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Synthesis and Vasodilatation of Homoisoflavones

Zheng, Guoxun Zhang, Zongchang Kang, Borui

Yu, Ruihong Cao, Yongxiao Zhang, Sangi*
(Xi'an Jiaotong University Health Science Center, Xi'an 710061)

Abstract Homoisoflavones were designed as vasodilative agents on the basis of scaffold hopping. A series of homoisofla-
vones were synthesized from 2-acetylphenol and aromatic aldehyde via aldol condensation, hydrogenation and cyclization.
The structures of title compounds were characterized by 'H NMR, MS and HRMS. The vasodilative effects of synthesized
compounds were evaluated by wire myograph on isolated rat mesenteric arterial ring induced contraction with 60 mmol/L KCI.

The results suggest that the title compounds are novel vasodilative agents.

Keywords homoisoflavones; synthesis; vasodilatation
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Scheme 1 The synthetic route of title compounds
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Table 1 The structures of target compounds ¢1~¢19

Compd. R! R? X
cl 7-CH;0 H CH
c2 7-CH;0 4-OCH; C
c3 7-CH;0 3,4-(CH;0), C
c4 7-CH;0 3,4,5-(CH;0), C
c5 7-CH;0 4-N,N-(CH3), C
6 7-CH;0 H N
c7 7-CH;0 3-OCH;-4-(4-F-C4H,CH,0) C
c8 7-CH;0 3-OCH;-4-(3-F-C4H,CH,0) C
c9 7-CH;0 4-OCHj;-3-(4-F-C4H,CH,0) C

c10 7-CH;0 4-OCH;-3-(3-F-C4H,CH,0) C
cll 7-CH;0 3-F-4-(4-F-C¢H4,CH,0) C
cl2 7-CH;0 3-Cl-4-(4-F-C¢H4,CH,0) C
c13 6,7-(CH;0), H CH
cl4 6,7-(CH;0), 4-OCHj; C
cl5 6,7-(CH;0), 3,4-(CH;0), C
clé 6,7-(CH;0), 3,4,5-(CH;0), C
cl7 6,7-(CH;0), 4-N,N-(CH;0), C
c18 6,7-(CH;0), H N
c19 6,7-(CH;0), 3-OCH;-4-(4-F-C4H,CH,0) C

CH AW 1, 2 WICHR[13], €3 WICHR[4], c15 WLSCHR[14].

JLRIE, 5 7.42 B dd W2 5 3 AR b 4 S0

AFERIR | 2 A A 6 A BTN AR ILRIE=5 46,
8.54 Hz), § 7.06 b H L) — S (A JE i 3 A~ ok
IR 4 BLR SR AR IEIR B 3 AR 5 A E RN R IR
I, 6 6.98 (J=2.37, 8.93 Hz)Ab 1) dd U4 2 €2 JE i 6 fi7 -
LRI, 6 6.88 (J=1.78 Hz)Ab XU A (4 JF R 3 £
FEIRIR 2 AL R AR, 6 6.83 AbXUIEE (A 3
RERIEIRIR | 5 A AR SEIRIE, § 6.81 (J=2.35 Hz)kk
(P00 2 2 iR ] 8 o7 SR IE, 6 6.78 (J=1.82 Hz)

Qb PR BUUEE 2 £ S 3 AR EEIREA | 6 A R ILRIE, §
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5.10 Kb i BRI (0 R R 3 AL IR TR 4 AL AR F A I
WO BN AR SRR, 6 3.89~3.99 HIELAIIE
P AR B AU ILIRIE, o 3.75 [ FIg R (R IR 3 fr
WHE R AR IRE. (LAY el~cl12 7 LB
A A b H T S PR LR 1.

TEAL AW €19 FIAIEH, 5 7.64 Ab RIS €0 5 5
fr FARFEIRIE, 0 7.54 HII AR O SRR 2 £ SR
AR, HREMFEMBELE o7 KEUEE. HisEY)
c13~c19 TEFH R FIAb 2207 B Ak H B AL 4R 0
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B e1~c19 K& B 4 Scheme 1 fi7s. HiE]
P a N— PR A IREART AR, 2K LBASE R RS
BHAAEHEWEREmN, SHEERIEAMICEM T
BOARGHE T, BB — PR R 0 R SO R R
FERERIA OTED L DL 2- - 4-FRE TR 2N
iR R, SEURI BT R WA O S B4 3 [l
al~al2, Ll 2-$23E-45- — AR I 2 Nk R R
5 R i 34T PRI 40 & [ NAS B R ElA a13~al9.
TE 50 BT H ARG A P 1) S5 A RRAIE DL K 225 409G SCHR 18],
AT B KS KA ZEES = 2, AR KR 2GS
5, ARFREL). KRIZEEQR & 8, fRFIEL). ZREEVER), 1%k
PR, wikihm. HER, EEmanE A, S5k
PERALT, £ 2 RRE MRS, RERHCBAER
W, SRR B & o UK 2R 5 1 & 1
20 %), BRI 2B S EURR RS R R 101, =il
A 120, Hl%& AR a. ROSCRTE 30%~65%, LT
HAh AR B RCRILT 30%. Falfk al~a6 Al
al3 ~al8 7& /x M ik #2 A o] A7 S 2 8 [ 4k, ;=R AR
40%~65%, FIAIfA a7~a12 fil a19 AM7 H # (O A, 15
I EHRY), & ORI AR, R 31%~
43%.

Wbk a SRS 2F AE — S EI/KE b.
b7~b12 1 b19 H ¥ A KL, RS BB A ]
RE 273, NI BE PRI 0B T R BE 4, FRATTRH
PLZBEAE RVEFICR IR a ARAESE 4 VA M In N & )
LR CTE), HUBR(S%) N A & A Ak a &)
10%), IREMEAS P T EEHMEE2~3 Wi 5" 1
SN FE R, B 0 S e B R B AR . ik
RO NSO BONGEE RN LR, 5
1B, IH S (R0 0 e b SR X e, R R B T

FEHIZAAEY) c1~c6 Al c13~c18 I, K SCHkik
TR 7202 LU 40% 0 R AR N LRI, Rl b
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HE R = CBsIATHA, 72 ¢ BPERKT 30%. i
HORIRERER1E AT, 7= 267E 48%~T70%. T ¢7~¢c12
A e19 SEFEE, gl M SR, SRAJE
HR = R AN RE R AR B IO T S5 BTG K FE 2R Ay
A, HIEMA b 5 N, N- I R S (PR AR b
YIRIER 1.5 )& M777, TR EARL &Y,
FERIE 70%~80%, [FRFIGZEW AT HF e1~c6 fil c13~
c18 tLAMIHIH &, XA HERZ N,N-— H 52 I e — R 4
i Sz i A B HR R = 2L g v 1 2.
1.3 BirtEYIRETkIMEE

LL DMSO JiE TR, e 9REvEZS, KA I
BT D) IRIG 5L T A R ARG A P K R FR
IRk AIETRIETE, 85 W 2.
F2 HIFLAY c1~c19 X KRG RBES K EFRIE (T £,
n==o6)

Table 2 Vasodilative effects of ¢1~¢19 on rat mesenteric arte-
rial rings (X £, n=6)

Compd. Vasodilative rate” Compd.  Vasodilative rate”

DMSO  12.45+3.21 cll 14.95+3.28
cl 67.58+4.56" cl2 13.67+2.54
2 73.13+3.76" cl3 57.30+4.22°
3 74.18+3.65" cl4 67.30+4.45
c4 81.99+3.98" cl5 68.60+3.21°
s 77.93+4.01° c16 78.9444.28"
6 14.59+6.13 17 67.92+2.24
7 79.16+3.37° c18 13.95+3.25
8 15.91+4.25 c19 80.1442.11°
9 73.00+3.74" | Nitrendipine ~ 99.06+1.23°
c10 70.39+4.21°

© 2015 Chinese Chemical Society & SIOC, CAS

¢ 2R A IV 1X 10 molsL ™ '; " DMS 4 ¢ K36 p<<0.01.

