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PQ#yazaeye#ea#kane—gonpounds ELELD OF THE | NVENTI ON This invention

rélates to novel polyazacycl oal kane conmpounds, to processes for their
preparation and to their use. in the production of macrocyclic chelating
agents. WONGRSRBUND OF THE | NVENTI ON In the field ofrcetiGngéraoaés C

nmedi cal i nmagi ng, conpl exes of paramagnetic nmetal ions are widely used as
cont r ast agents. The lanthanide nmetal ions, especially GI(II1) and
Dy(l111) are anong the nost effective MR Corit r ast enhancers and to ensure
appropriate biodistribution and post-contrast bioelimnation, they are
adm nistered in chel ate conpl exes whi ch have very high stability
constants. \Wile sonme of the chelating agents used have a linear
polyanlne structure (eg. DIPsBridtve . RA product Magnevi st
and 'DTPA- BVA as in Nyconed | magi ng’ s CIDTEA- BV product Cnnlscan) ot hers
have a macr ocyclic polyanlne structure, eg. DOTA as in Guer bet' s GJIDOTA
product Dot ar ek i3/ Squi bb' s GdHP- DO3A product ProHance.

This invention relates to novel polyazacycloalkane
compounds, to processes for their preparation and to
their use in the production of macrocyclic chelating
agents.

BACKGROUND OF THE INVENTION

In the field of diagnostic medical imaging, complexes of
paramagnetic metal ions are widely used as contrast
agents. The lanthanide metal ions, especially Gd(III)
and Dy(III) are among the most effective MR contrast
enhancers and to ensure appropriate biodistribution and
post-contrast. bicelimination, they are administered in
chelate complexes which have very high stability
constants. While some of the chelating agents used have
a linear polyamine structure (eg. DTPA as in Schering's
GADTPA product Magnevist and DTPA-BMA as in Nycomed
Imaging's GADTPA-BMA product Omniscan), others have a
macrocyclic polyamine structure, eg. DOTA as in
Guerbet's GADOTA product Dotarem and HP-DO3A as in
Squibb's GAHP-D03A product ProHance.

The 1,4,7,10-tetraazacyclododecane (cyclen) polyamine
skeleton of DOTA and HP-DO3A forms the basis for a range
of particularly stable lanthanide-chelating wmacrocyclic
chelants in which three or four of the ring nitrogens
carry a pendant, ionizable metal coordinating group, eg.
a carboxylic or phosphonic acid group. Since the
lanthanide ions of interest are generally in the IIIX
state, cyclen-based chelants carrying three such acid
groups offer the opportunity to produce charge-neutral
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between ring nitrogens. The remaining ring nitrogens in.
these chelants will generally carry metal coordinating
acid groups so that the resultant complex carries two
metal ions but again is charge-neutral overall.

Cyclen is a key intermediate in the preparation of such
macrocyclic chelating agents, with the ring nitrogens
being appropriately substituted after macrocyclic ring
formation has occurred.

Thus for example one may produce DOTA {(1,4,7,10-
tetraazacyclododecane-N,N', N" N"'-tetraacetic acid) by
reacting cyclen with bromo-acetic acid or its t-butyl
ester, in the later case followed by ester cleavage.

Where however one of the ring nitrogens is to carry a
different substituent from the other three, use of
cyclen leads to yield loss due to the formation of
undesired N-substitution products. One approach to this
is to mono-substitute cyclen before substituting the
three remaining nitrogens; another is to start from a
mono-substituted cyclén produced for example by
condensing a triamine with a wmonoamine, with one of the
two amine reagents carrying the substituent group (eg.
as in the N-monosubstituted cyclen syntheses of Dischino
et al., Inorg Chem. 30: 1265 (1991), Pilchowski et al
Tetrahedron 41: 1956 (1981), and Tweedle et al. {EP-A-
232 751 and EP-A-292689)).
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Thus in one aspect the invention provides
tribenzylcyclen compounds of formula I

P— ¥}, —Pb

£ ¥

X—N N;—X ®
rh—/,'{_,'{ R

(where R is hydrogen, or. a C,.;, alkyl group optionally
substituted by hydroxy, alkoxy or aryl groups or R is an
amphiphilic aralkyl group comprising a N, S, O or P
interrupted C,.,; alkylene chain, e.g. a polyalkylene
oxide chain or R provides a bridge to a second
tribenzylcyclen group, but with the proviso that R is
other than benzyl; X is CHR,, or where R is hydrogen two
X groups may each represent CO groups; and R, is
hydrogen, a C,.¢ alkyl group optionally substituted by
hydroxy, alkoxy or carboxy groups or an aralkyl group
having 1 to 6 carbons in the alkyl moiety and optionally
substituted in the aryl moiety by alkyl, alkoxy, hydroxy
or isothiocyanate groups).

DREIAILED DESCRIPTION OF THE INVENTION

In formula I, any alkyl or alkylene moiety unless
otherwise specified conveniently contains 1 to 12,
preferably 1 to 6, carbons and any aryl group is



Thus “in one aspect the invention provides tribenzyl cycl en conpounds of
farmula I [err] (where R is hydrogen, or a Clerr] alkyl group
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ot her than benzyl; X is CHR err], or vvheri R i s hydrogen two X groups
may each represent CO groups; and Rlerr] hydrogen, a (err] alkyl
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conven ent |y Sae(raR1a phazs Sachioik 88) $a-ze 1218 %0 BORESEnd any aryl
group is whé@1&6b28léast one CH, moiety is replaced by X* or a
PCT/ GB96/ 00464 group X!(CH,CH,X!), (where u is a positive integer) such
as X*CH,CH,X!, X)CH,CH,X!CH,CH,X!, XCH,CH,XCH,CH,X*CH,CH,X?,
etc), and wherein L. is optiocnally interrupted by a
metabolizable group M but with the provisos that the
terminus of L adjacent the cyclen ring is CH, and that
the terminus of L adjacent Ar is X! or a CH, group
adjacent or separated by one CH, from a group X! (thus
for example the L~Ar linkage may be L*-X!-Ar, L!-CH,-Ar,
L!-XCH,-Ar or L!-XCH,CH,-Ar, where L! is the residue of
L) ; .
each Ar is an aryl ring optionally substituted by or
having fused thereto a further aryl ring;
each AH is a protic acid group, preferably an oxyacid,
e.g. a carbon, sulphur or phosphorus oxyacid or a salt
thereof;
each X! is 0, S, NR; or PER;;
each R, is hydrogen, alkyl or aryl;
and n is a positive integer for example 1, 2 or 3.

Where in the compound of formula I, carbonyl X groups
are present, eg. as in the case where the compound is
produced by a cyclization involving amines having N-
attached LvCOCH, or LvCH,CO groups (where Lv is a leaving
group such as a halogen atom), the compound can readily
be reduced to the analogous compound of formula I
wherein all X groups are CH,.

The compounds of formula I wherein R is hydrogen may
readily be prepared by diamine:diamine or monoamine:
triamine cyclizations. If any carbonyl groups are
present these can be reduced and the tribenzyl cyclen
product can then be reacted to introduce a non-hydrogen
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Viewed from a further aspect the invention provides the
use of compounds of formula I for the preparation of
DO3A, N-substituted-1,4,7,10-tetraazacyclododecane-
N',N",N"'-triacetic acids, and the phosphonic acid'
analogs.

