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Abstract A series potassiums 3 were prepared by substituted benzoyl hydrazide 2 and CS, in potassium hydroxide. These
compounds 3 were converted to 4-amino-5-substituted phenyl-3-ylsulfanyl-4H-1,2,4-triazols (4) by cyclization in hydrazine
hydrate. Nine novel S-f-D-glucosides (5a~5i) were synthesized by glycosylation of 4 and bromo-2,3.4,6-tetra-O-acetyl-
a-D-glucopyranoside in the presence of potassium hydroxide with acetone as solvent. The structures of all target compounds
were confirmed by "H NMR, *C NMR, IR and HRMS spectrum. The results of preliminary bioassay show that most of the
tested compounds displayed variable inhibitory activity against Escherichia coli, Staphylococcus aureus, Bacillus subtilis and
Monilia albican. Especially, compound 5g has strong antibacterial activity with minimum inhibitory concentration values of 8,
16, 64, 2 pg/mL against four tested strains respectively which are similar to or higher than those of the controlled drug flucon-
azole or triclosan. The interaction and binding free energy of the target compounds 5a~5i with Fabl were studied by Auto-
dock Vina.
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Scheme 1 Synthesis of the target compounds 5a~5i
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SN AR SN2 DIFEHEAT RO, Ak, "TH NMR &
o, BESRIL T TAE 0 5.3~5.6 HEL TG, HABSH
7£ 10.0~10.4 Hz 2 [a], UESE S-B-D-FEF &I K.
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DR 45 BT LB RN (+ O3 5, ity 5 5 T IR Ak 22 B 78
37, 4 BIHIRAE 6 5.56, 5.52 Fil 5.44. HUAREE Ny 2L
(Sa), R HLEE H 15 3 O (+ D AL HE R8N (+ C) )
A7, R T BE R R &g, HIE §
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TR AR K, HILAE 6 5.59.

IR, 'H NMR H[(Jix 822 5 Hf 74k SV 454
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1.3 EPEMEE ST

2 H8 3% [ R 52 56 25 A5 4K 25 51 25 (NCCLS) 5 /)y
OB R FE (MIC) I 72 J73%, LR ERMEFN =54 2 |
23, xt BAREE YT T A MW S A, 2K
FE 3 53 N K B AF B (Escherichia coli, E.c.) (8099). & 4
8 G R (Staphylococcus aureus, S.a.) (ATCC 6538). #ii
B E AN (Bacillus subtilis, B.s.) (ATCC 6051)H1 {4
¥ (Monilia albican, M.a.) (ATCC 10231), & 45 5%
W 1.
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Table 1 [n vitro antimicrobial activities for target compounds
5a~5i expressed as MIC (ug/mL)

Gram-negative Gram-positive

Compound bacteria bacteria Fungus
E.c S.a B.s M.a
5a 128 64 128 8
5b 64 64 128 2
5¢ 128 64 64 16
5d 128 64 128 2
Se 64 32 128 32
5f 256 64 128 2
5g 8 16 64 2
5h 128 64 128 32
5i 128 64 128 2
Fluconazole 128 16 128 2
Triclosan 2 4 4 32

MRS R LW, BAA YT YR R — E 1
S YE. k&9 5b (MIC=64 pg/mL), 5e (MIC=
64 ug/mL), 5g (MIC=8 pg/mL)x KT B (4 i
T M (MIC =128 pg/mL); A L&Y ATk
B ARSI AL T 2 L 254 — & A (MIC=32 pg/mL),
RIS PRGN, BhMb YT 5g RIHEK
SRR T R

FIROR R AT R B (DZRER B 5 N J5 T R84
HARA P KA B 4 (R A BR TG AN 1 L Bk A
MBS ()ZR IR L [Rl—A7 B 5] NAS A 1 R 7-%F H Ax
AP E A AR, K3 4 605 NIRJET 1)
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1.4 EYESERENT

SIHTT IR 250 = S AE AR TR =& redock BH
K, Wk 1A i, L RMSD {E N 1.204 ACUNTF 2 A), 5
AT ERTHEYES RGBT E Fabl X #7150
ﬁt[ 1 9,20].

