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Scheme 1. Synthesis of target compounds via microwavepromoted Suzuki-Miyaura reaction

3-bromo-3-cyclopenten2-one 63 3-bromo-3-cyclohexen-2-
one 725E A3 KSong et al. 2005). o|E2} #F
$E microwaveE ©]&3t T3P O W, boronic
acid®] HAgZ ol HAFE] Aol FasiAl §A4
TELE 4~89%2 FE& AAE AUcKTable 29}
Table 3). ©A| 2-thienylboronic acid®] 3¢ 33 3k
%4 45 2+ 52%9) 60%=, 4-fluoro-2-methylphenyl$!
35 BHE 4hE 35%E Tk B2 £ Aok
e SFgE i 249 AaES
=EBERCB), W SFFHTIEHERSB), EvFE AW
T (TGM), EFIE 9W(TLB), @ SH(WLR) 2
By A7RHBPM) 5 65 AEH tisld A¥s3)
AT} Table 1914 HZo], 2(5H)furanone ST A9 4+
TEAL Blud wgov 2 714 e ¥ =¥
Had t3ly Bolioz AdEAS vehiidh
B =dH 50% o4 WAVLE Bl AFELS 2b,

2d, 2j¢} 21010} o9t 2] furanoned] YA}
G494 2 v 2-cyclopentenone+- A & 75 X=
EvlE 99 djstd AT8AE e THTable
2). 53] phenyl 719} 3 X F7} X&E IHFE
€ 5% BALE, 48 A4 Clo] A& 9
' 3 2%9 WANE 7+ A7%E Bt
Cyclopentenone®] glo] 3hte] ©4rt © e 2
cyclohexenone®] 7Z-%-ol= 83HEe] Aw&Ado] Ti
3ttt ©A 4fluoro2-methylphenylo] X|&d 33HE
ghuto] EntE G dis) &4& JepAIcH
4719 AoE 8t & W S_bEY 7224
ABBAE FFd7Ide FEsIAEL diEgHoRE 3
Holuk 4 9Rje] =20l X3E HgE] FL&
AadEdS Bt 53] furanoneX U= cyclopen-
tenone] EVIE GHlo] tisf o] $2 4H8HE B

At

Fz0O
-

Table 1. Synthetic yields of 2-furanone derivatives 2 and their fungicidal activities

Yields Control value (%) at 100 ppm
Compounds Ar

(%) RCB RSB TGM TLB WLR BPM
2a CeHs 85 0 5 0 17 0 33
2b 2-FCsH,4 65 57 5 0 8 0 0
2¢ 3-CN-CsHy 60 29 10 8 0 0
2d 3FCeH, 68 50 10 0 17 0 0
2e 4-OMe-C¢H, 76 10 5 7 17 0 0
2f 3-OBn-CgH,4 70 29 10 0 0 8
2g 4-CI-CeHs 70 0 10 0 8 0 0
2h 4-CF:-CeH,y 67 0 25 0 17 0 8
2i 3,4-0CH,0-C¢H; 77 0 0 0 17 0 0
2j 2-Me4-FCgH; 67 50 10 0 0 0
2k 2-Naphthyl 69 0 15 0 3 0
21 2-Thienyl 52 50 5 8 0 0
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Table 2. Synthetic yields of 2-cyclopentenone derivatives 3 and their fungicidal activities

