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Fig. 2 Chemical structure of SINOMIN® and ISOXYL®.
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Fig. 3 Design of isoxazolecarboxyamides for fungicide.
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Fig. 5 Ring cleavage design of isoxazolecarboxyamides.
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Fig. 6 Type b design for fungicide from isoxazolecarboxy-
amides.

Table I Modification of Methyl and Phenyl group.

MeO\N MeO.

' Fi Cl [N H
ME)W e N‘Me
w °
ci
Rice Cucumber
X Powdery Gray  Downy
Blast  mildew  mold _ mildew
H 0 0 0 0
4-C1 1 2 1 0
3-Cl 1 2 2 0
MeO\N 2-Cl 0 2 3 2
J

AN NHwve| 2-Me 1 2 0 0
*TJ o 2-OMe 0 1 0 0
2-0O-allyl 0 2 0 0
2-0-CH,Ph 0 1 2 0
2-0-C¢Hy, 3 3 4 3
2-O-Ph 4 3 4 3

4 ; Excellent, 3 ; Good, 2 ; Moderate, 1 ; Poor, 0 ; No effect

Fig. 7 Systematic optimizations of four parts.
A : alkoxyimino-N-substituted acetamide, B : bridge part,
C : benzene ring part, D : benzene ring part.
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EAREHE2TLIXL 4 /-N
(A), ZODOX>E2E (C, D) BLUFDTY) v S84
(B) i4rF (Fig. 7), £aokE & HlEE%EI W TH
Nz /Y, EBERE LAV BR(D) ICEAT LT LD
XA /BBRT I PA) EA XA T -N-2F L

N-BH-RRT C F
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Table 2 Positional effects of phenoxy group attached to the
benzene ring on fungicidal activities® by preventive applica-
tion.

) NHMe

Position Rice Cucumber

Compound of  mp('C) Blast Sheath Powdery Gray Downy

No. phenoxy blight mildew mold mildew
la 2 86-87 4 3 3 4 3

8 3 59-60 2 1 1 2 0

9 4 95-97 1 0 1 1 0

a) Fungicidal activities were expressed as an index of 4, 3,2, 1 or 0, each
corresponding to approximately 70% control at 2.0, 7.8, 31.3, 125ppm
or less than 70% control at 125ppm, respectively.

Table 3 Effects of oxime substituent R!' on fungicidal
activities® by preventive application.

OW
o %
I NHMe
0

Rice Cucumber
Compounds Blast Sheath Powdery Gray Downy
No. R' mp(C) blight mildew mold mildew
1la Me 86-87 4 3 3 4 3
2 E oil 1 0 1 1 0
3 iPr ol 1 0 0 0 0
4 H 184-185 0 0 0 1 0

a) Fungicidal activities were expressed as in Table 2

Table 4 Effects of substituents R? and R® on amide moiety
on fungicidal activities® by preventive application.

o=
O N R?

N\Hs
o]
Rice Cucumber

Compound Blast Sheath Powdery Gray Downy
No. R* R’ mp(C) blight mildew mold mildew
la Me H 8687 4 3 3 4 3
5 H H 9399 1 0 1 2 0
6 Me Me 63-64 1 1 1 1 0
7 Et H oil 2 1 1 2 0

a) Fungicidal activities were expressed as in Table 2

LiEIEEL (KT L7 (Table 2),

RICAX L 04 2 JHEET I FEB(A) D4 X2 A D E
B (R 1220 TA A0 b BIFE L UBRIRICHNT 516
MR LR, AFLEEZEALZA X4 /K
(la) " EiEN 2R L, EFHVEBRELZEAL 2S5 EE
BOCEWITIEESMET L 72 (Table3), 7 3 FEH N-&

Table 5 Effects of the bridge part between two benzene
rings on fungicidal activities® by preventive application.

