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Fentrazamide ( 1a).

Fig.1 Chemical structure of fentrazamide (1a).
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Scheme 1 New methods to synthesize 1-(2-chlorophenyl)-
5(4H )-tetrazolinone (2a).!>1®
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Scheme 2 Synthesis of fentrazamide (1a) under the reaction conditions demonstrated in the prior patent.?
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Scheme 3 Optimized method to synthesize fentrazamide (1a).'¥

Table 1 Herbicidal activity of 1-(substituted)phenyl-4-dialkylcarbamoyl-
5(4H )-tetrazolinones against Echinochloa spp. in the greenhouse.

X
0
[0)
YQNJ\N’[L ~R!
\
N=N F
RZ
Compound Substituents Efficacy *”
No. X Y R1 R2 500° 250 ©
7 3-Cl 4-Cl Me Me 0 0
8 3-Cl 4-CF; Me Me 95 60
9 3-Cl 4-CF, Et Et 100 70
10 3-C1 4-OCF, Et Et 100 70
11 3-Cl 4-SCF, Et Et 100 70

a5 DAT-application ( application at 5 days after transplanting ).
® Rating scale : 0 (no effect) - 100 (completely effective). © Dosage (g a.i/ha) .
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B (13, 1a, 18, 19) b BUFZARREGEN &BRMEE 2 5.2
% (2-2) D ANSREAL N D RFEWD, ML EHEOE
(16), LS TH 2 21) 5, F 72 I3BREED 6 L
TTHBHE (20,21) FFLWEER LTI L AL
729,
NHbEHD I b, 1-2-7au-6-XF N7 2 =))-
4-(N-sec-7F NV-N-n-7a ENVANNNEA ) -5(4H) -
TRV v (19) 13, BREENE - GEREE LICENT
Wiz, LL, BRI EZL 2 2-70u-6-2F )07 =) »idffi
By@m<, 2ORML 2H MY LFEL 2R, (LEW 19
B ZicEET 2HE A L. 22T, BIRL2-
7nn7 = )VHER 12 23 BRD (2-1) OFEHREL
T A NSEA NFERDAR T BRET L 722
ORI & - TR b NAbA MBS L Ui AL
EYNEEREKRBHERE, Z0LDLEWICBET S
TEEHWR e 7774 —DfERE E £ H T Table
3zl 7.

SREH A7 22y FORBEE L EICHET S X,
{b&% 24, 1a, 25,26 |2, ZHRALAM 22,23 & & i 200~
300 g a.i./ha HIF|C BT 3 HEH] (leaf stage: Fh LS &

By )FTtoenicL Th@EEELRLR Lal, 1t
&W24,26 IZRCEWE FRLEELRL2, £72, 1L

[-(2- or 2,6-substituted)phenyl-4-(N,N-dialkylcarbamoyl)-5(4 H )-tetrazoli-

nones and their efficacy against Echinochloa spp. and compatibility with rice in the green-

house.
X
)k (o]
<:;LN_?VMN/W
Y\ N=N ]
RZ
Compound Substituents Efficacy ™ Compatibility ™

No. X Y R R? 1259 60% 250 ¢
139 H H Et cyc-Hep 95 90 10
14 Me H Et cyc.-Hex 98 90 15
15 Me H n'Pr cyc.-Pen 90 80 20
16 Cl H Et n-Bu 80 80 10
la Cl H Et cyc.Hex 95 90 5

17 Cl H Et cye.-Oct 90 70 10
18 Cl H n-Pr s'Bu 90 90 10
19 Cl Me n-Pr s-Bu 95 90 5
20 Cl Me Et i-Pr 90 70 50
21 Cl Me i-Pr i-Pr 80 60 40

% cyc.-Hep : cyclohepty], cyc.-Hex : cyclohexyl, eye.-Oct : cyclooctyl,

cyc.-Pen : cyclopentyl. ® 10 DAT-application, Oryza sativa L., cultivar Nipponbare.
© Rating scale : 0 (no effect) - 100 (completely effective). © Dosage ( g a.i/ha ). ® Comparison.
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Table 3 Herbicidal performance of 1-(2-chlorophenyl)-4-(N,N-dialkylcarbamoyl)-5(4H )-

tetrazolinones and related compounds.

