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Abstract: HIV-1 trans-activator of transcription (Tat) plays a critical role in HIV-1 transcription. Based on
the f-turn motif present in HIV-1 Tat, a series of novel benzodiazepine analogs were designed as f-turn mimetics
and prepared from p-chloro-nitrobenzene/2-phenylacetonitrile, p-toluidine/benzoyl chloride, or (Z)-7-nitro-5-
phenyl-1H-benzo[e][1, 4]diazepin-2(3H)-one (nitrazepam) through different synthetic routes. Preliminary
biological evaluation indicated that compound 30 exhibited inhibitory activity on HIV-1 tat-mediated LTR

transcription with ECsy of 25.0 umol-L™" and showed no obvious cytotoxic effects on TZM-BI cells under the

concentration of 100 pmol-L™".
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Figure 1 A: Structure of Ro 24-7429; B: General formula of
target compounds.
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Scheme 3 Synthesis of compounds 26—31
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Figure 2 Representative conformation of *GISY of HIV-1 Tat

Table 1 Physical properties of compounds 10—-18, 21-24 and
26-31

Compd.  Yield/% mp/C Compd.  Yield/% mp/C
10 69 65-66 22 85 78-80
1 82 128-130 23 24 176-178
12 87 52-54 24 64 80—82
13 49 60-61 26 86 206208
14 26 86—87 27 38 122-124
15 64 80—82 28 68 167-169
16 63 149-152 29 94 219-221
17 75 77-19 30 99 181-183
18 90 130-132 31 98 253-255
21 65 158-161
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Table 2

Spectral data of compounds 10—18, 21-24 and 2631

Compd.

'H NMR (acetone-dg for 10—18, 26, 27, 29, 30, CDCI; for 22—24, 28, 31, and CD;0D for 21)

HR-ESI-MS (m/z)

10

11

12

13

14

15

16

17

18

21

22

23

24

26

27

28

29

30

31

7.67-7.22 (m, 13H, ArH), 4.64 (s, 2H, ArCH,), 4.37 (dd, 1H, J = 6.3, 9.3 Hz, CHCH,a), 4.31-4.22 (m, 1H,
NCH,a), 4.10 (dd, 1H, J = 6.0, 9.6 Hz, CHCH,b), 3.82-3.72 (m, 1H, NCH,b), 3.29 (t, 1H, J = 6.3 Hz, CH),
1.03 (t, 3H, J = 7.2 Hz, CHs)

7.63-7.12 (m, 13H, ArH), 4.64 (s, 2H, ArCH,), 4.35 (dd, 1H, J = 6.3, 9.6 Hz, CHCH,a), 4.10 (dd, 1H, J =
6.6, 9.6 Hz, CHCH,b), 3.79 (t, 1H, J = 6.3 Hz, CH), 3.36 (s, 3H, NCH3), 2.33 (s, 3H, ArCHj)

7.63-7.10 (m, 13H, ArH), 4.63 (s, 2H, ArCH,), 4.36 (dd, 1H, J = 6.6, 9.6 Hz, CHCH,a), 4.33-4.21 (m, 1H,
CH;CH,a), 4.09 (dd, 1H, J = 3.3, 9.6 Hz, CHCH,b), 3.78 (t, 1H, J = 6.3 Hz, CH), 3.78-3.66 (m, 1H,
CH;CH,b), 2.33 (s, 3H, ArCH3), 0.99 (t, 3H, J = 6.9 Hz, CHj)

7.66-7.12 (m, 13H, ArH), 4.75-4.53 (m, 4H, ArCH,, NCH,), 4.34 (dd, 1H, J = 6.6, 9.6 Hz, CHCH,a), 4.11
(dd, 1H, J = 6.0, 9.6 Hz, CHCH,b), 4.09-4.01 (m, 2H, CHsCH,), 3.89 (t, 1H, J = 6.3 Hz, CH), 2.33 (s, 3H,
ArCH3), 1.10 (t, 3H, J= 7.2 Hz, CH;CH,)

