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Fig. 1 Pyriminobac-methyl (1), Pyrimidinylsalicylates (PS)
(2) and four moieties of PS compounds (3).

Table | Effects of substituents of pyrimidinyl-
salicylate herbicides (PS-compounds) on the
herbicidal activity against Ec, Mo, Sc and Oryza
sativa (Or).

i ALS? EDgq(gai/ha)>”
R' s EcYMo Sc Or
COH
y OMe 4 H 660 16916 63 16
A 5 Me 689 16 16 63 16
N=

ome 6 OMe 736 63 16 16 16
7 €l 689 16 16 63 16

a) The activity is expressed as plsg, where Is is defined
as the molar concentration required for 50% inhibition as
reported4) .b) Pre-emergence. ¢) DAT: 21days. d) Ec:
Echinochloa oryzicola, Mo: Monochoria veginalis; Sc:
Scirpus juncoides; Or: Oryza sativa. e) Amount of active
ingredient (g/ha) needed for more than 90% control of

weeds and Oryza sativa.
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DRI ATh I, 213 B BT ALS EEG SR
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52 ESRE T TR TE 2 (Fig 2)%7, BRICEBICIAK D
BEAELLEZAMDEBEWREL ) B E2ICEDP -
(Table 2: 17),

372, 932D THHABRILAY 7 5 1) PR (10) %,
6-7 & F— VR (11), + X4 3 HREK (12) 20 &
9 & DAY (Bioisosterism) »<HIfF T & 2 HRIKIC
WTE(Fig3), INLDLAMICBIF 2T o V&L AL
R ¥ NEOBRFHOBERL, FHEREE S EEL
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Table 2 Alkaline deesterification of 6-sub-
stituted pyrimidinylsalicylate herbicides (PS-

compounds).
R* % of deesterification
CO,Me R* 17
\ _(,N:\}ome 5 H 395 970
N 14 Me 10 05

15 OMe 0.0 0.0
in pH9 buffer solution at 16 ClI 34 118

O *
SO°Clor Tweek™  «days 17 COMe 100.0 1000

& °

Fig.2 Alkaline deesterification of 9 as y-ketoester.
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Fig. 3 Strategy for designing a novel selective herbicide Nuzg OH 3
and tautomerization of 6-acylsalicylates (8). 23 24
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6-7 = F ) FIUEE 2 F U (Fig 4:24) % SAIORER
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L BB T2, —BERERLZZT7 5 BT 5 VR
(30) £ THFEICEILI N, AT HNT, EE~
TH 7 LR ERMT 52 T2 6 2H5H
BrRHLEY ZOB, 2A0KBENRELE L TAF L
EE2HWDL E, XF LT AT NEDERRIB 4 F 114k
(Step3) DINFE KD - 72, F 72, R#EREKLPC O LEICT
br, WAENGIHELR W 0D, #E%5745) Fo
EALAOBAER UG OMERIZET L 72, C #:(Fig. 6) I3 7+ ¥ —
L (33) oA MIEAERRANIC) FAL, skt
WTAHNLKRX D VEDEALAT ) FET, fEkEEINT
Wi 57219, —=50°C & v 2 AKIR TOTFERET Tid B i
URERDPFR N 512, BERTO7F V) F77 4, AL
wKFEICE B 75 FIEBME (Step2) Tidtr L AHiETIL
s B LR b, BRTORIGERET L 2L 25,
L 72 ) F 7 LIS TEETH D Z EHHBEL 72,
IR TG 24T ) LD W L, KAl ka T
ENBEIZE > TRELMETH- 2. )V FAHEBL U
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(Step1) MeOH, reflux ; (Step2) SOCL,, reflux ; (Step3)
MgCl,, Et;N,CH,(CO,Et),, MeCN, 0-5°C then r.t.;
(Step4) conc. HCI, H,0, 90°C ; (Step5) Mel, K,CO;,
MeCN, reflux ; (Step6) Hy, Pd/C, AcOEt; (Step7) NaNO,,
conc.HC 1, H,SO,, toluene, 83°C.

Fig.4 Synthesis of methyl 6-acetylsalicylate from 3-nitro-
phthalic anhydride (18)(Method A).

CH _Stept. ©)Me Step2 @
quant 92%

OMe
25
OH
Step3 c Me Step“
; 82% c —-OH : ; 92%
°
c Me Steps C—Me
@CC OMe 350, Gy OMe
OMe” o

24

(Stepl) MeMgl, ether-THF r.t. ; (Step2) 2eq. BuLi, hexane ,
CO,, ir.t. then 60°C ; (Step3) KMnO,, Mg(NO3),.6H,0,
H,0, 70-80°C, 3h ; (Step4 ) Mel, K,CO3, DMF, r.t., 20h ;
(Step5) 2.5eq. BBr3, CH,Cl,,< -15°C.

