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Structural modification and inhibition of melanin content of curcumol
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Abstract : Curcumol isolated from the oil of Oleum curcumae was identified to be inhibited melanin in B16 cells. In order to
modification its structure ,eight derivatives of curcumol were designed and synthesized,of which 2,3,5a,5b,6 are new com-
pounds. As the result of screening,5b and 6 showed the stronger inhibitory content on melanin than curcumol , but there were
no significant differences. According to Grphpad prism software analysis, their P values were all greater than 0. 05, which were
0.80 and 0. 22 ,respectively. The result of the melanin content measurement indicated that epoxidation followed by the hydro-
lyzation and esteration of the exocyclic double bond of curcumol could increase inhibitory content on melanin in B16 cells.
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Fig. 1  Synthetic route of curcumol derivatives

¥ 35 B S 4514 (a) HBr, acetone, 60 C (b) 05, Me,S,-78 °C; (¢) (BMIM) NTf, , (CH,0),,

i-Pr,NH - TFA; (d) Chloroacetic anhydride,

NaH,DCM; (e) BOC-L-Leucine ,NaHCO; , CSF,DMF; () m-CPBA ,DCM;; (g) NaOH, isopropyl alcohol ; (h) NIS,PPh; ,DCM; (i) Diethylamine,

K,CO, ,THF,70 °C/NH,

1.3.1 2, 7-=F&*k-1,4-—F 4,2 3=
HEREZH-6(1H) -8 (1) #94) &

TE 50 mL JZ WA 30 mL NER, BN S
mL 40% BRI 17 W, 76 LR 3 Ao A TS K i 2
BT =N B LR A R B R OK, i DR
HUEH o B 100 mg FOREEA T IR, i fal
i, TLC(5% IR IR £, T 3 £0 ) BRI 28 I I 56 4, il
N B R S B T VAR & b BRI R, TG
IKBRBREN 485 DR MR 4, 284 (3 (Al ks LR
LT =10:1) 74 35 mg HEAREIK(L)
1.3.2  (3S,3aS,5S5,6R,8aR)-3-F J-5-F & & -7-
W A -8H-3a,6- 2R A.3%, K -6-52-8-F7 (2) 49 4] &

£ 50 mL IR i A 20 mL 5K H ke
(DCM) , A 100 mg FEARE, & TG S0 45,

ER 9,813

- H,0,40 °C; (j) Carboxylic acid, DMAP,DCC,DCM; ( k )4-Nitrobenzoyl chloride,NaH,KI,DMF,

BRI 8 K78 °C, fE LI JE T iR 15 min'* |
B fe , ARG R A 2 i ol S g AR 2R b A R
TLC (5% W)t 2 £, 15 i £5) BR R 28 | 0 58 4, A
0.2 mL ZH grifik, =R FE 3 h J5 , MU 1 A
BRER SN, MR Eh /K U, TO/K B R 4N g fe ok vk
g, SRS (AmEk: LR TR =10:1) 15 48 mg
Tt BRIk (Z-1)

£ 25 mL SO AR 2 mL 1-7T 3E-3-H
BEBR M (= g5 T LA BE ) TE Ve ( ( BMIM) NTY, ) |
HrlE iR Z-1 (19 mg,0. 08 mmol ) , £ HEE (5 mg,
0.16 mmol) K 4k 71 = 9L & MR — 5 N ik e &6 (-
Pr,NH - TFA) (18 mg, 0.08 mmol ), 70 C T Jz
I TLC (5% IBRIR 2.1 50 () BR iR 38 2 N 5 4,
WA 1N A ERRRK I, 1 N 1S S ALK W,
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TN EER K PE , TCAK B R B 08 J5 s e Tk 4, SR,
1317 mg HEFEER2) .,

1.3.3 2-((3S,3aS,5S,6R,8aS)-3- ¥ & -5-F /& -
8-¥ M R A\ £-6H-3a,6-2F A& K-6-8F ) 2-A XK T A&
BOC-L 7 &8 (3) #9 4 &

FE 50 mL S W, A 20 mL G H
(DCM) , A FEAREE (300 mg, 1. 27 mmol ) & &AL 54
(NaH) (305 mg,12. 7 mmol) , B+ 30 min, [E)5
AR Z B2 IF (543 mg,3.2 mmol) , % i $if £,
TLC (5% (IR £t 5,) BRI 2 S0 58 4, K
KU PRI £ TR, 10 A /K vk, JE /K B R
TG R 4, 2k A% (A SR TR =
100: 1) 75 257 mg T AiE IR (Z-2) .

