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‘rel ates to a process for preparing isothiocyanato functional

macr ocy chyefosilagdat i Ng agents and to a process for COP&Hs %t he
nacrocycllc chel ating agents to blologlcal nol ecul es.

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

The present invention relates to-a process for preparing isothiocyanato
' 5 functionalized macrocydicchelating agents and to a process for conjugatmg the macrocyclic
chelating agents to biological molecules. ]
Metal ions may be attached ta biological molecules by means of bifunctional
chelating agents. Such chelating agents are éompounds 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 usuaily one of the various known useful chemically reactive groups such
as bromoacetyl group, a diazonium ion, anisothiocyanate ora carboxylic acid derivative, the-
reactive functionalities being capable of binding to an amino acid of a protein {e.qg., the lysine
moiety of an antibody). The biologi¢al molecules usually recognize distinctive externalor
15 internal cell markers and, thus, act as target directing groups for the metal ion. '
When the bifunctional chelating agent is covalently attached to an antibody
having specificity for'cance'r or tumor cell epitopes or antigens, radionuclide 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. Blochem., 142, 68-78 (1984); and Krejcarek et al., Biochem. and Blophys
Res. Comm., 77, 581-585 (1977). ] _
Isothiocyanato functionalized derivatives of ethylenediamlneteir%&etic acid
~ (EDTA)and di iethylenetriaminepentaacetic acid (DTPA) are re rted in the literature and.are
being used to conjugate radioactive isotopes to arlt:bodles % mple see Gansowetal.,
25 Inorg. Chem., 25, 2772-2781 {1 986), Mearesetal., Anal. Blac_ l;l . 3_4_2, 68-78 (1984); and U.S.

‘Patent 4,454,106.
When using short-lived radionuclides, itis desirable to chelate the radionuclide to

the target directing group as close as possible to the time of injection into the patient to

provide maximum specific radioactivity and minimum degradation of the
30 radioimmunoglobulin. When using chelating ageots.such as EDTA and DTPA, the rapid
sequestration of metal ions by these chelating agents allows the praparation of the .
radionuclide/antibody/chelating agent conjugates (referred to herein as conjugates) to be
prepared by activating the chelating agent, reacting the chelating agent with an antibady and
then chelzting the radionuclide to form @ complex followed by punf‘ catlon of the complex
35 However, although chelat:pg agents 3 as EDTA and DTPA rapldly cbelate the
radionuclide, they suffer from the disadvantage that such binding is kinetically labile. in
addition, the use of lablle radlor_luclldes for antibody labeling in this manner allows °

suostitutionall y labile trace metals (which may not be radioacﬁve) tobe incorporated into the

.
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. allowing the chelating agent to be activated to anisothiotyanate prt

functionalities A)delagnﬁgﬁgmflmdw' fo el%dl ni‘;:ﬂgsrkgﬂqnggwg%hg of a protein

thesptp °fﬁﬁPE'§'F3§e and,

Apdaﬁ:ﬁfﬁ%} gﬂhgé,fo y/ c%per l'ating agent conjugates are useful

Bioconjugate Chem., 1, 59-65 (1990). To reduce the radiolysis which oc
chelation times, the medium in whichthe chelation takes place is often heated to increase the
rate of chelation. As the isothiocyanate functionality is heat sensitiire_; S, Patent 5,006,643
discloses the preparation of isocyanato functionalized macrocycles co hg primary or
secondary amines by firstreacting the .chelaﬁng' agentwith rhodium " nid then activating the
chelate. U.S. Patent4,885,363 disdoses chelating gadoliniumta a t__et_;ga'i_" ymacrocycle
containing {ertiary amines priorto activating with an isothiocyaﬁate_-f&nciibnal group. Using
this procedure for preparation of metal chelate-protein conj ugates'to b ﬁ_:ged in

afe, activation of

mdxo:mmunotherapy or radlodtagnostlcs requires the formation of th
the chelate and then conjugation of the activated chelate to an antib, a shortperiod of
time toavoida substarm_al loss in activity. o
Another disadvantage in the use of macrocyclic chelating agents is that during
their synthesis and purification, the reagents and matenals used mustb ftee of extraneous
metal ions. Metal ion contammants present during these steps may be _
the macrocycles and not easily displaced during chelation of t_.he desrre_d etalion. Metal ion
contamination during synthesis and puﬁﬁcaﬁbn will reduce the purityb the -productobtained_

during chelation of the desired metal ion as well as reduce the punty of 'gduct obtained in

subsequent steps in producing the conjugate.
Consequently, it would be advantageous ta.have a proc
macrocyclic chelating agents which are suBstarrt'ially pure of contamina
ftwould also be advantageous to héveé process to prep.

 prepare purified
metal ions.
heisothiocyanate
activated chelating agent in an aqueous environment with an increaset d and higher.pu_rity
than can ve prepared when the.reaction is performed in an'organ'ic,soh_l Water )
environment. _ ' . - .
it would be desirable to provide a chielating agent wh_iéh will react rapidly with a
radionuclide atroom temperstwreform ing a chelate which does not ily dissociate,

Activating the chelatmg agent priorto chelation of the metal ion allo 51 _'blfuncnona!
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apeutic applications as.a nmeans of conveying the
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Res. .Conm ,. 77, 581-585 (1977). | sot hi ocyandg}
derjvatives of ethyl enediami netetraacetic acid (EDTA) an

di et hy| eMeo3I/Rss nepent aacetic add (DTPA) are report ®ET/UEIMME} i terature and
are being used to conjugate radioactive isotopes to antibodies. For exanple
see Gansow et al., Inorg. Chem, 25,62772-2781 (1986); Meares.et al., Anal.
Bi ochem, theistinggoengto P‘i@%?&')ed ingpftiygted forpigyagiygpce A whemiti pgded to produce When

usi ng shor ecdniugated radi onucl | des, it is desirable to chelate the

radi onuclide to thta,omasge&heeudvaafabédagogaveupooagswm&rﬁmsa@.dpossi ble to the tine

of injecti %}u ﬁk&ofm&eﬁgﬂltﬁg&anhs)czdp{o%@ug?ad éaqygnu&:q?%gfebgte radi oactivity and
m ni mum de% zgg |Rﬂ;ﬁjoma‘ . g. gd 9 ST %‘dchel ating agents
sych as EDITK and ATt NS ?‘ﬁﬁpjagaéee"ﬂ & TPQF'?'BH" szredr’f%af%‘? IS by these

chel ati ng 5@&’&%“%?‘6&\%‘* PREga P EAsHentandyRsuls in epsjgpproduct purification. Also, .

r adi onucl i bevingagrodes etyeratrithé w¥did andpuaigyfioin eadh stppigiadreaeed (s pfidlatyed t 0 herein as

. cdnj ugat es sdvsr@agb&.s .a :emﬁgecdm{smn@gﬁd cu.a,sds.{a&asmg. wilhRlu@l inRBarAgteRical reacting the
chelating g ?CQI' W ere enhaf'rggcleu ca(iI omposition mgsrt] Crt] ltea&ril I :Iiahsgt flér?th jonuclide to
forma co A RS url{\'/lcf'astlonoeet pd'gﬁe ¥
he U S Food and Drug Admmtstratlon .
The present invention provides a chromatographir; process for prevention of
extraneous metal ion incorporation in a macrocyclic chelating agent during purification. The
processis advantageous over existing procedures in that multigram quantities of macrocyclic
chelating agent free of divalent cations can be produced and purified in asingle unit
15 operation.
The invention also provides a process for preparing isothiocyanate compounds
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

20 ' . Q
R3 | :
X
| ' ' (\N”\
R2 c - N-Q
Y
- 25 _RIJ m - H '
Q
wherein:
each Qis independently hydrogen, (CHR5),CO3R or (CHR5)PO3Hz;
30 Q! is hydrogen or (CHRS),,CO3R;
each Rindependently is hydrogen, benzyl or C;-C; alkyl;
" with the proviso that at least two of the sum of Q and Qf must be other than hydrogen;
each RS independently is hydrogen, Ci-Cq alkyl or -(Cy-C; alkyl)phenyl;
> X and Y are each independently hydrogen or may be taken with an adjacent X

_35 and Y to form an additional carbon-carbon bond;
5 ) _ nisdor1; '

m is an integer from 0 to 10 inclusive;

-3-

—-_— Thls :Sheet: *Has Been

o Iil'



However, al t hough chel ating agents such as EDTA and DTPA rH—pS@%EEEHﬂSanéEN
t he radi onuclide, they suffer fromthe di sadvantage that such %Eﬂ(—ﬂ

ki netti caW3f2e852| e. I n addition, the use of |abile waw S Tor
anti body labeling in this manner all-ows substitutionally labile trace

metal s (which maynot 1b% radi oactive) to be |ncorporat ed intothe
2 ord;

r=0or1;
w=20or{; ..
with the proviso that nisonly 1 when Xandlor Y form an additional carbon-carbon bond and
5 thesumofrandwisOor1;
RZand Réare independenﬂy Mrogeh, oramino;
R3 C;-C alkoxy, -OCH;_COZH hydroxy and hydrogen; *
with the proviso thatR2and R4 Gnnot both be hydrogen but one of R2 and R4 must be
hydrogen. :
10 The presentinvention also describes a process for preparing a conjugate which

¥o

comprises reacting an isothiocyaneto activated chelate with an antibody atbetween 25°Cand
40°C; wherein the chelate is a chelating agent complexed with a metalion, the chelating agent
is asdesaibed in Formula land the metal jon.is 153Sm," IESHo 175Yb, 1771, 159Gd, 140La, 142Pr,
-149Pm S0Y or 11110, ’ . _
15 The current invention aiso provides an improved process for formation of a
chelate-antibody conjugate wherein the improvement comprises contacting the chelate with
an antibody at 25°C to about 40°C. ‘ o
The present invention provides an improved processto prepare polyaza metal
conjugates. in particular, the present mven'aon is a process for preparing conjugates having at
20 leastthestepsof: . -
' (a) putifying a polyaza chelatmg agent, the polyaza chelatmg agent bemg as
defined in Formulal; :
{b) conmcung the purified po!yaza che!atmg agent with thtophosgene to form .
an isothiocyanato activated polyaza chelating agent and recavery'ofthe isothiocyanato
© 25 activated polyaza chelating agent; ) .
. {¢} adding a metal ion to the isothiocyanto activated palyaza chelating agent to
form an isothiocyanato activated polyaza chelate; and
(d) contacting theisothiocyanato activated polyaza chelate with a biological
molecule to form a conjugate;
30 the improvementwhich comprises: .
instep (3): purifying the polyaza chelating ag_ent by chromatagraphy on a silica
gel column, wherein the silica gel nas been acid washed prior to loading the polyaza chelating
agentonto the column, ) .
in step (b): contactlng the purified polyaza chelating agent with thlophosgene in
35 @an aqueous environment in the absence-of an organic -solvent ata pH from 1to 5; and
in step (d) coni'acting the isothiocyanato activated polyaza retal chelate with a

"

biological molecule at between 25°Cto 40°C.
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chel at e. tion for such non-active trace netal '
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M rzadeh et al., Bhtfewyipiclgeitatmaiiselereferstogey parein. agibgly. antitgdy educe t he
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As used herein, “antibody”™ refers to any polyci onal monoclonal chimeric

antibody, heteroantibody, of recombinant or derivative thereof, preferably a monoclonal

15 antibody. As used herein the term antlbody fragment” mdudes Fab fragments and F(ab‘)z
fragments and any portion of an annbody, including recombmants and denvatwes thereof,
having specificity toward a desired epitope or epitopes. The antlbody fragments may be
produced by conventional enzymauc methods or by genetic or protgt_n engineering techniques,
such as the production of single chain antibodies. L

2 Thetenns *activated” or “activating” in relation to a chelatmg agent means the
cheiating agent has been modified with a functional group whrch is capable of forming a
covalent bono with a biological molecule.

The term “conjugate” as used herein refersto a complex of a biological material
auached to a bifunctional chelating agent or bifunctional chelate. The term “antibody/chelate

25 conjugais” refers to an antibody which is covalently attached to a bifunctional chelate,
(i.e., the bifuncdional chelating agent having a chelated metal ion).

A general overall procedure giving the steps for prep_é_;gﬁon of conjugates used
in e presentinvention is givén m the following Scheme |. Steps (l.;)-:a_';pd (S of the process
scheme mey be reversed. When sequestering metal ions which are }aaionﬁaides with short

39 haiilives, itis preferred that the activation occurs before formation of a chelate to avoid
radiolys's which would occur during the subsequent activating step and any subsequent

1
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secondaryam nes by first reacting the chelating agent I8 ISEIEET MASBEEM ¢in
activating the chelate. U.S Patent 4,885, 363 di scl oses ghel atRERLARED! i ni ¢Im
to a tetraazamacrocycle containing tertiary am nes prio ctrvatTtng Wt

an i sot Rix9e3raaas € functional group. Using this pr OC gt BoaidRkgsPr €par ati on of
nmetal chelate-protein conjugates to.be used in radi ol munotherapy
orradi odi agnostics requires the formation of the chelate, activation of the
chel ate and then conjugation of the activated chelateto an antibody in a
short period of time to avoid a substantial loss in activity.

Anot her di sadvantage in the ¥®8f! yracrocyclic chelating agents is that
during their synthesis and purification, the reagents and materials used
nmust be free of ex ) i on contam nants present

duri ngt hese steps %&ﬂgg%%r‘r’e %%hﬁk%r}nﬁomagto t he macrocycl es and noteasily
di spl aced during chel ation of the. de5| red netal |on Metal ion 5

cont am nat e urlflc 4-Q reduce the purity of
.the produclf"&[]ibﬂg%e g%%h%gé%%ﬁ%aﬁ 58t °FH "ldg%:%r f8d netal ion as wel | as
reduce the purity of productsgdpt ganed in subsequentsteps i n producing the
conj ugat e.

Activation of the Chelating Agent

‘Step (b)

b

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

- : Step (e)
20 - . 'l_f
Conjugation of the Chelate to-a Biological
Material to Form a Conjugate

© Step (d)

Purification of thé Conjugﬁte

15
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Consequently, it would be advantageous to have a process}|i tTHiP SERET ¢IAS BEEN
purified nmacrocyclic chelating agents which are substantjal | y RERIAGHD
contam nating netal ions. It would al so be
a proceswotsgrzggsepare the i sothi ocyanate activated chefratsoagsagent in an
aqueousenvi ronmentwi th an increased yield and higher purity than can be
prepared when the reaction is performed in an organic sol vent/water

envi r onnment - The presentinventiqprrndvigesgdrogresiprredisding extgngopemetaliona chel ati ng agent
whi ch wi | | specii@ty ciicyh dhsyCatd)idarira thepdifaitiss binderoddic dhalstiighgunpey wisnir e forning a
chel ate m'cﬁbmﬂ&b‘?a’%hﬂ%gsr iRagdi. lt)éas@ée%%ﬁd tﬂ&t@umnﬁlrcla%ﬂgblé fiRa hﬁéd’ﬂlt' ng agent to

be activat % ﬁthe cro :c chq%:%g'g aé;le expe ed dfconﬁ_lnggsrc];‘ur?%f undeeslred alt e. Activating

t he chel ati Tows t he
bi I functi®n éqns, partlcuiarly alent cations such as calcnum, whlch become tightly bound to the chelatmg

agent during purification. The washmg of thesilica gel with a strong mineral acid, such as
hydrochloric, nitric, sulfuric, perchioric 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
10 washing silicé 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 undesired matal ions from the macrocyclic chelating agents
during the initial pufiﬁcaﬁon results in several advantages in the subsequent steps for forming
a conjugate. The elimination of undesired bound metal ions from the macrocyclic chelating
15~ 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 abilityto perform the
chelation step at room temperature, rather than at temperatures which would destroy the
functionalizing group, allows the actlvatlon of the macrocydic bifunctional chelating agent
prior to chelation of the metal ion. The ability to functionalize the macrotyclic chelating agent
20 priorto chelation of the metal ion is particularly advantageous as the activated chelating agent
can be synthesized, stored and then sequestration of the metal icn performed shortly before
conjugation to the biological material. Thisis particularly advantageous when the metal ion s
aradionudide 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
25 products from each step. Prec!gsion of undesired metal ions is particularly important in
insuring rapid uptake of radioactive metals of the lanthanide (lll) series.
The ability to rapidly chelate the radionuclide after activation of the chelating

agentalso allows for simpler and more efficient purification procedures to be used in
preparation of the ¢conjugate.

