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Synthesis and Biological Activities of Novel Analogues of
Phthalamide Containing Acylurea and Acylthiourea

Chen, Youwei
Xiong, Lixia

Wan, Yingying
Yu, Shujing

Liu, Qiaoxia Liu, Jingbo

Li, Zhengming™

(State Key Laboratory of Elemento-organic Chemistry, Collaborative Innovation Center of Chemical Science and Engineering

(Tianjin), Research Institute of Elemento-organic Chemistry, Nankai University, Tianjin 300071)

Abstract In order to find novel and efficient insecticides targeting at the ryanodine receptor, a series of novel compounds
containing acylurea and acylthiourea, referring to moieties of flubendiamide and diflubenzuron, were designed and
synthesized. Their structures were characterized by '"H NMR, HRMS and X-ray diffraction. The insectical activities showed
that the introducing of acylurea and acylthiourea bridges decreased the acitivity. Compound 7d showed 50% activity at the
concentration of 10 mg/L. In addtion, some structures showed moderate antifungal activities. Compound 8f displayed 75.0%,
87.5% and 84.6% antifungal activities against Botryosphaeria dothidea, Rhizoctonia cerealis and Fusarium fujikuroi.
Keywords flubendiamide; diflubenzuron; acylurea; acylthiourea; insecticidal activity; antifungal activity
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Diflubenzuron

B mCBEG. BRBARAE S A IS5
Figure 1 Chemical structures of flubendiamide, diflubenzuron
and compound A

1 &R5WIR
1.1 &Rt

JIR, ¥ B SLAE B RBIRAS T g, e B RER o8 — R,
PEW P JUPASE 2RI, BRIV E0eh A TR R R,
VY S5 (THE ) .45 5 15 21 40 1) o )4

i o i >_s
OH —» H2N></ ~soH — = HaN >

HoN 2

1
Reagents and conditions: (i) CISO3H, Et,0,
NaOH, H,0, 90 °C

BR1 a2 Ma s

Scheme 1 Synthetic route of compound 2

EG R EMEEY 7 Wi d, &R SCER[19]+
7%, KR 5 HAONIRR, A5 52K i ER e
L, dfE 5 A RN R G OV, HEA AR 2 H R &,
AIREHH TR 5 S AR, EIMARBR L E2RE
T AERINGERBIORM IS, TEKH T
Scheme 2 HH I, EYLIJJ%E‘?'JQ**’J Ta~17d. EAEE 7g
R, BCRAEFR, BE—EY 1 d i
e R EE R 3, RIE — wnﬁﬂ@m‘iﬂ’] EH, FIREM)

-10 °C; (ji) NaSCHg,

FEH A 2 (Scheme 1) A o F8 A7 mI= 4 — % PLEEAE K] 2 rhgE AT fiik
R' HN
—_—
%s
HoN
sa~ap 2 5a 5b 6a ~ 6b
4a~6a:R'=NO,; 4b~6b: R =1
R' HN
o /
0 8a ~ 8f
i 0 8a:R'=NO,, R2=H; 8b: R'=1, R2=H;
. N —] 8c:R'=NOy, R?=4-Cl; 8d: R =1, R?=4-C|;
H hig \@Rz 8e:R'=1, R2=4-F; 8. R' = |, R2=34-F,
2 11 N N\n/NHZ X = /CN
R 7a~T7g
Z o, A
3a~3e Ta: R1 —N02,2R =H,X=0 R' HN ~
32 R = H 7b:R'=1,R?=H,X=0
3:'_ 2 oaq  Te:R'=NOzR2=4.CLX=0 9
3'R2:4F 7d:R"=1,R?=4-Cl, X=0 v o]
32 2 aap, TERISLRZ=4F X=0 i N
3 R2:2‘C'H2 7: R'=1,R2=34-F,,X=0 A |\_R2
e:RT= 2L 79:R1=NOy, R2=2-CHa, X =S 0 P>
9a~9d
9a: R'=NO,, RZ=H; 9b: R! =1, R2=H;

9c: R' = NO,, R2=4-Cl; 9d: R' =1, R? = 4-CI

Reagents and conditions: (i) NH,C(CH3),CH,SCH3, EtsN, CH,Cly, r.t.; (ii) CH3SO,CI, Et3N,
CH,Cl,, -10 °C; (iii) CH,Cl,, -10°C ~ r.t.; (iv) m-CPBA, THF, r.t.; (v) THF, NH,CN, PhlAc,

