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-1 4L MYUNOASSAYS W TH LABELED THYRONI NE HAPTEN ANALOGUES %ogqcﬂé"l-i’ '
i nVéntjon refates to clinical chemistry particularly immnoassays.
| nmynoassays, which take advantage of natural inmunol ogical react iiBA8, have.
found w de-spread use as anal ytical techniques in clinical chem stry.
Because of the specificity of the reactions, they are particularly
advant ageous in quantifying biological analytes that are present in very
1 ow concentration in biological fluids. Such analytes (called |igands
herein) include, for exanple, antibodiesTlTherapeutic drugs, narcotics,
enzynes, hor nDNEMMUNOASEAYS, WATH SABELEDh THYRONINE HARTEN BNRLOGUES bi ndi ng

| mmunoassays, a | abel ed %{g% P%yﬁé(g%eégceg Eﬂi-i'ﬁ?ﬁgit 'ci'x'egﬁs\%:tphe

unl abel ed haptens for reaction w anount "o appropria
anti body. Unbeowniagiessky riamhencassayde hapten can be determined fromthe

nmeasured signal of eithq&ﬁﬁﬁbggggygperPgﬁgFngtQ?ﬁahﬁaggr%&)dgﬂ%?é%’

hapt en anal ogue. Convent’ onal S 1 nc e radi oactive tags,

enzynes, chr oddEMRALOI¥cYbrEpReEtans st Aave fpurdr wifeaspreasd vae piske

cofactors, i nhyiyatl ScANtk SthRbees CiRT EChOEEL chemistry. | Bt i tive

:nnunoassays gﬁgﬁénﬁronlneg. .such as-thérOX|mg, specific reqU|renents_for

abel ed t-hyr SR LRI BYuRE FRer ESPFERORSmetN¥saE8H) i ncl ude: 1)

at |east 60% QatthicuDdrpnadeahvagdoby inxgeaattifyibiy biedoyilddiody; 2)

affinity of the LRI enbfmRRL! b8l tROPYS 134C bR e SUT 0N of &
biological fluids. Such analytes (called ligands '

herein) include, for example, antibodies, therapeutic

drugs, narcotics, enzymes, hormones, proteins,: and so

forth. _ .

In competitive_binding immunoassays, a _
labeled hapten analogue is placed in competition with
unlabeled haptens for reaction with a fixed amount of

. the appropriate antibody. Unknown concentrations of
the hapten can be determined from the measured signal
 of either the bound or unbound‘(that is, free) -labeled
hapten analogue. , . o

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

30
vid;
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In competitive immunoassays for thyrohines,
E" such as thyroxine, specific requirements for labeled
B thyronine hapten analogues {hereafter sometimes ILDH)
include: 1) at least 60% of the LDH can be bound by
excess immobilized antibody; 2) affinity of the LDH for
immobilized antibody is such that competition of a
fixed amount of LDH with the drug occurs in a
therapeutically relevant concentration range; 3) the
process used to prepare the LDH requires only a few
steps and 4) stability of the LDH against hydrolysis of



fixed ampunt of LDH mnth the drug occurs in a therapeutically relevant
concentration range; 3) t he .process used to prepare the LDH requires only
a few steps and 4) stablllty of the LDH agai nst hydro i s of

REPLACEMENT SHEET : - J- THist sgnzyre-Label
under storage conditions. Requirenents inposed on thg thyr@ghf
anal ogues include: 1) accessibility of the anal ogue to the
anti body follow ng conjugation of the enagne | abel ; 2) speC|f|c recogni:
of the | abell ed anal ogue by the anti body €0 the drug, and 3) sufficient
reactivity of ittse effzymeriadmgleandél $terage yoendbbbdbnsei tRequdreect!ly or
fol |l ow ng actlvatlon of the enzyne of e I.fLons that do
not adverselyn5?¥ ctt u‘¥?ﬁ§‘§%t¥9?t§byg@g{8€f§?pﬁgg8%?%8@88% cl oses hapt ens
conprising a timglmdere rlklaccessibhlity aftthe asatogygeotp. tmbe problemis
Lt Lhese RoBRERLO A REOKLET chPULA] cOASLERLIBRERH TN DOt A e
at | east I MTUnor eact 1 ternatfi ona P |cat|on WO A
91/ 01006 descrerzigne ahalas%ayZEyéPeﬁifbﬁ rasognsbioneat §heuﬁgbe&pded
specific "gar}g@] cﬁ&lﬁé‘%ﬁ?'{:ﬁé QHtPBSIi?' B8 gHeha2fgh N¥haXBRe s gasrﬁba%

gl obul i'n, uorescent -1 abelled T4 con%mgate I's discl ose
These conpoundeeadkiyity afsEBet dFpgkpRgleAREN"BEPWERS PREYARI AEbeL .

sul phydryl grmmrt@ﬁré@b@y aadfbmgohaabeacawaaddnt bEnghley edh@ yit@ possess
t he required afflnl%g for a 108 400 al.so discl oses

| abel | ed t hyr &&& RPHEPIRRS, uRﬂEFe%ﬂngﬁglpﬁﬁthP§ t B 8WETSF hapt en by
a short I|nklngfﬁ@etneni?meeachupmﬂyds are particularly susceptible to

anal ogue acsording to of St 14 THE Pederiet torp o frrb ety e bl “hen
' thyroxine (T4) nucleus having an active ester group.

The problem is that these haptens do.not provide-
-labeled haptén analogues that are at léast 60%
immunoreactive.

The present invention provides a thyronine
drug hapten analogue according to claim 1. The labeled
thyronine hapten analogues when used in the
immunoassays of claim 2 and the elements of claim 3 are
reproducible and up to 60% immunoreactive. The labels
have good- washout properties. ‘Thus they have low
nonspecific binding due to relatively low substitution -

" ratios. Also the structure of the linking group has a
positive affect on the shape of the dose response
obtained and thus the performance of a thyronine assay.
This positive affect results from a greater rate of
change of the amount of the bound labeled analogue over
the desired measuring range of thyronine.

The analogues of the present invention
include those having structure 1 as follows:

//

en Replaced
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used,in }he |nnunoassays of cllaim2 and the el ements of cIa|n13 are
reprodUC|bIe and up to 60% i nmm noreactive. The | abel s hay& VZASY .
propert.ies. Thus they have | ow non-specific binding due T&grﬁf_ﬁ%{}c@ %‘by
substitution ratios. Also the structure of the | i nki ng grletp—has—a—posi-tive
effect on the shape of the dose response obtained and thus the perfornmance
of -a thyronine assay. This positive affect results froma greater rate of
change of the amount of the bound | abel |l ed anal ogue over the desired

<

measuri ng range of the thyronine. THE anal ogues of the present
I nvention include those having structure 1 gs fo}l ows:
- 3- [err] wherein -Z- is

sel ected from 1, 44 pi perazi nyl ene, 2, 5- dlqunxh ﬂ.fkdnge[31|nylene
1, 3-i m dazol i di nyl yne m

e, 1,3-heéxar drodia;gblnylene (1-m)
1, 4- pi per azi ny}eng Q’arhn . cu.chi
. 2

| f\\\c Z-(L%-C-LABEL), ,,-R*,
1 ll
o

Structure 1

wherein -2- is selected from 1,4-piperazinylene, 2,5-
dimethyl-1,4-piperazinylene, 1,3-imidazolidinylene,
1,3-hexahydrodiazepinylene, 1,4-piperazinylenecarbonyl.,
2,5-dimethyl-1, 4-piperazinylenecarbonyl; 1,3- '
imidaiolidinylenecarbonyl, 1,3- ' .
hexahydrédiazepinylenecarbonyl, oxa (—O-); thia (-S—),
imino (-NR-) in which Rl is hydrogen or alkyl of 1 to
6 carbon atoms; .

Ll and L2 each represent a linking chain

- having therein from 4 to 22 chain atoms, inciuding (i)
together with Z, at least one ring group selected from
1,4-piperazinylene; 2,5-dimethyl-1,4-piperazinylene;
1,3-imidazolidinylene; and l,3-hexahydrodiazepinyiene;_
" and (i1) one or more Ci to Cg alkvlene groups; wherein

the groups (i) and (il) are interconnected to each
other through one or more groups_selected from -0-, -S-
, imino, carbonyl, amide (-ocNR1- and -NRlco-), and
ester (-COO- and -0CO-);

R3 represents alkyl, hfdroxyalkyl, or alkoxy
of 1 to 10 carbon atoms; and

R% is alkyl of 1 to 10 carbon atoms, and m is

0 or 1. _
Thyroxine is an example of the thyronines
that can be assayed using this invention. The
This Sheet Has Been R,
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2, 5- dlnephyl 1, 4- plpera2|nylenecarbonyl 1, 3- imdazolidinyl enecarbonyl,

1, 3- hexahydrodlazeplnylenecarbonyl oxa (-0), thia (-S—), i mino (-NR1L-)

in which Rlerr] is hydrogen or aIkyI of 1 to 6 carbon at

L[err] and L[err] each represent a linking chain having MrgrsegHEEfrr[@Ag BEE

22 chain atons, including (i) together with Z, at |east jone r REBELAQFEHP

sel ected from 1, 4-pi perazi nyl ene; 2, 5- dinethyl 1, 4- pi perazi nyrent;

1, 3-imdazol idinyl ene; and 1, 3- hexahydrodbazeplnylene and (ii) one or nore

Cerr] to (Jerr] al kyl ene groups; wherein'the groups (i) and (ii) are

interconnectedahﬁkﬁﬁﬁthyrmnlm¢whmgﬁﬁ@n@n@logbﬁe greupbessiibiestt Pfom - O,

-S- , imno, F{&,ﬂy SENRef¢1 daf'ﬂﬂ: REA5 & 2pgd ester

(-COO- and - 1ng3£f§§i@ %% rep rtg{senets d?! lﬁrs lq@imky? or al koxy

of 1 to 10 carrswrﬁvémwm@mwwﬁs in themamg sofa|'3%n santando car bon

?L 0["6 ang m Io%lféxgg ﬁlledt%n the §Qﬂié0dhﬁé h§ @Reex2EBbAtOtakBE t[\}érs Klm nes
at can be assaye usin i s invention. pendi n

904617 titledJ CRHADARRORES THIRERY NRLARFTER XRPE%J%QE% n the

nane of Dani elmeaélﬂe%m@r subfked 6f tbpendimgduseNasoulee eprazarid case.
Thyroni ne hapten anal oques, from which the | abels .ar &
THYRONINE HAPTEN ANALOGUES FOR IMMUNOASSAYS in the name of
Danielson and others also filed on the same day as the

present case.

Methods of making the thyronlne hapten
analogues are presented below. -

There are two convenient reactive sites on
-the thyroxine which allow appendage of a linking chain
followed by a reactive active ester éroup in the case
of the new haptens of this invention, or followed by.
an enzyme moiety in place-of the active ester group
when making the new labels resulting from the
invention. The two convenient sites are the primary
amine and the carboxylic acid groups. Whichever site
is chosen, the other site is first blocked to prevent
interference with subsequent reactions employed to
sequentially build the desired linking chain and
terminate it with an active ester group and finally
with an enzyme to produce the desired label.

Preferably the linking chain is appended
from the primary amine group and the first step in the
preparation is to block the carboxylic acid group.
This can be accomplished by converting the free acid
to an ester with a conventional esterification
reaction such as condensation of the acid with an
alcohol, preferably methanol with either an acid or
base catalyst and separating the ester, for example,
the methyl ester. Subsequently, the amine is
condensed with a dicarboxylic acid anhydride to form

This Sheet Has Been Replaced
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[y e,

made, are.the subj ect of copendi ng USSN 904616 titled THYRONI NE HAPTEN
ANAEOGUES FOR | MMUNOASSAYS in the nanme of Daniel son and others also filed
on t.he sane day as the Met hods of nmaking the thyroni ne hapten
anal ogues are presented bel ow. There are two conveni ent reactive
sites on the thyroxi ne which all ow appendage of a linking chain followed by
a reactive active ester group in the-case of the new haptens of this
invention, or followed by an enzyne noiety in place of the active ester
group when making the new | abel s resultiﬁa‘fron1the i nvention. The two
conveni ent si aes antield el nkagerly acomeeatilohak amiaexibrmlagid groups.

VWi chever sit t It S S
i nterference \%ion?e%%oé::iq %n{]g?@é%]&%%é gnh tfléé Fggsgggg% I I y ‘d the
desired |inki dg eidhenrcondensedtwith ant N—hmdaommlelet gmogr@;aoblaﬂd

flnally Wih 2 ERaE, é&ﬂmﬂge%hfo%sth@dabeb.% ester hap 5&{} g ably
the Iinking chai rom,t he gélnary anm ne grogP an e first

nis a
step in the pRyRfex Qi&qstbﬁ piBKENGLENRAR) &Ry PKE eRGES can be
acconpl i shed yegsmerdl n@ohaenfaaeeoagl Bft @:.weestaealmtlmea t i onal

esterification rea.é n such as.condensati on an al cohol,
preferably met9hd? vﬁol?ﬁ EYeneming gEeyPs: pggg C%%%% & A% ng t he
ester, for' examimoaldshokt wikthesher nefiulteemiaall varboeqanireup samd)ndensed
wWth a dlcarb0§yléfn€§hg %9h&g5&g%k&%§f%%@ amine and condensation of
: 'a dicarboxylic acid anhydride with the new terminal
deblocked amine, or hydroxy group. These
condensations are sequentially continued until the
desired chain length is achieved. The diamines
employed preferably have one amine group protected
(blocked) with conventional blocking groups such as
butoxycarbonyl (BOC) or benzyloxycarbonyl groups.
Thus, after addition of each protected diamine onto
the linking chain, a deblocking step, for example,
removal of the BOC or benzyloxycarbonyl group with
trifluoracetic acid and HBr/HOAc respectively, is
required before extending the chain with the next
dicarboxylic acid anhydride. _
In accordance with this invention, at least

A

NH NH

-1
one cyclic diamine of the structure i ~, where
R6 is hydrogen or methyl and R7 is an alkylene in
methyl-substituted alkylene of 1 to 3 carbon atoms,
such as methylene, ethylene, propylene and
trimethylene, preferably the cyclic diamine is
piperazine, is necessarily blocked and incorporated
into the linking chain as described for the diamines.

This. Sheet Has Be?'r_!-Rep}aced; .




] 4 .

