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HAPTENS OF RISPERIDONE AND PALIPERIDONE FOR USE IN
IMMUNOASSAYS

FIELD OF THE INVENTION
The invention relates to the field of immunoassays for determining the presence of

risperidone and paliperidone in human biological fluids.

BACKGROUND OF THE INVENTION

Schizophrenia is a chronic and debilitating psychiatric disorder affecting approximately
0.45-1 % of the world’s population (van Os, J.; Kapur, S. “Schizophrenia” Lancet 2009,
374, 635-645). The principal goals of treatment are to achieve sustained remission from
psychotic symptoms, reduce the risk and consequences of relapse, and improve patient
functioning and overall quality of life. While many patients with schizophrenia are able
to achieve symptom stability with the available antipsychotic medications, poor
adherence to medication is a common reason for relapse with daily administered oral
medications. Several studies (Abdel-Baki, A.; Ouellet-Plamondon, C.; Malla, A.
“Pharmacotherapy Challenges in Patients with First-Episode Psychosis” Journal of
Affective Disorders 2012, 138, S3-S14) investigating the outcomes of non-compliance
have shown that patients with schizophrenia who do not take their medication as
prescribed have higher rates of relapse, hospital admission and suicide as well as
increased mortality. It is estimated that 40 to 75% of patients with schizophrenia have
difficulty adhering to a daily oral treatment regimen (Lieberman, J. A.; Stroup, T. S.;
McEvoy, J. P.; Swartz, M. S.; Rosenheck, R. A.; Perkins, D. O.; Keefe, R. S. E.; Davis,
S. M.; Davis, C. E.; Lebowitz, B. D.; Severe, J.; Hsiao, J. K. “Effectiveness of

Antipyschotic Drugs in Patients with Chronic Schizophrenia” New England Journal of

CA 2882560 2020-02-24
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Medicine 20035, 353(312), 1209-1223). Therapeutic drug monitoring {TDM) is the
quantification of serum or plasma concentrations of drugs, including anti-psychotic
drugs, for treatment monitoring and optimization. Such moniioring permits, for example,
the identification of paticnts that are not adhering to their medication regimen, that are
not achieving therapeutic doses, that are non-respensive at therapeutic doses, that have
suboptimal tolerability, that have pharmacokinetic drug-drug interactions, or that have
abnormal metabolism resuiting in inappropriate plasma concentrations. Considerable
mdividual variability exists in the patient’s ability to absorb, distribute, metabolize, and
¢xerete anti-psychotic drugs. Such differences can be caused by concurrent disease, age,
concomitant medication or genetic peculiaritics. Different drug formulations can also
nfluence the metabolism of anti-psychotic drugs. TDM permits dose optimization for
individual patients, improving therapeutic and functional cutcomes. TDM further
permits a prescribing clinician to ensure compliance with prescribed dosages and

achievement of effective serum concentrations.

To date, methods for determining the levels of serum or plasma concentrations of anti-
psychotic drugs involve the use of Hguid chromatography (LCy with UV or mass
spectrometry detection, and radiohnmunoassays (see, for example, Woestenborghs et al,,
1994 "On the selectivity of some recently developed RIA'SY in Methodological Surveys
in Biochemistry and Analysis 20:241-246. Analysis of Drugs and Metabolites, Inchuding
Anti-infective Agents; Heykants et al., 1994 "The Pharmacokinetics of Risperidone in
Humans: A Summary”, J Clin Psychiatry 55/5, suppl:13-17; Huang et al., 1993
"Pharmacokinetics of the novel anti-psychotic agent risperidone and the prolactin
response in healthy subjects”, Clin Pharmaco! Ther 54:257-268). Radicimmunoassays
detect one or both of risperidone and paliperidone. Salamone ¢t al, in US Patent No.
8,088,594 disclose a competitive immuncassay for risperidone using antibodics that
detect both risperidone and paliperidone but not pharmacologically inactive metabolites.
The antibodics used in the competitive immuncassay are developed against a particular
immunogen. ID Labs Inc. (London, Ontario, Canada) markets an ELISA for olanzapine,
another anti-psychotic drug, which also utilizes a competitive format, The Instructions

For Use indicate that the assay is designed for sgreening purposes and intended for
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forensic or research use, and is specifically not intended for therapeutic use. The
Instructions recommend that all positive samples should be confirmed with gas
chromatography/mass spectrometry {GC-MS), and indicate that the antibody uscd detects
olanzapine and clozapine (sec ID Labs Inc., "Instructions For Use Data Sheet IDEL-
FO83", Rev. Date Aug. 8, 2011). Some of these methods, namely HPLC and GC/MS,
can be expensive and labor-intensive, and are generally only performed in large or

spectalty labs having the appropriate equipment.

A need exists for other methods for deternuning the levels of anti-psychotic drugs,
particularly methods that can be performed in a prescribing climician's office (where the
reatment for an individual patient can be adjusted accordingly in a mach more timely
manner} and in other medical settings lacking LC or GC/MS equipment or regairing

rapid test resulis.
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SUMMARY OF THE INVENTION
The subject invention provides compounds and conjugates that permit such an improved

method for determining the levels of the anti-psychotic drug risperidone.
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The invention comprises the compound of Formula {
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Formula
wherein:
R'is H, or OH;
o0

o
ANy ?Q e e
Y g

R” is O(CH)NH, i
O{CH ) NHC{OWCH»)wCOH, or Z-(Y)-G;

wherein:

718 selected from the gronp consisting of:

N(RY)-, -O-, -$-, -heteroalkyl-;

R is H. an alkyl group, cyeloatkyl group, aralkyl group or substituted or unssbstituted
aryl group;

Y is an organic spacer group;

(3 15 a functional Hoking group capable of binding to a carrier;
pis0orl;

ris £,2,3.4,0r5;

mis i, 2,3, 4 or5;

nis b, 2,3, 4 or 5.
The mvention comprises conjugates of compounds of the invention with immunogenic
carriers such as proteins, and products produced by the process of contacting the

compounds of the invention with immunogenic carriers,

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 show Competitive ELISA results generated with hybridoma 5-9;
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Fig. 3 shows Competitive ELISA results generated with risperidone clone 2A5;
Fig. 4 shows the competitive immunoassay format used on a lateral flow assay device;
and

Fig. 5 shows a typical dose response curve generated with risperidone clone 5-9.

DETAILED DESCRIPTION OF THE INVENTION

The subject invention provides compounds and conjugates that permit the detcrmination
of levels of anti-psychotic drugs. Such methods will permit clinicians to evaluate
objectively at an appointment how likely it is that the worsening of a patient’s symptoms
may be due to tack of adberence. Alternatively, if compliant, a clinician can consider a
different treatment choice. Therapeutic drug mounttoring, which is enabled by such
methods, is key in identifying the most effective treatment options. Moreover, clinicians
believe that such TDM will help them to move into a very different relationship with
their patients, 1.¢., to move from 3 hypothetical discussion on treatment non-adherence
towards a more collaborative one by engaging patienis to actively take ownership in

optimizing their treatment regimen.,

The development of the method requires first the synthesis of several immunogens,
comprising a syathetic hapten linked to a protein. A bapten 15 a smail molecule that can
elicit an immune response when aitached to a large carrier such as a protein. They are
profein-free substances, of mostly low molecular weight, which are not capable of
stimmulating antibody formation alone, but which do react with antibodies. A hapten-
protein conjugate is able to stimulate the production of antibodics. Speeific antibody
goneration against amall molecules is useful for immunocassay development (Pharm Res.
1992, 9(11):1375-9, Annali Dell'istituto Superiore di Sanita. 1991, 27(11:167-74, Annali
Dell'istituto Superiore di Sanita. 1991, 27(1):149-54, Immunology Letters. 1991,
28(13:79-3).

The invention comprises the compound of Formula 1
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Formula I
wherein:

R'is H, or OH:

o

G
7
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R is O(CH,)NH,,
O{CHANHCOY CHCOH, or Z-(Y)-G;
wherein:

7. 18 selected from the group consisting of:

--N(Rﬁ-—,, ~(-, -8~, -heteroalkyl-;

PCT/US2013/055729

o o
N’Lﬁ/ﬁg\OH

m

R is H, an alkyl group, cycloatkyl group. aralkyl group or substituted or nnsubstituted

aryl group;

Y i8 an organic spacer group,

G is a functional Hinking group capable of binding to & carrier;

pisQ,ori;
risl, 2,3, 4,01 5;
mis i, 2,3 4, 015

nis 1,2, 3,4, 0r S,
The invention comprises the compound of Formula {

wherein:

R'is H, or OH:

R is O(CH)NH.,
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O{CH ) NHC(O}CH1:COH, or Z-(Y )G

wherein:

Zis O

Y is an organic spacer group;

G 1s a functional Hoking group capable of binding to & carrier;
pisQ or i;

ris 1,2,3,4,0r5;

misi, 23,4 0or5;

nisf,2,3,4,or 5

The invention comprises the compound of Formula |
wherein:
rlis H, or OH;
O QO

5 K\N’EL(\/}”;LOH

O
0] %" \\ .
o L w
i fo Ty Mm\? Aoyt
RY is O(CH,)NH,, ! o §o

O(CH ) NHC(OWCH T, or Z4(Y)-(G;

wherein:

Zis O{CH, ) NH;

Y is an organic spacer group;

G is a functional linking group capable of binding to a carrier;
pis @ ori;

ris1,2,3, 4, 0r5;

mis1, 2,3 4 or5;

nis 1, 2,3, 4, or 5.

The invention comprises the compound of Formula 1
whercin:

R'is H, or OH;

~J
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R° is O(CH,)NH,. ' O, H m

O(CHONHC{OYH CH23COH, or Z-(Y)-G;

wherein:

Zis O(CH ) NH;

Y is an organic spacer group;

G is a functional Hnking group capable of binding to & carrier;
pis i;

ris 2;

mis 1,2, 3,4, 0r5;

nis 1,2, 3,4, orS.

The mvention comprises the compound of Formula |
wherein:

R'is H, or OH;

G
4
A
"
&
»
z
o
P
)
=z
Nz
31(;“
CI)

H
es’io%gf%“ ;
R is O(CH, ) NH., ' o, Hoo - Or

O{CH ) NHC{O W CH 3 COH;
wherein:

ris 2;
misi, 2,3 0rd,;

nis b, or 2.

1 another embodiment of the invention:

R'is H, or OH; and
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R°is O(CH,),NH,, or ’ O
wherein r 18 2;

wherein m is 1.

