BTN &N
323 33-ZC A AT BT BE(14) 49 5 5%

B AW 13 3.3 g 22.4 mmol)iE T H #£(40 mL),
VKB T IINEEALE8(0.9 g, 224 mmol)/KiEW, R )Gi%
W IIN BRI AU T (5.5 g, 25 mmol). KRR T
WP, S MU RUKA, R R 2 IR BUK .
HICENUM, R, HEE A s 18 2 B AR .
'H NMR (CDCLs, 400 MHz) 8: 5.07 (s, 1H), 4.40 (t, J=5.4
Hz, 1H), 3.56~3.45 (m, 2H), 3.05 (d, J=5.9 Hz, 2H),
1.65 (dd, J=12.2, 6.2 Hz, 2H), 1.30 (d, J=18.9 Hz, 13H),
1.05 (t, J=7.0 Hz, 6H).

324 HAAQGI-ZCAEARAALFTRRT B
(15) 49 & A%

BALEY 14 (5 g, 20.2 mmol)iAE T N,N-— Ff 3k FiT i

(50 mL), MM HAFIEIR(Q24 g, 202 mmol)F1E EH AL AT
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(11.3 g, 202 mmol). KRTEZER PRI, IHKEK
RNAR Z, FFH R RZERUKAE. A IEAPUAH, FKBE%
B, TG, WERE. 20 ai)s 53 H b
4%). 'TH NMR (CDCls, 400 MHz) d: 5.69 (dd, J=15.7,
9.9 Hz, 1H), 5.03 (d, J=11.1 Hz, 2H), 4.42 (s, 1H), 3.73
(d, J=16.6 Hz, 2H), 3.61-3.51 (m, 2H), 3.47~3.34 (m,
2H), 3.15 (s, 2H), 1.77 (d, J=6.7 Hz, 2H), 1.37 (s, 9H),
1.11 (t, J=6.7 Hz, 6H).
325 MAAG-ARAE)AKL FTRRT E(16)49 45
X

P& 15 (3.2 g, 11.3 mmol)¥& T A fid(25 mL)
K6 mL) VR A EI, I R R e (2.8 g,
11.3 mmol), A RTE 45 CTFHFE2 h. KPARRIBEM
W, DKFRE, HH R CBRZERL, FBAa HoK sk
AU, FERAVAE, BB, = ai 515 3]
HA#k &%, "H NMR (CDCls, 400 MHz) J: 9.79 (s, 1H),
5.86~5.68 (m, 1H), 5.13 (d, J=10.5 Hz, 2H), 3.85 (s,
2H), 3.47 (s, 2H), 2.66 (d, J=34.4 Hz, 2H), 1.46 (s, 9H).
3.2.6 N-FHA-NO-=(=F 221 )H A8 (10)89 & A%

B N-RREHERG g, 18.2 mmol)E T4 —&UH
$6(50 mL), MIAN=ZH(7.35 g, 72.8 mmol)Fl = H F5
fELE(5.9 g, 54.6 mmol), AR ZIRFAR, FAEEIR N
$E 20 h. RBAAR SRR B, IMANT#2K(12 mL), 33,
FE IRk R V. 45 B P ) R 2k — B4 B Ak,
SLRPREAT T — 2 N
32,7 1-F AN R g [3,2-c] -5 F B AT BE(17)
EORES Y

PG 10 % TR H2KQ20 mL), TIAEDY) 16
(0.75 g, 3.5 mmol), ERIIFAEIG 16 h. FHERA G,
kR A, B E AT A S 13 3 H PRk &Y. 'TH NMR
(CDCls, 400 MHz) §: 7.40~7.22 (m, 5H), 3.95 (d, J=
13.2 Hz, 1H), 3.70~3.50 (m, 1H), 3.46~3.24 (m, 3H),
3.10 (s, 1H), 2.66 (s, 1H), 2.39~2.15 (m, 2H), 1.90~1.68
(m, 3H), 1.54~1.33 (m, 11H).
3.2.8 1-FF A R [3,2-c]H 7 (18) 49 & A%,

e 17 BT & H LB mL), MA=MLR
(1.5mL), ARFEIBWHLR. KA RBEBA, A
R FR S AN, AP AU &R, & IFAHLAHE
HIRE M. 152 R & — B o Emalift, %
AT R — B R
3.2.9 HARMLAY 19a~19h 49— A% & R T A2

Bk &4 18 (80 mg, 0.37 mmol)iE T 5 mL Z G
T, INAH R 2 %0 R B 44 7 5% 8 (0.37 mmol), HIAGK
R4 (260 mg, 1.85 mmol)FIi{L4H(60 mg, 0.37 mmol),
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AR B 8 h RBAA BRI, IMAK, H &5
KK R, &IANAE)E, BOERE, #2558,
CEINSEREREXY)