30 ’ The present process for punfyang bifunctional chelating agents can be used for
many classes of ligands mcluqmg any tri to hexa -{carboxylated), -(phosphonomethylated), or
-{phosphinomethylated) polyazamacrocycle where the polyazamacrocycle has 3 to 6 nitrogens
inthe ring and the total number of atoms inthe ring is 9 to 24 atoms. Of particular interest are
aminocarboxylic acid chelating agents, aminophosphonic chelating agents and polyaza

35 chelating agents containing secondary and tertiary amines. Preferred polyazamacrocyclic

chelating agents are of the formula

-7-
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1_agent to be prepared in an activated formin agvanee of when 1t

IS needed to produce a conj ugate. THIS SHEET HAS BEEN
woul d be fwrther advantageous to have a process which al |jows rREi’IChCED
conpugat i'on of the chelate with an anti bos} FEEEEE

radi ol ys¥@94#¥5%nt i body aggregate formation. PCT/US °348ﬂap| d formation

of the conjugate with a reduction in undesired reactions would result in
a more conplete conjugation reaction and result in easier product
purification. Al so, . having a process V\/aerel n the yield and
purity fromeach step isgincreased is particularly v

advant ageous in preparj C ounds and gaonposi ti mw |1 be used in
phar maceut i cal %ppl ca{\ onfg\/s\e the phar maceut i corrp%sbt i on nust neet
the purigty ¢— (CHp)p—

n \/ =
Im. LAl

Y

Ve

10 - _
wherein: —

each Q is independently hydrogen (CHRS)DCOZR or (CHRs)pP03H;_,
Q' is hydrogen or (CHRs)wCOzR .
each Rindependentlyis hydrogen, benzyl or C;-Cz alkyl;
with the proviso that that atleast two of the sum of Q and Q1 must be o'ther'than hydrogen;
each RS independentlyishydrogen, C;-Cg alkyl or -(C1-C; alkyl)phenyl;
X and Y are each independently hydrogen or may be taken Mth an adjacent X’
and Y to form an additional carbon-carbon bond;

15

nisGor1; .
20 m is an integer from 0 to 10 inclusive;
p=tor2;

r=00r1;

w=Oorl;
. with the proviso thatn is only 1 when Xand/or Y farm an addltlana! carbon-carbon bond and
thesymofrandwisOort;, - -
R2and R4are mdependenﬂy hydrogen, nitra, amino or carboxyl'
. R3isCi-Cs alkoxy, OCH;CO;H hydroxyor hydrogen;
with the prld\nso that RZand Ré cannot both be hydrogen but one of R2 and R4 must be
~ hyzrogen.. s )
Preferred amines of the polg_raza_ chelating agents of Fc':brmqia Tare tertiary amines,
Pruferably where ris 0 and each Qis (CHRS),CO5R: ' L _
Procedures for syr_\thsizing' ponazamacrocycleﬁ are well khgwn intheart. -
Examples of preferred chelating agents are givenin Table aﬁd are named as
1 Ais 1-{4-aminophenyl)-1 ,4:7,10-tetra- o
azacycdododecane-1,4,7,10-tetraacetic acid;
1B is 1-{2-(4-aminophenyl)ethyl]-1,4,7,10-tetraazacyclododecane- . '
-&,7,10-triacetic acid;

T




criteria set-forth by the US Food and Drug Adnmi ni stration|| THIS SHEET HAS BEEN
The present inventien provides a chromatographic process Jjor pr%ﬁ%‘lﬁq"@] of
ext raneous netal ion incorporation-in a macrocyclic chel atTng agent during
purifi cat‘?’% The process is advant agé’G!i@JSBQ/W%m sting

procedures in that nmultigr am quantities of macrocyclic

chel ating agent fr San b roduced and purified in a
single unit opera t‘?gls {2(&!’# eny[)e&%ﬂ?ﬁ% aazﬂ‘c’“docf n§'l y, there i's provided

according to a first AABNae @St the i nvention a process
for preparing a ché‘Paﬁ-ﬁﬂamﬂ{mmyxyw;ﬂmganetewknzamlcdmefpne ses reacting an

i sot hi ocyanat e acti viqmdgdagbitiedW th an anti body at a t enper at ure betweernr
30[err] Cand IEis 1—(5-ammo-2—ﬁ§ﬂ[o§fb£r]1ﬁ5«M‘:ﬁlro-%taazgggod%&%n@t e is a chelating
agent conpl exed wit hﬂalo-tnace%cacidoanﬂ ti ng agent is of
the formula [err] ‘

IFis 1- [2-(4-ammophenyl)ethyll 1,47, 10-te‘h'aazacyclododecane-
«1-(R,S -acetlc__-4 7,10-tris-(S-methylacetic) acid, thg__preparatxon of whichis ~
given in European Patent Publication No. 0420942},:'published April 10, 1991,

L

10 The preparation. 'of'lA-'lE isgiven in European Patent' Piibl ication No. 0353450,
published February 7, 1990, and European Patent Publication No. 0420942 published April 10,
1991.
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(1)
hydr ogen,

wher ei n:

(CHRS) pCO2R or

or (.CHR5).wCO2R;

benzyl

and
nis 0 or

10

15

20

30

35

ovo 831206882 al kyl ;
the sumof Q'and QL rmust be other than hydrogen;
R5 i ndependently is hydrogen,
X and Y are each independently hydrogen or
Y to forman additional

1;

- HN

each Q|<

( CHR5) pPCBHZ;

each R |ndependent|y ggﬁ9§§ﬁF§A%égﬁN

with the provpcmusdsasssat

-——.—__

| east two of
each
Cl-4 al kyl or -(Cl-C2 al kyl) phenyl ;
may be taken wi'th an adjacent X
car bon- car bon bond,;

TABLE I

8.
]
-4
“

@ 2 S

COOH

ic:
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mis an integer fromO to 10 i ncl usive;
r =0or-1;, - w =0 or 1; vmththeprowsothat

X and/ or ¥ forman additi onal car bon- car bon bond and the siFf

0 or 1; : _ o
WO 93/20852 : o PCT/US93/03483

TABLE I ‘CONT'D

10

o _ \N/» o
N N o IE

\@\ N—coon

N

s OH \-—-coou SRR

b ooH COOH

. | /\/K(\Nﬁ 'F
PO =
an” Q/N\) .
COOH
25 | e

Methods for the cé}bdxylation of anamineofa {igand é'give amine derivatives

containing a carboxyalkyl group are well known, as are the methods whlch give alkyl
30 phosphonicand hydroxyalkyl substltuents on the amine nitrogens. :
Patents 3,726,912 and 3,398,198.]
Aminophosphonic acid derivatives of ligands can be prepared by a number of
a compound
und {aldehyde or
of Moeoritzer and

ee, for example, U.S.

known synthetic techniques. Of particularimportance isthe _reactifq
containing at least one reactive amine hydrogen with a carbonyl ¢oi
35 ketone) and phosphorous acid or derivative thereof. [See the proce
Irani; J, Org. Chem., 31, 1603 (1966).] :

'
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R2 and R4 are independently hydrogen, or am no; R3 is : ' :

- OCH2CO2H," hydroxy or hydrogen; with the proviso that R2 dHIB SHEEN OIASIEHEN
be hydrogen but one of R2 and R4 nust be hydrogen; and thg} net alREFLACED
sel ected from153Sm 166Ho, ‘175Yb, 177Lu, 159Gd,” 140La, 1

and llll According to a second enbodl ment of the |nvent|on there is
provi ded ggf{?‘&s}ess for preparing polyaza conj ugat espﬁy\}’rs?ﬁé“%ﬁ:" Ieast t he
steps of (a) purifying a polyaza chel ating agent- as defined in Formul a

| of claimi1, by Gl‘h@dd@?xﬁ@ﬂfa@t@hﬂen@@ftﬁeﬂsén‘c‘ﬁ@n&ﬁhw‘:ﬁgd%h\g?g.i?:1 3 t ggmslloln ca

el has be aza
'? he col u %0"9% %PF;BNEM wa?’ “@“aﬁpcf"beaﬁ'ﬁt%"fﬂganyggﬁhx %H%'f"g ing agent with
t hi ophosgeﬁ'é’“ﬁ‘ﬁ"‘p %ﬁﬁ%§wé'ﬁﬂf??'ﬂmh§m"?wa‘t"ﬁbc%§’@ﬁ8’€5 obfuchan or gani ¢ sol vent
at a pH frmrrcﬁbnaﬂmottisire)su&r(bwcymaelbros:oac&mmoyaﬂamﬂe,aﬁﬂdenal ed polyaza chel ating

agent,  andHidaRRNAide, dizorilifank SRR AR SR aRChdabAd eheiiiaca chel ating
agent ; - essentially free of undesired metaf ions are particularly mportantwhen using funct:onahzmg 7
groupswhichare pH and/or thermally unstable, such as tsothrocyanate. The activating
functional groups arelocated at posmons R2orRé4of Formulal on the mecrocychc chelating

u

agent y
10 ithasbeen unexpected ly found that when reacting the polyaza chelating agent

with thlophosgene to activate the chelatmg agentwithan rsothlocyanate group, conducting

the reactioninan aqueous enwronment preferablyin a dilute acid, wuth vigorous mixing in the

absence of an organicsolvent resuIts in an activated chelating agenta of greater purity than that

obtained in the presence of an orgamc solvent. Thisisin contrast to the known procedures of
15 . using a pH of 8.5 and/or adding the thlophosgene inthe presence of ant organicsolvent. See,

for example, Brechbiel et al. Inorg Chem., 2_5, 2772-2781 (1986) Keana and Mann, . Org

Chem., 55, 2868-2871 (1950); Westerberg etal., J. Med, Chem., 32, 236-243 {1989); and

Klme etal., Bioconjugate Chem.,’ 2 26-31 (1 991). The reaction ofthe thtophosgene withthe

chelatmgagentns atapH from 1 to 7 Preferably, the| pH isfrom 1to 5. More preferably, the
20 PHisfrom1to3. : : .
The reaction between the chelating agent and thuophosgene is preferably carried

out in anaqueous envrronment havmg an aad concentration of from about 0.005 to about

0.5 normal (N], preferablyo 01to 0.2 N. The acid can be any mmeral acld  preferably

hydrochlonc acid. Thereaction between the chelating agentand thlophosgene in a dilute acid
25 with vigorous mixi ng and excess thlophosgene is very fast and usually complete inless than

5 minutes atroom temperature (1 5"C to 25°C). Higher orlower temperatures can be used

{eg..0°Cto SO“C) but room temperature is preferred.

The amountof excess thmphosgene added to the mrxture depends on the

concentration of the polyaza chelatmg agent. The lower the concentratlon of chelating agent,
30 thelargerthe excess ofthlophosgene to insurethe rapid and oomplete conversuon of amine to

isothiocyanate. Forexample, lft_h_e conce_ntratton of chelating agent '1 0-3 M, the ratio of

ng agentis 103 M,
fer (t.e 105:1). The

excess thiophosgene is rernoved by conventlonal techmques such as evaporat:on

thiophosgene to chelating ageritis5-20:1. [fthe concentration of chel_
the ratio of thiophosgene to chelé'ﬁng agentisseveral thousand time

35 chromatography orextraction.

Rapxd mixing ofthlophosgene with the aqueous solut _y be accomplished

[$]

using conventional equipment known to those in the art which is ca ab of praducing
suﬁ" cient shearto produce dispersion of the’ th:ophosgene within

-1 2.
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(c) addi ng a netal ion to the isothiocyanato activated pol éf N
agent before or after step (b) to forman isothiocyanato tlva 5823 &N

chel ate; and (d) contacting the isothiocyanato activ
chel'ate V\thyioégj; ol ogi cal no] jecul e at between 30[ err]&,t,gsggﬂ,[ﬂgr] Cto form
a conj ugat e. R : . 5

REPLACEMENT SHEET

tlustrative of such mixing means istheuseofa Warmg blenderf'
with a Mixxor™ type mlxera‘ 'llable from Alltech Inc., for smallerscale preparatlons .
By conductmg the reactlon of the chelating agent with thlophosgene as

¥ iarge scale preparations and

described above, the obtam__ di ,nty of the. asothrocyanato activate ghelatmg agentis about
5 ' fatography (HPLC).
- Afterthe chel___'_ agent has been activated, the ted chelating agentis

il ion chelate. Although

any metal ion, whethera radloactwe metal ion or not, can be used whlch issequestered by the
te: ed should have reasonable sta i

10 <omplexis not readily dlsassocr ed. Radionuclides are preferred ause of the use of the
resulting products in a radi lop "rmaceutlcal drug for therapy and rdiagnosus Especially
preferred radioactive i :sotopes are those of samarium {Sm-153), 1oimium (Ho-166), ytterbium
(Yb-175), lutetium (Lu-177), gadohmum {Gd-159), lanthanum (La—|40), praseodymnum (Pr-142),
promethium (Pm-149). yttriu ; (Y-BO) and indium (In-111).

15 ' Radlonuchdes__c e produced inseveral ways. Ina nuclear reactor a nuclide is

present mvent:on is not critical fhereto .

The radnonuchdes n be complexed with the brfunctnonal chelating agentby -
adding the bifunctional chelatmg agent to a solution of the radionii clnde Chelates form
readily upon mixing inan aqueous solutron atapHof1to 10. Preferably, the reaction is carried
D 1 to 7 and more preferably S to 7. mblent temperatures of
_mployed for metal ion chelatlo The amount of metal ion

25 outinamediumhavinga pH'

about 10°Cto 40°Ccan be reac

employed may be from traceam unts to an amount in excess of eq__ _lmolarwrth the chelate.

Preferably, the formation of th elate occurs at room temperature. between 15°Cto 25°C.
Chelation procee s. rapxdly and yields of about 90 percent and greater as

i Ui.d chromatography are obtained when using a chelating

fied on substantially calcium fre_

30 measured by high performa
agent which has been initial
with thiophosgene prior to chelatlon of the desired metal ion.

The ability to rapxdly form chelates over a wide pH. rang lsadvantageous to
e desired metal ion. When it is necessary to displace divalent
Iation of the desired metal io

ca gel and activated

obtain a high chelation yield of

35 cationssuch as calcium priorto s are variable due to the

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




As used herein, the terns "chel ating agent” or "ligand"
capabl e of ~chel ating or sequestering a netal ion. The ter q’&-ﬂ%ﬁﬁiﬁﬂg BEEN

a chel atlgﬁ ent whi ch has sequestered a netal ion.
"bi f unct POYA2RRel ating agent” refers to conpounds t%(“ﬁ?é‘%‘s%l noi ety

capabl e of chel at| nga metal ion and ali nker/spacer noi ety coval ently

bonded to t d& nven Iapo%s H’B cheltaéln rea o{\ J:ospro%e%g \?n‘gn l'ﬁh yeldstover a Ero? tI-ll vated or

functionaliz 0 SErve as means to covalen da bi ol ogi cal
mol ecul e. "8 The term “bi ol ogi cal ‘nol ecul e" refersto any

protein, antibody, Thaphilittsosigivatetbarheliating dwertiinnts foraing thgehalaterbritit en whi ch
functions trepid feeatiniofihe dhelsp @R Shigh yibld sikobgsteealivahtadedthat RirddGees thdICh @ bi ol ogi cal

mol ecul eg %%&BB&&Q%n&rQotﬁe&ﬁi&%&n%é‘ Jh?e{?ﬂe&&ﬁko@&s%e a&%ﬁ:ﬁ%o to carry the

at t ached’ net al ar et ed tissues era t he bi gl ogi cal

material <S8 "°3H?W9%%?f§£%ﬁ"°'§ﬁf’ 't’ﬂ'ea‘tedth""’“‘ge"e “"ﬁ‘ used herein,
"ant i body" ofganigselengand then pusifnsielchsiazg pnomuegamrhe ‘%waflatfﬁﬂamhe body,
het er oant i loisdiyein e elttion eilirieldafhed@fter@arificatiad dshigantidh@kchanbe cofafnaf er ably a ¢
nmonocl onal pecessitates concentrating the chelate prior'to conjugation. During the process of extracting '
19 the thiophosgene and concentrating the efuent by reduced press'u.r.e and/or heat, some
degradation of the product accurs éiong with radiolysis creating additional impurities.
Following the chelation step of the present invehtion, the activated chelate can be rapidly
purified by column chromatography and :the eluent used directly, without concentration, in
the conjugatlon step.
15 The bifunctional chelate is preferably conjugated toa b:ologlcal molecule which
carries out a specific target function: In a preferred embodiment, the biomolecule isa
Mmonoclonal antibody or fragment thereof which is specific againét aselected cell-stirface target
site. Such antibodies may be commercially available or may be made by standard somatic cell
hybridization techniques. An example of a suitable monodonal antzbody isCC49,one of a

20 Series afmonodonal armbodles spedfic for TAG-72 (tumor associated glycoprotein) described
in published PCT Application No. WO 89/00692, on January 26, 1989, and published PCT
application WO 90/04410, on May 3, 1990, Genér_alljr, the chelate and protein are mixedina
molar ratio of greaterthan 1:10 and less than about 100:1 depending on the protein and
protein concentration. Ratios of0.5:1to 4:1 are preferred. —

5 - * - Methodsfor conjugan'ng 'thiocyahate derivatized chelatesto antibodies are well-
knowninthe art. The procedure generally lnvolves reacting the functionalized chelating agent
or chelate with the antibody from 2o 18 haursinan aqueousbuffered solution at pH 6-10at

" . roomtemperature. -

. The increase in purity of the chelate obtained by the process of the present

30 invention allows the chelaté to beconjugated to a biological matenal, preferably aprotein, at
temperatures from 25°C to 40°C, preferably 30°Cto 40"C, toobtaina protemlchelate containing
an activity from 0.5 millicuries to 30 millicuries permg protem wnthout the expected increase in
degradation ofthe chelate activated group (i.e., hydrolysis of the |sothrocyanate) ar protein.

As the temperature of the chelation reaction isincreased, anincrease ;:g?th_e rate of formation

35 of protein aggregates and hydrolysis of the chelate activated groups wauld be expected in
addition to an increased conjugation rate. Unexpectedly, elevated temperature resultsina
much faster conjugation rate increase relatlveto the rate of increase ofu_, desired by-praduct
formatxon (e.g., chelate hydrolysis and proteln aggregates). Performmg the conj ugation at

[
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anti body. As used herein the term"antibody fragnment" i CTME&‘EIE&‘?AS BEEN
fragments and F(ab')2 fragments and any portion of an afti bod§E P‘r’hct“lf'
recombi nants and derivatives thereof, having specificity-toward a desired
epi t ope ovoe3ske8spes. The anti body fragrrents may be promusesfesags conventi onal
enzymati c nethods or by gen C or protein englneerlng t echni ques, such as
the production of single c ' anti bodi es. _ . The terns

"activat ed" a"t?!"“’”aétaﬁ“\/’% ispRAFOFiMatsly SR pregnt cmAlein oG hergwith lefreans t he

chel ating ag@mmhasommmdikvfbieiegbmiubuvaithmwmaigmtes group which is capable
of formng a coval @Rdfork@tth ohskvedbyorétiu@d dABAgIR corljifesn'duBled with a more The

term "conj U&%ﬁém@?ﬁo&li@?ﬁm@?{“Ar&u&?{uﬁ&% {,gmﬁucﬁc%‘?i ;S?&‘duﬂfwnﬁm he! 09I cal

material att \Wct i o uncti onal

chel ate. 5Th%”"fye7" Wes ABPHB YT reavery %fﬂlfd’f‘l‘j"’ﬂfé%i‘faé""""f - dpilizing acepivgptioant i body whi ch
i s” coval ent tepemtyra ef 32’ altopliows biafionhertitabyirld of glaaterahae 30 Reicergdyrinthe bi f unct i onal
chel ati ng ageifidatidhdy kdl@hnahrér fbiyGhs dWRpatéd th Hradicchemical yield of approxlméte@ener al

overal | pr%Mnﬁv&h“‘]e%;ub;ﬁ..‘}i§&oﬁp§2 QI preparation of conjugates used in
¥

E)Pet E;egfgée!sgvent ll'hemvclent:o ber}urtherc}anf?edfbg(()lclor?s eragon%?tneereow]{ng Steps (b) and (c)

10 examples, which are mtended t be purely exemplary of the present invention.
Inthe foilowm___g e mples. the following terms are used.
 BFC = bif i

15 * HEPES = N-2-hy xyéthylpiperazine- *-2-ethane sulfonic acid.

General Experimental

20 Stated.
Rnalytical hlgh i'fohp_ance liquid chromatograph (HPLC) of non-radioactive
samples was performed ona ett Packard 1090 liquid chromatograph \h(ith a4.6x100mm
Alitech Econosphere C18 3 1 colum With a flow rate of 1 mL per minute and detection at
d agradient of 0.05 M, pH 6.0, sodium acetate/ acetonitrile as

~ 254nm. Samples were eluted

25 given forthe samples. _
HPLC of radioactive samples {i.e., those inwhich ™ Lu was incorporated) was

‘ -250 (9.4 x 250 mm) column with a flow rate of 1.5 mL per

':rhe mobile phase was 0.25 M, pH 6.0 sodium '

performed using a DuPont ‘Zo_'
minute and radioactivity detei

citrate/10 percent acetonitrile, .
30 Example { Purification of PA-DOTA'by Flash Chromatography
A 15x14inch fia ] pl.fr_:atcgraphy column was packed with 17.0 g of
Merck 60 A silica gel, 230-400_.’ (Aldrich Chemical Co.) which had been acid-washed by
Alltech inc. Crude PA-H,;DOTA a (3.2 g, 75 percent pure by HPLC analysis) was applied to
le phase of 2:2: 1 chloroform:methanol:concentrated
35 ammonium hydroxide. Fracti éntaining only PA-DOTA(NH,); as assayed by thin layer
chromatography were collectgﬂ 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

the column and eluted with a_:_
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scheme may be reversed. \Wen sequestering netal ions which| ates SHEEDHAGi BREN
n| oc c urRERIANCRR:

hel ate to avoi d. radi ol ysis which wo gt e
g%’@&sgatl ng step and any subsequent puri fti(?g'f‘?s%ﬁm?

subsequen?

