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Abstract Eleven novel 1-(4-(N-(2-diethylamino)ethyl)aminoformoxyl)phenyl-3-methyl-3-alkyl (R?) triazenes have been
designed and synthesized. Firstly, 4-aminobenzoic acid, as starting material, underwent diazo reaction following the reaction
with methyl alkylamine to build the triazene scaffold. Condensation of carboxylic group with 2-diethylaminoethylamine re-
sulted in all the title compounds. The overall yield of these 3-step reactions was between 46.5% and 68.3%. By using 3-(4,5-
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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, 1-(4-(N-(2-diethylamino)ethyl)aminoformoxyl)phenyl-
3-methyl-3-cyclohexyltriazene (6a), 1-(4-(N-(2-diethylamino)ethyl)aminoformoxyl)phenyl-3-methyl-3-phenyltriazene (6e)~
1-(4-(N-(2-diethylamino)ethyl)aminoformoxyl)phenyl-3-methyl-3-(4-methoxyl)benzyltriazene (6j) were confirmed as good
broad-spectrum anti-cancer agents again/st human liver cancer cells (HepG-2), rat glioma cells (C6), human colon cancer cells
(SW620), human prostate cancer cells (PC-3), murine melanoma cells (B16), and human non-small-cell lung cancer cells
(A549). Among them, 1-(4-(N-(2-diethylamino)ethyl)aminoformoxyl)phenyl-3-methyl-3-(4-chloro)phenyltriazene (6g) show-
ed as the most active agent, where ICso values of 6g against C6, SW620, PC-3, and B16 cell lines are less than 10 umol/L,
which is far better than the positive dacarbazine. It was found that when R? is aryl group with propriate electron-withdrawal
intensity, the triazene will have good even excellent anti-cancer activity. Through drug safety evaluation, the safety indexes
(SI) of 6e, 6g, and 1-(4-(N-(2-diethylamino)ethyl)aminoformoxyl)phenyl-3-methyl-3-(4-chloro)benzyltriazene (6h) against C6,
SW620, and PC-3 cell lines, respectively; 6g, 6h, and 1-(4-(N-(2-diethylamino)ethyl)aminoformoxyl)phenyl-3-methyl-3-(4-
methoxyl)phenyltriazene (6i) against B16 cell line respectively; 6e, 6h, and 6i against HepG-2 cell line respectively; 6i against
C6, and SW620 cell lines, respectively; were identified more than 2.0, implied better drug safety than dacarbazine. The parti-
tion coefficient (Ig P) of 6e, 6g~6i lied between 3.0 and 4.0, meaning good membrane permeability. All the data support that
the novel triazenes 6e, 6g~6i have better druggability.

Keywords triazenes; anti-cancer; drug safety evaluation; druggability; drug design-synthesis
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Scheme 1 Chemical structures of darcabazine and temozolomide together with their anti-tumor mechanism
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Scheme 2 Syntheses of 1-(4-acyl)phenyl-3,3-dimethyltriazenes
Number in brackets is reaction yield.
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Scheme 3  Syntheses of 1-(4-(N-(2-diethylamino)ethyl)aminoformoxyl)phenyl-3-methyl-3-alkyl(R?)triazenes
Number in brackets is reaction yield.
F1 ALEY) 4a~4k X 6 FRIR LI ARG A H] 0 F 24 h)”

Table 1 Growth inhibition rates of compounds 4a~4k against 6 cancer cell lines (24 h incubation)

6a ~ 6k
n-Pr, 5b (79.4%), 6b (71.0%); R? = j-Pr, 5¢ (83.2%), 6¢ (69.9%)

Cell line Inhibition rate/%
4a 4b 4c 4d de af 4g 4h 4 4j 4k
HeoGoo 50.8 27.3 63.4 18.6 45.1 322 28.2 37.7 —82 1.8 —83
ph- 36.2 13.4 50.3 53 22.7 23.8 8.6 8.9 —24 7.1 —25
—225 15.8 17.8 —0.4 14.1 28.1 16.1 26.4 14.8 14.5 1.2
MDA-MB-231 —475 —1.1 1.2 —83 23.5 17.5 9.6 53 —193 =72 —116
PC3 36.9 55 —16.2 7.1 —188 —17.1 —165 17.4 1.9 18.7 19.7
32.1 93 23 —14 11.5 —100 —21.0 6.5 —8.8 24 —2.0
—20.7 13.0 5.4 0.9 6.5 —138 —93 15.1 11.1 3.4 21.8
SW620 —175 6.5 —5.0 0.0 —6.8 5.0 17.8 —33 —33 2.9
U8 42.4 17.9 39.0 16.2 17.1 —43.6 19.2 8.4 17.9 17.1
16.9 7.7 28.4 —15.4 13.2 1.5 —290 —16.6 6.0 —9.1 —121
A375 14.3 28.2 9.9 8.1 11.5 39.1 36.8 29.4 3.7 6.4
—73 2.6 5.8 0.0 -39 —82 15.6 14.3 16.7 —18.4 2.8

“1In each line, data above are the inhibition rates of 500 umol/L, below are the inhibition rates of 166.7 pmol/L.
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BHLE FRIL
K2 LG 6a~6k T 6 RRI 40 (13 ANV E 24 h)
Table 2 Growth inhibition activities of compounds 6a~ 6k against 6 cancer cell lines (24 h incubation)
Ytk ICs0%/(umol-L ") : :
DTIC 6a 6b 6¢ 6d 6e 6f 6g 6h 6i 6j 6k

HepG-2 >2000 86.7+1.5 >200> >200> >200° 45.4+2.9100~20021.6%£2.945.1+1.6 100~200 100~200 >200°
C6 >2000 31.4+12 >200° >200>° >200° 42415 282409 3.6+2.1 20.5+1.531.94+7.127.1£2.3 >200°
SW620 >200" 204404 >200° >200° >200" 12.1+0.423.0+2.6 5.8+0.6 13.4+3.835.1£8.542.9+0.9 >200°
PC-3 >2000 322475 >200° >200®° >200® 5.84+0.9 60.6+2.2 7.0+0.3 36.4+0.8 100~200 90.8 1.3 >200°
Bl16 >2000 64.4+62 >200° >200®° >200° 100~200 53.6+3.6 9.44+0.1 13.8+3.110.5+0.4 16.8£0.4 >200°
A549 >200° 100~200 >200® >200®° >200® 33.8+4.6100~20013.7+1.639.5+1.4744+2.1 >200® >200°

“Data are the mean of four independent experiments; 5200 umol/L is the highest concentration tested.

K3 WA 6a~6k X 6 PRI I EANHIE (I E 48 h)
Table 3 Growth inhibition activities of compounds 6a~ 6k against 6 cancer cell lines (48 h incubation)
bk ICs0%/(umolL ") : :
DTIC 6a 6b 6¢ 6d 6e 6f 6g 6h 6i 6j 6k

HepG-2  >200" 22.6+3.4 >200" >200" >200° 20.3+4.1 31.1+1.0 14.1+25 23.1+3.7 41.4+53 53.8+1.1 >200°
Co6 >2000 22.740.1 >200° >200° >200° 4.0+£04 30.1£0.8 9.1+03 21.7+0.6 35.7+59 18.7+1.3 >200°
SW620 >2000 16.5+1.8 >200° >200° >200° 16.4+2.0 249+42 4.84+02 11.6+05 429+4.6 36.7+0.4 >200°
PC-3 >200° 100~200 >200° >200® >200® 45+0.6 293+1.1 57+04 28.1%+1.9 100~200 49.2+1.0 >200”
Bl16 >2000 20.6+2.4 >200° >200° >200° 100~200 28.1+1.2 5.8+02 16.5+68 18.4+57 183+02 >200°
A549 >200 57.0+4.0 >200° >200" >200" 19.3+2.0 64.5+04 18.7+1.2 304+1.0 444+17 >200° >200°

“Data are the mean of four independent experiments; 200 umol/L is the highest concentration tested.
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6a ~ 6k

B 4 L&Y 6a~6k HIHTE AT RENLH

Scheme 4 Putative anti-tumor mechanism of compounds 6a~ 6k
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SR, AR A R = E AL &) 6a. 6e~
6j Xt RT S 6 PRI NI AR A BRI rbuiR e e, B
AR PR RRE. Hd, 6g MIPUEIEHEERCARE,
HX} Cc6, SW620, PC-3 I B16 ] ICso fHII/NT 10
wmol/L, HTHE G Iz AR T BH 14 Xt HE 24508 = B IR,
1.3 HYReHER

NIEH FFANM(LO2) 2 & 8 RN 259 138 70 BT
FpER22 R E MTT AR L&Y%t LO2
S0 M R = H R B, IR IL e O A BRI S (TCs),
M se 25 R IE 4.

