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N-(REm-2-5)-2-[4-(FEE) K EEAE ARG R
RIS SIREE M

BREN  HXES

(IR R T Kb 410082)

#5715 ot

WE  2-FEEMATED S (R)-(+)-2-(4-FRERF)NBEF R LA B 18 Flt N-(WEME-2-F)-2-[4-(5F 4 28 R S B | B I,
HARELEMZ TH NMR. P°C NMR. JCE T EI-MS R EERE. KA 5 5 X SFERAT SO E T (R)-N-(4- =5 F
BE-5- 2R R BE R W -2 F )2 [4-(3- 5 -5- G ML W -2- SR B ) SR AR SR N R 1 SR AR A5, R JB T R, N
P42.2, SIS HCN: a=14.45502(18) A, b=14.45502(18) A, ¢=21.7813(5) A; Z=8, V=4551.14(15) A, D,=1.558
Mg/m?, F(000)=2176, 1=3.013 mm ', #ZmE KT R=0.0302, wR=0.0687. FREIEMERM, £ 1500 ghm’ FIET, K
A A PN B I R B I B (Digitaria sanguinalis) MY (Echinochloa crusgalli)¥s) BAG B & RIS NEYE, S0t &9
of T FRAR B () ZE 0 R0 L AR HE R A 100 Y% fR i) v 1.

KGR 2-(4-J7 FUR SR N B, WEME; SR BREETETE

Synthesis, Crystal Structure and Herbicidal Activity of N-(Thiazol-
2-yl)-2-(4-aryloxyphenoxy)propionamides

Yang, Zihui Chen, Aiyu Hu, Aixi* Ye, Jiao™
(Colleage of Chemistry and Chemical Engineering, Hunan University, Changsha 410082)

Abstract Eighteen N-(thiazol-2-yl)-2-(4-aryloxyphenoxy)propionamides were synthesized by reaction of (R)-(+)-2-(4-hy-
droxyphenoxy)propanoyl chlorides with 2-aminothiazole derivatives. Their structures were confirmed by '"H NMR, '*C NMR,
elemental analysis, EI-MS and optical rotation. The crystal structure of (R)-N-(4-trifluoromethyl-5-ethoxycarbonylthiazole-2-
yl)-2-[4-(3-fluoro-5-chloropyridin-2-yl)oxy)phenoxy)propionamide was determined by X-ray diffraction analysis. The crystal
belonged to the tetragonal system, space group P4,2,2 with a=14.45502(18) A, b=14.45502(18) A, c=21.7813(5) A; Z=8,
V=4551.14(15) A®, D,=1.558 Mg/m®, F(000)=2176, x=3.013 mm ', and the final R=0.0302, wR=0.0687. The bioassay
results indicated that most of title compounds displayed moderate to excellent herbicidal activity against crabgrass (Digitaria
sanguinalis) and barnyard grass (Echinochloa crusgalli.) at the dose of 1500 g/hm”. Some compounds showed 100% inhibition
against the growth of the crabgrass and barnyard grass when applied at the pre-emergence and post-emergence treatment.
Keywords 2-(4-aryloxyphenoxy)propionamide; thiazole; synthesis; herbicidal activity
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2-(4-T5 RS B R IR AT A= W 2 — S B M P ) A
VOB A FRAERMIBR . W AR N-
M W 5% 4 2K S R IR AT AE W (R, R)-N-(3- S ML g -2- 7 )-N-
[2-(4~(3- 9oL -5- UM B -2- S ) 2% S 0 ) ] AT T ik -[2-(4-(3-
B-5- U e -2-FE AR B0 SRR R | R B RG A 2250 g/hm” 1]
BN BRI R B 2R A B 4 2 3
100%. Kim 25245 5 N-(2- 52538 )-[2-(4-(5F L IG5 IE)
FASE W B — E BREE . Yu SEPE
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[2-(4-W g S8 LR S ) | IO LN B R R AE 100 /L IREE T
Xof LT HAE A S BRI . 9% 5% A S e
FME(SYP-1924)7E 7.5 g/hm® 7 & T % B (K B %R
90%. JAHRT R 1 A EI ) 2-(4-05 AR AL
PIBEREAE 300 g/hm? 77 &N X600 B BER T & 1 i ] o
N 100%. 254 8RB ML A PITE 200 g/hm’ 7l & T
X T4 T HIAMHIZ N 95.0%, HXF /KRG 24, XML
(73 ) Ve 1 ik 25 iz (Mletamifop) 9 56 S 8 45 1) 2-(4- 2% 95 4
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R

KAL) NIRRT Y, A G Pxs Dy Ji AR (1
I1Cso {553 )9 15.4 H122.8 g/hm?, AT MR e Ik B i )
31.9 A1 25.0 g/hm?.

WE e K AL S H A T EE 25 Y fn g
O B e R AT, R T AR B B AR AT
852 VR, LR TT % HH 22 A R R 5 o, T
BRI R e s U ST 2-(4- S SRR S TR AT
P B 24 28 PR AN e 7 A A U R R, R BE S
JEHER R TE T N-(MEMe-2-3E)-2-(4- 5 S L 2R A L) I IR A (1)
(B 1). LEE a-H MIRENEDINER, £ a-KR H
BRI G 1, S HBREE AT, s
Y1 1A RS 26 DL Scheme 1.

1 ZER5HE
1.1 L&Y 1f Rk R
(R)-N-(4- = 3, F k-5~ 2 S Bl ik e g -2- 56 )-2-[4-(3-

F-5- SRIHGE -2- 50 3 ) 2% ST | AT B e (L) ) 4 5 140 2 )
2 frow, S EIE 3 R

oY

Metamifop
ha'®
A A
S H

CMPT

(0]
o) /N R
— T
S R2
ArO
1

G A d AR E R A7 T 95 [ S £ vh oy, CCDC
=9 1500380, 731X Co1H cCIFsN;OsS, M, =533.04,
mp. 59~62 C. JEIUTTdnFR, BN P4,2,2,
ZHON: a=14.45502(18) A, b=14.45502(18) A, c¢=
21.7813(5) A; Z=8, V=4551.14(15) A®, D.=1.558
Mg/m?®, F(000)=2176, ©=3.013 mm ', 3700 /> MLl £
[[>20(D)], BT WM R 12 B 2l 25 L R =0.0302,
wR=0.0687, X454 ZHH 0.014(8), (A/6)mx=0.019,
S5=1.03, (AD)max=0.30 e/A%, (Ap)min=—0.25 e/A>.

