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N- Z B ESALE R 1T A IR0 — KB B N- B KRR M1, T S 4R

B EINBE TR
B fF° wmmE  WEHR’

( ZEMNE TR AL T AR 221 730050)
C R ERL BB LM S ERE AT 22H 730050)

AL B

BE AT 74 N-SBREEMEMmEAL &1 2a~2g R 7 ASH R 2K ER R N- ZBEIE UL e AL &) da~dg, TBIAZR
JLPRWE . TER AT G A AL ST TR, FF A 3-4,5- W SEnEng-2-J8)-5-(3- R 3 H A JE 5 5E)-2-(4-
R )2 H-PU P (MTS =R T e AT T A g8 20 (A 549) . A B/ N2 i it e 4 B (HL 1299) AN L8 40 S (MCF-7) = 25
YNRAR AR SN M. SR EOR, BTE G E YRR IS — e fHIER, HAp 3,3-(4,4- TR BRE) W[ 1- LBk
FE-5-(3,4- 0 H 3k AR ) -2- L MK  (4e) X A549, H1299 FiI MCF-7 = 35 4R Motk BoG B UM R & Mk, B 50dm )ik
JE(ICs)3 528 16.91, 10.09, 10.97 umol/L.

KRR N-ZBESE LRI, N-Z RS U e 2 PR

Syntheses and in vitro Antitumor Activities of N-Acetyl Pyrazolines
and Diphenyl Etheryl N-Acetyl Bis-pyrazolines

Tan, Wei* Sun, Shigi” Guo, Huichen®
(“ School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050)

Zhang, Yingpeng™“ Yang, Yunshang”

(* Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou 730046)

Abstract Seven N-acetyl pyrazolines 2a~2g and seven N-acetyl bis-pyrazolines 4a~4g with diphenyl etheryl moiety were
synthesized and characterized by "H NMR,"*C NMR, elemental analysis and ESI-MS, and their in vitro antitumor activities on
A549, H1299 and MCF-7 were evaluated by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl-2 H-
tetrazolium) (MTS) assay. The results showed those compounds exhibited potent antiproliferative effects on cancer cells,
among them compound 3,3'-(4,4'-diphenyl ether)-5,5'-bi[ 1-acetyl-5-(benzo[d][1,3]dioxo-5-yl)-2-pyrazoline] (4e) showed sig-
nificantly inhibited the growth of all three kinds of cancer cells, the ICsy values of A549, H1299 and MCF-7 were 16.91, 10.09,
10.97 umol/L, respectively.

Keywords N-acetyl pyrazoline; N-acetyl bis-pyrazoline; diphenyl ether; antitumor
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IREARTAE, S5KEMRNER T 7 A AL R Rk
N- TR O PR AL 5 ) (Bq. 2). K 3-(4,5-— &t
WE -2-J5 )-5-(3- 7R Fik HH A 05 O 0 )-2-(4- il 2R 0 )-2 - 1Y
MTS)ENR T 14 A%k A Wxk N AR e 40
(A549)« A AE /IS 4t B it i 40 B (H1299) A1 3L % 40 A
(MCF-7) = 2 40 B PR 1) 4 S e e 8 i 4

o
©)J\/\ NaHeH0 |
Ar' N~
1 2

AcOH/reflux N (1)
1a: Ar' = Ph; 1b: Ar' = 4-BrCgH,; 1c: Ar' = 4-MeOCgHy;
1d: Ar' = a-Furyl; 1e: Ar' = 4-(methylenedioxy)phenyl;
1f: Ar' = 2-BrCgHy; 1g: Ar' = 3,4,5-(Me0);C6H,

£ .7%
£ f

AcOH/requx

Ar'

3a: Ar' = Ph; 3b: Ar' = 4-BrCgH,; 3c: Ar' = 4- MeOCsH4
3d: Ar' = a-Furyl; 3e: Ar' = 3,4-(methylenedioxy)phenyl;
3f: Ar' = 2-BrCgH,; 3g: Ar' = 3,4,5-(MeO);CgH,