LG AE R, AEWRE N 1 X107 molsL ™" IFF, 19 A4
HirL BT 14 MOED5T KR R I 8 k3 R B
& 3K IV T (p<<0.01), (B 55 T BA 25 JE Rt dh
S R 3 AL VE A B R . BAL el
c2. ¢3 fl c4 [13E M, FRATRI, 43 FHEESR LHH
AR BN T R RS T U IR RS, #PakiE R, HBE
F TR G Fridm; 24 3 MR
AW FEUACEE, W (cl1). R (c12)E N 4-A g 3
BT (c6 F1¢18), AV L&A SFiKk B w2 R
4 7 A TR R A SRR (7), IEMESEALREE. 4 FI
cl6 Mg MR, Ui EJRER 7-F AR 6,7- — A
AR S TG PR A K

JE B ER R RIS T, WilB i Bt s
W, PRI MERE, W R BT K I I M T AT AL
B, M HES) = S s B2 A e B IiLE 2590 7T
ROV
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KF B SRR R, Wit TR R A &7 5k R I e
B EGY. DL 2-F2 3 2K Z TR AN EUAR 1) 2 H R S i
KL, & 3 BRMNER T — &5 &7 EEI &Y. KA
'H NMR. MS L& HRMS %f& i Hbrie & itir 17
SEMIRAE. BSARBNIKIRTK 77 SLERUE B, KA A
HRERFRIEEE. APREY, sREmts
W& — R4 BT A I 7 7 7).

3 S
3.1 UHFES5HF

XT-4 BIXH B S e AR TFR L IE); 'H
NMR i {1 BRUKER-400 MHz B REFEAR1(TMS R
¥, CDCl; 8 DMSO-ds J9i%7)ic5%; MS i i ABI A ]
API3200 = PUAF % ics%; HRMS % Bruker
Daltonics MicroTof-QII i HEAic 3%, A ikt ik H AIAE:
ORERENR GF254(F Bilgvi b TAH MR A A, fhal), K
AT A sl s s A af.

3.2 BEMUEMLFEEMBISKESE
32,1 PR 3-EE-1-Q-BAEA4-FAERL)A M
R (al) 9 & Ak,

W 2-Fedk-4-H SRR 2 (1.66 g, 10 mmol) 5 4 H
%5 1(1.02 mL, 10 mmol)Jo/K ZE#(40 mL)H, SRJ5 N
A KOH (11.20 g, 200 mmol)[& &, 7E= iR FHiHE 12 h.
15 1B RS, R ZE BRI, 5k B A i K (20 mL) I
FAH SRR pH 2, NN R 4 B30 mL), E ¥,
SrEANA, KA LR AB(15 mLX3)ZH, &
HANUA, FBEMEEKEEE, KRN T R T,
IR ZEBRIE I G132 [ 1k, FH QeSS fh A8 2 H ik
al (1.10 g). EAEAE, 772 43%. m.p. 95~97 CCLHk
E": 97~98 C); 'H NMR (CDCl;) d: 13.44 (s, 1H,
ArOH), 7.89 (d, J=15.5 Hz, 1H, CO=CH), 7.84 (d, J=
8.6 Hz, 1H, ArH), 7.66 (dd, J=6.8, 2.8 Hz, 2H, ArH), 7.58
(d, J=15.5 Hz, 1H, C=CH), 7.43 (dd, J=4.9, 1.7 Hz, 1H,
ArH), 6.49 (q, J=2.3 Hz, 2H, ArH), 3.86 (s, 3H, OCH;);
ESI-MS m/z: 255 [M+H]".

Hla R a2~al9 (G R al (6 ROT .

3-(4- FHAR L ZR L) - 1-(2- 8 -4 F AR 2R 0L ) - 2- T -
1-ffl(a2): FEEMEMA, =% 45%. mp. 107~108 ‘CCCHk
" 116~118 "C); '"H NMR (CDCl3) 6: 13.55 (s, 1H,
ArOH), 7.86 (d, J=15.5 Hz, 1H, CO=CH), 7.83 (d, J=
9.2 Hz, 1H, ArH), 7.61 (d, J=8.7 Hz, 2H, ArH), 7.46 (d,
J=15.4 Hz, 1H, C=CH), 6.95 (d, J=8.8 Hz, 2H, ArH),
6.50 (d, J=2.5 Hz, 1H, ArH), 6.47 (s, IH, Ar-H), 3.86 (s,

Chin. J. Org. Chem. 2015, 35, 1112~1122
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3H, OCHj3), 3.86 (s, 3H, OCH;); ESI-MS m/z: 285 [M+
H]".

3-(3,4- " FUAE R R AL )-1-(2- B2 B -4- FR AR R A8 ) -2-
P H7-1-F(a3): B R, =2 59%. mp. 155~156 C
CCHERE!: 156~157 C); '"H NMR (CDCLy) d: 13.54 (s,
1H, ArOH), 7.86 (d, J=6.7 Hz, 1H, ArH), 7.83 (s, 1H,
ArH), 7.44 (d, J=15.4 Hz, 1H, CO=CH), 7.24 (d, J=1.9
Hz, 1H, ArH), 7.16 (d, J=1.9 Hz, 1H, ArH), 6.91 (d, J=
8.3 Hz, 1H, ArH), 6.50 (d, J=2.5 Hz, 1H, ArH), 6.48 (s,
1H, ArH), 3.97 (s, 3H, OCHy), 3.94 (s, 3H, OCHs), 3.86 (s,
3H, OCH;); ESI-MS m/z: 315 [M+H]".

3-(3,4,5- = F A B K 36 )-1-Q2- 2 5 4- F | R K
F)-2- N Mdi-1-F (ad): BHEMEA, 22 51%. mp. 135~
136 COCHRE!: 134~136 C); 'H NMR (CDCl;) o
13.46 (s, 1H, ArOH), 7.84 (d, J=8.5 Hz, 1H, ArH), 7.81
(d, J=15.2 Hz, 1H, CO=CH), 7.45 (d, J=15.4 Hz, 1H,
C=CH), 6.87 (s, 2H, ArH), 6.52~6.48 (m, 2H, ArH),
3.94 (s, 6H, OCHj), 3.91 (s, 3H, OCHj), 3.87 (s, 3H,
OCH,); ESI-MS m/z: 345 [M+H]".

3-(4-N,N- — F B G B R )-1-2-F2 L -4- R A B R
F)-2- N Mdi-1-F(as): BEMEA, 23 49%. mp. 189~
190 COCHRE!: 187~189 C); 'H NMR (CDCl;) o
13.78 (s, 1H, Ar-H), 7.88 (d, J=15.2 Hz, 1H, CO=CH),
7.86~7.83 (m, 1H, Ar-H), 7.74 (d, J=8.9 Hz, 2H, ArH),
7.56 (d, J=8.9 Hz, 2H, ArH), 7.38 (d, J=15.3 Hz, 1H,
C=CH), 6.48 (dd, J=7.2, 2.4 Hz, 1H, ArH), 6.46 (s, 1H,
ArH), 3.86 (s, 3H, OCHj3), 3.06 (s, 6H, N(CHs),); ESI-MS
m/z: 298 [M+H]".

3-(4-MEIE B )-1-(2-F5 -4 H AR BE 2R 368 ) -2- TR - 1- il
(a6): L E K, FEE 50%. mp. 142~143 C(SCHk
18: 140~142 °C); '"H NMR (DMSO-dq) d: 13.18 (s, 1H,
ArOH), 8.68 (d, J=5.9 Hz, 2H, ArH), 8.29 (d, J=9.0 Hz,
1H, ArH), 8.23 (d, J=15.6 Hz, 1H, CO=CH), 7.86 (d,
J=6.0 Hz, 1H, PyH), 7.76 (d, J=15.6 Hz, 1H, C=CH),
6.60 (dd, J=9.0, 2.5 Hz, 1H, ArH), 6.55 (d, J=2.5 Hz,
1H, ArH), 3.87 (s, 3H, OCHs); ESI-MS m/z: 256 [M—+H] .

3-[3- F AR B -4-(4- 3K AU ) R R )-1-(2-F2 2 -4-
AIEIRIL)-2-THIA-1-FR(a7): K, 723 36%. m.p.
119~120 C; 'H NMR (DMSO-dg) d: 13.64 (s, 1H,
ArOH), 8.31 (d, J=9.1 Hz, 1H, ArH), 7.91 (d, J=15.4 Hz,
1H, CO=CH), 7.80 (d, J=15.3 Hz, 1H, =CH), 7.61 (d,
J=1.7 Hz, 1H, ArH), 7.44 (dd, J=5.6, 2.1 Hz, 1H, ArH),
7.42 (dd, J=8.4, 1.7 Hz, 1H, ArH), 7.31 (d, J=6.3 Hz,
2H, ArH), 7.21~7.13 (m, 2H, ArH), 7.12 (d, J=8.4 Hz,
1H, ArH), 6.58 (dd, J=9.0, 2.5 Hz, 1H, ArH), 6.53 (d, J=
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2.4 Hz, 1H, ArH), 5.21 (s, 2H, CH,0), 3.90 (s, 3H, OCH3),
3.86 (s, 3H, OCH;); ESI-MS m/z: 409 [M+H]". HRMS
caled for C4H»FOs [M+H] 409.1451, found 409.1453.