BR 2 HirbEY 7a~7Tg, 8a~8f 1 9a~9d K4 Fuik 2k
Scheme 2  Synthetic route of title compounds 7a~7g, 8a~8f and 9a~9d
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C(7)—C(8)—O(2) Z I8 —Th f1 53 5l 9 —174.9(3)°+ —
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Figure 3 Crystal structure of compound 11
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1.3 E47EMH

HARMEAY) Ta~Tg, 8a~8f Al 9a~9d X 4 J7Hh
(Mythimna separata) WA= P)iEMENREE IR 1, K
a3 HFR G0 2R 7RG dU ok g 1 — %, 7b 1 7d 7
50 mg/L MR E T 73 BRI 50%F1 100% 14 g .
2 B HUBR A 1 4- SR T JIR M 225 40 385 o o L T v 40
HEH LRSS NEN T FRZ G, &Y 7d 75 10 mg/L
FIAEE T RILH 50% % dUd v, W& A — e 2 B4
K. XATRER A TR T S8, B el AL R
&, EDARAR IS 2 AR AT 456, HIRBHR RN
FERK 2 (A BH ey F A7 DL B T AR 5 IR RGP )
TEPER R R R TARKHIPER.

X H AR AP A B E RS R LR 2, 1F 50
mg/L FIRET, BArtb &YX 12 MRt —2n
. KER M SRS A%, SER QRN E
SURG R I HP S B TEPE. LAY Th F1 9¢ X iHISE
BRI AZ AN R 5375 A 60.9%F0 71.1%. &40 8 X 3R
B, NEGRFIKFRE R I H 75.0%, 87.5%, 84.6%
FIAMETEYE, L&Y 8b F1 9b 43 BX /N LU R H
72.3%H1 66.3%HIFNEETETE. 8b X A/ 2 E R I
A B AT B 1, GRS SRR SOR N LUk 4y
FRIE 65.0%F1 72.3%HMH] %, Kbk, Z5HmT L
2Bk, AR IR A S A S .

2 i

KRILHAT A BT — R 55 DR RGBT IR AT 1 5 R
TR AU, A 2E S BH, K4 H A G905 R 07
Rl HU % B T — M, (ERA Th A 7d R H B
(kG ST, 7d 78 10 mg/L FIIKEE R, R 50%01)
AHVEME. ZEWA ST S0 ERIZ RS
EVFRIE — 2 AR 1L &Y 8f XERFEL. /N
FEAEAK TR LI 75.0%, 87.5%, 84.6%HINEH
TEPE, ALEY) 8b X KR B AR I H B A
P, XA R N e S AR T FR A B 3 1 T A
SOEE )

3 Ry
31 {UEE5RHF

X-4 Hv Bos BAUE S IEA (AL R R A A R
/A 7)); FTICR-MS (Varian 7.0T)%Y &5 4 #% 2 5t 1 4% ;
Bruker Avance-300 MHz 1 Bruker Avance-400 MHz 1%
TEALHRAY, CDCL, 8% DMSO-ds NEH], TMS NINFE. BT
FHARF Y i B 4 A e sl b 2 4
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Table 1 Insecticidal activities of title compounds and flubendiamide against Oriental armywarms

Larvicidal activity/%

1 2
Compd. R R X " 200mg/L.  100mg/L.  50mg/L  25mg/L 10 mg/L

Ta NO, H o 0 0 40

7b I H o 0 0 100 100 50

Tc NO, 4-Cl o 0 0 50

7d I 4-Cl o 0 0 100 100 100 70 50

Te I 4-F o 0 0 20

7f I 3,4-F, o 0 0 60

7g NO, 2-CH; S 0 0 60

8a NO, H o 0 2 20

8b I H o 0 2 20

8c NO, 4-Cl o 0 2 0

8d I 4-Cl o 0 2 60

8e I 4-F o 0 2 40

8f I 3,4-F, o 0 2 80

9a NO, H o 1 0 0

9b I H o 1 0 30

9¢ NO, 4-Cl o 1 0 0

9d I 4-Cl o 1 0 10

Flubendiamide 100 100 100 100 100

K2 HARMLEWIE 50 mg/L & A EE ¢
Table 2 The fungicidal activity of title compounds at 50 mg/L