1 ZR5TR
1.1 BiHHERNER

FE N-ZERFEME ek ik &4 2a~2g HI& KU, K
%ﬁ%%ﬁi%%ﬁ%,sméﬁﬁwam¢&&,i
LT IR 5 7K G G IR DL B it e mk 15 55 A 7 20 —
A RSLEAT R SCHER R IE B AL 2 A, MERER 4 %%
B, RASCERAAT IR RAR T Bl 2. 78 K Eh I
N-Z BRI U e AL &4 4a~dg ()& U, B
JRERA 3a~3g S5/KEMEVK CFRK L BRBE VA7), &
AL IR, R AR IR S BRI FEAL, 15 B
MR AL A4 da~dg. /KA BERTOCE 2K R 5420 58 1)
R 201, KRBT Sr, T EA Rk A g (HK
AR R K, BN RS2, et R, L
VK BRI, KA BRI R s e 5
1 REAER BT, K RIS IR B 2 B2 1) B ] DA
TLC I A HE.
1.2 RIMABETEM R

¥ A549, H1299 F1 MCF-7 =#R4 4 B 54 5%/

1986 http://sioc-journal.cn/

A-MiE R RPMI1640 35553, 7£ 37 C. & 5% CO,
M¥EFRAE R R, 5598 24X, K2R 3 AR4EMuiEFh T 96 1L
B, &L 100 pL, 3% 24 h (37 °C, 5% CO,); A
SEARFAAS R IR E R Al VA T(DMSO VA7), (RIS
391N 4.93, 29.13, 58.25, 116.50, 166.67 umol/L, F4>
WEE 3 £L, DMSO 1EBA X HE, DDPOET) A BH M X I,
FEEE 9% 48 h, BRFLIIA 20 pL MTS ¥4, 73 & 55 7840 1
7% 4 h; TEBEARX 490 nm K ALM e e E, F R
SECRE 1 e 98 2 B A K B A 2R (%), H (%) =
(OD +4—0D #1)/OD X 100%. FEFNH]K E(1Cso)E
H SPSS Siit 3 it HA3 3. 2R Wk 1 ik,

F£1 LG 2a~2g A1 4a~4g Xt A549, H1299 1 MCF-7 =
8 9e 20 B PRI AR A0 A I8 i 1k

Table 1 The cytotoxicity of the compounds 2a~2g and 4a~4g
against A549, H1299 and MCF-7

ICso/(umoleL™")

Compd. A549 H1299 MCEF-7
2a >100 >100 >100
2b 51.87 50.27 36.01
2 36.55 47.99 61.42
2d 33.47 39.90 30.02
2e 2238 36.52 26.22
o 69.53 58.32 46.57
2g 33.67 40.56 66.89
4a 98.11 90.02 88.96
4b 35.36 33.83 23.51
4c 20.67 22.19 26.01
4d 21.39 20.71 19.56
de 16.91 10.06 10.97
4f 4435 39.46 27.33
4g 19.23 21.66 17.82
DDP 16.12 18.33 10.21

