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RADIOLABELED COMPOUNDS FOR THROMBUS IMAGING

BACKGROUND OF THE INVENTION

-1.  Field of the Invention

This invention relates w scintigraphic imaging agents and reagents, and
methods for producing such agents and reagents, Specifically, the invention
relates to reagents that can be radiolabeled with technetinm-99m (Tc-99m),
methods and kits for making and radiolabeling such reagents, and methods for
using such radiolabeled reagents to image sites of thrombus formation in &
mammalian body.

2.  Description of the Prior Art

“Thrombosis and thromboembolism, in particular deep vein thrombosis
(OVT) and pulmonary embolism (PE), are common clinical conditions that are
associated with significant morbidity and mortality. It has been estimated that
in the U.S. approximately 5 million patients experience one ar more episodes
of DVT per year and that over 500,000 cases of pulmonary embolism occur,
resulting in 100,000 deaths (J. Seabold, Society of Nuclear Medicine Annual
Meeting 1990). It has also been cstimated that over 90% of all pulmonary
emboli arise from DVT in the lower extremitics. Anticoagulant therapy can
effectively treat these conditions if applied carly enough. However, such
treatment is associated with risks (e¢.g. intemal blceding) that provent
unnecessary prophylactic application.  More advanced techmiques of
thrombolytic intervention (such as the administration of recombinant tissue
plasminogen activator or streptokinase) can be used in acute cases, but these
techniques carry even greater risk. Moreover, effective clinical application of
these techniques requires that the site of the offending thrombus be identified
50 as to monitor the effect of treatment.

For these reasons, a rapid means of localizing thrombl in vivo, most
preferably using non-invasive methods, is highly desimble. Methods currently
utilized for the identification of sites of deep-vein thrombosiy are contrast
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Thronbosi s and t hronboenbolism in particular deep vein thronbosis (DVT)
and pul nonary enbolism (PE), are common clinical conditions that are
associated mith significant norbidity and nortality. It has been esti mat'ed
that in the U S approximately 5 mllion patients experience one or nore
epi sodes of DVT per year and that over 500,000 cases of pul nonary enbolism
occur, resulting in 100,000 deaths (J. Seabold, Society of Nuclear Medicine
Annual Meeting 1990). It has al so been estinmated that over 90% of al

pul monary enboli arise fromDVT in the Tower extremties. Anticoagul ant

t herapy can effectively treat these conditions if applied early enough.
However, such treatnent is associated with risks (e.g. internal bl eeding)

t hat prevent ' '

venagraphy and compression B-mode ultrasound; the choice of which technique
isuuﬂ|&pumsohtm:w@amﬂlunﬁmiofﬂm:mnmmma However, the
former technique is invasive and both techniques mninwbmﬁmumhaﬁg'mc
patient. In addition, these methods are in many cases either unsuitable or yield
5 inaccurate results,
Curent methods used to diagnose PE inchide chest X-my,
, electrocardiogram (EKG), areterial oxygen teasion, perfusion and ventilation
lung scans, and pulmonary angiography. Apart from the latter (invasive)
procedure, none of these methods is capable of providing an unequivocal
10 diagnosis. .

In the field of nuciecar medicine, cextain pathological conditions are
hcalized, or their extent is mssessed, by detecting the distribution of smuall
quantities of internally-administered radioactively labeled tracer compounds
(called radiotracers or radiopharmaceuticals), Methods for detecting these

15 radiopharmaceuticals are known generally as imaging or radivimaging methods,

A variety of radionuclides are known to be useful for radicimaging,
including 9Ga, %Ga, ¥ Tc (Te-99m), ¥in, 1, 1, '*Yh and “Re. Of these
radionuclides, Tc-99m and '"MIn are preferred single photon-emitting
radionuclides and %Ga is preferved as a positron-cmitting radionuclide. Tc-99m

20 is a preferred radionuclide because it amits gamma radiation at 140 keV, it has
a physical half-ife of 6 hours, and it is readily available on-site using a
molybdenum-99/technetium-99m generator.

A gamma-emitting radiotracer that binds specifically to a component of
a thrombus in preference to other tissues when administered in vivo can

25 provide an external scintigraphic image which defines ‘the location of the
thrombus-bound radiotracer and hence the thrombus, Thrombi are constructs
of blood cells, largely activated platelets, enmeshed in cross-linked fibrin.
Activated platelets are particularly good targets for radivimaging thrombi
because they are not. normally found in circulating blood (which contains

30 unactivated platelets),

Activated platelets express the GPIIb/IIa receptor on their cell surfaces.
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unnecessary prophylactic application. More advanced techniques of

t hronbol ytic intervention (such as the adm nistration of reconbinant tissue
pl asmi nogen- acti vator or streptokinase) can be used in acute cases, but *
these techniques carry even greater risk. Mreover, effective clinical
application of these techniques requires that the site of the offending
thronbus be identified so as to nonitor the effect of treatnent. For these
reasons, a rapid nmeans of localizing thrombi in vivo, nost preferably using
non-invasi ve nmethods, is highly desirable. Methods currently utilized for
the identification of sites of deep-vein thronbosis are contrast

275). Emwmmn small, synthetic mmMgm& which umytn but are not

necessarily peptides, have been developed that bind 1o this receptor (examples

s include Klein ef al., 1992, U.S. Pateat No. 5,086,069 and Egbertson e al.,

1992, Buropean Patent Application No. EPA 0478328A1). Although many of

these synthetic molecules bind with only Jow affinity, others have been made

that have very high affinity (see Egbertson er al., ibid.)). This invention

provides small, synthefic, radiokabeled (preferably Tc-99m, *MIn or ®Ga

10 labeled) compounds that bind to the GPIIb/iTIa receptor with high affinity, as
scintigraphic agents for non-invasive imaging of thrombi in vivo.

Attempts to provide radiotracers for imaging thrombi are lmown in the
pror art, These include autologous platelets, labeled with either **In or ™ Tc
(T¢-99m), and '2I- and **I-labeled fibrinogen (the latter detected with a gamms

15 scintillation probe as opposed to a gamma camera), Additional radiolabeled
compounds used to label thrombi include plazmin, plasminogen activators,
heparin, fibvonectin, fibrin Fragment E, and anti-fibrin and anfi-platelet
manoclonal antibodies [see Knight, 1990, Sem. Nucl, Med. 20: 52-67 for
review].

20 Compounds having the ability to bind to the platelet GPIIb/IIIa receptor
are Ynown in the prior arnt. '

Ruoslahti & Pierschbacher, U.S. Patent No. 4,578,079 describe peptides
of sequence X-Arg-Gly-Asp-R-Y, wherein X and Y are either H or an amino
acid, and R is Thr or Cys, the peptides being capable of binding to platelets,

25 Ruosiahti & Pierschbacher, U.S. Patent No. 4,792,525 describe peptides
of sequence Arg-Gly-Asp-X, wherein X is Ser, Thr or Cys, the peptides being
capable of binding to platelets,

Kiein e al, 1992, U.S. Paient No. 5,086,069 disciose guanine
derivatives that bind to the GPIIb/IIIa receptor.

30 Pierschbacher ¢t al., 1989, PCT/US88/04403 disclose conformationally-
restricted RGD-containing peptides for inhibiting cell attachment 0 a

"l



2_venography and conpressi on B-node ul trasound; the choice of which
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substratum,

Nutt ¢ al., 1990, European Patent Application 90202015.5 disclose
cmmmlNﬂqummwtmuamfﬂmmmgnﬂ&q&xamqmmﬂ&

Nutt e al., 1990, Imnmam'nnanAammmmma9axnﬂﬂhddudmw
cydlic RGD peptides that arc fibrinogen receptor antagonists,

Nutt ez al,, 1990, European Patent Application 90202031.2 dmlose
cyclic RGD peptides that are fibrinogen receptor antagonists,

Nutt & al., 1990, European Patent Application 90202032.0 disclose
cyclic RGD peptides that are fibrinogen receptor antagonists.

Nuit ez al.,, 1990, European Patent Application 90311148.2 discloss
cyclic peptides that are fibrinogen receptor antagonists.

Nutt & al., 1990, European Patent Application 90311151.6 disclose
cyclic peptides that are fibrinogen receptor antagonmists.

Ali &2 al., 1990, European Patent Application 90311537.6 disclose ¢yclic
peptides that are fibrinogen receptor antagonists.

Batker & al., 1991, PCT/US90/03788 disclose cyclic peptides for
inhibiting platelet aggregation.

Pierschbacher er al., 1991, PCT/US91/02356 disclose cyclic peptides
that are fibrinogen receptor antagonists.

Duggan er al , 1992, European Patent Application 92304111.5 disclose
fibrinogen receptor antagonists.

Garland er af, 1992 European Patent Applications 92103861.8 and
92108214.5 disclose phenylamide derivatives as platelet aggregation inhibitors.

Bondinell er al, 1993, Intemational Patent Application Serial No.
PCT/US92/05463 disclose bicyclic fibrinogen antagonists,

Blackbum er of, lmsmoationsl Patent Application Serial No.
PCT/US92/08788, disclose nonpeptidy! integrin inhibitors having specificity for
the GPIIb/HIa receptor. '

Egbextson e al., 1992, European Pateat Application 0478328A1 disclose
tyrosine derivatives that bind with high affinity to the GPIIb/IIIa receptor.

Ojima e al., 1992, 204th Meeting, Amer, Chem. Soc. Abst. 44
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| ung scans, and pul nonary angi ography. Apart fromthe latter (invasive)
procedure, none of these nethods is capable of providing an unequi vocal

di agnosis. +n the field of nuclear medicine, certain pathol ogical *
conditions are |ocalized, or their extent is assessed, by detecting the

di stribution of small quantities of internally-admnistered radioactively

| abel ed tracer conpounds (called radiotracers or radi opharmaceuticals).

Met hods for detecting these radi opharnaceuticals are known generally as

i magi ng or radioi magi ng nethods. A variety of radionuclides are knowmn to be
useful for radioinmging, including [err]Ga, [err]Ga, [err]Tc (Tc-99m,
[err]In, [err]l, [err]l, [err]Yb and [err]Re. O these

disclose synthetic multimeric RDGF peptides useful in inhibiting platelet
aggregation.
Hartman et al,, 1992, J. Med. Chem. 35: 4640-4642 describe tyrosine
derivatives that have a high affinity for the GPIIb/IIIa receptor,
5 Radiolabeled peptides for radioimaging thrombi have been reported in
the prior art. |
Stuttle, 1990, PCT/GB90/00933 discloses radioactively labeled peptides
contzining from 3 to 10 amino acids comprising the sequence arginine-glycine-
aspartic acid (RGD), capable of binding to an RGD binding site in vive,
10 Rodwell er al., 1991, PCT/US91/03116 disclose conjugates of
*molecular recognition units* with "effector domaing™,
The use of chelating agents for radiolaheling peptides, and methods for
Iabeling peptides with Tc-99m arc known in the prior art and are disclosed
. in co-pending U.S. Patemt Applications Serial Nos. 07/653,012, 07/807,062,
15 07/871,282, 07/886,752, 07/893,981, (07/955,466, 08/019,864, 08/073,577, and
08/ , and radiolabeled peptides for usc as scintigraphic imaging
agents for imaging thrombi are known in the prior art and are disclosed in co-
pending U.S. Patent Applications Serial Nos. 07/886,752, 07/893,981,
08/044,825 and 08/ which are hereby incorporated by reference,
20 There remains a need for small (to enhance blood and background tissue
clearance), synthetic (to make routine manufacture practicable and to ease
regulatory acceptance), high-affinity, specific-binding molecules radiolabeled
with a convenient radiolabel, preferably Te-99m, for use in imaging thrombi
in vivo, Small synthetic compounds that bind specifically to the GPIIb/Illa
25 reccptor on activated plaielets, that are radiolabeled with 2 conventient
radioisotope, preferably Tc-99m, ™In or ¥Ga, fulfill this need in the art, and
are provided by this invention.

SUMMARY OF THE INVENTION
30 The present invention provides scintigraphic thrombus imaging agents
that are radicactively-labeled reagents. Specifically, the invention provides
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radi onuclides, Tc-99m and [err]ln are preferred single photon-emtting
radi onuclides and [err]Ga is preferred as a positron-emtting radi onuclide.
Tc-99mis a preferred radi onuclide because it emts gamma radi ation at 140
keV, it has a physical half-life of 6 hours, and it is readily avail able
on-site using a nol ybdenum 99/techneti um 99m generator. A ganma-em tting
radi otracer that binds specifically to a conponent of a thronbus in
preference to other tissues when admnistered In vivo can provide an
external scintigraphic inmge which defines the |ocation of the

t hr ombus- bound radi otracer and hence the thronbus. Thronmbi are constructs

of blood cells, largely activated platelets, enneshed in cross-1linked
fibrin, -

reagents for preparing thrombus imaging agents that are radiolabeled with
technetium-99m (Tc-99m), *In or #Ga, preferably with Tc-99m. The reagents
of the invention are each comprised of a specific binding compound, including
but not imited to peptides, that binds specifically and with high affinity to the

5 plarelet glycoprotein /Il (GPYI/INb) reccptor, that is covalently linked to
a radiolabel-complexing moicty.

For optimal imaging, the reagent must be capable of binding to the
platelet GPTIb/IHa receptor with sufficient affinity that it inhibits the adenosine
diphosphate (ADP)-induced aggregation of human platelets in a standard platelet

10 aggregation assay (see Example 3 below) when present at a concentration of
no more than 0.3 gM. Also, it is of distinct commercial advantage to nse
small compounds, preferably having a molecular weight of less than about

. 10,000 daltons. Such small compounds can be readily maoufactured,
“u Moreover, they are likely not to be immunogenic and to clear rapidly from the

15 vasculature, thus allowing for better and more rapid imaging of thrombi. In
contrast, larger molecules such as antibodies of fragments thereof, or other
blologically-derived peptides larger than 10,000 daltons, are costly to
manufacture, and are likely to be immunogenic and clear more slowly from the
bloodstream, thereby interfering with rapid diagnoses of thrombi in vive,

20 The invention also provides reagents wherein the specific binding
compownds sre linear or cyclic peptides having an amino acid sequence of 4
to 100 amino acids.

One aspect of the invention provides a reagent for preparing a thrombus
imaging agent that is capable of being radiolabeled for imaging thrombi within

25 a mammalian body, comprising a specific binding compound that specifically
binds to the platelet GPIIb/Illa receptor, and that is covalently linked to a Tc-
99m complexing moiety of formula:

&
C(pgp)*-(aa)-Clpgp)®

30 whercin C(pgp)® is 2 protected cysteine and (aa) is any primary o« or f-amino

acid not containing a thiol group. In a preferred embodiment, the amino acid
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Activated platelets are particularly good targets for radi oi magi ng thronbi
because they are not normally found in circulating blood (which contains
unactiyvated. pl atelets). Activated platelets express the GPlIb/Illa receptor
on their cell surfaces. 3 The normal ligand for this receptor is

fibrinogen (Plow et al., 1987, Perspectives in Inflammtion, Neoplasia and
Vascul ar Cell Biology, pp. 267-

is glycine,
In another embodiment, the inveation provides a reagent for preparing
a thrombus imaging agent that is capable of being radiofabeled for imaging
thrombi within & mammalian body, compnsmgaspeclﬁcbmﬂmgcompound
s that specifically binds to the platelet GPIIb/IIa teceptor, that is covalently
linked to a Tc-99m complexing moicty comprising a single thiol-containing
_moiety of formula:
' .
A-CZBHCERR)-X
10 wherein A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid
or peptide)-00C or R*; B is. H, SH or -NHR?, -N(R)-(amino acid or peptide)
or R% X is SH or -NHR", -N(®)-(amino acid or peptide) or R%; R}, R}, R?
and R* are independently H or straight or branched chain or cyclic lower alkyl;
nis 0, 1 or 2; and: (1) where B is -NHR’ or -N(R’)-(amino acid or peptide),
15 X is SH and n is 1 or 2; (2) where X is -NHR? or -N®)-(amino acid or
peptide), B is SH and n is 1 or 2; (3) where B is H or RY, A 1s HOOC,
H,NOC, (amino acid or peptide)-NHOC, (amino acid or peptide)-00C, X it
SH and n ix 0 or 1; (4) where A iz H or RY, then whers B is SH, X is -~
NHR? or -N(R*)-(amino acid o peptide) and where X is SH, B is -NHRY ox -
20 . N{RY-(amino acid or peptide); (5} where X is H or RY, A is HOOC, H,NOC,
{amino acid or peptide)-NHOC, (amino acid or peptide)-O0C and B is SH; (6)
where Z is methyl, X is methyl, A is HOOC, H,LNOC, (amino acid or
peptide)-NHOC, (amino acid or peptide)-OOC and B is SH and n is 0; and (7)
where Z is SH and X is SH, n is not 0; and wherein the thiol moiety is in the
25 reduced form and wherein (amino acid) is any primary o~ or S-amino acid oot
containing a thiol group.
In particular embodiments of this aspect of the mvmtion, the radiolabel-
complexing moiety has a formula that is:
Ifa, -{amino acid)'-(amino acidy*-{A-CZB®){CR'RY]-X},
30 M. -{A-CZ(B)[COR'ED)],-X}-(amino acid)'-(umino acidy,
IO¢, ~(a primary a,w- or 3,co-diammo acid)-(amino acld) -{A-CZ(B)
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275). However, small, synthetic anal ogues, which may be but are not
necessarily peptides, have been devel oped that bind to this receptor
(exanmples include Klein et al., 1992, U S. Patent No. 5, 086,069 and ?
Egbertson et al., 1992, European Patent Application No. EPA 0478328Al).

Al t hough many of these synthetic nolecules bind with only low affinity,

ot hers have been nade that have very high affinity (see Egbertson et al.,
ibid.). This invention provides snall, synthetic, radiol abeled (preferably
Tc-99m [err]lIn or [err]Ga | abel ed) conmpounds that bind to the GPlIb/IIla
receptor with high affinity, as scintigraphic agents for non-invasive

I mging of thronbi in vivo. Attenpts to provide radiotracers for inmaging
thrombi are known in the

[CR'RI)L-X}, or
od. -{A-CZ(B)-[CR'R)],X}~(amino acid)'-(a primary e,u- or 8,u~
diamino acid)
wherein (amino acid)' and (amino acid)* are each independently any natoraily-
s ocurring, modified, substituted or altered o~ or S-amino acid not containing a
thiol group; A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino
acid or peptide)-OOC or R*; B is H, SH or -NHR’, -N(R)-(amitio acid or
peptide) or R X iz SH or -NHR®, -N(RY)-(amino acid or peptide) or R%; RY,
B, R’ and R* arc independently H or straight or branched chain or cyclic
10 lower alkyl; n is an integer that is either 0, 1 or 2; and: (1) where B is -
- NHR? or -NR")-(amino acid or peptide), X is SH and o is 1 or 2; (2) where
X iz -NHR? or -N(R%-(amino acid or peptide), B is SH and n is 1 or 2; (3)
where B is H or RY, A is HOOC, H,NOC, (amino acid or peptide)} NHOC,
) (amino acid or peptide)-O0C, X is SH and n is 0 or 1; (4) where A is H or
' 15 R then where B is SH, X is -NHR® or -N®)-(amino acid or peptide) and
where X is SH, B is -NHR® or -N®’)-(amino acid or peptide); (5) where X
is H or R*, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid
ar peptide)-00C and B is SH; (6) where Z is methyl, X is methyl, A is
HOOC, H,NQC, (amino acid or peptide)-NHOC, (amino acid or peptide)-00C
20 and B is SH and n is 0; and (7) where Z is SH and X is SH, 1 is not 0; and
wherein the thiol group is in the reduced form,
In another embodiment, the invention provides a reagent for preparing
a thrombus imaging agent that is capable of being radiolabeled for imaging
thrombi within 2 mammalian body, comprising a specific binding compound
25 that specifically binds to the platelet GPIIb/IHa receptor, and that is covalently
linked to a radiolabel-complexing moicty of formula: '
.

@-co-(mimacm)- teine - CO - peptide
X

30 {for purposes of this invention, radiolabel-binding moieties having this structure
will be referred to as picolinic acid (Pic)-based moieties];
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prior art. These include autol ogous platelets, |labeled with either [err]ln
or [err]Tc (Tc-99m), and [err]l- and [err]l-labeled fibrinogen (the latter
detected with a ganma scintillation probe as opposed to a ganma canera)."
Addi tional radiol abel ed conmpounds used to |abel thronbi include plasmn,

pl asm nogen activators, heparin, fibronectin, fibrin Fragnment Eferr] and
anti-fibrin and anti-platel et nonocl onal antibodi es [see Knight, 1990, Sem
Nucl . Med. 20: 52-67 for review]. Conpounds having the ability to bind to
the platelet GPlIb/Illa receptor are known in the prior art. Ruoslahti &

Pi erscHbacher, U. S. Patent No. 4,578,079 describe peptides

or
iv.
.mﬁdc,m-cyssdnc—(amjnoadd)~NH-CHg-©
. SX

[for purposes of this invention, radiolabel-binding moieties having tiis structure
will be referted to as picolylamine (Pica)-based moieties]; wherein X is H or
a protecting group; (amino acid) is any primary o- or S-amino acid not
containing a thiol group; the radiolabel-complexing moiety is covalently linked

10 10 the peptide and the complex of the radiolabel-complexing moiety and the
radiolabel is clectrically neutral, In a preferred embodiment, the amino acid
is glycine and X is an scetamidomethyl protecting group. In additional
preferred embodiments, the peptide is covalently linked to the radiclabel-
complexing moiety via an amino acid, most prefemably glycine.

15 Yet another embodiment of the invention provides a reagent for
preparing a thrombus imaging agent that is capable of being radiolabeled for
imaging thrombi within a mammalian body, comprising a specific binding
eompound that specifically binds to the platelet GPIIb/Iifa receptor, and that

is covalently linked to a radiolabel-complexing moiety that is a bisamino

20 bisthiol radiolabel-complexing moiety. The bisamino bisthiol moiety in this
embodiment of the invention has a formula selected from the group consisting
of: V.

e,
N-A-CO-X
25 (CR’,)_ (CR%),
5 (eep) -(pgp)*
wherein each RY can be independealy H, CHy or CHy; each (pgp)® can be
independently a thiol protecting group or H; m, n and p are independently 2
or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or
30 substituted derivatives thereof; and X is peptide; and

TR



of sequence X-Arg-Gy-Asp-R-Y, wherein X and Y are either H or an am no

acid, and Ris Thr

pl atel ets. Ruosl ahti

or

Cys,
& Pi erschbacher, U S. Patent No. 4, 792,525 descri be"

the peptides being capable of binding to

pepti des of sequence Arg-dy-Asp-X, wherein X is Ser, Thr or Cys, the
pepti des being capable of binding to platelets. Klein et al., 1992, U S.
Pat ent No. 5,086,069 disclose guanine derivatives that bind to the

GPlIb/1lla receptor.

conformational | y-
attachénent to a

Pi er schbacher et al., 1989, PCT/ US88/ 04403 di scl ose

restricted RGD-containing peptides for inhibiting cell

10

15

20

VL
(CR’{):
NH N-A-CH(V)NHR?
(‘f{n’z)- (}ER"-')Q
) SH SH .
wherein each B’ is independently H, lower alkyl baving 1 to 6 carbon atoms,
phenyl, or phenyl substituted with lower alkyl or lower alkoxy; m, n and p are
independently 1 or 2; A is linear or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof; V is H or CO-(amino acid or
peptide); RS is H, (amino acid) or peptide; provided that when V is H, R¢ is
amino acid or peptide and when RS is H, V is amino acid or peptide, wherrin
(amino acid) is any primary o- or S-amino acid not containing a thiol group.
[For purposes of this invention, radiclabel-binding moicties having these
structures will be referred to as "BAT" moieties]. In a preferred embodiment,
the peptide is covalently linked to the radiolabel-complexing moiety via an
amino acid, most preferably glycine.

In preferred embodiments of the aforementioned aspects of this
invention, the specifi¢ binding compound is a peptide is comprised of between
4 and 100 amino acids. The most preferred embodiment of the radiolabel is
technetium-59m, )

The reagents of the invention may be formed wherein the specific
binding compounds or the radiolabel-complexing moieties are covalently linked
to a polyvalent linking moiety. Polyvalent linking moieties of the invention are
comprised of at least 2 identical linker functional groups capahle of covalently
bonding to specific binding compounds or radiclabel-complexing moieties.
Preferred linker functional groups are primary or secondary ﬁnﬂ. hydroxyl
groups, carboxylic acid groups or thiol-reactive groups, In prefered
embodiments, the polyvalent linking moieties are comprised of dis-
succinimdylmethylether (BSME), 4-(2,2-dimcthylacetybbenzoic acid (DMAB),
tris(succininidylethylyamine (TSEA), #is(2-chloroacetamidoethylamine, 1,2-bis-
[2-(chloroacetamido)ethoxyjethane, and  N-[2-(N',N’-bis(2-succinimidoethyl)

10
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4_substratum Nutt et al., 1990, European Patent Application 90202015.5

di scl ose cyclic RGD peptides that are fibrinogen receptor antagonists. Nutt
et al., 1990, European Patent Application 90202030.4 disclose cyclic RG]
peptides that are fibrinogen receptor antagonists. Nutt et al., 1990,

Eur opean Patent Application 90202031.2 discl ose cyclic RG peptides that
are fibrinogen receptor antagoni sts.

aminoethyl)}-M, N-bis(2-methyl-2-mezcaptopropyl)-6,9-diazanonanamide (BAT-
BS). .
The invention also comprises scintigraphic imaging agents that are
complexes of the reagents of the invention with Te-99m, MiIn or *Ga, ‘most
5 preferably Tc-99m and methods for radiolabeling the reagents. Te-99m
radiolabeled complexes provided by the invention are formed by seacting the
reagents of the invention with Tc-99m in the preseace of a reducing agent.
Preferred reducing sgents include but are not limited to dithionite ion, stannous
jon and ferrous jon, Complexes of the invention are also formed by labeling
10 the reagents of the invention with Tc-99m by ligand exchange of a prereduced
Tec-99m complex as provided herein,
The invention also provides kits for preparing scintigraphic imaging
agents that are the reagents of the invention radiolabeled with Te-99m. ™ Kits
. for labeling the reageats provided by the invention with Te-99m are comprised
15 of a sealed vial containing a predetermined guantity of a reagent of the
invention and a sufficient amount of reducing agent to lahel the reagent with
Tc-99m. '

This invention provides methods for prepating peptide reagents of the

invention by chemical synthesis in vitro. In a preferred embodimeant, peptides
20 . are synthesized by solid phase peptide synthesis,

This invention provides methods for using scintigraphic imaging agents
that are Te-99m labeled reagents for imaging thrombi within a mammalian
body by obtaining in viw gamma scintigraphic images. Thess methods
comprise administering an effective diagnostic amount of Tc99m Ilabeled

25 reagents of the invention ang detecting the gamma radiation emitted by the Te-
99m label localized at the thrombus site within the mammalian body.

Specific preferred cmbodiments of the present invention will become
evident from the following more detailed description of certain preferred
embodiments and the claims.