1- 2, Bt B -N-[3-(1-7F 2 J\ &I % [3,2-¢] ik i ) A
F)-N-ZEFENRE -4- F BE % (19a): 'H NMR (CDCls, 400
MHz) &: 7.50 (t, J=7.5 Hz, 2H), 7.43 (d, J=7.1 Hz, 1H),
7.32 (dd, J=14.0, 6.2 Hz, 7H), 4.52 (d, J=13.3 Hz, 1H),
4.04~3.62 (m, 4H), 3.43~2.96 (m, 8H), 2.92~2.96 (m,
3H), 2.45~2.16 (m, 5H), 2.04 (s, 6H), 1.71 (d, J=11.2
Hz, 2H), 1.67 (d, J=24.3 Hz, 3H). HRMS (ESI) calcd for
C3;:H43N40, [M+H]" 503.3386, found 503.3386.

N-[3-(1- 3 JUE LI [3,2-c ]I I ) 1A 3 ]-N- %) H %
F1-(2,2,2- =9 LB HE) IR IE -4- H BERZ (19b): '"H NMR
(CDCls, 500 MHz) 6: 7.38~7.22 (m, 9H), 4.42 (d, J=
13.1 Hz, 1H), 3.95 (d, J=13.8 Hz, 2H), 3.84~3.57 (m,
2H), 3.21 (dd, J=23.9, 17.2 Hz, 3H), 3.05 (s, 3H), 2.98~
2.86 (m, 2H), 2.70~2.64 (m, 2H), 2.53~2.45 (m, 1H),
241 (d, J=6.7 Hz, 3H), 2.22 (d, J=15.2 Hz, 2H), 2.02 (s,
2H), 1.84~1.60 (m, 9H); *C NMR (CDCl;, 101 MHz) ¢:
174.70, 155.28, 155.11, 154.75, 138.91, 130.98, 129.78,
128.57, 127.90, 127.52, 117.90, 115.04, 112.97, 57.11,
54.83, 51.46, 47.67, 46.89, 44.87, 42.66, 38.69, 35.43,
28.88, 27.99, 25.66, 23.04, 22.55, 21.11. HRMS (ESI)
caled for CypH4FsNO, [M+ H] ™ 571.3260, found
571.3251.

N-[3-(1-"5 %L )AL % [3,2-c ] e ) 7 9k )-V-(3- & -4-
B R 3E)-1-(2,2,2- = 4 2 BE 3 ) UR e -4- R A (19¢): 'H
NMR (CDCls, 400 MHz) 8: 7.40~7.23 (m, 6H), 7.09 (dd,
J=13.6, 7.0 Hz, 2H), 4.48~4.33 (m, 1H), 4.22~4.14 (m,
1H), 4.08~3.87 (m, 2H), 3.87~3.75 (m, 1H), 3.58 (dt,
J=23.5, 6.5 Hz, 4H), 3.37~3.17 (m, 2H), 2.93 (dt, J=
22.9, 11.4 Hz, 1H), 2.72~2.53 (m, 2H), 2.38~2.18 (m,
8H), 2.16~1.97 (m, 5H), 1.93~1.84 (m, 1H), 1.82~1.68
(m, 3H), 1.61 (d, J=11.3 Hz, 1H); *C NMR (CDCl,, 101
MHz) J: 174.04, 155.27, 140.25, 137.04, 135.46, 132.29,
128.52, 128.19, 127.36, 126.84, 117.89, 115.03, 112.17,
59.23, 56.99, 54.94, 53.97, 51.54, 48.05, 47.23, 44.76,
42.57, 38.67, 35.97, 29.64, 28.84, 27.95, 25.72, 23.63,
23.18, 19.76. HRMS (ESI) caled for Ci,H,4CIF3N,O,
[M+H]" 605.2870, found 605.2869.

N-[3-(1-7F 3 S % [3,2-c i i ) 7 2k 1-V- o 3 -
1-(2,2,2- = % £ Tk 55 ) UR i -4- Ik % (19d): 'H NMIR
(CDCls, 500 MHz) 8: 7.50 (t, J=7.6 Hz, 2H), 7.44 (d, J=
7.3 Hz, 1H), 7.41~7.32 (m, 4H), 7.31 (s, 1H), 7.26 (s,
2H), 4.42 (d, J=13.3 Hz, 1H), 3.95 (d, J=12.9 Hz, 2H),

http://sioc-journal.cn/ 2389



BIHE

R

3.76 (dd, J=21.4, 14.7 Hz, 2H), 3.23 (d, J=6.8 Hz, 2H),
3.06 (s, 3H), 2.92 (dd, J=19.8, 9.2 Hz, 2H), 2.58 (t, J=
12.1 Hz, 2H), 2.52~2.42 (m, 1H), 2.20 (s, 2H), 2.02 (s,
2H), 1.87 ~1.62 (m, 10H). HRMS (ESI) calcd for
C;;H30F3N,0, [M+H]" 557.3103, found 557.3104.