F 4 REMEAAEYIT AL H FF4MLO2)H) TCso fH ¢

Table 4 TCso values of the representative compounds against
human normal hepatoma cell (LO2)

TCso/(umol-L™ 1)
DTIC 6e 6g 6h 6i
24 3824+27544%1.1 215103 774+1.5 159.8+0.3
48 366.9+2.7 34.1%x1.2 154+32 629+2.5 156.6+3.2

“Data are the mean of four independent experiments.

t/h
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MFE 4 0JLIER], FHPEZS DTIC X LO2 4 )57
B, (HIEX HepG-2 IR E 5 PRIIAR M
PR (ICs>200 umol/L), FHZiFI & K. (L&Y
6e. 6g~6i X LO2 42 LR S, TLHZIEY 6e
M o6g, HiEH 48 h [ TCsy 1575 58 (34.1 = 1.2)A1
(15.4£3.2) umol/L, {H'EATX HepG-2 AFFE 4 i A1 L& 5
AR P P4 1 A B v, P 2451 S

bR b, PR 2 AV S — AN R AR TR
JT #8 % (therapeutic index, TI), ‘B # & SCNE I &
(LDso) 5 40 MU= (EDso) I U AE,  LUIEERK, 29912
APk 2324, SR TR AL, ACSCE A )
LA e (safety index, ST), BRI =%k &% LO2 4Hff
(1) TCso {55 A SR 4RI ¥ 1Cso IIELAE. Kt ST /BN
YR VPN 254 2 A AR AR, TR YO EL gk
(1] TCso BEMNMEIE Z9WIIIR YT 224tk — /A, %448
KT 1.0, FrssiZivm e — NG E& M2 aiRIT
&, REOER 2 20097 i . TR =R
AR STESI T3 5 F1E 6.
x5 MREMLAEYTARMRAILEE 24 h 1122 248250(SD)

Table 5 Safety index (SI) of the representative compounds
against different tumor cells incubated for 24 h

Safety index
Compd.

HepG-2 Cé6 SW620 PC-3 BI6

DTIC <1.5 <1.5 <1.5 <1.5 1.5¢
6e 1.2 12.8 4.5 9.4 <02

6g 1.0 5.9 3.7 3.1 2.3

6h 1.7 3.8 5.8 2.1 5.6
6i <0.2 5.0 4.6 <02 152

41Cs value referred to reference [20].

Ko ARSI A R4 & 48 h K22 245 H(SD)
Table 6 Safety index (SI) of the representative compounds
against different tumor cells incubated for 48 h

B (PC-3) 22 A M B iy, SI>2.0, I KMEH N 12.8; 1k
EW) 6g~6i X A I (B16) ) 2 EE &, SI>2.0,
KA N 15.2; LAY 6e. 6h. 6i XTI (HepG-2) ) 24
PEE R, SI>2.0, O AMH N 3.8 AW 61 X iR
(C6)~ 45 H IR (SW620) 22 e ME B iy, SI>2.0, &K
i 5.0.

1.4 RS HRBER

Ko A R B R Z5WAE K ARG HUAH I P47 15
Z9DTEA HUAH A R B ANTE KA R R 2 T, e S
T EAEIKMAE WA T # e ), R 2YERR
Bi AT 9 1) B E D FRAL R S AP 25 /K Oy
T 22 HO0T 25 WK S A, DR R 244 2 i AR W 1)
Ae 1B MR DR T 25 B3 7K 43 B ~F- 15

AR PR RO &5 v O 4y i e 1)L
MREMAL SR K o3 A R A (1gP). S8R W& 7. W]
DU #, BHEXTERZ) DTIC 1) 1g PAEN 0.3, /NT 1, B
EKIEPEECR, TR Eh Y BOSE G RSO v %
PEZE, WTRERAIR S S TEBR, JF A M 55 KR 1
&Y 6e.6g~6i I 1g P{EAL T 3.0~4.0, Zi 50, X
S SWIKIE R 2, (BIREHRLE, BRGNS E
P, Bl R BRI ZF EYIERRe 7], A, XKL
AP 15 A R T 230, 1A Rt — A s

KT IR EYIRK 16 REL

Table 7 Partition coefficient of several representative com-
pounds

Compd Coilphasc/(llg'mLil) Caqucousphasc/(ug‘mLil) P lgP

Safety index
Compd.

HepG-2 C6 SW620 PC-3 B16

DTIC <14 <14 <14 <14 1.42
6e 1.7 8.5 2.1 7.6 <0.2

6g 1.1 1.7 3.2 2.7 2.7

6h 2.7 2.9 5.4 2.2 3.8

6i 3.8 4.4 3.6 <0.2 8.5

41Cs value referred to reference [20].
2 5 MR 6 iTLLE 2, FR =% L&) 6e X B16

M (RE LT 24 hiES2E 48 h).6i X HepG-2(J & 24 h).
6i XF PC-3(NEHFE 24 h i85 48 h) STAE/NT 0.2 41,
Fov =BRGP BT S IR ZH Bk ) ST (B3R
TEEET 1.0, UHXEETERPUME = 2mHE —1
HEMZARITE L. 5HEMXTEZ DTIC A1, thé
Y 6e. 6g. 6h XHIZFRIRE(CO). 45 E e (SW620). Hi
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DTIC 205.4 112.4 1.8 03

6e 845.4 0.3 2633.8 3.4

6g 1539.3 0.2 7975.8 3.9

6h 1784.3 0.2 7965.7 3.9

6i 732.9 0.4 1720.4 3.2
2 g

AW TS ET 114 1-(4-(N-Q2-(NV,N-—- 2.3
55 BRI B R B3 F R 3- e R (RY) = UG L
Y 6a~6k. IXLAEMMA L 4- 2K R A S5k,
RSN G 5 TP R e M S R R = AR, S
WRILS 2- RS L RS G, 3 MR MR
46.5%~68.3%.

ARSCERE MTT 2460 T 11 A8 8 = 2UR AL &
PURE . RILED) 6a 6e~6j Xt T 52 1K) 6 FRf
Je A 0 AT BB (R R s I, S T A B
fie. Hoh, (k&Y 6g MIPURIEIEERCAR Y, X C6.
SW620. PC-3 I B16 ] ICso fE#5)/NT 10 umol/L, i
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T P P T BE o R 20K R B R MOk R AR OR,
2 R2 N EAIE AR BT RO [ O AR, AR =R
K B Jee Vi 1 R A

2 AR ORI LN B = B S
e axE. diRiER, SHMEXMEZ) DTIC 1L, &
Y 6e. 6g. 6h XHLIR(CE). 45 E e (SW620). Hi
HI I (PC-3) 22 4 M B vy, SI>2.0, e KAE N 12.8; 1k
EW) 6g~6i X BRI (BL6) I e MEEE, SI>2.0, i
KA N 15.2; LAY 6e. 6h. 6i XF T (HepG-2) I %4
PEEE, SI>2.0, OAMH N 3.8 (L& 61 X R
(C6)- 245 H I (SW620) 2 At B i, $L SI>2.0, #x¢
KAE N 5.0.

) 8 02 45 A e 1v) v SO AR T A S
MK R R, 2R =REEWN 1g P EHA
3.0~4.0, JBTEONEMPMLEY), RO RIS &
P HRBE R T MM, A Rt —P .

DA B W Fe g SR RoR, ASCRT R E e A
RGN A BAT AR R .

3 SWEES

31 X5

Bruker-AV300MHz A% HEILARAX (B & Bruker 2
F]); DHG-9140A BUE IR T4 (L AR R R A3
HIRAF]); CLIBQ-3 AU IR 15 HE28 CF MK 38R} T
AR T); EYELA B Je#% 75 R AR i AL #5 o 7%
TJ7); LGI-12 RTINS S0 T A 3 IR A
]); FA2104 FH RSP RFEACES B BRA 7)),
TU-1810S 4843 M FETHAR RS @A 25 BR A 7)),
LC-UV100 A 18 A (i R # A S B PR A D);
Cosmosil 5C18-MS-II i #1:(Nacalai Tesque Inc., HA);
DZF-150 B4 /N B2 I FE G M IR TS A IR A 7)),
KQ3200E HYi8 7 35 i pe i (B L i b 75 A B A A)).

