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(45) COmplete ·Spreciij.bltion p\ibli9hed 11 Aug.197'1 
(5.1). lintemationaICltisification A 01n9136 II C07 d 5117·8 
(5·2) ~x at accep~ 
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· C~ 5A4 5E2 . 

{72). ln'Vellt'Or6 HBJJN'RIOH '°HLMANN 1md KARL-JULIUS 
:SiQHM:IiDT . 

(54) 'INSECTJCLDAiL AND ACARICIJ?AL .FORMULATIONS 
-· 

{71-) We, FARBBNFABRIKEN BAYER AKTIENGBSELLSCHAFr, a body oor.porad:C -
organised under the l'a.ws of Germany, of Lever~ Germ.any, do hereby decl:are 
the inVent:ioo, for Which we pray that a patent may be grmted ro us; andi the method 
by which it is to be performed, to be partiailm!ly described in and by the fu1low.ing . 
statement:- . . . . · 

'The :present h_tvention ~res to certain new fomltilarlons of'thiel knlaWn, imecfii:.. 
ci&Jly- and aca:ricidai!y.effect:i.ve O~O-diethyl-~[quino1'8.lyl-(2)]-~ acid 
ester (cf. British Patent Specification. 1,081,249) of the formula 

,·' 

which exhibit an increased srabili.ty. 
(l) 

The above compound h:a:s proved .to~ unstable dur.ing storage, so that it i1'oses a_ 
par.I: 'C1f Sits im;ecticida'l effeotiventss, :tio ail ~'t which deptm.ds on the temperaltl!rC·ot 
the em.11lsifiCI1S and SO!lvents used. The mechanism of ithe degradation reaction is based 
on_,an. initial isomerisation. af :the acti-re cam.pound (I) .into ~ly :the :tlhrol ester 
(11), .. which :is oonverted into t!he monosW.pbide (111), ·with the.ilp:ti'lltillg off-of acidic 
phoSphOJus ootn,P.CJUnds, . in accorda.nce wiith irhe foHowing presumed form.ub scheme:; 

·.· . . : 

[ 
~fl,,,,.oc.#5 J VqJ~-P)1c~ ' ·. 

_ . (II) -·· .. . ·:: :·.·-

·• i •. 

.. : .. · .. ' 

' ; - ,• . - - ', ' - - - .· - '·. (111> :_ - - -- ' ' . - ._: 
The oompaund . is sufficiently wlStlahle to make its pi'actica1 use as an inseaidde· 

ar lllC'arici~ difficult or. impossible. It is very desimble to provide some means of 
ovm:mn:ing ithis diiffi.cuhy.. .-. . .• __ -

It .is known.· ~t similliar re-arrangements can be a.vm'ded :i,D, ihe case of the N­
monom.edlylamide :of 0,0-dilnethyldithiophosphorylacetic a.Cid (German PubliShed 
Specification (D.A.S.) 1,175,939) of~ furmu1ai 
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CHaO . S ): .. ,.t 

>P<. 
CHaO S-CHr-CONHCHa . (IV) 

.. by ·the 1iSe of suit®le solvents such as ethy'lme glycol momerhyl .ether actUte, primary 
amyl . :acem.te or cydohexanone, .possibly ,in admixture with ~' sucli as 
xylene. ~ 'SOI.vent :eroportion of ;the form~tion .is !Stated as about 751%.. . . .· 

. £x.~ which were earned out with O,O-diethyl-O-[quinox:a:l}'0:~2)]-thiono­
~onc acid ~er und~ me conditions St'a.tcd did•mr,.bowever~ bring:Bny·improve-. 
ment of the stability of this active compound beyOnid the Jm.:own ieffect'df· stabi1isa'tion 

. by dilutiOn.. . . . . . . 
-- .. The present invention :P.fOVides re!lativdy stable iiorm~tioos of . this active 

compound. . . . . 
The :invention a'COOrd:ingly provides a formulation of t'he ·.inseeticida.H.y ·and aca.ri­

cid:all!ly effective O,O-diethyl-0-( qWn.oxalyl-(2) J.Jt:himiophosphmic ·add ester· of the iliormula . . 

