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the brain, distribution in accordance to blood flow, and adequate stability after preparation to be useful in
the clinical environment.
© 45 U.S. Patent 2,810,753 issued October 22, 1957, describes di-sulfhydryl alkylene diamine polycarboxylic
acids as metal ion chelating agent. Some of these acids are immediate precursors to the ester-substituted
diaminedithiols of the present invention.
Blondeau et al., Can. J. Chem., 45, 48 (1967), descnbe the reductive dimerization of thiazolidines to
: yeld N,N'-1,2-ethylenediylbis-L-cysteine derivatives.
50 A copper complex of N,N-1,2-ethylenediyibis-L-cysteine, dimethyl ester prepared from the
dimethylester dihydrochloride is characterized by Bharadwaj et al., J. Am. Chem. Soc., 108, 1351 {1986).
GB-A-742 996 discloses Di-sulfhydryl alkylene diamine polycarboxylic acids and salts thereof.
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welf:[ as prol onged ‘ret'ention in the brain of manmal s, these conpl exes
convert on standing to a hydrophili &Q?g)# ich is no |longer effective
as a radi opharnaceutical for eval uaflion of regional cerebral blood flow 40
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wi thin 30 rsummary oFftHeENNyeENTIGN ation. Clearly the need exists for nore
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carbon at of&¢ eséeérsifﬂﬁsttwd d'ﬂ?'"‘*&'“&%l"‘b‘i‘fﬁ? | Rhermaequiicallsacesptable forM4 car hon at ons, or
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sel ect ed fra‘bﬁ’?f’f{? BT t't” p:%onu d? “ngtﬁé"t'"e&‘f'éa"ﬂ‘?' arife i s

ni red a nt for ri du in
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accept ab e rJd% hiide complex of a diaminedithiol ligand having at least 1 ester group of the formula -A-COOR where
A and R are as defined previously. _
Additionally provided is a process of radiocimaging comprising administering. parenterally to a mammal a
_ radiopharmaceutical as set forth above in a pharmaceutically suitable carrier and radioimaging the brain of
35 the mammal after allowing sufficient time for the composition to localize in the brain.

Preferred Embodiments

_ For the purposes of this invention, "lipophilic” will be understood to mean a radiopharmaceuticat which
] 40 readily crosses the blood brain barrier intact, i.e.,, a complex with an overall 1-octanol/saline partition .
coefficient in the range of 0.5 to 500, preferably 10 to 300, most preferably 10 to 100, as determined by
mixing the compiex with 1-octanol and saline (0.9% by weight in water) and measuring the proportion of the

complex which partitions into each layer.
For the purpose of this invention, a "diaminedithiol” will be understood to be an organic Ilgand which

45 utilizes two amines and two thiols to coordinate with a radioactive metal, which may be unsubstituted or
substituted on any or all of the carbon atoms. Preferreddiaminedithiols include 1,10-dithia-4,7-diazadecanes,
1,12-dithia-5,8-diazadodecanes, 1,11-dithia-4,7-diazaundecanes, and 1,11-dithia-4,8-diazaundecanes.

It is preferred that the diaminedithiol be non-aminated. "Non-aminated™ will be understood to mean that
there are no additional amine substituents on any of the carbon atoms of the diaminedithiol.

50 The radionuclide used to form the radiopharmaceutical is selected from the radioactive isotopes of Tc,
Ru, Cu, Co, Pt, Fe, Os, Ir, W, Re, Cr, Mo, Mn, Ni, Rh, Pd, Nb, and Ta, preferably technetium-99m. When
the radionuclide is technetium-99m in the form of the TcYO core, it is readily apparent that one of the
amines of the diaminedithiol must be deprotonated in the radlopharmaceutlcal complex to result in a
complex which is charge neutral.

55 These preferred complexes can then be represented by the general formulas (la) and (Ib), but for the
sake of clarity, only one of the two possible structures will be shown throughout the remainder of the
specification, with the understanding that the two are equivalent. In addition to the Tc'O core, complexes .
can be formed which incorporate the TcN core, and in which both amines of the diaminedithiol complex




Al so provi'ded is -a kit which conprises a predetermined quantity of a
steril-e, pharmaceutically acceptable ester-substituted diam nedithiol as
descri bed above and a predeterm ngdg gpdfzigy of a sterile, non-pyrogenic
reduci ng agent for reducing a presel ected radi onuclide. 30 Furt her
provided is a radi opharnmaceutical consisting essentially of a |ipophilic,
char ge neenaraprotomtbd OThus [vinelethe catiphuelideG$ teahneiivamdome the tcbmméxed wigjemate bitainedgpreat
| east 1 esthegengrbomues (tde(f:or mul a - A- COOR where A and R are as defined
previously. Additionally provided is a process of radioi magi ng conpri sing
adm nistering parenterally to a manmal a radi opharmaceytical as set forth
above fn a pharmaceutically suitable carrier and rgéd R ging the brain of
35 the mammal aftegral fowighg sufficient time forgyhe vposition to
localize in the br lb’ierred Enbodi ment.s Fog yHe pNiihoges §f this
Hapre®aceut i cal

i nventi on, Ro Hi i{lrbg ghinder st ood‘é
whi ch 40 e@ld o@se ® d brain rr I. gy @ conplex
with af over noc ﬁaollslqupartltlon ﬁbeflc/en range of 0.5
to 500, prefegrallly 10 t\Q 30 fost preferab ¢0 10 s as, glet er m ned by
m xi ng the conp sWth 1S6ctgnol and saline (zb 9% by wei gﬁt in water) and
nmeasuring the mloportl on of ®he corrpl ex whi ch partlt('dﬁs into each |ayer.
For thg purpose of t Ki'3?i nventi on, "diam nedithiol”™ will be understood to
‘be an organic ligand, which 45 utllizes two amines and two thiols to
coordinate wth a radioactive netal, which nmay be unsubstituted or
substituted on any or all of the carbon atom; Pref erreddi am nedithiols
include 1,10-dithia-4,7-di azadecang® (&’12dithia-5, 8-di azadodecanes, 1,11
-di t him- 4, 7- di azaundecanes, and Ja%;_;(%_kmé’oa 4, 8- di azaundecanes. It is
pré’r/erred that the diam nedlthi lg Pe nory 'ﬁate "Non-am nated”" w |l be
undepstood to nean that thefes 1 nglwam' ne substituents on any
of the carbon atonms of the ed™M gy 0 The radi onuclide used to
.for m t he radi ophar maceutl cal g2 s} sel eeted fr he radi oactive isotopes of
TR ar o m e e Rrs e, o 2 M, N, R, Pd, Nb, and Ta,
f-preferabl y technetl um 99m V\hem the radi onu® ide is technetium99min the
formof the [err] core, it is readil §1hpparent that one of the am nes of
‘the di am nedithiol nust be deprotonated in the radi opharmaceutical conpl ex

to resgl t L, %aggdmt R Mfﬂv.‘inﬁ&al‘ly%s CR o8 FoM Bt drdb cor%étmg of HIANGP& 11 BfuBh hiSs
conpl exe%{&gaﬂc WhiE Ar SR &agrit oe Sheli REai0 SRAINE of 0BT dBlbbR Stoknb. 3, 02 Ere(daby)
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under st andi pgictibtprétéiRd FadRpraFreacafitds/d @fared|fiomaieidstionistadehe [ err] core,
conpl exes epiolks g @smagd which incorporate the TcN core, and in which both
am nes of bhectdalgmoimesit RRBlis foompd exboB atomsileP 0 279 417 Bl

c) A is a straight chain alkylene of 0-3 carbon atoms, or
ot d) R? and R'" are -A-COOR and R* and R? are H; or
' L e) Ais a bond, i.e., O, and R is ethyl; or _ .

40 f) A is a bond and stereochemistry at the position where that bond is attached to the diaminedithiol
backbone is L(or R-).
Other technetium radiopharmaceuticals within the present invention have the general formulas:
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55 wherein R1-Ri2 are as defined above broadly and preferably.
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remai n protonated. Thus, when the radionuclide is technetium99m the
conpl exes which are obtained are of the general formulas (1) and (11):
[err] 30 wherein each of [err] to [err] nﬁ??ﬁﬂ\?a?‘ly is selected fromthe
group consisting of H alkyl of 1-6 carbon atons and - A-COOR where Ais a

ster ai ght or br ancheg j6haiNealslh! £18,Q Sn&n 01, anﬂmi’c Dride o Fedtdifd agents.
i ndependently 1 C§pe<,2|"calf§nS]refsgg'rddSar@ t&:‘ﬁﬁet«@i 9| hgfﬁﬁlé )Of{lrﬁ?: g’gt%ﬁ f 5 r?ed ?905{13 (?ietht\s(l

that at |east onQstedith NRF-€ -@tﬁﬂ&’e&‘lylﬂ@b{a}&eﬁe m&hﬁlesté? an&?f) ; §eth -L-cysteine, di-
Pakticul arly pr efondegs{eadl opharmaceuti cals are prepared trom

diam nedithiols where: 35 a) n, o and p are 1; or b) each alkyl of R and
[err] is from:-1- 3)HTEILHO)DE$HRMWON OF TBE INNENHOR strai ght chain ‘al kyl ene of 0-3
carbon atons, or d) [err] and [err] are -A-COOR and [err] and [err] are H,

or e) Ais a bond, Theeliamir@dithinhtbafisi o thet drgsent idventidd can bef freplreld by el chetrortd of coupling
st ereochem stry abproduetelposubstitited dndrie sdmet cisew (pratested) tamiph.e thidl, 0artdh@minethiol fragments.
di am nedi t hi ol 7ob&frderyetonctite netespanRirggme®@s Frenossitde hine wide maripla df Bpfmapesdoet o oad skilied in
wi thin the presef® atafergeniopyriase In e fajeringrredctigngdengiptipss. RiErx Jre 4% d§saiibedl above except

[err] where stated to the copigary- [err]
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279 417 Bl A starfiigl §'°§ef| thiszepg, fé?g'“éa[!sl P‘Ué Ak of 'S ulp, (Yl These can be
chloride are p|’5e1‘e ?' ol ?;é%ﬂ%‘i Eﬁ raﬁ?né’}? Aglygt 1o aford thedeSte'
t echneti um 99m c e% ':Q N d ! rﬁ"e;; 52%157‘)3 i fSstetuRt R0 dia-
ester; (2) N N1, Iene ab Ey ea e 8 d (3)
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DESCRI PTI ON OR,, THE | NVENTI ON The di am ned| t gands of the present

i nvention can be prepared by several nethods of cq\mpl in'®g _appr opr icatec|ew
subgtjtuted (and in some casgs protected) am ne,gi hi oI énd am nettavicolot

fragnents. 10 Prieparat i ne_,cessary fra rre e,{iy_gé w de
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HCl R;»__)/su ﬁs\l_R
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In particular, a thiazolidine or a tetrahydro-1,3-thiazene of formula (Ill) can be reacted with sodium in
liquid ammonia, followed by esterification with methanol or.ethanol using gaseous hydrogen chloride as
catalyst to afford a compound of formula (V). Thiazolidines and tetrahydro-1,3-thiazenes of formula (ill) are

45 prepared by reaction of an amine-thiol with an aldehyde or ketone. (M. T. Nagasawa et al., J. Med.Chem.,
27, 591 (1984)).
T Alternatively, a diaminedithiol can be prepared by the reductive amination of giyoxal or a 1,2-diketone
or 1,3-diketone moiety of formula (VI) with an appropriately substituted (and protected) aminothiol of formula
(V) (Scheme ff).
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where stated to tthe tontrary. The diam nedithiol form ng reactions include
t he reductive dimerization of substituted thiazolidines or a

tetrahydro-1, 3-thi azene of fornmul &r(0d 2194a17®1gi ve the di am nedithiol acids
of formula (1V). These can be 15 eésterified by reaction of a conmpound (1V)
with an appropriate al cohol and catalyst to afford the ester substituted

di am nedi t hi'®Partsular graetion 4f givgral oSE atgRe mMolpty with ja profpeted pHer 28NPathiglis the pegpence of

est er - sub@OPRvdEEY @PW- ni nedi t hi ol s has been described by Bl ondeau et al.
Can. J. Chem, 45, 49 (1967). Scheme | 20

[epr] one to ons A - 30 (ren)
(v 6.° 6 oﬁ%rQQeréo In particular, a thiazolidine
or a tetrahydro-1, 3-thiazene of forrmula (I11) can be reacted with sodiumin
liquid ammoni a, foll owed by esterification with nmethanol or.ethanol using
gaseous hydrogen chl oride as cat gl afford a conpound of fornula (V).
Thi azol,;di nes and tetrahydro-1, &t es®f fornula (rrr) are 45
prepared by reaction of an am ne- th an al dehyde or ketone. (M T.
Nagasawa et al., J. Med. Chem, 270 591 91984)). Alternatively, a

di am nedithi ol can be prepared by the reductive am nation of glyoxal or a
1, 2-di ketone or 1, 3-di ketone noiety gdrfornmula (VI) wth an appropriately
substi treit ed (and protected) ami nothiol of formula (M) (Schenme I1). 50 55
5 EP O 279 417 Bl In particular, reaction of glyoxal or a ketone noiety
wWith a protected ester am-nethiol in t(’e pgdyence of a dehydrating agent 5
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55 such as a molecular sieve, followed by reduction of the diimine intermediate of formula (VIll) with a
borohydride reducing agent affords a protected diaminedithiol of formula (IX). Protecting group P, which can

be any of a variety of protecting groups for sulfur, including methoxymethyl, methoxyethoxymethyl, p-
methoxybenzyl or benzyl, can be removed by appropriate methods well known to one skilled in the art of
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SE such as a nol ecul ar sieve, followed by reduction of the diimne
intermediate of fornula (VI11) wtppg2euphiride reducing agent affords a
‘protected diam nedithiol of fornmula (IX). Protecting group P, which can be
any of a variety .of protecting groups for sulfur, including nethoxynethyl,
met hoxyet rrogepiasyithekis syeh asritilomeydtie acd/ metricraBdg| or s6diiin b GquicAVeRd. IPYhe case of
appropr i atewiseeit isliide aeupb inkindingnacetemidenestis/k arld| bedzamidorhdiiey|, r dan 06 lefl intact. EBefhg 27 9
417 Bl or dBhiigand with keskrietiums rc e apgset of | Lptvie @rid dabild protecting @oupse wilitdage B8 lgaup dhe,

r sodi um "P1e1M9dRs Rictentassipminedithiel qopimalentitedhepnprlestkdsiomei d | abi | e groups
i\ael udi fAig s:'é“'t' i RERPABYR I ungyemesdsaldiaminedithiol Fopnds. Poretasteddform o ficomnpuirgcdf formula
Label i ng d?‘ P18 3F PH LAY PUFPH INtAXERNiE? FuRing Seauenae shoyr beleyf (Seheme dl-aci d | abi | e
_protecting groups, will cleave the group P, rendering the protected
di am nedi t hi ol equivalent to the unprotected form 5 For the

prepar af,i on of unsymmetrical di am ne@chemel ILlgands, a protected formof a
corrpoung of formula (VI pg such as (X), can be used in a stepw se coupling
sequence shown belghw (S %cm [11). Scheme 111 10 [err]

(M) + (X) ----> I TX)\ 7 (WUI) 4 38)A-p+wt ect ed

~ami nethiol of fornmul® (VIIR is reductively anminated with a conpound of
flormul avs(X) to afford the protected carbonyl conmpound of formula (X 1I).
protection, foll owedXy reductive a 'ﬂ?ti on with a second ami net hi ol
(1) affords the unsymetrical diamnedithiol ligand of forrmula (XI1),
-which may be deprotected by an appropriate nethod, as descri bed above. The
rleaction conditions apé® e9Bentially the 35 sane as for the reductive
m nati?8n of Schene | NPRng with comercially gyai I abIRe reagents or
those prepared, eag |y /fromjconmercially avail-abl Agyl -\cont ai ni ng

i %rfi nedi t hi Ol%ﬂ e preppfed by reaction ¢f Na.giram')ne W th
tjhingl- substit enzal dehydes‘,’ L's shown i AR ne IVto Br d®t he
iim'neag. These,xdn then be reduted to the di agijne with a re ugi&ng agent
uch as”sodi um bojohyyri de. Alternatively, th8 ehyde, € and a 40
yani de nucl eophig’ can be reacted in a Streckeglsynt hesis t 18repare the
is-ammno-nitrile. Hyd(wtygis of this conpound affordsgitea)bi s-am no aci d.
protection of the sulfur by appropriate nmethods as descri bed 45 50

30

A protected aminethiol of formula (VIl) is reductively aminated with a compound of formula (X) to afford

the protected carbonyl compound of formula (Xil). Deprotection, followed by reductive amination with a

second aminethiol (VIF) affords the unsymmetrical diaminedithiol ligand of formula (XIl), which may be

deprotected by an appropriate method, as described above. The reaction conditions are essentially the

35 same as for the reductive amination of Scheme Il starting with commercially available reagents or those
prepared easily from commercially available reagents. '

Aryl-containing diaminedithiols can be prepared by reaction of an appropriate amine with thiol-

substituted benzaldehydes, as shown in Scheme IV to afford the diimines. These can then be reduced to

the diamine with a reducing agent such as sodium borohydride. Alternatively, the aldehyde, amine and a

- 40 cyanide nucleophile can be reacted in a Strecker synthesis to prepare the bis-amino-nitrile. Hydrolysis of

) N this compound affords the bis-amino acid. Deprotection of the sulfur by appropriate methods as described

45

50




57 EP O 279 417 Bl previously is followed by esterification by nethods
escribed previously to afford the final conpounds. [err] 1. Reduction 2.
)eprot ection 3. Esterification 20 - SCHEME |V
continued) 25 1. Hydrolysis 2. Deprggﬁgﬁégf7§1 Esterification 30 35
articul ar diam nedithiol esters useful Tn thé practice of this invention
ave the fornulas: 40 SH HS 45 50 or pharmaceutically suitable salts

her eof . Thepréviousyis lidiswed dif e@ifidtib Byerhethbasl @dseibo®predinisiy Boeaffbra lieamal BgmmuaBp| es .
n which parts and percentages are by wei ght unl ess otherw se indicated and
enperatures are in degrees centigrade. 55 EP 0279417 Bl EXAMPLE 1

bynt hesi s of N, N -1, 2-et hyl enedi yl bi_s-L-cystei ne, digthyl rgster,

i hydrochboride 5 Part A, Synthesi§*of (R)-thiazoli e-f- carboxylic acid,
odiumsalt To (R)-thiazoli di ne-4-caboyl ic acid (45, 0.338 nmol) in

00 nL absol ute etha addedﬁ§od|un1hydroxide péflety .52 g, 0.338
rreld until the,peliets di ssol ve -45 nin).
- ol ’

pl ). The slurry,ﬂg

$Bn SBn
10 SBn Ry-¢ Ro-12
Re
: 1. Reduction
ON | 1N NH, 2. Deprotection
15 3. Esterification
Ry
> = - SCHEME IV (continued)
25 Re Ry Ry '
NC H _CN 1. Hydrolysis '.5 Rs
HN NH 2. Deprotection HN NH .
3. Esterification
S ———————
30 SBn SBn . SH HS -
Ri-4 Rorz Ry Rg-12
35 Particular diaminedithiol esters useful in the practice of this invention have the formulas:
—/ I\ \
o CZ“SOZC INH HNj. . 'COZCZHS CH302CTNH pmj. . .CL')ZCH3
: ' SH HS

SH HS

oY
CH3CHZCH2'OZC ~[NH HNj . 'COZCHZCHZCHB
sH HS '

50

or pharmaceutically suitable salts thereof. _ _
The invention can be further understood by the following examples in which parts and percentages are
by weight unless otherwise indicated and temperatures are in degrees centigrade.
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¥e et hanol was renoved under aspirator on a rotary evaporator, another 300
- et hanol added and 10 evaporated, and the remaining white solid placed
der high vacuum overni ght to renove residual traces of ethanol. Part B:
nthesis of N, N -1, 2-ethyl enedi yl &t 9279 é17sBti ne 15 A three-necked 1000
mL flask, equipped with a gasinlet, nmechanical stirrer wwth glass paddl e,
and dry |%E@9&d{anser was cool ed to [err] and 450 nL anmoni a condensed into
the flask oling bath was renoved and the solution allowed to warm up

for 30mn.g rﬁf?élis%?kﬁph -Etﬁﬁe ( rcWBEa% washed wi th pentane,
okedln opano c e nore with pentane.

e entsre=aamvathe@50fwt@&ddlngw§m g 'auimsa@m Jepared in Part A above was
added to the anmonia in one portion and falrly rapid stirring begun.

