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RADIOTECHNETIUM COVWPLEX THERECF; A LI VER CANCER- TREATI NG COVPCSI TI ON
COVPRI SI NG THE RADI ORHENI UM COMPLEX AND LI Pl ODOL; AND A mwmwﬂmmmm

PREPARATI ON OF THE LI VER CANCER- TREATI NG COMPQCSI TI ON Tec mmm The .

present invention relates to a novel diam nedithiol derivativgyQr a

phar maceutical ly acceptable salt thereof; a radi orhenium or radl ot echnetium

conpl ex thereof; a conposition for treatil ng liver cancer 10 conprising the

oo orhent om sorm 88 aFRS, DRk DGR SERRAMIVIR NG o 1 e compos!Lor

ori ental couRADIGRHENIUNI Of RADIOEECHNBET TUMCOMPUEXCEHEREQBy Aal ity

rate. The i n ! n early
Ctage, when FVER CANCERTRRATRI TOMPOSTION COMPRISIOE THETT S2ei <
smal | . Howev&ADHIRHENWINEQOMPEEX A2 $dBHODOIg ANERANKKE FOR t he surgi cal
oper at | be pRms AREER 'ERBANY zation
is gene?gl |y usedARggfImfrtrjaFl?HEvglr‘yszgﬁe I sRsupp{K CQ%MgI oomwd oxygen
t hrough both portal veins and arteries, particul arly, for the bl ood the
portal veins and aMieghhial Peéldg responsi ble for 75% and 25% respectively,
of the total supply, and for the oxygen the portal veins and arteries being
responsi bl e for 50% and 50% respectively, of the total supply. However, as
for ? cancglrous ti %uq)reﬁerﬁﬁnvh?dn Mﬂﬁt%esttdjla :rmreﬂ &ammddla;thicﬂklflrﬁ&%veror

suppl yi ng is_fac i.f enbo terja L:zlng to
capillary ve sePhP’%ﬁ (fﬁuglg?g 30%%iatf‘]8paﬁqt th%e@ of? ar'fl?{g’bﬁ erTEEcer®”

pati ent, theradiotachagtium nogrpémedhmoﬁl ¥ compdsition fer tocatingr lwcrssam;er

causin nbol |l 4i

o odal” 30 CpFisaly WEFAkGicllin SHRTRES o NEIAST A € pREREteA Rtk

i odi nati on af®e e%m@pmo@afgrérﬁaang BpyeR&Ed oil. Lipiodol has been errpl oyed
as a contrast nediumfor i rragl ng |l ynph nodes. It is easily able to cause

2 capillary enboli i{;“}“g ue to wei ght % i odi ne and hi gh viscosity at room
tenperature. There ground riton of lipiodol to the hepatic artery of a
patient with liver cancer results in |ipiodol being concentrated into the

treat |iver 5 cancdd V%Sd%ﬁ%efs%%ﬂ&%ff%& SRS SndRifk o AP o 1
the 1ivkr caligh mi:r;lsuec audnm itpyraihi cAhei vcxd@anm i bee dreatach by
radi oi sot ope 3@@ g@é?ét?&?'iﬁq{ivéaﬁiﬁt mﬁ%ﬁ‘k’g ét§§t¥s1§ gﬁftcfaﬁéér éélléel'iascﬁ&cer

had been use S reporte m ni stere patients w.t
liver cancer Occurrg |aaﬁéh¢léélzpow|srm bdoHomever @s Paile*dtsms PFQB!FSS@QnHEr
tissue (M Naie&traeﬂtbyalthe siigehil Dlpetdtidini Beroaisd inaffettiee. Kinnhis efsephepatic

i odi ne- 131 | used via the hepatic artery of patients with hepatic
cancer, Eﬁenaﬁ@@loo ‘%10 N 5egn ffﬁl?' §§88) And, distribution in vivo of

9Y- | abelQ ed |'i pi od®orved lbtendissule (Ssupphedgweth bibod afde@eygeni thnowghdboth

oreer el i Eoad ot htThrghics Fagfghiaf, 18] 3nd 1ibot B ﬁébéra“dt her e
are di sadvantasigees bﬁlrtgh@sponﬂhlr fiog 73% prd25Ye respectivelamidhe dotal supply,

treatnent, araﬂd\foilﬁhd SxypRaithy pdfd] Géinsl ah@ ahenwaeﬁ; reb;bdﬂstbleg‘of BEYUAR]
t her eof . Art| s were b|IS ed to r%%grt Re- 313e |n oV.er co t he

above di sadv X/\A)rfd efotal suppRy; HP%@FT’laﬁ BPCF‘ qrgagpswq 20
gener at2¥ - praﬁud;@dr JtB8|i§©rﬁaDWeh1@Ftak¢ o0vaDsuppl gmgrmoo&pahsed?aﬂmts fabtsoff .

47: 267-271, Bi odi f. rh 188 | dol
7 257 211 ke Sl Bl P eSSiRY HASLAR PibhaouRe Ry 000
Med., 23:13- h?terymﬁ@l) liveoveneer patiest, rthe hoalteripl esﬁngmjled)ynalhbsm the livees
need, Y QveriRRteSlfle, gkt s, oRML BBk ARdnEEmbae | 1o
met hod, the ;ﬂa@%ﬁls labﬁlqd&ims descri bed a net hod by whi ch di am nedithi oI

is |abeded with railﬁfda%nllym BpHH-661GBRI ¥6klrash the@ings Abtdife K geﬁfﬁlﬁﬂion
Appl n. No. 99-54469.. Accord to the rre ho V\Q ei-x | ubl e am nedi t hi ol
afBe gdol, hay

roncts with ABdi SRRHAFSHAT SRR PR S0l ini fls STRIQHSORS 2
formng a li modtrasﬂ wddiumofpt dmaging llpwpl hpdes ekt incdasidy aplehtd icausalol ,
t hereby havi ng an advantage of highly effective |labeling in a convenient
manner. In spite of the advantage, rhenium conpl ex of di am nedidzhi ol has
poor fat-solubility, so that it is prone to noving out fromtissues by

aiter nocumul ation in 1iver cancer tissue, the - IHATTAIAN=



3 conpound fails to be retained therein for a sufficiently long tine.
Meanwhi | e, di aminedithiol has a structure 'represented in Fornula 1 bel ow.
‘Davi son et al described a variety of conplexes of substituted anionic
diam nedithiol with Tc-99m as an agent for imagi ng kidney, which was S -
publ i shed on March 27, 1985 in Europe Pat. Appln. No. 135,160. [Fornula 1
R~RE NHR2 SHR ~~0 ~~ v R~ 2 10 wherein, RlL to R12 are independently
hydr ogen, al kyl having C, to C3, or -COOR (|n mhlch Ris -CH3, -C2H5 or
-C3H~); provided that anopng substituents ,.only R3, R5, and R7 to
R10 may be - capilary emholisomsiueston3? aveight %|xo<|1mp|apdsblglim§cosﬂy at room

ester-substi ttéﬁ'lﬁgraﬂh%m "[‘h@i‘éﬂii’é) |m b@tl@lh of hgﬁﬁl%l td‘tﬂéodéiﬁﬁc B?t‘éry bﬁh dag@gn No.

92-2167. 15 According t he ré a met ho
hi azol | di ne Widh dVRBFABE r@ﬁl&tsf guii@ W%P@%‘é‘r"g dd int the Iiver cancer

N, N -1, 2- et hytisgiebi Hsiln CM&ﬂﬁiﬂT@nﬂ@ﬂibﬂatheY@ vadte RyERI Satt:dﬁqngeqb fréitohiverau et
' t.hesi abel ed with

'zli'lc 99m '?50 forcﬁpﬁern%tlpéfmpg qug ﬁﬂf ﬁﬁ%@ﬁ%ge]]lmadaf?%gﬁ%&wﬁ) qaﬂﬁed'i ng

bl ood fl ow i rissine bral n. 20 In U S. Pat. No. 5,980,860 published on
e o e nt A ReRRC b PEAIUN i AR SHAN Wiell) | 4Rl Ape! o

synt hesi zed by int ro ucin t ropane*grou ceuti cal
for imaging @dpamsmed rvamgrimpa@c artmstﬁ ﬁgafrbveﬁcamner had baen uﬁe% Hhveasef or e,

t he present g&@éd %th@ﬁeh%hm&&euntovb%ﬂ& Witk I‘N?E}Vé’alﬂfeimb‘?f[ﬁbel?dad it

i'sS an obj ect resent ntion to provi de. a novel
di ami nel t hi d}pl i \igt Wéuraﬁbatﬁﬁaa%éwen ganqey é@é@fptm e Nakaje phealeof I t

Id s a fugI tthﬁr mbﬁmﬁbmgoﬁ Iaﬁdpmeei%t kinetiestafoiddire-p3 PAipiedsl ndugddexiaothe

i ami nedi t hi rivativ um or a conmp agj,n
dervat | ve. r disPOREaHRbY Pl aaehiS Wit neBht, oedely oﬁ}l@cIM%# Zhofibedony.

