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8-[(3,4,4-= & T -3-1%-1-E) R E B OB R B H|IE R E T 4R
B R FNEEM

W4 kW £ % % & FE4  IEE

(TR TR AN E X E GRS KA 300071)

FE DL S-SR 4-1R-1,1,2- =5 T-1-M 0 R, EisRiziut. RiF. BRY . SHhEZ RN ERT — R4
P B 8-[(3,4,4- =5 T -3-45-1-FE) B KL UL C 1ty Y S 2 naind K HLATA, R, "H NMR. 3C NMR. F NMR
I HRMS 84k &7 T RN, W5 AE GRS R, X &k 2 BB oR sk, Hd 1,3,7-
= HE-8-[(3,4,4- =5 T -3- M- 1-35) AR 3 )-3,7- T A - 1L H-ME 2 6- T H{(5a) 7-5 T HE-1,3- W 3E-8-[(3,4,4- = T -3-H-1-
FEHE]-3,7- -1 H-IE A -2,6- Ll (Se)Fl 7- T HE-1,3- T FRJE-8-[(3,4,4- R T -3-M- 12 IR 3 -3, 7- -1 H-RE -
2,6- - HH(Sh){E 200 mgeL ™' ¥ T Xt 4R J5 bk (Mythimna separata Walker) B 70%MIEIFEZR; Sa. Sc Ml 1,3,7-=H %-
8-[(3,4,4-=F 1 -3-05-1- ) WL 3 ]-3,7- — A -1 H-MEM-2 6- —FA(SH)7E 10 mgeL ' ¥ & N X /N Rk (Plutella xylostella L)%y
BEA 72%- 80%F1 65%IEIER. LWL 50 mgeL VIR N LRI — 2 MBS, Hebh 7309 FE P 3-1,3-
THEES-[(3,4,4- =T T -3 M- 13K B -3, 7- - L H-WEA -2, 6- i (Sb) % B BUE 55955 T (Phytophthora capsici) M # )RR
T (Botrytis cinerea) sy M EA 66.7%F1 61.1%HIHNHIZE, 5S¢ X 3¢ KB W B A 55.6% 1=, Zb &Y v
A MRV FEAN TR RS2t 1 e 34544,

KEgiE  S-HU LR ATAEY), S AR HENE; MEEE; MR

Synthesis and Biological Activities of Novel 8-((3,4,4-Trifluorobut-3-
en-1-yl)thio)-substituted Methylxanthines and Their Derivatives

Liu, Hang Zhang, Shuyun Li, Huan Zhang, Yan Li, Zhengming Wang, Baolei™*
(State Key Laboratory of Elemento-organic Chemistry, College of Chemistry, Nankai University, Tianjin 300071)

Abstract Using 8-chlorotheophylline and 4-bromo-1,1,2-trifluorobut-1-ene as materials, a series of novel 8-((3,4,4-tri-
fluorobut-3-en-1-yl)thio)-substituted methylxanthines and their derivatives were successfully synthesized through nucleophilic
substitution, protection, deprotection, and oxidation. The structures of the title compounds were confirmed and characterized
by melting point, 'H NMR, *C NMR, '°F NMR and HRMS. Their preliminary bioassay results showed that most of the com-
pounds in this series have good insecticidal activity. Among them, 1,3,7-trimethyl-8-((3,4,4-trifluorobut-3-en-1-yl)thio)-
3,7-dihydro-1H-purine-2,6-dione (5a), 7-isobutyl-1,3-dimethyl-8-((3,4,4-trifluorobut-3-en-1-yl)thio)-3,7-dihydro-1H-purine-
2,6-dione (5¢) and 7-isobutyl-1,3-dimethyl-8-((3,4,4-trifluorobut-3-en-1-yl)sulfonyl)-3,7-dihydro-1H-purine-2,6-dione (Sh)
had 70% lethality rate against Mythimna separata Walker at a concentration of 200 mgeL . 5a, 5¢ and 1,3,7-trimethyl-
8-((3,4,4-trifluorobut-3-en-1-yl)sulfonyl)-3,7-dihydro-1 H-purine-2,6-dione (5f) exhibited lethality rates of 72%, 80% and 65%
against Plutella xylostella L. at a concentration of 10 mgeL !, respectively. Some of the compounds also showed certain fungi-
cidal activity at 50 mgeL !, among which 7-(cyclopropylmethyl)-1,3-dimethyl-8-((3,4,4-trifluorobut-3-en-1-yl)thio)-3,7-
dihydro-1H-purine-2,6-dione (5b) possessed inhibition rates of 66.7% and 61.1% against Phytophthora capsici and Botrytis
cinerea, respectively. 5c held a 55.6% inhibition rate towards Botrytis cinerea. This type of compounds provides new lead
structures for the further research and development of novel insecticides.