Yields Control value (%) at 100 ppm
Compounds Ar
(%) RCB RSB TGM TLB WLR BPM
3a CeHs 89 0 5 0 8 0 0
3b 3-CN-CsHy 75 0 5 7 8 3 0
3c 3FCH,y 78 10 25 0 75 0 25
3d 4-OMeCgH,4 83 0 5 0 33 0 0
3e 4-OBnCsH4 82 30 10 0 0 3 0
3f 4-CHCeH, 72 0 0 7 82 3 0
3g 4CFyCgH, 71 0 20 0 0 0 25
3h 3,40CH0-C¢H; 83 0 20 0 17 0 0
3i 2-Me4-FCeH; 84 0 10 0 8 0 8
3j 2-Naphthyl 83 0 15 14 0 0 42
3k 2-Thienyl 52 0 5 0 0 3 33
Table 3. Synthetic yields of 2-cyclohexenone derivatives 4 and their fungicidal activities
Compounds N Yields Control value (%) at 100 ppm
(%) RCB RSB TGM TLB WLR BPM
da CeHs 79 0 10 7 8 0 0
4b 3-CN-CeHy 64 0 30 14 0 8
dc 3FCsHy 72 0 20 7 17 0 8
4d 4-OMe-CqH, 76 0 0 14 17 3 17
4e 4-CI-CeHy 78 0 20 7 0 0 8
4f 4CF:CeH, 68 10 15 7 8 0 0
4g 3,40CH,0-CeH3 73 0 20 14 17 0 8
4h 2-Me-4FCeH; 35 0 30 0 67 0 0
4i 2-Naphthyl 72 0 35 21 17 0 0
4j 2-Thienyl 60 20 S5 0 17 0 8
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2a; 'H NMR (300 MHz, CDCl;) & 7.83 (d, 2H, J
75 Hz), 739 (t, 2H, J = 7.7 Hz), 729 &, 1H, J
7.7Hz), 4.84 (s, 2H), 3.96 (s, 3H) "C NMR (125 MHz.
CDCly) & 1727, 1726, 1292, 1282, 1278, 1277,
102.9, 64.5, 58.0 MS (ED) m/z [M]" for CiHiOs calc.
190.06, found 189.5 (76), 160.9 (100), 145.0 (61), 133.0
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(64), 1163 (89), 104.4 (68), 89.5 (87).

2b: 'H NMR (300 MHz, CDCl) § 7.40-7.34 (m,
2H), 7.26-7.09 (m, 2H), 4.80 (s, 2H), 3.87 (s, 3H) “C
NMR (125 MHz, CDCLy) § 1734, 1720, 1626 d, J =
2425 Hz), 131.1 (d, J = 8.6 Hz), 1297 d, J = 8.1
Hz), 123.1 (d, J = 3.1 Hz), 1145 (d, J = 206 Hz),
1144 (d, J = 230 Hz), 1018, 64.3, 58.0 MS (EI) m/
IM]" for C,HyFO; calc. 208.05, found 208 (100), 179
(76), 163 (10), 149 (14), 136 (96), 107 (52).

2¢. 'H NMR (300 MHz, CDCl;) § 828-824 (m,
2H), 7.58-7.46 (m, 2H), 493 (s, 2H), 4.08 (s, 3H) "°C
NMR (125 MHz, CDCLy) § 1743, 171.6, 131.3, 130.84,
130.79, 130.5, 129.1, 1189, 1124, 100.8, 64.3, 582 MS
(ED m/z IM]" for C,HoNO; cale. 215.06, found 214.9
1), 1859 (100), 169.9 (21), 142.8 (98), 1299 (42),
113.9 (90).

2d: 'H NMR (300 MHz, CDCL) § 7.72 (4, 1H, J =
7.8 Hz), 7.65 (dd, 1H, J = 10.8 Hz, 2.4 Hz), 7.33 (q,
IH, J = 8.1 Hz), 698 (td, 1H, J = 84 Hz, 24 Hy),
4.87 (s, 2H), 401 (s, 3H) “C NMR (125 MHz, CDCls)
§ 1737, 1721, 162.6 (d, J = 2429 Hz), 1313 , J =
8.6 Hz), 129.7 (d, J = 83 Hz), 123.0 (d, J = 2.5 Hz),
1144 (d, J = 209 Hz), 1142 (d, J = 230 Hz), 1016
d, J = 28 Hz), 643, 580 MS (ED mz [M]" for
CiHsFO; cale. 208.05, found 208 (31), 179 (43), 136
(100), 107 (72).

