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Abstract: Thiochromanones and 1,3,4-thiadazoles as heterocyclic compounds have broad biological
activities. In order to find novel compounds with antifungal bioactivity, substituted thiophenol and maleic
anhydride were used to synthesize the intermediate 4-oxothiochromane-2-carboxylic acid. It was reacted with
2-amino-1,3,4-thiadiazol to get fourteen target compounds containing 1,3,4-thiadazole moiety. The structures
of the obtained compounds were confirmed by 'H NMR, “C NMR and HR-MS. All compounds were
investigated for antifungal activity via microdilution broth method. The results showed that the target
compounds 3a and 3¢ to Epidermophyton floccosum and Mucor racemosus exhibited better antifungal activity
than the positive control fluconazole, in which the minimum inhibition concentration can reach 8 pg-mL™" and
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16 pg'mL™'. Compound 3e showed significant inhibitory activity to Helminthosporium maydis, Sclerotinia

sclerotiorum and Botrytis cinerea compared with that of the positive control carbendazim. Compound 3b

exhibited inhibitory activity to Helminthosporium maydis better than the positive control carbendazim.
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Figure 1 Some bioactive compounds containing 1,3,4-thiadiazole moiety
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Table 1 Partial experimental results of compounds 3a—3n

Compd. Time/h Physical property mp/C Yield/%
3a 0.5  Light yellow solid 253-255 80
3b 1 Light purple solid 320-323 85
3¢ 0.5  White solid 276278 85
3d 1 White solid 320-322 90
3e 1 Light purple solid 318-321 85
3f 0.5 Light yellow solid 250-252 85
3g 0.5  White solid 284-286 80
3h 1 Light purple solid 331-334 80
3i 0.5  Light purple solid 290-293 90
3j 1 Light purple solid 296-299 90
3k 0.5  Light purple solid 273-275 80
31 1 Light purple solid 270-272 85
3m 0.5  Light purple solid 254-256 85
3n 1 Light purple solid 282-285 80
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Reaction conditions and reagents: a) Toluene, Et;N, AICl;, 50—-70 C, 4-5 h, 80%—87%; b) i): POCl;, 80—25-80 C, 3 h, 70%—85%; ii): HCI, 80 C, 4 h,

75%-90%; c¢) TBTU, DCM, Et:N, 25 C, 0.5-1 h, 80%—90%.

Scheme 1

Synthesis of N-1,3,4-thiadiazol-2-yl-4-oxo-thiochroman-2-yl-formamide derivatives
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Table 2

The spectral data of compounds 3a—3n

Compd.

"H NMR (600 MHz, DMSO-ds), >C NMR (150 MHz, DMSO-d) and HR-MS (ESI', m/z)

3a

3b

3¢

3d

3e

3f

3g

3h

3i

3j

3k

31

3m

3n

"H NMR 6 12.77 (s, 1H, NH), 7.90 (d, J = 2.1 Hz, 1H, ArH), 7.54 (dd, J=8.5, 2.2 Hz, 1H, ArH), 7.39 (d, J= 8.5 Hz, 1H, ArH), 4.46 (t, J=3.9
Hz, 1H, CH), 3.27 (dd, J=17.0, 4.3 Hz, 1H, COCH»), 3.17 (dd, J = 17.0, 3.8 Hz, 1H, COCH,), 2.95 (q, J = 7.5 Hz, 2H, CH,), 1.24 (t, J=17.5
Hz, 3H, CH3). "“C NMR ¢ 190.73, 168.91, 166.00, 157.88, 136.10, 133.25, 131.32, 130.35, 129.39, 126.69, 40.74, 40.02, 22.65, 13.71.
HR-MS (ESI") [M+Na]": Calcd. for C14H,CIN3NaO,S,: 375.995 7; Found: 375.994 9.

