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Design, synthesis and biologic evaluation of diarylbenzimidazole

derivatives as novel HIV-1 non-nucleoside reverse transcriptase inhibitors

QIN Bing-jie', ZHOU Ting', LU Hong?, JIANG Shi-bo?, XIE Lan"’

(1. Institute of Pharmacology and Toxicology, Academy of Military Medical Sciences, Beijing 100850, China;
2. Lindsley F. Kimball Research Institute, New York Blood Center, New York 10065, USA)

Abstract: Twenty seven new diarylbenzimidazole derivatives (A1—A21, B1-B6) were designed, synthesized,
and evaluated in MT-2 cell line as potential HIV-1 non-nucleoside reverse transcriptase inhibitors (NNRTIs)
agents with a new skeleton based on molecular modeling technique and hit 1,2-diarylbenzimidazole Al (ECsg
69.9 pmol-L™"). Hence, 1,2-diarylbenzimidazoles A6 and B3, and 1,6-diarylbenzimidazole B6 showed obvious
potency against HIV-1 replication in MT-2 cell line with ECs, values of 15.33, 9.81 and 1.37 pmol-L™
respectively.  All target compounds were synthesized commonly from substituted 2-nitroanilines by 1-3 steps
under mild reaction conditions. Current studies provided preliminary SAR, thus indicating that 1,6-diaryl
substitution on the benzimidazole ring would be a right direction for further modification. Furthermore, the
docking studies demonstrated that B6 could fit well into the HIV-1 NNRTI binding pocket with a similar binding
orientation and conformation to that of TMC278, a promising NNRTI candidate in clinical trial III, Therefore,
active compound B6 could serve as a new starting point to develop a series of 1,6-diarylbenzimidazole derivatives
as HIV-1 NNRTI agents with a novel skeleton.
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Figure 2 The common structures of 27 compounds
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Figure 1 NNRTI drugs and candidate TMC278
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Figure 3  Structures of A3 and A10

Table 1 Difference of chemical shifts between compounds Al—
Al4

6-Substituted benzimidazole

5-Substituted benzimidazole

Compd. c-H (0), /=88 Hz Compd. c-H (6), /=88 Hz
Al 7.76 A8 7.07
A2 7.61 A9 7.33
A3 7.76 A10 7.39
Ad 7.55 All 7.27
A5 7.74 Al2 7.51
A6 7.75 Al13 7.53
A7 7.69 Al4 7.46

PORGEC R, S EIMN 5-51 607 BRI 1-7 3k
2-IRFEIR IR i — =) ALS~AL8. FHAK i SR 7
L AR IR NG 2 AR K 3 i E AL R
THF ™ [a[Ji 16 h £33 14005 -2- R B 2R Tk ek,
4 A19~A21.

ROBEAGEF 1 RNAFRN 4k 4-FE-N-
HOWIEARR R (13), AL 1 hAHE
PRI A FANEE, B 3, 4- AR O
A AR B (A6 754 BL Al B2 N-"FHEAT AN I 2K i

NO,

3 R1 ) OCH3, Rz =H
4 Ry = OCHjg, Ry =2-Cl
5 Ry=ClLRy=H

7 ]\ + \\
X
R \R3
A1-A7 A8 -A14

A1 A8 R{=0CH3; R;=H,Rz3=H

A2 A9 Ry=OCH;, Ry =H, Ry =3,4-2C
A3 A10 Ry = OCHj, Ry =2-Cl, Ry =3,4-2Cl
A4 A11 R1 ) OCHg, R2 =H, R3 =2,6-2F
A5 A12 R{=Cl,Ry;=H,R3=H

A6 A13 Ry =Cl, Ry = H, Ry =3,4-2Cl

A7 A14 Ry=Cl, Ry = H, Ry =2,6-2F

(i) pyridine/THF (1 : 1), r.t.; (ii) Fe, AcOH, reflux; (iii) NaH, THF, r.t.
Scheme 1 The synthesis of compounds A1-Al4
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A\ A20 R;=6-OCHj3, Ry=3,4-2CI

_\R A21 R=5-Cl, Ry= 2,6-2F
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X

(i) benzyl bromide, NaH/THF, r.t.; (ii) NaBH4, NiCl,-6H,O/CH;0H, 0 °C; (iii) aldehyde, benzoquinone/EtOH, N, reflux; (iv) benzyl
bromide, NaH/THF, reflux

Scheme 2 The synthesis of compounds A15-A21
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(i) pyridine/THF (1:1), rt; (ii) Fe, AcOH, reflux; (iii) NaH, THF, rt.; (iv) NaBH4, NiCl,-6H,O/CH;0OH, 0 C; (v)
4-isothiocyanatobenzonitrile, HgO/THF, r.t.; (vi) EtsN, HCOOH, Pd/C, CH3CN, reflux; (vii) triethyl orthoformate, HCl/ether, DMF, r.t.
Scheme 3 The synthesis of B1-B6
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4- BRI ORI IE A 2, 6- T -4 ALK ML AT H AL S W AE MT-2 41 & AT P HIV i
Ullmann < N 73 B A59 14, o 2-A7 i3 AE = LAt PEVEAR IS L MR L 2. RAENCSLEA Y AL 1E
AN 2 RN R 8 AR 12 1 2 S A 15, It MT-2 40 s b HIV-1 [0S (ECso 69.94
I A AT P P AN S 5 T R R = 2R AT 1, 6- umol-L™") AHWIFTH MT-4 410k 45 R, HAER—
T RIARI R IR AL S B6. 27 D H ML G I, WA R RSB AL S 4 rh A HO
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HEESR T AL, 1b&% A6, B3 Al B6 [IPT HIV %
YRR, AHN) ECso fHAT 4 1533 9.81 Fl 1.37
umol-L™', Hrf B6 L PEHEE N 96.88. #Rifi K2 4L
A ) DR 40 2 P RO 5 B8O Y (3 e FR £ (SD) i
A% W LRI, 6 7 HUAR IR I Bk M A5 11
W O (AL~AT) W THENE S BRI &Y
(A8~AL4), $E/r 6~ K& AR ks n] Ge e =iz R4k

