9 July 2005 -1 Specification Drugs for the D agnosis of Tissue
Reproductive Activity or the Treatnent of Proliferative D seases Technical
Field 5 The present invention relates to use of radiolabeledéhﬁﬁ ﬁggé
derivatives for diagnosis of tissue proliferation activity ¥ ment
of proliferative diseases. Background At If proliferation activity of
tunor cells can be determ ned non-invasively by inage diagnosis, it wll
be help for evaluation of growh- rate and malignancy of the 10 tunor.
‘Detection of the nost rapidly growi ng regions of a tunor by image di agnosis
w [l be useful in preparing plans f®@petdidatasn on fiel ds in radi ot herapy and
identifying suitable portions for blopsy Such nethods will permt an
early and accurate absiftk HeDiabnd REnrB8AIcEGE Acti Ve is difficult
to identify by CT- or NRI-based anaton1ca| eval uat1on or PET- based

measur ement of gl ucose- et abelTr&ueRa M PeolifdaiRabibaud arly, they will be
useful for an early assessnent of therapeutlc eftects of anticancer agent s

t hat may calikfinigallfoglg si de effects. In order to solve these clinically
i mportant problens, use of 5-iodo- deoxyuridine |abeled with a radioactive

i odi ne d@nd t hyn ditegrésalaheshivh rhaGaiPeR dladithb&ly silron-emitter,
have been studi ed (% uvaj ev 1G et &l J)Q% Jfkadl}’)‘ﬂbﬁgd na%lgosg)‘%oéwati‘ifé%IMl?
(1994); Bl &ﬁb@bﬁs@ﬁ:@he iRkt g 2 Mrtiat  Ph
et al., J. Nucl . gxlmpp. 163 lﬁgsaqu%gg’g%tgé%m %ﬁf"gt%“& * Cancer Res.
59, pp. 6 U S. Patent No. 5,094,835, US. Patent No.

5,308,605). It iIs conS| dered that these radi ol abel ed conpounds are taken

into cells as pregCpofffaiohUetivity of tumor cells can be determined non-invasively by

image diagnosis, it will be help for evaluation of growth rate and malignancy of the

10 tumor. Detection of the most rapidly growing regions of a tumor by image diagnosis
will be useful in preparing plans for radiation fields in radiotherapy and identifying
suitable portions for biopsy. Such methods will permit an early and accurate
evaluation of therapeutic effects, which is difficult to identify by C'f- or MR]-based
anatomical evaluation or PET-based measurement of glucose-metabolic changes.

1_5 Particularly, they will be useful for an eatly assessment of therapeutic effects of
anticancer agents that may cause strong side effects.

In order to solve these clinically important -problems, use of S5-iodo-
deoxyuridine labeled with a radioactive iodine and thymidine laBeIed with carbon-11
which is a positron-emitter, have been studied (Tjuvajev JG et al.,, J. Nucl. Med. 35,

20 pp.1407-1417 (1994); Blasberg RG et al, Cancer Res. 60, pp.624-635 (20600); Martiat
Ph et al., J. Nucl. Med. 29, pp.1633-1637 (1998); Eary JF et al., Cancer Res. 59, pp.
615-621 (1999); U.S. Patent No. 5,094,835; U.S. Patent No. 5,308,605). H is
considered that these radiolabeled compounds are taken into cells as precursors for
DNA synthesis required for cell division of rapidly-growing tumors, and then

25  phosphorylated by thymidine kinase, followed by incorporation into DNA, to reflect



is required for cell division of rapidly-grow ng tumors, and
ngnsggtgﬁz;;horglated by thym di ne kinase, followed by |ncorporat|onh|nto
DNA, to reflect 9 July 2005 -2 proliferation activity of pheé%&gg&ng_ese_t
radi ol abel ed conmpounds, however, are deconposed rapidly in O |ng_L
difficult to performnon-invasive evaluation of the proliferation aptlrl y
of the tunmor. The nethod using carbon-1 |-1abeled thymdine, in parglgu ar,
requires very conplicated nat hemati cal nodel ana!ysls,_and_cannoh egone
popul ar as a dj agnostic technique of_nuclear_ned|0|ne i magi ng. The rap
net abol i ¢ d&@ 39Ty Refivitf of Mess &umardi dﬂimetﬂmbla&_mﬂocmdpomﬂs,vhmqeg are
considered to be due to cleavage of CN gl ycosi di ¢ bonds by thym dine i
phosphor y| adeeompaged rapidhbin vives ndkinghis digiloelt so perforinvfon-inbadiieedaldligh ¥eosi di ¢
bonds are cl eaved, the conpound loses its affinity to tunors, thereby
decreasi ng the padliferatiomadtionty of thtGumardi TBE irieviodasind chbBRV1 $-labiid tﬁyl{lglﬁ]eh&k'
radi oactive metabolites increase background radioactivity, there yI o I ng
i magi ng of inhpartiowiey, sreqliifeli vauy tcomplicsted mm@@ﬁﬁalp&%éﬁgﬁaéyﬁg%ﬂ{ °€i i
conpounds with netabolic stability have been synthesized by 1 ntrodu g

jor i ' ideingdiici leMi ; he 2' or 3
fluoriné attwesme phpudir anelidgngdicitechalq@e bf PRIGR MeMicing imhQinat Ne 2"
pogi tion in certain nucl eosides, anc?ghave been st udi eé&ipgr I magi ng of

, The rafaoxetaBokid HeRfbiion Of (s Adibl6084 PLiSo a9l [0 18, a
;ggFifbnlgnIP?Zr, ;:ﬂ?hgmglo posi??on shows a higﬁ stagﬂﬁﬁ?y Ph Y8 and an

accunul at i aonsidertdi robe duestdlbfeab it & CN B5cosfiic %nds#%le}fl Rild5 }91'0 é’{ﬂr}ga e
pp. 1334- 1336 (1998)). Though tﬁél%.s r adi oFabeI eq co opﬂ% I's 'Stfter ﬁaﬂdw VO,
it is a radnd-ihadsligdofcmeTebld imihb. arrshe N Flpe?s?d}i?!btoﬁéfgﬁm%ﬁ%;ﬁaeve% nd..
therefore a cyclotron is required in the hosprtal, Timting

" ; i [QCESS
eeponsy bl o Tor s secumi ot ron e Tenpy " frertadfe OB deoRARRER ofusea by
thynm dife kidi@stivithah hands whleXef réd¥hctive metabolites increase background
radioactivity, thereby making imaging of the. tumors difficuit. |
To solve these problems, radiolabeled compounds with metabolic stability have
been synthesized by introducing fluorine atoms, which are high in electronegativity,, to
the 2' or 3' position in certain nucleosides, énd have been studied for imaging of tumors.
15  Thus, 3'-deoxy-3'"-fluorothymidine that contains fluorine 18, a positron emitter, at the 3'
position shows a high stability in vivo and an accumulation in tumor tissue (Shields AF
et al., Nature Med. 4, pp.1334-1336 (1998)). Though this radiolabeled compound is
stable in vive, it is a radio-labeled compound with a short-life positron emitter, and
therefore a cyclotron is required in the hospital, limiting the usage of the compound.
20  For this radiolabeled compound, the major process responsible for its accumulation in
cells is the phosphorylation caused by th.ymidine kinase that is an index of DNA
synthesis, and thus it does nof serve as an agent that essentially reflects DNA synthesis.
A derivative of 5-iododeoxyuridine, in which fluorine is introduced to the 3'

position in the same manner as above to increase its stability in vivo, has recently been

25  reported. Though stable in vivo, however, this radiolabeled compound was high in



synthesis, and thus it does not serve as an agent that essentially reflects
DNA synthesis. A derivative of 5-iododeoxyuridine, in which fluorine is

introduced to the 3" position in the sane manner as above tg%i@caﬁa eits
stability in vivo, has recently been 25 reported. Though st yuyi i vo,
however, this radiol abel ed conpound wasshigh in 9 July 2005 -3 retention in
bl ood and failed to show a significant accunulation in a tunor conpared to
5-i ododeoxyuridine (Choi SR et al., J. Nucl. Med. 41, p. 233 (2000)).

2' -fluoro-5-iodoarabinouridine, in which fluorine is introduced to the 2

posi tion, stetntiomirhbigid stdefhailéd toyshbw awigrificaanstcimalabies th MaRthrcBpared to
identification of 5 introduction and expression in vivo of a vector for

gene t her ap§-iodoti¢dxiyaiidige ¢Chol SRl Wl Nb&]@Meﬂﬁﬂ?bjm@m%.fi? to thym dine

ki nase of human herpesvirus. It has also been applied’to i nage di aghosis
for virus infect i2bfluorodsiedomabinRidied hinS RS HGbiiNe GO mﬁ@@g B! glNym di ne
ki nase (Tjuvajev JG et al., Cancer Res. 56, pp.4087-95 ; Juvaj ev JG

et al., CanmeitioleshowsSa Hph 4ebditd4ALlvivd I ; : 0si des 10
Nucl eot i des 18 R10605- 1376§( 199931;9 Ga,vrr%%’i %%sg%e)?’egr} ."?éq\lgléﬁ f‘d‘%gﬁ#‘ﬁ f‘odf‘.3 26,

(2000 : T} v o S e Eftessigubln Nivg, JFUEvelior B weé s Ml e o
e o ool SR B4 A bt Pl R AL T
practy eall syt ) eEslagh 7! ol ol AR St 61
e VRSB B 0 688618 i
T e, | STRMSEAS .04 08 SPRE s 198" o NSNS
10 Nucleotides 18, 1065-1076 (1999); Gambhir SS et al., Nucl, Med. Biol. 26, pp.481-490
(1999); Haubner R et al., Eur. J. Nucl. Med. 27, pp-283-291 (2000); Tjuvajev JG et al.
Cancer Res. 59, 5186-193 (1999); Bengel FM et al., Circulation 102, pp.948-950
(2000)).
| In view of the above situation, the present invention aims to provide a
15 radiolabeled compounds that are practically useful in clinical fields, stable in vive, and
able to retain in cells after being phosphorylated by thymidine kinase of mammals, or
reflect the DNA synthesis activity after being incorporated in DNA, particularly those
compounds which are labeled with a single-photon __emitter to achieve a wide spectrum
of use, and also aims to provide methods for diégnosis of tissue proliferation activity
20  and for treatment of proliferative disease, utilizing agents that contain said radiolabeled
compounds.
Discl Cthe T .
To achieve the above-mentioned objectives, the present inventors have

synthesized a variety of radiolabeled compounds and have intensively studied to see if

25  they are useful for image evaluation of tissue proliferation activity. As a result, the



20 and for treatnent of proliferative disease, utilizing agents that
contain said radiol abel ed conpounds. Disclosure of the Invention To

achi eve the above-nenti oned objectives, the present inventoréngﬁvg

synt hesi zed a variety of radiol abel ed conmpounds and have int Y ?35
studied to see if 25 they are useful f.or.inage evaluation of tissue
proliferation activity. As a result, the 9 July 2005 -4 inventors have
found that radiol abel ed conmpounds as represented by the following formula
can serve for diagnosis of tissue proliferation activity or treatnment of
proliferati P¥eEpsehaye, found thea vediclebgltd cemiporas pr g prebentdy B ith® Pollowing
Specifically, the present invention provides an agent for diagnosis of
ti-ssue 5 hipeean isorve afori dingnosisr of aissiter @aslif@ationdTaci¥iey idk haihiq gk sease,
whi ch conprises, as an active ingredient, a radiol abel ed conpound as

r epr esent edprbifetative fiskdsepinddat ©complaed thepresehanvengignt i cal |y acceptabl e salt
thereof 0 O-'N _;'" R H-I R' OHR3 wherein R denotes hydrogen, or a

linear- or branciSpecifibaiyntiel pogdent ifventiSiapiottied =8 aghhh ﬁﬁ‘RgJ?ﬁieﬂoﬁE %'ﬁi's%lﬁz

denot es hydrogen, hydroxyl, or a hal ogen substituent; not es ydr ogen

or bf ![ ggﬁi n?)rﬁlifbmtibm aeility dr4fodl @RathRet OX P3G Rraivel ditkasd rw}ﬂcmgélﬂlyrksggeas an
substi tuent, |

active ingredient, a radiolabeled compound as represented by the following formula or a

pharmaceutically acceptable salt thereof:

O

wherein R, denotes hydrogen, or a linear- or branched-chain alkyl group having 1-8
10  carbon atoms; R, denotes hydrogen, hydroxyl, or a halogen substituent; R, denotes

hydrogen or fluorine substituent, R, denotes oxygen, sulfur or a methylene substituent,

and Ry denotes a radioactive halogen substituent, excluding'the' case where R, R, and

R, are hydrogen, R, being oxygen, and R; being radioactive fluorine, bromine, iodine,

or astatine; the case where R, and R, are hydrogen, R, being fluorine, R, being oxygen,
15 and R, being radioactive bromine or iodine; and the case where R, and R, are hydrogen,

R, being fluorine, R, being oxygen, and R, being radioactive bromine or iodine.

The radiolabeled compounds of the present invention are stable in vivo, and can

retain in cells afier being phosphorylated by mammalian thymidine kinase or reflect the



notes a radi oactive hal ogen substituent, excluding the case where
%de§Sag§ R3 are hydrogen, R4 being oxygen, and R5 being radioactive
fluorine, bromne, iodine, or astatine; the case where R,_agﬂP§§?§@§
hydrogen, R2 being fluorine, R4 being oxygen, 15 and RS bein Ctive
brorine or iodine; and the case where Rsand R2 are hydrogen, R3 being
fluorine, R4 being oxygen, and R5 being radioactive bromne or iodine. The
radj ol abel ed conpounds of the present invention are stable in vivo, and can
retain in cells after bei ng phosphoryl ated by mammalian thym di ne kinase or
reflect the N4 uyythegesctgiyDhftershaing ermosporattd i YNATF t Therl@firél Othby GOJIRLT at ed
in DNA. Therefore, they realize effective diagnosis of tissue
prol i f er at i efecive disgngsimoictissuepblifentionfac@vin) iddaraihye ofl pRAiRS Stive cﬁ%ﬁsear e
particularly useful as diagnostic radioactive inmaging agents for di agnosis

of tissue prbasefmrtiulaly eefil vistdiagnostasradafPRCThAsEng %g:éhi?épﬁytdﬁagpéﬂ§ﬁ£s for

treatnent of 5 proliferative disease in accordance w ntern

. . o e . her
di ot her apijssu¢ qualiferatidi cdctieitany & ridiGactiVé KBeragdiie : aRGGOFS Rk 2Rpt her
ggp;gt of F%Z p?gsent inventi%n, there are provgded E%ethégs %%r J|38n03|s

of tissue pprolifefaivaiiisesseds hbdbrdance Wﬂhqaeﬁﬁmﬂi&&r%&hf}gg{og{%%pﬁgr hsove

ef fective anount of a radiol abel ed conpound as re sen
formul a or lékelO pharmaceutical ly acceptable salt thereof to a nammal,
followed by imaging in vivo -distribution thereof, and nethods for

treatment of _profThiigradtdrting do 8RARG asthh OF uIBLhe R en MM SLE LGN

e]E fgcmeve am)gnt ofgsai é rgdi ol abeﬂlﬁaé%%corrpo n “or f%‘??’ tfh'ée ?Fgr?ﬁ%‘?:b?regl n,
i nelmess! : . _ i _ -

gggggtnhgcas reSreseE?gﬁkgg&?ﬂtq{% aﬁﬁéﬁ%ggﬁﬂ%ﬁéﬁ?ﬁﬁﬁﬁ%% §§P¥‘ TWEPBof , or

may be in affealvaioudt 88FaAlRMRled AR & re#n@?e%?ed'b)?ﬁ'lg Eag%‘?‘e' oflﬂiag%'r yde
pharmaceutical ly acceptable salts, for exanple, one“for
10 pharmaceutically acceptable salt thereof to a mammal, followed by imaging in vivo
distribution thereof, and methods for treatment 6f proliferative disease, which comprises
administering an effective amount of said radiolabeled compound or salt to a mammal,
Herein, mammal includes human beings.
In the present invention, the radiolabeled cdmpounds as represented by the
15  above formula inclu;ie salts thereof, or may be in a form of a hydrate or solvate of these.
Such salts include pharmaceutically acceptable salts, for example, one formed with a
mineral acid such as hydrochloric acid and sulfuric acid or with an organic acid such as
acetic acid. As such a hydrate or solvate, mention may be made of the present
radiolabeled compounds or salts thereof to which water molecules or solvent molecules
20  are attached. Furthermore, the compounds of the present invention includeltheir
various isomers such as tautomers,
In the above formula, the linear- or branched-chain alkyl group having 1-8
carbon atoms as represented by R, includes, for example, methyl group, ethyl group,
propyl group, t-butyl group, and n-hexyl group, of which methyl group is preferable,