-5- .an am de |inkage by conventional am de-form ng condensation techniques,
and“then the carboxylic acid is either condensed with an N-hydroxyi m de
such as N hydroxysuccinimde to formthe active ester hapten, or
preferably, the linking chain is extended further by sequenti al
condensati ons of either a diam ne having one of the two am ne groups
protected (bl ocked), or an am noal cohol with the new term nal carboxy group
and continui ng by deblocking t he am ne and-condensation of a dicarboxylic
aci d anhydridg, w th_t w t.er g,nal or X

These condensih k é%frgg}erflg%%’? :gnatg%:fh?h%e e Eéngﬂg
length is achhapeen'ﬂmahmgnesuﬁsenqndgnﬁhmm@mewébaytenmyn@hecanboxygroup
prot ect ed (bI %? I £ S a
but oxycar bony d¥t%hb?ﬁ§¥ﬁ&i car %gy g?%%%siﬂ béES??egoaddltlon of
each protecte@nQGMﬂQu§hﬁnnﬁ¢¢ﬁ%Y¢rﬂ@¢$V%H%$hera d@bﬁo@ﬁanC§iE§ for
exanpl e, 1 engl 1@%&%&&?%&/&%HCMBYeréG!Ehy‘HWIt g%hbar acetic

acid and HBr/ HOAc respectively, is req |re e fre extending fhe chain with
the next di caCRREALTEIE| SN cﬁ?d%rO uce t apgl 3@c6h&5ﬁ8émﬁtr1thls
invention, at Hagasn analogues. [err] one
cyclic dlanlne of the structure ogen_or th and R7 is
an al kylene in nethyl - 5%@%???%?%§Q§¥kyFﬁ§ p%%m%QY g§18§r868 gyg such
as net hyl ene, theyhnmnimepyarntivad ber bieckgtenéorpezhmpilel yv:lltﬂ'e cyclic
diamne is [ S b d r into the
Pluid %}éi(}-r?l ) do?l‘é n‘?§ g:['ghés h@‘él&?@b@ﬁ abBe" BRP LB

| i nki ng chai n as
linking group can be the appended to the carboxylic

acid group on the thyronine moiety using the
condensation, blocking, and deblocking reactions
described hereinbefore in the desired sequence.
Intermediate Preparation 1:
Preparation of N-[4-(3-Succinimidoxy-
carbonylpropionyl)piperazinocarbonylmethoxy-
- acetyllthyroxine Methyl Ester



The flnal step in the preparatlon of the new t hyroni ne hapten anal ogues is
condensation of a term nal carboxy group with N-hydroxyim de as descri bed
before to produce the reactive active ester. The new active ester is
condensed with an am no or sulfhydryl group- containing enzyme to produce

t he | abel ed t hyroni ne hapten anal ogues. Alternatively, the
primary am ne group on the thyronine can first be bl ocked, for exanple with
t he am ne bl ocki ng groups descri bed above_ and the |inking group can be the
appended to the carboxylic acid group on” {he t hyroni ne noi ety using the
condensati on, bl ocking, and dgbl ocki ng reacti ons descri bed hereinbefore in

the desired sequence. |nternme® Preparation 1: Preparati on of
N-[ 4- ( 3- Succi ni m doxy- : _
carbonylproplonyl)plpera2|nqgav yl met hoxy- acetyl ]t hyroxi ne
Met hyl Ester. _ :
o
o
~N

Step 1. 'Methyl Ester of Thyroxine B
_ To a mixture of thyroxine (37 g, 0.047 mole)
in methanol (500 mL) was added anhydrous hydrochloric
acid gas. After a few minutes the slurry clears and
the addition of HCl is continued for 30 minutes while
the mixture is cooled in an ice/water bath. Stirring
is continued fo: 2 hours while maintaining the
temperature at 0-10°C. The white solid was filtered
and the filtrate concentrated to about 100 mL and
placed in the freezer overnight, filtered, sucked dry,
and combined with the previoﬁs material to give 39 g.
The solid was dissolved in N,N-Dimethylformamide (100
mL) and added slowly to sodium bicarbonate (27 g) in
water (1500 mL) while stirring. The mixture was
stirred for an additional hour, extracted with ethyl
acetate (5x200 mL), the combined organic solutions
were washed with saturated NaCl solution (200 mL),



" .

-7- - [err] Step 1. Met hyl Ester of
Thyf oxi ne To a mixture of thyroxine (37 g, 0.047 nole) in

met hanol (500 nL) was added anhydrous hydrochloric acid gas. After a few
m nutes the slurry clears and the addition of HCO is continued for 30

m nutes while the hixture is cooled in an ice/water bath. Stirring is
continued for 2 hours while nmaintaining the tenperature at 0-10[err]C.  The
white solid was filtered and the filtrateconcentrated to about 100 nL and
pl aced in the freezer overnight, filtered, sucked dry, and conbined with
the previous FEied gvero aphvdrapngy magnesHm syhEatessbiieared, and

N, N-Di net hyl f ehebSodetiti dénceaitracksiedks| 000 YmL O sodi tALBI sanBeRahe (27
g) in was added petroleum ether 200 mL, the mixture was

placed in the freezer for 16 hours and was then

filtered to give 31.4 g.

1y NMR (CDCl3) 4 2.8 & 3.0(m,2H, CHy), 3.85 (mss,4H,
CH&_QHQ), 7.1&7.7 (s,4H, aromatic H's).

Step 2 N- (Carboxymethoxyacetyl) thyroxine Monomethyl
Ester. Reaction of amine from step 1 with
diglycolic anhydride '

o A mixture of the thyroxine methyl ester

(31.4 g, 0.04 mole) and diglycolic anhydride (11.6 g,

- 0.1 mole) in acetone (350 mL) was heated to 50-60°-C
in a hot water bath and then stirred to ambient
temperature for 1 hour. The solvent was removed on a
rotary evaporator in vacuo and to this residue was
added .chloroform (400 mL). . The organic solution was
washed with water (2x100 mL), washed with 5% HCl
(2%100 .mL), washed with saturated NaCl solution (100
mL), dried over anhydrous magnesium sulfate, filtered,
and the solvent removed. To the residue was added
chloroform (100 mL) and the solution was pléced in the
freezer overnight. The mixture was filtered to give

"~ 31.4 g; m.p. 157-162°C.

ln NMR(CDCl3) & 2.9 & 3.05 (m,2H, T4-CHy),
3.6(s,3H, CH3), 3.95(ABq,2H, NHCOCH>),
~  4.02(ABq,2H,CH,CO),4.6(m,1H, CH), 7.0&7.75(s,4H,
aromatic H's),8.25(d4;1H,NH), 9.1l(broad s,1H, acid H)

Step 3 N- (Succinimidoxycarbonylmethoxyacetyl) -
' thyroxine Methyl Ester. Reaction of the



water (1500 nmi) while stlrrlng The m xture was stlrred for an additional
hour, extracted with ethyl acetate (5x200 mlL), the conbi ned organic
solutlons were washed with saturated NaCd solution (200 ni),

-8- dri ed over anhydrous magnesium sulfate, filtered, and t he _
sol ution concentrated to 400 nL. To this solution was added petrol eum
ether 200 nL, the m xture was pl aced in the freezer for 16 hours and was
t hen filtered to give 31.4 g. [e@L]H NVR (CDCl[err]) d 2.8 &
3.0(m2H, CHerr]), 3. 85 (,m&s, 4H, err]),. 7.1&7.7 (s,4H_ aromatic

Hs). = Step 2 émtma?cam T ey ARESHRLR fe

Esheg EEactlon of an1nQAhmmﬂgﬂéﬂbﬁl%ﬁféhrboxymethoxy?Fé&giycol|c (L. 4
anhydri de . m_X 0 e Xi ne 31.

g, 0.04 nol e) ERNFOFIZS Tgmam r§REY 1@%% n@% ﬁ(%?i )l(lﬁ acet one
(ﬁgp m.) was hyaltm&yrsnncﬂﬂrﬁﬁﬁde (3I8Tf]ghcﬂlmanobalh and nhnn stirred to
anbi ent Q e ed o rotary
evapor at or |n v E@H&%?ilé%gpgﬁ§ﬁlde %?éy'né addé@gfgr gn gcgt?&&o

S re5|du orof orm
The organi ¢ sdR®0 ob)waeas stigmeed i xoomat erperxtigoenfdr dbshoursi.t h 5%

Ha (2x 10QHg-Ini MARNE Aol 1 PRALHEQ 88 NBf 0 B0EYEMOT30608L) was
added. The organic solution was washed with water
(3%x100 mL), saturated NaCl solution (100 mL), dried
over anhydrous magnesium sulfate, filtered, and the
.solvent removed on-a rotary evaporator under vacuo to
givé 30 g.- This material was used difectly in the
next step without further purification.

15 MMR(CDCl3) d 2.85(s, 4H, CH,CH,), 3.05(m,2H,Ar-
CHy), 3.8(s,3H,CH3), 4.2(ABq,2H,NHCOCH)), 4.58(ABq,2H,
CHyCO), 4.85(m,1H, CH), 7.1&7.65{(2s,4H, Ax H's)

Step 4 N-[4- (Benzyloxycarbonyl)piperazino-
carbonylmethoxyacetyl]thyroxine Methyl
Ester. Reaction of reactive ester with =
benzyl l-piperazinecarboxylate .
To N—(Succ1n1m1doxycarbonylmethoxyacety1)—
thyrox1ne methyl ester (5.1 g, 0.005 mole) in
chloroform (200 mL) was added dropwise over 10 minutes
benzyl l-piperazinecarboxylate (1.5 g, 0.0068 mole).
The mixture was heated to 50-60°C with a hot water
bath for 15 minutes and then stirred at ambient
temperature for 16 hours. The mixture was washed with
5% HCl1l solution (2x100 mL), water (2x100 mL),
saturated NaCl solution (100 mL), dried over anhydrous
magnesium sulfate, filtered, and the solvent removed.
The residue was chromatographed on Si0O, to give a
solid.



mL), dried over anhydrous magnesium sulfate, filtered, and t he sol vent

rendved. To the residue was added chloroform (100 nL) and the solution
was .pl aced in the freezer overnight. The m xture was filtered to give
31.4 g; mp. 157-162[err]C [err]H NVMR(CDCl [err]) d 2.9 & 3.05
(m2H, T4-CHerr]), 3.6(s,3H, CHerr]), 3.95(ABqg, 2H, NHCOCH err]),

4. 02(ABg, 2H, CH err]CO,4.6(m 1H, CH), 7.0&7.75(s, 4H, aromatic

H s),8.25(d, 1H, NH), 9. 1(broad s, 1H, acidlg) Step 3

N- (Succi ni m doxycar bonyl net hoxyacetyl)- "~ _ t hyr oxi ne Met hyl
Ester. Reactid®l OMR(GDCl3) d 3.1(m,2H, Ar-@Ehl,fBo2bsBep (@, 8H,h

N- hydr oxysuccinim.de m xt uy e f (00 xyacetyl) -

t hy?/oxi ng m)ng)ﬁ‘é Ik&}s)ést:se'r—]?&si’.?{@,%gfs ?m?’ ré\%‘ﬁgfiéﬁhyﬁfr@;gﬁi(su ni ?/n zje (3.8
g, 0.033 nol el BFBA, M - CHpGRp bibkxy4 ¢82 bodl i @8) ¢ 75218502833 nole) in
acet one (200 gﬁ%&%ﬁfgft7fd§9_ﬁt7E%fnhﬁ?gggéﬁlﬁ??TEQE‘301ﬁ9ﬂh§' The m xture

was filtered roform (300 ") wa é or ganit=sol uti on was
washed with water (3x100 niL), saturated Nad solution (100 mL), dried over

anhydr ous nag rsec%g;rs sul fiat epihélh2iRGcadBEnyIREAbRGREEGTYRL X ihd Ot Ar'Y

. evaporator un uo to give 30 g. This material "was Used directly in
t he Methyl Ester Hydrobromide.. Treatment of . .
protected amine from step 4 with 30%
HBr/HOAC

. N-[4-(Benzyloxycarbonyl)piperazino-
carbonylmethoxyacetyl]thyroxine.methyl ester from step
4 (11.0 g, 0.01 mole) and 30-35% hydrogen bromide-
acetic acid solution (80 mL) were stirred at room

. temperaturé_for 1 hour. The mixture was then poured
into ethyl acetate (1.0 L), stirred for 1 hour,
filtered, and the solid washed with ethyl acetate (500
mL). The solid was then dried in a vacuum oven
overnight at 45-50°C and the material produced was
used without further purification in the next step.

Step 6  N-[4-(3-Carboxypropionyl)piperazinocarbonyl-
methoxyacetyl] thyroxine Monomethyl Ester.
Reaction of amine hydrobromide from step 5
with succinic anhydfide _
To N-(piperazinocarbonylmethoxyacetyl) -
thyroxine methyl ester Hydrobromide from step 5 (9.5
g, 0.01 mole)'and succinic anhydride (2.0 g, 0.02
mole), in chloroform {400 mL) was added triethylamine
(3.3 g, 0.033 mole). The slurry immediately begins to
dissolve and the mixture was stirred overnight at room
temperature. The next day the solid had all dissolved
and the solution was washed with 5% HCl solution
(3x100 mL), water (100 mL), saturated NaCl solution
(100 mL), dried over anhydrous magnesium sulfate,



next step w thout further purification. [err]H NMR(CDCl [err]) d 2.85(s,
4H, *CH.err]CH err]), 3.05(m2H, Ar- CHerr]), 3..8(s,3H CHerr]),

4. 2(.ABq, 2H, NHCOCCH err]), 4.58(ABqg,2H, CHerr]CO, 4.85(m1H CH), 7.1&7.65
(2s,4H, Ar Hs) Step 4 N-[ 4- (Benzyl oxycar bonyl ) pi per azi no-

car bonyl net hoxyacet yl ]t hyr oxi ne Met hyl Ester. Reaction of
reactive ester with . benzyl 1-piperazi necarboxyl ate To
N- ( Succi ni m doxycar bonyl net hoxyacetyl)- thyroxine nethyl ester (5.1 g,
0.005 nole) in chloroform (200 n.) was-added dropw se over 10 m nutes

benzyl 1- pl peraiiaecdband R Gbivdhe G aAMed™S)a rdbocyi xture was

heated to 50-60[err]C with a hot water, bath for_15 mnutes and then
stirred at anBVBRPYatOFpdfaid@For BB HJRLST iRk Wikt BRELIEE washed with

5% HA sol uti gari 25860 il christiodraphaP Wwiing sﬁ@y[ated NaCl solution (100
mL), dried over anhydrous nmagnesiumsulfate, filtered, and the sol vent
renoved. The_residue was chronat ographed on SiQ2 to give a solid.

%e;g]( H §AH/R<83éH[mocmmg)1<ruzam . 62 (30, wg(sz\%an 83[ pkp] g‘qso) |
s, eLr |§x§}g err I P).,
4.82(m 1H, CH)E 2% Iﬂzl]!?fmiEh HEN tm, 8 )’
4.0(s, 3H gﬂl), 4.1 (ABg, 2H, NHCQC&;),
4.3 (ABq, 2H,CHpCOpip), 4. 85(m,1H CH), 7. 1&7 7(s,4H,Ar
H's), 8.05(m,1H,NH).

Step 7 N—[4-(3—Succinimidoxycarbonylpropionyl)—
piperazinocarbonylmethoxyacetyl]thyroxine
Methyl Ester. Reaction of acid from step 6
with N-hydroxysuccinimide
A mixture of N-[4-(3-carboxypropionyl)piper-
azinocarbonylmethoxyacetyl]thyroxine monomethyl ester
from step 6 (4.3 g, 0.004 mole), N,N'-dicyclohexyl-
carbodimide (0.824 g, 0.004 mole), and N-hydroxy-
succinimide (0.46 g, 0.004 mole) in chloroform (70 mL)
was stirred at room temperature for 20 hours and then
heated to 50-60°C for 30 minutes. The reaction was
cooled to 0-5°C, filtered and to the filtrate was
added chloroférh (100 mL) .. The organic solution was
washed with water (3x50 mL), saturated NaCl solution
(50 mL), dried over anhydrous magnesium sulfate,
filtered, and the solvent removed on a rotary
evaporator under vacuo. A portion of the material was
chromatographed to give pure material.

