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" PROCESS FOR PREPARING MACROCYCLIC CHELATING AGENTS AND FORMATION OF CHELATES
AND CONJUGATES THEREOF .

~ The present invention relates to-a process for preparing isothiocyanéto
. 5 functionalized macrocydlicchelating agentsand to a procéss for conjugating the macrocyclic
chelating agents to biological molecules.

Meta! ions may be attached to biological molecules by means of bxfunctmna!
chelating agents. Such chelating agents are compounds which contain a metal-binding moiety
which forms a chelate with metal ions and a second functional group, which is chemically

10 reactive in nature and is capable of forming a covalent bond with biological molecules. The
reactive functionality is usually one of the various known useful chemically reactive groups such
as bromoacetyl group, a diazonium ion, anisothiocyanate or a carboxylic acid derivative, the-
reactive functionalities being capable of binding to an amino acid of a protein (e.g., the lysine
moiety of an antibody). The biological molecules usually recognize distinctive external or ’

15 internal cell markers and, thus, act astarget directing groups for the metal ion. '

When the bifunctional chelating agent is covalently attached to an antibody
having specificity for cancer or tumor cell epitopes or antigens, radionuciide chelates of such
antibody/chelating agent conjugates are useful in diagnostic and/or therapeutic applications as
a means of conveying the radionudide to a cancer or tumor cell. See, for example,

20 Meares et al., Anal. 8iochem:, 142, 68-78 (1984); and Krejcarek etal., Biochem. and Biophys.
Res. Comm., 77, 581-585 (1977). '

Isothiocyanato functionalized derivatives of ethylenedxammetetraacetxc acid
(EDTA) and diethylenetriaminepentaacetic acid (DTPA) are reported in the literature and.are
being used to conjugate radioactive isotopes to armbodnes F_ example see Gansow etal.,

25 Inorg. Chem., 15,2772-2781 (1986); Mearesetal.. Anal Bmchem., 142, 68-78 (1984); and USS.

‘Patent 4,454,106.
' When using short-lived radionuclides, it is desirable to chelate the radionuclide to
the target directing group as close a§ possible to the time of injection into the patient to
- provide maximum specific radioactivity and minimum degradation of the
30 radioimmunoglobulin. When using chelating agehts such as EDTA and DTPA, the rapid
sequestration of metal ions by these chelating agents allows the preparation of the
radionudidelantibody/chelaﬁng agent conjugates (referred to herein as conjugates) to be
prepared by activating the chelating agent, .reacting the chelating agent with an antibody and
then chelating the radionuclide to form a complex followed by purification of the camplex
However, although chelanng agents such as EDTA and DTPA rapldly chel ate the
radionuclide, they suﬁe; from the disad\)antage that such binding is kinetically labile. In
addition, the use of labile radionuclides for antibody labeling in this manner allows
substitutionally labile trace metals (which may not be radioactive) to be incorporated into the
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chelate. Competition for such non-active trace metals diminishes the biological efficacy of the
antibady/chelate complex since a iower quantity of radionuclide is defivered to the target site.
Adisadvantage associated V\.lith chelating agents such as EDTA and DTPA is the
premature release of thechelated radioactive iso-tope. Tolower the rate of metal release
in viva, bifunctional chelating agents, based an macrocyclnc ligands, such as DOTA
(1.4,7,10-tetraazacyclododecane-N, N’ N N tetraacetic acid), have been used. See, for
example, Mirzadeh et al., Biocanjugate Chem., 1, 59-65 (1990); and Déshpande et al_, . Nucl. : 3
Med., 31, 473-479 (1990). . N
A drsadvamge inthe useof macrocyclxc chelatx ng agents.isthe relatwely slow
chelation rates which take place at room: temperature, see for example, Mirzadeh et al.,
Bioconjugate Chem., 1, 59-65 (1990). To reduce the radiolysis which occurs with prolonged
chelation times, the medium in which'the chelation takes place is often heated to increase the
rate of chelation. As the isothiocyanate functionality is heat sensitive, U.S. Patent 5,006,643
discloses the preparation of i isocyanato functionalized macrocyd es containing primary or
secondary amines by firstreacting the chelating agent with rhodium and then activating the
chelate. US. Patent 4,885,363 discloses chelating gadolinium to a tetraazamacrocyele
containing tertiary amines priorto activating withan isothiocyar{ate functional group. Using
this procedure for preparation of metal chelate-protein conjugates to be used in
radxo:mmunotherapy or tadlodlagncs'acs reqjuires the formation of the chelate, activation of
the chelate and then conjugation of the activated chelate to an antlbody in-ashort penod of
timetoavoida substant:al lossin activity. ’ .
Angther disadvantage in the use of macrocyclic chelating agents is that during
their synthesis and purification, the l;éagents and material_s used mus‘i be free of extraneous
metal ions. Metal jon qontaminénts present during these st;ap.s may become tightly bound to
the macrocycies and not easily displaced during chelaﬁon:of t__hé desired metalion. Metal fon
contamination during synthesis and purification will reduce the purity of the prod uctobtained
during chelation of the desired metal ion as waell as reduce the punty of product obtained in
subsequent steps in producing the conjugate. '
Consequently, it would be advantageous to.have a process 10 prepare puriﬁed
macrocyclic chelating agents which are suﬁstanﬁally pure of contaminating metal ions.
it would also be advantageousto héve.a process to prepare the isaothiocyanate
activated chelating agent in an agueaus environment with an increased yield and higher.purity
than can pe prepared when the reaction is performed in an organicsolvent/water -

environment ] . :
it would be desirable to provide a chelating agent which will react rapidly witha

" radionuclide at room temperature-f_orming a chelate which does not readily dissociate, . '

. allowing the chelating agentto be acti'yated 1o an isothiotyanate prior to forming the chelate.

