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Abstract A total of 22 new heterocyclic hydrazones and their bioisosteric compounds were synthesized and evaluated for
their activity against Mycobacterium tuberculosis, strain H37Rv. All newly synthesized compounds showed inhibitory activi-
ties. Among these compounds, (1E,4E)-1,5-bis(5-bromo-2-thiophenyl)-1,4-pentadiene-3-one-(1,4,5,6-tetrahydro-2-pyrimi-
dimyl)-hydrazone (1d) showed the most effective anti-tubercular activity with MICy, value of 2 pg/mL, and exhibited an ex-
cellent inhibitory activity against isoniazid-resistant strain 242, multidrug-resistant strain 2312, and extensively drug-resistant

strain 1220 with MICy, values of 0.25, 1.0 and 0.5 pg/mL, respectively.
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225 K2 (TB) S 1 452 45 K AT 1 (MTB) 31 Ay — R
P, BRI RS R T, MAAKBRTE
KEFA. FUET SO 2T B M2 ik
TF R J AT A AL ), 0 19 0 A .
SEAESK, BT KR, 7 T R L
LU RIBE T AR ) S R0, B, LR
R I RE B A BT VIR 2, R VA B e FE K
2012 4, SEREASE 860 T3 NZHNELL, £ 130 75 ABE
I IO gRAN, BUA AR R T T TR K,
FATE 6 ML, BEIRIR. TR BT R
R RIS 7 T B U S 4 K B S
LA RO TR T R B AN BE, B S R 25

* E-mail: xzzou@chem.ecnu.edu.cn

HE M PR FE R By BEUOOL (RS 72 JF & B A AR
FRU S 252800 BRI 22 245 BRI i 24 18 R B R RE A
R A AR T 2 T E A B E AR,
KA Em T BASE. P HIV. HomaE L s
LR AR, Uk L T2 B E Y, — L
KA EWE BA & RO TESL BTN T FRE KA
FUSCEVE LA, G R T — SR IR 55 I IR B e e &
PR, SRR AN R I S AL 2. R
AR BN AL, BRATIHEN 2 PR 2 A A )
W A] BN 45 4% B B A A I, TR T
— LG O ) 2 IR R A & (B 1), FRIE
T IX AL S WX S5 % o BOMF B B R H37Rv (ATCC

Received December 4, 2014; revised January 21, 2015; published online February 2, 2015.

1310 http://sioc-journal.cn/

A ©2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 1310~1319



Chinese Journal of Organic Chemistry

27294) IR G PE(EE 1).
CH3O& )KG iN NH-Z
S M- e

X%—%
Yz

3a~3b

X
<
Y Z
2a~ 2e
B mEIRFE R &2z g

Figure 1 Chemical structures of isoniazone and synthesized
compounds
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Reagents and conditions: (a) acetone or MeCOQY, ethanol, 10%
NaOH, —5~0 C and then to r.t., 6 h; (b) NH,NH-Z*HBr, ethanol,
concentrated HBr, saturated Na,CO; and reflux; (c)
(CH3),S/(CH3),S0,4/t-BuOK, CH,Cl,, ice-salt bath; (d) amine
(1,4,5,6-tetrahydropyrimidin-2-amine, pyrimidin-2-amine, pyrazin-2-
amine or 1H-1,2,4-triazole), NaOH, DMF, 50 C; (e) concentrated
HCI (1) or HCI (g), THF, r.t.

AR 1 &Y 1a~1p K& R L
Scheme 1 Synthetic route of xcompounds 1a~1p
[ e 45 VR AER 1. SR IR &4 1b R
BTG TE, e MICo A 8 ug/mL. 4MEmy BRIk
IR (1a). MEREFR(1h) « ZREF(D)EUR, HADEETEEA
TF%, MICoo 734 32 16 F1 32 pg/mL. HF4L&4) 1h
7E DMSO H ¥ AR LR /DN, DRI E 1 MIC oo 1 R RE 1EE A
MHE. WEEA 2-EWIRRHEY) 1by 1c M1 1d, A%
M SEULAY 1e ATEE IS T FE(MICq N 32
ug/mL); TR 5L &P 1d B0 TS PR
(MICo A 2 pg/mL). WEREH 2-MEM IR ED
1d.1e F1 1f, KICEATHIHMEE G HEAHZE A K, MICop 53531
N2, 4R 8 pg/mL, #RDH BT I EEYE, Y Z
0 I (0 K /N R B BE (R A7 A 5 75 066 & P I 40 i s
PERZIRA K. Z 9 1,4,5,6-IU%- 2-B5ng HEmt (1d), 2R
B A ENETEMICe N 2 pg/ mL). BAAKHFREAL
Rt &Y 1j~1p £ DMSO A RIFIITE AR TE, X545
K% o3 BT TR 22 Bt AR A5 0 B TS PE (MG N 4~ 32
ug/mL). HAEY) 1o TR s MG 1 (MICy,
N4 pg/mL). FEH1,4,5,6-DU5-2-WEEHE N 1,4,5- = 5(-2-
K IE L (1) R 1,4,5,6-DU5-5,5- — F KL 2-m5 03 F (1p) #i &>
SRR VERE A T FEMICo N 8 pg/mL). L&Y
1j~1m MRS LA R &4 In~1p 5K
1
FRRAEY) 2a~2e tHFFE RS H AR TS
P, MICoo 1 8~16 ug/mL, ‘&A1 1#E DMSO H 4 1R 4
AR, 2 Z RO E AR LAY 2b~2d (401
TEPELL Z IR A AR AL A 2a K. LAY 2b I —
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Table 1 Anti-mycobacterial activities of heterocyclic hydrazones and their bioisosteric compounds against MTB (strain H37Rv)
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Compd. X Y z MICo¢*/(ngemL ")
HN
: e D= D .
N
HN
N
HN
2e //KTTK\B 44<<::>%70| AfHN44§::> 8
S r N
N
3a 44%<::>F*CI 44%<::>%*CI N 32
\=N
—N
3b /(;Lm Ql 8
SM? 0.5~1
INH® <0.0625
RFP¢ <0.0625
EMB® 0.5~1

“MICgo: 90% minimal inhibitory concentration. * SM: streptomycin. ¢ INH: isoniazid.  REP: rifampicin. “ EMB: ethambutol.
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HP6890-5973N Jii 4% 5E ; 4% »i BH Yanano MP 500 %
R E CRAZIE). WA T, %05 872k 1T 4
LRGN