Ol
X N
| NHMe
0

Rice Cucumber

Compounds Blast Sheath Powdery Gray Downy
No. -X- mp('C) blight mildew mold mildew
la -O- 86-87 4 3 3 4 3
10 -CH,O- 123-126 0 0 1 1 0
11 -OCH,- 119-120 3 2 2 3 3
12 -S- 105-107 2 1 3 2 1
13 -SCHy- oil 1 1 2 3 1
14 -CH=CH- (cis) 94-95 3 1 2 3 1
15 -CH=CH- (trans) 165-166 ] 0 3 3 2
16 -CH,CH,- 130-131 1 0 1 2 0
17 -COO- 170 0 0 1 1 0
18 -CO- oil 1 0 0 1 0
19 -NHCH,- 115-118 0 0 0 1 0

a) Fungicidal activities were expressed as in Table 2

Table 6 Effects of the substituent R* on the benzene ring on
fungicidal activities®’ by preventive application.

©\ MeO_
0 N

Lt Z | NHMe
X 0
Rice Cucumber

Compounds Blast Sheath Powdery Gray Downy
No. R' mp(Q) blight mildew mold mildew
1a H 86-87 4 3 3 4 3
20 S-F ail 3 2 2 3 1
21 4-Me 98-100 2 2 3 3 2
22 5-Me oil 2 1 3 3 1
23 5-OMe  oil 2 1 1 2 1
24 5CF; il 0 0 0 0 0
25 5-SiMe; 86-88 0 0 0 0 0
26 3-NO, oil 0 0 0 0 0
27 5-NO, oil 0 0 0 1 0
28 6-OMe 106-108 1 0 0 2 0

a) Fungicidal activities were expressed as in Table 2
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B3 E /A FUK (1a) 2R LG C, BERA (5)
R AFNMEK (6), £/ 2F )UK (T) iz ToREC
ML THL2ICHEEMET L7z (Table 4),

7Y RS (B)ICBIL T, oy Y BRA-0-T
HeEL7r72=n1z—7)Uk(1a) A FIFEM, X =
PVREZLEWEEZ R L2, $72-0CH,-THA L 721k
A (A1) 12 HWRILWIFEICH L TEEDED 5 17295,
P72z NI—-TNMKRE NS 572 (Table5), D x>+
RO 2ADT7 = 7 X P EUIMCEHRIE (RY) 2EAT 5
EEIME T3 @R R S 7z (Table 6),
CONYEYROEHE R®) M ABLUIX27YD
FRERERBIEMEC RIZ T RBIZ DWW TRET L 72 (Table
7). REDLIRT VX NOBAIR 7 DX ¥ B o ERAL
BIZL > THEEIKREC RS2, Thbb, 2-fic A+
NHEDEA S T2ALEY (29) 13 3-41 (30) F 7213 4-4i7 (31)
IZEASNTACAWI AR TE TOREINT 2 iHEHE
T, dAnica g AR N LAY (35,36,37) 13
- A F AR EIZITE VSN DFEEEZ R L2, L Lih's,

Lz Lz T ux sk (32, 52) X tert-7F L3k
(33), FUTYALAFLE 34), 72/ XK (44
PINAXTHE (1) HrDL ) IcEEVERENE AL
WA TSR LN, $72, = F 03£(38,39),
K (42), % ED S ) G FEROBALEEHET L %
EHEDOEANTEAMIEICEOL S THELET ¥,

=05, AT 2 /XK 43), TaouXrx Lk
(45) BLUT ) —nA x4k (49) #EAL ALAITE
BHROAY (la) (EWEEERLE, 3-72 /%03
BK (43) BLU3-T oo X¥ Lt X FHEk (45) i3nw
THLEERM TS 20D BRICEWIEEERL 22, K
R Tl3 3-7 0 L X v X o FEik (45) 135V i
ERL72bon, 3-7x /X FHEK (43) 13KERAE T
REEEALNCNE -2, —F, 47080 (35), 4-7n
E (36), 4-3—F (37), 44 b X A1) BLIUI-AF
-4-7au (47) FEEILA 20D BRI L ORI
DHHEERA L) wmeERERLEZ, 2ok, 1bh
W & o TIIHERED R 5 2 12 & - THRETHICE N

), N

Table 7 Effects of the substituents R® of the phenoxy group on fungicidal activities.?