© 2015 Chinese Chemical Society & SIOC, CAS

MTS PR G5 SRR B R AL & 5 — 2
YHHIRA — 52 BIAMHIVE . Bose s 1 00k o 2 B ik
J5£ (IC 5o) (B 5 90 9o 41 B 188 5 v P G AF G bt P 7 2
F_ETEURILR 2a XF A549, H1299 #1 MCF-7 =25 44
T ) 2 A 4 B (IC50) 9K T 100 pmol/L, RISt
MReIBR T da ) = SR A PR P VS R R R 2, b
I A EUREE 2b, 2¢, 2e, 2f, 2g 1 4b, 4c, 4de, 4f, 4g iGTE
TR S T U 2a A1 da, HCHE T 2 ntl bk 3
BRI E RN AR T Smdifss &, SEEys
TEPEEUE. ST AS49 A1 H1299 P94, Ak mebk 5%
FEIRIR b XA BUAR IR FL JE [A17R (2, 4b)is /N T X7
UK & B dE B A 3E 2e, 4c), B4 MCF-7 40tk A0
A (2¢>2b, 4¢>4b), XTI HEEHT MCF-7 JE4HM0 K
Z VR, B EREE 2b AT 2F, 4b A 4f R BEHIR
J55 (1C50) 75 3 3% 268 2R A o A7 Y5 AR 114 P P e 410 L 174
PO FH R T 4B A7 JREAR It k. b4 2¢ Fil 2, 4
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4g [REBAMHIE (ICs,), ML MERR 57 5 830 b B EE
HEANESE, ECAR G I TR U P B I, X AT R T
RIS NG R THEY 5T 5w A A2 G, 24t
LIRS FEIR YR I ER (2d, 4d)i, HXT A549, H1299 Al
MCF-7 = FR¥E 40 f (35 e &0 B 3 v, R Tp 405
PE. HFFEIFNN 3,4-T0 FF 3 IR 2e, de)iif, X =Fk
Ja A M #0 S s H AS A FA E VE, JC LR de X AS49
MCF-7 WiJm A& 14 )75 DDP AH24, HXT H1299
I 20 AR TE 1AL T DDP.

TIRRRIE N- L ERSEXUL ML 5 4a~4g 5 N-
LB FE N MR AL A4 2a~2g A LT b 8 5 P A X 2 v
MAREE F(E 1) EIR, N-L LM ek ib 5 9E — e bt
RS I, H ICso 1H KK, 1Cso 1B 54700 4H 0 3 5 % 1t
FUAASe, HOEPMEAIRHEAR. 2 BERE N- 2R XUAL I ik
A da~ag 1) 1Cs [AAHRTRAR, F 1Cs {HFR 4a #hI
‘BN T 50 pmol/L.  EEEAL &) 4a~4g 5 da~dg X =
PR I 20 0 D A A/ e 8 i R, e B RVR B (ICs0)
H 2b>4b, 2¢>4c, 2d>4d, 2e>4e, 2f>4f, 2g>4g, F
EAM IR BE (1Cs0) 15 B 40 M 3G Bl O 14 S AH oG, JCH 2
1hEH) 4e, H1299 Ja 20 f il ik 25 S EIR, 2e [1F)2E M|
WE(Cso)[H A 36.52 pumol/L /& 4de 1 3.63 1%, 2e X
MCF-7 Ji 24 i - B iR BE (ICs0) A 26.22 pmol/L
A& de (1] 2.39 £, de PUIRIVEEIZ LT 2e. AHRIHUAREE
ITEIL N R EERS N- 50U e bk Ak & P b e vt
PEOLT N- Mt ntk ek, HG J5E R W] A2 FH T Rk
N- BB XL kb & 5 7 s e B Re Al . N- 2%
SEME MR 2 — A, PRIk 2 (R ER RIAEF, S Ak 2K
Bk N- BB XL R AL 5 2 B 2R RS 1,
IR E AL St B A R bR s pE
DRI L 2Rk IE N- 2T 3 XUt e AL A 2o H B N-24
P L MR R A, 5 4 B 2 ) e P g i

2 Zhig

73 R 2 R B ARSI B TR, AR T 7 S V-
LR FEME PRI A A 7 S IR EE L N- 20T XU
WML &Y, PR RIRE . SR M B R T
LER, I EHIR T e 1% A549. H1299 Fil MCF-7 =2%
P8 AU HORR A AR AN PR RE 15 1. SEIR s AR, BT & R
WEYREMMA —E MHER, B oREEEE N-2 8
S UL P IR 5 22 P B e e M v T IN- L T 35 b e
AP R IEE, —OKBERE N- 2R 5E X e ik £k,
EWITH) 4e XF A549 A MCF-7 PiZSimdufrkimtt 5
DDP #H24, Xf H1299 J& 4 Motk 3% LT DDP, #J LAY
de HE—IDHE I, A A BONTE BB U 25 TR,
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3 SERSY
3.1 UHF5EH

