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Cyclic Tri NPIBR ati ng Agents The present invention relates to novel

gyclic triam ne conpounds useful as chelating agents for magnetic resonance
i magi ng and in other diagnostic and therapeutic applications. Magnetic
resonance (MR) is wdely used for obtaining spatial inmages of human

subj ects for clinical diagnosis. A review of this technology and clinical
applications is provided by D.P. Swanson et al., in Pharnaceuticals in

Medi cal 1 nmaging, 1990, Macm || an Publishing Conpany, pages 645-681. M

| mages are a conposite of the effects of a nunber of paraneters which are
anal yzed and conbi ned by conputer. Choice of the appropriate instrunment
paranmeters, . such as radio frequency (Rf), pulsing and timng can be
utilized to enhance or attenuate the signals of any of the inmage-producing

par amet er s -t her eby inprovingii gﬁ. ual it nE Ersviaing better anatom cal
and functional information. 33 L Chd ! Shas proven to be a
val uabl e di agnostic tool, as nornmal and di seased 'tissue, by virtue of their
possessing di fferent paraneter values, can be differentiated in the imge.
In MRimaging, the in vivo i mage of an organ or tissue is obtained by

pl acing the body of aThemspseatinyentignselatenig nexelsyelia riragnraompopnds usefubas si ng
Wi th radi 0 dheREHERESAI IR nthneti FesonRiR i fiflg bAPInUih@ diagRbstichifd BitrfRE4ON t he
magneti c pro%ﬁrtjes of the protons contained in and surroundi ng the organ
or tissue. 3RPHEAHPES- of paraneters can be neasured. The proton rel axation

" times, T[err] and T[err], are of primary inportance. T[err], also called
the spin- lattice or longitudinal relaxation time, and T2, also called the
spin-spin or ‘transverse rel axation tine, dePend on the chem cal and

physi cal envi r onMegactigiresonance (Yl ivwidelygisedfongbainiegspatialdmagessaf humagsi ng Rf
pul si ng t ecduBjedis¥dr cliidaPdiaPAdRisTH FeVitw oF tliS &!c}iﬂﬁé%ﬁ&n@clfnw%ﬁﬂpﬁﬁaﬁnﬁ@ ati al

| ocation by co Eeba%h uses .the_informtion to 9§ erate 189% | % e,.,Oten
the i nage  [REUGEGY DEAwazsor ¢f:4l; i Piagnarenticals inMedical macing, 1940,

di seased t i PublishingcChinpang, pigeg 645-68L. ef f ecti veness. To overcone this

dr awback, contra n e i qg@g} nces
whi ch exert an eﬁke%%?gg&n% E%X%RQQ%'L £t %‘gg? %h% . %CMWE{&%

PCT/ GB95/ 00B®@lyzed and combined by computer. Choice of the appropriate instrument parameters,

: such as radio frequency (Rf), pulsing and timing can be utilized to enhance or attenuate the
signals of any of the image-producing parameters thereby improving image quality and
providing better anatomical and functional information. In many cases, MR imaging has
proven to be a valuable diagnostic tool, as normal and diseased tissue, by virtue of their
possessing different parameter values, can be differentiated in the image. |

' In MR imaging, the in vivo image of an organ or tissue is obtained by placing the
body of a subject in a strong external magnetic field, pulsing with radio frequency energy,
and observing the effect of the pulses on the magnetic propetties of the protons contained in
and surrounding the organ or tissue. A number of parameters can be measured. The
proton relaxation times, T1 and T?2, are of primary importance. T}, also called the spin-
lattice or longitudinal relaxation time, and T?, also called the spin-spin or transverse
relaxation time, depend on the chemical and physical environment of the organ or tissue
water and are measured using Rf pulsing techniques. This information is analyzed as a
function of spatial location by computer which uses the information to generate an image.

Often the image produced lacks appropriate contrast, e.g., between normal and
diseased tissue, reducing diagnostic effectiveness. To overcome this drawback, contrast
agents have been used. Contrast agents are substances which exert an effect-on the MR
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paranmeters of various chem cal species around them Theoretically, a
contrast wgestssse f taken up preferentially by a certain p®CEIGRS/0#832n or gan
or a certain type of tissue, e.g., diseased tissue, can provi de contrast ¢
enhancenment in the resultant inmages. Inasnuch as MR i mages are strongly

af f ect edpyYm¥atd &{Jaﬂgﬁs éh@aﬁ.&?ﬁ;&? blouRd'@edl FhEdreh ll?n?&?i{t%st { § desirable N

to have a, contra gent ects el'ther or ar ane Resear ch
has focu%ﬁ" pp & ?fF‘H%‘ﬂ’IW afisrpifiporfopf @ ogman ﬁﬁ@ﬁ‘é‘?qlﬁwﬂey’faéﬂcvegnat erials,
I . e., padiacasegddisue, canipedvidsd contadiicalienderhend i maiéshuaximnﬁﬁr ease T[err], and

Superparamagn ﬂakﬁu&%ﬁﬁhqkfag% &pﬁfﬁg afR-H \rLﬁ’a&oﬂs G e eagfﬁ%ﬁ rrl.

Par anagneti sm occurs I n con n unpaire
Par amagnParpmeiers, iiis desirable to bavgraxonast ageot wblcacme!ﬂngnebotb pmml bility

(1 8SpONSRededrchas FRlus&fp rwaﬂﬁha. drl @o@assé?%?mgaa iif a cgm& geone
weaklyrranetlcmthe ; eof magne el dan ylo§e such
acti vi ty ﬂ'ﬁ‘é{) 'FR‘(‘:‘"’Fﬁ% %&F‘é‘ﬁfa 1, APGFYP B¢ enoved. It

has | ongniateaalsrwhwgmctzmﬂnarﬂmoddcmammzt i on of par amagnetic solutes to water

xamp e, _gadol FATRRTY Mﬁ%ﬁe oA R vt GORNES bty Baraznsin

cont rastmagmlsgrmhm bb%a'ademtnenhmscep@bﬂlex(rexmnﬂé[tem]appm has the
| ar gest fy cﬁeid)umah{agdc&lrﬁ&&imrﬁs%m idghds? ift the gmek and
exhibits t @f%g@t I 'tud reIaX|V|t any el eénent najor
concern WREPEUCHE ’BP‘ achiyityy ie. #Waquﬁm ghe;external ficldbas

par anmagnbésnaenpved. i Iahss longbéentrecognized thaheadanidn dﬂp@.&hﬁ%hztﬁ’ﬁﬂtﬁaﬁonﬁki ng
them i nagpLf pgﬁdsgggﬁég%ﬁé@ut#)fglp eFor exarrpl e, the free formof &l is

quite toxic in vivo use, researchers have chel ate
it with diét h?mmgmusnmm:atfmmpb, aadcdﬁntﬂ@@) oomainmgmhmnalsnhm: this

mat eri al bédnalsed 3SMREHHERNS eﬁ%‘?ﬁﬂiﬁt&%@duk@bﬁﬁ&r &{fé& bmr C Phastifie E}En% - DTPA

neutralized w t h two equival en N- e F’%P ucam e (megl um
agent haBuBkenPf unpaieedoicarons (sayemd indits A thﬁém ibitsthe greatest lopgitusinal
Despi t e telaxicifyf ofdingelemient.r el axi vi ty and safety, this fornulation has

several disad t W ol ecul,ar .wei ght
Gd- DTPA di mgﬁﬂ%&ﬁg@f@%@f @g%gée&yoogg%t%fnk h‘ EPFE%&% and
ti ssue | PAfR@AgnEtc mpAKLia)s exertitoxic mmmcqugysngmmaunwmmmpmw of

o0y AR Pl RO SR NG, opal SR 1
bi odi st rP GP%W&SB\%&%%%MMEWFW Wﬁwﬁgm BTPA).aAd

i nf ect i ofervmilatioh @f tismarFial thathas Gndefgone exensiveaitinioal sty censibgof Gave been
taken | DA RR Rt \(he{wc Oﬁnvaﬂ%fq‘s of W mgtﬂvlaﬂtg?&%ﬁﬁnc (meglumme) This agent
has been successful in cenhancing human brain and renal tumors.

_ Despite its satisfactory relaxivity and safety, this formulation has several
disadvantages. For example, due to its low molecular weight, Gd-DTPA dimeglumine is
cleared very rapidly from the blood stream and tissue l'esions(ti:mors). This limits the
imaging window, the number of optimal images that can be taken after each injection, and
increases the agents required dose and relative toxicity. In addition, the biodistribution of

Gd-DTPA is suboptimal for imaging body tumors and infections due to its small molecular
size. | . _ o -
Several approaches have been taken in attempts to overcome these disadvantages.
For example, Gd and Gd-chelates have been chemically conjugated to macromolecular
proteins such as albumin, polylysines and immunoglobulins. Drawbacks of conjugating
'DTPA to protein carriers for use in MR image enhancement include inappropriate
biodistribution and toxicity. In addition, proteins provide a defined platfonn not subject to
'wide synthetic variation. Moreover, thermal sterilization of protéin conjugates tends to be
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‘For exanplg d Gd-chel ates have been chenically conj ugRATéGBISHO832
macr onol ecu?ar proteins sugh:as al bumn, polylysitnes and i munogl obulins.
Drawbacks of conjugating DTPA to protein carriers for use in MR | mage
enhancenent Iude i n apr. ir n_and .t oxi.cit :
addi tion, rgg é‘c'perB?ffﬁé’ Emcfaédg Gaqgll'"%" Jm& )8 s’é'c'f)]hgg‘fgq '6"' & ?fgcg%ﬁ hetic
vari ation. mmgn dendmpsm‘pteyt@Mqanﬁagm%thgpompgﬂt@q. n conjugates tends to

Al bum 1 coniiant o oA 2B EA ORI TR ’?818%"2‘?"“*‘5‘%%*2 e res.

u Si il]zati ures

protein andtﬁgﬂ\ @éﬁl“é’&‘e‘aﬁf@ cea.ﬁ?cﬁgagggandgsgmqg B 257 Ség%ne

4, 1991 to Whitheasbe lihked witlsan amibedy yud dichmﬁlwx&[ﬂ'ﬁdlometal tofomxan

(et hyl enedlmpﬁéﬁ% %etIC acid) and its nonoanhydri de, useful as a

chel ati ng agen can be |inked wi.th an antibody and chelated with a
radi onetal to fofmyigw of thadrawbagks ghether ¢ontestmedis, itiseeadilyappartnt that newher
contrast rreshcﬂor Be'&tci' MK Eottal @it are fBddeli) The pRYM IleRion R dirkEed/ B ﬁwu ast
nmedi a are neeﬂ resent invention is directed to this, as well

ot her, inpoff ﬁfogﬁﬁé UsPSent invention provides conpounds of the
forrrula [err] wherein Z[err] and Z[err] each represent the atons necessary
to conpl ete a nonocyclic or polycyclic carbocyclic or heterocyclic ring
system said Zerr] and Zerr] independently optionally substituted with
Rlerr] and R[errIfhcpeoggeamveagovymetcgqunmpﬂndsp thefpronld and R[err] are

I ndependent |y carboxyal kyl ((err]-Czer] ),
-(CHerr])[err]-4=0-N+-Rerr], orf-(CH\erg]
i s carboxyal kyl (Cerr] C[err])R

hydrogen, benzyl, or benzyl oxy, sai )
substituted with.one, two or three su stltuents
consi sting of am no, | socyanat o

—O) OR[err] R err]
#’e i ndependent | y

yl oxy optionally

el ected fromthe group

VAVEEWA

Formula I

wherein * _ :

Z! and Z2 each represent the atoms necessary to complete a monocyclic or

polycyclic carbocyclic or heterocyclic ring system, said Z1 and 72
independently optionally substituted with RS and R7, respectively;

R!, R2,R3 and R# are independently carboxyalkyl (C1-C2), |
-(CH2)p-C(=0)-NH-R8, or
«(CH2)n-C(=0)-O-R8.

