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Synthesis and Fungicidal Activities of Nucleoside Compounds
Containing Substituted Benzoyl Thiourea
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Abstract To find new fungicidal lead compounds, based on the catalytic mechanism of chitin synthase, a series of novel
nucleoside compounds containing thiourea were designed via the method of linking active sub-structures, in which the thio-
urea with high fungicidal activity was combined to the uridine part of polyoxins and nikkomycins. The target compounds were
synthesized from uridine in 5 steps. Their structures were confirmed by IR, "H NMR spectra and elemental analysis. The pre-
liminary bioassay results indicated that some compounds showed obvious inhibition effects against Phomopsisasparagi bubak,

especially, and the fungicidal activity of 6m (97.2%) at 50 pg/mL is similar to that (100%) of polyoxin B.
Keywords chitin; polyoxins; uridine; thiourea; fungicidal activity
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Table 1  Physical and chemical data of target compounds
Compd. R Appearance m.p./C Yield/%
6a H SREAERES 146~147 54.3
6b 2-F (SRAEEES 194~195 60.0
6¢ 4-F (SRAEIEES 191~192 71.7
6d 2,6-F, (SRAEEES 120~121 67.1
6e 3-Cl (SRAEIEES 81~82 242
6f 4-Cl (SRAEIEES 208~209 70.9
6g 2,4-Cl AL ] 4 222~223 56.4
6h 2-Br (SRAEIEES 191~192 51.1
6i 2-NO, 9% P R o] 44 214~215 65.7
6j 4-NO, AL ] 4 225~227 65.1
6k 2-OCH, (SRAEIEES 110~111 54.6
6l 4-OC,H; (SRAEIEES 184~185 67.7
6m 2-CH; (SRAEIEES 194~195 65.7
6n 4-C(CHs); (SRAEIEES 152~153 89.1
60 4-Ph SRy ERES 156~157 43.8
K2 HWEWIZREIE
Table2 'HNMR spectral data of target compounds
Compd. 'H NMR (DMSO-dg, 300 MHz) ¢
11.46~11.44 (m, 2H, NH), 11.02 (t, J=5.31 Hz, 1H, NH), 7.95~7.91 (m, 2H, ArH), 7.76 (d, J=8.04 Hz, 1H, 6-H),
7.67~7.61 (m, 1H, ArH), 7.54~7.48 (m, 1H, ArH), 5.83 (d, J=2.07 Hz, 1H, 1'-H), 5.65 (dd, J=2.19, 5.76 Hz, 1H,
6a 5-H), 5.09 (dd, J=2.13, 4.35 Hz, 1H, 2'-H), 4.85 (dd, J=4.41, 6.39 Hz, 1H, 3'-H), 4.34~4.28 (m, 1H, 4'-H), 4.06~
3.92 (m, 2H, 5'-H), 1.49 (s, 3H, CH3), 1.300 (s, 3H, CH3)
11.49 (s, 1H, NH), 11.40 (d, J=1.98 Hz, 1H, NH), 10.75 (t, J=5.55 Hz, 1H, NH), 7.81 (d, J=8.04 Hz, 1H, 6-H),
7.70~7.59 (m, 2H, ArH), 7.39~7.29 (m, 2H, ArH), 5.82 (d, J=2.01 Hz, 1H, 1'-H), 5.64 (dd, J=2.13, 7.95 Hz, 1H,