1y NMR(CDC13) & 2.8(m,2H, pipCOCH,CH,), 2.82(s,4H,
Qﬁzg_ﬂz), 2.95-3.2(m, 2H, CH2§_§2_C02)1 3.3-3.8(m,8H, pip
H's), 3.8(s,3H,CH;), 4.1(ABq,2H,NHCOCH,),

4.3 (ABq, 2H,CH,COpip), 4.85(m,1H, CH), 7.1&7.7(s,4H, Ar
H's), 8.1(m,1H,NH).



OCH2Ph), ,7.05&8 7.7(2s,4H, Ar H's), 8 1(d,1H NH. Step 5

N- ( Pi per azi nocar bonyl net hoxyacet yl ] t hyr oxi ne Met hyl Ester
Hydrobronmi de. Treat nent of protected amne fromstep 4 with 30%
HBr / HOAC N-[ 4- (Benzyl oxycar bonyl ) pi per azi no-

car bonyl net hoxyacetyl ]t hyroxi ne nethyl ester fromstep 4 (11.0 g, 0.01
nol e) and 30- 35% hydrogen brom de- acetic acid solution (80 nL) were
stirred at roomtenperature for 1 hour. The m xture was then poured into
ethyl acetate (1.0 L), stirred for 1 houtl2filtered, and the solid washed
with ethyl acefriiexrniddiatd)Prdparaeliofd pas then dried in a vacuum oven
overni ght at 45-50[err] grg_Rge naterLgl grod cedlwa% used wi.t hout further
purification in the next'step! Ucetppmadoxycarbonylmethoxyacetyl)-

N- [ 4- ( 3- Car boxypr opi onyl pppeeaainnceabbogtinethoxyacetyl]thyroxine

met hoxyacet yl | t hyr oxi ne t ster. Reaction of am ne

hydr obrom de from step §QQ989Y Egke;ﬁﬁth succi ni ¢ anhydri de To
N-'( pi per azi nocar bonyl met hoxyacetyl )- thyroxi ne nethyl ester Hydrobrom de
fromstep 5 (9.5 g, 0.01 nol and succinic anhydride (2.0 g, 0.02 nole),
in chloroform (400 n) was agdedxtrjethylamne (3.3 g, 0.033 nole). The

slurry imedi ately begins & fssol ve and the m xture was stirred
overni ght at room tenperature.l The next day the solid had all dissolved
and the solution was washe b 5% HC1 solution (3x100 nL), water (100

m.), saturated NaCl solution} (100 nlL), dried over anhydrous magnesi um
sul fate, :

Step 1 N-(Piperazinocarbonylmethoxyacetyl) thyroxine
Methyl Ester. Formation of free émine from
amine hydrobromide from step 5, Intermediate
Preparation 1

N—(Piperazinocarbonylmethoxyacetyl)thyroxine
methyl ester hydrobromide from step 5 (3.6 g, 0.0034
mole) was dissolved in DMF (25 mL) and slowly poured
into sodium bicarbonate (1.5 g, 0.017 mole) in water
(200" mL) and stirred at room temperature for 1 hour.
The aqueous slurry was extracted with chloroform(10x50
mL) . The combined organic solution was washed with



filtered, and the solvent renoved on a rotary evaporator in vacuo. This
materi.al’ was further purified by chromatography using SiQerr]. ~ [err]H
NVR(CDCl ferr]) d 2.6-2.8(m 4H, CHerr]CHerr]), 3.0- 3.2(m 2H,

Ar-CH err]), 3.3-3.8(m8H, pip Hs), 4.0(s,3H CHerr]), 4.1(ABq, 2H,

NHCOCH err]), 4.3(ABq, 2H, CH err] COpi p), 4.85(m 1H,CH), 7.1&7.7(s, 4H, Ar
Hs), 8.05(m1H, NH). Step 7 N-[ 4- ( 3- Succi ni m doxycar bonyl pr opi onyl ) -
pi per azi nocar bonyl net hoxyacet yl ]t hyr oxi ne Met hyl Ester. Reaction
of acid fromstep 6 wi th N-hydroxysucci ni m de A

m xt ure of N—[4-(3-carboxypropionyl)pipé*3' .

azi nocar bonylwett dwoxyhtet ml) { hgatuirae edo Naddt [0l utrsicer (r0dnndi)ep 6 (4.3 g,

0. 004 nol e), [ 2d] I -.ca I ) , 42490 | e and

N- hydr oxy- su&citmfgn‘li rr‘%> ‘g%’?(ghﬁg%?“& Bg%qr?ollg)%‘ i(sg“lé%{oe?'of%l%ﬁ b I'“(i/vzals
stirred at rdometsopeenturempbyed2@nheurotany evaparshan] unde0- 60[err] C for
30 m nutes. Leact 4 l.qd : rd3 iJ t t he
filtrate vvas%%‘ég' Ch‘f‘fé?g}"@?ﬁ}%ﬁgg n"%%. Ql'lé;lgéﬁ(gﬂgra%rﬁ‘{:h}so u%ﬁ%ﬁems hed
with water (3%®®Pnl), saturated NaCl solution (50 nL), dried over anhydrous
magnesi um sul fate, filtered, and the solvent renoved on a rotary evaporator

ﬁg?g;igﬁ?uoh_A gorzion“%L[QQ%dg¥ﬁg£§%ee%§§§§gé¥¥¥fggg{P@d to give-pure
o ' azinocarbonylmethoxyacetyl]thyroxine
Monomethyl Ester. Reaction of free amine
from step 1 with diglycolic anhydride
N- (Piperazinocarbonylmethoxyacetyl)thyroxine
methyl ‘ester from step 1 (3.1 g, 0.0034 mole) and
 diglycolic anhydride (0.6 g, 0.0046 mole) in
chloroform (200 mL) were heated to 50-60°C (hot water)
and allowed to stir at ambient temperature for 16
hours. Chloroform (200 mL) was added. The mixture
was washed with 5% HCl solution (2x100 mL), water (100
‘mL), saturated NaCl solution (100 mL), dried over
anhydrous magnesium sulfate, filtered, and the solvent
‘removed on a rotary evaporator in vacuo. This
material was used directly in the next step.

1z NMR(CDC13) @ 3.0-3.2(m,2H, Ar-CHy), 3.3-
3.75(m,8H,pip H's), 3.8(s,3H,CH3),4.0-4.4(m, 8H,
2XCHoOCH,), 4.85(m,1H,CH), 7.1&7.7(s,4H, Ar H's),
8.0(s,1H,NH) .

Step 3 N~ [4- (Succinimidoxycarbonylmethoxy-
acetyl)piperazinocarbonylmethoxyacetyl]-
thyroxine Methyl Ester. Reaction of acid
from step 2 with N-hydroxysuccinimide
A mixture of N-[4- (carboxymethoxyacetyl)-

piperazinocarbonylmethoxyacetyl]thyroxine monomethyl

. ester from step 2 (2.2 g, 0.002 mole), N,N'-dicyclo-



[err]H NVR(CDCl [err]) d 2.8(m2H, pipCOCH err]CH err]), 2.82(s,4H,
CHerrjCH err]), 2.95-3.2(m2H, CHerr]CHerr]CJerr]), 3.3-3.8(m8H, pip
Hs), 3.8(s,3H CHerr]), .4. 1(ABq, 2H, NHCOCH err]), 4.3(ABq, 2H, CH err] COpi p),
4.85(m.1H, CH), .7.1&7.7(s,4H Ar -12-

I ntermedi ate Preparation 2: _ '

N-[ 4- (Succi ni m doxycar bonyl net hoxyacet yl ) -

pi per azi nocar bonyl net hoxyacet yl ]t hyr oxi ne Met hyl Ester

[err] ' . -14-

hexylcarbodimide (0.52 g, 0.0025 mole), and N-
hydroxysuccinimide (0.35 g, 0.003 mole) in chloroform
(50 mL) was heated to 50-60°C (hot water) and then
stirred at room temperature for 16 hours. The mixture
was filtered and chloroform (100 mL) was added. The
solution was washed with water (2x100 hL), 5% HCl
solution (100 mL), saturated NaCl solution (100 mL),
dried over anhydrous magnesium sulfate, filtered, and
the solvent removed on a rotary evaporator under .
vacuo. ' '

lH NMR (CDC13) d 2.85(s,4H, CHyCH,), 3.0-
3.2(m,2H,CHy), 3.3-3.75 (m,8H, pip H's),.
3.8(s,3H,CH3), 4.0-4.4(m,8H, 2xCH,OCH),’
4.82(m,1H,CH), 7.1&7.7(s,4H,Ar H's), 8.1(4,1H,NH).
i P ration 3: .
Preparation of N-{3-[4-(3-succinimid-
oxycarbonylpropionyl)piperazinocarbonyl]-
propionyl}thyroxine Methyl Ester



4

Step 1 . N (Piperazinocarbonyl met hoxyacetyl)thyroxine Met hyl
Estér.- Formation of free anine from am ne hydrobrom de from step
5, Internedi ate Preparation 1 N-

(Pi perazi nocar bonyl net hoxyacetyl) thyroxine nethyl ester hydrobrom de from
step 5 (3.6 g, 0.0034 nole) was dissolved in DMV (25 nL) and slowy poured
I nto sodi um bi carbonate (1.5 g, 0.017 nole) in water (200 nL) and stirred
at roomtenperature for 1 hour. The aqueqss- slurry was extracted with

chl orof orm(10x50 ). The conbi ned organi c solution was washed with

-13- water (100 nmL), saturated NaG\ solution (100 niL), dried over anhydrous
magnesi um sul fate, filtergd, and { sl vent renoved on a rotary evaporator
under vacuo. This nat |aI was Céd;dl ectly in the next step.

Step 1 N- (3~-Carboxypropionyl) thyroxine Monomethyl
Ester. Reaction of Thyroxine methyl ester
of Intermediate Preparation 1 with succinic
anhydride T _

This material was prepared using the
procedure outlined in Intermediate Preparation 1, step
2 except succinic anhydrlde was used in place of the
dlglycollc anhydrlde. The product was recrystalized
from 1:1 acetone/acetonitrile.

5 NMR (DMSOgg) 4@ 2.3(m,4H, CHHCHy), 2.78-
3.02(m, 2H,AxCH,), 3.6(s,3H,CH3), .4.05(m, 1H,CH),
7.0&7.8(s,4H,Ar H's), 8.4(d,1h,NH).

Step 2 N- {3-Succinimidoxycarbonylpropionyl) -
thyroxine Methyl Ester. Reaction of acid
from step 1 with N-hydroxysuccinimide



Step 2 _ N-[4-(Carboxynet hoxyacetyl) pi per- _
azi nocar bonyl net hoxyacet yl ]t hyr oxi ne Mononet hyl Ester. Reaction
of free am ne fromstep 1 with diglycolic anhydride
N- (‘Pi perazi nocar bonyl nmet hoxyacetyl )t hyroxi ne nethyl ester fromstep 1 (3.1
g, 0.0034 nole) and diglycolic anhydride (0.6 g, 0.0046 nole) in chloroform
(200 m.) were heated to 50-60[err]C (hot water) and allowed to stir at
anbi ent tenperature for 16 hours. Chloroégrn1(200 m.) was added. The
m xture was washed with 5% HO solution™(2Xx100 nL), water (100 ni),

sat ur at ed NaCI sol ut i onThi@0 maitiexicrli etas\werepatadinmingretmesi um sul fat e,

filtered, dﬁ%‘égegﬁk‘ée%htrl%.'ﬂé\%q.rprh?céﬂﬂ@d:}’a@é[f @Pﬁ%& Mce” %h' S

mat er.i al rectl e next

3.0- 3. 2(m 2H, 3A¢X€ﬁp§r|t]1'l)e arig I‘B-(%(qﬁqurwsqnyl)thyroxme

3. 8(s, 3H, CH epphbmtinA HiBedH, fr’@ﬁﬂﬂ@éﬁ]mﬂérﬁ&éd &nd@5EMid HpEbiuct
7.1&7.7(s, 4H Ar H's 8. 0(s 1H, NH) g

N-[ 4- (Su00|n|W?§o%§%%# d%& the nex step without
acetyl)piperaphaaeakhaﬁxhﬁethoxyacetyl]- t hyr oxi ne Met hyl Ester.
Reaction of acid fromstep 2 with N hydroxysuccini m de

A m xture of N-[4-(carboxynet hoxyacetyl)-
p|pera2|nocangn;Lﬂpthoxvﬂtiﬁ54iBéqay&mxmcaﬁhonglpyperazﬂao-fron1step 2

(2.2 g, 0.002 mle), l“r%af%6ﬁ§ifbroplony1]thyrox1ne Methyl Ester.
Reaction of reactive ester from step 2 with
benzyl l-piperazinecarboxylate
This material was prepared using the:

procedure outlined in Intermediate Preparation 1, step
4 except the ester N-(3-succinimidoxycarbonyl-
propionyl) thyroxine methyl ester from step 2 was used.
This material was purified by column chromatography .
(8i0,) - | |

1l NMR (CDCl3) @ '2.522.7(m,4H, "CH3CHp), 2:9-
3.1(m,2h, AxCHj), 3.4-3.7(m,8H, pip H's),
3.75(s,3H,CH3), 4.8(m.1H,CH), 5.15(s,2H, ArCH,0),
6.7(d,1H,NH), 7.1&7.65(s,4H,Ar H's). |

Step 4 . N-(3-Piperazinocarbonylpropionyl)Ehyroxine
Methyl Ester Hydrobromide. Treatment of
protected amine from step 3 with 30%
HBr/HOAC
This material was prepared using the
procedure outlined in Intermediate Preparation 1, step
5 except the protected amine N-[3-(4-benzyloxy-
carbonylpiperazinocarbonyl)propionyl]thyroxine methyl
‘ester of step 3 was used to give a cream colored
solid.



- *

-14- hexyl carbodi mde (0.52 g, .0.0025 nole), and N- hydroxysuccini m de
(0. 35. g, 0.003 nole) in chloroform (50 nL) was heated to 50-60[err] C (hot
wat.er) and then stirred at roomtenperature for 16 hours. The m xture was
filtered and chloroform (100 nL) was added. The sol ution was washed with
wat er (2x100 nlL), 5% HO solution (100 nL), saturated NaCl solution (100
mL), dried over anhydrous nmagnesiumsulfate, filtered, and the sol vent
renoved on a rotary evaporator under vacuo. J[err]H NVR (CDCl[err]) d
2.85(s,4H, CHerr]CHerr]),3.0 3.2(m2HEHerr]), 3.3-3.75 (‘m 8H, pip

Hs), 3.8 3HegEbes #-034.14 I@@Qﬂ I m 1H, CH)
7. ié? 7(S(ZHAF Hs), r%)l B eEda v¥d§§§§ﬂ{i§%g%ﬁ§%ﬁggl

Preparation of N-{3-[4-(S¢ 2 %@Pyﬁﬂﬂqulonyf?% yroxine Monoethyl' -
oxycar bonyl propi onyl ) pi pE&sazimoc ®&damtyldnr of the amindNgehitdhideoxi ne
Met hyl. EsFer from step 4 with succinic anhydride
This material was prepared using the
procedure outlined in Intermediate Preparation 1, step
6 except the amine hydrobromide N- (3-piperazino-
carbonylpropionyl)thyrdxine methyl ester hydrobromide
from step 4 was reacted with succinic anhydride. This
material was purified by column chrcmatography (8105) .

1y MR (CDC1l3) @ 2.5-2.75(m,8H, 2x CHpCHp), 2.9-
3.2(m,2H,CHy), 3.45-3.75(m,8H, pip H's),
3.75(s,3H,CH3), 4.8(m,1H,CH), 6.9(m,1H,NH),
7.1&7.65(s,4H,Ar H's).