Keywords 8-substituted methylxanthine derivative; synthesis; insecticidal activity; fungicidal activity; structure-activity
relationship
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R 22 BRI AR A= RE, TEBVR R
PRAR A == SO FE v R AR IV TR AN 5 TR 1. FResk
AN b BT B AR 2455 4 2 T IR R R RUOR R AR
AT B FRLHIT (R AR 24 i ol 2 A U0 1) 75 B2, I 0 i e
O S A A AE TS e A ST e pi 2t S5 ) L LG &

B BT RIS TR R IS A G AR 24
B R M52 —, My aTgetk ok, i B
UEIRAZ 1A B A A HA AR AT R B AH 25 020,

NS Bl 1 H-REA -2 6(3H,TH)- R, fEHE TR
ISR AW, T 1817 4E 8 IR R INB. RAR I8
W 4 % A R0 157 G WO P G 3SR ] ] i Y 356 o My
ATAEYD, FONATTE H 8 A T SR O, R 2R m Sk o
P E RSy, W ARBRIEIRR, YF2 iRy
A BEES 5L AERK AT T R IR SR B A A )
5 T B ) S RS AT AR B R . SRR R
F ] AT AR A ik SRS RIS
JIEBY, B A, Y R U8, B AR ST g - 10058
WP R 25 1T 52 B ST B V) G, SRR SR A
TE AR 24 808 1) R DG AR T = A A 0 I AR P i ks )
WIS, B, FLIASE TR B HEmR R R SRR ), R
B BTS2 e 2 BE O B PR BRI U ol
oA B HURIAH 7 e %)y e EL A B S 4 02T, i e ik
PRG-I EPE, TO S5 1 H14) BUR 75 5 AR R =
{00 I B A FEESY, i M 5 R 4 SR TR SRR A AL
FE 1 P R % R 04, AR R W, A5 bl
A TR T AR AR VS T 65 U R LTI I o R X 2 i (Apis
mellifera L)FINEEFERONIS). (R, JEF R ARW i 35 ee
Wo R A B 5 K B AT AR 2 M o TR B —
(RIRIE 72 25 (B AT 2 78 .

R 72 2R E A, REME N E NS IRA L
WEMZ —, HEiESEA T — P ATA N TR, R, T
TRk IV i 5 22 o AN RS A MU AL &4, DRI
HLR 2R AEDEENS, T2 HET U2 REGEN
2071 4 Pyriprole (1)~ 46 AU (10 A 960 HUBE i (1) (&
1)%. 2006 £F-56 1ETE 23 7K PRI 0 52 [ 51N 2 9
Pk e B Ak &5 g v (B ARIREE [ 15 20 AH LI &4 TV (I
1), ARG ERFF T 980U G () s o s v, I A
R s 1 BEA S 1 B KPS,

AR, FERAEDD R TR I & Bk B R 4 H 7
SE (B 2) B =0T M S DR R g mae S A I (1)
RERRGE AU, A% b o AL FE % AR 45 4 U N AR )
AL A RO, ARYE FIRAEEE ARG R, BT R
SRFE NS AL A VI HERR ) 25 S B TR AN AT A (B 2) A R
ARG EEYNIE TR FT, FRATT 00 Jo e HUIR S A4 1 =38
T B A R 0% B e A AR C-8 i,
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Figure 1 Structures of sulfur-containing compounds with insec-
ticidal activity
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Figure 2 Design of the title compounds Sa~S5j
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W7 HMOR R, VISR A YiE 1 R AF r ik 2
5T
1 ZR5TR
1.1 HEMHERK

15 BB SCHRPI-SIFTR ) 777%, K Scheme 1 FiRit
2k, DL 8-S I AN i Ak AR EE, KoCOs MERRES KTt
MBI 2a~2d, T SEMATE NN-—F LR
JiZ(DMF) HH A5 48 B R B A0 A 8- 2 AR S Bk [ 4
3a~3d, W55 4-B-1,12-=8 T -1- ML B BUR [ v
33 [alfA 4 AR H A5 =4) Sa~5c. L&) 5a 530
22 1) G 8 A TR (m-CPBA) A I 1 fill 2 — ik i e S 1,
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? H Q R x Br
N N )t NaHS 1 mol/L HCl \NJjE "
o R X, I SH
)\ | N/>_ K>CO3 )\ s DMF, 105 °C 2\ ‘ cho3
|

O N
DMF, .t | MeCN, reflux

3a~3d
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__m-CPBA _
[ CHCly, it

o R
/
~ N ~
N Phl(OAc N
)\J\/'E - Tonaco oA
07N N \—>_<F (NH,),CO3
| _

MeOH, r.t. © 'Il
F F F
4, 5a ~ 5¢

2a, 3a, 5a, 5f: R = Me
2b, 3b, 5b, 5g: R = °Pr-CH, Oxone //

) S
2c, 3c, 5¢, 5h: R = Bu; MeOH él\ />_”
2d,3d,4:R=SEM | _ H,0, r.t. _
SEM = “e{\o/\/S' sf-5n FF

B 1

H AR &1 Sa~5h 15 Uk 2L

Scheme 1 Synthetic route of the title compounds 5a~5h

PLA SRR IS WINATAEY) 5d AT REEL T FEATAEY) Se;
&) Sa~5c 721 E I IR E A & #1(Oxone) 5 AL T 73
AT BRATED) 56~5h.