F2 WEYS Fabl WEEEG HHAE
Table 2 The binding free energy of the compounds with Fabl

Compd.  Vina/(kcalemol ) Compd.  Vina/(kcalemol ")
5a —8.30 5f —17.30
5b —8.10 5g —8.40
5¢ —8.10 5h —8.00
5d —8.30 5i —17.30
Se —8&8.30 Triclosan —8.74
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Figure 1 The redock composite map of control drug triclosan
(yellow) and crystal triclosan (blue) (A), the binding modes of
docking pose of compound 5g with Fabl (B), the combining
three-dimensional space binding modes of docking pose of com-
pound 5g with Fabl (C), and the combining three-dimensional
space binding modes of docking pose of compound 5f with Fabl

(D)
(KBr JEJ7); #8E Bruker A1 AM400 ZYAZREFLHRIL
(TMS J9H ¥R, DMSO-ds F1 CDCly A¥E); Waters Mi-
cromass 2 7] Xevo G2 Q-Tof 43 # B, byl
PABRAF X-4 K5 SAUE S E AR TH R,
ITHRAEIT R B LRH-250A BAALE R4, Bl
WA AR RE-52AA BUeiE 728 kAL, K &
PO EIRE . AR B O R BRI AR R
AR A SIS =R A, AT R o8 =T
SyHTA. HUAC IR A AT A 25 2 2% SCR[1 5] 7 AT
B, 4 ST RA I &0 25 SCHR[2 110 7156 k.
22 ZLWHE
221 3-FA-4- R A5 BRF K-1,2,4- =k (4)09 &
Iy

¥ 0.01 mol &4 3a T 10 mL 80% HIZK A i,
IAZE RN, TLC BREER B, BIFNV wwew © V ocuw=
1:2, RMERE, AHZEEHE, BiE % 100 mL #7kK
W, H 3 mol/L £RZ1H pH NZ 5~6, HirH [ il ik, 4l
WEOKBE, LEE/KEL G, BKEEREE 4a, 2%
85.0%, m.p. 202.5~204.4 C. S8 LR J5i%6143 Hbrtk
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EY) 4b~4i.

3-Fi Bk -4- T HE-5-(4-FR - 0K HE)-1,2,4- = (4b): (I
AR GE W, 5% 81.7%, m.p. 279.1~280.3 C
(>250 ‘CPy.

3-FHE-A- G HE-5- A HE-1.2.4- = (4e): AR SE
b, 7% 88.0%, m.p. 201.3~202.8 'C (204~205 T,

3-FidE-4- T Fk-5-(4-F RO 0E)-1,2,4- =1 (4d): H
BAEIR S M, F5 %R 89.1%, mp. 204.1 ~2052 C
(213 CP,

3-FHE -4 -5-(4-F - R R )-1,2,4- — 1 (de): T
WRFER, % 76.7%, mp. 190.3~191.5 ‘C (211~
213 TP,

3-F AL -4- T AR -5-(2- - HE)-1,2,4- =1 4f): HI(R
ERIREE &, 772 80.2%, m.p. 158.6~160.2 C (152 TP,

3-FiHE-4- T H-5-(4-1R-HFHE)-1,2,4- =M (4g): HID
WAL, 722 73.8%, m.p. 165.7~166.9 ‘C (194 ‘C*"),

3-FidE-4- T Fk-5-(4- A B - R 0 )-1,2,4- = (4h): H
AR S W, 5K 76.8%, mp. 2194 ~2212 C
(211.9 CP#,

3-Fi B -4- T FE-5-(3- AR - TR R )-1,2,4- — Mk (4i): [
AR 45, 7R 79.4%, mp. 160.7 ~ 1624 C
(162 CE%).
222 3-52'3'4.6-9-0- LBk A -f-D-=teod &) F 45 2 -4-
A A -5-BAK A -1,2,4- =04 (5) 89 A A%,

F 50 mL = A, A 0.12 g (2.0 mmol) KOH, 2
mL ZZ17#87K, 10 mL PERVAE, 2.0 mmol 154 4a, i
30 min, ZREHMIN 2',3',4',6"-10-0- 2. 3 -a-D- 134K 6 %
PE(0.98 g, 2.4 mmol)JAEAVE 10 mL, TR F+k
JZJ% 16 h, TLC &, BIFFIAV cmew oV eum=1 11,
VR e, BT 20 mL & H e, KEEQ0
mL X2), KA & R 2 ], REEIFE I
ANUARE TR R BB T fa 1 U8, D e T Bk 2598 7145
R, TERKEZHT 70 B3 Bt &4 Sa. 8 EiRJ7iE
il #3 H An b &4 Sb~S5i.

