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Total synthesis of sauropunol A-D isolated from Sauropus rostratus

genus plants
WANG Zihao', WANG Chenggian®, XU Jinyi*, WU Xiaoming', XIE Weijia>"

!Institute of Pharmaceutical Science; > Department of Medicinal Chemistry, China Pharmaceutical University, Nanjing 210009, China

Abstract Sauropunol A-D potentially with anti-inflammatory, anti-bacterial activities were recently isolated from
traditional Chinese medicinal plant Sauropus rostratus. Herein, we report the total synthesis of sauropunol ( A-D)
starting from a commercially available 2-deoxy-D-arabino-hexopyranose. The trifluoromethane sulfonation of inter-
mediates could simultaneously trigger intramolecular cyclization to afford 3, 6-anhydro hexofuranoside scaf-
fold. The following deprotection reaction could produce sauropunol A, B and C/D with total yields of 21% ,5%,
and 17% (isomer sauropunol C/D ) |, respectively. Structures of the target compounds were confirmed by com-
parison with NMR spectroscopic properties of those previously reported.

Key words  Sauropus rostratus; sauropunol A-Dj; 3, 6-anhydrohexosides; intramolecular cyclization; natural prod-

ucts; total synthesis
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Figure 1 Chemical components isolated from Sauropus
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Figure 2 Structures of bioactive molecules containing 3 ,6-anhydro-hexoside isolated from Sauropus rostratus Miq.
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Scheme 2 Preparation of sauropunol A-D(11-14) from 2-deoxy-D-arabino-hexopyranose(15)
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2.1 # #

5 5 R XT-4 XUH 83O sS A 22 5 THE e
¥ JASCODIP-370 %k =7 Jie Jt: Al 2 5 IR 3@ 1
Nicolet Impact 410 B 2T #8 6 3E A 2 , KBr J& F;
NMR ji# 13 Bruker AV-300 F1 Jeol JNM-ECA 500 #%
HEILPRA 7 , TMS AR 45 , CDCL, AR5 5 1%
OrPERNE o3 BER BTG ] Agilent QTOF 6520 Jii g4
Wi ESTAE Ry e 1. )2 3% (TLC) HR
B AR GFay (5 By ¥ VAL ) ) 5 A A3 ]
100 ~200 Ha 200 ~300 H ik fk e (75 5 1
ETT7) Bt . Frfa A AL 38k i B 1
GyHT el i 28t TK B R BN s EE T 2R TR A BR K
AbFE,

2.2 ALFA R
2.2.1 TH2BHEA6-0-—% AT kL -D-F
Tl HEx s (16a/16b) 69 & pk 4 2-ii 5-D-Fr
FIAC B (15,4 g,24.4 mmol) % F T % 60 mL
HOIMA = RS R 1 mL, E A 50 C gk,
18 ho S A K Uik H T A4 ik S A £ ﬁj\ﬁ«%
:%&Eﬁkm FBE,100: 1), 53] LLY-1 I8 5. #
551 BB AW T IoK Z & B i 20 mL
H0 CUKIB AR AR (3. 32 g,48. 8 mmol ) ,
AT B BEGAAESE (4. 76 ¢,31.8 mmol) |, J5 & i
12 by JIAVKAKEEK , AR FEH 3 W, K
UE 3 W MR B K I R 1 IR, oK B ER Bl T
PR L UE L BE T RERCHE (35 2 B (A k- R &
fi,20: 1) A5 2N TC PR 1Y o v ST 14 16a (2.7 g,
33%), [a]® = +46.9°(c=1.0 in CHCL,);IR (v,
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em™'):3 415,2 9282 856,2 384,1 638,1 618,
1464,1 400,1 256,1 109, 1 035,837,779, 750;
"H NMR (300 MHz,CDCl,) §:5.19(1H,t,J =4.3
Hz),4.49 (1H, m),3.83 ~3.78 (3H, m), 3.66
(1H,dd,J =10.1,4.3 Hz),3.58 (1H,dt,J =9.5,
6.7 Hz) ,3.30(1H,dt,J=9.5,6.7 Hz) ,3.01 (1H,
$),2.90(1H,s),2.09(2H,t,J =4.4 Hz),1.49 ~
1.40(2H, m,-CH,),1.30 ~ 1.22 (2H, m,-CH, ),
0.85 ~0.83 (12H, m, TBS-H) ,0.03 (6H, s, TBS-
H);"” C NMR (75 MHz, CDCl,) §:103.1,79.1,
71.7,70.2,67.3,64.0,41.5,31.2,25.3(C x3),
18.8,17.8,13.3, = 5.9, — 6.0; HRMS ( ESI) for
C,sH;,NaOsSi [M + Na] ™ ; Caled. 357. 207 3 ; Found
357.206 8,

