EP 0194 843=Bl;DRscription Technetium 99m (Tc-99m is the favoured

radi onucl i de for organ imgi ng and otgep 16p84HBPf i n vivo diagnosis.

Conpl exes of Tc-99m have been used for investigating nost parts of the
body. This invention relates to a conplex of Technetium 99m useful as a

di agnosti c pibmseriptienit i cal , and capabl e of crossing the blood-brain barrier
and being retained in the brain for a time to permt diagnosis. European
Pat ent Speci f i ctachnolium99s (4-9Bmbisi trefavayred rstigninglitle for nugen imeging prd elbafriereag objn vivo
Techneti urs 99’!@9%@%"9&505&”8‘?%&%@!? been vepdifesivestigatioe Mest satis ohhp efyean be

formed by_£ | B inypniia fa'é]'ﬁ%EﬂJé °§'B‘P"Eﬁ ?foT?C '9*9 P8 eyefub @+, A <Yiagnastic, pharmaceutical, and
reduci ng conéf RaP'SHE"’Qﬁs'E‘W gﬁ‘h 'i‘%ﬁgd '&@ﬂP‘?\"ﬁ"ﬁ t‘b?e 't 39"8?5
atons in 10 t “?EP ',n 9::hp l[?gp g’ﬂ?ﬁ@? "et'“Tm o
substi tut ed %chn %r“:'H u::p ;%{F‘g 8 fk§l§1 %Plg)e ﬁ;'(%:a:; Hg& 8?2(13 car, natﬁri
an OGHOr)

admini strafi '%nar o U é?sh 49,} & agm. ‘f ?i‘%ga%m’;u"ﬂ
substituents ahd ﬁﬂ mlla‘a Hé suﬁﬁﬁue rﬁ'g)efn %Uﬁﬁ d\ ful for
l'igands for Bagy Giu@lﬂle%&al?b éﬁ;ﬁb&d@'}ﬁagnrﬁraﬁ ifektfo Eohfphoxéd 4o BSH \}eﬁ\{@

have t he forr;a.l,lnaa 15 wher e eac err] and R5 is hydrogen or. to
Cl2, and egch of R2 and R3 |s hydr ogen, hydroxyl, Cl to Cl12 al koxyl, Cl to
C22 hydrocarbon which nmay be al kyl, al kenyl, karyl, aral kyl or aryl, or
tertiary amne with 1 to 20 carbon atoﬂzé or, and R3 form together with
the carbon atomto which they are atta /a 35 cycloaliphatic group

whi ch may be am ne substituted. Onelﬂ @f t he above formul a

speci fical#y mentioned in European 28nt Sp Zfication 123504 is conpound
2 bel ow ™ ERR] 55 The present inverftion Jelates to a conplex, and the
associated ligand, falling wthi nzt*ne,hb 0 Nf the igvention of the

af oresai d- European patent specif on nﬁ(, fically described
therein, which conplex shows interedti ng opert les particularly as regards
brain retefiti on. The conplex is C% roc clic conmpl ex, useful as
a dl_agnostlc r adi ophar maceutica of hnettSum W|th a propyl ene 2

EP 0194 843 Bl am ne oxine Iigand havi thejformula 1.- [ERR] The conpound
of formula 1 has two asymetric carbon@t_ﬁr;rrnand t hus exists in the form of
three 30

where each R, R*, and R® is hydrogen or C1 to C12, and each of R? and R3 is hydrogen, hydroxyi, G1
to C12 alkoxyl, C1 to C22 hydrocarbon which may be alkyl, alkenyl, alkaryl, aralkyl or aryl, or tertiary amine
with 1 to 20 carbon atoms, or RZ and R® form, together with the carbon atom to which they are attached, a
35 cycloaliphatic group which may be amine substituted.
One compound of the above formula specifically mentioned in European Patent Specification 123504 is
compound 2 below:

U H H
6
5 1
45 INH HNICHJ
50
HO OH
65 The present invention relates to a complex, and the associated ligand, falling within the scope of the

invention of the aforesaid European patent specification but not specifically described therein, which
complex shows interesting properties particularly as regards brain retention. The complex is a lipophilic
macrocyclic complex, useful as a diagnostic radiopharmaceutical, of Technetium-98m with a propylene
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stereoi soneks. ,Amot her inportant aspect of this invention results fromthe
unexpect ed di scovery that there 20 areEpitg{y'ﬁfwgqt di fferences between the
in vivo properties of Tc-99m conpl exes of these stereoisoners. Al the
stereoi sonmers are capable of form ng conpl exes with radi oactive and

non-r adi oact i vaninesaximliganddbvingitheddosnut rer t han technetium for exanpl e,

pal I adi um and pl ati num which conpl exes nmay have useful properties for

t herapy and di agnosis. The foll % g dia m shows how conpound 1 exists in
the form.of an optically inacti ereoi somer and of optically
active dy_and |-enantioners. 25 30 45 50 55 3 EP 0194 843 Bl [ERR]
10 The isonerismarises because thp 3- 7dnd 9-carbon atons are asynmetric.
The neso-di ast ereoi soner 55 has di&f i y different properties fromthe

dl - di ast ereoi soner (a raceMp€ym t he éH nd | -enan- tyoners). For
exanpl e, they have differen 8ing poingY, ane their retention tines on
1
8

HPLC syste can also differ. Tc- 99meaqnpl exes- from t he two
di ast ereoi soners have markedl f er ent Vi vo properties (%i.d. to be
taken up in brain of rats)H30 o 18k ﬂ It has further been
determned that the d-and I=enanti pners Jof co und 1 have properties
(physical apd biological) which qjafer :dﬁm each other, and froma racemc
m xture of the two enantioners, fro he meso- di ast ereoi soner. The
different in vivo properties of Tc-99m conpl exes of the two
di ast er eoi SOIMEr S The cémpolifid G ifdtBula TNRS Gvdasy@MBEIL CxBh Adnts dnd ARG dkists n b AGHH df Hiftee
bl ood- br ai n bagtérédisombrg. Anofh@Simporanttispdctisfi this invenbdnarasutiafron the uaddpbdtddydisabvery that there
nol ecul ﬁ's/ t oo Ccharé Sigrificartt differagpas batwden thadrsvivoprapeities of ic-09m eonpiexed of these/aaredisomers.
| i pophi INVCi ty andll tha starepieqyeers are capalyle bfdorming complexes with radioactive and non-radioactive isotopes of
: metals other than technetium, for example, palladium and platinum, which complexes may have useful
propertios for therapy and diagnosis. The following diagram shows how compound 1 exists in the form of an
optically inactive meso-diasterecisomer and of optically active d- and I-enantiomers.
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nol ecul ar wei ght® On this basis only relatively small differences in the
amount of radioacti'vity in the brain gwyhes § gntici pated since the

nol ecul ar weights of the two isonmers are 1dentical and the lipophilicities
of the Tc-99m conpl exes are thought to be very simlar. Consequently the
magni tude of the difference in 10 brain uptake of the two isoners is '
surprising - a factor of 2.3 is involved. The better of ®hé&two isoners is
the dl-isoner. Simlarly, there is a surprising differ Fe n brain uptake
of the d-- and | -enantioners of conpound 1 - a factor of)4-& has been found
in studites’with rats. Each of the three stereoigoners. do fa nmentioned can
itself exist in three different isoneric forns AD BRrtue of%he
restricted rotation about their C. = N bonds of t two oxi me groups. The

i soners may have different physical properties 3. p. )zang can be
separated by chromatographic techni ques (TLC ant HPLC). r

i nterconvéfsion is generally facile and is catal ysed by feral or Lew s
aci ds, bases or netal ions. Conpound 1 has two oxi nme g#ng so 3 isoners
are possible:- 20 25 [err] 35 Note that EZ is identical to ZE The sane
considerations apply to both "d" and 'I' isoner#, i.e. edch has three ( EE,
ZZ and EZ),;oxi me isonmers. The thernodynam cal preferred isoner i
expected to be EE since that has the maxi murny/separati oﬁ_fm‘ he bul &i er
groups. HPLC anal ysis of conpound 1 (Exanpl£ 3) displ awg/t maj or ®peaks,
identified as the EE oxinme isoners of the/neso-sand d, |/£diRQst ereoi soners,
plus four mnor 40 peaks, provisionallyassi gmg.q e ZZ oxime

i somer s; ofzoeach di astereois r. It |,;s 4robabl e tyat e EE, and zZ

i soner s\rrfay form Tc-99m con@gx% haging differgadt\bi atli stribus on

properties. The propyl ene am oxife=tigands (& e. C ougds T and 2) may
be prepared by standard chem utes, as generally d i bed in the

af oresai d European Pg{ent Smegifi ion 123504. A pref ge prepara- tive
route i s d&scribed batqw /M Bxanpl e=t=5 The conp®und¥ are general |y
obtained in the foafrmof Qem xture of all three igoners. The neso-i soner can
be separated fromdh | - Y re by_staadard techni ques su as repeated

