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liDIDL\BEI.ED COMPOUNDS FOR. THROMBUS JMA.GING 

BACK.GROUND OF TSE JNVENTION 

S 1. P1eJ.d of tbe lmentlon 

'I'bis invention relates to scintiglaphic imaging agents and rrqentst and 

methods fot producing auch agents and reagcnis. Speci&caDyt the inw:nd.oa 

tc1ates to zeagents that can be radio1abc1ed with technetlum-99m (l'c-99m). 

methods and kits for making and .radiol2beling suc:b reapnta, and methods for 

10 using such radiolabeled reagents to image sites of thrombus formation in a 

mammalian body. 

15 

2. ))mqiptlon of the frlor Art 

-'lbmmbosis and thrombocmbollsm, in puticular deep vein Cluombosis 

(DVI") mid pulmonary embolism (PE). are COllllDOQ clinical conditions fblt are 

associated with significant morbidity and mortality. It bas been. estimated k 

in the U.S. approximately s million patients cxper:ience one or mo.re episoda 

of DVT per year and that over soo.ooo cases of pulmonary cmbofism °"111', 

resulcing in 100,000 deaths (J. Seabold, Society of Nuclear Mediciae Annual 

20 Meeting 1990). It has al.so been estimated tlW over 905 of all pulmomuy 

emboli arise from ovr in the lower ex~cs. Anlicoagulant therapy ean 

efi'ectively treat these conditions if applied early enoup. However, such 

treatment is assoeiated with risks (e.g. intc:mal blccding) that ~ 

unnec:easatY prophylactic application. Mole advanced t.eclmiqucs of 

2S · thmmbolytic intervention (such as the adm~ of recombinant d.sauc 

plasminogen activator or streptokinase) can be wed in acute eaa, but these 

techniques cany even greater risk. Moreover. effec;:tive c;uOical application of 

these techniques requires lhat the site of the offending tluombus be identified 

so as to monitor the effect of treatment. 

30 For these reasons, a rapid means of localizing tbmmbl In riM, most 

pcfembly using non-invasive methods, is highly deshable. Mdbod$ cunently 

utili7.ed for the identification of sites of deep-vein thrombosis Aft' contrast 
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vena&QPhy and compression B--modc ultmsound; the cboh:e of which 1'dulique 

:is used '1epends on the expected location of the thrombus. Bowovert the 

fmmer =muque is .invasive and both teclmiqucs aro uncomtol1able ~ the 

patient. I:n addition., these methods me in many cues either undtable or yield 

5 ~ieaults. 

Cur.rent methods used to diagnose PB include chest X-my. 

. e1ectrocaxdiosr (EKG), aretcria1 oxy1ea tension. pmfilsim aJld. ventilatioa. 

lung scans, and pulmonacy angiopaphy. Apart flom the latter (umsive) 

procedure, none of these methods is capable of pmvidin& an \llleqUiwcal 

10 diagnosb. 

1S 

In the :field of nuclear medicine,. ceitain patholasb1 condi.tiom ~ 

localized, or their extent is as.ctmsed, by dctllcting 1bc distDbutim of lll1all 

quand.des of intemally-administeml ndioac:tively JabeJecl tracer comp(Junds 

(called :radiotracers or radioph.armaceutk:als). Method. for detecdn& .t:bae 

mdiopharmaceuticals are known genenlly as lmacinl or rad1oilmains mctbodl. 

A variety of radionuclides are known to be uaetu1 fat ~ 

including WGa. "Ga, ""°Tc (Tc~99m), UIJn, 12'J, utx, '8Yb ad *Re. Of~ 

nulionuclides, Tc-99m and 111ln are pxefmed single pbotoa-emittina 

radionuelides and 610a is preferted u a positron-emitting :radionuclide. Tc-99.m. · 

20 is a preferred radionuclide because it emitJ gamiDa radiation at 140 lmV • it bu 

a physical half-life or 6 hours, and it is readily available on-lice usin& a 

molybdenum-99/technetium-99in generator. 

A pmma-emitdng radiotracer chat binda specifically to a eomponmt of 

a thmmbua in preference to other tissues when adminbtered In ~ Ql1 

2S pmvide an external sclntigraphic image which defines ·the location of the 

thrombus-hound radiottacc:r and hence the thrombus. 11u:ombl me GOnStructs 

of blood cells. largdy activated platelets, enmeshed ia crou-linbd ftbrln. 

Activated platelets arc particularly good targets for radioimapg thmmbi 

because they are not. normally found in ehallatin& blood (which contains 

30 unactivat.ecl platelets). 

Activated platelets express the GPDb/Dia leceptor Oil their cell S&Ufal:ea. 

2 . -------
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'lbe nonnal ligand for this receptor t. flhrinogen (Plow a al., 1987, 

P•Aoomxell in Inflammation. NcopJasia and Vascutv Cell Biotm, pp. 267· 

27S). However, small, synthetic analogues, which :may be but me not . . 
necessarily peptides, have hem developed that bind to tlds mcepfDr (eqmplea 

S Jnclude :Klein et al •• 1992, U.S. Patent No. S,086,069 and Ecbettson el al., 

1992, Bum,pean Patent Application No. P.P A 0478328Al). Although many of 

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

lbat have vety high affinity (SU Egbenson It al., fbf4.). 'Ihb invention 

provides small, synthetic, ndiolabeled (piefembly. Ti:-99m, •u1n or •oa 

10 labeled) compounds that bind to the GPllb/llla ieccptor with bi&h affinity, as 

sdntigraphic agents for non-invasive iinaging of tbmmbi flt Ww>. 

Attempts to provide radiomcera for imaging thrombi am known in 1he 

prlor an. These include autologous platelet$, labd.ed with dtber 111Jn o.r -re 
(TC-99nl), and 1n1. and 1lSI-labcled tibrlnogen (the latter detected w1th a gamma 

15 scintillation probe as opposed to a gamma camera). Addltional ndioJabeled 

compounds used to l~l thrombi include plasm.in, p~ea accivators, 

heparln, fibtoncctin, fibrin Fragment Et and anti-fibdn and anti-platalet 

monoclonal antibodies [su Knight, 1990, Sem. Nucl. Med. 2Q: .51-67 for 

review]. 

20 Compounds having the ability to bind to the platelet GPDb/DJa zeceptor 

2S 

are known in the prior an. 

Ruoslahti & Pietschbachcr, U.S. Patent No. 4,S78,079 desr:n"be peptides 

·or sequenc:c X·Arg-Oty-Asp-R-Y, whe.rdn X and Y me eitber Boran amino 

acid, and R is Thr or Cy~. the peptides being capable of bindina to pJatc1ets. 

Ruoslahti 8t. Pierschbacher, U .s. Patent No. 4, 792,525 describe peptides. 

of sequenc;c Arg-Oly-Asp-X, wherein Xis Ser, Thr ot Cya, the peptides being 

c:apable of binding to platelets. 

Klein a al.. 1992, U.S. Patent No. St086.069 disclose guanine 

derivatives that bind to the OPllbJIDa reccptOr. 

30 Pienchbacher lt al., 1989, PCr/US88/04403 ditcJolc confonnati.onally-

ieatricted RGD-oontaining peptides for inhibltio1 cell llUiU:bmmt to a 
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substmtum. 

Nutt et al., 1990, European Patent Application 90202015.S disclose 

cyclic RGD peptides that are fibriltogeat receptor antrgoaists. 

Nutt. ei al.. 1990. European Patmt Applieatiod. 90202030.4 dbc1ose 

S eyclic RGD peptides that aic fibrlnogea n:c:cptor antagonists. 

Nutt et al., 1990. European Patent Application 90202031.2 dbc1ole 

cycli.c ROD peptides that are fibrlno&en rcccpt.or antagonists. 

Nutt a al., 1990, European Patent Appli«:ation 90202032.0 disclose 

eyclic RGD peptides that a:c fibrinogen rca:ptor antagonists. 

10 Nutt a al., 1990, European Patent Applicatioll 90311148.2 diacloso 

cyclic peptide8 that are fibrlnogcn rcoeptor antagonbts. 

Nutt et al.? 1990. European Patmt Application. 90311151.6 disclosa 

cyclic peptide.; that are fibrinogen receptor amagonists. 

Ali et al., 1990, European Patent Application 90311537 .6 disclose cydic 

lS peptides that are fibrinogen receptor antagonists. 

Buker et al., 1991, PCTIUS90/03788 difCloac eye& pq>tfde$ for 

inhibiting platelet aggregation. 

Pienchbacher et al., 1991, PCT/US911023S6 discloso cycUo peptides 

that are fibri1togen receptor antagonists. 

20 Duggan er ol, 1992, European P~t Applicatlan 92304111.5 disclose 

fibrinogen receptor antagonists. 

Garland et al, 1992 European Patent Applications 92103861.8 81\d 

92108214.S disclose phenytamidc derivatives as platelet agpeptioD inhibitors. 

Bondincll ti al, 1993, International Pat.eat Appll~ Saia1 No. 

2S PCT/US92/05463 disclose bicyclic fibrinogen antaganists. 

Blackbum et al.. International Patent Applk:a1im Serlat No. 

PCTIUS92/08788, disclQse nonpeptidyl integria inhibitors having spedfid.ty for 

the GPilb/Dla receptor. 

Egbertson el 121. • 1992. European Pa.tent Applic:atlon 04783l8Al ctisdo$O 

30 tyrosine derivatives that bind with high affinity to the OPilbJDla rcccptor. 

Ojima et al., 1992, 204th Meeting. Amer, Chem. Soc. Abst. 44 
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disclose synthetic multimerie ROOF peptides uset\ll in .inhibiting platelet 

aggregation. 

Hartman et al., 1992, J. Med. Chem. Ji: 4640-4642 dcscrlbe tyrosine 

derivatives that have a high affinity for tho GFilbJIIIa m:eptor. 

Radiolabeled peptides for radioimqing tlu:ombi ha\IC been r:epottc:d in 

the prior art. 

Stuttlc, 1990, PCT/G.B90/00933 discloses radioactively Jabc1ed pepddea 

Containing from 3 to 10 amino acids comprising the sequence arginine-pycbie­

uparti.c acid (RGD), capable of binding to an ROD binding aitr: in viwl. 

Rodwell l!l al., 1991, PCT/US91/03116 dilclolc conjuptes of 

"molewlar recognltlon units" with .. effector domains•. 