WM. SEK 10 1, 2-RLEBEE AL A
A15~A21 Fil B1~B5 34 T $HI750 1 71 21, H
S50 HHE R WX R &5 M B 1 I RE ) AR s AL A )
P3G 3ETF TMC278 5 HIV-1 RT & A5 7RI di A 45
#J (PDB: 2zd1), i&H] Autodock 4K {4 X 3if P AK VR
(1) A1, A6 B3 Fll B6 AT T 4> FH4UX#E (Kl 4), &5
BRI AL.A6 F1 B3 7F RT [ F % 55 (binding site)

Table 2 Anti-HIV activity data of title compounds in MT-2 cell line

Compd. ECso/umol'L™"  CCso/pmol- L™ SI Compd. ECso/umol'L™"  CCso/pmol- L™ SI
Al 69.94 10.73 0.15 A8 44.87 33.89 0.76
A2 29.69 95.87 235 A9 33.84 27.60 0.81
A3 21.75 30.66 1.41 Al0 NA® NA NA
A4 36.20 >286.0 >7.89 All 123.7 >286.0 >2.31
A5 43.01 >314.0 >7.29 Al12 114.9 140.5 1.22
A6 1533 >234.1 >15.27 Al3 54.40 69.34 127
A7 204.4 >290.3 >1.42 Al4 NA >290.3 NA
Al5 83.77 93.19 1.04 B1 NA NA NA
Al6 180.1 >268.5 >1.49 B2 NA NA NA
Al7 27.25 23.40 0.85 B3 9.81 24.61 251
Al8 NA NA NA B4 NA NA NA
Al19 35.39 227 0.38 B5 28.87 33.28 1.15
A20 20.21 45.96 227 B6 1.37 132.64 96.88
A21 26.69 17.32 0.65

"Assays in the MT-2 cell line were performed by New York Blood Center, ECs is the concentration that inhibits replication of virus by

50%. CCso is the concentration that inhibits uninfected cell by 50%.

SI (Selective index) = CCso/ECso. NA is no active

Figure 4 The mock binding mode of compounds with HIV-RT.

a: Cyan compounds are the docked compounds Al; b: Compound A6;

c: Compound B3; d: Compound B6. TMC278 is orange. Animo acid residues are purple. The green broken line denotes hydrogen bond
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s e S TMC278 BIMIBLEE RIS K. HIEIR
K101 5 A6 WKMeER [ 3-07 %A1 B3 1 2-17 A A A
MR, AR T . (B2 AL, A6 Fl
B3 ) 1-25 M5 Al 5 TMC278 A #] W2
o EHULHED, Ab T 2R IR IRER AR AL A D5 ]
RE DR ORI T B HE T 15 TMC278 2R L) “U
L7 S5 %00 B6 I AN E T 1, 64 (B
HEAL), A RS TMC278 KL, 11
ST (F4d) WoRs TMC278 gl & 45,

H B6 2R BRI ER 3-47 2015 DG Bl 2 35 1% K101 [ 47
IR o T X AL N B6 IRk i Tk H2 A1t
T A PR AR, [ I BE R 2RI K R4 TMC278
a3 R e PR AT B R IR B AL 454 1Y) NNRTI 28
WS Y. WA B6 ARt AT ERE T
BT

MR 5 HE

JHCHEA R 95 [E] Macromass /A 7] ZabSpece (FAB+)
TR R RS 26 [ ABT 23 ] API3000 (ESI+) 24 )it
AN GRS H AL 7 A A INM-ECA-400
FREMEILIRAL WFE S A FR A TMS, %504 AR
DMSO-ds, FRFFHRA . T REICHERT #5554, i
JERZRIE. FE Biotage 24 A i K FLASH H40i
RURE A o AR FRR A AL A T Rk mifk 27K 7]
YNGR
1 N-FHEBE-4-FRE-2-HEXRR (3)

i 4- HARFE-2- M EE 2R % 1 (503 mg, 3.0 mmol) ¥
fi#{EJC/K THF (S mL) ', 7EMERE (0.75 mL) fF7E T
TR RS (0.4 mL, 3.3 mmol), =E¥HFES5h, &
ROEEINK T, L CBEFRER 3 K, A HUAHK KA
KHSO, (5%). HF1 NaHCO; FI8 A1 £ Kk, Tk
Na,SO, T4, UL L FIIFHLE, LM 4MR-HC
P4 A A Y 3, HEN i 689 mg, UK 84%.
'H NMR §: 3.86 (3H, s, OCH3), 7.36 (1H, dd, J = 2.2,
8.4 Hz, H-5), 7.53 (1H, d, J = 2.2 Hz, H-3), 7.55~7.63
(3H, m, H-3'4'5"), 7.67 (1H, d, J = 8.4 Hz, H-6),

7.93~7.95 (2H, m, H-2',6"), 10.49 (1H, s, NH); MS m/z:

295 ([M+Na]", 100).

