| MMUNQASSAY W TH NOVEL LABELED DRUG HAPTEN ANALOGUES : Thi s

ipvention relates to clinical chemstry particularly i pas

| munoassays, Wwhich take advantage of natural i mmunol ogi @g%fgﬁﬁ}’ have
f ound wi detspread use as anal ytical techniques in clinica 3#

Because of‘the specificity of the reactions, they are partlc Pb

advant ageols i n guantifying biological analytes that are present in verZ
Iom/concentxatlon in biological fluidsl-Such analytes include, for exanple,

anti bodi es, therapRUASSAArWEPH rﬁl@v@ptm:,mm HAWFEN ENISOGUR DL ei ns,
and so forth. titive ,a | abel ed

.In,co ng | poassays
| i gand, including innﬁH&éoﬁBEEBHfOBeFF%%F?%e%gaﬂgyahﬁ?iggxﬁ¢lfﬁﬁyIigand i s
pl aced i n cpapeticularly thmunbabehed.ligand for reaction with a fixed

amount of the aphr opr irhendb09, TBHELAA ok EaLAG: e LECERT AL DELET ).

Unknown concentrationS o can ermned fromthe neasured
si gnal of ePmméﬂoﬂﬁélﬁééndeéﬁtmnbéunhavehé@um@ wideejpread| ede| agand. The

reaction- prgegedsiasif ebkﬁm@ques mlbgeﬁﬂca“llé:b&hfsltf%ganﬂeéau@&eptor ->
| i gand-receptor + Iabelglcéﬁgan -receptor nventional | abels

i ncl ude radP&akPrvEPESd yRESERENFBABHHIR B, EREVIOREPIBRESICYT abl e free
radi cal s, amdrégzymaanohgeboss;nlqbabtlﬁySnQNHladb@s¢&Ilan&i?ﬁ@éors

Consi stent ¢hsb bhe LALedRtngaadoLpmingassateder,diygs,psuch as

phenobarblta an n serum can ased on conpetltlon of an
enzyme Iabebéé1aﬂapééuéluid§uchsdﬁbgahabeﬁs mchudde Seugexamphe, patient

serum f or 'HHQ@bbb&%g aEBéPQQ¥u9hEdHPGg§'tﬁ§rcot1c enz§m £S1 ThE
requirements for the [abeled drug haptén anal ogues hereafter sonetlnes L DH)

i ncl ude: 1) "2PSFealf 659481 Pﬂ@ EpHERERM be bound by excess i nmmmobilized
-anti body; 2) affinityzaf cbiﬂﬁetDHlfrérbLmﬂi)gHri&&dn@élét,b@éiy &s such that

Conpet't'OleBe%ed‘&?%a%HDu udlgglyﬁﬁgnocghﬁgégh ggfvé@19és
and analogs of the ligand is placed in competition with
unlabeled ligand for reaction with a fixed amount of
the appropriate binding material (called a receptor
herein). Unknown concentrations of the ligand can be
determined from the measured signal of either the bound
or unbound (that is, free) labeled ligand. The
reaction_proceeds as follows:

ligand + labeled ligand + receptor —
ligand-receptor + labeled ligand-receptor.

Conventional labels include radioactive tags,
enzymes, chromophores, fluorophores, stable free
radicals, and enzyme cofactors, inhibitors and

-allosteric effectors.

Consistent with the foregoing an immunoassay
for drugs, such as phenobarbital and phenytoin, in-
serum can be based on competition of an enzyme labeled
analogue of such drug haptens with the drug in the
patient serum for immobilized antibody binding sites.

Specific requirements for the labeled drug .
hapten analogues(hereafter sometimes LDH) include: 1)
at least 65% of the LDH can be bcund by excess
immobilized antibody; 2) affinity of the LDH for
immobilized antibody is such that competition of a

fized amount of LDH with the drug occurs in a



-2- therapeutically relevant drug concentration range; and 3) stability of
fhe LDH against hydrolysis of its enzynme | abel under storage conditions.
Requi renents i nposed on the drug hapten anal ogue include: 1) accessibility
of the analogue to the imobilized antibody foll ow ng conjugation wth the
enzyne | abel; 2) specific recognition of the LDH anal ogue by the anti body
to the drug; and 3) sufficient reactlélty of the anal ogue with the enzyne
| abel , either directly or follow ng aétivation of the enzyne or the

anal ogue, theéenpeandidalays dell@vatha krugadveceselyaafibactaegeynendcti vity.

G ucose oxbga§%éggi? g% %%_all %gq g@ahgagogggg§ SRZYPE | abel s coupl ed

t o phenobarbi tal enyto n anal ogues di Scl 0Sed ITn U S. Patent
4,752, 568 gaaqmadéqmuﬂetummgnnsuqnagee@oaﬂamegoés for conducting effective

conpetitive innunoas%gﬂ%|ﬂéﬂéﬁigkyﬁﬂa@@dfghnghe drug haptehhe problemis
that the | abel ed phenobarbital and phenytqi n anal ogies di sclosed in the

above pateﬁPaWQB@eUﬁ§5Fﬂ§¥hcﬂdrW@FﬁﬁséGHédéﬂ'ﬁé EBRpeNALPINS; RfRunoassays
when the erhwTHribEariadds hntamodyd @A 1oWRRy weon jugadion whenl ahel . The

coupling reactlon et.we such al oaques _and HRP e h sl ow and
|nconplete 3@% ﬁgb 2? CSH@&§%8Pn°ﬁgEE agg_s.mgre_boynd very
weakly so amaﬂqmmﬁ1ﬁygﬂha annuhudywﬂn ahe dfrugabeindoB)asuiflfedyebitndi ng
sites WOU'Qe@%téggﬂaﬁ | té%éﬁéﬁéf%du%QQQEEEtﬁ gﬁgkame label, The present

i nvention provi nunoassa npri i ng the steps
of : eithgr digeptdst QﬁJQPHHQ$$ﬂ$ §§#ﬁW@t1@6nP§|ﬁpﬁgepﬁ§mﬁrug or a

derivati veorhéheofanaliddghed hakRire¢onddlaene ehathaodhug advdrdglgerivative
in-the presg&c of antlbodles for the drug under conditions that pronote
the format d? &Pﬁﬁtlnnunoconplexes and B.

determ ning the quan@hnpomb tolxel ddvsieg (GODY henkli @dkd lhpeneasuri ng bound or

unbound | abg| %%H@Ugie (ALP) enzyme labels coupled to
phencbarbital and phenytoin hapten analogues disclosed
in U.S. Patent 4,752,568 gave adequate enzyme labeled
analogues for conducting effective competitive
immunoassays in the desired format.

The problem is that the labeled phenobarbital
and phenytoin analogues disclosed in the above patent
were unsatisfactory for conducting competitive
immunoassays when the enzyme horseradish peroxidase
(HRP) was used as the label. The coupling reactions
between such analogues and HRP were both slow and
incomplete. Moreover phenobarbital and phenytoin HRP
labels were bound very weakly so that much higher
concentrations of label or antibody binding sites would
be required to give a readable signal.

The present invention provides an immunoassay
method for a drug comprising the steps of: '

A, contacting a liquid sample, containing
the drug or a derivative thereof, with a labeled
analogue of the drug or drug derivative in the presence
of antibodies for the drug under conditions that
promote the formation of antibody-drug immunocomplexes;
and

B. determining the quantity of the drug in
the liquid by measuring bound or unbound labeled drug



-3- anal ogue; characterized in that the | abel ed drug anal ogue conpri ses:

(i) a label, of the type used in i mmunoassays, having an am ne or
sul f hydryl group; (ii) a drug nucleus selected froma hydantoin
nucl eus or a barbiturate nucl eus and (iii) a linking chain

| i nking the 3-position of the barbiturate or hydantoin nucleus to the | abel
t hrough a carbonyl bridge; wherein the linking chain has about 5 to 40
atons, consisting of (1) Cerr] to Cerr] al kyl ene groups, (2) phenylene
groups, an¢nzlogud 0 chdBIHRLES RELS R ithd dl%%%llea' gedgl nto the Iinking
group through ring nitrogen atons, wherein said groups ang rings are bonded
to each ot RERLIFUSHFPHHINESH groups sel ected from (a) esters, i ncl udi ng

t hi oesters 0 [ern a label, othene lg‘p‘é @sed $n ([err]) am des,
[err] er.o atons sel ecte and -NR-;

wherein R ﬁgﬁ'}u&oearﬁé Q(f['e VT &AM 8A S“a}r{gly(id)ylcgf%ﬁyl with the
provi so that the |inkfing grouwrug midleus fseieotled Lrder avati ve of a

saturated aydRREAH Fhed IR9RAP G A iskhags! B 2 (o 12 oar bon

at ons. hapt en ana ues use in the above
met hod i ncl ude those tidk) Gorfisy qg)QhﬁéfSﬂf ipge the| B-pesifion wher ei n

of the barbiturate or hydantoin nucleus to the label
through a carbonyl bridge; wherein the linking chain
has about 5 to 40 atoms, consisting of (1) C1 to Ci0
alkylene groups, (2) phenylene groups, and (3) 5 to 7
membered heterocyclic rings joined into the linking
group through ring nitrogen atoms, wherein said groups
and rings are bonded to each other through chemical
groups selected from (a) esters, including thioesters

0
(-Cz-)
, where Z is O or S; (R) amides,
0
I
(-CNH-)

, (c) hetero atoms selected from -0O-, -S-,

and -NR-; wherein R represents Cj to C6 alkyl; and (d)
carbonyl, with the proviso that the linking group is
other than only a derivative of a saturated or
unsaturated monocarboxylic acid having frcm 2 to 12
carbon atoms. |

lThe labeled drug hapten analogues useful in
the above method include those that conform to the

structure:
(I) ‘
’ o 1o
/ﬁ3 H SR | AU B
"A- R,-C-N -R,1—1 C-Z-Rs-2C-R [_C-Label
mi-- Jn

.wherein



-4 - A represents a hydantoin nucleus of the [err] structure

or a phenobarbital barbiturate [err] nucl eus of the structure
Rl err] each independently represents hydrogen, alkyl of 1 to 10 carbon
atons, unsubstituted or substituted phenyl; R2, R4, R5, and R6,

each independently represents CJerr] to (Jerr] al kylene or such al kyl ene
groups interrupted with at | east one or nore ester groups, am de groups,

-0, -S-, and -NR-; Rlerr] represents CJerr] to CJerr] alkyl ene;

Z represents -O, -S-p a8grebMBntsWhehganto {RPRESEOES dFdiagen or (ferr] to
Cerr] alkyl, for exanple, nmethyl propyl and hexyl; ~ mis 0, 1, or
2; nis 0, 1, Rer m+ n > 0; and t he
total nunber of atons co dinm nand R is 5 to 40; LABEL

IS an enzyne;
groups is substituted or
and R err] can be phenyl en

ther provided that (i) at |east one of the Rl
stituted phenyl; (ii) one of Rerr], Rerr],

structure © or a'phenobarbital barbiturate
R, R,
0— —o0
HNH/N—
o
nucleus of the structure ;

Rl each independently represents hydrogen,
alkyl of 1 to 10 carbon atoms, unsubstituted or
substituted phenyl;

R2, R4, R5, and R6, each independently
represents Cj to Ci1Q alkylene or such alkylene groups
interrupted with at least one or more ester groups,
amide groups, -0-, -S-, and -NR-;

R3 represents C) to C3 alkylere;

Z represents -0-, -S-, and -NR-, wherein R
represents hydrogen or C1 to Cg¢ alkyl, for example,
methyl propyl and hexyl;

m is 0, 1, or 2;

n is 0, 1, or 2;

m+ n > 0; and

the total number of atoms comprised in
m, n and R2 is 5 to 40;

LABEL is an enzyme;

and further provided that (i) at least one of
the Rl groups is substituted or unsubstituted phenyl;
(ii) one of R4, R®, and R6 can be phenylene;

(iii) the bracketed components of structure I can
appear therein in any order and (iv) the linking groub
is other than a derivative of a saturated or
unsaturated monocarboxylic acid having from to 2 to 12
carbon atoms.

At least 65% of the labeled drug hapten



(i1i) the bracketed conponents of structure | can appear therein in any
order and (iv) the linking group is other than a derivative of a saturated
or unsaturated nonocarboxylic acid having fromto 2 to 12 carbon atons.

At | east 65% of the |abeled drug hapten

-5- anal ogues can be bound by an excess of imvobilized antibodies to the
drugs. The | abel ed anal ogues with extended |inkers, particularly those
havi ng am de bonds in the |inking chaidr are S|nllarly bound by all the

i mobi | zed, ANdAALY daPaSe Usdithd by eHE @ dshicT i1RmMeBliNaReko practi ce.
Al so the derivatives having the am de in the extend d | i nker, %ue very
e 1o PR 1294y e

stabl e agaidfdtiRRAkes &g Lhe drugs. BeSqHdEMuseful in the
i MMunoassayeftendeedl iykd he, msastentulammtumeamvtmgsauﬁkuat boodisr i se:

(a) an actiye ester. group, .such &y I (b) a
nucl eus sel’er&ttgrbe ﬁ%‘ﬂ]‘ﬁ <ga‘ﬁ oth %?e l;%ar'ﬁﬁt gfébréf ap%\g)eisthaend
(c) a linkiimnahil izeéd mm@wm yRe v eused elrn dresiye iing tthléshydant oin or

barbi t urat & @é&f)&.@f@n t‘_’@eéﬁé@t{@@ "ﬁﬁ&&ﬁé‘%&ﬂv’%tﬁ%e@ AWy xndef i ned.

Mor e speci fi erred new drug hapten anal ogues ,useful in this
i nvention aﬁ“&l@%o‘s‘é %%f%*ﬁ?%@e@ol’fwse%t%{ﬁ:ﬂﬁ@‘ stable” agadnst
wher ei n hydrolysigpresents a hydantoin nucleus of the [err]

The drug hapten analogues useful in the
immunoassay provided by the present invention are those
that comprise:

(a) an active ester group, such as a
succinimidoxycarbonyl; '

(b) a nucleus selected from hydantoin or
barbiturate derivatives; and

(c) a linking chain 1inking the active ester
group to the hydantoin or barbiturate nucleus;
wherein the linking chain is as previously defined.

More specifically, the preferred new drug
hapten analogues useful in this invention are those

conforming to the structure:

0
I
o o ﬂ 0
Il _Rs_ Il L
A-RZ-C-N/ N-C-R, C-Z-R,-ZC-Ry C O- N
C
O
wherein

A represents a hydantoin nucleus of the

structure or a barbiturate nucleus of the



structure or a barbiturate nucl eus of the

-6- [err] structure Rlerr], Rerr], Rerr], Rerr], Rerr],
Rlerr], Z, m and n and the provisos related thereto are as previously
defined, and R7 is an ethyl ene or o-phenyl ene group. These new

drug hapten anal ogues react with HRP, and ot her enzynes such as GOD and
ALP, faster and nore conpletely, than prior art anal ogues, (b) form

coval ent bonds with such enzynes wi t ho®r adverse effect on enzyme. activity,
and (c) the resulting LDH ang] ogues are nore readily recognized and tightly
bound by antibodies to suéd r'ugs. Hydantoin Drug Hapten Anal ogues

Novel hydantoin drug h oguesare used in the preparation of the

| abel ed anal ogues used inltheli munoassayof this invention. The active
esters of these hydant oi n" Nvatives havi ng short |inking chains between

t he hydantoin nucl eus and tf{e active ester group were sufficiently reactive
with HRP to dyapsteraén acceptable egnzynme | abel for use with sone

i rmobi | i zed anti bodi es.. Der vatj ves, wi_th |_onger |inker, groups, (R2 plus the
bracket ed groups) of &to % é?tjdnﬁs%eﬁ/\seeﬁ%ghg'ag‘t'i \?é‘degt QPBgFgﬁp and the
hydant oi n nystewssgavee 1l sthed it o ated aze phewidusy yakde fimedbi knded
antibodi es tested. L'W%?an‘%E“éE%QfEAM“é?’&ﬁﬂﬂéd§ﬂé%e'group.

These new drug hapten analogues react with HRP, and

other enzymes such as GOD and ALP, faster and more
completely, than prior art analogues, (b) form covalent
bonds witﬁ such enzymes without adverse effect on
enzyme activity, and (c) the resulting LDH analogues
are more readily recognized and tightly bound by
.antibodies to such drugs.

Hydantoin Drug Hapten Analogues

Novel hydantoin drug hapten analoguesare used
in the preparation of the labeled analogues used in the
immunoassayof this invention. The active esters of
these hydantoin derivatives having short linking chains
between the hydantoin nucleus and the active ester
group were sufficiently reactive with HRP to prepare an
acceptable enzyme label for use with some immobilized
antibodies. Derivatives with longer linker groups (R2
plus the bracketed groups) of 8 to 20 atoms between the
active ester group and the hydantoin nucleus gave
labels that could be bound by all immobilized
antibodies tested. Linking chains in which each Z is -
NR- which with the adjacent carbonyl forms an amide
group, are particularly useful in that hydantoin
derivatives containing such chains are more resistant
to hydrolysis than chains wherein 2 is -0- or -S- so
that with the adjacent carbonyl it forms an ester
group.
Hydantoin analogue Preparatory Examples

The hydantoin analogues can be made according
to the following preparations in which phenytoin



NR- which wth the adjacent carbonyl forns an am de -group, are particularly
useful in that hydantoin derivatives containing such chains are nore
resistant to hydrolysis than chains wherein Zis -0- or -S- so that with
the adjacent carbonyl it forms an ester group. Hydantoin anal ogue

Preparatory Exanpl es The hydant oi n anal ogues can be nmade
according to the follomﬁng preparations in which phenytoin
- 7- anal ogues, a subclass of hydant0|ﬁ7conpounds are made. 1.

Prepar at i orard1duds, 5a Ssubghely loB-H{yllantoin compounds, are made.