Fig.5 Synthesis of methyl 6-acetylsalicylate (24) from
3-methoxybenzaldehyde (25)(Method B).
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(Stepl) BBr, K,COy, CH,CN, reflux, Sh; ° CHR \r(nnz R' R?
(Step2) (E10);CH, (HOCH,),, p-TsOH,120°C, 1.5h; (Step3) cozm. o H Me H
BuLi ,CICO,Me, toluene, r.t.; (Step4) H,, Pd/C, AcOEt, 1.t; Me e¢ W ° OMe g H
(Step 5) STHCI, MeOH, ., 6h. o—(' o~ :} Me Me
Ph H
Fig. 6 Synthesis of methyl 6-acetylsalicylate (24) from 38 °M° 39 ome

3-hydroxyacetophenone (31)(Method C).
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b % EODIRT, B 6-T ) FIUEE £ 51 (36)
re) vy (37) EOMARIBIE 6-T v FILEDELE
M7 AT 72 (Fig. 7). 6-T 2 F 1 Lito 36 % Bt &
Wl ZHBENFHETIIANE T 5 B IIR/LNT, HY
TrAvFTror Al 39) oniarfgbone, 23
T FNEUADT o NVED afih NR=F 23T £ F
NEDENL NV EELRTOESHIZI9FERLZEFZL
niz. 22T, STFHOMRIGRET 5 721 KIR T T
Kb %47, 7o i = uk (711%), 75 1) Uk (51%) %
B2, EDMERBCHZENANV )L, T2 VTEFI
T DLy RSN, 72, BIRLZ L9102, 9
DEYEMES LI N 10, 11 FH2 AL 72,

Z LT s AL O T b, KB E ZH DGR
& e LTI RIS 7z (Table3), Lo L% s 17
(ZIRAEZ DKFROTIH L TIHRIN L EEL KL, FH LR
Bir% <, B bRllboRESBEZ 72, £72, 40,
41 3 172Uy 23EM 2R L 72y, BRI 17 L0 3
LR, ERAEA TGS 72,

5. EVI/Ry o XFLFEFOER?

6-7 LV L YD b B ERENER L LT, A
¥4 08 ERELE AMXUA I 2 EEaVR=L
BEEFEBIL 72 [o] [ 2R L, MAREIC EELL 2Bk %
HoTwa(Fig.8), E5ic, oA Xy E 42T
XUERT UNNA X D REICEEE LI LT, BKERH
BYLIENTEDL, 2, 43 /78 6-T o VEDRE
FErLTbFLon, BREOERLEFETE 2, 204
BlZAH% 9 5 6-acyl-2- (2-pyrimidinyloxy) benzoate (Fig. 3:
9) DEMLT I NFEDOEBEA T /L, HLT B 6-(1-
alkoxyiminoethyl)salicylate » 1) 3 >R by T UV &

Fig. 7 Condensation of pyrimidine with a variety of 6-
acylsalicylates (36).

Table 3 Herbicidal activity of three types of 6-
acyl PS analogues against Echinochloa oryzicola
and injury of Oryza sativa.

Me\ 0 c Q M g“:;w
- e— e
COzMe CO,Me
C( OMe OMe
0-(’ :> o~ :} 0~ :}
17 OMe OMe OMe
Compd. 17 40 41
Activityl)
(EDoggaifha) 10 16 16
Injuryz)
(EDyg:gai/ha)
Ocm’” 4
2em® 63 4 16

)Minimum effective dosage for more than 90% control
against Echinochloa oryzicola in pre-emergence tests.

2) Maximum effective dosage for less than 10% injury of
transplanted Oryza sativa.3) at a depth of 0 cm.

4) At a depth of 2 cm.
)‘T\ N~~OMe
H H
,=04 5,03

Fig.8 Introduction of an imino group into the acyl group
of 6-acyl PS compounds.'?

DHEE TRIEZ AR b, FERIZ L - TIUTII
R &) wREAREDSLETH - Tz,

A 3 7847 (Fig. 3:12 @ R®) OFERAH D HFREL &
LCige Faxi A 2k (Fig9:42) »#AATHS. 42
NEBETBETIT) EXU X3 U bdly (43) %
BB TH > 72, KGFDIFAED 43 ~DFABR UG % WK
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192 HAREYRIE H21% £25 FHI4ESH
Me Me BuLi
0 [ o o
¢=0 °;}ﬁ°‘" Me—(':;} CICON(Me), Me—é;}
HONH,.H,0 -0-
o_.(:N \ N \OMG oBn 60°C OBn
N= 0—(;q ) 33 46
OMe OMe
Me Me,
17 b=""° 42 oM NHOMeHCI  CN ar
. —_—
Base or A c MeOH,reflux CON(Me),
0 OMe OBn
o_(lN \
N= Fig. 11 Synthesis of benzanilide derivative 47.
43 OMe

Fig.9 Synthesis of hydroxyimino derivatives and their
cyclization reactions.

