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Synthesis and Antifungal Activity of Novel Substituted-
3-aryl-1,2,4-triazolo[3,4-b]benzothiazoles
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Liu, Xinghai®

Abstract In order to find new benzothiazole lead compounds, eighteen new substitued-3-aryl-1,2,4-triazolo[3,4-b]-benzo-
thiazoles were synthesized by reacting substituted-2-hydrazinobenzothiazole with various substituted benzoic acids in POCl;
under reflux condition. The structures of the title compounds were characterized by 'H NMR, EIMS techniques and elemental
analysis. The preliminary bioassy results indicated that some of them showed moderate inhibition activity against Rhizoctonia
solani, Ascochyta citrullina, Fusarium oxysporum f.sp. cubense and Colletotrichum nicotianae. Unexpectedly, some of them
possessed certain promotion activity against Botrytis cinerea.

Keywords 1,2,4-triazolo[3,4-b]benzothiazole; synthesis; antifungal activity
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R /=
S S
R\= KSCN R1{j\ I SOLCI XN XN QCOOH
@NHZ A 277 R S—NH, NHNH HZPW—@ H—NHNH, \
2 = IS = S Y~
H POCI,
= _R? 5a: R! = 5-CHg, R?= 0-CH3; 5b: R' = 5-CH3, R? = m-CHg; 5¢: R' = 5-CH3, R? = p-CHg;

: = 5-CHgs, R* = p-(n-Pr); 5e: =5-CHgs, R = p-(i-Pr); 5f: R" = 5-CH3, R = p-({-Bu);
W 5d: R'=5-CHs, R? = p-(n-Pr); 5e: R'=5-CHj, R? = p-(i-Pr); 5f: R' = 5-CH3, R? = p-(t-Bu)

5g: R'=5-CHjy, R? = p-pentyl; 5h: R'=5-CHz, R>= m-Cl; 5i: R! = 5-CH3, R? = m-F;

=N
XN
R1€LVN
=8
5

5j: R'=5-CHg, R?= p-F; 5k: R'=5-CH,, R? = 2,4-Cl,; 5l: R" = 5-CH;, R?= m-NOy;
5m: R'=H, R?= p-(t-Bu); 5n: R'=H, R? = m-F; 50: R'=H, R? = m-NO;
5p: R'= 7-OCHs, R? = p-(+-Bu); 5q: R' = 7-OCHs, R? = m-F; 5r: R' = 7-OCHj, R? = m-NO,

Scheme 1

1 LS

UREHR
Bruker AVANCE III 500MHz #% # 35 9% 1% 4% (LA
CDCl; N5, TMS MW #4R), Thermo Scientific 1TQ
1100TM JRiEAY(EL, 70 eV), Carloerba EA1110 JCE /3 Hr
10, X-4 B WoR A RO E A G BE T R IE). 2-2 48
ZIFWEME(3a, R'=H), 2-% Jk-6- F 48 L 2K I BE 14 (3D,
R'=6-OCH;)¥ 0 Tl il (37 FIEAE T AT FR2A 7], 98%),
2-5 Jk-4- R IE R IFHEME (3¢, R'=4-CHa)$4 % SCHk[18]11)
TidA . HARFnE koA al, AT H 84l
BgvEL T, 200~300 H).
1.2 UK 2-BHEFRFIEM 4 S

¥ 23.0 mL K& HH85%, 0.4 mol)HA 100 mL Jz i
PO b, e, UK &AM RN 172 mL iR
(36%, 0.2 mol). i MM5EEE, M 0.1 mol B 2-Z 34
WEME DL K 50 mL & W, IR FIRUIRAS, kSRR 10
h. RN EEFR)G, HUKKAE, HAEE AN, g,
KYE, HH Ol E L AR Ok, Bk 4. 2-J0F
BRI BEME (4a, R'=H): 13.6 g, Y% 90.0%, m.p. 197~
199 C (lit."™ 198~199 C); 2-JFHk-6- 48 FE 2K Mk
(4b, R'=6-OCH,): 16.6 g, W& 91.4%, m.p. 171~173
T (it 172~175 C); 2- I -4- 3 78 5 1HE 4 (4e,
R'=4-CH;): 15.7 g, W% 87.6%, m.p. 164~166 C
(1it." 167~169 °C); 'H NMR (CDCls, 500 MHz) §: 2.47
(s, 3H, CHj), 4.52 (br, 3H, NHNH,), 7.02~7.58 (m, 3H,
Ar-H).
1.3 BUX 3-FFH-1,24-=mF[3,4-b)EFEM 5a~5r
8IS BB

¥ 2 mmol PRI 2-fIFF I 2R - 1 M (4) R ECA A HH
(2.1 mmol)iF T 10 mL —FU Mk, Hidk, Izl
RE, REERY 8 h. JOWETR, WEI R =W, B RN
ZEMEINVKIK, SREEHERE 20 min. A AT, g,
FEEBT[VCA ) @ (R LlR)=3 © 1]4ifk, 53 H
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bRtk &4 Sa~Sr.