Viewed from a still further aspect the invention

provides a process for the preparation of a compound of

formula I, said process comprising at least one of the
following steps:

(a) reacting a diamine of formula II

PhCH,NHCHR, CHR, NHCH,Ph (II)
with a diamine of foz;:m;la III

YN (CH,Ph) CHR,CHR,NHY (IIT)

(where Y is CH,COLv or COCH,Lv and Lv is a leaving group,
eg. a halogen atom or an OTs or OMs group) to yield a
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- 5- R group. Dehenzyl ation and carboxynet hyl ation or

phosphononet hyl ati on then yield an R DO3A conpound (or t he phosphoni c
acid equivalent) which can if desired be further converted to desired
DO3A conpoumvsosega3s deprotection or renoval of the R groupcherbsovass i f
desired by substitution of the free ring nitrogen with a desired end
group. Particul ar benefits of the inyention lie in the selectivity
of the debenzyl ation stage, the higher ~ 6yi°e| ds, the greater ease of

i sotation of the nmacr | i ngd., pr ct and the significantly greater
ease of perf"gor“r‘%’ﬁ’é%cgﬁ ggggﬁ%rérgYa "Qﬁgvel of debenzyl ation than of

the detosylation required for exanple in the substitut ed- DOBA synt heses
of Tweedle et al. (supra). Viewed froma further aspect the invention
provi des the use of cRyp®Rypds of formula | for the preparation of
DO3A, N-substituted-1,4, 74, 10 tetraazacycl ododecane- N,N,N'" -triacetic
aci ds, and the phogghoni g—acj d nal ogs. Viewed froma still further
aspect the invent'gn__ i des Pﬁpr ocess for the preparation of a

conpound of forkul g I, d pr ®®tss conprising at |east one of the
foll ow ng steps: _ —t
g stéps: og=—N N——0 awv)
Ph— l l H
R; Ry
R Ry
Ph—\l l/—l’h ™)
0=—N N—=
Ri——N N—R;
Ph H
R; R

(b) reacting a triamine of formula VI

Z,NHCHR, CHR, N { 2,) CHR,CHR,NHZ, (VI)

with a monoamine of formula VII

2Z,N (CHR,COLV) , (VII)

to yield a compound of formula VIII



(a) reacting a diamne of fornula II

PRCH err ] NHCHRLerc] CHR[ er r ]| NHCH eLr ] Bh (1) with a diam ne
of formula 111 YN(CH[ err] Ph) CHR[ err] CHR] er r] NHY

(rern) (where Y is CHerr]COLv or COCH err]Lv and Lv is a |eaving group,
eg. a hal ogamoedrzmassor an OTs or OVs group) to yield a PCTIGHOs/B6a64£ 8433
PCT/ GB96/ 00464 conpound of formula IV or V J[err]

- S .
Ry Ry
Zz\i /Zl

Ri—mN N—F—0
Ry—— g, (VD

N N——
=
O R

(wherein one of 2,, 2,, Z;, and 2, is a hydrogen atom and
the others are benzyl groups):

(c) reducing a compound of formula IV, V or VIII to
yield a compound of formumla IX

R Ry
Ph— H »—Fh
Ri—m—N N—TRy
Ri——N N—/—R; )
Ph—" '__l H
Ry R

(d) reacting a compound of formula IX with a compound
of formula X

Lv-R? (X)

{(where Lv is a leaving group (eg. a halogen atom or an
OMs or OTs group) and R! is a group R other than hydrogen
or where Lv-R! is a cyclic or unsaturated compound {(eg.
an epoxide) nucleophilically substitutable by an amine
nitrogen to yield an N-attached R group other than
hydrogen) ;



(b) reacting a triam ne of formula Vi Z[err]NHCHR[ err]CHR[ err] N

(Z[err]) CHR err] NHZ[err] (M) ___ wth a nonoamn ne of
formula VII Zlerr] N(CHR[ err] COLv) [ err]

(Vi) to yield a conpound of forrmula VIII WD 96/ 28433
PCT/ GB96/ 00%96’28433 -7- [ er r] ; PCT/GB96/00464

- _ -8 -

(e) reacting a monoamine of formula XI
LvCHR, CHR,NR2CHR, CHR, Liv . (XI)

.(where R? is a group R or a nitrogen protecting group,
'eg. Ms) with a triamine of formula VI, and if required
deprotecting the R2-substituted nitrogen in the resulting
tribenzylcyclen.

The reagents of formulae II and VI can be prepared by
reaction of ethylenediamine or diethylenetriamine with a
benzylating agent, eg. a compound PhCH,Lv or with
benzaldehyde followed by catalytic reduction of the
imino product.

The reagent of formula III may be prepared by
benzylating ethylenediamine, eg. as described for the
compounds of formulae I and VI, and acylating the
benzylamine product, eg. by reaction with
chloroacetylbromide or bromoacetylchloride or other
haloacetylhalides or comparable doubly-activated acetic
acid reagents.

The iminodiacetic acid derivatives of formula VII can be
prepared by conventional carboxylic acid activation
procedures.

The amine substitution and carbonyl reduction reactions
of steps (c) and (d), may be performed by conventional
means as can the deprotection stages which may be
required.

Subsequent reaction of the compounds of formula I
wherein each X is CHR, can be performed using standard
amine substitution and debenzylation procedures.
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t he—ot hers ar ebefzyt—groups); ——=tpducing a coppound of forpula IV, V

or VIIl to yield a conpound of formula I X [err] (d)
reacting a conpound of formula I X with a conpound of fornmula X

Lv-Rlerr] WO096/28433 (X) (where Lv is a |eaving (nCoGBo¢emss a

hal ogen atom or an OMs or OTs group) and Rlerr] is a group R other than
hydr ogen or where-Lv-Rerr] is a cycLié or unsaturated conpound (eg.

an epoxi de) nucl eophilically substitutabl& by an anine nitrogen to yield

an N-attached B.90ub19L0648 &IEH]preé@%@ﬁ&%?gé;effected by catalytic

hydrogenation, eg. at a hydrogen pressure of 10 to 1000
psi, preferably 30-200 psi, a temperature of 0 to 200°C,
preferably 25 to 120°C, and over a conventional
hydrogeneration catalyst such as palladium/charcoal or
platinum/C. Debenzylation is described by Rylander in
"Catalytic hydrogeneration over platinum metals"
Academic Press, 1967, pages 449 to 468.

By contrast the detosylation reaction used by earlier
workers to pass from N-substituted-N',6N",N"'-tritosyl-
cyclen to N-substituted cyclen generally required
treatment with concentrated sulphuric acid at 100°C for
24 hours. On a commercial scale such high acid
concentration conditions and long reaction times are
highly disadvantageous.

Loading of acid groups, eg. carboxymethyl or
phosphonomethyl groups, onto the debenzylated cyclen can
again be effected using conventional procedures, eg.
reaction with bromoacetic acid, t-butyl-bromoacetate or
by reaction with formaldehyde and phosphorous acid
followed where necessary by removal of any protecting
groups and amidation if desired.

Thus the invention provides improved routes for high
yield production of cyclen tri-substituted by acid
groups and optionally mono-substituted by a desired
further group, eg. DO3A HP-DO3A, or other hydroxyalkyl-
DO3As, as well as DO3A-DO3A dimers.

