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Synthesis and antifungal activity of croconazole analogues
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Abstract: In order to discover compounds with better antifungal activities than croconazole
hydrochloride, a series of croconazole analogues were designed and synthesized, and their antifungal
activities were evaluated. By using sesamol as the starting material, 19 novel croconazole hydrochloride
analogues 4a-4s were synthesized in 3 steps including acetylation, introduction of 1, 2, 4-triazole group
and etherification. All the target compounds were characterized by '"H NMR, *C NMR and ESI-MS
analysis. The antifungal activities in vitro of all target compounds against seven phytopathogenic fungi
(Mangnaporthe grisea, Alternaria solani, Fusarium solani, Curvulavia lunata, Alteraria alternata,
Fusarium graminearum, and Fusarium oxysporum vasinfectum) were assayed, and median effective
concentrations (ECs) of several compounds were further determined by mycelium growth rate
inhibition method. The results demonstrated that most of target compounds exhibited significant
antifungal activities against the tested strains of fungi at 50 pg/mL. Furthermore, EC;, values of
compounds 4d, 4m against 4. solani were 6.28 and 4.61 ng/mL, respectively; and that of 4m against 4.

aternata was 3.58 ug/mL. Although these data were lower than that of the positive control,
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myclobutanil (ECsy = 1.63, 1.05 pg/mL), they have been on the same order of magnitude. Thus this

study demonstrated that 4d and 4m had the potential to be developed as novel antifungal drugs.

Keywords: 1,2,4-triazole; croconazole; myclobutanil; synthesis; antifungal activity
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Scheme 1 The structure of croconazole hydrochloride
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Scheme 2 The synthesis route of target compounds 4a~4s
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Table 1 Physico-chemical properties and ESI-MS data of

compounds 4a-4s

& R FEE IS ESI-MS
Compd. Yield/% m.p./'C m/z (M+1)"
4a H 72 99~101 322.1
4b 2-F 68 129~132 340.0
4c 3-F 88 84~86 340.0
4d 4-F 65 112~114 340.0
4e 2-Cl 97 143~145 356.1
4f 3-Cl 61 101~102 356.1
4g 4-Cl 72 107~108 356.1
4h 2-CH; 92 135~136 336.2
4i 3-CH;, 90 96~97 336.1
4j 4-CH,4 55 88~89 336.1
4k 4-CF; 78 100~102 390.1
41 2,4-F, 63 128~130 358.1
4m 2,4-Cl, 92 154~157 390.0
4n 3,4-Cl, 97 145~148 390.0
40 2,6-Cl, 97 137~138 390.1
4p 2-Cl-4-F 90 151~153 374.3
4q 2-Cl-6-F 94 128~130 374.1
4r 3-OMe 95 100~101 352.1
4s 4-CN 61 181~182 347.2
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Table2 'HNMR, “"C NMR data of the target compounds 4a-4s

Compds. 'H NMR (500 MHz, CDCl3/TMS), & 3C NMR (125 MHz, CDCL;/TMS), &

4a  8.43 (s, IH, -N=CH-), 8.06 (s, 1H, -N=CH-), 7.26~7.27 (m, 3H, Ar-H), 7.02 (d, IH, J=2.2 Hz, 152.1, 152.0, 149.8, 143.5, 141.4, 140.4, 136.9,
Ar-H), 7.01 (d, 1H, J= 1.6 Hz, Ar-H), 6.97 (s, 1H, Ar-H), 6.93 (s, 1H, Ar-H), 6.05 (s, 2H, 128.6,128.1, 127.4, 115.8, 110.9, 107.4, 102.1,
-OCH,0-), 5.76 (s, 1H, -C=CHy,), 5.12 (s, 1H, -C=CHy,), 4.93 (s, 2H, -OCH,-). 97 1. 70.6.

