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Synthesis of Thiophene Carboxamide Derivatives and Inhibi-
tory Activity against Gaeumannomyces
graminis var. tritici.
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Abstract The procedures for synthesizing the substituted ester 2-hydrothiophene-3-carboxylate and its silanization were
explored. The reaction conditions were optimized. And with the substituted thiophene as the framework, 20 new thiophene
carboxamide derivatives were synthesized. The chemical structures of thiophene carboxamide derivatives were confirmed by

'H NMR, "*C NMR, HRMS or elemental analysis techniques. The inhibitory activity against Gaeumannomyces graminis var.

tritici was evaluated in vitro by the plate method. The preliminary structure-activity relationship indicated that the substituent
bonded to the amide nitrogen atom and the steric hindrance of the substituent at 2nd position of the thiophene carboxamide had
a significant influence on the activity. The compounds 7b~7d, 71, 7m and 7o exhibited very high inhibitory activity. The

results would be helpful for the design of lead compounds.

Keywords thiophene carboxamide derivative; synthesis; Gaeumannomyces graminis var. tritici.; inhibitory activity
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BEANAG (R85 0T I Jie Jhg 25 PR AN () A 7 A T e 1 1T
Jié(Fluopicolide)™™ . J It B BEI% (Fluopyram)®!, 7 # 1%
(Zoxamide)" VAN ] [ A R ARl T LAENY B 2R 1
WAL B A A BRI R Rt i e EN, Mk
A TAEAER R IR 2-ZWEWy -3- B FE IR I 1) il S LA
LR b, DA MERy  BEAE, &R T 20 K
ILFRIE HENS -3- FE RN A4E W) (Scheme 1), SR25 %2/ fi%
i e 5 1) Je FLATAN B e AT (P AR A e PR 1 s, DA SR
™S EY, AT —emidtE, RIT T~
7d, 71, Tm, 7o 5 6 /N /N AU AT v Ak A
Y.

1 ZR5WE

S REREAL R Ey F BRI AT A= i A ik, OGRS
BN RS R (R R I 2 RERETT BTN, BEmY R T]
LUl Gewald WA ', FEFIH Sandmeyer J% W
Wk 2 AR, BETAE R IR IEAE(LDA) 1
VEF R 5INHETY B8 T, SR 1 % A iad FECR AR AR (2
10%). A SCHRIRIELE LDA 4R R FHRETY B 41 B me
Wy 2 A BT I NSO SR i ROV D SR AR,
JEURL e LAFRAS. AT SCRARIE T 38 ok S SR B RS TN
FEE AR K 07 107, SRaf JsURE I SR 19 B T B R 1 A
JRAE R, DR BRATRETT T LASREE T IR AT e i FF 7 Jil
B i 2-SEW T AR )5, b T Rk Ak [
Wy PR BBE 47T A= 400

o)
o) o ~ oMe
:/[ NaHS/H,0 3
—_— —_—
cl toluene ) SH (n-Bu)sP
1

0

/
SOC|2 c NHR2R3 N\R3
toluene /N \Si/\R1 - I\ \Si/\ R!
S \

Ta~T7p

6a, 6b
CO,Me COH
KOH (1) SocCl,
Dl g e
s CH,OH s (2) NH,R
4 8

1.1 HEMK 4,5- A E-3- SR EB A (4) RIS A

B 4,5- 7 FUE-3- BRI F R (4) T B B IR
PR AT LB L Ak AN T 1A AT BRI AR A 200 e
FRIEAL 7 (R4, 3-373k-2- T Wil th a] L@ R 3-5(-2-T
i S50 S AL S N 3k A AR, R R — )
Pl TRBATZER T 2R, BT et
WAl =M H(DABCOY., =2, = /M
B ZREEBE(PhaP) U = T I (n-BusP) P DL K AT
PRIV LR AESE, I Z nse 1 foR. 4559
R, BT IR A A R A v PR AR R (3R 1, Entries 1, 2).
M4 32 1 T Baylis-Hillman [ IV () = 2% Jii fit 44 71
DABCO il = & & 76 % Jx N 1 B A fE AL TE P (R 1,
Entries 3, 4). ARSI GE I 1 = ARIEBE AL IS TR
{%(3 1, Entries 7, 8), 1fj = ] BRI 7 HIX & m
FIMEAL TP, DAY S (THF) A % HE 50 mol% =]
FEBEIAEAET, AT 68%MICH (R 1, Entry 10). =
THBE A 1 50 mol%is/>E 20 mol%, PR KNV

P B DY SR T FEORFD 1,4- 40N
1.2 wEfk 4,5-—FHE-2-= REFFEEN-3-FEE(5a)
BIE X

1E 4,5- " F -2 = FIL A SE ey -3- FH R (Sa) (1) 75 Bk
o, Wb R H 4,5- 7 EENY -3 R PR R (4) 1 7K At M i 432

CoMe COH
pUEEI QU
2 S

S silanization S \'
4 5a, 5b
2

o)