2 N-Q-SFREBHE)4-BEE-2-HEER 4)
KRR (520 mg, 3.3 mmol) WHRAE /K —

P (5 mL) b, [BER 2 h, ORI E AR

U5 N THF (5 mL) ##, KA 1 (503 mg,

3 mmol) F10.75 mLuUtIE (0.75 mL), ZiMFELS h,

JE AL E AT A AT R B (LR Sl Ak

1:10) 4G 4, WA 124 mg, WHE 17%.
'H NMR ¢: 3.87 (3H, s, OCH3), 7.36 (1H, dd, J = 2.2,
8.8 Hz, H-5), 7.54 (1H, d, J = 2.2 Hz, H-3), 7.57 (1H,
d, J=8.4 Hz, H-4"), 7.61 (1H, d, J = 8.8 Hz, H-6), 7.72
(1H, t, J = 8.4 Hz, H-5"), 7.90 (1H, d, J = 8.4 Hz, H-6"),
7.98 (1H, s, H-2"), 10.65 (1H, s, NH).
3 N-FHEBE-4-T-2-FHEER (5)

4-50-2-TFHEAEE 2 (1 g, 6.0 mmol) 52K I EEA
(693 mg, 6.6 mmol) X[V, Z5fFFMJG AbBEH]Hi, K i
H O OBE-38 Dl H 45 A9 5, Bkt ih 1.08 g,
% 65%. 'H NMR 6: 7.56~7.66 (3H, m, H-3'4',5"),
7.80 (1H, d, J = 8.8 Hz, H-6), 7.86 (1H, d, J = 8.8 Hz,
H-5), 7.95 (2H, m, H-2',6"), 8.12 (1H, s, H-3), 10.82
(1H, s, NH).
4 1-WE-2-F-6-FRERFFKMAN 1-FF-2-FH-
S-S ERFEKME (AL FI A8)

b4 3 (190 mg, 0.7 mmol) ¥ T 3.5 mL VKIS 2
H IR (104 mg), [ 30 min. LR LFEA
I, MU NaHCO; KW 7K HIURTERZKWE, Tok
Na SO, THo B LW FIAHL N 6, FA TG T
7K THF (3 mL) ', MK I NaH (52%, 82 mg) FIiR
“F (239 mg, 1.4 mmol), A3 5h, HFBEE K. L8
LBEREN, A WU T NaHCOs /K 1 F £ /K
UE, Jo/K NapSO, T4, B 25 A3 A S Al 4 AL FiI
A8 [MIRAY) . K Flash H:43 2 (L1 LB Cbt
1:3), BEERAEBRA 343 AL, I 4430 mg, YR
K 14%, mp 114~116 ‘C; 'H NMR ¢: 3.75 (3H, s,
OCHa), 5.56 (2H, s, CH,), 6.88 (1H, dd, J=2.2, 8.4 Hz,
H-5), 6.99 (2H, d, J = 6.6 Hz, H-2",6"), 7.03 (1H, d, J =
2.2 Hz, H-7), 7.20~7.30 (3H, m, H-3",4",5"), 7.48~
7.51 (3H, m, H-3'4",5"), 7.61 (1H, d, J = 8.4 Hz, H-4),
7.67~7.70 (2H, m, H-2'.6"); MS m/z: 315 ([M+H]",
100). Wi RefHIR/NE G 9IEH 31T A8, Il 4
95 mg, WK 43%; mp 107~108 C; 'H NMR 4: 3.80
(3H, s, OCH3), 5.54 (2H, s, CH,), 6.87 (1H, dd, J = 2.4,
8.8 Hz, H-6), 6.99 (2H, d, J = 7.2 Hz, H-2",6"), 7.25
(1H, d, J= 2.2 Hz, H-4), 7.33 (1H, d, J = 8.8 Hz, H-7),
7.23~7.30 (3H, m, H-3",4",5"), 7.51 (3H, m, H-3'4",5"),
7.71 (2H, m, H-2,6"); MS m/z (%): 315 ((M+H]", 100),
337 ([M+Na]’, 10). JTTHEHT (CoHisON,): C 79.65,
H 5.77, N 8.81 (C 80.23, H 5.77, N 8.91).
5 1-GA-ZRFE)-2-FE-6-HFEFFRMAN 1-
(B4-ZEFTE)-2-FE-S-HFEFK KK (A27F01A9)

J5 1R ALFITA8, ¥ 3 (272 mg, 1.0 mmol)7E UK
1% b BN I SR A5 v (a4 6, R&Eglifh s 3.4-—
SR (384 mg, 1.6 mmol) [N, FEWDE (4
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1% CER-FR O 10 3), W Re fEHAECK I B¢ 64l
A3 A2, AtlE{A 76 mg, B 20%. mp 128~
130 °C; '"H NMR ¢: 3.80 (3H, s, OCH;), 5.34 (2H, s,
CH,), 6.61 (1H, d, J = 2.4 Hz, H-7), 6.90 (1H, dd, J =
2.0, 8.4 Hz, H-6"), 6.97 (1H, dd, J = 2.4, 8.8 Hz, H-5),
7.22 (1H, d, J = 1.6 Hz, H-2"), 7.40 (1H, d, J = 8.4 Hz,
H-5"), 7.43~7.49 (3H, m, H-3'4",5"), 7.61 (2H, dd, J =
2.4, 7.0 Hz, H-2',6"), 7.76 (1H, d, J = 9.0 Hz, H-4); MS
m/z: 383 (IM]", 100). W4 Re(H B /N EE (025 F 4 5
23] A9, FIEA 201 mg, WO 52%. mp 120~
122 °C; '"H NMR §: 3.80 (3H, s, OCH;), 5.56 (2H, s,