4b  7.97 (s, IH, -N=CH-), 7.95 (s, 1H, -N=CH-), 6.98~7.06 (m, 4H, Ar-H), 6.83 (s, 1H, Ar-H), 6.65 161.0, 151.9, 151.7, 149.9, 142.3, 141.9, 139.9,
(s, 1H, Ar-H), 6.00 (s, 2H, -OCH,0-), 5.83 (s, 1H, -C=CH,), 5.12 (s, 1H, -C=CH,), 4.95 (s, 2H,  129.8,129.2, 124.3, 123.2, 116.0, 115.2, 110.6,
-OCHy-). 107.3,101.9, 96.5, 65.0.

4c  8.00 (s, IH, -N=CH-), 7.98 (s, 1H, -N=CH-), 7.24 (m, 1H, Ar-H), 6.95 (t, J = 8.0 Hz, 1H, Ar- 163.8,152.0, 151.7, 149.9, 142.3, 141.9, 140.0,
H), 6.84 (s, 2H, Ar-H), 6.75 (d, /= 8.1 Hz, 1H, Ar-H), 6.57 (s, 1H, Ar-H), 6.00 (s, 2H, 138.6, 130.1, 122.2, 116.0, 115.0, 113.8, 110.7,
-OCH,0-), 5.85 (s, 1H, -C=CH,), 5.13 (s, 1H, -C=CHy,), 4.87 (s, 2H, -OCH,-). 107.4. 101.9. 96.5. 70.4.

4d  7.98 (s, IH, -N=CH-), 7.96 (s, 1H, -N=CH-), 7.02~7.05 (m, 2H, Ar-H), 6.95~6.99 (m, 2H, Ar-  163.4, 151.9, 151.8, 149.9, 142.3, 141.8, 140.0,
H), 6.84 (s, 1H, Ar-H), 6.59 (s, IH, Ar-H), 5.99 (s, 2H, -OCH,0-), 5.82 (s, 1H, -C=CH,), 5.11 1317, 128.9, 116.0, 115.5, 110.7, 107.3, 101.9,
(s, 1H, -C=CH,), 4.83 (s, 2H, -OCH,-). 96.5. 70.6.

4e  8.05(s, IH, -N=CH-), 8.01 (s, 1H, -N=CH-), 7.35 (d, J= 7.0 Hz, 1H, Ar-H), 7.22~7.24 (m, 2H, 151.9, 151.7, 150.0, 142.4, 141.9, 139.9, 133.8,
Ar-H), 7.03 (d, J = 6.0 Hz, 1H, Ar-H), 6.89 (s, 1H, Ar-H), 6.68 (s, 1H, Ar-H), 6.04 (s, 2H, 132.0, 129.2, 129.0, 128.1, 127.0, 115.8, 110.7,
-OCH,0-), 5.91 (s, 1H, -C=CH,), 5.18 (s, 1H, -C=CHy,), 5.02 (s, 2H, -OCH,-). 107.3. 101.9. 96.5. 68.3.

4f  8.05 (s, IH, -N=CH-), 7.25~7.27 (m, 2H, Ar-H), 7.08 (s, 1H, Ar-H), 7.03 (s, 1H, -N=CH-), 6.97  152.0, 151.6, 149.9, 142.3, 142.0, 140.0, 138.0,
(d,J=6.3 Hz, 1H, Ar-H), 6.89 (s, 1H, Ar-H), 6.61 (s, 1H, Ar-H), 6.04 (s, 2H, -OCH,0-), 5.88 1344, 129.8, 128.2, 126.9, 124.8, 116.0, 110.7,
(s, 1H, -C=CHy,), 5.17 (s, 1H, -C=CHy,), 4.89 (s, 2H, -OCH,-). 1074, 101.9. 96.5. 70.4.

