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Abstract A series of novel 3-(1,3,4-thiadiazolyl)-1,3-benzoxazines were prepared in 47%~62% yields from 2-(1,3,4-
thiadiazolyl-2-aminomethyl)phenols and CH,Cl, by phase transfer catalysis reaction for the first time. It was investigated the
amount of phase transfer catalyst and reactants, temperature on the yield of the reaction. The structures of the products were
characterized by FT-IR, '"H NMR, "*C NMR spectra and elemental analysis. The fungicidal activities of the prepared com-
pounds were also preliminarily evaluated. Most of them displayed moderate fungicidal activity.

Keywords 1,3,4-thiadiazolyl-1,3-benzoxazine; phase transfer catalysis reaction; synthesis; fungicidal activity
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sj/ sj/
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N/<\N/N CH,Cl, N/<\N’N
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5 2

5a: R= CH3, 5b: R = C2H5, 5c:R= n-C3H7, 5d: R = I‘-C3H7, 5e:R = CgH5
5f: R= 2-CH3006H4, 59 R= 4-CH3OC6H4, 5h: R = 3-CH3C6H4, 5iiR = 4-C|C6H4

Scheme 1

PRI A R 13- 2RI REER AL AU, R X I N A
p-TsOH 1E 7= 24041, SR, HI20 [ s it 45 F Rk i
2 LL p-TsOH Bl SnCly i A4 4RI — Ml FTEEZ ) (5) 55 HY
Fis B2 N i 2% H AL &Y 3-(5-F23E-1,3,4- 188 I E)-3 4-
TA2HA3- R IFRERR ), NI R, Bh, K
LA CH,Cly 5 M i FERE Ry () 4 Bk, FER IR
R Al AR A il B ARE 54 2 (Scheme 1), AN b
75 R 21 SN E AT RS AL P2 5 R kAT I, 7=
RRRSE . PBRATHTAN, X2 —UCR AR A
DA L3-RIFREE A Y. R, ASOR R X —
TR A e BB e L EAR 1,3-2E B KA,
&Y 2a~2i.

1 #R5iT1E
1.1 &

F4fE Scheme 1 Frany ik, DL 2-2 FEWE —4(3)
FAKAmEE Sy Jsokl, R “—4R7k” wimr= & ik 2-
e LA FHIL R 5a~5i%Y, SRIFLML A 5
I CH,CL, A 5o i H AR &4 2. UL Sa F1 CH,Cl,
(VRN SN R B J2 N, AR R A A T s I
I T RN B S5 DR 250 R = S 1 52 ).

S 45 R W TCAR L B AL, Sa A1 CHLCl, 75
KOH fEH I A 18% M HAstA4) 2a (3 1, No.
D). T HERN=R, BATIMAAFE R AR T 35
LB (TBAI), 1 TBAI &4 5 mol%MHf, KAV =%
5] 38%. 4 TBAIL K4 15 mol%I, [ W 7= 3k
B =1 (51%). AR5 B A AR B Ak U S 3, |
FRAL A P07 2 5 1T B, 3T BE AL BT AL A A0 771
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Table 1 Effect of phase transfer catalysis on the yield of the

compound 2a

Entry AR AL “/mol% PR b,
1 0 18
2 5 38
3 10 44
4 15 51
5 20 36

MR AT DU T SR (TBAL), MR R T A 5a iR
(0.01 mol). * S IR E: 90 “CONIE, JETISELHIFD); WF: 9 hy #isl: —
W AR(DMSO); ik KOH (il &: 35.6 mmol; CH,Cl, (i #2: 10 mL.

BBU(KOH,  50% FRI¥ ) FRFH 200 52 2 7 2 1) 5 i 2
e IS, 24 KOH &4 8.9 mmol (0.89 equiv.)if,
SR HRALK 27%(2 2). KOH (1)1 &340 £ 35.6 mmol
(3.56 equiv.) i, tb&H 2a HIF=RIEEE] 51%. R
b5 KOH HIE e — 0, KW =28 O B, X
Al g tH T KOH SR N5 | & 7 HAth il e v

R2 W ENILEY) 2a BRI

Table 2 Effect of the amount of base on the yield of the com-
pound 2a

© 2012 Chinese Chemical Society & SIOC, CAS

Entry KOH/mmol PR Y,
1 8.9 (0.5 g, 0.89 equiv.) 27
2 17.8 (1 g, 1.78 equiv.) 32
3 26.7 (1.5 g, 2.67 equiv.) 45
4 35.6 (2 g, 3.56 equiv.) 51
5 44.6 (2.5 g, 4.46 equiv.) 45

RN 90 C; WHF: 9 hy #Al: —FIFHY(DMSO0); Sa [ =: 0.01

mol; CH,Cl, it FH &t 10 mL; TBAT f4 &2 15% mol.