3-[3- A AR B -4-(3- R AU ) R Ok - 1-(2- 72 2k -4 -
AIERIL)-2-THI-1-BH(a8): A, % 31%. m.p.
138~139 °C; 'H NMR (DMSO-d) &: 13.65 (s, 1H,
ArOH), 8.31 (d, J=9.1 Hz, 1H, ArH), 7.91 (d, J=15.4 Hz,
1H, CO=CH), 7.80 (d, J=15.3 Hz, 1H, C=CH), 7.61 (d,
J=1.8 Hz, 1H, ArH), 7.46 (dd, J=7.8, 1.8 Hz, 1H, ArH),
7.42 (dd, J=8.5, 1.9 Hz, 1H, ArH), 7.32 (s, 1H, ArH),
7.29 (dd, J=7.0, 3.1 Hz, 1H, ArH), 7.18 (td, J=8.7, 2.8
Hz, 1H, ArH), 7.12 (d, J=8.4 Hz, 1H, ArH), 6.58 (dd, J=
9.0, 2.5 Hz, 1H, ArH), 6.53 (d, J=2.5 Hz, 1H, ArH), 5.20
(s, 2H, OCH,AT), 3.90 (s, 3H, OCHs3), 3.85 (s, 3H, OCH3);
ESI-MS m/z: 409 [M+H]+. HRMS calcd for C,4H,FOs
[M-+H]" 409.1451, found 409.1454.

3-[4- HV SR Jk -3-(4- G A% 2R3 ) AR 3L - 1-(2- P2 H -4 1
AFEIEIL)-2-TH M- 1-B (a9): TEE[EAA, =% 39%. m.p.
122~123 “C; '"H NMR (CDCl3) &: 13.52 (s, 1H, ArOH),
7.81 (d, J=6.2 Hz, 1H, ArH), 7.78 (s, 1H, ArH), 7.46 (dd,
J=8.6, 5.4 Hz, 2H, ArH), 7.36 (d, J=15.4 Hz, 1H, CO=
CH), 7.29 (d, J=1.8 Hz, 1H, ArH), 7.18 (d, J=1.9 Hz,
1H, ArH), 7.09 (t, J=8.7 Hz, 2H, ArH), 6.93 (d, J=38.4
Hz, 1H, ArH), 6.49 (dd, J=12.2, 2.4 Hz, 2H, ArH), 5.16
(s, 2H, OCH,Ar), 3.94 (s, 3H, OCHj,), 3.87 (s, 3H, OCH3);
ESI-MS m/z: 409 [M+H]+. HRMS calcd for C,3H,FOs
[M+H] 409.1451, found 409.1457.

3-[4- P AR BE-3-(3- R R A0 ) R 0k - 1-(2- 72 Jk -4 -
SRR I )-2- A M- 1T (a10): 38 (A[EI A, 72 33%. m.p.
142~143 “C; '"H NMR (CDCly) 8: 13.51 (s, 1H, ArOH),
7.79 (dd, J=12.1, 3.3 Hz, 2H, ArH), 7.38 (dd, J=6.3, 4.1
Hz, 1H, ArH), 7.35 (dd, J=9.0, 3.0 Hz, 1H, ArH), 7.29 (d,
J=19 Hz, 1H, ArH), 7.24 (s, IH, ArH), 7.21 (s, 1H, ArH),
7.16 (d, J=1.9 Hz, 1H, ArH), 7.03 (td, J=8.5, 2.3 Hz, 1H,
ArH), 6.94 (d, J=8.4 Hz, 1H, ArH), 6.49 (dd, J=8.8, 2.5
Hz, 1H, ArH), 6.47 (d, J=2.4 Hz, 1H, ArH), 5.20 (s, 2H,
OCH,Ar), 3.95 (s, 3H, OCH;), 3.86 (s, 3H, OCH;);
ESI-MS m/z: 409 [M+H]+. HRMS calcd for C,3H,,FOs
[M+H] 409.1451, found 409.1449.

3-[3-JH-4-(4- UK PR U S 36 )-1-(2- P B -4- FR A0S
RHE)-2-TH I -1- (al1): B AFE AR, F*%F 31%. mp.
158~159 “C; '"H NMR (CDCl3) d: 13.43 (s, 1H, ArOH),
7.81 (d, J=8.4 Hz, 1H, ArH), 7.78 (d, J=13.5 Hz, 1H,
CO=CH), 7.44 (dd, J=9.2, 2.7 Hz, 3H, ArH), 7.41 (d,
J=1.8 Hz, 1H, ArH), 7.32 (d, J=8.4 Hz, 1H, ArH), 7.09
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(t, J=8.7 Hz, 2H, ArH), 7.02 (t, J=8.4 Hz, 1H, ArH),
6.49 (q, J=2.4 Hz, 1H, ArH), 6.48 (s, 1H, ArH), 5.15 (s,
2H, OCH,Ar), 3.86 (s, 3H, OCH;); ESI-MS m/z: 397
[M-+H]". HRMS calcd for C,3HoF,0 [M+H]" 397.1251,
found 397.1256.

3-[3--4-(4- R F AU ) R Bk ]-1-(2-F Bk -4- R A Ok
HKF)-2-TH I -1- (a12): B A E A, P25 42%. mp.
147~148 °C; 'H NMR (DMSO-d) &: 13.54 (s, 1H,
ArOH), 8.33 (d, J=9.1 Hz, 1H, ArH), 8.20 (d, J=2.0 Hz,
1H, ArH), 7.98 (d, J=15.4 Hz, 1H, CO=CH), 7.84 (dd,
J=8.6, 2.0 Hz, 1H, ArH), 7.78 (d, J=15.4 Hz, 1H, C=
CH), 7.55 (dd, J=8.6, 5.6 Hz, 2H, ArH), 7.34 (d, J=8.7
Hz, 1H, ArH), 7.26 (t, J=8.9 Hz, 2H, ArH), 6.57 (dd, J=
9.0, 2.5 Hz, 1H, ArH), 6.52 (d, J=2.5 Hz, 1H, ArH), 5.29
(s, 2H, OCH,Ar), 3.86 (s, 3H, OCH;); ESI-MS m/z: 413
[M+H]". HRMS caled for CyHoFClOs [M + H]"
413.0956, found 413.0948.

3-SR IE-1-(2-F8 I -4,5- T FE SR I 2- T M -1- T
(a13): FEOEE, 77F 51%. mp. 107~108 C(CHR
#1: 106~108 C); 'H NMR (CDCl3) 6: 13.38 (s, 1H,
ArOH), 7.90 (d, J=15.4 Hz, 1H, CO=CH), 7.67 (d, J=
3.6 Hz, 1H, ArH), 7.65 (d, J=2.0 Hz, 1H, ArH), 7.52 (d,
J=15.4 Hz, 1H, C=CH), 7.44 (d, J=1.1 Hz, 1H, ArH),
7.43 (d, J=2.3 Hz, 1H, ArH), 6.51 (s, 1H, ArH), 3.94 (s,
3H, OCHj3), 3.92 (s, 3H, OCH;); ESI-MS m/z: 285 [M+
H]".

3-(4- AR FE IR FE)-1-(2-F2 4,5 — AR FE IR FE)-2-
P47 -1- T (al4): 35 €4 [ 4, ;=% 62%. m.p. 136~
137 COCEREM: 130~132 ‘C); 'H NMR (CDCly) o
13.51 (s, 1H, ArH), 7.91 (d, J=15.4 Hz, 1H, CO=CH),
7.65 (d, J=8.8 Hz, 2H, ArH), 7.42 (d, J=15.4 Hz, 1H, C
=CH), 6.98 (d, J=8.8 Hz, 2H, Ar-H), 6.53 (s, 1H, ArH),
3.96 (s, 3H, OCH;), 3.94 (s, 3H, OCH3), 3.89 (s, 3H,
OCH,); ESI-MS m/z: 315 [M+H]".

