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Abstract A series of novel aryl-substituted imidazo[1,2-a]pyrimidine and triazolo[1,5-a] pyrimidine were synthesized by the
tandem reaction of Knoevenagel and Atwal modified Biginelli, following by aromatization. Some of their cytotoxic activities
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against Hela and A549 cells and inhibition for apple tree canker were preliminarily evaluated.
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9 0 0 X Biginelli reaction
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Figue 1 Biginelli reaction and Atwal modification Biginelli
reaction
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evenagel i [V J Atwal 53t Biginelli 4830 KV,
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Yo
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% 5 Wi AL T 24 Biginelli [ 3 =415 — 8324 A mk g
H o EMERERTAE, R ARG 5 R e 3k 5 ik T
THEDRIE R, SGRRBENT=Y) Sa, P&
NMR K i i o4, #uE A 11 f1 12 (Scheme 1),
A R A ) LA B SR 2% A A [RI T A BT A8 4. AASE
90 2 AF B SRR A5 SR b, RN RR A TE B 5 TR
R, RIS 5 2.k 2,88 L BRI AT L I SR i
BRI, SR e I K AR BRI S SRR AT i 10 A 11, GG
V)10 BERNE R . IR RAREMEEY) 12, T
KBRS 5 MM, 0 Scheme 1 . X b& 256
E, BIFEAHFZ&AE T, RMAARF RMALEY) 2 A1 4,
AINZE R (1a), =&Y 110 #0112, ULRHZE BT
KHAMBRMEZMT, Z=H 0 ANaEdT Biginelli [V
B A U S NN AR, BLAEAF 2 H ART=4) Sa, {HIK
RIRMK. KA Atwal B2k Biginelli [z 54L& 400 &
BOGHEAT TRV, EARFHARES O O 2 hRdE it
Knoevenagel 46 S NA BT Bk o, f-ANHF BRI,
G, RIGEZE =) 5 R SRR RO (e gk T AT
Atwal MU Biginelli ). AR T FR51 —EmEE R
G5 F17, Wl Scheme 2 fizr. SR JEEFAMTIRALE
W) 5 17 BEATI5 K94k, B0 Scheme 3 BT, A R A1 KR
e K R I = R AL AW 8 i 9.
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Scheme 1 Three-component one-pot Biginelli reaction
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Reagents and conditions: (i) pyridine, piperidine (1 equiv.), AcOH (0.5 equiv.), M.W.; (ii) DMF, AcONa (1.5 equiv.), M\W., 130 °C; (iii)) DMF,
M.W., 160 C

B2 &y s 7 e
Scheme 2 Synthesis of compounds 5 and 7
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Scheme 3 Synthesis of compounds 8 and 9

L, R R BIAAEREAT T ORAL. BRAE: 1E 10 mL B R ALEY) 3a B RKIHRYS
RS RN — e B RS . 2. 2B 2T U Table 1 Condition of the synthesis of compound 3a
. AR B A S T, (MR F B, % Enty  2equiv, Liperidincfacetic - Reaction —yield/%
acid (equiv./equiv.)  condition of 3a
AT L 1 1.0 0/0 50°C, 10min 40
R NCNTS EES - A AW RN 1 T 2 1.0 0/0 60 ‘C, 10 min 43
FEREEAR A, ARG KK AR o, - AN — b 59, 3 1.0 0/0 70°C,10min 46
SRR R TV, R T A 0 4 S B 2K o o jggﬁgg o
ML B oIS = A &Y TiCl/EtN). KF 7 1.0 0/0.5 70 °C,10min 60
s ETHAAEYSE, 0T ImSE 5K A AT ik 8 1.0 0.5/0.3 70°C,10min 68
BT, SRR RS RHE R R ke (e 0 10 LR 70 E 10min T
Bl MAREE, R RICEREERBILA, AT ) 1y 00 0T omn o
i, H K, 7E A3 B B e T /I MEAG T, 11 1.0 1.0/0 70 °C, 10 min 62
i BRI, (BN BSEE, AR IFAEEAE, I 12 1.2 1.2/0.3 70 °C, 10 min 71
NG EIRIE S S N ARG B B, R T ATLLE |, 13 L5 1.0/0.3 70 C,10min 68
EAIRAAE T, X RN I B, badrem 1 12 L0303 F 10min 87
. AR Ul B St 16 1.2 1.0/0.3 75 C,10min 86
}I'IEJ, }imi‘?g{’tzzf;Z:LﬁTiElﬁj, LI&$Z:LET7~EIEJ, é”ﬂ]l&ﬂ 17 1.2 1.0/0.3 80 "leomin 60
F 70 C, &M 10 min, JFRZFEA N 564, BE 71%. 18 1.2 1.0/0.3 80 C,5min 60
HE— ¥ R R, ) IR B s 488 22 1 A KR B AR 7EAR 19 1.2 1.0/0.3 70 C,5min 8l
A1 82 26, S R TR A, WA R, 4R 20 12 1.00.3 70 C,15min 91