W1 Scheme 2 Fro, Btk A H] 4 4 288 SRR B0 OR3P LA
BEr-RE3 e 51, BA T TEmBREAMmE S
HEMNAR ] B S §).

o SEM
\N N
= 3 mol/L HCl )\ />—s
o)\N N F EtOH
— 90 °C

__Oxone JI 2
»—S
MeOH, H,0, rt. )\ >_"
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BR2 HisLEY 5i~5) 6 kL
Scheme 2 Synthetic route of the title compounds 5i~5j

1.2 EYREKIES
HArb &Y 5a~5j () 'H NMR 8 R i) 5 7 3L 4R
U R BRLAE — T 44 25 A 5 i A O 1 T R S 8 0
(S-CHa), F b T4k A0 88 Bl 2 it S 1 (1 SE A S 1 o
EG K, RSN 3.43~3.77), XM THE%E L
T, BT I EE P i A 45 A AR 5L
T 52 B 1) 22 B W RN 3G K BT 3 800 X T W RAT A9
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5d A REEEE L ATAD Se 105, HA IR AR
Hty, 52 EEEAE R PN BT AL SRR
ANH, Hig EAEARMME EHIR A, AR E
5d RILHIXFERISE R, IXATREZ T Se LMHERE L 45
P SERAHIE A AR T AU ZE A KB AN
WS 7 25 SN IR . B9 Se. Siv 5) HITEIREA
(NH)TE DMSO-ds TEIEFI T, HACFAIFELE § 5.5~11.6
ib, Horp Se MR R T 2 B 04
IHTREEAEY) 5a 1) 13c NMR A4, § 153.8
(ddd, J=287.9, 274.1, 46.1 Hz)4bI¥) )\ FE &y CF=CF, 3
o5 PR AN GRS T A IE BB I AR g, 5 127.0 (ddd,
J=235.3, 53.5, 16.4 Hz)AbH )\ EIE N5 — 55T
IR PR, FR T AR R BSOSUER A, = AR
JRFAF AN E ISR, DR AE (R 32 31 = AN 5UR T+
PEETERT, MAMRISZE N ddd BEJ\E . 4k,
H X AN XU R T BE B IR R TR, Ui R FEML
BRI, AR PTG P AR A
K. It &9 5a, 5d, Se F1 5f 1) 1°C NMR #] 41, %}
T 5 R T B R I 1 oK P B e PR s SR T R R B A T
[ R B P S, A B B o B R RS T
T [ AR B(FE 6 148.5~144.8 J% 26.6~19.1), iX/2
B T 11 A T WK IAAR LB A 2R b DL 5 & A A 25
R T OB B U ) o L (RIS T ALRR), BEE iR 1
WS L RRSEIE TN, BT B T s S A v, BV
B BE i 28R HE 98 E0 T 5 R LA I 1 R
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ik, HALEELLRE MARIAFEBN(TE 6 28.4~50.8), il 111
W L 25507 {5 52 3] 18] 2% B i R0 498 5

X B AR &9 5a~5j 1) 1°F NMR, ik i il U
FHIE M = A BT 2 A AR A, RN dd 14,
o, T RAMHENRETFHEEGEHEKR, B
113.0~115.0 Hz; & TN BIEFRZ, N
80.4~84.3 Hz; Ab-T1EALM A5 iR 1] A8 G 5 £
/N, 4 30.9~33.7 Hz.
1.3 EHNEMMRER BRI KRS

F 1T B EY 5a~5) SRR, IS
Wk S 6 FhLRAR A0 T B A iE . S5 SRR % R8Ik
B B K 2 AT 5 BE A A e s, 7E 200
mgeL ™ MR BE R K2 50b A st AR O A LR B B
SITEE, SIEERLAE 50%~70%, Hor 5a, 5S¢ Al 5hoiEE
KF) 70%. I RALAYITE 200 mgeL ™! b /N2 ) 4%
W R, BAH 90%~100%I% V1) & B2 5, £ 100
mg L BARIKE T 5a, Sc il 5f~5h FILH 67%~90%
MEIEZ, BT MM, JCH R SRR 10 mg.
L' i, 5a, 5¢ Al Sf [/ 2R EBETE AT B8 73 S0l ik 2]
72%, 80%F1 65%. I LLEAL A4 Sa Fl 5d~5f 1A B
TEPERT RN, TEBRE AL BT ATAER, R HEVEINT
i Bk > B0 > AR Bl P R R W B 5T Sa~5e K Si S50
BARTAEYIT S, HEHIES N-7 AL BB TATAER, BUR
B R XM AIA RIS PEF N Bu>Me>“Pr-CH,>H;
Xt 5f~5h J 5§ AT S, UIEEES N-7 A B
HATATA R, BUARIE R OGE L)/l % HRE 1 I
Me>Pr-CH,>'Bu>H. H{ARKE, I EEATA
V) 5a, Se FRISHTAEY) SEATIE BT B B S S 45/ T
JEIRNHETE.

W HERLA Y 5a~5j BIBARINEE MRS
ATLEH, BB CEYILE 50 mgel "R FRIH T8
GFRAM R e PR, I A ROR R TR A, BRERSRATAEY)
Sa~5c KO IR 7S P95 TR PR 1) 22 B S5 A0 T A LA
FATHEY) SE~5h. UIEHIERS N-7 AL B HATATAER, £
X} BRBUE 55 TS R AZ B TR B AN SORE S 1T,
AT A4 Sa~Se Fl Si 254 1) R BTG B T4 i
PN A: Bu>Pr-CH,>Me>H. L&) 5b Fl 5¢ X5
PO 90 B PN 2R 2058 66.7%F1 61.9%, SXFHEZ
T B T (66.7%) FH 245 o8 35 I AR 25993 11 0 40 2849 ) R
61.1%F1 55.6%, fLT%F HEZGmnMEGR(33.3%) LA K& BE i
(50.0%). BEAb, SEORAATAEDY) 5d FINEREEE AL ATAY) Se
HEAR R XS Bl s T B BV AN R .

BRI, BARS IR I 58T 1 & F PO s
TRy EER 5a, 5d A SERHR G T ARSE £ SRR R R
AR, AR TAE X e 4k 47 Bt F 30 PR X5 il ERURT )
S DL SR SRR 9% B S5 N MR P B0 3L B IS PRI AT
BIARW K.