STRIETE IR . T WAEEREN . — KV
EDCI. HATU. HOBt. DIPEA. JiFf5 ) H 3 e B i o
FIT A I B R R A& 0 A e 2R A B 5 B L it i s
TR A A TR A F.

&M ELDCM) N POs B 3~4 h, Z&&H; &
fiE. HEE. DMSO 43 i ToKBRBR N TAC B, 3 4% Ji5 ik
JE, BTSN CaH, 1AL 3~4 h, 280 H.

N4 (HepG-2) KRR BB A fL(Co). N4
J¥7 3 A ML (SW620) AT 51 i 48 B (PC-3) . /N A £
FIRAM(BL6) NAE/NAH s A (AS549). N FLIE
MM(MDA-MB-231). ANMHE B fn(Uus7). N
EAAFRAM(A3S7) N IEH FF 4 (LO2)3 i+ [
FF2ERE L R0 P

1612 http://sioc-journal.cn/
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32 KEYMERK
321 1-@-BA)VEE 33— FE =AM ENREY
(4a~4Kk)H9 & &

1-(4-FR 58 A3 -3,3- T HI L =50 (3): FREUH = A
ZKHER 1.0 g (7.3 mmol) T 100 mL [EJEESHH, A 20
mL ZJiEA1 10 mL /K& #E, BESS I 3.5 mL KRR,
RN AR E T UK T, % 1.0 g (14.6 mmol)IEAEERENE T
K, SRR IR B KRS T, 0 CTHE2 h, 15
B0 R FEOR L RV I E—H 100 mL R
I, TN FR KA 2.99 g (21.9 mmol) B R 3.02 g
(21.9 mmol) A K /D &K, 0 C R R FE R A
WS mAN, Winseke s T 0 C T RM 3~4h, #HZ
BIH(TLO)RER, HRB/RRMNEA; RMTEE, A
BT pH HZE 2~3, HAMRABEFEE(60 mL X 3),
TRENEZE B 207, TRV QI A 5, 7347 5 A ]
1 1.26 g, W 89.4%. m.p. 175~177 C (lit.2" 174~
176 “C); '"H NMR (400 MHz, DMSO-de) d: 7.90 (d, J=
8.6 Hz, 2H), 7.39 (d, J=8.6 Hz, 2H), 3.52 (s, 3H), 3.18 (s,
3H); 3C NMR (101 MHz, DMSO-ds) d: 167.77, 153.95,
130.38, 126.79, 119.79, 42.97, 35.92. #¥& 5 CHR[27]4H
IF].

1-(4-(N- 53 TA] 2 0 P I B )) o ik -3,3- — 6 = U0
(4a): FREULEY 3 (193.2 mg, 1.0 mmol) T 50 mL M
R, IO EDCI (287.6 mg, 1.5 mmol). HOBT (202.6
mg, 1.5 mmol), FIF7K DCM/N,N- "3 H i % (DMF)
V:iV=10: DM, RPRE Tk, BEIA
DIPEA (0.5 mL, 3.0 mmol), 0 “C F#i#E& M 1 h, Bf)5n0
AFEA 0.1 mL, 1.2 mmol), $ii#: 30 min J5, 20K,
FHE =R, kRN 24 h. RMEEHREMA 50 mL HiFl

EhKEEK, F DCM AH(50 mL X 3), A& IFEHAM, T
IKEREREN T8, VR 46 J5 2 i 22 4l % DMF, HHL 5 5 B
JE b AR R 183.4 mg, WLE N 78.3%, 4l
97.1%. m.p. 154~156 C (lit.81 153~155 °C); '"H NMR
(400 MHz, DMSO-de) J: 8.12 (d, J=7.7 Hz, 1H), 7.83 (d,
J=8.6 Hz, 2H), 7.36 (d, J=8.6 Hz, 2H), 4.10 (h, J=6.6
Hz, 1H), 3.51 (s, 3H), 3.16 (s, 3H), 1.16 (d, J=6.6 Hz,
6H); 3C NMR (101 MHz, DMSO-ds) J: 165.00, 152.46,
131.03(2), 128.23(2), 119.49, 42.89, 40.89, 35.93, 22.39
Q).

1-(4-(N-(2- = H 2 5 2,38 = I 5 ) R 2k -3,3-
B = HUfi(4b): FREUL S 3 (193.2 mg, 1.0 mmol) T 50
mL SRR HT, I HATU (456.0 mg, 1.2mmol), Fli&E&
#E7& DCM/DMFE (V@ V=10 : \)V&EfE, KNI E TIKiG
1, [ 5 i\ DIPEA (0.5 mL, 3 mmol)fl 2- — H&E It 2
J#2(0.13 mL, 1.2 mmol), Fii#: 30 min J5, #EKE, A2
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FERABEN 24 h. MRS, IO 50 mL A& 2L
KK, DCM FHL(50 mL X 3), &AM, KRR
BN, DR, VEVRVR e 2 B AT, Bk R DRI AT
ENTr B aif, WREHIN DCM/MeOH (V : V=30 : 1).
W& Re=0.41 T4y, BrEWH, B AARE 209.3 mg,
WE N 79.4%, 46/ 96.3%. mp. 161~163 C (lit.[28
162~164 °C); '"H NMR (400 MHz, DMSO-ds) 6: 8.59 (t,
J=5.6 Hz, 1H), 7.86 d, J=8.5 Hz, 2H), 7.43 (d, J=8.5
Hz, 2H), 3.59 (dd, J=11.7, 5.8 Hz, 2H), 3.53 (s, 3H), 3.25
(t, J=6.0 Hz, 2H), 3.18 (s, 3H), 2.85 (s, 6H); '3C NMR
(101 MHz, DMSO-ds) d: 167.11, 153.44, 130.36,
128.83(2), 120.10(2), 56.70, 43.47(2), 43.09, 36.46, 35.13.

1-(4-(N-(2- = 3 55) 358 ) 2 F I 2 ) R R -3,3- - H
B =B (40)28: NG 2- THIIR S 4% (0.13 mL, 1.2
mmol) B ¥ h 2- . 2% F 2 %(0.17 mL, 1.2 mmol), &)k
TR G b &P IR, SRR ZE o B 4l
b, WPEFIN DCM/MeOH (V : V=25 1), W#E R=
0.23 185y, BREEN, BREOIVIRIEA 2452 me, VR
84.2%, 4liJ¥ 95.7%. 'H NMR (400 MHz, DMSO-d;) ¢:
8.43 (t, J=5.6 Hz, 1H), 7.83 (d, J=8.6 Hz, 2H), 7.36 (d,
J=8.6 Hz, 2H), 3.50 (s, 3H), 3.35 (dd, J=13.7, 6.1 Hz,
2H), 3.15 (s, 3H), 2.66~2.54 (m, 6H), 0.99 (t, J=7.1 Hz,
6H); *C NMR (101 MHz, DMSO-ds) 6: 166.40, 153.10,
131.07, 128.58(2), 120.07(2), 51.72, 47.19(2), 43.34,
37.45,36.29, 11.81(2).

1-(4-(N-(3- - I U288 ) T 26 ) i P I 2 ) i 2 -3,3- —
BRI @Ad): B 2- SRR OM0.13 mL, 1.2
mmol) & ek 3- L A %(0.15 mL, 1.2 mmol), A
LI G b &R, KRR ZE o B4l
1k, WEEFIN DCM/MeOH (V@ V=25 : 1), W R=
0.31 1845y, BREWER, Btk RE A& 229.3 mg, &
82.7%, 4liJ¥ 96.5%. m.p. 172~173 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 8.43 (t, J=5.5 Hz, 1H), 7.81 (d, J=
8.6 Hz, 2H), 7.37 (d, J=8.6 Hz, 2H), 3.51 (s, 3H), 3.27
(dd, J=12.8, 6.9 Hz, 2H), 3.17 (s, 3H), 2.26 (t, J=7.1 Hz,
2H), 2.14 (s, 6H), 1.68~1.62 (m, 2H); *C NMR (101
MHz, DMSO-ds) d: 166.24, 153.00, 131.30, 128.54(2),
120.06(2), 57.43, 45.59(2), 43.38, 38.21, 36.35, 27.55;
HR-ESI-MS caled for C14H24NsO [M+H]" 278.1981,
found 278.1986.

