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TI TLE STABLE REAGENTS FOR THE PREPARATI ON OF

RADI OPHARVACEUTI CALS CROSS- REFERENCE TO RELATED APPLI CATI ONS
The present application is a continuation-in-part of our copending
application U.S.S.N. 08/040,336 filed 10 March 28, 1994 which.is a

cont i nuat i on- i N¥GWfP633 U.S.S.N. 08/218,861 filed March BOTUSH®STE6t he
di scl osures of which are incorporated herein by r ef er ence. 15

FI ELD OF THE | NVENTI ON This invention relates to novel reagents
for the preparation of radi opharmaceutiIddEs useful as inmaging

agents for the diagnosis of cardiovascul ar disorders, 20 infection,

i nfl ammati on and cancer, t ' stic kits conprising said reagents
and to internediate conpou%a?gbggn&ﬁ%?ﬂﬁ FR TRt ngﬁ%Hq%bﬁFof sai d

reagents. The reagents are conRADIOFHARMAQEMTIICADgdr azone nodi fi ed
biologically aofive nolecules that react with gamma 25 em tting

radi obsot opes to formradi Qphat Iy . Gal hat selectively |ocalize at
sites of disease and thus " AgeEO e tereRet R  t he | oci
usi ng gama sci ntigraphy. 30 BACKGROUND OF THE

|NVENTION  Theie> prfestneUbpBlicAORh 1y I\ QJBLIAUSohOn g, -

i sease. at her ooel f 6, et BiE bl P S A R E A D dnap e A i o

conprised of dgdhmeargh 28, 1994 which is a continuation-in-part of
U.5.S.N. 08/218,861 filed March 30, 1993, the
disclosures of which are incorporated herein by
reference.

15 EIELD OF THE INVENTTON

This invention relates to novel reagents for the
preparation of radiopharmaceuticals useful as imaging
agents for the diagnosis of cardiovascular disorders,

20 infection, inflammation and cancer, to diagnostic kits
comprising said reagents and to intermediate compounds
useful for the preparation of said reagents. The
reagents are comprised of stable hydrazone modified
biologically active molecules that react with gamma

25 emitting radioisotopes to form radiopharmaceuticals that
selectively localize at sites of disease and thus allow
an image to be obtained of the loci using gamma

scintigraphy.
30
There is a current need for new methods for the
" non-invasive diagnosis of a variety of diseases such as
thromboembolic disease, atherosclerosis, infection and
' 35 cancer. Radiopharmaceuticals comprised of gamma-ray

emitting radionuclide 1labeled bioclogically active -
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emtting radionuclide |abeled biologically active
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nol ecul es can fulfill the need. The biologically active nol ecul es serve
to localize the radionuclides at the sites of disease and thus allow
the sites to be vi sual i zed by gamma scintigraphy. The nol ecul es can be
5 either pr¥PaF#PES7 antibodi es, antibody fragments, REHY596RY 66 r

pol ypepti des, or peptidom netics. The mol ecul es interact with a
receptor or bi nding site expressed at the sites of the disease or with
a receptor or mgilednhgsscan Ol &l lendegeeeds THeoddologpondhy, asuicte 10

ast pl at ?' ets andl !{r@di%%l%&sertv}éattdicfégﬂ-ll%et@fe txlﬁlonuci'ﬂd%t% a-Eh't?'let "
interaction results,.in selectjve calizati ercent age o e

i nj ect ed r adi SHtERRELtF3F2%%| IaéI%t a'-eh‘?%rrﬁg?r& &%‘gclsé’é:reésd B8 t her
t hrough the renal wsundpzedbby i gangns \estiafigraply 15 'ﬂh@caﬂoilgedles can be

radi ophar naceutsi caditiert herpiobdts £Xa@itAddY es, MR- s4fiditisgr aphy.
The rel ative rates eOft e | ocal i iat |eo§ cl ear ance onucl i di crhdecay
deternine the eas@ B A uaPT 2 BOHERPSH

BER’ e:0fr e%%% %%mmetﬁ%
t ar get - t o- backgr ol acalies mwlé%fmanw-y'h agrtecenor X abAnddngi @ideof t he

bi ol ogi cal |y acti v@gpreksed! &5 the shicef & tHee di868Hé Qfxs,mttheaere@é;sﬂdins are
termed the reco r},tlon seg ences_ o

r adi ophar maceut i cal’s e8P Ps 8a8f ©353% ;ﬁ?éo]?ﬂ%’lwaebﬁgﬁgl 88’“’5?%?%‘? ns’suCh
anti bodi es or 18nt i%matelmmt@wmmr ddas @ﬂwlmﬁhet 0

dgt e only one sfmeabeenmﬂar O\Aeﬁ:éwa&hmﬁooeeandda Udin selectlvfe
Adm ni stration. ec res
factors that rrake eve ig%%'?ng hegg % :Eaceu ?ca ?Fb%&ﬁ%

i ncl udi ng probl ensFagioR amﬁ?@h{ﬁlé@tlur‘r’]ﬁblﬁnéhauaﬂqwf&ﬁ‘ﬁ réP ‘-ﬂ(ﬁ?-r@ﬁtl mal
sequestration and eithetapheotgh &he awhalherosepidrEdiaky systahs geme  or

allergic re%BO“%%alka% ré&'f rg&—ﬁ ‘u%EEE' ec?}ekuhghﬁgoghggeﬂ{ Bl ems

are mainly due to MRer onD ular ure 0 el ns bod| es
using gamma sc:.ntlgrapy - The relatlve rates of

localization, clearance and radionuclidic decay
determine the ease of visualization, often expressed as
the target-to-background ratio. Frequently, only

20 certain portions ©f the biologically active molecules
bind to the receptors; these portions are termed the
recognition sequences or units.

A number of radiopharmaceuticals comprised of

25 radionuclide labeled proteins, antibodies or antibody
fragments are under development, however, to date only

one has been approved by the Food and Drug
Administration. This sparse record results from a
combination of factors that make developing these

30 radiopharmaceuticals difficult, including problems with
manufacturing and gquality control, non-optimal
sequestratibn and clearance rates, and the occurence of
antigenic or allergic responses to the
radiopharmaceuticals. These problems are mainly due to

35 the macromolecular nature of the proteins, antibodies
and antibody fragments. Their high molecular weight
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and anti body fragnments. Their high nol ecul ar wei ght

-2- WD 96/ 40637 PCT/ US96/ 09766
makes direct chem cal synthesis inpractical, therefore t hey nust be
synt hesi zed by reconbi nant or cloning techni ques that typically give

| ow yields and_require extensive isolation and purification procedures.
Their 5 nnlecﬂFﬁﬁ“W@?ght can slow their rates of |ocalizati ’Ugmwﬁﬁﬂ
preclude their clearance by an active elimnation mechani smvi a the

ki dneys or liver, resulting in prol onged retention in the circul ation

whi ch causes a riakes Baregt ochemicalelsydthendsi hupiacticdlso thewefpody' s
10 imune systemteg tr@;é@CBGn'sirﬁtHEEﬁzé&f'b%' S d St HGRT or cESAUAGOUS
speci es. .use OE Lover nDI cul ar W%I ht %ygf es

pol ypepti des or peﬁ'fa 8‘&'9?}55 3 té oYi'Ca ‘R?’ Yields 89 SrPIRIFEs
obvi &t es a nunber Gﬂtenesﬁem@@lwn and pmémmtm%wq@mrsé sfhehssi zed

directly using 5 mehassigal wészbmt.I@éhcém%ﬁe&zorracaesarbfamo@aa&eatmeat i de
synt hesi zer. They ca

n hi ghe S an i.re )
conplicated purifi c‘?a%i %rec B‘cedu %1:: % (égréfbce[ t"e"é’r'e %r“e“‘%‘%g. éfly
fromthe circul ati mcés»fnaﬁm viacttbge kidReviat io%h %h?ﬁvvay nesplitingy iR a
| ower backgr oupgtollbnifbé rEBREgRSion Ry tie dirguldtishl Whieh causes a

i mmunogeni c. The f b o] d

radi ophar maceut i ca?ﬁ%51 B%gkgpgg%%%‘}ea %l&qngdk’%g&ﬁé ?Slslf)docﬁ Hoﬁ'ug
Adni ni strationl® immune systam tfegds ‘i%eg’@ﬁé?-é? ‘Y‘@*’teh(?é?‘f’b?nqlé{bélafrﬁgr
bi ol ogi cal | y acti vexogbrous espestiel. r adi onucl i des for use as

radi opharnaceuticals ternmed direct and indirect 30 |abeling. Direct

| abel i ng i nvol ves attachlng t he radi onuclide to atons_on the

bi ol ogi cal Iy active TRSI c8%f e Ofnhi PECEha"QIRAHAY Weinbd i PeRFiEss,
attachi ng t he padypegtlidds \dra pepphiciaiicretitise ahethé obiohogttabey

be attached tojshe 4picqlR9E3kEU185t bike AU LW RurIdrOTof Rhese problems.
These molecules can be synthesized directly using
classical solution chemistry or by an automated peptide
synthesizer. They can be formed in higher yields and
require less complicated purification procedures. They
20 tend to clear more rapidly from the circulation by an
active elimination pathway resulting in a lower
background in the images. They are alsc usually not
immunogenic. The first radionuclide labeled polypeptide
radiopharmaceutical has been recently approved by the

25 PFood and Drug Administration.

There are two general methods for labeling
biologically active molecules with radionuclides for use
as radiopharmaceuticals termed direct and indirect

30 labeling. Direct labeling involves attaching the
radionuclide to atoms on the biologically active
molecule; while the indirect method involves attaching

'_, the radionuclide via a chelator. The chelator can either
be attached to the biologically actiwve molecule prior to
. 35 reaction with the radionuclide or the radicnuclide

labeled chelator moiety can be attached to the
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35 reaction with the radionuclide or the radionuclide | abel ed chel at or
noi ety can be attached to the - 3-

WD 96/ 40637 PCT/ US96/ 09766

bi ol ogically active nolecule. Several recent reviews descri be these

| abel i ng net hods and are incorporated herein by reference; S. Jurisson
et. al., Chem WRRM0637 1993 93, 1137; A Verbriyggen, Eur. PCT/USKN97G6E.
1990, 5 17, 346; and M Derwanjee, Sem n. Nuc. Ned., 1990, 20, 5.

The use of hydrazines and hydrazi des as chel ators to nodify proteins
for labeling wth baglogicallvsabhivd Omobeenle echaveyalli setesedreniSeswart z

et. al.. U.S. Paledbscriné EH8sd7fabeliity PhotRbds| and0dLL! elcBipbeactson
W th blfunct|0{,1l%lr aromatic.hydrazi nes ri%ram es awng@a
protein reactive suUbBSTTYudht TEEGSHel ‘ng’O‘W on etyogdnet FEFRIOREVE he
hydr azi no- modi fi ed1pPdi e9% i193¥5 A¢ céetlathogenh BuredliceNbd.etfedet i LADO,

species, formeds by17, 34€ACANM.PDREATEEA Setid h »ﬂ;é.e(iééfai.f)gﬁ%f‘tzg!‘ t he
presence of a chel ating di oxygen | i gand. The techneti um becones bound

to the protein through what are believed to be hydrazido or diazenido
| i nkages with the 20 coordination sphere conpleted by the ancillary

di oxygen | i gands. Emtemises oFf hgdehtiney Sh@Maiiadilaeands bRl 4€6rs

gl ucohept onate, gl - LOXYiESQb te. a lactate. 25

I'n one enbodi ment g‘? taeﬁ%%e%%éﬁédgégr¥%ﬁe%ﬁlw wg&’s&’?ﬁéﬁ’?%@i&% has he
bi functional arbnePFRR HKRFeRE LY edbiclosednimr Semprtizs epr odkct &U SasPatéemmer

al kyl hydrazone. Thj206,370Mas TedepidtgieVEHt médDESed EB¢Et + & RINESIL 1 he
hydr azi ne or ' d tejqi reactive substi.tuent 30 because
in the absence of hlfyﬁfe'ﬁ%%%g%?i ﬁ%&gﬁr%{ﬁ; hs)ﬁie}.angeﬁi?ﬁn PSFAASE o HBBERY F eact s
with a protein to PHPHeAR TeaGHt S o Rt ReRt pr dfef n. labwl inge wikh azi ne

or hydrazi de grecimenithe?pmpt aibe | Aytikarihormedified protein is
15 reacted with a reduced technetium species, formed by
reacting pertechnetate with.a reducing agent in the -
presence of a chelating dioxygen ligand. The technetium
becomes bound to the protein through what are believed
_ to be hydrazido or diazenido 1linkages with the
20 coordination sphere completed by the ancillary dioxygen
ligands. Examples of ancillary dioxygen ligands include
glucoheptonate, gluconate, 2-hydroxyisobutyrate, and
lactate.

25 In one embodiment of the invention described in
Schwartz et. al., the bifunctional aromatic hydrazine or
hydrazide is protected as a lower alkyl hydrazone. This
was done to prevent cross-reaction between the hydrazine
or hydrazide and the protein reactive substituent

30 because in the absence of the protecting group the
bifunctional compound reacts with a protein to form a
hydrazone modified protein. The free hydrazine or
hydrazide group on the protein is then formed by
dialysis into an acidic (pH 5.6) buffer and mixed with a

35 suitable metal species, such as a reduced technetium
species, in acidic media to yield a labeled protein.
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dialysis into an acidic (pH 5.6) buffer and m xed with a 35 suitable netal
speci es, such as a reduced technetium species, in acidic nedia to yield
a | abel ed protein. -4- WO 96/ 40637
PCT/ US96/ 09766 Al t hough the | ower al kyl hydrazone protecting

gr oup prevents the cross-reaction between the hydrazine or

hydr azi de and WBO6@##68t ei n reacti ve substituent, ¥t can 5 be REHPOUUES by

ot her al dehydes and ketones to form di f f er ent hydrazones. This is a
serious and significant di sadvant age. The presence of other al dehydes
and ketones in small quantities is unavoidable in a conmer ci al

phar maceuti cal nmanuf actﬁreﬂg,ggﬁegﬁé n&w&eggﬁgf h},grarzggg ﬁf&&fé&h&%f&ﬁ rom

vari ous -plastic and rubber materials and are al sotgl c? connon

di si nfectants. PEGEFICuERE | FTREs Feasrinh TAREA PE
ubi qdi t ous. Ther ef bydraziskgemd thenprosein of eadtdiner substatkyhthym azane

protected biol agi cgél aleﬁiaasdwsbe%%% Jaideﬁ?ﬁege%ad@:e't%‘ésa t@i% of
di fferent hydrazon&l%flea_ congi}l nin eC| ependi ng on e .nugper

quantities of othe 1? otS\Ri BRTERRS and sigpt k??d’sted
during processing dxsammritame:ru ng'h@r presq{aﬁa@é efher radehydiesr @andrhi s

presents a signifigapéngd :ﬁ{ofeh@mll nqﬁahai@i@é NG d hgnBYbitisndk tHe a
reagents, and t hus renders | ower % E ﬁ% cgt ed rea nts upattractive

as comerci al candFgRtESA: P amaceufﬁé’a H%Wfl Gvi a8 el
reagents for 28 thb%préparmm@@&aﬂ%hﬁamtpéaﬁgleoﬂpﬂi sarbhsfr
st abl e hydrazone mﬂéfm&iﬁ@%@l hAYsacChse® Wl esxuh&s a;.smﬁé@ca&iml e

hydrazones do not ’§$ O%qgrqnttﬁiblsy }%t kﬁom _.L(%ltelill &)srtaincqlll%q:tlwes

mai nt ai ni ng the puri reagen uri rranu
Surprisingly, thes@bwltﬂ‘bﬁﬂ eThyue Eo¥me Fé@\%ﬁ?ﬂ% 9¢@§%$$¢ Péact%%renough
to be | abel ed aikfl radirarvaki fest st 8SoleghrelivBcRie molecules

1S can degrade into a number of different hydrazone
containing species, depending on the number and
quantities of other aldehydes and ketones to which they
are exposed during processing or manufacturing or
storage after manufacture. This presents a significant

20 problem in maintaining the purity of the reagents, and
thus renders lower alkyl protected reagents unattractive
as commercial candidates.

The present invention provides novel reagents for

25 the preparation of radiopharmaceuticals comprised of

stable hydrazone modified bioclogically active molecules.

The stable hydrazones do not react appreciably with

other aldehydes and ketones, maintaining the purity of

the reagents during manufacturing. Surprisingly, these

30 stable hydrazone reagents are still reactive enough to
be labeled with radionuclides such as technetium-99m.

- SUMMARY OF THE INVENTION

. 35 This invention relates to novel reagents for the
preparation of radiopharmaceuticals useful as imaging
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SUMVARY OF THE | NVENTI ON 35 This invention relates to novel reagents
for the preparation of radi opharmaceuticals useful as imging

WO 96/ 40637 PCT/ US96/ 09766 agents
for the diagnosis of cardiovascul ar di sorders, i nfection, inflamrmation
and cancer. The reagents are conprised of stable hydrazone nodified
biologically WwWowseeVe nol ecul es that react with gamma em tPCTgEIE09766

radi oi sotopes to formradi opharnaceutical s that selectively localize at
sites of disease and thus all ow an imge to be obtained of the | oci

usi ng ganmma s aigenitgr folry thEh@isgabbis hglr aapdtovesmesamsiisorders,

protecting group fialreldig ofleh Al obmie NANUDD eider®f 'Itﬁée rgEARECN e

preventlng deconpOSItl n or ra atl o Url uri
orocoss.  This .nv&W&&sads&%reWai% hyd¥r 8 mori iel, iodamierddy,

such reagents. aftisre molmomitasonthhso peawvt desl titovalanmat cemptitang

conpounds Bsefxléd:fﬁséé‘@p%ep@éatf&fh‘-”“ré&i&'pﬁ&ﬁﬂ&%?xuéﬁls that
Brief Description of t he

g arlson
St abi 11ty of "the SSLePELEERY HeRYiA%at: FLESEH Gipenge: SradimRhIEY of 20
f ormal dehyde witlant hénagé tire bewerbtaindd hydrazltmeloc:. cu;ﬁqzmmdmmycl o-

(D-Val - N\eArg- @ y-g&aﬁrd\ibdﬁhéﬁydr afhd10 stablé’“

pr opi onal dehyde h)édrg P EE LED DE CRI PTI Cl]'r\l % {H

| NVENTI ON $HF09 r%%l’ SR P iHEShBY 1 RGP U1y Fnéhe

prepar ati on ofl0r adieopataapreventing despmposkt iom@imdegradation siurdngt he

di agnosi s of cardicpwamahféctlirSeGdpeécess. This invention also provides
diagnostic kits comprising such reagents. This
invention also provides novel intermediate compounds
useful for the preparation of said reagents.

15

Figure 1. A comparison of the stability of the

reagent described in Example 1 to 10 equivalents of

20 formaldehyde with that of the lower alkyl hydrazone

compound, c¢yclo-({D-Val-NMeArg-Gly-Asp-Mamb (hydrazino-
nicotinyl-5-Aca)) propionaldehyde hydrazone.

25 DETAILEDR DESCRIPTION OF THE JNVENTTON

This invention provides novel reagents for the
preparation of radiopharmaceuticals useful as imaging
agents for the diagnosis of cardiovascular disorders,

30 infection, inflammation and cancer, diagnostic kits
comprising ssaid reagents and intermediate compounds
useful for the preparation of said reagents. The
reagents are comprised of stable hydrazone modified
biologically active molecules that react with gamma

35 emitting radioisotopes to form radiopharmaceuticals that
selectively localize at sites of disease and thus allow
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30 infection, inflammuation and cancer, diagnostic kits conprising ssaid
reagents and internedi ate conpounds useful for the preparation of said
reagents. The reagents are conprised of stable hydrazone nodified
biologically active nolecules that react with gamma 35 emtting

radi oi sotopes to formradi opharmaceuti cal s that selectively localize at
sites of di seawe%sMesst hus al | ow PCT/{896/09766

WD 96/ 40637 PCT/ US96/ 09766

an image to be obtained of the |oci using gamma sci nti graphy. [1]
One enbodi nent of d&hi dmageento obel sobtatag@nioif othe Sloci usimgpayrame a

r adi ophar naceut i catlf) ﬁﬁ%&hﬁﬂgﬂg a bi ol ogi cally active group
connected to a sta(fe hydrazone group, optionally having a

| i nki ng group bet ween said stabl e hydrazone and said biologically
active group. 10 [1] [Rle ewbodimenteoifothiwninvention s iisnwemeagent forhe
reagent 5 of eghedh nd Sgﬁ‘ijﬁ a{]ﬂad*iéﬁhﬁﬁnﬁ:édt%bi‘gc&lﬁli@zﬁﬁta"een

sai d stabl e hydrazone ol o activ
25 Canother onbodi wont epR ety aRish stodthbophegan to & SEASLP,
enbodi nent [2] havi ng thydrégomeilgroup, optionally having a linking group

(Qlerr]Llerr]-Herr], pween said stable hydﬁl@n@h&‘idr%@!dt b‘iéicﬁdlcﬁﬂqwt abl e
salts thereof - wher ei n, Qis a

bi ol ogi cal |y active gr (%?f}we group.
10

[2] Another embodiment of this invention is the reagent
of embodiment [1] having a linking group between
said stable hydrazone and said biologically active

group.
i5
[3] Another embodiment of this invention is the reagent
of embodiment [2] having the formula:
(Q)d'I‘n"'HZI
20
and pharmaceutically acceptable salts thereof
wherein,
25 Q is a biologically active group;
dt is 1 - 20;
In is a linking group of formula:
30
M1-[Y1(CR5SR56) £(21) ga¥2]¢. ~-M2,
. wherein:
) 35 Ml is -[(CH2)gZl]1g'~ (CR55R56) 4u—;
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d is 1 - 20; L[err] is a linking group of formula: 30
Merr]- [Y[err](CR[err]R[err])[err](Z[err])[err]Y[err]][err] Merr],

wherein: 35 Merr] is
-[(CH err])[err]Zerr]][err]-(CRerr]Rerr])[err]- WO 96/ 40637
PCT/ US96/ 09766 N[err] i's
(CR[err]R[err]?T%%@$BTZ[err](CH[err])[err]][err] PCT/US96/09766
g is independently 0-10; g' is independently
0-1; g" is independently 0-10;
fis i ndependent |y 0-10; 10 M2 is - (CRS5R5€)gs-[2Z1 fCHa) §)g: -
| ndependently 0-10; ? "is |ndependently
0-1; 15 Y[err] and Y[err], are independently
sel ected at each occurrence : g is independently 0-10; from
a bond, O NRerr], CO C(=00¢0 oC(=0 O
C(=ONH, C-NR[&rr], S, g*' is independently 0-1;

g" is independently 0-10;

f is independently 0-10;

10
f' is independently 0-10;
f* is independently 0-1;
15 ' Yl and Y2, are independently
selected at each occurrence
from: )

a bond, 0, NR56, c=0, C(=0)0,

0C{=0)0, C{=O)NH~-, C=NRS56, s,
20 SO, 802, S03, NHC(=0),

(NH)2C (=0}, {NH)2C=S;

Z! is independently selected at each

occurrence from a Cg-Cig

25 saturated, partially
saturated, or aromatic
carbocyclic ring system,
substituted with 0-4 R57; and a
heterocyclic ring system,

30 substituted with 0-4 R57;

RS5 and R56 are independently
selected at each occurrence
from:

35 hydrogen; C1-C10 alkyl
substituted with 0-5 R57;
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20

(NH)[err]C (=0, (NH)[err]C=S
i ndependently sel ected at each
froma Cerr]-Cerr] 25

saturated, or aromatic
system WO 96/40637
a

substituted with 0-4 Rerr];
Rlerr] are independently
each occurrence

SO SJerr], SJerr],

NHC( :O) 1
Zlerr] is
occurrence
saturated, partially
car bocyclic ring
substituted with RAUPEAHNTE and
het erocyclic ring system 30
' Rlerr] and
alkaryl wherein the agfkcised at

substituted WBnh N5 857,

hydrogen; Cerr]-Cerr] alkyl
substituted with 0-5 Rerr]; - 8-
WD 96/ 40637 R37 is independeRC #R0€L68366
al rﬁr%l 5""2{?" ei ?5 the aryl is at each occurrence from U Idt U: ?d
Wi - err]: er nden
selected 5 ITQUPE g%@%ﬁ”r@%ée om t he Y
group; hydrogen, OH NHR[err], Cc(=0)R>8, oC(=0)R°8
g(.q=O)O)R[O§{{ re]r,r] OC(C(=O)O)R[O§{{ re]r,r] 0C (=0} OR58, c4=0)0358,

- 58 o 58 58
C(=O NR[err], C=N, SR[err], SOR(err], 10  C{=OINR®%, CaN, SR°%, SOR°Z,

Sqerr]R[err] 1‘3NHC( O)R[err]
NHC(=O) NHR[ err], NHC( S)NHR[err]
alternatively, when

addi ti onal

i ndependent|y sel ected at

15

20

25

SOzR58, NHC(=0)R58,

NHC {=O)NHR58, NHC(=S)NHR58; or,
at.tached to an

°T. RFEERE TR PP is 15

attached to an ade.t:Lonal
molecule Q, R37 is
independently selected at -
each occurrence from the
group: O, NR®8, c=0, C(=0)0,
0C{=0)0, C{=0)N-, C=NRS8, g,
SO, S02, 503, NHC(=0},

(NH) 2C{=0), (NH)2C=S; and,

R>8 is independently selected
at each occurrence from the
group: hydrogen; C31-~Cg
alkyl; benzyl, and phenyl;

H; is a stable hydrazone of formula:

30 wherein,

R40

is independently selected at each
occurrence from the group: a bond to Ly,

e
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each occurrence fromthe group; O

NRlerr], C=O C(=00Q oC(=0 O, C(=ON-,
C=NR[err], S, SO Sderr], SJerr],
NHC(=0), 20 (NH)2C(=O), (NH)[err]C=S;
and, Rlerr] is independently sel ected
at each occurr W@xw®%/4p635m t he PCT/USI6RDTSE
hydrogen; Cerr]-Cerr] 25 al kyl ; benzyl,
and phenyl ; Herr] is a stable hydrazone of fornul a:

[err] 30 wher ei n, C1-C1o alkyl subSfPfuded wiktRdepsngent|y
selected at each aryl subSISPLEERSE: Y Qms! B2 JrouR: 2 bond to
PCT/ US96/ 09766 substitutedCwéth]0¢} &°F] hétegrocyabst it ut ed
with 0-3 Rlerr], substltutedawthsm@tﬂﬂut ed with 0-3 Rerr],
cycl oakl yl : It R e

het er ocycl e > hete%o%f)é]toafu" fﬂ"g %‘]‘gﬁ%gd Je'i’ ]0 35

het erocycl oal kyl substituted wit &9 Bralkyl substituted with 0-3 Rf%rary,

aral kyl substituted with 0-3 R ealka#¥ll substituted with 0-3 R52; al karyl
substituted with 0-3 Rlerr]; Rlerr] is independently

sel ected fromthe group: .
R4l  is independently selected from the group:

10 hydrogen, aryl substituted with 0-3 R52,
C1~C10 alkyl substituted with 0-3 R52,

and a heterocycle substituted with 0-3

15 R52 is independently selected at
each occurrence from the
group: a bond to L,, =0, F,
€1, Br, I,-CF3,-CN, -CO2R53,
~C{=0)R53, -C(=O)N(R53),, -CHO,

20 ~CH20R53, -0OC({=0)R53,
-OC{=O)OR532, -ORS3,
-0C{=0)N(R53),, -NR53C(=0)R53,
~-NR54C (=0)OR53a,
-NR53C{=0}N(R53) 3,

25 ~NRS4S02N(R53);, -NR54S02R532,
-SO3H, -SO2R532, -gRrR53,
-5({=0)R53a, -SO2N(R53),,
~-N(R53}2, -NHC (=NH)NHRS53,
~-C({=NH)NHR53, =NOR53, NOj,

30 -C (=0} NHOR53, -C(=0)NHNR53R53a,
-OCH2CO2H,
2~ {1l-morpholino) ethoxy;

R53, R532, and R54 are each
35 independently selected at. each
occurrence from the group:

~10-
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10 hydr ogen, aryl substituted with 0-3 Rerr],
Cerr]-Cerr] alkyl substituted with 0-3 Rlerr],

and a heterocycle substituted with 0-3 Rl err];

15 Rlerr] is independently selected at

each occurrence fromthe group: a bond

to L[err], =0 WP 96/40637

-CF[err],-CN, -CdJerr]Rerr]
-A(=O N(R[err])
-OC (=0 Re

(=0 Rerr],
-CH[err]CR[err
(=0 ORferr],

-NR[€rr]C(=ON(R[ err]

],

-Rerr],
-OC(=O N(R[err])[err],
-NRerr]C (=Q OR[err],

O, BRCT/USI6/09766

[err], -CHO, 20
rr], hydrogen, C1-C¢ alkyl, and a -CC
bond to Ln;

-NRferr](=O Rlerr],

] R®5and R81 are independently selected from

)[err
-NR[err]SOerr]NRerr])[err], - e Jerr]Rerr],
-Serr]H, -Sqéglrr]R[err], -SR[er@B%&&é
_S(=O Rlerr], -Sqerr]N(Rerr])[&r],
-N(R[err])[err], -NH C(:NH)NHR[erC]L-Clo alkyl;
-C(=NH)NHR[ err], =NOR[err], NJ eLpj, 30
-C(=O NHOR[ err], -C (=0 HNR[err](E:{geégs]
-CCH err]CJerr]H,
2- (1- nor phol i n& et hoxy; ~C (=0} R85; Rerr], Rerr],
and R err] are each 35 ~C(=O)N{R85)5; i ndependent |y
oel coted at each Ca.- Cao -atkengy subers SR LRGN e
PCT/ US96/ 09766 RB4; hydrogen, Cerr]-(Cerr]

al kyl, and a

Cz - C10 l-alkyndd@Bstotddey Whith 0-3

R[err] and R[ef_é] are mdependenkhy selected from 5

t he group:

20

25

30

aryl substituted with 0-3 R84;
unsaturated heterocycle substituted with
0-3 R84; and

unsaturated carbocycle substituted with
0-3 R84;

provided that when one of R8® and R8! is
H or alkyl, then the other is not H or

alkyl;

or, alternatively, R80 and R81, may be taken
together with the shown divalent carbon
radical to form:

R& H82

Res RS3

wherein:
-11-

SUBSTITUTE SHEET (RULE 26)



Cerr]-Clerr] alkyl; - CN;

-CdJerr]Rerr]; 10 -C(=ORerr];

-C(=O N(R[err])[err]; Cerr] - Cerr] 1-al kene
substituted with 0-3 Rerr];

Cerr] - C[err&ql-al kyne substituted with 0-3 15 I%[err];
aryl substitutW@o%#es¥ 0-3 Rerr]; un TSI d6

het er ocycl e substituted with 0-3 Rerr]; and

unsat urated carbocycle substituted with 20 0-3 Rerr];
provi ded that when one of R err] and R err] is H or

al kyl, then the other is not H ®82 and rR®2 may be independentleylselecbd
or, alternatively, Rerr] and R err] ,frgﬁytgg éﬁl&gﬂ

together with the shown dival ent car %on radical to

form [err]

wher ei n: 5 R84; -11- WO 96/ 40637

PCT/ EP96/ 09766 C1-C10 alkyl substituted with 0-3
RBA;
C2-C10 alkenyl substituted with 0~3
RE84;

10 C2-C10 alkynyl substituted with 0-3

R84;

aryl substituted with 0-3 R84;

heterocycle substituted with 0-3

R84; and .
i5 carbocycle substituted with 0-3 R84;

or, alternatively, R82, R83 may be taken
together to form a fused aromatic
or heterocyclic ring:

20
a and b indicate the positions of
optional double bonds and n is 0 or
1,
25

R84 is independently selected at

each occurrence from the
group: =0, F, Cl, Br, I,
~-CF3, -CN, -CO2R85, -C(=0O)RS5,

30 ~C{=0)N(R85)3, ~N(R85)3+
-CHOR85, -0C (=0} R85,
-0C{=0)OR85a, -ORS85,
-QOC(=O)N(R85),, -NR85C(=0O)RS5,
-NR86C (=0) ORS52,

