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5-F 3 C&-2-BR R ERMMEI LU SYRI SR EREEENR

TR  #HeHFE KL EEH
(PER KNSR dbat 100193)

B

WE LR CEIA -5 Z W BEIR N 4R 5 R, 4 Knoevenagel 4745 S N IS 5-F 3 O E-2-BR A K Mebk-4-Bi (1), b4
W 1 1E SR SR F b S 0 e S AT 3] S5- T3 O BE-2- F R SE DK PeIbk-4- 1 (2), A A4 2 TS5 AR 1 P ROR i
HUAEVKIE R R 3R R (BRI A3 H bR S S-ME R O3 -2- U RS K MR 3a~3r, ‘BT %4594 'H NMR, IR, MS
H X-ray B ATHPRAIE. 5-3FFF CUIE-2-XF G S Ik I (3q): M, =335.83, C,6H,5CIN;0+CH,0, Monoclinic, P2(1)/n,
p=1264 g/em®, F(000)=712, Z=4, a=0.59895(12) nm, b=1.2161(2) nm, c=2.4289(5) nm, =94.03(3)°. ¥IL: W35t
MsE 45 RAELW]: 78 50 pg/mL WKL R, #5r H AL S P80 St i fe B — € s e, Horh 5-MPFR CAE-2-X5 SR
IR IR (3p )Xot S TR A% K ECso R 24.37 pg/mL, 3q ST B 1K) ECso A 28.68 pg/mL.

R S5-I CIE-2-F R HUARIK e Ipk i, 2-B 4% 2 W e, Knoevenagel 447 |V, 25 TS 1

Synthesis and Fungicidal Activity of 5-Cyclohexylidene-2-
aminoimidazolin-4-one Derivatives

Lei, Jianping Han, Jintao Xu, Zhihong Dong, Hongbo Wang, Mingan™

(Department of Applied Chemistry, China Agricultural University, Beijing 100193)

Abstract A series of new 5-cyclohexylidene-2-aminoimidazolin-4-one derivatives 3a~3r were synthesized via Knoevena-
gel condensation, methylation and substitution reaction using cyclohexanone and 2-thiohydantoin as starting material. Their
structures of compounds 3a~3r were confirmed by ' H NMR, IR, MS techniques and X-ray diffraction. 5-Cyclohexylidene-
2-p-chlorobenzylaminoimidazolin-4-one (3q): M, =335.83, C;sHsCIN;O*CH,O, Monoclinic, P2(1)/n, p=1.264 g/cm3 )
F(000)=712, Z=4, a=0.59895(12) nm, b=1.2161(2) nm, ¢=2.4289(5) nm, f=94.03(3)°. The preliminary bioassay shows
that some of the compounds have certain fungicidal activities at the concentration of 50 pg/mL. The ECs, value of
5-cyclohexylidene-2-p-fluorobenzylaminoimidazolin-4-one (3p) against Sclerotinia scleotiorum is 24.37 pg/mL, and that of
3q against Phytophthora capsici is 28.68 ng/mL, respectively.

Keywords 5-cyclohexylidene-2-aminoimidazolin-4-one; 2-thiohydantoin; Knoevenagel reaction; fungicidal activity
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BHlLE

72 7 E A DL SRR 25 PR ) AT R g k. BAT]
WEIT /NI, A IR e SR 1 2 R BT AR
S P A 2 Ot AP LRI S TR RS B R R PR
T, R 70%~98%2 18], Hi 3 ANMbEHn
SRR ECso (H4 3IAE 15.80, 31.34 Al 44.26 pg/mL,
035 A P e B (1 A 2 A IR IR AT 250 1) 3 P 2
25, AT A WA SCHRAROE S5-3I PRI A PR 10K i il 24
A& S LA, DR AE RS9 AR LAtk
b, AR E AW, A SCS T SR
AT RZAHALE Y 3a~3r, LA S-ALBUCHE 4 TF
AN S JEC G WK MRl i 777 A 420 R RS TR (R s . ARSI
B R £ I Scheme 1 A7,
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Scheme 1

