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Visible-Light-Induced Preparation of Quinazolinones by
Oxidation of Benzyl Alcohols in Water

Zhang, Fan*’ Hou, Huiqingb Xu, Xiuzhi’ Chen, Zhitao” Ke, Fang*’b
(“ Department of Medical Oncology, The First Affiliated Hospital of Fujian Medical University, Fuzhou 350005)
(® Fujian Provincial Key Laboratory of Natural Medicine Pharmacolog, Department of Pharmacy,
Fujian Medical University, Fuzhou 350004)

Abstract A novel visible-light-introduced reaction for the construction of quinazolinone derivatives via radical cyclization of
2-aminobenzamides with benzyl alochols under water phase has been developed. The reaction has been achieved in high yield
under mild conditions by using I, as photocatalyst, which is cheap, available and easy to handle. A variety of quinazolinones
were obtained in yields up to 92%. It might provide a promising protocol for the synthesis of quinazolinone derivatives. Its
application was performed by the synthesis of N-(2-fluoro-5-methylphenyl)-6-(2,2,2-trifluoroethoxy)pteridin-4-amine, which
displayed significant inhibitory activity.

Keywords visible light; Iodine; quinazolinone; oxidant; catalyst
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* Corresponding author. E-mail: kefang612@163.com
Received July 9, 2020; revised August 20, 2020; published online September 15, 2020.
Project supported by the Natural Science Foundation of Fujian Province (Nos. 2016Y9052, 2016Y9053, 2017J01820, FINMP-201902, 2017-1-64).
A BB 4 (Nos. 2016Y9052, 2016Y9053, 2017J01820, FINMP-201902, 2017-1-64) % BT H .

Chin. J. Org. Chem. 2021, 41, 833~841 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 833



BIKE

FH T W A bR 15 2 65 ) B O S ) 24 B 1, AT
S T 25 AE L FRIEN I B R, X DA
Whk ] 15 A% Ay 35 it 7 A7 A8 W IE 90 R O A A, R ) )
A(3 H) W T IR ] A 07 2 00 1) 45 ) A ORI A ). 3 ST
B R A RS P R PR AT A A ) R AR L,
I TSR (10 s R A 2 Ak A P 1 B O e 10 —
A FH AT e AR 2 R 5t i 5 5 A v i as TR R, TR
TR b &R M AL B R R IR R, {E 2 4R AR
24 R gt i e 1) e A AR PR I A A% e B, HomniR T
Re SR gh 4, PRI T 1% N AR R i — S 7
(Scheme 1a). 5 —J7 T, FEAL2it B Ok & o
AL KMnO4. MnO,. DDQ B +~-BuOOH 2%)%%
R, AR FE A B i 5 T/ BRI A e R LR
B I MR R I 246 B P 1) T3 ¥ (Scheme  1b), {H X
KT SRR v s B Hoo
AT PR, /IR S A BT 1) 7 130 A D
. Wang IREZHTE 2015 FE4RIE T LA MnO, A EALF,
BT B E A SR AT, TR S ORI R AL
A0S G 5 R P T e T o o s s I ) B JEL 3T 2R P )
B SRR . PR, ERHER K H G
FIREE B SRV AR ) T H 0 T B . A
AR E I 2 R I e 5 1 S o) 5% v el B ) 114 s 2
W — B 82 AT 97, 2017 4F, Nanda B38040 P
T Ni-VU R PR FC A A AR 2 8 2K F B G S5 2K R
S R 2 Ak B W ) — BV I . 2019 4, %/
OV JRAE T —FfrfE R SR AT R S S 464 T (<90 C),
Cu(ID) AL & P4 B it S D RE AL 5 5 40 & 25 % H ik A=
S W WA OBR ) AR 5 ot B A 114 1 el I I 747 2 420 1 T %
B AR I 2 s I 6 A7 B v BB BRI R R R AL B, TR
Y VS T, B 1H A AR R X DL ) 45
St R, MWATRESL S At R, PR —Fhk
B R T ST B s M bk J £1°) 7 SR s A T 00 1.

