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Abstract: A series of (E )-A-oxocyc lododecanone ox ime ethers ( 5) w ere synthesized by ox im ation o f

cy clododecanone fo llow ed by etherif icat ion in y ields o f 59% ~ 92%. The ir structures w ere conf irm ed

by IR,
1
H NMR,

13
C NMR and e lemen tal ana ly sis. The (E )-conf iguration w as conf irm ed by sing le

crystalX-ray dif fraction ana ly sis o f a represen tative compound ( 5o) . B ioassay results show ed tha t

m ost o f the title com pounds present good fung icida l activ it ie s aga instRh izo ctonia so lani, C lado spo rium

cucumerinum , C o lleto trichum o rbicu la re, Bo trytis cinerea, Fusa rium oxyspo rum and Phomopsis

a spa ra gi. For example, the EC50 va lues o f 5k aga inst m entioned-above six fung i w ere 13, 9, 12, 19,

14, 3m g /L, respective ly.
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(E )-A-氧代环十二酮肟醚的合成及其杀菌活性

李明磊,  梁晓梅,  覃兆海,  王道全*

(农业部农药化学及应用技术重点开放实验室 ,中国农业大学 应用化学系 北京 100094)

摘  要:由环十二酮先后经肟化和醚化反应合成了一系列 (E )-A-氧代环十二酮肟醚, 收率 59% ~

92%。其结构经 IR,
1
H NMR,

13
C NMR确证。以化合物 5o为代表, 通过单晶 X-衍射分析确证了

其构型为 E式。生物测定结果表明,多数化合物对蔬菜苗期立枯病菌、黄瓜黑星病菌、黄瓜炭疽病

菌、瓜类灰霉病菌,棉花枯萎病菌和芦笋茎枯病菌的生长有良好的抑制活性。如 5k对上述 6种病

原菌的 EC50值分别为 13、9、12、19、14、3m g /L。
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In recent years, the pestic idal act iv ities o f 12-m em-

bered ring derivatives have been studied system atically

and mo re than ten series of cy clododecanone

derivatives have been synthesized in our labo rato ry.

Prev ious results show ed that m ost of them exh ib ited

good pesticida l activ ities. For examp le, compounds in

serie s 1
[ 1]

and 2
[ 2 ]

have good fung icida l activ ities and

com pounds in series 3
[ 3]

and 4
[ 4]

have good herb icida l

activ ities.

  It is also know n that o x im e e thers present fung-i

c idal or ant iv iral activ ity
[ 5~ 8]

. In th is paperw e repo rt

the synthesis o f a series of (E )-A-oxocyc lododecan-
one ox im e e thers ( 5) and the ir fung icida l activ ities

aga inst som e econom ica lly im po rtant fungal species. 5
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1 Experim ental

1. 1 Apparatus and material
Sh imadzu IR-435 spectropho tom eter ( KB r disk o r

liqu id f ilm s); B ruker DPX300 spectrom eter( TM S as

internal standard, CDC l3 o r CD 3COCD 3 a s so lv ent) ;

ST-O 2 E lem entary ana lyzer; Y anag im o to me lt ing-

po int apparatus ( Them e lting po in tw a s unco rrected) .

The so lven ts and reagents w ere used as rece iv ed o r

dried prio r to use a s needed.

1. 2  Synthesis of ( E )-A-oxocyc lododecanone
oxim e ( 5a)

Compound 5awas prepared acco rd ing to references
[ 4, 9]

.

1. 3  Typical synthetic procedure for compounds

5b~ 5s

To a so lution of N aH ( 0. 013m o l) in THF ( 10 mL)

w as added a so lution o f 5a ( 0. 01 mo l ) in THF

( 10mL) w ith st irring at room tempera ture and the

m ix ture w as then stirred at the same tem perature fo r

1. 5 h. A so lut ion o f alky l ha lide ( 0. 01m o l) in THF

( 12 mL ) w as added dropw ise v ia a dropping funnel

and the m ix ture w as stirred fo r ano ther 12 h. The

so lvent w as rem oved under vacuum and the residue

w as treated w ith w ater ( 20 mL ) and ch lo ro fo rm

( 20mL) . The organic phase w as separated and

w ashed w ith w ater, dried over anhydrousM gSO 4, and

concen trated under vacuum to y ield the crude

produc.t Purif ication by silica ge l co lumn chrom atog-

raphy w ith hexane+ e thy l acetate ( 1B10 by vo lum e)

gave the target com pounds o f serie s 5.

