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Synthesis and Fungicidal Activity of a-Pinene-based Phenyl-thiadiazole Compounds
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Abstract: Nine novel a-pinene-based phenyl-thiadiazole compounds 7a-7i were synthesized via a multiple-step process

using a-pinene as starting material. The synthetic conditions were investigated preliminarily. The targeted compounds
were analyzed and characterized by FT-IR,"H NMR,"” C NMR and ESI-MS. The preliminary bioassay showed that the

targeted compounds exhibited a certain fungicidal activity,in which compound 7d had inhibition rate of 92. 6% ( A-class

activity level) against Physalospora piricola ,and compound 7a had inhibition rate of 91.8% ( A-class activity level) a-

gainst Cercopora rachidicola at the concentration of 50 pg/mL.
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Fig. 1  Synthetic route of a-pinene-based phenyl-thiadiazole compounds
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2.1 rhEfk 4 FnBERFHRRLE

N-RREERGDRETRE 4 [k, Ik
% 68% , mp. 153 ~ 154 C; IR (KBr) »,, 3036,
2959,2939, 2870, 2730, 1751, 1677 em™;'H NMR
(DMSO-d,, 600 MHz) 6:10.39 ~9.63 (1H, m,
COOH),5.90 (1H,d,J = 8.5 Hz,7-H) ,5.82 (1H,
d, J = 85 Hz,8-H),3.92 (2H, s, 15-H),3.07
(1H,d,J = 7.9 Hz,2-H),2.74 (1H,d,J = 7.9
Hz,5-H),2.47 ~2.42 (1H,m,11-H) ,1.52 ~ 1. 46
(1H, m,9a-H),1.43 ~1.38 (1H,m,10a-H) ,1.36
(3H,s,14-H),1.19 ~1.15 (1H,m,9b-H) ,1. 13 ~
1.08 (1H,m,10b-H),1.01 (3H,d,J = 6.8 Hz,13-
H),0.90 (3H,d,J = 6.9 Hz, 12-H);"” C NMR
(CDCI,,150 MHz) §:49.8(C-5),46.1(C-2),44.2
(C-15),43.1(C-1),37.5(C-6),34.8(C-10),29.3
(C-11),22.5(C9),21.0(C-14),18.3(C-13),17.0
(C-12),

a-TREEFEE MW 7o O REK, IR
78% ,mp. 157 ~ 158 °C ;IR (KBr) v, 3183,3039,
2960,2932,2873,2741,1772,1707 1546, 1326, 1306
em” ;'H NMR ( CDCl,,600 MHz) §:13.50 (1H,s,
NH),7.89 (2H,d,J = 1.1 Hz,20-H,24-H),7.47
(3H,dd,J = 5.0,1.9 Hz,21-H,22-H,23-H) ,6. 09
(1H,d,J = 8.5 Hz,7-H),6.01 (1H,d,J = 8.5
Hz,8-H) ,4.65 (2H,s,NCH,),3.11 (1H,d,J =
8.1 Hz,2-H),2.73 (1H,d,J = 8.0 Hz,5-H) ,2.65
~2.57 (1H,m,11-H),1.56-1.49 (4H,m,C,,-H,
9a-H),1.48-1.43 (1H,m,10a-H),1.35 (1H,m,9b-
H),1.28 (1H,m,10b-H),1.10 (3H,d,J = 6.8
Hz,13-H),0.99 (3H,d,J = 7.0 Hz,12-H);"C
NMR (CDCl,,150 MHz) §:177.1 (C4),176.6 (C-
3),164.9 (C-16),163.5 (C-17),160.1 (C-18),
136.6 (C-7),135.9 (C-8),131.0 (C-19),130.2
(C-21,C-23),129.3 (C-22),127.5 (C20,C-24),
50.8 (C-5),46.9 (C-2),43.8 (C-15),41.0 (C-
1),37.0 (C6),34.4 (C-10),29.8 (C-11),23.1