Rice Cucumber
Compounds Blast Sheath  Powdery Gray Downy
No. R’ mp('C) blight  mildew mold mildew
Fol” Sub? Pre® Pre. Cur? Pre. Cur. Pre. Cur.
la H 86-87 4 4 3 3 4 3 4 3 2
29 2-Me oil 22 0 2 1 22 0 Nt”
30 3-Me oil 3 4 2 2 2 3 3 2 1
31 4-Me 113-115 4 4 1 3 2 3 4 0 NT
32 4-i-Pr oil 2 1 1 3 3 2 3 1 NT
33 4-t-Bu oil 1 2 1 2 2 2 3 0 0
34 4-SiMe, oil 0 0 0 1 1 1 0 0 NT
35 4-Cl 108-109 2 4 1 3 3 3 4 2 1
36 4-Br 99-101 2 4 1 3 2 2 4 0 0
37 4-1 96 1 3 1 3 3 3 4 1 1
38 4-NO, 110-112 1 NT 0 1 1 2 3 0 0
39 2-NO, oil 0 NT 0 0 0 0 0 0 0
40 3-OMe 49-50 3 4 2 3 3 3 4 1 0
41 4-OMe 118 2 4 2 3 3 3 4 1 1
42 3-OH 157159 1 NT 1 0 NT 1 NT 0 NT
43 3-OPh oil 4 2 2 3 3 3 4 2 1
44 4-OPh oil 1 1 1 2 3 1 NT 0 NT
45 3-OCH,C=CH 80-81 4 4 1 1 0 3 3 2 0
46 3-OCH,CN oil 0 0 0 1 1 1 NT 0 NT
47 3-Me-4-Cl oil 0 3 1 3 2 3 3 3 1
48 3,4-Cl, 80-81 3 1 1 3 3 3 4 2 1
49 3-OCH,CH=CH, oil 3 2 2 3 3 3 4 4 1
50 3-OCH,Ph oil 1 0 1 2 2 2 2 1 NT
51 4-OCH,Ph  130-131 0 NT 0 0 0 0 NT 0 NT
52 2,4-i-Pr, 92-95 1 NT 1 1 1 1 NT 0 NT

a) Fungicidal activities were expressed as in Table 2, b) Foliar application, ¢) Submerged aplication,
d) Preventive activity, e) Curative activity, f) Not tested
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DS 1B DILA WD KERRNE F 72 135 B R (log P)
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3. BAENAFEOESE

T /% 72 A XA L EBET I FFEERD
XA BETEAR (N BRIZHLTE 7>
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ot 777 CHBICHMT 52 LMK S, Invitro 125
I B HERIRFAEEY: (Table 8) B & U invivo IZB1T 598
ER5RRIENE (Table9) [dWFid E-RDITHH Z-14KL )
[ Y A

LbofRL) (E)2-4x X343 /-N-AF -2~
(2-72/%272=0V)TR T3 FEBERBEMMELT
#®igL 7, Scheme 1 (272 /%> 72=NWTHhaxi A3
SBT3 FHERO— BB AN — P RRL 7z,

4. tEMOBRME LUHER

£tk Bk e B K LEWIZA VA XY AR
X4 3 FFEROA VA XY - VREBRT LI 21
FoTHFEINANX LA I ) 7= VT I FHY
EKThHBDT, BH—LIEA L3I /728 L TISOIZ
HFEL 720 (bFiEmic b EmEtmicb 2 ey

Table 8 Effects of metominostrobin and its geometrical isomer on mycelial growth of several plant pathogenic fungi in vitro.

O MeOQ_
O N
| NHMe
(o]

[ :]. OMe
o N
[ NHMe
(¢]

E z
Compounds ECs (ppm)
No. Is¥ Pa. Ss. Gec Cr. Bce Am. Fo. Po. ClL ch”
la E 28 20 72 25 11 208 62 56 47 45
m z 281 119 162 411 117 >640 581 491 618 418

a) Geometrical configulation (E/Z ).

b) The abbreviation for the plant pathogenic fungi are as follows;
P.a. : Pythium aphanidermatum, S.s.: Sclerotinia sclerotiorum, G.c.: Glomerella
cingulata, C.r.: Corticium rolfsii, B.c.: Botrytis cinerea, A.m.: Alternaria
alternata apple pathotype, F.o.: Fusarium oxysporum, P.o.: Pyricularia oryzae,
C.L: Colletotrichum lagenarium, C.h.: Cladosporium herbarum.