35 -NR85C (=0)N(RE5) 2,
-NR?GSOZN(Rﬁs)z, —NRSGSOQRFSa,

-12-
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Rlerr] and Rl err] may be independently sel ected

fromthe group: H 5
Rlerr]; Cerr]-Cerr] alkyl substituted with
0-3 . Rerr];
Cerr]-Cerr] al kenyl substituted with 0-3
Rlerr]; 10 WO 96/40637 Clerr]-Cerr] al kynyl BCRHS60%66d
with 0-3 Rlerr];
aryl substituted with 0-3 RerT]; het er ocycl e
substituted with 0-3 -S03H, -SoJN88as]|-se8Agd 15
carbocycl e substituted with 0-3 Rerr]; -5 (=0)R852, - 85 or,
alternatively, Rerr], Rerr] my be t aken St= SS}R SO2N(R )28'5
together to forma fused aromatic -N{R83)3, -NHC(=NH)NHR®>, ;.
het efocyclic ring; 20 ~-C(=NB)NEBSh LROR&S3t e t he
posi tions of 5 _&pbsmgsdou&.ﬁz&a%ds and nis O
or . 1, 25 R84
i s independently sel ected at 2-{1-morpholino)ethoxy; angach
occurrence fromthe group: =0, F, d,
Br, I, 85, gpesLh ras-%%‘ Gderr]Rerr],
-C(=ORerr], 30 R, R hARee 2 I\f err])[err],
-N(R[err])[err]+ * independently epflestsdrtecrFR - OC
(=0 R[ err], 10 occurrencd)XE roaOLh&Rnesur]:,
-CRlerr], nydrog@ TQRGRhekp1) [err],
NR{er ] (=0 Rlerr]. varogl THARH L ) ¢
(:O)OQ[err], -NR[err]C (=0 N
(Rlerr])[err -NR[err]SOerr]N
(Rerr])[ err] Rg r]ﬁgtﬁbﬁ.f] Eisédiment of this invention is the reagent
-12- 6/ 40 £ 131 wh
PCT/ US96/ 09766* ¥ Gnbodiment [3] wherein:
Q is a biologically active molecule selected from
the group: IIb/IIIa receptor antagonists,
IIb/IIIa receptor ligands, fibrin binding
20 peptides, leukocyte binding peptides,
chemotactic peptides, somatostatin analogs,
and selectin binding peptides;
25 d' is 1 to 3;
Ln is:
-(CRSSRSG)gu—[Yl(CR55R56)fY2]fa—(CR55R55)g-~,
30
wherein:
g" is 0-5;
35 f is 0-5;

-13~-
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-Sgerr]H, -SOerr]Rerr], -SRerr],
-S(=O Rerr], -SJerr]N(Rerr])[err],
-N(Rerr])[err], -NHC(=NH)NHR[ err],

-C(=NH)NHR[ err], =NOR[err], 5 -C
(O NHOR[err], -OCH err]CJerr]H,
2- (1- nor phol | NYPEEMSXY; and FECEYYSp6/NS6r 1 ] |
and R[err] are each i ndependent |y
sel ected at each 10 occurrence fromthe
gr oup: f' is 1-5; hydrogen, Cerr]-Cerr] alkyl.
[4] Another enbodi nent of this i nvent i on Is the reagent 15 . of
enbodi ment [ 3] wherein: i ol I ecul e
sel ected from ¥l ang, 2 gr 365 "‘i‘ B %%ﬁgi%c%ﬁa%c}“ § gBNT St s,
IIb/111a receptor |igands,:fibriec@irreineg £oom: pept i des
| eukocyt e bi ndisng pepti des, 0, NRS6, c=0, c(wyolactiopseptides,
somat ost ati n anal ogs, #O)m—ane—ﬁﬁ@(:ts' SBI nggfg s?ﬁpt [ des 25
d is 1to 3; Llerr
(CRlerr]Rerr])[err]-[Y[err] (CR ?ﬂﬂ)erﬁW[@?fﬂo?[eKWH%?fr‘]( CR[err] R[err]
)[err] 30 wher ei n: g" 0-5;

is 0-5; R55 and R56 are independendBy selected at each

10 occurrence from: hydrogen, C1-Cip alkyl,

and alkaryl;

Hz is a stable hydrazone of formula:

15
RS
s
N=C
RON R
h Y R“
wherein,
R40 is independently selected at each
20 occurrence from the group: aryl

substituted with 0-3 R52, and heterocycle
substituted with 0-3 R52;

R4l is independently selected from the group:

25 hydrogen, aryl substituted with 0-1 RS2,
Ci1-C3 alkyl substituted with 0-1 R52, and

a heterocycle substituted with 0-1 R52;

30 . R52 ig independently selected at each
occurrence from the group: a bond
to Lp, -CO2R53, -CH,0R53, -s03H,

=14~
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f' is 1-5; Y[err] and Y[err], are independently seI ected
at each occurrence from 5

NR[err], C=O C(=00 0OC(=00 C(=0) NH-, C—NR[err] S,
SO, Sqerr] Sqerr], NHC(=0O), (NH)[err] C(=0
(NH)[err]C-S WO 96/40637 Rlerr] and Rlerr] are indepen sé“"’??ﬁ‘ect ed
at each 10 occurrence from hydrogen, (err]-Cerr] alkyl,
and al karyl ; Hz is a stable hydrazone of fornul a 15
[err] wher ei mSO2R338, -N(R53);, -MNHG(=NH)NERS3

i ndependently sel ected at each 20 and -OCH2CO2H; occurrence fromt he
group: aryl substituted with 0-3 Rerr], and

het erocycl e substituted with 0-3 Rerr];

Rlerr] is independently sel ect edR$},0mBAReage carh 2Bdependently selected
hydrogen, aryl ssubstituted with 0-1 @reg]:h oc

Cerr]-Cerr] alkyl substituted w th .0O- ﬁ;l;rre?ce fiomlthe group: - a
heterocycl e substituted with 0-1 Re C1-C3 alky Rlerr] is
i ndependently sel ected at each occurrence from
the group: a bond R80 is independently sel&ctd®ldt] eackbesudheLr] .
-CHerr]ORlerr], -SOerr]H, from the group:
10 ~-CO2R85;
C2 - Cs l-alkene substituted with 0-3
R84;
Ca - Cs l-alkyne substituted with 0-3
R84, . '
15 aryl substituted with 0-3 R84;
unsaturated heterocycle substituted with
0-3 R84;

R81 is independently selected at each occurrence
20 from the group: H and C1-Cs alkyl;

or, alternatively, R8® and R81, when taken together
with the indicated divalent carbon radical

form
25
R% R82
R® l R®
n
wherein R82 and R83 may be independently
selected from the group: H and R84;
7 30

-15~
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- 14- WD 96/ 40637

PCT/ US96/ 09766 -SJerr]Rerr]a,
-N(Rerr])[err], -NHC(=NH)NHR[ err], and

-CCH err]CJerr]H Rlerr], R err] are each

I ndependently selected 5 at each occurrence from
t he group: WO 96/40637 hydr ogen and ([ err] - GEGSP6I768,| -
Rlerr] is independently selected at each occurrence . from
the group: 10 CQerr]R[errs]

Cerr] - derr] 1-al kene substi eltethagivaly, R 2, R83 may be taken Rlerr]:
Clerr] - Cferr] 1-alkyne subgybthéed oMebbmla &used aromatic or Rlerr];
15 aryl §Fst|tutled W|th0 3 Rerr];

unsat ur at ed heterocycl e sub tteedwit i 0-3 Rerr];
Rlerr] is independently selected at each occurrence 20 from

'[RFG g]r OUpd g[ argj] d %r] tC[ Ehr lmé'ﬁﬂndlcate the posit©bas bt ﬁ:lpl&ﬁbhalﬁljy .
err] an err en taken with the indicate
%ouf)?g ebon%{s aF%r?nJZ% 0 or 1,

di val ent carbon rad| cal
[err]

R84 is independently selected at each
10 occurrence from the group: -CO2RS5,
~C{=0)N(R®5) 3, -CH20R®5, -OC(=O)R®5
-OR85, -SO3H, -N(R85),, -OCH2CO2H;

R85 is independently selected at each
15 occurrence from the group:
hydrogen, C3;-C3 alkyl.

[5] Another embodiment of this invention is the reagent
20 of embodiment [4] wherein:

Q represents a biologically active molecule
selected from the group: IIb/IIIa receptor
antagonists and chemotactic peptides;

25
da' is 1;
Ln is:
30 ~ (CRS5R56) gu— [ Y1 {CR55R56) £¥2] £+ - (CRS5R56) gn—,
wherein:
g* is 0-5;
35
f is 0-5;
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wherein R err] and R err] may be independently
selected fromthe group: Hand Rerr]; 30

-15- WD 96/ 40637

PCT/ US96/ 09766 or, alternatively, Rerr], Rerr] may be
t aken together to forma fused aromatic or

het erocycl i c rwWag640637 5 a and b indicate the RESVIPHIII660f
opt i onal doubl e bonds and nis 0 or 1,

Rlerr] is independently selected at each 10
occurrence fromthe group: -fCQ@sekr$R err],

-C(=ON(R[err])[err], -CHerr]ORerr], -OC(=ORerr]
oRerr]derel N LN 98 e SR S ORet i

i s independently sel

occurrence fromthe group: independently selected frofydrogen,
Clerr]-Clerr] agkyl. [ 5] Anot her enbodinent of this invention is
the reagent 20 of enbodi ment_¢&] wher gj 1. _ Q represents
a biologically active nol ecul e r&e ﬁR ! c‘ﬁ’& &Ibs)eq'egf:éao)?‘r omthe group:

IIb/1lla receptor C(=@m1&goﬁ7r=§8§6arﬁj chenot actic peptides; 25
NHC({=0), (NH)2C(=0), (NH)2C=S5;

10 R55 and R56 are hydrogen;

H; is a stable hydrazone of formula:

15 wherein,

R40 is independently selected at each
occurrence from the group:
20 heterocycle substituted with R52 ;

R4l is hydrogen;

R52 is a bond to Ly;
25
R80 is independently selected from the group:

-CO2RE5;
C2 - C3 l-alkene substituted with 0-1
30 . R84;
v aryl substituted with 0-1 R84;

unsaturated heterocycle substituted with
. 0-1 R84;

-17-
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d is 1; Ll[err] is: 30
-(CRlerr]Rlerr])[err]-[Ylerr](CRlerr]Rlerr])[err]Y[err]][err]-(CRlerr]Rerr
])[err]- wher ei n: g" is 0-5; 35

f is O- 5 - 16- WD 96/ 40637
PCT/ US96/ 09766 f'is 1-5; Y| errl and
Ylerr], at eacWOd6de8t ence, are i nde P76
selected from 5 O NRerr], CO C(=00 0OC(=00
C(=ONH, C=NRerr], S, NHC(=O), (NH)[err] C(=0,
(NH[err]CS; 10 Rlerr] and R err] are hydrogen;

Herr] is a stable hydrazongsof ferypul a:
[err]

R84 is independently selected at each

5 occurxrence from the group:
—C02R85 :
-OR85 :
~SO3H;
10 -N{R85},;

R85 is. independently selected at each
occurrence from the group: '

15 H and methyl.
[6] Another embodiment of this invention are the

reagents of embodiment {3] that are:

NH
NgH’( o

AN Ay~ee

0
QO
N.
= NM( H
\ Y H O
HN N
=N

20

had ]

~-18-

SUBSTITUTE SHEET (RULE 26)



15 wher ei n, Rerr] is

i ndependently sel ected at each occurrence from
t he group: 20 het erocycl e substituted with Rerr]
Rlerr] is hydrogen; Rlerr] is a bond to L[err]; 25
Rlerr] is independently selected fromthe group: _

-CJ err] R[ er r] WO 96/40637 Clerr] - (err] 1-al keopusasesisst ut ed
with 0-1 30 Rl err]; aryl
substituted with 0-1 Rerr]; unsat urated heterocycle
substituted with 0-1 Rerr];

-17- WD 96/ 40637 NH

PCT/ US96/ 09766 L Rlerr] is
i ndependently selected at each 5 o occurrence from
the group: ~cderr] R¥ TN F

-ORlerr]; -SJ err] HO. ~ HNI\ﬂ/OH
\I"“‘ NH  HN Yo ©

O
Q
=~ ':l/\/\/\’rN\H
\ y/ H O
HN N
H 2N
Z
o
N ;
. NH
NzHJ(N O
H,\’\/IL o
N
OTN\ HNI\",OH
\| NH HN" S0 °
0
8]
= ':;/\/\/\H/N\H
\ J H o)
HY
H. 2N
SO3Na
-19-
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10 -N(Rlerr])[err]; Rlerr] is

I ndependently sel ected at each occurrence fromthe
group: 15 H and net hyl . [ 6] Another enbodi ment
of this invention are the reagents of enbodinent [3] that are:
[err] WO 56/4063 20 - 18-

96/ 40637 7 PCT/ US96/ 09766 PCT/US96/09766

O
10)
\ Y H 0
HN™ N
=N
NMe, .
NH
NgH’(N 0
H H O
paline s
W NH  HN o ©
o
O
= NMN\H
\ ) H O
HN N
2N
COOH R
-20-
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[err]

WO osi4bes7 PCT/US96/09766
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-10- WO 96/ 40637
PCT/ US96/ 09766 [err]

WO 96/40637 PCT/US96/69766

O
Y
W NH  HN o ©

\ Y/ H 0
HN N
Hac*N
CO,CH,
NH
NoH 0

\ y, H O
HN N
H\fN
CO,

-22-
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_20_
[err]

WD 96/ 40637

WO 96/4D637

PCT/ US96/ 09766

PCT/US96/09766
NH
N
O~ _N H/:r':/ OH
X Xy
w“‘ NH HN 0O
(e}
O .
\ Py H o
HN” N
N
NH
NoH 9
ﬁ'\/\)L o
O N ﬁ/\f
ol e
ﬁ NH HN" S ©
O
0
~ MN\H
\ J H o
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-21- WO 96/ 40637 PCT/ US96/ 09766
[err]

WO 96/40637 PCT/US96/09766

[7] Another embodiment of this invention is a kit for
preparing a radiopharmaceutical comprising:

{a) a predetermined guantity of a sterile,
5 pharmaceutically acceptable reagent of any of
Claims 1-6;

{b) a predetermined quantity of one or more
sterile, pharmaceutically acceptable ancillary
10 ligand(s);

{c) a predetermined quantity of a sterile,
pharmaceutically acceptable reducing agent;
and

15

{(d}) optionally, a predetermined gquantity of a
sterile, pharmaceutically acceptable component
selected from the group: transfer ligands,
buffers, lyophilization aids, stabilization

20 aids, solubilization aids and bacteriostats.

[8) 2Another embodiment of this invention is a kit for
preparing a radiopharmaceutical comprising:

25 (a} a predetermined quantity of a sterile,
rharmaceutically acceptable reagent of any of
Claims 1-6;

{b) a predetermined quantity of two sterile,
30 pharmaceutically acceptable ancillary
ligand({s};

(c) a predetermined quantity of a sterile,
pharmaceutically acceptable reducing agent;
35 and

-24-
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10

15

20

25

30

35

(9]

PCT/US96/09766

{d) optionally, a predetermined qguantity of a
sterile, pharmaceutically acceptable component
selected from the group: transfer ligands,
buffers, lyophilization aids, stabilization
aids, solubilization aids and bacteriostats.

Another embodiment of this invention is a stable
hydrazone compound useful for the synthesis of the
reagents of embodiment [1-6] hawving the formula:

R%4 ({C=0) & (R#5)N-N=CR80R81
wherein;
s is 0 or 1;

R44 is selected from the group:
aryl substituted with 1 R%%;
and heterocycle substituted with 1 R59;

R45 is selected from the group:
‘hydrogen and C1-Cg alkyl,

R5? is a chemically reactive moiety selected from
the group:

alkyl substituted with halogen;
acid anhydride;

acid halide;

active ester;

isothiocyanate;

maleimide;

-25-
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WO 96/ 40637 PCT/ US96/ 09766
[err]

WO 96/40637 PCT/US96/09766

R8% and R8! are independently selected from the
group:

H;

5 C1~Cip alkyl;
-CN;
-COZRSS;
-C(=0}R85;
-C{=0)}N{R85)2;

10 C2-C19 1l-alkene substituted with 0-3 R84;
C3~C1p l-alkyne substituted with 0-3 R84;
aryl substituted with 0-3 R84;
unsaturated heterocycle substituted with 0-3
R84; and '

15 unsaturated carbocycle substituted with 0-3
R84;
provided that when one of R®C and R®! is H or
alkyl, then the other is not H ox alkyl;

20
or, alternatively, R8% and R81, may be taken
together with the shown divalent carbon
radical to form:
RS2 R&2
R® l R®
25 L :
wherein:
RB2 and R82 are independently selected at
30 each occurrence from the group:

H;

~26~
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preparing a radi opharmaceuti cal

[ 7] Another enbodinent of this inventionis a kit for,

guantity of a sterile, 5

any of

of one or
10
sterile,
and 15

Clains 1-6;
mor WO 96/40637 steril e,
| i gand(s);

(d) optionally,

conpri si ng:

(a) a predeterm ned

pharmaceutically acceptabl e reagent of
(b) a predeterm ned quantity

phar naceuti cal | y accedt@¥%

pharnaceuticalI%%acceptable reduci ng agent;

pri

term ned quantity of a

i llary
(c) a predeterm ned quantity of a

sterile, pharmaceutically acceptabl e cprp@alkyl substituted wi @cted from
buffers, |yophilization aids,
ai ds, sol Ubi’lization ai ds” and bacteriostats,
[8] Another embodiment of this inventFrfiosaskenyl fsypstituted withefz3ing a

t he group:
stabilizat

transfer
ion 20

r adi ophar naceutsg cal

a sterile,

Clains 1-6;

10

15

20

25

30

35

| i gands,

conpri si ng: 25

phar maceut i c@) Ly PGS RpAD! 2 30800a Ui Y-S

R84; (a) a predeterm ned quantity of

R84,
aryl substituted with 0-3 R84;

heterocycle substituted with 0-3
R84; and

carbocycle substituted with 0-3 R84;

or, alternatively,.

R82, R83 may be taken together to form a

fused aromatic or heterocyclic
ring; and )

a and b indicate the positions of

n is

optional double bonds;

06]:'1:

R84 is independently selected at each

occurrence from the group: =0, F,
C1, Br, I, -CF3, -CN, -CO2RS85,
-C({=0)}R85, -C({=O)N(R85),, -CH20R®5,
-OC (=O)R85, -0C{=O)OR852, -ORS5,
-OC {=0)N{R85),, -NR85C(=0)RS5,
-NR86C {=0)OR852, -NR85C(=0)N(R&5);,,
-SO3Na, -NRE6SOIN(RES),,

~NR86 SOZRSSa , ~SO3H, -S02 R85a , - SR85 ,

-S{=0)R85a, -505N(R85),, -N{(R85),,
N(R85) 3+, -NHC{=NH)NHRS5,

-27 -
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(b) a predeterm ned quantity of two sterile, 30 pharmaceutically

acceptable ancillary | i gand(s); (c) a _

predeterm ned quantity of a sterile, pharmaceutical ly

accept abl e reduci ng agent; 35 and

- 24- 96/ 40637

PCT/ US96/ 09766\/\996’%7 (d) optionally, a predeterm ned WMW?‘& a

sterile, pharmaceutically acceptabl e conponent sel ected

fromthe group: transfer |igands, buffers, lyo h| I | zation

aids, stabilization 5 ai TE{=2B0RWBPT i 2AORER, aTGIsOANHORSS,

bacteri ostats. [ 9] Anot her enbotHIONH, 02~ {Inmnpmmémhamthcacya st abl e

hydrazone conpound useful for the synthesis of the 10 reagent s of

enbodi ment [1-6] having the for rrugg 85 Rerr] (CO

[err] (Rlerr])N-N=CRlerr] Rl err] R8%a3, and\REf @xe ipdependently 5 js5 0 or
Rperr] is selected fronsé.’tm:@ﬂoupt each occurrence fxomyl

SUbStI tuted with 1 Rlerr]; 20 the FsAL! glsggsgjkryqt ed with

1 Rerr]; R[err] IS selecte from e group

hydrogen and Cerr]-Cerr] alkyl,
(10] Ancther embod:.ment of this invention is the

compound of embodiment [9] wherein:

10
s = 0;
R5% is selected from the group:
15 o
% 4
c—
4
N-O ' N—
o ; o i
R80 ig independently selected from the group:
20
-COsts;
C2-Cs l-alkene substituted with 0-3 R84;
C2-Cs l-alkyne substituted with 0-3 R84;
aryl substituted with 0-3 R84;
25 unsaturated heterocycle substituted with 0-3
R84;
R81 is independently selected from the group: H
and Ci-Cs alkyl;
30
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25 Rlerr] is a chemcally reactive noiety selected from

t he group: al kyl substituted w th hal ogen;
aci d anhydride; 30 aci d halide;
active ester; I sot hi ocyanat e;
mal ei m de; 35 - 25-
96/ 40637 WO 96/40637 PCT/ U896/1t9fm’09"66
Rlerr] and Rlerr] are independently selected fromthe
group: H 5 Cerr]-Clerr] alkyl;
-CN; - G eralkBfmayively, R8® and RBL, CbeO)a]REzerr]
-C(=ON(R[err])[err]; 10 bstltuted
vvlthOSR[err] togethe fc{’erri d}lvgl%%llsu tblé"%luted W th
0-3 Rerr]; r&#&FaJSLF&tqrﬂ‘ted W|th0 Rlerr];
unsaturated het erocycl e substituted with 0-3 Rlerr]; and 15
unsat ur at ed carbocycle substituted with 0-3 Rerr];
provi.ded that when one of R err] and R errk82 sid qre? al kyl ,
then the other i's not H or alkyl; @
R%® R%
5 n

wherein R82 and R®3 may be independently
selected from the group: H and R84;

10 or, alternatively, R82, R83 may bé
taken together to form a fused
aromatic or heterocyclic ring; and

a and b indicate the positions of
is optional double bonds;

n is 0 or 1,

20 R84 is independently selected at
each occurrence from the
group: -CO2R83, -C{=0)N(R83),,
-CH0R83, -OC(=0O}R85, ~ORSS,
-S03H, -S0aNa, -N{RS8S5),,

25 -OCH2CO2H;

R85 is independently selected at
each occurrence from the

group: hydrogen and Ci1-C3
] 30 alkyl.
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20 or, alternatively, Rerr] and Rerr], nmay be taken

together with the shown dival ent carbon radical to form
[err] 25 wher ei n: Rl err]
and R[err] are independently selected at 30 each
occurrence fromthe group: H;

- 26- WBS/9677 40637 PCT/US96/09766
PCT/ US96/ 09766 - Rerr];

Cerr]-Cerr] alkyl substltuted with 0-3

Rlerr]; [11] Another embodiment @fethis Gnvertignkéaytheubstitut ed
with 0-3 5 ompound of embodimf 110) wherein:

Cerr]-Cerr] al kynyl substltuted with 0-3

Rerr]; aryl substituted with 0-3 Rerr];
het erocycl e substituted w tBf%- 3s 1ndependently selected from the Rierr]4; and
carbocycl e substituted with 0-3 doapt] ; or,
alternatively,. ~CO2RS5;

C2-C3 l-alkene substituted with 0-1 R84;
aryl substituted with 0-1 R84;
unsaturated heterocycle substituted with

10 0-1 R84;
R8l  is H;
15 R8¢ is independently selected at each

occurrence from the group: -CO2RSE5,
-OR85, -503H, -SO3Na, - -N(R85)y;

R85 is independently selected at
20 each occurrence from the
group:
H and methyl.

25

[12] Another embodiment of this invention are the
compounds of embodiment [9] that are:

o )
0
AN
) N ';"
H H ;

~30~

30
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15 Rlerr], Rerr] may be taken together to forma

fused aromatic or heterocyclic ring; and

a and b indicate the positi ons of 20 opt i onal
doubl e bonds; nis 0 or 1, 25

Rlerr] is mdependentl sel ect ed at each-

occurrence fronVeR¥&FOup: =0 F, PCT/USS8/09768r , |,
-CF[err], -CN, -CJerr]Rerr], -C(=ORerr],

-C(=ON(R[err])[err], -CHerr]OR[err],
-OC(=O Rerr], -O(=0Q ORerr], -OR
-OC(=ON(R[err])[err], -NRlerr] (= ,
Nerr]C (=0 ORerr], -NRerr]C (FO'wn err],
-SOerr]Na, -NRerr]Sqerr] N(R er'mk .
-NR[err]SOerr]Rerr], -SJerr]H,

-S(=O Rerr], -Serr]N(Rerr])[err], -N(Rerr])[lerr]} 35
N(R[err])[err]+ - NHC(=NH) NHR[ er r ] , CHs :
WD 96/ 40637
PCT/U896/09766 O o -C (=NH) NRerr], =NOR[err],
-C(=O NHOR[ err], -OCH err]CH err] H,
2- ( 1- nor phol i no) et hoxy; N—-0 Ny, Rlerr], RgiMMezand Rl err]
are independently 5 el ected ach occurrence
from t gr oupSRFUS RSy A -Clerr] al kyl.
1
H H ;
0 9
Q ~
, AL N
e N bll N .
5 H H 503Na;

10




[ 10] Anot her enbodi nent of this invention is the conmpound of

enbodi nent [9] wherein: 10 S = 0; Rlerr] is selected
fromthe group: 15 [err]

Rlerr] is independently selected fromthe group: 20

-CJerr|Rerr]; Cerr]-Cerr] 1-alkene substituted with 0-3
Rlerr]; WO 96140637  Jorr]-Cerr] 1-al kyne substituted WHEHIDOWO™E o 1]
aryl substituted with 0-3 Rlerr]; 25 unsat urated heterocycle
substituted with 0-3 Rerr]; Rlerr] is

I ndependent|ly selected fromthe group: H and Cerr]-Cerr]
al kyl; 30 - 28- WO
96/ 40637 PCT/ US96/ 09766

When any variable occurs more than one time in any
5 constituent or in any formula, its definition on each
occurrence is independent of its definition at every
other occurrence. Thus, for example, if a group is
shown to be substituted with 0-2 R52, then said group
may optionally be substituted with up to two R52 and R52
10 at each occurrence is selected independently from the
defined list of possible R52, Also, by way of example,
for the group -N(R53),, each of the two R53 substituents
on N is independently selected from the defined list of °
possible R53, Combinations of substituents and/or
15 wvariables are permissible only if such combinations
result in stable compounds.

By “stable compound” or "stable structure® is meant

herein a compound that is sufficiently robust to survive

20 isolation to a useful degree of purity from a reaction

mixture, and formulation into an efficacious diagnostic
agent.

The term "hydrazone", as used herein, means that

25 the moiety, group or compound so described is comprised

of at least one divalent carbon radical (or methylene

group) bound to a nitrogen atom on a hydrazine or
hydrazide through a double bond.

30 The term *substituted", as used here;i.n, means that
one or more hydrogens on the designated atom or group is
replaced with a selection from the indicated group,
provided that the designated atom's or group's normal
valency is not exceeded, and that the substitution

35 results in a stable compound. When a substituent is
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or, alternatively, Rerr] and R err], nmay be taken t oget her

with the shown dival ent carbon radical to form [err]
wherein R err] and R err] nay be independently
sel ected fromthe group H and R err]; 10 or,
alternatively, ?% Rlerr] may be t aken
together to f(ﬁ" ed aromat i ¢ RSTARERY6Ltyclic
ring; and a and b indicate the positions of 15
optlonal doubl e bonds; nis 0 or 1, 20
Rlerr] is independsfEPy delect etPlt then 2 hydrogens on the atom a%gh
occurrence fromt heeplaced. group: -CJerr]|Rerr],
-C(=O N(R[err])[err], -CHerr]ORlerr],
-0(=O Rerr], -CRe . -Sgerr]H,

-Sd err] Na, -N(R[err])[gﬁ?]teQ% “bond*, as used herein, means either a

-OCH err]CJ err§ H single, double or triple bond. Rl err] is independently
sel ected at each occurrence fromthe

rou hydr ogen and err err al kyl .
g p y 9 d As]u;gﬁ he eln, *alkyl* is intended to include bog£

branched and straight-chain saturated aliphatic
hydrocarbon groups having the specified number of carbon
10 atoms; “cycloalkyl® or *carbocycle® is intended to
include saturated ring groups, including mono-,bi- or
poly-cyclic ring systems, such as cyclopropyl,
cyclobutyl, cyclopentyl, cYclohexyl, cycloheptyl,
cyclooctyl and adamantyl; "bicycloalkyl® is intended to
15 include saturated bicyclic ring groups such as
[3.3.0)bicyclooctane, .[4.3.0]lbicyclononane,"
{4.4.0}bicyclodecane (decalin), {2.2.2]bicyclooctane,
and so forth;

20 As used herein, the term “"alkene” or *alkenyl® is
intended to include both branched and straight-chain
groups of the formula CpHip-1 having the specified number
of carbon atoms. The term *l-alkene* or "l-alkenyl"
means that the double bond is between the first and

25 second carbon atoms from the point of attachment.

As used herein, the term "alkyne" or "alkynyl"” is
intended to include both branched and straight-chain
groups of the formula CpHa,-3 having the specified number

30 of carbon atoms. The term *l-alkyne" or "l-alkynyl®
means that the triple bond is between the Eirst and
second carbon atoms from the point of attachment.

As used herein, *aryl® or *aromatic residue® is
35 intended to mean phenyl or naphthyl, which when
substituted, the substitution can be at any position.
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WD 96/ 40637 PCT/ US96/ 09766 [ 11]

Anot her enbodi nent of this invention is the conmpound of enbodi nent.
[ 10] wherein: Rlerr] is independently selected fromthe 5
gr oup: -CJerr]Rerr];

Cerr]-Cerr] l-alkene substituted wwth 0-1 R err];

aryl substitut8@W¥%70-1 Rerr]; unsat uPGHHEPE/9766

het er ocycl e substituted with 10 0-1 Rerr];

Rlerr] is H 15 Rlerr] is independently selected at
each occurrence fromthe group: -CJerr]|Rerr],
-OR[err], -Serr]H -5 cus¢dla, hexrdliR.erthg|etetm *heterocycle® or

Rlerr] is independapilyrS8&GELdidly 2Pstem is intended to meaif@flktabie
occurrence fromth oup:

and nmethyl. 25 5- to FIZ]“eﬂHSFﬁQrm%%%’b?’rﬁé%{“g%iﬂff’%ifzn\%ngroﬁ°ar18"t he

conpounds of enbodimembieried] bheycaie: het3rodyrlilc ring which may be
saturated, partially unsaturated, or aromatic, and which
consists of carbon atoms and from 1 to 4 heteroatoms
selected independently from the group consisting of N, O

and 8 and wherein the nitrogen and sulfur heterocatoms

10 may optionally be oxidized, and the nitrogen may
optionally be quaternized, and including any bicyclic
group in which any of the above-defined heterocyclic
rings is fused to a benzene ring.., The heterocyclic ring

may be attached to its pendant group at any heteroatom

15 or carbon atom which results in a stable structure. _The
heterocyclic rings described herein may be substituted

on carbon or on a nitrogen atom if the resulting
compound is stable. Examples o©of such heterocycles
include, but are not limited to, benzopyranyl,

20 thiadiazine, tetrazolyl, benzofuranyl, benzothiophenyl,
indolene, qQuinoline, isoquinolinyl or benzimidazolyl,
piperidinyl, 4-piperidone, 2-pyrrolidone,
tetrahydrofuran, tetrahydrogquinoline,
tetrahydroisogquinoline, decahvdrogquinoline,

25 octahydroisoguinoline, azocine, triazine {including
1,2,3-, 1,2,4-, and 1,3,5-triazine), 6H-1,2,5-
thiadiazine, 2H,6H-1,5,2-dithiazine, thiophene,
tetrahydrothiophene, thianthrene, furan, pyran,
isobenzofuran, chromene, xanthene, phenoxathiin,

30 2H-pyrrole, pyrrole, imidazole, pyrazole, thiazole,
isothiazole, oxazole {including 1,2,4- and 1,3,4-
oxazole), isoxazole, triazole, pyridine, pyrazine,
pyrimidine, pyridazine, indolizine, isoindole, 3H-
indole, indole, 1H-indazole, purine, 4H-quinolizine,

35 isoguinocline, qQuinoline, phthalazine, naphthyridine,
quinoxaline, quinazoline, c¢innoline, pteridine,

‘GUBSTITUTE SHEET (RULE 28



- 30- WD 96/ 40637

PCT/ US96/ 09766

[err]

WO 96/40637 PCT/US96/09766

10

15

20

25

30

4aH-carbazole, carbazole, R-carboline, phenanthridine,
acridine, perimidine, phenanthroline, phenazine,
phenarsazine, phenothiazine, furazan, phenoxazine,
isochroman, chroman, pyrrolidine, pyrroline,
imidazolidine, imidazoline, pyrazolidine, pyrazoline,
piperazine, indoline, isoindoline, gquinuclidine, or
morpholine. Also included are fused ring and spiro
compounds containing, for example, the above
heterocycles.

As used herein to describe the substituents R8¢ and
R81, the term “unsaturated carbocycle® means a
carbocycle that has at least one multiple bond, that one
multiple bond being between the carbon atom attached to
the divalent carbon radical specified in the formula of
the stable hydrazone moiety and an adjacent carbon atom.

As used herein to describe the substituents R8% and
R81, the term ‘“unsaturated heterocycle® means a
heterocycle that has at least one multiple bond, that
one multiple bond being between the carbon atom attached
to the divalent carbon radical specified in the formula
of the stable hydrazone moiety and an adjacent carbon
atom. An aromatic heterocycle is considered an
unsaturated heterocycle.