& If AR, FRRAELE T 5 R rh D I e
EERETAENE RS 5 — o> T AR
TR T A NQ)—H:NQ3); 2 T8 (&
K 2.28(4) A, ZEBEMN 1643)°. Har T4
C12)f B A R #1.

1.2 BREEMITEMN

DAWE PR T B iz R PR X6 B, XHEA ) 1a~1r HET

PREE I L, HIE M RAINE 1.

1

B a1 it i

Figure 1 Design strategy of compounds 1
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O.__CO,H
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Compd. Ar R! R? Compd. Ar R! R?
la Cl\_~ F t-Bu H 1b NG F t-Bu NO,
1c | +-Bu 4-CH;0CgH,CH, 1d o Bu  2,4-CL,C¢H;CH,
le N CH, CO,Et 1f N CF, CO,Et
1g FaC_~ Cl t-Bu H 1h FsC_~ Cl t-Bu NO,
1i | +-Bu 4-CH;0CgH,CH, 1j | +-Bu 2,4-Cl,C¢H;CH,
1k N CH, CO,Et 11 N CF, CO,Et
1m Cl _N t-Bu H In Cl _N t-Bu NO,
1o - ]\ -Bu 4-CH;0CgH,CH, 1p - ]\ Bu  2,4-CL,C¢H;CH,
1q N CH, CO,Et 1r N CF; CO,Et

B 1 (a1 a i

Scheme 1 Synthetic routes of target compounds 1
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B2 1f s msEmE

Figure 2 Molecular crystal structure of compound 1f

FREGETERI, A6&W 16 i R B H AR I 1)
FHTEVE, AR R Rgt, KB, MR AEYE, BT
FhiZE, AR B ZHH]. b 1b~1f, 1k, 11
Ir 7€ 1500 g/hm? 715 N X 7 2 55 0 Jl A R a8 =
A 100% AHE R, 5 TEMem s g A0 2, Jf H 25
Qb PR ) AR SR T AN B R S BR AL, B
[R5 375 R AL 33 W] DA SE I 24 7516 R A0 ) S A0 RO, oA 8
AW iy 1§ 1oy 1p Fl 1q X HRFH A FAH —E
.

A
4 /*@

%’%_...-({

\
R
(_ \%@—\ﬁ

B3 1f AstE
Figure 3 Hydrogen bonds of compound 1f

B, RIS B A R B B N, A th 7R [F )
NS A ZE AL B A PN 75.7%.

MK S, BUCEE R A Ar 6HLE0 1 ISR A
AEKMFEW. 2 Ar N 3-5-5-FMERE IR, X5 R
R [ 2 I R 3 A RV MRS AR T 3-5-5- R
FENH e FIE IR, 1d Xk T AR A - 33 A FE A o)
KT 15 24 Ar HFERE, 24 R OUREE, 24- & T K
4-FEEACHERS, MR EL R O H IHF, Witb &9

B0 10 X 24 g S AN D SR 41 1l 47 P A B 1b Al 1d fEZEFHACELAGZEAE TS, XS, BE R

F 1 AEY 1a~1r FFREEPEENHIZ/%, 1500 g/hm?)”
Table 1 Herbicidal activities of compounds 1a~1r (inhibition rate/%, 1500 g/hm?)

Pre-emergence treatment Post-emergence treatments

Compd.

B.C. AR E.C D.S. B.C. AR. E.C. D.S.

1a 0 10.0 100 100 10.0 35.8 15.0 10.0
1b 0 5.0 100 100 12.3 44.5 100 100
1c 0 0 100 100 25.3 0 100 100
1d 0 0 100 100 21.7 5.0 100 100
1le 0 0 100 100 15.8 15.0 100 100
1f 0 0 100 100 2.4 0 100 100
1g 0 10.0 100 100 5.0 34.1 15.0 10.0
1h 0 0 100 100 5.0 75.7 100 100
1i 0 0 87.3 100 5.0 15.0 100 100
1j 0 0 71.1 73.7 7.9 15.0 100 100
1k 0 0 99.1 100 13.8 47.1 100 100
11 0 0 100 100 0 15.0 100 100
1m 0 0 87.3 100 0 30.6 10.0 10.0
In 0 0 95.5 100 0 42.8 100 100
1o 0 0 76.5 98.8 0 5.0 100 100
1p 0 0 87.3 84.0 0 10.0 100 100
1q 0 0 68.4 76.1 1.2 15.0 100 100
1r 0 0 100 100 2.8 10.0 100 100
Metamifop 0 0 100 100 0 0 100 100

@RI RL NI K (Brassica Campestris, B.C.)~ W% (Amaranthus retroflexus, A.R.)« F¥i(Echinochloa crusgalli, E.C.)+
Mo RE 2. WERL T B % (Metamifop).

L, ¥ (Digitaria sanguinalis, D.S.). FH1E
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100% G, AL 1a M1 1m ZE[FIRE K 5 4F 2
AEERET H R I 10% 30 vE M. Ar 25 A0 BR s PR
Mo KN AR N 3-38-5- G IE > 3-5-5- = 980 H Stk
WE >N IRR; R JE 1520 5 49 NO,, 4-CH;0CH,CH,,
2,4-CLC¢H,CH,>H.

2 Zhig

BETAART 18 A N-(UEME-2-3)-2-[4- (5 ML) K A
SR AL A 1a~Tr, HALSEE5H% H NMR, P C
NMR. EI-MS. JCEHIAHEN BRI, 2003 bk
R AP, LAFIE 1500 g/hm? 43 5 HEAT 25 A FE A+
SRACFRIS, LG 1 X B B R AR B BAT
IR LS R, Forh Ib~1f, 1k 11 A 1r X3 2 BRI B
RN 100% IS E.  FE AR BE ) R 0 1 S B 72
=250 F .

