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Table 1 Conventional contact nematicides.

D5, (rat) mg/kg

o CHy
is0-C3H,HN
phenamiphos 150-Lably /\:"—O@*SCH:, 53
C,Hs0 =
Is0-CoH N
iso-
ethoprophos M >P~oc2H5 82
nCyH-§
9 2
oxamyl (H3C)oN~C-C=N-0-C—NHCH,; 54
SCH,
0-C-NHCH,
carbofuran H,C O 8-14
HsC
GHs 2
aldicarb HyCS~C~CH=N-0-C-NHCH, 0.95
CH;
Ry X v
= N R, Rg = Alkyl
N H Z_R3 2: M3 \l
1
Cl
0 S-n-P - -
ol N\ b T Acaricide & Insecticide
Fs H > Non-nematicidal
=N O-Et
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\ N—P(
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Fig. | Background of the invention.
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BEEHICRIZTEREROZE % Table 212 L7z, [
L ERE Y- THET 5 X ARBRILAW (5)ic T,
NERILEY (6) 13, BLHAICIEESSE - 72,

B Uy ROMBIME T, BRRETOETFEE LS
B BDICEALR afid A NKR=)L (CO) HDRFE
i3, EHE T84 (4,59,11) &, EESFEL CET
T34 (12,13, 14,15) to5% Y, BT L —RIICH
BHTE7Z .,

22T, HERASOBBEEEH (pKa) % K> TREE
LS LAbETADL ERADERELY G2 5 pKaflil,
RHETH), ZNLDKRES K-> THNE - TLE
AT A2 b5 (Table3), ZnHHIID pKa

Chemical name . (RS)-S-sec-butyl O-ethyl 2-oxo-1,3-thiazolidin-
(IUPAC) 3-ylphosphonothioate

Structural formula

o T
NS~ CH—CH,~CHy
BN

0-CH,-CH
E;*o 2

Molecular formula . CgHgNO;PS,
Molecular weight : 283.35

Physical appearance : Pale yellow liquid

Boiling point : 198°C./0.5 mmHg
Vapor pressure . 5.6X10" pa (25)
Solubility (20C) : 9.85¢.1000 ml  water

Partition coefficient  : log P=1.752

Fig. 2 Chemical structure and physicochemical properties

of fosthiazate.

Table 2 Activities of N-[ethoxy(sec-butylthio)phosphinoyl]-

heterocycles.
XAEP‘)/S'”C'C“H&‘
0-CoHg
Activity
Compd. X Mite® Aphid®  Nematode®

N.__

5 E;)Qo A A A

6 v c c c
oo

7 U D D c

8 Fs) D C C
N__

4 FS’&O A A A
N_

9 E_AO C B A
N_

10 CS_AS B C D
Ine

11 0”'N"0 A A A
Me
O—N—

12 o o} c D
N—

\

13 [o—’J*o D D D
0, N-

14 ) D D D
[o}
N._

15 OJ;S—AO D D D

a) A:over 90% mortality below 50 ppm
B: over 90% mortality at 50-200 ppm
C: over 90% mortality at 200-800 ppm
D: not pesticidal or below 90% mortality at 800 ppm
b) A:0to 25% of roots galled below 1 kg a.i./ha
B: 0 to 25% of roots galled below 1-4 kg a.i./ha
C: 0to 25% of roots galled below 4-8 kg a.i./ha
D: not nematicidal or more than 25% of roots galled at 8 kg a.i./ha
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Table 3 Relationship between pK, of the parent heter-
ocycles and activities of their N-phosphinoyl derivatives.

Activity
Heterocycle pka®  Compd. Mite Aphid Nematode
o 25.0 7 D D c
s 11.8 5 A A A
00 ’
W 16 4 A A A
“s%o '
0—NH
10.5 12 C C D
(o}
0,

NH 96 14 D D D
o

a) pKa was experimentally obtained by the titration method

Table 4 Activities of 3-[ethoxy(sec-butylthio)phosphinoyl]-
1,3-oxazolidin-2-ones.