XRC-1 A 83 s (VY 1K 22 R );
Bruker Avance 400 ! B4 HR{(TMS 9 A%, CDCI 1E
1), Vario I JGE 4 M X (#8E Elementar A ]); Es-
quire 6000 HY VA (5157 B 5 FHAX (Bruker A 7]); BEAR
{X(BIOTEK A ]); RPMI1640 #5755 Fifs 8 EF
AR AT]); MTS (Promega A F]); diffukk: AJiifigse
a1 HL(AS49) N AE/IN2H o fii e 240 M (L 1299) - FL % 41 A
(MCF-7), 35 e rp [ b Rt 2 B =2 1 45 2 #F 55 T 2 i
Foe B R e i B Wt sl Ak 2= 41

WA 1.3 S5 R8T LA k. &) 1a: mop.
54~55 COCmE!": 54~56 C); tL&% 1b: mp.
120~122 CCCHRE™: 121~123 C); (&M 1c: m.p.
73~75 COCHRERY: 73~74 C); &1 1d: m.p. 40~
41 COCHRER: 41 C); L& 1e: mp. 116~117 C
CCRrEPY: 115~117 C); (L&Y 1f: mp. 46~47 C
CCHEMEDY: 46~47 C); (L&Y 1g: mp. 173~174 C
CCHRE: 173 C); LA 3a: m.p. 203~204 C(OCHA
8P 207 C); 444 3b: mp. 186~189 C(CHAEP":
187~189 “C); L&MW 3¢: m.p. 206~208 °C(SCHR{E !
207~208 C); &) 3d: mp. 135~137 COCHMEP:
135~136 C); tL&%) 3e: m.p. 175~176 C(CCHRE:
175~176 C); k&% 3f: mp. 175~177 COCHMEP":
175~176 C); tb&% 3g: m.p. 185~187 CCCHrEP":
186~187 C).
32 ZWHE
3.2.1 N-TERA ek T £ 4 2 696 %

1E 50 mL = IR 3 B0 1T mmol (&4 14
130 puL /K& 2.5 mmol, 80%/KiE ) 30 mL VK LR,
120 CiHi#H R, TLC BREEZRMAY 1 RPLER, &
MR 200 mL 7&K, AR REAAHT H S IE, MRk
FMAT NaHCO; A7« YA NaCl ¥ VBRI 28 1 /K ek g
B, SRV, R G R 2 B Al A [ B
V(IR ZHR) - VA i) =1 : 6], 5E{kE&Y 2 4ifh.
B 2 7R3 5 s IR AE 5 H n R Fw.

1- 2k JE-3,5- AR FE-2- ML etk (2a): 11 €4 44, Uk
# 95%. m.p. 126~127 CCCHRED': 123~124 C); 'H
NMR (400 MHz, CDCl;) d: 7.74 (dd, J=6.6, 3.1 Hz, 2H,
ArH), 7.45~7.39 (m, 3H, ArH), 7.35~7.27 (m, 2H, ArH),
7.24 (t, J=6.5 Hz, 3H, ArH), 5.59 (dd, J=11.9, 4.6 Hz,
1H, C4-H), 3.75 (dd, J=17.7, 11.8 Hz, 1H, Cs-H), 3.16
(dd, J=17.7, 4.6 Hz, 1H, Cs-H), 2.42 (s, 3H, OMe); "°C
NMR (100 MHz, CDCly) &: 168.83, 152.69, 141.67,

http://sioc-journal.cn/ 1987
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131.96, 130.40, 128.92, 128.00, 127.72, 125.51, 124.60,
60.13, 42.21, 21.94; ESI-MS m/z: 264.1. Anal. calcd for
CysHsN,O: C 77.26, H 6.10, N 10.60; found C 77.25, H
10.60, N 9.09.