[F) B, 32 S5 07 e JG A 8 33 4 25 (Y - £ T
LM, 25:1) 438 T AR 1 B i 5L 544 14 16b
(977 mg, 12% ), [aly = =32.7°(c =1.0 in
CHCL) ;IR (v,em ™) :3 415,3 135,2 958, 1 463,
1 638,1 618,1 460,1 400,1 251,1 122,1 094,836,
780;'H NMR (300 MHz, CDCL,) §:5.03(1H,d,J =
3.7 Hz) ,4.33(1H,s),3.85 ~3.77(3H,m) ,3. 68 ~
3.63(1H, m),3.60 (1H,dt,J =9.5 Hz,6.7 Hz),
3.27(1H,dt, J =9.5 Hz,6.4 Hz),2.09 ~ 1.98
(2H,m),1.47 ~1.40(2H, m,-CH, ) ,1.32 ~ 1. 20
(2H,m,-CH,) ,0. 84 ~0.80(12H, m,TBS-H) ,0. 00
(6H, s, TBS-H) ;" C NMR (75 MHz, CDCl, ) §:
103.4,82.4,71.0,70.7,66.9,64.5,40.6,31.1,
25.4(C x3),18.8,17.8,13.3, —=5.9(C x2);
HRMS ( ESI) for C,, Hy NaOSi [ M + Na]".
Caled. 357. 207 3 ;Found 357.206 7,

2.2.2 THA2-BLEAS,5-0-=3F F AL % -6-0-
W kAR T A AR R -D-TT 3548 48 ok vh 48 3 (17a/
17b) 945, #1LE 9 16a(500 mg, 1. 49 mmol )
VS i T W R EE e 10 mL b, im A PMBCI
0.90 mL(6.70 mmol) , KIFFEIEZE 0 C, 43 Ik
T NaH(297 mg,7.42 mmol) , JZJvi 4 ho 4%
LA KKK, A e A3 3 I, KTk 3 1Kk,
TN Z ALK TE 1 IR, TCKBRBR B T4 12 h,
PR BT RECAE (kA B (- R O TR,
30: 1), B3R B AR LG 9 17a (730 mg,
85% ), [a]l) = -4.1°(¢=1.0 in CHCL,) ;IR (v,
em™'):2 9282 855,1 615,1 514,1 400,1 249,

1121,1 039, 835;'H NMR (300 MHz, CDCl,) §:
7.15~7.12(4H,dd,J =8.5,1.8 Hz, PMB-H) ,
6.77 ~6.73 (4H,dd, J =8.5,1.8 Hz, PMB-H) ,
5.15(1H,dd,J =5.5,3.7 Hz) ,4.69 (1H,d, ] =
10.7 Hz) ,4.41(1H,d,J=11.4 Hz) ,4.40(1H,d,
J=10.7 Hz) ,4.28(1H,d,J=11.4 Hz) ,4. 14(1H,
t,/=4.0 Hz) ,3.96 ~3.90(2H,m) ,3. 82 (1H,dt,
J=7.2,1.6Hz) ,3.71 (3H,s),3.71(3H,s),3. 67
(1H,d,J =5.6 Hz),3.60 (1H,dt, ] =9.5,6.6
Hz),3.30(1H,dt,J =9.5,6.6Hz),2.23 (1H, dd,
J=14.3.5.7 Hz),1.89 (1H, ddd, J = 14.3,5.2,
3.8 Hz),1.50 ~1.40(2H, m),1.30 ~ 1.22 (2H,
m),0.85 ~0.83 (12H, m, TBS-H), 0.00 (6H, s,
TBS-H) ;" C NMR (75 MHz, CDCl;)8:158.4(C x
2),128.7,128.6,113.2,113.1,102.9,78.5,77.6,
76.1,71.8,70.2,67.3,63.7,54.7(C x2),38.7,
31.3,25.5(C x3),18.8,17.8,13.4, -5.9(C x
2); HRMS (ESI) for C,, Hy, NaO,Si [M + Na]"*;
Caled. 594. 322 4 ;Found 597.322 2,