25  The halogen-substituent as represented by R, preferably includes fluorine, chlorine, and



mneral acid such as hydrochloric acid and sulfuric acid or with an organic
acid such as acetic acid. As such a hydrate or solvate, nention may be
made of the present radiol abel ed conpounds or salts thereofgto h wat er
nol ecul es or solvent nol ecules 20 are attached. Furthernore, Y ounds
of the present invention include their _guarious isomers such as taut omers.
In the above fornula, the linear- or branched-chain al kyl group having 1-8
car,bon atons as represented by R, includes, for exanple, methyl group,

ethyl group, propyl group, t-butyl group, and n-hexyl group, of which

met hyl ~gr oubromingor &% éx prbfemblypdxyEreotwmilfog efiwhichstiftirie pirtiadlatl £ prefssn. ed by R2
preferably includes fluorine, chlorine, and 9 July 2005 -6 bromne. R 1is
preferably oxygerhoradiodctive halogenadubstituentlak téprésent@ bl iRG 4h Al 3bobé BlrRLAP! €-

The radi oactive hal ogen-substituent as represented by R5 in the above

fornul a i nahcdés F18,&1-361B36S, B3 76/ Br-7B/ BrifR, 1:803,47124, 1-125, 1-131, and At-21
Br-82.1-123,1-124,1-125,1-13 1, and At-211, of which F- 18 Br-7 é i 123,

and | -124 afeviieteF-48aBi-26, A3 irddoRat dré Fﬁ%rﬂﬁé?o% dphb&icBluiposes while Br-
77,1-125,1-131, and At-211 are preferable for therapeutic purpos

Preferr&d conpozs)ds3amnaeniasent Qfeﬁh}ﬁlét’ﬂﬁﬂ@ﬁ Mﬁxcfp%i&'ésa ncl ude ¢ hose
wherein R, is hydrogen or net hy[ﬁ R2 is gen “or hal ogen- substltuent

R3 is hydrogen, Pﬁ@ﬁﬂ%étﬁ%&?ﬁﬂﬂeag Qbrééﬂtéd"i)ﬁl@@rﬁﬂogglfﬂﬁlu}ia pﬁgt@{ those

wherein R® R2 and R are hydrogen, R4 is s IS ara |oac(fve

hal ogen- s ulaerdin ®)tis IBMIREER br |l HERYIER, 18 hydddheh- Jrzés’haf[o'é%}?-gubsﬁ% a%%

Certain 4'-thio nucI ei'’c acid derivati‘ves as epresen

formuila (nh@ogerRand R, % HORek %{Jknﬁﬂﬁtba‘fﬁaﬂéw gﬁ@égﬁgﬁg}}e?ﬂ 2% bﬁresul )

reported to be resistant to bacterial

8‘; Z ;gg' g? ggaf(e?g’gfdé ﬁ’%ﬁ?ﬁqﬂ%%q% 'Eipg %%eh@gﬁéﬁglﬁg}nt?gfgelecg&%m s,
10 I-123,1-125, and I-131.

Certain 4'-thio nucleic acid derivatives as represented by the above formula
(where R; is a non-radioactive halogen-substituent) have been reported to be resistant to
bacterial thymidine phosphorylase as a result of studies on antiviral agents (Dyson MR
et al., J. Med. Chem. 34, pp.2782-2786 t1991); Rahim SG et al, J. Med. Chem. 39,
16 pp.789-795 (1996)). It has a!sé been known that certain 5-iodine- and 5-methyl-4'-
sulfur substitution products inhibit phosphorylation of thymidine by human thymidine
kinase (Strosselli S et al., Biochem J. 334, pp.15-22 (1998)). The chemical structures
of these compounds with sulfur at the 4' position and their use as an antiviral agent are
already known (International Publication ‘WO09101326, International Publication
20 'WO9104982, Japanese Patent Laid-Open No. HEI 10-087687), but neither the
corresponding radiolabeled compounds nor their use as a radioactive diagnostic imaging

agent or radioactive therapeutic agent have been known.
The chemical structures of certain compounds with a substituent at the 1’

position as represented by the above formula (where R; 1s a non-radioactive substituent)

25  and production methods thereof have already been known (Japanese Patent Laid-Open



15 pp. 789-795 (1996)). It has al so been known that certain 5-iodine- and
5-nmet hyl -4' - sul fur substitution products inhibit phosphorylation of

t hym di ne by human thym dine kinase (Strosselli S et al., Bég&F%ﬁ}é. 334,
pp. 15-22 (1998)). The chem cal structures of these conpound ¥%4P03y| f ur
at the 4" position and their use as an _gntiviral agent are already known
(I'nternational Publication W9101326, International Publication 20
W9104982, Japanese Patent Lai d-Qpen No. HEl 10-087687), but neither the
cot respondi ng radi ol abel ed conpounds nor their use as a radioactive

di agnosti c NSBHEDN@7-18928Y). OHowetrOAGTHeY ehel Epfedpiidti 1 known.
The chem cal structure;mg(%f cgrtairn corrpmfnds th agcrsag sﬁeteﬁg@i@?ﬁﬁle I’
posi tion aspdreRiesent adalyadiie BRAYSICiRGL iRl i adhpactive
substituent) - 2% and prgdu%tionﬁ%%tﬁgds @Eé?g%ﬁmﬁéﬁgﬁgPﬁigﬁgﬁ egﬁﬁgg%mn
(Japanese RaLehleni@db@sO0en 9 July 2005 -7 No. HElI 07-109289). However,

nei t her the correspondi ng radi ol abel ed conpounds. nor, their use as a

oo known. The uessiRITRS R fBEba Ry hEWARTOM Ty oo B RHLLELAES usca -
prol | epat s AR pRIE AL BoRig el OR B r T St i
o such” ar 58P il aod Rir AR ot iepfby in PR Basrap Bitarm o,
accompant edoB TS RBT YA PO & it on | The i agnosi s of hyper plasia
oD o RIS et 8 Rl £ B, Enl®
of hyperplasia, regeneration, transplantation or viral infection accompanied by abnormal '
10  proliferation .
The diagnosis of hyperplasia accompanied by abnormal proliferation includes,
for example, diagnosis of hyperplastic inflammation, bénign tumors, or malignant
tumors. The diagnosis of the hyperplastic inflammation includes, for example,
diagnoses concemipg activity of chronic rheumatoid arthritis and determinﬁtion of
15  therapeutic effects. The diagnosis of the benign tumors includes, for example,
diagnoses concemning localization, activity and determination of therapeutic effects.
The diagnosis of the malignant tumors includes, for example, diagnoses concerning
localization, progress, malignancy and determination of therapeutic effects, of primary
and metastatic malignant tumors. Benign tumors include, for example, prostatic
20  hyperplasia, endometrium hyperplasia (cystic hyperplasia, adenomyosis uteri,
hysteromyoma), ovarian tumor (cystadenoma), mammary gland (mastopathy, mammary
gland fibroadenoma), pituitary adenoma, cranjopharyngioma; thyroid adenoma,
adrenocortical adenoma and pheochromocytoma. Malignant tumors include, for
example, malignant lymphoma (Hodgkin’s disease, non-Hodgkin lymphoma),

25  pharyngeal cancer, lung cancer, esophagus cancer, gastric cancer, colon cancer, hepatic



tunors. The diagnosis of the hyperplastic inflammuation includes, for
exanpl e, diagnoses concerning activity of chronic rheumatoid arthritis and

deternmination of 15 therapeutic effects. The diagnosis of theénl? ni,ap tunors
i ncludes, for exanple, diagnoses concerning |ocalization, @9 And
detérm nation of therapeutic effects. The diagnosis of the mal i gnant
tunors includes, for exanple, diagnoses concerning |ocalization, progress,
mal i gnancy and deternmination of therapeutic effects, of primary and
metastatic malignant tunors. Benign tunors include, for exanple, prostatic
20 hyper pl a$#m&cr audargio cancehynephnid ashe (mephid cardiypafephadiagionylepRAALS| S
uteri, hysteromyonma), ovarian tunor (cystadenoma), nmamary gl and

( mast opat hytwmmstync cnaerd tdstitu] aramian nigrineDdahter! ¥aYiad @8MREBYreast cancer,
crani opharyngi oma, thyroid adenoma, adrenocorti cal adenome and

pheochr onocihyarit. cahdet,| geuasHlastomm) Srain flmite(pritffy beaiR MGy, MBlabERA M ai
| ymphoma ( Hodgki n's di sease, non- Hodgkin F(g/]rrphona) 25 pf]arynge <Flrl]ﬁ(‘:azlil}]cer,

| ung cancer tunesp pihabdoinyessiteiha, Basd tnfiof A0HESsarcobRMa Or}nﬁéﬁﬁﬁf ’boH@p@xInof), 9 July

2005 -8 cancer, pancreatic cancer, nephric tunor rrc cancer,

nephroblfastloﬁra))nskﬂrﬁﬁx@b?hndﬁlul‘@{am]ﬁeﬁﬁ&ﬁgl c cancer, test i cul ar tunor,
uterine cancer, ovarian cancer, breast cancer, thyroid cancer,

neur obl ast oMa, - brTeNdibpBRSs 6P lrbgBREMiOR AcBorhpHIR b EAAREA o?[}‘&lit}(}n fmor),

r habdonyosar coma, bone tunor (osteosar cona,  net as 135

Kaposi' s saxeapBiied by aﬁa@o@ﬁaaf ﬁE‘iﬁ:‘u@HOé’faphﬂb‘??é a?l‘g;@gez-l Eaiy%hl ér‘;%ggﬁr S

acconpani ed by abnormal proliferation is” ‘exe

function ofdishust of 9&!161%!;1&%@61&&&?0&19?%%5 pgb dpaﬁ{?:‘f'o i ?cgs@og'fb?%q(g Slscel | s,

pat hol ogi cal regeneration resulting f ol"ogic 0SS

such as evabhelahi evalﬁﬁnoanSp}@Ei%mg?&i hBRYR 9@& ﬁoésuafwe g o [ OW
during 10 treatment wth anti-cancer drugs an di agnosi's o pafvh‘g'flglﬁl cal
functi d0s @leatidtat BoRGnti-cancer drugs and diagnosis of pathological functions of the bone

marrow in patients suffering from hypoplastic anemia.

The diagnosis of transplantation accompanied by abnormal proliferation is
exemplified by diagnosis of blood cancer patients undergoing bone marrow
transplantation or very high-dose chemo.therapy_using an anticancer agent, such as

15  diagnosis of take or proliferation of transplanted bone marrow cells in bone marrow
transplantation. |

The diagnosis of viral infection accompanied by abnormal proliferation
includes, for example, diagnosis of virus-infected portions and proliferation thereof in
infectious diseases caused by Type I or Type II herpes simplex virus, varicella-zoster

20 herpes virus, cytomegalovirus, Epstein-Barr virus, or human immunodeficiency virus,
particularly infectious diseases of central nervous system (e.g., viral-infectious cerebritis,
meningitis, etc.) caused by Type I or Type I herpes simplex virus or human
immunodeficiency virus.

The treatment for proliferative diseases is exemplified by treatment of

25 malignant tumors or viral infection accompanied by abnormal proliferation. Such



marrow in patients suffering from hypoplastic anem a. The di agnosis of
transplantation acconpani ed by abnornal proliferation is exenplified by

di agnosi s of blood cancer patients undergoing bone narrow t%ﬁ@?ﬁ%t ation
or very hi gh-dose chenot herapy, using an anticancer agent, s S 15

di agnosi s of take or proliferation of tganspl anted bone marrow cells in
bone marrow transplantation. The diagnosis of viral infection acconpanied
by_abnormal proliferation includes, for exanple, diagnosis of _
virus-infected portions and proliferation thereof in infectious diseases
caused by Tyaignantdymay peclude, frargyempki mplignant/iymphomu {HbdgHin’a dzsesseefion20
herpes virus, cytonegal ovirus, Epstein-Ban virus, or human i munodefi ci ency
virus, parHadgkindymphdme)cpitarogealdases den ahcagliver ahnces bladdsr Byst, esndie. J.
viral -infectious cerebritis, neningitis, etc.) caused by Type | or Type |
her pes si mphmer, virosiaticocancenanerinenvander @fatine baitery ibretst cdmi@r, Lhrgiat Bt f or
proliferative diseases is exenplified by treatnent of 25 nalignant tunors

or viral i ffrémiry breimagseorpmeiasetidyrandiaioRRhndmaligdaat Aeiadma SUGIhS vl Y 2005
-9 malignant tunors include, for exanple, malignant |ynphoma (Hodgkin's

di seaseb natfectivndgilides| ifEPHARENiseabds A YRERA net AR &ystenUsPHF §pe | by €'
cancer, bl adder tunor, rectal cancer, prostatic Cancer, uterine cancer,

ovari an camgss J1 herp@s binpddC Qfrus BF duthah URKunobERJiEIRY Wi s?l B9y vical
met astatic mi n tunor), and malignant nel anona. Sgch a ?I ra1Il 5{’| m?ect i on

i ncl udes iaioeplidliﬁbl&-ﬂ&ﬁﬁgiﬁgs of central nervous system caused by Type | or
Type 11 herpes sinplex virus or human i mmunodeficiency virus, particularly

viral encephal iNethod¥ foFBdbeRgg iﬂe%od}%%ﬁﬂg%prfeﬁntédqgﬁihk WBobd ornizRe #ds

represented by the above fornula at e

“5” position with a radioactive halogen may be known methods, such as methods using

10 isotope exchange reaction, and a method using a 5-chioromercuri compound in which
mercury is introduced into the “5” position of the compound or a 5-hydrogen compound
in which there is no substitution at the “5” position of the compound. The method
using the 5-chloromercuri compound is already known as an iodo-labeling method for
producing 5-iodo-2'-deoxyuridine (United States Patent No. 4,851,520; Baranowska-

15  Kortylewicz J et al., Appl. Radiat. Isot. 39, p.335 (1988)). This method is, however,
di;advantageous for producing pharmaceuticals labeled with a short half-time
radioactive nuclide due to side reactions (formation of *S5-chloro” compounds,
demercurization reaction), a long reaction time (6 hours), and formation of inorganic
mercury compounds. The method using a 5-hydrogen compound is already known as

20 amethod for producing 5-iodo-2'-deoxyuridine from 2'-deoxyuridine (Knaus EE et al.,
Appl. Radiat. Isot. 37, p.901 (1986); Fin RD et al., J. Label. Comds. Radiopharm. 40,
p.103 (1997)). This method, however, requires heating at 65-115°C, and therefore, it
is not suitable for use with compounds that are easily.decomposed under heating

conditions and cannot be said to be an ideal labeling fnethod, considering the properties

25  of radioactive halogen atoms which preferably should not involve heating operations