Table 9 Controlling activities® of metominostrobin and its geometrical isomer against several plant diseases by preventive foliar

application.

©\ ,OMe
o N
l NHMe
0

E z

Rice Cucumber
Compounds Blast Sheath blight ~ Powdery mildew Glay mold Downy mildew
No. Is? 1259 313 7.8 500 125 313 125 313 78 125 313 78 125 313 78
la E 97 9 30 70 70 50 100 100 70 95 92 73 100 100 30
b Z 50 3 0 50 O O 100 100 40 44 36 18 70 0

a) Percent of control by preventive application, b) Geometrical configulation,

c) Concentration of active ingredient (ppm)
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1) Buli 2

o YiEome, 70 9 1) NH,0R'
> N\Ra

3) RZRNH 0 2) E,Zisomer separation

route 1

5 =
NO, OH NO, 1) reduction
©/ NaOH ©/ 2) Sandmeyer

route 2

P = 5L A
% 1) Buli N 0 0O 0O 0
0
2) (COMe); NH,OMe
e NHMe X ~ | NHMe 2
3) Mel —
) 2 ) and/or R \ o

route 3
Scheme |

YROMCEMEAL L) B E L, —AIEA e
Vo Z@MERD LI ED|RICL), £/ 2t
> (metominostrobin) & | 7>,

PRt s AN 774 O b4 (E)-2-methoxyimino-
N-methyl-2- (2-phenoxyphenyl) acetamide, 43 F =, ; Ci¢H,6
N,Os, 77 F 5 ; 284.32, AleT ; 88.8°C, AT ; 1.8X107° Pa
(25°C), HERE (-4 7% /= /K) ; log P=23 (20
°C), KGRI © 0.128 g/1 (20°C)

® £ #

SEREOFHEMIL 7 o MBS L UHIC A L T LD, 2% 1L
21 776 mg/kg b5 L 1¥ 708 mg/kg, =7 AMEd & UM
L TLDg "% 1L £ 111778 mg/kg B & 1 1413 mg/kg T
Hotz, BMREEENEIT Y M BeTRHRIZHLTY
LDg, %7 2000 mg/kg LI ETH ), ZEREH (Ames) 2fatE
Thd, Lzt TARMIEBYTH Y, WILEWIZ
LM @R TH L, AHENIT 2/ I2HT 2 Tlm
i (48 hr) A 158 ppm, ¥ > 2icx4 2 TLmf (3 hr)
243910 ppm TH ), AKUSHLT 5, F72, B, 1
F, 33 A% EOBREAYIC L FEESEC, BB~ A5
PIRNERITH B,

B F #

1. EBEH
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General synthetic routes for the phenoxyphenylalkoxyiminoacetamides.
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Fig. 8 Effect of metominostrobin on the mycelial growth of
P. oryzae.

Mycelial suspension was transferred into potato dextrose
liquid medium and cultured at 25°C. The figures along the
growth curves are mass doubling period in hours. ®;
Untreated control, O ; Metominostrobin 5uyM, = ;
Metominostrobin 50 M.

WIREIC KT L TRV BhRRIEME £ L 72 (Table9) oizktL
T, invitro TIEHWEME, THEHEE HTHEB L UPES
WML IRIEE IS L TEREIRE L WL DDHEARD
R ELRL 72 (Table8), # } 3/ 2} a k&t invitro
KBWTA AL BRHEORRIEIE 2 KB L THE
THORERE & LICEEL, 50 uM THEICH L ER IR
2% o7 (Fig.8),

2. 41FVEHREICHT BRBR

Ry PREICBW T I 22 e i 2vE BiF
AL TEESA T3 3 3ppm L EOBETE Wi B
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Table 10 Controlling activity® of metominostrobin on rice
blast by foliar spray and submerged application.