LV R B — R T HMEA R & B 23 T
MNITHI . v WG A AR RTC TR T H — e Ak
FUP AL 20t AR A A, (AT S C—H B AR A
s, BARTAT R R0 B 25 AN S5 A
#, WEHFEINGEIES RS, NEIEBIEAN
G M 2018 4, e A M T [Are -
Mes BE, 1764 AL [ Co(dmgH),py C1 AL 71 Fr) XA AL,
R Z, BT SEBL T T S A TR R A 4 ) 4% 0 R R 1)
C(sp’)—H B REMWTE AR I SN, R AN KA v i),
WRZE KM LA R B, RIS SR
BT, MUFFE U4 s b2 8, T HAE B A
SehRR A B R EE AR XL 2014 4F, Wu iR
2 U3 3 A 4 5 AL R [Co(dmgH),CLNE T 51 &)
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AT G-RuO,(f1 524 71 2 1) RuO, YK EAAED, LA
Eosin Y MG ST SZ I T ¥IARK R 1 N-Z- 5600
S R ORI M| Wk 1) A8 OB BB I R, 7R UL R B v
98%, TF 4T 3¢ B A HLA 717K %oF Js2 S8 F) 3t 47 031 2 22
2013 4, Wu /MAPHGE T 1L 5 A #1EF], DMSO 1A%
AT ) 5V R SR A AR 2R i R v R R £19) 7 9, 4
WATLUE 7. Bk, 56T A5 AT i 0906 2R 355 A i Rl fie
etk REORE TN, i & R e AR R, DL BE
SR HIEEAE NG R], Sl ME O EE, TR S
252 35 2 F I e 7K A PR 1 R — 2R 1 W e R R £
AW, SRR Ak A A R AL T R R (B 2
1177 7%(Scheme 1c).

Privious work

(@) it Transition metal Q
NH, NH, catalyzed NH
* R) /)\
X N~ 'R
X=1lorBr
(b) 0 0
[:::[ju\NHg :ﬁ Oxidation [:::Iju\NH
+ _ >
KMnO,4, MnO .
NH, R nOy4, MNO,, etc. N/)\R
This work

(c) o)
NH, OH Visible light, H,O NH
- PN
NH, R N~ 'R

B 1 mERRIRER LG 0 O i

Scheme 1 Strategies for the synthesis of quinazolinones
1 ZR5R
1.1 RMZFHHMRK

TERAIIBT TR, B T 2-%0 3 78 F I e oK Y i
TERERURY), LAE MG, 7540 W FJ6 LED TR
HRGS 12 h, RRBLFAAT T R24i000E, 585k 1
AN VAT SN F AT G ORI AE S (Entry 1)+
ZHEE(DMSO) (Entry 2). PUEPLI(THF) (Entry
3). N,N-— 3L HI Lz (DMF) (Entry 4)F1 — 40 &7 (Entry
S)HA BRI 21 /b B 1 P A R, AR 4E7K (Entry 7)F
ZJEEntry 6)F1, 7RI LL 85%F11 78% (K177 A3 A . H
PR, Rk, CLAEK ORI ZE %2 7 AT WOGREAG I I
N[ E21A (Entries 7~10), 453538, I, fil Ru(bpy);(PFe),
JEIL T e R AL RCR, A A Al mT WO fe Ak 7, G
Ir(bpy)s (Entry 13) Ru(bpz)s[PF], (Entry 14)0 25 H &%
B2 3R, SR H S2AE W (Entry 11), ZEAIAR] W%
PEAGTRNINE I S AT T EAT, AH 72 2 ARAIK. B BB A
W E, DL AR EATR. B S X TEHLaRE AT ik,
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KA K5PO4, K,COs, Cs,CO;, KOH %A NaOH I, [z
ISR ES A FTBAK(FR 1, Entries 12~16). 7EA ISR
SEEG I, I st/ RS A AN ) SN PR ) (Bntry  16).%F
R B AT T 5 %%, RIDEE 12 h B~ Rt
(Entries 17+ 18); /i, H 40 W CFL 26T 0% 40 W
LED fT#HTAIICSLES, H 88% M=K CFL #6AT
AL R 022, 40 W LED 4T Wi tEiE £, #R¥E DL B &k
B, W€ TR PR &N BRALT, 20
mol% I, fE ML, 4iKAENEF], NaOH (2 equiv.)
B, 40 W % LED 4T 6T [N 12 h.
F 1P

Table 1 Optimization of the reaction conditions”