7£ 25 mL SOWIRH, IfA 10 mL N, N-—H JLHl
Fikfie (DMF) | AR A ] 44 Z-2 (22 mg,0. 071
mmol ) ,BOC-L 5% % (17 mg,0. 071 mmol ) , Bk iR &
#1(NaHCO,) (6 mg,0.071 mmol) DL K {1k & 1 55
{4 (CSF) , R BEFE 15 min, Ff5IN#A R 70 C 2
I, TLC (5% BB R £, B 4 0 ) B 07 28 I 1 5 4, TN
TRV M B R /K W, 0 KB R Bk 45 I ek e ik
a4, AR OGS (AL LR TR =30:1) 15 28 mg
T aiE AR (3) .

1.3.4  (38,3aS,55,65,8aS)-3-% 3 -5-5 /& 8-
(N,N-=— T Hh-Z A FHK)-1,2,3,4,5,8a-7% A -6H-
3a,6- 3 A AR-6-57 (4a) 69 4 &

1E 100 mL Jz B H, Jim A 50 mL — &0 B %
(DCM) , I AFEAREE (1 g,4. 24 mmol ) J [H] 53 %A
FHR(1.096 g,6.36 mmol) , 2 FHc gk, TLC
(5% PBiR £, 1% £ ) BR IR 28 ) N7 58 4, ARk A A
T A iR S0 , T Rtk 1R S0, T R R K 3k, ok
TR AN T4 Do v 40, 1540 5 (B) 44 ( Z2-3) 0
7T 30 mL SN EEH A S E A8 (512 mg,12.72
mmol ) ,70 C7F v, TLC (5% W B R £ Tt 2 ) R
5 2 N ST 4, MR UK A RS o TR, AR RN K U
TCARKB R B 088 J VPR e 4, R 533 (A i ik 2
MR TR =3:1) 14 744 mg FIA[EIA(Z4)

FE 50 mL JZ KR A, A 20 mL G B b
(DCM) ARUIMA Hr [ 44 Z-4 (300 mg, 1.2 mmol) ,
N-RAR T [k W % (NIS) (405 mg, 1. 8 mmol ) 2 =
FHEWE (PPhy) (471mg, 1. 8mmol ) , %5 gk,
TLC (5% WITIR L BE 45 ) BRI 2 J 0 58 42, i A
ERIKYE , TOKBR RN T4 0 e 4 , 24T (i (vl
fit: R =15 1) 715 264 mg PR AR (Z-5) .

f£ 25 mL J R, A 10 mLo PO A ok IR
(THF) , & ¥ m A ] & Z-5 (100 mg, 0.276
mmol) , = 2} (43 pl, 0.414 mmol ) A fk /2 £
(K,CO,) (57 mg,0. 414 mmol) ,70 C F i, TLC
(5% BYBRIR < - 0 ) BRER 28 S 0 56 42, /K ER 1
FVEERK Uk, TC/K B R 4 T4 5 Dol R vk 4 , 24 i
(faimmE: IR =20: 1)45 77 mg A OB A (4a) .
1.3.5 (38,3a$,55,6S,8aS)-3-F A -5-5% /& H£ 8-
HFH-1,2,3,4,5,8a-55 &-6H-3a,6-38 A3 R-6-5%
(4b) o9 ) &

1E 25 mL J i AT, A A Z-5 (132 mg,
0.365 mmol) } 14 mL % 7Kk,40 C F '™, TLC
(5% FIRE IR £ 18 5 (5 ) BRI 28 I Ny 58 4, VR e 4
RS (=& P b HEE =200 1) 15 48 mg [ {1 [#]
& (4b) ,
1.3.6 (3S,3aS,55,6S,8aS)-3-F 4 -8-% W} 5-
A ik-8-[ (2-FA-KXFBAKL)FL]-1,2,3,4,5,
8a-75 £-6H-3a,6-2R .35 K -6-F2(5a) 494 &

fE 25 mL NP, A 10 mL G g
(DCM), B AR K m A i al & Z-4 (31 mg, 0.4
mmol ) , A FL 2K H iR (20 mg,0. 15 mmol ) , 3
Ik — W (DCC) (76 mg,0. 369 mmol ) M 1k &
4- L E (DMAP) | %98 FHEHE”), TLC (5%
BT IR £ I i 0 ) BR R 25 R N 58 4, AU FH A s
1R S, FRLRITI A 2 , A I R KV, TR B IR A 1
PG R AR, 2 hE 1 (CAREE: R 1 = 10:
1) 1% 32 mg LB A (5a) .
1.3.7 (38,3aS,55,65,8aS)-3-F A -8-% W} 5-
FRAE8-[ (3,5-Z A AR FmAL) FA]-1,2,3,
4,5 ,8a-7 5.-6H-3a,6-3F 8.3 K-6-F (5b) ¢4 %

