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Thi s i nyanbi/hgy el ates to i munoassays for pesticides angdxm@phiRpdi es and
reagents for carrying out such assays. The invention further relates to
met hods of carrying out such assays and to kits conprising reagents to
practice such nethods. The inventionliras particular application to the
detection and quantitation of neonicotinoid insecticides in a sanple.
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the so-called “neonicotinoid” insecticides. Compounds of this class include, for example,
the compounds imidacloprid, acetamiprid, and thiamethoxam that are described in U.S.
patent nos. 4742060 and 5304566 and EP580553A2, respectively.

Direct treatment of plant propagation materials (such as seeds) with insecticides are target
applications which address the need for a reduction of environmental and worker exposure
and pest resistance buildup when applied alone or in conjunction with foliar or furrow
insecticide applications. However, care must be taken to ensure that the seed coating
apparatus is properly calibrated in order that the insecticide is uniformly applied to the seed
material to avoid problems with insecticide performance and seed phytotoxicity, among
others. Analytical measurements can be used to determine if the seed coating equipment
has been calibrated properly, is operating properly and if treated lots of seed may be
released for shipment. However, traditional methods for detecting insecticide residues on
seeds are extremely time-consuming and costly, since they require highly specialized and
expensive analytical procedures such as gas-liquid or high-performance liquid

chromatography. Both chromatographic techniques require expensive instrumentation that
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PCT/ Ewmelm%ped?bnmanly for medical and veterinary use, immunoassays have begun to
find more applications in the agricultural arena. For example, immunoassays are available
for the detection and quantitation of crop diseases, aflatoxins and certain antibiotics. While
immunoassays for pesticide detection have been described in the scientific literature (see

below), they have become available on a commercial basis only within the past decade.

Immunoassays rely on highly specific antibody reagents and relatively simple analytical
apparatus to detect and/or quantify a wide variety of target materials. The antibody, rather
than the instrument or operating conditions, provides the analytical specificity.
Immunoassays can therefore be performed on relatively crude samples. Furthermore,
immunoassay methods have been optimized for use in remote, non-laboratory settings,

allowing their use in the field as well as in the specialized laboratory.

Immunological methods are known for the detection of certain herbicides, including 2,4-

dichlorophenoxyacetic acid (Fleeker, J., J. Assoc. Off. Anal. Chem. 70:874-878 (1986)),
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conjugation to a higher molecular weight immunogenic “carrier” protein. Furthermore, for
screening antibodies during the process of their production, additional haptens may aiso be
prepared whose chemical structures vary from the hapten used to immunize animals.
Finally, once an antibody preparation is obtained (either polyclonal or monoclonal), a

sufficiently sensitive immunoassay must be developed.

Basic strategies used in modern immunoassays have been described in numerous
references (See, for example, Voller, A. et al., eds., Immunoassays For The 80°s, University
Park, 1981; Voller, A., “The Enzyme Linked Immunosorbent Assay (ELISA)”", Diagnostic
Horizons 2:1-7, 1978, Microbiological Associates Quarterly Publication, Walkersville, Md.;
Voller, A. et al., J. Clin. Pathol. 31:507-520 (1978); Butler, J. E., Meth. Enzymol. 73:482-523
(1981); Maggio, E. (ed.), Enzyme Immunoassay, CRC Press, Boca Raton, Fla., 1980).
Essential to each approach is the generation of calibration curves using known amounts of

the desired analyte.



i mmunosor bent assay ( ELI SA) Here, a protein conjugate of the pesticide

(cal | edvip o1/§884 1 Ng" or "screening antigen") is prepared pSiRghA2p0t €i N
that is structurally unrelated to the carrier protein used in the

pesti ci de i munogen, agai nst which the anti-pesticide antibodies were
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seeds treated wt
enzyme |mmunoassay (EIA) immobilizes the anti-pesticide antibody on a solid phase. A

pesticidal hapten is covalently coupled to an enzyme, and the resulting enzyme conjugate is
incubated with samples in microwells or culture tubes coated with anti-pesticide antibody.
Pesticide in the sample competes with the pesticidal hapten-enzyme conjugate to bind to
immobilized antibody. The solid phase is washed to remove unbound materials and
antibody-bound enzyme conjugate is detected by addition of chromogenic substrate. See,
e.g., Bushway, R.J., L.P. Perkins, S.A. Savage, S.L. Lekousi, and B.S. Ferguson. 1988.
Determination of atrazine residues in water and soil by enzyme immunoassay. Bull.
Environ. Contam. Toxicol. 40:647-654; Fleeker, J.R. and L.W. Cook. 1991. Reliability of
commercial enzyme immunoassay in detection of atrazine in water. P. 78-85 in M.
Vanderlann, L.H. Stanker, B.E. Watkins, and D.W. Roberts., eds. Inmunoassays for Trace
Chemical Analysis. ACS Symposium Series 451. Washington, D.C.: American Chemical
Society.



i ngredients such as insecticides that can be carried out in the field or
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neoni coti nol d haptens and i mmunogens for generating anti- neonicotinoid
anti bodies as well as antibodi es, nethods, reagents, and kits for
determining the presence of one or nére neoni cotinoid insecticides in a
sanpl e by i munoassay. The present invention has particular application to
determ nation of the concentration of neonicotinoid insecticides applied to
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properly, is operating properly, and if treated lots of seed nmay be
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the insecticide or antibody. In some enbodi nents of imMmunoassays, either a
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performing immunoassays will be able to successfully conduct the test after a few practice

trials.

It has been found that antigenic neonicotinoid conjugates (immunogens) can be made by
conjugation of a neonicotinoid pesticidal hapten to a carrier molecule such as purified
protein derivative (PPD, Tuberculin) from Diptheria virus, bovine serum albumin, human
serum albumin, ovalbumin or keyhole limpet hemocyanin to a neonicotinoid hapten.
Conjugates of derivatized materials such as derivitized bovine serum albumin, cationized
bovine serum albumin and the like also can be made. See A. Muckerheide, R. Apple, A.
Pesce and J.G. Michael (1987) J. Immunol. 138:833-837. These immunogens can then be
injected into host animals that will produce antibodies to the neonicotinoid hapten which
may be harvested. These antibodies may then be utilized in a variety of immunoassay
procedures to detect corresponding neonicotinoid insecticides, using various known
markers to label either the insecticide or antibody. In some embodiments of immunoassays,

either a neonicotinoid insecticide derivative or an antibody is immobilized. Both polyclonal



in the presence of other pesticidal active ingredients including other
neoni cot nsecticides incorporated in a seed coatin i on.
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corresponding to the neonicotinoid insecticide(s) of interest can be

| abel ed directly with an enzyne or indirectly by use of enzyme-| abel ed
ant i bodi es whi ch under appropriate conditions catalyze a reaction with a

substr @rel@ﬁ%ﬁ\%% SRV i J §TI formation of a

col ore gﬁ reacti o'n S ‘?*éf“?‘”@%%%’%ﬁg teky %rg% @ﬁget/thneﬂlre%eé]cg% |y

det ect reprinptingid lmectrcrees; ulnesdmby'mmpeoasscass;dpe ceomicotgbicc@nhiges/antibody
reaction can be detected by a variety of methods, using various markers to label either the
antigen or antibody to permit detection of the reaction product. Furthermore, immobilization

of either the antigen or antibody will facilitate detection in many cases.

Antigen/antibody assays can be generally classed into two categories, heterogeneous and
homogeneous. Heterogeneous assays require separation of the bound-labeled component
from the free-labeled component prior to detection of the reaction product. Homogeneous
assays do not require such a separation step. The assays can further be (1) competitive, for
example, where antigen competes for labeled antibody with a solid-phase antigen or where
antigen competes with labeled antigen for a solid-phase antibody or (2) noncompetitive

where there is a direct relationship between iabel and antibody or antigen.

Immunoassay methods that can be used in the practice of the present invention to detect
neonicotinoid insecticides in a sample include enzyme, fluorescent chemiluminescent and

biosensor immunoassay, as well as radioimmunoassay. In an enzyme-linked



In fluorescent imunoassay techniques for use in the present invention,

hapt ens “gpdl/ﬁ%OHdI ng to the neonicotinoid insectici de(s}c@fEPbng[@st can
be | abeled directly with fluorochrones, or indirectly w't

fl uorochrone-1 abel | ed anti bodi es. Fluorochrones are dyes that absorb
radiation (e.g., ultraviolet light), -are excited by it, and emt |ight
(e.g., visible light). In one enbodi nent of the present invention, the

nmet hod for determ ning the concentration of a neonicotinoid insecticide in

2 Salbl i RIRLLASEL 1419, B &RSrhco (Rh AE RIS EniRA hebiBRESEr M iohaRd 1o

i mobi sel ective for said neonicotinolid insectic
cont ac@em@osaptﬂ‘l%émleéﬂwqm) an@terqatr@@w bei@wl%@quy@mwlmr@mva}e@ence of a

Known ; a#ga;nvtggﬁ{sgaof erPnQ %E’Bﬁ%%twrﬁéﬁjﬁnml%ﬁ%ﬁ‘ﬁoun dﬁ%%‘ég?a‘i (C)

mashlng hase o to renpbve any u apten-e
conj ugateaction wamﬁ@stre@) Tr’r@am'tzvmg agticihr i yrieally detasten byatcemgpierc pfa ¢ f or

sai d h?cgér%ﬂ readipn %Fgak%o\@réé‘aﬁc%"gsnn\"@m%?ﬁ% 3 %%llyggégte%fba/?é)t%ﬁ%( c) in

or der genérate nbgen measur? anount

chr ormgeasme@dwspelcth;sceplepr(d)ectamcemu@nsto det erm ne the anount of

ant i body- bound hapt en-enzyne conj ugate and hence the anount of

neoni cotinoid insecticide in said sanple. In one enbodi nent, the

i mrunoagh@yescenisitpirioadsayntethrdiqlies for abe o thietprésentt indengprahbptendy- coat ed

t ubes, the ne otinoid.h n- enzy con bstrat and
bl us ) GirespnTens i e oo R Miseo i OF R O fae BE R e e iiFe The
[ nveBtilmOafrbmlslc& mkﬁ&;blﬂj/ hath flubioah roedeelaeBie] érﬂlbbb%suﬂjdbécmﬂﬂnyéé Iaeen@lels |
ant i bodi es e. ski ed In t re w sQ re ni.ze that nonocl ona
a1 botipESbsogh fRivgion et LAl BrY L s e BER et P 1o daD! (6Xp PR, nat ! ue
to u5|mgnpolyclonal anti bodies. The term "anti bodies" is used herein to

generically refer to polyclonal or nonoclonal antibodies. Mnocl onal
anti bodi es to neonicotinoid insecticides for use in the practice of the

pr esenin orie"REdiRBnPsahEPFReHEIhAehtioRTIHG A éthbe moramemm%mr@orrc@htrwdnng
t echni ques well known to those in the art. Suitable hybridona cell I|ines

are pr@fapedlisotispidnzesicds in psampla eampsiseathe aiePs Bbdy producing cel | and a
nyel oma cell derived froma nurine species. The antibody producing cells
are preferably spleen cells. Any suitable nyeloma cell line may be used
howev efe) providingla splichpiase; withuar inmolilizedcatdibady selpetive feesaid nepricetinoithi ch a

number Zag Giclda:
(b) contacting said sample with the immobilized antibody in the presence of a known
amount of a neonicotinoid insecticide hapten-enzyme conjugate;
(c) washing the solid phase of step (b) to remove any unbound hapten-enzyme conjugate or
sample;
(d) reacting a chromogenic substrate specific for said hapten-enzyme conjugate with the
washed solid phase of step (c) in order to generate a chromogen; and
(e) measuring the amount of the chromogen produced by step (d) in order to determine the
amount of antibody-bound hapten-enzyme conjugate and hence the amount of

neonicotinoid insecticide in said sample.