1. 4 X-ray diffraction analysis of 5o
A sing le cry stal o f com pound 5o w as g row n from a

m ix ture of n-hexane and ethy l acetate ( 5 B1, V /V ).

The X-ray d iff raction intensities w ere co llected at

room tem pera ture f rom the sing le cry sta l ( 0. 60 mm

@ 0. 45 mm @ 0. 10mm ) on a R igaku AFC 6S four

circ le X-ray diff rac tom eter w ith M o K rad iation ( K
= 0. 071 073 ), by using the X /2H scan techn ique.

The in tensities w ere co llected fo r L o rentz-Po lariza-

tion e ffects and em p irica l abso rption. The structure

w as so lv ed by using the Patterson m e thod w ith

subsequent d if ference-Fourier synthesis and ref ined

by ful-lm atr ix leas-t squares m ethod w ith aniso tropic

therm al facto rs. A ll the hydro gen a tom s w ere p laced

in ca lculated po sitions. A ll the calculations w ere

perfo rm ed by using the SHELX-97 sy stem o f

com puter prog ram s.

1. 5 B ioassay of fungicidal activities

Fung icida l ac tiv ities o f compounds o f se rie s 5 aga inst

Rhizo ctonia so lan i K ôhn, C lado spo rium cucum erinum

E l.l et A rthur, C o lleto trichum o rbicu la re A rx,

Bo trytis cinerea Pers, Fu sa rium oxyspo rum Sch.l f.

sp. and Phomopsis a spa rag i B ubak w ere evalua ted

using m yce lium g row th rate te st acco rd ing to

reference
[ 10]

. Fung icida l ac tiv ities o f comm ercia l

fung icides carbendazim o r pro cym idone as a contro l

aga in stm entioned-above six fung iw ere evalua ted at

the sam e cond ition.

2 D iscussion and conclusion

2. 1 Configuration of compounds in series 5

The phy sico-chem ica l and e lementary ana ly sis da ta

o f com pounds in series 5w ere show n in T ab le 1 and

spec tra l data w ere show n in Table 2.

  Selected cry sta l da ta o f com pound 5o are show n

in T ab le 3, and the cry sta l structure o f compound 5o

is show n in F ig. 1.
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Table 1 Physico-chem ical and elem en tal ana ly sis da ta o f com pounds 5b~ 5s

C om pd. R     M p /e Y ield (% )
E lem en tal ana ly sis ( C acld. , % )

C H N

5b CH3 / 65 69. 68 ( 69. 3 0) 10. 47( 10. 29 ) 6. 23 ( 6. 22)

5c E t / 70 70. 40 ( 7025 ) 10. 67( 10. 53 ) 5. 84 ( 5. 85)

5d n-Pr / 63 71. 33 ( 71. 1 0) 10. 27( 10. 74 ) 5. 92 ( 5. 53)

5e n-B u / 61 71. 90 ( 71. 8 6) 11. 01( 10. 93 ) 5. 41 ( 5. 24)

5 f ( CH2 ) 2B r 41. 0~ 42. 5 59 53. 18 ( 52. 8 4) 7. 71( 7. 60 ) 4. 26 ( 4. 40)

5g CH2CH = CH2 / 68 71. 60 ( 71. 6 7) 10. 01( 10. 02 ) 5. 43 ( 5. 57)

5h CH2CH CH 2

O

/ 80 67. 50 ( 67. 3 8) 9. 60( 9. 42 ) 5. 34 ( 5. 24)

5 i ( CH2 ) 2CN / 84 68. 37 ( 68. 1 5) 9. 21( 9. 15 ) 11. 01 ( 10. 60)

5 j CH2CO 2H 100~ 101 86 62. 26 ( 62. 4 3) 8. 37( 8. 61 ) 4. 98 ( 5. 20)

5k CH2CO 2CH 3 42~ 43 86 63. 57 ( 63. 5 8) 8. 85( 8. 89 ) 4. 59 ( 4. 94)

