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TR FEM S AEF[1,2-a) 8 Ne T E MR & B R HHNEE 1

BN B BN FE T e
Boge Fape

R RS MOREL B E R E SRR E  BRE 150040)
CEIITHEA RSB BIREE 150040)
CMRIERL R TR R/RIE 150040)
IR TR 4R 121003)

W FIH Thorpe-Ziegler [N, it 2-50 I F-4H-MEIE FE[1,2-a] W5 0E-4-BR5 257328 S 3R H145 2-3-F &K IF
WE Y -2 - )- 4 F- I IE - [1,2-a] W BE B, 4k 1T 72 R MR /E F R, 3L Pictet-Spengler M, Weit& il 18 IR J M) I
[3',2':2,31MERE FF[4,5-d MERE [ 1,2-a]BERERT AW, WIS ME IGEIRIE R A, MIREEA 50 mg/L i), LAY Sb X5 K%
975 T A1 /N 22 7% B 05 TR PRI P01 2R 08 96% LA -, S S B A2 975 11 ) P12 98%, S A1 Si ot R . 71 AL 973 B () 4111l %R 0K 93%
PLE.

RBER ENEIF[1,2-a)MENE; SRIFIEEYY; 2-37 35 K I, Pictet-Spengler M AR, TG

Synthesis and Fungicidal Activity of Novel Benzothiophene-Fused
Pyrido[1,2-a]pyrimidine Derivatives

Xu, Jiao™*? Ma, Ling™ Liu, Xiubo” Ma, Wei*** Ma, Yan® Wang, Daolin**
(“ State Key Laboratory of Tree Genetics and Breeding, Northeast Forestry University, Harbin 150040)
(® College of Pharmacy, Heilongjiang University of Chinese Medicine, Harbin 150040)
(“School of business administration, Harbin University of Commerce, Harbin 150040)
(! College of Chemistry and Chemical Engineering, Bohai University, Jinzhou 121003)

Abstract A series of novel benzothieno[3',2":2,3]pyrido[4,5-d]pyrido[1,2-a]pyrimidines are prepared via Pictet-Spengler
reaction of 2-(3-aminobenzothiophene-2-yl)-4H-pyrido[1,2-a]pyrimidin-4-one using sulfamic acid as a catalyst, which in turn
were obtained from the Thorpe-Ziegler isomerization of 2-(chloromethyl)-4H-pyrido[ 1,2-a]pyrimidin-4-one with 2-mercapto-
benzonitrile. The structures of the products were characterized by FT-IR, 'H NMR, *C NMR spectra and elemental analysis.
The fungicidal activities of the prepared compounds were also preliminarily evaluated. For example, 5b exhibited more than
96% inhibition rate to Botrytis cinerea and Gibberella zeae at 50 mg /L, Sf exhibited 98% inhibition rate to Sclerotonia sclero-
tiorum at 50 mg/L, and Sg, 5i exhibited more than 93% inhibition rate to Alternaria alternata at 50 mg/L.

Keywords pyrido[1,2-a]pyrimidine; benzothiophene; 2-mercaptobenzonitrile; Pictet-Spengler reaction; synthesis; fungicidal
activity
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T, FRIMEM VR 9 25 R I — TR A 2 ) B
Je, W RS B A R A MRS, B A Rk
T8 700, AT AT 241 OV i 2 S A Y A U A A
B IRFEE AL B WII — L0 25, I Bt MEBR 24K
W 70 B U 2F (Raloxifene)!™, VA 97 B2 i ) 3 =0 4E
W& AN 70 55 B9 38 (Zileuton)! T DA K A1) 22 A S A
A8 P 470 L 1 75 s PR % ftb BRE P (Sertaconazole)! 145, 7E I
RIGTT R L.

NI E A A PR S TR ARG, MR bk
AL R 2 AR VAR AL, S48 B VS 1 s e SR AL S H
mEE. BIER ST, RIS, T
B A B AEYEER A, B, BATULZ HmEng
TN %, N Pictet-Spengler [ I i B £ i 1 WE
MRLhSad e IR I L PY, ke iy U1 3e) g 2 - gy A
AR EY). N T SR EA T S T e 2R
B, AL 2-50FF -4 H-nE g R [1,2-a W50 B N S B
JRAD, Wt RV S A P IR B, BT IZ A
5P (1 2 P 1y AR I i e v S o e PR AR RS B, R
Tk 2 I B A PRI PLL I 5 [ 1,2-a) W e T 2E W B T VS,
T IARE IR B L 100 01 9 M 110 1 g 9T A 8 45 W Ak &R
(Scheme 1).