(C-9),22.8 (C-14),18.56 (C-13),17.0 (C-12);
ESI-MS m/z:450.8 [M+H] ",

a-TRIGE-3-FIREETM 7L R AR, I
% 82% ,170 C 4> fi#; IR (KBr) v, 3186,3038,
2960,2934 ,2873,2742 1774 ,1707 ,1545 1329 , 1307
em” ;'H NMR (CDCL,,600 MHz) §:13.36 (1H,s,
NH),7.65 (1H,d,J = 13.3 Hz,20-H) ,7.62 (1H,
d,J =9.0 Hz,24-H) ,7.44 (1H,dd,J = 14.8,6.9
Hz,22-H),7.17 (1H,t,J = 9.2 Hz,23-H),6. 10
(IH,d,J = 8.5 Hz,7-H),6.02 (1H,d,J = 8.5
Hz,8-H) ,4.64 (2H,s,NCH,),3.12 (1H,d,J =
8.0 Hz,2-H) ,2.74 (1H,d,J = 8.0 Hz,5-H),2.61
(IH,dt,J = 13.7,6.8 Hz, 11-H), 1.56 ~ 1.49
(4H,m, 14-H,9a-H) ,1.49-1.44 (1H,m, 10a-H),
1.38-1.33 (1H, m,9b-H),1.30 (1H, m, 10b-H),
1.10 (3H,d,J = 6.8 Hz,13-H),0.99 (3H,d,J =
6.9 Hz,12-H) ;*C NMR (CDCl,,150 MHz) §:177. 1
(C4),176.6 (C-3),164.9 (C-16),163.9 (C-17),
162.3 (C-18),160.3 (C-21),136.6 (C-7),135.9
(C8),132.1 (C-19),131.0 (C-23),123.3 (C-
24),118.0 (C20),114.2 (C22),50.8 (C5),
46.9 (C-2),43.8 (C-15),40.1 (C-1),37.1 (C-
6),34.4 (C-10),29.8 (C-11),23.1 (C9),22.8
(C-14),18.6 (C-13),17.0 (C-12) ; ESI-MS m/z:
466.7 [M-H] ",

a-TRBE2-SREE M Tc AR, JOR
75% ,mp. 151 ~ 152 °C;IR (KBr) », 3183,3038,
2960,2933,2872,2740,1774,1706,1570, 1327 ,1309
em” ;'H NMR (CDCL,,600 MHz) §:13.47 (1H,s,
NH),8.12 (1H,d,J = 7.5 Hz,24-H),7.52 (1H,
d,] =9.2 Hz,21-H),7.44-7.37 (2H,m,22-H,23-
H),6.07 (1H,d,J = 8.5 Hz,8-H),6.00 (1H,d,J
= 8.5 Hz,7-H) ,4.65 (2H,s,NCH,) ,3. 10 (1H,d,
J =8.1Hz,2-H),2.72 (1H,d,J = 8.0 Hz,5-H),
2.63-2.56 (1H,m,11-H) ,1.54-1.48 (4H,m,14-H,
9a-H),1.47-1.42 (1H,m,10a-H) ,1.37-1.32 (1H,
m,9b-H) ,1.30-1.25 (1H,m,10b-H) ,1.09 (3H,d,
J = 6.8 Hz,13-H) ,0.98 (3H,d,J = 7.0 Hz,12-
H);"”C NMR (CDCl,, 150 MHz) §:177.1 (C4),
175.6 (C-3),164.8 (C-16),161.7 (C-17),159.7
(C-18),136.6 (C-7),135.9 (C-8),132.6 (C-19),
131.6 (C-20),131.2 (C-22),130.7 (C21),129.1
(C-24),127.4 (C-23),50.76 (C-5),48.9 (C-=2),
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43.8 (C-15),41.0 (C-1),37.0 (C-6),34.4 (C-
10),29.8 (C-11),23.1 (C9),22.8 (C-14),18.6
(C-13),16.8 (C-12), ESI-MS m/z:484.8 [ M +
H]",

a-TRIGE-3-SFREETM 7 R AR, UK
#79% , mp. 195 ~ 196 °C;IR (KBr) », 3185,
3039,2958,2930,2872,2740,1774,1705,1571,1308
em” ;'H NMR (CDCL,,600 MHz) §:13.12 (1H,s,
NH),7.93 (1H,s,20-H),7.74 (1H,d,J = 7.9
Hz,24-H),7.45 (1H,d,J = 8.0 Hz,22-H),7.42
(1H,m,23-H),6.10 (1H,d,J = 8.5 Hz,8-H),
6.03 (1H,d,J = 8.5 Hz,7-H),4.63 (2H, s,
NCH,),3.12 (1H,d,J = 8.0 Hz,2-H) ,2.74 (1H,
d,J = 8.0 Hz,5-H),2.60 (1H,dq,J = 13.7,6.8
Hz,11-H) ,1.57-1.50 (4H,m,14-H,9a-H),1.49 ~
1.44 (1H,m,10a-H),1.39-1.33 (1H, m,9b-H),
1.32~1.26 (1H,m,10b-H),1.10 (3H,d,J = 6.7
Hz,13-H),0.99 (3H,d,/ = 6.9 Hz,12-H);"C
NMR (CDCl,,150 MHz) §:177.1 (C4),176.6 (C-
3),164.9 (C-16),162.1 (C-17),160.2 (C-18),
136.7 (C-7),135.9 (C-8),135.4 (C-19),131.8
(C-21),131.0 (C-23),130.6 (C22),127.2 (C-
20),125.7 (C-24),50.8 (C-5),46.9 (C=2),43.8
(C-15),41.0 (C-1),37.1 (C6),34.4 (C-10),
29.8 (C-11),23.1 (C-9),22.8 (C-14),18.6 (C-
13),17.0 (C-12) ;ESI-MS m/z:484.8 [M+H] ",