30
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Nutt et al., 1990, European Patent Application 90202032.0 disclose cyclic
RGD peptides that are fibrinogen receptor antagonists. Nutt et al., 1990,
Eur opean Patent Application 90311148.2 disclose cyclic peptides that are®

fibrinogen receptor antagonists. Nutt et al., 1990, European Patent
Application 90311151.6 disclose cyclic peptides that are fibrinogen
receptor antagonists. Ali et al., 1990, European Patent Application

90311537.6 disclose cyclic peptides that are fibrinogen receptor
ant agoni sts. Barker et al., 1991, PCT/US90/ 03788 discl ose cyclic peptides
for inhibiting platel et aggregation.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides reagents, including peptide reagents, for
preparing radiolabeled thrombus imaging ageats for imaging a thrombus within
a mammalian body, The reagents provided by muinwmﬁmacmmpiw 2
5 radiolabel binding moiety covalently linked to a specific binding compound that
binds a platelet receptor that is the platelet GPIIb/IIa receptor and is capable
.of inhibiting human platelet aggregation in platelet-rich plasma by 50% when
present at a concentration of no more than 0.3pM. For purposes of the
invention, the term thrombus imaging rcagent will refer to embodiments of the
10 invention comprising a specific binding compound covalently linked to a
radiolabel-complexing moicty and radiolabeled, prefersbly with Tc-99m, "'n
or #Ga, most preferably with Tc-99m.
Labeling with Tc-99m is an advantage of the present invention because
the nuclear and radicactive properties of this isotope make it an ideal
15 scintigraphic imaging agent, This isotope has a single photon energy of 140
keV and a mdicactive half-life of about 6 hours, and is readily available from
a PMo-""Tc generator. Another advantage of the present invention is that
none of the preferred radionuclides are toxic, in contrast to other radionuclides
known in the art (for example, ™). '
20 In the Tc-99m complexing moieties and compounds covalently linked to
such moieties that contain a thiol covaleatly linked to a thiol protecting groups
[(pep)®] provided by the invention, the thiol-protecting groups may be the same
or different and may be but are not limited to:
-CHy-aryl {aryl is phenyl or alkyl or alkyloxy substituted phenyl);
25 ~CH-(aryl);, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
-C-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
_ “CHy(4-methoxyphenyl);
-CH-(4-pyridyl)(phenyl),;
-C(CHy)
30 -S-phenylfluorenyl;
~CH,NHCOR (R is unsubstituted or substituted alkyl or aryl);
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Pierschbacher et al., 1991, PCT/US91/ 02356 disclose cyclic peptides that
are fibrinogen receptor antagonists. Duggan et al, 1992, European Patent
Application 92304111.5 disclose fibrinogen receptor antagonists. Garland et
al, 1992 European Patent Applications 92103861.8 and 92108214.5 di scl ose
phenyl am de derivatives as platel et aggregation inhibitors. Bondinell et

al, 1993, International Patent Application Serial No. PCT/US92/ 05463

di scl ose bicyclic fibrinogen antagonists. Blackburn et al., International
Patent Application Serial No. PCT/US92/08788, disclose nonpeptidyl integrin
I nhi bitors having specificity for

~CH,-NHCOOR (R is unsubstituted or snbstituted alkyl or aryl);
-CONHR (R is unsubstituted or substituted alkyl or aryl);
~CH;-S-CHy-phenyl .
Prefersed protecting groups bave the formula -CH,-NHCOR wherein R
5 is a lower alkyl having 1 and 8 carbon atoms, phenyl or phenyl-substituted
with lower alkyl, hydroxyl, lower alkoxy, carboxy, or lower alkoxycarbonyl.
The most preferred protecting group is an acetamidomethyl group.
Each specific-binding peptide-containing embodiment of the investion is
comprised of a sequence of amino acids. The term amino acid as used in this
10 invmﬁonisinmdedwinghldembandb-,pﬁmatyu-mﬂminoadds.
naturally occurring and otherwise. Specific-binding peptides provided by the
invention include but are not limited to peptides having the following sequences
(the amino acids in the following peptides are rL-amino acids except where
atherwise indicated):
15 ?H,COéY.,. Apc‘GD(,:GGG

?H,CO.YD.Apc.GD(EKG
S

CB,CO.¥,.Ape.GDCGG
S

CH,CO.Yp. Ape.GDC
)

ﬁc_oéYn. ApC.GEK

25 ?H,COéYD.Amp.GD?

CH,CO.Y,, Anip.GDCK
Si

and O-(4-piperdinyl)buty] tyrosine,

30 Specific-binding peptides of the present invention can be chemically
synthesized in vitro.  Peptides of the present invention can generally
advantageously be prepared on an pepiide synthesizer. The peptides of this
invention can be synthesized wherein the radiofabel-binding moiety is covalently
linked to the peptide during chemical synthesis in vitro, using techniques well

35 known to those with skill in the art. Such peptides covalently-linked to the
radiolabel-binding molety during synthesis are advantageous becanse specific
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the GPIIb/Illa receptor.
Application 0478328A1 di scl ose tyrosine derivatives that bind with high
affinity to,the GPllb/llla receptor. Ginma et al., 1992, 204th Meeting,

Aner .
usef ul

Chem Soc. Abst.

44

Egbertson et al., 1992, European Patent

5 disclose synthetic nultinmeric RDG- peptides

in inhibiting platel et aggregation.

10

15

20

sites of covalent linkage can be determined.

Radiolabel binding moictics of the inveantion may be introduced into the
taxget specific peptide during peptide synthesis. For embodiments comprising
picolinic acid [(Pic); e.g., Pic-Gly-Cys(protecting group)-], the radiolabel-
binding moiety can be synthesized as the last (i.e., amino-terminal) residue in
the symthesis, In addition, the picolinic acid-containing radiclabel-binding
moiety may be covalently linked to the e-amino group of lysine to give, for
example, aN(Fmoc)-Lys-N[Pic-Gly-Cys(protecting group)l, which may be
incorporated at any position in the peptide chain, This sequence is particulady
advantageous as it affords an easy mode of incorporation into the target binding
peptide.

* Similarly, the picolylamine (Pica)-containing radiolabel-binding maiety
[-Cys(protecting group)-Gly-Pica] can be prepared during peptide synthesis by
including the sequence {-Cys(protecting group)-Gly-] at the carboxyl terminus
of the peptide chain. Following cleavage of the peptide from the resin the
carboxyl terminus of the peptide i3 activated and coupled to picolylamine. This
synthetic route requires that reactive side-chain functionalities remain masked

(protected) and do not react dux{ng the conjugation of the picolylamine.

Exampies of small synthetic peptides containing the Pie-Gly-Cys- and -
Cys-Gly-Pica chelators are provided in the Examples hereinbelow. This
invention provides for the incorporation of these chelators into virtually any
peptide capable of specifically binding to a thrombus ## wvo, resulting in a
radiolabeled peptide having Tc-99m held as neutral complex.

This invention also provides specific-binding small synthetic peptides
which incorporate bisamine bisthiol (BAT) chelators which may be labeled with
Tc-99m. This invention provides for the incorporation of these chelators into
virtually any peptide capable of specifically binding to a thrombus in viw,
resulting in a radiolabeled peptide having Tc-99m held as neutral complex, An
example of a small synthetic peptide containing a BAT chelator as radiolabel-
binding moiety is provided in the Examples hereinbelow.

In forming a complex of radioactive technetium with the reagents of this

14 . This Sheet Has Been Rs laced
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Hartman et al., 1992, J. Med. Chem 35: 4640-4642 describe tyrosine
derivatives that have a high affinity for the GPlIb/Illa receptor.
Radi ol abel ed peptides for radioi magi ng thronbi have been reported in the*
prior art. Stuttle, 1990, PCT/ GB90/ 00933 discl oses radioactively | abel ed
pepti des containing from3 to 10 am no acids conprising the sequence

argi ni ne-glycine- aspartic acid (RG), capable of binding to an RG binding
site in vivo. Rodwell et al., 1991, PCT/US91/03116 di scl ose conjugates of
"mol ecul ar recognition units” with "effector donmains". The use of chel ating
agents for radiol abeling peptides, and nethods for

juvention, the technetium complex, preferably a salt of Te-99m pertechnetate,
ix reacted with the reagent in the presence of a reducing agent. Preferred
nﬁmﬁm:uumsnedmmmhmawmmmsaml&nmuimn;ﬂwxmxtpm@nul
reducing ageat is stannous chloride, Means for preparing soch complexes are
5 conveniently provided in a kit form comprising a scaled vial containing a
predetermined quantity of a reageat of the invention to be labeled and a
sufficient amount of reducing agent % label the reagent with Te-99m.
Altematively, the complex may be formed by reacting a reagent of this
invention with a pre-formed labile complex of technetium and another
10 compound known as a transfer figand. This process is known as ligand
exchange and is well known to those skilled in the art. The labile complex
may be formed using such transfer ligands as tartrate, citrate, gluconate or
mannitol, for example. Among the Te-99m pertechnetate salts useful with the
present invention are included the alkali metal salts such as the sodium salt,
15 or ammoanium salts or lower alkyl ammonium salts,. In a preferrﬁ
embodiment of the invention, a kit for preparing technetium-labeled peptides
is provided. An appropriate amount of the reagent is introduced into a vial
containing a reducing agent, such as stannous chloride, in an amount sufficient -
to label the reagent with Tc-99m. An appropriate amount of a transfer ligand
20 as deseribed (such as tartrate, citrate, gluconate or mannitol, for example) can
also be included. ‘The kit may also contain conventional pharmaceutical adjunct
matetials such as, for example, pharmaceutically acceptsble saits to adjust the
ozmotic pressure, buffers, preservatives and the like, The components of the
kit may be in liquid, frozen or dry form, In a preferred -embodiment, kit
25 components are provided in lyophilized form.

Radiolabeled thrombus imaging reagents according to the present
invention may be prepared by the addition of an appropriate amount of Tc-99m
or Tc-99m complex into the vials and reaction under conditions described in
Example 4 hereinbelow.

30 ‘Radioactively-labeled scintigraphic imaging agents provided by the
present invention are provided having a suitable amount of radioactivity. In
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| abel i ng peptides with Tc-99m are known in the prior art and are discl osed
In co-pending U S. Patent Applications Serial Nos. 07/653,012, 07/807, 062,
07/ 871, 282, ,07/ 886, 752, 07/893,981, 07/955, 466, 08/019, 864, 08/073,577, and
08/ , and radi ol abel ed peptides for use as scintigraphic inmging
agents for imaging thronbi are known in the prior art and are disclosed in
co- pending U S. Patent Applications Serial Nos. 07/886, 752, 07/893, 981,
08/ 044, 825 and 08/ whi ch are hereby incorporated by reference.
There remains a need for snmall (to enhance bl ood and background tissue

cl earance), synthetic (to nmake routine manufacture practicable and to ease
regul atory acceptance), high-affinity, specific-binding nolecules

r adi ol abel ed

forming T¢-99m radicactive complexes, it is gensrally preferred to form
radicactive complexes in solutions containing radicactivity at concentrations of

from about 0.01 millicuric (mCi) to 100 mCi per mL.
The thrombus imaging reagents provided by the present invention can
S be used for visualizing thrombi in a mammalian body when To-99m labeled,
In sccondance with this invention, the Tc-99m labeled reagents are administered
in a single unit injectable dose. The Tc-99m labeled reagents provided by the
invention may be administered intravenously in any conventional medium for
intravesons injection such as an aqueous saline medium, or in blood playma

10 medium. Generally, the unit dose to be administered has a radioactivity of
about 0.01 mCi to about 100 mCi, preferably 1 mCi to 20 mCi. The solution
"to be injected at unit dosage is from sbout 0.01 mL to ahout 10 mL. After
fntravenous administration, imaging of the thrombus in viw can take place in

. a matter of a few minutes, However, imaging can tals place, if desired, in

15 hours or even longer, after the radiolabeled peptide is injected into a patient.
In most instances, a sufficient amount of the administered dose will accumulate
in the area to be imaged within about 0.1 of an hour to permit the taking of
scintiphotos. Any conventional method of scintigraphic imaging for diagnostic
purposes can be utilized in accordance with this inveation.

20 It will also be recognized by thase having skill in the relevant arts that
thrombi are commonly found at sites of atherosclerotic plague; that integrin
receptors that may bind 1o the scintigraphic imaging agents of the invention
may be found in certzin tumors; and that such integrin receptors are involved
in cell adhesion processes that accompany or initiate leukocyts localization at

25 gites of infection. Therefore it will be recognized (hat the scimtigraphic
imaging agents of this invention have additiona) utility s imaging agents for
imaging sites in which the GPHW/IIIa receptor is expressed, including |
atherosclerotic plaques, tumors and sites of infection,

The methods for making and labeling these compounds are more fylly

30 fllustrated in the following Examples, These Examples illustrate certain aspects
of the above-described method and advantageous results. These Examples are
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with a conveni ent radiol abel, preferably Tc-99m for use in imaging thronbi
in vivo. Small synthetic conpounds that bind specifically to the GPlIb/lIlla
receptor on, activated platelets, that are radiol abel ed with a conventient
radi oi sotope, preferably Tc-99m [err]In or [err]Ga, fulfill this need in
the art, and are provided by this invention. SUMVARY OF THE | NVENTI ON The
present invention provides scintigraphic thronbus inmagi ng agents that are
radi oacti vel y-1 abel ed reagents. Specifically, the invention provides

shown by way of illustration and not by way of limitation,

EXAMPLE 1
5 Synthtsls of BAT-BM (V-12-(¥", N'-bfs&—maleknidoethynamhoeﬂum—

BAT-BM was prepared as follaws. BAT acid (N—(t—butoxyurbonyl)—

.N* NP-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanoicacid)(10.03g,

10.89 mmol) and 75mL of dry methylene chioride (CH,CL) wers added to a

10 250mL xound-bottomed flask cquipped with magnetic stir bar and argon
balloon. To this solution was added diisopropyl-carbodiimide (3.40mL, 21.7 .

mmol, 199 mole%), followed by N-hydroxy-succinimide (3.12g, 27.1 mmol,

249 mole%). This solution was observed to become cloudy within 1h, and

was further incubated with stirting for a total of 4h at room temperature. A

15 solution of sris(2-aminoethyl)amine (30mL, 200 mmol, 1840 mole%) in 30mL.

' methylene chloride was then sdded and stirming continued overmight, The

reaction mixture was then concentrated under reduced pressure, and the residue

partitioned between ethylacetate (150ml) and 0.5M potassium carbonate

(K;CO,; 150mL). The organic layer was separated, washed with brine and

20 concentrated to give the crude product N-[2-(N',.N'-bis(2-aminocthyllamino

- ethyD)}-N-(r-butoxycarbonyl)-N*, N-bis(2-methyl-2-triphenylmethylthiopropy))-6,9-

diazanonanamide as a foanm/oil,

This crude product was added to a 1000ml. round-bottomed flask,

equipped with magnetic stir bar, containing 300mL THF, and then 30mlL

25 ' saturated sodium bicarbonate (NaHCO,), 100mL water and N-methoxycarbonyl

maleimide (6.13g, 39.5 mmol, 363 mole%) were added. This heteropeneous

mixture was stired ovemight at room temperature, THF was removed from

the mixture by rotary evaporation, and the aqueous residue was twice extracted

with ethylacetate 2X 75mL). The combined organic layers of these extractions

30 were washed with brine, dried over sodium sulfate, filtered through a medium

frit and concentrated to about 12g of crude product. Purification by liquid

chromatography (250g silicon dioxide/ eluted with a gradient of chloroform —»

i
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reagents for preparing thronbus i maging agents that are radiol abeled with

techneti um 99m (Tc-99m,

[err]In or [err]Ga, preferably with Tc-99m The

reagents of.the invention are each conprised of a specific binding
including but not limted to peptides, that binds specifically
and with high affinity to the platelet glycoprotein IIb/Illa (GPlla/lllb)

conpound,

receptor,

opti mal

pl at el et

i magi ng,

that is covalently linked to a radiol abel -conpl exi ng noiety. For

t he reagent nust be capable of binding to the platelet
GPlIb/llla receptor with sufficient affinity that it inhibits the adenosine
di phosphat e (ADP)-| nduced aggregati on of human platelets in a standard

10

15

20

2% methanol in chloroform) afforded $.3g of pure product (N-[2-(N',N"-bix(2-
maieimidoethyl)aminocthyl)]-A*~(-butoxycarbonyl)-NF, N*-bis(2-methyl-2-
triphenylmethylthiopropyl)-6,9-diazanonanamide) {equivaleat to 40% yield),
along with approximately 5g of crude product that can be re-purified to yield
pure product. Chemical analysis of the purified product confirmed its identity -
as BAT-BM sas follows:

'H NMR (200 mHz, CDCly): 5 0.91 (12H,5), 1.38 (9H,5), 1.2-1.6 (4H,m),
2.06 (2H,s), 2.18 (2H,t,1=7), 2.31 (4H,m), 2.55 QH,4,I=5), 2.61 (4H,t,T=6),
2,99 (2H.s), 3.0-3.3 (4H,m), 3.46 (4H,t,J=6), 6.49 (-NH,t,T=4), 6.64 (4H,s),
7.1-7.3 (18H,m), 7.6 (12H,4,Y=17).

2ris(2- annnoemyl)amme (1.49 mL, 10 mmol) dissolved in 50 mlL
saturated aqueous sodium bicarbonate and cooled in an ice'bath, was treated
with N-carbomethoxymaleimide (4.808 g, 31 mmoD. The mixture was stirved
for 30 min on ice and then for another 30 min at room temperature. The
mixture was then partitioned between dichloromethane and water, dried over
magnesivm sulfate, filtered and evaporated to give 3.442 g of product,
Reverse phase thin-layer chromatography (RP-TLC) yielded essentially 1 spot
(R= 0.63 in I:1 acetonitrile : 0.5 M sodium chloride), 3.94 mmal (1.817g)
of this product was dissolvad in 20 mil. tetrahydroferan and 20 ml, saturated
sodium bicarbonate and mixed for 2 h. The reaction mixture was then
partitioned between ethyf acetate and water. The organic phase was washed
with saturated sodium chloride, dried over magnesium sulfate, and filtered.
The ethyl acetate solution was diluted with hexanes and cooled. Solid TMEA
was collected by filtration and dried to a yield of 832 mg, Chemical analysis
of the product confirmed its identity as TMEA as follows:

IH NMR (CDCL,): 2.65 (ir. 2 H), 3.45 (ir.2 H). 6.64 (s. 2 H).
“C NMR (CDCly), 35.5, 51.5, 133.9, 170.4.

T



aggregati on assay (see Exanple 3 below) when present at a concentration of
no nore than 0.3 [err]M Also, it is of distinct conmmercial advantage to
use snmall conpounds, preferably having a nol ecul ar wei ght of |ess than
about 10, 000 dal t ons. Such smal |l conpounds can be readily manufact ured.
Moreover, they are likely not to be i munogenic and to clear rapidly from
the vascul ature, thus allowing for better and nore rapid i magi ng of
thronbi. In contrast, |arger nolecules such as anti bodies of fragnments

t hereof , or other blologlcally derived peptides larger than 10,000 daltons,
are costly to manufacture, and are likely to be i munogenic and clear nore
slowy fromthe bl oodstream thereby interfering with rapid di agnoses of
thrombi in vivo,

m.slz-(z-chlomaceunudo)ethyl]amine was pmpared as follows. To &

5 " solution of #ris(2-aminoethyljamine (1.49mL, 10 mmol) in dichloromethane

(S0mL) was added powdered K,CO, (6.98, SO mmol) followed by chloroacetyl

chloride (2.6mL, 33 mmol) dropwise. Vigorous boiling resulted, The mixture

was cooled and SOmL water added. The organic layer was separated, dried

over MgSO, and evaporated to give the title compound as a crystalline solid

10 (2.5¢g, 6.6 mmol, equal to 66% yicld). Thin layer chromatography, performed

using C18 reverse phase chromatography plates and a 50:50 mixtore of

acetonitrile and 0.5M NaCl in water, showed a single spot with R, equal to

0.62. The melting point of the crystals of the title compound so produced was

e dstermined to be between 116-119°C.,

15

1,2-bis[2- (2-chlomacetanudo)cﬂxoxy]ethane was prepued as follows, To
a mixture of 1,2-bis(2-aminoethoxy)ethane (1.5g, 10 mmol) in dxd:lommethane
20 - (100mL) and 1M Na,CO, (S0mL) cooled in an jce bath was added chlaroacetyl
chloride (2.6mL, 33 mmol) dropwise. After stirting for 10 minutes, the
organic layer was separated and evaporated to give the title compound (2.6g,
cual to 92% yield). HLPC analysis revealed a single peak using ultraviolet
{220nm) absorbtion spectrometry.

EXAMPLE 5
Synthesis of Ne-(Na,Ne-bis-chloroacetyllysyl)lysyl-glyeyl
{S-trityDeysteinamide

Ne-(Na, Ne-bis-chloroacetyllysyDlysyl-glycyl-(S-tzityl)cysteinamide  was

30 prepared as follows, The protected peptide was synthesized using SPPS
methodology as described in Example 7 using Rink amide resin,

19 ———
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The invention al so provides reagents wherein the specific binding conpounds
are linear or cyclic peptides having an am no acid sequence of 4 to 100

am no aci ds. One aspect of the invention provides a reagent for prepariny a
thronbus i nmagi ng agent that is capable of being radiol abel ed for imaging
thronbi within a manmal i an body, conprising a specific binding conpound
that specifically binds to the platelet GPlIb/Illa receptor, and that is
covalently linked to a Tc- 99m conpl exing noiety of forrmula: |. [err]

(Fmoc)Cys(Tr)), (Fmoc)Gly, (Boc)Lys(Fmoc), (Fmoc)Lys(Fmoe) and
chloroacetic acid. The peptide was cleaved from the resin, deprotected and re-
S-tritylated to give the title compound which was then purified by reverse
phase HPLC. Synthesis was comfirmed using FABMS; MH* was found to be

5 828 and 830 for a peptide having a theoretical molecular weight of 829
(average).

EXAMPLE 6
: 1 Synthesis of No-(Fmoc)-4-(N-pentamethylchromansulfonyllamidino
phenylalanine [Fmoc-Amp(Pmcil
Title compound Fmoc-Amp{Pmc) was prepared as follows. D,L-acetyl-4-
cyanophenylalanine was prepared from a-bromotoluonitrile and diethy]
acetamidomalonate using conventional techniques (see Marvel, 1955, Org. Syn.
Cell, 3: 705-708) and resolved by selective hydrolysis ofthe L-epimer using hog
' 15 renal acylase (see Greenstein e al., 1961, in Chemistry of the Amino Acids,
Kreiger & Malabar, eds., pp. 2172-2174).
t~4-cyanophenylalanine was converted to the N-o-Boc, #-butyl ester using
conventional techniques, The N-q-Boc-4-cyanophenylalanine, #-buty] ester was
converted into the 4-amidino derivative using the method of Voigt e al, (1988,
20 Pharmazie 43: 412-414), The resulting N-a-Boc-4-amidinophenylalanine, ¢-
butyl ester was converted into the N-amidinopentamethylchromansulfouyt (Pme)
derivative essentially as described for arginine {seec Ramage et al., 1987,
Tetrahedron Lent. 28: 2287-2290). The Boc and rbutyl groups were then
removed  using  BF,.OEvacetic  acid, The resulting 4-
25 pentamethylchromasulfonyl-amidinophenylalanine was converted to the title
compound using N-(fluorenylmethoxycarboxy)succinimide (PmocOSu).
The fitle compound was anmalyzed by HPLC and found to have a
retention time of 10.4 minutes using a waters Nova-Pak C18 reverse phase
radial compression column and eluted at 3mL/min with a gradient of 100%
30 (0.1% TFA/wawr) 1 100% (0.1% TRA/I0% water/acstonitdle) over 10
minutes, The title compound was analyzed by 'H NMR spectrometry and
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wherein C(pgp)[err] is a protected cysteine and (aa) is any primary a- or
[err]-am no acid not containing a thiol group. In a preferred enbodi nent,
the am no agcid is glycine. In another enbodi ment, the invention provides
a*reagent for preparing a thronbus inmaging agent that is capable of being
radi ol abel ed for imaging thronmbi within a mammal i an body, conprising a
speci fic binding conpound that specifically binds to the platelet
GPlIb/llla receptor, that is covalently

found to have the following 'H NMR spectrum (sample dissolved in CDCly):
5 1.25 (s, 6H), 1.72 (5, 2H), 2.1 (s, 3H), 2.5 (m, 8H), 3.1 (m, 2H), 4.05-
4.7 (m, 48), 5.5 (d, 1H) and 7.0-8.0 (m, 15H).

5 , EXAMPLE 7
" Solid Phass Peptide Synthesis

Solid phase peptide synthesis (SPPS) was carried out on a 0.25
10 millimole {(mmole) scale using an Applied Biosystems Model 431A Peptide
Synthesizer and using 9-fluorenylmethyloxycarbonyl (Fmoc) amino-texminus
protection, coupling with dicyclohexylearbodiimide/hydroxybenzotriazole or 2-
(1H-benzotriazol-1-y1)-1,1,3, 3-tetramethyluronium hexafluorophosphate/
hydroxybenzotriazole (HBTU/HOBT), and using p-hydroxymethylphehoxy-~
. 15 methyl-polystyrene (HIMP) resin for carboxyl-terminus acids or Rink amide
' resin for carboxyl-terminus amides. Resin-bound products were routinely
cleaved using a solution comprised of trifluorcacetic acid or 50/50
trifluoroacetic acid/dichloromethane, optionally containing water, thicanisole,
ethanedithiol, and triethylsilane, prepared in ratios of 100 : 5 : § ¢ 2.5 : 2 for
20 1.5 - 3 h at room temperature.

Where appropriate, N-terminal acetyl groups were introduced by treating
the free N-terminal amino peptide bound to the resin with 20% wv/v acetic
anhydride in NMP (N-methylpymrolidinone) for 30 min, For preparing
branched-chain peptide reagents involving peptide chain synthesis from both the

25 . - and e-amines of lysine, Na(Fmoc)Ne(Fmoc)-lysine was used during SPPS.
Where appropriate, 2-chiorcacetyl and 2-bromoacetyl groups were introduced
either by using the appropriate 2-halo-acetic acid as the last residue to be
coupled during SPPS or by treating the N-terminus free amino peptide bound
to the resin with either the 2-halo-acetic acid/ diisopropylcarbodiimide/ N-

30 hydroxysuccinimide in NMP of the 2-halo-acetic  anhydride/

. diisopropylethylamine in NMP. Where appropriate, HPLC-purified 2-
haloacetylated peptides were cyclized by stiming in 2 0.1 - 1.0 mg/mL solution
at pHS optionally containing phosphate, bicarbonate or 0.5-1.0 mM EDTA for

" i




| i-nked to a Tc-99m conpl exi ng noi ety conprising a single thiol-containing

noi ety of fornula:

1. ACZB)-[C(Rerr]Rerr])][err]-X wherein Ais H,

HOOC, H[err}NOC, (am no acid or peptide)-NHOC, (am no acid or pepdde)-OdC

or Rlerr]; Zis Hor
acid or peptide) or Rerr];
peptide) or Rerr]; Rerr],

Rlerr]; Bis H SHor -NHRerr], -N(Rerr])-(am no

Xis SHor -NHRerr], -N(Rerr])-(amno acid or
Rlerr], Rerr] and Rl err] are independently H

or straight or branched chain or cyclic lower alkyl; nis 0, 1 or 2; and:

(1) where Bis -NHR[err]

and nis 1 or

2,

or -N(R[err])- (amino acid or peptide), Xis SH

(2) where X is -NHR[err] or -

10

15

30

0.5 - 48 hours, followed by acidification with acetic acid, lyophilization and
HPLC purification. Where appropriate, Cys-Cys disulfide bond cyclizations
wexe performed by treating the precursor cysteine-free thiol peptides ar
0.1mg/mL in pH 7 buffer with aliquots of 0.006 M K,Fe(CN), until a stable
yellow color persisted. The excess oxidant was reduced with excess cysteine,
the mixture was lyophilized and then purified by HPLC.

Where appropriate, peptide thiol-chloroacetyl derived sulfides were

prepared by reacting single thiol-containing peptides at & concentration of 2 to

50 mg/mL in water and acetonitrile or THF or DMF at' pH 10 with the
appropriate number (e.8., 0.5 molar equivalents for preparing dimers and 0.33
molar equivalents for preparing trimexs) of the chloroacetyl polyvalent linker
moiety for 0.5 to 24 hours, The solution was then nevtralized with acetic
acid, evaporated to dryness, and, if nccessary, deprotected using 10 mL TRA
and scavengers such as 0.2 mL trethylsilane for 30 to 90 minutes. The
solution was concentrated and the product was precipitated with ether,
Products were purified by preparative HPLC.