Compd. A B C D E F G H I J K L
7a 22.7 273 15.6 32.6 10.3 14.0 21.4 06.7 24.1 12.5 13.5 143
7b 18.2 21.2 21.9 60.9 20.6 16.3 21.4 16.7 494 27.5 18.9 25.0
Te 13.6 48.5 18.8 543 17.6 233 25.0 31.7 38.6 17.5 18.9 17.9
7d 13.6 242 28.1 413 324 30.2 25.0 65.0 61.4 22.5 29.7 25.0
Te 11.1 222 16.1 12.5 10.0 25.0 36.4 313 62.5 333 26.7 46.2
7f 11.1 11.1 11.3 16.1 10.0 313 36.4 313 62.5 389 26.7 53.8
8a 45.5 12.1 15.6 435 20.6 9.3 7.1 28.3 22.9 12.5 8.1 7.1
8b 50.0 54.5 40.6 435 45.6 349 53.6 65.0 72.3 47.5 56.8 25.0
8c 13.6 12.1 344 21.7 33.8 14.0 143 21.7 54.2 20.0 27.0 17.9
8d 40.9 12.1 25.0 21.7 42.6 233 35.7 55.0 50.6 30.0 29.7 10.7
8e 16.7 13.9 12.9 10.7 10.0 25.0 36.4 37.5 68.8 333 333 46.2
8f 11.1 11.1 11.3 10.7 11.3 313 45.5 75.0 87.5 444 40.0 84.6
9a 13.6 15.2 28.1 39.1 29.4 9.3 0.0 36.7 16.9 17.5 2.7 3.6
9b 22.7 12.1 344 435 19.1 27.9 25.0 65.0 66.3 15.0 21.6 3.6
9c 455 36.4 37.5 71.1 36.8 20.9 39.3 433 55.4 425 37.8 32.1
9d 27.3 12.1 18.8 52.2 13.2 23 17.9 40.0 13.1 12.5 10.8 10.7

ElhE 73.9 73.1 82.6 96.4 96.1 100 75.0 92.3 100 90.4 95.0 100

“A: T HIE (Alternaria solani Sorauer), B: /N 7R FE(Fusarium graminearum), C: HMUZE 5 (Phytophthora capsici), D: MZZ# A% (Sclerotinia sclerotiorum), E:
IKFEBUAG (Rhizoctonia solani), F: ¥ A ZE(Cucumber Fusarium Wilt), G: £ #BE(Cercospora arachidicola), H: SER4E L (Botryosphaeria dothidea), 1: /N3¢
LUkl (Rhizoctonia cerealis), J: T K/NBE(Helminthosporium maydis), K: 4 JRRIH (Colletotrichum lagenarium), L: 7KFG& i (Fusarium moniliforme sheld).

Chin. J. Org. Chem. 2014, 34, 882~889 © 2014 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 885
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32 11-ZHE2-BREZEQMEK

HER 2 (&S HCER30). tha 20 ol
1, P23 76%. bp. 155~156 ‘C; '"H NMR (400 Hz,
CDCly) d: 1.182 (s, 6H, C(CHs),), 2.179 (s, 3H, SCH,),
2.574 (s, 2H, CH,SCHj3), 4.839 (s, 2H, NH,).

3.3 FEMF 3a~3d BIARK

Hr e 44 3a~3d 16 525 SCHk[27].

&Y 3a: [ EEAEK, 2% 78%. mp. 147~
148 “C; "H NMR (400 Hz, CDCl;) d: 4.669 (s, 2H, NH,),
6.449 (s, 1H, ArNH), 7.148 (t, J=6.8 Hz, 1H, ArH),
7.294~7.369 (m, 4H, ArH).

&Y 3b: A GE K, 77 80%. m.p. 209~
210 ‘C; 'H NMR (400 Hz, DMSO-ds) d: 5.904 (s, 2H,
NH,), 7.249 (d, J=8.4 Hz, 2H, ArH), 7.420 (d, J=8.8 Hz,
2H, ArH), 8.661 (s, 1H, ArNH).

EY 3e: BEEE, F2FE 76%. mp. 130~
131 °C; 'H NMR (400 Hz, DMSO-ds) 0: '"H NMR (400
Hz, DMSO-d;) 6: 5.837 (s, 2H, NH,), 7.048 (t, J=8.8 Hz,
2H, ArH), 7.391 (dd, J=8.8, 5.0 Hz, 2H, ArH), 8.564 (s,
1H, ArNH).