RCHO (4)
—_—
NH,SO3H

5a ~ 5k

5a, R =CgHs; 5b, R =4-MeCgH,; 5¢, R =2-MeOCgH4; 5d, R=
3-MeOCgHs; 5e, R=4-MeOCgHs; 5f, R=3,4-(MeO),CeH3; 59, R=
2-HOC6H4; 5h, R:4-HOC6H4; 5i, R:4-C|CGH4; 5j, R:4-02NCGH4; 5k,
R=2-Furyl

B 1 BN e 7 AR S LA s 2

Scheme 1 Synthetic route of novel pyrido[1,2-a]pyrimi- dines
1 HBR5WR
1.1 sk 3 K& R

Thorpe-Ziegler Ak 2 W1V il # 24 3K 1k &4 22
MR 2 —. AR TAEBH A5 A3 250 T -4 H- Mg I
[1,2-a]msneFR (1) Bl R, TERRIREIE T T, i
5 25K HE(2)I Thorpe-Ziegler PAb [ B, Bl ]

A IO AR 0 B A 2-(3- B HE IR R Iy -2-
-4 H-MEE FF[1,2-a]EWE B (3) (Scheme 1).

Chin. J. Org. Chem. 2018, 38, 1680~ 1686

1.2 BHUEY5NEK

S IR R (Sulfamic acid, SA, NH,SO;H) 2 H WL &
AL, EBRATRI SRR A I R B, %A
TG BE R A LAV & oA & R E .

RFE—LT RTENE, UL SA ARFIER T
2-(3-B FE I I E Wy -2- 3 )-4 H-MH W T 1,2-a ] MEIE R (3) 5
K HI%(4a)1] Pictet-Spengler N PERE. SZUG4E R LR
1 AE S SIS FR A, A 750 P FH 8 R S 3 B 6T I 5%
MK, H24 SA RN 10 mol%, £ 120 CH =4
W 35 B 5% = (86%) (Entry 2). 38 I 4k 7 F 8 (15
mol%) LA KT+ =1(130 C)EfFR(110 C)R SR, 74
Wt % 547 BT IS (Entries 3~5). [FIN), %87 I3,
EtOH. HOAc % J N3 71X Z S B ) 5 W (Entries 6~ 8).
R INZ S E DMF ATHOAc A ] JRAIHEAT, {HE HOAc
ORI A, 4k, AR Ee RS, B T X
FE R T PR (p-TsOH) Fll = 350 £ B2 (TFA) X 1% J 8L 1) 52 i)
(Entries 9, 10). k¥ LA ESEIRZE R, £+ SA (10 mol%)
AT, DMF {E R, 16120 C Rt T, fEoNiEx
NEIRAL A (Entry 2).

K1 A4S Sa B &AF AL

Table 1 Optimization of the reaction conditions for the synthe-
sis of Sa

Entry Catalyst (mol%) Solvent Temp./C Time’h Yield/%

1 SA (5) DMF 120 20 61
2 SA(10) DMF 120 9 86
3 SA(15) DMF 120 9 85
4 SA(10) DMF 130 7 79
5 SA (10) DMF 110 13 78
6 SA(10) Toluene 110 19 54
7 SA(10) HOAc 120 12 83
8 SA(10) EtOH 80 22 52
9  p-TsOH(10) DMF 120 10 78
10  TFA (10) DMF 120 8 72

© 2018 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 3a (1.0 mmol), benzaldehyde (4a, 1.0 mmol), solvent
(25 mL); ? Reaction progress monitored by TLC; ¢ Isolated yield.

7E LA BRI R BE 64T, X6 2R H ey B R Lk i
IH[1,2-a] W RE KATAEVIS) & BT TR S (3R 2).

MEL ERBZERER 2) T LA H, £ SA /EHTF,
2-(3- B FE T I BE Wy -2-FE ) -4 H-IH 0 T 1,2-a] 5 BE R (3) 5
75 75 i (4)7E Pictet-Spengler W H B H 55 5 1) S B v
PE: w2 FEEARL ESAH R TIUIE(Me. OMe.
OH) (Entries 2~8), /&AW T HURIE(CL. NOy)
(Entries 9, 10)iZ [ N #S LURF AT, 53] R IR
(75% ~ 89%). 53 &b, Z% ¥ 757 M (h I A 1 Wy -2- H
1% )(Entries 11, 12)PA K& i 7 B% (Entries 13, 14){E1%5 R B
rht 2 I R B R e SPE RE(70%~T7%).
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K2 ALEWS SR ] f A
Table 2 Reaction times and yields of the products 5