[ 2- (3-succi ni m doxycay bonyl propi an on q_{ghyla )- _
car bonyl ] butyl } hydant ot n AE) £ 39 éﬁaggﬁ(a%QHEHYI 3-{4

5, 5- Di pheny[2-3(:5-4s1(<2cmimldoxycarbony}mqmﬂwdxamtmw@rﬁm ) butyl] -

hydant oi n. Acid Chl or| de is prepared. A
m xt ure of %a?ﬁon%f%s yﬁl tﬁ%‘?‘gt - di phenyl - -i m dazol i di nedi one (3.52 g,
0.01 nol e) th|on§¢92hlbr|cEF%EHF%ﬁﬁOﬂr@ﬁ¢§hﬁnﬁ%ﬂhqﬁﬁ#ﬁ%ﬂ&ﬁ?Q drops) and

chloroform (50 nL) was stifiy@fodfet PPIAHRBIE AHIHA iRt yd jhours. The sol vent
was renoved on a rotary evapé)rat or |n vacuo, and this product was used

directly in the next Part *Part B: The Acid Chloride is reacted
W th PaEthanOFamsmethe Acid Chlékédacid phépardd in chl oroform

(50 nmL.) was added dro r u t al am ne
(1.2 g, 0.02 nol e) an‘gwf'f&t %gl%énf)%gl é%ﬁoé;&(}ﬁb@ﬁm :55 r?eﬁ or of orm (100
m.). The m&th&#ﬂéwhbﬂlmfe@metﬁ ean](bqlormozlﬂﬁomfsl% stirred to
room t enper gl 1b £ §O7 (E'.LO thHf, Jh@—éﬂhé‘él‘x@f‘fd@%r&@ Nﬁaﬁislgcgalé’)‘ tadhp %

hydrochloric acid 82 nL), washed Wi th saturated um bj car bonat e
sol ution (19BL9E§LoHR; & ﬁoo‘%)r wdhy 3 bEee Freftfn 9 U LEMRSRAE UTS 15 ed, and
the sol vent3riepwyed omthé sOlvént eovaa@Of@ﬁ@srechhe éiﬂdtraa:tye was then

h t hed I d l, (3.0
chovi ng_oncoCaRr 80T 8 St i el Frd dlly Gt RTiffel ©

preparati onin the next Part B.
Part B: The Acid Chloride is reacted with
Ethanolamine.

The acid chloride in chloroform (50 mL) ‘was
added dropwise over 15 minutes to a mixture of '
ethanolamine (1.2 g, 0.02 mole) and triethylamine (2.4
g, 0.024 mole) in chloroform (100 mL). The mixture was
then heated to 60°C for 2 hours and stirred to room
temperature for 1 hour. The solution was then washed
with 5% hydrochloric acid (2 x 100 mL), washed with
saturated sodium bicarbonate solution (1{0 mL), dried
over anhydrous magnesium sulfate, filtered, and the
solvent removed on a rotary evaporator. The filtrate
was then chromatographed using an aluminum oxide column
to give material (3.0 g) showing one spot on TLC. This
material was used directly in the next preparation.

Step 2: preparation of 3-{4-[2-(3-Carboxy-
propionyloxy)ethylaminocarbonyllbutyl}-
5,5~diphenylhydantoin. .

) The hydroxy compound of Step 1 (3.0 g, 0.0075
mole), succinic anhydride (1.0 g, 0.01 mole), and
dimethylaminopyridine (0.9 g, 0.0075 mole) in
chloroform (100 mL) were heated at 50-60°C for 4 hours
and allowed to cool to room temperature cver the



Step 2: preparation of 3-{4-[2-(3-Carboxy-

propi onyl oxy) et hyl am nocar bonyl ) but yl } -

5, 5-di phenyl hydant oi n. The hydroxy compound of Step 1 (3.0 g,

0. 0075 nol e), succinic anhydride (1.0 g, 0.01 nole), and

di met hyl am nopyridine (0.9 g, 0.0075 nole) in chloroform (100 nm.) were
heated at 50-60[err]C for 4 hours and al Jowed to cool to roomtenperature
cver the weekend. =8-Di chl oromet hane (300 nlL) was added,
and the m gLdkgnyas washed with 5% hydrochloric aC|d sol ution (3 x 100 nL)

washed with saturated,sodiumch|orid | ution ), dr| over
anhydr ous nagnesiun19&FP$P€°m?FP?%?e§33§HﬁL}H% éééﬁ-r to give a

materi al thaktgeaeewasewaphedowifhCos hydréit:lepoﬂic meqbastalmbip@f HD 1:
g.gn51225?ﬁbh§|gﬁ?nE&éfbHﬁsPeguYi%f gthFQEé&'E&QPéﬁcﬁﬁP80¥%Qr0 [err]
solution (100 mL), dried over anhydrous magne51um

sulfate, filtered, and the solvent removed to give a
material that gave one spot on TLC.
Step 3: preparation of HD 1: 5,5-Diphenyl-3-{4-
{2~ (3-succinimidoxycarbonylpro- '
piohyloxy)ethylaminocarbonyl]butyl}—
hydantoin.

o
N (o)
Y
(@ Jamun

A mixture of the acid from Step 2 (3.0 g,
0.006 mole), N,N‘—dicyclohexylcarbodiimide (1.5 g,
0.007 mole), and N-hydroxysuccinimide (0.7 g, 0.006
mole) in chloroform (80 mL) was stirred at room
temperature for 20 hours. The mixture was filtered,
and the filtrate was- concentrated on a rotary '
evaporator in vacuo. The residue was then
chromatographed using silica to give 1.3 g (40% yield).
Anal. calc. for C30H32N409: C,'60.8; H, 5.44; N, 9.45.
Found: C 59.6; H, 5.51, N, 8.91
2. Preparation of HD 2: 5,5-Diphenyl-3-{4-[4-(3-



A mxture of the acid from Step 2 (3.0 g, 0.006 nvol e),

N, N -di cycl ohexyl carbodiimde (1.5 g, 0.007 nole), and N hydroxysucci ni m de
(0.7 g, 0.006 nole) in chloroform (80 nL) was stirred at roomtenperature
for 20 hours. The m xture was filtered, and the filtrate was concentrated
on a rotary evaporator in vacuo. The residue was then chromatographed using
silicatogive 1.3 g (40%vyield). Anal. calc. for (Jerr]Herr]Nerr]O[err]:
C, 60.8; H 5.44; N, 9.45. Found: 05'99'6 H 5.51, N, 8.91 2. Preparation

of HD 2: d5 5- E’ﬁﬂ@@Yﬁiﬁiééﬂiéﬁﬁﬁ%nylproplonﬁl)-l piperazinyl- - 9-
succi ni mi doxycar bon on !

car bonyl ] butyl } - ‘Z’aﬁg?ﬁYﬁg}Q‘b‘Pﬂiz ré'd‘f)oﬁ%“gazgfl’é?’ébedf‘.onepr eparation of

5, 5- D phenyl - 3- ($tep 1: preparat pompes £1.25 A igpheorpll 43+t 15 hydant oi n.

Part A First, 3- (4 (4 Berg%&%dfﬂﬁipg%@bonylbutyl)hydant01n

pi perazi nyl car bonyl ) butyl ]
2, 4-i mi dazol i di nediP@rgd RasF brebar: [4-(4 Benzyloggcadianytdt ori de prepared

as described in the preparg{g,@fbp{nmg.rbmpou@qr]t-%5(.&]5)}{@{3@)_ was added
dropvm se over 15 mnutes to m xt ur e, of %113/‘??0‘243 per azi necar boxyl at e

(2.4 g, 0.011 nole) and tr?e@hwlaﬁﬂ?rfél{%lfbe $HEPALELNI or of or m (50
m). This mxture wasThéiackd ctiloonde t@rged rddires aleyaxigidd iand

nycr ooh! or | ERAcPEORSTHE LR WE JFD s Rt G 1 1T 0 ot R ar ot

hydr ochl ori ¢ ac e sodi um ca onat e
sol uti on ‘(18dded) dropwhse eweh bBatnukniteels soeliamigHiwig gf nrYlon (100 m_)

dried over @nhygrpysiABORLSHKYN Stk eas9) Ui@m hdiderfth and the solvent

renoved on a o aI’X evaporator I n_ vacuo. he filtrate was then

chr onat ogr abR&8t By N/%eaﬁz o? 19: 40 0 make) y’r‘éi‘ﬁf)l"\’/ﬁﬂm%é}hé‘é@ directly
in the nextTRL&Pmixture was $aitrdd adheodt of enperhtandaneovwdrbatt A (4. 8

and dichloromethane (300 mL) was added. The mixture
was washed with 5% hydrochloric acid (2 x 100 mL),
washed with dilute sodium carbonate solution (100 mL),
washed with saturated sodium chloride solution (100
mL), dried over anhydrous magnesium sulfate solution,
filtered, and the solvent removed on a rotary
evaporator in vacuo. The filtrate was then
chromatographed to give an o0il, 4.3 g (78% yield) which
was used directly in the next step.
Part B: The protected amine of Part A (4.8

g, 0.008 mole) and 30-35% hydrcgen bromide acetic acid
solution (25 mL) was allowed ts stir at room '
temperature for 1.5 hours. This mixture was then
poured into diethyl ether (1 L), and the oil which
separated was tritrated with fresh portions of ether (3
X 1 L). The oil was dissolved in 10% aqueous sodium
hydroxide solution (pH=14) and the aqueous solution
extracted with dichloromethane (4 x 100 mL). The
combined organic solution was washed with saturated
sodium chloride solution (150 =iL), dried over anhydrous
magnesium sulfate, filtered, &ard the solvent removed in
a rotary evaporator in vacuo. The filtrate solidifies
to give a white solid (2.6 g, 77% yield). This
material was used directly in the next step.

Step 2: preparation of 3-{4-[4-(3-



g, 0.008 nole) and 30-35% hydrogen brom de acetic acid solution (25 nL) was
allowed to stir at roomtenperature for 1.5 hours. This m xture was then
poured into diethyl ether (1 L), and the oil which separated was tritrated
with fresh portions of ether (3 x 1 L). The oil was dissolved in 10%
aqueous sodi um hydr oxi de solution (pH=14) and the aqueous solution
extracted with dichloronethane (4 x 100 nmL). The conbi ned organi c sol ution
was washed with saturated sodi um chl or}®e solution (150 nL), dried over
anhydrous nmagnesi um sul f at &a fddxly ,@?),loa dythe solvent renoved in a rotary
evaporator in vacuo. The filtrate solidi zl es hg g \iﬁ g |tehsol Ild (2.6 g,
77%vyield). This material RiPaFeFdryiiraspepyribpfglisgy >siphe Step 2
preparation of 3-{4-[4-(3- 2,4-imidazolidinedione. -10-
Carboxypropionyl)-1- mixture of, tHePERARLMFLEAT RBK! KOUBYLL o31di phenyl -

2, 4-i'm dazol i di nedi one. romstep 1 above
(2.1 g, 0.085 Hol0HS5 mie@u@mdnwewm |aaéyei@1§¢ gO 940954 0n808F i n
Chl or of or M (ki) djL)s &sh MBS skl oF1LSRUT! sCheal 80 £60] B0r hnandsal | oved to

stand at anbi ent tergperature or 20 hours. chl oromet hane (150 nl) was
added, and e H&U% ARt aldaread ki ﬁtmhﬁ‘&r BERILENTC LEEPELAS X100 nL),
saturated sEyumEHardgle MildHlicadnet®@nel)(150r mey @wwer addewdr and magnesi um

| f , fil d, dth I i
To give a willh TEIES 2 FAUED by WA GOSH A Ec bt e Re noxt

st ep. Stlé}ﬂ L) pregfarctesh sedikd 2h16r3dBi phdnylios- ((400 mL) '
[4- (3-succi Rjiddp %(}%gﬂ JFAR HGnksh lfate, filtered, and
plpera2|nylcarbon utyl)-2, 4- sum su a edazé |§fﬁedlgﬂe [err]

he solvent removed on a rotary evaporator in vacuo to
give a white solid, 2.5 g (95%) which was used directly
in the next step.
Step 3: preparation of HD 2: 5,5-Diphenyl-3-{4-
[4- (3-succinimidoxycarbonylpropionyl)-1-
piperazinylcarbonyl]lbutyl}-2,4-
imidazolidinedione.

O
——o0
o N;>

0

A
N
I
0=

A mixture of the acid from step 2 (1.56 g,
0.003 mole), N,N'-dicyclohexylcarbodiimide (0.€¢4 g,
0.003 mole), and N-hydroxysuccinimide (0.36 g, 0.003

mole) in chloroform (40 mL) was stirred at rocm

o



A mxture of the acid fromstep 2 (1.56 g, 0.003 nole),

N, N - di cycl ohexyl carbodii m de (0.64 g, 0.003 nole), and

‘N- hydr oxysucci ni mide (0.36 g, 0.003 nole) in chloroform (40 nL) was stirred
at room tenperature over the weekend. The m xture was filtered
and the solvent renmoved fromthe filtrate on a rotary evaporator in vacuo
to give 1.9 g (100% yield). The solid was chronatographed, and the product
fraction was di ssolved in dichl oronetBane (200 nL), washed with dilute

sodi um car bpsabEr §Oh Hé | e £ 2t e Wilkkwdnd . drTiesl miseuren ady U tagiesi um
Whi to sol | UMl Ehe RoLKeRh et epted it set che FLiti SR FIREAST (5 g Ve
5, 5- Di phenyév8pédat 6x (8r saceo niorn gliowy chy Homy [ 10 Gpiledd)do) hey/| ami no-
Sorore TP ebeblande! ORI S he By PLRA L, o
di phenyl - 2, disapYwed| idi Abehbpeomethane (209 ML) prvepHied iviEof 3- [ 4- (6-
Benzyl oxycagbenybagbaohRxyhapbRcar §8Mytion (2 x 100 mL), dried

over anhydrous magnesium sulfate, filtered, and the

solvent removed on a rotary evaporator to give a white

solid which gives one épot on TLC.

3. Preparation of HD 3, 5,5-Diphenyl-3-{4-{6-(3-

succinimidoxycarbonylpropionamido)hexylamino-

carbonyl]butyl}—z,4—imidazolidinediohe.

Step 1: preparation of 3-[4-(6- _
Aminohexylaminocarbonyl)butyl])-5,5-
diphenyl-2,4-imidazolidinedione.

Part A: preparation of 3-[4-(6-
Benzyloxycarbonylaminohexylaminocarbonyl
)butyl]-5,5~-diphenyl-2, 4-
imidazolidinedione.

The acid chloride prepared as an intermediate
in the preparation of HD 1 was treated with N-benzyl-
oxycarbonyl-1, 6-hexanediamine by the procedures
described in step 1 in the preparation of HD 2, to give
7.5 g, 85% yield, of the protected amine.

Part B: The protected amine of Part A was
treated with hydrobromic acid-acetic
acid by the procedures of .Step 1, Part B
in the preparation of HD 2, to give the
free amine which was used in step 3
without purification.

Step 3: preparation of 3-{4-(6-(3-Carboxy-

' propionamido) hexylaminocarbonyl]lbutyl) -
5,5~-diphenyl-2,4-imidazolidinedione.

This compound was prepared using the same
procedures as step 2 of the HD 2 preparation.

Step 4: preparatibn of HD 3: 5,5-Diphenyl-3-{4-
[6-(3-succinimidoxycarbonyl-
propionamido) hexylaminocarbonyl]butyl}-



) butyl]-5, 5-di phenyl -2, 4- i m dazol i di nedi one. The
acid chloride prepared as an internediate in the preparation of HD 1 was

-treated with N-benzyl- oxycarbonyl -1, 6- hexanedi am ne by the procedures

described in step 1 in the preparation of HD 2, to give 7.5 g, 85%yield,

of the protected am ne. Part B: The protected am ne of Part A was
treated with hydrobrom c aci d-acetic acid by the procedures
of-Step 1, Part B intife preparation of HD 2, to give the
free am ne which was usedin-sh@Ba3olidinedione. wi t hout purification.

Step 3: preparation of 3-{4-[6-(3-Carboxy-
pr opi onam do) hexytzamsyocar bonyl | but yl ) -

5, 5-di phenyl - 2, 4- zol i di nedi one. Thi s conmpound was prepared
usi ng the sanme prosetiures as step 2 of the HD 2 preparation. Step 4:
preparation g - Di phenyl - 3-{4-
[ 6- (3-succi @ rH nyl -
pr opi onam do)Mex i nocay bonyl ] butyl }-
-12- L 4-i mydazol'i di nedione. [err]
0 N
0 NH
NH 0
0 0

This material was prepared using the
procedures of step 3 in the preparation of HD 2 to give
2.6 g (80% yield), mpt 133-134°C. Anal. Calc. for
C34H41Ns0g: C, 63.05; H, 6.38; N. 10.81. Found: C,
62.91; H, 6.41; N, 10.69.

Barbiturate Drug Analogues

The following preparatory examples 4 to 8
illustrate the preparation of novel barbiturate drug
hapten analogues for phenobarbital. The analogues are
generally prepared by (1) condensing a barbiturate
derivative such, as phenobarbital, with an omega-
haloalkanecarboxylate ester, (2) saponifying tle ester

- to the corresponding acid, (3) conversion of the acid
to the corresponding acid chloride and (4) condensation
of the acid chloride with N-hydroxysuccinimide, or to

further lengthen the linking chain, with'a diamine,



This.material was prepared using the procedures of step 3 in the
preparation of HD 2 to give 2.6 g (80% yield), npt 133-134[err]C. Anal.
Calc. for (Jerr]Herr]Nerr]O[err]: C 63.05 H 6.38;, N 10.81. Found: C,
62.91; H, 6.41; N, 10.69. Barbiturate Drug Anal ogues The '
followi ng preparatory exanples 4 to 8 illustrate the preparation of novel
bar bi turate drug hapten anal ogues for ghenobarbital. The anal ogues are
generally prepared by (1) condensi ng a”barbiturate derivative such, as
phenobar bi tadol ¢ h anineEDechdrl ratiranerrr e wWhat %rrasieero,r (2) saponifying

t he ester tl%épgx O‘éﬁ?‘?ﬁgﬁig& %’4)(53(?8 Melels\'] er5| o n@%tg%' d to the

correspondi ensa e aci-d°Chl oride with
N- hydr oxysuticini & dicavpoxyl feratia Stmigt&%rsudmﬂhmmqigi.cmm with a
diam ne,  then condensatlon w1th the N-hydroxysticcif@mide ¢@m noal cohotl

havi ng one of the am ne or roxy groups bl ocked, (5) debl ocki ng,
condensat | JF APPRE at H?C%Pﬁbﬁ%w?c aci d such as succinic acid, and then
condensation with thelN 8gsfpeysuced mmd&lsiatwmduaﬂl tdlexaalfal ogue.

ani noal condi LOSsEE RERTERSE natol o ol B cul h8e or “tai ce more 1o
further | enpbeherhdibchddi agn chei repeddws) amce e davigce more to
further lengthen the linking chain. However, the same
can be accomplished with fewer steps by using longer
chained diacids, diols, diamines, amino alcohols, or
‘haloalkanecarboxylate esters.