“Solvent: pyridine; dehydrant: zeolite, M. W.

RE FI3A) 10 min J5, 325 48 K 2RI, 1576 )
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S, FL, MRS 70 C/RB 10 min #EAT
HEZMNRE. ERh R, M. LB s
IR E A 1.0 0 1.0 I I R A 12 45 ) 2 48
(71%), LB IR QRPN R H 1.0 BEn#] 1.2
B, WCRSEEE] 90%, HE— S B O LB,
WCRFEATEAR L, H, AT 1.2 equiv.iI 2Bk 2R 2.1
BPEE 1 "F 1 Entry 15 NS5 %AFAT 5 &3 o, p- A AN
TIRFEA I E R, R R A (TLC) M s B,
FARBL B 2644, Bl qs 2k 3g 4Pt &4 3, 45
R 2. 7ELED 3g KA R BT 2-R 55 1K 3 7
TER, 43 2-fif B2k FE I 1) ) MEPEAR i, 70 CHY, R
MRS, SHEFHEBIVER RN RELZ, kF
AR, HE 50%, WERMNIEE, 40 CHRIRRER, N
91%.

1.12 &4 5 496 m%

Atwal MG Biginelli [ 87, 8% 753550 1F N fElL
) DMF ¥ o #agi AT, [ BB A GRS 12 h DA
). A3CHFIH Knoevenagel 46 M il & 2R TS o, f-A
MAN —RIEAL A YI(3a) 5 2-5 FEK LT 2 £ (4) (E BS B4
AR, AT T S ek s B 26 A IR . BRI
F— &8 2- 2 FEmkmde LB IR £ bl 25 ok, — et
WIES A, SZERSE A TR 2. NE2WTLLEH, 7EHE
ZAFT, WX NA BRI, 80 C/RM 15 min,
W 40%, FLR AR B R RE. 205 B T e 2
130 CH}, WRIE 71%, JFEREEAR KN T4, 5
EHRE(150 C), mIR M Z, BRREAK. EA AR R
REGEAET, R BRI RE K, SRR &, 24 RS ]
ILE] 1S minJ5, BE— B HIN R ST E], USRI AR TE AR L.
DRI, AR SEISEFEAE RS T 130 “CR B 15 min. [A]
FEXTJERHIL LT THR5F, 4 3a 5 2-& FE0KME )4 it
LA 1.0 ¢ 1.0 FREA T1%, 24 2-2 FEBKME 4 57
I ECE 1.0 352 1.2 B USRSE =2 78%, 4k&kign
1.5 B, WA 8%, T4k S hnat i ) i B AR
1k, Rk, & 1.2 equiv. By 2-Z LK, £ DL b RN
AL, SRR 2, Entry 9), S
BT RZBBRRFE 5 B R BIUUE R (53~91%)
BEIH b= 5.

1.1.3 o4 7 6946 m&

Xof = g A AL A T B AT T RO 2
PRRERTT. S0 = e BTG PRI T 2-Z 2R mkme, 752
2 v 1) R SR P T B A P S LI (] SRR A I, B AR
ik G 3 = Sy RO [ B R AR 4% 2 EE A A N
TR R B A AL TR RO B A, WO RBRE & I & = (1.2
equiv.)f¥) DMF &, 160 C ik e i3k s N gk AT = e 5
TR A T IR, RN 55~78%.
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Table 2 Condition of the synthesis of compound Sa
4/NaOAc