In one embodiment, the immunoassay is supplied in the form of a kit including antibody-
coated tubes, the neonicotinoid hapten-enzyme conjugate, enzyme substrate, and solution

to terminate production of the colorimetric signal.

While the invention often is described with reference to the use of polyclonal antibodies,

those skilled in the art will also recognize that monoclonal antibodies could be used as an



common usage. Likew se, polyclonal antibodies to neoticotinoid insecticides

for use g oifayspractice of the present invention are al spcfRg/Y$10NY
t echni ques known to those skilled in the art. The present Invention al so

provi des a polyclonal 1gG anti body preparation which binds at |east one
neoni coti noid insecticide, the anti be® preparation produced by a net hod
which conprises the steps of: (a) admnistering to a host a predeterm ned
quantity of a conposition conprising a neonicotinoid insecticide or an

i mmnoélezma%le t@%‘ih%%’o@@fonﬁpémilbgglestﬁn@te@n’no‘hﬁﬁdcﬁﬁééws L emtah 6 g%ﬁéﬁéam

protein, sera fromthe host, and (c) purifying °19G angl body
from trﬁéeré@palyclAnahqmmwmgﬁbwtleQ@mal ent of an antigen has the ability,
when introduced into a host, to cause the production of antibodies to the
antigen. As noted above, the i mmunoassay of the present invention has

par t i dbraclenabbidadiestoineonigetinaid insgclididesafivpuse inothe praticniof thd present

i nsect; Iy rial . The

tor m ~ Bt SR LR RRRAEH <l Ry cu RS ARAGA LR Pl in t

gener dhoseinghe . Guitable hybdaema gehlings arequsfedtilc brodanediy treefiisioorof ehe

mul tip te -at | erlal suc

cut t1 BBy BRoBEnk Xy ahd eyl RRe sEF ABh R #6m By Al (AL TR lRBdy < o

t he sqsdauc(umgmellseare prefettablyesrpd;@n cdleoﬂmy sbitatble myeﬂqmmcell lifzuinhg be usbd zomnes,
and parts of " (51 | rmnatﬁp%_% Q )rfoung&;ﬁ% |ch are to be

t r anspl ARVEL" &F eéﬁ’raﬁgr&”ﬁ%tal r%cf?rézre 1 oa}’rW'H 'SYPIM may al so
be menddnifédlusagéhese young plants may be protected before transplantation
by a total or partial treatnent by imersion. WO 01/42787 PCT/ EPO0/ 12310
-9 In one enbodi nent, the neonicotinoid insecticide detectable by the assay
of the present invention is represented by the formula R R A NN- Y3 ~

R(lI) R Xwherein Ais échlorop rid-5-yl or 2-chlorothiazol R and
R3 |ndé'§9é’H8%rHQ'3§9'°é‘PbaW$P& 15§47 6P ")ét'f‘@&?d?{%ﬂ“c'd?&foéﬁ@eF@therﬁféﬁfé%?dgﬁ'ﬂ?y are
hydr ogsr8séHt ifwentidrdhieyAis®mabid LaMg tBehrid st idoh thases ilewih fhd i¢  ni trogen

atons to which they are attached to forman i m dazolidine or an oxadi azi ne
ring; and

The present invention also provides a polyclonal igG antibody preparation which binds at
least one neonicotinoid insecticide, the antibody preparation produced by a method which
comprises the steps of: (a) administering to a host a predetermined quantity of a
composition comprising a neonicotinoid insecticide or an immunological equivalent coupled
to a biologically acceptable carrier protein, (b) collecting sera from the host, and (c) purifying
IgG antibody from the sera. An immunological equivalent of an antigen has the ability,

when introduced into a host, to cause the production of antibodies to the antigen.

As noted above, the immunoassay of the present invention has particular application in
detecting the amount of a neonicotinoid insecticide that has been applied to a plant
propagation material. The term “plant propagation material” is understood to denote all the
generative parts of the plant such as seeds which can be used for the multiplication of the
latter and vegetative plant material such as cuttings and tubers (for example potatoes).
There may be mentioned, e.g., the seeds (in the strict sense), roots, fruits, tubers, bulbs,
rhizomes, and parts of plants. Germinated plants and young plants which are to be
transplanted after germination or after emergence from the soil, may also be mentioned.
These young plants may be protected before transplantation by a total or partial treatment

by immersion.



Xis NNNO2 or NNCN. In another enbodi ment, the neonicotinoid insecticide
det ect ably®) fiYs2td3e assay of the present invention is represpppshiy t he
formula n A NY SY3 (lIl) R Xwherein A, R3 and X are as defined above
for formula (1). In a preferred enbodi ment, the i munoassay of the present
i nvention enpl oys polyclonal antibodi®s for a neonicotinoid insecticide.
These anti bodi es can be obtained fromthe sera of an immunized ani mal .

| mmuni zati on can be acconplished by injecting the i mmunogen (hapten-PPD
ant i gefy SnEOMbYSIRTRI, tlhé‘h@orﬁébtﬁﬁ'atd IHQQM;chleﬂi'édté‘lSle%pffﬁé §§saytéf9l'1é78 tds¥p@ manmal
and preferably a rabbit or sheep. Typically, an initial I'nj ection Is

f ol | onsyeniondis sepreeanted by imtosmulent booster injections to maxim ze the
anti body response. Optinmally, the injection regine is in nultiple doses
given to femal e New Zeal and white rabbits. The anobunt of i mmunogen

i njected vaFfes pﬂt must be adequate to elicit a detectable amount of

anti body. = Antibqdy production can be verified by analyzing sera obtained
in tri ﬁfds g@lng ElI A, ELISA or Indirect Fluorescent |nmunoassay
Assay.

CT/ EPOO/ 123105, - 10 The sane | abel s used in known
i mmunomnet says can be used tg)label the hapten used in the present

i nventio :3A g these may be nentioned reporter nolecules (RVM including
enzymes, 'such “@s al kal i ne phosphat ase, horseradi sh peroxi dase, and

(3-gal %E%EA ?Ich,o?%pﬁg% )t,I 09 "Lfgﬁ‘ra%?ﬁﬁm nI um nescent or radioactive

| abel s 'su uor éscei nm, anlne acri dium and radi oactive
i sot oszanﬁMndmmdenwyaredmdmgmiorp@aF@AadHydas such as gold and sel enium

cur opi e MBEPandehl el e B TOT S GuT aTEC i B PREBRE T i B o,

si gnal sitrogbre atonsd tooghitthey eing yttathed todokeas iridezdlioireesrath Gladpeirexirdas e

( HRP) an& al kal i ne phosphatase. In one enbodi nent, a spectrophotoneter is
used t8"detect the ampunt of neonicotinoid in a sanpl e. However, the

met hodX ioN-fibsopKaeent i nvention can be adapted by one skilled in the art
to use in other types of chronogenic detectors. Simlarly, the detectable
reaction product is not limted to a chronophore but includes other |abels

as des@ afeeradimemiapleaitonithbtihéia idsdlclioué BetetabbRde(dsdhy of ihBpragiht (11 A)

have been found to be useful in
invention is represented by the formula

]

A _N_ S

j/ T (i

R X

wherein A, R® and X are as defined above for formula .

In a preferred embodiment, the immunoassay of the present invention employs polycional
antibodies for a neonicotinoid insecticide. These antibodies can be obtained from the sera
of an immunized animal. Immunization can be accomplished by injecting the immunogen
(hapten-PPD antigenic conjugate) into an antibody producing species, typically a mammal
and preferably a rabbit or sheep. Typically, an initial injection is followed by a series of
subsequent booster injections to maximize the antibody response. Optimally, the injection
regime is in multiple doses given to female New Zealand white rabbits. The amount of
immunogen injected varies but must be adequate to elicit a detectable amount of antibody.
Antibody production can be verified by analyzing sera obtained in trial bleeds using EIA,

ELISA or Indirect Fluorescent Immunoassay Assay.



produci ng anti geni ¢ neoni coti noid conjugates (inmunogens) and assay

conj ugat JBpeen (1A RR R O ANNI11 (fi)n (1A YEPS) MR ein A
is 2- chlglr%oopyrlz 5-yl or 2-chlorothiazol-5-yl; R3is hyg\?%glgn or

Cl-C4al kyl; R and R2 independently are hydrogen or Cl-C4al kyl or Rl and R2
are taken together with the nitrogeni@tons to which they are attached to
forman i mdazolidine or an oxadiazine ring; nis an integer froml to 5
(preferably an integer from3 to 5); and X is 0, NNNO2 or N-CN. Hapten
(1B) WO 01/42787 PCT/EP00/12310 -11- R2 R EOA NNGCH (IB) R3 X wherein
A Rl, R2, R3 and X are as defined in fornula (1A); and Eis a single

coval eFie samel lapels used Inlknkwngﬂmh@wtr@raqsaés ¢ast bribised @G&Q@lﬁbe Waeteaiusedh i s

nhe S?T hveriton3a rhay BB & ok Fé?grt (e (RR IFdﬁA%NyS

(IIIPI %E’ V\ﬁer%enﬂ E@ﬁg naare asI %& or grurru(a VRAI‘)U'

01/ 427&VzyRE$] &RDCAs1ABIDe phosphatase horseradish peroxidase, and -galactosidase. In
addition, fluorescent, luminescent or radioactive labels such as fluorescein, rhodamine,

luminol, acridium and radioactive isotopes '*°

l, etc., or colloidal particles such as gold and
selenium, etc., can be used. Finally, lanthanide chelate flourophores such as europium and
terbium may be used to generate time-resolved fluorescent signals. The most common

enzymatic markers are horseradish peroxidase (HRP) and alkaline phosphatase.