Analogously one may use a diamine:diamine or
monamine:triamine condensation to produce N-benzyl-
cyclen, substitute the three vacant ring nitrogens,
debenzylate and if desired substitute the vacant ring
nitrogen to produce such mono/tri-hetero-substituted
cyclens. Thus viewed from this aspect the invention
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reacting a nonoamne_of formula Xl___
LvCHR[err]CHR[err]NR[err]CHR[err]CHR[err]Lv - (XI)

(where Rlerr] is a group R or a nitrogen protecting group, eg. Ms) with
atriamne swodemsassl a VI, and if required deprot ecti ng tPOTICBI6/00464
R2-substituted nitrogen in the resulting tri benzyl cycl en. The
reagents of formulae_Il and VI can be preﬁ%red by reacti on of

et hyl enedi ami ne or diethylenetriamne wt benzyl ati ng agent, eg. a

conmpound PhCHZL %uct&&h’desr%e cgggygg ?ﬁé%&dﬁ’ﬁ% %fbbbSA §duct|on of

the I mno pro rreagent o € pre 5red by
benzyl ati ng et W@%e%ﬁ%ﬁﬁgl@h%@tla‘g 8gsBES beBRid PEIRESS %Wéﬁhr}s of
fornul ae | and dhe sorhaedddiguegpst he benzyl am ne product, eg. by
reaction with chl oroacetyl brom' de or brompacetyl chloride or other

hal oacet yl hal i des or conparabl e doubl y-activated acetic aci d reagents.
The i mi nodi acet £&) acfal dereachingea diamideurf formpks Hd prepared by
conventional carboxylic acid activation pr ocedur es. The am ne

substitution and Ca%ﬁ‘?‘%’ﬁ;&ﬁyﬁdzon reactions of &tﬁgs (c) and (d), may

be performed by con

with a diamine of formula XIII
YNZ,CHR, CHR,NHY (XIII)

(where R, and Y are as defined above, and one of Z, and
Z, is hydrogen and the other is a benzyl group),

or (b) reacting a triamine of formula XIV
Z,NHCHR, CHR,NZ,CHR, CHR, NH, ' (XIV)
with a monoamine of formula XV or XVI

Z,N (CH,COLV) , (xV)
23N (CI'IR1CHR1LV) 2 (XVI)

(vhere R; and Lv are as previously defined, one of Z,, Z,
and Z, is a benzyl group and the other two are hydrogen
atoms),

and (c) where necessary reducing the cyclic dione thus
produced to yield N-benzyl-cyclen;

(2) reacting the N-benzyl-cyclen to introduce acid
groups (e.g. carboxymethyl or phosphonomethyl groups) at
the unsubstituted ring nitrogens;

(3) debenzylating the N-acid substituted product; and
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Subseguent—+eaction—of the conpounds of formilg | wherein _each X is
CHRLerr] can be performed using standard am ne substitution and
debenzyl ati on procedures. WO 96/ 28433
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preferably be effected by catalytic hydr ogenation, eg. at a hydrogen
pressure of 10 to 1000 psi, preferabLy1§O;200 psi, a ténperature of 0 to
200[ err] C, preferably 25 to 120[err] C, “and over a conventi onal

hydr ogenerati o at al _ | -adi r lL.atiphum C
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over platinum etk $© intredien; 2 hydcaxy-pdéyl guEUB- 449 to 468. By

coritrast the detosyl ation reaction used by earlier wor kers to pass from

N substi t ut ed- N‘ol':]ibﬂh'?; gg'?gr}gﬁgi%t%f ceﬁ:el ?c&[ctr%{:ggﬂ.'QSt Ituted cyclen

generally require concentra sal phuric acid at
100[err] C for tetraazagyslophkanes egeyding tql EheuRTOsRRM aftithe
concentration cowvértions and ipngecé€ssdrythel Fequatfon ofidly ¥ing

[ van L | | r . . r hyl or
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ef fected using efokal NprbeelRtion isyorderr tacpreduce tthebr onacetic
acid, t-butyl- dewire@cthéRaing agents. The N-alkylation step to

introduce desired alkyl or substituted alkyl groups onto.
the macrocyclic skeleton can be performed using
conventional alkylation techniques, for example
involving reaction with an alkylhalide R2-Hal (where Hal
is a halogen atom such as chlorine or bromine and R? is
an alkyl group optionally substituted, for example by
hydroxy or alkoxy groups or by chelant moieties, such as
carboxyamide groups or carboxyl or phosphonic acid
groups (optionally protected by ester groups)). The
alkyl moiety in R? will conveniently contain 1 to 1i2

. carbon atoms and any chelant moiety will preferably be
on the alpha or beta carbon. If a protected chelant
group is introduced in this fashion, it may subseguently
be deprotected, for example by ester cleavage to make
the group available for metallation.

The macrocyclic chelating agents can be used in
metallated or unmetallated forms. 1In the latter case
they may for example be used as therapeutic agents, eg
in the treatment of cancer.

Metallation of the macrocyclic chelating agent wmay be
effected by conventiocnal methods, for example as
described in the patent literature relating to MR
contrast agents (see for example EP-A-71564, EP-A-
130934, EP-A-165728, EP-A-258616,

WO-A-86/06605, etc.).
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necessary by renoval _of any protecting groups_and am dation if desired.
‘Thus the invention provides inproved routes for high yi el d production of
cyclen tri-substituted by acid groups and optionally nono-substituted by

a desired wobddsisy group, eg. DOBA HP-DG3A, or other hydrepsyceokisesss
DXBAs, as well as DOBA- DOBA di ners. Anal ogously one may use a

di am ne: di am ne or nonami ne: tri am ne condensation to produce N benzyl -
cycl en, substltute the three vacant ring nHrogens debenzylate and if

destred substit %:?’16 .vaca t nitrogen to r%suc uch
nono/ tri - het er o- CrGEel %% 8’% gx 0 E]tiicgeefé’p?ect t he
i nvention uponOthe/ 28tended end use for the chelate complex.
PCT/ GB96/ 00464 pgpe 1a11)6 pr?ferred are 1ons of metafPs-of atomi$SO Provides a
process for the production o gngl og chel aji ng agents,
sai d process cor%?qbﬁrﬁg €O 3R fﬁl‘iﬂm“ﬁg §Pe5§ 7 to83. AP reacting a
di am de of for mpartikular Gd. Z[ err] NHCHR] err] CHR[ err] NH err]
(X11) with a diam ne of forrruIaXIII
Where the chelate is to be used as an MR contrast agent,
the chelated metal species is conveniently a
paramagnetic ion of a transition metal or a lanthanide,
preferably having an atomic number of 21 to 29, 42, 44
or 57 to 71. Complexes of Eu, Gd, Dy, Ho, Cr, Mn and Fe
are especially preferred and Gd3*, Mn?* and Dy** are
particularly preferred ions. For use as contrast agents
in MRI, the paramagnetic metal species is conveniently
non-radiocactive as radioactivity is a characteristic
which is neither required nor desirable.

Where the chelate complex is to be used as an X-ray or
ultrasound contrast agent, the metal is preferably a
heavy metal such as a non-radiocactive metal with an
atomic number greater than 37, preferably greater than
50, for example Dy3*.

Where the metal complex is to be used in scintigraphy or
radiotherapy, the chelated metal species must of course
be radioactive and any conventional complexable
radiocactive isotope, such as 3™Tc or !1'In for example
may be used. PFor radiotherapy the chelated metal may
for example be 153gm, ¢7Cu or %°Y.

All publications referred to herein are incorporated
herein by reference.

Embodiments of the invention will now be described with
reference to the following non-limiting Examples.



YNZ[ err] CHR[ er r] CHR[ er r ] NHY (X1rn) (where R err]

and—Y—-are—as—defined—above, and ane.nf_Zlerr] and Z2 is_hydrogen and
the other is a benzyl group), or (b) reacting a triamne of formula
X'V Z[err]NHCHR[ err]CHR[ err] NZ[err] CHR[ err] CHR[ err] NH[ err]

(XI'V) WO bs/284380n0oam ne of formula XV or XVi PCT/GBY96/00464

Zlerr] N(CH err] COLv) [ err] (XV) Z[err] N
"(CHR[err]CHR[err]LV) [err] (XVI) (where R err] and Lv
are as previously defined, one of Z[err], ¥z and Z[err] is a benzyl

group and the ar dr oge tonsg), and (c) where
necessary redu cﬁfﬁgﬁ?%ffe&’twe%nmb%‘ﬁd%c%‘éﬁtlfyhlll'el d .
N- benzyl - cycl edtiibenzyletBylenediamine 22 N- benzyl -cyclen to introduce acid
groups (e.g. carboxymethyl or phosphononethyl groups) at thg
) [ ' ' ; 3) debenzyl ating the N-aci
gﬂ;g? ;SE LE géegr gﬁgpre]htggfggﬁggi'ide and (et)hylenediz.mine a(‘.:]re reacted
together in 1:1 or 2:1 mole ratios in the presence of

sodium hydroxide to yield 1 and 2, respectively.