4 Niﬁ/s-seo-cmg
Rfo X ~0-C,Hs
Activity
Compd. R Mite Aphid Nematode

5 H A A A
16 4-CH; A A

17 4-C;Hs A A A
18 4-n-C,H, c D B
19 4-OCH; B B A
20 4-CO,CH, Cc D D
21 5-CH,3 A A A
22 5-tert-C4H, B C C
23 5-CH;S0; C C C
24 5-CN C D c
25 4,5-(CH,), A B A

s 20 (i & K& WA, BRERA GO OEFRS T
WAL THRRT7 4 /A NFEAR, BEEbIntwl, @
pKafEA I0LIF LR T ECTY, BERDHBNETFIRS
&0, LB AEET 272 TH D E, BIRT S
ZENTED,

Table 4 (2, FHIFEHICRIZTERRLEDERIDRE L,
13-4 X4 v -2-F v FERIZOWT T &,
BTFHSHEOT VX VENERL 2L D (16, 17, 25)
DEFIRGIMELS (CH, S0, CN) OE#RL72L0 (23, 24)
T OEEIECE->TEY), R 74 /4 VEEOHEE
DIREDS, BIDICEEEGL TWb 2 EPHEEIN S,
Table 512, KA 7 4 /4 NEOHED, B BITTH)
BIZOowTE EDRD, TLIXL(TALXILF )RR
74 A NEDIME, 1ZEAETEEERI LW Ehvby

Table 5 Activities of 3-phosphionyl-1,3-oxazolidin-2-
ones.

LY
0o
Activity
Compd. Y Mite Aphid Nematode
[¢]
26 _ '\,I/O-CZHs D D D
~0-C,H;
o]
27 _Bgz'g:ﬂ”’ D D D
-CUhs
28 _ D osncd c c D
“NH-CH,
29 ___9 S-n-C4H, A A B
~0-C,H,
5 _Q,S-seo-C‘,Hg A A A
~0-C,Hg
0 ..
30 __H<S-ISD-C4H9 A A B
0-C,Hs
(o}
S
a1 711< iso-C4Hg c c c
0-CyHs
32 _§ som c c D
~0-C,Hs
(o]
34 o <S-seo-C4H9 c c D
0-CH,3
S
35 _H<S-SEC-C4H9 c c D
0-C,Hs
N_E/S-seo-c,,Hs
rs)\\o T0-CoHs Column Chiralcel OC
4.6mmX25cm
Eluent : Hex./2-PrOH=8/2
FlowRate : 0.5ml/sec
Detection : UV 220nm
Temperature : 25T

1 1 ! L

0 20 40 60 (min)

Fig. 3 Chromatograms and separation conditions for the
optical isomers of fosthiazate.

5.

Thaxi e LT, = bxidd, TALXLFAE
LTk n-7"aENF 4, sec-7FNFF, iso-7FNF A h
B L 2AGEMrE WEREE 2R L 2, BEuCxT 3
BAMEDE TIE, sec-7FNFADH - L HEN TN,

I, TLAXI(TAXLFA) KRR T4 /A4 NVED)
YEFIE, AERFTHY Fig 31287 & ) i EHE
SEEHPLC 4 743 HAL THEIT 52 kS, &2
DIFERMEROEYEEIZB L T3 (6. B EMEO &Y
) THRET 5.

BREEVIRRT7 4 /A NEOZNFNIZ, B> S
BENTHELE AT - 71245 R, Table 6 127" ZALA&HhE
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Table 6 Acute toxicities of N-[ethoxy(sec-butylthio)-
phosphinoyl]heterocycles to mice.

9 _S-sec-C4Hg

~0-C,Hs
Compd. X LDsp, mg/kg
N.—
30
5 [;)\\0 <
»d
11 o y‘q’go 39
Me
N.._
4 [; b 127

waND, L3 AxHV)vr-2-4> (5) %, 3-4F
negr b4y (1) @KL, <720 L CEYWEE
BEMHEER L2 &b, BENIZ, 1L3-FT7V1) 22
A ERK @) FRRBLAWE L GREIN:, @) 0F
WA T L2EHE LT RRADF A — VT AT IVREED,
5) DX AT NEERS (1) F I FREELD, WILEY
EWNT, &NESIIKSHEZITESLENE2HTIE
T rEZ LN,

FRFTE— b DEYEHE R

1. BARARZ PN EERESR

RAFTE— iz, BEFOAR) > H &Rk, KLk
Lo x LG E R L (Table 7), Fric N7 =8
AT R & TOEWBIRIEER, AMGEWORE
W7 iEtEE F 2 b,