ZBOZ A BT, ¥ 465 16b (970 mg,
2. 90 mmol ) {4 J5k} , 15 2R B (PRI 5 4 17D
(933 mg,56% ), [aly = —120.5°(c =1.0 in
CHCL,) ;IR (w,em™") ;3 415,3 134,2 956,2 932,
2857,1617,1 514,1 400,1 249,1 122,1 095,
1 067,1038,836,813,778;'H NMR (300 MHz,
CDCl,) §:7.20 ~7.11(4H,dd,J=20.0,8.6 Hz,
PMB-H) ,6.76 ~6.73 (4H,dd,J =8.6,1.6 Hz,
PMB-H),5.03 (1H,dd,J =4.7,1.3 Hz),4.68
(1H,d,J=10.7 Hz) ,4.49(1H,d,J=11.3 Hz),
4.40(1H,d,J=10.7 Hz) ,4.29(1H,d,J=11.3
Hz) ,4.07(1H,t,J =4.6 Hz),3.98(1H,dd,J =
10.7,1.6 Hz) ,3.92 ~3.80(2H,m) ,3. 74 ~3. 69
(7H,m),3.64 (1H,dt,J =9.5,6.8 Hz),3.31
(1H,dt,J=9.5,6.6 Hz),2.16 ~1.91(2H,m) ,
1.56 ~1.46 (2H, m),1.35 ~ 1.28 (2H, m),0.85 ~
0.83 (12H, m, TBS-H), 0.00 ( 6H, s, TBS-H) ;
“C NMR(75 MHz, CDCl,) §: 158.4 (C x 2),
131.1 (Cx2),130.2(C x2),128.7(C x4),113. 1
(Cx2),103.2,80.8,77.5,76.2,72.1,69.9,
67.3,64.4,54.7(C x2),37.0,31.4,25.5(C x
3),18.9,17.9,13.4, -5.8, —5.9; HRMS ( ESI)
for C;, HyyNaO,Si [ M + Na] " ; Caled. 597. 322 4;
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Found 597.322 5,
2.2.3 TH2-BLEA-3,5-0-=3F F A& F HL-D-IT
FlapEek bR (182/18b) 49 &% Kb &) 17a
(730 mg,1.25 mmol ) JET PUE MR (10 mL) H, 0
A L0 mol/L Y T A& 46 Ak £ 1Y U &L K I I TR
(15 mL) , vKitFIR 22 0 °C, e 12 h, TLC mifk,
JIEEE I A VKKK, — G P2 B 3 ¥k, 7K Uk
3 U AT AR BN K VR 1 I, oK B B B T 4
12 b, 3 U, e 1o RERCAE (B35 20 B8 (A i k- £ 1R
LG, 10: 1) AFRNR B AR IL G 18a (538 mg,
2% ), [aly =+4.1°(¢=1.0 in CHCL) ;IR (v,
em™'):3 416,2 9242 853,1 736,1 614,1 514,
1466,1 400, 1 249, 1 175, 1 121,1 036, 823;
"H NMR (300 MHz,CDCL,) §:7.26 ~7.16 (4H, m,
PMB-H) ,6.88 ~6.82(4H,m,PMB-H) ,5.25(1H,
dd,J =5.5,3.4 Hz),4.55(1H,d,J =11.1 Hz),
4.51(1H,d,J=8.4 Hz) ,4.47(1H,d,J =8.4 Hz) ,
4.34(1H,d,J =11.1 Hz),4.24 (1H,t,J =4.0
Hz) ,4.07(1H,dd,J =8.0,3.8 Hz),3.95 ~3.84
(2H,m),3.80 ~3.78(7H, m),3.67 (1H,dt, J =
9.6,6.6 Hz) ,3.39(1H,dt,J =9.6,6.6 Hz) ,2.35 ~
2.28(1H,m),2.00(1H, m),1.57 ~1.48 (2H, m,
-CH,CH, ), 1.38 ~ 1.31 (2H, m,-CH,CH, ) , 0. 90
(3H,t,J =7.3 Hz,-CH,CH,) ;" C NMR (75 MHz,
CDCL) §:159.2(C x2),130.5,130.1,130.0,
129.7,129.4,129.3,129.2,129.2,113.8,113.8,
103.2,80.3,77.8,76.0,71.9,70.6,67.9,62.6,55.2
(Cx2),42.5,39.0,31.7,19.3,13.8; HRMS ( ESI)
for C,sH;sNaO,[ M + Na] * ; Calcd. 483. 235 9; Found
483.235 4,