CH,), 6.86 (1H, dd, /= 1.6, 8.4 Hz, H-6"), 6.89 (1H, dd,

J =122, 8.4 Hz, H-6), 7.27 (1H, d, J = 2.2 Hz, H-4),
7.29 (1H, d, J= 1.4 Hz, H-2"), 7.39 (1H, d, J = 8.8 Hz,
H-7), 7.53 (4H, m, H-3'4'5',5"), 7.68 (2H, m, H-2',6");
MS m/z: 384 (IM+H]", 100).
6 1-(34-Z&FTE)2-Q-8FE)-6-HEEF IR
1 1-(3.4-ZRAE)-2-Q-FAKE)-5- R A B Kok
(A3 1 A10)

TR ALFT A8, B4 4 (154 mg, 0.5 mmol)
3 A3 FI1 A10. A3: H ALK 30 mg, WH 15%. mp
128~130 °C; '"H NMR 6: 3.81 (3H, s, OCH;), 5.34
(2H, s, CH,), 6.63 (1H, d, J = 2.4 Hz, H-7), 6.90 (1H,
dd, J=2.0, 8.4 Hz, H-6"), 6.99 (1H, dd, /= 2.2, 8.8 Hz,
H-5), 7.22 (1H, d, J = 2.0 Hz, H-2"), 7.36 ( 1H, t, J =
7.6 Hz, H-5"), 7.38 (1H, d, J = 7.6 Hz, H-6"), 7.42 (1H,
d, J = 8.4 Hz, H-5"), 7.46 (1H, dd, J = 1.6, 7.6 Hz,
H-4), 7.68 (1H, d, J = 1.6 Hz, H-2'), 7.76 (1H, d, J =
8.8 Hz, H-4); MS m/z: 418 (IM]", 100). A10: [ (%[
1A 48 mg, W% 23%. mp 115~116 C; '"H NMR §:
3.87 (3H, s, OCH3), 5.36 (2H, s, CH,), 6.88 (1H, d, J =
7.0 Hz, H-6"), 6.93 (1H, dd, J = 2.4, 8.8 Hz, H-6), 7.07

(1H, d, J = 8.8 Hz, H-7), 7.21 (1H, s, H-2"), 7.34 (1H, d,

J=2.0 Hz, H-4), 7.37~7.48 (4H, m, H-4,5',6',5"), 7.70
(1H, s, H-2'); MS m/z: 417 (IM]", 100).

7 1-26-ZEFTE)2-FE-6-RFHREFRFREAD
1-2,6-—H T H)2-FES-BHEEFFKBE (A4 0
All)

J7v A AL A8, Hi 3 (680 mg, 2.5 mmol) 3 A4
AL, Ad: (A 4A 211 mg, Y& 24%. mp 177~
178 “C; '"H NMR 6: 3.75 (3H, s, OCH3), 5.61 (2H, s,
CH,), 6.85 (1H, dd, J = 2.4, 8.8 Hz, H-5), 6.98 (1H, d,
J = 2.4 Hz, H-7), 6.99 (2H, m, H-3",5"), 7.34 (1H, m,
H-4"), 7.52 (3H, m, H-3'4',5"), 7.55 (1H, d, J = 8.8 Hz,
H-4), 7.70 (2H, m, H-2,6"); MS m/z: 351 ([M+H]",
100), 373 ([M+Na]", 30); JCZ /3 #T: C 71.83, H 4.56,

N 8.01 (C 71.99, H 4.60, N 8.00), All: [1{a[H 4k 285
mg, BFE 33%. mp 152~154 C; '"H NMR §: 3.77
(3H, s, OCH3), 5.60 (2H, s, CH,), 6.86 (1H, dd, J = 2.4,
8.8 Hz, H-6), 6.98 (2H, m, H-3",5"), 7.19 (1H, d, J =
2.4 Hz, H-4), 7.27 (1H, d, J = 8.8 Hz, H-7), 7.33 (1H,
m, H-4"), 7.54 (3H, m, H-3',4",5"), 7.73 (2H, m, H-2',6");
MS m/z: 351 (IM+H]", 100), 373 ([M+Na]’, 8); JL%
I3HT (C21H16N,OF,): C 71.83, H 4.50, N 8.05 (C 71.99,
H 4.60, N 7.99).
8 1-FE-2-FEH-6-RFFFRMFN 1-FE-2-FE-5-
SRR (A5 F0 AL2)

7R ALFIT A8, HH 445 (277 mg, 1.0 mmol)
73 A5 HI A12. A5: FIf0 [l 4k 65 mg, W% 20%. mp
175~176 °C; '"H NMR ¢: 5.61 (2H, s, CH,), 6.98 (2H,
d, J = 7.0 Hz, H-2",6"), 7.28 (4H, m, H-5, 3",4"5"),
7.53 (3H, m, H-3',4',5"), 7.65 (1H, d, J = 1.6 Hz, H-7),
7.73 (2H, m, H-2',6"), 7.75 (1H, s, H-4); MS m/z: 319
(IM]", 100); JCEIIHT (CyH;sCIN,): C 75.15, H 4.60,
N 8.77 (C 75.35, H 4.74, N 8.79). A12: [{4[#H4A 70
mg, WK 22%. mp 153~155 C; 'H NMR 6: 5.61
(2H, s, CH,), 6.98 (2H, d, J = 8.4 Hz, H-2",6"), 7.28
(4H, m, H-6,3",4",5"), 7.53 (4H, m, H-7, 3',4'5"), 7.72
(2H, m, H-2',6"), 7.80 (1H, d, J = 2.0 Hz, H-4); MS m/z:
319 ([M]", 100); JCHE T (CoHysCIN,): C 75.34, H
4.68, N 8.80 (C 75.35, H 4.74, N 8.79).
9 1-(B4-ZE&FTH)-2-FE-6-FFIFFRMAD 1-(3,4-
ZEE)-2-FE5-SF IR (A6 F1 AL3)