fractional crystalgi sation i

3 vent in vvhichthe{g{s ubilities are
different,; we haveaused aceto Ft

e and ethyl acetate success. The
anal ytical or pre@rative se of the isogers ca 0 be effected by
HPLC. The d- and I -enantio s ®&n he -separ at edshy dar ee=teghni ques

i nvol ving the use ®f optical isomers of an organi%/so®acid su®h as .
tartaric acid. Separation techniques ar§ detail \N BExanples & to 8 bel ow.
The ‘conpl exati on r&acti on between the propyl enesam Xi TT®and and
pertechnetate ([er®] from generator el uat may be carr out in aqueous
or aqueous/organi cdsol uti on under reducing xonditions. ghargpous salts are
conveni ent reduci ng agents, but other reduci agents T &F &l | known for
this type,of reacton and can be used. Since e_ggrml_ex_p_t__;_hj_s_i,qventi on

contains -99m bo@nd rather strongly, it can <
a ¥ W
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)
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The isomerism arises because the 3- and 9-carbon atoms are asymmetric. The meso-diasterecisomer
55 has distinctly different properties from the dl-diastereocisomer (a racemic mixture of the d- and l-enan-
tiomers). For example, they have different melting points, and their retention times on HPLC systems can
also differ. The Tc-29m complexes from the two diastereoisomers have markedly different in vivo properties

(% i.d. to be taken up in brain of rats). -



55 alternatively be prepared by a process of ligand exchange. The
preparation of Tc-99m conpl exes by red pﬁ@tﬁchnet ate in the presence
of a conplexing ligand is well-known; t e conditions for such general
reactions are also well-known and can be used in the particular instance of
this invention. Tinas ketherPBen dupstipin@x thatfthe d-af0IkeNhtidmérs ofptompaunt] [1yhatzeeprogvties! (dhesical
have the str ucéndrbipidgical) shich diffelfrGm b8k ofhéB aiil frgnea raperdiO mbdupe FcheOt@menzntigniess araf from
conpound 1 (anthemespdastereoioradr/ neso ni xture) di splays: 1) Good uptake in the
brain of rats andhhdfierent in Yo mBipetlies &figPam complexasl pidhe two\diasiprepisarersois girprising. These
humans, au dwi PRI PlexePoRse Hhotdht 1o ¢resgithryblecsi-tisain basiier by i#ergsshg diffusigy mpchanism. The ability of
convent i onal r®elagulendp difseHirougihperabrangs sy in appsitive wgta dipaphilicity grd in @ egative way to
Tc- 99m conpl ex™eipcuin Qﬁn@f‘ ’E'saﬂaﬁs 9""159““#‘3??3’ sﬂ@l’ F@?’e'?cﬁs {pithe %S"%’t‘teﬂﬁ Fﬁdf°P‘§?"" s ghe brain
Exanpl e 9 bel o uld % 81? ;dar vyeg;g ﬁl ophilicities of
activity in _hu Tﬂ% 3 g %lg‘a%‘l't{‘?‘*am flifigrence in
Flg |Eg{:ta O[SI'] ? 58 %rs Eesgrguﬁr@ O? n&o veﬁ e two Isomers is

radlopharnaéeu

Sﬁ?;aS?E,'VV°Pn Vi &&Oof% % gfé is?ﬁnsg%ﬁﬂé}ﬁ%lg njtrré.é @%S?;}OW d-SApH‘i Sﬂnﬁﬁe}s of QWLn%% - a
COMPOUNd 1 (I Ty e B b 1ocod fhok et 4P Git@ht i fo by
NMESO- 1 SONEr 45 SQrufeddf tdSredtficid ottth @Bt §dir TUN Bnds Bf heBib SiineGrSups.Oftfe Gdohefd- mdyhave
contrast, the gfdidth pHRRaIGropeREPEMSIb.L) bl can bd AEHEated Y hrdEie thchniques (TLC and

(Teso-i SOMEr)  HPLOROMeif IA@WoRBKIoR W JeRsialll idclieara e ExtalyBocbyPniorsl ok 4cf Soases or metal
Exanpl e 30 12 jomd.ow). The conpl exes of conmpound 1 (both the unseparated

dl / meso m xt ure @ndpduhe1 tis-tws oty groups 303 Bbrasrs ek pessibient er est i ng and

unexpected properties:- - They are good tunour bl ood flow agents
(unpubl ished article of V.R McCready et al subm’tted to Journal of Nucl ear
Medi cine). 35 - Th e good agents fo elling blood c S

particularly | eucocyt ee Exanple 15 The follow n npl es

illustrate the invent on. EXAMPLE 1 40 Pr paratlon of the Congound]1 [err]
55 1A. 4,8-8 aza-3, §8@, 9- tMHr anet hyl - decqyl ene- 2, 10- digpe bi “)XI me
HO HO
HO ]\
30 'I‘ 5‘ . "J N N "
OHsé OH OH
Ez 2z
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Note that EZ is identical o ZE. The same considerations apply to both 'd' and 'I' isomers, i.e. each has
three (EE, ZZ and EZ) oxime isomers. The thermodynamicaily preferred isomer is expected to be EE since
that has the maximum separation of the bulkier groups. HPLC analysis of compound 1 (Example 3) displays

K/ two major peaks, identified as the EE oxime isomers of the meso- and d,)-diastereoisomers, plus four minor
- 40 peaks, provisionally assigned as the EZ and ZZ oxime isomers of each diasterecisomer. It is probable that -
the EE, EZ and ZZ isomers may form Tc-99m complexes having different biodistribution properties.

The propylene amine oxime ligands (i.e. compounds 1 and 2) may be prepared by standard chemical
routes, as generally described in the aforesaid European Patent Spacification 123504. A preferred prepara-
tive route is described below in Example 1.

45 The compounds are generally obtained in the form of a mixture of all three isomers. The meso-isomer
can be separated from the dl-mixture by standard techniques such as repeated fractional crystallisation
from a solvent in which their solubilities are different; we have used acetonitrile and ethyl acetate with
success. The analytical or preparative separation of the isomers can also be effected by HPLC. The d- and
l-enantiomers can be separated by standard techniques involving the use of optical isomers of an organic

s0 acid such as tartaric acid. Separation techniques are detailed in Examples 3 to 8 bslow.

The complexation reaction between the propylens amine oxime ligand and pertechnetate (TcO.~ from
generator eluate) may be carried out in aqueous or aqueous/organic solution under reducing conditions.
Stannous salts are convenient reducing agents, but other reducing agents are well known for this type of
reaction and can be used. Since the complex of this invention contains Tc-99m bound rather strongly, it can

§5 alternatively be prepared by a process of ligand exchange. The preparation of Tc-99m complexes by
reducing pertechnetate in the presence of a complexing ligand is well-known; the conditions for such
general reactions are also well-known and can be used in the particular instance of this invention. The Tc-
99m complex of compound 1 is presently believed to have the structure 3:-



6 EP 0 194 848 Bl 2, 3-Butanedione nonoxine (11.66g, 115.4mmol) was

di ssol ved in benzene (50crr8) cont ai ni fd4s@aci d (75[err]), and the

sol ution was brought to reflux in anéggf)aratus%fltted wi th a Dean- Stark
trap and in a nitrogen atnosphere. To this was added a sol ution of

2, 2-di net hyl -1, 3- propanedi am ne (5.00g, 5.88[err], 49mmol) in benzene
(100cnB) over a period of 5 hours he resqﬂr%ng yel | ow brown sol ution was
refluxed for 5 a further 16 hour!‘su gen, then allowed to cool to
roomtenperature. The resulting soligwa iltered off under suction and
washed with a little cold [err] acetpnitrille giving the product as a fine
whi te powder. After drying under hi vacudm for 2 hours 7.9g (60%yield)

of product was obtai ned, m}g}c [@rrﬂ The uct thus obtained
contains a trace (ca. 2% - 5% | (as3seen by [err]

NVR), but this can be renoved co Iete y a Si ngle recrystallisation from
benzene, dfving a product mel ti NI\/R([err] 60MHz, [err]):

3. 3(4H, brs, CH2N), 1(6Hsz§ ]- (6R rr] C-N), 1.1

(6H, s, [err])ppm 1. 4,8-diaza-3,6,6, tetr'trrethyl un ecane- 2, 10-di one bis

oxi me 15 The diimne (75g, 287 slurried in 95% aqueous et hanol
(690[err])sat [err]. Sodi um borohyd de (1g 9g, 287mmol ) was added in
portions over [err] hour and the m xture stirred at [err] for 2 hours.

