% 4”) ft« % DOI: 10.6023/cjoc202005006 it Bk

Chinese Journal of Organic Chemistry NOTE
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WERT EAC AEX EE DEEe

(C B RZAYRE 5K AR 529000)
CHHEI TR ST T 510641)

WE  EAME R, RIRFIDEERIE IR 220 SR0E 2 70 e B ZR AR 0 TG Ve A0 4R m v v 2 Ak & I B0
. DR AEERR AR S T RONERL, &7 WA RIIMREER- & T REEZREA, UG T & B A Px i R
PRI, IR, WAERR & R B A hI B A R B v, o 2-FAR-2H- 2R L -4- 55 (E)-3-(4-
PRI LI BR(Co) R 2-5AR-2 H- 2R I ML IR - 7-38 (E)-3-(4-F5 I 2R 5L ) P M5 156 (Do) 411 i 1% S B A 10375 12 B3, 1Csp 43 M
(10.720.7)M1(2.2£0.2) pmolsL ", 4> 5l J2& BHER[ICso: (28.5=1.1) pmolsL ™ 'JH 3 £%H1 13 155, MR RN R ER, 3
WAREE(F, Cl, OH)MI 51 N AR5 5 S b & P 0 B S R R T 1, BURAERR S 7-F2 B SR i & P it 1 v T 3
5 4 BB/ GEEETY. B AEY, LAY Cy Fl Dy W ESE REFHIINELE—F i RS BHGIER. Cy
1 Dy 19 K 435109 1.07, 20.61 pmolsL ™, Kis 43524 3.72, 27.09 pmoleL . #J5, RS TR TILEY) CoFI Dy 5
B IREE 1 45 A .
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Synthesis of Cinnamic Acid-Coumarin Ester Analogs and
Inhibition of Tyrosinase Activity

Lin, Zhiqing“ Xia, Wanling” Liu, Renyi” Jiang, Shaohua™*“ Ma, Zhigiang™®“"
(“ School of Biotechnology and Grand Health, Wuyi University, Jiangmen, Guangdong 529000)
(4 School of Chemistry & Chemical Engineering, South China University of Technology, Guangzhou 510641)

Abstract In medicinal chemistry, the structural modification of natural product and skeleton hybridization strategies is
important way to improve the biological activity of template compound and find highly active lead compounds. In this work,
two series of cinnamic acid-coumarin ester analogs were synthesized by using cinnamic acid and hydroxycoumarin as raw
materials. And the tyrosinase inhibitory activity of the synthesized compounds was evaluated. The results indicated that the
cinnamic acid-coumarin analogs had favourable tyrosinase inhibitory activity, especially 2-oxo-2H-benzopyran-4-yl(E)-3-(4-
hydroxyphenyl)propenyl ester (Cg), 2-0xo0-2H-benzopyran-7-yl(E)-3-(4-hydroxyphenyl)propenyl ester and (Dg) with ICsy of
(10.720.7) and (2.240.2) pmol=L ", respectively, which are 3 and 13 times that of kojic acid (ICsy (28.5%1.1) pmolsL™").
The structure-activity relationship analysis results showed that the introduction of substituents like F, Cl, and OH could effi-
ciently enhance the tyrosinase inhibitory activity, and the inhibitory activity of condensation product of substituted cinnamic
acid with 7-hydroxycoumarin was higher than that of substituted cinnamic acid with 4-hydroxycoumarin. Kinetic studies
showed that the inhibitions of tyrosinase by compounds Cg and Dy are reversible mixed-type inhibitory effects. K; values of Cg
and Dg were 1.07 and 20.61 pmolsL ™", respectively, and K5 values were 3.72 and 27.09 pmolsL™", respectively. Finally,
molecular docking was carried out to simulate the docking between compounds Cg and Dg with tyrosinase.

Keywords tyrosinase; coumarin; cinnamic acid; molecular docking
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BRIE, FERSFEHER BaznY R
O] TR0 P oA A G R R I P R A 28, AT T B € 3R 1)
FEEUOR. AT, B2 BB 5] T Ba o7 s
WP BRI KL AP A, B
TR B 1) 1) 3 mT FHAE & S PREEEF, A 2P0 B I 46
25 TS S AR o 2 e 310 B AR A B R IR 2 T
FRERAN G, (AR K WS KRN, o2
AR R IR . 2R By B 5 R A B e etk
B AR ERNE VOO XS IRA T R .
R AREE PR T U It 0 o) 55

W R W % B RINZG I B 25
ROy, REERR S HATAEM A E A IR Py
FEWE. PUEMPTENSZGEER, A —2HRE
R BN/ P2, & R R Yh AEH BB —
FRHEA I E 2RI EY, FE2MARNEERK
HATAEYAEBGRMPLR . YU, Prath. Bus &M
) e S R 5 11 R 228

RIRF=W 5 s & F R EEE L &R
HERR, THRE RS R R A N, 1R
HER, SOl 25 1S B OB SRS, 24T, IR 2 ImIKE
YN 3 1 53 B S S5 A B B i AR O B SRS R
2. ik, AR BRI 7 a1 K A
BRI KRR =I5 REER B SRR G, G
T RA P REERR - ERZ R R A(C,~Cy F1 Dy~
Do), FEVPAL T & Bk A4 1 K 2 IR I i 0 1) 0 1, DA
MR B R e BT
1 ZR5TR
1.1 AER-FIZREEXIDHINEK