R is carboxyalkyl (C}-C2);

RS and R7 are independenty hydrogen, benzyl, or benzyloxy, said benzyl or
" benzyloxy optionally subsmuted with one, two or three substituents
selected from the group consisting of amino, isocyanato
(-N=C=0), xsothxocyanato (-N=C=S), -NH-C(—O)-X or

- -NH-C(=S)-X;
R3 is alkyl (C1- C20) , -(CHz)m-Ar. or polyhydroxyaikyl (C1-C20);
nis lor2;
" misltols;

X is a targeting moiety; and

Aris phcnyl optionally substituted with one, two or three substituents selected
from the group consisting of amino, acylamino, hydroxy, alkyl (C1-C5)
and halogen. 5 '
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(-N=C=0), isothiocyanato (-N=C=S), -NH-C(=0-X or -NHC(= Si ;}Lﬂsrr] S
al kyl (Cwo9y283® err]) , -(CH err])[err]-Ar, or pol yhydroXR

(derr]-derr]); nis-1or 2, ms 1to 15 X is a targeting noiety; and Ar °
i s phenyl optionally substituted with one, two or three substituents

sel ected fr omTHeeogipours@d iriistdntign odn !x:rdmlmcdauyrlmnabzpnlaydum/as al kyl

I(Dg[T;a %]QS%E@L%%%dfgg%ag%gg rcso?ancg ?@‘\éﬁdﬁgﬁﬁgg hca"r?nf apédprcsetnn a net al
i on and UBY¥Atgy %@thvgﬁ phasereanticy),compesiiens compasing A campavngl ofghaind f or

ot her apphventibh itFa- pmammgtacd:egwemmh ot diluept. %edﬁﬁenﬁbﬂﬂifﬁﬁ?m i cal .
conposi tions,co a ound.of t vent i and a armaceutically
accept ab|P§°‘83$$rffq€'-f'°%r°?§m"J§ﬂ§ m PSS E%ﬁ%ﬂ%ﬂ%m&’ﬁ'\ﬁ S8 hods of
pr ovi di ngdeninistering:tocr pasientiarcogipouid ofcabe mmersion ang seanging thopatientusing

adm ni st%é drid Rséhanad inf g{ g‘%ﬁﬂﬁﬁﬂﬂﬂﬁe%a .ng \;@%5 on -and- scanni ng t he |

patient using nagnetic r nance 1 mgin Vi si bl e i mages of the :
regi on. The priSdResentigvsRtion i m@tmul P?lwflawy thorppeadedsiaims andiis
appended desaibea initsiprefende embbditnisin theFolpvihg deseeip@sodi ment s in the |
~follow ng description. The present invention provi des novel conpounds of
Formula | as defined herein useful as contrast agents for MR i magi ng and

for other appl i cations as descri bed hereinafter. The conpounds of the

i nventi on, L Jﬁ%m ontrast
agents, provi gﬁ?gg%ﬁhﬁgcn‘é%ﬁ na%g%gb@dgﬁ%nﬂlgﬁékgan a s%@gg used to
provi de juseiybas eantrastagen M&“&?ﬁ!&'&?ﬂdtfPEQ‘h@@Ppllﬁﬂpﬂ%aMS of Formul a
L Z[err] h%min&{cer rﬂaeee.ﬁ tﬁﬂ?ﬁﬁﬂréhﬁ%ﬂﬁ@%&@éﬂd&&ﬁwﬁha étiiﬁh¥ta1 0

{
conpl ete .a cI|c or, tricyclic h ri,ng system
can be ca{?rbb%(}]’ SPmFPéf 853/3’1""9 ﬂgdc%%a&&s?fe‘i’%ﬁﬁ 3‘%& 3 rs to
sat ur at echelpadmmbv@cmofamedommn.bWﬁSQucsri ng systems having from3 to

about 10 carbq mwg IMiDea%h%%fa%&y%ﬁﬁ%tme%f

pol ycycl i c. As use |c refers
necessary to complete a monocychc, cychc or tricyclic ring system, which ring system

can be carbocyclic or heterocyclic. As used herein, carbocyclic refers to saturated, partially
unsaturated and aromatic ring systems having from 3 to about 10 carbon atoms if
monocyclic, up 1o about 20 carbon atoms if polycyclic. As used herein, polycyclic refers
1o ring systems containing two or more eompbhc_nt rings. Polycylic ring systems can be
fused (i.e. sharing two or more carbon atoms with at least one other component ring, or
directly joined by single or double bonds. Exemplary monocyclic carbocyclic ring systems
include cyclobutane, cyclopentane, cyclohexs ne, cyclohc_ptané, cyclooctane, benzene and
cyclohexene. A preferred monocyclic carbocyclic ring system is cyclohexane. More
preferably Z1 and ZZ each represent the aioms necessary to complete a cyclohexane ring
system. Exemplary bicyclic carbocyclic ring systems include naphthalene, indene, azulene,
biphenyl, biphenylene and cyclohexylbenzenc. Excmplary tricyclic carbocyclic ring
systems include phenanthrcne. anthracene, and xndacenc Hetcrocychc ring systems
contain one or more heteroatoms, or combination of dxffcrcnt heteroatoms, such as O, N,
S, or Si. Suitable monocyclic heterocyclic rings systems mcludc ring systems such as
pyridine, furan, thiophene and isoxazole. Exemplary bxcychc heterocyclic ring systems
include indole, quinoline, chroman and pteridine. Exemplary tricyclic heterocyclic ring
systems include xanthene, carbazole, acridine and phcnorazme

RL R2, R3 and R4 are preferably independently carboxyalkyl (Cl Ca). i.e.
-(CHz)p-C(-O) -OH, where p is 1 or 2, more preferably carboxymethyl. In other
embodiments of the invention, R1, R2, R3 and R4 can also be independently selected to be
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Yo ring sy% e% nt ai ni ng two or nore conmponent rings. Pol pwetiGBysSH083Y
systens ca b ed (i.e. sharing two or nore carbon atoms with at |east
one ot her conponent rlng, or.directly joined by single or double bonds.

Exenpl ary mm.falz'& cﬁ@(&qwﬁéof&néﬁn'age@%?ﬁﬁﬂﬁdﬁ ng! ttdﬁzﬁ,y@d%wﬁﬂ@s or

cycl opent ane exene,, CyC ane ane, . benzene and '
cycl ohexene: (GH éne@%'rq - %WE%&?E 3&5%@&’?‘5‘ "ﬁ’lg“ L serempreferbly bhexane.
More preferably Z{fersrc}arb%nyhUZﬂE(CIj-]Cﬁﬁﬁbferzbnrmmyntchﬁd at ons necessar y to

conplete a cyclo i & car |c rln

syst ens ‘i ncl ude R?p; g“‘?‘%{’ﬁ?fg"ﬁhy Exgrngcéhéxn ‘ybé”ﬂ?ﬁox’b?“g’ﬁ % ‘g
cycl ohexyl bewﬂenmrcfmhsqnduamtys&lcatcxyfrbmchq:gmhmcymlstmg 1of alglrmytsbeymalor(el ude
phenant hr engy_eLL 0 n G i SWREre ontain
one or nore e?-fet§ a?ﬁﬁi%@yagrqwcj(oﬁbé@gf ﬁnﬁg?(?r%%)e{rgﬁfcgs}g(r oatorrs%;l ?uch as
O NS, or WEStTE mpiel. PRSI BD Red RY e pdependatly Riosery Sy beRRIEOT | ng
systens sucRuBsitgEd bg,l‘@quyt uran, thiophene and | soxazol e. Exenplary '

bi cyclic het eroc;sgl i C ui nol i ne chraﬁman and

te I
pteridi ne. Exenpl rlg%‘ rﬁmﬂgts‘glpggﬁ%{ 8%'Fait ?fg{’m or el nt hene,
car bazol e, mpamdmamndlsphelmdmgzbmaot lithited o, eﬂ?{ymcs.]amlﬂ &ids| peptileR[ err] are

f bl
L A AR 4 s g
I n ot her errmf" swr%ﬁtermés.uvmmr haridps. virpsas; protoRpafpngiaperasiesy r |
can al so be rcReRfLNH61aE, dnd TBMPERchEs th@rcbﬁ biodd compdienB5({iss888Ad organ

PCT/ GB95/ 00832 t he ami.de or e aforerrent ned co nds .
-(CH err])[ EPMPOREnIsy Phapmage 5?‘??5 Lm&ens(ggr ("%P'fél vvher e
Rlerr] is asligehuciedides); mtrbabmwénonoclmaﬂarﬂrpo&clqnnh,faanednh&odﬁcs, ﬂxmad]y S

e i niopon BTy huk ﬁ%‘*‘*‘%“‘ﬁéﬁf“ﬁ%‘?“%é‘ﬁ %BW.W e o

or three sub@ﬂl"%‘l}@ﬁﬁ | bigipand desivatives tharenf Sﬁéﬁsé@ng ‘Q)?“Qa?rhlu@m the
i socyanat o (g, Neg?kfeﬁmpmhm of entlboli m. I’Hf&fﬁ%u%dléso“& - X
where X is g t rmlett%s11 ferab nd R? elndwﬁﬁ&d‘gnly
hydr ogen, sdB%l't’ s RL %l ect ed

froma w de mwmmhyo akpmmwshéwloeaﬁmﬁuﬂgbody.sfpntimﬁplqahdsg spesci:ﬁmfoednmor-
o AR5 Bl e ol ch oA Waonec T 080,537 oF Eﬁm{xl 8.

polypeptldes protern oproteins, proterns, I'rp
hor nones, ann—mclanoma annbodlcs. D612 and relat antibodies whlch recogmzc colorcc tal tumors,

UJ13A and related antibodies which recognize small cell lung carcinomas, NRLU-10,
NRCO-02 and related antibodies which recognize small cell lung carcinomas and colorectal
tumors (Pan-carcinoma); 7E11CS and related antibodies which recognize prostate tumors;
CC49 and related antibodies which recognize colorectal tumors; TNT and related antibodies
which recognize necrotic tissue, PR1A3 and related antibodies which recognize colon
carcinoma; ING-1 and related antibodies which are described in International Patent
Publication WO-A-90/02569; B174, C174 and related antibodies which recognize
squamous cell carcinomas; B43 and related antibodies which are reactive with certain
lymphomas and leukemias; and anti-HLB and related monoclonal antibodies. These
particular embodiments of the invention should be particularly useful for imaging of tumors
that express tumor-specific antigens, or for radiotherapy of tumors. The targeting moiety
can be attached to the conipounds by conventional reactions, for example, through the
amino, isocyanato or thiocarbonyl groups of the compounds of the invention and the
carboxyl, aldehyde or aminogroups on the antibody or antibody fragment. -