‘Where appropriate, BSME adducts were prepared by reacting single
thiol-containing peptides (5 to 50 mg/mL in 50 mM sodium phosphate buffer,
pH 7 to 8) with 0.5 molar equivalents of BMME (bis-maleimidomethylether)
pre-dissolved in acetonitrile at room temperature for approximately 1-18 hours.
The solution was concentrated and the product was purified by HPLC,

Where appropriate, TSEA adducts were prepared by reacting single
thiol-containing peptide (at concentrations of 10 to 100 mg/ml peptide in
DMF, or 5 10 50 mg/mL peptide in 50mM sodium phosphate (pH 8)/
acetonitrile or TIIF) with 0.33 molar cquivalents of TMEA {fris(2-
maleimidoethyl)amine; Example 2) pre-dissolved in acetonitrile or DMF, with
or without ! molar equivalent of tricthanolamine, at room temperature- for
approximately 1-18h. Such reaction mixtures containitig adducts were
concentrated and the adducts were then purified wsing HPLC,

Where appropriate, BAT-BS adducts were prepared by reacting single
thiol-containing peptide (at concentrations of 2 to 50 mg/mL peptide in S0mM

T

2



Ne«R[err])-(amno acid or peptide), Bis SHand nis 1 or 2; (3) where Bis
Hor Rerr], Ais HOOC, Herr]NOC, (amno acid or peptide)-NHOC, (am no
acid or peptide)-O0OC, Xis SHand nis 0 or 1; (4) where Ais Hor RerrT,
then where Bis SH, Xis -NHRerr] or -N(Rerr])-(amno acid or peptide)
and where Xis SH Bis -NHRerr] or -N(Rerr])-(amno acid or peptide);
(5) where Xis Hor Rerr], Ais HOOC, H2NCC, (am no acid or peptide)-NHCC,
(amno acid or peptide)-O0C and Bis SH, (6) where Zis nethyl, Xis
methyl, Ais HOOC, Herr]NOC, (am no acid or peptide)-NHOC, (am no acid or
peptide)-O0C and Bis SH and nis 0O; and (7) where Bis SHand Xis SH, n
Is not O0; and wherein the thiol noiety is in the reduced form and wherein
(amno acid) is any primary [err]-

sodium phosphate (pH 8)/ acetonitrile or THF) with 0.5 molar equivalents of
BAT-BM (N-[2-(N", N*-bis(2-malcimidoethyl)aminoethyD)]-N-{t-butoxycarbonyl)-
N N-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanamide; Example
1) pre-dissolved in acetonitrile or THF, at room temperature for approximately
5 1-18h. The solution was then evaporated o dryness and [BAT-BS]-peptide
eonjugat@; deprotected by treatment with 10mE TRA and 0.2ml triethylsilane
for 1h. The solution was concentrated, the product adducts precipitated with
ether, and then purified by HPLC.
Crude peptides were purificd by preparative high pressure liquid
10 chromatography (HPLC) using a Waters Delta Pak C18 column and gradient
elution using 0.1% tifluoroacetic acid (TFA) in water modified with
acetonifrile. Acetonitrile was evaparated from the eluted fractions which were
then lyophilized. The identity of each product was confirmed by fast atom
' bombardment mass spectroscopy (FABMS) or electrospray mass Spectroscopy
15 (ESMS).

EXAMPLE 8
A General Method for Radivjabeling with Te-99m

0.1 mg of a peptide prepared as in Example 2 was dissolved in 0.1 mL
20 - of water or SO mM potassitm phosphate buffer, 0.1 M bicarbonate buffer or
10% hydroxypropyleyclodextrin (HPCD), each buffer at pH of 5-10, Tc-99m
giuceplate was prepared by reconstituting a Glucoscan vial (E.I, DyPont de
Nemours, Inc.) with 1.0 mL of Tc-99m sodium pertechnetate containing up to
200 mCi and allowed to stand for 15 minutes at room temperature. 25 pl of
25 Te-99m gluceptate was then added to the peptide and the reaction allowed to
proceed at room temperature or at 100°C for 15-30 min and then filtered

through a 0.2 pm filter.
The Tc-99m labeled peptide purity was determined by HPLC using the
following conditions: a Waters DeltaPure RP-18, Su, 150mm x 3.9mm
30 analytical column was loaded with cach radiolabeled peptide and the peptides
eluted at 2 solvent flow rate equal to | mL/min. Gradient elution was

23 This Sheet Has Been Reﬂ
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[err]-am no acid not containing a thiol group. In particular enbodi nents of
this aspect of the invention, the radiol abel - conplexing noiety has a
formula that is: Ila. -(amino acid)[err]-(am no :
acid)[err]-{A-CZ(B)-[C(Rerr]Rerr])][err]-X}, 1lb.
-{A-CZ(B)-[C(Rerr]Rerr])][err]-X}-(amno acid)[err]-(amno acid)[err],
llc. -(a primary [err]- or [err]-diamno acid)-(amno acid)[err]-{A CZ(B)-

performed beginning with 10% solvent A (0.1% CF3COOR/H,0) to 40%

solvent By, (0.1% CF;COOH/90% CH;CN/R,0) over the course of 20 min.

The Tc-99m labeled peptide purity was determined by HPLC using the

conditions described in the Footnotes in Table I. Radioactive components were

5 detected by an m-lme radiometric detector linked to an mtegrahn,g recorder.
Te-99m gluccptateand’ro-99m sodium pertechnetate elute between I and 4

minutes under these conditions, whereas the Tc-99m labeled peptide eluted after

a much greater amount of time.

The following Table illustrates successful Tc-99m labeling of

10  peptides prepared according to Example 1 using the method described herein,
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[G(Rlerr]Rerr])][err]-X, or 1l1d.
-{A-CZ(B)-[C(Rerr]Rerr])][err]-X}-(amno acid)[err]-(a primary [err]- or
[err] diam no acid) wherein (amno acid)[err] and (amno acid)[err] are ~
each independently any naturally- ocurring, nodified, substituted or
altered [err]- or [err]-am no acid not containing a thiol group; Ais H,
HOOC, HNOC, (am no acid or peptide)-NHOC, (am no acid or peptide)-0O0OC or
Rlerr]; Zis Hor Rerr]; Bis H SHor -NHRerr], -N(Rerr])- (amno acid
or peptide) or Rerr]; Xis SHor -NHR[err], -N(Rerr])-(am no acid or
peptide) or Rerr]; Rerr], Rerr], Rerr] and R err] are independently H
or straight or branched chain or cyclic lower alkyl; nis an integer that
is either 0, 1 or 2; and: (1)
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where Bis -NHR3 or -N(Rerr])-(amno acid or peptide), Xis SHand nis 1
or 2; (2) where Xis -NHR[err] or -N(R err])-(amno acid or peptide), Bis
SH and.n is.1 or 2; (3) where Bis Hor Rerr], Ais HOOC H err]NCC, N
(am no acid or peptide)-NHOC, (amino acid or peptide)-O0C, Xis SH and nis
0 or 1; (4) where Ais Hor Rerr], then where Bis SH X is -NHRerr] or
-N(R[err])-(am no acid or peptide) and where Xis SH, Bis -NHR err] or
-N(R[err])-(amino acid or peptide); (5) where Xis Hor Rerr], Ais HOCC,
H err] NOC, (am no acid or peptide)-NHOC, (am no acid or peptide)-O0OC and B
is SH (6) where Zis nethyl, X is nethyl, Ais HOOC, H err]NOC, (am no
acid or peptide)-NHOC, (am no acid or peptide)-O0OC and Bis SH and n is O;
and (7) where Bis SH and X is SH,
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n-is not 0; and wherein the thiol group is in the reduced form In another
enbodi nent, the invention provides a reagent for preparing a thronbus

i magi ng agent that is capable of being radiol abeled for inmaging thronbi *
wi thin a mammal i an body, conprising a specific binding conpound that
specifically binds to the platelet GPlIb/Illa receptor, and that is
covalently linked to a radiol abel -conpl exing noiety of formula: 111. [err]
- (amino acid) - cysteine - CO - peptide SX [for purposes of this

i nvention, radiol abel-binding noieties having this structure

* Superscripts refer to the following labeling conditions:

1. The peptide was dissolved in 50 mM potassium phosphate buffer (pH
7.4) and labeled at room temperature,
2 The peptide was dissolved in 50 mM potassium phosphate buffer (pH
7.4) and lsbeled at 100°C.
3. The peptide was dissolved in water and labeled at room
4, The peptide was dissolved in water and labeled at 100°C,
5.  The peptide was dissolved in 50 mM potassium phosphate buffer (pH
_ 6.0) and labeled at 100°C.
6.  The peptide was dissolved in 50 mM potassium phosphate buffer (pH
5.0) and labeled at room temperature,
7. The peptide was dissolved in a 50:50 mixture of ethano)/watcr and
labeled at 100°C.
15 8. mepepndewasdxssolvedmOQ%sodmmcmondesoluMnandhheled
at room temperature.

10

** HPLC methods (indicated by superscript after Ry):

20 general: solvent A = 0.1% CF,COOH/H,0
T . solvent By, = 0.1% CF,COOH/70% CH,CN/H,0
solvent B, = 0.1% CF,COOH/90% CH,CN/H,O
solvent flow rate = 1 mL/min

Vydak column = Vydak 218TP54 RP-18, Sum, 220mm x 4.6mm analytical

column with guard column

Brownlee columa = Brownlee Spheri-5 RP-18, Spm, 220mm x 4.6mm column

Waters column = Waters Delta-Pak C18, Sum; 150mm x 3.9mm column
30 Waters column 2 = Waters Nova-Pak C18, Sum, 100mm x 8mm radial

compression column

Method 1:  Brownlee column 100% A to 100% By in 10 min
Method 2:  Vydak column 100% A to 100% By in 10 min
35 Method 3:  Vydak column 100% A to 100% By in 10 min
Method 4:  Watars column 100% A to 100% B,, in 20 min
Method 5:  Waters column 100% A to 100% By in 10 min
Method 62 Waters 2 column 100% A to 100% By, in 10 min

40 wx* Confirmed by sodium dodecy! sulfate-polyacrylamide gel electrophoresis

Single-letter abbreviations for amino acids can be found in G. Zubay,
Blochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) p.33;
underiining indicates the formation of a thiol linkage between the linked amino
45 acids of derivative groups; peptides are linked to BSH, ETAC, BSME, TSEA,
[BAT-BS} or (CH,CO)-containing linkers wia the free thiol moiety of the
unprotected cysteine residuc (C) in cach peptide; Ac = goetyl; Bz = beazoyl;

i



wi1l be referred to as picolinic acid (Pic)-based noieties]; 9 or IV.

peptide - HN - cysteine -
this imvention, radiol abel

(amno acid) - NH- CHerr] - [for purposes of
-bi nding noieties having this structure will bé

referred to as picolylamne (Pica)-based noieties]; wherein Xis H or

10

Pic = picolinoyl (pyridine-2-carbouyl); Acm = acetamidomethyl; Mob = .
4mmmnumauﬂ'Ap:=143{&mmmqmqwnqmmm=Iny-Mmmhﬁmng
= p-phenylalanine; Y, = D-tyrosine; ma = 2-mercaptoacetic acid; mmp =
2-mercapto-2-methylpropionic  acid; BAT = NﬂNtﬁmznmmquL
methylpropyl)-6,9-diazanonancic acid; ETAC = 4-(O-CH,CO-Gly-Gly-
Cys.amide)acetophenone; BAT-BS = NH}@FJthGummhmmhamm
aminoethy(]-N*, N*-bis(2-mexcapto-2-methylpropyl)-6,9-diazanonanamide; BSME -
= bis-succinimidomethylether; TSEA = nu{zmwumnmknmﬁymmw,NEs
= N-ethylsuccinimide; BSH = 1,6-bis-succinimidohexane; Amp = 4.
amidinophenylalanine

==omnhnmdbyegannmmy:musqunmmuyzEnmﬂ
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a-protecting group; (amno acid) is any primary [err]- or [err]-am no acid
not containing a thiol group; the radiol abel -conplexing noiety is
covalently tinked to the peptide and the conpl ex of the

-~

radi ol abel - conpl exi ng noi ety and the radiolabel is electrically neutral. In
a prefered enbodinent, the amno add is glycine and X is an acetam donet hyl
protecting group. In additional preferred enbodinents, the peptide is

covalently linked to the radi ol abel - conpl exing noiety via an am no acid,
nost preferably glycine. Yet another enbodinent of the invention prOV|des a
reagent for preparing a thrombus |nag|ng agent that is capable of being
radi ol abel ed for inmaging thronmbi within a nmammal i an body, conprising a
speci fic binding

EXAMPLE 9

Platelet Aggregation Inhibition Assays
Platelet aggregation studies were performed essentially as described by
5 Zucker (1989, Methods in Emzymol. 169: 117-133).  Briefly, plaselet
aggregation was assayed with or without putative platelet aggregation inhibitory
compounds using fresh human platelet-rich plasma, compriging 300,000 platelats
per microlitre, Platelet aggregation was induced by the addition of a salution
of adenosine diphosphate to a final conceatration of 10 to 15 micromolar, and
10 the extent of platelet aggrepation monitored wsing a Bio/Daa aggregometer
(Bio/Data Corp., Horsham, PA). The concentrations of platelet agpregation
inhibitory compounds used were varied from 0.1 t0 500 gg/mL. The
concentration of inhibitor that reduced the extent of platelet aggregation by
50% (defined as the IC,,) was determined from plots of inhibitor concentration
15 versus extent of platelet aggregation, An inhibition curve for peptide RGDS
was determined for each batch of platelets tested.

The results of these experiments arc shown in Table II. In Table IT,

the compounds tested are as follows (RGDS is given as d positive control):

20 P47 = AcSYGRGDVRGDFKC, .GC\

P97 =  GRGDVRGDFKC,.GC, amide

P2 = CaGC\RRRRRRRRRGDYV

Pl43 = CH.CO-Y RGDCGGC, GC, amide

P245 =  CHCO-Y,5 Ax.GDCGGC,..GC,uGGF,PRPGamide
25 P33 = AcSYGRGDVRGDFKCTCCA

P = GRDGVRGDFC, GC, Jamide

P81 = CHCOYARGDCC,. GC)amide

PI154 =  CHCO Y, ACGDCGGGC,GC, yamide
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conpound that specifically binds to the platelet GPlIIb/IIla receptor, and
that is covalently linked to a radiol abel -conplexing noiety that is a
bi sam no bi st hiol radiol abel -conpl exi ng noiety. The bi sam no bi st hi ol
noi ety in this enbodi ment of the invention has a formula selected fromthe

group consisting of: V. [err] wherein each

Rl err] can be independently H CHerr] or Cerr]JHerr]; each (pgp)[err] can
be i ndependently a thiol protecting group or H m n and p are

i ndependently 2 or 3; Ais linear or cyclic | ower alkyl, aryl,

het er ocycl yl, conbinations or substituted derivatives thereof; and X is

pepti de; and

-

CH;)—-O
2

!

i
C-NH,
o
CH,S
N
0

CH-

ys-Gly-Cys(Acm)-Gly-Cys{Acm)-Gly-Gly-NH~-

(CH.L0-YrApcGDCK GC,,.GC, GG C-amide),-BSME

T
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| & T &)
1|
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I
<
S
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10 VI. [err] wherein each Rl err] is independently H |ower alkyl having 1
to 6 carbon atons, phenyl, or phenyl substituted with |ower alkyl or |ower
al koxy; m m and p are independently 1 or 2; Ais linear or cyclic |ower®
al-kyl, aryl, heterocyclyl, conbinations or substituted derivatives therof;

Vis Hor CO(amno acid or

3

N

0
2
ﬁg
O

CHS

-Gl -Gly-Cys(Acm)-GIy-Cys(Acth)—Gly—Gly—NH-CH-E-NH
3l

"?Hz
CH-G
O

Q
b

(CHLO-YnApCGDCGGC, o GC,\ o GGC-amide),-TSEA

P317 =
{D-Tyr)-Ape-Gly-Asp-NH—

2

?H
C-
0/1

TN



peptide); Rerr] is H (amno acid) or peptide; provided that when Vis H,
Rlerr] is amno acid or peptide and when Rerr] is H Vis amno acid or
pepti de, wherein (amino acid) is any prinmary [err]- or [err]-am no acid not
containing a thiol group. [For purposes of this invention,

radi ol abel - bi ndi ng noi eti es having these structures will be referred to as
"BAT" noieties]. In a preferred enbodi nent, the peptide is covalently

| i nked to the radiol abel -conpl exing noiety via an am no acid, nost
preferably glycine. In preferred enbodi nents of the aforenmenti oned aspects
of this invention, the specific binding conmpound is a peptide is conprised.
of between 4 and 100 am no acids. The nost preferred enbodi nent of the
radi ol abel is

CH2>»-0
2

i
GH—C-NH,
0
CH,S
N
0

Gly-Gly-Cys(Acm)-Gly-Cys{Acm)-Gly-Gly-NH-

CH-C—
0
0

(D-Tyr}-Apc-Gly-Asp—NH—

(CH,C0-Y,ApCGDCGGC, . GC, GG C-amide),-BSME

P280

2

CH
¢
/
Cf
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technetium 99m The reagents of the invention may be fornmed wherein the
-conpl exing noieties are

speci fi c bindi ng conpounds or the radi ol abel
covalently kinked to a polyvalent |inking noiety. Polyvalent |inking .
noieties of the invention are conprised of at |east 2 identical |inker

groups capabl e of covalently bonding to specific binding
conpounds or radi ol abel -conpl exing noieties. Preferred |inker functional
groups are primary or secondary am nes, hydroxyl groups, carboxylic acid
groups or thiol-reactive groups. |In preferred enbodi nents, the polyval ent

| i nki ng noi eties are conprised of bis- succinindyl net hyl et her (BSME),
4- (2, 2-di net hyl acetyl ) benzoic acid (DVAB),

functi onal

~NH,

)
l! .

ly-Gly-Cys{Acm)-Gly-Cys(Acm)-Gly- Gly-NH~CH=
S“"'CHz

o 0]
NH«’\N‘G’N})E(
Pod o]

3

(C1.C0-Y,ApCGICGGC . GCGGC-amide) - [BAT-BS]

I ~
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tri s(succinimdyl ethyl)amne (TSEA), tris(2-chloroacetam doethyl)am ne,
1, 2-bis- [2-(chl oroacet am do) et hoxy] et hane, and
N-[2-(N , N «bis(2-sucinimdoethyl) :

am noethyl)]-Nerr], N err]-bis(2-methyl-2-mercaptopropyl)-6,9-di azanonanam
de (BAT- BS). The invention al so conprises scintigraphic imging agents

that are conpl exes of the reagents of the invention with Tc-99m [err]ln or
[err] Ga, nost preferably Tc-99m and net hods for radiol abeling the reagents.

Tb-99m.
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r adi ol abel ed conpl exes provided by the invention are fornmed by reacting the
reagents of the invention wiwth Tc-99min the presence of a reducing ageat.
Preferred reducing agents include but are not |limted to dithionite ion,*
stannous ion and ferrous ion. Conplexes of the invention are also forned by
| abel ing the reagents of the invention with Tc-99m by |igand exchange of a
prereduced Tc-99m conpl ex as provided herein. The invention al so provides
lits for preparing scintigraphic imging agents that are the reagents of
the invention radiol abeled with Tc-99m Kits for |abeling the reagents
provi déd by the invention with Tc-99m are conpri sed of a seal ed vial
containing a predeterm ned quantity of a reagent of the

&

.
band

=

=

'3

N,
0

(CELLOY0 AP GDCOC e GC s GOCamie)(CH,0ONK (Ve K)GCrmide
O
GlvalyJCys(Acm}-Glr-Cys(Mn)-GerIy—Nﬂ\(l
§

PUT =

0
Og__» D-Tyr>-Amp-Gly-Asp—Ni g
T Gly-Gly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly --NH\E‘L
NH,
5
, _ s

OT {D'-‘Iyr}-Aup-Gly-Asp—Mlji
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invention and a sufficient anmount of reducing agent to | abel the reagent
wth Tc-99m This invention provides nethods for preparing peptide reagents
of the:invention by chemi cal synthesis in vitro. In a preferred enbodi nent,
pepti des are synthesized by solid phase peptide synthesis. This invention
provi des nethods for using scintigraphic inmging agents that are Tc-99m

| abel ed reagents for imaging thronbi within a manmal i an body by obt ai ni ng
in vivo gamra scintigraphic i nages. These net hods conprise adm nistering an
ef fective diagnostic amount of Tc-99m | abel ed reagents of the invention and

detecting the ganma radiation emtted by the Tc-

y-Cys-NH,

A,

0

Gly-NH;
SIA\HNH\,f\V/~\
O
0
‘d:Gly-Nﬂz
k]

(CH.COY,.. Amp. GDCKGCGamide)y(CH,C0),K{Ne-K)GCamide

4
‘“‘”"""""“"““"’"“xﬁk
Lys-Gly——NH

P48 =

GFWﬁﬂmwmrmm-mu\TJi\ \[?i\
Lys-Gly=—-NH
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S
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99m | abel

fromthe fokl ow ng nore detail ed description of certain preferred
enbodi nents and the cl ai ns.
I ncl udi ng peptide reagents,

agents for

| ocal i zed at the thronbus site within the mammal i an body.
Specific preferred enbodi nents of the present invention will becone evident

~

12 The present invention provides reagents,
for preparing radiol abel ed thronbus i nmagi ng

I mging a thronmbus within

10

(Single-letter abbreviations for amino acids can be found in G. Zubay,
Blochemistry Q4. ed.), 1988 (MacMillan Publishing: New York) p.33; Ac
= acetyl; Acm = acetamidomethyl; Apc = L-[S-<(3-aminopropyl)cysteine; Yy,
= pDyrosing; BSME = bis-succinimidylmethylether; TSEA =
tris(saccinimidylethyl)amine; [BAT-BS] = N-[2-(N',N'-bis(2-succinimidoethyl)
aminocthyl)]-N, N, -bis(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide;

.peptides are linked to BSME, TSEA, [BAT-BS] or (CH;CO)-containing finkers

via the free thiol moiety of the unprotected cysteine residue (C) in each
peptide).

These results demonstrate that the IC;, decreases for cyclic peptides 33
compared with linear ones, and is even less for polyvalent peptide agents as
compared with monovalent peptide agents. These results illustrate the efficacy
of the multimeric polyvalent antithrombotic agents of the invention at redicing
piatelet aggregation.

7 T



a ammal i an body. The reagents provided by the invention conprise a
radi ol abel binding noiety covalently linked to a specific binding conpound
that binds a platelet receptor that is the platelet GPlIb/Illa receptor and
i S capabl e of inhibiting human pl atel et aggregation in platelet-rich plasm
by 50% when present at a concentration of no nore than 0.3[err]M For

pur poses of the invention, the termthronbus inaging reagent will refer to
enbodi ments of the invention conprising a specific binding compound
covalently linked to a radi ol abel - conpl exi ng noi ety and radi ol abel ed,
preferably with Tc-99m [err]In or [err]Ga, nost preferably with Tc-99m
Labeling with Tc-99mis an advantage of the present invention because

TABLE II
Peptides IC(uM™  Clot/Blood®
P357 0.079 63 %+ 3.4
P667 0.081 5.9,.5.0
5 P280 0.090 44 1 L9
P682 0.130 4.0t
P317 0.036 3.8 + 22
P381 0.035 2.5
P154 0.3 20 + 0.5
10 P245 0.5 15
P143 1.3 1.4
P97 8 1.0
Pog 15 1.7
: P63 19 17
15 P47 23 1.0
prél 25 L8 £ 0.6
P32 26 1.2 :!:al_)ﬁ‘
In w13 In =2 =3 n =4 n = 6 ‘n =9

20 :

* ratio of (% injected dose/g in 2 femoral vein thrombus)/ (% injected
dose/g in blood) at approximately 4h post-injection of each Tc-99m
labeled reagent in a canine model of DVT

**  concentration of reagent that inhibits by 50% the aggregation of human

25 platelets in platelet-rich plasma induced to aggregate by the addition of
adenosine diphosphate (ADP)

It should be understood that the foregoing disclosure emphasizes certain

specific embodiments of the invention and that all modifications or alternatives

30 equivalent thereto are within the spirit and scope of the invention as set forih
in the appended claims.



t he nucl ear and radi oactive properties of this isotope nmake it an ideal
scintigraphic imging agent. This isotope has a single photon energy of 140
keV and a radioactive half-life of about 6 hours, and is readily avail able
froma [err]Md-[err] Tc generator. Another advantage of the present

I nvention is that none of the preferred radionuclides are toxic, in
contrast to other radionuclides known in the art (for exanple, [err]l). In
the Tc-99m conpl exi ng noi eti es and conpounds covalently linked to such

noi eties that contain a thiol covalently linked to a thiol protecting
groups f{(pgp)[err]] provided by the invention, the thiol-protecting groups
may be the sane or different and nay be but are not limted to:

What is claimed fs:
1. A rcagent for preparing a thrombus imaging agent for imaging
thrombi within a mammalian body, comprising & radiolabel complexing moisty
covalently linked to a specific binding compound that is less than 10,000
5 daltons in molecular weight and that binds to a platelet receptor that is the
platelet glycoprotein Ib/Ila receptor, whereln the reagent is capable of
inhibiting human platelct aggregation in plateletxich plasma by 50% (ICs)
when present at a concentration of no mare than 0.3xM.
2, A reagent according to Claim 1 wherein the specific binding
10 compound is a specific binding peptide comprising 4 to 100 amino agids.
3. The reagent of Claim 1 wherein the radiolabel complexing moiety
has a formuia selected from the group consisting of: '
L
. Cp(aa)Cp
15 wherein Cp is a protected cysteine and (aa) is any primary - or S-amino acid
not containg a thiol group; and

_ Im.
: - CO - (amino acid) - cysteine - CO -
n @ T
P 1 - HN - ¢ysicine - (amino acid) - NH - CH, -

wherein X = H or a protecting group; .
30 (amino acid) > any primary a- or S-amino acid not containg a
thiol group;
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-CH err]-aryl (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
-CH (aryl)[err], (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
-C-(aryl)[err], (aryl is phenyl or alkyl or alkyloxy substituted phenyl);*
-CH err] - (4-nmet hoxyphenyl); -CH (4-pyridyl)(phenyl)[err]; -C(CHerr])[err]
-9-phenyl fluorenyl; -CH err] NHCOR (R is unsubstituted or substituted al kyl
or aryl);

V.
/(CR’:).

(En \t\J-A-OO-pepﬁde
) CR,
' 3
3 S-(pgp)* S-(Psp)
wherein each R! is independently H, CH, or C,H,,
each (pgp)* is independently a thiol protecting group ar H:
m, n and p are independently 2 or 3:
A = lincar or cyclic lower alkyl, aryl, heterocyclyl,

10 combinations or substituted decivatives thepsof;
VL
(CR’z)\.
y N{ r‘t-A-cn(V)m'
Is (CR’:). (?R’ :
gn SH

wherein each R’ is independently H, lower alkyl having 1 to 6 carbon
atoms, phenyl, or phenyl substituted with lower alkyl or lower
alkoxy;
20 m, n and p are independently 1 or 2;
A = lincar or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof:
¥ = H or -CO-peplide;
R* = H or peptide;
25 and wherein whea V = H, R‘=pepndenndwhmk‘ =H, V = -CO-
peptide.

3. The reagent of Claim 1 wherein the specific binding peptide and
radiolabel complexing moiety are covalently linked through one or more amino
acids,

4. The reagent of Claim 3 wherein the protected cysteine of the
radiolabel complexing moiety having formula I has 3 protecting group of the

TR OB O | “ Th“ﬁ,m'ililﬂs" Tliﬂil]m




13 -CH err]-NHCOOR (R is unsubstituted or substituted al kyl or aryl);
-CONHR (R is unsubstituted or substituted al kyl or aryl);

-CH err]-S-CH err]-phenyl Preferred protecting groups have the formul a
-CH err]-NHCOR when Ris a |ower alkyl having 1 and 8 carbon atons, phenyl
or phenyl-subsituted with | ower alkyl, hydroxyl, |ower alkoxy, carboxy, or
| oner al koxycarbonyl. The nost preferred protecting group is an

acet am domet hyl group. Each specific-bindi ng peptide-contai ni ng enbodi nent
of the invention is _

formnla
-CH, NH-CO-R

wherein R is a lower alkyl having 1 to 6 carbon atoms, 2-,3-4-pyridyl,
phenyl, or phenyl substituted with lower alkyl, hydroxy, lower alkoxy,
garboxy, or lower alkoxycasbonyl.

