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AR LB K A A 0 &
HEFC wEERS B kB0 KA

(BERFLER A ORI TN 510632)
O TR T A R IE R B BT U S SR M 510632)

[ 3] 4

WE P EBBES(P,05ClL)F1 DMF J Vilsmeier-Haack ik, 5 2,3,3-= B JE-3 H-M W 2 3 AE R B AL A Il ¢4k &
W, TS5 AT A 0 SN A B R B A MR T 0 R KRS 2a~2m. HARL A WIS 2 TH NMR, °C NMR
I HRMS HiE. W15 KPURE R £ W], 76 50 pumol/L FIVRETR, R4 BARAL-E4nt A LR 40 Bo bk (MCEF-7)
(estrogen-positive)FI A JH 41 e bk (HepG2) HA — 2 PTG 1, rb 2f R 25 Hriiiysg /6 B, "eA16 MCF-7 4i iy
FRIAETEZR > 010 28.0%F1 21.4%; 1% HepG2 40 AR IITEIEH H 40514 31.6%F1 34.0%

RERE ZRARRMNE; WA KEMEUY; U, 295

Design and Synthesis of Pyrazol-Bridged Simplified
Vinblastine Analogues

Guo, Cuiping” Peng, Qunlong” Pan, Long” Zhang, Dongmei®’ Chen, Heru™“"
(“ Institute of Traditional Chinese Medicine and Natural Products, College of Pharmacy,
Jinan University, Guangzhou 510632)
(® Guangdong Province Key Laboratory of Pharmacodynamic Constituents of Traditional Chinese Medicine and
New Drugs Research, Guangzhou 510632)

Abstract A series of pyrazol-brigded simplified vinblastine analogues 2a~2m have been synthesized by the reaction of
hydrazine derivatives with diformyl intermediates, which were prepared from 2,3,3-trimethyl-3H-indoles using P,O;Cl,/DMF
as Vilsmeier-Haack reagent. All the target compounds have been identified by "H NMR, '*C NMR and HRMS. The prelimi-
nary results of anticancer tests indicated that most of the compounds exhibit certain extent of anticancer activity against both
MCF-7 (estrogen-positive) and HepG2 cell lines at the concentration of 50 pmol/L, respectively. 2f and 2j are the two best
active compounds, where their cell viabilities against MCF-7 cell line are 28.0% and 21.4%, respectively; while against

HepG2 cell line, 31.6% and 34.0%, respectively.

Keywords pharmacophore similarity; simplified design; vinca alkaloids analogues; antitumor; drug synthesis
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ML G RV T A 2 KRS, IR E
ZRAL A PR N LR S 4 bR (MCF-7) (estrogen-
positive) AN AT ¥ 41 AR (HepG2) I BT R oG 1, 1l i #
ijiLéiﬁ—?Eﬁ% Z(structure-activity relationship, SAR),

SE AR SR RE 2 e, AR Rt
EETLHEFJE{E P B IF (1) 8] 24 B A A B 2 AL ) 4 L 52 56 4k
.

1 ZR51HE
1.1 BEIRHER AR KEREUYINE K
22 HR[10, 1110795, 2,3,3-= 1 -3 H-W| ki it

o JR I IR -G v W (Vilsmeier-Haack) 7E 2-F & 5
NP TR, A prp m] 724 1, 1 55 T A SO A

.. H
Hs6Q0C \_ .
catharanthine ™., -

Q . .-
velbenamine. -

vindoline

R' R R R R R0

| Me OMe COMe OH H Et 1
I CHO OMe COMe OH H Et 1
Il Me OMe COMe OH H Et 1
IV Me OMe COMe = Et O

pharmacophore

similarity

ZA HErME A4 2a~2m (Scheme 1). ££4; I, Vilsmeier
Haack &7 i = & A B (POCL) 5 N,N- — F & H Ik it
(DMF) [ il 4. (BT POCLs A&l 2k 27 i, B %
BEEERT, £ e R LIRE TEIEN A, X
BR[12] A #aE, AT BLR B S0 [(COCT),] Al — ST 4
(SOCL)Y#AX POCL 7E N AR IE ik, Tl iR &R, &
SR I R S (P,05CLy) B AX POCL;, 55 DMF Wi AE
Ji& Vilsmeier-Haack 71 ) 2800 fe £
FIH P,0;ClL/DMF R F%} 2,3,3-= FIE-3H-5 |k 11
2- L HEAT H kAL, BRI & b ARt &4 1, R
90%. 1% TELAL SN I T BEHLIE T Scheme 2 . 7EUK
AT, DMF 5 P,0;Cly JOWAE i &40 i 4 0