Water (230cnB) 148 .c-08hl esinpRR df dohPouiit X (W uRsepbriated Bifned® betufep biisgayb:Ur t her 2
hours. The et hgiabd wptdke nafEDHGslof rits ¥rtiuad nore water (140cnB8) added. The
pPH was adj ust ezj Siow @moaN6k radioatdvRy) frérh @ralneif lirhans Gallowing Bmsgraphit inaging 1ol beqiefisimed
washed wi teln a withtcbhventiosed entatisyghmeivai cetlera Bquipr@dio gi vi ng t he crude product.

Doubl e ?\e’crystatblaql\@atageanve’rtherrc-amnMpm@emmudrmace-gave pure product 62.5g,
(80% m p. [ ernFar beNgRin Viter stabiiyGShiExanipdSelow).10. 24( 2H, s, G—|)3 13(2H, g, CHw) ,

2. 12( 14, m [ er rd) Peitet bleer] 8 tissup/backgroyqyl clearangy ctadtivity DHNERNSO. 78( 6H, S, [erré)
ppm EXAMPLE 28)Jhe pprapiex eftqompousd 2omay-nobhe syilakle & sadipp! ??E"“CRV@PHWWPE qcpysg of
was bubbl &g, a’?""él‘c_‘éf&destff’?@%r%’hihe Fﬂ“‘ﬂﬁﬁ ‘ﬁt"@ﬂ’??“%q b&r'%@’ ?Llii?‘f EB('* d'Pﬁ’Hyé ogly slow in

wel | -stirred rﬁﬁqﬁgrd "%8 %6% S
concentrated, h

gener at ed by AR LA SRaqte 1‘}515 5;%9 eﬁ"r"?p 2 (d-
acid (100¢y8Y; °mer) "d 3 W(’u ‘b%g "38 ?r d%l%gtsr ™Y ur r ere'?ce 3 '"r‘r? r teaqu

12g), net hano é?fg @eé%ﬁof"\é%ﬁ%unﬂ%ﬁgmaqu tol 'arm S"E’rlu r&’Qn édPgJEEébea‘is%ish&P

m xt ure was &ﬁéilt"{ ous SO |car onat

300cnB) . The el Rggy b ¥ebd wa,%ursmarfm erﬁ‘@nﬁuﬂ%h&ﬂ&ﬁ‘&él& V.AXREre8dY! &t biprhitidh i)
nore ether. The jeardpbiNEieMbARIG. | ayers were dried and concentrated in

vacuo giVighig a Yhéy H¥\gedk lagei i6abeingSticel lcbi Srtiewary leabstiiag) (SeBasdniid 5l delowt | ON
35 from hot hexagRi@MgEXEhI6 IRERMALIAS intdhti@) , M p. S4-[err].
EXAMPLE 1

bw Preparation of the Compound 1

. |

55

1A. 4,8-Diaza-3,6,6,9-tetramethyl-3,8-undecadiene-2,10-dione bis oxime




The following were prepared in a simlar manner (yield and melting point

gi ven): - 2, 3- Pent anedi one- 2- oxi ne (46°/<Epr6p|95%;£gr|r])

2, 3- Hexanedl one-3-oxime (64% np 42-[err]) 1, 2-Propanedi one-1-oxime (18%

np 61- [err]) 40 2-methyl -3, 4- pent anedi one- 3 oxwre (45% mp. 72-[err]).
Preparati on of CargRuenedichd midnexirhe{1h.68g, ntp.4imatyiwae dissoive inclenzenel (50om3 cantainingaacetic
manner to Exameldd78w)( gndahelsalution was brought to aefluk inganvappyratus fitied with a Dean-Stark trap and in a
4, 8- Di aza- 3, 9-nitiogent #iinbspBer8- T thiscwadiaddag- 2 solution di dPrdimeihyl-1@xiropenediamine (3.6050/6.88cm?,
mp. 91-2 O). 4emeghindenasne (e0cmraversrrgrig of ot T heoirputig vellgechrewngeiution waspfisyed for
in a sinmlaf redither 16 koursuasey P?OQP"(*W"@"?Y”“ ri%POP! L Tperaiie TRiyrRselling goliovas filtered

given): - 4,8- q!‘fg;&%ﬁ@ﬂg' ﬂ'F’rY@f'ﬁ Wi it il leld frlle gjying e P"Hﬂ“’g?); f;"%ﬂ?ﬁ?gffé
g] g( 2]|_'|13 Eﬁl; "] hg d Troép gﬁ?& startmg :etoomme a$ seen by 'H NMR), but
g 2:_| g}[ SI,EZ) I i‘o ) Zg ,1 5 W%Ks IQ &gitglg |(fn fﬁoanenﬁ%nibgM%E product melting at
anal yti cal separ(a-"l on of 0- &2?38 P gfer H’sécl-,r;g gpm

acconpl i shed by 4 8Q[0R4, ,@é‘%ﬁ&n 0 y\uﬁdé&&le— oadl&ég?é%xlﬁgm stainl ess steel colum
packed with 5 [ ed to a comercial dual
punp chr omeis0gr aply dimiy 468, Be7MIRbIRwds|sRRiedMD5%! ddudduy &ﬁdna%sﬁcrﬂy atdeE. R Lith b&Bitydride
at 210nm and (Mg 2é7niniol) Wak Radedah @6iieHs @Sy Hbur @Ad @6 rhifurd sBrsardt 0P &P 20HGrs AN ster
m croconput er (PeveEY) aatedliedl @fid € Mixturd1$tIRgd @bl 0Na fulthe 230LrY.CThS efijitl RH8 MOV in vacuo
t hr oughout corsd stcedwatbr @40ein}tadde. Ohe B Wmsredjiistacd amos 115Her) thd vbshljbge @hi solid was
anmoni a (v/ V) .filtbrad, aashed withoa littecatat @nd drivd [ro@sudagiingttye @édeodductrDatlislg reedyattllisation from
usi ng thi s ®olhetarstosiyilstgavn puse MrGluchta S |(80%) Maad44SE -WHTG. NMIR {'d.200)Hz,DMSO0F-er 1 |

- 25 [ er MY par t10@Hed.s.QHIS. 1pRH.a6HMe) 2 &4, SHxNIN1.65(6HsME(ET Nir £.0T(3Hhd.Cldve) 0&8(6H,s,.CMez)-
I njector. The MPMow rate used throughout was 1 ml [err]. Sanples consisting
of a m xture of diastereoisoners of Conpound 1 were dissolved in nethanol

at a concent r IXMRLE20f 10ngy [err], and 10 [err] aliquots were anal ysed.
Basel i ne re%sollytlon vv? obt alne WIIh no evidence of tailing, and retention
ti més of 8.90 ¥ 23RO B Pecor ded for the meso-E E- and d, |- 15

E, E-isoners eSpﬁlCtHI \(\%nté/ wasBr)ubEIEéi Ca¥ %?eaéuﬁlcle%% ﬁl n%a'?i gor%us reflux, into a well-stirred mixture of

2-pentanone (102g) ether (400cm?) and concentrated hydrochloric acid {(15cm3). The methyl nitrite gas was
30 generated by the dropwise addition of a mixture of concentrated sulphuric acid (100cm?®) and water (95cm?3)
ontoc a stirred slurry of sodium nitrite (112g), methanol (66g) and water (75cm?®). After the addition was
complete the mixture was neutralised with saturated aqueous sodium bicarbonate (32g in 300cm?). The
ether layer was separated and the aqueous layer extracted with more ether. The combined organic layers
were dried and concentrated in vacuo giving a yellow oil which crystallised on standing. Recrystallisation
ss from hot hexane gave pure product (687g), m.p. 54-5°C.
The following were prepared in a similar manner (yield and melting point given):-
2,3-Pentanedione-2-oxime (46%, mp §8-61°C)
2,3-Hexanedione-3-oxime (64%, mp 42-3° C)
b 1,2-Propanedione-1-oxime (18%, mp 61-5°C)
40 2-methyl-3,4-pentanedione-3-oxime (45% m.p. 72-75°C).

Preparation of Compound 2A

The following diimine was prepared in a similar manner to Example 1 (yield and melting point given):-
45 - 4,8-Diaza-3,9-dimethyi-3,8-undecadiene-2, 10-dione _bl_s oxime (2A), (51%, m.p. 91-2°C).

Preparation of Compound 2

The following ligand was prepared in a similar manner to Example 1 (yield, melting point and NMR data
s0 given):
- 4,8-Diaza-3,9-dimethylundecane-2-10-dione bis oxime (2), (18%, m.p. 119-122°C).
NMR ('H,200MHz, ds-DMSO): 10.2(2H,s,0H), 3.2(2H,q,CH),2.3(4H,t,CH2N) 1.65(6H,s,N=CMe), 1.44-
(2H,m,CHz),1.04(6H.d,CH)ppm.