R8 can be C}-C2( saturated or unsaturated, strai ight chain or branched alkyl,

~ preferably Cj to about Ci() alkyl, more preferably Cj to about C5 alkyl. R8 can also be

)
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growt h factors, steroids, vitamns, polysaccharides, viruses, protozoa,
fungi, pawadsistessp rickettsia, nol ds, and conponent s t her e RCT/GBY5AYE32
conponents, tissue and organ conponents, pharmaceuticals, haptens, |ectins,
toxins, nucleic acids (including oli gonucl eotides), anti bod| es (rmnocl onal

and pol yCL(w}nrAa&{;ioiﬁ%kcb@dlk@ﬁ Aaﬂatphaqms fidna Uy BistueWiug6ny, ewpRt eri al s

| udi t , di dd t th f,
el S 201 AL 345 o i, it WS AHEL 5

X is pref shetsiyR5is abiyl CpeCly), ydroxy, ﬂb@ﬂﬁﬁh‘-CﬁMd@lO@nerfﬂeUyam plemgl iss or
fragments o] CPR ng the
corfgound o?ﬁ&LaHQQ%%ghh%itﬁﬁn@&b@ﬂb&?l gyltsaﬁs gﬂo?rafno é t%gﬁ%gé)i ; for
exanpl e, f‘h‘ﬁ?@t éé)é’(‘,‘?’FPE’ ‘F"BPlytf[ﬂ%ll to %’%‘%31 'é(gy i& ki ﬁ %"’BMS Whl ch
recogni zesmglhmcbﬁnaheddnmr Saturdied ozznﬁnﬁaxwhmymva:@tﬂmn kPaHuR208irbBRdi €S,
D612 and rel at ed ar}a;ﬁPOdlf Ca\s;g Q)e e% rt\ ze E& ?_‘ rmrs UJ13A and
rel ated afPMBopfeiatly,from | o apopt Lcag ot sf' ?"ét TNRLU- 10,
NRCO- 02 ahydrosylgroupsadependidg os thetength reddepnicaof sanahbn ofithe allthgharimr Theonas
and color | mhlch
r ecogni zeﬁﬁﬁétﬁgﬁﬁﬁﬁ'&fﬁ%ﬂﬁ%‘g i Aoty s ot BRI ARY Pt

col or ect aF°‘P persds of thernvgnsion and.gas e aad 1o drgulale vasious actisnsefthe ehelated ot i ¢

ti 3 s ueI P @mgup@% iﬁrﬁhdxsﬁﬁﬁdnb(mjcci:ﬁ&cmlﬁ rnemlaeme?eaeﬁwsmib&%ﬁtsbmnat I NG 1
and rel ate | i es i C r.e .desc in at en

thebe ggl%ﬁ r SePLiocHeRRE iiiond ot B Tk Hestal Eor gl i

recogni ze elrosers tocke 4 mowlmopbﬂmgo@ztﬁclam lorgeatchain alkyl dnmlyleﬁxcwlmmdhgir e

monocl onal? E?“'@éé*ﬁ’“‘“’ hiERARE it bR S Tofee A Wi B 70 Shou of

be parti cGrmpeyndsgad EFP“SFW"FIMQPWS’SW’“E'EWB?@ adripisteseds ess t unor - specific
antigens, or fcrmebawa} b&max-crkot)wéf:hér amytgraapmnﬂtk &3, pé

he-am noed E3Et RERIEfo faﬁ%?%%ﬁbﬁﬁ?aaé@%&?ﬁ‘%r&%&%w%& g "

i nvention emuinpds:edwﬂmnryltgmawbdwdek prefeaei typgloﬁamydndc inclndesthee mteignabr

e o gt HERURRS e anéﬁ‘]w&@ﬁf*k&?r@‘?é’?er ) oFRS dngR R ') 7l

nore pref EReAMBAsEadayith )@FF'F' t% haP%P@@dSS“%

95/ 28380 asthe tnﬂuoroaccnc ac:d salt or a halo gi(cn salt, suchasthc sodmm salt, afeGlddRRin W3 32
-(CHerr] )I er J&m& ol yhydr oxyal Ar is phenyl optionally substituted

wi th one, gubst ituents sel ected fromthe group consisting of

am no, acyl am rfopl(et%rrett(:o@emdéqf the invention is dicyclohexylenetriaminepentaacetic acid
(DCTPA) (Formula I wherein Z1 and 72 each represent the atoms necessary to form a
cyclohexane ring, and R1, R2, R3, R4 and RS are each carboxymﬁthyl)

- The compounds can be used to form polymenc contrast agents as described in
published PCT application WO 93/06148 In published PCT applxcauon WO 93/06148,
polynitrilo chelating agents are r_cacted with monomers such as ethylene glycol or
polyethylene glycol to form polymers. Thc polymers thus formed can then be chelated
with a metal ion and employed as described herein for the oompounds of the invention.
The compounds of the invention can be subsututed for the polymmlo chelating agents
disclosed therein to form the polymgrs

The compounds of the present invention can be produced by a number of
generalized methods. The following schemes rcpn’:sc;it poSSible methodologies for
preparation of the compounds of the invention but not intended to be limiting as other-
methodologies are 3lso i;ossii)le. |

-6-

SUBSTITUTE SHEET (RULE 26)

1 3



*‘wherein R _is al k¥l Cerr]-derr]), hydroxy, alkyl (C err]-fdp&aIsoossrd
hal ogen. PV AE/2S38S y the phenyl is optionally substituted with one

substituent. mis an integer.from1l to 15; preferably from1l to about 10,

more pref erabl nysa{a&d&, n AL orsulfORANAY G Sl & dpeh W(vGleGhivhiefls@Fah) refers
to straight qr. branched chaln, satura; sd,or_ U@‘at %aﬁﬁd- a) kyl. having from1
to about 28FEdinGgRIVAtYRSC fW%W givative (2 ab &t R1 5 RAvBeh isdemerang
subst i t ut ectabérated 2ntorthefiviad ptoddetoxyl groups, depending on the | ength and
degree of saturation of the al kyl chesicﬂemyg R8 groups can be chosen to
control the solubility, hydrophilicity and other properties of the
conpounds of the inventi Z' 3 can be used to reqgul ate various actions of
the chel at egd—e@pgpoysndy, inistration. Such acti-on may include the

chelate's biodistributi | ism clearance or other biochem cal
interations or the lack t Marrpl z' [ gEn to be a nore
conpounds woul d increase the |ipid solublli
from such conpounds and consequently its biodisfri I o pACce adm ni stered. -
The carboxy portion (-C(=0-0H) of the carboxyal kyl | grougs of Rlerr],
Rlerr], Rerr], Rerr] and R err] can be i npdRe foryn of ampaci d anhydri de
and such forns are intended to be literally enconpassed within the term
carboxy. A preferred type of anhydride includes the|internal anhydrides
formed between the carboxy portions of R err] and err] or Rerr] and R4.
Al so enconpassed within the termcarboxy is the -ClgO-(err] form Salts
of the compounds such as the trifluoroacetic acid shlt or a hal ogen salt,
such as the sodivenisyatalkybdraryBblfonylwi t hi n t he Sy Dgeowiiod di@irbgeaent i on. A
preferred conpowe ROER?) drgrotetredprécurser o RSERM Cy cl ay dopdessivaiof WagRA@Ient aacet i ¢
acid (DCTPA) (FaPruwbayl beatyerein Z[err] and Z[ ) Ajkyldmiof higpgeaswini t he at ons
necessary to foleisavinggapexane ring, and R erri«Cihgrodr? Rierr], R err]

and Rl err] are eaghowsa@gepet hyl). The conpoupylemsarofe® used to form
pol ymeri c contrast agents as described in published PCT application WO-

93/ 06148. I n published PCT application WO 93/ 061Kermpla ¥nitril o chel ating
agents are reacted with nononers such as ethyl ene glycol. or polyethyl ene

gl ycol to form pol rs,. The polynmers thus fqorned_ can then be chgl.ated with
a metal ion andq@%ﬂ‘%?%g'%g' iRAeP ‘?‘B’r“emmﬁe

i nvent i on. délieativeng formoissynimétical ionasynirhenicat derivadive whithiis fiirther laboritsd into
polynitril %&{‘iﬁh%&&&lﬂ: agents disclosed therein to formthe polyners. The
conmpounds 0 e‘present invention can be produced by a nunber of

general i zed nethods. The fol | owi ng schehame rBpresent possi bl e met hodol ogi es
{nt ended be

for preparation gaf<the conpounds the invention but ngt
limting as ot per
- w . w W S w
' - NHa2 —_—> N
| N {
| HNR R : - RHN H NHR
P’ = Protecting Group ' 1) Deprotection of nitrogens
R = H or protecting group - 2) Conversion of W(W?) to R6(R7)
W = RS or protected precursor 1o RS 3) Alkylation of nitrogens with’
W =R7or protecied precursor o R7 L-(CHz)nC02R9 '
L = leaving group 4) Removal of RY
R? = t-butyl or benzyl ' 1
; Formula [
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met hodol ogi es are al so possible. -6- SUBSTI TUTE SHEET (RULE 26)

PCT/ GB95/ OW®32/26380 Schene A, an amine or sul fonami de is usectdgciiipisia Vo
equi val ents of an aziridine derivative to forma synmmetrical derivative
(Z[err] = Z[err], Rerr] Rlerr]) which is further el aborated into the
final product. Is5¢theme (Aapenﬁq-eafmlfaimkyih¢ isassed dé)dpe@épcﬁdid@cﬁ:ﬁlvilml’)élto form 1)

Depr ot ect h.@ih ;on hehin rQ recursor to
L1 (R Al Mo S i o R s
.benzyl 3) Alkylation of nitrogens with L = | eaving
group L- (CSchémp)Cerr]Cerr]Rerr] P = protecting
group 4) Renoval of RO Formula | In Schene B, a diam ne

or nonoprotected diamne is used to open an aziridine derivative to forma
symetrical or asymmetri @l~gerivative which 3% ZUr.t her el aborated into the

final produgtnHicheng — M Deprotection of

N P = Protecting Gou

nitrogens R = H or prot ~group Y—N z? Conver si on of
WW) to Rerr](Rerr]) WNgerr] or prolected pre r t® Rerr]

3) Alkylation of nitrogens with W= Rlerrff or pHot eched pretursor to R err]
L-(CH err])[err]COerr]R err] L = |eaving group _

4) Renoval of R err] Rerr]=t-butyl or benzyl ‘Fornul a el

Zl 22 | Zl Zz
W W _
w .
| _ 1) Conversion of OH li!
HaN H NH, to NH, | WO Y o
' 2) Removal of Y '

1) Conversion of W(W") to R‘(R-’)
2) Alkylation of N with L-(CH,),CO,R®
'3) Removal of R?

.Formula I

_ When both rings are aromatic, the following methodology of Scheme D may be |
employed.. In Scheme D, Z1 and Z2 can be the same or different.