Ta~Tp
AZ-n-B (n =1 ~40)

B S 2 AR 1 AR AR IR A 1) 25 44 P

Figure 1 Structures of simplified vinca alkaloids based on pharmacophore similarity

4 10 9
5 X DMF/P,05Cly
V
28 75 c

NH2NHR reflux

=N
|
6 N T ReHrt) VNN
71 90% 60% 86% R
1 2a~2m
Entry R Yield/% Entry R Yield/%

2a H 85 2h 3-NO,CeH,4 62

2b C¢Hs 85 2i 2,4-(NO,CgH3), 60

2¢ 3-M€C6H4 86 2j 2-CF3C6H4 85

2d 4-M€C6H4 86 2k 3-CF3C6H4 86

2e 3-MGOC6H4 86 21 4-CF3C6H4 60

2f 4-MGOC6H4 86 2m 3,5-(CF3C6H3)2 60

2g 2N02C6H4 67

Scheme 1
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B, B Vilsmeier-Haack 7). 130512 55 11255 H1 ik

U5233~$ﬁ3HW ek £ Aldol [N, Bifi i iH
2 CLKSEAZ M B R AE P AR R 1. 1 5 IR AR
Y I R s MR AT H ARG &) 2a~2m, I0E 60%~
86% (Scheme 2).

Me r/\ H
— o POPCI2

o - s

o- POPCI2
& o *NMG2
NMe o B 7
2 To- POPCI,
CI
N
DMF e —NMez ~ ﬁ |c|) _ Hzo
. N o 0-POP-0
H NMe2 cl
H20
N'V'ez _ -2NH(Me);
M92 H2P204C|2

Scheme 2

s W, AR AW 1 SR A SR B
fREE R (L FIBYEAN DG, M ROV AR, Wk H ok
078 EAT 4 0175 50, BB AN [ I [ i (22~
2f), RHCREE, N 85%~86%:; 4 R MHLH AR,
WIC 57 I A SR W T BN 1 A B (2g ~ 2i),
RV, N 60%~67%; 24 R Z5 R L3R iy 1
SLHON B P b 40/ RIS, S 5N 11 9 R AR /s
(2§ F12k), R 2a~2f 4025 4 R 558 LT
75 5 [ A 1 %o 07 15 (21), T F S5 L ) s i A K
A 60%.

1.2 MEMEIRRE
SR

B MR A W BAT I RS T, AU
RN 22 Sk [14] 07 1k, R T E M (MITT) 725300 52
TR SCHIE 1R 2 B I M R M O T £ K A R
2a~2m X AN FLE 41 ik MCF-7 (estrogen-positive) il
NIFEAN MR HepG2 HIPLANMIGTEAMEIEHE, IKSE
DA Ay BHPEST R 2y, gtk 1 PR, i S Wk
5 umol/L IR, H bs Akt W9 Rl il ARS8 B AT DU IR
T, MCF-7 #1 HepG2 4 Mu bk 14735 2347 87%~98%

B AR EREE AR ER A
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208, AR EERINE 50 pmol/L W, Kb &
WRE VR0 AN O 38 ks H AN [ R B s k. Her 2f A
2j BARRAOTEYE, K MCF-7 41 M35 250 51 4 28.0%
F31.6%; X HepG2 41 MUIFIAEIG 25300 21.4%FH
34.0%. L& 2e, 2i, 2k F1 21 [ RER L — E R 3L
JbgRg g, LA AT FAE 39.1%~66.3% 1.