3-(3,4- AR ER)-1-Q- B 45 R IE R
5)-2-0 M- 1-Bi(a15): B AR, =2 53%. mp. 161~
162 COCERE!: 159~160 ‘C); 'H NMR (CDCly) o
13.47 (s, 1H, ArOH), 7.87 (d, J=15.3 Hz, 1H, CO=CH),
737 (d, J=15.3 Hz, 1H, C=CH), 7.29 (dd, J=7.7, 2.5
Hz, 2H, ArH), 7.16 (d, J=1.9 Hz, 1H, ArH), 6.93 (d, J=
8.3 Hz, 1H, ArH), 6.52 (s, 1H, ArH), 3.97 (s, 3H, OCHj3),
3.95 (s, 3H, OCHs), 3.94 (s, 3H, OCHj), 3.92 (s, 3H,
OCHs,); ESI-MS m/z: 345 [M+H]".

3-(3,4,5- = WA FE A H)-1-Q- 7 -4.5- T HEFEHR
F5)-2-N-1-Bi(a16): B ALK, 23 57%. m.p. 148~
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149 °C; "HNMR (CDCls) 6: 13.39 (s, 1H, ArOH), 7.82 (d,
J=15.3 Hz, 1H, CO=CH), 7.38 (d, J=15.3 Hz, 1H, C=
CH), 7.28 (s, 1H, ArH), 6.88 (s, 2H, ArH), 6.52 (s, 1H,
ArH), 3.94 (s, 9H, OCH3), 3.91 (s, 6H, OCH;); ESI-MS
m/z: 375 [M+H]". HRMS caled for C,)H,,NaO; [M+
Na]" 397.1263, found 397.1269.

3-(4-N,N- R AR HE)-1-2- 8 -4, 5- — HEH
HIE)-2- T I -1-B (a17): BB E AR, 7% 46%. m.p.
189~190 °C; 'H NMR (CDCl;) ¢: 13.69 (s, 1H, ArOH),
7.89 (d, J=15.2 Hz, 1H, CO=CH), 7.57 (d, J=8.8 Hz,
2H, ArH), 7.31 (d, J=15.2 Hz, 1H, C=CH), 7.28 (s, 1H,
ArH), 6.72 (d, J=8.6 Hz, 2H, ArH), 6.50 (s, 1H, ArH),
3.93 (s, 3H, OCH3), 3.92 (s, 3H, OCH3), 3.06 [s, 6H,
N(CHj;),]; ESI-MS m/z: 328 [M+H]". HRMS calcd for
C1oH,NNaO, [M+Na]* 350.1368, found 350.1362.

3-(4-MHEmE FE)-1-(2-F8 FE-4,5- — F A FL 22 3k )-2- T 4 -
1-fifl(a18): FEOEA, 773 53 %. m.p. 242~243 C; 'H
NMR (DMSO-d) d: 13.21 (s, 1H, ArOH), 8.70 (d, J=5.8
Hz, 2H, ArH), 8.22 (d, J=15.5 Hz, 1H, CO=CH), 7.89
(d, J=6.0 Hz, 2H, ArH), 7.78 (d, J=15.5 Hz, 1H, C=
CH), 7.64 (s, 1H, ArH), 6.63 (s, 1H, ArH), 3.87 (s, 3H,
OCHs), 3.85 (s, 3H, OCH3); ESI-MS m/z: 286 [M+H]".
HRMS caled for C¢H;(NO, [M-+H]" 286.1079, found
286.1082.

3-[3- F AR B -4-(3- i R AL R ) R R - 1-(2-F2 R -4,5-
AFEREL)-2- - 1-F(a19): FHEOEA, 723K 41%. m.p.
120~130 C; '"H NMR (DMSO-d) d: 13.58 (s, 1H,
ArOH), 7.88 (d, J=15.3 Hz, 1H, CO=CH), 7.81 (d, J=
15.3 Hz, 1H, C=CH), 7.67 (s, 1H, ArH), 7.58 (d, J=1.6
Hz, 1H, ArH), 7.49 (dd, J=8.5, 1.6 Hz, 1H, ArH), 7.46
(dd, J=8.1, 2.0 Hz, 1H, ArH), 7.32~7.28 (m, 2H, ArH),
7.18 (dt, J=8.4, 4.3 Hz, 1H, ArH), 7.12 (d, J/=8.4 Hz, 1H,
Ar-H), 6.59 (s, 1H, ArH), 5.21 (s, 2H, OCH,Ar), 3.89 (s,
3H, OCH;), 3.86 (s, 3H, OCH;), 3.84 (s, 3H, OCH;);
ESI-MS m/z: 439 [M+H]+. HRMS calcd for C,5sH,4FOg
[M—+H]" 439.1557, found 439.1562.

322 IR 3-FEE-1-Q-FAEA4-FAEFKEL)I-A
BR(b1) 43 4 %,

¥ BTSRRI a1 (0.50 g, 2.00 mmol)i& T
K ZEE(LS mL)H, AR (5%, 0.05 ). IREMTERS
T ERBRE 2~3 h. SR RHE A NSO R EEA
W, drak . b, ek 7 R E RS 15 E R
FIEE AR, P22 94%. m.p. 89~90 COCk{E!": 103~
104 C); 'H NMR (CDCly) &: 12.80 (s, 1H, ArOH), 7.63
(d, J=9.3 Hz, 1H, ArH), 7.30 (dd, J=10.1, 4.6 Hz, 2H,
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ArH), 7.23~7.21 (m, 2H, ArH), 6.43 (s, 1H, ArH), 6.41
(dd, J=7.83, 2.51 Hz, ArH) 3.83 (s, 1H, OCHj3), 3.24 (t,
J=17.75 Hz, 2H, COCH,), 3.05 (t, J=7.75 Hz, 2H,
CH,Ar); ESI-MS m/z: 257 [M+H]".

i E & b2~b19 [ % 27 b1 I £ 7%,

3-(4- FA JE R L )-1-2- 1 JE -4- A B 2R 38 - 1- TR
(b2): AW, % 95%. mp. 69~70 CCCHRE!:
58~60 °C); '"H NMR (CDCl;) d: 12.82 (s, 1H, ArH), 7.63
(d, J=9.6 Hz, 1H, ArH), 7.17 (s, 1H, ArH), 7.15 (s, 1H,
ArH), 6.85 (s, 1H, ArH), 6.83 (s, 1H, ArH), 6.43 (s, 1H,
ArH), 6.41 (dd, J=7.5, 2.3 Hz, 1H, ArH), 3.83 (s, 3H,
OCH,), 3.79 (s, 3H, OCHj), 3.20 (t, J=7.7 Hz, 2H,
COCH,), 2.99 (t, J=7.7 Hz, 2H, CH,Ar); ESI-MS m/z:
287 [M+H]".

1-(2-F8 5 -4- H A FE 2K 36 )-3-(3,4- — H AR L 2R 5 )-1-
PAlEb3): AEEA, F2F 93%. mp. 64~65 C(CHk
51'8: 83~84 ‘C); '"H NMR (CDCly) d: 12.81 (s, 1H,
ArH), 7.63 (d, J=9.6 Hz, 1H, ArH), 6.79 (s, 1H, Ar-H),
6.78 (d, J=1.5 Hz, 1H, ArH), 6.76 (s, 1H, ArH), 6.42 (s,
1H, ArH), 6.41 (dd, J=7.6, 2.1 Hz, 1H, ArH), 3.87 (s, 3H,
OCHa), 3.86 (s, 3H, OCH,), 3.83 (s, 3H, OCH3), 3.21 (t,
J=17.7 Hz, 2H, COCH,), 3.00 (t, J=7.7 Hz, 2H, CH,Ar);
ESI-MS m/z: 317 [M+H]".

1-(2- ¥8 K& -4- W48 R OR 0K )-3-(3,4,5- = W1 4|l L R
F5)-1-IN A (b4): A AR, 22 91%. mp. 67~68 C,;
'H NMR (CDCl3) 6: 12.80 (s, 1H, ArOH), 7.63 (d, J=9.5
Hz, 1H, ArH), 6.45 (s, 2H, ArH), 6.42 (dd, J=7.9, 2.1 Hz,
1H, ArH), 3.85 (s, 6H, OCH3), 3.84 (s, 3H, OCH3), 3.82 (s,
3H, OCHs), 3.23 (t, J=7.7 Hz, 2H, COCH,), 3.00 (t, J=
7.7 Hz, 2H, CH,Ar); ESI-MS m/z: 347 [M+H]". HRMS
caled for CjHpNaOg [M -+ Na]™ 369.1314, found
369.1319.

