o , : , , , ivity or
| Specification Drugs for the Diagnosis of Tissue Reproductive Acti Vi
thep‘l"r‘eat ment of Proliferative D seases' Technical Field 5 The present

i nvention relates to use of radiol abel ed nucl eoside deri Vat"mﬂmlmmu"mmm
di'agnosis of tissue proliferation activity and treatnent of ve

di seases. Background Art |f proliferatli'on activity of tunor cehssecan be

determ ned non-invasively by image diagnosis, it will be help for

eval uation of growh rate and mali gnancy of .the 10 tunor. mmmmm,mm’mmf
the nost rapidly grow ng regions of urmr by i mage di agno

useful in preparing plans for radi §P?"B Catio® ds in radi ot her apy B56hze

i dentifying suitahle prtlons for b| opsy Such rrethods W ll permt an I
early and accur at e LDIgg Jiagpesis pbTispua Reprodidtive tActivitiioch is difficult

to identify by CT- or I\/Rl-based anatom cal eval uatlon or PET-based

measur enent of gl ucose- netighlakatmea rediferdts el arly, they will be

useful for an early assessment of therapeutlc effects of anticancer agent s
t hat may Jeghricaldlieldng side effects. In order to solve these clinically

i mportant problens, use of 5-iodo- deoxyuridine |abeled with a radioactive

i odi n® and t hyrﬁhdlpnesehaimeb:atbnvmeldtes:w mrbﬂrlidloﬁﬂefch ﬂu%le%sﬂ@%eh@&i\'fggﬂ ter,
have been studied (Tjuvajev JG et al. . Nucl , 1417

Marti at - Ph
(109¢):  Wagabsiof e brafersGaanrifiand hama 0@2%@'?&‘@?‘39%68 Cancor Res,

59, pp. BEatkgdddd A#999); U. S. Patent No. 5,094,835, U S. Patent No.
5,308,605). It is '
If proliferation activity of tumor cells can be determined non-invasively by

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

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 CT- or MRI-based

anatomical evaluation or PET-based measurement of glucose-metabolic changes.

15  Particularly, they will be useful for an early assessment of therapeutic effects of

anticancer agents that may cause strong side effects.

In order to solve these clinically important problems, use of 5-iodo-

deoxyuridine labeled with a radioactive iodine and thymidine laBeled with carbon-11

- -which i is a pos1tron-em1ttcr have been studxed (Tjuva_]ev IJGet al, J Nucl. Med 35,

20 pp.1407-1417 (1994); Blasberg RG et al, Cancer Res. 60, pp.624-635 (2000); 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). It is

considered that these radiolab_éled 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



' hat these radiol abel ed conpounds are taken into cells as _
§?2§L?§g$2'$or DNA synthesis required for cell division of rapidly-grow ng
tunors, and then 25 phosphoryl ated by thym di ne kinase, followed by
fncorporation into DNA, to reflect 2 proliferation activity of the tunor.
These radi ol abel ed conpounds, homeverjzare deconposed rapidly in vivo,
meking it difficult to performnon-invasive evaluation of the 4
proliferation activity of the tunor. The nmethod usi ng carbon-11-1 abel e

1 di ' tjcular equi res ry conp|icated mat hemati cal nodel
| gggpyg: 2 &Oa{intgraggé\ ndc??lvltg (Bfegﬁﬂﬁmb‘gpu}ﬁ‘r"g%éa‘gola‘b@gﬂo‘é’cmn,omd&.hhmqwr,oarenucI ear
medi ci ne, | pagi n Thgzl rapi.d nmetabolic deconposition of these radj ol abel ed
conpoundge‘foﬁgmsg% TaRudly Jg pdyoy dpakang ¥ B Eicultetot periormanagiavasivoetalydtionost di ¢
bonds by .t hym.di ne phgsphorylase and instability of the labels in vivo. If
the C-N Sﬁ%gﬁﬁgmﬁé’n@eﬂw af e tpraew e dhetrthethod usipg carboh-$ dsbelédsthediding,t y t o
tunors, thereby decreasing in accunul ation of 10 radi oacti vity in tunors,
whi | e t hEt PARICBIAE! Feguires tveno| domggicated r mathematicd gmodeld and19slh 0akd ickhiiof.
thereby nmeking imaging of the tunors difficult. To solve these problens,
radi &1 abbecomeqeppbmnsis didgnbstivetbetinidquiecofsiuefeat nbdichR\agihgen synt hesi zed by2,
i ntroducing fluorine atons, which are high in electronegativity, to the f
or 3' positi onThewrapéd ineiaboli¢!décdagiodRion @iﬂes@q‘é{(ﬁof%@l@d %Mﬁbﬁ’r?qsfig rv,.\;ﬁr’ggglgsng °
‘tunors. 15 Thus, 3'-deoxy-3'-fluorothym dine that contaihs fluorine”18, g
posi t r oncansidetedrto tetduettb@leAvagdOBSCLN %T&c%?nﬂ?bcﬂxd@ '&%ﬁgﬁﬁﬁé b};{%sahgqﬁsg © an
an accumul ation in tunor tlssue(Shlg!dsAlet al’, _uirg téb"einvivo
. 1334-dnd3ms(abARP)of. thd NABEIN i Ring. ' 38 ipRd ROR! S0 GPHP R ol Gh ’
PF is a arhgdi gfalbagﬁl) ed conpound wih a %1?)?-@9?%‘ (ggg? Pg%r?reeﬁfef‘f'ﬂir, Gnd

t her ef or@n#pousid Cidaks Gk !a?ﬁﬁi%%r 2'82+’@ ttngreggﬁ é&tréaalf“ngl :lftg] %(lrcn h,egg%? ge of

the conpound. 20 For this radiolal ed com
-responsihligadtfity % RnfdtIUAile2hd Mradioactive metabolites increase background

radioactivity, thereby making imaging of the tumors difficult.

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, and have been studied for imaging of tumors.

15  Thus, 3'-deoxy-3'-fluorothymidine that contains fluorine 18, a positron emitter, at -me- 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 vivo, it is a radio-labeled compound with a short-life positron emitter, and

' -'-th¢r¢fore a.cy’clétrqn_ is required in the hospital, limit’in_g' the usagé.o'f the compound.
20 For this radiolabeled éompouﬁd; the ma_lior.process réspoﬂsible for its accumulétioh in
cells is the phosphorylation caused by thymidine kinase that is an index of DNA
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 same manner as above to increase its stability in vivo, has recently béen

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



,cells is the phosphoryl ati on caused by thym di ne kinase that is an index of
DNA 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" posjtion in the sanme nmanner as above to
Increase its stability in vivo, has re%ently been 25 reported. Though
stable in vivo, however, this radiol abel ed conpound was high in 3 retention

in blood and failed to show a si gnifiCant accurrul ation in a tunor conpared
Med, 41, p. 233 (2000))

to 5-io ¢ SR et al Nucl

2" -1 uor g@%ﬁ%ﬁg% g %‘(@84 F?eSh"WrP Sesibgasgemation in hitumgsgonyared to he 2
posi tion .sﬁ?o h@wgg I n_vivo, and has been used for

i dent i fi 2dP ‘? tF‘ - Afvel. M?ﬂr 4d5p.333i(B000)o0 of a vector for
gene therapy, g mm ng a phosphoryl ation reaction specific to thym dine
ki nase of huma pesipdeargbinpuriding im| which efiworageplis detroducedrage tigd @Ynosi s

for virus infection, based on the high specificity to the viral thymdine

ki nase (R9sitiel, eshows athigh. statdhityc ér vRes .and6hasp peetD @ifed Forl 1@PBYicatiol By aj ev JG
et al., Cancer Res. 58, pp.4333-4441 (1998); Webe LI et al., Nucl eosides

10 Nl eintrodections and 0e¥preGich (i2 989) : ofCaThittor Sﬁregerﬁl ther umefﬁgp Biol.
26, pp.481-490 (1999); Haubner R et al., Eur. Nucl 27 283- 291

(2000) ; fhasphyrylatidfs redctivoh. spe€ifiacerth ﬁlnéﬁlna%%ﬁhaﬂﬁ?(ﬂe FM et
al., Crculation 102, pp. 948 950 (ggOO)) In view o ﬁ?e%alg%ve S|Jfluat|on

the presalsd beenappliedt imdge cﬁ&%]@glmmné mi%é:lx&ﬁ%h&édao‘h%@ﬂ ﬁg&gg?gcﬁs that are

practically useful in clini fields, stable’in vivo %etain

in cell shafvirl ththidthePRRERDOTIMVEESTIPY ANYEhEP ekl ?@35%?@%?‘%’ or

reflect the DNA synthesis activity after "béing inco

2?{ E j[ g lrJ"tﬁg{/ég(e:% P‘g\sleg a}icgm%??&gcw 8&}&3%3&??%5’?& Wildd G &' al gi\l%cl%cr)]s%
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,, erculatlon 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 vivo, and
able to retain in celle 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 dlagnosxs of tlssue prohferatlon actlvxty
20 and for treatment of prollferatlve dlsease utlhzmg agents that contain said radxolabeled
'compounds.
Discl Fhe ] .
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



,0f use, and also ains to provide nethods for diagnosis of tissue
‘proliferation activity 20 and for treatment of proliferative disease,
utilizing agents that contain said radiol abel ed conpounds. Discl osure of
he I nvention To achi eve t he above-nentioned objectives, the present

I nventors have synthesized a variety'ér radi ol abel ed conpounds and have
intensively studied to see if 25 they are useful for imge eval uation of
tissue proliferation activity. As a result, the 4 inventors have found that

di ol ab by the fol | ow f |
For g agnaluORTRRRCEIE A RIRARGF e loruiie 8 sebiioatid ot Deoliowng -

proliferat] di sease nd have .conpl eted the present, i nvention.

" Speci fi cgt%)hx,ﬁlat K& p‘Fé‘?eﬁ?‘ diAgansis oﬁg?o HeBis aeliferatian captivityr oritrgatment sofof
tissue _proi.' feration actjvity or for treatment of proliferative disease,
whi ch corfif ‘%’é"é‘,"eélése%?’ a!&l\:hi}‘@éommt@bﬂ)@mseat ingefitionabel ed conmpound as
represented by the following formula or a pharnaceutically acceptable salt
thereof 0 HN NSmegificallithepresaetr invantign pravides anhygino dendiagnosis bf Hee- or
branched-chai n al kyl group having 1-8 10 carbon atons; R2 denotes
hydr o8en Prolfgraiey |activity ar e weptmestiofpiolifative HeeateWhith colpBsRYas afl
fluorine substituent, R4 denotes oxygen, sulfur or a nethyl ene substituent,
and RS dentveingedientiadiolabeledaonpotnd ubfepidsertad by eieClolivitg thitfuls 85§ Wher e
R, R2 and _

pharmaceutically acceptable salt thereof:

0O
Rs

HN
|

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 R, dgnotes a radi‘oaqtiVe halogen substituent, 'excluc_ling',the” case where R;, R,and == -
| R3 are hydrogén, R, .being'- oxjgén, and R, being ra&ioéctive ﬂuoriné, brominé, iodine,. |
or astatine; the case where R, and R, are hydrogen, R, being fluorine, R, being oxygen,
15 andR; being radioactive bromine or jodine; and the case where R, and R, are hydrogen,
R, being fluorine, R, being oxygen, and R, being radioactive bromine or jodine.
The radi.ol'abeled compounds of the present invention are stable in vivo, and can

retain in ce]ls after being phosphorylated by mammalian thymidine kinase or reflect the



+R3 are hydrogen, R4 being oxygen, and R5 being radioactive fluorine,
“bronmine, iodine, or astatine; the case where R, and R3 are hydrogen, R2
being fluorine, R4 being oxygen, 15 and Rs being radi oactive brom ne or
i odi ne; and the case where R, and R2 are hydrogen, R3 being fluorine, R4
bei ng oxygen, and R5 being radi oactive” brom ne or iodine. The radi ol abel ed
conpounds of the present invention are stable in vivo, and can retain in
cells after being phosphorylated by nmammal i an thym di ne ki nase or refl ect
the 5 n | s V1 t.er .being jnpcor at [ Ther ef ore,
t hey r([a)gﬁ? Igé £e g?’t ?‘\c’/i}edlt&i Laﬁ/gcr{géqugg e %@Gg Br ﬁﬁ{ﬁ'e?ﬂﬁr Area dhey, realizeng
treat ment .broliferative di sease, and, are particularly useful as
di agnost ie(i;i% Ir:té‘(% cﬁg%qqsveoﬁtﬁ%q W&ﬁ% jpneactiyity am!agﬁfﬁmegt Qﬁpfoﬁf%aél}'é disease,
proliferation actjvjty or ?s radi oactive therapeutic agents for treatnent
of 5 prolhd @F%Pﬁwuhr%e%@ ia§ dagnose redioagtive, imagiog ragents foi didgeosipef | ocal
radi ot herapy or the |like. Thus, according to another aspect of the present
i nvent i ofissien graliferation rastivitie dor s tradigectiver therapgutics iagents forr Stseatment of
proliferation activity, which conprise admnistering an effective anmount
of a ? adpeliferativeidiseassdnadcardance witisinternal ridiothempaploval rhdiothetRy @t tie 10
pharmaceutical ly acceptable salt thereof to a manmal, followed by inmaging
in vivo- lide.stribution thereof, and methods for treatment of proliferative
di sease, which conprises admnistering an effective anount of said
radi ol abel ed c@hysyuocbrdingsslahother aspebiditthe prdsefitihPentidhTHRte éx@?rb’sqﬁ’e?l human
S

beings. In the present invention, the radiol abel ed conpounds repr esent ed

by the iftiakdefer diagrbsisrof tﬁb@hélg@)liﬁﬁhﬁcﬁl wﬁrit?%gicﬁrcﬁg@ﬁgégg%@@é%ﬁngﬂ of a

hydrate or solvate of these. uch salts include p

accept abeffedtivk athouhPbf Emhﬁ‘eled)&ﬁndﬁ%ﬁ;nqagtr bk nfed By AE BBbvE R uogga as

hydrochloric acid and sul furic aci an organic acid suc
10  pharmaceutically acceptable salt thereof to a mammal, followed by imaging in vivo

distribution thereof, and methods for treatment_lof 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 cdmi)ounds as represented by the -
156  above formula include 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
.;'a_diqlabelcd compounds or salts thc_r__gof to which water molecules or solvent rﬁolecﬁlé_s
20 are at't:ached.. Fui'thehnoie, the compouhds of : thé preSent ihveﬁti;)n .inc.:.l.ude.the;i.r
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 méthyl group is preferable.