'HNMR 6 13.13 (s, 1H, NH), 8.11 (d, J= 7.6 Hz, 1H, ArH), 7.92 (d, J = 2.1 Hz, 1H, ArH), 7.66 (d, J = 7.9 Hz, 1H, ArH), 7.58—7.49 (m, 3H,
ArH), 7.41 (d, J = 8.5 Hz, 1H, ArH), 4.52 (t, J= 4.0 Hz, 1H, CH), 3.32 (dd, J = 17.1, 4.4 Hz, 1H, COCH,), 3.21 (dd, /= 17.0, 3.6 Hz, 1H,
COCH,). ">C NMR 6 190.68, 169.27, 159.70, 158.20, 136.05, 133.34, 131.89, 131.28, 131.05, 130.71, 130.57, 130.41, 129.43, 128.68,

127.84, 126.75, 40.65, 40.04. HR-MS (ESI") [M+Na]": Calcd. for CisH;;CaN3NaO,S,: 457.956 7; Found: 457.955 7.

'H NMR § 12.76 (s, 1H, NH), 7.90 (d, J = 2.2 Hz, 1H, ArH), 7.54 (dd, J = 8.5, 2.2 Hz, 1H, ArH), 7.39 (d, J = 8.5 Hz, 1H, ArH), 4.46 (t, J=4.1
Hz, 1H, CH), 3.27 (dd, J = 17.0, 4.3 Hz, 1H, COCH,), 3.18 (dd, J = 17.0, 3.9 Hz, 1H, COCH,), 2.57 (s, 3H, CH3). '>C NMR 6 190.75,
168.41, 159.77, 153.12, 136.15, 133.27, 131.31, 130.35, 129.39, 126.71, 40.76, 40.05, 14.77. HR-MS (ESI") [M+Na]": Calcd. for
C13H10CIN3Na0;S;: 361.979 5; Found: 361.979 3.

'"H NMR § 13.02 (s, 1H, NH), 7.97—7.83 (m, 3H, ArH), 7.59—7.48 (m, 4H, ArH), 7.41 (d, J= 8.5 Hz, 1H, ArH), 4.50 (s, 1H, CH), 3.31 (dd, J =
17.0, 4.0 Hz, 1H, COCH,), 3.21 (dd, J=16.9, 3.5 Hz, 1H, COCH,). "*C NMR ¢ 190.76, 169.29, 162.20, 158.53, 136.18, 133.27, 131.37,
130.61, 130.35, 130.05, 129.44, 129.30, 129.08, 126.84, 126.72, 126.27, 40.93, 40.05. HR-MS (ESI") [M+Na]": Calcd. for
CisH12CIN3NaO,S,: 423.996 4; Found: 423.996 3.

"H NMR § 12.86 (s, 1H, NH), 7.93-7.84 (m, 3H, ArH), 7.58-7.51 (m, 3H, ArH), 7.40 (d, J=8.5 Hz, 1H, ArH), 4.47 (t, J=4.5 Hz, 1H, CH),
3.29 (dd, J=16.9, 4.1 Hz, 1H, COCH,), 3.16 (dd, J=16.9, 5.0 Hz, 1H, COCH,). '3C NMR ¢ 191.15, 170.12, 160.88, 160.12, 137.02,

134.73, 133.16, 131.45, 130.80, 130.10, 129.51, 129.43, 129.27, 128.32, 127.51, 126.72, 42.07, 40.05. HR-MS (ESI") [M+Na]": Calcd.

for C1gH;1CLN3NaO,S,: 457.956 2; Found: 457.955 4.

"H NMR ¢ 12.75 (s, 1H, NH), 7.79 (s, 1H, ArH), 7.29 (d, J=7.9 Hz, 1H, ArH), 7.20 (d, J=8.0 Hz, 1H, ArH), 4.41 (t, J=4.2 Hz, 1H, CH),
3.21 (dd, J=17.0, 4.4 Hz, 1H, COCH,), 3.13 (dd, J = 16.9, 4.0 Hz, 1H, COCH5), 2.94 (q, J = 7.5 Hz, 2H, CH,), 2.29 (s, 3H, ArCH3), 1.24 (t,
J=17.5Hz, 3H, CH;). "“CNMR 6191.73, 169.06, 165.88, 157.92, 135.06, 134.49, 133.70, 129.88, 127.77, 127.16, 40.84, 40.04, 22.64,

20.32, 13.73.  HR-MS (ESI") [M+Na]": Calcd. for C;sH;sN3Na0,S,: 356.049 8; Found: 356.049 5.