"with short
fornatlo&}

6

half lives, it is preferred that the activatio

PA-DOTA(NH;); was confirmed by mass spectrometry and HPLC usmg an e[utxon buffer
gradient of95/5 sodium acetaté (0:05 M, pH .-6)/acetomtnletc30l70m 15 finutes.
Chelation of yttri mtothe PA-DOTA obtained above: was performed by
dissolving 3 mg of PA-DOTA m 3 mL of 0. Sofsodlum acetate buffer (pH 6)and 0. 2mL of
40 millimolar Y(OAC)3.4H20. th:s represents’ approxlmately a5 fold: excess of yttrium. The
extentof chelation was momtared byHPLCas described above.
' Chelation with PA-DOTA which was purified using acrd washed si hca gel was

L4 4

L]

- completeinlessthan5 mmutes ati foom temperature (18-25°Q).

10

15

20

25

30

35

Comparative Example A
: Chelation w:th PA-DOTA purlf' ed usmg silica gel whrch had not been acdid washed

was 4 percent completein 15 mmutes at room temperature and’ was 86 percent complete in
10 minutesat90°C. ' S
' These results show acid washlng thessilica gel toremo e e extraneous metal ions

prior to use for purifying the' chelatmg agent greatly enhances the rat.e atwhich the desired

metal is sequestered at room temperature.

Example2 Preparation of SCN-F A¥H4DOTA-2HCI-2NH4CI
To 100 mLof0.01M hydrochloncacud was-added 250 mg of calcium free

PA-Ha(NH,):D0TA (0.448 mllhmoles, 2 of the carboxylated groupsare protonated and 2 ofthe

. carboxytated groups are ammomum salts) as prepared in Example 1 and the solution placed in

a40-0z. Waring blender. Thxophosgene (170 microliters, 2.23 mllh oles) was added and the
blenderquiddy started. After 2 minutes of mixing, the mixture was added to a separatory
funnel and excess thxophosgene was extracted with three 50 mL po, tions of chloroform. The
aqueous fayer was added to 100 mL of acetonitrile and the solution:; reduced to drynessona
rotary evaporator (fitted with: a vacuum pump) atroom temperature. "The solid obtained was
furtherdried for 2 hours atroomtemperature on a vacuum line. The yle[dwas 321mg
(90 percent yield) of an off-whlte so!rd

_ Charactenzatxon of the product by mass spectrometry: and by HPLC showed the
prod uctwas 96 percent by wei ght an lsathlocyanate derivatized PA"""' DOTA
(SCN-PA-H;DOTA«2HCIe2NH,CT). The HPLC elution gradient being sodrum acetatefacetonitrile
95/5t070/30in 15 minutes and ‘then to 40/60 in 20 minutes.

Comparative Example 8 i
Samples pr'epare‘df‘j_n an identical manner exceptthat_ : "er_e_action was carried out

by the addition of 20 to 50 percent by volume chloroform priortom ' g were 84 1o 89 percent

pure as measured by HPLC. ;
These results show that a high punty lsothrocyanato actxvated chelatmg agent

" can be obtained by mixing the thiophosgene and chelating agentinan agu_eous system inthe

[ ~]

absence of an organic solvent.
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Schene 1 Synthesis of a Chelating Agent [err] Purification of the
ing A A Step (a :
Chel ating Ag@Ring8 prebdritloRofFRILu(scN-A-DOTAY p (a) e SHEET NAS BEEN

To 20l of SCN-?A-DOTA (4.88x 103 moles) prepared 4§ déscnbed in Exarple 2 REPLACED

was added 100 pL of Lu-177 (50 microcurries) to give a molar ra_tlo of chelating agent to
of about 1:1. The solution was mixed on a vortex mixer for about 5 seconds, 100 uL. of HEPES
5  buffer (0.5M, 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 i;f necessary. The reaction was allowed to
proceed for another 5 minutes at room temperature and the yield of [7Lu(SCN-A-DOTA)] was
* 91.4 percent as determined by HPLC.

The [177Lu(SCN-PA-DOTA)}' complex was purified by placing the sample on a PRP-

10 1mini-clean™ column (80 uL} which had been pretreated with 800 uk acetonitrile, 400 pL of
water and 800 pL 10 percent by volume acetonitrile in 20 mM carbonate buffer, pH 9.5. After
loading the complex onto the column, the reaction vial was rinsed with a 200 pl. and then a
600 ul volume of 10 perceht acetonitrile in carbonate buffer, the washes also being placed on
the column. . _ _

13 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. B
Example 4 Conjugation of [177Lu(SCN-PA-DOTA)] With IgG CC49 at Room

Temperature (21-22‘0

20 To 257 pL of an antibody solution (1gG CC483, 14.5 mg/mL in 50 mM carbonate
buffer, pH 9.5) was added 25 pt of [177Lu(SCN-PA-DOTA)] prepared as described above, giving
a BFC:antibody molar ratio of about 1.36. The activated chelate and antibody solution was
mixed on a vortex mixer for about 10 seconds and aliowed to stand at room temperature for
approximately 2 hours with mixing about evéry 10 to 15 minutes. The disappearance of the

25 [177Lu(SCN-PA-DOTA)] was measured by HPLC. After 120 minutes, about 62 percent of the
177Lu activity was associated with the antibody, about 7 percent was non-antibody assocnated
impurities, and unreacted [177Lu(SCN-PA-DOTA)] was about 30 percent.

Example S Conjugation of [177Lu(SCN-PA-DOTA)]' With 1Gg CC49 at 37°C
To an antibody solution (15.7 mg CC49 1gG (36 nanomoles) in 286 uL of carbonate

30 buffer, 20 mM, pH 9.5) was added 21 nanomoles of [177Lu(SCN-PA-DOTA)] complex
(9.7 millicuries of activity} in 11 L of the eluent from Example 3. The mixture was mixed on a
vortex mixer and allowed to stand in a 37°C oven for one hourwith mixing about every 10to
15 minutes. The progress of the reaction was m-onitored by HPLC analysis for the
disappearance of the complex as described in Example 4. After 1 hour the 177Lu activity

¢ 35 associated with the antibody as measured by HPLC was 91 percenf, lessthan 4 percent of the
177Lu acuivity was asscciated with impurities, and 5 percent was uinreacted
* [177Lu({SCN-PA-DOTA)}".
-17-
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Activation of the Chel ati ng Agent Step (b)

of a Metal

Step (c) [err]

lon by the Activated Chel atii ng -Agent to Fqf THE EHEEBHAS BEEN
Conj ugation of the Chelate to a Biologilcal REPLACED

WO 93/20852 . B PCI/US93/03483

10

15

20

30

35

The conjugatiq_r_i:'if._e_;a:cﬁon was terminated by isolation and purification of the
¥ {Se p__had_exe-zs, medium, 9 mL) which had been equilibrated

conjugate on a PD-10 column
with phosphate buffered sahh . .

Homogeneity fthe labeled antlbodywas exammed by HPLC and by SDS PAGE
electrophoresis (sodium dodecyl sulfate-polyacrylamrde electrophoresrs) coupled with
autoradlography. lmmunoreachvxtywas determmed by IRMA and affi mtycolumn binding and.
wasfoundtobe comparahlem that con;ugated at25°C. Invivo blodxstnbunon (in rats) of the
conjugate prepared at37°Cwas notsrgmf' icantly different from that prepared at 25°C.

The results show"' _atthe chelate canbe rapldlyconjugated toan antibody at
37°Cwithout affecting the i lm ihoreacuvxty or biadistribution ofthe conjugate.

Qther embodum ts- of the invention will be apparent to those skilled in the art
from a consideration of this sp f' cation or practice of the invention disclosed herein. itis
intended that the specifi catlon and examples be considered as exemplary only, with the true
scope and spirit ofthei mventlon bemg mdlcated by the following claims. '
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Material to Forma Con“u ate ) Purification of

e T T =

. THIS SHEET HAS BEEN
* REPLACED

1. Anprocess for preparing a chelate-antibody conj ugate which comprises
reacting an isothiocyante activated chelate with an antibody at between 30°Cand 40°C
wherein the chelate is a chelating agent complexed with a metal ion; the chelating agent is of

5 the formula

Q
. R3 :
g - X 1
R2 ‘ \ ? /\N Q
3 — - -
?/ (CHZ/n 9 (CHZ)P 3 \)
i0 y Y o H <
R Q

15 wherein:
each Qisindependently hydrogen, (CHRS)oCO2R or (CHRS),PO3H;;
Q1ijs hydrogenor (CHFiS)wCOZR:
each Rindependently is hydrogen, benzyl or C;-C4 alkyl;
_with the proviso that at least two of the sum of Q and Q1 must be other than hydrogen;
20 each RS independently is hydrogen, €1-C4 alkyl or -(C;-C; alkyl)phenyl;
XandYare each independently hydrogen or may be taken with an adjacent X
and Y to form an additional carbon-carbon bond;
nisOori;
e m is aninteger from 0 to 10 inclusive; —
25 p=1tor2;
’ r=0orl;
w=0or{; _
with the proviso that n is only 1 when X and/or Y form an edditional carbon-carbon bond and
thesumofrandwisQor1;
30 RZand R4are independently hydrogen, or aming;
R3 Cy-C4 alkaxy, ~-OCH,CO,H, hydroxy and hydrogen;
wiih the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hydrogen; and the metal ion is sele&ed from the group consisting of 1535m, 166Ho, 175Yb,
1770y, 159Gd, 140La, 142Pr, 149Pm, 90Y and 111in, :
35 2.  Theprocess of Claim 1 wherein the metal ion is 177,
. 3.  Theprocess of Claim 1or2 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

A

-19-

B S

fl‘hls Sheet'Has Been R

_ _lflllllﬂ e




7 The present |nvention provides a process fog SEQHE HAS BEEN

.extraneous netal ions “I Iﬂ'nbum ilons (Calerr]) BED.

purifi‘cat’i en of macroc;jmm” ’ m ents by flash chra *nman v Usin |
Y

silica g®o9srasefzas been fodndLthtt Tommerci al |y avaipabbssfaidgsca gel used
to purify the nacrocycllc chelatlng agent s unexpectedly contai ns a source
of undesired netal ions, particularly divalent cations such as cal cium

whi ch becone ti ght‘a),pumum yﬁizétﬂmtu@igdnameagyaagamﬂnghguﬁagn@grl fication. The
washi ng of Jeh,eedﬁ‘rpj,,h,g@,.gel "h a strong mneral acid, such as hydrochloric,

- r Lo use substantiall
plaf:llrjl:gs tsﬁlaf ;:r;)ﬁn )grg ﬁ%ﬁmtﬁgﬁmp&%dpzf%??gtmﬂﬁ%ﬂ ; ti‘tpﬁ‘é‘gﬁ?ﬁfé’l ating agen%/
during the fﬁ'ﬂ‘r"f‘i‘?‘i"&‘@'ﬁ“ﬁﬁa e ’Kaza‘FhF'é?"éF$b‘I°9d reovRy Wﬁé?tbtPcva@’de used to wash
the silisa agivpted polyppp chebptitdagent:c -aci'd. Procedures for washing silica gel with
a strong acid to r@ueigyar ﬁ&&ﬁ&o%@adﬁHEMBtehﬁblyEB‘%he%hgag%?o for ¥

forman iscthiocyanato activate po!yaza chelate; and
(d) comactmgth
molecule to form a conjugs

. 4y
othiocyanato activated polyaza chelate with a biological *

10 the improvem

agentonto ﬂ{xe column;

in step (b): cu

8.  Theprocessof Claim 7wherem'the chelan ng agentis u-[Z-(d—ammo-

phenyl)ethyl]-1,4,7,10~tetraaz odadecane—1 4,7, 10-tetraaceticacid and the metalfonis
25 . : ' .
9. ° Inaproc : reparing polyaza conjugates havirig at least the steps of
(a) purifyingapo a'chelating agent, the polyaza chelating agent being as
defined in Formula [; ' : |
{b) addingam 1o the polyaza chelating agent to fomi a poljaza chelate;
30 - (¢} contactingthe "_,at‘e with thiophosgene to form anisothiocyanato activated
d.ie[ate . _
(d) Eontacting the Nfocyanato actii{ated chelate with a biological molecule to
form a conjugate; . ’
thei lmprovement _hxch comprises;
33 instep (a): punfymg the polyaza chelating agent by chromatography on asilica *

gel column, wherein the silica gel has been ac:d washed prlcrto loadmg the polyaza chelating

<)

agent onto the column;
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exanple, Ralph K Iler, The Chem stry of -S++ca, John WI eyf T §'HééT9ZIR§'BEEN
hel #ig CE

The. elimnation of undesired netal i 0 he macrocycli

agent.s «OploBodshie i niti al purmuﬁmléﬂm [i!N i N seygirgdesAd g
subsequent steps for formng &% ' ralk {'imnation of undesired
bound netal ions fromthe macrocyclic chel ating agents allows rapid

chel ati on of the dmstep (el camttih thi Eiadtealith thidpimsdets AT agiddusanarsnmagaposed t o
heating Or (St bl PGk LsWBR aaGAHbH €M s1da di spl ace the cal cium The :
ability to performthe chelatign.step at ro t ratur rat hert han at
t enper at ures whi ch'"\ﬂtﬁ%(F’dc°3Lea§f"F§'§ 's?th'gg?"ﬁtﬁgﬂv%%gaﬂ" l@%%g@%erw c')tﬁf), all ows the
activati on Wtlegp@olreriaspepraer 33°%Be Olnct i onal chel ating agent prior to

chel ati o of the ni alApreesforpodfyiadn th tahgxatierbbrylatetlh onal | ze the macrocyclic
chiel ating aghgbhoRdmetiylated), d MshodhihdHtuiatel)pBlydiRtfiadbcytivtheiatinglRgdnt | cul ar |y

advant ageot < I | af | . ' t i zed, stored
apd then sé%ﬂgr?tn #%ﬁ (g% (L)t}‘ %%‘ﬁgof?fg@gﬁag%y%%ﬁg %dr‘%e?%dgﬁcgﬁ%{ﬂfnngore

conj ugat i orRCHFRBCPrKS SIRHply fragobmetal ions: hirein thepyarampCoyLePy? *advant ageous
when t he neiknéittog¢nin thegingand thelioghnuchbetefuitentsinghdrint E9toi24atorf 10 days or | ess, as
a signifigant amountof radiolysis is can occur during the tine necessary
for functionalizing thechelate, conjugation, and purification of the
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produg’fs from ealh step. Preclusion of undesired al ions is &&M uCQP&j
WYportant in insuring rapid upta netal s of the
(111) series. The a 1el ate
after activation of the chelatin e, for

efficient purification procedures to bﬁ used in preparati
conj ugat e. : The present process for purifyin
chel ating agents can be used for many classes-of |igands Tncluding anytri

t0 hexa - birERPIRRahRNE MacKIRRETRARRANE houhaHndbrmaion drRhasARi nonet hyl at ed)

pol yazana he pol yazamacrocycle has 3 to 6 nitrogens inthe
ring and tgﬁfpa%&(}'{ﬁfng e'Ir of atoms in theringis 9 to 24 atoms. Of

particul ari nterestare am nocarboxylic acid chelating agents,
am nophosphoni ¢ Gheiraagnt ingeniiapesistss teaocpofonpeeparingIyethigdvenaty agent s cont ai ni ng
secondar y fuadtignalif nbddcydi @IS ageltk £ @d I pRlesi¥or irifaaiia ee@yredytiie Chel ati ng
agents ar &eQEngQ%ﬁWJ@élé molecules.
Metal ions may be attached to biological molecules by means of blfunctxonal

chelating agents. Such chelaﬂng agents are compounds which contain a metal-binding moiety

which forms a chelate with metal ions and a second functional group, which is chemically

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, an isothiocyanate 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
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 far canceror tumor cell epitopes or antigens, radianuclide 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,

Meares et al., Anal. Biochen., 142, 68-78 (1984); and Krejcarek et al., Biochem. and Biophys.
Res Comm., 77,581-585(1977).

Isothiocyanato functionalized derivatives of ethylenediaminetetraacetic acid
(EDTA) and diethylenetriaminepentaacetic acid (DTPA) are reported in the literature and.are
being used to conjugate radioactive isotopes to antibodies. For example see Gansowetal.,
Inorg. Chem., 25, 2772-2781 (1986); Meares et al., Anal. Biochem., 142, 68-78 (1984); and U.S.
Patent 4,454,106. i

When using short-lived radionuclides, it is desirable to chelate the radionudlide to
the target directing group as close as possible to the time of injection into the patient to
provide maximum specific radioactivity and minimum degradation of the
radioimmunoglobulin. When using chelating agents such as EDTA and DTPA, the rapid
sequestratior; of metal ions by these chelating agents allows the preparation of the
radionuclide/antibody/chelating 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 complex.

However, although chelating agents such as EDTA and DTPA rapidly chelate the
radionuclide, they suffer from the disadvantage that such binding is kinetically labile. In
addition, the use of labile radionuciides 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 frae’e hetals diminishesthe biological efficacy of the
antibady/chelate complexsince a lowerquar\_"tity of radionuclide is delivered to the target site.

A disadvantage associated vc)ith chelating agents such as EDTA and DTPAis the
premature release of thechelated radioactivé isotope. To lower the rate of metal refease
in vivo, bifunctional chelating agents, based on 'macmcyciic ligands, suchas DOTA
(1,4,7,10-tetraazacycdlododecane-N,N',N“,N""-tetraacetic acid), have been used. Seé, for
example, Mirzadeh et al., Btaconlugate Chem., 1, 59-65 (1990); and Deshpande et al..J. Nudl.
Med., 31, 473-479 (1990). :

A.disadvantage in the use of macrocych: chelating agents is the relatively slow
chelation rates which take place at room: temperature, see for example, Mirzadeh et al.,
Bioconjugate Chem., 1, 59-65 (1990). To reduce the radialysis which occurs with prolonged
chelation times, the medium in which'the chelation takes place isoften heated to increase the
rate of chelation. As the isothiocyanate functionality is heat sensitive, U.S. Patent 5,006,643
discloses the prepa ratidn of isocyanato functionalized macrocycles containing primary or
secondary amines by firstreacting the .chelating' agentwith rhodium and then activating the -
chelate. U.S. Patent 4,885,363 disdoses chelating gadolinium to atetraazamacrocycle
containing tertiary amines priorto activating with an isothiocyan-at'e functional group. Using
this procedure for preparatidn of metal chélate-protein conjugates to be used in
radaormmunotherapy orradlodlagnostxcs requlres the formation of the chelate, activation of
the chelate and then conjugation ofthe activated chelate to an antxbody in-ashort penod of
time to avoid a substam:a| lossin activity. ' '

Another disadvantage in the use of macrocyclic chelating agentsisthat during
their synthes:s and purification, the reagents and mater:als used must be free of extraneous
metal fons. Metal ;on ccntammants present during these steps may become tightly bound to
the macrocydes and not easily displaced during chelation of the desired metalion. Metal ion
contaminationd uring synthesis and purification will reduce the purity of the product obtained
during chelation of the desired metaj ionas well as reduce the punty of product obtained in
subsequent steps in producing the conjugate.