4, Preparation of PB 1: 5-Ethyl-5-phenyl-1-{4-[4-(3-
Succinimidoxycarbonylpropionyl)-l-piperazinyl-
carbonyl}butyl}-2,4,6(IH,3H,5H)pyrimidinetrione
Step 1: Preparation of S-ethyl-6-hydroxy-3-(4-

methoxycarbonylbutyl)-5-phenyl-
2,4 (3H,5H) -pyrimidinedione
A mixture of phenobarbital (46.5 g, 0.2 mole)
and tetrabutylammonium hydroxide (500 mL, 0.2 mole of
0.4M in water) in dichloromethane (500mL) was prepared

and to it was added methyl S5-bromovalerate (39.0 g, 0.2

mole). The reaction mixture was stirred vigorously

overnight (20 hrs). To this mixture was added
saturated sodium chloride soluticn (100 mL), the
organic layer was separated, and the aqueous solution
was washed with dichloromethane (2 x 100 mL). The
combined organic solution was washed with saturated
sodium chloride solution (100mL), dried over anhydrous

MgSO4, filtered, and the solvent removed.

Step 2: Preparation of 3-(4-Carboxybutyl)-5-
ethyl-6-hydroxy-5-phenyl~2, 4 (3H, 5H) -
pyrimidinedione

The 5—éthyl—6—hydroxy—3—(4—methoxy-
carbonylbutyl)-5-phenyl-2, 4 (3H, 5H) -pyrimidinedione

ester (54.0 g, 0.156 mole) of step 1 in dioxane (500

mL) , concentrated hydrochloric acid (55 mL), and water



can be acconplished with fewer steps by using |onger chained diacids,
diols, diam nes, am no al cohols, or hal oal kanecarboxyl ate esters. 4.
Preparation of PB 1. 5-Ethyl-5-phenyl-1-(4-[4-(3-

Succi ni m doxycar bonyl propi onyl ) - 1- pi per azi nyl -

carbonyl ] butyl)-2,4,6(1H, 3H 5H) pyri mdinetrione Step 1: Preparation
of 5-ethyl -6-hydroxy- 3-(4- nmet hoxycar bonyl but yl ) - 5- phenyl -
2, 4(3H, 5H) - pyri m di nedi one ~Adii xture of phenobarbital (46.5 g,

0.2 nol e) amtﬂrmm@éﬁmlmfwrmumwmmnwaz malom of 0.4Min
water) in dlchloronethane 500mL) re ared nd. ded net hyl
5- br oroval er STRe¥ 3 E° ° ?)é'}l%rr E)ﬂ?el'h(g ’g ¢ |wo‘-’{r31~L> m )&'} urél %?e?[jl rred

vi gor-ously m@mm@hprégﬁums)and’osattwlsamd(tsmbiunaﬂdm@esat urat ed sodi um

chlori de Soéétﬁhe{'ox(\ 1?956'11)i %I Ch*&r&@é’tﬁ{aﬂ@s(mﬂf%t &breand the

aqueous sol ut1on was or onet hane ., The
conbi ned or@dded %@Iﬁbﬁoﬁeﬁbguﬂasﬁ%% QF%%“%%I%#%ﬁﬁuf%ﬁxﬁQRﬂ i de

sol uti gn (1998Lihedégﬁéo@§e§o§ﬁb.vdﬁ0H§s l\@ﬁa@éﬂéd Widh ered, and the sol vent
renove

ol 6 hy sy TeERRERAnG. 4Pak bof mEl . Sihd CHBROPRMAE i e

The 5- ethylsSlbyﬂonsywaré4wanhédxy1thasbonyatmm)6gd1dmpﬂh&qMLde 4 (3H, 5H)

-pyrim di nedboneigat €20054LY, 9drQed56vap! enhpdrsiLMgisoy) di oxane (500 mi),
concentrated hydrochloric aci d i55 m.), and water

-14- (55 nLfikberpdat endatheepplixentr rgmaved anfe Athe de kMR erat ur e
overni ght. Zhgedi axéﬁﬁymﬁétheﬂfovsﬂdueﬂérmiﬁ@luﬁ@dw:pé sIdded @nca sat ur at ed

~sodium chl oride solution ( d dichl oroneth 4 re added
to the re5|568ez?ﬁea8rgéﬁ|ccl8?8% &ﬁg g@ﬁg?a?edan?fgbﬁélé%idﬁ?%ﬂiesolutlon
was extracted wi shegi Gkl or prephzaeibd »f156 (Atyhldhecadndnylked or gani c

o e e e e msoptRY ) 25edeRGTLSILRBRIT LSS S, 5, 40 ML)

pyrimidinetrione
A mixture of the acid (6.6 g, 0.2 mole) from
preparation 2, thionyl chloride (50 mL), N,Ndimethyl-
formamide (2 drops), and chloroform (80 mL) was stirred
at room temperature for 1.5 hrs. The solvent was
removed on a rotary evaporator in vacuo, and this
product was used directly in the next step 4.

Step 4: Preparation of 1-[4-(4-Benzyloxy-
carbonyl-l-piperazinylcarbonyl)butyl]-5-
ethyl-5-phenyl-2,4, 6 (1H, 3H, 5H) -
pyrimidinetrione

The acid chloride of step 3 (0.2 mole) in
chloroform (75 mL) was added dropwise over 15 minutes
to a mixture of benzyl l-piperazinecarboxylate (6.0 g,
0.030 mole) and triethylamine (4.0 g, 0.04 mole) in

. chloroform (100 mL). This mixture was stirred at room
temperature for 20 hrs, and dichloromethane was then
added (300 mL). The mixture was washed with 10%
hydrochloric acid solution (3 x 100 mL), washed with
saturated sodium chloride solution (100 mL), dried cver
anhydrous magnesium sulfate, filtered, and the solvent
removed. The residue was then chromatographed cn SiOj
to give a solid. |

Step 5: Preparation of 5-Ethyl-5-phenyl-1-{4-(1-



filtered, and the solvent renoved. To the residue was added diethyl ether,
and the m xture was placed in a freezer at -16 [err] C over the weekend, and
then filtered. Step 3: Preparation of 1-(4- chlorocarbonyl
butyl)-5-ethyl -5-phenyl -2, 4, 6( 1H, 3H, 5H) - pyrim di netrione

A m xture of the acid (6. 6 g, 0.2 nole) frompreparation 2, thionyl
chloride (50 nL), N, Ndinethyl- formam de (2 drops), and chloroforn1(80 m)
was stirred at roomtenperature for t1%5-hrs. The sol vent was renoved on a

rotary evaporator in vacuo iggga;bh§1ég55gﬁ§ly@§typpmhcur@mtly in the next
step 4. Step 4: Preparati on of

| ox
carbonyl-l-plpera2|nyIcarbéh§+§5u§§]?Y51$1d1“etr1°Xé H}hﬁﬁ?ﬁﬁm%gimenyl
4, 6 (1H, 3H, 5H) - The protected amima1ﬂt6mnprépmxatlon 4 (6.%he acid

chl ori de of stépﬂg theengﬁénéglgggoh £7§E 2d¥%§?59€§q39E9p“‘se over

15 minutes £6 AR RO 0. 030
nol e) and tspéuhybani(Ae @) Owys @lOQWQ®I@9 s$thichaorodemm (100 nl) . This

m xture V"astéhgéEﬁgui‘E FQeM L STREE At ¥RE E\pﬂzt@Pe hpss @ieh dhsht&d omet hane was
t hen added he m xture was washed with 10@6hg+}och ric acid

sol ution (SQEtQOGtgﬁ} aggtabs WPth safbibred 598 infenl uti on (100
m.), dried awar thehydiouswaspgeaswibhssbd ahe, efhyl esestavad t he sol vent

e e i
-15- ~ piperaganpbsapbopibhpll ylipLpdrézinyl-
(1H, 3H, 5H)pyr|n1d|netr|oneggygFggi?nggb}3g/§%h%l gyﬁeﬁ§91ected am ne from_

preparation 4 (6.5 g, .0.01 rogen brom de-acetic acid
solution (30 mL) was al |l onéd4e 8¢ 57?HaﬁﬂfDBH¥%@h9bF§FE%%n?or 1.5 hrs. The

m xture was then pour&ﬁelahQnétBrlsaé tatea(8 g) osbirmedefpr 1 hr,
Popsr o TR QLTS Bt ghgte e e
triethylamine (2.2 g, 0.02 mole) in chloroform (150 mL)
were heated for 30 min at 50-60 ©C (hot water) and
allowed to stir at ambient temperature for 16 hrs.
Dichloromethane (200 mL) was added, the mixture was
washed with 10% hydrochloric acid solution (3 x 100
mL) . saturated sodium chloride solution (100 mL), dried
over anhydrous magnesium sulfate, filtered, and the
solvent removed on a rotary evaporator in vacuo to give

a white solid, 3.3 g (66%). This material was
chromatographed using a Si0Ojp column to give a white

solid.

Step 7: Preparation of S5-Ethyl-5-phenyl-1-{4-[4-
(3-Succinimidoxycarbonylpropionyl)-1-
piperazinylcarbonyl)butyl}-
2,4,6(1H, 3H,5H)pyrimidinetrione



Car boxypr opi onyl ) - 1- pi per azi nyl - car bonyl

but yl } - 5- et hyl - 5phenyl - 2,4,6(1H 3H, 5H) - pyri m di netrione

The amine of step 5 (4.8 g, 0.01 nole), succinic anhydride (1.2 g, 0.012
nole), and triethylamne (2.2 g, 0.02 nole) in chloroform (150 nmL) were
heated for 30 mn at 50-60 [err]C (hot water) and allowed to stir at

anbi ent tenperature for 16 hrs. Dichl oronethane (200 nl) was added, the

m xture was washed with 10% hydrochl or¥& acid solution (3 x 100 m).
saturated sodiumchloride golution (10 nlL), dried over anhydrous magnesi um
sulfate, filtered, and the®sol vent repov GM) a rotary evaporator in vacuo

to give a white solud(\%rﬁlg/kﬁggéxN mat eri al was chromat ogr aphed usi ng
a Si2 colum to give a ite solid Preparati on of

5- Et hyl - 5- pheny1-1 -

(3- Succi ni m doxy®
pi per azi nyl car bonyl
-16- [err]

g, 0.007 nmole), N,

V.
onyIpropionyI?-l-NH
butyl }- 2,4,6(1H, 3H, 5H) pyri m di netri one

A mxture of the acid fromstep 6 (3.4
-di cycl ohexyl carbodiim de (1.6 g,

A mixture of the acid from step ¢ (3.4 g,
0.007 mole), N,N'-dicyclohexylcarbodiimide (1.6 g,
0.008 mole), and N-hydroxysuccinimide (1.0 g, 0.008
mole) in chloroform (75 mL) was stirred at room
temperature for 20 hrs. The mixture was filtered, and
ethyl acetate (100 mL) was added. The organic solution
was washed with water (2 x 100 mL), saturated sodium
chloride solution (50 mL), dried over anhydrous
magnesium sulfate, filtered, and the solvent removed on
a rotary evaporator under vacuo. A portion of the solid
was chromatographed to give a white solid. |

5. Preparation of PB 2, 5-Ethyl-5-phenyl-2-(4-
succinimidoxycarbonylbutyl)-2,4,6 (1H, 3H, SH)pyrimidine-
trione

/0
(o] o] CH,
N O)W
-\ N
\ S
O /LNH 0

o

, This material was prepared using the
procedure of step 7, preparatory example 4 except
starting with the acid of step 2. The material
crystallizes from ethyl ether/ethyl acetate (1:1) to
give a white solid.



0.008 nol e), and N-hydroxysuccinimde (1.0 g, 0.008 nole) in chloroform (75
m.) was stirred at roomtenperature for 20 hrs. The m xture was filtered,
and ethyl acetate (100 nL) was added. The organic solution was washed with
water (2 x 100 nlL), saturated sodiumchloride solution (50 nL), dried over
anhydrous negnesium sul fate, filtered, and the solvent renpved on a rotary
evapor at or under vacuo. A portion of the solid was chromat ographed to give
a white solid. 5. Preparation of!PB 2, 5-Ethyl-5-phenyl -2-(4-
succininidoxycarbonylbutyl) 2,4,6(1H, 3H, SFDpyr|n1d|ne- trione [err]

e S YA SRl U5 B e PERGHUCE L .5ie8- 4 fasnacatory
crystallizes fr@mcaﬂmﬂmnﬂdxydaﬁﬁmﬂyL@G@@&D@YGDXY)ethéBWénacﬂﬁrte sol i d.
6. Prepar ati on orﬁ'IEI ut@lﬁuﬁyu %(ﬁhriie%l '5|H) {—ﬁy[rgm(l.élgetrlllone

succi ni m doxycar propi‘onyl“dxy) i nocar -
butyl }- 2, 4, 6(1HS§HF5H) pyﬁqﬁnﬁﬁﬁﬁHQWnﬂf S-Etgydplr(4- ﬁ?eparatlon of

5-Ethyl -1 - (4- (2- h droméi:rr@wm&c&rfb@mjanbmayll)]bust-yl] 5-

ey 2.5 P O 5 by R 08 g T e P epar s

hydr oxyet hyl anm ne i n Qlisxenaxfertited berezyrepared as outlxned_ln
step 4 of preparatory example 4 except using 2-
hydroxyethylamine in place of the benzyl 1-
piperazinecarboxylate.

Step 2: Preparation of 1-{4-[2-(3-Carboxy-
propionyloxy)ethylaminocarbonyl] butyl}-
5-ethyl-5-phenyl-2,4, 6(1H, 3H, 5H) -
pyrimidinetrione

A mixture of the product from step 1 (2.9 g,
0.007 mole), succinic anhydride (0.7 g, 0.007 mole),
and dimethylaminopyridine (0.9 g, 0.007 mole) in
chloroform (100 mL) was heated with hot water (50-60
OC) for 30 min and then stirred at room tempefature for
3 days. Dichloromethane (300 mL) was added, and the
mixture was washed with 10% hydrochloric acid solution
(2 x 100 mL), washed with saturated sodium chloride
solution (100 mL), dried over anhydrous magnesium
sulfate, filtered, and solvent removed to give an oil
which was used directly in the next step.

Step 3: Preparation of PB 3, S5-Ethyl-5-phenyl-1-
{4-(2- (3-succinimidoxycarbonyl~- )
propionyloxy)ethylaminocarbonyl]butyl) -
2,4,6(1H, 34, 5H) -pyrimidinetrione

o=

This material was prepared using the

procedure outlined in step 7 of preparatory erample 4



pi per azi necar boxyl at e. Step 2: Preparation of 1-{4-[2-(3-Carboxy-
pr opi onyl oxy) et hyl am nocar bonyl ] butyl)- .

5- et hyl - 5- phenyl -2, 4, 6(| H, 3H, 5H) - pyri m di netrione

A m xture of the product fromstep 1 (2.9 g, 0.007 nole), succinic
anhydride (0.7 g, 0.007 nole), and dinmethyl am nopyridine (0.9 g, 0.007
nole) in chloroform (100 nm.) was heated with hot water (50-60 [err]C for
30 min and then stirred at roomtenpelddture for 3 days. Dichl oromnet hane

(300 ) waseaddedg @oeht PRe MaXidr & V@Sepyes el vhid e ochl oric acid
solution (2 x 100 mL.), washed with saturated sodiumchloride solution (100

m.), dried over anhydrous magnesiumsulfate, filtered, and sol vent renoved
to give an il whirepavasiosedfdPBed) | yS+Ethhne-Sreptiersgepl~{4-[3-5tFp 3:
Preparation of P . D3 - b= N . Ae
2_(3_succininidog?gg%§6ﬁ§$¥ky§apggﬂylp}oplonamldo)pfo?y}émln?

propi onyl oxy) et hgpakPRBE dbbeny | Budy$J1H, 3H, SH) ~pyrimidinetrione .
2,4,6(1H, 3H, 5H) - gyepmi di neprégaLat 86hlof 1-[4-(3-BenzylodPts material was
prepared using the procedure outlined in step 7, of gre arﬁior%¥efanple 4
starting with the acid of §?§B°Qyﬁ?mfﬂ?@r%&%ﬁﬁmbﬂoc soony BRI LT o0 of PB
4, 5-Ethyl-5-phenyl -1-{4-p3etByl-5-phenyl-2,4, 6(1H, 3H, 5H) -

succi ni m doxycar bonyl propi gpnam d I no-

carbonyl ] butyl}-2,4,6(1H, 3 ,ng}g%$%§$%+ﬁ€grione Step 1: Preparation
of 1-(4-(3-Benzy|oxyThis material was prepared using the

car bonyl am ppgraRYLa"hbiee2hBaNYH) BEEY! b; preparatory example 4,
except substituting N-benzyloxycarbonyl-1,3-
propanediamine for the benzyl 1l-piperazinecarboxylate,
and the crude material was used in the next step.

Step 2: Preparation of 1-[4- (3-Aminopropyl-
aminocarbonyl)butyl]-5-ethyl-5-phenyl-
2,4,6(1H, 3H, SH) -pyrimidinetrione
Hydrobromide

This material was prepared as in step 5,
preparatory example 4 (except starting with the amide
of step 1 of this example to give an o0il when poured
into ethyl ether.

Step 3: Preparation of 1-{4-[3-(3-Carboxy-
propionamido) propylaminocarbonyl]butyl) -
5~-Ethyl-5-phenyl-2,4, 6 (1H, 3H, 5H) -
pyrimidinetrione

This material was prepared by the procedure
of step 6, preparatory example 4, except starting with
the amine from step 2 of this example to give the acid.