"H NMR ¢ 12.72 (s, 1H, NH), 7.79 (s, 1H, ArH), 7.29 (d, J=7.9 Hz, 1H, ArH), 7.20 (d, J=8.0 Hz, 1H, ArH), 4.41 (t, J=4.2 Hz, 1H, CH),
3.21(dd, J=17.0, 4.4 Hz, 1H, COCH,), 3.13 (dd, J = 16.9, 4.0 Hz, IH, COCH,), 2.57 (s, 3H, CH3), 2.29 (s, 3H, ArCH3). '*C NMR 6 191.75,
169.03, 159.67, 158.26, 135.06, 134.51, 133.73, 129.86, 127.79, 127.16, 40.85, 40.04, 20.32, 14.77. HR-MS (ESI') [M+Na]": Calcd. for
C14H13N3Na0282: 342.034 l, Found: 342.034 0.

'H NMR 6 13.09 (s, 1H, NH), 8.11 (dd, J=7.7, 1.4 Hz, 1H, ArH), 7.81 (s, 1H, ArH), 7.66 (d, J=7.9 Hz, 1H, ArH), 7.55 (td, J= 7.8, 1.5 Hz,
1H, ArH), 7.51 (td, J= 7.5, 0.7 Hz, 1H, ArH), 7.31 (dd, J = 8.0, 0.8 Hz, 1H, ArH), 7.22 (d, J = 8.0 Hz, 1H, ArH), 4.47 (t, J= 4.1 Hz, 1H, CH),
3.25(dd, J=17.0, 4.5 Hz, 1H, COCH,), 3.16 (dd, J = 16.9, 3.9 Hz, 1H, COCH>), 2.30 (s, 3H, ArCH;). '>C NMR 6 191.69, 169.46, 159.83,
158.08, 135.13, 134.57, 133.64, 131.85, 131.04, 130.70, 130.56, 129.85, 128.74, 127.83, 127.81, 127.20, 40.76, 40.05, 20.33. HR-MS (ESI")
[M+Na]+: Calcd. for C9H4CIN3;NaO,S;: 438.010 8; Found: 438.010 2.

'H NMR 6 12.74 (s, 1H, NH), 7.69 (s, 1H, ArH), 7.23 (s, 1H, ArH), 4.46 (t, J=4.3 Hz, 1H, CH), 3.19 (dd, J = 16.8, 4.4 Hz, 1H, COCH,), 3.11
(dd, J=16.8,4.3 Hz, 1H, COCH,), 2.57 (s, 3H, CH3), 2.26 (s, 3H, ArCH3), 2.19 (s, 3H, ArCH;). ">C NMR 6 191.95, 168.88, 159.70, 158.23,
135.64, 134.52, 133.82, 133.36, 130.05, 125.60, 40.16, 40.04, 20.20, 19.21, 14.76. HR-MS (ESI") [M+Na]": Calcd. for C;5H;5N3NaO,S,:
356.049 8; Found: 356.049 7.

'HNMR 6 13.10 (s, 1H, NH), 8.10 (dd, J=7.7, 1.3 Hz, 1H, ArH), 7.70 (s, 1H, ArH), 7.66 (d, J=7.9 Hz, 1H, ArH), 7.55 (td, J= 7.6, 1.4 Hz,
1H, ArH), 7.51 (t, J=7.5 Hz, 1H, ArH), 7.25 (s, 1H, ArH), 4.51 (t, J=4.2 Hz, 1H, CH), 3.22 (dd, J = 16.8, 4.5 Hz, 1H, COCH»), 3.14 (dd, J =
16.8, 4.1 Hz, 1H, COCH,), 2.27 (s, 3H, ArCH3), 2.20 (s, 3H, ArCH3). *C NMR ¢ 191.89, 170.08, 169.34, 158.10, 135.70, 134.57, 133.88,
133.26, 131.86, 131.05, 130.72, 130.57, 130.06, 128.75, 127.84, 125.62, 40.18, 40.05, 20.21, 19.23. HR-MS (ESI") [M+Na]": Calcd. for
C0H16CIN3Na0,S,: 452.027 0; Found: 452.024 6.