Consequently, it would be advantagec;is to have a process 1o prepare purified
macrocyclic chelating agents which are suﬁstarrtial!y pure of contaminating metalions.

it would also be advantagecusto have a pmces§ to prepare the isothiocyanate
activated chelating agentinan aqueousenvcronme'- with an increased yreld and higher purity
than can pe prepared when the reaction is performed in an organic solvent/water
environmert, - ’ .

it would be desirable to provide a cheizting agent which will react rapidiy with a
radionuclide at room temperature: fcrmmcs a chelziz which does not readily dissociate,
zliowing the chelating agent to be activated to ar issthiocyanate prior to forming the chelate

Activating the chelating agent prior to chelation cf the metal ion allowsthe bifunctional
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wher ei'n: each Qi géigégqq\ & pebyd ogen, ( CHRS) pCO2R or
(¢ CHRS) pPOBH2; , ishﬁg RBER céﬁ .( CHRD) weerR—= —— lach R
i ndependently is hydrogen,: e wj| tRERUAGEMEST] SHERT

that at |east two of the sum of Q agd Ql nust be oths*rthan ﬁngdme
: Date ...........

chelating agent to be prepared in an activated form in advance of whenitis needed to produée
a conjugate. ' ' .

It would be furthelj advantageous to have a process which allows rapid
conjugation of the chelate with an antibody to reduce radiolysis and ahtibody aggr.egate
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 fa-nd purity from each stepis increased is particularly
advantageous in preparing comgg_q'nds and compositions which will be used in pharmaceutical
applications where the phann’acédﬁcal composition must meet the purity criteria set-forth by
the U. S. Food and Drug Admlmstratlon

The present mventxon provides a chromatagraphic process for preventlon of
extraneous metal ion mcorporatxgn in a macrocyclic chelating agent during purification. The -
process is advantageous over e'xis_ti'ng procedures in that multigram quantities of macrocyclic
chelating agent free of divalent cé_ﬂ_'_bns can be produced and purified in asingle unit
operation. o

The invention also provides a process for preparing isothiocyanate compounds

* which comprisésreacting 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, wherei.ri-t‘_ﬁe pblyaza chelating agent is of the formula

..._i Q
R3 o !
g2 /_-\ <9> (CHZ) é—(CHZ)r_— N\“Q
4 Y ! IY
- R ¢

(1)

wherein: .
each Qisindependently hydrogen, (CHRS),CO;R or (CHR5)p,PO3H;
Q1is hydrogen or(CHRg)wCOZR;
each Rindependently is hydrogen, benzyt or C;-Cj alkyl;
with the proviso that at least two of the sum of Q and Q! must be other than hydroger;
each RS independently is hydrogen, C;-Ca alkyl or «(C4-C; alkyl}phenyl;
X and Y are each in&eﬁendently hydrogen ar may be taken with an adjacent X
and Y to form an additional carbon-carbon bond; '
nisOor1;

m is aninteger from 0 to 10 inciusive;
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each R5 mdependently S hydroge

1- C2al kyl ) phenyl ;

X and-Y -ar e each independent|y hyldtR@eSHERT HAS BEENt
and Y to form an additional .carbdn-car R&RLAGEB

mis an integer fromO0 to 10 i ncltesv& =1 or %
r=0 or 1; w=0or 1; wijh the prowsotha Dﬁtﬁsao%tgecl =Yal
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and/or Y forman additional - car bon carbon bond, and the—sumof r and wis O

or 1; R2 and R4 are independently hydrogen, nitro, amino or
car boxyl ; =10r2R3 i s’ C1- C4 al koxy, , - OCH2CO2H,- hydroxyor hydrogen;
wi th the proviso rt=hmr1 R2 and R4 cannot bot h bé hydrogen but one of R2 and
R4 nust be hydroggBosrs;
' with the proviso thatnisonly 1 when XandforY form an additional carban-carbon bond and
thesumofrandwtsOoﬂ' . .

R2and R4are mdependently h);drogeh, oramino;

R3 Cy-C4 alkoxy, -OCHZCOZH hydroxy and hydrogen; -
withthe proviso that R2 and RS cannot both be hydrogen but one of R and R4 must be
hydragen. :

The present inve_ntion also describes a process for preparing a conjugate whi ch
comprises reacting an isothiocyanato activated chelate with an antibody atbetween 25°Cand
40°C; wherein thechelateisa chelati ng agent complexed with a metalion, the chelating agent

_is asdescribed in Formulall and the metal fonis 153Sm, 166Ho, 175Yb; 177Lu, 159Gd, 140La, 142Pr,
149pm, S0Y or 111in, ' ' .
The current invention also provxdes an xm proved process forformation of a
. ¢helate-antibody conjugate wherein the improvement comprises contacting the chelate with
an antibody at 25°Cto about 40°C. . _ :

The present invention provides an improved process to prepare polyaza metal
conjugates. In particular, the presentinventionis a process for prepar';ng conjugates having at

leastthe steps of: A -

(a) purifyinga polyaza chela‘ung agent, the polyaza chelatmg agent bemg as
defined in Formulaf;

{b} contacung the purified polyaza che!atmg agent \mththlophosgene 1o form
an isothiocyanato activated po!yaza chelating agent and recovery_ofthe isothiocyanato
activated polyaza chelating agent- :

{c) adding a metal fonto the |sothlacyanto actlvated polyaza chelating agent to
form anisothiocyanato activated polyaza chelate; and

{d) contacting the isothiocyanato activated polyaza chelate with a biological
molecule to form a conjugate;

the improvementwhicﬁ comprises:,

instep(a): purifying the polyaza chelating ag_eﬁt by chromatography on a silica
gel column, wherein thesilica gel Has been acid washed prior to loading the polyaza chelating
agentontothe column, - .

in step (b): contactmg the purified polyaza chelating agent with thiophosgene in
an aqueous environment in the absence of an organic solvent at a pH from 1 to 5; and

in step (d) coniacting the isothiacyanato activated polyaza metal chelate with a
biological molecule at between 25;‘_{: to 40°C.
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Exanpl es of preferred chel ating

as Il Ais 1-(4-am nop

S

ﬁts are given 1n T b!])&iet
enyl)-1,4,7,10-te E

azacycl ododecane-1, 4,7, 10-tetraaceti ¢ aci d; Il 8 is
1-[ 2- (4- am nophenyAsue hgré:q: the Tgrrs “thelbBnglagdnr" a8 Zigayit inexd @ cherpasre -
-4, 7, 10- t 1 icataBb bfhestihglor sequestering a metal ion. The term "chelate" means a chelating agent

which has sequestered a metal ion.

The term "bifunctional chelating agent” refers to compounds that have a moiety
capable of chelatinga metal ionanda linker/spacer moiety covalently bonded to the chelating
moiety that is capable of being activated or functionalized to serve as a means tc covalently

attach to a biological molecule.

The term “biological molecule® refers to any protein, antibody, antibody
fragment, hormone, antigen or hapten which functions to recognize a specific biological
<argetsite. Sucha biological mdlecule, when attached to a functionalized chelate, servesto
carry the attached metal ion to specific targeted tissues. Preferably.I the biclogical material is

&n antibody or antibody fragment.

As used herein, “antibody™ refers to any polycional, monacional, chimeric
antibody, heteroantibody, or recombinant or derivative thereof, preferably a monocional
amtibody. As used herein the term "antibady fragment” includes Fab fragments and Fkab')z
fragmemts and any portion of an anﬁbod.y, including recombinants and derivatives thereof,

.. having specificity toward a desired epitope or epitopes. The antibody fragmentsmay be
produced by conventional eWc methods or by genetic or protein engineering te'chniques,
such as the production of single chain antibodies.

The terms "activated” or “activating” in relation to a.chelating agent means the

cheiating agent has been modified with a

covalent bond.wlfh abiological molecule.

functional group which is capable of forming a

The term “conjugate” as used herein refers to a complex of a biological material
axached to a bifunctional chelating agent or bifunctional chelate. The term “antibody/chelate
conmugats” refers to an antibody which is covalently attached to a bifunctional chelate,

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

A general overall brocedure giving the steps for preparation of conjugates used
inme D'ese-n inverdon is given in the following Scheme I. Steps (b) and (c) of the process
stheme rrcy be reversed. When sequestering metal ions which are radxonud(des with short
naif lives, itis preferred that the activation occurs befo_re formation of a chelate to avoid
rediolysis which would occur during the subsequent activating step and any subsequent

Duriticsdon.
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-{2- (4-ani'nophenyl )ethyl ]-1, 4, 7, 1d—hmﬂ$SHE§Ey@@dﬂﬁﬂ% an '
-1,4,7,10-tetraacetic acid; REPUAGED | REPLACEMENT SHEET
1- (5-am no- 2- nethoxybenzyl) 1, 4,7, Fo=tetraazacyel ododecghe
-1,4,7,10-tetraaceti c acid; ' . Date 0335:1%-
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Scheme 1
Synthesis of a Chelating.Agent

Purification of the Ghelat;né Agent on Silica Gel
Step (a) B

Activation of the Chelating Agent
‘Step (b)

Chelation of a Metal’ Ton by the Aet:.vated -
Chelating Agent to Form a Chelate

Sjl:ep_ (c) .
B!

Conjugatlon of the Chelate to-a Biological
Hateria:l to ‘Form a Conjugate

- Step (d)

|

Purification of th;a Conjugate
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| E is*1-(5-am no-2-hydroxybenzyl)-1.4_7 10-tetraazacycl ododecase

-4,7,10-tri acetic acid; and THIS SHEéT tag Bedn 2 @DAW | ]
-1,4,7,10-tetraazacycl ododecane- REPLACED

-1-(R S, -acetic-4,7,10-tris-(5- metd ; hé¢ ch
i's _ gi ven i n European,Pat ent PubllcatloL,_,__ 2

publ i shed April 10, 1991. _ 7 The preparation of IA-IE |s given in

Eur opean Patent Publication No. 0353450, pubI | shed February 7, 1990, and
Eur opean Pat ent PH‘inca on. No. 942 942 10, 1991.

rese mvent:on providesa pI‘OCESS Yor Ip bl cmg extraneous reéa, |ons,

specifically calcium ions (Ca2 +) durmg the purification of macrocyclic chelatmg agents by flash
chromatography using silica gel. {t has been found that commercially available silica gel used

to purify the macrocyclic chela'tir;'g agents unexpectedly contains a source of undesired metal

ions, particularly divalent cat.sons such as calcium, which become tightly bound to the chelating

agent during purification. The washmg of the silica gel with a strong mineral acid, such as

hydrochloric, nitric, sulfuric, perchloric or hydrobromic, prior to use substantially reduces the

amount of undesired metal ién’e Ebund 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; acxd to remove impurities are known in the art, see, for

example, Ralph K. ller, The Chemr__s_t_:y of Silica, John Wiley & Sons (1979).

- The eliminaﬁon.of-ﬁﬁdesired metal ions from the macrocyclic chelating agents

during the initial puﬁﬁcation _reéhil_ts in several advantages in the subsequent steps for forming

a conjugate. The elimination pf uf_ndesired bound metal ions from the macrocyclic chelating

agents allows rapid chelation_'pft__h_e__ desired metal ions at room temperature as apposed to

heating or long reaction times reﬁh'ired to displace the calcium. The ability to perform the
chelation stepat room temperature, rather than at temperatures which would destroy the
functionalizing group, allows the acuvauon of the macrocydic bifunctional chelating agent

prior to chelation of the metal |on. The ability to functionalize the macrocyclic chelating agent i
prior to chelation of the meta! lOﬂ _ls particularly advantageous as the activated chelating agent

can be synthesized, stored and th in sequestration of the metal ich performed shortly before

al. Thisis particularly advantageous when the metal ionis

aradionudlide with a halflife of t 0 days or less, as a significant amount of radiolysis can occur
during the time necessary for fun 'onahzl ng the chelate, conjugation, and purification of the
products from each step. Preclusmn of undesired metal ions is particularly important in
insuring rapid uptake of radloactlve metals of the lanthanide (II1} series.

The ability to rapidly ¢ chelate the radionuclide after activation of the chelati ng
agentalso allows for simpler and more effidient purification procedures to be used in
preparation of the con;ugate T

The present process for purifying b:functxonal chelating agents can be used for
many classes of ligands _lncludmg.any tri to hexa -(carboxylated), -{(phasphoanomethylated), or
-{phosphinomethylated) polyazarﬁék;rocycle where the polyazamacrocycle has 3 to 6 nitrogens
in the ring and the total number of.-'e_toms inthe ring is 9 to 24 atoms, Of particularinterest are
aminocarboxylic acid chelating agents, aminophosphonic chelating agents and polyaza
chelating agents containing secondery and tertiary amines. Preferred polyazamacrocyclic
chelating agents are of the formula
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2 _
R3 i
2/ N\ / ]'{'\ ¢ /\
e \c.: i (CHz)—g— (CHZ)F—L ¥-Q
R T Im & N
(1)
. wherein: . . . -

- each Qisindependently hydrogen; (CHR5),CO2R or (CHRS),PO3H;

Qtis hydrogen or (CHRS),,CO2R; _

each Rindependently s hydrdgen, benzyl or C1-Calkyl;
with the proviso that that atleast two of the sum of Q and Q1 must be otherthan hydrogen;

each RS independentlyis hydrogen, Ci-Cy alkyl or {C4-Ca alkyllphenyl;

Xand ¥ are each independently hydrogen or may betaken with an adjacent X'
ané Y to form an additional carbon-arbon bond;

nis0or{; .

misan mtegerfrom 0to 10 inclusive;

p=1lor2;

r=0ortl;

w=0o0r{;

. with the proviso that nis only 1 when X and/or Y form an additional’ carbon-carbon bond and

thesum ofrandwisOort; - - '

R2and R%are mdependenﬂy hydrogen, nitro, amino or carboxyl'

R3 s C;-Cq alkoxy, OCHZCOZH hydroxy or hydrogen;
with the proviso that R2 2nd R4 cannot both be hydrogen but one of R2 and R4 must be-
hyarogen. -

Preferred amines of the polyaza chefatmg agents of Formula are tertiaryamines,

rebly whereris0and each Qis (CHRS),COzR
Procedures for synthesizing polyaza macrocycles are well kﬁpwn inthe art.
Bemples of preféned chelating agemts are given in Table | and are named as

t Ais 1-(4-aminophenyi)-1 ,457.10-tetra-
azacyclododecane-1,4,7,10-tetraacetic acid;

18 is 1-[2-(4-aminophenyl)ethyl] -1,4,7,10-tetraazacyclododecane-
-&,7,10-triacetic acid; -
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1 Cis 1-{2-(4-aminophenyl)ethyl]-1,4,7,10-tetraazacyclododecane- -

-1.4,7.1 O-tetr';acetic acid;

1 D is 1-{5-amino-2-methoxybenzyl)-1,4,7,10-tetraazacyclododecane-

-1,4,7,10-tetraacetic add;

1 Eis 1-{5-amino-2-hydroxybenzyl)-1,4,7,10-tetraazacyclododecane-

-4,7,10-triacetic acid; and

1 Fis 1-[2-{4-aminophenyl)ethyl] -1,4,7,10-tetraazacyclododecane- _
«1-(R,S,-acetic-4,7,10-tris-{S-methylacetic) acid, the preparation of whichis
given in European Patent Publication No. 0420942, published April 10, 1931,
The preparation of IA-IE is given in European Patent Publication No. 0353450,
_ published February 7, 1990 and European Patent Publication No. 0420942, published April 10,

1991.
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Methods for the carboxylation of an amine of a ligand to give amine derivatives
containing a carboxyalkyl group are well known, as are the meihods which give alky!
phosphonicand h.ydroxyalkyl substituents on the amine nitrogeris. [See, for example, U.S.
Patents 3,726,912 and 3,398,198.]

Aminophosphonic acid derivatives of ligands can be prepared by 2 number of
known synthetic techniques. Of particularimportance isthe reaction of a compound

IF

containing at {east ane reactive amine hydrogen with a carbonyl compound (aldehyde or
ketone) and phosphorous acid or derivative thereof. [See the procedure of Moeoritzer and
frant, J. Org. Chem., 31, 1603 (1966).]
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The polyaza chelatrng agents of the present inventiorz uuriﬁed byflash
chromatography an acid washed silica gel can be acuvated with any ofthe known functional
groups capable of forming a covalent bond witha brologrcal molecule. Exampfes of such
functional groups are isothiocyanate, bromoacetam:de, ma!earmde, rmrdoester,
thiophthalamide, diazonium and carboxy[ Theuseof polyaza chelatmg agents which are
essentially free of undesired metaf ions are particularly amportantvyh_en using functionalizing
groupswhich.are pH and/or thermally unstable, such as isothiocyért'aie. The activating
functional groups arelocated-at posrtlons R2 orR4 of Formulal on the macrocychc chel atmg
agent. '

lt hasbeen un‘expected ly found that when reacting the polyaza chelating agent
with thmphosgene to activate thechelati ng agentwithan rsothrocyanate group, conducting
the reactron inan aqueousenwronment preferablyin a dilute acrd w:th vigorous mixing in the
absence of an organicsolvent results in an activated chelating agen_t _o_'_E greater purity thanthat
obtained in the presence of an organic solvent. Thisisin co_rrtrasfto-?:ﬁe known procedures of

. using a pH of 8.5 and/or adding the thiophosgene inthe presence of anrorganicsolvent. See,

forexample, Brechbiel et al., Irnorg. Chem., 25, 2772-2781 (1 QSé): Keana and Mann, 4. Org.
Chem., 55, 2868-2871 (1930); Westerberg etal., ). Med. Chem. ,3_2_,235-243 (1989); and
Klme etal., Bioconjugate Chem., 2, 26—31 (1991). Thereaction of the thlophosgene withthe
che!atmgagentrs atapH from 1to 7. Preferably, the] pH isfrom1 tc 5. More preferably, the
pHisfrom {10 3. ) - . .
The reaction between the chelating agent and thiophosgene is preferably carried
outinan aqueous environment havingan acrd concentration of from about0. 005 to about
0.5 normal (N}, preferably 0.01t0 0.2 N. The acid can be any mmerafacrd preferably
hydrochlonc acid. The reaction betweén the chelating agentand thiophosgene in a difute acid
with vigorous mixing and excess thiophosgenefs very fast and usual'l"y'c'eniplete inlessthan
S minutes atroom temperature {15°Cto 25°C). Higher or lower temperatures can be used
(e.g.,0°Cto SO‘C) but room temperature i is preferred.

The amountof excess thmphosgene added to the mixture depends onthe
concentration of the polyaza chelatmg agent. The lower the concen: ation of chelating agent,
thelargerthe excess_ of thiophosgene to msurethe rapid and con‘_rplet__

onversion of amine to
0-3 M, the ratio of
ing;agent is 108 M,
rger (i.e., 105:1). The

isothiocyanate. For example, if the concentration 6fchelating agen

thiophosgene to.chelating agentis 5-20:1. {fthe concentration o__"f chel
the ratio of thiophosgene to chelating agent s several thousand tr '
excess thiophosgene is removed by. conventional techniques such as
chromatography or extraction. . _

Rapid mixing of thiophosgene with the aqueous solutl_ i may
using conventional equipment known to those in the art which i |s__ca ef producing

sufficient shear to produce dispersion of the'thiophosgene withirrth teous solution.

