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Method for producing Organic Phosphoric Acid Esters

This invention relates to a method of producing _ (.

organic phosphoric acid ester derivatives having insecticidal,

miticidal, fungicidal and other activities and useful as

agricultural chemicals.

More particularly, the invention

relates to an improvement in the method of producing
compounds of the general formula:

(1)

wherein Rl is a lower alkoxy group, R2 is a lower alkoxy

group or a lower alkylthio group, R, is a substituted or

3 <
unsubsti- -

tuted heterocyclic group and X is an oxygen or sulfur atom,

which comprises reacting a compound of the general formula:

(I1)

wherein Rl' R2 and X are as defined above and Y is a halo-

. gen atom, with a compound of the general formula:

wherein R

3

R3OH

is as defined above,

(III)

under basic conditions in

?



10 © Patents No. 4163052, No. 4315008, No. 3728297 and No. 3723456V
“esterification is general |y carried out in an organic solvent whil/e the use
of “water is avoided since the starting organi c phosphoric acid esfer
) deconposed very easily in the presence of water. Thus, for 15
i nst\ance, .United States Patent No. 4315008 discloses a met hod of : _
4- hydroxypyrazole derivative with an Gethyl S-n-propyl (di)thi opRosph r[c
acid estet halide in an organic solven+ 2nert to the reaction (e.Q: .
acetonltrlle) to give the correspondi ng organi c phosphoric acid ester 20

derivative. HOURMGEnt NchoalpeblEhekROVPI ! ocEn 2 St retRleifal |V

sati sfactory because of | d and low purity of the objective cqnpounds
and because oﬁoéﬁﬁﬁFléétédméﬁGuFFOBEI%§5ﬁ§ MRS ce AT TR SGIRT S SOhVERE
use of organi aheoitiugel FoeRlhyi BFoOUkyéhE. reaction. 25 The

present inventors cqntagu%nggﬁdknﬁ%ﬁdkggtlgrégglgevelo r%f:?qﬁa neth%d of

‘produci ng the objectivé™c ner | rom
‘the industsi aldestisnedioiest axpdpirodndibhat by i readikgovin ridieh gehringr pﬁbdu0|ng

the conpound @é&é@yfﬂﬁd%ggﬁr'%ﬁsoE@éﬁlb”ﬁh&@ﬁh&ﬁﬂ@%mﬂk(éééef“halﬂﬂéf‘the
tonpound (111) ,under basic conditiQons in a solv when t he reactlon

solvent is a mbiyle hyerRxydr c&ﬁaaénﬂxﬁgeFomﬁ’W c?‘b‘F}é 3% Femlicahd @t ure
form ng two Iay@m&ncunefpecéadhpléu)BrhelsBaBat@mt$rmmmx&Bneonav ghly

proved yiel gho | 190 s¥sEROhUaTbEEY §SAyNo<|ia4$g§?'sﬁ§tms§mﬁ Fhred e

-obj ecti ve ‘conpoun hus (il
obj ect i vlGcomFakeats Noi. s4él§t3§ﬁﬁedNPn ABgRO08, -Bo. 3728297 an

No. 3723456). This esterification is generally carried out
'-\») in an organic solvent while the use of water is avoided
since the starting organic phosphoric acid ester halide is
decomposed very easily in the presence of water. .Thus, fof
15 instance, United States Patent No. 4315008 discloses a
method of reacting a 4-hydroxypyrazole derivative with an
O-ethyl S-n-propyl (di)thiophosphdric acid ester halide in
an organic solvent inert to the reaction (e.g.'acetonitrile)
to give the correspdnding organic phosphoric acid ester
20 derivative. However, this and other known methods are not
yet fully satisfactory because of low yield and low purity
of the objective compounds and because of complicated and
troublesome procedures reéulting from the use of organic
solvehts in carrying out the reaction.

N 25 The present inventors continued their studies in the
development of a method of producing the objective compounds
F (I) in a manner easier and simpler from the industrial

standpoint and found that, in the known method for producing

a .

the compouﬁd (I) which comprises reacting the compound (II)
30 with the compound (III) under basic conditions in a solvent,
when the reaction solvent is a mixture of water and a water-
immiscible solvent, the mixture forming two layers,
unexpectedly, (i) the reaction proceeds-in highly improved
yield, i.e. almost quantitatively, (ii) the. isolation of
35 the objective compound (I) is very easy and simple, and
 thus (iii) the objective compound (I) is obtained in high



yi €l d, and high purity. Continued investigations based on the above finding
have 1ed to conpletion of the present i'nvention. The reaction of the
' conp-,nds (rr) and (I1l) in5 accordance with the present invention -
al nost quantitatively in.a mxture of water and a water-imiscibte
the mxture formng two |ayers, contrary to the so-far prevalllh@
«<Mowl edge in chem stry that water is inadequate as the reaction
X\ si\nce organic phos--"10. phoriczacid ester halides, nanely t he