7.69-7.08 (m, 13H, ArH), 4.63 (s, 2H, ArCH,), 4.37-4.04 (m, 3H, CH;CHN, CHCH,0), 3.76 (dd, 1H, J =
6.3, 13.5 Hz, CHCH,0), 2.34 (s, 3H, ArCH;), 1.67-1.57 (m, 2H, CH,CH;3), 1.42-1.40 (m, 3H, CHz),
0.73-0.69 (m, 3H, CH,CH3)

7.65-7.11 (m, 13H, ArH), 4.93, 4.85 (d, each 1H, J = 12.0 Hz, ArCH,), 4.51 (dq, 1H, J = 6.0, 9.0 Hz, OCH),
4.26 (dq, 1H, J = 6.9, 13.8 Hz, CH;CHaa), 3.70 (dq, 1H, J = 6.9, 13.8 Hz, CH;CH,b), 3.51 (d, 1H, J = 9.0
Hz, NCHCO), 2.33 (s, 3H, ArCH3), 1.28 (d, 3H, J = 6.3 Hz, CH;CH), 0.98 (t, 3H, J = 6.9 Hz, CH;CH,)
7.65-7.11 (m, 8H, ArH), 4.36-4.21 (m, 2H, CHCH,a, CH;CH,a), 4.10 (dt, 1H, J = 6.0, 11.7 Hz, CH),
3.78-3.63 (m, 2H, CHCH,b, CH;CH,b), 3.59 (t, 1H, J = 6.3 Hz, OH), 2.33 (s, 3H, ArCH,), 1.01 (t, 3H, J =
6.9 Hz, CHy)

7.69-7.12 (m, SH, ArH), 4.70 (d, 1H, J = 17.4 Hz, NCHaa), 4.57 (d, 1H, J = 17.4 Hz, NCH,b), 4.29 (dt, 1H,
J=6.6, 11.1 Hz, CHCHya), 4.17-4.10 (m, 1H, CHCH,b), 4.10-4.03 (m, 2H, CH;CH,), 3.76 (t, 1H, J = 6.6 Hz,
CHCH,), 3.61 (t, 1H, J = 6.6 Hz, OH), 2.33 (s, 3H, ArCHy), 1.12 (t, 3H, J= 7.2 Hz, CHy)

7.70-7.11 (m, 8H, ArH), 4.56-4.51 (m, 1H, CH;CH), 4.26 (dq, 1H, J = 6.9, 14.1 Hz, CHyCH,a), 3.91 (d, 1H,
J=2.4 Hz, OH), 3.72 (dq, 1H, J = 6.9, 14.1 Hz, CH,CH,b), 3.30 (d, 1H, J = 7.2 Hz, =NCH), 2.33 (s, 3H,
ArCH3), 1.20 (d, 3H, J = 6.0 Hz, CH;CH), 1.00 (t, 3H, J = 7.2 Hz, CH;CH,)

7.46-7.00 (m, 8H, ArH), 3.56 (t, 1H, J = 5.7 Hz, CH), 2.42-2.36 (m, 4H, CH,CH,), 2.23 (s, 3H, CH;Ar)

8.22 (s, 1H, NH), 7.61-6.91 (m, 8H, ArH), 3.79 (dd, 1H, J = 5.1, 8.7 Hz, CH), 2.85-2.72 (m, 2H, CH,S),
2.60-2.55 (m, 1H, CHCHa), 2.50-2.41 (m, 1H, CHCHb), 2.32 (s, 3H, ArCHj), 2.10 (s, 3H, SCHs)
7.54-7.02 (m, 8H, ArH), 6.24 (s, 1H, NHaa), 5.85 (s, 1H, NHsb), 4.30—4.18 (m, 1H, NCHya), 3.70-3.57 (m,
2H, NCH,b, CH), 2.57-2.38 (m, 4H, CH,CH»), 2.27 (s, 3H, ArCHj3), 1.02 (t, 3H, J = 7.2 Hz, CH3)

7.61-7.08 (m, 8H, ArH), 4.35-4.27 (m, 1H, CH;CH,a), 3.76-3.66 (m, 2H, CH, CH;CHb), 2.81-2.71 (m,
2H, CH,S), 2.61-2.42 (m, 2H, CHCH,), 2.33 (s, 3H, ArCHs), 2.10 (s, 3H, SCHs), 1.08 (t, 3H, J = 7.2 Hz,
CH3)