TN S W= A R LR 3. AR 3 A%, il
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R3O 2a 2R
Table 3 Effect of the temperature on the yield of the compound

2a
Entry R/ C FEER Y%
1 75 29
2 82 35
3 90 51
4 96 49
5 98 42

¢ NI 9 hy ¥EF): — H IEAK(DMSO); CH,Cl, (I 10 mL; KOH ()
F#t: 35.6 mmol (2 g); TBAT i A fE: 15% mol; 5a A #: 0.01 mol.

AR T RNY) CHCly, PR R V=2 1) 5
W, 45 R IE 4. IR 4 nIEIBEE CHCL HIsI N, &
PR AT, HA CHLCL (1 34N E] 15 mL I,
SN 255 B d i (57%), ARG R CHLCL &t —20
B, B R R S BRI

# 4 CHCL FIHEX LAY 2a 2L S5m0

Table 4 Effect of the amount of CH,Cl, on the yield of the
compound 2a

Entry CH,Cl,/mL PEER Y,
1 5 12
2 10 51
3 15 57
4 20 48
5 25 43

RN 90 °Cy SVIFIE): 9 hy WA FIEH(DMSO); KOH ¥ H]
35.6 mmol (2 g); TBAT (¥ & 15% mol; Sa (¥ &: 0.01 mol.

H EIR SR RN A S 2a IRAL R N 25 A,
MR NA) Sa A 0.01 mol B, AHELFE AL
TBAI M EH 15 mol%, KOH MJH &K 0.0356 mol,
CHCL &4 15 mL. SR 90 C. 7EX
PEGATT, BATTE AR TG 2b~2i, 45 W&
5. T ROSAHIR AR T B A, reER 4%~
62%. WE IR FIEAT R AL BTk, PR ) 7 AR 22
ANK . E MR b TR AN 5] 7 ) e I8 77 26 55 Wi Al AN
Ko AR TF IR BT BRI (1) 7 e A it v
TR A H - B R A7 B 6 %) B G AR BE 1 7=
FAK(FR S, Entry 9 vs. Entries 5~8).

1.2 REEM

SR I 2 A% 245 61 i) TR BRI ST b O A2 3 P
SERRAERRAERE R (SOP) 2N BT & R K AL &) 22~ 2 AT
TARBETENNR. DU K90 & (Botrytis cinerea) /)N
£ IRBFIN R (Gibberella zeae), WS AZIA # (Sclerotonia
sclerotiorum) FVH 75 22 95 T4 (Alternaria alternata) )y it
AARL. SR S g gn ik, IR 25 mg/L. SRR
WA E R R, WA R 6. N 6 w41,
KRIWA AP IR R I — 5 (P AR B E R, Hop
WY 2¢ M BAZIE B A HI %L 76%, H6EY) 2a
P2, 69%. T H T4, HAnt &4 b L5 e e
FEAHEI R FE 0 IR HE I, S v S A% s B F R 2590
A EAT o S T, HAE Y R JERTAN 7N,k
E YRS PE A 0%.

RS AW EY 2a~2i 4R
Table 5 Synthetic results of compounds 2a~2i

Entry ) =) FEE Y%
S<__CH
N%\ \”/ 3
1 5a o) N-N 57
2a
S~ ~CyHs
N—C T
2 5b o NN 52
2b
N4<\SW/C3H7-I7
3 Sc ©fo\) N-N 58
2c
N%\S\”/C3H7-i
4 5d ©fo\) N-N 60
2d
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Entry SR s’ FEE %

7 S5¢ N-N 62
2g
S
N—( T/Q
8 5h Q;\) B Vo 60
2h
S Cl
, N— \l(/@
9 5i J NN 47

O
2i

@RS TR S TR AEEY 5 10 10 mmol, MIEERS AL TBAT (& 15% mol, Bf(KOH)H M 35.6 mmol, [ MNIELE: 90 °C, IHal: 9 h, CH,Cl, 1)
4 15 mL.