In one embodiment, a spectrophotometer is used to detect the amount of neonicotinoid in a
sample. However, the methods of the present invention can be adapted by one skilled in
the art to use in other types of chromogenic detectors. Similarly, the detectable reaction

product is not limited to a chromophore but includes other labels as described above.

Haptens of the following formulae (IA), (IB) and (IIA) have been found to be useful in

producing antigenic neonicotinoid conjugates (immunogens) and assay conjugates:

Hapten (1A)

K R
AL N N 0
Yy e
RF X H

wherein A is 2-chloropyrid-5-yl or 2-chlorothiazol-5-yl;

R® is hydrogen or C;-Caalkyl;

R' and R? independently are hydrogen or C;-Csalkyl or R' and R® are taken together with
the nitrogen atoms to which they are attached to form an imidazolidine or an oxadiazine
ring;

nis an integer from 1 to 5 (preferably an integer from 3 to 5); and

Xis O, N-NO, or N-CN.

Hapten (IB)



-12- Hapten (111B) O E CH A N S (1116) H3 X wherein A, R3 and X are as

defi ned fyeyo1fs@rgpul @ (1 A) and E is as defined for fornula p&Brpooaft ens of
formulae (111A) and (1118) can be prepared in analogy to the foll ow ng

met hodol ogy: CO2H Ovee OVe CN II N S N CO2H HSCHCH2NH2 + N CN Co2H (111C)
2- ami noet hanet hi ol (N-cyanoi mi do) car bdhat e Substituted 2-(N-cyanoi ni no)
derivative R3 thiazolidine K2ZCO3 (I11C) + ANS AC I R31I NCN The
desired hapten (I111A) or (1118) is prepared by using an appropriate

2- am noet hapet hi o deri vayi ve sel ected froma conpound of the formnul ae:
HSCHCH2 NH2 |1 - 2NH2 (I'11E) 1CH2). E CO2R CO2R wherein R has
t he neanlngllveAa % flogr formula (1).

Y T Rl

wherein A, R', R?, R® and X are as defined in formula (1A); and
E is a single covalent bond or is a linking moiety of the formula -(CH;).,- wherein m is an

integer from 1 to 3.

Example 1: Hapten (lllA)

Yo

wherein A, R, X and n are as defined for formula (IA).



WO 01/ 42787 PCT/ EPO0/ 12310 -13 The follow ng haptens have been found to be

parti cul grl ful in the practice of the present invengion: N ~S
ro) O oWREKERT T\ - (CH2)n-~ Y (CH2)n4 N.N.:0 OH NN+P€T’5PP°’123“’| 00
OR SC NI~ (CH)n O OHN i~/NHNO NS(CH2) ~1111N -~DOH

N N N and Owherein n in each case.iq9.an integer from1l to 5; preferably n
is an integer from3 to 5. Antigenic neonicotinoid conjugates (i mmunogens)
and assay conjugates can be made by conjugation of a neonicotinoid

pesti ¢j dal ten to a carrier nolecule or reporter noleclue, as the case
may b§?9§§gﬂggtechniques known to those skilled in the art. Two basic
approaches have been taken. Jhe first uses |inkers which becone part of the
conjugate. These |inkeEs arle honobi functional or heterobifunctional, and

i ng, for exanple, disulfide |inkages through
the thiol groups ties in the substrate proteins, or of the
formation of _am de |ijhkages between N-term nal am no group or the am no
side chain i dues and activated acyl noieties such as

succin md ers. Inh general, this approach involves highly reactive
funct?bnfk
R

ups on the |inker apg
wherein A, R® and X are as defined for formula (IA) and E is as defined for formula (IB).

X

Haptens of formulae (llIA) and (IlIB) can be prepared in analogy to the following

methodology:
CO,H
OMe _OMe C\N
S
T \ COZH
HSCHCH,NH, + N
~c co, H e
sgfclart\ic‘)gthanethlol , {N-cyanoimido)carbonate Substituted 2-(N-cyanoimino)
R thiazolidine
K2CO3
me)  + - 5
A Cl

Yy

\

The desired hapten (IllA) or (llIB) is prepared by using an appropriate 2-aminoethanethiol

derivative selected from a compound of the formulae:

HSCHCH,NH, (D) or  HSCHCH,NH, ~ (IE)
(CH),
CO,R

E

CO_R . . .
wherein R has the meaning given above

for formula (l).



is reasonably facile with respect to the substrates for conjugation.
However w§oi/sa7eften useful  to enploy functional groups WfRpsiagsfee | €ss
reactive, such as those capable of hydrazone formation. A second approach,
particularly useful in conjugating two protein noieties, uses a
dehydrating agent such as a carbodiinlde to effect the formation of, for
exanpl e, new peptide bonds by reaction of a carboxyl noiety on one nenber
of the conjugate with a free amno group on the other. In this case, the
r eagenthetofswing hapResmave8etn uridts beQriaRi . ude M i 8 &R/ 1RO 12310
-14 This reaction is not particularly facile since the carboxyl group is
not adt’ PSRN EWE™E carbodii nide provides the active intermediate and
shifts the equilibriumby renmoving the elenents of water to formthe
pepti de bond. Both approaches to ce’ jugation have generally been conducted
in aqLFé' us sol vept@<_because the p g’ﬁ\ terial formng the conjugate is
easily eratur ed[ Proteins are ~ desi ped to be| staljl e in an ueous
envi r onmepnigAand Makj/kl own to hat ur exg i nNsolwents, such” as ethanol,
h

whi ch woul'd be t hofjght t(E&Hpeeasonabl y“anal*ogou | to afeH, ous nedi um

Al so, protein conjjygatg conpongis tend to be rejatiyply ins@yyble in
nonaqueous sol vents.NHapten conjugates of the fol " ng fornul a have been
found to be useful ia-the practice of the inventi&n: Fre R O ANNYY ~
(CV N-PR Re x wherein A, Rl, R2, R3, n and X haVve the neanings given in
formula (1A) above and PRis a pyotein residue of: (1) a carrier nolecule

such as a purified protei ri yative (@pPD, Tuberculin) from D ptheria
. . ,Shu

vi r us, Clagwi serum al b n serumalbgm n, ovaRbumn or keyhole
i npet h frocy ninfin e case of Gth i nmu ogein or ) IQ reporter Omol ecul e
(RM su al kaJ i nes phosphat ase, hors 1 |d~as(e jan
(3-gal acto o I addi tion, hapten conjugates ofllt he foPFOV\A’ % formul a
are sinlarly usefuly No O O
N
/// I _
N and O

wherein n in each case is an integer from 1 to 5; preferably n is an integer from 3 to 5.

Antigenic neonicotinoid conjugates (immunogens) and assay conjugates can be made by
conjugation of a neonicotinoid pesticidal hapten to a carrier molecule or reporter moleclue,
as the case may be, using techniques known to those skilled in the art. Two basic
approaches have been taken. The first uses linkers which become part of the conjugate.
These linkers are homobifunctional or heterobifunctional, and include those capable of
forming, for example, disulfide linkages through the thiol groups of cysteine moieties in the
substrate proteins, or of the formation of amide linkages between N-terminal amino group or
the amino side chains or lysine residues and activated acyl moieties such as succinimidy!
esters. In general, this approach involves highly reactive functional groups on the linker and
is reasonably facile with respect to the substrates for conjugation. However it is often useful
to employ functional groups which may be less reactive, such as those capable of

hydrazone formation.

A second approach, particularly useful in conjugating two protein moieties, uses a
dehydrating agent such as a carbodiimide to effect the formation of, for example, new
peptide bonds by reaction of a carboxyl moiety on one member of the conjugate with a free

amino group on the other. In this case, the reagent does not become part of the conjugate.



| EOAYNNNH-PR WX wherein A R, R2, R3, E and X have the neani ngs

gi ven i nwicogimaghsy (1 B) above. WO 01/42787 PCT/ EPO0/ 12310 p&/EPaf13394 | oW ng

conj ugat es have been found to be particularly useful in the practice of the
present invention: CIS (O~ N~/ INSI NI \ (CH)" 4 N +. \HPR 0 O d N

C N (CH2)n NY, 11~ N(CH2) n4 1)"~-04N S PRI NI N o+ NHPRN I O
Nand d gRO N/NNY (CHR)" 4 N +;DNHPR 0 wherein n in each case

is an integer from1l1l to 5; preferably nis an integer from3 to 5. The

;Jm gbegﬁlté rB&d 1RO R8I pAHIEUIRRHS SHCS the BB BPERDD i€hol NEVRELESHAL 1 nvention
n he
° P carbodiimide provides the active intermediate and shifts the equilibrium by removing the

elements of water to form the peptide bond.

Both approaches to conjugation have generally been conducted in aqueous solvents
because the protein material forming the conjugate is easily denatured. Proteins are
designed to be stable in an aqueous environment and are known to denature even in
solvents, such as ethanol, which would be thought to be reasonably analogous to an
aqueous medium. Also, protein conjugate components tend to be relatively insoluble in

nonaqueous solvents.

Hapten conjugates of the following formula have been found to be useful in the practice of

the invention:
F R
AN N 0
Y New
R X NH—PR
wherein A, Ry, Rz, Rs, n and X have the meanings given in formula (IA) above and PR is a
protein residue of: (1) a carrier molecule such as a purified protein derivative (PPD,
Tuberculin) from Diptheria virus, bovine serum albumin, human serum albumin, ovalbumin
or keyhole limpet hemocyanin in the case of an immunogen or (2) a reporter molecule (RM)

such as alkaline phosphatase, horseradish peroxidase, and 3-galactosidase.

