T;he’ pr:esent invention, which is the result of work. carried out in

col‘l aboration with Professor J.M 05 LEHN and his research team at the
Universite Louis Pasteur in Strasbourg, relates tqg:the field of fluores-
cence and nore particularly to a novel_famly of nacro- polycyclic rare
earth conplexes, or rare earth cryptates, which are suitable as fluorescent
tracers, especially in 10 | mmunoassays. European patent application

EP- A-0 180 492 di scl oses macropol ycyclic rare earth conpl exes consi sting of
at |east one rare earth salt conpl exed by a macropol ycyclic conpound of the
general formula: 15 20 in which Zis a trivalent or tetravalent atom R is
25h dnothi Bg or geprs&@t%é%w%meﬁmmﬁw ¥ AiHe xaémal]ﬂrmfg[oup] or
a hydrocarbon radical . apd the divalent radicals, r err nd[ err

i ndependent | W?ﬁak ocﬁaerﬁa{‘r?o({]hoe‘ft are %ag%oa?% ’h°r&h"é’rﬂ£%%#§%’§/ S ey not
cont ai n Gfhe diEHNMranddtiss octapmrandermy af thy Untvdmsitd diouwid ed by 30 a
het eromacr ocygl & xﬂf 1L e, U Blg | NG TALLAS the [ﬁ‘f’éi of fHiddesnd [erT]
al so containing At ] east. one mol ecul ar UNTT OF essentia |'y consisting of a
mol ecul ar unigenesiandMARg | AT b1 loks cse | hnavel camkly roHiracrgrer gy
than the em sghDfey eVl rerd N SHTESNSTE XSS £ SATEdrd Wartly cryitates,These

cryptates are particularly sujtable_as - 2 - tracers for bjo ﬁﬂipal
products in nétiRLRR § Le | 353 EHIORRACRAY HrafRF et BRI B HY
fl uorescnce. inh@ioddaes s are earth cryptates are used

EBuropean patent application EP-A-0 180 492 discloses

~ macropolycyclic rare earth complexes consisting of at
least one rare earth salt complexed by a macropolycyclic
compound of the general formula:
15
~ R z (®) z R .
20

in which Z is a trivalent or tetravalent atom, R is

25 nothing or represents hydrogen, the hydroxyl group, an
amino group or a hydrocarbon radical, and the divalent
radicals @ s and © independently of one another
are hydrocarbon chains which may or may not contain one
or more heteroatoms and may or may not be interrupted by

30 a heteromacrocycle, at least one of the radicals @ .
and () also containing at least one molecular unit or
essentially consisting of a molecular unit, said
molecular unit possessing a greater triplet energy than
the emission level of the complexed rare earth ion.

35 These cryptates are particularly suitable as



specifically to | abel biological nolecules by nmeans of a 05 coval ent
bond, they can be substituted on one or nore of their constituent nolecul ar
units by one or nore suf- ficiéently accessible substituents possessing one
or nore nolecular units which permt qp%?lent coupling with the biol ogical

mol ecul e under operating conditions conpatible 10 wth its biol ogical
reactivity. Non-limting exanples which may be nentioned anong these

act vity. | exarpl es whi ch may be ment i one -
hi ocyano, Co B TR AR oo S AR o Mt e

t hi ocyano, carboxyl, hydroxyl, nercapto, [ yde,

epoxi de, 15 legiGale detgcdiian and rdakarminatisetoyiluaressande. tri- azo,
succi ni m do, anhydri GierhalHegNGaGa Atk AH s Hiwhpagpot ri azi nyl and
ot her radicals (Bigl. e 45 3059 (1970)). The length of the arm

bondi ng t he C?R&ﬁ’aé)’é:atﬁ# % élag‘?%bl Iogi st ime oy ins ke means Wi 2 from 1
to 20 O0B0 ataegldrmt eahplttheyanthit de bt Ttutdd G Yortardd® incited Nef but

al so het eroat : SUC . Two. famlies of functionalized rare
earth cryp- ta elslshéag&e&ziﬁ%n&er?%%ﬁldﬁlv%i%rhl%%rr?%eott%eocr %] Btes- cent
tracers for Bfigimpttly ansessilkle Wpstituents fimsesmind iwre far tivere

relates to thg, yebhods 1of; btal i Gd EVRIAE A 1 WikiP YA eS| §
inter- mediates. Finally, it further relates to the application of these
rare earth criiinaicals Hqlrie amdean frerating Jpndi)isng)icamraiikiances.
The fungipl onabi@edi tANE AW it LT Wty ageording to the present invention
consi st of at | east e rare earth salt cor@%éeé(}gd b}}/ a nmacr opol yé:ycl I C

conpound havi ng one JCTOrRAYNE sgramRlesR be mentione

among these molecular units are alkylamino, arylamino,

isothiocyano, cyano, isocyano, thiocyano, carboxyl,
hydroxyl, mercapto, phenol, imidazole, aldehyde, epoxide,

15 halide, thionyl, sulfonyl, nitrobenzoyl, carbonyl, tri-
azo, succinimido, anhydride, halogenoacetate, hydrazino,
dihalogenotriazinyl and other radicals (Biol. Chem. 245,

U 30569 (1970)). The Length of the arm bonding the cryptate
to the biological molecule of interest can vary from 1 to

20 20 atoms, for example, and can contain not only carbon
atoms but also heteroatoms such as N, 0, S and P.

Two families of functionalized rare earth cryp-
tates have now been found which can be used as fluores-
cent tracers for biological molecules.

25 The invention further relates to the methods of
obtaining these cryptates and to the synthesis inter-
mediates.

Finally, it further relates to the application of
these rare earth cryptates as fluorescent tracers for

30 biological substances.

The functionalized rare earth cryptates according
to the present ihvention consiast of at least one rare
earth salt complexed by a macropolycyclic compound having
one of formulae I or II below:

35



.3 ) Z-Y-NHCC CONHY-Z 05 H C CH 10 [err]

[err] 15 20 N N 25 in which: - the ring of the fornula -N

N- is one of the 30 following rings: [err] n=0or11)
[err] N- [[err]] macrocycle of (22) ring 35 [[err]]
macrocycle or (21) ring -4 - Jerr] 05 2) [err] [err]

bi s- bi pyri di ne macrocycle N N 10 [err] 15 - Y is a spacer

group or armconsisting of a divalent organic radical selected fromlinear
or branched [err] to [err] al kylene groups, which may or may not contain
one or nore double bonds and/or may or may not be interrupted by 20 one
or nore heteroatons such as oxygen, nitrogen, sulfur

Z-Y—NH-0C CO~NH-Y~Z

05
O O I
N
10
N\
R-0
15
o
11
20
25
in which:
~ the ring of the formula -N<.Z\/N- is one of the
30 following rings:
/ \0/ \0/ \ n=0or1l
1) N
0

35 ' [N2zOs] macrocycle or (21) ring

N- [N204] macrocycle or (22) ring
h/.



or p%osphorus, from[err] cycloal kyl ene groups or fromC6 to [err] aryl ene
groups, said al kyl ene, cycl oal kyl ene or aryl ene groups being unsubstituted
or substituted by alkyl, aryl or sulfonate groups; 25 - Zis a functional
group capable of bonding covalently w_tlh a biological substance; - Ris a
met hyl group or represents the group -Y-Z, and - [err] is hydrogen or a
group -COOR', in which R" is a [err] to[err] alkyl group and preferably
represents the nethyl, 30 ethyl or tert-butyl group, or R is a group
-CONHY-Z In the present description, the expression "func- tional group
capabl e of bonding covalently wRth a bio- |ogical substance" denotes any
functional group c e of ding covalently, directly or after
activation, with 3 ne of the functional groups naturally
pr esent - 5 - |1y introduced into said biological sub-
st ance. O8uch functi re, in particular, [err], COOH, SH or COH
groups. Such group and the acty vation nethods, are described in detail by
P. TIJSSEN in 05 \"Practice angd Theory of Enzyne | munoassays", Elsevier
1985, this d@umemNbeing i ncorporated in t heifr&igyrigdne maoraeisieay of
reference. Am no, fhio, cyano, i3ocyano, isothiocyano, thiocyano, carboxyl,
hydr oxyl, mal eim dy, succinimd 10 mer capt o, phenol, i m dazole,
al dehyde, epoxi de, Nde, t&tofqyl, sul fonyl, nitrobenzoyl, carbonyl,
triazo, 1@nhydri de, g;}a e, hydrazi no, acridine and other groups
may be mentioned i exanpl es of functional groups which are
\appropriate for the
) R' R*

15
- Y is a spacer group or arm consisting of a divalent
organic radical selected from linear or branched Ci to
\,/ Cz2o alkylene groups, which may or may not contain one or
more double bonds ana/or may or may not be interrupted by
20 one or more heteroatoms such as oxygen, nitrogen, sulfur
or phosphorus, from Cs-Cse cycloalkylene groups or from <:6
to Ci4 arylene groups, said alkylene, cycloalkylene or
arylene groups being unsubstituted or substituted by
alkyl, aryl or sulfonate groups;
25 - Z is a functional group capable of bonding covalently
with a biological substance;
-~ R is a methyl group or represents the group -Y-Z; and
- R’ is hydrogen or a group -COOR", in which R" is a Ci
to Cio alkyl group and preferably represents the methyl,
30 ethyl or tert-butyl group, or R* is a group -CO-NH-Y-Z.
In the present description, the expression "func—
tional group capable of bonding covalently with a bio-
logical substance” denotes any functional group capable
of bonding covalently, directly or after activation, with

35 at least one of the functional groups naturally present



15 Jaf the invention. The particularly preferred groups are the am no,
thi o and carboxyl groups, which have to be activated prior to coval ent
coupling with the biological substance, and the mal ei m do, succinimdo and
i sot hi ocyanate groups, 20 which can _bgnd with the biol ogi cal substance
directly. In general, the cryptates according to the inven- tion can be
obt ai ned either - by condensation of the ring HN NH with 25 a

6, 6' - di hal og -3 23 2 4 a3 1RY T3l ' ' [ - | tions,
Subsequont Sanot BREIPsELalIl drfbrtined 3ied Wath bl AR

conpl exat i on Bfandee r Sxgh funed ienalogropprlare c drpdant igplan.at¥zar t h
salt, or 30 COOH, SH or OH @RS al ISUEP gD B thPlab Bration

di am nonet hyl -2, 2" - bi pyridj ne disupstituted . in the | - sitions with two
mol ecul es of Bethasis.qars ri‘éﬁf{/)ll-n slepaif 33?4 iq’di ?.‘é‘df’(ﬁ%ﬁg‘{oas‘t’} tuted in the
4, 4' - poobt i oNPraidivedand Thdmty tafl iBnzyme themgicagsaydt,Y-Hlsgvide group
35 -Y-Z an l.exat i t resul.ting macr.opol.ycygl i - -
conmpound by g'é;d;)rtg P art ﬁ%s%é"?r{e.nﬂ:enevﬁqﬁj nec‘% oercFE??lcgt%h itﬁlét fr%reaso%vg nmet hods,
t he conpl exatdemcmiptdomby s ok atafareanaenke pl ace before the
substitution step. Thigs m%H?Sﬁiéy%ﬂdiF¥§?é¥ R th Ly drsgl, out before

the substitution step. The different nethods of obtaining the cryptates
accor di ng toﬁhﬁPQMﬁﬂﬂﬂiQﬁ¥hM4¥l#uﬂW@ﬁ?%ﬁ%xn@%kﬂﬁW#ﬂQkﬂ%quiﬂﬁﬂi%&)A:
10 mercapto, phenol, imidazole, aldehyde, epoxide, halide,
Y thionyl, sulfonyl, nitrobenzoyl, carbonyl, triazo,
anhydride, halogenocacetate, hydrazino, acridine and other
groups may be mentioned in particular as examples of
functional groups which are appropriate for the purposes
15 of the invention.
The particularly preferred groups are the amino,
thio and carboxyl groups, which have to be activated
W prior to covalent coupling with the biological substance,
and the maleimido, sﬁccinimido and isothiocyanate groups,
20 which can bond with the biological substance directly.
In general, the cryptates according to the inven-
tion can be obtained either
- by condensation of the ring HN NH with
25
a 6,6°-dihalogenomethyl-2,2°-bipyridine disubstituted in
the 4,4°-positions, subsequent substitution by the group
-NH-Y-Z or the group -Y-Z and complexation of the resul-
ting macropolycyclic compound by a rare earth salt, or
30 - by condensation of one molecule of 6,6 -
diaminomethyl-2,2"-bipyridine disubstituted in the 4,4°-
positions with two molecules of a 6,6 -dihalogenomethyl-
2,2°-bipyridine disubstituted in the 4,4 "-positions,
subsequent substitﬁtion by the group -NH-Y-Z or the group
35 -Y-Z and complexation of the resulting macropolycyclic



10 [err] [err] [err] 15 [err] 20 [err] [err] 25 30 in which X
is a halogeno group and [err] is an al kyl group containing from1l to 10
carbon atons and preferably 35 represents the nethyl, ethyl or tert-butyl
gr oup. - 7 - In this nethod, the hal ggenated bipyridine deri- vative 1
is condensed with the macrocycle 2. This reaction is advantageously carried
out in an anhydrous organic solvent, for exanple acetonitrile, in 05 t he

presence of admFRARUGY aS ralredldadth @, i on carbonate, for exanple

sodi um car bonate or | thL%g] arbonate, .at the reflux tenperature of the
sol vent. The nacr obi cljfclwé' &S ithathedin the@bqienmstheday diha e of
the al kali netonipliesatised byf @ rexenal=ath ddia foarn kel Sedid Befobe 10
tate. The nm i is 0 3 i smihhen subjected ta am nolysi.s by
reaction_wi tﬁtrh?; %ﬁgr?el%&%q{aﬁle%%rpﬁul th[lé?? ﬁqmﬁqlfxartﬁ%ilﬁ Ii‘}?éé%‘ra&ﬁﬁ’s Y and
Z are a35def iasarigidovart tiedonendihieomaibagridust idrhastiery been bl ocked, if 15
necessary, by conventrianali £kt mB¥hdRAT Yt AMPEAIMHTdaca i ed

out under a nitrogen atnosphere
according to the invention will now be described in

detail.
METHOD A:
10
W
R100C
+ HN NH ——
2
o/ 1
20
R1 00c¢C COOR 1 2=Y=NH-0C CO-NH-Y-Z
ON NH2 YZ N N
” P
30 3 . 4

in which X is a halogeno group and Ri is an alkyl group
containing from 1 to 10 carbon atoms and preferably
35 represents the methyl, ethyl or tert-butyl group.