"5" position with a radioactive hal ogen may be known nethods, such as
nmet hods using 10 isotope exchange reaction, and a method using a
5-chl oronercuri conpound in which nercury is i ntrodyce\(ljm! n}]o?hgﬁéz&é -
position of the conpound or a 5-hydrogen conpound in i C

substitution at the "5" position of the,gonpound. The method using the

5-chl oromercuri conpound is al ready known as an i odo-|abeling nethod for
produci ng 5-iodo-2'-deoxyuridine (United States Patent No. 4,851, 520;
Baranowska 15 Kortylewicz J et al., Appl. Radiat. |sot. 39 p 335 (1988)).
Thi s met hoddiring th@lhﬁdlﬁ’(g,readﬂn'oﬁadFﬁfﬁe@Qﬁ@#hﬁwflé%luP% ﬁﬁgfﬁ%g'ﬁﬁn %Qéhtahgal S

| abeled with a short half-tine radioactive nuc e feactions

(formation ﬂﬁacﬁ1§Ek@&ﬂmnﬁﬁﬁﬁ@yBﬂﬂumn%%ﬂhﬁﬁH&héﬁgHBRr&ﬁ?ﬁé'0@%%3%%|%Q2 The

reaction time (6 hours), and formatio ani c mercur
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10 Formula 28 in Fig.3, Formula 40 in Fig.4, Formula 50 in Fig.5 or Formula 58 in Fig.6,

to react with 0.1N sodium hydroxide solution of a radioactive halogen in an appropriate
solvent such as chloroform, so that the trialkylstannyl group at the “5” position is
converted into a radioactive halogen-substituent. This labeling method, which uses a
5-trialkyltin compound, is preferable as in does not suffer such problems as with the
15  above three labeling methods. Specifically, this method requires only a relatively short
reaction time, and it does not produce “5-chioro” compounds or need heating as the
reaction readily proceeds at room temperature, The resulting labeled compounds are
free of carriers, and if a lower specific activity is desired, a labeled compound with a
fixed specific activity can be readily prepared by adding a carrier. This method is also
20  featured in that purification after the reaction is easy to operate. Specifically, 5-
trialkyltin compounds are largely different from the corresponding radioactive halogen-
labeled compounds in terms of overall molecular polarity as the electrical properties at
the “5” position differ between them. Owing to the difference in the molecular
polarity, labeled compounds and unreacted precursors can be separated easily by using a

25  commercial reverse-phase silica gel cartridge after the labeling reaction. This permits



fornmula at the "5" position with a radioactive halogen is to allow a
conpound (5- trialkyltin conpound), in which the pyrimdine base is
substituted by a trial kyl stannyl group at the "5" position as. represented
by Formula 11 in Fig. 1, Formula 21 in Fig.2, 10 Fornula 28 ﬁhh#¥§P§§
Formula 40 in Fig.4, Fornula 50 in Fig.§;or Formula 58 in Fig.6, to react
with 0. 1N sodi um hydr oxi de solution of a radioactive halogen in an
appropriate solvent such as chloroform so that the trial kyl stannyl group
.at the '5 position is converted into a radioactive hal ogen-substituent.
Thi s | abel i rljmiretibncf hei sded USE Sroablefonter h@hkyérfdn&m%ﬁnwadehrbﬁategﬁgﬁkab' e
as it does not suffer such problens as wth the 15 above three | I ng
nmet hods. Speatifitatiohl y, this method requires only a relatively short
reaction time, and it does not produce "5-chloro” conpounds or need heating

as the reaction T’lﬂ@gE&cﬁr@ﬁ@ﬁ%@ﬁwﬁhsp"e&%ﬁtﬁ@ﬂﬂ%?én@‘i efition] ¥erd %S}%\tfiid&? ,
| abel ed conpounds are free of carriérs, and if a [ower “specific ac ?V|ty

i s desired, ptHogbf)k & SRHRPYUN 1 i spheci {1 td Vit n.be
readily prepared %{r/ Iszjlfél)di I!lg g %gwa?ﬂeﬁea ﬁlillﬁs%grgt%ogép%sgrg (gogyZéh%/é‘gl?W% in
that pursfigabiy@n after the reaction is easy to operate. Specifically, 5-
trialkyltin conpounds are largely different fromthe correspondi ng

radi oacti ve hal ogen- 1abel ed conpounds in ternms of overall nol ecul ar
polarity as the electrical properties at the "5" position differ between
them Owing to the difference in the nol@cular polarity, |abeled conpounds
and unreacted precursors can be separatefl easily by using a 25 commerci al
reverse-phase silica 'gel cartridge afte he L#&eling reaction. This
permts 9 July 2005 elimnation of HMN nee f troubl esone hi gh performance

l'i quid chromat ographic purification. Thus,,according to anot her aspect of
the present invention, there is provided a

nmet hod for producing a

radi ol abel ed conpound as represe by~pgtte following 5 formula:
HO
R,
H R
H Ry
OH R,

3

wherein R, denotes hydrogen or a linear- or branched-chain alkyl groups having 1-8
carbon atoms, .Rz denotes hydrogen, hydroxyl or a halogen substituent, R, denotes
10 hydrogen or fluorine substituent, R, denotes oxygen, sulfur or a methylene substituent,

and R, denotes a radioactive halogen substitient;

comprising reacting a nucleoside derivative as represented by the following formula:



A T-7 R OHR3 wherein RI denotes hydrogen or a linear- or branched-chain
al kyl groups having 1-8 carbon atons, R denotes hydrogen, hydroxyl or a
hal ogen substituent, R3 denotes 10 hydrogen or fluorine subsg%hﬂegb SFM
denot es oxygen, sulfur or a methylene substituent, and R5 d ¥ 200

radi oactive hal ogen substitient; conprighng reacting a nucl eosi de
derivative as represented by the following fornula: 9 July 2005 -12 O HN RS
RAAR21 7 RL OH R3 wherein R denotes hydrogen or a linear- or

branched-chai n al kyl groups having 1-8 g¢arbon atons, R2 denotes hydrogen,
tes hydrogen or fluorine

hydroxyl or a hal ogen substituent, R de
substituent, R4 denotes oxygen, sulfur of] a nethyl ene substituent, 5 and
RS denotes a trial kyl stannyl group, wt i ne solution of a

radi oactive hal ogen in a solvent, wiiNeby t trial kyl stannyl group of R
Is converted into the radioactive hal pgen sybstituent. The 5-trialkyltin

conpounds as represented by Formul a in EYg.1, Formula 21 in Fig.2,
Formula 28 in Fig.3, Fornula 40 i @i g. ormula 50 in Fig.5, and
HO
R4
H R
H R1
OH R,

wherein R, denotes hydrogen or a linear- or branched-chain alkyl groups having 1-8
carbon atoms, R, denotes hydrogen, hydroxyl or a halogen substituent, R, denotes
hydrogen or fluorine substituent, R, denotes oxygen, sulfur or a methylene substituent, -
5  and R, denotes a trialkylstannyl group,

with an alkaline solution of a radioactive halogen in a solvent, whereby the
trialkylstannyl group of R, is converted info the radioactive halogen substitl_.lent.

The 5-trialkyltin compounds as represented by Formula 11 in Fig.1, Formula
21 in Fig.2, Formula 28 in Fig.3, Formula 40 in Fig.4, Formula 50 in Fig.5, and

10  Formula 58 in Fig.6 are novel compounds which are useful intermediates for producing

the radiolabeled compounds of the present invention.

Thus, according to another aspect of the present invention, there is provided a

compound as represented by the following formula:



10 Forrmula 58 in Fig.6 are novel conpounds which are useful internediates
for producing the radiol abel ed conpounds of the present invention. Thus,
according to anot her aspect of the present invention, there |3[s ﬁ)é&ﬁ ded a
conpound as represented by the followng formula: 9 July 2085l -r R
OH R3 wherein R denotes hydrogen or a;{inear- or branched-chain alkyl
groups having 1-8 carbon atons, R2 denotes hydrogen, hydroxyl or a hal ogen
substituent, R3 denotes hydrogen or fluorine substituent, R4 denotes
oxygen, sulfur or a nethylene substituent, 5 and R5 denotes a
trial kyl stannyl group. In the above forfla, the linear- or branched-chain
al kyl groups having 1-8 carbon atons ag|represented by R include, for
exanpl e, methyl group, ethyl group, pr | grBgp, t-butyl group, and

n- hexyl group, of which nmethyl groudN’s pr rred. The hal ogen-substituent
as represnted by R2 preferably includes fluerine, chlorine and 10 bromn ne.
R4 is preferably oxygen or sulfur. e tridl kyl stannyl group as represented
by RS includes trinethyl stannyl p, et hyl st annyl group and

Preferred conpoynds as represented by the above
formul a i nclude those rein R is hydrjogen or nethyl, R2 is hydrogen or a
hal ogen-substituent, R3 is™~hydrogen, and R4 is oxygen or sulfur. 15 As
seen fromFigs. 1-6, 5-tria|ky|t'RéxNW)unds can generally be synthesized
by providing their correspondng h? -contai ni ng conpound (as
represented by Formula 10 ifNJEi g. 1.2 la 20 in Fig.2, Fornula 27 in
Fig.3, Formula 39 in Fig.4,
as starting materials, reac

tributyl stannyl group.

wherein R, deflotes hydrogen or a linear- or branched-chain alkyl groups having 1-8

carbon atoms,;R2 denotes hydrogen, hydroxyl or a halogen substituent, R; denotes

hydrogen or flucrine substituent, R, denotes oxygen, sulfur or a methylene substituent,
_5 and R, denotes a trialkylstannyl group.

In the. above formula, the linear- or branched-chain alkyl groups having 1-8
carbon atoms as represented by R, include, for example, methyl group, ethyl group,
propyl group, t-butyl group, and n-hexyl group, of which methyl group is preferred.
The halogen-sﬁbsﬁtucnt as represnted by R, preferably includes fluorine, chlorine and

16 bromine. R, is ﬁreferalﬁly oxygen or sulfur. The trialkylstannyl group as represented
by R; includes trimethylstannyl group, triethylstanny! group and tributylstannyl group.

Preferfed compounds as represented by the above formula include those
wherein R, is hydrogen or methyl, R, is hydrogen or a halogen-substituent, R, is
hydrogen, and R, is oxygen or sulfur.

15 As seen from Figs.1-6, 5-trialkyltin 'compounds can generally be synthesized
by providing their corresponding halogen-containing compound {as represented by
Formula 10 in Fig.1, Formula 20 in Fig.2, Formula 27 in Fig.3, Formula 39 in Fig.4,

Formula 49 in Fig.5, or Formula 57 in Fig.6) as starting materials, reacting the



9 July 2005 -14 conpound with bis(trialkyltin) and
bi s(triphenyl phosphi ne)pal | adi um chloride in anhydrous 1, 4-di oxane under

heat at reflux in an argon atnosphere, followed by purificayiﬂzzgggpound
10 (ITDU) in Fig.1 can be synthesized by a known nmethod 5 (Fo I 1-8:

Dyson, MR et al., Carbo. Res. 216, p.2374(1991), and Fornul ae 8-10:

O vanen, Met al., J. Chem Soc., Perkin Trans. 2, p.2343 (1998)).
Specifically, 2- deoxy-D erythro-pentose (Conpound 1) is reacted with a 1%
hydrochl ori ¢ aci d- methanol solution to produce Conmpound 2, which is then
react ed wi t ¢ompsdind mwithd bis@tgalkyltie) r atdu thyd(aiphenilphosphics)ptetladmnd dsiaiél ibr oni de
to produce Conpound 3, in which 10 hydroxyl groups are protected. The
conpound i sanhgdoned dtiiokam tindeneirat ht ebfldnth aposgentatriéspHerBY dIRARHOBY ¢ aci d
to produce Conpound 4, which is then reacted with triphenyl phosphine,
benzoi ¢ acighrifeatlordi et hyl azodi car boxyl ate to produce Conpound 5. Sodi um
met hoxi de is then used to renove the benzoyl group from Conpound 5 to

produce Conpound (Gmpoahd OMEATIU) iS5 MPV&&SE@@#@@S&_EWQUM% i difbq 15
met hanesul fonyl chloride. Aring is formed with sodi um’ odi de an arium

car bonatse t(@ofhuledie3: CIEFNWIR €8 al VOABD. RE. DEAP 2 Wodl). aqd POQHARACShod N the

presence of bistrinethylsilylacetam de and then wi th N-1odosuccini nide to

d Co b tdo¥,. FeRHR ' t E1 0 ot4 tani
Chi'or  de to”pr oalce “corpound g ot JAB AR 3 b TR, Sttt Do ©

t hesi zed§ -B- | Al Isalid; [ vy O Q.
om o1, p 5oy Piohe) s E o oA B0 ek, Wit 1 T Fyfrofhighb - o3,
49, P 2177 6] oluia8 pkddist Chmpbuii B it isther RORECRMH s0ANS 1laHGLS®

(Conpound 13) is reacted wi th sodi um hydride enzy

tetrabutylammonium iodide, and benzyl bromide to produce Compound 3, in which

16 hydroxyl groups are protected. The compound is reacted with a-toluenethiol and
concentrated hydrochloric acid to produce Compound 4, which is then reacted with
triphenylphosphine, benzoic acid, and diethylazodicarboxy.late to produce Compound 5.
Sodium methoxide is then used to remove the benzoyl group from Compo_und 5to
produce Compound 6, followéd by -its copversion into Compcn_md 7 with

15  methanesulfonyl chloride. A ring is formed with sodium iodide and barium carbonate
to produce Compound 8, which is reacted with S-iodouracil in the presence of
bistrimethylsilylacetamide and then with N-iodosuccinimide to produce Compound 9.
Subsequently, Compound 9 is deprotected with titanic chloride to produce Compound
10.

ZQ Compound 20 (ITAU) in Fig.2 can be synthesized by a known method
(Formulae 13-17: Yoshimura Y et al., J. Org. Chem.61, p.822 (1996) and Formula 17-
20: Yoshimura Y et al., J. Med. Chem. 40, p.2177 (1997)). Specifically, 1,2;5,6-di-O-
isopropylidene glucose (Compound 13) is reacted with sodium hydride and benzyl

bromide to produce a 3-benzyl compound, which is subsequently reacted with

25 hydrochloric acid, aqueous sodium periodate solution, and sodium borohydride to



bronmi de to produce a 3-benzyl conpound, which is subsequently reacted wth
25 hydrochloric acid, aqueous sodium periodate solution, and sodium
borohydride to 9 July 2005 -15 produce Conpound 14, which is tn§g§®$nver;ed
wi th hydrogen chloride into Conmpound 15. The compound is th%ﬂ acted with
nmesyl chloride and sodium sulfide to prgduce Conpound 16, which is reacted
wi th hydrochloric acid and sodi um borohydride successively to produce
Compound 17. Hydroxyl groups are protected with sodiumb5 hydride and benzyl
brom de (Compound 18), and the resulting conmpound is converted to Conpound
19 wi th m ghbdrce Gempenid] 4; witdhds (tien CRBAte@ Rithakdgen aRIBMEE it Comboiind
further reacted wth 5-iodouracil in the presence of

1,1,1,3, 3, IsheTaeeshydupdes theth sédcrdanith hyDRotife MOMaaM Suighy (Pepliateed
conpound, which is then reacted with boron chloride to produce Conpound

20. 10 Conumapdurd i6) ‘Whith 3s Gastidde wimORBHEshIGR hel! %-sogg%%ﬂy&%es hown .

in Fig.2i1s used as a starting material, which is react

t-butyl di nehdrsssivelyto plobade @&npéuﬁ@%cﬁglygtd&}(fgkf%ﬁ)gég g{o@ﬁg%g{ Ddmi 0 the
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The conpound is r Wi't roperbenzorc ac

met hyl ene %nggﬂd%%rgd{{cgggvhmp?mﬁd with aceti.c anhydride to produce

Compound 26. This I's reacte e product resulting froma
10 Compound 27 in Fig.3 can be produced as follows. Compound 17 shown in

Fig.2l_ is used as a starting material, which is reacted with t-butyldimethyisilyl chloride
(TBDMSCI) in dimethylformamide (DMF) in the presence of imidazole to protect the
hydroxyl group at the “5” position with a silyl group to produce Compound 23. .
Trifluoromethanesulfonic acid anhydride (Tf,0) is added thereto in pyridine to produce
15 Compound 24 m which the hydroxyl group at the “2” position is
n‘iﬂuqromethanesulfonylatcd. The compound is reacted with potassium fluoride,
along with Kryptofix (registered trademark) 222 and potassium carbonate, in
acetonitrile, to produce a fluoride compound (Compound 25) in which the substituent at
the “2” position is stereochemically reversed. The conipound is reacted with m-
20  chloroperbenzoic acid (m-CPBA) in methylene chloride and further treated with acetic
- anhydride to produce Compound 26. This is reacted with the product resulting from a
reaction of S-iodouracil and 1,1,1,3,3,3-hexamethylene disilazane (HMDS), and with
triflucromethanesulfonic acid trimethylsilyl (TMSOTf). The resulting product is
further treated with boron chloride in methylene chloride to produce Compound 27.