3-(4-N,N- — F R G B R i )-1-(2-F2 Bk 4- FH A B R
B)-1-TE(bS): HERE A, 722 89%. m.p. 93~94 C;
'H NMR (CDCly) 6: 12.85 (s, 1H, ArOH), 7.64 (d, J=9.5
Hz, 1H, ArH), 7.12 (d, J=8.6 Hz, 2H, ArH), 6.71 (d, J=
8.6 Hz, 2H, ArH), 6.42 (s, 1H, ArH), 6.41 (dd, J=7.7, 2.2
Hz, 1H, ArH), 3.83 (s, 3H, OCHj3), 3.19 (t, J=7.7 Hz, 2H,
COCH,), 2.96 (t, J=7.7 Hz, 2H, CH,Ar), 2.92 [s, 6H,
N(CHj3),]; ESI-MS m/z: 300 [M+H]". HRMS calcd for
C1sH2NO; [M+H]" 300.1600, found 300.1607.

3-(4- M e I )-1-(2- 32 FE -4- F AE JE 2R 3 - 1- TR i (b6):
H o E AR, 7% 93%. mp. 103~104 C; '"H NMR
(CDCls) 6: 12.66 (s, 1H, ArOH), 8.52 (d, J=5.4 Hz, 2H,
ArH), 7.63 (d, J=9.6 Hz, 1H, ArH), 7.19 (d, J=5.4 Hz,
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2H, ArH), 6.45~6.42 (m, 2H, ArH), 3.84 (s, 3H, OCH,),
3.27 (t, J=7.5 Hz, 2H, COCH,), 3.06 (t, J=7.5 Hz, 2H,
CH,Ar); ESI-MS m/z: 258 [M—+H]". HRMS calcd for
C1sH;sNNaO; [M+Na]* 280.095, found 280.0954.

1-(2-F2 3 -4- H 48 3k 2R 3k )-3-[3- FH 4 2 -4-(4- R
AR -1-HEHbT): AR, P23 84%. m.p. 58~
60 ‘C; '"H NMR (DMSO-d) 0: 12.63 (s, 1H, ArOH), 7.88
(d, J=8.9 Hz, 1H, ArH), 7.49 (dd, J=8.6, 5.7 Hz, 1H,
ArH), 7.21 (t, J=8.9 Hz, 2H, ArH), 7.00 (d, J=1.8 Hz,
1H, ArH), 6.87 (d, J=8.2 Hz, 1H, ArH), 6.80 (dd, J=8.2,
1.8 Hz, 1H, ArH), 6.52 (dd, J=8.9, 2.5 Hz, 1H, ArH), 6.48
(d, J=2.5 Hz, 1H, ArH), 5.03 (s, 2H, OCH,), 3.82 (s, 3H,
OCH3), 3.72 (s, 3H, OCH;), 3.29 (t, J=7.5 Hz, 2H,
COCH,), 2.86 (t, J=7.5 Hz, 2H, CH,Ar); ESI-MS m/z:
411 [M+H]". HRMS caled for CpH,FOs [M+H]
411.1608, found 411.1613.

1-(2-F2 F -4- F 48 3k 2R 3k )-3-[3- F 4 2 -4-(3- i R
AR -1-THEH(b8): A, 723 83%. m.p. 80~
81 °C; 'H NMR (DMSO-d;) : 12.64 (s, 1H, ArOH), 7.90
(d, J=8.9 Hz, 1H, ArH), 7.43 (dd, J=14.1, 7.9 Hz, 1H,
ArH), 7.25 (t, J=8.0 Hz, 2H, ArH), 7.14 (td, J=8.7, 2.3
Hz, 1H, ArH), 6.94 (d, J=1.8 Hz, 1H, ArH), 6.90 (d, J=
8.2 Hz, 1H, ArH), 6.75 (dd, J=8.1, 1.7 Hz, 1H, ArH), 6.51
(dd, J=8.9, 2.5 Hz, 1H, ArH), 6.47 (d, J=2.4 Hz, 1H,
ArH), 5.06 (s, 2H, OCH,), 3.81 (s, 3H, OCH3), 3.77 (s, 3H,
OCH3), 3.31 (t, J=7.6 Hz, 2H, COCH,), 2.87 (t, J=17.6
Hz, 2H, CH,Ar); ESI-MS m/z: 411 [M+H]". HRMS calcd
for C,4H,sFOs [M~+H]" 411.1608, found 411.1614.

1-(2-F2 F -4- H 48 3k 2R 3k )-3-[4- FH A 2 -3-(4- R
AR -1-HEH(b9): R, 723 85%. m.p. 62~
63 ‘C; '"H NMR (CDCl3) d: 12.79 (s, 1H, ArOH), 7.58 (d,
J=8.1 Hz, 1H, ArH), 7.39 (d, J=5.3 Hz, 2H, ArH), 7.04
(t, J=8.6 Hz, 2H, ArH), 6.81 (q, J=8.2 Hz, 2H, ArH),
6.76 (s, 1H, ArH), 6.42 (d, J=7.2 Hz, 2H, ArH), 5.07 (s,
2H, OCH,Ar), 3.85 (s, 3H, OCH3), 3.83 (s, 3H, OCHj,),
3.15 (t, J=7.4 Hz, 2H, COCH,), 2.95 (t, J=7.3 Hz, 2H,
CH,Ar); ESI-MS m/z: 411.0 [M+H]". HRMS calcd for
C,4sH,,FOs [M+H]" 411.1608, found 411.1613.

1-(2-F8 5 -4- H SR F 48 3k )-3-[4- Y AE L -3-(3- Sl K H
A FHEE-1-TA B (b10): (B E A, 773 83%. m.p.
79~80 C; 'H NMR (CDCl;) d: 12.78 (s, 1H, ArOH),
7.58 (d, J=9.2 Hz, 1H, ArH), 7.32 (dd, J=7.5, 1.8 Hz,
1H, ArH), 7.18 (t, J=8.7 Hz, 2H, ArH), 6.98 (td, J=8.6,
2.4 Hz, 1H, ArH), 6.84 (d, J=8.2 Hz, 1H, ArH), 6.83~
6.78 (m, 1H, ArH), 6.75 (d, J=1.6 Hz, 1H, ArH), 6.42 (s,
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1H, ArH), 6.40 (d, J=2.5 Hz, 1H, ArH), 5.11 (s, 2H,
OCH,Ar), 3.87 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.14 (t,
J=17.6 Hz, 2H, COCH,), 2.94 (t, J=7.6 Hz, 2H, CH,Ar);
ESI-MS m/z: 411 [M+H]" . HRMS calcd for C,4H,4FOs
[M+H] 411.1608, found 411.1614.

1-(2-F4 3 -4- F A FE TR 3 )-3- [ 3- B -4-(4- T K 4L )
ARHE]-1-TA B (b11): H AR, 2% 82%. mp. 72~
74°C; "H NMR (CDCly) 6: 12.75 (s, 1H, ArH), 7.62 (d, J=
9.6 Hz, 1H, ArH), 7.40 (dd, J=8.6, 5.4 Hz, 2H, Ar-H),
7.06 (t, J=8.7 Hz, 2H, ArH), 6.99 (d, J=12.95 Hz, 1H,
ArH), 6.90 (dd, J=4.0, 1.5 Hz, 1H, ArH), 6.43 (d, J=3.2
Hz, 1H, ArH), 6.41 (dd, J=6.5, 2.4 Hz, 1H, ArH), 5.06 (s,
2H, OCH,Ar), 3.83 (s, 3H, OCH3), 3.19 (t, J=7.6 Hz, 2H,
COCH,), 2.98 (t, J=7.6 Hz, 2H, CH,Ar); ESI-MS m/z:
399 [M+H]". HRMS caled for C,H,F,0, [M+H]"
399.1408, found 399.1410.