6b 5-H), 5.09 (dd, J=1.95, 6.42 Hz, 1H, 2'-H), 4.85 (dd, J=4.41, 6.42 Hz, 1H, 3'-H), 4.35~4.29 (m, 1H, 4'-H), 4.04~
3.89 (m, 2H, 5'-H), 1.50 (s, 3H, CH3), 1.30 (s, 3H, CH;)
11.54 (s, 1H, NH), 11.46 (s, 1H, NH), 10.95 (t, J=5.28 Hz, 1H, NH), 7.95~7.92 (m, 2H, ArH), 7.75 (d, J=8.07 Hz,
1H, 6-H), 7.61~7.57 (m, 2H, ArH), 5.82 (d, J=2.10 Hz, 1H, 1'-H), 5.65 (d, J=7.98 Hz, 1H, 6-H), 5.09 (dd, J=2.13,
6c 6.45 Hz, 1H, 2'-H), 4.85 (dd, J=4.41, 6.42 Hz, 1H, 3'-H), 4.31 (dd, J=2.67, 4.20 Hz, 1H, 4-H), 4.00~3.93 (m, 2H,
5'-H), 1.50 (s, 3H, CH3), 1.30 (s, 3H, CH3)
12.09 (s, 1H, NH), 11.44 (s, 1H, NH), 10.59 (t, J=5.28 Hz, 1H, NH), 7.74 (d, J=8.04 Hz, 1H, 6-H), 7.64~7.58 (m,
1H, ArH), 7.22 (t, J=8.22 Hz, 2H, ArH), 5.82 (d, J=1.89 Hz, 1H, 1'-H), 5.63 (dd, J=1.53, 7.92 Hz, 1H, 5-H), 5.09
6d (dd, J=1.86, 6.39 Hz, 1H, 2'-H), 4.86 (dd, J=4.29, 6.24 Hz, 1H, 3'-H), 4.34 (t, J=3.57 Hz, 1H, 4'-H), 4.05 (d, J=
5.25 Hz, 1H, 5'-H), 3.91 (t, J=2.07 Hz, 1H, 5'-H), 1.50 (s, 3H, CH;), 1.30 (s, 3H, CH;)
11.60 (s, 1H, NH), 11.46 (d, J=2.04 Hz, 1H, NH), 10.92 (t, J=5.40 Hz, 1H, NH), 7.99 (t, J=1.89 Hz, 1H, ArH),
7.88~7.52 (m, 4H, ArH+6-H), 5.83 (d, J=2.01 Hz, 1H, 1'-H), 5.66 (dd, J=2.13, 7.95 Hz, 1H, 5-H), 5.09 (dd, J=
6e 2.04, 6.45 Hz, 1H, 2'-H), 4.86 (dd, J=4.32, 6.33 Hz, 1H, 3'-H), 4.01~3.94 (m, 2H, 5'-H), 1.50 (s, 3H, CH;), 1.30 (s,
3H, CH;)
11.55 (s, 1H, NH), 11.45 (d, J=2.04 Hz, 1H, NH), 10.94 (t, J=5.31 Hz, 1H, NH), 7.94 (dt, J=2.49, 4.74 Hz, 2H,
ArH), 7.58 (dt, J=2.55, 4.77 Hz, 2H, ArH), 7.75 (d, J=8.04 Hz, 1H, 6-H), 5.82 (d, J=2.04 Hz, 1H, 1'-H), 5.65 (dd,
of J=2.16, 5.76 Hz, 1H, 5-H), 5.08 (dd, J=2.04, 4.41 Hz, 1H, 2'-H), 4.84 (dd, J=4.41, 6.96 Hz, 1H, 3'-H), 4.33~4.28
(m, 1H, 4'-H), 4.02~3.89 (m, 2H, 5'-H), 1.49 (s, 3H, CH;), 1.29 (s, 3H, CH;)
12.09 (s, 1H, NH), 11.44 (s, 1H, NH), 10.59 (t, J=5.28 Hz, 1H, NH), 7.74 (d, J=8.04 Hz, 1H, 6-H), 7.64~7.58 (m,
1H, ArH), 7.22 (t, J=8.22 Hz, 2H, ArH), 5.82 (d, J=1.89 Hz, 1H, 1'-H), 5.63 (dd, J=1.53, 7.92 Hz, 1H, 5-H), 5.09
6g (dd, J=1.86, 6.39 Hz, 1H, 2'-H), 4.86 (dd, J=4.29, 6.24 Hz, 1H, 3'-H), 4.34 (t, J=3.57 Hz, 1H, 4'-H), 4.05 (d, J=

5.25 Hz, 1H, 5'-H), 3.91 (t, J=2.07 Hz, 1H, 5'-H), 1.50 (s, 3H, CHs), 1.30 (s, 3H, CHs)
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Compd.