F6 AW 2a~2i FRRIETEGDEIZ/%)
Table 6 Fungicidal activity (inhibition rate/%) of compounds 2a~2i

EY) TRBEI Gy S| IRBEIA BZI
2a 28 33 0 69
2b 42 21 19 30
2¢ 40 25 8 76
2d 37 29 0 37
2e 0 32 22 0
2f 0 32 46 0
2g 0 32 32 0
2h 0 32 22 0
2i 0 32 22 0
2 i 3 TS
RAARER AT, DL 2-[(1,34-E MIE2-5038) 31 MBS
LR R CHLClLy b JFORHA B T — RGBT AL 3-(1,3,4- FE R WRS-1B 5045 s A0 s, %A Bruker

e )1 3-ATFIE R RAL B, R RNAAFIEAT T AVANCE 500 M RESEARACI 5 (%A1 5 CDCls, TMS
PeAb, 74k 47%~62%, JM H NMR, "C NMR, IR s pybzy. 47 SMIR)JH PE-2000 Z5 i 37 I AsHa 27 4 i
MITCR TR = A dEAT T RAE. WE5T T HARE S ([ PE A F)IGE: JCZ4HTH PE 2400 TT CHNS %6
AR B AL, KIS A AT S (A B FOPHTOGE. 300~400 FIRLIZHT I RERLI 674 S0
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TR B v R AT 8%, B A
FA o ATl Ak 2 40

32 3-(1,34-E_MEEK)-1,3-FHIBELENLEY 2
BIE X

B 2-[(5-FJE-1,3,4-9E KL 2 -5 ) FH L PR ) (5a)
(2.21 g, 10 mmol)¥& 1 30 mL - FFEAN, o APY T FEfift
1b5%(0.56 g, 1.5 mmol, 0.15 equiv.)f1 2 g KOH (3.56
equiv., AR TITE D ECN 50%), 10 min J5 I 15 mL
CH,Cly, 90 “C(if) FHiFE Y. 9 h (TLC EREFRT M), &
525, M 100 mL CH,Cl, 43 %) H7K(100 mL X 2)F/l
SULAR I FI VR (100 mL X 2)PEBAH HLAH, JHI /KR
FRAN T B LA, ShIEIFIROE s, BT s 6 2 4 H P id
FEZATER 41T 1.31 g Al fE 2a, 722 57%. 2a~2b
()& Fln] 2a.

3-(5-H 3E-1,3,4-198 — W Jt)-3,4- -2 H-1,3- 2K I
I (2a): FIOEAR, 7% 57%. mp. 68.3~69.4 C; 'H
NMR (CDCls, 500 MHz) 6: 7.16 (t, J=7.0 Hz, 1H), 7.08
(d, J=7.5Hz, 1H), 6.97 (t, J=7.5 Hz, 1H), 6.87 (d, J=8.0
Hz, 1H), 5.37 (s, 2H), 4.87 (s, 2H), 2.60 (s, 3H, CH3); "*C
NMR (CDCl,, 125 MHz) &: 170.35, 156.82, 153.17,
128.01, 126.80, 121.65, 119.49, 117.21, 78.65, 49.23,
15.80; IR (KBr) v: 3430, 3083, 2967, 1608, 1584, 1512,
1488, 1457, 1389, 1255, 1146, 974, 911, 761, 746 cm .
Anal. calcd for C;;H;N;OS: C 56.63, H 4.75, N 18.01;
found C 56.26, H 4.78, N 17.94.

3-(5- 4 HE-1,3,4-E 4 JE)-3 4- (-2 H-1,3- K I
I%2(2b): A, P7% 52%. mp. 101.2~102.8 C; 'H
NMR (CDCls, 500 MHz) &: 7.16 (t, J=8.0 Hz, 1H), 7.09
(d, J=7.5Hz, 1H), 6.97 (t, J=7.5 Hz, 1H), 6.88 (d, J=8.0
Hz, 1H), 5.39 (s, 2H), 4.88 (s, 2H), 2.96 (q, J=7.5 Hz,
2H), 1.35 (t, J=7.5 Hz, 3H, CH;); °C NMR (CDCl,, 125
MHz) J: 169.97, 163.58, 153.23, 128.07, 126.79, 121.63,
119.53, 117.22, 78.67, 49.25, 23.90, 13.90; IR (KBr) v:
3410, 3079, 2969, 2927, 1960, 1606, 1584, 1504, 1487,
1455, 1393, 1249, 1147, 975, 948, 766, 745 cm . Anal.
calcd for C;,H3N;0S: C 58.28, H 5.30, N 16.99; found C
58.65, H 5.33, N 17.06.