a-TRIGE-3-REREE M 7e  HEAEEMA, UL
% 79% , mp. 207 ~ 208 °C; IR (KBr) »,, 3195,
3036, 2960, 2932, 2874, 2742, 1771, 1705, 1572,
1328,1309 c¢cm™;'H NMR ( CDCl,, 600 MHz) §:
13.53 ~13.25 (1H,m,NH),7.71 (1H,s,20-H),
7.69 (1H,d, J = 12.0 Hz,24-H) ,7.36 (1H,m,23-
H),7.28 (1H,d,J = 12.1 Hz,22-H) ,6.09 (1H,d,
J = 8.5 Hz,8-H),6.02 (1H,d,J = 8.5 Hz,7-H),
4.65 (2H,s,NCH,),3.10 (1H,d,J = 8.1 Hz,2-
H),2.73 (1H,d,J = 8.0 Hz,5-H),2.65 ~2.58
(1H,m,11-H),2.42 (3H,s,21-H),1.54 ~ 1.49
(4H,m,14-H,9a-H) ,1.48 ~1.42 (1H,m,10a-H) ,
1.37 ~1.26 (1H, m,9b-H) ,1.30-1. 25 (1H, m, 10b-
H),1.11 (3H,d,J = 6.8 Hz,13-H) ,0.99 (3H,d,J
= 7.0 Hz,12-H) ;" C NMR (CDCl,, 150 MHz) §:
177.1 (C4),176.6 (C-3),164.8 (C-16),163.8
(C-17),159.9 (C-18),139.1 (C-19),136.6 (C-

7),135.9 (C-8),131.8 (C-19),130.1 (C=22),
129.2 (C-23),128.1 (C-20),124.7 (C-24),50.8
(C-5),46.9 (C-2),43.8 (C-15),41.1 (C-1),37.1
(C-6),34.4 (C-10),29.8 (C-11),23.1 (C9),
22.8 (C-14),21.5 (Ar-CH),18.6 (C-13),17.0
(C-12) ;ESI-MS m/z:464.8 [M+H] ",

- TREBEA-REREETMW 7 [ O REIR, I
% 82% , mp.229 ~ 230 C; IR (KBr) v, 3186,
3037, 2960, 2933, 2873, 2740, 1774, 1707, 1548,
1329,1309 e¢m™;'H NMR ( CDCl,, 600 MHz) §:
13.14 (1H,s,NH) ,7.77 (2H,d,J = 8.2 Hz,20-H,
24-H),7.27 (2H,d, J = 7.0 Hz,21-H,23-H),
6.08 (1H,d,J = 8.5 Hz,7-H),6.01 (1H,d, J =
8.5 Hz,8-H) ,4.60 (2H,s,NCH,),3.10 (1H,d,J
= 8.1 Hz,2-H),2.72 (1H,d,J = 8.0 Hz,5-H),
2.60 (1H,td, J = 13.6,6.8 Hz,11-H) ,2.41 (3H,
s,Ar-CH,),1.55-1.49 (4H, m,14-H,9a-H), 1.45
(1H,m,10a-H),1.35 (1H,m,9b-H) ,1.29 (1H,m,
10b-H),1.10 (3H,d,J = 6.7 Hz, 13-H), 0.99
(3H,d,J = 6.9 Hz,12-H);”C NMR (CDCl,, 150
MHz) §:177.1 (C4),176.6 (C-3),164.7 (C-16),
163.7 (C-17),159.7 (C-18),141.4 (C-22),136.6
(C-7),135.9 (C-8),130.0 (C-19),127.4 (C-21,
C-23),127.4 (C-20,C-24),50.8 (C-5),46.9 (C-
2),43.8 (C-15),41.0 (C-1),37.1 (C-6),34.4
(C-10),29.8 (C-11),23.1 (C9),22.8 (C-14),
21.4 (Ar-CH),18.6 (C-13),17.0 (C-12) ; ESI-MS
m/z:464.8 [M+H] ",