3-5-2",3",4",6'-VU-O- £, 1 - B-D- M i 58] 6 W 2-4-
Fh-5- 8RR R RE-1,2,4- =M (5a): K, PPEK 67.3%.
m.p. 76.2~77.8 ‘C; '"H NMR (DMSO-d,, 400 MHz) §:
10.55 (s, 1H, OH), 7.41 (d, J=7.6 Hz, 1H, ArH), 7.36 (t,
J=8.0 Hz, 1H, ArH), 6.98~6.91 (m, 2H, ArH), 5.56 (d,
J=10.0 Hz, 1H, H-1'), 5.41 (t, Jy3.n4=9.6 Hz, 1H, H-1"),
5.05 (t, Jyopr=9.6 Hz, 1H, H-2"), 4.95 (t, Jys.5=9.6
Hz, 1H, H-4"), 4.16 (dd, J=5.2, 12.0 Hz, 1H, H-6"), 4.11
(dd, J=5.2, 12.0 Hz, 1H, H-6"), 4.06~3.96 (m, 1H, H-5"),
2.02, 1.99, 1.97, 1.95 (4s, 12H, CH;CO); “C NMR
(CODCls, 400 MHz) 6: 170.59, 169.92, 169.56, 169.27,

http://sioc-journal.cn/ 861
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157.53, 153.74, 133.21, 132.26, 127.03, 119.87, 119.00,
117.97, 85.83, 82.92, 73.26, 69.93, 67.79, 61.55, 20.68,
20.62, 20.53, 20.26; IR (KBr) v: 3449, 3225, 2961, 1754,
1624, 1586, 1484, 1373, 1227, 1039, 758 cm '; ESI-MS
m/z: 539.1459 [M+H]+; HRMS calcd for C,,H,7N4O4S
[M+H]" 539.1448, found 539.1459.
3-5-2',3",4",6"-VU-O- £, 1 - B-D-N e 6] 22 4 5 -4-
He-5-(4-F - HE)-1,2,4- =1 (5b): ATEE, PR
68.7%. m.p. 178.3~179.4 °C; '"H NMR (DMSO-d;, 400
MHz) d: 9.93 (s, 1H, OH), 7.89 (d, J=8.8 Hz, 2H, ArH),
6.88 (d, J=8.4 Hz, 2H, ArH), 6.00 (s, 2H, NH,), 5.52 (d,
Jirn2=10.0 Hz, 1H, H-1'), 5.38 (t, Ju-3-u4=9.6 Hz, 1H,
H-3"), 5.02 (t, Jyou.r=9.4 Hz, 1H, H-2'), 4.97 (t,
Jians=9.6 Hz, 1H, H-4'), 4.12 (dd,=5.2, 12.0 Hz, 1H,
H-6'), 4.07 (dd, J=5.2, 12.0 Hz, 1H, H-6"), 4.03~3.99
(m, 1H, H-5"), 2.08, 1.99, 1.96, 1.89 (4s, 12H, CH;CO);
BC NMR (DMSO-d;, 400 MHz) o: 170.43, 169.96,
169.72, 169.61, 159.44, 154.87, 148.38, 130.00, 117.96,
115.69, 83.13, 75.14, 73.30, 70.38, 68.22, 62.23, 20.88,
20.82, 20.78, 20.73; IR (KBr) v: 3442, 3230, 1751, 1614,
1467, 1401, 1223, 1045, 848 cm™'; ESI-MS m/z: 539.1461
[IM+H]"; HRMS caled for C,H,;N;0,,S [M+H]"
539.1448, found 539.1461.
3-5-2',3",4",6'-1U-O- £, 1 - p-D- L W 6] 2 B 3 -4- =
Fe-5ORHE-1,2,4- =W (Se): ALK, PP 65.5%. m.p.
79.5~80.3 “C; 'H NMR (DMSO-d,, 400 MHz) ¢: 8.04
(dd, J=1.6, 8.0Hz, 1H, ArH), 7.75~7.73 (m, 1H, ArH),
7.53~7.51 (m, 3H, ArH), 6.10 (s, 2H, NH,), 5.58 (d, J=
10.4 Hz, 1H, H-1'), 5.40 (t, Ju3.u4=9.6 Hz, 1H, H-3"),
5.04 (t, Jyopr=9.4 Hz, 1H, H-2'), 4.95 (t, Ji41.95=9.6
Hz, 1H, H-4"), 4.14 (dd, J=5.2, 12.0 Hz, 1H, H-6'), 4.0
(dd, J=5.2, 12.0 Hz, 1H, H-6"), 4.04~3.96 (m, 1H, H-5"),
2.07, 1.99, 1.96, 1.89 (4s, 12H, CH;CO); “C NMR
(CODCls, 400 MHz) §: 174.54, 169.94, 169.66, 169.41,
155.05, 151.00, 128.85, 128.64, 128.55, 128.49, 128.16,
12731, 85.99, 76.34, 73.26, 69.97, 67.91, 61.75, 20.67,
20.55, 20.51, 20.37; IR (KBr) v: 3424, 2958, 1753, 1630,
1549, 1468, 1372, 1226, 1040, 913, 773, 696 cm ';
ESI-MS m/z: 523.1498 [M+ H]"; HRMS caled for
CpoHyN4O0oS [M+H]" 523.1499, found 523.1498.
3-S-2',3",4",6'-VY-O- £, Bt F£-B-D- Mt Wity ] 60 i A -4-
Heo5-(4-FFIE - IE)-12,4- = M (5d): (B E KR, P2
64.0%. m.p. 84.3~85.7 “C; '"H NMR (DMSO-d,, 400
MHz) 6: 7.87 (d, J=7.6 Hz, 2H, ArH), 7.36 (d, J=6.0 Hz,
1H, ArH), 7.30 (d, J=4.8Hz, 1H, ArH), 5.36 (d, J=10.0