5. The reagent of Claim 3 wherein the radiolabel complexing molety
of formula Cp(aa)Cp has the formmla:

COCH,
-HN-CH-CO-NH-CH,-CO-NH-CH-CO-
S-CH,-NHCOCH,

6. A scintigraphic imaging agent comprising the reagent according
to Claim 1 wherein the radiclabel complexing moiety is bound to a radiolabel,

7.  The reagent of Claim 6 wherein the radiclabel is technetium-99m,
indium-111 or galtium-68.

8.  The reagent of Claim 2 wherein the specific binding peptide is
selected from the group consisting of peptides having the amino acid sequence:

(I:HzCOéY,,.Apc.GDC' GGG
. CH,CO.Y,..Apc.GDCKG
s
CH,CO.Y,.Apc.GDE
s
q:n,coéy.,.Apc.GDgx

?H,CO.Y,,.Amp.GDQ
s

FH,CO.Yn.Amp.GDC.!K
)

CH,CO.Y,.Apc.GDCGG
s :

9.  The reagent of Claim | wherein the reagent forther comprises a
polyvalent linking moiety covalentfy linked to a multiplicity of specific binding
compounds and also covalently linked to a multiplicity of radiolabel complexing
noieties to comprise a reagent for preparing 8 multimeric polyvalent

41
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conprised of a sequence of amno acids. The termamno acid as used in this
I nvention is intended to include all L- and D-, primary [err]- or

[err]

-am no*aci ds,

natural ly occurring and ot herw se. Specific-binding

pepti des provided by the invention include but are not limted to peptides
havi ng the foll ow ng sequences (the amno acids in the follow ng peptides
are L-am no aci ds except where otherwise indicated): [err] [err] [err]

[err]

scintigraphic imaging agent, wherein the molecular weight of the multimeric
polyvalent scintigraphic Imaging ageat is less than about 20,000 daltons.

10.  The reagent of Claim 9 wherein the polyvalent linking moiety is
bis-succinimidylmethylether, 4~(2,2-dimethylacetyDbenzoic acid, N-[2-(V'.N'-
bis(2-succinimido-ethyl)aminoethyl)]-N, N°-bis(2-methy}-2-mercaptopropyl)-6,9-
diazanonanamide, #ris(succinimidylethyl)amine, #ris(2-chloroacetamidoethyl)
amine, 1,2-bis(2-chloroacetamidocthoxy)ethane, or a derivative thereof,

11. A complex formed by reacting the reagent of Claim 2 with
technetium-99m in the presence of a reducing agent.

12.  The complex of Claim 11, wherein the reducing agent is sclected
from the group of a dithionite jon, a stannons jon, or a ferrous ion.

13. A complex formed by labeling the reagent of Claim 2 with
technetium-99m by ligand exchange of a prereduced technetium-99m complex,

14, A kit for preparing a radiopharmaceutical preparation, said kit
comprising sealed vial containing a predeterined quantity‘of the reagent of
Claim 2 and a sufficient amount of reducing ageat to label the reagent with
technetium-99m.

15. A method for imaging thrombi within & mammalian body
comprising administering an effective diagnostic amount of the reagent of Claim
2 that is labeled with technetium-99m and detecting the Te-99m localized at the
site of the thrombus, .

16. The process of preparing the reageat according to Claim 2
wherein the reagent is chemically synthesized in vitro.

17.  The process of preparing the reagent according to Claim 16
wherein the specific binding peptide is synthesized by solid phase peptide
synthesis.

18.  The reagent according to Claim 2 wherein the radiolabel binding
moiety is covalently linked to the specific binding peptide during in witro
chemical synthesis,

19.  The reagent according to Claim 18 whercin the radiolabel binding
moiety is covalently linked to the specific binding peptide during solid phase

L T iimin



[err] [err] [err] and O (4-piperdinyl)butyl tyrosine. Specific-binding
peptides of the present invention can be chemcally synthesized in vitro.
Peptides of *‘the present invention can generally advantageously be preparéd
on an peptide synthesizer. The peptides of this invention can be

synt hesi zed wherein the radiol abel -binding noiety is covalently linked to
the peptide during chem cal synthesis in vitro, using techniques well known
to those with skill in the art. Such peptides coval ently-linked to the

peptide synthesis.

20. A method for labeling a peptide according to Claim 2 comprising
reacting the peptide with Tc-99m in the presence of a reducing agent,

21.  The method of Claim 20, wherein the reducing agent is aelected
from the group of a dithionitc ion, a stannous ion, or a ferous ion. _

22.  The reagent of Claim 1, wherein the specific binding compound
comprises a cyclic peptide domain having the formula:

F&CO-A—X-GIy»Asp-(i‘.ys-
S CR,
wherein -~ A is a lipophilic D-a-amino acid, or an A-alkyl-L--amino acid
or L-proline;

X is an L-ag-amino acid having & sidechain capahle of being
. positively charged; and
. R is each independeatly H, lower alkyl or lower alkoxyalkyl,
23. The reagent of Claim 22, wherein A is D-tyrosine or »-
phenylalanine and X is  L{S-CGaminopropylicysteine or L4
amidinophenylalanine.
24,  The reagent of Claim 1 wherein the radiolabel complexing moiety
. comprises a single thiol-containing moiety of formula:
II. )

A-CZ@BHCER'R)L-X
wherein A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino
acid or peptide)-00C or RY
B is H, SH, NHR’, -N(R)-(amino acid or peptide), or R¢;
X is H, SH, -NHR’, -N(R*)~(amino acid or peptide) or R%
Zis Hor RY

R', R? R’ and R* are independently H or lower straight or
branched chain or cyclic alkyl;

—_—
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radi ol abel - bi ndi ng noi ety during synthesis are advant ageous because
specific 14 sites of covalent |inkage can be determ ned. Radi ol abel
bi ndi ng noi eties of the invention may be introduced into the target
specific peptide during peptide synthesis. For enbodi nents conprising
picolinic acid [(Pic-); e.g., Pic-Ay-Cys(protecting group)-], the
radi ol abel - binding noiety can be synthesized as the last (i.e.,

am no-termnal) residue in

-

nis0, 1or2;

and .
;vlmeBis-NHR ar -N(R*)-(amino acid or peptide), X is SH, and n is 1 or
y ’ .

;mmxn-m’dr-mn’).(mimmorpepﬁde).nusn.ananisxm

where B is H or R, A is HOOC, H,NOC, (amino acid or peptide)-NHOC,
{amino acid or peptide)-00C, X is SH, and a is 0 or 1;

where A is H or R¢, then where B is SH, X is -NHR® or -N(R")-(amino acid
or peptide) and where X is SH, B is -NHR® or -N(R)-(amino acid or peptide);

where X is H or RY, A is HOOC, H;NOC, (amino acid or peptide)-NHOC,
(amino zcid or peptide)-OOC and B is SH;

where Z is methyl, X is methyl, A is HOOC, H,NOC, (amino acid or
peptide)-NHOC, (amino acid or peptide)-O0C, B is SH and n is 0;

where B is SH and X is SH, n is not O;

and wherein the thiol moiety is in the reduced form and (amino acid) is any
primary &- or f-amino acid not containing a thiol group.

25.  The reagent of Claim 24 whercin the radiolabel complexing
maiety is selected from the group consisting of the radiolabeled moieties having
formula; : ' |
Ila. -(amino acid)'-(amino acid)’-{A-CZ@-{CRRI)L-X},

M.  -{A-CZ(B)-{C(R'R})]-X}-(amino acid)'-(amino acid)®,

Be. -a primary a,w- or #,w-diamino acid)-(amino acid)'-{A-CZ(B)-
[CR'RYL-X], or

od.  -{A-CZ(B)-{C(R'R)].-X}-(amino acid)*-(a primary o,w- or 8§,
diamino acid)
wherein (amino acid)' and (amino acid)® are each independently any

naturally-ocurring, modified, substituted or altered o~ or S8-amino
acid not containing a this, group;
A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC,

L. ©




the synthesis. |In addition, the picolinic acid-containing

radi ol abel - bi nding noi ety may be covalently linked to the [err]-am no group
of lysine to give, for exanple,

[err] N(Froc) -Lys-[err] NNPic-G y-Cys(protecting group)], which may be

I ncorporated at any position in the peptide chain. This sequence is
particul arly advantageous as it affords an easy node of incorporation into
the target binding peptide. Simlarly, the picolylamne (Pica)-containing
radi ol abel -binding noiety [-Cys(protecting group)-dy-Pical] can be prepared
during -peptide synthesis by including the sequence [-Cys(protecting
group)-G@y-] at the carboxyl term nus of the peptide .chain. Follow ng

cl eavage of the peptide fromthe resin the

B is H, SH or -NHR?, -N®%)-(amino acid or peptide) or R*;
X is SH or -NHR®, -N(R*)~(amino acid or peptide) or R¥;
R', R}, R’ and R* arc independently H or straight or branched
chain or cyclic lower alkyl;
n is an intoger that is either 0, 1 or 2; and
where B s -NHR® or -N(R)-(amino acid or peptide), X is SH and n is 1 or
2;
where X is -NHR® or -N(R%)-(amino acid or peptide), B is SH and n is 1 or
2
where B iz H or RY, A is HOOC, H,NOC, (amioo acid or peptde)-NHOC,
{amino acid or peptide)-00C, X is SHand nis Q or 1;
where A is H or RY, then where B is SH, X is -NHR?! or -N®)-(amine acid
or peptide) and where X is SH, B is -NHR? or -N(R®)~(zmino acid or peptide);
. : where X is H or R, A is HOOC, H,NOC, (amino acid or peptide)}-NHOC,
) ' (amino acid or peptide)-0OC and B is SH;
where Z is methyl, X is methyl, A iz HOOC, H,NOC, (amino acid or
peptide)-NHOC, (peptide}-QOC and B is SH and n is 0; and (7) where Z is
SH and X is SH, n is not 0; .
and wherein the thiol moiety is in the reduced form.

[
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car boxyl ter
Thi s synt het
remai n nerske

pi col yl am ne.

Pic-dy-Cys-
her ei nbel ow.

m nus of the peptide is activated and coupled to picolyl am ne.

ic route requires that reactive side-chain functionalities

d (protected) and do not react during the conjugation of the
Exanpl es of small synthetic peptides containing the

and - Cys-dy-Pica chelators are provided in the Exanples

This invention provides for the incorporation of these

chelators into virtually any peptide capable of specifically binding to a

t hrombus in vivo,

neutral® conp
synt hetic pe
whi ch nmay be

| ex. This invention also provides specific-binding small
ptides which incorporate bisam ne bisthiol (BAT) chelators
| abel ed with

26. A composition of matter comprising the reagent according to
Claim 1 having the formula:

GHy s—my
c- (D-Tyr)-Apc-B&y-Asp-NH-cn-coD

c—Lys-Gly-Gys(Aan)-Gly-Gys(Acm)—Gly-Gly-NHGHCO.NHg

°"‘*w;§..c~.}

27. A composition of matter comprising the reapent acconding to
Claim 1 having the formula:

5 CHg 5 -‘Cﬂg
c-'{D'TY') Ap:—th-Asp-NH-CH-GO
d D

qw -Gly-CysiAcm) Gly-Cys(Acm)-G}YAGU-NHCHGO.NHg

ooy

Ll S

—_——
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resulting in a radiol abel ed peptide having Tc-99m hel d as
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Tc=99m This invention provides for the incorporation of these chelators
into virtually any peptide capable of specifically binding to a thronbus in
vivo, reselting in a radiol abel ed peptide having Tc-99m held as neutral °
conpl ex. An exanple of a small synthetic peptide containing a BAT chel at or
as radiol abel - binding noiety is provided in the Exanpl es hereinbel ow. In
formng a conplex of radioactive technetiumwth the reagents of this

i nvention, the technetiumconplex, preferably a salt of Tc-99m
pertechnet at e,

' 28. A composition of matter comprising the reagent according to
Claim 1 having the formula:

c— {D-TYr)-Apc-Gly-ASp —NH~EH
& “

(:GMG&Cnﬂ@mHﬂMhﬂMm&&r@rNHﬁwbNH3

: o fﬁw}j

\SE——— C&CHzCHchzN(C&OtCH)zSH)Cmm

-
o g
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is-reacted with the reagent in the presence of a reducing agent. Preferred
reduci ng agents are dithionite, stannous and ferrous ions; the nost

pref er red®r educi ng agent is stannous chloride. Means for preparing such
conpl exes are conveniently provided in a kit formconprising a seal ed vi al
containing a predeterm ned quantity of a reagent of the invention to be

| abel ed and a sufficient anmount of reducing agent to | abel the reagent with
Tc-99m Alternatively, the conplex may be formed by reacting a reagent of
this invention with a pre-forned |abile conplex of technetium and anot her
conmpountd known as a transfer ligand. This process is known as |igand
exchange and is well known to those skilled in the art. The |abile conpl ex

-

CH;)—-O
2

N

D
il
C"NHz
O
CHZSﬁ
0

CH-

ly-Gly-Cys{Acm)-Gly-Cys{Acm)-Giy-Gly~NH-

A composition of matter comprising the reagent according to Claim 1 having the formula;

T
g=0
£ x
B5—8
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may be formed using such transfer ligands as tartrate, citrate, gluconate
or mannitol, for exanple. Anong the Tc-99m pertechnetate salts useful wifth
t he preseﬂt‘lnventlon are included the alkali nmetal salts such as the :
sddium salt, or amonium salts or |ower alkyl amonium salts. In a
preferred enbodi ment of the invention, a kit for preparing
technetium| abel ed peptides is provided. An appropriate anmount of the
reagent is introduced into a vial containing a reducing agent, such as
stannous chloride, in an anmount sufficient to | abel the reagent wth
Tc-99m ¢ An appropriate anount of a transfer |igand as described (such as
tartrate, citrate, gluconate or mannitol, for exanple) can also be

i ncluded. The kit nay al so contain gpnventional phar maceuti cal adj unct

¢
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mat erial s such as, for exanple, pharmaceutically acceptable salts to adjust
the osnotic pressure, buffers, preservatives and the |ike. The conponents
of” the «ki# may be in liquid, frozen or dry form In a preferred enbodi nent,
kit conmponents are provided in |yophilized form Radiol abel ed thronbus

i magi ng reagents according to the present invention may be prepared by the
addition of an appropriate anount of Tc-99m or Tc-99m conplex into the
vials and reaction under conditions described in Exanple 4 hereinbel ow.
Radi oacti vel y-1 abel ed scintigraphic inmaging agents provided by the present
i nvention are provided havi.ng a suitagje anount of radioactivity. In

y-Cys-NH:

NH,

NH, (9]
/\lr“"s/\/\)l*m
0
(B-Tyr}Amp-GlyAsp——NH :
Gly-Gly~Cys{Acm}G¥-CmAcm)-Gly Gly ~=NH
. 2
: S

A composition of matter comprising the reagent according to Chim 1 having the formuta:

3.

{(D-Tyr)-Amp-Gly-Asp~—NH
Gly-Gly-CystAcm)-Gly-Cys(Acm)-Gly-Gly=——NH
' s
} E
S

[
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16- form ng Tc-99m radi oactive conplexes, it is generally preferred to form
radi oacti ve conpl exes in solutions containing radioactivity at

concent‘r &i 6ns of fromabout 0.01 millicurie (nCi) to 100 nC per nL. Thée
t ir ombus i magi ng reagents provided by the present invention can be used for
visualizing thronmbi in a manmal i an body when Tc-99m | abel ed. |In accordance
with this invention, the Tc-99m | abel ed reagents are adm ni stered

y-Cys-NHy

A

N W N
Gly-NHy

Gly-NHz
/ﬁrN“
0
‘lik
s 1 LTI el o)

)

A composition of matter comprising the reagent according to Claim 1 having the formula:

o -
0. (D-Ty1}Amp-Gly-Asp—NH
T Lys-Gly=—=-NH
s . ’

32,

- o
o mmmmmp-mj)k \gj\
i : Lys-Gly—NH
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imma single unit injectable dose. The Tc-99m | abel ed reagents provi ded by
tife invention may be admnistered intravenously in any conventional medium
f dr intr &/enous injection such as an aqueous saline medium or in blood *
pl*asma medi um Cenerally, the unit dose to be adm nistered has a

radi oactivity of about 0.01 nC to about 100 nCi, preferably 1 nC to 20
nCi. The solution to be injected at unit dosage is fromabout 0.01 nL to
about 10 nmL. After intravenous adm nistration, imging of the thrombus in
vivo can take place in a matter of a few m nutes. However, inmaging can take
pl ace, §f desired, in hours. or even |longer, after the radi ol abel ed peptide
isinjected into a patient. In nost instances, a sufficient anount of the
adm ni stered dose will accunul ate

f “. 33. A composition of matter comprising the reagent according o
Gumlhmngtheformula.
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in the area to be imaged within about 0.1 of an hour to permt the taking
ofs scintiphotos. Any conventional method of scintigraphic inmaging for
dragnogtig purposes can be utilized in accordance with this invention. |4
wrel | al so be recogni zed by those having skill in the relevant arts that
thronbi are commonly found at sites of atherosclerotic plaque; that
integrin receptors that nay bind to the scintigraphic imging agents of the
i nvention may be found in certain tunors; and that such integrin receptors
are involved in cell adhesion processes that acconpany or initiate

| eukocyte localization at sites of infection. Therefore it wll be
recogni zed that the scintigraphic imgi ng agents of this invention have
additional utility as inaging agents for

ABSTRACT OF THE DISCLOSURE
This invention relates to radiclabelad scintigraphic imaging agents, and
.- methods and reagents for producing such agents. Specifically, the invention
relates to specific binding componnds, including peptides, that bind to a platelet
seceptor that js the platelet GPIIb/Ia receptor, methods and kits for making
such compounds, and methods for using such compounds labeled with
technetium-99m via a covalently-linked radiolabel-binding moiety to image
thrombi in a mammalian body.
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RADIOLABELED COMPOUNDS FOR THROMBUS IMAGING

BACKGROUND OF THE INVENTION

1, ] h
This inveation relates to scintigraphic imaging agents and reagents, and
methods for producing such agents and reageats. Specifically, the invention
relates to reagents that can be radiolabeled with technetium-99m (T¢-99m),
methods and kits for making and radiolabeling such reagents, and methods for
using such radiolabeled reagents to image sites of thrombus formation in a

yen

mammalian body.

2. Description of the Prior Art

Thrombosis and thromboembolism, in particular deep vein thrombosis
(DVT) and pulmonary embolism (PE), are common clinical conditions that are -
associated with significant morbidity and mortality. It has been estimated that
in the U.S. approximately 5 million patients experience one or more episodes
of DVT per year and that over 500,000 cases of pulmonary embolism occur,
resulting in 100,000 deaths (J. Seabold, Society of Nuclear Medicine Annual
Meeting 1990). It has also been estimated that over 90% of all pulmonary
emboli arise from DVT in the lower extremities. Anticoagulant therapy can
effectively treat these conditions if applied early emough. However, such
treatment is associated with risks (e.g. intemal bleeding) that prevent
More advanced techniques of
thrombolytic intervention (such as the administration of rccombinant tissue

unnecessary prophylactic application,

plasminogen activator or streptokinase) can be used in acute cases, but these
techniques carry even greater risk. Moreover, effective clinical application of
these techniques requires that the site of the offending thrombus be identified
so as to monitor the effect of treatment.

For these reasons, a rapid means of localizing thrombi in vivo, most
preferably using non-invasive methods, is highly desirable. Methods currently
utilized for the identification of sites of deep-vein thrombosis are contrast
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EXAMPLE 1 Synt hesis of BAT-BM

(N-[2-(N , N -bis(2-nmal ei m doet hyl)am noet hyl )] - BAT-BM was prepared as
follows. BAT acid (N -(t-butoxycarbonyl)- :

N err], N err]-bis(2-nethyl-2-triphenyl methylthiopropyl)-6,9-di azanonanoi cac
1 d)(10.03g, 10.89 mol) and 75nL of dry nethylene chloride (CHerr]CJ[err])
were added to a 250nmL round-bottoned flask equi pped with nagnetic stir bar
and argon balloon. To this solution was_added diisopropyl -carbodiim de
(3.40nL, 21.7 mml, 199 nole%, foll owedl by N hydroxy-succininide (3.12g,
27.1 mol, 249 nole% . This solution was observed to becone cloudy within
1h, and was f ur¥¢iegrabhy kiitbésitbredsioh Bsinode uittgsotusd; the ¢t ofofhiethteetiniqueom

temperature. Ais used depends on the expected location of the thrombus. However, the
former technique is invasive and both techniques are uncomfortable for the
patient. In addition, these methods are in many cases either unsuitable or yield
inaccurate results.

Current methods used to diagnose PE include chest X-ray,

. electrocardiogram (EXG), areterial oxygen tension, perfusion and ventilation
lung scans, and pulmonary angiography. Apart from the latter (invasive)
procedure, none of these methods is capable of providing an unequivocal
diagnosis.

In the field of nuclear medicine, certain pathological conditions are
localized, or their extent is assessed, by detecting the distribution of small
quantities of internally-administered radicactively labeled tracer compounds
(called radiotracers or radiopharmaceuticals), Methods for detecting these
radiopharmaceuticals are known generally as imaging or radivimaging methods.

A variety of radionuclides are known to be useful for radicimaging,
including ¥Ga, #Ga, "™ Tc (Tc-99m), *'In, I, ¥, *YD and “Re. Of these
radionuclides, Tc-99m and '“In are preferred single photon-emitting
radionuclides and %Ga is preferred as a positron-emitting radionuclide. Tc-99m
is a preferred radionuclide because it emits gamma radiation at 140 keV, it has
a physical half-life of 6 hours, and it is readily available on-site using a
molybdenum-99/technetium-99m generator.

A gamma-emitting radiotracer that binds specifically to a component of
a thrombus in preference to other tissues when administered in vivo can
provide an external scintigraphic image which defines the location of the
thrombus-bound radiotracer and hence the thrombus. Thrombi are constructs
of blood cells, largely activated platelets, enmeshed in cross-linked fibrin.
Activated platelets arc particularly good targets for radioimaging thrombi
because they are not normally found in circulating blood (which contains
unactivated platelets).

Activated platelets express the GPIIb/ITIa receptor on their cell surfaces.
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solution of tris(2-am noethyl)amne (30n, 200 nmol, 1840 nole% in 30nL
nmet-hyl ene chl oride was then added and stirring continued overnight. The
reactiron mexture was then concentrated under reduced pressure, and the
residue partitioned between ethylacetate (150nL) and 0.5M potassium
carbonate (Klerr]CJerr]; 150nm). The organic |ayer was separated, washed
with brine and concentrated to give the crude product

N-[2-(N , N -bis(2-am noet hyl)am no
ethyl)]-N[err]-(t-butoxycarbonyl)-N[err],N[e?r]-bis(Z-nethyI-2-triphenylnet
hyl t hi opr opyl ) -6, 9- di azanonanam de as a f-oamoil. This crude product was
added to a 1000k nommdi- hgmdo&ndﬂﬁsaukpwequlﬁpadnmntﬁﬂquguemlp ¥87s bar,
cont ai ni ng 3001y : i

275). However, small, . synthetic mmkgma which may be but are not
necessarily peptides, have been developed that bind to this receptor (examples
include Klein ef al., 1992, U.S. Patent No. 5,086,069 and Egbertson ef dl.,
1992, European Patent Application No. EPA 0478328A1). Although many of
_ these synthetic molecules bind with only low affinity, others have been made
that have very high affinity (see Egbertson er al., ibid.). This inveation
provides small, synthetic, radiolabeled (preferably Tc-99m, "I or “Ga
labeled) compounds that bind to the GPIIb/ITa receptor with high affinity, as
sdnﬁgnqﬁﬁcagmusfbrnondnwuhwinﬁmﬁu;ofﬂnombibzvho.

Attempts to provide radiotracers for imaging thrombi are known in the
prior art. These include autologous platelets, labeled with either 'In or ™ Tc
(Tc-99m), and 'PI- and *¥I-labeled fibrinogen (the latter detected with a gamma
scintillation probe as opposed to a gamma camera). Additional radiolabeled
compounds used to label thrombi include plasmin, plasminogen activators,
heparin, fibronectin, fibrin Fragment E; and anti-fibrin and anti-platelet
monoclonal antibodies [see Knight, 1990, Sem. Nucl. Med. 20: 52-67 for
review].

Compounds having the ability to bind to the platelet GPIIb/IIIa receptor
are known in the prior art. .

Ruoslahti & Pierschbacher, U.S. Pateat No. 4,578,079 describe peptides
of sequence X-Arg-Gly-Asp-R-Y, wherein X and Y are either H or an amino
acid, and R is Thr or Cys, the peptides being capable of binding to platelets.

Ruoslahti & Pierschbacher, U.S. Patent No. 4,792,525 describe peptides
of sequence Arg-Gly-Asp-X, wherein X is Ser, Thr or Cys, the peptides being
capable of binding to platelets.

Klein es al., 1992, U.S. Patent No. 5,086,069 disclose guanine
derivatives that bind to the GPIb/IIa receptor.

Pierschbacher et al., 1989, PCT/US88/04403 disclose conformationally-
restricted RGD-containing peptides for inhibiting cell attachment to a
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sat urat ed sodi um bi carbonate (NaHCO err]), 100nL water and
N-.net hoxycar bonyl mal ei mde (6.13g, 39.5 mmol, 363 nol e% were added. This
het er,ogengous m xture was stirred overnight at roomtenperature. THF-was
renoved fromthe mxture by rotary evaporation, and the aqueous residue was
twice extracted wth ethylacetate (2X 75nL). The conbi ned organic | ayers of
t hese extractions were washed with brine, dried over sodiumsulfate,
filtered through a nediumfrit and concentréted to about 12g of crude
product. Purification by |liquid chromatography (250g silicon dioxide/
eluted with a %&Mg‘t of chloroform/[err]
Nutt er al., 1990, European Patent Application 90202015.5 disclose
cyclic RGD peptides that are fibrinogen receptor antagonists.
Nutt et al., 1990, European Patent Application 90202030.4 disclose
cyclic RGD peptides that are fibrinogen receptor antagonists.
Nutt er al., 1990, European Patent Application 90202031.2 disclose
cyclic RGD peptides that are fibrinogen receptor antagonists.
Nutt er al.,, 1990, European Patent Application 90202032.0 disclose
cyclic RGD peptides that are fibrinogen receptor antagonists,
Nutt er al., 1990, European Patent Application 90311148.2 disclose
cyclic peptides that are fibrinogen receptor antagonists.
Nutt e al., 1950, European Patent Application 90311151.6 disclose
cyclic peptides that are fibrinogen receptor antagonists.
Ali et al,, 1990, European Patent Application 90311537.6 disclose cyclic
peptides that are fibrinogen receptor antagonists,
Barker et al., 1991, PCT/US90/03788 disclose cyclic peptides for
inhibiting platelet aggregation.
Pierschbacher et al., 1991, PCT/US91/02356 disclose cyclic peptides
that are fibrinogen receptor antagonists.
Duggan er al , 1992, European Patent Application 92304111.5 disclose
fibrinogen receptor antagonists.
Garland er al, 1992 European Patent Applications 92103861.8 and
92108214.5 disclose phenylamide derivatives as platelet aggregation inhibitors.
Bondinell er al, 1993, International Patent Application Serial No.
PCT/US92/05463 disclose bicyclic fibrinogen antagonists.
Blackbum e al., International Patent Application Serial No.
PCT/US92/08788, disclose nonpeptidyl integrin inhibitors having specificity for
the GPIb/IIIa receptor.
Egbertson e al., 1992, European Patent Application 0478328A1 disclose
tyrosine derivatives that bind with high affinity to the GPIIb/IIIa receptor.
Ojima er al., 1992, 204th Meeting, Amer. Chem. Soc. Abst. 44
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18 2% met hanol in chloroform afforded 5.3g of pure product
(N-[2-¢(N , N -bis(2-

mal ei,m dogt hyl )am noethyl)]-N err]-(t-butoxycarbonyl)-Nerr],Nerr]-bis(2-m
et hyl -2- triphenyl net hyl t hi opropyl ) -6, 9-di azanonanam de) (equivalent to 40%
yield), along wth approximately 5g of crude product that can be
re-purified to yield pure product. Chem cal analysis of the purified
product confirnmed its identity as BAT-BM as foll-ows: [err]H NVR (200 nhHz,
CDCl[err]): [err] 0.91 (12H,s), 1.38 (9Hs), 1.2-1.6 (4H m, 2.06 (2Hs),
2.18 (2H,tJ=7), 2.31 (4HM, 2.55 (2H,t,J=5), 2.61 (4Ht,J=6),

disclose synthetic multimeric RDGF peptides useful in inhibiting platelet
aggregation,

Hartman ef al., 1992, J. Med. Chem. 33: 46404642 describe tyrosine
derivatives that have a high affinity for the GPIIb/IIIa receptor.

Radiolabeled peptides for radicimaging thrombi have been reported in
the priox: art. ‘ ‘

Stuttle, 1990, PCT/GB90/00933 discloses radicactively labeled peptides
containing from 3 to 10 amino acids comprising the sequence arginine-glycine-
aspartic acid (RGD), capable of binding to an RGD binding site in vivo. _

Rodwell e al., 1991, PCI/US91/03116 disclose conjugates of
*molecular recognition units” with "effector domains”.

