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- 1 - DESCRI PTI ON COVPOUND HAVI NG AFFI NI TY W TH
CALCI FIED TI SSUE 5 Technical Field The present
invention relates to a conpound having high affinity
with a calcified tissue and exhibiting rapid
excretion into urine, and uselthereof as a diagnostic
agent, a therapeutic agent and the |ike. 10 Background
Art In recent years, skeletal scintigraphy by nucl ear
nmedi cal technique is becomspgrafrbgportant tool in
di agnosi ng bone di seases of an initial stage. |nmaging
15 agents for bone scintigraphy are required to have
high excretability into urine and rapid cl earance
f rom bl COMPOUND HAGENGSARKINENY WETHiQALOOTRER{TISHUE),
etc. so that the tinme fromadm nistering agents til
performng imaging can be shortened and scintigrans
of hi_ gh quallt% 20 can be obtai ned. Today, phosphate
&d with a rad|0|sotope are used. At

flrst n inorganig¢ hos ate |l abeled with
99m t eCRRePTH Wés“E'Y %H %e%"e‘?s F?]eau?]%‘f‘%%‘n’n?‘% having

hosnhat.e | b . hnet i
p?l&é%e%%% sty RER°R Wﬁéglﬁgzaf‘ofi?%sﬁg 3L eRibicing
t i ngl
RS Qf%?%?ﬁ?é" - 3BeBONEIHS, ol 198 FRA 86805 BT Y
S@fﬂ%db@%%cpbgghgqlaY@ﬂQrSEeﬁklchEQﬁEegnd the like.

Background Art

In recent years, skeletal scintigraphy by nuclear
medical technique is becoming an important tool in
diagnosing bone diseases of an initial stage. Imaging
agents for bone scintigraphy are required to have high
excretability into urine and rapid clearance from blood
and tissues as well as high bone affinity, etc. so that
the time from administering agents till performing
imaging can be shortened and scintigrams of high quality
can be obtained. Today. phosphate compounds labeled with
a radioisotope are used. At first, an inorganic
polyphosphate labeled with 95m-technetium was tried.
However, the inorganic polyphosphate labeled with 99m-
technetium was problematic in that it was hydrolyzed to
monophosphate in an aqueous solution and accordingly the

clearance from blood was low.
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stannous Tc-99m et hane-| - hydr oxy-1 -di phosphonat e

(Tc-99m HEDP) which is an organi ¢ di phosphonate

| abel ed with 99m technetium (J. Nucl. Med. 14, 73,

(1973) and United 5 States Patent No. 3,735, 001
specification). Since this ~cénpound exhibits

relatively rapid clearance from bl ood, bone

scintigraphy exam nation can be conducted in a

short exnt biaeaf tor sallrentki er pngbl e, agsansd, eandl 99nreported
techneti um| abel ed phosphat e conpounds anal ogous to Tc

1 G (SOmcdi=DMc -19.98 - 2 thAmet-a ¢ hydirouyn-Labé bbd sphgaaite (Tc-99%m-
di phosphonat e conpounds such as net hane di phosphonat e

( MBDP)ahifgdricx pmeoirana i giphosohanateHiBPeledy@ith 99m-
been w dely used to date. Al though preparations for
bGIREhRRG Y hoap Micdsi N§dhade d3npdafds) aabtniPdteda

the site 15 where ossequs cal cification, proceeds

d d ..
f RS SN Nhe - Toe OtoRPEGTEAFSEAPPg t ReRageREs
R L A L i e
b fjcient . | .
oSt gy Sanigh FER0KAN' be YEduEeeg tn o
clarance fhmad ;dhls c3fihe! ikf2UaFentd 5ol som-

excretion into urine, the tine fromadmnistering the

age¥hrdd ilurPaERNEN ShdERHate RARBRS SO AN dgdbu@ A Tc-
to inmprove contrast of image. It 1s considered that 25

PGl M EDH, I UCtdlr e 3G -iteehneitiing Diadbehesipbagaind c

conplexes 1is one of the factors that affect the

c|diptaraphofa te ecmpeunds: salcdl ed plechahst diphoseheodsate

Al t hough an - 3
{(MDP) and hydroxymethane diphosphonate (HMDP) have been
widely used to date. Although preparations for bone
scintigraphy using these compounds accumulate at the site
where osseous calcification proceeds and further shorten
the time from administering the agent till performing
imaging, they still take about three hours after
administration, which cannot be said to be sufficiently
short.

Generally, when a preparation for bone scintigraphy
is slow in the clearance from blood and/or soft tissues
and the excretion into urine, the time from administering
the agent till performing imaging becomes longer in order
to improve contrast of image. It is considered that
polymer structure of technetium-bisphosphonate complexes

is one of the factors that affect the clearance of

technetium-labeled phosphate compounds. Although an
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attenpt to pronote the clearance at an early stage
after adm nistration by changi ng a bi sphosphonate
compound from a polyner structure to a nononol ecul ar
structure was nade on a bi sphosphonate conpound

| abel ed with 123-iodine 5 (W97 11877), but the
efficacy is not necessarily sufficient. Fromthe sane
Vi ewpoi nt, various organi c phosphonic acid conpounds

syehedst PESPPPSREOL EnéCh Teslfino@tdyesn SWwEy adcagdeshter
proposed (Japanese Patent Laid-Open No. 10 59-205331,

JapangasstPatesh bii €hieindNoa BispiddRfondopaneseound from
Pat ent Lai d- OQpen No. 63-500849, Japanese Pat ent

Lai goOpmer260iudtdro2ic dHutondmylerelaristrveuie edas onade
be inproved in excretability in urine and bl ood
cbeanahispbosphbnéte heompoend r brpetied nwielker 1 43y~ ipdine
agent till taking an 15 image can be shortened,

DI(YOBBL L8731} . t hut| khenef Hhcaper &% oret BRACSIPRELLY of

the present invention is to provide novel organic
pRBSPAEAPBLaci d derivatives which 20 can be conpounds
with excel |l ent affinilg to, calcified tissue q¥t

excr et BT ntRE FATR WS T ar @RI (AP YR RPPRonie
|ate | | cifi : o .
8P dacPhie 8asT nibh, B8, D BPlGaPoBiS R Db Ly gives

%%?%83 148 ngnr§§§g5¥ﬁ&0QH%ﬁQHPésxﬁétéﬂg £,8€4-open No.

ecular 'size o e conpounds with excell ent
akhiBok¥340 Gabshbbedphtefteraia-6p8hr nbl ed7-sbe2et her

is to provide 1ts use as a diagnostic agent, a

t bapapedti Pazeant Land-openl Nke. 63-800849, Japanese Patent
Laid-Open 2001-114792), but they are still required to be
improved in excretability in urine and blood clearance so

that the time from administering the agent till taking an

image can be shortened.

Disclosure of the Invention

Therefore, one object of the present invention is to
provide novel organic phosphonic acid derivatives which
can be compounds with excellent affinity to calcified
tissue but excreted into urine at high rate when they
fail to accumulate in calcified tissue by designing the
derivatives so that their organic phosphonic acid groups
do not readily form complexes and the molecular size of
the compounds with excellent affinity to calcified tissue
is controlled, the other is to provide its use as a

diagnostic agent, a therapeutic agent and the like.
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The present inventors have conducted various studies
on organi ¢ phosphoni ¢ aci ds and ot her conpounds havi ng
affinity with a calcified tissue to attain the above-
menti oned object, and have found that conpounds which
are 5 represented by the fofl%mrng general fornula:
(AQa-MC- (LI)b (wherein, MCis a nother nucleus, AC
is a group having affinity with a calcified tissue

and LIThé gresém@nthidntdiddinge tevredueiad wdoibusd dudies
an integer of 1 or nore; b is O or an integer of 1 or

mene braadibapRosphOnibt Aeidsush@usthMeEr otompounds ohaeilng

nol ecul ar size exhibit excellent affinity with a
calfdiihieg wishue whilbéfibd tisspeundsathainfghe above-
accunmul ate in calcified tissues exhibit high .
exengtigneld phieate anﬁnbavanﬁouh@rébyt comprupdg vhéch are
present invention. 15 That is, according to_one aspect
ofr epFesprEsdnby Fh?eﬁ?iléﬁ‘magcﬁﬁﬁ%ﬁ&l RayMHg2af #PH?Q‘;}"C'

th lcified t t ed he f II

g ol (ot heb w@%”%éc?{ﬁse%e%ﬁm%? % A8 3 I
th I d t d
NRARGSh AHEPAEFL JLR PuRBEPORAPCGEbRERe o PecF ??J%m

tHﬁg%&%”%ﬁ%oﬁihﬁﬁhggtSf aﬂeeﬁh ?tgﬁoug i8Ny agh@@ger of 1

dr oxXy rou group, a thioether 25
g“ﬁ.og% ;Y §anyl o9 QHPinReBBPSBROAYbrIMEY¥R) 8Ad have a
e

group, a carboxyl “group, a carbonyl group, a
h%dﬁﬁ@& ndkdeud MFABE @ eBAtrolded molecular size exhibit
excellent affinity with a calcified tissue while the
compounds that fail to accumulate in calcified tissues
exhibit high excretability into urine, and thereby
completed the present invention.
That is, according to one aspect of the present

invention, a compound having affinity with a calcified

tissue represented by the following general formula:
(AC) a-MC- (LI}b

{(wherein MC is a mother nucleus and represents a residue
of a compound having a plurality of functional groups
selected from the group consisting of an amino group, an
amide group, a hydroxyl group, a thiol group, a thioether
group, a sulfonyl group, a phosphonyl group, an aldehyde
group, a carboxyl group, a carbonyl group, a halogen, and

a cyano group;
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ACis a group having affinity wwth a calcified tissue,
LI is aligand for binding to a netal atom and a and
b are integers of 1 or nore) is provided. Here, the
ligand LI can bind to a netal atom and 5 thus may
forma conplex with a netal ~abom but does not need to
forma conplex. Since the LI npbiety plays a centra
role in conplex formation ability, and thus the AC

Mjcetis G0gTohpt haeaﬁﬁl ¥eEQRI2 wOUR! excaoBREY B, tibBue;
present conpounds exhibit a rapid clearance fromthe

1Q,1bli@od andked $okt bihdsHg 8Bdaah&ébad aa@ping exdretion
into wurine advantageously. Preferable conmpounds of

t e apide deatrel Aveptieas afel pepmesent éd pyowhdeflor mul a:
(AC),-MC-(LI)b (wherein MC represents a residue of a
conpouHdrsel sbeetligdsd fEbneameb ipd UEP corsetal nytem. sand
monosaccharide, an oligosaccharide, an am no
oltihges meoh £ordea sorEppsdeithi A maﬁalaa§9@chaﬁ=u aees not
dendriner; a and b are integers of 1 or e) AC i

t Meesh e £ Pé'i'“rrﬂl &°F‘§16P‘efe$’a'b‘F?/ Q‘%aﬁ‘%l‘f“?’eﬂty plays'a

t ffi h

AR, 5 FOPPAFth SRFOSLEPR GPoahndaa thuS cthe

oy @Aoaetgamoggom 39,0V RS B BLALANLN | Lne
pASSpRGHTC gr oup. re prefera

C r nye e e
RS i SIS, AT

aHl%%de Wadobra seePeyrduschaat 8sof AOFaphE @kedRtion into
consi sting of an oligosaccharide, an am no
ohirgesaaahanitdgecasaycl odextrin and a sacchari de
Preferable compounds of the present invention are
represented by the formula: (AC),-MC-({LI)y
(wherein MC represents a residue of a compound selected
from the group consisting of a monosaccharide, an
oligosaccharide, an amino oligosaccharide, a cyclodextrin
and a saccharide dendrimer; a and b are integers of 1 or
more). AC in the above formula is preferably a calcified
tissue-affinity group which comprises a polyaspartic acid
group, a polyglutamic acid group and an organic
phosphonic acid group, and more preferably it is an
organic phosphonic acid group.
More preferable compounds of the present invention
are represented by the formula: (AC),-MC-(LI)y
(wherein MC represents a residue of a compound selected
from the group consisting of an oligosaccharide, an amino

oligosaccharide, a cyclodextrin and a saccharide
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- 6 dendriner, and the group AC having affinity with
a calcified tissue is bonded to any one of the
constituent nonosaccharides of the nother nucl eus MC
and the ligand LI for binding to a netal atomis
bonded to a constituent 5 non®sacchari de ot her than

t he above-nenti oned constituent nonosaccharide; a and
b are integers of 1 or nore). A plurality of the

Clepidiiig@r,i andetakl hRbly BCOHRvARgOAEfiAetl gagl h

for binding to a netal atom may be bonded to the

nelaliei fied eusshe. 130bbudelecboany eneoofli nfjet onstituent
anot her aspect of the present invention, a conmpound
hawnog aschiamiitipswoththe makbefi sdclessul¥Ci epndssheedigand
by the formula: (AC),-MC (wherein MCis a nother

nddl &9 @n@dn@grégeat@eaaiegpgmelsoboadeénpeuﬁdcaavtnguent

a plurality of functional groups 15 selected fromthe
F@@§3@€ﬁ§ﬁ§ﬂﬂﬁg°&heantBﬁPnShsrBBBVBaﬁenﬁﬁpﬁédgFB&ﬁtléuent

h d I hi al . hi
s TORS 3%8&5&2 Lﬁ'sépn%%%%p"é‘aéer%ﬁ%g YeRFqEoTe) S A
b hal
aﬁg%%gwgﬁfg . Sa38ResBe QBRI -PESHR L e RLBISE or
'e;)fi ga:gfa fuegg&' §§H§138a98 g a.atgm é%ﬁgasy%e pBhded

rovid npound I's ‘advant ageous |

t%t thle RREnRrMRLREEuRUgeUs MC of a controlled
nol ecul ar st ze and exhibits excellent affinity 25 wth

a cal cphieHetin6sdf QYcytding €b ARGCHEr WMspecthef the

compound which fails to accumulate in calcified

gttt invention, a compound having affinity with a
calcified tissue represented by the formula: (AC),-MC
(wherein MC is a mother nucleus and represents a residue
of a compound having a plurality of functional groups
selected from the group consisting of an amino group, an
amide group, a hydroxyl group, a thiol group, a thioether
group, a sulfonyl group, a phosphonyl group, an aldehyde
group, a carboxyl group, a carbonyl group, a halogen, and
a cyano group;
AC is a group having affinity with a calcified tissue;
and
a is an integer of 1 or more) is provided. This compound
is advantageous in that it has a mother nucleus MC of a
controlled molecular size and exhibits excellent affinity
with a calcified tissue by virtue of the AC while the

compound which fails to accumulate in calcified tissues

exhibits high excretability in urine by wvirtue of the MC.
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exhi bits high excretability in urine by virtue of the
MC. - 7 In the conpound represented by the formula
(ACQ),-MC, it is preferable that the MCis a residue
of a conpound selected fromthe group consisting of a
monosacchari de, an oligosaccharide, an ami no

ol i gosaccharide, a 5 cyclodextrin and a sacchari de
dendrimer and the ACis preferably a calcified

ti ssuesnathiéNEbNpSERY Pr SHFENrSE W b? 10 YESHAITA C(RC) dMc,
group, a polyglutamc acid group and an organic

phAesphopire faghthler eHpt 8Rd MOeidGai sesfbDire pELehetalppund
an organi ¢ phosphonic acid group. 10 According to a
preflecaklde feshodheregrpupheonsipbing off at henpsascharide,
I nvention conprises a netal atomor an isotope of a
haino gdd gesercheaien, anxggene aligoganchasifitur aor
phosphorus in at | east one of the nother nucleus MC,

t fycdadexticda endsaesarrharigegiengrieerngandsthferC 1s

ligand LlI. This enbodinent is artlcularl referabl e,
fareé%a%:faadpaéﬁé&-r?e agéﬁve JﬁEEhE%EYPéFSﬁP comprising

d 10- 218 d h
o 5o loaeagr i fon IR G R alR 8°§§?dsﬂé§ga%t °§oR gaBup ana

h BryeRy S KRREPRobS ¥ 2R GRbER" ) Edzﬁhg"iﬂe i
| Spr%rf Q‘a‘bﬁ Lot QrbHHEBVShBEBﬁéi{i‘E' 98i8f gtBgp.cl earance

cause sﬁe forfmati on of a polyner structure of the
r adi 03§Eb&§dﬂﬁ§3£0| abgt&tle PAOES hathiSo EORGPLN e hé NcohPbsnd

met hod, however, co-existence of pol yphosphonates 25
h&ﬁl&@ep@fﬁﬁ&htshhuehﬂﬁeﬁ tempriikksnat mavaldadom or an
isotope of a halogen atom, carbon, oxygen, nitrogen,

sulfur or phosphorus in at least one of the mother
nucleus MC, the calcified tissue-affinity group AC and
the ligand LI. This embodiment is particularly
preferable for use as a diagnostic agent.

Japanese Patent Laid-open No. 10-501218 discloses a
99m-technetium mono-, di- or polyphosphonate complex
composition which has a composition variable with
conditions of heating by autoclaves, microwaves and the
like. This is an attempt to improve aggravation of the
clearance caused by the formation of a polymer structure
of the radiocactive metal labeled phosphate compound. In
this method, however, co-existence of polyphosphonates
having polymer structures is still not avoided.

On the other hand, the compound represented by the

formula (AC).-MC-{(LI)p, of the present invention is
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On the other hand, the conpound represented by the
formula (AC),-MC-(LI)b OF the present inventionis - 8
characterized in that the labeling function by a

radi oactive nuclide is assigned to the ligand LI, and

the opportunity for blsphoSpﬁoﬁlc acid to part|C|pate

in conplex formation is reduced, thereby

contenplating a 5 nore advantageous i mprovenent of
aGHaPdlcabiroretioihhenbonene ThweThni® fenbbiocal bydea is
apparently applicable to the calcified

t irzSieaehlivel hyucyidepidCasthgnedhen the lbgaspdobfhoand the
acid. The difference in the conplex fornmation ability
betmmemuhhaylfganblbbhaadhoheccatcﬂftedpigtlclpate in
tissue-affinity group AC can be proved by using an

arrgimpg exofforme tdéonpdanyedpcefle phesehy Fﬁv‘éﬁ{ﬂp ﬂtlfFﬁea
idea that a calcified tissue-affinit rou LS
n@ESPIdRIEATEOHE awaveaewngePEc?Fﬁém}glésé t° the bone.

conditi ons su I oacgt met a

h
o e P itaﬁ%ngsE\g&rn%gei51Eeaae?ﬁank§gn?gpgrhsﬁble to the
t b
nﬁaﬁ%&%& o B TRR SR ERALSY: 5lrReRE hERE Fppf Fhe"
i dororbd 9@98“”%%69&%&%@&& e d o

according to t present 1 nvention has

E”ﬁdfﬂéﬁﬁon?QﬁWl& Fab%%hﬁbh|%ﬂetliéﬂﬁdlﬂIlhﬁa|Eh93661C1f1ed
thus 1's useful only as a therapeutic agent but

fﬂé%bdﬁéJ&ﬂﬁlﬁﬂﬁgsbkﬁupagenbaﬁlBéeptbv&anbbeubabglad Bypalog
allowing an isotope of a netal atomor a hal ogen

atefmtheadempoutndy @€n thei pregent isvehtiowor phoephdeasthat

to be contained in at |east one of
a calcified tissue-affinity group AC forms no complex can
be proved by selecting labeling conditions such as
radicactive metal nuclides, concentration, pH and
reducing agents. For example, it can be proved by a
coexistence labeling method using DTPA or MAG3 together
with HMDP.

In addition, the compound represented by the formula
(AC),-MC according to the present invention has affinity
with a calcified tissue in itself, and thus is useful not
only as a therapeutic agent but also as a diagnostic
agent since it can be labeled by allowing an isotope of a
metal atom or a halogen atom, carbon, oxygen, nitrogen,
sulfur or phosphorus to be contained in at least one of

the mother nucleus MC and the calcified tissue-affinity

group AC.
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25 the not her nucleus MC and the calcified
tissue-affinity group AC. - 9 The use of diagnostic
agents in diagnostic nedicine has been rapidly

i ncreasi ng. Conventionally a conposition or a
substance |l abeled with a radl%lsotope has been
admnistered to a living body in nuclear 5 nedicine

di agnosi s, wherein the radiation that the conposition

or substangse 65 tdi ddgnstaliactffbdts dn WidYrddwild aedicine
canera and the distribution and behaviour of the
COEROBeknORapidsbshanegsing t hednwenmg died\l v &2
expressed non-invasively as an inmage, and this

t eolpogieidl basabsebsusedef babebed ywilthecatradioisotope
various diseases and elucidation of pathologic

cbadi beensadihnisbapesdi tPon lhhﬁngu%gghné@ ragteed

with a radioisotope are called radioactive inmag
ag‘@ﬂﬂ-é‘rln&nélt‘-‘ﬁ@@él%,wY’hBFélFthes @HFt%uFBBEeEh%ave
been devel oped. Furthernore, MRl _di agnosi s,
cGﬁWP&§ﬂt6PntP§SEE§SE%ﬂcﬁee@hﬁﬁnt%dd%§ecﬁﬁ i B¥ sferi ng

b
B
e e

%%Q%%@%&nhs a¢hJssPouey RY¥ aH'iﬁH&eOfaﬁaetﬁlgfEéthYque

calcified t1ssues, an fect of inhibiting bone
am&%rﬁbbﬁnu%@ﬁ EBQr8§§Qyoﬁetéaﬁﬂﬁh06fCvaﬂlbﬂkeblseases and

resul ting fromenhancenent of the bone absorption.

TRuscidaey ohave beeholoyiedoerditbons. The composition
and substance labeled with a radioisotope are called
radioactive imaging agents, and those suitable for
specific purposes have been developed. Furthermore, in
MRI diagnosis, contrast of tissues can be enhanced by
administering a composition or substance containing a
paramagnetic metal species which increases the relaxation
of surrounding protons.

On the other hand, referring to therapeutic agents,
it has been known that bisphosphonic acids have, by
virtue of their affinity with calcified tissues, an
effect of inhibiting bone absorption and increase of
serum calcium level resulting from enhancement of the
bone absorption. Thus, they have been introduced to
clinical practice as active substances in drugs for

treating diseases which morbid condition is considered to

have a significant relation with bone absorption, for
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25 clinical practice as active substances in drugs for
treating di seases which norbid condition is considered
to have a significant relation with bone absorption,

for - 10 exanple, Paget's disease, hypercal cem a,

bone netastasis of cancer “afdd osteoporosis. In

addition, their pharmacol ogi cal actions, for exanple,
prevention of aggravation after cancer netastasis,
rekhamplef beasetpai disdapé £\Vieyhétda Dienid | dslomé ahetastasis
di seases, etc. are known. Furthernore, due to the

abti nahyewi dhdcabrebperbsis ssuas addis icanpddred f t he
present invention can be wused in diagnosis and
netiacmhcolegiceht aotioms. ofdy Qx#mplﬁdgﬁﬁgﬁ%nﬁa@naQEO
calcified | esions of blood vessels, 10 such
aRgErRYatienoaf 5ent CRBFET [MRER BEBTES ve’é%%}eéu ?%sbo%? pain,
the like, and _chronic inf]anmator dlseases

Aeasvapﬁgpy of i PREL PR ERhpILRTP TS t HELPr RER KROWE -

t | ect | l.ci.f
PR %rﬁs%ér.% FEURA SR H Sl
tﬁégggg‘jf, & ?péuﬁaeéy! tRS BrélO00RY Cn @08 O Be

varil ous dl seases nentio

aaug. i §p395éh8§ %yan&hﬁe§9399u@9e9£méﬂ€ PEC8EPlonly bone

i nvention Itably subjected to radi oactive nuclide

| akgkhBgsi ButUatEl! cABc 8P 88t 1¥8ibNE! 6£li BDbodiOVessels,

di agnosi ng bone 20 di seases such as bone netastasis,
ost:eppaeosirserPagelefos s seasealbbhtedratdodeyessel sites
heterot opi c ossification, bone formation or bone
dogsahet idkeandnfiochdoajnosnhjjampateryi @tsbased. vesse

sites including arteriosclerosis.
Accordingly, since the compound of the present

invention selectively accumulates in calcified tissues in
general in a living body and is rapidly excreted in urine,
it is useful as a diagnostic agent or a therapeutic agent
of various diseases mentioned above.

Specifically, the compound of the present invention
suitably subjected to radioactive nuclide labeling is
useful as an active ingredient for diagnosing bone
diseases such as bone metastasis, osteoporosis, Paget's
disease, bone fracture, heterotopic ossification, bone
formation or bone dissolution and for diagnosing
calcified blood vessel sites including arteriosclerosis.
when it is applied to visualization of the skeletal
scintigraphy for finding out affected sites, the compound
of the present invention is intravenously administered to

a body of mammals including humans, and, subsequently
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When it is applied to visualization of the skeletal 25
scintigraphy for finding out affected sites, the
compound of the present invention is intravenously
adm nistered to a body of mammal s incl udi ng humans,
and, subsequently - 11 radiddctivity distribution in
the body is neasured. The radioactivity distribution
is nmeasured by using a comonly known equi pnent

(gaBacRARidy QiStribhPigddidi ERe bHb&y CDEMALASuPEAL herhe
present invention 5 is applicable as therapeutic

agadisatehivinll aigetobytbeneis dnéeasesd sbig uabng a
rheumatoid arthritis and | unbago and for pain

r ebmewoniyg, kandgnasgahpineanc égamnagsaferapoaec chncer

and its netastasis, prevention of bone netastasis of
cancer In amddiheon kihe FReampRUDbQl QhﬁaRﬁﬁﬁﬁnﬁuﬂﬁwen¢k9n
10 present invention can be used in diagnosis for

séﬁeéppéhcabﬂeaaﬁhéhaﬁéa?vElﬁg%ﬂ?nﬁﬁdf%¥sbﬂ?%?mmatOrY bone
phar maconetri cs such as efflcac% est i mat

céﬁﬁseﬁesoﬁupheaﬁrggsﬁwam@nﬁs ribhs pan oﬂamlaegc’ afind for
t t f di
1ga3'gi”%aﬂé&la‘p.”oﬁ%h%?ggﬁesaﬁsf. aEfagokLE bORY! Mocer
%Q'%e@%g%ﬁsﬁ%c Brg? ﬁt%gﬁfgﬁeﬂg 8 ﬁgggéta31s.of
on the

de englng i ng su stance cont ai ned

“E%h%'e% aha taerrmued Oyt e AMSSEN O VESHA A @ o £ the
salt théreof can be provided as a pharnaceutica

CoFRashli @Avenihoat chfast d8e@nenpAasgnecusi £kl ¥election

acceptable carrier. Best Mdde for Carrying Qut the

| efeat therapthtlibt Agenbush@usldf for pharmacometrics such
as efficacy estimation.

The compound of the present invention can be used as
an imaging agent in various types of diagnostic imaging
using radiation, nuclear magnetic resonance, X-ray,
ultrasonic wave, etc., or a therapeutic agent depending
on the type of labeling substance contained therein. The
compound of the present invention or a salt thereof can

be provided as a pharmaceutical composition with at least

one pharmaceutically acceptable carrier.