R?
Compound Dosage Efficacy *” on Injury *” to Soil-
No. Substituents © rate ECHSS ¥ ORYSP® _ TLC®
X R! R® gaiha 2189 25L8% 3LS¥? Rf
Mefenacet 2 1050 100 100 98 10 0.16
22 H Et  cyc-Hep ggg igg gg gg 1; 0.20
BY MO B geme 0 N0 1010
24 Cl Et cyc.-Pen ggg igg 19050 190(? ]{g 0.18
1a cl Et  cyc-Hex ggg igg 19050 gg ‘g 0.10
25 C P sBu g0 100 20 10 v 0.26
26 Cl n-Pr cyc-Pen ggg 19050 19050 19%0 ig 0.16
27 Cl n-Pr cyc.-Hex ggg igg gg Zg 1(? 0.13
28 Cl i-Pr cyc-Hex ggg 1;)50 gg gg 1(;) 0.10

10 DAT-application for testing efficacy and 5 DAT-application for investigating compatibility,

Leaching : 0.5 cm/day during the test period.

Y Rating scale : 0 (no effect) - 100 (completely effective).

© cyc.-Hep : cycloheptyl, cyc.-Hex : cyclohexyl, cyc.-Pen : cyclopentyl.
9 Echinochloa Spp. ® Oryza sativa L. transplanted. D Seil thick-layer chromatography using clay loam.
® Leaf stage : Growth stage of ECHSS on application. ® Comparison.
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LB LU/ F 23 26 MpERB L O/ 2 AFAKT
B0, R-1ANNELNEER, —HPREH2 721330
BT VX NVIETH Y, [2-2] L) —FHDREHK 4 DR
BT NFNEE 0, REBSERIZ6ODL 70T LX)
ETHY, [2-3] 200, ZODRFEHEDMKFEED T £ 72
(28 Th HMALHYDR, & R REIGE & P
Ex525.

Bell' &0, WrEMH NANEA T 7V /O
EIGEEARE I DWW TSI L, "t nicHY 5 iEE
13, a) XY UIR L oortho fioyERIEDS, BT/
S EHRE (AFE, A X 0H) oRIcRLES, B
TFIREMERAL G ACT 45, b) # T A WEDMIK
FHUL6~8 THY, ¥Rz, WMKFEHEELHHEETH LN,
N-UA Y7o ETEN-v 7a~% L L-N-4 Y
70 L (1] 2 13 Table 3 h LA 28) i D e %
BRIZFE LW "EENTWE, ZoMEE, Brotir
TR LIS I B 5 T B,

AT, KRERBERIZIZZOREE L TRE W
TEPTOBTEI KD LN S, THEEHWE 72T
77 4 =2 BW TR LN AR MORATE (Rf 18) %, 1t
Ala, 25550 A7)y F THEEL 2, ZORERE,
la O +ERTOBITHE (RF=0.10) 1%, 25 (Rf=026) %
A7 zF -y b (RF=0.16) & WX T LMD THEdr o7z,
I3 la D HBIRENZRR T AL D TH B,

ZORIS, laThbb 72> 7RI, ExiceT
HEVIENE - A R CHT 2 EnRett - Ee HRRET L
&, FOENTKHEEER L L TotkRee S REILEWIC
FEH I N,

BB LUER®

— 3% 0 7> b7k (fentrazamide)

paeng o A /—"® (Innova®), #7112 #—® (Double-
star®) |, F=3®(Donichi®, Z=— }®Smart®),
J—7 4 > 7® (Leading®, v 7 27 1® (Lecs-
pro®)

HERS I BAY YRC 2388, NBA 061

CAS registry No.: 158237-07-01

124 4-(2-chlorophenyl)-N-cyclohexyl-N-ethyl-4,5-dihy-

dro-5-oxo-1 H -tetrazole-1-carboxamide
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SFR - CeHyCINSO, REERBRICBT A ELKAEECIHNTIRERLES
4+ 349.82 Table 4" 27", BHI S XL, {1 XX, F=i¥
LA R VN, A XRINA, TEF, 3FXLrn—FEHTES
B 79C NTARS S, ATV ) EEDSEEBEEIINL TE
R 1.30g/ml (20°C) WRERR LR 2. EEE 125gai./ha T3, 2 EHD
FEAJE © 5X1071°hPa (20°C) ; 1X10-2hPa (25°C) : 4L, A XEB LSy )il TEWE