PEEIR - 5 BRI (Cr~ Cy AT Dy~ Dy) I 15
PR Scheme 1 . HURAHERRTE —SEAIER T
R N, 5 4-REEH TR TR AR C R RN
53 A XS L H ARG A Ci~Co Fl Dy~Dy. SLHH
K& N B mie & PRL A e s
NMR, IR, MS #fiiA.
1.2 L EYXERREREG R HIEE M ITE

DL L-Z AR, e THEY) Ci~Cy il D;~Dy
T 70 T S B I () ARG PR (BR 1), 1 S0t 1 PR R -
F D RBERI LW E N 200 umoleL ™" i & R
FIHENEPE, KIAEEY) Ci~Co I Dy ~Dy #A —EH]
B A BRI A0 EH, H Cy, Cs, Cg, Dy, Ds, Dy KI
R I R SRR, IR KT 40%, T3
f AL AT 200 pmoleL ™' At 1) P 2 R il Fr) 4 ARG T
40%. EEME THEY Cy, Cs, Cy, Dy, Ds, Dy I 2
T2 Tl ) ~F M R BE (ICso), [RII U5E T B &4
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A1, R'=H,R?=H; Ay, R" = CHy, R? = H; A3, R' = OCH;, R? = H;
A4, R'=F,R?=H; A;, R'=Cl, R?=H; Ag, R =Br,R?=H;

Az, R'=CF3, R2=H; Ag, R = OH, RZ = H; Ag, R' = OH, R? = OCHj3
Reagents and conditions: (a) SOCl, DMF, DCM, room temperature,
6 h; (b) 4-Hydroxycoumarin, DIEA, DCM, 0 °C; (c) 7-Hydroxycou-
marin, DIEA, DCM, 0 °C.

B 1 &Y Ci~Co il Dy ~Dy HIA S22
Scheme 1 Synthetic route of compounds C;~Cy and D;~Dy

K1 AP = RS T 0 1 H

Table 1 Inhibition of compounds on tyrosinase activity

Number R! R? ICso/(umol<L ")
C, H H >200°
C, CH; H >200°
C; OCH, H >200°
Cq F H 1122434
Cs Cl H 105.5+2.8
Cs Br H >200°
C, CF, H >200°
Cs OH H 10.740.7
G, OH OCH;, >200°
IR 201.4%53
g 28.5+1.1
D, H H >200°
D, CH; H >200°
D; OCH, H >200°
D, F H 784432
D; Cl H 76.543.1
D Br H >200°
D, CF, H >200°
Ds OH H 224022
D, OH OCH;, >200°
HFER >200°

© 2020 Chinese Chemical Society & SIOC, CAS

A IURSE 200 pmolsL ' I, EREEREHDHE MK T 40%.

AR, 7 55 SR R il R ) 00 o s PR B v 12k
R BN WHEHBRME SR BN RS0 1 E R
HIEE, 1Cs #9788 F 200 umoloL™'; T EEILF =4 Cs, Cs,
Cs, Dy, Ds, Dg 2/n 7B PTETE, 1Cs (H(2.2£0.2)~
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(112.2+3.4) umoleL ™", il i Mk B & i - BHALL &4
v Cy F1 Dg 7] B SR B G 1 58325 v T B A0 R T R
[IC5o=(28.5%1.1) pmoleL™"]. &5 B 47R: B EERR A
FEORNESE, SCE T BN, RIS
FR R TRIGZE &, 13013845 B8 s R B s P A &
.

TG A A 0 ) R T O P A R R AT
ST LB REE A Ci~Cy Fl Dy ~Dy [ 2R
FEANENE T, KL 7-32R5EE SRR AT (D, ~Dy) L 4-
FRILA TR AT (Cr~Co) B T UT 1 I 2 BR B 1 3
PE. $245 UL Dy NEHAGED), 78T Dy~Dy FITEPEEE,
AT A5 281 DAY A TR AR 35 5o A A5 0 400 1) T 2 TR A VS 1 T
W, GEREIR: PHERRZIN 4 UL AWt ERER
B S A B . (A D [IC=(2210.2)
umoleL ~ '] f 310 1 £ I B2 K, Ds [ICs = (76.5 & 3.1)
umoleL '], Dy [ICso=(78.4+3.2) pmoleL "|HNE X,
T At A3 [ 1C s [ #5 F 200 pmoleL ™', 1X—4%
RILR Cl, F, OH ZH 151 N o5 R stk & Vi = R
FEEAIH3E M, 10 Br, OCHs, CFs, CH, XM A4 I G 25
RYMLED) Di~Dy FIHRR REE R S5 EM RS Ci~
Co FAR—H. b &Y Cs M Dy (& METT BE 51L& 0>
TR AT T SRR I R 2 R B A 0 k. Rt
1EJG LBV B& o, RIE B R 4-F2 R RS
Fb TS EE R
1.3 EHHNHIER SEREGRHL IR

DA 1) 6 2 At 1 B R (A 51 C FH D ARER
&Y, TRIT T R IR -7 5 5 AU 0 1) 7 2 R
(OALER. A 30 S8 S BN AT i S5O R p b, w] LA
I Tk A (R R A AR P PR AR BB 1 3o 6 5 i AR
FER M2 kafe. Wi 1 PR, EARREMED) Cy
Dy FEHTR, B SBLH 2R SRR il 28 #0281 i p,
I ELBH M 7 B 3, 2R RER BRI AR AR B
PIHIZEAL) 2 S, AT A Co R Dy & —Flr i3 () i
BRI ] 751 261,