H m H H
HCgH | Nu ¢
C:N-© C.n-OMe
{ ~n ¢,
N <2—°°m
N0 N=
Meolfﬁ’; o A 0~
Nu; SEt, ON=C(Me), OMe

MeO 44

Fig. 10 Introduction of the R? moiety in the presence of
CDL

L EFZ, WETOETKESRTORIG THIFEY 42
(63%) 135N TET, 2 HWRERICA XL (3 /%
DT IVXIMEEAT- 128, G FRBRKEDHRATL, W
TNLHNBBELNT BosrrBons, 22T, T
AX A I EEERL 2FEROARIL 1T LHLET S
TNaXLTIvhENTNHEIELHELZAVTARK
L7z,

VR BT (Fig. 3:12 ) R?) & Tlt, #EAFIC
LU-A#)VKR= LY 4 34— (CDI) #FHw23 ¢+ (Fig
10), 2 i SEAEDARBEEIZ LY 6 4L & DIRILEE
PEEL, FX VAL ) ALEY 45) DAL
DT, BN IV VERDBARRICAT) FETEWH %137,
PAFNT IF (47) OABITELR L 72 ERIRE A L b
) F A bEE A, 2R EL L7 a)) FEORARIET
FROT I F (47) 248 L7 (Fig 11), ko) 57
LB ED ZDENE T &L 60C s 2 H WA
ETOANNEA MU L Ha L REEEB L Tk, K
W 46DT I — N EREES A L XT3 IR
CHEHERIESELZET, HLTLA XA I LAY
A7) 21572, 20L& ) ITHFEERDABICEL T, Kt
CEUDEREFBEL - ZEBV L THL6-T
PO FUBOEBICERNR 2 S EE L TARE
Fro7tz.

6. EYI/nRXy o AFLFEEOEE L EN?

1 DFEEDKBEMFIC BT 2REFEE L, [ 3~D%
SR L 72, ZOkR%E Tabled (2R L 72, 6-T L LK

Table 4 Herbicidal activity against Echinochloa
oryzicola (Ec) and selectivity between Ec and Oryza
sativa of pyriminobac-methyl derivatives (12).

R'—C=N OR®

2
COR A

N~
12 NKB

Herbicidal activity Selectivity

R' Me>H>Et>Pr

R? OMe, OH, ON=CMe,
> OEt, O-Proprgyl
ON=CEt, >> others

R3 Me,Et,Pr,Allyl, Proprgyl
{CH,),Cl, (CH,),CI
>> others

Me > H >> Et, Pr
OMe >> OEt >>
OH,O0N=CMe,

Me, Et, Pr, Aliyl
>> Others

X 0>>S,NH
(A,B) (OMe,0Me)>(OMe,0CHF,)>> Others

Z CH>>N

A2 RY) Z2WTRTLXNEDEINEL L AHICHE-T
BRETEMEIZET L 72, = A7 )VERAL (R?) O3 B8 T,
AFNVIATN (1) DA EE AT 25 & ki
FHER R 72, A VR B (48) (35BIRMEATY L 72,
B IO (X)Y,Z) SRERETUNOEER (X) 3
VNG 1T LN 1352 ICBREEESMET L7z, SEEBRIC
L BBBRENBIE RN L 72, 43 7846 (RY) @
BT L ) RE LB R O T RFRE OB IENE % R
LTwi, A% 4 3 7 EromENA% &0 TRFR L
3EMOL I AIEM S, KEFRICHT 2RKEICONT,
FX A4 BN EBNBEEEMEBEIT-2 2
AW FEEERE 3EMO L ZOFEEIZTRY, logP (£ 7
Z )=/ KBTOGRBEONE) D kR TEIN, &
W log P L7z, ZOfEIR 3EH O micxd L Tk
RHFRFE TICHAL ) BOKE LAY EL Twb 2 %
AL Tz, KRRZHT 2EEICOWTY, LERERD
¥ KdE: BB Y, L) BEREEOF LA
WIT ERRRICHT 2 REWIBAZ L AL, EFY
DIEH, FEFREDTEY, KWELEED 3 DD F v A b,
1 bt e L CHERRE iz,
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EV /78y « AFLOIEREE L EREBRE

LA A - b BT EM LRI RIS T 50% 4 F A
ERETH 100 FFREENEN D - 72 (Table 5), —H, 1D
KT 5 BHERRILA Y (Fig 12:48) TixA 4+ & Zfiici#®
FRiEIZA LD LN A - 72 (Table 5: pECy, ). A 4 -
LI RED ALSFEESE 2 B L 28E, = X710 TH
51D ALS FHETEME X554, 7 o BEER 48 (3 1000 1%
SRGWRHEEME 2R L 72 (TableS: I, ). —F, 1B L0
BELEDA 4 - b = ALSPHEEM 2B L7262 A
MHEHE TEL A ED LN - 72, HPRHET LR
1 DTH HEEFEMIBEH VKR T, L 28072 4
RO3EEEM Tl ALS BRERE AL, [ A EEEMIT T
KL o7 ULoRyr s, 1ide KRN TAF L
I AT VHINKS ﬁéﬂfﬁ(ﬁf?éﬁ%&)”%%t
THEMALL, ALS #FHE L BTG BT 5 2 & 7
a7z (Fig 12), A A b 2R ORBRERIE I MYk
D ALS DS T3 7 {, WREWERN ToOEEA &
AEWACDEEDEAHERND 1 D& L URES L7z,

BV I/n8y 0 XFLFEROETRY,
tNOOREFRE LU DHE~OPEY
1 BL U OFERIET X2 4 3 7 OB BMRDE
%%ﬁEM:W1m%T$&Lt.:n@mzwﬁﬁmo
T3 E/Z W EMHEARD NMR 7— 7@%&%1E@xﬁ
%ﬁ#%#e FHEBRMAERTH B LD HERS
1@&7_ﬁ%/4\/%%ﬁ76mé%®Eﬂ
W REARE O ESER, Cb b —hA Lk VBN EE

7‘» 12,14)
- .