and at. room tenperature. Wien the reaction is conplete, the excess amne is
renoved by appropriate neans and the cryptate of formula Ais recovered by

conventional means. 20 The conpound obtained in this way is then
con- verted to a rare earth cryptate by ion exchange, a solution of the

al kali metal cryptate of the macrobicycle 4 in nethanol being refluxed, if

appropriate in the presence of chloroform wth a solution of a rare earth

25 halide in methangh os Bdith8sd Y Hatogelitodl kallyrTBliale e
cryptate 3 can be converted to a rare earth cryptate, prior to amnolysis,

by ion exchany&tdd€ordify COEERESSr yd&hythed@esrosyg 1endve. 30
The macrobicyclic corrmhli@;draarctmnka)e adivalirt agedhls fc@’rrtllé@ %yxrtt hesSiah of

the cryptates e_inven- er nedi at.e can ta e fqQrm of an
al kal i ~net al ia(S‘%l 64}3? aPé”gS'F‘l& Pgrlé’egzr’t %t%'r fﬁ‘taﬁlpt&e PESE 6’ ur tifer
subj ect 0B t hé&shenypawrisence ©ife apbatsiec guahl pepam alkalif eeted |mrercmcbcataetse,

for the pur PO¥oy %};nah%?e %\éﬁflﬁhr ﬁarbo fe ¥ ‘htt'?ﬁuﬁxo r@%%%g.%ft%f o r@ﬂefa 3

in which [err] err] group na no
carrying out mqafslwetﬂmer@rr@rgr ledl ithees@lviest cr %mmbw@@c&pl exed

first by 05 fRRMeled 3 tt@re&ﬁ%.rﬁ‘%'}{ee%‘iﬂﬂ'dig S Idr{it ey R It LY 1M1 sact | on
with an excess of silver nitrate, and then by treatrrent of the latter with

H2S [ Hel vet i c@et@lniion xeed, Jor eerﬁnrpﬂ@azr)n e torgort misediure TR
nmacropol 4o cyadte.conpound a in the formof the free crypt and, also 10 a
ant hesi s intermedi at eI'h V\'{anla%rr]'o %%3}0 %rclz %%mcp% nlda)ff 34:hen subjected to

aminolysis by reaction with an amine of the formula

H2N-Y-Z, in which the groups Y and Z are as defined

above, the functional group Z having been blocked, if

156 necessary, by conventional means. The reaction is
advantageously carried out under a nitrogen atmosphere
and at room temperature. When the reaction is complete,

W the excess amine is removed by appropriate means and the
cryptate of formula-A is recovered by conventional means.

20 The compound obtained in this way is then con-
verted to a rare earth cryptate by ion exchange, a
solution of the alkali metal cryptate of the macrobicycle
4 in methanol being refluxed, if appropriate in the
presence of chldroform, with a solution of a rare earth

25 halide in methanol.

As indicated earlier, the alkali metal ion cryptate 3
can be converted to a rare earth cryptate, prior to
aminolysis, by ion exchange according to the procedure
described above.

30 The macrobicyclic compound 3 is a key inter-
mediate for the synthesis of the cryptates of the inven-
tion. This intermediate can take the form of an alkali
metal ion cryptate or a rare earth cryptate. It forms a
further subject of the invention. The particularly pre-—

35 ferred intermediates for the purposes of the invention



conventional neans to forma rare earth cryptate. It will be noted that the
cryptates of formula (1) or (Il) in which Zis other than an am no group
can be obtained fromthe cryptates of formula (1) or (Il1) in 15 which Z
is the ami no group by conventional netl®ds well known to those skilled in
the art. METHOD B: [err] 20 [err] [err] 25 [err] 30

am nolysis N N 35 - 9 - Jerr] [err] 05 [err] 10 15
In this nethoce the colmoanids of fdmmikd @ehatvidiclerRyais vichd aCH3, ar e
condensed mné%F rqﬂdxﬁg Hud he am no derivative 5. This condensation
reaction is vantage- ously carried out under the sanme conditions as in
the 20 first step bf amen iediway 9% carzningrons thimmethed, vent

such as acetoyitdikfri Inmeﬁine @bﬁseﬂggtateacaﬁssesaehoaﬁlaﬁeal kakkenByal ion
carbonat e, for exanple sodiumcar- bonate or |jthiumcarbonate. The

reacti dP i s SRRYERRALFUttA It LIRRTTRONGIRZ 13t Y Rr Ar¥Rea R R®EEe~ The

macropol y- action with an excess of silver nitrate, and then by
treatment of the latter with H2S [Helvetica Chimica Acta,

vol. 67 (1984) 2264-2269]. This gives the macropoly-
cyclic compound 3 in the form of the free cryptand, also
10 a synthesis intermediate, which can then be complexed by

conventional means to form a rare earth cryptate.

N It will be noted that the cryptates of formula
(I) or (II) in which Z is other than an amino group can
be obtained from the cryptates of formula (I) or (II) in

15 which Z is the aminp group by conventional methods well
known to those skilled in the art.
METHOD B:
U/ R"00C
20
25
30 aminolysis _

v

7

35




25 ‘cyclic conmpound 7 is obtained, which is a key inter- nmediate for the
synthesis of the cryptates according to the invention and also falls within
the scope of the invention. This macropol ycyclic conplex is in the form of
an alkali nmetal ion cryptate, which is-agvantageously con- 30 verted to a
rare earth cryptate, before am nolysis, according to the procedure defined
above. As for nethod A the alkali netal ion cryptate 7 can be deconpl exed,
in a nodified way of carry%QgNﬁFt the present nmethod, to give the
correspondi ng macropol ycycli'c gﬁb OMI-Y~Eryptand, which is
then reconplexed to forma rare ear cryptate. The compound 7 is
then subjected to am nol ysis accorqj rocedure defined above to
gi ve the macropol ycyclic conplex [
i nvention of formula | in which
rracrocycqfé and Y, Z and R are 0 The am no
derivative 5 used as a startin B is obtained fromthe
hal ogenat ed derivative 1 by con ' correspondi ng azi do conpound
by reaction with [err] under refl [
tetrahydrofuran, and then reducti onof
the presence of a reduc- tion catal
a hydroqﬁ? at nosphere, at roomte

i's the bis-bipyridine

15 (Me resulting azido conpound in
st such pal | adi um on- charcoal , under
THOD C. 20 '

8

In this method, two molecules of the halogenated

15

derivative § are condensed with one molecule of the amino
derivative 5. This condensation reaction is advantage-
ously carried out under the same conditions as in the
20 first step of method A, i.e. in an anhydrous organic sol-
vent such as acetonitrile, in the presence of a base such
as an alkali metal ion carbonate, for example sodium car-
bonate or lithium carbonate. The reaction is carried out
at the reflux temperature of the solvent. The macropoly-
25 cyclic compound 7 is obtained, which is a key inter-
mediate for the synthesis of the cryptates according to
the invention and also falls within the scope of the
invention. This macropolycyclic complex is in the form
of an alkali metal ion cryptate, which is advantageously con-
30 verted to a rare earth cryptate, before aminolysis,
according to the procedure defined above. As for method
A, the alkali metal ion cryptate 7 can be decomplexed, in a
modified way of carrying out the present method, to give
the corresponding macropolycyclic compound 7, or free
35 cryptand, which is then recomplexed to form a rare earth



R2O ), R2 30 [err] 35 - 11 - [err] 05 [err] 10
According to this procedure, the appropriately substituted, hal ogenated

bi pyridine derivative [err] is first condensed with the macrocycle 2. This
reaction is advan- 15 tageously carriﬁg out in an anhydrous organic

sol vent, for exanple acetonitrile, in’t presence of a base such as an

al kali nmetal ion carbonate, for exanple sodiumcar- bonate or |ithium

car bonat e. gkg géggs the macropoly- cyclic compound 10 in the formof an

al kali et al R Cryp- 20 tate. The reaction is preferably carried out

at the reflux tenperthereompound LofisehhenThebiectegotpcuminolygsipound 10
is then sub-,8tbl4igg by £ﬁgc%bgge&hg ﬁegﬁhhﬂeagé Eheof gegul gp&YZ Z and Y
bei ng as defined above and al1de 1on ¥ en Zis a
cyano group, "REreRAlyevebiGerrRRl ?6 8n arProagrouptayer agaerdéngnten
conventg®nal reducing agents The conmpound 11 obt ai ned then converted to
arare earth ﬁ tate bg g gxchagg for | e ag€or=" 38 ding to the
procedure dePPRed™%BREE0" R&VARFRPLBuLI 7 ¥ F& e earth hali g8 is dPssol ved
in methanol, and a solu- tion of the alkali nmetal ion ™gptate in nethanol,
with a the bis-bipyridine macrocycle and Y, Z and R° are as

defined above.

10 The amino derivative 5 used as a starting
Y, material in method B is obtained from the halogenated
derivative 1 by conversion to the corresponding azido
compound by reaction with NaNs under reflux in an organic
solvent such as tetrahydrofuran, and then reduction of
15 the resulting azido compound in the presence of a reduc-
tion catalyst such as palladium-on-charcoal, under a
hydrogen atmosphere, at room temperature.
Y, METHOD C:
20
25 ///‘DK\\
NH N —m—mmmM™>
\\{:>//
2
30

Rz = H or CHs

35



smal }" vol une of chloroformif necessary, is added. The mixture is refluxed
under an inert atnosphere and the 35 di sappearance of the al kali netal
ion cryptate is followed by - - 12 - thin layer chromatography. In a

nodi fied way of carrying out- the nethadyqthe alkali nmetal ion cryptate can
be deconpl exed according to the procedure defined above (see nethod A) and
converted to 05 the desired rare earth cryptate. Wen the reaction is
conplete, the rare earth cryptate is isolat fromthe reaction medi um by
conven- tional Bt\nods. It is in the J&m o crystalline solid. f

The hal ogenat ed bi he above progedu{e can be
n schene c [ ERR] 15

obt ai ned by the repre- sey the r¢
[err]

25 30 35 14 -

O
O

10 v N7 ) o o

According to this procedure, the appropriately
substituted, halogenated bipyridine derivative 9 is first
condensed with the macrocycle 2. This reaction is advan-

15 tageously carried out in an anhydrous organic solvent,
for example acetonitrile, in the presence of a base such
as an alkali metal ion carbonate, for example sodium car-

\_ bonate or lithium ca?bonate. This gives the macropoly-
cyclic compound 10 in the form of an alkali metal jon cryp-

20 tate. The reaction is preferably carried out at the
reflux temperature of the solvent.

The macropolycyeclic compound 10 is then sub-
stituted by reaction with a halide of the formula XYZ, Z
and Y being as defined above and X being a halide ion.

25 When Z is a cyano group, it can be converted to
an amino group by reduction with conventional reducing
agents.

The compound 11 obtained is then converted to a
rare earth cryptate by ion exchange, for example accor-

30 ding to the procedure defined above. Advantageously, a
rare earth halide is dissolved in methanol, and a solu-
tion of the alkali metal ion cryptate in methanol, with a
small volume of chloroform if necessary, is added. The
mixture is refluxed under an inert atmosphere and the

35 disappearance of the alkali metal ion cryptate is followed by



"
bi pytd di ne of formula 12 can be obtained from 1, 6-di (p-
nmet hoxyphenyl ) hexa- 1, 5- di ene- 3, 4-di one by Kr6hnke s 15 nmet hod descri bed
in SYNTHESI S (1976), 1. The conpound 13 is obtained by reacting the
conpound 12 with mchl oroperbenzoic acidgn an organic solvent such as
chloroform The derivative 14 is then prepared by refluxing a 20
suspensi on of the conpound I3 in acetic anhydride. Refluxing a solution of
the conpound tiinM idyer HFcMdgragHyl | N acetic acid solution gives the
com pound 9 in whi chh_[ er rnl c{.s .Hgg(rﬂ%ye&%, at | east one _of the radicals R2
bei ng hydrogen. 25 a modifie bHd GITRWHH Pty the eddhipd, the
i nt er medi at e &ldraltihengiradpdiont iconypdfa tieh @ ano ijeo dedompfl eixied avceriding aed the
forns a furt sudi.ect 1 i tion. The c unds according to the
i nventi on, ?g%ce;&ru er%stdaeb & F'Irhzré‘e‘l;13 \ég'gr]t P ynb%mg}oeés)%graé@socf%‘fee‘%#vﬁ er and
30 soR® or gde desineshirars @arth mawrbatie or DVMSO. The conpounds of the

invention are useful A% d Y 8GR 1dd %{éer\:ﬁ]ﬁ%fe@ ol Craalref”é)ﬂqﬁ'}s and are
i tho > immu- nol ogi ca

therefore suitable as assay reagents in_ne S of i )
det ecti on anFRIREEE dat iisiPiRted s ddhv ceapton meghiym by jgpnvera| | ed

assays by compiiridl aetHulisso- Gl |86l in thd formSSRYS ddy£LLESSd he

i nvention wl| 712 be described in greater detail in the illustrative
Exanpl es bel &F MPLE 1 - Rare earth cryptate of [(22)([err] 05
[err] FaOmula |1: R THeemrdlogérmatiest riipyk idires rderivative 9 udediin
U the above procedure can be obtained by the method repre-
sented by the reaction scheme below:

15
\/

20

25

30

35




P
the ¢22) macrocycle (nethod C). 10 A -
6.6' -Di net hyl -4, 4' -di (p- nmet hoxyphenyl )-2.2'- bipyridine (conpound 12) A
m xture of 1, 6-di (p-nethoxyphenyl)hexa-1,5- diene-3,4-dione (3.07 g, 9.5
mol ), prepared by Krdhnke's nethod, Syntdhesis (1976), 1,
1- pyridini opropan-2-one 15 chloride (3.27 g, 19.1 nmol ), obtained by
m xi ng equi - nolar anmounts of pyridine and 1-chl oroacet one, and amoni um
acetate (19 g) in 95. kgl of [err] is refluxed for 38 h under nitrogen.
After the reaction rrix‘tas returned to roomtenperature, the

cream col ored precipi- ate fornmed is filtered off and washed with
CH30H. The crude prod used.wi thoyt further purification. It can be
crystallized from/[err]/¥e 0% TLC. Re = 0.5 (silica, [err],
95/5) 25 M5: 396 ([err]), , 365 ([err]), 353 ([err]), 338

(Lerr]) 95198 ([err]/2). B -( ) Y (Wo¥ide)-6.6 -dinethyl-4,4

-di (p- et hoxy- phenvl)-2, 2" Noipyri & me /(conpound 13) A sol ution of

m chl or oper benzoic acid (6 ¢, ) mmol) in 360 of [err]_is added
dropwi se, at [err], to a solution of 1 M5 g, 8.7 Hier m of

[err]. The mxture is stirred overnig
washed with a saturated solution of [er dntil the pHis al kaline. The
organi ¢ phase is separated off 35 and corggentrated. The addition of
hexane d8uses the - 15 - conpogind to preciépitate. The precipitate is
filtered off and then redissolved=in a [err] m xture (90/10)

- 6,6 -Dimethyl-4,4°-di(p-methoxyphenyl)-2,2" -
bipyridine of formula 12 can be obtained from 1,8-di(p-

poom tenperature. It is then

methoxyphenyl Yhexa-1,5~-diene-3,4-dione by Krthnke’s

15 method described in SYNTHESIS (1976), 1. '

The compound 13 is obtained by reacting the
compound 12 with m-chloroperbenzoic acid in an organic

U solvent such as chloroform.