55 EXAMPLE 3

Separation of meso- and d,l-sterecisomers of Compound 1




meso- 4, 8- Di aza- 3: 6, 6, 9-t et r anet hyl undecane- 2, 10-di one bis oxine 20 A sanple
of crude product, obtained direct frogpghes afepus work up (38g, ratio

60: 40, neso:dl) was recrystallised four t| nmes successively from hot
acetonitrile giving pure neso isonmer as fine white needles (10.5g), mp.
149.5-[err]. A28pPLAd| - 4, 8- Di aza- 3, 6, 6, 9-t et ranet hyl undecane- 2, 10-di one bi s
oxi me A sanple of crude product (9.8g, ratio 50:50) was doubly

recrystal | i sed The @nalitical sermctioméfitha iesog and dhlg) didstereaigomirs vasl apramelished by dorBal-phase
rati o 47,53 HEk@usiig)a 25pkbnin btainleascstepl eolymp iackedwiifinm sijea agl icrosphpron copgertedde a
asi de at \rboreeroergid dus! puep CNOQ#eﬂfﬁph@rsdﬁh'bf Degactjant vegs ia( yagahigy UV detegtey ssat@honm,
meso: dl ) was 2keHiRMb fom e detpsior watediterted fosd 6"350'9006’6‘?1%W'Ffamuqa’npfwme"gpﬁ/Peﬁb
dl - enriched POy 1 41g ratiq 22 78 maso d : S ow recrﬁb t|on

from et hyl acet"§f’é°I o h’° ‘%” Qgg—;"“if §‘ E
129- S {o]]1]
crys'ESIrlrLdPaﬁﬁ %ac's% E &? S B Lt e

ster eoi sorrer 193 °"°w ofa i 465 b Wil o o
gi ven bel ow gpan ! Bl s &aé e e SRR Wad Bt Amaait ne

an HPLC r et eglihdals $f't£fﬁ|g, nd Sotshlor it bE 8.9 mih P b 87 %ﬁ)wérésre di6ed 48} the meso-E,E- and d,i-
nmeso- di astgr e@lisdHsRIrespbbivdig t he di astereoi soner with a retention time of

9.87 mnutes Is the dl-dia- stereoisonmer. In both cases, the configuration
of the oxi ne Bf FagibhadOFbthllisam | S EE. a) Meso isoner [err] M=281,

ort horhonbi c, Space group [éerr], a = 16.946, b = 15.565, ¢ = 6.318 A V =
1666. 46 [ er r nesc?4,8-Didza-3,6:8,9-fetramethyllddbedgne2(1D-dioke 3OO Jme= 618, [err] (Md-Kx) =
0.47[ery] 21716 intensities 45 were recorded (3<0<[err]) on a Philips
PWL100 f r actfoseaipisrof crRd@ pOautt, fobtpinddd@Ct feofrl the aquesus weikiup (Bg6(atio 60:40, mpgo:d)| was
i somer [ err] rectystailisgd Jour tipyegoruceessively fromplod acptanitrle gigingopurey mesogisop@s as fine-white) nepglles
c = 23. 863[e|(1|°]5$) VP-“?@GQO"‘?Q[err] Z =4, [err] =1.128 [err], F(000) = 600,
(Mb-K) = 0.49[err]. 1448 intensities were recorded (3<0<[err]) on a
Philips PR fht? Paaﬂﬁ-ﬁ# igkaneltyiundecsge3:14-dippg bisspime of | ectj ons with F>6[err]F.

50 EXAMPLE 5 T t f th
e e R
hi
’822

SpeCt ra wer e‘r?; r{z % PJs 9 % o filtrate
SPECt I OMBL B o I Suald Gy th3den %33 f sfof’ rQé?yfhaﬁ]Eé%m from
nunberi ng, sggylta

S
taine efge éhe sam;a’lg

ﬁ ?asq Bhé biedt ryStals (82mg), m.p. 129-130°c
Example 4

35 X-ray Crystaliography.

Crystals suitable for X-ray crystallography were obtained by crystallisation of the separated dia-
sterecisomers from methanol. Details of the structure determination are given below. The determinations
; demonstrate that the diasterecisomer with an HPLC retention time of 8.90 minutes (Example 3A) is the
U.;a meso-diastereoisomer, while the diastereoisomer with a retention time of 9.87 minutes is the di-dia-
stereoisomer. In both cases, the configuration of the oxime functionalities is EE.
a) Meso isomer '
C13H28 N2 02.3H20, M=281, orthorhombic, space group P212:2, a = 16.948, b = 15.565, ¢ = 6.318
A,V = 1666.46 A3, Z = 4, D, = 1.119 gcm™2, F(000) = 618, u{Mo-Kx) = 0.47cm™!. 1716 intensities
45 were recorded (3<0<25°) on a Philips PW1100 diffractometer. R 0.064 for 1036 reflections with F>6«F.
b) dl isomer
“CisH2sN:02, M = 272, monoclinic, space group C2/C, a = 6.763, b = 1092, ¢ = 23.863A, V =
1600.79A% Z = 4, D, = 1.128 gcm™3, F(000) = 600, (Mo-K ) = 0.49cm™!. 1448 intensities were
recorded (3<0<25°) on a Philips PW1100 diffractometer. R 0.071 for 861 reflections with F>6uF.
50
EXAMPLE 5

The 'H and *C NMR Spectra of the meso- and d,l-diastereocisomers of Compound 1
s5 1. 'H NMR Specira

'H NMR spectra were run in ds-DMSO at 500MHz using a Bruker AM-500 FT NMR spectrometer. The
following assignments were made. (For the carbon atom numbering, see the diagram above entitled

8



EP 0194 843 BL ™D astereol soners of Conpound 1"):- Chemnical Shift
Miultiplicity Assi gnnment 5 0.7748 s
[err] (meso-) 0.7779 s 0.7835 ESP‘”MM?'B1 [err] 10
(d,1-) 1.06905 dJ =6.73 [err] (d,I-) 1.0660 d,J =6.74 [err]
15 "Diastereoisomers of Compound 1"):- (meso-) 1, 6437 S
[err] 2.1112 d of ABQ's Hs at [err] 3.1235 ABq, br H s at
[err] 3.30 s, br NHTS - . : 022495 s
Oxime O4 s 10. 2511 s In hg(e 15"1'81:?&% Assignment yl groups
attached yos Cs are in equi val ent 0&M8i rohsment s, |afélk)s®s 25 sHoul d give a
single signal. This has beenjassigned tp the si rJg("@FO'ht 0.7835 ppm In the
nmeso- di ast ereoi somer, the mgthypzggoupksattachgd to [err| arfe in different
environnments, and so two Sin¢gtets—shottHp—be—seenr—Fhese—faveqbeen assi gned
to the si ng,I ets at 0.7748 an§l 0. 978 pppt 2. [errg )Spectga 30 13C NWR
spectra wer'® run in [err]-DMBQ or d4- MeloH using Ja PP uker AM 450 FT NMVR
spectronmeter or a Jeol FX- ZOP FT1.06868 spepdir=eaet rCHaTbeerGI-iaersovﬂ ng
assignments were made: 35 40[45 50 55 9 EP O |1@4) 843 Bl

1.0660 dJ=86.74 CHs-Cq + CH;3-Cs

15 (meso-)

1,6437 3 CHz-C2 + CH3-Gio

21112 dofABq's | H'satGs +C;

3.1235 ABq,br H's at Cs +Cs

3.30 s,br NH's

o ® 10.2495 s Oxime OH's
10.2511 s

25

In the d,l-diastereocisomer, the methyl groups attached to Cz are in equivalent envirorimenis, and so
should give a single signal. This has been assigned to the singlet at 0.7835 ppm. In the meso-
diasterecisomer, the methyl groups attached to Cs are in different environments, and so two singlets should

be seen. These have been assigned to the singlets at 0.7748 and 0.7779 ppm.

2. 3C NMR Spectra
30

13C NMR spectra were run in dg-DMSO or ds~-MeOH using a Bruker AM-250 FT NMR spectrometer or a
Jeol FX-200 FT NMR spectrometer. The following assignments were made:

35

40

50

55



Chem cal shift/ppm Assi gnnment 8. 9485

[err] 19.3809 [ @Bl -) 19.4037 .

lerr] (di-) 10 Bp0 99 els ) [err]
(meso-) 25.0421 ) 25.0794 [err]
(d,l-) 35.3182 [err] (d,I-) 15