The use of chclaring agents !« n.diolabeling peptides, and methods fat 

labeling peptides with Tc-99m arc known in the prior ut and aro diaclosed 

in c:o-pcnding U.S. Pa~t Applications Serial Nos. 07/~3.012. f1118C11.0fl1.. 

lS 07/871,282, 07/886,7521 07/893,981, 0119SS,466, 081019,864, 08/f113,m. and 

08/ , and radiolabelcd peptides for use u acintigxapbic imaging 

agents for imaging thrombi arc known il1 the prior art and me disclosed ia ~ 

pending U.S. Patent Applications Serial Nos. 071886,752, 07/893,981, 

08/044,82S and 08/ which uc hereby incorporated by referenco. 

20 Then: remains a need for small (to enhanee blood and badcgroand tissue 

cleannce), synthetic (to make routine manuf.acture practicable and to eato 

xegulatory acccpta.nc.c). high-affinity, specific-binding molecules radiolabeled 

with a convenient tadiolabel. preferably Tc-99111, for use in imaging rhtombi 

in Yivo. Small synthetic compounds that bind spcciftcally to the GPDb/llla 

25 ~ on au:tivated plai.eletst that an:: tadiolabeted with a conventient 

ndioisotope, preferably Tc-99mt 111In or °'Ga. fulfill this need in the art, and 

are provided by this invention. 

SlJMMARY OF THE JNVENTIOl![ 

30 The present invention providel scinli&nphic thrombus imaainJ agents 

that arc n.dioactively·labelcd reagents. Spc:dfically, tho invention provides 

-- --------- -----
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JalgCl.'lta tor preparing thrombus imagina agents thal _, radiolabelcd 'With 

t.echnetium.-99m (Tc·99m). min or 6*Ga, pxefeiably with Tc-99m. The reagents 

of the blvention arc each comprlsed. of a specific binding compound, including 

but noc limited to peptides, that binds speeifically artd with high affinity to the 

S platelet gl~t.ein Ilb/IIIa (GPJial.lllb) receptor, that is covalently 1inbd to 

a :radialabd-complexing moiety. 

For optimal imaging, the reagent must be capable of b.inding to the 

pJatdet GPDb/DJa receptor with sufficient affinity that it inhibits the adenoaine 

diphosphatc (ADP)-induced aggxegation of human placclets in. a IQndard platela 

10 aggregation assay (see Ex.ample 3 IH!low) whal present at a con.c:mlntion of 

no more than 0.3 p.M. Also, it is of distinct commcrc:W advantap to me 

small compound$, preferably having a molecular wcigbl of 1eu tltaft about 

10,000 da1tons. Such small a>mpounds can be readily 'NDUfactund. 
Moreover, they are likely not to be immunoeesnc and to clear rapidlJ from the 

15 vasw1ature, thus allowing for better and moie rapid imagin, of thxombi.. Jo. 

contrast, larger molecules suoh as antibodies of fzagments thcnof, ot other 

biologically-derived peptides larger than lOtOOO daltonl• ate costly to 

manufacture, and are likely to be immunogenic and dear more slowly from 1be 

bloodstmam, thereby interfering with rapid diagnoses of thtum.bl In l'lw. 

20 The invention also provides reagents whadn the specific blndiag 

compounds are linear or cyclic peptides having an amino acid sequence of 4 

to 100 amino acids. 

One aspect of lhe invention provides a reagent for prqmin& a thrombus 

imaging agent Uial is capable or being ndiolabc~ for imaging dmMnbi within 

25 a mammalian body, comprising a specific binding compound that s;pecifically 

binds t.o the platelet GPIIb/lila receptor, and that is CXM1ea.tly linbd to a Tc-

99m complexing moiety of formula: 

I. 

C(pgp)1~(aa)·C(p,gp)' 

30 wherein C(pgp)11 is a protected cysteine and (aa) is any primary o- or 6-amino 
acid not containing a thiol group. In a prefened cmbodimmt, the amino acid 

6 . 
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is glycine. 

In another embodiment, the .invention pmvides a ieagcat for preparing 

a thrombus imagjng agent that is capabk of being .nuliolabded .for imaging 

thrombi within a mammalian body, c:omprlsing a specific bbuUna compound 

5 that specifically binds to the p.latdet OPilb/JIIa ,receptOr, that ii covalmtly 

Hnect co a Tc-99m complexing moiety comprising a single thiol-colltliniq 

. moiety of formula: 

JI. 

A-CZ(B)-(C(R.'B.2)J.-X 

10 wherein A is H, HOOC, H2NOC, (amino acid or pcptido)-NHOC, (;mdno add 

o.r peptide)-OOC or R-4; B is. II. SH or -Nmt', •N(R~amino acid or pepdde) 

or R"'; X is SH or -NHR3
, -N(R.3)·(amino acicl or peptide) ot R'i B.1, Jl', 1l' 

and R' are independently H or straight or bamdu:d chain ar cycJic lower alkyl; 

n is 0, 1 or 2; and: (1) where Bis -NH.R.5 or -N(R.1)-(amino acid en: pepdde). 

IS X is SH and n is 1 or 2; (2) where X is -NBR' or •N(R.'"<ainino acid or 

peptide), B is SH and n is l or 2; (3) wheze Bis H « R.4, A ls BOOC, 

BQ;NOC, (amblo acid or peptide)-NHOC, (amino acid or peptide}OOC, X ii 

SB and n is 0 or I; (4) where A is H or R.4., then. wt.. B is SH. Xis -

NBR.3 or -N(R1).(amino acid ot peptide) and where X is SB, B is -NBR.3 or • 

20 N(R2)-(amino acid or peptide); (5) where Xis B or R4, A is HOOC, ~. 

(amino acid or peptide)-NHOC. (amino acid or peptide)-OOC and Bis SH; (6) 

where Z is methyl, X is methyl, A is HOOC, H~. (amino acid ot 

peptidc)·NHOC, (amino acid or peptide)-OOC and B ii SH and n ia O; and (7) 

where Z is SH and X is SH, n is not O; and wherein the thiol moiety is in the 

25 reduced form and wherein (amino acid) is any primary a- or 6-amino acid not 

containing a thiol group. 

In particular embodiments of this aspect of the invention. the radiolabcl­

comple.xing moiety has a formula that is: 

Ira. --(amino acid)1-(amino acidl2-{A-CZ(B)-[C(R1R')J.-X}, . 

30 lib. -{A-CZ(B)-[C(R1R2)J.·X}-(amino acid)1..(amino acid)1, 

IIc. -(a primary or,c.>- or IJ,et-<tiamino add){amino acid)1·{A-CZCS)-

7 



(C(ll.1R.2)].-X}, or 

lld. -{A-CZ(B)-[C(R'R2)].-X}·(amino acld)'-(• primary a,Ot>- Of p,""" 
diamino add) 

whmein (amino acid)1 and (amino acid)i are each inclepea.deftt1y any utunlly-

S ocm:ring, modified, substituted or altered «· or tf--amino add not c:anudning a 

tbiol group; A is H, HOOC, ~OC, (unino add or peptide)-NHOC, (amino 

add or peptidc)-OOC or R"; B is H, SH or -NBR.', ·N(Jl3)-(amino acid or 
peptide) or R4; X is SH or ~NHR:', -N(R.3)-(amino acid ot peptide) ot R.4; R.t t 

.tti, ~ and r arc independently H or sttaisbt or brandled c:haia or cycUc 

10 lower alkyl; n is an integer that is either 0, 1 or 2; Bnd: (1) where B ii • 

NHR.1 or -N(R.3)-(amino acid or peptide), X iJ SH and n ii 1at2; (2) where 

X is -NHR3 or -N(R>)-(amino acid or peptide), B is SB and n it 1 or 2; {3) 

whem Bis Hor R4
, A is HOOC, ~oc. (amino acid or peptide)-NBOC., 

(amino acid or pcplidc)-OOC. X is SH and 11 is 0 or 1; (4) where A is a or 
15 R.4, then where B is SH, X is -NHR3 or -N(R.')"(amino acid or peptide) and 

where Xis SH, B is -NHR1 or -N(R3)-(amino acid or peptide); (S) wbcn X 

ia Hor a•, A is HOOC, H1NOC, (amino add or peptido)-NHOC. (amino add 

or pepti.de)-OOC and B is SH; (6) wh= Z is methyl, X is methyl, A is 
HOOC, H.zNOC. (amino acid or peptid~)-NHOC, (amino acid or peptfde)-OOC 

20 and B is SH and n is O; and f1) where Z ~ SH and X .is SH, n is not O; and 

wherein the thiol group is in the reduced fonn. 

In another embodiment, the invention provides a magent for pieparing 

a thrombus imaging agent that is capable of being tadioJabclcd for bUagin, 
dux>ml;>i within a mammalian body, comprisina a specific binding cotnpOUDd 

25 that specifically binds to the pla!det GPilb/Jila xeccptor, and that ia <:OVIJently 

linked to a rad.iobbcl--complex.ing moiety of fonnuta: 

~ m. 
~ - co _ (amino add) • T . co • ,.ide 

30 [for puxposes of this invention, ndiolabel.\>inding moieties having dU& structure 

will bC ieferred to as picolinic acid (Pjc)-bascd moieties); 
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o.r 

IV. ~ 
poptid6 - BN • T- (amino add) • NH - cs, -t.8J 
[for porp0ses of this invention. :radiolabel-binding moieties baYing this strueture 

will be .referred to as picolylamino (Pica)Mbaml moieties]; whmin X ii H or 

a pmto;ting group; (amino acid) is any primary a- or II-amino acicl not 

<:Olltaining a thiol group; the radiolabel-complexing moiety is covaJalt1y linbd 

10 to the peptide and the complex of the radiolabel~ moiety and tho 

ndk>1abe1 is electrically neutral. ln a prefer.red embodiment, 'Che amino acid 

is glydne and X is an acetam.idomethyl pmtl:ieti4J poup. In ad4itioaa1 

pmfeaed. embodiments, the peptide is covak:ntly Jinbd to die ndiolabel­

complexlng moiety via an amino acid, moat pmfmbly glycine • 

15 

20 

2S 

Yet another embodiment of the invention pmWb a naamt tor 

preparing a thrombus imaging agent that is capable of behlg ndialabel.ed for 

imqina thrombi within a mammalian body, comprising a specific bjncti~ 

compound that specifically binds to lhe platdet GPilblDia nccptor9 and that 

is covalently linked to a radioiabel-complexing moiety that is a bisanUno 

bisthiol .radiolabel-oomplexing moiety. The bislmino bistbio1 moiety In 1his 

embodi,ment of the. invention has a formula selecied fi:om the group consisting 

o~ v. 
/(CRI~ 

fl! ~-A-CO-X 

CfR'i). WR't)p 

S-(pgpf S·(pgp)1 

wheicid ~ R' can be indcpcndcatly H, CH3 or C,S.; each (p&p)• can be 

independently a thiol protecting group or H; m, n and p ate independently· l 

or 3; A is Ii.near or cyclic lower alkyl, aryl. hetcroeyclyl, combinations or 

30 substituted derivatives thereof; and X is peptide; and 

9 
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Vt. 