NHR
/ \

S
9a~9d

7a: R'=H, R?=i-Pr, R®*=i-Pr; 7Tb: R'=H, R*=H, R’=i-Pr; 7c: R'=H, R’=Et, R°*=Et; 7d: R'=H, R*=H, R’=
ethyl chloride; 7e: R'=H, R?=H, R*=cyclopropyl; 7f: R'=H, R?=H, R*=cyclopropylmethyl; 7g: R'=H, R*=
H, R®=3-chlorobenzyl,; 7h: R'=H, R?=H, R*=2-chlorobenzyl; 7i: R'=H, R*=H, R®*=4-chlorobenzyl; 7j:
R'=H, R®=H, R*=3-methoxybenzyl; 7k: R'=H, R*=H, R*=4-methoxybenzyl; 7I: R'=Cl, R®=H, R*=/-Pr;
7m: R'=Cl, R?=H, R®*=cyclopropylmethyl; 7n: R'=Cl, R*=H, R*=cyclopropyl; 70: R'=Cl, R°*=H, R*=ethyl
chloride; 7p: R'=Cl, R®=H, R®= 2-chlorobenzyl; 9a: R =i-Pr; 9b: R = 3-chlorobenzyl; 9¢c: R =

3-methoxybenzyl; 9d: R=cyclopropylmethyl

Scheme 1
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BINHEF HRIEX
R ONHRRTER S 3-505E-2- T R & % @
Table 1 The cyclization reaction of methyl propiolate and 3-mercapto-2-butanone
Entry Catalyst Load/equiv. 7/°C Time/h Solvent Yield”/%
1 KOBu-# 1 80 10 Toluene 15
2 NaOCH; 1 80 10 Toluene 10
3 DABCO 1 80 18 Toluene 0
4 NEt; 1 80 18 Toluene 0
5 NEt;/NaOCHj; 0.5/0.5 80 10 Toluene 25
6 NEt;/NaOCHj; 0.5/1 80 10 Toluene 29
7 Ph;P 0.5 80 18 Toluene 23
8 Ph;P 1 80 18 Toluene 28
9 (n-Bu);P 0.5 80 10 Toluene 59
10 (n-Bu);P 0.5 Reflux 10 THF 68
11 (n-Bu);P 0.2 Reflux 10 THF 65
12 (n-Bu);P 0.2 80 18 1,4-Dioxane 46

“1 equiv. of acetic anhydride was used in all reactions. ® Isolated yield based on methyl propiolate.

MIRELEAL A D BB, RELe A0 T BB A/ ) 1 AT
(1, A TR T R ARG, KIS A ) W Wy R
Rl K, BT, T, FRATIE ] B A A
(A BRI 4,5- - FIREBEW-3-FH R FI IR (4), KA
Je AN R KR BT bk, (HIRRAR. T2,
BAV L T A BRSO RERE AL SN IR, (]
I 0 T BRARER A SRR (B T, BT 55 T
ANTR] Sz B B AR SN (50, LR 45 SRAE SR 2
. WERPRTLUA ), BEWBRIERR AN . PR A I R
BAK(GER 2, Entries 1~4), TMHLERNCEE (3R 2, Entries
5, 7~12). — 5P (DIPA) I 1T LM 258 ik ik > g
40%% 20%, MHCREA W BARGR 2, Entries 10~
12). DYEHEIE (THF) & iR e 0 ) BRAR S ), O T o2
THF ({5, AR 10 1 IE Cbe 5 THF IRA %)
W BRAR IR $E (3R 2, Entries 5, 11). DA IR R A @
I, £ 20~40 mol% —FENIEINAFAE R, f£—20 & 25
F2 45 FFELLEY 3B PR b ©
Table 2 The silanization of methyl 4,5-dimethylthiophene-
3-carboxylate

DIPA/

. o - 11dso
Entry Hydrolysis cquiy. T/°C Solvent  Yield/%
1 KOH 1 —20 Hexane/THF¢ 31
2 KOH 1 —20 THF 33
3 NaOH 1 —20 Hexane/THF¢ 52
4 NaOH 1 —20 THF 61
5 LiOH 1 —20 Hexane/THF¢ 91
6 LiOH 1 —20 Hexane 37
7 LiOH 1 —20 THF 94
8 LiOH 1 0 THF 93
9 LiOH 1 25 THF 90
10 LiOH 0.4 25 THF 92
11 LiOH 0.4 25 Hexane/THF® 90
12 LiOH 0.2 25 THF 88

“1.1 equiv. n-BuLi was used in all reactions; b Temperature for silanization;
¢Volume ratio of hexane to THF was 1 : 1; “Isolated yield.
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CRTEMUEIE N, TLALL 88%~92% 1 R S HILIE
Wy PRSI A A 1K — R fb. D SRR, 1%
D5 A 3 FH T VR R R 6 1) G 3 SRR e ik
1.3 ERRBRRITEYNEHREEXR