Activating the chelating agent prior to chelation of the metal ion allows the bifunctional
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chelating agent to be prepared iﬁ an activated form in advance of when itis needed to proc_luée.
a conjugate. ' ' )
It would be further advantageous to have a process which allows rapld
conjugatlon of the chelate with an ant:bodyto reduce radiolysis and antibody aggregate
formation. Rapid formation of the conjugate with a reduction in undesired reactions would
result in a more complete conjugation reaction and result in easier product purification. Also,
having a process wherein the yield and purity from each step is increased is particularly
advantageous in preparing compounds and compositions which will be used in pharmaceutical
applications where the pharmaceutical compasition must meet the purity criteria set-forth by
the U. 5. Food and Drug Administration. _

The present invention provides a chromatographié process fof prevention of
extraneous metal ion incorporation in a macrocyclic chelating agent during purification. The
process is advantageous over existing procedures in that multigram quantities of macrocyclic
chelating agent free of divalent cations can be produced and purified in asingle unit
operation. _
. The invention also provides a process for preparing isothiocyanate combcunds
which comprises reacting thiophosgene with a polyaza chelating agent in an aqueous
environment in the absence of an organic solvent to form an isothiocyanato derivatized
polyaza chelating agent, wherein the polyaza chelating agent is of the formula

wherein:

each Qisindependently hydrogen, (CH RS)pCOZR.or (CHRS)pl;O;gHz;
Qtis hydrogen or (CHR5),,CO2R;
each Rindependently is hydrogen, benzyl or Cy-Cg alkyl;
with the proviso that at least two of the sum of Q and Q! must be other than hydrogen;
each RS independently is hydrogen, C4-Cq alkyl or -(C4-C; alkyl}phenyl;
X and Y are each independently hydrogen or may be taken with an adjacent X

and Y to form an additional carbon-carbon bond;
nisOor1; '
m is aninteger from 0 to 10 inclusive;
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p=1lor2;

t=0or?;

w=20ort; L
with the provisothatnisonly1 hvhén X and/or Y form an additional carbon-carbon bond and
thesumofrandwisOori; -~ . i

RZand Rdare independenﬂy hydrogen, or amino;

R3 Cy-Cqalkoxy, -ocx-izcozu hydroxy and hydrogen; -
with the proviso that R2 and R‘ aannot both be hydrogen but one of R2 and R4 must be
hydragen. :

¥o

The presentinvention also describes a process for preparing a conjugate which
comprises reacting an isothiocyanato activated chelate with an antibody atbetween 25°Cand
40°C; wherein the chelate is a chelating agent complexed with a metal ion, the chelating agent

_isas described in Formula | and the metal ionis 153$m, lGﬁHo 175Yb, 1771y, 159Gd, 140La, 142Pr,

149Pm, 90Y or 1 . . _

The currentinvention aiso provides an improved process for formation ofa
chelate-antibody conjugate wherein the improvement comprises contacting the chelate with
an antibody at 25°C ta about 40°C. ' : :

The presentinvention provndes an xmproved process to prepare polyaza metal
conjugates. In particular, the presentinvention is a process for preparing conjugates having at
leastthe steps of: : T ' -~

(a) purifying a polyaza che!atmg agent, the pclyaza chelatmg agent bemg as
defined in Farmulal; :

{b) contacting the purified polyaza chelatmg agentwith thlophosgene to form .
an iscthiocyanato activated polyaza chelatmg agentand recuvery of the isothiocyanato -
actlvated polyaza chelatmg agent,

- {c) adding a metal ion to the lsuthmcyantoactwated polyaza chelating agent to
form anisothiocyanato activated polyaza chelate; and _

{d) contacting the isothiocyanato activated polyaza chelate witha biological
molecule to form aconjugate;

the improvementwhich comprises:,

instep(a): punfymg the polyaza chelating agent by chromatography on asilica
gel column, wherain the silica gel has heen acid was_hed prior to loading the polyaza chelating
agentonto the column, ) '

in step (b}: cantacnng the punf‘ ed polyaza chelating agent with thiophosgene in
an aqueous environment in the absence of an argamc_so!vent atapH from 1to 5; and

in step {d) coniacting the isothiocyanato activated polyaza metal chelate with a
biologicat miolecuie at hetween 25°Cto 40°C. :

.
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As used herein, the terms “chelating agent” or “ligand” mean a compound!
capable of chelating or sequestering a metal ion. The term “chelate” means a chelating agent

" which has sequestered a metal ion.

The term “bifunctional chelating agent” refersto con;pounds that have a moiety

capable of chelating a metal ion and a linker/spacer moiety covalently bonded to the éhelating
oxetythat is capable of being actxvated or functionalized toserve asa means to covalently
attach to a biological molecule. '

The term “biclogical molecule” refers to any protein, antibody, antibody
fragment, hormone, antigen or hapten which functions to recognize a specific biological
targét site_ Sucha biqlog_i_cal molecule, when attached to a functionalized chelate, serves to
carry the attached metal ion to specific targeted tissues. Preferably, the biological material is
&n antibody or antibody fragment. _

As used herein, “antibody” refersto any polyclonal, monocional, chimeric
antibody, heteroantibody, or recombinant or derivative thereof, preferably a monoclonal
antibody. As used herein the term "aniibody fragment” includes Fab fragments and f-:(ab')z
fragments and any portion of an antibod'y, including recombinants and derivatives thereof, -
having spedficity toward a desired epitope or epitopes. The antibody fragments may be
produced by conventional enzymatic fnethods or by genetic or protein engineering te&niques,
such as the production of single chain antibadies. '

The terms “activated” or “activating” in relation to a chelating agent means the
cheiating age::xt has been modified with a functional group which is capable of forming a
covalent bond with a biological molecule.