3 IS
3.1 X5

ZF2 B = R ( L = A,
R-1002N #Y et 7% AL . SHB-TI G K X2 S
GBI T S BR A 71); RY-1G B s A (KRR
H2EAU B H IR AF]); VARIAN INOVA-400 #% i 3E4RIX
(3 Varian A 7)), 'H NMR Z#LAR4% A 400 MHz,
BC NMR #HESERZ N 100 MHz, TMS A WNHR; Ag-
ilent 1100 Series 2 & Z0BAH (B i WE B FH R G (EL, 36
Agilent A 7]); VARIO EL III 7G & 70 HrAX (48 ),
Bruker AXS SMART 1000 CCDX 4% & 5 A7 S (4
).

2 ENTRE IR (W S VLRI TF R B BRAF]). &
FIAR T 32 Sy i B o Al sl 22 40,

3.2 ZLWHE
32.1 tebdn2 423 89hm

4-FUT Fe2-F FLMEME (2a): S IESCHR[16] 5 K, 15
HEEE A, E 80.8%. m.p. 96~98 C(LHk{E!:
m.p. 98~99 C).

AT H-5-R 2 2-F AL WE ML (2b) I Al UKTR T,
13.2 g (50 mmol) 4-# T Fk-2-2 FE MEME AN IR 35 0 K 24t
IIANE] 20 mL REEEE S, #HEEMKT 10 CTHid:, F+
% 40 CKV 10.0 h, BIABIKFERK. UKIET, NaOH
TR AN, BT RS L AR, fhgE, LK E S, T
FRASFE LT (U 4K 2b, mop. 189~191 COCERA™: m.p.
191~192 C), Y 50.1%.

4T FH-5-(4- H AR B R 0 )-2- 2 R I (20) 2 B ST
BRI17b]& K, W% 71.7%. m.p. 118~120 C(CHRE!™):
m.p. 118.8~120.5 C).

152 http://sioc-journal.cn/
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AT FE-5-(2,4- AR I )-2-F FE EE M (2d) 2 R
BR[18]E K, W 85.7%. m.p. 126~128 ‘C(CHRr{E!:
m.p. 125~127 C).

4-F B2 B BLE -SSR TR 2. TR (2e) S IR SCHR[19] &
B, A A EE, R 92.3%. mp.176~178 C(CHR
1) mp.174~176 C).

4- =5 R - R R M-SR R 2L TR (26) 2 RUCSCHR
[20]1& ik, 18 A @Ak, K 88.0%. m.p. 168~169 C
CCEMEP: m.p. 168~171 C).

HHE R 3 ZHESCHR[ 7] . (R)-2-[4-(3-%-5- S -
- B RA R NIRBa): A K, mp. 209~211 C
CCER T mp. 211~212 C), [o]® +30.00 (c 1,
CH,CLy). (R)-2-[4-(3-5(-5- =% F B mL g -2- 5 0 A AL
HR3g): FEEIE, [aly +25.06 (¢ 1, CH,Cly); MS m/z:
361 [M']. (R)-2-[2-[4-(6- 51 W bk -2- 4 Ik ) A S 0k | T TR
(3m): m.p. 210~212 CCCERA!: mp. 211~212 C),
[a]y +33.75 (¢ 1, CH,CLy).

322 b4 la~1r 494 5%

# 2.0 mmol fb 54 3a, 3g A1 3m ¥ T 30 mL F %A,
SR 0.71 g (6.0 mmol) S IEAAN 2 i DMEF, [H137
5.0 h, B2 H M AW RIEEE. B hmzm S —
AR 1.0 mmol HAA 2, 25 mL & H Kl
0.1g (1.0 mmol) = ZFZH IR A, £) 15 min JH5E,
FEim R 1.0~5.0 h, AHLZEKEE, WA EKE, T
e, B, MM ERENTVCHEME) @ (LR LR =
7 01~5 D152 EY 1a~1r.

(R)-N-(4- 0T FE g w2 56 )-2 [4-(3- 35 -5- S e -2-
AI AL ATEIZ (1a): KB 2.0 h, fEEREA, KR
66.5%. m.p. 57~60 C; [a]¥ +19.75 (¢ 1, CH,Cl,); 'H
NMR (400 MHz, CDCl;) 6: 1.30 (s, 9H, 3 X CH;), 1.67 (d,
J=17.0 Hz, 3H, CH3), 4.87 (q, J=7.0 Hz, 1H, CH), 6.58 (s,
1H, thiazole 5-H), 7.01 (d, J=9.0 Hz, 2H, C¢H,-2,6-H),
7.13 (d, J=9.0 Hz, 2H, C¢H,-3,5-H), 7.51 (dd, J=9.0, 2.0
Hz, 1H, CsH,N-4-H), 7.87 (d, J=2.0 Hz, 1H, CsH,N-6-H),
9.63 (s, 1H, CONH); *C NMR (100 MHz, CDCly) ¢
18.40, 29.92, 34.34, 75.50, 105.43, 116.69, 122.57, 124.98,
125.16, 140.18 (d, *Jer=6.0 Hz), 147.01 (d, 'Jer=260
Hz), 147.79, 151.16 (d, “Jey=14.1 Hz), 153.62, 155.74,
161.37, 169.92; EI-MS m/z: 449.1 [M']. Anal. calcd for
C»H,,CIFN;0;S: C 56.06, H 4.70, N 9.34; found C 55.93,
H 4.60, N 9.25.