(OECD No. 107 #) HRARL, BERYOA XRINA, TEF, 2+%
SR (n-4 7% 7 —1/K) log Pow=3.60 (20°C) : O RRDED o 72, Table 5 3R L LEFAT—VICB

(OECD No. 107 &) a8 42 1, A XTI 272 7% FoR

BEE (g/1:200C) @ HliK 100025, n-~7"%> 120, 2-7 EEWERT. AFNIT 300g ai/ha DMBEEEICBWTE
a8/ —)L132, R)zFL 7)) a—: AR S 3EMFE CoOL nICERERL, AR AN
S CAFNANT XL F 210, T b TRFEULOLEL ZBREHRE R L. 2N L), 7=
25000, TRF=F)NI250LIE, P70 PRI FE S O—FERED» LEED ZEEME S
oAy 250 Lk, BEER= v 1250 Lk, TIEWREZXRZ PLVERL, L2 EEETERNEL

¥rur 250 Lk 127 e i L TRV BREERE 2R Z 20 - 72,
2 7y E5¥IFORMY
7z PI¥FoRERT 722 b IR 2005 L0300g ai/ha DEBTH
L 71> b5% 3 FORERY KEGAFLL 722 205 4 % & 2% 0% 1K68 T 54

Ty bW PEMAERARTE 02 SEIC RS i, 200gai./ha HFEET42 HIE, 300ga.i/ha T50 H

Table 4 Weed-killing spectrum of fentrazamide.

. . . . .. b)
Weed and Code App.hca:)mn ) . HSI'blCldal e;ctmty . . .
time g° 15 30 609 1259 2509 500
Echinochloa oryzicola (ECHOR) 2aIfS 9(;) 11000 12%0 170(? 1;)00 19030 1:50
Echinochloa crus-galli (ECHCG) ZaifS 7(;) gg 170(;) 18%0 19050 15;)80 1;){?
e at 8 90 90 100 100 100 100
Cyperus difformis (CYPDI) 218 20 60 8 8 90 9 100
Scirupus juncoides (SCPIU) 2%8 g g 200 gg 28 gg gg
. . t 0 40 80 80 90 90 90
Lindernia pyxidaria (LIDPY) 218 0 20 40 60 70 8 8
Monochoria vaginalis (MOOVP) A 200 6(;) ;g gg gg gg gg
Eleocharis acicularis (ELOAL) prop. g g 8 gg gg gg gg
. N at 0 [} 30 40 60 60
Sagittaria pygmaea (SAGPY) 218 0 0 10 20 ig 0 50
Cyperus serotinus (CYPSE) 2%8 5(;) 7(;) 800 gg Zg gg 3(5)
Alisma canaliculatum (ALSCA) zaltjs g 3;? 5¢? 85 ?1()) ?1? ?1?

* Growth stage on application; at : at-emergence stage; LS : leaf stage; prop.: Propagation stage.
b Rating scale : 0 (no effect) - 100 (completely effective).
® Dosage : g a.i/ha . ¥ Not tested .

Table 5 Efficacy of fentrazamide against Echinochloa spp. at different growth stages.

Dosage Efficacy ab)
Herbicide & ECHOR° ECHCG ?
(g a.i./ha) Pre? 15° 25%  30° Pre® 157 25°  30?
fentrazamide 300 100 100 100 98 100 100 98 95
mefenacet 1000 100 100 100 98 100 100 95 90

Application at different growth stages in the greenhouse. ” Rating scale : 0 (no effect) - 100 (completely effective).
9 Echinochloa oryzicola . Vg crus-ga]]i.E) Pre-emergence. ® Leaf stage.
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BMUETH-27, ZHid 72> F 7% 3 FoiEvHER
EULECKEBEICL 20 TH L, MBI NLAHFIR
HEERBICHRE TLE L AR 2 Ee IR L, £
HITBEDORAKRLERNDORE L iz & 2 EERUAKFERHM
DHEKDE E 120 L CEADBED/NE W 2 b, &
ELBRENNIrCRYPBREINL LN EEZ 5N,

3. 7V SH I FOBHEAEICHT IR
KFEREHES, TBL U I0HEND 72> P73 F300g
ai/ha UEETIE, 3 ABME DA DA BT EE
WARHIET 2 L7225, Mo CiiE8 38 5k
B 7219, &K 300 gad./ha S H A T3, FEAEERE 0cm
K2 DAKFRICH L T TRURND 438 T 5 £ B A
Re7z5% 1em LINORIKSEMS T TIIBRAKRRIC L T
EEEYR LN 572 (Table 6) 7 Zon ki, 7«
> b7 FIREEAKEE L AT BV TLH
ROKRRIZ X L TN et d R 72,

4. 7z b FH¥ 31 FEIOBERBLE

FEID /BT 5 ROWEME L 20BN EREY
5, HERRLEE A~ OB A RET & 1172, Table 7'7 13,
HAB L OABBETEBI N ZIVKR=LT7 L T RBE

Table 6 Efficacy of leaching as a parameter of crop safety
for fentrazamide in the greenhouse.