&Y 3d: AEFEE, 7% 76%. mp. 124~
125 °C; '"H NMR (400 Hz, DMSO-dy) 5: 'H NMR (400
Hz, DMSO-d;) : 5.962 (s, 2H, NH,), 7.012 (t, J=8.8 Hz,
1H, ArH), 7.263 (g, J=9.3 Hz, 1H, ArH), 7.637 (ddd, J=
13.8, 7.5, 25 Hz, 1H, ArH), 8.772 (s, 1H, ArNH).

34 2-HAEFRERK3e)HIE K

HIEfR 3e RGNS SCRR[28, 29]. L&D 3e: (A
O E AR, 772 83%. m.p. 161~162 °C; 'H NMR (400 Hz,
CDCly) 0: 2.328 (s, 3H, CHj), 6.080 (s, 2H, NH,), 7.278
(m, 4H, ArH), 8.175 (s, 1H, ArNH).

35 HES5HIERK

WEY 5 6 KZ%3CHR[30], L5 5a A1 5b (1)
%M DA R I mSBCHE A SOk — 2
3.6 B#RtE&H 7a~79g, 8a~8f 1 9a~9d HIA K
3.6.1 BitEM7 MERK

HArb &) Ta~Tg A S % SCHR[31, 32]. UKk
BE, Bib&Y 5 3 mmol)EMS] 20 mL 5k
(CH.CL)H, KK = Z%(3.6 mmmol )1 FF Ik 5 i
(3.6 mmol), VKEVE FHiPE 0.5~1 h, BEISHMLED 6
PR, AIAbER, HEERHEMANED 3, IKIET
P 1 b, ZEFHEE=E. EBPEER, KERE 8
h, sUBRPRERR M. ff R M4, HEFET, H o1
mol/L bR, 1A NaHCO; ¥~ MIF1 NaCl &k
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%, HHGRR OERRERL. A AN, BRER, kR
MANREENT AR B EY 7.

NP=(2- F B -1- F A ik -2- T 2% )-V - 2 IR 3 -3- i 6 410
KRB Z (Ta): A AR, F2E 65%. mp. 185~
186 C; '"H NMR (400 Hz, CDCly) d: 1.535 [s, 6H,
C(CHs),], 2.070 (s, 3H, SCH;), 2.938 (s, 2H, CH,S), 6.164
[s, IH, CONHC(CH,),], 7.147 (t, J=7.2 Hz, 1H, ArH),
7.334 (t, J=8.0 Hz, 2H, ArH), 7.470 (d, J=8.0 Hz, 2H,
ArH), 7.680 (d, J=8.0 Hz, 1H, ArH), 8.008 (d, J/=8.0 Hz,
1H, ArH), 8.268 (d, J=8.0 Hz, 1H, ArH), 9.497 (s, 1H,
ArNH), 10.420 (s, 1H, CONHCO); ESI-FTICR-MS calcd
for C,0H3N40sS [M+H]": 431.1389, found 431.1383.

NP=(2- F -1 A k-2 7 35 )-V - IR 36 - 3- 410 2
T HMEE(Tb): A EEE, P72 56%. mp. 200~201 C;
'H NMR (400 Hz, CDCl5) 8: 1.502 [s, 6H, C(CHs),], 2.052
(s, 3H, SCH;), 2.929 (s, 2H, CH,S), 6.405 [s, 1H,
CONHC(CHs),], 7.142 (t, J=7.6 Hz, 1H, ArH), 7.320 (t,
J=8.0 Hz, 2H, ArH), 7.432 (d, J=8.0 Hz, 2H, ArH),
7.594 (t, J=8.0 Hz, 1H, ArH), 7.934 (d, J=7.6 Hz, 1H,
ArH), 8.182 (d, J=8.4 Hz, 1H, ArH), 10.057 (s, 1H,
ArNH), 10.433 (s, 1H, CONHCO); ESI-FTICR-MS calcd
for Co0H,3IN305S [M+H]": 512.0505, found 512.0493.