(CR'J . 

/ ' NH N·A..cH(V)NHR.• 

<f 2l.. c?a•i>. 
Sll SH 

whetein each R' is independently H, 1owet alkyl baving. l IO ti cuboa aaoms, 

phenyl, or phenyl substituted with lower alkyl or lower alkm.y; m. n and. p am 

independently 1 or 2; A is lblear or cyclic lower alkyl, uyJ, hctelocyclyl, 

«Wbinatioos or substituted derivatives them>f; V is B or CO-(amino acid or 

10 peptide); R' ii H, (amino acid) or peptide; provided that wlm V is B, ll' is 

amino acid or peptide and when R6 is H, V is amino acid ot peptide, wheR:.ia 

(amino acid) b any primary a- or P-amino acid aot c:omaiDin& a thiol poop. 

[For pw:poses ot this invention, radi.a1ahd~bindiq moicdel havin& 1hese 
atructua will be refcm:d to as "BAT" moieties]. In a prefemd embodilPCftts 

1S the peptide is covalently linkr:d to the ndiolabel..corn.plmlna moiety 1'lo an. 

amino acid, most preferably glycine. 

In pmferrm embodiments of the afcnmentioned upeccs of this 

invention, the specific binding compound is a peptide b comprised of betwem 

4 and 100 amino acids. The most ~feaed cmbodirneftt of the radioJabel is 

20 technetium"99m. 

The reagents of Che invention may be formed whel'eia the specific 

binding compounds OI' the radiolabd--compliWng moieties aro covalently li.ftbd 

IO a polyvalcnt linking moiety. Polyvalent linking moieties of the inVCD.tion ate 

comprised of at least 2 identical linker functional groups capable of covalently 

2S bond.in1 to specific binding compounds or ndioJabd.compJe:idg moieties. 

Preferred linker functional groups are primary or secondary amines, hydroxyl 

groups, carboxylic acid groups or thiol·reactive groups. Ia prelem:d 

embodiments, the polyvalcnt linkin& moieties are comprised of bU­

succinimdyl:methylether (BSME). 4-(2,2-dimcthyi.:c&yl)bcmoic add (DMAB), 

30 tris(sucdnimidylethyl)amine (TSEA), trLr(2~yl)amille.1.2-btr­

[2-{cbloroacetamido)ethoxy]cthane, and N-ll-(N' ,N'~yl) 

10 
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ambloethyl)]-N" ,l/-bls(2·mc:thy1-2-m.m:aptopropyl)--6.9-diazanommalbi (BAT­

BS). 

'l1le invention also comprises sclntJaraphic .imqin; aamts that are 

compla:es of the :reagentS of the inventioa with T~. lllJn or -0.. ·most 

prefembly Tc-99m and methods fm radiolabeling tho reagc:ncs. Tc-99nl 

~ complexes provided by the btvention ate formed by reacdng the 

Ragc:n.ts of the invention with Tc-99m in the piacoc:e of a reducing apn.t. 

Prefemd reducing agents indu.de but are not limited to ditbiordte a. stannous 

ion. and fenous ion.. Complexa of the invcnti.oo. ue atso fonned by labeling 

10 the reagents of the inventi~ with Tc-99m by lipnd exc:hanp of a pnnducccl 

Tc-99m complex as provided herein. 

The invention also provides kits fot pteparina ICindgmpbfc ilmcin1 
agenta that axe the m&gcnts or the invention radiolabeled wllh Tc-99m. . lDtJ 

for labeling the reagents provided by the invention with Tc-99m aro comprised 

15 of a sealed vial containing a pxedc:tennined quantity of a xeapnt of the 

invention and a sufficient amount o! reduoil\1 aamt to label the ft:!&Pllt with 

Tc-99m. 

This invention provides methods for prcparlng peptide napnta of the 

invention by chemic:al synthesis in vitro. In a prefcaed embodiment, p:ptidei 
20 aro synthesized by solid phase peptide synthesis.· 

This invention provides methods for mini sdntigraphic imaging agenta 

that are Tc-99m labeled reagents for imapg thrombi within a ma.nunaliaa 

body by obtaining in vivo gamma scintigraphic images. These methods 

comprise adminismring an effective diagnostic amount of Tc-99m labeled 

2S reagent! of the invention and detecting the gamma xadiatlon emitted by the Tc-

99m label lccalized at the thrombus site within the mammalian body. 

30 

Specific preferred embodiments of the pment hMmtion will 1-omc 

evident from the following more detailed deacription of certain prefemcl 

embodimenta and the claims. 
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DETAJLW DfSCRJmON OF THE INDNTJON 
The piuent invention provides rtage.IUS, including pepddc reaaema. for 

ptt:Jmins radiolabeled thrombus imaging agents .for imapg a thrombus ~thin 
a mammalian body. The :icagents provided by the lnvendoat comprise a 

S ndiolabc1 bindin~ moiety covalently J..inkd to a $pedftc bincUn& compound that 
binds a platelet receptor that is the plat.clet GPllbtma ieceptOr and is capable 

. of inhibiting human platelet aggregation in pla!dct-rich plasma by 50'6 when 

pmrent at a concentJation of no more than 0.3pM. Por purposes of tho 
invention, the term Chrombus imaging: I'C8galt will rd'ct to embodiments of the 

10 invention comprising a specific bin.ding compound CO\lllmtly llnbd to a 

ndiolabel-complexing moiety and radiolabdm, preferably with Tc-99m1 '"In 

or "Ga. most preferably with Tc-99m. 

Labeling with Tc-99m is an advanttge of the present invention because 

tbe nuclear and radioacti~ properties of this iaotopc aka it aa ideal 
15 sclntigraphic imaging agent. This isot.ope has a sinale photon ener.sy of 1.40 

lmV and a radioactive half-life of about 6 hount and ia lCltdily availlble fJOm 

a "Mo-!lllmfc: generator. Another advantage of the prt.Seat invention is tbat 
none of the preferred radionuclides are t.oxic, in contrast to other radionudides 
known in the art (for example, 1'ZSJ). 

20 Jn the Tc-99m complexing moieties and compounds covalently 1inbd to 

such m~es that contain a thiol covalently linked to a thiol pmlectlng gioups 

[(pgp)8] provided by _the invention, the thiol-protccting poups may be the same 

or different and may be but arc not limhed to: 

-alz-ar:yl (aryl is phenyl or alkyl or alkyloxy substituted pbcayl); 

2S ... Cff-(aryl)1, (aryl is phenyl or alkyl or alkyloxy substituled phenyl)~ 

wC-(aryl)1, (a.ryl is phenyl ar allcyl or ~loxy subltitutm p.batyl); 

-cHr(4-methoxyphenyl); 

-CH·( 4·pyridyl)(phenyl)2; 

-C(CH,), 

30 -9-phcnylfluorenyl; 

-C~NHCOR (R is unsubstituted or substituted alkyl or aryl)• 
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-CHi·NHCOOR (R is unsubstituted or substituted alkyl or atyl); 

-CONBR (R is unsubstituted or sµbsti.tuted alkyl or aryl); 

·CH:rS-CU,,-pbenyl 

Pzefer.ted protecting aroups have the fonmi1a ...cHrNHCOR wherein R 

S is a lower alkyl having 1 lll1d 8 c:ubon attam, phea.yl or pheoyl-aubstitut.ed 

with lower alkyl, hydroxyl. Iower alkoxy, cmboxy, or lower alkox.ycarbonyl. 

The most preferred protecting group is an ac:camidornethyl poup. 
&ch specific-binding pcpnde-c:onlainin& embodimmt of the invention is 

comprised of a sequence of amino acids. The term amino add as used in this 

10 inVOlltion is in.t=ded to include all L- and »-t piilnary a• or JJ-amino acids. 

naturally occurring and otherwise. Spedfic-bindinJ peptides provided by the 

invention include but are not limited to peptides having tho faDawlag sequeacca 
(the amino acids in the following peptides ate I.-8IDiDo acicb except where 

otherwise indicated): 

20 

2S 

30 

CH .. co. Yo.Apc.GDCGGG 
~S I 

CllzCO. Y D-Apc.GDCKG L..:...-s j 

CHiCO. Yn.Apc.GDCGG 
L.:...... s-----' 
CJi2CO. Y0 .Apc.GD<j: t-s---
~OSY,,.Apc.GoyK 

CR.CO. Y 0 .Amp.GDC 
.L.:-g I 

~co. Y,,.Anip.GDCK 
L.....:...-5 I 

and Q-(4-piperdinyl)butyl tyrosine. 

Spocific-binding peptides or the pre.lent inwntioa call be chemically 

synthesbed in vitro. Peptides of the pn=nt invention can generally 

advantageously be pcepan:d on an pc:plidc synthesizer. The peptides of this 

invention can be synthesized wherein the radioJabcl-binding moiety ii covalently 

linked lO tho peptide during chemi<::al synthesis in llitro, u.siag techniques well 

3S known to those with skill In the art. Such peptides covaJently-lil'lbd to the 

ndiolabel-binding moiety during iynthesis axc advantqeous because specific 
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lites of c:ovalent linkage can be dctctmined. 

lbuliolabcl bindin& moieties of die inv=tiDn may be Ddmluced imo the 

target specific peptide during peptide •YD~· For embodbnents ~ 

pic:olinic acid ((Pie-); e.g •• Pi.¢-Gly-cys(pmm:dna gmup)-], the radiotabel-

5 binding moiety can be synthesized u the last (i.e.. amino-tr:mdnal) mld.ue :ia 

the synthesis. In addition, the picolinic acid-containing ndiolabel-bindina 

moiety may be covalently linb:d to the e-amino poup of lysine to &ive, for 

example, aN(Fmoc)-Lys-EN[Pic-Oly-Cys(protectlna gmup)]. wbidl mq be 

incorporated at any position in the peptide chain. This sequence ls pu:ticu1arly 

10 advantageous as it affords an easy mode of incoiporatio.n into tho target binding 

peptide. 