5 l CH2CONH2 134~ 135 73 62. 89 ( 62. 6 6) 9. 13( 9. 01 ) 10. 39 ( 10. 44)

5m C 6H5CH2 / 92 75. 84 ( 75. 7 1) 9. 05( 9. 03 ) 4. 59 ( 4. 65)

5n 4-C lC 6H4CH2 60~ 61 81 68. 35 ( 67. 9 4) 7. 96( 7. 80 ) 4. 08 ( 4. 17)

5o 4-FC 6H4CH2 120~ 123 82 71. 74 ( 71. 4 4) 8. 20( 8. 20 ) 4. 30 ( 4. 38)

5p 2-F-4-B r-C 6H3CH2 42~ 42. 5 84 57. 57 ( 57. 2 9) 6. 28( 6. 33 ) 3. 48 ( 3. 52)

5q 3, 4-C l2-C6H3CH 2 52~ 53 82 61. 57 ( 61. 6 3) 6. 79( 6. 80 ) 3. 62 ( 3. 78)

5r 2-F-6-C-l C6H3CH 2 65~ 67 68 64. 81 ( 64. 4 9) 7. 21( 7. 12 ) 3. 76 ( 3. 96)

5 s CH2CONH-C6H 3 ( M e) 2 36~ 38 88 71. 17 ( 70. 9 4) 8. 75( 8. 66 ) 7. 54 ( 7. 52)

T ab le 2 Spectral data o f compound 5b~ 5 s

C om pd s 1H NM R, D 13C NM R, D

5b 1. 14~ 1. 26 (m, 12H ) , 1. 43~ 1. 53 ( m, 2H ) , 1. 71~ 1. 76 ( m,

2H ) , 2. 60~ 2. 64 (m, 2H ) , 2. 77~ 2. 82( m, 2H ) , 4. 0 2( s, 3H )

22. 3, 23. 1, 23. 3, 23. 4, 23. 8, 24. 5, 24. 9, 26. 1, 26. 2,

38. 0, 62. 8, 15 8. 6, 200. 7

5c 1. 21~ 1. 36 (m, 15H ) , 1. 46~ 1. 53 ( m, 2H ) , 1. 72~ 1. 76 ( m,

2H ) , 2. 61~ 2. 65 (m, 2H ) , 2. 78~ 2. 82( m, 2H ) , 4. 27 ( q, 2H,

J = 7. 2H z )

14. 8, 22. 3, 23. 1, 23. 29, 23. 31, 2 3. 9, 24. 5, 24. 8, 26. 1,

26. 2, 38. 1, 70. 8, 158. 3, 201. 0

5d 0. 98( ,t 3H, J= 7. 5 H z ) , 1. 21~ 1. 26 ( m, 12H ) , 1. 43~ 1. 51

( m, 2H ) , 1. 68~ 1. 80 ( m, 4H ) , 2. 6 1~ 2. 66 ( 2H, m ) , 2. 77~

2. 81( m, 2H ) , 4. 18( ,t 2H, J= 6. 6 H z )

10. 2, 22. 1, 22. 5, 23. 0, 23. 2, 23. 8, 24. 5, 24. 8, 26. 0,

26. 1, 37. 9, 76. 8, 158. 1, 200. 8

5e 0. 96( ,t 3H, J= 7. 4 H z ) , 1. 21~ 1. 26 ( m, 12H ) , 1. 39~ 1. 51

( m, 4H ) , 1. 66~ 1. 75 ( m, 4H ) , 2. 6 1~ 2. 65 ( m, 2H ) , 2. 77~

2. 81( m, 2H ) , 4. 22( ,t 2H, J= 6. 6 H z)

13. 8, 19. 0, 22. 2, 23. 1, 23. 31, 23. 33, 23. 9, 24. 5, 24. 9,

26. 0, 26. 2, 31. 3, 38. 0, 75. 1, 158. 1, 200. 9

5 f 1. 22~ 1. 26 (m, 12H ) , 1. 49~ 1. 53 ( m, 2H ) , 1. 71~ 1. 75 ( m,

2H ) , 2. 64~ 2. 69 (m, 2H ) , 2. 77~ 2. 81( m, 2H ) , 3. 60 ( ,t 2H,

J = 6. 2H z) , 4. 49 ( ,t 2H, J = 6. 2 H z )