1- Z P e -3- 2R J -5-(4- 1R R 8- 2- I Ak (2b): 1 £
B4R, W% 96%. m.p. 108~109 CCCHRED: 110~
111 “C); "H NMR (300 MHz, CDCl;) §: 7.74 (dd, J=6.8,
3.0 Hz, 2H, ArH), 7.44 (dd, J=5.4, 3.1 Hz, 5H, ArH), 7.12
(d, J=6.6 Hz, 2H, ArH), 5.57~5.47 (m, 1H), 3.80~3.66
(m, 1H), 3.12 (dd, J=17.7, 4.8 Hz, 1H), 2.41 (s, 3H); "°C
NMR (100 MHz, CDCly) 6: 169.04, 153.88, 140.96,
132.11, 131.23, 130.58, 128.89, 127.53, 126.68, 121.63,
59.50, 42.27, 22.05; ESI-MS  m/z: 342.0. Anal. calcd
for C,7H;sBrN,O: C 59.49, H 4.41, N 8.16; found C 59.39,
H 4.40,N 8.61.

1- £ T i -3- 2R J - 5-(4- Ak R 58 )-2- itk T e (2¢0):
B AR, W 97%. mop. 110~ 111 °C (3 #k 18 B
105~107 ‘C); 'H NMR (400 MHz, CDCly) §: 7.74 (d,
J=2.6 Hz, 2H, ArH), 7.42 (s, 3H, ArH), 7.16 (d, J=8.2
Hz, 2H, ArH), 6.83 (d, J=8.1 Hz, 2H, ArH), 5.54 (dd, J=
11.4, 3.8 Hz, 1H, C4-H), 3.98~3.48 (m, 4H, Cs-H, OMe),
3.14 (dd, J=17.6, 3.7 Hz, 1H, Cs-H), 2.40 (s, 3H, OMe);
C NMR (100 MHz, CDCly) d: 168.51, 158.83, 153.61,
134.04, 131.38, 130.16, 128.62, 126.82, 126.47, 114.01,
59.36, 55.17, 42.18; ESI-MS m/z: 294.1. Anal. calcd for
CisH;sN,0,: C 77.32, H 6.43, N 9.92; found C 73.45, H
6.16,N 9.52.

1- I -3 - 2R - 5-(2- WK MR 25 )-2- ML R bk (2d): 3 £
A, WE 94%. m.p. 125~127 “C; '"H NMR (300 MHz,
CDCly) 6: 7.78~7.73 (m, 2H, ArH), 7.46~7.40 (m, 3H,
ArH), 7.29 (dd, J=1.8, 0.9 Hz, 1H, ArH), 6.35~6.26 (m,
2H, ArH), 5.69 (dd, J=11.5, 4.9 Hz, 1H, C,-H), 3.58 (dd,
J=16.2, 12.9 Hz, 1H, Cs-H), 3.44 (dd, J=17.5, 4.9 Hz,
1H, Cs-H), 2.39 (s, 3H, OMe); °C NMR (100 MHz,
CDCl3) 0: 169.12, 154.22, 152.16, 142.06, 131.35, 130.48,
128.84, 126.69, 110.67, 107.64, 53.40, 38.35, 22.11;
ESI-MS m/z: 254.1. Anal. caled for C;sH;4N,O,: C 70.85,
H 5.55, N 11.02,; found C 70.80, H 5.57, N 11.06.

1- B JE-3- 2K 3 -5-(3,4- 30 Y 3 — SR AR L )-2- L Ma ik
(2e): FELL M [E A, WFE 92%. mp. 145~146 C; 'H
NMR (300 MHz, CDCly) 0: 7.74 (dd, J=6.7, 3.1 Hz, 2H,
ArH), 7.43 (dd, J=5.1, 1.6 Hz, ArH, 3H), 6.80~6.71 (m,
2H, ArH), 6.68 (s, 1H, ArH), 5.91 (s, 2H, CH,), 5.51 (dd,
J=11.8, 4.6 Hz, 1H, C,;-H), 3.72 (dd, J=17.7, 11.8 Hz,
1H, Cs-H), 3.13 (dd, J=17.7, 4.6 Hz, 1H, Cs-H), 2.42 (s,

1988 http://sioc-journal.cn/
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3H, OMe); *C NMR (100 MHz, CDCL;) 6: 169.03, 153.97,
148.16, 147.09, 135.99, 131.42, 130.46, 128.85, 126.67,
119.19, 108.59, 106.06, 101.21, 59.83, 42.49, 22.13;
ESI-MS m/z: 308.1. Anal. calcd for C;sH(N,Os5: C 70.12,
H 5.23, N 9.09; found C 70.03, H 5.27, N 9.11.