31 EYIMER

2.1.1 ¥ AAR(LEAE)-1,5- — B AR~ /X, = Hi-3-B7 (5a~
Se) 9 #] &-

5 mL 10% NaOH #1 10 mL ZEEIER, UK
HE—5~0 C. MINHEE 4 (5 mmol). HEH(2.5 mmol)
A8 mL 2 BRI, dRE B 6 h 2 JFURNE 2%, i
I8, WO A, FKBEZ R, Hr= 4 A i

(1EAE)-1,5- —(2"-FRIR J£)-1,4- 1% — Jd-3-F (Sa): 1k
E 96%, WO K. mp. 49~51 COCHERERY 50~
53 °C); 'H NMR (500 MHz, CDCl;) 6: 6.48~6.49 (m, 2H,
FuH), 6.67 (d, J=3.4 Hz, 2H, FuH), 6.91 (d, J=15.6 Hz,
2H, CH=CH), 7.47 (d, J=15.6 Hz, 2H, CH=CH), 7.49
(s, 2H, FuH).

(1EAE)-1,5-—.(2"- MW} 38)-1,4- 1% —4%-3-H{ (5b): Uk
K 92%, HAEA. mp. 115~117 COCHRERY 115~
117.5 °C); '"H NMR (500 MHz, CDCLy) 8: 6.82 (d, J=15.6
Hz, 2H, CH=CH), 7.08 (dd, J=3.7, 5.0 Hz, 2H, ThH),
7.34 (d, J=3.5 Hz, 2H, ThH), 7.42 (d, J=5.1 Hz, 2H,
ThH), 7.85 (d, J=15.6 Hz, 2H, CH=CH).

(1E,4E)-1,5- . (5'- FA Fk -2'- g Wy JL)-1,4- [, — )5 -3- i
(5¢)°: IR 100%, BERY. 'H NMR (500 MHz, CDCls)

http://sioc-journal.cn/ 1313
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5: 2.52 (s, 6H, CH3), 6.67 (d, J=15.6 Hz, 2H, CH=CH),
6.74 (d, J=2.8 Hz, 2H, ThH), 7.13 (d, J=3.2 Hz, 2H,
ThH), 7.75 (d, J=15.6 Hz, 2H, CH=CH).

(1E4E)-1,5- — (5'- {8 -2'- ME Wy J)-1,4- 1% — I -3-
AP IR 82%, K. mp. 129~130 C; 'H
NMR (500 MHz, CDCly) d: 6.67 (d, J=15.0 Hz, 2H,
CH=CH), 7.04 (d, J=4.0 Hz, 2H, ThH), 7.08 (d, J=4.0
Hz, 2H, ThH), 7.70 (d, J=15.0 Hz, 2H, CH=CH).

(1EAE)-1,5- (45K FE)-1,4- 1% —J-3-F (5g): 1
B 71%, HEOEE mp. 193~194 COCHRERY 192~
194 “C); '"H NMR (500 MHz, CDCl;) 6: 7.03 (d, J=16.0
Hz, 2H, CH=CH), 7.39 (d, J=8.4 Hz, 4H, ArH), 7.55 (d,
J=8.4 Hz, 4H, ArH) 7.81 (d, J=16.0 Hz, 2H, CH=CH).
3.1.2 W EAK(1EA4E)-1,5- = (2'- "% £ )-1,4- % = # -
3-ER(5e) 89 #] &

(1E,4E)-1,5- —(2'-MEWE J)-1,4- 18— )i -3- i (Se) 1T
BEOCHRI26, 3915 LT, R 84%, T MK, mp.
148 ~150 C(CHAME 145~146 C); '"H NMR (500
MHz, CDCl3) d: 7.16 (d, J=16.0 Hz, 2H, CH=CH), 7.41
(d, J=6.0 Hz, 4H, PyH), 7.63 (d, J=16.0 Hz, 2H, CH=
CH), 8.67 (d, J=6.0 Hz, 4H, PyH).

3.1.3 ¥ M4KR(1E,4E)-1,5- = (2'- &.-5-#t 7% 4 )-1,4- 1%
— Hh-3-BA(56) 49 H) &

(1EAE)-1,5-—.(2'-5-5- ML 5)-1,4- 15— Ji-3- lil (55)
(] 25 F SCHR[26, 3917 EHEAT: WL 69%, KA.
m.p.>200 ‘C; '"HNMR (500 MHz, CDCl5) 6: 7.10 (d, J=
16.0 Hz, 2H, CH=CH), 7.41 (d, J=8.3 Hz, 2H, PyH),
7.71 (d, J=16.0 Hz, 2H, CH=CH), 7.89 (d, J=8.4 Hz,
2H, PyH), 8.61 (s, 2H, PyH).

3.1.4  PIaAR 1,3- =B AX 7 M BRA(Sh~5Kk) &9 4] &

15 mL 10% NaOH Al 8 mL ZBERITER, VKRR
HAE—5~0 C. MhNHEEE 4 (6 mmol), il MeCOY (6
mmol) 1 20 mL ZBEAL R, 4kEL R N 6 h 2 5 RHH
K, 1HUE, WCEREME, HAKER S, YA E
afifh.

E-1-(5"- {5 -2'- 18 1y £ )-3-(2'- 5 -5'- Atk g 2 ) 1 445
(5h): B 65%, HEOEHA. mp. 188~189 C; 'H NMR
(500 MHz, CDCl;) §: 7.21 (d, J=4.1 Hz, 1H, ThH), 7.38
(d, J=15.6 Hz, 1H, CH=CH), 7.44 (d, J=8.3 Hz, 1H,
PyH), 7.64 (d, J=4.1 Hz, 1H, ThH), 7.80 (d, J=15.6 Hz,
1H, CH=CH), 7.93 (dd, J=2.5, 8.5 Hz, 1H, PyH), 8.65
(d, J=2.2 Hz, 1H, PyH); C NMR (125 MHz, CDCl;) ¢:
122.86, 124.68, 131.39, 131.54, 131.89, 132.28, 137.06,
138.07, 139.21, 148.84, 149.85, 179.99. Anal. calcd for
C1,H;NOCIBrS: C 43.84, H 2.51, N 4.27; found C 43.93,

1314 http://sioc-journal.cn/
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H2.48,N4.21.