SRS T, B G 17b (933 mg,
1.6 mmol ) 14 J5Uk}, 15 31 1% B8 € AR 1L & 4 18b
(672 mg,90% ), [aly = —163.6°(c =1.0 in
CHCL,) ;IR (v,em™") ;3 416,2 931,2 870,1 638,
1613,1514,1 465,1 400,1 249,1 174,1 121,
1 065,1 036,823;'H NMR (300 MHz, CDCL,) §:
7.28 ~7.14 (4H,dd,J =32.1,8.5 Hz, PMB-H) ,
6.84 ~6.81(4H,d,J =8.4 Hz,PMB-H) ,5. 14(1H,
d,J=4.9 Hz),4.58(1H,d,J =11.4 Hz),4.52
(1H,d,J =11.0 Hz) ,4.46 (1H,d,J =11.0 Hz),
4.36(1H,d, J=11.4 Hz),4.16 (1H,t,J = 4.1
Hz),4.06 ~4.01 (1H, m),3.98 ~3.93(1H, m),

3.90 ~3.85(1H, m),3.80 ~3.74(7H, m),3.70
(1H,dt,]=9.5,6.8 Hz) ,3.39(1H,dt,/ =9.5,6.5
Hz),2.52(1H,s),2.24(1H,d,J =14.2 Hz) ,2.05
(1H,dt,J =14.2,5.6 Hz),1.61 ~1.52(2H, m,
-CH,CH, ), 1.44 ~1.34 (2H, m,-CH,CH, ), 0. 92
(3H,t,J =7.3 Hz,-CH,CH, ) ;" C NMR (75 MHz,
CDCLy) 6:158.7,158.6,129.9(C x2),129. 1(C x
2),128.84(Cx2),128.77(C x2),113.4,113.2,
103.3,81.5,76.1,76.0,71.2,69.9,67.6,61.7,
54.8,54.7,36.7,31.3,18.8,13. 4;HRMS(ESI) for
CyHy NaO, [ M + Na] ™ : Calcd. 483.235 9; Found
483.235 2,
2.2.4 TR 2-BLEA3,6-BLAK-5-0-3F F A& F &
D-I7 4548 ¥5 ok v #5 35 (202/20b)  H4L5 ) 18a
(538 mg, 1. 17 mmol) % i 2| T4 — 5 H A% 3 mL
HL A 4 A S3FAf, Ar A4 IR IERE 2 - 20 °C
A 2,6- " HFIEEE 0. 341 mL,5 min J5, 1A =5
FBRERIET 0. 25 mL, —20 CHiHE 2 IRk R 58 42,
FHEF) 0 °C L, fiHk 1 h, ZilidE 2 ho Uk, e 1.
e AT 15 43 25 (A T k- LR T8 ,20: 1) 4581 TG
@ R AL & P 20a (361 mg, 96% ), [aly =
+76.3°(¢=1.0 in CHCL) ;IR(»,em™") ;3 131,
2385,1 640,1 613,1 513,1 401,1 249,1 081,418 ;
"H NMR (300 MHz,CDCl,) §:7.32 ~7.29(2H,m,
PMB-H) ,6.89 ~6.86(2H, m,PMB-H) ,5.34 (1H,
dd,J=5.2,1.7 Hz) ,4.79 ~4.74 (1H, m) , 4. 66
(1H,d,J=11.7 Hz) ,4.54(1H,d,J =11.7 Hz),
4.48(1H,t,J =4.7 Hz),4.00 ~3.93 (1H, m),
3.80(3H,s),3.77(1H,dd,J =6.4,1.9 Hz),3.70
(1H,dt,J =9.7,6.7 Hz) ,3.59(1H,t,J =8.7 Hz) ,
3.40(1H,dt,J =9.7,6.7 Hz),2.26 ~2. 18 (1H,
m),2.11 ~2.03(1H, m), 1.56 ~ 1.49 (2H, m,
-CH,CH, ), 1.39 ~ 1.33 (2H, m,-CH,CH, ), 0.92
(3H,t,J =7.3 Hz,-CH,CH, ) ;" C NMR (75 MHz,
CDCl,) 8:159.4,129.8,129.7,129.3,113.8,105.6,
82.1,78.8,78.2,72.2,67.7,67.5,55.2,41.4,31.7,