1- £ W 5 -3- DR k- 5-(2- YR IR Jk )-2- Ik ek (26): 1 £
B, WE 96%. m.p. 159~160 ‘C; 'H NMR (300 MHz,
CDCLy) 8: 7.75~7.70 (m, 2H, ArH), 7.58 (dd, J=7.9, 1.3
Hz, 1H, ArH), 7.44~7.38 (m, 3H, ArH), 7.23 (dd, J=7.6,
1.3 Hz, 1H, ArH), 7.12 (td, J=7.6, 1.8 Hz, 1H, ArH), 7.04
(dd, J=7.7, 1.7 Hz, 1H, ArH), 5.89 (dd, J=11.9, 4.9 Hz,
1H, C4-H), 3.91~3.77 (m, 1H, Cs-H), 3.07~2.96 (m, 1H,
Cs-H), 2.49 (s, 3H, OMe); *C NMR (100 MHz, CDCL3) ¢:
168.96, 154.20, 140.13, 133.36, 131.29, 130.53, 129.14,
128.83, 128.00, 126.69, 121.73, 59.90, 41.72, 22.05;
ESI-MS m/z: 342.0. Anal. calcd for C;7H;5BrN,O: C 59.49,
H 4.41, N 8.16; found C 59.45, H 4.40, N 8.62.

1- LB 332K 3 -5-(3,4,5- = AR 3k 28 3L )-2- N 1Ak
(2g): FOMEAE, WFE 98%. m.p. 135~137 C; '"H NMR
(400 MHz, CDCL3) d: 7.77 (dd, J=6.7, 3.0 Hz, 2H, ArH),
7.45 (dd, J=5.1, 1.8 Hz, 3H, ArH), 6.45 (s, 2H, ArH), 5.54
(dd, J=11.8, 4.8 Hz, 1H, C4-H), 3.84 (s, 6H, OMe), 3.82
(s, 3H, OMe), 3.76 (dd, J=17.7, 11.9 Hz, 1H, Cs-H), 3.18
(dd, J=17.7, 4.8 Hz, 1H, Cs-H), 2.47 (s, 3H, OMe); "°C
NMR (100 MHz, CDCly) 6: 169.11, 153.99, 153.64,
137.60, 137.50, 131.34, 130.39, 128.70, 126.59, 102.43,
60.73, 60.20, 56.24, 42.55, 21.96; ESI-MS m/z: 354.2.
Anal. calcd for C,,H,,N,0,: C76.28, H 6.40, N 8.09; found
C 67.78, H 6.26, N 7.90.

3.22 ZOREXA N-TBEA S bk AT £ 40 4 696 %

7 50 mL BB NN 30 mL K L8R, Hitd: ~n
A 1 mmol 1b&4 3. 260 uL /K& (5 mmol, 80%7Ki%
), 120 Cimig g, F TLC BREF 274 RAE LA
RIS I RN, K R SN ZE TR R, BT H LA, S
U8, MR MAT NaHCO; . W1 NaCl i F1 2518
IKPEEIEYE, 15209, K= & R A 2 A ali ik
(BRI M(CBR 16 © VR HE)=1 : 3], JBEIEY 4
afifh. G 4 g, S RURRAEEE a0 AR,

3,3'-(4,4'- K TE L) WL (1- 2, Tt 5 -5- 28 2k 2- it e
h)(4a): FEEA, R 95%. mp. 190~192 C; 'H
NMR (400 MHz, CDCl5) 6: 7.82 (d, J=8.4 Hz, 4H, ArH),
7.67 (d, J=8.5 Hz, 4H, ArH), 7.34~7.29 (m, 4H, ArH),
7.26~7.22 (m, 6H, ArH), 5.61 (dd, J=11.8, 4.5 Hz, 2H,
C,.-H), 3.77 (dd, J=17.6, 11.9 Hz, 2H, Cs5-H), 3.19 (dd,
J=17.6, 4.6 Hz, 2H, Cs 5-H), 2.44 (s, 6H, OMe); *C NMR
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(100 MHz CDCl3) 6: 168.93, 153.36, 141.90, 131.00,
129.02, 127.80, 127.37, 127.27, 125.64, 60.13, 42.42,
22.10; ESI-MS m/z: 542.2. Anal. calced for C34H3oN,O5: C
75.26, H 5.57, N 10.33; found C 72.24, H 5.61, N 10.30.