E-1,3-7(5'-1R-2'- MWy B UGB (Si): YR 85%, #
n k. mp. 144~146 CCCHREN" 144 C); '"H NMR
(500 MHz, CDCl;) d: 6.98 (d, J=15.2 Hz, 1H, CH=CH),
7.06 (d, J=3.8 Hz, 1H, ThH), 7.10 (d, J=3.8 Hz, 1H,
ThH), 7.14 (d, J=4.0 Hz, 1H, ThH), 7.54 (d, J=4.0 Hz,
1H, ThH), 7.81 (d, J=15.2 Hz, 1H, CH=CH).

E-1,3-(4-5 AR ) NI (S)): UE 88%, B {hdh
. m.p. 161~162 “CCCHRE" 156~157 “C); '"H NMR
(500 MHz, CDCl;) d: 7.40 (d, J=8.5 Hz, 2H, ArH), 7.46
(d, J=15.2 Hz, 1H, CH=CH), 7.48 (d, J=8.4 Hz, 2H,
ArH), 7.58 (d, J=8.5 Hz, 2H, ArH), 7.76 (d, J=15.2 Hz,
1H, CH=CH), 7.96 (d, J=8.5 Hz, 2H, ArH).

E-1-(4'- 5 2K 5 )3-(5'- 18R -2'- W& 3 35 ) 75 445 i (Sk): UK
K 86%, HOAA. mp. 133~134 COCHREM 125~
126 °C); '"H NMR (500 MHz, CDCl;) 6: 7.06 (d, J=3.8
Hz, 1H, ThH), 7.11 (d, J=3,8 Hz, 1H, ThH), 7.17 (d, J=
15.3 Hz, 1H, CH=CH), 7.47 (d, J=8.5 Hz, 2H, ArH),
7.82 (d, J=15.3 Hz, 1H, CH=CH), 7.93 (d, J=8.5 Hz,
2H, ArH).

3.1.5 (1EA4E)-1,5- =B K- % =M -3-BAiF (la~1p) &9
#) &

TEEAE 5 (5 mmol)Fl 2-BUAR IR E(S mmol)
(1130 mL LB, W0 3 IRERER, i B,
N3 h AR R ER, S8 IR NaCOs ¥ 10
mL, FiRHEEER, A 10 mL & ke, 7 AN,
KA 10 mL &AL, SHANUE, T8, ek
TR, 1SR A, KL= Prs w4 alidk.

(1EAE)-1,5- = (2'- Wk R 2% )-1,4- 13 — 45 -3- T -(1',4',
56" DU & g ) i (1a): IR 90%, & €0 gk, mup.
140~141 C (from isopropanol); 'H NMR (500 MHz,
CDCly) 6: 1.96 (s, 2H, CH,), 3.36 (s, 2H, NCH,), 3.40 (s,
2H, NCH,), 5.20 (br s, 1H, NH), 6.31 (d, J=3.5 Hz, 1H,
FuH), 6.39 (br s, 3H, FuH), 6.53 (s, 1H, NH), 6.88~6.96
(m, 3H, CH=CH), 7.38 (s, 1H, FuH), 7.40 (s, 1H, FuH),
7.47 (d, J=16.5 Hz, 1H, CH=CH); C NMR (125 MHz,
CDCl3) 6: 21.91, 38.99, 39.11, 108.20, 109.45, 111.65,
111.74, 117.17, 118.73, 120.56, 125.37, 141.89, 142.50,
146.20, 153.65, 153.92, 157.23; IR (KBI) Viax: 2883, 2172,
1655, 1627, 1400, 1375, 1110, 1076, 1018, 966, 926, 744
cm . Anal. caled for C;H;sN,Oy: C 65.80, H 5.81, N
4.52; found C 65.91, H 5.79, N 4.58.

(1EAE)-1,5- = (2'- M Wy 55 )-1,4- 1% — 45 -3- T -(1',4',
5',6"- DY & M g ) fiE (1b): I 91%, (0 diik. mup.
188 ~189 “C (from methanol); 'H NMR (500 MHz,

Chin. J. Org. Chem. 2015, 35, 1310~1319
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CDClLy) 0: 1.99 (t, J=6.0 Hz, 2H, CH,), 3.39~3.42 (m,
4H, NCH,), 6.52 (s, 1H, NH), 6.84 (d, J=16.0 Hz, 1H,
CH=CH), 6.99 (s, 2H, ThH), 7.02 (s, 1H, ThH), 7.10 (s,
1H, ThH), 7.17 (d, J=4.5 Hz, 1H, ThH), 7.20~7.23 (m,
3H, ThH, CH=CH), 7.39 (d, J=16.0 Hz, 2H, CH=CH);
BC NMR (125 MHz, CDCl;) o: 21.89, 39.01, 39.06,
120.09, 122.79, 124.03, 125.12, 125.82, 126.13, 126.71,
126.91, 127.59, 127.60, 143.38, 143.57, 146.43, 157.14; IR
(KBr) vma: 3120,2169, 1658, 1633, 1400, 1381, 1320,
1267, 1116, 1073, 1003, 938, 698 cm '. Anal. calcd for
Ci7HsN4S»: C 59.65, H 5.26, N 16.37; found C 59.75, H
5.16,N 16.37.

(1E4E)-1,5-(5'- F B2 1wy 36 )-1,4- 1% —J5-3- il -
(1,4',5',6"- VU & m g JE ) i (le): R 78%, ¥ o di 4.
m.p. 205~207 ‘C (from chloroform); '"H NMR (500
MHz, CDCl;y) 6: 1.93~1.97 (m, 2H, CH,), 2.47 (s, 6H,
2CH3), 3.35 (t, J=5.2 Hz, 2H, NCH,), 3.39 (d, J=3.2 Hz,
2H, NCH,), 5.30 (s, 1H, NH), 6.49 (s, 1H, NH), 6.62 (s,
2H, ThH), 6.71 (d, J=15.9 Hz, 1H, CH=CH), 6.80 (d,
J=3.2 Hz, 1H, ThH), 6.86 (d, J=3.2 Hz, 1H, ThH), 7.13
(d, J=15.9 Hz, 1H, CH=CH), 7.14 (d, J=16.5 Hz, 1H,
CH=CH), 7.28 (d, J=16.0 Hz, 1H, CH=CH); *C NMR
(125 MHz, CDCly) §: 15.69, 15.76, 21.99, 39.00, 39.10,
118.94, 123.24, 125.60, 125.77, 125.83, 126.12, 126.51,
127.05, 138.90, 140.10, 141.34, 141.56, 146.87, 156.99; IR
(KBr) vmax: 3381, 3120, 2849, 2163, 1624, 1609, 1536,
1436, 1403, 1387, 1313, 1295, 1120, 1070, 1009, 963, 910,
796 cm'. Anal. caled for CjoHp,N,S,: C 61.62, H 5.95, N
15.14; found C 61.72, H 6.01, N 15.24.