Reaction

En . . e 4 Yield/% of 5a
(equiv./equiv.) condition
1 1.0/1.2 80 'C, 15 min 40
2 1.0/1.2 100 ‘C, 15 min 45
3 1.0/1.2 120 °C, 15 min 61
4 1.0/1.2 130 °C, 15 min 71
5 1.0/1.2 140 °C, 15 min 68
6 1.0/1.2 150 °C, 15 min 56
7 1.0/1.0 130 °C, 15 min 38
8 1.2/1.2 130 °C, 15 min 57
9 1.2/1.5 130 C, 15 min 78
10 1.2/1.5 130 C, 10 min 61
11 1.2/1.5 130 C, 20 min 78
12 1.5/1.8 130 C, 15 min 78
13 2.02.4 130 C, 15 min 78

“The reactions were done in DMF solven under microwave irradiationt.
1.1.4 odh 8 6946 %

DI A Sa g, X H G ARAREAT T ER. 5
AT R 3, SEREY, YL 12- R OLERER, —
EALEL NEALT, 2T IR@A MSYTERI T, 80 “C ik
B 10 min AR 3, Entry 3). SR N 2648, %
AP Sb~5h 53 HIHET T SR, N 10%~
17%.

ol

3 A Sa TR

Table 3 Condition of the aromatization of compound 5a
Reaction

m(4A MS)/ Oxidizer Time/min Yield/%
m(5a) (equiv.) condition of 8a

Entry

1 0  MnO,(10) 10 MW.,100 C 11
2 10 MnO,(10) 10 MW.100 C 12
3 5  MnO,(10) 10 M.W. 80 C 15
4 10 MnO,(10) 10 MW.70 C 12
5 20 MnO,(10) 10 M.W.70 C 10
6 5 NBS 10 MW. 80 C 0
8 5 TCBQ 10 MW.80 C 3

© 2018 Chinese Chemical Society & SIOC, CAS

1.1.5 &4 9 894 &

MGG Ta W07 KGR SEEAT T HRF, #6524
T3 4. EREY, LL12- RO NER, A
FFE ARG, 150 C IR M 10 min AREGE 4,
Entry 6). MR N MR, LAY b Rl Te 73 7liEAT
TN, 3BT 9, KRS AN 62%A1 84%.
1.2 EPABRSYT

FIFH 3-(4,5- - FHEMBEME-2)-2 5 — A5 U UM IR 26
(MTT)#1, LA Fluorouracil FAPEXTIE, Xf &% H bR
&Y S F T 3BT T ARSMIE E U Hela FifE
AS549 iR 4 M DTS P . AT T O (LA B A
xSOE, taW s 7 XEr R4 AS49 F1 Hela
P10 B R A A, AR B o A T DUR IR, R E )
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Table 4 Condition of the aromatization of compound 7a

Entry Solvent Oxidizer  Time/ Reaction  Yield/%
(equiv.) min condition of 9a
1 Ce¢HsCl TCBQ (2) 15 MW,150 C 10
2 Cg¢HsCl DDQ (2) 15 MW, 150 C 0
3 CeHsCl NBS (2) 15 MW, 150 C 0
4 Cg¢HsCl MnO, (10) 15 MW,150 C 63
5 DCM MnO, (10) 15 MW,I115 C 50
6 CICH,CH,CIMnO,(10) 10 MW, 150 C 64
8 CICH,CH,CI MnO; (5) 10 MW,150 C 56

5 15, R SN AT 5 10 5 40X i 8 4 i
A549 (R4, Hrh AR URARRCR oW B,
UONFREAR, T 7 Sl AU R A AN W] . 1% Heela i
F, BRABALE AT DA Intb & e HmfE L e
A (1 51N S50 FLAM A 1F FCE ERCR. = MF R
WA G SOT JI R AL AS49 IR FEAIE T 4 2 85 A P R e
I — AL &Y.
1.3 HEYNERMEESHREFISEIER
KHAERKEAE, L 45% BRI R, U
BTG S AN T FISE R I i . S R
AOLEBIFT R, 3R S2)BTl R 04 5 050t S0 R e
TG A — € IR P, TRR R AP Dk e — s
WEAL S, IETEBE, SEAVEXTTR 25 45%A 0k E A 2
FERFEBUR R K I — S nE 45 F vh, R3R R BRI Y
SIN, AR R AR, I 1,6-7 R A
B A B A, A BRI AL S s AL
T Lo-RLAH — AL EA BRI S .