fE 25 mL NP, A 15 mL G H g
(DCM) , FAR K I A Hr[al {& Z-4 (103 mg, 0. 41
mmol ) ,3,5- " EIK H 2 (104 mg,0.49 mmol ) , —
PR AR 3 e ( DCC) (253 mg, 1. 23 mmol ) K 4
b 4- LM E (DMAP) | 08 FHEPE  TLC
(5% RIRLRR 215 fg 40 ) BRI 28 07 52 4, MK Uk A
FhR 2480, AN A R, T R Bk vk, oK B e
BT RS R 4, Sk s (A LR TR =
10: 1) 43 106 mg &4 (5b) .
1.3.8 (385,3aS,55,65,8aS)-3- A -8-% W} 5-
FAk-1,2,3,4,5,8a-5% £.-6H-3a,6-2R A F K-6-5
x A K T B 85 (6) 94 &

1£ 50 mL W, A 15 mL N, N-—H JEH
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e ( DMF) AR A Hhral A Z-4 (158 mg, 0. 627
mmol ) , & fL40 (NaH) (150 mg,6. 27 mmol ) M Atk
ML ER (KD , SR 15 min, fE 5 006 A 2
AL (348 mg, 1.88 mmol) , iR FHEHE,
TLC (5% (IR £t 5,) BRI 28 S0 58 4, K I
KU R R £ R, AR RN R 7K Bk, TC /K B IR 44
THEJE R VR AR, AT 3l (A h g LR O = 10
1) 45 137 mg FHEALER6)
1.4 HZABRTEYNHIEEGERSENNE

P E i FEAR BT AE Y 1.2.3 4a 4b 5a 5b,
6, % FH NaOH 00 5 20 i 9 Y BB 0 22 R0
P TR K0 Blo 4R ik, 2R F 6 fLAk
R WREE R 2 x 10° /4L, I E T 37 € 5% CO, 1%
FRAATP SR . RN e A W BE J T 2h , O 4k sk
WA 72 he 325 LW, PBS PRI 2 W, fift 40 A 1
WSO 4 M L A 240 P 4 A i 200 wL, T4 C
7557236 40 min J5,12 000 rpm E.0> 20 min, %
I E EP EIEE PR, DIEWT A 190 pL
1 mol/L # NaOH ( & 10% DMSO) 27 , 3T 80
CIKWE 1 h T4 E S, 76 405 nm 2T 2 OB 1H
T 1) B0 2R B R A R ARG B MR I —fh b #L
AR B RN & & = (0D, FE i/ 8
JZ) /7 (0D, 28 I/ BRIV EE ) x100% , B S H A
3 YGHATINE o
2 #ER5IE
2.1 ZAREBMERRIE

'H NMR (400 MHz, CDCl, ) §:4.87 (s,2H, H-
9),2.55(m,2H,H-7),2. 14(m,2H,H4),1.00(d,J
=4.0 Hz,3H,H-12),0.90(d,J =4 Hz,3H,H-11),
0.86(d,J =4 Hz,3H,H-13);"”C NMR (100 MHz,
CDCl;)5:144.8 (C-8),113.0(C9),104.7(C-6),
88.2(C-3a),56.4(C-5),54.6(C-8a),39.5(C-3),
38.9(C-7),34.8(C4),31.0(C-2),28.8(C-10),
28.3(C-1),23.2(C-11),21.6(C-12),12.5(C-13) ;
HR-ESI-MS:m/z 259. 1667 [ M + Na] ™ (caled for C,;
H,,0,Na,259. 1669 ) . 53¢k v 3 A i 0y 4%
B LU, 1 8 s A IR S P FRORBE
2.2 FHAREBITEMNERRIE

wEW1 [, IR 33% ' H NMR (400
MHz,CDCL, ) 8:7.08 (s, 1H, H-6),7.00 (s, 1H, H-
9),3.46(hept,J =6.8 Hz,1H, H-11),3.07(p,J =
7.0 Hz,1H,H4),2.81 (dd,J =16.7,7.7 Hz,1H,
H2),2.54(dd,J =16.7,11.5 Hz,1H,H=2),2.22