2 i

DL 8-S Fedk i AR 4-1R-1,1,2- =50 T -1-1
ENFRIEEZEAR . By R BRI EZ D R
BT 10 DNERFTBR 8- & A RS =5 T i
FEEUAR 1B BY SRS R AT A2 ), It "TH NMR. 13C
NMR. '""FNMR Fl HRMS % #4b G203 T T 5 M FRAL.
AL T AR 4 T 3R I 1% R BB Y B AT o R
R, Hrh A R ER R AT Sa, Sc FIRRATAY) 5
RIS TG, A G WX /N R 2 S P R I
AR B B8 HOR e S 45 M E AR TT IR AT AT, E501k

F 1 Hiptb &M 5a~5j (HEMENM:

Table 1 Biological activities of the title compounds 5a~5j

A HE % BRI EPE(S0 mgeL ™ 1)/%

Compd. HJjHhik NS T HMUEE MR EINKE ERL NELQU
200 mg/L 200 mg/L 100 mg/L 10 mg/L J7i bl I bl I bl J7i bl I B ]
5a 70 100 90 72 28.6 238 39.1 38.9 54.7 43.0
5b 50 80 40 NT ¢ 28.6 66.7 60.9 61.1 472 54.4
5c 70 100 90 80 429 61.9 60.9 55.6 453 60.8
5d 55 45 NT NT 143 95 13.0 38.9 32.1 22.8
Se 15 67 NT NT 7.1 19.0 8.7 16.7 37.7 29.1
5f 60 100 85 65 7.1 238 21.7 16.7 34.0 29.1
5g 50 100 75 NT 7.1 95 30.4 278 32.1 31.6
5h 70 100 67 NT 143 143 21.7 38.9 20.8 27.8
5i 50 65 NT NT 7.1 143 8.7 33.3 49.1 35.4
5§ 30 90 60 NT 7.1 95 17.4 33.3 54.7 29.1
C-1° 65 88 55 NT 28.6 28.6 30.4 33.3 69.8 60.8
C-2¢ NT NT NT NT 100.0 66.7 100.0 50.0 94.3 84.8
C-3¢ NT NT NT NT 57.1 100.0 100.0 100.0 88.7 73.4

@NT=not test; * C-1=Caffeine; ¢ C-2=Chlorothalonil; ¢ C-3= Azoxystrobin.
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XS A BT TR (Sb) A3 JICAR 25995 T (Sb A Se) )
B i 5 0) R AR 2 A T IR 2. AR AR T 45 RN
Je B G AL LR B VR SR A S WA AR 24 S A R TR
ABFFURAE T HES (.

3 IEES
31 X5

X-4 FIE 7 B R BAUE AL Bruker Avance 400 7Y
MR (L TMS A #5); Varian 7.0T FTMS # {857
M 6 vy 43 W AN BT R38O [ P A pr e,
B AR AEFE.

32 ARk
3.2.1 a4k 2a~2d 894 &

FEIESCHR2 11 AR AP B8, 171 100 mL [ JE B 4k vk
TN 8- Z5H%(10 mmol) o /K BRI EF (20 mmol) 1 30 mL
N,N-—H REH B Z(DMF), 7£=H T 30 min, Fij5
[Fa) G v 22 1 35 0 e = s AR (11 mmol), ¥ B 4K 224 4
10 h. A& ZHin N 100 mL 7K, 338 H b e I 4 5
AKBES, TR E Ak 2a~2d.

8-&(-1,3,7- = H 3£-3,7- & - 1H-MEW4-2,6- i (2a):
HEEAE, 7% 91%. mp. 187.5~188.3 C (lit?” m.p.
188 C); 'H NMR (400 MHz, CDCL) &: 3.95 (s, 3H,
NCH3), 3.54 (s, 3H, NCH3), 3.39 (s, 3H, NCH3).

8-50-7-FF P R JE-1,3- 33, 7- A - L H-PE
2,6- i (2b): E B AR, 73 95%. mp. 156.2~
157.1 “C; '"H NMR (400 MHz, CDCl;) 6: 4.20 (d, J=7.3
Hz, 2H, NCH>), 3.54 (s, 3H, NCH3), 3.38 (s, 3H, NCH3),
1.42~1.27 (m, 1H, CH), 0.59~0.44 (m, 4H, CH,CH>).

8-F-7-5 T 3-1,3- “HFE-3,7- A -1H-"E-2.6-
fil(2c): AFEE, 775 96%. m.p. 155.6~156.8 ‘C; 'H
NMR (400 MHz, CDCLy) ¢: 4.12 (d, J=7.6 Hz, 2H,
NCH,), 3.55 (s, 3H, NCHs), 3.40 (s, 3H, NCHs), 2.26
(hept, J=6.7 Hz, 1H, CH), 0.96 (d, J=6.7 Hz, 6H, 2CH3).

8-5-1,3- " HIHE-7-{[2-«(= W Rk e 3 ) 2 FE
H1-3,7- S E-1H-"E S 2.6- i (2d): A B E A, FER
93%. m.p. 130.4~131.2 °C; 'H NMR (400 MHz, CDCl;)
d:5.72 (s, 2H, NCHb), 3.68 (t, J=8.2 Hz, 2H, OCH,), 3.57
(s, 3H, NCH3), 3.41 (s, 3H, NCH3), 0.94 (t, J=8.2 Hz, 2H,
CH,Si), —0.02 (s, 9H, 3SiCH3).
322 a4k 3a~3d 894 &

TR SCHR221 AR AP B8, 75 100 mL [ JE B i
FRIAJA 2 (5 mmol) A1 20 mL DMF, R /)40 -7 FL v fift o
JI NaHS (6 mmol), 285 fARFAIRE 105 C, KM
6 h. AEZE=ER, mRNMAERFIMA 50 mL K, H 1
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moleL ™' TR pH £ 3 A4, MW, i EH
ARG, TR E & 3a~3d.