BT VS S
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HHustrative of such mixing means is the use of a Waring blender for large scale preparations and
with a Mixxor™ type mixer available from Alitech Inc., for smaller scale preparations.

8y conducting the reaction of the chelating agent with thiophosgene a§
described above, the obtained purity of the ésothioc'yanato activat.éd.chelating agentis abaut
90 to about 95 percent as measured by high performance liquid chromatagraphy (HPLC).

After the chelating agent has been activated, the activated chelating agentis
placed in contact with a metal ion to form the chelating agent/metal ion chelate. Although
any metal lon, 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 disassociated. Radionuclides are preferred because of the use of the
resulting products in a radiopharmaceutical drug for therapy and/or diagnosis. Especiaily
preferred radicactive isotopes are those of samarium {(Sm-153}, holmium (_Ho.-‘IGS), ytterbium
(Yb-175), lutetium (Lu-177), gadolinium (Gd-159), lanthanum (La-140), praseodymium (Pr-142),
promethium (Pm-149). yttrium (Y-90) and indium (In-111).

Radionuclides can be produced in several ways. Ina nuclear reactor anuclide s
bombarded with neutrons to obtain a radlonuchde, eg.,

Sm-152" + neutron - 5m-153 + gamma’

Ancther method of obtaining radionuclides is to. bombard nuclides with particles
produced by alinear accelerator or a cyclotron. Yet anothér way is to isolate the radionuclide
from a mixture of fission products. The method of obtaining‘the nuclides employed in the
present inven:tion is not critical thereto.

The radionuclides can be complexed with the bifunctional chelating agent by
adding the bifunctional chelating agent to a solution of the radionuciide. Chelates form
readily upon mixing in an aqueous solution at a pH of 110 10. Preferably, the reaction is carried
outin a medium having a pH of 1 to 7 and more preferably 5to 7. Ambienttemperatures of
about 10°C 1o 40°C can be readily employed for metal ion chelation. The amount of 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 rocom 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 substantially calcium free silica gel and activated
with thiophosgene prior to chelation of the desired metal ion. '

The ability to rapidly form cheiates over a wide pH range is advantageous to
obuain 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 low to displace the calcium, yet the pH cannot be too
low as to adversely affect the chelation of the desired metal ion. Utilizi ng the procedure of the
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chelate mthe elution volume obtained after purification using arrion exchange column
necessitates concentrating the chelate prior'to conjugation. During the process of extracting
the thiophosgene and concentrating the efuent by reduced pressu.r_e and/or heat, some
degradation-gf the product occurs al ong with radiolysis creating additional impurities.

Followingth‘é,l_chelation- step of the present invention, the activated chelate can be rapidly

purified by cofhmndvomatography and the eluent used directly, withoutconcentration, in

the conjugation step.

The brfunct:onal chelate is preferably conjugated to a biological molecule which

carriesouta specuﬁctargetfunctlon. In a preferred embodiment, the biomolecule isa

monadonal antibody or fragment thereof which is specific againét a selected cell-surface target
site. Such angihodie;- may be comhercially available ormay be made by standard somaticcell
"hybridization techniques. An example of a suitable monodonal antibodyis CC49, one of a
series of monaclonal anﬁbodie;_ spacific for TAG-72 (tumor associated glycoprotein) described

in published PCT Application No. WO 89/00692, on Jariuary 26, 1989, and published PCT

application WQ 90/04410, on May 3, 1930. Generally, the chelate and protein are mixed ina
molar ratio of greaterthan 1: 10 and fess than about 100:1 depending on the protein and

protem concentration. Ratios of0.5:1to 4:1 are preferred.

- Methods for conjugatng thiocyanate derivatized chelates toantibodies are well -
knowninthe art. The procedure generally mvolves reacting the functionalized chelating agent
or chelate with the antibody from2to 18 hoursinan aqueous buffered solution at pH 6-10 at

roont temperature.

. Theincreasein purity of the chelate obtained by the process of the present

invention allows the chelate to be conjugated toa biological material, preferably a protein, at
temperatures from 25°C to 40°C, preferably 30°C to 40°C, to obtain a protein/chelate containing
an activity from 0.5 millicuries to 30 mil licuries permg iarotein without the expected increase in
degradation of the chelate activated group (i.e.,‘hydrolysis ofthe isothiocyanate) or protein.

As the temperature of the chelation reaction is increased, anincrease in the rate of formation

of protein aggregates and hydrolysis of the chelate activated groups would be expected in

addition to 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 protein aggregates). Performing the conjugation at
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Bi oconj ugate Chem, 2,26-31 (199%)- e reaction of thetniop
the chelating agent is at a pH fromBdto 7. Preferably,the pHis from1l to
5. More preferably, the pHis from1-to 3. The reaction

between the chel ating agent and thiophosgene is preferably carried out in
an aqueous ¥AGPH HAPRIT '%E\VT“FF@"EFP%"& ‘%’3%55%@31"[‘)’3 ”QS'F??"C) ™6ut 0. 005 to
about 0.5 rthanfgkrcdnhf themrdivhcivitylbkipg Bsofdtedvith@roingggrddates.aci d can be any m neral
aci d, preferably hygriambdcnbiieasbychrodlaiadie corijughiineaplad hitex ridre! at i ng agent

and t hi OpNOSHRRE rdalioRiesl Lohsher 'ustpwﬁtﬁoxmwmgfmrﬁaqmm&eﬁxce_ss
t hi ophosgene .1 s fast a usu A an, 5 mnutes at .

room t enpe rpé'f"t‘I'ragyéa'{'L 7 EFYr t‘"’{g 'E%f'g?f}’ﬁéét%p%i%#@i’}‘ 3‘ Fa'zﬁ'g\%é‘%”p’gﬂﬁé ratures can be
used (e.g. .tempemtyd FEHCHDREGws 3 @Yiodhemical iRl AT greatss ehen Bl petent duripg of er r ed.
The anopunt mfifietcndgluniideahttpphyas acifee tb oradistbeniitaijiciictagpepieraly on t he
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)ethyl]-1,4,7,10-

-tetraazacyclododecane-1,4,7,10-tetraacetic acid.

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

Mass spectra (fast atom bombardment with xenon) were obtained ona Vacuum
Generators ZAB HS mass spectrometer. Samples for massspectral analysis were prepared by
dissolution in a 3: 1 mixture of dithiothreitol:dithioerythritol {magic bullet) unless otherwise
stated. )

Xnalytical high performance liquid chromatograph (HPLC) of non-radioactive
samples was performed on a Hewlett Packard 1090 liquid chromatograph Mth a4.6x 100 mm
Alltech Econosphere €18 3 1 column with a flow rate of 1 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.¢., those in which "7Lu was incorporated) was
performed using a DuPont Zorbax GF-250 (3.4 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 acetanitrile.

Example 1 Purification of PA-DOTA by Flash Chromatography

A 1.5x 14 inch flash chrohatography 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 Inc. Crude PA-H4DOTA-3HCI {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(NH,); as assayed by thin layer
chromatography were collected and pooled to give PA-DOTA(NHg); which was greater than
98 percentarea punlity as assayed by HPLC analysis. The absence of caicium in the recovered
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40 millimolar Y(OAC)3.4H,0, this represents approximately a’s fold excess of yttn um. The
extentof chelatnon wasmonitored by HPLCasdecmbed above.
Chelation with PA-DOTA which was purified using -acid washed sahca gel was
complete in fessthan5 minutes ati foom temperature {1 8-25°q.
Comparative Example A
Chelation with PA-DOTA punf' jed using silica gel which had not been acid washed
was 4 percent completein 15 minutes at room temperature and was 86 percent complete in
10 minutesat90°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 sequestered atroom temperature.
. Example 2 Preparation of SCN-PA-HaDOTAS2HCI«2NH,Cl .
To 100 mLof0.01 M hydrochloricacid wasadded 250 mg: ofcalqum free
PA-Ha(NHz),DOTA (0.448 millimoles, 2 of the carboxylated groups are protonated and 2 of the
. carboxylated groups are ami'noniurp salts) as prepared inExample 1, and the solution placed in
a40-0z. Waring blender. Thiophosgene (170 microliters, 2.23 millimoles) was added and the
blender quickl y started. After2 minhtes of mixing, the mixture was added to a separatory
funnel and excess thiophosgene was extracted with three 50 mL portions of ehlorofdrm. The
aqueous layer was added to 100 mL of acetonitrileand the solution reduced to drynessona
rotary evaporator (fitted with a.vacuuﬁfr pump) atroom temperature. The solid obtained was
further dried for 2 hours at room temperature ona vacuum line. Theyleldwas 321 mg
{90 percentyield) of an off-white solid.
Cha ractenzatxon of the product by mass spectrometry and by HPLCshowed the

produ.ctwaS'QG percent by weightan lsathxocyanate derivatized PA-DOTA .
(SCN-PA-H;DOTA«2HCIe2NH,Cl). The HPLC elution gradient being sodium acetatefacetonitrile
95/5to 70/30in 15 minutes and then to 40/60 in 20 minutes.
Comparative Example 8 S

Samples prepared in anidentical manner except that the reaction was carried out
by the addition of 20 to 50 percent by volume chioroform prior to mixing were 84 to 89 percent
pure as measured by HPLC. '

These results show that a high punty rsothrocyanato activated chelatmg agent
can be obtained by mixing the thiophosgene and chelating agentin an agueous system inthe

absence of an organic solvent.
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t he of about 1: 1 The solution was mixed on a vortex mixer for about 5 seconds, 100 pL of HEPES

buffer (0.5 M, pH 7) were added and the solution mixed for 5 minutes. The pH was measured

and adjusfed to between pH 6-7 with HEPES buffer if necessary. The reaction was allowed to

proceed for another 5 minutes at room teinpera_ture and the yield of ["?Lu{SCN-A-DOTA)} was

91.4 percent as detennined by HPLC.

The llﬂLu(SCN-PA-DOTA)l‘ complex was purified by placing the sample ona PRP-
1mini-clean™ column {80 pl) which had been pretreated with 800 ul acetonitrile, 400 pL of
water and 800 pL 10 percent by volume acetonitrile in 20 mM carbonate buffer, pH 9.5. After

loading the complex onto the column, the reaction vial was rinsed with a 200 yL and then a
600 ul voiume of 10 percent acetonitrile in carbonate buffer, the washes also being placed on
the calumn. .

The complexwas 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. : S -
Example 4 Conjugation of {177Lu{SCN-PA-DOTA}] With IgG CC49 at Room
Temperature (21-22°Q)

To 257 plof an antibody solution (IgG €C48, 14.5 mg/mL in 50 mM carbonate
buffer, pH 9.5) was added 25 pL of [177Lu(SCN-PA-DOTA)} prepared as described above, giving:
a BFC:antibody molar ratio of about 1.36. The activated chelate and antibody solution was
mixed on a vortex mixer for about 10 seconds and allowed to stand at room temperature for
approximately 2 hours with mixing about every 10 to 15 minutes. The disappearance of the
[177Lu(SCN-PA-DOTA)]  was measured by HPLC. After 120 minutes, about 62 percent of the
177Lu activity \;vas associated with the antibody, about 7 percent was non-antibody associated
impurities, and unreacted [177Lu(SCN-PA-DOTA)] was about 30 percent. -

Example 5 Conjugation of {177Lu(SCN-PA-DOTA)] With ng CC49 2t 37°C

To an antibody solution {15.7 mg CC49 IgG (30 nanomoles) in 286 pl of carbonate
buffer, 20 mM, pH 9.5) was added 21 nanomoles of {177Lu(SCN-PA-DOTA)] complex
(3.7 millicuries of activity) in 11 uL of the eluent from Example 3. The mixture was mixed on a
vortex mixer and allowed to stand in a 37°C oven for one hour with mixing about every 10to
15 minutes. The progress of the reaction was m.onitored by HPLC analysis for the
disappearance of the complex as described in Example 4. After 1 hour the 177Lu activity
associated with the antibody as measured by HPLC was 91 percent, less than 4 percent of the
‘77Lu activity was associated with impurities, and 5 percent was unreacted
[177Lu(SCN-PA-DOTA)T.
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r adi onuc| $epjégatesng PD-10columa (Sephadex G-25, SPH‘%%‘“QWH‘E’S\%‘?‘B?PQQ‘!‘WB?W%% + gamma

Anot her rm‘tﬂmdspm,eunﬁéradsﬁina.g radionuclides is to bombard nuclides with

particles pr OdUCﬁ@n%eﬁy&hﬁl%&le&%&&kﬁ&@&&ﬁmé%y@L@%GL}S&FKGE Yet anot her way
Is to isol at e L3 kO products. The

met hod of " 6b ph"ﬁs'srgsﬁg’t"ﬂg"dﬁﬁéwgg&?& % df/e'%fhpli’"fsﬁ)fm‘f? 2¥%t i nvention is not
critical ieEdicggphy. Immunoreactivity was detgrmingrfly WOC’F@E@@‘E’&’H"W‘QQGF&DI exed with the
bi f unct i osesfoundte bedompayabiegethit dnjugated at 25°C. In vivo biodistribution (in rats) of the

conjugate prepared at37°C was notgtgmf’ icantly different from that prepared at 25°C.

The results show that the chelate canbe rapidly conjugated to an antibody at
37°Cwithout affecting the immuhpreacﬁvity or biodistribution of the conjugate.

Other embodiments of the invention will be 'apharent_to those skilied in the art

from a consideration of this specification or practice of the invention disclosed herein. Itis
intended thatthe spec:ﬁcat;on and examples be considered as exemplary only, with the true
scope and spirit of the invention bemg mdlcated by the following claims.
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addmg t he bifunctional chelating agent to a_solution

Chel at es-formreadily upon.m xiff nﬁéﬂ_ﬁcmﬂf SHEED
10. Preferablﬁ the reaction is

7 and mor i m' Hllfllllip | AR 2ol of Ao “Meﬂﬂé‘i?“
40[err] C B I oyed—f metal ion chel ati

met al” ‘i on errp oyed may hé fromtrace Eounts to an amount in excess of
equimolar with the chelate:. Preferably, the formation of the chelate occurs
at roomtenperature, between 15[err]Cto 25 err]C : Chel ati on
proceeds rapidly and yields of about 90 percent and greater as neasured by
hi gh performance |i qU|‘?:P’E‘Fﬁ‘@ﬁﬁfﬁ?@?ﬂ?ﬁwtﬁ"@bﬂbf°afﬂ?féed”'\ﬁﬂé?f‘pﬂff ng a chel ating
agent” whi chreirsisg dodsethiofymrite ctivatey ciplateivith ethntmdpat besvemn80°Gdrk y0°€ al ci um f r ee

silica gel amfeidhddhvat Rt addii QRPOSGRRE ridkdl iBk; the@neldify ki@ Of the

desired nmetal - Lon The ability to rapidly formchel ates over a |

w de pH range 1 sadvantageous to obtain a high chelation yield of the

desired netal ion. Wen it_is necessary to displace di v?;ll ent cations such

as calciumprior to chel?on of the desired netal i ¢l ds are variable

due to the pH sensitige of the di s?l acenent \%;EW' Di spl acenent
N-Q

\
.'\/
Q

(1)

wherein: _

each Q s independently hydrogen, (CHRS)oCO,R or (CHRS)PO3H;

Q! is hydrogen or (CHRS),,CO2R;

each Rindependently is hydrogen, benzyl or C;-Cz alkyl;
with the proviso that at least two of the sum of Q and Q1 must be other than hydrogen; i
' each RS independently is hydrogen, Cy-Ca alkyl or-(Cy-Cy alkyl)phenyl;

XandY are each independently hydrogen or may be taken with an adjacent X
and ¥ to form an additional carbon-carbon bond;

nisOor1;

m isaninteger from 0to 10 inclusive; -

p=1lor2;

r=0ori;

_ w=0ori;

with the proviso that nis only 1 when X and/for Y form an additional carbon-carbon bond and
thesumofrandwisOori;

R2 and R4are independently hydrogen, or amino;

R3 C4-C4 alkoxy, -OCH,CO3H, hydroxy and hydrogen;
with the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hydrogen; and the metal ion is selected from the Qroup consisting of 1535m, 166Ho, 175Yb,
177y, 159Gd, 140La, 142Pr, 149Pm, 90Y and 111In.

2. The process of Claim 1 wherein the metal ionis 177Lu.

3.  Theprocessof Claim 1 or 2 wherein the chelating agent is
1 -{2-(4-aminophehyl)ethyl]-1 4,71 0--tetraazac§clododecane— 1,4,7,10-tetraacetic acid.

4, In a process for preparing polyaza conjugates having at least the steps of

N Ths heet Has Been Re|placed . -
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yetthe pH_cannot be too-low as
desired netal ion. Ujlizing th

e s;ezszmmuﬁmammum "

; nmmanmwpéﬁtﬁﬁ
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(a) puritying a pol'yaza chelating agent, the pol.yaza chelating agent being as
defined in Formula i; .

(b) contacting the the purified polyaza chelating agent with thiophosgene to
form an isothiocyanato activated polyaza chelating agent and recavery of theisothiocyanato .
activated polyaza chelaﬁné agent; ’ . ‘

{c) adding a metal ion to the isothiocyanto activated polyaza che!atmg agentto
form anisothiocyanato activated polyaza chelate; and

@ contactlngthe |sothlocyanato act:vated polyaza chelate witha biological
molecule to form a conjugate;

the improvement which comprises; oo

instep (a): hurifying the palyaza chelating agent by chromatography on assitica
gel column, wherein the silica gel has been acid washed prior to [oading the polyaza chelating
agentonto the column;.

instep (b): contacting the purified polyaza chelating agentwith thiophosgene in
an aqueous environment in the absence of an organicsolvent ata pH from 1 to 5; and

instep {d): contaéting tﬁe isothiocyanato activated: poiyazé chelatewitha
biological molecule at between 25°Ct0 40°C. -

5.  The process of Claim 4 wherein the biological maleculeisa protein and the
metal fonis 1535m, 155H6, 175¥b, 177Lu, 159Gd, 140La, T42Pr, 149Pm, 90Y or 1Hin.

. _6. Theprocessof Claim 5. wherem the protem is an antibody.

7. The process of Claim 4,5 or G wherein r of Formula 1is0 and each Qis
(CHRS),COzR.

8.  The process of Claim 7 wherein the cl{elati ng agentis a-[Z-(d—a mino-
phenyl)ethyi}-1,4,7 lo-tetraazacydododecane-1 4,7,10-tetraaceticacid and the metalion is
1771y, . )

9. ' Inaprocess for preparing polg'(aza conjugates having at least the steps of .