Another embodiment of the invention is the compound

O

AN

3 ;
L v Ve
ARy o

The invention further provides conjugates of the above compounds with an immunogenic

garricr, conjugates of the above compounds with proteins and conjugates of the above
compounds with the proteins keyvhole limpet hemocyanin, ovalbumin and bovine
thyrogiobulin in addition to products produced by the process of contacting the

compounds of the invention with immunogenic carriers.
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The invention comprises a conjugate of the compound of Formmila |

N-CO
Ji >§\
O w\ Py
= R
SN '/\\"Nv e

S
N

R‘.
Formula |
wherein:
R is H, or OH;
0 o 9
i g e
ROV = (RS SR N
R? is O(CH,)NH,, HOOm S T T e ’
O{CHANHC(OYCH 1 COH, or Z-(Y)-G;
wherein:
Z 18 selected from the group consisting of:
—N(Rﬁ—w -0-, -8-, -heteroalkyl-;
R*is H, an alkyl group, cycloalkyl group, aralkyl group or substituted or snsubstituted
aryl group;
Y is an organic spacer group;
G is a fumctional Hnking group capable of binding to & carrier;
pisQ,orl;
ris, 2,3, 4, 015;
misi, 2,3, 4 0r5;

nis 1, 2,3, 4, or §5; with an immunogenic carrier.
The invention comprises a conjugate of the compound of Formula {

wherein:

R is B, or OH:

19
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R° is O(CH,)NH,. ' O, H m

O(CHONHC{OYH CH23COH, or Z-(Y)-G;

wherein:

Zis

Y is an organic spacer group;

G is a functional Hnking group capable of binding to & carrier;
pis{,or i

ris 1,2, 3,4, 0r §;

mis 1,2, 3,4, 0r5;

nis 1, 2,3, 4, or 5; with an immunogenic carrier.

The invention comprisgs a conjugate of the compound of Formula §
wherein:

R'is H, or OH:

79
o (’\N/'Li&%ﬂ\os—a

O
v o Y \ h i
Fot NN g b Ao
R is O(CH,)NH,, H o Ho'm

O{CH: L NHC(O}CH InCOH, or Z-(Y -G

wherein:

Z is O(CH:)NH;

Y is an organic spacer group;

G 13 a functional Hnking group capable of binding to a carrier;
pisO orl;

ris .2, 3,4, 0r 5;

mis i, 2,3, 4 0r5;

nis 1, 2,3, 4, or 5; with an immunogenic carrier,

The imnvention comprises a conjugate of the compound of Formula 1
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wherein:

R'is H, or OH;

o Oﬁ”“\\ 0 \N)LM/ELOH
?{QWNJL(%N\( foxﬂ}r\ﬁ’iﬁ%(d "

= m

R” is O(CH,)NH,, O, m
O{CHONHC{OYCH23COM, or Z-(Y)-G;

wherein:

7 is O(CH,)NH;

Y is an organic spacer group;

G is a functional Heking group capable of binding to a carries;
pis i;

ris 2:

misi,2,3,.4,0r5;

nisi,2,3,4 0r8;

The invention comprises a conjugate of the compound of Formmula |
wherein:

R'is H, or OH;

R7 is O(CH,),NH,, ' o H m or
O{CHONHCOY CH3,COH;

wherein:

ris 2;
misi, 2,3 0rd,;

nis 1, or 2; with an immunogenic carrier.

The invention comprises a conjagate of the compound of Formula 1

R'is H, or OH; and
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R°is O(CH,),NH,, or ’ O
wherein r 18 2;

wherein m is 1; with an immunogenic carrier,

The invention comprises a conjugate of the compound
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/\N N swith an immunogenic carrier,

Anocther embodiment of the invention is a conjugate of any of the above compounds  of

Formula I and protein,

Another embodiment of the invention ts a conjugate any of the above compounds of
Formula I and a protein wherein the protein is keyhole impet hemocyanin, ovalbomin, or

bovine thyroglobulin,

The invention also provides products formed from the process of contacting the above

gompounds with an immunogenic carrier,

Ancther embodiment of the invention is thus the product formed from the process of
contacting a compound of Formula 1

nN-C
ff

s v
L
=%

Formula |
wherein:

R is B, or OH:

H

o 2 9
9 A o \NWLOH
., : = n
é’a*’“f‘m%z;} £ A A
5. = 'm SO TN
R7 is O(CH ) NH,, o, m
O(CH)NHC(ONCHmCOH, or Z-(Y),-G:;

wherein:
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Z is selected from the group consisting of

SINGE 4}—, -0-, -8, -heteroalkyl-;

R is H, an alleyl group, cycloalkyl group, aralkyl group or substituted or unsubstituted
aryl group;

Y 18 an organic Spaccr groupy;

(3 is a functional Hnking group capable of binding to & carrier;

pisQ, ori;

ris 1,2, 3.4, 0r5;

misi, 2, 3.4, 0r5;

nis i, 2,3, 4, or §; with an inumunogenic carrier.,

Another embodiment of the invention is the product formed from the process of
contacting a compound of Formula 1
wherein:

R'is H, or OH;

o o 9
N 0 (”\N"'LM;;J\GH
’ ;sfiozé’\};« N/“\(\,},N (';i ’?\:EF‘N/&L(V?NVJ
R% is O(CH,)NH,, TS TY T :
O{CH ) NHC(OWCH 3COH, or Z-(Y),-G;
wherein:
Zis O
Y is an organic SPacer group;
(3 is a functional Hnking group capable of binding to & carrier;
pis, orl;
risl,2, 3,4, 0r5;
mis1,2,3.4 0r5;

nis 1, 2, 3, 4, or 5; with an inurunogenic carrier.,

Another embodiment of the invention 1s the product formed from the process of
contacting a compound of Formula 1

wherein:

[
(9731
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R'is H, or OH;

o) G§
- o
formig ety
R? is O(CH,)NH,, H o, IR

O(CH ) NHC(ONCHL 1nCOH, or Z-(Y),-G;

wherein;

Z s O(CHp)NH;

Y is an organic spacer group;

(3 1s a fanctional Hoking group capable of binding to a carrier;
pisQ or i

ris 1,2, 3.4, ov 5;

mis 1, 2,3, 4 0r5;

nis §, 2,3, 4, or 3; with an immunogenic carrier.

Ancther embodiment of the mmvention s the product formed from the process of
contacting a compound of Formula 1
wherein:
R’ is H, or OH;
O

' (.:3

O
O ™ M
e IS ey
SO0 TNT T I /‘J\fvyN\/i
D S H Mmoo O L M
R is O{CH»)NH;, G H m

O{CH ., NHC(O}CH1nCOH, or Z-(Y)-G;

wherein:

Z s O(CHy)NH;

Y is an organic spacer group;

(3 13 a functional Huking group capable of binding to a carrier;
pis

ris2;

mis i, 2,3, 4 0r5;

nis §, 2,3, 4, or 3; with an immunogenic carrier.
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Angther embodiment of the invention is the product formed from the process of
contacting a compound of Formula 1
wherein:
R’ is H, or OH;
o Q

O |
Q A o “NMGH
< i n o~
o - _ N H
N N G2 L

R2 is O{CHy)NHD, RO é?, HERNC or
O(CH)NHO(ONCH )OO H:

wherein:

ris 2;

5]

mis i, 2,3 ord;

nis b, or 2; with an immgnogenic carrier.

Ancther embodiment of the mmvention s the product formed from the process of
contacting a compound of Formula 1

Rrlis H, or OH; and

O
5 I
| Fok )
R is O(CH, ), NH,, or ' o
wherein ris 2;

wherein m is 1; with an immunogenic carrier,

Another embodiment of the invention ts contacting the compound

OH L or

[y
-1
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A preferred embodiment of the invention is the product formed from the process of

swith an immunogenic carrier,

contacting any of the above compounds of Formula | with an immunogenic carrier

wherein the inmunogenic carrier is a protein.

A more preferred embodiment of the invention is the product formed from the process of
contacting any of the above compounds of Formmla | with an immunogenic carricr
wherein the immunogenic carrier is a protein and wherein the protein is keyvhole limpet

hemocyanin, ovalbumin,or bovine thyroglobulin,

ABBREVIATIONS

Herein and throughout the application, the following abbreviations may be used.
AMAS N-(g-maleimidoacetoxy) succinimide ester
BTG bovine thyroglobulin

BugN tributylamine

DCC dicyclohexylcarbodiimide

DCM dichloromethane

DIEA diisopropylethylaming

DMF N, N-dimethylformamide

EDTA cthylenediaminctetraaceticacid
KLH keyhole mpet hemoeoyanin

SATA MN-guccinimidyl S-acctylthioacctate
TEA trigthylaming

THF tetrahydroforan

TFA wiffuoroacetic acid

EGN irigthylamine

TBDMS t-butvldimethylsitvl

ig
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DiC diisopropylcarbodiimide

DMAP N, N-dimethyl-4-aminopyridine

ERC {-cthyl-3(3-dimethylaminopropyl)
carbediimidehydrochioride

NHS N-hydroxysuccinimide

TFP Tetrafluorophenyl

PNP p-nitrophenyl

TBRTU O-{Benzotriazol-1-vD-N NN N
tetramethyloroninm tetratluoreborate

HOBT N-Hydroxybenzotriazole

DEPBT 3-{dicthoxyphosphoryioxy)-1,2,3-
benzotrazi~ 4(3H)-one

BOP-Cl Bis(2-oro-3-oxazolidinyhphosphonic
chloride

DIT dithioerythritol

DEFINITIONS

The term "conjugate” refers to any substance formed from the joining together of separate
parts. Representative conjugates in accordance with the present invention include those
formed by the joining together of a small molecule, such as the compounds of Formula
and a large molecule, such as a carrier or a polvamine polymer, particularly a protein. In
the conjugate the small molecule maybe joined at one or more active sites on the large

molceule.

The term "hapten" refers to a partial or incomplete antigen. A hapten is a protein-free
substance, which is not capable of stimulating antibody formation, but which does react
with antibodies. The antibodics are formed by coupling a hapten to a high molecular
weight immunogenic carrier, and then injecting this coupled product, i.¢., an immunogen,

into a human or animal subject.
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The term "immunogen” refers to a substance capable of eliciting, producing, or
gencrating an IMmune response in an organism,

An "immunogenic carrier,” as used herein, is an immunogenic substance, conumonly a
protein, that can join at one or more positions with haptens, thereby enabling the
production of antibodics that can bind specifically with these haptens. Examples of
immunogenic carrier substances include, but are not hmited to, proteins, glycoproteins,
complex polvamino-polysaccharides, particles, and nucleie acids that are recognized as
foreign and therehy clicit an imrunologic response from the host. The polyamino-
polysaccharides may be prepared from polysaccharides using any of the conventional

means known for this preparation,

Various protein tvpes may be employed as imrounogenic carriers, including without
fimitation, alburnins, seruro proieins, lipoproteins, ete. Hlustrative proteins include bovine
serum albumin, kevhole limpet hemocyanin, egg ovalbumin, bovine thyroglobulin,
fraction V haman serum albumin, rabbit albumin, pumpkin seed globulin, diphtheria
toxoid, tetanus toxotd, botilings toxin, succinyiated proteins, and synthetic

poly{aminoacids) such as polylysine.

Immunogenic carriers can also inclade poly amino-polysaccharides, which are a high
molecular weight polymer built up by repeated condensations of monosaccharides.
Examples of polysaccharides are starches, giyeogen, cellnlose, carbohydrate gums such
as gum arabic, agar, and so forth. The polysaccharide also contains polv{aming acid)

residues and/or lipid residucs.