The term *salt®, as used herein, is used as defined
in the CRC Handbook of hemistxy and Physics. 65th
Edition, CRC Press, Boca Raton, Fla, 1984, as any
substance which yields ions, other than hydrogen or
hydroxyl ions.

A *reducing agent® is a compound that reacts with
the radionuclide, which is typically obtained as a
relatively unreactive, high oxidation state compound, to
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- 31- WD 96/ 40637

PCT/ US96/ 09766 When any variabl e occurs nore than one tine
in any 5 constituent or in any fornula, its definition on each
occurrence is independent of its definition at every ot her occurrence.
Thus, for exanple, if a group is shown to be substituted with 0-2

Rlerr], then sHoPYPHip may optionally be substituted wi PRIUFH6OYE o
Rlerr] and Rlerr] 10 at each occurrence is selected i ndependently fromthe
defined |list of possible Rerr]. Aso, by way of exanple, for the group
-N(R[err])[err], edewesfitheoxidatRborstateilat itmpenfsring skeqyron(s) to
i ndependent |y sel eghed fddiBdutal idRS,| nsiteddist Abking HBeSshdde Regttlve.
Combinat i ons of Sugld[diS s ANOL "2 ¥RLLAPLES BhE PHAUAIM Lol ¥ f
radiopharmaceuticals and in diagnostic kits useful for
5 the preparation of said radiopharmaceuticals include but
are not limited to stannous chloride, stannous fluoride,
formamidine sulfinic acid, ascorbic acid, cysteine,
phosphines, and cuprous or ferrous salts. Other reducing
agents are described in Brodack et. al., PCT Application

10 94/22496, which is incorporated herein by reference.

A ‘"transfer ligand" is a ligand that forms an
intermediate complex with the radionuclide that is’
stable enough to prevent unwanted side-reactions but

15 1labile enough to be converted to ‘the
radiopharmaceutical. The formation of the intermediate
complex is kinetically favored while the formation of
the radiopharmaceutical is thermodynamically favored.
Transfer ligands useful in the preparation of

20 radiopharmaceuticals and in diagnostic kits useful for
the prepafation of said radiopharmaceuticals include but
are not limited to gluconate, glucoheptonate, mannitol,
glucarate, N,N,N',N'-ethvylenediaminetetraacetic acid,
pyrophosphate and methylenediphosphonate. In general,

25 transfer ligands are comprised of oxygen or nitrogen
donor atoms.

The term "doncr atom" refers to the atom directly
attached to a metal by a chemical bond.
30
*Ancillary" or "co-ligands" are ligands that are
incorporatéd into the radiopharmaceutical during its
synthesis. They serve to complete the coordination
sphere of the radionuclide together with the chelator or
35 radionuclide bonding unit of the reagent. For
radiopharmaceuticals comprised of a binary 1ligand
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result in stable conmpounds. By "stabl e conpound” or "stable

structure” is neant herein a conpound that is sufficiently robust to
survive 20 isolation to a useful degree of purity froma reaction

m xture, and formulation into an efficaci ous diagnostic agent .

The term "hydrazone", as used herein, neans that 25 the noiet oup or
conpound so deNQ 4867 s conpri sed of at |east one dival E%T g’é 'g

radi cal (or mnethyl ene group) bound to a nitrogen atom on a hydrazi ne or
hydr azi de t hrough a doubl e bond. 30 The term "substituted", as used
herein, means that systeBpethy nasienkglidr «eeraanation) spbgnat &9 eamnased
grOUpdi 3 ] reﬁl acs otiel brambeleeehedat b£9 Mt NsorddigieC alnd sy fedh one or
provi ded that the $Hed 0, NG, not
exceeded, and thatqr ee 2§%§€‘n€%t%§ res%r% ?R{;Eﬂ?%lof/%o n‘l‘QiL?r?crlléis
substituent is provided that there are a total ofzkwo types of %ngags40637

PCT/ US96/ 09766 5 ch&eittots. eor =@Pondbag 2 uiddrsngenBoen tdhiampDe) ar @

e aceddoubl e or tTi Ipéh%ﬁ%ee&qgg &ﬁp}%‘& B?ﬁe’ g@ﬁ%@ﬁre{%} r}%mﬁng

single F
i ntended to incl udémBGt From ope sFRMIRPta AR (LW Qﬁtﬂéﬁﬁ?ﬂ‘%aﬁﬁﬁ'ﬂﬂéﬂy ox
al i phatic hydr eeailigangs oand Ravedfopharngpeniticad midwpetiset odr ke 10

atoms;  "cycloal kylhe19kor§ WP UoHdi%g bhit B AAIEUnkOor two reagents and

10 one ancillary or co-ligand are both considered to be
comprised of binary ligand systems. For
radiopharmaceuticals comprised of a ternary 1ligand
system, the radionuclide coordination sphere is compqsed
of one or more chelators or bonding units from one or

15 more reagents and one or more of two different types of
ancillary or co-ligands, provided that there are a total
of three types of ligands, chelators or bonding units.
For example, a radiopharmaceutical comprised of one
chelator or bonding unit from one reagent and two

20 different ancillary or co-ligands is considered to be
comprised of a ternary ligand system. Co-pending
application U.S.S.N. 08/415,908,908, which is
incorporated herein by reference, discloses and teaches
ancillary ligands.

25
A *chelator" or *bonding unit® is the moiety or
group on a reagent that binds to a metal radionuclide
through the formation of chemical bonds with one or more
donor atoms.
30

The term *binding site* means the site in wvivo
that binds a biologically active molecule.

Ancillary or co-ligands useful in the preparation
35 of radiopharmaceuticals and in diagnostic kits useful
for the preparation of said radiopharmaceuticals are
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I ncl ude saturated ring groups, including nono-, bi- or poly-cyclic ring

systens, such as cycl opropyl, cycl obutyl, cyclopentyl, cycl ohexyl, .
cycl oheptyl, cycl ooctyl and adamantyl; "bicycloalkyl" is intended to 15
include saturated bicyclic ring groups such as

[ 3.3.0] bi cycl ogct ane [ 4. 3. 0] bi cycl ononane, [4.4.0] bi cycl odecane
(decalin), [Z.QSQFHEE'SICI ooct ane, and so forth; 20 Pa)f%ss%gyg

herein, the term "al kene" or "al kenyl" is i ntended to include both
branched and straight-chai roups of the fornula (Jerr]Herr]. having

the specified nunb Pmpr158$ Ofr TP aPbnBOT PhORYESR - 1P GF QIR 8?lb°n'
"1-al kenyl " meendfuhat phheptionbs e bovsenis, beeheriumheahdr selandiad

second carbon atonaoﬁafnaéaﬁ‘spoimtli@{anat E8E8NBEBM - transfer 1igahd YfACthe
herein, the tern1"a|k¥ne".or " to i1 nclude both

al k "is i.nt ende
branched and ot r ai GRELRREHS of 3 ghghpRhgmagentisel 20l $E5e j59T¥R, PPhERI ng
the specified ndinbancillayy wartwrligeodsin FThether rddicgphamreteubical .

"1-al kynyl " MeRRachBAt at DEgdhd Ple OREd S RetReRrt BS binksi12R¢ or
second carbon atons fion1t qk%gl of a tg@hneq%. . ,AS usegB
herein, "aryl" or“Catbdatd STRFWED PEESEST Nt g Py FEFR BRI B¢
napht hyl , whi ch wheadionugBdide ut etloordd nmabsent ut isartheare beimt arfjhe
gg;}bggg)09766 radiopharmaceutical, _w&&cﬁ i? det@%h&ﬁéﬁQG the
. S n, Lm. ' heter.ocy "0
het er ocyclic r%%g gogfgﬁFaﬁgoﬁnggﬁﬂggggg ﬁ%%ngges?ggkgnuCHIQF f%“g-thé
menber ed nonocycl i e‘gelam%m pending unis 9b-the neageet colr Hiaagepts .
het erocyclic ring which nay be saturated, partially unsaturated, or

aromati‘'c, and which cQnsi f. C N . fro tq.4
het er oat ons sel ect e%i I n eaégl?\)ggr}tcl ?E?t?om%ioﬁ'g%d%%%p %:Qnrgsﬂ]ls}te%ﬁﬁo& RF O
and S and wherei n £AEPERERBFent8FBeduFher fREMRLBRLIGAE in one or more

15 wvials which are used by the practising end user in a
clinical or pharmacy setting to- synthesize the
radiopharmaceutical. The kit provides all the requisite
components to synthesize and use the radiopharmaceutical
except those that are commonly available to the

20 practising end user, such as water or saline for
injection, a solution of the radionuclide, equipment for
heating the kit during the synthesis of the
radiopharmaceutical if required, equipment necessary for
administering the radiopharmaceutical to the patient

25 such as syringes and shielding, and imaging equipment.

A "buffer® is a compound that is used to control
the pH of the kit during its manufacture and during the
synthesis of the radiopharmaceutical.

30

A “lyophilization aid' is a component that has
favorable physical properties for lyophilization, such
as the glass transition temperature, and is added to the
diagnostic kit to improve the physical properties of the

35 combination of all the components of the kit for
lyophilization.
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10 may optionally be oxidized, and the nitrogen may optionally be
quat erni zed, and including any bicyclic group in which any of the
above-defi ned heterocyclic rings is fused to a benzene ring.. The

het erocyclic ring may be attached to its pendant group at any

het eroatom 15 or carbon atomwhich results in a stable structure. The

het erocyclic rWRJ649&%cri bed herein nmay be substituted LTS Gr on
a nitrogen atomif the resulting conpound i s stable. Exanpl es of such
het er ocycl es include, but are not Iimted to, benzopyranyl, 20

t hi adi azi ne, tetrazolyl, benzofuranyl, benzothi ophenyl, i ndol ene,

Zui nol i pg, isoqui2n0I i nYils Ot AINAIzAL 68 Od 6 v, n.s a BoRSsnéntthat is added
e r yr
pi peridon YT LR (¥%H%ﬂ?25cnso gEXQ{ Ura the ?ﬁ%ﬁnostlc

t et r ahydr oqui nol i n€; gl qU|noI|%e 25
octahydr0|squ|noI?héhera§@0$?ﬁblk%ﬁeaihﬁera@%?EHQRHQQfUtlcai onge it 1ip 4.
and 1, 3,5-triagi ngynthéktied, br to prdladyazhee sheldH18lfel oF, Zxl tiazi ne,

ophene, o LT BERMALOYY GRISG, | LGN I CREy AULADs BV RRs can be

i sobenzofuran, chr gant phen xat hi’l pyrrol e,
i m dazol e, pyrazolént%¢ﬁ%§§ﬂ§§r reduFSQﬂtﬁQﬁF@Beoroiéékﬁ%ﬂ(ﬁQWﬂBBEFﬁg anQ 4-
and 1, 3, 4- oxazahe) ,ptr60Xazol eimproagal e,sﬁwiﬂiay nwazraectmg

pyrim dine, pyri d?}ékggﬁ_fe%qﬁla:lzlf wit}P! Eg%'ceie that | %ade 9l &

1H i ndazol e, puri U|noI|ne

pht hal azi ne, ﬁthtﬁ?@?Qﬂ?ﬂ?s or tﬁ%l#ﬁé%&?h@%FQQﬁﬂtﬁﬁébi|ne ci nnol i ne,

pteri di ne, - 34- WO 96/ 40637
PCT/ US96/ 09766 dokt CRINAARK o A B3A0 £o d Rholob: ﬁéﬁPOJrL improves
phenant hri di ne, acrid perim phenant Pl e enaz

ne
phenar sazi ne, phenbBfi ﬁ?i"‘ﬂléli’f'ﬁf a&%r?nepﬁgn{ﬁ?é'ﬁ R&her C°f“§8€ﬁ‘i”’tﬁmﬁ‘ "CIP'FP man,
pyrrolidine, pyrronedéum5 reigezeddi ier i ntdazolsymthpygiazol ofli nenhe

pyrazol i ne, 15 Pi PLEEKIEmalBdei &, 1 soindoline, quinuclidine, or-
nmor pholine. Al'so included are fused ring and spiro conmpounds

cont ai ning, for exanple, the above het er ocycl es. 10 As used
herein to describe the subsadterdmss¢aR80ianal component that inhibits the

growth of bacteria in the diagnostic kit either during
its storage before use of after the kit is used to
20 synthesize the radiopharmaceutical.

The following abbreviations are used in this

application:

25 Acm acetamidomethyl
D-Abu D-2-aminobutyric acid
5-aAca 5-aminocaproamide {5~

aminohexanamide}
b-aAla, b-Ala or

30 Dbala 3-aminopropionic acid
Boc t-butyloxycarbonyl

Boc-iodo-Mamb t-butyloxycarbonyl-3-aminomethyl-4-iodo-
. benzoic acid

Boc-Manmb t-butyloxycarbonyl-3-
35 aminomethylbenzoic acid
Boc-ON [2-{tert-
-39-
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R81, the term "unsaturated carbocycle"” neans a carbocycl e that has at
| east one nmultiple bond, that one mul tiple bond being between the
carbon atom attached to 15 the dival ent carbon radical specified in the
formul a of the stabl e hydrazone noiety and an adj acent carbon atom
As used herein to describe the substituents R30 and Rlerr], the term
"unsat ur at ed hWOMMETE| e neans a 20 heterocycl e that has aPCTERP76he
mul ti pl e bond, that one multiple bond bei ng between the carbon atom
attached to the divalent carbon radical specified in the formula of
the stabl e hydrazone noiety and dutddprreanboggiownlimingdt-dm An aromatic
heterocycl e i s considered anphdnyldbesbaitiad heterocycle. The
term"salt", as us ein, is i hed in the CRC Handbook of
Chem stry and Physiﬁgg,gg%Sth 30 E |?ﬂ%§?° ress, Boca Raton, Fla, 1984,
as any subst anEBZwtiR% 9 & d$£3rBARENBIIRY t han hydr ogen or hydr oxyl
i ons. 5 Aptceduci ng agemicytiohegaranbodiitiade reacts with 35 the
radi onucl i de, which+kLs typically i .. relatively unreactive,
hi gh oxi dati on statgékéo ound, tgi%gbpg&ﬁhg}am%né - 35-
WO 96/ 40637 di-NMeOrn N-aMe-N-gMe—-ornighine 506/ 09766 | ower
its oxidation stateMhy transferidgdémethylamdnoppriding he radi onucl i de,
thereby neking it pREg reactive. 2-(1HB§QﬁEHa:QQa§8fEE—§(JHS-‘if yl 5ip_the

0s

prepar ati on of radi opharmaceuticals and in_ diagnosti¢ kits useful for
5 the preparatBn of said radi opFErFEERH CHORIVR PR Ierophosphaten ot
limted to stannouBynhtori de, st agydessihdnicotdayl formam dine sulfinic

acid, ascorbic aci megygst&i ne, phosphi nes, and cuprous or ferrous
salts. Other reducln agents are described in Brodack et. al., PCT.
Application 10 94 96, whi ch PSNTHELRALATEER Rrein by reference.
NMeAmE N-Methylaminomethylphenylalanine
15 NMeAsp a-N-methyl aspartic acid
NMeGly or .
MeGly N-methyl glycine
NMe-Mamb N-methyl-3-aminomethylbenzoic acid
VM N-methylmorpholine
20 OcHex O-cyclohexyl
OBzl O-benzyl
oSu O-succinimidyl
pPNP p-nitrophenyl
TBTU 2-(1H~-Benzotriazol-1-y1l)-1,1,3,3-
25 tetramethyluronium
tetrafluoroborate
Teoc 2-(Trimethylsilyl) ethyloxycarbonyl
Tos tosyl
TPPTS tris (3-sulfonatophenyl)phosphine
30 trisodium salt
Tr trityl

The following conventional three-letter amino acid
abbreviations are used herein; the conventional one-
35 letter amino acid abbreviations are not used herein:
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A "transfer ligand" is a ligand that fornms an intermedi ate conplex with

the radionuclide that is st abl e enough to prevent unwanted
side-reactions but 15 |l|abile enough to be converted to t he
radi opharmaceutical. The formation of the internediate complex is
kinetically favored while the formation of t he radi opharmaceutical is

t her nodynani caiWG/96(48&3%r ed. Transfer |igands useful in thBCHP689766i on
of 20 radiopharmaceuticals and in diagnostic kits useful for t he
preparation of said radi opharnmaceuticals include but are not limted to
gl uconat e, gl ucoheptonate, manni 4, gt ucar at e, aipnine N

- et hyl enedi am netetraaceti c aci darg pyraphosphat eaggﬂnme

met hyl enedi phosphonate. In genergly, 25 transfer | ggg S conpri sed of
oxygen or nitrogen donor at ons. The M ~donor atom' refers
to the atomdirectly attache®%Po a netal by a cheRR¥Eic Bedd. 30
"Ancillary" or 5co-ligands are | cgands that are cyse@iorated into the
radi ophar maceutical during its npSYynthesis. They ? ﬁy%wg}%hconpl ete the
coordi nation sphere of the raél onucl i de toget he the chelator or
35 radionuclide bonding unit ®F the Feagent. gluggpic acid

r adi ophar naceuti cal s conpri sed of;ln bi nary | i gand glycine

- 36- WD 96/ 40637 histidine FCI/US96/09766
system the ragé]onucl i de coordi naﬁll on sphere IS corrpose ~~ of one or nore
chel ators or ding units fromad = nore read®MRUHME one or nore
ancillary or co-Iligands, proiaeded t hat= t here arkeacimt al of two types
of ligands, 5 chelators or bondggg units.. For exang| d§l
radi ophar maceuti cal conprised of ,one chel a_tor or bon ng unit from one
reagent and two of the sane anci MF ry or = co-ligH .
r adi ophar maceuti cal conprised of Nleo chel ators mrltmmimng uni'ts from
one or two reagents and 10 one apgél lary @ co-ligapigerdfiai1aat e consi dered
to be Phyg = . phenylglycine
Pro = proline
Ser = serine
Thr = threonine
20 Trp = tryptophan
Tyxr = tyrosine
val = valine
25 The biologically active molecule Q can be a

protein, antibody, antibody fragment, peptide or
polypeptide, or peptidomimetic that is comprised of a
recognition sequence or unit for a receptor or binding
site expressed at the site of the disease, or for a
30 receptor or binding site expressed on platelets or
leukocytes. The exact chemical composition of © is
selected based on the disease state to be diagnosed, the
. mechanism of localization to be utilized, and to provide
an optimium combination of rates of localization,
35 clearance and radionuclidic decay.
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conpri sed of bi nary | i gand syst ens. For
r adi ophar maceuti cals conprised of a ternary |igand system the
radi onucl i de coordi nati on sphere is conposed of one or nore chel ators
or bonding units fromone or 15 nore reagents and one or nore of two
different types of ancillary or co-ligands, provided that there gre a
t ot al of t?ﬁ%ﬁ”?@%es of ligands, chelators or bonding u
exanpl e, a radi opharmaceutical conprised of one chel at or or bondlng
unit fromone reagent and two 20 different ancillary or co-ligands is
considered to be cHRY i §88 BUEPRHaPl IGhdsnoiayenkapn. %me%ﬁ%g
application U S. S. thréfibcknfibdd(®; Hisecavk ¢h taken to Nemludleabedhheenous by
reference, disclos h I

gﬁng te t%(i 3§?%rdeia§1%hh ﬁxﬁﬁn&daggngﬁlbofism, result%xe? hat

"chel ator™ or "bon up on a reagen
binds to a metal rEEPBARe fggmation rﬂfoﬁﬁﬁ"@ HeL 9 Srmat i on of chenical bonds

with one or norg donor atons. 30 The term "bi nding site" neans
AL AL b#ﬂ?sdfaﬁégz%'&aléﬁéoﬁﬁhbﬁﬁoﬁheaﬂsSrders or
Ancillary or co-1i nds u faratlg

radi ophar maceuti ca Fﬂséﬁnogtfﬁ ?ﬁ gpm thefQﬁ°ﬁ9u%nﬁ}BﬂﬁW%tlon
of sai d radi ophar rraheutqmallm afd@b/IITa receptor antagonist comgJunds

WO 96( 40637 described in co-pending U.S. P&+ USﬁ@/ 93 @QS 908,861

conpri sed of or nose gen, car.bon phos hor us,
arsenic, sel enﬂﬁm (%%Waéﬁ n‘f’g M&%ﬁ@#’at%“@ FPBE\?\H“% pgRtides
transfer ligand i ndeﬂerlbedsynt fiesi.s Retentrsadd dittar0ceud i t22, SiH, atlse
serve as an 5 ancaﬁbﬁwaeaose-Ip@@n%samdﬁr pdi 0§saLYBELUR] Caper

on vher hor +her (AR HRERG, T S 888t ol lime sy alng RoAS "

sphere in the Meetirmmﬁow&lerrameml@m Woicch 1892etadrstinest B¢ :ttlee 10

coor di nati on ciem skpyiQbst nddneRuct {66 A5k heeceptohe! #esgdiidoadi ng

unit of the reage”& scrxb@@eﬂlxsl?.uropean Patent Applications 90202015.5,
90202030.4, 90202032.2, 90202032.0,  590311148.2,
90311151.6, 90311537.6, the specific binding peptides

and polypeptides described as IIb/IIIa receptor ligands,

20 ligands for the polymerization site of fibrin, laminin
derivatives, ligands for fibrinogen, or thrombin ligands
in PCT WO 93/23085 ({excluding the technetium binding
groups); the oligopeptides that correspond to the IIla
protein describad in PCT W0O90/00178; the hirudin-based

25 peptides described in PCT W090/03391; the IIb/IIIa
receptor ligands described in PCT WO90/15818; the
thrombus, platelet binding or atherosclerotic plaque
binding peptides described in PCT W092/13572 (excluding
the technetium binding group) or GB 9313965.7; the

30 fibrin binding peptides described in U.S. Patents
4,427,646 and 5,270,030; the hirudin-based peptides
described in U.S. Patent 5,279,812; or the fibrin
binding proteins described in U.S. Patent 5,217,705; the
guanine derivatives that bind to the IIb/IIIa receptor

35 described in U.S. Patent 5,086,069; or the tyrosine
derivatives described in Buropean Patent Application
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A "diagnostic kit" conprises a collection of conponents, terned the

formul ati on, in one or nore 15 vials which are used by the practi sing
end user in a clinical or pharmacy setting to synthesize the

radi opharnmaceutical. The kit provides all the requisite conponents to
synt hesi ze and use the radi ophar maceuti cal except those that are
comonly avai | MAWAPE7t he 20 practising end user, such as WEEEYSHPI7EG| i ne
for injection, a solution of the radionuclide, equipnment for

heating the kit during the synthesis of the r adi ophar maceuti cal

if required, equi pfAéh833fdessady bl oHartmarmati.nadt erd ngMeche Chem., 1992,

radi ophar maceuti cahs oiddte B2t bRIMizea 18WCHerSitSY1iPgSS@nd Shbel di ng, and
i magi ng equi pnent . A "buffer"” is a compound that is used to

contr ol the pH of the kit during its manufacture and during the
synthesi s of the radi oFer ntkeudiaghosBy of infectipon] yophlammattiam e d" is

a conponent thag h@ganspldmOraheetRBus ¢Alidr oPEEétES Fobml WaRN diagd i ON,

such , as the glass,transitio tq% erat yr.e,..and |staﬁded to %gg .

diagnostic kit to PREFSVEY HPSnLRPSR th FiaRiRe.PoptIfEs 8eBsrbothibn of

all the conponent sPeT WAR3/R771Pofexcludipgphine iteghnehium binding group),

,-0\38-t bl et VO Bet 4853713572 (exchtlding the tecl'(xjnetium bitnﬁgﬁé'»@&i&9766
"stabilization aid".,,§ a npgnent, .t . a .

radiopharnaceuticanoF'§b F%g’dgggnggt?gbﬁpﬁ‘ ggge??ﬁ@?gg%tﬁfaﬁf??ﬁ%sﬁhe

r adi ophar maceut? cafeseribgd ins Bursy RakeshpPel- A0L0B73dolbony BheFisehman i f e

of the l(;it bgf ete iau.wsseﬂamusam@c. Md@bi | 1994 ] oz43i dssL£aNoke the

anti oxi dants, redu a cay n an vi,de

proved ot abi |1ty Bpaagihlalbl® 0ale s THENIRA du u, E2N RAHET, e

ot her 10 conponent§'%?5@ﬁ3~radiopharnaceutical

15 For the diagnosis of cancer, Q is selected from ‘the
group of somatostatin analogs described in UK
Application 8927255.3 or PCT W094/00489, ' the selectin
binding peptides described in PCT W094/05269, the
biological-function domains described in PCT W093/12819,

20 Platelet Factor 4 or the growth factors (PDGF, EGF, FGF,
TNF, MCSF or Il11-8).

Q may also represent proteins, antibodies, antibody
fragments, peptides, polypeptides, or peptidomimetics
25 that bind to receptors or binding sites on other
tissues, organs, enzymes or fluids. Examples include the
R-amyloid proteins that have been demonstrated to
accumulate in patients with Alzheimer's disease, atrial
naturetic factor derived peptides that bind to
30 myocardial and renal receptors, antimyosin antibodies
that bind to areas of infarcted tissues, or
nitroimidazole derivatives that localize in hypoxic
areas in vivo.

. 35 The reagents of the present invention are comprised
of a biologically active group, Q, attached to a stable
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A "solubilization aid" is a conponent that inproves the solubility of
one or nore other conponents in the medi um required for the synthesis
of the 15 radi SYh¥4¢euti cal . A "bacteriostat" i PCHUSHPIMEent
that inhibits the growt h of bacteria in the diagnostic kit either
during its storage before use of after the kit is used to 20 s nthe5|ze
t he radi ophar maceutiv@gazone, Hz, anfe opSirpildy AAmisingng ddakd

this appl i cat i @roup,2f., ,Alietween said BEelegicar®st hydttive oMl and

D- 2-am nobutyric agi( dAFtQBIf;‘QA[thrangeS ar@,ﬂgcgg 3T gnéd::%:azone ?.(s)m .

am nohexanam de) HOPro
aci d Boc protectgg: §P6§E‘y€§r%o‘ﬁ$ﬁranneB@€- hydsarhde chelator or
t - but yl oxycar boSy| t®natiingonetilty| désiigrdated as Cp in co-pendimnznise sami.d

ggical\/arrb Boc. Ot\l bUtdéll(ﬁ. C@?Q% 3th§§ is either dlrectﬁnaq:%g%flgg stgaerﬁ't%l ¢

VO 96/ 40637 moiety Q or its attached to the linking gwpypodreehich is
but yl oxycar bonyl oxytitdch@d -t Q. The chelatophepybandiagi ukike becomes

a Bz| d b XY, :
g [cicrslr]ohéxyl ar &E)glfﬂlo%hgeeethﬁl radidihc158E ?%nci 1sC%eQ9*&SQE¥{a ‘;’?{né‘% tHeC

EA Il soEropg .
di - NMeOr n aReMY VB RS t ithe U-S. Hhp 08/415,908, 908)  in the

4- di met hyl am nopyr irdidiepharmaceuticals synthesized using the reagents of
the present invention.

The substituents R8% and RBl of this invention-are
15 chosen to improve the stability of the hydrazone over
that achievable using substituents 'comprised solely of
hydrogen or lower alkyl. The improved' stability is
necessary because hydrazones in which the substituents
are solely hydrogen or lower alkyl are reactive with
20 other aldehydes and ketones, a number of which are
commonly found in a pharmaceutical manufacturing
setting. A particularly ubiquitous aldehyde is
formaldehyde, which is commonly used in disinfectants.
The reaction of a lower alkyl hydrazone with an aldehyde

25 or ketone can proceed as shown in Scheme 1.

N=C N c*/

= o =

4 S T 4 \
/c*\ \

30 ' Scheme 1

The stable hydrazone protected reagents of this
invention may be commercialized as radiopharmaceutical
precursers. Lower alkyl protected hydrazones can not be
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HBTU 2- (1H Benzotriazol -1-yl)-1,1,3,3- 10

t et ranet hyl uroni um hexaf | uor ophosphat e Hyni c ,

hydr azi noni cot i nyl NMeAr g or MeAr g a- N- et hyl argi ni ne
NMVe Anf N- Met hyl am nonet hyl phenyl al ani ne 15 NMeAsp

a-N-net hyl aspartic acid NVe@ y or Med y N- et hyl gl yci ne
NMe- Manb WQ9648637/ | - 3- ani nonet hyl benzoi ¢ aci d NVM  PCT/US96/09766

N- net hyl nor phol i ne 20 COcHex O cycl ohexyl oBz|

O benzyl oSu O succi ni m dyl pNP p- ni trophenyl
TBTU 2- ( BiBdezobondzola legkbofi-1iBr8gers5 triple bond or an’

EGE rTa,m?t PK' ;Jr,olni :J;narﬁmftic ring. |Stabiirf53f 8&‘&&(31@33%% %rovidEaO;Er: othe
-(Trimethylsilyl)e oXYycC ny. S .. .. n8o LO 81

tris(3-sul fonat oph %‘?B’ﬁo@%ﬁ‘ﬁ:e tothe S&Stltue{’?? SBddi L?Iﬂ%gg t are t?;en
trityl Tegethey dwt (fpraoaveind ¢wakemhree-letter anino acid
abbrevi ations ase used herein; the conventional one- 35 letter am no acid

abbreviations are not usged herein: . \ - 40-
VO 96/ 40637 'i‘ﬁe reagents of the pre%r, Ué&é’}a&'}é’él can be

Al a = syngheadzed by a variety of meghgds. The hydrazingr gpd ne
Asn = 4 5 19apat 8@é NSrecursers may be prepar®dP as desCribed in co-
aspartic aci . . = S n

an _ pelnl?tlgl% n%ppllcgfon U.S.S.N, &%/4fg,5§h,§61. T}mﬁt ani ¢
aci d 10 stable hydrazone group Hz can be introduced at any step

in the synthesis of the reagent provided that it is
stable to subsequent reaction conditions. One synthetic
approach involves the reaction of a stable hydrazone '
group bearing a coupling functionality with a

15 biologically active molecule, Q, optionally bearing a
linking group, Ln. A coupling functionality is a
chemically reactive moiety capable of reacting with a
biologically active molecule, optionally bearing a
linking group, to bind the stable hydrazone thereto. For

20 Dbiologically active molecules bearing a linking group.
the stable hydrazone is bound to the linking group.

The reaction of the stable hydrazone bearing a
chemically reactive moiety with a biologically active
25 molecule or linker modified bioclogically active molecule
can be performed by direct combination of the two
reactants in a suitable solvent and under suitable
reaction conditions. A solvent or reaction condition is
suitable if the stable hydrazone-biologically active
30 molecule or stable hydrazone-linker-biologically active
molecule reagent is formed without a significant loss of
biologicall activity due to the use of said solvent or
condition. ’

35 Examples of chemically reactive moieties include an
alkyl group bearing a good leaving group such as a
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Ay = gl yci ne H s = hi stidi ne
10 Ile = | sol euci ne Leu

= | euci ne Lys = | ysi ne

Met = met hi oni ne Nl e =

norl euci ne 15 Phe = phenyl al ani ne

Phg = WO 96/406ny | gl yci ne Pro PCI/US96/09766
proline Ser = serine Thr
= t hreoni ne 20 Trp = d);pt ophan

lyr = halade,i e carbonyl group such as\/gqn acid anhydride, geid ne
25 bod The bLOleEfamahby achi Vacaheculeste®, Caanbel&othldHyQirﬁit[h or

anti body, anti ody g tic
that is conprised o?ﬂg@f@ﬂérdeco%w %%%?fen%e%g%%um ?"lldgr ece mf)érmor

bi ndi ng Site eRPFeB s an etsﬁérsFB%t ofs meredreagikive gin ﬁ’@lelsosbll@éept or

or binding sitesexpupssLenOion! ségteiondrsuch é@utsaeyaesuoirds;m@ﬁct N-

cheni cal conposi ti gueofnfQddyn.  andcheClsthdigied on Lhe AL5833% slaleed O be

di agnosed, the oca prOV|de
an optim um conbi n'é’f‘?on Sé'—@br]a @Qﬁa#%’@al}?efé'tlin@n a cheniep it eregrfive
radi onucl i di ¢ decayoiety and a biologically active molékbule or 1inkédD

96/ 40637 gg%; lé% /09éI§ For
modi 1 11
t he purposes of th| S |fn:§/eednt1?lo° og ca le’ activ ! Qhe ]s:%%%f:eazll%

taken to inclut® bGBR vERBYE as aﬁ&ear Péfl.lgpp&ﬂé@r dersMé’mf p&
enbol i sm resul tin@escrigtiemst bé ﬂmessmtuouplirig hiea@dlohgtcan Ye found in For

the diagnosis of tirambaenbeti c pdibe8hss 0] 1992, Vol. 3, No.
1, which is 1ncorporated herein by reference. Also, '

U.5. Patent 5,206,370, which is incorporated herein,
15 discloses other examples of chemically reactive
moieties.