Best Mode for Carrying Out the Invention
(1) Mother nucleus MC

In the present invention, the mother nucleus MC is
not limited as long as it has a plurality of functional
groups available for chemically bonding to the group AC

having affinity with a calcified tissue and the ligand LI.
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In the present invention, the nother nucleus MCis 25
not limted as long as it has a plurality of

functional groups available for chemcally bonding to
the group AC having affinity with a calcified tissue
and the ligand LI. - 12 Spedi¥ically, a residue of a
conpound is included which has a plurality of
functional groups selected fromthe group consisting

Ofs e 131RAQ 19", OUP red8R dali 88 &' @dRpodnd hydr xy¥lugée@uphich
a thiol group, a thioether group, a 5 sulfonyl group,

a Hzhosphanyral1grQups &anakiehyleggoanp, salectedokybm the
group, a carbonyl group, a hal ogen and a cyano group.
Tharefocenstibe ingt bér anuahtne §foupy de amide group, a
nonosacchari de, oligosaccharide, polysaccharide, am no
1Gyalzickylolgrgopephi ¢biopobypept i dethhaerheri deoup, 2

ol i gonucl eoti de, poly nucl eotide, protein, protein

f rragdifiomyl gFomPealh PBPEPRONVESITABPeoRn BLAgh¥JRt AEPRE. 2
pol yner, as long as it _has_a pluralit f the_ ahove-
NESRESFYd PERER ofaragPenys. gg?“?he""n%?i?ﬂ?@ 8pgedofyanc
t he conpound of the present invention can be

cHHMR - ed by the size of the mother nucleus MC, and

T ! iy bEES! EheSho e CATBEINY pechag s b oo

vessel SStes Can be con gl ng the

:Syéﬁﬁgé%dﬁaQQGEheEﬁggogggﬁﬂ PREeON bG48 cRReEHE] CasBo

that the conpound can effectively pass through
Capiild,arm i t iR, epol9pkptifdepmhuandotsakect i vely

act on the target tissue.
oligonucleotide, poly nucleotide, protein, protein
fragment, chemical derivatives thereof, or a synthetic
polymer, as long as it has a plurality of the above-
mentioned functional groups.

The molecule size of the compound of the present
invention can be controlled by the size of the mother
nucleus MC, and therefore, transfer of the compound
between blood vessel and tissues can be controlled by
changing the molecule size thereof depending on the
specific use so that the compound can effectively pass
through capillary vessel pores (5 to 10 um) and
selectively act on the target tissue.

Preferably, the mother nucleus MC is a residue of a
saccharide compound selected from the group consisting of
a monosaccharide, an oligosaccharide, an amino

oligosaccharide, a cyclodextrin and a saccharide

dendrimer, more preferably, a residue of an
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Preferably, the nother nucleus MCis a residue of a
sacchari de conpound selected fromthe group consisting
of 25 a nonosaccharide, an oligosaccharide, an am no
ol i gosaccharide, a cyclodextrin and a saccharide
dendrimer, nore preferably,- @3 esidue of an - 13

ol i gosacchari de, an am no oligosaccharide, a

cycl odextrin, a saccharide dendriner, and
ptigeshachyrpaef eaabhMindo HES§EELcOhaRide, a cyclodextrin,
ol i gosacchari de and an am no oligosaccharide. 5 The
mManesachheigdedendrifles, ghhaosert hienhaskty pgafecibse, a
gl ucosam ne, mannosan ne, gal actosam ne, etc. The
olregdsinec béir adeol hgbsdeshahbde zwdtamnnanignas a
constituent nonosaccharide one or nore selected from

t lod iggeegpheyhdest i ng of gl ucose, mannose, gal act ose,
etc. 10 These oligosacchari des nmay be |inear or

br anch&he Bpgesace %F¥ﬁ%ﬁ%9%&#@??rQﬂﬁQPﬁﬁwaﬂﬁﬂqﬂS?ﬁ

the transferabilit t he compound of i resent
| BRARC DR oo BERSERINE! (BARNOBRELRS o | SEERRSRTRG, ete.

sacchaffigeotfoeeacihafife (dBes Mndstrdlrainingas
f%%%%qR%Leﬁ%nﬁ%b?g?ggﬁgggagﬁgﬁgandﬁéréhQ&l?&@ed from the

y a- ose forned

CQH%R&J%sﬁklsQQHgSBECE@EEQSE tﬁéﬁnéés n§£u§bkasé 3etc.
1 nke Specific exanples o preferable

olih@ReAsthgbkdeshhr¢hddenagabb Ol ih@se, ofBbi@heheaPsand it
mal t opent aose, naltohexaose, 20 naltohept aose,

| dempreteirabie, freanmal robepoanseofi ehanttrapsficaability of

i somal t ohexaose, i sonaltoheptaose,
the compound of the present invention between the blood
vessel and tissues that the oligosaccharide is a polymer
of 2 to 20 saccharide units. The oligosaccharide may be
those formed of constituent monosaccharides that are
mutually a- or f-linked, or those formed of constituent
monosaccharides that are mutually 1-3, 1-4 or 1-6-linked.
Specific examples of preferable oligosaccharides include
maltotriose, maltotetraose, maltopentaose, maltohexaose,
maltoheptaose, isomaltotriose, isomaltotetraose,
isomaltopentaose, isomaltohexaose, isomaltoheptaose,
cellotriose, cellotetraose, cellopentaose, cellohexaose,
laminaritriose, laminaritetraose, laminaripentaose,
laminarihexaose, laminariheptaose, erlose, panose,
raffinose, etc. The oligosaccharide may be those reduced

in some parts such as at a terminal end or those not

reduced, but those reduced are preferable. Dialdehyde-



cellotriose, cellotetraose, cell opentaose,
cel | ohexaose,
lam naritriose, |l am naritetraose, | am nari pent aose,
| am nari hexaose, | am nari hept aose, erl ose, panose,
25raffinose, etc.The ol igosacdharide may be those
reduced in sone parts such as at a termnal end or
those not reduced, but those reduced are preferable.
Disalcdehtd@es thersagChaei desot haceadear enatke i ncl uded
in the oligosaccharide. The am no ol i gosacchari de
i livdeaddhasedeont ai ning as a constituent
nonosacchari de one or nore 5 am nosacchari de sel ected
from t heganipo cohsgssanghafidegl invbadenethose containing
mannosanm ne, gal actosam ne, etc. These may be |inear
o@spEaisemeditasnti pongspreharaBeeoneoft¥ aMo¥fewpoi nt  of
the transferability of the conpound of the present

5 i ApdROsgecberidenspheckPdodroBsSBP 9RAUP| SSRBLSEHNFNAF

the am no ,ol i gosaccharide is olyner of 2 to 2Q°
s AR Ao PEDRRGARI Y y ARl aBFoBaRnes SEGchaTIERS maY

i 1. f le_ Th g ' | d
wh TEReoSE PEARCHORr  BBHOLTL ABnPT RbROSILEnEFP oS
I < bk : d,ef
conerBlan ety s2andialabATeER o, b EPnRPpE]of | tne

1t dent GrbieRkedn pekivbenarnel bgesacsBasbieanhayi Beuds
to 10 repeting units of constituent nonosacchari de or

10 g3 egdMaftincOblggsaackaardas havangolyherlBf 2 to 20
repeting units of constituent nonosaccharide can be

usatcha ride nadkar bypd2a poeeeabb& amtnol3 saccharide
ol i gosacchari des, and specifically
units is more preferable. The amino oligosaccharide may
be those formed of constituent monosaccharides that are
mutually o«- or P-linked, or those formed of comstituent
15 monosaccharides that are mutually 1-3, 1-4 or 1-6-linked.
Chitosan oligosaccharides having 2 to 10 repeting units
of constituent monosaccharide or galactosamine
oligosaccharides having 2 to 10 repeting units of
constituent monosaccharide can be used as particularly
20 preferable amino oligosaccharides, and specifically
chitosan oligosaccharides such as chitosan dimer,
chitosan trimer, chitosan tetramer, chitosan pentamer and
chitosan hexamer and galactosamine oligosaccharides such
as galactosamine dimer, galactosamine trimer,
25 galactosamine tetramer, galactosamine pentamer and

galactosamine hexamer can be exemplified. The amino

oligosaccharide may be those reduced in some parts such
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chi tosan ol i gosaccharides such as chitosan diner,
chitosan trinmer, chitosan tetraner, chitosan pentaner

and chitosan hexaner and gal act osam ne

ol i gosacchari des such as gal act osam ne di ner,

gal actosanine trinmer, 25 gal %t osani ne tetraner,

gal act osam ne pentaner and gal act osanm ne hexaner can

be exenplified. The am no oligosaccharide may be

t Besatr adueemih81 SEAR HAIEBoSClot AddudSd Albwt those
term nal end or those not reduced, but those reduced
atredpeelicagbl prefaradlet | Dm, addi vibon pl agixsacchar i des

in which a part of the am no groups is N acetylated
andidpashdehndédeacthawhilels 4 hparofofirehal aniko i grodupledis
in the am no oligosaccharide. The cycl odextrin

i Nchggtylated| andndigldghydecsaceharides otlprsel are also
saccharides in which the positions 2 and 3 of the
coRSLNAgEninnbh8saRLnar PLEIRFRCFRYTERY: are al so

included in the cyc|lodextrin. 10 Thg sacchari de i
dendr Ther cyptpdenstrin oineludes o~ g Pri ABYr YorYpladeregins.
saccharide bonded to.a core consistin of.a

Bisiarhess Pacehrntale sPRyYAEER Ehe tibsftidan 2 andid of
SLRUCLURSCOLuLRE RBRS0ALLAL S80ILLOPreag-EX PLPE LY
generation Ich means a strucfure ere circles can

benl?udeaWinf tAE LPE1bBBREX£QTE tO the outside, and
the nunber of the circles of polycarboxylic acid is

pref erpié ysdcéiar L eeidt inls, i B RI4Y effiydjamb e, a

3. Anot her saccharide dendrinmer includes a |linear or
braneaedozrabehnchdd baodkaride abondedconsastong obnaisting
of a polycarboxylic acid or alkyl polycarboxylic acid.
The structure of the saccharide dendrimer is expressed by
generation which means a structure where circles can be
drawn from the inner core to the outside, and the number
of the circles of polycarboxylic acid is preferably 1 to
5 generations, more preferably 1 to 3.

Another saccharide dendrimer includes a linear or
branched saccharide bonded to a core consisting of a
polyamine or alkylpolvamine. This saccharide dendrimer
takes a structure where circles can be drawn from the
inner core to the outside on the basis of the
constituting nitrogen atoms, and saccharides are bonded
to the outermost nitrogen atoms to constitute the
saccharide dendrimer. In this case, the number of the

nitrogen circles is preferably 1 to 5 generations, more

preferably 1 to 3.
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20 pol yam ne or al kyl pol yam ne. Thi s sacchari de
dendrinmer takes a structure where circles can be drawn
fromthe inner core to the outside on the basis of
the constituting nitrogen atons, and saccharides are
bonded to the outernost nitA&gén atoms to constitute
the 25 saccharide dendriner. In this case, the nunber
of the nitrogen circles is preferably 1 to 5

gener ath o4@di fhée, eIy nudieus Mc MhidMh has a
addi ti on, the nother nucleus MC which has a

pbhspbhouiy106000pi Datudéss | ossiodl t trEpblosydldess, etc.,
etc., and the nother nucl eus MC which has a sul fonyl
gaodpthenmbtdes nhohensi M whikl dbas, a hepwhferyl group
sul fates, keratan 5 sulfates, etc. The nother nucl eus
Minghhdeshgbondreitboxghl freep. dreraran bonlfagdpupkeratan
i ncl udes glucuronic acid, etc., and the nother
ng8léateRc fEFch The BoHgHduirl guk Migedich has a
acet obrono- a- D-gl ucuroni ¢ acjd nethy| es

e

ieé etﬁ. urgggc

t RBTREKK&r IRGEPeRE RLCARPLRY haSrauRyERGI YA 94

i [,ud t hyl ,_ete. G C i

L PEILAC T ReG T haRE, ENeRPERSF: nd fevh 2o BB ARl 1 0gen
f.finit ith lcified ti o i

" s libYe) atasanEang - kLB abhiRESos Rk hEERIAELEL, Boete.,
t LagUenkOMBEnk? RARESusPMOOFhYERSKRAS alSy8hS  grans

typically includes polyaspartic acid, polyglutamc
aghe@iuaegdaBiyanBhespPonafinastd apd. derivatives

t hereof. The organi ¢ phosphonic acid which constitutes
t @) Group AC having affinity with a calcified tissue

The group AC having affinity with a calcified tissue
is not restricted as long as the compound has affinity
with a calcified tissue found in bones, blood vessels,
etc., and typically includes pelyaspartic acid,
polyglutamic acid, organic phosphonic acid and
derivatives thereof.

The organic phosphonic acid which constitutes the
group AC having affinity with a calcified tissue includes,
for example, a residue of a diphosphonic acid represented
by the following formula I, derivatives thereof, and
salts thereof.

{wherein,

w

|4533P_' _1 )r__FKJ3H2 [H

—CO—3

D—O—2D
kS
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group AC having affinity with a calcified tissue

i ncludes, 20 for exanple, a residue of a di phosphonic
acid represented by the following formula I,
derivatives thereof, and salts thereof. (wherein, Rl
R3 H2MBP-C (C)am POBH2 R2-RA7nT- 17 R1 and R3, which
are the sane or different, each represents a fornula
- (CR5R6) k- R71- (CRBR9) m R10p- (CR11R12) o-
Rk3panLCRP4RVBEgR1 G reWiBECEAMESor R8i fR8re, Bddh R12,
R14 R15 and R16 are groups each |ndependently sel ect ed

fteﬁrébenﬁsgaOﬂ@nmonansta:msm R, - {ERFR?) QN - (cRMR'?) -

C%NHZ =NH, - - SCBH, NR 172 and a hal ogen atom
prSCRH@ébe,nélgenwrgeﬂém R, (RH2)R°CHB’r eBPac®i'VelRE2,

R7, RLO and R13 are groups each i ndependent |y

sardcREd afreoarPHRsgeagp éndsperdentyy ssierted B;zygeﬁhe

am de, imde, a divalent het eroc:écl e 10 consi sti ng
BQFSURZCQP%‘E"—%@ ﬁfc§el i QthdFQ By bdﬁf(?’}iﬂl"@ﬁlsr Helg)'sosﬁ-

PR o A Y DR LA
T T e NE? aqu 'Ngeéaé‘ﬁgsaeach
t 55EHAER Yy (e gleEte % R R o o Sydg e
OguRsafd gxirilelq tomidd, fRidS, a HOHD &R ard ededei
-OH, -NH2, -NAMB, - NMe2, -

consisting of 3 to 12 atoms and a cyclic hydrocarbon (Ar-
(R¥,-R'%).), R'® is -crR®°RY’, R' is independently selected
from the group consisting of H, -OH, -COOH, -C(NH;)=NH, -
CN, -S03H, -NH;, -NHMe, -NMe; and a halogen atom; k, 1, m,
n, o, p and q are each independently 0 or an integer of 1
or more, r is 0 to 3, s is 0 to 12, and the sum total of
k, 1, m, n, o, p and q is 0 to 12};

R’ is a group selected from H, -OH, -NH,, -NHMe, -NMe,, -
CN, and a lower alkyl group (which may be substituted
with one or a plurality of polar groups);

R is a group selected from H, -OH, -NH;, -NHMe, -NMe,, -
CN, -SO;H, a halogen and a lower alkyl group (which may
be substituted with one or a plurality of polar groups}:;
and

j is 0 or 1 (provided that, when j is 0, R is not be H
and when j is 1, both of R' and R’ cannot be H).

The organic phosphonic acid represented by the

above-mentioned formula I includes, for example, ethylene
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CN, and a |l ower al kyl group (which may be substituted
with one or a plurality of polar groups); 20 R4 is a
group selected fromH, -OH, -NH2, -NHWe, -Nwe2, - CN,
-SCB8H, a hal ogen and a | ower al kyl group (which may
be substituted with one or = urality of polar
groups); and j is O or 1 (provided that, when j is O,
Rl is not be H 25 and when j is 1, both of Rl and R3
canR@olbe , b bithacepysnie abodphapphosphdnomptRanatellfonic
by the above-nentioned formula | includes, for
exan,e 2, et-jbhnephohBethhneobulfoRibi aphdspRoRic
aci d, di phosphononet hanesul fonic acid,

2 AotigsipbophoBobybansysuhanarguifpuiclaeid, 1,1-

di phosphono- 2- hydr oxyet hane-sul fonic acid, 1, 1-
d|‘£~ﬁ>@@é@@ﬁ’@022h dfsRyEehhABesEPL 6ARECaardd, N, N-dimethyl-

N, N- di net hyl 1 am_noet hane- |, | - di phosphoni ¢, aci
{ He *eiopAtnpes 1. LHeiBBPSPBPRLE ABCAf oFﬁsnPerlvatlves
ph? BhOQIC aC|d represented by the above-nentioned

’ gen1na|-b|sphosphon|c acid, 1i.e., the
b|spho acid i [ S
2B e £ A IBLEL A0 e

abStI %é%tlogeﬁh%§rﬁﬁ?§e gﬁ aggcar Thbggyﬂégphgﬁic acid,

uent groupsS on on ma

h)&dreogerbheablgbﬂbgblﬁbngEOHEndaﬁlnaﬁhBEhgﬁOEAB, o2ahal @aeBn
group, a carboxylic acid group, a sulfonic acid

gIhRle P-T - Ipomhdlaraabyhvatﬁzuas ghkopwefE ahklybeaueeRolic

group, a cyano group, etc. and elther R1 or R2 bonds

t pridferaligt.i obal thii supase, 'R! and R? which are the
substituent groups on the alpha carbon may be hydrogen, a
hydroxyl group, an amino group, a halogen group, a
carboxylic acid group, a sulfonic acid group, a lower
alkyl group, a lower alkyl alcoholic group, a cyano group,
etc., and either R! or R? bonds to the functional group
of the mother nucleus MC.

That is, among the compounds represented by the
above-mentioned formula I, compounds in which j is 0
(therefore, R! is not H) and R! is represented by the
formula - (CR™R'®),R'® (wherein R™, R'* and R'® are groups
each independently selected from the group consisting of

H, -OH, -COOH, -C(NH,)=NH, -CN, -SO;H, -NR'

; and a
halogen atom; R is independently H or - (CH).CH;;
respectively; q is 0 or an integer of 1 to 9; and r is 0

to 3) or the formula -RY,-R'® (wherein R'® is a group

selected from the group consisting of H, -OH, -COOH, -
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of the nother nucleus MC. That is, anong the conpounds
represented by the above-nentioned fornula I,
conmpounds in which j is 0 20 (therefore, Rl is not H)
and Rl is represented by the fornmula -(CR14R15)gRt 6
(wherein R14, R15 and R16 aré?groups each

i ndependently selected fromthe group consisting of

H -OH, -COON, -C(NH2)=NH, -CN, -SO3H, -NR172 and a
hal(agen-m oM el 7- g ui, ndRRENdantl ¥ Ha®bgeaCaZpmEHR!? 2%
respectively; qis O or an integer of 1 to 9; and r is
OinBepanpdeatihenfor mulcu)RERp; RAL6i¢ Whetei h; RB is a group
group selected fromthe group consisting of H -OH,

- €Epesent &8 by( thypiehyl e, -BHNid NRiVenand a

hal ogen atom R17 is independently Hor -(CH2)rCH3, r
i BYOredidinRignes mhepvlene epkeentey Hyiocether) and R?
t hi ophenyl ene, pyrinidinylene, pyrrolidinylene,

ph&n| 8fie- OBt Axe, PE?LeFRBEeher) and R2 5 is H or -

ggévgffferabl e. nﬁ tdggelrceodgounds r%fre%nyﬁj b%/st he
{ BPRLE RS enteds) Porashediion) et Pephb8zore.
oRouts gy utr sy 18 LURERERLTRY byo ekl eBRpAATY e
- PERHR? d)Nqh 14 7g ek i3 hakogen rBt Qe BL7RES is a group each

i ndependently Hor -(CH2)rCH3; r is O0to 3; g is O or
afiniBpeH@eneiylséPefted ef6habhy HrolpadonsdiLeehg 6f B, -

to 5 and R2 is Hor -CH are nore preferable. 15 Such
boEphespbBni ccamiigs-Nmcliae, fsn;Hexawpl®, and a halogen
atom; R!’ is independently H or -(CH;).CH;; r is 0 to 3; g
is 0 or an integer of 1 to 9, preferably 0 or an integer
of 1 to 5) and R? is H or -OH are more preferable.

Such bisphosphonic acids include, for example,
methane diphosphonic acid (MDP), hydroxymethane
diphosphonic acid (HMDP), l-hydroxyethane-1,1-
bisphosphonic acid (EHDP), dimethylamino methylene
diphosphonic acid (DMAD), 3, 3-diphosphono-1, 2-propane
diphosphonic acid (DbPD), Tildronate, etc., and an ester

or salt thereof can alsoc be used. The structural

formulae of these compounds are as follows:

B E R TR oR

DMAD DED . Tikdeoosts
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met hane di phosphonic acid (MDP), hydroxynethane

di phosphoni ¢ acid (HVDP), 1-hydroxyethane-1, 1-

bi sphosphoni ¢ acid (EHDP), dinethylam no mnet hyl ene

di phosphoni c acid (DVMAD), 3, 3-di phosphono-1, 2- propane

20 di phosphonic acid (DPD),” %90l dronate, etc., and an
ester or salt thereof can also be used. The

structural fornmulae of these conpounds are as

f ol | o t kAt 4 MBS HIMRE @Yy ebeCHeah e used as
20 Met hane di phosphonic acid (MDP) etc. can be used

asn 8Aga&hfanpEoPHRSPIONMELiRGE e theepsmseiivention by

i nvention by deriving as shown bel ow according to a
kdewiivireg has $hown kebowlascerdiidioce desorewednetrthadd (for
Og. Chem, 66 (11), 5 3704-3708, (2001)). HOC=P\J~
Hexample, - OHnathodr deeceiléd cinig. Lrg. Chem., 66 (11},
hgdrox%blsphosghonic acid can be used as an organic
pBo8HhoRP 8. ak?@0bi) t he present invention according to

a known nethod (for exanple, a 10 nethod described in

Het er oat om Chemstry, 11 (7) 556-561 (2000)) as

shc;_.jbeli’HZN\g‘pll H-$ >_;_0H2N ~(OH)2 HA Ha p
%Fﬂb a::;ﬂb Br{kﬂ% ﬂg?%::?—ou

Alendronate which is a hydroxybisphosphonic acid can

be used as an organic phosphonic acid of the present
invention according to a known method (for example, a
method described in Heteroatom Chemistry, 11 (7), 556-561

(2000)) as shown below.

0 0

H H—‘L(OH)z i(omz H—IL(OH)z E(OH)E

HzN/\/\[O ”2“/\/\ﬂ,/ —_— HzN/\/?<P(OH)2
il

The method of chemically bonding the above-mentioned

organic phosphonic acid to the mother nucleus MC includes
amidation, esterification, imidation, etc., for example.
Furthermore, as organic phosphonic acids, organic
aminophosphonic acid derivatives in which the group
represented by the formula II is bonded to an amine

nitrogen atom, an ester or salt thereof can also be used.

X
Aét::}m(onm)z
Y/t [11]
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H2H P(OH)2 H P(OH) 2 The net hod of chem cally bondi ng
t he above-nentioned organic phosphonic acid to the
not her nucl eus MC includes 15 am dati on,
esterification, imdation, etc., for exanple.
Furthernore, as organi c phosghoni c aci ds, organic

am nophosphoni ¢ acid derivatives in which the group
represented by the fornula Il is bonded to an am ne

Nifkhegeinat oy A Bst&fedlofal trd NEr eofarkdny S0 den
used. 20 - 21 (whereint is an integer of 1 to 8; X

apfadpafi€eREry séldlepanderin )hystepsed 4 nondusdt agpup, a

a hal ogen group, a hydroxyl group, a carboxyl group,
ahgarbeny| ggowmp, a acafmehantoumciad gaxgnylagkaup, a
hydr ocar bon group having 1 5 to 8 carbon atons, and
whkosphosit saghd gheup.l,amhch hvdmowhnbomygtoun fewiae 1
or different; R20 is selected from hydrogen, a silyl
gkeup, carben kgroms ougnd WvhrthAy |igyriagger stk arkpch X
pot assi um . Anot her exanpl e of the OG%QHLC ghosghonic
adtd Yorandredele pdrfep o & Hig eter iR at i feselected from

represented by, the forrmula IlJ], esters or_salts
RERESTEn m, 2 S 1xE roottg. 4B ALY NIy 3 KRG BHGHP-
eacg.u and._u' Ls inde,oendently an integer of O
sodium and potassium).
Another example of the organic phosphonic acid
includes phosphonic acid derivatives represented by the

formula III, esters or salts thereof.
A C

>N—(R21-———N }rR22—N<

|
B (R”’—N}i-—E D

||= [I11]

(wherein each u and u' is independently an integer of 0
to 5, and preferably is 0, 1, or 2; R?!, R?*} and R*® are
each independently -(CH;),- (v= 1 to 5); A, B, C, D, E,
and F are each independently selected from the group
consisting of hydrogen, a methyl group, an ethyl group,
an isopropyl group, a pivaloyl group, a benzyl group, an
acetyl group, a trifluorcacetyl group, and groups of the

following formulae IV-1 to 3, and one of A, B, C, D, E

and F is the group of following formula IV-1.

OH [IV-3]

<——OQ——>%

-

T X
C—1-PO3H, [IV-1] (|> COOH [IV-2]
l !

t t
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to 5, and preferably is 0, 1, or 2; R21, R22 and R23
are 15 each independently -(CH2)- (v=11to 5); A B,

C, Db Ef and F are each independently selected from
the group consisting of hydrogen, a nethyl group, an
et hyl group, an isopropyl -gédup, a pival oyl group, a
benzyl group, an acetyl group, a trifluoroacetyl
group, and groups of the 20 following formulae IV-1 to

3(wREHe O Ofx AandB v Grd tHe Mk Rd Sd hhdraBprof

foIIovvlngforrruIaIV-l Xx x POBH2 [IV-1] | IV
20éd e héd VEStmdda GXH ' s 2 23 3(wher eind ty ' Xamnckath
are the sane as in the above- nmentioned fornmula I1; t'

i sn2epend@en iy asell &€ ted ef wa hydmdepencemid thske | saoiugd and
from hydrogen, a nethyl group and an ethyl group, and
eax he thy hngiroip negndesddie Karmnd Y '5 iy foe ditg )same or
Exanpl es of the phosphonic acid derivative

répfeseemed) by the formula 111 include

et hyl enedi am net et r anet hyl enepr osphani c aci d (vEDTI\/P)
di et hyBXaRR Y85 A I dhen PASEPRPRE Fe ARG Sp AEHLY AL VE

h§ﬁ?5§%%’i‘ﬁ?ﬂl elflﬁy?lé?le“u‘?%fﬁflr?etrrﬂre’t’}ﬁﬁ“&?ephosphonl c aC| d

H nltrllotrlrre nﬁ)’ﬂ’ﬁ%ﬁb
tr s’?&e%%ﬁiﬁoe t%?ﬁ"%% enqp]hos%%om C aC|

g%% lenetrjaminepentamethylen osphonic acid (DTPMP),
ar xye? ny enedl%m net et ryénet%prf enpephosphonl c acid

(ﬂ;ﬁgaﬁgetﬁ&fééﬂ?iﬁﬁ%&&ﬁﬁ&ﬂ%%fﬁ%éEﬂylenephosphonlc acid

(HEEDTMP), nitrilotrimethylenephosphonic acid (NTMP},

tris(2-aminoethyl) aminehexamethylenephosphonic acid
(TTHMP) , 1-carboxyethylenediaminetetramethylenephosphonic
acid (CEDTMP), bis{aminoethylpiperazine)
tetramethylenephosphonic acid (AEPTMP), N-
methylethylenediaminetrimethylenephosphonic acid (MEDTMP},
N-isopropylethylenediaminetrimethylenephosphonic acid
(IEDTMP), N-benzylethylenediaminetrimethylenephosphonic
acid (BzEDTMP), etc.