The immunogenic carrier can also be a poly{nucieic acid) either alone or confugated to

one of the above mentioned poly(aminoe acids) or polysaccharides.

The immunogenic carrier can also include solid particles. The particles are generally at
lcast about .02 microns {um} and not more than about 100 pm, and usually about .05

um to 10 um in diameter, The particle can be organic or inorganic, swellable or non-
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sweilable, porous or non-porous, optimally of a density approximating water, generally
from about §.7 1o 1.5 g¢/mb., and composed of material that can be transparent, partially
transparcnt, or opaque. The particles can be biological materials such as cells and
microorganisms, including non-hmiting examples such as erythrocytes, leukocytes,
lymphocytes, hybridomas, Streptococeus, Staphylococcus aurcus, E. coli, and viruses.
The particles can also be comprised of organic and inorganic polymers, liposomes, latex,

phospholipid vesicles, or lipoproteins.

The term “derivative” refers to a chemical compound or molecule made from a parent

compound by one or more chemical reactions.

The term “analogue” of a chemical compound refers to a chemical compound that
contains a chain of carbon atoms and the same particular functional groups as a reference
compound, but the carbon chain of the analogue is longer or shorter than that of the

reference compound.

A “label,” “detector molecule,” or “reporter” is any molecule which produces, or can be
induced to produce, a detectable signal. The label can be conjugated to an analyte,
immunogen, antibody, or to another molecule such as a receptor or a molecule that can
bind to a receptor such as a ligand, particularly a hapten or antibody. Non-limiting
examples of labels include radivactive isotopes {e.g., 1255, enzymes {c.g., B~
galactosidase, peroxidase}, enzyme fragments, conzyme substrates, enzyme inhibitors,
cocnzymes, catalysts, fluorophores (e.g., rhodamine, fluorescein isothiocyanate or FITC,
or Dylight 649}, dves, chomtluminescers and luminescers (e.g., dioxetanes, Tncifering, or

SensiizZers.

As used herein, a “spacer” refers to a portion of & chemical structure which conneets two
or more substructares such as haptens, carriers, iramunogens, labels or binding partners
through a functional linking group. These spacer groups are coraposed of the atoms
typically present and assembled in ways typically found in organic compounds and so

may be referred to as “organic spacing groups”. The chemical building blocks used to

asscmbile the spacers will be deseribed hercinafter in this application. Among the
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preferred spacers arg straight or branched, saturated or unsaturated carbon chains. These
carbon chains may alse inchude one or more hetercatoms within the chain, one or more
heteroatoms replacing onc or more hydrogens of any carbon atom in the chain, or at the
termini of the chaing. By “heteroatoms” is meant atoms other than carbon which are
chosen from the group consisting of oxygen, nitrogen, phosphorous and sulfur, wherein
the nitrogen, phosphorous and sulfur atoms may exist in any oxidation state and may
have carbon or other hetercatoms honded to them. The spacer may also include cyclic or

aromatic groups as part of the chain or as a substitution on one of the atoms in the chain.

The number of atoms in the spacing group is determined by counting the atoms other
than hydrogen. The number of atoms in a chain within a spacing group is determined by
connting the nwmber of atoms other than hydrogen along the shortest route between the

suhstructures being connected. Preferred chain lengths are between 1 1o 20 atoms.

A “functicnal Hoking group” refers to a reactive group that is present on a hapten and
may be used to provide an avatlable reactive site through which the hapten portion may
be coupled to another moeicty through formation of a covalent chemical bond to producc a
conjugate of 2 hapten with another moicty {such as a label or carrier). The hapten may be
linked in this way to a moicty such as bintin to form a competitive hinding partner for the

hapten.

Spacer groups may be used to link the hapten to the carrier. Spacers of different lengrhs
allow one to attach the hapten with differing distances from the carrier for presentation to
the immunce system of the animal or homan being immunized for optimization of the
antihody formation process. Attachment to different positions in the hapten molecule
allows the opportunity to present specific sites on the hapien o the immune system to
mflacnce antibody recognition. The spacer may contain hydrophilic solubilizing groups
{o make the hapten derivative more soluble 1 agueous media. Examples of hydrophilic
solubilizing groups include but are not Hmited to polyoxyalkvloxy groups, for example,

polyvethylene glyeol chains; hydroxyl, carboxvlate and sulfonate groups.

A
[ o



CA 02882560 2015-02-19

WO 2014/031601 PCT/US2013/055729

The term “nucleophilic group” or “nucleophile” refors to a specics that donates an
electron-pair to form a chemical bond in a reaction. The term “clectrophilic group™ or
“electrophile” refers to a species that accepts an electron-pair from a nucleophile to form

a chemical bond in a reaction.

Tho term “substituted” refers to substitation of an atom or group of ators in placec of a
hydrogen atom on a carbon atom in any position on the parent molecule. Non Hmiting
examples of substituents include halogen ators, amino, hydroxy, carboxy, alkyl, aryl,

heteroalkyl, heteroaryl, ovano, atkoxy, nitro, aldchyde and ketone groups.

The term “alkyl” refers to both linear and branched chain radicals of up to 12 carbon
atoms, unless otherwise indicated, and is specifically intended to include radicals having
any degree or level of saturation. Alkvl includes, but is not Hmited to, methyl, ethyl,
propyvl, isopropyl, butyl, isobutvl, see-butvl, fer-butyl, pentvl, isopentyl, hexyl, isohexyl,
heptyl, ociyl, 2,2 4-rimethylpentyl, nouyl, decyl, undecyl and dodecyl. The term
“cyeloalkyl” refers to a saturated or partially unsaturated monocyclic or bicyelic
hydrocarbon ring radical comnposed of from 3 to 10 carbon atoms. Alkyl substituents
may optionally be present on the ring. Exawples inelude cyclopropyl, 1,1-dimethyi

cyciobutyl, 1,2 3-trimethylcyclopentyl, cyclohexyl and cyclohexenyl.

The term “heteroatom” refers to a nitrogen atom, an oxygen atom, a phosphoerous atom or
a sulfur atom wherein the nitrogen, phosphorous and sulfur atoms can exist in any

allowed oxidation states.

The term “heteroaliyl” refers to an alkyl group that includes one or more hetercatoms
within the chain, one or more heteroatoms replacing one or more hydrogens of any

carbon atom in the chain, or at termini of the chains.

The term “heterocvelyl” refers to a nonaromatic (e, saturated or partially unsaturated)
ring composed of from 3 to 7 carbon atoms and at least one heteroatom selected from N,

O or 8. Alkyl substituents may optionally be present on the ring. Examples include

B
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tetrahydroturyl, dihvdropyranyl, piperidyl, 2,5-dimethypiperidyl, morpholinyl,
piperazinyl, thiomorpholinyl, pyrrolidinyl, pyrrolinyl, pyrazolidinyl, pyrazolinyl,

imidazolidiny! and imidazolinyl.

The term “hydroxyalkyl” refers to at least one hydroxy! group bonded to any carbon atom

along an alkyl chain.

The term “aminoalkyl” refers to at least one primary or secondary amino group bonded to

any carbon atom along an alkyl chain,

The term “alkoxvalkyl” refers to at least one alkoxy group bonded o any carbon atom

along an alkyl chain,

The term “polyalkoxyalky!” refers to long-chain alkoxy compounds and includes

polyethylene glyeols of discreet or monodispersed sizes.

The term “thioalkyl” refers to at least one sulfar group bonded to any carbon atom along
an alkyl chain. The sulfur group may be at any oxidation state and includes sulfoxides,

sulfones and sulfates.

The term “carboxyalkyl” refers to at least one carboxylate group bonded to any carbon
atom along an alkyi chain. The term “carboxylate group” inchudes carboxylic acids and

alkyl, evcloalkyl, arvl or aralkyl carboxylate ¢sters.

The term “alkylcarbony!” refers to a group that has a carbonyi group bonded to any

carbon atom along an alkyl chain.

The term “heteroaryl” refers 1o 5- to 7-membered mono- or 8- to [-membered bicyclic
aromatic ring radicals, any ring of which may consist of from one to four heteroatoms
selected from N, O or S where the nitrogen and sulfur atoms can ¢xist in any allowed

oxidation state. Examples include benzimidazolyl, benzothiazolyl, benzothicnyl,
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benzoxazolyl, furyl, imidazolyl, iscthiazolyl, isoxazolyl, oxazolyl, pyrazinyl, pyrazolyi,

pyridyl, pyrimidinyl, pyrrolyi, quinolinyl, thiazolyl and thienyvl

The term “heteroaralkyl” refers to a Ci alkyl group having a heteroaryl substituent.

Examples include furylethyl and Z-quinolinylpropyl.

The term “alkoxy™ refers to straight or branched chain radicals of up to 12 carbon atoms,
unless otherwise indicated, bonded to an oxygen atom. Examples include methoxy,

cthoxy, propoxy, isopropoxy and butoxy,

The term “aryl” refers to monocyelic or bicychic aromatic ring radicals containing from 6
o 12 carbons in the ring. Alkyi substituenis may optionally be present on the ring.

Examples include phenyl, bipheny! and napththalene,

The term “aralkyl” refers to a Cis alkyl group containing an aryi sgbstituent. Examples

include benzyl, phenylethyl or Z-naphthylmethyl

The term “heteroaralkyl” refers to a Ci g alkyl group containing a heterparyl substituent.

Examples include furylmethyl and pyridylpropyl.

The term “aryvloxy” refers to an oxygen atom bound to an aryl substituent. Examples

include phenoxy and benzyloxy.

The term “arylalkoxy” refers to an alkoxy group bound to an aryvl substituent, Examples

include phenylmethyl cther.

The term "acyl” refers to the group -C{OIR,, where R, is alkyl, aryl, aralkyl, heteroary!

and heteroaralkyl. An “acylating agent” adds the —C{O)R, group to a molecule,

-
(941



The term “sulfonyl” refers to the group —S(0O)2Ra, where Ra is hydrogen, alkyl,
cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl and heteroaralkyl. A “sulfonylating agent”
adds the —S(0O)2Ra group to a molecule.

Spacers bearing reactive functional linking groups for the attachment of haptens to carrier
moieties may be prepared by a wide variety of methods. The spacer may be formed using
a molecule that is differentially functionalized or activated with groups at either end to
allow selective sequential reaction with the hapten and the carrier, but the same reactive
moiety may also be used at both ends. The groups selected for reaction with the hapten
and the functional linking group to be bound to the carrier are determined by the type of
functionality on the hapten and the carrier that the hapten is to be bonded with. Spacers
and methods of attachment to haptens and carriers include but are not limited to those
described by Brinkley, M., A., Bioconjugate Chem. 1.992, 3:2-13, Hermanson, Greg T,,
Bioconjugate Techniques,.Academic Press, London, Amsterdam, Burlington, MA, USA,
2008 and Thermo Scientific Pierce Crosslinking Technical Handbook; available for
download or hard copy request from Thermo Scientific 3747 N Meridian Rd, Rockford,
IL USA 61101, ph 800-874-3723 and references within. Many differentially activated
molecules for formation of spacer groups are commercially available from vendors, for

example Thermo Scientific.

