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WE L L-BABENER, @AY 4560, fEBRY S EE 3-50H-2,6-TRE —H K 5H4), 7 UARH
7 2-F LT 2K AR PP IS M JURE, MY JEIE 5. Balz-Schiemann SR AL SR o IRAK I RIAS— Z2 51 2-J5L P L 6 R R
FEEATAEY) 9a~9d A 12a~12b; 4 S5AFI) 2-1R FH B HRR FR BR AT AR E S5 08 R IR AR B T — RGBT o-(57 W Wbk
B -2-35) 1 R B SRS 10a~10d, 13a~13b 1 15; 13a F1 13b LA 3EE RSP Hbrib &40 14a A1 14b. &R
WAV SR "TH NMR Al HRMS BiE. FIBEREE MTT)EINR T 7 4 HARb &9 (Mo g bk K562 Bl s ok,
SERE, WA 10a X KS62 A B (i F S5 R0 L A 24, 464 15 % K562 A B A SR IHMEIEA, 1 25
pg/mL K E T35 99%
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Synthesis and Leukemia Cell Line K562 Inhibitory Activities of
a-(Fluoro-substituted isoindolinone-2-yl)glutarimide Analogues

Chen, Yanchi
(School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418)

Ren, Yujie*

Abstract A series of a-(fluoro-substituted isoindolinone-2-yl)glutarimide analogues 10a~10d, 13a~13b and 15 were syn-
thesized from 3-amino-piperidine-2,6-dione hydrochloride (4) and different methyl 2-bromomethylbenzoate derivatives under
alkaline condition, respectively. Furthermore, target compounds 14a and 14b were obtained via nitro reduction of 13a and 13b,
respectively. The intermediate 4 was synthesized via amino-protection, cyclization and amino-deprotection using L-glutamine
as the starting material. Different methyl 2-bromomethylbenzoate derivatives 9a~9d and 12a~12b were readily available via
nitro reduction, Balz-Schiemann reaction, nitration reaction and bromination reaction strategies of nitro-substituted 2-methyl
benzoic acid methyl esters. The structures of all compounds have been confirmed by '"H NMR and HRMS spectra. The inhibi-
tory activity against leukemia cell line K562 of seven target compounds was evaluated by thiazolyl blue tetrazolium bromide
(MTT) method. The results indicated that the inhibitory activity to K562 cells of compound 10a was comparable with le-
nalidomide. Compound 15 exhibited strong inhibitory effect against K562 cells and with an inhibition rate of 99% at the con-
centration of 25 pg/mL.

Keywords a-(isoindolinone-2-yl)glutarimide; synthesis; leukemia; inhibitory activity
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Bl Jnf frga R E IR T TNF-o B4R 4855 5 SR %A%
Y T PESI—— Oy CLL 3R 7 3 8 i 4 32187,
SR, SRR AR HERRIR T o A SN P 2 2 1 LA
Jo ™ (IR R GBI B #E CLL MR IA T T, Sk
I 5 Jie T 5 5 A R S R 52 1 R IRE S B (TFR)
VIR SR G E(TLS) . 7E Celgene [ —> TIT T il 5256
(NCT00910910)H, RHABLL & LR T BREITIBIT I CLL
BE WL T S RAE. Fik, 2013 45 7 H FDA €
PR ACEE NG FH T CLL IR ARIRSE. 1L JLEER, bEE
ok A FEE i S5 G % AR 40 T A AR R WL IR D R
PIBTB YR TR o5 ] R -2- 3 ) 2 BRI
Jig oA g B it A R BB ki Ak A kAT
BRI AL, WAL R, o-( W Wbk -2-2) 1%
TR RZ (B 1) 2 E B 2R, TS CRBN A%
g AU 24— A SRS B R, T BRI g
[1HE T CRBN 24K M7 2 Hh, 4T 2 — FP gk IV fric 3
H1H) C-5+ C-6 AL 584555 TV 7. /NI (n 2 5
H R &) IR T R B i) C-4 BB, mT345R 2591
W BRI TR C-4 i), LAY
55524 CRBN SRR S ASSZREMA, SR 455K 1) 5 [ HL
RFVRIERE C-4. C-5 4, 8L C-4 Fl C-6 fil}, b5
WG M 7 B PRI X R W) B R TR R R R A
C-4 frols B HIAE C-5 1 C-6 AR, AIRET-HL T I
K5 IKZF1 5 A1) Bhab, SRR IS %o % R 0T
FHa s CRBN A5 IKAF1 f1 IKZF3 44, HEH
B AR 2RI ER, BT RS CRBN & H 4
Bl A B A7 70 B R R U0 R, (S W5 A AR -2-
B8 W W R S A 1) A R A 5 AR AT AT 98 L