Table 5 50% Growth inhibition and ALS inhibi-
tory activity of pyriminobac-methyl (1) and the
proposed activated form (48).

50% Growth inhibition ~ 50% Inhibition of ALS
PECso(M) Lsp(mM)
Compd. barnyardgrass / rice barnyardgrass / rice
1 77 57 47 59
48 7.4 74 0.016 0.018
Me, OMe Me ~ OMe

S

barnyard grass

C°N
CO,Me
oM
C( _(N_
00
ol
1 OMe 48 OMe

f

1Z form

. . c: N
deesterification COLH
e only in N _o Me
04
N}

Each isomer gives

1E form the same 48 by hydrolysis

Fig. 12 Proposed metabolically activated form (48), Each
isomer (1E, 1Z) gives the same activated form (48).

ERTHIH L 1B LU ZOFERICONTLENF
N EMEKEOBREFEEDOE N ZFRL 12,

W) F AR DBREEWE, P (logP, Kd), 2> 71—
A=Y 3 v, FRAEO KBS b, Z- S KELE 3 E-
%?iOé:/n7}&4%mF%t0 ST OEKEEF
B3R, WGT 5 E-BHEL D) LB LS & F

gInsz, 2F VWBEEEKMOIEFICE, LREEENE
m Fioar7x—A— 3 VICHET 2ILEMEERDH
KUENZEICHET 2 LRBENT, D EIZHTH L 721
BYRZEDA X4 3 IO EBHIREEEABE O
HRELTFELL» -2, —F, 1OWRMK1-E, 1-Z 0
LATNVEENEUIKSET 5 & (Fig 12), 20 Z1R
—iEHEEE (48) bz, E72, 1-E, 1-Z b hl%z i
BN BEHNRIZSTS A TAF VI AT LT
bE, B b 1-ERDRL 17, b DED bl Bk
KI-E, 1-Z OBFRILER X L COFEAKZE— (48) T

H5HEREIN, | OFERITHED T CEERKTH 5l
BERRIC 70 - 723580213, B ToBSRMERENEIL
BANEEZ LNA, O DL IMEEKOREFELD

23, PEEORS L 2N E ) ARICHRT 5 & 0k
BhTEI NI,

EY 3 /892 « AFILDEREMHS

TE3RAEMBIUCABHRLIE L L 7/ 2 exizi L T

IZEWRIRARED S T b DOMEREIZ A L TIZ TR
WMIRND~NT A+ 57 &R ERWIEETH - 72 (Table 6), 0-
4EHIC B ZEHHHAE T, WThoBEn S A 2 b

*ﬁLf%ﬁ%%T%m%%&?t SHEFHD A7 2
oy FD1/10~1/20 D#EE (7.5~60 gai/ha) TR DH)
%ﬁ%gnt(Hgm.%ma%fima&m%@f%
ORLULEN T4 XL, MEHOFAXHNLT
Pl EnR©ESEDRRD 5 7z (Fig. 14), BAEA R 26y
LR R ERAB TIE, 30g ai/ha TIIBAERE 0~3

Table 6 Herbicidal activity of pyriminobac-

methyl.
Application Dosage Herbicidal activity
timing (@aiha) g Mo ¢ AP Sa Cy
Pre-emergence 63 1% 2 5 9 4 0
[1day after 31 10 0 3 2 1 O
sowing of weeds] 16100 1 0 0 0
8§ 10 0 0 0 0 o0
Post-emergence 63 10 0 3 6 3 0
[2- leaf stageof Ec] 31 10 0 0 2 0 O
16 10 0 0 0O O O
8 g8 0 0 0 0 0

a) 0=no. effect. 10=complete kill. b) Ec, Mo,Sc: same as
Tablel., Al: Aligma canailculatum, Sa: Sagitaria pygmaea,
Cy: Cyperus serotinus.
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10,0007

1000~

mefenacet

EDyy (g aiha)
S
?

105

pyriminobac-methyl

1 e
| | I |
pre lleaf  2leaf  3leaf  4leaf

Application timing

Fig. 13 Efficacy of pyriminobac-methyl at different growth
stages of Echinochloa oryzicola.

= Pyriminobac-methyl
= 30g ai/ha

51

<

Tv J’

'E 4 Thiobencarb

§ 20 3000g ai/ha

| L
10 20 30 40 S0 60

Days after application

Fig. 14 Residual activity of pyriminobac-methyl.

Plant growth (% of control)

Fig. 15 Crop safety of pyriminobac-methyl in transplanted
rice (Kinmaze).

m DWTNLECEEFRD LN Lo BEEICEY
THBMRE O~ Lem TRWAFTIH 2 EO b2y 0
D, MEHOAT7 zF 2y FEDLHLPICBRELNT

-7z (Fig. 15), #AKEEA 22kl T3, 30gai/ha T

ERFAS LU 2EHREDONFTRLREIRO LN Y
rofz, FEHFRLETEEERXICE W THL 2 L EFH
flir@onzbnn, MEAOE) £+ —F L) BHLD

-

Plant growth(% of control)

Fig. 16 Crop safety of pyriminobac-methyl in water-seeded
rice (Le mont).