(s,3H,H-14),1.92(m,1H,H-3),1.73 (m, 1H, H-
6),1.17(d,J =3.1 Hz,3H,H-15),1.16(d,J =3.1
Hz,3H,H-12 or H-13),1.04(d,J =7.1 Hz,3H, H-
12 or H-13),0.99 (d,J =2.0 Hz,3H,H-17 or H-
18),0.98(d,J =2.2 Hz,3H,H-17 or H-18);"C
NMR (100 MHz, CDCL, ) 8:185.3(C-8),158.6 ( C-
7),151.8(C-5),144.9(C-1),144.8 (C-10),138. 8
(C9),130.7(C-6),48.7(C-3),46.7(C4),38.6
(C2),29.7(C-11),28.3(C-16),25.0(C-14) ,22.6
(C-12),22.4(C-13),21.7(C-17),21.6 (C-18),
14.2(C-15) ; HR-ESI-MS:m/z 281.187 3 [M + Na ] *
(caled for C4H,,ONa,281. 187 6),

LEW 2 A, R 85% ;mp. 109. 1 ~
111.6 C; [« ]7-105 (¢ 0.001 9, CH,0H); UV
(MeOH) A, (log £)227(0.53) nm;IR(KBr)v,, 3
391(0-H),1685(C=0),1621(C=C)em ';'H
NMR (600 MHz,CDCl,)§:6.25(d,J =1.3 Hz,1H,
H-1"),5.72(d,J =1.3 Hz,1H,H-1") ,0.98(d,J =
6.5 Hz,3H,H-11),0.86(d,J =6.3 Hz,3H,H-10),
0.82(d,J =6.6 Hz,3H,H-13) ;" C NMR(150 MHz,
CDCL,)5:200. 8 (C-8),144.6(C-7),121.9(C-1"),
105.4(C-6) ,86.2(C-3a),59.9(C-5),56.5(C-8a),
40.9(C-3),35.4(C4),31.0(C-2),29.8(C9),
27.1(C-1),22.4(C-11),20.6(C-10) ,11.6(C-12) ;
HR-ESI-MS:m/z273. 1459 [ M + Na] * (caled for C 4
H,,0,Na,273.146 1),

WEW3  JCOB HRAR, YR 78% ;[ ] 40
(¢ 0.003, CH,OH); UV (MeOH) A, (log &) 205
(0.79)nm;IR(KBr)p,, 3 451(N-H) ,3382(0-H),1
778(C =0),1 757(C=0),1719(C=0),1 646(C
=C)em ';'H NMR (600 MHz, CDCl, ) 8:4.89 ~
4.87(m,2H,H-2"),4.67(d,J =15.9 Hz, 1H, H-
9),4.51(d,J =15.9 Hz,1H,H9) ,4.43 ~4.38(m,
1H,H4"),1.44 (s,9H, H-11", H-12" and H-13"),
0.99(d,J =6.6 Hz,3H,H-11),0.96(dd,J =6.1,
3.6 Hz,6H,H-7" and H-8'),0.94(d,J =6.4 Hz,
3H,H-12),0.86 (d,J =6.5 Hz,3H, H-13);" C
NMR (150 MHz, CDCI,) 6:172.8 (C-3"),164.4 ( C-
1'),155.4(C9'),144.1(C-8),113.4(C-9),110. 1
(C-6),90.0(C-3a),79.9(C-10") ,61.5(C-2"),54.5
(C-5),52.0(C-8a),51.9(C4"),41.6(C-5"),39.4
(C-3),36.8(C-7),33.4(C-2),30.8(C4),28.3(C-
11,C-12" and C- 13"),28.3(C-1),24.8(C-10),
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23.0(C-6"),22.7(C-7" and C8"),21.7 (C-11),
21.4 (C-12), 12.2 ( C-13); HR-ESI-MS: m/z
530.309 1 [ M + Na] " (caled for Cy H,5 NO,Na,
530.308 8) .,

EY 4a %GB UK, 10 90% ' H
NMR (600 MHz, CDCl,)§:5.76 (s, 1H,H-7),3.10
(d,J =13.1 Hz,1H,H-9),2.77(d,J =13.5 Hg,
1H,H-9),2.61 (s,2H, H-1"),2.40(s,2H,H-1""),
1.02(d,J =6.7 Hz,12H,H-11,H-12,H-2" and H-
2'7),0.90(d,J =6.6 Hz,3H,H-13);"”C NMR (150
MHz,CDCl,)8:143. 1(C-8),126.0(C-7),103.4( C-
6),87.0(C-3a),59.5(C9),56.8(C-5),50.3 (C-
8a),47.0(C-1" and C-1"") ,40.3(C-3),36.7(C4),
31.2(C-2),31.0(C-10) ,27.4(C-1),22.7(C-11),
21.4(C-12),11.8(C-13),11.6 (C-2" and C2"");
HR-ESI-MS:m/z 308.258 4 [M + H] " (caled for C,,
H,,NO,,308.258 4) ,