'i’he term “conjugate” as used herein refers ta a complex of a hiological material
auached to 2 bifunctional chelating agent or bifunctional chelate. The term “antibody/chelate

* confugais” refers to an antibody which is covalently attached to a bifunctional chelate,

(i.e., the bifunctional chelating agent having a chelated metal ion).

A generai overail procedure giving the steps for preparation of conjugates used
in Tne presert inverion is givén in the following Scheme I. Steps (b) and (c) of the process
scheme mey be reversed. When sequestering metal ions which are radionudides with short
naif lives, itis preferred that the activation accurs before formation of a chelate to avoid
rediolysis which would occur during the subsequent activating step and any subsequent
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Scheme 1
Synthesis of a Chelating.Agent

 Purification of the Chelating Agent on Silica Gel
. Step (a) o

Activation of the Chelating Agent
‘Step (b)

Chelation of a Metal Ion by the Activated ~
Chelating Agent to Form a Chelate

- _ : Step (e)
. i |
Conjugation of the Chelate to-a Biological
Material to Form a Conjugate

Step (d)

Purification of the Conjugate
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wherein: -

Qi is hydrogen or (CHR5)WC02R

eachR mdeoendentlyxs hydrogen, benzyl orC;-Cgalkyl
ast two of the sum of Q and Q! mustbe otherthan hydrogen;

wiith the proviso that thatatle

each Q isindependently h'ydrogen, (CHR5)pCO2R or (CHRS),PO3H2;

1 .
> each RS independentlyis-hydrogen, C;-Cq alkyl or -(Cs-C; alkyl)phenyl;
Xand Y are each independently hydrogen or may be taken with an adjacent X’

and Y to form an additional carbon-carbon bond;

nisgor t;

m is an integer from Oto 10 inclusive;

20
p= tor2;

r=0ort;

w=nOort;
. with the pro

2'5 thesum ofrandwisOor ;

With the proviso that R2and R
hysroge:. .

' Pruferably whereris0 and each Qis (CHR5);COzR.

1 Ais 1-(4-aminophenyl)-1,4,7,10-tetra-

-4,7,10-triacetic acid;

Procedures for synthes:zmg polyaza. macrocycles are well known in the art.

azacycdododecane-1,4,7,10-tetraacetic acid;
1B is 1-[2-(4-aminophenyl)ethyl] -1,4.7,1 D-tetraazacyclododecane- ‘

viso that nis only 1 when X and/or ¥ form an additional carbon-carbon bond and

R2 and Réare mdependenﬂy hydrogen, nitra, amino or carboxyl
R3Iis Ci-Ce alkoxy, —OCHZCOZH, hydroxy or hydrogen;
cannot both be hydrogen but one of Rz and R4 must be

preferred amines of the polyaza' chelating agents of Formula I are tertiary amines,

examples of preferred chelating agents are givenin Table [ and are named as

%isiflliietliii il
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TABLE I CONT'D

F H
COOMN N wo
5 - ( N /»
N N ID
\—-—COOH

OCH; \_COOH '

10

N - N ) lE
</ \——coou
N

) : )— COOH
20 . ' COOH IF
. (\N /5

. N
: N \E_COOH
4 Q/ N\) 2
HN :
: COOH
25 .
. 3 o

Methaods for the cal.'boxylation of anamine of a {igand to give amine derivatives
containing a carboxyalkyl group are well known, as are the methods which give alkyl
30 phosphonicand h;vd roxyalkyl substituents on the amine nitrogens. [See, for example, U.S. )
Patents 3,726,912 and 3,398,198.] _ . .
Aminophasphonic¢ acid derivatives of ligands ¢can be prepared by a number of
known synthetic techniques. Of particular importance is the reaction of a compound
containing at least one reactive amine hydrogen with a carbonyl compound {aldehyde or
35 ketone) and phosphorous acid or derivative thereof. [See the procedure of Moeoritzer and
" lrani, J. Org. Chem., 31, 1603 (1966).] '
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The polyaza chel'eti'ng_agents ofthe present invention pdriﬁe_d byflash
chromatography on acid washed silica gel ca_ti ﬁe activated with eny of the known functional
groups capable of forming a covalent bond with a biological molecule. Examples of such
functional groups are isothiocyanate, bromoacetamlde, maleimide, imidoester,

5 thiophthalamide, diazonium and carboxy[. The useofpo[yaza chelating agents which are
essentially free of undesired metal jons are particularly important when using functionalizing
groupswhich are pH andfor thermally unstable, such as isothiocyanate. The activating
functional groups are located at position; R2 or R4 of Formula | on the macrocyclic chelating