Cat Base ©\)L
Solvent T
40 W LED

Entry  Solvent Cat. Base T/h  Yield’/%
1 CHCL I, KOH 12 30
2 DMSO I, KOH 12 41
3 THF I, KOH 12 40
4 DMF I, KOH 12 44
5  CH,CL L KOH 12 22
6 CH;CN I, KOH 12 78
7 HO0 L, KOH 12 85
8  H,0 Ru(bpy)s(PFs), KOH 12 85
9’ H,0 Ir(bpy)s KOH 12 78
10° H,0 Ru(bpz);[PFsl, KOH 12 80
11 H,O — KOH 12 11
12 H0 L, K;PO, 12 70
13 H,O I, K,CO; 12 73
14 HO I, Cs,CO; 12 78
15 H,0 I NaOH 12 92
16 H,O I, — 12 trace
17 H,0 L, NaOH 11 84
18 H,O I, NaOH 13 92
19° H,0 I, NaOH 12 88

“ Reaction conditions: 2-aminobenzamides (0.5 mmol), benzyl alochols (0.6
mmol), catalyst (20 mol%), base (1 mmol), solvent (2.0 mL), 40 W LED;
b Tsolated yield; ¢ Ru(bpy)s(PFe), (0.01 mmol); “Ir(bpy)s; (0.01 mmol); €40 W
CFL instead of 40 W LED.

1.2 JR¥IER
NTREZEZMEAAR R IE O E, &85 T — K5I
ﬁ%z%EX$M@5%ﬁ%%%A%fﬁmm¢4O
W TR, X RI S AT 52, AR
ﬁzp@%%%%ﬂ%%ﬁzﬁﬁm$ﬁk%$$wﬁ
HATAEY RV BA B s ST, K K6
DU WO A B BL I H b P24, ORI 1 7 RARE X
JNEBEAT B PRSI, AN R IR T S A AR
B 2-F K F B i 55 2K R SN, BB IUR A BRI
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Table 2 Synthesis of quinazolinones
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3a 92% 3b 72% 3¢ 83%
o o
©\)J\NH ©\)‘\NH ©\)LNH
N
Me OMe LN
3d 92% 3e 93% 3 77%
M
N @%) )
3g 84% 3h 74% 3i 85%
(0] o) (0]
N/) N" N/) NJ\@
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3j71% 3k 67% 3180%
3m 87% 3n s:/o\©\
©\)LNH
/
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3078% 3p 42% 3q 48%
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“Reaction conditions: 2-aminobenzamides (0.5 mmol), alochols (0.6 mmol), I,
(20 mol%), NaOH (1 mmol), and H,O (2 mL), 40 W LED, 12 h; ®Isolated
yield.

(IR, HL A IS i OGRS W 1A 7™ s v
TR LT BRI A, LR R e 48 T OB
A B e T B RRE AR . T 4- AR R T
5 2-F R BRG DL, 72N 93%, 1M 4-fHEEZR
55 2- B HIG SE, 72 50 83%(%K 2, 3¢, 3e). Uit
A, AR RS R REERAC S VIR RRE HY, (E 27 0
T 05 FRRER(E 2, 3g~3k); 1% R0 E IR
(RIS SR P b e -2- Y R gy -2 FY g R
T3 AR B F N TT%H 80%H 7™ HI(3 2, 31, 31). )5 i%
R RIEXT IR A ISR R IE Y, Ak R SR L e [
FERENS 1L B AL AL ROR, 453 6-1RWRNE-4(3 H)-F )
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FERN 67%(F 2, 3K).
1.3 RmERM

WA B AR LA, S RADIEAT SERBOR S5, A
2-58 L 2K I (5 mmol) 7 F (6 mmol) A JEEL 1E 1,
(20 mol%)~ 10 mmol NaOH Afi, 20 mL 7K A7, 40 W
LED FUGHEST R RN 15 h, 93] 2-FILHERER-4(3H)-
fiil, ;=20 74%.
1.4 HIBRER

TR BIALER, FRATTHEAT T AR A A ] S 5
(Scheme 2). DA FHEE AN JF R, fEHALZMHT, 40 W
LED TOGHE 12 h, 3B GC-MS 5l 31 4 B s 1) A B
TERMAFAET, DATEIE R M. 2K RN 5k, 2-
IR SRR -4(3 H-R (ISR R AT, & L AE(ERT, Y70
SR EE R 2-FR FEE R IRR-4(3 H)-B A= %, Schemes 2c, 2d
RHZRNHEAINSE.