The sodi um sp\gf-@GzonHes- @Fﬁéﬁ‘ﬂe acks @5.8, Ga3BiniH] in SRIniLl BSoItPst0INRE ad¥Bl YRR
addi ti ons hyditdidel pefotsP@8.54 §.10e338 mdl).Ube GRIrD WasiBeORtitthd\gdllett Rbre LifdsdiVed (3045 @nin).

addi tion treekthadd0whs dmotadnunastastigitor ahla @faryt Sa@pdsdidl]l sHaNBYAID0 LAIE Bthandif ddaéd 44 M n
of bl uerocelappratet,laed the aatainiy whissssolLigaved erdiermighhvatoini cslersight i rerdde Gdsldod irekes oft he
condenser ethemwbved, and the ammoni a evaporated under nitrogen with the aid
of a warmwater bath. The white solid residue was dissolved in 400 nL of
wat er and PedBcinthesis of #.N4GR-ethrenedyibipticystainge pH of 25 the mixture was 2. The
slurry was cooled to 0 for 1 h, then suction filtered through a nedi um
porosi ty gl as¥repmpeked 4@ "sLdla?“dQQWBE?%W%%G‘GW?PW“XS@'@OW'WL g'afi PRle AfE ddr i ed
over cal c:'ﬁ‘iﬁrﬁ%qﬁf‘?eéf’%s ?m'e‘ééfdégs?'@aﬁsgﬂm'afa@ﬁﬂﬁ??d‘Fﬂ‘F“F flagk. chﬁ§?°é(‘Pﬁ b%?" ht
was obt ai r]
(deconposfg%%;d%v %f?;}ﬁt%% 2 gl’ %ﬂm °lbf r{%O '§'" "d t egcg‘ff ed'lbﬁ “%%ﬁvfhe

u dme SO um sa moma m ne

i nSO| szl e g aTTj | r E\% Tf?e &) s we dde -3a t(%ﬁ aaﬁ‘ §6 sec
N - 1,2- ¢ xénea@& ny pisE s.gtx g § RERLRLT i and
N N\/ 1, 2- ﬁ £ hy dCNf@F ﬁi rﬂiﬁ of 6|GH720 ofirtﬁe réc O%Qva q&n it maf&ARIm
lurried 'cﬁ]orﬂdgqgg (Eﬂade'i\ R PAmdnia eaapg g@rewﬁlq fd<Sdlorlal vk water
qui pped whthrna waeessoﬁdrve&auewmssfoﬁedml4bmm bmeﬁb Joheaenaiédmwsude@udnnnap@& 2

di arget @le MR wab ROTReddrriGlas Lo, to B G AM, @Rh sEdtibr fil@led tadiigh 6 GibdRMSBIosityl t h
as outl efglabromk aak siidd Wer@ivasnied with' X000 GhLSyatdr @R drét @0dr QbIGiurh lsiifatel i § d¥ERator
tart ed ansbeH@Ecugraentibalbdobterd weiphtatas ebtdidk €18:23 hir@i yidldes 18 (70%)f @ whief dowder afipt he
t hanol . @30s234¢t didchroposifiers atttmogh daneding doegids Bt 214-20 6ron Thiee fnhterial was insauble inugid
flor an addeengmrsadeptaabeohs ba¥he sl urry was then cooled to O for one hour in an
ilce bat3p, suction filtered (Whatman #1, Buchner funnel), and the solids
shed wi PAtY: Suntests ori.NchP-atheentsdinbip-Leysteier daty! exer4lingdraghloddeude di ester (89%
fter 40 dr | ng2 Part cof this material was cr stal I | zed b sl urr ng t he

ol i blséfcystgnqurﬁ P f iB (?q (h rri mnllgﬂ solu%Ph

1h'819 (é aol shlng ina
¢ ngtelr%dg =) lﬁﬁ %afae '@1 'r‘?cgmahwf'ﬂ o F @% {heieihun o,
g t H% % n a rapid

mat er i al gff’ﬁ gLl Zﬁé as § Ll han eff %&@a Tl o4y inder

vacuum | “T 34 %L batrmspct:or[ Cla saswpp%u nQr”
with 45 the ed thB' )& % rﬁL &)Ioo thanol to afford 26 4 of crude diester (89%) after
N, N~ 1, -g;ytp,gl enedi yl b| s L- Cysteine, diethyl ester, ydrochl oride (This
step vvas Part of this material was crystallized by slurrying the solids in 650 mL ethanol at 50° with stirring, and

adding 80 mL water. The slightly cloudy solution was rapidly suction filtered (Whatman #1), stoppered, and

allowed to crystallize in the refrigerator overnight. The material was filtered, washed with 2 X 100 mL cold

ethanol, and dried under vacuum in a dessicator to yield 19.56 g (67%), m.p. 182° (decomposition with
45 melting).

Part D: Purification of N,N'-1,2-ethylenediylbis-L-Cysteine, diethyl ester, dihydrochloride (This step was
performed under GMP conditions, using approved solvents and reagents, and specially prepared glassware
and equipment)
50
Sodium Carbonate (58.38 g, 0.55 mol) was dissolved in 1200 mL of deoxygenated sterile water with
mechanical stirring under a nitrogen atmosphere. N,N'-1.2-ethylenediylbis-L-Cysteine, diethyl ester,
dihydrochloride (175 g, 0.44 mol) was added to this solution, followed by diethyl ether (400 mL). The
solution was stirred for 15 minutes, and the pH adjusted to 8.5-9.0 by the addition of more sodium
56 carbonate, if necessary. The solution was poured into a separatory funnel and the layers separated. The
aqueous portion was extracted with 4x200 mL of diethyl ether. The combined ether extracts were dried over
sodium sulfate, filtered, and concentrated under reduced pressure on a rotary evaporator.
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performed under GW conditions, using approved solvents and reagents, a
special |y prepared gl assware and equi pnent) 50 Sodi um Carbonate (58.38 ,
0.55 nol) was dissolved in 1 0 ggﬂeoxygenated sterile water with
mechani cal stirring under a éﬁ nosphere.

N, N -1, 2- et hyl enedi yl bi s-L- Cystelne di et hyl ester, dihydrochloride (175 g,

0. 44 JoitiSSorBeRAE LiRanbilthfoo M), Wheki® Natef @bd mﬁqncbaenalhear&mlon@me@ 0d $00 ni).

The 58 M@ WithRBrmid, to" € ST Qbncditraidh RiddBs wasaaGbat th ehistisluidi] 4hatuechabiOwiibnS- 9. 0 by

the ashlined 8 rédldudMEsSinSIut RN ZR300 GLr ARG Wich ks RECADSAded to theBotSaltish.i ON was

NOUT @Bbtihgvas @nthaEBINaE s WsduddhVeds cRard atl iich ltidig &t véas SapRIGT sattiRAl filteldd@hragi @0 US

pog t plass fbRIit@XWhaRAeGHD) THe 1dsk2dith Bbntaded theabitiioh wed fireed withi2e300 entistaed et her s
ext r abittswasealise paiseceiiroagheatie fited Themiterad Sahutien wdsisioppareaichnd sta@d eddicferddrhatred under

r eduTidreputting Stystelirermaerialotan syctio Eped dtvisatmand1), wadhipd Gvicg #@th 4thanoBwigk wibl ut i on of

abs oHiethy etbh anviodrieq dRBOvarduln, to slitain & highlyaurifed. etacertivally aggeptabierferm difidN-ochl ori ¢

aci d1.2ebgesyiyiss-Oysteinee ddiethm telsters t diydioghipride. oYigléd rig 140 ThB0%pneent'B2f®d r esi due

walg éddeRstpositenk hi s sol uti on, and the flask which contained the residue was 10
rinsed out with 2x300 nL ethanol whi ch was then al so added to the hot

sol UEKMPLEReat i ng was continued until the wsol ution was clear, at which

time it was rqgldj _suctuon flltere% through a 5. glass fibre filter

(2>ZW]§80 ) § a 8tion was rinsed with ]
l’ols L-¢ seu re are gm %8 IQ qs 5 Uglgb ltnr' félJrrte‘dar SO-Ehe 1
filt li.;o?\‘mgtﬂ n ’ii gyﬁée I rR‘BD as u olat3 %ug 9{0 rf?aqhtﬁpfﬁé%eth e esul ting
crys 931 A%, QBERS thﬁ o ratind bl of raa;r.t £ AT RkRIRs Hobined WA SQRGnd WoCE Wi t h
sy ed’rystaﬁ%o Fit@fbntAd @lryl %ﬁdmd@g abi.pbin a
h"\g,lhx di?rHéth !és@g dlt\?b}@éhmﬁgee%bcads Y paGiERR ablies FafeRal Qdan NeNaccomplished as 20
Bite8 Radhypi® s FakDCyst el ne, diethyl ester, dihydrochloride. Yield is

(80% mp. [err] 10 (decorrposition).
10 EXAAIBME 32 Synthesis of N, N -1, 2-et hyl enedi yl bi s-L-cystei ne, dinethyl
ester, dihydrochloride 15
155 Nswithees by, ufnaehtry/!mwu_s-@gssaeezam@ometwmdarwee dimefaxiestel. é'hndrocrﬂafrqe B (15..0 25
g, 0.56 m) was slurried in 500 nL of nethanol and hydrogen chl ori de gas iwas
bubbPertiA; Sinthasiszpf Giberaproidemathyt-E)-pepicHiaming Bty e$f& et hanol at refI ux and to:
di ssolve the solids. After one hour of gas addition, the sol utjon
r ef | uxd8)-Paniciliamine: meihpster iwdrorhigride 1 ?:Qcﬁq °'bﬁas|d&§é°"f38r1 U4 ”fPfB'a?"ef 22 t ed i|n
crigstSanb)iurdar "Hﬁgean’W?'%m"&W%@ 7& g“ ““ { e

he I ter to duct crysta
g;rnmf.%é/ P%?sl;t ?eﬁ) f qP E@Haﬁiﬁﬁgﬁer pbrlfled E CF? rted dl% nto%fshé? reg SE)d t er I al
EXAM% §§ in water ) and saturated sodium blca éso%nj)n a d Lmtﬂ ?‘EKB uﬁon ea &5

5. The aqueous solution was extracted with ethyl acetate (2 x 15 mL), and extracts dried over
35 sodium sulfate, filtered, and evaporated to yield 0.62 g (42%) of the product as a clear oil. 35

30

Part B: Synthesis of N,N-1,2-ethylenediylbis-D-(S-benzamidomethylpenicillamine), dimethyl ester,
dihydrochloride
N
40 S-benzamidomethyl-(S) -penicillamine methyl ester (0.3 g 1.0 mmol) was placed in a flask with 3 mL of 40
ethanol under nitrogen. Molecular sieves (10 -12, 3A) were placed in the flask and glyoxal (40% aqueous
solution, 73 mg, 0.5 mmol) was added. The reaction was stirred overnight at room temperature and then
three hours at 40°, at which time the resulting slurry was filiered and sodium cyanoborohydride (1.29 g,
2.05 mmol) added to the filtrate. After stirring for 4 h at room temperature, the solvent was evaporated and
45 the residue dissolved in water (20 mL) and extracted with ethyl acetate (3 x 15 mL). This resulting solution 45
was dried over sodium sulfate, filtered, and evaporated. The residue was purified by flash chromatography
(70:30 ethyl acetate:hexane) and the appropriate fractions (determined by TLC) were evaporated. Treatment
with ethanolic hydrogen chloride until pH > 1 followed by evaporation yielded 80 mg (23%) of the product
as a white solid, m.p. 142-145°. _
i 50 ' ' 50

55
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25 Synt hesi s of

{, N -1, 1- et hyl enedi yl bi s- D- (S- benzani donet hyl ) peni ci | | ami ne, di net hyl

&st er, di hydrochloride 25 ParkP Q27854 HiBksi s of

*S- benzami donet hyl - (S)-penicillanm ne methyl ester (S)-Penicillamne methyl
kSt er hydrl%ﬁ'llaltﬂé is egig" rogdure@(%s J)abo\ogsthgid%%%la tﬁi?l & xgrﬁtl t -!3 falruy%h race“ ¢
zaci d 30 gigmmedihibi R &fndgﬁll%éh%gr?%pr 136 30 SHOES b%%oi B'Qfgg’pqg'g mm'§ was
madded and the solution stirred for one our at [err]. The sol vent
‘was evaporated on a rotary evaporator to give the desired product as a
icrystalline trifluoroacetate salt ratfe § was not further purified, but
‘converted directly into the free base_ The solid was dissolved in water (10
imL) and saturated sodi um bi carbo esdolution added until gas evol ution
.ceased and pH > 8.5. The aqueousjs.o.l_l%itﬁn was extracted with ethyl acetate
(2 x 15 nm), and extracts dria®d 6ver 85 gbdiumsulfate, filtered, and
‘evapdfated to yield 0.62 gg tof tHegrqd®t as a clear oil.

'35 Part B: Synthesis of _ _

N, N - 1, 2- et hyl enedi y! bi s- ’{S bes%zarrigg trli'peni ci | | ani ne), di met hyl
-ester, dihydrochloride 40 1 S-Denza ngt hyl - (S) -penicillamnmne nethyl
ester (0.3 g 1.0 mol) was Raced in a flfask with 3 nL of 40 et hanol
‘under’®ni trogen. Mol ecul ar sieves (10 -12, 3A) were placed in the flask and
‘gl yoxal (40% aqueous solution, 73 ng, 0.5 mml) was added. The reacti on was
stirred overnight at roomtenperature and then three hours at 40, at which
tinme the resul t%ng sPYATPY Wel: fijtered and sogli um cyangborgohydride (1.29 g,
2.05 prol ) add@8-to Eed-fi [Erat B~ Af tRer sti+rRBing for £h Bt room
‘tenmperature, th& solwvdant was2 evapor ated ancb 4215 the rasi dte di ssolved in
wat€r (20 nmL) and extracted with ethyl acet t (3 x 15 nm). This resulting
'sohuyion 45 wag drigd oveliggodyum syl f at ege Ljyl t ered, ,ang, evaporated. The
‘residue was purified by flash chromatography (¥0:30 ethyl acetate: hexane)
-and tzhe appropripate fractions (gdeterngned LC) were, evaporat ed.
‘Treatnent with gt hané)'lni c hgfgog%rﬁs chllzgﬂ de?&t/zﬁgil pH >"1 fol | owed by
revaporation yielded 80 ng (23% of the product as a white solid, mp.
:[err]. 50 4 D.D 115- CH,  CH,  COCH H H

50 55 | o 19 225

i55 10° EP 0 279 417 B1 Using the synthesis procedures described above,

‘t he di ani nedith?ol s Yok Exah;?'es“ 1-3 8nd ot%efsiyi ami nedit ol compounds

:whi ch can be prepared are Yfown in Table. 1. 5

fTable | [err] 19 15 Fx. Ster,go- WP cocH H H
- ’ 2749
; 35
? D,D 182- H H CO_C_H H H
185 2728
L 8 L.L M H co,C, 1, B cH,
9 mix 104- H H €o,C H, H  €0,CH,
105
H H H H  €O,CH,
CH, CH, H H  CO,C,H
H
H | CH,C0,C, H, H H
H
H (CH),COCH, H H
C.H C_H CO_CH H H

6 13 6 13 23

1




No.  Chem [err] [err] [err] [err] [err] [err] 20 1

LL 182 H H [err] H H2 L, L
188 H H [err] EP0279417BH H 25 3 D, D
142-  [err] [err] [err] H H145 4 D, D 115-
[err] [err] [err] H H 119 30 5 L, L 160- H
H [err] Reap1dl 11?&,:1@1“%%3 L, L - H H
[err] H H357 ) - H H [err]
H H185 8 L, L H H [err] H
[\err] @ m X 104- H H [err] H [err]
105 45 . 10 m X 145- H H H
H [err] 146 118x. mx Jerr,]o [err]4, H, H
[err] 50 wo. B, B | & & H B e ey
H H 13 mx1 H H H g § chﬂ [ er i) H H H H 14
mx [err] [err] [err] 223 H H55 EPO 279 417
Bl Table 1 (contpnugd) SyEx. [er [err] - err][ rr] [gerr] [err]
[err] [err] 10 1 th K %iﬁﬁ L' o err‘f H
H H 2 H H H H Lerr]
3 H H H cn CH
4 H H | H H cozqzus : CH, CH, BZM*
" S H H H H COC,H, H H H
- 6 H H H H COC.H, H H H
7 H H - H H COCH, K H H ;
25 ( .
8 H CHy H H COCH, H H Bux
" 9 H CO,C,H, H H CO,C.H, H H H i
10 H  COCH, H H H © H H H
11 H H °~ H H H CH, CH, H
35 :
12 H H H ' H CH,COCH, H H H
13 H H H H (CH)),CO,CH, H H H
40