Entry  Product R Time’h  Yield’/%
1 52  CeH; 9 86
2 5b  4-MeCgH, 9 82
3 5¢  2-MeOC¢H, 10 79
4 5d  3-MeOCgH, 8 84
5 5¢  4-MeOC¢H, 8 85
6 5f  3,4-(MeO),CeH; 7 89
7 55 2-HOC¢H, 8 80
8 5h  4-HOCeH, 7 83
9 5i 4-CIC¢H, 10 78
10 5j 4-NO,C¢H, 12 75
11 5k 2-Furyl 11 73
12 51 2-Thienyl 12 77
13 5m  Et 15 72
14 Sn n-Pr 15 70

“Reaction progress monitored by TLC; ? Isolated yield.

1.3 B#rit&4 5 KUK IEHHE

Hirtb & 5 45458 IR, 'THNMR. *C NMR Al
JLEHTHN. 1EiZRFMEEIR) 'H NMR &K, 1
AR R TAC AR BT 6 1.24~4.38, K IFHEM)F
B [P IE FE[1,2-a M5 e B 44 PR 25 4 1k &R R 3R ik i |
SIAERI RS A 0 7.79~9.55; C NMR i & s
WE P B i PR A 2 #2 R EWAE 6 151~165; {E 6 103~
165 HY B 2% IF 1wy I [3',22,3] mtk mE - [4,5-d] i It

[1,2-a]WEWEHR AR 5 AR R R 3 0 17 MRl TR

PR, RILE 1669~1690 cm ™ PH I H FI s g i 3k
B AR AR IR SIS, S Ak, JCER 20 BT RO SE i g 5
Wit FAE S — 8, s T B S S5 4.

1.4 BfritEa9 5 B BHE
AR DL b SE A5 5 % S AT B 7T e AL B
W ZEBAER T, 2-50 3 -4H-REBE H[1,2-a] ¥ 0E BH

H
O/ \© Base
Sn2-substitition

N
C
/;f?@ o
N
o A

Thorpe-Ziegler

(D5 2-FERT G AL B 2] S-Ied b =4
A, RG24 Thorpe-Ziegler M. FHfL, TR EEH
(A4S 2-(3- 3 Jk 2 R Wy -2- J5 ) -4 =ML E [ 1,2-a] W5 g
(3), FETERRMEAILT Pictet-Spengler [N T, S5k(4)idt
1T, 193] P-S B H) D, e &85 2 iR 4™
Y. RIFEEWY IE[3',2':2,3]0EE T [4,5-d] L E F[1,2-a]
WEATAEYD 5 (Scheme 2).
1.5 MEEMITEN

A R H AR A0 Sa~5n 3T T H0HE Y H
(e PRI, LA K B2 B (Botrytis cinerea) /N7
% Wi i (Gibberella zeae) M =% # 1% i B (Sclerotonia
sclerotiorum) F Nl 5 7% B2 B (Alternaria alternata)
AR SR SRR FRIARE, WA E N 25, 50 pg/mL.
228 R i BAR, BRI E MR, B
FPE N EI BEAR, Rl DU A S S|
A, MRZE IR L3 300 B 247704 H B 7 (chlorothalonil)].

WY HEE=wE P EA —HUFER

I Z(%) = W R B VR 3 B B AR — A B B T B

HEAR)/O BB &3 HUEAR) X 100%.

DL RS R B, H AR &% IR0 i R B H
— MBI ENE. MRS 50 ng/mL i, LS
WIREAS [ 10955 8 A BB R BEVE RIS M, 0 Sb X 3%
JIIK B399 T R /INZ 7R 2998 B T Akl 638 7E 96% LA |, Sf
o VI SR T K% 0 B P31 2R R 98%, S 1 5 Xof 1K 5 o S 9
B MR AE 93% LA F, [F)0 B8 245 70) 4 B 1 i A AR B v
PEAR 25 BRI EE N 25 pg/mL I, L&Y E IS
PEAE, SXEAHE WG, &FEE. 54, %
A 75 R B L (R L E FF[1,2-a] W IE AL S 1) Sa~ 51 4T B
T 1 v T e S UL A ) Sm i S

H*/RCHO (4)

reaction

C(N £
e
NH <—— C( \’ NH*
R Pictet-Spengler (

c reaction B

B2 B BUAENE IR [1,2-a] W0 Al S I B LR HE D

Scheme 2 Probable mechanism of synthesizing novel pyrido[1,2-a]pyrimidines
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&3 AW S BPERE PEANHEE/%)