N-[3-(1-"F 3L J\E L [3,2-c ]I e ) 74 3 -N-(3- F &
HHE)-1-(2,2,2- = F £ Tk 3k ) WR 0 -4- I % (19e): 'H
NMR (CDCls, 500 MHz) 6: 7.36 (t, J=7.7 Hz, 2H), 7.26
(s, 5H), 7.22 (d, J=7.8 Hz, 1 H), 7.11 (s, 1H), 4.42 (d, J=
13.4 Hz, 1H), 3.95 (d, J=14.3 Hz, 1H), 3.72 (s, 2H), 3.25
(d, J=40.4 Hz, 2H), 3.07 (s, 3H), 2.94 (t, J=12.5 Hz, 1H),
2.65 (d, J=40.6 Hz, 2H), 2.47 (d, J=25.4 Hz, 3H), 2.25
(d, J=26.0 Hz, 2H), 2.02 (s, 2H), 1.76 (d, J=11.1 Hz,
4H), 1.59 (s, 9H); *C NMR (CDCl;, 101 MHz) J: 174.51,
155.30, 141.25, 140.72, 131.30, 130.06, 129.52, 128.84,
128.82, 128.47, 125.03, 117.90, 57.10, 54.84, 51.57, 47.12,
44.81, 42.64, 38.67, 35.21, 29.64, 28.88, 27.99, 25.60,
22.96, 22.52, 21.32. HRMS (ESI) calcd for C3,HyF3N,0,
[M+H]" 571.3260, found 571.3252.

N-[3-(1- 3 UM [3,2-¢] PH e ) P 3 ]-V-(3- AU
H6)-1-(2,2,2- =5 £ T 56 )R & -4- F Bk i (196): 'H NMR
(CDCls, 500 MHz) 6: 7.55~7.31 (m, 7H), 7.27 (s, 2H),
4.43 (d, J=13.4 Hz, 1H), 3.96 (d, J=13.9 Hz, 1H), 3.74
(d, J=6.8 Hz, 3H), 3.24 (d, J=29.6 Hz, 2H), 3.12 (d, J=
37.0 Hz, 3H), 3.00~2.86 (m, 2H), 2.71~2.56 (m, 2H),
2.46 (s, 1H), 2.06 (dd, J=55.0, 29.2 Hz, 5H), 1.91~1.63
(m, 9H); *C NMR (CDCls, 101 MHz) J: 174.18, 155.34,
142.58, 135.79, 131.46, 129.23, 128.09, 126.98, 117.89,
115.03, 54.72, 51.56, 46.91, 44.75, 42.59, 38.79, 34.94,
29.66, 28.83, 27.97, 27.19, 25.49. HRMS (ESI) calcd for
C;;H35CIF3N,4O, [M+H]" 591.2714, found 591.2717.

N-[3-(1-7 3 UM [3,2-¢] PH I ) P 3 ]-V-(4- U8
$6)-1-(2,2,2- = LRI IR I -4- F e (19g): "H NMR
(CDCls, 500 MHz) §: 7.48 (d, J=8.6 Hz, 2H), 7.37 (s,
6H), 7.27 (s, 1H), 4.43 (d, J=13.2 Hz, 1H), 3.96 (d, J=
14.0 Hz, 2H), 3.76 (ddd, J=34.0, 25.0, 10.8 Hz, 3H), 3.27
(s, 2H), 3.08 (s, 3H), 3.00~2.85 (m, 2H), 2.62 (dd, J=
18.9, 9.4 Hz, 2H), 2.50~2.42 (m, 1H), 2.17 (s, 2H),
2.11~1.90 (m, 3H), 1.89~1.54 (m, 8H); *C NMR
(CDCl;, 101 MHz) 6: 174.37, 155.07, 139.81, 134.86,
133.78, 130.68, 129.76, 128.95, 122.85, 117.89, 116.52,
115.03, 54.75, 51.51, 46.81, 44.81, 42.61, 38.80, 35.11,
29.66, 28.66, 28.00, 25.56, 22.94, 14.07. HRMS (ESI)
calcd for C;;H;3CIF;N40, [M—}—H]+ 591.2714, found
591.2706.
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N-[3-(1-7% 3 )\ S [3,2-c] Pk e ) 7R 3 )-N-(3,4-
SR HE)-1-(2,2,2- = 5 £ Tk 52 ) R WE -4- FF Bk (19h): 'H
NMR (CDCls, 500 MHz) : 7.61 (d, J=8.8 Hz, 1H), 7.46
(s, 1H), 7.37~7.24 (m, 6H), 4.44 (d, J=13.3 Hz, 1H),
3.95 (dd, J=23.7, 14.3 Hz, 2H), 3.74 (dd, J=89.0, 27.5
Hz, 2H), 3.37 (s, 1H), 3.17 (d, J=65.1 Hz, 2H), 2.97 (dd,
J=28.5, 17.8 Hz, 4H), 2.85~2.59 (m, 3H), 2.57~2.33
(m, 3H), 2.11 (s, 2H), 2.05~1.89 (m, 3H), 1.89~1.67 (m,
6H); *C NMR (CDCl,, 101 MHz) o: 174.06, 155.31,
140.89, 134.08, 133.36, 132.08, 129.83, 128.54, 127.59,
117.88, 115.02, 59.06, 56.98, 54.64, 53.28, 51.47, 47.83,
47.11, 44.71, 42.53, 38.78, 35.62, 29.64, 28.83, 27.97,
25.61, 23.40, 22.73, 14.07. HRMS (ESI) caled for
C3H3,CLF;N,0, [M+H]" 625.2324, found 625.2323.
3.3 HEME
3.3.1 4t HIV-1 X