Foliar spray Submerged application
(%;T;) " Ccur® gai/lla  Pre
125 97 97 100 97
Metominostrobin  31.3 90 97 25 97
7.8 50 50 6.3 50
Fthalide ~EDDP Pyroquilon
125 97 97 100 97
Reference 313 90 70 25 70
7.8 70 30 6.3 30

a) Controlling activity was expressed as percent of control
b) Preventive activity, c) Curative activity

100
= 75| 7
g -:-
3 | Y
g 30 [ -:<
I : :3:
525 (I

Metominostrobin Pyroquilon Probenazole

Fig. 9 Controlling activity of metominostrobin on leaf and
ear blast by different inoculation timing after submerged
treatment. (Pot test)

Metominostrobin was treated into the paddy water at a rate
of 150 ga.i./10a. Inoculation was carried out by spraying
the conidial suspension of P. oryzae onto the rice seedlings
and assessed the activity of leaf blast at 10 ([=:1), 30 (EZ&)
and 60 ([II) days after treatment. Activity against ear
blast was also assessed at 60 days after treatment (E=3).

L ORERRERL, KEHAH TY 25gai/10a Ll %
BETEHWEBRMEL R 72 (Table 10), A% 150 ga.i./10a
KRR L 72 35808 0 (AR & RIS #udts |- ER~FAT
U BBRIEE 2 T 5. AFNIMBEBOBRIAM D &<,
MF 60 HHEICA AW BIRH 2 BREL2EATLEND
BTkt L TET 80% DFikrE %R L, Fivd bic b Ewls
BrREDR AR L7z (Fig. 9), BB RBRIC BV T ARFIITEN D
BLAIFE 6 B, FFERL LU T BBV T O
CBWTHENL HITHL TEVWBREEEZRL, TR
RDBZ b TIHHENRICLEND Z LRI N, fEn
L HITHL TH VT MBI 5T W ROKRE
BRX L DEN, & TRV SR D BT s
LIRS A EmHT R SN (Fig 10),

3. tOMNM RRECHT BHRHR
AP I APBEYIZA AW BRI D A A BUER

Table 11  Controlling activity® of metominostrobin
on rice diseases by foliar application.

Conc Sheath blight Brown spot
(ppm)  Pre”  Cur? Pre
125 90 90 100
Metominostrobin ~ 31.3 50 70 100
7.8 30 50 97
Flutoluanil Ferimuzone
125 100 97 97
Reference 31.3 97 90 97
7.8 50 50 S0

a) Controlling activity was expressed as percent of control

b) Preventive activity, ¢) Curative activity

~ 0 \O
o [ (=)
6 = L

Percent of control

(=N
(e}
L.y

a_i‘hz ¢ Ll 3 s O e
1,July 8, July
Application timing of Metominostrobin

A Rk

Reference

w
o
5=

25, June

Fig. 10 Controlling activity of metominostrobin on rice
blast with different application timing (Field test in 1993).
Metominostrobin granule was applied at 6 days before (25th
June), just the day (Ist July) and 7 days after (8th July) the
first outbreak of leaf blast at a rate of 150 ga.i./10a.
Assessment was carried out on 22nd July ([ZZ]) and 2nd
August (FEX3) for leaf blast, and 6th September ( ZZ2) for
ear blast. Reference application was done with proben-
azole granule on 25th June for leaf blast, followed by foliar
treatment with kasugamycin/fthalide DL on 12th and 23rd
August for ear blast.

Table 12 Controlling activity® of metominostrobin
on rice diseases by submerged application.