N ' '
14 H H | K H cozcu:’ _c6H13 C6H13 H

45

50




W H H H H [err]
HE H J[err] [err] [err] BZM 5 H H [err]
H} H H206 H H EPo27dhizgi [err] H H H
71 H I H H [err] H H H258 H  [err]
H H J[err] H H BZM 9 H [err] H H [err]
H H H30 10 H [err] H H H H H
Hi11 H H H 3able ) (continuedjerr] [err] H3512 H
H H [err] H H H13 H H H H [err]
N s gy é%o %P AP A RO [errL) 5 [g(r]
: KA 1 (continue - Ex.
[err] H EQ‘. 1 EP 0 279 413 Bl Table, 5
Stereo- m p?é e enr——‘ftnr] P}~%{Hr] [ erf] [errB. 15 L, L
v 13 et} HH H coc,H 10 16 L,L g H
7 i ERR H
H [err] H | erf] 17 mx [ ERR]
H 0 " 16 WL K Hyl8colo k gy H o H
[err] H19 L,L ¥&r?]  [err] [err] 3 H
H20 L L ) H H [err] H H21 L
H H  }ermjx COCiM, H H H u H
15 ) -
18 L,L H H H (CH,) (€O, CH, H
) 19. L.L CHy CH, C€O,C,H, H H-
W, 20 L,L H H  Co,ic.H, H H
o/
. 21 L,L H B CO,CH,C(CH,), K H
22 L,L H H  CO,CH,CH(CH,), H H
o 23 LiL H H CO,(CH,) ,CH,  H H
28 L,L H H H €0, CH, (CH,)  CH,
. 25 L H H H (cH,) co,cH, H
26 mix H H O H H H
27 L,L H H H €O, CH, C H, H
'\_/-40
28 L,L H H H Co,(p-WOC.H.)  H
29 L,L H H H CO,C H, H
30 mix H H H H H
31 L,L H H H €0,(3,4,5-C;H,F,) H
13

[err] [err]
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22 L,L H H [err] H
E H J[err] H H24 L,L
[err] [ erEP|0 279 417 B ’ H
[err] H26 mix H H H
L, L H H  H | : [err] H 40 28
H H H n'.l ['nierr;' . eélr_l] _ H29 L,L
H H H 2 =, & 5 42 30 mslfI = H
ferr] H 50 55 13 ! H H
570 417 BL [err] 45 50 55 15 EP 05379 417 Bl [err] 15 20 35 14  EP 0
. ’ ~ o~ -
”ﬂ = = 8 = E = = = =
10 '_.I =ﬂ
ﬂl -4 = = - (3] = = = =
75
~
°
("2}
L o|
2 E = o
. 0 ol x © = = = = = = =
~ - - o
\/I (] -~ [ ]
% g > E B
] ~ .8 2 =
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”
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35
[ 2]
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0 279 417 B1 5 [err] 10 50 55 16

¥ 0 279 417 Bl [err] EP 0 279 417 B1

25 30 45 50 55 17 EP 0 279 417 B1 5 [err] 50 55 18 EP 0 279 417 B1

¢rr] The radi opharnmaceuti cal conpl exes of the present invention can easily
prepared by adm xing a salt of a radioactive netal and the

fam nedithiol ligand in the presen of a suitgble reducing agent, if

qui red, in aqueous rredian.btn enperiat upesyf LONRrgom tenperature to refl ux
enperature or even higher, and are :
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| obtained and isolatable in high yield at both nmacro (carrier added,
g., 99Tc) concentrations and at tracer (no carrier added, e.g., [err])
ncentrations of less than [err] nogaro.ﬂém?ﬁqm cases the di am nedithi ol
gand may itself act as the reduci ng agent us elimnating the need for
' addi tional reducing agent. Suitable additional reducing agents, when
quired or desired are well known to those skilled in the art. The
action is generally conplete after 1 mnute to 2 hours, dependi ng upon
e identity of the particular 45 reagents enpl oyed. Fhe radi ol abel | ed

lex is made in the same way as any correspor@igg nH.g-Irag,-io tive
i ami nedi fhi ol conplex by sinply substituting Ahe si feed™r adi onticl i de for
he correspondi ng non-radi oactive elenment in the startﬁng mat eri al s, except
n the case of technetium because all technetiumgsotopes are ragi oactive.
n the case of technetiumsuch as, for exanpl e,,[é#r or [err complex in
ccord with this invention is 50 preferably 8 b% rﬁ‘xiﬁg r hnet at e
err] with the desired diam nedithiol in aqueous”’nedium then a&ling to the
eaction m xture an appropriate geduci ng agent capable of reglcing the
echnetium Anmong suitable redudyrng agents are al kali netal &4t hionites,
tannous salts, sodi um boroRydri and ot herse, AS 4S | L k The
i am nediss hi ol technetium comny of this i rﬁe:ﬁt i%n e('ggn&al ggw%e pr epar ed
rom prefornmed 55 tech | exes by treating these pg®forned
onpl exes with an excess o under suitable condi t'ggn?—. For exanpl e,

by r

he techneti um di am nedi t hipl gcan al so be prepare cting the
esired di am nedithQiol&€]i gapd with the tetrah&aeoxe Cﬁnpgx;;of err] or
ith a t&hnetium guco onat e&€conpl ex, or the like. 19% EP® 279 417
1~n excess of thd&di anijnedit hi ol ligand, up to 50 to 108 fold nol ar
X6&ES$S Oor nmore, and an e s ofxreduci ng agent, can used in the

onpl exing reaction to imumyield fromthe t@Qhnetium Foll ow ng
he reacgsi on, the desired cpnpl ek caf be sepaftht®d *r t&e mea®ion

i xture, 1f required, by tion or precipitat4®n or by

onventi onal chromatogra . Kits in accord wit¥® the present
nvention conprise a sterile rogenic, diamnggithiol ligand and, if
required, a quantity of a ré@ducijpg agent for reducifyg.a presel ected

radi onucki de. Preferably, such kbts contain a@@redeer® n®d duakity of a
sterile diamnedithiol ligand a a predeterm ned antity of a sterile
reduci ng agent capabl e of reducing a predeterm ned quantity of the

presel ected radionuclide. - It is also preferrgdgthat the diam nedjthi ol

| i gand and reduci ng agent -be |yophilized, wh@ngdppssktble, to facigitate 10
storage tability. If lyophilization is not Prdctical, the kits can be
stored frozen or in solution at roomtenperature. The choice of

radi onuclides will in general be dependent OIB !he flanake Uge & Whe |abeled
. “ o™ = [ ] ® ™
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Aoduct. O course, because of the availability of technetium 99m ‘
Fnerators, such a radionuclide is especially preferred. In one enbodi nent |
# the invention, a kit for use igp g 1ig gihe conpl exes of the present

vention from 15 a supply of [err] such as the pertechnetate solution in
otonic saline available in nost clinical |aboratories includes the

sired quantity of a selected ligand to react wwth a selected quantity of
pertechnetate, and a reduci ng agent such as stannous chl orid® in an anount

sufficient to reduce the sel ected quanti pertechnet at e‘j.o formthe
desired conplex. A preferred kit fger the 8 adB] erprepamat ixon®f the desired
Tic- 99m r adi ophar maceutical, in accordancdg wi 20 theg,present invention,

ils comprised of two vials. One vial (A) contains the Est& gfrivatized

di am nedithiol ligand prepared in |yophilized for r&"atoacii'ii ® pH, where
lligand stability is optinmal, and % inertefitleg, @cb“aa'}'rr&nni tol, to
grovi dg easy |yophilization. The second vial (B) t&i na reduct ant
quitable to convert -the [err] to the desired oxi d#®i ofg stdlte and an inert
fiill er such as mannitol. The second vial is |lyophiliz@d # a pH of
approximately 9. Wien the contents of the vials are xed together with
gterile saline, an optimal pH 25 @.0-5. Gri sxohtaiszedx Tht saprovi des
optimas reaction of the diam nedithiol ligand with the reduced [err] to
repare the desired radi opharmaceutical in higheyield and high purity. One
t hod by which tge Tc-99m radi ophar maceygi cal g§an be prepared in high
field is as follogs: One vial (A) g s premred ag a steri I:@, non- pyr ogeni c,
reeze-dri ed mateli al - contai ni ng e di hy-ﬁ} oehl% iBe Sl tEofEt he

¢st er *¥eri vat i zed‘o‘{di am nedithiol ligand & |evefg of 100 ‘[’-err] to 2 ng, or
hi gher, with a suq‘iitable inert filler 30 S&ch as{,rrannitol, to provide a

sukt abl e pl ug after freeze-drying. The second vral (B) is prepared as a
sterile, non-pyraogenic, freeze-driwed material containing a suitable
eductant, such a§ a stannous sal t™(e.g. T[eFr]¥ aF | Xeld & 5 [err] to
100 [érr], or nor®. Vial B may also contain a ligand to stabilize Sn(l1),
such as ethylene diamne tetraacetic acid (EDTA) at a level of 100 [err] to
L.0 ng, or nore. In addition, a bul king agent such as nmannitol nmay be used
o aidin lyophilization. 35 Thegherr] radigpharnmgceuti - as descri bed

n they, present invention, is pr ep;&f'ed by gdr#xi%g”%het%ocrgerﬁs of vials (A
and (B). with [err] froma [err] radi opharmaceutical generator using
sterile techniques well known to téose skilled in the art of preparing

q

—_—

L0

sterile injectable materials. Th ener at 8r &l uant »added ghowl d provide
about 20-50 nCi of activity. Aftgr115 m ngteg at' r ®m Eenger&ture, the
DOMlc 3di am nedi t hi ol conpl ex, as described herein, is fornmed in high

radi ochem cal yield (e.g., >80%.§ 0 45 50 55 20

® o O - N
v <

-
[ 2] ™ - - -«

— 40

50

17




EP 0 279 417 B1 The fol | ow ng exanples illustrate the preparation of R
techneti um 99m conpl exes of the present invention. [err] 10

Exanmple A EP0279417B1 Exanple B 15 20
Example C Exanple D 25 Exanple E
Exampl e F 40 S S Example G

Exanpl e H 45 These technetl um 99m conpl exes were prepared using standard
| abeling conditions simlar to those reported in tffe | |terature for other
di:ami nedithiol |igands. For all of the cdﬁ'gl exes &ftept fhercogpl ex of

|l & D, a GQucoscan [err] kit (a mxtu of so?"um o] uco eptonate and
stannous chloride) was recon- stituted with 50-150°nCi of [err] obtai ned by
elution of a [err] radi onucl i de generator. The 50 ¢jmam nedithiol (1-10
ng) in water (0.2-1.0 m) wasfadded and the mxture | owed to stand for 1
to 30 minutes. In the cage of It he conpl ex-e‘s} of IExamles £, £ apd |, warm ng
was nellessary to effect e W, o€t he benzan domet h protecting groups.
For the conpl ex of Exanple frodi fication of the ocedure of Bal das et
al., Int: J. Appl Rad‘at 36, 133 ?1985) was usq®. GCenerator eluate

QS by pofary evaporat ikyn an§15 nm 12 M
0

HCI foj | owed by 25 oy sofi um fizi deswer e 5'5, ad¥edIwi &h s:?'i i Af ter
standing for 5 rEnu’E hxt ure was reduced to dryngss by tary
evaporati on and 8edis Ived ifh 1 L buffer (0.05 M sodi &osphate, pH
7.0). The diam redithijol (1-10 ng) in 0.2-2 nL saline was ded to the
residue fromab®e a ‘ iZture was akl) owed:Bto stand atd"oomterrperature
for 1 40 30 m'n@esivva f necessary to conpFet® tf&e feadiion. 21

’ c& were prepared, they weri“purlfl ed by
hi \h pressure |iquid gromy ¥phy on a Brownl ee RP-8 Sphgi 5 colum

usi a 0.05 M ammoni um ac§ [ err]/ met hanol radl ent The adi ent
typically ran from 20 4’4 pfgnol i nigiall % %nol over
m nut @s and included an®nitifal -hél d per®od a the st ar gr adi ent of

1-10 mnutes, and the purifigd conplexes were Tsolated 5 by tary
evaporation of the solvent at roomtenperature. The epnpl exes obtained in

this fashi on were | 5
LY

L = :
30 x x N x x X

T

Qe

. ™~ [¢] - w
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'-uét ed for purity by thin | ayer chromatography on Wat man -G 18 |
ersed- phase plates using a solgegbreaidisy € cont ai ni ng 65%. et hanol, 5%

& ahydrof uran, 10% acetonitrile, and 20% 0.5 M[err]. In all cases,
ra@i ochem cal purity was greater than 90% Solutions of the conplexes in
salfi ne were shown to be stable for at |east. 4 hours. 10 The conpl exes
arg injected intravenously, usually in '5.3' ing sql utg orx & aPdose of 5 to

10Q, preferably 5 to. 50 millicuries per &0 kg of body wei ghtoand imaging i s
conducted by known procedures. UTILITY 15 The above-descri bed conpl exes
"Were eval-uated for potential clinical utility as radi opharnaceuticals for
t he eval uati on of regional cerebral blood flow by perform ng brain imging
studi es in rhesus nonkeys. §om these studi ez, lxaixn extrmctEonT % injected
. 'dose), and brai-n retentgon ( ~1/? wer e ®et erm ned. METHODS 20 Mal e rhesus
nmonkeys were food depri VRd#o hours prior to igeuction of anesthesia
Wi th aff i ntranmuscul ar inj ¢ of a m xture®f Ke Nn‘i ne hydrochl oride (10
nmg/ kg) and Acepronaz# R B (1 g/ kg)l. Subsequent injectigons  of sodi um
pent obar bitol (5 ny/ VI AN Wt er natelsaph@nclis Qei® Bt hgt e were gi ven
to;mai ntain anedt hesi a.l | meli at e'fy. priorl toXimagi mg, 18-22 nCi of the
ted_:hn.et,g um 99mE:on’f) ex ®5 wege admi ni stered % a t hgs saphenous vein
cat heter. Dynarﬁc pl dnar i magi ng was perforned using a Picker Digital- Dyna
Canera (Picker ent .,

Northfogrd, C.) integrfaced to a npyt e ign and
Appl i cations (GPA) JM crédel ﬁ% nucl ear ms'gi ci fe Cﬁmﬁltg? (%DAI,:T' %t ham MA) .
The animal to Q@ i Fagedjwas pecur®d on a patient pallet wgh its head in
the lef;y |lateral positpOsd # center of the camera's f¥gl &of view Data
s acquired dynam cafly i 64 x 64 word 30 node rﬁ"trﬁ&(, Ine frame per
~m Aute for up to two hours g a zoom noder of 2% Téhegactr vity curves
weke acquired using-a redionYof @ter_estﬂl(RO t hat ego edXhe brain as
defined by an isocontour nmarkjng a count density chan 0] Nbﬁ'.ween 25 and
45: per cent’ of the maxi mim A®background RO was placed ju& &tside the
-oc¢ipital -area of the brain and followed the congmur of the brain RO. The
'-_n'u_ﬁb,e,-r—_ of. counts per pixel in.each RO pad nmk iHexted was cmlc¥l ated for
each of the one 35 nminute :images in the experi t. The counts in both ROs
“are decay corrected and the background counts subtracted fromthe brain RO
.counts. ®The percent injected dose (% .D.) was cal cul ated using the results
~of the time-activity. curves. The peak counts per .pixel per nC wer e '
‘converted to peak disintegrations: per ninutesy TR Qunir 99 <
~disintegrations in the brain were converted to nCl in the brain and
conmparegl to'the injected dose, giving a %4.D. in the 40 brain. The
retention time of the conplex in the.brain is described b thf)e hal £-life (1
1/2) . Half - irfecraticpharmb@bicartomplerce oplbe PGPEIAveQton S8 2ty REd Py ¢ avdidab! e
exponent i adt aSddica@ipé metalzad ka giaminedithial ligend-in ihp Brgpenphel @ sy 'Sbﬂgt)ﬁcrf algﬁ apdel 189
progr aim ( St atuests media CoerERAAURS O™ AT LB s e Ve N i i LNBA acer ~

-Sot[_)l\ar'@ ob'tained. and isolatable ing:igh yiéld at bgth macro_(carrie i%(iid;n%?a;, T o e, dlamincdithio
(no carrier added, e.g., 99mTc) concentrations of less ;han. ses the oo ont
ligand may .itself.act as the reéducing agent thus eliminating the need for an addmon-aI (rje. uth garthhe.