Step 6 N-{3-[4- (3-Succinimidoxycarbonylpropionyl) -
piperazinocarbonyl]propiony}}thyroxine
Methyl Ester. Reaction of the acid from
step 5 with N-hydroxysuccinimide
This material was prepared using the
procedure outlined in Intermediate Preparation 1, step
7 except the acid N-{3-[4-(3-carboxypropionyl)-
piperazinocarbonyl]propionyl}thyroxine monoethyl ester
from step 5 was used. This material was purified by
column chromatography (SiO,;).

1 NMR (CDC13) 4@ 2.5-2.8(m,6H, 3xCH,), 2.8(s,4H, suc
‘CHpCHo), 2.9-3.2(m,4H, ArCHp & CH,CO,), 4.8(m,1H,CH),
6.8(d, 1H, NH), 7.1&7.65(s,4H, Ar H's).

Intermediate Preparation 4: :
N-{4-[4- (4-Succinimidoxycarbonylbutyryl) -
piperazinocarbonyl]butyryl}thyroxine Methyl



[err] . Step 1 N- ( 3- Car boxypr opi onyl ) t hyr oxi ne Mononet hyl
Est &r.. Reacti on of Thyroxine nethyl ester of Internedi ate

Preparation 1 with succinic anhydri de This materi al
was prepared using the procedure outlined in Internedi ate Preparation 1,
step 2 except succinic anhydride was used in place of the diglycolic
anhydri de. The product was recrystalized from1l:1 acetone/acetonitrile.
[err]H NVMR (DM err]) d 2.3(m4H, C}ﬂﬁér]c}{err]) 2. 78-

3.02(m 2H, ArCH err]), 3.6(s,3H (err]) 05(m 1H,CH, 7. 0&7. 8(s, 4H Ar
Hs) , 8.4(d, 1h,NH). Ester
o&
|
o
.o
o]
]
H ]
NH >0
l .
] CH,
o

Step 1 N- (4-Carboxybutyryl) thyroxine Monomethyl
Ester. Reaction of the amine from
Intermediate Preparation 1, step 1 with
glutaric anhydride )

This material was prepared using the
procedure outlined in Intermediate Preparation 1, step
2 except glutaric anhydride was used in place of
diglycolic anhydride. |

1H NMR (DMSO g4¢) 4 1.6(m,2H,CCHyC), 2.0-

2.2(m, 4H,CH,CCHp) , 2.75-3.1(m, 2H,ArCHy), 3.6(s,3H,
CH3), 4.45(m,1H, CH), 7.0&7.8(s,4H,Ar H's), 8.35(d,1H,
NH) .



Step 2 | N-(3- Succln|n1doxycarbony|prop|onyl) t hyr oxi ne Met hyl
Est ér..Reaction of -acid fromstep 1 with N hydroxysuccinim de

-16- . This material. was prepared using the procedure outlined in
I nternedi ate Preparation 1, step 3 except the acid

N- ( 3- car boxypropi onyl ) t hyr oxi ne nononet hyl ester fromstep 1 was used and
this product was used directly in the next step wi thout purification.
Step 3 N-[3-(4- Benzyloxycarbonylplper élno-

car bonyl ) propi onyl ]t hyroxi ne Meth Est e Reaction of reactive
ester fromst&seR @ th N-{4- Succzéwmydozygapbﬁazlhncxrnéiyhxr@xine

This material was prepangsemsl NBst 8L, prﬁé&éﬁién°5§'tﬁ@dabﬁdlﬁE%hFEd'ate
Preparation 1, step 4 excqgt t he, ester su00|n|n1doxycarbonyl

propi onyl ) t hyr oxi ne net % QslewlFPoﬂ1B¥€ O¥YFMECHRBAMIA®Hi s material was
purified by colum chronnﬁﬂgrﬁ@bériélC&asrbfepakéarhulﬂthh@DCl[err]) d

2.5-2.7(m 4H, CH err err 37m8H [
0o 3T mradedine \Sublined: i Jpttehediats Frp ( PP
6. 7(d, 1H, NH) , ekdept GFie,dtird HIs) 4- carboxybutyryl)thyrox1ne

' monomethyl ester from step 1 was used.

lg R (CDC13) 4@ 2.15(m,2H, CCH,C),
2.38{m, 2H,NHCOm2-C) , 2.65_ (m, 2H,C§ﬂ2_€02) ,
2.85 (s,4H,gﬂ2Cﬁ2) , 2.9-3.15(m, 2H, Ar'gﬂz) .

3.78(s,3H,CH3), 4.82(m,1H,CH), 6.5(d,1H,NH), 7.1-
- 7.65(s,4H,Ax H's).

Step 3 N-{4- [4- (Benzyloxycarbonyl)piperazino-

- carbonyl]lbutyryl}thyroxine Methyl Ester.
Reaction of reactive ester from step 2 with
benzyl l-piperazinecarboxylate
This material was prepared using the

procedure outlined in Intermediate Preparation 1, step
4 except the reactive ester N-(4-succinimidoxy-
carbonylbutyryl)thyroxine methyl ester from step 2 was
used.‘ This material was purified using column
chromatography (SiOj). ' )

1y MR (CDC13) @ 1.95(m,2H,CCH,C), 2.3-

2.5(m, 4H,CH,CCH,) , 2.95-3.2(m,2H,ArCH,), 3.4-
3.65(m, 8H,pip H's), 3.78(s,3H,CH3), 4.8(m,1H,CH),
6.6(d,1H,NH), 7.187.65(s,4H,Ar H's).

Step 4 N- (4-Piperazinocarbonylbutyryl) thyroxine
Methyl Ester. Treatment of the protected
amine from step 3 with 30% HBr/HOAc
This material was prepared using the



Step. 4 . N-(3-Piperazinocarbonyl propi onyl)thyroxine " Met hyl
Ester Hydrobrom de. Treatnent of protected amne fromstep 3
wi t.ht 30% HBr / HOAC This material was prepared using
the procedure outlined in Internediate Preparation 1, step 5 except the
protected am ne N[ 3-(4-benzyl oxy-

car bonyl pi perazi nocar bonyl ) propi onyl ]t hyr oxi ne nethyl ester of step 3 was
used to give a creamcolored solid. -20-

-17- St 5 ' | ) Q. -
car bonyleiopr opiFon é%?‘%yr oé?u%g %gﬁyg g*‘ggh}agagggaéﬂgﬁfﬂraﬁégﬁ i*on S&teR he
am ne hydrobnﬁnexpept the préoteatedepminei Nk {duddi-riBenayiiycyi-de

Preparati on 10 e oL P a Rt P B °

Preparation 1, step exce prperazi

carbonylprom<ﬁﬁﬁ$¥ FQRl%EeHE§hVPSe§§6ﬂ -hydr obroni de fromstep 4 mas
reacted with succinic anhydride. This material was purified by colum

chromtogrspie (S qertly o LA MR (A el 0 2 o2 To(m o
3.75(s, 3H, CH3), 4.8(m lHc&rbonglIbor{iyMkthyroxine Monomethyl Ester.
Treatment of the amine hydrobromide from
step 4 with glutaric anhydride
This material was prepared using the
procedure outlined in Intermediate Preparation 1, step
6 except glutaric anhydride was reacted with N-(4-
piperazinocarbonylbutyryl)thyroxine methyl ester
hydromide from step 4. This compound was pur1f1ed by
column chromatography (8105) .

1y NMR (CDC13) @ 1.95(m,4H,2x CCH,C), 2.3-
2.5 (m, 8H, 2xCH,CCH,) , 2.9-3.2(m, 2H,ArCH,), 3.4-
3.7(m,8H,pip H's), 3.78(s,3H,g§1), 4.8(m,1H,CH),
6.7(d,1H,NH), 7.05&7.65(s,4H,Ar H's).

. Step 6 N—{4-[4-(4-Succinimidoxycarbonylbutyryl)ﬂ
piperazinocarbonyl]butyryl}thyroxine Methyl
Ester. Reaction of the acid from;step 5
with N-hydroxysuccinimide
This material was prepared using the
procedure outlined in Intermediate Preparation 1, step
7 except the acid N-{4-[4-(4-carboxybutyryl)-
piperazinocarbonyl]butyryl}thyrokine monomethyl ester
from step 5 was used. This compound'was purified by
column chromatography (Si05).

l# NMR (CDC13) 4@ 1.95(m,2H,CCH,CCO,),
2.1(m,2H,CCHyCCON) , 2.2-2.6(m, 6H, CH,CCH,,



©7.1&7.65(s, 4H, Ar H s). Step 6 !

N-{3-[ 4-(3- SUCC|n|n1doxycarbony|prop|onyl) ' . pi per azi nocar bonyl
propt onyl}t hyr oxi ne Met hyl Ester. Reaction of the acid from
step 5 with Nhydroxysuccinim de This material was prepared using

the procedure outlined in Internediate Preparation 1, step 7 except the
acid N-{3-[4-(3-carboxypropi onyl) - plpera2|nocarbonyl]proplonyl)therX|ne
monoet hyl ester fromstep 5 was used. Thig material was purified by colum
chromat ography (Sigerr]). [err]H NVR ™ [err]) d 2.5-2.8(m 6H,

3xCH err]), 2NSQCHHECRuic CH 6P (A er€HYCRHSCA,R(m 4H, ArCH err] &
CHerr]CJerr], 824(28(4”111 %@2)’6 S(g.3 1§|(ml\ll2—g; AZCIJI&Y 6§(§,_4H Ar Hs).

I nt er medi at e Pre_7oara
N-{ 4-[ 4- (4- Suce G%%@kﬁrmw bht I8¢5 3H, CH3), 4.8 (m, 1H,CH) ,
pi per azi nocar lmrafdd bt WNay) ) thy1 %1 68 (YBEAYAr H's) .
- 18- , Ester . Representative labeled thyronine hapten
analogues were prepared from the above thyronine
hapten analogues according to the following .
procedures. The dry diméthyl sulfoxide'used in the
label preparatlon Examples was Aldrich #27,685-5. All
of the reactlons 1nvolv1ng thyrox1ne were performed
under yellow lights. ' .
Comparative Preparative Example:
Preparation of Label A
Preparation of HRP . (Horseradlsh Perox1dase)
labeled N—(Succ1n1m1doxycarbonylmethoxy—
acetyl)thyrox1ne Methyl Ester from step 3 of
Intermediate Preparatlon 1 (Label A).
This preparation is for comparison and is
not an example used in the immunoassay of the
invention.

The thyroxine hapten from step 3 of

Intermediate Preparation 1 (49 mg) was dissolved in
. 2.176 mL dry dimethyl sulfoxide (DMSO). This solution

(200 pl) was brought to a final volume of 1 0 mL in
DMSO.

A solution of horseradish peroxidase (HRP)
was prepared'in N-(2-hydroxyethyl)piperazine-N'- (3-
propanesulfonic acid) buffer (EPPS, 0.1 M, pH 8).
This solution was diluted to obtain a final
concentration of 9.0 mg/mL following détermination of
the protein absorbance at 403 nm. (Ag03 1 mg/mL =
2.24) ' |

The HRP solution (1 mL) was combined with
500 pL of DMSO added dropwise with vortexing énd was



[err] . Step 1 N- (4- Car boxybut yryl )t hyroxi ne
Mononet hyl Ester. Reaction of the am ne from

Internmedi ate Preparation 1, step 1 with glutaric anhydride
Thi's material was prepared using the procedure outlined in Internediate
Preparation 1, step 2 except glutaric anhydride was used in place of
diglycolic anhydride. [err]H NVR (DVMSO [err]) d 1.6(m2H CCH err] O,
2.0- 2.2(m4H CH err]CCH err]), 2.75-3.1(m2H ArCH err]), 3.6(s, 3H,

CH err]), 4.45(m 1H, CH, 7.0&7.8(s, 4H, Ar -2s), 8.35(d, 1H,

placed in a shaker which was set to a speed of 2400
rpm at room temperature for 15 minutes. The thyroxine
hapten solution described above which was prepared
immediately before use (500 pL) was added to the HRP
dropwise with vortex mixing so that the molar ratio of
thyroxine/HRP was 10/1. . The reaction was returned to
the shaker described above and was incubated for 4
hours. The reaction was placed in Spectrapor #2
dialysis tubing along with an additional 1 mL of 3-
morpholinopropanesulfonic acid (MOPS, 0.2 M, pH 7)
used to rinse the reaction container. ' _

The reaction was dialyzed against-3 L of 0.2
M MOPS, pH 7, for 16 hours at 8°C. The dialysis
buffer described above was changed 3 times more with
at. least 4. hours between -buffer changes. Foliowing
dialysis, the sample was filtered through a 0.8 pm
Millipore filter, merthiolate was added to a
conbentration of 0.02% as a preservative, and the
label was stored refrigerated.

ion v Xam

Preparation of Label B - N-{[4~(3-Succinimid-

.oxycarbonylpropionyl)piperazinocarbonyl-

methoxyacetyl]thyroxine Methyl Ester-HRP

(Label B) .

Succinimidoxycarbonylpropionyl)piper-
azinocarbonylmethoxyacetyl]thyroxine methyl ester from
Intermediate Preparation 1 (19.3 mg) was dissolved in
1.332 mL DMSO. This solution (217 ulL) was added to
325 uL DMSO. | '

A solution of HRP was prepared in 0.1 M EPPS
‘buffer, pH 8. This solution was diluted to obtain a
final concentration of 10.0 mg/mL following
determination of the protein absorbance at 403 nm.

The HRP solution (1 mL) was combined with



-19- Step 2 N- (4- Succi ni m doxycar bonyl butyryl )t hyroxi ne Met hyl
Ester.. Reaction of the acid from . step 1 with N hydroxysuccini m de
This material was prepared using the procedure outlined in Internediate
Preparation 3 except the acid N (4-carboxybutyryl)thyroxi ne nononet hyl

ester fromstep 1 was used. [errJH NVR (CDCl [err]) d 2.15(m 2H

CCH err]C, 2.38(m2HNHCCCH err]C), 2.65(m2H,CCH err]Cderr]),
2.85(s,4H,CH err]CH err]), 2.9-3.15(m2H, ArCHerr]), 3.78(s,3H CHerr]),
4.82(m1H,CH), 6.5(d,1H, NH), 7.1- 7.65(s.28+ Ar H s). Step 3

car bony 1 but vt o e R 084 Bpgpuise with vorgexing ang was, . ve
ester from st &heh \placed in a shabenz9et1ap|aéﬂaztngcambmprate
This material was,HoRFFET U'?hﬁgsﬁgﬁlﬂbo&ﬁguE:%n‘?,'ihk.\?'ae‘%o'f"a&i&ﬁ:’ rgRyli at e

Preparation 1, step 4 except the reactive ester succi ni m doxy-
carbonylbutyrﬂ%QQBﬁ%X|dghﬁeFH¥F°§§P§rhﬁP&ﬁPsﬁ@éWEM%% 1b€ﬂns mat eri al

was purified lb%cs\ge i'é‘ﬁ Qhﬁoﬁﬁbﬁﬁiréﬁhinﬁéﬁ%@ ) befch@ hidd

(Cbdferr]) d 1 95 err n]4H err] CCH err

2.95-3. 2('m 2H W H?FsﬁRg‘ Srﬂp W?t?%‘t"é%‘r"@%

4. 8(”11H CH), &h&ﬁckﬂéiﬁbﬂar7r&&1065€sth&m&kﬂheﬂHRP was 10/1. The
reaction was returned to the shaker described above
and was incubated for 4 hours. The reaction was
‘'placed in Spectrapor #2 dialysis tubing along with 1
mL of d1a1y51s buffer used to rinse the reactlon '
container. ' _

The reaction was dialyzed against 3 L of
0.02 M MOPS, pH 7, for 16 hours at 8°C. The dialysis
buffer described above was changed 3 times more with-
at least 4 hours between buffer changes. Following
dialysis, the sample was filtered through a 0.8 uﬁ
Millipore filter. Merthiolate was added to a
concentration of 0.02% as a preservative, and the
label was stored refrigerated.
ion P i Exam 2
Preparatlon of Label C - N-[4-(Succin-
1m1doxycarbonylmethoxyacetyl)plpera21no-
carbonylmethoxyacetyl] thyroxine Methyl
Ester-HRP
N—[4-(Succihimidoxycarbonylmethoxyacetyl)-
piperazinocarbonylmethoxyacetyl]thyroxine methyl ester -
(18.4 mg) from Intermediate Preparation 2 was
dissolved in 1.225 mL DMSO. This solution (217 nL)
was added to 325 pL DMSO. _
A solution of HRP was prepared in 0.1 M EPPS .
buffer, pH 8. This solution was diluted to obtain a
final concentration of 10.0 mg/mlL following
determination of the protein absorbance at 403 nm.