N°=(2- F - 1- B 32 T 6)-N'-(4- S IR 3 )-3-
FLARR Rt (Te): AR, P23 70%. mp. 165~
166 ‘C; '"H NMR (400 Hz, DMSO-dy) 6: 1.347 [s, 6H,
C(CHs,),], 2.053 (s, 3H, SCH3), 2.908 (s, 2H, CH,S), 7.427
(d, J=8.8 Hz, 2H, ArH), 7.590 (d, J=8.4 Hz, 2H, ArH),
7.756 (t, J=7.6 Hz, 1H, ArH), 7.978 (d, J=7.6 Hz, 1H,
ArH), 8211 (d, J=8.4 Hz, 1H, ArH), 8316 [s, 1H,
CONHC(CHs),], 10.509 (s, 1H, ArNH), 11.103 (s, 1H,
CONHCO); ESI-FTICR-MS caled for C,oH»CIN,OsS
[M+H]": 465.0999, found 465.0990.

N°-(2-F - 1- B 3 -2- T J6)-N'-(4- S 2R IR 36 )-3 -1t
K B (7d): AEFEE, 2% 67%. mp. 157~
158 C; '"H NMR (400 Hz, CDCly) d: 1.590 [s, 6H,
C(CHs),], 2.118 (s, 3H, SCH3), 3.014 (s, 2H, SCH,), 6.027
[s, IH, CONHC(CHs),], 7.209 (t, J=8.0 Hz, 1H, ArH),
7.302 (d, J=8.8 Hz, 2H, ArH), 7.474 (d, J=8.8 Hz, 2H,
ArH), 7.734 (d, J=7.6 Hz, 1H, ArH), 8.036 (d, J/=8.0 Hz,
1H, ArH), 9351 (s, 1H, ArNH), 10.581 (s, 1H,
CONHCO); ESI-FTICR-MS caled for C,oH»CIIN;O5S
[M+H]": 546.0115, found 546.0102.

NP=(2-F - 1- B 6 -2- T 28 -N'-(4- SR 2R IR 356 )-3 -1t
AROK Wik (Te): HEEAR, P23 75%. mp. 93~
94 ‘C; '"H NMR (400 Hz, DMSO-dg) J: 1.382 [s, 6H,

Chin. J. Org. Chem. 2014, 34, 882~889
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C(CHs),], 2.055 (s, 3H, SCH3), 2.958 (s, 2H, CH,S), 7.204
(t, J=8.0 Hz, 2H, ArH), 7.243 (t, J=8.4 Hz, 1H, ArH),
7.545~7.580 (m, 2H, ArH), 7.643 (d, J=7.6 Hz, 1H,
ArH), 8.026 (d, J=7.2 Hz, 1H, ArH), 8.069 [s, 1H,
CONHC(CHs),], 10.514 (s, 1H, ArNH), 10.714 (s, 1H,
CONHCO); ESI-FTICR-MS calcd for CyyHp,FIN;O3S
[M+H]": 530.0411, found 530.0402.

NA-(2- F L - 1- T i -2- T 35 )-N'-(3,4- K IR
H)-3-MAT R I EZ (76): A BRI, FEER 72%. mop.
96~97 ‘C; 'H NMR (400 Hz, CDCLy) d: 1.570 [s, 6H,
C(CHs),], 2.112 (s, 3H, SCH3), 2.999 (s, 2H, CH,S), 6.074
[s, IH, CONHC(CH,),], 7.073 (d, J=3.2 Hz, 1H, ArH),
7.110 (d, J=9.4 Hz, 1H, ArH), 7.189 (t, J=7.9 Hz, 1H,
ArH), 7.550~7.603 (m, 1H, ArH), 7.695 (d, J=7.0 Hz,
1H, ArH), 7.997 (d, J=8.0 Hz, 1H, ArH), 9.680 (s, 1H,
ArNH), 10.624 (s, 1H, CONHCO); ESI-FTICR-MS calcd
for CaoH, F,IN;05S [M+H] ': 548.0316, found 548.0303.

NP-(2- F - 1- T 3 -2- TR 35 )-NV'-(2- 2 S S B IR
B)-3- AR A0 0K B % (Tg): BB AR, 2% 10%.
m.p. 101~102 °C; "H NMR (400 Hz, CDCl;) 6: 1.587 [s,
6H, C(CHs),], 2.158 (s, 3H, SCH3), 2.372 (s, 3H, ArCH3),
2.995 (s, 2H, SCH,), 6.270 [s, 1H, CONHC(CHs,),], 7.281
(t, J=2.4 Hz, 1H, ArH), 7.304 (d, J=6.4 Hz, 1H, ArH),
7.557 (d, J=3.2 Hz, 1H, ArH), 7.706 (t, J=8.4 Hz, 1H,
ArH), 8.041 (d, J=7.6 Hz, 1H, ArH), 8.283 (d, J=8.4 Hz,
1H, ArH), 10.040 (s, 1H, ArNH), 11.940 (s, 1H,
CONHCS); ESI-FTICR-MS calcd for C;H,,N;04S,Na
[M-+Na]": 483.1137, found 483.1132.