i nvention to 1(9&8% dAnd, distpibetion dn vieo dfr ¥at-labglled lipiodalnwaes statipd i(Silng a

compl ex of nayghe Ay nRpbhil dFd! BLIKSASH BF RERMo0 bRl Soable Lo

be prepared eaS| repara rrze
hi gh antb dur afbllewmg:hnmm agarighinjectan, d%iﬂcér Nech Med., 17238y 2 Hei 5&apab| e

of efficientgodvdr efdrk e 'dhéé%%aﬁﬁ%@@'in Wdthops1 ?snyn NAGpEhbEGitablé for

partlcular npor t JOI’] tO a nore

IS an ovid
ef fective coﬁéestmt@ﬁn# gind %Q@.lﬁgcqsﬂveancf;g%feﬁ xw%&ﬁe B a
short com ng ]Ethéﬁeoﬁl cARitIex waire (iiubmshkﬁﬁgd et Rleem&me%hng Sotoavebsometla ned
in a tissue . a on 1. .ne rope LN
99- 54469. 15 BYF B rg?gf‘éaiﬁy‘d Wang, € &'aL, KOG 1%3@3%%%9”'0.Wbm i on
rel ates2@o a gmmtodpmﬂunedh Rleofordmpavlattumrhhwaxpg, lAgpd. Bladiat boky K7:
groups, repr -0 I bel r ¢l I’ 0
di am nedi thig d%ﬁjvzlli ?é:/e?ny Wrag%hfgtr Qnyavcgﬂu(?(?lggpﬁl&/{ogcgg rﬁfe@lu'h‘?ggg hﬁl%dc’l
thereof; a radafusedena the bepaticdarteryafrrats mmdmppné%umﬁé%&m J aNlé@]mM@dt i on

for treati ng 33 Y9117C31'9‘9%? C PR dvet,Nehel Hﬁtl‘i&ﬁ' PfdiemicH b ¥ AHBYeC ¥rtRs hied odol ;
and, a preDarl?rEplr\ésemlextmt Cs)mce %ec?erl’%)cqlsnlgt In?ethog rlstégx%Hw elllz\ilnc{ the labeling
25 efficiency and its stability are low.

As an improvement in a labeling method, the present applicants
described a method by which diaminedithiol is labeled with radiorhenium and
dissolved in lipiodol in Korean Pat. Appln. No. 99-54469. According to the
method, water-soluble diaminedithiol reacts with radiorhenium dissolved in

30 saline in aqueous solution, forming a lipid-soluble complex, followed by an
extraction with lipiodol, thereby having an advantage of highly effective
labeling in a convenient manner. In spite of the advantage, rhenium
complex of diaminedithiol has poor fat-solubility, so that it is prone to
moving out from tissues by diffusion. Thus, there was a need to improve

35 such a shortcoming that after accumulation in liver cancer tissue, the




cancer. The diam nedithiol derivative of the present invention, represented
25 in Formula 2 bel ow, and pharnaceutically acceptable salts thereof are
‘'novel conpounds and form conpl exes with radi orheni um or radi otechnetium
The conpl ex conpound of di am nedithiol derivative-radi orheniumcreates = -
stronger Van der Waal s bonds by the introduction of |ong chain al kyl
groups. As a result, the conplex becones nore stable in the nedium 30
| i pi odol . Moreover, a technetium conpl ex3of diam nedithiol derivative may
be an agent for i magi ng blood flowin the lung_via_ intrayenous injection
af ter being ¢PERSLREfailnta boreteiped ghergin fopai sukficigntly longuiigieat room
thméig atmgr e. [ Fgr gM@av\ﬁ&hﬂé, diang\id%%itﬁiogs i R% s{%ﬁcgﬁ*réﬁegbri?éd ierFoHntEil{’a 1R12 p

: erein; , ' o] are | ndependent.ly.
hydr ogen or el aﬁey}sonae&iahee@%eé aceATIoRy 0%&3@&6}%?@%8%}5@&#3’&% c
hydr ogen gr |dbarer 'rnelaithir:ﬂ Withi Tg-90 tay & ?@h@ integih®Xadhe )whicﬂﬁmas][% and
R7 are indep t ra ower_a avi ng; C or they form
0X0 (:O)ygro??g,gﬁ?lﬁemﬁar ﬁﬁpeg@%é maﬁugﬂpe ttgppjﬂﬁos lﬁﬁa t al kyl having

C6 to C24 and R4 t ¢F&udlant}t formtwo 10 oxo (=O) groups at the sane ting;
R1 and R 5 are independently hydrogen or thiol protecting group such as

benzoyl, acetam donethyl, diphenyl nethyl, ethylam nocarbonyl, tbutyl,
trityl and acetyl, or RRgand R15 fogether forma S-S bond; and, n, o, p are

i ndependently 1 or 2._15\n the ve, if RL and R15 are thiol protective
groups, they should 5% iately before or when being labelled to
forma thiol gr oRp. In t abo For nul , as for the preparation of a

conposi tion for tieatinggliver cer, Mi'am nedi t hiol derivatives in which
R10 is higher &4 avi ng 0 or pharmaceutically acceptable
salts thereof are pieferable. Mre prlef erRwl y, diam nedithiol derivatives
in which RLO iBzwigher al kyl having 4420, or pharnmaceutically
acceptabl e salts tHereeigqmy be In addition, it may be expected
that a di am nedigfiol derivative in whi ) RIO is linear alkyl wthout a
branch, or pharmaceutically acceptable 25“salts thereof offers nore
desirable effects. In the above Fornmula 2, diam nedithiol derivatives in
which n, o and p are all together -1 or pharnmaceutically acceptable salts
thereofliray be t  vhepem K atd R,gapd aydepehdenthdydregen; alkyinhafing C, to

conposi tion fer treah N cancer~yFur r oI i.am | 11

derivatives i(?i”vom%i SZ(BQW(‘%‘ heeoﬁg hogggco%%i”t idd?ﬁg ar gfn%f’;&%?&%{,hr&k%mgﬁd R 4
are all togetsubstientsyR; torR),, Raly R5 RRendR.Ap Rpgrayles -CQORR 2 and R15 are
al | together hydrogen,yer dﬁiﬁﬁﬂmﬁggthcaﬁélﬁri}ccﬁ 16bR2! Stk REbaRULIRY be

RSN MG N S LaE R TR W T

nore oxis (=OA@ording, tbt thes wefeadnde, t ¥sifigCh eartifodishyanwhitlr eiagslidiner is

composi tion fcffrrnerized via reduction to prepare a N,N’-1,2-ethylenebis-L-cysteine
derivative and esters thereof (Blondeau et al., Can. J. chem.., 45:46, 1967),
ligand is synthesized and labeled with Tc-99m to form a neutral lipid-
soluble complex, being directed to imaging blood flow in the brain.

20 In U.S. Pat. No. 5,980,860 published on November 9 1999, it is
described that diaminedithiol derivatives are synthesized by introducing
tropane group to use as a radiopharmaceutical for imaging dopamine
transporter.

2

Disclosure of the Invention

25 Therefore, the present invention has been made in view of the above
problems, and it is~an object of the present invention to provide a novel



10 treating liver cancer. Therefore, the conpound which has only one oxo
(=O group may be preferably enpl oyed for the preparation of a conposition
‘for treating liver cancer. A conposition for treating liver cancer of the

i nvention conprises a conplex of diamnedithiol derivative-radi orheni um ahd
i piodol. A 15 nethod for preparing the conposition conprises the steps of
reacting a diam nedithiol derivative, a reducing agent and an additive with
radi or heni um or radi otechnetiumto form # conpl ex and di ssol ving the

conpl ex in |ipiodol or heni um used herein_for for npl.ex with a
20 di am nedl ?’GF“QS@WR& ‘?YW@W‘@ a@ﬂﬂi@,rm peicadly aosg g&&gal?sa\‘g‘ ¥o&chnet i um
used is 99nmlc. A rdgiscd ﬂml@@‘%‘bﬁedt%ﬂtﬁeﬁré&nf Aflentiohad ipRovidei alsorip lex of

radi ot echnet i SO | o n with diam ned t hig The uci ng
Loent. mmy be diftieditiol’ derivaiv et donthatigy i cOR %nOflc digngdithiol
dithionite ordesmdtlumradioftcdlmznanﬁ espe0| ally, tin chloride is pr ef erabl e.