~ 
(I) 

which contams 
(1) 20 ·ito 80%. by weight of .t;be active oompound . . · .. 
(~) 15 to 80% by weight of iner.t, higher;.boilmg h~ chlorinated hydrocarbon. 

and/or ester a'S dil'u~t, and; . ·· · , · . . , . . : · • · 
(3) 0.1ro1Q% by weight of tertiary amine and/or 

().01 w 10% by weight of ~ diipoia:r aprotic sol.vent. 
Preferred CDmples of dipo.1ar -aprotlc. solvents include dimethyl sul.pihoxide, N• 

methyilpyrrolid!one and compounds of .the type 

. . . .. . 

Clfa 
acyl-Nl<· 

CHs 

ill whi~ :the acytl radi~l .. is one af the follow'ing: 

.CHa. . 
. >N-CO-, · CHa....;.cO-, 
GHs . 

(V) 

(VI) 

10 

20 

25 

It is very sur.prising that the formu'l.a-tions acoord:ing to the invendoo possess a 
high srability. It might :have been expected that tertiary amines, in the conditions 
obtaining in practice, especfally in the presen<:e of a:ir and :moisture, would favour die 
deoomposition of the active compound ·(a:), since the ready hydrolysability of esters of 
rhis type .in a weakly ailcalline range is known {compare, :tor example, about the hydro- 30 
l:ysis of O,O-<lierhyt.l-0•(4-nitrophenyl)-.thiomphosphoric acid ester in G. Schrader, 
"Die Entwicldung ;neuer insektizider Plrosphorsaure-Ester", p. 240). lt was fUdher to 
be expected that the use !Of compounds such as d-lln.eth.yl sUlphoxide wmll.d a1so 
accelerate the degradation of tbe active com.pound. This d!isadv.anitagwus effect of 
dimethyl sulphO'Dde on t'hrooophosphoric acid esters is known from the li:~ture (M. 35 
Mikolajczyk, Angew. Ohem. 78, P. 393 (1966) and Chem.. and Ind. 1966, P. 2059); 
it ~'in m ~on .of the· PS group 8ccotdmg to me equa.tiQn: •· .· 

RO S . RO 0 
, >P< '+CHaSOCHs~ >P< +S+CHaSCHa 

RO· OR : :Ro OR 
(VII) 

in which 
R stands tfor lower dkyl. 40 
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' It was therefore in no way to be foreseen that an addition of Sll1:>stmtia1ly sma111er 
amounts of dimethyl sulphoxid.e wouild. de~'7C'ly improve the stability of the active 
compoimd (I) .as the following experimental results shaw. It was, Dll01'00W1", su:iprising 
that the phosphoric acid -tm-dimethy~de. of the formula . 

·.;:_ ..... ··· 

. . (VIII) 
compara.t4e 10 dimethyl formamide prevents .the . acidic:· decomposition . o.f the aotive 
compound (I) fur a Ume. 'Sllffi.cient fur practical pw:poses. Explara.tory experiments 
·with the ·solvent dimethyl fommmide very·oommonly used·in tbe.art·:reveta1ed m 
improvement. of Sl'ability, irrespective of the proportions chosen. 1).imetbyllfurmamide 
is. not a dipolar ·iaprotic ;solvent lin the present conrext as· it as· oot .6table1 especially any 
aqueous f01101ul'81tion.s where it is :hydrolysed to formic acid and dimethyl . amine. 
· ·The ability ·of the adjuvams «> be used according to ·the inwnti.on, even in s:mal.11 

amounts, 1iO , preverit .flor a "SUbsrantm time the decomposition of O,O-diethyl-0-
[ quinoxalyl-(2))-dllonophosp.lroric acid es.rer into bis-[quinOXailyt-(2)]-sulphide repre­
SCllts an enriehment of die mt. 