F1 HBRLAY 2a~2m DB YA (1 5/%)°
Table 1 Anticancer activity of compounds 2a~2m (viability
rate/%)

Entry MCEF-7 HepG2

50 umol/L 5 pmol/L 50 umol/L 5 umol/L
2a 90.4+5.0 963+5.0 97.6+24 983437
2b 75.6+47 975437 650144 944408
2¢ 774434 983413 554479  91.7+56
2d 743454 989435 749431 979453
2e 52.6+33 982462 61.1+33 87.4+4.1
2f 280+12 66.9+9.1 31.6+15  94.0+29
2g 82.6+1.4 97.9+6.1 529479 925477
2h 86.0+2.6 94.1+22 83.61+6.6 93.6+4.7
2i 414412 98.1+2.7 41.0+4.0 918434
2j 21440.1 89.4493 340401 89.3+3.0
2k 47.6+4.7 927439 663+2.8  88.01+0.7
21 39.14+55 83.0%15 5954+12 989435
2m 67.7+18 932440 96.1+9.6  96.6+0.5
K#&DE  18.1+5.1 28.1+5.6 221+09 23.8+1.6

“ Values are shown as means £ S.D. from at least three independent experi-
ments.

M1 AU, R G5 FR B B~ 1 o0 e
VEFHEAT R B A 2 g5, H A 0 B L IR AR R
XHUMIR S A R, YRR T 4-F0 2020, B
SRR . XIS, D5 b 4-8% 2-07 ORI
AR T TR

AT UL, WL PR R 1 20 T K AR A AT SR AR A
— & HIPUMIREPE(S umol/L<ICso<<50 pmol/L), {HI%
PEBE &0 My 3% 171 249 21 K 35 Bk 2R AL 4 55 (ICs0 = 0.89
umol/L). FLILJRIA, iAW Hi b 1 AL
H K. Gigant SIS KFEIRAL S VBT 4> TV H
BUIRE S R, KW Emn 745 “R+77 —
FEVE FRIAE PR AN T8 B2 9 12 ), S ascis d e g 28
£, OTIAAREIE K, 40 Mo 2 e a2 5y rh
W1, BAR, KA A Y5 s B2 1 AR B4R F
TAZ T =R RS PR N R SHGE A
M AR 5. W =4e s i bR, LIGHFIERZ
KA RSN 5 b B AL K AR 1) 2 = 4 B A %,
DR R IR AR I S R e LA AERL
3(N)-A 75 BE HUAR PRI ML P B 7 32 1 24 B K AR B AL ) B
BV ik, ARTS5MERAN “BE” . g1 N
A Je BETE I P B 4 1 8] 20 B K R g R AL A $E AR 2
.

http://sioc-journal.cn/ 2507



BHLLE

MRIEX

2 it

ASCRINA T 13 AN PR I 1) 29 B K A S
1) 2a~2m, B 60%~86%, JFHE— LW T 1%2K4k
GBI R T TE. 5 R M, RN 50 umol/L i,
KA o3 A A ek N FLIE i 40 B ¥k (MCE-7)  (estrogen-
positive) FTAFTJ 41 Jl Bk (HepG2) PR Fih 411 i bk 45 2 T 4
AN RE 2 (P B RGP, S0 2f T 2§ A G ko
(KIS Y), EATH MCE-7 40 MOBk A8 15 2255 )k
28.0%A11 21.4%; 1%} HepG2 4 MIKK I AE 355 51l b
31.6%7F1 34.0%.

3 ZEWL
31 XESIRKH

Bruker-AV400MHz A% #EILHRAX (Bii 1 Bruker 2
Al); LC-UV100 AR g (B F RS A TR
A); K EHTRER(200~300 H, MH& 4% TABFIT;
2 2 M I (HSGF-254, M & YL K I TF R A PR 2
Al NFLIRE 40 Mo AR MCF-7) (estrogen-positive) A
I 41 AR (HepG2) ) 3% -1 52 5] g 750 5% 55 W) O ik
(ATCC, Rockville, MD); H- e b2 34 24 i1 85 [ 7= 43 4
gk, Agalifh, HaH.
3.2 ZWAHE
321 2-(2,3,3-= F A 3H-"3R ) A B (1) 894 A%,