2¢: 'H NMR (300 MHz, CDCly) § 7.80 (d, 2H, J =
9.6 Hz), 692 (d, 2H, J = 90 Hz), 485 (s, 2H), 3.97
(s, 3H), 3.82 (s, 3H) "C NMR (125 MHz, CDCly) §
172.8, 171.5, 1589, 1290, 121.7, 1137, 102.6, 645,
57.8, 553 MS (ED) m/z [M]" for CiHpO, cale. 220.07,
found 2204 (45), 1913 (64), 1749 (56), 162.9 (76),
146.8 (100), 132.2 (71), 118.3 (65).

2f: 'H NMR (300 MHz, CDCl3) § 7.54-7.52 (m, 1H),
7.46-727 (m, TH), 6.97-6.93 (m, 1H), 5.09 (s, 2H), 4.85
s, 2H), 396 (s, 3H) °C NMR (125 MHz, CDCly) &
1730, 1724, 1586, 137.0, 130.5, 129.2, 128.6, 1279,
127.6, 120.5, 1143, 114.1, 102.6, 70.0, 64.4, 580 MS
ED) myz M]" for CigHieOs calc. 29632, found 296 (4),
183 (23), 159 (48), 117 (23), 91 (100).

2g: 'H NMR (300 MHz, CDCly) § 7.84 (d, 2H, J =
8.7 Hz), 739 (d, 2H, J = 87 Hz), 4.87 (s, 2H), 4.01
s, 3H) “C NMR (125 MHz, CDCly) § 1732, 1722,
1332, 128.7, 1284, 1277, 101.6, 644, 580 MS (ED

m/z IMI' for CyHsClOs cale. 224.02, found 224 (100),
195 (62), 152 (65), 123 (25).

2h: '"H NMR (300 MHz, CDCLy) § 804 (d, 2H, J =
8.4 Hz), 739 (d, 2H, J = 84 Hz), 491 (s, 2H), 4.05
(s, 3H) "C NMR (125 MHz, CDCly) § 1743, 1719,
132.8, 1293 (d, J = 32.1Hz), 1276, 1251 (q, J = 39
Hz), 1241 d, J = 2703 Hz), 1017, 644, 58.1 MS
ED) miz M]" for CHoF,0; calc. 258.05, found 258.0
(66), 229.0 (51), 1860 (100), 171.0 (16), 157.0 (45),
151.0 (24), 1369 (15).

2i: '"H NMR (300 MHz, CDCls) § 7.42-7.40 (m, 2H),
6.84 (dd, 1H, J = 69 Hz, 1.8 Hz), 597 (s, 2H), 4.84
(s, 2H), 3.98 (s, 3H) "C NMR (125 MHz, CDCL) &
172.6, 1717, 1474, 1469, 122.9, 121.7, 108.23, 108.20,
1026, 1010, 644, 579 MS ([ED) miz [M] for
CpHioNOs cale. 234.05, found 234 (81), 219 (15), 206
(33), 189 (47), 177 (23), 161 (90), 147 (74), 133 (94).

2j: mp 120-122 °C 'H NMR (300 MHz, CDCl3) §
7.18 (dd, 1H, J = 84 Hz, 60 Hz), 6.98-6.88 (m, 2H),
478 (s, 2H), 3.74 (s, 3H), 2.26 (s, 3H) °C NMR (125
MHz, CDCly) § 173.1, 172.8, 1628 (d, J = 2459Hz),
1405 (d, J = 84 Hz), 132.5 (d, J = 8.5 Hz), 124.6 (d,
J =31 Hz), 1169 d, J = 214 Hz), 1127 , J =
21.3 Hz), 1029, 664, 59.0, 203 MS (ED) m/z [M]" for
CpHFO; cale. 222,07, found 222.1 (100), 191.1 (55),
177.0 (38), 162.1 (17), 147.1 (18), 133.0 (51).