CERS- 98
00 4
7 .1
; 1 ZNH
. N =0
4 3 405

NH,
Lenalidomide

O O .
7 o1
6 : 2 “NH
N=—3' —0
5 3 6
4 4 5
a-(isoindolinone-2-yl)glutarimide

BT SRTBEENEAN o- (5G] WRmbE-2 ) 13— Tk WF i
Figure 1 Lenalidomide and a-(isoindolinone-2-yl)glutarimide
TEZNBETT R, SRS SN O RCA 2590 45 6 S0 1
FEGRNG 2 —. R T B AR A B TN AT LA Y 2454
RV RT . SR 25 Al Ty 2 it . 3R s AR A
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FEMTIR K 8 8 e A - 2 (AR LA S, S BT 2591
SR R, FEURIEE AT AR 29 RE 1R, s
WA R, IR ZGWAE AR Y RO R BT UL e ab,
TR T 5ERE TR FEEMIE, %R 7RG,
WGV MR SRR, AR TR B2 0 RS
PE, Bk, Wt T 7 A (NI DRI ER-2- 3 13 R i
SRS, LB CLL &Mz et i
L&

KRTAEFE R T 7 AR NSCERIGE L &, 4
% '"H NMR Al HRMS ®4E, KA MTT 5%F CLL
Ytk K562 HHAT T HiRvE e, B Ak & &
% £ N Scheme 1 k.

1 HREWR
1.1 EYHERK

VL L-BE BN R R, S R TGS
PR RN ORI A R A 4, LG AR
Balz-Schiemann [ %15 H [A]{A 8a 1 8d; 8a~8d &iR1{L
NG EY) 9a~9d; 9a~9d 51L-E1) 4 1E 55 T S8
5 (AR — 35 15| Wk bR I -2- 26 ) 1 — 19 WP i 177 A2 40
10a~10d. SZ56 K B FE 610 I B 52 B e K, AE
—10~—5 C, 8b 5IBER[V(68% HNO;)/V(98% H,SO04)
=1/3]M 1 h, FEHB) AL 11b; T=E T,
3-RLAE AL A ) 5 2 A RS- RS AL PR AT 34 R Ak
IR L 151 4). —10 CF, 8a 5RMR IR NG
BRI =) 1a. A6E) 11a F1 11b BRI BIHR
AR, B NBS FIHEH 1.1 58 E] 2.5 £, 5
HHIRF AIBN FIHREH 5%IREE 30%, MR
AR 20%. FR1, SLE R I NBS Fil AIBN #/N &
SIS, IRV PFACRE TSR R 40% 0L b 7EER
4T, 12a 5L 12b 5465 4 16 = L&A T V1
13a 5 13b. SAHESRIH, 12b 5 4 RMNAR 15.
13a 1 13b TEEFKY/UKEE IR 7R 2 A ] AR 47 3 e B3 3|
14a £ 14b.

1.2 HINfFEHAE K562 INHE M

DISKAR B A BRI, 16 H] CLL 4Rk K562
b 8 B P01 S BG: BH X R DL KAk &) 10a~10d
14a~14b 1 15 X} K562 MG FHI1EH sk 1 k.

FE %5 R DL KA &40 10a~10d 1 14a~14b %} CLL
YHIPE K562 HBEA W35 PHMHIME . X5k A0 L
A FE T S A ek 3 B AR AR DLl RS B 2K 4
RGN E AN A L2, H T AR A,
5 SR A 20 P M SR e TR (B B, 1T
S 20 R TR B T P B A o S 56
AN HE B PR v . R, BEE A 2 TR I
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NH, HN_ ” NH,HCI
1 2 Boc 3 4
o) 0 0 o)
A -~ d X - A - f A -
a2 Y A L
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5a, 5d 6a, 6d

0 0 0 Q
X -~ g A - h X NH
2 = Br =

7a,7d 8a, 8d

10a: 4-F
10b: 5-F
10c: 6-F
10d: 7-F

9a~ 9d 10a ~ 10d
iJaa~8d
o}

N P Q 00 o o
Fi © i N o7k N NH | N NH
ON// —_ FT// Br —_— F_l\'// N O — FT// N (0]
2 O,N O,N Hy

11a, 11b 12a, 12b 13a, 13b 14a, 14b

14a: 4-F, 7-NH,
m 14b: 5-F, 6-NH,
|
0.0
N/OH
O,N ©
F NH
15 ©

Reaction and conditions: (a) Boc,O, NaOH, H;0, r.t.; (b) EDCI, HOBt, Et;N, MeCN, reflux; (c) HCI, Dioxane, r.t.; (d) Zn, EtOH/H,0, 65 C; (e) NaNO,,
HBF,, ice-bath; (f) toluene, 85 C; (g) NBS, BPO, CCly, reflux; (h) 4, EtsN, MeCN, Ny, 75 C; (i) concentrated H,SO,, 68 % HNO3, -5 °C; (j) NBS, AIBN,
CCly, reflux; (k) 4, EtsN, MeCN, Np, 75 °C; (I) Zn, AcOH, r.t.; (m) 4, Et;N, MeCN, air, 55 C.