5 mL N,N-—H 2 H 5 (DMF) 7R oK i a2, i
InAE RS 5.5 mL (37.5 mmol), fii 4 10 min. B 530
2.0 mL (12.5 mmol) 2,3,3-= FH-3H-WWAEE T 5 mL
(1) DMF ¥ 9. nocte, B 20K, g 75 C, kW
4~6 h. R NIRE P IR KoK, A 35% NaOH i
W pH E R . LR AWEFEE(100 mLX 3), &AL
F, KPEEEX, ToK MgSO, T, e T, LBEEL:
TR 2.4 g, WK 90%. '"H NMR (CDCls, 400
MHz) d: 1.76 (s, 6H), 7.21 (t, J=8.0 Hz, 1H), 7.29~7.32
(m, 1H), 7.35 (dt, J=4.0, 12.0 Hz, 2H), 9.78 (s, 2H), 13.58
(s, 1H); “C NMR (75 MHz, CDCly) J: 23.4(2), 51.4,
109.4, 112.7, 122.2, 125.8, 128.3, 139.3, 140.7, 179.5(2),
190.2; ESI-MS m/z: 216.3 [M+H]", 214.5 [M—H] . %
Pa R SCHR[10].
322 e ) 29 A KRB KA 698,

2-(1H-ME M- F)-3,3- — B L3 W5k (2a) [ A K5
43 mg (0.2 mmol) ' A AL AW 1 %5# T 5 mL /K SE
N 80%7K & JHF 25 uL (0.4 mmol), = EHE 24 h.
RINIRE YRR, 9k, LTS, 19RO
A 2a 33 mg, W& 85%. '"H NMR (CDCls, 400 MHz) o:
1.52 (s, 6H), 7.24 (t, J=8.0 Hz, 2H), 7.35 (dd, J=4.0, 8.0

2508 http://sioc-journal.cn/
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Hz, 2H), 7.64 (d, J=8.0 Hz, 1H), 8.33 (s, 2H); °C NMR
(75 MHz, CDCl3) §: 26.2(2), 54.7, 117.5, 121.3, 122.4,
126.8(2), 129.3, 135.4, 147.5, 154.7, 180.4. ESI-MS 212.2
[IM+H]"; HRMS m/z: caled for Ci3sH;4sN; [M+H]"
212.1182, found 212.1182.

HErb &9 2b~2m & AGEE: K 43 mg (0.2
mmol) PR EY) 1 %R T 5 mL Jo/K RS, A
0.22 mmol WHTAEY), IAIEIA 2~3 h, B &1, RNIEE
Ve zs s, M HAE RN N CIR CH8) - V(TR =
125150, alitk, HEIE60 B A=Y, W 60%~86%.

2-(1- 2K Fk -1 H- ik e~ 5L )-3,3- — F BE -3 H- 15 Wk (2b):
ZI {0 A, R 85%. R=0.63; 'H NMR (CDCls;, 400
MHz) §: 1.72 (s, 6H), 7.40~7.42 (m, 2H), 7.46~7.49 (m,
2H), 7.52 (t, J=8.0 Hz, 2H), 7.88 (dd, J=4.0, 8.0 Hz,
3H), 8.45 (s, 1H), 10.05 (s, 1H); *C NMR (75 MHz,
CDCly) §: 26.8(2), 54.3, 119.5, 121.2(2), 123.0, 123.1,
128.9, 129.0, 129.8, 130.4, 131.2(2), 133.8, 140.0, 142.9,
144.3, 179.54; ESI-MS m/z: 288.2 [M+H]". ¥ 7] Sk
[10].