Ancother synthetic approach involves formation of

the stable hydrazone as the last step in the synthesis

. 20 of the reagent. Compounds of the formula (Q)g:=Ln~-Ch., in

which Cp is -R4OR4INNH;, the synthesis of which are

described in co-pending U.S.S.N. 08/415,908,861, can be

reacted with carbonyl-containing compounds of the

forrmula R80C(=0)R8! in a suitable solvent under suitable

35 reaction conditions. A solvent or reaction condition is

suitable if the reagent is formed without a significant

loss of biological activity due to the use of said
solvent or condition.

30 Stable hydrazones bearing a chemically reactive
group useful in the synthesis of the reagents of the
present invention can be synthesized as shown in Scheme

2.

35
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atherosclerosis, Qis selected fromthe group including the cyclic
I1b/111a receptor antagoni st conpounds descri bed in co-pending U S
Ser. No. 08/415,908,861 10 (equivalent to WD 94/22494); the RGD containing
pepti des described in U S. Patents 4,578,079, 4,792,525, the
applications PCT US88/ 04403, PCT US89/01742, PCT US90/ 03788, PCT
US91/ 02356 and¥BY$®53nm et. al ., 204th Meeting of the ARSTEAISHHIES Soc.
1992, Abstract 44; the 15 peptides that are fibrinogen receptor

ant agoni st s descri bed in European Patent Applications 90202015, 5,
90202030. 4, 90202032. 2, 902(3p032.0, 90311148. 2, 90311151.%, 90811537. 6,
t he speC|f|c bi ndi ng p and polypeptldes descri
receptor |igands, 20 i Q%r bﬁperlzatlon Si

| am nin derivat ] and';J‘rlr aya &g O thr ith 1igan in
PCT WD 93/ 23085 (etx"(ﬂ udithg the t &N#ePFEm bi ndi n Z “NTOrouds); theg

ol i gopepti des that ®berespond to the Illa pr descri bed in PCT
W90/ 00178; the hirudin-based 25 peptides, descri ed in PCT WD90/ 03391,

the I1b/1lla receptor |igands descri S5HSP®H $CT W00/ 15818; the

t hronbus, platel et binding or atherosclerotic plaque bi ndi ng pepti des
described in PCT W2/ 13572 (excl udi ng t he technetiun1binding group) or

GB 9313965. 7; the g fibrin,bindin % 8 géldes described .i.n Patfnts
4,427,646 and 5° 27BYBEBZIRARIGRY IR - BELBd i pefEAFESD Wlt&bs%r FBE’B"{%
Patent 5,279, 812; centaigifighcompound,bREAC twp)RED! cimsiites by 1 Hemnamide). &

Paten: 5, §é7d705 tfbﬁm the w%e@nd@rlé&w%g a:.k@éoﬂté‘hagtﬁi)céthﬁulcl Rtl4ala
recept or escri e or e

derivatives descrlg #ﬁoﬁngpégﬁ’PaF ﬁg§ %V%E AEPBR sorUtidn with N-

-42- WO gayd.@‘@gtysuccz.nlmlde (NHS) in the prespaPeUSIBE 09766

0478328A1, andipy Hi&%/@&fblﬁixyﬁéarbédlwﬁ1(ide0he(rﬁcc)1992esu1ts35111ﬂ64t91e0"
oxi di zed. | ow densi t osi s of

t
i nfection, |nflannﬁ F%ﬁ Eﬂ%%%%Ebl§thFef8%??%ﬁﬁV%g t%%% gggaa??%%1the
group i ncl udi ngft hécpbirbeyaeid; nghagsyepheskes G§S§P¢©%ﬂl¢n stableT

W93/ 17719 (excl udhpariabentecalding b ndudgigiAUAY1 ester chemically
reactive moiety are described in the Example Section.
15
The stable hydrazones bearing a succinimidyl ester
moiety can be used to prepare reagents of the present
invention by reaction with an amino group on a
biologically active molecule or linker-modified
20 biologically active molecule to form an amide bond. The
synthesis of reagents by reaction with linker modified
cyclic IIb/I1Ia receptor antagonists is shown in Scheme
3.

25
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PCT W92/ 13572 (excluding the technetium bindi ng group) or U S Ser.

No. 08-140000; the chenotactic peptides 10 described in Eur. Pat. Appl.

90108734.6 or A Fischman et. al., Semin. Nuc. Med., 1994, 24, 154; or

t he | eukostimul atory agents described in U S. Patent 5,277, 892.

15 For the diagnosis of cancer, Qis selected fromthe rou

somat ost at i n 2WQI96483Tescri bed in UK Appl i cation 8927253

W94/ 00489, the selectin bi ndi ng pepti des described in PCT W94/ 05269,

t he bi ol ogi cal -functi on donmai ns described in PCT W»©3/12819, 20

Pl atel et Factor 4 or the growh factors (PDGF, EG-, FGF, o TNFQ MCSF or

111-8). Q may al so represent proteins, antibodies

fragnents, peptides, polypeptides, or pepti dom' metics arobwnd fo

receptors or blndlng sites on ot her tis rga nzymes fluids.

Exanpl es i ncl ude the [err]-anyloid prote 35 31 been d nstrated
o 30

to accunul ate in patients with Al zhei ner' se, atrial

naturetic factor derived peptides that bind t nyocakgdi al and renal
receptors, antimyosin antibodies that bind to areasjof infarcted

ti ssues, or ni troim daf®Ae ders ives that localiz¢ in hypoxic

areas in vivo. 35 Th-MeArS gent s A4$P t he present ifivention are
conpri sed of a biologicall y/actl ve oup, Q attached to a stable
-43- WD 96/ 40637  p-val NH NEy, PCT/ US96/ 09766
hydrazone, Herr], and optionally conprifking a linking [OMFgroup, L[err],

between sai d biologically act gAONp—and | e hydrazone.. The
stabl e hydrazone is a protect ¢ brm of a h i or hydrazide

chelator or 5 bonding unit, desighy ed as Ch inc ing US S N
08/ 415, 908, 861, that is either di rﬁly attached to t
HaoN
. 0
TFA or HOAc HPLC
TFA Gly
hLMeA?r” \\‘Asp
D-Val NH
o)
o .
.~ l H’A\y/’\\/’~\“/NH
sop._ N A 0
YN
R8! TFA

Scheme 3.

5 A dimethylformamide solution of a hydrazone bearing a
succinimidyl ester moiety is combined with the linker
modified cyclic IIb/IIIa receptor antagonist cyclo-({(D-
Val-NMeArg-Gly-Asp-Mamb{5-Aca)} dissolved in DMF to form
a reagent, cyclo-{D-Val-NMeArg-Gly-Asp-Mamb({Hz-5-Aca)).
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noiety Qor is attached to the linking group L[err] which is attached

to Q The chelator or bonding unit becones bound to the radi onuclide
(and is designated Cl[err] in the 10 bound state in U S.S. N 08/415, 908, 908)
in the radi ophar maceuti cal s synt hesi zed using the reagents of t he
present invention. The substituents Rlerr] and Rerr] of this
invention are WO%M¥3EN to inprove the stability of the hydr 6¢

t hat achi evabl e usi ng substituents conprised solely of hydr ogen or

| ower al kyl. The inproved stability is necessary because hydrazones in

whi ch t he substit uécdo- {(D-¥alNiskaby Chy dherdfardy{ S-aael } al & \synhhesiegdt i ve

¥m t hdZQ ot heL al defaséd_asslaﬁﬂbé&ti@n@&rpanam@em.S).fs Wi og/@w,t gos,Jmlrnrmnby
ound in a pharmac i.ca c [ ng. icularly.

ubi qui t ous al dehydg’%itug% régl‘gérﬁqtgl %g{%yg% %Fiﬁi,&g %‘o'm%ﬁ%aﬂas%l ¢ phigh

di si nfectants. rerEornares di-wida chsamategrantvhHPEG brer Wiv 1 awledehyde
25 or ketone cap poECEEHeA MmO kilownt W ®hbse $iTlled in theéGrt, such

Schene 1 alngaahl & hydeazane .oy Qe Chidakt EbRy Und NS vent
Faray

invention may be commercialized as radi opharmaceutic precursers.
Lower al kyl prot ecE&8ragErdr-ones can not be
-44- WD 96/ 40637

PCT/ US96/ 09766 - tripl ggg- i roge ri ;
aromatic ring. Stabili t%ﬂcgﬁpgﬁg%mgveecgér V1 c?reyél _bf(y%%.%gte s%gﬁggggeggf ?{elgt
the substituent® REepephtnef fher PregeBtt ARegption involves reaction of a

carbonyl-containing compound of the formula RE&%C (=0)R81
with a compound of the formula {Q)4q'-Ln~Ch., wherein Cp is
-R40R4INNH,, as shown in Scheme 4.

15
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together to forma ring system 5 The reagents of the present

i nvention can be synt hesi zed by a variety of nmethods. The hydrazi ne and
hydrazi de precursers may be.prepared as described in co- pendi ng
application U.S.S.N. 08/415, 908, 861. The 10 stable hydrazone group

H err] can be introduced at any step in the synthesis of the reagent
provi ded t hat MWO9648637 stable to subsequent reaction condi t PEHESH6RH

synt hetic approach involves the reaction of a stable hydrazone

group bearing a coupling functionality with a 15 biol-ogically active

nmol ecul e, Q optionally bearing a l'i nki ng grdﬁB&wﬁ%gﬁ A coupl ing
functionality is a chemically reactive noiet¥ | e ofﬁﬁeactlng wth
a bi ol ogically active nolecule, optionally beari i nki ng group,
to bind the stable hydrazone thereto. For 20 blobuglcally acimve nol ecul es
beari'ng a |inking group, the stable hydrazone is}bound tofthe Iinking
group. The reaction of the stable hydrag g a

chem cally reactive noiety with a biologically active | ecul e or

| i nker nodified biologically active nol qgul e can be formed by direct
conbi nation of the two reactants in sui tabl e sal ve and under

sui tabl e reaction conditions. 0 e I dition is
suitable if the stable hydraé ly active 3 nol ecul e or

st abl e hydrazone-1i nker - bi ol aF ctive nol ecul"e reagent is forned
wi thout a significant |oss of a0l ogical activity due to the use of
sai d solvent or condi ti on. 35 Exanpl es of chem cally reactive
noi eti es include an al kyl group bearing a jga¥dEbmiVi ng group such as a
- 46- WD 96/ 40637 . DMIF .
PCT/ US96/ 09766 hal i de, a carbonyl group¥uch as an acid anhydri de,
acid hal i de, or active ester, an isothiocygmnate or.

TR Gy
N-MeArg” \\‘Asp-

D-Val NH

0

Scheme 4.

The cyclic ITh/IIIA receptor antagonist, c¢yclo-{D-~Val-
NMeArg~Gly~Asp-Mamb (Hynic-5-Aca}), which c¢an be

synthesizéd as described in co-pending U.S.S.N.
08/415,908,861, is reacted with a carbonyl-containing

10 compound of the formula R80(C=0)R®! in dimethylformamide

. to give a reagent cyclo-{D-Val-NMeArg-Gly-Asp-Mamb({Hz-5-
Aca)). The crude reagent can be purified by preparative
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substituted isothiocyanate, or a maleimde. An active ester is an ester
that is nore reactive in nucleophilic 5 substitution reactions such as

tetrafl uorophenyl, N succi nim dyl, and nitrophenyl. In the reaction
bet ween the stable hydrazone bearing a chemcally reactive noi ety
and a biologically active nolecule or |inker nodi fi ed b| ol oqgi cal |
active nol ecul¥0? é‘foﬁi’er reactant 10 can serve as the 5%3‘?( @y

More detailed descriptions of these coupling reactions can be found in
Brinkl ey, M, Bioconjugate Chem str 1992, Vol . 1, which is

i ncor por at ed her ei Bigh Wépt‘,?ﬁ'ééceAX%@ud ch@nstomaehy 4HPBE) 399, b¥hich i s

i ncorporated herei mzmbardlo&cbanes mébﬁdsawm&re&wftwwnmuwdr gacthee

noi et es. %9:%? 9@:9;]1 |
t he stabl e hydr azone és e last st EE?% the synt %@i \sﬁgogl&rd?‘%ttbggaga ent.
Conpounds of the f&8PRUFALY®Y &EFaCFE™M ] -err], in which Cerr] is

-Rlerr]Rerr]NNs[err], the synthesis of which are described in
co-pending U S. S N 08/415 908, 861, can be reacted with
car bonyl - cont ai ni ng conmpounds of the formul a errLC%:O), Rberr in a
suitabl e sol vent under LHft JHIRITHS QEt L8 RFRFHondPVERELPYeRE oFDe

reaction conditi on fiogmula $0) 4-albeHi i tawe needeht £05 fhe neceparelidon of

si gnificant p@ia%&%e%'m%%' Vd%é’cﬂc%f‘e& 05 hh& A5k HnP bt ent
sol vent or con% 4 %gogy ones bearing a chem cally
reactive a’é’?%?‘ﬁ?t’rqi‘ 48 4d9n 8agents of the
present 1 nventlon can be synthesized as shown I n Schenme 2. 35

-47- WO 96f (0¥ Ln-Cn+ 1x-Me (Ar1) y(Ar2) 2 {2),

PCT/ US96/ 09766

_whe:;ein Q, 4', and Ly are as defined above and Ch:-is a
15 radionuclide metal chelator or bonding unit bound to the
transition metal radionuclide, M't, of the formulae
R4IN=N*=, R4OR4IN-N=, R4ON=, or R4N=N(H)-, Ap; is a
first ancillary or co-ligand, 2Ap; is a second ancillary
or co-ligand, x and y are independently 1 or 2, and z is
20 independently an integer from 0 to 4. The transition
metal radionuclide, My, can be selected from the group:
technetium-99m, rhenium-186 and rhenium-188,

The group Ch: is termed a hydrazido {of formula

25 RAOR4IN-N=), diazenido {of formula R4ON=N*= or R4ON=N(H)-

} or imido {of formula R40N=) group and serves as the

point of attachment of the radionuclide to the remainder

of the radiopharmaceutical designated by the formula

(Q)ga-Lpn. A diazenido group can be either terminal

30 fonly one atom of the group is bound to the

radionuclide) or chelating. In order to have a

chelating diazenido group at least one other atom of the

group, located on R4, must also be bound to the

radionuclide. The atoms bound to the metal are termed

35 donor atoms. The hydrazido and imido groups are
exclusively terminal.
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[err] Schene 2 5

Hydrazi nonicotinic acid is reacted with a carbonyl - cont ai ni ng .
conmpound, Rerr]C(=O R err], in dinethylformamde to formthe
respective stable hydrazone of nicotinic acid. Reaction of the
stabl e hydrazope solution with N hydr oxysucci ni m in

t he presence ofVO96M0637 19 cycl ohexyl carbodi i m de (DCC) o I n

t he succi nim dyl ester of the respective stable hydrazone

of nicotinic acid. The syntheses of specific stable hydr azones
bearing a succinimdyl ester chemcally reactive noiety are

described in the Exanpl @hBectoondiddtion sphere of the stadienhgiliideones
bearing a succini my %m%éserau the . 1igaMBkeldr CERM s”st%ﬂuﬂﬁ RFPehe

reagents of the pres ent1on, am no
grogp 0?1 a P admﬁ?“ﬁ%ﬁ‘?calﬁﬁ’f QCFWBIS??H‘@'KIT}EE g ‘?’n%‘fc f Mg

20 biologicallg adid use netaisle eit otypicahly ahasieabendrdinetion number
synthesis of reagespobysE8aGE! *Méé?;e'xl @‘&%ﬁtHPdtﬂé{?dor equal to 5 augl i ¢

[1b/I1la receptor antagoni sts is s
o5 less than or equal to 7 that is th&ge are 5 to 7 atoms

bound to the metal and it is said to have a complete
coordination sphere. If the chelator or bonding unit
10 Cn:+ does not provide all of the atoms necessary to
stabilize the metal radionuclide by completing its
coordination sphere, the coordination sphere is
completed by donor atoms from other ligands, termed
ancillary or co-ligands, which can also be either
15 terminal or chelating. ]

A large number of ligands can serve as ancillary or
co-ligands, ‘the choice of which is determined by a
variety of considerations such as the ease of synthesis

20 of the radiopharmaceutical, the chemical and physical
properties of the ancillary 1ligand, the rate of
formation, the yield, and the number of isomeric forms
of the resulting radiopharmaceuticals, the ability to
administer said ancillary or co-ligand to a patient

25 without adverse physiological consequences to said
patient, and the compatibility of the ligand in a
lyophilized kit formulation. The charge and
lipophilicity of the ancillary ligand will effect the
charge and lipophilicity of the radiopharmaceuticals.

30 For example, the use of 4,5-dihydroxy-1,3-benzene
disulfonate results in radiopharmaceuticals with an
additional two anionic groups because the sulfonate
groups will be anionic under physiological conditions.
The use of N-alkyl substituted 3,4-hydroxypyridinones

. 35 results in radiopharmaceuticals with varying degrees of
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WO 96/ 40637
Scheme 3.

PCT/ US96/ 09766 [err]

WO 96/40637 PCTAUS96/05766

10
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lipophilicity depending on the size of the alkyl
substituents.

The radiocpharmaceuticals prepared from the reagents
of the present invention can be comprised of one or
two ancillary or co-ligands, designated 2Arj, in a binary
ligand system. The one or two ancillary or co-ligands,
Ari. comprising the radiopharmaceuticals can be
independently selected from the group: dioxygen ligands,
functionalized aminocarboxylates and halides; provided
that the coordination sphere of the radionuclide is
complete.

Ancillary dioxygen ligands include ligands that
coordinate to the metal ion through at least two oxygen
donor atoms. Examples include but are not_limited to:
glucoheptonate, gluconate, 2-hydroxyisobutyrate,.
lactate, tartrate, mannitol, glucarate, maltol, Xojic
acid, 2,2-bis{hydroxymethyl}propionic acid, 4,5-
dihydroxy~1l,3-benzene disulfonate, or substituted or
unsubstituted 1,2 or 3,4 hydroxypyridinones, or
pharmaceutically acceptable salts thereof.

Functionalized aminocarboxylates include ligands
that have a combination of nitrogen and oxygen donor
atoms. Examples include but are not limited to:
iminodiacetic acid, 2,3 diaminopropionic acid,
nitrilotriacetic acid, N,N'-ethylenediamine diacetic
acid, N,N,N'-ethylenediamine triacetic acid,
hydroxyethylethylenediamine triacetic acid, N,N'-
ethylenediamine bis-hydroxyphenylglycine, or the
ligands described in Eur. Pat. Appl. 93302712.0, or
pharmaceutically acceptable salts thereof.

Halides can be chloride, bromide, fluoride or
iodide or pharmaceutically acceptable salts thereof.
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5 A dinethylformam de solution of a hydrazone bearing a succi ni m dyl
ester noiety is conbined with the Iinker nodi fied cyclic Ilb/llla
recept or antagoni st cycl o-(D Val - NMeAr g- d y- Asp- Manb(5- Aca)) di ssol ved
in DVF to form a reagent,

cycl o- (D Val - NMeArg- Q3 y- Asp- Manb(H err] -5-Aca)) .

-49- WOB6A8B2.0637 PCT/US96/09766

PCT/ US96/ 09766 Cycl o- (D Val - NMeAr g- d y- Asp- Manb(5-Aca)) is

synt hesi zed as described in co-pending U S. S. N 08/415, 908, 861. The
crude reagent can be purified by preparative high performance liquid

chromat ogr aphy (HPLC) Obfbypé’rﬁ"i&ﬁlea’ ét;Pit;Pt gee %%a‘%ﬁﬁ%u&@chh@se
skilled in the art, such stall |zattoEB?colunn c ronatggrap y

and sol vent e PTERAT ?ﬂlfr°m €ne’ cagents) ¢ i PECSFPF 02BN EPEFPhe
synthesis of the l@ompedgedt off twee Giidesenti typasi of iamedliesyreacitoon of

a car bonyl 5CORL;Y-H L, Com@ur& Ofwb hqlt;amal Qiéﬂx%‘r{a]t%-c?)ﬂ CEikst

i 2 comound of o1 Leup 2ol9 L plel gt ol eutlpanieig Terila's

independently selected from the group: dioxygen ligands,
functionalized aminocarboxylates and halides; and one
to four ligands designated the second ancillary or co-

10 ligand or 1ligands, Apz, selected from the group:
trisubstituted phosphines, trisubstituted arsines,
tetrasubstituted diphosphines and tetrasubstituted
diarsines, in a ternary ligand system. We have disclosed’
in co-pending U.S.S.N. 08/415,908, that

15 radiopharmaceuticals of the formula {[(Q)qa'In-Ch'lx-
Me (Ap1)y{(AL2)z comprised of one or more ancillary or co-
ligands Az are stable compared to said
radiopharmaceuticals that are not comprised of one or
more ancillary ligands, Apz; that is, they have a

20 minimal number of isomeric forms, the relative ratios of
which do not change significantly with time, and that
remain substantially intact upon dilution.

The hydrazone group, Hz, must be converted to a

25 chelator or bonding unit, Cy., that is either a
hydrazine group of the formula R4OR4INNH, or a diazine
group of formula R4ON=NH, that may or may not be
protonated, in order for the chelator or bonding unit

Ch* to be formed with the metal radionuclide, Mt. The

30 chelator or bonding unit, Cp, when bound to the metal
radionuclide, My, is designated Cp+. The conversion of

the hydrazone group, Hz, to the chelator or bonding

. unit, Cp, can occur either prior to reaction with the
radionuclide, in which case the radionuclide and the

35 ancillary or co-ligand or ligands are combined not with
the reagent but with a hydrolyzed form of the reagent
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PCT/ US96/ 09766

[err]

WO 96/40637 PCT/US96/09766
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bearing the chelator or bonding unit, Cu., or in the
presence of the radionuclide in which case the reagent
itself is combined with the radionuclide and the
ancillary or co-ligand or ligands. In the latter case,
the pH of the reaction mixture must be neutral or
acidic.

Radiopharmaceuticals of the formula [(Q)aq:'Lp-Ch'lx~
Me (Ap1)y can be easily prepared from the reagents of the
present invention by admixing a salt of a radionuclide,
a reagent of Formula 1, an ancillary ligand Api, and a
reducing agent, in an agueous soclution at temperatures
from room temperature to 100 °C. Alternatively, the
radiopharmaceuticals can be prepared by first admixing a
salt of a radionuclide, an ancillary ligand Ap), and a
reducing agent in an aqueous soluf:ion at temperatures
from room temperature to 100 °C to form an intermediate
radionuclide complex with the ancillary ligand Api then
adding a reagent of Formula 1 and reacting further at
temperatures from room temperature to 100 °C.

Radiopharmaceuticals of the formula [(Q)a Ln-Chrlx-
Mt {(Api)y{A12)2z can be easily prepared from the reagents
of the present invention by admixing a salt of a
radionuclide, a reagent of Formula 1, an ancillary
ligand Ap3;., an ancillary ligand Arz, and optionally a
reducing agent, in an agueous solution at temperatures
from room temperature to 100 °C. Alternatively, the
radiopharmaceuticals can be prepared by first admixing a
salt of a radionuclide, an ancillary ligand Api, a
reagent of Formula 1, and a reducing agent in an agqueocus
solution at temperatures from room temperature to 100 °C
to form an intermediate radionuclide complex, and then
adding an ancillary ligand 232 and reacting further at
temperatures from room temperature to 100 °C.
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Schene 4. The cyclic IIb/I'1l A receptor antagonist, cyclo-(D Val-

NMVeAr g- A y- Asp- Manb (Hyni c-5-Aca)), which can be synt hesi zed as .
described in co-pending U S S N 08/ 415,908,861, is reacted with a
car bonyl -containing 10 conpound of the fornmula Rlerr](CORerr] in

di et hyl f or mam de to give a reagent

cycl o- ( D- Val - \NRASs3] vy - Asp- Manb(H err] - 5- Aca)). The crPGT&SIARTENt can
be purified by preparative -51- WO
96/ 40637 PCT/ US96/ 09766 hi gh

performance |iquid chr d¥iee dptadhy ifmePo€) poepawation wilduvbey dependriag
met hods known to tbasenskiddmitd tiNokhehe radidhicl 886/ Bfe ri¥anyrstaksigat i on,

colum chr ommat Ogragﬂ&mts orarlgxesglexgggn‘gé(tarn%ckhgnprocedure used for the

’ preparation. The preparations may be complete, resulting

5 in > 80% yield of the radiopharmaceutical, in 1 minute
or may require more time. If higher .purity
radiopharmaceuticals are needed or desired, the products
can be purified by any of a number of technigues well
known to those skilled in the art such as 1liguid

10 chromatography, solid phase extraction, solvent
extraction, dialysis or ultrafiltration.

The use of a reagent of the present invention for
the synthesis of a radiopharmaceutical for imaging
15 thrombosis, comprising a stable hydrazone-linker
modified-cyclic IIb/IIla receptor antagonist is shown in
Scheme 5. The binary ligand system of the technetium-
99m radionuclide is comprised of the diazenido bonding
unit Cn+ and two tricine ancillary ligands, Api. The
20 structure shown is only one of a number of possible
isomeric forms of the radiopharmaceutical due to
coordination isomerism of the diazenido bonding unit and

the two tricine ligands.

25
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The reagents of the present invention of the formul a
(Qlerr]-Llerr]-Herr], are useful for the preparation of

radi ophar maceuti cal s di sclosed in copending patent 10 application
08/ 415, 908, 908 of formnul a:

-L - - A A 2) ,
whelein G o WAL ] ore as definea above and Ch 15 a 1BCTPSRRGG | de

metal chel ator or bonding unit bound to the transition netal

radi onuclide, Merr], of the fornul ae Rl err] NeEN+=, err]Rlerr] N-N=,
Rlerr]Ns, or Rlerr]NeN(H -, Alerr] is a first BACilLa r co-1ligand,
AL2 is a second ancillary or co-ligand, x andNyMe®;8™ i ndepdfBently 1 or
2, and z is 20 independently an integer fromO to 4. e transhktion

nmetal radionuclide, Merr], can be selected from thb-\goup: NH
technetium 99m rheni um 186 and rheni um 188. The grogp Cferr] is

terned a hydrazido (of forrmula 25 Rerr]R err] N N=) oS g0 (of fornula
Rlerr]NeNerr]= or R err] N=N(H) - ) or imdo (of for ! Rl err] N=)
group and serves as the poi nt of attaphment of the ra&onuclide to the
remai nder of the radigpharnmaceuti esignated b th:ﬂ)or mul a
(Qlerr]-Lierr]. A diazefg group h t 1N (only one
atom of the group i nd yto radi onucli @) or chel ating.
In order to have a el 7 n i aH€ni do group at | east one other atom
of the group, located on R erT] waust al so be bound to the
radi onuclide. The atons bound to the netal are tef..q:&g‘- 35 donor atons.
The hydrazido and imdo groups are excl usi Yglidhet €r M nal .
-52- WD 96/ 40637 Sn(i) PCT/ US96/ 09766
The coordi nation sphere of the radionuclide I ncludes all the |igands
or groups bound to the radi onuclide. For a tfransiti O}%|
radi onuclide, Merr], N-MOMIQ A\SP
D-Val NH
o
O
NH
N I O
N N
o o
o_ll °
‘\\Tb"'o.:r’
NN
NH™ | TNH” on
Ho->|\tno\/>_/
HO OH HO
Scheme 5
5 The use of a reagent of the present invention for

the synthesis of a radiopharmaceutical for imaging
thrombosis, comprising a stable hydrazone-linker
modified-cyclic IIb/IIIa receptor antagonist, and having
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5 to be stable it typically has a coordinati on nunber conprised of an
i nteger greater than or equal to 5 and | ess than or equal to 7; that is
there are 5 to 7 atons bound to the netal and it is said to have a
conpl ete coordi nati on sphere. If the chelator or bonding unit 10 Cerr]
does not provide all of the atons necessary to stabilize the netal

radi onucl i de bYOOM&P%eting its coordi nati on sphere, the RIHO69286 on
sphere is conpl eted by donor atoms from other |igands, terned
ancillary or co-ligands, which can also be either 15 term nal or chel ating.
A | arge nunber of Ri g@mgr&arhg@me systgmei Epashoyn in Ichengydnds, Thee

choi ce of which istdghe¥yi NRAIY sPstem d@th@tvemnétqﬁhﬁi—dgﬁaia&%&u%mmeas

t he ease of synthesgi e t

physi cal pr ope?‘ i é%,Q%,FOJ stﬁ‘lea é’:lfgck}l?ary {%%Lgcf %ﬂdll}ﬂf ﬁ{-}?{{" Eh Tor nat i on,
the yield, and thetBdfbRe BPC%%E@M%J-Q%}% L1, @G R ggjispbgituted
radi ophar maceut 5caphospiitn@ldndilljlalre ligamiimaph St Ehe st rhasurie bﬁb\ynO:ts
co-li-gand to a patignt 25w {haut aﬁ@fiﬁf?phﬁgbﬁe ical fggﬂgeq gin%l ed

sai d patient, and the conp ati i and in-a
kit fornulation. TK@ thcal I@‘}ﬂ)ﬁﬁl F‘i’%’f"%";ﬂ%ﬂmhés%‘éﬂ%ﬁ thgand
will effect the  dishertigi aosdihgophid.icity of the radi opharmaceutical s.

30 For exanple, the use of 4,5-dihydroxy-1, 3-benzene di sul fonat e
results in radi opharnmaceuticals with an addi tional two anionic groups
because the sulfonate groups wi Il be anionic under physiol ogi cal
condi tions. The use of N-al kyl substituted 3, 4-hydroxypyridi nones 35
results in radi opharnmaceuticals with varyi ng degrees of .
- 53- WD 96/ 40637 PCT/ US96/ 09766
| i pophilicity depending on the size of the alkyl substituents.
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The radi opharmaceuticals prepared fromthe reagents 5 of the present

i nvention can be conprised of one or two ancillary or co-Iigands,
designated Alerr], in a binary | i gand system The one or two ancillary
or co-ligands, Alerr], conprising the radiopharmaceuticals can be
i ndependently sel ected fromthe group: dioxygen |ligands, 10 functionalized
ami nocar boxy| 2We864863F hal i des; provi ded t hat the coor di REHUSAF6fer e of
the radionuclide is - conpl ete. Anci | l ary di oxygen |igands
include ligands that 15 coordinate to the netal ion through at |east two
oxygen donor atoms. Exanples include but are Vit |idfl¥%ed to:

gl ucohept onat e, gl uconate, 2-hydroxyi sobutyr at e, N-MeArg“act at AsRartr at e,
manni tol, glucarate, maltol, Kojic aci d, 2,2-bis¢hydroxydbthy)propionic

acid, 4,5- 20 dihydroxy-1, 3-benzene disul fonat e,p4al substitukgd or
unsubstituted 1,2 or 3,4 hydroxypyridi nones, or phar maceuf i cal |y

accept abl e salts thereof. Funct i onal i zegzamzgotgrioxyl at es

i nclude ligands 25 that have a conbination of nitrogel i oxygen donor
at ons. Exanpl es include but are not Ilgmted to: w’nodi acetic acid,
2, 3 di am nopropi oni c acid, nitrilotrlfacetic acid, N,yH-ethernedianine
di acetic acid, N, et hyl en } Giﬂ I t atyd, 30

hydr oxyet hyl et hyl enedi e fyiackti actd, NN - s et hyl enedi am ne
bi s- hydr oxyphenyl gl yci m& Zort | i gands described in Eur. Pat.
Appl . 93302712.0, or phgy mactugracal | y acceptabl e salts thereof. 35
Hal i des can be chloride, bromde, fluoride o umuo-iodide or
pharmaceutically acceptable salts thereof. "hmG‘

- 54- WD 96/ 40637 TPPTS
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Scheme 6

Radionuclides that can used with the reagents of
the present invention to synthesize radiopharmaceuticals
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O particular utility are radi opharmaceutical s prepared fromthe

reagents of the present invention conprised of two different types of
ancillary or co- 5 |igands, one or two |ligands designated the first
ancillary or co-ligand or ligands, Alerr], and i ndependent |y sel ected
fromthe group: dioxygen |igands, functionalized am nocar boxyl ates and
hal i des; and oW@96/4863T 0 four |igands designated the second aPEI/V$IPP6®Or co-
10 ligand or ligands, Alerr], selected fromthe group: trisubstituted
phosphi nes, trisubstituted arsines, tetrasubstituted di phosphi nes and

tetrasubstituted arediﬁ'.l&iclﬁeﬂ froamather gedup I9i9gmﬁ Waéenbrvvﬁqmave For

di scl osed I n S /

radi ophar maceut i cal g?j%tgﬁge%urniﬁsags 1 §H{(§Jt err %’é?‘? et:or‘iie s
I\/[err](A[err])[err]{;&{oé’lrr]l'”?[lgri']' %o?ﬂf* r e M &GS co-
| i gands AL2 are st axtes admophridealo foai damma samm.phraphnceaim@aécmmtare

not conprised of O broce L w2061 & @a{ﬁin.ls'hgﬁngér HoRler bici 1 1184 inS’thEhey

have .a 20 m ni nal I Sonerj Cc 1orns e, relative ratlos

whi ch do not chang@’%‘ﬁ gr'ﬁhlel EHRRLYM 3 83 AR 215RIDERE  gamma r’@%uqﬁmssmn
substantial |l y i nt acmexgiesdithati eme compatible ﬁ?cteh rgeclmmrgpﬁ@x}aphlﬂ[ err],

must be converted to.ave?, EHE) Ao eflitPRAG Nhdily t hefh, phfidicics tolakher

a hydr azi ne group of the fornul a R%err] .errj I-guerr] or_a di af)l ne
group of fornul a RS |REKE ‘%’Hi‘tg S prot TR d R

order for the &fel ata;ﬂtiwld)omhmmtcan b@[eltrijl:tzadaefénrmraptentuhe .
nmet al radi onucl i de,pi¥bosdéle RG exhfp8é OlcaticeROpshitEHeRbby . Cl err] when bound
to the netal radi onucl1de, Merr], is designated Clerr]. The conversion

of t he hydrazone group, Herr], to the chelator or bonding uni t,
Clerr], can occur eltheﬂfq@rlmchQﬁtFMt iagdt wrhenipe radiomiichudgs derein

whi ch case the radl;&"éﬁéﬂa@ﬂgafl% thee 35heﬁ@aiIeébmo.JscheL:taaﬁﬂeeatél gands
are conbi ned nqE wi e rdeageﬂ but wi.th 2 haY d form of ,I]'hhe
rma%ﬁytlcal y acc pﬁ%ﬁg .

r eagent
PCT/ US96/ 09766 pertechnetate salt form is preferably sodlum

pertechnetate such as obtained from commercial Tc-99m

perrhenaé

generators. The amount of pertechnetate used to prepare
the radiopharmaceuticals of the present invention can

20 range from 0.1 mCi to 1 Ci, or more preferably from 1 to
200 mCi.