D blF, RAFTE— M, EFRGE CAERYE
ARUHICA L, MoJEC AR () REHA LR
S EobikEE LR L, BN TIERER, MEE F5

REFRUOCHBECHFETHAIT L F2 78, 27
Ve Fa 78ROV Ay F 2 R REIC, 2~4kg
ai/ha DEBTHAIN TS, 72, KAFTE— 3,
B BEBATEEEL, SubikRkErIcEAE 2 L2
BAI, BEEWEBNROEELONT =, T77 4
CH, AV aF YT IRUIFIXAuTH IR
U CRERBREEYH Y, ERLIN TS,

Bz, R2FT7E— M, —RicHBEER L L THES
NoHHE NTHEOGRRA TR T ATV - TR
h2 A2 A SEOMB ST 2EELAL, TERH
BERINLBEEAR) »HIC T UREMHET L7220 e
B AF=izxt LTy, ESEHOREE & B0 bREE 2
AT Z L LRI NP,

2. iR

—H&iz, B S FIR A — A — B BERAR R B F
i3, HEAERALGRECERTLZEICLY), REHH
RERETLTHZEDHMLNT B, RAFTE—
F oA 2R a7y F a7 (M incognita) DEEE
2T —=UizxfL, ERE THRe LR E T 2 LR
N.(Table8), Z# 675, BAMICIER L TN BB R
EHEPREL TWb EEREINTE,

2.1. 2 HAshRO)EBEAE

FREBBEFOEREABRY I, EDF W HRE,
Lk mEE ) B, EW-FHLE YL LT R
YFaD2HMEERET S, WTNOER T AR
I 2 B o EE MR B ISR S 7z s, RAF T E— L
12, MBH7 xF I RARA XY IV, ERRICE
B9, 72, EHLEIC L) ESErTRES 172 2 %)
HWAEOEEL, KBKPICRLEEZD, RAFTE—
b DS R R ALK (1ppm, 3 HIE) Ti3EEN%

Table 7 Pesticidal spectrum of fosthiazate.

Species Evaluation* Method of application
Meloidogyne incognita © Soil treatment
Hetelodera glycines © Soil treatment
Pratylenchs penetrans © Soil treatment
Incilaria bilineata Y Chinese cabbage leaf dip
Acusta depecta siebolodiana A Chinese cabbage leaf dip
Tetranychus urticae A Bean leaf dip
Panonychus citri VAN Orange leaf dip
Rhizoglyphus robini O Soil treatment
Thrips palmi O Eggplant leaf dip
Nilaparvata lugens O Rice seedling dip
Myzus persicae O Eggplant leaf dip
Plutella xylostella O Cabbage leaf dip
Anomala cuprea O Soil treatment
Callosobruchus chinensis O Dry film contact
Hylemya antiqua A Soil treatment
Musca domestica A Filter paper dip

*Evaluation: ©, excellent; O, good; A, poor; X, failure.
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Table 8 Effects of fosthiazate on the life cycle of the Meloidogyne incognita.

Stage Activity Rank*
Effect on nematode in soil: Egg Inhibition of larval emergence from egg sac ++
(Contact action) 2 nd stage larva Inhibition of mobility +++
Nematostatic +++
Nematicidal ++~+++
Inhibition of invasion +++
Female adult Inhibition of fecundity +~++
Effect on nematode in root: 2 nd stage larva  Inhibition of invasion +++
(Systemic action) Inhibition of development ++
Female adult Inhibition of fecundity +
*Rank of effects: ++ -+, very high; + -+, high; +, low; —, none.
wo - @ O @
& O
L 8 [ —
[} 100
ol g g
g 60 % 80 [
- 2
S w0 k=
E 5 60 |
g — 3 g @—@ Fosthiazat
E 20 ® T }% w0k osthiazate
® o+ o m ] § [—{1 Oxamyl
3 Days 6 Days 9 Days 17 Days "\E 0r
Immersion period in test solution ° 0 . L !
0.5 1 S

Fig. 4 Inhibition and reversion of the mobility on 2nd
stage larvae of M. incognita by fosthiazate (1 ppm) and
oxamyl (1 ppm).