3-(5-TNJk-1,3,4-E 4 JE)-3 4- (-2 H-1,3- K I
I(2¢): O, P24 58%. m.p. 682~69.3 C; 'H
NMR (CDCls, 500 MHz) &: 7.16 (td, J=7.5, 0.5 Hz, 1H),
7.09 (d J=17.5 Hz, 1H), 6.97 (td, J=9.0, 1.0 Hz, 1H), 6.88
(d, J=10.5 Hz, 1H), 5.39 (s, 2H), 4.88 (s, 2H), 2.90 (t, J=
2.5 Hz, 2H), 1.72~1.78 (m, 2H), 1.01 (t, J=2.5 Hz, 3H,
CH;); *C NMR (CDCls, 125 MHz) d: 170.00, 162.14,
153.31, 128.11, 126.83, 121.69, 119.59, 117.29, 78.69,

Chin. J. Org. Chem. 2012, 32, 1241~1246
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49.25,32.21, 22.99, 13.48; IR (KBr) v: 3435, 3065, 2956,
1606, 1583, 1512, 1488, 1456, 1396, 1265, 1217, 1160,
1034, 973, 762, 748 cm” . Anal. caled for Ci3H;sN;0S: C
59.74, H 5.79, N 16.08; found C 59.52, H 5.76, N 16.16.

3-(5-FF A FE-1,3,4-WE —Mp3E)-3 4. T 5(-2H-1,3-KJF
EEE2d): AMGREE, 7% 60%. mp. 70.1~71.6 C; 'H
NMR (CDCls, 500 MHz) §: 7.16 (t, J=9.0 Hz, 1H), 7.09
(d, J=17.5 Hz, 1H), 6.97 (td, J=9.0, 0.5 Hz, 1H), 6.88 (d,
J=9.0 Hz, 1H), 5.40 (s, 2H), 4.89 (s, 2H), 3.32~3.26 (m,
1H), 1.34 (d, J=7.0 Hz, 6H, 2CH;); *C NMR (CDCl;,
125 MHz) &: 169.49, 168.47, 153.01, 127.81, 126.54,
121.38, 119.33, 117.00, 78.45, 48.97, 30.65, 22.61 (2C);
IR (KBr) v: 3434, 3040, 2968, 1602, 1581, 1508, 1488,
1457, 1388, 1256, 1214, 1152, 1034, 977, 960, 744 cm ™.
Anal. caled for Cj3HsN;OS: C 59.74, H 5.79, N 16.08;
found C 59.54, H 5.77, N 16.14.

3-(5- 7K HE-1,3,4-WE M 3E)-3,4- — 5 -2H-1,3- K g
BE(2e): MAEME, 77% 56%. mp. 144.8~146.6 C; 'H
NMR (CDCls, 500 MHz) 0: 7.81~7.83 (m, 2H), 7.41~
7.44 (m, 3H), 7.18 (td, J=8.5, 0.5 Hz, 1H), 7.12 (d, J=7.5
Hz, 1H), 6.90 (td, J=7.5, 1.0 Hz, 1H), 6.91 (d, J=9.0 Hz,
1H), 5.47 (s, 2H), 4.95 (s, 2H); °C NMR (CDCl,, 125
MHz) d: 169.83, 160.28, 153.34, 130.56, 130.19, 128.95
(2C), 128.29, 126.98 (2C), 126.89, 121.89, 119.48, 117.43,
78.59, 49.43; IR (KBr) v: 3435, 3029, 1606, 1582, 1512,
1488, 1454, 1387, 1335, 1256, 1216, 1153, 978, 961, 761,
749 cm™'. Anal. caled for C;¢H 3N;0S: C 65.06, H 4.44, N
14.23; found C 65.38, H 4.42, N 14.18.