For haptens bearing an amino group, modes of attachment of the spacer to the hapten
include reaction of the amine on the hapten with a spacer building block bearing an acyl
halide or active ester. “Active esters” are defined as esters that undergo reaction with a
nucleophilic group, for example an amino group, under mild conditions to form a stable
linkage. A stable linkage is defined as one that remains intact under conditions of further
use, for example subsequent synthetic steps, use as an immunogen, or in a biochemical
assay. A preferred example of a stable linkage is an amide bond. Active esters and
methods of formation are described by Benoiton, N.L., in Houben-Weyl, Methods of
Organic Chemistry, Thieme Stuttgart, New York, vol E22 section 3.2:443 and Benoiton,
N.L., Chemistry of Peptide Synthesis, Taylor and Francis, NY, 2006. Preferred active
esters include p-nitrophenyl ester (PNP), N-hydroxysuccinimide ester (NHS) and

26
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tetrafluorophenyl ester (TFP}, Acyl halides may be prepared by many methods known to
one skilled in the art for example, reaction of the carboxylic acid with thionyi chioride or
oxalyl chloride, see: Fieser, L.F. and Ficser, M. Reagents for Organic Synthesis, John
Wiley and Sons, NY, 1967 and references within, These may be converted to other active
esters such as p-nitrophenyl esters (PNP) which may alse be used in active bi-functional
spacers as described by Wu et.al, Organic Letters, 2604 ,6 (2434407 N-
hydroxysuccinimide (NHS) esters may be prepared by reaction of N N-disuccinimidyl
carbonate {CAS 74124-72-1) with the carboxvlic acid of a compound in the presence of
an organic base such as tricthylamine or diisopropylethylaming in an aprotic solvent
under anhvydrous conditions as described in example 35 of WO2012012595 or by using
N-hydroxysuccimmide and dicyclohexylcarbodiimide (DCC) or other dehydrating agent,
under anhydrous conditions, Tetrafluoropheny! esters (TEFP) may be prepared by reaction
of carboxylic acids with 23,5 6-tetrafluorophenyltrifluoroacetate in the presence of an
organic base suach as mriethvlamine or ditsopropylethylamine in an aprotic solvent under
anhvdrous conditions as reported by Wilbur, et.al, Bioconjugate Chem., 2004, 15(1.203.
One skilled in the art will recognize that spacers shown in Table 1, among others, canbe
obtained using known methods and attached to amine-bearing haptens utilizing routine
optimization of reaction conditions. These spacers allow attachment of the haptento a

thiol group on a carrier.

Table |
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Reasonable values form and n

are between 1 and 10

Direct coupling of the amine on the hapten and a carboxylic acid functionality on the
spacer bulding block in the presence of a coupling agent may also beused as a mode of
attachment. Preferred reagents are those tvpically used in peptide synthesis. Peptide
coupling reagents include but are not limited to O-(Benzotriazol-1-y-N NN, N
tetramethyluroniom tetratluoroborate (TBTU, CAS #125700-67-6), sce: Prahs, 5., Org.
Process. Res. Dev, 2006, [0:441; N-Hydroxybenzotriazole (HOBT, CAS #2592-95-2)
with a carbodiimide dehydrating agent, for example N-N-dicyclohexylcarbodiimide
{DCC, ditsepropylearbodiimide (DIC), or 1-ethyi-3(3-
dimethylaminopropyhearbodiimidehvdrochloride (EDC), see: Koénig W., Geiger, R,
Chem. Ber., 1970, 103 (33788 ; 3-(dicthoxyphosphorvioxy)-1,2,3-benzotrazin-4{3H}-one
{DEPBT, CASH165534-43-03, see: Liu, H. et.al., Chinese Chemical Letters, 2662,
F3(71.601; Bis(2-0x0-3-oxazolidinyphosphonic chloride; (BOP-Cl, CAS #68641-49-6),
see: Diago-Meseguer, §, etal. Synthesis, 1988, 7:547-51 and others described in detail by
Benoiton in Chemistry of Peptide Synthesis, CRC Press, Bocea Raton, FL, 2008, Chapter

Z8



2, and the technical bulletin provided by Advanced Automated Peptide Protein
Technolegies (aapptec), 6309 Shepardsville Rd., Louisville KY 40228, ph 888 692 9111;
and references within. These methods create a stable amide linkage attaching the hapten
to the spacer. Examples of spacers that can be obtained using known methods and
attached to amino-bearing haptens utilizing routine optimization of reaction conditions
employing the methods described and cited above are shown, but not limited to those in

Table 2. These spacers allow attachment of the hapten to a thiol group on a carrier.

Table 2
o) o) 0
o O |G-0
E‘é COH | J'CO,H [:2 —J'CO,H
o ) o

reasonable range for n is

between 1-10

Spacers may also be constructed in a step-wise fashion by sequential attachment of
appropriate chemical groups to the hapten including the step of forming the functional
linking group that is capable of binding to the carrier. See illustrative examples under

General Reaction Schemes.

Additionally, when the hapten has a nucleophilic group, for example a thiol group, an
amino group or a hydroxyl group which will become the point of attachment of the
spacer, the spacer may also be constructed by alkylation of the thiol, amine or hydroxyl
group. Any alkyl group that is appropriately substituted with a moiety capable of
undergoing a substitution reaction, for example, an alkyl halide, or sulfonic acid ester
such as p-Toluenesulfonate, may be used to attach the spacer. Many examples of
alkylation reactions are known to one skilled in the art and specific examples may be
found in the general chemical literature and optimized through routine experimentation.
A discussion of alkylation reactions with many references can be found in Chapter 10 of

March’s Advanced Organic Chemistry, Smith, M.B., and March, J., John Wiley & sons,

29
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Inc. NY, 2681, Other linkages may also be employed such as reaction of the muclesphilic
moigty, for example an aming, on the hapien with an isocvanate to form a urea or
reaction with an isothiocyanate to form a thiourea linkage, see: Li, Z., et.al, Phosphorus,
Sulfur and Sificon and the Related Elements, 2003, 1758(2%.293-297. Spacers may be
attached to hapteas bearing hydroxyl groups via reaction with isocyanate groups to form
carbamate or urethane lnkages. The spacer may be differentially activated with the
1socvanate functional group on one end and a functional linking group capable of reacting
with the carrier, sce: Annunziato, MLE., Patel, UJ.5,, Ranade, M. and Palumbo, P.S.,

Bioconjugaie Chem., 1993, 4;212-215%.

For haptens bearing a carboxyhe acid group, modes of attachmuent of a spacer portion {o
the hapten include activation of the carboxyvlic acid group as an acyl halide or active
ester, examples of which are shown in Table 3, preparation of which are described
previously, followed by reaction with an amine (-NH;-), hydrazino (-NH-NH,-},
hydrazido (-C{O)}-NH-NH;-} or bydroxyl group (-OH) on the spacer portion to form an
amide, hydrazide, diacythydrazine or ester linkage, or direct coupling of the carboxylic
acid group with an amino group on the spacer portion or directly on the carrier with a
peptide coupling reagent and/or carbodiimide dehydrating veagent, described previously,
examples of which are shown in Tables 4 and 5. Procedures found in references cited
previously for formation of activated esters and use of peptide coupling agests may be
emploved for attachment of carboxylic acid-bearing haptens o spacer building blocks

and protein carriers with available amino groups utilizing routine optimization of reaction

conditions.
Table 3
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Table 5
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diisopropyicarbodiimide

{(DIC)

Dicyclohexyicarbodiimide
(DCC) 3{3~-dimethylaminopropvi)

carbodiimide HCY (EDC)

Other electrophilic groups may be present on the hapten to attach the spacer, for example,
a sulfonyi halide
f—5-c
O
or clectrophilic phosphorous group, for example:
o
§—p-Ci
OR,
See: Malachowskd, Willlam P, Coward, James K., Journal of Organic Chemisiry, 1994,
392517616
or:

el
ng'ORC

OR,
R is alkvl, cycloalkyl, arvl, substituted aryl, aralkyl.

See: Aliouane, L., etal, Tetrahedron Letiers, 2013, 52(28)1.8681.

Haptens that bear aldehvde or ketone groups may be attached (o spacers using methods

including but not limited to reaction with a hydrazide group HyN-NH-C{0)- on the spacer
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to form an acylhydrazone, see: Chamow, S.M., Kogan, T.P., Peers, D.H., Hastings, R.C,,
Byrn, R.A. and Askenaszi, AL, J. Biol Chem., 1992, 267(22): 15916, Examples of
bifunctional hydrazide spacer groups that allow attachment to a thiol group on the carrier

are shown in Table 6.

Table 6
® G
o PNHNH; [
. et | N O
O
0 NHNH,
0

Haptens may also contain thiol groups which may be reacted with the carrier provided
that the carrier has been modified to provide a group that may react with the thiol. Carrier
groups may be modified by methods including but not limited to attachment of a group
containing a maleimide functional groop by reaction of an amino group on the carrier
with N-Succinimidyi maleimidoacetate, (AMAS, CAS# 55750-61-3), Succinimidyl
wdoacetate (CAS# 151199-81-4), or any of the bitunctional spacer groups shown in
Table 1 to introduce a group which may undergo a reaction resulting in attachment of the

hapten to the carrier.

The functional linking group capable of forming a bond with the carrier may be any
group capable of forming a stable linkage and may be reactive to a number of different
groups on the carrier. The functional linking group may preferably react with an aming
group, a carboxylic acid group or a thiol group on the carrier, or dertvative thereof. Non-~
limiting cxamples of the fonctional Hnking group are a carboxylic acid group, acyl halide,
active ester (as defined previcusly}, isocyanate, isothioeyanaie, alkyl halide, amino
group, thiol group, maleimide group, acrylate group (HC=CH-C{O}) or vinyl sulfone
group HyCs=CH-800-) See: Park, LW, etal., Biocosnfugate Chem., 2012, 23(3): 350, The
functional linking group may be prosent as part of a differentially activated spacer
building block that may be reacted stepwise with the hapten and the resulting hapten

dertvative may then be reacted with the carricr. Alternatively, the hapten may be

%)
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dertvatized with a spacer that bears a precursor group that may be transformed into the
functional linking group by a subsequent reacticn. When the functional linking group on
the spacer 18 an armine or g carboxylic acid group, the coupling reaction with the
carboxylic acid group or amine on the carrier may be carried out directly through the use
of peptide coupling reagents according to procedures in the references cited above for

these reagents.