A Ll veg oy, b2 PR b RS CUERA NG A SRER. ARoRn O e alPO"
radi oi sot ope | abeling i ncreasi eeHeRc 43s for
i nproving a qmmpqsytmnchnditrngtlng\ehveralcaaw mo)y@rcfang sa ammp{eixw fonovele

| abel i ng. Th‘%hé‘ﬂ%édxtﬂ%& H@ﬁl’vé%ﬁﬁe xfaﬂ'ioxﬂéﬁﬁil?ﬁ EwhidH {sP481€ t8%Y e%hf&gog‘ésﬂ cid,

gl ucohept oni ¢ aci.d, aci d, MNP, ctose, ti

especially, t as |s(§a ?tP’é I?IGP?JT@E‘PBr aéaCtPIHZQ/PelW d?s H’H%hc s@urgble

| abel i ng W”hcbﬁﬁiu%tftﬁﬂ'lﬂ”h%r cafbept B theteb R%V\I%iﬁ g"&dpablalod effidieimiynods
pr,.or ar dlolabelllngofllplool

di scl os int
with geﬁgrat c;Fe%W(gc}beécPaPS%@glt}g‘%\‘/}a‘ﬂgbﬁpF@ffeﬁﬁnr t herapy, Appl. Radiat.
| sot., 47: 267-271 InJ;&&ﬁ);ulatentemhq r&ﬁxtfdhjedtadfeﬂhengyemmm prowvade onat e

solution is ile cetic a i

nder & ni ¢ r QI SHECAE bEpRGY lob Tof ticBine dives cufit? ‘a‘é?ﬁfpﬁﬁgétg% e
serial steps.a shortdemiogitkat Mpleka:tfehamgledttblqifrhnnmfa i tolbearstained i m/e
used in this t a t and the
Conpl ex 1 or mat g Tor I9hd el QLee B Ko R o e oot 1 or

t he conposition of the invention, as described in the above section, is a

| i pi d-spfubl e mat erBeést Mbaemscaeplﬂﬂ ui\dkaInveativn al i n 1983 that |i pidol
is selectively accunulated in the liver cancer tissues. The conposition
according to the invention conprises |ipiodol as a nmedium being capabl e of
accunul ati ng a conpl'lex poéseh0 inveartiome clates odo- aad)'\ml hiamumedithial denpatewe of

{1 esues or | 3#?“1??l@émﬁ‘alﬁﬂ‘gp%%ﬁ%ﬁ%ﬁtﬁﬁﬁ offfuta 3 beld ThefRiGRy,
anount whi ch 1€ @:tl $e disvdiaminodthiek dsrivdtizej wedi phaunacmcuicelrlheancamablﬁ rred

Preferaphy, |dapi afietectBYa DEARGIANGH o7 fi‘ﬁ'&l’i'é&’éch‘ﬁfetnﬁnﬁ Bmp Iéx5QhéE1eofreé ative
to 1 ng of a di am nedithiol deriyvative. arﬁ?‘F gwrﬁgre i ent f t he

i nvention, a YYRPPEUOBS OHFTzEﬁ{‘ﬂ%&‘VFﬁl"SPF%fd?QfF‘HEFﬁ“@ ROy comp

| pi d- sol ubl earichaipiédol] Sndgld peipasatiweedtit of [thei cdmpoesiton ook -tber g Kvéﬁy
contrast nmedi um . _Thus, when I|p| odol is used as a nedium injection of the
conpl ex of m‘g"i‘h fkdi t h| ol -radi orheniumtogether with |ipiodol through the
hepatic artery causEse dininedithiodrderivativgi off theypresestelnyenfiogprapvesdntedr
cancer Ssu j : Hovep! ex
of di amp'?ledl tEi HI (f}% gl orﬁgh&?&h@@aﬁ&gh?% %&J g%&ﬁgﬁg{@{r@eﬂé‘ ns

di ssol ved i n $9ppowRss and Qmegomiewswmbéa ﬁft@nswmr@ma@lm{gclm%mﬁh

\A/hle&eb]y th|e| COIMPRX | conhSd Lﬁid"'e@f;'cﬂ'iahﬁﬁe&%‘l%?rd&hﬁéﬁ'fe ?et&nbﬂmguﬁﬁ Idreateslol is
e i nal |y achi ev egtive ec re y e

sel ectively r‘%meﬁg{lﬁg &Fﬁ&* é%ll?%n‘{SV\gYht eb‘&F‘b‘L’t%lot“hQ SREr ek nﬁ?‘b‘%d of
preparing a Cgioapsi tmnafmSult,r dd bﬁmﬂltwdfeccﬁrbeemo@é stdtde i invthet nwdlufhl, rst,

a di am pgdit rea rhe

Feduct ngageniRgE & VRl Tt oF TSy, Aingled OF Al ihift AN 0. .c
solution is audgdel amagﬂﬁlfoanﬂagﬁgtuheoéﬂlom imthei lyngivia ihtvasenoud igjection

|'i pi d-sol ubl e, gplif I

centrifuged, sfgpar étgrﬁlzgs%f){rﬂagqg V\# 15@(315&261? elclﬁ(f}dv\%}lﬂghc{%ﬁo?gﬁn%érrﬁgerﬁtgure

| i piodol is taken out using a syringe to obtain a conposition for treating
l'iver cancer accor diRygmufa 21€ i nvention. Another enbodi nent of the
invention is a preparative it of the 35 above conposition for treating

| i ver cancer conprising a first container 8 containing a |lyophilized

di am nedi t hi ol derivative, a reducing agent and an additive; and a second
contai ner containing |ipiodqQl which can be subjected to a direct
centrifugation. The reduci ng agent and additive are defined as above.
Meanwhi | e, radi orheni um nay be supplied fromother sources 5 i mredi ately
before use. Further, in the above preparative kit of the conposition for
treat| ng I|ver cancer, Iipi odol - may be suppl | ed from ot her sources, thus,,

I 1 o o . .



pressure. The residue was dissolved in petroleumether with a | ow boiling
25 point. Then, activated charcoal was added and the m xture was then
filtered. The filtrate was concentrated until precipitates began to be
fornmed. The crystals were filtered, collected and washed with cold -
petrol eum ether to obtain light yellow crystals. The crystals thus obtained
wer e di ssolved in ethanol and added with sodi um cyanoborohydri de of the
sane equivalent 30 while stirring gently.5 The solution was adjusted to pH
5.0 by adding glacial acetic acid. The reaction was let to stand at room
tenperature for 2 hrs. Then, the reaction solution was heated to 60 C and
stirred for 6 hrs. At this tine, glacial acetic acid was added to maintain
pH 5.0 until the reacti diy 5Rgo Ieted After 6 hrs, saturated ammoni um
chloride solution ( 1 %9 added, and the sol ution was stirred
for an additional 20 S reaned under reduced pressure. The
resi due thereby qm;alned %I1R% sodi um hydr oxi de solution (5

m ) and di ssol ved. \Jhe_rmqgul ting on s extracted with chloroform (20
m ). The organi®s e was 5 mashed ajurated sodi um chl oride solution
and dried overéénhyd ous sodi um sul f§te. "AfAPer renoving sol vent fromthis

product under QwWni sh l'iquid was obtained. TLC
(S|I|ca gel / diet hy)et herS: n- hex © R-propylamne = 7: 3: 1): Rf=0.3

"H NVR(CDC13): "1.BA(s™ 6H), 1. 36{1‘ 6H) Ri2. 34(s, 2H), 2.552.59(d , 2H, J =
12.0 Hz), 2.80(s, 4H), 2yP83.02(®,s2H J = 12.0 Hz). MS(El mz) 234. 2( M+,
129, 130.2(100% . Partia syntheS|s B: Preparation of OIbD TDD {3.0 g,

| 2.8 mmol ) prepared in the above section A was dissolved in acetonitrile
(30 M) and stlrred at roomtenperature for 1 hr. To the solution was added
1-i odooct ane (2.24 Yherein 2 nmmol) and the solution was stirred at room

tenperatgre for 12 R53R3 t6Q@,?Taté)ihdé'péh&érﬁl%?dfdgeh&frel@mC&lkﬁehd‘whgFate
was concent ra{;eghg | stil1.Lin er ﬁ ressur,e. cent e was
ceparated by + B0l R A oRondenay PEER P5 1At Sh AT AV e Cal? ot e
. n-hexane : @ prahyy dotmexo GE0) gifup; Ry and <R|7/czirbangepeﬂdﬁgt1y hyelrbgen or |
1.11 3.20 0, TLC

o pro?m ot nel oy alkft Havthe ¢OpC; m%e’pzf%ﬁ%%é?df O, Syl AHERT -
e

)tgetra,at s 5 0 anpl e reparation o

5- dodecyl net thia-5 di azacycl odecane (DTDD) TDD
{3.0 g, 12.8 nmol) Bra9gr Bas |aﬁe tlnéemévétxel&dreaem of thigh ppetectinggroup

di Ssog\éeg i ndﬁfdﬁi st“blbh%d)}ﬂ, @d&tafidlomeeH £S§1 pHEnGBh O t@th&lalr?:fn%cﬁtfoﬁ?ﬁ tggD[r)
was added an u e [for r 0
the sol ution Wété' rﬁ?%\'\g};geg‘@nﬁ ogﬁtﬁerlgrg])prﬁﬁ%ogﬂda?@fe sol ution

was stirred at roonn,t@,rp)ermdepeﬁdmtlyﬂ br2. The reaction mxture s 10 5

10 15 2025 30 vas f b eLedand g ed Rl LAl &.l&ﬁgmqg& NLERLR0 Y Hisihl! |1 no

under uced pressure e Co Was se
preparative th¢ rrelmaqy@rd hmediatolyr hpfoye (en axheyl Ph’@r labelledetoaherm a “hiol
npropylamneg : 30 : 1) to obtain a light yellow oil (1.49 g, 3.70

o0 b By R g g %
1.52(t, 2H Juéafing lived cOiédrs dlahlrihcdﬁhiiﬁd%rI&ZﬁWS BiiwhiSBRE) 1%@1&:4@2@4( M+,

14%: 206 1 (nde Cs to C,4, or pharmaceutically acceptable salts thereof are preferable.