.. Leachin
Herbicide extentg Rice seedlings 2
(Dosage) (cm/day)  Fresh weight ™ Plant height >
fentrazamide 2.0 87.8 87.7
(300 g a.i./ha) 1.0 97.5 97.5
0.5 97.5 100.5
0 96.9 101.2

* Oryza sativa L., cultivar Nipponbare transplanted at a depth of
2 cm. ¥ 5 DAT-application. @ % of control .

X 2n7ay AFEDREAE (4 /7 —®) o HiERE
R L 2B AROER Y RT. ARGHIL, /o=
PEUCERFEB L USEAKBEERICE L TENE
MR 2R L, BRARRICHT 28T ) — N1 X ok
I SIBZBWTHRA229DEENFFEINTHLICTELR
W, ZOZE b, BEEZOKRRICNT 2EN e,
1 FEC & 2 REOMERE, %6 e EEKBEBEC
B EWRRE AT Pk, RIEAHNIE HRE R AL
KO LNDRMEL AT 5 2 Lo HERR S LA,

5. 7z 53 FOERBIE

7xv b7 FoOEHEEEIR, 4 TicEs e
DR % b, HPOMBBSZMBIIER T 28R, &8
RELXY, WIICELLDDL EEZ LML, KMEAYD
b | EHRE OB TIE, 82 FEEBOTEE R
2OV THEFMOME & MBS D  DIZ AT
s, 35, FE2EUROEFEZREIEL (HE
2N, EBEEOME, HilME, 5170, EROMEIY
BEgFe, LrL, v=teT=) Y RBREAITALN
% &) iR ERE L EOEREIIES S o 72
BEROMENL, 7 1-CoA KEIERE RN E X B
LTEY, wu=/-CoA BL1rCI8, C20 % 5%\t C22-
7 3 -CoA R HHEE & T 5 IR R R HER R AHLE
&n, C20, C22, C24 »EHFRNEE (VLCFAs) &H0 i
(HEEINDHZEIE DY, BEMOERIZ70nT ¢
FTIFRRAXUTERMT IR ANANEAL VALK
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Table 7 Herbicidal efficacy and crop compatibility of Innova GR and SC applied at

0-DAT.
Herbicidal efficacy and compatibility with rice ab)

Product y D ) D ) 0 5 5
ECHSS © cYPDI @ SCPSS © MOOVP ? BBBBB ? CYPSE ' SAGPY?  ORYSP!
Tnnova 99.3 997 996 99.9 98 97 79 17
1kgGR75Y  (8)”  (9) amn (¢5)) e (10 (10 18)
Innova 99.4 99.9 97 99.5 98 95 86 2.2
1kg GR51” (52) (41) (52) (48) (50) (39) (36) (52)
Tnnova SC™ 99 100 99.4 100 99.9 95 97 0.8
(12) (5) (12) ()] (11) (6) 8 (12)
TnnovaLSC™ 99 99.6 98 99.1 98 98 96 1.7
(49) (32) (40) (39) (40) (30) (31) (42)

® Application at 0-DATunder field conditions. Y 9% of control. ¢ Echinochloa spp.

? Cyperus difformis. o Scirupus spp. ® Monochoria vaginalis. ¢ Broadleaved weeds.

B Cyperus serotinus. D Sagittaria pygmaea. » Oryza sativa L., cultivar Nipponbare.

Y fentrazamide and bensulfuron-methyl 2.0 and 0.75% GR 10 kg product/ha.

D fentrazamide and bensulfuron-methyl and dymron 2.0 and 0.51 and 4.5% GR 10 kg product/ha.
™ fentrazamide and bensulfuron-methyl 3.9 and 1.4w/w% SC 5 L product/ha.