2 Zhig

FIA R R B J7 %, CARNE . BEER AL, itk
WE VSR, 78 70 CHE IR 10 min, HI5FREER
IREEFN 2.k . PR . B85 Knoevenagel 46 & &% T LA
Y) 3a~3h, H—D5 2-GFEOKME B I — B
BN E4T Atwal B Biginelli )N, =R EE] R4
RIS A e . Mt A A, 158 T R
PR, M0 o A 2% K — S s e 284k &4
(P T A BRPETA & AT T HUR B b v
WAR, S5 HRRIA, AV S R S i —
AMRIE Y, BT A X iR 41 i A-549 F1 Hela 3570
A S 4 E .

3 SWEES
3.1  UEESIR

Bruker AC-P600 ZUAZREILIRI(600 MHz), JYH %
TELE(TMS) N FR; FTICR-MS(lonspec 7.0T)%! 5%,
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ESI & FJ; Discover S-Class Tl ft.2% 5 B R Fu(3E
CEM 2 l); SGW-1 X-4 RS s A (R EE TR IE), F
HERE B RV AR A IR A 7], k) ZE 8T - (200~300 H)
J GF254 ¥ 2 ZHTRERCN T Bl A L) = 5. frAat
FAIRN 7025 A [ 7= w33k 1 (Aldrich AT TCI 252 &) 43 M 4l
B AT, eSS4 T VR AL B
3.2 XWHE
321 feddh 5 a9h R

T 10 mL % & HoIn N 75 F /(1) (1.0 mmol) 2k
LR (1.2 mmol, 156 mg). WEREE(1.0 mmol, 85 mg).
EEE(3 mL)- BEER(0.3 mmol, 18 mg) ¥y AR 4> 1. Tk
SR, 70 CHAF N 10 min, WEIE S, TR,
FREE Y & AL, Kk, ORI Kk, KR

LAY 3 KL 2-Z R DK AR R £5(1.2 mmol, 158 mg).
To/KEEBR4(1.2 mmol, 98 mg) & DMF (3 mL)IIAZ] 10
mL O E T, MO ES R 120 CHE N 10 min, ¥
HZE R, RS, YA 2R E LS SR A
5, WK 53~91%.

7- Ff 3 500K B -6- £ G 3 45,8 Ak e 5
[1,2-a]50E(5a): P25 78%, K EAEA. mp. 187.1~
188.5 “C; 'H NMR (CDCls;, 600 MHz) d: 7.22~7.31 (m,
5H, ArH), 6.73 (d, J=1.8 Hz, 1H, CH), 6.47 (d, J=1.2
Hz, 1H, CH), 6.20 (s, 1H, CH), 4.01~4.08 (m, 2H, CH,),
2.56 (s, 3H, CH3), 1.14 (t, J=7.2 Hz, 3H, CH3); *C NMR
(CDCls, 150 MHz) d: 14.1, 19.0, 37.5, 44.7, 62.5, 71.0,
110.8, 120.5, 123.2, 128.7, 129.1, 129.3, 152.4, 172.1,
196.4; HRMS caled for C;sH{;N;0, 283.1321, found
283.1325.

7-HHE-5-(4- A K -6- LA PR 3E-5,8- AUk 5
[1,2-a]¥BE(Sb): P23 91%, KA. mp. 1923~
193.7 “C; "H NMR (CDCls;, 600 MHz) d: 7.22~7.26 (m,
4H, ArH), 6.74 (d, J=1.8 Hz, 1H, ArH), 6.44 (s, 1H, ArH),
6.18 (s, 1H, ArH), 4.02~4.10 (m, 2H, CH,), 2.55 (s, 3H,
CH;), 1.16 (t, J=7.2 Hz, 3H, CH;); HRMS calcd for
C16H16CIN;0,317.0931, found 317.0927.

7-FHJE-5-(4-H 2K 3E)-6- £ 5 I 2 -5,8- A DKM I
[1,2-a]®E0E(Se): 723 83%, ¥R A&, mp. 200.0~
200.5 ‘C; "H NMR (CDCls, 600 MHz) d: 7.21 (d, J=6.0
Hz, 1H, ArH), 7.11 (d, J=6.0 Hz, 1H, ArH), 6.49 (s, 1H,
CH), 6.19 (s, 1H, CH), 4.07 d, J=5.4 Hz, 2H, CH,), 2.57
(s, 3H, CHy), 2.33 (s, 3H, CH3), 1.19 (t, J=6.6 Hz, 3H,
CH;); HRMS caled for Ci;H;)N;O, 297.1477, found
297.1472.