Table 3 Fungicidal activity (inhibition rate/%) of compounds Sa~5n

Botrytis cinerea

Gibberella zeae

Sclerotonia sclerotiorum Alternaria alternata

compound 25 pg/mL 50 pg/mL 25 pg/mL 50 pg/mL 25 pg/mL 50 pg/mL 25 pg/mL 50 pg/mL

5a 46 76 42 69 38 72 45 74
5b 77 98 65 96 57 79 26 72
5¢ 42 74 43 72 31 69 41 78
5d 31 64 28 75 47 82 38 80
Se 28 75 34 67 29 80 24 71
5f 53 81 41 72 64 98 31 68
5g 29 60 37 78 49 71 59 95
5h 56 73 46 69 28 87 37 78
5i 47 78 26 75 36 63 52 93
5§ 48 79 33 68 37 64 44 80
5k 35 63 41 74 26 72 33 64
51 36 57 30 69 34 67 34 56
5m 26 42 29 52 26 41 16 28
5n 49 49 23 47 17 38 13 37

Chlorothalonil 83 98 76 94 79 98 86 96

2 Zig 155.6.

L 2- G -4 H-EE TR 1,2-a]WENE B 5 2-5 550K
G Thorpe-Ziegler ¥ 1k, K HIFLF=HIH Pictet-
Spengler N, Wit& H T — RIH AL I BN B & 1)
MERE I [1,2-a] W5 BE RATAN; ZE ROTEER S5
RLS&ATIRAT . BRAETIE; RN #HE T Pictet-Spengler [
RIAER RIS A BT R, s B e K &4
& R A 1T 5 S RS, B T H AR S YR
R 0 TR 1, A A B P R I B T B E E
BA LA mA.

3 XIS

5T

J& RO WRS-1B U718 s G /8, 8 mUR B IE

NMR ] Bruker DPX-400 MHz ¥ BEFEHR G 52, 7Y 3

TELE N FF; IR A BIO-RAD FTS-40 A 37 - A5 4641

736G E, KBr v MS SR A ZAB-HS A5t

W5E; JEEHTH Vario EL Jug AT, B Ak

38109 53 W AR R g R SR 7 v B

3.2 LWHE

32,1 2-F Y HE-4H- g H[1,2-a]"E 2 BA(1) 69 H] &
FRIEOSCER[171077%, DA 2-ZEMENEFl 4-5 4k 4%

LR IR BLE R, TE 2 R T RIS CE 72%).

mp. 172~ 174 C (X #RE": 170 C); 'H NMR

(CF;CO,D, 400 MHz) 6: 4.68 (s, 2H), 6.85 (s, 1H), 7.85~

7.86 (m, 1H), 8.15~8.17 (m, 1H), 8.55~8.56 (m, 1H),

9.33~9.34 (m, 1H); *C NMR (CF;CO,D, 100 MHz) ¢:

38.7, 102.1, 117.8, 121.0, 129.6, 146.4, 146.6, 153.2,

3.1

Chin. J. Org. Chem. 2018, 38, 1680~ 1686
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322 2-(3-AM R IHEp-2-H)-4H-Z H[1,2-a]"5
"2 BR(3) &9 H &

¥ 2- G H B -4H-MEE FE[1,2-a] B RERR (1) (1.94 ¢,
10.0 mmol). 2-FiE A E(2) (1.35 g, 10.0 mmol), JE/K
TREZHH(2.76 g, 20.0 mmol), JIAZE| DMF (25 mL),
100 ‘C N5 h (TLC ¥ =B, WHIE =R, BN
W NIK(GS0 mLyF, i3E. Kk, BRI, T,
DMF 45 5, 153/ a4k 300K 85%). #{ a4l i, m.p.
>300 ‘C; 'H NMR (CF;CO,D, 400 MHz) §: 7.01 (s, 1H),
7.86 (d, J=7.2 Hz, 1H), 7.93~7.95 (m, 3H), 8.05 (d, J=
8.8 Hz, 1H), 8.49 (d, J/=8.8 Hz, 1H), 9.26~9.27 (m, 1H),
9.37~9.38 (m, 1H); *C NMR (CF;CO,D, 100 MHz) ¢:
102.4, 118.9, 120.3, 121.5, 124.2, 125.7, 128.8, 129.0,
131.1, 132.3, 133.6, 138.7, 142.4, 145.5, 146.9, 154.7; IR
(KBr) v: 3401, 3342 (NH,), 1673 (C=0) cm '. Anal.
calcd for C;¢H;;N;0S: C 65.61, H 3.78, N 14.32; found C
65.70, H 3.80, N 14.31.
323 R ARy H[3,2':2,3] it vE HF [4,5-d] ot vE S
[1,2-a]"E 2 BR(5) &9 & A%,