"H NMR ¢ 12.75 (s, 1H, NH), 7.25 (d, J = 7.7 Hz, 1H, ArH), 6.98 (d, J=7.5 Hz, 1H, ArH), 4.47 (t, J=4.9 Hz, 1H, CH), 3.23 (dd, J = 16.3, 4.7
Hz, 1H, COCHy), 3.11 (dd, J=16.3, 5.2 Hz, 1H, COCH,), 2.59 (s, 3H, CH3), 2.52 (s, 3H, ArCH3), 2.20 (s, 3H, ArCH3). '“C NMR 6 194.24,
168.42, 159.71, 153.13, 138.76, 137.85, 133.54, 132.40, 129.18, 128.71, 40.35, 40.04, 23.53, 19.49, 14.77. HR-MS (ESI") [M+Na]": Calcd.
for C5sH;sN3NaO;S;: 356.049 8; Found: 356.049 8.

"H NMR ¢ 13.12 (s, 1H, NH), 8.12 (dd, J="7.7, 1.6 Hz, 1H, ArH), 7.66 (d, J=7.9 Hz, 1H, ArH), 7.55 (td, J=7.6, 1.6 Hz, 1H, ArH), 7.52 (t,
J=17.5Hz, 1H, ArH), 7.26 (d, J=7.7 Hz, 1H, ArH), 6.98 (d, J = 7.7 Hz, 1H, ArH), 4.53 (t, J = 4.7 Hz, 1H, CH), 3.28 (dd, J=16.2, 4.7 Hz,
1H, COCHy), 3.15 (dd, J = 16.3, 4.8 Hz, 1H, COCH,), 2.54 (s, 3H, ArCH3), 2.22 (s, 3H, ArCH3). *C NMR ¢ 194.08, 169.15, 159.79, 158.12,
138.85, 137.78, 133.62, 132.40, 131.85, 131.04, 130.73, 130.56, 129.07, 128.76, 128.73, 127.83, 40.13, 40.04, 23.65, 19.51. HR-MS (ESI")
[M+Na]+: Calcd. for C,0H cCIN3;NaO,S;: 452.026 5; Found: 452.026 0.

'HNMR 6 12.77 (s, 1H, NH), 7.69 (s, 1H, ArH), 7.24 (s, 1H, ArH), 4.47 (t, J=4.3 Hz, 1H, CH), 3.19 (dd, J = 16.8, 4.4 Hz, 1H, COCH,), 3.11
(dd, J=16.8,4.3 Hz, 1H, COCH>), 2.95 (q, J = 7.5 Hz, 2H, CHy), 2.26 (s, 3H, ArCH3), 2.19 (s, 3H, ArCH3), 1.24 (t, J = 7.5 Hz, 3H, CH3).

3C NMR 6 191.92, 168.94, 165.89, 157.91, 135.61, 134.52, 133.81, 133.33, 130.07, 125.58, 40.14, 40.04, 22.64, 20.19, 19.21, 13.74.

HR-MS (EST") [M+Na]": Calcd. for CH;7N3Na0,S,: 370.065 4; Found: 370.065 4.

'H NMR 6 13.02 (s, 1H, NH), 7.91 (dd, J = 6.4, 2.7 Hz, 2H, ArH), 7.57-7.41 (m, 3H, ArH), 7.25 (d, J=7.7 Hz, 1H, ArH), 6.98 (d, J=7.7 Hz,
1H, ArH), 4.50 (t, J = 4.8 Hz, 1H, CH), 3.26 (dd, J = 16.3, 4.7 Hz, 1H, COCHy), 3.14 (dd, J = 16.3, 5.0 Hz, 1H, COCH,), 2.53 (s, 3H, ArCH3),
221 (s, 3H, ArCH;). >C NMR 6 194.18, 169.09, 162.18, 158.45, 138.82, 137.83, 133.57, 132.42, 130.61, 130.04, 129.31, 129.15, 129.08,
128.73, 126.86, 126.27, 40.32, 40.03, 23.63, 19.51.  HR-MS (ESI") [M+Na]": Calcd. for CaH;7N3:NaOS,: 418.065 4; Found: 418.064 9.