·The dihlenits (fugredient (2)) are generally de&ed-oy 1lhe above desigmitioo. By 
'~gher boil:in.g" diluents are meant :the usua:l di:l.uents ~ ccmsi.dered to :have a 
tdmvely high boiling· .point, that iis ·aoove 80°C. Most sU1clntiluenr.s have a. boiing 
.pdint above that of· water. As exampl'eS, rhere. ~ m~tionerd. clll.qrobenzene, ·to'luene, 
xylene; phosphoric aci,d 0,0,0-triethyl ester Ind amyl .acetate. AS :indicaili:d by the 
ati.0ve :exam_p11.es, the esters may be of organic or inorganic acids. · 
~ staibijisers (ingredient (3)) include ttiethyl~, pyridine,. N-methyl­

piperidi:W; N,N-dirilethyl-N-benzytlamine, oolfidine, dimediyl SOI.p:honde, N-:methyl­
pyrrolidlQDe, it'emunothyil urea, dimethyla.cetmnide, ~ acid bis-dimethyJamide, 
p~ acid tris;cl.imttbylamide and met:bane.;ph'OSphonic ·acid biS"'Climethylamide. 
· · · Prefetably, ·the active·oompounds are used in 20 ro 30 or· so ro sq% by weight· 

form'lila:ti.ons. The content of diluent (in~ (2)) is preferably -15 ·to 40 01" 70 l'O 
8Q% by -wdight. The tertiuy ~·to be Usect·as stab~ :are prererably in amounts 
of 1 to 8 per cent'by weight and .the dipolar aprotle ·sruventS~ 0.1 to 7% by weight. 
. :The fom.itiliitions may be med for combating .insect and. acarid jpeS'IB in agricul-
rure arid elsewhere in bi&wn mamrer. · · · · · · -- · · 

._., The· mventi0.11' fhci-ef~ '8lso p,i:ovides a mOOlod: ~· Q»D.baiting 'insect or acarid 
pests which comprises raipply.irig to ·the· pi:sts· or a pest :hab.hB.t a :form.uaatl.Qn aamding 
to :the invention alone :or diluted with a solid or liquid cM:IUen.t or carrier. 

The invention mo provides crops protected from d1amage by lllsects or acari.ds by 
being grown in areas in which, immediately prior to and/or during the time of the 
growing, :a form~ ilCCOl'ding to the invention· is appilied. 'llalone or in sdmix.ture wit:l} 
a solid or liquid diuent Qr ca.rrler. · 

The formulation may be prepared by mixing ingredient (1) with ingredien1s (2) 
and (3). 

/'The fu1llowiog Examples iillustrate the. !Present: iinvention. Pam and percentages 
are by weight. · · 

FlrAMPLB 1 
Quallirative stabilisation e~. 

Suhlt:ions of 80 parts of aJCrive camp.ound. and 17 paxts of xylene were SllOred at 
60°C. with, in each case, 3 parts of the stabilisers stated m Table 1, 'aS we1ll as (:for 
·camparison) without .additive. At rlle interval'& of -~ which can be seen kom Table 
1, samples were 1Jake:n: and invesrlga.ted by thin•:Jayer chroma.tography (system: siilica. 
gel HF, :flow-medium: petroleum ether-acetxme 9: 1, detect:iion: UV354, Pd.Clz). The 
~ was broken off when the degradation product bis-quimxalyil-(2)-sulphide 
occured {Rf vaiue 0.66 with reference to Rf wlue Qt' the active compound as unity, 
mean from S chrom:aitograms). In the f.oMbwing Table I, (-) means no bjsi.quinoxaiyl­
(2)-suJlphi~ ( +) means traces, ( + +) means ddisti.nct amoonts. 
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... 
·.i TABLE l· .. 