More preferably, diaminedithiol derivatives in which R, is higher alkyl

having Cq to C,, or pharmaceutically acceptable salts thereof may be

employed. In addition, it may be expected that a diaminedithiol derivative

in which R, is linear alkyl without a branch, or pharmaceutically acceptable

25 salts thereof offers more desirable effects.
In the above Formula 2, diaminedithiol derivatives in which n, o and
p are all together 1 or pharmaceutically acceptable salts thereof may be



Exanpl e 3: Preparation of

5- hexadecyl - 3, 3, 10, 10-t et ranet hyl - 1, 2di t hi a- 5, 8- di azacycl odecane (HTDD) TDD
(1.75 g, 7.47 mmol ) prepared in the above A of Exanple 1 was dissolved in
acetonitrile (20 m ). Potassium carbonate (10.3 g, 74.7 mol) was added and
the solution was stirred at roomtenperature for 1 hr. To the solution was
added 1-iodohexadecane (2.3 5 mM, 7.1 mM) and the solution was stirred at
roomtenperature for 12 hrs. The reactiongm xture was filtered and the
filtrate was concentrated by distilling under reduced pressure. The
concentrat e vereferaplyr employed frrathe mreparation pefr atcnmpdsttmn faryeeating liver

chr onmat ographé/ar{cg*.et hyl et her : n-hexane : n-propyl am ne 30 : 30 : 1) to
obtain a light yellow oil (0.66 g, 1.40 mmol, 19.2 %. TLC(SI|IC8.

gel / di et hyl et her : Fumtasemere; damingsjthiol srivatives:in1whigly. all - theNRFP'GDC13) :
0 88(t 3H, Jc&tcﬁﬁéﬂs are ®8t; R 3R( MR ;48R Jaréaﬁttogé’tﬁer AefhyliR); R2- RS RS

reaa

io

N1 (2- (t?ltyl ol Rark) B mﬁ;aﬁ&a@m atenh}gﬁrgama?fyplywyaﬁtlhb)acet
gmAde Parth i al a(ﬁ)e ]cdhﬂaegﬂts%hewcﬁnﬁayabe@ﬁbstfpréfeféb’lyteynﬁu&édmy|) e;haneam ne

m noet hanet hi 0 rochl ori s._gdj sso in acetic
trifluoride ( 10 m gﬂd' er%%ﬁ%ﬁ?mth@%ﬂ)ﬁa ci%ﬁ rtj“é@? nrr:lllﬁ)
The resul ti nginslependenrt! ywarso é%ﬁ)) gealmat Itfdbembmppandthas ¢wbar rotw 0xan(=0)
concentrat ed S e f I | ut ed
wth et h&l getb g 5 gg %@?Olﬂggﬁ\ﬁﬁé%ggg tEﬁSE%FéCﬁal um h yddrctgm 1t§%§é§t
sol uti oAV wat eatingdiyentcaticendi Thensfergs lﬁkmapmmmdowbl has mﬂ:y ongt ox@t ed.
11 sodi um chl eg eqHgy SgkU yS g e
dried over anﬁi%)rjou?&?ogﬁgm ?ﬁ& #?ﬂgr%mnd gﬁgﬁaﬁ‘ded Hé ?%&ﬁrgﬁr‘é@gﬁre to
obtain a whi t €08BPsIEiopop treating | IVELFANGERY1 ) - 1- et haneam ne (2.32 g, 7.3 mol,

85.2 % mp: 142- 148 dorhpddifion Tot treatige livet ByhcerGAttht @nverltidies@nprisesla: 1

(moty. 7 a2 EER %dlﬁﬁvt‘ O N C TR

N1- ( 2- (t16| t yl setliahyfb) qirbgar)ngbhmmmmqmmldesomrlses the steps of reacting a
2-(tritylsulf 0 5
et hyl ene oh er’ﬁ‘%“’&*‘e@fi‘?j’?aqﬁ% Hoeqa.q rodusing . BEBRL, MRS e CRUERE ! Ry

nmol ). To t heraskhpdiensyn mammmpbumt@lefom a4cemplex @ndndissoivingrehey| ene
chloride ( 1 ghh y@(smaq&gtggodr opwi se. The resul ti ng solution was stirred at

roomterrperaturefo n and a w,t h wat . 15 qr.ganic
phase was washed wi f{ﬁ&‘frﬁ%‘h‘ym ot]%?fij EP’&“F ddor Wg?‘@i‘mgsaet uFa’E‘@Ee"s odfitthm 2
bi carbongt e adisgsinedibiolidetivatioa s Sigiarr ¥Redos'StR ¢1ahd hhdibtadbnativ@oused is

sul Tt o and d obEr T ayrrigart PEics BO8T b el T EebR B0 QUG Af It
N1- (2(trityl sed aabyhblewHindling withrhammeshihiel. (dI‘l&Jregiucmgsagqnmnqy ba, @r%

20,273 PRl o bERe 0PI, ifPERbEde, BihiRifRsctinn'yifte, o)

OH), 7. 42- 7. 48%dn espegiatyy ttin) chigride dsi quﬁerabieepéfddt tives gpay\ be added for
1-(2-(tnistyl sFte‘veﬂﬁhgeth:ylfbnﬁaﬁér??o‘? BS’f)fd(ﬂllcﬁsm b@ﬁytaabﬂbtalﬁmmﬁfgetaﬁm de .
N 1-(2-(tritylsulfan %1 tll]%t?f)rl noacet am ?e)l 0? % lﬁg

di ssol ved i ri MEEEaRT inge ¢f! mﬁnyyatﬁm Jje%ﬁvt hiITRPEOYiRg | &ndality 0. 23
m, 1.6 mol )chwdmgecmmual and Wiy sidtigthbilitiés of the labeling. The additives

2-(tritylsulf S i

solution was s r ogteggﬁlgﬁgttg 1(186# (?eglé“(‘)&lpgn%l% ﬁpgc’ﬁéﬁgﬁ%r%aét fc;l%folﬁase
was dri ed oveﬂCldntMEPoumeeh 4| fgentisicTaeids aindeespegiadly, etnﬁaed amdeds
reduced 3pr essgfeferabf@ Product was purified by neans of col um

chromat ography to obtain a solid of

N1- (2(tritylsul fanyB{ etVFEW)\-IQJ- t@z 5auesA saf £ dRalipg nyithanfadégrheatani &€ (0. 4
g, 0.6 4 12radi6dechﬁ@tuﬁno/®vheﬁnna&8ra9&2aﬁ Mdthédd lisebosedlinahdyriorcet (84 :

S oacq HHe sty 9d1§'tf’<b?=r’ﬁ g | P}Ofi@‘?’%ﬂugﬁﬁgfﬁqqyprpﬁvttcﬁ%ﬁntOeéisg

D: Prepar at i oheptic tumor therapy, Appl. Radiat. Isot., 47: 267-271, 1996) are employed
NL-(2- (55 'ty | fegtir at%@?th% ;M%:ﬁ&h%%%ﬁ&%' (@b i ot amekd SHiw'd 3aag) acet
et hyl)-2- ((2(tr|tylsulfanyl)ethyl)am no)acetam de (0.1 g, 0.15 nmol) was

di ssolved in 10 anhydrous acetonitrile (5 m) and added potassi um carbonate
(9243 ng, 1.5 nmol). The resulting solution was stirred at roomtenperature
for 1 hr and added with 1-i 6dohexane (32 p1, 0.097 M) in chloroform (1.5
m). The solution was stirred at 45 C for 12 hrs. Solvent was renoved under
reduced pressure. After adding chloroform( 10 m), the solution was
f||tered and the 15 f||trate was concentrated and purified by neans of




np: 188-193 C TLC (silica gel/ethyl acetate : n-hexane = 2 : 1): R ”*-0.8 20
'H NVR(CDC13): 0.88(t, 2H), 1.23-1.35(m 30H), 2.37(q, 4H), 2.46(t, 2H),
'3.04(s, 2H), 3.08(qg, 2H), 7.18-7.30(m 18H), 7.39-7.44(m 12H) Exanple 5:
Preparation of i 88Re-OrbD OIDD (0.5 ng, 1.45 u nol) and gl ucoheptonic acid
(200 ng, 960 u nol) were mxed with 0.1 M hydrogen chloride solution (0.125
m) and 25 added w th stannous chl ori de dehydrate ( 10 ng, 44 a nol) in