3.6.2 BARLA4 8 494 A%

Kb &% 7 (0.5 mmol)¥AEfEE] 15 mL VU S Pk
(THR)H, 7EE R TS0 K FR(1 mmol). =R
PiFE, RBCRERRPL. RN WG, HisAET, 5
B 44 F AT NaySOs ¥, AT NaHCO; J R VE,
HH O CBEZERL. GHANAH, LR, i
ZHENRANEY 8.

N-(2- H 3 1- Bt i i -2- 7 38 ) -V - IR 3 -3
AR F I (8a): HEA[EMA, 2% 72%. m.p. 200~
201 ‘C; '"H NMR (400 Hz, CDCL) §: 1.532 [s, 6H,
C(CHs,),], 3.038 (s, 3H, SCH3), 3.702 (s, 2H, CH,S), 7.121
(t, J=8.0 Hz, 1H, ArH), 7.362 (t, J=7.2 Hz, 2H, ArH),
7.556 (d, J=8.0 Hz, 2H, ArH), 7.773 (t, J=7.6 Hz, 1H,
ArH), 8.027 (d, J=8.0 Hz, 1H, ArH), 8.239 (d, J/=8.0 Hz,
1H, ArH), 8.656 [s, 1H, CONHC(CHs),], 10.446 (s, 1H,
ArNH), 11.116 (s, 1H, CONHCO); ESI-FTICR-MS calcd
for C,0H3N,0,S [M+H]": 463.1287, found 463.1279.
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NP-(2- F - 1- B 3 -2- D 3 ) -V - S R 3 - 3- L 418
oK L L (8b): K, 2 E 80%. mup. 162~
164 C; "H NMR (400 Hz, CDCl;) 6: '"H NMR (400 Hz,
CDCLy) d: 1.739 [s, 6H, C(CHs),], 2.692 (s, 3H, SCH3),
3.680 (s, 2H, CH,S), 7.010 (t, J=8.0 Hz, 1H, ArH), 7.099
(m, 1H, ArH), 7.284 (d, J=1.6 Hz, 2H, ArH), 7.294 (s,
2H, ArH), 7.482 [s, 1H, CONHC(CHs),], 7.615 (d, J=8.0
Hz, 1H, ArH), 7.915 (d, J=8.0 Hz, 1H, ArH), 9.422 (s,
1H, ArNH), 10.445 (s, 1H, CONHCO); ESI-FTICR-MS
caled for C,0H»3IN30sS [M—|—H]+: 544.0403, found
544.0391.

N2-(2-FF -1 - R T 3 -2- R 38 )- V! - (4- S A IR 38 )-3-
i 225 40 % — FE B A% (8e): (1 L A4, 7= 78%. mup.
222~224 °C; '"H NMR (400 Hz, DMSO-dy) J: 1.526 [s,
6H, C(CH,),], 3.043 (s, 3H, SCH3), 3.700 (s, 2H, CH,S),
7.420 (d, J=8.8 Hz, 2H, ArH), 7.612 (d, J=8.8 Hz, 2H,
ArH), 7.776 (t, J=8.0 Hz, 1H, ArH), 8.029 (d, J=7.6 Hz,
1H, ArH), 8.247 (d, J=8.4 Hz, 1H, ArH), 8.675 [s, 1H,
CONHC(CH;),], 10.494 (s, 1H, ArNH), 11.272 (s, 1H,
CONHCO); ESI-FTICR-MS caled for C,oH,,CIN4O;S
[M~+H]": 497.0898, found 497.0888.