ds J(11), are very unstable to water. So, the'reaction I n accordance

i 2 oresen |nv n can, be used conveni.ently .in._a quaptitative
anal ysi s of Yﬁﬁ gﬂ%ﬂg?l??rl Hrth Qﬁﬁﬂﬂ?{; I%ﬁé ﬂ E 8|§na | ower
‘al koxy 15 - gheupbuhecﬁlmdmngldeavel bd abcgkdomgleb:rmmlmédthempreaéhbxy group

containing | ;50.4+£84bon atonms, -such as nethoxy, ethoxy, Nn-.pr opoxy,
i sopr opoxy, n- butgg% |sobutoxy or tert-butoxy; R2is a_l.over al koxy
group whi ch i ncl udBBe areachigmiofrths ArmRAINGs I I@@Xiy (éllélllpléont aining 1 -«

' tobZ? 4 Caége?raéﬂdi& wﬁt&?h%lﬁ’? mm(lﬁé}m@bn délé@é%alkn&@t propoxy,

Nn- Dut oxy, 1| sopu I ut o or 1O ou

ol udes’ o cERERERTaBIvE L iRt MR g it Fgl g ety hable s -
carbon at onssolvehtasthethixthre, fetring Hiwy kﬂwmmpyMDnmgaryscprbpglth|o

~n- 25 but YEBDEQ::U%EQ{?QHH&'&MQA )%rfovﬁgd@é flzpchb‘iﬁ.@t ﬁQtawater

substituted or unsubstituted™heteroc | C group wh I ncludes a b-
6- menbered hafeiBRIRURREYr 3% pEhh| FIAFLLh RNV qrﬂﬁﬁ HﬁgFHFSu§H°§'carbon
at om angoconpRbPsc laéDd deditd ¥ APLTL dd D, Th A vt ctmpundepti(Tanal hyebe

SUbStItUted ¥ 7 Egséaéﬂgséétéﬁ%gé.f*gb, the reaction in accordance L_/
with the present invention can be used conveniently in a
quantitative analysis of the compound (II).

In the above general formulas, R, is a lower alkoxy

15 group which includes a straight or braiched lower alkoxy
group containing 1 to 4 carbon atoms, such as methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy or

. tert-butoxy ; Ry is (1) a lower alkoxj group which includes

a straight or branched lower alkoxy group containing 1 to

20 4 carbon atoms, such as methoxy, ethoxy, n-propoxy, iso-
‘PLXOPOXY ., n-butoxy, lsobutoxy or tert-butoxy, or (2) a lower
alkylthio group which includes a stralght or branched lower
alkylthio group containing 1 to 4 carbon atoms, such as
methylthio, ethylthio, n-propylthio, isopropylthio, n- K,/

25 butylthio, isobutylthio or tert~butylthio; R

313

©

30
a substltuted or unsubstituted
‘heterocyclic group whlch includes a 5- or 6-membered
heterocyclic group which is capable of bonding through a
carbon atom and contains 1 to'4'nitrogen'atoms and which
35 . may optionally be substituted by 1 to 3 substituents each
selected from (a) a phenyl group which may have 1 to 3



sel ected from (a) a phenyl group which may have 1 to 3 -4- substitue
each selected from anong a | ower” al kyl "group containing 1 to 4 carbon
atqns,- a | ower al koxy group containing 1 to 4 carbon atons, a |ower
alkyl thio group containing 1 to 4 carbon, atans, nitro, hal ogen and
fluoromet hyl, (b) a | ower al koxycarbonyl group containing 1 to 4 catbon '
at ons inﬂghe al koxy noiety, (c) an oxo.group, (d) halogen and (e) a\ ow
al'kyl group containing 1to 4 carbon atops; X is an oxygen or sulfur
~and Y is a halogen atom such as fluorine, chlorine, bromne or iodine\_l
~Referring to the above R3, the hal ogen_ includes fluorine, chlorine, bromne
and i odi ne; tREPFBHERCRFRYPRFR SYFVTTP L W ANRGIL & JOWeLapBbilaBEREP t he
| ower al koxy geAdRiaORgal Nt®04 lcdtbdh CidId), af WBweraRdkiokey kewap al koxy
nmoi ety cont ai Q(i)rq}g'allnto 4, car bpn_ %@gs_i{lothe IaEv(\)/ereral g)ﬂ%%r.bon?o 15
group respect FVAFITREY utle" T hosE EPRLi FTUR 1 P TS To et YA el SEPBR to
‘[err]; and t heohbakringkyl| tgrébuparhen atmmy hittorol d@llogenatodstichel udes a
straight gr DEGnehefcLAYEr #bKYa DERLP LRI Monk1l OrbupAtBARaZhelE, Such
as nethyl, ethyl, n-pro yl, “Isopropyl, n- bu’%‘% i,s%bu?yl gn& tert- gg
Butyl . The 5- loEo64nEaFePRd2ReRerbeyedls AHrstp ME®tini(Fd 0t %2 HFPEBgen
‘atons as repre¢apnhelobynt &edabsy ea [ Bowdr i dididefropwontaihehg, 1(tp 4
saturated or unsaturated_ 5-,or_6-menbered heter cli.c_grqups.,containing
one i trogen STEAPHCAERREL Bots TR B TR g5ErSl ARng Sopfr rol nyl
and pi peri'dyl haloyesastent sdchrasinfnariased Glorirg . mbrisaisgd Bt épdépelic
10 Referring to the above R3, the halogen includes
\\; fluorine, chlorine, bromine and iodine; the lower alkylthio
group containing 1 to 4 carbon atoms, the lower alkoxy group
containing 1 to 4 carbon atoms, and the lower alkoxy moiety
containing 1 to 4 carbon atoms in the lower alkoxycarbonyl
15 group respectively include those specifically mentioned in
relation to Rz: and the lower alkyl group containing 1 to 4
carbon atoms includes a straight or branched lower alkyl
group containing 1 to 4 carbon atoms, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl and tert-
20  butyl. _ o
The 5- or 6-membered heterocyclic group containing 1