2k: mp 126-128 °C; 'H NMR (300 MHz, CDCly) &
838 (s, 1H), 7.97 (dd, 2H, J = 87, 1.5 Hz), 7.89-7.80
(m, 3H), 7.50-7.44 (m, 2H), 4.90 (s, 2H), 4.02 (s, 3H)
BC NMR (125 MHz, CDCL) § 1730, 172.6, 133.1,
1326, 1284, 1277, 1275, 1270, 1267, 1262, 126.1,
125.4, 102.8, 64.5, 580 MS (EI) mz [M] for CisHi0s
calc. 240.08, found 240 (100), 211 (15), 168 (47), 153
(15), 139 (52).

21: 'H NMR (300 MHz, CDCl;) & 7.68 (dd, 1H, J =
37, 09 Hz), 7.32 (dd, 1H, J = 52, 1.0 Hz), 7.08 (dd,
1H, J = 5.1, 37 Hz), 490 (s, 2H), 4.05 (s, 3H) “C
NMR (125 MHz, CDCL) § 1713, 169.8, 130.0, 126.8,
125.5, 125.1, 9.8, 64.6, 57.9 MS (ED) miz [M]" for
CHs05S cale. 190.06, found 190 (100), 181 (23), 168
@7), 151 (30), 139 (36), 123 (45), 109 (31).

3a: 'H NMR (200 MHz, CDCl) § 7.74-7.68 (m,
2H), 7.41-7.24 (m, 3H), 4.01 (s, 3H), 2.83-2.76 (m, 2H),
2.63-2.57 (m, 2H); MS (ED) m/z M]” for CioH20, cale.
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188.22 found 188 (100), 131 (36), 115 (39).

3b: 'H NMR (200 MHz, CDCly) § 8.14-8.10 (m,
2H), 7.54-741 (m, 2H), 4.09 (s, 3H), 2.88-2.84 (m, 2H),
2.65-2.61 (m, 2H) MS (ED) mz [M]" for CiH;NO,
calc. 21321 found 213 (100), 139 (14), 113 (24).

3¢ 'H NMR (300 MHz, CDCL) § 7.61-751 (m,
2H), 7.53-7.26 (m, 1H), 6.94-6.92 (m, 1H), 4.05 (s, 3H),
2.84-2.81 (m, 2H), 2.62-2.58 (m, 2H) MS (€D mz M]
for C,,HiFO, calc. 20621 found 206 (100), 147 (22),
133 (31), 107 (40).

3d: 'H NMR (500 MHz, CDCl;) § 7.67 (d, 2H, J =
89 Hz), 690 (d, 2H, J = 89 Hz), 401 (s, 3H), 3.81
(s, 3H), 2.81-2.79 (m, 2H), 2.59-2.58 (m, 2H) “C NMR
(125 MHz, CDCl;) § 203.3, 184.0, 1584, 1294, 1233,
1182, 1134, 56.8, 552, 33.7, 24.5 MS (E) m/z [M]"
for C;3Hi40;5 cale. 218.25 found 218 (69), 203 (89), 174
1), 161 (63), 146 (53), 132 (100), 118 (53).

3e: 'H NMR (200 MHz, CDClLy) § 7.71-7.66 (m,
2H), 7.46-7.30 (m, 5H), 7.02-6.96 (m, 2H), 5.07 (s, 2H),
401 (s, 3H), 2.81-2.78 (m, 2H), 2.61-2.57 (m, 2H) MS
(ED myz IM]" for CioHgOxcale. 294.34 found 294 (55),
202 (43), 90 (100).

3f: '"H NMR (500 MHz, CDCly) § 7.72 (dd, 2H, J =
6.7, 20 Hz), 733 (dd, 2H, J = 6.7, 2.0 Hz), 404 (s,
3H), 2.83-2.80 (m, 2H), 2.61-2.59 (m, 2H) MS (E) m/%
IMI" for CuH,,ClO; cale. 222.67 found 222 (100), 187
Q1), 165 (35), 115 (31).