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



-acetic acid. As such a hydrate or solvate, mention may be nmade of the
-'present radi ol abel ed conpounds or salts thereof to which water nol ecul es
or solvent nol ecules 20 are attached. Furthernore, the conmpounds of the
present invention include their various isoners such as tautomers. In the
above formula, the linear- or branchedthain al kyl group having- 1-8
carbon atons as represented by R includes, for exanple, nethyl group,

et hyl group, propyl group, t-buLyI g{oup, ang njrexy{ group, gfeﬁ?gghby o
met hyl gp .i.s greferable. 25 The o] -.Su | tuent, as. repres

pr ef )ér aglbgc.uﬁlrl\lgl udes H;?t%ﬁbfyn@fygﬁﬂ PB?"}qﬁ’é’, gfiﬁﬂ"?“ﬁ%ﬂﬁ P?g?c :)3{ @Cﬁfﬁ%r ably
oxygen or sulfyr, of whic ul fur i.s particul ar preferable. e
raéigoact ive ha%@é‘?‘f{’%ﬂ?ﬂﬁ ?‘f‘f‘}g?ﬂ’s iUl assrepresented, bR, iim therabous formutaor nul a
sincludes F-18, Cl1-36, Br-75, Br-76, Br-77, Br-82, 1-123, |-124, |-125,
|-131, aiefludesF118, Cl36, Rrri7eBrEl6, Br-15; Br82, k12R3-124,06125; 1-231,and Aw2d er abl e
for diagnostic purposes while Br- 5 77, 1-125, |-131, and At-211 are

pr ef er aboéwhish k48, Biséautl- @3pandbizs areRrefemblecbr divgnosiedrurmises whileBent ed by
t he above fornula include those wherein R;by;ift hydrogeg %L methyl, R2is
hydr dgen 7dyI- 25 #13 Lcand Atk i areipreferat® forthe () oS | S oxygen or
Sﬁ|fﬁ?, parti cul arlby preferablgﬂet hose wherein R@RZ and R3 are hydrogen,

R4 is sul fur, Reférsedacompbwirist asveepiédea®anby uhstdbove Yorm@h Smtgde fheud F- 18,
10 1-123, 1-125, and 1-131. Certain 4'-thio nucleic acid derivatives as

) ; ; i e
nal 0gen. SUbSL! tent | Lacs been Pepol toar s tch urce MbgkARRAGE ta%selrsi( A
el _ | . 80 son
VR et al o oo REG T B o' palloy Bt S EBuAlY O Mkl BRGRa OL,
gl;a(r)n di ‘:’2?3 éi% dﬂg’gf #Stﬁ,;gﬂ%? iﬁlih%-? ﬁ), isa xlaaiogé’@veaﬂa%)gen-%ﬁgsnlfﬁle%waécrt@it rSif F- ?é,n
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 resistanf to.
bacterial thymidine phosphorylase as a result of studies oﬁ antiviral agents (Dyson MR
et al., J. Med. Chem. 34, pp.2782-2786 (1991); Rahim SG et al., J. Med. Chem. 39,
15  pp.789-795 (1996)). It has also 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 WQ91_.01326, International Publication -
20 WO9104982, Japanese Patent Laid-Opén No. HEL 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, is a non-radioactive substituent)

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



sul fur substitution products inhibit phosphorylation of thym dine by human
‘thym dine kinase (Strosselli S et al., BiochemJ. 334, pp.15-22 (1998)).
The chemical structures of these conpounds with sulfur at the 4' position
and their use as an antiviral agent ar al ready known (International
Publ i cati on W91. 01326, |nternational "Publication 20 W9104982, Japanese
Pat ent Lai d- Qpen No. HElI 10-087687), but neither the correspondi ng
radi ol abel ed conpounds nor their use as a radi oactive diagnostic inaging

agent or dirggchd_ rapeuti c agent have been,knowy. The chem cal
structur e§%b ce(?’}t ‘g(lﬁ‘gnjg ggrrp QRGBT eL the, frespoRding égm?lﬁhﬂle cpypoundsn as

r epr esent ed . the _above farmyla (where R5 is a non-radi oactive

subst i t uefth t?'g'ﬁ SR\l bq"g‘éﬁfgf’ %%&Wd&%ag{nﬁé’lgé@f oryadieactive dhargpevtie agentown
(Japanese, Patent Lai d-Qpen 7 No. HElI 07-109289). However, neither the

cor r esponPAY§PeFBERMRbel ed conpounds nor their use as a radioactive

di agnostic imagigl.r']g agent or radi oactive therapeutic agent have been known.
The conpounds akhe qmposiads asi répyesehted dyothe aboverformutaacantie useé doif wriouar i ous
5 di agnoses of tissue proliferation activity and treatnent for

prol i foer adingnosey ofdisare prpliferatiaruectiityt imed treatmevi Yor Protifdrativieydisdddes Bei r
capability for retention in cells or capability for being incorporated in
DNA.  Suctvidbegfitieirsn ofvotstability apd chdif eipabilignfor @étkitidnyinicBlld sid@pabiifty Bxanpl e,
di agnosis of hyperplasia, regeneration, transplantation or viral 1 nfection

acconpani k=ingincodporatedeih DNA, prol i feration . The diagnosis of hyperpl asia
acconpani ed by abnormal proliferation includes, for exanple, diagnosis of

hyper pl asti ¢ i rSuch@idEhb&s. of RRShIProlikFRNich ac%itv%dgﬂ&??ér ex ﬁgfaglﬂﬁs

di agnosi s of the hyperplastic inflammtion i ntludes or exa
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, b_enign tumors, or malignant
tumors. The diagnosis of the hyperplastic inflammation includes, for example,
diagnoses concerning activity of chronic rheumatoid arthritis and determina-tion of -

15  therapeutic effects. The diagnosis of the benign tumors includes, for example,
diagnoses concerning 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. hyperplésia, endometﬁum hypex;plasia. (cyéﬁé hyperplésia;- édén.on.lyosi.sl .uteri,h B
hysteromyoma), ovarian tumor (cystadenorria), mammary gland (mastopathy, mammary
gland fibroadenoma), pituitary adenoma, craniopharyngioma;, thyroid adenoma,
adrenocortical adenbma 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



.di agnoses concerning activity of chronic rheumatoid arthritis and

determ nation of 15 therapeutic effects. The diagnosis of the benign tunors

i ncludes, for exanple, diagnoses concerning |localization, activity and

determ nation of therapeutic effects. _ The diagnosis of the malignant

tunors includes, for exanple, diagnoses” concerning |ocalization, progress,

mal i gnancy and determ nation of therapeutic effects, of primary and

metastatic. malignant tunors.: Benign tunors include, for exanple,

prostati -AS] endgnet rium tplasia (cystic hyperpl asia,

adenonyog?lgcgfj thﬁéarpl|El,relahﬁlycsf’f11 & bfﬁg@[’r% ?“’%Qfa{}féﬁﬁ‘f GRRSED (w\é{c’i’i@rﬂsﬂ% bladdetar y

gl and ( topat h Hogmary . | and fi broadenoma), pituitary adenons,

crani op%‘?{gP{?ﬂ% 1 YD %S JHEOT, WeRne (3BeRTt PYaRian £gBersnbreastrancer,

pheochr onoc .éoma. Mal i gnant tunors include, for exanple, malignant

| ynpho rraH‘l()yF% fanfers ngheoblastoma; daino tRarn(prignanh dmaid , tuglr.pinetastatio dbraimancer

| ung cancer, eso%hagus cancer, gastric cancer, colon cancer, hepatic. .

cancer, PuRRI:eshabdomypsaseompmepine dumonu(ostéosartoniac metastatic bumehwahorst oma) ,

bl adder _tunor, prostatic cancer, testicular tunor, uterine cancer, ovarian

canced?, Keposi’s sargomwerand maljgmantimelanara,, neur obl ast oma, brain tunor (primary

brain tunor, netastatic brain tunor), rhabdomyosarcoma, bone tunor

(ost eosar coma, Theetdiegnasis cofb eegzntration ) accopifidid by abriodmaP PrelifeifiodBls gnant

mel anoma. The di agnosi s of regeneration acconpani ed by abnor mal

prol i f er etcmylified byextiagiokisi Gl_dfthwtidhaaf\?ﬁyﬁolaéicilufé‘gkhé}ﬂti&f o isb® gl cal

regeneration of blood and diagnosis of pathol ogi Cal regeneration resulting

{rom pat Biagmgiscef pdthlagied] afueal kg ok ANANALHALLOBE BloofhyRLo! 001 ca
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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 chemotherapy 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
ipfectious diseases caused by Type I or Type II herpes simplex virus, varicella-zoster

20 herpes virus, cytomegalox?ifus, Epsféin—Barr virus,l or human .imﬁ'n.mode.ﬁciency virﬁs,
particularly infectious diseases of central nervous system (e. 8., viral-infectious cerebritis

meningitis, etc.) caused by Type I or Type II 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



exenplified by diagnosis of blood cancer patients undergoi ng bone marrow
transpl antation or very high-dose chenotherapy using an anti cancer agent,
such as 15 diagnosis of take or proliferation of transplanted bone narrow
cells in bone marrow transplantation._ The diagnosis of viral infection
acconpani ed by abnormal proliferati on 7 ncl udes, for exanple, diagnosis of
virus-infected portions and proliferation thereof in infectious diseases
caused by Type | or Type Il herpes sinplex virus, varicella-zoster 20

her pes vi | ovi r pS, Epstei n.Barr, virus, n..

i mrunodefllglgll§ r?%ﬁl\%{gr?gglfﬁdﬁafofi% '531'Ttg? Va“ﬂ?ag{:lmntﬁ @_L%{éggﬁ Hisease: o

ner vous stem{e.q. i ral -infectioys cerebritis, neningitis, etc.).
caused b%ﬁ%én &%%M@Wﬁ%ﬁlﬁé%ceéﬂﬂﬁﬂ epcen L‘YE‘ "@Pcerﬁul?*ﬁ‘i‘f%r tymemestali ci ency
virus. The treatnent for proljferative diseases is exenplified by treatnent
of 25 nefiagaRfostaliGprance)y UGring| cangere OVAGEN garasHpbieassdcangeratbaain rgmor o
proliferation. Such 9 nmalignant tunors include, for exanple, malignant

| ynphona (PHBWEKbrainstumoscmetastatio hrain-wmengk), and yabignard )melarioama, n Gueh acdmter |

| ung cancer, |iver cancer, bladder tunor, rectal cancer, prostatic cancer,
uteri Re dafection invludes mfectiousediseabeseafstentrainnevoussyaitein tcaised by( Pype™Roy br ai n
tunor, netastatic brain tunor), and malignant. nel anoma. Such a viral 5

i nf ect i onlypacll dsbepesi sifphdxi oirss oF SmSinﬁﬁmﬁﬁleﬁéi%thQir\dggﬁarﬁMﬂ&xﬁnwsed by
Type | or Type Il herpes sinplex virus or human i mrunodefi ci ency virus,
parti cul antephalitieér medingifikial itis or meningitis. Methods for |abeling the
conpounds represented by the above fornula at the "5" position with a

radi oactive haMekedsToy l4belikg ehercompoRadSrepiidcited by ThE HOSVS #5hOG Ofut'.JtRei sot ope

exchange reaction, and a nethod usi'ng a 5-chloronercuri conpound in which
“5” position with a radioactive halogen may be known methods, such as methods using

10  isotope exchax_lge reaction, and a method using a 5-chloromercuri compound in which
mercury is introduced intq the “5” position of the compound or a 5-hydrogen compound
in which there is no substitutiop 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-
16  Kortylewicz J et al., Appl. Radiat. Isot. 39, p.335 (1988)). This methoci is, however,
digadvantageous for producing pharmaceuticals labeled with a short half-time
radioactive nuclide due to side reacti&ns' (formation of “5-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 é method for pfodﬁcing 5-iodo-2'-deoﬁ-(yuﬁdiﬁe from f-deoijuﬁdiné (Knaus; EE et al..,.
Appl. Radiat. Isot. 37, p.90.1 (1986); Fin RD et al., J. Label. Comds. Radiopharm. 40,

p-103 (1997)). This method, however, requires héating 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 ﬁethod, considering the properties

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



nmercury is introduced into the "5" position of the conpound or a 5-hydrogen
conpound ‘i'n which there is no substitution at the "5" position of the
compound. The nethod using the 5-chloronercuri conpound is already known
as an iodo-labeling method for producjnhg 5-iodo-2'-deoxyuridine (United
States Patent No. 4,851,520; Baranowske 15 Kortylewicz J et al., Appl.
Radiat. Isot. 39, p.335 (1988)). This nethod is, however, disadvantageous
for producing pharmaceuticals |abeled with a short half-tinme radioactive

| ide dge. bgle: tons {formation. 5-chl.oro" . conmpounds, _
gg(r:rer curiza |g%§ ]raggléxgge %ﬁ§t}0ﬂa I%‘ﬁ@e nﬁ?&?&@%’?“%"’@ﬁ“’ﬁdﬁ?% 1S0tQRe| e’F‘&\aﬁ? i on of
I norgani c rcury conmpounds. The nethod using a 5-hydrogen conpound is.
:aln(r)egdy KIFBHP ’éé"YS?d‘mgBﬁai’ll?] Rrgfucing, pharmageuticals dhatomustchexpaintaingseatia om _
2' -deoxyuridjine (Knaus EE et al., Apgll . Radiat.. Isot. 37, p.901 (1986); Fin
RD et al .certgin leyglet quelitys becanseithepmathed isioot ahle 10 prqduee Brier-Tree dalmbtchod,
however, requires heating at 65-115C, and therefore, it is not suitable
for use viomposbdsauhds diffigult 4o costiel Mariatienoohspreificinctivityh embhg dlifferentli t i ons
and cannot be said to be an ideal |abeling nethod, considering the
prope®t | debelgatng adi oacti ve hal ogen atons whi ch preferably should not
I nvol ve heating operations -10 during the | abeling reaction. Further, the
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whi ch the pyrimdine base Is
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” po_sition is
converted into a radioactive halogen-substituent. . This labeling method, which uses a
5-trialkyltin compound, is preferable as it does not sﬁffer such problems as with the

15 above three labeiing methods. Specifically, this method requires only a relatively short
reaction time, and it does not produce “S-chloro” 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
fi:xed._spgci'ﬁ_c activity can be readily p;epated_ by adding a carrier. This method is also