0. 0132 M hydrogen chl oride aqueous solutipn ( 1 m). To the m xed sol ution
was added 188Re-perrhenic acid solution (20 nCi, 2.5 m) and the resulting
sol uti on was folowledtbaceviaporaticat wnrdeb attitrager 88 &infasphérd) takifigever Htoots was

obt ai ned at . i I S th a a : =0. 6:
Preparati on ég’ %E??Rghﬁ){]%b B%D[é%@Sgie § 1y94rll(l}ﬁlraml %s@caEFSs%l})\aehgérﬂlh%
et hanol (0. 1 diamingdathiol desivatiseused irmthis inventiop ovitleradierhegiun & achiened
di ssolved in ; Ny i xed sol ution
vvlas ad\éed :a s‘gfli’}lljlt%i %15{?121% g%?féﬁ‘g‘ﬁ %g%ept 01%%9 d;%%n{: fgg%t%rﬁgitwggo u, m):J)I and
then, 18BRe- perr herdiBlogol disag rompronsat Jfor cdﬁe (CompAsition ofj the iayeniRib s The
resul ting soldéstbed'as tife hﬁ&\lﬁé?@éo@iéni, i 8 19 Rblubaé Matrid00 IC\xfd_%ffolu_lbrb The
2 0t 2 AT o o s RS Al p i
di ssol ved i n anbendissgds. 1 Thy eowpdsitienddactondiniy $¢ atheunveawdar cémprges 42 u
nol ) dissol ved.:i.3110..2 M . u i.0 . To t hxed
sol Lti on msqg‘%}gg%ll gag .aaqulg%gﬁg_oﬁgt@o?\c%kj %ﬁlr% ;ME)? 9%‘1”’&‘3:“3%‘?%8 tgnir@@é%(’g ?500
g, 920:71@1) mo |T f}}‘;md“l‘“@‘?*ﬂadwﬁmm%a sempienot disnidedy @dlgtﬂcﬁlnﬁmm( (2)00
: : i : : r :

for 1hr. Thenb cte ibgRAicDE, Ui 18 1ok GHRER ot hihef dERAET IRe tigioadl
acetate): R, -cantentppqthe| eongpositienis any amemt (Eirh- sasndisselye dorpmplex oh
} i pi odol sggtﬂégﬁﬂne?zﬁtmaeraaﬁgrﬁe?mp%ﬂnféu r %@fér%ﬂyﬂig}jdtg& rﬁ@;eearembl?yed get ]

or egoi n Exa S 0.6, lipjodol. S ed, .. ed wel.l” an e
o utr o as. BT a0 S Y s0Rh giiRtist Ta § rhe A7 = fanbinifid iAol
renovedl&nd 2 nl saAs ar avtige aggtedien?df the inventian, \weddmplek @frdéamirtedithiol-
sol ution was LI j . . i R 2 1 nat ant
was renoved t%awgé%@lgg?g %‘ﬁé@‘%ﬁ%&g{e}g@%‘ Bﬁ%ggdg%%aﬁx&gg?{lﬁg%%a é’x@npl e
1: Qbservati ofil-baseh¥rraysewmtrascmedivani odhusawhen bipiadeh ivaserbare megdiem) ed
conpounds i n gidih lofS Bescdiibies( bERNaMRRcAMTbREAiSRRAIN oMdrnivag | on
of 188Re-| abel, _eg C&”poéig%éﬂ I pi odol ™ sol uti on whi ch was plie ared. in_the
Exanpl e 7 vi alipiggol firpughethe heppticastary weusesambolizationdn; sapiliary yssselnaf
weijght tQ() _eflcmetliivsﬁtt&nw:][ flssie, Iﬁl?@éb'y ehe hj@tif@'ixfgtbéieﬁt ttbbﬁlgowam ilfa_@a: ?fA

radi oacti vi er, grgm.of .unj.t .tissue.rel ative. 0 i 0aGgtivit.
admi ni ster ed?lccﬁgp]iﬁgo‘?aigglh?ﬂﬂn @B%T%ﬂ?rgﬁnm I’Isaﬁ}g&'?r}' }llr?“?ﬁgﬁll%g%éo éﬁfm?{ﬂés li ver
cancer 14 dissoleed iimiliphodoli and doesonetediffust into swtreundinpdisseess |wlhfreby

radi ati on acc i . ] he sl I 1G; & LMe ncer .
he found i n 1A GIRER S FethiaB i1 QanchrTRURPAS HirgPhl EicdoPS BAMPTneBPEET
nore readily aehiening atseleqtivetrdiation gfteghdhetgby crpablgfselestivelysren1ayigg t han

for compeundsymddrells, a | ong side chain (Table 1 ). Therefore, it can be

inferred that a radjqnrheni u&n cotggl ex of a d'harri edi t hi.,ol deri vat.i.ve thavi ng
a long side chain i ¥l Fegard jg thy conpiete mginpd \of PIERAURE 2 §omppesigion for
Bi odi stri but i peatifg liher camcet bbtheoinvififible- IR adthrhineditHiv] demivatiee reacts

with radiorhenium in the presence of a reducing agent and an additive to

form a complex. To the complex in aqueous solution is added lipiodol and

30 the solution is mixed well. The lipid-soluble complex is mixed with

lipiodol and the mixture is centrifuged, separating into two phases. The

lower phase comprising lipiodol is taken out using a syringe to obtain a
composition for treating liver cancer according to the invention.

Another embodiment of the invention is a preparative kit of the

35 above composition for treating liver cancer comprising a first container



Speci nen Bl ood Miuscle Fat Heart Lung Liver Spleen Stomach Small intestine
4.4 0.43.0 0.70.60.14.1 0.90.9 0.30.20.26.4 0.62.5 0.20.2~0.09.8 0.71.9
"0.20.50.184.3 25.815.7 4.63.10.22S.2 4.122.9 3.83.60.73.5 0.51.7
0.20.40.13.6 0.610.7 1.33.22.36.9 1.622.3 4.625.7 12.813.S 2.56.2
2.50.80.1 Table 2: Biodistribution of the solution of 188Re- OTDD and
lipiodol in mce Tinme post-in~ectionl0 mn30 mnl hr3 hr24 hr3 mce3 mce4
m ce3 mice3 miceSpecimenBlood5.2 t 1.83. 8t 0.43.1t 0.52.8t 0 30.6 t

0. OMuscl el . 9 f.0.20.5 ¢t .0,10.2 t O0.0Fat, ~3.6 f 0,72.2 t
0. 216t 0. 4£oRRiimER et bzad dimigedtplol devalyeoa s90ucing fiegnt gnd 45 40. 7
f 0. 1Lungl138.additivk9 afid7 sledona(boi'ﬁeﬁner boﬁﬁnﬂﬁg lﬁnbddlowﬁibih ¢ant b& stbjevedls. 1
t~ 2.421.6 f 9 . 7t 7.3;t.1. n tonl in 1l hr 24
hr 4 mice 4 b &d8eqt qentritieuibn, e reiioing dubid, Mo e dafifel o, "5,
t 2.0St omachabbve. 1 Mammwhile,6raliorteniu®. iidy. bef supids from . 8Benl dources

i ntesti Ot 3.723.4t 0.319.8 t | 2.0Kidney8. Ot

1. 26. 6t 55335 61&59%@%?365%%@%8 ‘4Tabl e 3: Biodistribution of the solution of
188Re- DTDD and | i pifgather, im thiccabriveepnepsrativiej kit of dae compestioni for theagingr 24
hr3 mce3 m Q%rrﬂaﬁgé‘r M Séolnhfa?' @%gb 8d Pr{r&ﬁdétﬁep sBuxQ:e@gtlﬁls tﬂe Ht Bt
0.85.1 f 1.20,6 f cle2

0.0OFat5.5 t Ghazacaerizqﬂ ¥, fompriying @ %ocent@nwrzperg@trgn& 8 bwpbﬂ@zqd
0.95.5t 0. 4211§mineQ11ﬂ’11015 dbn@aﬁwngll%ﬁuénfg h@eﬂﬁind ﬁn 7adkBﬁv& wlﬁrélt@l a9 t
10. 347. t 9.2Li vre % ge a %‘? ﬁ&f

1. 15pl eths. o HEERETE ity compnsing < ominfex; 105 diafminedithidl, derivativer 436
t 5.949.2 t ?ad@)?hémtlrrﬂm% obnipdsitt@mbor treatinpshiverechn8et islgBaGailable.79. 7 f