3

agent
10 . it has been unexpectedly f.ound that when reacting the polyaza chelating agent
with thiophosgene to activate the chelati ng agent with anisothiocyanate group, conducting
the reaction in an aqueous environmeént, preferablyin a dilute acid, wiih vigorous mixing in the
absence ofan organiceolvent resufts in an activated chelating agent of greater purity than that
obtained in the presence of an organic solvent. Thisisin contrast to the known procedures of
15 - using 3 pH of 8.5 and/or adding the thiophosgene in the presence of an organic solvent. See,
forexample, Brechbiel et al., Inorg. Chen., _2_5,2772-2781 (1986), Keana and Mann, /. Org
Chem., 55, 2868-2871 (1930); Westerberg etal.,s. Med. Chem., 32, 236-243 (1989); and
_K}me etal., Bioconjugate Chem., 2, 26-31 (1 991). The reaction of the thiophosgene with the
. chelating agentisata pH from 1to 7. Preferably, thepH is from 1to 5. More preferably, the
20 PHisfromTto3. . ) .
' The reaction between the chelating agent and th:ophosgene is preferably carried
outm an aqueous env:ronment havmg an aad concentration of from about 0. 005 to abourt
05 norma!.(N), preferably 0.01 to 0.2 N. The acid can be’ any mineral acid, preferably
hydrochleric acid. Thereaction between the chelating agentand ihiophosgene in a difute acid
25 with vigorous mixi ng and excess thlophosgene is very fast and usually complete in less than
5 minutes atroom temperature (15°Cto 25°C). Higher or lower temperatures can be used
(eg..0°Cto SO'C) but room temperature 1s preferred.
The amountof excess thmphosgene added to the mixture depends onthe
concentration of thie polyaza chelaqng agen@.‘The lower the concentration of chelati ng agent,
30 thelargerthe eitces_s_ of thiophosgene to insurethe rapid and complete conversion of aminefo
isothiocyanate. Forexample, if the concent'.ation of chelating agent is 103 M, the ratio of
thiophosgene to chelating agentis 5-20:1. (fthe concentration of chel _a_tiqg' agentis 108 M,
the ratio of thiophosgene to chelating agentis several thousand times larger (i e., 105:1). The
excess thiophosgene is removed by conventional techmques such as evaporau on,

"w

35 chromatography orextraction.
Raptd mixing ofthlophosgene with the aqueous solution may be accomplished

using conventional equipment known to those in the art which is capable of praducing
sufficient shear to praduce dispersion of thethiophosgene within the aqueous solution.

o
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Hiustrative of such mixing means is the use of a Waring Slender'for farge scale preparations and
with a Mixxor™ type mixer available from Alltéch Inc., for smaller scale preparations.

By conducting the reaction of the chelating agent with thiophosgene aé
described above, the obtained purity of the isothiocyanato activated chelating agent is about
90to about 95 percent as measured by high performance liqu'id chromatography (HPLC).

After the chelating agent has been activated, the activated chelating agent is
placed in contact with a metal ion to form the chelating agent/metal ion chelate. Although
any metal ion, whether a radioactive metal ion or not, can be used which Is sequestered by the
chelating agent, the chelates formed should have reasonable stability such that the metal
complex is not readily disassocfated. Radionuclides are preferred because of the use of the
resulting products in a radiopharmaceutical drug for therapy and/or diagnosis. Especially
preferred radioactive isotopes are those of samarium (Sm-153), hoimium (Ho-166), ytterbium
(Yb-175), lutetium (Lu-177), gadolinium (Gd-159), lanthanum (La-140), ;;raseodymium {Pr-142),
promethium {Pm-149). yttrium (Y-90) and indium (In-111).

" Radioriutlides can be produced in several ways. In a2 nudear reactor anuclide is
bombarded with neutrons to obtaih aradionuclide, e.g.,

Sm-152 + neutron -» Sm-153 + gamma

Another method of obtaining radionuclides is to bombard nuclides with particles
produced by alinear accelerator or a cyclotron. Yet another way is to isolate the radionuclide

from a mixture of fission products. The method of obtaining the nuclides employed in the

present invention is not critical thereto. :
The radionuclides can be complexed with the bifunctianal chelating agent by -

adding the bifunctional chelating agent to a solution of the radionuclide. Chelates form
readily upon mixing in an aqueous solution at a pH of 1 to 10. Preferably, the reaction is carried
outinamediumhavingapHof1to 7 énd more preferably 5to 7. Ambient temperatures of
about 10°C t0 40°C can be readily employed for metal ion chelation. The amount af metal ion
.employed may be from trace amounts to an amount in excess of equimolar with the chelate.
Preferably, the formation of the chelate occurs at room temperature, between 15°C to 25°C.
Chelation proceeds rapidly and yields of about 90 percent and greater as

. measured by high performance liquid chromatography are obtained when using a chelating

agent which has been initially purified on substantiaily calcium freesilica gel and activated
with thiophosgene prior to chelation of the desired metal ion. ’

The ability to rapidly form chelates over a wide pH range is advantageous to
obtain a high chelation yield of the desired metal ion. When itis necessary to displace divalent
cations such as calcium prior to chelation of the desired metal ion, yields are variable due to the