Step 4: Prepafation of PB 4, 5-Ethyl-5-phenyl-1-
{4-[3-(3-succinimidoxycarbonylpro-
pionamido) ~propylaminocarbonyl]butyl}-
2,4,6(1H,3H,5H) -pyrimidinetrione



5-et hyl - 5- phenyl -2, 4, 6( 1H, 3H, 5H) - pyrim di netrione

This material was prepared using the procedure outlined in step 4,
preparatory exanple 4, except substituting N benzyl oxycarbonyl -1, 3-
propanedi am ne for the benzyl 1-piperazi necarboxylate, and the crude
material was used in the next step. Step 2: Preparation of

1-[4- (3- Am nopropyl - ' gqbgocarbonyl)butylI-5-ethy|-5-pheny|-
2,4,6(1H, 3H, 5H) - pyri m di netri one Hydr obr om de Thi s
material was prepared as in step 5, preparatory exanple 4 gexcept starting

with the amde ,6f step 1 ofl this exanpl§ to give an @il el poured into
et hyl ether. ¥ ep-3: Pr ear s on-qf v
pr opi onam do_p yl noCar beyy| ] but yNH-

he -2 1%& A

.
5-Et hyl -5-p | -2, 4, 6( 1H, 3H, 5H) - | i ,netri one
This materi al yas pr pared by the procedure of ser ¥H ppeparatory exanpl e
4, except starting with the amne fromstep 2 of this exanple to give the
aci d. Step 4: reparati f 4 - ylz5- | -1 -
{4-[ 3- (3- succi ni ni dongéa oaeeral W58 frepaRld¥is g ey
pi onam do) - propgdarne notasbepyl} bupyeparatory example 4 except
2’4’GQEH’3#5?5QEPM§'nghn€Bé'Q@?d,of step’ 3 of this example. -19- [err]
Thi's material was prepared using the procedure of step 7, preparatory
exanple 4 except starting with the acid of step 3 of this exanple.

8. Preparation of PB 5, 5-Ethyl-5-phenyl-1-{4-[6-(3-

succinimidoxycarbonylpropionamido) -
hexylaminocarbonyl]lbutyl}-2,4, 6 (1H, 3H, 5H) -

pyrimidinetrione
0 .
0 0 OJ\NH 0

This compound was prepared by the sequence of
reactions of preparation example 7 except substituting
N-benzyloxycarbonyl-1, 6-hexanediamine for the
benzyloxycarbonyl-1,3 propanediamine in step 1, and the
respective reaction products thereafter in steps 2, 3,
and 4 of preparation example 7.

Labeled Drug Hapten Analogues

We have prepared new labeled d:ug hapten
analogues of the above prepared barbiturate and
hydantoin analogues which are useful in competitive
immunoassays for barbiturates and hydantoin drugs,
particularly phenobarbital and phenytoin. The labels
are those commonly used in immunoassays having an amine
or sulfhydryl group commonly used with aralytes or -
analyte analogs in competitive immunoassays such as
enzymes, visible dyes, leuco dyes, fluorescent dyes, -
radiocactive maperialé, and so forth.

Useful labels are enzymes such as alkaline



8. Preparation of PB 5, 5-Ethyl-5-phenyl-1-(4-[6-(3-

succi ni m doxycar bonyl pr opi onam do) -

hexyl am nocar bonyl ] butyl)-2, 4, 6(1H, 3H, 5H) - pyrimdinetrione [err]

Thi s conmpound was prepared by the sequence of reactions of preparation
exanpl e 7 except substituting N benzyl oxycarbonyl-1, 6-hexanedi am ne for the
benzyl oxycar bonyl -1, 3 propanediam ne in step 1, and the respective reaction
products thereafter in steps 2, 3, and0r of preparation exanple 7. Label ed

Drug Hapten;:ﬂaebﬁaua%e (ALP), ¥Yeubave pxepased(ceny |abel ed drug hapten

anal ogues of the ahov repar,ed bar rate and hydant oi n anal ogues whi ch
are useful Mm% 38§6§fﬁﬁlggrgﬁﬁﬁﬁﬁﬁségbéyfor bar bi t urates and hydant oi n

drugs, part|cularly pﬂhﬂobabbﬂealdanq phphqnoanaIOQW&slabels are those
o ¥ 15 B bl LLlTWAARS 32KS " BYLAGSANCBRbAES Ohg SUL TWEUDE G D COMTON! ¥

used with a tes or analyte a ogs in et noassays such as
enzynes, VISIb|e dyesl)leu§§n§?§§lngléoié@%bnﬁaﬂy%% a g Rerh il ¢at eri al s,

and so fortBroup thereoHS%heh babshSaa&ﬁeeaﬁygaﬁfﬁt@ ESgLCaid; ? W i ne |
orser |1 S perOXI ase

- 20- phosphata%e %AL&) ose, ox| dase g % g
(). i8 s B4 d B RAPBEAt&nar oBSan S e (e ef with a new
process comnmpepsienganhhdoguepdestribed supra. 1Erefemmb&y|tmpa.label havi ng a

e eoP | SpiRRLNEhaO0nBUTiBs, 205201 BE0Ried A Y haler 0P, Wi th an

excess of a arbrturat
miscible organic solvent such as N,N-dimethylformamide,

dimethyl sulfoxide (DMSQO) or mixture of solvent and
water (buffered) before mixing together; and

2) removing the unused active ester and
condensation by-products, preferably by dialysis.

The examples provided hereinafter illustrate
the preparation of the new labeled analogues of this
invention. The labeled analogues were prepared using
phenytoin and phenobarbital drug hapten analogues.
Labeled Hydantoin Analogues
1. Preparation of an Amine Enriched HRP labeled

hydantoin HD 1 (containing an extended linker,
label AHRP-HD 1, Label A).

HD 1 was dissolved in 1.452 mL dry DMF
containing 10 mM 4'-hydroxyacetanilide (DMF 4'-HA).

Amine-enriched HRP was prepared as described
in EP-A-0 462 '669. Briefly, dry HRP was dissolved in
0.1 M MES buffer, pH 5.5, to achieve a final
concentration of 2.5 x 10-6 mol (100 mg) in 10 mL of

buffer (MES = 2-(N-morpholino)ethanesulfonic acid). The
protein concentration was determined by A403 '

measurement using the conversion factor A403 1 mg/mL =
2.24. The HRP solution was combined with 1.5 x 10-~3
mol (275 mg) of L-lysine monohydrochloride dissolved ih
10 mL of 0.1 M MES buffer at pH 5.5. A solution of
freshly prepared l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDC, 5
'x 104 mol, 960 mL) in MES buffer was added. The



hapt en anal ogue descri bed supra. Preferably the anal ogues and the | abel are
di ssolved in a water m scible organic solvent such as
N, N- di et hyl f or mam de, di methyl sul foxide (DVMSO or m xture of solvent and

wat er (buffered) before m xing together; and 2) removi ng the
unused active ester and condensation by-products, preferably by dialysis.
The exanpl es provided hereinafter illustrate the preparation of the new

| abel ed anal ogues of this i nvention. “#A& | abel ed anal ogues were prepared

Zsi lng pheml/&@hﬂa@ﬁdrphsgo@aplbéa%n&rmmmmmmmwxodﬂabel ed Hydantoin
nal ogues 1. r

Preparatign of an Am ne_ Enrj ched HRP |.abel : hydant oi n
Do S APREFERCES T chiR Tk Een Va4 e d Fad ilibY Fiog y YOE !
HD 1 was diM@BSvl_ad_fferlaﬂSﬁHnL@irw []VFatcoIﬁ%G)n@ ndrhied mlysis _
4'-hydroxyagg%ggEL?%goéﬁggbéééﬁfq MoPS = 3- (MR -ﬁgﬁﬂéﬂyﬂj HRP was prepared

as described I'n ¢ ¢ Brierly, dry HRP was ssolved in 0.1 M
MES buf f er , PpPP8ngsui fonthi @geda final concentration of 2.5 x 10[err] nol

(T%OO ng% in 10 ni ?f byiéﬁrtél\f%aﬁqxéj\laagéleér@&tﬂwmuité-oni c atcihd)-

e protein concentration was determn V. sur.enent. usi.ng the
conver si on ?ﬁEfSPeQABéP1wﬁﬁ/ﬂ{g9@%9%%uF}q%émﬁﬁg%§gﬁﬁ?idﬂﬂﬁbéL o&gined Wi th
1.5 x 10[ erEpPavDbufReb, npii &f 0 L - b ysnege3dphdhwiNwic h{romidaldi ssol ved in 10 nlL

of 0.1 M ) S i | Vs SR et hyl - 3- ( 3-
di net hyl aﬁ%‘g%%?%f 2&&?8@&% %’E‘IQ‘ h%%fcﬁ{] o%”££%3 i 101%?3?0 . 960 nl)
in MES buf fettrafilbges. THelis sample was then diluted to obtain a p1.

cont ai ner v8§1GeRBRGwARH &1 Kefla DVEsRE &t r & i 608 LIRTRRY /AU €. The reaction
i alysi s buffor was cRaRgaBiax Shepened SR LRG| (hapToriBhnestl foni o
aci d. combifRedowitb SeQcplonf a Lanmi esofuttivn afi ie— enri ched HRP was
excnanged o MY 2.ULARY 1 LDt QTQd}TM‘EFP’fS?%ﬁFW@“ i ng 30, 000
NMAL (nom naf nolecdlar Wweight Iimt cuto ntricells centrifuga
with vortex mixing and was then placed in a 42°C water
bath. An HD 1 solution prepared by dissolving 21 mg of
HD 1 in 1.452 mL of dry DMF 4'-HA solution (500 ML) was
added dropwise to the AHRP with vortex mixing so that
the molar ratio of phenytoin/HRP was 50/1. The
reaction was incubated for 1 hour in a 42°C water bath
with gentle shaking.
The reaction was placed in Spectrapor #2
dialysis tubing along with an additional 0.5 mL of DMF
4'-HA/0.1 M EPPS (1l:1) used to rinse the reaction
container.
The reaction mixture was dialyzed as follows:
a) 1 L DMF 4'-HA/0.1 M EPPS. pH 8.0, (1:1)
at 42°C for 1 hr;
b) Dialysis condition a) was repeated once;
c) 2L 0.1 M EPPS, pH 8.0, containing 0.1%
BSA at 8°C for 15 hrs
d) 2 L of 0.1 M EPPS, pH 8.0, at 8°C for 3
hours; '
e) 3 L of 0.04 M tristhydroxymethyl) -
aminomethane hydrochloride (Tris HC1)/0.15 M NaCl, PH
7.5, at 8°C for 3 hours; and
f) Dialysis condition e) was repeated once
for 3 hrs;



ultrafilters. This sanple was then diluted to obtain a solution with a
final concentration of 10 ny/ni. The am ne-enriched HRP (AHRP) (1
m.) was conmbined with 500 [err]L of a 10 nmM sol ution of 4'-

hydr oxyacetanilide in dinethylformam de (DVF 4'-HA) with vortex m xi ng and
was then placed in a 42[err]C water bath. An HD 1 solution prepared by
dissolving 21 ng of HD 1 in 1.452 nL of dry DWF 4'-HA solution (500 [err]L)
was added dropwi se to the AHRP with VoL ex m xing so that the nolar ratio
of phenytoi n/ HRP was B6l1lowihe dEarys g, was dthiclmaieddoraddédowoin a .
42[err] C wat ek, bath with gentl e, shaking. _ he reagtion, was pl aced
in Spectrap ré%g ‘afa?ygfgg?ﬁﬁ?ﬁbv% o?n'bgv&kﬁ Ag‘??adi&% ;51 i a%'qsre%_ of DMF
4'-HA/ 0.1 MrePPHg¢tatipdused to rinse the reaction container. The
reaction m xture Lakyzedeas, f e '-HA/0. 1
M EPPS. pH 80 "??_ﬁi? ‘lig% Xﬁzﬁgréﬁ‘cﬂ#'%’?g\?‘g%ﬁ‘:hed_ﬁkp aﬂ)a%i%]e&quﬂl: A
condition a) was (FepeaiBdngnes; extended linker wigh mn apigspdorgly 8. 0,
cont ai ni ng 0. 1% B§heat aABRer-aDC2f 01,2881 M8 S, d . 2L of 0.1 MEPPS,
"pH 8.0, at 8[err]Cfo

3.,h S; , € 3. L of, 0,04
tris(hydroxynet hyl)- b ﬁoﬁ%hén’&ghyﬁ?%c%%f)ﬁ]d’ee‘fﬁ’i slrﬁé)’) /"yl. H¥ NaC, PH
7.5, at- 8C PMF 8ohoaidlsingndi0 mM 4'-hydréiyadatdryisl isie o(BMR | O'-HA) was
repeat ed once for 3 hgs; : : - 22-
Fol | ow ng di al ysi s, nérFﬁ%BFé?% %SA%%%eﬁlq.om?{"&Z%lasmLa lpr} eos'elr \%ﬁti ve, and
t he AHRP- HCEBPGaspHt 8r 88, r ekepacedt @8, doscriligabpiy ahakel of an Ani ne

Enri ched HRPréphehedryHPxdmple 1{ CRES atombithed wdresiagl (il iemms th an
am de bond, Iaber AHRP- HD, 2, Label ch 2 (15,5 nmg) was

di ssol ved i f' THB3YIRE YPFEERFEBHARQ ?1?‘?19’"3%% them RIARE D EtdniS i de (DWF
4' -HA). water bAtBol uThenHDf 2 ARPuf i6n migsdribdedriaboved. (5 ERRS, pH
8.0), prepa&gg éédQSSSEEBﬁgsE”tEaPﬁé AHRP with vortex mixing so

that the molar ratio was 50/1. The reaction was '

incubated for 1 hour in a 42°C water bath with gentle

shaking.

The reaction product was placed in Spectrapor
#2 dialysis tubing and dialyzed as follows:

a) 1 L DMF 4'-HA/0.1 M EPPS, pH 8.0 (1:1)
at 42°C for 1 hr; :
b) Dialysis condition a) was repeated once;

c) 1.5 L 0.1 M EPPS, pH 8.0, containing
0.1% bovine serum albumin (BSA) at 8°C for 1.5 ‘hr;
d) 1.5 L 0.1 M EPPS, pH 8.0, at 8°C for 18
hrs;
e) 1.5 L 0.04 M Tris HC1/0.15M NaCl, pH
7.5, at 8°C for 2 hrs; and
f) Dialysis condition e) was repeated once
for 4 hrs. '
' Following dialysis, 0.02% merthiolate was
added as a preservative. The labeled hydantoin
derivative was stored in a refrigerator.
3. Preparation of AHRP-HD 3 (ccntaining an extended
linker with an amide bond 1label AERP-HD 3, Label
C).
HD 3 (9.2 mg) was dissolved in ! mL dry DMF
containing 10 mM 4'-hydroxyacetanilide (CMF 4'-HA).



Preparatory exanple 1, was conbined with 500 [err]L of DM 4'-HA with
vortex m xing and was then placed in a 42[errC water bath. The HD 2
. solution described above (500 [err]L) was added dropwi se to the AHRP with
vortex mxing so that the nolar ratio was 50/1. The reaction was incubated

for 1 hour in a 42[err]C water bath with gentl e shaking. -~ The
reacti on product was placed in Spectra%A; #2 dial ysis tubing and di al yzed
as follows: a) 1 L DVF 472 O1l MEPPS, pH 8.0 (1:1) at

42[err]C for 1 hr; A solutléﬁ offiﬁﬁaﬁlgrepunﬂdia§1d§bdmibemeneated once;
C) 1.5L 0.1 EPPS ai ning 0. 1%.hovi r alpum n (BSA)
at 8[err]C }6?eg4%rﬁ?érgkory exa QS {] i.éé?#%ﬁeﬁgggﬁ pﬁHE:SP at 8[err]C
for 18 hrs;EPPS buffere)pH 4. 6. LTMEOﬂlmAH7¢QnQ¢nMﬂBtm§u MeE , pH 7.5, at

8[err]C for d Di al ysis condltlon e) was repeated
once for 4 ﬂthEﬁinSH to b% ?l mnﬁé?%la ysis,. O. 02O i ol ate. was added

as a preservative. Th&heahBRRd(hyBaht$#H ?Rﬂq%ﬂﬁq\ﬁ% #efPlin a

refrigerat opmp34 -gEr §PEhAVE PP Rf m Ry HihS &a:@r\ireémlpmgacadu ex ended
linker with an am de bond | abel AH P—

(9.2 nmg) wad2dfs¥sresdPphly nfher§b FE%&%R?H&EF%R}Qﬁﬂ Qsove
- hydr oxyagetanulL) deaéDbEddd- tﬁDthe AHRP dropwise with vortex -23-

A solution of AHRP, p scC t exanpl e 1,
was di al yze®¥aPg §°1 Eﬁggpgg gS ngﬁg %P #ﬁb?fln n%%%é%%{}atlon was
det ermi ned TbebeebcTiongwaks. 1ncubated fqhelﬁmw@r(nﬁrﬂg4%w% WHHBT ned with
500 [err]L g - h .M ¥h8g é@étiﬁ@&vtm Masedinn a

42[err] C watéﬁgggfﬁh ?é H% %Hggiﬁ ion desgrlbed ove %égﬁ%ietriL) was
added to t hEPRARPagPSpkRsEiglyRioEuRANHi %%ﬂ@gs‘tﬁl? %Patatio of HD
3/ AHRP was §051miTle beRCU ORAVBS1i RCBDRESA1ID) dsdwuroinimsd2frer] C wat er

bath with gentle shaki n The reaction was placed in
action contain

HD 3

The reaction was dialyzed as follows:
a) 1 L DMF 4'-HA/0.1 M EPPS, pH 8.0, (1:1)
at 42°C for 1 hour;
b) dialysis condition a) was repeated once;
c) 1.5 L 0.1 M EPPS, pH 8.0, containing
? 0.1% BSA at 5°C for 15 hours;
d) 1.5 L 0.1 M EPPS, pH 8.0, for 8 hours;

e) 2 L 0.02 M 3-morpholinopropanesulfonic
acid (MOPS), pH 7.0. at 5°C for 13 hours; and
f) Dialysis condition e) was repeated

twice. )