20 featured m .tha.t puri.ﬁc'a.tion éftér the feactiori is easy fo oi:)eréte. .Spéciﬁca.il.y,. 5-
trialkyltin comﬁounds are largely different from the corresponding radioactive halogen-
labeled compounds in terms of overall molecular polarity as the electrical properties at

thé “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



group at the "5" position as represented by Forrmula 11 in Fig.1l, Formula 21
in Fig..2, 10 Fornula 28 in Fig.3, Fornula 40 in Fig.4, Fornmula 50 in Fig.5
or Formula 58 in Fig.6, to react with 0.1N sodi um hydroxi de solution of a
radi oactive hal ogen in an appropriate ol vent such as chloroform so that
the trial kyl stannyl group. at the "5 bé ftion is converted into a

radi oacti ve hal ogen-substituent.. This | abeling nethod, which uses a
5-trialkyltin conpound, is preferable as it does not suffer such problens
as witht 15 .aboveqt h | ahel i nmet hods. ecifically, this nmethod
requires on %é%{g?e‘ﬁ FVé?e;efj gﬁgf‘fulbﬂﬁgg%t F‘gﬂ PeTHRET a&?ﬁl(i}‘l‘“ SsBromaegEpliguce
"5-chloro’ ¢ ounds or need heating as the reaction readily proceeds at
roon1tenp@wy? 181 The resulting | abel ed conpounds are free of carriers,
and if a | ower ecific activity is desired, a | abeled conpound with a
fixed specific a4 #¢qoydingto B@Dtgzra@pcgt qfrtep presentipventidnnere isgrovided a Thi s
method is alsqg 20 featured in that purification after the reaction is easy
to oper at @ethadeforf predueing % .-radiplabtled| compamdpasimeresaneed dygeey fallowing ent
fromthe correspondi ng radi oactive hal ogen- | abel ed conpounds in terns of
overald niormulat ar polarity as the electrical properties at the "5"
position differ between them Owing to the difference in the nol ecul ar

pol arity, |abeled conpounds and unreacted precursors can be separated
easily by using a 25 commercial reverse;phase silica gel cartridge after
the | abeling reaction. This permts -1Qel i mi nation of the need of

t roubl esome hi gh performance |iquid chrpmat ographic purification. Thus,
according to anot her aspect of the [ gtion, there is provided a
met hod for producing a radiol abel ed as represented by the
following 5 formul'a: HR1

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 repr_ese_n'téd'by.the_ following formula:



OH R3 11 wherein R, denotes hydrogen or a |inear- or branched-chain al kyl
groups having 1-8 carbon atons, R2 denotes hydrogen, hydroxyl or a hal ogen
substituent, R3 denotes 10 hydrogen or fluorine substituent, R4 denotes
oxygen, sulfur or a nethylene substituent, and R5 denotes a radioactive
hal ogen substitient; conprising, reacﬂﬂﬁg a nucl eoside.. derivative as
represented by the followng formula; -12 OH R3 wherein R, denotes hydrogen
or a linear- or branched-chain al kyl groups having 1-8 carbon atons, R2
denot es hydrogen, hydroxyl or a halogeq)substltuent R3 denotes hydrogen
or fluorine substituent, R4 denotes oxygen, sulfur or a nethylene
substituent, 5 and Rs denotes atrial Istan?¥ group, with an al kaline
sol ution of a radioactive hal ogen,i SO¥ 5whereby t he

trial kyl stannyl group of R5 is COJ# ted ijpto the radi oactive hal ogen
substituent. The 5-trialkyltin conpgunds represented by Fornula 11 in

Fig.1, Formula 21 .in Fig.2, For 28 i Fig.3, Formula 40 in Fig.4,
Formula 50 in Fig.5 and 10 Fol®Tlla 5Nin Fig.6 are novel conpounds which
are useful internedi s for producing | the radi ol abel ed conpounds of the
present invention. T according to agnot her aspect of the present

invention, there is. proviyed a conpound as represented by the foll ow ng
formula: -13 HR

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 radioacﬁve halogen in a solvent, whereby the
trialkylstannyl group of R, is converted into the radioactive halogen substituent.

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 ndvel 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. prowded a -

compound as represented by the followmg formu]a



.OH R3 wherein R, denotes hydrogen or a linear- or branched-chain al kyl
groups ,having 1-8 carbon atons, ' R2 denotes hydrogen, hydroxyl -or a
hal ogen substituent, R3 denotes hydrogen or fluorine substituent, R4
denot es oxygen, sul fur or a met hyl ene substituent, and R5 denotes a
trial kyl stannyl group. In the above f-dBmul a, the Ilnear- or branched-chain
al kyl groups having 1-8 carbon atons as represented by R include, for
exanpl e, methyl group, ethyl group, propyl group, t-butyl group, and
n- hexyl group, of which nethyl group isgpreferred. The
- hal ogen-substituent as represnted by preferably i ncl udes fluorine,
chlorine and 10 bromne. R4 is preferabl oxygEF sul fur. The

Sudes tri net hyl st annyl

trial kyl stannyl group. as represent
group, triethylstannyl group and t nnyl group. Preferred conpounds
those wherein R is hydrogen

as represented by the above fornul a.

or methyl, R2 is hydrogen or a hal ituent, R3 i's hydrogen, and R4
is oxygen or sulfur. 15 As seen Q0m Fi 1-6, 5-trialkyltin conpounds can
general ly be syntheési . by providing ttheir corresponding

hal ogen- cont ai-ni ng. co d (as represented by Fornula 10 in Fig.1,
Formula 20 in Fig.2, Fornu , Formula 39 in Fig.4, Fornula 49
in Fig.5, or Formuia 57 in rting materials, reacting the -14
compound with bis(trialkylt riphenylphosphine)palladium
chloride in anhydrous 1, 4- r\heat at reflux in an argon

at nosphere, followed by p Cbﬂnound 10 (ITDYU) in Fig.1l can be
synt hesi zed by a known nethogg | ae "'1-8: Dyson, MR et al., Carbo.
Res. 216, p.237 (1991), and 10:

wherein R, denotes hydrogen or a linear- or branched-chain alkyl groups havmg 1-8

carbon atoms, Rz denotes hydrogen, hydroxyl-or a halogen substltuent, R; denotes
hydrogen or ﬂuorme substituent, R, denotes oxygen, sulfur or a methylene substituent,
5 and Rsdenotes 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 orefened.
The-halogen-sﬁbstituent as represnted by R, preferably includes ﬂuorine, chlorine and

10  bromine. R,is preferahly oxygen or sulfur. The trialkylstannyl group as represented
by R; includes trimethylstannyl group, triethylstannyl group and tributylstannyl group.

._ Preferred compounds as represented by the above formula include those
wherem R, is hydrogen or methyl R2 is hydrogen or a halogen-substxtuent R3 is
hydrogen, and R,, is oxygen or sulfur.

15 As seen from Figs.l-o, 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



QO vanen, Met al., J. Chem Soc., Perkin Trans. 2, p.2343 (1998)).

Speci fically, 2- deoxy-D-erythro-pentose (Conpound 1) is reacted with a' 1%
hydrochl ori ¢ aci d- nmethanol solution to produce Conpound 2, which is then
reacted with sodi um hydride, tet rabut?(I anmoni um i odi de, and benzyl brom de
to produce Conpound 3, in which 10 hyd 6)'<yl groups are protected. The
conpound is ' reacted with a-toluenethiol and concentrated hydrochloric
acid to produce Conpound 4, which is then reacted with triphenyl phosphine,

benzoi c ag d. dhet l.carbaxyl ate .t o produce yound 5. Sodi um
met hoxi dgfdlngp%“ﬁgn vﬂlshedlﬂ ?@%ﬂﬁ(}ﬁ at'ﬁe%bg{ﬁ‘i’bﬂyl 58 “F)(Péoﬂi’ sblesids i

pr oduce und ﬁ 6{on | owed, by its copversion into Conpound 7 with 15

net hanesu ﬁiﬂ“sc frstioxane yoder theat at weflne dn \an: AreeB catmesphsae, dfllawed bar | um
car bonat e .Ifo roduce Conpound . 8, which is reacted with 5-iodouracil in the
pr esence B! lﬁ’?g‘t’ﬁ"i met hyl si | yl acet ani de and then with N-iodosuccininide to.
produce Conpound 9. Subsequently, Conpound 9 is deprotected with titanic
chloride to prdeRiBroungnp8u@iDUI0n Fig. CovapobedyathesizeddAty & rkriove: etiisd be
synt hesi zed by a known nethod (Fornulae 13-17: Yoshinmura Y et al., J. Og.
Chem 81, (Fompglag 1d)ysendMB etral Carbe. REx. 2Y6SPR3TI(E99Y) aind@ormuike SVBG. Chem
40, p.2177 (1997)). Specifically, 1,2;5,6-di-O isopropylidene glucose

( Conpounddivayen;, Mretati dd Cheth SeoiPerkih Yitansd @, pd4beged)). b sll%Oz-pf oduce
a 3-benzyl conpound, which is subsequently reacted wth” 25 hydrochloric :
aci d, aquieoxisDsaythroipesitos® d@othpoahd!t 1)0 S Qgkiu r ' to.r 15
produce Conpound 14, p\?m chcti S tp'r?en co)n\i}eff&g%dw% E]yg%ogg%géw Ig‘r’i (lad'i nt o

Co d méthanol B6lutiongs ' ' i and.sodi um
STl |t ot anl Setuton B Rue CoOuiER Nt 1 hen RERicd it S0 R ADRRAE i &

and sodi étradbatydditmohfieh iodide, and benzyl bromide to produce Compound 3, in which

10  hydroxyl groups are protected. The compound is reacted with a-toluenethiol and
concentrated hydrochloric acid to produce Compound 4, which is then reacted with
triphenylphqsphine, benzoic acid, and diethylazodicarboxylate to produce Compound 5.
Sodium methoxide is then used to remove the benzoyl group froni Comi)ound 5 to.
produce Compound 6, followed by its conversion into Compound 7 with

15  methanesulfonyl chloride. A ring is formed with sodium iodide and barium carbonate
tb produce Compound 8, which is reacted with S-iodouracil in the presence of
bist1imetl1ylsilylac¢tamide and then with N-iodosuccinimide to produce Compound 9.
Subsequently, Compound 9 is deprotected with titanic chloride to produce Compound

S (U | |

ZQ o .C'om;;ou_nd 2'0. (ITAU) in F1g2 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 pfoduce a 3-benzyl compound, which is subsequently reacted with

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



successively to produce Compound 17. Hydroxyl groups are protected with
sodium 5 hydride and benzyl brom de (Conpound 18), and thg resul ting
conmpound is converted to Conpound 19 with m chl oroperbenzoic acid (m CPBA)
and acetic anhydride. It is further rgacted with 5-iodouracil in the
presence of 1,1,1, 3,3, 3- hexanet hyl ene disilazane (HVDS) to produce a

gl ycosyl ated compound, which is then reacted with boron chloride to
produce Conpound 20. 10 Conpound 27 in Fig.3 can be produced as follows.

40 whid . . Lal. which i
onet o VORI hnbdund 1 it YRR oot b 2, i e o PRt i e

DVF) -i h r Lm dazqgl e to protect th dr ox group at the
P posi 11 5n WHTegt §i tF ket m%(eéf%%mzo) 30 ac(;%ﬁ;dn s:ufée Gpmdos
Trifl uor thanesylfoni.c acid anhydride (Tf20) is added thereto in pyri
to produc OIT%O'ﬁ%‘n;%ruHVE“ 1§ feagtfde Bithn Bydroehlesi§ | acig sud sadiurn eborphydpidei t i on -
is trifluoronethanesul fonyl ated. The compound is reacted wth pot assi um
f 1 uori de,SUCCESHNElYViPtrosucpfeempound; Kiyi ysrexyl tgroutsnare krote@ed avith soalivansi um
carbopate, in acetonitrile, to produce a fluoride conpound (Conpound 25)

i n whPch hydede and berayb hromide (Compo@id p)sand te resulngcanphundiis abhvertedver sed.
The conpound is reacted with m 20 chl oroperbenzoic acid (m CPBA) in
met hy| endo &lempound 18witl m-¢tienoperberoériacid (ih-GRBA) and aceiiy Ahhyltiideo Rrigduce
Conpound 26. This is reacted with the product resulting froma reaction of
5- i odour duitherameacted] wifl8, Sidlohmcimid hhk e preseticei bazang 1 58 HRkamaih leftist h
trifluoronmethanesul fonic acid trinmet hyl st lyl (TI\/!SOT’fS. The resul ti ng '
product idisilafaret HNVDS) aa tpeetiuse Tahglb@ds?lhtéd"é&ﬁp(ﬂﬁndl WhieH ﬁy&,@rp?eae{ehqwtﬁe to
produce Conpound 27. 25 Conpound 39 (FIAU) in Fig.4 can be synthesized by a
known nmebbash chldridefte pratuee CRApddad Mg chman U et al ., Carbohydrate Res. 42,
p. 233 (1975) and Formul ae

10 Compound 27 in Fig.3 can be produced as follows. Compound 17 shown in

Fig.2 i.s used as a starting material, which is reacted with t-bu_tyldimethylsilyl chloride
(TBDMSCI) in dimethylfonna.mide (DMF)-in the presence of imidazole to protect the-
hydroxyl. group at the “5” position with a silyl group to produce Cofnpound 23. -
Trifluoromethanesulfonic acid anhydride (TQO) is added there_to in pyridine to produce -
15 Compound 24 in which the hydroxyl group at the “2” position is
triﬂuqromethanesulfonylated. 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 subsfituent at
| t_h_e-f‘2” posi_t.ion.is stereochemically reversed. - The cqmpo_und is reacted with m- -
20 .cl.'llc')'roperbénzo:ic acid '(m-.C"PBA) in méthylene 'c.hlor'ide.and further tr.éateld. with acetié |
- anhydride to produce Compound 26. This is reacted with the product resulting from a
reaction of 5-iodouracil and 1,1,1,3,3,3-hexamethylene disilazane (HMDS), and with
trifluoromethanesulfonic acid trimethylsilyl (TMSOTY). The resulting pr_oduct is
further treated with boron chloride in methylene chloride to produce Compound 27.