' pH sensitive nature of the displacement reaction. Displacement of the calcium ion requires

running the reaction at a pH sufficiently lowto displace the calcium, yet the pH cannot be too
{ow as to adversely affect the chelation of the desired metal ion, Utilizing the procedure of the
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present invention allows the chelating reaction to proceed with high yields over a broad pH
" range. ) oL o )
The ability to activate the chel_ating_agenf: prir>r to forming the chelate and the
rapid formation of the chelate with a high yield also has the advantage in that it reduces the
5 purification necessary prior to the ccn_iugatiorr step. When the metal ionis chelated prior'to
" activation using thiophosgene, itis necessary to extract the unreacted thiophosgene with an
organicsolvent and then purify the chelate prior to conjugation. The lowconcentration of the
chelatein the elution volume obtained after purification using an ion exchange column
| necessitates concentrating the chelate prior'to conjugation. During the process of extracting
19 the thiophosgene and concentratmg the efuent by reduced pressure and/or heat, some
degradation of the product occursalong with radiolysis creating additional i |mpuntres
Following the chelation step ofthe presentmventron, the activated chelate can be rapidly
purified by column chromatography and r:he eluerrt used directly, without concentration, in

wy

>

the conjugation step.
The bifunctional chelate is preferabiy conjugated to a biclogical molecule which

carries out a specific target function. ina preferred embodiment, the biomoleculeisa
monocional antibody or fragment thereof which is specific againéta selected cell-sarface target
site. Such antibodies may be commercially available or may be made by standard somatic cell
hybridization tedm:ques. An example of a suitable monodonal antibodyis CC49, one of a

20 seriesof monodonal ant:hodles specific for TAG-72 {tumor associated glycoprotain) descnbed
in published PCT Application No. WO 89/00692, on January 26, 1989, and published PCT
application WO 90/04410, on May 3, 1990. Generally, the chelate and protein are mixed ina
molar ratio of greater than 1:10 and less than about 100:1 depending on the protein and
protein concentration. Ratios of0.5:1to4:1 are preferred. _

25 © - Methodsfor conjugating thiocyanate derivatized chelatestoantibodies are well
knowninthe art. The proéedure generally involves reacting the functionalized chelating agent -
orchelate with the antibody from210 18 hoursin an aqueous buffered solution at pH 6-10 at

15

" . roosmtemperature. ..

. Theincrease in purity of the chelate obtained by the process of the present

30 invention allows the chelate to beconjuéated 1o a biological material, preferably a protein, at
temperatures from 25°Cto 40°C, preferab[y 30°Cto 40°C, toobtaina protemlchelate containing
an activity from 0.5 millicuries to 30 millicuries permg protem without the expected increase in N
degradation of the chelate activated group (i.e., hydrolysis of the isothiocyanate) or protein.
As the temperature of the chelation reaction is increased, anincrease in,:the rate of formation

35 of protein aggregates and hydrolysis of the chelate activated groups would be expected in
additionto an increased conjugation rate. Unexpectedly, elevated temperature resultsina
much faster conjugation rate increase relative to the rate of increase of undesired by-product
formation (e.g., chelate hydrolysis and proteir1 aggregates). Performing the conjugation at

o
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about pH 9.5 and 37°C, the reaction is approximately 92 percent complete in one hour with less
than 4 percent of the radioactivity being associated with protein aggregates.

The formation of fewer by-praducts during the conjugation coupled with a more
complete reaction leads to easier product pixrificatiori, production of.a product with higher
purity, and gives a greater overall re&overy of the initial radioactivity. Utilizing a conjugation
temperature of 37°Calso allows a radiochemical yield of greater than 90 percent during
purification by column chromatography as compared to a radiochemical yield of approximately
80 percent when the conjugation is done at 20°C.

' The invention will be further clarified by a consideration of the following
examples, which are intended to be purely exemplary of the present invention.

in the following examples, the following terms are used.

BFC = bifunctional chelating agent.

PA-DOTA = 1-[2-(4-aminophenyl)ethﬁ]-1,4,7, 10-

-tetraaiacyd ododecane-1,4,7,10-tetraacetic acid.

HEPES = N-2-hydroxyethylpiperazine-N’-2-ethane sulfonic acid.
General Experimental

Mass spectra (fast atom bombardment with xenon) were obtained on a Vacuum
Generators ZAB HS mass spectrometer. Samples for massspectral analysis were prepared by

 dissolution in a 3: 1 mixture of difhiothreitol:dithioerythritol {magic bullet) unless otherwise

sStated. _
_ Xnalytical high performance liquid éhromatograph (HPLC) of non-radioactive

samples was performed on a Hewlett Packard 1090 liquid chromatograph \iv_ith 24.6x 100 mm

Alitech Econosphere €18 3 pt column with a flowrateof t mL per minute and detection at

254 nm. Samples were eluted with a gradient of 0.05 M, pH 6.0, sodium acetate/ acetonitrile as

given for the samples. '

HPLC of radioactive samples (i.e., those in which ’Lu was incorporated) was _
performed using a DuPant Zorbax GF-250 (9.4 x 250 mm) column with a flow rate of 1.5 mL per
minute and radioactivity detection. The mobile phase was 0.25 M, pH 6.0 sodium '
citrate/10 percent acetonitrile.