Other organic phosphonic acids which can be used
include polyvalent phosphoric acid derivatives typically
exemplified by EDTMP, DTPMP, etc. Similarly to
bisphosphonic acids, these compounds have affinity with
calcified tissues such as bone, and are considered
promising as therapeutic agents,

among the polyaspartic acids, those of

polymerization degree of 4 to 12 can be used preferably.
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15 tetramet hyl enephosphonic acid (AEPTMP), N

nmet hyl et hyl enedi am net ri net hyl enephosphoni ¢ aci d
(MEDTMP), N

i sopropyl et hyl enedi am netri nmet hyl enephosphoni ¢ aci d
(1 EDTMP) , - 23 -

N- benzyl et hyl enedi am netri nmet hyl enephosphonic acid
(BzEDTMP), etc. 20 other organi c phosphoni c acids

WamEhg Celle Do LisEh t dnilicd Witel g yakad sen to £ pasiphos ot iz satci cch
derivatives typically exenplified by EDTMP, DTPMP,
eflegr&e nof ag | yo tXR  dairs plwoyEwhipredfE@md 1l ¢t hese

compounds have affinity with calcified tissues such

as borhe arethade ofocbietd ced 135 bondingi feasbove-mentioned
therapeutic agents. Anpong the polyaspartic_acids,
tprgen bt Phespiatic adich RYH@asRFrvig Roid.c LY be used

preferably. - 23, Am)nq’é%he pol ygl utam c aci ds,_ t hose
oPOPBIIRERNER1AGH kR g NRthey Aucleus Me 1RGHdes

preferably. The net hod .of chenigally bonding the
CBBYRR RO GFRLET L LA AP b OO K%  9EC piol SR PRS-
aﬁgfi, gragdppioi/)gl utam c acid to the nother nucl eus MC

i hef uge ation, esterification, imdation, etc.,

for exﬁ@'l 'glar{?lz)(ﬂf)g%q.c(hui)s -Qa&?:albil%a%‘% @-J.ln)dl\mj QZ.Q) igS

capabl e of nding to a netal omin the conpound of

tRecRi egehh 1iAVER | Minpchthd Nt udes . pfiertX il éntidie

i gand which can forma complex with a netal atomor a
nehaludey, fbe digasre, (1He Bigais®dviiasiei danetorm sa

conpound which can forma stable conplex with a netal

atompbexawieh a4 mewrsl atom or a metal ion. The ligand
(LI) as used herein means a compound which can form a
stable complex with a metal atom or a metal ion.

Typical examples of the ligand (LI) include
polydentate or multidentate ligands i.e., ligands which
contain a plurality of coordinating atoms per one ligand
moclecule. The coordinating atom as used herein is
defined as an atom having a free electron pair which can
bind to a metal atom. This molecule has preferably a
plurality of coordinating atoms. The coordinating atom
is selected from nitrogen, oxygen, sulfur, phosphorus and
carbon, and nitrogen and/or oxygen and/or sulfur are
suitable coordinating atoms.

Typical examples of the polydentate or multidentate
ligand include chain or cyclic polyaminopolycarboxylic
acid or chain or cyclie polyaminopolyphosphonic acid, or

derivatives thereof. Specific examples of the
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Typi cal exanples of the ligand (LI) include 15

pol ydentate or nultidentate |ligands i.e., |igands
which contain a plurality of coordinating atons per
one |ligand nolecule. The coordinating atom as used
herein is defined as an ator¢having a free el ectron
pair which can bind to a nmetal atom This nol ecul e
has preferably a 20 plurality of coordinating atons.
The1¢aRi AbPal E8ri9d R i ¢ Sasfd et @rudé om ni trogen,
oxygen, sulfur, phosphorus and carbon, and nitrogen
aadhol enud 9eniced] Hée it fakidy eni Gt 16t Paconi¢li edd ng
atons. Typical exanples of the polydentate or
nmakhytlentdi amiRét ¢ t ganck t e | actisd cliadreina fiyet i abbreviated
pol yam nopol ycarboxylic acid or chain or cyclic
pakyERTADpofl yhbsptwrl chexdnk terraake tiatased, t her eof .
Speci fic exanples of the - 24 polyam nopol ycarboxylic
adigthytengerianigererrans Bl %\%Je‘%/ i EDBRAN,
nitrilotriacetic acid, ethylenedi am netetraacetic
atFrietRét eRpbe tEamipphexXaaf @l c RcpbTifTHA), 1,4,7,10-

TR R S SIS R S G e eraensic acia (pora),
' ' ' id, (TT, 4 _
5 SO AR AR BIA AR T el

(QEE ) TETA% and derjivatives theregf. Specific example of
1,4,8,11-tetraazacycl ot etradecane-1, 4, 8, 11-tetraaceti c

agb@%ﬁﬂ&oﬁﬁﬂh@%w@ié V£Sid hes @Dl de SPESTD Cagranpl e
of 10 pol yam nopol yphosphoni ¢ acid includes EDTMP and
daervehtvesst beeeobs. The derivatives of
pol yam nopol ycar boxyl i c aci ds

The derivatives of polvaminopolycarboxylic acids

4

include, for example, compounds in which one or a
plurality of carboxyl groups of polyaminopolycarboxylic
acids are subjected to esterification, halogenation,
addition of protection group, or replacement with a
hydrocarbon group which has a substituent group other
than carboxylic acid; compounds in which a hydrocarbon
group having a substituent group other than carboxylic
acid or a substituent group having no hydrocarbon group
is introduced into a hydrocarbon moiety which constitutes
the polyaminopolycarboxylic acid; ard compounds in which
an ether group etc. is introduced into a carbon ba;kbone
moiety of the polyaminopolycarboxylic acid. Specifically,
hydroxyethylethylenediamine triacetic acid,

diaminopropanoltetraacetic acid, N,N-bis(2-
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i nclude, for exanple, conmpounds in which one or a
plurality of carboxyl groups of
pol yam nopol ycar boxylic 15 acids are subjected to
esterification, halogenatlon addi ti on of protection
group, or replacenent wi t h "a23hydr ocar bon group which
has a substituent group other than carboxylic acid;
compounds in which a hydrocarbon group having a
SuRabikyBBhz gL PUPhYL BREd ddin&@ SOyl & Ca@d AC§ Ty @51 dether
substituent group having no hydrocarbon group 1is
| diamdneedtraaocetiydebdar don. nmaretlye whechi cooadt i t ut es
t he pol yam nopol ycar boxyl i ¢ acid; and conmpounds in
whi ch Imnaddheionriowpcletss, ithaaw rasdiesdeed Miem Wee roup
backbone noiety of the am nopol ycar boxyl i c_aci d.
Speapiptangyof chhymroﬁg%t v} =2ig] eriberwlPrepyl} -N, N, N-
triacetic acid, diam nopropanoltetraacetic acid,
NtHlBF§¥éamm251uﬁyéPB??gbnzyI) ethyl enedi ani nedi

t her _djam net cetic

t d,

Sheresnropaerhtianulo Vivighfeing MAGREC couifide
NEYSEeStla! BORLE SeOhP, Puy SRR Y T fee) | dysine-
| |
P PElneTBUGRELRECHILP, Yaya ety ?%%“?%‘3%%%’?%%?‘* (cye) .
(HYNGhislimerB8ptbYEOELACASYSLRY enédYstine (DADS), N,N'-

cyst ei ne-gl yci ne-cystei ne (CYQ),
Nohs-(higCapteanteamedant 203 ed huhene dp eopato{ OARS) a

N, N 10 bi s(nercaptoacet am do) -2, 3-di am ne propanoic
aqcd, DAY D orfdeirt apetaan tPatcento 1N@ 4 A8 7,345 Patddmt No.
Patent No. 4673562 specification), N N -bis(2-
4673562 specification), N,N'-bis(2-
mercaptoethyl) ethylenediamine (BATs) (European Patent No.
0163119 and No. 0200211), thiosemicarbazone, propylene
amineoxime (PnaAQ), other amineoxime ligand (European
Patent No. 0123504 and No. 0194843) and derivatives
thereof can be exemplified as ligand (LI).

In addition to these, as a ligand (LI), a group of
multidentate ligand containing sulfur and nitrogen as
coordinating atoms such as 6-hydrazinonicotinic acid,
diaminodithicl, monoaminomoncamidodithiol, diamidodithiol
and triamidothiol can be also used for a complex
formation part. Referring to chelating groups, for
example, diaminodithiol includes N,N'-bis{(2-
mercaptoethyl)ethylenediamine, 2,2,9,9-tetramethyl-4,7-

diaza-1,10-decanethiol; monoamidemoncaminodithiol

includes N-2-mercaptoethyl-2-mercaptoethylaminocacetamide



10

15

20

25

mer capt oet hyl ) et hyl enedi am ne (BATS) (European Patent
No. 0163119 and No. 0200211), thiosem carbazone,
propyl ene 15 am neoxi me (PnAO), other am neoxi ne

i gand (European Patent No. 0123504 and No. 0194843)
and derivatives thereof canZfe-exenplified as |igand
(LI). I'n addition to these, as a ligand (LI), a group
of rmultidentate |igand containing sulfur and nitrogen

aand2f-qeohdirBabtBEtAY ONEm SNEE 1851 B2 hélF @b POAE 6P DEE;
aci d, diam nodithiol, npnoamnm nonmonoamni dodit hi ol

diddaindadit bhebl aﬁdlﬁﬂéﬁnldmtatﬁ&léﬁ&lKEB&iSO used for

a conplex formation part. Referring to chelating
gmeupaptbacetanadp) e, add antr hadidditlol ol nthatedes

N, N -bi s(2 25 nercapt oet hyl ) et hyl enedi am ne,
2mpreagtparesndghytyig¥yevl akeeineg 0- decanet hi ol ;

monoani demonoam nodi t hi ol includes

N- 2- meFea pobt Hen e b r bignisb tiwn thah daceiwdf s dugest -, 5-
and N-(2-nercapt oet hyl ) am noet hyl - 2- ner capt oacet am de;

di- &7 d6d PPA; 8rdFHEPEEe§°‘IP‘2u%‘??1y‘I’%‘Héa’o‘P%?£ nitrogen which

TBFEaBYERLEL G oPORDT ROLDI BRUCTRE % mAR ReF . Pevh ather
| GBI oL DL VS U i B0 dad. ant

e cofpounds COI’] alning nitrogen Wwhich are

cycl | CRORa PRE "s £ Nél s &N JENALT (1TBY Oa}gi Y MY nucleus

coordi nating atons or unsaturate Bondi ng of

t peseahl gangderébbhed@ndyt BReMDEAEly WEAEUSy A@ndEisAN
be perfornmed by chem cally bondi ng functional groups

orbhgs| bganHe Migahdarehioh ar@oié@nimpertant "E6f forming
a complex with metal and the functional group cof the
moether nucleus MC mutually.

The ligand (LI) may be a bifunctional ligand. The
bifunctional ligand is a compound that has in molecule a
site for binding to the mother nucleus MC and a site for
forming a complex with a metal. Therefore, by way of the
functional groups which exist in the mother nucleus MC
and are available for binding to the bifunctional ligand,
the bifunctional ligands to the number corresponding to
the number of the functional groups can be chemically
bonded to the physiologically acceptable substances.

The site for forming a complex with a metal is not
limited to specific types as long as it is a
multidentate ligand which forms a stable complex with a

respective metal, and it can be typically selected from

cyclic or chain polyaminopcolycarboxylic acid or cyclic or
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a conplex wth netal and the functional group of the
not her nucl eus MC nutually. The ligand (LI) may be a

bi functional |igand. The 15 bifunctional ligand is a
conmpound that has in nolecule a site for binding to
the nother nucleus MC and a @’te for forming a
conplex with a netal. Therefore, by way of the
functional groups which exist in the nother nucleus MC

akfadhepdlghh@hbgol PphospEbNIC t &cideadiherei bosal above and,
i gand, 20 the bifunctional |igands to the nunber

cépregpangileg EDTA[ hpTPANLRBOTAHSf THEA famcdéeniedt vesps

can be chemcally bonded to the physiologically

atbepealfl eosuBBTHACes. dFhevatiees orhéveaf ngon ¥BEPI exyclam,
with a netal is not limted to specific types as |ong
aBAl, E€Da PBDRuaR{JERAQter|depbmwives theneof cambbe
conplex with a respective netal, and it can be

t#8P€al |y selected from cyclic or chain

pol yanm nopol ycar poxylic acid or C|IC or cha|
pol A Rh o SRR SRR L) SR G BifaRe SHRp

{ RasEER beﬁﬁ%%sf%aé\??v%tﬁ%ﬁ% i ”Vaméﬁe mother
ﬁﬁk? s HET. nEgIL%QQQ§%gR o§§ﬁ' ﬁge%roup,

ereo Scan’ be act ve coupling group in

t@ﬁrﬁbkyﬂcbkeﬁﬁ|anh'gﬂﬂglmg COB&E'APQSSaét§b&eh£PBgen
bi ndi ng"to t he not her cl eus not only

naﬁﬁakbyeeEEkaﬁdhﬂ&t@ﬁy@ﬁ@@ﬂnlmﬁ@éb@dﬂérgrﬂﬁﬂdéndster,

thiol group, but also active hal ogen, 10 al koxy ester,
Nmayedimidelcehbophtdraksinbde, | hdodehbséydnate, acid
anhydride, etc. can be specifically exemplified.

Specific examples of the bifunctional ligand include
compounds having polyaminopolycarboxylic acid or
polyaminopolyphosphonic acid as a site for forming a
complex with a metal, for example, 1-(p-
isothiocyanatebenzyl) -DTPA [Martin WB et al., Inorg.
Chem., 25, p. 2772-2781 (1986)], anhydrous DTPA, 2-(p-
isothiocyanatebenzyl)-1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraacetic acid [U.S. Patent No. 4678667
specification], succinimidyl-6-hydrazinonicotinate
(Abrams, M.J. et al., J. Nucl. Med., 31, p.2022-2028
(1930)], DTPA-mono{2-aminoethylamide), DTPA-mono(3-
aminopropylamide), DTPA-mono (6-aminohexylamide) [Japanese

Patent No. 2815615)], 1-(4-aminobenzyl)-EDTA, 1-(4-

isothiocyanobenzyl)-EDTA, 1-[4-(3-maleimide
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mal ei m de, thiophthalimde, isothiocyanate, acid
anhydri de, etc. can be specifically exenplified.
Speci fic exanples of the bifunctional |igand include
compounds havi ng polyanlnopolycarboxyllc acid or 15
pol yami nopol yphosphoni ¢ acird28s-a site for formng a
conplex with a netal, for exanple, 1-(p-
isothiocyanatebenzyl)-DTPA [Martin WB et al., Ilnorg.

GhebpylLamifebdrdZ¥1 2881a ( 188691 (s-anhydrous DTPA, 2-(p-

I sot hi ocyanat ebenzyl )-1, 4,7, 10-tetraazacycl ododecane
2flaledmidéPeh eyl pambdoeey ] {EDTA, Ratent No. 4678667
speci fication], succinimdyl-6-hydrazinonicotinate

[ Abr arfBhe Mbdndigtg adf ,thi mdtdler Mudleud]l MO a2 2028
(1990) ], DTPA- nono( 2- am noet hyl am de DTPA- nono( 3-
ahﬂﬁ@pflépynain Hegan®Trsn e 0P ee é%ylaarn%'é}o known

[ Japanese 25 Patent. No. 2815615],
1PFH 88+ ndin ﬁmRQBWA the F@actlon of the mother nucleus

R gnsa: RLpEnaLtd %%I?Ia”iqalr;%%%&& G % eadedhe

I d t I b t h f
(RRSRTLAGPSRbp ) oL e’ﬁavyéh% e‘f‘g"ﬁ%E R 48, rae.
b§ PEEDE! MRAaDY1BoEE! NSl g

e t he not her

PEg2)or exanpl e,
reacti on of eus (f

bhéaeﬁ&beyahakég@ﬁgt@@ymm @@ & I eagt Iw@cl CORRY | ngzs .
group, acid anhydride [Hnatow ch DJ et al., Int.

Apph -gRad (1589} ], 3Bkoﬂye§a&r332aéﬂﬁﬁﬁﬁ]nc et al., Nucl.
i sot hi ocyanate [Esteban JMet al., J. Nucl. Med., 28,

pMed0 B6&1870181987)313 a3 kDkYe31x) Ji\esdthiven Nl @fen

a%féui?gle et al., EBur. J. Nucl. Med., 4, p. 445-448
(1979)] can be performed according to the description of
the known literatures cited above.

A preferable ligand (LI) is selected from the group
consisting of ethylenediaminetetraacetic acid (EDTA),
diethylenetriaminepentaacetic acid (DTPA),
triethylenetetraminehexaacetic acid (TTHA), cyclam,
1,4,8,11-tetraazacyclotetradecane-1,4,8,11l-tetraacetic
acid (TETA), 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid (DOTA), N{l1-2,3-dioleyloxy)propyl}-
N,N,N-triethylammonium (DOTMA),
mercaptoacetylglycylglycine (MAG3), ethylene cysteine
dimer (ECD}, hydrazinonicotinyl (HYNIC), lysine-tyrosine-
cysteine (KYC), cysteine-glycine-cysteine (CYC), N,N’-
bis (mercaptoacetamido)ethylenediamine (DADS), N,N'-

bis (mercaptoacetamido) -2, 3-diamine propanoic acid
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Med. Biol., 18, p. 313-321(1991)] or active hal ogen
[Fourie PJ et al., Eur. J. Nucl. Med., 4, p. 445-448
(1979)] can be performed according to the description
of the known literatures cited above. 15 A preferable
ligand (LI) is selected fremPhe group consisting of
et hyl enedi am netetraacetic acid (EDTA),
diethylenetrianinepentaacetic acid (DTPA),

L (EEEDADSNELRI N AB LS :s‘oeemﬁ N TR on < HriRe
1,4,8,11-tetraazacyc otetra ecane-1,4,8,11-tetraacetic

2Qeaesy, (ildgemicarbazone, propylene amineoxime (Pnao),
1,4,7,10-tetraazacycl ododecane-1, 4,7, 10- tetraacetic

aahd ¢EREA)amMdoXime d idand and [dapmadtives thereof.

N, N, N-triethyl ammoni um ( DOTMA) ,

mer caplaaded hilore W fylthel me t@WASpr ¢ohyhenaboyst-ei ne

di mer (ECD), hydrazinonicotinyl (HYN Q),

| penhboned o%imn%(le;/)st@améoe( meg)formed by ordinary
cystei ne-gl ne-cysteine (CyC), NN

bWQEh%?%apﬁéﬁtéﬁ&m @$§Fh¢P§h@&m&%ﬁﬁétGBRDSFn Rensuitably

gég rrerc N oagféﬁﬂ dt? uzse.3 d rgne tPrOpaatno% Cusae)‘%udl as a

Nhgi,ei?m 25 DELEARIO L MM TR A 06 o TSk pocan

rroseni propy ene &l Meoxi e 'AO),

ohbsh IR KERBL ¥ AL gt yssader vy,

I on of omto

nsaiaﬁaggeu&en&r(#:}afafhﬁ@rmﬂﬁf@ﬁ &Y 4 dididrdhereot .

nmet hods. The netal atom for conpl exation can be

sui t abthe SRARAIRT AT aNdipi@ded tUSeveditd o MBhAlindilede a
useful as a |abeling substance can be usually

smkesal eatonl her net al sotadmen o hHdaliesera ansdmg| ctxbomhavwxygen,

radi oactivity,
nitrogen, sulfur or phosphorus in at least one of the

mother nucleus MC and the group AC having affinity with a
calcified tissue, irrespective of the existence of ligand
LI. 2As a halogen atom, fluorine, bromine, iocdine, etc.
can be used preferably. Introduction of these halogen
atoms can be performed by introducing a substituent group
containing a leaving group such as a tosyl group into the
mother nucleus MC or the group AC having affinity with a
calcified tissue, and replacing this substituent group
with a halogen atom. It can be also performed by
introducing a substituent group such as trialkyl tin
represented by the formula Sn(Ri:) and other metal alkyl
groups into the mother nucleus MC or the group AC having
affinity with a calcified tissue, and replacing this

substituent group with a halogen atom. A methyl group,
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10 paramagneti smor X-ray inperneability or an ion
thereof. The conpound of the present invention can
include a netal atomor an isotope of hal ogen atom
carbon, oxygen, nitrogen, sulfur or phosphorus in at

| east one of the nother nucP@us MC and the group AC
having affinity with a 15 calcified tissue,

irrespective of the existence of ligand LI. As a
hahogeRyat @fbub| UQIpAGpy DIrordule, 4 aslitiel Pidup, Gt Pecan
used preferably. Introduction of these hal ogen atons
cha heefleagothedabyyl ndrodkhicongrlpe Tdxsdl talkyl oayp. A
containing a |l eaving group such as a tosyl group into

t bee28rablaene pal| 2lky Myooup hiss groiuye AE Hadan ngr
affinity wwth a calcified tissue, and replacing this
stpsbrtythingroup with a hal ogen atom It can be al so
performed by introducing a substituent group such as
trial &4 EeFGR tineghes dtee d IR AWfe SIGMARtE - SO example.
other nmetal al kyl 25 groups into, the mother, nucl eus,, MC
ol 1T ecBRobp HELTRdHrEd B FeRqying (P e 4994ay (CHoT)

tissue,.and repl acin substi tuen
SHonn :

. %
aEBHchnE an SR GE0RY) Of e inisie TE e toior) Actens

PREPIV1g1LRg Sudioly Py Faderlill o Ry B8 1A of
Z?B@{rcékﬁ?ﬂ:}rﬂ@u&’cl& {HtpRt Y ) Neich rédid ¢ tites the

ternatively, the isotope elenents, for exanple,
1db6veafeR€ibéd OtUERAA DYLT Pagi tHta IRd tB4FL ATk éle(** CHaNH,)

(11CH31) wth the am no group of glucosam ne of the
miy hel ding| eoSNHWVEH{ )i elMtinegpvelHl tEd3) can by maaet i ng

a carboxylic acid of

introduced by using iodine glucose derivatives (see
Japanese Patent Laid-Open No. 09-176179, Japanese Patent
Laid-Open No. 09-176050 and Japanese Patent Laid-Open No.
07-~267980) .

The metal atom which constitutes the complex
mentioned above or the metal atom or iscotope element
contained in the mother nucleus MC, the group AC having
affinity with a calcified tissue or the ligand LI is
suitably selected according to use.

For use as radiocactive diagnostic agents, those
which emit gamma ray but do not remarkably injure
underlying normal organs or tissues after administration
are selected. As radiocactive nuclides, those which have
gamma ray capable of imaging or those which can be mixed

(doped) with a radicactive nuclide that contains gamma

ray capable of imaging are preferable. This doping
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pol ycar boxylic acid (DTPA etc.) which constitutes the
10 above-nentioned ligand (LI) with a nethyl am ne
(11CH3NH2) (yielding -CONH'CH3) . Moreover, they can
be al so introduced by using iodine glucose
derivatives (see Japanese "Patent Lai d-Open No.
09- 176179, Japanese Patent Laid-Open No. 09-176050
and Japanese Patent Laid-OCpen No. 15 07-267980). The
mehal cateivehhablEa8shay UbeSthdesanadexa ALHfeonee
above or the nmetal atomor isotope el enent contained
I elehentoabelongcasustdhéhicgl pporé hbes ngre
affinity with a calcified tissue or the ligand LI is
2euffiirabhylyeléosedtactivrse nof thetrcemoreysrugkides and
radi oacti ve di agnostic agents, those which emt gamm
r dFshoi s§sirBtipRndR kEBE y1 1 i} B9 Lo RPFOF R oF Praf e
or%ans or .tissues after_adm nistration, are selected.
ABTEE8RGalRVGBEAOR| F8ekhe t FRRR IFi VR FHRRS 25° o' hFm ray
i ma or_those which can be m xed

| f. [
?gg%§5§b§ffﬂnagkggP8ag? Fe®RUEFFHe that contains ganmm

ray c I f_] ' d r . Thi [ -
2L TaEptaSed\at PRIRALS GRS U, thoes
eLRTRA! eR3+! BBPa2SaltScEEMcRl PEOPETIdREnPECration, do

sufficiently close to those of beta emtter nuclides

apdt rbhadkabiiybuhijePihg theetiying RoONa ACEAGHHT1E O
the 5 present 1nvention is the sane as or close to the

diitsubet whnlef ttBatDRtaa et ted. réPionSeads selected.
radi oacti ve therapeutic agents, those
These radicactive nuclides have an average P energy of

0.25 to 2.75 Mev, but do not need to have gamma ray that
enables imaging, and may suitably have an average soft
tissue penetration degree of 0.70 to 25.0 mm and a half-
life of 0.05 to 700 hours.