% %M Lineweaver-Burk XU Et £ 041 7 L&
Y Co F1 Dy [FFNHIFRISEAL. S0 57288 B 5 Ta e 1k
2181 | I | ke £ it i | IS ke £ 1 i | I e £ )
T U, AT 38 I AN [F) R A1 A R AR BEE e B3
5 R B E H it gk e, il 2 B, A
FIWEZ R G C M D AER T, BEAR S IdH 2 5 i)
TR XU R 2875 55 — RBRAS T — il AR 7128
TR 5E SCAT S, A& Co R Dg 300851 Tt 20 R Wl P 410561 246
RUZIRA RAMHEINY, L i B9 C 1 D ALATLL
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B 1 LAY Cg (a)F Dy (b) NI EE Z BRI AL EE
Figure 1 Inhibition mechanism of mushroom tyrosinase by Cg
(a) and Dg (b)

FEEF R FARUE) B it 2 R R SR AR IR, H7R) S
Wi — e 5B W 256 1T 1 R (Ks) P 38 Ik AS Rk B 410
A 750015 K0 b 2 1 B B 5 vk P VR TR 15 5 SR, €
1 Dg i K; 435124 1.07, 20.61 umoleL ™', Kis 43 54 3.72,
27.09 umoleL ™", Cg 1 Dg 1] Kis {H 51T Ky {H, £ W] Cg M
Dy 5 {5 ) 57 B g 4 A1),
1.4 HFxHE

H Sybyl-2.1.1 BAFEAU T A5 W) Cs 1 Dy 5T 2R
Fgsh 50, BSZ R i A 45 49(PDB ID:2Y9X) M PDB
AR EIRTS. B R T &Y S BB P 451
G0, ME 3a~3b FTLUE H, Cg fil Dy 1] LARLLT
MG O84S, HhE SRR IR A
TEVEVE A4S, T RUEERR IR 2 A T D4R Rl &, e
IIAT T ARG WS T R R I 1 1 48 A SR R R S 1) 4
A5, M 3¢ W LLE LAY Cs MR A SRR
it R 25 1 A LEAR PR B, Cs FikFE 5 Cud00 AT Cud01
[ FE 2> 99 0.2264 F1 0.2256 nm; 1 HALEY Cs 5
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(a) 25+
= 0 umol/L |
e 5 pumol/L kg 20
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B2 Cg(a)fl Dy (b)EIRUE H 2k
Figure 2 Lineweaver-Burk plots of Cg (a) and Dg (b)
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Figure 3 Docking of Cg and Dg with tyrosinase
(a, b) The docking of C8 and D8 with the pocket of tyrosinase; (c) the
docking of C8 with amino acid residue of pocket of tyrosinase; (d) the
docking of D8 with amino acid residue of pocket of tyrosinase
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Asn81, Val283, Phe292, Asn260 [iJJERE/KIEH. &
V) Dy HIBEE A RIFE S5 T S BRI B9 1 18] T BOb 14 S
H, Dg $IEE Cud400 Al Cud01 [AEES> 514 0.3601 Al
0.2047 nm; Ey¥23L5E 5 Val248 &G (A EE N 0.2751
nm); LAMEE Y Dg B 5 Gly249, Val283, Ser282,
Ala286, Met257, Asn260, Phe264, Phe292 T ki /K 1 H
(Bl 3d). MHEETHEY) Cs, WEY) Dy SERAREGH
Val248 JE K T AR, X 1T RE SR 9 S 1 2 S )

2 i

G T RPN - SR B ZE(C~ Cy A
Dy ~Dy), FfE 1A ATT )P R A A . A AR
MELRFRREGE, BRI HHE L] 2. It
HFib & Cs (ICso 10.7 pmolsL ™ )Al Dg (ICso 2.2 pmole
L") A T 2 2 g 40 1) 55 P B o, 23 3 R (I 28.5
umoleL "1 3 541 13 fi5. Zh/1¥WERERY, AW Cy
Al Dy & —Fhml VR & L I R B A ) 77, PR R AN
T L BCE SRR G AT T R T AE 1 1% 2 AT o 7).

3 SERSY
3.1 {UFE5RHF

Bruker Advance DPX-500 MHz #% # 3L 4§ 13 (LA
TMS A #%, Chloroform-d B{ DMSO-d, J9 & 51)ll iE; &
FELLAMERE A (KBr J£ 77); Thermo Fisher Scientific(_F i)
(LCQ™) LC-MS JAIEA; A i E G A 35 R
A w] WRS-2C 18 5L IR EE T R AL IE).

BE 75 W & B B (EC 11418 D) A L-Z E W H
Sigma-Aldrich; 7-#EF LR, 4-HEFE R, HRWH
R A R AR, B A EERR G B R T 5]
(LA RAR. HAIRFE T4t
3.2 AER-FIREEFEMIN(C1~Co F1 D,~Do)I&E
X

B EA AR A ~A, (1.0 mmol), SOCl, (2.2
mmol), N,N-—H % FFEEZ(DMF) (1 )N & ke
(DCM) (5 mL)H, XN 5 h, 4RI #3545 N AR BE A
B,~B,. LN DCM (5 mL)¥&fiR)G, 4-FREEFTH1.2
mmol)8Y, 7-FHFH E 2 (1.2 mmol)#E T DCM (5 mL)H,
TEVKHY T NS N 2 PORE R SOA W, TN N,N-— 55 R 2
ZJ#%(3.2 mmol), #H#EOIE(TLC) R ZE /K B 5e k. FtE
A NaHCO; VEK N, £ L B2 B F RN 26 K 3
v, TCKBREREN T 5 k4, FHEE N B el T 45 3
C1~Cy Fll D;~D,.