Table 7 Crop injury by and herbicidal activity of
pyriminobac-methyl alone and in combination with
bensulfuron-methyl against Echinochloa spp. at
different growth stages in field trials (Kikugawa,

Japan).
Crop injury Herbicidal activity
(30 DAAY) (30DAA)
Oryza sativa (cv. Koshihikari)  Echinochloa spp.
b)
Rate DAT leaf-stage
(gai/ha) 514 17 22 Pre 2 3 4
Pyriminobac 90 0% 0 0 o 10 10 10 10
-methyl 60 0 0 0 0 10 10 10 9
30 0 000 10 10 8 7
Pyriminobac
-methyl
+ 30451 0 0 0 O 10 10 10 10
Bensulfron
-methyl

a)DAA is days after application. b) DAT is days after
transplanting. ¢)0=no effect, 10=complete kill.

NDTH -7z (Fig. 16), 2 HICHEHEA £ 11 FEIC DOV THRBR
TLe T GWEeEErRL, KRERICIEE ) 3/
2w o AFOVORENE CBY - 128 W I3 - 72, &
72, EN I Ny 7 ATV HEAB LN 270
AFNEDERFNIC B TEFRD L 4EHFZ ToE iz
BN RZENEZR L (Table?), UEknEroE) 2/
Ny 7 RFVIMEERE T, BFRE» L 4EHDS (4 XL
INARIIEHNEREFL, 14, b RIcHS TEvER
WEAL, KRBREA (2 opilgi) &L (EuEGEE
N ZEDHLPE T2,

EYVI/nRy o« AFLDOREM

B2y 7 s AFNDZEMEIZ OV T Table8 1277
7. RHHABRCERBRROMRY 5 b VIIRENIC L &L
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BrEn LRI NTWS

EY I/ 9T ¢« AFIOIE[LN-

TEEMBERL, Bk L2240 b ) F Ak (Fig.6) %
FEARICHWRZMZ 5 Eich o7z, T#B e TENAK
J— b &Y (Fig. 17). TEMIZLBFHICATIREY 3-&
FexeTe b7 /v EMEEME L, CETHLF
VY7 A=k BT R 7 LTI e A ER 2 15
LdIZR AR FL > 7)) a—- )Lk kI BE L
L7, @EOTFL > 7 ) a— Lo RURETL TENICIT
BEE Y e 572, $72, BiREOEIC7 2 Y F (Fig. 18: 54)
DEVERD BT LN er -7z, 759 FORIERIZHEED
BEARY O NVENRREF 2, BIREL AT,
FNTLHRIAEBITEE &t h - 72 (Fig 18:55), Eeflil
BEXTIFLERT 2L ET L a7, 22T
T d—N~DEEA I LRI L 227 7Y FOEIE
ﬂuﬁ*i%ﬂ&#oﬁﬁwb% IFV>TRI—NT

L OMBERH b2, LV BARRKENFESL LY A
%w7k§—w:£§Lﬁﬁ%ﬂot.ﬁﬁﬁm@wﬁﬂ
WA AEICBW7Tew22RE L7 7oy Poh
T, AP/ —IV6 LT, AT AT 5 BRI LA
U XEE A FOVRER RS L EEM, BETY AFL

Table 8 The results on toxicity studies of pyrimino-

bac-methyl.
Acute toxicity : Oral LDy, ratsmice > 5000 mgkg
- t >
Acute toxicity Dermal LDy, rats 2000 mg/kg
in fish : LCsp carp > 10 ppm
LCSO daplnma >10 ppm
carinata
Irritation : Skin rabbits slight irritant
Eye rabbits slight irritant
Mutagenicity :  Ames Test negative
Me MeO OMe eO OMe
©/ Step1 Stepz CO,Me Step3
—_
0Bn ~ oge OBn ca. 71%
HOMe N~OMe
C Me C Me
COzMe @COzMe @cozme
Step4 steps
—1
51 Tee% T95% 5 3

(Stepl) CH(OMe);, MeSO3H , MeOH , C¢HCl, 1.t Sh;
(Step2) i) BuLi, cyclo-hexane, r.t., 3hr. ii) CICO,Me,

r.t, 2h ; (Step3) dil.-HCl, MeOH ; (Step4) MeONH,-H,S0,,
NaOH ; (Step 5) Pd/C, H,.

Fig. 17 Final optimized route for industrialscale produc-
tion of pyriminobac-methyl.

TeF—NEK (49) 2B EMHEREL. DL &I,
p- VLY VR v B KR A IS v B L ORI
HlLhhol, 29 /= NOAEEREELTHVSE L),
D BIERIE TOILEMO DR 2 BT 5 2 L8 TE T,
AU R ) F ARG 2 UE L TN R Y
3EH - 7287, BRONEIZHEBEENIC T0~80%5 T, LV
BEWEBEIKD LT, ) F 7 LB R ER A
TOBEDVINRICAKELHEL 525205, FHCEE
DI E AT 72, B2 OBEHRER D b, ¥ 7u~Xir
B, 7F 0N F 7L/ 2 7 anXH o EEE v A e
PEETH-7 (Table10), Y AFNLT 2 F—N~EHL
Rk, BIEEY, EEICEMLEETECT7 S

DEVERDL R S FHICBT £ 7 — b #EiT L2, 3-6 F
{%
(;(( 10% HCI aqg. ° Moo, Me
Me — C—Me
CO,Me co,Me
OBn BnO BnO O
34 | pdic,H, )
( atm) 51 38:62 54
MeOH
MM 0 MeO  Me
0 "
o 10% HCI aq. (:EC—Me
e —m———— +
MeOH, co,Me
HO COMe ;4 45c MO Ho
35 24 91 55

Fig. 18 Debenzylation and deacetalization.