8.54-7.47 (m, 8H, ArH), 5.91 (s, 1H, CH), 4.26 (dq, 1H, J = 7.2, 14.4 Hz, CHa), 4.02 (dq, 1H, J= 7.2, 14.4
Hz, CHyb), 2.20 (s, 3H, CHyCO), 1.17 (t, 3H, J = 7.2 Hz, CHs)

8.43-7.50 (m, 8H, ArH), 5.56-5.55 (m, 1H, OCH), 5.20-5.08 (m, 1H, NCH), 2.22-2.21 (m, 3H, CH;CO),
1.75-1.56 (m, 2H, CH:CH,), 1.37-1.15 (m, 3H, CH:CH), 0.98-0.80 (m, 3H, CH,CH)

8.43 (dd, 1H, J = 2.7, 9.0 Hz, ArH), 8.25 (d, 1H, J = 2.7 Hz, ArH), 7.67-7.47 (m, 6H, ArH), 6.02 (s, 1H,
CH), 4.76 (d, 1H, J = 17.7 Hz, NCHya), 4.62 (d, 1H, J = 17.7 Hz, NCH,b), 4.22-4.12 (m, 2H, CH;CH,), 2.32
(s, 3H, CH;CO), 1.20 (t, 3H, J = 6.9 Hz, CH)

7.68-6.53 (m, 8H, ArH), 5.87 (s, 1H, CH), 5.03 (s, 2H, NH), 4.23 (dq, 1H, J = 7.2, 14.1 Hz, CHoa), 3.63
(dq, 1H, J="7.2, 14.1 Hz, CHyb), 2.12 (s, 3H, CH:CO), 0.98 (t, 3H, J = 7.2 Hz, CH:CH>)

7.61-6.56 (m, 8H, ArH), 5.53-5.52 (m, 1H, OCH), 5.07-4.97 (m, 1H, CH;CHN), 4.77 (s, 2H, NH,), 2.17
(s, 3H, CH;CO), 1.72—1.50 (m, 2H, CH3CH,), 1.30-1.10 (m, 3H, CH3;CH), 0.94-0.80 (m, 3H, CH3CH,);
13C NMR (acetone-de) 3: 170.5 (C=0), 166.5 (C=0), 157.6 (C=N), 156.3 (C=N), 147.2 (Ar-C), 143.8 (Ar-C),
139.6 (Ar-C), 139.0 (Ar-C), 131.2 (Ar-C), 130.8 (Ar-C), 129.0 (Ar-C), 128.9 (Ar-C), 124.9 (Ar-C), 120.5
(Ar-C), 120.2 (Ar-C), 114.1 (Ar-C), 84.4 (N-CH-0), 75.7 (N-CH), 75.1 (N-CH), 29.1 (CH,), 20.8 (CHs),
19.0 (CHs), 9.7 (CHs)

7.89-7.35 (m, 9H, CONH, ArH), 5.91 (s, 1H, CH), 4.28 (dq, 1H, J = 7.2, 14.4 Hz, CHa), 3.72 (dq, 1H, J =
7.2, 14.4 Hz, CHyb), 2.30 (s, 3H, CHCO), 2.13 (s, 3H, CHsCO), 1.10 (t, 3H, J = 7.2 Hz, CHz)

419.152 6 [M+H]" (caled. for
Cy5H24CINL0,, 419.152 2)

385.189 7 [M+H]" (calcd. for
CasH,sN,0,, 385.191 0)
399.208 1 [M+H]" (calcd. for
C26H27N,0,, 399.207 3)

457.214 2 [M+H]" (calcd. for
CagH29oN2Oy, 457.212 7)

427.240 2 [M+H]" (caled. for
Ca3H31N,0,, 427.238 6)

413.224 0 [M+H]" (caled. for
Cy7HaoN,0,, 413.222 9)

309.161 7 [M+H]" (calcd. for
C19H21N,03, 309.160 3)

367.166 5 [M+H]" (calcd. for
C21H23N204, 367.165 8)

323.175 6 [M+H]" (calcd. for
C20H23N20,, 323.175 4)