· Similarly. the picolylaniino (Pica)-coQtaininc ndio1abd4rindiag moiety 

[-C,s(protec;ting gxoup)-Oly-Pica] can be prepared dming pepdde ~by 
including the sequence (-Cys(protcctina group)..Oly-] .t the Clltm:yl tmmUms 

lS of the peptide chain. Following cleavage of the peptide fmm the min the 

c:arboxyl terminus of the peptide is activated IUlcl coupled to picoly.laminc. Tbis 

synthetjc route ·requires that reactive side-chain t\m.ctiomdities remain masbd 

(protected) and do not react during the conjugati.Oll of the picolylamine. 

Example,, of small synthetic peptides contahdnc the Plo-Oly-Cya- and • 

20 Cys-Gly-Pica chelators are provided in the Examples he:rmibdow. This 

invention provides for the incorporation of these chcJators Into virtua1ly an.y 

peptide capable of specifically binding to a thtombus In l1iw1. nsulting in a 

ndiolabeled peptide having Tc-99m held as neu1Dl complex.. 

This invention also pn:1vides specific-binding small synthetic peptides 

25 which .incorporate bisaminc bisthioJ (BAT) chelatms which may be labe1al wi~ 

To-99m. This invention provides for the incorporation of thae cbelatoa into 

virtually any peptide capable of specifically binding to a tbmmbus In 1'iW1. 

multing in a ndiolabeled peptide having Tc-99m held as neutral complm.. An 

example o( a small synthetic peptide c:ontaining a BAT chdato.r u mdioJabel .. 

30 binding moiety is provided in the Examples hcreinbelow. 

In forming a complex of ndioactive technetium with the iaaents of this 
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invention, iho ftdl.nctium complelt, pteb'ably a salt of Te>Wnt ~ 

is reacccd with the reagent in the presence of a .reduc:iftg agmt. .Piefened 

teduc:ina agents am dithionite, stannous and ta:tou. iom; the most ~ 

reducing aaent is stannous chloride. Means for p!'CPlri.ng such complexes ue 

S conveniently provided in a kit form comprising a scaled vial containing a 

predetermined quantity of a .reagent of the ~lion to be Jabcled IJ1Cl a 

sufficient amount of reducing agent t.o label the i:agent with Tc-99m. 

Alternatively. the complex may be formed by reacting a iagent of this 

invention. with a pre-fonned labile complex or technedum and another 

10 compound known as a tnnsfer ligand. Thia ptoces.t ii known as Jipnd 

exchange and is well known to those Skilled in the art. Tbe 1abiJa complex 

may be fOimed using SUClh transfer ligands as tanratc. cl.ate. glucxmale or 

mannitol, for example. Among the Tc-99m pcnccbneta.tc salts usefUl with the 

present invention arc included the a1bli metal aalb suck u the sodium mt, 

lS or ammonium salts or lower alkyl ammonium salts. In a preferred 

embodiment of the invention, a kit for pxqming teclmctium-Jabelcd pepiides 

is provided. An appropriate amount of the JUgCRt ii intmduc=l blto a ~ 

containing a red~ing agent, such as stannous chlorlde, in an amount sufficient . 

to label the reagent with Tc-99m. An appropriate amount of a transfct Jipnd 

20 as descn'bed (such as wtratcs. citrate, gluconat.e cir mannitol. for example) can 

also be included. ·The kit may also concain conventional pharmaceutical adjunct 

matcnals such as, for example, pharmaceutically acceptable salts to adjust the 

osmotic pressure. buffets, preservatives and the like. The componenu of the 

kit may be in liquid, frozen or dry fonn. In a prefeaed ·embodiment, kit 

2S components arc provided in lyophillzcd form. 

IWiiolabeled thrombus imqing reagents according to the present 

Invention may be prepared by the addition of an appttipriatc amount of To-99m 

ot Tc-99m complex into the vials and n:action under conditlona described in 

Example 4 hereinbelow. 

30 Radloaetivcly-labeled sclndpaphic imagin1 agents provided by the 

pre.sent invention ~ provided having a suitable amount of xadioactivity. In 
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fonnio& To-99m radioactive complexes, it is pw!Qlly prefeued to form 

mdioactive c:omplc:xes in solutions containing .rad1oacd.vlty at cancenU'ations of 

from about 0.01 millicuric (mCi) to 100 mCi per mL. 

The thrombus imaging icagcnts ptovmcd by the present invention can 

be used for vi~g thrombi iJt a mammalian body when Tc-99m labeled. 

In m:mdance with this invention, the Tc-99m labeled mlgCllts arc •dministettJd 

in a single unit injeccable dose. The Tc-99m labeted reagents pn>'rided by the 

invention may be administered intravr:llOUSly in uy C011.ventional medium for 

intra.venous illjectiOR such as an aq,ucous saline medium, or in blood p1-na 
10 medium. Generally, the unit dose to be administered has a radioacti.vity of 

about 0.01 mCi to about 100 mCi, preferably 1 mCi to 20 ma. 'Ibo solution 

to be injected at unit dosage is from about 0.01 mL to aha\lt 10 mL After 

intzavenous administration, imaahl& of the thrombus tn YIW can 1ab p1ace in 

a matter of a ~w minutes. However, ima&inl ean. 1ake pbu:e, if delhed, ia 

15 hom or even longer, after the radioJabclcd peptide is injc:ctmd Into a patient. 

In most instances, a sufficient a.mount of tho admini•tm:d do.to wilt BCQUDulale 

in the area to be imaged within about 0.1 of an hour t.o permit the takin1 of 
scintiphotos. Any con\'entional method of sclntigraphic bnaging for diagnostic 

~ can be utilized in accordance with this invention. 

20 It will also be recogniz.ed by those ~vina 8kill ia the l'elcwlnt am 1bat 

thrombi are commonly found at sites of athe.tOSdcrotic plaque; that integrin 

:recepto.n Chat may bind to the scintigraphic ima.ting aaents of the inventiOlt 

may be found in certain lUmors; and that such inte&rin receptm1 me involved 

in cell adhesion processes that acrompany or initiate leukocyte localiration at 

2S sites of infeetion. Thcrcfotc it will be ~ OW lhe dndpaphlc 

i:snaging agent$ of this invention have additional utility q hnaging apn.ts for 

imaging sites in which the OPDb/Dia t=:ptor is expmsed, .induding • 

atheroscleroti.c plaquest tumors and sit.es of infection. 

The methods for making and labeling these compowidl aJC mom fully 

30 illustrated in the following Examples. ncsc Examples illustrate certala aspoclS 

of the above-described method and advantageous results:. 'l1ICIC Examples am 
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shown by way of illustration and not by way of limita.tiGD. 

EXAMPLE 1 

S SY*hesJs or BAT·BM (N-'[2..(N',N'-bfs(2-malelmfdoetb1DamlnoethJl)J.. 
lt,.l/-1zilf2-metb:d·2=triphenybnetb1Uhl@rovyD.,f,HJ•ppnnamgnldftl 

BAT~BM wu prepared as follows. BAT acid (A'-(t-butoiqc:ad>onyl)-­

. .N'1N'-bis(2-methyl·2-trlphcnylmethylthiopropyl)-6,!kSiazanonanoica.cid)(10.03a, 

10.89 nunol) and 7SmL of dry methylene chlorlde (CHiCJ.J) were added to a 

10 250mL xouud-bottoml:d ~ equipped with magnetic stir bar and argon 

balloon. To this solution was added diisopropyl-<:arbodiimide (3.40mL, 21.7 

mtnol, 199 mole"), followed by N-hydroxy·succinimide (3.12g, 27.1 mmol, 

249 mole'6). This solution was obsenred to become cloudy wi1bin 111. and 

was further incubated with stirring for a total of 4h at IOOOl lenlperatU& A 

l.S solution of 1rls(2-aminocthyl)amine (30mL, 200 mmol, 1840 mole•) ia 30mL 

:metllyt.ne chloride was then add¢d and atining QOntinucd ovcnUght. Tbe 

reaction mixture was then Q>ncentrab:d under reduced prcssme, and the RSiduc 

partitioned between ethyla.c:etatc (lSOmL) and O.SM potassium ~ 

(K1~; lSOmL). The organic layer was separaml, washed with bJine and 

20 concentrated to give the crude product N-(2-(N'.N'-bi.t(1..amiQocthyl)amino 

ethyl))-N'-(t·butoxyc:arbonyl)-N,N'-bL(Z·metbyl-~~~ 

diazanonanamide as a foam/oil. 

11tis av.de product was added to a 1000rnL 1'0\Dld-boUDmcd flask, 

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

25 . aatmatcd sodium bicart>onatc (NaHCC>,), lOOmL water and N-mcthox.ycubonyl 

malcimidc (6.13a. 39.S nunol. 363 mole,.) w~ added. 'Ilda baaOgeneovs 

mixture was stirred overnight at room temperatu.te. THF was removed f:rom 

the mixture by rotary evaporation, and the aqueous residue wu twice extmctt.d 

with ethylatetatc (lX 7SmL). The combined organic layers of~ oxtactions 

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

frit and concentrated to about 12g of cnidc p.roduct. Pudfieatiaft by liquid 

chromatography (2SOg silico11 dioxide/ duted with a gmdient of cblomform. .. 
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25 methanol in chloroform) afforded S.3J of pum product (N-[2-(N',N'-bls(l­

maleimidoetbyI)aminoethyl)]-d-(t-butoxycarbonyl)-N ,.N"·bi.f(2-mcthyl·2· 

tdphenylmethylthiopropyl)-6.9-diaz.anonanamidc) (equivalmt to 40" ~. 
along with approximately Sg of crude product that can be re-.pudfled to yidd 

S pure product. ~emical analysis of the purified product confitmcd its identity 

as BAT-BM as follows: 

'H .NMlt (200 mHz, CDClJ): 6 0.91 (12H,s), 1.38 (9H,1), 1.l-1.6 (4H,m), 

2.06 (211,s), 2.18 (2H,t,J=7}, 2.31 (4H.m), 2.ss (2H,t,1=S), 2.61 (4H,t.J=6), 

2,99 (2H.s), 3.0-3.3 (4H,m). 3.46 (4H.t,Itd6), 6.49 (-NB,t,J•4), 6.64 (4H,s), 

10 7.1-7.3 (lSH,m), 7.6 (12H,t,J•17). 

EXAMPLE2 

Synthesis or tMEA Ctrl.tQ..makfmldOf!thyDamteJ 

tri.r(2-aminoethyl)aminc (1.49 mL. 10 mmol) diaoJ:vccl In set mL 

lS saturated aqueous sodium bicarbonate and cooled in an ice 'badl, was tleated 

with N-catbomethox.ymalcimidc (4.808 Jt. 31 mmoD. 'l1m mixture was .~1'1'1!11 

for 30 · min on ice and then for another 30 min at lOOlll tempentme. The 
mixture was then partitioned between dichloromcthane. and waw:r, dried over 

magnesium sulfate, filtettd and evaporated to give 3.442 g of pioduc:t. 