HREX

JEIR A (Aspergillusnigervan tiegh, A.t.)~ & Hi K EE I

PLIEK/NBES B (Helminthosporium maydis, H.m.)- (Botrytis cinerea, B.c.)~ RIQH I E (Fusarium

S,

MR IR (Sclerotinia sclerotiorum, S.s.)~ 164 6 oxysporum, F.o.)« SERWIEIEWE (Valsa mali, V.m.)-



BRI AHE S N-1,3,4- 188 -2 FLA €6 335 -4- -2 - HF DR e A A 400 B0 B i % 0 L T e ) <117 -

BRI E (Colletotrichum gloeosporioides, C.g.)
NP R, XA AR &Y 3a~3n HATHY
o3 B AL A PR, S5 R LR 4. K4 R
AIEH, EY 3b X Hom B /ANDRER L] 16
pgml !, BTN ZEA; L&Y 3h. 31
X5 H.m. B 50 B R B R 25 2 R A
(MIC=32 pgmL™"). th&% 3e X S.s.. Hm. M B.c.
AR YRR TREX M 2 W R . LEY) 3g.
3h. 3j X B.c (TR AT BH A X 254 % T R A

Table 3 Minimum inhibitory concentrations (MIC/ pg-mL™") of
target compounds 3a—3n. C.n.: Cryptococcus neoformans; C.a.:
Canidia albicans; E.f.: Epidermophyton floccosum; M.r.: Mucor
racemosus; C.k.: Candida krusei

MIC/ug-mL™"
Compd.

C.n. C.a. Ef M.r. C.k.
3a 32 32 8 16 32
3b 128 128 128 32 64
3¢ 32 32 8 16 128
3d 64 32 32 64 32
3e 128 64 64 32 16
3f >128 >128 32 64 64
3g 64 32 16 64 64
3h 64 64 32 32 32
3i 32 32 16 128 32
3j 64 64 64 32 64
3k 32 32 16 128 >128
31 128 32 128 32 32
3m 32 32 16 16 32
3n 64 >128 64 32 128
Fluconazole 32 16 32 32 16
Amphotericin B 4 2 4 4 2

Table 4 Minimum inhibitory concentrations (MIC/ pg-mL™") of
target compounds 3a—3n. H.m.: Helminthosporium maydis; S.s.:
Sclerotinia sclerotiorum; A.t.: Aspergillusnigervan tiegh; B.c.:
Botrytis cinerea; Fo.: Fusarium oxysporum; V.m.: Valsa mali;
C.g.: Colletotrichum gloeosporioides

MIC/pg mL™"
Compd.

Hm. Ss. A.t. B.c. F.o. V.m. C.g

3a 64 128 64 64 32 128 128
3b 16 16 128 64 64 128 64
3¢ 64 128 >128 64 128 >128 64
3d 64 32 32 128 64 64 32
3e 16 8 64 16 32 64 32
3f 64 32 128 >128 64 64 64
3g 64 32 32 32 32 32 >128
3h 32 64 64 32 64 32 64
3i 64 32 64 64 128 >128 128
3j 128 64 128 32 64 64 64
3k 64 32 >128 64 32 32 64
31 32 64 64 128 >128 128 128
3m 64 64 128 64 64 >128 32
3n 128  >128 64 64 128 64 64
Carbendazim 32 16 32 32 16 32 32

Yo BbAk, WO RE, A6 G 2R E R
FONET, 1,3,4-8 M) 2 700 2-C1 2K FEBE 4-C1 2K
S S Hom. S.s. K1 B.c. 5 R U (336 v
A 3e XHHEYIG R H Hom. S.s. A1 B.c. B4 1 1)
PUB SR, B CARTVE NI TE BT A& P R
3 it

ALK BBy N k), 28 3 0B OB, Wit
BT 14 AN AR DL SCHRIRIE 1 1,3,4-M8 e B B
EEIEATAEY) K E R RRE R B AR & AT it
HEEVERIAR, EEMAEY 3a. 3¢ X ELA Mor.
[ B L T e SO R W, oV A T B e R 2
PE R, IR, (L&Y 3e X Hm.. S.s.F1 B.c. 4l
HVE I TR A2 W R (&9 3b Xt
Hom FINENE Y T e B2 2 R . Kk, &
1,3,4- 15 1 B P T €20 36 T 497 25 4 68 3 1A 0 4 1) 4
HEA DR L.