" fentrazamide and bensulfuron-methyl and dymron 3.9 and 1.0 and 8.8w/w% SC 5 L product/ha.
P No. of trials.
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Table 8 Toxicological data of fentrazamide.

Study Animal Result

Acute oral Rat LDgy:>5000 mg/kg (M,F)
Mouse LDs,:>5000 mg/kg (M,F)
Rat LD5,:>5000 mg/kg ¥ (M,F)
Mouse LDs,:>5000 mg/kg ® (M,F)

Acute dermal Rat LDj,:>5000 mg/kg (M,F)

Rat LDs,:>2000 mg/kg ® (M,F)
Acute inhalation Rat LCso:>5085 mg/m® (M,F)
Eye irritation Rabbit Non-irritant
Skin irritation Rabbit Non-irritant
Skin sensitization Guinea pig Not sensitive
Teratogenicity Rat, Rabbit Negative
Mutagenicity in vitro, in vivo  Negative

% 3% Granule.

7y PS5HFIFOREMHD
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Lhrote, BEECERFEHIVTRLRETHY, Bk
el R, BIAADOFEL o2 AR 2 117z (Table
8).

2. BEEMCRIFTHE

72 7 PO, BN, FREBHREUTER
YT A HMEIECC, BEOFEREGTCIIINLER
BN CGeBE2RITE v, BRICNL TERD
HfER BRI Nz, RoREEIHERINTEY), &
BRNOHEI LW EEZ LMD,

3. KEoBELIURY

BCREH 72 P IV I PR Ty MIcRORE L oK
R, RS TH Y, 5% 72 LN IZIZTE RN
AR - BRE 2 7, BRIKREAOME TR, TETAND
BATIBS TRV L~V Th -7, 72> P 7H 3 FI3E
YR, HEMTRTT I FEAOIUKS R, T X WML
Kb & 2R LTI N, 25BN RS
niz, HERSKFESERBE T, T3 FEAOIIKS
BRI E S HICaEL, TR REET I F TERLS
niz. BRKRRC BU 2 ERBRBORER, LRI
FEbbhic7 >y b 793 Fidmid a7z, £72,
KA BT 5 T8RRI 10 BLIT Th - 72,

5 b U

7z 7W I FIEE IR 2 BN RNR & BRI
XY etk 2R, HAERD 5 b 3ERE Tl
HEERDILRERTH 5. £DRAFIL EEOKEHE
AP R L L, »OBMRRLEZTRIC L, 35
2, 7aT7T7NFBLUOY » KA EORIBIZ L 5 T

ECHEATCE 2AEDEVRERTCLAHL, 20k
12, AFZKRRRESIC B 2 BEROMFEILD M TRE
wRlREL b Lzl b, F2, NE - BN - BH
BiliAngeetbeked - KM A8EH TOEE R #a T
DW 21z, AHIFREREICLENLREFTD 5,
AFRO LK), SHRBM ENZLHIZEL THR&3 N,
—REIMF R L B E Nz, 2wz, 7o TS
FREBOBRER, TEEKTHL 1-Q2-7unT7 =)
S@H)-7 b 7)) /v nEBE R W IcKEeR, o, K
QRN TITZ AP Tz Bb s, N-BRE A
NNEA ML RERE CEMTRKE N2 &%, #
WREANEDT I 850, #RELTT=) v bH
BEINDIAWTH 722 & LAFBENEK 2 2 Mhico
T, FuThotz, J—FuEMOKE - BH, &
b, A7 w2 A0/kE - B, RErbifz L TREbE
WOAB Y, AROBRREICEEL £ D2 L 2538 T
ok, 2oL TRHERN7 2> F 73 Fid, EED
IR BLEE LRIV, ZOEWFEN - I
FHEERARICEP TXCHEBEINCBRERATH S, B
EAEERSICBT 5H7 ) - BRIRLOH L W KARHRE
HELT, 72> 7% FRARIZSHROHSHBIIR
DA TFREND, BEROLEMS L RERETBED
HERII—REEZ DREHY, MhLr b6k b BED
FRICEBKL 72\,

BRFIC 72 P IW I FOBRRBLEHICAR), THEroX
BEH) T Lok, BANEBERERS Y S5 N HAMY TR
MR 20FEEEF ICEC BB L EF 9. 72, AFOH
Richnrl), SHESTESBEY L AMEEIERSH
b NI MR OERICEH 2 L ET. S5z, KHIIFE
BELOMENAL LT, £ DEMNBREMD BT X
BICIVEARINLL0TH), BLLVEHoELERLET.