' SUBSTITUTE SHEET (RULE 26)



» WO 95/ 28380 PCT/GB95/00832

PCT/ GB95/ oxB352888¢ Schenme C, an am ne or sulfonamde is used to open epoxi de
derivatives to forma di hydroxyam no derivative which is convened to a
*triam ne and further el aborated to the fin product. Scherme C [err] 1)
Conversion of WW) to Rlerr] (R err] Ps2§™AIRyl ation of Nwith

L-(CH err])[err]COerr]R err] 3) Renoval of Rlerr] Formula | Wen both
rings are aromatji the foll ow ng deol ogy of Schene D may be enpl oyed.
In Schenme D, Zferr] Nand Z[err] capf be“yhe sane or different. -8-

PCT/ GB95/ 00 D 95/ 28380 Sche *1) conversion of WW) to
Rlerr](Rerr]) tion o ns with W= Rerr] or
protected precursPr to %[err] -( rr] Neer r KeSPamher\eisH

Rlerr] or prigtected precursor Rl er 3) beCRegk, 0O, R err]
Vis iodine or fIUGrine Rlerr] is t-bityl enmknwﬁuél A preferred

enbodi nent of the invention, dicyclohexylentri
(5) (and gadoliniumconplex (6)) and its isoner
conpl ex (9)) can be prepared according to the methQd shown in synthetic
Scherme | which uses the net hodzol ogy represented in heme B. Schene |

. 2 A zl - ZZ
w - w ' .
~— w -w
7z \ Hy/Pd(C)/N;H, “H,0 NN
: or SnCl, l
_ NO,  H NO»

NH, H NH»

m nepent aacetic acid (DCTPA)
PA" (8) .(and gadol i ni um

1) conversicn of W(W')
0 RG(R7)
2) alkylation of nirogens with | ‘W = RS or protected precursor to RS
L-(CH2),CO;R® ' W' = R7 or protected precursor to R’
3) removal of R? : V is iodine or fluorine
| R? is t-butyl or benzy!

Y

'Formula I

A preferred embodiment of the invention, dicyclohcxylcnc&iamincpcmaacetic acid
(DCTPA) (8) (and gadolinium complex (6)) and its isomer DCTPA' (8) (and gadolinium
complex (2)) can be prepared according to the method shown in synthetic Scheme I which
uses the methodology represented in Scheme B. ‘

Scheme I

- «OH .\
_ma
—— N-Ts
NH, - HCI Py 95% NHTs
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[err] -9- WD 95/28280 PCT/ GB95/ 00832 [err]
- 1) TFA -10- SUBSTI TUTE SHEET ( RULE 26) WD 95/ 28380

PCT/ GBOSWYD¥#28380cr r] Abbrevi ations: Ts - p-tol uenesul f onylpd/eBosiopss2Py -
pyridine; tBu -t-butyl; TFA - trifluoroacetic acid The conmpounds of the
invention can be chelated with netal ions using conventional techniques.
For exanple, an aqugﬂ#s solution of the conpound of the invention can be

m xed with the 2the desired netal (radionuclide, paranagnetic netal,
etc.), general a pH of fromabout 4 to about 11, preferably at a pH of
fromabout 5 ang aRout 9. Jke salt can be any salt of the nmetal, preferably
a water sol-uble sal NH,sUu¢

; , ate o N rate
' _ : pti o w be added
to the aqueous s@sgsion to Prodggt the opti-rrum pH for vhelaj i® t he

salt. Buffers such_as gce

conpound with the netal |orNHT invention is 8sef i rEimaging a
patient generally, and/or in sp |f| ca y di agnosi ng th@%rdﬂsend‘éﬂef

di seased tissue in a patient. The imagi ng process of the present invention
may -be carried out by administering a conpound of the inventd#&n with a
chel at ed paranmagnetic ion ( a aemdtrast agetﬂzﬁ_t,,h_e invention) to a
patient, and then scanning the patient using magnetic resonange i maging to
obtain visible inmges of - gr region of a patien and/or of any

di seased tissue in that ‘

whol e patient or a parti
agents of the invention cay bés, or provi d| ng |mage Of, ,Nhe

vascul ature, gastrointestig ﬁ tractNHI]h NH, I!I NH
. 2
- 1) TFA
O 2) Ba(OH); .
3A ——— 'l 3) H2804 -
®uooc COOtBu ( coosu 151
tBuOOC COOtBu mood ) cooq’ AN
| HOOC Hooc COOH
4 | | | DCTPA (5

NH :
GOy, 00—

QN/O . .2NHg
Ny oo

0’('\,c00' .
Gd3+ COO.
" DCTPA - Gd*3 Complex (§)

“00C .

-10-
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I'i vef, kidne bl adder and heart, as well as other regions .
The patientv%ia?? any type of animal, bird, etc., although ggﬁ}ﬁ?&ﬁ%
patient will be a-hunman patient or a mammal i an species commonly used in
| aborat ory experinments, such as a dog, rat, or nouse. WO 95/ 28380

PCT/ GB95/ 00832 Exenpl ar y._par amagpetic i on® Bhtable for use in the subject
I nvention for magnetic ona

magi ng EnBh@dH, tra 'on, | aTRani de
(rare earth;}l%and actl n g) ale parenthose

J, as w B} Hieoyeadil
skilled in the art, T. %w“bf TRe present—disetoour e, r'anggnet i c
el ement can be sel ec[‘éd‘f 8 el enPe of atonic nunbe 43, 44 and 57
to 71. PreferatBuOQ@Cenent < &Qé?ﬁ(e CrGOOtBwn, g&l % #ﬁ Ce, Pr,
Nd, Pm Sm Eu. GdBuOGCDy, Ho, ECOOMBu Yb, an <a. QFLLN sy
el ements include M, Gd, and Dy, nost preferably &0O e doHle@ of the
contrast agent used according to the nethod of the presenbcme(a)l on will
vary according to the precise nature of the contrast agent used. Preferably
however, the dosage should be kept as_low as is consistent with achieving
contrast enhanced inmagi ng and vol uny Nni m ze IV drip or bolus
injection. In this way, the toxicit) enti al I ni mzed. For nost MR
contrast agents the approprl ate dosape-W,| ge ly rang em about

0.005 to about 5.0 Iesg%éana etlanet al fkg body wei ghit, preferably
from about 001to WIBNeS p nRtic netal/kg body wei ght,
nore preferably. fr

_OffaboMd 0. 025 to aBout 0 \G0@5 paramagnetic
net al / kg body wei ght It is well n the sk | of the average
practitioner in this field to det e thd bptcm dosage for any

particular MR contrast agent by reb%hy& ?g 5: £ erimentation, for
both in vivo or in vitro applications dnfhi s 'may be carrled out in

vari ous f agitboeviatiossich as i ntravascul arly, oral I y, rectally, etc., using a

vari ety of mgmmeﬁauﬁbnyﬂfmeylw&ﬂwrmwx Ltdubd, TEAI- tifiabadtandat he
particul ar node of admi nistration will vary dependl ng upon the age, weight

and the particular mamal o.nto e scanned. Typjcally, dosage is
initiated at lo CPE‘PBP%"Sé%' gﬁ?‘? Wit mefal i08s pERg Fopventional

eBhancenenttedhmqachl Eorectample, ﬂagquubugmluﬁdﬂofghu cbaipoand bEtha Avention éhiﬁlgd | bed
?a(r)\égt Fﬁg %@ng %/ d?‘?%ou“qn W and wer %h?’ ?rts}géggr‘f 'E‘g"le%% oG an¥
pHo rom abou to about 11, preferably at a pH of from about 5 and about 9 The salt
can be any salt of the metal, preferably a water soluble salt, such as a halogen salt, or the
citrate or nitrate salt. Buffers such as acetate, phosphate and borate can optionally be added
to the aqueous solution to produce the optimum pH for chelation of the compound with the
metal ions. '

The present invention is useful in imaging a patient generally, and/or in specifically
diagnosing the piesence of diseased tissue in a patient. The imaging process of the present
invention may be carried out by administering a compound of the invention with a chelated
paramagnetic ion ( a contrast agent of the invention) to a patient, and then scanning the
patient using magnetic resonance imaging to obtain visible images of an internal region of a
patient and/or of any diseased ﬁssud in that region. By region of a patient, it is meant the
whole patient or a particular area or portion of the patient. The contrast agents of the
invention can be used for bro.viding images of the vasculature, gastrointestinal tract, the
liver, kidney, bladder, and heart, as well as other regions of the body. The patient can be
any type of animal, bird, etc., although nsixally the patient will be a human patient or a
mammalian species commonly used in.laboratory experiments, such as a dog, rat, or

mouse.
~11-
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Vari ous conbi nati ons of chel ating agents and paramagnetic ions nay be used
to modifyy, b?z ﬁjaxatlon behavi or of the contrast agent. PRT/BIFN8AY out

the nethod o e present invention, the contrast medium can be used al one, *
or in conbination with other di.agnostic ther atgl%utlc or other_ agents, The

magnet i resonaﬁﬁ@“ﬁ’ﬁ‘@@i"ﬂ"@'“ﬂ@fﬁﬁ § Sitaplaifense jrithe subieq inyeption 108 Magneiisds of
t he i nvent iresonarice xmagmgntcludnaianmmh hanehadlids (rafelzanh) a‘ndracénddcrﬂbemnnsms&m Kean

d MA S t

W1 1 Sk il agRE o Wﬁ%ﬁ@%@é@ﬂnﬁ%ﬁ“ B physB, Ak it ! One:
Cont enpl at mw&ﬂmw gan bawelegied fromy elerments ofatomic fumber ¥b28¢ﬂ}c pé and
nmagnetic r@sqaans:@réfwae Ablems mwderurcvsmnnFe ecs@munce LEIR, Pr,INg, Bhef erred

o o ha Sl s By o5 8 . YT o A P RS P,

Dyh(l | 12),(e(ﬁd med@g?moamraml}s(id(e g., G(I11)), as well as m xturersml i
';eg(r)ﬁgnce sgect %{Sccdgéﬂ C%Hg E{CQFPGBSS} %gg A%%%ﬁggg@gfq]ﬁg&ggﬁpougds of
t he i nvent iRyenEpR will xwasqqr@ng ipsthe pregise aﬁare@rf theLonmasy agens piosks Prefgmblys | f or
nucl ear WE%WeO@r e dobdpeisReuld Be Répt as mdasf@t&odsmenmvha raam)tvmgfcbﬁtmsz

ST Rsouna cnbesd st and ValynsmBRmized fr Y e AEPdbinietiof s eek e, o
Hf , La, YbtoxXdyity ftemtiatiisPhinirfized. rﬁmhthMnmagentshbe spprppriatcidosapey wile
ggp' gged t%egaash@{ﬁ éﬂg\m&b@»&d&g@h%ﬁ so&dﬁg{oid%@hﬂa%gﬁ{h% xﬁggmegs Sg]eSLgf

Sb, W Re, &g zmefm TR0 A T LA T mesalfediod (

% g; ; % gu % Gﬁditl%lrsélo{'@réﬂcidbly fréth abdth 0.028 td ilﬁg? 02 @tﬁlhlﬁl\(/)tl)?i ;ﬁ&iﬂtﬁéneg%ftfelatﬂrlfg
I,
r adi onucl. | %I@gwrwg %%@8@‘853% {PERCHPARRT an é‘ﬁgf%ﬁi BHIRE oni c.