GO IR: W 2-B-F IR Ey -2-F5)-4 H-
M IE FH[1,2-a]EBE R (3) (1.0 mmol). #(4) (1.0 mmol).
FHETEPR(0.1 mmol), JIAZE] DMF (20 mL)+, 120 ‘CF
SS(TLC WfE e ). RN E, AR =R, Hk
P NIK(25 mLyH, 3 E, SR, T4, DMF
Hahdn, [EIHFMLED S.

6- 7K IS H- 2R FFBEWY 3 [3',2":2,3] ML e I [4,5-d] itk i
IH[1,2-a) W50 (5a): ¥ (45 5, mp.>300 C; 'H NMR
(CF5CO,D, 400 MHz) 6: 7.63~7.65 (m, 4H), 7.77~7.79

1683
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R

(m, 2H), 7.88~7.90 (m, 1H), 7.96~7.97 (m, 1H), 8.21 (d,
J=8.0 Hz, 1H), 8.36 (d, J=8.0 Hz, 1H), 8.63 (d, J=8.0
Hz, 1H), 8.71~8.73 (m, 1H), 9.29~9.31 (m, 1H); "*C
NMR (CF5CO,D, 100 MHz) §: 103.9, 113.2, 118.1, 121.5,
1232, 123.7, 123.8, 126.2, 127.7, 127.8, 128.9, 129.0,
131.3, 132.6, 134.0, 142.9, 144.5, 147.1, 150.0, 151.1,
158.5; IR (KBr) v: 1669 (C=0) cm '. Anal. calcd for
C,;H5N;0S: C 72.80, H 3.45, N 11.07; found C 72.91, H
3.46, N 11.09.

6-(4- 5k O )-S5 H- 2R I M wy FF[31,2":2,3] Mt BE I
[4,5-d]MHIE FE[1,2-a]5 BE B (5b): m.p.>300 C; '"H NMR
(CF;CO,D, 400 MHz) d: 2.87 (s, 3H), 7.83~7.87 (m, 4H),
8.14~8.15 (m, 1H), 8.32~8.34 (m, 2H), 8.55~8.58 (m,
1H), 8.78~8.79 (m, 1H), 8.98~9.00 (m, 1H), 8.63 (d, J=
8.0 Hz, 1H), 9.06~9.08 (m, 1H), 9.67~9.68 (m, 1H); *C
NMR (CF;CO,D, 100 MHz) &: 19.6, 103.7, 118.0, 121.5,
122.8, 123.6, 123.7, 126.0, 126.2, 127.8, 127.9, 129.5,
131.3, 133.9, 142.9, 144.4, 144.5, 144.9, 147.0, 150.0,
151.5, 158.9; IR (KBr) v: 1671 (C=0) cm™'. Anal. calcd
for C»4H;sN30S: C 73.26, H 3.84, N 10.68; found C 73.32,
H 3.85,N 10.71.

6-(2- F 48U 2 oK R )-5 H- 28 e Wy I [3,2":2, 3] Ak g I
[4,5-d]MHIE FE[1,2-a] 0 B (5¢): m.p.>300 ‘C; 'H NMR
(CF;CO,D, 400 MHz) 6:3.77 (s, 3H), 7.19~7.22 (m, 2H),
7.43~7.45 (m, 1H), 7.74~7.77 (m, 2H), 7.80~7.98 (m,
2H), 8.21 (d, J=8.0 Hz, 1H), 8.35 (d, J=8.4 Hz, 1H), 8.62
(d, J=8.4 Hz, 1H), 8.70~8.72 (m, 1H), 9.31~9.32 (m,
1H); *C NMR (CF;CO,D, 100 MHz) 8: 54.7, 104.9, 111.2,
112.1, 116.0, 118.0, 118.1, 121.0, 121.5, 123.1, 123.7,
126.2, 127.8, 131.2, 133.9, 134.8, 142.7, 144.2, 144.7,
147.1, 149.9, 150.9, 156.3, 157.1; IR (KBr) v: 1680 (C=
0) cm . Anal. caled for Co4H sN;0,S: C 70.40, H 3.69, N
10.26; found C 70.54, H 3.73, N 10.30.