In addition, hapten conjugates of the following formula are similarly useful:

T AT
N N
Y {7 =
X

wherein A, Ry, Ry, Rs, E and X have the meanings given in formula (IB) above.



anti geni c neonicotinoid or hapten-RM conjugate in the sanple being tested
can be AppRhes zed on any of the supports commonly used pdykppgsaget i c
assays. Anong those that may be used are filter paper, |atex or

pol ystryene beads and pol yet hyl ene, pol ystyrene, polypropyl ene or other
suitable mcrowell plate or test tubd5-This support can be made of any

pol ymer of natural or synthetic origin, or of an anorphous material such as
gl ass. Advant ageously, nenbranes of nitrocellul ose or nylon are used for
the reactive strips, and polyvinyl, polypropylene, polystyrene or other
plastics for the beads or mcroplates. CGels or particles based on agarose,
acrylam de or latex can also be used. Additionally, any of the

| muner g @B@@&{@%&s H&)cg G&sh toliRg to BE Egn@atng ub&bfihahe blaWcdeyinges known

in the ar apted to the process o e present i nvention. Anmong

t he spiesablisveérdioeral fl ow WO 01/42787 PCT/ EPO0/ 12310 -16 devices, there
can be nentioned, for exanple, the type of lateral flow device disclosed in
US patent 4,366, 241. The techni ques for bondi ng anti bodies to such

mat er Cal s are P known to those skilled in the art. A suitable source

f or obt pFSNg gﬁtfﬂodies boynd to a support is, for exanple, Beacon
Analytimqgins Ndnc. (Bertland, Maine). To prepare a seed sanple for
use in the assay,|reﬁP§§ent tive subsanples of seed froma neonicotinoid
treated | ot (for Nexagple, fridimrfPRe to 100 grans of canola seed; fromten
to 200 grans of sé%ghun] wheat, cotton, field corn or sweet corn seed) are
di spersed in a suidtable solvent such as acetone, acetontrile, ethanol,

i sopropanol, methanol, or mxtures of these solvents with various

per cen of water. Suitable solvent-water m xtures includg’ for
exanples m 1 0% MeOH H20 and faigm i _to 20% acetdidriKe/ H20. The

di spersdll sleed is mxed by vortexing afd tThen d in a sopmcating bath
for abou ] eSH,) fol | oned di t yonag vortexing. The

contents are allowdd to settl A kpown portivn ®f the liquid extract is
renmoved and added Mg #hown qu Hfoéﬁof a solutionnof, for example, 1 %
acetonitrile/water. lThe extract is diluted furgter to bring the
concentration of theé® extracted neonicotinoi dNinto the range ofarche
cal i bration curve. Dilutions of one thousand- to sixty thousand-fold have
been fmwg1§C)be useful . The i munoassay takes approximately thirty-five
m nut esgt o Jr

ro

N un. Th<§\I extracti®@n and preparation of the extract for analysis
, ~ .
takes a ety Y™ o)1 m nutes. Therefore, a seed sanple can be

extracted and ang] yz I'n roxpmately one hour and five mnutes. In one
enbodi ment, up to seed samples (with upto five subsanples per seed
sanpl e) can be anallyzed at one tine. Concentrations of neonicotinoid
i nsecticides fromabout ten thousand parts per mllion to

wherein n in each case is an integer from 1 to 5; preferably n is an integer from 3 to 5.

The unlabeled polyclonal antibody used in the process of the present invention to bind the
antigenic neonicotinoid or hapten-RM conjugate in the sample being tested can be
immobilized on any of the supports commonly used in immunometric assays. Among those
that may be used are filter paper, latex or polystryene beads and polyethylene, polystyrene,
polypropylene or other suitable microwell plate or test tube. This support can be made of
any polymer of natural or synthetic origin, or of an amorphous material such as glass.
Advantageously, membranes of nitrocellulose or nylon are used for the reactive strips, and
polyvinyl, polypropylene, polystyrene or other plastics for the beads or microplates. Gels or
particles based on agarose, acrylamide or latex can also be used. Additionally, any of the
immuno-chromatographic devices, test strips and lateral flow devices known in the art can

be adapted to the process of the present invention. Among the suitable lateral flow



one- hal f part per billion can be detected in the innunoassays according to
the pre /5ﬂ%ention. However, the nethod is suitable for ﬁ anount of
neoni cot Taord*¥hsect i ci de present as long as the anount bFT /t]i:@ H12% i noi d
|nsect|C|de in a sanple or sanple extract falls or nay be appropriately
diluted to fall within the range of tfg- calibration curve. The preparation
of the antigen, production of the polyclonal antibodies and an i nmunoassay
are illustrated in nore detail by the following non-limting exanples. WO

01/ 427 133 XA h d f
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support is, for example, Beacon Analytical Systems, Inc. (Portland, Maine).

To prepare a seed sample for use in the assay, representative subsamples of seed from a
neonicotinoid treated lot (for example, from five to 100 grams of canola seed; from ten to
200 grams of sorghum, wheat, cotton, field corn or sweet corn seed) are dispersed in a
suitable solvent such as acetone, acetontrile, ethanol, isopropanol, methanol, or mixtures of
these solvents with various percentages of water. Suitable solvent-water mixtures include,
for example, from 1 to 50% MeOH/H,0 and from 1 to 20% acetonitrite/H,O. The dispersed
seed is mixed by vortexing and then placed in a sonicating bath for about twenty minutes
and followed by additional vortexing. The contents are allowed to settle. A known portion
of the liquid extract is removed and added to known quantity of a solution of, for example,
1% acetonitrile/water. The extract is diluted further to bring the concentration of the
extracted neonicotinoid into the range of the calibration curve. Dilutions of one thousand- to
sixty thousand-fold have been found to be useful. The immunoassay takes approximately
thirty-five minutes to run. The extraction and preparation of the extract for analysis takes
approximately thirty minutes. Therefore, a seed sample can be extracted and analyzed in
approximately one hour and five minutes. In one embodiment, up to two seed samples

(with upto five subsamples per seed sample) can be analyzed at one time.

Concentrations of neonicotinoid insecticides from about ten thousand parts per million to
one-half part per billion can be detected in the immunoassays according to the present
invention. However, the method is suitable for any amount of neonicotinoid insecticide
present as long as the amount of neonicotinoid insecticide in a sample or sample extract

falls or may be appropriately diluted to fall within the range of the calibration curve.

The preparation of the antigen, production of the polyclonal antibodies and an

immunoassay are illustrated in more detail by the following non-limiting examples.



1.4 1.5 1.1 2-methyl-1 -nitroisourea Dissolve O-nmethyl isourea sulfate
(38.59) whodssdgtric acid (120 m)/sulfuric acid (280 m) paipgdenggt OC and
stir for 2h at OC. Carefully pour the m xture onto crushed ice with
stirring and then renove the crushed ice by filtration. Dissolve the
needle-like crystals d in ethyl acetdfe and nmake the solution alkaline by
addi tion of potassium carbonate. Dry the solution over magnesium sul fate
and filter. Concentrate the filtrate to yield a white powder (5 g). WO

01/ 42787 PCT/ EPO0/ 12310 -18- 1.2 gxambPuEkon is prepared from 3g of nethyl
4- anlnobutyrate hydrochlorlde 1.1 a) and 15 ml of water. The pHis

adj ust B¥ gle1t —Isyniede reeeds 1hig PRNEepteRhi | e the solution is

cooled in an ice bath. The reactlon flask is equi pped with a pH el ectrode
and thernonmeter and the resultant clear basic solution is stirred rapidly
as 2-nmethyl-1 -nitroisourea (2.38g) is added in small portions to maintain
the tenperature of the solution below 2C. Wien the addition is conplete,
stir the reaction for 1.5h at 0C, note the pH has stabilized at 9.6. Add
THE (1 m) and stir for an additional 2h. Dl te‘éﬁg reaction with water

and pour on t®Wethyl acetate. the organic se separates, dry the
organic fract,QQn over Hygnesi Mf‘ate anctfcf"ﬁ the sol ution.
Concentratel\fheNflltrate to yield a clear oi F asﬁJ chromat ograph t he
crude oil on silica®gel eluting with 3:1 dichl oronet hanellacetonitrile to
af ford 75@mbmy edurdak@tadesi red product as a white solid. 1.3 Conbine the
product from1l.2 (1.44g) with parafornmal dehyde (422 ny), nethane sul fonic
acid (.023 m), and formc acid (10 n) angiaeat atNSB‘S/f/bﬁ]/i)%ﬁ.
Concentrate the reaction in vacuo . Suspend thelresultam prown oil in
tol uene and azeotropically strip the solution to' dryness. Dissolve the

resulting oil in 1:1:1 THF/ di oxane/ acetonitrile and treat it with excess
di azonet hane. @ir this solution for 30 mn and treat the reaction with
acetic acid.N"Cdncentrate the reaction m xture to an oiI econstitute the

oil in ethyllacetate wash withsogi | ute gpdi umia; gj ution, dry
over magneli urly sul'f at €9,Cnd rfemrmcaucmenkt e o an 0|I Purlf%/ %t his oil by
flash chro tglgraphy in 3:1 di Chlor one chgne/acetHnltrlle to provide 658 ng
of the qlgsi r®d oxadi azi nami ne butyric ester (1.3) Ms a cl earpoil. 1.4

S cl
K,CO; | a—4&
N

.NO, NO
N N - 2

e conc HC! |

S NN co,cm, > s A S
a—§ | L a—( f N7 N CO,H
N 0 N ko)

1.4
1.5

1.1 2-methyl-1-nitroisourea

Dissolve O-methyl isourea sulfate (38.5g) in a nitric acid (120 ml)/sulfuric acid (280 ml)
mixture at 0°C and stir for 2h at 0°C. Carefully pour the mixture onto crushed ice with stirring
and then remove the crushed ice by filtration. Dissolve the needle-like crystals d in ethyl
acetate and make the solution alkaline by addition of potassium carbonate. Dry the solution

over magnesium sulfate and filter. Concentrate the filtrate to yield a white powder (5 g).