(gDa(.)iS.jlgga) Sheath blight  Brown spot
100 90 100
Metominostrobin 25 50 100
6.3 30 97

Flutoluanil Iprodione
100 100 70
Reference 25 100 30
6.3 40 0

a) Controlling activity was expressed as percent of control

B LT EEMIRICN L CEZERA (Table 11) 35 L UK
HiF3 (Table 12) CTEWBBRIENE %R L 7227, SOMHIC3TS
HRBRETEIZ VS BB L T RIS T A IEIEL )
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HrmrRonsz, 72, RRITERBIOHRIC AT
H 0, BLERA A0 R L EREBORICEHIN T 5,

AP I/ ZXbOECOIERBILE

Becker 59 (3 A bk ) v EBEADERBEES L T,
FUREDI P ar P TICBIT2KRENTF F 7 o—24
bo AR EHALEFRELZET 2 Z LiIC L NV IFRZ
EST L EHELTnd, A3 72 o>y L REMICA
FAVWLBERED I Far FYTICB T 2BEREE P EEC
AL CTHEY 5 (Fig. 1), Ly L%dh, A /AL
T E I A AL BREITN L TATLEM ETIE AR
—REAYICBAE 2 & 5 7Y, KR ORGBIC - THRARMED
BT % (Fig.9). &b b, AMeAPIE AT TR &
B R 2R &S, WhO L HEN L ER 21T, $172,
FACAW % AR GET TA AL BRED I b a> P
TICABET 5 & B ERIC 3R ORI R EG TR
L0530 45 LINICIZEERIE B A MIE L ikss m4E §
%, R{LAYIERSIC IS L BRI R, LT oAb )
TREEINTICEEZRL, ¥ 7 iR EA &
LTHLNTWEHY ) FLk Foxi A8 (SHAM) (/&
S RY (Fig 12), —7, BAENA 20 BRHE D 3
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Fig. 11 Effect of metominostrobin on oxygen consumption
by P. oryzae mycelia.

20 Mg of mycelia was suspended in 3 ml HEPS-Tris buffer
(pH 7.0) and O, consumption was measured polarogra-
phically at 25°C.  The activity of untreated control was 43.2
nmol O,/min/f.w. 20 mg mycelia.
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Fig. 12 Induction of cyanide-resistant respiration in P.
oryzae with metominostrobin and effects of salicylhydrox-
amic acid (SHAM).

Cyanide-resistant respiration was measured as oxygen con-
sumption in the presence of 10 uM metominostrobin and 1
mM potassium cyanide. Salicylhydroxamic acid (1 mM)
was added at 75 min after treatment of metominostrobin.

Table 13 Effects of flavonoids on induction
of cyanide-resistant respiration in P. oryzae.

Flavonoids Percent inhibition
Flavon 100
Flavanone 100
Naringenin 100
Quercetin 100
Sakuranetin 100
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Scheme 2 Schematic diagram of electron transport pathway and inhibition site of metominostrobin in the mitochondrial

respiration in P. oryzae. UQ: Ubiquinone, Cyt. : cytochrome.

Fig. 13 Mycelial growth of P. oryzae on the PDA in
presence of metominostrobin (1 ppm) and/or flavon (10
ppm).

(Clockwise from upper left) : Untreated control, metominos-
trobin | ppm, metominostrobin | ppm-+flavon 10 ppm,
flavon 10 ppm.
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Development of New Fungicide, Metominostrobin

INTRODUCTION

Metominostrobin is a new methoxyiminoacetamide
fungicide with novel mode of action invented by
Shionogi & Co. Ltd. The compound which is derived
from isoxazole-ring containing analogues is seemed to be
the same category as methoxyacrylate derivatives, from
the aspect of biological activity and chemical structure.

Methoxyacrylate derivatives were first discovered by
Musilek et al. as a second metabolite of Oudemansiella
mucida, a species of Bacidiomycotina. Anke ef al.
isolated strobilurins from Strobilurus tenacellus, also a
species of Bacidiomycotina. Becker er al. first reported
the fungicidal activity of strobilurins and other natural
compounds, of which the mode of action was demonstrat-
ed to be inhibition of the bc, segment of the respiratory
chain of mitochondria. Structural modification of the
methoxyacrylate compounds has progressed aggressively.
In 1992, ZENECA group and BASF group introduced
[S-methoxyacrylate and methoxyimino acetic acid deriva-
tives independently, which were both derived from
strobilurins, as a promising new class of broad spectrum
fungicides with a new mode of action.

Shionogi & Co., Ltd. developed the antibacterial agent
SINOMIN® for pharmaceutical use, and ISOXYL®, an

agricultural herbicide, which contain an isoxazole ring
structure. The authors further continued to developed
the isoxazole chemistry to invent new agrochemicals.
This paper deals with the course of invention, develop-
ment and the biological characteristics of metominos-
trobin as a new fungicide for rice diseases.