The derivative 14 is then prepared by refluxing a

20 suspension of the compound 13 in acetic anhydride.

Refluxing a solution of the compound 14 with a
hydrohalic acid in acetic acid solution gives the com-
pound 8 in which Rz is H or CHs, at least one of the
radicals Rz being hydrogen.

25 The compound of formula 9 is a key intermediate
for the preparation of the compounds of the invention and
forms a further subject of the invention.

The compounds according to the invention, which
are stable rare earth cryptates, are soluble in water and

30 some organic solvents such as methanol or DMSO.

The compounds of the invention are useful as
fluorescent tracers for biological products and are
therefore suitable as assay reagents in methods of immu-
nological detection and determination by fluorescence, as

35 well as in so-called assays by competition and so-called



and v}rashed with a 2 N solution of sodium hydroxi de. The organi c phase,

whi ch contains the conpound 13, is 05 separated off and the solvent is
evaporated off. In a separate operation, the filtrate originating fromthe
precipitation is also washed with a 2_Njgolwtion of sodi um hydroxi de and

t hen concentrated and chromato- graphed on an alum na colum using [err] as
the eluent. 10 Yield: 80% [err] TLC. Re = 0.5

(al um na, [erarS]say%/bS') eBéBess429 ([err]), 411 (M+-[err]). C -

6. 6' - Di acet oxynet hyI -.met haxyphe 2, 2- hi i.di ne ound 14)
15 A suspefsy ﬁnvfe §°(llw ?i oiyé% rﬁ’f'ﬁ?lc)”r é‘qﬁgr@% et ic
anhydri de i s dedfalilxdeh ftiwe ILMU@&rmmveTrﬁbcamﬁMs (hrelcmbt ained is

concentr at ed. f ) t he pasty

resi due and ﬁq}éﬁﬁgﬂ; S ' T aqueous sol ution
of 20 OPerr]. Sl miy sdPhbpeldl of f and the aqueous phase is
extracted twice with 30 n1 of [err] The resulting organic se is dried
over [err] and the saqlve i s_evaporated off. The crude ctN S |

chr omat ogr apFeFmitaad Ls E’mﬁ&*@m B'rm' L‘r‘é'[?r?é'l%l—lfcﬂ Niesi 25 el ¥ent:s
Yield: 90% M p. [err] TLC: [err] (al um na,
[err], 95/5) 3 9 err]) 453 ( Mt- [er ), 256

(M 2). 30 e (gséé “‘Bcﬁ”f)&#&ﬁw&r@[ d) (p net hoxyhenyl) 2 2' -

bi pyri dilfe (donrpd

6, 6' - Di br ononet hgﬂ ZyP- hydroxy phenyl 2. 2' bi pyri di ne

\(conmpound 9b: € radica err] is H the other is [err]g 35

A sol ution of 14 (0. %1 mixtowep ofindi»B-di Pmetdioxyphenyl)hexa-1,56-
diene-3,4~-dione (3.07 g, 9.5 mmol), prepared by Kré&hnke’s.

method, Synthesis (1976), 1, 1l-pyridiniopropan-2-one
15 chloride (3.27 g, 19.1 mmol), obtained by mixing equi-
molar amounts of pyridine and l-chloroacetone, and
ammonium acetate (19 g) in 95.5 ml of CHsOH is refluxed
U for 38 h under nitrogen. After the reaction mixture has
returned to room temperature, the cream-colored precipi-
20 tate formed is filtered off and washed with CHa0OH. The
crude product is used without further purification. It
can be crystallized from CHzClz/hexane.
Yield: 70%
TLC: Re = 0.5 (silica, CH=zClz/CHaOH, 95/5)
25 MS: 396 (M+), 381 (M+-CHs), 365 (M+-2CHs), 353
(M*—CHs—CO), 338 (M*+-2CHa-CO), 198 (M+/2).
B - . . .

phenyl)-2,.2°~-bipyridine (compound 13)
A solution of m-chloroperbenzoic acid (6 g, 34.8
30 mmol) in 3680 ml of CHCls is added dropwise, at 0°C, to a
solution of 12 (3.45 g, 8.7 mmol) in 800 ml of CHCls.
The mixture is stirred overnight at room temperature. It

is then washed with a saturated solution of NaHCOs until
the pH is alkaline. The organic phase is separated off

35 and concentrated. The addition of hexane causes the



-h16j} 33% HBr/ AcOH is refluxed for 12 to 13 h. 20 ml of H20 and 60 nl of
[err] are added to the solution at roomtenperature. The mixture is washed
with a saturated solution of NaHCO3 until the pHis neutral. The organic 05
phase is separated off and the aqueous p?sse is extracted twice with 20 m
of [err]. The solvent is evaporated off omthe resulting organi c phase
and the residue is chromat ographed on an alum na colum using [err] and

o Doeobos; BPBkotRa: B6 EreeRbiradl ‘Eggpgpgglﬁﬁta%sr ik £30fpcbafbekd:
556, 555, 553 (pedryheﬁsﬁeaSaSQSYeQ[enrp)CH4¢524¢§s@B mlgperp]XSOZQQ)([err])

Co d 9b: | & % 4
corpound 90, 988 fhpkfa et 8 frappusel Mebdyytionpuroden ) g

, 461,14 Qé% err]), 380
([err]). 20 ofepnjc- PBGEPunWBF?BaFSP§aépSrsz)EPEPPP“% >ditBhbpy) |

(conmpoungs 10) g abékeaeogt bha eﬁa)sane@a%yqbee@apaeatgd befrol Xnamd [err]
(1.05 g, 10 HWDF

- fl. f
under nitrogeﬁepﬂr?§e °§ﬁ§B§ﬁ9szt y%ﬁg%fgﬁﬁ %ﬁézébefﬁ%éi rO%gtn%br;nln
450 m  of anhpdee&plkatnbnlssthéaoaﬁdehedThéthnnt@rﬁ isolugioinl efed for 20 h
under nltrogen The Egdggkgﬂeogkﬁ'Qﬁg %o%be%ﬁ&%%e@@%nﬁn@P&@%éﬂ@JVe”t s

evapor at ed of £ roduct Chronat hed on um na _usi ng
[err]/ graphed on an alumlna column u31ng CHzClz as the eluent.
10 Yield: 80% M.p. > 250°C
TLC: Re = 0.5 (alumina, CH2Clz/CHs0OH, 95/5)
~ MS: 429 (MH*), 411 (M+-H20).
C - - Ty _ A _ .
bipvridine (compound 14)
15 A suspension of 13 (1.21 g, 2.82 mmol) in 18 ml
of acetic anhydride is refluxed for 1 h 30 min. The
solution obtained is concentrated. 5 ml of HzO and 20 ml
k,/ of CH2Clz are added to the pasty residue and the medium

is rendered basic with a saturated agueous solution of
20 NaHCOa. The organic phase is separated off and the
aqueous phase is extracted twice with 30 ml of CH=2Clz2.
The resulting organic phase is dried over Na=zSO4 and the
solvent is evaporated off. The crude product is
chromatographed on an alumina column using CH2Clz as the
25 eluent. )
Yield: 90% M.p. = 140-141°C
TLC: Re = 0.9 (alumina, CH2Clz/CHsOH, 95/5)
MS: 513 (MH+), 469 (M+-C(O)CHs), 453 (M+-CHsCOOH), 256
(M+/2).
30 D - -=Di = “~di(p= - =
bipgxiding (compound 9a: Rz = CHs)

Fl s -

phenvl-2.2°-bipyridine (compound 9b: one of the
radicals Rz is H, the other is CHa)
35 A solution of 14 (0.31 g, 0.60 mmol) in 5 ml of



30 )CHBOH (95/5) as the eluent. Yield: 60-65%TLC.[err] = 0.6 (alum na,
[err], 90/10) Ms: 663 (M+), 640 ([err]), 625 (MNa-[err]), 609 ([err]),
595 ([err]). 35 - 17 - F - Sodiumcryptate of [(22)(p-[err] p-[err]

di Phbpy)] (conpound 1la): Z = CN; Y =gyl R = CH3 An excess of NaH (in
powder form is added under nitrogen to a solution of the sodiumcryptate
of the 05 conpound 10 (0.042 g, 0.066 mmol) in the m nimum vol une of

[erlr] g tThe msswt Irmzwctoaf |i@<Q¢fglﬁh(i%rd rflotxr QQteftd; ar3 112 2’61%115951:}12;)@11 ISt ]
cooled to room ra romoacetonitrile equi val ents) is en
added. The ma){’tduerégp #?#@H‘%\%‘Fm it Fh El?r]'?'b’é"ﬂé’tgh aer 10
nitrogen. 2@empediatd2e .anThe0 milxtaire d'e warhed ddath aTiﬁﬂmdiudd is
neutralized t.h.a sa 0 i.qn . Qf [err.], e _arg phase .

\fg n&'l’t tolfr %%S‘q‘éo% lulillttﬁ. tHe tp?gcltse umrag. r‘}%)ez(?r anO & [err].

separ at ed of e "aqueous phase’i s ex
The res0bt i nphersgariiec spiragatiesl drfifednsl aheNaRSebuwmdhdse 1B exdotacind are

col . uSi ng e fii;]&%f?@ 321”?% ey ?’ﬁ"f‘”‘?’%q?%?'e%’j’@}ﬁ“m h

(bl ui sh vi ol &ffs ing omeardc ghasq amp rpsigue If)
([err]), 679 c&{x%rnfalt)ogr@%eﬁi oAl ]a)n afi%:(r{aerdd])umﬁ%:ﬁ{geroﬂg)clﬁamﬁodl um

cryptate of [h(hZleP %?fzarzr/]CH%-dlfr(gS/S) as the eluents.
10 Compound Sa: Rz = CHsa
Yield: 16%

N
Decomposition: 210-215°C
TLC: Re > 0.9 (alumina, CHz2Clz2/CHs0H, 95/5)
MS: 556,555,553 (MH*), 556,554,562 (M*+), 475,473
15 (M+-Br), 394 (M+-2Br).
Compound 9b: one of the radicals Rz is H
Yield: 35%
W TLC: Re = 0.4 (alumina, CH2Clz/CHa0OH, 95/5)

MS: 542,540,538 (M+), 461,459 (M+-Br), 380 (M*+-2Br).
20 E - Sodium cryptate of [(22)(p-OCHa p-OH diPhbpy)1l
(compound 10)
A mixture of the (22) macrocycle (0.262 g,
1 mmol) and Na=zCOs (1.05 g, 10 mmol) in 600 ml of an-
hydrous CHaCN is refluxed for 30 min under nitrogen. A
25 suspension of the compound 9b (0.54 g, 1 mmol) in 450 ml
of anhydrous CHaCN is then added. The mixture is re-
fluxed for 20 h under nitrogen. The solution obtained is
filtered hot'and the solvent is evaporated off. The
crude product is chromatographed on alumina using CHz2Clz/
30 CHs0H (95/5) as the eluent.
Yield: 60-85%
TLC: Re = 0.6 (alumina, CH2Clz/CHa0H, 90/10)
MS: 6863 (M+), 640 (M+-Na), 625 (M+-Na-CHa), 609
(M+~-Na-OCHs), 595 (M+-Na-OCH=a-0OH).
35



di,-P.ht}py)] (compound 11b: Z = [err]; Y = [err]) 25 R=7T[err] 2 m of
[err] (1 Min THF) and a further 5 mM of THF are added to a suspension of
1l1a (0.078 g, 0.1 mmol) in 8 mM of anhydrous THF. The m xture is stirred
over- night at roomtenperature. 10 m- gff CH30H are added and 30 t he
mxture is stirred for 20 to 30 mn. The solvents are evaporated off. 20
m of an H20/ concentr at ed HCl mxture (1/1) are added to the residue. A

yel | ow pre- cimpi-t g ) (3 e 3. PHBis) B0l uti on
t akes pl ace graduall h I en ar or, ff and the residue
obtainedistreatg oépf’ E&Tia? tzs ous(?%%pt]fﬂ %@I%Naa-lw N). The
am ne 11b i s extract ednnexicezs f Nal{e(mn] poWderyifsimh)i sauwadded ivrsdge.
the Tor matl on rf rdi@n® REPAU G 1hit AR KiY %é%n[ ridotad2 oflthe |
Conpl exation reaction hange of sodiumfor an [err] t[err] (0.1 nmmol) is
di ssol veB85i n zompouzd 18 (P.047d & $HIORE i) time tmeza\nlaugm o lameed

sggl gm ch Kpt algy (CHL0N. mﬂl"hlef hﬂd%ﬁ'ddﬂldﬁr{é%’]!dxédndi%déﬂnﬁ&(ﬂﬂﬁgﬁ( n | Ibr hl s t
adde e mxture ref.l yxed ynder rogen atnmosphere (fo ours to
4 days, depend-l&l‘g H’Jth &6‘3’1 %ﬁctstéﬂ) "Oof, & ?ﬂ‘%&"ﬁ&éﬁ%rﬁ’gof t he
sodi um cr ypt atba~onbalceitiondrd il 1(L1£32( dquiivilendted) |is %He”ro)addaftbn tThee
reaction is cqnpl.ete, .the 18844 N 15 . hrp'xtureoémst]f

| f sary
and the sol vefPE&9¥E élvaporate ik nl’l%e residue | s 'qu s%o Red %& m
of [err] 10and réttregens ad@feclumt HzO tandil) tyl pef FHaGle are added.