"H NMR (DMSO-d,, 300 MHz) &

6h

6i

6j

6k

61

6m

6n

60

11.82 (s, 1H, NH), 11.45 (d, J=2.10 Hz, 1H, NH), 10.72 (t, J=5.28 Hz, 1H, NH), 7.75 (d, J=8.07 Hz, 1H, 6-H),
7.70~7.68 (m, 1H, ArH), 7.55~7.52 (m, 1H, ArH), 7.49~7.39 (m, 2H, ArH), 5.83 (d, /=2.04 Hz, 1H, 1'-H), 5.64
(dd, J=2.19, 7.98 Hz, 1H, 5-H), 5.09 (dd, J=2.04, 6.42 Hz, 1H, 2'-H), 4.85 (dd, J=4.35, 6.39 Hz, 1H, 3-H), 4.30~
3.90 (m, 2H, 5'-H), 1.50 (s, 3H, CHs), 1.30 (s, 3H, CHy)

11.49 (s, 1H, NH), 11.40 (d, J=1.98 Hz, 1H, NH), 10.75 (t, J=5.55 Hz, 1H, NH), 7.81 (d, J=8.04 Hz, 1H, 6-H),
7.70~7.59 (m, 2H, ArH), 7.39~7.29 (m, 2H, ArH), 5.82 (d, J/=2.01 Hz, 1H, 1'-H), 5.64 (dd, J=2.13, 7.95 Hz, 1H,
5-H), 5.09 (dd, J=1.95, 6.42 Hz, 1H, 2"-H), 4.85 (dd, J=4.41, 6.42 Hz, 1H, 3'-H), 4.35~4.29 (m, 1H, 4'-H), 4.04~
3.89 (m, 2H, 5'-H), 1.50 (s, 3H, CHs), 1.30 (s, 3H, CHs)

11.83 (s, 1H, NH), 11.45 (d, J=2.07 Hz, 1H, NH), 10.86 (t, J=5.34 Hz, 1H, NH), 8.32 (dt, J=2.10, 4.83 Hz, 2H,
ArH), 8.12 (dt, J=2.34, 4.86 Hz, 2H, ArH), 7.76 (d, J=8.04 Hz, 1H, 6-H), 5.82 (d, /=2.07 Hz, 1H, 1"-H), 5.66 (dd,
J=2.19, 5.79 Hz, 1H, 5-H), 5.09 (dd, J=2.10, 4.38 Hz, 1H, 2"-H), 4.86 (dd, J=4.41, 6.01 Hz, 1H, 3"-H), 4.35~4.29
(m, 1H, 4'-H), 4.04~3.92 (m, 2H, 5'-H), 1.50 (s, 3H, CHs), 1.30 (s, 3H, CHj)

11.45 (s, 1H, NH), 11.06 (s, 1H, NH), 10.86 (t, J=5.49 Hz, 1H, NH), 7.89~7.61 (m, 5H, ArH+6-H), 5.83 (d, J=
2.04 Hz, 1H, 1'-H), 5.65 (dd, J=1.26, 7.95 Hz, 1H, 5-H), 5.07 (dd, J=2.10, 6.48 Hz, 1H, 2'-H), 4.86 (dd, J=4.38,
5.82 Hz, 3'-H), 4.34~4.31 (m, 1H, 4'-H), 4.06~3.89 (m, SH, 5'-H+ Ar-OCHy), 1.50 (s, 3H, CHs), 1.30 (s, 3H, CHy)

11.45 (s, 1H, NH), 11.21 (s, 1H, NH), 11.08 (t, J=5.25 Hz, 1H, NH), 7.96~7.92 (m, 2H, ArH), 7.85~7.73 (m, 1H,
6-H), 7.04~6.94 (m, 2H, ArH), 5.83 (d, J/=2.13 Hz, 1H, 1'-H), 5.36 (d, J=7.98 Hz, 1H, 5-H), 5.08 (dd, J=2.13,
6.48 Hz, 1H, 2'-H), 4.84 (dd, J=4.38, 6.39 Hz, 1H, 3"-H), 4.36~4.27 (m, 1H, 4"H), 4.13~3.91 (m, 4H, 5-H+
ArOCH,C), 1.49 (s, 3H, CHy), 1.37~1.03 (m, 6H, CH;+ArOCCH;)