& 4ab AR, R 53% ,'H NMR (600
MHz,CDCl,)6:7.97(s,2H,N 4),6.15 (s,1H,
H-7),3.72(d,J =14.6 Hz,1H,H-9),3.63(d,J =
15.5 Hz,1H,H9),1.01(d,J =5.9 Hz,3H,H-12),
0.99(d,J =6.5 Hz,3H,H-11),0.86(d,J =6.0
Hz,3H,H-13) ;" C NMR (150 MHz,CDCI,)§:136. 33
(C-8),127.54(C-7),103.83(C-6),87.33(C-3a),
58.62(C-5),50.53(C-8a),42.20(C9),40.17 (C-
3),35.94(C4),31.30(C-2),30.44 (C-10) ,27.52
(C-1),22.68(C-11),21.90(C-12),11.82(C-13);
HR-ESI-MS:m/z 252.195 4 [M + H] * (caled for C,q
H,,NO,,252. 195 8)

e sa TEBEHBRE WE 1%, [o])
30(c¢ 0.002 7,CH,OH) ;UV(MeOH) A, (log £)204
(1.49) ,231(1. 11)nm;IR(KBr)p,, 3 374(0-H),1
720(C=0),1 662(C=C),1 602,1 576,1 488,1
458,738 ¢cm ';'H NMR (600 MHz, (CD,),CO)§:
7.93(d,J =7.8 Hz,1H ,H-7") ,7.48(t,] =7.5 Hz,
I1H,H-5"),7.37 ~7.27 (m,2H, H4' and H-6"),
5.97 (s,1H,H-7),4.86 ~4.71 (m,2H,H9) ,2.59
(s,3H,H-8"),1.02(d,J =6.5 Hz,3H,H-11),0.99
(d,J] =6.5Hz,3H,H-12),0.88(d,J =6.6 Hz,3H,
H-13);”C NMR (150 MHz, (CD,),C0)8:166.6( C-
1'),139.7(C-3"),138.2(C-8),132.0(C-5"),131.7
(C4'),130.3(C2"),129.9(C-7"),128.3(C-6"),
125.9(C-7),103.0(C-6) ,85.9(C-3a) ,65.7(C9),

59.2(C-5),49.6 (C-8a),40.1(C-3),36.3(C4),
31.3(C-10),30.8(C-2),27.4(C-1),22.3(C-8"),
21.0(C-11),20.9 (C-12),11.2 ( C-13) ; HR-ESI-
MS:m/z 393.203 3 [ M + Na]* (caled for C,; Hy,
0,Na,393.203 6) ,

LEWSd AR, I 58% ;mp. 58.0 ~
60.1 C;[al? 19(c 0.002 1,CH,0H) ;UV(MeOH)
A (log £)206 (1.28) nm; IR (KBr) v, 3 386 ( O-
H),1 735(C=0),1629(C=C),159,1 546,1
461,721 e¢m ';'H NMR (600 MHz, (CD,),CO)§:
9.19(t,J =2.1 Hz,1H ,H-5") ,9.11(d,J =2.1 Hz,
2H,H-3"and H-7"),6.05(s,1H,H-7),5.05 ~4.89
(m,2H,H9),1.03(d,J =6.5 Hz,3H,H-12),0. 99
(d,J =6.5Hz,3H,H-11),0.89(d,J =6.6 Hz,3H,
H-13) ;”C NMR(150 MHz, (CD,),C0)8:163.1(C-
1'),149.6(C4" and C-6'),138.0(C-8),134.2(C-
2'),130.2(C-3" and C-7"),129.7(C-5"),123.2(C-
7),103.7(C-6),86.7(C-3a),68.3(C9),59.9(C-
5),50.3(C-8a),40.7(C-3),36.9(C 4),32.0(C-
2),31.5(C-10),28.3(C-1),23.0(C-11),21.6(C-
12),11.9(C-13) ; HR-ESI-MS:m/z 469. 157 6 [ M +
Na] * (caled for C,,H,xN,0,Na,469. 1581)