. ; . . . . . ' ..... ~·· .- ... 
. . .. . ·' : Stabilising dl'Cct . .=.· ~: .. :. ,,• ,, ... ·1· 

Days Storage at 6()0C 

Preparations 13· 28 44 61 79 107 

Active compound (purest) 
: ... 

80% ~xylene (comparison) 

: 80% ·actiV.C comp0und + 17% .X)'lene 

: +. 3%. dimethyi suiphOXide ' .. 

+ 3% diriiethyl benzylamine. 

' + 3% oollidine 
.+ 3% . N-:methylpYh-<>ii.dcfue .. ; .. · 

,, ;,_ 

+ 3% pJwsphoJjc acid· tris-®nethylamide 

. + 3% tetnunei:liyl Urea . 

. + 3% 111Cthm.ePJ>.o8i>hODic acid:bis-di­
niethaylamide 

:+ 3% dim,etlty~de · · 

+ 3% sulp~uiic aci4 biS~y~de 

,: .. 

·' 

: . j ..• 

... '. 

+ ++ 
. ·~ . . ;"···:: 

+ :++ .... 

·+ 
.i··· + +.")!-: 

. . . . .. ·• : . . : .. . . : .... : 

:.·+ .++ 
- ..• · • • • • .. ~ ! . . 

,:+:··· + .··:~·.+·: 
. : ~ : .. :· . - . .. + '~++·.·:- ··'< . 

. .. :;::··.· 

:.+· ++ ... 
. : .. · ::.. ;;· ;.:::.:·;. ~-

·1 .,,, 

. ... : .. ···· .. :. ;:····. 

;_-,: .. -· .. -; 
....... : •. . • •• l • ; • : • ~.: ·--' : ... ~ : : .! .-: ~:,. 

.:,;!: 

... , ... 

~. 

. . . : ·. '. ~ :· . . .. . · .. 

. :' .. ·.:··i. :-_; ,.·;. 
;:: . _: .. ·:;, 

., . . . ; : ........ :' ~ 

. . ·. . ~- : .... '. . ~. . 

·_, 
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TABLE II 

Degradation of various formulations of active compound 

.· .-·. •. 

Preparations · 

20% formulation of the active compound 

(I) in xylene 

cyclohexanone 

glycolmonoethyl ether· acetate 

amyl acetate 

dimethyl form.amide 

dimethyl sulphoxi.de . 

methylisobutyl ketone 

50% active compound (techn~) and 

50% xylene 

~% active compound (techn.) and 

~%-xylene 

25% ~ve compound (techn.) 

30% emulsifier 

3% dimethyl sulphoxi.de 

~der % xylene 

25% active compound (techn.) 

30% emulsifier 

·33 phosphoric acid tris-(dimethyla@ide) 

Remainder % xylene 

. 25.% active compound (techn.) 
' ., .. 

30°/o em~er 

. 3% tetr8methyi urea 

~der· % xylene 

Storage temperature: 40°C 
C.Ontent of active compound 
in % with reference to 100% 
initial· active compound 
after weeks 

0 4 8 12 

99. ·~ 87 76 46.5 

96 '30;5 15.5 

98.5 85.5 75 46 

98- .. 82 54.5 

9i 80 64 

69;5. 15 7 

95 76 38.5 

89.2 71.2 

92.6 68.7 
.. :: 

.. 
.. 

·. 

95.2 88.8 - 84 

.. ..... .. -·-

96 90 89 

.. 97~6' 93.2 87.2 78.8 

s 
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Preparation of bis-[quinoxa!lyl-(2)]-su1phide by decomposition of O,O-diethyl-
0-[ quinoxaflylf-{2)]-thi~phoric acid ester. 