~ Suitable additional _r.eduéing agents, when required or desired are _yve}l known to thqse S!(Il © f"t]h' e arti.cmar
o -re'ai:tion- is generally complete after 1 .minute_to 2 hourg.;dependlng upon the identity o ; d;?n non-.
45 reagents ‘employed. The radiolabelled complex is made in the §ame wgy as. any co;resp o %nding
radioactive ‘diaminedithiol complex by simply- substituting the desired radnonus:llde for t e _ch: t Enetium
non-radioactive element in the starting materials, except in the case of technetium because all teC
ISOt(:rF:et:ea r:'ars?I:fat‘:::;ehetium such as, for ,'e'xarpp'le 33Tc or ¥™Tc, a .corr.\ple{c ir.1 agcord with this |gyent|c:rr1‘ ;:
50 '_preférébly made- by mixihg- pertechnetate (Tc 7 with the desired d_lamlnedlthlo! in aqufou:n::; r:\un;\,mong
_adding'to the reaction mixture an appropriate reducing agent capable o.f reducing th?d ecl . Othe.rs as.is
.su'itable reducing agents are alkali metal dithionites, stannous salts, sodium _borohydn e, an >
. we"_':'(:eowgi.aminedithibl -technetium complexes of this in\_/ention f:an also be pre.p.ared _fl_'omcI prefoi:r:;:
” 55 -technétium compiexes by treéting these preformed complexes with an excess of Iugar:jdsb un erct?: oe
conditioné. For - example, the technetium-diaminedithiol complex can alsc_> be prepa_rg yI reoah . t?)nate
" desired diaminedithiol ligand with the tetrahalo-oxo complex of Tc 5 or w:th_ a teghnetlum-g ucohep

complex, or the like.
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for the Statistical Analysis of Nonlinear Mdels" The Anmerican
Statistician, Vol. 40, 52). Initial estinmates of 45 washout rates were
determ ned using the exponential sgpiopzbagr Backage. These estimates were
used in the PCNONLI N nodeling programfor the determ nation of washout
kinetics and biological T 1/2. It was assuned that the conpl exes followed
one conpar t mthexcrismé tecdiamireflithioh igadthua talplitorige foimelayrexcesh prsmers.snege exsass df hen
nul t i conpaPeysEn Laant. £ambe ssed imine ca'ppggmcreamqvemreew mexinyne vig| Jiem the) teThoglium. | |
50 22 Epliqying7ihe sepgtiogjther desired ampEKER P\BSPARIEA BPTLITBEEAPN CHNFRACTERISTPCS
\BARTI TI ON Txsieltipatien g recipstion meammmmm'em ON OF [err] COVPLEXES

EX. NO ° Pﬂﬁ'lfrl‘ {ﬁCﬂq with the present invention compnse jq 193' tr%l |g§—,1|nﬁj nd if
T 12| err" uiﬁd a quantity of a reducingpagent for reducmg a pre cted radionu lde efer

ntain a predetermined quantity of a sterile dlammedut I i predetermined quantlfy of 121/
>1440 (6) réducing agent capable of reztucmg a predet y of the preselected radlon jde it |sé l1
(3) C preferred ?% dithiol ligand and r }Lﬁen é)f philized, when poss ate
12 10 storage st rI| If cmﬁ t|on is not practlca? t ga bestored frozen or in_solu at room
3.2 (1) temperature. The chorce uchdes will in general e dependent on the finalU8e of the labeled
3.2 (2) product. Of course, beca &3 the availability of tec dfdm-99m generators, suc4-a6ﬂdi§nu(:l%)e is
> 1440 H especially preferred. 19 <2 (1) <30 All
val ues are MaaRe ertblMimdfk of the inventionya liitl Br 1198 iDMEKNGtHREBINBletes of thReprE8dtIRENtR from
I ani mal s1susesippiy oft *Prerc Gadh Qi kha tpb@sahnetate(SRIuBonan isatericedalidaikdilatilé i@ mnosithidal Bboeddries 2
' Maxi mum %indiddesathe desired quantiydoflaysefettad Byand wagichgith Bselested nedntty oh@rtéehhdtdie and a
" brain cl eapduoiog agéhb suuhodshetannouspablotidenin abr antcanti sufficient ta reduck the plectadh geantity eél
for the ewebteshtstaimtoddm tregiesined Fontdaxebr al bl ood flow is that the
r adi ophar macatefeged kityer thk faeileiptaperetion abthey ddsiresctora9m resfiooharmengutichloyaccordance with

Di stri bt |tbmpras§ntamreumt-|s Gemrsisecht dwrivigls: GiRe viahiAbeoniispriiesasien dasietipadotiamineditiat i s

Of\'SPECT i i é)gepared in lyophilized form at acidic pH, where ligand stability is optimal, and an inert filler, such ‘as
maniiitol, to provide easy Iyophlhzatlon The second vial (B) contains a reductant suitable to convert the
— 99mTc to the desired oxidation state and an inert filler such as mannitol. The second vial is lyophilized at a

pH of approximately 9. When the contents of the vials are mixed together with sterile saline, an optimal pH

25 ~3.0-5.0 is obtained. This provides optimal reaction of the diaminedithiol ligand with the reduced %*™Tc to
prepare the desired radiopharmaceutical in high yield and high purity. One method by which the Tc-99m
radiopharmaceutical can be prepared in high yield is as follows:

One vial (A) is prepared as a sterile, non-pyrogenic, freeze-dried material containing the dihydrochloride salt
of the ester-derivatized diaminedithiol ligand at levels of 100 Lg to 2 mg, or higher, with a suitable inert filler

30 such as mannitol, to provide a suitable plug after freeze-drying.

The second vial (B) is prepared as a sterile, non-pyrogenic, freeze-dried material containing a suitable
reductant, such as a stannous sailt (e.g., SnClz) at levels of 5 ug to 100 ug, or more. Vial B may also
contain a ligand to stabilize Sn(ll), such as ethylene diamine tetraacetic acid (EDTA) at a level of 100 ug to
1.0 mg, or more. In addition, a bulking agent such as mannitol may be used to aid in lyophilization.

35 The *™Tc radiopharmaceutical, as described in the present invention, is prepared by admixing the contents
of vials (A) and (B) with ®¥™TcO. from a ? ?MoP®™Tc radiopharmaceutical generator using sterile techniques
well known to those skilled in the art of preparing sterile injectable materials. The generator eluant added
should provide about 20-50 mCi of activity. After 15 minutes at room temperature, the %*™Tc diaminedithiol
compiex, as described herein, is formed in high radiochemical yield (e.g., >80%).
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Fratt ed SPECT i nages were anal yzed using a densitorretri c video based
carfera system|[err] 30 Assoc I n order to obtain

i nflor mati on about the concentratloEL?r‘?Jg(ﬁEPFl but i on pattern of 99nilc.

Radi oactivity in various brain areas were assuned to be positively and
lirearity rehas@ibwing efanarag ﬁ§strht@ trle phdBbrARR eﬁpa.n&ﬁm-gﬁa @brﬁb@l;sea tﬂé%ﬁe@er@tasé?ﬁi&ance
per; pi xel value was cal cul ated. Neuroanatom cal | andmarks for acenent of
brain area RO were based on human brain positron em ssion tom)graphy'
atl.ases. Ratios of abso ce between different gray,ﬂ'ra'\t er areas (cortical
dreas and t HyCH@O), a |te GRpCells 35 H; loaanven LR i ned at
about 50 and 150 mn ost dm ni stration. Thi 4si § was perforned
usi ng the conpl ex of r?gl The results are s MCzedJin Table 111,

and show that a gray/ |te fio of 2-3:1 is observ8d fo¥“the conpl ex of
Exanple A, consistent with distribution as a function.of cerebral bl ood
flow TMBLE |11 40 MEMAMPIBRAI N AREA ACTI VI TY RATI @S?‘WRI ED FROM FORVATED
SPECT | MAGES OF THE COWLEX OF EXAMPLE A 45 Regi ons

Ti me Post conpound Adrri nistration (mn) 53 150 Cccipital
Cot t ex 2.6 Pariet Cor t ex

3.1 OZCH3 Hs’c;:.’c)chront h rteCchzﬁs

: H,CO,C
29  ° 3v—e EN&%;]%(
2.1 Val ues are pergeht ab’Ecorb ‘ratio for regidns og-cl ntdrest to the

corpus call osum| at vens lie. white matt ref ce area). 55 The
di am nedi t hi ol radfol abel | ed conpl exes, particul arl§ those | abel led with
Tc-99m sare al so usef @yairjpid gbel i ng white bl ood celExample Ditro. 23 EP O
27Q_A17 Bl Wile the diam nedithiol conplexes specifically described herein
are particularly beneficial in radioimg- ing brain perfusion in manmal S,

am\pat ed (N-cont ai ni ng) ps and ot her groups descri in the and
ot her unspech%b? gateri’a himd GO LHONHGE O 10) ICDI Qd Pe gHas t hey
do not #reven 8715 'f'l\tus, e |nvent|on from EI rea zed. 5
. , 3 _ | s
30 Example E Example F
Hs Cz OZC COZ CZ HS

35

H,C,0,C HNI o <COC3H;
u :
' _ \L ’Tc j
S S
Example G Example H

45
These technetium-29m complexes were prepared using standard labeling conditions similar to those
reported in the literature for other diaminedithiol figands. For all of the complexes except the complex of
Example D, a Glucoscan™ kit (a mixture of sodium glucoheptonate and stannous chloride) was recon-
stituted with 50-150 mCi of %™TcO. obtained by elution of a **Mo/®™Tc radionuclide generator. The
50 diaminedithiol (1-10 mg) in water (0.2-1.0 mL) was added and the mixture allowed to stand for 1 to 30
minutes. In the case of the complexes of Examples C, E and I, warming was necessary to effect removal of
the benzamidomethyl protecting groups. For the complex of Example D, a modification of the procedure of
Baldas et al., Int. J. Appl. Radiat. Isot., 36, 133 (1985) was used. Generator eluate (100-200 mCi) was
reduced to dryness by rotary evaporation and 15 mL 12 M HCI followed by 15 mg sodium azide were
55 added with stirring. After standing for 5 minutes, the mixture was reduced to dryness by rotary evaporation
and redissolved in 1 mL buffer (0.05 M sodium phosphate, pH 7.0). The diaminedithiol (1-10 mg) in 0.2-2
mL saline was added to the residue from above and the mixture was allowed to stand at room temperature
for 1 to 30 minutes, warming if necessary to complete the reaction.
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Claims Clainms for the followi ng Contracting States:

I T, LI, LU N, SE 10 1. An
formul a: 20

t her eof wherein: 25
group consisting of H, al kyI

each of §Fe? #{24

AT, BE, CH DE, FR GB ¥
ester-substituted diam nedithiol of the
[err]_A or a har maceut i cal | y suitable salt
dFVidually is selected fromthe
of 1-10 carbon atoms and - A- COOR whereln Ais

a strai ght @fee MeaRmBERs epg,legg,é; & burd é“iy&UE‘sehrJ?nat P are
i ndependepiuhiée RPY Spheri 3 & ge anl% iﬁ (6 AN DAcHhRiERo ? PRy |
or benzy|gra@£$tﬁ%ﬁy r)lnegidu‘nbﬁd 1 ko5 I;' haWbItukltnéHP up 8 190% 'n?é%ar?dﬂ@@f'lé Hﬁm%ssganﬁﬁr&:mded

\Sel ect ed ah iria rlakgstiocOdt thb-sthrtCR iHa QPadRAtQIIBA10 frind@E, Qnd B loGHfiBd cdMpRAEY, wekd ibdidled

al koxys ofby letdy @adpbrationadt G¥Bsoiver b iy | temdiatide. CiAE REAHIExLE otsihed i@ Thisclashivh whred
car bon ate@ated @& pdiy by thin(l&ypr ARromatoGrapHy o BVHaRTaR ¢- IBeéversatyhasd [atds udig 6 6dNeat Ni Ng
1 or 2 hetewe atntining estensttaoll 5% etihydfiodn, $% \atdidnitild) @nd 2O i0B50M INHROAGQ TN dleast
one of [ erse}. radidckemical LOWPRyas geeatdr bt W% Sulbiohs dfttbeecbribiegasi im eating ¥ere shoivm to be
steril e, spbefoeidest4 hwads]l y acceptable form 2. An ester-substituted
di ami neédi t hihe|comitlexpshare fnipclad) intrave®Bsly. asya]ly inrsaline phidiomatadase obd oy 0& piefesdblyd sal t
t her eof Vh®rrailfiepriesaren 7Qkg qf Bedy|weighichd imagiag Isporducteslydpenwacbrdcediyast he gr oup

consistin f H alkyl of 1-6 carbon 50 atons and - A-COOR wherein A
Is a stréﬁ&ﬂﬁ or branched chain al kyI ene of 0-6 carbon atonms, n, o and p
o TR e e 2 Bedi g

gl ani ne ditﬁeaeval ion 0 §<na5 erebral ﬁ éfd rfor ral‘?’ ima esglr(lt) [hﬁfus ggnkeés u;&m

di ani nedi t :{dle % %‘\lﬁqeréln %Hand an et&]ﬁn( E err] e from 1-3

car bon at,@cmooél. A d| am nedithiol of Claim?2 vvherel n A is a straight chain
al kyl ege—of—0=3 carbon at ons. EP 0 279 417 B1 Wile the di am nedithi ol

Chmol exes SNRRL itebusahdrkoyd BRed 1R LoPREEIR AT RuRdprol €HInddctich BreaRithdeiadlithl 4
%/m MaGhtrarhuRBuidd e clonD@ Faf iR Nt IKBtamMMETRRdrSchiodddl (TR ngMg) (h Adpiciatthd@hiedid GUPS
and” ot hemgggosRSeqias ifectvasl ofi sdilirh Gerfidblrbitad (68 @il ia WM $A@A4I bdpAcholemrdadéter and
condi t i omsregiven otaingiCneti@sia. I@mbdidigy @dr folreaging O18r2a imQp bfanectbdhnétin@-obm rehpidxs Of

t he i rrg e were@dmihistensdl bie the gaphermbis winctathBterCl ai ns

Dynamic planar imaging was performed using a Picker Digital Dyna Camera (Picker Int., Northford, Ct.)
interfaced to a Computer Design and Applications (CDA) Microdelta nuclear medicine computer (CDA,
Waltham, MA). The animal to be imaged was secured on a patient pallet with its head in the left lateral
position-in the center of the camera's field of view. Data was acquired dynamically into a 64 x 64 word
mode matrix, one frame per minute for up to two hours, using a zoom mode of 2X.

Time-activity curves were acquired using a region of interest (ROIl) that enciosed the brain as defined
by an isocontour marking a count density change of between 25 and 45 percent of the maximum. A
background ROl was placed just outside the occipital area of the brain and followed the contour of the brain
ROL. The number of counts per pixel in each ROl per mCi injected was calculated for each of the one
minute images in the experiment. The counts in both ROIls are decay corrected and the background counts
subtracted from the brain ROl counts.

The percent injected dose (%1.D.) was calculated using the results of the time-activity curves. The peak
counts per pixel per mCi were converted to peak disintegrations per minutes. The number of disintegrations
in the brain were converted to mCi in the brain and compared to the injected dose, giving a %!\.D. in the
brain.

The retention time of the complex_ in the brain is described by the half-life (t 1/2). Hali-life calculations
were performed using a commercially available exponential stripping package and a non-linear phar-
macokinetic modeling program (Statistical Consultants, inc. (1986) "PCNONLIN and NONLIN84: Software
for the Statistical Analysis of Nonlinear Models™ The American Statistician, Vol. 40, 52). Initial estimates of
washout rates were determined using the exponential stripping package. These estimates were used in the
PCNONLIN modeling program for the determination of washout kinetics and biological T 1/2. It was
assumed that the complexes followed one compartment kinetics. if the data did not support this assumption,
then multicompartmental analysis was applied.

The results are shown in Table I
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="'i ms for the followng Contracting States: AT, BE, CH DE, FR GB, IT,

W LU NL, SE 10 1. An ester-substituted diamnedithiol of the fornula: 15
Jr] or a pharmaceutically sui tagﬂ,gzzgl,ﬂ-, ghereof wherein: 25 each of
[efr] individually is selected fromthe group consisting of H alkyl of
1-10 carbon atonms and - A-COCR wherein Ais a straight or branched chain
alkyl ene of 0-10 carbon atons, n, o, amblep are independently 1 or 2, and R
|s._ (a) al kyl of 1-10 carbon atons, (b) phenyl or benzyl optlonally

bst i tuted y [ PrERCAO ﬂoﬂ&eﬁtbéﬁﬁipk\e? |§n8§f&hﬁé Mﬁbﬁ:&ﬂéﬂ'gﬁm of 1-4

bon at ons, uor o YFRReTION BB RefENTICN O tjons,
car boxyl , or fe—earbexyic agcl-d—es-t- (c) a

5- or 6-nenbéred RSN dc XENFBT'P'NQQ cont ai ni ngMQN@Y'Q‘Aﬁ@‘@eroatons sql ect ed
from N, Oor|S, with tHe“PFEHRY that at | east one of [err] is -AJCOOR
sai d ester-suybstituted]|di am nedithi ol in%sberile, [phar mageghincal |y

accept ?Pgl e f()T'ITI——Z'.—_AII est Uli4bUUbLl oty gegr e throl et g e o la: 35

[eérr] Ror a

phar maceuticqlly suitable s K t hgr eof 5h 24@ n eagh of [167 Pndi vildual | y
] . &b

i $ selected ffrom phe gnoup cpnsistjing ¢ ﬂl kyl |of 1 (§4g%i)bon 50 lat ons

and - A- COOR Wheregn A ifs a s}g ai ght or & ed cHain al kyléne of -6

c:F\r bon,;;atonms| n, p and|p aregd ndependent3I2y21 or 2, and Rgps al kyl gf 1-6
carbon atons| witf the|provggo thgt at 4lee@§(3 one qf [ekkdspi s -A-COPR, said
e$t er-substi fut edel anifnedi t’rgi ol i n st esrzl(i)e phar rraceut i <zal | Y, accept abl e

fOrm 55 3 ‘I.Ll tF—of—Crarm2—wherern nallu any—atkyt—tn [err]
is from1-3 ¢a r't‘)'?)ﬁesﬁfe% §EﬁA di aminedithiol of Claim2 wherein Alis a

strai gt chailn'24P \PPapResisss (e amberoh Aimals YsAR N the calpiatien. 579 417 B1 5. [A
di@_{nedithi ol1 Gfanélivaterparitiomaaatieient. [err] and [err] are -A-COOR and R4 and R9
ar . 6. A di2aviaximeohi % IH. @d de@fmilddeby mlagarwiegingi N A is a bond and Ris ethyl. 5
7. A di am nedidHslirpdteddfali-@ afi bmairPclegteereei n N, o and p are 1, [err] and [err]

are -A-COOR Where A 1S a straight chain al Kyl ene of U0-3 carbon atons and R

' 5 al k¥ of pgbwndr RbRArRlPIBa ra[in@fpﬁimﬁ@alch & e B4Rt of ?’e@gni @Jrél:lral bBsd dow is
and [ errJindt Ridi ididhHathbhobutREIfbe SRkBGEEES & FuAdioh BELISHHAIR. (bsiich s AGurfiontbt bRE
al kyl of ﬂ&wsarpwdaaansagtmm aQlysiSof SAECH mApdiedi thiol of Caim2 wherein 1-4
of [err] i SForiate®SRECT images were analyzed using a densitometric video based camera system (Loats®
Assoc., Westminster, MD) -in order to obtain information about the concentration and distribution pattern of
9mTc, Radioactivity in various brain areas were assumed to be positively and linearily related to changes in
film absorbance. Brain area mean absorbance per pixel value was calculated. Neuroanatomical landmarks
for placement of brain area ROl were based on human brain positron emission tomography atlases. Ratios
of absorbance between different gray matter areas (cortical areas and thalamus) and a white matter
reference area were determined at about 50 and 150 minutes post-administration.

