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Abstract: A series of ( E) 2α2oxocyclododecanone ox im e ethers (5) w ere syn thesized by ox im a tion of
cyclododecanone fo llow ed by e the rif ica tion in y ie lds of 59%～92%. Their s truc tu res w ere confirm ed
by IR,

1
H NM R,

13
C NM R and e lem enta l ana lysis. The ( E) 2conf igura tion w as confirm ed by sing le

crysta l X 2ray d iff rac tion analysis of a rep resen ta tive com pound ( 5o ) . B ioassay resu lts show ed tha t
m ost of the title com pounds p resen t good fung ic ida l ac tiv ities aga inst Rhizoc ton ia so lan i, C ladosporium
cucum erinum, C olle to trichum o rb icu la re, B o trytis c inerea, Fusa rium oxyspo rum and Phom op sis
aspa rag i. For exam p le, the EC50 va lues of 5k against m en tioned2above six fung i w ere 13, 9, 12, 19,
14, 3 m g /L , respec tive ly.
Key words: ( E) 2α2oxocyclododecanone ox im e ether; syn thesis; conf igura tion; fung ic ida l ac tiv ity

( E ) 2α2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 3

(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) 2α2氧代环十二酮肟醚 ,收率 59%～

92%。其结构经 IR,
1
H NM R,

13
C NM R确证。以化合物 5o为代表 ,通过单晶 X 2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、3 m g /L。

关键词 : ( E) 2α2氧代环十二酮肟醚 ; 合成 ; 构型 ; 杀菌活性
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In recen t years, the pestic ida l ac tiv ities of 122m em 2
bered ring deriva tives have been stud ied system atica lly

and m ore than ten se ries of cyclododecanone

deriva tives have been syn thesized in ou r labo ra to ry.

Prev ious resu lts show ed tha t m ost of them exhib ited

good pestic ida l ac tiv ities. Fo r exam p le, com p ounds in

series 1[ 1 ]
and 2[ 2 ]

have good fung ic ida l ac tiv ities and

com pounds in se ries 3[ 3 ]
and 4[ 4 ]

have good herb ic ida l

ac tiv ities.

　　It is a lso know n tha t ox im e ethers p resen t fung i2
c ida l o r an tiv ira l ac tiv ity

[ 5～8 ]
. In th is paper w e repo rt

the syn thesis of a se ries of ( E ) 2α2oxocyc lododecan2
one ox im e ethe rs ( 5 ) and the ir fung ic ida l ac tiv ities

aga inst som e econom ica lly im p ortan t fungal spec ies. 5
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w as syn thesized by ox im ation of cyclododecanone fo llow ed by etherif ica tion( Schem e 1) 1
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1　Exper im en ta l

1. 1　Appara tus and ma ter ia l
Sh im adzu IR 2435 sp ec tropho tom eter ( KB r d isk o r

liqu id film s) ; B ruke r D PX300 sp ec trom eter ( TM S as

in terna l s tandard, CD C l3 or CD 3 CO CD 3 as so lven t) ;

ST2O 2 E lem entary ana lyzer; Yanag im oto m elting2
p o in t appa ra tus ( The m elting po in t w as uncorrec ted) .

The so lven ts and reagen ts w ere used as rece ived o r

dried p rio r to use as needed.

1. 2 　 Syn thesis of ( E ) 2α2oxocyclododecanone
ox im e ( 5a)
Compound 5a w as p repared according to references

[ 4, 9 ]
.

1. 3　Typ ica l syn thetic procedure for com pounds
5b～5 s
To a so lu tion of N aH (0. 013 m ol) in TH F (10 mL )

w as added a so lu tion of 5a ( 0. 01 m ol) in TH F

(10 mL ) w ith stirring a t room tem pera tu re and the

m ix tu re w as then stirred a t the sam e tem p era tu re fo r

1. 5 h. A so lu tion of a lky l ha lide (0. 01 m ol) in TH F

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

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

so lven t w as rem oved under vacuum and the residue

w as trea ted w ith w a ter ( 20 mL ) and ch lo rofo rm

(20 mL ). The organ ic phase w as sep ara ted and

w ashed w ith w ate r, d ried over anhydrous M gSO 4 , and

concen tra ted under vacuum to y ie ld the crude

p roduct. Purif ica tion by silica ge l co lum n chrom atog2
raphy w ith hexane + e thy l ace ta te ( 1∶10 by vo lum e)

gave the ta rge t com pounds of se ries 5.

1. 4　X2ray d iffraction ana lysis of 5o
A sing le crysta l of com pound 5o w as grow n from a

m ixture of n2hexane and ethyl ace tate ( 5 ∶1, V /V ).