Scheme 1

1 B &Wn KS62 2 [ 38 5 i) i 45
Table 1 Results of anti-proliferative activity of target com-
pounds on K562 cells

Cell proliferation (inhibition%)”

Compd. 0 pg/mL25 pg/mL50 ug/mL100 pg/mL200 ug/mL

Lenalidomide 0 4.6 6.5 12.8 14.3°
10a 0 5.6 9.5 11.6 18.6°
10b 0 121 —11.6 —13.6 7.0
10¢c 0 9.4 6.8 9.1 6.8
10d 0 7.12 438 5.5 10.7°
14a 0 9.8 —35 0.5 438
14b 0 2.1 6.0 7.0 13.0°
15 0 99.1¢ 9937  — —

“ All data were presented as the mean®S.D. of three parallel samples in each
team; Significant differences from control were indicated; b p<<0.05; “ p<
0.01; ¢ p<<0.001.

mn, &Y 10a FIBHPESTHBYp% K562 40 At it 40 i) 2R 4R
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5 . VI B A MR ik K562 R4 R &
R, SR TR o-(5 5| DRMRER -2- 25 ) I —BE %) C-4
KiJa, LAY 10a XF K562 40 i) i v 22 /0 5 5k 8
FEREAH 2, o-(5 5| Wk -2- 35 ) % — RSP R 1 C-5+ C-6
8t C-7 Pl R FHUR, 8% C-6. C-7 B I, 1k
A1 10b~10d F11L &4 14a~14b FEANR HH# AR TR
H K562 AR HNEE P, T BEAZ GA EE T f d
LAY 15 BoR T B0 K562 40l iEtE. 16
E 10a FLEH 15 #A BT CLL (RIE &5
BTG 7T

3 SRy

31 X5

WPS-2A FUF4E A, T RERIE; IR
{%: ¥i+ Bruker Avance III 500M BUAZWEILARAL; AR
8 R G A LCMS-2020, H A SEAH]; SHG
IR A : GCMS-QP2010 Ultra, HASSEAR]; &
AP EE: SolariX-70FT-MS Fi LA &5 AR, A
T AT B A A Al A 2 40
3.2 EMMERIBY
3.2.1 N-(RT & H)-L- 25 R B (2) 89 4 &

14.6 g L-E BT 100.0 mL 1.0 moleL™" (¥
NaOH W, VKB PRSI 21.8 ¢ —HkER —HUT I8,
ROEUKIE, IR N, 8453 5 AR AR S B i
pH=1~1.5, 500 mL ZR LB 3 IR, & IFAHL
FH, FCKBREREA TR, WETET, 43 19.5 g kY, 7=
£ 79%. A HEHR T %, 'H NMR (DMSO-ds, 500
MHz) d: 7.29 (s, 1H), 7.06 (d, J=8.0 Hz, 1H), 6.77 (s,
1H), 3.82~3.87 (m, 1H ), 2.12 (t, J=7.6 Hz, 2H), 1.87~
1.94 (m, 1H), 1.66~1.73 (m, 1H), 1.37 (s, 9H); ESI-
HRMS caled for CioH;9N,Os [M—I—H]+ 247.1288, found
247.1286.

3.2.2  N-(2,6-9%%7% —BR-3- &) &, P B AT B5(3) 69 &k

19.0 g tk&% 2. 17.8 g EDCI Al 12.6 g HOBt % T
200 mL ZfiEH, =il FEEWM 157 ¢ = 4% HRM
WIRFERS BB B 24 b RMNEEH)E, e T,
BN 500 mL 7K, SIEBEFE 1 h, g, HRKEH KT
EDE, A ETOK OB, W, 157.2 g B EEE,
FEH 41%. m.p. 214.4~214.5 'C; '"H NMR (DMSO-dj,
500 MHz) d: 10.79 (s, 1H), 7.17 (d, J=8.7 Hz, 1H),
4.24~429 (m, 1H), 2.71~2.79 (m, 1H), 2.53~2.55 (m,
1H), 1.93~1.98 (m, 2H), 1.44 (s, 9H); ESI-HRMS calcd
for CoH;¢N,NaO, [M~+Na]" 251.1003, found 251.0992.
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3.23  3-R K -2,6-9%kv —BR R 3k (4) 89 & A%

F 5.0 mL 1,4- 5% 1.4 g N-(2,6-WRIE —-3-
TR BT BEEMR, N 30 mL 2.0 molsL ™' ) 1,4-
TEN IR, IR IR 4 b 1, HAE R
LEEVRIKIEDE, 0T, 19 0.99 g AWK, =K 98%.
m.p. 278.6~279.3 °C; '"H NMR (DMSO-d, 500 MHz) J:
11.24 (s, 1H), 8.83 (s, 3H), 4.21 (dd, J=5.1, 13.0 Hz, 1H),
2.69~2.76 (m, 1H), 2.58 (d, J=17.3 Hz, 1H), 2.27 (t, J=
6.9 Hz, 1H), 2.02~2.11 (m, 1H).

3.2.4  2-F K -3-AH AR BR F BE 49 Ak

¥4 9.0 g 2- L3RR VA T 40 mL Jo/K F
i, S22 0 15 mL SOCL, i FHiHE M 0.5 h, Ff
FENHAT R 1 h NSRRI, BETEA, A 200
mL ZFR 2. M8, 433 AT NayCO, VORI 1 Al 25 /K 3%
WHRBA VAR 1 IR, 7 T IRAE N, ELh s
9.1 g I, 73 93%. m.p. 65.5~66.1 C. A[H
BT — P .