Particular disnlfide groups, for example, pyridyldisuifides, may be used as the functional
linking group on the spacer which may undergo exchange with a thiol group on the
carrier to from a muxed disulfide linkage, sce: Ghetie, V., et al., Bioconfugaie Chem.,
1994, 1:24-31, These spacers may be attached by reaction of the amine-bearing hapten
with an active ester which is attached to a spacer bearing the pyridvidisulfide group,

examples of which inchude bt are not limited to those shown in Table 7

Table 7
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Most often the carrier is a protein and the s-amino groups of the lysine residues may be
used for attachment, either directly by reaction with an amine-reactive functional linking
group or after derivitization with a thiol-containing group, including N-Succinimidyl S-
Acetylthicacetate, (SATA, CAS 76931-93-6), or an analogue thereof, followed by
cleavage of the actetate group with hydroxylamine to expose the thiol group for reaction
with the functional linking group on the hapten. Thiol groups may also be infroduced into

the carrier by reduction of disulfide bonds within protein carviers with mild reducing

%)
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reagents inchiding but not limited to 2-mercaptocthylamine, see; Bilah, M., etal,,
Bioelectrochemistry, 2010, 80(1):49, phosphine reagents, see: Kirley, T.L., Analytical
Biochemistry, 1989, 7180(2):231 or dithiocrythritol (DTT, CAS 3483-12-3) Cleland,
W., Biochemisiry, 1964, 3:480—4282,

GENERAL REACTION SCHEMES

Representative compounds of the present invention can be synthesized in accordance
with the general synthetic methods described below. Compounds of Formula (1) can be
prepared by methods known to those who are skilled in the art. The following reaction
schemes are only meant to represent examples of the invention and are v no way meant

10 be a limut of the Invention.

Attachment of a spacer to the parent ring structure of risperidone may be accomplished
through use of the silyb-protected starting compound shown in Scheme 1, the preparation
of which is described in Example |, Alkylation with an N-protected haloalkyl derivative
is also described in Example 1. Neprotected haloalkyl derivatives of varying chain
lengths are commercially available or wyy be made by standard organic reactions known
o one skilled in the art. Preferred values for r are between 1 and 3. Deprotection as
described in Example T may provide the amino compound which may be further
claborated to attach additional spacer atoms or may be Hoked directly to the carrier.
Derivatives of the amino compound which lack the hydroxyl group in final product may

be madc as described in Example 3.

Scheme |
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Allcylation of risperidone may also be accomplished using a thiol, for example, 3-
mercaptomethyipropionate, using the method of Wang, ., L, etal,, Bivorganic and Med.
Chem. Letters, 28160, 2007159, using K,CO: in DMF followed by hydrolysis with NaOH
in aqueous THF, as shown in Scheme 2, to provide an analogue of the hapten that bears a
thicalkyl linkage terminating in a carboxy group that may be attached directly to a carrier
or further elaborated to extend the spacer portion. Alkyvlation with an amine may be
carried out also as shown in Scheme 2, according to the method nsed to make
intermediate 335 in US20110245224. Versions of the aminoalky! or thicalkyl analogues
of Scheme 2 in which R1 is either OH or H may be made through routine optimization of

the chemical procedures taught in the aforementioned references by a skilled chemist,

Scheme 2
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The phenolic hydroxyl group of the starting compound shown in Scheme 3, wherein Ry is
gither H or a silyl-protected alechol, may be the site of introduction of a group that bears
a functional linking group for attachment to a carricr. The phenolic compound may be
reacted directly with succinic anhydride as shown in Scheme 3 and deseribed in
US20060251592 to provide a carboxy-bearing intcrmediate, or may be reacted with an
Bocyanate bifunctional spacer, as shown in Scheme 4, according to the Annunziato
reference provided elsewhere in this disclosure to provide a hapten that bears a thiol-
reactive functional linker. Deprotection as described in subsequent examples is required

when R, is a silyl-protected alcohol.

Scheme 3
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Scheme 5 illustrates how haptens with spacers which terminate in an alkyl amine group,

such as Examples 1 and 2, may be further functionalized with a malcimide group. The

malcimide may be introduced by any method known in the art. For example, reaction

with N-malcovi-substituted alkyl amino acid in a solvent such as dichlorormethance and

coupling reagents such as diisopropvicthylaming and dicthyi cyanophosphonate gives the

maleimide functionalized spacer on the hapten. Reaction of the risperidone derived

amine with alkyl-maleimide functionalizing group, such as 2,5-dioxopyrrofidin-1-vi 2~

{2,5-dioxo-2,5-dihvdro-1H-pyrrol-1-yljacetate, in a solvent such as DMF, in the presence

of a base, such as tributylamine, at room temperatuare for about an howur, generates haptens

with a maleimide functionalized spacer.

Scheme 6
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Haptens with spacers which terminate in an alkyl amine group may be claborated by

reaction with a cvclic anhydride compound, such as succinic anhydride or ghutaric

anhyvdride, as shown in Scheme 6. The reaction may be carried out in a solvent such as

THF, at room temperature, overnight,

Scheme 7
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Maleimide functionahized haptens may be conjugated to proteins according to the method
shown i Scheme 7. Activation of protein lvsing residues by acylation of the epsilon-
nitrogen with N-succinimidy! S-acetylthioacetate (SATA), followed by subsequent
hydrolysis of the S-acety] group with hydroxylaming produces a nucleophilic sulfhydryl
group. Conjgation of the sulthydrvl activated protein with the malemnide derivatized
hapten (prepared as described in general scheme 5) proceeds via a Michael addition
reaction. Suitable proteing are known to thoss skilled in the art and include kevhole

limpet hemocyanin, bovineg thyroglobulin, and ovalbumin,

Scheme &
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Carboxylic acid functionalized haptens may be conjugated to proteins according to the

method shown in Scheme 8. Reaction with N-hydroxvsuccinimide and a suitable

coupling agent, such as dicyvclohexyicarbodiimide (DCC), and a base, such as

tributylamine, in a solvent such as DMF at a temperature of about 20°C, for about 1§

hours, activates the carboxylic acid with the N-hydroxysuccinimide leaving group. The

activated spacer and hapten may then be conjugated to a protein in a solvent such as pH

7.5 phosphate buffer, at about 20°C for about 2.5 hours. Suitable proteins are known to

those skilled in the art and include keyhole limpet homoceyanin, bovine thyrogiobulin, and

ovalbumin.

ANTIBGDY PRODUCTION
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The conjugates above are useful for the production of antibodics which bind the anti-
psychotic drug to which they were generated (risperidone). These antibodigs can be used
in assays to detect the presence and/or amount of the anti-psychotic drug in paticnt
samples. Such detection permits therapeutic drug monitoring enabling all of the benefits
thercof, Dictection of levels of anti-psychotic drugs may be asctul for many purposes,
including: detection in combination with the detection of other anti-psychotic drugs,
meluding those selected from the group consisting of paliperidone, quetiapine,
olanzapine, aripiprazole, and metabolites thercof, such detection permitting the
sintitancous measurement of these anti-psychotic drugs; determination of pationt
adherence or compliance with prescribed therapy; use as a decision tool to determine
whether a patient should be converted from an oral anti-psychotic regimen to a long-
acting injectable anti-psychotic regimnen; use as a decision tool to determine if the dose
level or dosing interval of oral or injectable anti-psychotics should be increased or
decreased to ensure attainment or maintenance of efficacious or safe drug levels; use as
an aid in the inttiation of anti-psychotic drug therapy by providing evidence of the
attaimment of minimum pK levels; use to determine bioeguivalence of anti-psvchotic
drug in multiple formulations or from multiple sources; use (o assess the impact of
polypharmacy and potential drug-drug interactions; and use as an indication that a patient
should be exchirded from or included in a clinical trial and as an aid in the subsequent

monitoring of adherence to elintcal trial medication requirernents.

Having provided the conjugates of the subject invention, which comprise the compounds
hercin and an immunogenic carricr, antibodics can be gonerated, ¢.g., polyelonal,
monoeclonal, chimeric, and humamzed antibodics, that bind to the anti-psychotic drug.
Such antibodies that are particularly contemplated include monoclonal and polyelonal

i

antibodics as well as fragments thereof, e.g., recombinant proteins, containing the
antigen-binding domain and/or one or more complementarity detormining regions of
these antibodics. Preferably, the antibody will bind to the drug and any desired
pharmacologically active metabolites. By aliering the location of the attachment of an
immunogenic carrier in a drug conjugate, sclectivity and cross-reactivity with metabolites

and/or related drugs can be engincered into the antibodies. For risperidone, cross-

g
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reactivity with risperidene metabolites such as 9-hydroxvrisperidone {paliperidone,
which is also administered as an anti-psychotic drug), 7-hvdroxyrisperidone, and N-
deaikylrisperidone may or may not he desirable. An antibody that cross-reacts with
risperidone and paliperidone may be desirable, which does not react with 7-
hydroxyrisperidone or N-dealkylrisperidone, thus detecting risperidone and its major
pharmacologically active metabolite. Alternatively, it may be desirable to detect the

pharmacologically active metabolites, risperidone and paliperidone, separately, while still

X

not detecting the inactive metabolites, 7-hydroxyrisperidone and N-dealkylrisperidone.
Antibodies may be gencrated that detect multiple ones of these drugs and/or metabolites,
or antibodics may be gencrated that detect cach separately (thus defining the antibody
"specific binding” properties). An antibody specifically binds one or more compounds

when i3 binding of the one or more compounds is equimolar or substantially equimolar,

Methods of producing such antibodies comprise inoculating a host with the conjugate
{the compound and the immunogenic carrier being an immunogen) embodying features
of the present invention. Suitable hosts include, but are not limited to, mice, rats,
hamsters, guinea pigs, rabbits, chickens, donkeys, horses, monkeys, chimpanzees,
orangutans, gorillas, humans, and any species capable of mounting « matare imrme
response. The immunization procedures are well established in the art and are set forth in
munerous freatises and poblications including "The Immuncassay Handbook"”, 2nd
Edition, edited by David Wild (Nature Publishing Group, 2000} and the references cited

thercin.

Preforably, an immunegen cmbodying features of the prosent invention is administered to
a host subject, ¢.g., an animal or human, in combination with an adjuvant. Suitable
adjuvants include, but are not limited to, Freund's adjuvant, powdered aluminum
hydroxide (alam), aluminum hydroxide together with Bordetella pertussis, and

monophosphory! lipid A-synthetic trehalose dicorynomyeolate (MPL-TDM),

Polyclonal antibodics can be raised in a mammalian host by onc or more injections of an

immunogen which can optionally be administered together with an adjuvant. Typically,

N
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an immunogen ¢r 2 combination of an immunogen and an adjuvant is injected into a
mammalian host by one or multiple subcutaneons or intraperitoncal injections.
Preferably, the immunization program is carried out over at least one week, and more
preferably, over two or more weeks., Polyclonal antibodies produced in this manner can

be isolated and purified utilizing methods well know in the art,

Monoclonal antibodies can be praduced by the well-established hybridoma methods of
Kohler and Milstein, e.g., Nature 256:495-497 (1975). Hybridoma methods typically
mvelve immunizing a host or lymphocytes from a host, harvesting the monocclonal
antibody secreting or having the potential to secreie lymphocyles, fasing the ymphocyies

o mortalized cells, and selecting cells that secrete the desired monoclonal antibody.