1-(4-(N-(3- = R ) P 48 2 R ot 2 ) 2R 0k -3,3- L
B =5 (de): ¥ 2- T HIIEEBE 4 1%(0.13 mL, 1.2 mmol)
Bedfly 3- 2 F K PZ(0.18 mL, 1.2 mmol), & HGTFE
R G 4b () B 1R, BRERFEN 0 B 4lifk, ik
YeFI A DCM/MeOH (V@ V=45 : 1), % Ri=0.54 1#
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gy, BRER, G E AR 214.8 mg, RN 84.3%,
4l 97.2%. m.p. 166~168 C (lit! 167~169 C); 'H
NMR (400 MHz, DMSO-ds) d: 8.53 (t, J=5.7 Hz, 1H),
7.83 (d, J=8.6 Hz, 2H), 7.39 (d, J=8.6 Hz, 2H), 3.52 (s,
3H), 3.15~3.11 (m, 9H), 1.94~1.82 (m, 2H), 1.25 (dd,
J=17.9, 4.3 Hz, 2H), 1.19 (t, J=7.3 Hz, 6H); *C NMR
(101 MHz, DMSO-d¢) d: 166.86, 153.50, 130.84,
128.66(2), 120.12(2), 55.33, 49.37(2), 46.93, 43.40, 36.87,
24.34,9.05(2).

1-(4-(0-(2- = & 38) 4. 38 S F gk 3 ) 2R 2L -3,3- -
FE=FUAD: B 2- R 2 %(0.13 mL, 1.2 mmol)
Py 2- — R I ZFE0.12 mL, 1.2 mmol), &KL FEH%
TELL A 4b (1] &0 1. ZrERHEENT B4k, ik
#5 DCM/MeOH (V : V=30 : 1), W4E R=0.43 184y,
Br A5, AR 198.3 mg, RN 82.7%, 4l
JE 98.2%. m.p. 130~132 C (lit.2¥ 131~133 C); 'H
NMR (400 MHz, DMSO-de) d: 7.96 (d, J=8.6 Hz, 2H),
7.44 (d, J=8.6 Hz, 2H), 4.48~4.40 (m, 2H), 3.54 (s, 3H),
3.20 (s, 3H), 3.09~3.03 (m, 2H), 2.55 (s, 6H); *C NMR
(101 MHz, DMSO-ds) 0: 165.86, 154.88, 130.95(2),
125.93, 120.42(2), 61.63, 57.18, 44.90(2), 43.56, 36.54.

1-(4-(0-(2- —. LA IE) £ KL 5 TP I 3k 2 -3 3- — 1
FE=F(4g): ¥ 2- W EE 4 #(0.13 mL, 1.2 mmol) &
el 2- “HEIE (012 mL, 1.2 mmol), & HGLFE %
FELL A 4b (1) & 1. ZrERAHEENT B4k, Wik
#29 DCM/MeOH (V : V=50 : 1), Y4 R=0.33 17},
Br 285, B OMER 203.0 mg, WE N 82.9%, 4l
JE 97.7%. m.p. 144~146 C (lit.?" 143~145 C); 'H
NMR (400 MHz, DMSO-de) d: 7.97 (d, J=7.5 Hz, 2H),
7.45 (d, J=7.4 Hz, 2H), 4.52~4.46 (m, 2H), 3.55 (s, 3H),
3.11 (s, 9H), 1.19 (s, 6H); 3C NMR (101 MHz, DMSO-ds)
5: 165.68, 155.10, 131.13(2), 125.49, 120.46(2), 59.72,
50.40, 47.78(2), 43.60, 36.59, 9.26(2).

1-(4-(O-(3- - FR 2k ) TR 228 ) 4 Y I 2 ) R R -3,3- -
FE=FURdh): F 2-“HEE O(0.13 mL, 1.2 mmol)
BN 3- —HEFLAEE0.14 mL, 1.2 mmol), &KL FE
FIRAL B 4b (1) £ 5 1R, SRERFEENT 7> B alifk, i
VeI DCM/MeOH (V& V=170 : 1), W R=0.47 1
g7, BREEA, BERE A 191.2 mg, RN 82.4%,
4 96.9%. mp. 147-148 C (lit.?¥) 146-148 C); 'H
NMR (400 MHz, DMSO-de) d: 7.95 (d, J=8.5 Hz, 2H),
7.44 (d, J=8.6 Hz, 2H), 431 (t, J=6.2 Hz, 2H), 3.55 (s,
3H), 3.20 (s, 3H), 3.12~3.06 (m, 2H), 2.71 (s, 6H), 2.11~
2.01 (m, 2H); 3C NMR (101 MHz, DMSO-de) 6: 165.92,
154.89, 130.98(2), 125.91, 120.41(2), 62.22, 54.18,
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43.61(2), 42.40, 36.59, 23.93.

1-(4-(O-(3- = 2L 35 ) T 328 ) S PP I 2 ) 6 32 -3,3- —
B =R (40): B 2- I 4)%(0.13 mL, 1.2 mmol) &
Py 3- 2@ FEAEE(0.17 mL, 1.2 mmol), & il FEi%
TRAL A1 4b 550 B8 SR E N 2 atith, #hik
#9 DCM/MeOH (V : V=45 1), Y% R=0.53 17},
PR RIEF, A OIURME 254.9 mg, YK 83.2%, 4l
J¥ 96.3%. 'H NMR (300 MHz, DMSO-de) d: 7.96 (d, J=
8.7 Hz, 2H), 7.45 (d, J=8.7 Hz, 2H), 4.33 (t, J=6.1 Hz,
2H), 3.55 (s, 3H), 3.21~3.13 (m, 9H), 2.17~2.01 (m,
2H), 1.20 (t, J=14.5 Hz, 6H); 3C NMR (101 MHz,
DMSO-ds) d: 166.05, 154.92, 130.93(2), 125.84,
120.45(2), 62.14, 48.57, 46.98(2), 43.55, 36.55, 23.56,
9.14(2); HR-ESI-MS caled for Ci;HyN4O, [M+H]®
307.2134, found 307.2128.

1-(4-(0-(1- F 2 -2- — PG ik ) £ 5k ) S, P B ) 4R k-
3,3- I =FUR@)): K 2- —HEILZHZ0.13 mL, 1.2
mmol) By 1- = FEFHE-2-FE(0.13 mL, 1.2 mmol),
GRS FRIZBAEY) ab &R SRERAEE T 7
BEalifth, WL DCM/MeOH (V@ V=70 : 1), Y4
Ry=0.45 185y, BREVEF, R a4 202 mg, R
87.0%, ZEJ¥ 97.1%. m.p. 134~136 C (lit®) 133~
135 “C); 'H NMR (400 MHz, DMSO-de) d: 7.91 (d, J=
8.5 Hz, 2H), 7.42 (d, J=8.5 Hz, 2H), 5.22~5.16 (m, 1H),
3.54 (s, 3H), 3.19 (s, 3H), 2.59 (dd, J=12.8, 7.5 Hz, 1H),
2.38 (dd, J=12.9, 4.4 Hz, 1H), 2.21 (s, 6H), 1.27 (d, J=
6.3 Hz, 3H); '*C NMR (101 MHz, DMSO-ds) &: 165.53,
154.71, 130.78(2), 126.53, 120.40(2), 69.04, 64.00, 55.36,
46.14, 43.56, 36.57, 18.83.