(O Fosthiazate, % Inhibition of mobility of larvae in test
solution. @: Fosthiazate, % Inhibition of mobility of
larvae with distilled water at 24 hr after washing the chemi-
cal out of their body. [ ]: Oxamyl, % Inhibition of mobility
of larvae in test solution. lll: Oxamyl, % Inhibition of
mobility of larvae with distilled water at 24 hr after washing
the chemical out of their body.

| iaz O /
(ppm) Fosthiazete Oxamyl

H 93
A
’ 91

0.05

o
(3]

Conc. of immersed test solution
o
g

0 10 20 30 40 5 60 70 80 90 100

% Inhibition of invasion

Fig. 5 Effect of fosthiazate on the invasion of 2nd stage
larvae of M. incognita into tomato root.

Second stage larvae immersed for 24 hr in test solutions were
inoculated in the soil around the tomato root system.

FEHE L 728, (KRERRRREOE (1ppm, 9 HE) T
iﬁ%ﬁmﬁ@iﬁbn&#of CORERD L, R2F
TE— M3, SHEICHT 28R s BRI L, )

Concentration (ppm)

Fig. 6 Inhibition of nematodes invading into tomato roots
by the systemic action of fosthiazate.

A part of roots of tomato seedling planted in a pot was
dipped in each test solution of fosthiazate or oxamil. After
the application, 2nd stage larvae of M. incognita were
inoculated to the soil and the number of nematodes was
counted at 2 weeks after the inoculation. A: tomato seedling,
B: vermiculite, C: plastic cup, D: test solution, E: inoculation
of M. incognita.

R (nematostatic) YRR (nematicidal) 7EFH # 77
FEERINS: (Fig.4), Zo+HBPCHEET 5EH~D
EENZERL, BP0 REELZET S5 L LB,
MIBDOHEYHRIR RN DOFNE - RAZEL, WELERT
5LTEREEEZ LS,

22. 2R DIREEARE
FRDEEHEEL R RIKBELTOK® 2 F 72— b
KW (0.05 ppm) (2 24 BERIIGE L 72 GEBIMED S 2)
VLA AL IT R F2TE, b FEREAOBAMS
80%LLRHEE 7z (Fig. 5), Ziuz, HEHhicmE I
FAFT = MIRERSREKIC L 2HRSL, EicUEEN
DDA —FDFE L 2GETH, 2B L G HBRE
HEHRFT 5 LT, RECERL T30 B3I N2,
¥72, RAFTX— | ORFLREBITER, EHER
MIIZ LY, WYIRRB OB —58%2 L7261, BREND
RAMEEAZ T & RSN (Fig 6),
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23. BRI TORBHEE (KiRHR) /FH

e PERRRICT VAL ER 2T R F 7D 2 MR
2 ORBASERHIC, K2 FTX— bKER (5Sppm)
PEBLEL 2225, vy F a7 3 THRATIT L
72 (Table9). Z mit#EahEMIZIERIZ, D-DHDCAK
o WEEO—D L L THETF L2 0 TE, FHEERD
AAZL L A MEDKRICEMEEZ N, £, K
erklx, fEMpE BT oBREBRoOTREEZ RRL, R
SR DRI R R RIIDER TO% O Mg EB B~
DEHHEREOBRED LI N TN 5.

24. OO RB5RIER

Z M, Table8 IT/RY & 9 ek 2AF T4 — | DMER R D
FEONBILIE VR =0 2 A% dute thRR E/E A b a8 S 117257,

3. RRAF7E-OEBBE

R ZF T M, WoBHY) R HRA & Rk Bl
BB T 252 > 127 7—x (AChE) it % B
E 52 EHHERE N, U L BRI ELY
BHRRBBAZIICES L b EFRINY, 72721, KA
FT7¥— } o in vitro 12 3F 5 AChE FREFM: A T
Wolzxt L, invivo TIZEW AChE [HEFEE T2 83
R E N (Table10), ZORERP LAV 72> R ALY
DY) BT I FPOEH A =X L2EFEBIC, KAFT
- P A BESLHBANOBRLEERIC L D EELEN, &

Table 9 Effect on 2nd stage larvae invading into tomato
roots.

% Inhibition of growth

5 1 0.5
Fosthiazate 100 17 0
Oxamy] 67 0 0

Tomato seedling were transplanted into each pot (1/5000 a)
filled with uncontaminated soil, and inoculated with 2nd
instar larvae of M. incognita. Each test solution of
nematicides was applied into each pot at 2 days after the
infection. At 18 days after the application, the growth
stages of nematodes invading into roots of seedlings were
observed by the staining method.

Table 10 Inhibition of acetylcholinesterase activity on B.
exlopilis.