{b) Benzaldehyde and ethylenediamine are reacted
together in 1:1 or 2:1 mole ratios in the presence of a
platinum group metal (such as Ni, Ru or Pd) and a
reducing agent (such as hydrogen) to yield 1 and 2
respectively.

EXAMPLE 2: N,N'-Bis(chloroacetyl) -N-benzylethylenediamine 3.

(a) A 250mL flask was charged with 1 (7,53g, 50.lmmol),
55mL CH,Cl,, 16.6g (120mmol) X,CO; and 60mL of water.

The resulting 2 phase solution was cooled to ca. 5°C. A
solution of chloroacetylchloride (10mL, 126mmol) in 50mL
of CH,Cl, was added drop-wise to the cooled solution
while maintaining the temperature at 5 to 10°C. After
warming the solution to ambient temperature the aqueous
solution was separated and washed with CH,Cl, (2x25mL).
The combined CH,Cl, solutions were washed with water and
concentrated. The resulting oil 3 was used directly in
xample 4(a). *C NMR (CDCl;):5 38.09, 41.04, 42.38,
45.21, 51.73, 126.30, 127.70, 128.77, 135.30, 166.66,
168.33.

(b) 3.5kg of K,CO, was dissolved in 10 litres of water at
ambient temperature. To this was added 10.6 litres of
CH,Cl, and 1.6kg of 1. The mixture was cooled to 5°C. A
separate solution was made consisting of 3.0kg of
chloroacetylchloride in 12.8 litres of CH,Cl,. The
chloroacetylchioride solution was slowly added to the
cooled mixture while maintaining the temperature at 5 to
10°C. After completing the addition, the mixture was
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- 11 - (4) if desired, Nalkylating the debenzyl at ed _product, e.g.
to introduce a hydroxy-al kyl group. Fol | owi ng production of the
macrocyclic tetraazacycl oal kanes according to the process of the

i nvention, awoleérfed4azecessary the reduction of any ring C POTBB6/0E6H UPS
the products wll generally be subjected to N-alkylation in order to
produce the desired chel ating agents. he N-al kyl ation "step to

i ntroduce desired al kyl or substituted al groups onto the macrocyclic

sketeton can be perfornmed usi convention al t echni ques, for
exanpl e i nvof Wr@a@#&ﬁngm Pﬁ"‘gﬁrﬂt‘kﬁﬁhaaﬁll}fe %é? qﬁﬁ er e Hal

i s a hal ogen atsepanatiedaanchitbei water phase 'Wwasywasked ylth addiatkghalr oup
oEt:on?IIy S;Jbséﬁ"cllf,ec’ Tﬁerc&e&ﬁtﬁé@ c1 phadeaX wett ﬁh%ﬁé& &H:ﬂlx'pﬁ orhby
chel ant noieties, suc ou or rbo or osphoni c
aci d groups ¥ %rrﬁﬁ'or%qwuﬁﬁﬁt Qéfﬁéég;{/ &%@%ﬁs‘@ ﬁ*‘ SR noi ety
in R will convefithe IGH.Cintstlutliiqrowag 30 Etirbes) at ons and any chel ant
nmoiety will preferably be on the al pha or beta carbon. If a protected

chel ant group is introduced bg this fashi &r} | t may subsequently be
depr ot ect ed, fogx%lze- §' st é] the group avail abl e
for netallati orbenzyletﬁyiemadtiamjmélﬁ chel ati ng agent s can be used in

netal | ated or unnetallatedforms In the latter case they may for
exanpl e be used. as thera eutlc nts i.n the treat ment of cancer.
Met al | ati on of #r& T 6@9’&% & IH‘P F@‘C‘J gk |gpipped wWithegRed by -

conventional nme¢vexiead etirren)| anasdditiles durn=l iand ke thetmomneteter at ure
150550, e A Eopym S 98015, GRE° 4 et 2 Rl £
hloride, 750mL of CH,Cl,, and 62g (0.449mol) of K,CO,.

The mixture was chilled to between 5 and 10°C before
slowly adding 28.99g (0.193mol) of 1 in 250mL of CH,Cl,
while maintaining the temperature at ca.l10°C. The
reaction mixture was stirred for ¥ hour at 10 to 15°C.
Water (250mL) was then carefully added to the chilled
mixture (5 to 10°C). The organic layer was separated.
The aqueous layer was washed with 300mL of CH,Cl,, and
the organic layers were combined and extracted with
2x300mL deionized water. The organic layer was
concentrated and the product 4 used directly in Example
4(c). 2*C NMR (CDCl,): & 25.99, 28.74, 38.46, 45.10,
§2.26, 126.30, 128.13, 129.14, 135.36, 166.30, 168.73.

EXAMPLE 4: 1,4,7-tribenzyl-1,4,7,10-tetraaza-2,9-
dioxocyclododecane §.

(a) A 2 litre flask equipped with a nitrogen inlet and a
reflux condenser was charged with the product 3 from
Example 2(a) dissolved in 300ml acetonitrile (ACN). 2
(10.2g, 42mmol), Na,CO; (70g, 0.66mol), and an additional
625mL ACN were added to the flask. The mixture was
refluxed for 3 days. The mixture was cooled to ambient
temperature and the bulk of the ACN was removed under
reduced pressure. To the residue was added 300mL CH,Cl,



WO- A- 86/ 06605, etc.).
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nmetal ions to be conp
t he chel ate conpl ex.
nunbers 22 tWoO 962284337
Where the chelate is
netal species is cony
or a | ant hani de,

=12 - [he choice of

| exed will depend upon the intended end use for
Especially preferred are ions of netals of atomc

to 44, 49 and 57 to 83, in parti c RCIIGR2E00464

to be used as an MR contrast agent, t he chel ated

eniently a paramggnetic ion of a “transition netal

preferably havi ng an atom c nunber of 21 to 29, 42, 44

or ?7 t0d71 dCOEHhe*EQePf Ethe @hg d Qwaévna ated. Tﬁlée espfeCI al Ly
preferred an r r] an erl: r ar referre
i ons. For use a& L‘E ﬁl‘? gh} é;ﬂss was L’ “fwlﬁé‘ﬁﬁwﬁ%‘a& al speci es

i s-conveni ent | yorgannonlamh'wataneveombmedl mwasneﬁ with dbaoatzedi stic

which is neithegaeggu
to be used as an X-ra

'r’?ﬁe ﬂﬁ. 13 ? was coné@‘l'ﬁ:"z%.tteﬁe C‘iﬁé o?@@@l ex is

tras contrast a e neta

preferably a  ¥afeBY c%@}%ﬁt%mtgseéhﬂﬁna?%'éﬁ%ct eﬁEF %% th an
atom ¢ nunber giféateatidmna®y wamrmﬁewabhyfgemtmhylhmetatefso Ther exanpl e

Dy[err]. keat 8e e | g%gl §740 be used in scintigraphy or
r adi ot her apy, Y\&g cﬁe?at%gt rr)et specl es nust of course be radi oactive
and any conventional conpl exabl e radi oactive isotope, such as [err]Tc

or [err]lIn for dbanpit
may

elitresrf I0H,03£dvereoremasedt beomthe produeicabEd net al

Example 2(b) by atmospheric distillation. 21 litres of .

acetonitrile (ACN) was added and the distillation
continued until the head temperature was 82°C. 120

litres

of ACN, 6.7kg of anhydrous K,CO,, and 2.3 litres

of 2 wexre added. The mixture was heated to reflux for €

hours.