(0]
a
Standard situation H
- .
©/\OH 98%
] (0]
Without I, ©)LH
- o
trace
(0]
b
Standard situation yH
98%
(@]
Standard situation H
I
N2
trace
(0]

c Standard
situation NH
(0]

(0] N/)\©
oo as B
NH, Q
Without I, ©\)L NH
s N//L :

trace
d (0]
Standard NH
situation
~
O o N
NH 95%
24 yH o
NH; Standard NH
situation _
—_—
N N
2
trace
B2 e

Scheme 2 Controlled experiments
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T R ORI, RATE K P AT T IEFR
fR22(CV)SEH:, L HO REFI, CABEIEE N TAEE
W B2 Jsnt A, MORTH R B AR(SCE) N S L B Ak, 43
RN 0.1 Ves (K 2). #hek B W, 7ERRIESAE T,
WAL R AR B, KA L, RARM. Hiih
25 C R DRI, hn NTER i g B A Ok, I Hoth
28 D Fe WAL BA IR R A AT R A IR SR R, ERE 2k D AN
E RIHRF=AE R SR, B e A e R AR
ANHIE R SRR R, B RN R A (T 2).
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Figure 2 Cyclic voltammogram
(A) O-Aminobenzamide; (B) O-aminobenzamide+NaOH-+1,; (C) ben-
zyl alcohol; (D) benzyl alcohol+I; (E) O-aminobenzamide + benzyl
alcohol+1,+NaOH

1.5 REHIE

&5 I S 48 R SCIR RGBS, B H AR S o A T
RERE M NAHLER AN T : H oG, 72 L MBHIAAAE T, I
T 3 s T 50 2 0 e i) AR 5172790 s e 5 Rk o 1]
IRTE L A1 O, IEF R — AN T Bl A =gyt
(Scheme 3).
1.6 JEMSEE

WENE & — M2 AFLE DT TG, SrEMmk AL
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Scheme 3 Proposed mechanism for this transformation

EWISAN, W] LA D 4 BRI A 77, X /R 2

A RAFRRS A EAMM GG, HIRVE 2 5 MR
FTUASR i 25RO AM A . 2 T L BRA TR LS 2 A

PR LS4 L T-WEBE S5 F A K, & RGE SRR B IR
. BN, PL3-53E-6-(2,2,2- = F £ S 3 e g -2- 5
Bk A R E R, RAZHIEA T N-(2-9-5-F 2K
5£)-6-(2,2,2- =9 LB IERE-4- % (D3), =E 60%
(Scheme 4). #XJEH AL & T MTT 2, 455840
Bl 3 . D3 X NAE/NH i 40 i AS49. N4
4 HCT-116 AN B 41 SGC-7901 #4176 A [RIFLFE 1)
PFIETE. X A549. HCT-116 Al SGC-7901 4 i) 1Cs,

(6]
(e} N
l,, NaOH
L1 jIju\NHz + CHOH 22
CF3 = H,O, 40 WLED, 12 h
Cl
CF3 CF3\[ A
N N
D1 81% D2 92%
HoN Me
O
HN
Cul, TBAB, KOH, H,0 ro N Ay F
CF3 \[N/ N/)
D3 81%
B4 N-Q-T-5-H R I H)-6-(2,2,2- =9 L 58I Mk -4- i
(D3I Rk

Scheme 4 Synthesis of N-(2-fluoro-5-methylphenyl)-6-(2,2,2-
trifluoroethoxy)pteridin-4-amine (D3) in water
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PRAMIBIREE (% )

Figure 3 [In vitro inhibitory data of target compounds against
A549, HCT-116 il SGC-7901 cell line

553 514 14.60- 16.81 Al 19.21 pmoleL ™ '"*1. D3 % A549
R A EE 1, B TR RS SRS 2. L
A549, D3 {LEPpRT It A HCT-116 0S4 L FH
PEXT R B e I F T N AL 75, XF SGC-7901 %
MBS NTHE.

2 i

ARSI L AE AL SEI T DL 2-20 52K F
JEATAE AN TS BE N R, BA NaOH {F Afk, 7KAH i@t
A A IR A 5B 1o 0B S A WA R I 3 A= 42 1) 9.
UEAE AL AR 22 N BRI S0 1510 T, 1R Aefifb ), FIR 2k
VENIE, TR B 78 Js 87 3k G 1 K R 8 A 7R R 4
TR IR, WD T X IREE 5 G, A 80t T H
BEA NS BEE, BORBRAR T LA, thab, 1%
AR 22 65 AN TR AR 356 P ok e R B LA R A 1 5 1,
Al Z Ak R AR & & F T & BUAE Y 5 A v e ik i
FELE ) B B & 9. ShAhis F SR IS A ) N-(2-36-5-
L 2R JL)-6-(2,2,2- — 35 £ A J5 ) MR E -4 i 5o e 0 400 P L
A WA 5 (v