h T 5y BT MEy R RGAT AL R A DG R, BT
SR T ML DL B 22 28 K 5 SR AR BT & OB G &4
Ta~Tp F1 9a~9d X /N2 Al g J5t pRT 2 A4 i i 12k,
MRREGE HANZR 3 Fros. 7EHTE U S 2R 5 BEW) H It fi
s, 2 A7 I EURRE B e ey F e AT A2 7
DR 5308 7N 2 A bl o D B A A e R e g, i e
LL7b~7d, 71, Tm, 7o iGVERE4F. G5RTE TR HTR I (1)
T f e o AR 110 5 ) 78 A S U BT 3 ME A A S 5 R .
SEAREE R R LR, IR R ERAR, (R %)
A BRI AE W HL T BRI I A S5 P IR, B e TR e
Wy 2 7k = HISERESE . SR HIERESLE A, e
TR BAR SR A B A RS R 7g~Tk, Tp, 9b, 9c).
(2) M i FEEUARSE Ay ] B (1) e i — AR I, e be ik S
AT BRI ELBE . SCREIL R FRR 1), 1o TR B B IR
7b 7 10, 1 & 0.1 mg/L RARIKEE T, FEMED LS| T
87.5%, 73.8%F1 68 2% AR, 7Td~7f LRI T
ECUF PR SOR. I SRR, B AR
AN R PR G R R ISR 3 22 5. e oy — e I R IR
B 7a), JLF ARG, 0SS L IERAR
(4 7e), fE10F1 1 mg/L IIKRIE R, BTG AIEE] T
92.9% FH 81.5%IKI/KF-. & LM, WEmy Bk fir A=
WS T T R U - I IR GEOTE G, 1 5 AR 1)
REBEAT 5%, /ML BRI LB A m 4 e v, (3)2 2
P E fi A1 B EL A A R B = R i Ak 5l 4 PP 3 —
FEREFEAT A A7 B /NI, TCR BRI L 2 N-idt
(9a, 9d)if 2 N-75 FHHE(9b, 9c)HSBEAT LT H B 15 1k
AR e R B 2 AL F RE I A7 A2 B
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K3 WEWY LG LS /N A A o S R S AR P (i vitro)

Table 3 Inhibitory activity (in vitro) of thiophene carboxamide derivatives against gaeumannomyces graminis var. tritici

Percent inhibition/% Percent inhibition/%
Compound Compound
10 mg/L 1 mg/L 0.1 mg/L 10 mg/L 1 mg/L 0.1 mg/L
7a 12.1 0 0 7k 1.0 0 0
7b 87.5 73.8 68.2 7 97.9 95.5 89.7
Tc 92.9 81.5 23.7 7m 90.9 85.2 63.9
7d 83.6 63.4 59.7 7n 75.6 67.5 59.6
Te 67.6 64.7 55.9 70 89.1 73.4 70.7
7f 72.0 71.6 63.8 7p 24.8 18.1 1.9
7g 15.6 16.8 0 9a 12.3 0 0
7h 14.5 15.8 11.6 9b 9.2 6.9 5.0
7i 12.8 7.9 9.3 9¢ 19.8 11.0 5.9
7j 8.4 6.9 0 9d 13.0 10.6 10.0
Silthiopham 91.6 82.6 65.3

(153X T B R I IR R/ 5 LA PR i PR 22 e, ]
RE LT AL B A T I 28 T E R A %, 2 Ak
(1 2% () 47 BH W] 58 75 T 0 AL & 9 B A R 1 S5 A 4G
G A R, BRI R A PE. (a3
M EHEEE G I AR TG, (S YiE R A
(PR3, G I — IR IO ATAE (71, Tm, 7T,
70) 53 93 AR N ) = F L AE SE IR AT R0 (T, T8, Te,
TA) TGP AN [ A .

2 4t

DL 3-G0-2- T M A0 P e i G R e 4 ok, BA="T
SERE A AL I A A RN A R T 2- S ey -3- 3k
SRR, R DU s bR 3R A T CRERe A, A
filh E AT 20 ANBEWY FBERGAT A4, SE RGBT
REI, VAEWY PO i Fiie L 1R 45 8 e 2 0 RE A PR A7 BELKE %
PEA W, 2 AR IR ] 5 N-BESE AR ) — F
ik i % Gl P ik P R ek R i oy PR I M o A e /N 3 4
o 993 D B LA S AR E T, Lk B Th~1d,
71, 7m, 7o ARG TESEH, 76 10 F1 1 mg/L BARIKE F
IEE] T HEAR AR, Iz A e DR
NIFRMFFE.

3 XKWL
31 ES5KF

GC or HPLC JI T WK A 43 HT; "H NMR, C
NMR ] Agilent-NMR-vnmrs 400 #Z%#3 L1 (CDCl; K
A, TMS S kRl 5 ; it ] Bruker micrOTOF-QIT
JRIEACIRE; JCE M1 45 [E Elememtar Vario-IIT 70
FOMTCIAE ;15 AT WRS-1A B b A4 = 95 5
PRI H HPG-280H A T4, B FH Ak 1 =3 = i 45
AR 5 CP ZA AR S A b HEATH.
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3.2 REBEEHK

PE ) /N PR B Gaeumannomyces  graminis
var. tritici )25 BT FE A4 S E T OR R AR, AR A
MV R ZERHA R 272t /N 22 9 T I A e fit
3.3 HiEAKkBREEMIEK
3.3.1 3-zA-2-T Q)44 A&