25 Compound 39 (FIAU) in Fig4 can be synthesized by a known method



reaction of 5-iodouracil and 1,1, 1, 3,3, 3-hexanet hyl ene di sil azane (HVDS),
and with trifluoronethanesulfonic acid trinethylsilyl (TMSOTf). The
resulting product is further treated with boron chloride i t%h ne
chloride to produce Conmpound 27. 25 Conpound 39 (FIAU) in Fﬂbﬂﬁy be

syht hesi zed by a known nethod 9 July 20@% -16 (Fornul ae 30-37: Reichman U
et al., Carbohydrate Res. 42, p.233 (1975) and Fornulae 37-39: Asakura J
et al., J. Og. Chem 55, p.4928 (1990)). Specifically, Conpound 31, which
has been synthesized in four steps from1,2:5, 6-di-Oisopropylidene glucose
( Conpound §Byrmulae I0r3aRetthitiah U & 24.aCkbOhREabRRESI I8N (19A5P&Hd Férull- 120)

to produce 5 Conpound 32, which is then reacted with potassium periodate to
produce Conpd9ndsakdra J ékhil.sl.iGrg! Ol 15826 19TR WobdY).S OSHebiTicAY, tRxipdend 91,pr oduce
Compound 34, followed by acetylation of hydroxyl groups to produce
Conpound 3%hichhRasCBd¥ROHMthekiSed 1P #@0stepd Hbmal PY Y. AUSRPrNidSA8aLdse acid
solution to produce Cooﬁgound 36, folsi%l%lg;/ed by ’co’ndensatoiBocﬁmvfﬁ' tﬁ %n uSr aci |
derivat i ve¢smphaduos iCRERAIAS 3 catibh ekchas ite Y- t Lth
diannnniun$cer$ﬁn(llff sul fate (éﬁﬁ) fo pro uggq np%ﬁ%ggégﬁp@dﬁﬁ%&%d by
deprot ext i @gnBhudy A Qhydh i | | hoxi I mpound
39. Corrpoundm?QU(Fl tAU) ilﬁ{h%ﬁg&%ﬁ@téﬁt@g’q%lf}nmﬂe%ltg%%g@i&gucﬁncg’ find 20
(Fornmul ae 4Rix48 thefOshiBd LdthY: I : : and
Formul ae 15 S46- 4e9: \Yog%vﬁtlﬂlr %O%E}mgtmeé]? ql?degog%rro éﬁ@%‘c’i‘% %ﬂ?&éﬁllé&%ﬁ%
(2000)). Speaifdonad p‘g% 4 ' n n i L.n_nine
steps from 1{6’2: 50, 6_13?5»@89}' op?gég/ﬁfoﬁéa@éﬂg%ls&;g 'Coﬁrr]\[p/eo‘11';1':%1(‘?0ps 021@??5 ?rgatﬁiact ed

wi th di et hylam 3 c%ﬁrﬁéﬁlgro%{dielcalcﬁﬁzr .cq@ solgll:i)@is{c) tho(ats%: %%ﬂﬁ\?untwqgﬁ'dwe whi ch

is then reacte chl oroperbenzor ¢ aci 0 prodauce npound

45. This i&nﬁ%@cﬂ#@ﬂhla}‘x A h&ad b ﬁpo%{lLeCCompound 37. It is subsequently

10  reacted with ;iianunonium cerium(IIT) sulfate (CAN) to produce Compound 38,

followed by deprotection of hydroxyl groups with sodium methoxide to produce
Compound 39.
| Comppund 49 (FITAU) in Fig.5 can be synthesized by a known method
(Formulae 42-46: Yoshimura Y et al., J. brg. Cheni. 62, p.3140 (1997) and Formulae
15  46-49: Yoshimura Y et al, Bioorg. Med. Chem. 8, p.1545 (2000)). Specifically,
Compound 43, which has been synthesized- in nine steps from 1,2:5,6-di-0O-
isopropylidene glucose (Compound 42), is reacted with diethylaminosulfur trifluoride
{DAST) to produce Compound 44, which is then reacted with m-chloroperbenzoic acid
(m-CPBA) to produce Compound 45. This is subsequently reacted with acetic
20  anhydride to produce Compound 46, which is reacted with trifluoromethanesulfonic
acid trimethylsilyl (TMSOT{) to cause condensation with a 5-iodouracil derivative to
produce Compound 47. Finally, the two protective hydroxyl groups are removed to
produce Compbund 49,
Compound 57 (IMBAU) in Fig.6 can be synthesized by a known method

25  (Formulae 52-54: Itoh Y et al., J. Org. Chem. 60, p.656 (1995) and Formulae 55-56:



20 anhydride to produce Conmpound 46, which is reacted with
trifluoronethanesul fonic acid trinmethylsilyl (TMSOIf) to cause
condensation with a 5-iodouracil derivative to produce Corrp%ﬂn&?g)és
Finally, the two protective hydroxyl groups are renpved to )

Corfpound 49. Conpound 57 (1 MBAU) in Fi_g‘.76_ can be synthesized by a known
nmethod 25 (Fornulae 52-54: Itoh Y et al., J. Og. Chem 60, p.656 (1995)
and Formul ae 55-56: 9 July 2005 -17 Asakura J et al., J. Org. Chem 55,
p. 4928 (1990)), combined with known reactions for protection and
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i ntraperit al _adm.ni.stratian and.direct adpini.stration to a tunor or
ot her affe§€§r r%rgg eldgﬁ@ O 1q raduce; OWW@gg?'e used as an agent for

treat ngyt of pr er"oirfr%iglta{)éigd ‘éér%&?u%ﬁs of the present invention, appropriate doses and

routes of administration should be selected depending upon target diseases and

objectives, but if they are used as an agent for diagnosis of tissue proliferation activity, a

radioactivity in the range of 37MBq to 740MBgq, preferably 111MBq to 370MBq is

administered. Usually, they are administered intravenously, but in some cases, other

15 routes of administration including arteriél or intraperitoneal administration and direct
administration to a tumor or other affected portions _niay be used.

If they are used as an agent for treatment of proliferative disease, a
radioactivity in the range of 37MBq to 7400MBq, preferably 185MBq to 3700MBq, is
administered. Usually, they are administered intravenously, but in some cases, other

20 roufes of administration including arterial or intraperitoneal administratibn and direct
administration to a tumor or other affected portions may be used. Fuﬁhermore, if they
are used for therapeutic purposes, the above dose may be administered several times at
appropriate intervals.

The agent for diagnosis of tissue proliferation activity of the present invention

25  can serve for whole-body or local scintigraphy and whole-body or local SPECT



radi oactivity in the range of 37MBg to 7400MBg, preferably 185MBq to
3700MBg, is admnistered. Usually, they are adm nistered intravenously,
but in sone cases, other 20 routes of adm nistration includlgg Fdﬁ@ﬁlal or
i ntraperitoneal admnistration and direct admnistration to

other affected portions may be used. Fughernore, if they are used for

t herapeutic purposes, the above dose may be adm nistered several tines at
appropriate intervals. The agent for diagnosis of tissue proliferation
activity of the present invention 25 can serve for whol e-body or |ocal

sci nti graplisnaging byhadecofomeyidey fdr BPRECTSPEGInO nddlidys 2Q08ET, 1iBey Wagialkg HY use
of nuclides for SPECT. Using nuclides for PET, they can also be applied

for whol e- hggiedofor WhsletbolEbr lod®PBWimaglig. agent for di agnosis of tissue
proliferation activity of the present invention can serve for quantitative

determ nation of Thoggdnt Mﬂlééﬂ%ﬁ:@bf ﬁ%u@ﬁd]iférﬁﬁi’orpﬁb?ﬁﬂy %Fthe%r@s‘%ﬁf AREdRhe nodel
analysis. Furthernore, if non-proliferation tissue is used as a control,

| ocal prol ich@rfeV foraghdnikdtive CaRerREnAiph| QF%c%P?rJ)IYfeﬂaﬂv@ a%ﬁ ; Paant ighative

way. The agent for treatment of proliferative disease of present

inventi gn, s¥whBpridte MEdR- ﬁlﬁ}fyglkerl?ﬁl’ﬁ%nat% % :hgé -pholifetash glﬁé?lfeeié useﬁazgs ?ﬁ;ves

to decrease Iarge tunors of 1cm or nore i anmeter, epen

range of t beyiocAiratidl litned ol n]aoseﬁ‘ﬁ-qaéxﬁlt#tﬁeg?a%d they can

work on small |esi |‘rm or 1ess in diameter nore vely than
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net astatic ones 1 nc ude emtte
10 At-211 is used, they can work on small lesions of 0.lmm or less in diameter more

effectively than beta-emitter, and therefore, they are expected to serve for treatinent of
micrometastasis over the body. Furthermore, nuclides that emit Auger electrons, such
as I~123, can: have antitumor effects due to DNA breakage, only after labeled
compounds have gathered aroupd the DNAS. Therefore, suitable label nuclides for

15  treatment of systemic tumor foci including metastatic ones include alpha-emitter such as
At-211, and befa-emitter such as I-131 that can have effect on portions around the foci
depending on the range. The most effective method is the cocktail therapy which ﬁses
a mixture of a pompound labeled with an alpha-emitter and a compound labeled with a
beta-emitter.

20 For treatment by local administration, compounds labeled with nuclides that
emit Auger eléctrons, such as I-125, are particularly effective for brain tumor that is
difficult to remove completely by surgical operation, and residual tumor from malignant
melanoma, and in view of functional preservation, breast cancer, rectal cancer, prostatic
cancer, and malignant mouth tumor, because they do no harm on portions other than

25  pathologically proliferating cells owing to the properties of rays emitted therefrom.



At-21 1, and beta-emitter such as 1-131 that can have effect on portions
around the foci depending on the range. The nost effective nethod is the
cocktail therapy which uses a mxture of a conmpound | abeled wth

al pha-emtter and a conpound | abeled with a beta-emtter. Z@V\‘A'*U)’zﬁﬁl%at ment
by 1ocal adm nistration, conpounds |abeligd with nuclides that emt Auger
el ectrons, such as 1-125, are particularly effective for brain tunor that
is difficult to renove conpletely by surgical operation, and residual
tunor from nalignant nelanoma, and in view of functional preservation,

br east cancapchniguet r leeal cadmingstratiratinciudesafireexaneplel aml ddgrimistrationuirto t unor
because they do no harmon portions other than 25 pathol ogically
proliferati miracaiitary foel sugh tas colos cpcepby tisecsf af endayopend Hired alhmigfhtioan 9
July 2005 -19 Techni que for |local admnistration includes, for exanple, an
admi ni st r at teofoci affested byt baasinonrdyrih® clanushy,amd ol AmisRReRh By usesst #T an
endoscope, a direct admnistration to foci affected by brain tunor during
crani ot ony, caimderdinto ad aiteryStleednt aniffedre offanductCaliNet fectddlty @ficedl t ry
relevant to an affected organ such as liver affected by cancer. 5 Brief
Descri ptd onBaéf DeserigdioawiffigsDfamiings 1/ | ustrates a synthetic pathway for a
conpound of the present invention. Fig.2 illustrates another synthetic

pathway for a cormg)unwsasteweylﬂse@ia?%wa'y R ohipBund bidhSplebdrt iiveidis a third
synt hetic pathway for a conpound of the present 10 invention. Fig.4

illustrates a foWidD iBysiahet dnotiRAtshydsid P4thRaf IFPQURthptind B8 BE S5&0BL:
I nvention (5-triallcyltin conpounds) andﬁ[ 1- 1%5] FI AUI%r oducetg ?’Eerltéf rom
Fig.5 illushvaties. a fifth synthetic pathway for a conmpound of the present

Fig.3 illustrates a third synthetic pathway for a compound of the present

10 invention.
Fig.4 illustrates a fourth synthetic pathway for a compound of the present
invention (5-trialkyltin compounds) and [1-125] FIAU produced therefrom.
Fig.5 illustrates a fifth synthetic pathway for a compm.md of the present
invention. |
]_L5 Fig.6 illustrates the other synthetic pathway for a compound of the present
invention. |
Fig.7 illustrates a diagram showing in vivo label stability of [I-125] ITDU and
7[I-125] ITAU measured in Example 16, along with [I-125] IUR as a control.
Fig 8 illustrates a diagram showing in vivo label stability of [I-125] ITDU, [I-
20 125]ITAU, [I-125] FITAU and [I-125] IMBAU measured in Example 17, along with [I-
125] TUR (highly decomposable) as a control.
Fig.9 illustrates a diagram showing in vivo distribution of f1-125] ITDU in
normal mice measured in Example 18.
Fig.10 illustrates a diagram showing in vivo accumulation of [I-125] ITDU, [I-

25 125] ITAU, [I-125]) FITAU and [I-125] IMBAU, along with [I-125] IUR as a control, in



I nventi on.
of the present invention. Fig.7 illustrates a diagramshow ng in vi vo
| abel stability of [1-125] ITDU and [1-125] | TAU neasured i ‘Eﬁ’fgﬁé)

along with [1-125] TUR as a control. Fig.8 illustrates a diag ng in

vi vo | abel

[ 1-125] |1 MBAU neasured in Exanple 17, along with [I- 125] 1UR (highly

deconposabl e) as a control. Fig.9 illustrates a diagram showi ng in vivo

15 Fig.6 illustrates the other synthetic pathway for a conpound

stability of [1-125] ITDU, [$g.20 125] ITAU, [1-125] FITAU and

di stribution of [1-125] ITDU in normal mce neasured in Exanple 18. Fig.

10 il | ust r apeetifezatiigagsemeadaed irgExamplé Y& accunul ation of [ 1-125]

| TDU,

[1-

25 125] | TAU, [1-125] FITAU and [1-125] IMBAU, along with [1-125] IUR as a

control, in 9 JulBig2D0ustra@s prphbiokLpBl(bidtheidab SleephvRRS) Elsving alssmfiptagh 18.

Fig. 11011

sci nti gr am ofolallél ti@br sbseBked @bERRE19.n Exanpl e 19. Exanpl e

ustrates a photograph (biol ogical norphol ogy) show ng a

5 The present

i nvention will be described in detail below with reference to exanples,

but i s not

to these exanpl es. Exanple 1 Synthesis of

5-trinet hyl stannyl -4' -t hi o-2' -deoxyuridine (mound 11) As shown in Fig.1,

benzyl - 3 5-di - O %@Zﬁi—égeﬁr Wﬁﬂdrﬂlm‘}ﬂ CBet H‘és@nl?ed( B et Weldv? witkOreference to

pent of ur anosi de ( Conpound was synt hesi zed, -using

2- deoxy- D- efgfiles: &eﬁt&%ﬁmuemgée@qmme@s starting material,

t he net hod of son

10

15

20

25

As shown in Fig.1, benzyl-3,5-di-O-benzyl-2-deoxy-1,4-dithio-a,B-D-erythro-
pentofuranoside (Compound 8) was synthesized, using 2-deoxy-D-erythro-pentose
(Compound 1) as starting material, according to the method of Dyson MR et al. (Carbo.
Res. 216, p.237 (1991)). Further, 5-iodo-4'-thio-2"-deoxyuridine (ITDU: Compound
10) was produced from Compound 8 according to the method of Oivanen M et al. (J.
Chem. Soc., Perkin Trans. 2, p.2343 (1998)). _Compound 10 was then used as a
starting material to produce 5-trimethylstannyl-4'-thio-2'-deoxyuridine (Compound 11)
according to the following procedure.