3-(5- 48 P AR L A L -1,3,4- 18 M KL )-3.4- A -
2H-1,3- 2K JF WE g (2): Ak, 77 % 50%. mup.
162.3~163.9 C; "HNMR (CDCl;, 500 MHz) J: 8.83 (dd,
J=1.0, 9.0 Hz, 1H), 7.39~7.42 (m, 1H), 7.12~7.18 (m,
2H), 7.07 (t, J=7.5 Hz, 1H), 6.98 (q, J=10.5 Hz, 2H),
6.90 (d, J=10. 5 Hz, 1H), 5.50 (s, 2H), 4.97 (s, 2H), 3.98
(s, 3H, CH3); *C NMR (CDCls, 125 MHz) §: 172.28,
155.53, 154.34, 153.48, 131.06, 128.16, 127.83, 126.93,
121.73, 121.24, 119.79, 119.64, 117.39, 111.24, 78.42,
55.66, 49.20; IR (KBr) v: 3418, 3211, 2912, 2844, 1599,
1586, 1496, 1468, 1391, 1340, 1297, 1262, 1160, 1020,
955,749 cm ™. Anal. caled for C;H;sN;0,S: C 62.75, H
4.65,N 12.91; found C 62.41, H 4.63, N 12.87.

3-(5- R AR L A L -1,3,4- W8 M KR )-3.4- A -
2H-1,3- 7K JF BE MR (2g): 1 €0 [l &, 7% 62%. m.p.
190.8~192.6 ‘C; '"H NMR (CDCls, 500 MHz) d: 7.75 (d,
J=10.5 Hz, 2H), 7.17 (t, J=7.5 Hz, 1H), 7.11 (d, J=7.5

http://sioc-journal.cn/ 1245
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Hz, 1H), 6.89~7.00 (m, 4H), 5.46 (s, 2H), 4.94 (s, 2H),
3.85 (s, 3H, CH3); C NMR (CDCls, 125 MHz) 6: 169.29,
161.14, 160.20, 153.34, 128.45 (2C), 128.24, 126.89,
123.28, 121.82, 119.56, 117.38, 114.30 (2C), 78.69, 55.35,
49.39; IR (KBr) v: 3418, 2971, 2833, 1608, 1578, 1519,
1456, 1357, 1250, 1155, 1031, 974, 745 cm™". Anal. calcd
for Cy7HsN30,S: C 62.75, H 4.65, N 12.91; found C
62.43, H4.62, N 12.86.

3-(5-1A) FEBRE DR JE-1,3 4- 108 M IE)-3 4- &(-2H-1,3-
ARIFNEIE(2h): FAE R, 7% 60%. mp. 119.2~120.4
‘C; '"H NMR (CDCls, 500 MHz) &: 7.65 (s, 1H), 7.60 (d,
J=17.5 Hz, 1H), 7.31 (t, J=7.5 Hz, 1H), 7.16~7.26 (m,
2H), 7.17 (d, J=17.5 Hz, 1H), 6.99 (t, J=7.5 Hz, 1H), 6.91
(d, J=10.5 Hz, 1H), 5.47 (s, 2H), 4.94 (s, 2H), 2.40 (s, 3H,
CH;); *C NMR (CDCls, 125 MHz) d: 169.79, 160.56,
153.42, 138.83, 131.08, 130.53, 128.90, 128.34, 127.59,
126.96, 124.30, 121.94, 119.59, 117.50, 78.66, 49.47,
21.36; IR (KBr) v: 3384, 3030, 2922, 1601, 1541, 1455,
1354, 1274, 1239, 1056, 796, 762 cm™'. Anal. caled for
C7H,sN;0S: C 66.00, H 4.89, N 13.58; found C 66.30, H
4.87,N 13.53.

3-(5- MG A HE-1,3,4-188 L3 4- A -2H-1,3- 4K
JFIEMR2D): FIE A, 7% 47%. mp. 167.9~169.0 C;
'H NMR (CDCls, 500 MHz) d: 7.76 (d, J=10.5 Hz, 2H),
7.41 (d, J=10.5 Hz, 2H), 7.19 (t, J=9.0 Hz, 1H), 7.17 (d,
J=17.5 Hz, 1H), 7.00 (t, J=7.5 Hz, 1H), 6.91 (d, J=10.5
Hz, 1H), 5.47 (s, 2H), 4.95 (s, 2H); >C NMR (CDCls, 125
MHz) 6: 170.00, 159.00, 153,33, 136.13, 129.23 (2C),
129.08, 128.36, 128.11 (2C), 126.89, 121.97, 119.40,
117.47, 78.59, 49.51; IR (KBr) v: 3418, 3028, 1613, 1584,
1538, 1520, 1447, 1397, 1232, 1097, 1004, 827, 748 cm ™.
Anal. calcd for C¢H;,CIN;OS: C 58.27, H 3.67, N 12.74;
found C 58.56, H 3.65, N 12.69.
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