1-(4-(0-(1- F e -2- — 2 53 ik ) £ 05k ) S, P g ) 4R k-
3,3- I =RURAK): K 2- - HEIEZNZ(0.13 mL, 1.2
mmol) & # 4 1-— L& HE-2-NE(0.18 mL, 1.2 mmol),
HHROSFRIZBAEY) ab ISR SREIRAEE T 7
BEalifth, WL DCM/MeOH (V@ V=30 : 1), Y4E
Re=0.44 T4, BREWN, FAAEE 213.4 mg, WE
83.5%, 4HJ¥ 98.4%. m.p. 143~145 C (lit®) 142~
144 “C); "H NMR (400 MHz, DMSO-de) d: 7.97 (d, J=
8.6 Hz, 2H), 7.46 (d, J=8.6 Hz, 2H), 5.42~5.28 (m, 1H),
3.55 (s, 3H), 3.23~3.17 (m, 9H), 1.35 (d, J=6.3 Hz, 3H),
1.24 (t, J=6.7 Hz, 6H); 3C NMR (101 MHz, DMSO-ds)
5 165.36, 155.04, 131.12(2), 125.94, 120.38(2), 54.07,
4231, 38.68(2), 36.22, 31.21, 18.51, 17.15, 12.92.
322 1-4-#HH)REA3-F A3 AR = &M £ 1L
&4 (5a~5Kk) 89 A A&,

1-(4-F2 28 A L -3- H 2 -3- 30 U2 — UM (Sa): FRER

1614 http://sioc-journal.cn/
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SHEIEFEFE 1.0 g (7.3 mmol) T 100 mL [H L H,
JEA 20 mL ZJEF1 10 mL /K&, BEJE IO 3.5 mL ik
R, BN ERETKEF. K 1.0 g (14.6 mmol) LM
FRENTE TRk, S8 N2 BRFmS, 0 C
FE2 h, REREREHEEIRIE, SHH—H 100 mL
M E R GENE, M F 3R O 2.8 mL (21.9 mmol). kI
£ 3.02 g (21.9 mmol) LA S /D E K, 0 °C R RERFREER
FEFEIRIEWEETN, MMEEET 0 CF &M 3~
4 h, TLC BREF, HZEE/RRMNTEA; RMN5ERE, A
FRIA™T pH 2 2~3, A4 LBEFEE(60 mL X 3), J&
JENEZEBR A7), PRI QR S5, G4 talE ik
1.53 g, WF N 80.3%. m.p. 171~173 C; '"H NMR (400
MHz, DMSO-ds) J: 12.69 (s, 1H), 7.90 (d, J=8.6 Hz, 2H),
7.39 (d, J=8.6 Hz, 2H), 3.81~3.75 (m, 1H), 3.36 (s, 3H),
1.94~1.91 (m, 2H), 1.82~1.80 (m, 2H), 1.67~1.54 (m,
3H), 1.42~1.28 (m, 2H), 1.21~1.15 (m, 1H); 3C NMR
(101 MHz, DMSO- de) 6: 167.21, 154.46, 130.46(2),
126.58, 119.89(2), 64.39, 33.17, 31.08(2), 24.98(3);
HR-ESI-MS caled for C14HyN3O, [M+H]" 262.1556,
found 262.1551.

1-(4-FR 3L I -3- F 3L 3 1E P 3 = & (5b): K
FHIFCHZ(2.8 mL, 21.9 mmol)E A HEFIZ(2.2 mL,
21.9 mmol), & FRILIEIL G W) Sa HIH 45 DR, LB
LA EAE A 1.26 g, WEHN 79.4%. mp. 161~
163 C (litBY 162~164 C); '"H NMR (400 MHz,
DMSO-ds) d: 12.70 (s, 1H), 7.90 (d, J=8.6 Hz, 2H), 7.39
(d, J=8.5 Hz, 2H), 3.76 (t, J=6.7 Hz, 2H), 3.18 (s, 3H),
1.69~1.65 (m, 2H), 0.87 (t, J=7.4 Hz, 3H); 3C NMR
(101 MHz, DMSO-ds) 6: 167.64, 154.65, 130.91(2),
127.18, 120.33(2), 57.68, 35.14, 21.90, 11.37.

1-(4-FR 58 ZR 3 -3- H L3-S R 3k = U0 (Se): o H
I Ci(2.8 mL, 21.9 mmol) ¥ A FFFE 2 P % (2.2
mL, 21.9 mmol), &It FEFZ LS Sa K]0 IR.
LR ELE R AEA 132 ¢ WEAN 83.2%. mp.
165~167 C (1it.?” 164~166 C); '"H NMR (400 MHz,
DMSO-ds) d: 12.70 (s, 1H), 7.90 (d, J=8.6 Hz, 2H), 7.40
(d, J=8.6 Hz, 2H), 4.23~4.19 (m, 1H), 3.12 (s, 3H), 1.31
(d, J=6.7 Hz, 6H); *C NMR (101 MHz, DMSO-ds) o:
167.65, 154.88, 130.91(2), 127.09, 120.35(2), 57.13,
32.58,21.15(2).

1-(4-FR 36 Z8 FE -3 B L 33K P 3 = U (5d): K H
FIR (2.8 mL, 21.9 mmol) ¥ # Ay FF L IR TR 1 (1.8
mL, 21.9 mmol), &It FEFZ LS Sa K] IR.
LB EERAHHEOEE 113 g RN 70.7%. m.p.
168~170 °C; 'H NMR (400 MHz, CDCl3) 6: 8.11 (d, J=
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8.6 Hz, 2H), 7.51 (d, J=8.6 Hz, 2H), 3.32 (s, 3H), 3.22~
3.12 (m, 1H), 0.99 (dd, J=36.6, 4.9 Hz, 4H); *C NMR
(101 MHz, CDCls) d: 172.03, 155.26, 131.32(2), 125.86,
120.57(2), 39.62, 36.74, 6.47(2); HR-ESI-MS calcd for
CiHisN;0, [M+H]" 220.1086, found 220.1089.

1-(4-FR 58 ) 2R 3 -3- F I -3- 2R 5 — &M (Se): FREUGT
FIEAEHR 0.4 g (3.0 mmol) T 100 mL [H R, fn
N 10 mL K AR, BEJGIIN 4.5 mL KRR, K b ad B
Tk, ¥ 0.2 g (3.0 mmol)ILAHERENIA T/ 8K,
2SR N B [BE B T, 0 C FHEEE 2 h, BRXFRIER
FEE ARG BE— R 100 mL ARERSH, I N-
FAE K% 0.6 mL (6.0 mmol). BREREH 0.8 g (6.0 mmol) LA
FeDERIIK, 0 °C R0 R ORI H AR IS IZ N,
WnsesefE T 0 C N1 h, TLC BREE, H & BR&MN
Se4r. RMSERE, HREERIAT pH HE 2~3, KR4
BEZEHL(50 mL X 3), B IEZE b LA, FREMERER
FEJENT o B alifk, #PEFN DCM/MeOH (V@ V=20 :
1), W& R=0.23 185y, BREEN, HEalEiE 5435
mg, W E 72.9%. mp. 169~171 C (litBP" 170 ~
172 “C); 'H NMR (400 MHz, DMSO-de) d: 8.00 (d, J=
8.6 Hz, 2H), 7.61 (dd, J=11.8, 8.7 Hz, 4H), 7.49~7.44
(m, 2H), 7.22 (t, J=7.3 Hz, 1H), 3.68 (s, 3H); '3C NMR
(101 MHz, DMSO-ds) 0: 167.32, 153.62, 144.82, 131.07
(2), 129.82(2), 126.11, 124.83, 121.38, 120.77(2), 118.02
(2), 33.49.

1-(4-FR L) IR HE-3- F L340 38 — U0 (5): 1 N-FF
KK JE(0.6 mL, 6.0 mmol) &y N-FEEEHZ(0.7 mL,
6.0 mmol), & IS FEAZIRLAY) Se &P, L6k
AT E AT 4y B aliAr, WPEFIy DCM/MeOH (V@ V=
10 : 1), Y8 Re=0.33 T, BREVAN, 195 B Z0R1E
14 593.4 mg, WFE 75.5%. mp. 147~149 C (lit.’?
148~150 °C); 'H NMR (400 MHz, DMSO-de) J: 7.93 (d,
J=8.4 Hz, 2H), 7.46 (d, J=8.2 Hz, 2H), 7.38 (d, J=7.3
Hz, 2H), 7.33~7.29 (m, 3H), 5.03 (s, 2H), 3.12 (s, 3H);
13C NMR (101 MHz, DMSO-d¢) d: 167.77, 154.17,
137.20, 130.92(2), 129.67, 129.21(2), 128.95(2), 128.32,
120.52(2), 59.57, 35.15.