20 Rcvc:rse phase thin .. layer chromatography (RP-1LC) yielded essentially l spot 

(R,= 0.63 in 1:1 acet.onitrile : O.S M sodium chloride). 3.94 mmo1 (1.8178) 

of this product was dissolved in 20 mL tctrahydrofman and 20 lnL satmatccl 

$Odium bieatbonate and mixed for 2 h. The reaction. mixtUle was thm 

partitioned between ethyl acetate and water. The organic phase wu washed 

25 with saturated sodium chloridct dried over magnesium suliite, and filtefto.d. 
The ethyl acetate solution was diluted with heunes and cooled. Solid TMBA 

was colleCted by filtration and dried to a yield of 832 ma. Chemical analysis 
of the product confinncct its identity as TMEA as rono...s: 
1H NMR (CDCI,): 2.6S (tr. 2 H), 3.4S (tr.2 H). 6.64 (s. 2 H}. 

30 ':tc NMR. (CDC13), 35.S, Sl.~, 133.9, 170.4. 

18 . . iiiiU 



. . .. 

EXAMPLE 3 

Svnthnw or tri.tQ-fkdtlomaretamfilnlethYfl!'Qlal 

lrls[2-(2-chloroacetamido)ethyl]adline ~ p~ as followa. To a 

S aolution of lri.s(2-aminoethyl)amine (l.49mL, 10 mmol) in clichlommethane 

(SOmL) was added powdered K,CO, (6.9g • .SO minol) followed by ~ 

chlOride (2.6mL. 33 mmol) dropwisc. Viaorom bolling resulted. 'Ibe mixttn 

was cooled and SOlt'IL wat.er added. 'l1le organic layao wu sepaiated, dried 

over MgS04 and evaporated to giw the title compound as a erystamne solid 

10 (.2.Sg. 6.6 mmol. equal to 66$ yield). nin Jayet chmmatogtapb.y10 pcd'omed 

ushlg Cl8 reverse phase ebtotnatography plates and a 50:50 minJre of 

acetonitr.ile and O.SM NaCl in water, showed a single spot with B, equal 10 

0.62. The melting point of the crystala of the title compound '° ptOduc:cci was 

determined to be between 116-l19°C • 

lS 
EXAMPLE4 

Smthf.Sh oC l .2-kis12=<2:<:blQr08cetamldoletb01J'leQl1ne 

l,2-bis[l·(2-chloroacetamido)cthoxy]etbane was pzepmd u lollows. To 

a mixture of l,2·bir(2-aminoethoxy)ethane (1.Sg, 10 mmol) ln dicbloromethanc 

20 (lOOmL) and lM NazCO, (SOmL) cooled in an ~ bath was added chloroacctyl 

chloride (2.6mL, 33 mmol) dropwisc. After stirring for 10 minutes. the 

organic layer was separated and evaporated to give the title compound (2~fig, 

eua1 to .92% yield). HLPC analysis revealed a single peak usina ultraviolet 

('220nm) absorbtion spccttomctry. 

EXAMPLES 

Synthesis of N{-(Na,N<"'bil-chlo~cetyllysyl)lJ'sfl-aJycJI+ 
<S·tdt1Dmtelnamlde 

Nf·(Na.NE-bis-chloroacetyllysyJ)lysyl-glycyl-(S·trityl)qtsteinamide was 

30 prcpmd as follows. The protected peptid4 WU synthesi7.eel usUla SPPS 

methodQlogy as described in Example 7 using Rimt amide ns1n. 
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(Pmoc)CysCfrt), (Fmoc}Gly, (Boc)Lys(Fmoc), (Fmoc)Lys(Fmoc) and 

chloxum:etic acid. The peptide was cleaved from the re.sin, dcprot.ect.ed and re­

S-tritylated to give the title compound which was then purlfied by mverse 

phase BPLC. Synthesis was comfinned uaina FABMS; MH+ 'WU found to be 

s 828 and 830 for a peptide having a theomical mokcular weight of 829 

(av=g:e) • 

EXAMPLE 6 

SJ"l6ests of N•<Fmoc)-4-(N-pemamethylcbromamultonyl)mnldlno 
10 phenylalanine lfmoe=Amp<Pmcll 

TiUe compound Fmoc-Am.p(Pmc::) wasp~ as follows. D.X.-.acetyl+ 

cyanophenyJalanine was pxq>ated from a-btomotoluoaittile ancl didhyl 

acelamidomalonate using conventional techniques (tee MuYel, l9SS. Org. Syn. 

Cell. a: 705-708) and resolved by selective hydrolysis ofthe L-epim« lllina hog 

ienal acylasc '1'ee Greenstein et al., 1961t in CbeJnbto' of tho Amino Amd1, 

Kxeiger & Malabar, eds., pp. 2172-2174). 

L-4-cyanophenylalanine was converted to the N-a·Boc, t-butyl ellm using 

conv=tional techniques. The N-<:c-Boc-4-cyanopheny1alaninc, r-butyl ater wu 

converted into the 4~amidino derivative using the method of Voigt ~t al. (1988, 
20 Pharnwie il: 412-414). The resulling N-c.-Boc-4-amidinopbenylalarUne. t­

butyl ester was converted into the N-amidbiopcmamethylchromanaulfoayl (Pmc) 

derivative essentially as dmcribed for arginine (see Ramage et al., 1987. 

Tetnilledron Len. 2,8: 2287-2290). The Boe and r-butyl ,poops were then 

removed using BF>.OEtlaf;Ctic acid. Tbc resulting 4-

25 pentamethylchromasulfonyl-amidinophenylalanine was converted to tho title 

compound using N-(Ruonmylmethoxycuboxy)succin.imide (PmocOSu). 

The title compound wu analyud by HPLC and found to bave a 

retention time of 10.4 minutm using a waters Nova-Pak Cll rwene phase 

Jldial com~sion column and eluted at 3mIJmin with a gradient of lOOS 

30 (0.1" TFA/watl!r) to JOOS (0.1'6 TFA/10" water/acetonitr:ile) over 10 

minutes. 1."he title compound was analyzed by 1H NMll spccuomeuy and 
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found to have the following 1H NMR spcetium (sample dissolved in COO,): 

11.25 (s, 6H), 1.72 (t, 2H), 2.1 (.r, 3H), 2.SS (m, SB). 3.1 (m, 211)~ 4.05-

4.7 (mt 4B), s.~ (d, lH) and 7.0.8.0 (m, 1.SH). 

SQlld Pbw Pebtlde SJntha 

Solid phase peptide synthe$i.s (SPPS) was caam out on a 0.2.S 

10 millisnolc (mmole) scale uain& an Applied Biosystems MocW 431A Peptide 

Synthesi%c:t and using 9-fluorenylmethylm.ycaibonyl (Fmoc) .mo-tctmin• 
proteelion, coupling with dicyclohcxylcadJodiiml~ or 2· 

(lH-benzotria:ml-1-yl}-l, 1,3,3-tctramethyluronium hexafluomphoapbatel 

hydtoxybenzotriu.ole (HBTIJ/HOB1), and mini p-~ylpbdloxy-. 
lS methyl-polystyrene (HMP) resin for cubox.yl-tmninus adds or lliDk amide 

resin for carboxyl-tcnninus intldes. Resin-bound poducts \WD IOUtindy 

cleaved using a solution comprised of trifluoroacetie add or 50/50 

trlfluoroacetic addJdich loromethane, optiorially containi.q water. tbioaoisole, 

ethanedithiol, and uidhylsilane, prepared in ratios of 100 i 5 : S : 1..5 : 2 for 
20 l • .S w 3 .b at room temperature. 

Where appropriatt, N-t.enninal acctyl exoups wae Jnttoduccd by treatiq 

the free N-tenninal amino peptide bound to tho reaia with 20" v/v *Ctlc 

anhydtldc in NMP (N~medlylpyrrolidinone) for 30 nDn. For pn:parlna 

blanched-chain peptide reagents involving peptide chain synthesis from bodi the 

25 . a- and .amines of lysine, Na(Fmoc}N~(Fmoc)-lysine was l$d during SPPS. 

Whem appropriate. 2-chloroacetyl and 2-bromoac:dyJ. gmu.ps were introduced 

either by using the appropriate 2-halo-.ntic acid as the Jut msidue fD be 
coupled during SPPS or by mating the N-tcrminus be amino peptide bound 

to the ~ with either the :Z-halo-acetic acid/ diisopmpy1carbodiimidel N-

30 hydroxysuccinimide in NMP of the 2-halo«etie anhydride/ 

, dlisopropylethylamine in NMP. Wheie appropriate, BPLC•pudflecl 2-

haloacetylated peptides were cyclized by sdning in. a 0.1 - 1.0 mafmL. solution 

at pH8 optionally containing phosphate, bicarbonate ot O.S-1.0 mM EDTA for 

21 
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O.S - 48 hours. followed by acidification v.i.th aoctic acid, lyophilit:ation and 

BPLC purification. Where appropriate, Cya-Cya disu1flde bond cycliz.alions 

wme performed by treating the pm:unor cystei.ne-frcc thiol peptides at 

O .. lmglmL in pH 7 buffer with aliquots of 0.006 M ~e<CN>. until a 11able 

5 yellow color ~ted. Tho ~ oxidant. was reduced with excess cystdno, 
the mixture was lyophilized and then purified by BPLC. 

Where appropriate, peptide thiol-i:blo.roacetyl derived sulfides w= 
picpaml by reacting single thiol~t.aining peptides at a coru:mtn.tio.D. of 2 to 

50 mg/mL in water and acetonitrile or THF or DMP at' pH 10 with the 

'10 appropiiatc number (e.g., 0.5 molar equivalents for preparing dimers and 0.33 

molar equivalents for preparing trimen) of tho cblmoacetyl poJ,yva1cnt linb.r 

moiety fot 0.5 to 24 hours. The solution was then neutalized with acetic 

acid, evaporated to dryness, and, if necessiuy, deprotecW using 10 mL TPA 

and scavengers such u 0.2 mL trlethylsilane for 30 to 90 minutes. The 
15 solunou was concentrated and the product was precipitated with ether. 

Products were purified by preparative HPLC. 