Di ssol ve the product from1.3 (1.1 g) din acetonitrile (50-m) and add 3g
of potassium carbonate. Add the chloronethyl chlorothiazole in one portion
and heatWPH¥4?84ction nixture at 55C for 20h. Cool the rBEUEPYMZMO%&ture to
roomtenperature and filter to renove solids. Concentrate the resultant
brown filtrate to an oil. Purify the_qigl. by flash chromatography in 3:1

di chl oronet hane/ acetonitrile to afford 894 ng of the desired conpound as a
yel | ow/ brown oil. WO 01/42787 PCT/ EPO0O/ 12310 -19- 1.5 Dissolve conmpound
1.4 (Bi in 8m of conc. HCL and 1 m of water and stir for 6h at

room t éperature Dilute the reaction mxture with water and carefully

basi f y Ayladeliid p@pardd frdm NghNa Gkttt dmmoBtityRite fyrocRionds & . ﬁ‘@)danoE?@ fR6f W th

et hyl acetate and dry the organic fraction over anem um sul
Concent'@ife Thﬁ@mﬁuaéiwszﬂdgtarﬂ ¥ dreevissraddiionrpt @N NaqH wihitei the solyyom Isash
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hapt ens shown i n Table acin I nternedi at e
appr oppAfiditien @r@m@etec@wﬁaﬁ;mcmn tand 5%@trﬁjpanm2beﬁﬁbhﬁ@@$blﬁ¢dlat@)6 vikelsk ei n n

is an Wﬁkqg‘?ﬁ'\ﬂ;rﬁ)@&%%%gd&%ﬁZh.leld_'e%e %ac%@llvhm/vater-g%lalp%u?’oﬂc?eth /NN O

(CH2) n- -~ -
acetate. After the organic phase separates, dry the organic fraction over magnesium

sulfate and filter the solution. Concentrate the filtrate to yield a clear oil. Flash
chromatograph the crude oil on silica get eluting with 3:1 dichloromethane/acetonitrile to

afford 750 mg of the desired product as a white solid.

1.3

Combine the product from 1.2 (1.44g) with paraformaldehyde (422 mg), methane sulfonic
acid (.023 ml), and formic acid (10 ml) and heat at 55°C for 15h. Concentrate the reaction in
vacuo . Suspend the resultant brown oil in toluene and azeotropically strip the solution to
dryness. Dissolve the resulting oil in 1:1:1 THF/dioxane/acetonitrile and treat it with excess
diazomethane. Stir this solution for 30 min and treat the reaction with acetic acid.
Concentrate the reaction mixture to an oil. Reconstitute the oil in ethyl acetate, wash with
dilute sodium bicarbonate solution, dry over magnesium sulfate, and re-concentrate to an
oil. Purify this oil by flash chromatography in 3:1 dichloromethane/acetonitrile to provide

658 mg of the desired oxadiazinamine butyric ester (1.3) as a clear oil.

1.4

Dissolve the product from 1.3 (1.1g) d in acetonitrile (50-ml) and add 3g of potassium
carbonate. Add the chloromethyl chlorothiazole in one portion and heat the reaction
mixture at 55°C for 20h. Cool the reaction mixture to room temperature and filter to remove
solids. Concentrate the resultant brown filtrate to an oil. Purify the oil by flash
chromatography in 3:1 dichloromethane/acetonitrile to afford 894 mg of the desired

compound as a yellow/brown oil.



Example n 21 3 2 44 55 Exanples 6 - 9 - Thi amet hoxam Hapt ens The
synt het i ol ogy of Exanple 1 is used to prepare the L
\gggﬁ/%{]lﬁg 'P(?Qirdr)r@ngi? e l1la

t hi amet h aptens shown in Table 2 by replacing the in
wi th an appropriate analog E compound of the formula NH 2 co 2R (1.1 c)
where E is a covalent single bond or -gag-linking moiety -(CH2),,- wherein m
is an integer of 1 to 3; Ris Hor C -Cdalkyl. W 01/42787 PCT/ EPOO 12310
-21 Table 2 CIS/O NNNI14 Il R NNOI_ O Exanple R6 co2H 7 cozH
8 C02 9 CO2H Exanple 10 - Synthetic Procedure for des-nitroimno
Thi amet hoxam Hapten N NOZ 0 heat 2h at 165C ~ co H

1.5

Dissolve compound 1.4 (372 mg) in 8-mi of conc. HCL and 1 ml of water and stir for 6h at
room temperature. Dilute the reaction mixture with water and carefully basify by addition of
1N NaOH until a pH of 4.5 is attained. Extract with ethyl acetate and dry the organic
fraction over magnesium sulfate. Concentrate the dried organic fraction to an oil and purify
by flash chromatography in 1:1 dichloromethane/acetonitrile to afford the desired product
1.5 (100 mg).

N0,

|
CI{S]/\N)\N/\/\COZH (1.5)
SRS



C SN NNCOZH S a ND N WO 01/42787 PCT/ EPOO/ 12310 -22- Procedure:

Thi amet l@ﬁ%gmp,y-; yric acid hapten (100 ng, 0.275mMmpl) and @HigoR218- > ™M)
wer e ined in a 10 m round-bottoned flask equi pped with a nagnetic
stir bar and a reflux condenser. The flask was placed in an oil bath and
heat ed at 1650C for 2h. The ani sole -2@s renoved under reduced pressure at
500C for 5h. The resulting oily product (90.2 ng) was 93% pure by HPLC
anal ysis. Spectroscopic data for Characterization: HPLC. Keystone

Sci entE;é,gp,@nga.sgl ﬁ],gge%xg%mébtgném cm; Acetonitrile : 20 mM Phosphoric
AC|d (40760); I.O M/ mn.; T1=40C OV @240 nm (BW= 100 nm; Run Tine: 13
m n. ; Theesyhetisrmathagology 6f FkampleLids used & pigerie the dellayvingrtidmetopxam

Acet Oﬁbéﬂtérkﬁgwo%vrg'mar‘%bfe pbggep%ﬁwgmz lﬁ%% e?‘pq%/:?@)n %J}Jrc()?r’r)htéh?al%g 7’3 4 8

2 . mdrmmnmghsfmemulawz Hz),GOR (M) widenetnus isi aminager freimst tomeodétnscal
C 41. %%’r ; N, 13.14; Found: C, 40.13; H 4.43; N, 12.99 Exanpl es
11 - 1 es n fr0| m no Thi anet hoxam Hapt ens The synt heti c net hodol ogy of
Exanple 10 is used to prepare the follow ng des-nitroimno thiamethoxam
hapt ens shown in Table 3 by replacing the conpound obtained in exanple 1
with an appropriate anal og conpound of exanples 2 - 9. WO 01/42787

PCT/ ER 310 -23- Table 3 C 0 1---SNNN, R5 O Exanple R5 11
-CHZCégﬁ

N~ \ll/ \(CHz)n‘%
N_. .0 OH

W
@)

Example n

2 1

3 2

4 4

5 5

Examples 6 — 9 — Thiamethoxam Haptens

The synthetic methodology of Example 1 is used to prepare the following thiamethoxam

haptens shown in Table 2 by replacing the intermediate 1.1a with an appropriate analog
E

NHZU‘ COR

linking moiety —(CH,)m- wherein mis an integer of 1 to 3; R is H or C,-C,alkyl.

compound of the formula (1.1c) where E is a covalent single bond or a



12 -CH2CH2C2H 13 - CH2CH2CH2CH2CO2H 14 - CH2CH2CH2CH2CH2CO2H 15 co2H 16
Co2H 1%y Gqé 48 CO2H WO 01/ 42787 PCT/ EPO0/ 12310 -24- Exgfpbsid$g 27 -

| m dacl opri I-Yaptens The synthetic nethodol ogy of Exanple 1 is used to
prepare the foll owi ng haptens of imdacloprid showmn in Table 4 by use of

t he nitroguani dyl derivative obtained2in 1.2 or an anal og thereof obtained
by by replacing the internediate 1.1 a wth an appropri ate anal og of
formula 1.1 b or 1.1 ¢ as shown in exanples 2 - 9. Table 4 O NNN- Rs N
Nt. O Exanple R6 19 - CH2CO2H 20 - CH2CH2CO2H 21 - CH2CH2CH2CO2H 22
- CH2CH 2CO2H 23 - CI-lZCI-lZCI—lZCI—lZCI—lZCOZH 24 co2H 25 co2H 26 CO2H 27

S(W

Example

O
R’
6 \ COH

Example 10 - Synthetic Procedure for des-nitroimino Thiamethoxam Hapten




C2H --C-a WD 01/42787 PCT/ EPOQ 12310 -25 Exanples 28 - 36 -

des- ni t RpHgi/Fsysy M dacl opri d Haptens The synthetic net hodopegypgfiaspanpl e 10
is used to prepare the follow ng des-nitroimno imdacloprid haptens shown
in Table 5 by replacing the compound obtained in exanple 1 wth an
appropri ate anal og conpound of exanpt@8-19 - 27. Table 5 A NNYN, R7 O
Exanple R7 28 -CH2CO2H 29 -CH2CH2CO2H 30 - CH2CH2CH2CO2H 31

- CH2CH2CH2CH2C2H 32 - CH2CH2CH2CH2CH2CO2H 33 co2H 34 N'"a CO2H 35 CO2H
36 Co2ptocelura: WO 01/ 42787 PCT/ EPOO/ 12310 -26- Exanple 37 - 45 - Cothiadin
Hapt ens The synthetic net hodol ogy of Exanple 1 is used to prepare the

foll ow ng haptens of clothiadin shown in Table 6 by use of the

Ni t r OGHRBINEHoXSRIHNHAHd 4Gd RRSEBRIEED Y, .275RImAandRALAd (& btal ned by
by replacing the i nfrer medi g‘%e ? 1 g]@\’/\/i th arrln_aj;?onr oprléaté 'gﬁﬁfg’%regf fornul a
1.1 b eambingd i &30 gHseund-eotiomerpilask enuippgd Witihd sagnelic stir bar and a reflux
condenser. The flask was placed in an oil bath and heated at 1650C for 2h. The anisole
was removed under reduced pressure at 500C for 5h. The resulting oily product (90.2 mg)

was 93% pure by HPLC analysis.

Spectroscopic data for Characterization:

HPLC: Keystone Scientific Aquasil C-18 5u (25 x 0.46 cm); Acetonitrile : 20 mM Phosphoric
Acid (40:60); 1.0 ml/min.; T=40C; UV @ 240 nm (BW = 100 nm); Run Time: 13 min.;

Retention Time: 4.6 min.

TLC: (diol gel) Dichloromethane/ Acetonitrile, 2:1 Rf = 0.25.

'"H NMR (CD3CN, 300MHz) : § 7.43 (t, 1H), 4.78 (s, 4H), 4.75 (s, 4H), 4.48 (d, 2H),
3.29 (t, 2H), 2.27 (1, 2H), 1.73 (g, 2H).

EI/DEP Mass Spectrum: m/z 319 (M+).