4g  7.99 (s, IH, -N=CH-), 7.97 (s, 1H, -N=CH-), 7.25 (d, J = 8.5 Hz, 2H, Ar-H), 6.98 (d, /= 8.5 151.9,151.7, 149.9, 142.3, 141.9, 140.0, 134.5,
Hz, 2H, Ar-H), 6.84 (s, 1H, Ar-H), 6.57 (s, 1H, Ar-H), 5.99 (s, 2H, -OCH,0-), 5.83 (s, 1H, 133.8, 128.7, 128.3, 115.9, 110.7, 107.3, 101.9,
-C=CH,), 5.11 (s, 1H, -C=CH,), 4.83 (s, 2H, -OCH,-). 96.5. 70.5.

4h  7.99 (s, 1H, -N=CH-), 7.98 (s, 1H, -N=CH-), 7.05~7.07 (m, 4H, Ar-H), 6.86 (s, 1H, Ar-H), 6.68 152.2, 151.9, 149.8, 142.4, 141.7, 139.9, 135.9,
(s, 1H, Ar-H), 6.04 (s, 2H, -OCH,0-), 5.86 (s, 1H, -C=CH,), 5.15 (s, 1H, -C=CH,), 491 (s, 2H,  134.0, 130.2, 128.1, 127.8, 125.9, 116.0, 110.6,
-OCHy-), 2.23 (s, 3H, -CH;). 107.3, 101.8, 96.7, 70.4, 18.6.

4i  8.00 (s, 1H, -N=CH-), 7.98 (s, 1H, -N=CH-), 7.17 (t,J = 7.5 Hz, 1H, Ar-H), 7.05 (d, J=7.6 Hz, 152.0, 151.9, 149.8, 142.4, 141.6, 140.1, 138.2,
1H, Ar-H), 6.87 (d, J= 7.7 Hz, 1H, Ar-H), 6.85 (s, 1H, Ar-H), 6.83 (s, 1H, Ar-H), 6.61 (s, 1H, 135.9, 128.7, 128.3, 127.7, 124.0, 115.9, 110.7,
Ar-H), 5.99 (s, 2H, -OCH,0-), 5.84 (s, 1H, -C=CH,), 5.12 (s, 1H, -C=CH,), 4.85 (s, 2H, 1072 101.8.96.5. 71.3. 21.3.
-OCH,-), 2.31 (s, 3H, -CH;). ’ o

4j  7.98 (s, IH, -N=CH-), 7.97 (s, 1H, -N=CH-), 7.08 (d, J = 8.0 Hz, 2H, Ar-H), 6.95 (d, /= 8.0 152.0,151.9, 149.8, 142.4, 141.6, 140.1, 137.8,
Hz, 2H, Ar-H), 6.81 (s, 1H, Ar-H), 6.60 (s, 1H, Ar-H), 5.98 (s, 2H, -OCH,0-), 5.82 (s, 1H, 133.0, 129.1, 127.1, 115.9, 110.6, 107.3, 101.8,
-C=CH,), 5.11 (s, 1H, -C=CHy,), 4.84 (s, 2H, -OCH,-), 2.31 (s, 3H, -CH;). 966.71.2.21.1.

4k 8.01 (s, IH, -N=CH-), 7.97 (s, 1H, -N=CH-), 7.54 (d, J = 8.0 Hz, 2H, Ar-H), 7.16 (d, J= 8.0 151.9, 151.5, 150.0, 142.3, 142.0, 140.0, 139.9,
Hz, 2H, Ar-H), 6.86 (s, 1H, Ar-H), 6.58 (s, 1H, Ar-H), 6.00 (s, 2H, -OCH,0-), 5.85 (s, 1H, 130.3, 126.9, 125.5, 125.0, 116.0, 110.8, 107.3,
-C=CH,), 5.13 (s, 1H, -C=CH,), 4.93 (s, 2H, -OCH,-). 101.9. 96.4. 70.4.