Step 4 . N-(4-Piperazinocarbonyl butyryl)thyroxine Met hyl Ester
Treatnent of the protected amne fromstep 3 with 30% HBr/ HOAC
This material was prepared using the

-20- procedure outlined in Internediate Preparation 1, step 5 except the
protected am ne N {4-[4-(Benzyl oxy- .

car bonyl ) pi perazi nocar bonyl ] butyryl)thyroxi ne nethyl ester fromstep 3 was
used. Step 5 N—{4-[4-(4-Carboxybutyr)5 pi perazi no-

car bonyl ] butyryl }t hyr oxi ne Mononet hyl Est'et. Treatment of the
am ne hydrobroni de from The HRP solutdpn4 (hi k) gWaisaconbiniegddwiidd

This material 4gs pLeBs’ BfisyshAGelNBropAISHULE LAULL:ARS ik Liteimdiate

“Preparation 1, step 6 except glutaric an was reacted wth (4-
pi per azi nocar bERGRbBLFFA) &Ry PogPAkeFeSRf 28s2400hy@roAtdEoMom step 4.
Thi s conpound vasipevhthired bYheolsnak sk et egntiMueaSiftdreabout 3derrlH
NVR ( CDCl [err]%, d 1.95& 4H 2x CCH e %$ﬁ?, Z'jf ) .
2. 5(m 8H, 2xCH B+ PYELEF er F?, t?Yé—%‘.l?%n# BRLENCSPSMPn slegcribady gH, pi p
H's), 3.78(s, 3hbévkewhlirh #a8( Pridatidd ifméddatidlNHbe f6r@b&asb5(500HH, Ar
H's). pL) was added to the HRP dropwise with vortexing so
that the molar ratio of the thyroxine/HRP -was 10/1.
The reaction was returned to the shaker described .
above and was incubated for 4 hours. The .reaction was
placed in Spectrapor #2 dialysis tubing along with 1.
mL of dialysis buffer used to rinse the reaction-
container.
The reaction was dialyzed against 3 L of
0.02 M MOPS, pH 7, for 16 hours at ‘8°C. The dialysis
buffer described above was changed 3 times more with
at least 4 hours between buffer changes. Following
dialysis, the sample was filtered through'a 0.8 pm
Millipore filter.. Merthiolate was added to a
concentration of 0.02% as a preservative, and the
label was stored refrigerated.
Invention Preparative Example 3

Preparation of Label D -.N={3-[4-(3-
Succinimidoxycarbonylpropionyl) -
piperazinocarbonyl]propionyl}-thyroxine
Methyl Ester-HRP (Label D)
N-{3-[4~=(3-Succinimidoxycarbonylpropionyl) -
piperazinocarbonyl]propionyl}thyroxine methyl ester
from Intermediate Preparation 3 (5.8 mg) was dissolved
in 1 mL DMSO. | | |
A solution of HRP was prepared in 0.1 M EPPS
buffer, pH 8. This solution was diluted to obtain a
final concentration of 10.0 mg/mL following -
determination of protein absorbance at 403 nm.



——— e ——————————

Step 6 N- (4-[4-(4-Succi ni m doxycar bonyl butyryl) -

pi per azi nocar bonyl ] butyryl thyroxi-ne Met hyl Ester. Reaction of
the acid fromstep 5 Wi th N-hydroxysucci ri-f-de. ._This
mat eri al was prepared using the procedure outlined |i THIf BHEET@NSalEEN
Preparation 1, step 7 except the acid N-{4-[4-(4-carboxyRERLACED) -

pi per azi nocar bonyl ] butyryl }t hyroxi ne nononet hyl ester fromstep 5 S
used. This conpound was purified by 'co¢ygn chr omat ogr aphy (SiC{err]).

H NVR ( CDCl
el (oa o)) ol SO AEREEN) GRSl Kombinea wich
-21- NCOCH erWQZCh[-eDMFp addes( m;cwwwe[ erithColdmheied and )was

SR LU el S S do gt 0 1

Representat|VQ1n§§§$ed ed fromthe
above thyroni é!Bo{}éphﬁEcﬁnQJa%g‘iﬁ%ﬁ#‘z“éH Cinﬂtﬂadl%ttéﬁ/ fﬁéf&ﬂé rlgsé)r P?@G“” €s.
The dry di net gl sul f de, used . in %eparatlon es was

Al dri-ch #27, 68B) sWag P d ke rté?ct}ﬁ?n 1?9976‘} Y- W%%%r%"perfor ned

under yellOM/thaht&he molar ratio of thyroxine/HRP was 10/1. The
reaction vial was covered with foil and was rotated
end over end at room température for 4 hours. The
. reaction was placed in Spectrapor #2 dialysis tubing
along with 500 pL of dialysis buffer used‘;o rinse the
reactlon container. . .
The reaction was dialyzed against 3 L of
0.02 M MOPS, pH 7, er 16 hours at 8° C. The dialysis
buffer described above was chénged 3 times more with
at least 4 hours between buffer changes. Following
dialysis, the sample was fi;tered through a 0.22 um
Millipore filter. Merthiolate was added to a
concentration of 0.02% as a preservative, and the
label was stored refrigerated.
Invention Example 1:
Comparison of Thyroxine-HRP from Extended
Piperazine Linkers (Label B & Label C)
Immobilized antibody beads were prepared by
covalently attaching a thyroxine monoclonal antibody .
(Beckman T4AS12) to carboxyl group-containing beads'Bf
poly[styrene-co-3-(p-vinylbenzylthio)propionic acid]
(molar ratio 97.6/2.4; weight ratio 95/5) using [1-(1-
pyrolidinylcarbonyl)pyridinium chioride] as the
activating agent. The copolymers were prepared
according to the procedures described in Ponticello
and others, USSN 539,774, filed June 18, 1990. The
antibody was immobilized as described in Danielson and
Specht, USSN 539,680, filed June 18, 1990.

\
///I/l///lll////// /l/ /P/I/aced



Conmpar ative Preparétive Exanpl e: Preparation of Label A
Preparati on of HRP (Horseradi sh Peroxi dase) | abel ed

N- (Succi.ni m doxycar bonyl nmet hoxy- acetyl)thyroxine Methyl Ester
fromstep 3 of I nternedi ate Preparation 1 (Label A)

This preparation is for conparison and is not an exanple used in the

I mmunoassay of the invention. The thyroxine hapten fromstep 3 of
Internmedi ate Preparation 1 (49 ng) was diﬁfolved in 2.176 nL dry dinmethyl
sul foxide (DVBO). This solution (200 [ef?% ) was brought to a final vol une
of 1.0 nmL in DMVSO. The aBildtyt ofniofrobdddeeddithlynoerime dase (HRP) was

DUt For (EPps, BLeiNHa0 G BYRNPLRGERG: AWl TartiRoRaEs Ut il 1)
concentration as ndicated bekbwwi ng deternination of the protein

absorbance at 403 nm (ApREr hnt iBBGY. beal@is?lere serially W¥ddEasol ution
(1 m) was conbjned with 500 [err]L of DVRO added dropwi se with vortexing

and was with PBS (phosphate buffered salame.,pitelt 4h a shaker which
was set to a spereafPhidd00 . 1RMbRkyineo Faln@id 1Bl if ofBES) ramdit ®sg7 The

Lhvroxi ne heplgh gobit ch Joscr BedeAbos MY G % 2 SRS ATES 1 Y
(ANS) to give concentrations between 2000 and 0.63 nM
antibody binding sites. The bead dilutions were mixed’
with equal volumes of thyroxine-HRP labels at 10 x 10~
11 M. Following a 1 hour incubation, the beads were
pelleted by centrifugation. A sample .of the
supernatant was mixed with 100 nl of substrate (o-
phenylenediamine/H505). The rates of color
development at 450 nm were. compared with those of~
standards to éalculate the amount of thyroxine-HRP
label remaining in solution. ‘The- amount of label '
bound to immobilized antibody at the highest antibody
concentration tested (1000 nM binding sites) is

reported.
be] % Label 3 1000 nM Bindi S
'B 63 '
C 61

High fractions of both of the labels tested were bound
by immobilized antibody. )
Invention Example 2:
Immunocompetence of thyroxine HRP Conjugate
Prepared from an Extended Piperazine Linker
(Label D)
The ability of immobilized thyroxine
antibody to bind label D was determined as described
in invention example 1. The amount of label bound to



dropwi se with vortex mxing so that the nolar ratio of thyroxine/ HRP was
10/1. The reaction was returned to the shaker described above and was

i ncubated for. 4 hours. The reaction was placed in Spectrapor #2 dialysis
tubing along with an additional -1 nL of 3- norpholinopropanesul fonic acid
(MOPS, 0.2 M pH 7) used to rinse the reaction container. The
reaction was dialyzed against 3 L of 0.2 MMPS, pH 7, for 16 hours at
8[err]C. The dialysis buffer described above was changed 3 tines nore with
at | east 4 hours between buffer changesfqiﬂlomihg di al ysis, the sanple was
fiItered_throd@?mibi&fté@raiﬂibbayiaarehéihﬁgheﬁﬁerEh?hQ&aﬁm@m agded to a
concentration of ,0. 029 a preservative, and.the la was store :
reTrigerated.qqﬁﬁﬁéﬁg%€€9e%grgf?gén%xgﬁﬁﬁg?lls rep°£%ed‘Preparation of
Label B - N-[4-(3-Succinimd- '

oxycar bonyl pr o | ) pi peg a

Met hyl Ester-;%gggy —={rane ' ‘

Succi ni mi doxydr bony! propi onyl ) pi per- azi no@8r bonyl met hoxyacetyl ] t hyr oxi ne
met hyl ester frominternediate Preparation 1 (19.3 ng) was dissolved in

1.332 mL DMSO._ Thj s, solution (217 plL) s .added to 325 [err] L DVSO
A sol ution of MQP%SQB?EE&PEdOEEntgell\é'l%EIiP§esl§lﬁq a@s ﬁ?‘?‘B‘J ¥ s sol ution

~was di'l uted tciruhdled Digedf epgibeagcentration of 10.0 ng/ L fol | owi ng
determ nation of the protein absorbance at 403 nm The HRP
solution (1 nL) was conbined with
' - Jnvention Example 3:
. Comparison of Thyroxine HRP Conjugaté Having
" a Glycolate Linker (Label A) With Conjugate

(Label D) having a Piperazine Linker.

I]thyrbxine

_ The ability of immobilized thyroxine
antibody (Abl) to bind labels A and. D was determined
as described in invention example 1. The amount of
immobilized antibody binding sites required to bind
50% of a fixed concentration of these labels (5 x 10~
11 M final concentration) is reported. A second
thyroxine antibody (Ab2, T7-3.1, prepared .at Kodak)
was also evaluated in this experiment.

Abl : ab2 :
A 7 x 10-8 M 1 x 10-6 M
D 3 x 10-8 M 3 x 10-7 M

These results show that the conjugate prepared from
the extended piperazine linker binds more tightly to
the two immobilized thyroxine antibodies. '

The immunoassay of this invention can be
carried out in solution or on dry analytical elements.
It is convenient to carry the assay out on the dry
elements. The elements can be single'or multilayer or



-23- 500.pL of DMSO added dropwi se with vortexing and was then placed in a
shaker~set at 2400 rpm at room tenperature. The shaking was continued for
about 30 mi nutes. The thyroxi ne hapten sol ution descri bed above whi ch was
prepared i medi ately before use (500 [err]L) was added to the HRP dropw se
with vortexing so that the nolar ratio of thyroxine/ HRP was 10/1. The
rTeaction was returned to the shaker descri bed above and was incubated for 4
hours. The reaction was placed in Spectrapor #2 dialysis tubing along with
1 nL of dialysis buffer used to rinse th&8&-eaction contai ner. The

reaction was ¢ omSrhAIednSée 315y8£s%Qel%NEBﬁespHﬁhlfnorsu%@z hours at

8[err]C. The dialysis buffer descrjbed_above was changed 3 tines nore with
at | east 4 hodr¥Y et weekh pgeReFaLnERGeClePEPESWCAG GP&P&%%? & he sanpl e was

filtered thr Oufﬁtiiaa@l&[efaﬂagmﬁ/bisiveosapiabhrter onuébtzhma:lx@te edtferpdded to a
concentration of 02% as grei gvatlve he IabeIf tored
refrigerated. %qX&ﬁﬁ1d% ??EB FULRVE E?ﬁﬁspéng ayer pre %ﬁ%ﬁiﬁeulon of
Label C - N[ ‘Zedripxising beads upon which antibodies to the

I m doxycar bon n
carbonylnethoﬁ%ace?8?¥$ﬁyr%k%§égﬁgt%éF gmmOblllzedE ter-

N-[ 4- (SUCC|n|n1doxycarboﬂbﬁnﬁﬂh@%?a@éDybﬁ-Coated using Well known

pi perazi nocar hedyt IBG heX¥aReEMEE! BXM @HilRe aFRL. hylpoesté{ﬁ}(s&ﬁ%] el rom

I nternediate Preparaiion 2 was dissolved in 1, 'S solutlon
(217 [err]L) v@Xtraszen: BoRPSTFePL] Lhovbype descrlbed/%%uﬂtﬁ1on of HRP was

prepared in 0.4, MEPES7 autef oft ePHallvahitiageid!ticin @ idnddgsto obtain a

final concentratiop of 10. / folla deter nati on of the protein
absor bance at g@g gﬁg o% a pq% rrIhty ofmléiers at east one of. whgch

is comprised of polymerlc particles bearing immobilized
antibody beads. More particularly, a multilayer
element can be coated by directing a coating composi-
tion containing the beads through an extrusion slot of
a slide extrusion hopper and simultaneously floWing a
layer . of a second coating composition, which, if
desired, may also.cpn;ain beads down a slide surface of
the slide-extrusion hopper. '

The particulate layer in which the thyronine
antibodies are immobilized is porous. Materials for
use in such layers are well known in the art of making
dry analytical elements. A preferred particulate layer
is a bead spreading layer (BSL). This layer can be
easily constructed to have suitable porosity for use in
the elements of the present invention to accommodate a
test sample (for example 1 to 100 mL), diluted or
undiluted. Preferably, the spreading layer is _
isotropically porous, which property is created by
interconnected spaces between the particles comprising
the zone. By isotropically porous is meant that the
spreading layer uniformly spreads the applled fluid
radially throughout the layer.