#5453 g (0.5 mol) 3-%-2- T (1) 200 mL 54
SRR IR & H 43 g (0.58 mol) iR E AL
(NaHS*H,0)f) 100 mL /K, % RFFE 20 CLL
T, IngefE gk e N, AR ERER, B3 3-%-2-
THRMNsEa b, AT 3 h RNEHRGE, kB,
HE Y 2. A A VAT ORI T8 s, SR
ARG BT TP RN
332 4,5-=F HeEw-3-F B F AR (4)49 6 A%,

B 3-5mHE-2- T H2) (6.8 g, 0.065 mol)F NEEA 50
mL VUSRI (THF) K 250 mL = BB, R)5 1A
SIS I T BRIR FER(3) (4.2 g, 0.05 mol), 7EHEHE
AR Z= T 3EB5(2.02 g, 0.01 mol), 81 T 1A & WV
AR, EEI RN e, AT 10 h, KNV SEAT,
T JR) & AR R NN LER (5.1 g, 0.05 mol) 4k &L i m]
Wt 3 he SRS A R, IR 10% BRIREM K
Wvkvk, EUFREASE, KRR T, TS
BUAH S A0 70 I R, AR5 R IR AT JE T 40 5,
TR 5.6 g 4% 98%, WCE 65%. 'H NMR
(400 MHz, CDCly) &: 7.85 (s, 1H, ArH), 3.83 (s, 3H,
OCHj,), 2.35 (s, 3H, ArCHj3), 2.33 (s, 3H, ArCH3); GC-MS
m/z: 170.0 [M]".

333 45-=FHK-2-= ¥ Ak eikep-3- W 81 (Sa) 89 &
P,

H2.52 g (0.105 mol) M Z A AL AEH A 500 mL = [

RS, 100 g (7KEH#IG, N 17 g (0.1 mol)f¥]

http://sioc-journal.cn/ 1127



BHLLE
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4,5- " FRL ey -3-H R FE G, BbE Rk nl, O 6
BRI HBK R E A, KT 1.5 he G H 48R
SYRZKIG, N 300 mL (FIE &8, e Rl e bk s
ERPFRIK, AR WK A 1. AR5 E b
150 mL, B A = IEANIN 150 mL PU SRR .

B BRI VAR R E] 0 C, RS E BV .
RIGTER R R e M R NVAR RPN 4 g (0.04 mol)
SRR, FEE A 44 mL (0.11 mol)[¥)1E | FE4H
(2.5 mol/L), W5t o gkt )N 2 h. 4R 5 1 ) Je W A4
ZPEEIA 16.2 g (0.15 mol)fify = HE&RERE, o
JE RN 2 h, (EMGEFE T, AR AORRE ROV AT 25
C.

RNV AEHE, S R ZE B RSB R v b 22
)5 80 mL ZK¥A#, JEH 30 mL IE CURedtid ik, /K
TR B IR AR W 4k, DRI BT, HE
pH {H/NT 4 Jyib. BEyE, JEOTHA KB PIR(ERX 30
mL)J5, TR EEEE A Sa 22.0 g (B 95%), WO
92%. m.p. 138~141 ‘C; GC-MS m/z: 228.0 [M]", 5
BR[16]—30. 4,5- = H1RE-2- G F 2k — P L ik RL gy -3- F
P& (Sb) LAIRIFE (9 754 k.

3.3.4 N-BRAR-4,5- =9 K -2- = PR A 3R w3 F Bt
ie(Ta~Tp) b4 A%,

# 312 mg (1.3 mmol) 4,5- - FFI5E-2- = H L fef ke
Wy-3- R (Sa) B NS 5 mL FUZEM . A IR 44
WRCRE T — R NI, AR R R IE AN 310
mg (2.6 mmol) [ ALIEAN, In5e Ja gk Ll . 2 h,
SR AR ) A RN AR A A S A R K
WAL, 7 i HE A R RN o i (R SR AR, AR ) S Y
AN S mL e R, R BREA A 1.43 mmol
PR B L 3R R . M I AR AR i, In eI I
¥ 30 min J& P ) SNAR R HE I 10% R A AL B K
W 624 mg; I E B I AR R R I, I ER T )
NARZR I 10% M E S BRI 1.3 g Wkt
SN, WRFELEREAE 60 C, YU A0 BRI L 2 I N g 4
Ak, 2975 2 h

RMNEEHRIE AN 3 mL /K, BE S, AU
IKVEE P IR (B 3 mL), 2R 5L IEERR D B,
PEVR AT 2E R, SR 2 Gk A i, 1t ik
RO AA P  Ta~Tk. TI~Tp 1 5b LARRER 54
B K.

N,N- ¢ N 3-4,5- — H e -2- — FE LRk S g wy -3- H
Bk fe(7a): $EEAE AR, BOR 81%. mp. 89.1~90.2 C; 'H
NMR (400 MHz, CDCly) &: 3.75 ~ 3.72 (m, 1H,
NCHCHj3), 3.51~3.47 (m, 1H, NCHCH;), 2.33 (s, 3H,
ArCH;), 2.04 (s, 3H, ArCH;), 1.58 ~1.54 (m, 6H,
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NCHCH3), 1.14~1.10 (m, 6H, NCHCH3), 0.29 (s, 9H,
SiCH;); *C NMR (100 MHz, CDCly) ¢: 168.86, 146.61,
138.96, 132.05, 131.08, 50.39, 45.78, 21.05, 20.84, 20.61,
20.29, 13.37, 12.41, 0.58; HRMS calcd for C;sH3oNOSSi
[M+H]" 312.1817, found 312.1814.