This analysis was performed using the complex of Example A. The results are summarized in Table 1,
and show that a gray/white ratio of 2-3:1 is observed for the complex of Example A, consistent with
distribution as a function of cerebral blood flow.

30

35

e © TABLE Ilf

MONKEY BRAIN AREA ACTIVITY RATIOS DERIVED FROM FORMATED SPECT
IMAGES OF THE COMPLEX OF EXAMPLE A

% Regions Time Post compound Administration (min)
_ 53 150
Occipital Cortex 3.3 _ 26
Parietal Cortex 3.1 25
50 Frontal Cortex 29 23
Thalamus 25 2.1

Values are percent absorbance ratio for regions of interest to the corpus
callosum-lateral ventrical lie. white matter reference area).

55

The diaminedithiol radiolabelled complexes, particularly those .labelled with Tc-99m, are also useful in
labeling white blood cells in vitro.
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diam nedithiol of Claim2 wherein n, o and p are 1, and 1- 4 of [err]

\- COOR. 10. A di am nedithiol of Cla|m2 wherein the diamnedithiol is
hm nat ed, and R and any alkyl in [er é from1-3 carbon atons. -
\ di ami nedi thiol of Caim?2 wherein%'JeQ#fg AP err] are - A COR and

and [err] are Hand n, o and p are 1. 20 12. A di am nedi t hi ol - of

2 wherein Avsie ﬂqe%n\%eéﬂﬂgl c,Iop.ﬁle gjle% by hé?din & Ba EJ’I (thc lﬁgj%ioimag;
B oLt | cal | e e N on &u%r;fs TR il
BN Q:B?Wérgég;éﬁdnyﬁé;}igye*ze@yStIEI nee -_ ?i(l o es?‘@é &§no§ﬁe€e¢1 A€ benefits of
ir ochl orlsde N, N -1, 2-et hyl enedi yl bi s-L-cyst ei ne, 25

hyl est er, d¢ialiygdr ochl ori de, and N, N -1,-2-et hyl enedi yl bi s-L-cyst ei ne,

& propyl ester, di hydroch- loride. 14. A kit conprising a predeterm ned
ity of a sCiamd fer thelialiowing@ohiraxing StabesC T] BE) ICH, BE tFR) GBS U &1, LU, INLESE

nedi thiol of any one of clains 1 to 13 and a predeterm ned quantity of
eril e, noh- pyrAogetai-wibgifited diaminedithiol afihe dgmuie: f or reduci ng a presel ect ed
onuclide. 15. A kit of Caim1l4 wherein the reducing agent is a

ous salt for reducing technetium99m 16. A radi og;\ar maceut i cal

| sting essentially of a I| 7I|c charge neut r al dio bllde conpl ex
35 di am nedi t hi ol ding to any fgne of?
ng at 1eddt 1 este he f:q,rrru a - ACOOR MmN e ANHS
ranched chain al k'ylen HN) 6 Net G

car bon atons. 17. '
onuclide is a radi ' S
AT, W Re O, M, Ni,SHR%{SOP , or .
pel ai m 16 V\%erel n the rddi onuclide s technef@um 99%a 19. A R
i ophar maceuti cal of CI aim 162 wherein the diaminedithiolgis selected from
diam nethiols of any 45  one of clainms 1 to 13. 20. A process of

oi Magi Ng CONMPii $piaBndchuicat! MitkHiesSdaft irefal iiBleRNt eral ly to a mammal a

osition gf anyadalyg RER, .GhdNiddBiy IHselebted Borh Ehe%rdﬂb@éﬁ'ﬁﬁ@l& HCaMyl o 1518i ch@bH Boms-and
ier, and (ii) -A-e0ORiwAEih P0is tahstraibit F Brafdhed BiRuinBTERE ofed-102Eartivh la@sN o, and p are
icient time f @idegeR@ntyO NI, tah® R 1s0(a) @RIk 2€0i darbloh atolsa{bh phémdl Albendyl optionally
ess for prepasibstiuted witdipop ISaingaasitidneadactoseokd frorg akg oaNy carbén adms. tidtolTEhloro,
0 19 conpri si hgmadiitro elkaxy af U4 ambanattintshecatdoxyfor arvgrboytc @fd esteabins4 dartiop atbdhs, or
a salt o# a rélircaet §-memippeddieteropydidrangmoatsiaing & 002 helergaiinsadglected g di Agr S, with
t, if requirethe provisetheledlgast pnedif Bi-Btz it &ri¥ifat ures from room t enperature

ef | ux tenper aFtid estesubstiued igrgjpraiithiql iy stegilepripimagevfi¢atingceentdbieie®- t o 2 hours.

5 .

2. An ester-substituted diaminedithiol of the formula:
35

6 7

40 | 9
10)
. | R /o
. gll
RE: '

45

- ’ -or-a pharmaceutically suitable salt thereof
wherein each of R'-R'? individually is selected from the group consisting of H, alkyl of 1-6 carbon
50 atoms and -A-COOR wherein A is a straight or branched chain alkylene of 0-6 carbon atoms, n..0 and p
are independently 1 or 2, and R is alkyl of 1-6 carbon atoms, with the proviso that at least one of R'-R™
_is -A-COOR,
said ester-substituted diaminedithiol in stenle, pharmaceutically acceptable form.

55 3. A diaminedithiol of Claim 2 wherein R and any alkyl in R'-R*2 is from 1-3 carbon atoms.

A diaminedithiol of Claim 2 wherein A is a straight chain alkylene of 0-3 carbon atoms.

24




279417 B1 Cains for the followng Contracting States: ES, GR 1. 1
ess for the preparation of an ester-substituted diam nedithiol of the

la: [err] 15 or a pharnaceutically suitable salt thereof wherein: each
err] individually is selected from&Bhe2@ M Plonsisting of H al kyl of
) carbon atons and - A-COCOR wherein Ais a straight or branched chain

| ene of 0-10 iﬁ ﬁb oI &mpB s3pd f.PauZ &cﬂ.bﬁgﬁé@n%%g& éﬁiaﬂry nef?c A0ioRag-
a.) al kyl Of lbr ’am?jg Fﬂh lrrjnn ?b\ the art, and
ti tuted wi tolihsidain xnstag.ssa Shrbtidie Mool B de% Wb thfe 9 @ v it 6 bariefhs of
jon at ons, fhelMeRtion fréth BdifY redibda™, nitro, al koxy of 1- car bon at ons,
poxyl, orsa carboxylic acid ester of 1-4 carbon atons, or (c) a 5- or
bnber ed het @igmayclic ring containing 1 or 2 het er oat ons sel ected from N,

5, with the proviso that at 1east one of [err] is -A-COOR, said
br - subst i t utotaimslfo el folibwidy CdntriactingtStated AT, PECHIBESR, GBAT,|Ly LaougBEabl e

25 - whereby said process conprises for the preparation of A

ctive dimneni zét ¢sensubgtitdtedplismineditnivbefitie fofmula: substituted thi azolidine' or
pt rahydro-1 , 3-thiazene of the fornula 30

] 35 wherein [err] and n are as defined above fol | owgd by
prification with net han I e Jhan usi ng gaseous dro A chl oride as
il yst, or alternatlvely R.oreductlve anfat i
di ketone’sor 1, 3-di one Rgth orBul a f@rr]
1, 50 W(r-t-b Mnno‘{ Rof forrrul
]
SH HS
20
B

or a pharmaceutically suitable salt thereof wherein:

25 each-of Ri-Ri2 individually is selected from the group consisting of H, alkyl of 1-10 carbon atoms and
-A-COOR wherein A is a straight or branched chain alkylene of 0-10 carbon atoms, n, o, and p are
independently 1 or 2, and R is (a) alkyl of 1-10 carbon atoms, (b) phenyl or benzyl optionally
substituted with up to 5 ring substituents each selected from alkyl of 1-4 carbon atoms, fluoro, chioro,
bromo, nitro, alkoxy of 1-4 carbon atoms, carboxyl, or a carboxylic  acid ester of 1-4 carbon atoms, or

30 (c) a 5- or B-membered heterocyclic ring containing 1 or 2 heteroatoms selected from N, O or S, with
the proviso that at least one of Ri-Ri2 is -A-COOR,
said ester-substituted diaminedithiol in sterile, pharmaceutically acceptable form.

. 2.  An ester-substituted diaminedithiol of the formula:
35

' 4
40 | ( BR NH
R 1]

45 : : R

or a pharmaceutically suitable salt thereof
wherein each of R'-R'? individually is selected from the group consisting of H, alkyl of 1-6 carbon
50 atoms and -A-COOR wherein A is a straight or branched chain alkylene of 0-6 carbon atoms, n, o0 and p
are independently 1 or 2, and R is alkyl of 1-6 carbon atoms, with the proviso that at least one of R'-R'?
.is -A-COOR, .
said ester-substituted diaminedithiol in sterile, pharmaceutically acceptable form.

ss 3. A diaminedithiol of Claim 2 wherein R and any alkyl in R'-R* is from 1-3 carbon atoms.

4. A diaminedithiol of Claim 2 wherein A is a straight chain alkylene of 0-3 carbon atoms.
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1) 10 wherein P is a protecting group selected from net hoxynet hyl

¥ hoxyet hoxynet hyl, p-nethox- ybenzyl or benzyl, and which is then renoved
y§ appropri ate nmet hods, - and said é)rocess for the production of B

ypri ses reaction of a thiol sutfft? ER ¥ Blenzal dehyde 15 of the
¥ mula 20 25 with an amne of the fornula 30 35 to form
a diimdg of d.aJnﬁeJ.t%lrs%em[ﬁﬁelemﬂa‘é a8 el §CbBﬁQnJI@‘dér\9ﬂdareqjlepr0t ected and

es!t erified or alternatively reaction of said thiol substituted benzal dehyde

With the gan BEmhskitibier BERSERHeRiGis 8 boraRi HE & 55 27 EP 0 279 417 Bl

I eophile in a Strecker-synthe5| s to formthe bis-amno-nitrile of the
formul & [rer & biah@edtiocdd Cian bh@sreiRYids aldyz@d 1, rbepa Gtess @EcEORIweed Ris 4 svaight 2.
- Process acceomwidiakg@erteOof 0l3adamonl atbrdy anldiFeis pik@pan-atckrboth 8dmsaR* et erars bt iRkt (FR.ed
di om nedi t hRo0IRS o7, Rher'f owi A iadividublly[ e sefecB from te qndmarcnra(samtqf tladridyalkgiaf t1g@bl e
sal t thereofarbshetwms.n each of [err] individually is selected fromthe group
consisting of H, alkyl of 1-6 carbon atons and - A-COOR wherein Ais a
st.rai ght 8orA dipmineditbiel of Blaimr? vetleteipl 1A ROR™ (-6-CORRbon atonms, n, o and p 30
are independently 1 or 2, and Ris alkyl of 1-6 carbon atoms, with the
pﬂ ovi so Phat digpingdithjeliof Blﬁ'@ 20v:rhe{e@rn|, ? and p are 1, and 1-4 of R'-R'? is -A-COOR.

10. A diaminedithiol of Claim 2 wherein the diaminedithiol is non-aminated, and R and any alkyl in R'-R'? is
15 from 1-3 carbon atoms.

11. A diaminedithiol of Claim 2 wherein R3 and R are -A-COOR and R* and R® are H and n, o and p are
1. .

,,"\/- 20 12. A diaminedithiol of Claim 2 wherein A is a bond and the stereochemistry at the position where that
: bond is attached to the diaminedithiol backbone is L.

13. The sterile, pharmaceutically acceptable diaminedithiol of Claim 2 which is selected from N,N-1,2-

ethylenediylbis-L-cysteine diethylester, dihydrochloride, N,N-1,2-ethylenediylbis-L-cysteine,

25 dimethylester, dihydrochloride, and N,N'-1,2-ethylenediylbis-L-cysteine, di-g—propylester, dihydroch-
loride.

14. A kit comprising a predetermined quantity of a sterile, pharmaceutically acceptable ester-substituted
diaminedithiol of any one of claims 1 to 13 and a predetermined quantity of a sterile, non-pyrogenic
30 reducing agent for reducing a preselected radionuclide.

15. A kit of Claim 14 wherein the reducing agent is a stannous salt for reducing technetium-99m.

16. A radiopharmaceutical consisting essentially of a lipophilic, charge neutral radionuclide complex of a
35 diaminedithiol ligand according to any one of claims 1 to 13 having at least 1 ester group of the formula
-A-COOR where A is a straight or branched chain alkylene of 0-6 carbon atoms and R is an alkyl group

of 1-6 carbon atoms.

o 17. A radiopharmaceutical of Claim 17 wherein the radionuclide is a radioactive isotope of Tc, Ru, Cu, Co,
40 Pt, Fe, Os, Ir, W, Re, Cr, Mo, Mn, Ni, Rh, Pd, Nb, or Ta.

18. A radiopharmaceutical of Claim 16 wherein the radionuclide is technetium-99m.

19. A radiopharmaceutical of Claim 16 wherein the diaminedithiol is selected from the diaminethiols of any
45 one of claims 1 to 13.

20. A process of radioimaging comprising (i) administering parenterally to a mammal a composition of any
one of claims 16 to 19 in a pharmaceutically suitable carrier, and (ii) radioimaging the brain of the
mammal after allowing sufficient time for the composition to localize in the brain.

50

21. A process for preparing a radiopharmaceutical according to any one of claims 16 to 19 comprising
admixing a diaminedithiol of any one of claims 1 to 13 and a salt of a radioactive metal in the presence
of a suitable reducing agent, if required, in aqueous media at temperatures from room temperature to
reﬂux temperature or even higher for a period from 1 minute to 2 hours. :
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is -A-COOR, said ester-substituted diamnedithiol in sterile,

pharmaceutical Iy acceptable form 3. The porcess of Claim2 wherein R and
any alkyl in [err] is from1-3 car EBP H#@HEB135 4. The process of Claim?2
wherein A is a straight chain al kylene of 0-3 carbon atons. 5. The process

of C ai m 2cuier e F;:OCRand[err] and [err] are H.
40 6. Thecprocfgs{ge%?‘b@ng%qglc\?vh%ktaﬂs Esf% a bond and Ris ethyl. 7. The

process  of 1.ClradcBas3or WG &hiltidh of £ ARAsB i [err] are - A COCR
where A is a strai ght éﬁglr'l é’ | kyl ense %t%ﬁed%a "%d'g[gﬁgfg{eégmqgnd R is al kyl of
%3 carbon atons, [err] ag? [ﬁr;fare H, and [err]n‘[err] g, and [err]

h

i ndividually are sel ecged group consigting\of # al kyl of 1-3
45 carbon atons. 8! ess of C wherei n 1-4 [err] is
-A-COOR. 9. The p S 1 2% wherein o af® and Ra- 4 of
[err] s -A agss of =l 2 Wherein t

di ami ne# thi ol is non-lafi nat ed,® and armmy IsHi N ¢ @p 1-3
carbon atonms. 11. A& 8HEIES @i m2 wh [err] and are

-A-COOR and R4 and RQ’are H andg), o and ar e 55 12. Th& p
Claim2 wherein Ais a bongd and t’he stereoChem s?fy at th«§1q005|t|’0n wher e
that bond is attached to the di am nedi t hi ol backbone 8s L. 28 EP O 279
417 B1 Bevend; ca\tlons Rﬁ:ve %Lc I ons pour Ies Et ats contract ants suivants:
AT, BE, CH, EE f—" cupieally spitabje sa %‘ pyeot e'e' mnodlthl ol substitu6

individudlly Is s rop i
Par des g1 OUBEESHE b kiin AP Sae gﬁ‘"akwent@% K)a"“‘“’ o T o are ™

~P 1 independently 1 or 2, and R is (a) alkyl oms, (gagenyl enzyl optionally

t
Ptt, 20 substituted with up to 5 rmg substituents e ch sel q:t ak | of 1-4 carbon atoms, fluoro, chioro
320 QU broMé! ril, SRy Sieil-$ catfoh &ima. afboxyt! oH4 capgdx{({ agi(d3 ottt Qhacran;gr? S’tg § %Pe

dans | esquel {cg8 5- or 6-membered heterocyclic ring containing 1 or 2 heteroatoms selected from N, 0 or 5, with
. the proviso that at least one of Ri-R;2 is -A-COOR,
said ester-substituted diaminedithiol in sterite, pharmaceutically acceptable form.
25 - whereby said process comprises for the preparation of A

reductive dimerization in liquid ammonia of a substituted thiazolidine' or a tetrahydro-1,3-thiazene
of the formula

30 ‘
R
3 H 5

35

wherein R', R2, R3, R*, R®, R® and n are as defined above

followed by esterification with methanol or ethanol using gaseous hydrogen chlorlde as catalyst,
or alternatively

\_ 40 reductive amination of glyoxal or a 1,2-diketone or 1,3-diketone moiety of the formula VI

45

whereing = O or 1,
50 with an aminothiol of formula Vi
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ue R a Rl12 est choisi individuell enent dans | e groupe conprenant un

d' hydrogene, un groupe al kyle ayant de 1 a 10 atones de carbone et

_ dans | equel A est un groupgp%l,béllﬁ?%‘a chaTne droite ou ram fieo

ayamt de 0 a 10 atones' de carbone p sont de fagon ind6pendante 1

25 ¢ QU 2, et Rest (a) un groupe alkyle ayant de 1 a 10 atones de

carbone, (b) un groupe phényle ou benzyle dont |e cycle est 6ventuel |l enent

substitue avec un maxi num de 5 substituants oi si s chacun parm un groupe

al kyl e ayant de 1 a 4 atomes de carbone ank me de fluor chlore brome, un
oupe bon nitro,\al ¢ yqﬁﬁant de 1 a 4 atones de

carbone.s carboxy ou un ester d'acide carbpxylimue ayant de 1 a id p

4 atones de carbone, ou (c) un noyau hdt®r clique a 5 ou 6 chaTnons

conportant 1 ou 2 _W2 30.. B'hdgeroatomes choisis parmi N, 0

ou S. a condition qu'au noins |'un des(\R1)a R12 soit-A COOR ce

di am nodi thiol substitu6 par des groupes esters 6tant sous une forne

st6r|Ie’%cceptabIe d' un point de vu Un dlan%aodlt i ol

substitu6 par dev%\ % OPu ésprtg%cln %rowesepgt?nﬁtﬁ%g@g(y%etgyl gﬁt%byethoxymet p-methox-