The use of chelating agents for radiolabeling peptides, and methods for
labeling peptides with Tc-99m are known in the prior art and are disclosed
in co-pending U.S. Patent Applications Serial Nos. 07/653,012, 07/807,062,
07/871,282, 07/886,752, 07/893,981, 07/955,466, 08/019,864, 08/073,577, and
08/ , and radiolabeled peptides for use as scintigraphic imaging
agents for imaging thrombi are known in the prior art and are disclosed in co-
pending U.S. Patent Applications Serial Nos. 07/886,752, 07/893,981,
08/044,825 and 08/ which are hereby incorporated by reference.

There remains a need for small (to enhance blood and background tissue
clearance), synthetic (to make routine manufacture practicable and to ease
regulatory acceptance), high-affinity, specific-binding molecules radiolabeled
with a convenient radiotabel, preferably Tc-99m, for use in imaging thrombi
in vivo. Small synthetic compaounds that bind specifically to the GPIIb/IIa
receptor on activated platelets, that are radiolabeled with a conventient
radioisotope, preferably Tc-99m, "In or #Ga, fulfill this need in the art, and
are provided by this invention.

SUMMARY OF THE INVENTION
The present invention provides scintigraphic thrombus imaging agents
that arc radioactively-labeled reagents. Specifically, the invention provides
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2.99 (2H,s),

I ce bath, was treated with N carbonet hoxymal ei m de (4.808 g,
m xture was stirred for 30 mn on ice and then for another 30 mn at

t enper at ur e.

g of product.

3.0-3.3 (4Hn), 3.46 (4H,t,J=6), 6.49 (-NH tJ=4), 6.64 (4Hs),
7.1-7.3 (18H, ), 7.6 (12Ht,J=17). EXAVMPLE 2 Synthesis of TMEA
[tris(2-mal ei mi doethyl)am ne] tris(2-am noethyl)am ne (1.49 ni, 10 mmol’)
di ssolved in 50 nL saturated aqueous sodi um bi carbonate and cooled in an

31 mmol ).

The
room

The m xture was then partitioned between dichl oronet hane and
wat er, dried over nagnesiumsulfate, filt&red and evaporated to give 3.442

reagents for preparing thrombus unagmg agents that are radiolabeled with
technetium-99m (Tc-99m), *'In or #Gg, preferably with Tc-99m. The reagents
of the invention are each comprised of a specific binding compound, including
but not limited to peptides, that binds specifically and with high affinity to the
platelet glycoprotein ITb/Illa (GPIIa/INb) receptor, that is covalently linked to
a radiolabel-complexing moiety.

For optimal imaging, the reagent must be capable of binding to the
platelet GPIIb/IIa receptor with sufficient affinity that it inhibits the adenosine
diphosphate (ADP)-induced aggregation of human platelets in a standard platelet
aggregation assay (see Example 3 below) when brasent at a concentration of
no more than 0.3 M. Also, it is of distinct commercial advantage to use
small compounds, preferably having a molecular weight of less than about
10,000 daltons. Such small compounds can be readily manufactured.
Moreover, they are likely not to be immunogenic and to clear rapidly from the
vasculature, thus allowing for better and more rapid imaging of thrombi. In
contrast, larger molecules such as antibodies of fragments thereof, or other
biologically-derived peptides larger than 10,000 daltons, are costly to
manufacture, and are likely to be immunogenic and clear more slowly from the
bloodstream, thereby interfering with rapid diagnoses of thrombi in vivo.

The invention also provides reagents wherein the specific binding
compounds are linear or cyclic peptides having an amino acid sequence of 4
to 100 amino acids.

One aspect of the invention provides a reagent for preparing a thrombus
imaging agent that is capable of being radiolabeled for imaging thrombi within
a mammalian body, comprising a specific binding compound that specifically
binds to the platelet GPIIb/Ia receptor, and that is covalently linked to a Tc-
99m complexing moiety of formula:

I
C(pgp)*-(22)-C(pgp)’
wherein C(pgp)® is a protected cysteine and (aa) is any primary a- or f-amino
acid not containing a thiol group. In a preferred embodiment, the amino acid
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Rever'se phase thin-layer chromatography (RP-TLC) yielded essentially 1 spot
(Rlerr]»=0.63 in 1:1 acetonitrile: 0.5 M sodiumchloride). 3.94 nmol

(1.817g) of this product was di ssolved in 20 nL tetrahydrofuran and 20 7nL
sat urat ed sodi Urm,gnhea m xed for 2 h. The reaction m xture was
t hen partltloned acetate and water. The organi c phase was

washed with sat ur | ori de, dried over magnesi um sul fate, and
filtered. The et acet ate solution was diluted with hexanes and cool ed.

Solid TMEA was collected by filtration ahd dried to a yield of 832 ny.
Chemi cal analysis of the product confirned its |dent|ty as TMEA as foll ows:
[err]H NVR (CDAS[glycifle): 2.65 (tr. 2 H), 3.45 (tr.2 H). 6.64 (s. 2 H).

In another embodiment, the invention provides a reagent for preparing
a thrombus imaging ageat that is capable of being radiolabeled for imaging
thrombi within 2 mammalian body, comprising a specific binding compound
that specifically binds to the platelet GPIIb/IIla receptor, that is covalently
linked to a Tc-99m complexing moiety comprising’a single thiol-containing
_moiety of formula:

I
A-CZ@BHCR'R)LX

wherein A is H, HOOC, H;NOC, (amino acid or peptide)-NHOC, (amino acid
or peptide)-OOC or RY; B is H, SH or -NHR’, -N(R’)-(amino acid or peptide)
or R% X is SH or -NHR?, -N(R»)-(amino acid or peptide) or R*; R!, R?, R?
and R* are independently H or straight or branched chain or cyclic lower alkyl;
nis 0, 1 or 2; and: (1) where B is -NHR® or -N(R*)-(amino acid or peptide),
X is SH and n is 1 or 2; (2) where X is -NHR® or -N(R%)-(amino acid or
peptide), B is SH and n is 1 or 2; (3) where B is H or R%, A is HOOC,
H,NOC, (amino acid or peptide)}-NHOC, (amino acid or peptide)-OOC, X is
SH and n is 0 or 1; (4) where A is H or RY, then where B is SH, X is -
NHR? or -N(R%-(amino acid or peptide) and where X is SH, B is -NHR? or -
N(R*)-(amino acid or peptide); (5) where X is H or R%, A is HOOC, H,NOC,
(amino acid or peptide)-NHOC, (amino acid or peptide)-OOC and B is SH; (6)
where Z is methyl, X is methyl, A is HOOC, H,NOC, (amino acid or
peptide)-NHOC, (amino acid or peptide)-OOC and B is SH and n is 0; and (7)
where Z is SH and X is SH, n is not 0; and wherein the thiol moiety is in the
reduced form and wherein (amino acid) is any pr{mary o- or S-amino acid not
containing a thiol group.

In particular embodiments of this aspect of the invention, the radiolabel-
complexing moiety has a formula that is;

Ha. -(amino acid)'-(amino acid)*-{A-CZ(B)-[C(R'R})),-X},

ob.  -{A-CZ(B)-[C(R'R}),-X}-(amino acid)'-(amino acidy,

Ic. -(a primary a,w- ot f,w-diamino acid}-(amino acid)’-{A-CZ(B)-
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[err]C NWR (CDC [err), 35 5 54:—5 133.9, 170. 4. 19 EXAMPLE 3

toris[a-(2- chForoaceta do ]am ne was prepared as follows. To a
sol ution of t amne (1.49nL, 10 mmol) in dichl oronet hane
(50n.) was add rr]CQerr] (6.99, 50 mml) followed by

chl or oacet yl c 33 nmmol ) dropw se. Vigorous boiling resulted.

The m xture 8
[CR'R)L-X}, or __
od.  -{A-CZB)}[CR'R)L-X}-(amino acid)'-(a primary a,w- or §,u-
diamino acid)

wherein (amino acid)' and (amino acid)? are each independently any naturally-
ocurring, modified, substituted or altered a- or $-amino acid not containing a
thiol group; A is H, HOOC, H,NOC, (amino acid or peptide)}-NHOC, (amino
. acid or peptide)-00C or R%; B is H, SH or -NHR?, -N(R’-(amino acid or
peptide) or R* X is SH or -NHR?, -N(R*)-(amino acid or peptide) or R%; R,
R?, R® and R* are independently H or straight or branched chain or cyclic
lower alkyl; n is an integer that is either 0, 1 or 2; and: (1) where B is -
NHR? or -N(R?-(amino acid or peptide), X is SH and n is 1 or 2; (2) where
X is -NHR? or -N(R?)-(amino acid or peptide), B is SH and n is 1 or 2; (3)
where B is H or R, A is HOOC, H,NOC, (amino acid or peptide)-NHOC,
(amino acid or peptide)-OOC, X is SH and n is 0 or 1; (4) where A is H or
R*, then where B is SH, X is -NHR® or -N(R’)-(amino acid or peptide) and
where X is SH, B is -NHR? or -N(R?-(amino acid or peptide); (5) where X
is H or RY, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid
or peptide)-OOC and B is SH; (6) where Z is methyl, X is methyl, A is
HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid or peptide)-O0C
and B is SH and n is 0; and (7} where Z is SH and X is SH, n is not 0; and
wherein the thiol group is in the reduced form.
In another embodiment, the invention provides a reagent for preparing
a thrombus imaging agent that is capable of being radiolabeled for unagmg
thrombi within 2 mammalian body, comprising a specific binding compound
that specifically binds to the platelet GPITb/Ila receptor, and that is covaleatly
linked to a radiolabel-complexing moiety of formula:
i1 8 '
-CO-(aminoacid)—cyindnc—CO-pcpﬁde
SX
[for purposes of this invention, radiolabel-binding moieties having this structure
will be referred to as picolinic acid (Pic)-based moicties];
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was cool ed and 50nL water added. The organic | ayer was separated, dried
over MgSO err] and evaporated to give the title conpound as a crystalline
solid (2.59, 6.6 mvl, equal to 66%yield). Thin | ayer chromatography,
performed using Cl18 reverse phase chromat ogahy plates and a 50: 50 m xture
of acetonitrile and 0.5M NaC in water, showed a single spot wwth R err]
equal to 0.62. The nelting point of the crystals of the title conpound so
produced was determned to be between 126-119[err]C. EXAMPLE 4 Synthesis or
1, 2- bi s[ 2- (2-chl or oacet am do) et hoxy] et hane

1, 2- bi s[ 2- (2- ®al or oacet am do) et hoxy] et hane was prepared as follows. To

IvV.
.pepﬁdc-HN-cystldne-(aminoacid)-NE—CHg~@
' SX

[for purposes of this invention, radiolabel-binding moicties having this structure
will be referred to as picolylamine (Pica)-based moieties]; wherein X is H or
a protecting group; (amino acid) is any primary - or f-amino acid not
containing a thiol group; the radiolabel-complexing moiety is covalently linked
to the peptide and the complex of the radiolabel-complexing moiety and the
radiolabel is electrically neutral. In a preferred embodiment, the amino acid
is glycine and X is an acetamidomethyl protecting group. In additional
preferred embodiments, the peptide is covalently linked to the radiolabel-
complexing moiety vig an amino acid, most preferably glycine.

Yet another embodiment of the invention provides a reagent for
preparing a thrombus imaging agent that is capable of being radiolabeled for
imaging thrombi within a mammalian body, comprising a specific binding
compound that specifically binds to the platelet GPIIb/IIIa receptor, and that
is covalently linked to a radiolabel-complexing moiety that is a bisamino
bisthiol radiolabel-complexing moiety. The bisamino bisthiol moiety in this
embodiment of the invention has a formula selected from the group consisting
of: | V.

R,
N-A-CO-X

CRD. R,

S-(pgp)* -(pgp)*
wherein each R® can be independently H, CH; or CH;; each (pgp)* can be
independently a thiol protecting group or H; m, n and p are independently 2
or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or
substituted derivatives thereof; and X is peptide; and
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a mxture of 1, 2-bis(2-am noethoxy)ethane (1.5g, 10 muol) in

di.chl oronet hane (100nL) and 1M NaJerr]CJerr] (50mL) cooled in an ice bath
was added.chl oroacetyl chloride (2.6nmL, 33 mmol) dropw se. After stirring
for 10 m nutes, the organic |ayer was separated and evaporated to give the
title conpound (2.6g, eual to 92%yield). HLPC analysis revealed a single
peak using ultraviolet (220nn) absorbtion spectronetry. EXAMPLE 5 Synt hesi s
or NJerr]-(Nerr],Nerr]-bis-cloroacéPyllysyl)lysyl-glycyl-

(S-trityl)cystei nam de
Nerr]-(Nerr],Nerr]-bis-chloroacetylVlysyl)!lysyl-glycyl-(S-trityl)cysteina
m de was

s
AKZ
- NH N-A-CE(V)NER'
G, G,
SH SH

wherein each RS is independeatly H, lower alkyl having 1 to 6 carbon atoms,
phenyl, or phenyl substituted with lower alkyl or lower alkoxy; m, n and p are
independently 1 or 2; A is linear or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof; V is H or CO-(amino acid or
peptide); R® is H, (amino acid) or peptide; provided that when V is H, R® is
amino acid or peptide and when R* is H, V is amino acid or peptide, wherein
(amino acid) is any primary «- or S-amino acid not containing a thiol group,
[For purposes of this invention, radiolabel-binding moieties having these
structures will be referred to as "BAT® moieties]. In a preferred embodiment,
the peptide is covalently linked to the radiolabel-complexing moiety vig an
amino acid, most preferably glycine.

In preferred embodiments of the aforementioned aspects of this
invention, the specific binding compound is a peptide is comprised of between
4 and 100 amino acids. The most preferred embodiment of the radiolabel is
technetium-99m. .

The reagents of the invention may be formed wherein the specific
binding compounds or the radiolabel-complexing moieties are covalently linked
to a polyvalent linking moiety. Polyvalent linking moieties of the invention are
comprised of at least 2 identical linker functional groups capable of covalently
bonding to specific binding compounds or radiolabel-complexing moicties.
Preferred linker functional groups are primary or secondary amines, hydroxyl
groups, carboxylic acid groups or thiol-reactive groups. In preferred
embodiments, the polyvalent linking moicties are comprised of bis-
succinimdylmethylether (BSME), 4-(2,2-dimethylacetyl)benzoic acid (DMAB),
tris(succinimidylethyl)amine (TSEA), #ris(2-chloroacetamidoethylyamine, 1,2-bis-
[2-(chloroacetamido)ethoxy]jethane, and N-[2-(N',N'-bis(2-succinimidoethyl)
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prepared as foll ows. The protected peptide was synt hesized usi ng SPPS

nmet hodol ogy as described in Exanple 7 using R nk am de resin, 20

(Froc) Cys(Trt), (Fnoc)dy, (Boc)Lys(Fnoc), (Fnoc)Lys(Fnoc) and chl droacetic
acid. The peptide was cleaved fromthe resin, deprotected and re-
S-tritylated to give the title conmpound which was then purified by reverse
phase HPLC. Synthesis was confirnmed using FABMS; MH err] was found to be

11

aminoethyl)]-N®,NP-bis(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide (BAT-
BS).

The invention also comprises scintigraphic imaging agents that are
complexes of the reagents of the invention with Tc-99m, "In or ®#Ga, most
preferably Tc-99m and methods for radiolabeling the reagents. Tc-99m
radiolabeled complexes provided by the invention are formed by reacting the
reagents of the invention with Tc-99m in the presence of a reducing agent.
Preferred reducing agents include but are not limited to dithionite ion, stannous
ion and ferrous ion. Complexes of the invention are also formed by labeling
the reagents of the invention with Tc-99m by ligand exchange of a prereduced
Tc-99m complex as provided herein.

The invention also provides kits for preparing scintigraphic imaging
agents that are the reagents of the invention radiolabeled with Tc-99m. ~ Kits
for labeling the reagents provided by the invention with Tc-99m are comprised
of a sealed vial containing a predetermined quantity of a reagent of the
invention and a sufficient amount of reducing agent to label the reagent with
Te-99m.

This invention provides methods for preparing peptide reagents of the
invention by chemical synthesis in vitro. In a preferred embodiment, peptides
are synthesized by solid phase peptide synthesis."

This invention provides methods for using scintigraphic imaging agents
that are Tc-99m labeled reagents for imaging thrombi within a mammalian
body by obtaining in vivo gamma scintigraphic images, These methods
comprisc administering an effective diagnostic amount of Tc-99m labeled
reagents of the invention and detecting the gamma i'adiaﬁon cmitted by the Te-
99m label localized at the thrombus site within the mammalian body.

Specific preferred embodiments of the present invention will become
evident from the following more detailed description of certain preferred

embodiments and the claims.
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828 and 830 for a peptide having a theoretical nolecular weight of 829
(average). EXAMPLE 6 Synt hesis of

N[ err]-(Fnoc) 4( N- pent anet hyl chr omansul f onyl ) am di no phenyl al ani ne

[ Froc- Anp(Pnt)] Title conpound Fnoc- Anp(Pnt) was prepared as foll ows.

D, L-acetyl - 4- cyanophenyl al ani ne was prepared from[err]-bronotoluonitrile
and di et hyl acetam donal onate usi ng conventional techniques (see Marvel,
1955, Org. Syn. Cell. 3: 705-708) and resol ved by sel ective hydrolysis

of the L-epimer using hog renal acylase (see Greenstein et al., 1961, in

Chem stry of ‘the Amnge¥dfi¥p DESCRIPTION OF THE INVENTION

The present inveation provides reagents, including peptide mgwﬁ, for
preparing radiolabeled thrombus imaging agents for imaging a thrombus within
a mammalian body. The reagents provided by the invention comprise a
radiolabel binding moiety covalently linked to a specific binding compound that
binds a platelet receptor that is the platelet GPIIb/IIIa receptor and is capable
.of inhibiting human platelet aggregation in platelet-rich plasma by 50% when
present at a concentration of no more than 0.3uM. For purposes of the
invention, the term thrombus imaging reagent will refer to embodiments of the
invention comprising a specific binding compound covalently linked to a
radiolabelcomplexing moiety and radiolabeled, preferably with Tc-99m, “n
or ®#Ga, most preferably with Tc-99m.

Labeling with Tc-99m is an advantage of the present invention because
the nuclear and radioactive properties of this isotope make it an ideal
scintigraphic imaging agent. This isotope has a single photon energy of 140
keV and a radioactive half-life of about 6 hours, and is readily available from
a ®Mo-"Tc generator. Another advantage of the present invention is that
none of the preferred radionuclides are toxic, in contrast to other radionuclides
known in the art (for example, '*T).

In the Tc-99m complexing moieties and compounds covalently linked to
such moieties that contain a thiol covalently linked to a thiol protecting groups
[(pgp)*] provided by the invention, the thiol-protecting groups may be the same
or different and may be but are not limited to:

-CHj-aryl (aryl is phenyl or alkyl or alkyloxy substituted pheayl);

-CH-(aryl),, (aryl is pheny! or alkyl or alfyloxy substituted phenyl);

-C-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);

-CH,-(4-methoxyphenyl);

-CH-(4-pyridyl)(phenyl),;

-C(CH,),

-9-phenylfluorenyl;

-CH,NHCOR (R is unsubstituted or substituted alkyl or aryl);
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Krei ger & Mal abar, eds., pp. 2172-2174). L-4-cyanophenyl al ani ne was
converted to the N-[err]-Boc, t-butyl ester using conventional techniques.
The N-[err]-Boc-4-cyanophenyl al anine, t-butyl ester was converted i'nto the
4-am di no derivative using the nethod of Voigt et al. (1988, Pharnazie 43:
412-414). The resulting N-[err]-Boc-4-am di nophenyl al ani ne, t- butyl ester
was converted into the N-am di nopentanetfyl chromansul fonyl (Pnt) derivative
essentially as described for arginine (see Ramage et al., 1987,
Tetrahedron Lett. 28: 2287-2290). The Boc and t-butyl groups were then

removed using  BRECH,INHEBORa@els vasubsitated -or substituted Rkkyl of @5 ting  4-
pent anet hyl chrohasul’%%%%iglug& h%}g‘! %i_a. | ngw\g/aasjk)(’:logrv;r;lt);ed to the title

-CH,-S-CH,-phenyl

Preferred protecting groups have the formula -CH,-NHCOR wherein R
is a lower alkyl having 1 and 8 carbon atoms, phenyl or phenyl-substituted
with lower alkyl, hydroxyl, lower alkoxy, carboxy, or lower alkoxycarbonyl.

The most preferred protecting group is an acetamidomethyl group.

Each specific-binding peptide-containing embodiment of the inveation is
comprised of a sequence of amino acids. The term amino acid as used in this
invention is intended to include all L- and D-, primary a- or f-amino acids,
naturally occurring and otherwise. Specific-binding peptides provided by the
invention include but are not limited to peptides having the following sequences
(the amino acids in the following peptides are L-amino acids except where
otherwise indicated):

(EH;COéYD.Apc.GD(IIGGG

CH,CO. Yp.Apc.GDCKG
s

CH,CO. Y,.Ape.GDCGG
s

CH,CO. Y, Apc.GDE

)
(EH,COéYD.Apc.GDCK
CH,CO.Y,.Amp.GDE

s

CH,CO.Yp.Amp.GDCK
1 S ]

and O-(4-piperdinyl)butyl tyrosine.

Specific-binding peptides of the present invention can be chemically
synthesized in vitro.  Peptides of the present invention can generally
advantageously be prepared on an peptide synthesizer. The peptides of this
invention can be synthesized wherein the radiolabel-binding moiety is covaleatly
linked to the peptide during chemical synthesis in vitro, using techniques well
known to those with skill in the art. Such peptides covalently-linked to the
radiolabel-binding moiety during synthesis are advantageous because specific

This is the replacement sheet

Date: 33 [w{q(,



conpound usi ng N-(fluorenyl net hoxycar boxy)succi ni m de (FnocOSu). The title
conpoynd was anal yzed by HPLC and found to have a retention tine of 10.4

m nutes using a waters Nova-Pak Cl8 reverse phase radi al conpression colum
and eluted at 3nL/mn with a gradient of 100% (0. 1% TFA/water) to 100%
(0.1% TFA/ 10% wat er/ acetonitrile) over 10 mnutes. The title conpound was

anal yzed by [err]H NWR spectronetry and 1 21
. 4

sites of covalent linkage can be determined.

Radiolabel binding moieties of the invention may be introduced into the
target specific peptidé during peptide synthesis. For embodiments comprising
picolinic acid [(Pic-); e.g., Pic-Gly-Cys(protecting group)-], the radiolabel-
binding moiety can be synthesized as the last (i.e., amino-terminal) residue in
the synthesis. In addition, the picolinic acid-containing radiolabel-binding
moiety may be covalently linked to the e-amino group of lysine to give, for
example, oN(Fmoc)-Lys-eN[Pic-Gly-Cys(protecting group)), which may be
incorporated at any position in the peptide chain, This sequence is particularly
advantageous as it affords an easy mode of incorporation into the target binding
peptide.

* Similarly, the picolylamine (Pica)-containing radiolabel-binding moiety
[-Cys(protecting group)-Gly-Pica) can be prepared during peptide synthesis by
including the sequence [-Cys(protecting group)-Gly-] at the carboxyl terminus
of the peptide chain. Following cleavage of the peptide from the resin the
carboxyl terminus of the peptide is activated and coupled to picolylamine, This
synthetic route requires that reactive sidechain functionalities remain masked
(protected) and do not react during the conjugation of the picolylamine.

Examples of small synthetic peptides containing the Pic-Gly-Cys- and -
Cys-Gly-Pica chelators are provided in the Examples hercinbelow. This
invention provides for the incorporation of these chelators into virtually any
peptide capable of specifically binding to a thrombus in vivo, resulting in a
radiolabeled peptide having Tc-99m held as neutral complex.

This invention also provides specific-binding small synthetic peptides
which incorporate bisamine bisthiol (BAT) chelators which may be labeled with
Tc-99m. This invention provides for the incorporation of these chelators into
virtually any peptide capable of specifically binding to a thrombus in vho,
resulting in a radiolabeled peptide having Tc-99m held as neutral complex. An
example of a small synthetic peptide containing a BAT chelator as radiolabel-
binding moiety is provided in the Examples hereinbelow.

In forming a complex of radioactive technetium with the reagents of this
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found to have the followng [err]H NVR spectrum (sanpl e dissolved in
[err] 1.25 (s, 6H), 1.72 (t, 2H), 2.1 (s, 3H), 2.55 (m 8H),

ChCl[err]):
3.1 (m 2H),

4.05- 4.7 (m 4H), 5.5 (d, 1H) and 7.0-8.0 (m 15H).

EXAMPLE 7

Solid Phase Peptide Synthesis Solid phase peptide synthesis (SPPS) was
carried out on a 0.25 mllinole (muole) scale using an Applied Bi osystens
Model 431A Peptide Synthesizer and using 9-fl uorenyl net hyl oxycar bonyl
(Froc) amino-term nus protection, coupll®g with

di cycl ohexyl

car bodi i m de/ hydr oxybenzotri azol e or 2-

(1H benzot ri da@dntidn,yih} -tdchietiund el Préfemblyr o siltiof Too9af pemecimpiares phat e/

'is reacted with the reagent in the preseace of a reducing agent. Preferred
reducing agents are dithionite, stannous and ferrous fons; the most preferred
reducing agent is stannous chloride. Means for preparing such complexes are
conveniently provided in a kit form comprising a sealed vial containing a
predetexmined quantity of a reagent of the invention to be labeled and a

sufficient amount of reducing agent to label the reagent with Tc-%9m.

Altemnatively, the complex may be formed by reacting a reagent of this
invention with a pre-formed labile complex of technetium and another
compound known as a transfer ligand. This process is known as ligand
exchange and is well known to those skilled in the art. The labile complex
may be formed using such transfer ligands as tartrate, citrate, gluconate or
mannitol, for example. Among the Tc-99m pertechnetate salts useful with the
present invention are included the alkali metal salts such as the sodium salt,
or ammonium salts or lower alkyl ammonium salts,. In a preferr'ed
embodiment of the invention, a kit for preparing technetium-labeled peptides
is provided. An appropriate amount of the reagent is introduced into a vial

containing a reducing agent, such as stannous chloride, in an amount sufficient -

to label the reagent with Tc-99m. An appropriate amount of a transfer ligand
as described (such as tartrate, citrate, gluconate or mannitol, for example) can
also be included. The kit may also contain conventional pharmaceutical adjunct
materials such as, for example, pharmaceutically acceptable salts to adjust the
osmotic pressure, buffers, preservatives and the like. The components of the

kit may be in liquid, frozen or dry form. In a preferred embodiment, kit

components are provided in lyophilized form.

Radiolabeled thrombus imaging reagents according to the present
invention may be prepared by the addition of an appropriate amount of Tc-99m
or Tc-99m complex into the vials and reaction under conditions described in
Example 4 hereinbelow.

Radioactively-labeled scintigraphic imaging agents provided by the
present invention are provided having a suitable amount of radicactivity. In
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hydr oxybenzotri azol e (HBTU HOBT), and using p-hydroxynet hyl phenoxy-

nmet hyl #pol ystyrene (HW) resin for carboxyl-term nus acids or R nk am de
resin for «<arboxyl-term nus am des. Resin-bound products were routinely:
cl eaved using a solution conprised of trifluoroacetic acid or 50/50
trifluoroacetic acid/dichloronmethane, optionally containing water,

t hi oani sol e, ethanedithiol, and triethylsilane, prepared in ratios of 100:
5: 5 2.5: 2for 1.5 - 3 h at roomtergerature. \Wiere appropriate,
N-term nal acetyl groups were introduced by treating the free N-term nal

?[\nl- ggt E;Ffolygr ol none for B%IV ﬁﬁé?%t Vi[’Var | n(j préf it foria VP
nuhaumyecompkaasn1amMKmscmnmnmg omnwuya:com:muammucf
from about 0.01 millicurie (mCi) to 100 mCi per mL.