1 KBS
1.1 NE5RF

Cole-parmer 4 R (R FZIE); Bruker DPX 300MHz
REILIRA, F TMS 24 A%, CDCL; 5 DMSO-dg A %557,
AR 0 2o, Perkln Elmer FTS-40 ZL4MtGiE{L
(KBr A7), B4k em™'. ARSI A BT ARSI
B b 7l A ml S AE ) AR 2k, SO, X
AR AR % 53 ) ] 245 4 AL Al A B 7
Acros, J&K Chemical, Matrix Scientific, TCI Z5/\ ],
KT 98%.
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1.2 LEYHEK
1.2.1  2-FAX T A BRIk 89 6 A%,

i) 100 mL 22 AN 12.8 g (0.11 mol) H & 1%,
7.6 g (0.10 mol)fi R E, 57.6 mL Z IR A1 6.4 mL VKIS
iR, BARRET 100 C s #i+k, 40 min 5, &
RNE5E4, Y EL, BN 300 mL UKok, SR B 1 AR AT
t, K¥E, CRFESS S, S EalE 1-SB-2-mAA LW
kR 12.6 g, Y% 80%, m.p. 175~177 CCCEME m.p.
176~178 “C).

] 250 mL I 10 g (0.063 mol)1-ZfE-2-
A L N BEIRAN 100 mL ¥ ERIR, INFAMIL, 1h J5, RV
SEA, WRAR, WAL, HrilE gk, g, KYE CREE S,
AU EROIRE A 2-RAC L NBEIR 6.5 g IXF 80.5%.
m.p. 223~225 C(XHk{EY mp. 227 C); 'H NMR
(DMSO-d) 6: 11.76 (s, 1H), 9.85 (s, 1H), 4.08 (s, 2H).
1.2.2  5-T 3R T -2-BRAR TR e opk-4- R (1) 49 B~ A,

1) 100 mL #. LA NN 4.64 g (0.04 mol) 2-fift &
WK, 4.5 mL (0.044 mol)¥4 LA, 3.3 mL (0.044 mol)Z
AT 70 mL oK L8, T3 TR, 5 hJG RV 5EA4S,
Pk N, FhdE, JKUE, R EEELEY 1 64 g,
% 80.6%. m.p. 260~261 ‘CCCHkE® m.p. 263~265
‘C); 'H NMR (DMSO-dq) 6: 11.96 (s, 1H), 11.52 (s, 1H),
2.83 (brs, 2H), 2.38 (brs, 2H), 1.56 (brs, 6H); IR v: 3445,
3142, 3002, 2940, 2858, 2773, 2548, 1826, 1730, 1658,
1541, 1526 cm ™.

1.2.3  5-T3R T 3-2- P Bk sk ok opk-4- B (2) 89 A A%,

i) 100 mL L EDf S I 50 mL JEK 48, 0.254 g
(0.011 molih, Tk FHEFE, F£F4 )8R N 584 A,
I 1.960 g (0.010 mol)fb &4 1 11 0.68 mL (0.011
mol)llFAE. 2 h 5 RNV SEAS, 15 1R, R RIEHE
I, g, Kuk FaaEEtEy 2 1.736 g, F
82.7%. m.p. 178~180 ‘C(CCHAMES m.p. 178~180 C);
'H NMR (CDCl3) d: 9.80 (brs, 1H), 3.00 (t, J=6.0 Hz,
2H), 2.73 (t, J=6.0 Hz, 2H), 2.60 (s, 3H), 1.78~1.61 (m,
6H); IR v: 3358, 3123, 3063, 3033, 2933, 2847, 1693,
1635, 1531 cm™ .