41  7.97 (s, 1H, -N=CH-), 7.95 (s, 1H, -N=CH-), 6.95~6.97 (m, 1H, Ar-H), 6.84 (s, IH, Ar-H), 163.8,161.8, 151.9, 151.5, 150.0, 142.3, 142.1,
6.75~6.80 (m, 2H, Ar-H), 6.64 (s, 1H, Ar-H), 6.01 (s, 2H, -OCH,0-), 5.82 (s, 1H, -C=CH,), 139.9,130.4, 119.3, 116.1, 111.4, 110.7, 107.4,
5.10 (s, 1H, -C=CHy,), 4.85 (s, 2H, -OCH,-). 103.9, 101.9, 96.5, 64.5.

4m  8.04 (s, 1H, -N=CH-), 8.01 (s, 1H, -N=CH-), 7.37 (s, 1H, Ar-H), 7.20~7.22 (d, J=10.0 Hz, 1H, 152.0, 151.4, 150.0, 142.3, 142.1, 139.8, 134.2,
Ar-H), 6.94~6.96 (d, J=10.0 Hz, 1H, Ar-H), 6.90 (s, 1H, Ar-H), 6.65 (s, 1H, Ar-H), 6.05 (s, 132.6, 132.4, 129.0, 128.9, 127.3, 115.9, 110.7,
2H, -OCH,0-), 5.91 (s, 1H, -C=CH,), 5.18 (s, 1H, -C=CH,), 4.96 (s, 2H, -OCH,-). 1074, 102.0.96.5. 67.8.

4n  8.00 (s, 1H, -N=CH-), 7.99 (s, 1H, -N=CH-), 7.34 (d, J = 8.0 Hz, 1H, Ar-H), 7.13 (s, 1H, Ar- 152.0, 151.4, 150.0, 142.3, 142.1, 139.9, 136.2,
H), 6.87 (d, J=8.0 Hz, 1H, Ar-H), 6.86 (s, 1H, Ar-H), 6.56 (s, 1H, Ar-H), 6.01 (s, 2H, 132.7, 132.1, 130.5, 128.7, 126.0, 116.1, 110.8,
-OCH,0-), 5.83 (s, 1H, -C=CH,), 5.12 (s, 1H, -C=CHy,), 4.81 (s, 2H, -OCH,-). 107.4. 101.9. 96.4. 69.8.

40 791 (s, 1H, -N=CH-), 7.86 (s, 1H, -N=CH-), 7.28 (s, 2H, Ar-H), 7.18~7.20 (t, 1H, J=7.5Hz,  152.0, 151.8, 149.8, 142.2, 139.5, 136.8, 132.4,
Ar-H), 6.77 (d, 2H, Ar-H), 6.01 (s, 2H, -OCH,0-), 5.73 (s, 1H, -C=CH,), 5.12 (s, 1H, -C=CH,), 1314, 130.5, 128.3, 116.7, 110.4, 107.6, 101.9,
5.09 (s, 2H, -OCH,-). 97.5. 66.9.

4p  7.99 (s, IH, -N=CH-), 7.96 (s, 1H, -N=CH-), 7.07~7.09 (dd, J ;= 8.3 Hz, J, = 2.3 Hz, 1H, Ar- 163.0,151.9, 151.5, 150.0, 142.3, 142.1, 139.9,
H), 6.96~6.97 (m, 1H, Ar-H), 6.90~6.92 (m, 1H, Ar-H), 6.86 (s, 1H, Ar-H), 6.63 (s, 1H, Ar-H),  132.9, 129.7, 129.5, 116.8, 115.9, 114.3, 110.7,
6.01 (s, 2H, -OCH,0-), 5.85 (s, 1H, -C=CH,), 5.13 (s, 1H, -C=CH,), 4.92 (s, 2H, -OCH,-). 107.4. 101.9. 96.5. 67.9.