25 Compound 39 (FIAU) in Fig.4 can be synthesized by a known method



37-39: Asakura J et al., J. Og. Chem 55, p.4928 (1990)). Specifically,
Compound 31, which has been synthesized in four steps from

1,2:5,6-di -Oisopropylidene glucose (Conpound 30), is treated with a
cation exchange resin (Anberlite IR 12?% to produce 5 Conpound 32, which is
then reacted with potassium periodate™ t 0" produce Conpound 33. This is then
reacted with sodi um net hoxi de to produce Conpound 34, foll owed by

acetyl ation of hydroxyl groups to produce Conpound 35. The conpound is

treated ' d Fde-acet. cid,sol yti roduce Conpound
36, foll owe(%n%lsa er}?ﬁ\@gﬁg}:ﬁ%@gﬁ @h@ﬁb@yg@fq%%#?v%%}/é%gg) bRl npound
37. 1t isq84Rs ent O,reacted wth di tumceriun(l1l) sulfate (CAN)
to producgé‘?g'n%o %é,a}‘f J)'I‘?@V\/@E“B&%é’p&gggﬁq% oresifigalis Hompoyngd 31 t h
sodi um net hoxi de to produce . Gonpound 39. Conpound 49 (FITAU) in Fig.5 can
be synt heg’F’fEdﬁ%yﬁeffnk sizgd Hbgtgul( stspimiToae IESA@-Oprrqmﬁdem ghicade. , J.
Og. -CheK?&PGZ, p..3140 (1997) and Fornulae 15 46-49: Yoshinura Y et al.,

Bi oor g. mpsyeh30} is freatsd svithxmemion exchange fresim{ AmbertiterR-020) tproddiech has
been %ﬁnt hesi zed in nine steps from1,2:5,6-di-O isopropylidene glucose

( ConpeundCampourids32; shichad thentreactidewitly patasshon peficdate tol frbdivei Cinfdan@ B3. t 0
produce Conpound 44, which is then reacted with mchl oroperbenzoic acid

(m CPBA) This ip thwnureected Gritpsaditm4fiethodide 30 produes hSGABSRNGI 4, BAGHES by t
‘acetic 20 anhydride to produce Conpound 46, which is reacted with

trifl uor cetyteioasef liydnoxyl geeipd torpro@ideyCshpotind(F5VEGHe) c&n&&ﬁlisi? eated
pr oduce ér 3‘“7

- condensation with d 5-iodouracil derivative to npoun

Fi nal |y, witle athydrghenttf6inidecacBii€ hordYdohionUB r t
Compound 49. Oorrp¢o§und 57 (1 I\c/BAU) inoFi g.6 iparﬁ&gcg %@Yﬁyﬁ&gl %écfg{;@gg&%%m

gﬁé hlc:)gr w@ggﬁggﬂﬁ%ﬂt‘i%% el ldeRativesio ﬂbduce%oﬂ&mdqlﬁmh Y Suﬂgec?u%gt& 1995)
10 reacted with éliammonium cerium(Ill) sulfate (CAN) to produce Compound 38,
followed by deprotection of hydroxyl groups .with sodium methoxide to produce
. Compound 39.

Compc)l)und 49 (FITAU) in Fig.5 can be synthesiie’d by a known method

| (Formulae 42-4!16: Yoshimura Y et al., J. Org. Chem. 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-O-
isopropylidene; glucose (Compound 42), is reacted with diethylaminosulfur trifluoride
(DAST) to pro;duce Compound 44, which is then reacted with m-chlofoperbenioic acid
. (m-CPBA) to Eproc:ilj'ce_‘COmpOund 45.  This. is subsequently . reacted with acetic
2(.). 'anhydride to”plroduce_ Compound .46,. .Which is reacted w1th ﬁiﬂuofofnetli;ﬁesulfb;lic
acid trimethyls:ilyl (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:



-17 Asakura J et al., J. Og. Chem 55, p.4928 (1990)), conbined w th known
reacfiqns for protection and deprotection of hydroxyl groups (Fornul ae
54-55 and Formul a 56-57). Specifically,
1-[3,5-bis-O(tert-butyldinethylsilyl)-2-deoxy-D-erythro-pento-I-

enof uranosyl Juraci | (Conpound 52) is rEBaeted with pivalic acid and _
bronobsucci ni mde 5 (NBS) to produce Conpound 53, which is then reacted with
trinmethylalum numto produce Conmpound 54.. The protection groups for

hydroxyl groups_ are converted from tert-butyldinethylsilyl to acetyl,
f)cl)l | oned %ialflgﬁéﬁéln Jnr Cheamddnp4A2E E+990)) combined whthaknewnGaadtions faar oduce
Compound 56. Finally, the protection groups in Conpound 56 are renoved

wi t h anmoRfokection snd deprotactiop ofi hyidi®xy! groupo(Faravilasl 4683 et Fommnda 56S7pf t he
present invention, appropriate doses and routes of adm nistration should

be sel ect Specilfigadlydi ng upb[13,5{bﬁsg@t(tedﬂ-hﬂﬁﬁlﬁﬁeth?lﬁilyl‘)-lli-c_ﬁ@)k&-\lﬁénytlﬁlilpehtﬁ-lt-hey are

used as an agent for diagnosis of tissue proliferation activity, a

radi oact i endfyrahosyllagactlq0empoinBINBY ré et MHYBDivalic G-I 2R brorhd 'Iﬁftae370'VBq

is admnistered. Usually, they are adm nistered intravenously, [

InN sone
cases,5 ot (MBSl pRIALES CRmpRAAA BBS WidH &ntﬂeﬁgﬂghﬁ&w%ﬂ{ grﬁﬁétﬁi(lgﬁgni?mn to

I ntraperitoneal adm nistration and direct mni stration unor or

| te f '
{1 oat mant Por o G RE TP Bt Ron gbugs I e Pl AR e e PR AR 370
L, 100 B o ki St

are adm ni stered I ntravenous

I Ni ' i ' [ al i ot it | administration_and
direct AR CAS IBRACFaEa3s. Fialoe citediopcirormiie gl isea.
if they . | f th eut| ¢ purposes, the above dose may
be. adr ni 2% P SR SPLT HEPIRE prodypnCOBPPRLST Nt cf val o

10 For radiolabeled compounds 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 37MBgq to ‘740MBq, 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 may be used.

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

2l0 routes of adniinistration.including.arter.ial or .intra.péritor.leal admiﬁistraﬁon and ;li.r.ect.
administration to a tumor or other affected portions may be used. Fuftherniore, 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



The agent for diagnosis of tissue proliferation activity of the present
invention 25 can serve for whol e-body or |ocal scintigraphy and whol e- body
or local” SPECT -18 imaging by use of nuclides for SPECT.. Using nuclides
for PET, they can al so be applied for, _whol e-body or |ocal PET i magi ng. The
agent for diagnosis of tissue proliféﬂérion activity of the present _
invention can serve for quantitative determ nation of l|ocal proliferative
activity based on 5 appropriate nodel analysis. Furthernore, if

f
non-proliferation tissue e ontrol,. |lqc roliferative
act i \F; ity ‘%‘Eﬁ‘%ﬁe%&ﬁ ﬂg&“‘élggfi@f gﬁﬁgﬁe Sl%ﬁ‘l‘ﬁl‘id?%\?‘?f\a/ﬁﬁa&eyﬂ% Apehe for
treat nent of. ol i.fer td' ve di ﬁ e of  the present invention, when a
bet a- eni taPB{‘e‘gf?El‘f’hQ '@Q quglcicafg ié@&gmﬁerei n, can serves to de?reﬁse | ar ge
tunmors of | cm_or nore in dianeter, depending on the range of the ray.
Wien an al pha- di¥eagent ferdiagrosisiof _tmsuemmli%@am@ntwme’f theapresant knventignal |
lesions of 0.1mm _ or less in diameter nmore effectively than beta-emtter,
and t her €pBrierve Hey quartitatiyee cletedminationr ofe ldoal prolifatatisat activity nbased nai ast asi s
over the body. Furthernore, nuclides that emt Auger electrons, such as

1- 1256 capproprieteamideluanalysis, f efirthertuere] of BdA-pholifalation , tisond Ys akédras! abel ed
conpounds have gat hered around the DNAs. Therefore, suitable |abel nuclides

for 15 t rcentrelplucalgirokifesdtioniactivityoan be@efinéd\édsitgl il Wseimil fahfdative RRES 1 ncl ude
al pha-emtter such as  At-21 1, and beta-em ?fer such as 1- 13% t hat can

have effect onTheafémfsr tthatthéifl of PRIf&Etive ASASOST AT g%&eﬁthﬁvernﬁﬂﬂ ewl%e-ﬁgﬂa most

effective nethod is the cocktail therapy which use a mxture o

conpound bebghiger sich As 213 fiAkad eHErdih eéag?@ﬂe?t&&‘my@ Qr%%tﬁg'lggﬂcg\g CH;%lgl od

beta-em tter. For treatnment by | ocal mni strati on,

Wi th nuChigiedn hlet@dpeAIE onhE SAIR BT thE WG Wheh APAphALRiRRshiCH 3! Y

10 At-211 is useq, they can work on small lesions of 0.Imm or less in diameter more
effectively tharll beta-emitter, and therefore, they are expected to serve for treatment of
micrometastasils over the body. Furthermore, nuclides that _em_it Auger elgctrons, such
as I-'12.5, can_l have antitumor effects due to DNA breakége, only after labeled
compounds ha;ve gathered around the DNAs. Therefofe, suitable label nuclides for

15  treatment of systemic tumor foci including metastatic ones include alpha-emitter such as
At-211, and be:ta-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 ,compound labeled with an alpha-emitter and a compound labeled with a

' . beta-emitter. |

20 - For trgatnient by local adminjétratioﬁ; cc.>mpo~unds.labeled W1th ..nuclidels ﬂiaf
emit Auger elt::ctrons, such as [-125, are pérticularly 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.



.difficult to renove conpletely by surgical operation, and residual tunor
from malignant nelanonma, and in view of functional preservation, breast
cancer, rectal cancer, prostatic cancer, and malignant nouth tunor,
because they do no harmon portions ojder than 25 pathol ogically
proliferating cells owing to the properties of rays emtted therefrom -19
Techni que for |ocal adm nistration includes, for exanple, an adm nistration
into intracavitary foci such as col on cancer by use of an endoscope, a
direct adethhidiler fri ieal tadnfifiStratidhf ﬁﬁ:hﬂfés,bYorb_E)?dxﬁblé,UBRradi‘HiEﬁsB‘i}iGﬁ 3Pt 0NV,
and an adm nistration by use of a catheter into an artery relevant to an
af f ect ed; ; LV, r Bri RasGripii on of the
1erag§\Hta§y”fd&1 35cH 4s &floﬂifsa{n%ﬁlte ?)Igu p%fﬁpvé@()?cgieh 4 gg%mc@toau I 5m(.'<)1?£th?|1e

Drawings Fig.1 i'llustrates a synt C

Compound 0] RICRed bl tfaif ol BhE ERnBRShy g i hMGllSraBRh B s et

pat hway f a .c ound of the present, 10 invention. Fig,4 illustrates a
fourth sf/%{‘?{%rtl %r%‘aﬁﬁvlﬁv@?@ a@é‘%ﬁﬁﬂ&’% spefhasives af ?Ctgq P eaceon

(5-trjial kyl ti,n conmpoupds) and [ 1-125] FI AU produced therefrom Fig.5

Il lustra at hway for a conpound of the present

I nvention. 15 l!‘:'i q illustrates the other synthetic pathway for a conpound
of the presentFigiliilustrates s synthetio pathwgy fora cosmpeund afjthepresentinvention. vi vo

| abel stability of.{l -125] I TDU and [1-125] |TAU neasured in Exanple 16,

al ong wit h [ 1-Hig2) illusiratgs anothen synthetic-path®ay | fou st cempeund df shyr presettowi ng i n

vivo | abel stability of [1-125] ITDU, [I- :
mvention.

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 [I-125] FIAU produced therefrom. _
Fig.5 illustrates a fifth synthetic pathway for a compo@d of the preSent
invention.
15 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
[1-125] ITAU measured in Example 16, along with [I-125] [UR as a control.
| Fig.8 illustrate_s a diagram showipg i(z vivo label stability of [I-125] ITDU, [I-
20 125]1TAU, [I-125] FITAU and [I-125] IMBAU measured in Exémple' 17, aldlhg'IWit.h.'[I; |
1251 TUR (highly decomposable) as a control.
Fig.9 illustrates a diagram showing in vivo distribution of [I-125] ITDU in
n'ormal 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



20 125] ITAU, [1-125] FITAU and [1-125] | MBAU neasured in Exanple 17, al ong
with [I- 125] TUR (highly deconposable) as a control. Fig.9 illustrates a
dlagran1shomnng in vivo distribution of [1-125] ITDU in nornmal mce
measured in Exanple 18. Fig. 10 |IIust@@tes a di agram showi ng in vivo
accunul ation of [1-125] ITDU, [I- | TAU, [1-125] FITAU and [1-125]

| MBAU, along with [1-125] IUR as a control, in -20 proliferating tissue
measured in Exanple 18. Fig. 11 illustrates a phot ograph (bi ol ogi cal

nor phol ogy),. show a_scintigr | ker tunor observed in Exanple 19.
Exanpl es%}[‘;aJll '"%ﬁ%é‘gmeaf"‘ﬁ %ﬁiﬁ’&?ﬁ“ﬁf F%Mbe described in detail beI ow with
reference to mﬁ'ﬁ but (s not ed to t ?@a | es. Iel
Synthesi s of 5Pt ates am 9%0329911 olpgisal caspiRlngN) el

shown in Fig.1, benzyl-3,5-di-0O benzyl-2-deoxy-1, 4-dithio-a, (3- Derythro-
10 pent opﬁﬂgﬂkﬁt‘&éﬂ@é%@)@lmﬁw}%& 9.synt hesi zed, using -
2- deoxy-D-eryt hro-pentose (Conpound 1) as starting material, according to
t he met h&XampleByson MR et al. (Carbo. Res. 216, p.237 (1991)). Furt her,
5-i0do-4'-thio-2"-deoxyuridine (ITDU:. Conmpound 10) was produced from
Conpoind 8 acc®helipresenino invientiore whilh cbeotlesCribediém detadl below @dth refiremce féoc. |
Perkin Trans. 2, p.2343 (1998)). Conpound 10 was then used as a 15 starting
mat eri al ekampleBUES ot limited tdthestexamples4’ -t hi 0- 2' - deoxyuri di ne (Conpound
11) according to the follow ng procedure. Conpound 10 (9.5ng, 0.026mmol),
bi s(tri mgkhwbleiin) (17.3ngy, 0.052mmol )

As shown in Fig.1, benzyl-3,5-di-0-benzyl-2-deoxy—1,4-dithio-a,B-D-.ci'ythro-
10  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: Compquhd
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
15  starting material to produce 5-trimethylstannyl-4'-thio-2'-deoxyuridine (Compound 11)
according to the fol_lowing procedure.
- Compound 10 (9.5mg, 0.026mmol), bis(trimethyltin) (17.3mg, 0.652mm01)
and'bis(triphenylphosphine)palladium(ll) chloride (Smg) were dissolved in anhydrous.
1 4-d10xanc (3mL) under argon atmosphcrc and after heatmg at reﬂux for 3 hours,_ i
'20 concentrated under reduced pressure The re51due was punﬁed by s111ca gel thm layer
chromatography (chloroform-methanol, 6:1) to produce the target Compound 11 (6.9mg,
65%).
1H NMR (270MHz, CD,0D) 8 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,

25 112Hz 1H, H-5"), 3.80 (dd J=4.6, 11.2 Hz, 1H, H-5'), 4.47 (q, J=4.0 Hz, 1H, H-3"),



and bi s(triphenyl phosphi ne)pal |l adiun{I1) chloride (5ng) were dissolved in
anhydrous 1, 4-di oxane. (3nmL) under argon atnosphere, and after heating at
reflux for 3 hours, 20 concentrat ed under reduced pressure. The residue was
purified by silica gel thin |ayer mat ogr aphy (chl orof or m met hanol