2-[(3-H A KL )-1 H-nit - K5 1-3,3- — L -3 H- W[ 1k
(2¢): HEOHEIRORY, WH 86%. Rr=0.68; 'H NMR
(CDCls, 400 MHz) d: 1.47 (s, 6H), 2.35 (s, 3H), 7.07 (d,
J=8.0 Hz, 1H), 7.16 (t, J=8.0 Hz, 1H), 7.28 (dd, J=4.0,
8.0 Hz, 3H), 7.49 (d, J=4.0 Hz, 1H), 7.58 (t, J=8.0 Hz,
2H), 8.28 (s, 1H), 8.59 (s, 1H); “C NMR (75 MHz,
CDCly) 0: 22.8, 26.1(2), 54.6, 117.9, 119.4, 121.4, 121.6,
122.4, 126.8, 128.7, 129.3, 129.5, 130.8, 140.8, 141.1,
142.0, 147.6, 154.9, 179.7; ESI-MS m/z: 302.2 [M+H]".
4 [\ SCHER[10].

2-[(4-H LA HE)-1 H-nie - 55 1-3,3- — L -3 H- W[ 1k
(2d): A A, WK 86%. Rr=10.68; 'H NMR
(CDCls, 400 MHz) d: 1.55 (s, 6H), 2.40 (s, 3H), 7.23 (d,
J=8.0 Hz, 1H), 7.28 (d, J=8.0 Hz, 2H), 7.35 (dd, J=4.0,
8.0 Hz, 2H), 7.65 (d, J=8.0 Hz, 3H), 8.30 (s, 1H), 8.65 (s,
1H); *C NMR (75 MHz, CDCly) 0: 22.4, 26.2(2), 54.6,
119.1, 120.92), 121.4, 1224, 1268, 128.7, 129.4,
131.6(2), 138.4, 138.7, 141.9, 147.5, 154.6, 179.7; ESI-MS
m/z: 302.2 [M+H]". HRMS calcd for C,0H,N3 [M+H]"
302.1652, found 302.1650.

2-[(3- AR HE IR G )- 1 - =3 ]-3,3- - L -3 -G
Wk(2e): LIERERARY, W% 86%. Ri=0.66; '"H NMR
(CDCls, 400 MHz) d: 1.51 (s, 6H), 3.82 (s, 3H), 6.84 (d,
J=4.0 Hz, 1H), 7.22 (ddd, J=4.0, 8.0, 12.0 Hz, 1H),
7.30~7.32 (m, 3H), 7.33~7.35 (m, 2H), 7.62 (d, J=8.0
Hz, 1H), 8.29 (s, 1H), 8.68 (s, 1H); *C NMR (75 MHz,

Chin. J. Org. Chem. 2014, 34, 2505~2510
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CDCly) d: 26.2(2), 47.2, 57.0, 106.7, 112.8, 114.8, 119.0,
121.3, 122.5, 127.0, 129.1, 129.4, 131.8(2), 142.0, 147.3,
154.2, 162.1, 179.6; ESI-MS m/z: 318.3 [M+H]". HRMS
caled for Co0HyoN3O [M+H]" 318.1601, found 318.1605.

2-[1-(4- H AR L A8 2 )- LH-ntE g - %E1-3,3- — I 3L -3 -
WG| (20): VRLLE A, IR 86%. Ry=0.55; '"H NMR
(CDCls, 400 MHz) 6: 1.60 (s, 6H), 3.86 (s, 3H), 7.02 (d,
J=8.0 Hz, 2H), 7.30 (d, J=8.0 Hz, 1H), 7.39 (t, J=8.0
Hz, 2H), 7.71 (d, J=8.0 Hz, 3H), 8.32 (s, 1H), 8.91 (s,
1H); C NMR (75 MHz, CDCly) 8: 24.8(2), 52.4, 55.6,
114.7(2), 116.0, 119.2, 121.0, 121.2(2), 125.9, 128.2,
128.7, 132.8, 140.6, 145.1, 149.7, 158.8, 178.4; ESI-MS
m/z: 318.3 [M+H]". H¥z (A SCHR[10].