to 4 nitrogen atoms as représented by the above R, includes,

among others, (1) saturated or unsaturated 5- or g-membered
\“/ heterocyclic groups containing oné nitrogen atom, such as
25 pyrrolyl, pyridyl, pyrrolidinyl, pyrrolinyl and piperidyl,
(2) saturated or unsaturated 5~ or 6-membered heterchclic
groups containing'two nitrogen atoms, such as imidazolyl,

pyrazolyl, pyrazinyli pyrimidinYl, pyridazinyl, imidazoli-

et

- dinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl and pipera-
30 zinyl, and (3) saturated or unsaturated 5- or 6-membered
- heterocYclic groups containing 3 or 4 nitrogén atoms, such
as triézolyl and tetrazolyl.
Among the possible cases mentioned above pfeferred

are those cases where R, is a lower alkbxy group, R, is a

1 2

35 lower alkylthio group, X is an oxygen atom and R3 is a

saturated or unsaturated 5- or 6-membered heterocyclic group



graups containing two nitrogen atons, such as.imdazolyl, pyrazolyl,
pyrazinyl, pyrimdinyl, pyridazinyl; imdazoli- dinyl, imdazolinyl,
3 pyrazolldlnyl pyrazol i nyl and pipera- 30 zinyl, and (3) saturated or -
unsaturated 5- or 6-nenbered heterocyclic groups containing 3 or 4 nitroge%
. oIB\such as triazolyl and tetrazolyl. Among the possible cases menti d
4bo¥ AN eferred are those cases where R is a |ower alkoxy group, R2 is a -
wer ‘alkylthio group, X'is an oxygen atomand R i's a 3 saturated or
_ af ed 5- or 6-nenbered heterocyclsi ¢ group whi ch contains two
ni txogen/ atons and may optionally be substituted with a phenyl group which
may : u t fr a g I group,
a [err] al ko‘%lléarr?oggﬁ{éfﬁg E’Ié%}i m%edn 0 g:(r?’(l)nu atg F[Bg oﬁtlg'gﬁghg ggand
trlfluoronetﬁ9b5t¥¢m#eﬁtW%ﬁ%LRﬁRhQanaﬂnﬂupuﬁgaﬁ§tNFMtbéVﬁeget©c§cl|c gr oups

represent ed Sypie{flePed tdLdt add Do dteRl Hrichd ambagUa- cSlahUéﬁcfﬂ groggher ed

het erocyclic groups i ch contain t ni optionally be
Subst 1t it ed ByCod PLKGRE Ot o b e FIVEEREa GPouBbsPLERR edhByoaeR & 3
hal ogen &t onandActyfluatomstnpl £ of the conmpounds (1) may be a conmpound of

the Torml & [er!olies St [S5dcd S €l bpaur gl OLYol AUPeLSCT L1 o

[err] =~ alkoxy 2 oup or_-a
unsat ur at ed $roEps @WW@éﬁkrﬁyzﬁﬁq@cuhﬂy preferred are un-

- saturated 5-membered heterocycllc groups whlch contaln

- two nitrogen atoms and may optlonally be substltuted by a
10 'phenyl group unsubstituted or substltuted by 1 to 3 halogen
atoms. | ' o o W
A typical example of the compounds (I) may be a
compound of the formula.
15 Ria ot

~N - .
/P OR3a (Ia).

-

R2a

wherein Rla is a C1-4 alkoxy group, R,, is a Cl-4 a;koxy

20 group or a cl__4 alkylth;o gtoup, R3a is

an unsaturated 5- or 6-membered heterocycllc 'j _
group which contains 1 or 2 nltrogen atoms and may optlonally \‘/
25 be substituted by 1 to 3 substituents each selected from
(i) a phenyl group which may opt;onally be substituted by
a halogen atom, (ii) a C;_, alkyl groun, (iii) an oxo
group and (iv) a halogen atom, and X is as defined above.

