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Abstract: A series of (E) € -oxocyclododecanone oxime ethers (5) w ere synthesized by oxim ation of
cyclododecanone follow ed by etherification in yields of 59% 92%. Their structures w ere confimed
by IR, "H NMR, “C NMR and elenental analysis The (E) -configuration was confimed by single
crystal X -ray diffraction analysis of a representative canpound (50). Bioassay results showed that
most of the title canpounds present good fungicidal activities against Rhizoctonia solani, Cladosporium
cucumerinum, Colletotrichum orbiculare, Botrytis cinerea, Fusariun oxysporun and Phamopsis
agparagi For exanple, the ECy, values of 5k against mentioned-above six fungi were 13, 9, 12, 19,

14, 3mg/L, respectively.
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In recent years, the pesticidal activities of 12-mem-
bered ring derivatives have been studied system atically
and more than ten series of cyclododecanone
derivatives have been synthesized in our laboratory.

Previous results showed that most of them exhibited
good pesticidal activities For exanple, campounds in
series 1" and 2'”' have good fungicidal activities and
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campounds in series 3% and 4* have good herbicidal
activities

It is also know n that oxime ethers present fungi-
cidal or antiviral activity[5 ¥ In this paperw e report
the synthesis of a series of (E) €& -oxocyclododecan-
one oxime ethers (5) and their fungicidal activities
against soame econam ically important fungal species 5
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was synthesized by oximation of cyclododecanone

SO,NR'R? S NTR

follow ed by etherification( Schene 1) .

'ﬂ—{o 3 'ﬂ(o r

NHCR N—OCR

Schamel

B 4O CH;ONO /ether B :0

OH O R

5a
1 Exper mental

1 1 Apparatusand mater ial

Shimadzu IR-435 spectrophotometer ( KBr disk or
liquid fims); B ruker D PX300 spectraneter (TM S as
internal standard, CDCL or CD;COCD; as solvent);

ST-O2 Elenentary analyzer, Yanagimoto melting-
point goparatus (Them elting pointw as uncorrected).

The solvents and reagents were used as received or
dried prior to use as needed

12 Synthesis of ( E) @ -oxocyclododecanone
oxime (5a)

Campound 5a w as prepared according to references
1 3 Typical gynthetic procedure for canpounds
5b b5s

To a solution of NaH (Q 013 mol) in THF (10 mL)

was added a solution of 5a (Q 01 mol) in THF
(10 mL ) with stirring at room temperature and the
m ixture was then stirred at the same temperature for
1 5 h A solution of alkyl halide (Q Ol mol) in THF
(12 mL) was added dropw ise via a dropping funnel
and the mixture was stirred for another 12 h The
solvent was ramoved under vacuum and the residue
was treated with water (20 mL ) and chlorofom
(20mL). The organic phase was separated and
w ashed w ith w ater, dried over anhydrousM gSO,, and
concentrated under to vyield the crude
product Purification by silica gel colunn chram atog-
raphy w ith hexane + ethy| acetate (1 10 by volume)

gave the target canpounds of series 5

1 4 X-ray diffraction analysis of 50

A single crystal of canpound 50 was grovn fran a
mixture of n-hexane and ethyl acetate (5 1,V /V).

The X-ray diffraction intensities were collected at

[4,9]

vacuum

RX /NaH /THF o
X =BrorCl

5b 5s

roam temperature from the single crystal (0. 60 mm
x0. 45 mm x0. 10 mm) on a Rigaku A FC 6S four
circle X -ray diffractometer with M o K radiation (A

=0 071 073), by using thew /B scan technique

The intensities w ere collected for L orentz-Polariza-
tion effects and empirical absomption The structure
was solved by using the Patterson method with
subsequent difference-Fourier synthesis and refined
by fullmatrix least-squares method w ith anisotropic
them al factors A Il the hydrogen atoms w ere placed
in calculated positions All the calculations were
perffomed by using the SHELX-97 systan of
canputer prograns

1 5 Biocasay of fungicidal activities

Fungicidal activities of compounds of series 5 against
Rhizoctonia solani K Uhn, Cladosporium cucumerinum
EIl et A rthur, orbiculare A rx,

B otrytis cinerea Pers, Fusarium oxysporum Schl f.