3.2.5 2-i WA -3-AH AR T BR T B 69 AR

4.8 g 2-FHL-3- IR R IR 4.79 ¢ N-BRART
V2 (NBS)AT 0.3 g i AR H B (BPO)% T 50 mL
CCly ", £ 90 CHa R 8 h. MR G, gt
%, A 150 mL L8R CBVEiEY, 43 mlF 120 mL 1
F NaHCO; ¥R AN & SRR se A AULHE 1 IR, 7
W TN, BS54 gl 775K 81%.
m.p. 71.7~72.3 “C; '"H NMR (CDCls;, 500 MHz) o: 8.13
(d, J=8.0 Hz, 1H), 7.98 (d, J=8.0 Hz ,1H), 7.56 (t, J=8.0
Hz, 1H), 5.18 (s, 2H), 4.02 (s, 3H). ESI-HRMS calcd for
CoHoBrNO, [M+H]" 273.9709 and 275.9689, found
273.9698 and 275.9678.

3.2.6  3-(4-A A -13-= A-1- AAR-2H-F 5] % -2- K )-
2,6-9% 7 B 69 & Ak,

0.82 g LAY 4F11.36 g 2-1R FI HE-3-f 52K F R HH
BE¥A T 50 mL NN-—F R R B (DMF)H, fER SR
TN 1.01 g =2, RIEEEAN 50 CHBEH RN 4 h,
FFHRZE 75 C/RM 18 h. RMEHJE, A 150 mL 2%
K, I8, HAREHEESRGRIEDH T oo
PR 13 045 ¢ AR, =% 31%. mp. 2749~
275.3 ‘C; '"H NMR (DMSO-ds, 500 MHz) d: 11.06 (s,
1H), 8.48 (d, J=8.1 Hz, 1H), 8.20 (d, J=7.4 Hz, 1H), 7.85
(t, J=7.8 Hz, 1H), 5.19 (dd, J=5.2, 13.3 Hz, 1H), 4.86
(dd, J=19.2, 56.7 Hz, 2H), 2.88~2.95 (m, 1H), 2.51~
2.62 (m, 2H), 2.00~2.05 (m, 1H); ESI-HRMS calcd for
C3H,N;05 [M+H]" 290.0771, found 290.0762.
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327 3-(4- & A -13-= A -1- B A -2H- F 73] %k -2-
#K)-2,6-9% "8 ZBR 69 &A%,

021 g 3-(4-f3E-1,3- ~ & -1- | AC-2H- 57 15| W -2-
F)-2,6-IkNE —FET 30 mL LIS/ FHEEVV=11)ER
L, N 0.04 g S%ELER(E 50%HI7K), 4 Hy UEK,
REMER RS SIFRANES, £ 40 TR 12 h
RN E, 1398, e TIEM, EL M 0.08 g kit
A, P2 % 41%. mp. 262.6~2643 C; 'H NMR
(DMSO-ds, 500 MHz) 6: 11.02 (s, 1H), 7.20 (t, J=7.7 Hz,
1H), 6.92 (d, J=7.4 Hz, 1H), 6.80 (d, J=7.9 Hz, 1H), 5.43
(s, 2H), 5.12 (dd, J=4.9, 13.2 Hz, 1H), 4.16 (dd, J=17.0,
49.1 Hz, 2H), 2.89~2.96 (m, 1H), 2.62 (d, J=17.3 Hz,
1H), 2.27~2.35 (m, 1H), 2.03 (t, J=5.7 Hz, 1H); "*C
NMR (DMSO-ds, 100 MHz) J: 172.92, 171.23, 168.91,
143.58, 132.21, 128.84, 125.57, 116.41, 110.43, 51.48,
45.51, 31.20, 22.73; ESI-HRMS calcd for C;3H ;N304
[M+H]" 260.1030, found 260.1017.

3.2.8 2-F K -3-A AR TR F B5(6a)49 &K

10.0 g LAY 5a. 32 g EAbEA 9.0 g BEMET
200 mL ZEE/KVIV=11)EHF, 65 Cil M. TLC
W sz 87 B B TR S I SE A e 7R O v R,
400 mL ZF OBEAEHL, FRRA NI, WR4YE, R K
£ HhuE, JFH R OERRSRIEY R O, B RTE,
15 8.8 g IOIEIA, 773 85 %. m.p. 232.5~232.9 C;'H
NMR (DMSO-d, 500 MHz) d: 7.66~7.69 (m, 2H), 7.39
(t, J=7.9 Hz, 1H), 3.84 (s, 3H), 2.47 (s, 3H); ESI-HRMS
caled for CoH;,NO, [M+H]" 166.0862, found 166.0852.

2-53 Fk-6- F L % F R Y B (6d) PRI & I T 7222580 6a,
TR YD, 723 76%. 'H NMR (CDCls, 500 MHz) o:
7.12 (t, J=7.8 Hz, 1H), 6.56 (d, J=3.8 Hz, 1H), 6.54 (d,
J=4.6 Hz, 1H), 5.51 (s, 2H), 3.91 (s, 3H), 2.46 (s, 3H);
ESI-HRMS caled for CoH;,NO, [M+H] " 166.0863,
found 166.0852.

3.2.9 3-#-2-F R F B F B5(8a) 6 A%

8.5 g b & 6a Bi%T 32.4 g 40% M VU FAIER 2 vh,
VKERS FHERE 10 min. FIREDIIKE 3.5 ¢ WASEREN
IR, SR LiRRA W, ka8 1 h
JE, H DCM ¥ediEvf ki, i+, /4 7.9 g Bk
m.p. 89.2~90.0 C.