7- - 5-(2- - 6- S A L) -6- 258 H Bk FE-5,8- AUk

Chin. J. Org. Chem. 2018, 38, 3278~3285
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M I [1,2-a] 5 BE (S5d): 722 80%, & B (A [H 4. m.p.
238.5~239.2 °C; "H NMR (CDCls, 600 MHz) 6: 7.17~
7.18 (m, 2H, ArH), 6.91~6.94 (m, 2H, ArH, CH), 6.75 (d,
J=1.8 Hz, 1H, CH), 6.47 (s, 1H, CH), 4.02~4.04 (m, 2H,
CH,), 2.55 (s, 3H, CH3), 1.10 (t, J=7.2 Hz, 3H, CH,);
HRMS caled for C;¢H;sCIFN;O 335.0837,
335.0843.

7-F3E-5-(2- S L )-6- LA F LA -5,8- A kM I
[1,2-a]¥50E(Se): 72% 87%, R B EA. mp. 236.8~
236.9 ‘C; 'H NMR (CDCls, 600 MHz) J: 7.28~7.39 (m,
2H, ArH), 7.18~7.23 (m, 2H, ArH), 6.81 (s, 1H, CH),
6.73 (d, J=1.2 Hz, 1H, CH), 6.70 (d, J=1.2 Hz, 1H, CH),
3.97~4.05 (m, 2H, CH,), 2.63 (s, 3H, CH3), 1.08 (t, J=
7.2 Hz, 3H, CHj3); HRMS caled for C;¢H;cCIN;O,
317.0931, found 317.0927.

7-F3-5.(2,6- A R IL)-6- 25 L FE-5,8- Ak
W [1,2-a] 5 BE (5F): 7= % 84%, & B8 4 [ /K. m.p.
268.4~269.8 ‘C; 'H NMR (CDCls, 600 MHz) 8: 7.37 (d,
J=8.4 Hz, 1H, ArH), 7.25 (d, J=8.4 Hz, 1H, ArH), 7.16
(d, J=6.6 Hz, 1H, ArH), 7.15 (d, J=7.8 Hz, 1H, ArH),
6.77 (d, J=1.8 Hz, 1H, ArH), 6.41 (d, J=1.8 Hz, 1H,
ArH), 3.97~4.06 (m, 2H, CH,), 2.54 (s, 3H, CHs), 1.07 (t,
J=17.2 Hz, 3H, CH3); HRMS caled for C;sH;sC,N;0,
351.0541, found 351.0545.

7-F FE-5-(2- T 3L 2R I )-6- 258 I 2 -5,8- K
H1,2-a]0E(5g): 77 F 80%, FHAHEE. mp. 256.5~
258.0 ‘C; 'H NMR (CDCL, 600 MHz) d: 7.79 (d, J=7.2
Hz, 1H, ArH), 7.49~7.53 (m, 2H, ArH), 7.36~7.39 (m,
1H, ArH), 6.93 (d, J=1.8 Hz, 1H, CH), 6.86 (s, 1H, CH),
6.78 (d, J=1.8 Hz, 1H, CH), 3.94~4.01 (m, 2H, CH,),
2.60 (s, 3H, CH3), 1.03 (t, J=7.2 Hz, 3H, CHs;); HRMS
caled for CigH;6N4O4 328.1172, found 328.1176.

7-H HE-5-(2-PR I 5L )-6- £ 58 FH L 4L -5,8- A kM
[1,2-a]M5BE(5h): P2 53%, LEOEEK. mp. 197.1~
198.4 ‘C; 'H NMR (CDCl;, 600 MHz) 6: 7.29 (s, 1H,
CH), 6.75 (s, 1H, CH), 6.70 (s, 1H, CH), 6.30 (s, 1H, CH),
6.25 (s, 1H, CH), 6.17 (s, 1H, CH), 4.05~4.17 (m, 2H,
CH,), 2.57 (s, 3H, CHy), 1.17 (t, J=7.2 Hz, 3H, CH,);
HRMS calcd for C14H,sN;0; 273.1113, found 273.1108.
3.22 AT 89A R

B A3 (1.0 mmol). 3-&3E-1,2,4- =M(1.2 mmol,
101 mg) % DMF (3 mL)JIAZ] 10 mL s o, e
BT, 160 CEE M 15 min, AHZEEE, WK,
B AR FH 5 TRk B 45 R AL & 7, IR 53~91%.