N-S A He-4,5- — L0 = PR LRk R IgE gy -3 FY e
(7b): FOFEAR, WE 83%. mp. 136.9~137.5 C; 'H
NMR (400 MHz, CDCl;) d: 5.46 (br s, 1H, NH), 4.28~
4.23 (m, 1H, NCHCHj;), 2.33 (s, 3H, ArCH3), 2.14 (s, 3H,
ArCH3), 1.26~1.24 (d, J=6.6 Hz, 6H, NCHCHj,), 0.31 (s,
9H, SiCH3); “C NMR (100 MHz, CDCly) 6: 167.20,
145.96, 139.12, 134.61, 132.94, 41.75, 22.84, 13.29, 12.53,
0.14. Anal. caled for C;3H,;sNOSSi: C 57.94, H 8.60, N
5.20, S 11.90; found C 57.99, H 8.65, N 5.23, S 11.97.

N,N-"- . K:-4,5-— FHL-2- = PP BL 7 KL 0ge wy -3 - FT
fié(7e): IRFEHAE, WE 75%. 'H NMR (400 MHz,
CDCls) d: 3.59~3.51 (m, 2H, NCH,CH3), 3.23~3.10 (m,
2H, NCH,CHj,), 2.32 (s, 3H, ArCHj,), 2.00 (s, 3H, ArCH,),
1.26~1.22 (t, J=7.2 Hz, 3H, NCH,CH3), 1.06~1.02 (t, J
=7.2 Hz, 3H, NCH,CHj), 0.25 (s, 9H, SiCH;); *C NMR
(100 MHz, CDCl;) &: 169.12, 145.20, 139.05, 132.06,
131.35, 42.81, 38.50, 13.70, 13.26, 12.77, 12.07, 0.03.
Anal. calcd for C ,H,sNOSSi: C 59.31, H 8.89, N 4.94, S
11.31; found C 59.26, H 8.95, N 4.99, S 11.36.

N-Q2- £H5)-4,5-— H L2 — W RLfi B ey - 3- FT
fE(7d): FEE K, R 75%. mp. 89.4~91.6 C; 'H
NMR (400 MHz, CDCLy) 8: 6.06 (br s, 1H, NH), 3.80~
3.72 (m, 4H, NCH,CH,CI), 2.35 (s, 3H, ArCH;), 2.17 (s,
3H, ArCH;), 0.31 (s, 9H, SiCH;); *C NMR (100 MHz,
CDClLy) §: 168.02, 144.80, 139.40, 136.12, 132.85, 43.99,
41.51, 13.30, 12.67, 0.06. Anal. calcd for C;,H,CINOSSi:
C 49.72, H 6.95, N 4.83, S 11.06; found C 49.74, H 7.00,
N 4.85, S 11.10.

N-FRP FE-4,5- 7 F k-0 = PP L fek L IR W) - 3- FF G fit
(Te): O, BE 72%. mp. 1153~1154 C; 'H
NMR (400 MHz, CDCl;) d: 5.73 (br s, 1H, NH), 2.89~
2.85 (m, 1H, NCHCH,), 2.32 (s, 3H, ArCHj3), 2.13 (s, 3H,
ArCH3), 0.90~0.85 (m, 2H, NCHCH,), 0.61~0.57 (m,
2H, NCHCH,), 0.31 (s, 9H, SiCH3); >*C NMR (100 MHz,
CDClLy) §: 169.30, 145.43, 139.21, 135.22, 133.00, 22.79,
13.24, 12.54, 6.62, 0.13. Anal. calcd for C3H,NOSSi: C
58.38, H 7.91, N 5.24, S 11.99; found C 58.32, H 7.95, N
5.29, S 12.04.

N-(FR N 3 3k )-4,5- = F G -2 — FR D gk ke )y -3-
FH e (76): i A, W% 85%. mup. 95.4~96.5 C;
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'H NMR (400 MHz, CDCl;) d: 5.80 (br, 1H, NH), 3.29~
3.26 (t, J=5.4 Hz, 2H, NHCH,CH), 2.34 (s, 3H, ArCH,),
2.16 (s, 3H, ArCH3), 1.03~1.05 (m, 1H, NHCH,CHCH,),
0.56~0.53 (m, 2H, NHCH,CHCH,), 0.32 (s, 9H, SiCH3),
0.27~0.25 (m, 2H, NHCH,CHCH,); *C NMR (100 MHz,
CDCly) &: 167.85, 145.83, 139.17, 134.68, 133.16, 44.78,
13.29, 12.54, 10.67, 3.61, 0.12. Anal. calcd for Ci;Ha;N-
OSSi: C 59.74, H 8.24, N 4.98, S 11.39; found C 59.69, H
8.31,N 5.02,S 11.37.