1.2.4 B A4 3a~3r 496 il ik

1] 50 mL = DA 1 mmol 4644 2, 1 mmol
FHN 2R B LA & 15 mL DKES R, DA B, 2
5~7 h JGRVIEEPPA. 41RO, TEARR A,
BN S8 LB R4 bV S v 77, A [EARAT H . flig
Ji PRI A 22 o 5 ot B E R A S 2, A BT H bR
G 3a~3r. HEsA Y)W ELME T K 45 K R AE B
W1, F2.
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FbRA £ 3a~3r MAIEEE R . Ok A7

Table 1 Physical properties, yields and purification methods of compounds 3a~3r

HR-ESI-MS m/z

Compd. n R! R’ W% HERC L afifh ik

Calcd Found
3 0 CH; H 45.4 140~142 [SRAETEEN FEEHT A 270.1606 [M+H]" 270.1609
3b 0 H 2-OCH; 39.3 198~200  FEfffE 14 FEZHT I3 A 286.1556 [M+H]" 286.1563
3¢ 0 H 4-OCH; 46.3 241~243 T (0[5 {4 P it T 5 286.1556 [M+H]" 286.1559
3d 0 H 2-Cl 39.8 217~219  REGARE  HENSE 288.0904 [M—H]~ 288.0911
3¢ 0 H 3-Cl 34.3 272~274  WBGFEME KESERE 45 288.0904 [M—H]~ 288.0908
3f 0 H 4Cl 29.2 247~249 ek DMF/IKES: 288.0904 [M—H]~ 288.0917
33. 0 H 2F 304 226~228  HE{A[E 1A FEEHT o2 272.1199 [M—H]~ 272.1189
3h 0 H 4F 59.7 264~266 ek DMF/IKES: 272.1199 [M—H]~ 272.1193
3i 0 H 24CL 28.1 234~236 [EREATREN FEZHT I A 323.0514 [M—H]~ 323.0509
3j 0 H 2-CH, 26.8 235~237 kG HENSE 270.1606 [M+H]" 270.1615
3k 0 H 4-CH; 71.6 245~247 [SREAETEEN DMF/7K E 45 iy 270.1606 [M+H]" 270.1605
3131 0 H H 51.8 252~254 P K DMF/7K 5 45 i 254.1293 [M—H]~ 254.1299
3m | H H 56.9 218~220 (0L A P it 7 4 270.1606 [M+H]" 270.1618
3n | H 2l 58.4 189~191 (0L A P it 7 4 302.1060 [M—H]~ 302.1054
30 1 H 2-OCH, 45.8 196~198 [EREEATTREN FEZHT I3 A 298.1556 [M—H]~ 298.1563
3p 1 H 4F 47.0 209~211 AR €[] 44 P it 7 4 286.1356 [M—H]~ 286.1348
3 1 H 4l 55.8 219~221 AR €[] 44 P it 7 4 302.1060 [M—H]~ 302.1065
3r 1 H 4-OCH, 56.2 200~202  REGARE HENSE 298.1556 [M—H]~ 298.1551

R2 HIAMLAY 3a~3r [ IR & 'HNMR 04
Table2 The IR and 'H NMR spectral data of compounds 3a~3r
Compd. IR/cm ™! 'H NMR (DMSO-d) &

3a

3b

3c

3d

3e

3f

3g

3h

3i

3j

3k

31

3m

3425, 3211, 3064, 2924, 2583,
1689, 1644, 1601, 1572, 1498

3231, 3050, 2928, 2851, 1692,
1652, 1629, 1584, 1530

3433, 3050, 2931, 2855, 2835,
1684, 1663, 1618, 1589, 1530

3121, 3053, 2928, 2853, 1729,
1684, 1660, 1610, 1572, 1539

3436, 3037, 2931, 2858, 1687,
1659, 1632, 1601, 1567, 1528

3391, 3038, 2930, 2857, 1667,
1645, 1603, 1574, 1508

3447, 3094, 2937, 2855, 1693,
1655, 1640, 1613, 1577, 1555

3392, 3068, 2937, 2843, 1689,
1662, 1594, 1508

3404, 3129, 3026, 2930, 2854,
1728, 1687, 1659, 1596, 1538

3429, 3121, 3058, 2929, 2854,
1715, 1691, 1652, 1597, 1553,

3420, 3156, 3039, 2936, 2855,
1687, 1663, 1632, 1582, 1515

3435, 3037, 2929, 2857, 1687,
1660, 1582, 1566, 1527

3282, 3147, 3064, 2921, 2850,
1691, 1657, 1619, 1524

10.69 (s, 0.55H), 9.10 (s, 0.41H), 7.47~7.19 (m, SH), 3.32 (s, 3H), 2.90 (brs, 2H), 2.45 (s,
1H), 2.27 (brs, 1H), 1.55 (brs, 6H)