862 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

Hz, 1H, H-1"), 5.22 (t, Ju3-1.e=8.0 Hz, 1H, H-3"), 4.92 (t,
Juonr=9.4 Hz, 1H, H-2), 4.97 (t, Jy4n.s=9.6 Hz, 1H,
H-4"), 4.14 (d, J=11.6 Hz, 1H, H-6'), 4.11 (d, J=11.6 Hz,
1H, H-6"), 4.04~3.99 (m, 1H, H-5"), 2.37 (s, 3H, CH,),
2.02, 1.99, 1.96, 1.94 (4s, 12H, CH;CO); *C NMR
(DMSO-d,, 400 MHz) 6: 170.46, 170.17, 169.87, 169.65,
130.04, 126.45, 89.46, 82.94, 75.19, 73.43, 71.29, 70.49,
69.85, 68.99, 68.42, 66.76, 62.61, 62.24, 21.44, 21.00,
20.93, 20.83, 20.75; IR (KBr) v: 3449, 2963, 1751, 1624,
1502, 1435, 1378, 1226, 1041, 824 cm '; ESI-MS m/z:
537.1672 [M+H]"; HRMS calcd for Cp3HyoN,O0S [M+
H]" 537.1655, found 537.1672.

3-8-2',3",4',6'-I4-O- Z, ¥ 5 -B-D- 1 Wee 6] 767 ik -4
B o5(4- S - EHE)-1,24- = M (Be): B[ AR, PR
63.9%. m.p. 78.2~79.6 C; 'H NMR (DMSO-ds, 400
MHz) 6: 7.78 (d, J=8.8 Hz, 2H, ArH), 7.60 (d, /=8.8 Hz,
2H, ArH), 6.10 (s, 2H, NH,), 5.55 (dd, Ji.;.u>=10.4 Hz,
1H, H-1'), 5.40 (t, Jy3us=9.6 Hz, 1H, H-3") , 5.06 (t,
Ji2=9.6 Hz, 1H, H-2"), 4.96 (t, Ji4.n.s=9.2 Hz, 1H,
H-4'), 4.14 (dd, J=5.2, 11.6 Hz, 1H, H-6"), 4.10 (dd, J=
4.4, 10.4 Hz, 1H, H-6"), 4.03~3.97 (m, 1H, H-5'), 2.03,
1.99, 1.96,1.95 (4s, 12H, CH;CO); *C NMR (DMSO-d,
400 MHz) 6: 170.34, 169.94, 169.71, 169.52, 149.69,
13531, 130.061, 129.62, 129.09, 83.19, 75.21, 73.32,
70.47, 68.18, 62.12, 20.86, 20.79, 20.70, 20.50; IR (KBr)
v: 3445, 1753, 1632, 1460, 1430, 1375, 1225, 1042, 836
em”'; ESI-MS m/z: 557.1119 [M+H]", HRMS calcd for
C2HysCIN,O,S [M+H]" 557.1109, found 557.1119.