¥ 7.9 g FIRFISEREIFET 100 mL 2k, 2218
FHEZE 80 C, HEFFH/NOFHEESS C, XA K&
HEP= A AR RS, FRRHRIE A 20 min.
RMNEER G, AEIZER, A 100 mL Na,CO; %,
S TR, W46, AR BB V(A
fif) © (IR 2. T8)=50 : 1143 2.5 g LRy, =%
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34%. '"H NMR (DMSO-d,, 500 MHz) 6: 7.61 (d, J=17.7
Hz, 1H), 7.39 (t, J=8.6 Hz, 1H), 7.31~7.36 (m, 1H), 3.83
(s, 3H), 2.38 (d, J=2.3 Hz, 3H); GC-MS (EI, 70 eV) m/z
(%): 168 (M*, 30), 137 (100), 109 (88).

2-%5-6- F 4 H R PR (8d) A & i 7 15 17) 8a. ofh
HURY, 723 24%. 'TH NMR (CDCl;, 500 MHz) 0: 7.29~
7.32 (m, 1H); 7.02 (d, J=7.7 Hz , 1H), 6.69 (t, J=9.1 Hz,
1H), 3.96 (s, 3H), 2.42 (s, 3H); ESI-HRMS calcd for
CoH,,FO, [M+H]" 169.0659, found 169.0686.

3.2.10 &4 9a~9d 49 4 k.

550 mg 1L &4 8a. 695 mg NBS A1 40 mg BPO ¥ T
30 mL CClLH, JHiEH Rl 6 h. RMNEEHJE, e THHl,
I 100 mL ZF8 2085, 433 FHHF] NaHCO; ¥ A1
A EKE AN 1R, 2. TEAEN, &
i, KRN BRI VCAThER @ MR Ol =
50 : 1/54EY) 9a. KRG BOITIEA R T 9b~9d.

2-1R F AL 3- R R iR (9a): LRy, 7%
70%. '"H NMR (CDCls, 500 MHz) §: 7.80 (d, J=7.8 Hz,
1H), 7.39 (s, 1H), 7.28 (t, J=8.8 Hz, 1H), 5.02 (d, J=1.7
Hz, 2H), 3.97 (s, 3H); ESI-HRMS calcd for CoHyBrFO,
[M+H]" 246.9764 and 248.9744, found 246.9809 and
248.9788.

2-1R F2E-4- R R IR (9b): o tuilpiRY, 7%
66%. '"H NMR (CDCl;, 500 MHz) J: 8.03 (dd, J=5.9, 8.7
Hz, 1H), 7.21 (dd, J=2.5, 9.2 Hz, 1H), 7.05~7.09 (m,
1H), 4.95 (s, 2H), 3.95 (s, 3H); ESI-HRMS calcd for
CyHgzBrFNaO, [M—i—Na]+ 268.9584 and 270.9564, found
268.9577 and 270.9558.

2R F RS- UK IR R (9¢): iRy, 72 %
68%. '"H NMR (CDCl;, 500 MHz) d: 7.68 (dd, J=2.8, 9.3
Hz, 1H), 7.47 (dd, J=5.4, 8.5 Hz, 1H), 7.20~7.23 (m,
1H), 4.95 (s, 2H), 3.97 (s, 3H); ESI-HRMS calcd for
CoHoBrFO, [M+H]" 246.9764 and 248.9744, found
246.9761 and 248.9741.

2-1R FEE-6- 3 K R R (9d): o tuilpiRY, 7%
23%. "H NMR (CDCl;, 500 MHz) §: 7.41 (dd, J=7.8, 13.6
Hz, 1H), 7.24 (d, J=7.7 Hz, 1H), 7.11 (t, J=9.0 Hz, 1H),
4.68 (s, 2H), 4.01 (s, 3H); ESI-HRMS caled for CoHgBr-
FNaO, [M + Na] © 268.9584 and 270.9564, found
268.9571 and 270.9551.

3.2.11 4L4-4s 10a~10d 494 A%

476 mg (1.9 mmol){t. &%) 9a F1 250 mg (1.5 mmol )
&Y 4 T 10 mL DMF A1, 2SR R 384
mg (3.8 mmol) = Zi&. =i FHiFE4h, SREHEANTS C
R 4RSS N 35 h. RN ZEH A, I 50 mL K, iT

http://sioc-journal.cn/ 1127
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IE, FIRBE/KEEEIEDE, it BTt — DR A
A & F) - (FE)=40 : 1], L&Y 10a. X
LA BT T 10b~10d.

3-(4-F-1,3- & -1-A -2 H- 57 15] We-2-)-2,6- MR I
“H10a): EEEA, 72K 21%. mp. 281.0~282.4 C;
'H NMR (DMSO-d,, 500 MHz) d: 11.02 (s, 1H), 7.57~
7.62 (m, 2H), 7.5 (t, J=8.7 Hz, 1H), 5.13 (dd, J=4.9, 13.3
Hz, 1H), 4.50 (dd, J=17.4, 83.9 Hz, 2H), 2.89~2.96 (m,
1H), 2.61 (d, J=17.6 Hz, 1H), 2.40~2.49 (m, 1H), 2.02
(t, J=5.7 Hz, 1H); *C NMR (DMSO-ds, 100 MHz) ¢:
172.84, 170.79, 166.97 (d, J=2.23 Hz), 157.05 (d, J=
247.09 Hz), 134.80 (d, J=4.67 Hz), 130.68 (d, J=6.5 Hz),
127.84 (d, J=18.35 Hz), 119.43 (d, J=3.32 Hz), 118.45
(d, J=19.32 Hz), 51.73, 44.18, 31.13, 22.25; ESI-HRMS
caled for C;3H;,FN,O; [M + H] " 263.0826, found
263.0816.