a-TRIGE-3-HEREE M 7 RE O RF K,
W% 71% , mp. 164 ~ 165 °C ;IR (KBr) v, 3173,
3037, 2961, 2933, 2873, 2736, 1770, 1704, 1535,
1350,1302 e¢cm™;'H NMR ( CDCL,, 600 MHz) §:
13.27 (1H,s,NH),8.74 (1H,t,J = 1.9 Hz,?20-
H),8.33 (1H,d,J = 8.2 Hz,22-H),8.20 (1H,d,J
= 7.7 Hz,24-H) ,7.68 (1H,t,J = 8.0 Hz,23-H),
6.11 (1H,d,J = 8.5 Hz,7-H) ,6.04 (1H,d,J =
8.5 Hz,8-H) ,4.66 (2H,s,NCH,),3.13 (1H,d,J
= 8.0 Hz,2-H),2.75 (1H,d,J = 8.0 Hz,5-H),
2.60 (1H,dq, J = 13.7,6.8 Hz,11-H) ,1. 56-1. 50
(4H, m,14-H,9a-H) ,1.49-1.44 (1H,m,10a-H),
1.39-1.34 (1H, m,9b-H) ,1.33-1.27 (1H, m, 10b-
H),1.10 (3H,d,J = 6.8 Hz,13-H) ,0.99 (3H,d,J
= 7.0 Hz,12-H) ;" C NMR (CDCI,, 150 MHz) §:
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177.1 (C4),176.7 (C-3),164.9 (C-16),161.1
(C-17),160.6 (C-18),148.8 (C-21),136.6 (C-
7),135.9 (C-8),133.0 (C-19),131.8 (C=24),
130.5 (C-23),125.3 (C-20),122.2 (C-21),50.8
(C-5),47.0 (C-2),43.9 (C-15),40.1 (C-1),37.1
(C6),34.4 (C-10),29.8 (C-11),23.1 (C9),
22.8 (C-14),18.6 (C-13),17.0 (C-12) ; ESI-MS
m/z:493.8 [M-H] ",
a-TRIGEA-HEREE M 7h  w{ @K, 1L
% 60% ,mp. 185 ~ 186 °C ;IR (KBr) »,,3183,3036,
2959,2932,2872,2738 ,1776,1705 ,1525 1345 ,1306
em” ;'H NMR (CDCL,,600 MHz) §:12.76 (1H,s,
NH),8.34 (2H,d,/ = 8.8 Hz,21-H,23-H),8.09
(2H,d,J = 6.9 Hz,20-H,24-H) ,6. 12 (1H,d,J =
8.5 Hz,7-H) ,6.04 (1H,d,J = 8.5 Hz,8-H) ,4.61
(2H,s,NCH,),3.13 (1H,d,J = 8.1 Hz,2-H),
2.75 (1H,d,J = 8.0 Hz,5-H),2.60 (1H,dt,J =
13.7,6.9 Hz,11-H),1.57-1.51 (4H,m, 14-H,9a-
H),1.50-1.43 (1H,m,10a-H),1.38 (1H, m,9b-
H),1.34-1.30 (1H,m,10b-H),1.11 (3H,d,J =
6.8 Hz,13-H) ,1.00 (3H,d,J = 6.9 Hz,12-H) ;"C
NMR (CDCI,,150 MHz) 8:177.1 (C4),176.6 (C-
3),164.7 (C-16),163.7 (C-17),159.7 (C-18),
148.4 (C-22),139.0 (C-19),136.6 (C-7),135.9
(C-8),128.2 (C-21,C-23),127.4 (C20,C-24),
50.8 (C-5),46.9 (C-2),43.7 (C-15),41.1 (C-
1),37.1 (C6),34.4 (C-10),29.8 (C-11),23.1
(C-9),22.8 (C-14),18.6 (C-13),17.0 (C-12);
ESI-MS m/z:493.8 [M-H] *,
a-TRIGE3,S-“HEFREBEB T REA
AR, 2 65% , mp. 176 ~ 177 C; 1R (KBr) v,
3168, 3038, 2961, 2934, 2874, 2733, 1775, 1706,
1545,1345,1299 em™ ;'H NMR ( CDCL,, 600 MHz)
5:13.03 (1H,s,NH),9.12 (1H,t,J = 2.0 Hz,22-
H),9.04 (2H,d,J = 2.0 Hz,20-H,24-H) ,6. 12
(I1H,d,J = 8.5 Hz,7-H),6.04 (1H,d,J = 8.5
Hz,8-H) ,4.65 (2H,s,NCH,),3.15 (1H,d,J =
8.0 Hz,2-H) ,2.77 (1H,d,J = 8.0 Hz,5-H) ,2. 62-
2.54 (1H, m, 11-H), 1.58-1.52 (1H, m,9a-H),
1.47 (4H,m,14-H,10a-H ),1.40-1.35 (1H,m,9b-
H),1.32 (1H,m,10b-H),1.10 (3H,d,J = 6.7
Hz,13-H),1.00 (3H,d,J = 6.9 Hz,12-H);" C