Where appropriate. BSME adducts wen pn:paxed by ~& ~ 

thiol-containing peptides (S to SO mg/mL in 50 mM sodium phosphate buffer. 
pH 7 to 8) with O.S molar equivalents of BMME (bl.r-malelddomdhylether) 

20 prc-dissolved in acctonitrile at room tempm:ature (or approxisnately 1-18 hours. 

ne solution was concentrated and the product was purified by HPLC. 
Where appropmte, TSEA adducts were prepared by reacting sinsJe 

thiol.oeontaining peptide (at concentrations of 10 to 100 mgl.mL peptide in 

DMP, or !S to SO mg/mL peptide in .50mM sodium phosphate (pH 8)1 

25 ac:etoni.trilc or TllF) with 0.33 molar i::q\dvalcnai ot TMBA (tri.r(2· 

maleimldoethyl)amine; &ample 2) pre-dissolved in acetonitrilc or DMF, with 

or without I molar equivalent of triethanolamine, at room tcmpc:ratuxe · for 

approximately 1-l Sh. Such reaction mixtures containbig adducts were 

c:oncentmmd and the &Aducts were then purified using BPLC. 

30 Where appropriatet BAT-BS adducts were prepated by reactin& si:qle 

thiol-containing peptide (at concentrations of 2 to 50 mglmL P'fdde in SOmM 

-------·-------
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.sodium phosphate (pH 8)1 acetonitrile or TBF) with 0.S molar equivalenu of 
BAT-B.M (Y.[2-(N',N'-bis(2.-malcimidocthyl)amlnoethyl)]-A'-(t--bu.toxyaubonyl)­

N ,Jl-btr(2·methyl-2-triphe.nylmethylthiopmpyl)-619~iazanoaanamide; ~pie 
1) pre-dissolved in acetonitrile or THF, at room t.emperatme for appioximat.el;y 

S 1·18h. The solution wu then evapmated to cfIJMSS and [BAT-BSJ .. peptidc 

conjugates dcprot.cded by CR&tmcnt wilh ~OmL TPA and 0.2naL lliedlylsilalle 

for lh. 1he solution was concentrated, tbC product adducts pndpiWed with 
ether, and then purified by BPLC. 

Crude peptides wms purified by ptepe.rativo blgh piasuic liquid 
10 chromatography (HPLC) using a Waters Delta Pat C18 column and gndicnt 

eiution using 0.1 % trlfluoroacetic acid (l'PA) in water modified with 
acetonitrile. Acet.onitrile was evaporated Imm. the eluted fracti.ons 'Which wae 
then 1yophili7.cd. The identity of each prochlct \lal c;onfumed by lat atom 
bombardment mass spectroscOpy (FABMS) ttt ~ectrospmy aws ~ 

lS (BSMS). 

EXAMPLE I 

A General Metbod l)>r Radlqlabelin1 with To-99ai 

0.1 mg of a peptide prepared as in Examplo 2 was dissolved in 0.1 mL 
20 of water or SO mM potassium phosphate buffer,· 0.1 M 'bk2lbonato buffer or 

10'6 hydroxypropylcyclodextrin (HPCD), each buffer at pH of S-10. Tc-99m 
gluaeptate was ptq>8tOd by rcccnstitu.ting a Oluw1a111 'Vial (B.t DuPont de 

Nemoun, Inc.) with 1.0 mL of Tc·99m sodium pertcclutetaie_ containing up to 

200 mCi and allowed to stand for IS minutes at room ~ 2S ,J. of 
2.S Tc-99m gluceptate was then added to the peptide and the reaction allowed ta 

proceed at room temperature or at 1oo•c for tS-30 min and the.D filla'cd 

tbmugb a 0.2 I'm tilter. 

The Tc-99m labeled peptide purity WU dctenniaecl by BPLC min& the 
following conditions: a Waters Dcltal'uie RP-18, s,... 1SOmm x 3.9mm 

30 analytical column was loaded with each tadio1abeled peptide aacl lhe peptides 
eluted at a solvent flow rate equal to 1 mUllUn. Gndicnt elution wu 

23 
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perfanncd l>ePming with 109' solvent A {O.lS CP3~0) to 40" 

.solvent B,o (0.1" CFJCOOH/90~ ~CN/Hp) over the courac of 20 min. 

The? Tc--99m Jabeted peptldc puriiy was cletennined by BPLC uain" the 

conditiou deScn1>ed in the Footnot.C$ in Table L Radioactive component's were 
detected by an in-line radiometric detector Jinked to an int.esratml nooidcr. . . 
Tc:-99m. gluccptate and To-99m sodium pcrtecbnetlle elute between 1 and 4 

minutes under these conditions, whaeas ~ Tc-99m Jabelm peptide eluted after 

a much peater amount of time. 

The follow.in& Table illusaar.es mc:ce8Sful Tc-99m Jabc1ins of 

10 peptides prepared acc:otding to Example 1 using the method descrlbed hemin. 

24 . 
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. 
Pentide1 

CH1co.uooc~oc.u.amtde 

CH.CO.YnlGDCGGC.._GC,_amide 

CU.&O.Y.,.bp;.ODJ;GOOCAm.GC"c•,anddc 

GRGDVRODFKCA_oc.-.amide 

GRGDVRODFC.u.GC~de 

CH.CO.Yn.Apc.QDCOGCAcaOC,.GGP~.RPG.~ 

(cH.co.Y..Anc1GDC.GGC"-GC.MaGOC.&111id.e)1·BSME 

(CH.co.Xo,Ap.o.QDCGGC'-GC._OOC.ade}r TSEA. 

(S;H.CQ.XJ.pc,GDCGOC&aOCAatGGC.Mlid.e)2-[BAT-MJ 

C-'-OC~RR.RRRRRRRODV 

(CIJ.CQ,Y..Anc.GDCKOCAmGC-'-OOC.amido)rBSMB 

(CJJ.COYn.Agc.GDCGGC._GCMl&OOOimweh(C!fiCO).r 
K(M-K)GC-W. 

.. . 

TABLE I 

PABMS 
MB! 
10S7 

1171 

1233 

1510 

1382 

HUS 

3020" 

4S96 

3400" 

2100 

3163• 

3291" 

25 

.Radiochemical HPLC 
YieldCll: Mminl: 

,.,,. 10.0, 10.4, 10-62 

992 n.si 
1004 11.1. 1s.12 

91' 16.2, 16.st 

942 10.42 

. 904 16.6, 16.92 

9S4 9.3l 

994 . 9.2. 11.6' 

9ai 10.31 

1001 2.,i-

98' 9.e 
9(1' 12.04 



~I 
-

I. ~ ;a 
CJ\ 

,., 
~ 

I ~ . - ~ t-4 
. 
• 

~ 
el 

IM~ c; ~ ~ Eli 

): 

j , ~ 
tJ :I 
j d 

I~ I g • ;'!! 

J g 
~ ; ~ 
~ g '§ 
~ 

~ ~ 

1iiir 



• Supencripts :refer to the follo-wing: label'inJ ~tioas: 

1. The peptide was dissolved in~ mM potassium phosphate buffer (pH 
7.4) and labeled at IQOm temperatw:c. 

5 2. 'Ihe peptide was dissolved in SO mM potassium phosphate buffer (pH 
7.4) and labeled at lOO"C. 

3. 'Ibe peptide wu dissolved in water and 1abc1ed at room tempcratme. 
4. The peptide was dissolved in water and labeled at too•c. 
S. The peptide wu dissolved in SO mM potassium phosphate buffer (pH 

10 6.0) and labc1.ed at 1oo•c. 
6. The peptide was dissolved in SO mM potasaium phosphate buffer (pH 

S.O) and labeled at room tcmperabR. 
'· nae peptide WU clisaolved in a SO:SO mmum of cthaool/Wa&a' Ind 

Jabe1ed ar too•c. 
15 8. 'Ibe peptide was dissolved in 0.9" sodium chtorldo solution and labe1al 

20 

at 10001 t.emperature. 

•• BPLC methods (indicated by superscript after iy: 

general: solvent A = 0.1" CP,COOHIB,.O 
solvent~ • 0.1'5 CP,COOB/70" CB.$CN/Bp 
solvent ~ = 0.1 ti CPiCOOH/90'5 Cll,CN/lliO 
solvent flow rate = l mIJmin 

Vydak column = Vydak 218TP54 RP-18, S11m, 220mm x 4.&nm analytical 
column with guard column 
Brownlee column = Brownlee Spheri-S RP-18, Sµm, 22.omm x 4.6mm <lC>luma 
Wat.en column = W~ Delta-Pak Cl8, .S14m; lSOmm. x 3.9mm co1wr1ll 

30 Waters column 2 :1r Waters Nova-Pak Cl8, . Sµm, 100mm x Smm radial 
compression . coluinn 

Method 1: 
Method 2: 

3.S Method 3: 
Method 4: 
Method S: 
Method 6: 

Brownlee column 
Vydak column 
Vydalc column 
Waters column 
Waters column 
Waters 2 column 

100" A co 1005 Bio in 10 min. 
lOOS A to 100• ~ in 10 ndn 
100"1 A to 100'5 &,o io 10 min 
100" A to 100" 'B,a in 20 min 
100" A to 100'5 .B,o in 10 min 
100~ A to lOOti :S,. in 10 min 

40 *** Confirmed by sodium dodecyl sulfate-polyactylamidc pl elecUopboresis 

Single-letter abbreviations for amino acids can be fouad in O. ZW.y, 
Biochemistry (2d. ed.). 1988 (MaA:Milkm Publisbh'lg: New York) p.33; 
undcrliniag indicates the formation of a thiol linbge between the linJced amino 

45 acids of derivative groups; peptides arc linbd to BSH. Bl'AC. MMB, TSEA., 
[BAT .. BS) or (CH1CO)-contairllng linkm via the m thio1 moiety of the 
unprotcctcd cysteine re.Uduc (C) in ~h peptide; Ac • Dtyl; Jk • bemoyl; 



Pie • picolinoyl (pyrl.dine-2-<?al'bonyl); Ac11.1 = acecamidomethyl; Mob ""' 
4-nu:thaxybemyl; Ape = L-[S-(3-aminopropylJcysteine; my • homolysble; P~ 
• D-phenylalanine; Y0 = t>-tym•; ma = 2·men:apcoacelic acid; mm,p • 
2-macapco-2-metbylpropionic acid; BAT • Nf .N'-bi.rO·mac:apb>-2-
methylpmpyl)-6.9-diuanonanoic acid; BTAC • 4-(()..CBJX>-Qly-Gly­
Cys.amkfe)aeetophenone; BAT·BS .. N-{'2·N' ,N'-~doedlyl) 
aminoethylJ·N',N'-bir(2-mercapto-2-.methyJpmpyl)-6,~;llSMB 
.. bt.r-sucdnimidomcthylether; TSBA. = nir-(2.-succlnimidocthyl)amine; Nl3S 
= N.-ethylsuccinimide; BSH =:: 1,6-bis-succininUdoheun Amp • 4-