(R)-N-(4-FU T HE-5-fifg L we k-2 £ )-2-[4-(3- % -5-
M -2- 40 R SRR A BE L (1b): [ 3.0 h, BEATaufH]
A, L 71.2%. mp. 58~61 C; [a]y +25.33 (¢ 1,
CH,CL); '"H NMR (400 MHz, CDCl3) o: 1.46 (s, 9H,

Chin. J. Org. Chem. 2017, 37, 149~156
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3XCHs), 1.69 (d, J=6.8 Hz, 3H, CH;), 493 (q, J=6.8
Hz, 1H, CH), 7.02 (d, J=9.0 Hz, 2H, C¢H,2,6-H), 7.16 (d,
J=9.0 Hz, 2H, C¢H,-3,5-H), 7.52 (dd, J=9.0, 2.0 Hz, 1H,
CsH,N-4-H), 7.87 (d, J=2.0 Hz, 1H, CsH,N-6-H), 9.66 (s,
1H, CONH); "*C NMR (100 MHz, CDCl;) ¢: 18.39, 28.39,
37.14, 75.15, 117.10, 122.76, 125.09, 125.37, 140.17 (d,
3Jer=6.0 Hz), 144.75, 147.10 (d, 'Jor=260 Hz), 148.16,
151.06 (d, 2Jep=9.6 Hz), 153.32, 155.08, 162.18, 170.82;
EI-MS m/z: 494.1 [M"']. Anal. calcd for C,;H,,CIFN,OsS:
C 50.96, H 4.07, N11.32; found C 50.82, H 3.93, N 11.30.

(R)-N-[4- B T Hk -5-(4- W 5 & % 26 ) me e -2-
5£1-2-[4-(3-F-5- UL g -2- 80 ) R AL | A BE R (1e):
2.0 h, FEEAEE, KE 77.8%. mp. 58~60 C;[aly +
15.25 (¢ 1, CH,CL); 'H NMR (400 MHz, CDCly) d: 1.34
(s, 9H, 3XCH,), 1.61 (d, J=6.7 Hz, 3H, CH3), 3.77 (s,
3H, OCH3), 4.16 (s, 2H, CH,), 4.79 (q, J=6.7 Hz, 1H,
CH), 6.81 (d, J=8.4 Hz, 2H, CH;0C¢H,), 6.97 (d, J=8.4
Hz, 2H, CH;0-C¢H,), 7.08~7.10 (m, 4H, C¢H,), 7.48 (d,
Jr-n=8.9 Hz, 1H, CsH,N-4-H), 7.84 (s, 1H, CsH,N-6-H);
C NMR (100 MHz, CDCl5) d: 18.60, 29.76, 31.15, 32.13,
55.08, 75.10, 114.00, 116.22, 116.50, 116.85, 118.59,
122.57, 124.09, 124.95, 125.14, 127.88, 129.33, 140.15 (d,
3Jer=6.0 Hz), 146.97 (d, 'Jor=260 Hz), 147.69, 153.83
(d, YJer=9.8 Hz), 159.66, 169.73; EI-MS m/z: 569.2
[M']. Anal. caled for CooHysCIFN;0,S: C, 61.10, H 5.13,
N 7.37; found C 60.88, H 5.04, N 7.27.

(R)-N-[4- B T %= -5-2,4- — S % B ) B M -2-
H£1-2-[4-(3-F-5- UL IE -2- S0 ) R A B N Bk 2 (1d):
N 3.0 h, FAGREEK, BR 75.0%. mp. 54~57 C; [oly
+32.50 (¢ 1, CH,Cl,); "H NMR (400 MHz, CDCl5) : 1.32
(s, 9H, 3XCHs), 1.61 (d, J=6.7 Hz, 3H, CH;), 4.19 (s,
2H, CH,), 4.80 (q, J=6.7 Hz, 1H, CH), 6.97 (d, J=9.0
Hz, 2H, C¢H, 2,6-H), 7.08~7.11 (m, 3H, C¢H,, CeHy
3,5-H, C¢H;-6-H), 7.23~7.24 (m, 2H, C¢Hs), 7.46~7.49
(m, F-H, 1H, CsH,N-4-H), 7.84 (d, J=2.0 Hz, 1H,
CsH,N-6-H), 9.54 (s, 1H, CONH); *C NMR (100 MHz,
CDCly) 6: 18.74, 31.17, 32.44, 36.17, 75.15, 116.30,
116.89, 122.36, 122.63, 123.65, 125.00, 125.23, 128.73,
129.40, 129.69, 132.44, 138.92, 140.18 (d, *Jer=6.1 Hz),
147.04 (d, 'Jor=260 Hz), 147.77, 152.21, 153.89 (d,
2Jer=16.6 Hz), 159.27, 169.66; EI-MS m/z: 607.1 [M'].
Anal. calcd for C,3H,5C13,FN305S: C 55.23, H4.14, N 6.90;
found C 55.10, H 4.10, N 6.82.

(R)-N-(4-F JE-5- 2 S8 e S g -2 J5)-2 - [4-(3-3(-5-
SUMEIE -2- 58U 58 ) R A FE A Bk iz (1e): JBE 3.0 h, REE
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AR, WE 72.9%. mp. 53~56 C; [aly +10.08 (c 1,
CH,CL); '"H NMR (400 MHz, CDCls) ¢: 1.36 (t, J=7.1
Hz, 3H), 1.68 (d, J=6.8 Hz, 3H, CH;), 2.64 (s, 3H, CH),
433 (q, J=7.1 Hz, 2H, OCH,), 491 (q, J=6.8 Hz, 1H,
CH), 6.98 (d, J=9.0 Hz, 2H, C¢H,-2,6-H), 7.13 (d, J=9.0
Hz, 2H, C¢H,-3,5-H), 7.51 (dd, Jr.u=9.0 Hz, J,=2.0 Hz,
1H, CsH,N-4-H), 7.87(d, J=2.2 Hz, 1H, CsH,N-6-H),
9.70 (s, 1H, CONH); *C NMR (100 MHz, CDCl;) ¢:
14.34, 17.49, 18.76, 60.84, 75.17, 116.59, 122.32, 122.72,
125.09, 125.27, 140.16 (d, *Jer=6.1 Hz), 146.95(d,
'Jer=270 Hz), 147.94, 151.11 (d, *Jc.r=9.6 Hz), 153.43,
156.39, 158.26, 162.73, 170.43; EI-MS m/z: 479.1 [M'].
Anal. caled for CoH4CIFN;05S: C 52.56, H 3.99, N 8.76;
found C 52.50, H 3.80, N 8.67.