The medium is neutralized with a saturated solution of

3 2

st YOG} 10

=

~ NaHCOs. The organic phase is separated off and the

agqueous phase is extracted twice with 20 ml of CHz2Clz.
The resulting organic phase is dried over NazSO4 and the
15 solvents are then evaporated off. The crude product is
chromatographed on an alumina column using CH2Clz/CHaOH
(96/4) as the eluent.
W Yield: 75%
TLC: Re = 0.5 (bluish violet spot), (alumina, CHz2Clz/
20 CHsOH, 92.5/7.5)
MS: 702 (M*+), 679 (M+*-Na), 663 (M+-Na-H-CHs), 654
(MH+-Na-CN), 640 (MH+-Na-CH=2CN).
G — Sodium cryptate of [(22)(p-0CHs p-OCHoCHoNHo
diPhbpv)1l (compound 11b: Z = NHz; Y = -CHz-CHz)
25 R = CH, _
2 ml of B2Hs (1 M in THF) and a further 5 ml of
THF are added to a suspension of lla (0.078 g, 0.1 mmol)
in 8 ml of anhydrous THF. The mixture is stirred over-
night at room temperature. 10 ml of CHsOH are added and
30 the mixture is stirred for 20 to 30 min. The solvents
are evaporated off. 20 ml of an Hz20/concentrated HCl
mixture (1/1) are added to the residue. A yellow pre-
cipitate and the evolution of a gas are observed. Dis-
solution takes place gradually. The solvents are

35 evaporated off and the residue obtained is treated with



(5;ﬁ1}to 25-30 m ). The rare earth cryptate forned crystallizes or
precipitates very rapidly or after 20 several hours, depending on the
nature of the cryptate. The formation of the cryptate is denonstrated by
[err] and UV/visible spectroscopy. This pBoeedure gave the europi um
cryptate and the terbiumcryptate of formula 11, respectively, which have
25 the foll owi ng spectroscopic characteristics: [err] cryptate:

UV/ vi si bl e i nagH8Qke888 aaclubionuaf NEOHr (M ¥houl fbe; aB208entlbmisnum

Ter bi um crypt : I Sk bl eskn KH2Q -2 31 | der _  EXAMPLE 2
- Rare earth %%36?%?%30 ;E?e??]mFggf]ééeg érr??ggynggrg?;ngg [err]; R =
H; titatiye3s Thenfopmatpppypifdthe rappoupd és(demhpgtepted - 19
- A - Sodi um.ggypfiaf@rof [[err]] (conmpound 10) A m xture of the

bis-bipg@édigﬁ macrocycle (0.48 g, 1.21 ) and [err] ,(1.16 g, 11 nmol)
in 480 of ' trogen. A

suspensi on of pregn®#siygnp(Bpar®WI6, 6' - di -

br ononet hyl - 4- p- net ho enyl-A' +R- by phenyl.- 2 '-?in Py diine (see
Exanpl e 1 section D) %egg’éhzé.£§'2n§#§i¥n1§4élﬁﬁbéye e%?]&ﬁsmgdagd. The
resul ting sol GHisOH,i snd0a spdptdgedofothes previduslyi pbbgéned abddumi t has
cooled to rOOE}&sﬂﬁﬁéakgrés SlﬁegﬁthQB B XbY ercT sl il RimBmA 00 1LEE )
solvent is evaporated off. The cfude product is théen chromatographed on an
al uni na ¥9l unisuapdgdf er The mixture is refluxed under a nitrogen

_ atmosphere (for 6 hours to 4 days, depending on the
~ sodium cryptate used). The disappearance of the sodium
cryptate is followed by TLC (alumina, CH2Clz/CHszOH,
90/10). When the reaction is complete, the reaction
15 mixture is filtered, if necessary, and the solvents are
evaporated off. The residue is redissolved in 15-20 ml
of CHa0H, and ether is added until a turbidity persists
(6 ml to 25-30 ml). The rare earth cryptate formed
crystallizes or precipitates very rapidly or after
20 several hours, depending on the nature of the cryptate.
The formation of the cryptate is demonstrated by 1H-NMR
and UV/visible spectroscopy.
This procedure gave the europium cryptate and the
terbium cryptate of formula 11, respectively, which have
25 the following spectroscopic characteristics:’
Europium crvptate: UV/visible in CHaOH
280 nm maximum; 292 nm shoulder; 320 nm maximum.
Terbium crvptate: UV/visible in H20
282 nm; 310 nm shoulder.
30 EXAMPLE 2 - =

R = CHa; Y = -CH2~CH2-; Z = NHz2; R® = H; -@N- is

35 the bis-bipyridine macrocycle (method C).




(98/2). as the eluent. 15 Yield: 45%TLC. [err] = 0.4 (alumina, [err],
90/ 10) violet spot (254 nn), green spot (366 nm) Ms: a) CI ([err]): 795
([err]), 773 ([err]) b) [err] (thioglycerol): 875 ([err]), 795 ([err]). 20
The sodium cryptate obtained was convertpgl to the terbiumcryptate by the
procedure described in Exanple 1H. This cryptate has the foll ow ng

spectroscopic chara- teristics: [err] 25 244 nm(maxr mun) ; 303 nm

(maxi mum UV/A{|-5| b drepta » vy’

(shoul der). B - d| um cra/ q)te of [bpy bpy (p [err] p- bpy)] 30
A sol ution of Na ]’E 5 equivalents in 2 m) is added to a solution
of the sodi um crypt atle mixthird O2ltlge Widopptidine Jﬁaéﬁ-o@}cierr] and 12

m of [err Ihe t or h, 30, m rpge After
cool i n(E] to] ro% %énr%er%’?zuir Zmng@;e SO ven’T’C(%% (§1 Jséne%’aggf ‘?iii)f*’g Ab%e wat er
formed @%ringn} hef rankydrgus CHaCM is|xseflbmoaddfdry 30 ewin apnderistil | ation

wi th tol uene. bR, gRducd SBIEEAShA Nof r%ﬁemuéfygﬁf‘@ﬂaxo%@r@'@m%%“h a
vane punp. T[}P bri ght 0 ge corrpound obtalned 1 s dis- ved’ 1 n of
THF (the sol LRTYRPREE 1%!(:15'0‘? H-mefh eny1-4s-priydecxiehenyl 2, 2 shirded

(30 [err], 1.Byeidiveal @séé)Exatdiplém L&é@ﬂl&ecmem é®ag, ThEorfRet) onis
alloved to progeed OVEGHIA &L QU3 L eRSt Al LS YNge o Y SE LN o

10 refluxed for 24 h under nitrogen. After it has cooled to

room temperature, the reaction mixture is filtered and
the solvent is evaporated off. The crude product is then
chromatographed on an alumina column using CH2Clz/CHzOH
_ (98/2) as the eluent.
15 Yield: 45%
TLC: Re = 0.4 (alumina, CHz2Clz/CHs0H, 80/10)
violet spot (254 nm), green spot (366 nm)
MS: a) CI (NHs): 795 (M*), 773 (MH+-Na)
b) FAB+ (thioglycerol): 875 (MBr+), 795 (M+).

20 The sodium cryptate obtained was converted to the
terbium cryptate by the procedure described in Example
1H. This cryptate has the.following spectroscopic chara- .
teristics:

- W/visible in H20:
25 244 nm (maximum); 303 nm (maximum)
- Wevisible in CH=aOH:
244 nm (maximum); 301 nm (maximum); 318 nm (shoulder).
B - Sodium cryptate of [bpyv.bpy.(p-0CHa p-QOCH=2CN
diPhbpy)] .

30 A solution of NaOH in CH=0OH (1.5 equivalents in 2
ml) is added to a solution of the sodium cryptate of 10
(0.21 g, 0.24 mmol) in 12 ml of CHz2Clz and 12 ml of
CHsOH. The mixture is refluxed for 1 h 30 min under
nitrogen. After cooling to room temperature, the solvent

35 is evaporated off; the water formed during the reaction



vv'at'@y)sti rring. 20 m of H20 and about 10 ml of [err] are added. The nedi um
Is neutralized with a saturated 10 solution of [err]. The organic phase
is separated of f and the aqueous phase is extracted twice with 20 m of
[err]. The resulting organic phase is-di2oed over [err] and the solvents are
t hen evaporated off. The crude product is chromatographed on an al um na

col umm using 15 [err] (95/5) as the eluent. Yield: 92% MS: FAB+. 834
(M+). The sodisumemoyedaby elzeatredivasicdivdattddnt evitthe todnreespondiheg

bi i : od it Y
t er bi um cr yp&,qlo%% lto'ﬂ;%aﬁ'h%?ieq‘ﬂ G i8S GalPed %Q‘le% e%m%?ﬁ?sh% ,17’16\1)7\},2, :i ble in

cryptate has“the OW Ng spectro- scopi ¢ charac ]
CH30H: 300 nivianeasumpy) ; Toes bahghih onenge) coppourst obt@imed iygpidtitse of [ bpy
bpy (p-l[err] dxihald in?3s ml ofd TRIIOREhe HRAARGh 8 Whdidt.at aisddie

above conpound i s obtained by the procedure described in section G of
Exanpl e 95, ERAvBmEmpacesomdtritierd hadded dilpilmicd sy adeni®) .
r (bis-bpy) ke ddlamiderbedonesnlvay]. (Mid et icnmaind Wwddryall a |- Z

e e ey oSty S S, i B WS AL and R
bpy Conpound wiftif etiwirank.i n 2fhinth dfeHE0 arddrragowt Mk mir ©HCH2GER) ¢
(7-61-10'4'r“§9e‘§aééa% bﬁ%é medium is neutralized with a saturated
10 solution of NaHCOs. The organic phase is separated off
, and the aqueous phase is extracted twice with 20 ml of
~ CH2Clz2. The resulting organic phase is dried over NazSOa4
and the solvents are then evaporated off. The crude
product is chromatographed on an alumina column using
15 CH2Clz/CHa30H (95/5) as the eluent.
Yield: 92%
MS: FAB*+: 834 (M*).
U The sodium c?yptate obtaiped was converted to the
corresponding terbium cryptate by the procedure described
20 in Example 1. This cryptate has the following spectro-
scopic characteristics:
- UV/visible in CHaOH: 300 nm (maximum); 314 nm
(shoulder).
C - Rare earth crvptate of [bpy.bpy.(p-OCHa p-OCH2CHoNH=2
25 diPhbpv}1]
The rare earth cryptate of the above compound is
obtained by the procedure described in section G of
Example 1.
EXAMPTE 3 -
30 is- =di
(method A)

Compound of formula I: Z = NHz; Y = -CHe-CHz-; -N N-

hod

35 is the bipyridine macrocycle and R® is hydrogen.



05 L\ bi pyridi ne macrocycle and 1.10 g (10.4.[err] nol) of [err] is refluxed
for 30 mnin 450 mM of [err]. A solution of 0.350 g (7.64.[err] nol) of

6, 6' -di bromo- net hyl - (4, 4'-p-di net hoxycar bonyl)-2, 2" -bi pyridine (conpound
1, X=Br) in 375 m of [err] is then-adted-10 over 60 mn, wth vigorous
stirring. The reaction mxture is stirred for a further 18 hours under
reflux and then cool ed to roomtenperature and f||tered The solvent is
renoved underA va@nepans i i i i (i s -tieys

di ssolved in[err] omat o- 15 graphed on an aI um na coI urm (with a
smal | amount of siTitca onh the top) using [err] (98/2) as the eluent. The
sol vents are rentdampawnskof danmmlmd 01123®hgcl(13130{() —O\CHt3he expect ed conpl ex

i s obtained. This has nﬁih&\fr%l Icm\nm.gs(mﬁy |@p étgfé_ 20
Mel ti ng point .>[err_] [err errcl d((S 8ij(gerr] bﬁ 398(S
4H, o9y dipyrid Jese @ !mSFYC[%? rand "% 1& 19.4 7.92

(t-J = 7. 4 FWaéUdié)pi}Q ;ref Afkddl, folr 3d.. ﬁﬂln%ﬁ@ﬂﬂldef)m{&blo (EJ J =7.4

FzrerNE/pRy%[eﬁq yti ‘g‘z Cg)f%ggﬁao %1@7;&41@2%‘1%'5#(%2% 791 eSter) 139.7,

155.2, 155.7 maﬁazn—(w-zp—dlmaxq:ama}rwc&&amz 2C-abrw1ai®m¢% C 55. 49;

H4.89; N 12 Foung _ 44
Ami nol ysi s of(gcf%ﬁabo‘%/efcpgpt a]%re e cryp at efo%ﬁ%u ne a%ove ?%&)Fi%o g,
1.26. [er¥d nopyer HGupirectwekbh o7 garong speinying; ngTheloeerewioadr- tions to

4 m of ethylgpediam e s GledagoRegnrgieidd | £8 BSurs OYede XL NGk heat ed
to [err] beforehand. The reaction
and then cooled to room temperature and filtered. The

solvent is removed under vacuum on a rotary evaporator.
The solid obtained is dissolved in CHClz and chromato-
15 graphed on an alumina column (with a small amount of
silica on the top) using CHCls/CHaOH (98/2) as the
eluent. The solvents are removed under vacuum and 0.230
g (38%) of the expected complex is obtained. This has
the following physicochemical characteristics:
20 Melting point > 240°C
1H-NMR (CDs0D): 3.89 (S, 8H, CHz-bpy); 3.98 (S, 4H,
CHz-bpy diE); 4.03 (S, 6H, COOCHs); 7.42 (d, J = 7.4 Hz,
4H-bpy); 7.92 (t-J = 7.4 Hz, 4H-bpy); 7.96 (d, J = 1.2
Hz, 2H-bpy diE); 8.10 (d, J = 7.4 Hz, 4H-bpy); 8.60 (4, J
25 = 1.2 Hz, 2H-bpy 4iE) (diE = diester)
13C-NMR (CDCls): 52.9, 59.5, 119.7, 120.4, 123.4, 124.1,
138.2, 139.7, 165.2, 155.7, 158.3, 160.4, 164.9
CaoHz4Na0O4aNaBr.4H=20 (865.71):
Calculated (%): C 55.49; H 4.89; N 12.94;
30 Found (%): C 65.44; H 4.33; N 13.10.
B - Aminolvsis of the above cryptate
The cryptate obtained above (0.100 g, 1.26.10—4
mol) is subjected to aminolysis by being added in por-
tions to 4 ml of ethylenediamine which has been distilled
35 over KOH and heated to 90°C beforehand. The reaction



-<22 L.mixture obtained is stirred for 1 hour and then cool ed to room
tenperature. The excess ethyl enediam ne is then renpbved under vacuumto
give an oil. This is taken up in 2 m of a [err] mxture (2/1), which is in
turn 05 renoved under vacuum Purificakion is repeated 5 tines to give

t he expected conplex with a yield of 89% C - Conversion of the above
crypate to the correspondi ng europium cryptate The europi um cryptate of