$. and Phomopsis agparagi B ubak were evaluated
using mycelium growth rate test according to
reference' . Fungicidal activities of comm ercial
fungicides carbendazim or procym idone as a control
against mentioned-above six fungi w ere evaluated at
the sam e condition

Colletotrichum

2 D iscussion and conclusion

2 1 Configuration of canpounds n ries5
The physico-chanical and elementary analysis data
of campounds in series 5w ere shown in Table 1 and
spectral dataw ere shown in Table 2

Selected crystal data of compound 50 are show n
in Table 3, and the crystal structure of campound 50
is shown in Fig 1
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Table 1 Physico-chemical and elem ental analysis data of compounds 5b 5s

Elemental analysis (Cacld , %)

Compd R Mp/ Yield (%)
c H N
5b CHs / 65 69. 68(69. 30) 10 47 (10 29) 6 23(6 22)
5¢c Et / 70 70. 40(7025) 10 67(10. 53) 5 84(5 85)
5d n-Pr / 63 71 33(71 10) 10 27(10. 74) 5 92(5 53)
5e nBu ! 61 71 90(71 86) 11 01(10 93) 5 41(5 24)
5 (CHy) ,Br 410 425 59 53 18(52 84) 7. 71(7. 60) 4, 26 (4. 40)
59 CH,CH =CH, / 68 71 60(71 67) 10 01(10 02) 5 43(5 57)
5h CHQH— CH, ! 80 67. 50(67. 38) 9 60(9 42) 5 34(5 24)
o}
5i (CH,) ,CN / 84 68 37(68 15) 9 21(9 15) 11 01(10. 60)
5] CH,CO,H 100 101 86 62 26(62 43) 8 37(8 61) 4. 98(5. 20)
5k CH,CO,CH, 42 43 86 63 57(63 58) 8 85(8 89) 4,59 (4. 94)
51 CH,CONH, 134 135 73 62 89(62 66) 9 13(9 01) 10 39(10. 44)
5m CgHsCH3 / 92 75 84(75 71) 9 05(9 03) 4. 59 (4. 65)
5n 4-CIC¢H,CH, 60 61 81 68 35(67. 94) 7. 96 (7. 80) 4.08(4 17)
50 4-FCgH4CH 120 123 82 71 74(71 44) 8 20(8 20) 4.30(4 38)
5p 2-F-4B r-CgH3CH, 42 425 84 57. 57(57. 29) 6. 28(6. 33) 3 48(3 52)
5q 3, 4-Cl,-CgH3CH, 52 53 82 61 57(61 63) 6. 79(6. 80) 3 62(3 78)
5r 2-F-6-CI-CgH3CH, 65 67 68 64. 81(64. 49) 7.21(7. 12) 3 76(3 96)
5s CH,CONH-CgHz (M €) , 36 38 88 71 17(70. 94) 8 75(8 66) 7. 54(7. 52)

Table 2 Spectral data of compound 5b 5s

Compds 'H NMR, BCNMR,®
5b 114 126(m,12H),143 153(m,2H),1 71 1 76(m, 223,23 1,23 3,23 4,23 8,24 524 9,26 1, 26 2,
2H),2 60 2 64(m,2H),2 77 2 82(m,2H),4 02(s 3H) 38 0,62 8,158 6, 200. 7
5¢ 121 136(m,15H),146 153(m,2H),172 176(m, 148,22 3,23 1,23 29,23 31,23 9,24 5,24 8 26 1,
2H),2 61 2 65(m,2H),2 78 2 82(m,2H),4 27(q, 2H, 26 2,38 1,70 8,158 3,201 0
J=7 2Hz)
5d 0.98(t3H,J=7.5Hz),1 21 126(m,12H),1 43 151 102,22 1,22 5,23 0,23 2,23 8, 24 5, 24 8, 26. 0,

(m,2H),168 1 80(m,4H),2 61 2 66(2H,m),2 77 26.1,37. 9,76 8,158 1, 200 8
2 81(m,2H),4 18(t 2H,J =6 6 Hz)

5e 096(t3H,J=7.4Hz),121 126(m,12H),1 39 151 138,19 0,22 2,23 1,23 31,23 33,23 9,24 5,24 9,
(m,4H),166 1 75(m,4H),2 61 2 65(m,2H),2 77 26.0,26 2,31 3,38 0,75 1,158 1,200 9
2 81(m,2H),4 22(t,2H,J=6 6 Hz)