(R)-N-(4- — 5 H 2 -5- 20 S pk Fk W e -2 2 )-2-[4-(3-
F-5- S IE -2- 8 58 R A B I e (1h): B 5.0 h, H
A, R 74.1%. mp. 59~62 C; [aly +17.75 (¢ 1,
CH,CL); '"H NMR (400 MHz, CDCly) ¢: 1.39 (t, J=7.0
Hz, 3H, CH;), 1.68 (d, J=6.8 Hz, 3H, CH3), 4.39 (q, J=
7.0 Hz, 2H, OCH,), 4.95 (q, J=6.8 Hz, 1H, CH), 6.98 (d,
J=9.0 Hz, 2H, C¢H,-2,6-H), 7.14 (d, J=9.0 Hz, 2H,
CeH,-3,5-H), 7.51 (dd, Je.y=9.0, 2.0 Hz, 1H, CsH,N-
4-H), 7.87 (d, J=2.0 Hz, 1H, CsH,N-6-H), 9.91 (s, 1H,
CONH); *C NMR (100 MHz, CDCl;) §: 14.04, 18.14,
62.73, 74.87, 116.65, 118.58 , 122.93, 124.06, 125.11,
125.29, 140.18 (d, *Jer=7.0 Hz), 147.02 (d, "Jor=260
Hz), 148.17, 148.34, 151.07 (d, *Jer=11.3 Hz), 153.23,
158.28, 159.20, 170.89; EI-MS m/z: 533.1 [M']. Anal.
caled for CyHicCIF,N;OsS: C 47.24, H 3.02, N 7.87;
found C 47.20, H2.92, N 7.69.

(R)-N-(4-F T FEmEmk-2-F5)-2-[4-(3- 0 -5- = 5 FF 3
M -2- 40 R AR A BE G (1g): OB 1.0 h, T [ A,
K 70.1%. m.p. 52~55 C; [a]y +16.33 (¢ 1, CH,Cl);
'H NMR (400 MHz, CDCl5) d: 1.30 (s, 9H, 3 X CH3), 1.68
(d, J=6.8 Hz, 3H, CH;), 4.89 (q, J=6.8 Hz, 1H, CH),
6.59 (s, 1H, thiazole, 5-H), 7.04 (d, J=9.0 Hz, 2H,
CeH4-2,6-H), 7.14 (d, J=9.0 Hz, 2H, C¢H,-3,5-H), 7.97 (d,
J=2.0 Hz, 1H, CsH,N-6-H), 8.26 (s, 1H, CsH,N-4-H),
9.60 (s, 1H, CONH); *C NMR (100 MHz, CDCL) o:
18.40, 30.29, 34.64, 75.17, 105.44, 117.02, 12091 (q,
'Jer=280 Hz), 123.05, 125.89, 127.63, 136.38 (q, *Jer=
3.1 Hz), 142.59 (q, *Jer=4.3 Hz), 145.27, 147.30, 154.05,
155.80, 161.34, 169.98; EI-MS m/z: 499.1 [M']. Anal.
caled for C,H,;CIF5N305S: C 52.85, H 4.23, N 84I;
found C 52.78, H 4.20, N 8.36.

http://sioc-journal.cn/ 153



BIHE

R

(R)-N-(4- BT %&-5-Tirf s g W -2- J5)-2-[4-(3-54-5- =
R BRI -2- S ) R S L N k2 (Th): )Y 3.5 h, 3
B E A, IR 68.0 %. m.p. 63~66 C; [aly +21.25 (¢ 1,
CH,CL); '"H NMR (400 MHz, CDCly) o: 1.46 (s, 9H,
3XCH;), 1.70 (d, J=6.8 Hz, 3H, CH;), 4.95 (q, J=6.8
Hz, 1H, CH), 7.05 (d, J=9.0 Hz, 2H, C¢H,-2,6-H), 7.17
(d, J=9.0 Hz, 2H, C¢H,-3,5-H), 7.99 (s, 1H, CsH,N-6-H),
8.27 (s, 1H, CsH,N-4-H), 9.66 (s, 1H, CONH); *C NMR
(100 MHz, CDCl;) 0: 18.41, 28.44, 36.90, 75.16, 116.98,
120.47 (q, 'Jep=240 Hz), 123.23, 127.51, 130.68, 136.45
(9, Jcr=3.2 Hz), 14254 (q, *Jer=4.4 Hz), 14582,
147.90, 150.64, 153.75, 155.15, 159.72, 170.65; EI-MS
m/z: 544.1 [M"]. Anal. caled for C,H,oCIF5N,OsS: C
48.49, H 3.70, N 10.28; found C 48.40, H 3.63, N 10.20.

(R)-N-[4- U T 2 -5-(4- H 5 5 % 26 ) e mk 2.
H£1-2-[4-(3- -5~ = o HF Jo mh w2 4 25 O B 2 ] T T M
(1i): [ 3.0 h, wE AR, KF 69.8%. mp. 69~
71 C; [a]y +21.00 (¢ 1, CH,ClL); '"H NMR (400
MHz,CDCl;) &: 1.40 (s, 9H, 3 X CH;), 1.65 (d, J=6.7 Hz,
3H), 3.80 (s, 3H, OCH3), 4.19 (s, 2H, CH,), 4.83~4.88
(m, 1H, CH), 6.84 (d, J=8.0 Hz, 2H, CH;0C¢H,), 7.06 (s,
2H, C¢H,-2,6-H), 7.11~7.13 (m, 4H, C¢H,, CH;OCH,,
CeH,-3,5-H), 7.97 (s, 1H, CsH,N-6-H), 8.26 (s, 1H,
CsH,N-4-H); *C NMR (100 MHz, CDCl;) d: 18.76, 30.93,
32.27, 35.83, 55.22, 75.15, 114.09, 116.69, 120.67 (q,
"Jer=260 Hz), 122.60, 122.92, 127.38, 128.02, 128.81,
129.36, 130.90, 131.23, 133.20, 138.44 (q, *Jc.r=4.0 Hz),
140.24, 142.59 (q, *Jer=3.9 Hz), 147.52, 158.26, 169.36;
EI-MS m/z: 619.2 [M']. Anal. calcd for C3,H,oCIF3N30,S:
C 58.11, H4.71, N 6.78; found C 58.00, H 4.66, N 6.70.