35.3731 Chemical [gfiift/dpweso-) 57. 807Q

[err] (meso-) 58. 3569 [err] (d,1-) 20

58. 9974 . [err] (rreso ) 59.0111

[err] (&, 1-) 161.3406 8 9485 [Gt -]c2+ca ~Cyf, 1 -) 161.4497
[err] (meso-) 25 The assj wer e support H.-Ice S O and

sel ective proton decouplin er| ment s. r3ot c?n ectrum t he
signals for the gem di net hg ‘b& Blps at [err] é-‘r*lag cﬁ;e‘t‘?ﬂy:‘tcg‘ o(ldortlhe) two 30

i sonmers. The clearest distagicaes between the cﬂsor(e S(eb-e seen in the
signals f8& the carbons [e%%] fgﬁ [err], the si aI for the

d, | - di ast ereoi sonmer bei ng e proxi mat el y 0. 55ppm downfi el d of the
correspondi ng signal for the.0E®bd-di astereois -C Thei,rle-l)at ive
integrations for these sig rresponded close t he val ues obtai ned
for. the igoner ratios by I—ﬁgtgir) a wde vari e("t)@/ {3’ sfi))rrpl es. 35 EXAMPLE 6
SEPARATION OF d- and | - EW-‘#G«ERS OF COVPOUNE 1{m®&°th ast er eoi soner of
Conmpound 1 was treated w tkyagpggui val ent of gidsg-4)c acid in hot 40
et hanolic solution. The sol utjion was aIIowedmeéc?) nd the white solid
was filtered off and recry%%aﬁ?%ed three ti %g‘%’ (+) tartrate salt
of one enantioner [err] = $&r9374c =2.5, [err])C N p (rﬁe?s’b-[)err] The
filtratefromthe above prepag on was conce rpé ed the salt was
deconposed to give Conpound” 1 ?F unknown enan 3orﬁ3r p’ro ortions) by

di ssolving in water, basit§1n34@® pHI, and filGgrGpg ¥ flthe white solid.
Thi's was recrystallised fyomgjdyl acetate to (924\/@ Whidesgrystals. This
sanpl e wa® treated 45 with an equival ent of D (%) t%rtarlc heid in hot

et hanolic solutlon and the resulting white SO|Id mas recrystalllsed three

t t trat £t ot h
2.5 [err)). Vﬁr Cﬁe;fféert posor O%b‘é%? e k] B8 Bpa oty aep
Psnrr%r

LT, és%wgg'“ g;ggrrm:e:;%ga °“~°d
fo

gi ve sanp e Ok ,gﬂf E
Sfo i ggyﬂvetl grations trotaﬁtés% fals rEspr?&éﬁ closely to the

1, [err] = - 6s0
d- Qonpound Ivalub£dbkained fok BB mZﬁ' Mfi for a wide variety of samples.

35 EXAMPLE 6

SEPARATION OF d- and I- ENANTIOMERS OF COMPOUND 1

\J The diastereoisomer of Compound 1 was treated with an equivalent of L-(+)-tartaric acid in hot
40 ethanolic solution. The solution was allowed to cool, and the white solid was filtered off and recrystallised
three times to give a (+)-tarirate salt of one enantiomer [a]p® = 28.08° (¢ =25,H20). M.p. 173-175°C.

The filtrate from the above preparation was concentrated, and the salt was decomposed to give
Compound 1 (of unknown enantiomer proportions) by dissolving in water, basifying to pH9, and filtering off
the white solid. This was recrystallised from ethyl acetate to give white crystals. This sample was treated

45 with an equivalent of D-(-)-tartaric acid in hot ethanolic solution, and the resulting white solid was
recrystallised three times to give the (-)-tarirate of the other enantiomer, [a]p® = 27.67° (c=2.5,H.0). M.pt.
167.5-168°C.

The samples of the tartrate salts thus obtained were converted into the free bases by the method given
above to give samples of d- and I-Compound 1. The (+ )-tartrate salt gave I-Compound 1, [a]p® = -2.52° -

50 (c=4, MeOH), and the (-)-artrate salt gave d-Compound 1, [«]p® = +2.51° (c=4, MeOH).

EXAMPLE 7

SEPARATION OF COMPOUND 2 INTO ITS meso- AND d,| FORMS

65
The meso- and d- forms of Compound 2 were separated by HPLC using a modification of the HPLC
conditions empioyed in Example 3. The only differences were that the solvent composition was 98% MeOH

and 2% (0.4 M) aqueous ammonia, instead of 85% and 15% respectively, and that the flow rate was 2ml

10



EXAMPLE 7 SEPARATI ON OF COVPOUND 2 INTO I TS nmeso- AND d,| FORMS 55 The

meso- and d,|- forms of Conpound 2 werg g§egpsfisf by HPLC using a

nodi fication of the HPLC conditions enployed 1 n Exanple 3. The only

di fferences were that the sol vent conposition was 98% MeOH and 2% (0.4 M
agueous anmonimin~' witsé p@parative Sdirona biodeil Bidser @agitbns the ddstor-ruanieh isdnasr héche rekdntion time of
rate was 2m #fproximafely @4 bnhte848hdBhat| afrthg slowerdunsing isemerr wdsi approgimiatalyT26 foinates. The -
t hese condi t i isnwers werefseparatad-by praparatiye iHELG@Iving sempiesrob arpraximatelyt 90Pkepugity as estimated by
appr oxi nat el y HPUC. franuthe & NMR @pacha the giasteraeisogteteiited firetrwes fAepidnaierhipsowgrd the fraction is
appr oxi nay et yteaHaMut es. The isoners were separated by preparative HPLC,

gi vi ng sanpl es_of aﬁErom mately 90% purity as estimted by HPLC. Fromthe
[err] NWR spe P& di ast er eoi soner el ut ed first was designated neso-,

and t he fracti§E&\f';ﬁr‘&étﬁ&%eﬁéIJ TL.ON AND LABELLI NG CF
OXI ME | SOVERS

on effects, the

(E 2)- oxi rﬁ% ' SCHIB ? pid Pr %me ' d 9*]%& ﬁz&l&{ gssﬁﬁ to
i sol at ed
2{]Uldlsgda Ey F%&E loPHle ﬂ%&gﬁ:&i}ﬁnt g‘%ar. ﬂg Ia% Qéan\gr Wiff éﬁ ellﬂﬁ(bﬁﬁe resultmg

i somer with i gRdhaEerinbR JslnHQhéDEE é)h@onﬁe?% v»FeHrlﬁhtSl fidd Gidter REERLEINHIHINS roceeded
using the (£ E&rodtlﬁpf@fngsth&\(@ﬂ)-néo% it! wdaChok lwgnwﬂeéb&me&ﬁusﬁ&nﬂémﬁ Odi in part to ir-
proceeded 15 sdpRatdidity ofeN@PLchmethéa &id inSpuiEio thé SG@foralie plRO&ES] Rdwever,0a GldhBer Nof
consi st ent r egothgidkes *ok@ dbRAINPd liiciuding ial lipoFhilip 'spebivs | (Biubilyt 4201 aidprotidBly Gefimt H@eh the
and in part t(Ehemegtin ielnadlibration ¢ treqE Z)sisonise) ey siveralanarifd@phikefspedesp| exes
were obtained, including a |ipophilic species (usually [err]20% and
probably deri &¥&MPYEIM t he (E, E)-isonmer fromre-equilibration of the

(E, Z)-i\)-e’rrer) and_sever al or e hydrgphl lic species. 20 EXAMPLE 9 Formati on

of the Tc-99mFeE "thT : poved 1 | e freeze dried fornul ation of
1.0ng of the corrpound 1 dI/rreso mxture and 15 rrg of 25 stannous
tartrate in a seh d" 'ﬁ?é’f merrgma% t’r@ ﬁ‘es&t
reconstltut"’éd ”’8"9 38 '° N ' i e | %8
a Nb- 99/ Tc- 9921 eﬁ“fs p % "g ?mta ﬁwﬁ&% i ﬁ? avs'; o he
i ndi cated tha

t echnetiuny, Iexat on o %t'gg peramres
conpl ete afF '9§rq cf?:an * %ﬁ@ﬁn‘dﬁ/ﬂéal fisgrrner; aga 'ehgnﬁome?tothereof JQQorm d
Tc-99m conpl egmfi rh,Corrpound IVI | soners and enantioners thereof -
was formed An alternative and currently preferred formulation consists of 0.5mg of compound 1 (dl-isomer), 4.5mg

of sodium chloride, and 7.6mg of stannous chloride dihydrate.

35 Analysis of the Tc-99m complexes

Thin Layer Chromatography

- : Glass fibre strips impregnated with silica gel form the stationary phase of a fast and accurate analytical
K/ 40 system. Two strips, each measuring 20 cm x 2 cm were used in each analysis. Approximately five
microlitres of the solution containing the complex was applied 1t cm from the base of each strip, and one

sirip developed with saline, the other with methylethyl-ketone (MEK).
Determination of the distribution of radioactivity along each strip was conducted by means of a 100
channel analysis system interfaced to a Nova computer, programmed for peak integration. The Table below
45 indicates the RF values of the major components of the Tc-99m solutions. The observed radiochemical

purity of the T¢c-99m complexes was generally greater than 80%.

Silica gel on glass fibre chromatography
50 Observed RF values
Eluent: MEK Saline
Tc-99m colloid 0 0
55 Tc-99m pertechnetate 1.0 1.0
" Tc-99m complexes 0.9-1.0 0.0-0.2

1"



simlarl y. "An alternative and currently preferred fornulation consists of
0. 5ng of conpound 1 (dl-isoner), 4.5 @hasedigyn chl oride, and 7.6ng of
stannous chl oride di hydrate. 35 Analysis of the Tc-99m conpl exes Thin
Layer Chromatography G ass fibre strips inpregnated with silica gel form

t he st ati onaPipbilithafthe eoimplgxdsast and accurate anal ytical 40 system Two
strips, each neasuring 20 cmx 2 cmwere used in each anal ysis.