[ (bi s-bpy) (bpyxtmpeJdbtaimmddb@thyinnednfof)l]hmas ahiathefl byolbe to

rocedure de n ey s_.the foll

gpect r oscopi 2&?: a?g%dtugbrﬁs%ﬁ%és) BWW SToT e in wgeﬁﬁglamlnﬁoéanf’ﬁam ma) 15
EXAVPLE 4 - Prepeyed iwider Yaewanrbpighvergptaid. of Thigbis-bakeén up in
(bpy-di (am dOEtdSli%ﬁf@acmrBWd}laéﬂ%m&ﬁé E?Q,Wﬂwnﬂh%hf%whatﬁr

[err]; Y.= [err%% éi lerr] ﬂe

bi pyri ditR m%fr ﬁ%‘b‘é‘?at i Bprbfieaklenr o8 aﬁ?ea‘ytptiaﬁetemes

[ (bis-bpy) (bgy gﬁwﬁéttﬁté]e:ﬁmcﬁ@dlmpwﬁtﬁiehoatﬁwm bf gggtion A of the

25 preV|ou§3Ex le (0. 10 npn dlssolveo of and.added
to a sol ution”of T2 P 3 FeCSbFBERPCRALE
stirred at the reﬂhmhmqmmlm under mtrogen unti | the sodi um
cryptate has di sappeagpgd | e 3 CH30H
e ERRELEE OF F PhrETbeys Uik iz

(90/10)).  The reaction tine der tion
m xt ure 3& cormidesthpisneamine b1 twae obtainedcbrdthé prodedurdhe

\Sigzl \Z/Snt S are dEsEVEskPNim S8 on G PP Bk hpPOd1t her rgsbdiRe i S0l ek ALl Ved

spectroscopic characteristics:
UV/visible in Hz20
240 nm; 303 nm (maxima)
15  EXAMPIE 4 - Preparation of the europium cryptate of
[(bis-] ) (bpy-di(amidoethlyl ine))l

{method A)
L Compound of formula I: Z = NHz; Y = -CHz2-CHz-; R° = H;
20 -N N- is the bipyridine macrocycle.

\@/
A - Preparation of the europium cryptate of [(bis-bpy)
(bpy diester)]
The sodium cryptate obtained in section A of the

25 previous Example (0.10 mmol) is dissolved in 8 ml of
CHCla and added to a solution of EuClz.6H20 (0.15 mmol)
in 40 ml of CHa0H. The solution is stirred at the reflux
temperature, under nitrogen, until the sodium cryptate
has disappeared (TLC, aluminum oxide, eluent: CHzClz/

30 CHaOH (90/10)). The reaction time is of the order of 48
hours. The reaction mixture is cooled to room tempera-
ture and filtered if turbid. The solvents are removed on
a rotary evaporator and the residue is redissolved in 20-
25 ml of CHaOH. Ethyl ether is added dropwise until a

35 very slight turbidity persists. The europium cryptate



25 nl of [err]. Ethyl ether is added dropwi se until a 35 very slight
turbidity persists. The europiumcryptate - 23 - crystallizes in this
way at roomtenperature. The sol- vents are renoved by pipette and the
cryptate is dried. Yield: about 40% (firgd crystallization). The filtrate
I's concentrated to dryness and the operation is repeated. 05 The
product obtained has the foll ow ng physico- chem cal characteristics:

[ er lr3 ] - NleR (Dﬂi:yegcmfl A%:ztedBliG-l)thllsOv&? (aai-l,(r4oﬁm Cﬂ-é(n&mbm :ﬁlﬁ)é - E;I‘I@ﬁ-??ﬁd S,

Gt bpy) . 4. 6O 28 FemeRsd BNy wipetha gnas ng sliline 1% diaony s
[err]-bpy di E)iglsl:r jaboud8@058)( Riret crtyatedl iZattickd). HTheD & i N rHLe29 fé/;)
f d: s neen /Y &%8 ; 7Q; 3 -
A(r)n'ugol ysi s oflgt ﬁ:e% eur gﬁaﬁ%dc%fotd;tye e a&tﬁé&%ﬁrﬁ%%ﬁlatnel\io%%ae%r?eaé;segbbve

(40 mg) 9% added in pg&er PERSUcH Abtainsd dag | theEaliowing iy siaobeen
distilled oveyhdfdidalelhnerntdriBacgd-ear solution is stirred for 3 hours

under nitrog mte a- 2 ure. _The hyl enedi am ne i s renoved
under vacuumelgkq@f{ ﬁjéloy g\p?%(ﬂ z}t'%“‘.o"ﬁ)ﬁe %sﬁjdu(ezei'i’s RakdH BBy i HE) Few
mlliliters &.der(Z2H,MSOHOH - bby alid },hé .8 etH S tﬂJ&'JH—QﬁI:W)S,d mr(mc_tlj_ﬁm
The operationgi ¢ te ti t LVe a jer | \..50ld oungd. e
cryptate 25 rh’og':t}gi%%g’g’i g?l"ll e(?'f’ord)?%(;%&’rys’ohn‘{fgé a(%gneé’p a’c[}g‘rﬁ
Mel ti ng 3bi nt(8H,168- CH2CbPINIs —OUITEhi (AH ,c rSptCHz=e-tras qil) sane characteris-

C40H34N804EuCl3NaCl.9/2H=20 (1088.58)

% calculated: C 44.13; H 3.98; N 10.29

% found: C 43.93; H 3.79; N 9.88

C 44.068; H 3.70; N 10.03

15 B - Aminolvsis of the europium cryptate

The europium cryptate obtained above (40 mg) is

)

added in portions to 40 ml of ethylenediamine which has
W been distilled over KOH beforehand. The clear solution

is stirred for 3 hours under nitrogen at room tempera-

20 ture. The ethylenediamine is removed under vacuum on a
rotary evaporator. The residue is taken up in a few
milliliters of CH2Clz2/MeOH (2/1) and the solvents are
removed under vacuum. The operation is repeated 5 times
to give a perfectly solid compound. The cryptate

25 obtained is dried for 24 hours under a vane pump vacuum.
Melting point = 168-170°C.

This europium cryptate has the same characteris-
tics as the europium cryptate obtained in the previous
Example. These two Examples therefore show that the

30 complexation of the alkali metal ion cryptate by a rare earth
ion can be carried out before or after substitution.

35



ti'cs as the europiumcryptate obtained in the previous Exanple. These two
Exanpl es therefore show that the 30 conpl exati on of the alkali netal ion
cryptate by a rare earth ion can be carried out before or after

substitution. 35 - 24 - EXAMPLE 5 ~ Bygeparation of the europium or
terbiumcryptate of [(22) bpy di(anidoethyleneanine)l Conmpound of formula |

= -N N- Is the (22) 05 nacrocycle ferr]; Y =Terr] A-
Prepar ati on GXAMBLES &diURrepaxsdtie 2y a6 toey lteryiing ure of 0. 114
g (4.37.10-4 nol) of the
of [err] is refluxed for T ; g
. (4.37.10-4 nol) of the conpound 1 in 220 A kf [err] IS then added over 60

mn, Wth Vi geiénnd I ifemulle 1 eactd re is e r a further
15 hours 15 under refl ux adh t hen cooheggtﬁ{(oonrté%%é?gtgﬁgﬁand
va

filtere®® The solvent is renoved under on a rotary evaporator. The
solid obtai neﬁdxﬁbdirlcﬂ%ql Vee iNpZ;en = arrmizmonzf_r ed by chromat ography on an
r | | D)y N

al um na colupg i mpurity
is eluted first ted with

[err] (98/2). Thehsnﬂxmﬂhs-are reaned under vacuunrto glve 0.135 g (61%
of the migzgg') Vet )fjr&%afoet P & Vo BY IR-R Y LD gy ate of
10 macrocycle and 0.460 g (4.34.10-3 mol) of Na=COs is
U refluxed for 30 min in 130 ml of CHaCN. A solution of
0.200 g (4.37.10-4 mol) of the compound 1 in 220 ml of
CHaCN is then added over 60 min, with vigorous stirring.

The reaction mixture is stirred for a further 15 hours
15 under reflux and then cooled to room temperature and
filtered. The solvent is removed under vacuum on a
rotary evaporator. The so0lid obtained is dissolved in
L CH2Cl2z and purified by chromatography on an alumina
column (with a small amount of silica on the top). An
20 impurity is eluted first with CHzClz. The macrobicycle
formed is then eluted with CHzClz/CHaOH (98/2). The
solvents are removed under vacuum to give 0.135 g (61%)
of the macrobicycle.
B - p ti £t} X terbi tat £
25 I1(22) bpy diesteri
The europium and terbium cryptates of [(22) bpy
diester] were obtained by the procedure described in
Example 1H; they have the following spectroscopic charac-
teristics:
30 - europium cryptate: UV/visible in CHaOH
242 nm and 324 nm (maxima)
- terbium cryptate: UV/visible in CHaOH
242 nm and 325 nm (maxima)

35



The europium and terbiumcryptates of [(22) bpy diester] were obtained by
the procedure described in Exanple 1H, they have the foll ow ng

spectroscopi c charac- teristics: 30 - europiumcryptate: W /visible in
CH30H 242 nm and 324 nm (maxima) - terbi oy cryptate: UV/visible in CH30H
242 rimand 325 nm (maxi ma) 35 - 25 - C- Preparation of the europium

cryptate of [(22) bpy di (an1doethy|enean1ne)] The europlun1cryptate
obt ai ned above (O.E ‘ : .

et hyl ene- 05 d|%ﬁkgﬁpgg%ﬁﬂgﬂg%Fgﬁﬁgég#gt|1Ied'over KOH and'heated to
[err] beforehand. on s stirred for 1 hour and then
cooled to room tenperéﬁl@r@ummw}xmt@tﬁwloéwt@mm rdaove r(@n0&d gynder
vacuum to gi ve afs qid-+ HY19 1S Up, iddrd il itd %Ir& g‘&h é)lt%dé“ .

10 rempved under vacuum ~_The purification 1s repeate 0 give 93

my (90% & t rbiamimspMivkcly PssatheenTidie tddyleds e KOt @nd hestiady to
spect r oscopi ¢ gy HEfRirieHands. PHe/ irdddta dm niia&ur%Q@ryh?z-’&%dﬂmdﬂWI ma)

ani nol ysi s i n TG e HRS RARRL B0 LU, HSMRRRAIR - ¢ (D% G ypt at o
of r[(by di Carémhﬂdrmq&)aailr(ermmmn@vem undear madocuuhi e givie' :ar{ exir]l, -N
N- s theﬂﬁiss'i@ @Qﬂe@j Yo rﬁcré)mclo% CHCla, which is in turn
10 removed under vacuum. The purification is repeated 3
times to give 93 mg (90%) of the europium cryptate. This

A cryptate has the following spectroscopic characteristics:
UV/visible in H=20:
240 and 315 nm (maxima)
15 The terbium cryptate obtained in section B can be
subjected to aminolysis in the same way.
EXAMPLE 6 -
U diganbgmgnhgxxlal if;;;i? B)
20 Formula 7: R® = R" = OCHs; -N N- is the

bis-bipyridine macrocycle.
A - i -
2.2°—bj idi
25 A mixture of 4,4°-dicarbomethoxy-68,6°-dibromo-
methyl-2,2°-bipyridine (0.50 g, 1.10.10-3 mol) and NaNa
(1.0 g, 15.4.10-38 mol) is refluxed for 36 hours in 15 ml
of THF. The reaction mixture is cooled to room tempera-

hog

ture, filtered on celite and concentrated to dryness.
30 The residue is dissolved in CHCls and chromatographed on
a silica column using CHCls as the eluent.

Evaporation of the solvent gives 0.40 g (95%) of
the expected compound, which has the following physico-
chemical characteristics:

35 M.p. = 168-170°C



A - Synthesis of 4.4'-dicarbonethoxy-6,6'-diazidonethy]- 2.2'-bipyridine 25
A m xture of 4,4'-dicarbonethoxy-6,6'-di brono- nethyl-2,2"-bipyridine (0.50
g, 1.10.[err] nol) and [err] (1.0 g, 15.4.[err] nol) is refluxed for 36
hours in 15 m of THF. The reaction mxtgge-is cooled to roomtenpera-

ture, filtered on celite and concentrated to dryness. 30 The residue is
dissolved in [err] and chromatographed on a silica columm using [err] as
the eluent. EwHpNMRt (ODCDE)tha.egl ysSnt 6Hi, vee0BH40 ;04(B83%) Sof 4tihe expected

d, whigh has.th | | QWi t
copound, whi gl hasyhe 691 YAl B9-PYYS! BSOS gabechal a5tk g 35
[err]); 7.94 @H);J = 1.3 Hz, 2H); 896(d J=1.3 Hz, 2H); [err]-NWR

52. 71385y 124055 138. 1. . B. 15 16 | R
(keey L) 1775 {5258 %'gs%éig@sz 082 Lrrpor L3 29 Be. 185t CRRP T 295 O
(382. 34) 08, cal&fil- 86 ed65€350. 27; H 3.69; N 29.31 10 %found C

50.37; H 3.5%r (kiB£7:69718 cms¥nkE§§é§)0f2090 cm—1 (azide

4, 4" - di car bo m nonet hyl - 2,2"- bi pyri di ne (conpound 5 A
m xt ure of tEEIS ﬁé@uﬁgnggtglned accordlng to A (0.126 g, 3.30.[err] nol)

and 12.6 ngy OCsHQ%NEUAC(882384U1 15 of [err] (2/1) is stirred at room
tenperature u%d lcugxgeggen aggnagherﬁ 505912 Eoﬁbssl
10 % found: C 50.37; H 3.51; N 27.69.
B - .34 _ .3t ars _
2,2 -bipyridine (compound 5)
A mixture of the compound obtained according to A
(0.126 g, 3.30.10~4 mol) and 12.6 mg of 10% Pd/C in 38 ml
15 of CH2Clz/CHaOH (2/1) is stirred at room'temperature
under a hydrogen atmosphere for 12 hours.
The reaction mixture is filtered on celite and
\_ evaporation of the selvents gives 0.100 g (92%) of the
expected compound, which is used without purification in
20 the following step.
C - Synthesis of the sodium cryptate of [bpy-dicarho-
methoxyla (compound 7)
A mixture of 8§ (R° = OCHa; X = Br) (0.280 g,
6.11.10-4 mol) and Na=2C0Os (0.65 g, 6.13.10-3 mol) is
25 heated to the reflux temperature in 500 ml of CH=aCN.
0.100 g (3.03.10-% mol) of § is then added and the
reaction mixture is stirred under reflux for a further 48
hours. The reaction mixture is cooled to room tempera-
ture and filtered. The solvent is removed under vacuum.
30 The residue is taken up in CHCls and chromatographed on
an alumina column (with a small amount of silica on the
top) using CHCla/MeOH (98/2) as the eluent. Evaporation
of the solvents gives 0.132 g (40%) of the macrobicycle Z
(R" = R® = OCHs).
35 M.p. > 250°C