1 and gfglsihen mo ﬁpropnate methods,

R - and said process tion of B cam nseé reaction of ?_lthlol substituted benzaldehyde
SH ou un, sel de G@l.YdmG accepta e du e vue pharnaceuti que, dans

| aquel | e chaque R a R12 est choi si’ |nd|V|dueIIenent dans | e groupe
conprenant un atonme 12 5s sO - - d' hydr ogene, un groupe al kyl e
ayant de 1 a 5 atonmes de carbone et -A-COOR da | equel A est un 12 is
groupe al kyl ene a chatne droite ou ram fi 6e aygnt de O a 6 atones de _
rbonez n, o et p sont de facon independ 1Yy 2 et R est un groupe
alkKyle ayant de 1 a 6 atones de car bonBy-s dition qu au noins |'un des
greuwpes R a R12 soit-A-COOR ce di am nodit sprubstitu6 par des groupes
esters etant sous une forne st6rile acceptable d un point ss de vue
pharmaceutique. id is 3. Un diam nodithiol solon |a revendication 2, dans
| equel - B et un qﬂ@weemaﬁe“@ﬁ%mw@ aIker de RL RI12 conprend de 1 a 3 at ones
de carbone. |_ ,

29: 1IT1INI huh EJI till B!l EP 0 279 417 Bl 4. Un
di am nodithi ol selon |a revendication 2, dghs |equel A est un groupe
al kyl ene_a chaline droite ayant NH,
30 HZN
Ry
35 to form a diimide 6f the formula
P‘}_(&
~ 40 =N N
SBn §Bn
R4 Ro-r

45
which is then reduced, deprotected and esterified
or alternatively
reaction of said thiol substltuted benzaldehyde with the amine in the presence of a cyanide

50

55

. ||II|I|| I||I|| [T

SR Ee A R e R A8 T R s e 7 e et e E o8 s et s TR s SRR ﬂﬁm




e 0 a 3 atones de carbone. 5. Un diam nodithiol selon |la revendication 2,
ans lequel R3 et RIO sont un radical -A-COOR et R4 et Rs 5 sont des
tones d' hydrogbne. 6. Un di am nodi tdy % %%q | a revendi cation 2, dans
equel A est une laison et R un groupe bthyle. 7. Un diam nodithi oI sel on
a revendication 2, dans lequel n, o et p sont 1, R3 et R sont -A COOR
jans 10 | oquel mAleep:htle id1a SPERGRSntRdsi Yd BitthébisBaiRd etk oPin Arayant de 0 a 3
it omes de carbone et R est un groupe al kyle ayant de 1 a 3 atones de
arUe R4 et RO sont des atones d hydrogsane R, R, RS, R6, R7, RS,
R €t R12 sont individuell ement choisis e gr oupe consi stant en un
t-ome d' Hydrogbne et un groupe al kyl eNay ant 1l a atones de carbone. i5
Un di am nodi thiol selon la revendl ca I equel 1 a 4 des

= 9. Un di nodithiol selon la
'evendi cat i on 2, dans |equel n, o et » des groupes Rl a
R12 sont on radl cal -A-COOR. 20 RAD\ i am nodith &-on | a
evendi cdtion 2, dans lequel le diam nodithiol n'est pas am.ne, et R et un

juel conque groupe, nd de 1 a 3 atones de carbone.
[1. Un di am nodi t i oI ytlhg rzﬂlgrc’ll?’faelgrdee '@ﬁé‘le%%'}%r%ﬁﬁ 9 dans lequel R3 et RIO sont

n radi cal 5 AdIER, et
D sont 1.4 12 Un dlagér?lédnnghlt maﬁorsthee pé%g'{g%ngg%eeﬁgl ca ﬁtugeﬁ%%"gg%% g%ufgrf"w% est
ne liaison et la stereochime A la position_a laquelle cette |iaison est
htt achee au squel ette du di ani nodit hi ol .gés af. 80 13. Le diam nodi thi ol
sterile, acceptable d' un point de vue Rﬁhar ceﬁ i que selon | a revendi cation
, qui est choisi dans |e groupe con.s sfant*&n dithl grhydrate de |'ester
i 6t hyl i eque de N, N -1, 2-6t hyl bneéq NHL_-  ChiNt r1e1°2d| chlorhydrate de
‘ztlj r di met hyI i que de N, N - hyf‘anedi yl bi s-[L- cy$t®i ne, dichl orhydrate
st er -n-propylique de N, N, 1} 2- 6t hl yl bn iiy bi s- L-cysteine. 35 14.
ne" trousse conprenant une quantlt &¢pt er AB "un di am nodi t-hi ol
substitue par des esters, st6rile, gcceptable d' &n paint de vue
phar macett i que selon |'une quel conque des revendications 1 a 13, et une
guantite pr6determ nee d' on _agent r6ducteur, steri I e non pyr ogbne, pour

reduire un radld ”(?Eg" fgﬁ?vdu thereg) B rousse sel on

N & grov §?"Slﬁﬁ'g 4 v
il e 5 s L ;ff;f"ﬁagi" il i :n;;:i?ﬁzr
t Un CO e

conpr enant es RER exe e neu

radi onucl ei desﬁé r-'é&bs!ltbtgﬁmgn ﬁ’e%m%é( ‘?iesteQI'e%lﬂggéuBJ&llpécce%%Q@or% une quel conque

des revendi ca- 45 tions 3 ayant au nol ns un groupe ester de
fornmul e -A—:coa?emdf@ﬁu@twm@@hamngawmaidw}rMQsaars&?ﬁaTdm% droite ou
ram fieésayant de 0 a 6 atones de carbone et R est un groupe al kyl e ayant
de | a 6 atonEse stecessdt loame2 wherein A is a straight chain alkylene of 0-3 carbon atoms.

5. The process of Claim 2 wherein R® and R'® are -A-COOR and R* and R® are H.
N 490 6. The process of Claim 2 wherein A is a bond and R is ethyl.

7. The process of Claim 2 whersin n, 0 and p 10 are 1, R® and R'® are -A-COOR where A is a straight
chain alkylene of 0-3 carbon atoms and R is alkyl of 1-3 carbon atoms, R* and R® are H, and R', R?,
R, R, R7, R%, R'' and R'? individually are selected from the group consnstmg of H, and alky! of 1-3

45 carbon atoms.

8. The process of Claim 2 wherein 1-4 of R'-R'2 is -A-COOR.

9. The process of Claim 2 wherein n, 0 and p are 1, ahd 1-4 of R' -R'2 is -A-COOR.
50 ' .
10. The process of Claim 2 wherein the diaminedithiol is non-aminated, and R and any alkyl in R'-R'2 is
from 1-3 carbon atoms.

11. The process of Claim 2 wherein R3 and R ™ are -A-COOR and R* and R® are H and n, o and pare t.
55 _ : .
12. The process of Claim 2 wherein A is a bond and the stereochemistry at the position where that bond is
attached to the diaminedithiol backbone is L.
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17. Un % duit pharmaceuti que radioactif selon |a revendication 16 dans

| equel | € radi onucl ei de est un so i sotope radioactif de Tc, Ru, Cu, Co.

Pt, Fe, Gs, Ir, W Re, C, M, M, N, , , ou Ta. 18. Un produit

phar maceuti que radioactif selon |a reve%’%&%“dﬁlt&l& dans | equel le

radi onucl 6i de est |le technbtium99m ss 19. Un produit pharnmaceutique

radi oactif sel oReJendicstioredi cation 16, dans | equel |a diam nodithiol est

choisi parm 1|es diamnodithiols suivant |'une quel conque des

revendi cati ons kewndidations p&i 165 B9 clrtracRhtsZdivandd : R, BECOI D, EHGBAN) 18, LU, NL, SE

kadi oactive conprenant (i) |'administration par voie parenterale a un

manmi f ere d' une1.canmpmiidodionml 0508 pbr déB GroGiies baas Ap@sal@Dar Ieiemdiesat i ons 16 a

19 dans un support convenabl e d'un point de vue pharnaceutique et (ii)

| i mageri e -radi oactive du cerveau du manmm fere apres avoir | ajsse,

suf fi satTment de tenps pour que |a_co 05|t|on se | ocalfsse d | e cerveau.

5 21. Un procede pour |la p£6p t ’bn ‘un produit phar i que fisadi oacti f

sel on | ' une dbel conque des™ % ons 16 agl9, Coap '

d' un di am nodi t hi ol Ic q des revepndi cati ons 1

d'un sel de n6tal radj‘qg&p{ ‘un agk ed 9bl 8,

,Si cela est necessaire¥da un ml rFegu aqﬁeuﬁia \ rrg ra ure Ori ses

entre la temperature 1@ /wag;tn RE R a tenpefattiye de refl ux/0OU0 wene

superi eures pendant une r6e de 1 mrpute a deax heur@s. RevenB8izcati dhs

pour: | es Etats contractants suiyants: ES, GRis 1. Proc6d@ pour |a

preparation d' un di am nodithiol” substitu6 par des esters repr6sente par |es

formules; 20 ' ~~~~~ 'o~~~P . ¥SM HS5 25 S., A 30

o ge |'un de Ses of Blisdedss Rt RRIpRBIed tHpdMPidNue @Rarvat8utigtAr MBCeut i que, dans

| esquel | es; chaque&aks lesduditds? est choi si i ndividuel | enent dans | e groupe

coxpr enant un at oreaqdé IRy drRIY €N enoisi IndgTdodlipent likngl i€ gay@niom@g@nabt an dBmatibyaeegecke un

carbone et - A- COOgrotpngkylecayare e A2 a0 tatonss gy @tbpse @l-AGOOR dara legbii Areet utl rgaiupepaliyigne 2

ram fiee ayant de chaime difteat camiisie dgantde HANEG atomes’ de @rbope. 9.0N¢t pchent fda dagen indépendante 1

i ndependant e2sl 35 ou 2. etgR et (aaun gRoues tlkyie pyaptndegt & UP @tombk ¢ earkopeyrie) Udegroupe PhEYle ou

atones de car bone befalp dom l@ryela 98 éptnBiaiamsnicybsind avpr an Mayimunt do & Gubptiuaplg choisis chacun

pEventuel | ement sutsatT P@JWUP&\?E‘Y:‘G aYenidexti i ArEes 95 calpre: it alain 4o el Fhigie DrRean gioupe
rmi un groupe aI“IEr 1%¢°é‘g%[ﬁ‘ﬂt dd 214 3lomes 4ip GRrRRIe FabRY o YR ester (icids GrRoxarerayirhde 1 2

e | ore, brome, un carbone, ou (c) un noyau hétérocyclique a 5 ou 6 chainons comportant 1 ou 2
B ad hgteroat mes choisis parmi N, O ou S, 2 condition qu'au moins I'un des R' & R'2 soit-A-COOR,
ce diaminodithiol substitué par des groupes esters étant sous une forme stérile acceptable d'un point
de vue pharmaceutique.

2. Un diaminodithiol substitué par des groupes esters de formule;
35 :

Rt
iight n 14
R? 2 Rll
t] 3 R

1-3 ' T~ sH Hs,/v

45 : R

ou un sel de celui-ci acceptable du point de vue pharmaceutique,
dans laquelle chaque R' 2 R'? est choisi individuellement dans le groupe comprenant un atome
_ 50 d'hydrogéne, un groupe alkyle ayant de 1 2 5 atomes de carbone et -A-COOR dans lequel A est un
2 is groupe alkyléne a chaine droite ou ramifiée ayant de 0 & 6 atomes de carbone, n, o et p sont de fagon
indépendante 1 ou 2 et R est un groupe alkyle ayant de 1 2 6 atomes de carbone, & condition qu'au
moins I'un des groupes R' & R'2 soit-A-COOR
1. ce diaminodithiol substitué par des groupes esters étant sous une forme stérile acceptable d'un point
55 de vue pharmaceutique.

d is

3. Un diaminodithiol selon la revendication 2, dans lequel R et un quelconque groupe alkyle de R' & R'?

comprend de 1 & 3 atomes de carbone.
& IIIIIIIIIIIIII III|| IIIII llIIIl
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nitro, alcoxy ayant de 1 a 4 atones de carbone, carboxy ou on ester d'acid
carboxylique ayant de 1 a 4 atonmes de carbone, ou (c) un noyau

h6t erocyclique a' 5 ou 6 chat nonsEedn@9rdtamt 1 ou 2 40 h~ttroatones
choisis parm N, 0 ou S. a condition qu'au moins |'un des R a R12

soit- A—COCR e di am nodithiol substitu6 par des groupes esters etant sous
une forme stL@rq ﬁ"lém&ff‘(?é AWH? Bvrdigion &idaes 'erelAyest pheiPyrg clsvenequiaine ek Jensc6d6
conprenant pdS 2 %{mb‘?s é?rgﬁnison de A Ia di nbri satlon réductrice dans

amoni ag | g ubstituee, .
KG/ trahy, sdrg ];Jo g,' seo éfvenglceftn g equel Ftl e?ﬁ sont un raglcgi -A-COOR etl? et R R
55 ans aque Sf R2, R3 R4, R5, Rs et n sont tels que
definis pkUgnRtHinodiiél Sich .a%Jeﬁa.eat drC2 QbR A eg%na@.géaae@ﬂ'un oy Jgéeeulwefit hanol

avec du chlorure d' hydrogene gazeux comme catal yuseur, ans ‘une

Var i ante, 7.3 Jun diaminadithiol selon la revendication 2,'dansBequbiln, ol 6bnil1, -3 et R‘° sont A-COOR dans

. SO70 . . ; 1dduel-A est un groupe alkyldne 2. chaine droite ayant de 0 3 3.affes déearbone et-R est un grodpe . - ;
- U S . .alkyle ayant de 1 & 3 htomes"de carbbne, R et.R? sont des*atomes d'tafrdyenk/dd R4 R, FB| RS, R7,
| am nat i on REGBIUet R'? eant Eivigleldical choisls Hand Megriupe torRistint 2n dih @GO ABYdDaGEne et un
1, 3- di c6t oneraips dikyferaybne da/) 2 B@tomes de carbone. dans | aquelle g = 0 ou 1, avec un
amnothlol de formule M1 . . s d Vil
20 dangs | &qls| diamirpditsiot selon lagnemnpﬁeatlm dtdenstleayel Ich desi grqvaﬁﬁ' 4 R'S sqnt umadieal -A-
met hoxynbt hf9®R- net hoxy6- thoxynbt hyl e, p-nbthoxybenzyl e ou benzyle, et qui
est ensuite elim n6 par des proc6d6s appropries, - et ce_ proc6de congar'enant

pour I a phodctARde! gslon jaevendication 2, dans lepuplgin p.of Ry#PNH!- Ght bé Hes9raeRy e 8°

subst i tﬁant sph PR radigd -46PAi e 0 30

RI!\/_- 88 10. Un diaminodithiol selon la revendication 2, dans lequel le diaminodithiol n'est pas aminé, et R et un
quelconque groupe alkyle dans R' & R'2 comprend de 1 4 3 atomes de carbone.

11. Un diaminadithiol selon la revendication 2, dans lequel R? et R'® sont un radical -A-COOR, R* et R®
25 sont des atomes d'hydrogéne et n, o et p sont 1.

12. 'Un diaminodithiol selon la revendication 2, dans lequel A est une liaison et la stéréochimie 2 la position
2 laquelle cetts liaison est attachée au squelette du diaminodithiol est L.

30 13. Le diaminodithiol stérile, acceptable d'un point de vue pharmaceutique selon la revendication 2, qui est
‘choisi-dans le groupe consistant en dichlorhydrate de I'ester diéthylique de N,N'-1,2-éthylénediyIbis-L-
cystéine, dichlorhydrate de l'ester diméthylique de N,N'-1,2-éthylénediylbis-L-cystéine, dichlorhydrate
de I'ester di-n-propylique de N,N'-1,2-éthlylénediylbis-L-cystgine.

36 14. Une trousse comprenant une quantité prédéterminée d'un diaminodithiol substitué par des esters,
stérile, acceptable d'un point de vue pharmaceutique selon I'une quelconque des revendications 1 &
13, et une quantité prédéterminée d'on agent réducteur, stérile, non pyrogéne, pour réduire un
radionucléide choisi 2 I'avance.

\_~ 40 15. Une trousse selon la revendication 14, dans laquelle I'agent réducteur est un sel stanneux pour réduire
le technétium-99m.

16. Un produit pharmaceutique radioactif comprenant essentiellement un complexe lipophile de charge
neutre de radionucléide et d'un ligand de type diaminodithiol selon 'une quelconque des revendica-

45 tions 1 2 13 ayant au moins un groupe ester de formule -A-COOR dans lequel A est on groupe
alkylene a chaine droite ou ramifiée ayant de 0 & 6 atomes de carbone et R est un groupe alkyle ayant

de 1 4 6 atomes de carbone.

17. Un produit pharmaceutique radioactif selon la revendication 16 dans lequel le radionucléide est un
50 isotope radioactif de Tc, Ru, Cu, Co, Pt, Fe, Os, Ir, W, Re, Cr, Mo, Mn, Ni, Rh, Pd, Nb ou Ta.

18. Un produit pharmaceutique radioactif selon la revendication 16, dans lequel le radionucléide est le
technétium-99m.

55 19, Un produit pharmaceutique radioactif selon la revendication 16, dans lequel la diaminodithiol est choisi
parmi les diaminodithiols suivant I'une quelconque des revendications 1 4 13.