DISCOVERING AND OPTIMIZATION OF
LEAD COMPOUNDS

Previously, we synthesized some carbamoylisoxazole
derivatives by developing our isoxazole chemistry, and
assessed their fungicidal activities for agricultural pur-
poses. These compounds were especially active against
rice blast by submerged application to the water in the
rice fields, despite their weak fungicidal activity in vitro.
Furthermore, during the course of metabolic studies of
ISOXYL®, an isoxazole ring-cleaved metabolite was
obtained as a soil metabolite. These observations sug-
gested that these compounds would be activated by
cleavage of the isoxazole ring in the paddy water or soil.
Accordingly, we designed new compounds by cleaving
the isoxazole ring. In the course of screening, it had
been suggested that N-phenyl-2-methoxyiminopro-
pionamides had good preventive and curative activities
with good systemicity against rice blast and other dis-
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eases such as cucumber gray mold and powdery mildew.
2-Alkoxyimino-2-phenylacetamide derivatives showed
similar fungicidal activity, and when a phenoxy group
was introduced on the benzene ring of the 2-
phenylacetamide moiety, marked improvements in both
strength and spectrum of the fungicidal activity were
obtained. These findings and the simplicity of the struc-
ture motivated further investigation of the synthesis of
methoxyiminoacetamide compounds as new fungicides.
We selected the 2-alkoxyimino-2-phenyl-N-substituted
acetamides as the lead compound.

For systematic optimization of the lead compound, the
molecule was divided into four parts, alkoxyimino
acetamide moiety (A), bridge part of the two benzene
rings (B) and the two benzene rings (C and D). Firstly,
the effects of the O-substituent (R') of 2-alkoxyimino-N-
methylacetamide derivatives were investigated and it was
revealed that only methoxyimino derivative showed
excellent activity against all of the diseases examined.
Concerning the N-substituents (R2, R®) of the acetamide
group, the monomethylamide derivative exhibited the
best activity. The structure-activity relationships sug-
gest that the bulkiness of the amide group is not necessary
for the activity, and steric hindrance in the vicinity of the
methoxyimino group is unfavorable for the activity.

The examination on the positional effects of the
phenoxy group attached to the benzene ring of the
phenylacetamide moiety revealed that the ortho-position
is the best for the fungicidal activity.

The effects of the bridge part between the two benzene
rings were examined. The fungicidal activity was excel-
lent when the two benzene rings were connected with
oxygen (1a). An oxymethylene group between the two
benzene rings (11) also showed some extent of activity.

The effects of the substituents R® of the phenoxy moiety
varied markedly depending on the position of the sub-
stituent. However, the best fungicidal activity was
obtained when the phenoxy moiety was not substituted
(R5=H). Structure-activity relationship studies on
phenoxyphenylmethoxyiminoacetamide derivatives sug-
gested that the phenoxy group at the 2-position of
phenylacetamide moiety and overall hydrophilicity may
play important roles in fungicidal activity.

Oxime formation gave the E isomer as the major
product along with the Z isomer. Fungicidal activities
of both (E) and (Z) isomers of N-methyl-2-methoxy-
imino-2-(2-phenoxyphenyl)acetamide were compared in
vitro, and in vivo. The results indicated that the E-form
(1a) is a favorable configuration for fungicidal activity.
Consequently, we selected the unsubstituted compound,
(E)-2-methoxyimino-N-methyl-2-(2-phenoxyphenyl)
acetamide (1a) for the candidate, and the development
studies were started.