Preferable metal atoms and isotope elements include
elements selected from the group consisting of the
elements of atomic number 6-9, 15-17, 21-29, 31, 35, 37-
44, 49, 50, 53, 56-70, 72-75, 81, 83 and B85. Similarly
preferable metal atoms and isotope elements include
radioactive nuclides selected from the group consisting
of 11-¢, 15-0, 18-F, 32-P, 59-Fe, 67-Cu, 67-Ga, Bl-Rb,
89-Sr, 90-Y, 99m-T¢, 111-In, 123-I, 124-I, 125-I, 131-71,
117m-8n, 153-Sm, 186-Re, 188-Re, 201-Tl1l, 211-At, 212-Bi
and 213-Bi, and among these, preferred are radioactive
nuclides selected from the group consisting of 32-p, 59-

Fe, 67-Cu, 67-Ga, B81-Rb, 89-Sr, 90-Y, 99m-Tc, 111-In,
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which emt beta particles but, after adm nistration,
do not remarkably injuring underlying normal organs
or 10 tissues while treating affected regions are

sel ected. These radioactive nuclides have an average
0 energy of 0.25 to 2.75 M2 but do not need to have
gamma ray that enables inmaging, and nay suitably have
an average soft tissue penetration degree of 0.70 to

2928 -9 and -&,habb-=115181fe, 0f1PnO%n} 01590UshOULS6-Re, 188-
Preferable netal atons and i sotope el enents include
ereneros -vel aatied1frpin t he group consisting of the

el enents of atom c nunber 6-9, 15-17, 21-29, 31, 35,

37- 44whdf8, the, capolnfd X the fhresEht Shvwemtidn is used
Simlarly 20 preferable netal atonms and isotope

elferent sucdehudwagnaticaresorance| (MRE) séiagnesti¢ oagent,

the gr g consisting of 11-C 15-0, 18-F, 32-P,
PIPgere leymegal catons- mpd lBQtEPe Qbemengﬁn%q%lude
111-In, 123-1, 124-1, 125-1, 131-1 117m Sn, 153- Sm
1§éeﬁgntf8§eh§°t261f??m he $E°“E1%°%#1%51%%d°§1%hﬁﬁmlum

t hese, pr rred ar di pacti ucl i des

catadieaterdanene yToln £orE) Crihy Eromy Brals” ro

6 32
1Fyspecifyin T33P, admih; eelP ™ dhnagtdg frpy):

188+ B84 um0k11d) aneaaé,ilgium%ffﬂ hey cpgpPEH g ef , t he

pr esent I nvention I'sS use for a nucl ear magnetl C
I ayepaBauMx 16l agoeRiLe @8eRf, ardpPésheamblermpt al

atons and i sotope el enents include el enents sel ected

from thregr o coamsowid Y dhee PxwBam invention is used
for X-ray or ultrasonic diagnosis, preferable metal atoms
and isotope elements includes elements selected from the
group consisting of bismuth, tungsten, tantalum, hafnium,
lantern, lanthanide, barium, molybdenum, niobium,
zirconium and strontium.
{4) Linker

The above-mentioned group AC having affinity with a

calcified tissue and the ligand LI may be coupled with
the mother nucleus AC by way of a linker L. As such a
linker L, can be used polylysine, other peptides, alkyl,
polyacrolein, and alkyl ethers, alkylamide, alkylamine
and an alkylolefin represented by formula - (CHp).-R**-
(CH;),- {(wherein w is each independently 0 to 5, and R*!

is 0, 8, NHCO, NH, or CH=CH), as well as divalent

reagents that are used in enzyme immunoassay, etc.
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(I11), manganese (II), iron (I1), iron (l11),
praseodymum (111), neodymum (lI11), samarium (1I11),
ytterbium (I11), gadolinium(lll), terbiun(lll), 10
dysprosium (111), holmum((Il1), and erbium(I11).

Wien the conpound of the pregént invention is used

for X-ray or ultrasonic diagnosis, preferable netal

atons and isotope elenents includes el enents sel ected
fromtige QiwARerONSafdntE Gndivdalt Fort WGsiAR, N-
tantalum hafnium 15 lantern, |anthanide, barium
melykdabmiiyDi ®bi 2Apy 71 A€M thd GNslr- &b T eid £l SPIEEY) ,

Li nker The above-nenti oned group AC having affinity
wethydeneglygcdl ed, 01 shie{zunck imibnidybsucdtinatey) bEEGS), N-
coupled with 20 the nother nucleus AC by way of a

| i{AkBpleimpdebutyryl pxnkeyceinimaidec (GRS pdﬂy(dysu ne,

ot her peptides, alky ol yacrol ein, and al ky
eﬂﬁéF§m1§PP9F§ﬁ¥H%be$%&F ?EFH%W&F%Uﬁ%@kSWcﬁ%#Wrﬂsulfo‘

formu

PI Zzgﬁ??ﬁa%%ﬁafm??éfc?@mgwl%aﬂu%%lws{ﬁe §°d1um
N
t Rartaseep Rt GELh T .“Bmmnf;‘zss;f‘l ote. -39 The
CheSb el abERREDI Sy Mou ke oo ln AR Soallin sayg) (su1fo-
ehh?ﬁb?”%ﬂfﬁm&’l@ﬂmb&é&é&&&éﬁuﬁ d}m&aﬁ@alﬁﬁﬁﬁe

(4- mal ei mi debut yryl oxy) succi ni m (GWBS), N-(4 5

nabehﬁmdgayty(gﬁpga)ﬁmmép§u;q3n4n1de sodi um sal t
(Sul fo- GwBS),

Ndf 6hirab s M dbL o Oyl wiey) Gyl dospioonat el dEDBISP UM

)
!
|

glutaraldehyde, etc.

The reaction of the linker L and the mother nucleus
MC, and the reaction of the linker L, the above-mentioned
ingredient AC and the ligand LI can be carried out by
methods known per se. For example, the reaction for
coupling DTPA-mono (2-amincethylamide) or DTPA-mono(6-
aminohexylamide) with an aminoc group of IgG or Fab
fragment through EGS or DTSSP can be performed according
to the method of Japanese Patent No. 2815615. In case of
using polylysine, the reaction can be performed according
to the method cof Japanese Patent No. 2548711, and in case
of using polyacrolein, the reaction can be performed
according to the method of Japanese Patent No. 172%192,
and when dialdehyde starch and amino oligosaccharide are

used as the mother nucleus MC, the reaction can be
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salt (Sulfo-EMCS), N-(8
mal ei m decapryl oxy) sul fosucci ni m de sodi um sal t
(Sul fo- HMCS),
N- (11- mal ei m deundecanoyl oxy) sul fosucci nimi de 10
sodi um salt (Sul fo-KMJS), 3,634 -
di t hi obi s(sul f osucci ni m dyl propi onate) (DTSSP),
gl ut ar al dehyde, etc. The reaction of the linker L and
tperidihied deEd@lisng Mo Riphrid¥e meadntomaf i7m damker
L, the above-nentioned 15 ingredient AC and the
| rgpanledd Eaterde Icaird-0peroMo by -12@6clecds letmwn per se.
For exanple, the reaction for coupling
DIPA- Poalg Palabe nomiroldreds de) or DTPA- nono( 6-
am nohexyl am de) with an am no group of 119G or Fab
f r agnecansiogg WOE@SeélerBWSSPe@gﬁdB@eﬂéir P%r ¥Bg present
according 20 to the nethod of Japanese Patent No.
287%81 5100 n GeRRAWIAS (K8RFPSIRRAY dh&he Holleypmeg general
can be perfornmed, according t he net hod of Japanese
PERR LAY D e ShR FHPEHRA- of usi ng
pol yacrql,ein, .the, reacti on,can bg, performed according
of /Japanese teny No. 1729192, 25 and
& ' ol i gosacchari de are
% eaction can be -
‘ ent NoM!
1721409 : [ No. 7-206895, etc.
@ bl ¢ B Agcordéng the preferable
enbodi ment,,./of t he presg.(nt 5 invent iwén, conpounds
represented by the followi ng general forrmula V-1 or
V-2 areprovi ded. H

OH

HO O OH v-2]

¥ NH

/

R R R

{wherein R and R' are each independently an group AC
having affinity with a calcified tissue or a ligand LI
for binding to a metal atom, and at least one of them is
the group AC having affinity with a calcified tissue; x
and v are each independently 0 to 19; and x+y is 1 to 19).

The compound represented by the above-mentioned
general formula can be easily obtained by reacting a
bisphosphonate compound (BP) as a group AC having
affinity with a calecified tissue to an amino group of the
aminooligosaccharide consisting of one or more kinds of
monosaccharides selected from the group consisting of

glucosamine, mannosamine and galactosamine which
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HO HO | V-2] (wherein R and R are each independently
an group AC having affinity with a calcified tissue
or aligand LI 10 for binding to a nmetal atom and at
| east one of themis the group AC having affinity
with a calcified tissue; x- &8d-y are each

i ndependently O to 19; and x+y is 1 to 19). The
compound represented by the above-nentioned genera

feeiut 2t GO0 bRe ASther Ohicides My, raattded;rBing Sthe

bi sphosphonat e conmpound (BP) as a group AC havi ng
atarbokylint dchd cataup | el 1o ks Hapely byl eipofd as
the am nooligosaccharide consisting of one or nore
kthesldfandophbsadohdhide sasel edhed terovinaie egido@f the
consi sting of glucosam ne, nmannosani ne and
garieeeligpsrcokpride may heomeeduqrd RHe dRAMAOL need to
nucl eus MC, and reacting the_ carboxylic acid group of
p%Pyﬁﬁ?H%@@kyéﬁﬁﬁﬁ%Vhi@' '&hﬁéteFmé“P#g§H§ s meguced,
thijs case, the termnal end of the
aﬁ*‘ﬁoﬁ?fﬁ%s%f%ﬁ%r?ﬁe%ytw*%ﬂucwbcfﬁ J¥es not need

 9nPaB8 GPUEEGa FONE VALY WEYLADS L RLTY b £REd Syt en o

uce € am no group r

L8P0t 9RGAGFERE | den & Abibe GRLECTY ViE| ded DL | S6tYbidd can

a protecting group, and consequently a desired

CBEPEHEM1 EaT y DScsded €4 tre bandes ¢ nidta @Mine ©éftithal
at the termnal 10 end of the reduced oligosaccharide

asfldt BEr eher fedlicéd olDHySidEdriddeand hilserebeie Ok i Bs
perforned, the reduced

convenient. When this reaction is performed, the reduced
amino oligosaccharide has preferably 2 to 50 saccharide
units, more preferably 2 to 20 saccharide units, and
particularly preferably 2 to 13 saccharide units.

In this way, according to another aspect of the
present invention, a method of selectively modifying an
amino group at a terminal end is provided which comprises
providing an amino oligosaccharide having 2 to 50
saccharide units which consists of one or more
monosaccharides selected from the group consisting of
glucosamine, mannosamine and galactosamine and is reduced
at a terminal end thereof, and subjecting the amino
oligosaccharide to a reaction for generating a carbamate
compound.

In addition, according to still another aspect of

the present invention, a method of selectively modifying

an amino group at a terminal end with a butoxycarbonyl
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am no ol igosaccharide has preferably 2 to 50
saccharide wunits, nore preferably 2 to 20 sacchari de
units, and particularly preferably 2 to 13 sacchari de
units. 15 In this way, according to another aspect of
the present invention, a meBfod of selectively
nodi fying an amno group at a termnal end is
provi ded which conprises providing an am no
okBgepagebap i I preow Tl Wi D camachaid deddt fmy Whicth
consi sts of one or nore 20 nonosacchari des sel ected
fabbutPe @i carbematse Stamamifino gadteaaideneyf rearwosiadn ne
and gal actosam ne and is reduced at a term nal end
t bacebdridedusibs edticly ddresistisnef gngosaamtzm i de to
a reaction for generating a carbamate conpound. 25 In
avenesarchartdes srlected  itom fdicharappaangis ting of
present invention, a nethod of selectively nodjfyin
ﬁl‘éﬁ?ﬁ%‘“’g‘?%u p‘“%ﬂ“%sap'é]rrfﬁ R4 GRf AR bR cs&f%dr%o?ﬁﬂuced

Boc rou rovi ded which conprises
r%ﬁc?iﬁﬁrm%ﬁgﬁ éﬁkﬁh{% icar bonat e, agp
am no cch ride of 2 to 3 ccharl | [ .
consi s %°a’r$e erntr%ﬁ’rn ﬁis ch’:lﬁa gh%%sel%e\c@tgeyérnrlg%t
t u
gg ggélgsglrlngﬁéﬁéa%f% C?Eed%f:egd ait a d?:rr mI nal end rﬁy%
thsreeia (Ae) Ay emTRit 1gned RtbhidNhafBhROd FifSnity with

convenient for an internediate of the compound

r@pe£sent esa byi ddee dexvdrdind AQ acrC pdddht Sirvention.
conpound having affinity with 10 a calcified tissue

accor diftg rass tt e gffeeadilte icowpiungn of the present

invention can be represented by the following chemical

o NW
HSO/P_ P /r COOH

HOOC j\l

HOOC VI— 1]

formulae.
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The nost preferabl e conpound of the present invention
can be represented by the foll ow ng chem cal

formulae. HO Hd 15 HO,P---0 HO HOOC N COOH HOOCH
[M- 11 - 37 5 [VI-2] [VII-2J (6) Fornul ation, kit
and dosage The conpound of "t B present invention may
be ina formof salt, hydrate, and solvate. As the
salt, nention 10 may be nade of pharmaceutically
acceptable salts with i norgfni c bases such as salts
with al kaline netals suc l'ithium sodium and
potassium salts wTh,all earth metals such as
salts with calci nd gnesi_ugy anmoni um sal ts,
salts with organ s sg€h as net hyl am ne,

et hyl am ne, dineth M ne godnet hyl am ne, 5

trimet hyl am ne tg/‘l\ hyl amMcycl ohexyl ami ne,

et hanol am ne, hianol am ne,*nor phol i ne and

megl umi ne, sal ts W th basic am no acids such as

| ysine, orni t'f‘ﬁoﬁe/“\L

OOH Vi— 2]

(VIl— 1]
@ Ef"
oo,. °“i“n°"
SM‘\ooon oo
o J
oo 1ot [VII— 2]

{6) Formulation, kit and dosage

The compound of the present invention may be in a

form of salt, hydrate, and solvate. As the salt, mention

may be made of pharmaceutically acceptable salts with

inorganic bases such as salts with alkaline metals such
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and arginine. Preferably sodium and potassi um can be
sui tably used. 10 The conpound of the present
i nvention can be used in a formof an aggregate, an
aqueous solution or a Iyophlllzed product. For
exanple, it can be in a form3& - a kit for preparing a
radi oactive | abel ed conpound by allowing a
| yophili zed preparation to co-exist with a 15 reducing
agenti thishabbkbiIiRdangepbta®s Lum,Theakts #9th alkaline-
preparing a radioactive | abel ed conpound cont ai ni ng
t karthonpaund shchhaspsasestwitivetdl obumsand ehegads jum,
provided as a |yophilized preparation which is
diegsonied salas,ssalbbl eithl| otgamiageaseshenchtass
used, and which is 20 | abeled with a radioactive
ngelthyd agdok, asthgtanéeeundbnethbamine nedapthylanipen
adm ni stration. Alternatively it may be in a form of
ﬁ61&859§1ﬁ@hﬂﬁonéﬁlﬁﬁbﬁbﬂﬁlngoP&?l%heéﬁéﬂFlnﬁnd
Iabeled wth a radipactive transition_ ,h metal .such

t EGPHQPFGWFBF -t ALAFRAPAERAI NS o) FOTRROLIRENADHI g}e%yé'ame'

d b f
n%% | ARERCbraaGC AR RageRtas. 4 g ;ggsggre gr%?%%e

?ﬁl%ﬁggﬁe%%%ﬁ %oetﬂtgdr"gu%ﬁmﬁécg{ aving affti nll%ey

ngqtgb§§lgbgaed tissue is substituted with a
substituent group which contains a 5 hal ogen group, a

| eavi Nghgr espSind HB! Bhe hkederd Ol dift i SONYENI ANtused in

The hal ogen atomis preferably fluorine, brom ne,

i adifaem efcan agdrebatertah afkydbugrsdputibohudesa
lyophilized product. For example, it can be in a form of
a kit for preparing a radiocactive labeled compound by
allowing a lyophilized preparation to co-exist with a
reducing agent, a stabilizing agent, etc. The kit for
preparing a radioactive labeled compound containing the
compound of the present invention is preferably provided
as a lyophilized preparation which is dissolved in a
suitable dilution agent when it is used, and which is
labeled with a radiocactive nuclide such as technetium or
rhenium metal salt upon administration. Alternatively,
it may be in a form of the above-mentioned agueous
solution agent, and labeled with a radioactive transition
metal such as technetium or rhenium metal salt by

commonly-used drug preparation techniques or in a

presence of a non-metallic reducing agent.
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trialkyl tin represented by the formula Sn(R3), etc.,
and the al kyl group includes a nethyl group, an ethyl
group, 10 a propyl group, a butyl group, etc.
Preferably, trinmethyltin or tributyltin is be used.
The labeling reaction of thé3substituent group X with
a radi oactive halogen is perforned by known nethods,
preferably perforned by a substitution reaction or

exchange fRadidrs okd then\ipodnd b ¢hed paddienitves

such as an oxidizing agent, stabilizing agent,
bihtrent bon agenformdire xeh e nthe mtier adoctbuo MheKithe

for preparing the radi oactive conpound. For exanple,
ctrounpnh@ehdving radif logery pelrtdxialecalasi fhisstldaoi § ssueadided

as an oxidizing agent, followed by the 20 |abeling

r enks kb tathwi tlnoc mawm%mumb&wfg qaptains a
performed by a known nethod, in which tenperature,
cbﬂ%%%?¥a$¥Q#P p%il%ﬁYﬁnQuQFQRﬂ ?ﬁuﬁlqﬁﬂ%ﬁl%ﬂh¥¥nq¥ﬁpp is

a regduci ng S%ﬁnt used for chemcal_ re ct|

n
DEPREP L Fohe - 4n 1ad S pepbdnBiate: T EGRoR i
2§r &rfgrnlnglabellng a ng:oactlv n t|on me.ta.I a
can ' becyeh¥THI Ty TUsed it A Qe asY of AT HFrees

aﬂ?%?%%gfanﬁﬁ f%ﬁf@ ron13ﬁ$%§g%£$gﬁﬂ%ncludl qhu@tc" and

C@hQréﬂﬁylS&fﬁﬁﬁ“ﬁhcfdd@ﬂ'ékheéﬁﬁi'gfﬁﬂpfugﬁﬁﬁéﬂ§1(§roup,

reduci ng agents such as sodi um

da ppesyy P heselh habenzene-gr&up f el e, preferably,

formam di nesul fonic acid or gl ucoheptanoic acid can be
St ai methgkdibast dasiideynEimlis de amgpalindThel 1l abg1dngo
possible to use dithionic acid and sodium bisulfite.
| peaction of the substituent group X with a radioactive
halogen is performed by known methods, preferably
performed by a substitution reaction or exchange reaction.
Conventionally used additives such as an oxidizing
agent, stabilizing agent, buffering agent and excipient
may be added to the kit for preparing the radioactive
compound. For example, chloramine T or hydrogen peroxide
as needed is added as an oxidizing agent, followed by the
labeling reaction. This radicactive halogen labeling may
be performed by a known method, in which temperature,
concentration, pH, etc. are not particularly limited.
As a reducing agent used for chemical reduction of
peracid ions such as 99m-pertechnetate (99mTc0,: ) in
performing labeling a radiocactive transition metal, can

be generally used metal ions such as of tin, zinc and

iron, or metallic compounds such as chromium chloride and
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addi tion, by using conpounds which forma relatively
unst abl e conpl ex and are exenplified by organic acid
such as gluconic acid, ascorbic acid and citric acid
and a 10 saccharide such as mannose, it is possible to
performa conplex exchange #Baction with the conpound
of the present invention and to transfer the

radi oactive transition netal, thereby performng the

| eREbhNGm dPeE£rd S M NA il Widl [ShirAsidd Ctdtathud he
reaction conditions 15 such as tenperature,

coneerida] | ®fe . Arshphhorastalsiial Inediding e adth as
be perforned at roomtenperature or wunder heating,

amod Bum ediish evgy Beped ph inchertzer e~ rsad feedgor.di ng t o

the reaction conditions of these reactions. \Wen a
physhahbdiresubitnine astid P aituwighemtpnsdrg aditbtean be
eluted froma 99nfc generator is added to a )
prbparusedreetiden the matehldihFawaHdsr edénis also
invention that contains a reduci ng agent, .technetium

| BOFEHRLREO 1 HOPLAR SRS AhSTTWE BRI - In

CHALETBA g L SIS SHERL, WA o Ty VL
{08 Ok £QMBLEX 18 ot KA dio 13l 5, RASSL @ JOPH sucn

€ reduci hg agént can ~ al so rorm'a par

c : Ver ,a S : - .
CAITASaSont EKEL <R M She FPE e vne o

PEESERAr iy el éWhd afarmhdddantt s ddsd DO Bhertdrm a
obtain a conplex in which the conponent AC does not

pashp CePpagechingd i axeiom wikie the td@npbdid®refcehén 5
coordinating ability between the Iigand LI and the
present invention and to transfer the radioactive
transition metal, thereby performing the labeling. There
is no particularly restriction on the reaction conditions
such as temperature, concentration, and pH, and usually
the reaction can be performed at room temperature or
under heating, and a reducing agent is suitably used
according to the reaction conditions of these reactions.
When a physiological saline which contains
pertechnetate eluted from a 99mTc generator is added to a
preparation of the kit according to the present invention
that contains a reducing agent, technetium is reduced
from heptavalence to the lower number of oxidization by
the reducing agent and forms a complex with DTPA.
Although the exact character of the formed complex is

unknown, it would be possible that the reducing agent can

also form a part of these complexes. However, since the



conmponent AC. After the liquid is shaken, heated or
allowed to stand still in order to ensure conpletion
of reduction and formation of a conplex, the liquid
can be wused for injection. 10 The conpound of the
present invention may contaifl physiologically
acceptabl e buffering agents (for exanple, pH

adj usting agents such as a physi ol ogi cal saline,

a8thhSuRE | Fep PRSI iy atied fokdiian @@GHf#candI), of the
tris(hydroxynet hyl)am nonet hane, etc.) and other 15

PHYSs & © Ui 9P n B Maab £ 1ad@ind vas (foorisepurdible to
stabilizing agents such as ascorbic acid and paraben,
dolssaimita oromsiesrt Sirs whics tieglaompos esrtd Atk tdewe nand
exci pients such as D-mannitol). The conpound of the
ppaseihtipavenin ocromEiedss iggedluen the i fleenanigy
to conventional diagnostic agents or therapeutic

5 ageerdinaping fahikidamtetveaan ddye ddaasel ks and |5heui d
preparati on adm nistered to huyman and ot her mammal s
bSOPRERERY AL - TRE t@3s&hps 1daHtahfi ShRYernePERNED QT
th of _conventi onal, di agnostjc ents or therapeutic
AT heRed <00 FIAnbRRL S O S A B S A ©f
12 .MBa/ kg fo i 0StlicC e e '
EerESEt 9 R £ TSN Pt R iR, Bl con e

i&ségifﬁglyijegg&o aried dependi ng on kinds of

compount nds of radioactive nuclides to be used,
10 age, VaidHompgeRiHd [dO0heObrRakbn@ntihiveadlon Siakaldoditain

nmet hods, and ot her agents wused in conbination, and
theysidEogically acceptable buffering agents (for example,
pH adjusting agents such as a physiological saline,
acetic acid, phosphoric acid, carbonic acid and
tris (hydroxymethyl)aminomethane, etc.) and other
15 physiological acceptable additives (for example,
stabilizing agents such as ascorbic acid and paraben,
dissolution agents such as meglumine and betaine, and
excipients such as D-mannitol).
The compound of the present invention can be used in
20 a similar manner to conventional diagnostic agents or
therapeutic agents, and, for example, it can be used as a
ligquid preparation administered to human and other
mammals by injection. The dose is substantiaily the same
as that of conventional diagnostic agents or therapeutic
25 agents, and about 3 to 25 MBg/kg, preferably 6 to 12

MBgq/kg for diagnostic agents, and depends on radioactive

nuclides for therapeutic agents. The dose is suitably
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5 Exanples Below, the present invention will be
further described in detail by way of Exanples, but
the present invention is not limted to these

Exanpl es. Analysis was 10 perforned using nethods
wel | -known to those skilled 4% the art. In the

Exanpl es, neasurenent of NMR spectrum was perforned
usi ng JNM 500 (manufactured by JEOQL) and neasurenent

Ofa Med REYddd IR orP ¥indsed ¢ombeuRdEQf kiv@e of
(manufactured by M cromass). The abbreviations used in
Ik el 88 anrldsidoldoobe: uwdBdD: age, weight, condition
1- et hyl - 3- (3-di et hyl am nopr opyl ) car bodi i m de,
HOBt 4 eril=shy crdmdyrtirs taadliennmechpdsat endDoRher agents
di et hyl enetri am nepentaacetic acid, HPLC High
Res ¢ rim b iing i iprch agdattdgr dgke. 20 - OAc: acetyl
group, Boc-: tert-butoxycarbonyl group, Bn-: benzyl
group. The "desalting"” described bel ow was perforned
under _the follow ng conditions: 25 Electric dialysis
. M CROACI LYZER &3 (trade nanme, manufactured

by As ( | Co. ) QRObF ane:
N 1185 EreaprRasat iakbpuied wi i pbéaeRxTRA AN

Qg Sale P sk 1% S BRI 0 e

agueous sodi um su | uti on.
invention is not limited to these Examples. Analysis was

performed using methods well-known to those skilled in
the art. In the Examples, measurement of NMR spectrum
was performed using JNM-500 {(manufactured by JEOL) and
measurement of MS spectrum was performed using Q-Tof type
(manufactured by Micromass). The abbreviations used in
Examples are as follows:
WSCD: l-ethyl-3-(3-diethylaminopropyl)carbodiimide,
HOBt'H,0: l-hydroxytriazole monchydrate,
DTPA: diethylenetriaminepentaacetic acid,
HPLC: High Performance Liquid Chromatography,
-QAc: acetyl group,
Boc-: tert-butoxycarbonyl group,
Bn-: benzyl group.

The "desalting" described below was performed under
the following conditions:
Electric dialysis equipment: MICROACILYZER G3 (trade name,

manufactured by Asahi Chemical Co., Ltd.);
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5 Exanple 1 (Sel ective Boc-substitution reaction in

chitobiitol and chitotriito

and whol e synt hesi s of

VI-1, V-2, VII-1 and VIl-2) (1) Synthesis of VI-1 10
The schene of synthesis of VI-1 is shown bel ow

C12H28C12N209 Mb

W: 415.%8 = CH3t M W:

Vo

870. 85 69.596yie|d 2 OH5 C3,H'N20.8 MV W :736.72 3
C2sH+ON20t3 Mol . Wi 57659 6 CnH, sN201P2 - MW

181319s 88. @éapiald: AcCuH NAGBRE L deA w&mé&tured
101897 - MW W: 918.86 9 C,H7/, N O P2 -

1294248hi dHemildhl A4 -1 EsHNAAmaver al |

W :

yleld 7.1 %

Electrode liquid: 0.35 mol/L aqueous sodium sulfate

solution.

Example 1 (Selective Boc-substitution reaction in

chitobiitol and chitotriitol and whole synthesis of vi-1,

VI-2, VII-1 and VII-2)

(1) Synthesis of VI-1

The scheme of synthesis of VI-1 is shown below:

S

Cy2Hp3ClpN, 0y
Mol. WL: 415.26

OAc

7 CagHalNy045P,
= Mol. Wr.: 101897

OH
OH
OH H OH
HBoe: —_—
Hp

ﬁ_@@w -

I~

5 CuHyMN0yg
= Mal. Wt 73672

8 CastlseMNoDiP2
= Mol. Wt.: 918.86

3 CpHylOp
T Mol Wt.: 576.59

OAc
OAZ Qhs
HBoc

*.?‘.;g
]

6 CotflmN.03F;
Mol. Wt: £313.23

38.0% yield

9 CaptipNs0,5Py
S Mol. Wi: 1294.19
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Mol . W.: 933.70 27.0%vyield 4.16 g (10.0 nmol ) of
chitobiitol dihydrochloride was neasured in a 200-nL
eggpl ant flask, dissolved in 80 nL of water and the
resulting mxture was stirred at room5 tenperature.
3.40 g (32.0 mmol ) of sodi umtdarbonate was suspended
and 60 nL of nethanol was added. 2.29 g (10.5 nmmol)
of di butyl dicarbonate was added and the resulting

m xture ed overjni ght (for about 16.5 hrs).