Table 9 Direct N-methoxyimine formation from
the acetal 35.

) N~ OMe
o_o 2) I
MeONH,-HCI C-Me
Me
HO zve OH
35 53
Product distributions [%]
MeO_ Me
0
Temp Time additive HO

Run [C] [h] (equiv) 35 25 55 53

1 40 15 28 6 66
2 reflux 1 .6 20 74
3 reflux? 4 - 64 3 - 28
4 reflix 5 AcOKOS5) . 16 7 91
5 reflux 3 AcOK@O05) _ o5 2 97
6 reflux 3 AcOK(0.5) 2 98(9%4)
7 reflux 3 AcOK(0.5) - 07 98
8 reflux 3 AcOK(0.5) 45 1 - 54

a) Aqueous 21% of MeONH,.HCI(1.2eq) was used in
MeOH.b) E/Z mixture (ca. 9:1).c) Aqueous 40% of
MeONH,(H;80,),, was used. d) isolated yield.
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Table 10 Lithiation of the dimethylacetal com- BRIERICET 32 = o BRI £ - ’(UjZL' Fon
pound in various solvent systems.® o TR BECRMOBEREL 3. BB T )y
GC Composition (%) 7« AFNVORELETICHY, HEEE gi?ﬁ%,ﬁ\% nF
Me Me L7k, &HORES L 5000 (M) HAEYHET

MeO-/-OMe MeO—+OMe

BEOFHTRERCECHILBELHIT T,

CO,Me
nBuLi OBn 49 OBn 50
Solvent 3R % #

Hexane 15% hexane soln. 24:60

Toluene 15% hexane soln. 16:73 ) HAUHER - AN —  ABABRILER 2 56, 863-870

Cyclohexane 15% hexane soln. 6:83 (1998)

Cyclohexane 20% cyclohexane soln. 3:86 2) Y. Nezu, M. Miyazaki, K. Sugiyama, N. Wada, I. Kaziwara

Cyclohexane 20% cyclohexare soln.” 35:13;’) & T. Miyazawa: Pestic. Sci. 47, 115-124 (1996)

ether 15% hexane soln. 15: 2 3) Y. Nezu, N. Wada, Y. Saitoh, S. Takahashi & T. Miya-
a) Acetal compound : BuLi : CICO,Me = 1:1.1:1. zawa. J‘_ Pesticide Sci. 21, 293-303 (1996)
b) TMEDA(L.1 eq.) was added. 4) T. Shimizu, I. Nakayama, T. Nakao, Y. Nezu & H. Abe: J.

¢) 3-Benzyloxyphenylacetylene was obtained in 34% yield. P esticz:de. Sei. 19, 29-67 (1994) '
d) The remainder was a complex mixture. 5) T. Shimizu, I. Nakayama, T. Nakao, S. Takahashi, M.

Tamaru, N. Wada, Y. Nezu & H. Abe: Eighth Interna-
tional Congress of Pesticide Chemistry, Washington, D.C.,
. . - 9B-669 (1994)
RELTENT 5 /b A TRBRIETIRTHE 9% 6 M V. Bhatt, G. V. Rao & K. S. Rao: J. Org. Chem. 44, 984~
UED 6-TF ik (51) 252 b3 T&, iz L 989 (1979)

I AF AL A b 52T s Rk e Rarr D g-(f;g;er & M. S. Silver: J. Am. Chem. Soc. 84, 4589-
AT AT, 77 FORMESERT TBUED g M Tamaru & S. Saito: Pestic. Sci. 47, 125-130 (1996)

INHRTA 3 /R (52) I8 L 72, FHETH~Y 2 L (53) 9) S. Goldschmidt & A. Zoebelein: Chem. Ber. 94, 169-173

L, SMIc 1% 7 TRTTEMA 5 — LV TCARTE BT (1961)
. 10) V. Snieckus: Chem. Rev. 94, 879-933 (1990)
SR N oty AN 11) M. Tamaru, T. Takehi, N. Masuyama & R. Hanai: Pestic.
Sci. 47, 327-335 (1996)
5 b W (c 12) M. Tamaru, N. Masuyama, M. Sato, F. Takabe, J. Inoue &

R. Hanai: Pestic. Sci. 49, 76-84 (1997)
°1) 2 . ZolpLel] S 3 =
BV /3y 7 s AFVOBRIZE Y SZZAF DTV 13y ¢ Hanseh, S. D. Rockwell, P. Y. C. Jow, A. Leo & E. E.
MEBEERNFRO BB L2 5k E - 72, RRMOBREHZ Steller: J. Med. Chem. 20, 304-306 (1977)
CEWREEEERL TV T, SEREOS 2R 14) M. Tamaru, J. Inoue, R. Hanai & S. Tachikawa: J. Agric.