5f 122 126(m,12H),149 153(m,2H),1 71 1 75(m, 226,23 1,23 3,23 8,24 5 25 0, 26 1, 26 2, 29 4,
2H),2 64 269(m,2H),2 77 2 81(m,2H),3 60(t 2H, 38 2,74 2,159 6, 200 5
J=6 2Hz),4 49(t 2H,J =6 2 H2)

59 122 126(m,12H),1 48 1 54(m,2H),1 71 1 75(m, 22 4,23 2,23 34,23 35,23 8,24 6,24 9,26 1, 38 2,
2H),2 63 2 67(m,2H),2 77 2 81(m,2H),4 70 4 73 76 0,118 0,133 7,158 8, 200. 9
(m,2H),5 23 5 37(m,2H),5 94 6 08(m, 1H)

5h 122 126(m,12H),1 49 1 53(m,2H),1 72 1 76(m, 225,23 1,23 25,23 31,23 7,24 5,24 8,26 1, 26 2,
2H),2 65 2 69(m,3H),2 78 2 82(m,2H),2 87(dd, 38 2,44 7,50 0,75 8,159 3,200 5
1H,J; =4 8 Hz, J, =4 2 Hz),3 25 3 30(m,1H), 4 20
(1dd,H,J; =12 0 Hz J, =5 9 Hz),4 40(dd, 1H,J; =12 0
Hz, J, =3 6 HZ)

5i 123 128(m,12H),149 1 53(m,2H),1 67 1 73(m, 226,22 9,23 1,23 5,24 4,24 8,25 9,26 1, 38 1,
2H),2 65 2 69(m,2H),2 76 2 82(m,4H), 4 43(t 2H, 60 2,69 0,116 9,160 2, 199 9
J=6 2H2z2)
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Compds 'H NMR, BCNMR,®
5j 122 127(m,12H),1 47 151(m,2H),169 1 74(m, 228,23 1,23 2,23 2,23 3,23 7,24 5 24 8 26 2,
2H),2 67 2,71(m,2H),2 74 2 79(m,2H),4 81(s 2H) 26 3,38 5,70 8, 160. 1,174 9, 200. 4
5k 122 126(m,12H),1 47 152(m,2H),1L70 1 74(m, 227,23 09,23 11,23 2,23 6,24 5,24 7,26 1,26 3,
2H),267 2 70(m,2H),2 71 2 75(m, 2H), 3 79(s 38 5,51 9, 71 4, 159. 7, 169 6, 200. 4
3H), 4 76(s 2H)
51 122 126(m,12H),1 54 158(m,2H),1 70 1 74(m, 230,23 09,23 12,23 6,24 4,25 2,26 1,26 3,38 3,
2H),2 70 2 74(m,2H),2 77 2 81(m, 2H), 4 72(s 73 8,160 7,171 4,199 9
2H),5 65(s 1H), 6 05(s 1H)
5m 110 1 18(m,12H),1 43 1 47(m,2H),1 61 1 65(m, 22 3,23 1,23 15,23 17,23 7,24 4,24 8,26 0, 26 1,

2H),5 23(m,2H),7 31 7 41(m, 5H)

38 0,77 2,128 0, 128 3,128 5, 137. 2, 158 7, 200. 6

5n 110 1 18(m,12H),142 1 46(m,2H),158 1 62(m, 225,23 08,23 13,23 8,24 4,24 8,26 0,26 2,38 2,
2H),261 2 65(m,2H),2 73 2 77(m,2H),5 19(s 76 4,128 6,130 0, 134 1, 135 8, 159 1, 200 6

2H),7.30 7 34(m,4H)

50 108 118(m,12H),142 1 46(m,2H),1 60 1 64(m, 22 4,23 11,23 14,23 8,24 4,24 8,26 03,26 10,76 4
2H),261 2 65(m,2H),2 73 2 78(m,2H),5 19(s  (d,Jc.¢ =0 5Hz), 115 2(d, Jc. =21 5 Hz), 130. 5
2H),7.02 7 07(m,2H),7 34 7 39(m, 2H)

(d,Jc.p=82Hz),133 1(d, Jc. =3 2 Hz), 158 9,
162 7(d, Jc. =246 6 Hz), 200. 6

5p 106 117(m,12H),138 1 47(m,2H),156 1 60(m, 22 4,23 01, 23 048, 23 054, 23 8, 24 4, 24 6, 26. O,

2H),5 24(s 2H),7. 24 7 33(m, 3H)