Example 1 Purification of PA-DOTA by Flash Chromatography

A 1.5 x 14inch flash chro;'natography column was packed with 17.0 g of
Merck 60 A silica gel, 230-400 mesh (Aldrich Chemical Co.} which had been acid-washed by
Alltech in¢. Crude PA-H.;DOTA-BHCI {3.2 g, 75 percent pure by HPLC analysis) was applied to
the column and eluted with a mobile phase of 2:2: 1 chloroform:methanol:concentrated
ammonium hydroxide. Fractions containing only PA-DOTA(N Ha); as assayed by thin layer
chromatography were collected and pooled to give PA-DOTA(NH4)2 which was greater than
98 percent area purity as assayed by HPLC analysis. The absence of calcium in the recovered
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1C is 1-f2-{4-aminophenyl)ethyl}-1,4,7,10-tetraazacycdlododecane-
-1,4,7,10-tetraacetic acid;
1 D is 1-{5-amino-2-methoxybenzyl)-1,4,7,10-tetraazacyclododecane-
-1,4,7,10-tetraacetic acid;
5 | £ is 1-{(5-amino-2-hydroxybenzyl)-1,4,7,10-tetraazacyclododecane-
-4,7,10-triacetic acid; and !
I Fis 1-[2-{4-aminophenyl)ethyl] -1 ,_4,7,10-tetraazacyclodbdecane- _
-1-(R,S,-acetic-4,7,10-tris-{S-methylacetic) acid, the preparation of which is '
given in European Patent Publication No. 0420942, published April 10, 1991.
10 The preparation of lA-IE is given in European Patent Publication No. 0353450,
published February 7, 1990, and European Patent Publ ication No. 0420942, published April 10,

1991.
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The present inventiati provides a pracess for reducing extranécus metal ions,
specifically caldium ions (Ca2+), during the purification of macrocyclic chélating agents by flash

.chromatcgraphy using silica gel. It has been found that commercially available silica gel used

to purify the macrocyclic chelating agents unexpectedly contains a source of undesired metal
ions, particularly divalent cations such as calcium, which become tightly bound to the chelating

~ agentduring purification. The washiﬁg of thesilica gel with a strong mineral acid, such as

hydrochlioric, nitric, sulfuric, perchloric or hydrobromic, prior to use substantially reduces the
amount of undesired metal ions bound to the chelating agent during the purification process.
Preferably, the mineral acid used to wash the silica gel is hydrochloric acid. Procedures for
washing silica gel with a strong acid to remove impurities are known in the art, see, for
example, Ralph K. ller, The Chemistry of Silica, John Wiley & Sons (1979).

The elimination of l_;mdesired metal ions from the macrocyclic chelating agents
during the initial puﬁfication results in several advantages in the subsequent steps for forming
a conjugate. The elimination of undesired bound metal ions from the macrocyclic chelating °
agents allows rapid chelation of the desired metal ions at room. temperature as opposed to
heating or long reaction times required to displace the calcium. The ability to perform the
chelation step at room temperature, rather than at temperatures which would destroy the
functionalizing group, allows the activaa‘;n of the macrocydic bifunctional chelating agent
prior to chelation of the metal ion. The ability to functionalize the macrotyclic chelating agent
prior to chelation of the metal fon is particularly advantageous as the activated chelating agent
can be synthesized, stored and then sequestration of the metal ion performed shortly before )
conjugation to the biological material. Thisis particularly advantageous when the metal ionis
a radionuclide with a half life of 10 days or less, as a significant amount of radiolysis can occur
during the time necessary for functionalizing the chelate, conjugation, and purification of the
products from each step. Preclgsion of undesired metal ions is particularly important in
insuring rapid uptake of radioactive metals of the lanthanide (i} series.

The ability to rapidly chelate the radionuclide after activation of the chelating
agentalso alfows for simpler and more efficient purification procgdures tobe used in .
preparation of the conjugate, .

The present process for purifying bifunctional chelating agents can be used for
many classes of ligands including any tri to hexa -(carboxylated), -{phosphonomethylated), or
-(phosphinomethylated) polyazamacrocycle where the polyazamacracycle has 3 to 6 nitrogens
in the ring and the total number of atoms in the ring is 9 t0 24 atoms. Of particular interest are
aminocarboxylic acid chelating agents, aminophosphonic chelating agents and polyaza
chelating agents containing secondary and tertiary amines. Preferred polyazamacrocyclic

chelating agents are of the formula
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" PA-DOTA(NH,); was confirmed by mass spectrometry and HPLC using an éfution buffer
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" camrbg obtained by mixing the thiophosgene and chelating agentin an aqueous systemn inthe

gradient of 95/5 sodium acetaté tb.dﬁ M, pH= é)lacemnitrile.t&BOﬂO-in 15 minutes.
Chelation of yttrium to the PA-DOTA cbtained abovewas performed by
dissolving 3mg of PA-DOTA in 3 mL of 0.5 of sodium acetate buffer (pH=6) and 0.2 mL of
40 fHIl[ImO!arY(OAQ3.4H20 this represents approximately a5 fold excess of yttrium. The
extent of cheiatxon wasmonitored byHPLCas described above.
Chelation with PA-DOTA whrch was purified using acid washed s:lxca gel was

L1

L 5]

_complete in fess than 5 minutes att foom temperature {18-25°Q).

Comparative Example A
: Chelation with PA-DOTA purified usingsilica gel which had not been acid washed

was 4 percent completein 15 minutes at room temperature and was 86 percent complete in
10 minutesatS0°C. . ' .

These results show acid washing the silica gel to remove extraneous metal ions
prior to use for purifying the chelating agent greatly enhances the rate at which the desired
metal is §equestered atroom temperature.