6:1) to produce the target Corrpound I '(6 9ng, 65% . 1H NVR (270MHz,
CD30D) S 0.26 (s, 9H, CH3Sn), 2.26 (ddd, 1H, J=4.6, 7.9, 13.2 Hz, 1 H,
H2), 2.27 (ddd, J=4.6, 66 13.4 Hz, 1 H HZ2), 3.41 (m 1 H HA4),

3. & (dd6ﬁ#1€& 73}%56’11 g‘z,93:(§31}§+}?.532’1 g:jg E3?1Ji;f1-26hzftl-lﬁ, "1 ).!4’7.93

(s IH Exarrpl e 2 Synst hesi s of

[1-125] - '-thio-2'-deoxyuridine ([1-125] | TDU: Corrpound 12) To 0.1N
sodi um hydr OXI de sol ution (50L) of [1- 125] sod| um i odid , 5 water
(1m) andyrstaesis M pl- s 000 tii0-24deo hne {12 Rl ccampouna 14)i on - (4.7L)
of iodine (60g, 47m)l) was added, and shaken for 10 seconds After

renoving . onl Jo OAN wdiveohydrpxide solution (5033 ef Hr 254 spdiunviedidedd3MB s
Compound 11 (100g, 0.251inol) was added, and the resulting solution was
| eft & 0o pawndiml) ambctﬂo:xeﬁqrar ¢imlz)ewerecadded, lapd rtken chleroforop salfitiomN(4 Bpl.im

t hi osul fate sol ution was added, and chlorof orm 10 was evaporated. After

addi ng wef fdirel (@)g, 0.4Bunol) weascridedsandostmken forr M stroadSe pA fakrentelvirg QVA

cartridge colum. The colum was washed with water (0.5nmx2), and the

resul ti ngnlgohe Giypesss! lalyen rethyl Sacetitdisoktion (1006 QAlycef Cotfouhdbdl ound
12 (7. 3ng 229 Exazpltpeﬁlwaw Synt heSISC(Of ?fﬂ) g exdopenp

123] - 5-1 OQQmﬂor)t\Ws%aed R the Fdultinl A6lutibd Waddbft kd Band &P FoU Bsnpefiture
for 2 hours. Qne drop of IN sodium thiosulfate solution was added, and chloroform

10  was evaporatecil. After adding water (1mL), the solution was passed through a Sep-Pak

Plus QMA car'tl;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%).

15

To 0.1% ammonium iodide solution (ImL) containing [I-123]-mnmoﬁium
iodide (2.0GB§), IN hydrochloric acid (0.1mL) and chloroform (1mL) were added, and
then chloroform solution (4.7uL) of iodine (60pg, 0.47umol) was added, and shaken for

.10 s_econ_d's_.. After re_movin_g only the aqueous layer, ethyl acetate so_lut_i_on-_(lOO uL) qf -
2.0' Cfdlsnpeund‘ll (IOOpg; 0.25 umol) was added and left te stand ..at room témpératﬁre for2
hours. One drop of IN sodium thiosulfate solution was added, and chloroform was
evaporated. After adding water (1mL), the solution was passed tluouéh 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

25  (228MBq, 15%).



To Q. 1% ammoni um i odi de solution (1m) containing [|-123]-amoni um i odide
(2.03q), IN hydrochloric acid (0.1m.) and chloroform (I nm.) were added, and
t hen chl orof orm solution (4.7L) of iodine (60g, 0.47nol) was added, and
shaken for 10. seconds. After renovi n%].only t he aqueous | ayer, ethyl
acetate solution. (100 L) of 20 Conpoffnd 11 (100g, 0.25nol) was added and
left to stand at roomtenperature for 2 hours. One drop of IN sodium

t hi osul fate solution was added, and chl orof orm was evaporated. After

~addi ng \égi@?]é%nnu the solution was passed through a Sep-Pak Plus QVA
cartrid - The colum was washed with water (0.5m.x2), and the

resul ti | \ - | abel ed, Conmpound
12 .‘,‘.‘ Pspneinystannyi Q-aLa . Juracil {Co id 2|

tarnyl -1-(4- th 0 ara,bl of ur anos Ci ynd 21) As s i n

1, 4- anhydro 3- ﬁg’i‘ﬂlm Olaéagl\_{g}rag % aﬁ)“’\‘/\d&"??ﬁ%& zed
from 1,2;5,6-di-0Oisoprop I|dene Iucose (Corrpound 13) 5 according to the
met hod of7)Ym| wymthesizad drom ( 3.,2; Qekrepropslidens, ghycoge o@Mpount e b

5-i0do- |- (4-thio-D arabi nofuranosyl )uraC|I (I TAU. Conpound 20) was produced
fromd Coaepouding tothemethodiafgroshimire Ynestahd(d Qdg. €bemni 6dypeB22 (2996).. Then, Med.
Chem 40, p.2177 (1997)). This Conpound 20 was used as a starting mateiral-
t o pr odueods-1-(4-thie-Drgtabinafirghesyl)uracil-ATAU: Doapabnd30)was psoduped froml
(Conpound 21) by the following 10 procedure. Conpound 20 (4.0ny,

0. 010mMoCompdurei 1 adeeiding to th niethdadaf YéshiinaaridedalagoMed. Chem.40, p.2177

bi s(tri phenyl phosphi ne)pal l adiun(11) chloride (5ng) were dissolved in

anhydr oug997)y)- ditgxa0empdud 20N va3 AEEDhsahMBEAI! enatéirtd & pesdueasd ng at
refl ux for 4 hours,

tnmethylstannyl—l-(4-thio-D-arabinoﬁlranosyl)uracil (Compound 21) by the following

10  procedure.

Compound 20 (4.0mg, 0.010mmol), bis(trimethyltin) (6.6mg, 0.020mmol) and
bis(triphenylphosphine)palladium(II) chlqride (5mg) were dissolved in anhydrous 1,4-
dioxa_né (Sij in an afgon atmosphere, and after heating at reflux for 4 hours,
concentrated under a reduced pfessure. The residue was purified by silica gel thm

15 layer chromatography (25% methanol/chloroform) to broduce the target Compound 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 0.1N sodium hydroxide solution (S0uL) of [I-125]-sodium iodide (67MBq),
water (1mL) and chloroform (1mL) were added, and then chloroform solution (4.7uL)
of iodine (60pg, 0.47umol) was added, and shaken for 10 seconds. After removing

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



concentrated under. a reduced pressure. The residue was purified by silica
gel thin 15 ayer chromat ography (25% net hanol/chloroform to produce the
target Conmpound 21 (2.3ng, 55% . 1H NMR (270MHz, CD30OD) S 0.7 (s, 9H),
3.55-3.67 (m IH, 3.77-3.95 (m 2H), 4 07 (t, J=5.9 Hz, | H), 4.16 (t,
J=5.9, | H), 6.28 (d, J=5.3 Hz, | H), 8.03 (s, 1H). Exnple5 20 Synthesis
of [1-125]-5-io0do-I-(4-thio-D- arabinofuranosyl)uracil ([1-125] |TAU.
Compound 22) To O 1N sodi um hydroxi de solution (50L) of [I-125]-sodium

chtororor i S0t PR P cpfks Al B Bof VAo Bl W el hacen
| X t at
Sol ut i on PRAaREYS of e AEBNIAS £55huolplostitSs AESH Sy e, she lprofod t ne

resulting solution was Jeft. .to sta oom tenperature for 2 hours. One
rop of IS SEEPRRY RASSE PRRE el Ak DS RTW B e SR akas
evaporated. After adding water (Inl), the solution was passed through a
Sep- Pak IBpa@Mivcagtfgs celgmnc ol berrolummevesovashed with wateheSmlx2), aed the
(0.5nLx2), and the: 5 resulting aqueous sol ution was conbined to produce
1- 1255| apesWddngoaapensdsolution was3¢Babingds 49 . prédhunepl-#2Slabtled sCompbund 22

| 5-trinethyl c~nnyl -i1- (2 deoxy-2 fluoro-f3-D- arabi nopentofuranosyl it -~ ]
ound 401 (13.3MBq, 26%wn in Fig. 4, 1-(3,5-di-0O acetyl-2-deoxy-2-fluoro-J3-D

|

10 As shown in Fig.4, _l-(3,5-di‘-O—acetyl-2-deoxy-2-ﬂuoro-B-D-
arabinopentofuranosyl)uracil (Compound 37) was synthesized from 1,2:5,6-di-O-
isopylidene glﬁcose (Compound 30) according to the method of Reichman U et al.
(Carbohydratef Res. 42, p.233 (1975)). " Further, 5-iodo-1-(2-deoxy-2-ﬂu0rb-|3-D-
mabinopentoﬁl;anosyl)macil (Compound 39) was produced from Compound 37 -

15 accordiné to the method 6f Asakura J et al. (J. Org. Chem.55, p.4928 (1990)). This
compound was used as starting material to produce 5-trimethylstannyl-1-(2-deoxy-2-
ﬂuoro-B-D-araﬁinopentofuranosyl)uracil (Compound 40) by the following procedure.

-Comp:'ound 39 (5.0mg, 0.013mmol), bis(trimethyltin) (20.5mg, 0.063mmol)
' ._._and_ bis(tri_phen:ylphoSphine)palladium(ll) chlorid_c (6.2ﬁ1g) were dissolved in:_z_u_lhydrous _, -

2(.). | .1,4-d'iox.ane (3mL) in an argbn étfnosbhere, ahd after heaﬁng at reflux fo.r'.2 .h01:1r.s,
concentrated @der a reduced pressure. The residue was purified by silica gel thin
layer chromatégraphy (chloroform-methanol, 6:1) to produce the target Compound 40
(3.6mg, 66%). | .
1H-NMR(500MHz, CD,0D) 6 0.25 (8, 9H, CH3Sn); 3.72 (dd, J=5.0, 12.0Hz, 1H, H-5"),

25 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,



ar ahi nopent of uranosyl )uracil (Conpound 37) was synthesized from
1,2:5,6-di-© isopylidene glucose (Conmpound 30) according to the nethod of
Rei chman U et al. (Carbohydrate Res. 42, p.233 (1975)). Further,

5-i10do- I - (2-deoxy-2-fluoro-P-D arabi n%f)ent of uranosyl )uraci| (Conpound 39)
was produced from Conpound 37 15 according to the nmethod of Asakura J et
al. (J. Og. Chem55, p.4928 (1990)). This conpound was used as starting
material to produce 5-trimethyl stannyl-l-(2 deoxy- 2-

fl uoro-o- furca ) by the follow ng
procedureﬁla}Ii oggg?%q 35 m%‘) zillaﬁll‘rro) %@%gﬁstﬁﬁ{ thyltin) (20.5ng,

0. 063mmlﬁxaﬁ$;%ﬁbl s(tri phenyl phosphi ne) pal | adi un{11) chloride (6.2nm) were
di ssol ved™l ydrous 20 1, 4-dioxane (3nL) in an argon atnosphere, and
after hegd] < concent rat ed under a reduced pressur e.
The resi it .. COX Y-, ] R-Diarahinope

(chl orof qr thanol, 6:1) to produce the target Corrpound 40 (3 6ny, 66% .
1 H NWVR( 'W@—%}DZS(S 9H, CH3Sn), 3.72 (dd, J=5.0, 12.0Hz, | H,
H5) 253793915\(rml—l-4,433(ddd J=3.0, 5.0, 18.5 Hz, 1H, H-3)
5.02 Ptd, J=4.Firssd. N spdiunphydresideisalugion 6f H5l 5idodimioide {80MBg) wak!,

H1), 7.56 (S, 1H H5). Exanples Synthesis of I1-1251-5-iodo-|-(2 deoxy_
fl Cor odqqﬂlgdariﬁu’pﬂgwed]tbwfaddmmybﬁ methandl (linl:), addifibn Fof Abkth4zIgoMtien 41) 5
First, O 1IN sodium hydroxi de solution of [I-125]-sodiumiodide (80MBg) was
di stil | ed4.8aE) of Godinec(]jy, Ad8juhbhand shakitpfier 10 |setondsadthdr, GRetRdnofet hanol

solution (4.8L) of iodine (61g, 0.48npl), and shaking for 10 seconds.

Then, nesolatioh (100pL) of Compound 40 (100pg, 0.24umol) 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 (1mL), 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-labeled Compound 41 (9.5MBgq, 12%).
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As shown in Fig.5, 1-O-acetyl-3-O-benzyl-S-O-(tert-butyldiphenylsilyl)-2-
deoxy-2-ﬂuoro-4-thio-D-arabiuopentoﬁlranose (Compound 46) was synthesized from

. a B 1,2:5,6- dr-O-rsopyhdene glucosc (Compound 42) according to the method of Yoshlmura L
20 "Y etal. (J. Org. Chem. 62 p. 3140 (1997)) Further Compound 46 was used to produce
5-iodo-l-(2-deoxy-2-ﬂuoro-4-thio-[i-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-arabinopentoﬁjranosyl)uracil (Compound 50) by ‘the

25  following procedure.



solution (100L) of Conpound 40 (100g, O0.24pnol) was added, and the sol ution
was left toe stand at roomtenperature for 2 hours. One drop of IN sodium
t hi osul fate 10 sol ution was added, and net hanol was evaporated. After
adding water (1 nL), the solution wasyassed through a Sep-Pak Plus QVA
cartridge colum. The colum was washed with water (1.0Or), and the

resul ti ng agueous sol ution was conbined to obtain |[|-125-]abel ed Conpound
41 (9.5MBgq, 129 . Exanple 8 15 Synthesis of 5 rine

hy|5tanny|-|-(Mﬁfi&nﬁ'fwL(Q.'()ﬁrg“‘d.of%mé?,?gisgﬂ{]?g{?ﬁ}@ﬁ{%l | ihdéo§ Iﬂmund 50)

As shown in Fig.5, 1-O acetyl-3-0Obenz ny 1)-2-
from 1, A8 UufHchipeso AR NABER) LAIBRESE OB Wy Hostlibaihgvdfonne. <"
gﬁrgggngﬁ ) -%gﬂ% Z%@Lfg}l gtrl g}cﬁ?iamg'(sph%eq"ang]aef{gr %%atixpg' g’tlrgﬂwg %393% )h'oufsl,” ther,
o TR G KU e PR B LS L e v
o b Bou U AR lorolroSBates 61 o rodues the arget Compound 30 (Lomg -

deoxy- 2-f] %r 0-4-t hi o-[ 3- D- ar abi nopent of ur anosyl )uracil (Conpound 50) by
the 25 ﬁé}% owi ng. procedure. -25 Conpound 49 (5.0ng, 0.013mmol),
bis(trimethyltin 16. 9ng, 0.052mol) and

bi s(tri pH&h m&%@flﬂ@ QRY® 0.26 (5, 9K, HCHSn)S.6 153 G, 1H H-1), 3304381 i n
anhydrous 1,4.dioxane (3nL) in an argon atnosphere, and after heating at

reflux fém, B-4),Hedif &d, Jxsohda Hat Hd, Biies. 974 des.5pa%o Hi, ¢H, FiE),l¢x4g due was
purifi edéod\;dsi lica gel thin layer 5 chromatography (chloroform nmethanol,