- Compound 10 (9.5mg, 0.026mmol), bis(trimethyltin) (17.3mg, 0.052mmol)
and bis(triphenylphosphine)palladium(II) chloride (Smg) were dissolved in anhydrous
1,4-dioxane (3mL) under argon atmosph.ere, and after heating at reflux for 3 hours,
concentrated under reduced pressure. The residue was purified by silica gel thin layer
chromatography (chloroform-methanol, 6:1) to produce the target Compound 11 (6.9mg,
65%).
1H NMR (270MHz, CD,0D) 5 0.26 (s, 9H, CH,Sn), 2.26 (ddd, 1H, J=4.6, 7.9, 13.2 Hz,
1H, H-2%), 2.27 (ddd, J=4.6, 6.6, 13.4 Hz, 1H, H-2"), 3.41 (m, 1H, H-4", 3.71 (dd, J=5.9,

11.2 Hz, 1H, B-5", 3.80 (dd, J=4.6, 11.2 Hz, 1H, H-5"), 4.47 (g, J=4.0 Hz, 1H, H-3"),

according to



Res. 216,
Compound 10) was produced from Conpound 8 according to the nethod of
O vanen Met al. Q Chem Soc., Perkin Trans. 2, p.2343 (1%@&.20{)5
Compound 10 was then used as a 15 starting material to prod

5-trinmet hyl stannyl -4' -t hi o-2' - deoxyur-ixji.ne (Conmpound 11) according to the
foll ow ng procedure. Conpound 10 (9.5ng, 0.026mmol ), bis(trinmethyltin)

(17. 3ny,

0. 052mmol )

p.237 (1991)). Further, 5-iodo-4'-thio-2'-deoxyuridine (ITDU:

(5mg) were dissolved in anhydrous 1, 4-dioxane (3nlL) under argon

at nospher é.4lafod=&2t iz, 1He Bl 1')§.98t(s,rldf,[Hu%). f or 3 hours,

reduced pressure. The residue was purified by silica gel thin |ayer
chr omat ogrizakipld T hl or of or m net hanol, 6:1) to produce the target Conpound 11
65%) . 1H NVR (270N+E CDBOD) 6 0.26 (s 9H, CHBSn) 2.26 (ddd, 1H,

(6.9nyg,
J=4.6,
3.41 (m

I H,

HoFE A ), 3 71 (dd J=5.9, 55 11 2Hz 1H, H5'), 3.80 (dd,

and bi s(triphenyl phosphi ne)pal | adium(11) chloride

20 concentrated under

H2),

J=4.6, 11.2 Hz, TblﬂzIN'bolan)m hﬂmﬂixdégaludmé(soptyof[l irt25]lréoanu)n 1091&qﬁw3q95 -21

Svnst hesi

6.41 (t, J=T. 1H, 93 (s, 1H H5). Exanple 2

5-iodog4’ ‘v{rdﬂérct‘l%L? QE@&MHfdf&hngnmj w&e @H&E&nﬂncﬂ-meﬂ- QhidrdfHins eslitisn fyHigxi de

sol ution (50gL)

chl or of or

(60g, O. 47nDI) was  adde

| - 125] - sodi um i odi de (33I\/Bq) 5 water (1nmL) and

BE i dTha (ewﬁgeo aﬁﬂﬁa) AR haHOE hn@ thANeAfBF 1) SQoRlL. O ket rédabyiaf | odi ne

ahd shaken for 10 seconds. After renoving

only

the aqueoygy ﬁ'ﬁéeéquegﬁsh}ﬁ%ﬁce@ﬁﬁt&et%fél s (15A0uLy 0P Cotprmiing (1d0ygl 009,

10

15

20

0.25pumol) was added, and the resulting solution was left to stand at room temperature
for 2 hours. Onc drop of IN sodium thiosulfate solution was added, and chloroform
was evaporatcci. After adding water (1mL), the solution was passed through a Sep-Pak
Plus QMA carl;ridge column. The column was washed with water (0.5mLx2), and the

resulting aqueous solution .was combined to produce I-125-labeled Compound 12

(7.3MBq, 22%).

To 0.1% ammonium iodide solution (ImL) containing [I-123]-ammonium
iodide (2.0GB§), IN hydrochloric acid {(0.1mL) and chloroform (1mL} were added, and
then chloroform solution (4.7|.1L) of iodine (60pg, 0.47umol) was added, and shaken for
10 seconds.  After removing only the aqueous layer, ethyl acetate solution (100 pL) of

Compound 11 (100pg, 0.25pumol) was added and left to stand at room temperature for 2

_hours. One drop of IN sodium thiosulfate solution was added, and chloroform was

25

evaporated. After adding water (1mL), the solution was passed through a Sep-Pak
Plus QMA cartridge column. The column was washed with water (0.5mLx2), and the
resulting aqueous solution was combined to produce I-125-labeled Compound 12

(228MBgq, 15%).



0. 25npl ) was added, and the resulting solution was left to stand at room
tenperature for 2 hours. One drop of IN sodiumthiosulfate solution was
added, and chl orof orm 10 was evaporated. After addi ng water %ﬁﬂh§2?ﬁ€e

sol ution was passed through a Sep-Pak Plus QVA cartridge col

col'um was washed with water (0.5nmx2)p2and the resulting aqueous sol ution
was conbi ned to produce 1-125-|abeled Conmpound 12 (7.3MBg, 22% . Exanple
15 Synthesis of 11-1231-5-io0do-4'-thio-2'-deoxyuridine([l-123]1TDU. Conpund
12) To 0. 1% ammoni um i odi de solution (I nL) containing [I-123]-anmoni um

I odi de (Z.EEEQMEﬁIN hydrochloric acid (O 1nL) and chloroform (1nL) were
added, and then’ chloroforn1solut|on (4 7L) of |od|ne (60g 0. 471 nol ) was
added, andSsfihis 10/ S8 g arabipofina lnsmdoil (Coen

et hyl acetate solutlon (100 L) of 20 Cbnpound I 1 (100g, 0. 251LnDI) was
added and | eft tQsshews iRtFig. 00 M4t Sikpaioaa-OFlenkyi+s-thio-HD+ambitéNECahipppndf | N
sodiumthiosul fate sol uti on was added, and chl orof orm was evapor at ed.

After addi ng) Wadseleyfthétizded Fom 310i5T6Lcﬁf0 YRBropshdes pleedeyiCam Pak) Pl us
QWA cartridge colum. The col um was washed with water (0.5m.x2), and the

resul timg Q&Bﬁﬁhgi t03RE MO oPRSshERERINSLY(®. cmrgoelh@@ 61; B.822 (13b6))edTRaPOUNd
12 25 (228MBq 599 . 9 July 2005 -22 Exanpl e nnet nvi st ann

5-iodo-1-(4-thio-D-arabinofuranosyluracil (ITAU: Compound 20) was produced from

Compound 17 according to the method of Yoshimura Y et al. (J. Med. Chem.40, p.2177

(1997)). This Compound 20 was used as a starting mateiral to produce 5-

trimethylstannyl-1-(4-thio-D-arabinofuranosyl)uracil (Compound 21) by the following
10  procedure. .

Compound 20 (4.0mg, 0.010mmol), bis(trimethyltin) (6.6mg, 0.020mmol) and
bis(triphenylphosphine)palladium(ll) chloride (5mg) were dissolved in anhydrous 1,4-
dioxane (5mL) in an argon atmosphere, and after heating at reflux for 4 hours,
concentrated under a reduced pressure. .The residue was purified by silica gel thin

15 layer chromatography (25% methanol/chloroform) to produce the target Clompound 21
(2.3mg, 55%). _ |
1H NMR (270MHz, CD,0D) 8 0.7 (s, 9H), 3.55-3.67 (m, 1H)}, 3.77-3.95 (m, 2H), 4.07
(t, J=5.9 Hz, 1H), 4.16 (t, J=5.9, 1H), 6.28 (d, J=5.3 Hz, 1H), 8.03 (s, 1H).

20

To 0.IN sodium hydroxide solution (50pL) of [}-125]-sodium iodide (67MBq),

water (1mL) and chloroform (1mL) were added, and then chloroform solution (4.7ul)
of iodine (60ng, 0.47umol) was added, and shaken for 10 seconds. After removing

25  only the aqueous layer; ethyl acetate solution (100 pL) of Compound 21 (100ug,



-1-(4-thi o-D arabi nofuranosyl )uracil (Conpound 21) As shown in Fig. 2,
1, 4- anhydr o- 3- O- benzyl - 4-t hi o-a-D-arabi tol (Conpound 17) was synthesi zed
from1, 2;5,6-di-0Oisopropylidene glucose (Conpound 13) 5 acc%rﬂn 2065) t he
met hod of Yoshinura Yet al. (J. Org. Chem 61, p.822 (1996))
5-i'0odo- I - (4-t hi o- D-ar abi nof uranosyl )uragi! (1TAU. Conpound 20) was produced
from Conpound 17 according to the nethod of Yoshinura Yet al. (J. Med.
Chem 40, p.2177 (1997)). This Conpound 20 was used as a starting mateiral
to produce 5- trinethylstannyl-1-(4-thio-D arabinofuranosyl)uraci
(Conpound 2Q.24ayol) twas hddedoendhthe rémltmgoobiion evas Gefinpostant 2A0ro0h. tOmyeratare
0.010mmol ), bis(trimethyltin) (6.6ng, 0.020muvl) and
bi s(tri phenfor gheaphi Omepkbp afli Nrsptiun thidsolfatd @olyfion jvaneddedd asd ohlogdorm
anhydrous 1, 4- dioxane (5nL) in an argon atnosphere, and after heating at
reflux for wadewpsrated.coAfterdddiigachterdmil),ahe sutivndvidpassed tiroudiheSewBildue was
purified by silica gel thin 15 | ayer chromatography (25%
met hanol / chiblas Qs tmtﬁdgembnﬁuf;e The @oluginO®is Wahed Wit waler (03ming), #8%e 1H
NMR (270MHz, CD;OD) 6 0.7 (s, 9H), 3.55-3.67 (m IH), 3.77-3.95 (m 2H),
4.07 (5 Jrcﬁxlt@né"équelahﬁ solitidR Wis ceibin@d td Hrodee 281 A5 labeled -Confiflound H2 8. 03
(s, 1H). Exanple 5 20 Synthesis of
[1-125]-5-i q;dgMBq(éé% fi 0- D- ar abi nof uranosyl )uracil ([1-1251 I TAU Conpound
22) To O1 sodlun1hydrOX|de solution (50pL) of [I-125]-sodiumi odide

(67MBQ) , nL) and chloroform (InL) were added, and then chl orof orm
sol ution (4 7L) modlne (60g 0. 47nDI) was added and shaken for 10
seconds. $v@fheki vRAhNviiNE 46 g WPV T=S Y - o~
(100 L) of
(Qszmpaund_im
10 As ‘shown in  Figd,  1<3,5-di-O-acetyl-2-deoxy-2-fluoro-B-D-

arabinopentofuranosyluracil (Compound 37) was synthesized from 1,2:5,6-di-O-

isopylidene gldcose {Compound 30) according to the method of Reichman U et al.
(Carbohydratei Res. 42, p.233 (1975)). Further, 5-iodo-1-(2-deoxy-2-fluoro-p-D-
arabinopentoﬁj;'anosyl)uracil (Compound 39) was produced from Compound 37
15  according to the method df Asakura J et al. (J. Org. Chem.55, p.4928 (1990)). This
compound waé used as starting material to produce S-trimethylstannyl-1-(2-deoxy-2-
ﬂuoro-[3-D-araﬁinopentoﬁxranosy])uraci] (Compound 40) by the following procedure.
Compdund 39 (5.0mg, 0.013mmol), bis(trimethyltin} (20.5mg, 0.063mmol)
and bis(triphedylphosphine)palladium(ll) chloride (6.2mg) were dissolved in'anhydrous
20  1,4-dioxane (3§mL) in an argon. atmosphere, and after heating at reflux for.2 hours,
concentrated under a reduced pressure. The residue was purified by silica gel thin
layer chromatography (chloroform-methanol, 6:1) to produce the target Compound 40
(3.6mg, 66%). |
1H-NMR(500MHz, CD,0D) 6 0.25 (S, 9H, CH,Sn), 3.72 (dd, J=5.0, 12.0Hz, 1H, H-5"),

256 3.79-3.91 (m, H-4"), 4.33 (ddd, J=3.0, 5.0, 18.5 Hz, 1H, H-3", 5.02 (td, J=4.0, 53.0 Hz,



-23 0.24nol) was added, and the resulting solution was |left to stand at
roomtenperature for 2 hours. One drop of IN sodiumthiosulfate solution
was added, and chloroform was evaporated. After adding Wateru‘&rﬂ}y%#‘ﬁe t he
sol ution was passed through a Sep-Pak Plus QVA cartridge co [
“cofum was washed with water (0.5nmx2),24and the 5 resulting aqueous

sol ution was conbi ned to produce 1-125-1abel ed Conpound 22 (17.3MBq, 269%.
Exanpl e 6 nmeui (Conpound 40) 10 As shown in Fig.4,

1-(3,5-di -O acetyl - 2-deoxy-2-fluoro-o-D .5 arabi nopent of uranosyl ) ur aci
(Conmpound 3H, Hx@3, e3infddekidze d6.0Hxnl B, B: B), 8:5di(S QH,il6pyl | dene gl ucose
(Compound 30) according to the nethod of Reichman U et al. (Car bohydr at e
Res. 42, p.B3dplelP75)). Further, 5-iodo-I-(2-deoxy-2-fluoro-(i-D
arabrnopentofuranosyl)uracrl (Cbnpound 39) was produced froanbnpound 37
accordi ng tS¥nthads A5 AKL dod) D-araBidoefthfafana

(1990)). This corrpound was used as startr ng materr aI to produce
5-trimet hyl -2- fluoro-(3-D arabi nopent of uranosyl ) uraci |
(Conpound 40) by the foll owm ng procedure. Conmpound 39 (5.0ngy, 0.013nmmmol),

bi s(trigethyl tinkir&20.1RMNBdiuth RRBOTBE Yoliiéh of [I-125] sodmm iodide (80MBq)
bi s(tri phenyl phosphr ne)pal l adium(l1) chloride (6.2ng) were disso q| ved in

anhydr ous d?sglléd ﬂffd kSeaRE ySildltidnNoPRheMahel rtlﬁf["jomneof ARl Riuridgat i ng

at reflux for hours, concentrated under a reduced pressure. The residue

was puri fi t hi f t hanol ,
e i e iy S e et s

solution (100pL) of Compound 40 (100pg, 0.24pmol) was added, and the solution was

left to stand at room temperature for 2 hours. One drop of IN sodium thiosulfate
10  solution was added, and methanol was evaporated. After adding water (imL), the
solution was passed through a Sep-Pak Plus QMA cartridge column. The column was

washed with water (1.0mL), and the resulting aqueous solution was combined to obtain

I-125-1abeled Compound 41 (9.5MBq, 12%).