The reaction mxture is filtered on celite and evaporation of the solvents
gives 0.100 g (92% of the expected conpound, which is used w thout
purification in 20 the followi ng step. C -- Synthesis of the sodium
cryptate of [bpy-dicarbo- [err] (conmpoun®7)-A m xture of [err] (R = OCH3;
X =1DBr) (0.280 g, 6.11.[err] nol) and [err] (0.65 g, 6.13.[err] nmol) is 25
heated to the reflux tenperature in 500 mM of [err] 0.100 g (3.03.10-4 nol)
of 5 is then atRMRNCIHs Y ekt Sd X18H ¢ CROCGHS ) 1 etl. QEhd(eﬁ, rE2Hux for a
further 48 hoys T | A1 Xtgune, | ol @dsd O § OOM ef?r t and
filtered. The SO verr?te Sffa(f(ienoqf]/ed lz'(mélde}rgz VZ%% & %)é (‘%'he resl ue}%ls étig en up
in [err] and cHiGmHBBSEHR 0P alihida 1239 i 12818 aL3F%ed1 Wt of
silica on the tsp)ousiepgerr]/MeOH (98/2) as the eluent. Evaporation of

the sol 00 bi cycl R =R =

Lerrly. OB ° %#ﬁf@q{%fﬁ%‘a 23 R T ) S b2' (s, Tem

%a)rr]% 4] 08 (%S(cd.ﬂhh]jﬂd?g 21:%3(239 ) ¥ 4.4B112 N610:38. 4sla5gd6 ) L2
err err

164.8. 05 '[ve%?r lerr] ?%94% 4080 N 5 39 H 4.48;. N

10. 38 % f ound: 15%3 cyptatel m@tamed gabéveTwaqmtab@ea—nb@él ted
above can be s ﬁ%é Gy 260 NOL %&&?i&xfﬁ@%?”@ﬁéaﬁ}#’e@uﬁh&eﬂOcedure
des- crlb the previous, Exa hi's_gener a | ves a

10 crlbed in the previous amples. This genera ly gives a

mixture of cryptates monosubstituted and disubstituted to
hexasubstituted by the group CO-NH-CHz2-CHz-NHz. These
compounds can be separated by conventional means.
EXAMPLE 7 - j i ig—
15 i —di -
aminel

O

S Formula I = Y = -CHz2~CH2-; Z = NHgz; -N/‘\N- is the
o/ \Y:>//
20 bis-bipyridine macrocycle; R = t-Bu (tert-bﬁtyl or But)
A - j i -

The sodium cryptate of formula 7 (R = COO(t-
C4Hs); R" = COOCHsz) was obtained by the procedure des-
25 cribed in Example 6, using the compound 5 obtained in
section B of said Example and compound 68 (R° = COO(t-
CaHo); X = Br); it has the following physicochemical
characteristics:
M.p. > 220°C
30 1H-NMR (CDCls): 1.60 (S, 36H, COOBut); 3.99; 4.02; 4.086
(38, 18H, CHz2-bpy diCOOMe + CHz-bpy diCOOBut + -COOCHs);
7.81 (S, 4H, bpy diCOOBut); 7.95 (S, 2H, bpy diCOOMe);
8.36 (S, 4H, bpy diCOOBut); 8.45 (S, 2H, bpy diCOOMe)
13C-NMR (CDCls): 28.0; 53.1; 59.1; 83.4; 119.8; 119.9;
35 123.4; 123.7; 139.8; 141.7.



m xture. of cryptates nonosubstituted and di substituted to hexasubstituted
by the group CONH[err]. These conpounds can be separated by conventi onal
means. EXAMPLE 7 - Preparation of the europiumcryptate of rbis- 15
(bpy di car boxybut oxy) bpy-di am doet hyl enesgarmine] Formula | =Y = [err]; Z
= [err]; -N N- I's the 20 bi s- bi pyridi ne macrocycle; R = t-Bu
(tert-butyl or But) A - Preparation of the sodiumcryptate of [bis(bpy di-
car boxybut oxy)CedHasNEGua NaBmSHxX W 1248, xddi um cryptate of formula 7 (R
= COO(t- [err] ])d"%? Ai th dure des- 25 cri bed
i n Exanmpl e 6, %sﬁan%gc a[eeecJo oun g*%’btgfne?m gbcla |c§o§n} B of said Exanple
and conpound [Yerfidur(d? CCIJ(G5'7[@9,]) HYX 88 ):Ni®.0¢%is the foll owing
physi cochem cal chara s 8 [ r 1.60
(S, 36H coBut): 3 9gt1ﬁf osézd&zsimble\sl‘lﬁf&w VHTer rzn "e‘;’{‘]de%/ew tPlrr] bpy
di CooBut @B [ erqgrrespapding emlrow [A¥RYate g mcemb»}reauctﬁwe) 8.36
(S, 4H, bpy [Qjﬂ,]})ed&ykﬁ;e(s 2H, bpy di COOVE) [err] - NI\/R([err]) 28 0;
53.1; 59.1; 83.4; 119. 119 9 35 23.4; 123.7; 139 8;, 141, - 28 -
[err] (1248.18) % cal S)%b %&81'1 S0 b Ff‘&h’ﬂa C
57.99; H 5. 3hthﬂéhélﬁeiﬁhixfe.sod| um cryptate was then converted to the 05

corresponding. eur opi U,y RIS, I L GSMIE1 o1t TS ABINEL the
10 above compound 7 to aminolysis and then to convert the
resulting sodium cryptate to the corresponding europium

N\

cryptate by the procedures described above.

As indicated earlier, the compounds of the inven-
15 tion are suitable as agents for labeling biological sub-
stances; to do this, the compound of the invention is
coupled by covalent bonding with the biological substance
U to be assayed or detgcted. This coupling can be effected
by the conventional coupling methods used in this field,
20 for example the SMCC/SPDP or carbodiimide methods (see
the book Laboratory Techniques in Biochemistry and
Molecular Biology - Practise and Theory on Enzym- and
Immunoassays, P. TIJSSEN, Elsevier, 1lst ed. 1985).
The cryptates according to the invention are
25 suitable as fluorescent tracers in all types of methods
for the determination or detection of biological sub-
stances, and especially in the so-called methods of assay
by competition or by excess, in the homogeneous phase or
in the heterogeneous phase, which are well known to those
30 skilled in the art and are described in particular by
LANDON, Ann. Clin. Biochem. 1981, 18, p. 253, and SOINI,
Clin. Chemi. 25, 353, 1979. They can also be used in the
homogeneous method of detection and/or determination by
luminescence which is described in international patent
35 application WO 87/00827.



Thi's was then subjected to ami nolysis with ethyl enediamne. In a variant,

it is possible first to subject the 10 above conpound 7 to am nolysis and
then to convert the resulting sodiumcryptate to the correspondi ng europi um
cryptate by the procedures described abova9 -APPLI CATTON OF THE COVPOUNDS AS
FLUORESCENT TRACERS As indicated earlier, the conpounds of the inven- 15
tion are suitable as agents for |abeling biological sub- stances; to do
this, the conmpound of bindagiconl isubmstancess byo dow detrctmhding with the

bi ol ogi cal su@é@émﬁéa%@wyefbpre%%féﬁdangmédf@ypl&wi be
effected by the conventi onal couﬁpl I ng nmethods used in this field, 20 for

exanpl e the SMERFKPDP H2¥mEHo KM Fet MRROAZe RORMIRR KRR AU D1 v
Techni ques i n SioediEda Stawiditt, Wieein Arstopedyidif) aridscorgen Ty y on

Enzym a I noassays, B .T| JSSE Vi er, t.ed. 1985).. The,cryptates
accor di ngﬂi o tIPYIRANTHHLS% aé%lé\ls’sﬁlf‘gb?'éé a%b}%fl’b?’%%'éﬁ’ tHRES i n all
types of net hossrbahydimtaiet et natExammleslet £ csncin aibdfahoes cale sub-

st ances, and e | | - e f I fion or
by oxcoss i n CHES S Yo ddiesibEiin e EWNGES.A plboRY aipERiBEidY! OF
are well knownl? PhostnBeh isdncexpornted inthedrreseniesdesepiption

particul ar by %ﬁmgs}\l,of\%fgé,{beﬂ ochem 1981, 18, p. 253, and SO N,
Cin. Chemi. 25, 353, 1979. They can al so be_used in the honpgeneous net hod

of detecti®dn and/or detRf MSRTHAERS FAmMPIRRIR RE WA crYenbEeR #Bed in
iQt/ernational Phicréscdnt tgderat i VIuSTH092 by the Lfve experi-

ments below:

The reagents SPDP and sulfo-SMCC were used in
experiments A, D and E below, said reagents being res-

15 pectively: "N-succinimidyl 3-(2-pyridylthio)propionate”
and "sulfosuccinimidyl 4-(N-maleimidomethyl )cyclohexane—
l-carboxylate”.

U EXPERIMENT A: Formation of an antibody-cryptate conjugate
by SMCC/SPDP

20 1) Activation of the europium cryptate obtained according

to Example 3

50 ul of sulfo-SMCC at 13.1 mg/ml in a 20 mM
rhosphate buffer of pH 7 are added to 500 ul of a
solution of this cryptate at 1.5 mg/ml in the same

25  buffer.

The mixture is then incubated for 30 min at room
temperature and agitated on a Vortex for 5 min. The
solution is centrifuged to remove the precipitate. It is
purified by passage over a Pharmacia Mono Q ion exchange

30 column, forming a gradient between:

Buffer A: phosphate 20 mM pH 7 + 10% DMF

Buffer B: phosphate 20 mM pH 7 + 10% DMF + 1
molar NaCl

The cryptate ié detected by measurement of its

35 absorption at 307 nm (£ = 25,000 M—icm—1 at 307 nm).



The bi, ol ogi cal substances to be detected or determ ned can be, for exanple,
anti bodi es, antigens, toxins, enzynes, proteins, hornones, hornone
receptors, steroids, avidin, biotin, streptavidin, mcroorganisns, 05

hapt ens, nucleic acids, DNA and RNA fraggents, |ipids, carbohydrates, etc.
Exanpl es of such substances are cited in the description of European patent
application 17 908, which is incorporated in the present description by way

of reference. - the adbEvals€d ObryPEate BRerEss Oin tHige | dygAti on as
fl uorescent tricers is illustrated by the five experi- nents bel ow. The
reagents SPDPa®®sul f o- SMCC were used in experiments A D and E bel ow,

sai d reagents being +eﬂhe15xces@c5my£¢ySMC®+Ssceluteddyh the
3-(2-pyridyl%pgg%ﬁﬁﬁplonate and "sul fosucci ni m dyl

4-(N-mal eim )cyclohexane- 1-carboxyl ate". EXPERI MENT A: Fornation
of an &R body-4 tbor opt ybhe captilepdy/ SPDP 20 1) Activation of the

eur opi um crypt at e obpg rﬁ@naewﬁglngnwbgamaeuéeéolgem ghesul f o- SMCC at
13.1 ng/m in a_20 M phos ES of pH 7 are OO0[err] of a

sol ution of Pﬁ?%a%Fyﬁt%ﬁEl %°ﬂﬁ?h¥e¢anhEhEaH§°g§°t1Bu?? +9"The ni xture
is then incubphgAohetrB® absaptkibamisiipacthred BRdthgi tompangnNORITOrt ex

for 5 mn. T ytion Ls, centrifyged o renove Lpitate. It is
purified by Eﬁgggggigv%?éak?ﬂ%?nﬁ%#grhﬁﬁﬁ BPPBn g&%ﬁ ﬁ%@ﬁ col um,
form ngl@ gradi ent b&@wnbnofBufﬁ@rﬂM;sphutbbatefZSPDRﬂphlabaolﬁ@bDNF Buf f er
.B: phothatee%Raﬁkﬁpgkg gdaggbE®F1T21mfnb§rahggaution of antibody Ei
~ at 14.8 mg/ml in a 50 mM phosphate buffer, containing 150

mM NaCl, of pH 7.1.

The mixture is incubated for 30 min at room tem-

15  perature, with agitation.
The solution is passed over a Pharmacia G25 gel
column equilibrated with the same phosphate buffer (&€ =
W 210,000 M—-icm—* at 280 nm).
The fraction eluted in the dead volume is
20 recovered.

60 pul of a 400 mM solution of DIT (dithio-
threitol in the phosphate buffer are added.

The mixture is incubated for 15 min at room tem-
perature, with agitation, and the fraction emerging in

25 the dead volume after passage over a G25 column equili-
brated in the phosphate buffer is recovered.
3) C 13 £ t] tivated tibod ith t} tivated
cryptate

50 ul of cryptate at 200 umol/l are added to

30 680 ul of activated antibody at 2.6 mg/ml in a phosphate
buffer.

The mixture is incubated for 12 hours at room
temperature and centrifuged. The supernatant is dialyzed
against a 50 mM phosphate buffer of pH 7.4.