6-(3- H1 S B R 5k )-S H- 2R I g Wy - [3',2":2, 3] Mk g JF
[4,5-d] WL B FF [1,2-a] W% BE Fi (5d): 28 (4 25 &, mp. >
300 C; 'H NMR (CF;CO,D, 400 MHz) §: 4.00 (s, 3H),
7.27~7.33 (m, 2H), 7.40~7.41 (m, 1H), 7.63~7.64 (m,
1H), 7.79~7.80 (m, 1H), 7.90~7.96 (m, 2H), 8.21 (s,
1H), 8.36~8.37 (m, 1H), 8.65~8.66 (m, 1H), 8.72~8.74
(m, 1H), 9.30~9.31 (m, 1H); *C NMR (CF;CO,D, 100
MHz) §: 55.1, 104.0, 115.1, 117.2, 118.2, 121.1, 121.5,
123.5, 123.7, 123.8, 126.2, 127.9, 130.5, 130.7, 131.3,
134.0, 142.9, 144.4, 144.5, 147.1, 150.0, 151.5, 157.3,
158.6; IR (KBr) v: 1684 (C=0) cm '. Anal. calcd for
C,4H sN30,S: C 70.40, H 3.69, N 10.26; found C 70.47, H

1684 http://sioc-journal.cn/
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3.71,N 10.29.

6-(4- FH A R R R -5 H- R IR e Wy 9T 31,22, 3] Ak g
[4,5-d|PLBE FE[1,2-a]M50E B (5e): m.p.>300 C; 'H NMR
(CF5CO,D, 400 MHz) 6: 4.38 (s, 3H), 7.60 (d, J=7.6 Hz,
2H), 8.01 (d, J=7.6 Hz, 2H), 8.13~8.17 (m, 1H), 8.22~
8.26 (m, 2H), 8.55 (d, J=8.0 Hz, 1H), 8.70 (d, J=8.0 Hz,
1H), 9.00 (d, J=8.0 Hz, 1H), 9.06~9.08 (m, 1H), 9.67~
9.69 (m, 1H); *C NMR (CF;CO,D, 100 MHz) ¢: 54.8,
103.6, 114.6, 115.9, 117.9, 121.5, 121.7, 122.6, 123.6,
123.7, 126.1, 127.7, 130.5, 131.3, 133.9, 142.8, 144.5,
146.9, 150.0, 151.5, 158.1, 162.7; IR (KBr) v: 1673 (C=
0) cm . Anal. caled for C4H sN;0,S: C 70.40, H 3.69, N
10.26; found C 70.48, H 3.72, N 10.28.

6-(3,4- — WL K IE)-5 H- 25 FF 8wy I 3,222, 3]tk i
I [4,5-d] MHBE 35 [1,2-a] 5 52 B (56): m.p.>300 C; 'H
NMR (CF;CO,D, 400 MHz) d: 3.96 (s, 3H), 4.08 (s, 3H),
7.24 (d, J=8.4 Hz, 1H), 7.29 (s, 1H), 7.38 (d, J=7.2 Hz,
1H), 7.80~7.84 (m, 1H), 7.93~7.99 (m, 2H), 8.22 (d, J=
8.4 Hz, 1H), 8.38 (d, J=8.8 Hz, 1H), 8.68 (d, J/=8.0 Hz,
1H), 8.73~8.75 (m, 1H), 9.34~9.36 (m, 1H); *C NMR
(CF;CO,D, 100 MHz) ¢: 55.0, 55.4, 103.9, 111.3, 112.1,
118.1, 121.5, 121.9, 123.0, 123.1, 123.7, 123.8, 126.2,
127.9, 131.3, 134.0, 142.9, 144.5, 147.0, 148.4, 150.0,
151.6, 152.4, 157.5, 162.4; IR (KBr) v: 1679 (C=0) cm .
Anal. caled for CysHisN;05S: C 68.32, H 3.90, N 9.56;
found C 68.41, H3.93, N 9.59.

6-(2- F5 B 2% Bk )-S H- 2 I 18k Wy I [3',2:2,3] L i I
[4,5-d|MEBE FE[1,2-a] M BE B (5g): m.p.>300 C; '"H NMR
(CF;CO,D, 400 MHz) §: 7.61~7.74 (m, 3H), 7.84~7.85
(m, 2H), 7.93~7.96 (m, 1H), 8.20~8.21 (m, 2H), 8.61 (d,
J=8.0 Hz, 1H), 8.69 (d, J=8.0 Hz, 1H), 8.78~8.79 (m,
1H), 8.90~8.91 (m, 1H); *C NMR (CF5CO,D, 100 MHz)
5: 99.6, 109.8, 114.9, 115.9, 118.2, 118.7, 122.7, 122.9,
123.8, 125.4, 126.4, 126.8, 127.5, 134.4, 137.4, 141.9,
142.7, 145.9, 146.1, 149.1, 152.0, 152.2, 161.1; IR (KBr)
v: 3312 (OH), 1684 (C=0) cm '. Anal. caled for
C,3H5N30,S: C 69.86, H 3.31, N 10.63; found C 69.92, H
3.34,N 10.68.