5- H L2340 FT 46 ik 21,2, 4- = M 3 [3,4-b] 7 JT 158 M
(5a): WRIEE A, P2 F 68.4%. mp. 139~141 C; 'H
NMR (CDCls, 500 MHz) d: 1.75 (s, 3H, CH3), 2.20 (s, 3H,
CH3), 7.09~7.54 (m, 7H, Ar-H); EI-MS (70 eV) m/z (%):
279 (M", 4), 264 (48), 161 (43), 135 (22), 118 (23), 109
(28), 91 (31), 77 (13), 71 (61), 57 (100). Anal. caled for
Ci6H13N5S: C 68.79, H 4.69, N 15.04; found C 68.62, H
4.67,N 15.10.

5= H 35 -3 ) FT 56 0 21,2, 4- = M 3 [3,4-b] 2 JT 158 M
(5b): WEOEE, F7F 65.2%. mp. 164~165 C; 'H
NMR (CDCl;, 500 MHz) 8: 1.81 (s, 3H, CH3), 2.45 (s, 3H,
CH;), 7.25~7.50 (m, 7H, Ar-H); EI-MS (70 eV) m/z (%):
280 (M'+1, 8), 279 (M", 31), 179 (70), 162 (100), 148
(13), 136 (20), 119 (56), 91 (52), 77 (13), 65 (16). Anal.
caled for C;4H3N;S: C 68.79, H 4.69, N 15.04; found C
68.55, H 4.63, N 15.12.

5 H L -3 0F FT 46 3 21,2, 4- = M 3 [3,4-b] 7 JT 158 M
(5¢): WHAFEAK, 7 F 70.6%. mp. 157~158 C; 'H
NMR (CDCl;, 500 MHz) d: 1.86 (s, 3H, CH3), 2.48 (s, 3H,
CH3), 7.10~7.53 (m, 7H, Ar-H); EI-MS (70 eV) m/z (%):
280 (M'+1, 8), 279 (M", 43), 162 (100), 149 (28), 135
(48), 119 (60), 91 (57), 77 (14), 65 (26), 57 (18). Anal.
caled for C;4sH3N;S: C 68.79, H 4.69, N 15.04; found C
68.53, H 4.66, N 15.17.

5- PR30 A R IR - 1,2,4- = 4 3T [3,4-B] 2K I e
(5d): WEOEE, PFE 64.7%. mp. 118~120 C; 'H
NMR (CDCl;, 500 MHz) &: 0.97 (t, J=7.5 Hz, 3H,
CH,CH,CHj3), 1.70~1.74 (m, 2H, CH,CH,CHj3), 1.85 (s,
3H, CH3), 2.71 (t, J=7.5 Hz, 2H, CH,CH,CH3), 7.10~
7.55 (m, 7H, Ar-H); EI-MS (70 eV) m/z (%): 308 M " +1,
6), 307 (M", 26), 180 (34), 163 (60), 147 (98), 135 (43),
106 (32), 91 (44), 77 (26), 57 (100). Anal. caled for
CsHsN3S: C 70.33, H 5.57, N 13.67; found C 70.10, H
5.44,N 13.82.
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5- 330 S L IR 3 -1,2,4- — M 9 [3,4-D] K JF0E
Wi (5e): RO R, P7F 61.3%. mp. 126~128 C; 'H
NMR (CDCL;, 500 MHz) d: 1.32 [d, J=7.0 Hz, 6H,
CH(CH;),], 1.84 (s, 3H, CH;), 3.01 ~3.04 [m, 1H,
CH(CHs),], 7.10~7.57 (m, 7H, Ar-H); EI-MS (70 eV) m/z
(%): 308 (M"+1, 20), 307 (M", 88), 162 (100), 147 (29),
135 (24), 130 (18), 118 (17), 103 (18), 91 (14), 77 (17).
Anal. calcd for C;gH7N;S: C 70.33, H 5.57, N 13.67;
found C 70.07, H 5.49, N, 13.80.