wEWe HEEK, U 40% ; mp. 67. 8 ~
69.0 C;[al? 32(c0.002 5,CH,0H) ; UV(MeOH)
A, (log £)204(2.08),259(2.01)nm;IR(KBr) v,
1743(C=0),1724(C=0),1607(C=C),1528,1
460, 873, 835, 718 c¢m ';'H NMR ( 600 MHz,
(CD,),C0)5:8.39(t,J =8.9 Hz,4H,H4', H-6'
and H4"' ,H-6""),8.34 ~8.29 (m,4H, H-3', H-7’
and H-3"",H-7"") ,6.35 (s, 1H,H-7),4.99 ~ 4.92
(m,2H,H9),1.09(d,J =6.5 Hz,3H,H-12),1.02
(d,J =6.5 Hz,3H,H-11),0.98(d,J =6.6 Hz,3H,
H-13) ;" C NMR(150 MHz, (CD,),C0)8:164.1( C-
1'),161.4 (C-1""), 150.8 (C-5"), 150.8 (C-5""),
136.5(C-8),136.0(C-2"),135.6(C-2""),130.9(C-
3’and C-7'),130.8(C-3"" and C-7""),126.3(C-7),
123.7(C4'and C-6") ,123.7(C-4""and C-6"") ,106. 2
(C6),89.3(C-3a),66.7(C9),58.3(C-5),49.6
(C-8a),39.9(C-3),34.6(C4),31.1(C-2),30.3
(C-10),27.5(C-1),21.9(C-11) ,21.0(C-12) ,11. 1
(C-13); HR-ESI-MS: m/z 573.184 6 [M + Na "
(caled for CyH,)N,0yNa,573. 184 4)
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2.3 fARENERZSENE
Rl HEBENEEESENE(v+s,n=3)

Determination of melanin content in cells( x +s ,n=3)

W 200 P R (0 R

Table 1

Ciﬁi}ﬁd Concentration Intracellar melanin
(pmol/L) content( % of control)
M HE

Negigifiggunl - 100. 00 = 11. 66
&ﬁﬁﬁﬁfﬁi 50 196.97 +6. 28
Cﬁﬁil 1 87.24 +7.03

1 1 100. 70 £2. 41

2 1 97.30 £6. 50

3 1 104.28 +1.94

4a 1 104.97 £1. 56

4b 1 96. 64 £7. 05

Sa 1 108.28 +5.27

Sb 1 85.75 £5.52

6 1 80. 14 £0. 89

2¢ Grphpad prism #A{F 7347, 241 Z [BIX LE, 44
JCRFENEZE S, Horp S PR A A, 5 1,
2 3 4a.4b 5a.5b.6 LI S FEARBER P {H 535 K
0.94.0.78,0.63,0.60,0.74,0.40,0.19, 0.13
0.23, W& EMELS R G AN, B e wHRA
MEHA — @ R EAEHL 8 MITEY A 2 MR AEY
R S B AR B FEREE . TR E ik Z-4,9
RS A 3,5- A ER R (5b) |, s e A
FHECFRAR B3 5 v B (A Z-4 9 37 32 AR~ 45 Il 2 2
A A K A T P S (6) S B U A T e 3R
ARBEE H AL LA W Sh R AR 5. i ] A
Z4.9 (i dk PR A IR HR (Sa) , iR i e
VERTO B S8 ARG, LE3RARBESS . g nl WL Z-4 Hpa]
PRFEEEE BRI ATEIR b BA I HL 1 SR AT 14 2 PP 1R
SR AR JR 8 SR AR B T 5 A A
LTI RIPIR . FORBEERRIEAAE T A TT
PREHES BN ROAT A0 1, B0 4 i 2 5 (0 1 1, 745
BT 3, AR R AL, 25T mannich
B, A3 B BA o, B AN AEAZS A AT A9 2, DL
FIAGREEMG B BT LEY) 4a 1 4b, HAE AR L

FHAEE o
3 #ig

ARICE R IR AT HA 1 B16 20 i h &
GRIIENE, BA —E LA . IR R A
&, e T 8 NFRSITAY), Jorb 2.3 5a.5b .6 Dy
WEY, il R AR S B E , b A9 b

16 FR PR R S A AL THREE . &0
AR SE 2 A B TR (e R TR Z-4 322 5 A
RIS b FAT W HL 3 P 1 Y 1 e B D A
GRS EAMENZ T IR LA S H T 2HEM
AR R . WFFEE R T 3R B R S5 A 11 B HESE
FIEBR AR S RA —E S H M.
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