3g: '"H NMR (300 MHz, CDCly) & 7.88 (d, 2H, J =
84 Hz), 760 (d, 2H, J = 84 Hz), 406 (s, 3H),
2.87-2.83 (m, 2H), 2.64-2.61 (m, 2H) MS (ED) mz [M]’
for C;3H;F;0, cale. 25622 found 256 (100), 157 (28),
58 (27).

3h: 'H NMR (200 MHz, CDCly) § 7.28-7.26 (m,
2H), 6.85-681 (m, 1H), 594 (s, 2H), 401 (s, 3H),
2.82-2.78 (m, 2H), 2.60-2.55 (m, 2H) MS (E) mz M|’
for Ci3H04 cale. 23223 found 232 (56), 187 (32), 175
(31), 43 (100).

3i: 'H NMR (300 MHz, CDCly) § 7.06 (dd, 1H, J =
8.4, 6.0 Hz), 695-6.85 (m, 2H), 3.85 (s, 3H), 2.82-2.79
(m, 2H), 2.63-2.61 (m, 2H), 2.17 (s, 3H) MS (ED) m%
M]" for CsHiFO, cale. 22024 found 220 (72), 189
(100), 147 (39), 43 (77).

3j; 'H NMR (200 MHz, CDCl) & 823 (s, 1H),
7.88-7.76 (m, 4H), 7.467.41 (m, 2H), 4.05 (s, 3H),

2.88-2.82 (m, 2H), 2.67-2.62 (m, 2H) MS (EI) m/z [M]"
for CiHiO, cale. 23828 found 238 (100), 180 (41),
138 (20).

3k: 'H NMR (300 MHz, CDCLy) § 7.76 (d, 1H, J
33 Hz), 727 d, 1H, J = 63 Hz), 7.06 (dd, 1H, J
48, 3.6 Hz), 4.12 (s, 3H), 2.86-2.82 (m, 2H), 2.63-2.59
(m, 2H) MS (ED) m/z [M]" for CicHigO:S calc. 194.25
found 194 (100), 178 (42), 108 (45).

4a; 'H NMR (500 MHz, CDCl) § 7.34 d, 2H, J =
74 Hz), 725 (d, 1H, J = 7.4 Hz), 7.17-7.15 (m, 2H),
371 (s, 3H), 2.71 (t, 2H, J = 6.3 Hz), 249 (t, 2H, J =
6.3 Hz), 2.14-209 (m, 2H); MS (ED miz [M] for
Ci3HuO, cale. 20225 found 202 (100), 174 (52), 117
(52), 103 (57).

4b: 'H NMR (200 MHz, CDCl) § 7.55-7.26 (m,
4H), 3.78 (s, 3H), 273 (, 2H, J = 62 Hz), 247 (,
2H, J = 62 Hz), 2.13-2.07 (m, 2H) MS (ED mz M]’
for CyuH;3NO; calc. 227.26 found 227 (100), 199 (71),
140 (41).

4c: 'H NMR (200 MHz, CDCly) § 7.31-723 (m,
1H), 698-6.87 (m, 3H), 374 (s, 3H), 272 (, 2H, J =
62 Hz), 249 (t, 2H, J = 62 Hz), 2.14-2.08 (m, 2H)
MS (ED) m/z [M]" for CisHi3sFO;, cale. 220.24 found 220
(100), 192 (49), 135 (57), 212 (40).