19.3,13. 8; HRMS(ESI) for C 4 H,,NaO;[M +Na]*:
Caled. 345. 167 8 ;Found 345. 167 8,
SRS T, B G 18b (672 mg,
1. 46 mmol ) 1k Jy Ji A}, 15 31 Jc (4l R Ak & 7 20b
(428 mg,91% ), [aly = +4.55°( ¢ =0.15 in
CHCL,) ;IR (w,em™") ;3 426,2 923,2 851,1 641,
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1612,1514,1 402,1 121,1 082,1 033;'H NMR
(300 MHz, CDCl,) §:7.31 ~7.27 (m,2H, PMB-
H),6.88 ~6.85(m,2H, PMB-H) ,5.21(dd, 1H,
J=4.12.1Hz),4.71 ~4.67 (m,2H),4.62 (t,
1H,J=4.5 Hz) ,4.47(d,1H,J =11.3 Hz) ,3.97 ~
3.94(m,1H),3.93 ~3.90 (m,1H),3.88 ~3.85
(m,1H),3.84 ~3.82(m,1H),3.79(s,3H),3.37
(dt,1H,J=9.4,6.9 Hz),2.14 ~2.11 (m,2H),
1.61 ~1.52(m,2H,-CH,CH, ) ,1.40 ~1.33(m,2H,
-CH,CH,), 0.90 (t, 3H, J = 7.3 Hz,-CH,CH, );
“C NMR(75 MHz, CDCL, ) §:158.8,129.7,129.0,
113.2,104.6, 81.5, 81.3, 78.2, 71.2, 67.8, 67.2,
54.7,41.2, 31.0, 18.9, 13.4; HRMS ( ESI) for
CgHyNaOs [ M + Na] ™. Caled. 345. 167 8; Found
345.167 5,
2.2.5 Sauropunol A/B #5945k  BAL A 20a
(150 mg,0. 47 mmol ) Y& T F AR 8 mL 1, I A
10% Pd/C(200 mg) JE BUA R . TEHE ) 28 4
()2 AR BT ), A 2V EE R i 50 C e
N FRSEAT . WAL UE T Y RS R %, K s
VA IT G I v s, 15 B iR . SRS 4
AT A 3% (i EE- LR 41 ,20: 1—10: 1) 15
T MR S 11(82 mg,86% ) . fbad 11
[a]? = +86.1° (¢ =0.94 in CHCL); IR (v,
em™') .3 475,3 415,2 923,2 851,2 361,2 342,
1638,1 618,1 122,1 079,619;'H NMR (300 MHz,
CDCLy) 6:5.30(dd,1H,J=5.1,2.1 Hz) ,4.77 ~
4.72(m,1H),4.52 (t,1H,J =5.3 Hz),4.24 ~
4.15(m,1H),3.83(dd,1H,J=9.2,5.7 Hz) ,3.67
(dt,1H,J =9.5,6.7 Hz),3.55(dd,1H, ] =9.2,
6.6 Hz),3.38(dt,1H,J =9.5,6.6 Hz),2.64(d,
1H,J/=8.1 Hz),2.23(ddd,1H,J =14.2,7.2,2.2
Hz),2.10(ddd,1H,J=14.2,5.0,3.6 Hz) ,1.57 ~
1.47 (m, 2H,-CH,CH, ), 1.41 ~ 1.27 (m, 2H,
-CH,CH, ), 0.90 (t,3H, J = 7.3 Hz,-CH,CH, ) ;
“C NMR(75 MHz,CDCI,)5:106. 1,81.9,80.4,71.8,
71.6,67.8,40.7,31.5,19.2,13.7; HRMS ( ESI) for
CoHyg NaO, [M + Na]" . Caled. 225. 110 3; Found
225.110 1,

ZIZA BT KRG ) 20b (150 mg, 0. 47
mmol ) 14 J5ik}, 15 2| G Al R Ak G 4 12 (86 mg,
90% )., ke 12[al] = —=17.33°(¢ =0.81 in