J7iER ALFTA8, HiH 4K 5 (277 mg, 1.0 mmol)
73 A6 M1 A13. A6: [l {k 74 mg, W% 19%. mp
176~178 °C; '"H NMR ¢: 5.62 (2H, s, CH,), 6.84 (1H,
dd, J = 2.2, 8.4 Hz, H-6"), 7.30 (1H, d, J = 2.0 Hz,
H-2"), 7.31 (1H, dd, J = 2.2, 8.8 Hz, H-5), 7.55 (4H, m,
H-3'4',5',5"), 7.70 (2H, m, H-2',6"), 7.74 (1H, d, J = 2.4
Hz, H-7), 7.75 (1H, d, J = 8.8 Hz, H-4); MS m/z: 389
([M+H]’, 100); JCZE 3 HT (CooHi3N,Cl): C 62.03, H
3.23,N 7.44 (C 61.96, H 3.38, N 7.23) . A13: {0 [ {4
81 mg, W% 21%. mp 153~155 C; '"HNMR 4: 5.62
(2H, s, CH,), 6.86 (1H, dd, J = 1.6, 8.4 Hz, H-6"), 7.31
(2H, m, H-6,5"), 7.53 (1H, d, J = 8.4 Hz, H-7), 7.56
(1H, d, J = 1.6 Hz, H-2"), 7.58 (3H, m, H-3'4",5"), 7.75
(2H, m, H-2',6"), 7.82 (1H, d, J = 2.0 Hz, H-4); MS m/z:
389 ([M+H]", 100).
10 1-(2,6-Z&EFE)-2-F E-6-FFFEKMLFN 1-(2,6-
ZRNE)-2-FE-5- SR FKME (A7 1 Al4)

J7i2 1A ALFITA8, HHH[AIA 5 (526 mg, 1.9 mmol)
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3 A7 HIAL4. AT: FAE A 169 mg, R 26%. mp
191~192 C; '"H NMR 4: 5.67 (2H, s, CH,), 6.98 (2H,
m, H-3",5"), 7.26 (1H, dd, J = 1.6, 8.4 Hz, H-5), 7.33
(1H, m, H-4"), 7.53 (3H, m, H-3',4',5"), 7.60 (1H, d, J =
2.0 Hz, H-7), 7.68 (2H, m, H-2',6"), 7.69 (1H, d, J = 8.4
Hz, H-4); MS m/z: 355 ((M+H]", 100). Al4: [1{0 [ {4
172 mg, W # 26%. mp 199~201 °C; "H NMR J: 5.67
(2H, s, CH,), 6.97 (2H, d, J = 8.4 Hz, H-3",5"), 7.29
(1H, dd, J = 2.0, 8.8 Hz, H-6), 7.34 (1H, m, H-4"), 7.46
(1H, d, J = 8.8 Hz, H-7), 7.53 (3H, m, H-3'4',5"), 7.72
(2H, m, H-2',6"), 7.75 (1H, d, J = 1.6 Hz, H-4); MS m/z:
355 ([M+H]", 100), 377 ((M+Na]", 13).
11 N-FE-4-BEE-2-HEFRE (10)
&4 1 (336 mg, 2.0 mmol), ¥ (0.38 mL,
3.2 mmol) 1 NaH (52%, 183 mg, 4.3 mmol) T Jo/K
THF (5 mL) ', = HEFE S h J5shnb &R~ (0.2
mL), 12 h M 5EA, TN H B KRN o 98 B
#, LR OPRTRHR, MK A NaHCO; 7K 5 5 F1 Al
KBk, K NaSO, T . SRERFESE (LIRS
Be—3Cbe 1:40) 18 10, Ak 168 mg, WE
33%. "H NMR ¢: 3.73 (3H, s, OCH,), 4,62 (2H, d, CH,),
6.91 (1H, d, H-6), 7.21 (1H, dd, H-5), 7.25~7.35 (5H,
m, H-2',3',4,5",6"), 7.51 (1H, d, H-3), 8.57 (1H, t, NH).
12 N-BA4-Z&FE)4-BEE-2-WEXR (11)
&9 1 (336 mg, 2.0 mmol), 3,4- 5K (758
mg, 3.2 mmol) FINaH (52%, 181 mg, 3.7 mmol) % f#
T /K THF (5 mL) ", SHBEHE, SOV S K5 ab
MR GY 100 SRERAED B (LR -2
fe 30 20) #5311, (K 67 mg, WK 10%.'H NMR
d: 3.72 (3H, s, OCH3), 4.61 (2H, s, CH,), 6.86 (1H, d,
H-7), 7.21 (1H, dd, H-6), 7.34 (1H, d, H-6"), 7.53 (1H,
d, H-4), 7.59 (1H, d, H-5"), 7.64 (1H, s, H-2"), 8.63 (1H,
t, NH).
13 N-(2,6-Z&mFTE)-5>-K-2-THEFRE (12)
16 9 (346 mg, 2.0 mmol), 2,6- —FIEE (390
mg, 2.0 mmol) F1 NaH (52%, 92 mg, 2.0 mmol) ¥ T
JG7K THF (5 mL) e, $#4E 5 5 A 2R [R5 4 10,
LRERAE I (LR OB COhE1 - 80) 1312, B{h
i 14 643 mg, Y# 54%.'H NMR 6: 4.71 (2H, d, CH,),
6.77 (1H, dd, H-4), 7.11~7.19 (3H, m, H-6,3',5"), 7.45
(1H, m, H-4"), 8.09 (1H, d, H-3), 8.44 (1H, t, NH).
14 1-FE-2-(4-5FE)S5-BEEFHFkE (AL5)
44 10 (568 mg, 2.2 mmol), NiCl,-6H,O (159
mg, 0.7 mmol) T FE (5 mL) #, 0 CFo#teE
18N\ NaBH, (326 mg, 8.6 mmol), 4 K& ik,