22. 6, 23. 1, 23. 3, 23. 8, 24. 5, 25. 0, 26. 1, 26. 2, 29. 4,

38. 2, 74. 2, 15 9. 6, 200. 5

5g 1. 22~ 1. 26 (m, 12H ) , 1. 48~ 1. 54 ( m, 2H ) , 1. 71~ 1. 75 ( m,

2H ) , 2. 63~ 2. 67 (m, 2H ) , 2. 77~ 2. 81 ( m, 2H ) , 4. 70~ 4. 73

( m, 2H ) , 5. 23~ 5. 37( m, 2H ) , 5. 94~ 6. 08 (m, 1H )

22. 4, 23. 2, 23. 34, 23. 35, 23. 8, 2 4. 6, 24. 9, 26. 1, 38. 2,

76. 0, 118. 0, 1 33. 7, 158. 8, 200. 9

5h 1. 22~ 1. 26 (m, 12H ) , 1. 49~ 1. 53 ( m, 2H ) , 1. 72~ 1. 76 ( m,

2H ) , 2. 65~ 2. 69 ( m, 3H ) , 2. 78~ 2. 82 ( m, 2H ) , 2. 87 ( dd,

1H, J
1
= 4. 8 H z, J

2
= 4. 2 H z ) , 3. 25~ 3. 30 ( m, 1H ) , 4. 20

( 1 dd, H, J 1 = 12. 0 H z, J 2 = 5. 9 H z ) , 4. 40 ( dd, 1H, J 1 = 12. 0

H z, J 2 = 3. 6 H z)

22. 5, 23. 1, 23. 25, 23. 3 1, 23. 7, 2 4. 5, 24. 8, 26. 1, 26. 2,

38. 2, 44. 7, 50. 0, 75. 8, 159. 3, 200. 5

5 i 1. 23~ 1. 28 (m, 12H ) , 1. 49~ 1. 53 ( m, 2H ) , 1. 67~ 1. 73 ( m,

2H ) , 2. 65~ 2. 69 (m, 2H ) , 2. 76~ 2. 82( m, 4H ) , 4. 43 ( ,t 2H,

J = 6. 2H z )

22. 6, 22. 9, 23. 1, 23. 5, 24. 4, 24. 8, 25. 9, 26. 1, 38. 1,

60. 2, 69. 0, 11 6. 9, 160. 2, 199. 9
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C on tinued

C om pd s 1H NM R, D 13C NM R, D

5 j 1. 22~ 1. 27 ( m, 12H ) , 1. 47~ 1. 5 1( m, 2H ) , 1. 69~ 1. 74 ( m,

2H ) , 2. 67~ 2, 71 ( m, 2H ) , 2. 74~ 2. 79( m, 2H ) , 4. 81( s, 2H )

22. 8, 23. 1, 23. 2, 23. 2, 23. 3, 23. 7, 24. 5, 24. 8, 26. 2,

26. 3, 38. 5, 70. 8, 160. 1, 174. 9, 200. 4

5k 1. 22~ 1. 26 ( m, 12H ) , 1. 47~ 1. 5 2( m, 2H ) , 1. 70~ 1. 74 ( m,

2H ) , 2. 67~ 2. 70 ( m, 2H ) , 2. 71 ~ 2. 7 5 ( m, 2H ) , 3. 79 ( s,

3H ) , 4. 76( s, 2H )

22. 7, 23. 09, 2 3. 11, 23. 2, 23. 6, 24. 5, 24. 7, 26. 1, 26. 3,

38. 5, 51. 9, 71. 4, 159. 7, 169. 6, 200. 4

5 l 1. 22~ 1. 26 (m, 12H ) , 1. 54~ 1. 58 ( m, 2H ) , 1. 70~ 1. 74 ( m,

2H ) , 2. 70~ 2. 74 ( m, 2H ) , 2. 77 ~ 2. 8 1 ( m, 2H ) , 4. 72 ( s,

2H ) , 5. 65( s, 1H ) , 6. 05 ( s, 1H )