Useful particulate spreading layers,



- 24- . The HRP solution (1 nL) was conbi ned with 500 [err]L of DMSO
added dropwi se with vortexing and was then placed in a shaker set at 2400
rpmat roomtenperature. The shaki ng was continued for about 30 m nutes.

The thyroxine hapten solution described above whi ch was prepared

I nmedi ately before use (500 [err]L) was added to the HRP dropwi se with
vortexing so that the nolar ratio of the thyroxine/HRP was 10/ 1. The
reaction was returned to the shaker des€2%bed above and was incubated for 4

h Th t th
LML of i al yoy SRt B PHegg P R oeg e hrd Raideed MR ON0 M LT

reaction was 4i@79z381ag4iR56.801 @ﬂd04023Q M3bs, pH 7, for 16 hours at
8[err]C. The dialysis bqﬁgeP? g@uﬂ@yézﬂﬁ?ﬁﬁ\%gsgﬁgﬂgﬁghéhglfgs more wi'th
er 0

at | east 4 hours bpetween bu hanges omn dlal sis, the sanple was
filtered throﬁ@ﬁréeé 8n[ g SphtRble qGY t erSUC Fle GBR BEded to a
concentrationafy SufEibas d@imensdiomililye, sméheaﬂ@tp&eﬂ@ﬁampr ed

refr|gerated Inventlon Pre aratlve l.e .3 aratlon of

Label D - BOpRorgus and ¢ ransgRrs %?1 %&cﬁbo’?@?’p‘?% ’Bn§

piperazinocarhma;hvpoomammwﬂantwhmnhruransmlts elemnrqmagheeieHRP (Label

[[))I) per azi nocar onyF}-’propl onyCI %WW‘%%S&WWm I n?er 8| ate

Preparati on 3908. 3nng)AW§gpr§§ﬂq&xph01ce or a particular element
should be compatible with the intended mode of
detection (reflection, transmission or fluorescence
spectroscopy). Useful support materials include
polystyrene, polyesters [for example, poly(ethylene
terephthalate)], polycarbonatee, cellulose esters (for.
example, cellulose acetate), and so forth.

The element can comprise one or more _
addltlonal layers, for example separate or combined
reagent/spreading layer and a gelatin/buffer layer
containing other necessary additives, coupling enzymes,
and so forth. . .

The gelatln/buffer layer or the reagent layer
or the spreadlng layer of the element can contain the
indicator composition comprising one or more reagents
dispersed in one or more synthetic or natural. binder
materials, such as gelatin, or other naturally
occurring colloids, homopolymers and copolymers, such
as poly(acrylamide), poly (N-vinylpyrolidone), poly (N-
isopropylacrylamide), poly(acrylamide-go-N-vinyl-2-

- pyrolidone) and similar copolymers.

Other optional'layers, for example subbing
layers, radiation-blocking layers, and so forth can be
included if desired. All layers of the element are in
fluid contact with each other, meaning that fluids and
reagents and uncomplexed reaction products in the



in 1 nm DVSO A sol ution of HRP was prepared in 0.1 M EPPS
buffery pH 8. This solution was diluted to obtain a final concentration of
10.0 ng/mnL follow ng determ nation of protein absorbance at 403 nm

- 25- The HRP solution (1 nL) was conbined with 500 [err]L DVSO
added dropwi se with vortexing and was rotated end over end at room
tenperature for 20 m nutes. The thyroxi ne hapten sol ution described above
whi ch was prepared i mredi ately before us& 500.pL) was added to the HRP
dropwi se with vortexing so that the nola atio of thyroxine/ HRP was 10/ 1.
The reaction ilaliidmscanm\pass hetwWeeni supsupeaedr vegiovseod eddacemt at
room t enper at uy %fg 4 hours. The reaction was placed in Spectrapor #2 ,
di al ysi s tubi ng al ong mnth 500 [err]L of dialysis buffer used to rinse the
reaction contai ner. The layges;efcthsnehadentarpRegorgains® 3 L of 0.02

M MOPS, pH 7, Jﬁlééyh@ﬂrétaér8aeé&}:9b1eTBatdb@ti&h&lb% rt&f&‘dl bed above
was changed 3 Ii

east ours be m% n bu hanges
Fol | owi ng di al3%¢ ud%ﬂ@ §HF%P8tRH§SF|FPéF Snﬁﬁﬁouéﬁ 336?22 DRIA | i pore
filter. Merthigheiéxi@anesdedouplercenioentali andobthed?irerdals
preservall ve, Al nEy! BhelalfS SHRLCRRbh IR ad METAAR R YBL S
(Label B & Labelsﬁ)wlthln the skill of a worker in the art.:

The elements can be used to determine low
concentrations of thyronines in a liquid, such as a
biological £luid (for example, whole blood, serum,
plasma, urine, spinal fluid, suspensions. of human or.
animal tissue, feces, saliva, lymphatic fluid and the
like). The thyronine, particularly thyroxine can be
.determined at concentrations as low as about 10-

15 molar, and most generally at a concentration of from
about 10-10 to about 10-4 molar.

The assay can be carried out using any
suitable label which can be attached to the defined
thyronine derivatives. - Useful labels include
radioactive tags, dyes, fluorescers, 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



| mbi | i zed anti body beads were prepared by covalently attaching a

t hyroxi ne nonocl onal anti body (Becknman T4AS12) to carboxyl group-containing
beads of' pol y[ styrene-co- 3-(p-vinyl benzyl thio)propionic acid] (nmolar ratio
97.6/2.4; weight ratio 95/5) using [1-(1- pyrolidinylcarbonyl)pyridinium
chloride] as.the activating agent. The copol yners were prepared accordi ng
to the procedures described in Ponticello and ot hers, EP-A-0462644, filed -

June 18, 1990. ‘The anti body was i mrobili %g as described in Daniel son and
Specht, EP-A-0462670, filed June 18, 1990.

- 26- L suma:me iforod givenilabed. th?hexsnbsanal:bod'pnt bebiand -

t hyr oxi ne- HRP [ghel e n ed I The
an%ll body beads Were serila ﬁ?ﬁ %ﬂﬁ?gaéﬂ#hggggﬁ ggpﬁgt é:hgufe]peym(? sal i ne,
pH 7.4) cont aik@ket 0. q%%dwra%rgamhetobal P—ﬁVPE@Gﬁ aRdaosgrigem of

8-ani | i no- 1- nagRdddal eie siah{ @Al £neéldeaéﬁ99maﬁh&a!rba(:w8h o ¢hee

goncent ratj onglaﬁ?twee\r)é‘= 2000 and1 ng/{_\antl bo R gdl ng sites. The bead
il utions wer ¢h (P Golbﬁe ¥W%X AOSARAS &bels at 10 x
10[err] 11 M pertdeidaga, ltheusubstrhdei 48, hiydechendperend qesl | atLihdy
cubstrate (o SHSSFEreni AR Rore BB PRRPILEy  thic Seslane esose s
devel opnent atget&ﬂahhyvpresenupanedhm treagente lafyest arddrsdaddedarul at e
the amount of Wr@xb0fsERy 1iquid to yield about 0.01 moles/m2, and
preferably from about 0.001 to about 0.1 mole/m2. A
worker skilled in the .art would know how to adjust the
amount of a particular substrate for the -amount of
enzyme label used in the assay.

When certain labels. are used, . for example -
enzymes, cofactors, enzyme substrates or enzyme
modulators, the reagent layer contains.an indicator
composition comprising one or more reéagents which
provide a detectable species as a result of reaction of
the label. Preferably, the-indicator .composition is a

- colorimetric indicator composition which provides a
.colorimetrically 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 composition can include a
couplet 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
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| abel rermining in solution. The anount of |abel bound to inmobilized
antibody at the highest antibody concentration tested (1000 nM bi ndi ng

sites) is reported. Label % Label Bound at 10 B
63 C - 61 Hi gh fractions pf oq gﬁ S8Exbel s
tested were bound by inmmobilized antibody. Invention ' ED

| mmunoconpet ence of thyroxi ne HRP Cbnjugate Prepared from an

Ext ended Pi perazi ne Li nker (Lapgl D) ' The ability of

i mrobi | i zed thyroxine_ antibody to bind |Ia el D was determined as described

in invention ®xedieed vhes ghngﬂseoexndsée senNgrts glucose to

- 27- i mobi i -@%@é}&i@ogalat tﬁsebhmhiéhceoa%@t B2E! &ﬁohﬁ%%d thid @3-nM

binding sites) is reported Label Bound at 100 nM Bi ndi ng

Sites D - and include those, foygexample, described in U.S.
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. |

The immunoassay can be manual or automated.
In general, the amount of a ligand in a liquid is
determined by taking the element from a supply roll,
chip packet or other source -and physically contacting a
finite area of the spreading layer with a sample.of the
liquid, for. example 1 to 100 ml. The finite area which
is contacted is generally no more than about 100 mm2.
The amount of ligand is determined by passing

the element through a suitable apparatus for detecting
the complexed ligand analog directly or-.the detectable
species formed as a result of enzymatic reactibn of an
enzyme label and a substrate. For example, the species
can be detected with suitable radiometric, fluorometric
or spectrophotometric apparatus using generally known
procedures. In an enzymatic reaction, the resulting.
‘product is determined by measuring, for example, the
reflection of 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 about 3 to about 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 from about 5 to about
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A thhffFaction of the | abel tested was bound by inmobilized antibody.

| nvent ron Exanple 3: Conparison of Thyroxi ne HRP Conj ugate Havi ng
a G.ycol ate Linker (Label A) Wth Conjugate , (Label D) having a
Pi per azi ne Li nker. The ability of immuobilized thyroxine antibody

(Abl) to bind |l abels A and D was determ ned as described in invention
exanple 1. The anpunt of immobilized antibody binding sites required to
bi nd 50% of a fixed concentration of thegg.labels (5 x 10- 11 M fi nal
concentration) is reported. A second tﬁﬁgoxine anéibod ?éAbZ, T7-3.1,

prepared at K88k SemeNdR Aftem| SAMREL i FPRIACT AR PRERRILINTG | QFel  Bi ndi ng
Sites Requiregppliiatd e pitidaidpdbbping liquid. Abl Ab2 A

7 x 10-8 M 1 x 10-%B¥ID 3 x 10-8 §1 3 X %0-7 Nk These results’
show that the conjugate DreptREPYIRG, $¥FRYe2nASTOBEHERESI FBS i nker bi nds
nore tightly twmillhHaey wif | the bl dlbebeld t tiyy venime aderbvdtéves in The

reasss) leadiad L SnGiondtal e EoRleRbnlh B EGD O o 0

el enents. The ismunoassannebementgl e tn farhi Piytheopxamples utility
is demonstrated with thyroxine embodiments of thyronine
derivatives. | _
_ In the following examples the assay

. procedures were carried out step-wise according to the

following protocol. Ten mL of a sample was spotted on
the top surface of a dry immunocassay element of the
invention. The element with the now spotted sample was
then incubated at 37°C for 5 minutes. It is expected
‘that with the elements, of.this invention equilibrium in
the competition between labeled and unlabeled ligand -
for receptor binding sités in the bead spreading layer
will be complete after no more than 5 minutes. After
this period of incubation the element was removed from
the incubator and developed with 10 ulL of enzyme
substrate solution.. For the assays used in the
examples the label is horseradish peroxidase (HRP) and
the substrate used in the developing solution is about
0.03% by weight H202. Thé deveioping-solution also
contains sodium phosphate buffer (pH 6.8) 0.01M, 4°'-
hydroxyacetanilide (electron transfer agent) 0.005M,
diethylenetriaminepentacetic acid 10 mM and a
surfactant. The devéloping 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



-28~ aconbi nation of layers having zones wi thin such layers. In general

t he eliements can conprise a radiation transm ssive support, one or nore
reagent -layers, a particulate spreading |ayer preferably conprising beads
upon which anti bodies to the particular thyronine are inmobilized.

The | ayers can be coated using well known coating techniques in this art.
For exanple slide- extrusion hoppers of the type described in U S
2,761,417 are often advantageous for si_myl taneous coating of a plurality of
Iayers at |least one of which is conprisé “of polynmeric particles bearing

i mobi | i zed s;mnaticmﬂdomctmewam%wramﬁrom toet chapge dpenent can be

coated by di aglidut Rord WAL S WREE! £ihb0BLCINLAL NI MEChBASbEAGS Lhrough an

extrusion slot of a slide extrusion_hopper si rmul taneously | owi ng a
| ayer of a sTCGRE JOH iMRAIWHARES Febhec PBhdePF1€¥sPF8dwe%&y ROYE cont ai n
beads down -aigl ivie dndppeidltdecs|i de-extrusi on hopper. The

particul ate Iﬁﬁer in %ﬂ!Ch tfe %hyronine anti bodies are immobilized is
por ous. Mat er h layers are well known in the art of

maki ng dry anal ytical erlebsnézampler éémonsdraaesi theapeebayat iion afbead
spreading |a Eﬁ%? S C b a o] o e

sui tabl e por%?g té t’a‘:‘s%il ﬁi §£5| gﬂrrgn?hg ?Eﬁc& Qﬁé %ﬁteg%\?té:ntl g:\rlp to
acconnodatea§tnnxehahﬁbeledothﬂxanpng mapgemoannﬂpgu@ imt @ or undil ut ed.