322.156 0 [M+H]" (calcd. for
C19H19N30,, 322.155 6)
325.136 7 [M+H]" (calcd. for
C1oH2N,0S, 325.136 9)
350.186 8 [M+H]" (calcd. for
C21H24N30,, 350.186 3)
353.167 9 [M+H]" (calcd. for
C,HsN,08, 353.168 8)

368.125 2 [M+H]" (calcd. for
Ci9H15N30s, 368.124 1)
396.156 3 [M+H]" (calcd. for
C11H2:N305, 396.156 3)
426.131 1 [M+H]" (calced. for
C21H20N307, 426.130 1)

338.151 6 [M+H]" (calcd. for
Ci9H0N303, 338.150 5)
366.182 1 [M+H]" (calcd. for
C21H24N303, 366.181 2)

380.162 2 [M+H]" (calcd. for
C21H2N304, 380.160 5)
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Table 3 Anti-HIV activity of selected compounds. "Measured
with acutely infected MOLT-4 cells in reference [8]

Effect on HIV-1 (NL4-3)
replication in MT-4 cells

HIV-1 Tat-mediated LTR

Compd. transcription /umol-L ™" jumol-L!

ECso CCso ECs CCs

15 61.4 46.4 39.6 41.0
16 >125 >125 90.2 >125
21 >125 >125 118 >125
22 35.8 60.5 42.9 39.8
24 >100 >100 81.2 80.9
28 >80 >80 63.9 >80
30 25.0 >100 >100 >100
Ro 24-7429 - - 0.19 6.6"

120

100 4

804
60 4

404 —— Cell growth
—=— Luciferase activity
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Effect of Compound 30 on tat-mediated LTR
transcription and cells
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Wi (THF) 28 H 4 Ak [ 22 2R AR i, H 7%
M3, Jo/K QWEH &8 8L Rl 24, — H RN
AN, N-HILFEE (DMF) 459 7T, Hi%
o HAR SRR AR H R 2 A0
1 EXW

et 2. 31O 28 AR SCER T vE G
1.1 N-Q-FHEBEA4-FFE)-2-RT aEHERE-
SFEEFEBEE @) N-BUTHIRIE-O-FH-L-22 5
18 (7.08 g, 24 mmol) T4 THF F, JoA N-F
FEng bk (2.43 g, 24 mmol), AHIE -15 C, WINE
R T lE (3.28 g, 24 mmol). 5, T —15 C NHiHE
10 min, I 2-23E-5-50- K H (2) (4.22 g,
20 mmol), i [EAAY)HEAR G T 5 N VIR .
JEBR BN AN, B e 4E 5 BRI 300
mL R, KKK 0.1 mol- L™ & A b



YR 2H-1, 4-K FF " 5E-2-Hil S HIV-1 B s H et & S PEF oY © 693 -

FRIHL AT NaCl R BE A L) KR BN T4,
PR ARG, FRARDHATRE A (S 5> 8 CHOliE— &
M2 W6 40 1), 19ALEY 4. BT VE A R TR E Y
5. 6. 19 £ 20.

1.2 7-8-1, 3-ZS-3-FaEERE-5-FHE-2H-1, 4-F
HIRE-2-F (7) k&4 (6 g 11.8 mmol) & T
LR ZBE (100 mL) v, WAFH:H HCL &, TLC
RO B2 N 25 G, ORI YE, SRR E T HEE (75
mL) ', EiE N 1 mol-L ™' NaOH A ¥ pH = 10,
eI N S SO N [ DSV DA i O S = R A
T . g, DREAKVEIEDE, IRV TR S
7o FEBRWITEG T A 8. 9. 21 22,

13 7-5-1, 3-Z“5-1-Z&3-FEERE5-FHE-
2H-1, 4-FFHZFE2-f 10) L&Y 7 (100 mg,
0.256 mmol) T T4 DMF (30 mL) ', JIATC
KRGS (38.9 mg, 0.282 mmol) HIPY T Hefilifh 4%
(TBAL 10 mg). = LKA F it Y. 15 min, i
It 2. 4% (64 mg, 0.41 mmol), =EHBEFE 5 h, B
WA 100 mL 9Kk, A HidE, LR OHEAI
(150 mLx2), 3 HLAH > 53l FH 7 R 60 Sl 4k B3
e, TOOKER RN T, B W 4 5 TR AR DA T Ak AT
AN E (M- LR L0841 1), 13465 10, %
BT EA R T &9 11~15, 23, 24 F126~28.