8-Fi Hk-1,3,7- = F 3k -3,7- — A -1H-E 142, 6- — i
(3a): AHEEE, 755 91%. m.p. 281.2~283.1 C (lit.>®]
m.p. 285~287 ‘C). '"H NMR (400 MHz, DMSO-de) 9:
13.69 (s, 1H, SH), 3.68 (s, 3H, NCH3), 3.38 (s, 3H, NCH3),
3.20 (s, 3H, NCH3).

7-3R P9 e k-8 k- 1,3- T3 -3,7- A - 1H-E
#-2,6- il (3b): H ALl fE, 73 93%, mp. 2103~
211.6 ‘C; "H NMR (400 MHz, DMSO-ds) 6: 13.71 (s, 1H,
SH), 4.11 (d, J=7.2 Hz, 2H, NCH,), 3.38 (s, 3H, NCH3),
3.20 (s, 3H, NCH3), 1.40~1.33 (m, 1H, CH), 0.58~0.34
(m, 4H, CH,CH,).

7-5¢ T HE-8-SAE-1,3- -3, 7- A -1 H-PERS-2,6-
THA3e): AMBEE, FEE 93%. mp. 205.6~206.7 C;
'H NMR (400 MHz, DMSO-ds) 6: 13.66 (s, 1H, SH), 4.04
(d, J=7.4 Hz, 2H, NCH,), 3.38 (s, 3H, NCH3), 3.19 (s,
3H, NCH3), 2.28 (dt, J=13.1, 6.6 Hz, 1H, CH), 0.86 (d,
J=6.7 Hz, 6H, 3CH,).

8-Fidk-1,3- — HFE-7-{[2-(= LT L) 2 SE L
Fer-3,7- T H-1H-MEWA 2 6- W[ (3d): [ E AR, PR
93%. m.p. 184.5~1853 °C; 'H NMR (400 MHz,
DMSO-ds) d: 13.80 (s, 1H, SH), 5.58 (s, 2H, NCH,), 3.67
(t, J=8.1 Hz, 2H, OCH)), 3.38 (s, 3H, NCH3), 3.19 (s, 3H,
NCHa), 0.87 (t, J=8.1 Hz, 2H, CH,Si), —0.04 (s, 9H, 3 X
CH3(Si)).

3.2.3 4K 4 F= B AR S Sa~5c 895 %

£ 50 mL BRI AR I H EE 3 (4 mmol).
ToKBRFRER(8 mmol)Fl 15 mL 2/, iR+ 30 min J5
) e HR N 4-1R-1,1,2- =39 T -1-/5(4 mmol), fiAl5gEE
JEERRTFHRE R, &N 8 h. WHIRER, IJE,
DA S B BE(10 mL X 3) Pk, A IR, WUE#k4gE s
TRARERE T E, AR OB RV D V=3
DPEME, 159k 4 FBREE =) Sa~Se.

1,3- I JE-8-[(3,4,4- —H T -3-J-1-38) Wi 5 1-7- {[2-
(ZH R ) QR ) -3,7- - L H-PE RS -2,6-
fi(4): W OEE, 77F 82%. mp. 65.1~66.3 C; 'H
NMR (400 MHz, CDCl;) d: 5.64 (s, 2H, NCH>), 3.64 (t,
J=8.2 Hz, 2H, OCH,), 3.57 (s, 3H, NCH3), 3.44 (t, J=17.1
Hz, 2H, SCH,), 3.40 (s, 3H, NCH3), 2.91~2.75 (m, 2H,
CH,CF=), 0.93 (t, J=8.2 Hz, 2H, CH,Si), —0.03 (s, 9H,
3 X CH;3(Si)); 3C NMR (101 MHz, CDCls) 6: 154.3, 153.8
(ddd, J=288.0, 274.1, 46.2 Hz), 151.6, 151.5, 148.6, 127.0
(ddd, J=235.2, 53.7, 16.6 Hz), 108.4, 73.7, 67.0, 29.8,
28.5,28.0, 26.6 (dd, J=21.6, 2.6 Hz), 17.8, —1.4; HRMS
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(ESI) calced for Ci7H,sF3N4NaOsSSi [M—i—Na]+ 473.1266,
found 473.1260.

1,3,7-= W 3£-8-[(3,4,4- =5 ] -3-J-1-FE) i £ 1-3,7-
TE-1HE2,6- —ffi(5a): A AEE, PR 86%. m.p.
120.4~120.9 ‘C; 'H NMR (400 MHz, CDCl;) 6: 3.84 (s,
3H, NCH3), 3.54 (s, 3H, NCH3), 3.43 (t, J=7.1 Hz, 2H,
SCH>), 3.38 (s, 3H, NCH3), 2.82 (dtdd, J=21.9, 7.0, 3.9,
2.6 Hz, 2H, CH,CF=); 3C NMR (101 MHz, CDCl;) ¢:
154.6, 153.8 (ddd, J=287.9, 274.1, 46.1 Hz), 151.5, 149.9,
148.5, 127.0 (ddd, J=235.3, 53.5, 16.4 Hz), 108.8, 32.2,
29.7,28.4,27.9, 26.6 (dd, J=21.7, 2.7 Hz); '°F NMR (376
MHz, CDCly) §: —103.01 (dd, J=83.1, 32.7 Hz),
—122.68 (dd, J=114.2, 83.1 Hz), —175.43 (dd, J=
114.2, 32.7 Hz); HRMS (ESI) calcd for Cj,H 4F3N40,S
[M+H]" 335.0790, found 335.0782.