Combustion Analysis: Theoretical: C, 41.32; H, 4.41; N, 13.14;
Found: C, 40.13; H, 4.43: N, 12.99

Examples 11 - 18 — des-nitroimino Thiamethoxam Haptens

The synthetic methodology of Example 10 is used to prepare the following des-nitroimino
thiamethoxam haptens shown in Table 3 by replacing the compound obtained in example 1

with an appropriate analog compound of examples 2 — 9.



rS NNHNHS 8 I R NN OIl_ 0 Exanple R8 37 -CH2CO2H 38 - CH2CH2CO2H
39 O%ZC%CE@ 40 - CH2CH2CH2CH2CO2H 41 - CH2CH2CH2CH2CH2CRPH 42 co2H
43 CO2H 45 CO2H WD 01/ 42787 PCT/ EP00/ 12310 - 27 H&IPAB4s - 54
- des-nitroimno Cothiadin Haptens The synthetic nethodol ogy of Exanple 10
is used to prepare the follow ng des-npgroi mno clothiadin haptens shown
in Table 7 by replacing the conpound obtained in exanple 1 with an
appropri ate anal og conpound of exanples 37 - 45. Table 7 d 1--S N~~NH

NH R9 .IO anple R9 46 -CH2CO2H 47 - CH2CH2CO2H 48 - CH2CH2CH2CO2H 49

- CH2CH2 2CO2H

O

Example R°
11 -CH,CO,H
12 -CH,CH,CO;H
13 -CH.CH,CH,CH,CO,H
14 -CH,CH,CH,CH,CH,CO,H
15 \ COH
16 ~ : _COH
17

\O/ CO,H
18




50 - CH2CH2CH2CH2CH2CO2H 51 co2H 52 co2H 53 CO2H 54 CO2H WO 01/ 42787
PCT/ EPOGY & 4838387 - 28- Exanple 55 - 63 - Thiacl oprid Hapt engcrffoorigsiehet i c
met hodol ogy specified for haptens of fornmulae (I11A) and (I111B) is used to
prepare the foll ow ng haptens of clothiadin shown in Table 8. Table 8 O N
RL N-S Il NN Exanple RI0 55 -CH28G2H 56 - CH2CH2CO2H 57

- CH2CH2CH2CO2H 58 - CH2CH2CH2CH2CO2H 59 - CH2CH2CH2CH2CH2CO2H 60 co2H 61
co2H 62 CO2H 63 CO2H WO 01/42787 PCT/ EPO0/ 12310 -29 Exanple 64 -

Pr epar gkamipleois Thizanwhinaxapiid MEpRegen 64. 1

The synthetic methodology of Example 1 is used to prepare the following haptens of

imidacloprid shown in Table 4 by use of the nitroguanidyl derivative obtained in 1.2 or an
analog thereof obtained by by replacing the intermediate 1.1a with an appropriate analog of

formula 1.1b or 1.1c as shown in examples 2 — 9.

Table 4

Gl Ny
| ]
7 N\l/N\RG

I
N{ O
N

| _

O
Example R°
19 -CH,CO.H
20 -CH,CH,CO,H
21 -CH,CH,CH,CO,H
22 -CH,CH,CH.CH,CO,H
23 -CH,CH,CH,CH,CH,CO,H
o4 COH

a

25 \O/COZH

26 \O/COZH

e
CO,H




Prepare a solution of the purified protein derivative (Tuberculin, PPD) in
0.01 M RRSo1/f787 7-4, to a concentration of 1 nmg/m . AdjusgciBeyoaksef a 0.5
m aliquot of this solutionto 4.5- 5.0 with 0.1 MHCI. 64.2 Dissolve the
t hi amet hoxam hapten from Exanple 1 (1 ng) in 250 |1 of 0.1 M2-(N

nmor phol i no) - et hanesul fonic acid, pH42%: Conbine the hapten and PPD
solutions. 64.3 Dissolve 1 ng of

1- (di met hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl oride (EDC) in 100 ¢l

of di sé,jé]ngsﬂgs ZEQBBQ”éésQQErY_)\gﬁiﬁ% fmih ,ii@Hg ¥n dd the EDC solution to the
hapt en- Ut | . 2. X %ﬁh‘a‘m‘é‘n—g PD- EDC sol ution by rotation

f or 2 Tnessyathetio omathedniegyadfun@mpldiQrstisad tolpeeparadhd miowingtdaseniraiménai al ysi s

bag w. - : i - | al.yvze_extensively
agai ndgBiopidasAl st B BhiabHlodht caidbiy byl farfilleh:

hour s.wittkemabpotate aRalegaoatpoond of exarnplas18pr2d | mmunogen The et hodol ogy
of Exanple 64 is used to prepare an imdacloprid i munogen using the
hapt en of Exanple 21. Exanple 66 - Preparation of C othiadin |Immunogen The
met hodrabd®g of Exanple 64 is used to prepare a clothiadin i nmunogen using
the hapten of Exanple 39. Exanple 67 - Preparation of Thiacloprid

| mmunogen The net hodol ogy of Exanple 64 is used to prepare a clothiadin

i mmunogen using the haptengyf Exanpl e 57. Exanple 68 - |munization
Schedul e and Harvesting of Antyboohes F?.L_ulaj’e initial inmmnization,

di ssol ve the i mmunogen of Exanple 64 in!/Freund' s Conplete Adjuvant.

| nocul ate fenmal e New Zeal and mgbl\‘t Nuh'_f(-pt approximately 25 g of WO
01/ 42787 PCT/ EP00/ 12310 -30 i mrunogen at [leach'site. | nmuni ze sheep
simlarly except that approximately 38 g & inmunogen is injected at each
site. In subsequent inmmunizations, dissolve the i munogen in Freund's

I nconpl ete Adjuvant. Rest the animals for four weeks between i mmunizations

and bl eed ten days post- gamppel zat 1 pr” Adm nister booster injections and
bl eed the animals for nine nonths, At which point they are

28 -CH,COH

29 -CH,CH,COH

30 -CH,CH,CH,CO,H

31 -CH,CH,CH,CH,CO,H

32 -CH,CH,CH,CH,CH,CO,H
33 COH

aQ

34 \O/COZH

35 \O/COZH

e
CO,H




exsangui nat ed. Pol ycl onal anti bodi es are harvested using techni ques known
to thosgyskidhed in the art. Exanple 69 - Preparation of C'T'ﬂiﬁ;o@/ 3EZy e
Conj ugat es é9 1 The thianet hoxam hapten from Exanple 1 3 1 mg?Z

N- hydr oxysuci nnim de (NHS) (4.0 ng), and EDC (4.6 ng) are conbined in a
small vial. These materials are drie®6under a gentle streamof nitrogen
for 15 mn at roomtenperature. 69.2 Dy dinethylformamde (2.0 m-) is
added and the mi xture is sonicated for 1 mn. The resulting solution is

i ncub ni ght. rature. 69.3 Horseradi sh peroxidase (8.5
ng) i ?n é(gze&lh s EL urfer (2.0 nL, 0.05MpH 9.6), in a small

vi al . Theeyaihalic metipidetagy df dexampie & isoeseld. to g@ephre A tollavingfhap@hslofof t he
hapt e I v e mxture
ot Rl He PR iR € P Rsonp nREopl A Hiaheln £l Oer o
SephacerloG-R&wbtobtaimed iyl nebhaamgdhewmtchrrﬁﬁﬁte (1 0.a04itHVan pbpr%pﬂ:)te afagaerizyme
conj ugate |§1§0I I eg ted |Or\1Nr;tlrr1]e Xfal rge g m. of eluate and an equal vol une
of ¢l y%g}(ﬁ‘ ore"at ¢ Exanpl e 70 - I mmunoassay of Canol a
Seed Treated with Th| arret hoxam A portion of the seed extract is diluted
into #{%&a H20 until the expected concentration of thianmethoxamis

br ought® hin range of the calibration curve, 0.5 to 120 parts per
billion. WD 01/42787 PCT/ EPO0O/ 12310 -31 Antibody-coated tubes are |abel ed
and placed in a tube rack such that the first and |last tubes are standards
and the remai ni ng standards @nd sanples are interm xed. The tube rack

gri ps each tube such that the K may be inverted without |oss of the
tubes. An aliquot of a standaNd/ [ sq\mple (0.5 nL) is added to all
correspondi ng tubes. Enzyne ug ut i@ (0.5 nL) is added to all
tubes. The rack i s shaken gently to m'x Dcontents of all tubes. Tubes
are incubated for 20 mn at roomterrpera'f‘u &~ The rack is inverted to
decant the contents of all tubes. Disti IIe(ﬂ H20 is added to all tubes to
overflowing using a flip-top wash bottle ald the wash is decanted. Tubes
are washed an additional three tines. After the final wash, the rack is
inverted and the tubes are gently
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t apped upon a clean paper towel to renpbve excess wash. Enzyne substrate
(0.5 rrL) ed to all tubes which are incubated for room
terrperature “?‘ﬂig rack is shaken gently every 2.5 mn dur?ﬁWﬂ&?"'

i ncubation. Acidic stop solution (1 MHCI, 0.5 nL) is added to all tubes
to term nate signal generation. As shewn in Tabl e 10, the absorbance of the

reaction product is neasured at 450 nm The absorbances of the standards
are used to construct a calibration curve, a regression function in the

form ofyy; @‘g@_(gg H each sanple is inserted into
t he fun():( r|non eterm e§ mtmﬁmoa@@%%% t he neoni cotinoi d pesticide
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i Mrunoas spyropriaigomadyt canpamdAll eaamaless37at 4850 nm of Thi anet hoxam
(Anal ytical response) 120 0.3145 20 0.6636 3 1.0283 0.5 1.3618 'Units
of Parts Per Billion. WD 01/42787 PCT/EPO0/ 12310 -32 The function
describing the response of the thianmethoxam standards is generated by
regression analysis. This data set produced a standard curve of Y = -.191
Ln(X) Fable¥3, r = -.999 in which Y = the analytical response and X = the
concentration of the thianmethoxam standards. Exanple 71 - Cross Reactivity
Test of Crop Seeds Treated with Thiamethoxam 71.1 Extraction of seeds
Sampl es of treated seed are gub-sanpled by randomy adding 50 g of cotton,
field corn, sorghum sweet c d wheat or 40 g of canola to 8-o0z
wi de-nmouth jars. Canola is SUbN sanp Ied four tllges five sub-sanples of the
ot her seed types are used. Sol R'added and the lid is
tightly sealed. Cotton is extracted in 5 acetonltrlle/vvater whereas ot her
seeds use a solvent system of 20% nethan®l /water. The jar is vigorously
shaken by hand for 30 seconds and placed in a sonicating water bath at
roomtenperature for 20 mnutes. Sanples are shaken a second tine as
previ ously described. Thegontents—of
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reactive with the i munoassay (Table 9 below). Therefore, this i munoassay
I s speciywbGiirsyt hi anet hoxam Sub-sanpl es of treated | ot sp@fEpgeA3ME" ©

anal yzed by imunoassay and by HPLC. The results of these analyses are
shown in Table 11. Table 11 depicts the correlation of mean i nmunoassay
results using a polyclonal antibody aR8-an HPLC anal ysis of forty seed
sanpl es for thianmethoxam The best fit regression |line indicates that
simlar results were obtained by each nmethod. WO 01/42787 PCT/ EPQO/ 12310

- 34 TapkemBIe@PS Préeashid bf PhidhefdRamNindiRlogexam i mmunoassay Test ' Percent
Subst ance Reactivity Relative to Thranethoxam Thi amet hoxam 100
Clothi®¥iln <1.0 Imdacloprid 2NR Chlorpyrifos NR D| f enoconazol e NR

Fl udi ' R- NR
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t est SH_B%%”&‘?& I—rléll. ative to the reactivity of thianmethoxam

64.2
Dissolve the thiamethoxam hapten from Example 1 (1 mg) in 250 pl of 0.1M 2-(N-

morpholino)-ethanesulfonic acid, pH 4.5. Combine the hapten and PPD solutions.