3-8-2,3",4",6'-VU-O- £ T - B-D- M g 8] 722 2 -4-
Fo5-(2- S - FHE)-1,2.4- = M (5 B[ A, PR
63.2.0%. m.p. 66.6~67.9 C; 'H NMR (DMSO-d;, 400
MHz) 6: 7.64 (dd, J=2.8, 5.2 Hz, 1H, ArH), 7.60~7.56
(m, 1H, ArH), 7.50~7.49 (m, 2H, ArH), 5.59 (d, J=10.4
Hz, 1H, H-1'), 5.43 (t, Jy3-1.e=9.4 Hz, 1H, H-3"), 5.06 (t,
Jior=9.6 Hz, 1H, H-2"), 4.96 (t, Ji4-n.s=9.6 Hz, 1H,
H-4'), 4.15 (dd, J=5.2, 12.0 Hz, 1H, H-6"), 4.11 (dd, J=
5.2, 12.0 Hz, 1H, H-6"), 4.04~3.96 (m, 1H, H-5"), 2.10,
2.03, 1.99, 1.98 (4s, 12H, CH;CO); *C NMR (DMSO-dj,
400 MHz) 6: 170.41, 169.95, 169.72, 169.58, 149.21,
133.66, 132.82, 132.45, 130.26, 127.72, 126.45, 83.07,
75.24, 73.32, 70.49, 68.22, 62.17, 20.90, 20.86, 20.79,
20.71; IR (KBr) v: 3446, 2961, 1752, 1635, 1441, 1376,
1226, 1046, 767 cm™'; ESI-MS m/z: 557.1107 [M—+H]";
HRMS caled for CyHysCIN4OoS [M+H]" 557.1109,
found 557.1107.
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3-5-2',3",4",6"-VU-O- £, 1 - B-D-N e 6] 22 4 5 -4-
Feo5-(4-W-FI)-1,2,4- =M (5g): HMOE L, K
65.6%. m.p. 152.7~153.8 ‘C; '"H NMR (DMSO-d;, 400
MHz) &: 8.03 (d, J=8.8 Hz, 2H, ArH), 7.76 (d, J=8.4 Hz,
2H, ArH), 6.10 (s, 2H, NH,), 5.57 (d, J=10.0 Hz, 1H,
H-1), 5.39 (t, Jusne=29.6 Hz, 1H, H-3"), 5.05 (t,
Jiuonr=9.6 Hz, 1H, H-2), 4.98 (t, Jysn.5=9.2 Hz, 1H,
H-4"), 4.13 (dd, J=5.2, 11.6 Hz, 1H, H-6"), 4.08 (dd, J=
5.2, 12.0 Hz, 1H, H-6"), 4.03~4.00 (m, 1H, H-5), 2.06,
1.99, 1.96, 1.90 (4s, 12H, CH;CO); °*C NMR (DMSO-ds,
400 MHz) 6: 170.41, 169.96, 169.72, 169.62, 153.92,
149.62, 132.04, 130.23, 126.45, 123.99, 82.93, 75.19,
73.31, 70.37, 68.19, 62.19, 20.88, 20.82, 20.81, 20.74; IR
(KBr) v: 3450, 1751, 1635, 1454, 1382, 1226, 1094, 828
cm '; ESI-MS m/z: 601.0608 [M+H]"; HRMS calcd for
CarHyeBrN,OoS [M+H]" 601.0604, found 601.0608.