Example 2 Preparation of SCN-PA-HsDOTA«2HCI2NH;Cl

To 100 mLof0.01 M ﬁydro:hléri:acid wasadded 250 mg of calcium free

PA-H3(NH4);DOTA (0.448 miliimoles, 2 of the carboxylated groubsére protonated and 2 of the

. carboxylated groups are 'aminoniurp salts} as preparéd in Example 1, and the solution placed in

a 40-0z. Waring blender. Thiophosgene (170 microliters, 2.23 millimoles) was added and the -
blender quick[y' started. After 2 minutes of mixing,the mixture was added to a separatory
funnel and excess thiophesgene was extracted with three 50 mL portions of chloroform. The
aqueous fayer was added to 100 mL ofacetc_nitile and the solution reduced to drynessona '
rotary evaporator (fitted with a vacuur pump) at room temperature. The solid obtained was
further dried for 2 hours atroom temperature on a vacuum line. Theyieldwas321mg

(90 percentyield) of an off-white solid. )

. Characteﬂzatlon of the product by mass spectrometry and by HPLCshowed the
produ&was 96 percent by weight an isothiocyanate derivatized PA-DOTA
(SCN-PA-H4DOTA«2HCIs2NHC). The HPLC'elutiorr_A gradient being sodium acetate/acetonitrile
95/5 t0 7030 in 15 minutes and then to 40/60 in 20 minutes. -

Comparativa Examgie B . .
Samples prepared inan \identical mannerexceptthatthe reaction was carried out
by the addition of 20 to 50 percent by volume chloroform prior to mixing were 84 to 83 percent
pure as measured by HPLC. . ’
These results show that a high punty lsothlocyanato activated chelatmg agent

»

©»

absence of an organic solvent.
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Ta20ulof SCN:PA:DOTA (4.88 x 103 moles) prepared 3§ descnbed inExanmjple2  pEPLACED
was added 100 pL of Lu-177 (50 microcurries) to give a molar ratio of chelating agent to

Example 3 Preparation of [177Lu(SCN-A-DOTA)} _ "TING SHEET HAS BEEN “

. of about 1:1. Thesolution was mixed on a vortex mixer for about 5 seconds, 100 L of HEPES

buffer (0.5 M, pH 7) were added and the solution mixed for 5 minutes. The pH was measured
and adjusted to between pH 6-7 with HEPES buffer if necessary. The reaction was allowed to
proceed for another 5 minutes at room temperature and the yield of ["’Lu(SCN-A-DOTA)] was
91.4 percent asdetermined by HPLC.

The [177Lu(SCN-PA-DOTA)]' complex was purified by placing the sample on aPRP-
1 mini-clean™ column (80 L) which had been pretreated with 800 L acetonitrile, 400 ul of
water and 800 pL 10 percent by volume acetonitrile in 20 mM carbonate buffer, pH 9.5. After
loading the compléx onto the column, the reaction vial was rinsed with a 200 uL and thena
6§00 uL volume of 10 percent acetonitrile in carbonate buffer, the washes also being placed on
the column. .

The complex was then eluted from the column using a 1:2 ratio of carbonate
buffer (20 mM, pH 9.5):acetonitrile. Approximately 80 percent of the radioactivity was
recovered in the second 50 pL elution volume.

Example 4 Conjugation of [177Lu({SCN-PA-DOTA)] With 1gG CC49 at Room
Temperature (21-22°C)

To257pl ofan an‘abody solution (IgG CC49, 14.5 mg/mLin 50 mM carbonate
buffer, pH 9.5) was added 25 pL of ['77Lu(SCN-PA-DOTA)] prepared as described above, giving
a BFC:antibody molar ratio of about 1.36. The activated chelate and antibody solutionwas
mixed on a vortex mixer for about 10 seconds and allowed to stand at room temperature for

. approx:mately 2 hours with mmng about every 10 to 1S minutes, The disapipearance of the

25

30

35

[177Lu(SCN-PA-D0TA)] was measured by HPLC. After 120 minutes, about 62 percent of the
1771y activity was associated with the antibody, about 7 percent was non-antibody associated
impurities, and unreacted [177Lu{SCN-PA-DOTA)] was about 30 percent .
Example S Canjugation of [177Lu(SCN-PA-DOTA)I With IGg CC49 at 37°C

To an antibody solution (15.7 mg CC49 IgG (36 nanomoles) in 286 uL of carbonate
buffer, 20 mM, pH 9.5) was added 21 nanomoles of [177Lu(SCN-PA-DOTA)} complex
{9.7 millicuries of activity)in 11 plL of the eluent from Example 3. The mixture was mixed on a
vortex mixer and allowed to stand in a 37°C eve_n for one hour with mixing about every 10to
15 minutes. The progress of the reacd'on was monitored by HPLC analysis for the
disappearance of the complex as describéd in Example 4. After 1 hourthe 177Lu activity
associated with the antibody as measured by HPLC was 91 percent, lessthan 4 perceni of the
1770y acuivity was associated with impurities, and 5 percent was unreacted

[177Lu(SCN-PA-DOTA)].
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The conjugation feattion was terminated by isolation and purifitation of the
conjugate on a PD-10 column (SephadexG—ZS medlum,s mL) wb:ch had been equ:lrbrated

with phosphate buffered saline.-

Homogeneity of the labeled antlbodywas exammed by HPLC and by SDS PAGE
electrophoresis (sodium dodecyl sulfate-polyacrylamnde efectrophoresns) coupled with o
autoradzagraphy_ lmmunoreacuwtywasdetennmed by IRMA and affinity column binding and.
wasfound to be comparable to that conjugated at 25°C. /n vivo blodlstnbutlon (in rats) ofthe
conjugate prepared at 37°Cwas natsxgmﬁcantly different from that prepared at 25°C.

The results showﬂnatthe chelate canbe rapxdlycnnjugated to an antibody at
37"C without affecting the lmmunoreactl\nty or biodistribution of the conjugate.