(a) purifying a polyaza chelating agent, the polyaza chelating agent being as
defined in Formula I '

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

{c) contactingthe chelate “_lith thiophosgene to form an isothiocyanato.activated
_ chelate _ . - .
. (d) Eontacting the isothiocyanato activated chelate with a biological molecule to
form a conjugate; -

the improvement which comprises;
instep (a): purifyi ﬁg the polyaza chelating agent by chromatography on asilica
gel column, wherein the smca gel has been acid washed prior to load ing the polyaza chelating

agent onto the column;

] II
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ald the rapid formation of the[Chel aHeEViHAS B _j | OREPLACRMENESHEET |
advant.ag ll es t eSSdry prio
vt oo (DR = e ey

t hi ophosgene, it is necessaryto extrectthe unreacted
organi ¢ solvent and then purify the chelate priorto conjugation: The

| owconcentration Qflhe). etk Gheciblbinif kiphQind iR biiBecithdlonReh af t er
purifi cat iop using .an ion ?xcthan_glﬁ cqlomdnecesm tates concentrating the
chel ate priorffs cony GRS AR g™ ife” Pfocess of extracting the

t hi ophosgene and ©&ReERCIBaetingdfetrathioraear I atedralyeadhefteyd®dar e and/ or heat,
sonme degr adkidgicaimotetuld dnetyprenzidtxb400Ccurs al ong with radi ol ysis creating
addi tional inpuri {d, esaprkaoMiflidg b Qo fekitalokyiedt €p Of the present -

i nvention, , th I\ d el ate n i i.f.pe y colum )
chr omat ogf@p‘ sér'\ ogﬁ%ﬂ}yﬁjéee%é r&% r?fp%ﬁgrg%%éﬁtelragpg{yggﬁg{&&tdEc%’kau(‘:goa%ggnt ration, in the
conj ugat i dfmersiggfiash chromatography of a pelpzampacropye o a5 Wshed it gelée ¢ apr ef er abl y

conj ugat edolyeramadmesieadpstardibilyrinet o oglaidonatwheriain i polyagsmagodydehasizecf i ¢ t ar get

function. dritrogendin@ieding A 12 FE4 AintHRIYF atomd Wi B 128 biloMs. | S@
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mogo&l onal. antibody or fragmen I TWASBEES [Bp
sel ected cel | -surface target s eg?géﬁgﬁiﬂmﬁbbodi &écggﬁﬁg%%?éﬁf
avai |l abl e or maybe nade byst an FE= Tybp i di zat ugls.
Anexaipl e of a suitabl e nonodonal anti b2alyi sCC49, o é’ aﬂgepﬁﬁw
nmonocl onal anti bodi es specific for TAG 72 (tunor a5500|ated gl ycoprot ei n)
descri bed in published PCrApplication No.W 89/00692, on January26, 1989,
and published PCT application WO 90/ 04410, on May 3, 1990. Cenerally, the
chelate and protein are mxed in a nmolar ratio of .greater than 1:10 and
| ess than about 100:1 depending onthe protein and protein concentration.
Ratios of 0.5:1 to 4:1 are preferred. o N@thods for conjugating
thiocyanat er dpRogide PERGNEEPARING Y .%\\04&) PJC ERpshe art.
The procedure genera DY |nvo'VeS”reaC’|ng [ erating
agent orchel at eAN RFORMARIE OAYTRS (A A sbuf f er ed
solution at pH 5-10 at roon1tenperature he Increase in
purity of the chel ate obtai ned bythe process of the present invention
allows the chel ateto beconjugated to a biological material, preferably a
protein, at

O
=

g’%

N

M

C

The present invention is directed to an improved process for preparing macrocyclic

| chelating agents and for conjugating the macrocyclic 'che_lating agents to biological molecules.
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t eﬁrr__;ﬁ’e_r"_at uresfrom25[err]C to 40[err]C, preferably 30 1) gIEIE W to
-obt'ai-n- a protein/chelate containing an activity fro RS i y 30
mlllcurles perng protein wthout the expected incr egeadil i'onliof

t he* chel ate activated group (i.e., hydrol ysis of the=Fs ocyanate) or

"proteln As the tenperature of the chel ation reaction is increased, an
i ncrease i MROCESS FOR REFARING RRAICROQY OfiC PRELIAFING AGHNTS MDD RMICTION F @HEEATESDS

t he chel at g, Ct{d %ﬁ‘i‘ssgﬁ&ﬂ?g woul d be expected in addition to an increased
conj ugation ra nexpecte 'I: el evated tenperature results in a nuch

faster conjugation rate |ncrease relative to the rate of increase of

. undesired by- produc{-hef L I tein
aggr egat es) . Perform g A l'n%gxﬁxgﬁ r%ftes ﬁ)@irgéegs f’E!}’ H‘Eﬁgr}ﬁ% x&:‘tﬁigg(angt%
functxonahzed macrocyclic chelatmg agents and to a process for conjugating the macrocyclic

chelating agents to biological molecules.

Metal ions may be attached to biological molecules by means of bnfunctxonal
chelatmg agents Such chelatmg agents are compounds whlch contain a metal-binding moiety
which forms a chelate with metal ions and a second funct:onal group, which is chemically
reactive in nature and is capable of forming a covalent bond with biological molecules. The
reactive 'fqnctional ity is usually one of the various known useful chemically reactive groups such
as bromoacetyl group, a diazonium ion, an isothiocyanate 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
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 conjbgates are useful in diagnostic and/or therapeutic applications as '
a means of conveying the radionudide to a cancer or tumor cell. See, for example, |
Meares etal., Anal. Biocheml, 142, 68-78(1984); and Krejcarek et al., Biochem. and Biophys.
Res. Comm., 77, 581-585 (1977).

Isothiocyanato functionalized derivatives of ethylenediaminetetraacetic acid
(EDTA) and qjethy!en'etriaminepemaacetic acid (DTPA) are reported in the literature and.are
being Used_tb cbnjdgate radioactive isotopes to antibodies. For example see Gansow et al.,
Inorg. Chem., 25, 2772-2781(1986); Meares et al., Anal. Biochem., 142, 68-78 (1984); and U.S.
Patent 4,454,106. |

When using short-lived radionudlides, itis desirable to chelate the radionuclide to
the target directing group as close as possible to the time of injection inta the patient to
provide maximum specific radioactivity and minimum degradation of the
radioimmunoglobulin. When using chelating agents such as EDTA and DTPA, the rapid
sequestration of metal ions by these chelating agents allows the preparation of the
radtonuclide/anti bodylcheiating 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 complex.

However, although chelating agents such as EDTA and DTPA rapidly chelate the
radionuclide, they suffer fram the disadvantage that such binding is kinetically labile. In
addition, the use of labile A;adionuc-iides 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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15 . about pH 9.5 and 37[err]C, the reaction is approxinate g
C(Srrpl ete in one hour with less than 4 percent of the @EP(QQGEMEKW)S%
associ ated wi th protein aggregates. - The flormation g _f

by- products during the conjugation coupled yith a nore
| eads to easier product purification, producCtion of a A
purity, andcheldes Camgé@tairefbrﬁmﬁ&{-écnwﬁéﬁéeﬁéh@&nﬁﬁ]ﬁmekﬁeﬁ@&gx&@@ﬁ&&ﬁﬂdf‘{ﬁé Y.

I tu f 37
adh ochont oA sf orlefFRRCS A ot e idhgs SR st rmetsiie
col um chronat ogr aph$ dassdm:qga assdcisted wnmaﬂelaﬁx{gamem lsucy betnmaoéndanpnﬁbﬂﬁat ely
80 percent Wﬁﬂaﬁ!hﬁeﬁg Q?ﬁtchgl%e&ﬁ?ﬁg&ﬁvgéot%g ﬁ‘;r oW er the ra%e ?f met? 6?'F%‘®| ng

i nvention w_l | befurt con’ Ton o
exanpl es, wh? KHo éffenmwe'ﬁbelaﬂmq)aqsetsmsed 9n reaeeptimligansks, sutteasfasgent
I nventi on. (1,4,7,10-tetraazacyclododecane-N, N/, N, N***- tetraacetlc ac:d), have been used. See,for

example, Mirzadeh et al., Bioconjugate Chem.,___. 59-65 (1990), and Deshpande et al., J. Nucl.
Med,, 31, 473-479 (1990). '
A drsadvantage in the useof macrocychc chelatmg agents.is the relatively slow

chelatron rates which take place at room temperature see for example, Mirzadeh etal.,
Bioconjugate Chem., 1, 59-65 (1990). To reduce the radxol ysis which accurs with pro!onged
chelation times, the medium in which'the chelation takes place is often heated to increase the
rate of chelation. As theisothiocyanate fundionality is heat sensitive, U.S. Patent 5,006,643
discloses the preparation of isocyanatc fuhctionelized mac'rotycles containing primary or
secondary amines by firstreacting the chelating agent: W|th rhodium and then activating the
chelate. U.S. Patent4,885,363 discloses chelatmg gadolm:urn toa tetraazamacrocycle
containing tertiary amines priorto activating with an |soth|ocyanate functional group. Using
this procedure for preparation of metal chelate-protem can;ugatesto beused in
radi lo:mmunctherapy or radiodiagnostics requires the fom:atlon of the chelate, activation of
the chelate and then conjugation of the activated chelate toan antlhody in-a short period of
time to avoid a substantial loss in activity. ' _
Another disadvantage in the use of macr;dcfdi’c chelating agents is that during
their synthesis and purification, the reagents and mat_e_f lsused must be free of extraneous
metal ions. Metal son c_ontaminénts present duringthe's'e:_f:s'tepjs may become tightly bound to
the macrocycies and not easily displaced during chelaﬁoé of the desired metalion. Metal ion
contamination during synthesis. and punﬁcataon WI" reducethe purity of the product obtained
during chelation of the desired metal ionaswell as reducethe punty of product obtained in
subsequent steps in producing theconjugate ’

Consequently, it would be advantageousto have a process 1o prepare punﬁed

macrocyclic chelating agents which are suhstan'aauy pﬁre contaminating metalions.

it would also be advantageausto haveayp g $s to prepare the isothiocyanate

activated chelating agent in an aqueaus environment wi th aniincreased yreld and higher.purity

than can oe prepared when the reaction is performed in a:'__iji_'_p_r'_:'gan'ic solvent/water
environment. ' | o -
It would be desirable to provide a chela ing agent which will react rapidly with a
radionuclide at room temperature forming a chelate Wthh does not readily dissociate,
zllowing the chelating agent to-be activated to anisothi e?:ffanate prior to forming the chelate.

Activating the chelating agent prior to chelation of the metal ion allows the bifunctional




In the fol l.owi ng exanples, the fqrTow ggEgﬁHm erEPLACEMENTSHRET bFC
= bi.f:unctional chel ating agent. REPLACE ,

1-[ 2-(4- am nophenyl )ethyl]-1, 4, 7, 220&1997 |
-tetraazacycl ododecane-1, 4, 7, 10- tetraacetlc aci d.
N- 2- hydr oxyet hyl pi per azi ne- N - 2- et hane suBfonic acid. General Experi ment al
Mass spectr faSt eétttgﬂ rgbreddnenna;[cuwt Xr%r}on ncegf\h%etnq{ ?ﬁ el & %%Qvgéjm
Generators }? IEss s er nass anal'ysis
wer e prepaaeqmwttil ssolution in a 3:1 mxture of

dithiothreitol:dit hk%ﬁmw%&mné@%gﬁ%%g’g%%% ﬁ%%ﬁ%ﬁ'h% BES W ég,dst at ed.

Anal ytical high performance |iqui non- r adi oacti ve

sanpl es wasengafigp ﬁé@eshelatemewaétmﬂbammus@mlqlw@naaevmsirmsegeeaﬁh with a

4.6x 100 nmarmbtidr G pRPRARRRIAYT the bl Lﬁw&h £RULHBNM Lchueauéd rewa?qts Qolfd 1 N
per m nut e arid detection at 254 nm g les were eluted with gcaqradl ent of

705 M. pHFesCIbin aTmere Bt A ismAURLABR AT £esHg in easier product purification. Als,

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 composition must meet the purity criteria set-forth by
the U. S. Food and Drug Administration.

The present invention provides a chromatographic process for 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 a single unit '
operation.

The invention also provides a process for preparing isothiocyanate compounds
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

Q

g2/ -\ /z\ (CH, ¥ __(\N/\N-Q
=/ \,/

- f
. n N
Y H
i} m . '
R ) | Q
(1)

wherein:
each Qisindependently hydrogen, (CHRS),CO2R or (CHR5),PO3sH;;
Q! is hydrogen or (CHRS)wazR;
eachR iridepéndently is hydrogen, benzyl or C1-C; alkyl;
with the proviso that at least two of the sum of Q and Q! must he other than hydrogen;
each RS independently is hydrogen, C;-Ca alkyl or -(C4-C; alkylphenyl;
X and Y are each independently hydrogen or may be taken with an adjacent X

and Y to form an additional carbon-carbon bond;

nisQor1;
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given for the sanples. cactimlE ARl 'ﬁgont

tdhose in which [err]Lu was incorpo alrletﬂ;)swmrlﬁesB&ENe using a
G- 250 (9.4x 250 mmcolum with a f énrpgenggd]gg]
radi oactivity detection. The nobil| e FRrase—was 0. ¥ 078
citrate/ 10 percent acetonitrile. Exanple 1 Iﬁurlfl cation of PA-DOTA by Fl ash
Chr omat ogr aphy p=1or2; AL1l.5Xx 14 I nch flash chronmat ography columm was
packed with 17.0 g of Merck 60 A silica gel, 230-400 nesh (Al drich Chem cal

Co.) which had been fac? & hashed by Alltech Inc. Crude PA-HADOTA. 3HO (3.2
g, 75 percent pure Ry = Iﬂ;@ anal ysis) was applied to the colum and el uted
with a nobil e phase,of chl or of or m net hanol ; conc nt rat ed amoni um
hydr oxi de. ‘¥ PB%‘%‘"&B%??{]‘% whsn X@ °"I§Cﬁ‘2\‘( Ripgdtional cachoncanbabangiand| ayer
chr omat ogr apbywestr aedivtieobery and pool ed to give .PA- DOTA( NH4) 2 whi ch was
greaterthan 98 perc rit ed by. HPLC anal ysis. The absence
“of calciumin the rg‘géﬁ‘/@?‘%&'*%m“&’%“ﬁ‘°g Fora _

R3 C3-C4 alkoxy, -OCHZCOZH hydroxy and hydrogen. '

withthe prowso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hydragen. '

r ffax

.The presentinve_nt’ion also describes a process for preparing a conjugate which
comprises reacting an isothiocyanato activated chelate with an antibody at between 25°C and
40°C; wherein the chelate is a chelating agent complexed with a metalion, the chelating agent

_is asdescribed in Formula { and the met.al ion.is 153Sm, 1 GéHo, 175Yb; 1778y, 159Gd, 140La, 142Pr,
149pm, 90Y or 111in. _ '

The current invention also provid esan improved process for formation of a
chelate-antibody conjugate wherein the improvement comprises contacting the chelate with
an antibody at 25°Cto about 40°C. -

Thepresentinvention provides an improved process to prepare polyaza metal
conjugates. In particular, the presentinventionis a process for preparing conjugates having at

' leastthe steps of: '

(3) purifying a polyaza chelating agent, the polyaza chelatx ng agent being as
defined in Formulat;

(b} contacting the purifiéd polyaza chelating agent with thiophosgene to form
an isothio:yanato activaied polyaza chelating agentand recovery_ofthe isothiocyanato
activated polyaza chelating agent, .

(c} adding a metalionto the isothiocyanto activated polyaza che!atmg agentto
form anisothiocyanato activated polyaza chelate, and

{d} contacting theisothiocyanato a:_tl-vated_polyaza chelate with a biological
molecule to form a conjugate; . ‘

the improvementwhich comprises:.

instep (a): purifying the polyaza chelating agent by chromatography on asilica
gel column, wherein the silica gel has been acid washed prior to loading the polyaza chelating
agent onto.the column;:- .

in_-s;tep (b)£ contacting the purified polyaza chelating agent with thiophosgene in
an agueous environment in the absence of an organic solvent at a pH from 1 to'5; and

in step (d) conﬁacﬁng the isothiocyanato activated polyaza metal chelate with a
biological molecule at !;etwéen 25°Ct0 40°C. e e e
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16 PA- DOTA(NH4) 2 was confirnmed by mass spectronetry rg%_1 Plg.%ﬂ'éWT Eﬁ* '
ed ution buffer gradientof 95/5 sodi um acetate (0.05 ‘ acetonitrijfl e
to 30/70 in 15 mi nutes. Chel ation of yttyiy

obt ai ned above was perfornmed by dissolving 3ng. of PA-EX
sodi um acet ate buffer (pH =6) and 0.2 L &f 40 m | linol arY(OAC)S 4H20 this

represents approxina 5. fold exgcess of yttriu
P PP L s\édﬁerem thetennsgc elatinga entr or ngand'gmeanacompound

..........

capable of chelating or sequestering a metal ion. The Egrm “chelate” means a chelati ng agent
which has sequestered a metal ion. L

The term "bifunctional chelatmg agent refers to compounds that have a moiety
capable of chelating a metal ionand a hnkerlspacer mmety covalenﬂy bonded to the chelatmg
moiety that is capable of being activated orfuncnonalsz_ed to serve as a means to covalently
attach to a biological molecule. ' ' _

_The term “biological molecule” refers to any pn_rotein, antibody, antibody
fragment, hormone, antigen or hapten which functiori_s‘;_i;."go-r?e_cognize a specific biological
target site. Such a biological molecule, when attached to a functionalized chelate, serves to
carry the attached metal ion to specific targeted tissugs;, .-'I_?referably. the biological material is
&n antibody or antibody fragment. |

As used herein, “antibody” refersto any polyci onal, monoclonal, chnmenc
entibody, heteroantibody, or recombinant or denvatwe thereof preferably a monocional
antbody. As used herein the term "antibody fragment mcludes Fab fragments and F(ab')z
fragments and any portion of an ant:body, including recombmants and derivatives thereof,
having spedficity toward a desired epitope or epitopes.- The antibody fragments may | be
produced by conventional enzymati¢c methodsor by genet:c or protein engmeenng techmques.
such as the production of single chain antibadies. i

The terms "activated” or "activating” in relation to a.chelating agent means the
chelating agent has been modified with a functional gi-'ﬁi.;p which is capable of forming a
covalent bond with a biological molecule.

The term “conjugate” as used herein refer_s_ to a complex of a biological material
attached to a bifunctional chelating agent or bifunctio’ﬁél chelate. The term “anti body/chelate
conjugate ” refers to an antibody which is covalently atta thed to a bifunctional chelate,

(-e., the bifunctional chelating agent having a chelated metal ior).
A generai overall procedure givi ng the st or preparation of conjugates used

inte present invention is given in the following Schem Steps (b) and (c) of the process
scheme may be reversed. When sequestering metal ionswhich are radionudides with short
haif lives, it is preferred that the activation accurs befo: format:on of a chelate to avoid

radioiysis which would occur during the subsequent actl atmg step and any subsequent

purificadon.



extentof chelation was nonitored by HPLC as descri bed : : :
Ghel.ation wth PA-DOTA which was purified using acid Heol ssEMECT edETVS
conplete in less than 5 m nutes at roomtenperature ( ibcb&cu :
Conparati ve Exanple A Chel ation with PA- urg € ogwy gﬁ%g
silica gel which had not been acid washed f®as4 percent :
m nutes at room tenperature andwas 86 percent conplete in 10 mnutes at
90[err] C These results show acid washing the silica gel to
renmove extraneous netal ions priorto use for purifying the chelating agent
greatly enhancesthe rate atwhich tgg de§ired nmetal is sequestered at room
tenperature. Exanpl e2 Preparati oﬁS" BB\ PA- HADOTA. 2HO . 2NH4C

To 100 nL of 0.01 M hydrochloric acid was added 250ng of cal ciumfree

PA- H2( NH4) 2DOTA (0.448 m | linmoles, 2 of the carboxyl ated groupsare
protonated and 2 of S¥Rit@sSAlate Fflakiogr &8&R%oni um salts) as
preparedin Exanple 1, and the solut[tn pl aced .in

Purification of the Chelating Agent on Siliea Gel

Step-(aj

Activation of the Chelating Agent
‘Step (b)

X

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

Step.(c)
.:1

Conjugation of the_Chelate to-a Biologiecal
Material to Form a Conjugate

- . : Steﬁ (d)

!