5- -7 2R H-6- LA B HE-4,7- [ 1,2,4] =M IF

found
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[1,5-a]W& BE (Ta): 7= % 78%, H @A, mp. 201.1~
204.5 C; 'H NMR (CDCl;, 600 MHz) §: 7.62 (s, 1H,
CH), 7.34 (d, J=7.2 Hz, 2H, ArH), 7.32 (d, J=7.2 Hz,
2H, ArH), 7.26 (d, J=1.8 Hz, 1H, ArH), 6.43 (s, 1H, CH),
4.02~4.11 (m, 2H, CH,), 2.58 (s, 3H, CHs), 1.12 (t, J=
7.2 Hz, 3H, CH;); HRMS calcd for Cy5H¢N4O, 284.1273,
found 284.1269.

5-F L -7-(4- A )-6- 258 F I 3L -4,7- —&[1,2,4]
=M IE[1,5-a] BEBE (Th): =% 55%, H K. mp.
256.1~257.4 ‘C; "H NMR (CDCl;, 600 MHz) §: 7.65 (s,
1H, CH), 7.29~7.32 (m, 4H, ArH), 6.43 (s, 1H, CH),
4.08~4.12 (m, 2H, CH,), 2.61 (s, 3H, CH3), 1.17 (t, J=
7.2 Hz, 3H, CH;); HRMS caled for C;sH;sCIN,O,
318.0884, found 318.0880.

5-FBE-7-(4-FH 2K 3E)-6- 58 R 4 -4,7- —&([1,2.4]
SMEI[1,5-a]BEBE (Te): PR 68%, ¥R AR, m.p.
213.1~217.8 °C; "H NMR (CDCl;, 600 MHz) §: 7.65 (s,
1H, CH), 7.28~7.30 (m, 1H, ArH), 7.24 (d, J=7.8 Hz,
2H, ArH), 7.13 (d, J=7.8 Hz, 2H, ArH), 6.41 (s, 1H, CH),
4.09 (q, J=7.2 Hz, 2H, CH,), 2.59 (s, 3H, CH3), 2.32 (s,
3H, CH3), 1.17 (t, J=7.2 Hz, 3H, CHs); HRMS calcd for
C16H1sN40, 298.1430, found 298.1426.

323 adh 8 694k

T 5 mL IEE I 281 mg (1 mmol)fb &4 5a,
870 mg (10 mmol) A b4k, 3 mL 1,2- & L%E, 415 mg
AR ST, B R 80 C M 10 min. T JE, he#E
ABRIER, FRMEREET B VCAME) @ LR L
fE)=2 : 11134EY) 8a. ZHULTTETRHEY) 8b~
8h, F 10~17%.

7- H HE 50K B -6- £ S T S K M T [1,2-a] W E
(8a): F 15%, AMEA. mp. 1102~111.7 C; 'H
NMR (CDCl;, 600 MHz) 6: 7.73 (d, J=1.2 Hz, 1H, ArH),
7.58~7.63 (m, 3H, ArH), 7.52 (dd, J=1.8, 7.8 Hz, 2H,
ArH), 7.25 (d, J=1.8 Hz, 1H, ArH), 4.08 (q, J=7.2 Hz,
1H, CH,), 2.74 (s, 3H, CH3), 0.95 (t, J=7.2 Hz, 3H, CH;);
*C NMR (CDCl;, 150 MHz) 6: 17.8, 22.2, 65.3, 120.2,
121.8, 123.0, 123.0, 133.2, 123.3, 130.9, 132.8, 132.9,
154.7, 168.4, 171.5, 196.0; HRMS calcd for Ci¢H;sN;0,
281.1164, found 281.1160.

7- -5 (4- R 5 )-6- £ IR R K [ 1,2-a] W
E(8b): FEFE 11%, HEEA. mp. 88.7~90.3 C; 'H
NMR (CDCls, 600 MHz) §: 7.72 (s, 1H, ArH), 7.60 (d, J=
8.4 Hz, 1H, ArH), 7.54 (t, J=7.2 Hz, 1H, ArH), 7.45 (t,
J=17.8 Hz, 1H, ArH), 7.35 (d, J=7.8 Hz, 1H, ArH), 6.94
(s, 1H, ArH), 4.06 (q, J=7.2 Hz, 1H, CH,), 2.77 (s, 3H,
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CH;), 0.94 (t, J=7.2 Hz, 3H, CH;); HRMS calcd for
C16H14CIN;0,315.0775, found 315.0779.