The X 2ray d iff rac tion in tens ities w e re co llec ted a t

room tem p era tu re f rom the s ing le c rysta l ( 0. 60 mm

×0. 45 mm ×0. 10 mm ) on a R igaku A FC 6S fou r

c irc le X 2ray d iff rac tom ete r w ith M o K rad ia tion (λ
= 0. 071 073 ) , by using theω /2θ scan techn ique.

The in tens ities w ere co llec ted fo r L o ren tz2Po la riza2
tion effec ts and em p irica l abso rp tion. The s truc tu re

w as so lved by using the Pa tte rson m ethod w ith

subsequen t d iffe rence2Fou rie r syn thesis and ref ined

by fu ll2m atrix least2squa res m e thod w ith an iso trop ic

the rm a l fac to rs. A ll the hyd rogen a tom s w ere p laced

in ca lcu la ted p os itions. A ll the ca lcu la tions w ere

p e rfo rm ed by using the SH EL X 297 sys tem of

com p u te r p rog ram s.

1. 5　B ioa ssay of fung ic ida l activ ities
Fung ic ida l ac tiv ities of com p ounds of se ries 5 aga ins t

Rh izoc ton ia so lan i Kühn, C ladosp o rium cucum erinum

E ll. e t A rthu r, C o lle to trichum o rb icu la re A rx,

B o trytis c ine rea Pers, F usa rium oxysp o rum Sch l. f.

sp. and P hom op sis asp a rag i B ubak w ere eva lua ted

using m yce lium g row th ra te tes t acco rd ing to

refe rence
[ 10 ]

. Fung ic ida l ac tiv ities of comm erc ia l

fung ic ides ca rbendaz im o r p rocym idone as a con tro l

aga ins t m en tioned2above six fung i w ere eva lua ted a t

the sam e cond ition.

2　D iscussion and conclusion

2. 1　Conf igura tion of com pounds in ser ies 5
The p hys ico2chem ica l and e lem en ta ry ana lys is da ta

of com p ounds in se ries 5 w ere show n in Tab le 1 and

sp ec tra l da ta w ere show n in Tab le 2.

　　Se lec ted c rysta l da ta of com p ound 5o a re show n

in Tab le 3, and the c rysta l s truc tu re of com p ound 5o
is show n in F ig. 1.
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Tab le 1　Phys ico2chem ica l and e lem en ta l ana lys is da ta of com p ounds 5b～5 s

C om pd. R　　　　　 M p /℃ Y ield ( % )
E lem en tal analysis ( Cac ld. , % )

C H N

5b CH3 / 65 69. 68 ( 69. 30 ) 10. 47 ( 10. 29 ) 6. 23 ( 6. 22)

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

5d n2Pr / 63 71. 33 ( 71. 10 ) 10. 27 ( 10. 74 ) 5. 92 ( 5. 53)

5e n2B u / 61 71. 90 ( 71. 86 ) 11. 01 ( 10. 93 ) 5. 41 ( 5. 24)

5f ( CH2 ) 2B r 41. 0～42. 5 59 53. 18 ( 52. 84 ) 7. 71 ( 7. 60) 4. 26 ( 4. 40)

5g CH2 CH = CH2 / 68 71. 60 ( 71. 67 ) 10. 01 ( 10. 02 ) 5. 43 ( 5. 57)

5h CH2 CH CH2

O

/ 80 67. 50 ( 67. 38 ) 9. 60 ( 9. 42) 5. 34 ( 5. 24)

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

5 j CH2 CO 2 H 100～101 86 62. 26 ( 62. 43 ) 8. 37 ( 8. 61) 4. 98 ( 5. 20)

5k CH2 CO 2 CH3 42～43 86 63. 57 ( 63. 58 ) 8. 85 ( 8. 89) 4. 59 ( 4. 94)

5 l CH2 CON H2 134～135 73 62. 89 ( 62. 66 ) 9. 13 ( 9. 01) 10. 39 ( 10. 44 )

5m C6 H5 CH2 / 92 75. 84 ( 75. 71 ) 9. 05 ( 9. 03) 4. 59 ( 4. 65)

5n 42C lC6 H4 CH2 60～61 81 68. 35 ( 67. 94 ) 7. 96 ( 7. 80) 4. 08 ( 4. 17)

5o 42FC6 H4 CH2 120～123 82 71. 74 ( 71. 44 ) 8. 20 ( 8. 20) 4. 30 ( 4. 38)

5p 22F242B r2C6 H3 CH2 42～42. 5 84 57. 57 ( 57. 29 ) 6. 28 ( 6. 33) 3. 48 ( 3. 52)

5q 3, 42C l2 2C6 H3 CH2 52～53 82 61. 57 ( 61. 63 ) 6. 79 ( 6. 80) 3. 62 ( 3. 78)

5r 22F262C l2C6 H3 CH2 65～67 68 64. 81 ( 64. 49 ) 7. 21 ( 7. 12) 3. 76 ( 3. 96)