3 ZHERST
3.1 UE5E

H [N 8§ Perfectlight PCX50C Discover. Jii 4%
Agilent 6310; #ZHiFL4R1: Bruker AM 400, LA TMS N
WHF, At DMSO &5 ARIRAIE . X-4 BB N5 5
1. FEERE R (200~300 DT, LBR ZBSFIA
Bk e Mt . feEl GF254 tRdhAT i (il B 24
RGN A& o Al sif 222, BREE A A, K&
bei s 2 IS
32 ZLWHE
3.2.1 feddh 3 89h %

fE 10 mL MBI H AN 2-Z R F BE (0.5
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mmol), & H (0.6 mmol), I, (0.2 equiv.), NaOH (1
mmol)FI¥E 5 H20 (2 mL). KRERIE—A 40 W HIH
LED 4T F(EEES NI 5 cm) T =R AL G N 28 P i
12 h. #EEEOGS(TLOKI N 5E 4 Ja, I8 7518, e
B R BT B A (2R 288 - V(AR =1 :
3433 HARr=).

2- % 1 IR IR 43 ED)- A (32)!' Y [ 8L 4R, mup.
232~234 C (Lit!"™: 233~235 C); '"H NMR (500
MHz, CDCLy) d: 11.32 (s, 1H), 8.33~8.35 (m, 1H), 8.24~
8.22 (m, 2H), 7.85~7.79 (m, 2H), 7.60~7.58 (m, 3H),
7.53~7.49 (m, 1H); “C NMR (125 MHz, CDCL) o:
163.72, 151.83, 149.67, 135.10, 133.07, 131.89, 129.25,
128.22, 127.44, 126.97, 126.57, 121.35; IR (KBr) v: 3195,
3074, 1668 (C=0), 1602, 1564, 1482, 1450 cm '; MS
(ED) m/z: 222 [M'].

2-(2- FE L ) W Ik -4(3 H)- B (3b) ) A (A
m.p. 225~227 ‘C (Lit.": 226~228 “C);'H NMR (400
MHz, DMSO-dq) &: 7.73 (s, 1H), 7.53 (dd, J=8.0, 1.6 Hz,
1H), 7.13 (ddd, J=8.4, 7.0, 1.5 Hz, 1H), 7.07 (s, 1H), 6.68
(dd, J=8.3, 1.2 Hz, 1H), 6.57 (s, 2H), 6.50~6.43 (m, 1H);
BC NMR (100 MHz, DMSO-ds) o: 183.99, 181.85,
171.76, 162.17, 158.59, 150.65, 143.37, 137.64, 132.36,
129.22, 124.75, 116.86, 114.82, 114.11; IR (KBr) v: 3337,
3154, 3045, 2838, 1667 (C=0), 1558, 1459 cm '; MS
(ED) m/z: 237 [M].

2-(A-Tilg 4 ) v AR -4 (3 H)- T (30) " P9 2 [T 4K,
m.p.>300 C (Lit"™ >300 ‘C); '"H NMR (400 MHz,
DMSO-d;) d: 8.07 (dd, J=8.0, 1.1 Hz, 2H), 7.86 (dd, J=
7.7, 1.6 Hz, 2H), 7.60 (td, J=7.7, 1.1 Hz, 2H), 7.46 (td,
J=17.8, 1.6 Hz, 2H); *C NMR (100 MHz, DMSO-d;)
147.20, 145.38, 139.77, 135.13, 135.05, 129.24, 123.01,
120.05, 119.59, 109.77, 109.14, 100.50; IR (KBr) v: 3174,
3086, 3041, 1683 (C=0), 1607, 1589, 1524, 1489, 1466
cm ' MS (EI) m/z: 267 [M'].

2-(4- FP 2 I ) s I K -4 (3 - B (3 £ 44K
m.p. 263~265 C (Lit."": 261~264 “C);'H NMR (400
MHz, DMSO-d;) d: 12.45 (s, 1H), 8.11 (dd, J=20.7, 8.0
Hz, 3H), 7.81 (t, J=7.4 Hz, 1H), 7.71 (d, J=8.2 Hz, 1H),
7.49 (t, J=7.6 Hz, 1H), 7.34 (d, J=7.9 Hz, 2H), 2.37 (s,
3H); *C NMR (100 MHz, DMSO-d) d: 162.29, 152.25,
148.74, 141.43, 134.52, 129.87, 129.16, 127.67, 127.31,
126.35, 125.83, 120.87, 20.96; IR (KBr) v: 3174, 3136,
3073, 1676 (C=0), 1602, 1557, 1487, 1447 cm '; MS
(EI) m/z: 236 [M'].