7-F JE-5-(4-H 2R 3 )-6- £ 58 R SR DK e I [ 1,2-a ] W%
E(8c): “F 12%. 'H NMR (CDCls, 600 MHz) J: 7.72 (d,
J=12 Hz, 1H, ArH), 7.41 (d, J=8.4 Hz, 2H, ArH), 7.39
(d, J=8.4 Hz, 2H, ArH), 7.27 (d, J=1.2 Hz, 1H, ArH),
4.11 (q, J=7.2 Hz, 2H, CH,), 2.72 (s, 3H, CH3), 2.49 (s,
3H, CH;), 1.01 (t, J=7.2 Hz, 3H, CH3); HRMS calcd for
Cy7H,7N30,295.1321, found 295.1326.

7- F K -5-(2- R -6- SR FR )-6- £ G F B S5 Ik ek g
[1,2-a]W% g (8d): 77K 14%, AEEAAK. mp. 119.4~
120.8 ‘C; '"H NMR (CDCls, 600 MHz) §: 7.79 (d, J=1.8
Hz, 1H, ArH), 7.56~7.60 (m, 1H, ArH), 7.45 (d, J=8.4
Hz, 1H, ArH), 7.25 (t, J=8.4 Hz, 1H, ArH), 7.00 (s, 1H,
CH), 4.14~4.19 (m, 2H, CH,), 2.86 (s, 3H, CH3), 1.03 (t,
J=17.2 Hz, 3H, CH3); HRMS calcd for CicH;;CIFN;0,
333.0680, found 333.0685.

7-FH 5L -5-(2- SR FE)-6- 258 FH It SE DK I 1,2-a ] %
E(8e): =& 12%, '"H NMR (CDCls, 600 MHz) d: 7.66 (s,
1H, ArH), 7.54 (d, J=8.4 Hz, 1H, ArH), 7.49 (t, J=8.4
Hz, 1H, ArH), 7.39 (t, J=7.8 Hz, 1H, ArH), 7.29 (d, J=
7.8 Hz, 1H, ArH), 4.00 (q, J=7.2 Hz, 1H, CH,), 2.72 (s,
3H, CH3), 0.86 (t, J=7.2 Hz, 3H, CHs); HRMS calcd for
C16H14CIN;0,315.0775, found 315.0771.

7- F 2 -5-(2,6- AU AR Sk )-6- £ A T B Ak K I O
[1,2-a] W0 (8F): 723K 10%, HEA. mp. 134.6~
135.8 C; '"H NMR (CDCls, 600 MHz) &: 7.80 (d, J=1.8
Hz, 1H, ArH), 7.50~7.56 (m, 3H, ArH), 6.93 (d, J=1.2
Hz, 1H, CH), 4.16 (q, J=7.2 Hz, 1H, CH,), 2.88 (s, 3H,
CH;), 1.01 (t, J=7.2 Hz, 3H, CH;); HRMS calcd for
C16H3CLN;0, 349.0385, found 349.0381.

7- L -5-(2- i FE 2R Ik )-6- £ % T I B K e 3 (11,2-a]
BELE(8g): FEF 12%, HIEA. mp. 129.5~130.2 C;
'H NMR (CDCl;, 600 MHz) J: 8.41 (t, J=1.2 Hz, 1H,
ArH), 7.87~7.89 (m, 1H, ArH), 7.83~7.86 (m, 1H, ArH),
7.74 (d, J=1.8 Hz, 1H, ArH), 7.44 (t, J=12 Hz, 1H,
ArH), 7.28 (s, 1H, ArH), 6.84 (d, J=12 Hz, 1H, ArH),
4.00~4.06 (m, 2H, CH,), 2.80 (s, 3H, CH3), 0.94 (t, J=
7.2 Hz, 3H, CH;); HRMS caled for C¢H4N;40,326.1015,
found 326.1012.