Preferably, thgnsd¥ £EMN8%5 A Ehg §n&nﬁﬁbé§@h§altbydlé%re%sth‘9‘i”o‘iﬁrfg operty is

created by |nterconnected spaceS between particles_conprising the zone.
By isotropically porous The ﬁ%&WFthHPSt9€e§BF@§duﬁgnSa}§KWEhlforn1y spr eads

the applied fdé&lﬁhé?&b?' ty hhveugheuktolhewidvestructure: Usef ul
ng

particul at e spreadi ayers,
Coverage
. _ (g/m2)
Spreading Immobilized T7-3.1 Antibody . 0.1
Laver (see Example 1 for preparation)
Particles of poly[m- & p-vinyl- 130

toluene (64:36)-co-methacrylic
acid] (92:2 weight ratio) (30 rm)

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

poly (methyl acrylate-co-sodium 2- 2.58
acrylamido-2-methylpropane-
sulfonate-co-2-acetoacetoxyethyl
methacrylate (90:4:6 weight

ratio)

- N-[tris (hydroxymethyl)methyl]-2- 0.219
aminoethanesulfonic acid (pH 7.0)
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-29- «includi ng bead spreading | ayers are disclosed in U S. 4,670, 381,
4,258, 001 and 4, 430, 436. The particulate |layer of the elenent is
carried on a suitable support. Such a support can be any suitable
di rensionally stable, and preferably, nonporous and transparent (that is,
radi ation trans- mssive) material which transmts el ectromagnetic
radi ati on of a wavel ength between about 200 and about 900 nm A support of
choice for a particular elenent should bg3$gnpatible with the intended node
of detection (reflection, téaasnisgion or. Tl uQrescence spectroscopy).
Useful support materials PncrBdBepiYysityBss¥clobeyenedions orl Sanpl e,
pol y(et hyl ene terephthal ate)], polycarbonates, cellul ose esters (for
exanpl e, cellul ose acet-at n farth.. The el enment_can
conpri se one or nore addi?§8X§|9P§§8P§}°P&F Sxrhackadtnar at e Hr0%%bmbi ned
reagent/spreadi ng | ayer afBu®ogthati n/buffer |ayer containing other
necessary additives, coupling enzynes, and so forth. The :
gelatin/buffer layer or the reagent |ayer or the spreading |ayer of the
el ement can contain the iAdrbadspxyraspesaniilddeconpri sing one ®risore
reagents dispersed in one or nore synthetic or natural binder materials,
such as gelatin, or other_naturally occurring colloids, honopol yners and
copol ynmers, such as poly(gﬁFPPEH#de), pol y(N-vi nyl pyrol i done)Q.bh y( N
i sopropyl acryl am de), poly(acryl am de-co-N-vinyl - 2-

Gelatin  hardened gelatin 10

Laver
4'-hydroxyacetanilide - 0.15

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

Triton X-100 nonionic surfactant 0.02
(Rohm & Haas)

5-(Aminosulfonyl)-4-chloro-2-[(2- 0.166
furanylmethyl)amino]lbenzoic acid)

Support . Poly (ethylene terephthalate)

A series of human serum based calibrators
containing thyroxine and a thyroxine-HRP label (Label
B from preparative invention example 1 or Label D from
preparative invention example 3) were prepared. The
thyroxine-HRP labels could have also been included in
a layer or zone of the element. The concentration of
thyroxine varied from 0.25 to 31.1 pg/dL. The
thyroxine-HRP label was added to give a final
concentration of 1.5 nM. The series of thyroxine



pyral i:done) and sim |l ar copolyners. O her optional |ayers, for
exanpl€ subbing |ayers, radiation-blocking |ayers, and so forth can be

included if desired. Al layers of the element are in fluid contact with
each other, neaning that fluids and reagents and unconpl exed reaction
products in the -30- fluirds can pass
bet ween super posed regi ons of adjacent |ayers. The | ayers of the

elenment can contain a variety of other da&si-rable but optional conponents,

o "o o ERahtrs | (VKA P il < Plas NapOEEES Sontl] LRI dant o,

coupl er sol ven nown in he anounts of
t hese conponeﬁ9§e§d§nﬂ5&?&@#5ﬂ?ﬁt¢ﬁ§%¥%?$ of anabykiralnelpments.

IThe eldem%‘ntﬁ Q%%etig wﬁ.ﬁ%ﬁ&sie%ﬁ@baf@lbﬂvuaeowemratwaaﬁ Qamhxaam nes in a
I qul sSuc S a nlolo or exa serum

pl asma, uri neak M q%@@s%p@ﬁé¥%%§no?ggaﬂﬁeo% HS I FPQ%EE‘ feces,
sal iva, Iynph@hdsﬁﬂaueibutEéhe(mlaB)M Tpr Bhabonnnehyn&bkyeularly

and mostgenoPRA LG ofr Al AR b7 PRBR ShmReeBPERRR e psie 104

ol ar . (10 1 anniyheamdeeYbayrnédnmum chilogidey (Suil®dbmas abel
whi ch can be ai4 et%tﬁaélgeuﬂﬁé gdcbiyiay Q?vage'fk\éﬂ\t u&%s aetRetlod abel s
|nclude radi oactive ta yes, uore ers,

zone and to initiate dye formatlon. After about 40
seconds, the reflection density (D,) was measured at
the center of the area at 680 nm at 37°C. The D,
values were converted to Dt by the Clapper-Williams
transform. The change in D over 60 seconds was
calculated. The results are shown below:

R Dt /mi
Thyroxine. a/dl Label B Label D
0.25 0.0646 0.05803
3.2 _ 0.0482 0.04836
9.1 . 0.0359 0.03411
31.1 0.0200 0.02141

- These results show that there is a significant change -
- in rates over the desired dynamic range for-both of
the extended piperazine linker labels tested.



substrat es, enzyne inhibitors, allosteric effectors, c her_
known enzyme nodul ators. Enzynmes, such as gl ucose oxi dasBiIS |SHEBRHASBEENSjich
as, horseradi sh peroxi dase and am ne-enriched horseradi $h_perREHLACED,

al kal i ne phosphat ase and gal act osi dase are preferred | ghels..
When an enzyne | abel is used, the substrate for the e‘ivﬁﬁsﬂﬁiﬁﬁesent in
the el enent or added thereto in the devel oping |iquid} The RERNEER o co)
be added to the elenent prior to or simg1aneously wt the 1 qulo
- sanpl e, or aft %A gpletioh of the binding reaction. It is within the
skill of the ordiriary worker in clinical chenmistry to determine a suitable
-31- substrate for a givén | aBelabeleds fhyromiaec siruge heptarerdnaladgiieh is
directly acted gypgpiRynhhe enzynme | abel, or a-material that is involved in
a series of reactions i ch invalve enzynatlc reactlon of the | abel. For
exanple, if the enzyne | dBel s labsdrofifddde tRe diaed ridte i s hydrogen

peroxi de. Usi ngmﬁhﬁéagga%l d%%@u@ﬁ; Jn VAN &1 téiﬁ_ﬁwaﬁt pg& pisose is
general ly present in the reagent éyer or is .added t he devel oping |iquid
to yield about 0.01 nol es‘lBﬁi el ERYIOR F‘é’rcélﬂ‘ﬂf'frad?ﬂabout 0.001. to about

0.1 mole/nferr]. A worker(qki ld ad nkirdeharin,wiilk knpwhoveh proginst t he
:rsns)ggt of a part lar(Fé)rt trq}ag)%o;tﬁglﬁgogﬂtf f enz rre Iabeh used in the
carboxyl group of the thyronine nucleus and (ii) the
amine or sulfhydryl group of the label, having therein
from 4 to 22 chain atoms, including (iii) at ieast one
ring group selected from 1, 4-piperazinylene; 2,5~
dimethyl—l,4—piperazihylene;-L,3—imidazolidinylene; and
1,3-hexahydrodiazepinylene; and (iv) one or more Cj to
Cg alkylene groups; wherein the groups (iii) and (iv)
are interconnected to each other through one or more
groups selected from -0-, -S-, imino, amide, carboxyl
and carbonyl.

2. An immunoassay for a thyronine
derivative comprising:

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

B. determining the bound or unbound
quantity of the thyronine derivative in the liquid;
characterized in that the labeled thyronine derivative
is according to claim 1. |

3. An immunoassay element having a layer,
zone oOrx coatlng of a labeled thyronine hapten drug



enzyres! ‘cof actors, enzynme substrates or enzynme nodul ators, the reagent
| ayer eontains an indicator conmposition conprising one or nore reagents
whi Gh provide a detectable species as a result of reaction of the |abel.
Preferably, the indicator conmposition is a colorinetrig-i-Reicator

conposition which provides a colorinetrically detecta HﬁbﬂﬂﬂﬁbﬂasggEN
. result of enzymatic reaction of an enzyne-|abeled lig Q8D h a
substrate. The indicator conposition can be a S|ngle conp

whi ch produces a detectable dye upon enzy8atic reaction, or a conbination
of reagents which produge th@k@%léﬁén@@f%hlﬂ*@%ﬁéﬁéi’ﬁetﬁé used as the
substrate and 0se . oxidase a n abel, the colorinetric

i ndi cat or nb%gﬁg @nt ﬁqqiﬂqj é¥ Lﬁﬁ%ﬁg%ﬂﬁ %&?%?E%ﬁl%ocﬁ RBound whi ch
react to provsdeuetdme. Al ternatively, the conposition can include a | euco
dye and peroxi dase or another suitable peroxidative conpound which generate
a detectable dye as a result of the formati &h of°hydrogen per oxi de

-32- produced whenp gl ucose oxidase converts'blqc se to glu?onlc aci d.

Useful |euco dyes Rre known i the art andM4id oBet48fdde, BT or-mexanpl e,
descri bed in US-A- U S Sgfial No. 612,509. The particul ar

amounts of thd zEBnp05|t|on and its various
conponents are wt f a worker in the art.

1 C-Z-(L?-C-LABEL),_ my R m
I 1
o

o]

wherein -Z- is selected from 1,4-piperazinylene, 2,5-
dimethyl-1,4-piperazinylene, 1,3-imidazolidinylene,
1,3-hexahydrodiazepinylene, 1,4-piperazinylenecarbonyl,
2,5-dimethyl-1, 4-piperazinylenecarbonyl, 1,3-
imidazolidinylenecarbonyl, 1,3- .
hexahydrodiazepinylenecarbonyl, oxa (-0-), thia (-S-),
imino (-NRl-) in wh1ch Rl is hydrogen or alkyl of 1l to
6 carbon atoms; ' o

Ll and L2 each represent a linking chain
having therein from 4 to 22 chain atoms, including (i)
together with Z, ‘at least one ring group selected from .
1,4-piperazinylene; 2,5-dimethyl-1,4-piperazinylene;
-1,3-imidazolidinylene; and-1,3—hekahydrédiaiépinylene:
and (ii) one or more - C1 to Cg alkylene groups; wherein
the groups (i) and (ii) are interconnected to each.
other through one or more groups selected from -OQ, -S-
, imino, carbonyl, amide (-OCNR- and -NR1CO-), and
ester (-COO- and -0CO-); .

R3 represents alkyl, hydroxyalkyl, or alkoxy
of 1 to 10 carbon atoms; and

RrR? is alkyl of 1 to 10 carbon atoms; and m is
0 or 1.

4. The element of claim 3 wherein the

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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The ¥mrurroassay can be manual or automated. I'n general, the anobunt of a
Ilgandsln aliquidis deternined by taking the elenent froma supply rol
chi.p: packet or other source and physically contacting a finite area of t he
spreading |layer with a sanple of the liquid, for exanplE Tﬁ% deB{I €}
finite area which is contacted is generally no nore thah

The anpunt of ligand is determ ned by passing the el eneht Lnruugn’a

sui tabl e apparatus for detecting the compd@xed | i gand analog directly or
t he detectable S a I |

enzyne | abel a%gﬂgﬁgﬁbg%?%?EQngpéeggﬁg1%dQER spg%%é§ (ﬂhﬁég@%d W th
sui tabl e rad|oh%???@esfﬁuérénB?PPEaéﬁngéééﬁrSﬁﬁwpomadeﬁeapgamuuus usi ng
general | y knovexgf oc@ﬂybﬁ91 |mm§ﬁoe@hﬂfn&§d1@:ler @iy, the resulting product
l.s determ ned by neasuri gg p& reflectlon or. transm ssi on
density or fluorescence n t heP€e e Fligd & yhersim dhswas
contacted wit hnubbeuesbfsarml eabﬁlledaltm(r\dﬂilm hapRas Wi dgudeneral |y
from about 3 t %R g mmin dianeter for conpeting assays. The anount of
ligand in the g nple is inversely proportional to the amount of

| abel neasured in the ceft.er Ghet led ememtt ®@farcdain 15 ahyerediat med erbeé ment

a separate develB8ReELaSER paration of
conpl exed i gané ?rom En?g%lexez&a?ﬁc%gn%n%ge%ea% ;Efqgl%sel ﬁle’ ‘gurement S
carried out afPéPerpginyBene ing gxowp and one or more C; to Cg

- 33- -alkylene groups interconnected to each other through

one or more oxa, carbonyl, imino, and amide groups.

7. The element of ‘claim 3 wherein L in the
labeled thyronine hapten analogue is selected from:

' propionylpiperazinocarbonylmethoxyacetyl;
methoxyacetylpiperazinocarbonylmethoxyacetyl;
propionylpiperazinocarbonylpropionyl; and
butyrylpiperazinocarbonylbutyryl.

8. The element of claim 7 wherein the
labeled thyronine hapten analogue is selected from the
group consisting of: -

N- (HRP-carbonylbutyryl) thyroxine methyl
ester;

N-[4- (3-HRP-carbonylpropionyl)piperazino-
carbonylmethoxyacetyl]thyroxine methyl ester;

' N-[4- (HRP-carbonylmethoxyacetyl)piperazino-
carbonylmethoxyacetyl]thyroxine methyl ester;

N-{3-[4- (3-HRP-carbonylpropionyl) -
piperazinocarbonyl]propionyl}thyroxine methyl ester;
and } )

N-{4-[4- (4-HRP-carbonylbutyryl)piper-
azinocarbonyl]butyryl}thyroxine methyl ester.

o, The Element of claim 3 wherein m
is 1. '

) O O R ' T“”ﬁi”i‘"f”i i||



180~ seconds after sanple contact and spreading or application of the

devel eping Iiquid. The follow ng exanpl es denpbnstrate the utility
of 'the | abel ed thyronine derivatives in carrying out inmmnoassays
~conveniently on dry i Mmunoassay el enents. In each of the exanples utility
is denonstrated with thyroxine enbodi ments of thyronine derivatives.

In the foll ow ng exanpl es the assay procedures were carried out step-w se
according to the follomnng protocol. Temgd of a sanple was spotted -on the

Lhe now apot { cd Ve aé%%@q@ﬁéﬁ*%ﬁ%ﬁﬂ@ﬁeaﬁiﬁbﬁiv% R T

expected that with the elenents of tbstranti on equilibriumin the

ToPhe. bead spr eadng | her -GPEREIbAOEL i FLURR F8) ohrTRRLARad a2 2L

After this mﬁdxmhcﬁh?rmmhnﬁldariheteVeneompua51neaned fromthe |ncubator

and devel oped with 10 ve of & ﬁ¥g8t§g§ %rg&guialgg B?ﬁR BnEEQ yS used

in the exanples the label is orsera oXI dase sﬁbstrate
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characterized in that the labeled thyronine derivative
comprises:

(1) a label, of the type used in
immunoassays, having an amine or sulfhydryl .group:;

(ii) a thyronine nucleus and-

(iii) a linking chain linking the label to

the thyronine nucleus.
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U.S. 4,786,591 discloses haptens comprising a thyroxine nucleus
having an active aster group. The problem is that these haptens do
not provide labelled hapten analogues that are at least 60%
immunoreactive. ' |

International patent application WO-A 91/01006 describes an
assay system for the assessment of unoccupied specific ligand binding
sites on proteins such as thyroxine binding glcbulin, in which a
fluorescent-labelled T4 conjugate is disclosed. ‘These compounds
~ comprise a short linking chain between the amine or sulphydryl group
of the label and the hapten and additionally do no possess the
required affinity for antibody.

EP-A-0 108 400 also discloses labelled thyroxine haptens,
wherein the label is attached to the hapten by a short linking chain.

These compounds are particularly susceptible to cyclization.

| The present invention provides a thyronine drug hapten analogue
according to claim 1. The labelled thyronine hapten analogues when
used in the immmoassays of claim 2 and the elements of claim 3 are
reproducible and up to 60% immunoreactive. The labels have good wash-
out properties. Thus they have low non-specific biriding due to
rel.ativeiy low substitution ratios. Also the structure of the linking
group has a positive effect on the shape of the dose response obtained
arid thus the performance of a thyronine assay. This positive affect
results from a greater rate of change of the amount of the bound
labelled analogue over the desired measuring range of the thyronine.