(1E4E)-1,5- (5" J& -2"- W& Wy J£)-1,4- 1 — I -3- 1 -
(1,4,5,6"- DY & ms e F) g (1d): WF 80%, i th ik,
m.p. 205~206 ‘C (from methanol); '"H NMR (500 MHz,
CDCl3) 6: 1.99 (t, J=5.5 Hz, 2H, CH,), 3.42 (t, J=6.5 Hz,
4H, NCH,), 5.09 (br s, 1H, NH), 6.50 (s, 1H, NH), 6.70 (d,
J=15.9 Hz, 1H, CH=CH), 6.75 (d, J=3.7 Hz, 1H, ThH),
6.81 (d, J=3.7 Hz, 1H, ThH), 6.92~6.94 (m, 2H, ThH),
7.06 (d, J=15.8 Hz, 1H, CH=CH), 7.11 (d, J=16.5 Hz,
1H, CH=CH), 7.28 (d, J=17.4 Hz, 1H, CH=CH); "*C
NMR (125 MHz, CDCl5) §: 21.90, 39.08, 110.70, 111.97,
120.07, 121.99, 125.45, 125.98, 126.96, 127.10, 130.50,
130.52, 144.97, 145.14, 145.66, 157.18; IR (KBI) Vi
2956, 2166, 1624, 1415, 1375, 1312, 1252, 1116, 1076,
1003, 970, 914, 787 cm™'. Anal. calcd for C;7H;N4Br,S,:
C41.71, H4.19, N 10.89; found C 41.82, H 4.22, N 10.95.

(1E4E)-1,5- . (5"- 8% -2'- W& Wy J&)-1,4- 1 — I -3- il -
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(14,5- =5 -2-Bk M iR (1e): R 83%, 15 i fibfA.
m.p. 154~155 C (from methanol); '"H NMR (500 MHz,
CDCl) 6: 3.61 (s, 2H, NCH,), 3.62 (s, 2H, NCH,), 5.74 (s,
br, 1H, NH), 6.69 (d, J=16.0 Hz, 1H, CH=CH), 6.78
(d, J=3.5 Hz, 1H, ThH), 6.87 (d, J=3.5 Hz, 1H, ThH),
6.94 (t, J=3.5 Hz, 2H, ThH), 7.04 (d, J=16.5 Hz, 1H,
CH=CH), 7.12 (d, J=16.5 Hz, 1H, CH=CH), 7.28 (d,
J=17.0 Hz, 1H, CH=CH); *C NMR (125 MHz, CDCl;)
0: 42.47, 42.66, 111.31, 112.53, 120.24, 123.68, 126.06,
126.09, 126.63, 127.43, 130.58, 130.63, 144.48, 144.71,
149.19, 165.04; IR (KBr) vma: 2923, 1618, 1508, 1481,
1422, 1382, 1282, 1053, 963, 787 cm ', Anal. caled for
C16H14N4Br»S,: C 40.20, H 3.93, N 12.01; found C 40.15,
H 3.90, N 11.95.

(1EAE)-1,5-—(5"- 5 -2'- & Wy %&£ )-1,4- 1% — 475 -3- il -
(1',4',5.,6'- DY & -5",5"- — FF 2 -0t w6 ) Ji (1): g %6
77%, Wk mp. 106~108 ‘C (from methanol); 'H
NMR (500 MHz, CDCls) é: 1.11 (s, 6H, 2CHj3), 3.06 (s,
2H, NCH,), 3.08 (s, 2H, NCH,), 6.52 (s, 1H, NH), 6.70 (d,
J=16.0 Hz, 1H, CH=CH), 6.75 (d, J=2.1 Hz, 1H, ThH),
6.82 (d, J=2.4 Hz, 1H, ThH), 6.93 (t, J=2.4 Hz, 2H,
ThH), 7.04 (d, J=15.5 Hz, 1H, CH=CH), 7.10 (d, J=
17.0 Hz, 1H, CH=CH), 7.28 (d, J/=19.0 Hz, 1H, CH=
CH); '*C NMR (125 MHz, CDCls) ¢: 24.43, 28.68, 50.80,
110.79, 112.06, 119.97, 122.24, 125.70, 126.06, 127.05,
130.51, 144.91, 145.08, 145.85, 156.20; IR (KBI) Vi
2950, 2920, 1594, 1418, 1392, 1365, 1286, 1262, 1096,
1053, 963, 791 ¢cm '. Anal. caled for C oHyN,Br1,S,: C
43.82, H 4.41, N 9.46; found C 43.79, H 4.40, N 9.49.