120 to 130 litres of solvent was removed by

distillation. To the remainder were added 27 litres of

water.

The mixture was cooled below 40°C and 53 litres

of CH,Cl, was added. The phases were separated and the
water was back-extracted with 8 litres of CH,Cl,. The
organic phases were combined and 50L of CH,Cl, was
removed by distillation. 21 litres of ethyl acetate was
added and an additional 11 litres of CH,Cl, was removed
by distillation. The solution was cooled to 20°C and the
precipitated product was filtered, washed with ethyl
acetate and dried to yield 5 (m/e=471). The yield was
2.5kg(53% yield).

{c) A 2-L, 3-neck, round bottom flask eguipped with an

overhead stirrer, a reflux condenser and a thermometer
was charged with 375mL dimethylformamide (DMF) and S0g
of K,CO;. The mixture was heated to 50°C . 46.3g
(0.193mols) of N,N'-dibenzylethylenediamine diluted to
125mL with DMF and the product 4 from Example 3 diluted
to 125mL with DMF were added to the warm potassium
carbonate suspension in DMF over ¥ hour. The resulting
suspension was heated for 6 hr. About % of the DMF was
removed by distillation at reduced pressure. 300mL of



for exanple be [err]Sm [err]Cu or [err]Y. Al'l publications referred

to herein are incorporated herein by reference. _Enbodi nent s of
the invention will now be described with reference to the fol | owi ng
non-1limting Exanples. WD 96/ 28433 .
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N- benzyl et hyl enediam ne 1 and N, N - di benzyl et hyl enedi am ne 2. (a)
Benzyl chl ori de and et hyl enedi am ne are reag ted together in 1:1 or 2:1
nole ratios in the presence of sodi um gydrom de to yield 1 and 2,

respectively. H | d d e Ak

together in 1: 1 %:l’o'g”%e‘?%e%r a?)la)ésg‘dag?h&g h%/llé%}ﬁcgié&gyﬁ f%ﬁofigé%nﬁm group
metal (such as N’OMIRlFI{)ﬁlPd) %@teruaédueisngragéﬁ@r{%cw& ahydlogen) to
yield 1 and 2 gep \tﬁn‘ﬁel andEt\Sﬁé/Pd; aric layer was separated.

el or e S W SUEBLaT o o G, kUl /12
(120mol ) K[err¢m¢]1aaﬁﬁ¥%meopom§%§¢d and washed with 2x150mL of
deionized water. The organic layer was concentrated
under reduced pressure. The product 5 was precipitated
with ethyl acetate, collected by filtration and washed
with fresh ethyi acetate. The yield of 5 (m/e=471) was
47%.

EXAMPLE 5: Tribenzylcyclen &

(a) A 1-L, 3-neck round bottom flask equipped with a
reflux condenser, an overhead stirrer and a nitrogen
inlet was charged with 10.0g {(0.02imols) of 35 and 72mL
of THF. The mixture was stirred under nitrogen. After
cooling to 5 to 10°C, 176mL of 1.0 M BH,.THF was added to
the suspension [note: H, was evolving during the addition
of the BH,]. The resulting solution was refluxed for 12
hours under nitrogen. A white solid forms during the
course of the reaction. The mixture was cooled to ca.
25°C before carefully quenching the remaining BH, with
64mL of H,0 (3.55mols) [note: substantial H, was evolved
during the quench of the BH,;]. After removing 236mL of
THF under reduced pressure, 25mL of 12 M HC1l (0.3mol)

was carefully added to the solution [note: H, seemed to
be evolved during the addition of HCl. The solution
warmed to ca. 30°C and foamed]. The cloudy, acidic
mixture was refluxed 3 hours to afford a clear,
colourless solution. After cooling the solution to
ambient temperature the pH was adjusted to ca. 14 with
25mL of 50% agquecus NaOH. The product was extracted
with 120mL of CH,Cl,. The agueous phase was separated
and washed with an additional 85mL of CH;Cl,. The
combined organic phases were washed with 2x50mL of H)0.
The bulk of the CH,Cl, was removed under reduced pressure



The resulting 2 phase solution was cooled to ca. 5[err]C. A sol ution of
chloroacetylchloride (1Or, 126mml) in 50 of CHerrld[errl was added
~drop-wise to the cool ed sol ution whil e maintaining the tenperature at 5

to 10[err]C After warm ng the solution to anbient tenperature the

aqueous W sEiise3 Was separated and washed with CH err] CecessBbegodsa25mL) .

The conbined CH err]Cl[err] solutions were washed with water and

concentrated. The resulting oil 3 was used directly in “xanpl e 4(a).

[err]C NMR (CDCl[err]):[err] 38.09, 41.947 42. 38, 45.21, 51.73, 126. 30,
127.70, 128.77, 135.30, 166. 66, 168. 33. (b) 3.5k of Klerr] CO[err]
was di ssol ved it® S3VEi Pr88 Of owmde productafbi cHBis tW&Se. To this was

added 10.6 |it iassefived ©hl ear]&rﬁﬁrdﬂ b%&dlﬁgfikaeeénﬂcrﬂ@ MpglUr € Was

conled L, oLt Hkop, wiSP Ay Sl Bre T pd ik ag O 30k o
chl or oacet yl chipreicdpitakeat vas opbledtrd )byaﬁdédram@heand dmisidettoni xt ur e

whi I i ntai nigidrbe ¢l 8582 %4 LeG1dlir FodeO cryall £1sd Grobhic¥ goomPl eting the
addition, the mxiure yasy, 1a Y2529 %%3 5t b
PCT/ GB96/ 00464 (™ e yield based of £ was 5% based an 24 i, anhient

tenperature. The CH2Cl1l2 phase was separated and the water phase was
washed wi th addii analr, 3GiEek e Hokeon Eease 43Rk ghases were
washed with g used directl | n n%‘% (lThe voI une of
e S phPGRieR o (aztsap sEia

N, N' - bi s( br onpdediey wal charged with i @gedbamumons) of EA A-.85g3- neck,

round bottom fl@slioqmeiBpeRatif," 43 300mL of THF. The suspension was
stirred under nitrogen. In a separate flask 22g
{0.23mols) of methane sulphonic acid was dissolved in
100mi. of cooled THF [note: the dissolution of the acid
in THF is exothermic}. The acid solution was slowly
added to the borohydride suspension with stirring [note:
H, was evolved during the addition of the BH,. The
suspension thickens during the acid addition, but thins
somevhat as the last of the acid is added]. The
resulting suspension was refluxed for 12 hours under
nitrogen. The mixture was cooled to ca. 25°C before
carefully quenching the remaining BH,; with 50mL of H,0
(2.87mols) [note: substantial H, was evolved during the
quench of the BH;]. After removing ¥ of the THF under
reduced pressure an additional 100mL water was added.
The bulk of the remaining THF was removed by
distillation before S0OmL of 12 M HCl (0.6mols) was
carefully added to the solution. The acidic mixture was
refluxed 3 hours. After cooling the solution to ambient
temperature the pH was adjusted to 12 to 13 with 50%
aqueous NaOH. The product was extracted with 2x125mL of
CH,Cl,. The combined organic phases were washed with
3x125mL of H,0. The buik of the CH,Cl, was removed under
reduced pressure to give crude product. This solid was
dissclved in ca. 35mL of boiling acetonitrile. The
solution was slowly cooled to -5°C. The resulting
precipitate was collected by filtration and dried to



over Head stirrer, an addition funnel and a thernoneter was charged with
69. 869 (0.444nol) of_bronpacetyl ___chloride, _750nL of CH2Cl2, and 62g
(0.449nol) of Klerr]CJerr]. The mixture was chilled to bétween 5 and
10[err] C before slowy adding 28.99g (O 193npl) of 1 in 250nL of