1.88 g (11, O 4-chl ori de was added to the
reaction arjd agitation was conti nued
over ni gh hrs) The sol vent of the
reaction soI gvaporated to dryness and

col orl esfs oljt ai ned. The residua

subst ance wt ad.fin 60 nL of pyridine, 22 nL
of aceti was |added under stir at room 15

t enper at © edul ting m xture was stirred at
-roon1tenﬁ%¢¥kbre&$€§%ﬁmghtQF?EP—%%E%t 23 hrs) . 30 nL

of nethanol was athfedd o the reaction sol ution, and

the solvent was evapar at red C ressure.

oty 48 ke elicei e | oPaSebin b YR B e
2/ 2 L of d after t or,gan

bRenevafted iR chdo ufi edthd i P U %%fn‘?edméﬁ? 80

dri
_el_lﬁﬂp(gf aéglge{ oancgblh?és %@Slﬁ?t]g’l ml f@%a Um:.grﬁ‘i? at room

e residua st ance S subjected to

g@émﬁ@f@@@fégr@pﬁh g(ﬁhb'@am&%h)6Qf2§Qdﬂumh%é§%%hﬁEQYMas
acet at e/ net hanol /4/1), and 6.06 g (6.95 mmol
VeekPen®8d 328d 060 mL of methanol was added. 2.29 g {(10.5
mmol) of dibutyl dicarbonate was added and the resulting
mixture was stirred overnight {(for about 16.5 hrs). 1.88
g {(11.0 mmol) of Z-chloride was added to the reaction
solution, and agitation was continued overnight (for
about 24 hrs). The solvent of the reaction solution was
evaporated to dryness and colorless residue was obtained.
The residual substance was dissolved in 60 mL of pyridine,
22 mL of acetic anhydride was added under stir at room
temperature, and the resulting mixture was stirred at
room temperature overnight {for about 23 hrs). 30 mL of
methanol was added to the reaction solution, and the
solvent was evaporated under reduced pressure. Oily
residue was extracted (150 mL of chloroform * 2/200 mL of
water), and after the organic¢ layer was dried over

anhydrous sodium sulfate, the solvent was evaporated to

obtain 9.37 g of residual substance. The residual
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" Conmpound 4" was obtained. 5 4.20 g (4.82 mmol) of
Conpound 4 was neasured in a 100 nL eggpl ant fl ask,
and 421 ng (10 w w4 of palladium carbon (act.10%
and 80 nL of nethanol were added. The mixture was
subj ected to catal ytic redoc#Pon under hydrogen gas
at nosphere under agitation at room 10 tenperature.
After the reaction ended, filtration with glass

fhbSFaN@S #2485 &iMeq Wl sifitiia WRshethrdtography
nmet hanol , the solvent of the filtrate was evaporated
ansli1Bedlg@l of 0 rEso dyalheuidind Aalny Wase el tad fiesk halto 1
this conpound, 3.45 g (5.80 mmol) of 3,3 15

bt &( 4l benzahd x§ pho sphts Y49 peaplanaricelat: ¢ oW el by a
known net hod, for exanple, the nethod of Page PCB et
alCompiangd $CBraztokffaingd. Org. Chem 66, 3704- 3708,
2001) was added, dissolved in 50 nL of nethylene

chl or %0 ghd 2@ mRel)5 ogo Comprpnd 4\Bes asdsrgedgn a
(5.84 mmol ) of HOBt H20 20 wer e added under agitation _,
300,713 RBERIRAT kRl (3G A L VB GohOV/en &R Lptiun-
(for. about 19 hr s The _solvent of the reactio

| RERAR WL it O i T i ihARed i RAGEL. The
subj 4] . _C i1 60
HMEREEE S SuplSedfleo TUARAY Wituddlop R

2 : ool | : 941 ;! £ was
o%s?%f%ge%l& §§S46 T%%ﬂ&%%?owaﬁ% %J@nlb‘g{?c\%:gep%% gned to
CEEROEr AL QPE, ¥ tldhie thiralrbdict iy eHded, #id t}3EiRA wafch

"Conmpound 6." s 'Hnm (500MHz, CDC 13, 6 ) : 1.4 (9H
Sglaés (£iBiey wds A cut, @A0) ,after washed with
methanol, the solvent of the filtrate was evaporated and
3.41 g of residual substance was obtained. To this
compound, 3.45 g (5.80 mmol) of 3,3-
bis{dibenzyloxyphosphoryl)propanoic acid obtained by a
known method, for example, the method of Page PCB et al.
(Page PCB, et al., J. Org. Chem, 66, 3704-3708, 2001) was
added, dissolved in 50 mL of methylene chloride, and 929
mg {(5.80 mmol) of WSCD and 78% mg (5.84 mmol) of HOBU'H;O
were added under agitation in an ice bath, and agitation
was continued overnight (for about 19.5 hrs). The
solvent of the reaction liquid was evaporated, the
residual substance was subjected to silica gel
chromatography (Silica gel 60 250 g, hexane/ethyl

acetate/methanol =6/4/1), and 2.41 g (1.83 mmol, yield:

38.0%) of "Compound 6" was obtained.
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1. 94 (3H, s, -QAc), 1. 98 (3H, s, -0OAc), 1. 99 (3H,

s, -CAc), 2. 02 (311, s, -QAc) , 2. 10 (3H, s, -QAc)

, 2. 64 2. 84 (1H, 9') , 3. 30 3. 44 (2H, 8) ,
3.62-3.70(1H, 5'), 3.88-3. 96§1H 1), 3.88-3.96(1H, 4),
5.22- 5.36(IH, 5), 3.88-3.96%8H; 2'), 4.06-4.20(1H,

1), 4.06-4.20(1H, 10 6), 4. 06-'-4. 20 (2H, 61),
4.26-4.38 (1H, 2), 4.46-4.54 OR 6), 4. 88- 5. 20 OR

3), 4rHi81211dWihgHnulbeds R8re. adBiGBER MO c@ﬂand)a):oms
, 5. 10~ 5. 16 (1H, 1"), 5. 22~5. 36 (1H, 3'), 7.

(2OH heén anddy s il8 Gy tH - ARO0MA, HEDGEMES ofd)"Con%un@BG "
(-COCH3) , 20. 54 (-COCH3) , 20. 65 (-COCH3) , 20. 70
(-COCH3) , 28. 27 (-COCH3) , 31. 68 (br s, 81, 32. 13
(t, J=Hz, 9'), 15 48. 90, 55. 20, 62. 32, 62. 40, 63.
11, 68. 10, 68. 15, 68. 24, 68 , 68. 35, 68.40, 68.
64, 69. 35, 69. 43, 69. 53, 721 14,,,7[2. 28, 74. 25,
80.30, 98.97(1'), 12HRQ7(-A ti c)

128.11(-Aromatic), . grrati
(-Aromatic), 135y, tic), 155. 77,
169. 33, 169. 59 1%59. 70 16 Ao/ Gy 170, 27, 170. 45,
- 47y 600 ng (0. 46

rmol) of Con'pound 6 vvas rreasured a mL eggpl ant
flask, dissolved i 7 of met han 4 and 126 ny
(2.33 mmol ) of sodi um e |de wa dded under
agitation at roomtenpefqt After the reaction
ended, 5 the reacti on |9 s passed through 4.57 g
of AGTm 50W X8 r esi n Ane, manufactured by

Ni ppon Bi o- Rad Labor at Q&gn , I'nc.), washed out with

nmet hanol and vvater and the sol vent was evaporated to

ORLAG AR TDCOOL 1) MDA (O SOTPONN F) £fs2 0191%' Wal-gac),

subst ance. The ré3| dua subst ance f npoun

dj, %QBH’GQ | pA¢) My, R (:mstban@hc) 61”99 BHO ﬁL—@ﬁc)lo% 02 (3H, S,
hydr ochl ori ¢ aC|d met hanol was added

-0Ac), 2.10(3H, s, -0Ac), 2.64~2.84(1H 9, 3.30~3 44(2H &),
3.62~3.70(1H, 5%, 3.88~3.96(1H 1), 3.88~3.96(1H 4, 522~
.36 (1H, 5), 3.88~3.96(1H, 2°), 4.06~4.20(1H 1), 4 06~4. 20(1H,
6), 4.06~4.20(2H, 6°), 4.26~4.38(1H, 2), 4.46~4.54(1H 6), 4.88~
5.20(1H, 3), 4.88~5.20(1H, 4’), 4.88~5.20(8H m, -0CH-¢), 5. 10~
5. 16 (1H, 17, 5.22~5.36(1H 3, 7.3(20H m -¢o).

BC-nmr (500MHz, CDCl, o) : 20. 45 (-COCHy, 20.54 (-COCHy), 20. 65 (-COCHy,
20. 70 (-COCH;), 28.27(-COCH), 31.68(br s, 8, 32.13(t, J=Hz, 97,
48.90, 55.20, 62.32, 62.40, 63.11, 68.10, 68 15 68 24, 68. 29
68.35 68.40, 68.64, 69.35 69.43, 69.53, 72 14, 72.28 7425
80.30, 98.97(1", 127.97 (-Aromatic), 128. 11({(-Aromatic), 128 26(-
Aromatic), 128. 44 (-Aromatic), 13b.95(d, J=Hz, -Aromatic), 155.77,
169. 33, 169.59, 169.70, 169.76, 170.27, 170.45 170.54, 170. 71,
170. 78.
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under agitation at roomtenperature. After 3 hours,
the solvent was evaporated and 392 ng (0.427 mmol as
Compound 8) of residual substance was obtained. To
392 ng (0.427 15 mmol as Conpound 8) of residue, DTPA
was introduced by a known-ngfhod, for exanple, the
nmet hod of Takahashi et al. [Japanese Patent Lai d- Qpen
2002-187948]. It was dissolved in 7.6 nL of water and

2.41 Gof nfy NoSQd Hio1hy BEOXbABouARd6VAEBEAeh8uEEE in a
Wi | e keeping the 20 tenperature constant, 1.61 g

(B0 5L negdp1 &t aek 0uR s 3IRRMES 2dder, IoF hkkEhanol, and
solution for 3 mnutes and warm ng under agitation

wase aont { 1083 ol 33 fimaudiesn méftthenideoolasd aiddedDQnderx
0.71 g of 8 N sodi um hydroxi de was added to adjust pH
tagbtdtiomdat trows wempesth ttureB0CALeEnthanteastianniengded,
under agitation was carried out for 30 mnutes. Thep,

t Hee i )2 ¢k tomaki Gwisl etrs Pagred dhgamah M. 5df BN AGT-
hydrochl oric acid was added to adjust pHto 8.0 tQ -
JB0W (X8 5 9BiR | HAdR FARGn MarRE bet Nippon Bio-Rad

BB e 8 S, SRELS, 8 Ty fph Sl Yod Ve,
I ' b t.. 109 d d t ]
CRAAEAY TRERUED ol ko0t AOIRLANS g B gt

%ﬁoftg@%}%%ﬁ@rv -oF LU AN 8T AUdA | OBndt rba9Bhal

t enper at ure. ter the reaction ended, filtration

Wb 8hR8S {ddhSdun® sy ICafdd el sstived g sonteds fetdlithol,
filtrate was evaporated, and the residue was

obh@i £1e0l. miT hef resE el vdsh ISy alcdidl -amct ihqluds eided
recycling HPLC, and after desalination
under agitation at room temperature. After 3 hours, the
solvent was evaporated and 392 mg (0.427 mmol as Compound
8) of residual substance was obtained. To 392 mg (0.427
mmol as Compound 8} of residue, DTPA was introduced by a
known method, for example, the method of Takahashi et al.
[Japanese Patent Laid-Open 2002-187948]}. It was
dissolved in 7.6 mL of water and 2.41 g of 8 N sodium
hydroxide, and warmed to 80°C. While keeping the
temperature constant, 1.61 g (4.51 mmol) of anhydrous
DTPA was added to the solution for 3 minutes and warming
under agitation was continued for 30 minutes. After
cooled to 30°C, 0.71 g of 8 N sodium hydroxide was added
to adjust pH to 9.0, and it was warmed to 80°C again, and
warming under‘agitation was carried out for 30 minutes.
Then, the mixture was cocled to 30°C, and 0.5 mL of 6 N

hydrochloric acid was added to adjust pH to 8.0 to
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treatnment, the solvent was evaporated and 115 ng
(0.123 mol; yield: 27.0% of "Conpound 10; VI-1" was
obt ai ned. The follow ng nunbers were assigned to
carbon atons in the anaIyS|s by 1H nnr and 13C-nnr of
"Conpound VI-1." 15 - "H®nt (500MHz, D20, TO: 2.
30 2. 50 (9') , 2. 60 2 80 (8), 3. 1 3.4 (DTPA), 3.
39 - 3. 46 (5'), 3.46 - 3.52 (4) , 3. 52 3.60 (5), 3.
60ermindi® (the Pacdilich. 69hé3splvedt 46 thd. ¥8atlidn,
3. 70 - 3.75 (6) , 3.70 3. 83 (1), 3. 75 3. 82 (4) ,
igbiB.w? €vigorat®d.83.3. nd/ of6 wated wadd adfled2o
(3), 3.87-3. 93 (6'), 4. 35-4. 40 (2), 4. 62"4. 68
(digsolgvel i(t7 agyd B3)1 mgg (2P0 W/wd) PE paliedimm-carbon
(500MHz, D20, TO: 33. 49 (8) , 36. 41 (t, J=136Hz;
gta}ct 5110%)164513 @pdem amb thgo mlggzurfz wags su@pgecggd 6‘:
57. 90, B58. 16 58.43, 60. 74, 61.22, 62.29, 68

R RLYHAC Fpduption unslexs hydgogen g9f sz(“PSPheF& for 1.5

172 7 gt t%@‘éo%égtl%s °?‘§é'-2]“‘£%¥% wEsorESREBESERe
g&'&t{ egh 9%&?4 1(t[1M't'_|]ofn %7' O%ﬁ%‘ S5 Qrfa cg%rled

syn eSIS 0] ISS

m.Npl é’ﬂe sé‘l]\fghtzo% 4t;l'M \gll%g.:z&% SRs %%'a @rﬂt%ldj and the
chl I—|6H2C1JP2 M W.: 105199 CMbL X58

residue was obtained. The residue was separated and
purified by recycling HPLC, and after desalimation
treatment, the solvent was evaporated and 115 mg (0.123
mmol; yield: 27.0%) of "Compound 10; VI-1" was obtained.
The following numbers were assigned to carbon atoms

in the analysis by ‘H-nmr and ’C-nmr of "Compound VI-1."
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C,HyMP, - Mt W: 44246 5 C'F'5" - Mdl. W.: 57639 8b
W.: 134.24 28.4%yield VI-2 C. Mol. W 933.70 31.5%
yield 3 CuHaN2O13 - M W.: 57659 6 C HI xH20" - W WL:
476.47 9 C,H4 N2CGaPx - Mdt. W.: 852.62 overall yield
5.2%15.0 g (36.1 mmol ) of ~cAPtobiitol dihydrochloride
was neasured and di ssolved in 280 nL of water, and
12.3 g 5 (116 mmol ) of sodi um car bonate was

Rt GO0 o D Pk, 12 B e e eSS 38 3
AU Bt VI %’32‘%%‘? 7. 608) é?ﬁnﬁ“”
te gﬂég{)at Uﬁ%léiﬁ'g‘fs 40307001”3 EE@C} 2- WUOJU g'erm)s 3. 70 ~

’and "agi tation was’ overni ght at room

t?fﬂ%%[)at us &5 Lhe @akyvens of ~ thg geacts g9 Li gyrdgmass. §7 ~
evaporated, 217 ni of pyridi ne

3.92(3), 3.87~3.93(6), 4.35~4.40(2), 4. 62~4.68(1"), 8. 4(7 or T},
8.7(1 or 7).

B¥C-nmr (500MHz, D,0, TSP) : 33.49(8"), 36.41(t, J=136Hz; 97, 5L 16
51.74, 52.00, 53.12, 55.85 56.67, 57.90, 58.16 58.43, 60.74,
61.22, 62.29, 68.13, 69.30, 71.30, 73.85 75.86, 79.01, 101 14(1),
172. 02, 173.92, 174. 31, 175.93, 175.98, 176.02, 176.07, 176. 8b.

MS (ESI-) : 932. 2427 C,HN0,P, requires 932. 2477 (IM-H ).

(2) Synthesis of VI-2

The scheme of synthesis of VI-2 is shown below:



5 was added to the residual substance, and 79.4 nL
(842 mmol) of acetic anhydride and a catal ytic anount
of 4- (N, N-di met hyl am no) pyridine were added in an
ice bath, and the resulting m xture was stirred
overnight. 108 nL of methan8P was added to the
reaction solution in an ice 10 bath, and the sol vent
was evaporated. The residue was extracted
(chl or of@r m sat ur at ed pot assitm bi sul fate
sol yf i urated sodi '
i T.and_the orgami
i ed over anhydro dium sul fate, an
15 after the solvent was then evaporated. T
Crudgupegayet was subj ect gdstp.col unm chr omat ogregihy,
(SiITE%ug&UﬁNGO (trade nane, nanuf act ur ed by Kgntb“¥ﬁ9
Chem cat—Ceo——+ne——ethyl acetat e/ hexane/ met hanol =

4/ 6/ 1), e—so|l vgnt was evap d to obtain 18.
g 20 (21. goundE ielld: 58, 39 npound 4."
(5.0 nwoﬂ@!ﬂ’ Pound 4 wa and di

in 50 n o et hanol ,| and (25.0 mol ) of

sodi um added, Tand agitation at ro

tenperat urecugas, carried out fQy.d.hours. 50.0 geﬁgﬁggu
washed AG =%0¥WX8 resin (traéeﬂﬂhﬁ@? manuf act ur etiMelgy: 747

Ni ppon Bi 0- Ratd>E4H8r at ori es, inc.) was added. It was

succeedingly stirred for 3Q—nutes—and—Hiltered, and
the - 52 soly of the fi was. evgporated. |t
was redi I rn 21 nL of 0¥ Rs Yand 12 niL
10% hyd ori cid- met hagel 2ol gteon | (manuf d..
b oA ' Ho”
Yoy -
CoH  N,O,P.
T i bsise 8 M 15 2 LR AT
28.4% yield
— @5{ &
Hi
HQL HO,
Ho HO
Hor HOOG™ ™
HOOC., |
10 SR o
o VI2 CoflliOuls overall yield 5.2%
31.5% yield

15.0 g (36.1 mmol) of chitobiitol dihydrochloride
was measured and dissolved in 280 mL of water, and 12.3 g
(116 mmol) of sodium carbonate was suspended, and 210 mL
of methanol was added, and the mixture was stirred at
room temperature. 8.71 mL {38.0 mmol) of dibutyl

dicarbonate was added and the resulting mixture was



Tokyo Kasei Kogyo Co., Ltd.) was added. The sol vent
was 5 evaporated and the residual substance was

obtai ned after carrying out agitation at room
tenperature for 3 hours. 3.57 g (6.00 nol) of 3,3
bi s(di benzyl oxyphosphoryl ) pr®panoi c acid was added to
this residual substance, and 50 nL of

di met hyl formam de 10 was added and was stirred. 1.10

'Et:(ﬁre?cﬁ ST it \WRCR A t8hbeFatu@eQ0 5Tl 2i1,0%40. 0

HOBt - H20 wer e added one by one wunder argon atnDsphere

ifnal) i Daitl ok Waes Ridded, e andeagittatiet was
overni ght. The sol vent was evaporated, 30 nL of

pyondiidsedasratdderht atcaioahy ttiemparattnireof ZhéNsdliént of
di met hyl am no) pyri di ne was added, and 12.0 niL (127
nwhod )reapft apetl ionErhwis dyappsadeded 2 1Af mér oft pyaddine
stirred overnight, 15 nL of methanol was added and

5 ovas aaddesh tq cﬂnmrnﬁa;rdwaéatsub@tt@@cmt assi df-¥ oW f(Bde
aqueous _solution, saturated sodi um bi carbonate

aerw&uso%cﬁ%qlcﬁw)awwepa%ﬁn@atamtéﬁ AOuS &5 -

shed, wi_th t dd d hyd
S SR Y Ry ime WA o RA0Brata T Lo FAED-

t he, resi dual ubstanc bout [ i du
i e Y WGy WA ity oWUR A (Ube e

G hei R, @egoaedogout T, BBAARL Y o00 sco
10 35600] S DAL Has Siokha SIOAR! GiEiue yas

fractions 1, 2, and 3 were obtained. Fractions 1 -
s Fades® &l s Rkl atiaRdfed petaBsGupCalisuiEate

105717 manufactured by Merck Co., hexane/ethyl
aopieded nedhaniadn, saturated sodium bicarbonate agueous
solution), and the organic layer was washed with water
and dried over anhydrous sodium sulfate, and filtrated
15 after the solvent was then evaporated. The obtained
crude product was subjected to cclumn chromatography
(Silica gel N60 (trade name, manufactured by Kanto
Chemical Co., Inc.), ethyl acetate/hexane/methanol =
4/6/1), and the solvent was evaporated tc obtain 18.3 g
20 {(21.0 mmol, yield: 58.3%) of "Compound 4."

4.35 g (5.0 mmol) of Compound 4 was measured, and
dissolved in 50 mL of methanol, and 1.35 g (25.0 mmol) of
sodium methoxide was added, and agitation at room
temperature was carried out for 2 hours. 50.0 g of

25 washed Adm-SOW-XB resin (trade name, manufactured by

Nippon Bio-Rad Laboratories, Inc.) was added. It was

succeedingly stirred for 30 minutes and filtered, and the
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=5/5/1), and 741.6 ng (490.9 ng from Fraction 1, 250.7
mg from Fraction 2) of "Conpound 8" was obtai ned.
Fraction 5 3 was again subjected to colum

chromat ography (Silica gel N60 (manufactured by Kanto
Chemical Co., Inc.) about -1¥® gy, hexane/ et hyl

acet at e/ net hanol =10/5/1), and 1.17 g (0.498 mmol,
yield: 14.6% of "Conpound 8" was obtained. 1.91 g

(doAled® s oHeL!rd 1 +28+4%vall evEpBRAYRH . 8" T¥EFad 0
obtained fromthis reaction in total. 1.10 g (0. 816

nred )ssfiveneund Bives dethahved bAd 1Q ML of 10%
met hanol, and 309 ng (5.71 nmmol) of sodium nethoxide

WS mokitach rtind elc id-geit hanoas gbaue i oand maas fastiuredd byt
roomtenperature for 2 hours. 9.0 g of AG 15 50W X8
risiye (Rassde Hoaye, Qeanuflddt ir @dsbpdledponTBe os@avient was
Laboratories, Inc.) was added and agitation_ was
corananaled fapd IkeninegidyalTRubssaacroan rbrdnRgs atter
filtered, the solvent of the filtrate was evaporated
FRFBENGPWF agidgatden asuBoLENCEMRETASNES FOF. 31HOMES -
of Jrethanol and 5 .20 f saturated sodi um

bqtsgrkﬁ)n @G IMedds °LoPution were added to the
HE§Ig#ﬁ%?ﬁﬁhgﬁgng%ﬁ¥é%haq?R%% Qﬁlk%dh%qh %?%P%gged to

(ac Xture Was s

;«gglﬁ{ t{l%s;&f@gmfln 2&%@%&%@ € andn® oSl §F aquthggf?Jri;s{auﬁae

urs. After tfhe reaction en

Wass addd tRIEFanddile dd.| tiaie MBS (evapoRmAbef. o Whcp
of water and 4.17 nL of 8 nol/L sodi um hydr oxi de

SUP@ISI 99 Uld @D mM19 addedBtoHLbi $ef@saddall one by one
substance and the m xture was - 54 stirred. It was
hasieard dryD@G tnidsPhege( Sn2@nmiwle) bafth, and the mixture
was stirred overnight. The solvent was evaporated, 30 mL
cof pyridine was added, a catalytic amount of 4-(N,6N-
dimethylamino)pyridine was added, and 12.0 mL (127 mmol)
of acetic anhydride was added. After it was stirred
overnight, 15 mL of methanol was added and extraction
(chloroform/saturated potassium bisulfate agueous
solution, saturated sodium bicarbonate agueous solution)
was performed. After the organic layer was washed with
water and dried over anhydrous sodium sulfate, the
solvent was evaporated to cobtain the residual substance
{(about 7.7 g). This residual substance was subjected to
column chromatography (Silica gel N60 (trade name,
manufactured by Kanto Chemical Co., Inc.) about 200 g,
hexane/ethyl acetate/methanol =4/6/1}, and the crude

product fractions 1, 2, and 3 were obtained. Fractions 1
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anhydrous DTPA was added, and agitation was conti nued
for 30 mnutes. After allowed to roomtenperature, 8
nol /L sodi um hydr oxi de aqueous sol uti on was added to
adjust to 5 pH 9, and the m xture was warnmed to 80C
again for 30 minutes. It waB3atlowed to room
tenperature, and adjusted to pH 8 and concentr at ed.
This concentrated liquid was separated and purified

bynd s V&bt st &p! ngre%m&vm peda tGS W20-106F 17
e

(trade nane, manufactur by Shower 10 Denko R K.,
2iaku Pk tr&a 599 MeRclarsh Shatemmsahipak ddetadd)fmklihanol

(trade nane, nmanufactured by Shower Denko K K., 21.5
mas f &Y k) 50ndm)4 566 ingd | (4 ortheny diommatrid o iphasie: 251007 mg
mol /L sodi um chl ori de aqueous solution, flow rate:
5foomiFrapticet2ctaf ;" Gonpdimad (A" rwas cidtained. Praction
absorptioneter 15 (detection wavel ength: 210 an,i .
DasH#$ | #ga il ssWeleakerdro gIPuRn cHpmatQP ARt | bhilica
and_the solvent was evaporated to isolate 239.9 ny
(9eh o6 Pnbpanyfagidired byyKagto “iamifiy GR -2, Incle about
f éovvi nunber re assigned.to carho ns _ 20 J
t Rhb gt Pereiete Sy b Ao SRt SR b G e A o
PRGN 50 3 sl Y g
iy €2}, el TR A SRy g ehratnea.
i ’ ’ . y . ’ . 2 H . Ifﬁ é—J’I &?g
1° (g 4§9m1£%i'! {e18) 28:492 ddhcdipodha

(%—Flz%l )y, 3. 13—|,|n,6, tb
obtained from this reaction in total.