The amount of the reagents of the present invention

used to prepare the radiopharmaceuticals can range from

25 0.1 pg to 10 mg, or more preferably from 0.5 Hg to 100

Hg. The amount used will be dictated by the amounts of

the other reactants and the identity of the
radiopharmaceuticals of Formula 2 to be prepared.

30 The amounts of the ancillary ligands Ap; used can
range from 0.1 mg to 1 g, or more preferrably from 1 mg
to 100 ﬁg. The exact amount for a particular
radiopharmaceutical is a function of identity of the
radiopharmaceuticals of Formula 2 to be prepared, the

35 procedure used and the amounts and identities of the
other reactants. Too large an amount of Ar; will result
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bearing the chelator or bonding unit, Cerr], or in the presence of the
radi onuclide in which case the reagent itself is conbined with the

radi onucl i de and the ancillary or co-ligand or ligands. In the latter
case, 5 the pH of the reaction m xture nmust be neutral or aci di c.

Radi opharmaceuticals of the fornula [(Q[err] L[err]-C[err]][erré&-

Merr] (Al err] )Voeﬂﬂ’% easily prepared fromthe reagents of RGY: sfff‘“'f‘!f‘l%ent

i nvention by adm xing a salt of a radionuclide, a reagent of Fornula 1,
an ancillary |igand ALerrL, and_a reduci ng agent, in _an_aqueous .
solution at tenperdfufBs TormatinR RfokVrBRpSUCOTPFised PErgehnetium

Al ternatively, thelabeleddagphwithcettachislagmivcdldypreapdved Ml echiiet or

eduo ng agent n ShBEolates Biipriea e Richnotlin JAICAbER daichldy®
tenperature to 100 F&r? FCT%?%‘f]rﬁsanwf.'ﬁPe&ﬁgdiaﬁcé' lary, ahjr%‘?ﬂﬁ]l %H%n%b‘ﬁ“pl ex
with the ancill & ywithent Yherarncilfeny liganddipng. Foesgedi of Fwyunyl @f1 and
ngg.C“ Rg furthte_f atALgo}ﬂE.%EpQ'][e%hllEFinf r%)@e@%@t%@ﬁﬁ&ﬁ&“%ﬁchfalsoi}ekﬁbbhc-

i ophar maceuticals .o e. foroul a, err]Llerr]- rll[err]-
Merr](Alerr])[err ﬂf@?’f??‘f&%ﬁ@ﬁﬁ%’e asP ?ﬁ’é%%gé’g&f’% m the reagents
of the present invention by adm xing a salt of a 25 radionuclide, a
reagent of Formula 1, @Heaifbhh®s Yof thd is1d14k9" 1l gadds aRCI hds@@Y ckhgand

Alerr], and optionally a re in ent, in_an aqueous_ SO i on at

t enper at ur es 1b frrgﬁgféo&‘ﬁ%@pg:dgt H%e%?’oqlgo [ M. ,Qxfeeqﬁr’fé'tag’égl g,mf“he

r adi ophar maceut i cal0s 0damabetprpamngd Bhef exact agmpunhgiar3d gmirticiilar

radi onuclide, an argihibghdrhddidcileisla Rnction SOUHe Qhehpit|cF theand &

reduci ng agent in an uequs sol ytion.at, tenperatures fromroom
tenperature to 100 fgral amacteéltflgl’a%sano‘? n%g nEFataie_ngilﬁ)‘?\ueFfeﬁgr?gnpl ex,
and t hen addi nprafednsel naegd pRgatierpapuntanandeadentgtiest hfr the 35

tenperatures f@aem oohert eepetaity.c Tow 1809 edn |dhount of Aps will result
- 56- in the formation of by-products coxriprised of technetium
labeled Apz; without a biologically active molecule or
by-products comprised of technetium labeled biologically
active molecules with the ancillary ligand Arpz but

20 without the ancillary ligand 2;:.

A reducing agent can optionally be used for the
synthesis of the radiopharmaceuticals of Formula 2 which
are comprised of an ancillary ligand Apz. Suitable

25 reducing agents include stannous salts, dithionite or
bisulfite salts, borohydride salts, and
formamidinesulfinic acid, wherein the salts are of any
pharmaceutically acceptable form. The preferred reducing
agent is a stannous salt. The use of a reducing agent

30 is optional because the ancillary ligand Ap; can also
serve to reduce the Tc-99m-pertechnetate. The amount of
a reducing agent used can range from 0.001 mg to 10 mg,
or more preferably from {.005 mg to 1 mg.

35 Another aspect of the present invention are
diagnostic kits for the preparation of
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The total time of preparation will vary dependi ng on the identity of

t he radi onuclide, the identities and amounts of the reactants and the
procedure used for the preparation. The preparations may be conplete
resulting 5 in > 80%yield of the radi opharnmaceutical, in 1 mnute

may require noVOMBT | f higher purity r adi ophar maceut |Q§§V%595[P!€‘ﬁ1eeded
or desired, the products can be purified by any of a nunmber of

t echni ques wel | known to those skilled in the art such as liquid 10

chromat ogr aphy, soFRigpbaEmasewsiialsh uasfinleds imagangr agepba, farakPsis or
ultrafiltration. dlagn051s Toe userdifovasasgant dméoﬁ:he&beseﬂhfeaveaﬁson

Fo i i e, Syntheghseglon taduaniatBRocUiLeato gha! BROLRY, 15:bhrBIDOS o

conprising a stable a receptor
antagoni st i s showfiER of u@cﬁ’é’ﬁﬁ%‘: Wﬁar‘g‘/"‘l‘ﬂr@&ﬁd%?s?’érﬂ%e Rals
technetium 599%monadiatngl itdee | steatle, S abmoipyiregetiiaz.enfdembdadiog

unit .Cferr]. and “ﬁ?mgﬂ.gé oﬁ”i bké&é‘%%fﬂﬁ{w anf%[xﬁ"cr]:f £he %Q?%ﬁ{:'%f”e

shown is only one SSi i soneyjc forns o

r adi ophar maceut i cal% Eﬂ‘éﬂ?o ar- Bo #i PRS OF FEBNRRTSMBT He C&ﬁ'&%@ﬁ?éﬁ
bondi ng unit and andtbptiomalilyi other |¢gpodents fifeh as reducing agents,

-57- transfer 1ligands, buffers, lyophilization aids,
10 stabilization aids, solubilization aids and
bacteriostats. The inclusion of one or more optional
components in the formulation will frequently improve
the ease of synthesis of the radiopharmaceutical by the
practising end user, the ease of manufacturing the kit,
15 the shelf-life of the kit, or the stability and shelf-
life of the radiopharmacmnﬁcal: The improvement
achieved by the inclusion of an optional component in
the formulation must be weighed against the added
complexity of the formulation and added cost to
20 manufacture the kit. The one or more vials that contain
all or part of the formulation can independently be in

the form of a sterile solution or a lyophilized solid.

Buffers useful in the preparation of
25 radiopharmaceuticals and in diagnostic kits useful for
the preparation of said radiopharmaceuticals include but
are not limited to phosphate, citrate, sulfosalicylate,
and acetate. A more complete list can be found in the
30
Lyophilization aids useful in the preparation
diagnostic kits useful for the preparation of
radiopharmaceuticals include but are not limited to
mannitol, lactose, sorbitol, dextran, Ficoll, and
35 polyvinylpyrrolidine(PVP).
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Stabilization aids useful in the preparation of
radiopharmaceuticals and in diagnostic kits useful for
the preparation of said radiopharmaceuticals include but
are not limited to ascorbic acid, cysteine,
monothioglycerol, sodium Dbisulfite, sodium
metabisulfite, gentisic acid, and inositol.

Solubilization aids useful in the preparation of
radiopharmaceuticals and in diagnostic kits useful for
the preparation of said radiopharmaceuticals include but
are not 1limited to ethanol, glycerin, polyethylene
glycol, propylene glycol, polysorbates .and lecithin.

Bacteriostats useful in the preparation of
radiopharmaceuticals and in diagnostic kits useful for
the preparation of said radiopharmaceuticals include but
are not limited to Dbenzyl alcohol, benzalkonium
chloride, chlorbutanol, and methyl, propyl or butyl
paraben,

A compeonent in a diagnostic kit can also serve more
than one function. A reducing agent can also serve as a
stabilization aid, a buffer can also serve as a transfer
ligand, a 1lyophilization aid can also serve as a
transfer, ancillary or co-ligand and so forth.

The predetermined amounts of each component in the
formulation are determined by a variety of
considerations that are in some cases specific for that
component and in other cases dependent on the amount of
another component or the presence and amount of an
optional component. In general, the minimal amount of
each component is used that will give the desired effect
of the formulation. The desired effect of the
formulation is that the practising end user can
synthesize the radiopharmaceutical and have a high
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5 The use of a reagent of the present invention for the synthesis

of a radi opharnmaceutical for imging t hronbosi s, conprising a stable
hydr azone- | i nker nodi fied-cyclic IlIb/Illa receptor antagonist, and
havi ng - 58- WD 96/ 40637

PCT/ US96/ 09766 a ternary ligand system is shown in Schene 6. The
ternary | i gandwoysuMessrof the techneti um 99m radi onucli de PCHUBWMHPIH sed
of the diazenido bonding unit C[err], one tricine ancillary |igand,

Alerr], and one trisubstituted 5 phosphine ancillary ligand, Alerr]. The
structure shown is degreenefotetrbmintys dhialte the oradiapHamaseotitank can be

radi ophar maceut i cal g drg1 § 0 iGPRUHRL ERPo! SAMPRIBn? 5HE wildi ¥R i%R
bondi ng unit. 10 _. R X .
diagnostic information about the disease state of that
patient.

-

The diagnostic kits of the present invention will
also contain written instructions for the practising end
user to follow to synthesize the radiopharmaceuticals.
These instructions may be affixed to one or more of the

10 wvials or to the container in which the vial or vials are
packaged for shipping or may be a separate insert,
termed the package insert.

Another aspect of the present invention

15 contemplates a method of imaging the site of thrombotic

disease in a patient involving: (1) synthesizing a

radiopharmaceutical, using a reagent of the present

invention, that localizes at the site of the thrombotic

disease due to an interaction between the biologically

20 active group, Q, of the radiopharmaceutical and a

receptor or binding site expressed at the site of the

disease or with a receptor or binding site on an

endogenous blood component that accumulates at the site;

(2} administering said radiopharmaceutical to a patient

25 by injection or infusion; (3) imaging the patient using
either planar or SPECT gamma scintigraphy.

Another aspec¢t of the present invention

contemplates a method of imaging the site of infection

30 or infectious disease 1in a patient involving: (1)
synthesizing a radiopharmaceutical, using a reagent of

the presen£ invention, that localizes at the site of the

. infection or infectious disease due to an interaction
between the biologically active group, Q. of the

. 35 radiopharmaceutical and a receptor or binding site
expressed at the site of the disease or with a receptor
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or binding site on an endogenous blood component that
accumulates at the site; (2) administering said
radiopharmaceutical to a patient by . injection or
infusion; (3) imaging the patient using either planar or
SPECT gamma scintigraphy.

Another aspect of the present invention
contemplates a method of imaging the site of
inflammation in a patient involving: (1) synthesizing a
radiopharmaceutical, using a reagent of the present
invention, that localizes at the site of the
inflammation due to an interaction between the
biologically active group, Q, of the radiopharmaceutical
and a receptor or binding site expressed at the site of
the inflammation or with a receptor or binding site on
an endogenous blood component that accumulates at the
site; (2) administering said radiopharmaceutical to a
patient by injection or infusion; {(3) imaging the
patient using eithexr planar or SPECT gamma scintigraphy.

Another aspect of the present invention
contemplates a method of imaging the site of cancer in a
patient invelving: (1) synthesizing a
radiopharmaceutical, using a reagent of the present
invention, that localizes at the site of the cancer due
to an interaction between the biologically active group,
Q, of the radiopharmaceutical and a receptor or binding
site expressed at the site of the cancer or with a
receptor or binding site on an endogenous blood
component that accumulates at the site; {2)
administering said radiopharmaceutical to a patient by
injection'or infusion; {3) imaging the patient using
either planar or SPECT gamma scintigraphy.
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Radi onucl i des that can used with the reagents of

lon to synthesize radi opharnaceuti cal s
96/ 40637
are selected fromthe group [err]TC, [err]Re, or

] Re. For nostic purposes [err]Tc is the preferred I sot o
hal f - | |W€’9émfg ’ng

140 keV gamma ray em SSion energy

in the
EXAMPLE SECTION

The materials used to synthesize the reagents of
the present invention described in the following
examples were obtained as follows. Cyclo- (D-Val-NMeArg-
Gly-Asp-Mamb(S5-Aca)) and cyclo-{D-Val-NMeArg-Gly-Asp-
Mamb (Hynic-5-Aca)) was synthesized as described in co-
pending U.S. Ser. No. 08/415,908,861 {(equivalent to WO
94/22494). The following were cobtained from commercial
sources and used as received: hydrazinonicotinic acid,
N-hydroxysuccinimide (NHS), dicyclohexylcarbodiimide
{(DCC), ¢tricine, ¢tris{3-sulfonatophenyl)phosphine
trisodium salt (TPPTS), stannous chloride dihydrate,
dimethylformamide (DMF), trifluorocacetic acid (TFA},
aceéonitrile, 4-pyridinecarboxaldehyde, ammonium
acetate, sodium dihydrogen phoéphate, sodium 2-
formylbenzenesulfonate, triethylamine, mannitol,
crotonaldehye, 4-carboxybenzaldehyde, and glyoxylic
acid. Deionized water was obtained from a Milli-Q Water
System and was of > 18 MQ guality. Tc-99m-pertechnetate

{99mpc0,~) was obtained from a DuPont Pharma 29Mo/?9mTc

generator.

To a solution of 20 mg (0.0215 mmol) of cyclo-(D-
Val-NMeArg-Gly-Asp-Mamb{5-Aca)}+2TFA and 7.5 mg (0.0222
mmol) of succinimidyl 6~ {2-
benzaldehydehydrazino)nicotinate in DMF (1 ml) was added
Et3N (10 pl), and the reaction mixture was allowed to

stir at RT for 42 hours. The reaction mixture was
concentrated, dissolved in 50% CH3CN/H20, and
lyophilized to provide the crude title compound (23.5
mg) as an off-white powder. Purification was
accomplished by reversed-phase HPLC on a preparative
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art. The rheniumisotopes al so have ganma ray eni ssion ener gi es that
are conpatible with gamma scintigraphy, however, they also emt high
energy beta particles that are nore damaging to living tissues. These
beta 10 particle em ssions can be utilized for therapeutic pur poses,
for exanple, cancer rad| ot herapy. The technetium and rh

radi onucl i des R6M40037 preferably in the chenmical form of per Wéﬁgf‘ or
15 perrhenate and a pharnaceutically acceptable cation. The

pertechnetate salt formis preferably sodium technet ate such as

obt ai ned from commef¥das Cié- goppmn ( %‘éné‘r &Pof®) gaﬁngﬁ'f" dienp Pt R Hikt at e
used to prepare 72%h @ceadnbphidremeoptainiie il hei fhwsedicetiveatidmtcan

The amount of ﬁelf‘e'%‘f B L s e s e the
u S i 0 p

r adi ophar maceut i calt"s1 ARG Bnﬁg 6?# ﬂ[%g F]S%; tgl'iﬁg "ghb en%?glé

preferably from50. 5-H &R g(DLGODESG@’ 11. %%rﬂ]lg s, TIRH) and0nf2 ued M) | SP4

dictated by the amoyqt s8f, g.61t Qe a=her gr, ggcﬁantﬁﬂan@ ahe (indefiﬁj I yg ofp t he

radi ophar maceuti cal of EQr a s of

the ancillary Ii gané’%’ gﬁ)r] u@eé%aﬁg? p.; g‘gl of $ 8 % flnﬂmfo % mp‘?f} nor e

preferrably from1 iy 1H).t3.420{(my 3HDhe7eiacl(darﬁiUnt 7. 67 dSpallﬂmﬂalrS

rag! opﬂar naceutica: {de, alﬁyqnqt.isgg (af, bdent it Y40ftd&heln)3,5 4.20 (ddd 1H), .

r adi ophar maceut,i.ca o,be pre e oc re use

and the anmount éwanafw%nrﬁ?‘%‘iméqsﬁ)df :%hzeg) 8 ?ﬁé Peﬁt éﬂts OOGéI §|’c’geEJ

anount of Alerr] wi¥Hylesd.#2 (ad, 1H), 2.50 (mg11H), 2.33 (%%:40"6'37?0

PCT/ US96/ 09766 (m,i 2EYhel{®o nat,i 6H) of 1135 pngduly s TApridsedHyf, 0.92

technetium I abe{&d ?{igst] F‘ﬁbt(ﬂﬁk{ Sbl E@Sflcal | Yo c&gélg rfg.laqgﬁl ef&c

by- products conprised o echneti um eI e | ogi Ca

nol ecul es with t he c438FN13Py T i%9&nd berr] but
15

20 Sodium 2~formylbenzenesulfonate (3.9 mg, 0.01%9
mmol) and cyclo-{({b-Vval-NMeArg-Gly-Asp-
Manmb (Hydrazinonicotinyl-5-aAca}) (10 mg, 0.0094 mmol}
were dissolved in 0.05 M sodium phosphate buffer, pH 7.0
(1.0 mL}) and allowed tc stand at ambient temperature for

25 1.5 h, at which time the entire reaction had turned to a
gel. The gel was dissolved in 1.0 mL of 10%
acetonitrile containing 0.1M NH4OAc and purifieé using
reversed-phase HPLC with a preparative Zorbax-RX C18
colum (21.2 X 250 mm} at a flow rate of 15 mL/min using

30 10% acetonitrile containing 0.1M NH40Ac for two minutes,
followed by a 4.44%/min gradient of 10 to 50%
acetonitrile containing 0.1M NH40Ac.. The product
fraction was lyophilized to give the title compound as a
fluffy coloriess solid (7 mg, 74%). Analytical HPLC

35 with a Zorbax-RX C18 column (4.6 X 250 mm) at a flow
rate of 1.5 mL/min using a 4.0%/min gradient of 10 to
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5 wthout the ancillary ligand Alerr]. Too small an anmount of Alerr]

Wil result in other by-products such as reduced hydr ol yzed techneti um
or technetium coll oid. The amounts of the ancillary |igands
Alerr] used can 10 range from0.001 ng to 1 g, or nore preferrably from
0.01 ng to 10 . The exact amount for a particular radi ophar maceuti cal
i s a.function‘@gﬁﬂﬂﬁqdentity of the r adi ophar maceut i calRCYHS*BY6%)| a 2
to be prepared, procedure used and the amobunts and identities of the 15
ot her reactants. Too |large an amount of Alerr] will result in the

formati on of by- pr &flkctacetnmitide sontadmiag Om05M NHyBRfedngiepERdnet hout
a biologically act iﬁ@dﬁ@{;eﬁ@;ﬂ;ﬁ;}pbf 97. Y- pRduURts pAMI LSegbafi t echnetium

| abel ed biologically active nolecules with the ancillary ligand Alerr]
but 20 wthout the ancillary ligand Alerr]. A reduci ng agent
can optionally be Je@aRig:3t he synthesis of the r

adi ophar maceuti cal s of

Plal e o |Hv.Q ralZione

Forrmula 2 whichs
25 reduci ng agent ! Sté _ .
salts, borohydri d&— ~sarts, and __Torne AesulTinic acrd, Wierein
the salts are of arﬁfm-u-ph_ar maceutical ly acceptable form The preferred
reduci nlg o agent is aThlearyitie &ﬁntgouﬂ& wise pieparediusy nghageehez@l i ﬁ
opti onal because t . L5 t t he
Tc-99m pert echnet a%g:_&%&gl:%ﬂ%%ﬁﬁ%? 8% a :f’e%%ug%’%é%%nzgr}ta 8&%@% 1:8%%%%%%6
from 0.001 ng &8 1®fnmgyclo- (Br"weg}rersmwﬁpfl@a@m<%¥é652h!§°rt3§°fﬂﬁy.l- 35
Anot her aspect of t5iacaneséeBkampleyvent i Odupling of tik agrasti Compdirids (32f or

t he preparation f Ny —to_2VO
e 06hy mé), 0.0344 mmol) an%CTFSé:chﬁergn}:géyl. 6-(2-(a¥
radi ophar maceut i calbSiRgtdViamiao) rhgnayl dglariehydazipe) nicoyinghssild 3of

cardi ovascul ar di seuglerts 0354f bl pusrovided the crude title compound (47

15 mg) as a yellow powder. Purification was accomplished by

reversed-phase HPLC on a preparative vydac C1l8 column

{2.5 X 25 om) using a gradient of 9 to 72% acetonitrile

containing 0.1% trifluorocacetic acid at a flow rate of

15 ml/min to give the TFA salt of the title compound

20 (29.7 mg, 72%) as a fluffy white solid; 1H NMR (Dg-DMSO)

10.03 (s, NH), 8.94 (4, 1H}, 8.55 (4, 1H), 8.50 (s, 1H},

8.42 (t, 1H), 8.15 (br s, 1H), 8.06 (s, 1H), 7.70 (4,

2H), 7.61 (m, 4H), 7.16 (&, 1H), 7.07 (s, 1H), 7.00 (br

s, 2H), 6.76 {4, 2H), 5.17 (44, 1H), 4.52 (m, 2H), 4.33

25 (44, 1H), 4.20 (4d, 1H), 3.25 (g, 2E), 3.12 (g, 2H),

2.98 (s, 3 NCH3), 2.72 (44, 1H), 2.50 {m, 1H), 2.33 (t,

2H), 2.10 (m, 2H}, 1.60 {(m, 5H), 1.35 (m, 4KH), 1.10 (4,

CH3), 0.92 ({4, CHz); FAB(NBA)-MS: [M+H] = 969.5043
{Calcd for Cg7HesN1409 = 969.5059).

30

N 35 A mixture of cyclo-{D-Val-NMeArg-Gly-Asp-
Mamb (Bydrazinonicotinyl-5-Aca)}- 2 HBr (50 mg, 50 umole)
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di sease, inflammtory di sease and cancer. Di agnostic kits of the
present invention conprise one or nore vials 5 containing the sterile,

non- pyrogeni c, fornul ation conprised of a predeterm ned anount of the
reagent of formula (QJ[err]-L[err]-Herr], one or two ancillary or
co-|igands and optionally other conponents such as reducing agents,
transfer |igan®®%M¥BTers, |yophilization aids, 10 stabilizaRGCHPSIHPES

sol ubilization aids and bacteriostats. The inclusion of one or nore
opt i onal conponents in the formulation will frequently inprove t he

ease of synthesis @hdt 4ecrabitapbenardciaiideal(7By35 hgnole) wasctstsirrgdena
user, the ease of rmméft&gtl%msmiae kit mihS ddhershg! Eeinpéﬁaeﬁréheuhatex or
the st abi lity and sh

f the dio kﬁg ceut I cal
i npr ovenent achit 3588383’/ Fﬂ’é ‘Fn PYET on 'gl? %’ orfaS E&H}S’Xﬁgn?‘rﬁdﬁr
the formul ati on nuyacheuwei ghed zgsiidare t Idesadder@d incoapl mxktyref oife

Iﬁr{rul at![on andsadé%@téﬁitr‘i@e%tf@f\ufgﬁaugﬁéﬂﬂﬂéd Jck‘edﬁf\&egé fTDFrﬁeVI al s
at contain

art of th on can |

the formof a ster |CF88§O’BW'?‘%F lﬁ'ﬁ‘sap‘l1 eqa}’}'eﬁeg?ﬁﬁegn PRRSS YRR X‘”E ers
useful in the preparspaynteve2@#@#%&%@@1@%”3&%& A58 aghosti @ kits
usef ul tf Fr . dt pe fpoaPeate i o 16f n@tamdn; agls D & m&em&m&& Idz(:jlgaiefa;at

are no imted to acet at e.
nore conplete |ist CB%% %j}oun %%ﬁt%ceéé%ghna%oelﬁyeﬁ ?eéslghg'ﬁn eran 30
Lyophi | i zat i on18i d@cgsatealin Fofhacerepdiddiednand thy fghdevieg IGIt ignst ul _
for the preparatjomhef followiiy afadiiatewhbcabadi ncd ude biiin,an@snet; Biom ted
to manni tol, '?r&tos‘%ogs%béﬁe% Y oy figp) '35%&35183% B(held

ponV|nyIpyrroI|d|ne PV
WO 96/ 40637 until 38 min); 40 min, 20% B. Napldsof/moyifed product

Stabilization ai ds7umgf gl4¢n. tDua-peepHLiGh i Rescfution) [M+H] = 970.453526
15 {calculated molecular weight 969.445702.

The title compound was synthesized as described for
the 4-carboxybenzaldehyde hydrazone of cyclo-(D-Val-
NMeArg-Gly-Asp~Mamb {(Hydrazinonicotinyl-5-Aca)) {Example
4) substituting crotonaldehyde for 4-
25 carboxybenzaldehyde. The crude material was purified by

preparative HPLC using the following gradient: 0 - 2

min, 20% B; 4 min, 55% B (held until 5 min); 30 min, 70%

B(held until 32 min); 35 min, 100% B (held until 38

min); 40 min, 20% B; to give 4.5 mg (1i0%) of the
30 purified product. DCI-MS (High Resolution) [M+H] =
890.463696 (calculated molecular weight 889.455872.
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radi ophar maceuticals and in diagnostic kits useful for t he preparation

of sai d radi opharnmaceutical s include but are not limted to ascorbic
acid, cysteine, 5 nonothioglycerol, sodium bisulfite, sodi um

nmet abi sulfite, gentisic acid, and inositol. Sol ubi l'i zati on ai ds
useful in the aration of radi opharnmaceuticals and in_di agnostic
kits useful fo °l 4063%e preparation of said radi ophar mceutlm’ggﬁ‘m‘ﬁde
but are not limted to ethanol, glycerin, polyethylene gl ycol
propyl ene glycol, polysorbates and | ecithin. Bacteriostats

useful in the prepafsauRle-&f 15 radi ophar maceuticals and in di agnost I C
kits useful for gHiePa angG! A dr-aRoAE

but are not i A
chl orbutanol, and Tetr [ ) ]

conmponent in a di agnost |7815k|tt1t9nccﬁflp§§n§eﬁ"@% %L‘é‘eﬂze@ r%déﬁérm‘%tﬁ%'n A
reduci ng agent @an ahé04seaysmﬁybénza1deﬁyaaIhyﬂﬁazamemat @y&msiﬁn~vamm-also

serve-as a transfer | i a $ a 25
transfer, ancill ary or cgo Gﬁ%n a%&#@g@&?ﬁbﬁ&@él Y113~ %‘f% eg(r) e erm ned
amounts of each con%)bnentsulhﬁ'%héu"—lnq or NG XEPONt Bfe dacdrthi nekeby at

vari ety of Constakbdithenzal fahyds e The salde Qsesciglewhti putfiddady 30

conmponent and in ot&e e WL ngf gradléﬂgt hgr _ 5

conponent or the prese%ce ancfdam)unt 0 tion nponent. In
general, the mi4® mdiBnAfif Bir 40 m’éacﬁoto‘i‘rp%ﬂo%lﬁséa )i 43 migve

t he desi red effect 100% (H(helldeuhbim&amm 48 nihw, A Bedo givect.6 adg t he
35 fornmulation is tbfd hﬁ I%%C%héif‘ﬂeéfiﬁo%% CHEL -MS (%Xthﬁéégfuél%)

radi ophar naceut i cal ave

|
WO 96/ 40637 é£2225 (calculgdsd cBELESHERT welght
.893 . 414402 .

15

To a solution of 82 mg (0.1075 mmol) of crude

20 cyclo- {(D-Val-NMeArg-Gly~Asp-Mamb(5-Aca})+HOAc, TFA (16.6
pl, 0.215 mmol), and 38 mg (0.1075 mmol) of succinimidyl

6~ {2~acetophenonehydrazinolnicotinate in DMF (5 ml) was
added Et3N (75 pl), and the reaction mixture was allowed

to stir at RT for 42 hours. The reaction mixture was

25 concentrated, dissolved in 50% CH3CN/H20, and
lyophilized to provide the crude title compound (130 mg)

as a pale yvellow powder. Purification of a portion of

this material was accomplished by reversed-phase HPLC on

a preparative Vydac Cl8 column (2.5 X 25 cm) using a

30 gradient of 2 to 90% acetonitrile containing 0.1%
trifluorcacetic acid at a flow rate of 15 ml/min to give

the TFA salt of the title compound as a fluffy white

. solid; lH NMR (De-DMSO} 10.03 (s, NH), 8.93 (4, 1H),
8.62 (s, 1H), 8.55 {(d, 1H), 8.42 (m, 2H}, 8.13 (br s,

. 35 1H), 7.87 (4, 2H), 7.70 (m, 2H), 7.55 {m, 2H), 7.40 {(m,
4H), 7.07 (s, 1H), 5.17 (44, 1H}, 4.52 {(m, 2H), 4.33
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degree of certainty that the radi opharnmaceutical can be safely injected

into a patient and will provide di agnostic information about the

di sease state of that patient. 5 The di agnostic kits of the
present invention will al so contain witten instructions for the
practising end user to follow to synthesize the radi opharnaceuticals.
These instructW@A&4068y be affixed to one or nore of the 10 RETAIS86/3766 o t he
container in which the vial or vials are packaged for shipping or may
be a separate insert, termed the package insert. Anot her

aspect of the preséﬁdll Atignt Aol lﬁd:cdﬁ)enﬁl Aeddd, ntihoP .63 i(ddgi Ad)t he
site of thronbbtic3.26 digsease,i B.32padj eRH) | YOI (), NdHs)syRrt.hesi(gdng a
radi ophar maceut i cahmus? ng%a(rﬂ qugntz ojs t(ge §ﬁ§§er5 3 (ml ny@p’t |é)r1 tglat

| ocali zes at the si |nteract|on

bet ween the bi ol ogit&dr| -89 ’%cctsmle brﬁp‘m'mef Jcﬁ'é) I’gdl Sﬁ !a fe2utPeal

and a recepbor Qo3 }bi nGARY NBX)e-Mspr ddsdt) at= t Bd0sikBa8of (ChAkdcd@ fdirsease
or with a receptor Q¢ 9ighes endogenous bl ood conponent
t hat accunul at es atc(i%%h@?(tw ﬁ?'”adm ni stering said

radi opharmaceutical to a patient 25 by injection or infusion; (3) imaging
the patient using Exampléh®r planar or SPECT gamma scintigraphy.