10.03, 8.48, 8.25 (brs, 2H), 7.04~6.92 (m, 4H), 3.88 (s, 3H), 2.92 (brs, 2H), 2.58 (brs, 1H),
2.19 (brs, 1H), 1.57 (brs, 6H)

10.27,9.27, 9.15 (brs, 2H), 7.61~6.87 (m, 4H), 3.71 (s, 3H), 2.90 (brs, 2H), 2.54 (brs, 1H),
2.23 (brs, 1H), 1.57 (brs, 6H)

11.95, 11.52, 10.55 (brs, 2H), 7.42~6.97 (m, 4H), 2.86 (brs, 2H), 2.38 (brs, 2H), 1.55 (brs,
6H)

10.51, 7.90,7.51 (brs, 2H), 7.33~7.02 (m, 4H), 2.91 (brs, 2H), 2.52 (brs,
1H), 1.58 (brs, 6H)

10.42, 9.30 (brs, 2H), 7.69~7.32 (m, 4H), 2.90 (brs, 2H), 2.55 (brs, 1H),
1.57 (brs, 6H)

10.15, 9.15, 7.98 (brs, 2H), 7.57~7.01 (m, 4H), 2.88 (brs, 2H), 2.46 (brs,
1H), 1.56 (brs, 6H)

10.39, 9.49, 9.35 (brs, 2H), 7.69~7.11 (m, 4H), 2.90 (brs, 2H), 2.52 (brs,
1H), 1.57 (brs, 6H)

10.95, 9.49, 8.64 (brs, 2H), 7.61~7.06 (m, 3H), 2.84 (brs, 2H), 2.52 (brs,
1H), 1.54 (brs, 6H)

10.24, 9.26, 7.54 (brs, 2H), 7.41~7.09 (m, 4H), 2.89 (brs, 2H), 2.55 (brs,
1H), 1.57 (brs, 6H)

10.17, 9.18, 7.72 (brs, 2H), 7.35~6.97 (m, 4H), 2.89 (brs, 2H), 2.42 (brs,
4H), 1.55 (brs, 6H)

10.28, 9.36, 8.29 (brs, 2H), 7.69~6.92 (m, 5H), 2.91 (brs, 2H), 2.56 (brs,
1H), 1.58 (brs, 6H)

10.46, 9.39, 7.57 (brs, 2H), 7.36~7.22 (m, 5H), 4.46 (brs, 2H), 2.88 (brs, 2H), 2.37~2.23
(brs, 2H), 1.54 (brs, 6H)