3-(5-%-1,3- A -1-EAC -2 H- T 5] We-2-3)-2, 6- IR I
—FR0b): AR, FEE 12%. mp. 292.4~293.2 C;
'H NMR (DMSO-dq, 500 MHz) §: 11.01 (s, 1H), 7.78 (dd,
J=5.1, 8.3 Hz, 1H), 7.50 (d, J=7.6 Hz, 1H), 7.34~7.38
(m, 1H), 5.11 (dd, J=5.1, 13.3 Hz, 1H), 4.41 (dd, J=17.6,
62.1 Hz, 2H), 2.88~2.96 (m, 1H), 2.61 (d, J/=17.3 Hz,
1H), 2.36~2.45 (m, 1H), 2.00~2.03 (m, 1H); "“C NMR
(DMSO-d,, 100 MHz) 6: 172.86, 170.94, 167.08, 164.41
(d, J=246.66 Hz), 144.77 (d, J=10.45 Hz), 127.98 (d, J
=1.45 Hz), 125.27 (d, J=9.95 Hz), 115.68 (d, J=23.5
Hz), 110.92 (d, J=24.14 Hz), 51.65, 47.05, 31.16, 22.36;
ESI-HRMS caled for C3H,FN,O; [M+H]™ 263.0826,
found 263.0823.

3-(6-%-1,3- & -1-F AR -2 H- S 15| We-2-3)-2,6-WR I
“HA(10c): FTE, 77E 44%. mp. 267.7~269.1 C;
'H NMR (DMSO-d,, 500 MHz) 6: 11.01 (s, 1H), 7.66 (dd,
J=4.6, 8.2 Hz, 1H), 7.46~7.53 (m, 2H), 5.13 (dd, J=5.1,
13.3 Hz, 1H), 4.39 (dd, J=17.2, 60.3 Hz, 2H), 2.89~2.96
(m, 1H), 2.62 (d, J=17.5 Hz, 1H), 2.36~2.45 (m, 1H),
2.03 (t, J=5.8 Hz, 1H); °C NMR (DMSO-d,, 100 MHz)
d: 172.86, 170.87, 167.11 (d, J=3.52 Hz), 162.06 (d, J=
24277 Hz), 137.85 (d, J=1.98 Hz), 133.61 (d, J=8.59
Hz), 125.61 (d, J=8.49 Hz), 119.14 (d, J=23.34 Hz),
109.44 (d, J=23.23 Hz), 51.76, 46.94, 31.14, 22.36;
ESI-HRMS caled for C3H,FN,O; [M+H]" 263.0826,
found 263.0818.

3-(7-9-1,3- A -1-E AR -2H- 7 15| Mk -2-58)-2,6- MR g
TOE (10d): oK [ R, PR A 40%. mp. 294.8 ~
2957 ‘C; '"H NMR (DMSO-ds, 500 MHz) 6: 11.02 (s,

1128 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

1H), 7.65~7.68 (m, 1H), 7.44 (d, J=17.5 Hz, 1H), 7.29 (t,
J=9.1 Hz, 1H), 5.09 (dd, J=5.1, 13.3 Hz, 1H), 4.43 (dd,
J=17.7, 65.9 Hz, 2H), 2.88~2.96 (m, 1H), 2.61 (d, J=
17.7 Hz, 1H), 2.34~2.43 (m, 1H), 2.00~2.04 (m, 1H);
C NMR (DMSO-d;, 100 MHz) 6: 172.85, 170.86, 164.98
(d, J=2.0 Hz), 157.91 (d, J=255.05 Hz), 145.02 (d, J=
3.06 Hz), 134.10 (d, J=7.52 Hz), 119.91 (d, J=3.95 Hz),
118.59 (d, J=13.18 Hz), 114.92 (d, J=18.88 Hz), 51.45,
47.11, 31.14, 22.28; ESI-HRMS calcd for Ci3H;,FN,Os
[M+H]" 263.0826, found 263.0817.
3.2.12 3--2-F H-6-2 K F BR F B5(112) 89 &%,

FREL 420 mg L&) 8a, TN 0.4 mL IRERERHHit
FE ), BB IMANIRER (0.4 mL 65%HIIRAHER A 1.2
mL 98%MIIRERIR), 4ERFfE—5 C LAF4RE M 1 h
R ER G, KREGWEINIKKS, R OB,
3 90 FE L R B T2 0 VRN AT B R K IR R A L
M—IR, W TIRANUAE, W45, HENrEati[se R
VCH R @ (IR CEE)=30 © 1], 13 350 mg R4,
=% 66%. '"H NMR (CDCls, 500 MHz) 6: 8.07 (dd, J=
9.1, 4.5 Hz, 1H), 7.22 (t, J=8.6 Hz, 1H), 3.99 (s, 3H), 2.29
(d, J=2.3 Hz, 3H); ESI-HRMS calcd for CoHgFNNaO,
[M+Na]™ 236.0329, found 236.0324.