15

As shown in Fig.5, 1-O-acetyl-3-O—benzyl-S-0-(tert-butyldiphenylsilyl)-Z-
deoxy-2-fluoro-4-thio-D-arabinopentofuranose (Compound 46) was synthesized from
1,2:5,6-di-O-isopylidene glucose (Compound 42) according to the method of Yoshimura

20  Yetal (J. Org. Chem.62, p.3140 (1997)). Further, Compound 46 was used to produce
S-iodo-l-(2-dcoxy-2-ﬂu0re-4-thio-B~D-arabinopentofuranosyl)uracil (Compound 49)
according to the method of Yoshimura Y et al. (Bioorg. Med. Chem.8, p.1545 (2000)).
This compound was then used as a starting mateiral to produce 5-trimethylstannyl-1-(2-
deoxy-2-fluoro-4-thio-B-D-arabinopentofuranosyljuracil (Compound 50) by the

25  following procedure.



| H NVR(500MHz, CD3CD) 8 0.25 (S, 9H, CH3Sn), 3.72 (dd, J=5.0, 12.01-1z, IH,
H5), 253.79-3.91 (m H4), 4.33 (ddd, J=3.0, 5.0, 18.5 Hz, 1H H3'),
5.02 (td, J=4.0, 53.0 Hz, 9 July 2005 -24 1H, H2'), 6.25 (dg’J‘]:ﬁloés 16.0
Hz, IH HI1'), 7.56 (S, 1H, H5). Exanple 7 Synthesis of _ uly
f1-1251-5-i odo- | - (2- deoxv- 2-f | uor o-| 3- B2arabi none ntofurano 1251 FI AU:
Compound 41) 5 First, 0.1N sodium hydroxi de solution of [I-125]-sodium

i odi de (80MBq) was distilled off, followed by addition of methanol (1nl),
addi tion of nethanol solution (4. 8L% of iodine (61g, 0.48rm|&1, and shaki ng
for 10 seconds. THEMPO: Ak Lmes §10ismael) bisgoimetisitimochsdmay 105 2nimadDy,

0. 241unol ) was, added, and the solution was left to stand at room ‘

t enper at ur e #bpis@riphsnylghosphinepadastin(ID hoside (Mmp) wengldissolved i adydbiion was
added, and nethanol was evaporated. After adding water (inL), the solution
was passed t#rdiexshe 4318bpirpak aon strapspherar and aftpr heatinghat. reflive farod.firhoutsas
washed with water (1.Qm), and the resulting aqueous sol ution was conbi ned
to obtain totosratedhuidetredaced puessurdl The BhiBog wa2pirifiddxdangilie gl fibn layer

ar abi nopent of ur anosyi )uraci| (Conpound 50) As shown in Fig. 5,

1- O acety| - du@nitogaphy Ehlor¢fbenmedthanyl, 6ilp leprydwdielthd thrgat Compound 50 (1.9mg,
deoxy- 2-fl uor o- 4-t hi o- D-ar abi nopent of uranose (Conpound 46) was synt hesi zed
from 1,2:538B4xi - O i sopylidene glucose (Conpound 42) according to the

nmet hod of Yoshinmura 20 Yet al. (J. Og. Chem 62, p.3140 (1997)). Further,
Conpound 461 NAMBEEHMEZ CDAIBES 0.26 (S, 9H, CH,Sn), 3.61-3.68 (m, 1H, H-5'), 3.80-3.81

(m, H-4'), 4.37 (td, J=6.0, 12.0 Hz, 1H, H-3"), 4.97 (1d, J=5.5, 49.0 Hz, 1H, H-2"), 6.46

(dd, J=5.5, 11.5 Hz, 1H, H-1), 7.99 (S, 1H, H-5).

10

First, 0.1N sodium hydroxide solution of [I-125]-sodium iodide (45SMBq) was

. distilled off, followed by addition of methanol (ImL), addition of methanol solution
15 (4.8uL) of jodine (61pg, 0.48umol), and shaking for 10 éeconds. Then, methanol
solution (100puL) of Compound 50 (100ug, 0.24pmol) was added, and the resulting
solution was left to stand at room temperature for 2 hours. One drop of 1IN sodium
thiosulfate solution was added, and methanol was evaporated. After adding water
(ImL), the solution was passed through a Sep-Pak Plus QMA cartridge column. The

20 column was washed with water (1.0mL), and the resulting aqueous solution was

combined to obtain I-125-labeled Compound 51 (3.5MBgq, 7.8%).

25



5-i 0do- I - (2-deoxy-2-fl uoro-4-thio-p-D arabi nopent of uranosyl ) ur aci

(Compound 49) according to the nethod of Yoshinmura Y et al. (Bioorg. Med.
Chem 8, p. 1545 (2000)). This conpound was then used as a starti teiral
to produce 5-trimethyl stannyl - 1=( 2- fﬁqugoga
deoxy- 2-fl uoro-4-thi o- (i - D-ar abi nopent@gur anosyl )uracil (Conpound 50) by
the 25 follow ng procedure. 9 July 2005 -25 Conpound 49 (5. 0ng,

0.013mmol ), bis(trinmethyltin) (16.9ng, 0.052muvol) and

bi s(tri phenyl phosphi ne)pal |l adiun(11) chloride (6.0ng) were dissolved in
anhydr ous Ei@mnbﬂﬁxane (3m) in an argon atnosphere, and after heating at
reflux for 3.5 hours concentrated under reduced pressure. The residue was
purified byysihélisel yywime 3 posy-Aebramoy-De hl or of or m net hanol ,
6:1) to produce the target Conpound 50 (1.9mg, 35%. IH NWVR (500MHz,

12 > anOBIS X 23] BABA U Gon 55 ), 3.80-3.81 (m

H4), 4. 37 (td, J= 6. 0, 12 0 FE 1H, H3"), 4. 97 (td J=5.5, 49.0 Hz, IH,
H2'), 6.46 (ddAs dixbwibin Bik.65 1H2:brombh3,3bi-0- (te&bﬂ@tdlﬁcthg:td;lyt)trzfaaeoxﬂﬂ Exanpl e
9 Synthesis of [I-125]- -iodo-1-(-d oxy-2-fluoro-4-thio-fj-D

ar anmon@nr Qrriéthylp-Drarabinatufainb S jurddil (o undrsiny 669 ?fo@@ceﬁofrbﬁl R[B, 9 bis-
[1.125]-sodiumi odide (45MBgq) was distilled off, | owed by additi on of

met hanol  ( Ortert-biddidinkdtBylsibi)-aeM3DleraRloWent] “Loflhn uficill utdP 19,
0. 48pnol ), and shaki ng fo?nﬁo gggondgﬁm#ﬁin rrethanot&Jy solhtggﬁﬁ?looL) of

Conpound 5§2)(a¢&éing € é Gieshod oFdfohad éed, (Jaoteg CBenrﬁwletssregygsml whitkep, Was

left to stand at roomtenperature for 2 hours. One drop of sodi um
S-iodo-1-methyl(2-deoxy-2-bromo-B-D-arabinopentofuranosyljuracil (Compound 57)

was produced from Compound 54 according to the method of Asakura J et al. (J. Org.
10 Chem. 55, p.4928 (1990)). This compound was used as starting material to produce 5-

trimethylstannyl- 1-methyl(2-deoxy-2-bromo-p-D-arabinopentofuranosyl)uracil

(Compound 58) by the following procdure.

Compound 57 (4.9mg, 0.011mmol), bis(trimethyltin) (16.0mg, 0.049mmol)

and bis(triphenylphosphine)palladium(II) .ch]oride {5mg) were dissolved in anhydrous
15  1,4-dioxane (3mL) in an argon atmosphere, and after heating at reflux tbr 2.5 hours,

concentrated under a reduced pressure. The residue was purified by”silica gel thin

layer chromatography (chloroform-methanol, 6:1) to produce the target Compound 58

(3.8mg, 72%).

1H NMR (500MHz, CD,0D) 8 0.25 (S, 9H, CH,Sn), 1.95 (S, 3H, I'-CH,), 3.61-3.70 (m,
20 2H, H-5'), 4.08-4.11 (m, 1H, H-4"), 4.53 (d, J=3.0 Hz, 1H, H-5", 4.79 (S, 1H, H-2, 7.75

(S, 1H, H-5).

25 First, 0.1IN sodium hydroxide solution of [I-125]-sodium iodide (62MBq) was



t hi osul fate sol ution was added, and net hanol was evaporated. After adding
water (InL), the solution was passed through a Sep-Pak Plus QVA cartridge

colum. The 20 colum was washed with water (I.Qrm), and the9 5@@? b ng
aqueous solution was conbined to obtain 1-125-1abel ed Conpoun P %3. 5MBq,
7.8% . 25 9 July 2005 Exanpl e 10 nine-226 nnethvl stannvl - | :

- et hvl ( 2- deoxv- 2-brono-13-D araDl non enrol Lrano MBAU. Comound 5 As shown
in Fig.6, 1-[2-bronp-3,5-bis-O(tert-butyldinethylsilyl)-2-deoxy-1- 5

C- et hyl - (1- D- ar abi nof ur anosyld] uraci| (Conmpound 54) was produced from

1-[ 3, 5- bi s distilied off, followed by addition of methanol (1mL), addition of methanol solution

O (tert-butyl di methylsilyl)-2-deoxy-D- erythro-pento-I|-enofuranosyl]uracil
(Conpound (62)L)aof arddtienthing, 0Heumel)had sfakingofor Yiét seabnds( J Théx, gnetfirmin 60,

p. 656 (1995)). Further,

5- i odo- 1- neoliatidr 210dab) pf Zompond (8 -(Do@galdi 20pmeiit whs wadeds yhd tlieafdshltipgonmpound
57) was produced from Conpound 54 according to the nethod of Asakura J et

al . (J. O golufiéh Gaereft ©5starfl. #9338m (14:AP@)thre fHR2ShduesIP DiRddropSf UBleshdasn
starting material to produce 5- trimethylstannyl- |

- et hyl § 2- gdaesaifaié- onhaivh- was Bided 2 bhd) eRER0EI WadROSHOrted. ACAfier dddRigpouRel 58) by
the foll owi ng procdure. Conpound 57 (4.9ng, O dIlmuol), bis(trinmethyltin)

(16.0ng, O(RALMR sblutidA Gvalipaéded itRBEsH A BBLPROPRA )Pl @liridbt bolhimah! hé de

(5mg) were dissolved in anhydrous 15 1, 4-dioxane (3nmL) I'n an argon

at nospher ecolamd Whe Wasi@akith Owakr Tﬂbhﬁ%g_ R . RsBHE SaqueRRCRMtRt ®ds under a

reduced pressure. The residue was purified by silica gel thin

combined to obtain I-125-labeled Compound 59 (8.3MBq, 13%).

Example 12
10 Test for in vitro shosphorvlati ivity of [1-125] ITDU and [I-125] [TAU

The phosphorylation activity of a labeled compound by thymidine kinase was

determined using a crude enzyme extracted from a mouse’s lung cancer cell strain LL/2.
Liquid enzyme was extracted from a LL/ZI mouse’s lung cancer cell strain in the
logarithmic growth phase according to the method of Wolcott RM and Colacino JM

15  (Anal. Biochem 173, p.38-40 (1989)). To a reaction liquid containing ATP, which is a
phosphate donor, 2nmole of the label compound and the liquid enzyme were added and
reacted at 37°C for a fixed period of time. The reaction was stopped by adding 1mL of

a 100mM lanthanum chloride/5mM triethanolamine solution. Phosphorylated material

was preparated by centrifugal separation to form a phosphate-metal complex, followed

20 by measuring a radioactivity of the resulting precipitate with an automatic well-type
gamma counter (ARC-380, Aloka Co., Ltd.). Results are shown in Table 1 from which
phosphorylation activity attributed to thymidine kinase was confirmed in both {I-125]

ITDU and [1-125] ITAU.



| ayer chromat ography (chl orof orm nethanol, 6:1) to produce the target
Conmpound 58 (3.8ng, 72% . 1H NMR (500MHz, CD30D) 8 0.25 (S, 9H, CH3Sn),

1.95 (S,
4.53 (d,
Exanpl e

3H, F-CH3), 3.61-3.70 (m 20 2H, H5'), 4.08-4.11 |é_ H4"),
J=3.0 Hz, 1H, H5'), 4.79 (S, 1H, H2), 7.75 (S, A7 :
| | Synthesis of 11-1251-5-todo-I-nethvl-(2-deoxv-2-brono-13-D 25

First, O IN sodium hydroxide solution of [I-125]-sodium i odide (62MBg) was
9 July 2005 -27 distilled off, followed by addition of methanol (InL),
addi tion of nethanol solution (4.0L) ofg.iodine (51 g, 0.40nol), and

shaki ng

for 10 seconds. Then, nethanol solution (100L) of Conpound 58

100g, O. d ' | uti . | ef. _ d
Foom t et S IR ERAP IR 1) coai heBRolf Setbend®ed) ST on

was add
solutio
col um

was co

- —After—addi-ng—water—{1m) the-
fdxla98keded t hr oughudeasidss pak  p| BlRosphacyleted miateripd peoadetian fatene

s washed with water (1.0m), ahmelemgpoteinly aqueous sol ution
Hi-A24ITB0obt ai n 1-125-| abel ed Cohi#Hd069 (8. 3MBg. 13% . Exanplle 12

10 The pHb$RHBFAVUati on activity of a | apHl.es.€onpound by thymi di ne ki nase

was determ ned using a crude enzyne extracted froma nouse's |ung cancer
cell strain LL/2. Liquid enzyne was extracted froma LL/2 nouse's |ung
cancer cell strain in the logarithmc growh phase according to the nethod
of Wl cott RM and Col acino JM 15 (Anal. Biochem 178, p.38-40 (1989)). To a
é#@Qﬂhii-containing ATP, which is a | o

reaction

To evaluate metabolic stability of glycosidic bond, decomposition reactivity for
E. coli-originating thymidine phosphqulase was studied. To the reaction liquid,
2nmole of the labeled compound and 9 umts of a liquid enzyme (Sigma Corporation)
were added and reacted at 25°C for a fixed period of tiﬁ'ne, and the reaét,ion was stopped
by treatment in a boiling water bath for 3 minutes. The re:;ction fiquid was subjected
to éenu-ifugal separation, and the supernatant was applied'over a thin layer silica gel -
plate along with an authentic standard . ( 5-iodouracil: IU) and a non-labeled
parent compound. It was developed with a mixture of chloroform and isopropyl alcohol (3:1),
and then autoradiography was measured with a bioimaging analyzer (BAS-1500, Fuji
Photo Film Co., Ltd.). The area of interest was set to peak components of the Rf value
correspondiﬁg to the authentic standard, and the amount of the resulting metabolite was
calculated from its proportion in percentage. Results are shown in Table 2 whiéh
indicates that {I-lﬁS] ITDU and [I-125] ITAU are stabler than 5-iododeoxyuridine (fI-

125] TUR).



phosphat e donor, 2nnole of the | abel conmpound and the liquid enzyne were
added and reacted at 37C for a fixed period of tine. The reaction was

st opped by adding 1nL of a 100mM | ant hanum chl ori de/5nM tri th\a l.am ne
sol ution. Phosphorylated nmaterial was preparated by centri f%dﬂy%ﬁg aration
to forma phosphate-netal conplex, followed 20 by neasuring a radioactivity
of the resulting precipitate with an automatic well-type gamma counter
(ARC- 380, Aloka Co., Ltd.). Results are shown in Table I from which
phosphoryl ation activity attributed t02%Hhym di ne ki nase was confirnmed in
both [1-125] |TDU and [I-125] ITAU. 9 July 2005 -28 Table 1 :

Phosphorpabrtd on-Neglytydidiy behd tlegiagt atipligdonidabepelede derivatives (n=3)

| odo- | abel ed nucl eosi desPhosphoryl ated material production rate nole/ng
protei n/ h) |- 125wcikpeide gerivalyes @=P) 125 | TAU13. 66. 6 Exanple 13 tor in vitro
metabolic stability of 11-1251 | TDU and To eval uate netabolic stability of
gl ycosi di c bond, deconposition reactivity for E. coli-originating

t hymi di| fedghabelphol yl asg was st udi eds-iddoutdedl r @eshictien | i ges*d, 2nnol e of the
| abel ed conpgaleskided 9 [Undlhvekctitity)i qui d enzynme (Sigma Corpgoration) were
added anfl1FRAGRCT al 29 388h6.2+149688 (PHb) 00 Of Time, and tHe reacti on was

R TR AT AT VAT 1 SRS A e

! A ] b}. Ccu U, L43:L'l3|73\§(l% l)ocpal atT Ull, Q!IU LT1IC S h
appl i ed Vr'zef [‘[\;Aljh A} a;esrz SHHca-get-tplate—alenrg—w-th—an—adt henti ¢ standard
(5-iodouracil: | and a non-| abel ed

* p mole/units/30 min

-Example 14

Evaluation of in vitro stability of metabolism of various radicactive-iodine-labeled