For use as thocpimumdosage or any patticalachR dootrast agénelby relativelyrentine t he corrpounds
may chel at g 9:?!%&6 ?o%ﬁ?in%z@%bn@ﬁ-og ﬂ&scrl bed above, and -
e ant han

optlonallyavar heavy net al jde (rare earth) netals as
descri bed above. A‘I“H“’EWE"? mg&.ba carrigd outdp ¥iqus Mpn&éaﬁy%%'f%cl&ﬁﬂyvr are

earths may disily]eenally) eh using bvarie of 8osapdfoninh! TR useAfl dosdgetd be hdiinistered
and the particular mode of administration will vary depending upon the age,_weight and the
particular mammal and region.to be scanned. Typically, dosage is initiated at lower levels
and increased until the desired contrast enhancement is achieved. By way of general
guidance the amounts described above can be used, taking into consideration the chelating
agent and any targeting moiety, although higher and lower amounts can be empioyed.
Various combinations of chelating agents and paramagnetic jons may be used to modify the
relaxation behavior of the contrast agent. In carrying out the method of the present
" invention, the contrast medium can be used alone, or in combination with othcr diagnostic,
therapeutic or other agents. :
The magnetic resonance imaging tcchmquw which are employed in the methods of
the invention are conventional and are described, for example, in D.M. Kean and M.A.
Smith, Magnetic Resonance Imaging; Principles and Applications, (William and Wilkins,
Baltimore 1986) and Swanson et al., supra.. Contemplated MRI techniques include, but are
not limited to, nuclear magnetic resonance (NMR) and electronic spin resonance (ESR).
‘The preferred imaging modality is NMR.
_ ~ In addition to their use in MR imaging, the <':ompo'un'ds of the invention can be used
to bind shift reagents (e.g., Dy(ll-l)). or relaxation agents, (e.g., Gd(III)), as well as
mixtures thereof (€.g., Dy(Ill) with Gd(III), and thus have applications in magnetic '

resonance Spectroscopy.
-12.
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. incident radiation and increase conversion of Auger el ectrmLGHSSIg)SSzenergy

particl eswa§28380ssi on of - secondary radiation. For-use in fluorescence
spectroscopy and as a markKer in assays such as |nnunoassays t he conpounds

of the invention mycoﬁﬁ)ebeaseorahé huaneacaemsdmmh ad ﬂramhmﬂduéaé&mﬁer al s
of atomc nunberéS ons aof the f are referred La,

Ce, Pr. N, e pjpcieiy aipasing amivs. S 00 oo i gt
preferred f | bedrraearmost ouvas déscribed abbyeli Foronelylapd Ulﬁleomldmbomnipowfdsm be
i nventi on %ﬁrsyeasséh&&ewes@; m@e?svsncm Bf, JROYS a5y, 5h arfe 6, 'Fdr Racleh N n

arseni ¢ or |ead poisoning. For treatnent. of heavy. netal poisoning,
conpounds Wi ‘PFd"é‘B?ré'r“'a‘FQ‘EP%Bd%W Rt sPRloyed 1gchsiare Wdﬂcﬁ’ﬁﬁ‘fc ‘Bﬁé‘sdf'é’én}cﬁrﬁ the
al t hough as ;adramb;iek adSc.rFé IRd, @af Y\WBG,| Mh ecwgﬂ:n, Za, Ge)MapTe, Rdh| SA] $QSm of

metal poi sony ng. cm?,n cir r%ﬁ aAe44%n564 69 agﬂﬁgto
B e T LR T

'ngeg i on "@reeew&d rﬁd?oﬂtfcﬁaé lsm\fs Wxﬁwoﬁ%i& g@faarmé er;rémﬁc@adrgm&e

Ru, In, Hf W ReFOf@§° asﬂecalsﬁdlamn scnﬂﬂzoerfor Fdiatiop thempy, dvecomnomd; may

Add:j ti On?|h| YGhelalt’@rat ammwiﬁaatrefsxtxdrm ﬂhdSUﬂéHch&ﬂi dWYe, lard 6|5tﬁinanyzslvim ofrséavyt tfind
used as thera i ¢.age 0 nci i stratjon
bei ng carri e‘ag%hl‘t “éé"%@@tqzr eﬂﬁﬁ\%’%ﬁ'\ﬁﬁf"r%ﬁ i i'htwg% ‘g geHeR Uhe
conpounds f deeavy ewtaleand rafe edehs may be gorierto mathh thdenefgy, abZorptiGospebirurm@ff theCr |
My, Se and GiciddfiGadiBedd BHaSHrbssR comisigd n%gg}j' . ﬁﬂant&e
formul at ed, glrd .use_as con?rast. ggent S&f)?ﬁl(k)@%?el%ué&ggggé es il%g“d‘ﬁ erein,
with the conﬁﬁﬁﬂa%ofﬁe"t"l‘mm’&ﬂmon and conventional pharnmaceutical or
veterinary carri eFér 3t iflflhotesteficespec ﬁﬁﬁoﬁﬁﬁa@ﬁ%ﬁ@k@x@i&%@}ssﬁ@mx@m i onal

agents; .such..as._for e | zers antr I da osnol al L

adj usting agBHpyno W?’@é%%uﬁéﬁ%ls'*’ C?‘é(a'f rﬂ lb‘ﬂ%’ ciested
particul ar eﬁdnmalsbﬁaopm“mbmﬁhmal tnn&pﬁdmlfallnmngmetaﬂsearépre&ﬁutdch,\ﬁd,h
PCT CBob 00853 h 2t S ) CRATE, Py, B ES TeeYiAnd Le, B ts » preferped fporescent
pr ef erabl e t’@"@hm{ y the pharnaceuti-cal conpositions wt h the corrpound of

the invention i n Aaciﬁehaty@dmfceﬁmoaﬁui oftlié ihedbiingy bé ﬁgadtzen&immy metal

phar maceut i cal ngosr t ua%éencor p%is%?‘{nréahuse al I ea .
pmsonmg, the compounds.wnll generally be administered alone thhout chelated ions,
although as one skilled in the art will recognize, in some applications of metal poisoning
treatment, some calcium or other metal ions may be added to the formulation of the
compounds prior to administration. Otherwise, administration may be carried out as
described above. The compounds of the inveniion may be used to treat poisoning from
such metal ions as Mg, Ca, Sc, Ti, V, Cr, Mn, Mg, Fe, Eu, Er, Pb, Co, Ni, Cu, Zn, Ga,
Sr, Y, Zr, Tc, Ru, In, Hf, W, Re, Os, Pb, Bi, Dy, Mn, Gd, Hf, La, Yb, Tc, In and As.

Addmonally, the compounds of the invention may be chelated to a metal and used as
therapeutic agents to treat metal deficiencies, with administration being carried out as
described above. Metal ions which may be bound to the compounds for treatment of
deficiency include Mn, Fe, Zn, Co, Ni, Cu, Cr, Mg, Se and Ca. '

The phafmaceutical compositions of the invention can be formulated, for use as
contrast agents or other use as described herein, with the compounds of the invention and
conventional pharmaceutical or veterinary carriers or diluents and can also contain other
conventional agents, such as, for example, stabilizers, antioxidants, osmolality adjusting
agents, buffers, pH adjusting agchls. etc.. Depending on the particular end use, the |
pharmaceutical compositions can be formulated with the compound of the invention in

S &
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for the netal ion to chelate with the conmpound of the i nvention. The

'phar maceuti cal conpositions can be in a formsuitable for

i nfusi orWAPHBYy or after dispersion in or dilution wit W@Wogl cally -«
acceptable carrier nmedium e.g., water for injection. Thus, the

phar maceuti cal conpositions may be fornulated in conventi onal
adni ni st r achelaicd OF Hachslaied faamp SapRome uses itupasobeprelemblatesupply theli sper si ons,

etc. t hg}/ve ﬁsnmémidapé&npd%uﬁﬁemh @Rsconipdusti SHIRE tiveritioniif uREHEs1ad Rﬂinca;i\h' yI
accept abl e maceut i ca
R BT A A ERACE R T N T
accept abl efm‘ahcmailmtoahdaplwﬂt@emmmmmemmhqnw thin the Skl Il of the
art. For exanpl ep, Wﬂéﬁn ﬁioh?éﬁ'ﬂc\in‘é"f&ﬁx ﬁﬁblég%‘ﬁ jeefob lnfucfl m

pharnaceutlgall excipjents, suspend ordlsso

aqueous me diTecH ﬁB”F‘BgEﬂ‘P’ {j‘“g'b?"éﬁ' Fd’ﬁy’d? °§G§‘B@Y€F le Gamicpmedpm,

SL er: LII Zegefamai mmjécuoad[mns.snd]ﬂhhﬁadeﬂﬁatcmﬁp@uommayaseefoﬁnﬁla&ﬂhut Ib f)ns
shou of course e r naccept abl e
Sgents,  angotifsnat e RN o E ipRlsio nspnsiont BESGHRAR
adver se ef feun.tlquuonsqiuhnm; KUSPEASIOns) spemmnmnphysnlomaalﬂy acscprablesiamidrd

preferably g&{ y hypertom c. Suitable vehicles include
aqueous vehi C es o 0 r|I

used for adm nistering parenteral sqlutions
such .as Sodi um Grhedth aaeaqenal@éwawmmﬁg@r qrﬁrl@mgfe padmipistraiianusing ect i on,
Dextrose anpfysioldgicalifbtceptabiR caiticesdrieRtipich@Gh ﬁhﬁdn&llfww:tamlmtaallloa theard
ot her sol u% ons S ch as aren%gscp%agg H\tﬁ %‘9 % Phar nac ut i cal ble
Sci ences, 2. 8 SorhSurkie prinaly uih e St g pharmigcHcaly sofihrable (
1461- 1487 (ekél“pfgntsa mhy‘ﬁeesusmdutm dissolved iraaryacwmus raeditmevtith viestesuigogn:
Anerican Priafu%ﬁ%x'khﬁéhmﬁﬁﬁﬁﬁ Hgﬂmﬁ /5). The solutions can contain

.agent

preservatives, antimcro fers and ant I oxi dant s
conventional |y (Rarenteily administable f mxdﬁmmemm@- shawld, of gpurse, be

adfll t } ves \dturnt haiaﬁd ﬁe@ﬁﬁﬁﬁﬁhyf ! bR gitally uﬁdwepm% ig%ﬁis, m&dﬂdaﬁdc W Ghnalhinbrt not
Interrere W e 1A ac uc e en
hvent ron it tniize FRfROR BF B adkb3k BRE tnor BimMissBAA 484 fivs B coPleSitC;

i nt ended i Mediymvshpuldpreferably hdlmtemopmhghtly hyperuomenSumbleEé!MEiEﬁhﬂnanpl el

) Sl AR e MBI il

trans - 2-arfrid eavionaRinger's Jajestion, Sextrose Jeguqmmgmmmmummrm cal
Co., MI “’a%j&nolyvl%mﬁgéx’klﬁw&f%w&bﬂh&% stéh &Y &6 dbderive@ imdded 200 g

Remington's Pharmaceutical Sciences, 15th ed., Easton: Mack Publishing Co., pp. 1405-
1412 and 1461-1487 (1975) and The National Formulary XIV, 14th ed. Washington:
American Pharmaceutical Association (1975;. The solutions can contain prescrvatives,
antimicrobial agents, buffers and antioxidants conventionally used for parenteral solutions,
excipients and other additives which are compatible with the contrast agents and which will
not interfere with the manufacture, storage or use of products.
The present invention is further dwcnbed inthe followmg cxamples which are not
- intended in any way to limit the scope of the invention.