6:1) to @84, 1 hs Hzad HeH- ) M99y8 A1 BOH{S). 9ny,
10 Example9

First, 0.1N sodium hydrbxide'solution of [I-125]-sodium iodidé (45MBq) waS
distilled off, followed by addifion of methanol (1mL), addition of methanol solution
15 (4.8uL) of iodine (61pg, 0.48umol), and shaking for 10 Seconds. Then, methanol
solution (100pL) of Compound 50 (100pg, 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
(l_mL),_ 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 solufion was

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

26



35%. 1H NWR (500MHz, CD30D) S 0.26 (S, 9H, CH3Sn), 3.61-3.68 (m 1H,

H5), 3.80-3.81 (m H4), 4.37 (td, J=6.0, 12.0 Hz, | H H3"), 4.97
(td, J=5.5, 49.0 Hz, 1 H HZ2), 6.46 (dd, J=5.5, 11.5 Hz, 1H H1'), 7.99
(S, 1H, H5). 10 Exanple 9 Synthesis 5 |-1]- -iodo-I-(2 deoxy-2-fluoro-4-
hi o-( arabi nopentonosyl rr it [1-125] q:I TA : Compound-51) First, O 1N

sodi um hydr oxi de solution of [1,125]-sodiumiodide (45MBq) was distilled
off, followed by addition of methanol (InL), addition of methanol sol ution
15 (4. 8L)E@impiedpne (61g, 0.48pnol), and shaking for 10 seconds. Then,

met hanol so ution (100L) of Corrpound 50 (1009, 0. 24pnol ) was added, and the

resul ti ng‘?i“ﬁ&!i nerature for 2 hours. One
drop of I'N'SO
d

s<20gReB-Dnd.  net hanol was
t he sol utlon was passed through a

evapor at ed, ) ] .
Sep- Pak. PruS RERAIRI L s e dd R oda Lompeund a8 was washed with wat er
(1.On), and the resultl ueous soI ution was conbined to obtain _ :
1- 125- | abel ed I ls( qlsBQB omp %%bls-@dterﬁbumglsﬂﬂ) Qydeohpdis of
5-tri an - - et hylaé -bronmo (3D arabinopentofur no yl ura
it ([gel ﬁh)ﬁb‘g]@ ]uram Q(B@mnounld J4) v, produced from 1-[3,5-bis-

1-[ 2- brono- 3 5-bi s- O(tert butyl di net hyl silyl)-2-deoxy-1- 5
C- net hyl (P'l(tel}bﬂtﬁdiImﬁh!lsl&bﬂbg‘}depw-&eﬂyﬂ(r(&pamoundmﬂi&hnwgﬁuﬁ&ibCtm“oﬁii)oilﬁ@m
cl) E ? er5t bltﬁiﬁ géadirding by theirethgd @f detoYet &Y. €1.\Orpr Chéde.B09p 656 (H985)aN Fapthdd!r aci |
(Corrpoun(t!jqodo- 1-methy}(2-deoxy-2-bromo-B-D-arabinopentofuranosyl)uracil (Compound 57)
was produced from Compound 54 according to the method of Asakura J et al. d. Ofg.
10 Chem. 55, p.4928 (1990)). This compound was used as starting material to produce 5-
trimethylstannyl-l-methyl(2-deoxy-2-bromo-B-D-arabinopentoﬁlranosyl)uracil
(Compound 58) by the following procdure. _
Co'mbound 37 (4.9mg, 0.011mmol), bis(trimethyitin) (16.0rﬁg, 0.049mmol) -
and bis(triphenylphosphine)palladium(II) chloride (Smg) were dissolved in anhydrous
15. 1,4-dioxane (3mL) in an argon atmosphere, and after heaﬁng at reflux for 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 targét Compound 58
(3.8mg, 72%).
lH NMR (500MHz, CD30D) 3 0. 25 (S 9H CH3Sn), 1.95 (S 3H 1 ~CH,), 3. 61-3 70 (m, " -

20 "2H H-5", 4. 08-4 11 (m, 1H, H -4, 4 534, J=3. OHz 1H, H-5"), 4. 79 (S lH H-2"),7.75

(S, 1H, H-5).

25 - First, 0.IN sodium hydroxide solution of [I-125]-sodium iodide (62MBq) was



52) .according to the nethod of Itoh Yet al. (J. Og. Chem 60, p.656
(1995)). Further, . .

5-i odo- 1=met hyl ( 2- deoxy- 2- br onp- o- D- ar abi nopent of uranosyl )uraci| (Conpound
57) was produced from Conpound 54 acg?rdlng to the nethod of Asakura J et
al. (J. Og. 10 Chem 55, p.4928 (199 Thi s conmpound was used as
starting material to produce 5- trinethylstannyl- | .

- met hyl ( 2- deoxy- 2- br ono- [i-D-arabinopentofuranosyl)ura0|l ( Conpound 58) by

b hyl tin)

Egg ](c)(r)rlgl %%ﬁ%%@%ﬁcd%@@tn p eny (gg% W‘béfﬂ??lf}%&?{ é‘ﬁeﬁ?‘%/ a
on
bt mosphol CORLESE il \GLAEIWAORNS), nd hkine BNt stregad coﬂwgﬂmﬁeﬁa@munder a
h

Chr ot o0 RS FeouLaraft Empmint SR (F00us, ' 0umion: vaw cdstheand b aesidimpound 58
(3. 8ny, 1H NMVR. (500 CD30D) S 0.25 (S, 9H, CH3Sn), 1.95 (S, 3H, |
1' - CH3) , Sé/%‘in éva‘idgﬁ ¢, stang @t pppm ﬁﬁrapqratw fog 2shours. ( rPneLdrap of WN spdianb3 (d,
J=3.0_Hz HH—5@479(S 1H, H2'), 7.75 (S, 1H, H5). Exanplell

Synt Msi éhleﬁuliiate solutign suas asided, anst methaoliwes \evapdrated- AﬁelDaddmg water
ar abi nopent of uranosyl) ura it ([1-125] | MBAU Conpound 59) 25 . First, O IN

sodi um h{kmbkitkesolefion wes passed thro@gh a SeptPaki Plusc)MA é81d3a)cohisn. - 2he
~distilled off, followed by addition of methanol (InlL), addition of nethanol

sol ut i oncolamnOwps ofashediiwith (vedtey, (100AD)0ANd, thRNEEskiaki Afheb®y sdRtioR GHRAS .
Then, net hgﬁlgl solution (100L) of Conpound 58 (1059 0. 20nol ) was added,

and t he ccmablhedtugobtanIIdQSdabe&aBCbxﬂﬁémfd@M@M@tB%)Om tenperature for 2
hours. One drop of: I N sodi um

Example 12
10  Test for in vitro phosphorvlati ivity of [1-125] ITDU and [I-125] ITAU
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/2 mouse’s lung cancer cell strain in the
logarithmic growth phase according to the method of Wolcott RM and Colacino JM -
15  (Anal. Biochem 178, 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/5SmM triethanolamine_ solution. Phosphorylated. material
‘'was preparated by centnfugal separatxon to form a phosphate-metal complex, followed_
20 by measunng a radloactmty of the resultlng prec1p1tate with an automatlc well-type
gamma counter (ARC-380, Aloka Co., Ltd.). Results are shown in Table 1 from which
phosphorylatioh activity attributed to thymidine kinase was confirmed in both [I-125]
ITDU and [I-125] ITAU.



5 thiosulfate solution was added, and net hanol was evaporated. After adding
water (InL), the solution was passed through a Sep-Pak Plus QVA cartridge
colum. The colum was washed with water (1.QOrL), and the resulting
aqueous sol ution was conbined to obtajn 1-125-1abel ed Conpound 59 (8. 3MBq,
13% . Exanple 12 10 Test for in vitro“ghosporylation activity of [1-125]

I TD T and [1-125] | TAU The phosphoryl ation activity of a | abel ed conpound
by thym di ne kinase was determ ned using a crude enzyne extracted froma

s | |} strain kL/2. Liguid, : tracted f
(015 moushBE £ RRGShaRuloadified o imafpheted et RS Bt eS fin phase
accor di ng| Iodotlitelerehiiéic ¢ Ph¥¢ihepfliteYhaAnh] (Frbadtion ratd L5 (Anal . Bi ochem

178, p. 38}14Q44 1989)). To ?Pﬁﬁwﬂh teinfilyi d cont ai ni ng JATP, which is a
phosphat e ﬁ'gﬁg ITD:i mote (@u&uﬁf(%?—g@pvm—l—he-l i quid enzyne were
added andpreatied—at—3-H F—o—ted—per-od—ef—tire—The reacti-on was

st opped b,ﬂ;ﬁﬁ ffé m.of 1;-64:53n1\/| | anthanum chl oride/SnM tri et hanol am ne
sol ution.- Phosphorylated naterial was preparated by centrifugal separation
to forma phosphate-netal conplex, followed 20 by neasuring a radioactivity
of the regultihg precipitate with an automatic well-type gamma counter
(ARC- 380, Al'oka Co., Ltd.). Results are shown in Table 1 from which
phosphor ' Lvity.attrdbuted to 1 di ' e.was confirmed in

both [I-12% s —— A orylation. activity
of 1odo-Iabel eq, nugleic agid deriyatives (n--3).lodo-I|ahel ed nyc)eic
Phos pﬁor yl at ed "R&Y él""i‘tﬁlm%éii?giﬁéfﬁ%gﬁy ngg'cﬁéﬁhﬂéﬁéﬂ’ 4%60’5“’8%19?%1'???"""‘3’ for

E. coli-originating thymidine phospholylase was studied. To the reaction liquid,

2nmole of the labeled compound and 9 units of a liquid enzyme (Sigma Corporation)
were added and reacted at 25°C for a fixed period of tifne, and the reaction was stopped
by treatment in a boiling water bath for 3 minutes. The reaction liquid was subjected

10  to centrifugal separation, and the supernatant was applied over a thin layer silica gel

| plate along with an authentic standard (5-iodouridine: 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

15  corresponding 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-125] ITDU and [I-125] ITAU are stabler than S-iododeoxyuridine ([I-
125]iUR)_ S S A



[1-125]1 TDU1182. 7+100.1 [1-125] 1 TAU13. 66. 6 Exanple 13 Test for in vitro
met abolic stability of [1-125] I TDU and [1-125] | TAT 5 To eval uate
-netabolic stability of glycosidic bond, deconposition reactivity for E
coli-originating thym di ne phosphol yl.age was studied. To the reaction
liquid, 2nnole of the |abeled conpound and 9 units of a Iiquid enzyne
(Sigma Corporation) were added and reacted at 25*C for a fixed period of
time, and the reaction was stopped by treatnment in a boiling water bath

for 3 ninkable2: CiNeglycnsistic bond dlepviage activity foi iedodabeléil t o centri f ugal

separ at i qiicle®utid divatipey @aBpnt - was applied over a thin b)ayerdsi lica gel

| ate al on 3 Ut Nemel; W@WW = . 3 and a

ﬁon-l abel eg ?@?qﬁz&qpomo néd was pdoeveflope Wi MR YEi[xt ure of chl oroform
: .-18 ldg 4 iVI 5, d. thnan vt Ar odl Ar anhy

and i sopropyt et 3 abbEE g eras ography—was neasured with a

bi oi magi ng akalPret( BAS. Ié\%% Hld to/Fihn Co ' 1td.). The area of

interest wablsZSIDWeak ¢ ANFHMEIIOAB03) he Rt val ue 15 dorresponding to the

aut henti c st Hal@8JITAUNd t h824hd3it3t8(s0.00he resul ting netgbolite was

cal cul ated fyom ilts .propocrtion in percentage. Results are shown in Table 2

whi ch i ndi caPB‘é"‘t’HmFsifdf@ﬂ | TDU and [1-125] ITAU ai 6 stabler th o

5-40d. deoxyun at an 1 0 idine ([1- 125] IUR). -29 Table 2: C N glycosidic

bond. cl eavage activity for iodo-|abeled nucleic acid derivatives n=3

| odo-Label ed 5-i odouri di ne production rate* (relative
kabel 14 p (

W/

To evaluate the metabolic stability of glycosidic bond in various radioactive

iodine-labeled nucleic acid derivatives, their decomposition reactiviiy for E. coli-
10  originating thymidine phospholylase was studied. To the reaction liquid, 0.5-12.0nmol
.of the laBeled compound an& 0.0009-9.0 units of a liquid enzyme (Siéma 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
15 reacﬁon liquid was subjected to centrifugal separation, and the supernatant was épplied
over a silica gel plate along with an authentic standard (5-iodouridine: IU) and a non-
: l_gbeled parent compox_l_r}d. It was develope_c_{ wuh a 'r_nixture ~of chloroform and

' iS:Opropj;l 'alcofxdl' (3':1l),. and then t.h'e; éufbrédioéraxﬁ W;asl ineasﬁréd w1th é bibir’négiﬁg '
analyzer (BAS-1500, Fuji Photo Film Co., Ltd.). The area of interest was set to peak
20  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 gél plate was used, and

after development with a mixture of methanol and water (3:7), an autoradiogram was



nucl ei c acidsactivi |-125 | UR 138606. 2- +14902. 3(1. 00) 1- 125 _ _

| TDU4075. 9-+736. 4(0.03) 1-125 | TAU 1524.3373.8(<0.01) * p nol e/ units/30 min
5 Exanpl e 14 Evaluation of in vitro stability of netabolism of various

‘radi oactive-iodi ne-|abel ed nucleic aokp derivatives by thym dine _
phosphol yl ase To eval uate the netabolic stability of glycosidic. bond in
various radioactive iodine-labeled nucleic acid derivatives, their
deconposition reactivity for E. coli- 10 originating thynidine,