2-(4- VAR R S 35 ) i W I -4 (3 E)- i (3e) ™ 19 [

838 http://sioc-journal.cn/
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&, m.p. 248~250 C (Lit.!"*): 247~248 C); '"H NMR
(400 MHz, DMSO-dy) d: 12.42 (s, 1H), 8.20~8.18 (m,
2H), 8.14~8.12 (m, 1H), 7.83~7.79 (m, 1H), 7.71~7.69
(m, 1H), 7.50~7.46 (m, 1H), 7.09 (d, J=9.0 Hz, 2H),
3.85 (s, 3H); °C NMR (100 MHz, DMSO-d) 6: 162.33,
161.86, 151.84, 148.93, 134.53, 129.45, 127.28, 126.11,
125.81, 124.79, 120.68, 114.09, 55.63; IR (KBr) v: 2959,
2927, 2859, 1671 (C=0), 1602, 1558, 1526, 1484, 1465
cm '; MS (EI) m/z: 252 [M'].

2-(2- WHE I 5L ) s 1t b -4 (3 H)- B (3610 1 £ [ 4
m.p. 167~170 ‘C (Lit"™: 169~171 “C);'H NMR (400
MHz, CDCl;) : 10.93 (s, 1H), 8.60 (dd, J=33.8, 6.0 Hz,
2H), 8.33 (d, J=7.8 Hz, 1H), 7.90~7.74 (m, 3H), 7.51~
7.43 (m, 2H); C NMR (100 MHz, CDCly) &: 161.47,
149.23, 149.00, 148.81, 148.52,137.59, 134.63, 128.14,
127.37, 126.84, 126.30, 122.59, 122.08; IR (KBr) v: 3268,
3086, 1672 (C=0), 1598, 1471 cm™'; MS (EI) m/z: 223
[M'].

6- FF A Jk v R -4(3 - 3g)": LT 4K, mup.
242~243 C (Lit!": 243~244 °C); '"H NMR (400
MHz, DMSO-d) d: 12.19 (s, 1H), 7.98 (s, 1H), 7.62 (d,
J=8.9 Hz, 1H), 7.50 (d, J=2.9 Hz, 1H), 7.41 (dd, J=8.9,
3.0 Hz, 1H), 3.87 (s, 3H); °C NMR (100 MHz, DMSO-d;)
5: 160.59, 157.70, 149.33,143.08, 128.98, 123.74, 123.44,
106.00, 55.59; IR (KBr) v: 3357, 3096, 1664 (C=0),
1608, 1593 cm ™ '; MS (EI) m/z: 176 [M].

6- it J2 1 e Ik 43 H)- B (31T 3 L E AR, mup.
283~285 C (Lit.""7: 283 °C); '"H NMR (400 MHz,
DMSO-dg) 6: 8.58 (s, 1H), 8.05 (d, J=8.8 Hz, 1H), 7.85
(s, 2H), 6.86 (d, J=9.2 Hz, 1H); >C NMR (100 MHz,
DMSO-dg) d: 168.10, 156.14, 135.06, 128.73, 128.66,
116.48, 108.51; IR (KBr) v: 3046, 1676 (C=0), 1613,
1580, 1519, 1495, 1470 cm™'; MS (EI) m/z: 191 [M'].

I I K -4 (3 - B 300 [ AR, mep. 214~
216 C (Lit"™): 215~217 C); '"H NMR (500 MHz,
CDCly) &: 12.12 (s, 1H), 8.27 (dd, J=7.9, 1.0 Hz, 1H),
8.03 (s, 1H), 7.78~7.74 (m, 2H), 7.45~7.42 (m, 1H); *C
NMR (125 MHz, CDCly) &: 162.48, 148.77, 144.66,
135.07, 127.44, 126.97, 126.57, 122.75; IR (KBr) v: 3074,
3032, 1716 (C=0), 1614, 1591, 1550, 1467 cm '; MS
(EI) m/z: 146 [M'].