4-55-2- F L -5-fiF L 2R R R (b)) I & BT V5 S
1a MFE, AMEE, 7% 47%. mp. 67.9~69.1 C; 'H
NMR (CDCls, 500 MHz) 6: 8.69 (d, J=7.8 Hz, 1H), 7.19
(d, J=11.5 Hz, 1H), 3.95 (s, 3H), 2.71 (s, 3H); ESI-HRMS
caled for CoHoFNO, [M+H]" 214.0516, found 214.0503.
3.2.13 fubdh 12a #= 12b 494 A%

580 mg (2.7 mmol)fb &%) 11a. 727 mg (4.1 mmol)
NBS A1 90 mg (0.54 mmol)AIBN &% 30 mL CCl, 1,
ERAR TR 12 h RMNEHRE, ETER, A
50 mL DCM, 743 il FH v A0 ik R S0 AR ORI A £ 2R oK
WHBEANAE 1 &, TERAVE, K48 HENTSE
[GEMiFR: VOR B @ M(CBR CBR)=50 : 1], BHEY
12a. RARULE BITEERCT 12b.

2- YR -3 956~ A R R BR R I (12a): 93¢ 2 0[]
&, P7E 53%. m.p. 60.9~61.5 ‘C; 'H NMR (CDCls, 500
MHz) 6: 8.18 (dd, J=4.6, 9.1 Hz, 1H), 7.34 (t, J=8.8 Hz,
1H), 4.55 (d, J=1.2 Hz, 2H), 4.03 (s, 3H); ESI-HRMS
caled for CoH;BrFNNaO, [M + Na] © 313.9435 and
315.9415, found 313.9434 and 315.9414.

2- YR Y B -4- -5 - 4 2K R F iR (12b): TG IR
¥, P7# 38 %. 'H NMR (CDCl;, 500 MHz) J: 8.74 (d,
J=7.7 Hz, 1H), 7.49 (d, J=11.1 Hz, 1H), 4.98 (s, 2H),
4.01 (s, 3H); ESI-HRMS calcd for CoHgBrFNO, [M+H]"
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291.9615 and 293.9595, found 291.9611 and 293.9591.
3.2.14 4té-4h 13a 4= 13b 694 5%

292 mg (1.0 mmol)ft. &4 12a Al 164 mg (1.0 mmol)
&Y 4 BiFT MeCN 1, FERSRYT R IIA 202 mg
(2.0 mmol)= ZJi%; ¥ XM EWINMERIR, KN 24
h. RN G, TeTHR), HIZET 5 B3 4l [ i)
V(AR @ V(RED)=40 © 1], BEY 13a. R
& A5G L T 13b.

3-(4- 5 -7- B %= -1,3- = A -1- A AR 2H- 57 5] Wk -2-
5£)-2,6-WRkWE Ml (13a): B (Ol A, % 27%. m.p.
232.9~2340 ‘C; 'H NMR (DMSO-d;, 500 MHz) o:
11.07 (s, 1H), 8.10 (dd, J=3.3, 8.5 Hz, 1H), 7.75 (t, J=8.5
Hz, 1H), 5.11 (dd, J=5.0, 13.2 Hz, 1H), 4.59 (dd, J=18.1,
77.3 Hz, 2H), 2.87~2.94 (m, 1H), 2.61 (d, J=17.6 Hz,
1H), 2.40~249 (m, 1H), 2.03 (t, J=5.7 Hz, 1H);
ESI-HRMS caled for Cy3H;;FN;0s [M+H]" 308.0677,
found 308.0676.

3-(5- R -6- i HE -1,3- = & -1- AR -2H- 5 W] Wk -2-
5)-2,6-UR BE — Fi (13b): [ L [E 4K, 23 22%. m.p.
260.9~261.0 ‘C; 'H NMR (DMSO-ds, 500 MHz) o:
11.03 (s, 1H), 8.38 (d, J=6.6 Hz, 1H), 7.92 (d, J=10.6
Hz, 1H), 5.14 (dd, J=5.0, 13.3 Hz, 1H), 4.55 (dd, J=18.4,
61.3 Hz, 2H), 2.88~2.95 (m, 1H), 2.62 (d, J=17.5 Hz,
1H), 2.38~247 (m, 1H), 2.04 (t, J=5.7 Hz, 1H);
ESI-HRMS caled for Ci3Hy;FN3Os [M+H]" 308.0677,
found 308.0682.

3.2.15 4té-4h 14a 4= 14b 694 5%

F 3.0 mL JKESFR K 80 mg (0.26 mmol)fk 54 13a
AR, N 64 mg (1.0 mmol)&E#; TLC Wil fz o &5
kLR B SEA. RNEEHRG, W8, RIS, W46, F
JERT B BE ) M &) - V(R =30 : 1], 15
AV 14a. RAEPIE RITEE R T 14b.