7-IR P 3k F JE-1,3- I 3E-8-[(3,4,4- = H T -3- 4 -1-
FoyiiHE-3,7- A -1 H-PEA -2 6- il (5b): B E A,
Z 81%. m.p. 79.8~80.6 ‘C; 'H NMR (400 MHz, CDCl3)
5: 4.10 (d, J=7.2 Hz, 2H, NCH>), 3.55 (s, 3H, NCH3),
3.44 (t, J=7.0 Hz, 2H, SCH,), 3.38 (s, 3H, NCH3), 2.82
(dtdd, J=21.9, 7.0, 3.9, 2.5 Hz, 2H, CH,CF=), 1.37~
1.26 (m, 1H, CH), 0.57~0.43 (m, 4H, CH,CH,); 3C NMR
(101 MHz, CDCl3) 6: 154.4, 153.8 (ddd, J=288.1, 274.1,
46.2 Hz), 151.6, 149.2, 148.7, 127.0 (ddd, J=235.2, 53.5,
16.4 Hz), 108.4, 50.2, 29.7, 28.6, 28.0, 26.7 (dd, J=21.6,
2.6 Hz), 11.6, 3.8; F NMR (376 MHz, CDCl;) o:
—103.05 (dd, J=83.5, 32.7 Hz), —122.69 (dd, J=114.3,
83.5 Hz), —175.40 (dd, J=114.4, 32.7 Hz); HRMS (ESI)
caled for CisHigFsN40,S [M+H] ™ 375.1103, found
375.1094.

7-5¢ T HE-1,3- T HIE-8-[(3,4,4- =T T -3-H-1-F5) i
$1-3,7- A -1H-"E 05 2 6- —F (5¢): O E AR, P2
84%. m.p. 77.9~78.4 C; 'H NMR (400 MHz, CDCl;) o:
3.99 (d, J=7.6 Hz, 2H, NCH,), 3.55 (s, 3H, NCH3), 3.44
(t, J=7.0 Hz, 2H, SCH>), 3.39 (s, 3H, NCH3), 2.81 (dtdd,
J=21.8, 7.0, 3.9, 2.6 Hz, 2H, CH,CF=), 2.24 (hept, J=
6.6 Hz, 1H, CH), 0.93 (d, J=6.6 Hz, 6H, 2CH3); '*C NMR
(101 MHz, CDCls) d: 154.3, 153.8 (ddd, J=287.8, 274.1,
46.1 Hz), 151.6, 149.8, 148.7, 127.0 (ddd, J=235.2, 53.5,
16.4 Hz), 108.6, 53.1, 29.7, 28.6, 28.0, 26.6 (dd, J=21.6,
2.6 Hz), 19.7; '9F NMR (376 MHz, CDCl3) 6: —103.09
(dd, J=83.4, 32.8 Hz), —122.73 (dd, J=114.4, 83.4 Hz),
—175.43 (dd, J=114.4, 32.8 Hz); HRMS (ESI) calcd for
C1sHaoF3N40,8 [M+H]" 377.1259, found 377.1252.
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324 BARLA4 5d 894 &

7 50 mL [ AR I B Sa (1 mmol)Fl
10 mL S FAME 5 C, BEAPHEE T R bt
oA GG E A (1.1 mmol), iR &M 2 h (TLC ¥
M. M 5EEE A 20 mL A1 NaHCO; ¥,
B & PR L5 mL X 3), &3 AN, HIEK
Na,SO4 T, R Ys 5 R A it o5, Ham
it/ 08 CFR(V - V=21 D, TR~ 1,3,7-=H
e -8-[(3,4,4- = F 1 -3-H5-1-F) W RS ik 3 1-3,7- — A -1H-
MEN4-2,6- —Hid(5d): HEEK, 7% 73%. mp. 108.3~
109.4 C; 'H NMR (400 MHz, CDCls) 6: 4.26 (s, 3H,
NCH3), 3.71 (ddd, J=14.0, 8.4, 5.9 Hz, 1H, SOCH,),
3.57~3.50 (m, 4H, NCH3, SOCH,), 3.40 (s, 3H, NCH3),
3.04~2.77 (m, 2H, CH,CF=); *C NMR (101 MHz,
CDCly) 6: 155.1, 153.2 (ddd, J=288.5, 275.3, 45.5 Hz),
151.3, 148.9, 147.2, 126.2 (ddd, J=235.2, 53.4, 17.4 Hz),
110.3, 48.0 (q, J=3.0 Hz), 33.4, 29.9, 28.2, 19.1 (dd, J=
22.3, 2.5 Hz); F NMR (376 MHz, CDCls) 6: —101.71
(dd, J=81.3, 33.2 Hz), —121.11 (dd, J=114.9, 81.3 Hz),
—175.05 (dd, J=114.9, 33.2 Hz); HRMS (ESI) calcd for
C12H14F3N405S [M+H]" 351.0739, found 351.0731.
3.2.5 BARLE4 Se #94 &