Appr oxi mat el y fRadiechamieal glufity rdstermejnatieriscystbin Uavieb phrereriqazaphl weye toaieied vt srvereh ime
applied i c nPeiRty fellawing fermation of the dechnefium icpmplexagiof sampainds hande?, 8| dmesy mixtym in each
sal i ne, the EAsPdP defprinfne therstabiity ohhe camplexpro TYRIgRICpSUlt e ghown inhe tBhle Bflow he
distribution of radioactivity along each strip was conducted by neans of a
100 channel anal y>| S system i nt pr f aw%eftitht Gested\NRIBMOMPIEtt Hihe pmﬁgﬁaﬁmred for

peak integration. #0_%81 oélgr[an’ 5’1 uua LFWE’S"[‘?‘%—RFWW Ues ‘i’éo nnin'e Tgj or

corrponentg of the If1bns B obselr ved TA8T ochdni cal iritylof
the Tc-99m conpl ekes Opmpowgeheraj | y gr®ater than 8% Silijca gel79on gI gss
fibre chromat ography @9®pound 2 82 60
Observed RF val ues Eluent: K ‘Salrne Tc-99mcolTord 0
0 Tc-99m per t eqh§ il vitboStability bf fhe complex of cdmgdurid-2 BR383n8 BY b8tk Inferior to thaP efIneleomplex
0.0-0.2 1% of oEBpW Thése diferentealaid imbortal THelHRrceMBLIE XS89 irOB& R 6@the complex
purity det er gianai tin®s Snolythdnivide hgredt wiki CanpaliDE &D4iti OoRMPRING &) Thisaakicehdmiedk impurity
several tinmewaod me®asotthd dudkground radiaibn @nvial tot & poirit cat whielh iusennl Grddiphtdn eduldfbe more
conpounds 1 difficultdr eendihpossiisetorvbtalnure 1N each 5 case) to determne the
stability of the conplexes. Typical results are shown in the table below %

of the Q/ﬂré&'\wggm conpl ex Time post formation Tc-99m conpl ex of : 2
m 120 min 10 Conpound 1
92 Animal bloglytnbutlon data 79 Conpound 2 82

oo %tre T‘H?n ey Stt@? e nesﬁf tf@ﬁvcﬁ a¥°e§ A C?ﬂa o o i) s>
t b lu 1} (=]
seen o e orat RIS e R
conpl ex i's A 'glt{a w :rnﬂrf‘sf:g d :éfnms:'éwnw g'g tfoll??wm ? oF u? it t IW‘SGaﬁ;lgg for
Conpound 1. TRPECE ‘rr% ;peqf? epd " bYoslldU k. GhBaSs o | et B 88 Bl scvny

radiation i nre}éév‘é:%d o a pornt a rrrat on
30 The ratio of diastereoisomers in the Tc-89m complexes used in this experiment is not known.
Biodistribution data of Tc-99m complexes of ligands (no separation of sterecisomers)
Tc-99m Complex of % id/organ in rats
35 ligand
2 min pi 1or2hrpi
. Brain | Heart Liver Blood | Brain | Heart | Liver Blood
v&o 1 15 0.4 8.4 16.7 1.2 0.2 5.4 19.6 (1hr)
2 1.6 0.5 10.9 146 1.4 05 49 124 (1hr)

The results at 2 minutes and 1 hour p.i. are the mean of 3 animals.
The results at 2 hours p.i. are the mean of 2 animals.

EXAMPLE 11

The experiment of Example 10 was repeated using the separated diasterecisomers of compound 1. The -
results are given in the Table below and should be compared to those for compound 1 (the mixture) in the
s0 Table in Example 10.

56

12



difficult o even inpossible to obtain. 20 EXAMPLE 10 Ani nal
bi odi stribution data 0.1 m of the Tc-go@s@q'#es 8% sol ution was admi nistered
by intravenous injection (lateral tail vein) to 25 each of five or six rats

hour or y .
sanpl es shown in the fof L8 o€ agenpdund
radi oactijvity. The uptake in each organ or tissue was cal cul ated as a
per cent age 8f the-totat—actirvrty Tecovered—30 Tre—TratToof

di ast ereoi soners in the Tc-99m conpl exds iY@rgap tif Fad&erinent is not
known. Bi odi stri butficomodat a 2fmike-PAM conpl exes doud GgANds (Nno separation

of stereoisoners) Tc-99m Conpl ex of % id/organ in
rats 35 , i G2 5 pi 1 or 2 hr pi Brain
Heart Livel Bl exfd Br ai n Bradaar tLivewer Blood BIBradimO Liver BloaoH

1.5 0.4 8.4 16.7 1.2 0.2 5.4 19.6 (1hr) 2 1.6

0.5 10.9 146 = 05 49 g

m nutes and 1 hour p.i. are the nmean of 3 animals. The results at 2 hours

p.i. are thg nean ¢, 12 ani mal s.q 4 EXAVRIE 144The experdggrentg ofs Exgmple 10
was . repeated using the separated diastereoi soners of caonpound 1. The
&rr[?g’ro ose Yor

results are given M#%%e Tabl e belbw P& houl™ e ¢ ed4F4h

conmpound 1 (the mxture) in the so Table in Exanple 10. 55 12 EP 0194
843 Bl Biodistribution data on the Tc-99m conpl exes fromd, |- and

meso- di ast emeoi soners of conpound 1 % id/organ in rats Tc-99m 2 mn
p. i ./ The reasoris fpyothe diffgyerices ip raim upfeke antiystention are notgfnderstood, but do not appear to

Br ai n Li ver result from any gfffexgace in fipephificity betweesn the TRi99m ¢omplexes of the two isomers. We have
; compared the lipophilicities of the two complexes, by a special HPLC method developed by ourselves for

this purpose, and have concluded that they are indistinguishable.
25 .
EXAMPLE 12

35

50

13



15 . sd.lo» 1.99 9.42 11. 42 1.90

9.25 10. 17 meso- 0.78 eB f¥figaspy- 33 0.53 24.24 3.17 20
The reasons for the differences in brain uptake and retention are not
under st ood, but do not appear to result from any dlfference |n

Iipophilicity bet n_t nplex s of the two

conpar ed t he Iipo%ﬁ%lpﬁsﬁFéikigﬂ%i tRbT 09§I3955T05993 EQEBPEFEﬁPEEQHEthOd
devel oped by ourselves for this gg%gg§§§DzBuEREDESGMBRS uded that they are

i ndi stingui shable. 25 EXAMPLE 12 30 35 40 4 51 1 RAT
Bl ODI STRLBUTI ON DATA ON THE Tc 99m COVPLEXES FROM | SOLATED STEREQ SOVERS a)

dl and nmeso di as@kr e@isIN@r I 1L 28 GoR mers10 Conpound Stereo
2 mns pi 1 hr pi No. | somer Brain Heart

Li ver Bl ood Brain Heart Li ver Bl ood 15 1 . meso 1.1

0.6 19,9 5.0 0.7 (. 19/orgam tn rats 3.1 dl 2.1

1.2 11.73 11.0 1.6 0. 7 11.9 8.6 20 2 nMeso

1.7 0.6 17.9° 6.9 0.2 20.7 2.8 dl 1.8
1.1 11. 6 Prpoge  Stereoy 5 0“7‘"’ P9 4 7.8 %% d and |

enantiomers of Compound 19mé&(Q Brain Heart Liver Blood  Brain Heart Liver Blood
' 5

1 meso 1.1 0.6 19.9 5.0 0.7 0.2 23.7 3.1
¢ 21 1.2 1.3 11.0 1.6 0.7 1.9 8.6

20 .
o/ 2 meso 1.7 0.6 17.9 6.9 1.4 0.2 207 2.8
dal 1.8 1.1 1.6  10.5 1.5 0.7 9.4 7.8

25

b) d and 1 enantiomers of Compound 1

30
% id/organ in rats
2 min pi 1 hr pi
35 Enantiomer Brain Liver Blood Brain Liver Blood
a 1.4 13.4 11.4 1.4 2.7 10.2
; 1 2.6 0.6 11.0 2.2 7.7. 11.1
o

Data in Tables (a) and (b) are the msan from 3 animals at each time point. They were obtained at a
45 different time and using different formulations, from the data in Example 11.