0. 3Table 4 Bi odi sEITEIESh 4 :yded] ybnfor S e oy ol o
m ceTi me postconjijnstionowith vamaG axamples3 These exampltscae PrIQYé@drpﬁbﬂ of ce4

n ceSpeci ”E n El’ilﬁﬁg:ﬁlvje o?e% lln@l the ?fesgntt eré%or? 1% n(gcztég)eﬁc%nsggégﬂé? ‘Bgﬁ‘% 2

0315£ ﬁ@
0.60. 8 F?@t%t SQCBWQS 1 14.7 t 0.94.5t 2.82.2 f 0.8Lung211. 3t
30. 0185. 6 t 20.9177.8 t 18. 4157 3t 28.6118.0 19.5Liver11.6 t 1.715.9 t

1.614.4 t 2.59.0 t Spl een3. 6 t. 0.83 t,0.19.3
Uoa ' e Sonacainple g1 Bribaaln° ot 5 0dnd-3, 50 Gietegmbtind Lo,
i nt esti ne3. 4tdichiaed 8-d|aﬂact}&l®i¢caneQMDDr) 1. 36. 2t 3. 4Ki dney? Ot 1 86.5 t

0,96. 1 1 1.46.2 1 ezt findid DUibhaliopP S S0R 10! WaRPRL andipfiom the

above descri ptl on, sent inventlon I‘OVI és nove |oI
derivatives oh8 &m&l@d@cm (§PRcept abl e salts thereof, and rad| or heni um

or radlg@echpetl UmZQ?@T@JfQiSZ*—Bﬂhﬁ)ofns(ztm%tﬁylpf@"aﬁat) wwemmeaaﬁ SCsaMitdH des a
conposi tion reating liver r co a. co

di an nedi t hi cﬂfrﬁimg,@ts}cg%clﬁda.@ ﬁgﬁﬂ%ﬂ\ﬁrﬁ a@%‘? ‘ifé’pgp%%tg‘dl%gsg ?{2and is
st gbl e after mém@vaﬂaz-dmmnobmm@e;ewml@dnﬁmngt wehi gTheateactddn awictures! was on

and retention \ r t ng an
ef ficient tregpgé%f? t§¥ 21 ﬁ fo &R §§$%tf:ﬁ 5@(’%&3%‘&3 rce%gﬁ}% R 4erat%§|.\? dough
the pref erredressuoei nEhe gesiflue veaspdissalred iimpetrolem ledvar \Mﬁbra v dodlirgl f or
P11 ustregive QuihpOSPifen, %tgg?ﬁe& thhic® g taﬁ&e@ﬁﬁd Yid miRAR Gak ﬁh@%ed

various nodi fl catj ons, ons an tutl on% are paossible hout
departing frohhe HHtrateopas sancepirated 'éﬂtﬂt H@Cilm%?fﬁ 6&3%50 1bg (fPBB‘FQ)se he n t he

acconpanyi ng §tb.I§Bwe'Ee ﬁlteJ;Zd V\b@mea@d Gndl WakBed Witk c@lcarpe&@wmﬁlaher to
derivati ve of ntj ﬁt ? 18’ ut| Caltllgt cce Eablcf: sal tdth d) R~
R Rs Rs o 1 tﬂg ygg oW1 sta e crysta us obtained were dissolve

ethanol and added with sodlum cyanoborohydride of the same equivalent
30 while stirring gently. The solution was adjusted to pH 5.0 by adding glacial
acetic acid. The reaction was let to stand at room temperature for 2 hrs.
Then, the reaction solution was heated to 60 °C and stirred for 6 hrs. At this
time, glacial acetic acid was added to maintain pH 5.0 until the reaction was
completed. After 6 hrs, saturated ammonium chloride solution (10 ml) was




NHNRa R12 p RB$$RISR nl | Rla RL RI5 2 wherein: R, R3, RBto R4
are independently hydrogen or |ower alkyl having C, to C5; R4 and RS are

i ndependently hydrogen or |ower alkyl having Cl1 to 10 CS or they form oxo
(=O group; R6 and R7 are independently hydrogen or |ower al kyl having Cl’
to C5 or they formoxo (=0 group, in which at | east one of R2 to R14 is

hi gher al kyl having C6 to C24 and R4 to R7 don't formtw oxo (=0 groups
at the sane tine; R, and R 5 are independbntly hydrogen or thiol protecting

group 15 suc s benzo acet am dornet hyI phenyl et hyl
et hyl ami nocar%@ﬁgh an Bﬂwp lution; wgs stFg af@éta»w addsﬁiomel 2hain, 5 Sobysat &S f or m

S S-S Pond &Bﬂmovﬁd vihdeP rtédhfbddl Bﬁﬂgenm&i résﬂ’lﬁ(ta Zheréby Walﬂbéfﬂé&egdc%dﬂll 0:
erivative or eutica c a re ing,to claim
1, wherein Rl‘ﬁﬁbpl ﬁf[gsr? ) I %’é@ %PSB (g rgg @%il% él di ﬁl 18 of

der :A%atl ve orso@tpdtamcemtractadlwlthccldpr@foha €4 tml h&ﬂmobrmwr;ﬂuasng was clha| Irn
1, eretn e T |t 0
derivati §/e 52\9 aéh%HQ#v ﬁtlgcéa Eéq SQ&!‘@E%S%CFC Sé@ﬁfmtﬂ%fgﬁfzd (5% cI aim
2 or claim 3, somlmmesui art.0 Aftehmamvmg lsplvent tfhart this ipredut. urﬁler'lm ced

di am nedi t h| Qﬁrré fﬁ%\%teor%vn?s}ﬂh%\hﬂ%ﬂ%ﬁtﬁﬂﬂehy acceptable 5 salt thereof

according to cI are all together 1. 6. The
di ani nedi t hi ol der |T/ra€| ics g@l@ﬁﬁ‘b’ﬂb@ut inchexape scedsepypminar 2 Bnddeof
according to Rl@ian 5, wherein R2, R3, RI3 and R14 are all together nethyl

and R1, R4, R5, R6,, R1 and e all get her. dr ogen.
7. The di am nedi t hi Mﬁ?@%ﬁée oﬂzﬁﬁlﬁg %&ét?&lzl%ﬁ(%lc?é@pgasg @5§é

'él_her eof dQCE_orzilI,ng 0120 azy D.80kesHE),N2. QQ-{B. dF&H Qf s (1)2(13 (374 lMJSr(ELIﬁn/zB fThe
i am nedi t hi vatjve rmaceutically acceptable salts thereo
accordi ng to%ﬁﬁﬁM&?}Eﬁé@?%‘(ﬁgﬂgnd R7 formoxo (=0 group. 10 9. A

conpl ex of a diam nedithiol derivati ve according to any one of claiml to

claim8 with radi orm%g%gﬁeg@@ p} Xwap THb A conposition for

treating liver cancer Isin % a di am nedithiol derivative
according to any onED& éloalgmh Boméll nPrepafednin 4he orbrvi Se§tAhe | VAS odol .

1f5 tlﬁ A phard@é‘(ﬂvécfl ﬁﬁh%étcr);ﬁil% étih andstRdCA 0o dzzﬁipﬁiathﬁ: ﬂirelpﬁf(r?at”[o/e ki t
o e COprOS‘IﬁeI on for trea g %é/er can&le é Hﬂﬂ ‘3 "ﬁ‘:{h on
conpri sing a MerSutiof,was hiodqqc %‘bﬁ‘ﬁ Pdrft e FATB
dg{j ivative acwas ditirgedt at awrmr\empérauhal forl 12 ohm| al'l;he? reactiond noixge avyemt and
addi ti ves; i net cont ai n 0
phar maceut i ca ﬁtgre @r@g Wafﬁ?'&géﬁfag({]gyg ﬁ%ﬂgn%}lgsg %ljdl%\(/;%&_g?%ssurfe t he
conposi tion fdhet cmnenttgtel iway sepacded abyx omdamy afo aclpaeparatiye whan elayet he
reduci ng agen .t r tar i dj

Ehrdtith 6éil%pﬁ§’f{HL i Heflef ;L 'Bef&leo e gg nhiRkt2r3c: 39l d1) to

respectively. armaceut’ically acc e non- pyrogeni c,

sterile pr epa?létﬁlf\/%hgm Y‘?HO‘& odldipl leg H20 gimal, r?éda 74 ol

derivatijge-r adl or hemLOMsikcd Bel/giefasthtt @h-hexarler eatprogylanyiae €amckrl):
according to gi?n 10 conprising a first container containing a |yophilized
di am nedithio efivative according 5 to any one of claiml to claim8, a
reduci ng agent and Sh-NM®(ED@E,): 0.88(t, 3H, J=6.8Hz), 1.21-1.38(m, 24H), 1.52(t, 2H,

J=7.1Hz), 1.83(bs, 1H), 2.47-2.86(m, SH). MS(EI m/) 346.4(M+, 17%),
204.1(100%)

15 ' Example 2: Preparation of S-d(;decyl-3,3,10,10—tetramethyl-1,2-
dithia-5,8-diazacyclodecane (DTDD)

TDD (3.0 g, 12.8 mmol) prepared in the above section A of Example

1 was dissolved in acetonitrile (30 ml). Potassium carbonate (17.7 g, 128

mmol) was added and the solution was stirred at room temperature for 1 hr.