1-(2-F2 5 -4- F AR i 8 3 )-3-[3- A -4-(4- UK 4R 0
REL-1-TA B (b12): H AR, 2% 81%, mp. 90~
91°C; "H NMR (CDCls) 6: 12.74 (s, 1H, ArOH), 7.62 (d, J
=9.6 Hz, 1H, ArH), 7.43 (dd, J=8.5, 5.4 Hz, 2H, ArH),
7.27 (d, J=2.1 Hz, 1H, ArH), 7.09~7.05 (m, 3H, ArH),
6.87 (d, J=8.4 Hz, 1H, ArH), 6.44~6.40 (m, 2H, ArH),
5.08 (s, 2H, OCH,Ar), 3.83 (s, 3H, OCH3), 3.20 (t, J=7.6
Hz, 2H, COCH,), 2.97 (t, J=7.6 Hz, 2H, CH,Ar); ESI-MS
m/z: 415 [M+H]". HRMS calcd for Cp3H, FCIO, [M+
H]" 415.1112, found 411.1116.

3-ORHE-1-Q2-FR -4,5- — HU A L IR L) - 1- A I (b13):
B AR, 725 96%. mp. 65~66 COCERE!™: 75~
76 ‘C); 'H NMR (CDCly) d: 12.71 (s, 1H, ArOH), 7.34~
7.30 (m, 2H, ArH), 7.27~7.21 (m, 4H, ArH), 7.02 (s, 1H,
ArH), 6.46 (s, 1H, ArH), 3.91 (s, 3H, OCH;), 3.81 (s, 3H,
OCH,), 3.23 (t, J=7.7 Hz, 2H, COCH,), 3.07 (t, J=7.7
Hz, 2H, CH,Ar); ESI-MS m/z: 287 [M+H]".

3-(4- A L IR IE)-1-2- 18 3k -4,5- — H A FE FK 3 )-1-
A (b14): [FEE A, 2% 94%. mp. 89~90 C; 'H
NMR (CDCl3) 6: 12.72 (s, 1H, ArOH), 7.17 (d, J=8.6 Hz,
2H, ArH), 7.02 (s, 1H, ArH), 6.86 (d, J=8.6 Hz, 2H,
ArH), 6.46 (s, 1H, ArH), 3.91 (s, 3H, OCH3), 3.81 (s, 3H,
OCH3), 3.79 (s, 3H, OCH;), 3.19 (t, J=7.6 Hz, 2H,
COCH,), 3.01 (t, J=7.6 Hz, 2H, CH,Ar); ESI-MS m/z:
317 [M+H]". HRMS caled for C;sH,Os [M+ HJ'
317.1389, found 317.1393

3-(3,4- WA R ERL)-1-Q-F 45 AR FE R
5)-1- A Fid (b15): H B E AR, 772 93%. mp. 128~
129°C; "H NMR (CDCl5) 6: 12.72 (s, 1H, ArOH), 7.03 (s,
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1H, ArH), 6.81 (s, 1H, ArH), 6.80 (d, J=1.7 Hz, 1H,
ArH), 6.78 (s, 1H, ArH), 6.46 (s, 1H, ArH), 3.91 (s, 3H,
OCHs), 3.87 (s, 3H, OCHj3), 3.86 (s, 3H, OCH3), 3.82 (s,
3H, OCHs), 3.21 (t, J=7.6 Hz, 2H, COCH,), 3.02 (t, J=
7.6 Hz, 2H, CH,Ar); ESI-MS m/z: 347 [M+H]'. HRMS
caled for CioHa306 [M+H]' 347.1495, found 347.1503

1-(2- 2 5k-4,5- — W AR FE Ok 0E)-3-(3,4,5- = F AL L R
5)-1-0HE(b16): FEEE, 73 90%. m.p. 128~129°C
CCHErfE!: 127~128 C); '"H NMR (CDCls) d: 12.70 (s,
1H, ArOH), 7.02 (s, 1H, ArH), 6.46 (s, 3H, ArH), 3.91 (s,
3H, ArH), 3.84 (s, 6H, OCHj3), 3.82 (s, 3H, OCH,), 3.81 (s,
3H, OCHs), 3.21 (t, J=7.6 Hz, 2H, COCH,), 3.01 (t, J=
7.6 Hz, 2H, CH,Ar); ESI-MS m/z: 377 [M+H]".

3-(4-N,N- — F LG B R 50 )-1-(2- 72 36 -4,5- — A AL
REE)-1-TH I (b17): R AR, 773 90%. m.p. 94~
95°C; "H NMR (CDCls) &: 12.74 (s, 1H, ArOH), 7.14 (d, J
=8.5 Hz, 2H, ArH), 7.03 (s, 1H, ArH), 6.74 (d, J=7.9 Hz,
2H, ArH), 6.46 (s, 1H, ArH), 3.91 (s, 3H, OCHj,), 3.81 (s,
3H, OCH3), 3.18 (t, J=7.8 Hz, 1H, COCH,), 2.98 (t, J=
8.8, 6.6 Hz, 1H, CH,Ar), 2.93 (s, 2H, CH,Ar); ESI-MS
m/z: 330 [M+H] . HRMS caled for CoH,406 [M+H]"
330.1705, found 330.1709

3-(4-MH g 3 )-1-(2-F2 3 -4, 5- — F AR L 48 00 )- 1- A il
(b18): FIE A, P2 92%. mp. 114~115 C; 'H
NMR (CDCly) 8: 12.56 (s, 1H, ArOH), 8.55 (s, 2H, ArH),
7.22 (s, 2H, ArH), 7.02 (s, 1H, ArH), 6.47 (s, 1H, ArH),
3.92 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.26 (t, J=7.4
Hz, 2H, COCH,), 3.09 (t, J=7.3 Hz, 2H, CH,Ar); ESI-MS
m/z: 288 [M+H] . HRMS calcd for C;¢H;sNO, [M+H]"
288.1236, found 288.1240

1-(2-F2 HE-4,5- A B K 06 )-3-[3- A 2 -4-(3- T K
FHAE ) R )-1-TA R (b19): Al 4, P23 79%. m.p.
98~99 ‘C; 'H NMR (CDCly) 6: 12.71 (s, 1H, ArOH),
7.19 (dd, J=15.4, 8.0 Hz, 3H, ArH), 7.02 (s, 1H, ArH),
6.98 (dd, J=8.2, 2.2 Hz, 1H, ArH), 6.81 (d, J=1.4 Hz,
1H, ArH), 6.79 (d, J=7.9 Hz, 1H, ArH), 6.72 (dd, J=8.2,
1.8 Hz, 1H, ArH), 6.46 (s, 1H, ArH), 5.12 (s, 2H,
OCH,Ar), 3.92 (s, 3H, OCH3), 3.89 (s, 3H, OCH3), 3.82 (s,
3H, OCH3), 3.20 (t, J=7.6 Hz, 2H, COCH,), 3.01 (t, J=
7.6 Hz, 2H, CH,Ar); ESI-MS m/z: 441 [M+H]'. HRMS
caled for CosHaFO [M+H] 441.1713, found 441.1719
323 7-F AM-3-RF A EREA(c1)89 5%

B 3- I -1-(2- F5 Fk -4- A S 2R 3 )-1- T i (b 1)
(0.77 g, 3.00 mmol)¥% T 5 H & = ZF§(3.10 mL, 30.00
mmol)H, FR 5 3E T KB ER (0.16 mL, 3.00 mmol).
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R BA, IREWAERTRT T, T 50 CRM,
HE| TLC B/R XM SER(5~6 h). K RNIREWAHE
FiR, AR (30 mL)AT/K(20 mL), 73 B4 HUH,
KABFEF 28 2.8 (10 mL X 3)AH, & 3FAHUHE, Hf
g K Besk, JoKBRBRIN TR, g, W0k 28 BRia 7
J R B AR I E VAT 20 B8 [ VA TR ) V(L. B8 L) =
8: 1], BEMLEY el (0.55 9. AT, % 69%.
m.p. 131~132 CCCHrE"™: 127~129 C); 'H NMR
(CDCLy) o: 8.16 (d, J=8.9 Hz, 1H, ArH), 7.54 (s, 1H,
ArH), 7.32 (s, 4H, ArH), 7.25 (d, J=5.1 Hz, 1H, ArH),
6.98 (dd, J=8.9, 1.39 Hz, 1H, ArH), 6.81 (d, J=1.26 Hz,
1H, ArH), 3.91 (s, 3H, OCH,), 3.82 (s, 2H, ArCH,Ar);
ESI-MS m/z: 267 [M+H]".

&9 e2~¢6 Fll ¢13~c18 & Al el f)& BT V.