Following dialysis, merthiolate was added to
a concéntration of 0.02% as a preservative, and the
label was stored refrigerated.
Labeled Barbiturate Drug Hapten Analogues

The following examples demonstrate the
preparation of labeled barbiturate drug hapten
analogues. _
4, Preparation of Amine Enriched HRP labeled PB 2;

label AHRP-PB 2. Label D

PB 2 was dissolved in DMSO to yield a 10.7
mg/mL solution (1.25 x 10-2 M). Then 500 ML of this
solution was added to amine enriched HRP/DMSO solution
(prepared similar to AHRP/DMF) dropwise while vortex



Spectrapor #2 dialysis tubing along with an édditi onal 0.5 nL of DMF

4'-HA/0.1 MEPPS (1:1) used to rinse the reaction contai ner. The
"reaction was dialyzed as follows: a) 1L DWW 4-HA0.1 M EPPS,
pH 8.0, (1:1) at 42[err]C for 1 hour; b) di al ysis condition a)
was repeated once; C) 1.5L 0.1 MEPPS, pH 8.0, containing 0.1%
BSA at 5[err]C for 15 hours; d) 1.5L 0.1 MEPPS, pH 8.0, for 8
hour s; e) 2 L 0.02 M 3-nmo2ghol i nopropanesul fonic acid (MOPS),

pH 7.0. at BLAMY.C e }d1RUNStidSf the phenobhkbitBlghrsi agondition e)
was repeated twce. Foll owi ng dialysis, nerthiolate was added to
a concentr&%4/dn of 0.02% as a preservative, and the | abel was stored

refrigerated. Label ednRaiitivnmivasDped fidaimedn afnabogueenperature  The

fol |l owi ng anp) es _denonstrate.t.he prepagnation of bel aghi.turate drug
hapt en ana&@&ue&%%rs Stébaﬁtha?tkl%‘r? St 2%0%]7 Ari cﬁclg% %ﬂ%gllgby@e?d PB 2;

| abel AHRPtRErsfedaterl td Spectrapor AR 2isdysdiss subiag mdopmgglpb yield a
10. 7 mo/ L aSrP'éﬁdi%éﬁalzﬁleﬁnﬁ{'%{ﬁgﬁlgol“@salt@% 399 seelthld- r@facdthion sol ution

was added to am ne ‘enric solution (prepared simlar to
AHRP/ DVF) d10pv ieeinhi |The draked was dialyzed into 0.02 M MOPS -24-

m xi ng. The,ywpiey, gt 0 @f dthe-pleobarmiitaldibdRy sias fidition was
| ncubati on was perfor.ned at,room,t‘gbl er.a urgifor 4 hourﬁhmhth shaki ng at
2400 rpm TP dhEge (HiRRg H4H 40 %pé’ PR 5 235N 8% t ubi ng al ong

with an adddllmaing dilalofsid al (Y% ntex thiivdea tiehevase acidesh aso@t ai ner. The

| abel was g;n%%/ezre‘gaémeo Oaprpc?' M ISR s n te}%i %esfq:tﬁg(‘;%%ga(b%l[?g.r] C. This

dialysis c on Vias Tepeated three times er. each tine.
Fol | owi ng df al ysEeepaxa2Demer £ HAming Engishad dRPaP B Jor PdiRPaPBIe, and the

| abel was stored,Ji8dy igetMetinthg aBRARIdPLikeA) Ne Enriched HRP-PB 3;
AHRP- PB3 '
( Amine-enriched HRP was exchanged from MOPS

buffer into 0.1 M EPPS buffer, pH 8.0, using a
Centricell centrifugal ultrafilter (30,000 nominal
molecular weight limit). This sample was then diluted
to 4.6 mL, 0.743 mg/ml.

One mL of the HRP was added to a small vial
(1.85 x 10-5 M). 500 pL of dimethylformamide, Aldrich
22,705-6, containing 10 mM 4'-hydroxyacetanilide (DMF
4'-HA) was added to the vial, vortexed, and placed in a
42°C water bath.

Meanwhile, PB-3 was dissolved in DMF 4'-HA to
yield a 2.12 mg/ml solution (3.70 x 10-3 M). 500 pL of
this solution was added to the HRP/DMF 4'-HA solution
dropwise while vortex mixing. The molar ratio of the
phenobarbital/HRP was 100/1. _

Incubation was performed at 42°C for 1 hour
with gentle shaking in a water bath. . The sample was'
transferred to Spectrapor #2 dialysis-tubing along with
an additional 1 mL of DMF 4'-HA/0.1 M EPPS (l:1) used
to rinse the reaction container.

The reactioﬁ was dialyzed as follows:

a) 1 L DMF 4'-HA/0.1 M EPPS, pH 8.0 (1:1) at
42°C for 1 hr;

b) Dialysis condition a) was repeated once;

c) 1.5 L 0.1 M EPPS, pH 8.0, containing 0.1%



on

Label E containing an Extended Linker) Am ne-enri ched HRP was
.exchanged from MOPS buffer into 0.1 MEPPS buffer, pH 8.0, using a

Centricell centrifugal ultrafilter (30,000 nom nal nolecular weight limt).
This sanple was then diluted to 4.6 nL, 0.743 ng/m. One nL of
the HRP was added to a small vial (1.85 x 10-5 M. 500 [err]L of

di nmet hyl formam de, Aldrich 22,705-6, containing 10 mM 4' - hydroxyacetanilide
(DMF 4' -HA) was added to the vial, vof®exed, and placed in a 42[err]C water

ndVRAPMMA |2 buRB13 (33 )diats glovedvier ndght4' - HA to yield a 2.12

mg/ M sol uti (3.70 x 10Q-3 : erys f this,.soluti was added to

the HRP/ DVF 4' - 98 sollstd dn odp{éﬂmig%%hﬁ%la\/g’r’t & % %’né. lh%%é nol ar ratio of

t he phenobarbi t ad)y HRR2 v, 100@21lM MOPS, pH T.fcwtati’6n Wos pé&rforned at -

42[err]C fqr_ .1 hchur with ntle shaking in a water bath. The sanpl e was
aOStSpe

transferred$ crfrrsa{poar 2 dialysis tubing along with an additional 1 m
of DVF 4'-HA/ 0. 1f)M ERES Xvis iy qm‘e%;m@frieﬁsé’a@né“%’@&‘&ﬁdoﬁwé&%ai ner .

The reaction was di alpgethwishd AioMWsis, 0.0% mekthidYaté wdd/ 0.1 M EPPS,

pH 8.0 (1:1) at 42C for 1 hr;” |, b i al ysi s condition a) was repeated

once; ggded ag 3 Q)‘?‘?LS‘NT‘@PS{e'pI-%‘E? d"!?"eco]r‘i"li’ff?sini"?‘?gs (?.tf%eda

-25- bovi nersErigevitedl n (BSA) at 5[err] C overnight; d) 1.5L0.1 M

EPPS, PH 8.0, at_5[err 8 hrs: . €) ): MOP, 7.0 at
r%t%ﬁ%;oénzg\ Amln? )Enrd‘zcak?eci'.l-ﬁké)%éwl &xa

5[err]C, fot* at TER? ysi's condition €) was

repeat ed tw ce. AHRP-PB 1, Fabelhilg ab Agsive Esto0aferad hi ol ate was added
as a preservatiy B A1 s5hd efdhaerdtRg.ab.  Preparation
of an Am ne Enri@hee%g?g%é 1?%?_%%; &_BJAHRP- PB 1, r€Lljajbel F, an Active
Ester of a Exkendad bhinkeraptey amAniiR ¥Pfai ning an Ext ended

Linker with an Am de Bepfld-enriched HEWIwWgs efifésdwesd HRRI verschmrepead ed  and
exchanged into 0.1 M EPPS buffer, pH 8.0, to yield a, 10 mg/mL
solution (2.5 x 10-4 M). Label F was made using 5 mL
(50 mg) amine-enriched HRP. 2.5 mL DMSO was added
slowly, while stirring over a magnetic stir plate. The
solution was stirred for 15 minutes at room
temperature.

Meanwhile, PB 1 was dissolved in DMSO to
yield a 14.9 mg/ml solution. 2.5 mL of this solution
was added to the HRP/DMSO solution slowly while
stirring. The molar ratio of the phenobarbital/HRP was
50/1.

Incubation was performed at room temperature
for 5 hours with shaking at 2400 rpm. The sample was
transferred to Spectropor #2 dialysis tubing along with
additional dialysate to rinse the reaction container.
The label was dialyzed into 0.02 M MOPS buffer, pH 7.0,
at 5-10°C. This dialysis condition was repeated three
times with 3 L of buffer each time. Following
dialysis, 0.02% merthiolate was added as a
preservative, and the labels were stored refrigerated.,
Immunocompetence
' The following tests demonstrate the
immunocompetence of the labels 1-6, supra.

1. Immunocompetency of label AHRP-HD 1 (Label A).

In this example, the ability of several



into 0.1 MEPPS buffer, pH 8.0, to yield a, 10 ng/nL solution (2.5 x
10[err] M. Label F was nade using 5 nL (50 ng) am ne-enriched HRP. 2.5 nL
DMSO was added slowy, while stirring over a magnetic stir plate. The
solution was stirred for 15 mnutes at roomtenperature.

Meanwhile, PB 1 was dissolved in DMSO to yield a 14.9 ng/m solution. 2.5
mL of this solution was added to the HRP/ DVMSO solution slowy while
stirring. The nolar ratio of the phend®arbital /HRP was 50/ 1.

| ncubat i on jw@dHIAlZddRGhtabodde® t(@INesat, uba Lhen, SDhdABg4W t h shaki ng at
2400 rpm The sanpl e transferred .t trapor hakysiesofubi ng al ong
W th addi tﬁ&ﬁ&tslgaa.lifﬁieuﬁ?%)ns’%t ié‘%r g\ac igﬁ gorﬁ?é?%%r#\yTheofnabel was

di al yzed i ntabel Q@YD dyufdxampleH 13. As @xafib@Perr] C. This dial ysis
condition was repeated three tipes Wil foqbu amB1kl me. Fol | ow ng
di al ysis, 0.02% nert h{jac}l at epp\/\%{‘ a}d.\ggtfagds.%g Egggér%gtelhvg, gns t he | abel s
wer e st or ehawifng guveataf. themhesteomigtandridd ed types of aREIPGHIERi ng tests

demonst 1 at &.4if) e AT AR AR Slwdite redl uBingUReghods.
| nmunoconpet encye of 1 abel AHRP-HD 1 L,abeﬂl In this exanple,

the abilitynst Maherigls as described in USSN 081, 206. -26- i mobilized
anti bodies (Dl As[err{p) DitrAs[a51]itpid Ay rimmobillAzled, and Dil As2l) to

bi nd AHRP-HD 1, (1 abel A) fro | Drepar gt ar v exanpl is am ned.
(a) Polyr%}tﬂé%‘gl%%r&‘%&?{d%ﬁp‘gﬂgllg Lahel A RS e AT e e
types of ards bfwll bswsoval ently bound thereto were prepared using nethods

and materials as descgl : Db P8duLUhtibody beads &lre The ability of
the imobilized antig%%ggggégﬂg?nd AHRP- HD f'(l%ggl A? was determ ned as

fol lows:  seriallymEhutgd wEcly P USORIR B W& & 5&ially diluted
Wi th PBS comdidehPsat o RS AodOndby €500NEeAt0 280 as dimtitrely Sithdinmdy 0. 50 nM
antibody binding sifes, J0g REAc ShALTLONS NBi& sl iy equa

volumes of the label at 10 x 10-11 M. Following a 1

hour incubation, the beads were pelleted by

centrifugation. A sample (100 pL) of the supernatant

was mixed with 100 UL of substrate (o-phenylenedi-

amine/H202). The rates of color development at 450 nm

were compared with those of standards to calculate the

amount of phenytoin-HRP label remaining in solution.

The amount of label bound to immobilized antibody at

the highest antibody concentration tested (250 nM

binding sites) is reported.

$ Label Bound at 250 nM Antibody Binding Sites

‘Label A
(Extended Linker)
DilAsg 93
DilAsg ' 94
DilAs14" 90
DilAs)¢ ' 96
DilAs?2) ' ‘ 97

These results show that these antibodies
recognize very well AHRP-HD 1 Labels (label A).
2. Hydrolytic stability of AHRP-HD 2 (label B)
This example illustrates the hydrolytic
stability of a labeled phenytoin derivative of the

invention having an amide bond in the linking chain



vol unes of the label at 10 x 10-11 M Following a 1 hour incubation, the
beads were pelleted by centrifugation. A sanple (100 [err]L) of the
supernatant was mxed with 100 [err]L of substrate (o-phenylenedi-

am ne/ H202). The rates of col or devel opnent at 450 nmwere conpared with

t hose of standards to cal cul ate the anmount of phenytoi n-HRP | abel remaining
in solution. The amount of |abel bound to inmobilized anti body at the

hi ghest anti body concentration tested*{@BO nM bi nding sites) is reported.

% Label BoubdtakeaS@haeMiAbkilbady BhadpngnPrbes nucleus AHRP-HD 2,

Label A (Ext ended Li nker) Dl As[err]
93 (BRPR B 94 Dil As[err]

90 Di | As[ err Beads having immobigézed Kallesgﬁdpgp@ib?dies

97 werENg3eoheed b3 s@ae:ihsh Lherp-AhI Bogi gsprecogni ze very wel|
AHRP- HD 1 Labels (1Iabel _A) Hydr t|c stability of AHRP- HD 2 (| abel B)

This exanpl e |IIustraﬁ@§PtHP ﬁyd#ép9ﬁl sWéﬁlpﬂﬁytﬁﬂ 8ol 4bsl 2 bhenyt oi n
derivative mf1hh@msnt©ntbqn1hqvu%gsan aadetbandolthhe3Ika8ns chain

-27- betwee %e and th E gn h0|n nug eus AERP HE 6(Iabel B) .
bonds ra, ol a8 B P ae "4k O r Bl EemiEr At e e Eus S ¥Escr) bed i n
EP- A-0 323 392 label was tARBdHDo2 bhadethpymammdbiuieddto 1 x 10-10 Min .

PBS contalnbagl%ga§8éf% rugt@g goagy 3 §a95 8s5foIEwsabel was incubated at
roomtenperature for 6

ested for bindip
i mobi | i zed anti body Fsﬁaaagg 2n8n61389¥ beaflg) Vehe: Serlglﬂy
Kal | est ad 534i2uaed kddy Dead&oneaenSagla%lgsﬂltutgdvuﬁth PBS containing 1%

BSA t i t 0 b ites.
B 10, 1o BARERRUAR LR REL USR5 00,8000 0500, ML APLLBag AglgO o e
M Fol | owi ngises.hoThei beabadidutiohe beadsmmﬁeé petheeqdaby

centrifugat k8lumes of labels at 10 x 10-11 M. Following a 1 hour
incubation, the beads were pelleted by centrifugation.
A sample (100 ulL) of the supernatant was mixed with 100
ulL of substrate (o-phenylenediamine/H202). The rates
were compared with those of standards to calculate the
amount of label remaining in solution. The amount of
label bound to immobilized antibody at the highest
antibody concentration tested (250 nM binding sites) is
reported.

Percent Label Bound at 250 nM Antibody Binding Sites

Label B
(Amide Bond)
pH 7.3 pH 8.5
0 days 100 -=
2 days o8 99
6 days 99 100

The results show that binding of AHRP-HD 2
(label B) containing the amide bond in the linking
chain showed no degradation over this time period.
This indicates that label B will resist degradation due
to hydrolysis. Such hydrolysis could cause a shift in
the assay response with time.
3. Comparison of Phenobarbital-HRP Labels Prepared
with Valerate and Extended Linkers

In this example, the ability of several



A sample (100 uL) of the supernatant was m xed with 100 uL of substrate

(o- phenyl enedi am ne/ H202). The rates were conpared wth those of standards
to cal cul ate the anmount of |abel remaining in solution. The anount of | abel
bound to i mmobilized anti body at the highest anti body concentration tested
(250 nM binding sites) is reported. Percent Label Bound at 250 nM Anti body

Binding Sites : Label B .
(Ami de Bond) w8-7. 3 pH 8.5 0 days
100 %ggoolllzed antaﬁga¥§s (Kall 1981 and pbas$P to bind a 6 days

99 results show hat bi ndj n @QBP- 2 (| abel
B) cont ai ni AGPERe Wdkhd&hBoNalrkatReliPKRF N éh%}nDsHHNga Mat i on
over this tan&abénl@dthThhSekﬁdhdéﬁe&ihher kabhélEFMLAmRDfEBSI)degradation
due to hydrol¥ mSU%gdhydrolyS|s coul d cause a shift in the assay
response wi R ﬁg P3 Compari son of Phenobarbital - HRP Label s Prepared
with Valerate and Ext dmaetiligledr entibody beadnpsamplesxee®fe, the ability
of several -28- inmmobilized antibodies
(Kall 1571 gngpsgggbfs foéﬁﬁg a label. with the_ valerate |linker (label D
AHRP-PB 2) and a | abelPadivigraReagfedd@dmg) nkBPlyY (SbEFeRe- QTR PB 1) were

;:olrr}oar ed. vmy1benzlymmblclhllbed»eah§mb@dyfbﬁad wwﬁammerqum ed as
ol | oOws

: ds. (30 ol y{s Og Ps vi oyl benzyl
2-ch|oroethyFr§uFﬁg €§5i§ ﬁnp§r%P§??%) ngrg %¥£ ﬁ R n)léﬁ% buf f er
(0.1 M EPPSQ. |3Hm& ®)f aarmtltboslyngKaﬂlariﬁ'?boay PRALD) 163& @dd%Asg?hevas added.
The total vely dhéSw%%e % m@lxtq am@§tﬁgga&§g g@ga@g@reﬁ@d at room

t enperature Fbr hour s 10% sol uti on_of BSA was added,
and the sup@Wﬁétéﬁ%%fﬁbﬂ@oﬂbﬁﬁWQGréﬁ&r§n§P§zéthBFsunb%ﬁﬁﬂ @nfiBbdy usi ng

an anti-nmousg lg@osThe 1amawn oFf B3At waedudaedndaha the surface was

cal cul at ed USInq:natants were removed and analyzed for unbound
antibody using an anti-mouse IgG. The amount of
antibody bound to the surface was calculated using
ELISA. The pellets were washed 3 times with PBS, pH
7.2, by resuspending in the buffer and centrifuging.
The final redispersion was in 1.8 mL of PBS; '
merthiclate was added to a concentration of 0.02%, and
the preparations were stored at 4°C until use.