6-(4- F3 i I% Bk )-S5 H- 28 I e wy - [3',2":2,3] ik wE JF
[4,5-d|MEBE FF[1,2-a]EBERR(Sh): m.p.>300 C; 'H NMR
(CF5CO,D, 400 MHz) §: 7.23~7.24 (m, 2H), 7.62~7.64
(m, 2H), 7.81~7.83 (m, 1H), 7.81~7.92 (m, 2H), 8.21 (d,
J=8.0 Hz, 1H), 8.36 (d, J=8.0 Hz, 1H), 8.65~8.67 (m,
1H), 8.74~8.75 (m, 1H), 9.34~9.35 (m, 1H); *C NMR
(CF;CO,D, 100 MHz) d: 103.7, 116.0, 118.0, 121.6, 122.2,
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122.8, 123.7, 126.2, 127.8, 130.7, 131.4, 132.3, 134.0,
142.9, 144.5, 147.0, 150.0, 151.2, 158.1, 158.4, 161.9; IR
(KBr) v: 3327 (OH), 1689 (C=0) cm™'. Anal. calcd for
Ca3H3N;0,S: C 69.86, H 3.31, N 10.63; found C 69.92, H
3.34,N 10.65.

6-(4-FRIL)-5 H-ZR FF MWy FF[3,2":2, 3] L E FF[4,5-d]
M mE I [1,2-a] % B B (51): m.p. > 300 C; 'H NMR
(CF5CO,D, 400 MHz) ¢: 7.83~7.85 (m, 1H), 7.94~7.96
(m, 3H), 8.01~8.03 (m, 1H), 8.27 (d, J=8.0 Hz, 1H),
8.43 (d, J=8.0 Hz, 1H), 8.51~8.52 (m, 2H), 8.67~8.68
(m, 1H), 8.76~8.78 (m, 1H), 9.29~9.30 (m, 1H); "*C
NMR (CF;CO,D, 100 MHz) J: 104.3, 118.4, 121.6, 123.8,
123.9, 124.4, 126.2, 128.0, 129.7, 131.5, 134.2, 135.9,
143.1, 144.4, 144.8, 1472, 149.6, 150.2, 151.9, 155.1,
162.3; IR (KBr) v: 1685 (C=0) cm '. Anal. calcd for
C,3H ,CIN;OS: C 66.75, H 2.92, N 10.15; found C 66.83,
H2.91,N 10.16.

6-(4- i F5 8% 58-S H- 2K I Wy FF[31,2":2,3] Mt BiE I
[4,5-d] WL BE FF [3,2-a] W& WE [ (5j): 36 th 45 d, mp. >
300 ‘C; "H NMR (CF5CO,D, 400 MHz) : 7.35~7.37 (m,
2H), 7.70~7.71 (m, 2H), 7.82~7.84 (m, 1H), 7.93~7.94
(m, 1H), 7.99~8.01 (m, 1H), 8.24~8.23 (m, 1H), 8.39~
8.41 (m, 1H), 8.66~8.68 (m, 1H), 8.75~8.76 (m, 1H),
9.33~9.34 (m, 1H); *C NMR (CF5CO,D, 100 MHz) ¢:
104.1, 116.2, 116.4, 121.5, 123.4, 123.8, 1249, 126.2,
127.9, 130.6, 130.7, 131.3, 134.1, 142.9, 144.4, 1445,
147.1, 150.0, 151.6, 157.4, 164.0; IR (KBr) v: 1688 (C=
0) cm . Anal. caled for C»3sH,N405S: C 65.09, H 2.85, N
13.20; found C 65.14, H2.89, N 13.25.