Other embodiments ofthe invention will be apparent_tothose skilled in the art
from a consideration of tﬁis_ specification or practice of the invention disclosed herein. Itis
intended that the specification and examples Be considered as exemplary only, with the true
scope and spiritof theinvention being indicated by the following claims. - '
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1.  Aprocess for preparing a chelate-antibody conjugate which comprises
reacting an isothiocyante activated chelate with an antibody at between 30°C and 40°C
wherein the chelate is a chelating agent complexed with a metal ion; the chelating agent is of

5 theformula
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2 9/\
X Q1 )
' ' :
R2 / \ /?\ (CHZ‘ c— (CHZ)I‘— N\-Q
R‘# : ¥ m . H : '1\/
Q

(1)

wherein:
eachQis mdependently hydrogen, (CHR5),COzR or (CHRS)pPO,;Hz,
Q1 is hydrogen or {(CHRS),,COR;
each Rindependently is hydrogen, benzyl or C;-Cg alkyl;
_with the proviso that at least two of the sum of Q and Q1 must be other than hydrogen;
each R5 independently is hydrogen, C1-C4 alkyl or-(Cy-C; alkyl)phenyl;
‘XandYare each independently hydrogen or may be takenwith an adjacent X
and Y to form an additional carbon-carbon bond;
nisOort;
mis aninteger from 0 to 10 inclusive;
p=1tor2;
r=00r1;
- w=40or 1; )
with the proviso that nis only 1 when X and/or Y form an additional carbon-carbon bond and
thesumofrandwisOor1; '
' R2and R4are indep'endently hydrogen, or amino;
_ R3 C;-C4 alkoxy, -OCH;COLH, hydroxy and hydrogen;
with the proviso that R2 and R4 cannot both be hydrogen but one of RZ and R4 must be )
hydrogen; and the metal ion is selected from the group consisting of 1535m, 166Ho, 175Yb,
1771y, 159Gd, 140La, 142Pr, 149Pm, 90Y and 11¥in, : _
2, The process of Claim 1 wherein the metal ionis 177Lu.
3.  The process of Claim 1 or 2 wherein the chelating agent is
1-[2-{4-aminophenyl)ethyl}-1,4,7,10--tetraazacyclododecane-1,4,7,10-tetraacetic acid.
4. Inaprocess for preparing polyaza conjugates having at least the steps of
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(a) purifyinga péfyaia chelating agent, the pol.yaza chelating agent being as
defined in Formula L} .
(b) contacting the the purified polyaza chelating agent with thiophosgene to
" form an isothiocyanato act@vat'ed polyaza chelating agent and recavery of the isothiocyanato -
5 activated polyaza chelating agent; . .
' {c} adding a metal fon to the isothiocyanto activated polyaza che!atmg agentto
form an iscthiocyanato activated polyazachelate; and "
(d) contacti ng the lsathlocyanato actrvated polyaza chelate witha hiological

L]

' molecule to form a conjugate;
10 the improvement which comprises; .
instep (a): purifying the palyaza chelating agent by chromatography on asilica
gel column, wherein the silica gel has been acid washed priorto loading the polyaza chelating
agent onto the column;
instep (b): contactingthe purified polyaza chelating agent with thiophosgene in
15 anaqueous environmentin the absence of an organicsolvent ata pH from 1 to 5; and ' :
instep (d): contacting the isothiocyanato activated polyaza che[ate witha
biological molecule at between 25°Cto 40°C.
. 5. The process of Claim 4 wherein the biological molecule is a protein and the
metal ion is 1535m, 166H, 175Yh, 177Lu, 159Gd, 14‘0Lé, 142Pr, 143Pm, 90Y or T11In.
26 . © _6. The process of Claim Swherein the protein is an antibody.
7. The processof (laim 4, S or 6 whereiri r of Formula 1is 0 and each Qi

(CHRS)COzR. . _
8. Tﬁe process of Claim 7 wherein the <Helaﬁng agentis a-[Z-@-amino— .
phenyl)ethyl]-1,4,7,10~tetraazacyclodadécane-1,4,7, 10-tetraacetic acid and the metal ion is

2.5 7L, . T ' 3 - :
9. " Ina pmcsﬁ for preparing polyaza conjugates having at least the steps of -
(a) purifying a polyaza chelating agent, the polyaza chelating agentbeing as
defined in Formula {; : -

{b) adding a metal ion to the polyaza chelating agent to form' a polyéza chelate;

(<) contactingthe chelate with thiophosgene to form an isothiocy_anato'acﬁvated

30
cf:elate : .
' {d) contactl ng the isothiocyanato acuvated chelate with a biological molecule to
form a conjugate; - '
the improvement which comprises;
35 instep (a): purifyin:lg the polyaza chelating agent by chromatography on a silica *

0

Qel column, wherein the silica gél has been acid washed prior to loading the polyaza-i:helating

agent onto the column;
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instep (c): contacting the chelate with thiophosgene in an aqueous environment

in the absence of an organic ssiventata pHfrom 1t05; and
in step {d): contacting the isothiocyanato activated polyaza chelate witha

biological molecule at between 25°C to 40°C.

5 10. A process for purifying a tri to hexa-{carboxylated),
‘ ~{phasphonomethylated), or -(phosphinomethylated) pblyazama_crocyclic chelating agent
comprising flash chromatography of a polyazamacrocycle on acid washed silicagel to give a
¥ ' polyazamacrocycle substantiaily free of metal ions; wherein the polyazamacrocycie has 3 to

6 nitrogensin the ring and the total number of atoms in the ring is 9 to 24 atoms.
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