3,3'-(4,4'- " HREIE) R [ 1- 2k FE-5-(4- TR 2K HE)-2- it
MR (4b): I EalEA, R 94%. m.p. 180~183 C; 'H
NMR (400 MHz, CDCly) 6: 7.72 (d, J=8.8 Hz, 4H, ArH),
7.42 (d, J=8.4 Hz, 4H, ArH), 7.09 (d, J=8.4 Hz, 4H,
ArH), 7.06 (d, J=8.8 Hz, 4H, ArH), 5.53 (dd, J=11.8, 4.6
Hz, 2H, C,,-H)), 3.79~3.65 (m, 2H, Css-H), 3.09 (dd,
J=117.7,4.7 Hz, 2H, Cs 5-H), 2.39 (s, 6H, OMe); "C NMR
(100 MHz, CDCly) d: 168.91, 158.46, 153.08, 140.91,
132.12, 128.54, 127.50, 126.93, 121.65, 119.26, 59.55,
4231, 22.02; ESI-MS m/z: 700.3. Anal. calcd for
C34H,sBr,N,O5: C 58.30, H 4.03, N 8.00; found C 58.33, H
4.33,N 8.02.

3,3'-(4,4'- — ATk L) W [1- 2 Bk 3 -5-(4- P 4R 3k R
H)-2-ME Mk (4e): I ELREAA, UEE 98%. mp. 116~
118 “C; '"H NMR (400 MHz , CDCl;) §: 7.72 (d, J=8.8
Hz, 4H, ArH), 7.14 (d, J=8.7 Hz, 4H, ArH), 7.05 (d, J=
8.8 Hz, 4H, ArH), 6.81 (d, J=8.7 Hz, 4H, ArH), 5.51 (dd,
J=11.7, 43 Hz, 2H, C,,-H), 3.72 (s, 6H), 3.66 (dd, J=
10.6, 7.1 Hz, 2H, Css-H), 3.16~3.02 (m, 2H, Css-H),
238 (s, 6H, OMe); *C NMR (100 MHz, CDCls) o:
168.75, 159.09, 158.37, 153.26, 134.16, 128.53, 127.21,
126.99, 119.22, 114.31, 59.57, 55.34, 42.43, 22.11;
ESI-MS m/z: 602.3. Anal. calced for C3sH34N4Os5: C 71.74,
H 5.69, N 9.30; found C 71.69, H 5.67, N 9.31.

3,3"-(4,4'- AR ) W[ 1- £, T 55 -5-(2- Wk g 6 )-2- it
eIk (4d): A, R 97%. mp. 190~192 C; 'H
NMR (400 MHz, CDCly) 0: 7.70 (dd, J=8.8, 2.4 Hz, 4H,
ArH), 7.27~7.19 (m, 2H, ArH), 7.02 (dd, J=8.8, 2.5 Hz,
4H, ArH), 6.34~6.17 (m, 4H, ArH), 5.68~5.54 (m, 2H,
C,1-H), 3.57~3.44 (m, 2H, Css-H), 3.36 (ddd, J=17.5,
4.5, 3.4 Hz, 2H, Css-H), 2.31 (d, J=3.0 Hz, 6H, OMe);
C NMR (100 MHz, CDCly) 6: 158.39, 153.47, 152.15,
142.03, 128.54, 127.00, 119.19, 110.64, 107.65, 53.45,
38.36, 22.03; ESI-MS m/z: 522.2. Anal. caled for
C30Hx6N4Os: C 68.95, H 5.02, N 10.72; found C 68.91, H
5.01, N 10.70.