6- VR I IR -4 (3 H)-B(3)1 ) [t E Ak, mp. 271~
273 C (Lit!": 272~275 C); '"H NMR (400 MHz,
CDCly) 0: 7.22 (dd, J=8.6, 7.3 Hz, 2H), 6.78~6.71 (m,
1H), 6.68~6.61 (m, 2H); *C NMR (100 MHz, CDCl5) ¢:
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160.96, 148.40, 143.17, 139.60, 129.30, 129.00, 117.34,
112.89; IR (KBr) v: 3440, 1692 (C=0), 1605, 1464 cm ';
MS (EI) m/z: 224 [M'].

6- TR NE -4(3H)-Bl 3K)Y: (B4R, mp. 254~
255 °C (Lit."™™: 237~238 C); '"H NMR (400 MHz,
DMSO-d) 6: 13.00 (s, 1H), 9.16 (s, 1H), 8.41 (s, 1H); 1*C
NMR (100 MHz, DMSO-ds) 0: 159.38, 154.35, 152.76,
149.71, 137.67, 134.7; IR (KBr) v: 3048, 1712 (C=0),
1598, 1451 cm™'; MS (EI) m/z: 226 [M'].

2-(2- M iy 3L ) v W bk -4 (3 - B (BDM: P9 [ 4
m.p. 223~225 ‘C (Lit."*: 221~222 C); "H NMR (400
MHz, DMSO-dg) 0: 8.70 (t, J=2.0 Hz, 1H), 8.47~8.22
(m, 4H), 7.79~7.74 (m, 2H); “C NMR (100 MHz,
DMSO-d) o: 166.19, 161.17, 148.26, 138.07, 136.22,
134.29, 130.55, 126.38, 124.73, 122.70, 119.24, 107.21; IR
(KBr) v: 3332, 3068, 1669 (C=0), 1604, 1483, 1451
cm '; MS (EI) m/z: 228 [M'].

2- 2 F - 6- PP A 5 1 DR K 43 - B (B3m)!™): 3 [
1, m.p. 246~248 C (Lit.!": 246~247 “C); '"H NMR
(400 MHz, DMSO-dg) 0: 12.52 (s, 1H), 8.16 (d, J=6.4 Hz,
2H), 7.70 (d, J=8.9 Hz, 1H), 7.56~7.51 (m, 4H), 7.39 (d,
J=17.8 Hz, 1H), 3.90 (s, 3H); *C NMR (100 MHz,
DMSO-ds) 6: 161.78, 158.36, 149.76, 142.63, 132.09,
129.83, 128.88, 128.18, 127.08, 122.06, 121.55, 105.67,
55.64; IR (KBr) v: 2959, 2859, 1672 (C=0), 1604, 1577,
1492, 1461 cm™'; MS (EI) m/z: 252 [M'].

2-(4- H1 B R R Rk )-6- S L g W Ik -4(3H)-
@) G EE A, mp. 257~259 °C (Lit!"": 256~
258 ‘C); '"H NMR (400 MHz, DMSO-d) d: 12.36 (br,
1H), 8.16 (d, J=6.4 Hz, 2H), 7.70 (d, J=8.9 Hz, 1H), 7.52
(d, J=7.6 Hz, 2H), 7.39 (d, J=7.8 Hz, 1H), 7.17 (d, J=
7.8 Hz, 1H), 3.90 (s, 3H), 3.80 (s, 3H); *C NMR (100
MHz, DMSO-ds) J: 162.05, 157.75, 150.06, 143.21,
132.84, 131.03, 129.63, 128.57, 127.48, 124.10, 121.52,
118.80, 113.88, 105.88, 55.64, 55.24; IR (KBr) v: 3337,
3076, 1665 (C=0), 1603, 1479, 1451 cm™'; MS (EI) m/z:
282 [M'].

2- F K -6- YR 1 I UK -4 (3 H)- i (30)!1): {9 {0 ] 4k
m.p. 286~288 C (Lit.'*®: 285~286 °C); 'H NMR (400
MHz, DMSO-dg) d: 12.73 (s, 1H), 8.23 (d, J=2.3 Hz, 1H),
8.21~8.14 (m, 2H), 7.98 (dd, J=8.7, 2.4 Hz, 1H), 7.69 (d,
J=8.7 Hz, 1H), 7.58 (m, 3H); “C NMR (100 MHz,
DMSO-d) 6: 16538, 150.60, 147.82, 137.41, 132.57,
131.60, 130.85, 128.63, 127.99, 127.84, 122.70, 119.89; IR
(KBr) v: 3170, 3059, 1666 (C=0), 1603, 1465 cm™'; MS
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(EI) m/z: 300 [M"].