In the formula (Ia), the groups represented by Rla' 2a and
30 'R3a respectively include those mentioned in relation to R;
R, and R,. ' '

More specifically, the compounds represented by the

general formula (I) include the following:
35 | - |
' 0,0-Diethyl O-(5-phenyl-3-isoxazolyl) phosphorothioate,



group which contains 1 or 2 .nitrogen atons and may optionally 25
substltuted by 1 to 3 substituent's each-selected from (i) a phenyl
whlch\nay optionally be substituted by a halogen atom (ii) a [err
al kyl “group, (iii) an oxo group and (iv). a hal ogen atom -and:X is [as
deflﬁéﬂ above. In the formula (la), the groups represented by [err]{ an
[err] = respectively include those nentioned in relationto [err] [
[err] More specifically, the conpounds represented by fhe genera
mula (1) include the followi ng: 33 O.O Diethyl O0-(5-phenyl-3-isoxazo yI)
@sphor ot hi oat e, -6- 0, 0-Diethyl fS 5, 6- trichloro-2 pyrldyl)

sphorot hi oat e,0 G- fdthys F-RB08Yk @ ktnidrsoh
sphor ot hi oat e, 0 , 0- Exgéh -R é |s€propy -4- ﬁ% hy pyr|n1 |n 6-yl h%ﬁgéf

phor ot hi oat e,0-Ety15 sG-nIapmbw o-E1px4+@luidr@pt£éﬂymmﬂyrazoly1]
#sphorot hioate and 0,0-Di et hyl 0-(2

di hydr o- 3- oxoiﬂunnmmwot&ippmeda2|nyI) phosphor ot hi oate, among others. 10
§ pr oduci ng .t he o ective conpounds (1) in accordance with the invention,

: corrpound (11)040sDiedhyla 19r-3(2uééepmpxh-thmthykpmmﬁim-6-wk)opapscrt 3
nor e referabky about to about 1.05 noles, per nole of 'the

A -ound (11 e mater-lnn1SC|bIe solvent to be used in the
Psent reaction may be a solvent having a solubility in

= DU TT ™o

0-(3,5,6~Tr ichloro-z-pyridyli) 0 ,o-dimethylﬁmﬂﬁme. and
0,0-Diethyl 0-(2,3-dihydro-3-oxo-2-phenyl-6-pyridazinyl)
phosphérothioate, among others.

10 | |

In producing the objective cmmpounds,(I)in

accordance with the invention, the compound (II) is preferably used in
an amount of ahout 0.5 to about 3 moles, more preferably about
1l to abput 1.05 moles, per mole of the compound (III).

15 The water-immiscible solvenﬁ to be used in the
present reaction may be a solvent having a solubility in
water of 0.01-5% (weight/volume) at 25°C, preferably 0.01-
1% (weight/volume) at 25°C. Suitable examples of the
water—-immiscible solvent include aromatic hydrocarbons, such

20 as benzene,.toluene_and xylene, and halogenated hydrocérbons,
such as methylene.chloride, chloroform andléarbon tetra-
chloride. Among these solvents preferred afe'aromatic
hydrocarbons such as benzene, toluene and xylene. The
water-immiscible solvent is used in an amount to form two

25 layers with water, the amount preferably being 0.5 to 10 parts by
volume, more preferably about 2 parts by volume relative to

water. The amount of water used in the invention may be




~"al kal i ne515 2pdes stirring is 7 to 14

~water of 0.01-5% (wei ght/volune) at 250C, preferahly 0.0I- .1%

(wei ght/volune) at [err] Suitable exanples of the water-imiscible solvent
i ncl wde aromatic hydrocarbons, such 20 as benzene, toluene and xyl ene, and~
hal 6gefat ed hydrocarbons, such as, nethyl ene. chloride, chloroformand carbon
GA oride.. Anong these solvents preferred are aromatic hydrocarboh§
&hzene, toluene and xyl ene. The water-imm scible solvent is used
t to formtwo 25 |ayerg with water, the anmount preferably. being-
barts by vol ume, nore pr ef erably about 2 parts by volune relative

e
preéﬂ?“ tegf W?tﬁéa)é’ fé‘fé?&ifvf@tté’”s@%(of&‘s n%e(l & to

erably 1 s per e of the conpou . The

- reactlon i's ggrghgdcgﬂbogﬂgokbty)under basi c conditions wherein a pH val ue

of the reaction mxture 5 under stirring is 7.1 to 14.0, preferably 10 to
11. For conductingrhberesatibanisgndetr bedi cut onabdtiohs, urddmagsas & used in

b‘an anount about equivalent to an anount based on-the conmpound (I1).