5 B X ®

I) Y. Kurahashi,* T. Kume,* A. Yanagi,* M. Honda* &
M. Albrecht** (*: Nihon Tokushu Noyaku Seizo K. K.,
**: Bayer AG): Jpn. Kokai Tokkyo Koho JP 2-1483 (1990)

2) Y. Kurahashi, T. Kume, A. Yanagi & M. Honda (Nihon
Tokushu Noyaku Seizo K.K.): Jpn. Kokai Tokkyo Koho
JP 2-72151 (1990) and Jpn. Kokai Tokkyo Koho JP 2-
96560 (1990)

3) T. Goto, H. Hayakawa, I. Manabe & A. Yanagi (Nihon
Bayer Agrochem K.K.): Jpn. Kokai Tokkyo Koho JP 5-
65258 (1993)

4) T. Goto, H. Hayakawa, Y. Watanabe & A. Yanagi (Nihon
Bayer Agrochem K.K.): Jpn. Kokai Tokkyo Koho JP 7-
48333 (1995)

5) 0. Tsuge, S. Urano & K. Oe: J. Org. Chem. 45, 5130 (1980)

6) R. A. Covey, P. J. Forbes, A. R. Bell & A. R. Blem
(Uniroyal Chemical Co., Inc.): U.S. US 4830661 (1989)

7) T. Goto, H. Hayakawa, Y. Watanabe & A. Yanagi (Nihon
Bayer Agrochem K.K.): Jpn. Kokai Tokkyo Koho JP 5-
331153 (1995), JP 5-331154 (1993) and JP 5-339249 (1993)

NI | -El ectronic Library Service




Pestici de Science Society of Japan

Journal of Pesticide Science 27 (2) May 2002 207

8) T. Goto, H. Hayakawa, Y. Watanabe, S. Narabu & A.
Yanagi (Nihon Bayer Agrochem K K.): Jpn. Kokai Tok-
kyo Koho JP 6-199818 (1994)

9) T. Goto, S. Ito, Y. Watanabe, S. Narabu & A. Yanagi
(Nihon Bayer Agrochem K.K.): Jpn. Kokai Tokkyo Koho
JP 6-306061 (1994)

10) J. D. Kendall (Ilford Ltd.): U.S. US 2386869 (1945)

11) D.F. O’Brien: J. Org. Chem. 33, 262 (1968)

12) A. Yanagi, Y. Watanabe & S. Narabu (Nihon Bayer
Agrochem K.K.): Jpn. Kokai Tokkyo Koho JP 7-082258
(1995)

13) A. Yanagi, Y. Watanabe & S. Narabu (Nihon Bayer
Agrochem K.K.): Jpn. Kokai Tokkyo Koho JP 7-097372
(1995)

14) A. Yanagi, Y. Watanabe & S. Narabu (Nihon Bayer
Agrochem K.K.): Jpn. Kokai Tokkyo Koho JP 7-118246
(1995)

15) A.R. Bell, R. A. Covey & D. 1. Relyea (Uniroyal Chemical
Co., Inc.) “British Crop Protection Conference—Weeds,”
pp. 249-255, 1987

16) A. Yanagi: Pflanzenschutz-Nachrichten Bayer 54, 5 (2001)

17) T. Goto, S. Ukawa & H. Miyauchi: Pflanzenschutz-
Nachrichten Bayer 54, 13 (2001)

18) S. Ito, K. Yasui, C. Ueno, T. Yamaoka, N. Minegishi, N.
Hirose & T. Goto: Abstracts of the 37th Conf. of the Weed
Science Society of Japan. pp. 134 (1998)

19) B. Matthes, J. SchmalfuB & P. Bdger: Z. Naturforsch. 53¢,
1004 (1998)

20) M. Watanabe & S. Kurogochi: Pflanzenschutz-Nachrichten
Bayer 54, 35 (2001)

L R I T I

Society Awards 2002

L R A TR
(on prominent achievement)

Development of a New

INTRODUCTION

Fentrazamide belongs to a novel class of paddy herbi-
cides for the control of grasses and annual sedges. It
shows an excellent efficacy on barnyard grass with a wide
application window from pre-emergence up to 3-leaf
stage, and with good crop compatibility for transplanted
rice. The carbamoyltetrazolinone herbicide was invent-
ed and developed by Nihon Bayer Agrochem K. K. and
Bayer AG to achieve time and cost saving effects in rice
cultivation by the introduction of convenient and easy
application methods for paddy herbicides. As a combi-
nation with bensulfuron-methyl, this herbicide was regis-
tered in 2000 under the trade name of Innova® applicable
during planting operation. Other registered herbicides
as eg. Doublestar®, Donichi® and Smart® are also
suitable for “easy-to-use” application, which recently
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Herbicide, Fentrazamide

became more important.