64.3

Dissolve 1 mg of 1-(dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) in 100
ul of distilled, de-ionized water. Immediately add the EDC solution to the hapten-PPD
solution of 3.2. Mix the hapten-PPD-EDC solution by rotation for 2 hrs at room temperature.
Transfer the reaction mixture to a dialysis bag with a 1000-2000 Dalton molecular weight
cut-off. Dialyze extensively against 2 liters of PBS at 4°C with three changes/day for forty-

eight hours.

Example 65 - Preparation of Imidacloprid Immunogen

The methodology of Example 64 is used to prepare an imidacloprid immunogen using the

hapten of Example 21.

Example 66 - Preparation of Clothiadin Immunogen

The methodology of Example 64 is used to prepare a clothiadin immunogen using the

hapten of Example 39.

Example 67 - Preparation of Thiacloprid Inmunogen

The methodology of Example 64 is used to prepare a clothiadin immunogen using the

hapten of Example 57.

Example 68 — Immunization Schedule and Harvesting of Antibodies

For the initial immunization, dissolve the immunogen of Example 64 in Freund’s Complete

Adjuvant. Inoculate female New Zealand white rabbits Inject approximately 25 ug of
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In subsequent immunizations, dissolve the immunogen in Freund’s Incomplete Adjuvant.
Rest the animals for four weeks between immunizations and bleed ten days post-
immunization.
Administer booster injections and bleed the animals for nine months, at which point they are
exsanguinated.

Polyclonal antibodies are harvested using techniques known to those skilled in the art.

Example 69 — Preparation of Hapten-Enzyme Conjugates
69.1

The thiamethoxam hapten from Example 1 (3.1 mg), N-hydroxysucinnimide (NHS) (4.0 mg),
and EDC (4.6 mg) are combined in a small vial. These materials are dried under a gentle

stream of nitrogen for 15 min at room temperature.

69.2
Dry dimethylformamide (2.0 mL) is added and the mixture is sonicated for 1 min. The

resulting solution is incubated overnight at room temperature.

69.3
Horseradish peroxidase (8.5 mg) is dissolved in carbonate buffer (2.0 mL, 0.05M pH 9.6), in

a small vial. The vial is placed in an ice bath.

69.4

A total of 100 pl of the hapten-NHS-EDC solution from 6.2 is added slowly over 1 hr and the
mixture is incubated with stirring for 2 hr.

The reaction mixture is passed over a Sephadex G-25M column equilibrated with PBS
(0.01M, pH 7.2). The enzyme conjugate is collected in the first 3.0 mL of eluate and an

equal volume of glycerol is added; store at -20°C.

Example 70 — Immunoassay of Canola Seed Treated with Thiamethoxam.

A portion of the seed extract is diluted into 1%MeOH/H,O until the expected concentration

of thiamethoxam is brought within range of the calibration curve, 0.5 to 120 parts per billion.
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aliquot of a standard or sample (0.5 mL) is added to all corresponding tubes. Enzyme
conjugate solution (0.5 mL) is added to all tubes. The rack is shaken gently to mix the
contents of all tubes. Tubes are incubated for 20 min at room temperature. The rack is
inverted to decant the contents of all tubes. Distilled H,O is added to all tubes to
overflowing using a flip-top wash bottle and the wash is decanted. Tubes are washed an
additional three times. After the final wash, the rack is inverted and the tubes are gently
tapped upon a clean paper towel to remove excess wash. Enzyme substrate (0.5 mL) is
added to all tubes which are incubated for 10 min at room temperature. The rack is shaken
gently every 2.5 min during this incubation. Acidic stop solution (1 M HCI, 0.5 mL) is added
to all tubes to terminate signal generation. As shown in Table 10, the absorbance of the
reaction product is measured at 450 nm. The absorbances of the standards are used to
construct a calibration curve, a regression function in the form of Y = m Ln(X) + B. The
absorbance of each sample is inserted into the function to determine the concentration of
the neonicotinoid pesticide in the diluted sample. The resulting concentration is multiplied
by the dilution factor to calculate the amount of neonicotinoid pesticide in the original

sample.

Table 10. Typical standard curve for the thiamethoxam immunoassay.

'Concentration Absorbance at 450 nm
of Thiamethoxam (Analytical response)
120 0.3145
20 0.6636
3 1.0283
0.5 1.3618

'Units of Parts Per Billion.
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thiamethoxam standards.

Example 71 — Cross Reactivity Test of Crop Seeds Treated with Thiamethoxam.

71.1 Extraction of seeds

Samples of treated seed are sub-sampled by randomly adding 50 g of cotton, field corn,
sorghum, sweet corn and wheat or 40 g of canola to 8-0z wide-mouth jars. Canola is sub-
sampled four times; five sub-samples of the other seed types are used. Solvent (150-ml) is
added and the lid is tightly sealed. Cotton is extracted in 5% acetonitrile/water whereas
other seeds use a solvent system of 20% methanol/water. The jar is vigorously shaken by
hand for 30 seconds and placed in a sonicating water bath at room temperature for 20
minutes. Samples are shaken a second time as previously described. The contents of
each jar are allowed to settle for approximately 5 minutes and an aliquot (0.10-ml) is
removed for analysis. The aliquot is diluted into 1% methanol/water to bring the residues

into the range of the standard curve.

71.2 Immunoassay analysis

The antibody-coated polystyrene culture tubes are labeled and placed in the tube rack such
that the first and last tubes are standards and the remaining standards and samples are
mixed. Sample and standard solutions (0.50-ml) are added to the corresponding tubes. A
similar volume of enzyme conjugate solution is added. The rack is gently shaken to mix the
solutions and set to incubate for 20 min at room temperature. The contents of all tubes are
removed by inverting the rack over a stainless steel pan. Each tube is washed to
overflowing with distilled water. The rack is inverted over the sink to dump the wash water.
Washing is repeated four times. Then the rack is inverted and tapped gently on a paper
towel to remove most of the remaining wash. (Some liquid remaining in the tubes does not
affect assay results.) Enzyme substrate solution (0.50-ml) is added to the tubes, which are
incubated for ten minutes at room temperature. The rack is gently shaken at 2.5 min
intervals to ensure the enzyme maintains an ample supply of substrate. Generation of the
blue colored signal is terminated by addition of acidic stop solution (0.50-ml). The

absorbance of the solution in each tube is measured spectrophotometrically at 450 nm.
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The concentration of analyte in the samples is determined from a regression function in the

form of y = m In(x) + b.

71.3 Cross reactivity determination

The cross reactivity, or specificity, of the immunoassay is evaluated to determine if other
test substances found in seed coatings would interfere with measurement of thiamethoxam.
Test substances are dissolved in 1% methanol/water to concentrations ranging from 1000
to 0.01 ng/ml. Aliquots of each concentration are analyzed as described above. The
reactivity of each test substance over this range is determined as previously described in
Brady, J.F; Turner, J.; Skinner, D.H. “Application of a triasulfuron enzyme immunoassay to
the analysis of incurred residues in soil and water samples.” J. Agric. Food Chem. 1995,
43:2542-2547.

71.4 RESULTS

Among the test substances analyzed, only thiamethoxam is found to be significantly
reactive with the immunoassay (Table 9 below). Therefore, this immunoassay is specific to
thiamethoxam.

Sub-samples of treated lots of seed were analyzed by immunoassay and by HPLC. The
results of these analyses are shown in Table 11. Table 11 depicts the correlation of mean
immunoassay results using a polyclonal antibody and an HPLC analysis of forty seed
samples for thiamethoxam. The best fit regression line indicates that similar results were

obtained by each method.
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Test 'Percent
Substance Reactivity
Relative to

Thiamethoxam

Thiamethoxam

Clothiadin

Imidacloprid

Chlorpyrifos

Difenoconazole

Fludioxonil

Pentachloronitrobenzene

Metalaxyl

Mefenoxam (R-

Metalaxyl)
Fluxofenim
Carboxin

Captan

Systhane (Myclobutanil)

TCMTB

Primifos-methyl

Thiophanate-methyl

100
<1.0
’NR
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR
NR
NR
NR

' Reactivity of test substances relative to the reactivity of thiamethoxam

2 NR, non-reactive.

It will be recognized by persons skilled in the art that numerous variations and modifications

may be made to the invention as described above without departing from the spirit or scope

expressed as a percentage.

of the invention as broadly described.
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-38- What is clainmed is: 1. An antibody useful in an i Mmunoassay of a
sanple to determ ne the anount of a neonicotinoid insecticide, wherein
sai d antW@®8H42787) is a pol yclonal antibody produced by iREAMP12310an
animal with a neonicotinoid hapten conjugated to an i nmunogenic carrier
protein and (11) specifically binds Tt he neoni cotinoid insecticide. 2.
The anti body according to claiml, wherein said antibody is selective for a
conmpound of the formula RR R | I AYNNN'*Y WX wherein Ais

2-chl oropyrid-5-yl or 2-chlorothiazol-5-yl; R and R3 independently are
hydr od¥éhalgs cfaimeddskyl ; R are R2 independently are hydrogen or Cl-C4al kyl
or R and R2 are taken together with the nitrogen atons to which they are
attached to forman i m dazoline or an oxadiazine ring; and X is NNOQ2 or
N- CN. 13AnEméibedyt Ussidhin aodormiinegssay oflcasamile tadetesnineghe drmamint bioaly i s

sel ectj. ye; LA : I sting .of

i dacienebiodirs g el ah SECEb ORI B R AP P e P ana

cl ot hiilmdunizing. anfamioapwiiing refontdeéndid haptea codjubaRdRolarOimniudgenicRaliek) Y

(CH2) el j -chl oropyri.d-5-vl or. 2-chlorothiazol-5-yl; R3
is hy rr%S?énaqgr(Wg?éeﬁH%FﬁX/W’détgta}’r? °.°H§%'§e‘ Sc?gﬁ?'ij‘ff are hydrogen or
Cl-Cal kyl or R1L and R2 are taken together with WO 01/42787 PCT/ EPO0/ 12310

-39 the-nitrpgen ato t ich they. are, attached to forman i m dazoline or
an ox%diTﬁ% Iaﬁgtgcgcﬂnqgc;co%ng t% c‘:’l\’é}m P whergln salid ant}:bo%y IS selective for a compound of

the formula

X
AYN\”/N\R 0
R X

wherein A is 2-chloropyrid-5-yl or 2-chlorothiazol-5-yl;

R and R® independently are hydrogen or C-Cjalkyl;

R' are R independently are hydrogen or C;-C.alkyl or R' and R? are taken together with the
nitrogen atoms to which they are attached to form an imidazoline or an oxadiazine ring; and
X is N-NO, or N-CN.