A host can be immuonized fo elicit lymphocyies that produce or are capable of producing
antibodies specific for an immunogen. Aliernatively, the lvmphocytes can be immunized
in vitro, If human cells are desired, peripheral blood lymphocytes can be used, although

spleen cells or lyrmphocytes from other mammalian sources are preferred.

The lymphocytes can be fised with an immortalized cell Hoe to form hybridoma cells, a
process which can be facilitated by the use of a fusing agent, e.g., polyethylene glycol.
By way of tHlustration, mutant rodent, bovine, or human myeloma cells immortalized by
transformation can be used. Substantially pure populations of hybridoma cells, as
opposed to unfused immortalized cells, are preferred. Thus, following fusion, the cells
can be grown in a suitable medium that inhibits the growh or swrvival of unfused,
immortalized cells, for example, by using mutant myeloma cells that lack the enzyme
hypoxanthine guanine phosphoribosyl transferase (HGPRT). In such an instance,
hypoxanthine, aminopterin, and thymidine can be added to the medium (HAT medium}

{0 prevent the growth of HGPRT-deficient cells while pormitting hybridomas to grow.

Preferably, immortalized celis fuse cfficiently, can be isolated from mixed populations by

sclection in a medium such as HAT, and support stable and high-level expression of
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antibody following fusion, Preferred immortalized cell lines include myeloma cell Hnes

available from the American Type Culture Colleetion, Manassas, VA.

Because hybridoma cells typically secrcte antibody extracclularly, the culture media can
be assayed for the presence of monoclonal antibodies specific for the anti-psyehotic drug.
homunoprecipitation of in vitro binding assays, for example, radiioimmunoassay (RIA)
or enzyme-linked immunosorhent assay (ELISA), can he used to measure the hinding

speetficity of monocional antibodics.

Monoclonal antibody-scereting hybridoma cells can be isolated as single clones by
fimiting difution procedures and sub-cultured. Saitable culture media include, but are not
fimited to, Dulbecco’s Modified Eagle's Medium, RPMI-1640, and polypeptide-{ree,
polypeptide-reduced, or serum-free media, e.g., Ultra DOMA PF or HL- 1, available from
Biowhittaker, Walkersvilie, MD. Alicroatively, the hybridoma cells can be grown in

Vvive as ascites,

Monoclonal antibodies can be isolated and/or purified from a culture medium or ascites
fluid by conventional immunoglobulin (Ig) purification procedures including, but not
timited to, polvpeptide A-SEPHARGOSE, hydroxylapatite chromatography, gel

clectrophoresis, dialysis, ammounium sulfate precipitation, and affinity chromatography.

Monoclonal antibodics can also be produced by recombinant methods such as are
described in ULS. Patent No. 4,166,452, DNA encoding monoclonal antibodics can be
isolated and scquenced using conventional procedures, ¢.g., using oligonucleotide probes
that specifically bind to muring heavy and light antibody chain genes, preferably to probe
DNA isolated from monocional antibody hybridoma cells lines secreting antibodies

specific for anti-psychotic drugs.

IMMENGASSAYS
The antibodies thus produced can be used in immunoassays to recognize/bind to the anti-

wsychotic drug, thereby detecting the presence and/or amount of the drug in g patient
Jis) g, 3 g

N
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sample, Preferably, the assay format is a competitive immunoassay format. Such an
assav format and other assays are described, among other places, in Hampton et al.
{Serological Methods, A Laboratory Manual, APS Press, St. Paul, MN 1990) and
Maddox ot al. (J. Exp. Med. 158:12111, 1983).

A reagent kit can also be provided comprising an antibody as described above. A
representative reagent kit may coraprise an antibody that binds to the anti-psychotic drug,
risperidone, a complex comprising an analog of an anti-psychotic drug or a denivative
thercot coupled to a labeling moicty, and may optionally also comprise one or morg

calibrators comprising a known amount of an anii-psychotic drug or a related standard.

As noted above, reagent kits may comprise calibrators and/or conirol materials which
comprise a known amount of the analyte to be measured. The concentration of the
analyte can be calculated by comparing resulis obtained for a sample with regalted
obtained for a standard. A calibration curve can be constructed and used for relating the

sets of results and for determining the concentration of an analyte n a sample.

Any sarople that is suspected of containing an analyie, e.g., an anti-psychotic drug, can be
anaiyzed in accordance with the wethods of the presently preferred embodiments. The
sample can be pretreated if desived and can be prepared in any convenient medium that
does not interfere with the assay. Preferably, the sarple comprises an agueous medium

such as a body fluid from a host, most preferably plasma or serum.

Copending applications entitled "Haptens of Aripiprazole” (Attorney Docket No.
I g app s Py 3

11

PRD3265USPSP, first named inventor: Remmerie}, "Haptens of Olanzapine” {Attorney
Docket Mo, PRD3266USPSP, first named inventor: Remmerie), "Haptens of
Paliperidone” {Attorney Docket No, PRD3267USPSP, first named inventor: Rommeric),
"Haptens of Quetiapine” {Attorney Docket No. PRD3268USPSEP, first named inventor:
Remmeric), "Haptens of Risperidone and Paliperidone” {Attorney Docket No.
PRD3269USPSP, first named inventor: Remmerie), "Antibodies to Aripiprazole Haptens
and Use Thereof” (Attorney Docket No. CDS5128USPSP, first named inventor:

46



Hryhorenko), "Antibodies to Olanzapine Haptens and Use Thereof" (Attorney Docket
No. CDS5132USPSP, first named inventor: Hryhorenko), "Antibodies to Paliperidone
Haptens and Use Thereof" (Attorney Docket No. CDS5126USPSP, first named inventor:
Hryhorenko), "Antibodies to Quetiapine Haptens and Use Thereof" (Attorney Docket No.
CDS5134USPSP, first named inventor: Hryhorenko), "Antibodies to Risperidone
Haptens and Use Thereof” (Attorney Docket No. CDS5130USPSP, first named inventor:
Hryhorenko), "Antibodies to Aripiprazole and Use Thereof" (Attorney Docket No.
CDS5129USPSP, first named inventor: Hryhorenko), "Antibodies to Olanzapine and Use
Thereof" (Attorney Docket No. CDS5133USPSP, first named inventor: Hryhorenko),
"Antibodies to Paliperidone and Use Thereof" (Attorney Docket No. CDS5127USPSP,
first named inventor: Hryhorenko), "Antibodies to Quetiapine and Use Thereof™
(Attorney Docket No. CDS5135USPSP, first named inventor: Hryhorenko), "Antibodies
to Risperidone and Use Thereof" (Attorney Docket No. CDS5131USPSP, first named

inventor: Hryhorenko).

EXAMPLES

Representative compounds of the present invention can be synthesized in accordance
with the general synthetic methods described below. Compounds of Formula (I) can be
prepared by methods known to those who are skilled in the art. The following examples
are only meant to represent examples of the invention and are in no way meant to be a

limit of the invention.

Example 1

Step A
9-((tert-butyldimethylsilyl)oxy)-3-(2-chloroethyl)-2-methyl-6,7,8,9-tetrahydro-4H-
pyrido[1,2-a]pyrimidin-4-one

47
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A solution of 3-(2-chlorocthyly-9-hydroxy-2-methyl-6,7, 8, 9-tetrahvdro-4H-pyrido[ 1,2~
alpyrimidin-d-one (1.0 g, 4.12 mmol} in DMF (5 mL} was treated with /H-imidazole
{701 24 mg, 64.66 mmol), followed by a solution of t-butyldimethylchlorosilane (683,12
mg, 4.53 mmol} in DMF (1 mL). After stirring for 18h at room temperature, the solvenis
were rermoved under vacuum and the residus was taken up in dichloromethane / water (10
ml / 10 mL)} with addition of a spatula of potassium carbonate. The agucous layer was
extracted with dichloromethane (threc times 10 mb). The combined organic fractions
were dried over NaxSQy, filtered, and the solvent was removed under vacoum. The crude

roixture was nsed without further purification in the next step. (ESE-MS (M+1) 357)

Step B
9-((tert-butyldimethylsilyloxy)-3-(2-{4-{6-hydroxybenzo[d Jisoxazol-3-yDpiperidin- 1 -

vhethyh-Z-roethyl-6,7, 8, 9-tetrahydro-dH-pyridof 1, 2-alpyrimidin-4-one

A solution of 9-{(tert-butyldimethylsilvlyoxy-3-(2-chloroethyl -2-methyl-6,7,8,9-
tetrabydro-4H-pyridof1,2-alpyrimidin-4-one, prepared as described in the provious step,
(0.5 g, 1.40 mmol) in methanol (25 mb) and dusopropylethylamine (732,83 pl, 4.20
mmol} was treated with 3-(piperidin-4-yhbenzo[disoxazol-6-0l hydrochloride salt
{374.62 mg, 1.47 mmol), and the reaction mixture was stirred for 17h at 60 °C under

argon. Diisopropyiethylamine (732.83 ulL., 4.20 mmo!) was added and the mixture was

stirred additionally for 4h at 60 °C. The reaction mixiure was evaporated ander vacuum
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and the residue was taken up in water (25 mb), extracted with chloroform (3 x 25 mL}.
The combined organic layers were dried over Mg8Q., filtered, and the solvent was
removed under vacuum. The residue was purified by silica gel chromatography (ehution

with dichloromathane/methanol {98/2) to give the title compound (ESI-MS (M+1) 539),

Step C
tert-butyl 2-((3-(1-(2-{9-{(tert-butyldimethylsilyloxyy-2-methyl-4-0x0-6,7.8,9-
tetrahydro-4H-pyride[1,2-a]pyrimidin-3-vhicthyDpiperidin-4-vlibenzofdlisoxazol-G-

yviyoxycthylicarbamate

A solation of 9-({(tert-butyldimethylsitylyoxy}-3-(2-(4-{6-hydroxybenzo|disoxazol-3-
vipiperidin-1-yhethyl)-2-methyl-6,7 8 9-tetrahydro-4H-pyridof1,2-ajpyrimidin-4-one,
prepared as described in the previous step, (58 mg, 0.093 myol) in acetone (0.5 mb) and
DME (0.5 mL) was treated with potassium carbonate (33.3 mg, 8.24 minol) and N-Boc-2-
bromoaminocthane {27 mg, .12 mmol}, and the reaction mixture was stirred for 17h at
60 °C ander argon. The reaction mixture was cvaporated at 40 °C under reduced
pressure and dissolved in water (10 mbL) and extracted with dichloromethane (3 x 10
mb}. The organic layers were combined, dried over Na,8Q,y, filtered, and the solvent was

gvaporated vield the crude title compound. (ESI-MS (M+1) 682)

Step D
3-(2-(4-(6-(2-aminogthoxy thenroldfisoxazol-3-yhpiperidin- i -yiethyl}-9-hydroxy-2-

methyl-6,7,8 S-tetrahydro-dH-pyvridof 1, 2-alpyrimidin-4-one
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A solution of tert-buty! 2-((3-(1-2-(9-((tert-butyldimethylsilylioxy)-2-methyt-4-oxo-
6,7,8,9tetrahydro-dH-pyridof | Z-ajpyrimidin-3-yDethylpiperidin-4-
yibenzo{dlisoxazol-6-yhoxyethyljcarbamate, prepared as deseribed in the previous
step, (70 myg, 0.103 muned} in HCVisopropanol (1¢ ml., 5 N) was stirred for 1h at 60 °C.
The reaction mixture was ¢vaporated at 40 °C under reduced pressure and dissolved
carcfully in aqueous saturated sodium bicarbonate solution (5 mL} and cxtracted with
dichloromethane (3 x 10 mb). The combined organic layers were dricd over Naa5QOs,
filtered, and cvaporated under reduced pressure at 40 °C. The agueous layer still
contained product, which was recovered by evaporating the aqueous layer to dryness at
40 °C under reduced pressure. The resulting residue from the aqueous layer was re-
dissolved in water and brought over a conditioned Waters (asis SPE {6cc) column and
afterwards chuted with methanol. The methanc! elation fraction was combined with the
residue of the dichloromethane extraction and evaporated to dryness at 40 °C under
reduced pressure to vield the title compound along with a side product {(ESI-MS (M+1)
468; side product being 5% 9-hydroxy-3-{2-(4-(6-hydroxybenzo[d]isoxazol-3-
ylpiperidin-1-vhethyly-2-methyi-6,7 8 9-tetrahydro-4H-pyrido[ 1, 2-alpyrimidin-4-one

{8M+1) 425). The mixture was nsed in the next step withont additional purification.