11.54 (s, 1H, NH), 11.46 (s, 1H, NH), 10.89 (t, J=5.56 Hz, 1H, NH), 7.75 (d, J=8.04 Hz, 1H, 6-H), 7.45~7.38 (m,
2H, ArH), 7.29~7.24 (m, 2H, ArH), 5.83 (d, J=2.07 Hz, 1H, 1'-H), 5.63 (d, J=7.98 Hz, 1H, 5-H), 5.08 (dd, J=2.07,
6.45 Hz, 1H, 2'-H), 4.85 (dd, J=4.44, 6.42 Hz, 1H, 3"-H), 4.30 (dd, J=3.21, 7.53 Hz, 1H, 4'-H), 4.01~3.90 (m, 2H,
5'-H), 2.36 (s, 3H, CHs), 1.50 (s, 3H, CH,), 1.30 (s, 3H, CHs)

11.44 (d, J=2.07 Hz, 1H, NH), 11.29 (s, 1H, NH), 11.05 (t, J=5.31 Hz, 1H, NH), 7.91 (d, J=1.80 Hz, 1H, ArH),
7.88 (t, J=1.89 Hz, 1H, ArH), 7.75 (d, J=8.04 Hz, 1H, 6-H), 7.54 (d, J=1.83 Hz, 1H, ArH), 7.52 (d, J=1.86 Hz,
1H, ArH), 5.82 (d, J=2.10 Hz, 1H, 1'-H), 5.64 (dd, J=2.16, 7.98 Hz, 1H, 5-H), 5.80 (dd, J=2.13, 6.48 Hz, 1H,
2°-H), 4.84 (dd, J=4.35, 6.39 Hz, 1H, 3'-H), 4.31 (t, J=2.70 Hz, 1H, 4-H), 4.32~3.91 (m, 2H, 5'-H), 1.49 (s, 3H,
CHs), 1.30 (d, J=2.94 Hz, 12H, CH;+ArC(CHs),

11.49 (d, J=5.55 Hz, 2H, NH), 11.05 (t, J=5.43 Hz, 1H, NH), 8.04 (d, J=8.49 Hz, 2H, 6-H+ArH), 7.84~7.75 (m,
SH, ArH), 7.54~7.41 (m, 3H, ArH), 5.84 (d, J=2.04 Hz, 1H, 1'-H), 5.66 (d, J=8.01 Hz, 1H, 5-H), 5.09 (dd, J=2.07,
6.48 Hz, 1H, 2'-H), 4.86 (dd, J=4.38, 6.24 Hz, 1H, 3'-H), 4.35~4.29 (m, 1H, 4'-H), 4.06~3.91 (m, 2H, 5-H), 1.50
(s, 3H, CH3), 1.30 (s, 3H, CHy)

£33  HbA W ITR 0 LA

Table 3 Elemental analysis and IR spectral data of target compounds

Compd.

Element analysis (cacld.)

IR (KBr) v/em™!
C H N

6a

6b

6¢

6d

6e

3435, 1690, 1530, 1469, 2982, 2943, 1353, 1267,
1210, 1160, 1052

3356, 3210, 3093, 1692, 1557, 1521, 1379, 1284,
1210, 1161, 1094

3344, 1694, 1555, 1503, 1458, 2992, 2941, 1382,
1264, 1239, 1160, 1088

3179, 1694, 1626, 1579, 1547, 2989, 2937, 1384,
1277, 1211, 1182, 1087

3184, 3049, 1680, 1569, 1560, 1528, 2986, 1377,
1249, 1216, 1174, 1089

53.59 (53.80) 4.95(4.97) 12.44 (12.55)