CH err] C [ erwdosassyhi |l e mai ntaining the tenperature at ca. sdcsshésss The
reaction mxture was stirred for [err] hour at 10 to 15[err]C Wat er
(250m.) was then carefully added to the chilled m xture (5 to 10C). The
organi c | ayer was separ at ed. The aqueo&8 rayer was washed with 300nL of
CH err]Cl[err], and the organic | ayers were conbi ned and extracted with
'2x300nL dei oni AGEQHS} - 19TRE Br GRAPHT a§%rcmalllem@§nbeamhcmuem he

product 4 used gli mg&daa3)n ErhePyteld was)754 Hadddd WMRs( COhE es4
25.99, 28.74, 38,46, 45,10, iz 336 26.30, 128.13, 129.14, 13 36

166. 30, 168. 73. SRR £ 2P Fibenzyl -1, 4,7, 10- t et r aaza- 2, 9-
di oxocycl ododecane 5. (a) A 2 I itre flask equi pped wth a mtrogen

inlet and a sﬂpjfamamndqniatd%%ﬁbaigﬁﬁ-dmdﬂb-tshmpaﬁduats39irom
Exanpl e 2(a) dlcfso Vet@ I.n 300nL gcetonitrile (ACN) (10.2g, 42mmol),

Na[err] CJ err] €afrd an addi ti onal 625n. ACN were added to
the flask. The m xture vvas refI uxed for 3 days. The m'xture was cool ed

to anbi ent t8 BRI} Lﬂo%nanﬁ.othsmbahkstefe&&fp nRugse LoHer
reduced pr essurg. nnelToatQ: e esid g vvaan&ldlgecln 0 Clﬁcéé%}%éer.r - WO
96/ 28433 ' rmometer, 2
- 15 - an4vBeer(16Dmmod) gafii browgacetyls csﬂmeedaomm of CHsfleous
layer was washeghgv «’utd'xgcopal ﬁﬂstQﬁE%ﬁ]waJ heoolea H¥PIENko hawers
were conbi ned anrg aV\rlirjl 1ce batixhbe |°g2| ig lg (68mmol) of 2,2'-
' {ethylenedioxy)diethylamine in 100mL of CH,Cl, was added
drop-wise with cooling (exothermic). The reaction
mixture was allowed to stir at ambient temperature for 1
hour before adding 250mL of deionized water. The
organic layer was separated from the agqueous layer. The
aqueous layer was washed with 2x200mL of CH,Cl,. All
organic layers were combined and washed with 3x250mL of
deionized water. As the organic layer was concentrated
to dryness the thick oil solidified to a colourless
solid. The crude solid 7 was recrystallized from hot
ethanocl. The resulting crystalline solid was collected,
dried and characterised by *H and !3C NMR and mass
spectrometry (m/e=391). The yield of 7 was 80%.

EXAMPLE 7: 1,14-bis(4,7,10-tribenzyl-1,4,7,10-
tetraazacyclododecyl) -2,13-dioxc-3,12-diaza-6,9-
dioxatetradecane 8.

1l was reacted with two equivalents of tribenzylcyclen as
follows. A 100mL round bottom flask equipped with a
reflux condenser was charged with 1.5g (3.4mmols) of
tribenzylcyclen &, 0.661g (1.7mmols) of Z and 0.39g
{3.4mmols) of tetramethylguanidine (TMG) in 50mL of
CH,Cl,. The reaction mixture was stirred for 6 hours at
55°C, then overnight at ambient temperature. The bulk of



wat er'. The organic | ayer was concentrated. The product was precipitated
W th—ethyt—acetate—~-eol-l-ected by filtration and washed_with fresh ethyl

acetate. The yi el d of 5(n1e 471) was 67% (b) 21 litres of

CH err]Cl[err] were renmoved fromthe product of Exanpl e 2(b) by

at nospheri c WOA62P433¢t j on. 21 litres of acetonitrile (ACKrTraBSs/Rssded and
the distillation continued until the head tenperature was 82[err]C 120
litres of ACN, 6.7kg-of anhydrous Klerr]. [9err] and 2.3 lttres of 2
were added. The mixture was heated to refPux for hours. 120 to 130

litres of solve r VP&#% S o] t I’EITB.I nder were
added 27 I t resEig]‘eV\BﬁF bag TS undggr %L%é@acor}foégbﬁh [err] C and 53
litres Cﬂ'le(FH/@zPeFf‘f"m &d@e Proguet pag sasthigle ]Slab!&r yeddownd t he
water was back eilr actiediMK,t 3@ NME =aa ﬁﬁs%?ééifaé&sﬂﬂ dathe organic

phases were co d ved by
distillation. n?h?lgt %gfs']&i)of %ﬁ'u qoggggg:glzg &)géh pur%(ﬁ@ii"éﬁngan additional 11
litres of CH erF?EF?’E?-FTt%SOI’f]éhWGB resigyaliBMF | | ation. The sol ution was
cooled to 20[err]C and the precipitated product was filtered, washed

wi th ethyl nd ed .to (Mme=47

2. 5kg(53% vyi el dm‘ér 3 42%6 éx gcg §? ‘Eﬁ'ifat?cﬁ%cgrﬁlf’%8§ﬁc§gh|%p%ﬂ with
an over headd4exer 2r12diaza-6x Icdhosatetraderand &1 monet er

charged with 375nL di net hyl f or mam de (DI\/F) and 50g of Klerr] qurr]

The m xture was er
N, N - di benzyl et Isgfeneg?éﬁ' J'ﬁﬁ%f’&& ffgs" 1%'??[? $W15§Faaﬁﬁf}ﬁ’é pr oduct
4 from Exanpl e 9064115 nsey and moxmmwas t¢haBiged \erishadideggt 60 t YSmmaanm

potassium Cafbanaamm@maaall An@ML, ﬁf‘# &@rarnlmo%&% £&BRat &SI Ling

suspensi on was t Bﬁ%err renoved by
distillation at rgol‘ﬁgaeé "’aes ?&F@ with ‘At-o%en 3or 15 min

and 216mg of 10% Pd/c was added. The reaction solution
was refluxed overnight. The mixture was filtered
through a bed of Celite and the filtrate was
concentrated to a slightly yellow oil. IH NMR, !3C NMR,
and mass spectroscopy data (m/e=573) were consistent
with 9. The yield of 9 was essentially quantitative.

(b) A 100mL Autoclave pressure reactor was charged with
9.2g (8.3mmol) of 8, SOmL of ethanol and 3g of 10% Pd4/C.
The reactor was pressurized to 220psig with hydrogen for
3 hours at 80°C. The mixture was filtered and the
filtrate was concentrated to a slightly yellow oil. IH
NMR, I3C NMR, and mass spectroscopy data were consistent
with 9. The yield of 8 was essentially quantitative.

EXAMPLE 9: 1,14-bis-(4,7,10-tris(carboxymethyl-benzyl
ester)-1,4,7,10- tetraazacyclododecyl) -2,13-dioxo-3,12-
diaza-6,9-dioxatetradecane 10.