2- 5 F W R IRk -4 (3 H)- B (3p)! ' A B [E A, mup.
152~154 C (Lit."): 153~154 “C); '"H NMR (400
MHz, DMSO-dy) d: 12.18 (s, 1H), 8.08 (d, J=6.47 Hz,
1H), 7.79~7.75 (t, J=6.28, 1H), 7.60 (d, J=8.13 Hz,
1H), 7.47~7.44 (t, J=5.86 Hz, 1H), 2.60~2.57 (t, J=
6.26 Hz, 2H), 1.74~1.71 (m, 2H), 1.34~1.29 (m, 4H),
0.89~0.86 (t, J=5.56 Hz, 3H); C NMR (100 MHz,
DMSO-d) o: 16229, 157.99, 149.40, 134.75, 127.24,
126.38, 126.13, 121.21, 34.92, 31.21, 26.96, 22.30, 14.32;
IR (KBr) v: 3168, 3039, 2955, 2927, 2859, 1672 (C=0),
1613, 1469, 1340 cm ™ '; MS (EI) m/z: 217 [M"].

2- 4 35 s 1 K -4 (3 H)- i (3q) 0 A B [ 4R, mup.
248~250 ‘C (Lit!"¥: 245~247 C); '"H NMR (400
MHz, DMSO-dj) J: 12.44 (s, 1H), 8.09~8.07 (d, J=6.28
Hz, 1H), 7.80~7.76 (t, J=6.37 Hz, 1H), 7.61 (d, J=6.32
Hz, 1H), 7.49~7.46 (t, J=6.02 Hz, 1H), 7.39 (d, J=5.72
Hz, 2H), 7.34~7.31 (t, J=6.16 Hz, 2H), 7.26~7.23 (t,
J=5.86 Hz, 1H), 3.94 (s, 2H); “C NMR (100 MHz,
DMSO-dg) 6: 162.37, 156.49, 137.01, 134.89, 129.34,
129.20, 128.98, 127.33, 127.28, 126.71, 126.18, 121.16,
41.22; IR (KBr) v: 3175, 3062, 1665 (C=0), 1606, 1491
em'; MS (EI) m/z: 237 [M].

N-(2-F8-5- FH B 42 3E)-6-(2,2,2- = L £ 58 35 ) e e -4-
Jizto0): 3 ([l 44, mup. 179~182 C; 'H NMR (400
MHz, Acetone-dy) 6: 9.29 (s, 1H), 8.99 (s, 1H), 8.74 (s,
1H), 8.11~8.06 (m, 1H), 7.19 (dd, J=10.7,8.4 Hz, 1H),
7.11~7.07 (m, 1H), 5.30 (q, J=8.7 Hz, 2H), 2.39 (s, 3H);
BC NMR (100 MHz, Acetone-ds) J: 158.15, 156.11,
155.26, 154.15, 152.54, 150.93,144.99, 134.02, 126.28,
125.35, 124.71, 122.88, 121.20, 114.90, 62.89; MS (EI)
m/z: 353 [M'].

3.2.2  EMMEE

SIS T DO HUE K I A . B A
s 4n i, 4351LL2x10% A/mL 21 25 B Al T 96 FLKS
FERRH, 100 pL/FL, FEFRGHM&Fh 4 Ytk BT 37 C,
5% CO, AN IEFE 12 h. Wz B, S8)5 43 Al 200
uL AFEREER D3 4G, [FIBT 3 FH M R 25 A2
0T IEZH, FRLH 4 NEAL, 5597 48 h, TR 5 mg/
mL ) MTT 20 pL/fL, Zk4:855% 4 h 5352 B3, A
DMSO 150 pL/fL, fEMIRY % 9= 10 min, FH70%
PRI, A BhBEFRACLE 550 nm YK AR H 4 it X6} 8
PRS2 ODE. BUAHME, HERELK 3 XK. iF
SR L 255 Al BT A 2R HD (%) = (1 — A A
OD {8 /20 L% HE 2H OD 1) X 100%, [F 5 ICso {H.
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29230 DA A B A B R B, ST

HMTT) L LR BT it & BRI &4 D3 XA

S AN AS49. N4

SR HCT-116. A B

JE A GC-7901) 145 [ F i) vl .

4 BT KL (Supporting Information) {L&%) 3a~3q
D3 R EE . B, IX SRR AT DL G 3 DAS T W 3k
(http://sioc-journal.cn/) I N %K.
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