FUNGICIDAL ACTIVITY OF METOMINOSTROBIN

Metominostrobin exhibited excellent fungicidal activ-
ity against wide range of crop diseases. Basically,
strobilurin derivatives are known as wide spectrum fun-
gicide, and metominostrobin is also a wide spectrum
fungicide. Especially, it showed good control against
rice blast caused by Pyricuralia oryzae by foliar spray
and by submerged application at 31.3 ppm and 25 g a.i./
10a, respectively in pot tests. Metominostrobin expres-
ses its controlling activity against rice blast immediately
after application. Furthermore, it shows long-lasting
activity against blast disease when applied to paddy
water. It can control not only leaf blast but also ear
blast even at 60 days after submerged application.
Under the field condition, metominostrobin demonstrat-
ed excellent control against leaf blast when it was applied
before or after the epidemic of the disease at a dose rate
of 150 g a.i./10a. Moreover, metominostrobin exhibited
good control against ear blast with one application at the
same dosage.

Metominostrobin also showed good control against
rice sheath blight caused by Thanatephorus cucumeris,
sheath rot (Sarocladium oryzae), brown spot (Coch-
liobolus miyabeanus) and Cercospora leaf spot (Sphaer-
ulina oryzina).

MECHANISMS OF CONTROLLING ACTIVITY
OF METOMINOSTROBIN

The experiments revealed that metominostrobin
inhibits the oxygen consumption by P. oryzae.
Metominostrobin interacts with the cytochrome bc, seg-
ment of the mitochondrial respiratory chain, suggesting
that the target site of metominostrobin is similar to that
of the strobilurin analogues. However, when the
mycelia of P. oryzae was cultivated in the presence of
metominostrobin, mycelial growth was suppressed for
the first several hours. But the mycelia continues to
grow even in the presence of 50 uM metominostrobin,
which is sufficient to fully inhibit oxygen consumption by
the mycelia. The recovered respiration is sensitive to
salicylhydroxyamic acid (SHAM), a potent inhibitor of
the cyanide-resistant pathway, and resistant to KCN, an
inhibitor of cytochrome ¢ oxidase. The results suggest
that metominostrobin first inhibits the electron flux
through the cytochrome b¢, segment of the mitochondrial
respiratory chain, and then induces cyanide-resistant
respiration (alternative oxidase) in P. oryzae. Minaga-
wa et al. indicated that the yeast cells induced cyanide-
resistant respiration by treatment with antimycin A, a
known cytochrome bc, inhibitor, and they suggested that
superoxide anion which was generated by blockage of
electron flux through the cytochrome bc, segment in the
mitochondrial respiratory chain, was involved in
antimycin A-dependent induction of the respiration in
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the yeast. After treatment of metominostrobin, superox-
ide anion generation was also observed, thus superoxide
anion was suggested to be involved in the
metominostrobin-dependent induction of the cyanide-
resistant respiration in the mycelia of P. oryzae. It is
well known that flavonoids which are widespread in the
plant kingdom can scavenge oxygen radicals. In our
experiments, flavonoids such as flavon etc. scavenged the
superoxide anion generated by the submitochondrial
particles of P. oryzae in the presence of metominostrobin.

From these experimental results, the mechanism of
control of rice blast by metominostrobin can be ex-
plained as follows. The mycelial cells which invaded
the metominostrobin-treated rice plant generate superox-
ide anion as a consequence of blockage of the
cytochrome-mediated respiration by metominostrobin.
In response to the superoxide anion generated, the fungus
swiches its electron transport from respiration via the
cytochrome-mediated pathway to that via the alternative
pathway in order to survive. Flavonoids in the host
plant block the induction of the cyanide-resistant path-

way by scavenging superoxide anion and lead to com-
plete suppression of fungal respiration with the resulting
death of the fungus. Consequently, metominostrobin
can express its controlling activity against rice blast
caused by P. oryzae accompanied by rice plant compo-
nents.

CONCLUSION

Metominostrobin was registered as an new agricultural
fungicide by MAFF in 1998. At first, it was registered
only for rice blast, then the target disease was expanded
for rice sheath rot. Metominostrobin was also submit-
ted to expand the target diseases in 2000 for control of
rice sheath blight, brown spot and Cercospora leaf spot.
Metominostrobin is very safe to the mammals and envi-
ronmental animals. It shows long-lasting activity and
wide range of fungicidal spectrum, so it is expected that
metominostrobin can contribute to sustainable Japanese
rice production and protect the environment by reducing
the farmers labor cost and disease controlling cost.
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