6-( WK W -2- J )-5H- 2R I & Wy I [3',2":2,3] Atk BE FF:
[4,5-d] WL W FF[1,2-a] W5 0E Fil (Sk): 28 (4 25 &, m.p.>
300 ‘C; "H NMR (CF;CO,D, 400 MHz) ¢: 6.87~6.93 (m,
1H), 7.74~7.79 (m, 1H), 7.93~8.09 (m, 3H), 8.09~8.10
(m, 1H), 8.24~8.29 (m, 1H), 8.46~8.51 (m, 1H), 8.63~
8.69 (m, 2H), 9.43~9.47 (m, 1H); C NMR (CF;CO,D,
100 MHz) &: 100.9, 1152, 117.7, 120.6, 121.7, 123.4,
123.7, 125.8, 127.6, 128.6, 131.4, 134.1, 141.7, 143.0,
143.2, 144.0, 145.0, 146.5, 150.0, 150.7, 151.6; IR (KBr)
v: 1673 (C=0) cm'. Anal. caled for CyH;N;0O,S: C
68.28, H 3.00, N 11.38; found C 68.35, H 3.02, N 11.42.

6-( ME Wy -2- & )-5H- 2R FF W Wy I [3',2":2,3] Mt e I
[4,5-d] W 02 JF [1,2-a] ¥ WE B (55): 3% (0 45 &b, mp. >
300 C; '"H NMR (CF;CO,D, 400 MHz) 6: 7.27~7.28 (m,
1H), 7.65~7.66 (m, 1H), 7.72~7.74 (m, 1H), 7.87~7.89
(m, 3H), 8.14 (d, J=8.0 Hz, 1H), 8.27 (d, J=8.0 Hz, 1H),
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8.59 (d, J=8.0 Hz, 1H), 8.67~8.68 (m, 1H), 9.29~9.30
(m, 1H); *C NMR (CF;CO,D, 100 MHz) J: 104.2, 117.9,
121.6, 123.2, 123.7, 123.8, 126.0, 127.3, 127.8, 131.4,
133.7, 133.8, 134.0, 136.5, 142.8, 144.3, 144.6, 146.8,
150.0, 151.2, 151.8; IR (KBr) v: 1678 (C=0) cm . Anal.
calcd for C,;H;1N;OS,: C 65.43, H 2.88, N 10.90; found C
65.54, H2.87, N 10.94.

6- £ FE-SH-ZK FEBEW; (3,222, 3] e F[4,5-d] L i
FH[1,2-a) 0 (Sm): ¥ A4s . mp. 267~269 C; 'H
NMR (CF;CO,D, 400 MHz) &: 1.56~1.58 (m, 3H),
3.88~3.89 (m, 2H), 7.79~7.81 (m, 1H), 7.94~7.95 (m,
2H), 8.15~8.17 (m, 1H), 8.32~8.34 (m, 1H), 8.63~8.64
(m, 1H), 8.73~8.74 (m, 1H), 9.51~9.52 (m, 1H); "*C
NMR (CF5CO,D, 100 MHz) §: 11.4, 27.9, 103.7, 118.0,
121.6, 122.3, 123.4, 123.7, 125.9, 127.7, 131.3, 133.9,
142.8, 144.3, 144.7, 146.8, 150.0, 151.8, 165.0; IR (KBr)
v: 1677 (C=0) cm ' Anal. caled for C;oH;35N;0S: C
68.86, H 3.95, N 12.68; found C 68.93, H 3.94, N 12.71.

6- 15 F= -5 H-2K FEE Wy I3, 22,3 | F[4,5-d] it i
H[1,2-a]EWER (Sn): 345, mp. 274~276 C; 'H
NMR (CF;CO,D, 400 MHz) d: 1.24~1.25 (m, 3H),
1.97~1.98 (m, 2H), 3.85~3.89 (m, 2H), 7.82~7.84 (m,
1H), 7.97~7.98 (m, 2H), 8.19~8.20 (m, 1H), 8.36~8.38
(m, 1H), 8.66~8.67 (m, 1H), 8.74~8.76 (m, 1H), 9.54~
9.55 (m, 1H); *C NMR (CF;CO,D, 100 MHz) §: 12.2,
22.7,36.0, 103.9, 118.1, 121.6, 122.3, 123.5, 123.7, 126.0,
127.7, 131.3, 133.9, 142.8, 144.3, 144.7, 146.9, 150.0,
151.9, 163.8; IR (KBr) v: 1674 (C=0) cm '. Anal. calcd
for C50H,sN;0S: C 69.54, H 4.38, N 12.17; found C 69.62,
H 4.41, N 12.20.

HBh A4 &l (Supporting Information) 1 [R] {4 & 7= ¥ 1)
AR (A . Bril) ik &, X Lehp Rl AT DL 3% AT
X3 (http://sioc-journal.cn/) b T %K.
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