FH& A4 137 10%6) DMEM 5595 55535 293T 4,
8 F) AGPVV R8 Bal Hl R9-Eve I M 5k 44 4u ) 77 =X
il HIV-1 i bk, B A HURE S s T = R R
(DMSO), WA 10 mmolsL™", I FH1E 7= IEH BHRUT 1
Tk N 12 NREE, HE ik B4 40 pmoleL™.

& 415 10%[% DMEM 1537 58 0k 34 K
YR T 96 FLAR HF (BEFL 6000 4HAR), 2 J5CE T1H
IRIEFRAE(RT C, 5% AR R IR, AR IZ
AR HIV-1 ERBERG, 4R SNE IR B 7540 Fh 55 57 48
h. W R IS, INN4H R 3R M3 M (Reportasol ex-
traction buffer), H#H11X(Molecular Devices Lmax mi-
croplate luminometer) & & 73 #1 % YG 8 L .

3.3.2  tmAn AR,

ffi ] MTT 57 & (3-[4,5- - F FEmemg-2-3E]-2,5-—
ARIEDYE MR E, Sigma)MHARE 4l BB L. FH & 4 1
T 10%, LARMAIERA DMEM Ki753E04 TZM-bl
YR FEFRT 96 LA (FEFL 6000 4HHD), i E T-1EiE 55
FABT C, 5% AR R R IR, INRRIAE 5,
Ri9E2948 h, IO 5 mg/mL MTT(5FL 10 pL). 4RE2N
Br 7R R5 7% 2 h BUH 96 FLAR, IO MTT ¥l
fL 100 upL), ¥ £ MTT W piiE. fH
SpectraMax plate reader £ 570 nmoleL™" &K T & &0
A RS FR SRR
333 HEeEk

i Fi§ PEI $64¢ )55, Fl AGPVV R8 Bal 5 HIV-GFP
gL AR RS FETE HIV-1 0%, 8 AGPVV RS
5 HIV-GFP 3L#4% 4% X4 W1 HIV-1 BUWEE. H&
10%F IfiL3% &5 F ) DMEM 3537 524 TZM-bl 40 b1
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96 L (BFFL 6000 ZH1fE), HUE TEIREFRAEGT C, 5%
TR R R IR R, N AN A IR (19,
Maraviroc 1 AMD3100). Z8ZE N5 FR4E 15597 48 h,
i typsin ¥MAMERE T 4% %2 T F RS e,
Fim A R ACE & fratiffi . GFP [M3R5E, THRN
334 47t

{# | Discovery Studio 4.0 (DS 4.0)4bEE 4MBS 3%
ZERY A BE, 193] HIV-1 CCRS MR {# /] Gaussian
03 ik, L& AMLTHE T, Ak BArtb &4 19¢ =
AR AE B AL,

{# i Autodock 4.0 #fF:, AutodockTools FEER 34T X5t
e, EOAEAFE A EA. TR B
XhHE, BUCLER AR PR AR B, BoAR T B REES). 7EXT R
R, erid box HIK/NA 66 AX88 AX66 A grid
points, grid spacing BB £ Bk L E AR 1P 4y 2 —
0.375 A. X505 K A Lamarckian 38045 5%, K%
BN 2500000, HAh R BRONBCE. &2 4 100
MNEEWEIR.

B BN R KA Y S SRS R
Christopher R Aiken Z{4% A& MW T 77 S it 1) H5 Bl

HHBhM EL(Supporting Information) {454 12~17 1)
'HNMR 1 MS %, 1L&% 19a~19h [f) 'THNMR, °C
NMR 1 HRMS [, X Led b ] LLAg 9 A T o il
(http://sioc-journal.cn/) I N %K.
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