53U T A KL -1,2,4- = R H[3,4-b] 2K I IE
ME(5F): IRFCEEAR, 2K 55.0%. m.p. 205~207 C; 'H
NMR (CDCls, 500 MHz) 6: 1.39 (s, 9H, C(CH;)5), 1.84 (s,
3H, CH;), 7.10~7.58 (m, 7H, Ar-H); EI-MS (70 eV) m/z
(%): 322 (M1, 7), 321 (M", 24), 306 (14), 162 (34),
135 (16), 111 (21), 97 (31), 85 (33), 71 (53), 57 (100).
Anal. calcd for C;oHoN3S: C 70.99, H 5.96, N 13.07;
found C 70.70, H 5.89, N 13.12.

5300 IR FE R HE-1,2,4- = W 3T [3,4-b] 25 T 1gE
(5g): WML, F2% 57.4%. mp. 100~101 C; 'H
NMR (CDCl;, 500 MHz) o: 0.93 (t, J=7.0 Hz, 3H,
(CH,)4CHs), 1.33~1.70 (m, 6H, CH,(CH,);CH3), 1.85 (s,
3H, CH3), 2.72 [t, J=7.5 Hz, 2H, CH,(CH,);CH;], 7.10~
7.55 (m, 7H, Ar-H); EI-MS (70 eV) m/z (%): 336 (M +1,
10), 335 (M, 41), 162 (100), 161 (48), 135 (21), 118 (15),
116 (18), 92 (9), 77 (6), 57 (10). Anal. calcd for
CaHyN3S: C 71.61, H 6.31, N 12.53; found C 71.45, H
6.27, N 12.60.

5- F -3 0] AR Kk -1,2,4- = M - [3,4-b] 2K I 1HE 14
(5h): WEHEAAE L, 77K 73.2%. mp. 181~183 C; 'H
NMR (CDCls, 500 MHz) §: 2.64 (s, 3H, CH3), 7.18~7.96
(m, 7H, Ar-H); EI-MS (70 eV) m/z (%): 301 (M +1, 13),
300 (M*, 54), 163 (100), 136 (74), 121 (32), 109 (42), 102
(35), 92 (38), 77 (31), 65 (24). Anal. caled for
CysH,oCIN;S: C 60.10, H 3.36, N 14.02; found C 59.87, H
3.32, N 14.10.

S5 B L 3 [A) G 2R Hk - 1,2,4- = M JF[3,4-b] 2K - WE M
(51): WEFHOREE, F2E 73.5%. mp. 167~169 C; 'H
NMR (CDCls, 500 MHz) §: 2.43 (s, 3H, CH3), 7.04~7.80
(m, 7H, Ar-H); EI-MS (70 eV) m/z (%): 284 (M +1, 19),
283 (M*, 2), 162 (28), 140 (76), 136 (14), 123 (100), 95
(66), 75 (28), 70 (17), 60 (29). Anal. calcd for C,sH;oFN;S:
C 63.59, H 3.56, N 14.83; found C 63.38; H3.51; N 14.94.

5= F R 3050 9 A - 1,2,4- = I 3T [3,4-b] 2K I e
(5§): WEEAAE AR, P 79.8%. mp. 179~181 C; 'H
NMR (CDCls, 500 MHz) §: 2.42 (s, 3H, CH3), 7.02~8.00
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(m, 7H, Ar-H); EI-MS (70 eV) m/z (%): 284 (M +1, 100),
283 (M*, 11), 163 (89), 149 (24), 121 (59), 109 (24), 95
(26), 81 (27), 77 (24), 65 (14). Anal. calcd for C;sH;(FN;S:
C 63.59, H 3.56, N 14.83; found C 63.42, H 3.48, N 14.93.

5-HI3E-3-(2,4- EUIKIE)-1,2,4- = IF[3,4-b) A FEIWE
ME(SK): VR L K, P73 72.0%. mp. 151~152 C; 'H
NMR (CDCls, 500 MHz) d: 1.96 (s, 3H, CH3), 7.16~7.67
(m, 6H, Ar-H); EI-MS (70 eV) m/z (%): 335 (M +2, 25),
333 (M', 33), 173 (19), 162 (100), 149 (18), 135 (26), 118
(21), 109 (20), 77 (17), 65 (11). Anal. calcd for
CsHyCLN;S: € 53.90, H 2.71, N 12.57; found C 53.62, H
2.69, N 12.76.