. .· ·.· (III) 
2580 g O;O-diethyl;..Q.;.[quinoxalyl-(2)]-thi.onophoaphoric acid ester were Dllixed 

with 10 ml of SO% acetic acid and allowed ito stand dlor three days in a dcying. cham­
ber at 60-700.C .. Yellowish needles crysrallised out. The deoompasitbm miXt:ure was 
kept at -10°C. for several. hours, the liquid components were filtered off With 5UCt:ion 
and die solid residue 'MIS recrystaiJlised :from benzene..&igroi; · 
Yield:• 792 g (62.5'% of the theory) . 
bis-quinoxalyl-(2)-su1¢rlde. 
Mellting point: 1s1--1s8°C. · 
Analysis: 
C:akulated for C10H10NtS (molecuJar weight 290.3) 

C H N 
66.18'%; 3.48;%; .19.30%; 

Found: ,66.21'%; 3.91'%; 19.04%; 

. ·s . 
11;.05J%; 
11.011%; 

. : ·,··· 

WHAT WE CLAIM rs:--:' 
1. Insecticidal and · acaricidal formulations containing as ~ve compound 0,0 .. 

diethyl-().. [ quinoX'8!lyll'-{2)]-~hosphoric acid ester of the·JdmJ.uJa · · ·. 

(I) 
the formulation ronta:in1.ng · ·· · 
(1) 20 tu 80"~ by weight of the active oompoond, ... 
(2) 1S :to 80% by weight of inertj higher..bailing hyd.roca.tbon, chlorina\00 bydrocarlxm 
· Bnd/or ester as di.uent, and , . . . · · · 
(3) 0.1 oro 10% by weight of tertiary mrlne ·a:w.l/or 0.01 tO 10%· by weight of stable 

dipo!M aprotic solvent. . 
2. Formulations '81C'cording to claiim 1 m which the dipdlar aprotic "SOlven:t is 

dimethyl .sulphoxide, N-:methytlpyrrdlidone or a compound of the type 
. . . : 

CHa 
. acyrl.-NL< 

CH .. 

in Which the acyl radiad is oire·of the ~ 

(V) 

0 0 
CHa CHa . . (~)2N II '. ·.. . CH11 II 

>N-Co.;...., CH8-Co.;..... · >N--S02;...;.; . >P- and . >P-
CH11 . . CH.a (Cffa)2N ~Cllii)aN 

. . .. . .. ,,.. . .. ' (Vl)-
3. P.ormulatkms according to claim 1 ·or 2 in ·which :ingredieat (2) is ·or.includes 

clllarobem:ene, toluene, xylene, phosphoric acid 0,0,0-triethyl ester or amyl~te 
4. Formulations accord:ing ~ any of daims .1-3 m which i1igi'Cdient (3) is or 

includes ttiethy.tamine, ;pyridine, N-methylpiperidine, N,N~4imeth'ylt-N .. ~~' 
co11iidine, dimethyl dphoxide, • N-methylpyrroJ:id:cme, otetrmiethyl· ··urea, dbnet:byl-
aoetamide, sulphurit: acid obis-.dimerhylamide, ~hosphoric :aci<J! ·tris-dimethYlamide am 
methanephosphonic acid ~dimethydamide. · · · ·· 

. . S.' Formwations according t0 any of chliliis 1~ hi: whidl the proportion of 
ingrediea:11t {3) is 1 :to 8% by weight .ilf tertiary smine· and O.l it:o 71% by weight if 
dip* aprotic 801\rent. 
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15 . ·Comparative Example . . · 
Preparation of bis-[ quinoxa!lyl-(2)]-sulphide by decomposition of 0,0-diethyl­

O- [ quinoxallY'l-(2)]-thionophosphoric acid ester. 
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o::rst;o 
. · (III) 