2- S AR 2 H- 25 I I -4- 5 AR R G (Cy): IR R 71
FEE TR SR/ BV s Vi v=51111, 500
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mL). AMFEE, 75% 66.3%. mp. 154~157 C (Lit.*?
m.p. 156~157 °C); 'H NMR (500 MHz, CDCl;) J: 7.98
(d, J=16.0 Hz, 1H, CH=CH), 7.71 (dd, J=7.9, 1.6 Hz,
1H, C21-ArH), 7.66~7.57 (m, 3H, C4, C6, C2-ArH),
7.51~7.44 (m, 3H, C1, C3, C19-ArH), 7.38 (dd, J=8.4,
1.1 Hz, 1H, C22-ArH), 7.35~7.30 (m, 1H, C20-ArH),
6.68 (d, J=16.0 Hz, IH, CH=CH), 6.60 (s, 1H, CH=C);
C NMR (126 MHz, CDCLy) d: 162.8, 161.6, 158.7, 153.7,
149.4, 133.5, 132.8, 131.6, 129.2, 128.7, 124.4, 122.9,
117.1, 115.7, 115.4, 105.2; IR (KBr) v: 2924, 1706, 1612,
1385, 1328, 1116, 940, 841, 736 cm™'; MS (70 eV) m/z:
315.57 ((M+Na]").

2-BE AR -2 H- 4% 5 L T -4- 2 (E)-3-(X) B 4 32 ) P 4 R
& (Cy): VT ik R .l — & eV @ v .
V=5:1:1 (400 mL). @A, /%% 53.5%. m.p.
138~140 C (Lit.*? m.p. 139~140 C); "H NMR (500
MHz, CDCl;) d: 7.95 (d, J=15.9 Hz, 1H, CH=CH), 7.72
(dd, J=8.0, 1.6 Hz, 1H, C19-ArH), 7.59 (td, /=83, 1.6
Hz, 1H, C21-ArH), 7.53 (d, J=8.0 Hz, 2H, C4, C6-ArH),
7.38 (d, J=8.3 Hz, 1H, C22-ArH), 7.32 (t, J=7.6 Hz, 1H,
C20-ArH), 7.29~7.25 (m, 2H, C1,C3-ArH), 6.63 (d, J=
16.0 Hz, 1H, CH=CH), 6.60 (s, 1H, CH=C), 2.42 (s, 3H,
CH;); >C NMR (126 MHz, CDCl;) 6: 163.0, 161.6, 158.7,
154.1, 153.7, 149.4, 142.4, 132.7, 130.9, 130.0, 128.7,
1243, 122.9, 117.1, 115.7, 114.1, 105.2, 21.7; IR (KBr) v:
2923, 1713, 1616, 1385, 1326, 1127, 938, 846, 810, 759
em ' MS (70 eV) m/z: 329.07 ((M~+Na] ™).

2-SAAR-2H-ZK I L W -4-FE (E)-3-(4- FH A L R 0 T
IR (Cs): WhBE: A1k L8 LB/ — & eV
V:ivV=5:1:1(350 mL). AL, 73 54.5%. m.p.
150~152 C (Lit."* m.p. 149~151 C); '"H NMR (500
MHz, CDCl;) d: 7.93 (d, J=15.8 Hz, 1H, CH=CH), 7.72
(dd, J=7.9, 1.6 Hz, 1H, C21-ArH), 7.62~7.57 (m, 3H,
C4, C6, C19-ArH), 7.38 (dd, J=8.4, 1.1 Hz, 1H, C22-
ArH), 7.32 (td, J=7.7, 1.2 Hz, 1H, C20-ArH), 7.00~6.95
(m, 2H, C1, C3-ArH), 6.59 (s, 1H, CH=C), 6.54 (d, J=
15.8 Hz, 1H, CH=CH), 3.88 (s, 3H, OCH;); *C NMR
(126 MHz, CDCl3) 0: 163.1, 162.5, 161.7, 158.8, 153.7,
149.1, 132.7, 130.6, 126.3, 124.3, 123.0, 117.1, 115.8,
114.7, 112.5, 105.1, 55.5; IR (KBr) v: 2925, 1728, 1609,
1381, 1293, 1112, 946, 837, 765 cm™'; MS (70 eV) m/z:
344.98 ((M+Na]™").

2- AR -2 H- 2K I I -4- 56 (E)-3-(4- 5 0K 58 T 4 R
Bi6(Cy): WREEF: A B R OB/ &RV vV
=51:1:1(400mL). FA[EMAE, =% 54.5%. m.p. 146~
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149 C (Lit." m.p. 146~147 C); '"H NMR (500 MHz,
CDCLy) 6: 7.93 (d, J=15.9 Hz, 1H, CH=CH), 7.70 (dd,
J=8.0, 1.6 Hz, 1H, C19-ArH), 7.66~7.57 (m, 3H, C4,
C6, C21-ArH), 7.38 (dd, J=8.4, 1.1 Hz, 1H, C20-ArH),
734~729 (m, 1H, C22-ArH), 7.18 ~7.13 (m, 2H,
C1,C3-ArH), 6.63~6.58 (m, 2H, CH=CH, CH=C); "°C
NMR (126 MHz, CDCly) d: 165.7, 163.7, 162.7, 161.6,
158.6, 153.7, 148.0, 132.8, 130.8, 130.7, 129.9, 129.8,
124.4, 1229, 117.2, 116.6, 116.4, 115.6, 115.2, 115.1,
105.3; IR (KBr) v: 2923, 1711, 1619, 1387, 1331, 1133,
939, 837, 758 cm™'; MS (70 eV) m/z: 333.39 ([M+Na]").