Sui t abl e exaophéstabnshehbnsénaaepinvaljaai of btlsesyedotiaxanptvirel kal i
metal 10 hydroxi des such as pOtaSSIUﬂthdrOXIde and sodi um h drOX|de
preferably 10 to 11.
For cdnducting the reaction under_bas;c conditions,
a base is used in an amount about equivalent_to an
amount based on the compound (II).: Sultable examples of
the base are 1norgan1c bases, for example, alka11 metal k,)

10 hydroxides such as potassium hydroxide and sodium

hydroxide, alkaline

15

20

25



earth metal hydroxides such_as cal ci um hydroxide, alkali metal carbon
such as potassium carbonate and sodi-um carbonate, alkali netal hydro
carhgnat es such as pot assi um hydrogen carbonate and sodi um hydr ogen
~carhbohate, 5 al.kaline earth metal carbonates such as cal ci um carbpnafe
and Nvfe like. Among them alkali netal hydroxides such as pot a55| u

added ta 1;'he reaction 'system once or by ?everal portlons t'o keep the\
reaction m xture 10 under basic conditlons. The reaction proceeds"’i

oo 1 ayver sol Jeity SULAMGABLL A0 AlAUUeQUs i Beh AR Bal aveic gl o

wat er - ImTISCI e sol vent e reactli on nm OI’ examol e,
by addi ng t hanetdbsarbqnates tsuch rﬁwmseﬂ%carmﬂélteanudasodlum

“water-inmi scu@é@o&mﬁ/@ntamlt Wt a0 iy Jgaer %taqbbhatsgrraaeﬂdaél 1) while

malntalnlngthe H of thereactlon m xture under_.stigring within the
basi ci ty r egi RAEHRA BNy J5Fehearpnake Léb °61|lé‘§‘oFWfiﬁ IR CRERPOIHY
(111) in & twalkalire |eauihd netesle aaorpuniadiesy smchagsecad ciautaobonata 20

base and a walg§- éﬁ@”ﬁl G ezﬁ@algﬁ@hei‘rﬂd gﬁ@%ﬂgm@&%fﬁgﬁgwgd&' %u&é? Lhe

resultlng solutron whiTe main t'h of there on m xture under
stirring wit Pecasel wadindagxrideyi Ham hydgoride asenpassignjarln the

i nventi on, th@rgﬁmmd (m{a BEe taeyadséeedaéd R RBacieabtivht ePktamt he 25
formof a solution r}ﬁg ter-inmscible solvent. The reacti on can be

effected in pracEi¥e R (IR PaRF-THORS fPobieERs thet RPACKiPRBEXERER e r ange
~of about 1per nindexr dzmitc [cmrrq:i.tsmrtsa.bly about [err] to about [err] The

f eaCt'O“ may be Conﬂ{eet:?eé&iaé}{)g&réﬁééaé“ﬁaeschfeo W0 1agQ?UEo§vQHEr§ d’h
_ l,etion of the reaction can confirnmed hi gh pértornmance
chronatograph?o@9r151ng an aqueous layer and a layer of a water-

immiscible solvent. Thus, the reaction may be effected,
for example, by adding the compound (III) to a mixture of
15  water and a water-immiscible solvent and then adding thereto
the compound (II) while maintaining the pH of the reaction
mixture under stirring within the basicity redion by addi-
tion of a base, or by dissolving the compound (III) in a
two-layer liquid phase comprising an aqueous solution of a
20 base and a water-immiscible solvent and adding the compound
(II) to the resulting solution while maintaining the pH of
the reaction mixture under stirring within the basiciﬁy
_ region by adding a base as necessary. In the invention, the
\\) compound (II) may be added Fo the reaction system in the
25 form of a solution in a water-immiscible solvent.

The reaction can be effectedinpractice without
particular problems within a temperature range of about 0°C
to about 50°C, suitably about 5°C to about 15°C.

The reaction may be complete in about 30 minutes to

.1(.

30 about 6 hours. The e0mpletion of the reaction can be
confirmed by high performance liquid chromatography or
thin layer chromatography, for instance. After completion
of the reactioh, the reaction mixture may be adjusted to
pH 12 to 13.5 with such a base as mentioned above and the

35 aqueous layer may be separated, whereby the unreacted

compound (III) and bypreducts may be removed.



thin layer chromatography, for instance. After conpletion of the reaction,
the reaction mxture may be adjusted to pH 12 to 13.5 with Such a base as
ment i oned above and the 35 aqueous | ayer may be separated, whereby the
unr e&tted conpound (111) and byproducts may be renoved. The . :
/protuced conmpounds (1) can be isolated and purified by per se knomh’”
nmetfhoqs\Jof\ separation and puri- fication, such as concentration,
conicenykat Non under reduced pressure, . di stillation undef reduced pressure,
pH ¥5 AN st nent, sol vent repl acenent; dol'vent extraction, crystallization,
recr i gation and chromat ography. The .starting conpounds_(ll) and (111)

10 " ln ted RpBReilRoePnbanie e dldhdids (bR IY, Wa 81200 0
their analogé&§aﬁ%?h0d§uchhésp@@%%?ﬂt#¢ﬁk9ﬂd(ﬂ?ﬂmqﬂtq§§legs@nﬂ9§d

her ei nafter redﬁaéahgfeglgaeél @ysﬂmﬁlcﬁ{l@a&rlmc@h g@hﬁeanﬂnworkl ng °
exanpl es oIs used i,n