10 amidinophenyJalanine 

• = confirmed by dec;trospray mw spcct:mnmy [F.SMSJ 

28 
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Elatekt Acaregatlog Tpblbftlo11 AS"QI 

P~ aqregation stud.ica WetC peri'onned esseadally as descdbed by 

s Zacbr (1989, MeChods in E.nzymol. W: 117-133). Drlefly, p1ate1ct 

aggmgation wu assayed with or without putative pJat.el.et ~ in!libitmy 

compounds using fresh human platelet-rldt plasma, c:ompdaiag 300,000 p1*Jets 

per microlitre. Platelet aare&ation was induocd by the addilion of a saludoa 

of adenosine diphosphate to a final conceatmlion of. 10 to 1S miclomolar. and 

10 the n:.~ of platelet aggregation monitored using a Bio/Dala ~ 

(Bio/Data Cmp.. Horsham, PA). The conceo.txations or pJatelet an,reaatioo 

hlhibitmy compounds used· were varied .from 0.1 to 500 ,,.,JmL. The 

conccnJ:ration of inhibitor that reduced the euent of platelet agp:pdon by 

'O" (defined as the IC,J was determined from plots of inhibi.tar concenuatim 

WT.SW n:.tent of platelet aggregation. Aa inhibitioll curve for peptide R.GDS 

20 

was clefermb:led for each batch of platelets tesccd. 

The results of th~ experiments are shown in Tabla n. Jn Tale JI, 

the compounds tested are as follows (RGDS is &iv= as i. posltivc control): 

P47 = AcSYGRGDVRGDPKC.AcaGCAim 
P97 = GRGDVR.GDFKC"-GCJmide 
:P32 = c_oc.,. .. RRRIUtRRlmGDV 
Pl43 = ctt.CO-Yz,RGJlCGGC"-GC~ 
P24S = CH.CO..YJ,.Apc.GDCCJGC.Am.GC~GGPDPRPGamide 
P63 - AcSYGR.GDVR.GDFKCI'CCA 
P98 = GRDGVR.GDFC"'-GC.-amkfe 
PSI = CH,CO.QGDCC&.GC,wamidc 
PlS4 ... c~co-voApcGDCGGGCAmaOC~ 

29 
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~ a. 

P381 = (CH.Ql-Y-oApcGDCKGCa-GCAcaOOCiunide)rBSMB 

CH2 . S-CH2 O 
f f II 
C-{D·Tyr)-Apc.Gty-AsP-NH-CH-C-Lys-Gly·Cys(Acm)-Gly-Cys(Acm)-GJy-Gly-NH-CH-C-NH

2 // II I . 
0 O CH~ \ 

~NcHTo 
0 2 

30 
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C> 

P317 ... (clJ.CO·YoADCGDCOOC.._ac._ooc.amide)J-TSEA 

~ ~~ 0 
I t . II 
C-(D·Tyr)·Apo-Gty-AsP-NH-CH-C-Gly·Gly·Cys(Acm)·Gly·Cys(Acm}-Gly-Gly-NH·CH-C·NH

2 I/ It I 0 0 

CHP 
0 j 

<~c,~ 
0 3 

31 
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2. 

P280 = (S:tLa>:Y,,Apc:Gl>.COGCAmGCA<mOOC-arnide)2·BSMB 

CH2 S-CH2 O 
J 1 II 
C- (D· Tyr}·Apc-Gly·AsP-NH-CH-C-Gly-Gly-Cys(Acm)·Gly·Cys(Acmt·Gly-Gly-NH .. CH-C-NH

2 " .. I 
0 O CfioS~ \ 

~NcTo 
0 2 
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P3S7 = (CJLCo·XoAncGJ>Coac..oc.-oac.amid~)2·IBAT·BSJ 

fHo . s-yHo . 1 
C-(D·Tyr)·Apo-Gfy-AsP-NH-CH-C-Gly·Gfy·Cys(Acm)-Gly-Cys(Acm)·Gly·GJy-NH·CH-g .. NH

2 // .. , 
0 0 0 f.~SCH, 

;,(: ~NH--"N\"N)r-1 -
H H 2 0 
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(Single-later abbmiations for amino acids can be found in G. Zubay. 

1llodt.utry (2d. ed.). 1"1 (M:acMilltn Pub.liahiftg: New Yolk) p.33; Aa 

- acetyl; Acm = acecamidomethyl; Ape == L-(8-(3-aminopopyl~; YD 

= l>tyroaine; BSMB = bi.s-succhUmidylmethyldber; TSEA ·= 
S tns(a~dylcthyl)aminc; (BAT-~] = N-(1-(N'.N'-bb(.2-succinimidoethyl) 

10 

~octhyl)J-N'~N',-bts(2-mcthyl-2-morcaptopropyJ)-6t9-diazanonanamidc; 

. pegtidea am 1in1ced t.o BSME, TSBA~ [BAT-BS) 01' (CU.C0).containing linbn 

* the free thiol moiety of tho ~ cysteine .rmidue (C) in each 

peptide). 

These results demonsttate that the IC. decttases tor cyclic peptides u 
compaml with linear ones,· and is evea less for polyvaleat peptide agcats u 

compared with monovalent peptide agents. These iaults iJ1umate the efticaCJ' 
of the multi.meri.c polyvalent anti.thrombotic· aaen.ts of the imrentim at rc:dtei~a 

platelet ~911-
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TABLE n 
J>e.otides LCl&W- CJot/BJmxr 

P3S1 0.079 6.3 ± 3.4' 

P667 0.081 S.9,S.O' 
P280 0.090 4.4 ± l.&J 

P682 0.130 4.01 
P317 0.036 3.8 ± 2..2' 
P381 0.035 2.5 
PlS4 0.3 2.0 ± o.ss - - -----
P245 o.s 1.'s 
Pl43 1.3 1.4 

P97 8 1.0 

P98 lS 1.7 

P63 19 1.7 

P47 23 1.0 
P81 2S 1.8 :I: 0.6' 
P32 26 1.2 ± 0.%4 

mtio of ('6 injecied dosc/g in a femon1 vein thmnbus)/ (9' iqjected 
dose/g in blood) at approximately 4h post·injecdon of each Tc·9911l 
labeled magent in a QniJ\e model of DVT 
concentzation ot reagent that inhibits by S0'6 the aggreption of human 
platelets in platelet-rich plasma induced to aggregate by the addition of 
adenosine diphosphate (ADP) 

It should be understood lhat the foregoing dbclosme emphasizes cemua 
specific embodiments of lhe invention and that an modificatimLs or alternatives 

30 equivalent thereto are wilhin the spirit and scope of che favention as set forth 
in the appended claims. 
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What Is dalm.ed Is: 

l. A reagent for preparing a thrombus imagmg acmt for lmaPtl 
tbrDDd>i within a mammalian body, compriains a tadiolabcl complaing moiety 

covalently lb1b:d to a specific blndina compouiul that is Im tlum 10,000 
S da1tom in molecular weight Md that bidds to a platelot nceptor that it the 

pJatctet glycoprotein llb/llla ~tol', wbetdn the reacent is Clpable of 
iqhibiting human plat.clct aqrcgation in platdct•xich ,plasma by so• (Ic,Q) 

when pcsent at a eoncentratioo. of no mme than 0.3µM. 

10 

ts 

20 

30 

2. A reagenc according to Claim 1 wherein tho specific bindina 
compound is a specific binding peptide comprlJiag 4 to 100 amiao ..tels. 

3. nc mgen1 of Claim 1 wben:in the radiolabel c:omp1ming moiety 

has a fcmnula selected from the group comisdng of! 

I. 

Cp{aa)Cp 

wbereid Cp is a protected cysteine and (aa) ia any primary a- or a-ammo acid 
not containg a thiol group; and 

IV. 

- llN - r•• -(amino ICicl) • NH • CB, • ~ 

X = H or a protecting group; 

(amino acid) "* any primacy a- or ~-amino acid not containg a 
thiol group; 

. ' llllllf f lllll lllll lllf I 111111 
* C L M S * 
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wherein 
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v. 
(CR',). 

~ ~-A-CO.peptide 
(tJts z). (CRsz), 
l I 
S-(pgpt S-(pgp)• 

each R5 is independently ~ CH, or ~; 
each (pgp)' is independently a thio1 PtOICCdna aroup or H: 
mt n '3nd p arc indepeadently 2 or 3; 

.. 

A -= linear or cyclic lower alkyl. myl, be1mx:ycly1, 
combinations or substituted derivatives thereof; 

VI. 

(CRI~ 
N( N-A..cH(V)NBlt• 

·/ 1 <yR' J. <pts i), 

SH SH 

each R" is independently H1 lower alkyl baving 1 to 6 carbon 
atoms, phenylt or phenyl submtutcd with lower alkyl or loww:r 
alkoxy; 

m. n and p are independent1;Y 1 or 2; 

A = linear or cyclic lower alkyl, aryl. heterocyclyt. 
combinations or substituted deriva.tivea thereof; 

V = H or -CO-peptide; 

R.' = H or peptide; 

2S and wherein when V = H, R• = pepti.dc and when R' = H. V = -CO. 
peptide. 

3. The reagent of Claim 1 wherein the spec:ific binding pepcide and 
mdiolabel complexing moiety are covalently linbd tbmuah one or mote amino 
acids. 

4. The reagent of Cahn 3 wherein the plO(eCtecl cysteblc of the 
radfoJabel complexing moiety having formula I has a piotecting amup of the 

1 tllllll l111\l lll\l l\lll IUll 
* C L M S * 
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-Clti-NH-CO.R 
when:iA R is a lower alkyl having 1 to 6 QUboa arom, 2-,3--.4-pyridyl, 

phenyl, or phenyl substituted with' 1owct alkyl, hydtoxy, lower ~. 

catbox.y, or lower alkm.~yl. 

S. The reagent of Claim 3 wherein the ndiolabel eamplexins moiety 

of f'o.rmuJa Cp(aa)Cp bas the formula: 

-BN·CH-CO-NH-cBrCQ.NB~COCR, 
turS-CB:t-NHCOCH, 

6. A scifttignphic imaging ap&\t compriaina the s.aaast accordiDJ 
to Claim 1 wherein the radiolabel complexirJa .moiCly ls bawul to a ndioiabel. 