Iso (M)
Inhibitor In vitro In vivo
Fosthiazate 272X 1078 4.74x 1078
Fenamiphos 3.32x10°° 1.18X 107®
Oxamyl 5431077 1.18x10~*
Methomyl 1.20X10°® 2.87x10°8

Substrate: Acetylthiocholine.
Staining: Wright and Awan method, Nematologica 22, 326
(1976).

v AChE BEEF%EZ 2L, Bl - BRIGEE»HEHT 5 L
nEEZ LN,

4. RAF7HE— I OLBEWMIEEHE

—igiz, »HIAMr HEAER Y L TARDEER H
¥ 2icid, HEERES ML E AT A 2 L AER
ENE, RAFTE—OHFMEAN L L TEML T3
B LR 2T 72,

FORR, RAFTEL—FOTFERERLIL, hEDE
+T238THY, TEEEELRT Ko flid 25~100 &
FEBEI BN W EFEZ bz, (8- T, FEHLE
#EHT 1S om DRE CRAMME I N HEE TR, K2 F
Tt b Dt H LCoofl & % 2 5 15 HIEH AR R
BE0.5~1 ppm SERERIGICH | 7 HREMERF S 11 5 L HERER
N7zds, LA EEOSRe, FICH 2 o mE AR
PHEINLFHT CORMEMERBR TLAM I N
(Fig. 7).

$72, RAFTH— b OREEMRIRIC I T T HEERITE
HOEEY, WO TUNSWI EHL2E LT, 2HEIC
B T3, Wby Sighimdtic WElBfRo My #H
ZRDH LN LN, WEEL TR % LR LENE
KiEtE AR L7 (Table1l), 72, %13 pH (55~8.6)
SHETHRMBEEIIT L A X2 EhR& sz (Fig 8),
Hio, REBEELGTTLRAFTL—F OBRMEILR
e 2§, ELLEHAOESZ R L2 (Fig 9).

LEnE iz, ®R2F7X— Mg, HHEOUHERELTH
HE 2 B L TBY, TOBVWEREEE AV -
T, BENRERAE L T2 RET L LD EHFHS
e,

(ppm)

10 . 35
— Root-gall index =
.8 F #—¢ Concentration of fosthiazate in soil | 3.0 &
I3} B 8
-g 2.5 I
Zor 120 3
5 1. g
L 4r 1.5 é
9 - Gt
MO 1.0 3
D 8
i S

+0 +7 +14 421 +28 +35 442
Days after treatment

Fig. 7 Residual activity of fosthiazate on M. incognita.

Uncontaminated soil was put in each pot (1/5000 a) in 15
cm depth. Fosthiazate granule was applied (4 kg a.i./ha) and
incorporated into the soil uniformly. The treated soil in
each pot was kept in greenhouse, and infected with M.
incognita by incorporating the contaminated soil at each
days after the application. Just after the inoculation of
nematodes, 4 tomato seedlings were transplanted. The
root-gall index was assessed at 3 weeks after the transplant-
ing.
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Table 11 Influence of the soil type diversity to the nematicidal effect of fosthiazate on

M. incognita.

Dosage % Root-gall
(kg a.i./ha) Sandy loam  Loam Silty loam  Silty clay loam
Fosthiazate 3 0 0 3 0
2 0 0 3 10
Oxamyl 3 3 7 30 27
2 7 13 27 43
Untreated 53 57 47 60

Each type soil was inoculated with M. incognita by incorporating the contaminated soil
and filled in a pot (1/5000 a), and then fosthiazate granule was applied and incorpo-
rated into the soil uniformly. Just after the application, tomato seedlings were trans-
planted. And their root-galls were assessed at 20 days after the transplanting.

10 — <> ................. <> ................ <> ..... <> ................... O ....... <>
D/D
wo b
§ ’ D/
el
= 0" @—@ Fosthiazate 2kg a.i./ha
o .
V4 O0—0 Oxamyl 2kg a. i./ha
b O
é o— &< Untreated
s
oL e i
L 1 1 1 ]
5 6 7 8 9

Soil pH

Fig. 8 Influence of the soil pH value to the control
efficacies of nematicides on M. incognita.