The analogues of the present invention include those having

structure 1 as follows:
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Structure 1

wherein -Z- is selected from 1,4—piperazinyléne, 2,5-
dimethyl-1,4-piperazinylene, 1,3-imidazolidinylene,
1,3~-hexahydrodiazepinylene, 1,4-piperazinylenecarbonyl,
2,5-dimethyl-1,4-piperazinylenecarbonyl; 1,3- '
imidazolidinylenecarbonyl, 1,3- _
hexahydrédiazepinylenecarbonyl, oxa (-0-), thia (-S-),
imino (-NR1-) in which R! is hydrogen or alkyl of 1 to
6 carbon atoms;
Ll and 1.2 each represent a linking chain
~having therein fron14}%b 22 chain atoms, including (i)
together with Z, at least one ring group selected from
1,4-piperazinylene; 2,5—dimethyl-i,4—piperazinylene;
1,3-imidazolidinylene; and 1,3—hexahydrodiazepinyiene;_
and (ii) one or more C] to Cg alkylene groups; wherein
the groups (i) and (ii) are interconnected to each
other through one or more groups selécted from -O0-, -S-
, imino, carbonyl, amide (-OCNRl- and -NRlCO-), and
ester (-COO- and -0CO-);
R3 represents alkyl, hydroxyalkyl, or aikoxy
of 1 to 10 carbon atoms; and
ré is alkyl of 1 to 10 carbon atoms; and m is
0 or 1.
Thyroxine is an example of the thyronines
that can be assayed using this invention. “Fhe-
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Methods of making the thyronine hapten

analogues are presented below..

There are two convenlient reactive sites on

the thyroxine which allow appendage of a linking chain

followed by a reactive active ester group in the case

of the new haptens of this invention, or followed by

an enzyme moiety in place of the active ester
when making the new labels resulting from the

group

invention. The two convenient sites are the primary

amine and the carboxylic acid groups. Whichever site

is chosen, the other site is first blocked to

prevent

interference with subsequent reactions employed to

sequentially build the desired linking chain and

terminate it with an active ester group and finally

with an enzyme to produce the desired label.

Preferably the linking chain is appended

from the primary amine group and the first step in the

preparation is to block the carboxylic acid group.

This can be accomplished by éonverting the free acid

to an ester with a conventiocnal esterification

reaction such as condensation of the acid with an

alcohol, preferably methanol with either an acid or

base catalyst and separating the ester, for example,

the methyl ester. Subsequently, the amine is

condensed with a dicarboxylic acid anhydride to form
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acetanilide (5 mM), diethylenetriam nepentaacetic acid (1
hexadecyl pyri di nium chloride (0.1% was added to wash unbou
fromthe detection zone and to initiate dye formation. Aftlr
seconds, the reflection density (Dr) was nmeasured at the cknter of the are
at 680 nmat 37[err]C. The Dr values were converted to Dt -pyttrE

Cl apper-Wllianms transform The change in Dt over 60 secondls was

cal cul ated. The results are shown bel ow-25- T

Rate (Dt/mn) Thyroxi NngheOhlp solutid@b@l ) was combid@!whn 0.25
0. 0646 0. 05803 3. ) 0, 0482

0. 04836 50@ wyL DMSO added dyqpyyge w1th vortexipgnd was 31 1

0. 0200 rotatef. @ad4bverThesk atenddm tshyetdaird hese 26 a significant
change i'n rates_qver theg,desired dynanic range r- both of the.extended

pi per azi ne IiWkBnggbel eegbg prﬁe'ﬂapten of&ilon éhscrlbed _37-
CLAI MVB: abovelwhi&hl whel poepiagrashiimmetiiat elaptief analwsee (500pri si ng:

N s L
that the molar ratio of thyroxine/HRP was 10/1. " The
reaction vial was covered with foil and was rotated
end over end at room temperature for 4 hours. The
reaction was placed in Spectrapor #2 dialysis tubing
along with 500 uL of dialyéis buffer used'to rinse the
reaction container. - '

' The reaction was dialyzed against 3 L of
0.02 M MOPS, pH 7, for 16 hours at 8° C. The dialysis
buffer described above was changed 3 times more with
at least 4 hours between buffer changes. Following
dialysis, the sample was filtered through a 0.22 pm
Millipore filter. Merphioléte was added to a
éoncentration_of 0.02% as a preservative, and the
label was stored refrigerated.
Invention Example 1:

Comparison of Thyroxine-HRP from Extended

Piperazine Linkers (Label B & Label C)

Immobilized antibody beads were prepared by-
covalently attaching a thyroxine monoclonal antibody
(Beckman T4AS12) to carboxyl group-containing beads of
poly[styrene-co-3- (p-vinylbenzylthio)propionic acid]
(molar ratio 97.6/2.4; weight ratio 95/5) using [1-(1-
pvrolidinylcarbonyl)pyridinium chioride] as the
activating agent. The copolymers were prepared
according to the Brocedures described in Ponticello
and others, U56N-539,794; filed June 18, 1990. The
antibody ¥E%_%%%3%§bized as described in Danielson and
Specht, -‘H-S-SN——S—Z&S—,—G-&G-,. filed June 18, 1990.
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(C)la finking chain, linking the thyronine nubleus to the I-")']’T;:‘,

the ami no or the carboxyl group of: the thyroni ne nucl eus and r gL EET
said linking chain am ne or sul fhydryl group of the |abel, spifd |Iinking
chain having therein from10 to 22 chain atons, including (ijJi) ¥t SRP1999
one ring group selected from 1, 4-pi perazi nyl ene; 2,5- ; _
di net hyl - 1, 4- pi perazi nyl ene; 1, 3-im dazolidinyl ene; and :

1, 3- hexahydr odi azepi nyl ene; and (1v) one _more Cerr] to Qg _alkylene
groups; wherein the groups || and are i nterconpected to each ot her
t hr ough one 0P49ﬂ49%ﬂwﬂhﬁ9 R ¢ b S CON¥erts ghycosRi &€ car boxy!
and carbonyl. gluconic adid. ArUSémlnoaéﬁlw Byssaatbykﬁawﬁelﬂeltmatdﬂte
conpri si ng: . contacting a liquid.sa con g a

t hyr oni ne derﬁﬂﬂi%ﬂ?léaﬁ % ?ﬁ??%ﬂ?ne naro of the

derivative i n 4,08 ek reed-a—& 55 G yr ofheepdettiivatliare under
condi tions t hat, [y n%(?tc?f t%f@ég@fiﬂgtficaﬁhﬁ%ﬂﬁeg %QE@%:LO and

i mmunoconpl exes; etermning t unbound
quantity of tHA&ES MAMUR cETReRenye aretWethiguthe skaddcosr aze@rlqert hat
the | abel ed t@ﬂ%ﬂﬂéﬁhf&ﬁlvatlve is according to claiml. 3. An
I mmunoassay el enent havi ng zone or coating Rf a | abel ed t hyronine

hapt en drug anal ogue deé@? &%p%§§§ﬁ]gan be mandal or automated.
" In general, the amount of a llgand in a liquid is

determined by taking the element from a supply roll,
chip packet or other source and physically contacting a
finite area of the spreading layer with a sample.of the
liquid, for example 1 to 100 ml. The finite area which
is contacted is generally no more than about 100 mm2.
The amount of ligand is determined by passing
the element through a suitable apparatus for detecting
the complexed ligand analog directly or-.the detectable
species formed as a result of enzymatic reaction of an
enzyme label and a substrate. For example, the species
can be detected with suitable radiometric, fluorometric
or spectrophotometric 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 about 3 to about 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. 1In a
preferred embodiment a separate developer step is
fequired in order to maximize separation of complexed
ligand from uncomplexed ligand. Generally, label

measurement is carried out after from about 5 to about
“
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-38- 4. The el ement of claim 3 wherein the | abelfs
hapten anal ogue conforns to the.structure:

dlnethyl

[e
1, 3- hexahydro$"H

y 2,9-
'3-imidazol i di nyl ene, 04 SEP 1999

- pi per azi nyl enecar bonyl , 2,

PLACENENTE SHEET
ﬂ!“ .sel ected from 1, 4- pi perazi nyliene

5-di met hyl -'1, 4- plpera2|nylenecarbonyl 1, 3- |n1dazoI|d|nern carpbonyl, 1, 3-
hexahydr odi azepi nyl enecar bonyl, oxa (- Oﬁ371hja_(-8-), imnol (-NRlerrl-) in

which R err]

IS Am ogen dr'alkyl of 1 to 6 carbon atons; Llerr]

dL h t I Ln. h t.h mA 2 ch
R IR e SR TR e

1, 4- pi per azi

Ncne: iLimg di met hyl - 1, 4- pi per azi nyl ene; 1, 3-i m dazol i di nyl ene;

and 1,3-hexahydrodiazep| Iene nd, (i] rr] to Cerr]
al kyl ene groups; mherein %%% i?%aggg(?&?ggpgegﬁggrconnected to

each. other

ttﬂmnqﬁbasmﬁys,rhmvnggoapsaméhecbedsﬁﬂéhvdcwl ggoupi m no,

carbonyl, am de (- OCNR[e d?ng?ypgggﬁ CiePgi aggter (-COO and -0CO);

R3 represents al kyl, hyd oxy

R4 is al kyl

or a kox to 10 carbon atons; and
of 1 to 10 céEbomnaa mtlnanqhmms dipkipg the thyromine The

el enent of cl gj e Zybessi fhd "Pabel through (i) .the amino or the

carboxyl group of the thyronine nucleus and (ii) the
amine or sulfhydryl group of the fSBET:%EE%%%§Q—%é%€1n
from‘ju%o 22 chain atoms, including (iii) at least one
ring group selected from 1,4-piperazinylene; 2,5-
dimethyl-1, 4-piperazinylene; -1, 3-imidazolidinylene; and
1,3-hexahydrodiazepinylene; and (iv) one or more Cj to
Cg alkylene groups; wherein the groups (iii) and (iv)
are interconnected to each other through one or more
groups selected from -0-, -S-, imino, amide, carboxyl
and carbonyl.

2. An immunoassay for a thyronine
derivative comprising:

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

B. determining the bound or unbound
quantity of the thyronine derivative in the liquid;
characterized in that the labeled thyronine derivative
is according to claim 1. .

3. An immunoassay element having a layer,
zone or coating of a labeled thyronine hapten drug
analogue described in claim 1.
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AVENDED ~ SHEET -39- |ifyking chain of

t he | abel ed t hyroni ne hapten anal ogue includes a 1, 4- plperﬂ}RgPLQCENEmﬂug .
and one or nﬁ?%__?“‘*rxﬂﬂﬁﬂﬁﬂ——Aqm no and am de groups : HEET
el enent of cl ai HM '”"'”u”,'r ucl eus of the I|abeled thyr ofpi he hapt en

anal ogue is thy I mm The el ement of clai m 6{wheBéeh rﬁEH’ldSQQ

| inking chain in the Iabdl ed thyronlne hapt en anal ogue i ncl ydgs a 1, 4-

pi.perazi nyl ene ring group and one or mor g Clerr] to Cerr] .Ikylene group
i nterconnected to each other t hrough one % nore oxa, carbok G
anmi de groups. 8. The eﬂemamt(ﬁf(ﬂkanm1§\mhanaﬂnlqhﬁr] in the

abel od thyr ofie 840 £9-8AShAOEEURP DA Wnddiind Ud RAQY 0r oups

propronylprperazrnocar met hoxyacet
nethoxyacetyd%ﬁﬁkﬁ%&¥ﬂbcarbonylnethoxyacetyl
pr opi onyl pi perazi nocar bonyl propi onyl ; and o
but yryl pi perazi nocar bonyl but yryl .

wherein the | abelked thyroni me hapten a/iL&

-0
|
vyt

The el ement of claim8

_ielgg}eqﬁfronrthe gr oup
hyr

consi sting of: RP- car bonyl oxi'he netmwr ester

H,CH

1 ! \\\\c-z-(Lz-c-LABEL),_m)-n‘m
Il Il
(o} o
wherein -Z- is selected from 1,4-piperazinylene, 2,5-
dimethyl-1, 4-piperazinylene, 1,3-imidazolidinylene,
1,3-hexahydrodiazepinylene, 1,4-piperazinylenecarbonyl,
2,5-dimethyl-1, 4-piperazinylenecarbonyl, 1,3-
imidazolidinylenecarbonyl, 1,3~ -
hexahydrodiazepinylenecarbonyl, oxa (-0-), thia (-§-),
imino (- -NR1- ) in which Rl is hydrogen or alkyl of 1 to
6 carbon atoms;
Ll and L2 each represent a linking chain
having therein from to 22 chain atoms, including (i)
together with Z, "at least one ring group selected.from
1l,4-piperazinylene; 2,5-dimethyl-1,4-piperazinylene;
1,3-imidazolidinylene; and -1,3-hexahydrodiazepinylene;
and (ii) one or more ' C1 to Cg alkylene groups; wherein
the groups (i) and (ii) are interconnected to each.:
other through one or more groups selected from -0-, -S-
, imino, carbonyl, amide (-OCNRl- and -NR1CO-), and
ester (-COO- and -0OCO-); '
R3 represents alkyl, hydroxyalkyl, or alkoxy
of 1 to 10 carbon atoms; and
- rRE is alkyl of 1 to 10 carbon atoms; and m is
0 or 1.

;f?‘ The element of claim 3 wherein the
Y
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'N-[ 4- (3- HRP- car bonyl pr opi on
met hyl ester;

EET

car bonyl net hox nELhyI ester
N-{ 3- [ 4- ( 3- HRP-

met hyl ester; a

., per azi no- car bonyl net hoxygeetyHthyroxt
WP- car bonyl net hoxyacetyl)p E)EQIEM}EMENT SH

ﬁw‘m\&)nyl )i- pi per azi ni)car bonyl ] pr opi ongl,'}tstm:rmgne

N-{4-]4- (4- HRP- car bonyl but yry| ) pi per -

a2|nocarbonyl]butyryl t hyroxi ne net hyl e§5er

linking chain of the labeled thyronine hapten analogue
includes a 1,4-piperazinylene group and one or more
oxa, carbonyl, imino and amide groups.

L5 The element of claim 4 wherein the
nucleus of the labeled thyronine hapten analogue is
thyroxine; . 6, the linking chain
#.  The element of claim 8 whereingkf in the
labeled thyronine hapten analogue includes a 1,4-

piperazinylene ring group and one or more Ci to Cg

-alkylene groups interconnected to each ‘other through

one or more oxa, carbonyl, imino, and amide groups.
-J%ﬂf The element of claim 3 wherein Ly in the
c rises one of the fofiow1n roups
labeled thyronine hé%%%ﬁL3H315335;3§:§€I€€§€§:¥é%§%—_LL—
' propionylpiperazinocarbonylmethoxyacetyl;
methoxyacetylpiperazinocarbonylmethoxyacetyl;
propionylpiperazinocarbonylpropionyl; and
butyrylpiperazinocarbonylbutyryl.

247 The element of claim 2£%herein the
labeled thyronine hapten analogue is selected from the
group consisting of:

N- (HRP-carbonylbutyryl) thyroxine methyl
ester;

N-[4- (3-HRP-carbonylpropionyl)piperazino-
carbonylmethoxyacetyl]thyroxine methyl ester;

N-[4- (HRP-carbonylmethoxyacetyl)piperazino-
carbonylmethoxyacetyl]thyroxine methyl ester;

N-{3-[4-(3-HRP-carbonylpropionyl) -
piperazinocarbonyl]propionyl}thyroxine methyl ester;
and ' § )

N-{4-[4- (4-HRP-carbonylbutyryl)piper-
azinocarbonyljbutyryl}thyroxine methyl ester.

—G——The-Element—of—claim—3-wherein—wm—-
o
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