3. The antibody according to claim 1, wherein said antibody is selective for a compound
selected from the group consisting of imidacloprid, nitenpyram, acetamiprid, thiamethoxam,

thiacloprid and clothiadin.

4. A compound of the formula

R2 Rl

I o

A N N

VY e
R3 X CH

wherein A is 2-chloropyrid-5-yl or 2-chlorothiazol-5-yl;
R® is hydrogen or C;-Caalkyl;
R' and R? independently are hydrogen or C;-C,alkyl or R' and R? are taken together with



nis an integer from1l to 4;and X is NNNO2 or NNCN. 5. Acorrpound accordi ng
to claim4 of the formul a CI ~s (O- NNN\ (CH2)n4d NONHD OH O
conpoun(yvgé)yﬁ?mng to claim5 of the formula N NO2 SNI\FCTWH23N7 A
conmpound according to claim4 of the formula C NNNO --- Y (CH2)n4 N,
,:DOH 1_ 0 8. A conmpound accordinggo claim7 of the formula NNO2 N
)-1" N CO2H L~ C1 N WD 01/42787 PCT/ EPOO/ 12310 -40- 9. A protein
conjugate of the formula R R I 1 p ANNI3XY WPR wherein Ais

2- chl ri roth
¢ %gRXroggn Sat(yms to ngcﬁ IAheoy aorte altt%ér?éd to f%rrh an imidazoline or an oxadiazine ring;

n is an integer from 1 to 4;and
Xis N-NO, or N-CN.

5. A compound according to claim 4 of the formula

=5 M )
NJ\/ (CHQ)—/<

N\ +L
N

c

|
O

6. A compound according to claim 5 of the formula
~NO,

s A
LT

7. A compound according to claim 4 of the formula

Cl N\
| ] 0
yZ N.__N-_
hd crpid
\NPe OH
!
.-

8. A compound according to claim 7 of the formula
_NO
iy
z N ""con

Cl N



R3 is hydrogen or C -C4alkyl; R and R2 independently are hydrogen or
Cl-CAalkyl or R1 and R2 are taken together with the nitrogen atoms to

whi ch t NEQ0H4238% ¢t t ached to form an i mi dazoline or an oxacﬁ‘g"ﬁ%/lﬁlﬂg nis
an integer of from1l to 4; Xis NNNO2 or NCN, and PR is a protein residue
of a carrier nolecule selected fromihg.group consisting of a purified
protein derivative (PPD, Tuberculin) fromD ptheria virus, bovine serum

al bumi n, cationized bovine serum al bum n, human serum al bum n, oval bum n
and keyhol e |inpet henobcyanin; or an enzynme residue selected fromthe
group consisting of alkaline phosphatase, horseradish peroxidase, and

(3- galgcA%tgﬁ%m te&tﬁé%@ma conjugate according to claim9 of the
formula cl~s (CH2)n N,N+.D NHHPR 0 11. A protein conjugate
according to cla|n19 of Aheformula C NNNY\(CH)nd4 N,1J NHPR i 0 WO
01/ 42787 PCT/EPOO/1231 -4 12. A nmethod of determ ning the concentration
of a neoni coti noi dui ns tlc e in a sgwple, conprising the steps of: (a)
providing a solid wyl' |zed antl Qdy selective for said
neoni cotinoid insectlicid (b) nple with the i mobilized
anti body in the prespf Xf a knowmn a f a neoni coti noid insecticide
hapt en-enzyne conjugate; (c) washing the SO|Id phase of step (b) to renove
any unbound hapten-enzyme conjugate or sanple; (d) reacting a chronogenic
substrate specific for said hapten-enzynme conjugate with

wherein A is 2-chloropyrid-5-yl or 2-chlorothiazol-5-yl;

R? is hydrogen or C;-Caalkyl;

R' and R? independently are hydrogen or C;-Caalkyl or R' and R®are taken together with
the nitrogen atoms to which they are attached to form an imidazoline or an oxadiazine ring;
nis an integer of from 1 to 4,

X is N-NO; or N-CN; and

PR is a protein residue of a carrier molecule selected from the group consisting of a purified
protein derivative (PPD, Tuberculin) from Diptheria virus, bovine serum albumin, cationized
bovine serum albumin, human serum albumin, ovalbumin and keyhole limpet hemocyanin;

or an enzyme residue selected from the group consisting of alkaline phosphatase,

horseradish peroxidase, and B-galactosidase.

10. A protein conjugate according to claim 9 of the formula

o
— ( \j
N\7L\/Nj/N\ww%—4?
Nl\ P NH—PR
|

O

11. A protein conjugate according to claim 9 of the formula

Cl N

N
| [ | o)
— No N
N e, =4
N. .0 NH—PR



t he washed solid phase of step (c) in order to generate a chronogen; and
(e) neasuring the anount of the chronogen produced by steg _é(g in order to
det er mi N¥O BBKE87 he anpunt of anti body- bound hapt en- enzynel€ %’%‘&?’é’ and
hence the ampbunt of neonicotinoid insecticide in said sanple. 13. A nethod
according to claim 12 wherein said sapple is obtained by extracting a plant
propigation material in a suitable solvent. 14. A nethod according to claim
13 wherein said plant propigation material is a seed. 15. A nethod
according to claim 14 wherein said seed is selected fromthe group

consi sting of canola, sorghum wheat, cotton, field corn or sweet corn. 16.
A nmet i >|.ai I: i i ] 9.

Nt Doty B T o B o R P T F TRt i de
conj ugat exprpsising the steps@feni c carrier protein. 17. A nethod according to
claim 16 wherein said i nmunogenic carrier proteinis a carrier nolecule
sel ected fromthe group consisting of a purified protein derivative (PPD,
WO 01/ 4278Ype@uirgROPItBESe withaninneelinedantibpdyrs@egtiviedoi saigneasicotoid ne
serum al qureicgci 8_ati oni zed bovi ne serum al bum n, human serum al bum n,

oval bum n 7an Eeyhol e linpet henocyanin 18. A kit useful for an imunoassay
of a sanple to determ ne the anount of a neonicotinoid insecticide,

wherein t kKi.t .conprjises .in. ination in one or,.nore containers: (a) a
S0 1 d phabLedienihgaid St i EIRTIARace L By JLroh Saarid HBURRAE : hol o
i nsect i ciaigount Obh nedniediroi® insealdidahaptenepryraé bognjagatenzyne conj ugated to a
neoni coti noid hapten. 19. The kit of claim 18 wherein the antibody is a
pol ycl onal anti body produced by imrunizing an animal with a neonicotinoid
conj ugat ) wWastang tHeeoNagease ofaep i(ertopembed Bny udluntittapkér-efyntd ai m 19
wherein the enzyne i s horseradi sh peroxidase. 21. The kit of claim 18

wher ei n t3981U9R1S HoMRIfreci fical |y binds to a neonicotinoid insecticide

sel ected fromthe group consisting of imdacloprid, nitenpyram

acetam prid, thiamethoxam . thiacloprid and cl ot hiadin. _ ]
(d) reacting a chromogenic substrate specific for said hapten-enzyme conjugate with

the washed solid phase of step (c) in order to generate a chromogen; and

(e) measuring the amount of the chromogen produced by step (d) in order to determine
the the amount of antibody-bound hapten-enzyme conjugate and hence the amount of

neonicotinoid insecticide in said sample.

13. A method according to claim 12 wherein said sample is obtained by extracting a plant

propigation material in a suitable solvent.
14. A method according to claim 13 wherein said plant propigation material is a seed.

15. A method according to claim 14 wherein said seed is selected from the group

consisting of canola, sorghum, wheat, cotton, field corn or sweet corn.

16. A method according to claim 12 wherein said antibody is a polyclonal antibody
produced by immunizing an animal with a neonicotinoid insecticide conjugated to an

immunogenic carrier protein.

17. A method according to claim 16 wherein said immunogenic carrier protein is a carrier

molecule selected from the group consisting of a purified protein derivative (PPD,



WO 01/42787 PCT/EP00/12310
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Tuberculin) from Diptheria virus, bovine serum albumin, cationized bovine serum albumin,

human serum albumin, ovalbumin and keyhole limpet hemocyanin

18. A kit useful for an immunoassay of a sample to determine the amount of a
neonicotinoid insecticide, wherein the kit comprises in combination in one or more
containers:

(a) a solid phase with an immobilized antibody selective for said neonicotinoid insecticide;
(b) an enzyme conjugate comprising an enzyme conjugated to a neonicotinoid hapten.

19. The kit of claim 18 wherein the antibody is a polyclonal antibody produced by

immunizing an animal with a neonicotinoid conjugated to an immunogenic carrier protein.
20. The kit of claim 19 wherein the enzyme is horseradish peroxidase.
21. The kit of claim 18 wherein the antibody specifically binds to a neonicotinoid insecticide

selected from the group consisting of imidacloprid, nitenpyram, acetamiprid, thiamethoxam,

thiacloprid and clothiadin.