EXAMPLES
Example 1 - Synthesis of D:cyclohexylenetrlammepentaacetlc Acxd
(DCTPA) (5)

A. Trans-2-N-Tosylamide cyclohexyl -tosylate (1): Toa stirred
suspension of trans -2-amino cyclohexanol hydrdchloride 7S g (0.49 mol, Aldrich
Chemical Co., Milwaukee, Wisconsin) in anhydrous pyridine at 0°C was added 200 g
(1.05 mol) of p-toluenesulfonyl chloride. The resulting mixture was stirred at room
temperature for 48 hrs and then poured into ice (1000 g). After stirring for 2 hrs, a ycllow

' -14-
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{1.05 nol) of p-tol uenesul fonyl chloride. The resulting nmixture was stirred
at room t Qfpessey € for 48 hrs and then poured into ice (10POTHRISHILI
stirring for 2 hrs, a yel | owi-14- = WD 95/28380 °

PCT/ GB95/ 0083 filt d d h th t 2 50Q

et hanol (200°W & ‘iw"sl'ﬁlécrgiﬁwla“ﬂibgécedd‘f’i n&’aﬁg@ﬁ%%%hﬁﬂﬁmgb?e"r@ X 40 b %ﬁ?@di”aés
a slightly yeénedundeglvaclyni 6& 24 hi928¢ive (Ias h6Oghtyb IR $dTid ([192 2] 922 Rnp 360-
MHz, CDQ [eru$a-d.eu NMﬁ (i@o M‘Hz“(':bci 5 970“@{‘&91 1 §0Af_éil) ?Ugidiﬂ95|19

Al , 7.23 (d, 2H =
-B)H)a 12 (AT 7’@43 (cN)zH zl—aﬁ%rt @4%#”-59, D) 4,243, kth[GHer)
2.12-1.18 (nB.18Hm, [HrCHCNYMR433Q03NHZH45,239 6, Bh).dﬁ [ 2]12-1L4& (80 8 HH4 33838,

07 0 Nl fieto Gl bty il

Clerr]Herr] ¢ 53.65£32.32,( W H),[23.32, 2220; 1MBMS (HIO nwick, MSHMS%rGIh@Q%EH-b)S

El emrental An |

R5 85 N SBR o SHisNOS SR I3l Ruhl G 4eihs5) Elemetall
aziridine (Zﬁ"a%‘%c%lﬁsf?é@ﬁzsﬂpﬁwﬁz% Gy 207G 285N, 3}083®undl §3 msaru
t et rahydr of ugn; (N H29(500 m ) was added trans -2-N-tosylam de cycl ohexyl
tosylate 1 (190 g, 0.449 nol) portionw se at roomtenperature. After

evol ution of hydrogen ceased, the mixture was filtered and the precipitate

was washed with THE. NFTesgboyclorexylrapvidinel (2010To Wasus Rﬁfaf Séditim E dede?

L1 D o i 58 G L i
2.92 (d, 2H, cyclohexyl maylae 1 6196og,0:4493mpl) pptionwise at lloomte(rmeratﬂe @Hierelvpm,non
1.35 (m: 2H, o ﬂi? c]:r) ceaded. $hd ﬂxﬁ%w&'ﬁlﬁﬁ‘é& and tﬁ@éfel:@u%&%g&h

cDd [err]) [ 8, 130,12, 128
(PK mat ch, %F‘R/SW@F@W%@T ligugr. mxyp@aﬁeé l%lgwsé ae[aewlpw[a@hﬁ](mq érgr ?&%),
(MrH) [err] 25 3963°C; %NMR(mal)Mﬂwq:Dmg 3.0R68 (d, 2H: Te8127 |Ardtn I7v28 Qﬂc d

f H C, 1
600 N b 63 kN%eﬁglé?% 9,4, »%’Qﬁbﬁé@if( I Ryl fﬁ? o s
refl uxi ng sokms 2k Cf2)( 18 Ymy, ﬂ&hQH?_‘D, MRI@ﬁQ/MHﬁ;éS&ﬁB) (& 0a4:88, 180423
o Ntosyl oaepo: m%o?? 202216854 HRUREK f}‘%’z‘sggg‘fi R Meoth Bk
additi on was %’o&rﬂ%bﬂgl 25D 25210983, found M) 232. 105930 Blemental Aoalysiat
was renoved Qalt'@¥6reSHH [NO,S, G, 62.12;3] 618ZYN! $59xfRRdVes61e 1l b%9; N, 5.62.

C. Di-(N-,trans-z'-aminoéylohexyl)amine (3A and 3B): To a refluxing
solution of (+/-)-trans -1,2-diaminocyclohexane (100 ml, 0.833 mol) in anhydrous
acetonitrile (200 ml) was slowly added 35 g (0.139 mol) of N-tosyl cyclohexylaziridine 2
in acetonitrile (50 ml). After the addition was cbmplete, the solution was refluxed for2
hours. The solvent was removed and excess trans - 1,2-diaminocyclohexane was distilled
under vacuum. The resulting oil was titrated with hexane to give pale yellow solid (43 g
84%), which was used in the next step without further purification. The above solid (43 g)
was heated to 100-1 10°C with 98% conc. H2SO4 (200 ml) for 20 hrs. The resultant
solution was cooled with salt-ice bath and_ ether was added slowly with stirring to keep the
temperature below 10°C. More ether was added until no further precipitation occurred.
The precipitate was filtered and washed with ether under nitrogen. The grey solid was
redissolved in a small amount of water (10 ml) and concentrated (60%) sodium hydroxide
was added to make the solution basic. The basic aqucbus solution was extracted with ether
(5x100 ml). Drying and evaporation of the ether solution provided a mixture of 3B and.
3A as a pale yellow solid. The mixture was _scpafated by flash chromatography

- (CH2Clp/CH30H saturated with NH3 (g): 7/3) to provide compound 3A, 9.0 g (31%)
-15-
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under vacuum The resulting oil was titrated with hexane to give pale

yel l ow sl i d g43 -g, 84%, which was used in the next step w thout further

puri fi catMOt2838e "above solid (43 g) was heated to 100- 1101EV6RS/0082h 98%
conc. Herr]Sqerr] (200 M) for 20 hrs. The resultant solution was cool ed

Wi th sal t - arckcdrapdundri, & 18 (9%RI A dRE 6041 06YCY IMINRIRS{I60TMAE, COMSEB: bhe

O R B g e
under nitr o » gr e i e®: od.64, N er
(10 m) anHRMSIERRInALIE] IMBYICHRY) WA B (BRI L aPRle 3138,

) Dryi ngu g io e Pk o S REIC U R _rmhzdsﬁﬁcﬁahs-xgiﬁz&%‘lg‘é
and 3A as 2H)pA.96 (] 218y 1580 (m, 4HJ14.5Ti 6i, L6H), 109-C:8P G AEHS bycfm?@

chr omat ogr J&rr&d / e : A 7/3) to
provi de go%gzl%}g%ﬁb@g% 'g&('?l 5?/()193 ggb@'ﬁf%‘f@%‘;%%ﬁd}ﬁﬁ & R match,
PCT/ GB95/ 008B4S a6H2Chnidle Ol cals'd for €1gH1sd) (M 34)+2121X12671 Fohad (MG Hyer r | H
NVR (360 Mim2{3¥d [err]) [err]: 2.26 (m 1H), 2.24 (m 2H), 1.95 (m1H),
1.63 (m 3H), 1.39 (m 5H), 1.23-1.06 (m 6H), 0.90-0.83 (m 2H); [err]C

NMR (300 MHz, CDOl[err]), [err]: 60.64, 55.97. 36.87, 32.79, 25.86;, HRVB
(PK mat _cgi1L L§| 242.7 tC&ﬁ@ﬂrD@&kl}mek Mﬁ@tﬁaﬁaﬁk 'eﬂémgtﬁ[ A d H%ﬁg{ém?fzgipwr r+] y
. {0 - err. : - - ,

N (30 MY A plsre {**gwlf@*;v?ﬁm@%f”-isﬁé AmaN-but g0 (m 4t

1.51 (m Mmﬁcmmlﬁsn%gl 5 %mﬁ)[ﬁy@@%{sﬁﬁg&m@gl ;g}l%ﬁﬁnr and

64,59, 5. ficcify GBvesTAAR0 Pl shlyarbh ibioo RSP B et W por 35
] - d-f . e - 21267,

Grern o (TR e TR DR o

O BT, 6 Ty B N AN O 201 foci um
-87.6 ol - r pnpacet.at e . 0r), _
gar bonat e x(sé;',)roay l %‘i‘é’qw tpe S%?B°ﬁ&‘éé?ﬂ‘&?‘l§i(g\}‘é A ARRS 2fJays.whitthy dr ous
acet oni t r i ¢rgstalsGecratyllactes antliwashel with s0p@padold ga‘ge:is,sr‘gsf 4: TRe RlogierPi t at e
filter f ' Lutii DOr at ed  ung /acuum t o. rgnove
\évglsvent ar%ﬂ'eogiasssce?- tﬁ?%@grag%gtgr%’gt&eﬁ& _eg'.l ecé?ﬁ’?{]&i .50755:%95- tved in
"sopr opy| BPEBASE &6 Bl 01 Gl Nadg: (360 MHB[GPF1aL 3:5.50L 6 (n 10
After 2 dapy, 2.7 26 \CH aN3; 2084 (n C2HL CAL-RY, 204 MEYRE1 W1 (th, PP HPRO! O
give 158 goref e 3), 17016, 8H): 13C NMR (300MHz, CDCl3) 8: 173.96, 172.47, 80.59,
- 80.17, 65.73, 64.31, 54.05, 47.58, 31.98, 29.81, 28.75, 26.47; HRMS (PK match,
LSIMS, CH2Cl2-MeOH) calc'd for C42H79N2010 (M+H)"" 7_8_2.55307, found (M+H)*
782.55664. | | .