7- FH AR -3 (4- HH A 2 R HE R 6 SR (e2): 1 £ ]
&, FE 64%. mp. 128~129 C(CCHRE!: 128~
129 C); 'H NMR (CDCLy) &: 8.15 (d, J=8.9 Hz, 1H,
ArH), 7.53 (s, 1H, ArH), 7.24 (d, J=8.2 Hz, 2H, ArH),
6.97 (d, J=9.0 Hz, 2H, ArH), 6.87 (d, J=8.2 Hz, 2H,
ArH), 6.81 (s, 2H, ArH), 3.91 (s, 3H, OCHj3), 3.81 (s, 3H,
OCHa,), 3.76 (s, 2H, ArCH,Ar); ESI-MS m/z: 297 [M—+
H]".

7-FAE L -3-(3,4- AR 2R S (8 5 (e3): I
4K, 2% 68%. m.p. 128~129 C(COCikfE!®: 128~
130 C); 'H NMR (CDCL) &: 8.16 (d, J=8.9 Hz, 1H,
ArH), 7.53 (s, 1H, ArH), 6.98 (dd, J=8.9, 2.4 Hz, 1H,
ArH), 6.86 (d, J=1.5 Hz, 1H, ArH), 6.84 (d, J=1.4 Hz,
1H, ArH), 6.81 (d, J=2.4 Hz, 1H, ArH), 3.91 (s, 3H,
OCHa), 3.89 (s, 3H, OCHj3), 3.89 (s, 3H, OCH,), 3.77 (s,
2H, ArCH,Ar); ESI-MS m/z: 327 [M+H]".

7-FAE JE-3-(3,4,5- = H AR R H ) (5 SR Bl (ed): E
O E A, 773 55%. mp. 122~123 C; 'H NMR (CDCl,)
0: 8.16 (d, J=8.9 Hz, 1H, ArH), 7.57 (s, 1H, ArH), 6.99
(d, J=8.9 Hz, 1H, ArH), 6.82 (s, 1H, ArH), 6.54 (s, 2H,
ArH), 3.91 (s, 3H, OCHj3), 3.86 (s, 6H, OCH,), 3.84 (s, 3H,
OCHs), 3.76 (s, 2H, ArCH,Ar); ESI-MS m/z: 357 [M+
H]". HRMS caled for CyHyNaOg [M+Na]™ 379.1158,
found 379.1152.

7- AR R -3-(4-N,N- - I R S B 08 FE L) € iR Bl (5):
@ E A, P72 F 59%. mp. 118~119 C; 'H NMR
(CDCLy) o: 8.16 (d, J=8.9 Hz, 1H, ArH), 7.50 (s, 1H,
ArH), 7.19 (d, J=8.1 Hz, 2H, ArH), 6.96 (d, J=8.9 Hz,
1H, ArH), 6.79 (s, 1H, ArH), 6.74 (d, J=8.1 Hz, 2H,
ArH), 3.90 (s, 3H, OCHs), 3.73 (s, 2H, ArCH,Ar), 2.94 [s,
6H, N(CH,),]; ESI-MS m/z: 310 [M+H]". HRMS calcd
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for C1oH,0NO5 [M+H]" 310.1443, found 310.1438.

7-FR AR k-3 (4- Mk g R ) €8 5L (e6): 2K T R A,
P H 48%. m.p. 178~180 C; 'H NMR (CDCl;) ¢: 8.53
(d, J=5.7 Hz, 2H, ArH), 8.14 (d, J/=8.9 Hz, 1H, ArH),
7.70 (s, 1H, ArH), 7.26 (d, J=5.7 Hz, 2H, ArH), 6.99 (d,
J=89Hz, 1H, ArH), 6.84 (s, 1H, ArH), 3.92 (s, 3H,
OCHs), 3.80 (s, 2H, ArCH,Ar); ESI-MS m/z: 268 [M+H]
" HRMS calcd for C;H;,NO; [M+H]" 268.0974, found
268.0968.

6,7-— FAA -3 R (U R I (e13): (A (B 44, 7=
K 67%. m.p. 181~182 ‘C; 'H NMR (CDCl;) 6: 7.58 (s,
2H, ArH), 7.35~7.32 (m, 4H, ArH), 6.84 (s, 1H, ArH),
3.99 (s, 6H, OCH3), 3.84 (s, 2H, ArCH,Ar); ESI-MS m/z:
297 [M+H]'. HRMS caled for C;sH;0, [M+H]"
297.1127, found 297.1121.

6,7~ FF 48 Bk -3-(4- A AU B DR FR O (5 5l (c14): A
EAER, 773 59%. m.p. 126~127 C; '"H NMR (CDCl;)
9:7.57 (s, 1H, ArH), 7.56 (s, 1H, ArH), 7.24 (d, J=8.5 Hz,
2H, ArH), 6.87 (d, J=8.6 Hz, 2H, ArH), 6.83 (s, 1H,
ArH), 3.98 (s, 6H, OCHj3), 3.81 (s, 3H, OCH3), 3.77 (s, 2H,
ArCH,Ar); ESI-MS m/z: 327 [M+H]". HRMS calcd for
CoH;sNaOs [M+Na]* 349.1052, found 349.1046.

6,7- — F A8 Fk-3-(3,4- — AR Ok O HH R ) (2 I B (e15):
A, 7% 53%. mop. 144~145CCCEME!™: 143~
144 °C); "H NMR (CDCl;) ¢: 7.58 (s, 1H, ArH), 7.56 (s,
1H, ArH), 6.89~6.82 (m, 4H, ArH), 3.99 (s, 6H, OCH,),
3.89 (s, 3H, OCHj3), 3.88 (s, 3H, OCHj3), 3.78 (s, 2H,
ArCH,Ar); ESI-MS m/z: 357 [M+H]".

6,7- — H A £ -3-(3,4,5- = H AR 26 2K W L) 8 Jo I
(c16): AME K, % 57%. mp. 178~179 C; 'H NMR
(CDCl;) 6: 7.60 (s, 1H, ArH), 7.58 (s, 1H, ArH), 6.85 (s,
1H, ArH), 6.54 (s, 2H, ArH), 3.99 (s, 6H, OCHj3), 3.86 (s,
6H, OCH3), 3.84 (s, 3H, OCH3), 3.77 (s, 2H, ArCH,Ar);
ESI-MS m/z: 387 [M+H]". HRMS calcd for C,;H,,NaO,
[M-+Na]" 409.1263, found 409.1258.

6,7~ F 48 i -3-(4-N,N- . F ke G O PR O ) €2 i ]
(e17): KAMEMAE, 7% 51%. mp. 204~205 C; 'H
NMR (CDCl;) d: 7.58 (s, 1H, Ar-H), 7.54 (s, 1H, ArH),
7.20 (d, J=8.5 Hz, 2H, ArH), 6.83 (s, 2H, ArH), 6.76 (d,
J=17.07 Hz, 2H, ArH), 3.98 (s, 6H, OCHj3), 3.75 (s, 2H,
ArCH,Ar), 2.95 [s, 6H, N(CH;),]; ESI-MS m/z: 340 [M+
H]". HRMS calcd for CyH,NO, [M-+H]" 340.1549,
found 340.1543.

6,7~ FF A6 = -3-(4- ML g AR 5K ) 6 S5 ] (e 18): 1 £ ]
1, PEE 63%. mp. 194~195 ‘C; 'H NMR (CDCl;) o:

1120 http://sioc-journal.cn/
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8.53 (d, J=4.8 Hz, 2H, ArH), 7.73 (s, 1H, ArH), 7.54 (s,
1H, ArH), 7.26 (d, J=5.6 Hz, 2H, ArH), 6.86 (s, 1H,
ArH), 3.99 (s, 3H, OCHj3), 3.98 (s, 3H, OCHj,), 3.81 (s, 2H,
ArCH,Ar); ESI-MS m/z: 298 [M+H] . HRMS calcd for
CisH sNO, [M+H]" 298.1079, found 298.1074.