20 To the solution was added 1-iododecane (3.06 ml, 12.2 mmol) and the

solution was stirred at room temperature for 12 hrs. The reaction mixture



14. The pharnmaceutically acceptabl e non-pyrogenic, sterile preparative kit
of a conpl ex of diam nedithiol derivative-radi orheniumaccording to claim.
13, wherein the reducing agent and the additive are tin chloride and
tartaric acid, respectively. 10 4
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10M 3=MLO%VE' t&x): Mitrdte\ wh  doR¥mtrated) by >&isOldig undS8Z 18d6c%d( pressure. The
109% & ()-1) s10&etirate  was separated by means of a preparative thin layer

chromatography (diethylether : n-hexane : n-propylamine = 30 : 30 : 1) to
20 obtain a light yellow oil (0.66 g, 1.40 mmol, 19.2 %).
TLC (silica gel/diethylether : n-hexane : n-propylamine = 7: 3: 1):
R~=0.7
'H-NMR(CDCL,):  0.88(t, 3H, J=6.8Hz), 1.23-1.35(m, 40H), 1.52(t, 2H,
J=7.1Hz), 2.05(bs, 1H), 2.55-2.86(m, 8H)

25 Example 4: Preparation of NI1-(2-(tritylsulfanyl)ethyl)-2-
hexadecyl-(2-(tritylsulfanyl)ethyl)amino)acetamide
Partial synthesis A: Preparation of 2-(iritylsulfanyl)-1-ethaneamine
2-Aminoethanethiol hydrochloride (1.0 g, 8.6 mmol) was dissolved in
acetic trifluoride (10 ml) and added with triphenylmethanol (2.32 g, 8.6
30 mmol). The resulting solution was stirred at room temperature for 1 hr and
concentrated by distilling under reduced pressure. The filtrate was diluted
with ethyl acetate (50 ml) and washed with 3 M sodium hydroxide aqueous
solution, water, saturated sodium bicarbonate aqueous solution, saturated
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methylene chloride (10 ml) and added with triethylamine (0.22 ml, 1.6
mmol). To the solution, bromoacetylbromide (0.14 ml, 1.6 mmol) in
methylene chloride (1 ml) was added dropwise. The resulting solution was
stirred at room temperature for 15 min and added with water (30 ml). The
15 organic phase was washed with 1 M hydrogen chloride, water, saturated
sodium bicarbonate aqueous solution, and saturated sodium chloride aqueous
solution in sequence. The organic phase was dried over anhydrous sodium
sulfate and distilled under reduced pressure to obtain a white solid of N1-(2-
(tritylsulfanyl)ethyl)-2-bromoacetamide (0.67 g, 1.51 mmol, 94.2 %).
20 mp: 223-224 °C
TLC (silica gel/ethyl acetate : n-hexane =3 : 1): R=0.45
'H-NMR(CDCl,):  2.43(t, 2H), 3.11(q, 2H), 6.57(s, 1H), 7.21-7.31(m,
9H), 7.42-7.45(m, 6H)

Partial synthesis C: Preparation of N1-(2-(tritylsulfanyl)ethyl)-2-((2-

25 (tritylsulfanyl)ethyl)amino)acetamide
Nl (2 (tritylsulfanyl)ethyl)-2- bromoacetamlde (0.5 g, 1.1 mmol) was
dissolved in methylene chloride (5 ml) and added with triethylamine (0.23 ml,
1.6 mmol). To the solution was added with 2-(tritylsulfanyl)-1-ethaneamine
(0.4 g, 1.1 mmol) and the resulting solution was stirred at room temperature
30 for 16 hrs. The organic phase was dried over anhydrous sodium sulfate.
The solvent was removed under reduced pressure. The product was purified
by means of column chromatography to obtain a white solid of N1-(2-
(tritylsulfanyl(ethyl)-2-((2-tritylsulfanyl)ethyl)Jamino)acetamide (0.4 g, 0.6
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solution was stirred at 45 °C for 12 hrs. Solvent was removed under reduced
pressure. After adding chloroform (10 ml), the solution was filtered and the
15 filtrate was concentrated and purified by means of column chromatography to
obtain a yellow solid of N1-(2-(tritylsulfanyl)ethyl)-2-hexadecyl(2-
(tritylsulfanyl)ethyl)amino)acetamide (44 mg, 32.5 %).
mp: 188-193 °C
TLC (silica gel/ethyl acetate : n-hexane =2 : 1);: R~0.8
20 'H-.NMR(CDCL):  0.88(t, 2H), 1.23-1.35(m, 30H), 2.37(q, 4H),
2.46(t, 2H), 3.04(s, 2H), 3.08(q, 2H), 7.18-7.30(m, 18H), 7.39-7.44(m, 12H)

Example 5: Preparation of '**Re-OTDD
OTDD (0.5 mg, 1.45 u mol) and glucoheptonic acid (200 mg, 960
u mol) were mixed with 0.1 M hydrogen chloride solution (0.125 ml) and
25 added with stannous chloride dihydrate (10 mg, 44 p mol) in 0.0132 M
hydrogen chloride aqueous solution (I ml). To the mixed solution was
added '®3Re-perrhenic acid solution (20 mCi, 2.5 ml) and the resulting
solution was incubated in a water bath at 100 °C for 1 hr. The product was
obtained at 41.5 % yield.
30 ITLC-SG (ethy! acetate): R=0.9

Example 6: Preparation of '**Re-DTDD
DTDD (0.5.mg, 1.24 p mol) was dissolved in ethanol (0.1 ml) and
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added with stannum powder (5 mg, 42 1 mol) dissolved in 10.2 M HCI
aqueous solution (50 u 1). To the mixed solution was added a solution (1
ml) of glucoheptonic acid (200 mg, 960 p mol) and then, ¥ Re-perrhenic
acid aqueous solution (20 mCi, 3 ml) was added. The resulting solution was
5 incubated in a water bath at 100 °C for 1 hr. The product was obtained at
23.3 % yield.
ITLC-SG (ethyl acetate): R=0.9

Example 7: Preparation of '¥Re-HTDD
HTDD (0.5 mg, 1.09 p mol) was dissolved in ethanol (0.1 ml) and
10 added with stannum powder (5 mg, 42 u mol) dissolved in 10.2 M HCI
aqueous solution (50 n 1). To the mixed solution was added an aqueous
solution (1 ml) of glucoheptonic acid (200 mg, 960 p mol) and then, added
18R e-perrhenic acid aqueous solution (20 mCi, 3 ml). The resulting solution
was incubated in a water bath at 100 °C for 1 hr. The product was obtained
15 at 14.3 % yield.
ITLC-SG (ethyl acetate): R=0.9

Example 8: Preparation of '3®Re-labelled compound in lipiodol
solution
To the '*®Re-labelled reaction mixture prepared in the foregoing
20 Examples 4 to 6, lipiodol (5 ml) was added, mixed well and the solution was
centrifuged at 3000 rpm for 10 min. The supernatant was removed and 2 ml
saline was added. After mixing well, the resulting solution was centrifuged
again at 3000 rpm for 10 min and the supernatant was removed to recover a
lower phase of lipiodol.

25 Experimental example 1: Observation of increased accumulation
and retention of **Re-labelled compounds in animal tissues
Mouse(ICR) was administered with an injection of '®¥Re-labelled
compound in lipiodol solution which was prepared in the Example 7 via the
tail vein. Radioactivity distributed in tissues and weight of each tissue were
30 measured to calculate the percentage of radioactivity per gram of unit tissue
relative to total radioactivity administered.
As radiation accumulation mechanism in the lung and the liver cancer
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are similar, it is convenient to detect the level of radiation accumulating in the
lung of a mouse suffering from liver cancer. As found in Tables 1 to 4,
compounds with a long side chain (Tables 2 to 4) more readily accumulated
in the lung, and the clearance rate is slower than for compounds without a

5 long side chain (Table 1). Therefore, it can be inferred that a radiorhenium
complex of a diaminedithiol derivative having a long side chain is effective
for treating liver cancer.