261,38 2,70 0(d, Jo.r =2 9 Hz), 119 1(d, Je.r =
24, 8Hz), 122 7(d, Jc.r =9 5 Hz), 123 8(d, Jo.¢ =
14 9 Hz),127. 4(d, Je.r =3 7 Hz), 132 3(d, Jo.¢ =
4, 8Hz),159 3(d, Jc.r =2 0 Hz), 162 6,200 5

5q 106 120(m,12H),1 41 145(m,2H),1 49 160(m, 2252209 230,23 1,23 7,24 3, 24 8, 26 0, 26 2,
2H),261 2 64(m,2H),2 72 2 76(m, 2H),5 17(s 38 2,75 6, 127. 9, 130. 4, 130. 7, 132 3, 132 6, 137. 6,
2H),7. 12 7. 26(m,1H),7 42 7 50(m,2H) 159, 4, 200. 4

5r 105 113(m,12H),135 1 44(m,2H),1 49 159(m, 22 2229,23 0,23 1,23 9, 24 37, 24 44, 26. 0, 26. 1,

2H),257 2 61(m,2H),2 73 2 77(m,2H),5 43(s 38 2,67 1(d, Jc. =2 6Hz),114 1(d, Jc.r =22 9 Hz,
2H),6.98 7 04(m,1H),7 20 7 31(m,2H)

123 4(d, Jc.¢ =17 6 Hz), 125 3(d, Jo.f =3 5 Hz),
130 6(d, Je.r =9 8 Hz), 136 7 (d, Jc.¢ =5 3 Hz),
158 9, 162 3(d, Jc. =252 Hz), 200. 8

5s 121 125(m,12H),154 1 58(m,2H),1 72 1 76(m, 18 4,23 0,23 1,23 2,23 3,23 7,24 4,25 3,26 0,
2H),2 23(s, 6H),2 75 2 79(m,2H),2 81 2 8(m, 26 3,38 2, 74 1,127 7, 128 3, 132 6, 135 2, 161 2,
2H),4 90(s 2H),2 81 2 85(m,2H),4 90(s 2H), 7 07 167. 2,199 8

7.16(m,2H),7. 26 7. 32(m, 1H)

Table 3 Selected crystal data for conpound 50

Crystal systam Space group

U nit cell dimensions \Y Dc

Triclinic P-1

a=0 892 3(2) nm,0 =94 05(2) 0. 902 3(4) im? 1 176 g/am®
b=1 256 3(3) m,B =91 49(1)
c=0 807 2(2) nm,y =89 81(1)

Configuration of O -oxocyclododecanone oxime
(5a) was studied by B eckmann reaction The result

indicated that 5a has an E-configuration["]

In this

paper, the Ycrystal structure of a derivative of 5,

O-(4-fluorobenzyl ) € -oxocyclododecanone

oxime

(50) was detem ined, w hich not only confimed the
E-configuration of 5a but also showed that the
configuration of 5a was not changed during the
etherification Thus other compounds in series 5 can
also be assumed to have an E-configuration
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2 2 Fungicidal activities
As shovn in Table 4, most of the compounds in
series 5 exhibit good fungicidal activities against six
fungal species A Ithough their activities against R
solani, C. cucumerinum, B. cinerea, F. oxysporum
and P. asparagi were lower than commercial fungi-
cides carbendazim or procym idone, but the activity of
5k, 5p and 5q against C. orbiculare is higher than
& that of carbendazim. These results w ill be useful for
Fig 1 Crystal structure of compound 50 the next designing step.
Table 4 Toxicity of compounds 5b  5s against six fungal species [ ECs, / (mg/L) ]
Campds Rhizoctonia Cladosporium Colletotrichum Botrytis Fusarium Phamopsis
P solani cucumnerinum orbiculare cinerea oxygporum agparagi
5b 15 32 50 / 60 18
5¢ 22 9 25 65 11 16
5d 12 16 76 12 / 39
5e / 23 / 68 / 48
5f 67 39 39 30 / 15
5g 22 28 45 80 / 15
5h 12 9 33 25 6 11
5j 13 24 19 38 18 10
5j 69 17 / 25 54 /
5k 13 9 12 19 14 3
51 43 / / 20 / /
5m / / / / / /
5n / / / / / /
50 / 35 / / / /
5p / 39 14 28 40 17
5q / / 14 14 / /
5r / / / /
5s / 34 / 15 61 /
Carbendazim 2 1 17 / 2 1
Procymidone / / / 3 / /
A cknow legam ents quan ( ). Synthesis and herbicidal activities of (E)-O-
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