- phosphol th@ﬁ@re thS4 Bibif9eind AnklyFer 800, titPhlsto Fita %I%, q 1m11ar
| abel ed conpoun and 181%5 %’n uni oi] a :cl enzd f
Fol | oed Byt ! ea?%ﬁiﬁﬁdwﬁf‘%ﬂgiﬁafilﬁau&atoés%%s et sHowm t@% ﬁiiis&‘i he
t tion
i qui h"i&ﬁa&%i b e MY Bia 7 <bbatioes sl Sabler bonCEETIBR. | Gui d was

subj ected to centrifugal separation, and the supernat ant was applied  over
a silica gel plate along with an aut henti c standard (5-iodouridine: U and

a non d r vvasd 0 a mxture of.
chi ordf o?rrgnﬁa??dcplQ g’;ibtosﬁ?{i%ﬁﬁ%gg va(ggafg (ﬁﬂgﬁbetl?‘fg aut or adi ogr am was
measur eqIuglgic,ack ing plagsp fordn=8)j i Photo Fil m Co.,
Ltd.). ] w%hbdedfnmm@r@wmwenmtg peak Rzﬂhtwanpon ents of the Rf val ue
correspoadidsg to the auffperliunitg0shilard, andctiviy anoupt of the resulting
met abol il {B128JHUR al cul at e138606.2%:1490203 opor tifQrpg N percentage. In the case

of [1-12%1 145 and [T FERI7460BHU, a T EVEN PR pnase 5ilica gel plate was
used, aip‘%‘,m]}ﬁm?m%rgﬂ%rdn T T XTOT S ot trarpl  and wat er (3:7), an

aut or adirOTFTFIAD | 0.5+0.1 <0.00001
[I-125]IMBAU 0.0 0.0
Example 15

| T .El i ki _depend . tion i 1l y |
10  thymidine kinase-deficient cells |
Thymidine kinase-dependent incorporation of labeled compounds into cells .
was studied based on difference in incorporation between thymidine kinase-deficient
cell strains L-M (TK-) andltheir parent L-M cells. L-M and L-M (TK-) cells in the
logarifhmic growth phase were planted on 24-well plates, each carrying 2.0x10° cells,

15 and cultured ovérnight Then 2nmol of a radioactive iodine-labeled nucleic acid
denvatlve was. addcd and allowed to be mcorporatcd in the cells for one hour.” The . .. .
'cells were washed three times with an lce-cooled phosphate buffer solutlon 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

20  ARC-300, Aloka Co., Ltd.). Measurements were analyzed to make evaluations based

on the amount of the incorporatéd 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



-30 neasured with a bi oi magi ng anal yzer (BAS-1500, Fuji
Ltd.) sinmilarly
shown in Table 3 which
~are still
cl eavage activity of

st abl er.

to the [1-125]

| UR 'and ot hers.
indicates that [I-125] FITAU and [1I-
than [I1-125] I UR §3Table 3: C-Nglycosidic |Iinkage
| odo- | abel ed | odo- Iabeled nucleic 5-1U production rate

Photo Fil m Co.,
Resul ts of anal_ysis are

25] . | MBAU

Rel ati ve acidsnol /units/0.5hactivity |I-125 1 UR138606.214902. 31. 00
| - 1251 TdU3778. 7692. 00. 03 |- 1251 TAU514. 8367. 0<0. 01 1-125 FI TAUO. 50. 1<0. 00001

| - 1251 MBA) a&}dfrlﬂeﬁ?d
Exanpl e 15 est 0
usi ng 19

i ncor pora I on- o

ﬁld?ﬂig% ?ﬁ%!s%ﬁédepe dmé

m

strains L-M (TK-) and their parent L-Mcells.

nt UL i heaSe Bt

I ncorporatiron 1n
ghﬂg klnase deficient cells Thym di ne ki nase- dependent
%eled conmpounds into cells

difference in incorporation between thym di ne ki nase-defi ci ent

heB385] 90 "7

was studi ed based on

cel |

L-Mand L-M (TK-) cells in

the | 00AIHE: CInQBP;‘.Mﬁt 5? ‘é’ﬁf@ao‘ti@ﬂi@dji_fﬁnla%%lwlnuc Rl £ty seach carrying
2. 0X103 ceI; 225 !Eﬁ! t over ni ght h a ra Poact i ve
i odi n2- 1 i added_and allowed to be
i ncor por Wolelihe ce I@?@&tl%e hour. The. i .
P iifﬁizbilfi ; (pmol/mg protein/h) ({II:. Il\\,I'I)(/TK 3
L L-M L-M (TK-) - i

[I-125]IUR | 77.80+£7.45 27.86+2.94 2.79*

[I-125]1TdU . 10.90+1.48 3.94+0.63 2.77*

[1-125] ITAU | 1.68+0.28 1.20+0.20 1.40**

[I-125] FITAU: 0.34+0.05 0.21+0.05 1.62%**

*p<0.0005, **1?<0.05, *¥%*p<0.01(T-test)

Example 16

. ; A I ili = = l B .

| 10 - To evdluate in vivo labei stability of [I-125] ITDU and [I-125] ITAU, tests were -
{

conducted to study the accumulation of free iodine in the thyroid gland in normal mice.

A 370KBq t)oi'tion 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
appropriate intervals. For a control, in vivo distribution of [I-125] IUR was also.
15  observed. Incorporation of radioactivity in the thyroid gland was measured with an
' ._:automatlc well-type gamma counter (ARC- 300 Aloka Co., Ltd) Incorporated

radloact1v1ty in tlssue was calculated as the admmlstrated dose per gram of the tlssue

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

the accumulated radioactivity from [I-125] ITDU and [I-125] ITAU in the thyroid gland

20 was signiﬁcan’dy smaller than that from the control [I-125] IUR, proving that the in vivo

label stability of the agents is high.



~cells were washed three tinmes with an ice-cool ed phosphate buffer solution,
and dissolved in O 1N NaOH, followed by determ nation of degree of

radi oactivity

i ncorporated in the cells using an autonmatic well-type ganma

‘counter (ARG 380 or 20 ARC-300, Alokasgq., Ltd.). Measurenments were
anal yzed to nake eval uati ons based on the amount of the incorporated |abel

nol ecul es per

unit weight of cellular proteins. Results are shown in Table

4 which-indicates that [1-125] 1TdU and [I-125] FITAU were -31 incor porated

in cell sEj

tiifym di ne ki nase dependent way as in the case of the [1-125]

lUR as a cont roI TabI e 4: Incorporation of rad| oactive iodine-|abel ed

nucl ei ¢

(L-M/

10

15

00

25

s Licor por at I on

To evaluate in vivo stability of deiodination against each radioactive iodine-

‘labeled nucleic acid derivative, tests were conducted to study accumulation of free

iodine in the thyroid gland of normal mice. A 185KBq of each labeled compound was
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 gamma 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 [I-125] ITDU, [I-125] ITAU, [I-125] FITAU and [I-125] IMBAU in the thyroid
gland was signiﬁcantly srhaller than that from the control [I-125] IUR (highly
metabolizable substance), proving that the in vivo label stability of the agente is high.
Example 18
In vive distribution of [I-125] ITDU 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 Incorporatlon of rad10act1v1ty in each tlssue sample was. measured wﬂh 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 ﬁssue,
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,

liver and muscle.



-s 1-125 1 UR77.807.4527.862.94. 2. 79* 1-125 | TdU10. 901. 483. 940. 632. 77* 1-125
| TAUL. 680. 281. 200. 201. 40** |-125 FI TAU 10. 34+- 0. 05 10. 210. 051. 62 * * *
*p<0.0005, * *p<0.05, * * *p<0.01(T-test) Exanple 16 Test for in vivo |abel
stability of [1-125] ITDJ and [1-125],4 TAU 10 To evaluate in vivo | abel
stability of [1-125] ITDU and [ 1-125] %3TAU, tests were conducted to study
the accunul ation of free iodine in the thyroid gland in normal mce. A

370KBg portion of each | abel ed conmpound was injected in each of 10 week old

normal mce intw ivatudidite X&h&ulﬁ%ﬂs&ﬁ%‘éﬂ rAftbARIvE i}‘)‘ﬁiﬁ?—laso%ferdi xﬁd&feﬁ afl St i on

anatom zed at appropriate interva or ‘a contro N n é! Vo arsTibution
- : : : . rRor.atio .radl o lvity. I n
Chyr o d_ arane e prgiReudy GRRR KGR welTaRHRHED EPnly g B et tistiner
- . CO. ... el rated radioactivify in tissue was '
ol oul at A8l Bies” 1 53 eBh of BB cpmgpii e fieied s of I ek 1 e
: in - , shown in Fig. 7. Results indicate a
the acounti BpEee o CoSTl/BY ety ety and Buessrimals werssasituodandt ne
thyroid gland.20 was significantly snaller than that fromthe control
[1- 12}53] %@ﬁoang\, At grprieptiate hiateryalgi v cornemations ofitradipactivity inheachgtissus | s

hi gh. -32 Exanple 17 In vivo |label stability of radioactive iodine-I|abeled
nucl ei ¢ &amplejwas measuyed with an automatic well-type gamma counter (ARC-300, Aloka

Co., Ltd.). Injcorporated radioactivity in tissue was calculated as the administrated
dose per unit “?/eight of the tissue, and represented in percentage (%ID/g). As shown
. in Fig.10, resuits indicate that [I-125] IUR (positive control) and [I-125] ITDU have
10 accumulated in:large amounts particularly in the thymus which is a proliferating.tissﬁe.
in normal youn!g mice.
. Malignant tunior, a typical proliferative disease, was observed by scintigraphy. :
15  Walker tumor cells were transplanted subcut_aneously in the right inguinal region of
Wistar rats. A;xﬁer 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. fEach tumor-transplanted rat was anesthetized with Ravonal four hours

20  observed statically with gamma-camera imaging equipment (GCA-90B, Toshiba

‘after the ad_min_!is_tra,tion of a drug. Then the rat was fixed in the face-up position and
Corporation). Imaging was performed using a high-resolution mediuxh—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.

25



To evaluate in vivo stability of deiodinati on agai nst each radioactive
i odi ne-. | abel ed nucleic acid derivative, tests were conducted to study
accurrul ation of free 5 iodine in the thyroid gland of nornmal mce. A
185KBg of each | abel ed conpound was idggected in each of 10 week ol d nor nal
mce (C57BL/6) into the tail vein, and three animals were sacrificed and

anatom zed at intervals longer than in Exanple 16. Incorporation of
radi oactivity in the thyroid gland was neasured with an automatic
wel | -t ypdndustrial Amlichlslitd ARC- 300, Al oka Co., Ltd.). Incorporated

radioactivity in 10 tissue (4 D) was cal cul ated as the adm ni strated per

gram of the ti Sth¢eradilibelePicRRRINES of ki Eéh?'}ﬁ\?eﬁ&ﬁgn e Bl\[éq_]ipil»g\g?a%ﬁl%u

Results indicate that the accunul ated radi oacti vi rrom

1-125] | ithek sF - ' h i.d | and

27 Bk T b e o e e

et abol | ls ' t ' ivo |abel stabiljt f the

el MR 8 ) B 0, DL e
' A.370 f 112 I TDU., | Nj d i h of 10 k old

i D ol e T ok Sl S

anat om zed_at propriate intervals. Incorporation of radioactivity in
each ti s?&‘é‘?&?ﬁ& = actiye dinengsti imaging agents, formtissue mreliferatippeactiaitym
counter gARC- 300, Aloka Co,, Ltd.). Incorporated radioactivity in tissue
was cal ctiagneys aud as Jadigastivestherepewticegratsofr pyeliferative tdisease treatment byd
represented in percentage, as _shown in Fig.9. Results indicate that the
accunul af@mﬁh@dmﬂm?@ﬂ radjotlarapycansk the fike.i ssues, namely the thynus and
the small intestine, was certainly higher than that in non-proliferating
tissues, namely the brain, 25 liver and nuscle. -33




-To evaluate the accunul ati on of each radioactive iodine-|abeled nucleic
acid derivative in proliferating tissues, tests were conducted to study in
vivo distribution in normal mce. A185MBq of each |abel ed conpound was
injected in each of 10 week old norqgl_nice (C57BL/6) through its tai
vein, and three aninmals were sacrificea and 5 anatom zed at appropriate
intervals. Incorporation of radioactivity in each tissue sanple was
nmeasured with an automatic well-type gamm counter (ARC- 300, Al oka Co.,
Ltd.). Incorporated radioactivity in?hi sue was calculated as the

adm ni strated dose per unit weight of the tissue, and represented in

percentage (9% Y g)a [ n: Fi resul t.s indi.cate,that [1-125] | UR
(positive cont rl?é)l a%nf ?&@g@ OP’f[iﬁ%'\g%pTgﬁggﬁ%ﬂ&é‘?‘é’dmi for teatmicnt Sﬁount s
particularlv.in the thynmus,which is a praliferafing tissue in nornmal young
mce. Ex&M lYfBraﬁycigls t%ﬂcgﬁﬂ?pﬂéqsk@ FHE INgEedigntsp radiolabeled|compayndynant -
tunor, a typical proljferative_ disease, was observed by scintigraphy. 15
val ker t @& f‘issmeg hXé#“’eF"c"P&’h%foﬁfﬁP@d“ §M%Mb’wcﬁwtitbﬂfesalti%wf{)ngui nal
region of Wstar rats. After the transplantation, 37MBgq of [1-123] |TDU was
injected into the tail vein of rats that suffered a pal pabl e tunor of
about 20mm that was suitable for scingjgraphy. Each tunor-transpl anted rat
was- anesthetized with Ravonal four holffs after the administration of. a
drug. Then the. rat was fixed in the f#§ce-up Rositi on and 20 observed
statically wth gamm-canera i mgi Ot 5( GCA- 90B, Toshi ba
Corporation). |magi ng was perfor usi ng

with a resolution of 256x256.

ows that [1-123] |ITDU serves for

collimator to obtain images for 10 fri nute
Results are illustrated in Fig.1 ich
clear imaging of transplanted rs N°ndicated by an arrow) in Wster

rats.

hi gh-resol uti on nmedi um ener gy

wherein R, deﬁotes hydrogen, or a linear- or branched-chain alkyl group 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,

10  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; th.é case wh_er_e_ R, and R; are hydrogen, R, being fluorine, R, being oxygen,
and R, being rédioactive bromine or iodine; and the case Whére Rll.and Rz are hyd.r-ogen,
R, being fluorine, R, being oxygén, and R, being radioactive bromine or iodine.

15 2. An agent accordiﬁg to Claim 1, wherein said radioactive halogen
substituent in R; is selected from the group consisting of F-18, C1-36, Br-75, Br-76, Br-
77, Br-82, 1123, 1-124, 1-125, I-131 and At-211.