N-(3-FUK3E)-4,5- - F k-2 — I RL ik B ey - 3- T
2 (7g): FHOFEE, BE 80%. mp. 94.2~96.5 C; 'H
NMR (400 MHz, CDCLy) 6: 7.50 (s, 1H, ArH), 7.45~7.38
(m, 3H, ArH), 6.12 (br s, 1H, NH), 4.73 (d, J=5.9 Hz, 2H,
NHCH,), 2.48 (s, 3H, ArCH;), 2.31 (s, 3H, ArCH;), 0.43
(s, 9H, SiCH;); *C NMR (100 MHz, CDCly) &: 167.72,
144.91, 139.88, 139.37, 135.78, 134.53, 132.92, 130.00,
128.08, 127.77, 126.12, 43.36, 13.30, 12.74, 0.13. Anal.
caled for Ci,H,,CINOSSi: C 58.01, H 6.30, N 3.98, S 9.11;
found C 57.97, H 6.33, N 4.01, S 9.10.

N-Q-FK3)-4,5- - F -2 — Lk FL ey - 3- T
2 (Th): AR, BCR 77%. mp. 126.5~126.7 C;'H
NMR (400 MHz, CDCly) d: 7.52~7.50 (m, 1H, ArH),
7.39~7.37 (m, 1H, ArH), 7.27~7.24 (m, 2H, ArH), 6.08
(br s, 1H, NH), 4.70 (d, J=6.0 Hz, 2H, NHCH,), 2.32 (s,
3H, ArCH3), 2.11 (s, 3H, ArCHj3), 0.24 (s, 9H, SiCH;); "°C
NMR (100 MHz, CDCly) 6: 167.64, 145.11, 139.23,
135.62, 135.31, 133.78, 133.02, 130.90, 129.50, 129.20,
127.19, 41.82, 13.30, 12.62, 0.01. Anal. caled for
C,7H5,CINOSSi: C 58.01, H 6.30, N 3.98, S 9.11; found C
58.03, H 6.28, N 4.04, S 9.15.

N-(4-50F3E)-4,5- — F 32— I L L ey - 3- F
JlEe(Ti): O E AR, W% 83%. mp. 127.2~128.6 °C; 'H
NMR (400 MHz, CDCly) §: 7.33~7.26 (m, 4H, ArH),
5.88 (br s, 1H, NH), 4.57~4.56 (d, J=5.6 Hz, 2H,
NHCH,), 2.33 (s, 3H, ArCHj,), 2.14 (s, 3H, ArCH,), 0.27
(s, 9H, SiCH;); *C NMR (100 MHz, CDCly) &: 167.71,
145.02, 139.41, 136.38, 135.74, 133.51, 132.95, 129.49,
128.91, 43.33, 13.31, 12.75, 0.11; HRMS caled for
C,7H»,CINOSSiNa [M+Na]" 374.0778, found 374.0774.

N-(3- IR 5E)-4,5- = I BE-2- — AL frE Ry -3-
RN (7)): A, R 76%. mp. 83.1~852 C;
'H NMR (400 MHz, CDCl;) 6: 7.26 (dd, J=6.8, 8.0 Hz,
1H, ArH), 6.93~6.90 (m, 2H, ArH), 6.83 (d, J=8.3 Hz,
1H, ArH), 5.90 (br s, 1H, NH), 4.57 (d, J=5.6 Hz, 2H,
NHCH,), 3.80 (s, 3H, OCHj), 2.32 (s, 3H, ArCH3), 2.16 (s,
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3H, ArCH;), 0.28 (s, 9H, SiCH;); *C NMR (100 MHz,
CDCly) d: 167.65, 159.85, 145.22, 139.25, 139.23, 135.41,
132.96, 129.79, 120.28, 113.45, 113.30, 55.20, 44.04,
13.29, 12.70, 0.08. Anal. calcd for C;5H,sNO,SSi: C 62.21,
H 7.25, N 4.03, S 9.23; found C 62.17, H 7.29, N 4.06, S
9.28.

N-(4-H IR IE)-4,5- 1 -0 = FE I feE S gy -3-
FIERZ(TK): s A, IR 82%. mp. 74.0~76.2 C;
'H NMR (400 MHz, CDCL3) o: 7.28 (d, J=8.4 Hz, 2H,
ArH), 6.87 (d, J=8.4 Hz, 2H, ArH), 5.84 (br s, 1H, NH),
4.53 (d, J=5.5 Hz, 2H, NHCHy,), 3.80 (s, 3H, OCHj3), 2.32
(s, 3H, ArCH,), 2.14 (s, 3H, ArCH,), 0.27 (s, 9H, SiCH;);
C NMR (100 MHz, CDCly) §: 167.62, 159.09, 145.35,
139.20, 135.24, 133.02, 129.75, 129.49, 114.09, 55.27,
43.57,13.28, 12.65, 0.08. Anal. calcd for C,sH,sNO,SSi: C
62.21, H 7.25, N 4.03, S 9.23; found C 62.23, H 7.21, N
4.07, S 9.26.