5= P 3o [A) A R AL - 1,2,4- = WL 31 [3,4-b] A% JT IBE Ik
(5): IO AR, PP 57.4%. mp. 183~184 C; 'H
NMR (CDCls, 500 MHz) §: 2.44 (s, 3H, CH3), 7.05~7.65
(m, 7H, Ar-H); EI-MS (70 eV) m/z (%): 311 (M +1, 100),
310 (M, 18), 163 (74), 136 (42), 121 (28), 109 (23), 102
(30), 92 (20), 77 (17), 65 (20). Anal. calcd for C;sH;(N,O,-
S: C 58.05, H 3.25, N 18.05; found C 57.87, H 3.22, N
18.22.

3-0HRT F IR FE-1,2,4- = IF[3,4-b] 7K - EME(Sm):
WA, PP 51.4%. mp. 194~196 ‘C; 'H NMR
(CDCls, 500 MHz) &: 1.37 (s, 9H, C(CHs);), 7.17~7.75
(m, 8H, Ar-H); EI-MS (70 eV) m/z (%): 308 (M +1, 13),
307 (M, 22), 177 (8), 162 (37), 135 (14), 123 (12), 97
(33), 83 (31), 71 (52), 57 (100). Anal. caled for C;sH;7N;S:
C 70.33, H 5.57, N 13.67; found C 70.62, H 5.52, N 13.79.

3-JA)GRIR I - 1,2,4- = ML FE(3,4-b] 2K HH WEME(Sm): TR 3
A, 773 72.7%. mp. 161~163 ‘C; "H NMR (CDCls,
500 MHz) o: 7.12~7.97 (m, 8H, Ar-H); EI-MS (70 eV)
mlz (%): 270 M'+1, 17), 269 (M, 100), 163 (25), 140
(71), 136 (11), 123 (86), 121 (20), 95 (61), 75 (28), 57
(16). Anal. caled for C4HgFN;S: C 62.44, H 2.99, N 15.60;
found C 62.78; H 3.04; N 15.69.

3-[AVAHE PR IE-1,2,4- = I [3,4-b ] R IR HEME(S0): 7%
A E AR, PP E 60.8%. mp. 174~176 C; 'H NMR
(CDCls, 500 MHz) d: 7.28~8.01 (m, 8H, Ar-H); EI-MS
(70 eV) m/z (%): 297 (M"+1, 23), 296 (M", 100), 163
(58), 148 (22), 136 (42), 121 (29), 102 (29), 91 (17), 77
(22), 60 (20). Anal. caled for Ci4HgN4O,S: C 56.75, H
2.72, N 18.91; found C 57.03, H 2.68, N 19.03.

3BT FEOR L -7- P A 1,24 — M JE[3,4-b] 2K I
BEME(Sp): IR B4, 772 52.0%. m.p. 185~187 C;
'H NMR (CDCls, 500 MHz) 6: 1.39 (s, 9H, C(CHs)3), 3.77
(s, 3H, OCH3), 7.17~7.66 (m, 7H, Ar-H); EI-MS (70 eV)
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miz (%): 338 (M'+1, 11), 337 (M, 100), 306 (21), 162
(32), 135 (10), 123 (12), 109 (27), 83 (33), 71 (51), 57
(74). Anal. caled for C;oH;sN;OS: C 67.63, H 5.68, N
12.45; found C 67.88, H 5.63, N 12.53.

3= 7] J A -7 PP AR - 1,2, 4- = R IF [ 3,4-b] 7 T IHE 4
(5q): HIEOEA, 2R 71.2%. mp. 154~156 C; 'H
NMR (CDCl;, 500 MHz) 6: 3.74 (s, 3H, OCH3), 7.15~
7.82 (m, 7H, Ar-H); EI-MS (70 eV) m/z (%): 300 (M +1,
17), 299 (M", 8), 162 (33), 140 (72), 123 (100), 121 (18),
95 (63), 75 (27), 60 (27), 57 (19). Anal. calcd for C,sH;oF-
N;0S: C 60.19, H 3.37, N 14.04; found C 60.42, H 3.33, N
14.17.

3- [ 3 AR F - 7- F AR FE - 1,2,4- — IR 3,4-D] 2K - 1€
M(Sr): WL A, 2% 50.2%. mp. 169~171 C; 'H
NMR (CDCl;, 500 MHz) 6: 3.78 (s, 3H, OCH3), 7.19~
7.89 (m, 7H, Ar-H); EI-MS (70 eV) m/z (%): 327 M +1,
100), 326 (M ", 25), 163 (75), 136 (40), 118 (20), 109 (22),
102 (32), 92 (24), 76 (22), 60 (21). Anal. caled for
CysH(N4O5S: C 55.21, H 3.09, N 17.17; found C 55.46, H
3.02,N 17.23.