NMR (CDCl,,150 MHz) §:177.2 (C4),176.7 (C-
3),165.0 (C-16),161.1 (C-17),159.1 (C-18),
149.2 (C-21,€23),136.7 (C-7),135.9 (C-8),
133.6 (C-19),126.9 (C-20,C-24),120.1 (C-22),
50.8 (C-5),46.9 (C-2),40.9 (C-15),37.1 (C-
1),34.3 (C-6),29.8 (€9),23.1 (C-10),22.8
(C-14),18.5 (C-13),17.0 (C-12) ; ESI-MS m/z:
538.7 [M-H] *,
2.2 HEfk4 MEH

T H SR AR B A7 S 55 B ) R d R
PFR L ARV R 25 5 1B ST B PR 2 T 5 i) 260 1
(RSB L) 2018 J N R . BiCEE DMF VR 5 1
T A S HERREE RN = O 5 2 i, 7
S msdn 3 BN, g B b sy R RE . 3R T UK
Fiti R Al DMF FEI5 5, & BUAE DMF fEE IR, o] 155
REw 4.
2.3 BHHEFMTHER

EHEBR=Y T ARG R , B T A
H ot A S OS IMER 7. SR BRI, th &9 6
G R ot s AT R 1 3 e ERAR /N, L TLC %
WIEA s A . k&Y 6 T4 I
H—E WL, B8N RE S K TR 78V 45
SRAS AT AT 3 7K 9 04 T B et 700 A S o A )
SRR R RA M. SRAFIE, AR
TEEANIMEE R
2.4 BEFEFYHREEE

H2 1 AT 76 50 we/mL KB, i H sk
B Ta ~Ti WP NAGEE AEAEBEE SRS
TR/ INZE A B 3 T R A A TR A S 7R — 2 9
WM o TSP R S0 TR A 40 ) T PR 4y, Herp
AW Td(R =3-Cl) Byl Zik 92. 6% (A it
K B Ta(R=H) 7Tb(R =3-F) 7c¢(R =2-
Cl) F1 7g (R = 3-NO, ) % 411 il 2 53 51 2 87.8%
73.0% \76. 7% 1 87. 8% (B HiGPEKF) stk &
Ta(R = H) Xf 464248 BERG B 19 10 1 22 3k 91.8% (A
FAEMEAKE) sAA ) Td(R =3-C) % 8 IR 226 14
IR HIZN 76. 7% (B GG HEKF) 54659 Te (R
=2-Cl) 1 7d (R =3-Cl) X 7 fifi 5 RE I B A9 30 1 2
YJikE] 73. 2% (B G K)o FrA 0 Bbrfk &
WYXt /INZZ R B B 2 A B A R . R A
e PRIR A W 3R AT A AR A H A it 3 A
(R Ak B ) 2 30 1) A B T
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R1 BWREHTa~7 WREEME

Table 1  Fungicidal activities of compounds 7a ~7i

P4 2 Inhibition rate (% )

ey #
Compound |, UL TR BER SR i INS AT
usarium oxysporum s .. . . . .
. Cercopora rachidicola  Physalospora piricola Alternaria solani Fusarium graminearum
f. cucumerinum
7a 57.6 91.8 87.8 62.6 38.6
7b 33.8 28.2 73.0 62.6 20.7
Tc 62.4 82.7 76.7 73.2 45.7
7d 76.7 73.6 92.6 73.2 42.1
Te 33.8 0 13.7 57.4 0
7f 33.8 0 21.1 46.8 0
7g 48.1 37.3 87.8 62.6 17.1
7h 33.8 46. 4 35.9 41.6 13.6
7i 43.3 73.6 32.2 52.1 17.1
4 Li Q,Ren JM,Dong F et al. Synthesis and antifungal activity
3 it

VIS T I A =253 a- IR I R SRR, 2 Al rh
[ N2 FE Rl i 04 S R Bk S0 e , 5 AR 3] 9 AR
VLR ) -TE s Fe e L e — kb B, 1A R
T EAWEME, IR HZ R F Bt Bbrfk & Wik 1T
T AR RFRAE . W20 0 A Wi R 25 R R W, 1k
HW) Ta(R =H)F 7d(R =3-Cl) PR TG P8 5]
A GG RS R R G
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TR, ERME
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