25 mL [BJE B AR IO A B % Sa (1 mmol). FHEE
(10 mL). B%R%%(1.5 mmol)F1 PhI(OAc), (2.3 mmol), i
AVERBFE 5 min J5, BRG], RRME
FEEE SR, FAMEY R CBR(V L V=21 D, 15
I AH VR 4 1,3,7- = F 3E-8-[(3,4,4- = F T -3-
95~ 1- 35 ) NP R Pk 0 e i )-3,7- — - 1 H-FEE 422, 6- — i (Se):
o EAR, 773 82%. m.p. 87.6~88.4 “C; 'H NMR (400
MHz, DMSO-ds) J: 4.19 (s, 3H, NCH3), 3.71 (t, J=7.2
Hz, 2H), 3.41 (s, 3H, NCH3), 3.24 (s, 3H, NCH3), 2.87
(dtdd, J=21.8, 7.2, 3.9, 2.6 Hz, 2H, CH,CF=); '*C NMR
(101 MHz, DMSO-dg) d: 155.0, 152.6 (ddd, J=283.8,
273.9, 46.9 Hz), 150.8, 147.6, 145.6, 126.6 (ddd, J=234.1,
53.0, 17.1 Hz), 109.0, 50.8, 34.0, 29.5, 27.8, 20.0 (d, J=
21.8 Hz); '9F NMR (376 MHz, DMSO-ds) 6: —104.15
(dd, J=84.3, 31.1 Hz), —121.83 (dd, J=113.0, 84.3 Hz),
—174.00 (dd, J=113.0, 31.1 Hz); HRMS (ESI) calcd for
C12H,5F3N505S [M+H]" 366.0848, found 366.0840.
3.2.6 HiRLE Si 6946 %

£ 100 mL [BJEHHH AR DA F 1A 4 (3 mmol).
15 mL /K ZEEA 5 mL 3 molsL™! #iR, A RTHEZE
90 C, WhJIHFEN 3 h 5, JERR AR, KRS
FEEE > 85, &b/ BV - V=30 . DI, 15
HErtb &9 1,3- W R-8-[(3.4.4- =5 | -3-M-1-F5) it

Chin. J. Org. Chem. 2021, 41, 2091~2098



Chinese Journal of Organic Chemistry

$1-3,7- A -1H-TE WA 2 6- R (5i): A E AR, AR
91%. m.p. 221.6 ~222.7 ‘C; 'H NMR (400 MHz,
DMSO-ds) d: 13.61 (s, 1H, imidazole-NH), 3.40 (s, 3H,
NCHj3), 3.40 (t, J=6.9 Hz, 2H, SCH,), 3.20 (s, 3H, NCH3),
2.81 (dtdd, J=23.2, 6.9, 4.0, 2.8 Hz, 2H, CH,CF=); 3C
NMR (101 MHz, DMSO-dg) J: 153.3, 153.3 (ddd, J=
284.5, 273.3, 47.0 Hz), 150.9, 148.3, 148.0, 127.6 (ddd,
J=234.2,52.9, 15.6 Hz), 107.8, 29.7, 27.7, 27.6, 25.9 (dd,
J=21.3, 2.3 Hz); F NMR (376 MHz, DMSO-ds) 0:
—104.46 (dd, J=85.4, 30.9 Hz), —122.93 (dd, J=113.3,
85.4 Hz), —173.69 (dd, J=113.3, 30.9 Hz); HRMS (ESI)
caled for C;HipFsN40,S [M+H] " 321.0633, found
321.0625.
3.2.7 BiRttadh 5f~5h F= 5§ 695 %

£ 100 mL [ LA B bRt &4 Sa~5Se #15i (1
mmol) 7 R T 20 mL HEEH, B 15EE T R L 42
& ik init IR S R A 2h/KVE (0.4 mol/L, 10 mL),
TR N RN 12 h (TLC W), S J8idA 28 B i 76 8k
JE R ZE P, Fel R i) KA &R R AR (15 mL X 3),
HIAVAE, FTEK NaSOs T, TR 5 kR ME
FEEE B, A HEY O CBR(V - V=21 DR, 5
FIAH SR = ).

1,3,7- = H 35 -8-[(3,4,4- =9 T -3- M- 1- 25 ) Ik ok 525 )-
3,7- & -1H-MEWS -2,6- i (5f): A O EE, PE 73%.
m.p. 116.7~117.9 “C; '"H NMR (400 MHz, CDCl;) §:
4.32 (s, 3H, NCH3), 3.77 (t, J=17.6 Hz, 2H, SO,CH,), 3.55
(s, 3H, NCH3), 3.41 (s, 3H, NCH3), 2.99 (dtdd, J=20.0,
7.6, 3.8, 2.5 Hz, 2H, CH,CF=); '3C NMR (101 MHz,
CDCly) 6 155.4, 153.1 (ddd, J=288.7, 275.6, 45.2 Hz),
151.3, 146.2, 144.8, 125.3 (ddd, J=235.6, 53.4, 18.1 Hz),
110.0, 50.8, 34.3, 30.0, 28.4, 20.2 (dd, J=22.3, 2.5 Hz);
F NMR (376 MHz, CDCl3) §: —101.32 (dd, J=80.4,
33.5 Hz), —120.90 (dd, J=114.7, 80.4 Hz), —175.63
(dd, J=114.7, 33.5 Hz); HRMS (ESI) calcd for Ci,H;4Fs-
N404S [M+H]" 367.0688, found 367.0681.