Anot her - aspect of W%Wﬁm Qpée.ﬁ:{m_e
i magi ng the S|§L8 of 1n eC|on_ I nT ect | dsease 1 n atl en

I nvol vi ng:
t he present |nventu:m- e of the |nfect|on or

infectious disease due gfe ar&;‘t’i(eerc%ﬁabb%d wasb% dd16yP %ngéﬁleﬂl
active group, Q of the 35 ‘i g% r%veutlcal and rece t or or b| n i ng
site expr essed PEPCEARC e eesccﬁ' £, ARG 6T B}PEVGCEG}’F"B PRI BeLo- (D~
- 65- WO 9§RAOBBFATrg-Gly-Asp-Mamb (Hydrazinonicotinyl-5-Ne@¥) US96/ 09766
15 hydrazone (Example 7). Coupling of the crude cyclic
compound (82 mg, 0.1075 mmol) and succinimidyl 6-(2-{1-

methoxy-carbonyl)acetaldehydehydrazino)nicotinate (36
mg, 0.1077 mmol) provided the crude title compound (123
mg} as a pale yellow powder. Purification of a portion
20 of this material was accomplished by reversed-phase HPLC
using the conditicns described in Example 8 to give the
TFA salt of the title compound as a fluffy white solid;
1n NMR (De-DMSO) 10.69 (s, NH), 10.02 (s, NH), 8.92 (d,
1H), 8.70 (d, 1H), 8.55 (4, 1H), 8.44 (m, 2H), 8.14 (44,
25 1BH), 7.70 (s, 2H), 7.56 {(m, 2H}, 7.28 (d, 1H), 7.07 (s,
1H), 5.17 (&4, 1H), 4.52 {(m, 2H), 4.33 {4d, 1H), 4.19
{dd, 1H), 4.04 {m, 1H), 3.76 (s, OCHz), 3.63 (dd, 1H),
3.26 (g, 2H), 3.13 (q..2H), 2.99 (s, NCH3}, 2.72 (d4d,
1H), 2.50 (m, 1H), 2.33 (t, 2H), 2.13 (s, CH3), 1.60 (m,
30 5H), 1.35 (m, 4H), 1.10 (d, CH3), 0.92 (d, CH3}; FAB-MS:
[M+H] = 922.4539 (Calcd for C42HgoN13011 = 922.4535).
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or binding site on an endogenous bl ood conponent t hat accunul ates at

the site; (2) admnistering said radi ophar maceutical to a patient by.

i nj ection or i nfusion; (3) inmaging the patient using either planar or

5 SPECT gamma scinti graphy. Anot her aspect of the present

I nvention conte Iates a nethod of imaging the site of I nf |l ammati on
in a patient i M6 (1) synthesizing a 10 radi ophar maceB¢TEHM768i ng a
reagent of the present i nvention, that localizes at the site of the

i nflammati on due to an interaction between the bi ol ogically active
group, Q of the rdﬁﬁmﬁ&aLﬁaceutlcal and a receptor or blndlng site
expressed at the sigs 8 ofFhe R i . [
site on an end

(2) adm nistering i ) TELC  ection or
i nfusion; (3) inaging tﬁbe th%ﬁ|Q9WPQHH4KF%§twﬁﬁpﬁﬁ%ﬁahYoﬁhSPE@PGgé%na
scintigr aphy 2@ proceduf8odddridedcabovd BdietheesesiofHReRE 8fclo- (D-

contenpl ates a net Q%q %F%P% ﬂg-A%BeMéﬂnﬂﬁ-ly%trag &%Atrlngm 5 ¢Ipg)t)l ent

i nvol vi ng: (1) ZI'n I mac using a
reagent of the pres‘&’fﬁra?b"nel n(,f‘éfﬂmﬁir? 'fhatC‘PléE]a}mgz%f atheheradee @rlke
cancer due t 0 aforpuRiACig20mdiet MEITS Rendli)Olaed Gldairdeiiidye @-qup,

Q of the radi ophargpa gLl EBlodty ArLERBI Lo M p, 021186 SRARGSSSC

at the site of the r'eceptor or e on al
endogenous bl od@ 3Pravigeéndie amvge ta‘c?é@nﬁl"&‘?@'éfndat(“@h@g)sﬁﬁea palg)
admi ni stering sai d yeldicaphpowaeeut imatificat jpal | 68t Dyportibn est i enier

'SQT ‘rllts: gpapgs) ' nag'n%etx}iglp%hegéc&ﬁﬁfgshed 55 Eﬁ%r é&%’ﬁa&é e Ls43gme
the conditions described in Example 8 to give the TFA
salt of the title compound as a fluffy white solid;. 1H

15 NMR (Dg-DMSO) 10.02 (s, NH), 8.93 (d, 1H), 8.61 (4, '1H),
8.55 {4, 1H), 8.51 (s, 1H), -8.41 (t, 1H), 8.10 (m, 1H},
7.70 (s, 2H), 7.55% (m, 1H}, 7.52 (t, 1H), 7.10 (br s,
31}, 7.06 (s, 1H), 5.17 (d4, 1H), 4.52 {(m, 2H), 4.33
{dd, 1H), 4.19 (d4dd, 1H}, 4.02 (dd, 1H), 3.62 (4, 1H},

20 3.24 (g, 2H), 3.12 (g, 2H), 2.99 (s, NCH3), 2.72 {d4d,
1H}, 2.50 {(m, 1H), 2.41 (m, 4H), 2.33 (t, 2H), 2.10 (m,
2H), 1.75 {m, 3H), 1.68 (m, 4H), 1.34 {(m, 4H), 1.10 (4,
CH3), 0.92 {(d, CH3); FAB(NBA/TFA)-MS: [M+H] = 904.5136
{Calcd for Cy3HgaN1309 = 904.4793).

25

30 The title compound was prepared by the general
procedure described above for the acetophenone cyclo-(D-
Val-NMeArg-Gly-Asp-Mamb (Hydrazinonicotinyl-5-Aca))
hydrazone (Example 7). Coupling of the crude cyclic
compound {82 mg, 0.1075 mmol} and succinimidyl 6-(2-(2-

35 nmethoxycarbonyl)cyclopentanonehydrazino)nicotinate (41
mg, 0.1095 mmol) provided the crude title compound (138
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WD 96/ 40637 PCT/ US96/ 09766

EXAMPLE SECTI ON The materials used to synthesize the reagents of
the present invention described in the following 5 exanples were obtai ned
as follows. Cyclo-(D Val - NMeAr g- Qd y- Asp- Mamb( 5- Aca) ) and

cycl o- (D Val - NNEArgo G y- Asp- Manb( Hyni c- 5- Aca)) was synt hesi zed as
descri bed in cH9% 63"'pendl ng U.S. Ser. No. 08/415, 908, 861 (cRftHNS26He6 t 0 WO
94/ 22494) . The follow ng were obtained fromconmercial 10 sources and used
as received: hydrazinonicotinic acid, N- hydroxysucci ni m de (NHS),

di cycl ohexyl car bodmaii g a pa@mllwm,qwr Purification of a portion

tris(3-sul f onat ophefythpsonsdtdrial wastamﬂ@u.ushéalﬁy (rERESEa - S BPS.C
chloride di hydrat Cus g ge(t: 1ftq]u_r dgg %1%@ %&%ﬁgéogcgt |g§_v%0|tg

(TFA), 15 acetonitri f"e I"necar boxa

sodi um di hydr ogen E’ﬁésﬁﬂé?@fs‘&ﬁ drht2e Cmnpq‘ﬁfqrﬁsoénféﬁéglﬁl?% @olid;’
triethyl am ne, BandHt BMR (Dg-DMSObL) ddhyle, HNHEar BoX§bémzalRliehwds? dmd
gl yoxylic act d gppei g{ngée Mo, ap70RAInAd .90 asM bij - G N8t qhy, 20

System and was of err] ‘quality. echnet a

([err]mrcqerr]-) \X’/ﬁ% oBt-8°ndd-f rZ@r%'aSD}'rz’oﬁfi Phi?‘l’m Fer?] I\"B‘/'[@FIP}Té -34
gener at or. EXddpl éH1, 25.28y (ddesi® ;o0 .0Be (BeniH) deby@e Hy.dQtiane of

Cycl o- (D- Val - Hiva4r ng ﬁné\spal\@ﬁbwﬁ'ydmz nz)wozs NWCEBsAC@) 11 (ad,
To a solution of 20rrg% co-

1)
Val - NVeAr g- G y*Rsp b 5592\c&5' 12*|’FA2aﬁﬂ| 6 -B925m, 4Hlyg) 60 (m,
of succinim G#b, 1.34 (m, 3H)6-1(25 (30 ZH), 1 10 (4, CH3), 0.93 (4,
benzal dehydehydr azicpg)ni cedi Hed £ i+ PM=( bed )(d@&@dggg C45HE%_1[7)?361]1N‘( 10
[err]l), and the rﬁgctlon m xture was allowed t stir at
hours. The reacti of®Ai48tf ke was concentr at ed, di ssolved in 50%

CH[err]CN/H[err]éO and | yophilized to provide the crude title conpound
ite povvder Purlflcatlon was

(23.5 35 nm)
acconpl i shed by regs
-67-

4-pPyridinecarboxaldehyde {1.14 mg, 0.0106 mmol} and
20 c¢cyclo-{D-Val-NMeArg-Gly—-Asp-Mamb {Hynic-5-aAca)} (10 mg,
0.0094 mmol) wexe dissolved in 0.05 M sodium phosphate
buffer, pH 7.0 (5.0 mL)}) and allowed to stand at ambient
temperature for 72 h. The now slightly yellow solution
was lyophilized to dryness and the resulting solid was
25 purified using reversed-phase HPLC with a preparative
Zorbax-RX Cl8 column (21.2 X 250 mm)} at a flow rate of
15 mL/min using 10% acetonitrile containing 0.1M NH4O0AcC
for two minutes, followed by a 4.44%/min gradient of 10
to 50% acetonitrile containing 0.1M NH4OAc. The product
30 fraction {(retention time 10 - 12 min) was lyophilized to
give the title compound as a fluffy colorless solid (8
mg, 74%). Analytical HPLC with a Zorbax-RX Cl8 column
(4.6 X 250 mm) at a flow rate of 1.5 mL/min using a
4.0%/min gradient of 10 to 50% acetonitrile containing

35 0.05M NH40Ac indicated a product purity of 98.7%.
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WD 96/ 40637 PCT/ US96/ 09766 Vydac

C18 colum (2.5 X 25 cn) using a gradient of 6 to 72% acetonitrile
containing 0.1%trifluoroacetic acid at aflowrate of 15 mM/mn to
give the TFA salt of the title conpound (17.5 ny, 719% as a fluffy
white solid; 5 err‘}H NVR (D6-DVBO) 11.30 (br s, OH), 10.02 (s, N 8.94
(d, 1H), 8.61 Y"&’k’ﬂ?}’, 8.55 (d, 1H), 8.41 (m 2H), 8.10 ,99“9%‘: 8. 09
(m 1H), 7.70 (m 4H), 7.61 (m 1H) 752 (t, 1H, 742(m 3H) 7.27
(d, 1H), 7.07 (s, 1H), 5.18 4.53 (m 2H), 4.34 1H)

4.20 (dd, 1H), 10 4. ozTPedfolmmns %a(ﬂaiemll@trsteqthmﬁyn %S(g
NCH err]), 2.72 (ddtabie, hi2dbfzdmes Wdarih3d chem2th]iy?. dédhctive Moizky,

FAB(NBA) -V, [ V] OGS bt BpEhe Ly 7 bhey thatenre, opler i abale

926.4637). 15 Exanpl e 2. Synt hesi s of the 2-Fornyl benzenesul fonic
Aci d Hydrazone 5 of Cycl o- (D Val - NMeAr g- d y- Asp- Manb( Hydr azi noni cot i nyl -
5-Aca)). 20 ] mazxj or nyl benzenesulfonate (3.9 ng, 0.019 nmol )

and cycl o- (D Va CNVBAr d- G y- Asp- . . hh( Hydr azi noni coti nyl - 5- Aca))
(10 ng, 0. 0094 Mol ¥ —rssotver T 005 M sodi um phosphate buffer,
pH 7. > inate ent tenperature for 25 1.5

h, at vvhlchtlnethe entlre reactlon hadturnedtoa gel . The gel

was dISSO|Ved1II’l 1.0_nL of Q% gcet ni t,rile containi 0.1N

NH[ err] QAc andBuri fi edT8s? nﬂ“‘sPenS}lé’\?ePge lﬁﬁﬁtcﬁﬁ"h A draPPve
Zor bax- RX C18 ol @b ¥RIL)2 iX PHD MY mlt) wab| akiedhbensaldenydd ni0n70si ng
30 10% acetonitrilg ,cenibaiibing, Oaﬂ&/'th'ﬂ ezféalc@%nfﬂ.{xt’éd& W B 0owed to
fol |l oned bya444%mn radlent 10 q'S 03 tr|Ie cont ai ni ng
0 IM N ert] ne.  BEEoah R emBeraPH S S BRITY o 0F FPS RS eraS! ho

title conpound as Feactioh | mifftpreowds | @@@@M*hﬁd(@cyﬁglccfm%ude A&?@Almgeal

HPLC 35 wi th aigor % Mol & beem (§ 406 mi,228. i19mAl ,2ahli0¥he redc@tiBnof

. . e
-162- m/mn usi \r;\% gélfl'. édg? Qagrgﬂoevpetd Cgo 1sQ:itrq at room temperature for 18

PCT/ US96/ 09766 hours. The reaction mixture was filtered, concentrated,
diluted with EtOAc (50 ml), and the mixture was heated
at reflux for 1 hour. Filtration of the hot mixture

20 provided the title compound (1.78 g, 81%) as a pale
vellow powder. This material was used without further
purification. lH NMR (Dg-DMSO) 11.86 (s, NH), 8.82 (dd,
pPy-H), 8.20 {dd, Py-H), 8.20 (s, =CH), 7.75 {44, 2 Ar-
H), 7.43 (m, Py-H & 3 Ar-H), 2.89 {s, 2 CH3)}; DCI(NH3)-

25 MS: [M+H] = 339.1084 (Calcd for Ci7HisNgO4 = 339.1093}).

30
The title compound was prepared by the general
procedure' described above for succinimidyl 6~{2-
benzaldehydehydrazino)nicotinate {Example 12).
Filtration of the EtOAc mixture provided the title
35 compound {(1.26 g, 55%, contains traces of DCU) as an
off-white powder. A pure sample of the title compound

75~
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50% acetonitrile containing 0.05M NH err] QAc indicated a pr oduct
purity of 97.3% DCI-Ms:. [MH = 1006. 3. Exanple 3 5 Synthesis of
t he p-Di net hyl am nobenzal dehyde Hydrazone of

Cycl o- (D Val - NMeAr g- @ y- Asp- Manb( Hydr azi noni coti nyl - 5-Aca)) .

The title conpound was prepared by the general procedure descri bed
above for the Wgr?f’éﬂ%ehyde hydrazone 10 of PCT/USI6/05766

cycl o- (D Val - NMeAr g- G y- Asp- Manb( Hydr azi noni coti nyI 5-Aca)) (Exanple
1). Coupling of the c clic compound (32 0.0344 mol) and
succinimdyl  6-(248p3-mg. 37%?&@?1 VIRFAIRSH fB%ﬂz'é’P%leﬁ’y’o‘é‘Fﬂﬁfr &5 Agy}den
nicotinate (13.5 CIYStaltﬁ 0.JoB WRNDEIDYHDV L0 86 t (= (Nﬁ)deBt.MI @déboﬁg@und

(47 15 ng) as a yehl oy pOVEES, f| agto Q l&s

rever sed- phase HPL%ﬂ énwg@ gpgéaxtgrl\&/% V%(fds dNa% ﬁm) s %przg &
using a gradient o )y t 8cefBni ¢ alcr:ﬁ‘?ﬁg /o s¢™
trifluoroaceticSacil¥+Hl = de@ﬂ/Cdafer(ﬁlsHmwa— rﬁ53m1r25t0da .gi ve the TFA salt
of the title conpound 20 (297rrg, 729 as a fluffy white solid; [err]H
NMR ( D6- DVBO) 10. og NH) 8.94 (d, 1H), 8.55 (d, 1H), 8.50 (s, 1H),
8.42 (t, 1H), 8.15TAm %) 8.06 (s, 1H), 7.70 (d, 2H), 7.61 (m
4H), 7.16 (d, 1H), sznmem_ofhpsmmu(daﬂ_ﬁ_ﬂ_fss;zm 6.76 (d, 2H), 5.17
(dd, 1H) 4.52 (m !‘,,uL iyl arml DO ) Hhdehddrz i st ina ZH)
3.12 (q, 2H) 6. 2.98 (s, 3 NCH[err]), 2.72 (dd, 1F), 2.50 (m 1H), 2.33
(t, 2%10 (m 2H), 1.60 (m 5H), 1.35 (m 4H), 1.10 (d, .
CH err]), o 92 (d, CH| eThe) tiFAB( NRAPOVBY WesH[Prersa®d048 the gegaradl for

Cerr]Herr]Nerr] cleliuzre968e8029bed30above BHAMLActinimiapnt Besps of
t he 4- Car boxybenzal deh

(D Val - \NBAC 5 Gy %gﬁﬁ%%%%%’rﬂ“&ﬁ%&%%{‘e (gxemple 13). EXPEPE o
cycl o- (D Val - NMeAr gh@tyonéw equinadspEy df aPfRokLlebt mhy| 657 Awmp)) 2wailBr (50

ng, 50 [err]nohs) used. Hot filtration of the EtOAc -REkture provided the
title compound (1.20 g, 48%) as a yellow powder. This
material was used without further purification. 1H NMR
{Dg-DMSO} 11.58 (s, NH), 8.76 {dd, Py-K), 8.13 {(dd, Py-
H), 8.07 (s, =CH), 7.54 (d, 2 Ar-H), 7.29 (4, Ppy-H),
20 6.75 (d, 2 Ar-H), 2.97 (s, 2 NCH3), 2.88 (s, 2 CH2};
DCI(NH3)-MS: [M+H] = 382.1513 {Calcd for Ci19H2oNs0Oy =
382.1515).

Example 15
25 i ~{(2-(1-

The title compound was prepared by the general
procedure described above for succinimidyl 6-(2-

30 benzaldehydehydrazino)lnicotinate (Example 12}.
Filtration of the EtOAc mixture provided the title
compound (552 mg, 25%, contains traces of DCU) as a pale
white powder. This material was used without further
purification. Concentration of the filtrate, and

35 trituration with EtOAc provided the title compound (349
mg, 16%, contains traces of DCU}. 1H NMR (Dg-DMSO)
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4- car boxybenzal dehyde (70.35 [err]npole) was stirred in

di ret hyl formam de (1 nlL) at roomtenperature, under nitrogen, for 4
hours. The sol vent was renoved under vacuum the residue dissolved in a
m xture of 5 _acetonitrile-water, and |yophilized to dryness The

crude mixture Y2237 fied by reversed-phase HPLC with a  PGIUSSN9ZSE | o
Zor bax- RX C18 colum (21.2 X 250 nn) at a flowrate of 15 nL/n1n usi ng
a nobil e phase of sol vent A (50 nmM anmoni um acet at e sol vent 50 nmM

anmoni um 10 acet afid -RA 3% ¥Hee ofi 91 i (44 ahHhe &§-343 @ﬂngpyrﬁdpeﬁb 2
The fol | owi ng gradi{@nt ryasiiysad780 (s,2 QUH3) ,2@%YBB; (80 2 CHpj h, 25086 Bs(hel d

until 32 nin); 35 @y, , 1%@%%§%325§ Déﬁg%éll 38 (Ahfra 48r 4F%g§%§% Yield

of purified product (H gh Resolutlo

970. 453526 15 (caléélﬁ?%ﬁ)nnlecular wei ght 969. 445702. Exanpl e 5
Synthesis of the Crotonal dehyde Hydrazone of Cyclo-(D 20

Val - NMeAr g- d y- As- ¥§gmé§g dj@zi noni coti nyl - 5- Aca) ) The title
conpound was synt hesi z as descri bed for t he 4-carboxybenzal dehyde

hydrazone of cyclo
NMeAr g- G y- Asp- Manriaizke jehpiirazdndd nAce) ing e 4)
substituting crotonaldehyde for 4- 25 carboxybenzal dehyde. The

crude naterlal S purlf ed h arative HPLC usjng the foll ow ng
gradient: 0 - 30 P nThengible, SHmRousgyas RASPARRY | the) Jea8 RN
7Q% B( heI d unt plrd&@dmre ) de8Bribrd 180&v8 (fvet dsurtihiBBdyl 6+02); 40
mn, 20%B; to gi V%eﬁ%mefa}a&%’% tm3PnleBewa%¢ pr@ﬂysﬁpleﬂ -Mpy . (High

g%;?gggégg? [NHH]Flltrat§%% o the(%aoggl%aggugg %%%Jy‘&¥aéhe title

compound (1.78 g, 86%, contains traces of DCU) as a pale
15 vyellow powder. Recrystallization of this material from
EtOAc provided a purified sample of the title compound
{530 mg, contains traces of DCU). This material was used
without further purification. IH NMR {Dg~-DMSO) 10.33
(s, NH), 8.76 (dd, Py-H), 8.11 (dd, Py-H), 7.15 {4, Py-
20 H), 2.88 (s, 2 CHz), 2.41 (g, 2 CHz), 1.75 (m, 2 CHa);
DCI(NH3)-MS: [M+B] = (Calcd for CisHi7N4O4 = 317.1250).

Example 17

25

The title compound was prepared by the general

procedure described above for succinimidyl 6-(2-
benzaldehydehydrazino)nicotinate {Example 12).

30 Filtration of the EtOAc mixture provided the title

compound {627 mg, 26%, contains traces of DCU) as an
off—white-powder. Concentration of the filtrate, and

. trituration with EtOAc provided the title compound (1.17
g, 48%, contains traces of DCU). This material was used

) 35 without further purification. IH NMR (Dg-DMSO) 10.56

(s, NH), 8.79 (&4, Py-H), 8.15 (d4d, Py-H}, 7.11 (&, Py-
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Exanpl e 6 Synthesis of the dyoxylic Acid Hydrazone of Cyclo-(D

Val - NMeAr g- A y- Asp- Manb( Hydr azi noni cot i nyl - 5- Aca)). The title
conpound was synthesized as described for 5 the 4- carboxybenzaldehyde
hydr azone of cI 0- DVaI NMeAr g- A y- Asp- Manb

(Hydr azi noni co 1 Aca)) (Exanple 4)  substituting PCYYSPEARTFG ¢
acid for car boxybenzal dehyde. The crude rraterl aI vvas purified
by pr epar at| ve HPLC using the follow n(gt gradi ent : mn, 20%B
40 nin, 50% B (hel B undi§? 48 nOFH3) 453 nH, (. CH) 1060/@%(%4 oP lﬁﬁzmr 465%i n) :
48 mn, 20% B to gime @HH ,MQ .90 (m( 1DIWHHY; MOI (NHE ) f¥Med atuct . (DEledS

(Hi gh Resol uti on) ¢ 89 4. (cal cul ated nol ecul ar wei ght
. 893.414402. 15 °t CI7NFJﬂ496 Synt%ﬁ%i s of the Acetonphenone Hydrazone

of Cycl o- (D Val - NNEArg G y- Asp- Manb( Hydr azi noni coti nyl - 5- Aca)) .

To a solution of SExau;J(eDlBO?S mml) of crude 20 cycl o-

(D-Vval - NMeArg-d y- A ( ; Q (16. 6 [err]l, 0.215
mml ), and 38 ng (0. 1075 T ' . )

6- ( 2- acet ophenoneh ‘d.l . e n iR pp el pided Et 3N (75
[err]l), and the reaction m xture was aIIovved to stir at RT for 42

hours. The reactl on M X$pY e ¥efe 280, 5.9{2 gnt,,ggtg ngES(ﬂé)’e%x 'Be?épﬂ

CHerr]CNH err]O and h| |% to pr
conpound (130 }Y) Procedurg &%/ w IR °Fur?‘f’?€é{‘i"8ﬁ dgt o pb‘]’"fl on
of this naterbahzmasieémﬂ)eﬂm'dshednw nm@tﬁndtphasm:blﬁ’hﬁlen 12).
preparative Vydac Eiffalislof e AL BhxbistdBrBvifleadd Aty | %ﬁato 00%
acetonitrile cont aLan'g %:éb trifluor oaaé(it N ;m{%
m/mn to give 5 PR iAe WAS Z:‘Bﬁﬁoﬂﬁﬁ a§t9A’FI &?? ite
solid; [err]H NVR &B8- BMBO ML 03 ( wasNH)gat@ed3af d refiliux for & 6Rofs, 1H),
523 55 (7 d551H) gs425-£mtr3t&on8olf3 ﬁﬁé %o%?mﬂ:ﬂxie7 ﬁyox(ﬂieém:hig 89511(&5“2
Ztg 4. 33 (m 2H) compouéén(l 63 gfﬂSS%) aglg’pafg yelfbw powdegb This (m
material was used without further purification. 1H NMR
(Ds-DMSO)} 11.91 (s, NH), 9.16 (s, =CH), 8.79 (dd, Py-H),
8.16 (dad, py-H), 8.03 {dd, ar-H), 7.79 {(dd, Ar-H), 7.35
20 {m, Py-H & 2 Ar-H}, 2.88 (s, 2 CHy}; FAB(NBA)-MS: {[M+H]
= 419.2240 (Calcd for C17H15N4sO78 = 419.0661}; Anal.
Calcd for C17H14NaNagO7Se (H20)1.5: C, 43.69; H, 3.45; N,
11.99; Na, 4.92; S, 6.86. Found: C, 43.62, 43.71; H,
3.59, 3.64; W, 12.13, 12.08; Na, 4.83, 4.67; S, 6.56,
25 6.30.

Hydrazone Stability Testing
The stability of the reagents of the present
30 invention were tested by combining a solution of the
reagents and a solution of formaldehyde and monitoring
the mixture by HPLC using Method 1.

HPLC Method 1:
35 Column: Zorbax Rx Cl8 (4.6 mm x 25 cm}
Column Terp.: 50 C
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(dd, 1H), 4.20 (dd, 1H), 4.02 (dd, 1H), 3.63 (dd, 1H), 3.26 (q, 2H),
3.12 (q, 2H), 2.98 (s, NCHerr]), 2.72 (dd, 1H), 2.50 (m 1H), 2.35
(s, CHerr]), 2.33 (m 2H), 2.10 (m 2H), 1.60 (m 5H), 1.35 (m 4H)),
1.10 (d, CH[err}i) w02 (d, 5 CHerr]); FAB(NBA)-MS: [ Mt =

940. 4818 ( Cal ¥H? Clerr]Herr]Nerr]Jerr] = 940.47‘!55%‘.’39"."9”“
Exanpl e 8 Synt he5| s of the 1- Methoxycarbonyl)acetal dehyde 10

Hydr azone %Cl 0- (D-Val - NVeAr g- d y- Asp-

Manb( Hydr azi nom cofFlay| R&tenca)). 1.5 mb/min The title conmpound was prepared
by the general Sore@se i € de Sor ik eahmadiath EeétéﬂE acet ophenone

cyclo- (D VaI y- As cotl nyl -5-Aca)) 15
hydrazone (Exanpl e ‘B}?ér‘ BquI i ng%oyggb‘eéécru conpound (82 ng,

0.1075 mml .) and succi ni m dyl 65621:?23/303’50’11*31'113

met hoxy- car bony$) acebai éetrydelydr azi no) ni caog mate (36 ng, 0.1077
mmol )- provided the crude title ¢ r@gﬁmd (120 B ") as a pale yellow
powder. Purification of a portl on this material was acconplished by
rever sed- phase HPLC usithg Re™EBndi tibHE® Fescribed in Exanple 8 to

gi ve the TFA salt of the:trzalmnorrpouzm s a fluffy white solid;

5L G S sty 00 (5 07 (o o 2 00
(m 2H), 7.28 ia, 1H), 7.07 (s, 1H), 5.17 (dd, 1H), 4.52 (m 2H), 4.33
(dd, 1H), 4.19 (dd',t’hél—&eaglerﬁﬂ dfinExirfple3 17/ rags difEblleed] jn 3.68 ¥dd,
m) ) 50 ? 261(H;L h§té-3b\(fbe12H)f>H 3., 9%(5, l?@;erarda) 10%e (rggent L a8
(m 4H), 1. 10 (d, ’}'“7“%@5‘? %/é’“ egm -H)“h
922. 4539 (Cal cd folreq:m-m} H[uecrtru]rH[ was]@[@lyz]ed: e922y 4635 by HPLC The
-72- 15 <change in peak area for the reagent of Example 1,
expressed as a percentage of the initial value prior to
formaldehyde addition, is shown in Figure 1. For
comparison, the lower alkyl hydrazone, cyclo-(D-val-
NMeArg-Gly~Asp-Mamb {hydrazino~-nicotinyl-5-Aca}}
20 propionaldehyde hydrazone was alsc tested. The reagent
of Example 1 does not react with formaldehyde over 2.5 h
whereas > 90% of the lower alkyl hydrazone reacts over 2
h.

25 In addition, a number of the reagents were
generated in situ by reaction of 1 equivalent of the
respective aldehyde or ketone with Cyclo(Db-Val-NMeArg-
Gly-Asp-Mamb (hydrazinonicotinyl-5-2aca)) in 0.05 M
phosphate buffer, pH 7.0 (0.1 mg/mL) and then their

30 stability tested by addition of one equivalent of
formaldehyde and monitoring the solution by HPLC. The
stability test results are shown in Table 1.
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Exanple 9 Synt hesi s of the Cycl opentanone Hydrazone of Cyclo-(D

Val - NMeAr g- A y- Asp- Manb( Hydr azi noni cot i nyl - 5- Aca)). The title
conpound was prepared by the general 5 procedure described above for the
acet ophenone ¢

Val - NMeAr g- Giy 4%ﬁ'ﬁb(l—lydramnonlcotlnyl 5- Aca)) hydrd?dﬁ?%ﬁgaﬁmﬂe
7). Coupling of the crude cyclic conmpound (82 ng, 0.1075 mol) and
succi ni m dyl 6-(2- cycl opent anone- hydr zrno ni otlnatg (35 ng, 0.1106

mol ) 10 provi deq=EReSctudePMAECTYAB 1A s yel | ow
powder . PurificatlgﬁaﬂP | portion of this HOsEYde Tt acco jl i shed by
rever sed- phase HPYE€—usTno ~tfre—comdrtTpys e yeeh- 1 8 to give
the TFA salt ¢ T ' rr]H 15
NVR ( D6- DVBO) 10.(%%15, N8 93 (o I8 o1 (O, I (d, 1H,
8.51 (s, 1H), 8.4X 4T, IAy, 8. I0 (m I, lq 7. 70 (35, ZH), 1. bbﬁ(ﬁ] 1H),
7.52 (t, 1H), 7.1Q%(0r s, 3H), 7.06 (bp IH), 5.1I7 (dd, IA), A.52 (m
2H), 4.33 (dd,JeTr), 4.19 (dd, 1Ay, Z.p2 14dd, IF), 3.62 (d, I, 20
3.24 (q, 2H), 3.139(q,_2H), 2.99 (s, NCH Fer]), 2.72 (dd, T, 2.50 (m
1H, 2.41 (m 4H,12.33 (t, 2H), 2.10 (m]o 2H) 1./5 (m 3H), 11.68 (m
4H), 1.34 (m 4H), fh@lacdetalden@iberr]) B 92 (d,_CHerr]);

FAB( NBA/ TFA) - MS: [ kitiio Fa Dishyeie36 (Caledl for JerrJHerrNerr]derr] =
904.4793). 25 | Logent Algils of the 2- (MeThoxycarbonyl)cycl opentjanone :
Hydrazone of Cycl o* BtVAlkRNMeAr g- A y- Asp- Manb( Hyni c- 5- Aca)) . 30

The title conpound was prepared by t he general procedure descri bed
above for the acetophengne cIo

Val - NVeAr g- G y- Asp- Manb d |%%t‘?1?ﬁllr%agﬁ€§)s) of EXRURISES ohe(Bxafypl e

7). Coupling of 5t hangy ude dygre@se < dighpoved @84 ngf @experBrentiy and
SUfﬁiniWidﬁl 6|(2 @%ux35%ent ofhformaldehyde 1?d1c?t1ng Ehat they arelv I
o el he LSRR O A e LAEE b ene el AR TTR)
ydrazone, cyclo~ {D-Val-NMeArg-Gly-Asp~Mamb{hydrazino-
nicotinyl-5-Aca)) propionaldehyde hydrazone, designated
10 Lower alkyl, decreases by 77% under the same conditions.
Also included in Table 1 are the results for two other
hydrazones, cyclo-(D-Val-NMeArg-Gly-Asp-
Mamb (hydrazinonicotinyl-5-Aca)} phenylacetaldehyde
hydrazone, designated phenylacetaldehyde, and cyclo-({D-
15 Val-NMeArg-Gly-Asp-Mamb(hydrazinonicotinyl-5-Aca})
glycolaldehyde hydrazone, deéignated glycolaldehyde, the
structures of which are not circumscribed by this
invention. The phenylacetaldehyde hydrazone, in which
there is a benzyl group attached to the methylene carbon
20 atom of the hydrazone, shows somewhat better stability,
decreasing by 25%, while the glycolaldehyde hydrazone,
in which there is a hydroxymethyl group attached to the
methylene carbon atom of the hydrazone, shows marginally
improved stability, decreasing by 40%. These data show
25 that for a hydrazone to be very stable, as are the
reagents of the present invention, there must either be
a conjugated m-system or the hydrazone must be part of a
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as a pale yellow powder. Purification of a portion of this material was
acconpl i shed by reversed-phase HPLC usi ng the conditions described in
Exanple 8 to give the TFA salt of the title conpound as a fluffy white
solid; 5 [err%NNRG%%-DIVBO) 10.01 (s, NH), 8.90 (m 1H), 8.57 (m

2H), 8.39 (m o7 (d, 1H), 7.71 (s, 2H), 7.59 (m PEY/USI6I006 ( M
2H), 5.17 (dd, 1H), 4.52 (m 2H), 4.34 (dd, 1H), 4.20 (dd, 1H), 4.02
(d, 1H), 3.67 (s, OCHerr]) 3.24 (q, 2H), 3.12 (m 2H), 2.99 (s,

NCH err]), 2.71 (dd*in® SYfﬂ)em 2. B pmenxh) grous »f( the Zﬂ)enﬂatetéhqielm@e
1.60 (m 5H), lhpdrgzone3H)s, natz&ﬁmgawd th the( ¢=NTbbed becathd3(d,

Sbo 4gaB). 15 Exoapl SOF carb esmgl‘%g e[i” A oy ehin shyas de
Hydr azone of ‘% ("Bte\/g?es AFE;“ AR ROSLREFITE FRYHESR noni cot i nyl - 5-

Aca)). 5 4 Pyri di necar boxal dehyde (1.14 ng, 0.0106 mmol) and 20
cycl o (D Val - NMeAr g- G y«8sp 0..0094 I

were dissolved in 0.05 M so§£| um #%spﬁ % Jpﬁg&%ga .Bf(g?ﬁmgg)) and
allowed to stand atUSffilerd RS, kP ingr ageng, e sAdagemtg

yel | ow sol ution demlbpdphmumedrtaoeemmse&ampmeé hear’ @eUbbt @ 2@ Was
25 purified using dgiised-pimase HPLC with a preparative Zor bax- RX C18
colurm(212x%50m‘r) at a flow rate of 15 nL/mn using 10%
acetonitrile containing 0.1M NH[err]OAc for two m nut es, foI | owed by a

4.44% m n gradi ent #diodabeling oz0BEgen : QLA
NH{err] OAc. - The product 1g0 afntalc&dzpnviaft ] %cﬁdm 1@ ki¥Re 8
yophilized to e e, Co a y co or ess o)
ny, 74%. Anal yti caﬁ%%%ﬂeg (hh 295 g&‘t&x@é E’Sfiu F Xesgentm) at
a flowrate of 1.5 8AYuERNUEANE2Q (10-28. 0% wri A @rmldlaﬁlt”’&fcdﬁ 50180%on
acetonitrile castaimni mp 2Ei®, 06M N a5 ¢ ["P4erd @@lﬁ@i@ﬁ A1 fPduGt ser bhy of
0,
98. 7% 20 Pl of SnClz-2H20 solut{dh (20 pg in 0.1 N HCL). The
pH of the solution was adjusted to 4 if necessary. The
reaction mixture was heated at 50 - 80 "C for 30 min,

20 and was analyzed by radio-HPLC using Method 2 or 3.