51.72 (51.72) 4.62 (4.56) 12.08 (12.06)

51.72 (51.62) 4.62 (4.60) 12.08 (12.05)

49.49 (49.79) 4.19 (4.18) 11.55 (11.61)

49.76 (49.95) 437 (4.36) 11.29 (11.65)
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8k
Compd. Element analysis (cacld.) IR (KBr) v/em !
C H N

3431, 1696, 1551, 1523, 1457, 2992, 2939, 1381,
6f 49.87 (49.95) 4.67 (4.40) 11.45 (11.65) 1263. 1214. 1162. 1090

3164, 1695, 1588, 1551, 1515, 2919, 1379, 1278,
6g 46.44 (46.61) 3.98 (3.91) 10.85 (10.87) 1211. 1174. 1091

3211, 3090, 1690, 1588, 1531, 2981, 2940, 1377,
6h 45.64 (45.72) 4.02 (4.03) 10.63 (10.66) 1268. 1214. 1184. 1158

3299, 3220, 1689, 1575, 1546, 1524, 2971, 1373,
6i 49.31 (48.88) 4.38 (4.31) 13.89 (14.25) 1277. 1214. 1150. 1089

3317, 1692, 1529, 1454, 2992, 2938, 1377, 1262,
6J 48.77 (48.88) 4.46 (4.31) 14.53 (14.25) 1193. 1159. 1087

3318, 3217, 1694, 1602, 1515, 1484, 2987, 1378,
6k 52.67 (52.65) 5.05 (5.08) 11.67 (11.76) 1290. 1226. 1187. 1160

3161, 1694, 1548, 15003, 1465, 2984, 2933, 1381,
6l 53.65(53.87) 5.54 (5.34) 11.23 (11.42) 1324. 1244. 1181. 10082

3239, 1681, 1552, 1521, 2984, 1377, 1269, 1216,
6m 51.31 (51.51) 6.54 (6.51) 11.42 (11.38) 1181. 1156

3240, 1694, 1548, 2964, 1378, 1268, 1214, 1161,
6n 57.15 (57.36) 5.89 (6.02) 11.13 (11.15) 1089

3179, 1694, 1626, 1579, 1547, 2989, 2937, 1383,
60 57.69 (57.71) 5.01 (4.78) 10.72 (10.69)

1277, 1211, 1181, 1087
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EyfE.

DA TE Jr PR 220 F 0 FEUR Ak L ) BT v~ 38 AR T 5
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e S PR B 7% B /mm— A0 3 1 7% B 4% /mm
X R B 7 B A2/ mm
PSS AR B TG TR O WK 4.

2 #R51He
21 ARF%E
2.1.1  FlaReg AR
ZRSCIR[1217 76 BUh A 20 1F, A0 b N
SRR RN, e RS OR, BN T R N IS AR B 1)
MERE. 3 Ah, 1) IHIE S I NG F R IR I, e
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FE NN PRI U, 75 P UK s 2 153 In 45 5K
DA Sl B 1A T | T AR SO I 0 S G 1 s A
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REER, IR, fEIbR R, B A
TELE, RNV AGARERAEA =T 40 ‘CLEA T, XFf
BRD TR AR, AN, BT ) A k),
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Table 4 Fungicidal activity in vitro of target compounds

Inhibitory rate/%
Compd. -

F. oxysporum R. solani P. bubak
6a 44.0 17.0 —
6b 483 53.9 53.1
6¢c 30.7 40.2 345
6d 57.1 53.2 47.6
6e 332 394 62.0
6f 50.5 46.6 40.5
6g 483 48.7 62.2
6h 36.6 18.9 51.7
6i 36.4 384 79.5
6J — 29.1 65.5
6k 42.8 58.4 72.4
61 54.5 83.9 81.1
6m 63.8 40.5 97.2
6n 53.9 394 —
60 66.7 73.00 41.7

Polyoxin B 75.8 87.3 10.0

© 2012 Chinese Chemical Society & SIOC, CAS

“ Means no data.
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