2 ZR5WE
21 AR
AR 2-JF 2R e B AR Y R A — SR

I, AR IA G152 H AR = IR 3-0525-1,2,4-=
FIEIF[3,4-bI A TFHEMAL 54 5, WRAE 50.2%~79.8%
Z 0. MEEY) 5a~51 (R'=5-CHy) ] LA, Bk b
ROWL L TR i, A A R, 4 R D i 3 I
AR — T R g bedEnt, iy FLpe it p sl i
K, WA YCREAE. W "TH NMR EdiE T LU, hd
Y sa~51 SRR AT AL U BIAE 6 1.75~2.64
ZIA), 1 B2 R g AR I, AT RS R R® R
ML (3 S A T, BiE (e 0 175~
1.86, JG#TE 6 1.96~2.64; WEW Sp~5r 1, 7-f7 FI4
SRR R AT 6 3.75 fida.
22 H¥NEMH

K B E IRR R AL (PDA)INA T H b5t
B WS SR 22 ¥ W (Rhizoctonia solani) 1858 il
(Ascochyta citrullina) « 7 F& ¥ 25 3 & (Fusarium  oxy-
sporum f.sp. cubense) K% H B (Botrytis cinerea)F1JH
L JAE 93 8 (Colletotrichum  nicotianae) . P i 78 ) 5% &
W, FIEIR N 50 mg/L. LLX 1 M(Penconazole)
MI=FRM(Tricyclazole) A0 BEZ 5. IR 45 R W& 1.

WP R EE VRN 45 R W, I B A S0t
KA % LR 2 A I At R B A ) B A e NS
PE. XTI = FR M R LR Yo T A Bk 4 T
SR BRI PR 5900, X AR B H
B G 0 s 26 T R 088 2 B B (1) B AR s 2, (RS
EE T BE247 500 G TR M EAIG. 350 234 S R (sl B e 2 T

K1 HIREY Sa~5r FRBETEGHI%/%) ¢

Table 1 Fungicidal activities of compounds 5a~5r (inhibition rate/%)

Compd.  Rhizoctonia solani Ascochyta citrullina Fusarium oxysporum f.sp. cubense Botrytis cinerea Colletotrichum nicotianae

5a 58.11 52.71 44.82 41.60 55.11
5b 55.42 29.19 37.96 1.88 43.81
5c¢ 62.18 43.43 37.03 —50.41 38.36
5d 51.95 22.14 41.13 13.54 59.23
Se 70.43 30.24 55.41 41.27 60.05
5f 33.14 23.96 33.67 11.26 44.59
5g 54.60 48.03 34.70 34.26 54.25
5h 64.54 38.40 32.50 —22.59 42.96
5i 52.86 47.26 60.27 —45.60 41.11
5j 57.75 52.64 50.25 27.41 57.43
5k 59.78 32.40 41.09 24.31 45.66
51 46.81 17.75 30.00 —3.51 28.66
Sm 24.11 17.43 26.25 4.20 35.19
5n 39.94 42.31 49.85 —22.74 30.08
50 40.33 13.27 22.05 —7.83 21.44
5p 31.70 18.90 32.25 8.73 39.64
5q 44.60 41.59 43.14 —18.05 32.15
S5r 35.20 22.70 29.08 2.88 24.95

Penconazole 88.73 73.20 70.54 67.62 67.11

Tricyclazole 30.83 20.94 11.32 25.94 27.35

“¢=50 mg/L.
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PRI TE, Wk & Se, Se Al Sh Rk A 22 K% R AT
HIZAE 60%LL b, Hr Se [FIHIENEN 70.43%; LA
W) Sa F1 55 K75 TR 5% B A HNEIZ KT 50%; hAh,
AW Si X B BERLE0 R I AIHI %R 60.27%, &)
Se T ELIEIE R NI 2R 60.05%. AR PG
Y 5f, 5m Al 5p, tb&4) 50, Sn fl 5q, LLEALEY) 51, So
A sr A SRS T LA, Y R=
5-CH; I, tb&%2 R'=H 8 R'=7-OCH; I I H 4%
TF MBS . A NS, T8 -G a2 H B
MR — 2 PR AE AR, Witk &9 Se, Sh, 5i #l1 5n
o T PRI 250 5 Ok — 50.41%, —22.59%, —45.60%1
—22.74%. BG5S RO R M AR AT
.
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