3-(4- i -7- B HE -1,3- A -1- S AR -2H- S 6] B -2-
$£)-2,6-WRBE i (14a): R E G FEAK, F“2% 42%. mp.
253.6~254.7 ‘C; '"H NMR (DMSO-d;, 500 MHz) &:
11.00 (s, 1H), 7.13 (t, J=8.9 Hz, 1H), 6.62 (dd, J=3.3, 8.9
Hz, 1H), 5.98 (s, 2H), 5.01 (dd, J=5.0, 13.3 Hz, 1H), 4.34
(dd, J=17.2, 84.4 Hz, 2H), 2.87~2.94 (m, 1H), 2.60 (d,
J=17.2 Hz, 1H), 2.36~2.45 (m, 1H), 1.98 (t, J=5.7 Hz,
1H); °C NMR (DMSO-d,, 100 MHz) §: 172.93, 171.01,
169.11 (d, J=2.18 Hz), 147.84 (d, J=232.58 Hz), 143.44
(d, J=1.01 Hz), 127.18 (d, J=18.88 Hz), 119.85 (d, J=
21.0 Hz), 114.36 (d, J=5.50 Hz), 113.88 (d, J=3.82 Hz),
51.32, 43.95, 31.14, 22.24; ESI-HRMS caled for
C3H3FN;05 [M+H]" 278.0935, found 278.0932.
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3-(5- 9 -6- 2 FE -1,3- A -1- S AR -2H- S 5] b -2-
5£)-2,6- UKk B¢ B (14b): [ A [E K, 77 % 48%. m.p.
265.0~266.1 C; 'H NMR (DMSO-d;, 500 MHz) ¢:
10.97 (s, 1H), 7.25 (d, J=10.75 Hz, 1H), 7.08 (d, J=8.3
Hz, 1H), 5.41 (s, 2H), 5.03 (dd, J=5.0, 13.3 Hz, 1H), 4.2
(dd, J=16.6, 56.9 Hz, 2H), 2.85~2.93 (m, 1H), 2.59 (d,
J=17.2 Hz, 1H), 2.31~2.40 (m, 1H), 1.96~2.00 (m, 1H);
BC NMR (DMSO-d;, 100 MHz) J: 172.88, 171.09,
167.91, 153.28 (d, J=241.43 Hz), 136.99 (d, J=14.22
Hz), 129.78 (d, J=9.01 Hz), 127.87, 110.06 (d, J=21.8
Hz), 109.08 (d, J=6.2 Hz), 51.62, 46.42, 31.19, 22.45;
ESI-HRMS caled for C;3H;3FN;O0; [M+H]" 278.0935,
found 278.0927.

3.2.16  2-{[(2,6-9%"C —EA-3- K )-F M ] F K ) -4-#.-5-
FH IR P BR F B (15)89 Ak

293 mg (1.0 mmol)ft. &4 12b A1 164 mg (1.0 mmol)
&) 4 27T MeCN H1, A 202 mg (2.0 mmol) =2,
i, 55 C FHEERN 24 h. NS G, FETHR,
JENT BB (&) - V(R EE)=280 : 1], 15
120 mg FAFEAE, =% 34%. mp. 83.7~84.4 C; 'H
NMR (DMSO-d;, 500 MHz) &: 11.08 (s, 1H), 8.65~8.68
(m, 2H), 7.38 (s, 1H), 5.06 (dd, J=11.0, 18.1 Hz, 2H),
4.88 (dd, J=8.3, 17.0 Hz, 1H), 3.85 (s, 3H), 2.82~2.89
(m, 1H), 2.63 (d, J=18.1 Hz, 1H), 2.20~2.24 (m, 2H);
BC NMR (DMSO-ds, 125 MHz) o: 173.05, 172.21,
165.00, 146.55, 146.31, 131.02, 130.74, 118.27, 115.62,
53.13, 52.60, 44.13, 31.38, 24.10; LC-MS (ES-API) m/z:
356.1 [M+H]".

3.3 ZHAEIETE HHISL G

FHMEMEEE (MTT)2:00 % H ARG 40T 1 1905 4H Ha i
K562 HIAEKIMHIER. WX EUHAH M, 185 20 i &
R FE, REFLIIN 100 pL 20 B3 (f# 4000~6000 41 il
L), %S LHJEH PBS 7. BT 5% CO,. 37 CHJ
ERFRFEWEE 24 ho IINIRFERLEEIZW), & 5 DMHEREIK
F£(0. 25. 50 100. 200 pg/mL), FFfL 100 uL, ¥ 3 4
SATEL. EFTE 5% CO,. 37 CHIR IR ARLLIT T 48
h. BUBAEFLIIN 100 pL & 10% MTT 8537, Hf
MTT (5 mg/mL, B 0.5% MTT), 46455954 h. £k
B 3%, 3000 r/min 250 30 min, "WEFLNEEFRIR, LN
A 100 pL —HIETAR, BREIR FAGEIRY 10 min, {H25
m . A B3 2 DR bn il /£ OD 492
1630 nm Ab S FLAIRGAE. 24 o 38 FE 4 1) 2 = [(BA PR X
HEFL 135 OD i — MR FL A3 OD {H) /BH 4% HEFL
[1°F3) OD fH]X100% (G, B A SRR R 77
).
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B KL (Supporting Information) & ik &1 'H
NMR (*C NMR)F1 HRMS (LCMS. GCMS)ifi[&. ixtk
4R AT PA A 5 AT X 3k (http://sioc-journal.cn/) b %K,
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