1-(4-F2 3 2 i -3- F 3L -3-(4- AR o = R (Sg):
# N-H 32 [%(0.6 mL, 6.0 mmol) ¥ #i oy N-H F-4- 4
JF2(0.7 mL, 6.0 mmol), &Rt FEIZ LG Se [ &
IR, GREHEENT S alif, WKk DCM/MeOH
(V:V=15:1), I Re=0.41 184, BREEF, Bk
B4k 539.2 mg, WH 63.8%. m.p. 205~206 C (lit.5
204~206 °C); 'H NMR (400 MHz, DMSO-ds) J: 8.00 (d,
J=8.5 Hz, 2H), 7.62 (dd, J=8.7, 4.1 Hz, 4H), 7.50 (d, J=
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9.0 Hz, 2H), 3.66 (s, 3H); *C NMR (101 MHz, DMSO-ds)
5: 167.56, 153.18, 143.71, 131.03(2), 129.63(2), 128.69(2),
121.44(2), 119.36(2), 33.23.

1-(4-FR FE) 2 5 3 1 2L 3-(4- 5040 % 3 = U4 (5h):
# N-HHEZ[5(0.6 mL, 6.0 mmol)# #ily N-H 3-4-5%
f%(0.6 mL, 6.0 mmol), &K FEIZ LAY Se ] &
IR, BRERAEENT B aifh, Wk DCM/MeOH
(V:V=25:1), W R=0.32 184, FBEHEF, B
Bk 603.4 mg, WFE 83.2%. m.p. 168~170 C (lit.?3
167~169 °C); 'H NMR (400 MHz, DMSO-ds) d: 7.93 (d,
J=8.3 Hz, 2H), 7.45 (d, J=7.4 Hz, 4H), 7.34 (d, J=8.1
Hz, 2H), 5.03 (s, 2H), 3.12 (s, 3H); 3C NMR (101 MHz,
DMSO-ds) 6: 167.67, 154.08, 136.23(2), 130.93(2), 130.25
(2), 129.20(2), 128.11, 120.58(2), 58.77, 35.15.

1-(4-F2 3 ) 2 5 -3- H 3 3-(4- AR 3 ) 2R 3 = UM
(51): K5 N-HFEZEHZ(0.6 mL, 6.0 mmol)# # hy N-F13-4-
FH AR LK A4(0.8 mL, 6.0 mmol), & L FEI%IRIL A1) Se
i &0 R, SRERAEENT B alith, WyEFIy DCM/
MeOH (V: V=20 : 1), It R=0.38 17y, BREWR,
BEAEAE 693.8 mg, WFE 83.4%. mp. 195~197 C
(1it.33 196~198 °C); 'H NMR (400 MHz, CDCLy) &: 8.15
(d, J=8.5 Hz, 2H), 7.64 (d, J=8.5 Hz, 2H), 7.42 (d, J=
9.0 Hz, 2H), 6.99 (d, J=9.0 Hz, 2H), 3.87 (s, 3H), 3.71 (s,
3H); 3C NMR (101 MHz, DMSO-ds) &: 167.66, 157.03,
153.70, 138.51, 131.00(2), 129.07, 121.06(2), 119.91(2),
114.99(2), 55.86, 34.29.

1-(4- 32 3 ) 2R 5 -3- 1 3 3-(4- H AU 3 6 3 = UM
(5j): # N-FEF[2(0.6 mL, 6.0 mmol) Fr 4 ly N-F13-4-
FHAR 5 1%(0.9 mL, 6.0 mmol), & L FEIZIRIL A4 Se
i &0 IR, SRERAEENT B dlith, WytFy DCM/
MeOH (V: V=10 : 1), Jt4E R=0.35 17y, BREWRT,
BEAEAE 7269 mg, WFE 83.4%. mp. 157~158 C
(1it.3 156~158 ‘C); 'H NMR (400 MHz, DMSO-ds) &:
7.93 (d, J=8.5 Hz, 2H), 7.45 (d, J=8.2 Hz, 2H), 7.25 (d,
J=8.6 Hz, 2H), 6.94 (d, J=8.2 Hz, 2H), 4.95 (s, 2H), 3.74
(s, 3H), 3.09 (s, 3H); 3C NMR (101 MHz, DMSO-ds) o:
167.67, 159.39, 154.34, 130.94(2), 129.79(2), 128.82,
127.79, 120.51(2), 114.60(2), 59.09, 55.55, 34.87.

1-(4-F2 58 ) % Ik -3- i JE -3-(4-fiF 228 ) 5 3 = %0075 (5K ):
4 N-FIIEZER2(0.6 mL, 6.0 mmol) & ey N-F HE-4-f it
FHZ(0.9 mL, 6.0 mmol), & it FEIZ LA Se i
#OLIR. AR EN s dith, Wk DCMY
MeOH (V@ V=15 1), WL R=0.42 185, BrEHH,
BEAEAE 6543 mg, WFE 70.4%. mp. 156~157 C
(1it.3 155~157 “C); 'H NMR (400 MHz, DMSO-ds) &:
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8.25 (d, J=7.8 Hz, 2H), 7.93 (d, J=8.1 Hz, 2H), 7.52
(dd, J=44.2, 6.6 Hz, 4H), 5.19 (s, 2H), 3.17 (s, 3H); 13C
NMR (101 MHz, DMSO-ds) J: 167.66, 154.58, 136.65,
130.91, 129.42, 128.57(2), 124.33(2), 122.78(2), 120.63
(2), 40.46.
323 1-(4-(N-Q-—T AKX H) A FELAE) R AK-3-F
A3 K (R?) = RM £ LS4 (6a~6k) 89 A A&,

1-(4-(N-(2- . L&) 58 & FH L 36 )-3- H 56 -3-30
O3 = 5M(6a): FREUL A1) 5a (130.6 mg, 0.5 mmol) T
50 mL AR, I\ HATU (228.0 mg, 0.6 mmol),
EE /K DCM/DMF (V © V=10 . D)¥fE, ¥ Nk E
Fvkig, BEJ5 A DIPEA (0.3 mL, 1.5 mmol)fl 2-—
ZIEE R Z(0.1 mL, 1.2 mmol), #Ht+E 30 min JEH 20K
B, FHE=RLEH N 24 b RNEFREMA 50
mL {EAE KA K, F DCM ZEHL(50 mL X 3), &HHA
LA, ToKBREREN T8, wERAEEM o s adith, e
4 DCM/MeOH (V : V=10 : 1), U4 R=0.23 185y, &
HBRZE), TR E AR 153.0 mg,
85.1%, 4liJ¥ 96.3%. 'H NMR (400 MHz, DMSO-d;) ¢:
8.73~8.71 (m, 1H), 7.87 (d, J=8.6 Hz, 2H), 7.37 (d, J=
8.6 Hz, 2H), 3.79 (t, J=11.7 Hz, 2H), 3.59~3.55 (m, 1H),
3.15 (s, 3H), 3.07 (s, 6H), 1.92 (d, J=11.3 Hz, 2H), 1.83
(s, 2H), 1.61 (dd, J=24.3, 12.3 Hz, 3H), 1.41~1.33 (m,
2H), 1.26~1.23 (m, 1H), 1.18 (t, J=14.2 Hz, 6H); 1*C
NMR (101 MHz, DMSO-ds) d: 166.72, 153.80, 130.27,
128.76(2), 120.15(2), 64.73, 50.77, 47.16(2), 35.32, 33.52,
31.55(2), 25.45, 25.40(2), 9.55(2); HR-ESI-MS calcd for
CaoH3aNsO [M+H]" 360.2763, found 360.2767.

1-(4-(N-(2- — & 3E) £ F8 ) 2 Ik 38 )-3- FH L -3- 1F
P2 =& (6b): Ktk &4 5a (130.6 mg, 0.5 mmol)F
Jutk &4 5b (110.6 mg, 0.5 mmol), & it iz Eik &
Y 6a Wil DIR. SAERAEE M 7 B alifh, WBtRA
DCM/MeOH (V : V=8 : 1), W R=0.1918%r, kL
A, B TEREE AW 113.4 mg, WE 71.0%, 405
97.5%. 'H NMR (400 MHz, DMSO-ds) 6 8.80 (m, 1H),
7.90 (d, J=8.5 Hz, 2H), 7.37 (d, J=8.5 Hz, 2H), 3.76 (t,
J=6.6 Hz, 2H), 3.62~3.58 (m, 2H), 3.17 (s, 3H), 3.11~
3.05 (m, 6H), 1.72~1.64 (m, 2H), 1.22~1.16 (m, 6H),
0.88 (t, J/=14.7 Hz, 3H); 3C NMR (101 MHz, DMSO-ds)
5 166.64, 153.52, 130.39, 128.79(2), 120.12(2), 57.60,
50.71, 47.14(2), 35.21, 35.08, 21.92, 11.40, 9.46(2); HR-
ESI-MS calcd for Cj7H3oNsO [M+H]" 320.2450, found
320.2456.