3. Anagent according to Claim 1, wherein R, is sulfur.



‘25 -34 The radiol abel ed conpounds of the present invention are stable in
vivo, and they either retain in cells after being phosphorylated by manal
thym di ne kinase or are incorporated in DNA to reflect the DNA synthesis
activity, thus serving for 5 diagnos[§ of tissue proliferation activity and
treatment of proliferative di seases, Sarticularly as radioactive _

di agnostic inaging agents for tissue proliferation activity diagnosis and
as radioactive therapeutic agents for proliferative dlsease t r eat ment by

agent ”?LJS?AS?QETS Kt SEBIREI It WA R pYrSEem o @Egmm of

rolifer S an ac | redle a
Fadi of abardBbRa G haldlef s 36 i el 354 Bl A
har rraceutlcal eptabl e salt fhereof 5 H UM R3 erein enot es
IElydrogen or als%ll %@ Qn ceprding- w2 4, whereiy, NRI’ 2508 Faiie ﬁ@?hﬂlwm%&(rj bon
at ons; den dr, hydroxyl or a haI ogen substituent enot es
hydr ogen™8r's 15‘Ic1)l r ggd]??%ﬁthaloﬁﬁn Subrditueat éikﬁgéﬁselmcf fremdhe grovpt hy | ene
substj tuent , R. denotes a radi oactive hal ogen substituent, excluding

t he se"W’é‘gR F“F@QHR@L I-R$ andd-Bldr ogen, R4 bei ng oxygen, and R5 being
radi oactive fluorine, bromne, iodine, or astatine; the.case where R and
R3 are hydrogef, m apent for dlagmslsmf tissue nrellfegtmn)agmty according to Claim 1,
wherein said diagnosis of tissue proliferation activity is diagnosis of hyperplasia,
regeneration, tr;nsplantation or viral infection accompanied by abnormal proliferation.
7. An agent for diagnosis of tissue proliferation activity according to Claim 6,
10 | wherein said dlagnosm of hyperplasia accompamed by abnormal proliferation is
diagnosis of hyperplastlc inflammation, benign tumor or malignant tumor.
8. An agent for diagnosis of tissue proliferation activity according to Claim 7,
wherein said diagnosis of hyp&plastic inflammation is diagnosis co_néerning activity of
chronic rheumaitoid arthritis or determination of therapeutic effects.
15 9. An agent for diagnosis‘of tissue proliferation activity according to Claim 7,
wherem said d1agnos1s of benign tumor is dlagn031s concerning localization, activity or
determination of therapeutic effects.
10. An agent for diagnosis of tissue proliferation activity according to Claim 7,
‘wherein said :diagnosis of malignant tumor _is diagnoses ‘concerning localization, .
20 prb'gress', malighanéy or determination of thefapéutié effects, of primary and meféétati;: '
malignant tumors.
il. An agent for diagnosis of tissue proliferation activity according to C_laim 6,
wherein said diagnosis of regeneration accompanied by abnormal proliferation is

evaluation of physiological hematopoietic functions of bone marrow during treatment

25  with anti-cancer drugs, or diagnosis of pathological functions of the bone marrow in



and R, being radioactive bromne or iodine; and the case where R, and R2
are hydrogen, R3 being fluorine, R4 being oxygen, and R, being radioactive
brom ne or iodine. 15 2. An agent according to Caim1l, wherein said

radi oactive hal ogen substituent in R 3)93 sel ect ed fromthe group
consisting of F- 18, CI-3 6, Br-75, Br-76, Br- Br-82, 1-123, 1-124,
1-125, 1-131 and At-21 1. 3. An agent according to Caiml, wherein R4 is
sul fur. -36 4. An agent according to Claiml, wherein R is hydrogen or

et hyl gr patients doffedi h.)ggﬂgq,ﬂo 1a8fic Andihogen substituent, R3 is hydrogen, and
R4 is oxygen or sul?gur agljcent aécordl ng to Caim1l, wherein R, R2

and R3 are each ai d radi oactive

substituent in %ﬁf] Ogt eé"f’@g%ﬂ %éﬁeé)}'cgﬂgraﬁ%n E%H’gt?'é’f’? é’mggo E‘?@L@" 6e1 123,
1-125 and_}-131. .6. for,diagnosis of .tjssue proliferation activity
accor di ng el%% 5a‘%1diagn° efrﬁ“s? @?@Pa@ﬁ%‘l’%‘“@# f’lf’i"’i’%‘@%rmplil feeatigni isn -
activity |.s di ag g%{p pl asj a, regeneratl on, transplantation or-
viral inf3Be9sis %O@k?rﬁérﬂr ’Eﬂ}m&tﬂfdfqﬁl’ aﬁﬁélhoﬂ%ﬂmoﬁhceﬂﬁ infponggraanrowor

di agnqaﬁl s, of @Pssue proliferation activity according to aim6, 10

wher ei Mdsi s of hyper pl asi a acconpani ed by abnormal proliferation
i s diagnhosis of hyperpl astic inflammtion, benign tunor or malignant tunor.
8. An agent forl3diagsest for diagnpssgéthsuoproﬂ@ramomumy asdording & Glaitnrgy t 0
Claim7, wherein said diagnosis of hyperplastic inflammation is diagnhosis

concer ni ngherein said giaghosis tofoviral infeetiomtaccampmiedr by iabnetiall prslifeiatiohijgn of
therapeutic effects. 15 9. An agent for diagnosis of tissue proliferation

activity disgnesidi ofgvires-ibifedited portionsearli prodifératichi G@RRSIif iAfechOul disehgdgOr i s
di agnosi s concerning | ocalization, activity or determ nation of therapeutic
ef fects. caused by Type I or Type II herpes simplex virus, varicella-zoster herpes virus,
10  cytomegalovirus, Epstein-Barr virus, or human immunodeficiency virus.
14. An agent for treatment of proliferative disease according to Claim 1,
wherein said proliferative disease treatment is treatment of malignant tumors or viral
~ infection accompanied by abnormal proliferation. |
15. An agent for treatment of proliferative disease according to Claim 14,
15  wherein said malignant tumor is malignant lymphoma (Hodgkin’s disease, non-
Hodgkin lymphoma), pharyngeal cancer, lung cancer, liver cancer, bladder tumor, rectal
cancer, prostatic cancer, uterine cancer, ovarian cancer, breast cancer, brain tumor
(primary brain tumor, metastatic brain tumor), or malignant melanoma.
16. An agent for treatment ‘of prohferatwe dlseasc accordmg to Claim 14,

20 wherem said viral mfectlon is 1nfectlous diseases of central nervous system caused by.

Type I or Type II herpes simplex virus or human immunodeficiency virus.



10.. An agent for diagnosis of tissue proliferation activity according to
Claim7, wherein said diagnosis of malignant tunor is diagnoses concer ni ng
| ocal i zation, 20 progress, nalignancy or determ nation of therapeutic
effects, of primary and netastatic qgk[gnant tunors. 11. An agent for

di agnosis of tissue proliferation activity according to Claim®6, wherein
sai d di agnosis of regeneration acconpani ed by abnormal proliferation is
eval uation of physiiol ogi cal henmatopoietic functions of bone marrow during
treat ment 25 wiyha anki j [ . &gq gi cal functions
of the bone marrowa"iiﬂﬁle?ggé]ggrg‘i,ag%??ﬁ%@@%‘ﬁ%@?c@lﬁ&ggg{’as l|£)'c anem a. 12.
An agent for diagnosis of tissue proliQeration activity according to C aim
6, wherein said diiagnosis of transpl afit ati on acconpani ed by abnor nal
proliferation is diagnosis of take or rwﬂingation of transpl anted bone
marrow cells in bone marrow 5 tr an ron® 13. An agent for diagnosis
of tissue proliferation activity ac ording to daim6, wherein said

di agnosis of viral .infection acconpgnied abnornmal proliferationis

~di agnosi s of virus-infected portjefs

roliferation thereof in
i nfecti ous di seases caused by pe | Type ||l herpes sinplex virus,
varicel | a-zoster her virus, 10 cytgnegal ovirus, Epstein-Barr virus, or
human i nmunodef i ci engﬁs dJus. 14. An agent for treatnment of proliferative
di sease according fo Clain]l, erein|said proliferative di sease treatnent
is treatment of mal|ignant fu 4 ifal infection acconpani ed by
abnormal proliferation. 15PN aant r treatnment of proliferative di sease
according to Claim114, 15 oroi d\mal i gnant tunor is malignant
| ynphorma (Hodgki n' 5 di sea4, R4

! OH R,

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

carbon atéms,:Rz denotes hydrogen, hydroxyl or a halogen substituent, R, denotes
5  hydrogen or ﬂl:llorine substituent, R, denotes oxygen, sulfur or a methylene substituent,
and R, denotesja trialkylstannyl group.
18. A Inucleoside derivative according to Claim 17, wherein R, is sulfur.
19. A Inucleoside derivatives according to Claim 17, wherein R, is hydrogen or
methyl group, R2 is hydrogen or a halogen substituent, R; is hydrogen, and R, is oxygen
10  or sulfur.

20. A pucleoside derivatives according to Claim 17, wherein the triailkylstannyl
group in R, isl a trimethylstannyl group, a tricthylstannyl group or a tributylstannyl = =~
.g.roup‘ - _ - . L e '

21. A method for diagnosis of tissue proliferation activity, comprising
15  administering an effective amount of a radiolabeled compound as represented by the

following formula or a pharmaceutically acceptable salt thereof to a mammal, followed

by imaging of in vivo distribution thereof:



‘Hodgki n | ynphoma), pharyngeal cancer, |ung cancer, liver cancer, bl adder
tunor, rectal cancer, prostatic cancer, uterine cancer, ovarian cancer,
breast cancer, brain tunmor (primary brain tunor, nmetastatic brain tunor),
or malignant melanoma. 16. An agent fgg_treatnment of proliferative disease
according to Claim114, 20 wherein said viral infection is infectious

di seases of central nervous system caused by. Type | or Type |l herpes

si npl ex virus or human i munodeficiency virus. -38 17; A nucl eosi de
derivative as represented by the folloWng formula: O HNN" i HRL OH
R3 wherein R, denotes hydrogen or a liflear- or branched-chain al kyl groups
having 1-8 carbon atons, R2 denotes Rghydroxyl or a hal ogen
substituent, R3 denotes 5 hydrogpfNor flworine substituent, R4 denotes
oxygen, sulfur or a nethylene substftuent]| and R5 denotes' a
trial kyl stannyl group. 18. A nucl egkide dgrivative according to Claim17,
wherein R4 is sulfur. 19. A nuc I €rivatives according to Claim17,
wherein R, is hydrogen or neth R2 is hydrogen or a hal ogen
substituent, R3 is h ogen, 10 or sulfur. 20. A

nucl eosi.de derivatives im 17, wherein the trialkyl stannyl
group. in RSis a .trimeth Istaqﬁxl up, a triethylstannyl group or a
tributyl stannyl

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

_ ﬁydrogen or fluorine substituent, R, denotes oxygen, sulfur or a methylene substituent,

5 and R; denotes a radioactive halogen substituent, excluding the case where R, R, and
R, are hydrogen, R, being 6xygen, and R, being radioactive fluorine, bromine, iodine,

or astatine; the case where R, and R, are hydrogen, R, being fluorine, R, being oxygen,

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.



-group. 21. A nethod for diagnosis of tissue proliferation activity,
conprising -15 administering an effective anount of a radiol abel ed conpound
as represented by the following fornula or a pharnaceutically acceptable
salt thereof to a mamual, followed hyymaging of in vivo distribution
thereof: -39 wherein R denotes hydrogen or a linear- or branched-chain

al kyl group having 1-8 carbon atons; R2 denotes hydrogen, hydroxyl or a
hal ogen substituent; R3 denotes hydrogen or fluorine substituent,

denot es oxygenpasal ﬁ)b'ﬂhoa o trEREnaN Wﬁoﬁ?&?ﬁwet MEke \Rﬂﬂﬂ r%__\;:cﬂl? a%h’?ﬁ]é R3

radi oacti ve hal ogen substituent, exc ing the case

are hydr gqedfectide RhdIE B1YJ58dio ‘éle Sﬂﬂﬁ%&%dl_ésd%&ﬁ&sﬁ ;{g“#é‘ﬁ%?{ﬁgm ne.

iodine, or astatine; the case ere

the caso i) egﬁ‘ﬁhﬁfé@éﬂkﬂﬁﬁ?ﬁ&%ﬁ%ﬁaﬂ%ﬁéﬁ%Ct%r%ﬁ .rﬁre”, "R bei ng oxygen.

and RS bei ng radi oactive bromne or iodine. -40 22. A nethod for treatnent

of proliferative disease, conprising admnistering an effective anmount of

a radi ol abel ed conpound as representedgy the following formula or a

pharmaceutically acceptable salt there toammual: HOlI R, 5 U R3

wherein R, denotes hydrogen, or a linegf- or ﬁranched chai n al kyl group

having 1-8 carbon. atons; R2 denotl_gﬁ Shydroxyl, or a hal ogen
fluor

substituent; R3 denotes hydrogen ne substituent, R4 denotes
oxygen, sul fur or a methyl ene sub}ilsent,

o

wherein R, denotes hydrogen, or a linear- or branched-chain alkyl group 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 substituerlt,

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

10  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, b.eing oxygen,

- _and R; bemg radloactlve bromme or iodine; and the case where Rl and R2 are hydrogcn,

R3 being ﬂuorme, R, belng oxygen, and R, bemg radioactive bromine or 1od1ne



-and R, denotes a radioactive hal ogen substituent, excluding the case where
RL, R and 10 R3 are hydrogen, R4 bei ng oxygen, and R being radioactive
fluorine, brom ne, iodine, or astatine; the case where R, and R3 are
hydrogen, R2 being fluorine, R4 being,xygen, and R being radioactive
brom ne or iodine; and the case where R, and R2 are hydrogen, R3 being
fluorine, R4 being oxygen, and R5 being radioactive bromne or iodine. -41
23. A nmethod to producing a radiol abel ed conpound as represented by the

foll owi ng formbaa Rellod fHi3 er.al hydrogen or.a lLinear-
or branched-chain al kyI0 gro psuﬁggi%nga%w%ﬂgle(ﬂrgﬁgoﬁ&g\do r,e%%‘ﬁerggi&yetile

hydr ogen *ﬂ%% . a hal ogen substituent, R3 denotes hydrogen or

fluori nefg]u stg?%llg}] 5 R4 denotes oxygen, sulfur or a methyl ene substituent,

and RS denotes a radioactive hal ogen substitient; conprising reacting a

- nucl eosi de derivative as represented by the following fornula: 10 HN OH R3
-42 wherein R, denotes hydrogen or a |gnear- or branched-chain alkyl
groups having 1-8 carbon atons, R2 denptes hydrogen, hydroxyl or a hal ogen
substituent, R3 demotes hydrogen or fl orineR§ubstituent, R4 denot es
oxygen, sulfur or a nethyl ene subggjtten n@ R5 denotes a
trial kyl stannyl gréup, 5 with an aline|polution of a radioactive hal ogen
in a sol vent, mher?by t he

5  wherein R, denotes hydrogen or a linear- or branched-chain alkyl groups having 1-8
_ : _

' ' I . .
carbon atoms,i' R, denotes hydrogen, hydroxyl or a halogen substituent, R; denotes

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;

10

HO



trial kyl stannyl group of Ris replaced with a radioactive hal ogen
substi tuent.

-42-

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 R; denotes a trialkylstannyl group,

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

trialkylstannyl group of R; is replaced with a radioactive halogen substituent.