2- AR -2H- 2K F ML -4- 3L (E)-3-(4- R ) T R
B&(Cs): WRUEF: Ak LR LB/ — &PV vy
=5:1:1(400mL). FI[EE, 7% 62.3%. m.p. 184~
186 C (Lit."¥ m.p. 184~185 C); '"H NMR (500 MHz,
CDCLy) 6: 7.92 (d, J=15.9 Hz, 1H, CH=CH), 7.70 (dd,
J=79, 1.6 Hz, 1H, C21-ArH), 7.62~7.55 (m, 3H, Cl,
C3, C19-ArH), 7.46~7.42 (m, 2H, C4, C6-ArH), 7.39 (dd,
J=8.4, 1.1 Hz, 1H, C22-ArH), 7.32 (ddd, J=8.2, 7.3, 1.1
Hz, 1H, C20-ArH), 6.66 (d, J=16.0 Hz, 1H, CH=CH),
6.59 (s, 1H, CH=C); *C NMR (126 MHz, CDCl;) ¢:
162.6, 161.5, 158.6, 153.7, 147.8, 137.7, 132.8, 132.0,
129.8, 129.6, 124.4, 122.8, 117.2, 115.9, 115.6, 105.3; IR
(KBr) v: 2922, 1625, 1382, 1317, 1131, 940, 868, 821, 755
em ' MS (70 eV) m/z: 348.84 ((M~+Na] ™).

2- S8R -2H- 2K F ML -4- 3L (E)-3-(4- TR 2K 55 T 4 R
BiE(Ce): WRUEF: Ak L 0R LB/ — &PV v v
=5:1:1(400mL). F[EE, 7% 61.7%. m.p. 194~
197 C (Lit.* m.p. 194~195 C); '"H NMR (500 MHz,
CDCLy) 6: 7.91 (d, J=16.0 Hz, 1H, CH=CH), 7.70 (dd,
J=179, 1.6 Hz, 1H, C19-ArH), 7.65~7.57 (m, 3H, C4,
C6, C21-ArH), 7.54~7.47 (m, 2H, C1, C3-ArH), 7.39 (dd,
J=84, 1.1 Hz, 1H, C22-ArH), 7.35~7.28 (m, 1H,
C20-ArH), 6.68 (d, J=16.0 Hz, 1H, CH=CH), 6.59 (s,
1H, CH=C); *C NMR (126 MHz, CDCl;) d: 162.6,
161.5, 158.6, 153.7, 147.9, 132.8, 132.5, 132.4, 132.3,
130.0, 126.1, 124.4, 122.8, 117.2, 116.0, 115.6, 105.3; IR
(KBr) v: 2922, 1755, 1623, 1380, 1314, 1128, 938, 867,
818, 754 cm™'; MS (70 eV) m/z: 393.05 ((M+Na]™).

2- AR -2H- 2K H M -4- 3L (E)-3-(4- = 9 F 2L 2R 3 )
IGERER(C): RO Al LR B8/ — S bV -
V:iv=5:1:1 (350 mL). A@GEE, 7= 58.9%. m.p.
164~166 ‘C (Lit."* m.p. 165~166 C); "H NMR (500
MHz, CDCly) 6: 7.99 (d, J=16.0 Hz, 1H, CH=CH),
7.81~7.67 (m, 5H, C1, C3, C4, C6, C19-ArH), 7.61 (ddd,
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J=8.8, 7.3, 1.6 Hz, 1H, C20-ArH), 7.39 (dd, J=8.4, 1.1
Hz, 1H, C22-ArH), 7.36~7.30 (m, 1H, C21-ArH), 6.77 (d,
J=16.0 Hz, 1H, CH=CH), 6.60 (s, 1H, CH=C); “C
NMR (126 MHz, CDCLy) o: 162.2, 161.4, 158.5, 153.7,
147.3, 136.8, 133.0, 132.9, 132.8, 128.8, 126.2, 126.1,
124.4,122.8, 118.0, 117.2, 115.5, 105.4; IR (KBr) v: 2924,
1754, 1626, 1383, 1323, 1117, 941, 834, 755 cm™'; MS (70
eV) m/z: 382.78 ((M+Na]").

2- AR -2H- 2K I ML I -4- 56 (E)-3-(4-F2 3L 25 38 ) R U
TRIE(Cg): WRVEF: A IMEE/ LR L/ — &PV - V.
V=5:1:1 (600 mL). I, f=% 49.7%. m.p.
170~173 C (Lit.*? mp. 170~171 “C); 'H NMR (500
MHz, CDCl3) 8: 10.26 (s, 1H, OH), 7.91 (d, J=15.9 Hz,
1H, CH=CH), 7.79 (dd, J=7.9, 1.6 Hz, 1H, C21-ArH),
7.74~7.67 (m, 3H, C4, C6, C19-ArH), 7.49 (dd, J=8.3,
1.0 Hz, 1H, C22-ArH), 7.40 (td, J=7.7, 1.1 Hz, 1H,
C20-ArH), 6.87~6.82 (m, 2H, C1, C3-ArH), 6.77 (d, J=
15.9 Hz, 1H, CH=CH), 6.62 (s, 1H, CH=C); *C NMR
(126 MHz, DMSO) ¢: 163.8, 161.4, 161.2, 159.3, 153.6,
149.6, 133.7, 131.8, 130.6, 125.3, 125.2, 124.4, 123.7,
123.6,117.2, 116.9, 116.4, 116.2, 112.0, 105.6; IR (KBr) v:
3435, 2925, 1737, 1596, 1511, 1384, 1146, 894, 847, 755
em ' MS (70 eV) m/z: 330.72 ((M~+Na] ™).