7. 11te reagent of Claim 6 whmcin the mdiolabcl Is~ 

indium-111 or p.llium-68 • 

. 8. The reagent of Claim 2 whciein tbc specific; bincllna peptide .is 

selected from the group can.si.sting of peptides having 1hts mnino acid ~ 

CH2CO. YD.Apc::.GDCGGG 
L....:....-s ' 
~co. Y ... Apc.GDCKG 
-S I 

~co. Yn.Apc.oor. 
L--s---·T 
~·Yn.Apc.GDCK 

S .I 

~SY,,.Amp.GDy 

CH.CO. Y 0 .Amp.GDCK 
i:.:::.:..: S I 

Cll2CO. Y0 .Apc.GDCGG 
L....:..:-s ·' 

9. The reagent ·or Claim I whereiJl the naamt funber c:oaipises a 

polyvalent linking moiety covalently linked to a multiplicitJ of specific bindlq 

compounds and also covalently linked to a multiplicity of ndio'fabel compleUna 

moieties to comprise a reagent for ~I a amldmedc polyvalent 

41 
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dntipaphic imaging agent, whaein the moh=cular weight of the muUDneric 
po1yvalmt ICintigraphic imaging agent is less Chan about 20,000 da!tons. 

10. . The n:agent of Claim 9 wh=i:n the polyvalcnt DnJdna m~ is 
bir-succinimidylmethylether, 4--(2,2-dimethylacetyl)bmzoic acid, N-(2-(N',,N' .. 

bis(2-succinimido-ethy1)aminocthyl))-N',11'..IJu(2-mothyl-2-mm:apcopiopyl)-~9-

diuanonanamldc, ms(.succini.midylcchyl)aminc, trLr(2-c:hl.orolcel8midct) 

. amine, l,2·bis(2-chloroacctamidocthoxy)etlume. or a dedvad.ve 1hmeo.f. 
11. A complex fonned by :taCting the ieagcnt of Claim 2 with 

tcchnetium-99m bl the presence of a nducing agent. 
12. Tho complex of Claim 11, wherein the iedudng agent ia IClected 

fmm the group of a dithionitc ion, a stannous ion. o.r a fenvus im. 
13. A complex fotl'tled by labeling the l'CIFAt of Claim 2 widl 

technetium-99m by ligand exchange of a prereduced tcelmetium:-99m c:oa\>la. 
14. A kit for preparing a radiopharmaceutical pnpcuaticm. .rd 1dt 

c:omprisina sealed vial containini a ~ed quantity' of the lllpDt of 
Claim 2 al'ld a sufficient amount of rcducina apot to label the mpnt wida. 
t.echnetium-99m. 

15. A method for imaging duombi within a mammaliaua body 
comprising administering an effective diagnostic amount of tJIO mapnt of Claim 
2 that is labeled wich tcchnetium-99m and detecting tbe Tc-99m localized at the 
site of the thrombus. 

16. The process of preparing the ma=t. aa:onting to Claim 2 
wherein the xeagcnt is chemically llynthesi.zed l:n vitro. 

17. The process of preparing the reapot m:conUn& to Claim 16 
whmin the specific binding peptide is synthesized by solid phue peptide 
synthesis. 

18. The reagent according t.o Claim 2 wherein the radiolabel bJndln& 
moiety is covalently linked to the specific binding peptide durJna In vitro 
chemical synthesis. 

19. ne reagent according to Claim 18 wherein the .ndiolabd binding 
moiety is covalenUy linked to the specific binding peptide dudq solid pbue 

-·----
42 . 
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peptide synthesis. 

20. A method for labeling a peptide according t.o Claim 2 comprlsing 
mcdng tho peptide with Tc·99m. in the prescncc of a xedudna agent. 

21. Th~ method of Claim 20, whezein the .reducing .. cnt b ~ 
flom the gmup of a dithionito ion, a stannous ion, ot a famus ion. 

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

FCO.A-X-Gly·Arys-

s CR.i 

A is a llpophiµc I>-a·amino acid1 or an N-all)'l·~ acid 
or i.-proline; 

X is an L-a-amino acid havina: a aid~ capable of heiag 
positively charged; and 

R is each independently 11, lower alkyl or lower alkoxJalkyl. 
23. The reagent of Claim 22. wbmdn A is »-tyxosino or D-

pheQylalanine and X is L·[S-(3-.aminops:opyl)cysfdne or lr4-
amidinophenylalaninc. 

24. The reagent of Claim 1 wherein the ndiolabel complexing moiety· 
comprises a single thiol--containing moiety of fo.r.mula: 

n. 
A·CZ(B}-[C(R.1R2)J.-X 

A is H, HOOC, HiNOC, (amino acid or peptide)-NHOC, (amino 
acid or peptide)-OOC or R•i 

B is H, SH ... NHR1 
t -N(R')-(amino add or peptide). Ot a•; 

X is Ht SH, -NHR1, ·N(R')-(amino acld ot peptide) or R'; 

Z is Hor R4
; 

R1, R2, R;J and R.4 are indcpendendy B or lower stmight or 
branched chain or cyclic alkyl; 

11111111 ~11111111111111111111 
* C L H S * 
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nisO, lor2; 

and . 
where B is ·NHR1 or -N(R3)-(amino acid or peptide), X is SH, and n ls 1 or 2; . 

where X is -NHR1 0r -N(R')·(amino add or peptide), B Is SH, and n is l or 
2; 

where B is H C1t R\ A is HOOC, H:sNOC, (amino acid or pepdde)-NllOC, 
(amino acid _or peptide}-OOC, Xia SH, and n ia 0 or 1; 

where A is H or :a.•, dlon whcte B is SH. X is -NHR.' or -N(.R'9(amino add 
01" peptide) and where X is SH, B is -NHR.1 or -N(ll')-(amino &id or peptide); 

whero X is H or R4, A is HOOC, HaNOC, (amino acid at peptide)-NHOC, 
(amino acid or peptide)-OOC and Bis SH; 

where Z is mClbyl. X is methyl. A is HOOC, RtNOC, (ammo add or 
pcpdde)-NSOC, (amino acid or pcplidc)-OOC, :B is SH and ll is O; 

whcrc B ia SH and X is SH, n is not O; 

and wherein the tltiol moiety is in the reduced fonn and (amino add) is any 
primary ~ or ,!·amino acid not containing ~ thiol group. 

25. The reagent of Claim 24 wherein the udiolabel complexina 
moiety is selected from the group consisting of the Adiolabeled moieties having 
fonnula: 

na. 
Ilb. 

-(amino acid)1-(amino acid)2-{A·CZ(B)-[C(R.'R')J.·X}, 

-{A-CZ(B}[C(R1R2)J.·X}-(amino acid)1-(amino ac.icl)2, 
llc. -(a primary a.<r or 8,Hiamino acid)--(amino acid)1-{A..CZ(B)­

(C(ll1R')J.-X}, or 

lid. -{A·CZ(B)-(C{R1R2)J.-X}-(am.ino acid)1{a ~ or,w-- or /l,w 
diamino acid) 

wherein (amino acld)t and (amino acid)2 ate each Jndependendy any 

naturally-ocuning. moditied, substituted or altered a- or I-amino 
acid not containing a thio, poup; 

A is H. HOOC, lftNOC, (amino acid or peptide)-NHOC, 
(amino acid or peplide)-OOC Of ll4; 
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-------- -

B b H, SH Of ·NBR.'' -N(R.3)-(amino acid ar peptide) or R:'; 

X is SH or -NHR,, -N(R')"(ainino add or peptide) or R"; 

a 1, ai, R1 and R" are independently Hor stndgbt or~ 

chain or cyclic lower alkyl; 

n i$ u. integer that is either 0, 1 or 2; and 

where B ls ~NUR1 or -N(R~(amino acid or peptide). ~ is SH and n is 1 ar 

2; 
where X is -NHR' or -N(R1)~amino acid or peptide), B is SB and n is 1 or 
2; 
where B ~ H ot ll4, A is HOOC, BzNOC, (amino Del or pcpdde)-NBOC, 

(amino acid or peptidc)-OOC. X is SH aa.d a. is 0 or 1; 

whete A is H or R.\ then where B is SH, X i:s -NHR.1 or -N(B.'}-(amino add 

or peptide) and where X is SH, B is -NBR• or -N(R.'r(amiao acid Of pPaide); 

whcxc X is H or r, A is HOOC, Hi!fOC, (amino acid or pepdde)-NBOC. 

(amino add or peplido)-OOC and B is SH; 

when Z is methyl, X is methyl, A b HOOC, BiNOC, (amino acid or 

pe.pticle)-NHOC, (pcptide)-OOC and B is SH and n k 0; and (7) 1'hexe ~ ls 

SH and X is SH, n is not O; 

and wherein the thiol moiety is in the reduced form. 

------, 
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26. A c:ompoaition of matter compminJ tbo naaeot 8'lCOlding to 

Oalm 1 having the formula: 

.. 

27. A composition of matter comprising tho tagent umrding to 

Clahn l having the fonnula: 

?Hi s-?H.a 
Jy-(O·T)'t)-Apc-Gly·Asp-NH-CH-CO~ 

CGty-Gly·C)'S(Acm)·Gly-Cys(Acnt).Qly-Gly·NHCHCO.NHt 

~~r 
- - ---------

\ \11\llt \\\Ill 1111\ \llll ll \ll 
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21. A compotition of maUet comprisins the maceni BCQ01din1 to 

Qabn 1 haYing the fonnu1a: 

CH1 s-r.J.1_ 
I . j'Z 

0,p-{O.lJr>.Ape"°"'"Allp-NH-CH·~ . 

. Gly.Qly..Cys(Acftl}.Gly.C)*(Acm)-(Uy.Q)y·NHCHcO.NHa . 

. ~% 
c::;;HaCH2NHCO.CHrCH2CH2CHatf(C.to<cHa>1SH~~ 

~ 

l 

----- --------
I lllllll llllll lllll lllll lf II : 
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29. A composition of matter comprising the reagent according to Claim 1 having tJie formula: 

CH2 S-CH2 o 
I . I n 
C-(D-Tyr)·Apc-Gly-Asp-NH-CH-C-Gly-Gfy·Cys(Acm)·Gly·Cys(Acm)-Oly-Gly-NH-CH-C-NH

2 ,, JI I 
0 O CHS~ \ 

·~To 
0 2 
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. . 33. A composition of matter c:omprisin& the -aent ac:c:ording to . . 
··Claim l baYina ibe formula: 

~"-GC.._amicle. 

t . s. 
t. 

. .. 
..... .... 
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