(1EAE)-1,5- — (2'- Wik W 2% )-1,4- 1% = I -3- i -
(14,56 VU mEnE 5 g (1g): IR 72%, -3 (k.
m.p. 252~253 ‘C (from methanol); '"H NMR (500 MHz,
CDCLy) d: 2.0 1 (t, J=6.0 Hz, 2H,CH,), 3.41 (s, 2H,
NCH,), 3.44 (s, 2H, NCH,), 5.45 (br s, 1H, NH), 6.60 (s,
1H, NH), 6.97 (d, J=16.0 Hz, 1H, CH=CH), 7.02 (d, J=
17.0 Hz, 1H, CH=CH), 7.23 (d, J=16.0 Hz, 1H, CH=
CH), 7.33 (d, J=6.0 Hz, 2H, PyH), 7.40 (d, J=6.0 Hz,
2H, PyH), 7.81 (d, J=17.0 Hz, IH, CH=CH), 8.55~8.58
(m, 4H, PyH); "C NMR (125 MHz, CDCly) J: 18.12,
42.51, 42.65, 120.94, 121.28, 124.51, 128.70, 130.75,
131.17, 144.53, 144.63, 149.67, 150.20, 165.11; IR (KBr)
Vmax. 3226, 2359, 1582, 1419, 1366, 1260, 1230, 1117,
1097, 994, 964, 921, 808 cm™'. Anal. calcd for CoH,Ng:
C 67.32, H 6.12, N 24.70; found C 67.40, H 6.06, N
24.75.
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(1EAE)-1,5- — (2'- §-5"- ML g J)-1,4- 158 — I -3- i -
(1,4,5,6"- T4 & s e 2 ) g (1h): I 80%, o Al 44
m.p. 240~242 °C (from methanol); '"H NMR (500 MHz,
CDCls) 0: 1.99~2.02 (m, 2H, CH,), 3.41 (s, 2H, NCH,),
3.44 (s, 2H, NCH,), 5.60 (s, 1H, NH), 6.7 (s, 1H, NH),
6.98~7.08 (m, 3H, CH=CH), 7.29~7.31 (m, 2H, PyH),
7.66 (d, J=16.8 Hz, 1H, CH=CH), 7.76~7.79 (m, 1H,
PyH), 7.88~7.90 (m, 1H, PyH), 8.44~8.46 (m, 2H, PyH);
BC NMR (125 MHz, CDCly) d: 21.89, 39.22, 122.87,
124.18, 124.20, 124.29, 127.65, 129.55, 132.32, 132.45,
135.19, 135.60, 145.77, 148.15, 148.60, 149.63, 150.26,
157.38; TR (KBr) vma: 3387, 3042, 2964, 1609, 1506,
1461, 1371, 1198, 911, 824, 719 cm '. Anal. calcd for
C1oH 5CuNg: C 56.87, H 4.52, N 20.94; found C 56.99, H
4.53, N 21.01.

(1EAE)-1,5- — (4- 5 7K 2 )-1,4- 1% = I -3- T -
(1',4',5",6"- VU S mEng 30 i (10): Wk 89%, # A, mup.
198~200 ‘C (from ethanol); '"H NMR (500 MHz, CDCl5)
5: 1.84~1.88 (m, 2H, CH,), 3.26 (s, 2H, NCH,), 3.35 (s,
2H, NCH,), 6.04 (s, 1H, NH), 6.56 (s, 1H, NH), 7.00~
7.07 (m, 3H, HC=CH), 7.26~7.30 (m, 4H,ArH), 7.41 (d,
J=8.5 Hz, 2H, ArH),7.46 (d, J=8.5 Hz, 2H, ArH), 7.64
(d, J=16.8 Hz, 1H, HC=CH); “C NMR (125 MHz,
CDCly) 6: 21.89, 39.03, 121.30, 127.66, 128.12, 128.57,
128.78, 131.59, 132.86, 133.47, 136.12, 136.33, 147.04,
157.23; TR (KBr) v 3394, 3171, 2972, 1641, 1592,
1541, 1492, 1373, 1120, 965, 818, 696 cm™'. Anal. calcd
for C5;HCLLNy: C 63.17, H 5.01, N 14.03; found C 63.43,
H 5.02, N 14.10.

E-1-(5'- & -2'- g Wy £ )-3-(2"- & -5"- ML g 5% ) 74 44 T -
(1'4',5"- = & -2-Bk M ) B (1): USSR 70%, #8 (0 Sh k.
m.p. 198~199 °C (from ethanol); '"H NMR (500 MHz,
CDCly) 6: 3.43 (t, J=5.6 Hz, 4H, NCH,), 5.10 (s, 1H,
NH), 6.55 (s, 1H, NH), 7.02 (d, J=4.4 Hz, 1H, ThH), 7.15
(d, J=16.0 Hz, 1H, CH=CH), 7.20 (d, J=4.4 Hz, 1H,
ThH), 7.21 (d, J=16.0 Hz, 1H, CH=CH), 7.28 (d, J=8.4
Hz, 1H, PyH), 7.78 (dd, J=2.4, 8.4 Hz, 1H, PyH), 8.43 (d,
J=2.4 Hz, 1H, PyH); *C NMR (125 MHz, CDCl;) o
39.23, 117.21, 124.17, 124.78, 125.44, 127.48, 128.06,
132.34, 135.30, 136.08, 140.47, 148.32, 149.72, 156.89; IR
(KBI) vimax: 3396, 2957, 2862, 1596, 1571, 1460, 1378,
1264, 1128, 964, 768 cm™'. Anal. calcd for C,sH;;Br-
CIN;S: C 43.86, H 3.19, N 17.05; found C 43.99, H 3.20,
N 16.99.

E-1-(5"- 8 -2'- ME Wy FE)-3-(2'- & -5'- Nt g F2% ) 79 04 -
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(14,56 VY & s g B ) i (1K) R 75%, #0051k
m.p. 205~206 ‘C (from methanol); '"H NMR (500 MHz,
CDCLy) ¢: 2.02~2.07 (m, 2H, CH,), 3.46 (t, J=5.2 Hz,
4H, NCH,), 5.02 (s, 1H, NH), 6.52 (s, 1H, NH), 7.02 (d,
J=4.2 Hz, 1H, ThH), 7.15 (d, J=16.0 Hz, 1H, CH=CH),
7.20 (d, J=3.9 Hz, 1H, ThH), 7.22 (d, J=15.7 Hz, 1H,
CH=CH), 7.29 (d, J=8.3 Hz, 1H, PyH), 7.78 (dd, J=2.3,
8.3 Hz, 1H, PyH), 8.45 (d, J=2.2 Hz, 1H, PyH); *C NMR
(125 MHz, CDCly) o: 21.90, 39.22, 117.24, 124.18,
124.81, 125.46, 127.47, 128.08, 132.34, 135.29, 136.08,
140.53, 148.32, 149.74, 156.89; IR (KBr) Vpax: 3396, 2957,
2862, 1597, 1572, 1460, 1308, 1264, 1128, 964, 768 cm ™ .
Anal. calcd for C¢H;sBrCIN;sS: C 45.24, H 3.56, N 16.49;
found C 45.19, H 3.55, N 16.41.