The soil was prepared at each soil pH value. Each soil was
inoculated with M. incognita by incorporating the
contaminated soil and filled in a pot (1/5000 a), and then
fosthiazate granule was applied and incorporated into the
soil uniformly. Just after the application, tomato seedlings
were transplanted. And their root-gall index was assessed at
20 days after the transplanting.

@@ Fosthiazate 3 kg a. i./ha : 30~38°C
» Fosthiazate 3 kg a. i./ha : 20°C
< O—O Oxamyl3kga.i/ha :30~38°C
£ [H[J] Oxamyl3kga.i/ha :20°C
Z 6r O Untreated(20°C and 30~38°C)
E o O 00
o0
X 4 F / \ /
8 o O 0
& 5|
= e ®
o L y— " —3% - .

L | Il | 1 1 i}
0 +7 +14 +21 +28 +35 +42
Days after treatment

Fig. 9 Influence of soil temperature to the residual activ-
ities of nematicide against M. incognita.

Uncontaminated soil was filled in each pot in 15 cm depth.
Nematicide granule was applied and incorporated into the
soil uniformly. The treated soil was kept at two different
soil temperature conditions (30-38°C and 20°C) in green-
house. Each treated soil was inoculated with M. incognita by
incorporating the contaminated soil. Tomato seedlings were
transplanted and incubated at the same temperature condi-
tion as before the transplanting. And root-gall of tomato
seedling was assessed at 3 weeks after the transplanting.

Table 12 Toxicities of the chiral isomers of fosthiazate.

Isomer
) =) (H/=)
AchE inhibition in vitro
Housefly head® >107% >107°
Toxicity to pests
Housefly adults® 1.945  0.108 18.0
Two-spotted spider mite® >800 357 >22.4
Green peach aphid® 53.7 13.2 4.06
Root-knot nematode® 2.339  0.079 29.6

g (M), Pug/adult, 9LCy,, ppm, YLCqy, ppm, PECs,, ppm.

5. RXF7E- I DREBTH

R AFT - DENLBEERTHEE, ZOEVKIER
B (9.58 g/1,20C) iR H L, AHI 0Bk - B R 1o A &
(EBRL T3 EFBREINT, ZOBBEBITER, BE=>F
ETEH ) T ( EER->RBOBATH H 1, 1000 ppmig
BEKEWN = P EEEFALHICLY, HVye{EX2
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Table 13 Toxicological properties of fosthiazate.

Item Animal TGAI 1% granule
Acute oral (LDg,) Mouse & 104, % 91 g% > 5000 (mg/kg)
Rat AT3, %57 g > 5000 (mg/kg)
£ 4000-5000 (mg/kg)
Acute dermal (LD5,) Rat & 2396, % 861 a2 > 2000 (mg/kg)
Acute inhalation (LCg) Rat & 0.832, % 0.558 FL > 263 (mg/1)
Acute delayed neurotoxicity  Hen Negative

Rabbit
Rabbit

Eye irritation
Skin irritation

Irritant
Non-irritant

Slight
Non-irritant

Acute toxicity to aquatic organisms of technical.

Carp: LCy, (48 hr) 208 mg/!
Daphnia magna (1st instar): LCs, (48 hr) 2.17 mg/!

na.
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Development of a New Nematicide, Fosthiazate

INTRODUCTION

Fosthiazate (6) is a new nematicide developed by
Ishihara Sangyo Kaisha, Ltd. (Fig. 1). From among a
variety of N-phosphinoyl heterocycles synthesized and
evaluated for nematicidal activity, fosthiazate was
selected for development on the basis of efficacy, safety
and economic advantage.

In 1992, fosthiazate was registered and marketed in
Japan, and is widely used for the control of various
nematodes.

This paper describes a short history of its discovery,
biological properties and safety.

DISCOVERY OF FOSTHIAZATE

Volatile soil fumigants have been dominantly used for
the control of nematodes. However, the use of this type
of agents is being regulated in the near future, owing to
the disadvantageous points such as ozone depletion,
groundwater pollution and harmful effects to micro-
organisms in the soil. Thus at the present time, develop-

ﬁ /S—seo-Bu
N—FP.
[
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Fig. 1 A new nematicide, Fosthiazate.
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Fig. 2 Background of the invention.

ment of new nematicides is an important goal.

When the screening of nematicides was started in our
laboratory, a variety of N-pyridyl phosphoramidate
derivatives (1) had been synthesized in search of versatile
agrochemicals (Fig. 2). A 3-chloro-5-trifluoromethyl-
pyridyl compound (2) showed the highest miticidal and
insecticidal activity, but it exhibited only a weak
nematicidal activity.