3,3'-(4,4"- " IRTEIL) W[ 1- £ FEHE-5-(3,4- 30 H 2 — 4K
IRHE)-2-ME MK (de): AL, iE 93%. m.p. 210~
212 C;'"H NMR (400 MHz, CDCly) 6: 7.93 (d, J=8.7
Hz, 4H, ArH), 7.73 (d, J=8.6 Hz, 4H, ArH), 7.06 (d, J=
8.7 Hz, 4H, ArH), 7.01 (d, J=8.7 Hz, 4H, ArH), 6.65 (s,
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2H, CH,), 5.47 (dd, J=11.8, 4.4 Hz, 2H, C, -H), 3.67 (dd,
J=17.7, 11.8 Hz, 2H, Cs5-H), 3.08 (dd, J=17.7, 4.5 Hz,
2H, Css-H), 2.54 (s, 6H, OMe); "C NMR (100 MHz,
CDCLy) 6: 196.74, 168.83, 161.04, 157.58, 153.08, 148.17,
147.11, 135.93, 132.63, 130.77, 128.57, 127.67, 119.95,
119.16, 118.05, 108.57, 106.03, 101.21, 59.91, 42.50,
26.59, 22.08; ESI-MS m/z: 630.2. Anal. calcd for
C36H30N405: C 68.56, H 4.79, N 8.88; found C 68.50, H
4.82, N 8.86.

3,3"-(4,4'- ZIRBEFL) AU [1- £, FE-5-(2- TR R HL)-2- i
IR (46): R, R 92%. mp. 192~193 C; 'H
NMR (400 MHz, CDCl; ) d: 7.70 (d, J=8.8 Hz, 4H, ArH),
7.57~7.53 (m, 2H, ArH), 7.22 (d, J=7.5 Hz, 2H, ArH),
7.09 (td, J=7.7, 1.5 Hz, 2H, ArH), 7.02 (d, J=8.7 Hz, 6H,
ArH), 5.86 (dd, J=11.8, 4.7 Hz, 2H, C,,-H)), 3.82 (dd,
J=17.7, 11.8 Hz, 2H, Cs5-H), 2.99 (dd, J=17.7, 4.8 Hz,
2H, Css-H), 2.46 (s, 6H, OMe); "C NMR (100 MHz,
CDCly) 0: 168.81, 158.42, 153.46, 140.12, 133.37, 129.17,
128.56, 128.02, 126.96, 121.73, 119.18, 59.98, 41.76,
22.03; ESI-MS m/z: 700.3. Anal. calcd for C34,H,sBroN4O;:
C 58.30, H 4.03, N 8.00; found C 58.33, H 4.33, N 8.02.

3,3-(4,4"- IR I W[ 1- L F:-5-(3,4,5- = A 3
IRIE)-2-ME MK (4g): BB EAE, 10 92%. mp. 129~
130 “C; '"H NMR (400 MHz, CDCly) d: 7.71 (d, J=8.8
Hz, 4H, ArH), 7.05 (d, J=8.8 Hz, 4H, ArH), 6.39 (s, 4H,
ArH), 5.50 (dd, J=11.8, 4.7 Hz, 2H, C,;-H)), 3.79 (s,
12H, OMe), 3.76 (s, 6H, OMe), 3.71~3.66 (m, 2H,
Css-H), 3.11 (dd, J=17.7, 4.8 Hz, 2H, Cs5-H), 2.41 (s,
6H, OMe); *C NMR (100 MHz, CDCly) §: 169.01,
158.41, 153.71, 153.34, 137.70, 128.52, 127.04, 119.22,
102.31, 60.82, 60.29, 56.20, 42.70, 22.06; ESI-MS, m/z:
722.3. Anal. caled for C4;0H4oN4Oo: C 66.47, H 5.86, N
7.75; found C 66.44, H 5.80, N 7.78.

% Bh #1 £l (Supporting Information) 1L&%) 2a~2g,
4a~4g () 'TH NMR 1 °C NMR i, X bR ] DL %
2 WAFI 335 (http://sioc-journal.cn/) | N %K,
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