2-5AR-2 H-F I ML IR -4-JL(E)-3-(4- 8 3L -3- A B R
VARG (Co): WRIEA: ATk 2.0 2,18/ — S R e
(ViviV=5:1:1 (550 mL). ¥t [Hf, 5%
50.0%. m.p. 177~179 C (Lit** mp. 177~178 C); 'H
NMR (500 MHz, DMSO-d;) 6: 9.86 (s, 1H, OH), 7.90 (d,
J=15.8 Hz, 1H, CH=CH), 7.80 (dd, J=8.0, 1.6 Hz, 1H,
C19-ArH), 7.72 (ddd, J=8.7, 7.3, 1.6 Hz, 1H, C21-ArH),
7.52~7.46 (m, 2H, C4, C22-ArH), 7.45~7.40 (m, 1H,
C20-ArH), 7.31~7.24 (m, 1H, C6-ArH), 6.88~6.82 (m,
2H, CH=CH, C1-ArH), 6.63 (s, 1H, CH=C), 3.85 (s, 3H,
OCH;); *C NMR (126 MHz, DMSO) &: 163.8, 161.2,
159.3, 153.6, 151.0, 149.9, 148.6, 133.7, 125.7, 1252,
125.0, 123.7, 117.2, 116.1, 1159, 112.3, 112.2, 105.6,
56.3; IR (KBr) v: 3431, 2925, 1723, 1621, 1385, 1274,
1117, 944, 851, 759 cm™'; MS (70 eV) m/z: 359.46 ((M+
Na]").

2- S AR -2H- 2 F M I -7- 35 PO AR BR TR (Dy): R WE 771
A O Sl S WV Vi v=51111 (350
mL). FGEE, 7% 654%. mp. 153~154 C (Lit."
m.p. 152~154 °C); '"H NMR (500 MHz, CDCl;) 8: 7.91
(d, J=16.0 Hz, 1H, CH=CH), 7.71 (d, J=9.5 Hz, 1H,
CH=C), 7.63~7.57 (m, 2H, C1, C3-ArH), 7.52 (d, J=8.4
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Hz, 1H, C17-ArH), 7.48~7.41 (m, 3H, C16, C4, C6-ArH),
721 (d, J=2.2 Hz, 1H, C13-ArH), 7.15 (dd, J=8.4, 2.2
Hz, 1H, C2-ArH), 6.63 (d, J=16.0 Hz, 1H, CH=CH),
6.41 (d, J=9.6 Hz, 1H, C20-ArH); *C NMR (126 MHz,
CDClLy) 6: 164.7, 160.4, 154.8, 153.4, 147.8, 142.9, 133.9,
131.1, 129.1, 128.6, 128.5, 118.5, 116.7, 116.4, 116.1,
110.5; IR (KBr) v: 2925, 1725, 1623, 1410, 1312, 986,
864, 757,692 cm'; MS (70 eV) m/z: 314.96 ((M~+Na]").

2-SAAR2H- R FF ML G -7- 38 (E)-3-(5F F 2% 32 ) T 4 TR
B&(Dy): WhVEF: i/ R 2l R/ P v
V=5:1:1 (400 mL). HEE{E, %% 53.7%. m.p.
174~179 C (Lit.*? mp. 174~176 “C); "H NMR (500
MHz, CDCl;) d: 7.88 (d, J=16.0 Hz, IH, CH=CH), 7.71
(d, J=9.5 Hz, 1H, CH=C), 7.51 (t, J=8.0 Hz, 3H, C4,
C6, C16-ArH), 7.28~7.22 (m, 3H, Cl, C3, C13-ArH),
721 (d, J=2.2 Hz, 1H, C17-ArH), 7.15 (dd, J=8.4, 2.2
Hz, 1H, CH=CH), 6.41 (d, J=9.5 Hz, 1H, C20-ArH),
2.41 (s, 3H, CH3); *C NMR (126 MHz, CDCl;) J: 164.9,
160.5, 154.8, 153.5, 147.8, 143.0, 141.7, 131.2, 129.9,
128.6, 128.5, 118.6, 116.6, 116.0, 115.3, 110.5, 21.6; IR
(KBr) v: 2923, 1723, 1619, 1404, 1260, 1129, 987, 811,
747 cm™'; MS (70 eV) m/z: 328.97 ((IM+Na]").

2-F R -2H- 2K IR -7- 5 (E)-3-(4- H AR R R 0 ) TN
IEBR IR (Ds): WhE M. A iliE/ LR LB/ — & F (v
V:Vv=5:1:1 350 mL). AtGEA, 7% 53.7%. m.p.
196~200 C (Lit.*? m.p. 196~198 C); "H NMR (500
MHz, CDCl;) d: 7.86 (d, J=15.9 Hz, 1H, CH=CH), 7.70
(d, J=9.5 Hz, 1H, CH=C), 7.58~7.49 (m, 3H, C4, C6,
C16-ArH), 7.22~7.12 (m, 2H, C13, C17-ArH), 6.95 (d,
J=20 Hz, 2H, Cl-ArH ), 694 (d, J=2.1 Hz, 1H,
C3-ArH), 6.49 (d, J=15.9 Hz, 1H, CH=CH), 6.40 (d, J=
9.5 Hz, 1H, C20-ArH), 3.86 (s, 3H, OCH;); *C NMR (126
MHz, CDCL3) 8: 165.0, 162.1, 160.5, 154.8, 153.6, 147.4,
143.0, 130.3, 128.6, 126.7, 118.6, 116.6, 116.0, 114.6,
113.7, 110.6, 55.5; IR (KBr) v: 2925, 1736, 1610, 1417,
1260, 1136, 995, 887, 825 cm ™ '; MS (70 eV) m/z: 345.10
([M+Na]").