N-(5 P 3 )-4,5- - P L2 B0 PP e — R i ek L g gy -
3-FERE(TY): iR sl A, W% 81%. m.p. 105.6~106.0
‘C; '"H NMR (400 MHz, CDCl;) §: 5.54 (s, 1H, NH),
4.27~4.24 (m, 1H, NHCH), 3.06 (s, 2H, SiCH,CI), 2.35
(s, 3H, ArCH3), 2.16 (s, 3H, ArCH;), 1.26 (d, J=6.6 Hz,
6H, CHCHj;), 0.44 (s, 6H, SiCH;); >C NMR (100 MHz,
CDCly) 0: 166.01, 146.89, 140.61, 132.59, 131.49, 41.89,
30.86, 22.79, 13.49, 12.81, — 3.16. Anal. caled for
C3H,,CINOSSi: C 51.37, H 7.30, N 4.61, S 10.55; found
C 51.40, H 7.33, N 4.59, S 10.53.

N-(PR TRk PR )-4, 5 PR R0 G0 P e — P A g
Wy-3- IR (Tm): IR S E 1A, W 78%. m.p. 88.1~
88.4 ‘C; 'H NMR (400 MHz, CDCl;) 0: 5.88 (s, 1H, NH),
3.30~3.26 (m, 2H, NHCH,), 3.06 (s, 2H, SiCH,CI), 2.36
(s, 3H, ArCH3), 2.19 (s, 3H, ArCH3), 1.07~1.03 (m, 1H,
NHCH,CH), 0.56 (d, J=7.8 Hz, 2H, CHHCHH), 0.43 (s,
6H, SiCH3), 0.27 (d, J=5.2 Hz, 2H, CHHCHH); *C NMR
(100 MHz, CDCly) o: 167.22, 146.61, 140.64, 132.83,
131.41, 44.82, 30.87, 13.49, 12.80, 10.72, 3.59, —3.15.
Anal. caled for Ci4H,,CINOSSI: C 53.22, H 7.02, N 4.43,
S 10.15; found C 53.20, H 7.08, N 4.40, S 10.12.

N-CA TN FE)-4,5- - F Fk 2 G F L — R L ik L e 5 -
3-FE R (Tn): Rl E, 3 80%. mp. 98.9~99.3
‘C; 'H NMR (400 MHz, CDCl;) §: 5.85 (s, 1H, NH), 3.06
(s, 2H, SiCH,CI), 2.89~2.86 (m, 1H, NHCH), 2.34 (s, 3H,
ArCH;), 2.14 (s, 3H, ArCHs3), 091 ~0.86 (m, 2H,
CHHCHH), 0.61~0.57 (m, 2H, CHHCHH), 0.43 (s, 6H,
SiCH;); *C NMR (100 MHz, CDCLy) 6: 168.64, 146.14,
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140.71, 132.62, 132.10, 30.89, 22.87, 13.46, 12.85, 6.69,
—3.13. Anal. calcd for C;3H,,CINOSSi: C 51.72, H 6.68,
N 4.64, S 10.62; found C 51.70, H 6.71, N 4.66, S 10.60.

N-(F L H5)-4,5- — 1 k-2 G o — PR B e R gy -
3-HHkIZ(T0): W AR, W 79%. m.p. 76.0~78.1
‘C; '"H NMR (400 MHz, CDCl;) §: 6.15 (s, 1H, NH),
3.80 ~ 3.72 (m, 4H, NHCH,CH,CI), 3.06 (s, 2H,
SiCH,CI), 2.37 (s, 3H, ArCHj3), 2.22 (s, 3H, ArCH3), 0.42
(s, 6H, SiCH3); *C NMR (100 MHz, CDCly) &: 172.22,
167.24, 145.44, 140.90, 132.56, 43.93, 41.55, 30.83, 13.52,
13.01, —3.20. Anal. caled for C;;H;oCl,- NOSSi: C
44.44, H 5.90, N, 4.32, S 9.89; found C 44.46, H 5.94, N,
4.33,S9.86.

N-( N IE)-4,5- 6 -2- G FF AL PP L e g
Wy-3- It (Tp): B A4, B 85%. mp. 143.1~
1444 °C; '"H NMR (400 MHz, CDCl;) &: 7.51~7.49 (m,
1H, ArH), 7.40~7.38 (m, 1H, ArH), 7.29~7.25 (m, 2H,
ArH), 6.19 (s, 1H, NH), 4.69 (d, J=6.0 Hz, 2H, NHCH,),
2.98 (s, 2H, SiCH,CI), 2.34 (s, 3H, ArCH3), 2.15 (s, 3H,
ArCHj3), 0.36 (s, 6H, SiCH3); *C NMR (100 MHz, CDCl5)
J5: 166.96, 145.82, 140.73, 135.24, 133.74, 132.67, 132.60,
130.84, 129.57, 129.27, 127.21, 41.95, 30.79, 13.50, 12.92,
—3.26. Anal. calcd for C;7H,;CILNOSSi: C 52.84, H 5.48,
N, 3.62, S 8.30; found C 52.81, H5.51, N, 3.60, S 8.26.
3.3.5 N-BRK-4,5-—F Feep-3-F BLik 9a~9d 6946
A,

R A 8 K5 S 2 SCHR[26], 9a~9d K15l S |
7a~7k.