1-(4-(N-(2- — L& 32k ) 38 ) & W B 28 )-3- F 2L -3- 7
=% (6c): BB 5a (130.6 mg, 0.5 mmol) & #e
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k& 5¢ (110.6 mg, 0.5 mmol), & KGR IEAL A1)
6a M| & DR, SrER A ENT o B aifh, MPEFh
DCM/MeOH (V : V=10 : 1), U4E R=0.35 187, B2
Wi, B TERAALAGBA 106.7 mg, YR 69.9%,
4lifF 97.2%. 'H NMR (400 MHz, DMSO-ds) 6: 8.78 (s,
1H), 7.89 (d, J=8.6 Hz, 2H), 7.38 (d, J=8.6 Hz, 2H),
4.24~4.18 (m, 1H), 3.61 (t, J=5.8 Hz, 2H), 3.17~3.09
(m, 6H), 3.02 (s, 3H), 1.32 (d, J=6.6 Hz, 6H), 1.21 (t, J=
7.2 Hz, 6H); *C NMR (101 MHz, DMSO-ds) J: 166.75,
153.78, 130.22, 128.77(2), 120.15(2), 57.00, 50.62, 49.05
(2), 47.14, 32.48, 21.16(2), 9.22(2); HR-ESI-MS calcd for
C17H30NsO0 [M+H]" 320.2450, found 320.2453.

1-(4-(N-(2- = L&) O F8) U e 5% )-3- FE E-3- 34
P2 = E U 6d): Ktk &4 5a (130.6 mg, 0.5 mmol) & it
k&%) 5d (109.6 mg, 0.5 mmol), & it i Eik &
V) 6a W& DIE. SR ENT B, Mikih
DCM/MeOH (V' : V=2 : 1), W R=0.42187%, FrE¥
), HAETHAREOBIE 1192 mg, WE 75.1%, 405
98.4%. 'H NMR (400 MHz, DMSO-d;) : 8.84 (br, 1H),
791 (d, J=8.6 Hz, 2H), 7.39 (d, J=8.6 Hz, 2H), 3.64~
3.58 (m, 2H), 3.23~3.15 (m, 7H), 3.03 (s, 3H), 1.22 (t,
J=17.2 Hz, 6H), 0.97~0.84 (m, 4H); *C NMR (101 MHz,
DMSO-ds) 6: 166.74, 153.35, 130.69, 128.83(2), 120.40
(2), 50.51, 47.12(2), 39.52, 34.83(2), 19.31(2), 9.00, 6.49;
HR-ESI-MS caled for C;7HNsO [M+H]" 318.2294,
found 318.2291.

1-(4-(N-(2- = L&) O F8) J HF B 56 )-3- FH R -3- 0K
=5 M (6e): FLAED) 5a (130.6 mg, 0.5 mmol) & Ky
b5 5e (127.6 mg, 0.5 mmol), & it FEi% B AP
6a M| & DR, SrERAE ENT o B aifh, MPEFh
DCM/MeOH (V' : V=5 : 1), WWEE R=0.2518%r, bRk
), HAETHALOEE 132.1 mg, WE 74.7%, 407EF
96.8%. m.p. 138 ~ 140 C; 'H NMR (400 MHz,
DMSO-ds) d: 8.97 (br, 1H), 8.00 (d, J=8.5 Hz, 2H),
7.66~7.53 (m, 4H), 7.52~7.40 (m, 2H), 7.24~7.16 (m,
1H), 3.72~3.62 (m, 5H), 3.30~3.06 (m, 6H), 1.32~1.20
(m, 3H), 126~ 1.18 (m, 3H); *C NMR (101 MHz,
DMSO-ds) d: 166.62, 152.62, 144.87, 131.87, 129.82(2),
129.03(2), 124.70, 121.18(2), 117.92(2), 50.46, 47.13(2),
34.79, 33.37, 9.31, 8.93; HR-ESI-MS calcd for CaHasNsO
[M-+H] " 354.2294, found 354.2299.

1-(4-(N-2- — L& Ik ) 2.3 o I 6t )-3- R 0k -3
Fe=FH6f): LAY 5a (130.6 mg, 0.5 mmol) & #i Ay
L&Y 5F (1347 mg, 0.5 mmol), &t FEFZEIL &9
6a [ % LR, SERIEEN 7Bk, Wokih
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DCM/MeOH (V@ V=1 : 1), WEE R=0.28 185>, BRIV
), HAETHRALAEE 1322 mg, WE 71.9%, 405
95.9%. m.p. 137~139 ‘C; 'H NMR (400 MHz, DMSO-
ds) 0: 8.76 (br, 1H), 7.92 (d, J=7.7 Hz, 2H), 7.44 (d, J=
7.5 Hz, 2H), 7.37 (d, J=6.4 Hz, 2H), 7.34~7.26 (m, 3H),
5.02 (s, 2H), 3.58~3.50 (m, 2H), 3.10 (s, 3H), 3.02~2.90
(m, 6H), 1.15 (t, J=6.5 Hz, 6H); *C NMR (101 MHz,
DMSO-ds) d: 166.51, 153.18, 137.20, 130.97, 129.19(2),
128.80(2), 128.32(2), 128.21, 120.35(2), 59.52, 50.94,
49.05(2), 47.17, 35.06, 10.05(2); HR-ESI-MS calcd for
Ca21H30NsO [M+H] 368.2450, found 368.2448.

1-(4-(N-(2- — LR 3 ) 2035 ) o VP 9 322 )-3- P 0 -3-(4-
)R =EUA(6g): LAY 5a (130.6 mg, 0.5 mmol)
Bl ik &9 5g (144.8 mg, 0.5 mmol), & lid FE %8
&Y 6a (%D, SRERAEENT 2 B 4lith, Wik
29 DCM/MeOH (V : V=10 : 1), $t4E R=0.26 1875y, B
A, HB TR OB 1413 mg, W 72.9%,
4l 96.6%. 'H NMR (400 MHz, DMSO-ds) J: 8.60 (br,
1H), 7.94 (d, J=8.6 Hz, 2H), 7.60 (dd, J=8.8, 3.5 Hz,
4H), 7.48 (d, J=9.0 Hz, 2H), 3.63 (s, 3H), 3.45~3.41 (m,
2H), 2.77~2.71 (m, 6H), 1.05 (t, J=7.1 Hz, 6H); 1*C
NMR (101 MHz, DMSO-ds) 6: 166.22, 152.10, 143.75,
132.78, 129.60(2), 128.84(2), 128.52, 121.26(2), 119.21
(2), 51.51, 47.23(2), 37.04, 33.06, 11.31(2); HR-ESI-MS
caled for CyHyCINsO [M + H] © 388.1904, found
388.1907.

1-(4-(N-(2- = R ) 58 & W e 2L )-3- FH L -3-(4-
ST = EUA(6h): Kb &5 5a (130.6 mg, 0.5 mmol)
Btk &% 5h (151.9 mg, 0.5 mmol), & it Fe4%#
AV 6a M DR, SREBAEENT 22 2lith, Wk
4 DCM/MeOH (V : V=10 : 1), W4E Re=0.28 185y, &
ZUF, BETRAEORMBAE 1523 mg, W
75.9%, 4lifE 95.5%. 'H NMR (400 MHz, DMSO-ds) &:
8.83 (br, 1H), 7.92 (d, J=8.4 Hz, 2H), 7.44 (d, J=7.7 Hz,
4H), 7.34 (d, J=8.2 Hz, 2H), 5.01 (s, 2H), 3.61 (t, J=5.8
Hz, 2H), 3.13~3.09 (m, 9H), 1.21 (t, J=7.2 Hz, 6H); 1*C
NMR (101 MHz, CDCly) &: 167.72, 153.39, 133.12,
132.63, 130.94, 129.91, 129.31, 128.96(2), 128.55(2),
120.71(2), 59.72, 53.04, 48.52(2), 35.69, 31.48, 29.70,
8.91; HR-ESI-MS caled for CyHxCINsO [M + H] "
402.2061, found 402.2057.