N2-(2-FF -1 - R T 3 -2- R 38 )- V! - (4- S A IR 38 )-3-
TUAR R — I BER%(8d): ALK, F=% 66%. m.p. 164~
165 C; '"H NMR (400 Hz, CDCly) d: 1.585 [s, 6H,
C(CHj,),], 3.038 (s, 3H, SCH3), 3.748 (s, 2H, CH,S), 7.258
(t, J=8.8 Hz, 1H, ArH), 7.405 (d, J=8.0 Hz, 2H, ArH),
7.605 (d, J=8.4 Hz, 2H, ArH), 7.715 (d, J=9.2 Hz, 1H,
ArH), 8.049 (d, J=8.0 Hz, 1H, ArH), 8.410 (s, 1H,
CONHC(CHs),), 10.578 (s, 1H, ArNH), 10.915 (s, 1H,
CONHCO); ESI-FTICR-MS calcd for C,yH;CIIN;O5S
[M~+H]": 578.0013, found 577.9999.

N2-(2-FF -1 - R T i -2- R 38 )- V! - (4- SR A IR 98 ) -3-
MUAR 2R — H Bt (8e): EI LA, f=% 78%. m.p. 94~
95 ‘C; '"H NMR (400 Hz, DMSO-d;) d: 1.585 [s, 6H,
C(CHs),], 3.038 (s, 3H, SCH3), 3.746 (s, 2H, CH,S), 7.199
(t, J=8.9 Hz, 2H, ArH), 7.262 (t, J=7.8 Hz, 1H, ArH),
7.567~7.602 (m, 2H, ArH), 7.708 (d, J=8.0 Hz, 1H,
ArH), 8.049 (d, J=8.8 Hz, 1H, ArH), 8431 (s, 1H,
CONHC(CHs),), 10.507 (s, 1H, ArNH), 10.902 (s, 1H,
CONHCO); ESI-FTICR-MS calcd for CyyH»,FIN;O5S
[M+H]": 562.0309, found 562.0298.

N-(2- F 35 - 1 - s i 3 -2- 7 36 )-N'-(3,4- &K IR
F)-3-TAT R — HELIZ(8F): A EEAE, 72 70%. mup.
154~155 °C; "H NMR (400 Hz, CDCLy) d: 1.762 [s, 6H,
C(CHs),], 2.784 (s, 3H, SCH3), 3.698 (s, 2H, CH,S), 6.972
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(d, J=9.0 Hz, 1H, ArH), 7.017 [s, 1H, CONHC(CHj,),],
7.075 (d, J=8.9 Hz, 1H, ArH), 7.115 (t, J=6.8 Hz, 1H,
ArH), 7.435 (ddd, J=11.9, 7.1, 2.4 Hz, 1H, ArH), 7.679
(d, J=7.6 Hz, 1H, ArH), 7.983 (d, J=7.8 Hz, 1H, ArH),
9.414 (s, 1H, ArNH), 10.563 (s, 1H, CONHCO).
ESI-FTICR-MS caled for CyH, F,IN;OsS [M + H] ' :
580.0215, found 580.0200.

3.6.3 BRSS9 494 R

HAEY T (1 mmol)iEf# 2] 15 mL PYEHKIFE(THF)
W LEUKIE N RIS FR AL A (1.2 mmol). FE(1.5
mmol). VK& FHtEE 30 min, 285 THEZ =R FE, &
PRERER B, 7 NG W T, Wi RIe T, 759 21 0 [ 44
F 1 mol/L #i#hFR. MM NaHCO; ¥ . 1A NaCl ¥
WP, HH O OFRZEE. &AM, 25,
Frfg A2t ENr ARG 9.

NA-[2- H 3 -1-(S-(N- 2 0 &) HR B 3 )-2- 1A
RN IR FE 3T FE AL 2 — k2 (9a): (B B4, 2
2 75%. m.p. 191~192 “C;'H NMR (400 Hz, CDCl;) 6
1.529 [s, 3H, C(CHs),], 1.607 [s, 3H, C(CHs),], 2.671 (s,
3H, SCH3), 3.204 (d, J=12 Hz, 1H, CH,S), 3.056 (d, J=
11.6 Hz, 1H, CH,S), 7.169 (t, J=7.6 Hz, 1H, ArH), 7.329
(t, J=8.0 Hz, 2H, ArH), 7.402 (d, J=7.6 Hz, 2H, ArH),
7.590 [s, 1H, CONHC(CH,),], 7.657 (t, J=8.0 Hz, 1H,
ArH), 7.956 (d, J=8.0 Hz, 1H, ArH), 8.250 (d, J=8.0 Hz,
1H, ArH), 10.114 (s, 1H, ArNH), 10.394 (s, 1H, CONH-
CO). ESI-FTICR-MS calcd for CHpNqOsS [M+H]':
471.1451, found 471.1442.