The- thrombus imaging reagents provided by the present invention can
be used for visualizing thrombi in a mammalian body whea Tc-99m labeled.
Inamxn&uweumhtmshWGMMM,chbsﬁmhﬂnkdhagansan:akmnhmnﬂ
in a single unit injectable dose. The Tc-99m labeled reagents provided by the
invention may be administered intravenously in any conventional medium for
intravenous injection such as an aqueous saline medium, or in blood plasma
medium. Generally, the unit dose to be administered has a radicactivity of
about 0.01 mCi to about 100 mCi, preferably 1 mCi to 20 mCi. The solution
to be injected at unit dosage is from about 0.01 mL to about 10 mL. Afer
intravenous administration, imaging of the thrombus in vivo can take place in
a matter of a few minutes, However, imaging can take place, if desired, in
hours or even longer, after the radiolabeled peptide is injected into a patient.
In most instances, a sufficient amount of the administered dose will accumulate
in the area to be imaged within about 0.1 of an hour to permit the taking of
scintiphotos. Any conventional method of scintigraphic imaging for diagnostic
purposes can be utilized in accordance with this invention.

It will also be recognized by those having skill in the relevant arts that
thrombi are commonly found at sites of atherosclerotic plaque; that integrin
receptors that may bind to the scintigraphic imaging agents of the invention
may be found in centain tumors; and that such integrin receptors are involved
in cell adhesion processes that accompany or initiate leukocyte localization at
sites of infection. Therefore it will be recognized that the scintigraphic
imaging agents of this invention have additional utility as imaging agents for
imaging sites in which the GPIOb/IIla receptor is expressed, including .
atherosclerotic plagues, tumors and sites of infection.

The methods for making and labeling these compounds are more fully
illustrated in the following Examples. These Examples illustrate certain aspects
of the above-described method and advantageous results. These Examples are
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branched-chai n peptide reagents invol ving peptide chain synthesis from both
the [ekr]- and [err]-amnes of lysine, Nerr](Fnoc)N err](Fnoc)-Ilysine was
used .during SPPS. Were appropriate, 2-chloroacetyl and 2-bronpacet+yl
groups were introduced either by using the appropriate 2-hal o-acetic acid
as the last residue to be coupled during SPPS or by treating the N-term nus
free amno peptide bound to the resin with either the 2-hal o-acetic acid/

di i sopropyl carbodii m de/ N hydroxysucci¥¥ m de in NVP of the
2- hal o-acetic anhydri de/ diisopropyl ethylam ne in NVP. Wher e
appropri ate, géfcknamhad aRf RoEyWes op BRlitales Were cyclized by
stlrrlnglna01- ng/ mL solution at p optionally containing

phosphat e, bicar bonat e or 0.5-1.0 mM EDTA for
EXAWIE 1

Synthens of BAT—BM (N-[Z-(N y bis(z-ma!ehnidoethynaminoethym-

BAT-BM was prepared as follows. BAT acid (M{:-bumxyarbonyl)—
N N’-bxsa-methyl-Z-mphmylmcthylthopmpyl)-ﬁ,Mnmonanmmd)(10 03g,
10.89 mmol) and 75mL of dry methylene chloride (CH,Cl;) were added to a
250mL round-bottomed flask equipped with magnetic stir bar and argon
balloon. To this solution was added diisopropyl-carbodiimide (3.40mL, 21.7
mmot, 199 mole%), followed by N-hydroxy-succinimide (3.12g, 27.1 mmot,
249 mole%). This solution was observed to become cloudy within 1h, and
was further incubated with stirring for a total of 4h at room temperature, A
solution of #ris(2-aminocethyl)amine (30mL, 200 mmol, 1840 mole%) id 30mL
methylene chloride was then added and stirring continued overnight. The
reaction mixture was then concentrated under reduced pressure, and the residue
partiioned between ethylacetate (150mLl) and 0.5M potassium carbonate
(K,CO;; 150mL). The organic layer was separated, washed with brine and
concentrated to give the crude product N-[2-(N’,N'-bis(2-aminoethyl}amino

- ethyD)]-AP-(s-butoxycarbonyl)-N, N-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-
diazanonanamide as a foam/oil.

This crude product was added to a 1000mL round-bottomed flask,
equipped with magnetic stir bar, containing 300mL THEF, and then 30mL
saturated sodium bicarbonale (NaHCO,), 100mL water and N-methoxycarbonyl
maleimide (6.13g, 39.5 mmol, 363 mole%) were added. This heterogeneous
mixture was stirred overnight at room temperature. THF was removed from
thé mixture by rotary evaporation, and the aqueous residue was twice extracted
with ethylacetate (2X 75mL). The combined organic layers of these extractions
were washed with brine, dried over sodium sulfate, filtered through a medium
frit and concentrated to about 12g of crude product. Purification by liquid
chromatography (250g silicon dioxide/ eluted with a gradient of chloroform —»
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22 0.5 - 48 hours, followed by acidification with acetic acid,

| yophi Pi zati on and HPLC purification. Where appropriate, Cys-Cys disulfide
bond «cyclizzati ons were perforned by treating the precursor cysteine:free-
thiol peptides at O0.1ng/nlL in pH 7 buffer with aliquots of 0.006 M
Klerr]Fe(CN)[err] until a stable yellow color persisted. The excess oxi dant
was reduced with excess cysteine, the m xture was |yophilized and then
purified by HPLC. 18

2% methanol in chloroform) afforded 5.3g of pure product (N-[2-(N',N'-bis(2-
maleimidoethyl)aminoethyl)]-M-(t-butoxycarbonyl)-N¢, N*- bis(2-methyl-2-
triphenylmethylthiopropyl)-6,9-diazanonanamide) (equivalent to 40% yield),
along with approximately 5g of crude product that can be re-purified to yield
pure product. Chemical analysis of the purified product confirmed its identity
as BAT-BM as follows: :
IH NMR (200 mHz, CDCly): § 0.91 (12H,s), 1.38 (9H,), 1.2-1.6 (4H,m),
" 2.06 (2H,3), 2.18 (2H,1,7=T), 2.31 (4H,m), 2.55 (2H,t,7=5), 2.61 (4H,t,J=6),
2.99 (2H,s), 3.0-3.3 (4H,m), 3.46 (4H,t,7=6), 6.49 (-NH,t,J=4), 6.64 (4H,3),
7.1-7.3 (18H,m), 7.6 (12H,t,J=17).

EXAMFLE 2
Synthesis of TMEA. [tris(2-maleimidoethylaminel

tris(2-aminoethyl)amine (1.49 mi, 10 mmol) dissolved in 5F mL
saturated aqueous sodium bicarbonate and cooled in an ice 'bath, was treated
with N-carbomethoxymaleimide (4.808 g, 31 mmol). The mixture was stirred
for 30 min on ice and then for another 30 min at room temperature. The
mixture was then partitioned between dichloromethane and water, dried over
magnesium sulfate, filtered and evaporated to give 3.442 g of product.
Reverse phase thin-layer chromatography (RP-TLC) yielded essentially 1 spot
(R,= 0.63 in 1:1 acetonitrile : 0.5 M sodium chloride). 3.94 mmol (1.817g)
of this product was dissolved in 20 mL tetrahydrofuran and 20 mL saturated
sodium bicarbonate and mixed for 2 h. The reaction mixture was then
partitioned between ethyl acetate and water. The organic phase was washed
with saturated sodium chloride, dried over magnesium sulfate, and filtered.
The ethyl acetate solution was diluted with hexanes and cooled. Solid TMEA
was collected by filtration and dried to a yield of 832 mg. Chemical analysis
of the product confirmed its identity as TMEA as follows:
'"H NMR (CDCly): 2.65 (tr. 2 H), 3.45 (tr.2 H). 6.64 (s. 2 H).
BC NMR (CDCl,), 35.5, 51.5, 133.9, 170.4.
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Where appropriate, peptide thiol-chloroacetyl derived sulfides were
prepar&d by reacting single thiol-containing peptides at a concentration of
2 tos0 nmg/ L in water and acetonitrile or THF or DMF at pH 10 with-the
appropriate nunber (e.g., 0.5 nolar equivalents for preparing diners and
0.33 nol ar equivalents for preparing trimers) of the chloroacetyl
pol yval ent linker noiety for 0.5 to 24 hours. The solution was then
neutralized with acetic acid, evaporated to dryness, and, if necessary,
deprotected using 10 nL TFA and scavengers such as 0.2 nL triethylsilane
for 30 to 90 m nutes. The solution was concentrated and the product was
precipitated with ether. Products were purified by preparative HPLC. -
EXAMPLE 3

Synthesis of ¢ris{2-Q2-chloroacetamidolethyliamine
tﬁs[z-(z-chlomacetaxnido)ethyl]amine was prepared as follows. To a
" solution of #ris(2-aminoethyl)amine (1.49mL, 10 mmol) in dichloromethane
(50mL) was added powdered K,CO; (6.9g, 50 mmol) followed by chlorcacetyl
chloride (2.6mL, 33 mmol) dropwise. Vigorous boiling resulted. The mixture
was cooled and 50mL water added. The organic layer was separated, dried
over MgSO, and evaporated to give the title compound as a crystalline solid
(2.5g, 6.6 mmol, equal to 66% yicld). Thin layer chromatography, performed
using C18 reverse phase chromatography plates and a 50:50 mixture of
acetonitrile and 0.5M NaCl in water, showed a single spot with R, equal to

0.62. The melting point of the crystals of the title compound so ptoduced was
determined to be between 116-119°C.

1,2-bis[2- achlomacetanndo)emoxy]ethane was prepated as follows. To
a mixture of 1,2-bis(2-aminoethoxy)ethane (1.5g, 10 mmol) in dichloromethane
(100mL) and 1M Na,CO, (50mL) cooled in an ice bath was added chloroacetyl
chloride (2.6mL, 33 mmol) dropwise. After stirring for 10 minutes, the
organic layer was separated and evaporated to give the title compound (2.6g,
eual to 92% yield), HLPC analysis revealed a single peak using ultraviolet
(220nm) absorbtion spectrometry.

EXAMPLE 5§
Synthesis of Ne(Ne,Ne-bis-chloroacetyllysyDlysyl-glycyl-
(S-trityDeysteinamide
Ne-(Noa, Ne-bis-chloroacetyllysyl)lysyl-glycyl-(S-trityl)cysteinamide  was
prepared as follows. The protected peptide was synthesized using SPPS
methodology as described in Example 7 using Rink amide resin,
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Where appropriate, BSME adducts were prepared by reacting single

t.hi ol -=cont ai ning peptides (5 to 50 ng/nL in 50 nM sodi um phosphate buffer,
pH 7.to 8) with 0.5 nolar equival ents of BMVE (bis-mal ei m donet hyl et her)
pre-dissolved in acetonitrile at roomtenperature for approximtely 1-18
hours. The solution was concentrated and the product was purified by HPLC.
Where appropriate, TSEA adducts were prepared by reacting single

t hi ol -contai ning peptide (at concentraggons of 10 to 100 ng/nL peptide in
DMF, or 5 to 50 ng/nL peptide in 50nMM sodi um phosphate (pH 8)/ acetonitrile

or THF) wit KF@?%%?M ar (ﬁﬂpégég en(ﬁ,cﬁ, , (i@ )ﬁ{s(l'-'moc)

mal ei m doet pre- dISSO ved i'n ace onltrlle or DVF, with
chloroacetic acid. The peptide was cleaved from the resin, deprotected and re-
S-tritylated to give the title compound which was then purified by reverse
phase HPLC. Synthesis was comfirmed using FABMS; MH* was found to be
828 and 830 for a peptide having a theorenml molecular weight of 829

(average).
EXAMPFLE 6
Synthesis of Nm-(Fhoc)#(N-pentamethylchromansulfonyDamidino
phenylalanine [Fmoc-AmpPmeil

Title compound Fmoc-Amp(Pmc) was prepared as follows. D,L-acetyl-4-
cyanophenylalanine was prepared from a-bromotoluonitrile and diethyl
acetamidomalonate using conventional techniques (see Marvel, 1955, Org. Syn.
Cell. 3: 705-708) and resolved by selective hydrolysis ofthe L-epimer using hog
renal acylase (see Greenstein et al., 1961, in Chemistry of the Amino Acids,
Kreiger & Malabar, eds., pp. 2172-2174).

L-4-cyanophenylalanine was converted to the N-a-Boc, ¢-butyl ester using
conventional techniques. The N-a-Boc-4-cyanophenylalanine, #-butyl ester was
converted into the 4-amidino derivative using the method of Voigt er al. (1988,
Pharmazie 43: 412-414). The resulting N-a-Boc-4-amidinopheaylalanine, ¢-
butyl ester was converted into the N-amidinopentamethylchromansulfonyl (Pmc)
derivative essentially as described for arginine (see Ramage ef al., 1987,
Tetrahedron Len. 28: 2287-2290). The Boc and #-butyl groups were then
removed using  BF;.OFtacetic  acid. The resulting 4-

- pentamethylchromasulfonyl-amidinophenylalanine was converted to the title
compound using N-{fluorenylmethoxycarboxy)succinimide (FmocOSu).

The title compound was analyzed by HPLC and found to have a
retention time of 10.4 minutes using a waters Nova-Pak C18 reverse phase
radial compression column and eluted at 3mi/min with a gradient of 100%
(0.1% TFA/water) to 100% (0.1% TFA/10% water/acetonitrile) over 10
minutes. The title compound was analyzed by 'H NMR spectrometry and
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or without 1 nolar equivalent of triethanolamne, at roomtenperature for
approxsmately 1-18h. Such reaction m xtures containi ng adducts were
concentratied and the adducts were then purified using HPLC. \Were
appropriate, BAT-BS adducts were prepared by reacting single

t hi ol -contai ning peptide (at concentrations of 2 to 50 ng/nL peptide in
50nmM 23 sodi um phosphate (pH 8)/ acetonitrile or THF) with 0.5 nol ar
equi val ents of 21

found to have the following 'H NMR spectrum (sample dissolved in CDCl,):
$ 1.25 (s, 6H), 1.72 (1, 2H), 2.1 (s, 3H), 2.55 (m, $H), 3.1 (m, 2H), 4.05-
4.7 (m, 4H), 5.5 (d, 18) and 7.0-8.0 (m, 15H).

EXAMPLE 7
Solid Phase Peptide Synthesis -

Solid phase peptide synthesis (SPPS) was carried out on a 0.25
millimole (mmole) scale using an Applied Biosystems Model 431A Peptide
Synthesizer and using S-fluorenylmethyloxycarbonyl (Fmoc) amino-terminus
protection, coupling with dicyclohexylcarbodiimide/hydroxybenzotriazole or 2-
(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafiuorophosphate/
hydroxybenzotriazole (HBTU/HOBT), and using p-hydroxymethylphehoxy-
methyl-polystyrene (HMP) resin for carboxyl-terminus acids or Rink amide
resin for carboxyl-terminus amides. Resin-bound products were routinely
cleaved using a solution comprised of trifluorcacetic acid or 50/50
trifluvoroacetic acid/dichloromethane, optionally containing water, thicanisole,
cthanedithiol, and tricthylsilane, prepared in ratios of 100 : 5 : 5: 2.5 : 2 for
1.5 - 3 h at room temperature.

Where appropriate, N-terminal acetyl groups were introduced by treating
the free N-terminal amino peptide bound to tlie resin with 20% v/v acetic
anhydride in NMP (N-methylpymrolidinone) for 30 min. For preparing
branched-chain peptide reagents involving peptide chain synthesis from both the
o- and e-amines of lysine, Na(Fmoc)Ne(Fmoc)-lysine was used during SPPS.
Where appropriate, 2-chloroacetyl and Z-bmmmc&yl groups were intmduwd‘
either by using the appropriate 2-halo-acetic acid as the last residue to be
coupled during SPPS or by treating the N-terminus free amino peptide bound
to the resin with either the 2-halo-acetic acid/ diisopropylcarbodiimide/ N-
hydroxysuccinimide in NMP of the 2-halo-acetic  anhydride/
diisopropylethylamine in NMP.  Where appropriate, HPLC-purified 2-
haloacetylated peptides were cyclized by stirring in a 0.1 - 1.0 mg/mL solution
at pH8 optionally containing phosphate, bicarbonate or 0.5-1.0 mM EDTA for
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BAT-BM (N-[ 2- (N , N -bi s(2-mal ei m doet hyl )am noet hyl )] -N-(t-butoxycarbonyl) -
Nferr]s N err]-bis(2-nmethyl-2-triphenyl nmethylthiopropyl)-6,9-di azanonanam de
; Exanpl e.l) pre-dissolved in acetonitrile or THF, at roomtenperature for
approximately 1-18h. The solution was then evaporated to dryness and

[ BAT- BS] - pepti de conj ugates deprotected by treatment with 10nL TFA and
0.2nL triethylsilane for 1h. The solution was concentrated, the product
adducts precipitated with ether, and tFh purified by HPLC. Crude pepti des
were purified by preparative high pressure liquid chromatography (HPLC

o110, V01550 bl i Ty AR b S B 1%
HPLC purification, Where appropriate, Cys-Cys disulfide bond cyclizations
were performed by treating the precursor Cysteine-free thiol peptides at
0.1mg/mL in pH 7 buffer with aliquots of 0.006 M K;Fe(CN), until a stable
yellow color persisted. The excess oxidant was reduced with excess cysteine,
the mixture was lyophilized and thea purified by HPLC.

_ Where appropriate, peptide thiol-chloroacetyl derived sulfides were
prepared by reacting single thiol-containing peptides at a concentration of 2 to
'50 mg/mL in water and acetonitrile or THF or DMF at pH 10 with the
appropriate number (e.g., 0.5 molar equivalents for preparing dimers and 0.33
molar equivalents for pmﬁaring trimers) of the chloroacetyl polyvalent linker
moiety for 0.5 to 24 hours. The solution was then neutralized with acetic
acid, evaporated to dryness, and, if necessary, deprotected using 10 mL TFA
and scavengers such as 0.2 mL triethylsilane for 30 to 90 minutes. The
solution was concentrated and the product was precipitated with ether.
Products were purified by preparative HPLC.

Where appropriate, BSME adducts were prepared by reacting single
thiol-containing peptides (5 to S0 mg/mL in 50 mM sodium phosphate buffer,
pH 7 to 8) with 0.5 molar equivalents of BMME (bis-maleimidomethylether)
pre-dissolved in acetonitrile at room temperature for approximately 1-18 hours,
The solution was concentrated and the product was purified by HPLC.

Where appropriate, TSEA adducts were prepared by reacting single
thiol-containing peptide (at concentrations of 10 to 100 mg/mL peptide in
DMF, or 5 to 50 mg/mL peptide in 50mM sodium phosphate (pH 8)/
acetonitile or THF) with 0.33 molar equivalents of TMEA (fris(2-
maleimidoethyl)amine; Example 2) pre-dissolved in acetonitrile or DMF, with
or without 1 molar equivalent of triethanolamine, at room temperature for
approximately 1-18h.  Such reaction mixtures containing adducts were
concentrated and the adducts were then purified using HPLC. |

Where appropriate, BAT-BS adducts were prepared by reacting single
thiol-containing peptide (at concentrations of 2 to 50 mg/mL peptide in S0mM
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acetonitrile. Acetonitrile was evaporated fromthe eluted fractions which
were then |yophilized. The identity of each product was confirmnmed by fast
at om.bonbar dnent mass spectroscopy (FABMS) or el ectrospray mnass
spectroscopy (ESM5). EXAMPLE 8 A CGeneral Method for Radiolabelling with
Tc-99m 0.1 ng of a peptide prepared as in Exanple 2 was dissolved in 0.1 nL
of water or 50 nmM pot assi um phosphate buffer, 0.1 M bi carbonate buffer or
10% hydr oxypr opyl cycl odextrin (HPCD), 2 h buffer at pH of 5-10. Tc-99m

gl uceptate was prepared by reconstituti 3 a ducoscan vial (E. 1. DuPont de

sodium phosphate (pH 8)/ acetonitrile or THF) with 0.5 molar equivalents of
BAT-BM (N-[2-(N',N'-bis(2-maleimidoethyl)aminoethyD)]-N-(s-butoxycarbonyl)-
N°,NP-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanamide; Example
1) pre-dissolved in acetonitrile or THF, at room temperature for approximately
1-18h. The solution was then evaporated to dryness and [BAT-BS]-peptide
conjugates deprotected by treatment with 10mL TFA and 0.2mL triethylsilane

_for 1h. The solution was concentrated, the product adducts precipitated with
ether, and then purified by HPLC.

Crude peptides were purified by preparative high pressure liquid
chromatography (HPLC) using 2 Waters Delta Pak C18 column and gradient
elution using 0.1% trifluoroacetic acid (TFA) in water modified with
acetonitrile. Acetonitrile was evaporated from the eluted fractions which were
then lyophilized. The identity of each product was confirmed by fast atom
bombardment mass spectroscopy (FABMS) or electrospray mass spectroscopy
(ESMS).

EXAMPLE 8
A _General Method for Radiolabeling with T¢-99m

0.1 mg of a peptide prepared as in Example 2 was dissolved in 0.1 mL
of water or 50 mM potassium phosphate buffer, 0.1 M bicarbonate buffer or
10% hydroxypropylcyclodextrin (HPCD), each buffer at pH of 5-10, Tc-99m
gluceptate was prepared by reconstituting a Glucoscan vial (E.I. DuPont de
Nemours, Inc.) with 1.0 mL of Tc-99m sodium pertechnetate containing up to
200 mCi and allowed to stand for 15 minutes at room temperature. 25 gl of
Tc-99m gluceptate was then added to the peptide and the reaction allowed to
proceed at room temperature or at 100°C for 15-30 min and then filtered
through a 0.2 pm filter,

The Tc-99m labeled peptide purity was determined by HPLC using the
following conditions: a Waters DeltaPure RP-18, 5x, 150mm x 3.9mm
analytical column was loaded with each radiolabeled peptide and the peptides
eluted at a solvent flow rate equal to } mI/min. Gradient elution was
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Nenours, Inc.) with 1.0 nL of Tc-99m sodi um pertechnetate containing up to
200 nC and allowed to stand for 15 mnutes at roomtenperature. 25 [err]l
of Tc-99m.gl uceptate was then added to the peptide and the reaction-all owed
to proceed at roomtenperature or at 100C for 15-30 min and then filtered
through a 0.2 [err]mfilter. The Tc-99m | abel ed peptide purity was

determ ned by HPLC using the follow ng conditions: a Waters Del taPure
RP-18, 5[err], 150mm x 3.9nmm anal yti cal cod4dim was | oaded wi th each

radi ol abel ed peptide and the peptides eluted at a solvent flow rate equal

to 1 nmi/mn. Gpedodidd Bégirinif)) wiS10% solvent A (0.1% CF3COOH/H,0) to 40%
solvent By (0.1% CF,COOH/90% CH,CN/H,0) over the course of 20 min.
The Tc-99m labeled peptide purity was determined by HPLC using the
conditions described in the Footnotes in Table I. Radioactive components were
detected by an in-line radiometric detector linked to an integrating recorder,
Tc-99m gluceptate and Tc-99m sodium pertechnetate elute between 1 and 4
minutes under these conditions, whereas the Tc-99m labeled peptide eluted after
a much greater amount of time.
The following Table illustrates successful Tc-99m labeling of
peptides prepared according to Example 1 using the method described herein.

This is the mpiacpnm_#hcet

Date: aslto [‘ﬁ



24 perfornmed beginning with 10% solvent A (0.1% CFlerr]COOH Herr]O to
40% sokvent Blerr] (0.1% CFlerr] COOH 90% CH err]CNNH err] O over the course
of 20 m n.- The Tc-99m | abel ed peptide purity was determ ned by HPLC using
the conditions described in the Footnotes in Table |I. Radioactive
conponents were detected by an in-line radionetric detector |inked to an

I ntegrating recorder. Tc-99m gl uceptate agl Tc-99m sodi um pertechnet ate
elute between 1 and 4 m nutes under these conditions, whereas the Tc-99m

| abel ed peptide eluted after
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(€H:C0, Y. AP, GDCGGC, nGCAmGGC amide)y-TSEA
(CH.CO. YnAPS.GRCGGC, GC L nGGC. amide),-[BAT-BS]
C,..GC, RRRRRRRRRGDV

CH:CO. Y ARC, GDCGGCpuGCArm GGFLPRPG.NH,
(€H:C0. Y pAPC. GDCGGCAuGCAruGGC. amide);-BSME

GRGDVRGDFKC, .GC,_.amide
GRGDVRGDFCyGCpmamide

CH,CO.Y,RGDCC, .GC, ,amide®
CHCO. YRRODCGGC, o GCpamide
CH.CO. Y5, Ape.GDCGGGC) 0 GCynamide
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a nmuch greater anount of tinme. The following Table illustrates successful
Te-99m | abel i ng of peptides prepared according to Exanple 1 using the
nmet hod descri bed herein. 25 [err]

26
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(CH.COY . AMP. GDCK GCGamide),-
(CH,C0),K(Ne-K)GCamide

(cH,c0),K(Ne-K)GCamide

(CH.COYn AMP, GDCGGC 0 GCn GGCamide),-
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26 [err] 27 * Superscripts refer to the follow ng |abeling conditions:
1. The peptide was dissolved in 50 nM pot assi um phosphate buf fer (pH
7.4) 'and |-abel ed at room tenperature.

27

* Superscripts refer to the following labeling conditions:

1. The peptide was dissolved in 50 mM potassium phosphate buffer (pH
7.4) and labeled at room temperature.

The peptide was dissolved in 50 mM potassium phosphate buffer (pH
7.4) and labeled at 100°C.

The peptide was dissolved in water and labeled at room tem

The peptide was dissolved in water and labeled at 100°C.

The peptide was dissolved in S0 mM potassium phosphate buffer (pH
6.0) and labeled at 100°C.

The peptide was dissolved in 50 mM potassium phosphate buffer (pH
5.0) and labeled at room temperature.

The peptide was dissolved in a 50:50 mixture of ethanol/water and
labeled at 100°C.

The peptide was dissolved in 0.9% sodium chloride solution and labeled
at room temperature,

@ NS ULRw N

** HPLC methods (indicated by superscript after Ry):

general: solveat A = 0.1% CF,COOH/H,O
solvent By, = 0.1% CF,COOH/70% CH,CNIH,O
solvent By, = 0.1% CF,COOH/S0% CH,CNIH,O
solvent flow rate = 1 mL/min

Vydak column = Vydak 218TP54 RP-18, Sum, 220mm x 4.6mm analytical
column with guard column

Brownlee column = Brownlee Spheri-5 RP-18, Sum, 220mm x 4.6mm column
Waters column = Waters Delta-Pak C18, Suym; 150mm x 3.9mm column
Waters column 2 = Waters Nova-Pak C18, Spm, 100mm X 8mm radial
compression column

Method 1:  Brownlee column 100% A to 100% By in 10 min
Method 2:  Vydak column 100% A to 100% B,, in 10 min
Method 3:  Vydak column 100% A to 100% By, in 10 min
Method 4:  Waters column 100% A to 100% B, in 20 min
Method 5:  Waters column 100% A to 100% By in 10 min
Method 6: Waters 2 column 100% A to 100% B,, in 10 min

«+* Confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis

Single-letter abbreviations for amino acids can be found in G. Zubay,
Biochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) p.33;
underlining indicates the formation of a thiol linkage between the linked amino
acids of derivative groups; peptides are linked to BSH, ETAC, BSME, TSEA,
[BAT-BS] or (CH,CO)-containing linkers via the free thiol moiety of the
unprotected cysteine residue (C) in each peptide; Ac = acetyl; Bz = benzoyl;
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2. The peptide was di ssolved in 50 nM potassi um phosphate buffer (pH
7.4) and | abeled at 100[err]C 3. The peptide was di ssolved in -water and
| abel'-ed at: room tenperature. 4. The peptide was di ssolved in water and

| abel ed at 100[err]C. 5. The peptide was di ssolved in 50 nM potassi um
phosphate buffer (pH 6.0) and | abeled at 100[err]C 6. The peptide was
di ssol ved in 50 nM pot assi um phosphat e bufSer (pH 5.0) and | abel ed at room

tenperature. 7. The peptide was dissolved in a 50:50 m xture of
et hanol /water and | abel ed at 100C.