35



The cryptate is detected by neasurenent of its 35 absorption at 307 nm
([err] = 25,000 [err] at 307 nm. - 30 - - the activated cryptate
energes in the dead volune; - the excess sulfo-SMCCis . eluted in the
gradient. 05 2) Activation of the ant3botly The nonocl onal antibody [err]
used is the anti- prolactin antibody contained in the prolactin radio-

I mmunonetric assay kits manufactured by the conpany CRIS | NDUSTRI E and

known under ERRERBMENT £ SAFem@tion (o QAY =g sate, eonimgat® uti on
of SPDP in absol ute ethanq&xgégﬁgﬁgﬁgmiﬁel 2 nm of a solutlon of anti body
[err] at 14.8 ng/[err] in a phosphat e buffer, containing 150 nM Nad,

of pH 7.1. The ibed¥in at roomtem 15 perature,
with agitation. The §9!uli&p &SsPBeEEen O¥Ehtailhag B gD g€l col um

librated wit h hosph f =,210. 000 t 280
o THOBT r aBEPOHILY (POR PREP ALtk DSz TEB0 M cERhabe ot of a
400 nNIsoIutgﬁé_a&dEHTiﬁdthhée-pohtﬁbnsltbn440eubho£paatebbdﬁf31 ate added.
Ihe mxture bsg AEVRECEA 166 R Hhingh SCBIGT LAREFALACnYhbb ! 2L 101

and the fracti e dead v after passage over a &5
col um equi | keebrated in the phosphate buffer is recovered. 3) Coupling of

the activated anti bogifeWplthiEhRepet b¥abe@ith sodium hydroxide solu-
10 tion. The reaction is allowed to proceed for 30 min at
0°C.
2) Purificati
This is carried out by high pressure chromato-

k/l

graphy on a TSK 3000 SW gel filtration column, the eluent
15 being a 50 mM phosphate buffer of pH 7.4. Flow rate:
1 ml/min.
The succinilated antibody is recovered in 3 ml,
U ' which are concentrated to 370 nl.
3) 8 inilated tibody/ tat 1
20 Solution 1: 25.5 mg of carbodiimide mixed with 1335 ul of
50 mM phosphate buffer of pH 7.4
Solution 2: 50 mg/ml of sulfo-N-hydroxysuccinimide in the
same buffer (14.7 mg in 222.7 ul)
Solution 3: 0.96 mg/ml of cryptate according to Example 3
25 in the same buffer
The following are reacted for 1 hour at room tem-—
perature:
- 175 pl of solution of succinilated antibody
- 480 ul of solution 3
72.5 pl of solution 1
10 pl of solution 2
After exhéustive dialysis against 50 mM phosphate

30

buffer of pH 7.4, the product is concentrated on an
Amicon cone to give a conjugate at 0.86 mg/ml.
35 The product is frozen in the buffer with 1 mg/ml



cryptate 50 [err] of cryptate at 200 [err]/1 are added to 30 60 [err]of
activated antibody at 2.6 ng/m in a phosphate buffer. The m xture is

i ncubated for 12 hours at roomtenperature and centrifuged. The supernat ant
is dialyzed agai nst a 50 mM phosphat e bhufgper. of pH 7.4. 35 - 31 -

EXPERI MENT B: Formation of an anti body-cryptate conjugate by carbodiim de
1) Succinilation of the antibody 83 [err] of a solution containing 50 ng/m
of 05  succi pifc hamhydsedean albbmiBVEBSA/)3 100 nM borate of pH 9 are added
in three porti EZ%'A' of, | body [err] at 9.4 nmg/m in 100 nmM
borate of pH 9] °S ce. The pHis kept at 9 with sodium
hydr oxi de solu- 10 fThenreagZhoteecadt the ELSAHPROEJ prolpctdecadskay XA tri n
at [err]. 2) gggi%%%ation This is carried out by high pressure chronato-
graphy on_a TSK 3 SWgel filtration colum, the eluent 15 being a 50
nmM phospR&t e buffer ofhgHfpliowipgogrespdded ¥o giach tibes gonitaiindngd

anti body is regevered sai13dbhawli:-ch are concentrated to 370 [err]. 3)

Succi ni | ated anti body/cryptate coupli 0 Solution 1: 25.5 ng of
car bodi i m de ni xed mﬁfh1§§35 [8 rFQGngG%nNIphosphate buffer of pH 7.4

- 300 pl of Ei-cryptate conjugate obtained accor-—-
ding to experiment A or B, in 50 mM phosphate buffer of
10 pPH 7.4 containing 1 mg/ml of HSA.
{ The mixture is incubated for 3 hours at 37°C.
The solid phase is washed with twice 3 ml of H=z0.
400 ul of buffer containing 5 mmol/l of sodium
dodecylsulfate (SDS) are added.
15 300 pl of this solution are transferred to an

ARCUS LKB apparatus for measurement of the fluorescence.

The results obtained are shown in Figure 1
U attached. In this Figure, the intensity of the fluores-
cence has been plotted on the ordinate and the amount of
20 prolactin in uU/ml on the absacissa.

These results show that the cryptates according
to the invention are suitable as fluorescent tracers in
an immunoassay.

Experiment C below illustrates the use of the

25 cryptates according to the invention in the homogeneous
method according to international patent application WO
87/00927.

EXPERIMENT C: Prolactin assay
I - Homogeneous assay of prolactin

30 A - Fixation of iodine to the antibody

The anti-prolactin monoclonal antibody Gz is
labeled with Wood’s reagent [described in synthesis
Anal. Biochem. 69, 339-349 (1975)].

2.93 mg of Wood s reagent are dissolved in 40 pl

35 of 0.5 N sodium hydroxide solution.



Soluti.on 2: 50 nmg/ M of sulfo-Nhydroxysuccinimde in the sane buffer (14.7
mg in 222.7 [err]) Solution 3: 0.96 ng/nl of cryptate according to Exanple

3 25 in the sane buffer The following are reacted for 1 hour
at roomtem perature: - 175 [err] of _s@auti on of succinilated antibody -
480 [err] of solution 3 30 - 72.5 [err] o.f solution 1 - 10 [err]

of solution 2 After exhaustive dialysis against 50 mM phosphat e buffer of

pH 7.4, the product 490C pAC et RA0e MOk adboNHteObuFfed E PHVO .3 eeej ugate
at 0.86 rrg/m dde The product is frozen in the buffer with 1

mg/ m 32°%®8r human serum al buni n (HSA) . RESULTS: PROLACTI N ASSAY The
reagents of t he ELSAZPROUL1ped] a@tbiibods'sﬁge leitt 18 eng/edd in0a 100 mM The

follow ng arg g%%%%ogﬁ?’f@ rl B3€ gO0Qt & niag g&%ﬁ%@“tﬁﬁ's' %o@{&%i%n and’Y

[err] of st and: r] of err] crypt € conj uga ali ned accor -
di ng t 008xpetthgemixiuye g ipcod KospHdt sowrr at pH 7.4

Cﬁnt ali Im 39 % mg/ m ofrtH§§ phpe fied! e a waf&f&rabﬁtaeww c%lmiﬁ][ 516%;1'1 err].
ont ai ni g5 oM CBF PeBAtamPHSIEE, PSRk J.505) are added. 15
300 M of this SOIutEbB fractions’ @liutéd drithe dead volume are
collected; the conjugate is characterized by the fol-
10 lowing ratio of optical densities at 320 and 280 nm:
OD 320
= 1.4 to 1.5
oD 280 |
Its concentration is estimated on the assumption
15 that 90% of the antibodies are recovered. The conjugate
is divided up into aliguots and stored at -20°C.
B - Prolactin assay (curve A)
k~/ Prolactin standards at 0, 15, 30, 60 and 150
ng/ml are used. The assay is performed in EFLAB 12-well
20 strips, catalog no. 96 02 107.
The following are added in succession:
- 100 pl of standard
-~ 100 ul of Wood"s Gz antibody at 5 ug/ml
- 100 ul of conjugate Ei of experiment A at 0.375
25 pg/ml.
~ The mixture is incubated for 15 minutes at room tem-—
perature.
— The results are read off on an ARCUS apparatus.
- A standard curve is drawn by plotting the AF value as a
30 function of the value of the standards (Figure 2),
where
Fluorescence of the - Fluorescence of the
standard measured standard O
AF =

35 Fluoreacence of the standard O




ARCUS LKB apparatus for neasurenent of the fluorescence. The results
obt ai ned are shown in Figure 1 attached. In this Figure, the intensity of
the fluores- cence has been plotted on the ordinate and the anount of 20
prolactin in [err]/m on the abscissa.-TBdse results show that the
cryptates according to the invention are suitable as fluorescent tracers in
an innunoassai. Experiment C below illustrates the use of the 25

cryptates accér di EFHIGtR® assant bynradiphmmhoapgsngodsuneehBd according to
i nternational patent @apgl RE8ALPRIWO; 87/ 7 A . JProlactin assay
| - Honobgeneous_ass f rolactizggg (BR23 K°§§EF§2?F§I“ngrodine to the
anti body The ant 9p%%#i€VEﬂgnﬁﬁ8cP8ﬁﬁp akPi EBayEEBA| kubgpel ed with Wod' s
reagent [described i n-sgaohali sfAshe. rBdachemivedtrader349 (1975)]. 2.93 ny
of Whod' g.reagent are_digsolyedein,40 . [err] 35 of 0.5 N sodi um hydroxi de
solutiona5 - 33 - 400i??ey¥]°gfs§88d Carbonate buffer of pH 9.3 are
added. 200 [errRfoeraagibatijoher theamixbumg/ s iimcabasednifiocaShboatre buf f er
of pH 9.3 are agEeg7tg this solution and 05 the m xture is incubated for -

17 hours at [err]. It is purified on a Pharmacia PD10 colum with a 100 n
car bonat e buf fefhgf tpbes. areTHashedctwidre wijfhe#at®r-he dead vol une are

collected; the ¢pgj ygBLt8 hpeChauAtkAr bacd Rvunterf ol -

10 - The B/T value is plotted for each standard (Figure 2),
: where
~ B = radiocactivity counted for the standard
T = radioactivity counted for 300 pl of the radioactive
tracer.

15 The results obtained (see Figure 2) show that the
cryptates according to the invention are suitable as
tracers in the homogeneous method according to inter-—

U national patent application WO 87/00927. It may also be

noted that, by virtue of the cryptates according to the
20 invention, this homogeneous method is particularly advan-—
tageous compared with the assay method using a radio-
active element, which requires a much longer incubation
time, washing steps and the handling of radioactive
elements.
25 EXPERIMENT D - Formation of a DNA-cryptate conjugate by
SMCC/SPDP
1/ Functionalization of DNA to form DNA-NH=
A modified nucleotide, 5-amino(12)dUTP (product
marketed by CALBIOCHEM), is introduced into a given DNA
30 by nick translation using the procedure recommended by
CALBIOCHEM. The aminated DNA is then purified by three
successive washes on a "Centricon" filter (marketed by
AMICON) with 10 mM phosphate buffer of pH 7.4.
2/ Coupling of the DNA-NH2 with SPDP
35 B5 ul of a solution containing 9 ug of DNA-NHz



10 | owi ng ratio of optical densities at 320 and 280 nm OD 320 1.4 to 1.5
OD 280 Its concentration is estimted on the assunption 15 t hat 90% of
the anti bodies are recovered. The conjugate is divided up into aliquots
and stored at [err]. B - Prolactin assay_,fcurve A) Prolactin standards at
0, 15, 30, 60 and 150 ng/m are used. THe" assay is perfornmed in EFLAB
12-wel | 20 strips, catalog no. 96 02 107. The following are added in

ion: - f ti bod t
S Terryim - G0 Q_j‘[‘eer‘f plul) Merrjo‘ €L Hndte M Sy 70 LDt oty
[err]/m . - Tdded xtaurk ik Qf\cﬁjb@ fan uﬁlmmﬁe@m- r GEre tesactgiamat ur e.

- The resul ts; 4gs r@%&fé &% Wd‘%@%@é&@ed -SPhP! b Moy 1 S

drawn by plotting the [err] value as a function of the value of the
standards (Fi'ghree 2jashgp n @ u&%‘b@‘fi‘éﬂ ofw%‘ﬁ'b a ¥ oM ehesratd the

st andar cbsreasmﬁﬂﬂgr of pH 'B.t(a.ndard 0 [err] = 35
Fl uorescence

r adi oi nmunon® s
follow ng are adnimb.t.at.ahe ELSA tube

90 nl of a solution of 6 ug (estimated by optical
density) of DNA-SPDP in 50 mM phosphate buffer of pH 7.0
10 are treated just before coupling with 10 ul of a 10 mM

W solution of DTT in the same buffer. Deprotection lasts

20 minutes at room temperature. The DIT, which inhibits
the next coupling, is removed by three washes on a
“"Centricon" with the previous phosphate buffer. The

15 solution of DNA-SH is concentrated on a "Centricon" to a
final volume of 90 ul.

90 nl of a solution of DNA-SH are brought into
W, contact with 50 ul of the europium cryptate of Example 3,

activated with SMCC according to section 1 of experiment

20 A (14 mM), in 20 mM phoasphate buffer of pH 7.0 containing
10% of DMF. Coupling takes place at 30°C over 1 hour.
The DNA-cryptate conjugate is purified by three succes-
sive precipitations with ethanol. The degree of coupling
is evaluated by measurement of the absorption at 260 nm

25 and the fluorescence at 620 nm.
4/ A DNA probe coupled with a cryptate in this way can be
used for the detection and assay of a complementary
nucleic acid sequence in accordance with one of the
strategies described in the review by J. MATTHEWS et al.

30 in Analytical Biochemistry 189, 1-25 (1888), entitled
"Analytical strategies for the use of DNA probes".
EXPERIMENT E ~ Formation of a streptavidin-cryptate

covalent conjugate

1/ Streptavidin-SPDP coupling

35 20 ul of a 20 mM solution of SPDP in a 0.5 M



- 300 [err] of the radioactive tracer, 05 - 100 [err] of
standard. - After agitation, the mxture is incubated for 3 hours at [err].
- The tubes are washed twice with water. - The tubes are counted on a
counter. 10 - The B/ T value is plotted ggr-each standard (Figure 2),
where B = radioactivity counted for the standard T = radi oactivity counted
for 300 [err] of the radioactive tracer. 15 The resul ts obtai ned
(see Figure 2)cshbonébatbufifecryfit pieS.acavedaddedotdhe80nukndfoa are

bt ont. appl | cab b8 80T OGS g OFSaCRRPREPLALENLh ek Shme ST PE

cryptates accobuffigrto the 20 I nvention, this honngeneous nethod is

particularly advan- taﬂﬁéuﬁeﬁéﬂﬂéﬁeﬂa%éhoﬁthéﬁf'aé(t NBb &Rt dRp8Fasuradi o-
active el epent, which rqu%ﬁﬁs a nuch | i ncubation {ine, mashlgg st eps
0

and the h8Rdl i R§eoP*FaEso veS T ERENE g§5 foup BaRPRERAVE WaphPRuPPof of
a DNA-crypt at e“centﬂgabﬁ]' byi 680G, 5P ﬂ:hoEpnateOBafféﬁtoﬁnpnf'?D&lA to form

DNA-[err] A no rketed by
CALBI OCHEM), i iij'txﬂgnslatlon usi ng

t he procedure recnnnahdnthythﬁmEbﬁﬁrENLthe an1nated DNA is then purified
by three successive wag eﬁloafalogbﬂﬁrbf? &bfblieﬂ ggggéﬁggNAg f@g¥
er wth

with 10 nNIphos hat e buf f E upling o
SPDP 35 10 754 peerpddedateofhPi v edneaPailByion| efr ptepPbREIAARN

\v/ SPDP (= 1 mg) in the same buffer.