E-1-(5"- {5 -2'- ME Wy FE)-3-(2'- & -5'- nbb g % ) 79 04 -
(1',4',5.6'-PU &(-5",5"- — H BE -2 g 28 ) it (1m): 0%
80%, s imiAk, mp. 189~191 C (from methanol);
'H NMR (500 MHz, CDCLy) 8: 1.12 (s, 6H, CH3), 3.10 (s,
4H, NCH,), 5.07 (s, 1H, NH), 6.55 (s, 1H, NH), 7.03 (d,
J=4.2 Hz, 1H, ThH), 7.16 (d, J=16.0 Hz, 1H, CH=CH),
7.20 (d, J=4.2 Hz, 1H, ThH), 7.22 (d, J=16.0 Hz, 1H,
CH=CH), 7.29 (d, J=8.4 Hz, 1H, PyH), 7.79 (dd, J=2.5,
8.4 Hz, 1H, PyH), 8.44 (d, J=2.5 Hz, 1H, PyH); °*C NMR
(125 MHz, CDCly) &: 24.48, 28.83, 50.87, 50.93, 117.23,
124.18, 124.82, 125.47, 127.46, 128.15, 132.36, 135.28,
136.06, 140.46, 148.33, 149.74, 156.13; IR (KBI) Vi
3396, 2957, 2862, 1571, 1460, 1307, 1265, 1128, 1021,
964, 768 cm . Anal. calcd for C;gH;sBrCINsS: C 47.75, H
4.23, N 15.47; found C 47.72, H 4.21, N 15.52.

E-1,3-(5'-V5-2'- ME Wy 55 ) PR 0k i -(1',41,5',6'- DY 1%
WEF)FE(In): WO 90%, R F (1A, mp. 158~160 C
(from ethanol); '"H NMR (500 MHz, CDCl5) ¢: 3.60~3.67
(m, 4H, NCH,), 4.70 (s, 1H, NH), 5.83 (s, 1H, NH), 6.78
(d, J=3.8 Hz, 1H, ThH), 6.88 (d, J=15.6 Hz, 1H, CH=
CH), 6.94 (d, J=3.8 Hz, 1H, ThH), 7.02 (d, J=4.2 Hz,
1H, ThH), 7.18 (d, J=4.2 Hz, 1H, ThH), 7.25 (d, J=15.6
Hz, 1H, CH=CH); *C NMR (125 MHz, CDCl;) §: 42.51,
42.69, 111.51, 118.16, 124.23, 124.92, 126.72, 126.94,
127.62, 130.57, 135.78, 144.37, 164.03; IR (KBr) Vi
3270, 2968, 1657, 1642, 1612, 1576, 1490, 1421, 1053,
963, 806 cm . Anal. calcd for C4H,BrN,S,: C 36.54, H
2.61, N 12.18; found C 36.46, H 2.62, N 12.17.

E-1,3- " (5'-R-2'-WE Wy B ) P AR - (1,4',5',6'- VU 20 1%
WE )R (10): U 68%, HAfMAK. mp. 179~181 C
(from ethanol); '"H NMR (500 MHz, CDCl5) : 1.99~2.03
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(m, 2H, CH,), 3.42 (s, 4H, NCH,), 5.03 (s, 1H, NH), 6.53
(s, 1H, NH), 6.78 (d, J=5.0 Hz, 1H, ThH), 6.91 (d, J=
15.7 Hz, 1H, CH=CH), 6.93 (d, J=3.8 Hz, 1H, ThH),
7.02 (d, J=3.8 Hz, 1H, ThH), 7.18 (d, J=4.1 Hz, 1H,
ThH), 7.24 (d, J=15.6 Hz, 1H, CH=CH); *C NMR (125
MHz, CDCly) o6: 21.96, 39.10, 39.28, 110.95, 117.15,
122.66, 125.28, 125.56, 126.37, 127.46, 130.51, 136.09,
140.72, 144.78, 156.68; IR (KBr) v 3431, 3373, 2865,
1591, 1564, 1376, 1317, 1261, 1116, 960, 793 cm™'. Anal.
calcd for CsH4Br,N,S,: C 37.99, H 2.98, N 11.81; found
C38.07, H2.97, N 11.70.

E-1,3- (5" ¥ -2'- M Wy JL ) 7 06 i -(1',4',5,6'- DU & -
5',5"- B2 mEE SR R (1p): IR 59%, TSR,
m.p. 188~190 °‘C (from ethanol); '"H NMR (500 MHz,
CDCl3) d: 1.10 (s, 6H, CHs), 3.06 (s, 2H, NCH,), 3.07 (s,
2H, NCH,), 5.06 (s, 1H, NH), 6.54 (s, 1H, NH), 6.77 (d,
J=4.0 Hz, 1H, ThH), 6.91 (d, J=15.0 Hz, 1H, CH=CH),
6.93 (d, J=4.0 Hz, 1H, ThH), 7.01 (d, J=4.0 Hz, 1H,
ThH), 7.18 (d, J=4.0 Hz, 1H, ThH), 7.24 (d, J=15.0 Hz,
1H, CH=CH); “C NMR (125 MHz, CDCly) §: 24.48,
28.83, 50.87, 50.93, 110.92, 117.10, 122.67, 125.34,
125.57, 126.35, 127.46, 130.52, 136.08, 140.59, 144.81,
155.92; IR (KBr) vma: 3431, 3373, 2963, 1591, 1564,
1377, 1317, 1117, 1016, 960, 793 cm '. Anal. caled for
C17H,sBrN,S,: C 40.64, H 3.62, N 11.16; found C 40.67,
H3.67,N 11.10.

3.1.6 ¥ RIR A AL LA 6 49 %) &

7E 20 mL PRI NBRER — FFES(8.6 mmol)Fl — F
Tk (8.6 mmol), ZEIRIHEFE S h5, ZRBRVEFIAS A O .
B A E AR T 60 mL & H e S5 A T BEAR(10.8
mmol), ZFEiEHFE: S min J5, A S (7.2 mmol), f£%
B3 he A 50 mL /K, 3 HENUE, FHHKE3
R(20 mLX3)J5, HTC/KIRERER T, ZABRVEHE1FIK
FOBPIRAR, 7R L 99%°. R&nE, HEAT
TP R
3.1.7 &4 2a—2e B89 H &

50 mL f¥] N,N-—F 5 H I Z(DMF)HIIAALE 3.1.6
W1 i % A EAL S 6 (7.2 mmol). F%(8.6 mmol)FIE
FAALA(8.6 mmol), 50 °C M 3 h. 98 ZE R DMF JE A
50 mL [ LB FE 2, JE MR & 3K PR30 mL X 3),
BHEETREARCRE. H W& R - (FEE)=
80 & 1 LRI itk a4,