23. 0, 23. 09, 2 3. 12, 23. 6, 24. 4, 2 5. 2, 26. 1, 26. 3, 38. 3,

73. 8, 160. 7, 1 71. 4, 199. 9

5m 1. 10~ 1. 18 (m, 12H ) , 1. 43~ 1. 47 ( m, 2H ) , 1. 61~ 1. 65 ( m,

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

22. 3, 23. 1, 23. 15, 23. 1 7, 23. 7, 2 4. 4, 24. 8, 26. 0, 26. 1,

38. 0, 77. 2, 12 8. 0, 128. 3, 128. 5, 137. 2, 158. 7, 200. 6

5n 1. 10~ 1. 18 (m, 12H ) , 1. 42~ 1. 46 ( m, 2H ) , 1. 58~ 1. 62 ( m,

2H ) , 2. 61~ 2. 65 ( m, 2H ) , 2. 73 ~ 2. 7 7 ( m, 2H ) , 5. 19 ( s,

2H ) , 7. 30~ 7. 34 (m, 4H )

22. 5, 23. 08, 2 3. 13, 23. 8, 24. 4, 2 4. 8, 26. 0, 26. 2, 38. 2,

76. 4, 128. 6, 1 30. 0, 134. 1, 135. 8, 15 9. 1, 200. 6

5o 1. 08~ 1. 18 (m, 12H ) , 1. 42~ 1. 46 ( m, 2H ) , 1. 60~ 1. 64 ( m,

2H ) , 2. 61~ 2. 65 ( m, 2H ) , 2. 73 ~ 2. 7 8 ( m, 2H ) , 5. 19 ( s,

2H ) , 7. 02~ 7. 07 (m, 2H ) , 7. 34~ 7. 39( m, 2H )

22. 4, 23. 1 1, 23. 14, 23. 8, 2 4. 4, 24. 8, 26. 03, 26. 10, 76. 4

( d, J C- F = 0. 5 H z ) , 115. 2 ( d, J C- F = 21. 5 H z ) , 130. 5

( d, J C- F = 8. 2 H z ) , 133. 1 ( d, J C- F = 3. 2 H z ) , 158. 9,

162. 7( d, J C- F = 246. 6 H z ) , 200. 6

5p 1. 06~ 1. 17 (m, 12H ) , 1. 38~ 1. 47 ( m, 2H ) , 1. 56~ 1. 60 ( m,

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

22. 4, 23. 01, 23. 048, 23. 054, 23. 8, 24. 4, 24. 6, 26. 0,

26. 1, 38. 2, 70. 0 ( d, J C- F = 2. 9 H z ) , 119. 1 ( d, J C- F =

24. 8H z ) , 122. 7 ( d, J C- F = 9. 5 H z ) , 123. 8 ( d, JC- F =

14. 9H z ) , 127. 4 ( d, J C- F = 3. 7 H z ) , 132. 3 ( d, J C- F =

4. 8 H z ) , 159. 3 ( d, J C- F= 2. 0 H z ) , 162. 6, 200. 5

5q 1. 06~ 1. 20 (m, 12H ) , 1. 41~ 1. 45 ( m, 2H ) , 1. 49~ 1. 60 ( m,

2H ) , 2. 61~ 2. 64 ( m, 2H ) , 2. 72 ~ 2. 7 6 ( m, 2H ) , 5. 17 ( s,

2H ) , 7. 12~ 7. 26 (m, 1H ) , 7. 42~ 7. 50( m, 2H )

22. 5, 22. 9, 23. 0, 23. 1, 23. 7, 24. 3, 24. 8, 26. 0, 26. 2,

38. 2, 75. 6, 12 7. 9, 130. 4, 130. 7, 132. 3, 132. 6, 137. 6,

159. 4, 200. 4

5r 1. 05~ 1. 13 (m, 12H ) , 1. 35~ 1. 44 ( m, 2H ) , 1. 49~ 1. 59 ( m,

2H ) , 2. 57~ 2. 61 ( m, 2H ) , 2. 73 ~ 2. 7 7 ( m, 2H ) , 5. 43 ( s,

2H ) , 6. 98~ 7. 04 (m, 1H ) , 7. 20~ 7. 31( m, 2H )