Activity of nematicides is thought to depend on the
degree of the soil adsorption, which is closely related to
the hydrophobicity of the chemicals. In order to find
the molecule with an appropriate hydrophobicity for
exhibiting high nematicidal activity, we started to synthe-
size another type of phosphoramidates (3), where an
electron-deficient nitrogen atom in the heterocycle is
directly bonded to phosphorus atom.

In these N-phosphinoyl heterocycles, p K, of the parent
heterocycle was an important factor controlling the
nematicidal activity, and only the limited number of
heterocycles with proper pK, values (about 12) were
favorable (Table 1).

However, oxazolidin-2-one (4) and 3-methylhydantoin
(5) derivatives possessed high mammalian toxicities.
Decreased toxicity of 1,3-thiazolidin-2-one (6) derivative
(fosthiazate) may be due to the reactive thioester linkage
compared with the ester (4) or the imide (5) linkage, since
the carbonyl-sulfur bond of 6 may be more easily hydro-
lyzed in the metabolic system.

CHEMICAL AND PHYSICAL PROPERTIES

Common name: Fosthiazate
Chemical name: (RS)-S-sec-butyl O-ethyl 2-oxo-1,3-
thiazolidin-3-ylphosphonothioate

Table 1 Acute toxicities of N-[ethoxy(sec-
butylthio)phosphinoyl]heterocycles to mice.

9 _S-sec-C4Hq

T N0-CoHg
Compd. LDso, mg/kg
N—
4 30
(oXo «
L
s o>no 39
Me
N—
6 127
(ko
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Table 2 Toxicological properties of fosthiazate.

Item Animal TGAI 1% granule

Acute oral (LDy,) Mouse & 104, 2 91 J% >5000 (mg/kg)

Rat N3, %57 g >5000 (mg/kg)
£ 4000-5000 (mg/kg)

Acute dermal (LDs,) Rat &1 2396, ¢ 861 S % >2000 (mg/kg)

Acute inhalation (LCy) Rat & 0.832, ¥ 0.558 S >2.63 (mg/1)

Acute delayed neurotoxicity — Hen Negative

Eye irritation Rabbit Irritant Slight

Skin irritation Rabbit Non-irritant Non-irritant

Acute toxicity to aquatic organisms of technical.

Carp: LCy, (48 hr) 208 mg/!
Daphnia magna (1st instar): LCq, (48 hr) 2.17 mg/!

Molecular formula: CoHisNOsPS,
Boiling point: 198°C /0.5 mmHg

Vapor pressure: 5.6 X 107 pa (25°C)
Solubility (20°C): 9.85 g/1000 ml water
Partition coefficient: log P=1.752

BIOLOGICAL ACTIVITY

Fosthiazate exhibits excellent activity against a wide
range of plant parasitic nematodes including root knot
nematodes (e.g. Meloidogyne spp.), cyst nematodes (e.g.
Heterodera spp.) and root lesion nematodes (e.g.
Pratylenchus spp.) at the rate of 2-4 kg a.i./ha.

Furthermore, as suggested by relatively low log P
value, it is also characterized by a marked systemic action
against various species of insects and mites on the foliar
part. Thus, it becomes possible to eliminate above-
ground pests and underground nematodes simultaneous-
ly by soil application.

The mode of action of fosthiazate is the inhibition of
acetylcholinesterase in target pests. Against the second
stage larvae of plant parasitic nematodes, excellent

nematicidal and nematostatic activities are shown, in-
hibiting the movement in the soil and the invasion into
the root.

The nematicidal activity of fosthiazate is hardly
influenced by the nature of the physical and the chemical
character of the soil (pH, temperature, moisture content,
ratio of the organic colloids efc.). It also possesses
moderately long residual effects, preventing young plants
from being attacked by nematodes until the harvest time
comes.

SAFETY

The toxicological data of fosthiazate are summarized
in Table 2. From the results of acute oral toxicity studies
on mice and rats, fosthiazate is regarded to be a fairly less
toxic agent, compared with conventional contact
nematicides. It showed low toxicity to fish and beneficial
insects. It did not exert bad influences on microorgan-
isms and earthworms in the soil. Thus, fosthiazate is
considered to have a minimal impact on its environment.
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