7- -5 (2- W g 35 )-6- £ B8 FE R S K A - [ 1,2-] W
BE(8h): 2 17%, AMER. mp. 1243~125.6 C; 'H
NMR (CDCls, 600 MHz) 6: 7.88 (s, 1H, ArH), 7.84 (s, 1H,
ArH), 7.74 (d, J=1.2 Hz, 1H, ArH), 7.12 (d, J=4.8 Hz,
1H, ArH), 6.72 (dd, J=1.2 Hz, 3.6 Hz, 1H, ArH), 4.36 (q,
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J=7.2 Hz, 1H, CH,), 2.69 (s, 3H, CH;), 1.29 (t, J=7.2
Hz, 3H, CH;3); HRMS caled for C;4H;3N30; 271.0957,
found 271.0963.

3.2.4 b9 8Lk

T 5 mL U E A 318 mg (1 mmol)it &4 7Ta,
870 mg (10 mmol) ~ A L4, 3 mL 1,2- ~F LKe, Wil
BIR 150 “C/RB 20 min. i3E, HefsEZKRRAER, R4
ZREEN B VA E) © MR ) =3 1154
V) 9a. R ESRED) 9b Fl 9¢, IR 62%~
84%.

5-FR-7- DR B -6- A IR E-[1,2,4] = M I 1,5-a]
BEE(92): P23 64%, FEA. mp. 109.2~109.6 C;
'H NMR (CDCls, 600 MHz) J: 8.46 (s, 1H, ArH), 7.66 (d,
J=17.8 Hz, 2H, ArH), 7.56~7.63 (m, 3H, ArH), 4.14 (q,
J=17.2 Hz, 2H, CH,), 2.80 (s, 3H, CH;), 0.99 (t, J=7.2
Hz, 3H, CH;); HRMS caled for C;sH,N40, 282.1117,
found 282.1123.

5- 1 3k 7-(4- B 3k )-6- 258 R JE-[1,2,4] = M JF:
[1,5-a] ¥ BE (9b): P2 62%, HEE K. mp. 77.6~
78.6 ‘C; 'H NMR (CDCls, 600 MHz) d: 8.46 (s, 1H, ArH),
7.63 (d, J=8.4 Hz, 2H, ArH), 7.56 (d, J=8.4 Hz, 2H,
ArH), 4.19 (q, J=7.2 Hz 2H, CH,), 2.79 (s, 3H, CHj),
1.08 (t, J =72 Hz, 3H, CH;); HRMS calcd for
CysH,3CIN4O, 316.0727, found 316.0733.

5-F 3L -7-(4- F 2R 3 )-6- £ 580 BE 2 -[1,2,4] = M I
[1,5-a]"1E9¢): P25 84%, #aifA. '"H NMR (CDCl;,
600 MHz) §: 8.42 (s, 1H, ArH), 7.55 (d, J=8.4 Hz, 2H,
ArH), 7.36 (d, J=7.8 Hz, 2H, ArH), 4.15 (g, J=7.2 Hz,
2H, CH,), 2.76 (s, 3H, CH;), 2.44 (s, 3H, CH3), 1.02 (t, J=
7.2 Hz, 3H, CH3); HRMS calcd for.CisH sN,O, 296.1273,
found 296.1278.

325 @A MER

B0 IR 241 B 7544 SR G A Mosmann’s MTT Ze
e, BAREAEWTT: T 96 FLAREFI 4 AR, 90
ul/FL, ZHAREERE 2X 104 AN/mL, 37 C, 5% CO, W FEH)
B R B 32 0, 0 10 pL/FLAR R FE 2591 (100
umol/L), #k&E1%5F 44 h, il MTT 10 uL/fLE53% 4 h, M
ERFRAETRECH, B BIEW, I DMSO 100 pL/fLiFf#
MTT, W& 570 nm ¥ MR OD H, AL
(ODeontrot — ODreated)/ODeontrot X 100% 1 EL 1] 2.

3.2.6  FRAE R 69 ] E M X

O30 SRR A2 A1 3 PR AR A s 2 vk, BRI
XTHRA A 45% A%, MdlZE AR JIH 2 (%)=
[ R R 4l K — A FE R VR 2l AR K &)/ IR ali A K
F1X100%.
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45 Bh#1 $}(Supporting Information)

v AL & P i)

'H NMR &, C NMR i &(5a F1 8a), L&) 5 17
RSN EEPE LR 5, (hEW 5 AN 7 I3 B 140
WS R 6. 3X ek kL AT DL A 3 N AS T R ik
(http://sioc-journal.cn/) I N %K.
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