4q 791 (s, 1H, -N=CH-), 7.87 (s, 1H, -N=CH-), 7.22~7.24 (m, 1H, Ar-H), 7.15 (d, J=8.0 Hz, 1H,  162.8, 151.8, 151.7, 149.8, 142.3, 142.2, 139.6,
Ar-H), 6.94~6.97 (t, J = 8.5 Hz, 1H, Ar-H), 6.75 (s, 1H, Ar-H), 6.78 (s, 1H, Ar-H), 6.00 (s, 2H,  136.3, 130.8, 125.4, 121.8, 116.6, 114.3, 110.4,
-OCH,0-), 5.72 (s, 1H, -C=CHy,), 5.08 (s, 1H, -C=CHy,), 5.01 (s, 2H, -OCH,-). 107.6. 101.9. 97 4. 62.9.

4r  7.99 (s, IH, -N=CH-), 7.96 (s, 1H, -N=CH-), 7.19 (t, J = 8.0 Hz, 1H, Ar-H), 6.82 (s, IH, Ar-H), 159.8, 152.0, 151.9, 149.8, 142.4, 141.7, 140.0,
6.78~6.80 (m, 1H, Ar-H), 6.65~6.68 (m, 2H, Ar-H), 6.60 (s, 1H, Ar-H), 5.98 (s, 2H, -OCH,0-),  137.7,129.5, 119.1, 115.9, 113.7, 112.2, 110.6,
5.85 (s, 1H, -C=CH,), 5.12 (s, 1H, -C=CHy), 4.87 (s, 2H, -OCH,-), 3.76 (s, 3H, -OCHj). 107.2. 101.8.96.6. 71.2. 55.2.

4s  8.04 (s, IH, -N=CH-), 8.00 (s, 1H, -N=CH-), 7.61~7.63 (d, J = 8.2 Hz, 2H, Ar-H), 7.19~7.20 152.0,151.3, 150.0, 142.3, 142.2, 141.3, 139.9,

(d, J=8.2 Hz, 2H, Ar-H), 6.91 (s, 1H, Ar-H), 6.60 (s, 1H, Ar-H), 6.05 (s, 2H, -OCH,0-), 5.90
(s, 1H, -C=CH,), 5.17 (s, 1H, -C=CH,), 4.96 (s, 2H, -OCH,-).

132.3,127.1, 118.5, 116.0, 111.9, 110.8, 107 .4,
102.0, 96.3, 70.2.
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Table 3 Toxicity regression equations for concentration-effect and ECs, values of compounds 4d and 4m against 4. solani

wE JATTRE R ECs 1l (95% EAR X ) 2R
Compd. Regression equation” ECs4 95% (confidence interval)/(pg/mL) Linear scope/(pug/mL)
4d y=1.268x+3.988 0.974 6 6.28 (2.67~10.34) 0.39~50
4m y=1.128x +4.251 0.9722 4.61 (1.23~9.36) 0.39~50
[ T AR
A ) y=1.139x +4.485 0.882'1 1.63 (0.71~6.81) 0.39~50
myclobutanil

e Oy PHHHRIREURME: x: FEREEXNEUE Iglp(ng/mL)].
Note:  y: Probability of average inhibition rate; x: 1g[p(ug/mL)].

R4 WEY dm WEEFRERENSUERIFIE CRE-BN) ZHE ECy &

Table 4 Toxicity regression equations for concentration-effect and ECs, values of compound 4m against 4. alternata

W& EVEY:F R R ECs {8 (95% BEFIX[A]) LAEIEH
Compd. Regression equation” ECs 95% (confidence interval)/(ug/mL) Linear scope/(pg/mL)
4m y=1.200x +4.335 0.989 3 3.58 (0.54~8.45) 0.39~50
s . y=1.154x+4.974 0.988 7 1.05 (0.14~6.07) 0.39~50
myclobutanil
Oy PEHIREGTLRM; x: REIREXNEE 1glp(ug/mL)].
Note: “ y: Probability of average inhibition rate; x: 1g[p(ng/mL)].
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