CHCL,) ;IR (w,em™") ;3 475,3 415,2 926,2 853,
1638,1 618,1 514,1 250,1 109,1 081,1 035,
619;'H NMR (300 MHz,CDCl,) §:5.25(t,1H,J =
3.5 Hz),4.71(t,1H,J =5.9 Hz) ,4.62 ~4.58 (m,
1H) ,4.21 ~4.17(m,1H) ,3.91 ~3.86(m,1H),
3.80~3.73(m,1H),3.49 (dt,1H,J =9.5,6.8
Hz),3.10 ~3.06 (m,1H),2.22 ~2.19(m,2H),
1.65~1.55(m,2H),1.42 ~1.32(m,2H) ,0. 93(t,
3H,J =7.3 Hz); " C NMR (75 MHz, CDCl,) §:
106.1,84.1,81.4,73.1,70.9,68.8,39.9,31.1,
18.8,13.4; HRMS (ESI) for C,, Hy NaO, [ M +
Na] * :Caled. 225. 110 3 ;Found 225. 110 8,

2.2.6 Sauropunol C/D #4-m BG4 20a
(200 mg) AT 70% BEFR K AW, % il T Hedt
48 h, FUWEE S, AR Ik R S B 1 TR B
RSP, HOROBRAER 3 W, 5P, 1
LRI IR Z AN MR 1 IR, T T15- 1% v iR 9,
PP A, 25 TR (il - £ R
CHR,20: 1—10: 1) 73 B, 45 350 40 3 R S e
YiikE413,14(116 mg,70% )

3 ERSWR

DA 2-Fi AU 2 (15) by ke i BB, 43 301 AR
T3 T IR RE B AT AR SR R [ R
FRE L BWE 3, 6- /K IR G RN 15 31 SC Hl b E] 44 3,
6-Bi /K OB 45, T 28 R S AL BRI B 3, Je &
BT RERF=H) sauropunol A FI B, 7= 553 5|y
21% F1 5% 34 (8] {4 20a 28 70% (1) Bk g b FE 5 15
PR AR R A 21 J5, A S 3
SMF TR RAR ) sauropunol C/D, X X ¢ 5744
PR LA B3 b, 0 %00 3 B 03 0 B, ROR
i 17%

2 % x
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HPE SRR AR I E SR T 2EHUieHi sy
PRWARE F SR MY/ R iinGE

H B 2B R 2L PSP AR ME RO R ST, B A ERPUSA E XK 1 R B 25 £ A
PR R SRS 280 Rk /AR RS 7, BRI S G 1 R SR 24 i A B R AL, 3145 T CFDA 4
Ry 1~ M25H e PR FEHEAT , i3 2 rh B 2B 7E QT 245 W8 ST 19 S — B E R

FEHERAFR (LUN AR DPT) ZM b2 sh g A 8080, B AR FAFAE TAL LA 25 R (B & i, HAE
IR o BFFEAT A2 AR RIS , — I A A~ B U 5 i ) 26 Hh R AR F) DT, AT A bR 1 iR 24 10 R U5 ) 5
TIEAPERNEE-B-IIING 5 DPT 8 S-S WA ISR T KPR, iz & R B PR B E 1 kA, I R AT IS
FW], DPT (RSS20 % 22 F IR e 4 A AR 1) 2% O A P R 5 Pt o PR WS T, DPT XS/ 2 i i |
FLIRIEE N B A5 SEAR A L, 5 SR MR AR 24 S , JU OGS T A2 B AT R B (KR AR A 0o e 88 F T
LGP IR AL T W A AR AR RV, 17 DPT ST 245 [ A 280, A SRR i R _E 36 7 Tt 24 e R B 24

W2, Z 54T IR RETHTF 2 BAL B2 e b0 VLR AE 200 3 Jy 2 B i S g & LI AR
KA T S S R B B _E I 25 AT B LR i 2= 25 A S B A B2 ) 55 052, 100 A i
TRRAR =AW S AT DRI QBT 945 R o 235U FI 3 3% SCHRA S 30 H AT 5 T el 8 R W FIIEAS , 7% H g
JERFEN T E S = B2 R R I A R B . ([ 2B 2R R RS TER—— 2%
A L RE R T R -B- PPN G M i i 2 S L IR A S PR W JE 3L (2010,41(5) 447 - 450;2014,45(3)
301 -306) ,
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