1H), 2.28 (brs,

2.25 (brs, 1H),

1H), 2.27 (brs,

1H), 2.20 (brs,

1H), 2.27 (brs,

1H), 2.24 (brs,

1H), 2.21 (brs,

1H), 2.23 (brs,
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BilikE 5= fE19R
Compd. IR/cm ™! "H NMR (DMSO-d) 6
n 3270, 3156, 3067, 2929, 2854,  10.44, 9.48, 7.57 (brs, 2H), 7.47~7.27 (m, 4H), 4.54 (brs, 2H), 2.86 (brs, 2H),
1688, 1657, 1617, 1574, 1529 2.41 (brs, 1H), 2.21 (brs, 1H), 1.53 (brs, 6H)
30 3405, 3166, 3054, 2927, 2854,  10.27, 9.30 (brs, 2H), 7.26~6.77 (m, 4H), 4.44 (brs, 2H), 3.82 (s, 3H), 2.86 (brs,
1696, 1660, 1620, 1531 2H), 2.43 (brs, 1H), 2.19 (brs, 1H), 1.53 (brs, 6H)
3 3415, 3253, 3156, 3059, 2929,  10.48, 9.56, 7.75 (brs, 2H), 7.37~7.13 (m, 4H), 4.45 (brs, 2H), 2.87 (brs, 2H),
P 2855, 1693, 1659, 1602, 1511 2.44 (brs, 1H), 2.21 (brs, 1H), 1.53 (brs, 6H)
3 3521, 3247, 3161, 3051, 2928,  10.42, 9.44, 7.61 (brs, 2H), 7.41~7.30 (m, 4H), 4.46 (brs, 2H), 2.86 (brs, 2H),
1 1686, 1659, 1634, 1580, 1530 2.44 (brs, 1H), 2.21 (brs, 1H), 1.53 (brs, 6H)
3 3279, 3147, 3064, 2924, 2852,  10.37,9.31, 7.49 (brs, 2H), 7.24~6.88 (m, 4H), 4.40 (brs, 2H), 3.73 (s, 3H), 2.87

1695, 1657, 1616, 1515

(brs, 2H), 2.46 (brs, 1H), 2.19 (brs, 1H), 1.54 (brs, 6H)

1.3 L&Y 3q BB EITE

¥ 30 mg =AM AY) 3q BT 50 mL — AR,
FH RN HARs Hos i, AR R e 2 e BRI &
R 2,16, FAREEISOROM I B, IRl 3~5 ML, BT
Blamtd, bR BRI R, KA — A KR E
B SHATS BT T I AR AR R AR [173(2) KT, JEH
0.40 mmXx0.25 mmX0.24 mm & ARE T DU R f7 Y
i, LL Mo Ka S MR, fAasrptady, H Xscan 2
PSS, R 0-20 FAH7 X, 1E 1.68°<0<27.48°
I PR R 8206 AT s, ILHT 4011 ANBRSZATH AL,
R(int)=0.0576. 50 HIE L L8 ISR E, ZEMLE
/] SHELXTL-97 F27, i E kMt 450, R4
B d /N RIEHEAT 25 RS, HRIEY) 3q 1Ak A4S
e 1 B, te & 3q g5 M, =335.83,
C17H,,CIN30,, Monoclinic, P2(1)/n, —7<h<<7, —15<
k<15, —31<<I<18, a=0.59895(12) nm, b=12161(2)
nm, ¢=2.4289(5) nm, f=94.03(3)°, V=1.7646(6) nm’,
D.=1.264 g/em®, F(000)=712, Z=4, S=1.111, R, =
0.0605, wR,=0.1418 [I>20(I)], R, =0.0735, wR, =
0.1500 [all data]. tb&% 3q AR RS F 8 CAF TS0k
e RS M B A, CCDC 524 878441,

o) R c(8)

B 1 s 3q i iREi 1

Figure 1 X-ray structure of compound 3q
1.4 EYEMENE
10 R0 st T b e O K 0 3% A LA o [ 5K

1996 http://sioc-journal.cn/
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RIS S B RAE. AT RO RRE— B R 2,
DMSO #sfift, & 75825 BOR BE 5000 pg/mL I, 28
Jei BRI 50 ng/mL (1) 35 5 T B4 SR A B M s R 3
(PDA) ARMEREG . R B 22 4 K %34 L PDA
BE IR ILAE T I 55 37 0 52 B AR A W0 8 1 0 M s
FRUFI AP R, EC RS FHIEAS S mm 1)
KWF LA, HRELSUIEEYE, R 2k m v
FlF& 20 ob g, B N, & bIeg, BT 25
CHIFEATRRE TR, W2 O s 5% L rb B 74 0 A KA
DLV A5 R T 2 AR KR UL, AR N R R R R VR 7S
ARG, P8 ORI R A A B T B, AE
i PATIE 3 Ik, B, UE R A 22 B R FH
PSR 2GR, DA 1) B 7 98 K T A3 R 24 751 Ak 3 )
K T AR I 25 1 5 A 1 0k TR TR O G K B AR I B A ok
T8 2700 A ST 5o i B 11 1 22 AR K, et
W 3 1R BRI RN 4 SR WLk 3.