To a 10 mL vial was added 0.1 mL tricine solution
(10 mg) in H20, 0.4 mL reagent solution {20 - 40 Hg) in
H20, 0.5 mL 99MTcO4- {~50 mCi) in saline, 0.2 mL
25 mannitol solution {20 mg) in H20, and 0.20 ml. TPPTS
solution (7.0 mg) in H20. The pH was adjusted to 4
using 0.1 N HCl. The reaction mixture was heated at 50
- 80 °C for 30 min and then analyzed by radio-HPLC using
Method 2 or 3.
30

HPLC Method 2
Column: Vydac C18 , 250 mm x 4.6 mm, 300 A pore size
Solvent A: 10 nM sodium monophosphate, pH 6.0
35 Solvent B: 100% acetonitrile
Gradient:
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The followi ng exanples illustrate the synthesis of st abl e hydrazones
bearing a chemcally reactive noiety useful in the synthesis of the
reagents descri bed above; 5 Exanpl e 12 Synt hesi s of Succi ni m dyl
6- ( 2- Benzal dehydehydr azi no) ni coti nate 10 To a suspensi of
6- hydr azi noni c PrH1Ehei d (1.00 g, 6.5 mol) in DW (40" f”wgﬁded
benzal dehyde (0.70 m, 6.9 mol), and the reaction m xture was all owed
to stir at roomtenperature for 3_hours. To_the honbgeneous

reaction mxture w8%Badded NE9¥RIr oxysde®Bni mi d®¥752 ny, 15 6.5 mmol) and
DCC (3.00 mM, 13.40mmol), antisthe real6biton I'xture was allowed to stir
at room tenperatureyfQt 18 mp/miQUrs. The reaction mxture was filtered,
concentr at ed, di |l uted vvlnglh Et OAc (50 m ), and the m xture was heated
at reflux for 1 hot®teEFEeR &7 8RIGPTRR hot mixture 20 provided the title
conpound (1.78 §, 81% as a pale yel | ow powder. This nmaterial was used
wi t hout further mpRe! MEiead iz:on. [err]H NMR (D6-DVBO) 11.86 (s, NH), 8.82

(dd, Py-H), 8.20.(dd, - 8.2 = . 75.(dd, 2 Ar-_. H) ,
7.43 (m Py-H & 3 P-léﬁ“,“'z‘%b“? $185 %3(["2?‘?'] %ﬁ[i:lr‘(“NHﬁggr?)W% SIZE [ M+
339. 1084 (Cal cd f oiSoTyvent |2 eir M sodi @} sronpphoF3RLEQIRH. 6.0 Exanpl e 13
Synt hesi s of Succi B Kt B ( Anos acHRiiepheponehydrazi no) ni cotinate 30
The title conmpound s _prepared by t ner al procedure descri bed
above for succ?ﬁi mc\égfm‘g-?%'perat%gnggl%ghydehydr azi no) ni coti nate

(Exanpl e 12). Gradientiti on of the Et OAc ni xture provided the title 35
conmpound (1.26 g, 5% contaimsstracegpes DCU) BN s@if - white powder.

A pure sanpl e of ”66 title cgérpound 20" 25+ 30 - 75-
Flow: 1.0 mL/min
15 Detection by Nal probe
The radiopharmaceutical,

99mpe (tricine) (TPPTS) (cyclo (D-Val-NMeArg-Gly-Asp-
Mamb {hydrazinonicotinyl-5-aAca}), formed is identical to
20 that described in Bxample 1 of co-pending U.S.S.N.
08/415,908, synthesized from the non-hydrazone reagent
Cyclo{D-Val-NMeArg~Gly-Asp-Mamb (hydrazinonicotinyl-5-
Aca), the synthesis of which is described in co-pending
U.S.S.N. 08/415,908,861, that was demonstrated to have
25 utility as a thrombus imaging agent. The
radiopharmaceutical is formed in > 80% yield (based on
Tc-99m) using the reagents described in Examples 1 - 6
and 8.

30 Table 2. Radiopharmaceutical Yields Using Reagents
Example RCP

3
94
91
86"
87
83
g1*

ajulelwlv]-
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(853 ng, 37% was obtained fromthe filtrate as gol den crystals.
[err]H NVR ( Dlegds:DMSO) 10.86 (s,--NH), 8.84 (dd, Py- H)y, 8.21 (dd,
Py-H), 7.86(dd, 2 Ar-H), 7.41 (m Py-H & 3 Ar-H), 2.89 (s, 2
-CHerr]), 2.39 err]) DCI (NH err])-Ms: 5 [MH = (Calcd
C[err]H[err]N[gh% % 353. 1250) . Exanpl e 14 ‘%ﬁﬁ’ﬁ;@g‘% of
Succi ni m dyl 6-(2-(4- D net hyl am no) benzal dehydehydr azi no) ni coti nate
10 The t ed by the general rocedure
descri bed above f 45

benzal dehydehydr azi ﬂl.,_.ax.cept A ly 1
equi val ent of DCC 0 } } f the

Et OAc m xture provi dé’(faFﬁg at S0 ¢t e conpound (i. 20 g, 48% as a yellow
powder. This material was used wi thout further purifi cati on. [err]H

|[>||)NR 5 07 EsD[er-H—l) DVBO)  &heS8adtS tHE) thé. Z&ii(diﬁxg;ﬂé{céﬁmc%ﬂ ah e ﬂ%tmg;i_m
2.97 (s, 2 NCH err]’)n g?°é8y’(é Ergﬁ[ EP?]’jea(gehts ?)@'{%PEPFFWM%“’ iop =
382. 1513 (Cal cd5f orisCj@r shkpeising eredfltersince the 862gests) have been .
Vot hoxycar bony!) BCot e e e Sl o ol el 2nd yet they must be
conpound was pr epaﬁ?? 6@3’? g é for 'BT"O h&Eﬁ‘@FFHEacﬁgo'v'B #’Sr
succi ni m dyl  6- ( 2- Bﬂrme@enmedslmr@i t&eninzeisenst anvepEienptie noe) .

Filtration of the Edap¢ Wieh W BIa¥hees AR kitbses thatcﬁﬂfﬁoﬁﬂghdéﬁa
25% cont ai ns tlraces eri aI vvas

used without fudPt he%ncoun@%%gl c%tﬁ%?uma(%eucté‘ﬁf‘?af“gﬁﬁg%?mﬁmq ttéf’g and
35 trituration w tsuak @qcum@ﬂrdéralet menufereuxs fodadopagbic kltSnrg andgo
contains traces of difdd) .maidtelin HROR: (Pheity- BYPOhg the manufacturing

- 76- process in marked contrast to reagents comprised of
lower alkyl hydrazones. '
15
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WO 96/ 40637 ~“PCT/ US96/ 09766
(1; Zécl(ﬁi,N;Désa&(gl (zdg:H[gr]) lﬂlﬂﬂﬂﬂ lllllﬁl?lm[érff> Dglga;ﬂ[grﬂ i

[MHH = (Calcdfor qerr]H[err]NferF]Qersr]*

Exampl e 16 nt hesi s of -Succini mdyl 6-(2-

Cycl opent anoné}‘n 5‘%;‘5’2? no) ni coti nate 10 The title conmmf’wg“
prepared by the gener al procedure descri bed above for succini m.dyl
6- (2- benzal dehydeh§dr azi no)ni cotinate (Exanple 12). Filtration
of the Et OAc ni xt W& fded the title conpound (1.78 g, 86%

contains traces of DCU) as a pale 15 vyell ow powder. Recrystallization of

this material from a gg%‘pr&\g gﬁ-gpé ) Eé&mn%égu FQ gititle

conmpound (530 ng, contaips tr I's material was used
Wit hout further purifi CPHRSIIEH %*O%Wfﬂ r Pftﬁ%@rol@ gennecteq £o \py)
8.76 (dd, Py-HS5 8.11 (eddtaBye Hjydrazbbe(drowdy,- opOiondliy? 1a&ipg,a2 CH2),
2.41 (q, 2 CHerr]), 1&#3#&5:“ %H&en sald %whﬁfdﬂa)zo% alL&/H'H) =

(Calcd for C[err]H[err] r Exanpl e 1
Synt hesi s of Succinim Claé Y aCtlve g?roup

Met hoxycar bonyl ) cycl opent anonehydra2| no) ni coti nate The title
conpound \C/ivals pr(egag ed tqy,bt : A claim PHRRLHY rf Iiﬁﬁtgr g gpove fng)
succi ni m dy - enzal de Zi ni coti pate

suoetm m Oyl G2 bedehen e SEEPS6 Mt mS (and Faia phGiARERRY 607
ng, 26% contains tracestdieBdupas an of f-white powder. Concentration
of the filtrate, and trituration with Et OAc provided the title

conpound (1.17 % cont ai rac of , . This terial was used
35 without furthet pur'[i%‘? A %SEFL ﬁaveé'?é%ﬁ-%%?%maa (s,
NH), 8.79 (dd, Py-H), 8.15 (dd, Py H) 11 (d, Py-

15 (Q)d'Ln"Hz:

and pharmaceutically acceptable salts thereof

wherein,
20
Q is a bioclogically active group;
d* is 1 - 20;

25 Lp is a linking group of formula:
M1-[Y2(CR5R58) ¢ (71) £n¥2] £ M2,
wherein:

30

Ml is -[(CHz)42l]g -~ (CR55R56) gu—;
M2 is -(CRSSR%S)ge-[21 (CH)glg'~;
35 g is independently 0-10;
T e L . "84"
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-77- WD 96/ 40637
PCT/ US96/ 09766 H, 3.67 (s, OCH-err]),—3.55 (t, , 2.88 (s, 2

CH err]), 2.50 (m CH[err]) rr]); DCI(NH[err]) VEB:
(M = (Cal cd for Qerr] [ B@jaﬂl 'ﬁ“W 375.1304). 5 Exanple
18 Synt hesi s of Succini m dyl's

Sul f o) benzal deWPIEMFH azi no) ni coti nat e Sodi um ‘Sal t PCTAUR6/49766) o
conmpound was prepared by the general 10 procedure described above for
succi ni m dyl  6-(2- benzal dehydehydr azi no) ni coti nate (Exanple 12).
Filtration of the EtOAc mi xture provi dédiz ipdepepdetiivd0-1; half of this
material was diluted with EtOAc (50 m), and the mxture was heated at
reflux for 1 hour. 15 Filtration of the.hat é$# gﬂgr%v ed the title
conpaund (1.63 g, 85% as a pale yel | Sw POVESPHAFY ferial was used
Wi thout further purification. [err]H NWR (D[err] DMSO) 11.91 (s, NH),
9.16 (s, =CH), 8.79 (dd, Py-H), 8£16s (HlepBiadht1y8.0030¢dd, Ar-H), 7.79
(dd, Ar-H), 7.35 20 (m Py-H& 2 Ar-H), 2.88 (s, 2 CHerr]); FAB(NBA)-Ms:
[ MtH] = 419. 2240 (Cal cd for C[err&H[ern]N[ err]err]S = 419.0661);

Anal . Cal cd for err]H err]NaN eff] ¥ endp ey &rdPO) 1.5: C,  43.69;
H, . 3.45; N, 11.99; Na, 4.92; S, 6.86. Found: C, 43. 62 43 71; H,

3.59, 3.64; N 12.13, 12.08; Na, 4.83z.4 57

Hydrazone Stability Testing he% ngert@?/&ﬁ} t he l’eagents of the
present 30 in¥8ntion were tested by conbining a solution of the

reagents and a sol ution of fornal dehy¥ amdl v¥pnaterimippendentiy m xt ure by

HPLC usi ng Met hod 1. HPLC Met hod 1: selected at each occurrence
from:
) a bond, O, NR56, c=0, C(=0j0,
15 0C{=0}0, C(=O)NH-, C=NRS6, s,

S0,. 802, SO3, NHC{=0},
(NH) 2C{=0), (NH)2C=S;

2zl is independently selected at each

20 occurrence from a Cg-Cig

saturated, partially

saturated, or aromatic

carbocyclic ring system,

substituted with 0-4 R57; and a
25 heterocyclic ring system,

substituted with 0-4 R57;

R55 and R56 are independently
selected at each occurrence
30 from:
hydrogen; C1-Cig alkyl
. substituted with 0-5 R37;
\ alkaryl wherein the arvl is
substituted with 0-5 R57;
35
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35 Col um: Zorbax Rx C18 (4.6 mmx 25 cm . Colum Tenp.: 50 C
- 78- WD 96/ 40637

PCT/ US96/ 09766 FI ow Rat E“l“l mumu I“l/l Sol vent A: 50 nmM
ammoni um acet at e Sol vent HANEE HIBOYES MVl ammoni um
acetate/acetonitrile 5 Gadient: t =70 20% B t =
m n 100% B WO 96740637 t =22 nin 100% B PCT/JSI6/09366 i
20 % B Wavel engt h: 240 nm 10 The reagent of Exanple 1 was

di ssolved in 0.05 M phosphate buffer, pH 7, (0.1 ng/nL) and 10

equi val ent's of formal dehyde (0.1 M i nRHodéphindersntint )y asklet:tefihe
reaction mxture was anal yzed every 0.5 h byzHRaen odb€riéence: Fapgerhd peak
area for the reagent of Exanple 1, expressed a erce ge t he
initial value prior to f or mal dehyde addi B’ ﬁy@rcg%%%ﬂ Eﬁgﬁgr’e 1.
For conparison, the lower alkyl hydrazor@{=QRcfo- 0Di3@YRSE,

NMeAr g- G y- Asp-gvanb( hydr azi no- ni cot i nyl - 5- Acéd =03 0r58! ap{ nard8hyde
hydrazone was al so tested. The reagent okt ke A ,doeg,spot t with
f or mal dehyde over 2.5 h wher eas > 90% ofé{'h%%%ﬁgv\fer&%?’k h)?drsgg?r:fe
reacts over 2 h. 25 I n addition, SO2R unﬂﬁ?(iﬁ“{ e reagents

wer e generated in situ by reaction of 1 igni-0aiard8 ofntdes)NHRSS;

respecti ve al-dehyde or ketone with Cycl o(D Val - Arg-. -
Q y- Asp- Manb( hydr azi noni cot i nyl - 5- Aca)) in & gg@eﬂq“”ep]ﬁ’dsb’ﬁ‘ﬁ?e buf fer,

pH 7.0 (0.1 no¥hi) and then their 30 stabil3ttachedt &g a5y agddditersdl of one
equi val ent of f or mal dehyde and nonit ori nfiolidt@leocbutrdh iy HPLC. The
stability test results are shown in Table 1.

20

independently selected at
each occurrence from the
group: O, NR28, C=0, C(=O)§5,
15 OC(=0}0, C(=0)N-, C=NR°8, g,
S0, SO2, SO3, NHC(=0),

(NH) 2C(=0), (NH)2C=S; and,

R58 is independently selected
20 at each occurrence from the
group: hvdrogen; C1-Cg
alkyl; benzyl, and phenyl;

Hy is a stable hydrazone of formula:

25
Rlﬂ
4
IN=C‘
RN R®1

.

RM
wherein,

R2% is independently selected at each
30 occurrence from the group: a bond to Ly,
C1-C1g alkyl substituted with 0-3 R52,
. aryl substituted with 0-3 R52, cycloaklyl
substituted with 0-3 R52, heterocycle

~B6-
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-79- WD 96/ 40637

PCT/ US96/ 09766 Table 1. Fornal dehyde Stability of Reagents

Exanpl e For mﬂmm I ﬂ % Decrease* 1
0 2 nﬁ H' lﬁﬂ I llli | 0 4

0 5 b ¢ 6" s <1 9

0 11 WO 56/40637 0 phenyl acet al dehyde PY/US6/09766

gl ycol al dehyde - 40 Lower Al kyl 77 *at 2 h

The amounts of the reagents of Exanples 1 - 6, 9 5 and 11 decrease < 1%
over 2 h of exposure to one egbsvitwed efithodrlRPehyde i ndicating that

they are very stable. In conheBstocydRIRPPUSILS thBBal vl calkl
hydrazone, cyclo-(D-Val - NMeAr g- G_ys Asp- (hydrazino- . 5

ni cot.i nyl - 5- Aca)) propi onal dehyd m@&%&gsﬁﬁéﬁgfegdwﬁﬁl olfgmgrzﬂr’t%ﬂ ,
decreases by 77% under the sane edkaiv} chubstituted sgtnéFadRtf:in Table 1
are the resultssfor two other hydr azones, cycl o-

(D Val - NMeAr g- d y- Asp- .hydrazi nani coti nyl - 5- Ac .
phenyl acet al dehyde hydr g‘%ﬁessd&%&e&%ﬂg&g&e %%g&éa?%%ﬁﬁ? gﬁggp‘
cyclo-(D- 15 Val - NVeAr g- G y- Asphwéregen.deayil nerbaiditiuge- gige 53 R>Z,
\?vlhycﬁl al dehy;:le hydrazongb gezl g?egemllogbygpi aétﬂshﬁd&%_eahﬁth 0|-3t RB&;t grﬁsdof
ich are not circunscribed by yl.acet.al dehyde
Ba o ot BIEOAS i RbER Y a5l

hydrazone, in which there is benz ap e methyl ene
car bon io RS2,

R52 ig independently selected at
each occurrence from the
group: a bond to L,, =0, F,

15 Ccl, Br, I,-CF3,-CN, -CO2RS53,
-C{=0)R33, -C{=0)N{R53)3, -CHO,
~CHz0R?3, -0C(=0)R53,
-OC{=0)OR53a, -OR53,

-OC (=O)N(R53) 3, -NRS3C(=0)R53,

20 -NR54C {=0) OR532,
-NR53C (=0} N(R53) 3,
-NR54S02N(R53),, -NR54S02R53a,
~-SO3H, -SO2R53a, -SR53,

-8 (=0)R53a8, -SO2N(R53)3,

25 -N(R53)2, -NHC(=NH)NHRS3,
-C(=NH)NHRS3, =NORS3, NOgz,
-C(=0)NHOR53, -C(=0)NHNRS3RS53a,
-OCH2CO2H,
2-{1-morpholino) ethoxy;

30

R53, R53a, and R54 are each
independently selected at each
' occurrence from the group:
hydrogen, C1~Cg alkyl, and a
. 35 bond to Lp;

-87-
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20 atom of the hydrazone, shows sonmewhat better stability, decr easi ng
by 25% while the glycol al dehy drHazgne in which there is a

hydr oxynet hyl group attached t ¢he carbon atom of the
hydrazone, shows marginally lity, decreasing by 40%
These data show 25 that for a very stable, as are the
reagents of t hWOSMMEEHt i nventi on there rrust ei ther be BCT/8 5% ed
[err]-systemor the hydrazone nmust be part of a

- 80- WO 96/ 40637 .

PCT/ US96/ 09766 ring KLrand Rffeapncindergrdentlor sedected from

phenyl acet al dehyde hydr azonehésgtsip:conj ugated to the C=N bond because
it is one carbon atom r m)ved The gl ycoI al dehyde

hydrazone does not contain anot her err] system The synthesis
of a radi opharmaceutical of For nﬁl )iuseful as a thronmbus i maging
agent fromthe $eagents dese(:}:rbed in the preceedi ng exanpl es can be
perfornmed as descri bed bel oyeq } Res, Radi ol abel i ng of Reagents Using
St annous Chl ori de To a 10 s\{s' al was added 0.4 nL of tricine

solution (40 ng) in Herr]O fol FredE?BYi0.2 nL of reagent solution in
Herr] O (10-20 [err]g), 0.5 nL e€(f@rW{RP€Cerr]- solution 15 (~ 50 nG),

0.2 il of TPPTS solution (1 ng) -H[(S_'_'r}.%ﬂﬂgle subs@&d@dmtﬁfo%ﬂ [err]
2H[err]Osquticpon(20[err]g|n Th of the solution

was adjusted tU 4 if necessary. reactr on mxture was heated at 50
- 80 Cfor 30 _min, and was Gma-r Yaedl byllnad subltitutsdngitbtboll 2 or 3.
20 Radi ol abel i ng of Reagent.-sgsd thout Stannous Chloride To a

10 nL vial was added 0.1 mlL tricine, soluti,on n Herr]O 0.4
mL reagent sol ution (20 - 40 [er?F%) ?‘f?sututﬁfe‘?’r%% ggO&%J

[err]mlcerr]- (-50 nCi) in salimsatursyed het@Socymdenstbstgnited wntii20 ng)
in Herr]O angs 0.20 nL TPPTS 0 §o§aﬂ|gﬁd(7 0 nmg) in Herr]O The pH

was adjusted to 4 using 0.1 i 0 xture was heated at
50 - 80 Cfor 30 nin and theﬂnﬁﬁﬂfﬁﬁf@g %P%‘a":@ WitRpt hod 2
or 3. 0-3 R84

prov:.ded that when one of R8% and R81 is

H or alkyl, .then the other is not H or

20 alkyl;

or, alternatively, R®0 and R81, may be taken
together with the shown divalent carbon
25 radical to form:

RE2 Re2

wherein:
30
.R82 and R83 may be 1ndependently selected

T iy rrr m
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30 HPLC Met hod 2 Col um: Wdac C18 , 250 mmx 4.6 mm 300 [err]

pore size Solvent A: 10 nmM sodj pH 6.0 35 Sol vent B:
100% acetonitrile G adi ent : ”m"rml]m ﬂm' an -81-

WD 96/ 40637 / US69/ 09766 098
3098 7598 098 0' 15' 25' 30' FI ow.
1.0 nL/mn WO9sHe53T i on by Nal probe 5 HPLC Met hod 3 PCTUSS§/PIéf:
VWdac C18 , 250 mmx 4.6 mm 300 [err] pore size Solvent A: 10 niM

sodi um nonophosphate, pH 6.0 Sol vent B: 100% acetonitrile 10 Columm
Tenperature 50 [err]C G adient: H: 598 1398 2098

7598 598 0' 15' R820' 25" 30 FI ow.
1.0 nbL/min 15 Detection by Nal probeg

radi gpharmac euti cal , [err] Tc(tri cf"ne’;0 (#EHS?J?& eﬁuted with 0-3

(D Vval - NMeAr g- d y- Asp- Manb( hydr aRPtoni cot i nyl -5-Aca)), forned is

identical to 205 that described i n Exapptyy hlkbngd- pesetingtBd Sy HN.0-3
08/ 415, 908, synt hesi zed fromthe non- Qy;lf azone reagent
Cycl o( D-Val - NMeAr g- G y- Asp- Manb( hydr az| noni cot i nyl -

synthesis of which is described in coSgehil ffkynyl ?J‘@tstNteégfﬂS 09@8 861,
t hat was denonstrated to have 25 utiRPéy as a thronbus inmaging agent.

The radi ophar maceutical is forne q%]{ aged péu,
Tc-99m using the reagents descri bed Qrngsub%(g{?:mi&é A 9
eterocycle substituted with 0-3
R84; and
carbocycle substituted with 0-3 R84;

or, alternatively, R82, R83 may be taken
15 together to form a fused aromatic
or heterocyclic ring:

a and b indicate the positions of
cptional double bonds and m is 0 or
20 1,

R84 is independently selected at

each occurrence from the

25 group: =0, ¥, Cl, Br, I,
-CF3, ~-CN, -CO2R83, -C(=O)RSS5,
-C{=0)N(R85),, -N(R85)3+
-CH20R85, -0C (=O}R85,
~OC(=0)OR852, -ORS5,

30 : -OC (=0)N(R®5) 3, -NR®5C{(=0)R®5,
-NR86C (=0) OR852,
-NRS5C (=O)N{R85) 3,

, —NRBGSOzN(RSS)g, —NR85802R853,

-SO3H, -SOpR85a, -_gRrS85,

35 -S(=0)R85a, -SOpN(R®5),,
~N(RB5),, -NHC (=NH)NHRS5,

T . -89~
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and 8. 30 Table 2. Radi ophar maceut I cal Y| el ds Usi ng Reagents Exanpl e
RCP 1 91 3

e I, oo

PCT/ US96/ 09766

87 11 WO 96/40637 30* * heat ed at 50 [err] (PCIUSHA766  The
fact that the radi opharnaceutical can be forned in good yield fromthe
reagents of the present invention 5 1is a surprising result since the
reagents have been denonstrated to be wi=2NENERPE amdr§®Bt t hey nust be
hydrol yzed in situ for the radi ophar maceuticglo)hBoRe, -och9f i The
reagents of the present invention do not react. with the eax}/des and

ketones that are frequently 10 encount ere?d'qlnnﬁrﬁh%*%&&f‘f’ﬁf

manuf acturing setting, such as used in the manufacture of diagnostic

kits, and tdius maintain their purgts gesd ngnahﬁsmyyg agtnring

E;gfgignleg m‘i1r5ked contrast to reagents corrprdependently sele\’\@ed atkyelach

occurrence from the group:
hydrogen, Ci-Cg¢ alkyl.

10
4. The reagent of Claim 3 wherein:

Q is a biologically active molecule selected from
the group: IIb/IIIla receptor antagonists,
15 IIb/IIlIa receptor ligands, fibrin binding
peptides, leukocyte binding peptides,
chemotactic peptides, somatostatin analogs, .
and selectin binding peptides;

20
da' is 1 to 3;
Ly is:
25 - (CR55R56) gn~ [Y1 (CR55R56) £¥2] ¢, — (CR55R56 ) g» -,
wherein:
g is 0-5;
30
f is 0-5;
f' is 1-5;
35 ¥l and Y2, are independently selected at each
occurrence from:
o 0, NrRS6, c=0, c(=0)0, 0C(=0)0O,
This Sheet Has Been -390~
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- 83-

r adi ophar naceuti cal

connected to

V\E CLAIN[ : A reagent for preparing a

| ogi cally active group

5 a stable m@umi %Bm optionally having a
| i nki ng group between said sta sai d

bi ol ogi cal |y actlve

| i nki ng group W
active group.

doc3

roup

: The reagent of Cdaim1 havin
7 betmeen sald stabl e hydrazone ands%u??ﬂﬂ%ﬁ@gﬁtally

C(=0)}NH-, C=NR56, 5, 50, 502, SO3,
NHC(=0), (NH)2C{=0), (NH)2C=S;

R55 and R5% are independently selected at each

5 occurrence from: hydrogen, C1-Cio alkyl,
and alkarvl;
H; is a stable hydrazone of formula:
10
Reo
=C’
RO R®
\841
wherein,
R40 jis independently selected at each
15 occurrence from the group:'aryl
substituted with 0~3 R52, and heterocycle
substituted with 0-3 R52;
R4l is independently selected from the group:
20 hydrogen, aryl substituted with 0-1 R52,
C3-C3 alkyl substituted with 0-1 R52, and
a heterocycle substituted with 0-1 R52;
25 R52 is independently selected at each
occurrence from the group: a bond
to Ln, -CO2R53, -CH,0R®3, -S03H,
-S02R533, -N(RS3),, -NHC(=NH)NHRS3,
and -OCHRCO2H;
30

R53, R532 are each independently selected
at each occurrence from the group:
hydrogen and C1-C3 alkyl;

-91-~
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3. The reagent of Caim2 having the formnul a: 15
(Qflerr] Llerr]-Herr], and pharmaceutically acceptable

i e aroun N

| i nki ng group of fornul a:

Merr]-[Y]err] VORI R e rr])[err](Z[err])[err]Y[err]][err] -RETA5P§/09766

wherein: 30 Merr] is -
[(CH err])[err]Zerr]][err]-(CRerr]Rerr])[err]-;
Merr] is -(CRlerr]Rerr])[err]-[Z[err](CHerr])[err])[err]-; 35
g i s independently 0-10R® is independently selected at each occurrefide
YEeC%éleIa' 8-om the group: The reagent having
’ -CO2R85;
5 C2 - Cg l1-alkene substituted with 0-3
R84;
Ca - Cs l-alkyne substituted with 0-3
R84 ;
aryl substituted with 0-3 R84;
10 unsaturated heterocycle substituted with
0-3 R84;

R8l is independently selected at each occurrence
from the group: H and Ci1-Cs alkyl;
15
or, alternatively, R®0 and R®l, when taken together
with the indicated divalent carbon radical
form

RS2 RE2

nﬂs R®

20 n

wherein R82 and R®3 may be independently
selected from the group: H and R84;

25 or, alternatively, R82, R23 may be taken
together to form a fused aromatic or

heterocyclic ring;

a and b indicate the positions of optional
30 double bonds and m is 0 or 1,

-92-
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(Qflerr] Llerr]-Herr], - and pharmaceutically

accept abl e salts thereof 5

Qis a biologically active group s I,mnuuunm, glr

group: peptides polypeptides, and ‘pepti dontt meti as,

d is 1 - 20; Llerr] |salinkingﬂg_ro%80
formul a: WO 96/40637 Merr] - [Y[err] 9766

(CRlerr]Rerr])[err](Z[err])[err]Y[err])[err]- l\/[err] 10

wherein
[(CHI[err] [err]z[err])[err]-(CR ¥ R ipfprenden Iy "Leidored at each
Merr] is -(CRlerr]Rerr])[err]-[Z[ er rdoctidrencd )fremr thé egrdun: -CO2RS5,

g i s independently 0-10; VO Q6/_49R e85 —CH OR85, -OC -O R85
PCT/ US96/ 09766 %6(859 )2, 2{# }es e dﬁntly
sel ect ed -OR®S, at~S23En oct‘é ) %P

group: hydrogens OH, NHR[err],
C(=OpRlerr], OC(=ORerr], 5  ps5 ;g independently seected apgju ) Rerr],

C(=OORerr], SRerr],
SOR[ err], occurrengs SropREhe rqm%-iq =O R er r]
NHC(=O)NHR[ err], NHC(=S)NHR[err]; hydrogen, C1-C3 alkyl.

alternatively, when 10 ‘ attached to an

addi ti onal 10 nolecule Q Rerr] is

i ndependent |y sel ecs.ed ghe reagent of Claim 4 wherein: each occurrence
fromthe

Q represents a biologically active molecule
selected from the group: IIb/IIXa receptor

15 antagonists and chemoctactic peptides;
a*r is 1;
Ln is:

20

- (CRSSRSG ) gr- {Yl (CRSSRSG) fyz] £ - (CRSSRSG) g =
wherein:
25 g* is 0-5;
£ is 0-5;
£ris 1-5;
30
¥l and Y2, at each occurrence, are
independently selected from:
0, NR36, C=0, C{=0)0, 0C(=0)0,

35 C(=0)NH-, C=NRS6, §,
NHC({=0), (NH)2C({=0), (NH)2C=S;

heet Has Been Re laced
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group: O NRerr], CO C(=00 15 oC(=0 O
C(=O N, C=NR[err], S, —— i SO SJerr],
SJerr], NHC(=0

MuLeCs, o

I ndependent | y sel ected 20 at each occurrence

fromthe WO 96/40637 gr oup hydr ogen; RETABIWIHSe, ]
al kyl ; benzyl, and phenyl; Herr] is a stable hydrazone of
formul a: 25 [err] wher ei n, Rlerr] is

i ndependent |y sel ected at e®F 88d R°® are hydrogen; occurrence fromthe
group: a bond to Lf[err], Cerr]-Cerr] alkyl
substituted with 0-3 R[err], . ryl csubstituted with 0-3
Rlerr], cycloaklyl Hz is a stable tydrazon °\¥vi e R err]

het er ocycl e -86- WO 96/ 40637
PCT/ US96/ 09766 substi tL}B@d with 0-3 Rerr],

het er ocycl oal kyl substituted with 0-3 N...c Rerr],

aral kyl substituted with 0-3 R err] and R‘°~N gﬂ al karyl
Substituted wth 0-3 Rerr]; 5 gyt Rlerr] is independently
sel ected fromthe group: ) hydrogen aryl
substituted with 0-3 Rerr], wherein,

_R40 ig independently selected at each
10 occurrence from the group:
heterocycle substituted with R52 ;

R4l is hydrogen;
15 R52 is a bond to Lp;

R8¢ is independently selected from the group:

. -CO2RS85;
20 Cz - C3 l-alkene substituted with 0-1
R84 .

r

aryl substituted with 0-1 R84;
unsaturated heterocycle substituted with

0-1 R84;
25
R8l is H;
R84 is independently selerted at each
occurrence from the group:
30
-CO2R85;
o S "'OR85;
Has Been Reﬁi‘ccd -S03H;
T |
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err]-Cerr] alkyl substituted with 0-3 err],

Cerr]-Jerr] y Rierr]

and a heterocycle substituted with 0-3 10 Rerr];

Rlerr] is independently sel ected-at——- - --

each occurrence fromthe group: a

bond to L[err] F, 15 a, Br,
d 1o Llert) oSt 12 ., | IR lllll M IIII S

-C(:O)R[err] -G ( O)N(R[err])[err] -CHO

-CH[err]OQ[err] -CC (=O Rerr], -QC

(=0 Rlerr], -ORerr], -N(R85) 5;

-SlcQ[(:C))]I\I(CREerO;])CHarr]], -NRlerr]C(=Q Rerr], 20 N 1c

- err = err], err

err])[err], R85 is independently selected at each

-NRlerr]SOerr]N(Rlerr])[err], -NRpeurddéidecErdirtte broup:

- rlH -SOe&r]Rerr], -SRerr],

r], Sqerr]N(R[err])[errA

- [err] NHC( =NH) NHR] er r§ nd

-C(=NH)NHR[ err], =NOR[err], qurr]

-C (=0 NHCR[err] -C (=0 NHNR[err]R[err],

-OCCH err]CJerr]H, '

2- (1- nor phol i no) et hoxy; 30 Rlerr], Rerr],

and Rlerr] are each i ndependent |y
sel ected at each occurrence fromthe
group: . hydrogen, Cerr]-Cerr] alkyl,
and a 35 bond to L[err]; -
-87- WO 96/ 40637
PCT/ US96/ 09766 Rlerr] and R err] are independently
sel ected from _ t he group: H
Cerr]-Cerr] alkyl; 5 - CN, .
-CJerr]Rerr]; :

-95-
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-C (=0 Rerr]; - O)N(R[e”])[e”]

Cerr] - C[err] 1-al kene substituted with 0-3 Rerr];
Clerr] - Cerr] 1-al kyne substlg’mnﬂﬂm,mﬂ Rlerr];
aryl substituted with 0-3 Rerr ” m”m unsat ur at ed

het er ocycl e sut@%%@ d wth 15 0-3 Rerr]; and

unsat urated car substituted with PCDAUSSRPE6! | ;
provi ded that when one of R err] and R err] is H or
al kyl,.then the other is not Hor 20 ) al kyl ;

or, alternatively, E[ er rTheyF@ageets jof Rapime3 tthiedn are

together with the shown dival ent car bon 25 radical to
form [err]

wherein: 30 and R[err] may be independently

sel ected grou
- 88- WD 96/ 40637
PCT/ US96/ 09766
R err]; T HNr\n,OH
ﬁ..«\ NH 0]
o)

HN™ O

ffﬁ WSS
\ 4 H 6]

HN N

H. N _

Tnis Sheet Has Been Reﬂ

IED AR
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Cerr]-Cerr] alkyl substituted with O- 3

Rerr]; 5 C[err] al kenyl substituted
with 0-3 mm\u"" ﬁﬂla

Cerr]-Cerr] alkynyl substit

Rerr]; ary substltuted with 0-3 Rerr]; 10

heterocycl e subSII%%2d with 0-3 PCT/USS@976§ . and
carbocycl e substituted with 0-3 Rerr];
alternatively, Rerr], Rerr] my be taken 15

together to forma fused aromatic NH or

het erocyclic ring; a angyb indicate the positions
of Blﬁﬁi onn oubI e ponds and nis 0 or 20

1, - R[ el n'dg?,oy sel ected at
each occurrence fromthe 25 gI‘Ol’,!lp =0,

F, d, Br, I, O™ - CF["éNr\ﬁ}D
-CJeftr]Rerr], -(=ORerr], ]
-C(=ON(R[err])[err], -N(Rlerr])[err]+ w.«" NH o

-CHerr]ORerr], -OC (=O Rerr],
(=OOR[err], -ORerr], 30

-oc(=O)N(Rlerr])[err], -NRlerr]C(=ORlerr],
NR[err]C (=O OR[err], NR[err] C
(=ON(Rlerr])[err], N
-NRerr]SOerr] N(R[err])[err], "™H
-Sgerr]H, -SOJerr]Rerr], -S erry,
-S(=O R err], Sqerr]N(R['ﬁ rr]
-N(Rerr])[err], -NHX NH) I—&[
- 89- H
R err]
Z
|
N
NH
NoH O
H’\/YIL o
N Y
OTN\ HNprOH
j NH HN" Yo ©
OJU
\/ H (s
HN™ "N
H 2N
SOzNa
-~97-
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Cerr]-Cerr] alkyl substituted with 0-3

Rlerr]; 5 Cerr]- C[err] al kenyl substituted
V(\:A[ te?r?- ?:[ err] al kynyl substit "mmm“"ﬂ?yj'm!
Rerr]; bstitut ed with 0-3 Rerr]; 10

het er ocycl e suB¥49R2d with 0-3 PCTAUBS6HPT66; and
carbocycl e substituted with 0-3 Rerr]; or,
alternatively, Rerr], Rerr] my be taken 15

together to forma fused aromatic or

het erocyclic ring; _J?F‘ a and b indicate the
positions of optiongl double bonds and n is
0 or 20 NoH 9

Rlerr] is independently selected at H N O

each occurrence fromthe 25 group =0,

-CHerr]OR[err], -OCC (=ORerr], 0
-OC(=O OR[err], -ORerr], 30

-OC(=O N(Rerr])[err], -NRerr]C(=O Rerr],

-NR[err]C (=0 Rerr],

-NRlerr]C(=ONR[err])[err],

NR[err]SCIerr]N(R[err])[err] M‘Q}e‘(\]\l?['éﬁrr]
85a Sgerr]H SO err] Na,

Sqerr]R[err] -SR[ err] 33_[.

-S(=O Rlerr], -SOerr] N(R| '?‘1)[err1
-N (Rlerr])[err], -NHC ( NNHR[err]
90

£, d, Br, I, OT C#@f\nm

-CJerr]Rerr], -C(=ORerr],

-C(=ON(Rlerr])[err], -N(Rerr])[err]+ \|‘ NH HN o
@)

-C(=NH)NHR[err], =NOR[err], -
-C (=0 NHOR[err], -OCH .
2- (1- nor phol i no) et hoxy;

-98-

SUBSTITUTE SHEET (RULE 26)



S Rlerr], Rlerr], and R err] are each
i ndependent |y sel ected at each ——— -~

occurrence fromthe group: hydrogen,
G L U o o0 o
Qis a biologl # a t ive nol ecul e sel egt e the
group: lIb/Illa 3 or ant agoni st s, | | b/ PCIr3IS6e886t Or
| i gands, fibrin binding pepti des, |eukocyte binding
pepti des, chenot actic peptides, somatostatin anal ogs,
and sel ectin binding peptides; 20 NH d is 1lto 3

L[err] is: 25

(CRerr]Rerr])[err]- [Y[err](CR[err’fﬁ{r(f‘er])[err] (CR[err]R[err]
)lerrd- wher ei n N 5:
fis 0-5; f' is 1-5; 35 lﬂ\%’Y[err] and

Y[err], are independently selected at each O NG OH
occurtence from O NRefr], C=0 C( O Ol OC(=0 O
W NH  HN"So ©
O
O
\ 2 H O
Hy” N
H.2N
COOH .
-90-
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Rlerr] is independently selected at each occurrence from

the group: .-Cderr]Rerr],;--5
Clerr] - (ferr] 1-alkene substituted w th 0. . R err];
cierr] o aenl catione sue VMR e
aryl substltutsg %th 0-3 R[ err ] ;1aRpg HE0 RS © % unsat ur at ed
het erocycl e su QPYEd with _ 0- 3 R er r PCT/US96/09766
Rlerr] is independently selected at each occurrence from
the group: Hand (Jerr]-Cferr] alkyl; 15 or, alternatively,
Rlerr] and R err], when taken together NH wi th the indicated
di val ent carbon radi cal form
[err] wher ei nNP{"er N-eQqd Rl erg] may be independently
selected fromthe group: Hand Rerr]; H25 /\é@, alternatively,
R82, R83 mmy be taken together t fcﬁma fused aromatic or
het erocyclic ring; a and Pgpdicate thy \{ Okt of
optional 30 doubl e bonds and n is] 0 or 1, i i
'92' o 0
w NH HN" YO
8)
O
~ l}l/\/\/\[rN\H
\ 4 H O
HNT N
H. 2N
=
NH
NoH O

N
OTN\ HN r\[roa
N NH ©

-100-
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Rlerr] is independently selected at each
occurrence fromthe group: -CJQerriRerr],

:gzwﬁ[?g&ﬁmﬁ%im% LT

Rlerr] is inde y selecte at dach s '
occurrence fro&ﬁ?ﬂ ﬂﬁ]’f’ hy d PEGE896/09766
Cerr]-Cerr] alkyl. 10 ) The reagent of Caim4 wherein:

Q represents a biologically actl ve nol ecul e selected from
the group: Ilb/Illa receptor 15 ant agoni sts and chermt acti o
pepti des; d is 1; Llerr] is:

]§[C§[rrG]”]R[e”])[e”] [Y[err](\?ﬁ[erererw])[e””[e()r]][er'r'] (CR[err]R[err

f is 0-5; 'is 1-5; BITJI\/YL OY[err] and
Y[err], at each occurrence, are i n ependent
sel ected from 0 NPapriin C—O @7{ 0O

j HN o ©

H N

Y
. CO,H

-101~

SUBSTITUTE SHEET (RULE 26)



35 C(=ONH, CNRerr], S,
NHC(=O), (NH)[err] (=0, (NH)[err]CS;

gccurrence fromthe group: Cmm“ mﬂmﬂﬂﬂ“ﬁml v selected at each

- C(=0 N(R[ er 1 ] wWioYslbes Cl-l[err]dfz[e?r]L Poct=0 R err]

-ORerr], -SCIerr]H éCIerr]Na -N(R[err])[err] OCH[err]CCIB?T’PﬂmWGQ
Rlerr] is independently selected at each

occurrence fromthe group: hydr ogen,
Cerr]-Clerr] alkyl. 10 : The Nldagent of Claim 2 wherein:

Q represents a biologically actl ve qg_' sel ected
fromthe group: Ilb/llla receptor antagonl sts and
chenot acti c pepti des;

L[err] is: 20

(CR[err]R[err])[err] [Y[err](CR[err]R[err])f%T]NﬁLerr]ﬁ'Fr\émrbrr]R[er
rl])lerr]- wher ei n
f is 0-5; f' is 1-5; 3 [@rr] and

Y[err], at each occurrence, are dependently

sel ected from O O
@)

2 H
N o

o
O
= AN
\ ) E/\/\/\g/ H
HN
N
O
OCH,
-102-~
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O NRerr], GO (=00 0O(=00 35 (=0 NH-,
C=NRjerr], S, NHC(=O), (NH)[err]C(=0, (NH)[err]C=S

l[?lzre;]r] is a stable hyclTE ggg]neag 'lﬁm&ﬂim,ﬁl’rﬁmlogen err]

S mdependentW?gglé‘f‘é'(:t ed at each 10 Pcr"fﬁ?ﬁ’ﬁﬂ’%nce

fromthe group: het er ocycl e substituted with
Rerr]; Rlerr] is hydrogen; 15

Rierr] is a bond tlo L[ & kjt for preparing a radioppasmaceusicatiependent |y

sel ected fromthe groupcomprising: -CJerr]Rerr]; 20

Cerr] - (err] 1-alkene substituted with 0-1

R err]; aryl substituted with 0-1 Rerr];

unsat urat ed heterocycl e {84bs@i® eppiped quantity of a sterile, (.1 Rierr];

25 5 Rlerr] phathaceutically acceptable Rleagyehti of any of
i ndependent |y sel ected at eagiims 1-6;

{b} a predetermined quantity of one or more
sterile, pharmaceutically acceptable ancillary
10 ligand(s};

{c} a predetermined guantity of a sterile,
pharmaceutically acceptable reducing agent;
and

15

{d) optionally, a predetermined quantity of a
sterile, pharmaceutically acceptable component
selected from the group: transfer ligands,
buffers, lyophilization aids, stabilization

20 aids, solubilization aids and bacteriostats.

8. A kit for preparing a radiopharmaceutical
comprising:

25 {a) a predetermined quantity of a sterile,
pharmaceutically acceptable reagent of any of
Claims 1-6;

(b} a predetermined quantity of two sterile,
30 pharmaceutically acceptable ancillary
ligand({s};

{c} a predetermined quantity of a sterile,
pharmaceutically acceptable reducing agent:;

) 35 and
Sheet Has Been Replaced -103~
I e s quezs




occurrence fromthe group: 30.._ __ -CJerr|Rerr];

-Rerr]; -Sqerr]H;
ggT/e [JrS]Qg? 69766 o 96%?6&@‘“@"}”’,@”4"% 3 that are
Lerr] WO 96/40637 - " PCT/US96/09766

{d) optionally, a predetermined quantity of a
sterile, pharmaceutically acceptable component
selected from the group: transfer ligands,
buffers, lyophilization aids, stabilization

5 aids, solubilization aids and bacteriostats.

S. A stable hydrazone compound useful for the
synthesis of the reagents of Claim 1 having the
10 formula:

R44 (C=0)} 5 {R45)N-N=CRE0RE1

wherein:
15
s 1s 0 or 1;

R44 is selected from the group:
aryl substituted with 1 R59;
20 and heterocycle substituted with 1 RS9;

R45 is selected from the group:
hydrogen and C3;-Cg alkyl,

25 R5% is a chemically reactive moiety selected from
the group:

alkyl substituted with halogen;
acid anhydride;

30 acid halide;
active ester;

isothiocyanate;
maleimide;
35
ﬁrlillﬁleltli{iiilaﬂelelmﬁm
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- 96- 96 4. A reagent according to Caim 3,

V\/Peaei n Q4i sha cyclic Il b/lta receptor antagonist. 5. The reagents
o] aim4 that are
O MFHE
WO 96/40637 PCT/US96/09766

R80 and R81 are independently selected from the
group:

H;

5 C1-C10 alkyl;
-CN;
-CO2R83;
-C{=0)R%5;
-C{=0)N{R85);

10 C2-C10 1-alkene substituted with 0-3 R®84;
C2-C1o0 l-alkyne substituted with 0-3 R84;
aryl substituted with 0-3 R8%;
unsaturated heterocycle substituted with 0- 3
R84; and

15 unsaturated carbocycle substituted with 0-3
R84;
provided that when one of R®% and R81 is H or
alkyl, then the other is not H or alkyl:;

20
or, alternatively, R8¢ and R8l, may be taken
together with the shown diwvalent carbon
radical to form:
RS2 RE2
R®3 l R
25 n ;
wherein:
R82 and R83 are independently selected at
30 each occurrence f£rom the group:
This Sheet Has Been Re’ilace H;
{EEE
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WD 96/ 40637

PCT/ US96/ 09766 [err]

HII!III I

WO 96/40637 PCT/US96/09766

10

i5

20

25

30

35

This Sheet Has Been Re;

Il

A

I

R84,

’

C1-C10 alkyl substituted with 0-3
R34;

C2-C10 alkenyl substituted with 0-3
R84,

C2-C10 alkynyl substituted with 0-3
R84,

aryl substituted with 0-3 R84;
heterocycle substituted with 0-3
R84; and

carbocycle substituted with 0-3 R84;

or, alternatively, -

R82, R83 may be taken together to form. a .
fused aromatic or heterocyclic )
ring; and :

a and b indicate the positions of
optional double bonds;

n is 0 or 1,

R8 is independently selected at each
occurrence from the group: =0, F,
cl, Br, I, -CF3, -CN, -CO2RS5,
-C(=O)R85, -C(=0)N(RS85);, -CHyORSS,
~OC{=0)R85, -0OC{=0)OR852, -ORSS,
-OC({=0)N{R85),, -NR85C(=0)R85,
~-NR86C (=0) OR852, -NR85C(=0)N(R85),,
-S03Na, -NR86SON(R85),,
-NR86502R852, -803H, -SO2R852, -SRSS,
-S(=0)R®53, - ~S02N(R85),, -N(R85),,
N(R85)3+, -NHC{=NH)NHRS5,

-106-
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- 98- WD 96/ 40637 PCT/ US96/ 09766

[err]

WO 96/40637

10‘

10

15

20

25

i

g

PCT/US96/09766

~C{=NH)}NHR85, =NORS5, -C{=0)NHORSS,
-0CH2CO2H, 2-{l-morpholino}ethoxy;

R85, R85a, and R®6 are independently’
selected at each occurrence from

the group: hydrogen, C1-Cg alkyl.

The compound of Claim 9 wherein:

R5® is selected from the group:

% 0
Qoo
4.
N—O ' N—
o 1]

LYY
-e

R8% jis independently selected from the group:

_C02R§5;

C2-Cs l-alkene substituted with 0-3 R84;
C2-Cs l-alkyne substituted with 0-3 R84;
aryl substituted with 0-3 R84;

unsaturated heterocycle substituted with (-3

R81 is independently selected from the group: H
and C1-Cs alkyl;

or, altermatively, R8® and R®l, may be taken
together with the shown divalent carbon
- radical to form

~107-
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-99- WO 96/ 40637
PCT/ US96/ 09766 - [ere] -

Hlilll ) ﬂl!l ) Illl

WO 96/40637 PCTAUS96/09766

R R

R”n”

h

wherein R%2 and R®3 may be independently
5 selected from the group: H and R84;

or, alternmatively, R32, R83 may be
taken together to form a fused
aromatic or heterocyclic ring; and

10 oo
a and b indicate the positions of
optional double bonds;

nis 0 or 1,
15

R84 is independently selected at
each occurrence from the
group: -CO2R85, -C(=O)N{R85),,

20 ~CH20R85, -0OC(=0)R85, -ORSS,
~-803H, ~-SO3Na, -N{R85),,
-QCH2CO02H;

R85 is independently selected at
25 each occurrence from the
group: hydrogen and C1-C3

alkyl.

300 11. The compound of Claim 10 wherein::

“THi i |-
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-100- WO 96/ 40637 PCT/ US96/ 09766
[err] T

lﬂlllll IIIIH Illll NIV

WO 96/40637 PCT/US96/09766

RS0 ig independently selected from the
group:
"COZRSS;
C3-Cz l-alkene substituted with 0-1 R84;
5 aryl substituted with 0-1 R84;
unsaturated heterocycle substituted with
0-1 R84;

R8 is H;
10

"RB4  is independently selected at
each occurrernice from the
group: -CO2R85, -OR85, -sS03H,

15 -SO3Na, -N{R35)p;

R85 is independently selected at
each occurrence from the

group:
20
H and methyl.

25 12. The compounds of Claim 9 that are:

-~

Q
z
-

-

This Sheet Has Been Replaced
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-102- : WD 96/ 40637 : PCT/ US96/ 09766

7. A kit for preparing a radi opharnmaceuti cal " conpri si ng:mm*'x wo*
(a) a predeterm ned quantity of a sterile, 5 pharmaceutical ly
accept abl e reagent of any of - - Clains 1-6; .. .. . __ (b) a
predeterm ned quantity of one or nore '

phar maceutically acceptable ancillary 10g4 ”"llmlﬁk ﬂll lw

(c) a predeterm ned &§Faflidmpi:of a sterile, R T utically
accept abl e reduci ng agent; and 15 (d) optionally,

a predeterm ned quantity of a sterile, pharmaceutically
accept abl e conponent sel ected fromthe group: transfer

| i gands, buffers, |yophilization aids, stabilization 20

ai ds, SOIubiIizationlaidéhﬁnﬂebaﬁﬁerﬁ@@iﬁésthe formula:

(Q)d‘Lh"HZv

and pharmaceuticall

Y acce
sherern ptable salts thereof

group: beptides, Polypeptides
d' is 1 - 20, o e

In is & linking group of formulga-:

M1~ [Y1(CRS5RS6) ¢ (Z1) fuy2) .2

10
wherein:

1 >
Ml is »r(cng)gzllg-—¢CR55R56)9---

2 .
M2 is —{CRSSRSE)g--lZlfCEiz)g]g--'

g is independently 0-10;
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8.. AKit for preparing a radi opharnmaceuti cal
a predetermned quantity of a sterile,

(a)

accept abl e reagent of any of

predeterm ned quantity of two sterile,
| i g&h

acceptable ancillary
predeterm ned quantity of a s
accept abl e reduci ng agent; 35
-103-

a radi opharmaceuti cal
quantity of a sterile, 5

any of

guantity of one %r nore

ancillary 10 i gand(s);
quantity of a sterile,

agent ; and 15
gquantity of a sterile,

10

20

30

LT SHEET |

terile,

COnprising 25
d ai _ phar”HCeuzhfagly
3 Tillﬂlﬁmnmuuuul.y
- pharnaceutlcally
H; and
Rr84:103 6. A kit for preparing

rgdgtgrnlned

ConprlE%r%ﬁ%edﬁ?&af??s%gég% S abre reagent of

or, alternatively, R82,

Clains 1-3 and 4R%

(b) a predeterm ned

C§%<B:té lea kephar swssiiitvtald wigkceps abl e

(c) a predeterm ned

hdrnaceutlcally accept abl e reduci ng
EajclﬁnqL§HaVFysuhﬁqﬂﬁﬂﬂﬁdeWﬁFhe@ 3

p¥r maceuti cal |y acceptabl e conponent

aryl substituted with 0-3 R84;
heterocycle substituted with 0-3

R84; and

carbocycle substituted with 0-3 R84;

together to form a

R83 may be taken
fused aromatic

or heterocyclic ring;

a and b indicate the positions of

optional double bonds and n is 0 or

1:

R8 is independently selected at

each occurrence from the

group:
-CF3,

=0, F, Cl,
-CN, -CO2RS83,

Br, I,
-C {=0)} RE3,

~C(=O)N(R85),, -N(R85)3+

~CH20R85,
-OC (=0)OR85a,
-OC{=O)N(R83),,

-0OC (=0) R85 ,
-ORBS,
-NR85C (=0} R85,

-NR88C (=0) ORE52,
~NR85C (=0)N(R8%) 5,

~-NR86S0IN(R85),, -NR86SOoR8B52,
-SO3H, $04Na. -sostsa -sr®3
-S{=0)R852, _SO7N(R83),,

-N(R85),, -NHC {=NH)NHR®5,



selected fromthe group: transfer |igands,

| yophi |l i Zation aids, stabilization 20 . q’ ﬂl’m t|on ai ds
and bacteri ostats. 7. A kit for preparing M Etlcal

conpri si ng: 25 (a) a predeterm ned gquantity of St em
pharmaceutically acceptabl e reagent of an Clainms 1-3 and
4, (b) a predeterm ned quant 95y of two sterile, 30
pharmaceutical |y acceptable ancillary -C{(=NH}NHB&Nd (=3ORSS,

(c) a predeterm ned quantity of a sterile, -C {=0) NHORSS ph%gggguﬁi cally
accept abl e reduci ng agent; 35 and

104 (d) optionally, a predeterni ned Jdamereholkimad ethoxy; ang
sterile, phar maceu%i cal ly acceptabl e conponent sel ected from
the group: transferf |igands, Roaf f gess, d Lzation aids,
stabilization 5 aids, sol ubilization gl déytgﬁ% bac?e??‘g’%t ats.

ependently selected at each
occurrence from the group:
hydrogen, C1-Cg alkyl.

10
2. The reagent of Claim 1 wherein:
Q is a biologically active molecule selected from
s the group: IIb/IIIa receptor antagonists,
ITIb/IITa receptor ligands, fibrin binding
peptides, leukocyte binding peptides,
chemotactic peptides, Somatostatin analogs
and selectln binding peptides;
20
¢' is 1 to 3;
Ln iS :
o5
5 = (CR35R56) 5~ Y1 (CRSSRS6) £y2) . - (CR55R56) .-
wherein:
g* is 0-5;
30
£ is 0-5;
f' is 1-5;
35 Yl ang v2,

are independently selected at each
occurrence from:

O, NR5%, c=0, c(=0)0, OC (=0)0,
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R[err] qerr] “alkyl substltut

Gerr ) Gorr] aikenyl substituted vith o 5[err]\\Il%ll\\l\l\\lll\\l\l\ll\\ll\

Rerr]; oflerr]-derrg dt kynyf substltuted
with 0-3 Rerr];

aryl substituted with 0-3 R84Rr84 ;s inde erocycl e
substituted with 0-3 10 pend:ntly seleccjp; SQSES
carbocycl e substituted with 0-3 R 8Ffjirence from the group: C0zRSS, or,
alternatively, 15 ~C(=0) N (381 3] ,-CH20RPY, (eo)RBken
together to forma -ORSS, ..303;1 SO N‘dj,se_qh( ti Codlg CO.H:
het er ocycl i ring; 3 and 2 27720
a and b indicate the positions of 20 : opt i onal
doubl e bonds; R85 is indepandentllyoiselected 25t each

Rlerr] is i ndependent ly sel ected &gﬁj} )

occurrence fromthe group: =0, F, e nce from the group: a, Br, I,
-CFlerr], -CN, -CJerr]Rerr], hydrogen, C3-C3 alkyl. -( O)R[err]

C( O)N(R[irr])[err] CH[err]CR[err]

O
-oq( = c%ﬁgg[errﬂ[erﬁ(? Thagaty m%?w\eﬂrqherem

-NR[err]C(=O R err], -NRerr]C(=ON(Rerr])[err],
-SOerr]Na, -NR[err PS@BNE]GN(CR[ er biplegidally active molecule '

-N S -
‘S(R[:grR][e%f,”]-g[Cfre;]r] N( err [errr]ggffﬁ% R[Ré H’ erﬁﬁ[ﬁé Teceptor
N(Rerr])[efr]+, -NHC= Chemotactlc peptides;
- 106-
Ly is:
20

- {CRSSRSG)Q-— [Y1 (CRSSRSE‘) fY2] £ (CRSSRSG)Q,._
wherein:
25 g* is 0-5;
f is 0-5;
f'is 1-5;

30

vl and Y2, at each occurrence, are
independently selected from:

O, NR56, C=0, C(=0)0, OC(=0)0,

35 C{=0)NH-, C=NR56, s,
NHC (=0}, (NH)2C(=0), (NH)2C=S;
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“CUENMNR 67 1], =NCRlerr], - O(=0) AR er ], rrmrrfrrmrrmmm
-OCH err]Cderr]H 2-(1-norpholino ethoxy; s s

Rlerr], Rerr], and R err] are independegtl|y
selected at each occurrence from ' ' t he
group: hydrogen, Cerr]- C[err] K. 56 0. The conpound of
Ctaim 9 wherein: RS And R 0; axe hydrggenl Rlerr] is
sel ected fromthe group: [err] 15 R80
i s independently sel ected fromHAhesgrouptable hydrazongOof formula:

-CJerr]Rerr]; Cerr]-CJerr] 1-al kene substituted
with 0-3 R[erﬂ; _ Cerr]-Cerr] Jﬁajkyne substituted
with 0-3 Rerr]; aryl substr&uted with 0-3 Rerr];
unsat urated heterocycle substituted with 0-3 8‘ Rerr];
Rlerr] is independently selected fromthe grouf “WH R
and Clerr]-(err] =l kyl; 30 or, al8¥rnatively, Rlerr] and
Rlerr], may be taken wherein, together with the shown

di val ent carbon radical to form

R40 is independently selected at.each
10 _ occurrence from the group:
heterocycle substituted with R52 ;

R4l is hydrogen;
15 R%2 is a bond to Ly:
R8% is independently selected from the group:

~C02_R85 :
20 Cz - C3 l-alkene substituted with 0-1
R84;
aryl substituted with 0-1 R8%;
unsaturated heterocycle substituted with
0-1 R84;
25
R81  is H;

R84 is independently selected at each
occurrence from the group:
30 |
~CO2R85;
—ORGS;
-SO3H:

SO,Na;
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-107- WD 96/ 40637 '
PCT/ US96/ 09766 oo [err] .

wherein R err] and R[err] may be- |ndepe ndent |y

ek st B ok SR
alternatively, Rerr], R[err] may be aken
together to forma fused aronatlc or

het erocyclic ring; and 10. 96 _' ‘a and b indicate the
positions of . opti onal ‘doubl e bonds;

nis 0 or 1, 15 ' Rlerr] is independently

sel ected at each occurrence fromthe

group: -Cderr] R err], 4-Ch=OpHgRpSr aFypedipg 2o Claim 3, wherein Q is a

9o e o e |
- Sq[' g; H SQ[ -erSEI] e ﬁ\l:(a 2 ﬁkg[eg']rl?] }%&?i’[é] receptor antagonist.

-OCHerr]COerr] H; Rlerr] is independently
sel ected at 25 each occurrence fromthe
group: hydrogen and C[err] Clerr] al kyl .

The reagents of Claim 4 that are




aryl substituted ] 0-1 R[ evarip

Intemational Bureau

452 - g

.30 11. The conpound of Cl.aim 10 wherein:: Ifos

-108- . WD 96/ 40637 .
PCT/ US96/ 09766 Rlerr] is independently selected fromthe,
group: -CJerr]Rerr]; . e
Cerr]-Cerr] 1-alkene substituted with 0-1 Rerr]; 5
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'This invention provides novel reagents for the preparation of radiopharmaceuticals useful as imaging agents for the diagnosis of
cardiovascular disorders, infection, inflammation and cancer, diagnostic kits comprising said reagents and intexmediate compounds useful
for the preparation of said reagents. The reagents are comprised of stable hydrazone modified biologically active molecules that react with
gamma emitting radioisotopes to form radiopharmaceuticals that selectively localize at sites of diseases and thus allow an image to be




25 12. The-conpounds of Claim9 that are: {err]

e T

103

6- A kit for preparing a radiopharmaceutical
comprising: '

{ay a predeéérminéd quantity of a sterile,
5 : pharmaceutically acceptable reagent of any of
Claims 1-3 and 4,

(b) a predetermined gquantity of one or more
sterile, pharmaceutically acceptable ancillary
10 ligandis);

(c) a predetermined quantity of a sterile,
pharmaceutically acceptable reducing agent;
and

{d) optionally, a predetermined quantity of a
sterile, pharmaceutically acceptable component
selected from the group: transfer ligands,
buffers, lyophilization aids, stabilization

20 aids, solubilization aids and bacteriostats.

7. & kit for preparing a radiopharmaceutical

comprising:

25 {a} a predetermined quantity of a sterile,
pharmaceutically acceptable reagent of any of
Claims 1-3 and 4,

{b) a predetermined quantity of two sterile,
30 pharmaceutically acceptable ancillary
ligand(s);

{c} a predetermined quantity of a sterile,
pharmaceutically acceptable reducing agent;
35 and
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{d) o@tional'ly,. & pr_e'detezmifiéé quantity_ af a
sterile, pharmaceutically acceptable. component,
selected from the group: transfer ligands,
buffers, lyophilization aids, stabilization
aids, solubilization aids and bacteriostats.
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