2-SAAR-2H-ZK F I W -7- F (E)-3-(4- T A 228 ) T 6 R
Big(Dy): Ve i/ R 28 /W ke v
V=5:1:1 (350 mL). AEMA, F=% 63.8%. m.p.
207~210 C (Lit."* m.p. 208~210 C); "H NMR (500
MHz, CDCl;) d: 7.87 (d, J=16.0 Hz, 1H, CH=CH), 7.71
(d, J=9.6 Hz, 1H, CH=C), 7.64~7.57 (m, 2H, C4,
C6-ArH), 7.52 (d, J=8.4 Hz, 1H, C16-ArH), 7.21 (d, J=
2.2 Hz, 1H, C17-ArH), 7.13 (td, J=8.4, 2.0 Hz, 3H, CI,
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C3, C13-ArH), 6.56 (d, J=15.9 Hz, 1H, CH=CH), 6.41
(d, J=9.6 Hz, 1H, C20-ArH); “C NMR (126 MHz,
CDCly) 6: 164.6, 160.4, 154.8, 153.4, 146.4, 142.9, 130.5,
130.4, 128.6, 118.5, 116.4, 116.3, 116.2, 116.2, 116.1,
110.5; IR (KBr) v: 2924, 1734, 1615, 1411, 1235, 1137,
993, 835 cm '; MS (70 eV) m/z: 333.11 ((M+Na]").

2- AR 2H-ZE H ML IR -7-FE (E)-3-(4- S 75 3L ) IR IR
i (D5): WhPEF: i/ /R s/ & Rk v
V=5:1:1 (400 mL). F®E{E, f#% 51.7%. m.p.
200~203 ‘C (Lit.* m.p. 201~203 “C); "H NMR (500
MHz, CDCl;) d: 7.85 (d, J=16.0 Hz, 1H, CH=CH), 7.71
(d, J=9.5 Hz, 1H, CH=C), 7.57~7.50 (m, 3H, C4, C6,
C16-ArH), 7.45~7.38 (m, 2H, C1, C3-ArH), 7.20 (d, J=
2.2 Hz, 1H, C13-ArH), 7.14 (dd, J=8.5, 2.2 Hz, 1H,
C17-ArH), 6.60 (d, J=16.0 Hz, 1H, CH=CH), 6.41 (d,
J=9.5 Hz, 1H, C20-ArH); *C NMR (126 MHz, CDCl;) 6:
164.5, 160.4, 154.8, 153.3, 146.2, 142.9, 137.1, 132.4,
129.6, 129.4, 128.6, 118.4, 117.0, 116.7, 116.1, 110.5; IR
(KBr) v: 2924, 1726, 1620, 1406, 1273, 1125, 817 cm ™ ;
MS (70 eV) m/z: 349.31 ((M+Na]").

2- A2 H-ZK ML IR -7- 3 (E)-3-(4- 1R 2K 38 ) TH 4 R
Big (Dg): WhVEF: A B/ OB OB Rk v
V=5:1:1 (400 mL). A, /%% 64.6%. m.p.
216~218 C (Lit.*¥ mp. 217~218 “C); "H NMR (500
MHz, CDCl;) d: 7.83 (d, J=16.0 Hz, 1H, CH=CH), 7.71
(d, J=9.6 Hz, 1H, CH=C), 7.60~7.55 (m, 2H, C4,
C6-ArH), 7.52 (d, J=8.4 Hz, 1H, C16-ArH), 7.47 (d, J=
2.1 Hz, 1H, Cl1-ArH), 7.46 (d, J=1.9 Hz, 1H, C3-ArH),
7.20 (d, J=2.1 Hz, 1H, C13-ArH), 7.14 (dd, /=84, 2.2
Hz, 1H, C17-ArH), 6.62 (d, J=16.0 Hz, 1H, CH=CH),
6.41 (d, J=9.5 Hz, 1H, C20-ArH); >C NMR (126 MHz,
CDCly) d: 164.4, 160.4, 154.8, 153.3, 146.3, 142.9, 132.8,
132.4, 129.8, 128.6, 125.5, 1184, 117.1, 116.7, 116.1,
110.5; TR (KBr) v: 2924, 1723, 1615, 1404, 1268, 1122,
986, 847, 812, 600 cm™'; MS (70 eV) m/z: 393.33 ((M+
Na]").

2- AR -2H- 2K I ML IR -7- 3 (E)-3-(4- = 3 HY JE R 0 )
PIMEERIR(D,): WhEEF): e LR e/ — SR
V:iV=5:1:1 (400 mL). A®GEA, 7235 453%. m.p.
178~181 C (Lit.*? m.p. 178~180 C); "H NMR (500
MHz, CDCl;) d: 7.91 (d, J=16.0 Hz, 1H, CH=CH), 7.71
(d, J=10.9 Hz, 5H, CH=C, C1, C4, C3, C6-ArH), 7.53
(d, J=8.4 Hz, 1H, Cl6-ArH), 7.21 (d, J=2.2 Hz, 1H,
Cl13-ArH), 7.15 (dd, J=8.4, 2.2 Hz, 1H, C17-ArH), 6.71
(d, J=16.0 Hz, 1H, CH=CH), 6.42 (d, J=9.6 Hz, 1H,
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C20-ArH); >C NMR (126 MHz, CDCl;) 6: 164.2, 160.4,
154.8, 153.2, 145.7, 1429, 137.2, 128.7, 128.6, 126.1,
126.1, 126.1, 126.0, 119.1, 118.4, 116.8, 116.2, 110.5; IR
(KBr) v: 2924, 1727, 1619, 1411, 1328, 1270, 1198, 1068,
985, 864, 830 cm '; MS (70 eV) m/z: 382.73 ((M+Na]").