15 d
exper i ment . ﬁ§985Fﬂ%n?0|?%§F%% L L S s R U] (iﬁqq é§r6%@@P3H196 per cent

25 ODS( Octgytal Lizatien CDS:Stystakkisatian ethdcHEONAtSGBAPMMUFACTUR NG

CO. LTD. in JAPAAI&ﬁéritaptfHEtéompounds (II) and (III) to be used in

practicing the invention are produc1ble by E__;se known.ma&mds
'such as. the methods described in British Patent No. 2047250 and
10 United States Patents No. 4163052 and No. 4315008, for
" instance, or their analogous methods. | : 1_/ :
The present invention will be descrlbed herelnafter |
in further-detall by way of an experimental examphaand

working examples.

‘15
//ZO ' The symbols used in the examples and the experiment.
have the following meanings. '
ml: milliliter
g: gram _
%: percent _ ) ' o/
25 ODS (C-18) : "LS -410 ODS SIL" manufactured by
TOYO SODA MANUFACTURING CO. LTD. in JAPAN
g: diameter
b.p.: boiling point
d2°: density at 20°C (°C: centlgrade degree)
30 m.p.: melting point

cm: centimeter

Exam gle 1
Production of O-[1- (4-chlorophenyl) 4-pyrazolyl]

35 O-ethyl S-n-propyl phosphorothioate
Water (24.5 ml) is added to 15.02 g (0.075 mole) of



b.p boi li ng point -d20: density at [err] ([err]: centigrade degree) 30 -~
- mp.: nelting poi'nt cm centineter Exanple€ 1 Production of '
‘O-[| - ¢4-chl orophenyl) - 4-pyrazol yl ] 35 O ethyl S-n-propyl phosphor ot
Watgr (24.5 m) is added to 15.02 g (0.075 pol-e) .of 1- (4-chl or ophgnyl)
'-4—hydroxypyrazo1e f ol | owed by addltlon of 2.25 g (0.0563 nole) of
hydroxi de. Stirring pronotes dissolution and.gives a honbgeneous sol Wt
To the solutlon is added 56.8 m of tolyée and, with 5 Vi gor ous
_stirring; a toluene solution (30.8 g) containing 15.35 g (0.0757 nDTe)

' O et hyl S-n-propyl Qs hI0| I s._ad ro 0 2
~.during which t 'p(4r ecgﬁt r%ﬁgtegl%grat é?eroxy%lrgtg‘gl%éd’?mﬁfffwea/eg%naéc%lh n|—| of
the reaction m&xt2u2é igs (RepPt 63t mbded bf additmohydforide. 1®birring -

(wei ght / vol umg)r +eQU% 1 SR Wi BYAL X Q‘EvesAétﬁémGQé‘ﬂPé@&é odb Al 1dIE.
droppi ng, the reaction terrperature I's fal [err] and stirrjng |s

~continued at t49 $heefRdkLeRe ifoRd §eﬂo§ﬁ58 Wﬁe?éaf?%ﬁen?rﬂP4n>H%#%
~'cool ed to q er nidiadjcist ediraripd,13. EoméheZS&(d.ﬁwb@ht By o8 U@E)cc&q&mﬁmgsodi um

- 15 hydr oxi d Stirr or u o ratlon.
The tol uene Igi"ys(g?jq‘1 Vvél)s(f?l’(jléf? mtoggzlo 5 B—?t MeTﬁrgg%fuéﬁ S%S}BCFUC% i on
obt ai ned by pff&s?@mésaﬂét iaddledf tié'pbmshl ngerszeénb@misat@@rmérhlr@duced

. pressure to Qﬂﬁﬁétﬂ@%éﬂl@hﬁt@ﬁﬁBQHQQreZQs m¥iftHindd- 8 915°C and the pH

of the reaction mixture is kept at 10.5 by addition of

10 10% (weight/volume) aqueous sodium hydroxide. After
completion of the dropping, the reaction tempeiature is
N raised to 25°C and stirring is continued at this temperature
for 2 hours. Thereafter, the mixture is cooled to 5°C,
adjusted to pH 13.5 with 28% (weight/volume) aqueous sodium
15 hydroxide and stirred for 30 minutes, followed by phase
separation. The toluene layer is washed with 40 ml of
water. The toluene solution obtained by phase separation
after washing is concentrated under reduced pressure to
give the title compound.
20 Yield 27.9 g .
Purity 96.4% [determined by HPLC (high performance-liquia
chromatography:; column - ODS (C-18) 4 ¢ x 25 cm, temperature -
40°C, mobile phase - acetonitrile/water)] '
L Yield on 100% purity basis 26.9 g (99.5%)

'_\”/ 25 Comparative experiment
: Production of O-{l-({4-chlorophenyl)-4-pyrazolyl]