22. 2, 22. 9, 23. 0, 23. 1, 23. 9, 24. 37, 24. 44, 26. 0, 26. 1,

38. 2, 67. 1 ( d, J C- F = 2. 6H z ) , 1 14. 1( d, JC- F = 22. 9 H z,

123. 4 ( d, J
C- F

= 17. 6 H z ) , 125. 3 ( d, J
C- F

= 3. 5 H z ) ,

130. 6( d, J C- F = 9. 8 H z ) , 136. 7 ( d, JC - F = 5. 3 H z ) ,

158. 9, 162. 3 ( d, J C- F = 252H z ) , 200. 8

5 s 1. 21~ 1. 25 (m, 12H ) , 1. 54~ 1. 58 ( m, 2H ) , 1. 72~ 1. 76 ( m,

2H ) , 2. 23 ( s, 6H ) , 2. 75~ 2. 79 ( m, 2H ) , 2. 81 ~ 2. 85 ( m,

2H ) , 4. 90( s, 2H ) , 2. 81~ 2. 85 (m, 2H ) , 4. 90( s, 2H ) , 7. 07~

7. 16( m, 2H ) , 7. 26~ 7. 32 (m, 1H )

18. 4, 23. 0, 23. 1, 23. 2, 23. 3, 23. 7, 24. 4, 25. 3, 26. 0,

26. 3, 38. 2, 74. 1, 127. 7, 128. 3, 132. 6, 13 5. 2, 16 1. 2,

167. 2, 199. 8

Tab le 3 Se lec ted cry stal data fo r com pound 5o

C ry stal sy stem Sp ace group U n it cell d im ens ions v D c

Triclin ic

 

 

P- 1

 

 

a = 0. 892 3 ( 2 ) nm, A= 94. 05( 2)

b = 1. 256 3 ( 3 ) nm, B= 91. 49( 1)

c = 0. 807 2 ( 2 ) nm, C= 89. 8 1( 1)

0. 90 2 3 ( 4 ) nm 3

 

 

1. 176 g /cm 3

 

 

  Conf igurat ion o f A-oxocyc lododecanone ox ime

( 5a) w as stud ied by B eckm ann reaction. The resu lt

indicated tha t 5a has an E-conf igura tion
[ 4]
. In this

paper, the Y cry sta l struc ture o f a de riv ative of 5,

O-( 4-f luo robenzy l )-A-oxocyc lododecanone ox ime

( 5o) w a s de term ined, w h ich no t on ly conf irm ed the

E-conf igurat ion o f 5a but a lso show ed that the

conf iguration of 5a w as no t changed during the

e therif icat ion. Thus o ther com pounds in series 5 can

a lso be a ssum ed to have an E-conf igurat ion.
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Fig. 1 C ry sta l structure o f compound 5o

2. 2 Fungicidal activities

A s show n in Table 4, m ost o f the com pounds in

ser ie s 5 exh ib it g ood fung ic idal activ it ie s against six

fungal spec ies. A lthough the ir activ ities aga inst R.

so lan i, C . cucum erinum , B. c inerea, F. oxyspo rum

and P 1a sparag i w ere low er than comm erc ia l fung-i

c ides carbendaz im or pro cym idone, but the ac tiv ity o f

5k, 5p and 5q against C. o rbicu la re is h igher than

tha t o f carbendaz im. These re sults w ill be usefu l for

the nex t design ing step.

T ab le 4 Tox ic ity o f compounds 5b~ 5 s aga inst six funga l species [ EC50 / ( mg /L ) ]                       

C om pd s
Rh izo cton ia

so lan i

C lad osp orium

cucum erinum

C o lletotr ichum

orbicu la re

B otrytis

cinerea

Fu sa rium

oxyspo rum

Phom op sis

a spa rag i

5b 15 32 50 / 60 18

5c 22 9 25 65 11 16

5d 12 16 76 12 / 39

5e / 23 / 68 / 48

5 f 67 39 39 30 / 15

5g 22 28 45 80 / 15

5h 12 9 33 25 6 11

5 i 13 24 19 38 18 10

5 j 69 17 / 25 54 /

5k 13 9 12 19 14 3

5 l 43 / / 20 / /

5m / / / / / /

5n / / / / / /

5o / 35 / / / /

5p / 39 14 28 40 17

5q / / 14 14 / /

5r / / / /

5 s / 34 / 15 61 /

C arb endazim 2 1 17 / 2 1

P rocym idon e / / / 3 / /
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