This publication briefly describes the history of discov-
ery, synthesis, herbicidal performance and safety of fentr-
azamide.

DISCOVERY AND SYNTHESIS

During ongoing studies on 3-halo-4-substituted-aniline
derivatives for finding new physiologically active com-
pounds, the carbamoyltetrazolinone group reached the
status of a lead structure as a new paddy herbicide.
Further optimization work on the carbamoyltetr-
azolinones resulted in the discovery of fentrazamide.
Process studies regarding the preparation of 1-(2-
chlorophenyl)-5(4 H )-tetrazolinone as a key intermediate
to fentrazamide included explosive and toxic azide chem-
istry. Thus, all experiments were performed following
strict safety measures. Two important pathways to the
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1-aryl-5(4 H)-tetrazolinone ring have been described in
the literature. Although these methods are useful for
preparations on a small laboratory scale, there were
—from the viewpoint of production cost—not suitable
for the large industrial scale synthesis. To provide a
more cost-efficient procedure, our research work was
concentrated on improving the known methods. This
goal was successfully achieved and resulted in the devel-
opment of a new synthetic pathway to the desired 1-(2-
chlorophenyl)-5(4 H)-tetrazolinone: the reaction of 2-
chlorophenyl isocyanate and equimolar amounts of
sodium azide in the presence of aluminum chloride as a
catalyst.

In addition, it was desirable to improve the car-
bamoylation step of 1-(2-chlorophenyl)-5(4 H)-tetra-
zolinone, since the O-carbamoylated regioisomer was
formed as secondary product. This undesired isomer
was unstable upon hydrolysis and additionally did not
show any herbicidal efficacy. To suppress its formation,
modifications of the reaction conditions were carried out
in order to find an N-selective carbamoylation solely to
fentrazamide. The method of choice was found when
1-(2-chlorophenyl)-5(4 H )-tetrazolinone was reacted with
N-cyclohexyl-N-ethylcarbamoyl chloride in toluene and
in the presence of potassium carbonate as an acid scaven-
ger and 4-dimethylaminopyridine as a catalyst.

As a conclusion, the preparation of fentrazamide suc-
cessfully combines aniline and azide chemistry as key
features.

STRUCTURE-ACTIVITY RELATIONSHIP

Based on the screening results and in comparison with
the efficacy of the 3,4-disubstituted original lead struc-
tures, a clear improvement in activity against Echinoch-
loa spp. was observed when the derivatives had
substituent(s) at 2-(or 2,6-) position(s) of the benzene
ring of l-aryl-4-(N,N-dialkylcarbamoyl)-5(4 H )-tetra-
zolinones. Furthermore, 2-chlorophenyl derivatives
corresponding to the lead showed stunting effects, which
is a favorable property for a paddy herbicide as eg.
mefenacet. On the contrary, 3,4-disubstituted phenyl
derivatives showed necrosis and bleaching symptoms.
Based on these facts, further precise evaluation and
optimization of the substitution patterns of the car-
bamoyl group were carried out.

According to the results obtained through this investi-
gation, favorable substituents of 1-aryl-4-(N,N-
dialkylcarbamoyl)-5(4 H )-tetrazolinones for paddy herbi-
cides were found as (a) chlorine atom(s) and/or methyl
group(s) at 2- and/or 2,6-position(s) of the benzene ring,
(b-1) linear alkyl chains with two or three carbon atoms
as N-alkyl group, (b-2) branched alkyl chains with four
carbon atoms and/or five to seven membered cycloalkyl
rings as secondary N-alkyl group and (b-3) and more
preferably, a total of seven or eight carbon atoms of the

carbamoyl group. These findings were, however,
different from the reported QSAR study on car-
bamoyltetrazolinones.

Taking into account the leaching properties, Rf values
were determined by soil chromatography. The suitable
and preferable Rf value for a paddy herbicide lies rough-
ly in a range of 0.10-0.16, and the value for fentrazamide
was found within this range as 0.10.