2-[1-(2-Fi HE R JE ) -1 H-nk e — 3£ 1-3,3- - F -3 -1
W (2g): R, WE 67%. Re=0.42; 'H NMR
(CDCls, 400 MHz) d: 1.54 (s, 6H), 7.26 (dd, J=4.0, 8.0
Hz, 1H), 7.36 (t, J=8.0 Hz, 2H), 7.59 (t, J=8.0 Hz, 1H),
7.66 (dd, J=4.0, 8.0 Hz, 2H), 7.74 (t, J=8.0 Hz, 1H), 7.95
(d, J=4.0 Hz, 1H), 8.34 (s, 1H), 8.42 (s, 1H); *C NMR
(75 MHz, CDCly) 8: 26.0(2), 54.7, 120.0, 121.7, 122.4,
126.8, 127.0, 127.9, 129.4, 130.6, 131.6, 134.3, 134.7,
143.1, 145.8, 147.6, 155.0, 179.1; ESI-MS m/z: 333.3
[M+H]" . HRMS caled for C,0H;N,O, [M+ H] "
333.1346, found 333.1347.

2-[1-(3-FiH 3 R F )- 1 H-ntl M~ 55 -3,3- - FE L3 g
WE(2h): R4 @K, R 62%. Ry=0.58; 'H NMR
(CDCls, 400 MHz) 6: 1.58 (s, 6 H), 7.29 (d, J=8.0 Hz,
1H), 7.38 (dd, J=4.0, 8.0 Hz, 2H), 7.69 (dd, J=8.0, 12.0
Hz, 2H), 8.20 (t, J=8.0 Hz, 2H), 8.38 (s, 1H), 8.68 (s, 1H),
8.80 (s, 1H); *C NMR (75 MHz, CDCl5) d: 26.0(2), 54.7,
115.6, 121.7, 122.5, 123.1, 126.1, 127.3, 128.4, 128.7,
129.5, 132.1, 141.4, 141.7, 147.0, 143.0, 150.3, 179.0;
ESI-MS m/z: 3332 [M + H] ©. HRMS caled for
CioH7N40, [M+H]" 333.1346, found 333.1341.

2-[1-(2,4- " hig LRI ) - 1 H- M- 3]-3,3- — FI -3 H-
WG| Wk (2i): B A, R 60%. Ry=0.56; 'H NMR
(CDCl, 400 MHz) 6: 1.58 (s, 6H), 7.32 (t, J=8.0 Hz, 1H),
7.40 (t, J=8.0 Hz, 2H), 7.70 (d, J=8.0 Hz, 1H), 7.97 (s,
1H), 8.41 (s, 1H), 8.59 (s, 1H), 8.77 (s, 1H), 8.79 (s, 1H);
3C NMR (75 MHz, CDCly) 8: 24.6(2), 53.1, 117.1, 120.4,
121.1, 121.3, 126.2, 126.4, 127.8, 128.2, 128.3, 130.6,
140.4, 143.1, 145.6, 146.2, 149.3, 178.1. ESI-MS m/z:
378.2 [M+H]". HRMS calcd for CioH;NsO, [M+H]"
378.1197, found 378.1197.

2-[1-(2- = Fi, 1Y 5 4 5 - L -t s — K )-3,3- — k-

Chin. J. Org. Chem. 2014, 34, 2505~2510
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3H-WIWE(2): vkl ik, IE 85%. R=0.47, '"H NMR
(CDCls, 400 MHz) 6: 1.53 (s, 6H), 7.26 (t, J=8.0 Hz, 1H),
7.35 (t, J=8.0 Hz, 2H), 7.61 (t, J=8.0 Hz, 2H), 7.65 (d,
J=8.0 Hz, 1H), 7.71 (t, J=8.0 Hz, 1H), 7.84 (d, J=8.0
Hz, 1H), 8.34 (s, 1H), 8.40 (s, 1H); *C NMR (75 MHz,
CDCLy) &: 26.0(2), 54.7, 118.9, 121.6, 122.4, 125.7, 126.8,
128.7, 128.8, 129.3, 130.4, 130.8, 133.4, 134.4, 139.4,
142.4, 147.6, 155.0, 179.4; ESI-MS m/z: 356.2 [M+H]".
HRMS caled for CyoH;N3F; [M+H]" 356.1369, found
356.1370.