(R)-N-[4- BT B -5-2,4- — G 7F 5= ) e ke 2-
FE1-2-[4-(3-F-5- = 90 FF BE I g -2- S ) 2R A 22 ] TR T e
(1j): XM 5.0 h, W O, WFE 67.5%. mp. 61~
64 C; [a]y +24.90 (¢ 1, CH,CL); '"H NMR (400 MHz,
CDCl3) 6: 1.34 (s, 9H, 3 X CH,), 1.65 (d, J=6.8 Hz, 3H,
CH3), 428 (s, 2H, CH,), 4.85 (q, J=6.8 Hz, 1H, CH),
7.02~7.06 (m, 3H, C¢H; 6-H, C¢H,-2,6-H), 7.11~7.21
(m, 3H, C¢Hs-5-H, C¢H,-3,5-H), 7.40 (d, J=2.1 Hz, 1H,
C¢H3-3-H), 7.98 (d, J=2.0 Hz, 1H, CsH,N-6-H), 8.27 (s,
1H, CsH,N-4-H), 9.45 (s, 1H, CONH); *C NMR (100
MHz, CDCls) 6: 18.45, 30.08, 30.53, 35.66, 75.14, 116.73,
120.49 (q, 'Jer=250 Hz), 122.84, 127.03, 127.13, 128.97,
129.15, 130.49, 130.71, 132.88, 133.03, 134.18, 136.20 (q,
3Jer=3.0 Hz), 136.45, 142.39 (q, *Jor=4.4 Hz), 147.41,
152.18, 154.03, 154.18, 169.50; EI-MS m/z: 657.1 [M'].
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Anal. caled for CyH,sCLF3N;05S: C 52.86, H 3.82, N
6.38; found C 52.78, H 3.78, N 6.30.

(R)-N-(4- H F-5- 2, 58 P T WE Wt -2 - 356 )-2-[4-(3-5.-5-
R R R -2 A ) R S R AT R (1k): OB 5.0 h,
B E K, BE 65.0%. mp. 96~99 C; [aly +15.50 (c
1, CH,CL,); "H NMR (400 MHz, CDCl;) §: 1.37 (t, J=7.0
Hz, 3H, CH;), 1.69 (d, J=6.8 Hz, 3H, CH;), 2.65 (s, 3H,
CH;), 4.33 (q, J=7.0 Hz, 2H, COOCH,), 4.93 (q, J=6.8
Hz, 1H, CH), 7.00 (d, J=8.0 Hz, 2H, C¢H,-2.6-H), 7.14
(d, J=8.0 Hz, 2H, C¢H,-3,5-H), 7.98 (s, 1H, CsH,N-6-H),
8.26 (s, 1H, CsH,N-4-H), 9.80 (s, 1H, CONH); °C NMR
(100 MHz, CDCl3) §: 14.39, 17.03, 18.47, 61.12, 75.06,
116.64, 120.63 (q, 'Jer=250 Hz), 123.09, 127.61, 127.91,
128.82, 131.20, 133.74, 136.34 (q,*Jcr=3.3 Hz), 139.13,
142.52 (q,Jc.r=5.2 Hz), 147.68, 153.83, 156.30, 170.20;
EI-MS m/z: 529.1 [M"]. Anal. calcd for C»,H;4CIF5N;0sS:
C 49.86, H3.61, N 7.93; found 49.80, H 3.53, N 7.83.

(R)-N-(4- =5 F 2 -5- 2 S Pk 2k WE e -2 2 )-2-[4-(3-
-5 = B g - 2- S ) R A R A R (1) (RS 5.0
h, RO E A, BE 70.5%. mp. 71~74 C; [aly +
20.75 (¢ 1, CH,CL); 'H NMR (400 MHz, CDCls) 8: 1.32
(t, J=7.0 Hz, 3H, CH3), 1.62 (d, J=6.8 Hz, 3H, CH,),
432 (q, J=7.0 Hz, 2H, OCH,), 4.90 (q, J=6.8 Hz, 1H,
CH), 6.92 (d, J=9.0 Hz, 2H, C¢H,-2,6-H), 7.07 (d, J=9.0
Hz, 2H, C¢H,-3,5-H), 7.90 (s, 1H, CsH,N-6-H), 8.18 (s,
1H, CsH,N-4-H), 9.98 (s, 1H, CONH); *C NMR (100
MHz, CDClLy) d: 14.00, 18.44, 62.71, 74.86, 116.64,
119.13, 120.30 (q, 'Jer=230 Hz), 123.13 (d, *Jer=9.4
Hz), 128.82, 136.39 (q, *Jer=3.3 Hz), 142.52 (q, *Jer=
4.3 Hz), 144.54, 147.54, 147.78, 149.26, 153.64, 153.90,
158.42, 159.35, 161.22, 171.09; EI-MS m/z: 583.1 [M'].
Anal. calcd for Cy,HcCIF¢N3;0s5S: C 45.25, H 2.76, N 7.20;
found C 45.20, H 2.63, N 7.10.