SLIGER S

Bruker AVII-600MHz 7! ¥ R Ht &% 3 3% X

(Bruker A @), WY TMS, ¥ 7N DMSO-dg;
SGWX-4 B B da A (ALt 2 7 A A]); Bruker apex
ultra 7.0 T {8 B A8 4 551 [a] e i 154X (35 1H Bruker
Daltonik); e 7&K %% (RE 2000A) (i 2R 2%
AR AR, MR NI 4% (DF-101S)
(R TR R A ). PRIy 4.
1 EMERK
1.1 EE 1A IZESCHER[28, 29]4 B a4
1.
1.2 JEfk2 &R JiiE—: 1£ 100 mL Beif o
A 10 mmol ZEFEHiR. 10 mmol AL A 15 mL
= &AM, 80 °C M 30 min 5 ENE IR, AEUKKB
AR T 30 min N ZEER R I 45 mL 7K, T EE, 80 C R
N3 h &, &34 TLC (fililE/ L8R Clg) e s %
NEGEAT . RNIRAEN E E R, BIANVKOK R, B
WHTHPTIE . VKOKIEAETF A 1 mol L™ S AN
WO pHAE R 8~9, Mt K&E H A UUUE, s,
IR &7 (DMF/H,0) FE45EA A 2, 7R
N 70%~85%.

JiE 0 7E 100 mL B A0 10 mmol ZFE7
JIRFI 10 mmol ek R B, HiH: F A 20 mL ¥k HCI,
80 CKM 4 h J&, &id TLC (fABk/ 28 488 W
TR SN SE 4 o NI GBI VKK R, B8k
BLTHE . UKAKIBA AT 1 mol- L™ &S AL BN iA
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pH fHE] 8~9, M K& AU, Mg, H
RG] (DMF/H,0) B4 dfFhag 2, =240
75%~90%
1.3 BfHE¥ 3a~3n WA 7E 100 mL [FJKHE
AR, % 10 mmol FFE]4K 1 F0 10 mmol HF[E]4& 2 in A
FVEH 10 mmol TBTU Ml 1 mL = Z &) — & ks
A, RBL0.5~1 h JEHUUENT H, 43t TLC (il
fik/ T £ W) W S 7R S B 58 4 o g AR S, R
HVEH (L% L B8/DMF) 45 545 B bRy, 7%
219 80%~90%
2 MEEEMENR
2.1 HOMREEIEM ALRZAEESRA T
(] [ 2 o) 2 ot B ol (3 o S 2 6T L G0 RE I o 1
WARZHRZDL AR AR, HEHER B KA KEES
HEPEAREBR A

AR S0 R R A R vE T 5 RSz B TS
PEMR, 14 A H b b& 9 0 & & TR A,
T FH TR 28 KR RE, ARG MBI XGT BR 1% (1)
4 B B A RRE MR s R AR b, RESIRIE 4 i 128,
64, 32, 16+ 8. 4. 2 pg-mL "o R S G R R AN
PER B WML L. ek 2R 8
B B G A, 1x10° CFU-mL ™' 2 J5 Rt
(CRF P B8 ) BN A — = ke R, R L A o 1 9
2~7 Ko LLIGTR AR K I S AR IR B D s /N 0 1R 3K B
(MIC 1H).
22 EVREENMERENE AL IXERE
AR AF TR AE R AWM % 5 0 T2 W08 ¥ H
S0 E . BHME XTI 2 B ROk BV R R TR
AT

AR SEE6 R R A R vE T 7 sz e Y R B
R TIEEIAR, K 14 DN EESGED 0 BIH
SRR e, TC B RURE i i £ . R P A LU RV R R
FEfh, 133 — RIVRFEFE SIS W5 0 /2 128, 64, 32,
161 8+ 4. 2 pgmL ™' XIS 2 8 R FR 5%
bo FIER T EoR 52 3 B A A R RO B AR 1x10°
CFU-mL'. ¥ 100 pL FERATR K 100 pL #2380
F 96 FLAH (BRI [FIAE— 25 F R, VESIETE
I 28 CHE IR 3~6 K, LT EKIRARIKE i »
HIBEWRE (MIC 1H).
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