A BEFE 15 min 5, BRI EIAIKK S, 1% HCI
WA pHAE S 5~6, LIRAFRAEE 3 K, HIFH VLM,
IR KPR, oK Na,SO, T, B L AIRIER
FEYPRL, B TREE T OB (5 mL), DA 4-56
ZKHEE (0.1 mL, 1.0 mol) A 1,4- &K (108 mg,
1.0 mmol), Y, [FIE S he WIEBRE R, LR E
PR TR AR, AT NaHCO; /K TR BhyKk ok,
/K Na SO, TH, BRI G KL= &kt )= 4T 53 25
(LR OB CEE 1:9) 3 AL5, EEfE K 183 mg,
WK 25%. mp 54~55 ‘C; 'H NMR J: 3.87 (3H, s,
OCHj,), 5.39 (2H, s, CH,), 6.88 (1H, dd, J = 2.4, 6.4
Hz, H-6), 7.05~7.11 (4H, m, H-4,3",4",5"), 7.14 (1H,
d, J = 8.4 Hz, H-7), 7.33 (4H, m, H-3',5'2".6"), 7.65
(2H, m, H-2',6"); MS m/z: 333 ([M+H]", 100).

15 1-26-Z@mFH)2-U-BEE)6-TF Fokm
(A16)

i A5, 4454 12 (643 mg, 2.2 mmol) [
NaBH, b5 5, A&dith 55 4-% K HEE (0.1 mL,
1.0 mol) F1 1,4- "5 KMl (108 mg, 1.0 mmol) &LV,
SRERKEENT 0 8 (LR Che 11 9) 73 AlS,
F {044 151 mg, W% 21%.mp 182~184 C; 'HNMR
J5: 5.66 (2H, s, CH,), 6.98 (2H, m, H-3",5"), 7.27 (1H,
dd, J =2.0, 8.4 Hz, H-5), 7.33 (1H, m, H-4"), 7.36 (2H,
m, H-3',5"), 7.64 (1H, d, J = 2.0 Hz, H-7), 7.69 (1H, d,
J = 8.4 Hz, H-4), 7.75 (2H, m, H-2',6"); MS m/z: 373
(IM]", 100).

16 1-(2,6-—&EFTE)-2-(2,6- —E X E)-6-FFXF K
® (A17)

JrikFE A15, (&Y 12 (298 mg, 1 mmol) [
NaBH, iR, PG HEYS 2,6- 5K F ik
(176 mg, 1 mmol) FUKREE (109 mg, 1 mmol) Y,
SRR (LR OB Ot 1:9) 3 Al7, H
6 [l 44 109 mg, WL 26%. mp 171~174 ‘C; '"H NMR
5: 5.44 (2H, s, CH,), 6.92 (2H, m, H-3",5"), 7.34 (1H,
dd, J=2.0, 8.4 Hz, H-5), 7.37 (1H, m, H-4"), 7.58 (3H,
m, H-3'4',5), 7.74 (1H, d, J = 8.4 Hz, H-4), 8.10 (1H,
m, H-7); MS m/z: 425 ((M+H]", 100).

17 1-6-ZHEFTE)-2-4-HEREBEE)-6-8 %
LK (A18)

JrvklE AL, L& 12 (596 mg, 2 mmol)
NaBH, & J5UG = ARG aifb B 4-F AU e R H
fi& (328 mg, 2 mmol) FIZKHE (248 mg, 2 mmol) &
N, SRERAL 3 (LR ABE- A CbE 1 9) 15 AL8, [
6 [l 44 214 mg, WL 26%. mp 109~112 C; '"H NMR
5: 3.91 (3H, s, OCH;), 5.72 (2H, s, CH,), 6.95~6.99
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(2H, m, H-3",5"), 7.29 (1H, dd, J = 2.0, 8.8 Hz, H-5),
7.33 (1H, m, H-4"), 7.68 (1H, d, J = 2.0 Hz, H-7), 7.73
(1H, d, J = 8.8 Hz, H-4), 7.88 (2H, d, J = 8.8 Hz,
H-3',5"), 8.07 (2H, d, J = 8.8 Hz, H-2',6"); MS m/z: 413
(IM+HT", 100).