The ability of the immobilized antibodies to
bind label was determined as follows:

Each of the various antibody beads was
serially diluted with PBS containing 1% BSA to give
concentrations between 200 and 0.50 nM antibody binding
sites. The bead dilutions were mixed with equal
volumes of phenobarbital-HRP labels at 10 x 10-11 M.
Following a l-hour incubation, the beads were pelleted
by centrifugation. A sample (100 ML) of the
supernatant was mixed with 100 HL of substrate (o-

. phenylenediamine/H202). The rates of color development
at 450 nm were compared with those of standards to
calculate the amount of phenobarbital-HRP label
remaining in solution. The amount of label bound to
immobilized antibody at the highest antibody
concentration tested (100 nM binding sites) is
reported. .



ELI SA. The pellets were washed 3 tines with PBS, pH 7.2, by resuspending in
the buffer and centrifuging. The final redispersion was in 1.8 niL of PBS;
nmert hi ol ate was added to a concentration of 0.02% and the preparations
were stored at 4[err]C until use. The ability of the imobilized
antibodies to bind | abel was deternined as foll ows: : Each of the
various anti body beads was serially diluted with PBS containing 1% BSA to
gi ve concentrations between 200 and 06280 nM anti body binding sites. The
bead dilutions were mxed W th egyah weuweearohophanokatbbbay- HRP | abel s at
10 x 10-11 M Follow ng a 1-hour incubatjon, the beads were pelleted by
centrifugation. A sanple—(100 [errll) B¥NAiNg SHLES oy ant wes miwed Wit h
100 [err]L of substrate (o- phenyhseedyam ne/ H202). LdbelrBtes of col or
devel opment at 450 nm wer€ conpared wth those of standards to cal cul ate

t he amount of phenobarbital -HRP | abel remaining in solution. The anmount of

| abel boundk&dli pe@bil i zed anti body1%t the hi ghest ant?bbddy concentration
tested (100 nM binding sites) is reported.

- 29- % Label Bound at 100 nNIAntibod¥
Bi ndi ng Si {BBASO 49%bel D 84bel F  Kall 1571
41% /8 sePPESI1ts indicate that t4¥%e antibodies 73%
These results indicate that these, anti €Odl es, show |a%cﬁve3 recognition of

| abel s prep8hed WPPRONERt ERSOBAYT hoP t ik tRHU&RS S Foup used in

| abel ed drugapgghenhatahggoure @xbanded binkirey igwend ivged T s represents a

significant agv nt.age si % g vg{b&{gé&e qgﬁg I i nker al |l ows
t hese antibﬁa gge?ogﬁggcggét erd g? §U%¥A nent phenobar bi tal enzyne
i munoassayinvention. This represents a 31gn1f1cant advantage
since the hapten with the extended linker allows these
antibodies to be considered for development of a

phenobarbital enzyme immunoassay.

The immunoassay can be carried out using any
suitable label which can be attached to the defined
hydantoin and barbiturate derivatives. In addition to
the horseradish peroxidase used in preparing the
foregoing labeled drugh hapten analogues, useful labels
include radiocactive tags, dyes, fluorescing agents,
other enzymes, enzyme substrates, enzyme inhibitors,
allosteric effectors, cofactors and other known enzyme
modulators. Enzymes, such as glucose oxidase,
peroxidases such as horseradish peroxidase and amine-
enriched horseradish peroxidase, alkaline phosphatase
and galactosidase are preferred labels.

When an enzyme label is used, the substrate
for the enzyme is present in the element or added
thereto in the developing liquid. The substrate can be
added to the element prior to or simultaneously with
the liquid sample, or after completion of the binding
reaction. It is within the skill of the ordinary
worker in clinical chemistry to determine a suitable
substrate for a given label. The substrate can be a
material which is directly acted upon by the enzyme

label, or a material that is involved in a series of



The i munoassay can be carried out using any suitable | abel which can be
attached to the defined hydantoin and barbiturate derivatives. In addition
to the horseradi sh peroxidase used in preparing the foregoing | abel ed drugh
hapt en anal ogues, useful |abels include radioactive tags, dyes, fluorescing
agents, other enzynmes, enzyne substrates, enzyne inhibitors, allosteric
effectors, cofactors and ot her known enzyme nodul ators. Enzynes, such as

gl ucose oxi dase, peroxi dases such as—-Rérseradi sh peroxi dase and am ne-

enr i ched hopseradhal RRLOKT Hieervel &y RhosphalRse omdrgal act osi dase ar e
el S. e

preferred | a n an enzyne | abel is used, the substrate for
the enzynme iabplescheri axameled chbrtherenziigl 13RG%et i%h the devel opi ng

I!qu:d. Theprgﬁgaﬁggﬁchgbggggdeﬁt?Oiéfﬁydﬁ&gﬁﬁnpqrdXYde)(nsing g

si mul t aneously with tr i quid sanple,.or after .c i i ndi ng

reaction. |81 §°ﬁFtHthFﬁ§ aRi#f o2 %%ebrﬁh?mﬁ%Péﬁg%ﬁé qﬁ?éﬁﬁ%J%ﬁﬂ

chem stry tgederalliynprasentt abl ehsubssgente fayem af vigh added imhe

substrate c be a material .whigh_jis.,difgctl n t he enzyne
%ﬁgtgﬁygﬁgpﬁag &1&@&8 Fb %géig 6.dlq£5fg%}ﬁn1 Eeive)

| abel , or a is*rnvolved In a s%g%es 0 ,
-30- reacti pmefeirabhyi fvomyve.BAkyEet P el rvate /®h- of A t¥RIfheIkiled exanpl e,

i f the enzygp LaRehkSwBuREr RXbHAAEw £HCagybSE rehe amolmdrogen peroxi de.
Usi ng gl ucose oxi dase as_an exa %‘generally

< ngle, t he substra%e | ucos
present in PRELAENEXK: SMRFEFabE FOr aHBBPPRAYPheCHe ?%ﬂﬁr{%qﬁquid to yield
0. 01 nol es/ ke in ahed psehgrably from 0.001 to 0.1 nole/nferr]. A worker
skilled in the art woul d_knqw, Lu th no. Rarticul ar
substrate for the ano&h no?855§$ﬁ;i?%%g% %%%dugﬁéfhggéégggﬁb ! When
certain | abehgymes,useodfactorsexanpiee enbyheatesofRctdFY™e enzyne substrates

or enzyme mpdilatelts,t R’ 28868t ! 84PEr COBRBANAS 28in | Nl LE4Sx CONPOSI ti on
conprising one or nore reagent$ which provide a detectahl e .species as a
result of rESRPCSHEIPY KOMPERELNIPPREPELTY et hEAEFRFEat ot Rommposition is a

col ori net ri gricRdideataoldet@iRabilei epevhieshapravrdssle of reaction of
the label. Preferably, the indicator composition is a
colorimetric indicator composition which provides a
cdlorimetrically detectable species as a result of
enzymatic reaction of an enzyme-labeled ligand analog
with a substrate. '

The indicator composition can be a single
compound which produces a detectable dye upon enzymatic
reaction, or a combination of reagents which produce
the dye. For example, when glucose is used as the
substrate and glucose oxidase as the enzyme label, the
colorimetric indicator cohposition can include a
coupler and oxidizable compound which react to provide
a dye. Alternatively, the composition can include a
leuco dye and peroxidase or another suitable
peroxidative compound which generate a detectable dye
as a result of the formation of hydrogen peroxide
produced when glucose oxidase converts glucose to
gluconic acid. Useful leuco dyes are known in the art
and include those, for example, described in U.S.
Patent 4,089,747 and U.S. Serial No. 612,509. The
particular amounts of the colorimetric indicator
composition and its various components are within the

skill of a worker in the art.



colorinetrically detectable species as a result of enzymatic reaction of an
enzyne-| abel ed |Iigand anal og with a substrate. The i ndi cat or
conposition can be a single conpound which produces a detectabl e dye upon
enzymatic reaction, or a conbination of reagents which produce the dye. For
exanpl e, when glucose is used as the substrate and gl ucose oxi dase as the
enzyne | abel, the colorinetric indicator conposition can include a coupler
and oxi di zabl e conpound whi ch react t¥provide a dye. Aternatively, the
conposi tion can incl %%nkrﬁﬂfb%s@é@ 2ad B8 Axhdageoer aakemaeedsui tabl e

per oxi dati ve conpoun ich generate a_detectable gy%B;s 3 result of the
formati on g BANTEN fdrodmeant: 6fu@ed 1gRBA dPuodd WidddSe converts

gl ucose t o qHtealife M. t diseig it Heewlemdyies fabm knewppily tedlart ard

(el ude t hogey, Lo @l ecrihad | UnRy JfRbeAy 4d003cTdhond U S

Serial No. ar “amount's “of "t orimetric’indicator

conposi t i orfiarik ¢ taremre Dushe apmasting deyew Wiith eheagwpille off t&ewor ker in
the art. 1iquid, for example, 1 to 100 pl. -3he finite areBNe inmunoassay
can be manual "or automated. In general, the amount of a ligand in a liquid

i s detern i@y ket ated| kganenadhya "OuFIOLE tHan aBYYY packet or
ot her sour cgy@nghdhysically contacting a finite area of the spreading I ayer

with a sanple of the liquid, for ample, .1 to.100 Jeryll. The.,inite area
which is (r:n(;nt acted i sT@"gn%‘P%‘i“FE/ %C{ Han d;%&ﬁm‘[ﬂ%{%ﬁ}‘[ &3S 09

The amount ttHe | ¢ Dament st edwghn aesh inalyises sippe rate sl fene we tieatdugh a

sui table anRAl AL iio] QLed®l FEIAG hddfod YN 4,02 ARG Meect |y or

t he detectable Species Tor as ar zymatic reaction of an
enzyne | abespemies Sobvedare.a Rgswltargd enzaatdsedieactdan i @ ected with

sui table radi OPRET i Spel ! 406 OSBEED St Ot SPEHIORIIPIRE, ithefpfcildss usi ng
general ly known procedures. |n an enz natlc,reactLon,&hhe resul t.i ng product
i's determ feRP bYe ndakertag, Witth Ui Rafd aMEYE & Qﬂrqmé%ﬁﬁﬁ ssi on

density or &t uopeseEespRotBmetric apparatus using generally known
procedures. In an enzymatic reaction, the resulting
product is determined by measuring, for example, the
reflection or transmission density or fluorescence in
the center of the finite area which was contacted with
the test sample. The area which is measured is
generally from 3 to 5 mm in diameter for competing
assays. The amount of ligand in the liquid sample is
inversely proportional to the amount of label measured
in the center of the finite area. In a preferred
embodiment a separate developer step is required in
order to maximize separation of complexed ligand from
uncomplexed ligand. Generally, label measurement is
carried out after ffom 5 to 180 seconds after sample
contact and spreading or application of the developing
liquid.

The following examples demonstrate the
immunoassays conveniently on dry immunoassay elements
using the labeled drug hapten analogues described
above. The examples demonstrate the invention by
conducting assays for phenytoin and phenobarbital. It
will be clear however that the invention is applicable
to other barbiturate and with rydantoin drug

derivatives.



the center of the finite area which was contacted with the test sanple. The
area which is neasured is generally from3 to 5 nmin dianeter for
conpeting assays. The anount of ligand in the liquid sanple is inversely
proportional to the anmount of |abel neasured in the center of the finite
area. In a preferred enbodi nent a separate devel oper step is required in
order to maxi m ze separation of conplexed ligand from unconpl exed |i gand.
General ly, |abel neasurenent is carri-é@-out after from5 to 180 seconds
after sample contact gndefpreadhpge ! cAEPALERY | Poddalis Ryl oping | i gui d.
The fol |l ow ng exanpl es denonstra he |nnunoassays conveniently on dry
|nnunoassaycéréhéﬁt§uEsFﬁ§PrHésﬁaB@F@HdHF%gt%aEE%n AP HREs descri bed”
above. The pxagptes. demaﬂsnLabe hheampﬂen&a@nsb@t@@mdumunngtaasays for

phenyt oi n and ghenobgrbltal ear ﬂ th@v dd fbﬁnventlon is
appl i cabl e PBTHRFAEr© a?b?Fﬁré?@uﬁﬂassﬁFtﬁ e t%ln VA ves.
- 32- The émembatewanhlenethewaspaytdeSQUQIQSW&er@hemrr|ed out

step-wi se agﬁehgseggL§F;H$ EO%EngnglnﬁegecolAfJEP E618lbeplod sampl e vas

spotted on ce of mrunoassay el enent I nvention.
The eIenentlmFPhth@nnéhﬁsséﬁﬂédtsHﬁﬁléemﬁge?héﬁown%ﬂ%a}%EPQ&CQP[err]C f or

5 mnutes. éhheaebeuépeaerQhOEOIGQUBatbaayhaesebgﬂﬁatewg@lueﬂ@wed fromthe
i ncubat or and deﬁelo ped with ao gf enZﬁnﬁ gg olutlon For the
assays usedFPH CtHE 8R3A¥FcYSEAeiPable FE2RBIEE, LHAfs aB% ox?dase (HRP) and

t he substraherdeeddisht perdeiedbase MYREP| ahidohhessabsttafe 34sb4 maight H202.
The devel opipg agb@hbgan@'§31?eaba'@§ %B@hH”bpbﬂsﬁbaﬁélgHEfﬂﬁ?ﬁDH . 8)

0. 01M 4'-hydroxyacetani | el ectron transfer agent
di et hyl enet Fhendrypdopdagesiod ugdios 23 specrphprang aogawmaehgﬁphaWﬁe

devel opi ng B%'flf%'rowp@ia%S%s @emwpmm afrowsceebﬁgmaée(épéétesn The bound
HRP-| abel ed | i gand catal yzes the oxid glon of a,colorless |leucp dye to its

col or ed forﬁFagééﬁrd?€§“§ﬁeOw@PﬁNkn&WﬁtPHlﬁﬁétaﬁﬁméﬁﬁpﬁPFEQFeEFEnent art

and wi | | acid 10 uM and a surfactant. The developing solution
causes development of the detectable species. The
bound HRP-labeled ligand catalyzes the oxidation of a
colorless leuco dye to its colored form. Such dyes are
well known in the dry analytical element art and will
not be described in detail here. In the examples
presented herein the leuco dye is a triarylimidazole.
The rate of the catalyzed reaction is measured from the
change in reflection density over time at 37°C.
Methods and means for measurihg reflection density are
well known in the analytical arts.
Example 1: Use of a labeled phenytoin analogue
in (AHRP-HD 1, Label A) immunoassay
for Phenytbin.
The element was prepared using known
technology to have the following structure:



not be described in detail here. In the exanples presented herein the | euco
dye is a triarylimdazole. The rate of the catal yzed reaction is measured
fromthe change in reflection density over tine at 37[err] C. Methods and
means for measuring reflection density are well known in the anal yti cal

arts. Exanple 1: Use of a | abel ed phenytoi n anal ogue an
(AHRP-HD 1, Label A) inmunoassay for Phenytoin. .