—'

E. Dicyclohexylenetriaminepentaacetic Acid (DCTPA) (5):
4 (15.0 g, 19 mmol) was stirred in trifluoroacetic acid (TFA) (20 ml) for 15 hrs. The TFA
was evaporated and dried under vacuum to give an oil which was titrated with hexane to
give a whitc solid (15.3 g) Elemental analysis of this crude product showed that it
contains approximately 2 to 3 equivalents of TFA. Purification of the crude product was
performed according to the following procedure: The crude product LS g in water (3 ml)
was neutralized by sat. Ba(OH); to pH 8 and warmed for 30 minutes. The slurry was
filtered and washed with water. The precipitate was suspended in water (5 ml) and the pH
- adjusted to 2 with 20% H3SO4. The sus'pension was stirred at 80°C ovemight (adjusted
pH to 2 with aqueous barium hydroxide/ dilute sulfuric acid). The precipitate was filtered
and aqueous filtratc was evaporated and dried to provide 5 as a white solid (0.75 g, 80%).
mp 170°C (dec.); 'H NMR (360 MHz, DMSO-dg) 8: 3.78 (d, 1H, J = 48.6, N-CH -CO),
3.73 (d, 1H, J=48.6, N-CH -CO), 3.62 (d, 4H, J=41.8, N-CH -CO), 3.56 (d, 4H,
: -16-
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*liquor was cooled to -20[err]C and after 1 week, a second crop of 4 (15.7

g) was o Total: 31.5 g (46% ; np 106-107.5[err]C {@lﬁyﬁ"}qm (360
CD%%%[err] 3.50:23.61 (m 10 H), 2.71:¢m 2H, CH-N), 2.54 (m

VZH O N I%{%Ebvc%ﬁm Beny? e s, Bt 33 T i ¥ 5%3 dat,tm

o b ) 51 T i, 3B 600 A DO, 35 176206 476 1ARTE oo e
LSI M5, CH f
[ BEEE MO 5206 50, vl B¢ Wl LD MoEoMs Y Eileer 1

782. 55307,
Di cycl ohexyFznkdss Naﬁmé YA 20212490 Adound (dd+H)) 592:34077; Elemanta) Anplysigo| )

was stirredealéd fér € Hggmgetbioqﬁ@@ 6086) H( 24 8nC) 8lo9r fokladhCs 51.3beCTFA2nas
evaporatedgﬁ glgerh under vacuumto give an oil whi ch was titrated wth
It

hexane to e solid (15.3 g). Elenental analysis of this crude
product showed that it contains approximately 2 to 3 equival ents of TFA.

Puri f
b ocedur e SREmpICE < GATIRBGK Corkfitx MHDCTIA(BS T dethol @ hilfe pRLELY 19
Ba(OH) 2 t o @MCTPAn(ElndFheenlt bwvas@hssp}vs’rdesnsovmpago 10ymi)and satnxvétrcbmtzbnd

washed with M@Hﬁf ahiiRoi4 Gk a&&%u%l (iﬁﬁ'ndﬁi'am tﬁésd’fhﬁorﬁﬂﬁ jshe pH
adjusted to 2w 20% Héerr

err uspenS|on tirre
80[err]C ov’é‘ﬂ‘m‘ﬁﬁﬂt ylepky W%‘é‘a%‘fﬁfﬁ P%W\“EWP&H“B&‘ el ut e
sul furic acélsthined h&uqarpewdar (31 g) was distdived iadictuntied GuRaYS nil).| Gaddlinitms

ted d de 5 wh | d 7 80%).. .
TroLer ] ¢ (AR G b Reftie acey G wisdeatiloviyyd e appve adipgs sffRion. 5
48. 6, N-CH TEOyeacBowag monnorcﬂ bym (ﬂz-pyzadylam)csor&nsmowsodimn Satt) 1cs8
N-CH - CO), é@%c( on gﬁi 1 di éﬁ%?c
-CO 3.17 1.12
(m ), 8H); [ e‘g:cf@qz?ﬂﬁuemt U\B@ctj{he raéiqh}lo ¢ foluqqrswassadﬁgr@ topH 7 withp
E/gﬂc—)f DNE%) 3Zmmbhih hy&%xﬁlélm@x’é achl. ﬁ&]t&é wa’-iQd@&i uridRitfe &ﬂﬁoﬂ‘b&é‘dﬂnz 240&0 %1&?{5 |
d de err L oun
(MeH) [err] %‘Eflz&‘i B%’—“‘ }‘Efﬁ% '}‘“’A{ﬂg‘; f‘gﬂﬁgf’% %wﬂ}é‘l’é &8
J err] - H er filked@nd ¥eashs} with acetdfic. The Shildsolifd(Ghovas diedxt SB!I: uﬁlieﬁ:aﬂ:ﬂ;m ffor
gr ééucfx anPhQags fo ﬁgﬂk 'pgic%lWliﬁ)iBﬂb %5 l(n@nOQC Hedh. BRART wlqﬁ'sis
- calc'd for CpoHagNs010Gd-3H20: C, 35.52; H, 5.96; N, 9.41; Gd, 21.14; found: C,
35.41; H, 6.04; N, 9.16; Gd, 20.98;

Example 3 - Synthesis of Dicyélo'hexylenetriaminepentaacetic acid
Isomer (DCTPA') (8) _
- A. t-Butyl DCTPA' (7): A mixture of the dicyclohekylgnetﬁaminc 3B (7.8 g,
37 mmol), -butyl bromoacetate (40 ml, 246 mmol), potassium carbonate (25.5 g),
molecular sieves (4A, 20 g) in anhydrous acetonitrile was stirred at 50°C for 2 days. The
. same procedure used in the synthesis of t-butyl DCTPA 4 in Example 1, Part D above
provided 7 as a white solid (22 g, 76%); mp 107-109°C. H NMR (360MHz, CDCI3) :
3.64 - 3.51 (m, 10H, CH 2), 2.75 (m, 2H), 2.57 (m, 2H), 2.08 (m, 4H), 1.63 (m, 4H),
1.47, 1.45 (2s, 49H, CH 3), 1.23-1.08 (m, 8H): 13C NMR (300MHz, CDCl3) &:
172.86, 170.28, 66.23, 63.23, 47.96, 29.04, 27.10, 27.03, 25.05, 24.89. HRMS (PK
match, LSIMS, CH,Cly-MeOH) calc'd for C42H72N2019 (M+H)+ 782.545307, found
(M+H)* 782.54987.

B. DCTPA' (8): Following the same procedure used in synthesis of DCTPA
(3) in Example 1, Part E above, DCTPA' 8 was synthesized in 80% yield. mp 178°C; 1H
NMR (360 MHz, DMSO-dg) &: 3.76 (d, 1H, J=65.1), 3.71 (d, 1H, J=65.8), 3.61 (d, 4H,
. - -17- '
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(DCTPA (5) -TFA salt ) was dissolved in isopropanol (10 m) and saturated
wi t h anhygipedssspnoni a (excess) by bubbling gaseous amoniBCHEBSHEIB2t he
solution for 15 mnutes. The resultant white precipitate was filtered and *
washed with isopropanol. The obtained white powder (3.1 g) was dissolved in
dei oni zed water (5 m). Gadoliniumnitrate (2.5 g) in deionized water (5

M) was addedsqlsywh ¥e (@ 41er-Aa08€3 38YRPYS)SLRE OB H) THBOME AR

SRR b iymu i R e e

" the presencet6d7 W12h26.3V £24.90] [ 2466 HRAWE ¢PK trhmcta ASIMS) Me@ﬂiﬁ))ﬂsmtcamm Was

adj ust ed 0 O iyl 6, RO BORYHb0N ribia ki 362 SaaeC R1GHE,

until the so ensi.on was rr]C
After 2 daysal Eﬁefowsuﬁssd‘gsmmg é?é&'rh?Q%eNméélfﬁontl%ﬁééZéﬁdH«\a&ie Wit h
acetone. Theg.gBjite solid (6) was dried at 80[err]C under vacuum for 2 days
to provide pale yellow solid (3.10 g, 71%; np 220[err]C (dec.). Elenental
Anal ysis .calc'd for CJerr]Herr]Nerr]dJerr]Gd.3Herr]O C, 35.52; H 5.96;
N, 9.41; Gd,Example 4f-oGadoligiurga5Cdamplex o6 IATPA (9:16; Gd, 20.98; Exanple 3

- Synthe5|s of Di ¢ ) (8)
A 1 Butyl DCTPA %ﬁ%‘“‘mﬁ*ﬁw DRPPR R4 bpdfA UshE Skl B ) (2

37 mol), t MI 246 mmol ), potassi um carbonat e (25 5
g), nolecular sieves (4A, 20 g) in anhydrous acetonitrile was stirred at
SO[err]C for 2 days. The sane procedure used in the synthesis of t-butyl
DCTPA 4 in Exanple 1, Part D above provided 7 as a white solid (22 g, 76%9;.
‘np 107- 109 Ex4rapld &r+ Iwapivig §G6les-withCOaAdobinidh ‘¢amplex o BCTPA. &) (m ‘

10H CH 2), 2.75 1yQ oqd :?nc% of £ (&% ! neti¢: 47
IR NERTIYi o J;i'm‘ e b
24.89. HRMVB xhlilﬁeaabs“eb(mswﬁd 100 hficrbincles éﬂl )M% heaail Tt viedghted ma netxc

e Rl el D T Mg LR M e

in Exanpl e 1\vlti>an¢ rabbis atsach dOXET Bach &bhasras mﬂisaudeitnng iipfging amgd naging
178 G ) 65.1
B Bl E 8] lH[ ﬁéﬁo@?v@?@r&%ggu%& mq[s%fnl bo[rﬁw&o mitn. 43d 04 hotds) a&Lr )

administration of

For liver imaging, at 10 p,Mlkg, the visual and quantitative enhancement was not
clear. However, at 30 uM/kg, visual and quantitative enhancement of the liver was
satisfactory. At 100 pM/kg, visual and quantitative enhancement of the liver was also
satisfactory. Clearance of § from the liver is compiete by 24 hours. Imaging of the 'kidncy
cortex and medulla showed a similar result, with the 10 uM/kg dose of § producing a less
desirable result than the 30 uM/kg or 100 uM/kg doses.

-18-
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vWO 95/ 28380 . PCT/GBYS/ON832

PCT/ GB95/ Hp%$28380,4 5y —A24 5), 3.15 (m 2H), 2.86 (m 2H)
2.30m 2H), 2.09 (m 2H)E[!i]mlmm’rw£"@ 30 - 1.08m [err] C NMR
(DVBO-d[err]) [err]:172.9%4, 470, Ty %2, 63.203 46.97 28.27 26.77, 24.90,
24.66; HRVMB (PK match, LSIMS, MeOH/ DVMSO) calc'd for Clerr] Herr] Nerr]
Jerr] (MH)[err] 502.24007, found (M+tH)[err] 502.23841; El enental Analysis
Calc'd for qer%ﬂkgrr] Nerr] Qerr]: C 52.67, H 7.03, N, 8.33; found
C, 52.48; H, 7. TN 8.33. Exanple 4 - Gadolinium Conpl ex of DCTPA (9):
The gadol i ni um conpl ex of DCTPA" (2) was prepared using the procedure of

Exanpl e 2 abovej np g?%%rﬁ%é,]lﬁa(ggctﬁe fPtRig P - |maging studies with
Gadol i ni um conpl ex of A (6) The gadolinium conpl ex of DCTPA (6) from