B ; i L Food Chem. 45, 2777-2783 (1997)
OEEIECL. 53— FaBICHB LS, B 5 gy gk g R - - U BT

WHRRHRRFOZN LB, BERHOBEDEBERIL O HAREYS 19 ke EEESE (LR, ps3
meﬁgmtmam THBE TL, ABFR TIRR » %19?14) o A Nak o Nihikawa, A Nakata. §
‘ . - . . . Hayakawa, A. Nakayama, H. Nishikawa, A. Nakata, S.
MG 08 BT 2 L EEL 572, FORELDLHO Sato & C. Yokota: J. Pesticide Sci. 16, 431-490 (1991)
P, G ECERLIIEEL b - =BV T 17) K. Matsuura, Y. Ishida, T. Kuragano & K. Konishi: J.
}) 2 6-7 3 )L ]) %/V@IC% 5717, %m&%%;ﬁg L, V%) Pesticide Sci. 19, 325-327 (1994)

G f Ly ot £ 3 . . . 18) R. Hanai, K. Kawano, S. Shigematsu & M. Tamaru: Proc.
HRALFHREB L EET L L9, 20D —FLE#z Brighton Crop. Prot. Conf-Weeds, 1, 47-52 (1993)

5 2 &R TR THIRRSL B ERD A D TTHEC % - 19) A - ANINERED - N EIE - B - ERETH
o k7, COMEL AR A S L oo, A AL D MAHEEE (FAHE), MEHE39 (5

. ] 1), 36-37 (1994)
WHEE L 2 =7 LERMT S EATCI 0, 370 K gg) i bR - RIS - RIBTAE - B

RNERwDE L LISEEET, 4 A NOEBREE2H AN« BAHER 865 BIHEBAKY » Ky 2 45
FoE09 l@fgmbxuﬁmﬁﬁ%&wﬁ%%@ " ﬁ%ﬁ% ﬁg% pATABH ey
, ! . . Tamaru, K. Umezu, C. Maejima, H. Kageyama .
R 1572285, 10RERROWIERTRES, 1 *- Kimura: Synthetic Commun. 24, 2749-2756 (1994)
IOEELRIREDEBRELZHELPIC L. /2,10 22) K. Umezy, K. Isozumi, T. Miyazaki, M. Tamaru, F. Taka-
TERMESEICER) F ARV AARERER L. A be, N. Masuyama & Y. Kimura: Synlett. 61-62 (1994)

MRIEELOMENAL LT, (W) 74 - 74 BF5,
7 ITAEFLE (), 4747 I VTE (B) 340,
e, BHFE, 8%, HERMOBREO KK LLEN
DR E, F X2 AT UKD & RBEEIE - 12 B
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(on prominent achievement)

Discovery and Development of Pyriminobac-methyl
—A Novel Herbicide—

In 1989, Pyriminobac-methyl (Code KIH-6127: Fig. 1,
1) was found to be particularly effective against barny-
ardgrass (Echinochloa spp.) over a wide range of growth
stages from pre-emergence through to the 4.0 leaf stage,
with excellent crop safety in both direct-seeded and trans-
planted rice. It was registered in late 1996 in Japan as
an active ingredient of the one-shot mixture herbicide,
Prosper™ (registered trade name of Kumiai Chemical)
and was commercially launched in early 1997, followed
soon after by the commercialization of mixtures such as
Pat-ful, Sat-ful and Topgun which all contain this com-
pound as an active ingredient.

Sulfonylurea herbicides like bensulfuron-methyl and
pyrazosulfuron-ethyl control sedge and broad-leaf weeds
at very low application rates in transplanted rice. These
herbicides, however, have only moderate levels of activity
against barnyardgrass, the most problematic weed in
paddy rice, at practical application rates.

Since ALS (plant enzyme: acetolactate synthase) inhib-

itory low-dose herbicides including sulfonylurea were
not commercially available for the control of barnyard-
grass when our studies were initiated, we focused on
low-dose herbicides particularly those effective in
controlling barnyardgrass in paddy fields.

Studies of pyrimidinyl salicylates (Fig. 1, 2), bearing
common functional groups, which act by inhibiting ALS,
had already been made by the authors. Although most
of the compounds had good herbicidal activity, only a
few had a broad spectrum of activity and acceptable level
of crop safety for commercial use. Therefore, a study of
6-substituted compounds (Fig. 1, 2) was initiated. For
the preparation of a variety of 6-substitutions, certain key
synthetic intermediates containing a highly reactive func-
tional group linked to the 6-position of the salicylate
moiety were required.

Our previous studies of 2 had provided the following
findings: substitution at the 6-position of the salicylate
moiety was preferable for herbicidal and ALS inhibitory
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activities; electron-withdrawing groups contributed to
ALS activity; and hydrophilic groups led to better activ-
ities against grass weeds than broad-leaf weeds. We
considered that a 6-acyl compound could be of interest,
since it is hydrophilic and has an electron-withdrawing
effect.

A 6-acyl compound can also be used as an intermedi-
ate for conversion to the corresponding acetal, alcohol
and imino compound. Thus a novel pathway for the
synthesis of methyl 6-acetylsalicylate (Fig. 4, 24), a key
intermediate for this chemistry, was studied. Three
approaches were successful (Figs. 4-6, Method A, B, C).
Among them, regioselective ortholithiation (Method C)
proved the most promising and was applied in this study.
Moreover, an industrial scale production of 1
(Pyriminobac-methyl) was accomplished by modifying
this method (Fig. 17).