30




' 'c une amne de fornule 35 PS N R7 40 pour fornmer un diimde de fornula

(54' 50
Sn lequel est ensuite reduit,ERIBBFHEER! et est6rifi b, ou dans une
v iante, 55 | a reacti on de ce benzal déhyde a substituant thiol

ay 2C | ag, n@n rocedé @‘ﬁ%@rﬁe rShiid4PvE U&L&&Bmlak RaafiRistision N par voie parentelr'ale 3 unhammifgre

~¥ ‘“‘“‘“‘“+7f S une_composition selon I'une quelconque des revendications 16 A 19 dans un support convenabie

< d'an boirt de vue phar utique et (i) I'imagerie radioactive du cerv du mamNngfere aprés avoir
SRR laisse, suffisamment de temps pour que 1a composition se localise darisTe rvea
B EP 0279417 Bi type cyanure dans une synthese de Strecker
pe ur f or 12er Ud erobids -pairi 18 @réparhtioh | dinQRoduid phdihatetique radioactif selon I'une quelconque des

C{o 53 n $;avendifations 16 2 19, comprenant le mélange d'un diaminoBithioDsel6H 'un@ Sduel€dngudl ER

hydr ol ys6, eepdictiond 213 etstiudrself deanétd FadioRetif &r PEsoote dualagent fsaudcav@nding®s, sion 1
pbur la pr eqolar ext inéepseiireindads amvimilisdi dobéus| 2 gesbBnpératarey asmies Yo P esnpéalier S
ayant pour edianigl oh la Bmpératfre IR reflux-ou A@me supérieures pendant une durée de 1 minute & & deux(

RB, SH fhawes ff_ 10 2 25 Ri-HS .t2
op d'un sel de celui-ci acceptable du point de vue pharnaceutique, dans
hquel | e ReYRaqigatiogs ppur lpg Brats contgastants syivapiss £5GRyi vi duel | enent dans | e groupe

I
cpnprena n.afo dr ogen .groupe al kyl e ayant, de a 6 atones de
chr boré g't -r%-e%cfﬂﬂ ‘aaﬁggff‘%aﬂéﬁ‘ s'?—("'&%df“%ﬂﬁ“ Pt%‘ffég%ﬂeﬁﬁlé"r?ées%{“'brl’?&ef PE"fsoi t e ou
riam fi 6e ayant de O a 6 atonmes de carbone, n, o et p sont de fagon
Indépendante 1 ou 2, et R est un groupe al kyle ayant de 1 a 6 atones de

C

@arbone, a condition g guRpDI NS I un des group R &A™ R12 soit-A- COOR
20 'S I A "z /
R 1
- { Ry \ /N Rg ! A Fe
] HN NHY / - /
iR j ' 10
\'/ J ] Ir ) . \ l [ SH HS Ro
25 R’/T\Sh' RS An —_—
&, R Rs Ry Ag Ry
A 3
30 ou de I'un de ses sels acceptables d'un point de vue pharmaceutique,

dans lesquelies;
chague R' & R'2 st choisi individuellement dans le groupe comprenant un atome d'hydrogéne, un
groupe alkyle ayant de 1 4 10 atomes de carbone et -A-COOR dans lequel A est un groupe alkyléne 3
chaine droite ou ramifiée ayant de 0 & 10 atomes de carbone, n, 0 et p sont de fagon indépendante 1
35 ou 2, et R est (a) un groupe alkyle ayant de 1 & 10 atomes de carbone, (b) un groupe phényle ou
benzyle dont le cycle est éventueliement substitué' avec un maximum de 5 substituants choisis chacun
parmi un groupe alkyle ayant de 1 & 4 atomes de carbone, un atome de fluor chlore, brome, un groupe
nitro, alcoxy ayant de 1 2 4 atomes de carbone, carboxy ou on ester d'acide carboxylique ayant de 1 2
- 4 atomes de carbone, ou (c} un noyau hétérocyclique a' 5 ou 6 chainons comportant 1 ou 2
PN a0 hétéroatomes choisis parmi N, O ou S, 3 condition qu'au moins 'un des R! 4 R soit-A-COOR,
' ce diaminodithiol substitué par des groupes esters €tant sous une forme stérile acceptable d'un point
de vue pharmaceutique,
- ce procédé comprenant pour la préparation de A :
la dimérisation réductrice dans I'ammoniac liquide d'une thiazolidine substituée ou d'un

45 tétrahydro-1,3-thiazéne de formule
4
\ R
& [} B aS
i 50 SN N { ab
2 |5 \\J/ "
R R‘L\ v
s
55 dans laquelle R, R?, R3, R*, R®, R et n sont tels que définis plus haut,
puis I'estérification par du méthanol ou de I'éthanol avec du chiorure d'hydrogéne gazeux comme

catalyuseur,

ou, dans une variante,
-_—

" N |
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35 ce diam nodithiol substitue par des esters etant sous une forne !
'sterile acceptable d' un point de vue pharmacauti que; 3. Proc6de selon |la
revendi cation 2, dans |equel R et g 2&Hﬁk$ﬂnque groupe al kyle dans RI a Rl12
conprend de 1 a 3 atones de car bdie Proc6de sal on |a revendi cation
2, dans |equel A est un groupe aIkerne a chalne droite ayant de 0 a 3
atones de car bpfAgnatioh réaBHOCRAR o%b@@ude%gﬁ@‘(@-@@ét&@toh@@ d%etor%é&orh@lﬂ”ﬁ' R3 et
RI O sont un. radical -A-COOR e sont des 45 at ones
d hydrogene. 6. Proc6d6 sal on Ia revendlcatlon 2, dans | equel A est une
aison et R un groupe 6thyle. 7. Proc6dg?sg¥on la revendication 2, dans
\Péquelsn oet psont 1, R3 at R SOR di @l - A- COOR dans 50
| equel A est un groupe al kyl ene a chat {te ayant de 0 a 3 atones de
carbone et R est un groupe al kyle ayan® de a 3 atonmes de carbone, R4 et
R3 sont des atones d' hydrogene, et R, R2,. Rs, R6, R7, R8, Rl1l et R12 sont
i ndi vi duel | enment choi si s dans Ie groupe conS|stant en un atone d' hydrogene
et un '§roupe afdoylagueliy art O ete!. 1 atones de carbone. 55 8. Proc6de sal on
| a revendlcat|6ﬁ°2"mﬂaﬁ@mpéﬁﬂﬁweﬁ a 4 des groupes Rl a R12 sont un radical
-A-COOR. 9. Procede salon la revendication 2, dans lequal n, o et p sont 1
et 1 a 4 des groupe R a R12 sizt radlcal -A-COOR. 33 j~ ,,t ~f ~,-,

9ts~k S QgS#,:.86 s : Wez NN >0l - -
..................... ,/uL 2N M SS § 0279 417 Bl 10.
Proc6d6 sel on I'a revendi cat| on 32 and | equel l-e diam nodithiol nest pas

amin6é et R et un quel conque groupe g | e dans R1l' a R12 conprend de 1 a 3
atones de carbone. 11.. Proc6d6 sel on Prevendi cation 2, dans |lequel R3 et
Rl O sept un radical -A-COOR R4 et R9 sont des 5 . atones d' hydrogene et

n,\d et’ p sont dahs labdelle IPr &€ it Grospe | pstectedr ¢hoivigrathhi Gt gradipesZmétiibayrssthye) tehoxé-e st
une | iai.son et thbgmséthge,pasdtionyoenzgieloabgage.t i on a | aquel l e cette |iaison est
atf‘a(chGe au. sefuel et dneuitd dlirdinéopar nesdhirdchdés bpeartiéd.. 10 Pat ent anspr Uche

Pat ent anspr Ue het ck brocddé lcgreprerant\tourtls prgdstionadle8n: AT, BE, CH, DE, FR, GB, IT,
Li, L& NL, SEaléacigtdan benzijdéhidas %lb-‘ct'é@"tllh'%m fetuehi ol der Fornel 15 P 4
Pl A NH-4 P

O
. H
30 . : Ry~
Sa8n
avec une amine de formule
35
Pe
NH,
HaN
N © Ry
pour former un diimide de formula
45 ' . FG, ?7
=N
0 $a8n San

LT Moz

lequel est ensuite réduit, déprotégé et estérifié, ou dans une variante,
55 la réaction de ce benzaldéhyde 2 substituant thiol avec I'amine en présence d'un nucléophile de
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eH

~~ ~~M2  SH HIS 7 R, 25 R R2
v 2 R2. A EP 0279417 B1 B oder ein
#ar mazeuti sch geei gnetes Sal z dessel ben, worin 30 R, bis Rl12 jeweils

'__.nzel n aus der aus H. Alkyl mt 1 bis 10 Kohl'enstoff Atorren und - A- COOR,

K‘hl enst of f - At omen i st, bestehenden G uppe ausgewghlt sind, n, ound p
#abhangi g vonei nander 1 oder 2 sind und R 35 (a) A kyl mit 1 bis 10
il enst of f - At onen, (b) Phenyl. oder Berfsyl, S gegebenenfalls mt bis zu 5
Ang- Stibst i tuenten substituiert |stmd|e ' ils ays Alkyl mt 1 bis 4

hhl enst of f - At onen, Fluor, Chlor, koxy mit 1 bis 4

hl enst of f - At onen, Car boxyl oder pem Car bonsa reester mt 1 bis 4

bhl enst of f - At onen ausge- - wahlt (O ein funf- oder
Bchsgl,i edriger heterocyclischgr,-R -2 aus N, 0 oder S
sgewghlte Hetero-Atonme enthalt, mt der Maflgabe, (f°8‘wen| gstens einer

er Substituenten R, bis R 2 - A- COOR i st, wobei das ester-substituierte

J ami ndi t hi oI b egttegguhé @‘dm(ygé’l@gﬁagdgl& és'ié;lﬁe annehnmbarer Formvorliegt. 45 50
34 * C

P 0 2%9 241I7ro<Bﬂle gelorEﬁtrNencﬁddbdi\ti bélir & ﬁr@ﬁarda)raﬂ‘hmdlbﬁ\hd)dilﬁlolclﬁlﬁstlﬁé)rpﬁ’edles %upes 71
H HSssfels ayant pad@rm@é; N phar mazeut i sch geei gnetes Sal z dessel ben, worin
R bis R12 jeweils einzeln aus der aus H, A kyl nmit 1 bis 6

Kohl enst of f - At omen und - A-COOR, worin A ein ?eradkettiges oder

et t enver zwei gtes Al-kylen mt O bi s &SK ®l epst of f - Atonen i st, bestehenden
Gryppefausgewdhl t sind, \ R

!.Rs |
. 3 &H HNd , gpl® ' ' ' :
N _ N ' ( ' ‘r‘Q /e
R ! Rll
25 —7\5_ S 1,2
1 R
R ~

ou d'un sel de celui-ci acceptable du point de vue pharmaceutique, dans laquelle chaque R' 2 R'2 est
30 choisi individuellement dans le groupe comprenant un atome d'hydrogéne, un groupe alkyle ayant de 1
4 6 atomes de carbone et -A-COOR dans lequel A est un groupe alkyléne a chaine droite ou ramifiée
ayant de 0 & 6 atomes de carbone, n, 0 et p sont de fagon indépendante 1 ou 2, et R est un groupe
alkyle ayant de 1 & 6 atomes de carbone, a condition qu'au moins 'un des groupes R' a' R'? soit-A-
, COOR,
35 ce diaminaqdithiol substrtue par des esters étant sous une forme stenle acceptable d'un point de vue
pharmaceutique.

3. Procédé selon la revendication 2, dans lequel R et un queiconque groupe alkyle dans R' & R
comprend de 1 & 3 atomes de carbone,

N .
4. Procédé selon la revendication 2, dans lequel A est un groupe alkyléne 2 chate droite ayant de 0a3
atomes de carbone.
5. Procédé selon la revendication 2, dans lequel R® et R'® sont un radical -A-COOR et R* et R? sont des
45 atomes d'hydrogéne.

6. Procédé selon la revendication 2, dans lequel A est une liaison et R un groupe éthyle.

7. Procédé selon la revendication 2, dans lequel n, o et p sont 1, R3 &t R sont un radicat -A-COOR dans
50 lequel A est un groupe alkylene 4 chaine droite ayant de 0 & 3 atomes de carbone et R est un groupe
alkyle ayant de 1 & 3 atomes de carbone, R* et R3 sont des atomes d'hydrogéne, et R*, R?, R®, R®, R,
R8, R et R'2 sont individuellement choisis dans le groupe consistant en un atome d'hydrogéne et un
groupe alkyle ayant de 1 & 3 atomes de carbone.

55 8. Procédé selon la revendication 2, dans lequel 1 4 des groupes R' & R'2 sont un radical -A-COOR.

9. Procédé selon la revendication 2, dans lequel n, 0 et p sont 1 et 1 2 4 des groupe R' & R*2 sont un
radical -A-COOR.
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n, o und p unabhangi g vonei nander 1 oder 2 sind und 20 RA Kyl mt 1

bis 6 Kohl enstoff-Atonen ist, mtEldSrzﬁ/ﬁ‘L Hgpe, da3 wenigstens einer der

Substituenten R bis RL2 - A- COOR i st das ester-substituierte

Diam ndithiol in steriler, pharmazeutisch annehnbar er Formvorliegt. 3.

Di ami ndi t1pj eiocéma@aorﬁlawémdaﬁoa,z, WP iequaRislnchirtitv®di &S padl ks ok R eRlin duielsonile? 1

bi s 3 Kohl epsitipafaikyldidaisir 2bR2 compaanti \de il 413.atofhes B eartionali t hi ol nach Anspruch 2,

worin A ein geradkettiges Alkylen mt O bis 3 Kohlenstoff-Atonen ist. 5.

D| am ndi t1i Blocdtid shlonRgprendidatio, 2, Wansi lenuitd’ 1eh B'° ROG un AdCACRCOPRIR U E’ Rantded RO
sinds 30 6tom&i dindedénelel mio ehaednt Anspruch 2, worin A eine Bindung ist und R

\E‘fhyl ist. 7. Dianmindithiol nach Anspruch 2, worin n, o und p .1 sind, 35

R3 und RI® Preddérsrios iimmvendigstion 240285 ol ot 40 | g@g eNakW%’ﬁh"ﬁ’ieta g Rgpitionz

Kohl enstoff13A‘E95?r%ﬁ‘?eF‘%%"Gﬁ&“@h‘ﬁ%?ﬂuef?f‘? d‘id’ﬁ‘i‘?d@ Fenstof f- Atomen ist, R4

und RO Hsind und R R2 Rs R6 R7 R8 RI" und RL2 einzeln aus der aus H und

Al kyl f?ltpaie“fﬁ"§p'§°'?30hl enst of f - Atorren bestehenden Gruppe ausgewdhlt sind. 40

8. Diam rgj Ctﬂr %R@eu\%?ggg BRCEH, DeSer/ GBI T d@LuSMPSEl tuenten R

bis R12 - A /sm amn nach ns tuch 2 worin n, o und

p 1 sindun d("ﬁdlq(grd%p;;‘eqltuenten Rl bis R12 A—COCRlSt/Slnd
45 10. Dﬁmg?]t ‘tu{gh%ac Agsprﬁch 2, worin das Diam ndithiol

ni cht - ami ni ert |st und R und etwaiges Alkyl in R bis R12 1 bis 3
Kohi enst of f - At ome aufweist. 11. Diamindithiol nagh Anspfuch 2, worin R3 und
RI O - A-COOR sind un ’R9 H sind und n,g 0o un 0 R 1 sind. 12.

Di ami ndi t-hi ol nach AARS Fs /anor i ne% ndyng i upd di
iTs de dl(ea%‘ Biuﬁa mt den ®

St ereosmhem e i (ﬂ'e :
Di am ndi t hi ol - | p B,/ L ist. 13, St erl |l e pRar mazeuti sch
anhéhnbar es Di am ndif{ Ai ol Anst uéa aSH i @ SN, N - 1

- Et hyl endi yl - lj, hyl ester-¥ drochl ori d

NN/12Ethy|endI§(-bIS L-cy pln di metg] g;-dlhydr IorlgundNN' 1
, 2- Et h$#l endi yl - bi s-L- cys} e| n- d| n- pr opyI ester di hydé ochl'@?i d. [ e -~ -
~ ~ ~——==3 ~—=V A ~ ~ 3 -V,

clll 1Ll 2il s111 1

oder ein pharmazeuﬁsch gesignetes Salz desselben, worin
30 R: bis Ri2 jeweils einzeln aus der aus H, Alkyl mit 1 bis 10 Kohlenstoff-Atomen und -A-COOR, worin A
- ein geradkettiges oder kettenverzweigtes Alkylen mit 0 bis 10 Kohlenstoff-Atomen ist, bestehenden
Gruppe ausgewdhlt sind,
n, o und p unabhingig voneinander 1 oder 2 sind und
R
35 (a) Alkyl mit 1 bis 10 Kohienstoff-Atomen,
{b) Pheny! oder Benzyl, das gegebenenfalls mit bis zu 5 Rlng -Substituenten substituiert ist, die
jeweils aus Alkyl mit -1 bis 4 Kohlenstoff-Atomen, Fluor, Chlor, Brom, Nitro, Alkoxy mit t bis 4
Kohlenstoff-Atomen, Carboxyl oder einem Carbons3ureester mit 1 bis 4 Kohlenstofi-Atomen ausge-.
- wihlt sind, oder
40 (¢) ein flinf- oder sechsgliedriger heterocyclischer Ring ist, der 1 oder 2 aus N. O oder S
N ausgewihite Hetero-Atome enthilt,
mit der MaBgabe, daB wenigstens einer der Substituenten R bis Ri2 -A-COOR ist,
wobei das ester-substituierte Diamindithiol in steriler, pharmazeutisch annehmbarer Form vorliegt.

45

50
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279 417 Bl 14. Kit, unfassend eine vorher festgel egte Menge ei nes
il en, pharmazeuti sch annehnbaren, ester- substituierten Diamndithiols
@ irgendei nem der AnsprUche 1 bémso 2% arvdBei ne vorher festgel egte Menge
ei rges sterilen, nicht-pyrogenen Reduktionsnittels zurn Reduzieren eines
voriher ausgewahlten Radi onuklids. 5 15. Kit nach Anspruch 14, worin das
Redukt i ondmi ExsisuRstityerssss igmindifhicbeer Fomen Reduzi.eren von Technetium 99m i st.
16.3 Radi opharmazeuti kum bestehend i m wesentlichen aus ei nem | i pophil en,

| adungsneut ral en Radi onuklid- 70 Korgp e ei nes Di am ndit hiol - Li ganden
aeh irgendei nem der AnsprUche 1 bis wehi gstens ei ner Ester-G uppe
der. Forfrel -A-COOR, worin A ein gerad tt der ket t enver zwei gt es

Al Kylen nmit 0 bis 6 Kohlenstoff AR i st e Al kyl -Gruppe mt 1
bis 6 Kohl enstof f-Atonmen.i st.. {.3 P‘Uphar nach Anspr uch 16,
worin das Radi onuklid ein radi daktijv8s |sotop on 15 Co.
Pt, Fe,,Cs, Ir, W Re, Cr, M, M _|Ni, Rh, Pd, oder Ta |st 18.