E-24- (- A H)-1-2'<(1',4',5',6'- TU S 1% g 1) 5
BT -2-W2a): WFE 68%, A MK, mp. 190~
191 °C (from ethanol); "H NMR [500 MHz, (CD;),SO] d:
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1.65 (t, J=5.2 Hz, 2H, CH,), 3.05 (d, J=5.2 Hz, 2H,
NCH,), 3.08~3.10 (m, 1H, NCH,), 3.23~3.26 (m, 1H,
NCH,), 3.63 [d, 2J=15.1 Hz, 1H, C(OH)CH], 3.71 [d, J
=15.1 Hz, 1H, C(OH)CH], 6.71 (d, J=15.9 Hz, 1H, CH
=CH), 6.87 (d, J=15.9 Hz, 1H, CH=CH), 7.39 (d, J=
8.4 Hz, 2H, ArH), 7.44 (d, J=8.6 Hz, 2H, ArH), 7.49 (d, J
=8.4 Hz, 2H, ArH), 7.67 (d, J=8.6 Hz, 2H, ArH), 8.41 (s,
1H, NH); "*C NMR [125 MHz, (CD;),SO] 6: 20.27, 37.57,
47.98, 59.61, 77.05, 127.52, 127.82, 128.07, 128.52,
131.81, 131.93, 133.72, 135.41, 142.76, 155.20, 167.27; IR
(KBr) vimax: 3153, 1658, 1642, 1620, 1612, 1491, 1402,
1092, 1003, 810, 623 cm '. HRMS (ESI) caled for
CaoHx,CLN;O [M+H] "2 390.1134, found 390.1158.

E-2,4- " (45K F)-1--ms g W F) T i -2-l2(2b):
WEK 83%, AR, mp. 151~152 C (from ethanol);
'H NMR (500 MHz, CDCl;) d: 3.86 (dd, J=6.3, 14.6 Hz,
1H, NCH), 3.95 (dd, J=6.9, 14.6 Hz, 1H, NCH), 5.44 (s,
br, 1H, NH), 5.86 (s, 1H, OH), 6.50 (d, J=15.8 Hz, 1H,
CH=CH), 6.62 (d, J=4.9 Hz, 1H, PyH), 6.76 (d, J=15.8
Hz, 1H, CH=CH), 7.26 (d, J=8.7 Hz, 2H, ArH), 7.30 (d,
J=8.7 Hz, 2H, ArH), 7.34 (d, J=8.6 Hz, 2H, ArH), 7.50
(d, J=8.6 Hz, 2H, ArH), 8.28 (d, J=4.9 Hz, 2H, PyH);
C NMR (125 MHz, CDCL) ¢: 52.71, 77.98, 111.43,
127.17, 127.80, 128.47, 128.66, 128.71, 132.96, 133.27,
133.63, 135.14, 142.87, 157.95, 162.80; IR (KBr) Vi
3343, 1641, 1604, 1547, 1492, 1402, 1336, 1092, 800, 740
cm . Anal. caled for Cy0H,CLN;0: C 62.19, H 4.44, N
10.88; found C 62.07, H 4.42, N 10.72.

E-2,4- (45 RHE)-1-(1',4- R K2R T #i-
2-FiE(2¢): WFE 81%, FIEE. mp. 156~157 C (from
ethanol). '"H NMR (500 MHz,CDCl;) 6: 3.78 (dd, J=6.0
Hz, 14.3 Hz, 1H, NCH), 3.88 (dd, J=6.1, 14.3 Hz, 1H,
NCH), 5.10 (t, J=5.9 Hz, 1H, NH), 5.66 (s, |H, OH), 6.45
(d, J=15.8 Hz, 1H, CH=CH), 6.71 (d, J=15.8 Hz, 1H,
CH=CH), 7.22 (d, J=9.3 Hz, 2H, ArH), 7.25 (d, J=9.3
Hz, 2H, ArH), 7.30 (d, J=8.6 Hz, 2H, ArH), 7.46 (d, J=
8.6 Hz, 2H, ArH), 7.77 (d, J=2.8 Hz, 1H, PyH), 7.80 (d,
J=2.8 Hz, 1H, PyH), 7.90 (s, 1H, PyH); “C NMR (125
MHz, CDCly) d: 52.64, 77.69, 127.18, 127.84, 128.59,
128.76, 128.92, 133.16, 133.42, 133.47, 133.87, 134.98,
140.53, 142.68, 154.57; IR (KBr) vinax: 3366, 1659, 1594,
1402, 1093, 1003, 807, 624 cm '. Anal. caled for
CaoH17CLN;O: C 62.19, H 4.44, N 10.88; found C 62.10,
H 4.40,N 10.87.

(1EAE)-1,5- . (4'- 5K ) -3-(2'- W8 g 2 5k HH 0 )-1,4-
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T U -3-TEQd): IR 45%, A A. mp. 118~
120 ‘C (from ethanol); '"H NMR (500 MHz, CDCl;) §:
3.71(d, J=6.3 Hz, 2H, NCH), 5.41 (br s, 1H, OH), 5.66
(t, J=6.1 Hz, 1H, NH), 6.31 (d, J=15.8 Hz, 2H, CH=
CH), 6.59 (t, J=4.8 Hz, 1H, PyH), 6.76 (d, J=15.8 Hz,
2H, CH=CH), 7.26 (d, J=8.4 Hz, 4H, ArH), 7.29 (d, J=
8.4 Hz, 4H, ArH), 8.26 (d, J=4.8 Hz, 2H, PyH); *C NMR
(125 MHz, CDCly) &: 51.59, 77.14, 111.37, 127.81,
128.63, 128.71, 132.49, 133.24, 135.22, 158.02, 162.90; IR
(KBr) vmax: 3351, 2890, 1615, 1570, 1501, 1455, 1379,
972, 821 cm™'; MS (EI) m/z: 412 [M~+H].