Considering all biological test results, the compound
BAY YRC2388—known as fentrazamide—was nominat-
ed as a development candidate for a paddy herbicide.

HERBICIDAL PERFORMANCE

Fentrazamide showed a broad weed spectrum against
annual weeds such as Echinochloa oryzicola, E. crus-
galli, Cyperus difformis, Scirpus juncoides and Mono-
choria vaginalis, as well as against perennial weeds such
as Cyperus serotinus and Alisma canaliculatum. It was
highly active to E. oryzicola and E. crus-galli from
pre-emergence up to 3-leaf stage at a dose of 200-300 g
ai./ha. Residual activity of fentrazamide against
Echinochloa spp. was found 42 and 50 days after applica-
tion of 200 and 300 g a.i./ha, respectively. Upon shal-
low (1 ¢cm in depth) and surface (0 cm in depth) trans-
planting, fentrazamide caused some growth inhibition on
rice. However, the crop damage was in an acceptable
range even at 0 cm transplanted depth. At the usual and
common planting depth (2cm under test-conditions),
fentrazamide was safe (ie. showed an excellent plant
compatibility) under leaching conditions of 0-1 cm/day.
These properties of fentrazamide resulted from the low
mobility within the soil due to the strong soil-adsorption
and low water-solubility. The observed season-long
control of Echinochloa spp. and crop safety under
fluctuation conditions were very suitable for a paddy
herbicide being applied at 0-DAT (0 days after trans-
planting, ie. the simultaneous application with the trans-
planting operation).

Morphological studies indicated that fentrazamide
inhibits the cell division and cell growth, similar to the
modes of action of oxyacetamides and chloroacetamides,
respectively. Fentrazamide has a strong effect on meris-
tem bearing cell division in the root and shoot tips.
This inhibition results in the halted growth and distor-
tion of elongated tissue in the meristematic regions of the
roots and young shoots.

Recently, fentrazamide was found active to inhibit
fatty-acid elongation. Using an elongase assay of
malonyl-CoA and C18, C20, or C22 acyl-CoA primer
substrates, it was demonstrated that all elongation steps
to very long-chain fatty acids (VLCFAs) of C20, C22,
and C24 are strongly affected. The inhibition of
VLCFA synthesis caused by fentrazamide is very similar
to those of chloroacetamide, oxyacetamide and car-
bamoyltriazole herbicides, respectively.
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SAFETY EVALUATION

The acute toxicity of fentrazamide on mammals via
various routes of exposure was found to be very low.
Additionally, it had neither irritating nor sensitizing
effects. As proven via different testing systems, neither a
mutagenic nor a teratogenic potential was found.
Furthermore, there were no adverse effects in chronic,
oncogenic and reproduction studies on fentrazamide.

Fentrazamide showed very low toxicity to avian and
aquatic animals, beneficial insects and soil microorgan-
ism, suggesting almost no effects on these environmental
organisms under normal conditions of practical use. As
expected for a herbicide, effects on algae growth were
found, but rapid recovery of algae populations was
confirmed.

1C-Labeled fentrazamide was excreted almost quanti-
tatively within 72 hr after oral administration. In rice
plants, the radioactivity was translocated in very small
amount into the edible parts. Fentrazamide was
metabolized through hydrolysis of the amide bond, and
hydroxylation of the alkyl moiety, and finally conjugated

in both, animal and plant. It was degraded via hydroly-
sis and finally to carbon dioxide in the soil and under
photolytic conditions in water. Crop residue studies
showed no fentrazamide residues in grain and straw.
The half-life of fentrazamide under paddy field condi-
tions was below 10 days.

Based on these facts, fentrazamide can be regarded as
an environmentally friendly and safe herbicide.

CONCLUSION

The development of fentrazamide as a novel class of
herbicides in paddy fields was successfully achieved by
precise biological evaluation and on basis of improved
tetrazolinone chemistry.

As a conclusion, Fentrazamide combines an excellent
performance with excellent properties: high compatibility
to rice plants; suitable water solubility (minimum leach-
ing); ease of formulation; application at 0-DAT; safety
(to mammals, birds, beneficial insects, earthworms and
microorganisms); low material costs for the industrial
synthesis and environmental friendliness. This makes
fentrazamide an outstanding agrochemical.
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