18 1-FEE-2-FE-6-BFEFIBKK (AL9)

B4 1 (486 mg, 2.9 mmol), IR (992 mg, 5.8
mmol) FI NaH (52%, 238 mg, 2.9 mmol) ¥ T /K
THF (20 mL) ', [A[3i 8 h J5 Ml NaH (52%, 119 mg,
2.9 mmol), gKZE[RIE 4 h S b n#. JIAERZK (10
mL), CH,Cl, 0L (40 mLx4), #i/K (30 mL) W5¥ef
BUAH, 7K Mg,SOy T . R 2575 = M 2 e IR
OB (LR OOk 12 12) £3 AL9, (5[] 44
540 mg, YCF 57%. mp 80~82 °C; 'H NMR d: 3.80
(3H, s, OCHs), 5.16 (2H, s, CH,), 6.87 (1H, dd, J = 2.2,
8.8 Hz, H-5), 6.94 (1H, s, H-7), 7.35 (5H, m, H-2",3",
4" 5"6"), 7.55 (3H, m, H-3'4',5"), 7.57 (1H, d, J = 8.8
Hz, H-4), 8.09 (2H, m, H-2',6"); MS m/z: 331 ((M+H]",
100), 353 ([M+Na]", 10).

19 1-G4ZSFEE-2-C48FH)6-FEEF
FRKRE (A20)

JriEA A19, tbA9) 1 (336.3 mg, 2.0 mmol) Al
3,4-EBE (479.9 mg, 2.0 mmol) N, ZRERKE
B (LR OTE-IR ke 3:20) 3 A20, A€ A
191 mg, W * 20%. mp 125~127 C; '"H NMR J: 3.88
(3H, s, OCHs), 5.28 (2H, s, CH,), 6.93 (1H, dd, J=2.2,
8.8 Hz, H-5), 7.01 (1H, dd, J = 1.6, 8.0 Hz, H-6"), 7.15
(1H, d, J = 2.2 Hz, H-7), 7.48 (2H, m, H-2"5"), 7.61
(1H, d, J = 8.8 Hz, H-4), 7.73 (1H, d, J = 8.4 Hz, H-5"),
7.81 (1H, dd, J = 1.6, 8.4 Hz, H-6"), 7.96 (1H, d, J = 2.0
Hz, H-2"); MS m/z: 469 ((M+H]", 100).

20 1-26-ZHEFEE)2-Q6-—HEH)-SEH
BRI (A21)

JrikE AL9, (AW 9 (52.4 mg, 0.3 mmol) Al
2,6- HIRNE (62.1 mg, 0.3 mmol) N, LR
N (LB Ok 1:4) 43 A21, Wik
87 mg, W& 71%. mp 117~120 °C; '"H NMR §: 5.31
(2H, s, CH,), 6.92 (2H, m, H-3",5"), 7.22 (2H, m,
H-3',5"), 7.44 (1H, m, H-4"), 7.47 (1H, dd, J = 2.0, 8.8
Hz, H-6), 7.67 (1H, m, H-4"), 7.72 (1H, d, J = 8.8 Hz,
H-4), 7.87 (1H, d, J = 2.0 Hz, H-7); MS m/z: 407
([M+H]", 100).

21 N-(FHE)-4-FaRE-2 HERR (13)

k&% 1 (506 mg, 3.0 mmol) ¥ FHtnE (0.75
mL) FIH/K THE (5 mL) ", WAZLBESE (0.44

mL), FRHEE 5 ho $ SN A KT 5 H QR L1
UL, JE AP FEAAY) 3. H LR LWR-H1 e 45 i
313, #4590 mg, W 69%. 'H NMR d: 3.66
(2H, s, CH,), 3.82 (3H, s, OCHy), 7.24~7.35 (6H, m,
H-2',6',5), 7.46 (1H, d, H-3), 7.56 (1H, d, H-6); MS m/z:
287 ([IM+H]", 20), 309 ([M+Na]", 100).
22 1-BA4-ZR8FE)-2-FE-6-BFEEFHUM (BL
#1B2)

1b&1) 13 (488 mg, 1.7 mmol), &k (364 mg,
4.7 mmol) ZEVKESER (5.5 mL) 1 [RI¥E 45 min, Y
BN NaHCO, v P, W pH Zmltk, s Ak, K
HH 1R QWAL AR A NaHCO; #
W VRN ER K. YRR R 2SN, 5 B R
Ji/K THF (4.5 mL) ', JOA 3,4- "R (787 mg,
3.2 mmol) Al NaH (52%, 196 mg, 4.5 mmol), & i $i
P 3 h, IRV, R EIAK T, LR L
BEASH, A WU H NaHCO; i Fi A Eh kv s, 6
K NapySO, 4, BR LW FAFHL =), 2P Flash AT
I3 (P57 12 50). Wbk Re i i KR 1052
H13 B1, AMFELA 75 mg, WF 11%. 'H NMR §:
3.77 (3H, s, OCH3), 427 (2H, s, 2-CH,), 5.47 (2H, s,
1-CH,), 6.80 (1H, dd, J = 2.4, 8.8 Hz, H-6"), 6.85 (1H,
d, J = 8.0 Hz, H-5), 7.05 (1H, d, J = 2.0 Hz, H-7), 7.17
(1H, s, H-2"), 7.21 (5H, m, H-2',6"), 7.24 (1H, d, J = 8.8
Hz, H-5"), 7.46 (1H, d, J = 8.0 Hz, H-4); MS m/z: 397
([M+H]", 100), 319 ([M+Na]’, 15). W ReAE i /N
WG 1T B2, HAAEEAE 121 mg, H# 18%.
'H NMR §: 3.72 (3H, s, OCH3), 4.23 (2H, s, 2-CH,),
5.46 (2H, s, 1-CH,), 6.81 (1H, dd, J = 2.4, 8.4 Hz, H-6"),
6.87 (1H, m, H-6), 6.99 (1H, d, J = 2.0 Hz, H-4), 7.08
(1H, s, H-2"), 7.15~7.23 (7H, m, H-2'3'4',5"6',5"),
7.46 (1H, d, J = 8.0 Hz, H-7); MS m/z: 397 ((M+HT",
100), 319 ((M+Na]", 15).
23 1-FE-2-(4-BEFRR)-S-FREFFHKE (B3)