EXAMPLE 13

CLINICAL STUDIES

50
All clinical studies, involving comparisons between the Tc-99m complexes of dl and meso, and d,l and
dl sterecisomers of Compound 1 were conducted in normal volunieer subjects at Aberdeen Royal Infirmary.

a) Comparison of dl and meso diastereocisomers of Compound 1

This study was published:
99mTc HM-PAO Sterecisomers as Potential Agents for Imaging Regional Cerebral Blood Flow - Human
Volunteer Studies. Sharp PF, Smith FW, Gemmell HG et al. J.Nucl.Med., 1988, 27, pages 171-177.
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%id/organ%in:rats 2 mn pi 1 hr pi 35

Enanti omer Brain Liver Bl ood Brai n i leggod d 1.4

4 84
13.4 11.4 1.4 9.# o't Eﬁ 2.6 0.6
11.0 2.2 7.7 11.1 Data in Tables (a) and (b)

are the mean fr ahe Bllowing mlesdembnseaeéﬁzé mm getoeiithge of fbeay actidly énjaisd Poin@ghnait 2Bmidiies
di fif erent ti nei. Batalisuiwn tagerdirdrf @eacoi intdrast studieatemploging 4 wimia lobhe scarting devicdox anpl e
11. EXAMPLE 13 CLINICAL STUDIES 50 All clinical studies, involving

conpari sons belTWEGhh Colniokol SrBbisooP oS omsound 1 41 and Nes BHq Shiliyand al

st er eoi sgner s Jof %orrp&gﬁpn% 1 Were cong%c?%l@ | —Rehpd— -El'-%_i-eeh"y ' -
Aber deen Royal| Infirmary. a) Conparison of di| B hekdwer di Kisraye doBleedes ryrieg
Conpound 1 55 [Thi's study wagmesubl i shed: 99mrId kigk PAGs.6t ¢r epgsonfers a$ '
Potlenti al Agerits for | magi ngi Regi onal Cerebrdl 48 opdo.b2 qw ssdiurfan Veleant ee
Studi es. Sharpg PF, Smith FWuxGemel | HG et all|. 195 Nuas.oMgd. 1.9&986, 24,4 page
171-177. 1# —Tte—fortownmg—tabt e denonstTates te Tearm
percentage of total activity injected per organ at 20 mnutes p.i. Data is
t hen taken frgm.g g ,pg,dl ' Je §;.m§ % N=Tqneld y| ng a whol e body scanni ng
device. Tc- 998 OE . §t§ a df v und 1 % injected
activity Bpain Thd—fo\(cﬁf ing taﬂfé SO&%ﬁe medH QQQS'J std'dléérfblnfacmﬁ@msomer of percentage of injected
1. 85 16. 6  dose inhorhal voluntesrs at 38-nfin lﬂéspl 4.22 10. 22

U7

3.50 2.28 M xture 1. 95 13.0 1.95
1.4 b) Conparison of d,| and dl strere ongt Adl ound 1 15 The
follow ng table gives the nean of {thr eB) F "g‘h“h st er eoi sorrer, of

per cent age2of injected dose in norinal| \856u tﬁcssS at4@0|m nutes p.i. Brain
Li ver i dney 20 I | 430 806 | 40 3.76 12. 66 1.46
I 4. 30 8. 06 4.0 dl 4.1 d p@183| 1073, |033.03

2% EXAMPLE 14

Clinical studies in normal volunteer subjects

The following data allows comparison of the relative performance of the complexes of compounds 1 and
2 (an unseparated dl/meso mixture in each case) in human volunteer subjects.
i) Blood clearance

3

[~3

Time post injection (minutes) : % id in blood
% Compound 1 Compound 2
14 9.54 11.06
40 7.73 6.9
o 60 6.38 5.93
" e 250 5.26 3.98
ii) Whole body distribution
45 Whole body distribution at 2 hrs p.i.
Compound 1 Compound 2
Brain 3.70 3.48
-Liver 23.35 13.21
50 Bladder 39 21.02

Tomographic Imaging Studies in man

5 Tomographic images of the brain were determined using the same complexes in normal volunteers.

The device used was a single head rotating gamma camera and minicomputer system. 64 25-second
images were accumulated by the gamma camera during 360° circular rotation of the head and shoulders of
the volunteer.

15



25 EXAMPLE:14:Ctinical studies in normal volunteer subjects The foll ow ng
data al |l ows conparison of the rel at?@?y)ﬁé@rﬂance of the conpl exes of
conpounds 1 and 30 2 (an unseparate nmeso m xture in each case) in human
vol unt eer subjects. i) Blood clearance Tine post injection (mnutes) %
idin bl ood 3%ood quality tomographic images of the brain were obtained by the reconstruciampiothe dimdges
Conpound 2 distained using the complex of C8mpaelind 1 by the mididor{pGter) The images’ obtained using the/complex
6.9 60 of Compound 2 wer®.1@&8 good, due to a HigBB lel@l of background radiation, resulting from a hig®Q
5.26 ._ uptakd ir0ftitisspe WAgiohse body di stri bution 45

Whol e b&dy distribution at 2 hrs p.i. Conpound 1 . Conpound 2 Brain
3.70 EXAMPLE 1§ 48 Liver 23.35 13.21 50

Bl adder 21. 02 Tonogr aphic | maging Studies in man

55 Tomwﬂmﬁ@é&&&the br ai n vvere det erm ned usi ng t he sane
conpl exes |n nor mal un e The ce us S|'§% e he goga E g
Iu wa lfows. Avu ntaine
@B m E

gam"ra carf

m-
shoul ders of "0l Ts %re oi: med fr | , gmﬁytog R IOY
i mges of t B&\ Nspg d Eneé:@'m%hf»ébﬁ&té BitieRdl shih6 coMEBISIRG approxi-

obt ai ned s Hgg.yt @5,,;*9 r@g@gg d| MWspbndibh WdACinElbRbE MR B{oR of HaCsolulidhd&iSthe
obtai ned Usidaghefile goRMRniplex Gﬁﬁmwmdln&b%ﬁ Evak &8 SmBIGRA dempbkifurd, Gnd shrhPéewere

| eyel of bagdiiéftdntéradt R briysis. Ak ol migutds] 6% f e Giidactivitf A¥Caskdtiatb@lviith blood
tissue regi gdiE; atbrsAMiiids, 833 briti abri 10GniduiIscdokd. Ng of | eucocytes 10 A

sol ution of the-obmclhtuléd Wiediftes pPPLE by dhis Owtpod etk injeniad inedas dearing | dbenssses A
vi al contzai p@duced byrimplaptapuniol dpchpe npiaynatat withrfaacal estract Abstessdiptalriwast identicahty that
4.5ny Sedi URr bHI Bballetblpucbeyissze- dri ed and seal ed under nitrogen. To this was
added 5.0m of sodium pertechnetate eluate froma 135nCi technetium
generator. Claims

af%

25 1. A lipophilic macrocyclic complex, useful as a diagnostic radiopharmaceutical, of technetium-99m with a
propylene amine oxime ligand having the formula:

HyC, CH»

30 ?S )
' X
HyC T IN CHy
HO OH
said complex being in the form of a single stereoisomer or a mixture of stereoisomers.
\-/40 2. The complex according to claim 1, wherein the ligand is the di-diasterecisomer.
3. The complex according to claim 1, wherein the ligand is the l-enantiomer.

4. The complex according to claim 1, wherein the ligand is the d-enantiomer.

5. A propylene amine oxime ligand having the formula:

. <

55
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m nut es, (‘83% an after m nutes, 89% Tc-99m | abelled I eucocyt es pr epar ed
by this met hegmBiess Nj ected into rats bearing abscesses 20 produced by

i mpl ant ati on—of—sponye i npregnated with faecal extract. Abscess uptake was

i dentical tofJiafiadefhg biffeubdcyies abel | ed I eucocytes. Cainms 25 1. A lipophilic
macrocyclic compiex; usefur_as a diagnostic radi opharmaceutical, of

t echnet i unf 99mM AédtufiorPof ftieCtdhh&tiaM-08r IcHrBipleR<df BBmgouitPHlas iRadl BEfolidWe. A Al Fbtidiied 0.5mg
[ ERR] sai d cosfipotid B&ismg stafnolifiéhidrias dinyaifatenaritil 43l gSodilnd CRiGride;GigBde-diEd dhdI¥balddunBer
of st ereoi Sonogen. TGhi2 wasTdudedS0mH loBsodnm@eitathnbtatd aluatdl fdimna 185mGitedhestiom tgbmsrator.