Example 2
2-(2,5~dioxo-2,5-dihydro- L H-pyrrol- L-yD-N-2~{(3-(1-{2-(9-hydroxy-2-muethyl-d-0x0-
6,7,8,9-tetrahydro-4H-pyridol 1, 2-afpyrimidin-3-yBethvhipiperidin-4-

viyhenzo[dlisoxazol-6-yhoxyicthyDacctamide
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To a solution of 3-(2-(4-(6-(Z-aminocthoxy)benzoldlisoxazol-3-yhpiperidin-1-viethyi)-
S-hydroxy-2-methyl-6,7,8,9-tetrabydro-4H-pyrido] 1, 2-aJpyrimidin-4-one, prepared as
described in Example |, (4.0 mg, 8.5 umoles) in 215 pl of DMF and 4.3 uL of
tributylamine was added 214 pl of a DMF solution of N-{g-maleimidoacetoxy)
succinimide ester (AMAS, 10 mg/mL, 2.1 mg, &.5 umoles). The resulting sclution was
allowed to stir for 60 minutes at 20 °C, then used as such in conjugation reaction with

thigi-activated protein,

Example 3
Step A
3-(2~(4-{6-hydroxybenzo{dlisoxazol-3-yUpiperidin-1 -y hethyD-2-methy1-6,7 8,9-
tetrahydro-dH-pyrido[ | ,2-a]pyrinidin-4-one
N-O

i
\/\"‘QH

,ﬂ\ /‘\/;\'\,/
LK
A solution of 3-(2-chloroethyl)-2-methyl-6,7,8,9-tetrahydro~-4H-pyridof 1, 2-alpyrimidin-
4-one {14.4 g, 6.05 mmol}, 3-(piperidin-d-yhbenzo[dlisoxazoi-6-0t (14.0 g, 0.05 mmol),
sodium carbonate (16.0 g, .15 mmol) and potassium iodide (spatula pointy in DMF (150
ml.} was stirved for Shoat 80 °C. The mixuwe was allowed to cool down to room
ferperatire and water was added. The precipitate was removed by filtration, and the
filtrate was extracted with chloroform (3 x 180 mL}. The combined organic layers were
dried over NaySO,, filtered, and concentrated. The residue was orystaliized with

isopropyl alcohol (70 mL}, filtered, and washed with isopropanol/diisopropyl cther 50/50

@4}
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mixture {10 mL}). The residue was dried overnight at 100 °C vielding the title compound

and was used without further purification in the next step.

Step B
3-(2-(4-(6-{2-aminocthoxybenzo{dlisoxazol-3-yhipiperidin-1-vlethyl}-2-methyl-6,7,8,9-
tetrahydro-4H-pyrido[1,2-ajpyrimidin-d-onc
N—-O
7 \

Q&mw S

A solution of 3-(2-(4-(6-hydroxybenzo{dlisoxazol-3-ylpiperidin-1-ylethyl}-2-methyl-
6,7,8,9-tetrahydro-4H-pyrido{ 1, 2-ajpyrimidin-d-one, prepared as described in the
previous step, (6.6 g, 0.015 mmol) in DMF (58 rul.) and acetone (30 ml.y was treated
with potassium carbonate (3.0 g, 0.03 mmol} and ethyl (2-bromoethylicarbamate (24 g,
0.015 mmol). After stivring overnight at 60 °C, the reaction mixture was poured in water
{150 mL), extracted with chloroform (3 x 100 mb). The combined organic layers were
dried over NaSQy, filtered, concentrated, and purified by silica gel chromatography
{clution with dichloromecthanc/mcethanol (50/10). The combined fractions were treated
with HBr (150 mb, 48%) and heated to refhux for 30 min. The mixture was allowed to
cool down to room terperature and made hasic with ammoniunt hydroxide {28% NH; in
HyO) and extracted with chloroform (3 x 100 mL}. The combined organic Iaycrs WeTe
dried over NaySO,, filtered, concentrated, and purified by silica gel chromatography
{gradicnt clution with dichloromethane/methanol (90/10 to 50/50) resulting in a solid
which was dissolved in isopropanol {50 mb) and treated with isopropancl/HCL The
precipitate was removed by filtration and washed with iPrOH/diisopropyl cther (50/50, 3
x 20 mL}. The precipitate was dried under vacuum to vield the title compound ESI-MS
(M1 452, "H NMR (360 MHz, DMSO-de} 8 ppm 1,76 - 1.85 (my, | H) 1,87 - 1.96 (m, 1
Hy2.19(d, ~1281 Hz, 1 H) 237 - 248 (m, 4 H) 2.98 - 310 (m, 3 H) 3.10-3.28(m, §
HY3.37-346{m, 3H)3.72(d, /=1134 Hz, 3 H)3.79-3.85 (m, 2 H} 4.31 (¢, /=494 Hz,
FHY7.05(dd, /=878, 183 Hz, L H) 7.35-7.3% (m, | H) 808 (d, /=8.78 Hz, | H}.
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Example 4
2-(2,5-dioxo-2,5-dihydro-1 Hepyrrol- 1yl N 2-{(3-{1-{2-{ Z-methvi-4-0x0-6,7,8,9-
tetrahydro-dH-pyrido[ 1,2-alpyrimidin-3-vhethyhpiperidin-d-yhbenzo[ d}isoxazol-6-

vljoxyjethylacetamide

N ecart
SNS “’\N& 3\

O
To a solution of 3-(2-(4-(6-(2~aminocthoxyibenzo[dlisoxazol-3-vhpiperidin-1-yDethyh-
2-methyl-6,7 8 9-tetrahydro-4H-pyrido[ 1, 2-a]pyriondin-4-one, prepared as deseribed in
Example 3, 34 mg, 7.58 pmoles) in 185 pl. of DMF and 3.7 pl. of tributylamine was
added 190 pb of a DMF solution of N-{g-malcimidoacetoxy} succininide estor (AMAS,
10 mg/mb, 1.9 mg, 7.58 umolcs). The resulting solution was allowed to stir for 90

minutes at 20 °C, then used as such in conjugation reaction with thiol-activated protein.

Example 5
2—(2_,Sndioxoni,&dihydrw FH-pyrreb-1-yD-N-{2-((3-(1-{2-(9-hydroxy-2-methyl-4-ox0-
8, 2-tetrahydro-4H-pyridol 1, 2-ajpyrimidin-3-yDethyvDpiperidin-4-

yl)benzo[d}momzd -G-vhoxyjethylDacetamide — kevhole impet hemooyanin — conjugate

Step A

To a 4.22 mL solution of kevhole limpet hemocvanin (KLH, 18.0 mg, 8.18 umeoles) in
100 M phosphate buffer, 0.46M sodium chloride, at pH 7.4 was added §3.2 uL ofa
DMF solution of N-succinimidyl-S-acetvithioacetate (SATA, 25 mg/ml, 2.1 mg, 9.0
wmoles). The resulting solution was incubated at 20 °C for | hour on a roller mixer. The
reaction was purified on a Sephadex G-25 columm using 100 mM phosphate butter, 0.46

M sodium chioride, 5 mM EDTA at pH 6.0.

Step B

&4}
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To 937 mbL of KLH-SATA solution, prepared as described in Step A, (17,1 mg, (171
umoles) was added 937 L of 2.5 M hydroxylamine, 50 mM EDTA atpH 7.0, The
resulting solution was incubated at 20 °C for 40 minutes on a roller mixer. The reaction

was used as such in conjugation reaction with maleimide-activated hapten.

Step C

Ta an aliquot of the resulting KIH-SH solution, prepared as described in Step B, (3.4ml,
0.058 pmoles) was added an aliquot of 2-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1-y13-N-{2-
{(3-(1-(2-(F-hydroxy-Z-methyi-4-0x0-6,7,8 9-tetrahydro-4 H-pyridof 1,2 -a]pyrimidin-3-
vhethyhpiperidin-4-ylibenzo| dlisoxazol-6-yhoxyethyDacetamide solution, prepared as
described in Exarople 2, (282.8 ul, 5.0 umoles). The resulting cloudy mixture was
incubated for 3 hours at 20 °C on a roller mixer. The reaction was {filtered througha 0.2
wim syringe filter then purified oo a Sephadex G-25 columm nsing 100 mM phosphate

buffer, 0.46M sodium chloride, at pH 7 4.

Example 6
2-(2,5-dioxo-2,5-dihydro- 1 H-pyrrol-1-yl}-N-(2-((3-(1-(2-(8-hydroxy-2-methyl-4-oxo-
6,7,8 %-tetrahydro-4H-pyridoi 1 2-ajpyrimidin-3-yDethylipiperidin-4-

vhbenzo[dlisoxazol-6-vhoxviethyhacetamide — bovine thyroglobulin — conjugate

Step A

To 1.0 mb of a solution of bovine thyroglobulin (BTG, 9.3 mg, 0.014 pmoles) in 100
mM phosphate buffer at pH 7.5 was added 132 gL of a DMF solution of N-succinimidyl-
S-acetylthicacetate (SATA, 25 mg/mi, 3.3 mg, 14.1 pmoles). The resulting solution was
incubated at 20 °C for 1 hour on a roller mixer. The reaction was purified on a Sephadex

(3-25 column using 180 mM phosphate buffer, , 5mM EDTA, at pH 6.0,

Step B
To 211 mb of BYG-SATA solution, prepsred as described in Siep A, (7.4 mg, 0.011
umoles) was added 211 pub of 2.5 M hydroxylamine, 50 mM EDTA, at pH 7.0. The

&4}
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resulting solation was incubated at 20 °C for 60 minutes on a roler mixer. The reaction

was used as guch in conjugation reaction with maleimide-activated hapten.