1.10 g (0.816 mmol) of Compound B was dissolved in
10 mL of methanol, and 309 mg (5.71 mmol) of sodium
methoxide was added under argon atmosphere, and was
stirred at room temperature for 2 hours. 9.0 g of AG™-
50W-X8 resin (trade name, manufactured by Nippon Bio-Rad
Laboratories, Inc.) was added and agitation was continued
for 30 minutes. The reaction mixture was filtered, the
solvent of the filtrate was evaporated and 551 mg of
residual substance was obtained. 15 mL of methanol and 5
mL of saturated sodium bicarbonate agueous solution were
added to the residual substance. 400 mg of palladium-
carbon (act.10%) was added, and the mixture was stirred
under hydrogen atmosphere, and subjected to catalytic
reduction for 2 hours. After the reaction ended, it was
filtered and the filtrate was evaporated. 5 mL of water

and 4.17 mL of 8 mol/L sodium hydroxide aqueous solution

were added to this residual substance and the mixture was
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3. 53 ORin. 6), 4. 66 (1H d, J=8. 2Hz, 1'), 3. 79
(1H, in, 2'), 3. 71(1H in, 3'), 3.51(111, in, 4'),
3.48(1H, in, 5'), 3.92(1H in. 6'), 3.81(1H 5 in, 61
2. 72 (dd, 3JH p=15. 1Hz, J=6. 9Hz, -COCH2CH) , 2. 39
(dd, 2JN_ ,=21. 1Hz, J= 6. -9b#, - CII}QC}+) , 3. 65
(2H. W 3. 62 (2H, s), 3. 39 (2H, s) , 3.62 (211 s) ,
3. 29 (2H, s), 3. 22 (2H, W 3. 08 (2H, m . 13Cnnr

(2PPMEa . DA} wESPheatlh t%oebié; 539765 (8)2068moPY of
(3), 78. 47(4),  7TI1.42 (5), 33°(6), 101. 28 0' ),

58nhP@r¢2s I)TPA Was Soided, )ancBQagJQﬂat(llbn was cihmtﬁﬁme&ﬁ for
(5 ), 60.77 (6' ), 176. 01 (t, 'J,-,=8. 6Hz), 33. 70,

380 @Bnftes 2JAftex] B3 loRd) tol ZBomsGembEZat88e, 1B4mol/L
12, 174. 66, 58. 65, 58. 73, 56. 00, 58. 10, 52. 35,
sgodbum Ispdrapi dgldauraus SOOMEA orDM®Rs addpd 43 adjust to
38. M5 (ESI-) : 1066. 1454 C29HA3N5SCR5P2Na5 requires
12869, 150D the vhxtuweg was r&tr(rrsad &mt&ﬂeﬁ aggfinyEpr] 30

The schene_ of synt heS|s of VII-1is shovvn bel ow:
SpARYY %cﬁ'm%g qyto s LEmPer a%usted
v%o p&z&aééd5c§§' tratedﬂ N%hlsm%on%% ate ZWQ&&%!was

separated and purified by recycling HPLC (column: Shodex
Asahipak GS 320-21G (trade name, manufactured by Showa
Denko K.K., 21.5 mm ID x 500 mm) and Shodex Asahipak GS
220-21G {(trade name, manufactured by Showa Denko K.K.,
21.5 mm ID % 500 mm) serially connected, mobile phase:
100 mmol/L sodium chloride aqueous solution, flow rate:
5.0 mL/min, detector: visible-ultraviolet absorptiometer
(detection wavelength: 210 nm)). Desalting was performed
on the separated solution, and the solvent was evaporated
to isolate 239.9 mg (0.257 mmol, yield: 31.5%) of
"Compound VI-2."

The following numbers were assigned to carbon atoms

in the analysis by 'H-nmr and *C-nmr of "Compound VI-2."
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15

7 vd-1 CWvH a3N,039P4 MM W.: 1736. 64 - CoHWN3066 Ma
W.: 163633 C, 8H, ON60, JP. overall Weld 3.1 % M W.:
1310.88 29. 7% vyield OMW. W.: 639.88 6
C...HVN303,.P. MIl. W.: 2134.97 16.6%vyield 9 MH
WBNS0O3 Mol . W 20311.8 .8:58 3.08 g (5.02 mml) of
chitotriitol trichloride was neasured in a 200 nmL
eggpl ant flask, 2.24 g (21.10 mml) 5 of sodium

L Wi o R ORGP L
e 3 BRI 3P, Sty o B BORRYR, VES SO (R o),
R m, o0 G0, ol T8 P SRR GRT A OB, TRIDTS Ty (R
Was Bt ry ed(1eng, 1445 3. 48 (1H w 59, 3. 92{(1H m 6), 3.81(IK
o 6, 2.72(dd, *Jg,=15. 1Hz, J=6.9Hz, -COCH,CH-), 2.39(dd %I,
»=21. 1z, I=6.9Hz, -COCH,CH-), 3.65(2H m, 3.62(2H s}, 3.39QH s,

3.62(2H, s}, 3.29CH s, 3.220H m, 3.08(2H m.
"*C-nmr (500MHz, D,0, TSP) :61.30(1), 53.67(2), 68.57(3), 78 47(4),

71.42(b), 62.33(6), 101.28(1" ), 56.00(2" ), 73.56(3° ), 69.98(4° },
75.86(5" ), 60.77(6" )}, 176.01(t, *J.,=8. 6Hz), 33.70, 36.78(t, *I.
»=155. 2Hz), 173.66, 177.86, 174,12, 174 66, 58. 85, 58.73, 56. 00,

58. 10, 52.35, 5L 51, SL 12

“P-nmr (500MHz, D,0) : 19.43, 19. 38.

MS (ESI-) : 1066. 1454 C,4H,N-0,P,Na; requires 1466. 1500 [ [M-Na;+Na] ~.

{3) Synthesis of VII-1

The scheme of synthesis of VII-1 is shown below:



m. (11.92 mmol ) of p-nethoxybenzal dehyde was added,
and the mxture was stirred for 24 hours. The sol vent
of the reaction mxture solution was evaporated, 43
nmL of 5 pyridine was added to _the residual substance,
and it was stirred in a watéP bath, and 11.3 M
(11.98 mmol ) of acetic anhydride was added, and it
was stirred for 17 hours. 21 nL of methanol was added
on an ice ggiixand agi tati onmwas continued forDJS

t ract eqgo

orga ¢

dri edwover anhydrous sedium sul fate, an .1’e sol vent
was eyperated. 20 nL of dinmethylfor I de was added
to the residue, and after the 15 residue VS cutgnoy,

di ssol ved, the solvent was evapor at ed_and™ t het Y8

resi dual subst, e _(about obt ai ne
of ethyl ‘ﬁff‘. @ Was add si dlual

25 nL o | /L hydroch i d was [added/
agita ; room t enpef and agi fati on
contin "for 1 hour. 20| The reaction liquid

washed with ethyl acetatg (25 niX4), a]lbasi 4
solution 415 =%, .5% sodi ums acél%%k@aqueous sobutldhﬂfgﬁa
+ 35 nL of saturated sodi um care@dhztlé aqueous 16.6% yield
sol ution) was added, and adjusted to pH 8 and
extracted (chl opeform 50 nix2). goQ ganlc | ayer 25

CpsHipsMNi02Ps CyoHpN;OnPy CoaHl13Ne0+6Py
7 8 9
- Mol. Wi 1756.64 = Mol Wt.: 1656.53 = Mol Wi.: 2031.86

oh
<§;2;“

Hi "COOH

} (J:}n:u
1o-,

oo
m o
Vi1 CagHpNO1cPy overall yield 3.1%

Mol. Wt.: i310.33

29.7% yield

3.08 g (5.02 mmol) of chitotriitol trichloride was
measured in a 200 mL eggplant flask, 2.24 g (21.10 mmol)
of sodium carbonate was added, and 50 mL of methanol and
36 mL of water were added and the mixture was stirred.

1.4 mL (6.09 mmol) of dibutyl dicarbonate was added, then,
after stirring for 14 hours the soclvent of the reaction

mixture solution was evaporated. 58 mL of methanol was



10

15

20

25

pal e yell ow crystal) of "Conpound 5." 5.62 g (9.45
mol ) of 3, 3- bis(di benzyl phosphoryl ) propanoic acid
and 853 ng (6.31 5 mmol) of HOBt-H20 were added to
3.09 g (3.14 mmol ) of "Conpound 5," and dissolved in
70 mL of di nmethyl formani der 31.65 nL (9.39 mmol) of
WECD was added in an ice bath wunder agitation, and
the resulting m xture was stirred for 17 hours. The

setaeat tOf thderdSatid 10k uHstaNR S Wad istirRs, and 1.45
evaporated and extracted (chloroform 150 nl/saturated

s (1 b T afslnatef gruetihxsddtizaddeli@ariuas watdad,1Gha
nmL + saturated sodi um chl ori de aqueous solution 20

MRS, metwratvwess ssodinmad flcor i2de haquesous Thel sbilgpnt00f the
M.), and the organic |ayer was dried over anhydrous 15
soeR ¢l o histttuzm dalvdise wast eyaPorddsst.atded mndf he

resi dual substance (about 7.4 g, pale yellow crystal)
vigr i dbre Wi added 1t itdiea v efiisiedn hﬁe'r@rsquj adked t ras
col utm _chromat ography (Silica gel (trade nane,

R R B Tendita con hmclfd‘-’zswogl’ of
o1

"ﬁé’éf’l OLETES 00, A e 5 i R 8,

ARt T s el by E“%%%Réogg%easﬁghﬁleﬂeg 05t Pagh e

F&? Lt OSn 4d® Soddhfida U 16 FelQ HinudQL Mirhe solvent

er the crude product of Fraction 2 to 3 was

S&P] €8é efb LSt 1h GRIMNTTY & HANRHRH ARl dviiddrzadis! M
(trade nane, manufactured by Kanto Chem cal Co.,

| &%t 3ad08a 0115 MeMansy eitdr FeRl/R/0e AR Wvakdd8/xb)

to elute high - 59
organic layer was dried over anhydrous sodium sulfate,
and the solvent was evaporated. 20 mL of
dimethylformamide was added to the residue, and after the
residue was dissolved, the solvent was evaporated and the
residual substance (about 7.2 g} was cobtained. 25 mlL of
ethyl acetate was added to the residual substance, 25 mL
0of 1 mol/L hydrochloric acid was added under agitation at
room temperature, and agitation was continued for 1 hour.
The reaction liquid was washed with ethyl acetate (25
mLx4), a basic aqueous solution (15 mL of 5% scdium
acetate agqueous solution + 35 mL of saturated sodium
carbonate agqueous solution) was added, and adjusted to pH
8 and extracted {chloroform 50 mLx2). The organic layer

was washed with 100 mL of saturated sodium bicarbonate,

dried over anhydrous sodium sulfate, and the solvent was
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polarity inmpurities by 1000 nL of nobile phase and
then the object fraction was el uted by

chl orof ornmf met hanol = 10/1, and 831 ng (pal e yell ow
crystal) of "Conpound 6" was obtained. In the
meantime, the crude product 8 5 Fractions 4 to 6 was
subj ected to columm chromatography (Silica gel N60
(trade nane, manufactured by Kanto Chem cal Co.,

| 8¢apordded, t£idBHa i Gelodt §f qhl anotmioll, mghikarp! 62. 7%,
=10/5/1) and 286 ng (pale ‘“yellow crystal) of

"SRT@Ooph v WBss tehtyaigre d com@pubh@ fsr.actions 11 to 13
(ca. 280 to 340 nL). 1.12 g (0.523 nmmol, yield:

16. 6%5 .@2 'gCdvpasnambl)wag sbsai ned from this
reaction in total. The foll ow ng nunbers were assi gned
tloi £ 6d Bwen it lpt sphe i paoglayeiis By idHamed 863 mg (6.31
"Conpound 6." 15 "Hnnmr (500vH z, CDC 1,, S ) : 4.42
(kb1 nof IHQBSH.M® WeridH added T Mm g 103,- 14 mmcd)), of
5,05 ORin,_3), 3.94 ORin, 4), 29 (1H,_in, 5), 49
('1@”%1“@05«] Bnd 214259'5@)"3‘34 1112(7ﬂ<“t§-d of] dllznetén&l Q})mamlde-
J=10Hz, 2- NAD

{19199 fmod); ofs WsgP R a]aﬁsajaései ang. 5°e 3 ths 3

Ilhlll_&%r )agltlakoltl_;ll.z%d'é',gl é’ﬁ rbes)(uati.n 5§11 re4 wafgfl( 1rred
" i 1 "

Ldp, 31, BT ngghpyBnc16e e achiplhitusd)

4%'311.1@1311 ’wa'r)s e%%pg%djcdad %ﬁ’eﬁ%ct@a (clﬁox@fc(ﬁrl" 15‘1)

3H, s, - S,

ﬁnL/%e)tura&:ed)?Bchlﬁn bh'dé(‘r)bonatb aQﬁiéc(u@iscﬂut‘EbrAQ)OG mL,
1. 977 (311, s, 6-Ac) , 1. 96 OR s, 3-Ac) ., 1. 95 (3H,

Sested 10C)mI, +l.saihiraddqd S,odi'unAG:)l’xLor]ideBh(cﬁH:mﬂa solution
3"-Ac) , 1. 41 (9H, s, -

20 mL*3, saturated sodium chloride agueous solution 100
mL), and the organic layer was dried over anhydrous
sodium sulfate and the solvent was evaporated and the
residual substance (about 7.4 g, pale yellow crystal) was
obtained. The residual substance was subjected to column
chromatography (Silica gel N60 {(trade name, manufactured
by Kanto Chemical Co., Inc.) 250 g, chloroform/methanol =
20/1), and the crude product (Fr 2-3; 1.30 (yellow oily
substance) and Pr 4-6; 842 mg (pale yellow crystal)) were
obtained from Fractions 2 to 3 (about 600 to 900 mL; 300
mL) and Fractions 4 to 6 (about 900 to 1200 mL; 300 mL).
After the crude product of Fractiocn 2 to 3 was subjected
to column chromatography (Silica gel N60 (trade name,

manufactured by Kanto Chemical Co., Inc.) 100 g,

hexane/ethyl acetate/methancl =12/8/1) to elute high
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c(cH 3), 2. 68-2. 89 ((2H, in, -COCH2CH) , 3.
28-3.46 (1H, in, -COCHzZCH) , 7. 24- 7. 32 (20H,
-CH2-Ar), 4. 92-5.05 (8H, -CHzZ Ar) 13C nnmr (500MHz,
CDC13, 6 ) : 63. 18, 49. 02, 69. 44, 74. 01, 69. 29,
62. 30, 99. 14, 54. 86, 72.58%2; 75. 95, 72. 80, 62.
10, 100. 95, 54. 86, 72. 25, 10 67. 89, 71. 79, 61.
51, 171. 31 (6'-Ac), 170. 90 (3"-Ac) , 170. 66
(Sor£Eity liftburi® i(ds A 1900°GL ofl MdAG lﬁ(‘se %‘rﬁpthen
169. 53 (6-Ac) , 169. 24 (4"- Ac) , 20. 3
(ek#) obidd: Hbactibn Gdas 23 utdd M%hl%dforhﬁ&netﬁfhnol -
31. 69 W 31.49 (m , 32. 08 (t, JcP 135Hz) , 31. 98
(19/Vchrid4Y) ng 13mls8Gellidm cFysitadhiZAf) "Cdhibund 6"
80-128.05 (-CH Ar) , 68. 05-68. 35 (-CH, Ar) 15 31P-nnr
(W09 NpRtaiandl3) In ehe Bfapdim@pptBezyruds. prodpdr 9g,
4Hz), 24. 15 (d, J,P 3Hz) , 24. 11 (d, J,P 4Hz) . 650
nﬁri‘%tgglﬁn‘ﬂol‘ao o wWehFIe - et dodi mpe ¢ hnerE)-ography
et hanol_in a 100 nL e gplant flask and 138 ng 20
(ggzblsl‘fﬁ'nﬂﬁ 1 3% %o‘cﬁ’iﬂﬁenéﬁ%@( ctyFed Madadyon

CABERRT e for ﬁo%ﬁf“re “"?%ffi\'efrhfgoeéxé"?;”s. "
(Léa %?%‘fojr% vvas a '}Jﬁg@go g %%%\Mﬂ er(p\/‘-fl/alse

ﬁé&eﬁo w & A1 atafon-de@ﬁm%'éﬂdc%m 'wr&lée%ﬂt% nka "By es.

e reaction liquid tered, the filtrate was
efraof Bdrefl 1andtPab NEa0f 28 ticdualo slyst anceawgs (0.523
obt ai ned. The residual substance - 61 was dissol ved
intndD, rgiedfd matdhag! o5 "domploutid s "hw@so &b tliined from
aci d- net hanol (rmanufactured by Tokyo Kasei Kogyo Co.,
Lthdi§ wessctaidoed,n amctadgi tati on at room tenperature

was carried out for 3 hours. The solvent of 5 the

react iTHe [EprddrHingsnuphpssavedeandsignedytof casbpguakons

in the analysis by H-nmr of "Compound 6."

'B-nor (500MHz, CDCI;, o) : 4.42(1H m 1), 3.92(1H m 1), 432(H,
m 2), 5.05(1H m 3), 3.94(IH m 4), 5.29(I1H m 5, 449(H dd
I=12, 2z, 6}, 4.12(1H dd, J=12, 6Hz, 6), 4.92(1H d, J=10Hz, 2-
N, 4. 81(1H br.d, H=THz, 17, 3.94(1H m 22, 5 09(1H t, J=10Hz,
), 3.63(H t I=10Hz, 49, 3.46(0H m 5), 4.31(H m 67,
4.25(1H, m 69, 453(1H d J=8Hz 17), 3.88(I1H m 27), 5. 16(IH,
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substance was obtained. 4.43 ML of water and 1.63 niL
of 8 nol/L sodi um hydr oxi de aqueous sol uti on were
added to this residual substance and the m xture was
stirred. It was heated to 80C, 1.11 g (3.11 nmol) of
anhydrous DTPA 10 was added, 88nd agitation was
continued for 30 mnutes. It was allowed to room
tenperature, and 8 nol/L of sodium hydroxi de aqueous

spl utd wasg,\ad justedytoqp nd r npd
abc hgi o a0 ATELE B oad 8 el 70Ty ot (8. dd
t ener at.ur g.»Aan f st 0y pH he r trien 4157- o
IFgﬁidﬂ&ﬁsgmgs%%gggﬁahﬁghﬁoygf%$%1Eo??é§§3éngngblLng‘ 2
ter catalyti nt ¢ of gP adisu b -
?ggf.f%ggﬁggs%édgégﬂ¥b ?Hgmggue%usﬁpﬁggé,:%ggggkeqﬂ 1=Ac)
rERRUIMIs Mt Uek R§TBRHr redeuner 1.msdsRaan 3-Ac), 1. 95 (3H,
at nosphere and subjected to catafytlc reduction for 3
hourE-Adk t er 82@H he, r adt) onl. Sidsl, o i 1At onlvlds9H, s, -
performed and the filtrate was condensed. This
coiftgnsed. 68w 89 (¥3H, 15 epClCHL M) arkl 2Pord. b &tH, by, -COCH,CH-),
rec cIing HPLC (col um: Shodex Asahi pak GS 320-21G

(TrZdael. 3320l nablytAid t ud S~y 08H8ha ClheAo K R, 21.5
I D 500 d Shod Asahi k GS 25 220-21G
T CronN:. e C et €5 1 Ehlia sodua I BT Foones 62. 30,

W S 0 SO SR 0 e85 1% 25
S8 88 TR b SELCEELA LROE) St BO BLHEL 70 o6 6-ae)
PP LPBs PR Lo TF g B0 'S REPR RS TN ofeo 244
(£)09 20738 ~V0ebsli-cRY, 7%55081," GUIBPUNYR. 23,  169. 44 ~ 169. 64,
3169, 31.49(m), 32.08(t, J,=135Hz), 31.98(t, Jp=134Hz), 135. 80~
136. 05 (-CH,-Ar), 127. 80~128. 05 (~CH,-Ar), 68. 05~68. 35 (~CH,-Ar)

"p-nmr (500MHz, CDCI,) : 24.54(d, J,=3Hz), 24.19(d, J,=4Hz), 24.151(d,
Ip=3Hz), 24.11(d, I,=4H2).

650 mg (3.28 mmol) of Compound & was dissolved in 20
mL of methanol in a 100 mL eggplant flask, and 138 mg
{2.65 mmol) of sodium methoxide was added under argon
atmosphere, and the mixture was stirred at room
temperature for 1 hour. 4.0 g of AG™-50W-X8 resin (trade
name, manufactured by Nippon Bio-Rad Laboratories, Inc.)
was added and 20 mL of water was added, and agitation was
continued for 15 minutes. The reaction liquid was
filtered, the filtrate was evaporated and 551 mg of

residual substance was obtained. The residual substance
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5 VII-1." The follow ng nunbers were assigned to
carbon atons in the analysis by 'Hnnr of "Conpound
Vil-1." 10 'Hnnr (500Hz, D20, TSP) : 3. 81 (1H, in,
1), 3. 68 (1H, in, 1), 4. 38 ORin, 2), 3.910L in,
3), 3.70(IH, in, 4), 3.88(1HLin, 5), 3.79(1H, in. 6),
3. 57 ORin, 6), 4. 64 (1H, d, J=8Hz, H 3. 82 (1H

in, 2") , 3. 76 (1Il, in, 3'), 3. 71(1H, in, 4"), 3.
Swad ldlissdivéd )in 30 W Bt metha®oll, 3 mi2oflHow n, 15
6'),4.69(1H, d, J=8Hz, 1"), 3.73(1H m 2"), 3.67(111,
i mydB3dhloRic 4ciditetrhan®l) , (nBnuEhctdreidn bys> " Toky® Kizei
(1H, in, 6"), 3. 75 (1H, in, 6"), 4. 00 (2H, s,
-RHOOCHE) -, 1364 75 W&H, added. NGHECARH)tatidn 62 (2em s, -

NCH2C(2H),389(4HS -NCH2CO2H x 2 , 3. 39 (2H,

| pempeyHDorR Ngs  caxrierB quiy o 3 hIQ@HECI—Q’RFl)? SO ve32 of

(2H in, - NCH2CH2N- 3. 56 (2H, m

2th<77r<faz¢$1<?rh 13-@(1342@% jevappraged pyd 4r$1 “&m#)esmual

500Hz, D20, TSP 1. _09_ 53, 38, @8,

%%Eanéﬂ “ﬁs )ioi B, ofgvapsr 9 Eg %3,’2’%78‘.L of

3 50 29 100, 95, 56.. 65,. 73. 91 - :

3 mdfyn Hpafh Bprangie gty Byubiop Ve Fpet o

6 :

%h Scedfudt piycail £% o pikodh 06 0ot

(5%8 Jhé’aé&? g.l( gg(élglléﬂﬁzsof?’lﬁh Erro;ls DTPA

OHz, DZO 1980%?)
Syaé hﬂm@d Ofand lagi thei it Rerde <o tiidie Fior Gfo Wimik dss.

shown below. 4 Cs7117/ N, Q28 Md. W.: 1250.21 74.5%
yielwhs allowed to room temperature, and 8 mol/L of sodium
hydroxide aqueous solution was added, adjusted to pH 9,
and warmed to 80°C again for 30 minutes. It was allowed
to room temperature and adjusted to pH 8. The reaction
liquid was washed with chloroform to remove insoluble
matters, and a catalytic amount of palladium-carbon
{act.10%) was added to the agueous phase, and the
resulting mixture was stirred under hydrogen atmosphere
and subjected to catalytic reduction for 3 hours. After
the reaction ended, filtration was performed and the
filtrate was condensed. This condensed liguid was
separated and purified by recycling HPLC (column: Shodex
Asahipak GS 320-21G (trade name, manufactured by Showa
Denko K.EK., 21.5 mm ID *x 500 mm) and Shodex Asahipak GS
220-21G (trade name, manufactured by Showa Denko K.K.,
21.5 mm ID x 500 mm) serially connected, mobile phase:

100 mmel/L sodium chloride aqueous solution, f£low rate:
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7 M482 M w *328 10 C2,H.,N3OMP2 Mot. W.: 71932 5
C,H,NO, Ml. W.: 871.88 S Ma 97N303 6.61 W: 14.6%
yield - N8,9 M!. W W 871.88 6 C%if I NJOL7 Ml .

W.: 771.76 9 CANN3029P2 Md. W.: 1097.85 VII 22 M

Wt 143770. 18 nveral | yiel d-262% 22.0%vyield - 64

10.0 g (16.3 mmol ) of chitotriitol trichloride salt

was neasured in a 300 nL eggplant flask, dissolved in
1600 ML/ Rin Vod&¥e WL St ils i1 d-QPraRTRAlE WPt iometer
carried out. 5 16.4 g (155 nmmol) of sodi um carbonate
Wade SIS PEGE 6fhvalshg 0. 1 0fad)Bt.hadeela MA© g d@ed pdribrmed
g (24.5 mml) of dibutyl dicarbonate was added, and

tbe thetsepar@ised sdouteicbratl amb mhiee modvainir evafsoreviporated
hours. 13.1 g (81.6 nmol) of Z-chloride was added,

abd iselat«tlr® nps(0LOSmmaled vhteldooA%-drijercft UTGpmpound
further for about 24.5 hours. After the solvent of
theIrkattion liquid was evaporated, the residua

substance was suspended in 100 nL of
The following numbers were assigned to carbon atoms

in the analysis by *H-nmr of "Compound VII-1."

'H-nmr (500Hz, D,0, TSP) : 3.81 (1L m 1), 3.68(1H, m 1), 438(H n
2, 3910 m 3, 3.70(4 n 4, 3880 m 5, 3.79(H m 6),
S.57T(H, m 6, 4.64(1H, d J=8Hz 19, 3.820H m 29, 3.76(18 n
3, L7100 m 4), 3.54(L m 5), 3.910H m 6), 3.72(1H m
6),4.69(16, d J=8Hz, 1. 3.73(iH m 27, 3.67T(H m 3,
S.4T(IH m 47), 35100 m 57, 3.92(1H m 67, 3.75(1H m 6,
40024 s, -NHCOCH,), 3.75(2H, s, -NCHCOH), 3.62(H s -
NCH,COD, 3.89(4H, s, -NCHCOH x 2), 3.39(H m -NCHCHN-,
3.23QH m -NCHCHN-, 3.32(2H m -NCHCHN-, 3.56(H m -
NCH,CH,N-), 2. 77 (2H m -COCHCH-), 2.57(IH, m —CHCHY.