Exanpl e 2 was used in nagnetic resonance inmaging studies of rabbits. The
gadol i ni um conpl ex of DCTPA (6) i284 three doses (10, 30 and 100
m cronol es per kg), using hﬁav ly T etic resonance sequ es
(TR 400, TE 12 ntec) at 1.5 T.\The were perfornmed with on
rabbit at each dose. Each rabbi - zed during imaging and-

i magi ng periods were pre-admnistjration of ¢ 15 mn., 30 mn. 60 mn. and
24 hours after adm nistration of N&S).. For INver imaging, at 10 [err] M kg,
t he visual and quantitative enhgndenent \o} clear. However, at 30
[err]M kg, visual and quantitat ‘veRBnhancdtren® of the |iver was
satisfactory. % ?’L#)%.l[lerr]lvlkg,- vi sual and quantitative enhancenent of the
liver was al so s% }actory. Cl earance of 6 fromthe liver is conplete by
24 hours. |maging of2} nkiZindpdependensdy mepxiessntholed axomsni | ar resul t,

with the 10 [erﬁéé@&?fsﬁooéo@_oipéﬁ’guﬁiﬂ8n§c§€§§cd8§i%@ﬂréy&ﬁ§é” t than the
30 [err]Mkg or 100 errll\/lég oses. -18: . WO 95/ 29380° 5
PCT/ GB95/ 00832 @@ EpaeYqlic o RRFTREYetie neing, RyiFher. [8rif Fhand 2

independently optionally substituted with R® and R?,
respectively; o _

R!, R?, R?® and R? are independently carboxyalkyl
(C1-C2),

- (CH,;),-C(=0) -NH-R®, or

- (CH;) ,-C(=0) -0-RS8,

R® is carboxyalkyl (cl?cz);

R¢ and R7 are independently hydrogen, benzyl, or
benzyloxy, said benzyl or benzyloxy optionally
substituted with oxie_, two or three substituents selected
from the group consisting of amino, isocyanato (-N=C=0),
isothiocyanato (-N=C=S), -NH-C(=0)-X or -NH-C(=8)-X;

R® is alkyl (C;-Cp), -(CH,)n-Ar, or polyhydroxyalkyl
(c1‘czo).:‘

n is 1 or 2;

m is 1 to 15; _

X is a targeting moiety; and _

Ar is phenyl optionally substituted with one, two
or three substituents selected from the group consisting
of amino, acylamino, hydroxy, alkyl (CI--CS) and halogen.
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i}.

Z[err] and Zerr] indepengentl ] the atons necessary to conplete a
nonocycl i woogs/aesgeycyclic Emwm“mﬁmn!ﬂt erocyclic ring RYRGBIY008IR d
Z[err] and Z[err] indepen OpWw ORal ky substituted with R err] and ?
Rlerr], respectively; Rerr], Rerr], Rerr] and R err] are independently

car boxyal kyl (O C2) -(CHerr])[err]-C(=O-NH+Rerr], or - (CHerr])

[err]-C (=O -O-Rerr], err] is carboxyal kyl_ (derr]-Cerr]); Rerr] and
Rlerr] are independeft F?'I‘?ﬂ[?d’i‘ gef, chaim ,“BrCJcﬁ%ﬁ Jherain oélbéﬁlflylzzor
belnzyl o>0<|yf opt i osathyreppeseitit e Vatbmentecés®ary tdresnsldrsd id UG-,

sel ected from the_gLau | S1.i 1 O, L - ~Q) ,

| sot hi ocyanat o I?‘lfl\lzé‘gsgrfgmié :€§r§§%§ﬁ£§|—?§ %Cé/%@%%#ﬁ\hﬁq‘sigal Kyl
(Cerr]-Cerr])syst¢@rferr])[err]-Ar, or polyhydroxyal kyl (Cerr]-Cerr]); n
is 1lor 2, mis 1to 15, X is a targeting noiety; and Ar is phenyl

optionally substituted with ope, two %&gahree supstituents sel ected from
the group considting®ofoBRPRRY 28\ FEATRA R FIAIM 19 |chadm 3 (whexsin )

~and hal ogen. 192! an Z5ka¢hS@epresent the atoms necessary to complete

PCT/ GB95/ 00832 2. u - jmed i | 2l wherein Zlerr] and
Z[err] each r.ep?e%ﬂ&f%ﬂgtgﬁg%%i%&%r% trge"sb:eo%pch}e]]elca %-S}%{e—‘abr
tricyclic carbocyclic or heterocyclic ring system 3. A conpound as
claimed in claiml of SbRbSursa S’ €idimed in any one of claims 1 to 3
wherein 2Z* and %2 represent the atoms necessary to

complete different carbocyclic or heterocyclic ring
systems. - : : {

5. A compound as claimed in any one of claims 1 to 3
"wherein 2! and Z? each represent the atoms neéessary to
complete the same carbocyclic or heterocyclic ring
system. | ' |

6. A compound as claimed in any preceding claim
wherein 2! and Z2? independently represent the atoms
necessary to complete a cyclohexane ring.

7. A compound as claimed in any prébeding claim
wherein R!, R?, R® and R* are independently carboxyalkyl
(CI_CZ) . l

. 8. A compound as claimed in any preceding claim
wherein R!, R?, R® and R! are each carboxymethyl.

9. A compound as claimed in any preceding claim
wherein R® is carboxymethyl.

' 10 a compound’ as claimed in any'-preceding claim

wherein RS and R? are independently hydrogen, substituted
benzyl or substituted benzyloxy.
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*Z[err] and Z! errl each re ”mm necessary to COMplPicRosions3z
nonocycl i c™ clic or Ik L ﬂ”mﬂm system 4. A conpound as
clainmed in any one of clains A£t& 3"wheret n Zlerr].and Z[err] represent the
fat ons necessary to conpl ete different carbocyclic or heterocyclic ring
systens. 5. A conpound as clainmed in any one of clains 1 to 3 wherein
Z[err] and Z[errjicach ¢ORpesedtas elained NeCRTE Ab¥etI LN PEEi BmtbeisgNe
carbocyclic or heterocyclic ri system. 6. A co und as clained in any
preced ng ol ai mOHETERh PR, TRESAEE £ QRPISF RE R | SO ent ¢ he at ons
necessary to conplete a cycl ohexane ring. 7. A conpound as clainmed in any
precedi ng cl ai mwher e} e : eft] fgﬂ.r r i endent |y
car boxyal kyl (C[#r]'r] %%%??ﬁi%ﬂ é«i%':lé“r}%)u%% %s C ?fﬁe& ?ﬁé%?lygg:rggcedi ng
cl ai m wherei n R®8%31l ¥ R rparagreneti@d®f@tr] are each carboxynethyl. 9.
A compound as clainmed in any preceding claimwherein Rerr] is

car boxynet hyl . 10 conpound.as claipmed.in a receding claimwgerein
Rlerr] and Rjer 3 arg\i%?f%%%n?‘? ycﬂW%%e:h‘? %i%%t#ﬁ%ﬁﬁaiﬁ

S:Jb_St | '([juf[ ed benzp'é.r:est;traeﬁlélg,rﬁ@t:::.c_ﬂiﬁﬂbgEl ;3!3:95/0@83‘2,I \MhQSE"éF\éf&iti), INi, ACutprm@undea_sd
clainmed in any c n n al 4, 0 onpl e a sai
conpound. 12. Apé:%'npouhgprg'sa%@ai rre'dg(l;%' g?%i n?\ﬂ'lrhvébreléheggﬁ g%rre%(]zral s a
par amagnetic netal .

14. A compound as claimed in claim 12 or claim 13

wherein said paramagnetic metal is Gd.

15. A pharmaceutical composition comprising a compound
as claimed in any one of claims 1 to 14 together with at
least one pharmaceuticaily acceptable carrier or
diluent.

16. A process for preparing a compound as claimed in
any one of claims 1 to 14, said process comprising one
or more of the following steps:

(a) reacting a compound of formula II

2
R? . (II)

zl

RG

Lo Z

NHR

" RHN

(wherein 2!, 22, R® and R’ are as defined in any one of
claims 1 to 14 or are protected derivatives thereof; Y
represents H or an alkyl, aralkyl or arylsulphonyl
group; and R represents H or a protecting group) with a
compound of formula III '
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13. A conpound as clainéd in craim 12 wherein sai d paranagnetlc metal is
Cr, V, Mwgosnssgw N, Cu, La, HIIII!J’tIIIJlJIIiLII | m Eu, Gd, pEpicEdveess®, Er,
Tn1 Yb or Lu. 14. A conpound as 12 or claim 13 wherein
said paramagnetic netal is Gd. 15. ﬂharnaceutlcal conposi tion conprising
a conmpound as clainmed in any one of clainms 1 to 14 together with at | east
one pharmaceutically acceptable carrler or diluent. 16. A process for
preparing a conpound as clained i th‘one of clains 1 to 14, said(gZdgess
conprising one or nmore of the follow ng steps: (a) reacting a compound of

formula Il [err r Zhert rr, err] a err] _are as defined
in any one.of c%alns fgi %% FEEPEE§r6¥e8P d°g rPg FE%é?stHeFeoF4 or a
represents H orprotegted dam:ata@ulve)rtlmzydcﬁulaﬁd)liyllsgraodmav&m@ Grictpyesent s

0 @ DY ot ect s ooy’ Ry LedBbig b brp Ui 29350

PCT/ GB95/ 00832 L - err
defined in anyQﬁR¥ Ysedins 1 to 14 or a protected derivative thereof and
Lis a Ieaving group) and if necessary subsequently renoving any protecting

groups used; rt| a co und of fornul g | err] (wherein
Z[err], Z[err], %ﬂ[ éﬁﬁ% %@FFWSG Bgve) into a conpound
of formula V

z! 72

Ré . R?

(IV)

<z

OH

HO

(wherein 2!, 22, R%, R” and Y are as defined ébove) into
a compound of formula V

Z‘ 22
6 ) R’
v
N~ | (V)
l
HoN H NH,

(wherein 2!, Z2, R® and R’ are as defined above) followed
by reaction with a compound of formula III as defined
above and if necessary subsequently removing any
protecting groups used;

(c) reacting a compound of formula VI

z! zz
RS R?
] '
;

NH»

(V1)

NH2
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[err] (wherwpmsgésor]. Z[err], R[j:mmﬁm e as defi peticBosues2
foll owed by reaction with a conpo " Mﬂw as defined above and i f
necessary subsequently renpving any" préot éct tngsgroups used; (c) reacting a
conmpound of formula VI (VI) [err] - WD .95/28380

- PCT/ GB95/ 00832 (wherein_Z[err], Zerr]l, Rerr] and R err] are as defined
above) with a(WBRES&RAZ5F For R &0A R’ a3rgeprpFndgtibedeakove)f wishessary

subsequent |y eenpsun@ afy fREALEE! TIT @E0UREineAdancdl GRVEIE i ng a conpound
of fornmula I into_a_chela Use of a conpound as clainmed in

e complex. 17. :
any one of cl3FFESFaLE ¥ F8ﬂugﬁ§i¥hﬁﬁpﬁgFﬂﬁeaﬁV RIOLeFtddd SLRE for use
in a method ofisedage generation practised on the human or non-human ani nal
body. 18. A nethod of generating an i mage of the human or non-hunman ani nal
body, which nethod conprises adm nistering to said body a diagnostic agent
as clained in(@}ai APRYezhdngenccompayndnofnfgemuiliaall Hodst aa giwlats said

~body. 23 complex.

17. Use of a compound as claimed in any one of claims 1
to 14 for the manufacture of a diagnostic agent for use
in a method of image generation practised on the human
or non-human animal body.

18. A method of generating an image of the human or
non-human animal body, which method comprises
administering to said body a diagnostic agent as claimed
in claim 17 and generating an image of at least a part
of said body.
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