3-5-2',3",4",6"-VU-O- £, 1 - B-D-N e 6] 22 4 2 -4-
RS- (4-FFE-TEIE)-1,2,4- =M (5h): B A, AR
65.2%. m.p. 122.4~123.8 ‘C; '"H NMR (DMSO-d,, 400
MHz) &: 7.39 (d, J=8.8 Hz, 2H, ArH), 6.61 (d, J=8.4 Hz,
2H, ArH), 5.63 (s, 2H, NH,), 5.44 (d, J=10.0 Hz, 1H,
H-1), 5.39 (t, Jusne=29.6 Hz, 1H, H-3"), 5.01 (t,
Jionr=9.6 Hz, 1H, H-2), 4.93 (t, Jysn.s=8.8 Hz, 1H,
H-4"), 4.15 (dd, J=5.2, 11.6 Hz, 1H, H-6"), 4.11 (dd, J=
5.2, 12.0 Hz, 1H, H-6"), 3.97~3.94 (m, 1H, H-5), 2.03,
1.99, 1.96, 1.94 (4s, 12H, CH;CO); °*C NMR (DMSO-ds,
400 MHz) 6: 170.37, 169.94, 169.72, 169.52, 151.49,
150.78, 129.46, 128.45, 114.15, 113.70, 83.58, 75.14,
73.33, 70.65, 68.18, 62.14, 20.88, 20.79, 20.71, 20.39; IR
(KBr) v: 3380, 3231, 2959, 1758, 1612, 1471, 1373, 1228,
1040, 838 cm ™ '; ESI-MS m/z: 538.1601 [M~+H]", HRMS
caled for CyHxNsOoS [M + H]+ 538.1608, found
538.1601.

3-8-2',3",4',6"- U -O- 2,1 - 5-D- M e 78] 26 1 s -4- 2
Heo5-(3- F FE - K B )-1,2,4- =W (5i): B O E AR, AR
67.3%. m.p. 173.9~174.5 ‘C; '"H NMR (DMSO-d, 400
MHz) 6: 7.86 (s, 1H, ArH), 7.84 (d, J=7.6 Hz, 1H, ArH),
7.42 (t, J=17.6, 7.6 Hz, 1H, ArH), 7.34 (d, J=7.6 Hz, 1H,
ArH), 6.07 (s, 2H, NH,), 5.57 (d, J=10.4 Hz, 1H, H-1,
5.40 (t, Jiuyne=9.6 Hz, 1H, H-3"), 5.04 (t, Jyop1r=9.4
Hz, 1H, H-2'), 4.98 (t, Jy4.1.s=9.6 Hz, 1H, H-4"), 4.07~
4.15 (m, 2H, H-6', H-6"), 4.02 (d, J=10.4 Hz, 1H, H-5"),
239 (s, 3H, CHj), 2.07, 1.99, 1.96, 1.90 (4s, 12H,
CH;CO); *C NMR (DMSO-ds, 400 MHz) &: 170.43,
169.98, 169.73, 169.63, 149.16, 138.16, 130.95, 128.84,
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128.83, 127.16, 125.57, 82.99, 75.19, 73.33, 70.39, 68.22,
62.21, 21.46, 20.86, 20.80, 20.76, 20.71; IR (KBr) v: 3448,
2958, 1746, 1637, 1437, 1376, 1241, 1098, 1060, 795
cm '; ESI-MS m/z: 537.1641 [M+H]", HRMS calcd for
Cy3Hy9N4O6S [NI‘FH]+ 537.1655, found 537.1641.
223 HFtiE

F| F A 4H 22 57 ) Fabl $0ARAEAY, Autodock Vina 7%
Rt TE IR A S BEAR R A L. Ao 2 i 1)
KA B 95 B BE— ACP & )5 g Fabl, K H Protein
Data Bank $(## e RHU 54 1C14 [ FabI-NAD -TCL
—uEEWEN, MER B R A AL FTE KT
M= A TSGR, 1% Fabl-NAD' — o 5%
MIVERZ AR, B AYIH Chem3D N
3D 45#t), JEAE MMFF94 713 NEATE5k Ak, TRAF N
mol2 /%38, FA Raccoon AbEE, fRAFA pdbqgt H=H T
X

7t Autodock Vina F&/F X IR, DL
=& FREER AR R S UG X-center: 25,
Y-center: 3.510, Z-center: 136.478, ¥ i X1k K/NSHUH:
X-size: 25, Y-size: 25, Z-size:25. 1ZE A exhaustiveness
wWEAN S, HihSHKHERIMME.

HBh# K (Supporting Information) & A1 HArfb
G IR . SRR % 5 7 T
WL X EeAA R AT PL A 2 AR T 435 (http://sioc-journal.
cn/) bR ER.
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