Table 1: Biodistribution of the solution of '¥Re-TDD and lipiodol in mice

ime post-injection 10 min 1 hr 24 hr
Specimen 4 mice 4 mice 3 mice

Blood 44 + 04 3.0 £ 0.7 0.6 £ 0.1
Muscle 41 £ 0.9 09 * 03 0.2 £ 02
Fat 64 t 0.6 25102 02t 0.0
Heart 9.8 £ 0.7 19 £ 02 0.5t 0.1
Lung 843 + 25.8 15.7 £ 4.6 3.1 £ 02
Liver 252 + 4.1 229 * 38 36 £ 0.7
Spleen 35+ 05 1.7 £ 0.2 04 % 0.1
Stomach 36 £ 0.6 10.7 £ 1.3 321+ 23
Small intestine 69 £ 1.6 223 t 4.6 25.7 £ 12.8
Kidney 13.5 £ 25 62t 25 08 £ 0.1

Table 2: Biodistribution of the solution of '8Re-OTDD and lipiodol in mice

Time  post-
injection 10 min 30 min 1 hr 3hbr 24 hr

3 mice 3 mice 4 mice 3 mice 3 mice

Specimen

Blood 52+ 1.8 3.8 04 3105 2803 0.6 = 0.0

Muscle 1.5 £02 1.2 £ 0.2 0902 0.5 1 0.1 0.2 £ 0.0

Fat 36 £ 07 22102 1.6 £ 04 13 £ 04 04 1 0.1

Heart 63117 44 103 27t 1.0 19 £ 04 0.7 £ 0.1

Lung 1384 £ 19.8 974 % 20.7 87.0 £ 13.2 616 £ 10.0 228 + 33

Liver 15.1 2.4 216 £ 49 20.1 £ 33 19.7 £ 6.7 7315
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pleen 26 03 23 £ 0.1 19 06 1.8 03 20 20
Stomach 35113 129 1 66 1.1 £ 3.1 155 6.6 36118
Small intestine 3.6 + 0.3 8.0 £ 2.0 13.0 £ 3.7 234 1 03 19.8 £ 12.0
Kidney 8.0 %12 6.6 £ 0.3 56 09 401 05 1.5 £ 0.4

Table 3: Biodistribution of the solution of '¥Re-DTDD and lipiodol in mice

Time post-

Injection 10 min 30 min 1 hr 3hr 24 hr
3 mice 3 mice 4 mice 4 mice 3 mice

Specimen
Blood 13.0 £ 0.6 95 % 1.1 7.0 £ 0.8 51112 0.6 £ 02
Muscle 24 t 0.1 20+ 02 1.5 £ 0.3 1.0 £ 02 03 1 00
Fat 55104 44 = 0.8 41 %06 24 04 06 £ 02
Heart 9.1+%23 50109 55104 27 07 1.5 £ 03
Lung 1374 £ 13.1 851 £ 7.1 822 151 619 £ 103 472192
Liver 149 t 0.7 146 £ 2.2 132 £ 2.8 7.7 £ 0.6 331 11
Spleen 56 0.3 48 + 04 35105 29 £ 0.6 33110
Stomach 183 t 4.4 36.0 £ 59 492 £ 7.0 377 £ 123 54116
Small intestine 4.8 + 0.3 83 107 97 £ 1.2 11.6 £ 0.3 92 %+69
Kidney 9.9 £ 0.7 74 05 6.2 £ 0.7 52207 19 £ 03

Table 4: Biodistribution of the solution of '*®Re-HTDD and lipiodol in mice

10 min 30 min 1 hr 3hr 24 hr

4 mice 4 mice 3 mice 4 mice 4 mice
Specimen .
Blood 81+15 91 +%53 42 1 05 28 05 0.6 t 0.1
Muscle 19 £ 03 1.5 102 1.1 £ 02 0.8 £ 0.2 04 % 0.1
Fat 3905 28 £ 05 27106 20 % 06 08 +03
Heart 94 % 3.0 6.0 £ 1.1 47 1 09 451 28 22 £ 08
Lung 2113 £ 300 1856+ 209 177.8 + 184 1573 £ 28.6 118.0 £ 195
Liver 11.6 £ 1.7 159 £ 1.6 144 t 25 9.0 + 1.8 561 1.0
Spleen 3.6 £ 08 31 +02 3.0+ 08 27 0.1 93 %52
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Stomach 151 £ 29 2101 1.7 193 £ 4.0 55+17
Small intestine 3.4 £ 0.5 65106 93 1+ 10 122+ 13 62 1 34
Kidney 701+ 18 6.5 09 61114 62 12 3.3 107

Industrial Applicability

As apparent from the above description, the present invention
provides novel diaminedithiol derivatives or pharmaceutically acceptable
salts thereof, and radiorhenium or radiotechnetium complex thereof. The

5 present invention also provides a composition for treating liver cancer
comprising a complex of diaminedithiol derivative-radiorhenium, which can
be prepared easily and is stable after preparation, characterized by its high
rate of accumulation and retention in liver cancer tissue, thereby being
capable of achieving an efficient treatment of liver cancer without any side

10 effects.

Although the preferred embodiments of the present invention have
been disclosed for illustrative purposes, those skilled in the art will
appreciate that various modifications, additions and substitutions are
possible, without departing from the scope and spirit of the invention as

15 disclosed in the accompanying claims.
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What we claim is:

1. A diaminedithiol derivative of Formula 2 or a pharmaceutically
acceptable salt thereof:

R7 Ha Rg
Hs [+
R
Rs / 10 Ry
R NH N
4 Riz p
Ra Ria
S S
R, M l Rya
Ry Ris
2
wherein:

R, , R;, Rg to Ry, are independently hydrogen or lower alkyl having
C, to Cs; R4 and Ry are independently hydrogen or lower alkyl having C, to
Cs or they form oxo (=0O) group; R, and R, are independently hydrogen or
lower alkyl having C, to Cs or they form oxo (=0) group, in which at least
one of R, to Ry, is higher alkyl having C¢ to C,, and R, to R, don’t form two
oxo (=0O) groups at the same time;

R, and R;s are independently hydrogen or thiol protecting group
such as benzoyl, acetamidomethyl, diphenylmethyl, ethylaminocarbonyl, t-
butyl, trityl and acetyl, or R; and R,; together form a S-S bond; and,

n, o, p are independently 1 or 2.

2. The diaminedithiol derivative or a pharmaceutically acceptable
salt thereof according to claim 1, wherein R,, is higher alkyl having C¢ to
Cis.

3. The diaminedithiol derivative or a pharmaceutically acceptable
salt thereof according to claim 1, wherein R, is higher alkyl having C; to
Cyo.
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Sf 1094 & ()- Sf 109 & ()- r!s"s#s$sU&st XxX8/ K9 #cd Sf 109 & ()- ]Sf
1094 & ()- o8f 109 & ()- fSf 109 & ()- Sf 109 & ()- Sf 109 & ()-
' 8S' $253s455565X\ @ X8/ K9 #cd Sf 109 & ()- Sf 109 & ()- Sf 109 & ()- Sf
1094 & ()- Sf 109 & ()- /K9 #cd 6s7s8sBsl sPsUst T4xX8/ Sf 109 & ()- Sf 10%
& ()- Sf 109 & ()- Sf 109 & ()- /K9 #cd Sf 1094 & ()-
UsZs sasbsi spssS3xX8/ Sf 109 & ()- Sf 1094 & ()- Sf 109 & ()- /K9 #cd Sf
1094 & ()- Sf 1094 & ()- pSws~SSsSsSsOT3xXpg S@OWX & ()-Sf 1094 & ()- /K9
#cd Sf 1094 & ()- Sf 1094 & ()-
4. The diaminedithiol derivative or a pharmaceutically acceptable
salt thereof according to claim 2 or claim 3, wherein R;, is linear alkyl

without a branch.

5. The diaminedithiol derivative or a pharmaceutically acceptable
5 salt thereof according to claim 4, wherein n, 0 and p are all together 1.

6. The diaminedithiol derivative or a pharmaceutically acceptable
salts thereof according to claim 5, wherein R; Rj, R;; and Ry, are all together

methyl and R;, R,;, Rs, Rq, Ry, Rq, Ry, Ry, Ry, and Ry are all together
hydrogen.

7. The diaminedithiol derivative or a pharmaceutically acceptable
salts thereof according to claim 1, wherein R, and R form oxo (=O) group.

8. The diaminedithiol derivative or a pharmaceutically acceptable
salts thereof according to claim 1, wherein R4 and R, form oxo (=0) group.

10 9. A complex of a diaminedithiol derivative according to any one of
claim 1 to claim 8 with radiorhenium or radiotechnetium.

10. A composition for treating liver cancer comprising a complex of
a diaminedithiol derivative according to any one of claim 1 to claim 8 with
radiorhenium, and lipiodol.

15 11. A pharmaceutically acceptable non-pyrogenic, sterile
preparative kit of the composition for treating liver cancer according to
claim 10 comprising a first container containing a lyophilized diaminedithiol
derivative according to any one of claim 1 to claim 8, a reducing agent and
additives; and a second container containing lipiodol.

20 12. The pharmaceutically acceptable non-pyrogenic, sterile
preparative kit of the composition for treating liver cancer according to
claim 11, wherein the reducing agent and the additive are tin chloride and
tartaric acid, respectively.
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