A 250mL round bottomed flask equipped with a reflux
condenser was charged with 1.84g (3.2mmol) of 9, 100mL
DMF, 5.99g (25.7mmols) of benzyl bromoacetate, and 2.95qg
(25.7mmols) of TMG. The reaction mixture was heated to
55°C for 5 hours. The mixture was concentrated under



WD 96/ 28433 PCT/ GB96/ 00464

-.16 - dei oni zed_water was added to the solution followed by 300mL
CH err]C[err]. The material was transferred into a 2-L separatory
funnel, and the organic |ayer was separ at ed. The aqueous | ayer was
washed wi t h woskisaB3H err] Cllerr] and the organi c | ayers peiEnoeabdgs ned
and washed with 2xI 501 of dei oni zed vvater. The organic | ayer was
concentrat ed under reduced pressure. ﬁ product 5 was “precipitated
with ethyl acetate, col | ected byflltratl and washed with fresh ethyl
acetate. The yie m e471) . VPLE 5:

Tri benzyl cycl en 8guced ?éﬁssA“? o ?EHBEK rb?ﬁ]ooﬁfcﬁ’% f‘1°§é¥‘eequf"ﬁ§§d with a
refl ux condenseup af the rfeaation Erem EHsCly /H,0 rafforded itheciprodacehar ged

with 10.Qg (0. 024 sd i1 four el 17 28heamsbeddiie; Lo RS St r e
under nitrogen. N%ter Nﬁgoﬁa to 5 to 10Ferr Cy 176nL o

BH err]. THE was™%Rided Lo SFRECEROPROPE: ?Eam&/%v"cﬁﬁﬂt)ng'%ﬁl ng
the addition cofisiskemHwith L0.The resulting sol ution was refluxed for 12
hours under nitrogen. A white solid fornms during the course of the

reaction. The nj cool ed .to ca, err] C before car efully
quenchi ng t he m[kﬁﬁ ?’\?ff'ﬁ"‘ 7, %Qn‘f_riﬁ 4423’ PYmeEhYIdY [ not e:
substantial H etr3, ’Wa:soﬂmﬂnmacycdododgcyh)e-zmakdioaa‘o-BhazBab.aﬁa]-]- After
removing 236nL @f g_qi datdt dttdRlec: d pressure, 25nL of 12 M HO (0.3nol)
was carefully added %o t he soleutalﬁgns'?note Herr] seenmed to be evol ved

during the addition of HO. The solution warned to ca. 30[err]C and
f oamed]. The clblmommcﬁuﬁqclavm'preasarmaﬁdmm THargea withf&org a

cl ear, col oug3 efnc) r g0 né#'F [ I ent
terrperature t he %&was a edg‘Eﬂc‘)“%cgE %6* é&ss%&l AQ’P gg‘faquggus NaOH.
The product wasF reaqﬁophwggoa{e%qumqg JecB20Psig WatBous phase
was separated hydwugerasited 3nhidaranaads)td onarhel niflxtwireCHac]l 2i1tbeed

combi ned or gani gnPhase e M2t ePFHEd clhEbn XA dE- aH[sEj.r:i.E[llgly yellow
glassy solid. H NMR, *C NMR, and mass spectroscopy
data (m/e=922) were consistent with 1l1. The yield of 11
was essentially quantitative.

EXAMPLE 11: {1,14-bis-(4,7,10-tris(carboxymethyl) -
1,4,7,10-tetraazacyclododecyl) -2, 13-dioxo-3,12-diaza-
6,9-dioxatetradecane] GA(III) chelate 12.

To a flask was added 3.44g (3.7mmol) of 311 and 200mL
deionized water. 3.01g (7.5mmol)} of Gadolinium acetate
was added at 40°C. Removal of the solvent yielded 4.65g -
of white solid 12. Anal. Calecd. (found) for
CagHgaNy00:36Gd,.4 . 75H,0:C 34.71(34.99) ;H 5.48(5.38) ;N
10.65(10.77) ;Gd 23.92(23.88).

EXBMPLE 12: 1,4,7-tetraazacyclododecane 13 (cyclen).

Tribenzylcyclen (2.0g, 4.5mmol), ethanocl (50mL), and 10%
Pd on carbon (1.0g) were loaded into a 100mL Autoclave
pressure reactor. The reactor was pressurized to
100psig with hydrogen for 3 hours at 80°C. The mixture
was filtered to remove the catalyst and the filtrate was



The bulk of the CHerr]C[err] was renoved under reduced pressure

Wo-96/28433 PCT/ GB96/ 00464
- 17 - to give 9.4g of crude product 6. This solid was di ssolved in
ca. 40nL of boiling acetonitrile. The solution was slowy cooled to

Jerr]C. Thavoesassisi ng . precipitate was collected by fil thcaigBosrosedd dri ed
to afford 6.1g of a colourless crystalline product 6 (m e=443). The
yi el d based of 6 was. 65% based on 5. (b) A 1-L, 3-neck round bottom

flask equi pped with a reflux condenser® dn overhead stirrer, and a

ni t.r ogen I nl et wa arged wiith 10 .Q21nol s) _ of 7. 459

(0. 197nol s) Naéiﬁ%ﬁ?ﬂ?rggﬁg gﬁo#é%’f&ﬁlﬂgé %%e%?ﬁﬁﬁ%?’oﬁl S stirred
under nitrogenquantitaspueayieldask*Q2NMR (D00 :83/461-89. of net hane sul phonic
acird was dissolved in | OOmL. of cooled THE [note: the dissolution of the

acid in THF | thermc)._The acid solution was_ sl.ow added to the
bor ohydri de summ‘tn%'%tYﬁ#%@Wﬁgﬂf‘éF?ftm}évcﬁw during
the addition ofl.t4hé&.BE3tetTaszacychamierame 4i.ckens during the acid
addition, but thins somewhat as the last of the acid is added]. The

resul ti ng suspepsion s refluxed for. 12 hours under I trogen. The
m xture was cog":’e(fi1 f“&\’,\‘%HFezg e?gﬁ YRSt e(% ‘goﬂﬁgﬁyuiﬁ"?f %f?%rﬁ%ﬁr‘ﬂ‘ t he
remai ni ng BH3 wicetaSeni(0o6lmplsy |in 600nl: Simetbylacetamida biiMult wals H2 was
evolved during ddea a gdeaelonfof kil profibheEcdaoyingl deerr] of the

THF under reduced essure an additional 10QnL water was a d. The
bul k of the refrieimRgEH ER HE0R: BAFter AELTFLPG, Fhe, MG SOFL of 12
M HCl (0. 6nol s)19wsays ataambienty tmpetratmriehtheopunecipitatiesd pxodiuetm xt ure
Was was collected by filtration. The filtrate was

concentrated to afford a second crop of product. The
combined crops (118.5g) were dissolved in chloroform and
washed with water. The chloroform was removed under
reduced pressure. The addition of ethyl acetate to the
yellow oil gave a white solid which was collected by
filtration and washed with ether. The yield of 14 was
67.4g (56%). 13C NMR of 14.HBr (CDCL,):5 28.08, 28.11,
47.41, 49.11, 51.25, 58.06, 80.97, 81.57, 169.52,
170.40.

EXAMPLE 14: 1,4,7-tris(carboxymethyl)-1,4,7,10-
tetraazacyclododecane 15.

To ca. 400mL of trifluorocacetic acid/CHCl; (1:1) was
added 0.034mols of 14. After stirring for 1 hour at
ambient temperature the solvents were removed under
reduced pressure. This process was repeated 3 times to
afford a yellow oil. The o0il was mixed with methanol
(15mL) and diluted to 1 litre with acetone. The
precipitated white solid was collected by filtration and
dried in vacuo to afford 11.75g (99%) of 15. *3C NMR
(D,0):5 43.00, 48.48, 49.67, 52.32, 53.94, 56.92,
170.77, 175.35.



refluxed 3 hours. After cooling the solution to anbient tenperature the
pH was adjusted to 12 to 13 with 50% aqueous NaOH. The_product was
extracted with 2xl25nL of CH err]C[err]. The conbi ned organi c phases
were washed with 3x125nmL of Herr]0. The bulk of the CHerr]Cl[err] was
renoved undswo96r28433duced pressure to give crude product. ThicT/cEobbides\as

di ssolved in ca. 35nL of boiling acetonitrile. The solution was slowy
cooled to -5[err]C. The resulting pr_e%gi_tate was col | ected by
filtration and dried to WD 96/ 28

PCT/ GB96/ 00464 ff a colourl ess
crystalline tn% g4 7g t’(’r‘v?%ca}ﬁ&%’g'mﬁh yi el?[g &és 75% based on 5.
The sanpl e hydyqay@rﬁyypérl]if%n&p{ngqaaawmyclododeENWWHUE 6.