2 ZR5VE

HRE AR 1R 2 (A s T TR B s, (HE H AR
AW 3 G e T R NIk BT, 43 B Atk e e
27%~T2% (B FEANEAR, JE4Ed, BN ANE G A Sk
RIE T 220 5-4- K MebR i 11 25 A A n - 2- 28 K5 -4- 1
MDA AL S A7 A B S IR G, b &) 4-1 Fl
4-2, £t NMR, X AT ITVEFIESE T2 659
() HAR SR B O 12 RS iz 2R A A e AT
) "H NMR #¥%rp, &S T B PIANG IR 7 AE 2 ML 2
PEAS AL DL 5 0 T 30 IR, 1T 0 B DL R U R b (1 )5
K2 BRI T8 I E AR B R A 245y, Uitk
G 3 AL = AR AP ARSI ARSI G, O T 3k
— DR — P 4 Rt B e e A 2E g, kR H ARl
G 3q AT T AL X STERATSS, B 1 g RAE I E
3q-1 2 dniArhEcdae e gii. &) 3q 1
i AT AR IS E s =4S CO)—N B8 KA1 0.132 nm
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£3 A 3a~3r PRI IR S R (50 pg/mL)
Table 3 The fungicidal activities of compounds 3a~3r (50 pg/mL)
ey /%
ERPE N EIRE DRYEWIRE  BUNEGE VRO FiER KR MSKE R KRS UL R

3a 25.0 4.8 23.8 11.1 28.2 43.5 15.7 214 132 26.1
3b 8.3 19.0 19.0 11.1 48.7 43.5 25.5 8.9 10.5 26.1
3c 8.3 9.5 9.5 222 51.3 52.2 29.4 25.0 6.6 304
3d 25.0 14.3 23.8 11.1 51.3 56.5 43.1 32.1 18.4 39.1
3e 25.0 4.8 14.3 5.6 23.1 43.5 19.6 17.9 10.5 26.1
3f 8.3 4.8 0.0 11.1 25.6 43.5 235 21.4 6.6 34.8
3g 25.0 19.0 28.6 16.7 64.1 65.2 353 26.8 34.2 34.8
3h 8.3 19.0 14.3 0.0 20.5 39.1 23.5 8.9 10.5 39.1
3i 50.0 14.3 23.8 222 12.8 47.8 52.9 48.2 36.8 304
3j 8.3 23.8 19.0 11.1 385 43.5 41.2 14.3 329 435
3k 16.7 14.3 19.0 11.1 20.5 47.8 29.4 357 6.6 304
31 16.7 0.0 19.0 11.1 333 43.5 25.5 26.8 132 21.7
3m 8.3 9.5 23.8 16.7 20.5 39.1 41.2 232 132 34.8
3n 16.7 9.5 333 16.7 38.5 47.8 39.2 14.3 19.7 52.2
30 41.7 9.5 42.9 222 56.4 52.2 373 8.9 224 304
3p 50.0 0.0 23.8 11.1 333 30.4 29.4 70.4 7.9 8.7
3q 25.0 14.3 28.6 16.7 385 43.5 353 28.6 6.6 75.0
3r 41.7 9.5 28.6 27.8 28.2 47.8 353 17.9 132 26.1

B 75.0 66.7 81.0 83.3 923 73.9 96.1 96.4 96.1 82.6

ZHR 8.3 100.0 100.0 100.0 97.4 43.5 9.8 100.0 100 26.1

R
R! 2
‘ /R HO CHy P //\
(D My w T 0="
— 4 HN —
s g (HsC) NS
41

0
5‘
CI—< %NAN§—< > — >jN
H H
1 3q

3g-

H,HC

4-2

o) 0
HN HN
/QN — Cl@jNANQ )
H H
-2 3g-3

B2 &Y 3q MHA ST

Figure 2 Tautomerism structure of compound 3q
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