324 7-F AK3[3-F AA4-4-ARFAE)RT
A &R ERA(cT) 8 A Ak

B 1-Q-FrFE-4- A B ORI )-3-[3- A R -4-(4- R
AR A HE)-1- A (D7) (1.25 g, 3.00 mmol )T To /K F
(10 mL)H, SRS N N,N- 2 H 3 R 4
(0.60 mL, 4.50 mmol). JBEWERSRY F N R,
HEF TLC BRMN5E4(7~8 h), AHERR, LR
BRIEFE NN 28 Z5(15 mL)AI/K(15 mL), 2 EA L
A, KMTH 2B 28655 mLX3)AE, &3HAaNAE, H
PR SRR PEEE, ToKBREREN T, L8, WUk Z8BR
G #5 B E EOHIR A, 4Rk i N A A B [V CF
B/ V(LR CB)=7 1], BEMLED 7 (1.00 g2
H o E AR, 72% 79%. mp. 124~125 C; '"H NMR
(CDCLy) &: 8.16 (d, J=8.9 Hz, 1H, ArH), 7.54 (s, 1H,
ArH), 7.42 (dd, J=8.5, 5.5 Hz, 2H, ArH), 7. 06 (t, J=8.70
Hz, 2H, ArH), 6.98 (dd, J=8.9, 2.4 Hz, 1H, ArH), 6.88 (d,
J=1.8 Hz, 1H, ArH), 6.83 (d, J=8.17 Hz, 1H, ArH), 6.81
(d, J=2.35 Hz, 1H, ArH), 6.78 (dd, J=8.1, 1.8 Hz, 1H,
ArH), 5.09 (s, 2H, OCH,), 3.91 (s, 3H, OCHj), 3.89 (s, 3H,
OCHa,), 3.76 (s, 2H, ArCH,Ar); ESI-MS m/z: 421 [M—+
H]'. HRMS caled for C,sH,FOs [M+H]" 421.1451,
found 421.1446.

1 EH) e8~c12 Fl c19 il &SI 7 Bl 7%,

7- PG L -3-[3- H A e -4- - UK TR AU R R 3 1 (1
R (e8): HEAE, #R 72%. mp. 131~132 C; 'H
NMR (CDCly) 6: 8.16 (d, J=8.9 Hz, 1H, ArH), 7.54 (s,
1H, ArH), 7.34~7.31 (m, 1H, ArH), 7.20 (t, J=9.2 Hz,
1H, ArH), 7.05~6.94 (m, 2H, ArH), 6.89 (s, 1H, ArH),
6.85~6.76 (m, 3H, ArH), 5.14 (s, 2H, OCH,Ar), 3.91 (s,
6H, OCH,), 3.76 (s, 2H, ArCH,Ar); ESI-MS m/z: 421
[M+ H] . HRMS caled for CysH»nFOs [M+ H] "
421.1451, found 421.1446.

7- FAH B -3-[4- H AR 2 -3-(4- B R AU R T 3
JEHR(c9): FIEE, % 75%. mp. 124~125 C; 'H
NMR (CDCly) 6: 8.15 (d, J=8.9 Hz, 1H, ArH), 7.42 (s,
1H, ArH), 7.39 (dd, J=5.53, 8.47 Hz, 2H, ArH), 7.01 (d,
J=8.78 Hz, 1H, ArH), 7.00 (d, J=2.49 Hz, 1H, ArH),
6.97 (d, J=2.71 Hz, 1H, ArH), 6.86 (s, 2H, ArH), 6.83 (s,
1H, ArH), 6.81 (d, J=2.31 Hz, 1H, ArH), 5.11 (s, 2H,
OCH,Ar), 3.92 (s, 3H, OCH3), 3.88 (s, 3H, OCHj,), 3.71 (s,

Chin. J. Org. Chem. 2015, 35, 1112~1122



Chinese Journal of Organic Chemistry

2H, ArCH,Ar); ESI-MS m/z: 421 [M+H]". HRMS calcd
for C,sH,,FOs [M+-H]" 421.1451, found 421.1446.

7-HUERE 3-[4-H A AR -3-(- U AL R R H R
JE R (c10): HERE A, 723 73%. mp. 73~74 C; 'H
NMR (CDCly) d: 8.12 (d, J/=8.9 Hz, 1H, ArH), 7.43 (s,
1H, ArH), 7.18~7.14 (m, 2H, ArH), 6.96 (dd, J=2.36,
8.90 Hz, 1H, ArH), 6.94 (t, J=8.36 Hz, 1H, ArH), 6.85 (s,
2H, Ar-H), 6.81 (s, 1H, ArH), 6.79 (d, J=2.27 Hz, 1H,
ArH), 5.14 (s, 2H, OCH,), 3.89 (s, 3H, OCH,), 3.87 (s, 1H,
OCHa), 3.68 (s, 2H, ArCH,Ar); ESI-MS m/z: 421 [M-+
H]"; HRMS caled for C,sH»FOs [M+H]" 421.1451,
found 421.1446.

7- FH AR JE-3-[3- i -4-(4- TR 40 0 ) O PR R ] € J
(c11): AMEA, % 71%. mp. 132~133 C; 'H NMR
(CDCly) o: 8.14 (d, J=8.9 Hz, 1H, ArH), 7.60 (s, 1H,
ArH), 7.42 (s, 2H, Ar-H), 7.09~7.05 (m, 3H, ArH),
6.96~? (m, 3H, Ar-H), 6.82 (s, 1H, ArH), 5.08 (s, 2H,
OCH,Ar), 3.91 (s, 3H, OCH;), 3.73 (s, 2H, ArCH,Ar);
ESI-MS m/z: 409 [M—+H]". HRMS calcd for Ca4H;oF,0,
[M+H]" 409.1251, found 409.1246.

7- FH AR k-3 [3- S -4-(4- U 40 0 ) O PR 0 ] € J
(c12): AMEA, % 70%. m.p. 169~170 C; 'HNMR
(CDCly) 6: 8.14 (d, J=8.9 Hz, 1H, ArH), 7.61 (s, 1H,
Ar-H), 7.45 (t, J=8.3, 5.5 Hz, 2H, ArH), 7.33 (s, 1H,
Ar-H), 7.17 (d, J=8.4, 1H, Ar-H), 7.09 (t, J=8.6 Hz, 2H,
Ar-H), 6.98 (d, J/=8.9 Hz, 1H, Ar-H), 6.91 (d, /=8.4 Hz,
1H, Ar-H), 6.82 (s, 1H, Ar-H), 5.10 (s, 2H, OCH,-Ar),
3.92 (s, 3H, OCH3), 3.74 (s, 2H, Ar-CH,-Ar); ESI-MS m/z:
425 [M+H]'. HRMS calced for C,H;CIFO, [M+H]"
425.0956, found 425.0950.

6,7- . H 4 Jk -3-[3- H 4 ik -4-(3- 5l R H AL R ) R H
B R (e19): H A K, P2 E 76%. mp. 139~
140 °C; '"H NMR (CDCly) 6: 7.58 (s, 1H, Ar-H), 7.57 (s,
1H, Ar-H), 7.35~7.31 (m, 1H, Ar-H), 7.20 (t, J=9.2 Hz,
2H, Ar-H), 7.01 (t, J=6.7 Hz, 1H, Ar-H), 6.90 (s, 1H,
Ar-H), 6.83~6.78 (m, 2H, Ar-H), 5.14 (s, 2H, OCH,-Ar),
3.99 (s, 6H, OCHj,), 3.91 (s, 2H, Ar-CH»-Ar), 3.77 (s, 2H,
Ar-CH,-Ar); ESI-MS m/z: 451 [M+H]". HRMS calcd for
C,6H23FNaOg [M+Na]* 473.1376, found 473.1371.

3.3 #FKIMEEMEN A

DA KR, 4%E, 7 BEEFENK, BN Krebs
oL R B S YIE 1 mm K I R R AL B
(I R ELEPNNEE B, o —ANE Rk i ge ds,
FAEMIARERRAEEKD). FirE, mig
HORZS, R MR ) Bos T EAL. kI ENE
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H 5 mL Krebs % 37 ‘C Myograph {HiF G, skl
A 95% O, Fl 5% CO, IR-& 44K, pH FREFIE 7.4, LI
A, ZhBkIAEE B AT 2 mN, & 15 min #9% 1IX, F2E 1.5
h. PL K -Krebs (% 60 mmole L™ K )R 56 5h ik PR 4
P, PR A 2T 10% % T 5256, 251038 60
mmolsL ™" K" SIS, “FRJE A F 2R 2590(24
W2 1X107° moleL™"), #45%E 10 min, Fid3t.
THELET K R = [(24 AT U8 IR P — 24 5 W48 e P58 )/ 243 T
MR E] X 100%.

4 Bh A1l (Supporting Information) ] {AF1 H f5rfL
AW 'TH NMR. ESI-MS PLR & WL SCHRIRIE B ARfL &
YIH) HRMS P 3. X 66k} ] DL G 9 AN A T 199 3
(http://sioc-journal.cn/) I N #k.
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