Purification of the Conjugate

i



a 40-o0z. Waring bl ender. Thi ophosgene (170 m croliter Sy  millinoles)
was added and the blender quickly started. After 2 mnj @LQBEWEWY@IE [
m xture was added to a separatory funnel andexcess thijp sgene was
extracted with three 50 nL portions of chloroform The
addedto 100 nL of acetonitrile and the 5047ut|on -___;;;:4
rotary evaporator(fitted with a vacuum punp)at .room tenperat ure. The soI I d

obt ai nedwas further ﬂ‘refgseripirnv%t@ﬂ%?%dfeg F'%QEQ ';;?pﬁﬁ,%gmafé&aé‘me?%‘o“n@ l'ine.

The . yield was 321
Char act eri z%ﬂeF'BFP'UFa‘F‘I‘\'E‘ 'BF’b@GﬁL 43-&7’ nedbepuifisaionnfmacyocusiia chalatieRl [@estsdwdtish he

product WanQEmEﬁi’g uﬂbcig [10:0% i%‘hés%@&rhfogﬁa FHAREEn A6 a) )ﬁa\}aﬁmeaﬁ%ﬁsed
( SCN- PA- HADQTA. % %: HPLC el ution-gradi ent bein
acet at e/ acel ¥ eé“"’%‘?‘ﬁd & E}WWQQHBEBEW%F'@@'&QGSH%W% undesigd metalo

m nut es. Cotmarpahlcuﬁrlﬁdﬁakhecaﬁons such as calcium, wﬁ&ﬁb@@ﬁn@ﬁ@@@'b@dnd tb thB chelating

£

i denti cal mann exce he react n was icarried out, by the addition
of 20 Lo soosr RuiTEsate The Redrag Hlicageryigh ﬂf‘k‘r’ﬁg"'ﬁé'ﬁéa%t‘%dw
per cent hydroch!onc, nitric, sulfuric, perchloric or hydrobromn: _.pnor to use substantially reduces the

amount of undesired metal ions bound to the chelatmg agent dunng the purification process

Preferably, the mineral acid used to wash the silica gel _'drochlonc acid. Procedures for
washing silica gel with a strong acnd to remove lmpunt:es are known in the art, see, for
example, Ralph K. ller, The Chemistry of Silica, John Wdey & Sons {1979).

The elimination of undesired metal ions from the macrocydlic chelating agents

_ during the initial purification results in several advantages in the subsequent steps for forming
a conjugate. The elimination of undesired bound metja'l__fi:ons from the macroéyclic chelating
agents allows rapid chelation of the desired metal -ioné- a'j;ror:im temperature as opposed to
heating or long reaction times required to displace the' éaicium The ability to perform the
chelation step at room temperature, rather thanat temperatures which would destroy the
funct:onahzmg group, allows the actwatlon of the macrocydtc bifunctional chelating agent
priorto chelatlon of the metal ion. The abilityto functlonahze the macrocyclic chelating agent

geous as the actwated chelating agent

prior to chelation of the metal ion is particularly advar
can be synthesized, stored and then sequestration of the. metal ion performed shortly before
conjugation to the biologtcal material. Thisis partzcularly advantageous when the metal ion is |
aradionuglide with a half hfe of 10days orless,asa sngmf cant amount of radiolysis can occur
during the time necessary for functionalizing the chelate conjugatlon, and purification of the

products from each step. Preclusmn of undesired meta s is partic__:_ularly important in

insuring rapid uptake of rad;oactwe metalsof the la . 5 {HI) series.
The ability to rapidly chelate the radi io

agent also allows for simpler and more efficient purifié

after activation of the chelatmg
n procedures tobe usedin

preparation of the conjugate. o _ .
The present process for purifying bifuncti ch'e!éting agents ¢an be used for
many classes of ligands including any tri to hexa -(ca rbo Iated). -(phosphonomethylated), or
-{phosphinomethylated) po_lyazamacrocycle where th P arruacrocycle has 3t0 6 nitrogens
inthe ring and the total number of atomsin thering “ atoms Of particular interest are
aminocarboxylic acid chelating agents, aminophosph:o'_ ﬁe!atrng agents and polyaza
chelating agents contairxing secondary and tertiary amr_ s _'Preferred polyazamacrocyclic

chelating agents are of the'formula



-

pure as neasured by HPLC These results skawb
|soth|ocyanato activated chel ati ng agent can be obtaln(ﬁgngwgmﬁgnygﬁggT

t hi ophosgene and chel ating agentln an aqueous system i
or gani ¢ sol vent

t he absence of ap

. '.B'%"ZZ'B!BQJQW

(1)

wherein:
" each Q isindependently hydrogen, (CHR5)pC01R or (CHR5)pP03Hz,
Qiishydrogenor (CHRS)WCOZR _ _
each R independentlyis hydrogen, benzyl érC;-CA. alkyl;
weith the proviso that that at least two of the sum of Q and Q1 must be other than hydrogen;
each RS independentlyis hydrogen, C1-Cs Elkyl 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;
nisgor1;
misan mteger from O to 10 inclusive;
p=1 or2
r=0orti;

w=0or1;

. withthe proviso thatnis only 1 when X and/or Y form an additional ‘carbon-carbon bond, and

thesum ofrandwisOor 1;
R2 and R4are independenti y Fhydrogen, mtro, amino orcarboxyl'
RBECG-Cs alkoxy. -OCHZCOZH hydroxy or hydrogen-
with the proviso that RZ2 and R4 cannot both be hydrogen: .but one of R and R4 must be-
hysrogen. o
Preferred amines of the polyaza chelating a':_fgents of Formula I are tertiary amines,
preferebly whererisO and each Qis(CHRS),COR:
Procedures for synthesrzmg polyaza. macrocydes are well knownin the art.
Exzmples of preferred chelating agems are gwen in Table ! and are named as
foliows: :
| Ais 1-{4-aminophenyl)-1 47, 10-tetra-
azacydododecane-1,4,7,10-tetraacetic acrd
IBis 1-{2~(4-ammqphenyi)_ethyl} -1,4,7 1 O-teg;raazacycladbdecar_\e-
2,71 O—triace&-’acid ;



~

Exanpl e 3 Preparation of [[err]Lu( SCN-A-DOTA) ] To 20[err]L
of SCN- PA-DOTA (4.88 x 10[err] npoles) prepared as descrLl
@a#@i@ dﬁr@ﬂ:ﬁs@f

was added 100[err]L of Lu-177 (50 microcurries) to giv
chel ating agent to Lu-177 of about 1:1. The sol utionjjwas mxe
vortex m xer for about 5 seconds, 100 [err]L of HEPES..
7) were added and the sol ution mxed for 5 mnutes. Thgx Ve e
and adjusted to between pH 6-7 with HEPES puffer if necessary The reaction
was allowed to proceed foranother 5 mnutes at roomterrperature and the
yield of [[err]Lu(SCN A-DOTA)] was 91. 4 percent as determ ned by HPLC.
The [[err] Lu( SO\ PAIDGIW}(%mmpahnymﬁwynumjn@fb@xz,-@@&mcgr{@e sanple on a
PRP- 1 mni-cl ean[err4]7ﬁ,qjﬂ ce{: err]L) whiich ‘had“been pretreated with
800 [err]L acetonitrile; 5 FZ' ?ﬁc' ~water and.800 [err]L 10 percent by
vol ume acetonitrilelPrds E@‘ammgﬁfdmthaxwethnyﬂﬁ@Z,‘lQQtdtr%aﬁcyaMddﬂécaneL oadi ng the

conpl ex onto the col um”tol}g L vial was rinsed with a 200 [err]L -and
then a 600 [err]L vol une o?r %ﬁzéeér?%ent acetonitrile in carbonate buffer

t he washes al so bei Aélsdr(ﬁ@g\y'lqﬁ-hydroxybenzyl)-‘l 4,7 10-tetraazacyclododecane-
" ~4,7,10-triacetic acid; and

I Fis 1-[2-(4-aminophenyl)ethyl] -1,4,7 10—tetraazacyclododecane-
-1-{R,S,~acetic-4,7 10-tns-(5-methylacetlc) acid, the preparat:en of whichis .
given in European Patent Publication No. 0420942 pubhshed April 10, 1991.

The preparation of IA-IE is givenin European Patent Publlcatlon No. 0353450,

published February 7, 1990, and European Patent Publication No 0420942 ‘published April 10,
1991. '




t he éol um. The conplex was then eluted fromthe col um
using a 1:2 ratio of carbonate buffer (20 MM pH 9.5F acet_onu.-r—l-l-g-—

Approxi mately 80 percent of the radioactivity was regquss aadehiknses

50 [err]L elution volunme. Exanple 4 Conjugation of | err]Lu(SCN—PA—DOT_)]
Wth | gG CC49 at Room Tenperature (21-22 an;gczngt,lgw

To 257 [err]L of an antibody solution (1gG CC49, 14. St :

carbonate buffer, pH 9.5) was added 25 [err]L of [[err]Lu(SCN\- PA- DOTA) |
prepared as descrl bed above, giving a BFC antbody nolar ratio of about
1.36. The activated chelate and anti body §o| ution was m xed on a vortex

m xer for about 10 seconds and al | owed to stand at roomtenperature for
approxi mately 2 hours with mxing about every 10 to 15 minutes. The

di sappearance of the [[err]L-u(SCI\FPA-aD%C#Nas measured by HPLC. After 120
m nut es, about 62 percent of the [err i vitywas associated with the

. anti body, about 7 percent was non-anti body associated inpurities, and
unreacted [[err] Lu( SCN- PA- DC)TA)] was about 30 percent '

iB

1c:




c_ar bonate buffer, 20 nvV pH 9.5) was added 21 nanonol g
[[err]Lu( SCN- PA-DOTA)] conpl ex (9.7 nillicuries of ac imateyi 2:D8G 1997
of the eluent from Exanple 3. The m xture waglm xed on“EF=—Vortexr-Frxcr—H
allowed to stand in a 37[err]C oven for one hourwth m xi ng about every 10
to 15m nutes. The progress ofthe reaction was nonitored by

HPLCanal ysi sforthe di sappearance of thBABDEpIe@ONT'Described in Exanple 4.
After 1 hourthe 177Lu activity associated with the antibody as neasured by
HPLC was 91 percent, less than 4 ercent dbe [err]Lu activity was

associated with inpurities, and (rgent,m% unr eact ed

[[err] Lu( SCN- PA- DOTAJN .
</ \—coon 'D

OCH; COOH

|

COOH

HN | ( SN /5
</ \) ~COOH

COOH

tE

IF

HN

Methods for the carboxylation of an amine of a ligand to give amine derivatives
containing a carboxYalkyl group are well known, as aré ii'xe methods which give alkyl
phosphonic and hydroxyalkyl substituents on the amine. mtrogens [See, for example, U.5.
Patents 3,726,912 and 3,398,198.] E

Aminophosphonic acid derivatives. ofligaf:icijs can be prepared by a number of
known synthetic techniques. Of particular importanice tsthe reaction of a compound
containing at least one reactive aniine hydrogen with agc:%;rbonyl' compound (aldehyde or
ketone) and phosphorous acid or derivative thereof. [Secie"E the procedure of Moeoritzer and
\rani, J. Org. Chem., 31, 1603 (1966).] -



-

18 The conjugation reaction wasterm natreer *—%@H
purificati on of the conjugate on a PD-10 colum (Sep

whi ch had been equilibrated with phosphate buffered saline. 2 2
Honmogenei ty of the | abel ed anti bodywas exg]I ned by HF Caitnd-{y =l
el ectrophoresis (sodi um dodecyl sulfate-p rByacryl am d ctrophoresis)
coupled with autora @Hl‘%@ ¥ | RVA and
affinity colum bi nﬁhggag%)éhdg éﬁg?&gé}ewntara tot ha?ggnj ugat ed at

25[err] C. | HromatoampBuPaadd weshedlicaiga! qaatrg;cumzwtb any efhe nqyvefumcienaht
37[err] C wagrolfd capatlélbf fofrifg b Yovdleht BSraWitha T dibi noRk @B AERfhpMs A Rlr 1] C.

functional groups arei

|ocyanate, bromoacetamzde maleimide, imidoester,

thiophthalamide, dia,?’ .tum and carboxyI The'use of polyaza chelating agents which are

essentially free of unde d_ metal ions are particularly important when ysing functionalizing

groupswhich are pH and/or thermally unstable, such as isothiocyanate. The activating
ed-at pasitions R2 or R4 of Formula on the macrocydlic chelating

expectedly found that when reacting the polyaza chelating agent
_ & the chelating agent with an isothiocyanate group, conducting
the réactior; inanaque it énvi ronmént, preferablyin a dilute acid, with vigoraus miking inthe
absence ofan organfc:": f_i’-ésu_lts in an activated chelating agent of greater purity than that
obtained in the presence an organic solvent. Thisisin contrast to the known procedures of

. using a pH of 8.5 and/o du__‘i"g the thiophosgene in the presence of an organic solvent. See, '
Iorg. Chem., 25, 2772-2781 (1986); Keana and Mann, J. Org.
Westerberg etal., ). Med. Chem., 32, 236-243 (1989); and. ,
_fn_r., 2, 26—3-; (1991). The reaction of the thiophosgene with the

chelating agentisatapHffom 1to 7. Preferably, thepH is from 1o 5. More preferably, the

forexample, Brechbioi
Cherm., 55, 2868-2871{(
Kiineetal., Bfoconjug‘_é

pHisfrom 1to3. ) .
The reaction "'"e;m'reen the chelating agent and thiophosgene is preferably carried
outin an aqueous environment having anracid concentration of from about 0.005 to about
100.2 N. The acid can be any mineral acid, preferably

 between the chelating agent and thiophosgene in a dilute acid

0.5 normal (NJ, prefera
hydrochloricacid. The

thiophosgene s very fast and usually complete in less than
5 minutes atroom torx{péfé re (15°Ct025°C). Higheror lower temperatures can be used
{e.g., 0°C fo 50°C) but roo 'ri'lperatore is preferred.

. f excess. th:ophosgene added to the mixture depends onthe
concentration of the polya elatmg agent. The lower the coneentration of chelating agent,
thelarger the eiccess_ of _phosgene to msurethe rapid and complete caonversion of amine to
isothiocyanate. Forexample, ifthe concentration of chelatmg agentis 10-3 M, the ratio of
thiophosgeneto chelatmg agent is5-20:1. [fthe concentrataon of chel atmg agentis 108 M,

the ratio of thiophosge o chelating agent is several thousand times larger (l.e., 105:1). The

excess thiophosgene is oved by conventional techniques such as evaporation,

chromatography or extra jon.
Rapid mix 'ffh:ophosgene with the aqueous solution may be accomplished
using conventional equip known to those in the art which is capable of producing

sufficient shear to prod ispersion of the’ thfophosgene within the aqueous soiutl on.



The results show that the chelate can be rapidly conjugated t-@ apn-

at 37C without affecting the i munoreactivity or bi odj starcEmmnToiHEdTR |

conj ugat e. Q her enbodi nents of the inveption %H | b
apparentto those skilled in.the art fro consi der at }l @utef 53561997

specification or practice: -he inventiOn di scl osed

erded

that the smerméatsu&mm@n@sm{&%sb@f m&%ﬁémrfiﬁlf‘rﬁ@%i@rh‘pé}ﬁﬂns awht h
the true sGape and spirift: he invention bei n%l‘ndl cat ed ayt he foll ow ng
tha Mixxor™ @ all

|lab!e from Alltechinc., fors 'aons

er scale peppar
_ _q __rgactl onof the chelating agent:-wnth\jchlophosgene as

cl ai ns.

purity of the isothiocyanato acti\:'_la_tiedz-fc_}'i;jglating agent is about
;::r'ed by high performance !iquid_fchr?;::'ri'né.it_qg'raphy (HPLC).

g agent has been activated, theactwated chelating agent is
p!aced in contactwuth metalion to form the chelating agenﬁrﬁetgl'-}iéh'chelate. Aithough
any metalion, _whethe_r-. a'radioactive metal ion or not, can bé used wﬁith is sequestered by the
chelating agent, the ch lates '_frr'ned should have reasonable stablhty such that the metal
complex is not read:ly : ";'assoa ed Radionuclides are preferred be 4 se of the use of the

resulting productsin a

maceutlcal drug for therapy and/o'r lagnos:s. Especially
preferred radioactive i
{Yb-175), lutetium (Lu-

those of samarium {Sm-153}, holmrum (Ho-1 66), ytterbium
dohmum (Gd-1 59), lanthanum (La-140), praseodymlum {Pr-142),

Sm-152' + .nettron > Sm-153 + gamma
Another obtammg radionuclides is tebombard nuclides with partxcles

racyclotron. Yetanother way is to isolate the radionuclide

obtain a high chelation _y__i_'e'i the desured metal ion. Whenitis necessary to displace divalent

cations such as calcium pri 'helatxon of the desired metal ion, yields are variable due to the

pH sensitive nature of the isp ant reaction. Displacement of the calcium ion requires
running the reaction ata

fow as to adversely affect the

| sufficiently low to displace the calcium, yet the pH cannot be too

on of the desired metal ion. Utilizing the procedure of the




CLAIM5s . 1. A process for preparing a chel ate-antli i ch-
conprises reacting an isothiocyanate activated chel mwmﬁgmbﬁrﬁﬂﬁ?&d at
a tenperature between 30[err] C and 40C wherein the chel ate |s at iling

agent conplexed with a netal ion; the ch(il4at| ng agen Da‘ie \MEGE Ul 4
[err]

present invention allows the chelating reaction to prOCeed with high yields over a broad pH

" range. - )

The ability to activate the chelating agent przor to forming the chelate and the
rapid formation of the chelate with a high yield also has the advantage inthatit reduces the
purification necessary prior to the conjugation step. When the: metal ionrischelated priorto
activationusing thlophosgene, itisnecessary to extractthe unreacted thmphosgene with an
organicsolvent and then pu irify the chelate priorto conjugat:on- The lowconcentranon ofthe
chelate inthe elution volume obtained after purificati on using amion exchange column’
necessitates concentrating the chelate priorito ccnjugatxon Dunng the process of extractmg
the thiophosgene and concentratmg the eluentby reduced pressure and/or heat, some
degradation of the product occurs along with radlolysxs creatmg additional impurities.
Following the chelation step ofthe presentmventton the actwated chelate can be rapidly
purified by column chromatography and the eluent used dlrectly, without concentration, in
the conjugati onstep. .