5 s CH2 CON H 2C6 H3 (M e) 2 36～38 88 71. 17 ( 70. 94 ) 8. 75 ( 8. 66) 7. 54 ( 7. 52)

Tab le 2　Sp ec tra l da ta of com p ound 5b～5 s

Com pds 1 H NM R,δ 13 C NM R,δ

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. 02 ( s, 3H )

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

38. 0, 62. 8, 158. 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. 2 H z)

14. 8, 22. 3, 23. 1, 23. 29, 23. 31, 23. 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. 61～2. 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. 61～2. 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

5f 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, 159. 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, 24. 6, 24. 9, 26. 1, 38. 2,

76. 0, 118. 0, 133. 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

( 1dd, 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. 31, 23. 7, 24. 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. 2 H z)

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

60. 2, 69. 0, 116. 9, 160. 2, 199. 9
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C on tinued

Com pds 1 H NM R,δ 13 C NM R,δ

5 j 1. 22～1. 27 (m , 12H ) , 1. 47～1. 51 (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. 52 (m , 2H ) , 1. 70～1. 74 (m ,

2H ) , 2. 67～2. 70 ( m , 2H ) , 2. 71～2. 75 ( m , 2H ) , 3. 79 ( s,

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

22. 7, 23. 09, 23. 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. 81 ( m , 2H ) , 4. 72 ( s,

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

23. 0, 23. 09, 23. 12, 23. 6, 24. 4, 25. 2, 26. 1, 26. 3, 38. 3,

73. 8, 160. 7, 171. 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. 17, 23. 7, 24. 4, 24. 8, 26. 0, 26. 1,

38. 0, 77. 2, 128. 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. 77 ( m , 2H ) , 5. 19 ( s,

2H ) , 7. 30～7. 34 (m , 4H )

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

76. 4, 128. 6, 130. 0, 134. 1, 135. 8, 159. 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. 78 ( m , 2H ) , 5. 19 ( s,

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

22. 4, 23. 11, 23. 14, 23. 8, 24. 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, JC - F =

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

14. 9 H z) , 127. 4 ( d, J C - F = 3. 7 H z ) , 132. 3 ( d, JC - 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. 76 ( 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, 127. 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. 77 ( 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. 6 H z) , 114. 1 ( d, J C - 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, J C - F = 5. 3 H z ) ,

158. 9, 162. 3 ( d, J C - F = 252 H 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, 135. 2, 161. 2,

167. 2, 199. 8

Tab le 3　Se lec ted c rys ta l da ta fo r com p ound 5o

C rysta l system Space group U n it ce ll d im ensions v D c

T ric lin ic

　

　

P - 1

　

　

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

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

c = 0. 807 2 ( 2 ) nm ,γ= 89. 81 ( 1 )

0. 902 3 ( 4) nm 3

　

　

1. 176 g / cm 3

　

　

　　C onfigu ra tion ofα2oxocyc lododecanone ox im e

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

ind ica ted tha t 5a has an E2conf igu ra tion
[ 4 ]

. In th is

p ap e r, the Ycrysta l s truc tu re of a de riva tive of 5,

O 2( 42f luo robenzy l ) 2α2oxocyc lododecanone ox im e

( 5o) w as de te rm ined, w h ich no t on ly conf irm ed the

E2conf igu ra tion of 5a bu t a lso show ed tha t the

conf igu ra tion of 5a w as no t changed du ring the

e the rif ica tion. Thus o the r com p ounds in se ries 5 can

a lso be assum ed to have an E2conf igu ra tion.
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Fig. 1　C rysta l s truc tu re of com p ound 5o

2. 2　Fung ic ida l activ ities

A s show n in Tab le 4, m os t of the com p ounds in

se ries 5 exh ib it good fung ic ida l ac tiv ities aga ins t s ix

funga l sp ec ies. A lthough the ir ac tiv ities aga inst R.

so lan i, C. cucum erinum , B. c ine rea, F. oxysp o rum

and P1asp a rag i w ere low e r than comm e rc ia l fung i2
c ides ca rbendaz im o r p rocym idone, bu t the ac tiv ity of

5k, 5p and 5q aga inst C. o rb icu la re is h ighe r than

tha t of ca rbendaz im. These resu lts w ill be usefu l fo r

the nex t design ing s tep.

Tab le 4　Tox ic ity of com p ounds 5b～5 s aga inst s ix funga l sp ec ies [ EC50 / (m g /L ) ]　　　　　　　　　　　　　　　　　　　　　　

Com pds
Rhizoctonia

so lan i

C ladospo rium

cucum erinum

Colle to trichum

orbicu la re

B otrytis

c inerea

Fusa rium

oxyspo rum

Phom opsis

aspa 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

5f 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 /

Carbendazim 2 1 17 / 2 1

Procym idone / / / 3 / /
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