E-2-(4-E I )-4-(5"- -2 IE Wy B ) 1-(2- s g 2 %)
TIf-2-FF (2e): WOF 78%, FAER. mp. 106~107 C
(from ethanol); '"H NMR (500 MHz, CDCl;) §: 3.76 (dd,
J=6.0, 14.5 Hz, 1H, NCH), 3.87 (dd, J=6.5, 14.5 Hz, 1H,
NCH), 5.61 (t, J=6.0 Hz, 1H, NH), 6.01 (s, 1H, OH), 6.25
(d, J=15.5 Hz, 1H, CH=CH), 6.59 (d, J=5.0 Hz, 1H,
PyH), 6.65 (d, J=5.4 Hz, 1H, ThH), 6.79 (d, J=15.5 Hz,
1H, CH=CH), 6.87 (d, J=5.4 Hz, 1H, ThH), 7.32 (d, J=
8.5 Hz, 2H, ArH), 7.45 (d, J=8.5 Hz, 2H, ArH), 8.24 (d,
J=5.0 Hz, 2H, PyH); *C NMR (125 MHz, CDCly) §:
52.75, 77.88, 111.11, 111.44, 122.92, 126.35, 127.13,
128.20, 128.48, 129.01, 130.24, 132.99, 133.03, 142.68,
143.47, 157.94, 162.77; IR (KBr) vpax: 3428, 1641, 1589,
1459, 1401, 1151, 1094, 618, 491 cm™'. Anal. caled for
C1sH,sBrCIN;O: C 49.50, H 3.46, N 9.62; found C 49.41,
H3.47,N 9.4.

3.1.8 3E-1-(1'2'4-== X)-24- —(4-F R HK)-13-T
ZHi(3a) 89 %) &

FAHR 5§ (7.2 mmol)#% 28 3.1.6 5 FTid J7 ik %15 2
MR AN B ARGy B 2ith, SCRNEMT 50 mL 1)
DMF 1, FIIAN 1,2,4-=M:(8.6 mmol)FIE S AL5H(8.6
mmol), 50 CHFERMN 3 h. LR Z: DMF J&, A 50
mL LB, HiPEEm, MRk 3 Wk, IR 30
mL, GHUETIRSE, 7B OB — R afRy. A 10
mL THF @5, TN 1 mL iR ERR, =EBE RN 2
AT, B E, AREEZ S A 3a. i
K 55%, mp. 143~144 C; 'H NMR (500 MHz,
(CD5),S0) J: 6.48 (d, J=16.0 Hz, IH, CH=CH), 7.31 (s,
1H, =CHN), 7.45 (d, J=8.5 Hz, 2H, ArH), 7.51 (d, J=
8.4 Hz, 2H, ArH), 7.53 (d, J=8.5 Hz, 2H, ArH), 7.58 (d,
J=8.4 Hz, 2H, ArH), 8.21 (d, J=16.0 Hz, 1H, CH=CH),
8.37 (s, 1H,TrH), 8.94 (s, 1H, TrH); *C NMR [125 MHz,
(CD5),S0] d: 122.02, 125.40, 128.40, 128.66, 128.84,
130.24, 131.26, 132.72, 133.02, 133.24, 135.51, 136.59,
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146.47, 152.56; IR (KBr) vinax: 3140, 1641, 1631, 1492,
1402, 1272, 1092, 781, 622 cm '. Anal. caled for
CisH3CLN;: C 63.17, H 3.83, N 12.28; found C 63.22, H
3.83, N 12.25.

3.1.9  3E-1-(1'2'4"- == 3K )-2-(4- Z R K )-4-(5-i% -
2wk oy #)-1,3-T = Hi (3b) 49 1 %

FAHR Sk (7.2 mmol)d% 26 3.1.6 15 frid J7 vkl % 159 2
MR E ARG B dith, LRIEMET 50 mL 1)
DMF 1, FhoA 1,2,.4-=M (8.6 mmol)FIEEALHN(8.6
mmol), 50 CHFE/ 3 h. JERRZ: DMF J&, A 50
mL Z Bk, HPEEE, JFRMAE KL 3 Ik, &K 30
mL, BHUE TG, &M% CBE—TLaMRY. A 10
mL THF @5, SRZBIEN HCl Ak, SR,
RNR B, A Bk, e, H OREE Y
iSO 3b, R 50%. mp. 146~147 C; 'H
NMR [500 MHz, (CD;),SO] d: 6.50 (d, J=16.0 Hz, 1H,
CH=CH), 6.97 (d, J=3.8 Hz, 1H, ThH), 7.14 (d, J=3.8
Hz, 1H, ThH), 7.21 (s, 1H, =CHN), 7.44 (d, J=8.5 Hz,
2H, ArH), 7.53 (d, J=8.4 Hz, 2H, ArH), 7.96 (d, J=16.0
Hz, 1H, CH=CH), 8.12 (s, 1H, TrH), 8.30 (s, 1H, TrH);
C NMR [125 MHz, (CD5),SO] d: 111.62, 121.63, 124.67,
126.94, 128.67, 129.01, 131.26, 131.53, 133.01, 136.26,
143.85, 146.48, 152.59; IR (KBr) vy 3118, 1628, 1602,
1502, 1486, 1403, 1274, 1137, 1087, 673, 491 cm™ . Anal.
calcd for C;¢H;;BrCIN;S: C 48.94, H 2.82, N 10.70; found
C 49.06, H 2.84, N 10.75.

3.2 HIEFEMENE
321 #M#H

BRI G5 A% 2 BT TR S M S B PR 242, O WHO
B R, T 2 4 854% 0 Ko 2312 32 T 2 1k
1220, kB Bl mimEHER G IR 7> B3 F5. WA RE IR 5
Middlebrook 7H9 347731 FIE F2 U8 IN57(OADC)
T H 3 E BD A .

322 SEBAE

B2 B PR R ) 5 BT 2 B R e N A 8 77 3
T 37 CHi % 2 M, WHESFREWATE, BT 4 mL Bk
REFEdedh ) NN E AR 2~3 mm LB P IEER 10~20 Kz, R
% 20~30 s, FFILYTIE 10~20 min, WREE 2R _EE,
WA R IR L E 1 ANFERAAL, ST 1
mg/mL £ H.

LR AR WAL A&V HE R DMSO %
fift, 0.22 p JEFITUE, FILLMARES 7530 R 28 Bl 75 SR8
WRE. SR E 12 MK E: 0.0625.0.125.0.25,
0.5. 1. 2. 4. 8. 16. 32. 64 A1 128 pg/mL.

BRI KMy, S HCE RSP 100 WL,
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InE) 96 FLAFLARH, FEIIAN 10~3 mg/mL ¥ B 1B R
100 pL, ISP EE BB E MZRE. F—1 &
FOREFE R =2 AT X HR. S IR et R ZH, Aok
BRI EY) 10%8 =X IR 37 ChE
I WS E AL A PR 25 K% o AT T 1) e A1 ) B R
(MICy). SEFRZER W 1 fiR.

5 B0 ¥l (Supporting Information) H #nfb &) R 46
R X SR AT DL A 9% AR T 35 (hitp://sioc-journal.
en/) B ER.
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