Step C

To an aliquot of the resulting BTG-5H solution, prepared as described 1o Step B, (2.3mL,
0.011 pmolesy was added an aliquot of 2-(2,5~-dioxo-2 5-dibydro-1H-pyrrol-1-y1-N-(2-
((3-(1-(2-(9-hydroxy-Z-methyi-4-ox0-6,7 8 9-tctrahydro-4 H-pyrido[ 1, 2-alpyrimidin-3-
yhethyDpiperidin-4-yl}benzo[ dlisoxazol-6-yhioxyicthylacetamide solution, prepared as
described in Example 2, (280.4 yL, 5.5 pmoles). The resulting cloudy mixture was
imcubated for 2.5 hours at 20 °C on a roller mixer. The reaction was filiered through a 0.2
wm syringe filter then purified on a Sephadex G-25 colummn using 100mM phosphate

buffer, 0.14M sodium chloride, at pH 7.4,

Example 7
2-2,5-dioxo-2,5-dithydro- | H-pyrrol-1-y[-N-2~{(3~{1-{2-(2-methyi-4-0%0-6,7,8,9-
tetrabydro-4H-pyridof1,2-alpyrimidin-3-vhethylpiperidin-4-vhbenzofdlisoxazol-6-

vioxylethylacetamide - keyhole limpet hemocvanin -~ conjugate

To an aliquot of KLH-SH solution, prepared as described in Example § Step B, {1.5mlL,
$3.025 pmolesy was added an aliquot of 242, 5-dioxo-2,5-dihvdro-1 H-pyrrol-1-y)-N-(2-
{(3-(1-(2-(2-methyl-4d-0x0-6,7,8, 9 tetrahydro-dH-pyrido{ 1, 2-ajpyrimidin-3-
vhethylipiperidin-4-ylibenzo| diisoxazol-6-yhoxy)ethyllacetamide sohution, prepared as
described in Example 4, (113 ul, 2.26 pmoles). The resulting cloudy mixture was
incubated for 2.5 hours at 280 °C on a roller mixgr. The reaction was filtered througha 0.2
um syringe filter then purified on a Sephadex G-25 column using 180 mM phosphate

buffer, and 0.46M sodium chioride, at pH 7.4.

Example §
2-(2,5-dioxo-2,5-dihydro- | H-pyrrol- 1-yl-N-{2-({3-(1-{2-(2-methyi-4-0%0-6,7.8,9-
tetrahydro-4H-pyridef1,2-alpyrimidin-3-yhiethylipiperidin-4d-ylibenzofdlisoxazol-6-

vhoxyiethylacetamide — bovine thyroglobulin — conjugate

(¥ ]
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To an aliquot of BTG-SH solution, prepared as deseribed in Example 6 Step B, {0.63mL,
0.0033 pmoles) was added an aliquot of of 2-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1-y1)-N-
{2-((3-(1-(2-(2~-methyl-4-0x0-6,7 8§ 9-tetrahydro-dH-pyrido[ | 2-alpyrimidin-3-
ylethyDpiperidin-4-ylbenzol dlisoxazol-6-yhoxyjethylacetamide solution, prepared as
described in Example 4 (80 gL, 1.6 pmoles). The resulting clondy mixture was
meubated for 2.5 hours at 20 °C on a roller mixer. The reaction was filtered through a 0.2
um syringe fitter then purified on a Sephadex G-25 column using 100 mM phosphate

bufter, and §.14M sodium chloride, at pH 7.4,

Example 9

Competitive Immunoassay for Risperidone

Following a sertes of imununizations with risperidone immunogens, mouse tail bleeds
were tested for reactivity using an ELISA. Hybridoma supernatants were also tested, and
the ELISA data shown in Tables | and 2 below shows reactivity of several hybridomas
{fusion partner was NSO cells). As shown in Table 2, reactivity of hybridomas 2A5 and

5G11 was seen.

Table |

Table 2

(&4}
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After clones were identified via ELISA reactivity, competition ELISAS were run to
approximate affinity and cross-reactivity with similar compounds. Figs. 1 and 2 show the
ELISA cross-reactivity results from hybridoma subclone 5 9. Data shows reactivity to

risperidone, as well as 1fs metabolites paliperidone and 7-hydroxyrisperidone.

Supernatants were also tested by competition ELISA to deternmune 1f the signals were
specific to cither risperidone or paliperidone. Fig. 3 shows the results from hybridoma
subclong 2A5. Data shows reactivity to both risperidone and paliperidone.

Fig. 4 shows the competitive immunoassay format used on a lateral flow assay device in
which the capture antibody, risperidone ¢lone 53-9, was deposited on a chip along with a
detection conjugate consisting of risperidone conjugated to a fluorophore. In this
competitive format as show in Fig. 4, a low level of analyvte {risperidone} results in high
signal, whereas a high level of analyte (visperidone} results in low signal. The amount of

risperidone in the sample can be calculated from the loss of fluorescence compared to g

(&4}
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contro! sample with no drug present. A typical dose response curve generated with

risperidone clone 5-9 is shown in Fig. 5.

(¥4}
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CLAIMS

1. The compound of Formula |

N-©O
/

0] R?

Crc
NS
N .
R1

Formula I
wherein:
R!is H, or OH;

0 O

o)
Q \ o) (\NJL(V)%,J\OH
g TN G W
y H o m 0" ™ ™n
R? is O(CH2):NHz, o, H
O(CH2):NHC(O)(CH2)mCO2H, or Z-(Y)p-G;
wherein:

Z is selected from the group consisting of:

R* is H, an alkyl group, cycloalkyl group, aralkyl group or substituted or unsubstituted aryl
group;

Y is an organic spacer group;

G is a functional linking group capable of binding to a carrier;

pis 0, or 1;

ris1,2,3,4,0or5;

mis1,2,3,4,or5;and

nisl1,2,3,4,or5.

2. The compound of Claim 1

wherein:

R!is H, or OH;
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o O

Q Oﬁ:} o K\NMLOH

;'{OWN)LMN & )(/‘)?N’ILMN\)
R is O(CHz)/NHa, L T
O(CH2):NHC(O)(CH2)mCO2H, or Z-(Y)p-G;
wherein:
Z is O;
Y is an organic spacer group;
G is a functional linking group capable of binding to a carrier;
pis0,or1;
risl,2,3,4,or5;
mis 1,2, 3,4, or5;and

nis 1,2, 3,4, or5.

3. The compound of Claim 1
wherein:
R!is H, or OH;
0O O

0 ° N 0 N)L(V)/U\OH
ﬁom"‘%p S ’(/\)FNJL(\/T@ "
RZ is O(CH2)NHz, Hom o "9 TH 'm
O(CH2):NHC(O)(CH2)mCO2H, or Z-(Y)p-G;
wherein:
Z is O(CH2):NH;
Y is an organic spacer group;
G is a functional linking group capable of binding to a carrier;
pis0,or1;
risl,2,3,4,0r5;
misl,2,3,4,or5;and
nis1,2,3,4,orS5.

4. The compound of Claim 3
60
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wherein:

pis1;

ris 2.
misl,2,3,4,or5;and
nis!,2,3,4,or5.

5. The compound of Claim 3
wherein
R!is H, or OH;
0o O

)LM%,J\OH

, or

o)
Q N o (N

;;“O)(/\)FNJ\(\/TD Fak JLMN\)

. H m o" TN

R? is O(CH2)NHz, o, H m

O(CH2)-NHC(0)(CH2)mCO2H;

wherein:

ris2;

mis 1,2, 3, or4; and

nis 1, or?2.

6. The compound of Claim 5, wherein

R'is H, or OH; and

O
Q \
?’\ok\)r\m/u\(\/fn':
R? is O(CH2):NH>, or 0,
ris 2; and

mis 1.

7. The compound of Claim 1, selected from the group consisting of
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/ NH,
o] S~
N 0]
N/ujiif\/
N
N
OH :
N-O
|
(0] ( 0
O
\N NH2;
N-O

ZT
O

OH ; and
N-O
/ NP o
o) /\\/
%Q)\@ ° \/QNE ]
X
\N 0 .

8. A conjugate of a compound of Claim 1 and an immunogenic carrier.
9. The conjugate of Claim 8, where said immunogenic carrier is a protein.

10. The conjugate of Claim 9, where said protein is keyhole limpet hemocyanin, ovalbumin or

bovine thyroglobulin.
11. A conjugate of the compound of Claim 2 and an immunogenic carrier.
12. A conjugate of the compound of Claim 3 and an immunogenic carrier.

13. A conjugate of the compound of Claim 4 and an immunogenic carrier.
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14. A conjugate of the compound of Claim 5 and an immunogenic carrier.

15. A conjugate of the compound of Claim 6 and an immunogenic carrier.

16. The conjugate of Claim 8 wherein the compound is

N-Q©
/ NH,
0 S~
N o)
N)ji\/
NS
N
OH ,
N-O
Q*Q
o}
o)
N
L TS
SN NHZ’
-0
0
J%:[:\\/N © N /
N ;L\
\N O
OH , Or
-0
) H_ 0
o} S~ \(
N o N
\N O

17. The conjugate of Claim 16, where said immunogenic carrier is a protein.

18. The conjugate of Claim 17, where said protein is keyhole limpet hemocyanin, ovalbumin or

bovine thyroglobulin.

19. The conjugate of Claim 16 wherein the compound is
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OH ; or
N-Q
/ H_° o
'S OO L
)
SN o '

20.  The compound of Claim 1 wherein:
R* is H, an alkyl group, cycloalkyl group, aralkyl group, aryl group substituted with an
amino, hydroxy, carboxy, alkyl, aryl, heteroalkyl, heteroaryl, cyano, alkoxy, nitro, aldehyde or

ketone group or a halogen atom, or an unsubstituted aryl group.

21.  The compound of Claim 1 wherein:
Y is a straight or branched, saturated or unsaturated hydrocarbon chain,
wherein the hydrocarbon chain includes at least one group selected from the group

consisting of heteroatoms, cyclic groups, aromatic groups, and polyoxyalkyloxy groups.

22.  The compound of Claim 1 wherein:
G is a carboxylic acid group, acyl halide, active ester, isocyanate, isothiocyanate, alkyl

halide, amino group, thiol group, maleimide group, acrylate group or vinyl sulfone group.

23. The compound of Claim 1 wherein:

R*is H, an alkyl group, cycloalkyl group, aralkyl group, aryl group substituted with an
amino, hydroxy, carboxy, alkyl, aryl, heteroalkyl, heteroaryl, cyano, alkoxy, nitro, aldehyde or
ketone group or a halogen atom, or an unsubstituted aryl group;

Y is a straight or branched, saturated or unsaturated hydrocarbon chain,

wherein the hydrocarbon chain includes at least one group selected from the group

consisting of heteroatoms, cyclic groups, aromatic groups, and polyoxyalkyloxy groups; and
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G is a carboxylic acid group, acyl halide, active ester, isocyanate, isothiocyanate, alkyl halide,

amino group, thiol group, maleimide group, acrylate group or vinyl sulfone group.
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