4d: 'H NMR (200 MHz, CDCly) § 7.10 (d, 2H, J =
8.8 Hz), 6.88 (d, 2H, J = 8.8 Hz), 3.81 (s, 3H), 3.71
(s, 3H), 270 (t, 2H, J = 62 Hz), 249 (t, 2H, J = 62
Hz), 2.18-2.06 (m, 2H) MS (EI) myz [M]" for CisHisO;
calc. 23228 found 232 (100), 217 (41), 133 (45).

d4e: '"H NMR (200 MHz, CDCl) § 7.33-7.26 (m,
2H), 7.14-7.08 (m, 2H), 3.74 (s, 3H), 2.75-2.68 (m, 2H),
253245 (m, 2H), 2.15-2.07 (m, 2H) MS (ED) mz [M]’
for Ci3Hi3ClO, cale. 236.69 found 236 (100), 208 (67),
137 (53), 115 (29).

4f: 'H NMR (200 MHz, CDCly) § 7.58 (d, 2H, J =
82 Hz), 726 (d, 2H, J = 8.6 Hz), 3.75 (s, 3H), 2.74
t, 2H, J = 62 Hz), 2.51 (t, 2H, J = 62 Hz), 2.19-2.09
(m, 2H) MS (ED) mz M]" for Ci4HisF:0; cale. 270.25
found 270 (100), 242 (63), 171 (36), 115 (23).

4g. 'H NMR (200 MHz, CDCls) 6 6.81 (d, 2H, J =
7.8 Hz), 6.78-6.59 (m, 2H), 594 (s, 2H), 3.72 (s, 3H),
269 (t, 2H, J = 62 Hz), 248 (t, 2H, J = 62 Hz),
2.12:2.06 (m, 2H) MS (ED) m/z [M]" for C14sHi4Os calc.
246.24 found 246 (67), 220 (100), 204 (25), 146 (37).
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4h: '"H NMR (200 MHz, CDCl;) § 7.26-6.86 (m,
3H), 3.68 (s, 3H), 271 (t, 2H, J = 62 Hz), 248 (1,
2H, J = 62 Hz), 2.16-207 (m, 2H), 2.06 (s, 3H) MS
ED miz M]" for CiHisFO, cale. 23427 found 234
(35), 203 (100), 146 (65), 133 (38).

4i: '"H NMR (200 MHz, CDCLs) § 7.82-7.77 (m, 3H),
7.65 (s, 1H), 7.44-7.41 (m, 2H), 7.27-7.25 (m, 1H), 3.69
(s, 3H), 273 (t, 2H, J = 62 Hz), 2.54 (t, 2H, J = 62
Hz), 2.17-2.11 (m, 2H) MS (ED) myz [M]" for Ci3sH;sFO,
cale. Ci7Hi60, cale. 252.31 found 252 (100), 167 (52),
153 (35).

4j: '"H NMR (200 MHz, CDCls) § 7.52-7.01 (m, 3H),
393 (s, 3H), 277 (t, 2H, J = 62 Hz), 252 (t, 2H, J =
62 Hz), 214205 (m, 2H) MS (ED) miz M| for
C1HpOsS calc. 208.28 found 208 (100), 192 (73), 122
(63), 108 (54).

In vivo &g
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Synthesis of 2(5H)Furanones and 2-Cycloalkenones and Their Fungicidal Activities
JungNyoung Heo*, Young Seob Song, No Kyun Park, Gyung Ja Choi, Kyung Soo Jang and Bum Taec Kim
(Korea Research Institute of Chemical Technology, 100 Jangdong, Yuseong®u, Daejeon 305600, Korea)

Abstract : We have developed an efficient synthesis of 2(5H)furanones using the microwavepromoted
Suzuki-Miyaura coupling reaction and evaluated their fungicidal activities against six fungal pathogens in vivo. In
addition, 2-cyclopentenones or 2-cyclohexenones possessing one or two additional methylene groups instead of the
oxygen in the 2(5H)furanone skeleton were also prepared by using the similar method. As the results of in vivo
fungicidal screening against 6 plant diseases, a few derivatives displayed specific fungicidal activities against rice
blast and tomato late blast. Further studies toward the optimization of the chemical structures are necessary for

the development of novel fungicides with high potency.

Key words : plant disease controlling effect, furanone, cycloalkenone, cyclopentenone, cyclohexenone.
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