The el ement was prepared usi ng known-828ehnol ogy to have the foll ow ng
structure: - 33-

Cover age : g nLerr]

Spr eadi ng | mobi | i zed Kal | estad 52-2 0.1. tayerage

Ant i body Particles of poly[m&p-vinyl- q/h30

t ol uene (64: 36)-co-nethacryli acjidl (98:2 weight ratio (30
[err]n)  Spreading g4 gmﬂﬁo§(141&?ﬁlef<ﬁ>]rllﬁﬁi:ﬁ8pﬁgﬁél)- 0‘92‘

2- (4- hydr oxyayde - dlnethmmxibody phenyl )i m dazol e | euco dye

pol y(net hyl acryl at e- co
2-acryl am do- 2- nethylpr ﬁé%qgs of pgl?%m &Blyong%e co- 2- a%%goacetoxy-

ethyl “met hacryl ate) (90:t4l@ene (64:36)-conmeghacrylie)
N-[tris(hydroxymet hyl ) e ‘%?dﬂ (98:2 WighY racio 030

2- am noet hanesul f oni ¢ aci di et hyl
sul f oxi de Hm) 1 8 5 5-di met hyl - 1, 3- cycl ohexane-
0.05 di one 4, 5-bis (4-dimefbiptlamifibpheniyani-c surf a2t ant
26054 | (DuPcbnt()‘l %eydaoxy 3,5~ dqz?nlé rcl)(}a((itl{ gelatin
phenyl) imidazole leuco dye
poly (methyl acrylate-co-sodium 2.58
2-acrylamido-2-methylpropane-
sul fonate-co-2-acetoacetoxy-
ethyl methacrylate) (90:4:6
weight ratio)
N-{tris (hydroxymethyl)methyl]- 0.219
2-aminoethanesulfonic acid; (pH
7.0)
dimethyl sulfoxide 1.8
5,5-dimethyl-1, 3-cyclohexane- 0.05
dione"’ i
Zonyl® FSN nonionic surfactant 0.054
(DuPont)
Gelatin hardened gelatin ' 10
Layer
4'-hydroxyacetanilide 0.15
N-[tris (hydroxymethyl)methyl]- 0.68
2-aminoethanesulfonic acid; (pH
7.0)
Triton® X-100 nonionic 0.02

surfactant (Rohm & Haas)
Poly (ethylene terephthalate) Support



Layer '4'-hydroxyacetanilide- 0.15

N-[tris(hydroxynethyl)nethyl| - 0.68

2- am noet hanesul fonic acid; (pH 7.0) Triton
X-100 noni oni c 0.02 surfactant (Rohm & Haas)
Pol y(et hyl ene terephthal ate) Support

- 34- A series of human serum based cal i brators contai ni ng

phenytoin and a AHRP-HD 1 (label A )-@ds prepared. Lyophilized serum based
calibrators (BioRad) were eyl 3thii ddvh Badla del0pizRG Mt er . The

concentration of phenytorn varie k}rr]g/n1 Label A was
added to giSeneainhag Ié%?l%lé‘h‘?#fat?% Q)fNiR%'I\WD 'y (1a AHle "a& j es of

phenyt oi n spp&EE@FES. (19y$§1ﬁ{ii-zé><hlmxﬁ)bm sl frach tsHe (BioRneadi ng

| ayers of a series of |dent|cah %dﬁ% #qi el enent s haV|n t he above

confi gur at i BPF S AFERYIRALeA Wik Fiqnizad Matery &% oping

sol ution (1éb:[1eemt}t<)tt@nrpofspm@wymjxmga1rm ofar ahe ((.05 3329128 0di um phosphat e

buf fer (0.Qig M PH £afd1 A wdly USXYRCES %’i\}é de £hdMcdténtration

di et hyl enet’rT am nepentaacetic acid (10 [err]M was added to initiate dye

formation. ®ftkrnMbout 1 ninute, the reflection density (Dr) was measured

at the center of the freasetié80oNnpiényPuder rdandanidr (Malules were

converted to I anp,_transform P cha Qgg n Dt over 30
ayers i

seconds was? %bﬂﬂﬁgﬁ HasTﬁggFE§%v?%t%r%p%kﬁﬁ%??ﬂﬁ?ﬁw

[err]g/nL series &ft fdébtioabh)analytical eleméntss having the nytOI8i0954
4 8 above conflg 88§gon After 5 mié?%%s incubation at 8 822?
16. 0 37°C, a devglggppg solution (10 b)) comprising hydrogery 3g4
64.0 peroxide (0009%$/ sodium phosphatd@Bs@ffer (0.01 M, pH 0.0157

6.8), 4'-hydroxyacetanilide (5 mM) and
diethylenetriaminepentaacetic acid (10 uM) was added to

initiate dye formation. After about 1 minute, the
reflection density (Dr) was measured at the center of

the area at 680 nm at 37°C. The Dy values were
converted to Dt by the Clapper-Williams transform. The
change in Dt over 30 seconds was calculated. The

results are shown below:

Phenytoin, pg/mL : Rate (Dt/min)
0.5 0.0954
1.0 0.0950
2.0 0.0869
4.0 0.0788
8.0 0.0661
16.0 0.0522
32.0 0.0364
64.0 0.0237
128.0 0.0157

The results show that there is a significant
change ih rates over the desired dynamic range. The
therapeutic range is 10-20 Hg/ml. This example
demonstrates an analytical element useful with the
immuncassay method provided by the invention and its
use in a competitive binding assay to detect the drug

phenytoin.



The results show that there is a significant change in rates over the
desired dynam c range. The therapeutic range is 10-20 [err]g/m. This
exanpl e denonstrates an anal ytical el ement useful with the i Mmunoassay

met hod provided by the invention and its use in a conpetitive binding assay

to detect the drug phenytoin. ) - 35-
Exanpl e 2: Use of AHRP-HD 2 (Label B) having the

extended |inker and an am de bond i n-35- an i mmunoassay for
phenyt oi n. Thi s exanpl e denonstrates anot her anal ytical el enent

provided by this invention and its use as a | abel ed hydantoin derivative of
the inventiBrample 2onpet i YseeoBi AHRRgHRs3 ajlakeHdledta ¥ dhify phenyt oi n.
The el ement was prepared UgkpgnkBaWi AREANOA@ WM tam iy edrte ol | owi ng

structure: . toin Cover age
g/nferr] Spreading | mBBi tPPEACREFFETRH BELY : 0.15 Layer
ant i body This exakpléi dbmsnstrpoéy| an@pher mralytical 130

0 vene (64,381 BELUSGRA b, o sovp ofcie) (88 Goamigy ratio) (30
2-acryl am dbakededhhygropane- derivative of &he f MR IRN Akt oacet oxy-

ethyl methaghppatetit@0b4nbing assay to d¥Eé@bitr@td®lg phenytoin.
‘The: element was prepared using known technology to
have the following structure:

Coverage
g/m2

Spreading Immobilized Kallestad 52-2 0.15
Layer antibody

Particles of poly[m-&p-vinyl- 130

toluene (64:36)-co-methacrylic

acid) (98:2 weight ratio) (30

pm) |

poly (methyl acrylate-co-sodium 0.2

2-acrylamido-2-methylpropane-

sulfonate-co-2-acetoacetoxy-

ethyl methacrylate) (90:4:6

weight ratio)

N-[tris (hydroxymethyl)methyl]- 0.219

2-aminoethanesulfonic acid; (pH

7.0)

dimethyl sulfoxide 1.8

5,5~-dimethyl-1, 3-cyclchexane- 0.05

dione



N-[tris(hydroxynet hyl)nethyl]- 0.219 2- am noet hanesul foni c
7.0)

aci'd; (pH . di met hyl sul f oxi de

1.8 5, 5-di net hyl -1, 3-cycl chexane- 0. 05

di one : - 36- Zonyl FSN

noni oni ¢ surfact ant 0. 054 (DuPont) Gel atin har dened
gel atin 10 Layer 4' - hydroxyacetani |l i de
0.15 N-[tris(hydroxynedéyl ) net hyl]- 0. 68

2- am noet hanesul foni ¢ agid:, &P Cand .054 Triton
X-100 noni oni c Eoﬂylg.ggN nontonte Suzgg%%%%%ant-{kohnl& Haas)

Pol y( et hyl ene t er epht hal(Bv8pnSlippor t A series of human serum

based calibrators containing phenytoin and | abel B (AHRP-HD 2) was
prepared. Frozen, serum based cC Iibﬁ%%ors cont ai ned phenytoigoin
concent r at i@R@F¥bm 0 t BaFEePEF, PLAELIPLabel B was added to give a final
concentrat iy 1 nM )

4'-hydroxyacetanilide 0.15
N-{tris (hydroxymethyl)methyl]- 0.68
2-aminocethanesulfonic acid; (pH

7.0)

Triton® X-100 nonionic 0.02

surfactant (Rohm & Haas)
Poly (ethylene terephthalate) Support

A series of human serum based calibrators
containing phenytoin and label B (AHRP-HD 2) was
prepared. Frozen serum based calibrators contained
phenytoin in concentrations from 0 to 70 ug/mL. Label
B was added to give a final concentration of 1 nM.

A series of phenytoin standards (10 ML
aliquots) was spotted onto the spreading layers of a
series of identical analytical elements according to
the above configuration. After 5 minutes incubation at
37°C, a developing solution (10 ML) comprising hydrogen
perbxide (0.03%), sodium phosphate buffer (0.01 M, pH
6.8), 4'-hydroxyacetanilide (5 mM), and
diethylenetriaminepentaacetic acid (10 pM) was added to

initiate dye formation. After about 1 minute, the
reflection density (Dy) was measured at the center of

the area at 680 nm at 37°C. The Dy values were .
converted to Dt by the Clapper-Williams transform. The
change in Dt over 30 seconds was calculated. The

results are shown below:



A series of phenytoin standards (10 [err]L aliquots) was spotted onto the
spreading | ayers of a series of identical analytical elenents according
t he above configuration. After 5 mnutes incubation at 37[err]C, a

devel opi ng sol ut

ion (10 [err]L) conprising hydrogen peroxide (0.03%,

sodi um phosphate buffer (0.01 M pH 6.8), 4'-hydroxyacetanilide (5 nV),

di et hyl enetri am nepentaacetic acid (10 [err]M was added to initiate dye

formati on. After
at the center of
converted to Dt

to

and

about 1 mnute, the - 3H ection density (Dr) was neasured

the area at 680 nmat 37[err]C. The Dr val ues were
by the C apper-WI|ianms transforr

seconds was cal cul at RhenyRinedg/ L are sRBGA HREGHFD

-37-
0. 0759
0. 0293
0. 0159

The) change in Dt over 30

Phenytoin, [@grr]g/nL Ratoe o789 m n) ' 0
10 0. 033 20
40 10 N EEL 70
The result2&how that there i 03 gnificant change in
rates over the desired dynanj& range. The therapplyd ¢ range is 10-20
[err]g/ M. Exanple 3: Use of | abel ed phenytoin derivative,
C) having atP éxtlrifed |inker prepared from

AHRP- HD 3 ( Label

hexanedi am ne with amme RERAItkNsABw that there is anay?@,@sﬁ@anﬁor

phenyt oi n.

Thi s exanpl e denonstrates the use of the anal ytica

el enent desCPRBSE iR ERLRS Overwths degireer exparifer2B9%ydah®®in

derivative tchetrapeundentriaoyel isaloelpeftgmie bi ndi ng assay to detect the

d h in. [ f.h m.b '
contal ni ng PRS- ana L958 oF 1PERPUoENBTERIP R BV EERKET € 3 vas

prepared. Frozen serum bas@®#RPaHPbBat(babel C) having an

extended linker prepared from
hexanediamine with amide bonds in an
immunoassay for phenytoin.

. This example demonstrates the use of the

analytical element described in Example 2 with a

different labeled hydantoin derivative of the invention

in a

competitive binding assay to detect the drug

phenytoin.

A series of human serum based calibrators

containing phenytoin and Label C from label preparation

Example 3 was prepared. Frozen serum based calibrators

contained phenytoin in concentrations from 0 to 70

Hg/ml. Label C was added to give a final concentration

of 1

nM.
A series of phenytoin standards (10 ML

aliquots) was spotted onto the spreading layers of a
series of analytical elements identical to that

described in example 10 except containing Label C in
place of Label B. After 5 minutes incubation at 37°C,
a developing solution (10 pL) comprising hydrogen

peroxide (0.03%), sodium phosphate buffer (0.01 M, pH.

6.8),

4'-hydroxyacetanilide (5 mM), and

diethylenetriaminepentaacetic acid (10 puM) was added to

initiate dye formation. After about 1 minute, the
reflection density (Dy) was measured at the center of

the area at 680 nm at 37°C. The Dy values were



cont ai ned phenytoin in concentrations fromO to 70 [err]g/m . Label C was
added to give a final concentration of 1 nM ' A series of
phenytoin standards (10 [err]L aliquots) was spotted onto the spreading

| ayers of a series of analytical elements identical to that described in
exanpl e 10 except containing Label Cin place of Label B. After 5 mnutes
i ncubation-at 37[err]C, a developing solution (10 [err]L) conprising

hydr ogen peroxide (0.03%, sodium phosphate buffer (0.01 M pH 6.8), :
4' - hydr oxyaseiweidddlecd D"y @l cligigud-aniatyiisas nepesifaacet | Checi d (10

[err]M was added to jnitiat ye formation. After ut i nute, the
reflecti on MG VRO W ﬁggsﬁﬁ%od‘ Yive ccaérﬁuglrat(;ae?ﬂt hél%aewea at 680 nm at
37[err] C.  Jdéeul¥s vatdlashowr elow: - 38-
converted to Dt by the CIapQFr-VWIIians transBobezThe change in Dt over 30
seconds was cal cul ated. The results are shown below 0

0. 0872 10 10 0. 0039439 20

0. 0340 40 5 0. 0359340 70

0. 0202 The results show that there is a _significant change in
rates over the desired dynafic range. Exanple°49255 Use of a
Phenobar bi t al - HRP Label 70 Pr epar @dogiokh an Extended Linker in

an Enzyme | munoassay far_ Phenobarbit al Thi s
exanpl e denonstrates TH® ’E)‘F%‘bg?ﬁt?%%woﬁ‘%Ek@h%’f?/t’r%a? el enent of this

i nventi on asflghi §idseti changenpet rétes dvexitlye adesired detect the drug
phenobarbitg&hamic range The el'enment was prepared having the follow ng
structure: R Cover age
(g/n{err] )Example 4: Use of a Phenobarbital-HRP Label

Prepared with an Extended Linker in an
Enzyme Immunoassay for Phenobarbital
This example demonstrates the preparation of
an analytical element of this invention and its use in
a competitive binding assay to detect the drug
phenobarbital.
The element was prepared having the
following structure:

Coverage
(g/m2)
Spreading TImmobilized Kallestad 1571 0.125
Layer Antibody '
Particles of poly[m—-&p- 130

vinyltoluene (64:36)-co-
methacrylic acid] (92:2 weight
ratio) (30 um)

4,5-bis (4-dimethylaminophenyl)-2- 0.2
(4-hydroxy-3,5-
dimeﬁhoxyphenyl)imidazole leuco

dye



Spr eadi ng | mrobi i zed Kal | est ad 1571. .0.125 Layer Ant i body

Particles of polylm&p- 130 vi nyl t ol uene (64: 36)-co-
met hacrylic acid] (92:2 weight ratio) (30 [err]m

4, 5- bi s(4-di net hyl am nophenyl )-2- 0.2 (4- hydr oxy- 3, 5-

di met hoxyphenyl )i m dazol e | euco dye

- 39- pol y( et hyl acryl ate-co-sodi um 2- 2.58

acryl am do- 2- net hyl - pr opané8ul f onat e- co- 2-

acet oacet oxyet hyl net hacryl ate) (90:4:6 weight ratio)
N-[tris(hydroxynet hyl) et hyl -2- 0.219 nogt %nesulfonlc
acid; (pH E@ly(methyl acryf} 3R 159~ %Rﬂ*%ﬁggf

1.8 5, 5- d|g@fpyémﬂdéhzamé@ﬁywanedlone 0. 05

propanesul fonate-co-2-
acetoacetoxyethyl methacrylate)
(90:4:6 weight ratio)

N-[tris (hydroxymethyl)methyl-2- 0.219
aminoethanesulfonic acid; (pH

7.0)

"dimethyl sulfoxide ' 1.8

'5,5-dimethyl-1, 3-cyclohexanedione' 0.05

Zonyl™ FSN nonionic surfactant 0.054
(DuPont)
Gelatin hardened gelatin 10
Layer
-hydroxyacetanilide 0.15

N-[tris (hydroxymethyl)methyl]-2- 0.68
aminoethanesulfonic acid; (pH
7.0)

Triton™ X-100 nonionic . 0.02

surfactant (Rohm & Haas)

Poly (ethylene
terephthalate) Support

A series of human serum based calibrators
containing phenobarbital and a phenobarbital-HRP label
(label AHRP-PB 3 or label E from the PB-3 of label
preparation 6) was prepared. The concentration of
phenobarbitai varied from 0 to 80 pg/ml. The



Zonyl [err] FSN noni oni ¢ surf act ant 0. 054 ' (DuPont) Gel atin

hafdened gel atin 10 Layer

- hydr oxyacet ani | i de ' 0.15 .
N—[tr|s(hydroxynethyl)nethyl] 2- 0. 68 am noet hanesul foni c
acid; (pH 7.0) Triton[err]. X-100 nonionic
0.02 surfactant (Rohn1& Haas) Pol y( et hyl ene
t erepht hal ate) Support Adferies of human serum based

cal | b at or 16034 bk PIARODAI | aka AhdePRRNCAAIA airld | abel (1 abel

AHRP- PB 3 e PB-3 of |abel preparation 6) was prepared.
The concent$RGOMEBAL B ha® ifal varied fromO to 80 [err]g/m. The

-40- phenobar b| t al - HRPhé aé)ehd\ﬁsoﬁctﬂmhdbmg:m]a dtaredamtsceft ndi i on of 6

nM he series of phenob b|t £ al i quot s)
was spotteoa]o’n?‘bo'fﬁE ¥H? e%\%l‘?tg 6‘1" asséslgér]aldcgls fl(az];}ge!l[ ytclréc;af el ement s.
After 5 m nsennelbaofoanalyeﬂc[:ek re]:IP,m%ntwa.sh Kffien | Hrmin ol amatdoronpri si ng
hydrogen peg,pxggle? (0 Oﬁa@h §8£‘ut~'{%ﬂ?h9§@hﬁi)e &g efs ity GHyddogueh 6. 8) ,

- hydr oxyacet ani i et hyl'enetriam ne cetic acid (10
[err]M wasp%t’él@lééld?o(%Qﬁ%hnb%%ﬁu%oﬂlb?wh%l%f‘f?%ﬁp (ia@erﬂ'er f the area

6.8), 4'-hydroxyacetanilide (5 mM) and
diethylenetriaminepentaacetic acid (10 uM) was added to
wash unbound complex away from the center of the area
to which the phenobarbital standards had been applied,
and to initiate dye formation. After about 1 minute,
the reflection density (Dr) was measured at the center
of the area at 680 nm at 37°C. The Dr values were

- converted to Dt by the Clapper-Williams transform. The
change in Dt over 30 seconds was calculated. The

results are shown below:

Phenobarbital, ug/mL Rate (Dt/min)
0.095
0.073
20 0.053
40 0.038
80 0.026

The results show that there is a
significant change in rates over the desired

dynamic range. The therapeutic range is 20-
40 pg/mL.