Radi ophar mazeut i kum nach Anspruch SW)I’I nH‘élas fadi onukl i d Technetium 99m
ist. 19. Radi opharnmazeuti kum nacR Anspr uch 16,®worin das Dianindithiol aus
den Di am ndi t hi ol en nach 20 i rgendei nem der ‘AnsprUche 1 bis 13
ausgewahlt ist. 20. Verfahren zur radi ographi schen Abbil dung, unfassend (i)
di e parent er@kecilhaarizeaiissh gegpnetes 8aiz Easstemavodret zung nach i rgendei nem der
Anspri che 16R'HiisR'Y @weils ezele posplen auseiz dlkili ngit hbig € diolgjensoiAtohpn-grar-A-€Q0B, wrein A
Sauger und 28n geradketligesi oderdkeienvereivaigirsafyiuilenchit 0/l B Kbhintptoffdéom@ fist.r bestelthaden
Saugers nachCPryeRegEssevdfigind.assen ei ner hinrei- chenden Zeit, danit sich die
Zusanmenset Z4Ag" h“'&é?ﬁ"%h?"ﬁ'ﬁa"ld?ﬂéeﬂdﬁs% %’}déﬁd kann. 21. Verfahren zur

Hekst el®ung R ’ég"tﬁ:ﬂﬁ% i rgende‘;l_n_gm der AnsprUche 16

lapsiat

it it Na
Ansor Ushat e e “i%eiﬁ‘. 1051 %%ﬁfﬁgﬁ“"d il & %%%?rﬂazsuwaﬁ"a%w%?%h%? G e
Gegenwar t SeLiflgrﬁin&ﬁugll rg[%rg ﬁs@rugﬁ QLUfotnh (hl'l é&aﬂé ’Alkglrlil % g% rF!‘d F QE r&f l%hler?sto'ffrltome

waBrig raturen von ratur bis zu
RUckf | u |-Terrperatur oder noch ‘dar Cber wahrend ei nes Zeltraums von 1 mn

bis 2 h. Rat @%lmlglrdd&msérhdhr.? $&Hn GeNr MRIlgb S BIRANIAN Pl 3 RoPlond@R-Adomeh-ist.

Verfahren zur Herstellung eines ester-substituierten D am ndithiols der

Formel 40s. Diamindithiol nach Anspruch 2, worin R3 und R'R-A-COOR sind und/Ff® und R? H sind.
$ R - 1~~~~~ | O ~~~- P's R3t-S
hS 6. Diamindithiol nach Anspruch 2, worin A dbiel.Bindl¥g ist und R Ethyl ist.

7. Diamindithiol nach Anspruch 2, worin
n, o und p 1 sind,
35 R® und R'® -A-COOR sind, worin A ein geradkettiges Alkylen mit 0 bis 3 Kohlenstoff-Atomen ist und R
Alkyl mit 1 bis 3 Kohlenstoff-Atomen ist,
R* und R® H sind und
R' RZ RS A% R? R® R' und R'2 einzein aus der aus H und Alkyl mit 1 bis 3 Kohlenstoff-Atomen
- bestehenden Gruppe ausgewdhit sind.
40 )
8. Diamindithiol nach Anspruch 2, worin einer bis vier der Substituenten R’ bis R'? -A-COOR ist/sind.

9. Diamindithiol nach Anspruch 2, worin n, o und p 1 sind und einer bis vier der Substituenten R' bis R'?
-A-COOR ist/sind.
45 : )
10. Diamindithiol nach Anspruch 2, worin das Diamindithiol nicht-aminiert ist und R und etwalges Ayl in
R® bis R'? 1 bis 3 Kohlenstoff-Atome aufweist.

11. Diamindithiol nach Anspruch 2, worin R3 und R" -A-COOR sind und R* und R® H sind und n, o und p
50 1 sind.

12. Diamindithiol nach Anspruch 2, worin A eine Bindung ist und die. Stereochemie in der Position. in der
diese Bindung mit dem Diamindithiol-Geruist verknlpft ist, L ist.

55 13. Steriles, pharmazeutisch annehmbares Diamindithiol nach Anspruch 2, das ausgewihit ist aus
N,N'-1,2-Ethylendiyl-bis-L-cystein-diethylester-dihydrochlorid,
N,N'-1,2-Ethylendiyl-bis-L-cystein-dimethylester-dihydrochlorid und
N,N'-1,2-Ethylendiyl-bis-L-cystein-di-n-propylester-dihydrochlorid.

35
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45j Si. s
SH A 50 oder eines pharmazeutisch geei gneten Sal zes dessel ben, worin R, bis
R12 jeweils einzeln aus der aus H epbleybaniBi11l bis 10 Kohl enst of f - At omen

und -A-COOR, worin A ein geradkettiges oder kettenverzweigtes Alkylen mt O
bis 10 Kohl enstoff-Atonmen ist, bestehenden 5 5 G uppe ausgew~-hlt sind,

n, o und pdulhbirdsses 'ﬁ)%n‘@m?alfﬁﬁ@?'egle Mgege ginesj starflennrehafagayyscinaRiehmbrren. esigsi s

10 Kohl enst OFLfb_StMI iamigglithiols nach @rgendeinem der Anspriiche 1 bis 13 und eine vorher festgelegte

| PO Menge jeinpg fteTeq.mEit-pITngn fgqufthnfmngls zum Reduzueren eines vorher ausgewahlten

N .* c [ediqykids  Ep o 279 417 B (b) Phenyl oder Benzyl . das

Peserro T S ARG el Ao
m

Nitro, Al koxy 1 bis 4 Kohl enstoff- Atorren Car boxyl oder ei nem

Car bonsaur1 eﬁ&o%ph%&zeahkm Soﬁé;ﬂéﬂﬂn? Bﬂl cfwerfagu gﬁtgn %ﬁlglgn la%BLrteutﬁaﬁeﬂ%adn%ﬂlﬁ S
(c) eingf n? x eHa€ BRBhInki Sen LR SRR Eﬂn%@hﬁ{spa’ﬁﬂhgg tisSti3, mit\dnigaterRiter 2
aus N, O Odef:'st 8 Q¥EH3Int P -, Qo PBR oS BkBtdel oddMkdtteh\BR-wdiRbORBRN ritafbis
weni gstens eg Retien -At&H&SEt'th&ﬁ%In@ﬂlkﬁlir@p& mivh is-6AkoRibXerriafonen WPbeI  das
ester-substituierte Diamindithiol in steriler, pharmazeuti sch annehnbarer
For m vor | i1egRadiophdbzeatikem Wehfaaspren 16, Goridld Halmmkna leinuasibatioes 1¥dtapQon Tc, RAICR,
reduzi esendeCiiPaEs. G, BTG, & MeMrs NDBb.iPdUNesdoeTs isthi azol | di ns oder ei nes
Tetrahydro-1, 3-thiazens der Fornel 154 (B S RS G 20 in fl Gssigem Anmoni ak,
wobei R R8 R3lidRarm@&Butikivh nach dnsprugh ¢6, orimdaa Rgdianekiid ieghndBed@drm ishgen haben, und

danach di e Veresterung 25 mt Methanol oder Ethanol unter Verwendun
g g
von gasf 618 giﬂ'ﬁppﬁ'ﬁ?@@@m Hiagft iAdsPaIch 1|Qat”8ﬂ’¥§?§t Bigmindithiol aus den Diamindithiolen nach
o 20 irgendeinem der Anspruche 1 bis 13 ausgewihlt isf
\/ 20. Veriahren zur radiographischen Abbildung, umfassend

(i) die parenterale Verabreichung einer Zusammensetzung nach irgendeinem der Anspruche 16 bis
19 in einem pharmazeutisch geeigneten Tréger an einen Sduger und

25 {ii) die radiographische Abbildung des Gehirns des Sdugers nach Verstreichenlassen einer hinrei-
chenden Zeit, damit sich die Zusammensetzung in dem Gehirn lokalisieren kann.

21. Verfahren zur Herstellung eines Radiopharmazeutikums nach irgendeinem der Anspriiche 16 bis 19,
umfassend das Vermischen eines Diamindithiols nach irgendeinem der Anspriiche 1 bis 13 und eines
30 Salzes eines radioaktiven Metalls in Gegenwart eines geeigneten Reduktionsmittels, erforderlichenfalls
in wéfrigem Medium, bei Temperaturen von Raumtemperatur bis zur Riickfluf-Temperatur oder noch

dariber wihrend eines Zeitraums von 1 min bis 2 h.

Patentanspriiche fiir folgende Vertragsstaaten : ES, GR

1. Verfahren zur Herstellung eines ester-substituierten Diamindithiols der Formel

=S

X

T \(

wn \
):: b
33
7)

o

oder eines pharmazeutisch geeigneten Salzes desselben, worin
Ri bis Riz jeweils einzein aus der aus H, Alkyl mit 1 bis 10 Kohienstoff-Atomen und -A-COOR, worin A
ein geradkettiges oder kettenverzwe:gtes Alkylen mit 0 bis 10 Kohlenstoff-Atomen ist, bestehenden
Gruppe ausgewihlt sind,.
n, o und p unabhingig voneinander 1 oder 2 sind und
R

(a) Alkyl mit 1 bis 10 Kohlenstoff-Atomen,

. ) "8 w*
5 Rl i U s 0N sk AN R R
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ger alternativ die reduzierende Am nierung von G yoxal oder einer

- Di keton- oder 1, 3-Di keton- Str uks ored atvedt der Fornmel VI 30 7RiEa 7 35
win g =0 oder 1, mt einem Anm nothiol der Fornmel VIl 40 3 RHs 2 (VI 1)
r 50 worin P eine Schutzgruppe ist, die aus Methoxynethyl,

Met hoxyet hoxyni@ FRenY! qgeneanrd e grgdbenaialisy it Bis sy Snling-Bubisiyenton gulstitiord dph fith
nmitels geei gnetsl? ane b drih! it4 Behianstofi-ptemen, frjugn Chiprn §rogs; Nitro, Al apit HAls 4
Ver fahren f~r l&ﬂh@n i -rAéctn@m WXX}BFP’ gingy &a@ﬂ%ﬁélfrﬁﬁbméﬂ r?éss"’ Kohienstoff-Atomen ausge-

t hi ol - subst i t UfCES8Hh °BEnzal de der For el
Ty B (017bih Tinr50br Seheqhbstier” hatorbcybiher Ring ist, der 1 oder 2 aus N, 0 oder §
111 ausgewihlte Hetero-Atome enthilt, -

it.d I\?Z abeg, daf wenigstens einer der Substituenten Ry bis Ry2 -A-COOR ist,
_asl .1 1_1 E&e da ger% stitﬁlf geBDiE_i\?ézithiql in steriler, r}r)]hﬂmazeuti ch annehmbarer T:Sém vorl'ggt.
R -'tS S~~grsrdas Varahren fir 4 Herstel n?/ grnem Amn-der Formel Ro. r
H2ZN unt gr Bi Liglbagicdnds giﬂiéimng%indj? ubStRUidHBA Triddolidifs oder eines Tetrahydro-1,3-thiazens der

Formel

15 4

S
20
\—
l in flissigem Ammoniak, wobei
— R' R?2 R* R*, RS, R® und n die oben angegebenen Bedeutungen haben, und danach die Veresterung
25 mit Methanol oder Ethanol unter Verwendung von gasférmigem Hydrogenchlorid als Katalysator
: oder alternativ
die reduzierende Aminierung von Glyoxal oder einer 1,2-Diketon- oder 1,3-Diketon-Struktureinheit der
Formel VI
: 30
35
14
worin g = 0 oder 1, mit einem Aminofhiol der Formel Vi
. 40 '
N
3 R‘
B h:&z
]
45 2 :
By
B \S?
(V1)
) r
50
worin P eine Schutzgruppe ist, die aus Methoxymethyl, Methoxyethoxymethyl, p-Methoxyben-="'
Benzyl ausgewihlt ist und die danach mittels geeigneter Methoden entfernt wird,
umfaBt und :
55 wobei das Verfahren flir die Herstellung von B

die Umsetzung eines thiol-substituierten Benzaldehyds der Formel

) 0 A d




25 . SBn  Si n{ 'Rl - A-mmmmmm e 30 das dann reduziert, von e
der Schutzgruppe befreit und verestert wrd, oder alternativ die Unrset zung

des genannt en thioI-substituiertenﬂgggﬁghgﬁ yds mit dem Amin in Gegenwart

ei nes Cyani d- Nucl eophils in einer recker nt hese unter Bil dung des

Bis-amnonitrils der Fornel 35 NC CN 40 Bn SBn 45 das
dann reduziert, von der Schutzgruppe befreit und verestert wird, unfaft. 50
55 5~~~~~~~ . C o) L EP 0279417
Bl 2. Ver f ahren nach Anspruch 1 zur Herstellugg eines estersubstituierten

R _ami ndithiols der Formel 6 75 H 4 R

R 9~6~~~5 R NH H f. RLOP1¢ VB 1 ~~~) p 10/ SH
HS5172 R 1 15 oder eines pharmazeuti gsi gneten Sal zes dessel ben,

worin R bis R12 jeweils einzeln aus der aus H, Alkyl mt 1 bis 6
Kohl enst of f - At onen und -A-COOR, worin A ein geradkettiges oder

ket t enver zwei gt es en mt O bis 6 Kohlenstoff-Atonen ist, bestehenden
G uppe Husge ﬁT?“éWW&erﬁ”m% und p unabhangi g vonei nander 1 oder 2 sind und
20 R Alkyl mt 1 bis 6 Kohlenstoff-Atonen ist,

N,
: ™y
Ry

unter Bildung eines Diimids der Formel
20

Re Rz

. —N
25
S8n S&n
Ri-¢” Fow

30 -

¢

das dann reduziert, von der Schutzgruppe befreit und verestert wird,
oder alternativ
die Umsetzung des genannten thiol-substituierten Benzaldehyds mit dem Amin in Gegenwart eines
Cyanid-Nucieophils in einer Strecker-Synthese unter Bildung des Bis-aminonitrils der Formet
35

) d ?3
50
Ri-4

das dann reduziert, von der Schutzgruppe befreit und verestert wird,
s umfagt.

50
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- der Mal gabe, dafl wenigstens einer der Substituenten Rl bis R12 - A- COOR
¥, wobei das ester-substituierte Diamndithiol in steriler,

phar mazeuti sch annehnbarer Form vogs ¢ egd 41781 Ver f ahren nach Anspruch 2,
warin R und etwaiges Alkyl in Rl bis R12 1 bis 3 Kohl enstoff-Atone 25
aufwei st. 4. Verfahren nach Anspruch 2, worin A ein geradkettlges Al kyl en
mt O bis 2B NMeighemaachAnrsoaeiien Hp@'te"un@elﬂf\?@ﬁ%#ﬂ%ﬂ%&@ﬁ%ﬁ%ﬂﬁ'ﬁﬂ?ﬁ gmelyorin R3
und R -A-COOR sind und R4 und RO H sind. 30 6. Verfahren nach Anspruch 2,
worin A eine Bindung ist und R Et hyI |st 7 Ver f ahren nach Anspruch 2,
worin n, ound p 1 sind, 35 Qd @-@COCRSlnd worin A ein

Eéradketstlges Al kylen mt O bis 3 Kohtl ns offR-Atomen ist und R Akyl mt 1
bi s 3 Kohl enstof f - At omen i st nnd phd R1, R2, R5, R6, R7, RS,
RI' und R12 einzeln aus der auspf ?*AI kyl*‘ lallfl s 3 Kohl enst of f - At omen
best ehenden Gruppe ausgewAhlt sind.|'20 8. Verf hre fach Anspruch 2, worin
ei ner bj,s vier der SubstltuenterszI bis R12 ist/sind. 9. Verfahren
nach Anspruch 2, wrinn, oundp isrd unﬁs | - bis vier der

Substituenten RI bis R12 -A- COO?Rl st/sind. 45 RO0. Verfahren nach Anspruch
2, worin das Diam ndithiol nicht-amniert ist und R und etwai ges Al kyl in
Rl bis R12 1 bis 3 Kohlenstoff-Atonme aufweist. 11. Verfahren nach Anspruch
2, worin R3 odetleifds phéimEE@iRctsgenignetancbaess desshibB® wbtisi nd und n, o und p 1 50
sind. 12. VeRf s REnewesdscdnzéinspr dec husH, Allgl mih 1 Ais @i KoblerBiofidktorgn gt -AGTRORglverin A
St er eocheni eein yerietifessoder knttenvierzweigies BlkdenemiBionble fgkaiepstaffeiigmen ist. bestehenden

Di am ndi t hi ofrugeeraysgewdidisiodupft ist, L ist. 55 39

n, o und p unabh&ngig voneinander 1 oder 2 sind und

20 R Alkyl mit 1 bis 6 Kohlenstoff-Atomen ist,
o mit der MaBgabe, daB wenigstens einer der Substituenten R' bis R'2 -A-COOR ist,
. wobei das ester-substituierte Diamindithiol in steriler, pharmazeutisch annehmbarer Form vorliegt.
N\
3. "Verfahren nach Anspruch 2, worin R und etwaiges Alkyl in R' bis R'? 1 bis 3 Kohlenstoff-Atome
25 aufweist.
4, Verfahren nach Anspruch 2, worin A ein geradkettiges Alkylen mit O bis 3 Kohlenstoff-Atomen ist.
5. Verfahren nach Anspruch 2, worin R3 und R'® -A-COOR sind und R* und R® H sind.
30
‘6. Verfahren nach Anspruch 2, worin A eine Bindung ist und R Ethyl ist.
7. Verfahren nach Anspruch 2, worin
_ n, o und p 1 sind,
35 R2 und R -A-COOR sind, worin A ein geradkettiges Alkylen mit O bis 3 Kohlenstoff-Atomen ist und R
Alkyl mit 1 bis 3 Kohlenstoff-Atomen ist,
R* und R? H sind und
R', R2, RS, Ré, R7, R®, R'" und R'2 einzeln aus der aus H und Alkyl mit 1 bis 3 Kohlenstoff-Atomen
. bestehenden Gruppe ausgewihlt sind.
" 4

8. Verfahren nach Anspruch 2, worin einer bis vier der Substituenten R' bis R'2 -A-COOR ist/sind.

9. Verfahren nach Anspruch 2, worin n, o und p 1 sind und einer bis vier der Substituenten R! bis R*2 -A-
COOR ist/sind.
45
10. Verfahren nach Anspruch 2, worin das Diamindithiol nicht-aminiert ist und R und etwaiges Alkyl in R
bis R'2 1 bis 3 Kohlenstoff-Atome aufweist.

11. Verfahren nach Anspruch 2, worin R® und R* -A-COOR sind und R* und R® H sind und n, o und p 1
50 sind.

12. Verfahren nach Anspruch 2, worin A eine Bindung ist und die Stereochemie in der Position, in der
diese Bindung mit dem Diamindithiol-Gerlist verkniipft ist, L ist.
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