' nucleoside derivatives by thymidine phospholylase

To evaluate the metabolic stability of glycosidic bond in varions radioactive
iodine-labeled nucleoside derivatives, their decomposition reactivity for
E. coli-originating thymidine phospholylase was studied. To the reaction liquid, 0.5-
12.0nmol of the labeled compound and 0.0009-9.0 units of a liquid enzyme (Sigma
Corporation) was added and reacted at 25°C for a fixed period of time, followed by
treatment in a boiling water bath for 3 minutes to stop the reaction. As [I-125]
IBMAU was unstable under heat treatment, the reaction liquid was cooled with ice to
stop the reaction. The reaction liquid was subjected to centrifugal separation, and the
supernatant was applied over a silica gel plate along with an authentic standard

{ 5-iodouracil: TU) and a non-labeled parent compound. It was developed
with a mixture of chloroform and isopropyl alcohol (3:1), and then the autoradiogram
was measured with a bioimaging analyzer (BAS-1500, Fuji Photo Film Co., Ltd.).
The area of interest was set to peak components of the Rf value corresponding to the
authentic standard, and the amount of the resulting metabolite was calculated from its
proportion in percentage. In the case of [I-125] FITAU and [I-125] IMBAU, a
reversed phase silica gel plate was used, and after development with a mixture of

methanol and water (3:7), an autoradiogram was



parent conpound. It was devel oped with a m xture of chl oroform and

| sopropyl al cohol (3:1), and then autoradi ography was neasured with

a. bi oi mgi ng anal yzer (BAS-1500, Fuji Photo Film Co., Ltd.) ime a§ a of
i nterest was set to peak conponents of the Rf val ue correspéh & t he
aut hentic standard, and the anmount of the resulting netabolite was
calculated fromits proportion in percentage. Results are shown in Table 2
whi ch indicates that [1-125] ITDU and [I1-125] | TAU are stabl er than

5-i ododeoxyuridine ([1- 125] RIR). 3 July 2005 -29 Table 2 : C-N glycosidic
bond cl eavage activity for iodo-.labeled nucleoside derivatives (n=3)

| odo- | abel ed 5-iodouracil production rate* nucl eosides(relative activity)
1- 1251UR138608ured wilh 2 bihagio wndlyzed CBA S-TSNO4 05 PR3 Filth €6, DR)) simil 2R

| TAU524. 3373.8(<0.0l') * p nole/units/30 mn Exanple 14 Evaluatlon of in
vitro st abitd ithey [loF25idUBbaid sthesf Reawitows analgiioasd isNdvr afiTakle | RRg@d

nucl eosi de derivatives by thym di ne phosphol yl ase To eval uate the netabolic
stability dfdicgtestesildi2c) FaWd ami [vazﬂ]aumwmie@anmhmathmp[gJ1Q§r1tmbel ed

nucl eosi de derivatives, their deconposition reactivit E.

i, 0. S 3TN M ARG R BARP BBl NS Bots L1 remction

|'i qui d enzynme ( Si gmmcleoside derivatives by thymidine phospholylase for (n=3)

Iodo-labeled 5-IU production rate Relative
nuclegsides {pmol/units/0.5h) activity
[I-125]IUR 138606.2+14902.3 1.00
[I-125]ITdU 3778.7+£692.0 0.03
{I-125TITAU 514.84367.0 <0.01
[I-125]FITAU . 0.5+0.1 ' <0.00001
[I-125]IMBAU 0.0 0.0

Thymidine kinase-dependent inéorporation of labeled ¢ompounds into cells
was studied based on difference in incorporation between thymidine kinase-deficient
cell strains L-M (TK-) and their parent L-M cells. L-M and L-M (TK-) cells in the

Iogéﬁihnﬁc grdwth phase were planted on 24-well plates, each carrying 2.0x10° cells,

and cultured overnight. Then 2nmol of a radioactive iodine-labeled .nucleoside

derivative was added and allowed to be incorporated in the cells for one hour. The

cells were waéhed three times with an ice-cooled phosphate buffer solution, and
dissolved in 0.IN NaOH, followed by determination of degree of radioactivity
incorporated in the cells using an automatic well-type gamma counter (ARC-380 or
ARC-300, Aloka Co., Ltd.). Measurements were analyzed to make evaluations based
on the amount of the incozporatéd label molecules per unit weight of cellular proteins.

Results are shown in Table 4 which indicates that [I-125] ITdU and {I-125] FITAU were



Cor poration) was added and reacted at 25C for a fixed period of tine,

fol | owed by
reacti on.

subj ected t

a silica gel
a non-1| abel ed parent conpound.

chl orof orm

nmeasured with a bioi magi ng anal yzer (BAS-1500, Fuji

The area of

As [1-125]
liquid was cooled with ice to
separation,
plate along with an authentic standard ( 5-iodouracil:
It was dglel oped with a mixture of

Ad then the autoradi ogram was

tr eat nent

o centrifugal

and i sopropyl

In a boiling water
1BVMAU was unst abl e under
stop the reaction.
super nat ant was applied over

al cohol

and the

(3:1)

The reacti

Photo Fil m Co.,

bath for 3 mnutes to stop the
heat treat mang;n‘j

'?gﬂ@ act | on.
I U) and

Ltd.).

I nterest was set to peak conponents of the Rf val ue

cor respondi rige rhla in e m t of l'ting
net abol i te vvasdrgoal cul at ed fr?ﬁ'?‘?gﬂg@%‘%P%“‘t@%’ %el (L:{ %Fﬁsﬁg khenﬁﬁiﬁ case
of [1-125] HAURAI aaRsrdll - 1251 | MBAU, a reversed phase silica gel plate was
used, and after developnent with a m xture of nethanol and water (3:7), an
aut oradi ogram was 9 July 2005 30 neasured with a bioi magi ng anal yzer
(BAS-1500, Fuji Photo Film Co., Ltd.) simlarly to the [I1-125] IUR and
others. Resllabe df Imbymtmmbérmﬁmmﬂ16|'cﬁble£la8e|\e/a| ch indi cahgsidoBfles

[1-1251 &l TAWLaMlahd LLREITKMBOR18re still st abI er than [1-125] TUR Table

3:CN gI yc¢siclioelabeNkA e ﬁ{c&?\éﬁg actTvityof o—t-abet-ed—nycl eosi de
derivative$ by thynidine Sking for (n= 3) bday/| abel edf5-1 U
product i on| macéeddtes i vey wfl LR 'If-M("ﬂijs'l O HAM(TK Y
1- 1251 URL38R0B5 P R0 2 ST #Pg027 45 27.8642.94 2.79*

[i-125] ITdU ‘ 10.90+1.48 3.94+0.63 2.77*

[I-125) ITAU 1.6810.28 1.204:0,20 1.40%*

[I-125] FITAU 0.34:+0.05 0.214+0.05 1.62%%%

*p<0.0005, **p<0).05, ***p<0.01(T-test)

Example 16

Test for in vive label stability of - .

10  To evaluate in vivo label stability of [I-125]) ITDU and {I-125] ITAU, t;ests were
condqcted tc_; study the accumulation of free iodine in the thyroid gland in normal mice.
A 370KBq portion of each labeled compound was injected in each of 10 week old
normal mice into its tail vein, and three animals were sacrificed and anatomized at
appropriatf: _interva'ls. For a control, in vivo qisuibuﬁﬁq of [I-125] IUR was also
16 observed. Incorporation of radioactivity in the thyroid gland was measured with an
automatic well-type gamma counter (ARC-BOO, Aloka Co., Ltd.). Incorporated

radioactivity in tissue was calculated as the administrated dose per gram of the tissue

per unit time,' and represented in percentage, as shown in Fig.7. Results indicate that

the accumulated_radipacﬁvity from (I-125] ITDU and [I-125] ITAU in the thyroid gland
20  was signiﬁcanﬁy smaller than that from the contro [I-125]) TUR, proving that the in vivo

label stability of the agents is high.



| - 1251 TdU3778. 7692. 00. 03 1- 1251TAU514. 8367. 0<0. 01 1-12S FI TAUO. 50. 1<0. 00001
| - 1251MBAWO. 00. 0 Exanpl e 15 Test of thym di ne ki nase-dependent

i ncorporation into cell .s ing thym dine kinase-deficient c Ilimégﬁgidine
ki nase- dependent incorporation of |abeled conpounds into cel t udi ed
based on difference in incorporation between thym di ne kinase-deficient

cell strains L-M(TIC) and their parent L-Mcells. L-Mand L-M(TK-) cells
in the logarithmc growth phase were plagied on 24-wel |l pl ates, each
carrying 2.x 10', cells, and cultured ovefnight. Then 2nnol of a

radi oacti ve iodi ne-|abel ed nucl eoside derivative was added and allowed to
be incorporated in_the cells for one hour. The cells were washed three
times with SXanelgldool ed phosphat e buffer solution, and dissolved in OIN
NaOH, followed by determ nation of degree of radioactivity incorporated in

tAlhgk;e'CLS “{_H[ ise ﬁﬂel%%{oﬁﬂgha G dor (YRG. 92 count er 586 der ot Ang;tJBOgh
the amount of t in or at e nol ecul es wei ght .of cell ul ar
proteins. Resul t$°¢ ﬁﬁ gﬁﬂﬁﬁ’ ﬂ”%ﬁﬁf@e@dW%V%hm?ﬁﬁ %%EE%hWﬁHNeP¢m®f@FeﬂTdU
and [1-125] FI TAU waadedbidbiteyivaBDtestd Javeké"&ﬁﬁﬁ’&é@ttoesﬂl P@c@cﬁﬁﬁl%dnrbﬁetshym di ne

ki nase dependent way as in the case of the [1-125 UR as a control

g:gb :_eM4 ( T1dO § 21? {hgghyrmd g and%gh A% in\i't% | %diggf(ﬂq%t%%&c%qa&lf A& Iogl?dswélsn L-M

injected in each of 10 week old normal mice (C57BL/6) into the tail vein, and three

animals were sacrificed and anatomized at intervals longer than in Example 16.
Incorporation of radioactivity in the thyroid gland was measured with an automatic
well-type ge.mma counter (ARC-300, Aloka Co., Ltd.). Incorporated radioactivity in
tissue (%ID) was calculated as the administrated per gram of the tissue, and represented
in percentage, as shown in Fig.8. Results indicate that the accumulated radioactivity
from [1-125] ITDU, {I-125] ITAU, {I-125] FITAU and {I-125] IMBAU in the thyroid
gland was significantly smaller than that from the control [I-125] TUR (highly
metabbliiable substance), proving that the in vivo label stability of the agents is high.
Jn vivo distribution of [I-125] ITDU i I mic

A 370KBq of {I-125] ITDU was injected in each of 10 week old normal mice
into the tail vein, and three animals were sacrificed and anatomized at appropriate
intervals. Incorporation of radioactivity in each tissue sample was measured with an
automatic well-type gamma counter (ARC-300, Aloka Co., Ltd.). Incorporated
radioactivity in tissue was calculated as the administrated dose per gram of the tissue,
and represented in percentage, as shown in Fig9. Results indicate that the
accumulated radioactivity in proliferating tissues, namely the thymus and the small

intestine, was certainly higher than that in non-proliferating tissues, namely the brain,

26  liver and muscle.



| udo- | abel edl ncorporation ucle mol/mprotein/h)(L-M/ idn os L-ML-M

(TK-){L-MTK-)) es I-125 | UR77.807. 4527. 862. 942. 79* - 125

| TdULO. 901. 483. 940. 632. 77* [1-125] | TAUL. 680. 281. 200. 201. 40** Hiho0
FI TAUO. 340. 050. 210. 051. 62*** *p<0. 0005, *"pc0.05, ***p<0.01( P-TCLEP¥xanpl e
16 Test for in vivo |label stability o(-1125] ITDU and fl-1251 I TA 10 To

evaluate in vivo | abel stability of [1-125] ITDU and [1-125] I TAU, tests
were conducted to study the accunul ation of free iodine in the thyroid
gland in normal mice. A 370KBq portionagf each |abel ed conpound. was
injected in each of 10 week old normal mice into its tail vein, and three
animal s were sacrificed and anatom zed at appropriate intervals. For a
control, in Vioevaliatetthd dmetinohatiof of dach PafioactiR jodimeddtetedl5 obser viedleoside

I ncorporation of radioactivity in the thyroid gland was nmeasured with an
ncor por at ed

Fadi oact | vi £ IRIER EERBN G RER dEuvEE Sonbiclihp ARGy 5v0d SBIRRI or i n
of the tisSUg almice. A 185MBq of each labeled compound was injected in each of 10 week |
old normal mice (C57BL/6) through its tail vein, and three animals were sacrificed and
anq.t-dmized at | appropriate intervals. Incorporation of radioactivity in each tissue
sample was measured with an automatic well-type gamma counter (ARC-300, Aloka
Co., Ltd.). Incorporated radioactivity in tissue was calculated as the administrated
dose per unit we,@ght of the tissue, and represented in percentage (%ID/g). As shown
in Fig.10, resuits indicate that tI—l25] IUR. (positive control) and [I-125] ITDU have
accumulated in large amounts particularly in the thymus which is a proliferating_tissﬁe.
in normal young mice.
Example 19
Sintigranhy of Wall ing [[-123] ITDU

Malignant tumor, a typical proliferative disease, was o.bservcd‘ by scintigraphy.
Walker tumor cells were transplanted subcutaneously in the right._inguinal region of
Wistar rats.  After the transplantation, 37MBq of [I-123] ITDU was injected into the
tail vein of rats that suffered a palpable tumor of about 20mm that was suitable for
scintigraphy. Each tumor-transplanted rat was anesthetize& with Ravonal four hours
after the administration of a drué. Then the rat was fixed in the face-up position and
observed stafically with gamma-camera imaging equipment (GCA-90B, Toshiba
Corporation).  Imaging was performed using a high-resolution mediuhl-energy
collimator to obtain images for 10 minutes with a resolution of 256x256. Results are

illustrated in Fig.11 which shows that {I-123] ITDU serves for clear imaging of

transplanted tumors (indicated by an arrow) in Wister rats.



per unit time, and represented in percentage, as shown in Fig.7. Results
indicate that the accunul ated radioactivity from[Il-125] 1TDU and [I-125]

| TAU in the thyroid gland 20 was significantly smaller thaQl h\a?obﬁom t he
control [1-125] IUR proving that the in vivo |abel stabili 55/“3 e
agents is high. 9 July 2005 32 Exanple337 In vivo | abel stability of

radi oacti-on i odi ne-1abel ed nucl eosi de derivatives To evaluate in vivo
stability of deiodination against each radi oactive iodine-I|abel ed

nucl eosi de derivative, tests were conducted to study accunul ation of free

i odi ne, in@@é’@ﬁéﬂi‘-@%nd of normal mce. A 185KBq of each | abel ed
conpound was injected in each of 10 week old normal mce (C57BL/6) into
the tail vein, ahhe fasiclebelegrgomnoyndiesfeths aresenti iosentioncira sablenin 28eh, and
intervals |onger than in Exanple 16. Incorporation of radioactivity in the
thyroi d gl &y aiher reisam i eadlsvafieh being phospherylated bye hianmygd ehygaiding kimusaioer
(ARC-300, Aloka Co., Ltd.). Incorporated radioactivity in tissue (%UD) was
cal cul at edaggsincheporathd i NAttedreflest GreaDNSf syritbesis adtivéty, alng sepngsfont ed in
percentage, as shown in Fig.8. Results indicate that the accumul ated

radi oac® i viliagnosts ofn tistuel 2Bgliferihh Acfivii? Shd | Fédtneft] of 2oblifetalide) dindisdsl- 125]

| MBAU in the thyroid gland was significantly smaller than that fromthe
control [ p&fsilaiyRag hadidecyive dizngadsnikiinaping spefis tfontieue rbBMatign tREVitE he in
vivo | abel stability of the agents is high. Exanple 18 . In vivo

di stri but i dingnefsis-dhd>s tadidhbtive therapautic mgests Aor3pioliBeative disead?Biatindibyrvas
injected in each of 10 week old normal mce i1nto the tail vein, and three
ani mal s weneensd cadidtheraygly, fovdl radistheripz @fld dfe li&kppr opriate intervals.