44 10 (129 mg, 0.5 mmol) F NaBH, i& 7 [
FEMIANG AL BT 2 mL THF 3, NN 4-52 67
IRFIEIRE, (80 mg, 0.5 mmol), EIRHIF: 5 h FIIA
HgO (107 mg, 0.5 mmol), FF#HiFE 12 h, JHFR L%
), FHCBETEE, 2LyE73 B3, KA A 62 mg, WR
35%.mp 127~129 °C; "H NMR &: 3.82 (3H, s, OCHj),
5.51 (2H, s, CH,), 6.71 (1H, dd, J= 2.2, 8.8 Hz, H-6),
7.10 (1H, d, J = 8.8 Hz, H-7), 7.17 (2H, m, H-2",6"),
7.26~7.34 (4H, m, H-4,3".4",5"), 7.67 (2H, d, J = 8.8
Hz, H-2',6"), 8.08 (2H, d, J = 8.8 Hz, H-3',5"), 8.80 (1H,
s, NH); MS m/z: 355 (IM+H]", 100).
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24 1-(34-ZE&FE)-2-4-EEER)S-FEEFH
LK (B4)

J7iklA B3, tb&W 11 (125 mg, 0.4 mmol) H
NaBH, i8R (=R gith, HES 4-FmmRiL
A (51 mg, 0.3 mmol) F1 HgO (70.6 mg, 0.3mmol)
RN, GRERAET B (LR AT - Ot 1:1) 153
B4, Kl R 46 mg, WFH 36%. mp 152~154 C;
"H NMR 6: 3.82 (3H, s, OCH3), 5.55 (2H, s, CH,), 6.72
(1H, dd, J = 2.4, 8.4 Hz, H-6), 7.12 (2H, m, H-5",6"),
7.14 (1H, s, H-2"), 7.43 (1H, s, H-4), 7.53 (1H, d, J =
8.4 Hz, H-7), 7.68 (2H, d, J = 8.8 Hz, H-2',6"), 8.05 (2H,
d, J = 8.8 Hz, H-3',5"), 8.86 (1H, s, NH); MS m/z: 423
(IM]", 100).

25 1-(2,6-"®IE)-2-(4-FEFRR)-6- T K F IR
(B5)

ik B3, G 12 (209 mg, 0.7 mmol) £
NaBH, &5 = AL 4ifh, S 4-FmsRE
ZE (96 mg, 0.6 mmol) F1HgO (151.6 mg, 0.7 mmol)
RN, ZRERAE B (LR SR O 1 2 2) 145 B5,
RO 14 81 mg, W 34%.mp 225~226 C; 'H NMR
5: 5.66 (2H, s, CH,), 7.09 (2H, m, H-3",5"), 7.14 (1H,
dd, J=2.0, 8.4 Hz, H-5), 7.30 (1H, d, J = 2.0 Hz, H-7),
7.45 (2H, m, H-4,4"), 7.73 (2H, d, J = 8.4 Hz, H-3',5"),
8.08 (2H, d, J = 8.0 Hz, H-2',6"), 8.92 (1H, s, NH); MS
m/z: 395 (IM]", 100).

26 5-(4"-FE-2"6"-ZHEFRmME)-N-Q-FE
B)-4-mHEFE-12- "% (15)

Kb &%) 14 (150 mg, 0.4 mmol), = Z % (3 mL)
F10% 8%k (15 mg) & T LM 3mL) H, 7f£-15 C
TR N R LS (2 mL 95% IR T 2 mL
NG, R ORI, WRRAWFEIR 1 h, R
PR 2T, BIANVKOK P EEE 20 min, 38 H [EA, K
e, FHE M SRR AT 2 B (Ui -FEE 1 mL @ 1d)
#3 15, ZL10 [l 4K 237 mg, YF 86%. mp 154~155 C;
'H NMR 6: 2.07 (6H, s, 2xCH;), 5.17 (2H, s, NH,),
6.15 (1H, s, ArH-6), 6.81 (2H, d, J= 8.8 Hz, ArH-2',6"),
7.55 (2H, d, J = 8.8 Hz, ArH-3',5"), 7.71 (2H, s, ArH-3",
5"), 8.06 (1H, s, ArH-3), 8.45 (1H, s, NH); MS m/z: 400
([M+H]", 100).

27 1-(4-SEFE)S-HE-6-2 6-—HE-4-FHEE
B £ ) IR (B6)

tb&49 15 (50 mg, 0.1 mmol) ¥ T THF (3 mL)
o, BRI R R = 4 (1 mL) A
WA MR B (1 mL), iR BEFEL s, B &
TR N VKA HR, I N B T S 5 v pH Mg Bk,

4 20 min, WIEH AR, KPETE, SR>
(A O-HiE 1 mL: 1d) 19B6, K442 mg, U
K 88%. mp 250~252 C; 'H NMR (CDCl;) J: 2.20
(6H, s, 2xCH3), 6.42 (1H, s, ArH-7), 7.43 2H, d, J =
8.8 Hz, ArH-3',5"), 7.46 (2H, s, ArH-3",5"), 7.86 (2H, d,
J = 8.8 Hz, ArH-2',6"), 8.17 (1H, s, imidazole-H), 8.55
(1H, s, ArH-4); MS m/z: 380 ([M+H]", 100),
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