C-nmr (500Hz, D,0, TSP) : 61.09, 53.38, 68.22, 78.82, 71.30, 62.29,
101.07, 56.04, 72.53, 78.33, 7466, 60.29, 100.95 56.65 73.91,



pyridine. 50 ng of 4-(N, N-di nethyl am no) pyri di ne which
is a catalytic anount and 40.0 g (392 mml) of acetic
15 anhydride were added to this in an ice bath, the
reaction liquid was allowed to roomtenperature, and
the mixture was stirred forf®1 hours. After 10 niL of
met hanol was added to the reaction solution in an ice
bath and agitated for 10 nore mnutes, the m xture was

BLAES P, ACHEOSTAE! PRI PEPS AOSIAHE, SRS o

Gahhor ghorm 20QTLugley ST 11e 1950AM | Iyessms 3313,

shéd w sat ufrat ed Sodi um chl briI de

?,.?L"%“Oﬂ]ér&ggs’m egﬁiqu’ janppus sodi um sul fate, it

i1t and the sdl vEnt™ 25 was evaporated. 23.4 g
Ofp-Ame(>0Al DSV :Crouge AYoZBICtgvES |$8g) ected to col um
chromat ography (Silica gel N6O (trade nane,
manuf actured by Kanto Chem cal Co., Inc.) 250 g, - 65
et hyl acet at,e/ hexane/ net hanol = 8/12/1 -3 8/12/2), and
1407 sy S380d VI @l d: 74.5% of "Conpound 4" was

roaout B Fg‘hé%ggaéﬁsﬁ%tﬁ%%%% 5t TPERE 8 el Betew
in 50 nL o __

thanol, 56.6 ng (1.05 nmmol) of di um
added j,on at ] EZ:,
as_carripdcQ w2 NOUN Sy (AFTE 0g

o AGTM 50W n (trade n : ctured
W.ppon Bi o-Rad L , Inc. )™ Was. added and
the ggsuiding m xture wassstisrred for 20°# nutes

succ"é"éd‘?"'ﬁ”g'jfm, filter filfration was carrizegHan

Mol Wi

4 CorlisN:On § CxHsNi0y CyyHygN;0y7
= Mol Wi 1250.21 = Mol Wt.: 371,88 < Mol. Wt.: 771,76
74.5% yield

77 Castinl:0uP, CagHypN:05P; g CoHaN:OxPy

]

= Mol Wt 134828 Mol. Wt: 1726.61 Mol, Wt.: 109785
14.6% yield
-OH
RN H
Hy

C. N:

10 e,
VII2 Sheilsts overall yield 2.4%

220% yield
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and the solvent of the filtrate was evaporated. 80 nL

of nmethanol was redi ssol ved under argon atnosphere,

and 20.0 nlL of 10% hydrochl oric aci d-net hanol

(manuf actured by 15 Tokyo Kasei Kogyo Co., Ltd.) was
added, and after agitation $hs carried out at room
tenperature for 1 hour, the solvent was evaporated

and 3.09 g of residual substance was obtained. 2.56 ¢
(4.31 mmol ) of 3, 3-

bi s(di benzyl oxyphosphoryl ) propanoi c acid was neasured

in 2018.00¢ niieegophmabt dfaskjtandiBtP grbéhibeidbosalt
resi dual substance dissolved in 30 nL of

draetigd fugredaiinda B9 mideadpilhatefdashd dhespilyedrén 160
was stirred. 0.75 nL (5.47 nmmol) of WBCD and 555

(i ¥ wagler endHERH @twEeem 468PeTratbrey wake carrigdnput .
tenperature, and agitation at 25 room tenperature was
Cfrd & GRS mmpde &fg&eddvAp SpRErEateoWago sSHEReEdednand

d, f I di dded
Zﬂ?ﬁdvnléi‘&#ﬁnse(%?% r:‘t% agiedct f c34p§%'t9%2 y%w'?‘%g ahd a
it ) 2O hce “anfiy PP
i o, R Blipae, VR titefer Sy i, PRKRLREL R, 0

AU S ot Q4 Mlr Y TRl YRS F%‘}d‘igéh%ﬁ@sﬁ f?'.%?‘;?éms

extraction was carried out after m nut es.

(i 197 BN IZC dIANRT AP 128 edY ChndNRHA! UK tBedl Wl
sul fate, the solvent was evaporated and the residual

st et akeow teradhti@s Fhirdheed forhabou@sizdual hours.
subst ance was subjected to col um chronmat ography (200

A flieroftHs lscdarege] 6@ hEt rede tiane 1 igmidl sasuesdpbyated,
fﬂg(;esidual substance was suspended in 100 mL of
pyridine. 50 mg of 4-(N,N-dimethylamino)pyridine which
is a catalytic amount and 40.0 g (392 mmol) of acetic
anhydride were added to this in an ice bath, the reaction
liquid was allowed to room temperature, and the mixture
was stirred for 21 hours. After 10 mL of methanol was
added to the reaction solution in an ice bath and
agitated for 10 more minutes, the mixture was poured into
300 mL of saturated sodium bicarbonate aqueous solution
by small portions, and extracted (chloroform 200 mLx3).
After the organic layer was washed with 50 mL of a
saturated sodium chloride solution and dried over
anhydrous sodium sulfate, it was filtered and the solvent
was evaporated. 23.4 g of the obtained crude product was

subjected to column chromatography (Silica gel N60 (trade

name, manufactured by Kanto Chemical Co., Inc.) 250 g,



10

15

20

25

Chem cal Co., Inc.), hexane/ethyl acetate/nethano
=12/8/1 -* 6/4/1 -i 5/5/1), and 859 ng (0.498 nmol,
yield: 14.6% of "Conpound 8" was obtai ned. 859 ny
(0.498 mmol) of Conpound 8 was dissolved in 15 20 nL
of nethanol, and 107 ng of - p&Pladi um carbon (act.10%
was added under argon atnosphere. It was stirred
under hydrogen at nosphere and subjected to catalytic

reauel | LU e AR & i atho 1ALt @l720h8 5e82ib PRy, ana
ended, the m xture was filtered and the sol vent 20 of

tie. did t {1t . wakleva[iena:ed4 . 590 of oCompdun® 4" was
carbonate was added to the residue, and 50 niL of water
vetst sidoetl t o di ssol ve the residue. This solution was
stirred at roomtenperature for 22.5 hours, and after
adj use@6t g [Bl-2lwinmpl) af| FomppungdéovaBoreesuced, in a
the 25 solvent was evaporated and the residua

st teln @gaplanty fil@sked and giisspd viege ine §i0gipgy ©f methanol,

substance, 5.66 m_ of 8 npl],/L sodium, hydroxi de and
B Y L Vi3 ST @ R Ul BRI HP8 . aiged. ana

SRS T SRS L T, 2 e
t.hd ] |
Aber 5 W I S Sqosc ks & (Bqs Marid

0 £ AR A WY S B iRIRAa $eHoH RN RX 48c.) was
solution was added to adjust to pH 9, and the m xture

Vs B IdTRT die Ra1303ig0 rdhldusld Wald sftarr3Q Forukes.

Then, the 10 reaction solution was allowed to room
treimpere Wunceddingly, filter filtration was carried out,
and the solvent of the filtrate was evaporated. 80 mL.of
methanol was redissolved under argon atmosphere, and 20.0
mL of 10% hydrochloric acid-methanol {(manufactured by
Tokyo Kasei Kogyo Co., Ltd.) was added, and after
agitation was carried out at room temperature for 1 hour,
the solvent was evaporated and 3.09 g of residual
substance was obtained. 2.56 g (4.31 mmol) of 3,3-
bis{dibenzyloxyphosphoryl)propanoic acid was measured in
a 100 mL eggplant flask, and 3.09 g of the above residual
substance dissolved in 30 mL of dimethylformamide was
added thereto and the mixture was stirred. 0.75 mL {5.47
mmol) of WSCD and 555 mg (4.10 mmol) of HOBt-H,O0 were
added one by one at room temperature, and agitation at
room temperature was carried out under argon atmosphere

for 69 hours. The solvent was evaporated, 30 mL of

pyridine was added and 8.0 mL (84.8 mmol) of acetic
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concentrated hydrochloric acid was dropped to adj ust
pH to 1.8, and the m xture was allowed to stand still
over ni ght. The deposited substances were renoved by
filtration, sodium hydroxi de was added to the obtai ned
15 filtrate, to adjust to pH®8.2, and separation and
purification by HPLC was perforned on the foll ow ng
condi tions. Col umm: PORCS 50HQ (product nane,
et dEL A ethdya Rfa tdiivaliec hiehegy ofedi-qal, nsyst ens, 30
mmiD X 240 nm; 20 Flowrate: 70 nL/m n; Detection:
vd Emdot Iey 1A e pohreitd iades overtel @idgied in( almsdickabasch 2Ahder
run) ; Elution condition: 150 -i 250 mmol /L Nad /60
maltdtgienli ent el ution); 25 Desalination operation was
performed on the separated |iquid, the solvent was
evapordited, 1ér9thBISng190m!e10ﬁmﬁ3?tha§1pél waspaddegl, oand
"Corrpound VIl1-2" was isolated. - 68 'Hnnr (500NHz,
oxafmrm BZ‘tr@Et(lﬁI} Wasg, cagmied )°ut atter (?I—Imltﬂutes

SPRE e oo 52 Yl o3 Wl svrontinds @fgsc@e.um
5% %%5 29 Wrﬁen%éwas %@a%ra%fdogéx%’ 5 16 ’al 5
S sy B oo B =i Bt
7§ub@|§anc7@ wa']sG,su_&%ecﬁ:%d % Bumk0@hr¥mha tobi: (200 g
171. 06, 171. 32, 171. 48, 174. 78, 174. 9 7 9,
106.silbica Igdl NBd &EEﬂHTTnaﬁrﬁQOMdhufm).lredl%y k%nt:b9-
%éhemical Co., Inc.), hexane/ethyl acetate/methanol
=12/8/1 —- 6/4/1 — 5/5/1), and 859 mg (0.498 mmol,
yield: 14.6%) of "Compound 8" was obtained.

859 mg (0.498 mmol) of Compound 8 was dissolved in
20 mL of methanol, and 107 mg of palladium-carbon
{(act.10%) was added under argon atmosphere. It was
stirred under hydrogen atmosphere and subjected to
catalytic reduction for about 4 hours. After the
reaction ended, the mixture was filtered and the solvent
of the filtrate was evaporated. 790 mg of sodium
carbonate was added to the residue, and 50 mL of water
was added to dissolve the residue. This solution was
stirred at room temperature for 22.5 hours, and after
adjusted to pH 7 with 1 mol/L of hydrochloric acid, the

solvent was evaporated and the residual substance was

obtained.
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to M5 (ESI-) : 1467. 4328 C49H33N9038P2 requires 1467.
4314. Exanple 2 (Labeling of VI-1) (1) 111-1Indium

| abeling A kit was prepared by adjusting the

synt hesi zed 15 conpound VI-1 to 1.5 pnol /0.5 niL by
addi ng thereto sodium acetattd buffer solution (pH
4.4), and 0.5 nL of indium chloride (111Ind 3) was
added, and the mixture was allowed to stand at room

t enperp Uk ge t e PRIOr Bl drake! iNG6 MG @ -mol® sodium
m xture was anal yzed by silica gel TLC 20 using 10%

anyapbitiraacahat 8/ oethenet wotér deyed opddgd SHnd etlie mixture

Consequently, 1111 nCl3 was not observed and it was

ceaki sfedrelatin¥er Inhetdodernatmndoebrére) t Andlbhbmed2ko 80°C.

99m Techneti um | abel i ng The synt hesi zed- conpound VI -1
was 7hi ged1 §hmmol P 5o §t amimpdrows | RF PAlevag uedded to this,
sol ution. A physiological saline containi ng )
peRdethAehixbuse 1Fs tdLDoved toaBeaetctor t 3 t’hbnu‘:es-

m xture, and the m xture was allowed to_stand -

sTheR. oth Posﬁﬁséhﬁ%rﬁ?w*ﬁl% ‘ﬁ%?f%ﬂﬁ‘t’ﬁ% F%bE‘P?‘Hg
REhb AT Racknt F LY Laruiun Relfoft S LRtbhER was
" g4angl téngaghgy Bl D IAE (GERLFrnlo gad YeBKea to

fasting.

aégo n@éjm aor aﬁ ororr%q ?ﬁ%o%gv@%nng_]lésect g«ﬂeggaghtgget he

| e88cefiohl 888t ibhewRE IRNBoWEd Etd SPb&h Clemperature, and
radi oactivity was counted and

concentrated hydrochloric acid was dropped to adjust pH
to 1.8, and the mixture was allowed to stand still
overnight. The deposited substances were removed by
filtration, sodium hydroxide was added to the obtained
filtrate, to adjust to pH 8.2, and separation and
purification by HPLC was performed on the following
conditions.

Column: POROS S50HQ (product name, manufactured by PE
biotechnology medical systems, 30 mmID x 240 mm);

Flow rate: 70 mL/min;

Detection: visible-ultraviolet absorptiometer
(absorbance: 210 nm);

Elution condition: 150 - 250 mmol/L NaCl/60 min

(gradient elution);

Desalination operation was performed on the separated

liguid, the solvent was evaporated, and 161 mg (0.11 mmol,

vield: 22.0%) of "Compound VII-2" was isolated.
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10 organ wei ghts were neasured, and the distribution
was conputed. The neasurenent results are shown as
WD g for organ and as %D for urine. Table 1: in
vivo distribution of 99 nmlC-| abel ed VI-1 Organsl-hour
poi nt 2- hour poi nt Bl 0od0. 038680690. 0140. 002 Lower |inb
bone2. 8260. 1672. 9560. 114 Li ver 0. 0240. 0050. 0180. 005

Ki dneyl. 2810. 9970. 9920. 797 Ui ne

R e N
P R B P 0% 0

SONBRITE: 3 B TR T .
chemace e olor 0, 8 6o o WORIAN 55,05 56 66

agidiTyl oy a7 cymggdengtygon gaf 38 heghapt tgragot hg2xy 68 58,
conposition of the present invention in the above-

nMentisongd 3xamyl 84, warl. 3ot pora% | @, npr  PRtsHM Zediny 100. 90,
any neans in renmarkable contrast to the comercially
170.90, 171.06, 171.32, 171.48 174.78, 174.95 175.09, 175. 15,
175. 22.

*'P-nmr (500MHz, D,0) : 19. 13, 19.2L

MS (ESI-) : 1467. 4328 C,Ml,N0.P, requires 1467, 4314.

Example 2 (Labeling of VI-1)

(1) 111-Indium labeling

A kit was prepared by adjusting the synthesized-
compound VI-1 to 1.5 umol/0.5 mL by adding thereto sodium
acetate buffer solution (pH 4.4), and 0.5 mL of indium

{(1*'1nC1,) was added, and the mixture was allowed

chloride
to stand at room temperature to perform the labeling
reaction. The mixture was analyzed by silica gel TLC
using 10% ammonium acetate/methanol as a developing

1111nCl, was not observed and it

solvent. Conseguently,
was confirmed that VI-1 had been labeled with '**In.
(2) 99m-Technetium labeling

The synthesized-compound VI-1 was mixed with a
stannous chloride agueous solution. A physiological

saline containing pertechnetate of 17 to 20 mCi was added

to the mixture, and the mixture was allowed to stand
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15

avai | abl e conmposition MDP for injection shown above as

a control, it wll be apparent that the optim zed 10
conposition of the present invention wll exhibit
still nore dramatic superlorlty Exanpl e 4 (Sel ective

Boc- substitution reaction iré9chitotriitol) Selective
Soc-substitution reaction in chitotriitol 15 was
carried and derived as shown in the follow ng schene.
i1t rdd troni ldeipedaitdee( 2006 et fobmOChENMEbedang

di ssolved in 20 nL of nmethanol and 40 nL of water, and
Zeirtgid2l. 1 mmol ) of sodi um carbonate and 1.31 g
(6.00 20 nmol) of dibutyl dicarbonate were added. This
rBxaminlon 3 niStudye ofagnsviivpediatribomibadper at ure for
22 hours, and the solvent was condensed under reduced
presshe sapple was afrinheteredivial thebtaidhceeipsunder
di ssolved in 50 nL of nethanol, 1.63 g (12.0 mmol) of
paansdl papRfdhesde 4QdéQ, ra&ﬁd(Fﬁ@aﬁﬁxt§r§°wﬁsw§?FrP6G
at roon1tenperature for 24 hours. Subsequent| t he
et uBsey @mnd tagsinge onten®d &t bR dRP 1R o iE é@r

BB, Pl vl SRS AR, B
"% & 2P Prle® 'Zgﬁg%&“ ft§ d?.\ée Ei'll' SJI t&@ ios%s ‘}“ $ooq,
subst ance Was suspen 0 pyrl

Ithe3 dkdakdd WO )i 2 sl i-aaams@@l@@ 0 wi3s c%awas ada
in an ice bath. The reaction [iquid was | owed

A Y HtisliRreaiidadiuired, 14na Reer dlaatctlﬁht@em 3:9.3
nL of nethanol was added and agitation was

computed. The measurement results are shown as %ID/Q’ for

organ and as %ID for urine.

Table 1: In vivo distribution of 99 mTc-labeled VI-1

Organs 1-hour point 2-hour point
Blood 0.038%0.009 0.014+0.002
Lower limb bone |2,826+0.167 2.95610.114
Liver 0.02410.005 0.018+0.005
Kidney 1.281+0.997 0.992+0.797
Urine (%ID) 57.59817.869 62.899+2.590

Table 2: In vivo distribution of 99 mTc-MDP injection

(comparative and referential example)

Organs 1-hour point
Blood 0.06810.012
Lower limb bone [2_g49+1.835
Liver 1.389%0.296
Kidney 2.649%1.835
Urine (%ID) 44.67412 .565
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performed for 40 nore mnutes in an ice bath, and then
it was poured into an iced water (about 800 nlL) under
15 agitation. The deposited precipitate was filtered,
dried wunder reduced pressure at roomtenperature
overnight, and 5.34 g (yield® 87.7% white powder) of
the target conpound was obtained. 'Hnnmr (270MHz,
CDC13, S ) : 1.40 (s, 9H , 1. 85 (s, 3H) , 1. 91 (s,
20 3Has sho¥h @5OV%H)exc%e%@oﬁsmnéﬂ)urlﬁeoﬁaﬁsraéﬂh and
2.03 (s, 3H , 2. 05 (s, 3H , 2. 10 (s, 3H
(Blodd) clesdralfcd Gvas) T sdbHapidH) As 305151&1!3111:3']!"')111:11
3.84 (s, 3H , 3.85 (s, 3H , 3.88-3.78 (m 1H) , 4.
1Qch951édn t¥dfues 4.16@% M a2cumml adlon whsB2bketedn In
3H , 4. 98 (d, J=9. 2Hz, 1H) , 5. 06 (t, J=9. 6Hz,
22fjditEon 20ig qonsh:@raeﬁpn 2§ HHe fagt Bma(t tthe)=9.
6Hz, 1H) , 6. 91 (d, J=8. 6Hz, 2H) , 6. 93 (d, J=8.
mmpmtlow 0%4'11(55 PWH%HFVWOH in ghe @bogaeg

}_12 (s, 8.09 (s, 1H - 72
I‘H%I‘El'é’t of %ﬂﬂ‘ﬁjceaﬁ'farsi t%P%&’dfrlcﬁ%?Q‘ R t?é’%“@s?@rﬂ by any

e Lfﬁmw&% .w&orat“"éétﬁeat b e g 1
E%%ﬁ J@J(%i\r%(r)b&ln hovv;o mﬁ%é:ﬁ:l eq’%t e‘o'%?)fl hict %ov 5 a

[ t s to
Z%%ﬁénﬁgt%nﬁ e cal cif éﬁ% tlssues exhliﬁ %d

EXSihed 20t 1dil Yot NcHE it sdrl iR i%n a:ﬂlllg%ﬁdulﬂltc%ﬂ:lll
be bonded to the nother nucleus MC, so 10 that the

frued | drandt i @balpeidpnigonpl ex formation or the 1ike
is assigned to the ligand LI, the group AC having
Example 4 (Selective Boc-substitution reaction in

chitotriitel)

Selective Boc-substitution reaction in chitotriitol

was carried and derived as shown in the following scheme.
QAc
H Ae
HBos
—
é“‘a

Chitotriitol trichloride (3.06 g, 5.00 mmol) was

dissolved in 20 mL of methanol and 40 mL of water, and
2.23 g (21.1 mmol) of sodium carbonate and 1.31 g (6.00
mmol) of dibutyl dicarbonate were added. This reaction
mixture was stirred at room temperature for 22 hours, and

the solvent was condensed under reduced pressure. The



10

15

20

25

affinity with calcified a tissue is prevented from
formng a conplex, and thereby cl earance from bl ood
and/ or soft tissues and excretion into urine are
further 15 pronoted. - 73 CLAIMS 1. A conpound
having affinity with a calcifted tissue represented
by the formula: (AQ.-MC(LI)y wherein MCis a nother
nucl eus and represents a residue 5 of a conpound

hetyt aiDn&d Pt el Bdid Y sifbduditdd W dle@dlved GGl fgm
t he group consisting of an am no group, an am de
gnethanel hydréxyd qraoup,mlhicd patisalddhyideetwiey added,
group, a sulfonyl group, a phosphonyl group, an
anfthshie migrtours was artiondd grtoupoma templeoadurmg digr, 23
hal ogen, and 10 a cyano group; AC is a group having
HNIYTE ¢ y Sbseanepslyi f the repastéon Lighidawapgand for
binding to a_ netal atom and a is an integer of 1 or

MfRCeiiptrd ansiey radvqpde paiessure] agd piter they
tgg cO und h vin%ﬂgffinity wth a calcified tissue .
ARGHRTH 18 @ ImSEPshancs yash ¥ashede v il herenge it

id f | ected f th
d SRE gl SRR Selatd 9Bt fhan
ool ghtcchastden gubiEhRIELL iRdeRena in 30

atif 198 tpyMidihed GRIEisfd ad glt i(&%wg maf3§0ld R et L£lainPal-ide

or 2, wherein the ACis sélecte
was dropwised in an ice bath. The reaction liquid was

allowed to room temperature, and after 17.5 hour
agitation, 10 mL of methanol was added and agitation was
performed for 40 more minutes in an ice bath, and then it
was poured into an iced water (about 800 mL) under
agitation. The deposited precipitate was filtered, dried
under reduced pressure at room temperature overnight, and
5.34 g (yield: 87.7%, white powder) of the target

compound was obtained.

'H-nmr (270MHz, CDCl, &) :1.40 (s, 9H) , 1.85 (s, 3 . 191 (s
3H)Y . 192 (s, 3H) , 1.99 (s, 3) , 2.01 (s, 3H) , 2.03 (s, 30 ,
206 (s, 30) , 210 (s, 3H) , 2.11 (s, 3H) , 3.28 (q J=8. 6Hz,
), 3.51 (brd, 1H), 3.84 (s, 3, 3.85 (s, 3) , 3.88—3.78 (m
1D, 4.12—3.96 (m 40 , 4.60—4.21 (m, 6H) , 4.82—4.71 (m 3N ,
4.98 (d J=9.2H4, 1H) , 506 (t, J=9.6Hz, 2H) .5 20 (t, J=9.6Hz,
M) . 5.30 (t, J=0.6Hz, 1H) , 6.91 (d, J=8.6Hz, 2H) ., 6.93 (d,
I=8.6Hz, 2H) , 7.64 (d J=8.6Hz, 2H) , 7.67 (d, J=8 6Hz, 2Z2H) , B.07
(s, 1), 8.09 (s, 10 .
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fromthe group consisting of polyaspartic acid,

pol ygl utam c acid and organi ¢ phosphonic acid. 25 4.
The conpound having affinity with a calcified tissue
according to claim1l1, wherein the nother nucleus MCis
a residue of a compound sel éted fromthe group
consisting - 74 of an oligosaccharide, an am no

ol i gosaccharide, a cyclodextrin and a sacchari de
dendghis feTal apbieargirauly AC having affinity with a
calcified tissue is bonded to a constituent
nonosacaimiditey ab the perkbbentntiakensibh, andompbhed in
ligand LI for binding to a netal atomis bonded to a
coinbth t alegmoum oS dechiarg & fdihidyy thidih ehecalcified tissue
above-nentioned constituent nonosaccharide. 5. The
cherperritedaid iy rethen (oerh ME havdng 4 apntnadjed
according to claim4, wherein a plurality of the
Jrotpculan szeads myotided t y Thifhcameariaf SBEYEi ssue

or a plurality. of the lLigands LI _for hinding to, a
e SeTiont st ikt th & (R SR ThARuSS N e

Th d having affinjty with a.calcified ti

SCEHRG 1oy ke g dosepiliehe) 5 e ic s

| 5 :

EeT R SRRt Mk BNV Mkl 7 2P disrpore.
L4 1 £9MAINE Sl bsdil Ho dhd MIIRE Hud Al MEN so

atom~ carbon, oxygen, nitrogen, sulfur or phosphorus.
7ehd b eck® Mpanie dia\d A Afd1 itld YoyViddinpA hd| o rnieion or the

tissue 20 according to any one of clains 1 to 6,

whiké forassignebngd ehenNltifemdrdailgl tateomroup AC having
affinity with calcified a tissue is prevented from
forming a complex, and thereby clearance from blcod

and/or soft tissues and excretion into urine are further

promoted.
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8. The conpound having affinity with a calcified

tissue according to any one of clains 1 to 7, wherein
the mother nucleus MCis a residue of a linear or
branched 25 ol i gosaccharide of 2 to 20 sacchari de

units which conprises a cond®ifuent nonosaccharide

sel ected fromthe group consisting of glucose,

mannose and gal actose. - 75 9. The conpound havi ng
affinity with a calcified tuagMge according to any one
of claims 1 to 7, wherein the nother nucleus MCis a
rési due admppourndidaviog afdiaiey siitho a dalgifdedharniistae
of 2 to 20 saccharide units which 5 conprises a
coepréserhed now otk chamule s el At M-ridd)bhe  group
consi sting of glucosam ne, mannosam ne and )
g‘&hﬁé@b%a"%ﬁi nkS agnothRr dHpRIR] aRS/ i TRPEFFIHI R 2 e hi due
calcified tissue according to claim9, wherein a part

oPft RecompPend crV i AR Y R TRt ITHPs

t [ d d. 11. Th d havi
CPEPRFESL LR ohe S S SRR o Al (P TR an
9 ' ' [, | de, t.hat
nLRE 68, PR i B o pERSEERRCR | Hflopener
1grodpe £O8pPESS, DAy afd ';ﬁl&ébl’(ﬂﬁﬁ a%f&lﬁ,' f4:£th1dehyde
tTssue according to any one of clains 8 to 11,

VGE68H N 4 NEari9bi e SHEARY | £ o HY N bl oSR A4 &le, and

conprises constituent nonosaccharides that are a- or

pal tpkes. gedud 3. The conpound having affinity with a
calcified tissue

AC is a group having affinity with a calcified tissue;

LTI is a ligand for binding to a metal atom; and

a is an integer of 1 or more, and b is 0 or an integer of
1 or more.

2. The compound having affinity with a calcified tissue
according to claim 1, wherein the mother nucleus MC is a
residue of a compound selected from the group comnsisting
of a menosaccharide, an oligosaccharide, an amino
oligosaccharide, a cyclodextrin and a saccharide
dendrimer.

3. The compound having affinity with a calcified tissue
according to claim 1 or 2, wherein the AC is selected
from the group consisting of polyaspartic acid,
polyglutamic acid and organic phosphonic acid.