I ncorporation of radioactivity in each tissue sanple was neasured with an



automatic wel |l -type gamma counter (ARC- 300, Al oka Co., Ltd.). Incorporated
radi oactivity in tissue was cal cul ated as the adm nistrated dose per gram
of the tissue, and represented in percentage, as shown in Fi q. Eﬁéults

i ndicate that the accunulated radioactivity in proliferatin&ﬂbf¥§

nanely the thynus and the small intestine, was certainly higher than that
in non-proliferating tissues, nanely the brain, 25 liver and nuscle. 9
July 2005 33 To eval uate the accumnul ati on of each radi oactive

i odi ne-| abel ed nucl eosi de derivative in proliferating tissues, tests were
conducted to study in vivo distribution in normal mce. A 185MBq of each

| abel ed conpound was injected in each of3510 week old nornmal mce (C57BL/6)
through its tail vein, and three aninmals were sacrificed and anatom zed at
appropriate intervals. Incorporation of radioactivity in each tissue
sanpl e was neasured with an automatic @elihstype gamma counter (ARC 300,

Al oka Co., Ltd.). Incorporated radioactivity in tissue was cal cul ated as
the adm nistrated dose per unit weight of the tissue, and represented in
percentage (% D/ g) 1. AGmshdadh An agemt dor1diagnosis Laft tissyen grodifrationn@ativity - 125] | UR
(positive control) and (1-125] I TDU have accunulated in |arge anounts
particularly in the thynus which is awhidl icpmprsesngst dnsggeve Ipgredientala young
m ce. Exanple 19 Sin 'gay of Wal ker tunor using 1231 | TDU Mal i gnant tunor,
a typical pr oadidlahedad sompobnd asepregemedobys the\feldovwing serimvla ofr 2 playmacensicallyr
tunor cells were transpl anted subcutaneously in the right. inguinal region
of W star ratcsptailesalt theteef:t r anspl antation, 37MBg of [1-123] | TDU was
injected into the tail vein of rats that suffered a pal pabl e tunor of
about 20mm t hat was suitable for

o)

HN | As

wherein R; denotes hydrogen, or a linear- or branched-chain alkyl group having 1-8
carbon atoms; Ry denotes hydrogen, hydroxyl, or a halogen substituent; R3; denotes
- hydrogen or fluorine substituent, R4 denotes oxygen, sulfur or a methylene substituent,

and R; denotes a radioactive halogen substituent, excluding the case where R, is hydrogen,

R, being oxygen.

2. An agent according to Claim 1, wherein said radioactive

halogen-substituent in Rs is selected from the group consisting of F-18, Cl-36, Br-73,



scintigraphy. Each tunor-transplanted rat was anesthetized with Ravonal
four hours after the admnistration of a drug. Then the rat was fixed in
the face-up position and observed statically with gama-cangra, i gi ng'
equi prent (GCA-90B, Toshiba Corporation). |nmaging was perfggf‘mﬁ’{@l ng a
hi gh-resol ution medi umenergy collimator to obtain images for 10 m nutes
with a resolution of 256x256. Results are illustrated in Fig.ll which
shows that [1-123] ITDU serves for clear imging of transplanted tunors
(indicated by an arrow) in Wster rats. 39 Jul'y 2005 -34 Industrial
Applicability The radi ol abel ed conpounds of the present invention are

D N Ve MR S 1S IR LibDafEh sl Lor being phosphor v at ed

2, Ll B fieOAte T o o relet i o
?;E‘: \(;iaf:%/i \a/tgddit ;eﬁtyag;aﬁ‘g a;é?" Bf‘iﬂrﬁhg% Oagai}lfé di Sease ! upa_r't icularly as

;ji agnosi s and ag adﬁB&‘@E&%g‘?’ﬂ@g%@?iﬁ{’ ‘{f}%ﬁﬁs‘@%ﬁ g{ H%drréﬁnf&erlr'g{hﬂﬂ%@ﬂéteése
S SR

r adi ol abel ed conpéunﬁ%‘/é‘ge‘{lgﬁ?og@gg[t‘léé?%? I'? ﬁ'@gf?@lalg%:ﬁg%ﬁég :ar%ldje;agp%jr!drggen,

phar maceut | (iﬁ' ils )s{ulﬁg',c acnedp:;[a?dblra%iosagtli\;c ﬁa?ggrcg—%rllésti?ucnt in Rs is selected from the group

consisting of F-18, [-123, I-125 and I-131.

6. An agent for diagnosis of tissue proliferation activity according to Claim 1,
wherein said diégnosis of tissue proliferation activity is diaénosis of hyperplasia,
regeneration, transplantation or viral infection accompanied by abnorrha] proliferation.

7. An agent for diagnosis of tissue proliferation activity according to Claim 6,
wherein said diagnosis of hyperplasia accompanied by abnormal proliferation is

diagnosis of hyperplastic inflammation, benign tumor or malignant fumor.

8. An agent for diagnosis of tissue proliferation activity according to Claim 7,
wherein said diagnosis of hyperplastic inflammation is diagnosis concerning activity of
chronic rheumatoid arthritis or determination of therapeutic effects.

9. An agent for diagnosis of tissue proliferation activity according to Claim 7,
wherein said diagnosis of benign tumor is diagnosis concerning localization, activity or

determination of therapeutic effects.

10. An agent for diagnosis of tissue prolifcration activity according to Claim7,
wherein said diagnosis of malignant tumor is diagnoses concerning localization,

progress, malignancy or determination of therapeutic effects, of primary and metastatic

malignant tumors.

11. An agent for diagnosis of tissue proliferation activity according to Claim 6,

wherein said diagnosis of regeneration accompanied by abnormal proliferation is



R5 HN OH R3 wherein Rt denotes hydrogen, or a linear- or branched-chain

al kyl group having 1-8 carbon atonms; R2 denotes hydrogen, hydroxyl, or a
hal ogen substituent; R3 denotes hydrogen or fluorine substi t‘H@ 2054

denot es oxygen, sulfur or a nmethylene substituent, and RS Y 8

radi oactive hal ogen substituent, excluding the case where R is hydrogen,
R4 bei ng oxygen. 2. An agent according to Claiml, wherein said radioactive
hal ogen-substituent in R5 is selected fromthe group consisting of F-1S, C
-36, Br-75, 9 July 2005 36 Br 76, Br 7737 Br-82,1-123, 1-124, 1-125, 1-131
and At-211. 3. An agent according to Claim1l, wherein R4 is sulfur. 4. An
agent according to Claiml, wherein R is hydrogen or nethyl group, R2 is

hydr ogen ol R op BRI GUBEA HhHERDe RS s bl ounR manh Bhring reupgan of

sul fur. cco ng to m1l, wherein R, R2 and R3 are each

hydr ogen ssufur 0§ h 6d et in N RS i s
sgl ec'? ed thzr‘f‘fl{’ﬁt%m&g co%%?n gkllgnogqjg*h%@%%dgyglfg%% ?Lg? and 1-131. 6. An

agent for diagnho Ssu f ration activity accordl ng to Claim1l,
wher ei n sBt ’8“‘8 %{@ Oéo%%’yqopglétﬂce%ﬁknofl feration activity is diagnosis of

hyper pl asi a, nerati_on, trans onpani ed
bgpabgor mal pr olﬁiggéraﬁ‘frlt(g?f dlaﬁﬂO%\%Da! Sgsﬁ‘% SSEOHI?&%I%H ﬁl\r%{;l?sj ack t stlsj Fgalﬂpg’ ™

proliferatjon actjvity acc dln ogxi s of
hyper pl asﬁ"g”%‘&csd diBa %y gﬁ{ﬁ)o‘b er afj V\g,ﬁﬁﬁ{(ﬁ)m gﬁgﬁiﬁgﬁo

hyper pl as txldgcnolsgfolf %Qﬂm (tn‘l Srghfera on %? gtfantgcf bgﬁ:’el h%@\@tceﬁy fPbone marrow

transplantation.

13. An agent for diagnosis of tissue proliferation activity according to Claim 6,
wherein said diagnosis of viral infection accompanied by abnormal proliferation is
diagnosis of virus-infected portions and proliferation thereof in infectious diseases
caused by Type I or Type Il herpes simplex virus, varicella-zoster herpes virus,

cytomegalovirus, Epstein-Barr virus, or human immunodeficiency virus.

14, A nucleoside derivative as represented by the following formula:



8. An agent for diagnosis of tissue proliferation activity according to

Claim7, wherein said diagnosis of hyperplastic inflamation is diagnosis

concerning activity of chronic rheunatoid arthritis or deterJn' nahbgn of
yhg

therapeutic effects. 9. An agent for diagnosis of tissue pr& on
activity according to Claim?7, wherein said diagnosis of benign tunor is
di agnosi s concerning localization, activity or determ nation of

t herapeutic effects. 10. An agent for diagnosis of tissue proliferation
activity according to Caim?7, . wherein said diagnosis of nalignant tunor
i s diagnoses concerning |ocalization, ~“yYtogress, malignancy or

determ nation of therapeutic effects, of primary and netastatic malignant
tunmors. 11. An agent for diagnosis of tisgyue proliferation activity
according to Claim6, wherein said diagngsis of regeneration acconpani ed
by abnormal proliferation is 9 July 2005 K7 evaF%ation of physi ol ogi cal
hemat opoi etic functions of bone marrgyy rims, atnent w.th anti-cancer
drugs, or diagnosis of pathol ogical i of the bone marrow in
patients suffering from hypoplastic apgm a. 2. An agent for diagnosis of
tissue proliferation activity accor@gfng aim6, wherein said diagnosis
of transplantati on acconpani ed by abnorma} proliferation is diagnosis of
take or proliferation of d spl anted bong marrow cells in bone marrow
transplantation. 13. An agent Yor diagnos|s of tissue proliferation
activity according to O aim 6, di) shid diagnosis of viral infection
acconpani ed by abnormal prolifKdti oRai SSA di agnosi s of virus-infected
portions and proliferation th e €Ct i Ous di seases caused by Type
or Type Il herpes sinplex virdb,lvaricd | aoster herpes virus,

OH R,

wherein Ry denotes hydeogen or a lincar- or branched-chain alkyl groups having 1-8
cad?(m atoms, Ry denotes hydrogen, hydroxyl or a halogen substituent, R; denotes
hydrogen or fluorine substitucnt, Ry denotes oxygen, sulfur or a methylens substituent,
and Rs denotes a trialkylstannyl group, oxcluding the case where Ry is hydwogen, Ry
being oxygen.

15. A nucleoside derivative accordixig to Claim 14, wherein Ry is sulfur.

16. A nucleoside derivatives according to Claim 14, wherein R, is hydrogen or
methyl group, R; is hydrogen or' a halogen-substituent, R is hydrogen, and Ry is
oxygen or sulfur.

17. A nucleoside derivativés according to Claim 14, wherein the triakylstannyl
group in Rs is a trimethyistannyl group, a triethylstannyl group or a tributylstannyl
group.

18. The use of radiolabeled compound in the manufacture of a medicament
suitable for administration to a mammalian subject to diagnose tissue proliferation
activity; said radiolabeled compound being represented by the following formula or a

phannaceutically acceptable salt thereof:



cytonegal ovirus, Epstein Barr virus, or human i nmmunodeficiency virus. 14. A
nucl eosi de derivative as represented by the following fornula: 9 July 2005
-38°HOI | Q R2 A T--7 wherein RI denotes hydrogen or ,a, li
branched-chai n al kyl ginps having 1-8 carbon atons. R2 dengr%g 2@@$ogen
hydr oxyl or a hal ogen substituent, R3 denotes hydrogen or Iluorino
substituent, R4 denotes oxygen, sulfur or a nethylene substitnent, and Its
denotes a trial kyl stannyl group, excluding the case where R is hydrogen,
|t4 being oxygen. 15. A nucl eoside derivative according to C aim 14,
wherein R4 is sulfur. 16. A nucl eoside derivatives according to C aim 14,
wherein Rl is hydrogen or nethyl group,3fR2 is hydrogen or a

hal ogen-substituent, R3 is hydrogen, and R4 is oxygen or sulfur. 17. A
nucl eosi de derivatives according to Caim 14, wherein the triakyl stannyl
group in RSis a trimethylstannyl group, a0triethyl stannyl group or a
tributyl stannyl group. 18. The use of rad olabeled conpound in the

manuf acture of a nmedi canent suitable for- iBgration to a manmal i an
subj ect to diagnose tissue proliferati actffvity; said radiol abel ed
conpound being represented by the folloing fiprnula or a pharmaceutically
acceptabl e salt thereof:

wherein Ry devotes hydrogen, or a lineur- or branched-chain alkyl group having 1-8
carbon atoms; Ry denotes hydrogen, hydroxyl, or a halogen substituent; Ry denotes
hydrogen or fluorine substituent, R, denotcs oxygen, sulfur or a methylene substitucat,
5 and Rs denoles a radioactive halogen substitucnt, excluding the cascrwhere R is

hydrogen, Ry being oxygen.



9 July 2005 -39 O OH R3 wherein R denotes hydrogen, or a linear- or
branched-chai n al kyl group having 1-8 carbon atons; R2 denotes hydrogen,
hydroxyl, or a hal ogen substituent; R3 denotes hydrogen or flpgﬁkge
substituent, R4 denotes oxygen, sulfur or a nethyl ene subst?fﬂg , b and R5
denotes a, radioactive hal ogen substituent, excluding the case where R3 is
hydr ogen, R4 bei ng oxygen. 9 July 2005 - 40 19. A nethod to producing a
radi ol abel ed conpound as represented by the following fornula: ON OH R3
wherein R, denotes hydrogen or a |ineajs _or branched-chai n al kyl groups

having 1-8 carbon atons, R _denotes hyd n, hydr,oxyl or a, hal ogen
subst 1t uent , R3- deribmeded H9d’r‘?§8‘8’ﬁgd‘rm%ﬂ‘iﬂ&?‘ﬁé”@ﬂ%‘&’f}i‘"‘c‘;d%lﬁtfs,e“‘ﬁ,j bydbiot es
oxygen, sulfrr,or a methyl ene substituent, and its denotes a radioactive
hal ogen subftaviRgfEmilgxcl udi ng the case where Rt is hydrogen, R4 being

oxygen; conprising reacting a nucl eoside derivative as represented by the
followng formula: OR5 HN O

O
Rg
HN ’
(0] N
HO
Ry
H R;
H R4
OH R,

wherein R, denotes hydrogen or a linear- or branched-chain alkyl groups having 1-8
carbon atoms, R, denotes hydrogen, hydroxyl or a halogen substituent, R; denotes
hydrogen or fluorine substituent, R, denotes oxygen, sulfur or a methylene substituent,

and Rs denotes a radioactive halogen substituent, excluding the case where R, is
hydrogen, R4 being oxygen;

comprising reacting a nucleoside derivative as represented by the following formula:

O
Rs

HN I

0 N

HO
Ry
H Ry

H R4



R5 HN 9 July 2005 - 41 wherein R, denotes hydrogen or a |inear- or
branched-chai n al kyl groups having 1-8 carbon atons, R2 denotes hydrogen,
hydr oxyl or a hal ogen substituent, R3 denotes hydrogen or fhﬁﬁrkgg
substituent, R, denotes oxygen, sulfur or a nethylene subst % e And R5
denotes a trial kyl stannyl group, excluding the case where R is hydrogen,
R4 bei ng oxygen, with an al kaline solution of a radioactive halogen in a
sol vent, whereby the trialkylstannyl group of R5 is replaced with a
radi oacti ve hal ogen substituent.
' - 41 -

wherein R, denotes hydrogen or a linear- or branched-chain alky! groups having 1-8
carbon atoms, R, denotes hydrogen, hydroxyl or a halogen substituent, R, denotes
hydrogen or fluorine substituent, R, denotes oxygen, sulfur or a methylene substituent,
and Rs denotes a trialkylstannyl group, excluding the case where R; is hydrogen, R4
being oxygen,

with an alkaline solution of a radioactive halogen in a solvent, whereby the

trialkylstannyl group of Rs is replaced with a radioactive halogen substituent.