1.4 7-BE-1,3-28-1-2E-3-FFE-5-FE-2H-1,
4-FH_FE-2-F (16) AW 12 (500 mg, 1.26
mmol) T T & FE (5 mL) +1, MA N, N-
THEEZ (0.68 mL, 3.78 mmol), HiFE 5 min J5 0
ANTK=FME (678 mg, 5.08 mmol), Eilt Kk
£ TLC AW KR 5E 4y, w1 mol-L™!
HCl % 15 mL, ®IZEHE, H R 4B (20 mLx3)
O, AIFEVUZ, H 5% NaHCO; Uh¥k, JoKHR
BT, ek s VR 4 i B A ) AT RE RAE (L1 o
(CFEE R WG 5 2 1), &) 16, LR TTEE
BTG 17 R 18,

1.5 7-8%&-1, 3-2“5-1-ZHE3-ZEBEES-FE-
2H-1, 4-FH—RE-2-B1 29) 1LEW 26 (800 mg,
2.2 mmol) T LR LM, TN 10% 4L6% 250 mg,
AN AT JERRA, IR IRAE S, %
RYVIATE AT Ll 73 85 (il - 288 418 10 - 1),
G 29, HEVTTIEE R TED) 30,

1.6 7-ZEtE%E-1, 3-Z5-1-2&-3-ZEBHEE-5-F
E2H1, 4-FKFH_RE-2-F 31) L&Y 29 (400
mg, 1.18 mmol) ¥ T T 1 THF (30 mL) 1, UK

AT IMA=Z2ZM (125 mg, 1.24 mmol) F1ZEE5
(98 mg, 1.24 mmol), FHMFEEIE T 0 CHRLAFE
¥ 30 min, FREEHEPESONY 1 he JEBRAEY), 1EM
R IRYE, BRI T LR NS (200 mL) 1, KK
FH/K R RS A AN D, oK BRIR AN T8 o Il
WG G TR AR AT RE AT (L 4> B (R -2 R
g 4: 1), L5 31,
2 SFERIKE

7t Sybyl 7.3 &, K&/ kB &I, HHA
oy BE R AL B TR 2% (RMSD). % NMR
WSEM 6 A HIV-1 Tat 5 MR Z 11 Leud3-Arg53
BT T aa, BRUNNEAINE, It &5k
BL1¥°F- 1) RMSD fH AW O ~F — e 45k o
3 HIEEMRRE
3.1 X Tat RAFERIFMEALE 1 pg Tat KA
JICRE pgtat 38 ik HE 5 FLOK L 1x10° 4> TZM-bl 41l .
P ZE M A B HIV-1 LTR J2 TAR RNA F [
¥ o B GL A I TZM-bL 40 5 AN [R5 1) A Ak 54
—EREFE 2 K. (F TZM-bl 41 g K ] Promega- Luis
Obispo. CA #4t[1) Bright-Glo %¢ )t & BHR 7 &k 2
ARG, LAUOKHE Tat /- FI09 6K
(ALK, I 1 A -0 it e vk B A AL & Rt
Tat =S 1 FH 11406 208K FE ECsoo
3.2 HHIV EFISIE DL p24 Hi st Bk S s o M i
(ELISA), K] HIV-1 NL4-3 &Lt MT-4 48 i >k ) 5
X HIV-1 S 1 3806 20 B2 ECso
3.3 YRS RN KM Promega $EAL[H) CellTiter-
Glo® & Y62 41 Ju 3 S MR G oK VE A TZM-bl J
MT-4 40 i A0 B B o ZAR 50 G2l i ATP 347
S F N A AL I 77 40 v v Al B B T — Rl TR
W7 SR o 4t i) 1 2 4 R 8RR FE CCs
tH Biosoft Calcusin #2145,
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