1-(4-(N-(2- — LR 3L ) 20358 ) o VP 9 322 )-3- P 0L -3-(4-
R0 ) 8 0 = UM (61): Ktk &%) 5a (130.6 mg, 0.5
mmol) & N 54 5i (142.7 mg, 0.5 mmol), & lidFE
TR B 6a [ & D IR, SRERFZMT 7 B 4lifk, ik
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PE7A DCM/MeOH (V © V=5 : 1), Wtk Re=0.35 18757,
BR LA, A TR BAME A 136.5 mg, WE 71.2%,
4ifF 98.1%. m.p. 136~138 ‘C; 'H NMR (400 MHz,
CDCls) d: 8.80 (br, 1H), 8.10 (d, J=8.5 Hz, 2H), 7.62 (d,
J=8.5 Hz, 2H), 7.39 (d, J=9.1 Hz, 2H), 6.96 (d, J=9.1
Hz, 2H), 3.93~3.91 (m, 2H), 3.85 (s, 3H), 3.69~3.65 (m,
3H), 3.31~3.27 (m, 2H), 3.21~3.17 (m, 4H), 1.42 (t, J=
7.2 Hz, 6H); 3C NMR (101 MHz, CDCls) J: 167.65,
156.71, 153.34, 138.78, 130.22, 128.61(2), 121.16(2),
119.18(2), 114.47(2), 55.61, 53.26, 48.67(2), 35.65, 33.60,
8.77(2); HR-ESI-MS calcd for CyH3NsO, [M+H] "
384.2400, found 384.2406.

1-(4-(N-(2- = R ) 438 & H e 42 )-3- FH 4 -3-(4-
R L) R 2 =AU (6)): KL &) 5a (130.6 mg, 0.5
mmol) F H N &Y 55 (149.7 mg, 0.5 mmol), AL
R B 6a (R &5 18, ZRERAENT > B 4lifk,
AN DCM/MeOH (V@ V=10 : 1), Wt Ri=0.26 18
gy, BREWR, BT TRGEGEHR 1453 mg, 1%
73.2%, 4% 97.8%. 'H NMR (400 MHz, DMSO-ds) J:
8.87 (br, 1H), 7.94~7.91 (m, 2H), 7.45~7.41 (m, 2H),
7.25 (d, J=8.6 Hz, 2H), 6.97~6.93 (m, 2H), 4.94 (s, 2H),
3.76~3.72 (m, 3H), 3.65~3.61 (m, 2H), 3.18~3.14 (m,
6H), 3.07 (s, 3H), 1.23 (t, J=14.4 Hz, 6H); '*C NMR (101
MHz, CDCly) 6: 167.82, 159.31, 153.75, 131.53(2),
130.93, 129.52, 129.30, 128.57, 120.64(2), 114.16(2),
55.31, 53.13, 48.63(2), 43.22, 35.61, 29.69, 8.77; HR-ESI-
MS caled for CyHxNsO, [M + H] ' 398.2556, found
398.2553.

1-(4-(N-(2- — R ) 438 & W e 42 )-3- FH 4 -3-(4-
fiff 25 R 2 =AU (6k): LAY 5a (130.6 mg, 0.5
mmol) & Nk &4 5k (157.1 mg, 0.5 mmol), & BT
R B 6a (R & 18, AL ENT > B 4lifk, ik
PE7A DCM/MeOH (V : V=5 : 1), WtdE Ry=0.28 18757,
BRIVER, BT EOEWT 156.7 mg, IR 75.9%,
4l 96.9%. '"H NMR (400 MHz, DMSO-ds) 6: 8.89 (br,
1H), 8.24 (d, J=7.6 Hz, 2H), 7.94 (d, J=8.1 Hz, 2H), 7.57
(d, J=17.6 Hz, 2H), 7.45 (d, J=6.0 Hz, 2H), 5.18 (s, 2H),
3.63~3.61 (m, 3H), 3.11 (dd, J=18.5, 11.5 Hz, 6H), 3.04
(s, 3H), 1.21 (t, J=7.1 Hz, 6H); '*C NMR (101 MHz,
CDCly) d: 167.57, 153.82, 146.22, 141.05, 130.16, 128.63
(2), 128.56(2), 124.06(2), 120.85(2), 57.89, 53.49, 48.84
(2), 43.45, 35.65, 20.74, 8.76; HR-ESI-MS calcd for
C21H29N6O3 [M+H]" 413.2301, found 413.2307.

3.3 BEEMIEMNM(MTT %)
S 52 K 4 B O\ 40 P (Hep G-2) « K BRUE

http://sioc-journal.cn/ 1617



BIKE

MRILX

A A(CO) N 45 s 4B (SW620) . A Fil 41 ik 41
HI(PC-3) /MR B A FIHAIML(B16) N IAE/INH iz 4t
ff1(A549). AFLIRHE4HIB(MDA-MB-231). A& KRR
IR I (URT) N1t HE 5 2R A L (A357) RN I 4
i (LO2)), 43 %M Dulbecco i K ] Eagle £%7%3&
(DMEM)E RPMI 1640 £5 72 ( & G4 MLi5 10%, H 8%
100 U/mL)i& &, JEEAMIAR A 5X 105 AS/mL, #RT
96 FLEFFRMR, RFFLEFPIPIRI4N LB 100 uL. BT
CO; (p=5%)FE-4, 37 CHEFE 24 h Ja, INECHIE
IR 2 O FZE A INZ454), 4k835 9% 24 h FI(E)48
h J&, SLHIA 5 mg/mL BEMEEMTT)ETR 30 uL,
37 CH#LWF 4 h, 7% B3EW, AL = H 5 I
(DMSO) 100 pL ¥fETE R H Bt (formazan), SH BgbR
{X(Thermo 7= i) F 570 nm 4P OD{H. #% W F A=IHH
11 A= A A i

(%)= (1—O0D yz/OD sisen) X 100%

DARE it A< P iy, DA P A A 2R S Nk 2 il
M2k, RGN A KAmdI itk F SPSS #A:it 5
A RANHIARE 1Cso 1H.

34 REMER

FRHREE 3.3 WSLI TV, 4l ik ELER(DTIC)
LAY 6e. 6g~6i X A IEH FF4HHE(LO2). AL
il (HepG-2)~ K B J53 78 41 M (C6) N &5 i e 4t it
(SW620). A HI F1I iR 40 B (PC-3) . /N B 2B (1 R 41
(B16)~ A FE/INH i it ez 41 D (A 549) F) - 1) 5 0 (1C so).
Iy Wt 2 A e B (safety index, SI), Z4TEHUE X
N

SI=ICso(LO2)/1Cso( 8 41 i)

3.5 FEHMFKRABAMNE
3.5.1  AFOEE S 6 AR M AT A2 ) &

23 Kk R EEE(DTIC) ML &4 6e. 6g~6i 1A fiE T
2% (50 mmol/L Tris-HCI, 1.0 mol/L NaCl, pH 7.4),
WE 5 MIREHE, 78 0.012725. 0.006363 .
0.003181, 0.001591. 0.000795 pg/mL, 1 HPLC ll3E
VTR, DAETHI RN GAAAR, 2590 B s AL br 2 1l B
2k, ASLIGEE 3 K.

352 BHEMZ FHFEKRKRK

W IE S EERKEARRBR A 5, HiHk 24 h TR AHAH B
WA, FESEE, A B, H% 15 B K R
1ESE W S I S FE VAN KRR, o0 BERAT % F; RS 2R
HUAFIRE S 10.0 mg, T 10 mL &I+, KB
FE)IE S BEVS AL SRR R 2 B, A HORE S IR 8.0
mL 225 mL &A= EH, I\ 8 mL 1E 37 BE U RN 7K 5.
BEERRY 3 h 5, B85 HKAAEMA, &
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0.22 um JERE JE, BEUGHERE 10 UL, 18 e R0 il
(HPLC)ME W T AN, s AbRiE M TR, THE & A T Ay
DFERL S5, K A7 R E (g PYIIE N:

C,
THIAH
)

lgP=1g(
KA

¢ BN AR R S YR TV S K BIR ¢ e
AR TRKAR AR A A B 1 BT S ) B

#HBI#1 kL (Supporting Information) {L&%) 4a~d4k.
5a~5k 11 6a~6k ] 'TH NMR 1 3C NMR %K. X sttt
BLAT BL A B AT ]R3 (http://sioc-journal.cn/) | T 2,
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