7-FR PN 3 3 -1,3- R -8-[(3,4,4- =R T -3-4-1-
B3 )-3,7- A -1H-ME -2 6- — i (5g): H EuLE 1k,
FE 69%. m.p. 100.6~101.5 C; '"H NMR (400 MHz,
CDCly) d: 4.63 (d, J=7.5 Hz, 2H, NCH>), 3.80 (t, J=7.6
Hz, 2H, SO,CH,), 3.57 (s, 3H, NCH3), 3.42 (s, 1H, NCH3),
2.98 (dtdd, J=20.3, 7.6, 3.8, 2.6 Hz, 2H, CH,CF=),
1.56~1.46 (m, 1H, CH), 0.68~0.44 (m, 4H, CH,CH,);
C NMR (101 MHz, CDCly) 6: 155.2, 153.1 (ddd, J=
288.6, 275.6, 45.2 Hz), 151.3, 146.5, 144.5, 125.3 (ddd,
J=235.4, 53.6, 18.2 Hz), 109.5, 52.0, 50.9, 30.0, 28.4,
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20.2 (dd, J=22.6, 2.5 Hz), 12.6, 3.9; '°F NMR (376 MHz,
CDCly) 8: —101.41 (dd, J=80.7, 33.8 Hz), —120.96
(dd, J=115.0, 80.6 Hz), —175.53 (dd, J=115.0, 33.7
Hz); HRMS (ESI) caled for CisH;sF3N4O4S [M+H]"
407.1001, found 407.0993.

7-5 T H-1,3- T E-8-[(3,4,4- =5 T -3- M- 1- 35 i
ik 3E]-3,7- A -1H-"E04 2, 6- [ (5h): A E K, 72
72%. m.p. 112.3~113.8 °C; '"H NMR (400 MHz, CDCl;)
8: 4.50 (d, J=7.7 Hz, 2H, NCH,), 3.73 (t, J=7.5 Hz, 2H,
SO,CH,), 3.50 (s, 3H, NCH3), 3.36 (s, 3H, NCH3), 2.90
(dtdd, J=20.3, 7.5, 3.8, 2.5 Hz, 2H, CH,CF =), 2.26 (hept,
J=6.8 Hz, 1H, CH), 0.90 (d, J=6.8 Hz, 6H, 2CH3); 13C
NMR (101 MHz, CDCls) d: 155.0, 153.0 (ddd, J=288.7,
275.6,45.2 Hz), 151.1, 146.3, 144.8, 125.2 (ddd, J=235.4,
53.4, 17.9 Hz), 109.6, 54.0, 50.9, 30.6, 29.9, 28.3, 20.1
(dd, J=22.3, 2.6 Hz), 19.3; 'F NMR (376 MHz, CDCl;)
d: —101.42 (dd, J=80.6, 33.7 Hz), —120.98 (dd, J=
115.1, 80.6 Hz), —175.51 (dd, J=115.2, 33.7 Hz);
HRMS (ESI) caled for C;sHyFsN,O,8 [M + H] ©
409.1157, found 409.1154.

1,3— - F3E-8-[(3.,4,4- =4 T -3-M5-1-3E) B 3 1-3,7-
TEA-LH-ERS 2 6- —T(5)): ABEK, FEER 67%. mup.
214.2~215.0 °C; '"H NMR (400 MHz, DMSO-ds) J: 5.75
(s, 1H, imidazole-NH), 3.83 (t, J=7.1 Hz, 2H, SO,CH,),
3.44 (s, 3H, NCH3), 3.25 (s, 3H, NCH3), 2.83 (dtdd, J=
21.4, 7.1, 3.9, 2.6 Hz, 2H, CH,CF=); '3C NMR (101
MHz, DMSO-ds) 0: 154.8, 152.5 (ddd, J=284.1, 274.3,
46.5 Hz), 151.0, 146.5, 144.5, 126.2 (ddd, J=234.1, 53.0,
17.4 Hz), 110.7, 49.8, 30.1, 28.0, 19.4 (dd, J=22.2, 2.5
Hz); '°F NMR (376 MHz, DMSO-ds) 6: —103.78 (dd, J=
83.6, 31.2 Hz), —121.36 (dd, J=113.3, 83.6 Hz),
—174.26 (dd, J=113.3, 31.2 Hz); HRMS (ESI) calcd for
C1H12F3N4O,4S [M+H]" 353.0531, found 353.0525.

3.3 &EHEMENE

ZSCERPS7 R B AR &) Sa~5j Xf 3~4
W 7R 5 W B (Mythimna  separata Walker) F1 /N 3% i
(Plutella xylostella L)% HUE M. 008 375 1 IR FH 28
RSPILEBY2I) 78 50 mgeL ' IKREER, 43 5% 2 ah %
i B (Alternaria solani Sorauer) ~ ¥ Ml % 5 I
(Phytophthora capsici)~ M=% % 1% 99 B (Sclerotinia scle-
rotiorum)~ 3 JN K94 1 (Botrytis cinerea) - RFC S
(Physalospora piricola) F1 /N 22 Uk 93 B (Rhizoctonia
cerealis)6 P WAE YD I LB 12E47 .

4 BIi#1 K (Supporting Information)  H[8]14 2 13 (] '"H
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NMR #E[, Hlatk 4 FHFRCAY) Sa~5j [ 'H NMR,
13C NMR, "°F NMR 1 HRMS % &, iX £561Rn] DL 4 2
M W3k (http://sioc-journal.cn/)_E T %K,
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