(R)-N-(4- 0T & WE I -2 - )-2 - [4-(6- 5 4 g Ik -2- 2%
AR EIE A EE L (Im): [ 2.0 h, IR GREAE, Y&
# 74.3%. m.p. 56~59 C; [a]¥ +11.50 (c1, CH,CL,); 'H
NMR (400 MHz, CDCl3) 6: 1.32(s, 9H, 3X CH3), 1.70 (d,
J=6.8 Hz, 3H, CHs), 4.92 (q, J=6.7 Hz, 1H, CH), 6.60 (s,
1H, thiazole-5-H), 7.06 (d, J=9.0 Hz, 2H, C¢H,-2,6-H),
7.23 (d, J=9.0 Hz, 2H, C¢H,-3,5-H), 7.60 (dd, J=9.0, 2.0
Hz, 1H, quinoxalin-H), 7.69 (d, J=28.0 Hz, 1H, qui-
noxalin-H), 8.05 (d, /=2.2 Hz, 1H, quinoxalin-H), 8.69 (s,
1H, quinoxalin-H), 9.68 (s, 1H, CONH); "C NMR (100
MHz, CDCly) d; 18.40, 30.26, 34.62, 75.50, 105.88,
116.86, 122.96, 127.88, 128.90, 131.22, 132.95, 138.58,
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140.19, 142.22, 147.43, 153.96, 157.46, 161.50, 162.40,
169.76; EI-MS m/z: 482.1 [M " ]. Anal. caled for
CyH,3CIN,4O5S: C 59.68, H 4.80, N 11.60; found C 59.58,
H4.72,N 11.52.

(R)-N-(4- U] F=-5- i = e -2 L )-2-[4-(6- S N2
IbR-2- 3 S ) R U T B A (Im): ]ROBE 2.0 b, PR B F ]
i, W 58.7%. mp. 79~82 C; [a]y +29.80 (c 1,
CH,CL); '"H NMR (400 MHz, CDCl;) 6: 1.47 (s, 9H,
3XCH,), 1.71 (d, J=6.8 Hz, 3H, CH3), 4.97 (q, J=6.8
Hz, 1H, CH), 7.07 (d, J=9.0 Hz, 2H, C¢H,4-3,5-H), 7.29 (s,
2H, C¢H4-2,6-H), 7.58~7.64 (m, 1H, quinoxalin-H), 7.68
(d, J/=38.9 Hz, 1H, quinoxalin-H), 8.06 (d, /=2.1 Hz, 1H,
quinoxalin-H), 8.70 (s, 1H, quinoxalin-H), 9.71 (s, 1H,
CONH); *C NMR (100 MHz, CDCl;) §: 18.39, 28.27,
37.13, 75.09, 116.88, 123.06, 127.91, 128.62, 132.76,
132.96, 138.24, 139.75, 140.10, 147.65, 153.29, 154.95,
156.84, 157.06, 161.94, 170.99; EI-MS m/z: 527.1 [M].
Anal. calced for Cp4H,,CINsOsS: C 54.60, H 4.20, N 13.26;
found C 54.52, H 4.10, N 13.20.

(R)-N-[4- #L T 5= -5-(4- 1 % 2 % 2k ) me mg -2-
B 1-2-[4-(6- 0N 1 Wk -2- A A0 5 R AU L TN Ik Ji2 (Lo): [
% 5.0 h, IRFEEEA, IR 66.7%. m.p. 65~67 C;[aly
+24.42 (¢ 1, CH,Cl,); '"H NMR (400 MHz, CDCl3) 6: 1.38
(s, 9H, 3XCH3), 1.66 (d, J=6.7 Hz, 3H, CH;), 3.79 (s,
3H, OCH;), 4.19 (s, 2H, CH,), 4.86 (q, J=6.7 Hz, 1H,
CH), 6.84 (d, J=8.4 Hz, 2H, OC¢H,), 7.02 (d, J=8.0 Hz,
2H, C¢H4-2,6-H), 7.11 (d, J=8.4 Hz, 2H, OC4H,), 7.23 (d,
J=28.0 Hz, 2H, C¢H,-3,5-H), 7.60 (dd, J=8.9, 2.1 Hz, 1H,
quinoxalin-H), 7.69 (d, J/=8.9 Hz, 1H, quinoxalin-H), 8.05
(d, J=2.2 Hz, 1H, quinoxalin-H), 8.69 (s, 1H, quinoxalin-
H); "C NMR (100 MHz, CDCl;) J: 18.46, 30.92, 32.29,
35.59, 55.25, 75.40, 114.02, 116.81, 119.30, 121.44,
122.24, 122.64, 122.99, 124.26, 125.40, 129.29, 132.47,
132.96, 136.45, 142.56, 147.56, 152.24, 154.18, 158.27,
161.24, 169.57; EI-MS m/z: 602.2 [M']. Anal. calced for
C3,H3;CIN4O,S: C 63.72, H 5.18, N 9.29; found C 63.62,
H 5.08, N 9.19.

(R)-N-[4- FU T H& -5-(2,4- — & % 3L ) me m -
B 1-2-[4-(6-FUnE R IR -2- 5 S0 ) R A R T BE iE (1p): [
% 5.0 h, RFEEE A, 1K 78.0%. m.p. 82~84 C; [aly
+15.75 (¢ 1, CH,Cl,); '"H NMR (400 MHz, CDCl3) J: 1.35
(s, 9H, 3XCH3), 1.67 (d, J=6.7 Hz, 3H, CH;), 4.28 (s,
2H, CH,), 4.87 (q, J=6.7 Hz, 1H, CH), 7.05 (d, J=38.5
Hz, 3H, C¢H4-2,6-H, C¢H3-6-H), 7.18 (d, J=7.7 Hz, 1H,
Ce¢H3-5-H), 7.23 (s, 2H, C¢H4-3,5-H), 7.41 (s, 1H, C¢H;
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3-H), 7.61 (d, J=38.5 Hz, 1H, quinoxalin-H), 7.69 (d, /=
8.9 Hz, 1H, quinoxalin-H), 8.06 (s, 1H, quinoxalin-H),
8.69 (s, 1H, quinoxalin-H), 9.47 (s, 1H, CONH); °*C NMR
(100 MHz, CDCl5) o: 18.53, 30.26, 30.79, 35.77, 75.32,
116.81, 122.03, 122.83, 127.29, 127.97, 128.77, 129.29,
130.77, 131.20, 132.90, 133.16, 134.28, 136.53, 137.23,
138.41, 139.89, 140.33, 147.29, 153.88, 154.36, 157.16,
169.65; EI-MS m/z: 640.1 [M " ]. Anal. caled for
C3;H,,CI3N405S: C 58.00, H 4.24, N 8.73; found C 57.90,
H 4.20, N 8.63.