Pic = picolinoyl (pyridine-2-carbonyl); -Acm = acetamidomethyl; Mob =
4-methoxybenzyl; Apc = L-[S-(3-aminopropyl)cysteine; Hly = homolysine; Fp
= p-phenylalanine; Y, = D-tyrosine; ma = 2-mercaptoacetic acid; mmp =
2-mercapto-2-methylpropionic  acid; BAT =  N*N%bis(2-mercapto-2-
methylpropyl)-6,9-diazanonancic acid; ETAC = 4-(0-CH,CO-Gly-Gly-
Cys.amide)acetophenone; BAT-BS = N-R2-N’,N’-bis(2-succinimidoethyl)
aminoethyl]-N¢,N°-bis(2-mercapto-2-methylpropyl)-6,9-diazanonanamide; BSME -
= bis-succinimidomethylether; TSEA = gris-(2-succinimidoethyl)amine; NES
= N-ethylsuccinimide; BSH = 1,6-bis-succinimidohexane; Amp = 4-
amidinophenylalanine

* = confirmed by electrospray mass spectrometry [ESMS]
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8. The peptide was dissolved in 0.9% sodi um chl ori de sol uti on and

| abel ed at room tenperature. ** HPLC net hods (indicated by superscript
after- Rlerr]): general: sol vent A = 0.1% CF[err] COOH H err] O sol vent
Blerr] = 0.1%CF[err] COOH 70% CH err]CNH err] O solvent B[err] = 0.1%
CFlerr] COOH 90% CH err] CN H err] O sol vg@t flowrate = 1 nL/m n Vydak col um
= Wdak 218TP54 RP-18, 5[err]m 220mm X“4. 6nm anal ytical colum wth guard
col um Brownl ee colum = Brownl ee Spheri-5 RP-18, 5[err]m 220mm x 4. 6mm

col umn EXAMPLE 9

Zucker (1989, Methods in Enzymol. 169: 117-133).  Briefly, platelet
aggregation was assayed with or without putative platel'et aggregation inhibitory
compounds using fresh human platelet-rich plasma, comprising 300,000 platelets
per microlitre, Platelet aggregation was induced by the addition of a solution
of adenosine diphosphate to a final concentration of 10 to 15 micromolar, and
the extent of platelet aggregation monitored using a Bio/Data aggregometer
(Bio/Data Corp., Horsham, PA). The concentrations of platelet aggregation
inhibitory compounds used were varied from 0.1 to 500 ug/mL. The
concentration of inhibitor that reduced the exteat of platelet aggregation by
50% (defined as the ICyy) was determined from plots of inhibitor concentration
versus extent of platelet aggregation. An inhibition curve for peptide RGDS
was determined for each batch of platelets tested.

The results of these experiments are shown in Table II. In Table II,
the compounds tested are as follows (RGDS is given as & positive control):

P47 = AcSYGRGDVRGDFKC, .GC, .n

P97 =  GRGDVRGDFKC,..GC, amide

P32 =  C,.GC,.RRRRRRRRRGDV

P143 =  CHCO-Y RGDCGGC,..GC amide

P245 =  CHCO-Yn.Apc.GDCGGC,.GCraGGF ,PRPGamide
P63 =  AcSYGRGDVRGDFKCTCCA

P98 =  GRDGVRGDFC,..GC,2amide

P81 =  CHCOY,RGDCC,.GC, amide

P15S4 =  cHCO-Y,ApcGDCGGGC, uGCymamide
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Waters colum = Waters Delta-Pak C18, 5[ err]m 150nm x 3. 9mm col unm Waters
colum:2 = Waters Nova-Pak C18, 5[err]m 100nm x 8nm radi al conpression

col utmm Met:hod 1: Br ownl ee col umm 100% A to 100% B[err] in 10 mn
Met hod 2: Vydak col um 100% A to 1% B[err] in 10 m n Method
3: Vydak col um ' 100% A to 100% B[err] in 10 m n Method 4:

Wat ers col umm 100% A to 100@6§?err] in 20 mn Method 5: Wat er s
col um 100% A to 100% B[err] i¢@ 10 mi n Method 6: Waters 2

col um 100% A to 100% B[err] in 30 mn *** Confirmed by sodi um
dodecyl sul fate-polyacrylam de gel ele reQsi s

CH,

0
C-NH,
o)
CH,S
N
0

NH-CH-

Lys-Gly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly-

S"‘“?Hg
CH-C~
1l
O

(CH.CO-YpARCGDCKGC o GCpn GGC-amide),-BSME

P381

2

H
—(D-Tyr)-Apc-Gly-Asp—NH—

c

¢
/
0
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Single-letter abbreviations for am no acids can be found in G Zubay,
Biochem stry (2d. ed.), 1988 (MacM I | en Publishing: New York) p.33;
underdining indicates the formation of a thiol |inkage between the Iinked
am no acids of derivative groups; peptides are |inked to BSH, ETAC, BSME,
TSEA, [BAT-BS] or (CH err]CO-containing |linkers via the free thiol noiety

of the unprotected cysteine residue (O Jf" each peptide; Ac = acetyl; Bz =
benzoyl ; 28

CH20>‘N
3

O
i
'NHa
O
t«%
0]

NH-(|3H~C
CHS

—Gly-Gly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly-

(CH.CO-YrApCGDCGGC, ,,GCpGGC-amide),-TSEA

\ ©:0
Ir I
7T
v I
=
&
7]
: <
i =
Q
= a
2 2
=
y
o 2
X
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Pic = picolinoyl (pyridine-2-carbonyl); Acm = acetam donet hyl; Mb =

4-.met hexybenzyl; Apc = L-[S-(3-am nopropyl)cysteine; Hy = honolysine;
F[errJ = D phenylalanine; Y[err] = D-tyrosine; ma = 2-nercaptoacetit acid;
mp = 2-mercapto-2-nmethyl propionic acid; BAT =

Nl err], N err]-bis(2-nercapto-2- nethyl propyl)-6, 9-di azanonanoi ¢ aci d; ETAC
= 4-(OCHerr]COAdy-Ay- Cys.am de)aggtophenone; BAT-BS =

N-[2-N , N -bi s(2-succi ni m doet hyl)

am noethyl]-Nerr], N err]-bis-nercapto-2-net hyl propyl ) -6, 9-di azanonanam de;
BSME = bi s-succi ni m donet hyl et her TSEA = -t s-(2-succinim doethyl)amn ne;

NES = N-ethyl succinimde; BSH = 1, 6-bi s-sudci ni m dohexane; Anp = 4-
am di nophenyl al ani ne : Y] '

NCH,

0

1]
ﬁ
(o

CH,S

|

-Gly-Cys(Acm)-Gly-Gly-NH-CH-C-NH,

—Gly-Gly-Cys(Acm)

"
0O

2

S'—-CI)H

-Apc-Gly-Asp—NH—CH-C

(CHCO-YpApeGDCGGC, .GC, .GGC-amide),-BSME

i

P280

2
(D-Tyr)

(‘ZH

C-
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O/
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= 29 EXAMPLE 9

Prkat el et Aggregation Inhibition Assays Pl atel et aggregation studies were
performed-essentially as described by Zucker (1989, Methods in Enzynol .

[err] = confirnmed by el ectrospray nmass spectronetry [ ESVS]

169: 117-133). Briefly, platelet aggregation was assayed with or w thout
put ati ve pl atel et aggregation inhibitory
33
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conpounds using fresh human platelet-rich plasm, conprising 300, 000
pl-atelets per microlitre. Platelet aggregation was induced by the addition
of a:sol uti on of adenosi ne di phosphate to a final concentration of 10 to 15
m cronol ar, and the extent of platelet aggregation nonitored using a

Bi o/ Dat a aggr egoneter (Bio/Data Corp., Hors¥fam PA). The concentrations of
pl at el et aggregation inhibitory conpognds used were varied fromO0.1 to 500
[err]g/nmL. The concentration of inhibigor that reduced the extent of

pl at el et aggregati on by 50% (defined the 1Cferr]) was determned from

pl ots of inhibitor concentration vers extent of platelet aggregation. An
inhibition curve for peptide RGDS was e%;rnined for each batch of

pl atel ets tested.
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The results of these experinents are shown in Table Il. In Table Il, the
conpounds tested are as follows (RGDS is given as a positive control): P47
= JACSYGRGDVRCGDFKC[ err] G err] P97 = GRGDVRGDFKC[ err] GC[ err] am de
P32 = Cerr] GJ err] RRRRRRRRRCDV P143 =

CH CO Y[err] RGDCGJ err] G err] am de P245 .z
CH.COY[err]Apc.GDCCII:[err]CI:[err]CIJ:[err]EEQPGam de P63 =
Ac SYGRGEDVRGDFKCTCCA P98 = GRDGVR@DFC[ err]Gerr]am de P81 =
CHcYCA GAni dc

Gly-Cys

)G Camide
0

NH
1
0

NH

0
Gly-Gly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly —NH \CLNH
2

o]
Gly-Gly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly—NH f‘\
S

(CHCOY 5. AMD. GDCOGCou GC1on GG Camide)y(CH,CONK(Ne-K

P47

0
'mm»mwty-m—m\’/‘k\

X
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31

30 [err]

CH. CO Y[err] ApcGCE err] & err] am de

P154

36

0
LF\ S . :
HN . S
CHN-A1D ul
HN—A&iD-s41 .
0 HN=—dsy-A|0-dwy-{141-q) 0
0

N:zéG.»_u_Lf\/\/\ =zi
"N 0 nmz.bo §
HN—A10-s47
. HN~=dsv-Ki0-dwry-(141 )

PO (- N) (00 HO) (P O Y AD AWV X5 )
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[err] 32 [err] 33

i

37

(Single-letter abbreviations for amino acids can be found in G. Zubay,
Biochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) p.33; Ac
= acetyl; Acm = acetamidomethyl; Apc = L-[S-(3-aminopropyljcysteine; Yy
= D-tyrosine; BSME = bis-succinimidylmethylether; TSEA =
tris(succinimidylethyl)amine; [BAT-BS] = N-[2-(N',N’-bis(2-succinimidoethyl)
aminoethyD)]-N, N, -bis(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide;
.peptides are linked to BSME, TSEA, [BAT-BS] or (CH,CO)-containing linkers
via the free thiol moiety of the unprotected cysteine residue (C) in
peptide). '

These results demonstrate that the IC,, decreases for cyclic peptides as
compared with linear ones,-and is even less for polyvalent peptide ag-euts as
compared with monovalent peptide agents. These results illustrate the efficacy
of the multimeric polyvalent antithrombotic agents of the invention at redicing
platelet aggregation.
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[err] . 34 [err] 35

38
TABLE I
P357 - 0.079 6.3 + 3.4
P667 0.081 5.9,5.0°
P280 0.090 44 + 1.8°
P682 0.130 sot |
P317 0.036 3.8 + 2.2°
P38l 0.035 2.5
P154 0.3 2.0 + 0.5°
P245 0.5 1.5
P143 1.3 1.4
P97 8 1.0
P98 15 1.7
P63 19 1.7
P47 23 1.0
P81 25 1.8 + 0.6
P32 26 1.2 + 0.2
h=1; n = 2; n =3, ‘n = 4; n = 6; =9

* ratio of (% injected dose/g in a femoral vein thrombus)/ (% injected
dose/g in blood) at approximately 4h post-injection of each Tc-99m
labeled reagent in 2 canine model of DVT

**  concentration of reagent that inhibits by 50% the aggregation of human
platelets in platelet-rich plasma induced to aggregate by the addition of
adenosine diphosphate (ADP)

It should be understood that the foregoing disclosure emphasizes certain
specific embodiments of the invention and that all modifications or alternatives
equivalent thereto are within the spirit and scope of the invention as set forth

in the appended claims.
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[err]

36 [err] 37

55 |I|I\II| Illll\ I IlI\I ll IIll

What is claimed is:

1. A reagent for preparing a thrombus imaging agent for imaging
thrombi within a mammalian body, comprising a radiolabel complexing moiety
covalently linked to a specific binding compound that is less than 10,000
daltons in molecular weight and that binds to a platelet receptor that is the
platelet élycoprotein IIb/IIla receptor, wherein the reagent is capable of
inhibiting human platelet aggregation in platelet-rich plasma by 50% (ICs)
when present at a concentration of no more than 0.3xM.

2. A reagent according to Claim 1 wherein the specific binding
compound is a specific binding peptide comprising 4 to 100 amino acids.

3.  The reagent of Claim 1 wherein the radiolabel complexing moiety
has a formula selected from the group consisting of:

L
Cp(aa)Cp
wherein Cp is a protected cysteine and (aa) is any primary o- or S-amino acid
not containg a thiol group; and
Im.

- CO - (amino acid) - cysteine - CO -
X
IV.

- HN - cysteine - (amino acid) - NH - CH, -
|

SX
wherein X = H or a protecting group;
(amino acid) = any primary o~ or S-amino acid not containg a
thiol group;
— This is the replacement sheet
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(Si.ngle-letter abbreviations for amno acids can be found in G Zubay,
Bitchem stry (2d. ed.), 1988 (MacM I | en Publishing: New York) p.33; Ac =
acetyl; Acm = acetam donethyl; Apc = L-[S-(3-ami nopropyl)cysteine, Ylerr] =

D-tyrosine; BSME = bi sjsucci ni m d)_/l met hyl ether, ~ TSEA =
N[0 (N N - bi (2. sucel ni i doetyl) AN A i
am noethyl)]-Nerr],Nerr], -bis(2-nmethyl -2-nercapt opropylr) - difaz@&norianam

I de; peptides are linked to BSME, TSEA,_  [BAT-BS] or (CH err]CO) cont ai ni ng
linkers via the free thiol noiety of tWe unprotected cystei ne residue (C)
I n each peptide). These results dem)rtalszg’te that the ICJerr] decreases for

cyclic peptides as
| ga \q-Ampepﬁde
(' *Dn (CR%),

_ S-(pgp)’ S-(pgp)’*
wherein each RS is independently H, CH, or C;Hj;
each (pgp)® is independently a thiol protecting group or H;
m, n and p are independently 2 or 3;
A = linear or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof;

VL
P .
/NH N-A-CH(V)NHR‘
CR). (R,
H SH
wherein each R? is independently H, lower alkyl having 1 to 6 carbon
atoms, phenyl, or phenyl substituted with lower alkyl or lower
alkoxy;
m, n and p are independently 1 or 2;
A = linear or cyclic .lowcr alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof;
V = H or -CO-peptide;
R* = H or peptide;
and wherein when V = H, R* = peptide and when R* = H, V = -CO-
peptide.

3. The reagent of Claim 1 wherein the specific binding peptide and -
radiolabel complexing moiety are covalently linked through one or more amino
acids.

4. The reagent of Claim 3 wherein the protected cysteine of the
radiolabel complexing moiety having formula I has a protecting group of the

This Sheet Has Been R g’i This is the mpiécam'ent««shee't
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conpared with |inear ones, and is even |less for pol yva' ' ts
as conpared with nonoval ent peptide agents. These resu ﬂu 'm@@ m’mﬁﬂe
efficacy of the nmultineric polyvalent antithronbotic agénts thes  »

i nvention at reducing platel et aggregation. 38 TABLE |1 Peptides
ICerr]([err]M** Cl ot/ Bl ood*
41
formula
~-CHy-NH-CO-R

wherein R is a lower alkyl having 1 to 6 carbon atoms, 2-,3-,4-pyridyl,
phenyl, or phenyl substituted with lower alkyl hydroxy, lower alkoxy,
carboxy, or lower alkoxycarbonyl.
5. ‘The reagent of Claim 3 wherein the radiolabel complexing moiety
of formula Cp(aa)Cp has the formula:
CH,SCH,NHCOCH,
-HN-CH«CO—NH—CH,—CO—NH-}!H-CO—
+S-CH,-NHCOCH,

6. A scintigraphic imaging agent comprising the reagent according
to Claim 1 wherein the radiolabel complexing moiety is bound to a radiolabel.

7. The reagent of Claim 6 wherein the radiolabel is technetium-99m,
indium-111 or gallium-68.

8. The reagent of Claim 2 wherein the specific binding peptide is
selected from the group consisting of peptides having the amino acid sequence:
CH,CO.Yp.Apc.GDCGGG

)

CfH,CO.YD.Apc.GDC':KG

S
CH;CO.Y,,.Apc.GDﬁ!
—————S P

FH;CO Yo Ape.GDCK
@) Y,, ¢p- Amp.GDC
‘E‘f_osy" .Amp.GDCK
(EH;COéYD.Apc.GDSIGG

9. The reagent of Claim | wherein the reagent further comprises a
polyvalent linking moiety covalently linked to a multiplicity of specific binding
compounds and also covalently linked to a multiplicity of radiolabel complexing
moicties to compriss a reagent for preparing a multimeric polyvalent

This Sheet Has B This is the répiacement sheet
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57 0.079 6.3 3.4[err] P667
gigr?{ Eg£7P280 0.033'090 3.84 g 2% sgerL£8§682 ﬂl““"u"ugﬂﬂﬁb"“"
5 P154 0.3 2.0 0.5[err] P245
143 1.3 1.4 P97 8 1.0
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scintigraphic imaging ageat, wherein the molecular weight of the multimeric
polyvalent scintigraphic imaging agent is less than about 20,000 daltons.

10. _ The reagent of Claim 9 wherein the polyvaleat linking moiety is
bis-succinimidylmethylether, 4-(2,2-dimethylacetyDbenzoic acid, N-2-(N',N*-
bz's(2-succinimidp-@thyl)aminoethyl)]-N‘,h’—bfs(Z-mdhyl—2-mmptopmpyl)—é,Q-
diazanonanamide, fris(succinimidylethyl)amine, #ris(2-chloroacetamidoethyl)

_amine, 1,2-bis(2-chloroacetamidoethoxy)ethane, or a derivative thereof.

11. A complex formed by reacting the reagent of Claim 2 with
technetium-99m in the presence of a reducing agent.

12.  The complex of Claim 11, wherein the reducing agent is selected
from the group of a dithionite jon, a stannous ion, or a ferrous jon,

13. A complex formed by labeling the reagent of Claim 2 with
technetium-99m by ligand exchange of a prereduced technetium-99m co@la.

14. A kit for preparing a radiopharmaceutical preparation, said kit
comprising sealed vial containing a predetermined quantity of the reagent of
Claim 2 and a sufficient amount of reducmg agent to label the reagent with
technetium-99m.

15. A method for imaging thrombi within a mammalian body
comprising administering an effective diagnostic amount of the reagent of Claim
2 that is labeled with technetium-99m and detecting the Tc-99m localized at the
site of the thrombus. ‘

16. The process of preparing the reagent according to Claim 2
wherein the reagent is chemically synthesized in vitro.

17. The process of preparing the reagent according to Claim 16
wherein the specific binding peptide is synthesized by solid phase peptide
synthesis,

18.  The reagent according to Claim 2 wherein the radiolabel binding
moiety is covalently linked to the specific binding peptide during in vitro
chemical synthesis.

19.  The reagent according to Claim 18 wherein the radiolabel binding

moiety is covalently linked to the specific binding peptide during solid phase

L e | o
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P98 15 1.7 P63 1.7 P4

gg»‘ - | +1.2 [1é(r)rr8(1). 2[ err] [err]zﬁ = 1; [1er8£ﬁ1r]—026[er”“| ml““u“munm

[err]n =4; [err]n = 6; [err]n = 9 * ratio of(/olnjected
dose/g in a fenoral vein thronmbus)/ (% injected dose/g in blood) at
approximately 4h post-injection of each Tc-99m | abel ed reagent in a canine

nodel of DVT ** concentration of reaggnt that inhibits by 50%the
aggregati on of human
peptide synthesis.

20. A method for labeling a peptide according to Claim 2 comprising
reacting the peptide with Tc-99m in the presence of a reducing agent.
21. The method of Claim 20, wherein the reducing agent is selected
from the group of a dithionite fon, a stannous ion, or a ferrous ion.
22. The reagent of Claim 1, wherein the specific binding compound
_ comprises a cyclic peptide domain having the formula:

fR,CO—A—X-Gly—Asp—Cjn’

: b,

wherein A is a lipophilic D-a-amino acid, or an N-alkyl-L-a-amino acid
or L-proline;

X is an L-a-amino acid having a sidechain capable of being
positively charged; and
R is each independently H, lower alkyl or lower alkoxyalkyl,
23, The reagent of Claim 22, wherein A is D-tyrosine or D-
phenylalanine and X is  L-[S-(3-aminopropyl)cysteine or L4~
amidinophenylalanine.
24.  The reagent of Claim 1 wherein the radiolabel complexing moiety
~ comprises a single thiol-containing moiety of formula:
1.

A-CZ(B)-[CR'R))-X
wherein A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino
) acid or peptide)-OOC or R;
B is H, SH, -NHR?, -N(R")-(amino acid or peptide), or R
X is H, SH, -NHR?, -N(R®)-(amino acid or peptide) or R,
Z is H or RY

R!, R?, R and R* are independently H or lower straight or
branched chain or cyclic alkyl;

e This is the replacement sheet
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adenosine di phosphate (ADP) It shoul d be understood that
di scl'osure enphasi zes certain specific enboedi nents of the m ﬂi{ U"I
that all nodifications or alternatives equivalent thereto are wtt

spirit and scope of the invention as set forth in the appended cl ai ns.
39

44
nis0, 1or2;
and .
where B is -NHR? or -N(R%-(amino acid or peptide), X is SH, and nis 1 or
2; .

where X is -NHR? or -N(R*)-(amino acid or peptide), Bis SH, and n is 1 or
2;

where B is H or R, A is HOOC, H,NOC, (amino acid or peptide)}-NHOC,
(amino acid or peptide)-OOC, X is SH, and n is O or 1;

where A is H or R%, thea where B is SH, X is -NHR® or -N(R*-(amino acid
or peptide) and where X is SH, B is -NHR? or -N(R*)~(amino acid or peptide);

where X is H or R, A is HOOC, H,NOC, (amino acid or peptide)-NHOC,
(amino acid or peptide)-OOC and B is SH;

where Z is methyl, X is methyl, A is HOOC, H,NOC, (amino acid or
peptide)-NHOC, (amino acid or peptide)}-OOC, B is SH and n is 0;

where B is SH and X is SH, n is not 0;

and wherein the thiol moiety is in the reduced form and (amino acid) is any
primary «- or -amino acid not containing a thiol group.

25. The reagent of Claim 24 wherein the radiolabel complexing
moiety is selected from the group consisting of the radiolabeled moieties having
formula: '

IMa. -(amino acid)'-(amino acid)’-{A-CZ({B)-[C(R'R?)),-X},

Ib. -{A-CZ(B)-[C(R'R})].-X}-(amino acid)'-(amino acid)?,

Oc. -(a primary a,w- or f8,w-diamino acid)-(amino acid)'-{A-CZ(B)-
[CR'R))-X}, or

od. -{A-CZ(B)-{C(R'R}},-X}-(amino acxd)‘-(a primary a,w- or §,0-
diamino acid)
wherin  (amino acid)! and (amino acid) are each independently any

naturally-ocurring, modified, substituted or altered a- or S-amino
acid not containing a thio, group;

A is H, HOOC, H,NOC, (amino acid or peptide)}-NHOC,
(amino acid or peptide}-OOC or RY;

This is the repiacement sheet
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VWhat is clainmed is: 1. A reagent for preparing a thronbus imagi ng agent
fof imaging thronbi within a nmammmal i an body, conpri si ng,

radi ol abel conplexing noiety that is covalently Ii nked to Imﬂﬁgﬂﬂmﬂﬂm Im
gl ycoprotein Ilb/Illa receptor binding noiety that is |ess*than 10,

daltons in nol ecul ar wei ght, wherein the reagent inhibits human pI atel et
aggregation in platelet-rich plasma by 58% (I err]) when the reagent is
present at a concentration of no nore than O 3[err]M 2. A reagent

according to Claim1l wherein the p at Iet oproteln IIb/111a receptor
bi nding moiety is a pepBiisi&,cFHper Aeicher pentide) ocRY;  The

reagent of Claim1l whergig S&fﬁr [ﬂﬁk’zl m(mla%lwwt* ﬁw’as
R!, R%, R’ and R* are independently H or straight or branched
" chain or cyclic Jower alkyl;
n is an integer that is either 0, 1 or 2; and
where B is -NHR’ or -N(R”)-(amino acid or peptide), X is SHand nis 1 or

2;
where X is -NHR? or -N(R*-(amino acid or peptide), Bis SHand nis | or
2; '

- where B is H or R%, A is HOOC, H,NOC, (amino acid or peptide)-NHOC,
(amino acid or peptide)-O0C, X is SH and n is 0 or 1;
where A is H or RY, then where B is SH, X is -NHR? or -N(R*-(amino acid
or peptide) and where X is SH, B is -NHR? or -N(R*)-(amiro acid or peptide);
where X is H or RY, A is HOOC, H;NOC, (amino acid or peptide)}-NHOC,
(amino acid or peptide)-OOC and B is SH; '
where Z is methyl, X is methyl, A is HOOC, H,NOC, (amino acid or
peptide)-NHOC, (peptide)-OOC and B is SH and n is 0; and (7) where Z is
SH and X is SH, n is not 0;
and wherein the thiol moiety is in the reduced form.

Sheet Has Been Reﬁaced This is e replacement sheet.
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a formul a selected fromthe group consisting of: 1. Cp(aa)Cp wher-etn-Cp-i s

a Protécted cysteine and (aa) is any primary [err]- or no _aci d not
containing a thiol group; and I1l. [err] [err] vvherel ' iﬁtw ﬂl’
not -

protecting group; (amno acid) any primary [err]- or
containing a thiol

46

26. A composition of matter comprising the reagent according to
Claim 1 having the formula:

C-' (D-Tyr) -Apc-Gly- ”P-NH—CH-GOD

O

C—Lys-Gly-Cys{Acm)-Gly-Cys{Acm)-Gly-Gly-NHCHCO.NH2

| o
CH,S,
w;l((ucn,}o
o] 2

27. A composition of matter comprising the reageat according to
Claim 1 having the formula:

CH, S—CH,
c-(myr) Apc-Gly-Asp ~NH—CH-CO
& D,

CGlyGIy-CystAan)-GlyoCys(Acm)-Gly-Gry-NHCHCé.NHg

o .
CH;S
NCH,CH,}N
o 3

i o
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gr oup; 40 [err] wherein each Rlerr] is independently H_ CH &rr] ~or

Cerr]F[err]; each (pgp)[err] is independently a thiol Jmm, [ or

H, m* n'and p are independently 2 or 3; A = linear or zmum"mimlﬁ'
* ¢ L M 8 *

aryl, heterocyclyl, conbinations or

47

28. A composition of matter comprising the reagent according to
Claim 1 having the formula:

cH, S—CH,
c- (D-Tys)-Apc-Gly-Asp —~NH~— ca-co
J D,

C—syay-q:wmsy—cmm;—ey-sy«ucuconuz

o

C_cHacHaNHEO. CHGHZCHZGHINICHO(CH12SHICHZCHINHCHC(CHalaSH;

BN fpar

This Sheet Has Been Re; .
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substituted derivatives thereof; and
wherei n each Rlerr] is |ndependently H | ower alkyl nwnnﬁl“]lmﬂﬂg‘““‘
carbdn atons, phenyl, or phenyl substituted with | ower

alkoxy; m n and p are independently 1 or 2; A = linear of cycl ic | ower

al kyl, aryl, heterocyclyl, conbinations or substltuted derivatives thereof;
V = Hor -COpeptide; R[err] = H or peptide; and wherein when V = H R err]
= peptide and when Rlerr] = H V = -CO @é8ptide.

@)

2

l

0O
1l
NH,
0]
CH.S_ -
NCH,
(o)

CH-C-

Gly-Gly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly-NH~

A composition of matter comprising the reagent according to Claim 1 having the formula

T T
O—0
I
O T
z
&
<
>
o
a
<
g =
. a
T ]
o—-o\\o
mlllllflﬂm Il llmll Thi i e roplacoment sheet
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4. The reagent of Caim3 wherein the protected cystel ne of the

ratli ol &bel conpl exi ng nmoi ety having fornula | has a prot ﬁﬂlﬂ'ﬁmmmgﬂﬂ“mr
formula -CH err]-NHCO R wherein Ris a |lower al kyl havi

atons, 2-,3-,4-pyridyl, phenyl, or phenyl substituted with' | owet af kyt,
hydr oxy, |ower al koxy, carboxy, or |ower &Pkoxycarbonyl . 41

1y-Cys-NH,

NH,

o

NH

N“z
0

0
Gly-Cly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly~=~NH fL
s

A composition of matter comprising the reagent according to Claim 1 having the formula:

0
(D-Tyr)-Apc-Gly-Asp=—NH 7)\

30.

(D-Tyr)>Apc-Gly-Asp—NH 2
Gly-Gly-Cys(Acm)-Gly-Cys(Acm)-Qly-Gly——NH fkw
2
g .