2580 g O,O-diethyl-0-[quinoxalyl-(2)]-thionophosphoric acid ester were mixed 
with 10 ml of 50% acetic acid· and aUowed ito stand tfnr three days in a drying cham­
ber oat 60-700.C.- Yellowish needles crystaliised out. The decomposition mixture was 
kept at - l-0°C. for several hours, the liquid components were filtered off with suction 
and the solid residue was recrystaM.ised from benzene-Ojgroin. 
Yield: 792 g (62.5'% of the theory) · 
bis-quinoxalyl-(2)-sulphide. 
Mdlting point: 157-158°C. 
Analysis: 
Calculated for C10H10N.S (molecular weight 290.3) 

C H N . S 
66.18'-Y0 ; 3.48%; 19.30%; U.05'%; 

Found: 66.21'%; 3.91'%; 19.04%; 11.01'%; 

WHAT WE CLAIM IS:-:-· . 
1. Insecticidal and acaricidal formulations containing as active compound O,O­

diethyl-0-[quinomy'l-(2)]-thionophosphoric acid ester o.f the formu'la 

rhe formulation containing . · 
(I) 

(1) 20 to 80% by weight of the actlve compound, 
(2) 15 :to 80% by weight of .inert, higher-boiling hyd:rocal'bon, chlorinated hydroaubon 

and/or ester as diuent, and 
(3) 0.1 'to 10% by weight of tertiary amine and/or 0.01 to 10% by weight of stable 

dipolar aproti.c so!vent. · 
2. Formulations '81CC01"ding to claim 1 in which the dipalar aprotic· 'SOivent is 

dimethyl sulphoxide, N-methy[pyrrdlidone or a oompound of the type 

CH a 
a~-NL<· 

CHa 

in which the acyl rad1cai is one of the following 

(V) 

0 0 CHa CH~ . (Cllii)2N II CHa II 
>N-CO-, CH.-CO-, >N-SO~, >P- and ->P-

CHa CHa (CHs)2N (CHa)2N 

. . .. (VI) 
3. Formulations according to claim 1 or 2 in which :ingrediem (2) is or indludes 

Chlorobenzene, toluene, xylene, phosphoric acid 0,0,0-t:rietbyl ester or amyl acetate. 
4. Fomnrlations according to any of dai.ms 1-3 :in which :ingredient (3) is or 

includes :triethylamine, pyridine, N-methylpiperidine N,N-climeth:yfl~N-benzylamine, 
co~, dimethy~ sutph~ide1 N-methrlpyrrolidon~. ~ei;Ityl. urea, ~­aoetamide, sulphlll"JJC aad bis-dimerhylamide, phosphonc :a.ad tns-dimethyl:amide 8IDd metha.nephosphonic acid bis-dimethyrlam1de. · · 

. 5. Formulations according to my of claims 1-4 iii which :the proportion of 
ingredient (3) is 1 to 8% by weight i;f tertiary amine N1d 0.1 to 7'% by weight H dipd)ar aprotic solvent. 

.. ·~ .. •· . 
.•.:::·: 
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, ' .6., F.~ularlons according to dlaim 1 substantially as herdinbefore described in 
die Examples. 

7~ A method 'Of prepaTi:ng a formulation aa::iording to any of dlUms 1-6 in 
which ingredient (1) is mixed with ~ems (2) and (3). 

8. Formulations according to claim 1 whenever prepared by a method acoording 
to claim 7. 

9. A method of combating insect or acarid pests Which com.prises applying tX1 the 
pest or a pest .b:abiui.t a formulation acoording ro any Qt' claims 1-6 or 8 alone or 
diluted wit!h a solid or liquid d.&ent or carrier. 

·10. Crops protected !from damage by insects or acarids by being grown in areas 
in whidi, immediately prior to and/or during the time of the growing, a furmulation 
acooroing to any of claims 11-6 or •8 is a.ppired alone or in admix;~ with a solid or 
liquid diluent or carrier. 

For 1rhte Appliicants, 
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Chartered Patent Agents, 
24, Southampton Buildings, Chancery Lane, London, W.C.2. 
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