i gand is the dMixedilasbaytes wesoubizined Som Blirel of acith kitrate aticeagalatad)bloai byl deixtran lsedimenta-
wher ei n t he kiongdheseivere Washéd wvivarand oesespendédd inf2emicphogrhals baftswlr silinegcobtainiod apprexi-
1, wher ei st matelyi ¢2fmb/misprodtaglagdie ih nthe cswepensichwés, ingubgled yjth €:Am! ofrithee salptiprmef the
l'i gand havi népetrigtiunt-039m, Pemplexeqf cpmpagind 1. [Apubgtion gups 3t Imbjenteyppprature| dnd ysamples were
t omogr aphi ¢ rq'mgesisatdmtewﬂ%f%ua@a'wswteé "!S’b'!"aﬁ't?ﬁeéo%wf thecradieaslyiiy wes asspeiatedowitht iNeod
i mages obt ai AR #1e Srginytere 8%% AR AR Wittt d 1 by the miniconputer. The

i mages obt ai neJ"[?g’i"n ballets '%&?W%f’%f’et@ﬁgg dvx)téﬁ'% inected '@‘Bdﬂts 'I?El'é’gt gpscpsses
hi gher I(&iZ8| 9'29'; Bﬁgg&ﬁ?ﬁ&"r%{ﬁ%{‘ﬁ? Uppregpried wih fARpak At APt ke, pesiRentic) to that
soft tis&ue forfbipesl ¥ 15 In vitro labelling of |eucocytes to A
sol ution of tcp technetl um 99m conpl ex of conpound 1 was nmade as follows. A
vi al -cont ai necf . 5mg conpound 1; 7.5ng stannous chloride di hydrate; and

4.5nmg sodi, nHChA%s Hl% chFo@% cc%p'leﬁq.\s@f %s%%%&%%&%g@b&u@&? tochfetiufiodm VAR a

b=

added 5.0 hﬁh technetium
gener at or. eucocyt es were Sbtai ne f'rom 34m of acid citrate

anti coagul ated bl ood by dextran sedi nenta- tion. These were washed tw ce
and resuspended in 2.0m phosphate buffered:&%:me cont ai ni ng appr oxi -

30
n,cI NH KN CH
HyC lli TICH;
HO " OH

35

said complex being in the form of a single sterecisomer. or a mixture of stereoisomers.

2. The complex according to claim 1, wherein the ligand is the dl-diastereoisomer.
3. The complex according to claim 1, wherein the ligand is the l-enantiomer.
4, The cbmplex according to claim 1, wherein the ligand is the d-enantiomer.

5. A propylene amine oxime ligand having the formula:

CHy
50 - : I)S
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15 mately 6.28ng/ n prostaglandin El. The suspension was incubat m i “I““Im““‘
0.2m of the solution of the techneti | ex of conpou 'ﬁ “‘i
| ncubati on was at anbi ent tenperatureﬂﬂggggggﬁg?gs were renovet' Cl [ mos  *
intervals for analysis. After two mnutes, 60% of the radioactivity was

associ ated w 6.h b aguid ebldiyg tadidir 5 whichishe dbGiastéiadiéommd after 10 mi nutes,

89% Tc-99m | abell ed | eucocytes prepared by this nethod were injected into

rats beari ng @bsthedigapd a@Ordinp dudekaire & whigh isril I@ndntiomenn of sponge i npregnat ed

with faecal extract. Abscess uptake was identical to that for In-111I

| abel | ed\J etic 8cythe dgandiagitipimedin claim Hwhichiiha diepantieregtr ocycl i ¢ conpl ex, usef ul

as a diagnostic radi opharmaceutical, of technetium99mw th a propyl ene _

ani ne oxi me | P-galhl CPBRIexAGCAdiRg tp glaim A, Baving dhedermula § conpl ex being in the form

of a single stereoisoner or a mxture of stereoisoners. 40 2. The
conpl ex according to claiml, wherein the I¥ si s the dl -di astereoi soner.
3. The conﬂ? ex according to claiml, whereigt ligand is the -

| -enantionmer. 4. The conpl ex accordi NgufO Ckaj Mnl, M}erei nthe ligand is
the d-enantioner. 45 5. A propyl ene am nef ox» IIEand havi ng the formul a:
55 | e “ "[err] 16 EP 0
194843B1 6., The |igand according to clal m 5 whi é'h i Pt he

dl -.di ast ereoi somer. 7. The |igand accordi ng®>t¥-elaim5 which is the

| -enantiomer. 5 8. The ligand as clained in claim5 which is the
d-enantionmer. 9. The conplex according to claim11, having the formnul a:
[err] Patent aratphtandpstich® 1. Li pophiler, als diagnostisches

Radi opharmazeut i kum verwendbarer, makrocyclischer Konplex von

Technet sam 99M rliipopkilbmein Biegnostisches Ardinph@sazeutikuye Netwendbiarer, Fakmeyclisci Komplex von
Hc cm H C NNédchnefigrp-99m mipenga@pylen-Amin-Oxim-Ltganq@w der Form@jH

25 ;><IH1

HyC NH NN oy

I

30 e r ;‘ CH,

L OH
wobei der komplex in Form eines einzelnen Stereoisomers oder eines Gemisches von Stereoiso-
85 meren vorliegt. :
2. Komplex nach Anspruch 1, wobei der Ligand das di-Diasterecisomer ist.
3. Komplex nach Anspruch 1, wobei der Ligand das I-Enantiomer ist.
4. Komplex nach Anspruch 1, wobei der Ligand das d-Enantiomer ist.
5. Propylen-Amin-Oxim-Ligand der Formel:

45
HyC, CHy

HyC NK  HN CHy
: X
. N ? r CHy
- mo on

55
6. Ligand nach Anspruch 5, némlich das di-Diastereoisomer.

7. Ligand nach Anspruch 5, némlich das I-Enantiomer.

17



wobei der Kohpl &x in Form eines einzel nen Stereoi sonmers oder eines

Geni sches von Stereoi so- 35 Mer egp ¥Qbh bPBy 2. Konpl ex nacI mmnnmlullll
wobel der Ligand das dl -Di astereol sonrer ist. 3. Konplex nach e 18
wobei der Ligand das |-Enantionmer !st. 4. Konplex nach Anspruch 1, wobei

der- Ugand d&s UgdndaachiApspeuchissiimiich daPrdEpantiemer Ami n- Oxi m Li gand der Fornel : 45
HC CH R cw Nu HN CH so NHO OH 55 6. Ligand nach Anspruch 5,
nam i ch das 9i Kipiexmeshcdmbryeahrdrder Forméli gand nach Anspruch 5, n~nlich das

| - Enantioner. 17 EP O194 843 B1 C L M S . Ligand nach Anspruch 5,

nanl i ch-das d- Enantionmer. 9. Konplex nach Ansg'r uch 1 der Fornel: RIC CHI

RC No N CH 10 Mgt C \

O K--0 16 Revendl catlons 1. Conpl exe macrmi que lipophile, utile conme

agent radi opharmacouti que de di agnosuicg,  MegTachnek, um 99m avoc un
coor di natwd' oxyde de propyl ene am ne ‘deaI#or\hﬂ e:]20 "1C~ NCH) 25 .
"| ~~~~HC NH W CH 26 sy N/ N, o, H, ~~~~~~~~ NCXN
r4'cM) HO OH 30 ) {

Ceelf=eO

]
Revendications

1. Complexe macrocyclique lipophile, utile. comme agent radiopharmaceutique de diagnostic, de
Technétium-99m avec un coordinat d'oxyde de propyléne amine de formule :

N¥ HN CH
- S S
HyC ?il ?'t CH)
HO OH

30
ledit complexe étant sous la forme d'un seul stéréoisomére ou d'un mélange de stéréoisoméres.

2. Complexe selon la revendication 1, dans lequel le coordinat est le diastéréoisomére dl.
35 3. Complexe selon la revendication 1, dans lequel le coordinat est I'énantiomére /.
4, Complexe selon la revendication 1, dans lequel le coordinat est I'énantiomére d.

5. Coordinat d'oxime de propyldne amine de formule :

\ro

© HC NH HN ICN)
I N CH3
N "‘ )
"o OH

50
6. Coordinat selon la revendication 5, qui est le diastéréoisomére d/.
7. Coordinat selon la revendication 5, qui est I'énantiomére /.
8. Coordinat selon la revendication 5, qui est I'énantiomére d.

9. Complexe selon la revendication 1, de formule :

18



| edit conplexé Btant sous |a forme d' un soul stbrdoisombre ou d un nelange

de st6reoisoneres. 2. Conpl exe selon | ﬁ&gﬁ% gtion 1, dans
coordi nat est |e diasté&r4oisonbre dl. %66 nmpl exe sel on | a ﬁ"ﬂl'"mﬂm”m””"
revendi cation 1, dans |lequel |e coordinat est !4nantionbre L

selon Ia revendication 1, dans |oquel |le coordinat est |’ enantlonbre d 5

Coordi nat d' oxi ne de propylbne anm ne de fq&gulgh NYC CH 46

"| ~~~~HC NH 147 sCH NH OH so 6. Coordi nat

selon la. revendication 5, qui est le dlast re0|sonbre dl 7. Coordinat selon

la reveAdi dation 5, qui est |'enantio L\Qaznéf?ﬁ¥dlnat selon | a
e

revendi cation 5, qui est |’ enantlonbre d, xe selon la
revendi cation 1, de fornule: 18 Mo 15 20 25 30 35 40 45
50 55 o--a--
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