X

Sheet Has Been R laced

AR

X
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5. The reagent of Claim3 wherein the radi ol abel conpl exi ng noi ety of
formul & Cp(aa)Cp has the formula: CH err]CH err] NHCOCH err]
- HN- CH*CO*NH- CH[ er r ] - CO- NH- CH- CO- CH[err]-S—CH[err]-NHCCjnI me

sci ntigraphic i magi ng agent conprising thggreagent accordi @j‘tl&llﬁ“ﬂ!‘“ﬁl"l
wherein the radiol abel conplexing noigy is bound to a ra cabel . a8.s »

The reagent of Claim2 wherein the pl&telet glycoprotein IIb/llla receptor
bi ndi ng peptide is selected fromthe oup consi sting of peptides having
>

the am no aci d sequence: =
« o

0

2

H

PN

NH

NH:
Y
4]

0
(o) (D-Tyt)-Amp-Gly-Asp—=NH .
T Gly-Gly-Cys(Acm)-Gly-Cys{Acm)-Gly-Gly ——=NH
s .
' S

A composition of matter comprising the reagent according 1o Claim | having the formula:

o '
o) (D-Tyr)-Amp-Gly-Asp=-~NH
T Gly-Gly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly=—NH
s | ' |

e s 1 et
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[err] [err] [err] [err] [err] [err] [err] 9. The r eagent- of - Gai—m-l-——

wherei it t he reagent further conprises a polyval ent |inking noiet
covalerttly linked to a nultiplicity of platelet glycoprot %m l l “J!II
receptor binding noieties and also covalently linked to

51

0

0

A composition of matter comprising the reagent according to Claim 1 having the formula:

O
' 0
0 (D-Tyr)-Amp-Gly-Aspm—NH
T j*l.ys—(ny—m Gly-NH;
s - NH

32,

0 (D-Tyr)-Amp-Gly-A NH .
i Lys-Gly=—NH .
T Gly-NHy NH,
s | SN ty-Cys-NHy

i oY
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radi ol abel conplexing noieties to conprise a reagent—for-preparirng a

multi n&ric polyval ent scintigraphic i magi ng agent, whergi r
wei ghHt ‘of the nultineric polyval ent scintigraphic i maamam ilmm @ﬂ F
t han about 20, 000 daltons. 10. The reagent of Caim mar *
pol yval ent |inking nmoiety is bis- succinimdylnethylether,
4- (2, 2-di net hyl acetyl ) benzoi @2acid, N (2-(N,N -bis(2-
succi ni m doet hyl )am noethyl))-Nerr], N[ err] -bi s(2-nethyl-2-nmercaptopropyl)
-6, 9- 42
33. A composition of matter comprising the reagent according to
 Claim 1 having the formula:

CHCO-YpApcGDCGGGC,GCyuamide.

This Sheet Has Been Replaced |
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di azanonanam de, tris(succinimdylethyl)amne, tris(2-chloroacetam doethyl)
anTne, €1,2-bi s(2-chl oroacet am doet'-hoxy) et hane, or a derivative thereof. 11.
A compltex ~formed by reacting the reagent of daiml with technetium 99min

the presence of a reducing agent. 12. The conplex of Caim 11, wherein
the reducing agent is selected fromthe sgroup of a dithionite ion, a
stannous ion, or a ferrous I on. A corrpl ex forrred by | abeling the

reagent of a aer{rD;I[ IF‘?W D§9 Ig\;} of a prereduced
techneti um 99m conp ex E ¥ pr eparl ng a radi ophar naceuti cal
preparation, said kit conprisgBSTRA OF THE DISCLOSURE'g a predeterm ned

quantity of the rea%nt of %mmowwwgagmmd

methods and reagents for ‘producing such agents. -Specifically, the invention
relates to specific binding compounds, including peptides, that bind to a platelet
receptor that is the platelet GPIIb/IIIa receptor, methods and kits for making
such compounds, and methods for using such compounds labeled with

_ technetium-99m via a covalently-linked radiolabel-binding moiety to image
thrombi in a mammalian body.

This is tha??pla@efi'ﬁwt
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1 and.a sufficient anount of reducing agent t
techneti um99m 15. Use of a reagent accord
medi canment for imaging thrombi within a manmma
of preparing the reagent according to Claim 2
chem cally synthesized in vitro. 17. The pr
according to Claim 16 wherein the specific bi
by solid phase peptide synthesis. 18. 7The r
wher ei n the riadiyeimbel binding moiety is cova
bi ndi ng pepti de dur| ng in vjtro chemcal synth

. nt.wit.h
%WMngﬂiﬁgﬁepaﬁ g A

aseraptiont:paged Théo pe
&ilaim(s) he paged@hto ipeged 2%
pde $¥awing(m) epaged\g.. th gagebgent
Ndll Adspragtt | deapad Symo lpaged &d
pagent according to Claim2

In another embodiment, the invention provufres a'reagent for preparing
2 thrombus imaging agent that is capable of being radiolabeled for imaging
thrombi within a mammalian body, comprising a specific binding compound
that specifically binds to the platelet GPIIb/IIla receptor, that is covalently
linked to a Tc-99m complexing moiety comprising a single thiol-containing
moiety of formula:

II,
A-CZ(B)-[CR'RY},-X

wherein A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid
or peptide)-00C or R% Z is H or RY; B is H, SH or -NHR?, -NR?-(amino
acid or peptide) or R% X is SH or -NHR?, -N(R®)-(amino acid or peptide) or
R4 RY, R?, R® and R* are independently H or straight or branched chain:or
cyclic lower alkyl; n is 0, 1 or 2; and: (1) where B is -NHR® or -N{R%)-
(amino acid or peptide), X is SH and n is 1 or 2; (2) where X is -NHR® or -
N(R%)-(amino acid or peptide), B is SH and n is 1 or 2; (3) where B is H or
RY, A is HOOC, H,NOC, (amino acid or peptide)}-NHOC, (amino acid or
peptide)-00C, X is SH and n is 0 or 1; (4) where A is H or R¢, then where
B is SH, X is -NHR? or -N(R*)-(amino acid or peptide) and where X is SH,
B is -NHR? or -N(R®)-(amino acid or peptide); (5) where X is H or R, A is
HOOC, H,NOC, (amino acid or peptide}-NHOC, (amino acid or peptide)-O0C
and B is SH; (6) where Z is methyl, X is methyl, A is HOOC, H,NOC,
(amino acid or peptide)-NHOC, (amino acid or peptide)-OOC and B is SH and
n is 0; and (7) where B is SH and X is SH, n is not 0; and wherein the thiol
moiety is in the reduced form and wherein (amino acid) is any primary a- or
$-amino acid pot containing a thiol group.

In particular embodiments of this aspect of the invention, the radiolabel-
complexing moiety has a formula that is:

Ila, -(amino acid)!-(amino acid)’-{A-CZ(B)-{C(R'R3],-X},

Ib. -{A-CZ®B)-[CR'RY],-X}-(amino acid)’-(amino acid)?,

He., -(a primary o,w- or 8,w-diamino acid)-(amino acid)!-{A-CZ(B)-

This Is the téplacemont sheet
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109. ~ The reagent according to C aim 18 wherein the radiol abel binding
noi ety is covalently linked to the specific binding peptide during solid

phase peptide synthesis. 20. A nmethod for |abeling a reagent according to
Claim1 conprising reacting the reagent with Tc-99min the presence of a
reduci ng agent. 21. The met hod of O aim 20, wherein the reducing agent is
selected fromthe group of a dithionite ion, a stannous ion, or a ferrous
ion. 22. The reagent of Caim2, wherein the platelet glycoprotein

lIb/111a receptor binding moiety conpPises a cyclic peptide domain having
the formul a: [C(R'RY],-X}, or

IId. -{A-CZ(B)-[C(R'R}),-X}-(amino zcid)’-(a primary «,8- or a,y-
diamino acid) '
wherein (amino acid)! and (amino acid)® are each independently any nawrally-
ocurring, modified, substituted or altered o~ or S-amino acid not containing a
thiol group; A is H, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino
acid or peptide)-0O0OC or R* Z is H or R% B is H, SH or -NHR?, -N(R%)-
(amino acid or peptide) or R% X is SH or -NHR?, -N(R%)-(amino acid or
peptide) or R% R, R?, R? and R' are independently H or straight or branched
chain or cyclic lower alkyl; n is an integer that is either 0, 1 or 2; and: (1)
where B is -NHR? or -N(R*)-(amino acid or peptide), X is SHand nis 1 or
2; (2) where X is -NHR? or -N(R%-(amino acid or peptide), B is SH and n is
1 or 2; (3) where B is H or R, A is HOOC, H,NOC, (amino acid or
peptide)-NHOC, (amino acid or peptide)-OOC, X is SH and n is 0 or 15 (4)

. where A is H or R*, then where B is SH, X is -NHR? or -N(R*)-(amino acid

or peptide) and where X is SH, B is -NHR? or -N(R*)-(amino acid or peptide);
(5) where X is H or R, A is HOOC, H,NOC, (amino acid or peptide)-NHOC,
(amino acid or peptide)}-OOC and B is SH; (6) where Z is methyl, X is
methyl, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid or
peptide)-O0C and B is SH and n is 0; and (7) where B is SH and X is SH,
n is not 0; and wherein the thiol group is in the reduced form.

In another embodiment, the invention provides a reagent for preparing
a thrombus imaging agent that is capable of being ra'diolabel_ed for imaging
thrombi within a mammalian body, comprising a specific binding compound
that specifically binds to the platelet GPIb/HIa receptor, and that is covalently
linked to a radiolabel-complexing moiety of formula:

1.
- CO - (amino acid) - cygteine - CO - peptide
SX
{for purposes of this invention, radiolabel-binding moieties having this structure
will be referred to as picolinic acid (Pic)-based moieties];
This is the repilacement sheet
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43 CRlerr] CO- A-X-d y-Asp-Cys- S wherein Ais a lipophilic
[err]-[err]-amno acid, or an N-alkyl-[err]-[err]-amno acid or [err]-
proline; X is an [err]-[err]-am no acid having a sidechain capable of being
positively charged; and R is each independently H [|ower alkyl or |ower

al koxyal kyl .

39
What is claimed is:

1. A reagent for preparing a thrombus imaging agent for imaging thrombi
within a mammalian body, comprising, in combination, a radiolabel complexing
moiety that is covalently linked to a platelet glycoprotein IIb/Ilfa receptor binding
moiety that is less than 10,000 daltons in molecular weight, wherein the reagent
inhibits human platelet aggregation in platelet-rich plasma by 50% (ICs,) when the
reagent is present at a concentration of no more than 0.3uM.

2. A reagent according to Claim 1 wherein the platelet glycoprotein
IIb/HIa receptor bindin'g'moicty'is a peptide comprising 4 to 100 amino acids.

3.  The reagent of Claim 1 wherein the radiolabel complexing moiety has
a formula selected from the group consisting of: '

" Cp(aa)Cp-
wherein Cp is a protected cysteine and (aa) is any primary o~ or 8-amino ‘acid not
containing a thiol group; and
.

- CO - (amino 2¢id) - cysteine - CO -
sX
Iv.
- HN - cysteine - (amino acid) - NH - CH, -
SX

wherein X = H or a protecting group;
(amino acid) = any primary a- or §-amino acid not containing a thiol

group;

I I—
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23. .The reagent of Claim22, wherein Ais [err]-tyrosine or
[err]-phenylalanine and X is [err]-[S-(3-am nopropyl)cysteine or

[err]-4-am di nophenyl al ani ne. 24. The reagent of Claim1l wherein the
radi ol abel conpl exi ng noi ety conprises a single thiol-containing noiety of
formula: 11. wherein Ais H HOOC, Herr]NOC (amno acid or

peptide)-NHOC, (amno acid or peptide)-O0OC or R err]; Bis H SH,
-NHR[ err], -N(Rerr])-(amino acid or peptide), or Rlerr]; Xis H SH,
-NHR[err], -N(R[err])-(amno acid or pgptide) or Rlerr]; Zis Hor Rerr];

V.
(CR ,),
;\IH I\‘I A-CO-peptide
CRDx  CR%,
S-(pgp®  S-(pgp)®
wherein each R’ is independently H, CH; or C.Hy;
each (pgp)® is independently a thiol protecting group or H;
m, n and p are independently 2 or 3;
A = linear or cyclic lower alkyl, aryl, heterocyclyl, combmanons or

substituted derivatives thereof;

and VL
(CR’z)a
/NH N—A~CH(V)NHR°
(CR%)q (CR),
wherein each R? is independently H, lower alkyl having 1 to 6 carbon atoms,

phenyl, or phenyl substituted with lower alkyl or lower alkoxy,

m, n and p are mdependemly lor2;

A = linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or

substituted derivatives thereof;;

V = H or -CO-peptide; -

= H or peptide;
and wherein when V = H, R® = peptide and when R® = H, V = -CO-peptide.
4, The reagent of Claim 3 wherein the protected cysteine of the radiolabel
complexing moiety having formula I has a i)rotecting group of the formula
-CH,-NH-CO-R

wherein R is a lower alkyl having 1 to 6 carbon atoms, 2-,3-,4-pyridyl, phenyl, or
phenyl substituted with lower alkyl, hydroxy, lower alkoxy, carboxy, or lower
alkoxycarbonyl.

RN R A
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Rlerr], Rlerr], Rerr] and Rlerr] are independently H or |ower straight or
branched chain or cyclic alkyl; nis 0, 1 or 2; and where Bis -NHR[err] or
-N(Rerr])-(amino acid or peptlde), Xis SH and nis 1 or 2; where Xis
-NHR[err] or -N(Rlerr])-(amno acid or peptide), Bis SH and nis 1 or 2
where Bis Hor Rerr], Ais HOOC, Herr]NOC, (am no acid or peptide)-NHOC,
(am no

41

5. The reagent of Claim 3 wherein the radiolabel complexing moiety of

formula Cp(aa)Cp has the formula:
CH.SCH,NHCOCH,
-HN- CH CO-NH-CH,-CO- NH—EH—CO-
CH.~S -CH,-NHCOCH,

6. A scintigraphic imaging agent comprising the reagent according to
Claim 1 wherein the radiolabel complexing moiety is bound to a radiolabel.

8. The reagent of Claim 2 wherein the platelet glycoprotein IIb/IlIa
receptor binding peptide is selected from the group consisting of peptides having the

amino acid sequence:

CH,CO. Yy Ape.GDCGGG

173

CH,CO. Y. Ape.GDCKG

2

CH,CO. Y. Ape.GDC

“.

CH,CO.Y,.Ape.GDCK

7, 3

CH;CO Yp.Amp. GDC

1700

v -

CH,CO Yp.Ape. GDCGG

w -

9. The reagent of Claim 1 wherein the reagent further comprises a
polyvalent linking moiety covalently linked to a multiplicity of platelet glycoprotein
Ib/Ia receptor binding moieties and also covalently linked to a multiplicity of
radiolabel complexing moieties to comprise a reagent for preparing a multimeric
polyvalent scintigraphic imaging agent, wherein the molecular weight of the
multimeric polyvalent scintigraphic imaging agent is less than about 20,000 daltons.

10.  The reagent of Claim 9 wherein the polyvalent linking moiety is dis-
succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-(2-(N',N'-bis(2-
succinimidoethyl)aminoethyl))-N%, N?-bis(2-methyl-2-mercaptopropyl)-6,9-

IIIIIIII I IIIH i IIII
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44 acid or peptide)-O0C, Xis SH and nis 0 or 1; where Ais Hor Rerr],
then where Bis SH X is -NHRerr] or -N(Rerr])-(amno acid or peptide)
and where Xis SH Bis -NHR err] or -N(Rerr])-(amno acid or peptide);
where X is Hor Rerr], -Ais HOOC, Herr] NOC, (am no acid or peptide)-NHOC,
(amno acid or peptide)-O0C and Bis SH, where Zis nethyl, Xis nmethyl, A
s HOOC, H err] NOC, (am no acid or peptide)- NHOC, (am no acid or
peptide)-O0C, Bis SHand nis 0; where Bis SHand Xis SH, n is not O;
an_d wherein the thiol nmoiety is in the reduced formand (amno acid) is any
primary diazanonanamide, fris(succinimidylethyl)amine, #ris(2-chloroacetamidoethyl)
amine, 1,2-bis(2-chloroacetamidoethoxy)ethane, or a derivative thereof.
11. A complex formed by reacting the reagent of Claim 1 with technetium-
99m in the presence of a reducing agent.
12,  The complex of Claim 11, wherein the reducing agent is selected from
the group of a dithionite ion, a stannous ion, or a ferrous jon.
13. A complex formed by labeling the reagent of Claim 1 with technetium-
99m by ligand exchange of a prereduced technetium-99m complex.
14. A kit for preparing a radiopharmaceutical preparation, said kit
comprising sealed vial containing a predetermined quantity of the reagent:of Claim
1 and a sufficient amount of reducing agent to label the reagent with technetium-99m.
15.  Use of a reagent according to_ClaimG for _prepa_ring_.a medicament for
imaging thrombi within a mammalian body. |
16.  The process of prepﬁring the reagent according to Claim 2 wherein the
reagent is chemically synthesized in vitro. .
17.  The process of preparing thé reagent according to Claim 16 wherein
the specific binding peptide is synthesized -by solid phase peptide synthesis.
18.  The reagent according to Claim 2 wﬁerein the radiolabel binding
moiety is covalently linked to the specific bihding peptide during in vitro chemical
synthesis.
19.  The reagent according to Claim 18 wherein the radiolabel binding
moiety is covalently linked to the specific binding peptide during solid phase peptide
synthesis. |
20. A method for labeling a reagent according to Claim 1. comprising
reacting the reagent with Tc-99m in the presence of a reducing agent.
21.  The method of Claim 20, wherein the reducing agent is selected from
the group of a dithionite ion, a stannous ion, or a ferrous ion.
22.  The reagent of Claim 2, wherein the platelet glycoprotein IIb/1Ha

receptor binding moiety comprises a cyclic peptide domain having the formula:
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[err]- or [err]-amno acid not containing a thiol group. 25. The reagent
of Claim24 wherein the radi ol abel conplexing noiety is selected fromthe
group consisting of the radiol abel ed noieties having fornula: Ila. -(am no
acid)[err]-(amino acid)[err]-{A-CZ(B)-(C(Rerr]Rerr]))[err]-X}, Ilb.
-{A-CZ(B)-(C(Rerr]Rerr]))[err]-X}-(amno acid)[err]-(amno acid)[err],

llc. -(a primary [err],[err]- or [err],[err]-diamno acid)-(am no
acid)[err]-{A-CZ(B)- (C(R[err]R[err]))[err]-X}, or 11d.
-{A-CZ(B)-(C(Rerr]Rerr]))[err]- no acid)[err]-(a primary
[err],[err]- or [err]- diamno aC|d) V\:h ein (amno acid)[err] and
(amno acid)[err] @Q@Cpgqbdlpggp@wgently any naturally-
S
wherein A is a lipophilic p-a-amino acid, or an N-alkyl-L-a-amino acid or t-
proline;

X is an L-o-amino acid having a sidechain capable of being positively
charged; and
R is each independently H, lower alkyl or lower alkoxyalkyl.
23.  The reagent of Claim 22, wherein A is p-tyrosine or o-phenylalanine
and X is L-[S-(3-aminopropyl)cysteine or L-4-amidinophenylalanine.
24.  The reagent of Claim 1 wherein the radiolabel complexing moiety
comprises a single thiol-containing moiety of formula:
I

A-CZ(B)-(CR'RY)X
wherein AisH, HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid
or pepude)—OOC or RY;
B is H, SH, -NHR®, NRY)- (ammo acid or pepnde), or R%;
X is H, SH, -NHR?, -N(R*)-(amino acid or peptide) or R%;
ZisHor R%

R', R?, R? and R* are independently H or lower straight or branched
chain or cyclic alkyl;

nis0, 1 or2;

and .
where B is -NHR? or -N(R?)-(amino acid or peptide), X is SH, and n is 1 or 2;

where X is -NHR? or -N(R?)-(amino acid or peptide), B is SH, and nis 1 or 2;

where B is H or RY, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino

—_—_—
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occurring, nodified, substituted or altered [err]- or [err]-am no acid not

containing a thiol group; Ais H HOOC, Herr]NOC, (amno acid or
pepti de)-NHOC, (amno acid or peptide)-OOC or Rerr]; Bis H SH or
-NHR[err], -N(Rerr])-(amno acid or peptide) or Rerr]; Xis SH or
-NHR[err], -N(Rerr])-(amno acid or peptide) or Rerr]; Rerr], Rerr],
Rlerr] and R err] are independently H or straight or branched chain or
cyclic lower alkyl; nis an integer that is either 0, 1 or 2; and

44
acid or peptide)-O0C, X is SH, and nis 0 or I;

where A is H or R?, then where B is SH, X is -NHR? or N(R’)-(arhino acid or
peptide) and where X is SH, B is -NHR? or -N(R?*)-(amino acid or peptide);

where X is H or R, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino
acid or peptide)-OO0C and B is SH;

where Z is methyl, X is methyl, A is HOOC, H,NOC, (amino acid or peptide)-
NHOC, (amino acid or peptide)-OOC, B is SH and n is 0;

where B is SH and X is SH, n is not 0;

and wherein the tlnol moxety is in the reduced form and (axmno acxd) is any primary
a- or f-amino acid nof, cgntammg a.thiol group. _ .
25. The reagent of CIaxm 24 wherem the radxolabel complexmg moiety is
selected from the group consisting of the radiolabeleéd moieties havmg formula
Ma. -(amino acid)*-(amino acid)*-{A-CZ(B)-{CR'RY)),-X},
IIb. {A—CZ(B)—(C('R’R’)) -X}-(amino acid)!-(amino acid)?,
Me. -~(a primary o,w- or B,w-diamino acid)-(amino acid)!-{A-CZ(B)-
(CR'R?),-X}, or
0d. -{A-CZ®B)<(CR'RY);X}-(amino acid)’-(a primary e,B- or a,y-
diamino acid)
wherein (amino acid)® and (amino acid)? are each independently any naturally-
occurring, modified, substituted or altered «- or $-amino acid not
containing a thiol group;
Ais H, HOOC, H,NOC, (amino acid or pepude)-NHOC (amino acid
or peptide)-OOC or R%;
B is H, SH or -NHR?, -N(R*-(amino acid or peptide) or R*;
X is SH or -NHR?, -N(R*)-(amino acid or peptide) or R*;
R!, R%, R? and R are independently H or straight or branched chain
or cyclic lower alkyl;
n is an integer that is either 0, 1 or 2; and

This i the replacement sheet

[0 IIIIH il HIII 1 Date: 20 JAN g



45 where B is -NHR[err] or -N(Rerr])-(amno acid or peptide), X is SH and
nis 1or 2; where Xis -NHRerr] or -N(R[err])-(amno acid or peptide), B
is SHand nis 1 or 2; where Bis Hor Rerr], Ais HOOC, Herr] NOCC, (am no
acid or peptide)-NHOC, (amino acid or peptide)-O0C, Xis SHand nis 0 or
1, where Ais Hor Rerr], then where Bis SH X is -NHR err] or
-N(R[err])-(am no acid or peptide) and where Xis SH, Bis -NHR err] or
-N(R[err])-(amino acid or peptide); where Xis Hor Rerr], Ais HOCC,

H err] NOC, (ami no acid or peptide)-NHOC, (am no

45
where B is -NHR? or -N(R%)-(amino acid or peptide), X is SH and n is 1 or 2;
where X is -NHR? or -N(R*-(amiro acid or peptide), Bis SHand nis 1 or 2;
where B is H or R}, A is HOOC, H,NOC, (amino acid or peptide}-NHOC, (amino
acid or peptide)-OOC, X is SHand nis 0 or 1;
where A is H or RY, then where B is SH, X is -NHR? or -N(R*-(amino acid or
peptide) and where X is SH, B is -NHR?® or -N(R*)-(amino acid or peptide);
where X is H or R*, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino
acid or peptide)-O0C .and B is SH;
where Z is methyl, X is methyl, A is HOOC, H,NOC, (amino acid or peptide)-
NHOC, (peptide)-O0C and B is SH and n is 0; and (7) where B is SH and X is SH,
n is not 0;
and wherein the thiol moiety is in the reduced form.
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‘acid or peptide)-O0OC and B is SH, where Zis methyl, X is nethyl,
HOOC, H err] NOC, (am no acid or peptide)-

Ais
NHOC, (peptide)-0OOC and B is SH

and nis 0; and (7) where Bis SHand Xis SH n is not 0; and wherein the

t hi ol

noiety is in the reduced form 46 26.

A conposition of matter

conprising the reagent according to

46
26. A composition of matter comprising the reagent according to

Claim 1 having the formula:

CH, S—CH,
/&~ (D-Tyr)-Apc-Gly-Asp~NH—CH-CO
; D
QLys-G:y-Cys(Aan;.sry-Cys(Aan).evy-ely-umlzﬂco.nHz
0
CH,S
NCH,~—0
o ‘2

27. A composition of matter comprising the reagent according to
Claim 1 having the formula:

c,:}-t2 S—CH,
//(:-(D-Tyr)~Apc-th-Asp -NH—CH-CO
o) )

CS}y-GlyCys(Acm}-GJy-Cys(Acm}-th-G!y.NHCHCO.NHz

l o)
CH;S
ﬁincuzcm}hl
o 3
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Caim1 having the formula: [err] 27. A conposition of matter conprising
the reagent according to Caim1l having the fornula: [err] *C L H 47

47
28. A composition of matter comprising the reagent according to
Claim 1 having the formula:

CH, S—CH,
,,c— (D-Tyn)-Apc-Gly-Asp —=NH—CH-CO
S D)

C-sry.eiy-Cys(Acm).G:y-Cys(Acm)-ny-Gny-NHc:Hco.NHz

| o
CHS
o 2

(“-CHzCHle-. ~0.CH CH2CH2CHN(CHC(CHs)2SH)CH2CH2NHCHC(CHa)2 SH
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- 28. A conposition of matter conprising the reagent according to Claim1l
having the formula: [err] 48 [err]

W
[0 o]

formula
O
@]
ﬁNC H 2}’ — 0
0 2

I

C-Gly-Gly-Cys(Acm)-Gly-Cys(Acm)-Gly-Gly-NH-CH-C—NH2

i
0O

CH,S

\

S~ (‘JHz

. . C o the
A composition of matier comprising the reageat according. to Claim | having
~(D-Tyr)-Apc-Gly-Asp—NH--CH~

29.

T
Vi

o)

' choet
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50 [err]

49 [err]

[+)]
<

Q
z\=/\ §
H ) S
HN
HN==—L1D-K1D-(u1ay }8£-K1D-(wav1shD-£10-£1D
i NNt y-Atey-3dy (1A L)) 0
(9]
\n— ) 0
THN-SE D410 I\/\/\:zﬁ(/\lzz\:/\m S
THN ) *HN
HN—AO-K10)- () y- A1) (v )sh)-L10-L10)
! UN=-dsy-LiD-xly-(h1-1) 0

0
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[err]

A conposition of matter conprising the reagent

according to Claim1 having the fornul a:

52 33.

51 [err]

This is the replacement sheet

0
7\:/\%
H . s
HN
AN~ £10-£19-(113y)e4D-K10-(waay)shy-K10y- Ay
3 HNwdry-L10-dury-(1K1.-0) 0
)

o
e 0 0

Tring-shsy- HN NN \__/\

HN-SA-410 ? ﬁ HN S

HN 0 *uN ;
HN = £10-K1D- (WY )543 K16)-(may 15K - A1y K1y
HN—dsy-£ie)y thuy-(341-c1) 0

0

‘einutiog o) Juraey | wier) o) Juprocoe adess o usudwod sanew Jo vomsodwos v *q¢
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34, ~The reagent of Claim2 wherein the platelet glycoprotein Ilb/llla
receptor binding peptide and radi ol abel conpl exing noiety are covalently
| i nked t hrough one or nore am no aci ds.

51

ly-Cys-NHy

NH,

0
/lLNH

0

H\/\/\

Gly-NHq
N

Y

A composition of matter comprising the reagent according to Claim 1 having the formula:

Q
o] (D-Tyr)-Amp-Gly-Asp—NH
T Lys-Gly—nNH
S
0
o) (D-Tyr)-Amp-Gly-Asp——NH Q
Lys-Gly=——NH ;
S A NH
S

32.
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52

33. A composition of matter comprising the reagent according to Claim 1
having the formula:
cico-YpApeGDCGGGC, ,GC, amide.

34,  The reagent of Claim 2 wherein the platelet glycoprotein IIb/IlIa
receptor binding peptide and radiolabel complexing moiety are covalently linked

through one or more amino acids.

oLy .,
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