Using the intermediate 6-acyl 2 (Fig. 3, 9), acetal
analogues and closely related phthalide analogues (Fig.
3,10 and 11) were prepared and herbicidal activities were
evaluated (Table 3). Three analogues of 6-acyl 2 (Table
3, 17, 40 and 41) were found to achieve excellent control
of barnyardgrass but cause unacceptable injuries to rice.
However, the herbicidal profile of 17 satisfied our re-
quirements as a prototype for a barnyardgrass herbicide.

In order to reduce rice crop injury while retaining the
herbicidal activity of 17, the introduction of an oxyimino
group was attempted to give a hypothetical bio-isosteric
analogue of 17. The methoxyimino group has a similar
[0,] value and a steric similarity to a carbonyl group,
and the hydrophilicity of the oxyimino moiety can be
varied by alkylation and acylation. (Fig. 8). Extensive
modifications were then made to the 6-alkyl moiety of 12
(Fig. 2: R'), the ester moiety (R?), the alkoxyimino
moiety (R?®), the bridge-atom (X) and the 4,6-
disubstituted pyrimidine moiety (A, B, Z). Structure-
activity relationships of the synthesized compounds were
studied by examining their herbicidal activities against
barnyardgrass ( Echinochloa oryzicola) in paddy rice at
various growth stages, including pre-emergence (Table 4).

Synthesis of 12 yielded a mixture of two isomers in
a >9:1 (E/Z) ratio and the stereochemistry of the
isomers was investigated and confirmed by X-ray crystal-
lography. We also studied the role of the iminoxy
moiety, based on the difference in the E/Z configurations
of this moiety determines biological activity. However,
no clear differences in herbicidal activity were observed
among these isomer groups. The configurations merely
contributed to the activity by way of hydrophilicity.

According to a study of mode of action (Table 5), the
ALS-inhibitory activity of 1 against barnyardgrass and
rice was almost identical and about 1000 times lower
than that of 48.  Also the metabolic transformation of 1
to 48, which is considered to be the metabolically activat-
ed form of an ALS inhibitor, was enhanced in barnyard-

grass, but not in rice (Table 5, Fig. 12). Therefore, the
selectivity of 1 for rice must be determined by these
metabolic factors. On the basis of QSAR and mode-of-
action studies, 1 was finally selected as a candidate for
commercialization as a novel barnyardgrass herbicide.

The herbicidal activity of 1 was as follows. 1 pro-
vided excellent control of Echinochloa spp. from pre-
emergence to the 4 leaf stage at rates of 30-90 g ai/ha
(Fig. 13). 1 provided excellent control of Echinochloa
oryzicola until 50 days after treatment. The residual
activity of 1 at 30 g ai/ha was superior to that of thioben-
carb at 3000 g ai/ha under flooded conditions in the
greenhouse (Fig. 14). The phytotoxicity of 1 in trans-
planted rice at a soil depth soil of 0-3 cm and water-
seeded rice at pre-emergence and the 2 leaf stage under
flooded conditions was very slight at 30-90 g ai/ha.
Particularly, the crop safety of 1 in pre-emergence treat-
ment of rice and transplanted depth of 0-1 cm rice was
superior to that of other rice herbicides targeting Echino-
chloa spp. such as mefenacet and molinate (Figs. 15, 16).
In field trials, 1 alone and mixed with bensulfron-methyl
provided good to excellent control of Echinochloa spp.
from pre-emergence to the 4 leaf stage. However, the
mixture with bensulfuron-methyl was superior to 1 alone
in efficacy at the 3-4 leaf stage. 1 did not affect the
efficacy of bensulfron-methyl against sedge and broad-
leaf weeds (Table7). 1 showed an excellent level of
safety for all 11 varieties of water seeded rice tested.
There was no significant difference in susceptibility to 1
among the rice varieties tested. Also, test of the tox-
icological and environmental fate of 1 showed favorable
results (Table 8).

The industrial preparation of 1 was examined, which
was considered an improvement over method C involv-
ing an ortho-lithiation reaction as a key step (Fig. 17).
Commercially available 3-hydroxylacetophenone was
simultaneously protected by benzylation of the hydroxyl
group under phase transfer conditions and dimeth-
ylacetalization of the acetyl group using trimethoxymeth-
ane in chlorobenzene containing an absolute minimum
volume of methanol. Dimethylacetal was preferable to
ethylene aetal regarding protection and deprotection
under mild conditions to give the desired products in
high yields. It is important to avoid the formation of
side products. The protected 75 was next subjected to
ortho-lithiation followed by carbomethoxylation at room
temperature. The lithiation step was fully examined
and found to have best results when a cyclohexane solu-
tion of n-butyllithium was used as the cyclohexane sol-
vent. Recrystallization from methanol after deacetaliza-
tion afforded a pure 6-acetyl derivative (51) in 71%
overall yield in 4 steps from 3-hydroxyacetophenone. A
largescale synthesis of 1 was finally accomplished by
conventional methoxyimination, debenzylation, and cou-
pling with a fragment of the pyrimidine moiety.
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