The blfuncuonal chelateis preferably conjugated toa. biclogical molecule which
carries out a specifictarget function. In.a preferred embodiment, the biomoleculeisa
monaclonal antibody or fragment thereof which is specific againsta selected cell-surface target
site. Such antibodies may be commercially available or may be made by standard somatic cell

i “hybridization techniques. An example of a suitable monodonal antibody is CC49, one of a
series of_mono_donai antibod_ies specific for TAG-72 (tun'ior associated glycoprotain) described
in published PCT Application No. WO 89/00692, on January 26, 1989, and published PCT

- application WQ 90/04410, on"M'a'y 3;1 990, Generally, the chelate-and protein are mixedina
molar ratio of greaterthan 11 0 and less than about 100:1-depending onthe protein and
protein concentration. Ratios of0.5:1t04:1 are preferred. .

- Methods for con;ugatmg thiocyanate ¢ denvatlzed chelates toantibodies arewell -
known inthe art. The procedure generally involves reacungthe ‘functionalized chelatmg agent
or chelate with the antibody f from2to 18 hours inan aqueous buffered solution at pH 6-10 at
roumtemperature. :

) The increase in punty of the chelate obtamed bythe process of the present
inventiofvallows the chelate to be con;ugated taa btologlcat material, preferably a protein, at
temperatures from 25°C to 40°C, preferab!y 30°Cto 40°C. to obtain a protemlche!ate containing
an activity from 0.5 millicuries to 30 millicuries permg protem without the expected increase in
degradation of the chelate activated group (i.e. hydro{y5|s ofthe xsothtocyanate) ar protein.
As the temperature of the chelation reaction is mcreased an mcrease in the rate of formation
of protein aggregates and hydrolysis of the chelate actwated groups would be expected in
additionto anincreased conjugatlon rate. Unexpectedly, el evated temperature resultsin a
much faster conjugation rate mcrease relatwe to the rate of increase of undesired by-product
formation (e.g., chelate hydr.qus_ls.and protein aggregates)_: Performing the conjugation at



wher ei n: _ each Qis independently hydrogen, (CH ae R=Q4’.== '
( CHRS) pPG3HZ; QL is hydrogen or (CHR5)wCO2R gnt | y
i s hydrogen, benzyl or Cl1-C4 alkyl; with the proviso Ieast t wo jjof

the sum of Q and QL nust be ot her than hﬁdrogen _
i s hydrogen, Cl1-C4 alkyl or -(Cl-C2 al kylPphenyl ; = R ,
i ndependent |y hydrogen or nmay be taken with an adJ acent X and Y to form an
addi ti onal abeubpih9Sand i Chlba teaction is apprpximetelyr92percent complets imeng haus wévh Iessom

0 to 10 inchigh F@xent of theQ'aa’iogctﬂfty Bei n%assochted' wgh Bfotér n agaregaf@s =0 or 1; with

the proviso that n i.s qnl /or Y f:0Fm an_additi onal .

car bon- car bon bond The formatron of fewer by-praducts duri ng ‘the con;ugatron coupled with a more
complete reaction leads to easier product purrﬁcatton. pmductron of a product with higher
purity, and gives a greater overall recovery of the mmal radroacuvrty Utilizing a conjugation
temperature of 37°Calso allows a radiochemical yreld of greater than 90 percent during

purification by column chromatography as compared to a radrochem:cal yield of approximately

80 percent when the conjugation is done at20°C.

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

Inthe followu__'tg examples, the following terms are q_sed

BFC = bifunctional chelating agent.

PA-DOTA = 1-[2-{4-aminophenyl)ethyl]-1,4,7,10-

-tetraazacydododecane—i 4,7, 10—tetraacetrc acid.

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

Mass spectra {fast atom bombardment with xenon) were obtained ona Vacuum
Generators ZAB HS mass spectrometer. Samples for mass spectral analysis were prepared by
dissolutionin a 3:1 mixture of dithiothreitol: :dithioerythritol {magic bullet) unless otherwise
stated.

Analytical high performance liquid chromatograph (HPLC) of non-radicactive
samples was performed on a Hewlett Packard 1090 quuid:Ehromatograph \iv_ith a4.6x 100mm
Alitech Eeonosphere C18 3 pcolumn with a flowrate of l"'ml. per minute and detection at
254 nm. Samples were eluted with a gradient of 0.05 M, pH 6. o, sodlum acetate/ acetonitrile as
given for the samples. N
HPLC of radioactive_ samples (i.e., those inwhic
performed using a DuPont Zorbax GF-250 (9.4 x 250 mm
minute and radioactivity detection. The mobile phase was |

1 7ILu was incorporated) was
umn wsth aflow rate of 1.5 mL per
5 M, pH 6.0 sodium
citrate/10 percent acetonitrile. g
Example 1 Purification of PA-DOTA by Flash Chromatography
. A 1.5x 18inchflash chromatography co!um'_
Merck 60 A silica gel, 230-400 mesh (Aldrich Chemical Co.
Alltech Inc. Crude PA-H;DOTAHC (3.2 9, 75 percent pui
the column and eluted with a mobile phase of 2:2:1 ehl;

S packed with 17.0 g of
ch: had been acid-washed by
" C analysrs) was applied to

m ethanol:concentrated
ammonium hydroxide. Fractions containing only PA-DOT H4)2 as assayed by thin layer
chromatography were coHected 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



and the sumof r and wis 0 or 1; R2 and R4 ar ¢ gpsosneest SMEET
hydr ogen, or am no; R3 is Cl1-C4 al koxy, -QOCH2C{RH, hydr gx
hydrogen; with the proviso that R2 and R4 cannot boih[ﬁxsﬁ; S
of R2 and R4 nust be hydrogen; and the netal ion isltse ckPor:
166Ho, 175Yb, 177Lu, 159CGd, 140La, 142pr16149Pm 90Y and 1111 n. 2. A
process of claim1, wherein saird tenperature is between 30[err]C and

?0[ e ]r rL 1C. PA-DOTANHE), WaOERTPmEd biftnads Spelt r%e&y MMUHPRE OsihdISn EBEiSh blfsr 1.5
err u

Chel at ng AReREaBEET acofers Rl o pyaseion Goef it (s BRes 1or el " the

aqueous envi ronnent chelaﬂidireofzyhﬁemath)af PARDOTA g&ained sigdveevas perforaneatlyf rom 1 to
7 ) dissolving 3mg of PA-DOTAin3mL ofo 5 of sodium ace-tate buffer (pH=6) and 0. 2 mL of
40 mtlhmg!ar Y(OAC)3.4H,0, thisrepresents approx:ma;;_elg_a 5 fold excess of yttrium. The
extentof chelation was monitored by HPLCas descnbed above.
: . Chelation with PA-DOTA whic_ti was punﬁedusmg acid washed silica gel was
completeinlessthan5 minutes atroom temperature (1 8—'_.25°C)-.
Comparative Example A .

Chelation with PA-DOTA  purified using snhca gel which had not been acid washed .
was 4 percentt completein 15 minutes at room temperature and'was 86 percent complete in
10 minutes at90°C. '

These results show.acid washirig thesilica gel to remove extraneous metal ions
prior to use for purifying the chelating agent greatly en_[:;ances the rate at which the desired
metal is éequestered atroom temperature.

Example2 Preparation of SCN-PA-H;zDOTA«2HCI2NHCl
To 100 mL of 0.01 M hydrochloricacid was-added 250 mg-of calcium free
PA-Hz(NHz),DOTA (0.448 millimoles, 2 ofthe carboxylated 'grou'ps are protonated and 2 of the
. carboxylated groups are amrnoniurgl salts) as prepared in Example 1, and the sofution placed in
a49-0z. Waring blender. Thiophosgene (170 microliters, 2.23 millimoles) was added and the
blender quiddy started. After 2 minutes of mixing, the mrxture wvas added to a separatory
funnel and excess thiophosgene was extracted wnththree 50 mL portions of chloroform. The
aqueous layer was added to 100 mL of acetonitrile and the solution reduced to drynessona
rotary evaporator (fitted with a vacuum pump).at room temperature The solid obtained was
further dried for 2 hours atroom temperatureona vacuum line. The yield was 321 mg
(30 percent yield) of anoff-white solid.

Charactenzatzon of the product by mass spectrometry and by HPLC showed the
productwas 96 percent by weightan lsofhlocyanate de vat__:zed PA-DOTA
(SCN-PA-H4DOTA2HCI2NH4Cl). The. HPLC elution gradie nf being sodium acetatefacetonitrile
95/5t0 70/30in 15 minutes and then to 40/60 in 20 mmutes
Comparative Examgle B -

Samples prepared in an identical manner ef:écemthatthe reaction was carried out
by the addition of 20 to 50 percent by volume chlbroforrfrai pﬁorto mixing were 84 to 83 percent

pure as measured by HPLC.
These results show that a hlgh punty lsothxocyanato activated chelatmg agent
can be obtained by mmng the thlophosgene and chelahng agent/in an aqueous system inthe

absence of an organic solvent.




20 5. A process of any one of the preceding cl
chel ati ng agent has been purified by chromatography
wherein the silica gel has been acid washed prior to

chel ati ng agent. 6. - A process of any one of thf

wherein the chelating agent is 1-[2-(4-amppphenyl) ety 1
10-tetraazacycl ododecane- 1,4,7, 10-tetraacetic acid. 7. A process
for prepar m_mfmdfmrngchaub@gAﬁ{ | east the steps of (.a)

pur Y119 & BOTy a2 s el ol Pl S5 A% Mol S Bt 3Bl .
washed pri ovasbddeddadithof Luk7 (5l miamaucies) tagivag mam rettioayi titeldting agehttorlu-177
of about 1:1. The solution was mixed on a vortex mixer _f_or about 5 seconds, 100 pL of HEPES
buffer (0.5 M, pH 7) were added and the solution mixed for 5 minutes. The pH was measured
and adjusfed to between pH 6-7 with HEPES buffer if necessary. The reaction was allowed to
proceed for another 5 minutes atroom temperature and the yield of [‘"Lu(SCN-A-DOTA)]'was
91.4 percent asdetermined by HPLC. . -

The [177Lu(SCN-PA-DOTA)} complex was pﬁi’ified by placing the sample on a PRE;-
1 mini-clean™ column (80 ptL.) which had been pretieated_— with 800 pl acetonitrile, 400 plL of
water and 800 plL 10 percent by volume acetonitrile in 20 mM carbonate buffer, pH9.5. After
{oading the complex onto the column, the reaction vial was rinsed with a 200 pL and then a
600 ut volume of 10 percent acetonitriie in carbonate buffer, the washes also being placed on
the cofumn. ) A

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

Example 4 Conjugation of [if77Lu(SCN-PA-DOTA)]' With 1gG CC49 at Room
Temperature (21-22°C)

To 257 pL of an antibady solution (IgG CC49, 14.5 mg/mL in 50 mM carbonate
buffer, pH 9.5) was added 25 L of [177Lu(SCN-PA-DOTA)} prepared as described above, giving
a BFC:antibody molar ratio of about 1.36. The activated c_helate and antibody solution was
mixed on a vortex mixer for about 10 seconds and allowed to stand at room temperature for
approxima;ely 2 hours with rﬁiidng aboutevery 10to 15 mfnut’es The disappearance of the
[177Lu(SCN-PA-DOTA)} was measured by HPLC. After 120 mmutes, about 62 percent of the
177Lu activity was associated thh the antibody, about 7 percent was non-antibody assomated
impurities, and unreacted {177 Lu(SCN-PA-DOTA)'was about 30 percent.

Example 5 Conjugation of 1177Lu(SCN-PA-D0TA)] With IGg CC49at37°C _

To an antibody solution {15.7 mg CC49 IgG (30 nanomoles) in 286 L 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 uL of the eluent from Example 3. The mixture was mixed on a
vortex mixer and allowed to stand in a 37°C oven for one hour with mixing about every 10 to
15 minutes. The progress of the reaction was monitored by HPLC analysis for the
disappearance of the complex as described in Example 4. After 1 hour the 177Lu activity
associated with the antibody as measured by HPLC was 91 gercent, less than 4 percent of the
177Lu aciivity was associated with impurities, and 5 percen.fi was unreacted
[177Lu{SCN-PA-DOTA)}. | .



(b) contacting the purified polyaza chel ati ng agent w
aqueous environment in the absence of an organic sol vej rHIBET 4lo
5 to forman isothiocyanato activated pol yaza chel ati ng ) véry
of the isothiocyanato activated pol yaza chel ati ng agenii; ' '
metal ion to the isothiocyanato activat edlﬁol yaza chel

after step (b) to forman isothiocyanato activate ol yagza. ,I at and
(d)  contacting t he NETAVHISEGRFEsRenIsterminated oy SPlation e pusiication AT the

bi ol ogi cal comjigatelos a@D-txbivernr{SeibadexG-I5, nedidd;, Onil) Which hidbeenaqailibiateht €.

8. A proc ' rein step (c) " is carried out after step (b).
9. A procggg‘%{os@ag+ﬁ1&f§er8¥mg§n%er ein the biol.ogical nolecule is a protein
and the metal ion | élor®@aemityb§tddabeledBntibodyas ekanib@itay HPLA@hdiby SDERAGE
149pm 90Y : . : i ' [ e otein is
an anti bodf.fgm.a"l:ﬂar%f (s%“f)r gg%esc Q sfo?l? ﬁ%ﬁ?@gﬁ@a@@g‘@gﬁ ?%mgésﬁ ’o&fbg\ﬁh"@{rhei n the

~ chel ating aytanedipgraphy. dmmgnoreactivity was determined by IRMA and affinity column binding and.
am nOphean)ﬁg&Wd]ta iae&rﬁp&%t&f‘&ﬁﬁ%ﬁﬁ&%@gﬁﬁé%Giv&bf%ditri%gﬁaﬁfiﬁ'Pa"i‘ﬁ%ff{rfé

acid and th .
conjugate prepared at37°Cwas notsignificantly different from that prepared at 25°C.

--“—h"m,l'l"

The results show that the chelate carbe raptdly conjugated to an antibody at
37°Cwithout affecting the im_muhoreactivity or biodistf%i_:gﬁbn of the conjugate.

Other embodiments of the invention will be apparent tothose skilled in the art
from a consideration of this specification or practice of the invention disclosed herein. Itis
intended that the specification and eicafnples be considé&"ed as exemplary only, with the true
scope and spirit of the inventignbeing indicated by the féll owing 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 chelateis a chelating agent complexed with ametal ion; the chelating agent is of

the formula

ﬁ\wé ‘~ *\
\./

(1)

wherein:
each Qisindependently hydrogen, {CHRS),CO2R or (CHRS),PO3H>;
Q1 is hydrogen or {CHR5),,CO3R;
eachR mdependently is hydrogen, benzyl or C1-C4 alkyl
with the proviso that at least two of the sum of Q and Q1 must be other than hydrogen;
. each RS independently is hydrogeh, €-C3 alkyl or -(C4-C; alkyl)phenyl;
XandY are each independently hydrogen or may be taken with an adjacent X
and Y to form an additional carbon-carbon bond; |
nisfort;
mis an integer from 0 to 10 inclusive;
p=tor2; |
r=0or1;
w=0ortl;
with the proviso that nis only 1 when X and/or Y form an addmonal carbon-carbon bond and
thesumofrandwston '
RZ and R4are mdependently hydrogen, or amino;
R3 C;-C4 alkoxy, -OCH,CO,H, hydroxy and hydrogen;
with the proviso that R2 and R4 cannot both be hydrogen but one of R2and R4 must be
hydrogen; and the metal ion is selected frdm the group co_r_isisting of 1535m, 166Hop, 175Ybh,
177Ly, 159Gd, 140La, 142Pr, 149Pm, 90{( and 1'4n. - o
2. Theprocess of Claim 1 wheréin the métal ion is 177Lu.
3. ~ Theprocess of Claim 1 or 2 wherein the chelating agent is
1 -[2-(4-3minophenyl)ethyl]-‘l_,4,7, 10--tetraazacyciododecane-1,4,7,10-tetraacetic acid.

In a process for preparing polyaza conjugates having at least the steps of
. This.Sheet:Has Been R '
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(a) purifyinga pofyaza chelating agent, the pol-yaza chelating agent being as
defiried in Formula I;

{b) cont_acti ng the the purified polyaza chelating agent with thiophosgene to
form an isothiocyanato activated polyaza chelating agent and recavery of the isothiocyanato |
activated polyaza chelaﬁné agent; . '

(<) adding a metal ion ta the isothiocyanto activated polyaza chelating agent to
form an isathiocyanato activated polyaza chelate; and

(d) contactmg the tsothnocyanato act:vated polyaza chelate with a biological
molecule to form a conjugate;

the improvement which comprises;

instep (a): purifying the polyaza chelating agent by chromatography on a silica
gel column, wherein the silica gel has been acid washed priorto loading the polyaza chelating
agent onto the column; )

instep (b): contacti ng the purified polyaza chelating agent with thiophosgene in
an aqueous environment in the absence of an organicsolvent ata pH from 1 to 5; and

instep (d): contacting the isothiocyanato activated polyaza chefate with a
biological molecule at between 25°Cto 40°C. .

5.  The process of Gaim 4 wherein the biological moleculeis a protein and the
metal ion is 1535m, 166Ho, 175Yb, 177Lu, T59Gd, uioLa, 142pr, 149pm, 90Y or 11In.
. 6.  The process of Claim 5 wherein the protein is an antibody.

7. ‘The process of Claim 4, 5 or 6 wherein r of l-;ormula lisOand each Qis
(CHRS),COzR.

8. The process of Claim: 7wherem the chelan ng agentis a-[z-(d—ammo- '
pheny!)ethyl]-t 4,7 10—teu-aazacydododecane-1 4.7, 10-tetraacet|caad and the metationis

177 Ly, .
9. ° In.aprocess fcrpreparing polyaza coniugates havirigat !east the steps of :
(2) purifying a polyaza chelatmg agent. the polyaza chelating agent being as
defined in Formula I; _ .
(b) adding a metal ion to the polyaza chelating agent to forn'i a poly'aza chelate;
(c) contactingthe chelate with thiophosgene to form an isothiocyanato activated
chelate -

(d) cbntacti ng the isothiocyanato actiii_ated, chelate with a biological molecule to
form a conjugate; - '

the improvement which comprises; :

instep (a): purifyfﬁg the polyaza chelating agent by chromatography on asifica
gel column, wherein the silica gel has been acid washed prior to loading the polyaza chelating

agent onto thé column; ‘This Sheet Has, Been Re
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instep (c): contacting the chelate with thiophosgene in an aqueous environment
inthe absence of an organic solvent at a pH from 1 to 5; and

in step (d): contacting the isothiocyanato actxvafed polyaza chelate with a
biological molecule at between 25°Cto 40°C. . .

10. A process for purifying a tri to hexa-(carboiylated),
-(phaosphonomethylated), or -(phosphinom'ethylated) polyazamacrocyclic chelating agent
comprising flash chromatography of a po!yazamacrécydé f:n acid washed silica gel to give a
polyazamacrocycle substantially free of metal ions; wherefn the polyazamacrocycle has 3 to
6 nitrogens in the ring and the total number of atoms in the ringis 9 to 24 atoms.

Ths Sheet Has Bee:
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The present inventigil is directed to an imprové’d ‘process for preparing macrocyclic

chelating agents and for conjiigating the macrocyclic chelating agents to biological molecules.