2-AAR-2H-ZK I W -7-F: (E)-3-(4- 32 36 2K 38 ) 1R 0
FREG(Dg): WRVEFRI: A e/ 2R 0/ — & e (v - v e
V=5:1:1 (500 mL). HEMA, F=% 43.0%. m.p.
242~244 C (Lit."® m.p. 242~244 C); "H NMR (500
MHz, DMSO-d;) d: 10.17 (s, 1H, OH), 8.10 (dd, J=9.6,
0.7 Hz, 1H, CH=CH), 7.84~7.77 (m, 2H, CH=C,
Cl1-ArH), 7.70~7.65 (m, 2H, C4, C6-ArH), 7.36 (d, J=
2.3 Hz, 1H, C16-ArH), 7.23 (dd, J=8.4, 2.2 Hz, 1H,
C17-ArH), 6.88~6.82 (m, 2H, C3, C13-ArH), 6.66 (d, J=
16.0 Hz, 1H, CH=CH), 649 (d, J=9.6 Hz, IH,
C20-ArH); *C NMR (126 MHz, DMSO) §: 165.4, 161.0,
160.3, 154.6, 153.6, 148.0, 144.4, 131.4, 129.8, 125.4,
119.2, 117.1, 116.4, 116.0, 113.0, 110.7; IR (KBr) v: 3424,
2924, 1736, 1598, 1389, 1128, 817 cm™'; MS (70 eV) m/z:
330.98 ((M+Na]™).

2-5 A2 H-2R ML - 7- 55 (B)-3-(4-F2 L -3- AR R R
BRI ER IR (Do): WRUEFR: F e/ LR . 1s/ — & e
(V:V:iv=5:1:1 (450 mL). EMOFEE, 773 59.3%.
m.p. 214~216 ‘C (Lit.** m.p. 213~215 ‘C); '"H NMR
(500 MHz, DMSO-dq) d: 9.77 (s, 1H, OH), 8.11 (d, J=0.7
Hz, 1H, CH=CH), 7.81 (d, J=5.1 Hz, 1H, CH=C), 7.79
(d, J=2.3 Hz, 1H, Cl-ArH), 7.45 (d, J=2.0 Hz, 1H,
C4-ArH), 7.36 (d, J=2.2 Hz, 1H, C17-ArH), 7.24 (dd, J=
8.4, 2.2 Hz, 2H, C6, C13-ArH), 6.84 (d, J/=8.2 Hz, 1H,
C16-ArH), 6.75 (d, J=15.9 Hz, 1H, CH=CH), 6.49 (d,
J=9.6 Hz, 1H, C20-ArH), 3.84 (s, 3H, OCH3); *C NMR
(126 MHz, DMSO) d: 165.4, 160.3, 154.6, 153.6, 150.5,
148.5, 148.3, 144.4, 129.8, 125.8, 124.4, 119.2, 117.1,
116.1, 116.0, 113.3, 112.0, 110.6, 56.2; IR (KBr) v: 3433,
2924, 1709, 1607, 1420, 1232, 1128, 983, 849 cm '; MS
(70 eV) m/z: 359.65 ((M+Na] ™).

3.3 HHIEE S EREE R M 0L

22 Telo P T TR FERIMEIB L, & RIOATA
V). FEER WEERR KR DMSO &1, JFEEL
ANFEWFE LS. #4130 L BERRZEHVAW(50 mmols
L', pH=6.8), 10 pL B&EEREHA (KR EE 33.3 U/mL)
A1 10 uL FEAE BP0 JG, N 50 pL L-Dopa( 249 5
0.5 mmolsL ™ ")E2J, T 490 nm K Tl E OD 18 11251k,
. I (%) =[(OD; —OD,)/OD;] X 100%, H: OD,
N7 OD A LE, OD, NIR{k &4 OD fH 1148
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3.4 ERHIHIZNNEMR

W5E 757355 Fak W 5E A4 4 14D T 1 TG40 o s 12k
(71524,

FEHIHI ML L-Dopa MIZIREN 0.5 mmol/L, FEE
PRI ) 29K B2 25.0, 33.3, 41.6, 50.0 U/mL I, il 5E AR
[k BEAL AW Cy B Dg 7 490 nm KT OD 18 HIA81K,
. UARIRERAYIERT OD H 1A% 5 Bk
TERMOL,

BEHHIRA: -2 EZIREN 0.5, 0.75, 1, 1.25
mmoleL ', FREMREFHIZIKE N 33.3 U/mL F, MEA
[ BEAL AW Cy A Dg 7 490 nm K FIE OD 1E 1)
AL E. DL OD B AR 25 2 PR B OU5 £ it 26 4
EBZ]-

35 NFIHELE

H Sybyl-2.1.1 A AL &4 Cs 1 Dy 5 i UL g
MG, HE Cs Ml Dy INE S, I, 5T MM2 1%
FFIATRE R /IMEIZ . R IR BRI fb /AR Z5 44 (PDB ID:
2YOX)HEAT 23K, A, BE MR, 8 2 R
2Y9X HAFHCAR G T O A4S, BRI TN 56k E R/ ML
(R4S Cg FI1 Dy JHEAT X122,
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