(R)-N-(4- W & -5- 2, 58 Fh Jik g o -2- Jk )-2-[4-(6- S &
Wt -2 -5 AU ) AR AU T I e (1q): SSE 3.0 b, (0[]
&, WE 74.5%. mp. 113~116 C; [a]y +20.25 (c 1,
CH,CL); '"H NMR (400 MHz, CDCl;) J: 1.38 (t, J=7.1
Hz, 3H, CH;), 1.72 (d, J=6.7 Hz, 3H, CH3;), 2.68 (s, 3H,
CHs), 4.33 (d, J=7.1 Hz, 2H, OCH,), 4.98 (q, J=6.7 Hz,
1H, CH), 7.07 (d, J=9.0 Hz, 2H, C¢H,-2,6-H), 7.25 (d,
J=9.0 Hz, 2H, C¢H,-3,5-H), 7.61 (dd, /=9.0, 2.3 Hz, 1H,
quinoxalin-H), 7.69 (d, /=9.0 Hz, 1H, quinoxalin-H), 8.05
(d, J=2.2 Hz, 1H, quinoxalin-H), 8.69 (s, 1H, quinoxalin-
H); *C NMR (100 MHz, CDCly) §: 14.32, 17.20, 18.39,
61.15, 75.06, 116.63, 123.17, 127.89, 128.75, 131.61,
132.82, 138.45, 139.80, 140.06, 147.35, 150.44, 153.54,
156.36, 156.98, 158.16, 162.51, 170.24; EI-MS m/z: 512.1
[M']. Anal. calcd for CosH, CIN4OsS: C 56.19, H 4.13, N
10.92; found C 56.10, H 4.03, N 10.82.

(R)-N-(4- — 5 H 2 -5- 20 S phk Fk W e -2 2 )-2-[4-(6-
SRR IR B2 U R R I Ik iz (1) JOBY 5.0 h, H
O E AR, R 72.8%. mp. 92~95 C; [aly +26.25 (¢ 1,
CH,CL); '"H NMR (400 MHz, CDCl;) J: 1.29 (t, J=7.1
Hz, 3H, CH;), 1.65 (d, J=6.8 Hz, 3H, CH;), 4.19~4.34
(m, 2H, COOCH,), 4.76 (q, J=6.8 Hz, 1H, CH), 6.96 (d,
J=9.0 Hz, 2H, C¢H4-2,6-H), 7.18 (d, J=9.0 Hz, 2H,
C¢H,-3,5-H), 7.60 (dd, J=8.9, 2.3 Hz, 1H, quinoxalin-H),
7.68 (d, J=8.9 Hz, 1H, quinoxalin-H), 8.05 (d, /=2.2 Hz,
1H, quinoxalin-H), 8.67 (s, 1H, quinoxalin-H); °*C NMR
(100 MHz, CDCly) o: 14.04, 18.37, 62.39, 74.68, 116.78,
118.50 (q, 'Je.r=230 Hz), 122.87, 122.94 (d, *Jor=14.0
Hz), 123.07, 124.11, 128.02, 128.85, 131.27, 133.08,
138.43, 139.90, 140.12, 147.65, 153.42, 157.02, 158.41,
170.87; EI-MS m/z: 566.1 [M ' ]. Anal. caled for
Co4H3CIF5N4OsS: C 50.84, H, 3.20, N 9.88; found C
50.74,H 3.10, N 9.78.

3.3 AWM IFHNBERNE
0.1 g 1f¥AN 5 mL S GE A1 A kR & 7 7
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FIRFFE 10 d, P 1f BEEA, EH 0.42 mmX0.37
mmX0.28 mm AR, % AR7E BRUKER SMART
APEX 1000 CCD A8 WSS AT s, R 425
R AL T ) Mo Ko S128(1=1.54184 A), £ 150(2)
K TEL w-p 33457 NICEMTH B, 15 3.67°<20<
66.86°70 FEIUSCEE 9802 MR, A ASTATH £ 3960 1,
AR 3700 4. 4R J5 12 F Bruker [ SAINTPLUS 2
PSR IE R, FRHEH SADABS f2FPHH T4 K
W IE. i SHELXS-97 A1 SHELXL-97 F&FPYE
FAEMAT RIS 451, BT M ARER 7R A B s
L AT AR, TR AR SR A 1 S R
&, A, SET&mEEASTEIE.
34 BirtEYIRIREEMNE

K A AREN A A 1 FBREEE.

BRI ), 7 EHAR 8 em HIYERELINE RN
—EEML, IMA—EE&HK, BMEESE —CEEMN
3%, TR R R, dim ATV RE . RN
PLSE B G K DR FF IEH A K. B ik AT e Ab 3
AL FRFAE N 1500 g/hm?, 30 d TS B, e B &R
fef o, DUSRE ER S o BORF R 253,

FRIFCEM AL 7 EH AR 8 em HIYEELINE HRRON
—EEM L, IA—ERERIK, FEF 1S BRI TT
LT 05 em iR, HFEES—CEERN L%, TIH
SR, AT RRTDAIRLE SR B S, BRI
BEREK MR IE R AK, U KR — e i
-0 £ Ak A0 (R 530, AR ER 7R 1500 g/hm?, 30 d
SRR A LR, et b ey, DUAE S H0H] H Sk kR
INEIRL.

B FIT RS IC R A M BT FU B 2K 2022 A i
5 T SR A (5 .

HBh# &L (Supporting Information) {L&4%) 1a~1r 1)
'HNMR. "“C NMR & - F1 1f G A s b iode. X eeht
REAT DL G 2 MAS T 335 (http://sioc-journal.cn/)_F N #.
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