N-J A K5-4,5- — I REWE Wy -3- FH I 12 (9a): ¥k i €4 [i]
&, W 69%. m.p. 95.1~95.8 “C;'H NMR (400 MHz,
CDCly) d: 7.26 (s, 1H, ArH), 5.62 (br s, 1H, NH), 4.25~
4.20 (m, 1H, NCHCHj3), 2.34 (s, 3H, ArCHj3), 2.26 (s, 3H,
ArCH;), 1.25 (d, J=6.8 Hz, 6H, NCHCH;); “C NMR
(100 MHz, CDCly) J: 164.64, 138.34, 134.74, 132.38,
122.09, 41.48, 22.89, 13.27, 12.77. Anal. calcd for CoH;s-
NOS: C 60.88, H 7.66, N 7.10, S 16.25; found C 60.84, H
7.68,N 7.13,S 16.21.

N-(3-5 R 5)-4,5- — F L mewy -3- FH ki (9b): ¥k 3%
AR, R 73%. mop. 122.2~123.1 “C; "H NMR (400
MHz, CDCly) d: 7.33 (s, 1H, ArH), 7.29 (s, 1H, ArH),
7.26~7.18 (m, 3H, ArH), 6.41 (brs, 1H, NH), 4.51 (d, J=
6.0 Hz, 2H, NHCH,), 2.34 (s, 3H, ArCH3), 2.27 (s, 3H,
ArCH;); *C NMR (100 MHz, CDCl;) d: 165.25, 140.48,
137.21, 134.94, 134.46, 132.64, 129.94, 127.67, 127.57,
125.75, 122.95, 42.98, 13.26, 12.87. Anal. calcd for
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C1,H4CINOS: C 60.10, H 5.04, N 5.01, S 11.46; found C
60.09 , H 5.08, N 5.03, S 11.43.

N-(3- F 48, 3 5 36 )-4,5- — FF 3L WE Wy -3- B9k 1% (9¢):
W EE, BOE 81%. mp. 107.4~107.8 °C;'H NMR
(400 MHz, CDCL3) d: 7.31 (s, 1H, ArH), 7.26 (dd, J=6.8,
6.8 Hz, 1H, ArH), 6.91 (d, J=8.0 Hz, 1H, ArH), 6.87 (s,
1H, ArH), 6.83 (dd, J=2.4, 8.0 Hz, 1H, ArH), 6.20 (br s,
1H, NH), 4.55~4.54 (d, J=5.6 Hz, 2H, NHCH,), 3.79 (s,
3H, OCHj3), 2.34 (s, 3H, ArCHs), 2.29 (s, 3H, ArCH,); °C
NMR (100 MHz, CDCly) &: 165.17, 159.87, 139.89,
137.61, 134.00, 132.61, 129.78, 122.69, 119.97, 113.30,
112,97, 55.23, 43.64, 13.28, 12.88. Anal. calcd for
CisH7NO,S: C 65.43, H 6.22, N 5.09, S 11.64; found C
65.40, H 6.25, N 5.06, S 11.62.

N-(FR A 2 O )-4,5- — LBy -3- )iz (9d): 7R
O E AR, B 79 %. m.p. 87.6~88.6 ‘C; 'H NMR (400
MHz, CDCLy) 8: 7.32 (s, 1H, ArH), 5.97 (br, 1H, NH), 3.26
(t, J=6.8 Hz, 2H, NHCH,CH), 2.35 (s, 3H, ArCHj3), 2.27
(s, 3H, ArCH;), 1.05~1.01 (m, 1H, NHCH,CHCH,),
0.55~0.51 (m, 2H, NHCH,CHCHj,), 0.27~0.25 (m, 2H,
NHCH,CHCH,); *C NMR (100 MHz, CDCLy) J: 165.32,
138.08, 134.73, 132.44, 122.35, 44.44, 13.28, 12.80, 10.76,
3.42. Anal. caled for C;;H,;sNOS: C 63.12, H 7.22, N 6.69,
S 15.32; found C 63.15, H 7.26, N 6.66, S 15.30.

3.4 B EYREYEMEMNK

A0 0 1R A= 0 T DR R P S L0 5 e 22 A Kl
Rk, 1oE, BUBE T 5 LR AR 200 g, VIECNE)E
TN 1 L Z&uK. &b 20 min J5 N Ak G uEH,
EIR R NN 20 g AR 15 g Billg, froeasinii e i
HKIBKERSE 1 L, 46 121 C FRHCKIE 20 min, HI73
PDA £5773E.

SR, WU R FE I AL S 1 mL R RN
AL IFAHIZE 50 CAEA 1 PDA B59R3E 9 mL BTG 14
BiFRILA, JRAIA AR =, K PDA VAR -5
I8 7 d (WA I B AR S mm [T FLERHIE
PP, RN BRI e & 25 1K) PDA SRR e, DA
P PAREE TR0 . RN OR ISR 4 MK, 7
20~25 CHEFEARTERITE 6 d, WEWE AR, ITH
ARSI i1 26 A ) 28 = (o o BB V% LA — 2 A
PRPE V& LA )/ 2 N HE B V& 4% X 100%].
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