The reaction lasts 15 minutes at room tempera-—

ture, with agitation, and the reaction mixture is then
washed three times on a "Centricon” with the previous
15 buffer.
The streptavidin-SH (= 1 mg), in 625 pul of 0.1 M
phosphate buffer of pH 7.4, is coupled with 43 ug of the
\_ europium cryptate of Example 3, activated with SMCC
"according to section 1 of experiment A, in 175 ul of 20
20 mM phosphate buffer of pH 7 containing 10% of DMF. The
coupling lasts 2 h 30 min at room temperature. The un-
reacted cryptate-SMCC is removed by four washes on a
“"Centricon" with 0.1 M phosphate buffer of pH 7.4.
The degree of coupling is estimated by measure-
25 ment of the absorption at 280 nm and the fluorescence at
620 nm.

The conjugate obtained is purified by gel f£fil-
tration on a TSKG3000 SW column with a 1 M NaCl buffer
containing 0.1% of TFA. Detection is effected by

30 measurement of the absorption at 280 nm and the fluores-
cence at 620 nm. '
3/ This type of streptavidin-cryptate conjugate can be
used as a fluorescent tracer for biotinylated molecules
(nucleic acids, oligonucleotides, antibodies, antigens,

35 haptens or other biological substances) which themselves



- 35 (neasured by W) in 0.1 Mborate buffer of pH 9.0 are added to 5 [err]
of a 20 nM solution of SPDP. The reaction lasts 4 hours at [err]. The
unreacted SPDP is renoved by three washes on a "Centricon”" with a 50 niV
phosphat e 05 buffer of pH 7.0. 3/ Deprojgection of the DNA-SPDP and
coupling with the crypatate 90 [err] of a solution of 6 [err] (estimated by
optical density) of DNA-SPDP in 50 nM phosphate buffer of pH 7.0 10 are
treated just Befcyd o Michs Mddl ey kit thbyMaml Wiseaf DIT in the
sanme buffer. Deprotection lasts 20 m nutes at room tenperature. The DTT,
whi ch i nhi bi tsaﬁfé”ﬁékt%ajﬁ}lixrﬁl,rq’s e RSP sl \aass on detec-
"Centricon" wiibrd heetird.l ous phosphate buffer. The 15 sol uti on of DNA-SH
is concentrated on a "Centricon"” to a final volunme of 90 [err]. 90 [err] of
a solution of DNA-SH are brought into contact with 50 [err] of the europium
cryptateO® Exanple 3, activated with SMCC according to section 1 of
experinment 20 A(14 MV, in 20 mM phosphate buffer of pH 7.0 containing
10% of DMF. Coupling takes place at [err] over 1 hour. The DNA-cryptate
conjugate is purified by three succes- sive precipitations with ethanol.
The degree of coupling is evaluated by neasurenent of the absorption at 260
nm 25 and the fluorescence at 620 nm 4/ A DNA probe coupled with a
cryptate in this way can be used for the detection and assay of a

conpl emergoary nucl ei ¢ acid sequence in accordance with one of the
strategies described in the review by J. MATTHEWS et al. 30 in Anal yti cal
Biochem stry 169, 1-25 (1988), entitled

15

20

25

30

35



“Analytical strategies for the use of DNA probes"”. coval en
St rept avi di n- SPDP coupl i ng 35-. 20 [err] of a 20 M’lmmnﬁﬂwﬂ””!"
SPDP in a 0.5 M - 36 -'carbonate buffer of pH 9.5 are added ¢o il :
of a solution containing 1 ng of strept din in the same buffer. The
reaction lasts one hour at roomtenperature. 05 The excess SPDP is
renmoved by four successive washes on a "Centricon" with 0.1 M phosphate
buffer of pH 7.4. 2/ Deprotection of th%Eéhég?taVidin SPDP and coupling
with the cryptate 40 [err] of 100 nmM DT -1 M phosphate buffer of 10
pH 7.4 are added to 360 [err] of a sol ution of streptavidin- SPDP ([err] 1
nmg) in the sanme,  buffer._The [ S2G1 é 15, f&ﬂég&fged(gﬂngﬁﬁﬁkﬁﬁhy
ture, with agltﬁtlon é%%r?he reac nlx ure I's then washed t times
on a "Centricondomidtt hef previeast 1®le mre gartimesalt e‘iﬁ%%ﬁ#gﬂ(zal
in 62@ [erfde9k 91’2&%@ spg@rg Mfﬁavgﬁ Pbhe . df fSrmolpd el ow tTr 43
[err] of t % europluﬁ1 tate of anp e 3, actlvated w th SMCC according
to section 1 ofbeXp@rinent A, in 175 [err of 20 20 nmM phosphat e buffer of
pH 7 contai ning 10% of DMF. The coupling lasts 2 h 30 mn at room
tenperature. The un- rZFACNERCr ypt at e- SMCC j@-Ném¥oded by four washes on a
"Centricon" with 0.1 M phosphate buffer of /pH 7.4. The degree of coupling
is estimated by neasure- 25 sorption at 280 nm and the
fluor escen(ig at

I
o
15
o -0
W, R
20
11
25

in which:

30 | / |
— +the ring of the formula -N ::>>N— is one of the

©

35 following rings:



620 nm The conjugate obtained is purified by gel fil- tra

TSKG3000 SWcolum wth a 1 MNaC buffer containing 0.1% H!ﬂﬂimp@l m“m{
is effected by 30 measur ement of the qgforptlon at 280 n

fluores- cence at 620 nm 3/[:-This type Of streptavidin-cryptate conjugate
can be used as a fluorescent tracer for biotinylated nolecules (nucleic
aci ds, oligonucleotides, antibodies, antigens, 35 hapt ens or ot her
biological subst ances)_whi cl. t el ves - 37 - recogni ze bionvol ecul es
for which they have/a ¢ @théﬁiinihﬁ in a mixEuleeri A a conventional assay
or detec- tionjyretigod. 05 10 15 20 g5 30 35[Nzo§g ggﬁ&%@ygle or (BanerQadh

cryptates, charactéK%éSg)i tjoaty t ey consi st | east e rar art.h
salt conpl exed by a 0 cycllc cd d9%$fQQ§ o |
or Il bel ow
05
R’ R
N N
10 2) —N Ne— bis-bipyridine macrocycle
N\
N N
15
R R!
o

- Y is a spacer group or arm consisting of a divalent
20 organic radical selected from linear or branched 01 to
alkylene groups, which may or may not contain one or

C
20

more double bonds and/or may or may not be interrupted

by one or more heteroatoms such as oxygen, nitrogen,

sulfur or phosphorus, from C_ to C8 cycloalkylene groups

25 or from C6 to C14 aryleie groups, said alkylene,
cycloalkylene or arylene groups being unsubstituted or
substituted by alkyl, aryl or sulfonate groups:;

- Z 1is a functional group capable of bonding covalently
with a biological substance;

30 - R is a methyl group or represents the group -¥-Z; and
- R' is hydrogen or a group -COOR", in which R" is a C
to C10
ethyl or tert-butyl group, or R' is a group ~-CO-NH-Y-Z.

1
alkyl group and_preferably represents the methyl,

2. Cryptates according to claim 1 of formula I,

35 characterized in that Y is -CHZ-CHZ— and 2 is —NHZ-.



[err] 10 [err] 15 20 25 i;n which: 30 - -the ang of the fé;mnla - N T
v st e ss fotowng rge n =S v NV IRIOY

bi s- bi pyridine macrocycle 15+ Y is a spd@er group or armconsisting of a
di val ent 20 organic radical selected fromlinear or branched [err] to
C20 al kyl ene groups, which may or nmay not contain one or nore doubl e bonds
and/ or may or not be,jnte ted ne or,_ norg: het eroat ons, such
oxygen, nitr oggﬁﬁ,/' sul fu%%‘#ﬁ%%%%hoarcuc?r P & to&%fe%yccll Sy elF g%(sfups
25 or from GQtaxactediezedirigt ethat groups, said al kyl ene, cycl oal kyl ene
or aryl ene groups bei ng unsubsghtuted or substituted by al kyl, aryl or

sul fonate groups; - Zis a fyﬁg?hnpal group capabl e of bonding coval ently
with a biological substanca¥{30 /N'R i 55 theethig —RARMHLGING HREGRELE he
group -Y-Zomnd - R is hydrB@@D or a group -COOR", in which R" is acCto
Lerr] alkyl “group and preferably, represeiisy NS ™HWn 1 of formuia 11,

characterized in that Y is -CH,-, Z is CN and R is the

methyl group. 2
5. Cryptates according to c¢laim 1 of formula II,
10 characterized in that Y is —CH2—CH2-, Z is NH and R 1is
U the methyl group.
6. Method of obtaining the cryptates of formula I

according to claim 1, characterized in that it consists
in subjecting the compound of the formula:
i5

R,00C

1 COOR 4

20

25

in which R1 is a cl—C alkylene group, to aminolysis by

10
reaction with the amine of the formula NHZ—Y-Z, in which

Y and Z are as defined in claim 1, the reaction being

30 carried out under a nitrogen atmosphere at room
temperature, and in converting the resulting compound to
a rare earth cryptate by ion exchange.

35



ethyl or tert-butyl group, or R is a group -CONHY-Z 2,
according to claiml of formula I, 35 characterized i nU“i“ nﬂa ‘“l

and Z is [err]. 3. ' COryptates addording to one of

characterized in that [err}.. is the bis-bipyridine nmacrocycle. 05 4.
Cryptates according to claiml1 of fornula Il, characterized in that Y
is [err],Zis CNand Ris the nmethyl group. 5. . Cryptates according
to claim1 of Formul a Ndthdd acder@MEr iZek1din t§atoty distdiring ZAHe NH
and R is the nmethyl group. 6. Met hod of obtaipaing the cryptates of
formula | according to claiml1, characterized int It consists in

subj ecti ng t he compoumds off t frzrmwtand ain dhiachr ]-¥0 25 DriNwhishtherbists a
[err] al kyl ene group, to am nolysis by reaction vaﬁkgdﬁgn;nine of the
formula NH2-Y-Z, in which Y and Z are as defined in aim1l, the reaction

being 30 O02arrbipyridine umrgroeycirirogehrractesitred e iyt thapomthe

tenperature, andomPo&RdVest | NEoime14 953” ti b eineedd k9 ardéeirql tdne
cryptate byl(nkgfggg? e.

R“00C OOR™

OO

10 N

N NHZ k3

5

in which R" is as defined in claim 1, with two molecules
15 of the compound of the formula

20

in which R' is as defined in claim 1 and X is a halide
ion, the reaction being carried out in an anhydrous
25 organic solvent at the reflux temperature of the
solvent.
8. Method of obtaining the cryptates of formula II,
according to claim 1, characterized in that it consists
in reacting the halogenated compound 9:
30 R.0 OR,

Rz = H or CH=

35




7. . Method according to claim6, of obtaining the co '
formula I in which '-N . N is the bis- 05 bi pyridin mﬁgﬂrimﬁlm |II|
characterized in that ‘the conpound odzfornula 3 is obtai

one nolecule of [err] 10 [err] in which R is as defined in claim1, with

two nol ecules 15 of the conpound of the fornula [err] 20 in which R is
as defined in claiml and X is a halide ion, the reaction being carried out

i n an anhydrous 25 organic sol vent the reflux tenperature of
t he solvent. 8. Met hod of obtalnl %Eg\wgyptates of formula Il
accordi ng to clwith lthemacreeysed |H%‘\hat i tNEonsists ine r%fhé’t?]dgtlt%
hal ogenat ed conpound 9: 30 [err [err] [err]
35 wi th the macrocycle in solution ip an
anhydr ous or gani® sﬁmve%ﬂhE@EP%ﬁ t¢¥9?¥ﬁ¢ustEWen?eﬁﬁ%ra?Ere i s%ﬁ{h

sol vent, t@sforfehbersBeFOPSt Y§¥Ld | 6o DoSHE pxtd Ofofier he MadPopolycyclic
[err] mhlch is then trefﬁed wi th the hal ogenat ed conpound of

complex
OR
RZO 2
10
N OO
N N
) o
: 10
—

which is then treated with the halogenated compound of
20 the formula XYZ, in which Y and Z are as defined in

claim 1 and X is a halide ion.

9. As synthesis intermediates, the macropolycyclic

complexes of the formula

25 R100C COOR 4

N

35



20 the formula XYZ, in which Y and Z are as defi ned in:cl ' |
hal i de ion. 9. " As synthesis interdadiates, the macrmnnl HE I.E[!il
* ¢ L s 35

conpl exes of the formula 25 [err]

43 * C L M S * in which [err] and HN

are as defined in clains 1 and 6 respectively. 05 10. As synthesis

I nt ermedi ates, the conpounds of the forayla 10 [err] 15 20
i n which -N N is as defip&éﬁﬁh\%%?in1l and 25 [err] is Hor
CH 11. | nt ahmetliieher, aador di ngINt O one clai nBaPe 8 dB8fined in
characterized in that théy are in thesd free cryptants. 12.

Internmedi ates according to one of cla 9 or 30 10, characterized in

that they are icdatime florndof zkekpectdwedly.ion cryptates or rare earth
cryptate. g53. 19, APPl hgakiARhelfis &H@ﬁﬁ&éﬁ&é&g\% aghar Qbﬂgoﬁﬁdsaﬁéf 2R of
. : plication® of the

claims 1 to 5 as fluorescent tracer
cryptates accof@xmg§ldo any 35 one of clains 1 to 5 as fluorescent

tracers in nethods

OR

R0 2
10 ¢
N
O,
> . ///‘,K\\
W
10
20
,//CD\\\
in which ~N N- 1is as defined in claim 1 and
25 R2 is H or CH3.
11. Intermediates according to one of claims 9 or

10, characterized in that they are in the form of free

cryptants. '

12. Intermediates according to one of claims 9 or
30. 10, characterized in that they are in the form of alkali

metal ion cryptates or rare earth cryptate.

13. Application of the cryptates according to any

one of claims 1 to 5 as fluorescent tracers.

14. Application of the cryptates according to any
35 one of claims 1 to 5 as fluorescent tracers in methods



capeci iy . homoganeous, 1um nescence et noas. 05 20° 1. 2NN ATRAINNTIN
* [ L M S *

for the detsction and/or determingfion of biological
substances, and especially in homogeneous luminescence
methods.

05
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