';N ' O~ethyl S-n-propyl phosphorothioate by the method described
' in British Patent No. 2047250

1-(4-Chlorophenyl) -4-hydroxypyrazole (15.02 g, 0.075
30 mole) is dissolved in 80 ml of acetone. Thereto are added
12.0 g of anhydrous sodium carbonate and 15.35 g (0.0757
mole) of O~ethyl S-n-propyl phosphorochloride. The mixture
is heated under reflux for 2.5 hours. Thereafter, the
acetone is distilled off, toluene is added to the residue,
35 and the resulting toluene solution is washed with water
and dried over anhydrous sodium sulfate. The toluene is



Purity 96.4% [determ ned by HPLC (high performance |iquid chromatography;
colum --ODS (C18) 4 [err] x 25 cm ‘tenperat’'ure - [err] nobile phase - -
] 'trlle/vvater)] Yield on 100%pur|ty basis 26.9 g (99.5% 25

(\S- n- pr opyl phosphorot hi oat e by the rret hod descri bed in British >
0. 204725 o) en r QX razol e 5 )2 .g 0 075 30
di sEBfRe ??‘F‘JSJCFC% %?q%? L%‘ ﬁe% rl’yf' é?e?gng'%p}é |

; soplyuazohybbrm-tetlwti &&-@&@y@p&ﬁ?ﬁhm&:ﬂ)xoﬁté} et hyI S— n pr opyl

ospho ochl?% Jpeyqixture is heated under reflux for. 2.5 hours.
2] acetone i distilled off, toluene is added to the residue,

35 and t hePRESLY {9 3Pt of dfrrmigied bah HPLC,dbkeh Rerformanse dwid ed over
anhydr ous soghidsmstd fﬁﬁhyﬂTEhtﬁﬁanaame sanneirhas axaﬁpiéeﬂm off to give

O-[lI-(4-chlogo nyl ) 4s. RYI.aZ phosphor ot hi oat e.
Yield 22.77 J‘%E‘Sl¥§’9%°§9€'{’ffe sﬂ'c?datbly%hPécqu perfor mance |iquid
chromat ogr aphy) in the sane manner Exampleng| e 1) Y| el d on 100% purity basis
21.38 g (78.1% Expp! £foi &#ﬁé %ég%wwp%eenbhehaépa%seeeca&ﬁﬁé-er

| .deriva- tives_are producl- oI e | tHe sane _nanner as %?
0, 0- Di et hyl bives; avp RERFUGLbLS 1A FAHen PERPEF B‘ﬁ n% H"oate dar k

brown I'i quid(1) o0,0-Diethyl 07-(2-1_sopropyl-4-methylpyr:.m.d:.n-s-_yl)
phosphorothioate '
dark brown liquid _
b.p. 83-84°C/0.0002 mmHg, 4

20 3.116 D S

(3 0-(3,5,6-Trichloro-2-pyridyl) O,0-dimethyl phosphoro-
thioate

white crystalé _ _

m.p. 45.5-46.5°C : : - :

() 0,0-Diethyl 0O-(2 3-d1hydro-3-oxo-2-phenyl-6-pyr1daz;nyl)
phosphorothiocate

white crystals _

m.p. 54.5-56.0°C



b.p.. 83-[err]/0.0002 nmHg, .d20-1-116-(-2D—0-(3-5—, 6-Trichl oro-2-pyridyl)
Q, O-di met hyl phosphoro- thioate white crystals mp. 45 5-Terr] (3) O,

0- Di et.hyl O- (2, 3-di hydr o- 3- oxo- ﬁ"mﬂlmllm I 2| nyl ) phosphor ot hi oaye
whi Ee - crystals m.p. 54.5-56.0C Hﬂﬂ' A net hod for
produelng a conpound of the forntila® [‘err"] Whereln Ris a | ower alkgxy
group, [err] is a lower alkoxy 10 group or a |ower alkylthio group,
is a substituted or unsubstltuted.hquigcycl|c group and X is an ox
sul fur atom which conprises reacting onpound -of the formula: 15
Rt XtLerr] el ¥e[L] ?nd Xlarezgngngned above and Y kflﬁ)hahogen
atom wi a co o] e ormja erein
Ris as define abov qgg QQHI vept h [sed in
that the reactlon soﬁ%e ‘HQ&) the o %Qétcgm oégd %gtnglgéfééf%

-sol vent, the

-

X
i .
‘ 5 ’::::P OR, (I)
Ry
N wherein R1 is a lower alkoxy group, R, is a lower alkoxy

10 group or a lower alkylthio group, R4 is
a substituted or
unsubstituted heteroéyclic group and X is an oxygen or

sulfur atom which comprises reacting a compound of the

| formula:
15 Rl X
- li
\\\’P -Y (II)
/ l
. R, o
_ wherein Ryv RZ and X are as defined above and Y is a halogen
N~ atom with a compound of the formula:
20
e .
R40H ~ (III)
s

wherein R, is as defined above under basic conditions in a
solvent, characterised in thét the reaction solvent
is a mixture of water and a water-immiscible solvent, the

25 mixture forming two layers.