Example 5: Use of a Phenobarbital-HRP Label
Prepared with an Extended Linker with
an Amide Bond in an Enzyme
Immunoassay for Phenobarbital

This example demonstrates the preparatioh of an

analytical element of this invention and its use in a

competitive binding assay tc detect the drug



to which the phenobarbital standards had been applied, and to initiate dye
formati-on. After about 1 mnute, the reflection density (Dr) was neasured
at the center of the area at 680 nmat 37[err]C. The Dr val ues were
converted to Dt by the Clapper-WIllianms transform The change in Dt over 30

seconds was cal cul ated. The results are shown bel ow Phenobar bi t al ,
[err] g/ m Rate (Dt/ mn) 0
0. 095 7 -41- 0.073 20
0. 053 0. 038 80
0. 026 phenObaﬁﬁlt?gsults show that there is a significant change in
rates over the dBRerebemgntni ¢aspEepanesd haeingpdite CIERELIRE 20- 40
[err]g/nl. stEXGERFE: 5: Use of a Phenobarbital - HRP Label
Prepared with an Extended Linker with an Am de Bond in an
Enzynme - I'mmunoassay for Phenobarbital Thi s exanpl-e
denonstrates the preparation of an analytical elenent d&foudrage nvention and
its use in a conpetitive binding assay to detect the dr 2)
-41- phenobarbital. The el enment was prepared havrnggg%E—TUTTomjng
structure: Spreading Immobilized PbAs9 0-4vaerage
(g/nerr]) g@yggdlng LArPbbhzed PbAs9 0.40 Layer
ant i body

Particles of poly[m-&p- 130

vinyltoluene (64:36)-co-
methacrylic acid) (92:2 weight
ratio) (30 um)

4,5-bis(4-dimethylaminophenyl)- 0.2
2- (4-hydroxy-3, 5-

dimethoxyphenyl) imidazole leuco

dye

poly (methyl acrylate-co-sodium 2.58
2-acrylamido-2-
methylpropanesulfonate-co-2-
acetoacetoxyethyl methacrylate)
(90:4:6 weight ratio)

N-[tris (hydroxymethyl)methyl]- 0.219
2-aminoethanesulfonic acid; (pH

7.0)

dimethyl sulfoxide ' 1.8
5,5-dimethyl-1, 3~ 0.05
cyclohexanedione

Zonyl™ FSN nonionic surfactant (.054
(DuPont)



Particles of poly[mé&p- 130 vi nyl t ol uene (64: 36) - co-

nmet hacrylic acid) (92:2 weight ratio) (30 [err]m

4, 5- bi s(4-di met hyl am nophenyl )- 0.2 2- (4- hydr oxy- 3, 5-

di met hoxyphenyl )i m dazol e | euco - dye pol y( met hyl

acryl ate-co-sodium 2.58 2-acryl am do- 2-

nmet hyl pr opanesul f onat e- co- 2- acet oacet oxyet hyl nethacryl ate)

(90: 4:6 weight ratio) ' N—Fﬂrls(hydroxynethyl)nethyl] 0.219

2- am noet hanesul foni ¢ acid; (pH 7.0) di met hyl

sul f oxi de ) 1.8 . 5, 5- di met hyl -

0. 05 Gelatinc| ohbahferedelatin Zonyl[erﬁp FSN noni oni ¢

surfactant pafep54 (DuPont) -

-42- CGel atin har dened gel atin 10
4'~-hydroxyacetanilide 0.15
N—[tris(hydrox&methyl)methyl]— 0.68
2-aminoethane-sulfonic acid;

(pH 7.0)
Triton™ X-100 nonionic 0.02

" surfactant (Rohm & Haas)
Poly(ethylene terephthalate)
Support

A series of human serum based calibrators
containing phenobarbital and a phenobarbital-HRP label
(AHRP-PB-1, label F from label preparation 6) was
prepared. Frozen serum based calibrators contained
phenobarbital in concentrations from 0 to 80 ug/mL.
The phenobarbital-HRP label was added to give a.final
concentration of 8 nM.

A series of phenobarbital standards (10 pL
aliquots) was spotted onto the spreading layers of a
series of analytical elements. After 5 min incubation
at 37°C, a wash solution (10 pL) comprising hydrogen
peroxide (0.03%), sodium phosphate buffer (0.01 M, pH
6.8), 4'-hydroxyacetanilide (5 mM), and
diethylenetriaminepentaacetic acid (10 puM) was added to
wash unbound complex away from the center of the area
to which the phenobarbital standards had been applied,
and to initiate dye formation. After about 1 min, the
reflection density (Dr) was measured at the center of.
the area at 680 nm at 37°C. The Dy values were
converted to Dy by the Clapper-Williams transform. The
change in Dt over 30 seconds was calculated. The

results are shown below:



Layer 4' - hydr oxyacet ani | i de 0.15

N-[tris(hydroxynet hyl)nethyll - 0. 68 2- am noet hane-sul foni c
aci d; (pH 7.0) Triton[err] X-100 nonionic
0. 02 surfactant (Rohm & Haas) Pol y( et hyl ene
t erepht hal at e) Suppor t A series of human serum

based cali brators containing phenobarbital and a phenobarbital - HRP | abel
(AHRP-PB-1, |l abel F from | abel preparat4ddon 6) was prepared. Frozen serum
based cal i br abgiesobatakRe] pheRebarbital inrgeaceptyathpns from 0 to 80
[err] g/ nL. —Theptenobarbrtat-HRP Tabelr was added to give a final
concentration of 8 nM A series of phenobarbital standards (10
[err]L aliquots) was spgtted onto the spreadi ng bayees of a series of
anal ytical elements. After 5 mn incubation at §7§§ér]c, a wash sol ution
(10 [err]L) conprising ﬂydrogen peroxide (0.03%, " i um phosphat e buffer
(0.01 M pH 6.8), 4'-hydroxyacetanilide (5 mV), 8an@43
diethylenetrianinepentqﬂpetic acid (10 [err]M M@goagded to wash unbound
conplex away fromthe center of the area to which the phenobarbital
st andards had been appl8®d, and to initiate dye PofRdtion. After about 1
mn, the reflection density (Dr) was neasured at the center of the area at
680 nmat 37[err]C. The Dr val ues_were converted,to Ex.bﬁ.ghe ¢
d apper-W | 1ians transhé mesP&Esc§BYe tPACDERGTE! 2802 sBLBNYE AR
cal cul at ed. chBEyd @silldat e @veltowmebeleadred dynamic range. The
- 43- therapeutic range is 20-40 pug/mL.
In the elements of the examples of the
invention the labeled drug hapten derivative is spotted
on the element with the sample. Alternatively the

labeled drug hapten analogue could be gravure coated

over the element spreading layer.



Phenobarbital, [err]g/nL Rate (Dt/ m n) 0

0. 116 7 0. 083 20

" 002, 4 o AMANRIIRLAN
0. 017 The results show that there is a signiflik i ,
rates over the desired dynam c range. The therapeutic range is 20-40 ¢ *
[err]g/m. In the elenents of the exanples of the invention the

| abel ed drug hapten derivative is spofified on the elenent with the sanple.
Al ternativetyaihe | abel ed drug hapten anal ogue could be gravure coated over

the el enent spreading_ |ayer. |, -44-
c ai ns 1. 1An i MfuhBRYRAGS FA MRt 0% A hpri sing the steps
of : comprisingnthet sugpa dfquid sanple, containing the drug or a

in the presence of antibodres Tor t er conditions that pronote
the fornatitheofraat Pbodydariyat iventRergn oxdsttyfy labeled g

de})erm'dn: ngail‘abgo Héné'ﬁw?efd%b@ldfualr\i@hdé”ﬁx{éﬁ_u}eidjhy mmaq:ttréts:gxdlmognfi or
unbound | abel ed drug hapten anal ogue; characterized in e | abele

dr ug hapten°5nﬁpﬁbﬂgd&8gp%9§e5be drilg uné%r(?ﬁnéé%ﬁ%ﬂﬁﬂqﬂg§ the type used

i n i mMmunoaspagmot8arvhagfanmatios of awnt fiydly-ydrug cugyunocomplexesi(ii) a
drug nucl eu naelected froma hydantoin nucleus or a barbiturate nucl eus and
(iii) a linking chain linking the 3-position of the hydantoin or

bar bi turate nucl eus tB-t hedehpeminbrgugre aaearbihy | ohrihgyedrythd®ein the
l'inking chaifehasqahQubySmbastPiAGOBBuRENSE Shb@ud XdbeXddrddugo Cferr]

hapten analogue; characterized in that the labeled drug

derivative thereof, ﬁ%th acggpgéggnﬁggggﬁﬂgﬁﬁf iR AT W ria 1@y derivative
fox

hapten analogue comprises:
' (i) a label, of the type used in

immunoassays, having an amine or sulfhydryl group;

(ii) 'a drug nucleus selected from a
hydantoin nucleus or a barbiturate nucleus and

(iii) ‘a linking chain linking the 3-position
of the hydantoin or barbiturate nucleus to the label
through a carbonyl bridge; wherein the linking chain
has about 5 to 40 atoms consisting of (1) Ci to Ci0
~alkylene groups, (2) phenylene groups, and (3) 5 to 7
membered heterocyclic rings joined into the linking
group through ring nitrogen atoms, said groups and
rings being bonded to each other through chemical

0
(-Cz-) .
groups selected from (a) esters, , where Z 1is
0
Il
(-CNH-)
O or S; (b) amides, , (c) hetero atoms

selected from -0-, -S-, and -NR-; wherein R represents
Cl1 to C6 alkyl; and (d) carbonyl, with the proviso that
the linking group is other than a derivative of a
saturated or unsaturated monocarboxylic acid having
from 2 to 12 carbon atoms.



al kyl ene groups, (2) phenylene groups, and (3) 5 to 7 menbered heterocyclic
rings joined into the linking group through ring nitrao aid
groups and rings being bonded to each ot her thro E@'Bﬂ ETH“T

[err] groups selected from(a) esters,

[err] 0O or S; (b) am des, , (c) hetero atons sel ected from

-0-, -S-, and -NR-; wherein Rrepresents CJerr] to (Jerr] alkyl; and (d)
carbonyl, with the proviso that the tfibking group is other than a

derivative of a saturafed Wn@&%ﬁﬁmwdbwuﬁﬁmd havi | ng from2
to 12 carbon atons.

|nnunoassay'Wﬁﬁ?ﬂkﬁ(ﬁhQﬂkﬂﬂhkpﬂMﬁﬂﬁﬁq1%Wﬁ%qu§k@n&eéﬁ§PﬁyFﬁ&Fu§§?u§

het erocycl i Csé]lrélﬂib.&efx%iieﬂ, JJpzmeJradrlmmml 12y 15e-0d me2 hy-lailp@t-hyl - 1, 4-
plpera2|nylene dazoll |.e n r odi azepi nyl ene.
The i nmBRRS éa ‘hﬂ‘?fb%r c?f maf%@?lé]ynl%tnh fégg%ﬁéé drug hapt en
analogue ccnﬁexahydxndiuzenrqxﬂanaa (1) [err] wherein
3. The immunoassay method of claim 1

wherein.the labeled drug hapten analogue conforms to
the structure:
(1)

] Dol R

il _Rs 1l I

A-Ry-G-N N-C-R4—C-Z-Rs-2C-Rg—C-Label
L dm -~ dn

wherein
A represents a hydantoin nucleus of the

structure or a phenobarbital nucleus of the
R, R,
°::,><':0
HN N—
g
o)

structure ;

Rl each independently represents hydrogen,
alkyl of 1 to 10 carbon atoms , unsubstituted or
substituted phenyl;

R2, R4, R5, and R6, each independently
represents C1 to Ci0 alkylene or such alkylene groups
interrupted with one or more ester groups, amide
groups, -0-, -S-, and -NR-;

R3 represents Ci1 to C3 alkylene;

Z represents -0-, -S-, and -NR-, wherein R
represents hydrogen or Cy to Cg alkyl;

mis 0, 1, or 2;



A represents a hydantoin nucleus of the [err] . structure or a
phenobar bi tal nucleus of the [err] structure Rl err] each

i ndependent|ly represents hydrogen, alkyl of 1 to 10 carbon atons |,
unsubstituted or substituted phenyl; RZ, R4, —R5—and_R6, each

I ndependently represents Cferr] to C[err] aIkernj"ﬂﬂ”? ! I groups
interrupted with one or nore ester groups, am de m mﬂ#mrand
-NR-; Rlerr] represents CJert4®to C[err] al kyl ehe;# s

represents -0, -S-, ands PR 1, WBQFQFH R represents hydrogen or C[err] to
Clerr] alkyl; mis O, 1 2,

- 46- nis oM f Noisy> 0 3nd m+nis >0 and

the total nunber of atons theptpsad nambernofindt &nher chmpgiSedoino;

LABEL is anpenzyi®y Rr2 is 5 further provided that (i) at |east one of
the Rerr] gfoups 'S substltute or unsubstituted phenyl; (ii) one of
Rlerr], Rerr], and RIABEL d&nabeeprRER§Fene; (iii) the br acket ed conponent s
of structure | can appear fh'%@h@lrnphravilaétdotﬂﬁt angl Gtviehbe bhs8kbpg group

's other thag Rqegggﬁkgvﬁsosu%s ? Hggdeor Lnsubstltuted phenyl,
(ii) one of R4, R5, and R6 can be phenylene,
(iii) the bracketed components of structure I can
appear therein in any order and (iv) the linking group
is other than a derivative of a saturated or
unsaturated monocarboxylic acid having from to 2 to 12
carbon atoms.
4, The immunoassay method of claim 3
wherein:
Rl each independently represents hydrogen,
methyl, propyl, hexyl, decyl, unsubstituted phenyl or
phenyl substituted with alkyl of 1 to 6 carbon atoms,
nitro, halogen, cyano, and alkoxy of 1 to 6 carbon
atoms; _
RZ2, R4, RS, and R6, each independently
represent alkylene selected from ethylene, butylene,
pentylene, octylene or such alkylene interrupted with
at least one or more ester groups, amide groups, -0-, -
S-, or -NR-:; .
R3 represents methylene, ethylene, or
trimethylene; and _
Z represents -NR-, wherein R represents
hydrogen, methyl, propyl, or hexyl; and
LABEL represents an enzyme. .
5. The immunoassay method of claim 4
wherein Rl each independently represents phenyl or
ethyl; RZ is tetramethylene, R3 is ethylene, R4, R5 and
R6é each independently represents ethylene or hexylene;
Z is -0- or -NH-, and LABEL is an enzyme.

6. The immunoassay of claim 5 wherein the
label is horseradish peroxidase (HRP) or amine enriched
horseradish peroxidase (AHRP), the labeled drug hapten



unsat ur at ed nonocar boxylic acid having fromto 2 to 12 carbon atons.
4. ° The imunoassay nethod of claim3 wherein: each

i ndependently represents hydrogen, nethyl, propyl, Hﬂﬂmnl
unsubsti tuted phenyl or phenyl substituted with aIk ”H#

atons, nitro, hal ogen, cyano, and al koxy of 1 to 6 carbén &t oms
Rlerr], Rerr], Rerr], and Rl err], each independently represent aIkerne
sel ected from et hyl ene, butyl ene, pent%?ene octyl ene or such al kyl ene

interruptedaphiBgdk ligagat 1888160 BﬁéﬁyE%E%fongHeﬁobaHbgeagroupS -0, S,
or -NR-; R3 represents nethyl ene | ene, or trrnethylene and

z represent§nahﬂguewﬁépetHeRlﬂéﬁﬁégeHF?uﬁyGPﬁﬁéﬁtlﬂﬁtHp? BPSpyI or hexyl;

and haphéBEhn@eb@eeelﬁbs tde BBZ¥BRadish peroxiBlase IBe i Mmunoassay
met hod of cla t g?%rern Rlerr] each independently represents phenyl or
et hyl ; R[er?f §tF 59@thylene Rlerr] is ethylene, Rerr], Rerr] and
Rl err] each |ndependemetyamephegenESaebbywémmiophhemeEhgiezers -0 or

-NH-, and LAﬁEbobﬁrEQ Qé*??&e“ecarb°“¥éégé The i munoassay of claim5

wherein the rse i sh perox HRP) or am ne enriched
hor ser adi sh peroxrdaséeGAHRPFhYﬂﬁéeFéﬁépédld u§-RapeEAzinylene-

-47- analog@grbang1@Qh9h@gegﬁeﬁbhgup @hdphenobar bi tal anal ogue and the
l'i nki ng group connectleg t he gg gt%n anal ogue Bo t he horseradish
ylenec

per oxi dase is sel ect edSFFGMEL onylimiRoethyleneoxy-
t et r anet hyl eaebangdeyhylenekexboayhyl ene- i m nocar bonyl et hyl enecar bonyl ,

tetramet hyl enecar bonyh- 1, 4-pi.pg %ﬂﬂbﬁyk?ngn Céﬁ@?@%hgﬁ %egg grggnyl, and

t et r amet hyl enecar bonyli'm noet hyl"éneoxy- fbon car
7. The nefhddmsf camyighe oot Pﬁeapré@@éﬁﬁgséﬁarﬁ%e@aﬁ¥red out on an

i munoassay elenent. g, The method of any one of claims 1-6
wherein the method is carried out on an immunoassay
element containing the labeled drug hapten analogue.

9. The method of any one ¢f claims 1-6
carried out on an immunoassay element containing the
antibodies in one layer or zone and a separate layer or
zone containing the labeled hydantoin derivatives.

' 10. The method of any one of claims 1-6
wherein the method is carried out on an immunoassay
element in which the antibodies are immobilized on
beads in a particulate layer and the labeled drug
hapten analogue is in a coating directly above the
layer containing the antibodies.

11. An immunoassay element having a layer,
zone or coating of the labeled hapten selected from a
phenytoin or a phenobarbital analogue according to any
one of claims 1-6. | '

12.- An immunoassay method according to any
one of claims 1-6 wherein the assay is conducted for a
drug is phenytoin or phenobarbital.



8. The met hod of any one of clains 1-6 wherein the nethod is carried out
on an i nmunoassay el enent containing the | abel ed drug hapten anal ogue.

9. The!met hod of any one of clains 1-6 carried out on an i munoassay
el enment containing the antibodies in one |ayer or zone and a separate |ayer
or zone ¢ontaining the |abel ed hydantoin derivatives. 10. The

met hod of any one of clainms 1-6 wherein the nmethod is carried out on an

i mrunoassay el enment in which the anti4fodies are i nmobilized on beads in a
particul ate | ayer and the | abeled drug hapten analogue is in a coating
directly above the |ayer containigﬂBthe ant i bodi es

munoass ag HUBRBSSARAPIRY HOVEpeFABBLAR” BRUBOHAETEN ANPHRSYER ] ed hapt en
sel ected froma phenytoin or a phengharditt al anal ogue according to any one
O e o n ¢ s by Toh T AR O RRL LAY, 27y e
phenobar bi mgkhod and element for a drug using labeled drug hapten
analogues comprising:
(A) a label, of the type used in immunoassays,
having an amine or sulfhydryl group;
(B) a drug hapten nucleus selected from
barbiturates or hydantoins and
(C) a linking chain linking the 3-position of the
drug hapten nucleus to the label through a carbonyl
bridge.