4. The compound having affinity with a calcified tissue

according to claim 1, wherein the mother nucleus MC is a

residue of a compound selected from the group consisting
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according to any one of clainms 8 to 11, wherein the

ol i gosacchari de or am no oligosacchari de conpri ses
constituent nonosaccharides that are 1-3, 1-4 or 1-6-
linked. 25 14. The conpound having affinity with a
calcified tissue according 78 any one of claims 1 to

7, wherein the nother - 76 nucleus MC conprises a
residue of a cyclodextrin selected fromthe group

copsast bDfgOdadchaf Bde ANdh Yakittd asledddddschadbde The
conmpound having affinity with a calcified tissue
acgolddegttbn cdad na ldgcoffeeripien ddrslrcimdodextid | the Syrodp AC
di al dehyde sacchari de whi ch conprises a constituent
nbavingchffinkty heith sa reallecifieal tpossue ois Pomded Xo a

16. The conmpound having affinity with a calcified

t FeBgbituerbrepresacchanidmobithe aohear tmgleyhde mnd
t he npt her . nucleus MC conprises a residue of a
shbenhhisaRd dehdfPFepinding R| 3 He bk AT des RIRATHeRC 2
conprises a linear or branched saccharide bqonded to a
COPRSESFReRY BiFara S L oS St Tt dibay Ryfentionea
pg%ﬁg@g gxgkic aCiﬁEcﬁZﬁi ge conmpound having affinity

W ac

arer fred sy ccording to any one of
cktai t (oY) ' cl AV e .
c%hpm%es %nﬁ’gsu%erﬁagrgq?acckgﬁ&dgagehnnér ic%g%l%aer?d tissue

L B8cSRELAG L& Ec LTI d BN &Y | $651 Wrd 1 {¥8RT0 P the groups
branched sacchari de bonded to a core conprising a

PRt YREV DRy O4 £ B n P K VWDt Y g4 1 flifed Thits S0ameing plurality
having affinity with a calcified tissue 20 according

t of atilye ohgaxids | BI nBod Bindihg Whereinetdle grenpare bonded
to the mother nucleus MC.

6. The compound having affinity with a calcified tissue
according to any one of claims 1 to 5, wherein at least
one of the mother nucleus MC, the group AC having
affinity with a calcified tissue and the ligand LI
contains a metal atom or an isotope of a halogen atom,
carbon, oxygen, nitrogen, sulfur or phosphorus.

7. The compound having affinity with a calcified tissue
according to any one of claims 1 to 6, which forms a
complex with a metal atom.

8. The compound having affinity with a calcified tissue
according to any one of claims 1 to 7, wherein the mother
nucleus MC is a residue of a linear or branched
oligosaccharide of 2 to 20 saccharide units which

comprises a constituent monosaccharide selected from the

group consisting of glucose, mannose and galactose.
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AC having affinity with a calcified tissue conprises
an organi ¢ phosphonic acid, and the organic
phosphonic acid is a residue of a di phosphonic acid
represented by the following formula I, derivatives
thereof or salts 25 thereof:75 77 Rl R3 H2QBP-C-(Q))
R2 R4 (wherein, PO3H2 m Rl and R3, which are the sane
or different, each represents a formula - (CR5R6)
k9R71TH@C%%R%bﬁhH haviGBlAREZhi By SwiRtA3aPcat ERF14dRtissue
is) QR16 (wherein Rs R6 RB R9 R11, R 12, R 14R 15
adcle dHdi i er AP SRAJE idlddpenderbl ¥, Sehetiedd ftheMmother
the group consisting of H, -OH -000H, -C(NH2)=NH,
-GN 1e 8O3 iR kEsizhe afhal ddeeaat om bRenched amino
i ndependently H or (CH2)rCH3 respectively, R7, R10
i cglegidrims @adle 210 sacgdpaidenting tseMadiodd
fromthe group consisting of sulfur, oxygen, am de,
|¢ﬁwlﬁﬁﬁjlﬂlé%ﬁtmtomoéac@é'ﬁ§ll§ﬁ ﬁ@l@f‘:t?q &rem the
atons and a cyclic hydrocar bon F‘@E&S Br-Rls)s). Rl is
-EESHR Congi ting (e FENFSTA gr oup
consi sting of H -OH, C@\l 15 C(NH2) =NH, -CN,
%%S'fﬂ—ﬁ’to U€NHNe, -NMe2 and a hal ogen atom k, 1,

n, P! h d y_ 0 . @k .
:%# ﬁie %o%%%u ESV?%% a%SQEEEQ’Sg&#saoc?%cig?egnalssue

eger nor e,
according to claim 9, wherein a part of the amino

oligosaccharide that constitutes the mother nucleus MC is
reduced.

11. The compound having affinity with a calcified tissue
according to claim 9, wherein a part of the amino
oligosaccharide that constitutes the mother nucleus MC is
N-acetylated.

12. The compound having affinity with a calcified tissue
according to any one of claims 8 to 11, wherein the
oligosaccharide or amino oligosaccharide comprises
constituent monosaccharides that are o- or P-linked.

13. The compound having affinity with a calcified tissue
according to any one of claims 8 to 11, wherein the
oligosaccharide or amino oligosaccharide comprises
constituent monosaccharides that are 1-3, 1-4 or 1-6-
linked.

14. The compound having affinity with a calcified tissue

according to any one of claims 1 to 7, wherein the mother
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the sumtotal of k, 1, m n, o, p and qis 0 to 12);
R2 is a group selected fromH, -0OH -NH2, -NHW,
-NMe2, - 20 CN, and a | ower al kyl group (which may be
substituted wth one or a plurality of polar groups);
R4 is a group selected fronf®,--0OH, -NH2, - NHWe,
-NMve2, - CN, -SG3H, a hal ogen and a | ower al kyl group
(which may - 78 be substituted with one or a

M Bddd WMOfcddlself QURRLduaNEE] al & 1eae;:t(c|a&10\éled@@ted
that, when j is O, RL is not H and enj is 1, both

(ﬁr&ﬂ-ﬁﬂéjd%bdﬁﬂﬂaﬂ%lg%lﬂg-05 &, Eheaﬁ@”?oéﬁglaé¥kﬂﬁlns

affinity wth calcified tissue according to any one

af5 ¢l ahes cobmpouhd, hakéngi af fbei gy ompth AL davchfied tissue

affinity wwth a calcified tissue conprises an organic

Froyptibifie teeiddaiand 4herhergani thpheyphodextadind isi @

an organic an1nophosphon|c aci d derivative having an
%ﬁéJ sasFhrddemwihd chhiceRraigesup cepsedsnead by

t he fornula Il is bonded, or an ester or a salt

tWRﬂQﬁﬁccﬂﬂMﬁﬁ%ﬂq?%tl¥§ éﬁdPﬁPQgéF Bpsitigng; 2xagfq 3y

?Faﬁe 083%“9%%aégﬂiﬁeﬂsﬁ%'aiv?gﬁﬁéﬁ"gi%é’.i%ﬂ%ﬁ SyFoeg. tissue
égbcar rou%_da h%&ph% &oaglqoggoua qn the mother

on gro Favion car boén

Vi‘ﬁﬁﬂéué Md Q{ s gé%n Lre%‘iﬁngxlpfan Eé R r@ﬁet e nd Ther,

or dlfferent I's selecte rom rogen, a
Hdd/lery %clﬁﬁ:nﬁek VendirQwRr @och®Riklesd EO B nea$Odum
and potassium. 20. The conpound having affinity with
oraldidd ethddhaside bonded to a core comprising a

polycarboxylic acid or an alkyl polycarboxylic acid.

17. The compound having affinity with a calcified tissue
according to any one of claims 1 to 7, wherein the mother
nucleus MC comprises a residue of a saccharide dendrimer,
and the saccharide dendrimer comprises a linear or
branched saccharide bonded to a core comprising a
polyamine or an alkylpolvamine.

18. The compound having affinity with a calcified tissue
according to any one of claims 1 to 17, wherein the group
AC having affinity with a calcified tissue comprises an
organic phosphonic acid, and the organic phosphonic acid
is a residue of a diphosphonic acid represented by the
following formula I, derivatives thereof or salts

thereof:
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according to any one of clainms 1 to 17, wherein the
group AC having affinity with a calcified tissue
conprises an - 79 organi ¢c phosphonic acid, and the
organi ¢ phosphonic acid is a phosphonic acid
derivative represented by th&? fornula IIl, an ester
or a salt thereof. AC N---- JR21I-N-N\  u B (
Its-NB,UE D | uF 5 (wherein each u and u' is

i ndependently an inteper of O to 5, preferably 0, 1,
or 2; R22, R22 and 3 BPe each i ndependently - (CH2) -
(v=1to5); A B ¢ D} E, and F are each

i ndependent | om- oup congisting 10 of
S i (e i

hydr ogen, a gro ¢J an et group, i sopr opyl
group, a pival oyl gg@yp a4a benzyl group, an acetyl
group, a trifluoroatetW group, and groups of the
following formulae IV-1to 3, and one of AL B, C, D
E and Fis the group of followng formula I'V-1. x C
(bdpepeinn-1] IX 151 t it (whereint, X and Y are

the same,as in the above- )
R" and R°, which are the same or different, each

represents a formula - (CR°R®)«-R’;- (CR®?R%).-R'%,- (CRMR?),-
R13p' (CR14R15)QR16 (wherein RS' Rs, RB' RS' Rll, R12' R14' R15
and R'® are groups each independently selected from the
group consisting of H, -0OH, -COOH, -C{NH,)=NH, -CN, -S0:H,
-NR'’; and a halogen atom, R is independently H or -

7

(CH,;) ,CH; respectively, R’, R

and R are groups each
independently selected from the group consisting of
sulfur, oxygen, amide, imide, a divalent heterocycle
consisting of 3 to 12 atoms and a cyclic hydrocarbon

(Ar (R*®,-R'%),). R'® is -CR®RY’, R'? is independently
selected from the group consisting of H, -OH, -COOH, -
C(NH;) =NH, -CN, -S0;H, -NH;, -NHMe, -NMe; and a halogen
atom; k, 1, m, n, o, p and q are each independently 0 or
an integer of 1 or more, r is 0 to 3, s is 0 to 12, and
the sum total of k, 1, m, n, o, p and q is 0 to 12);

R’ is a group selected from H, -OH, -NH,, -NHMe, -NMe,, -
CN, and a lower alkyl group (which may be substituted
with one or a plurality of polar groups);

4

R® is a group selected from H, -0H, -NH;, -NHMe, -NMe,, -

CN, -S0,H, a halogen and a lower alkyl group (which may
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mentioned formula Il; t' is 2 or 3; X and Y are each

i ndependently sel ected from hydrogen, a nethyl group

and 20 an ethyl group, and each X and Y' may be the

same or different)) - 80 21. The compound havi ng
affinity with a calcified ti%8ue according to any one

of clains 1 to 20, wherein the ligand (LI) for

binding to a netal atomhas a coordinating atom

seé eslesh { £k @xy e ord!lddila g1 uRRaAsH rdts,pdilatrr @&%ps),
and carbon. 22. The conpound having affinity wth
cahdified tissue according to any one of clainms 1 to

20, wherein the ligand (LI) for binding to a neta

aj ob® i & el ectmcbyided ttHae ,gndiem Goris $t,i ®) d8 not H and
et hyl enedi am netetraacetic acid 10 (EDTA),

dvkemyi ety dmtiepghtRiassdi 8 acarehtéDTtFE\)H)

triethyl enetetraam nehexaacetic acid (TTHA), cyclam

113, 8, COmPLRRLC Paveng: piddpaky- vigl SalEaiéﬁﬁaﬁéeﬁﬂésue
acid (TETA), 1,4,7,10- tetraazacyclododecane 1,4,7,
{3EFeELNG ctadw (%r/% Nedms 3. §oo|idy Wrﬁrl&p)ﬂ*ﬁe ﬁmlp

M Barid e %rm%l LA AHERY SRR SRS o 2
ém(.me%:%SI ) ]{}_ZI rl:%{ C%Enkﬂ%l)he( Wa?)lc phosphonic acid

cys el fe

C¥§t£ﬂrﬁi ﬂ%ﬂrgh é?ﬁﬂéﬁhd&?@?fcﬂ& NMerivative hav1%ﬂ)an

bls(nercaptoacetan1 e) et'hyl enedi am ne (DADS), N, N

b {8 A PGt A B Do hdcH ANgIduY RPIAserd@d by the
(CO2DADS), N, N -bi s(2-nercaptoethyl)ethyl enedi am ne

(B 1a t1I OSe IBaaIdiRZ GNe amPleddre i amgadaxiviereof:

(PnAO),
|
‘{T}PO(ORZ%
Y/t [I1]

(wherein t is an integer of 1 to 8; X and ¥ are each
independently selected from hydrogen, a halogen group, a
hydroxyl group, a carboxyl group, a carbonyl group, a
phosphonic acid group, and a hydrocarbon group having 1
to 8 carbon atoms, and when t is larger than 1, each X
and Y may be the same or different; R?*® is selected from
hydrogen, a silyl group, an alkyl group, a benzyl group,
sodium and potassium).

20. The compound having affinity with a calcified tissue
according toc any one of claims 1 to 17, wherein the group

AC having affinity with a calcified tissue comprises an



and ot her am neoxi nme |igands and derivatives thereof.
23. The conpound having affinity with a calcified
tissue 25 according to any one of clains 1 to 21,
wherein the AC or LI has a linker L through which the
AC or LI is coupled with thé?ndbther nucleus MC. - 81
24. The conpound having affinity with a calcified
tissue according to claim?22, wherein the linker L is

setgai bel pHosphdries HOld) CaEItid @3 gainikephiodghoalikylacid
and al kyl ether, alkylam de, al kylam ne and

al kya apledsphoreipr eseind etbIS vay ifver meparesefn@dd) by, tR24-
(CH2)a- (wherein wis each independently O to 5, and
Roadrmsl®d) I, NHC@stdt ar a @HCHthez®ofThe conpound
having affinity wath a calcified tissue gaccording to

claiml1, which is h@presented by the 10 Aol | ow ng
formula V-1 or V-2: ﬁ&iM)LJ_R ly HOH/ % |/
RRR OH[V-1] // | u

B (H23_T)_u_,_.E D
F [111]

(wherein each u and u' is independently an integer of 0
to 5, preferably 0, 1, or 2; R*', R?*? and R?}® are each
independently - (CHz}v- {(v= 1 to S5); A, B, C, D, E, and F
are each independently selected from the group consisting
of hydrogen, a methyl group, an ethyl group, an isopropyl
group, a pivaloyl group, a benzyl group, an acetyl group,
a trifluorocacetyl group, and groups of the following
formulae IV-1 to 3, and one of A, B, C, D, E and F is the

group of following formula IV-1.

X
COOH [IV-2] t:: OH [IV33]
Y'

t t t'

T T
T POsH, [IV-1] T
Y Y
{wherein t, X and Y are the same as in the above-
mentioned formula II; t' is 2 or 3; X' and Y' are each
independently selected from hydrogen, a methyl group and
an ethyl group, and each X' and ¥' may be the same or

different)).
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[V-2] (wherein R and R are each independently a group
AC 15 having affinity with a calcified tissue or a
ligand LI for binding to a netal atom and at | east
one of themis the group AC having affinity with a
calcified tissue; x and y-aP® each independently 0 to
19; and x+y is 1 to 19). - 82 26. The conpound havi ng
affinity with a calcified tissue, represented by the

f21| owHy) doxipBiind Waving afi®in@cOuPt® HOHOOC: Co@Ntissue
HOOC~ 27. The conpound having affinity with a

catcofdim ttssarey orbe reprasanised iy t2lte whidr@dinnaghe
formula VI-2: OH OH [VI-2] 28. The conpound havi ng
alfgamd y (Ml X hfor Caimdifnedd issmetal rmaomedest @ by the
following formula VI1-1: OH [VII-1] - 83 29. The
coPPodira ting e faelagtad thrap cxvdem .edulifdgue,

represented by the followng fornula VII-2:
phosphorus, anitrogen and carbon.

22. The compound having affinity with a calcified tissue
according to any one of claims 1 to 20, wherein the
ligand (LI) for binding to a metal atom is selected from
the group consisting of ethylenediaminetetraacetic acid
{EDTA), diethylenetriaminepentaacetic acid (DTPA),
triethylenetetraaminehexaacetic acid (TTHA), cyclam,
1,4,8,11-tetraazacyclotetradecane-1,4,8,1l1-tetraacetic
acid (TETA), 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid (DOTA), N{1l-2,3-diolevloxy}propyli-
N,N,N-triethylammonium (DOTMA),
mercaptoacetylglycylglycine (MAG3), ethylene cysteine
dimer (ECD), hydrazinonicotinyl (HYNIC), lysine-tyrosine-
cysteine (KYC), cysteine-glycine-cysteine (C¥YC), N,.N'-
bis{mercaptoacetamide)ethylenediamine (DADS), N,N'-
bis{mercaptoacetamide)-2,3-diamine propanoic acid
(CO2DADS), N,N'-bis(2-mercaptoethyl)ethylenediamine
(BATs), thiosemicarbazone, propylene amineoxime (PnaAO),
and other amineoxime ligands and derivatives thereof.

23. The compound having affinity with a calcified tissue
according to any one of claims 1 tec 21, wherein the AC or
LI has a linker L through which the AC or LI is coupled

with the mother nucleus MC.
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OH HOOC [VII-2] 30. The compound having affinity with
a calcified tissue 5 according to any one of clains
25 to 29, which fornms a conplex with a netal atom
31. The conpound having affinity with a calcified
ti ssue according to any ondbf clains 1 to 30,
wherein the netal atomwhich forns a conplex or a
netal atom or isotope 10 el enment contained in the
g .herhauebRpsubE, hahengr aEPi Mty havt s addidi £ yedd thssue
a calcified tissue or the ligand LI is an el enent
salaatddohof tomctlaémge@ypwheneiat thg binkerenehssselected
atom ¢ nunber 6-9, 15-17, 21-29, 31, 35, 37- 44, 49,
Joorb3heb@rpop FRneistdng 68 mrAdt88e. 181R21, TArd alkyl
conpound having affinity with a calcified tissue
&G #d kvd agiidem sikvipriepnapfeakbyirlafdm rspresented
radi oactive, paramagpetic or X-ray inperneable, 33.

a

e To5Mdand (el i af $8)wy WWRRTE1BaFCEF| 88CRi ssue

di ng t f clakims 1 to 30, wherejin th
AR =nIg 0o Sor 88 Bl e §-a Pt o9&

?E#%gﬂqe selected - 84 fromthe group consisting of
-C, '15-0, 18-F, 32-P, 59- Fe, 67-Cu, 67-Ga, 81-Rb,

8% S 910 Ymp 99 Thav ddd- 4 P 1 n 4233 1l 24- ild
137-1, 11$nr+"%n‘,9m}5§?“§m ;%ggh%%g’gs‘%{tt&é ézao]i'g%’,‘é‘?l cissue
2kkoMaingl2oBic138e 213wBhichSid4repbeseRbRAURY BRYI NY
affinity with a calcified tissue according to any one

Foldloadiiiy Eormul@, vwhebei w-ghe net al

OH OH OH
0 la] 0
HO 0 0 OH [v-1]
/yu x HO /pH ¥ HO /yH
A A R
OH H

oH [v-2]

HO NH

(wherein R and R' are each independently a group AC
having affinity with a calcified tissue or a ligand LI
for binding to a metal atom, and at least one of them is
the group AC having affinity with a calcified tissue; x

and y are each independently 0 to 19; and x+y is 1 to 19).



atom or isotope elenent is an elenent selected from
the group consisting of chromum (111), nmanganese
(r1), iron (Il), iron (111), praseodymum (111),
neodym um (111)110 samarium (111), ytterbium (I11),
gadolinium (111), terbiumd183,- dysprosium (111),

hol mum (111), and erbium (Il11). 35. The conpound
having affinity with a calcified tissue according to
@Y. o Wonploainds hhviag3afriAeeyl Witheanmehakiflsdatelsue,
or isotope elenent is an elenent selected fromthe
greminEsEmtRids bynghef fbilaswihg fopgataenyItant al um

haf nium | ant hanum | ant hani de, barium nol ybdenum

ni obi um  zirconium and [sP¥gnti um 36. The conpound
having affinity with caIC|?|ed tissue 20 according
to any one of cJ & chisina formof a
salt, a hydra an_aggregate, an aqueous
solution or fict. 37. The conpound
havi ng af fi nPy a cal ci fl %6$sue according to

any one of claims 36, whefei he 25 particle
size is 1 rimtio-r0 pm 38. A cgnposition for
produci ng a codﬁ?e onmpound |ng afflnlty with a
calcified tlssueHo’ ch co ri sesg a conpound

having affinity Mﬁth a U@mt ed tlssue according to
any one of clains 1 to 6,g8d-B to 29, a peroxggq_iqp
of a transition netal, and a reduci ng agent. A

iver epeutbhipegrat n¥bi G SOPFPALE@SwatRoAPeHNdibibaviigsue,
affinity wwth a calcified tissue according to any one
ofeprlesient e by Bhe following formula VI-2:

OH
OH

OH OH OH

OH Ho\ﬁ
0?, H HO™
HooGc ™ Ho ] O

ry OH
Hmm\/ul\
/\

COOH Vi—2]
28, The compound having affinity with a calcified tissue,

represented by the following formula VII-1:

OH
OH
OH oH
ﬁ j HNWiO
P
ﬂ é* j N"COOH
OH HO— L}

HO/ HO/P_O J/ IOOH

HoOG™ ™
Ho-P—0
Ho

”°°° [VII—1]
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40. A pharnmaceutical conposition which conprises a
conpound having affinity with a calcified tissue
according to any one of clainms 1 to 37 or a salt

t hereof 10 and at |east one gharnacologically
acceptable carrier. 41. A k¥¥ for preparing a

radi oactive | abel ed conpound, which conprises a
conmpound having affinity with a calcified tissue
azomntiengompoany hasial affimitly with/a chdcikied tissue,
di agnostic agent, imagi ng agent or therapeutic 15
arparnesagtiesh hooivel fod lawdogp derdulay iviig -2f:f i nity with
a calcified tissue according to any one of clainms 1
to 37. 43. A radioactive | abeledi conpound di agnostic
agent, imaging agent or ther tc agent, which
conprises a conpound h Mith a calcified
tissue 20 accordlqg t . @.salt or an
aggregate theredf " 4 A el ear grieg ¢ resonance

i magi ng agent j,.ch ONPrynS a co o4l havi ng
affinity withod ified tfissue ageqpding to claim
34, a salt or an agyregate t ?ﬁx&ﬁ 025 45. An X-ray

i magi ng agent which d%nprlses conmpound havi ng

affinity with a cal ¢ified tls ccordlng to claim
35, a salt or an ag réﬁ%t - 86 46. A nethod
of selectlwehy\ y|n nlno group at a termna
end, which 8oy se provxﬁlng an am no

ollgosaccharlde KX ng 2 to 50 saccharide unitdYhhidd
consi sts of one or nore nonosacchari des sel ected from
t3fe 5Theogpmponsdshavignofaffiocbtrnvith annabsifiied thdsue

according to any one of claims 25 to 29, which forms a
complex with a metal atom.

31. The compound having affinity with a calcified tissue
according to any one of claims 1 to 30, wherein the metal
atom which forms a complex or a metal atom or isotope
element contained in the mother nucleus MC, the group AC
having affinity with a calcified tissue or the ligand LI
is an element selected from the group consisting of
elements of atomic number 6-9, 15-17, 21-29, 31, 35, 37-
44, 49, 50, 53, 56-70, 72-75, 81, 831 and 85.

32. The compound having affinity with a calcified tissue
according to claim 31, wherein the metal atom is
radioactive, paramagnetic or X-ray impermeable.

33. The compound having affinity with a calcified tissue
according to any one of claims 1 to 30, wherein the metal

atom or isotope element is a radicactive nuclide selected
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N m—

gal actosam ne and is reduced at a term nal end
thereof, and subjecting the am no oligosaccharide to
a reaction for generating a carbamate conpound. 47. A
nmet hod of selectively nodifying an ami no group at 10
a ternminal end with a butoxy8rbonyl (Boc) group,
whi ch conprises reacting, dibutyl dicarbonate, an
am nosaccharide of 2 to 13 saccharide units which
chirsh sttise afroe ceiniRtd ngoRAES AACyr ilde® , salset,ed 2A-Fgms9 -
the group consisting of glucosam ne, mannosamn ne and

1Be g ‘Bolws &l 162 ,afd -ReduESd Sat, & 0t-&1, m99ad-Tend 111 -1In,
t her eof .

123-1, 124-1, 125-I, 131-I, 117m-Sn, 153-Sm, 186-Re, 188-
Re, 201-T1, 211-At, 212-Bi and 213-Bi.

34. The compound having affinity with a calcified tissue
according to any one of claims 1 to 30, wherein the metal
atom or isotope element is an element selected from the
group consisting of chromium (III), manganese (II), iron
{(II), iron (III), praseodymium {III), neodymium {(III},
samarium (III), ytterbium (III), gadolinium (III),
terbium(III), dysprosium (IXIXI), holmium (III), and erbium
{(rrIz).

35. The compound having affinity with a calcified tissue
according to any one of claims 1 to 30, wherein the metal
atom or isotope element is an element selected from the
group consisting of bismuth, tungsten, tantalum, hafnium,
lanthanum, lanthanide, barium, molybdenum, niocbium,
zirconium and strontium.

36. The compound having affinity with a calcified tissue
according to any one of claims 1 to 35, which is in a
form of a salt, a hydrate, a solvate, an aggregate, an
agqueous solution or a lyophilized product.

37. The compound having affinity with a calcified tissue
according to any one of claims 1 to 36, wherein the
particle size is 1 nm to 50 pm.

38. A composition for producing a complex compound

having affinity with a calcified tissue, which comprises
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a compound having affinity with a calcified tissue
according to any one of claims 1 to 6 and 8 to 29, a
peroxide ion of a transition metal, and a reducing agent.
39. A therapeutic agent which comprises a compound
having affinity with a calcified tissue according to any
one of claims 1 to 37.

40. A pharmaceutical composition which comprises a
compound having affinity with a calcified tissue
according to any one of claims 1 to 37 or a salt thereof
and at least one pharmacologically acceptable carrier.
41. A kit for preparing a radiocactive labeled compound,
which comprises a compound having affinity with a
calcified tissue according to any one of claims 1 to 37.
42. A diagnostic agent, imaging agent or therapeutic
agent, which comprises a compound having affinity with a
calcified tissue according to any one of claims 1 to 37.
43. A radioactive labeled compound diagnostic agent,
imaging agent or therapeutic agent, which comprises a
compound having affinity with a calcified tissue
according to claim 33, a salt or an aggregate thereof.
44. A nuclear magnetic resonance imaging agent which
comprises a compound having affinity with a calcified
tissue according to claim 34, a salt or an aggregate
thereof.

45. An X-ray imaging agent which comprises a compound
having affinity with a calcified tissue according to

claim 35, a salt or an aggregate thereof.
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46. A method of selectively modifying an amino group at
a terminal end, which comprises providing an amino
oligosaccharide having 2 to 50 saccharide units which
consists of one or more monosaccharides selected from the
group consisting of glucosamine, mannosamine and
galactosamine and is reduced at a terminal end thereof,
and subjecting the amino oligosaccharide to a reaction
for generating a carbamate compound.

47. A method of selectively modifying an amino group at
a terminal end with a butoxycarbonyl (Boc) group, which
comprises reacting, dibutyl dicarbonate, an
aminosaccharide of 2 to 13 saccharide units which
consists of one or more monosaccharides selected from the
group consisting of glucosamine, mannosamine and

galactosamine and reduced at a terminal end thereof.