2. A method according to claim 1, wherein the compound

(I) is a compound of the formula:



group or a [err] aIkyIthro
~unsaturated 5- or 6-menbered. heterocycllc group which contains 1 or - 2 ~1*
‘nitrogen atons and-nmay optionally be substituted by 1 to 3 substitutents
“eagh Selxcted from (i) a phenyl -gr Qp whi ch may optlonally be substituted
byfa hglogen atom (ii) a [err] alkyl group, 15 (iii) an oxo group and (iV)

25 'mi xture formng two |ay A net hod accordlng to clarnrl wherein

the conmpound (I) is a conpound of 13
[err] wherein [err] is a ‘ E [err] is a [err] alkoxy
"

iss 10 . an .~ ;

a atom and X is an oxygen or sulfur atom 3. ‘A nmet hod according

‘to\clanm 1, \wherein R is a lower 1 alkoxy group, [err] is a |ower

al kxlthho grloup, X is an oxygen 20 atomand [err] is a saturated or

unsa urated 5- or 6-nenbered heterocyclic group which contains two nitrogen
at ons y optionally be_substituted with .a phenyl group which may have
1 to 3 substitutents each seﬂecteﬁ fromanong a [err] alkyl group, a [err]

al koxy group, a [err] 25 alkylbq\ group, nitro, hal ogen and

~trifluoronethyl. - 14 - R mePRag according tol2laim 1 or 3, wherein
[err] is an _
R2a
5 .
wherein_Rla is a Ci-s alkoxy group, Rya is a C1;4 alkoxy
group Oor a C1_4_alkylthio.group, Ry, is »
10 ' an unsaturated 5- or 6-membered

' heterocyclic gfoup which contains 1 or 2 nitrogeh atoms and
mey.optionally be'eubstituted by 1 to 3 subetitutents,
each selected from (i) a phenyl group which méy optiohally
be substituted by a halogen atom, (ii) a Cl—4 alkyl group,
15 (iii) an oxo group and (iv) a halogen atom, and X is an
oxygeﬁ or sulfur atom.
3. A method according to claim 1, wherein Rl is a lower
alkoxy gfoup, R2 is a lower alkylthio group, X is an oxygen
20 atom and R3'ie a saturated 6r uhsaturated 5= or 6-membered
heterocyclic group which contains two nitrogen atehs and
may'optionelly be substituted with a phenyl group which
may'haVe 1 to 3 substitutents each selected ffom among
a ¢1_4 alkyl group, a Cl¥4 alkoxy group, a Ci_é |

25 alkylthio group, nitro, halogen and trifluoromethyl.



unéaturated_S-nenbered heterocycl$c~§+ﬁumehkﬁh—tontains two nitrogen atons
and 'may optionally be substituted wi th a phényl group unsubstituted or
substjtuted by,5 1 to 3 hal ogenJ “IHE“IIHHH hod according to cl
1, wherein the compound of fornul -n-propyl O-[1-(4- A
chIorBﬁhenyI) 4-pyrazol yl ] phosphorthﬁoéte '10° 6" A met hod accor djf nget#i
claim'l, wherei:n thecompound (1) is selected fromany one of: 0,0-Die hyl 4~
_O-(2-!sopropyl-4-npthylpyrinidjn-6-y1) ﬁ_Q§phorothioate 15 0-3,5
, 6-Trichloro-2-pyridyl, 0 ,0-dinethyl osphorothioate and 0 0,0-Dieth

‘0-(2 , 3-di hydr o- 3- oxo- 2- phenyl - 6- pyrida2|nyl) phosphor ot hi oate 20 7.

et hod accordi ng 140 cl aiaMnbthbaShasbralhy €6 &EﬁfnrudﬂscrmhedeWntR is an
reference to either of the specific exanples. 25

unsaturated 5~membered heterocyclic group which contains

{ s two nitrogen atoms and may optionélly be substituted

with a phenyl group ﬁnsubstituted or substituted by

oy~

5 l to 3 halo%en atoms.

" 5. A method according to claim 1, wherein the compound

T of formula (I) is 0-Ethyl S-n-propyl 0-[1-(4-
~ .chlorophenyl)-4-pyrazolyl] phosphorothioate.
10 | | |
6. A method according to claim 1, whereﬁnthecompounQ(I)

is selected from any one of:

0,0-Diethyl 0-(Zvisopropyl—4—methy1pyrimidin-G-yl)'

phosphorothioate, ' .~ |

15
0-3,5,6-Trichlqro-26pyridyl, 0,0-dimethyl
phosphorothioate and
S . 0,0-Riethyl 0-(2,3vdihydro—3-oxo-2-phenyl-6-pyridazinyl)

phosphorothioate

20 |

7. A method according to claim 1 substantially as
herein described with reference to either of the
specific examples. ..

25