NA-[2- H 3 -1-(S-(N- 0 2 00 H B 3 )-2- 1A
FE)-N' IR R FE-3-IAR K — L (9b): [ (B [E A, R
81%. m.p. 165~166 C; 'H NMR (400 Hz, CDCl;) o:
1.511 (d, J=13.6 Hz, 6H, C(CHs),), 2.841 (s, 3H, SCH;),
3.897 (d, J=13.6 Hz, 1H, CH,S), 4.025 (dd, J=6.8, 14
Hz, 2H, CH,S), 7.116 (t, J=7.2 Hz, 1H, ArH), 7.266 (t,
J=8.0 Hz, 1H, ArH), 7.357 (t, J=7.6 Hz, 2H, ArH), 7.559
(d, J=7.6 Hz, 2H, ArH), 7.725 (d, J=7.6 Hz, 1H, ArH),
8.054 (d, J=8.0 Hz, 1H, ArH), 8.633 [s, 1H, CONH-
C(CHs),], 10.430 (s, 1H, ArNH), 10.945 (s, 1H, CONH-
CO). ESI-FTICR-MS caled for C,;H3INsOsS [M+H]™:
552.0566, found 552.0556.

NA-[2- H 3 -1-(S-(V- 2 00 B 3 )-2- 1A
FET-N'-(4- G IR MR L )-3-Hg JE A8 — A BE A% (9¢): 11 £ [
%, PAF 71%. mp. 208~209 ‘C; 'H NMR (400 Hz,
DMSO) 6: 1.453 [d, J=19.2 Hz, 6H, C(CHs),], 2.852 (s,
3H, SCH3), 3.343 (d, J=17.2 Hz, 1H, CH,S), 3.864 (d,
J=13.6 Hz, 1H, CH,S), 7.421 (d, J=8.8 Hz, 2H, ArH),
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7.632 (d, J=8.8 Hz, 2H, ArH), 7.790 (t, J=8.0 Hz, 1H,
ArH), 8.047 (d, J=8.0 Hz, 1H, ArH), 8.259 (d, /=8.4 Hz,
1H, ArH), 8.881 [s, 1H, CONHC(CHj3),], 10.394 (s, 1H,
ArNH), 11.334 (s, 1H, CONHCO); ESI-FTICR-MS calcd
for C5Hy,CINGOsS [M+H]": 505.1061, found 505.1056.

NP-[2- F 3 -1-(S-(N- M 22 S0 &) B 3 )-2- T
FE]-N"-(4- SR )-3-MAT 2% — H e (9d): 1 Eu il 44,
P2 80%. m.p. 153~154 ‘C; 'H NMR (400 Hz,
DMSO-dy) 6: 1.518 [d, J=13.6 Hz, 6H, C(CHs),], 2.851
(s, 3H, SCH3), 3.362 (d, J=13.6 Hz, 1H, CH,S), 3.898 (d,
J=13.6 Hz, 1H, CH,S), 7.276 (t, J=7.6 Hz, 1H, ArH),
7.416 (d, J=8.4 Hz, 2H, ArH), 7.620 (d, J=8.8 Hz, 2H,
ArH), 7.729 (d, J=8.0 Hz, 1H, ArH), 8.064 (d, J=8.0 Hz,
1H, ArH), 8.635 [s, 1H, CONHC(CHs),], 10.479 (s, 1H,
ArNH), 11.006 (s, 1H, CONHCO); ESI-FTICR-MS calcd
for Cy;Hx,CIIN5O5S [M+H]": 586.0177, found 586.0162.
3.7 BFrEREEMELR

K FH SCHR[33] 1) 77 160 2R 75 4k U (Mythimnaseparate
Walker)3:47 T 2% HUFEPEIAR. SR B 22 28 K R 1K [ 34,
35], 7£ 50 mg/L [(FIRFER, /MR, NERE. B
WO SR WAL . KFESURG . TR 2. JRA B
SERECGL. NFLUR . FORANBES PERRIE . KRGS
X 12 i DL AT T A

H Bh #4 &l (Supporting Information) Fr H bx =¥
7a~7g, 8a~8f, 9a~9d[)E L HIALIR(H NMR)FAI &
53 FE 5 (HMRS) 1S ], 12 £e A L n] DL G 2l AT 19X 3k
(http://sioc-journal.cn/) I N #k.
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