2-[1-(3- = 8 FF 35 25 I )- L H-nik e — K 1-3,3- - A k-
SH-WIWR(2K): 20 EpERORY), W% 86%. Ry=0.71; 'H
NMR (CDCls, 400 MHz) 6: 1.56 (s, 6 H), 7.26 (t, J=8.0
Hz, 1H), 7.36 (m, 2H), 7.61 (d, J=4.0 Hz, 2H), 7.66 (d,
J=8.0 Hz, 1H), 7.98 (d, /=8.0 Hz, 1H), 8.11 (s, 1H), 8.36
(s, 1H), 8.78 (s, 1H); >C NMR (75 MHz, CDCl;) o:
26.0(2), 54.7, 117.8, 119.8, 121.5, 122.5, 123.6, 123.7,
125.2, 125.3, 127.2, 128.8, 129.4, 131.7, 141.2, 142.6,
147.4, 154.3, 179.3; ESI-MS m/z: 356.3 [M—+H]". HRMS
caled for CooH,7N3F5 [M+H]" 356.1369, found 356.1369.

2-[1-(4- = B, FF Ik 2 6 )- LH- b M — 3 )-3,3- — i k-
SH-WIWE2L): s R A I, IR 60%. R=0.76; 'H
NMR (CDCls, 400 MHz) §: 1.58 (s, 6H), 7.30 (d, J=8.0
Hz, 1H), 7.39 (t, J=8.0 Hz, 2H), 7.68 (d, J=4.0 Hz, 1H),
7.78 (d, J=8.0 Hz, 2H), 7.94 (d, J=8.0 Hz, 2H), 8.36 (s,
1H), 8.91 (s, 1H); *C NMR (75 MHz, CDCl;) &: 25.1(2),
53.2,116.0, 119.1, 119.6(2), 121.5, 126.9, 127.0, 127.1(2),
128.6, 129.1, 130.4, 141.1, 141.6, 144.1, 147.7, 177.7,
ESI-MS m/z: 356.3 [M+H]". HRMS calcd for C,oH;,N5F;
[M+H]" 356.1369, found 356.1369.

2-[1-(3,5- R0 =3 A 2R L )- 1 -k - 56 1-3,3- —
F-3H-MIM(2m): BEEIR AR, IR 60%. Ry=0.84;
'H NMR (CDCls, 400 MHz) d: 1.59 (s, 6H), 7.30 (t, J=8.0
Hz, 1H), 7.39 (dd, J=4.0, 8.0 Hz, 2H), 7.69 (d, J=8.0 Hz,
1H), 7.86 (s, 1H), 8.29 (s, 2H), 8.38 (s, 1H), 8.88 (s, 1H);
3C NMR (75 MHz, CDCly) §: 26.0(2), 54.7, 120.6, 121.5,
122.0, 122.5(2), 125.5, 125.6, 127.4, 129.6(2), 134.2,
134.5, 134.9, 141.7, 143.1(2), 144.1, 178.8; ESI-MS m/z:
4242 [M+H]". HRMS caled for C,H;N;sFg [M+H]"
424.1243, found 424.1245.

3.2.3 MTT BN AP ta o5 2

A MTT L0k B &g vk, s
IO AR IR BRI, D 0.25% )5 1 B Y
th, ZJ5, MMMERAERIE] 96 FLAR Y, ARk N 5X
10° /AL, SEARUE T 37 °C, 5% CO, SR I 15 747 v
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BHLLE

HIR 24 he ZJE RN FR B AR I E 96 FLAR
hLOEEFE 72 he Z AN 30 uL MTT [5 mg/mL in
PBS(M RN MR W), kL8984 h Wedsi B2 RS R
W, A 100 uL DMSO, #7iE% 10 min J&, FIBFFRX
(Thermo MK3, USA)&I 570 nm ALMIMOGBE(E. L5
YIITHEARE A 50 A1 5 umol/L. 40Xt R4 F hngi i,
A2y, PP AL KRGk, 2 Fx AL Andn
M, AR R, ARG R %)=L —FA
FLY/(IEH 41 L — 25 1 4L) X 100%.
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