1, 14-di br onp- 2, 13- di oxo- 3, 12- di aza- 6, 9- di oxa-tetradecane 7. A

500mL round bottom fl ddi.tiqn fun

t her nonet er, atr‘fltc? lﬁ[(f a']“tilﬁﬁ Pmﬁ@‘*‘éﬁf’arb@%ﬁ"ﬂﬂ 0% QM) of

bronpacet yl chiwatiete is3edaedosutficientCNagH to ad:iaﬁu QBg PH ¢ a2 ]OCI)[err]

(ng sulsgoenfSI gn awsazccsolfe%et Qeﬁpé@aét%@r:{éhﬁalntlaﬁnéa bé@obaidijb%_leé[ﬂ% oo
mol) o enegdi oxy) di e 0 e err

was added ﬁ\ﬂd?é%\hoﬁ g g% 'TPI g‘éﬁiﬂ ot @ dr%c&ture

was al | owed to t:q ithegbagdi enlut-mera&finea: feohotrs ahoambbestor e addi ng

250mL of dei Onlt@ﬁﬁaé&%tt%&'e the exc@éga;swpywﬂ o&aaessaaraéf@bﬁé B the
aqueous | ayer. The eous %ﬁé was washed t

CHerr]d[err] rem"ed Sﬁnfﬁ RETR (RISAFEF S0 eRrﬁﬁﬂcﬁaﬁ‘ﬁed with 3x250rL

of precipitated from a minimal amount of methanol to afford
16 in 96% yield.

EXAMPLE 16: [1,4,7-tris(carboxymethyl)-10-(2-
hydroxypropyl) -1,4, 7,10~-tetraazacyclododecane]
gadolinium 17.

To a solution of 20.22g (0.05mol) of 16 in 100mL of
water is added 9.54g (0.0263mol) of Gd,0,. The
suspension is stirred for 20 hours at 95°C. The solvent
is removed in vacuo and the product is recrystallized
from methanol/acetone to afford 17 as a white solid in
56% yield.

EX2MPLE 17: [1,4,7-tris(carboxymethyl)-10-(10-(3,5-
dicarboxyphenyl) -decyl) -1, 4, 7,10-tetraazacyclododecane]
8.

A round bottom flask equipped with a reflux condenser is
charged with 0.2mols of tribenzylcylen, 0.2mols of 10-
(3,5-dicarboxyphenyl) ~-1-bromodecane, 1 litre of DMF and
0.2mols of tetramethylguanidine (TMG). The reaction
mixture is stirred for ca. 12-16 hours at 60-65°C. The
bulk of the DMF is removed under vacuum. Work-up from
CH,Cl,/H,0 affords the alkylated tribenzylcyclen
intermediate.



dei oni zed water. As the organic |ayer was concentrated to dryness the
thick.oil solidifiedto a col ourless salid The crude solid 7 was

recrystallized from hot et hanol. The resulting crystalline solid was
col | ect ed, dried and characterised by [err]H and [err] C NVR and nass
spectronet r wo9s/2843391). The yield of 7 was 80% « EXAMPPET/GB96/00464
1,14-bis(4,7,10-tribenzyl-1,4,7,10-

tetraazacyclododecyL) 2, 13- di oxo- 3,12- d'%%@ 6, 9- di oxaf-etradecane 8.
7 was reacted with two eqU|vaIents of triPenzyl cyclen as follows. A

| oo d b h d
with 1 5g (3. 2%%"‘?5&9%&3”%99%&#‘%%%anég%é‘%ﬁ@é"d%“%ml“’?? of 7 and
0. 39g (3. 4mylar-e@ea$amm%um OFd: MIWP RERSHFre

CH err]Cerr]. rEaetbeagti GlafGed UiVt .Stbdfnol DI subdttdte a5omL 8EC, then

overni ght at a@%ﬁ%ﬂglt SHB%S‘WE %o%ﬂb%}&”.' kTﬁfe geicétgr 1\.@ %9%%%\%&5

PCT/ GB96/ 00464
renoved under W& 3AT208pRig ity hydrogane £pFCE [ BewEs H%er8%F -af Tbeded t he
product as a t RiiSdeukre0hs Feltéved tdidemdve’ thel dbEhly« rddd MR and nass

spectroscopy d consi ure product 8
cont am nat ed o%ltl?l‘t\ﬁaf:%ﬁg %a%%%r% to I§§‘VEX;\I\/IE’?L@ gﬁ‘ b

1, 14- bi s- (1, 4, Airgrboxypheny}idrritldcyl 2.7, 18-tetraazacyclododecane.
di oxo- 3, 12-di aza- 6, 9- di oxat et r adecane 9.

To an aqueous solution of 1-[10-(3,5-
dicarboxyphenyl)decyll-1,4,7,10-tetraazacyclododecane
(0.16mols in 500mlL water) is added an aqueous solution
of sodium chloroacetate (0.71mols sodium chloroacetate
in 68mL of water). This sclution is stirred at 80°C
overnight while maintaining the pH at 9-10. After
cooling to ambient temperature the pH of the solution is
adjusted to 2.5 with agqueous HCl. The resulting
precipitate is collected by filtration, washed with
acetone, and dried in vacuo to afford 18.

EXAMPLE 18: [1,4,7-tris(carboxymethyl)-10-(2-(1,3,4-
trihydroxybutyl)]-1,4,7,10-tetraazacyclododecane] 19.

A round bottom flask equipped with a reflux condenser is
charged with 1 liter of acetonitrile, 0.2mols of
tribenylcyclen and 0.2 moles of 1,4-dihydroxy-2-butene
oxide. The reaction mixture is stirred for ca. 12-16
hours at 60-65°C. The bulk of the acetcnitrile is
removed under vacuum. Work-up from CH,Cl,/H,0 affords
the trihydroxybutyl tribenzylcyclen intermediate.

- The trihydroxybutyl tribenzylcyclen intermediate is de-
benzylatyed as follows: A 100mL Autoclave pressure
reactor is charged with ca.lOmmol of substrate, 50mL of
ethanol and 3g of 10% PA/C. The reactor is pressurized
to 100-200psig with hydrogen for 3 hours at 80°C. The
mixture is filtered to remove the catalyst and the



(a) A 10O round bottom flask equipped with a reflux condenser and
Nerr] inlet was charged with 1.099 (O 98mmol)___ of 8, 30nL_of ethanol and
1.133g of ammmoni um f or mat e. The flask was purged through with nitrogen
for 15 mn and 216ng of 10% Pd/ C was added. The reaction sol ution was
refl uxed ovevovepsss The mi xture was filtered t hrough a lpeg/giosibiabd t € and
the filtrate was concentrated to a slightly yellowoil. [err]H NWVR
[err] C NVR and nmass spectroscopy data m e=573) were consi stent W th
9. The yield of 9 was essentially quanti 2&tTve. (b) A 1OOnL Autoclave
pressure reactor, was charged with of 8, 50nL of ethanol
and 3g of 10% Pﬁ?@rate‘ﬂ?eer"@EEFBFeﬁ/a§°pgbé§tﬂ' nazT?go‘)]t'a +$20psi g with hydrogen
for 3 hour s etil8aimxytityINé -, 2t U RO vastfadzanyedododethne. filtrate

was concentrated to a slightly yellow oil. [err]H NVR, [err]C NWR, and
nmass spectroscopy data were consistent . The ¥;I eld of 9 was
essentially qua i 3aauecus solptiep) efgl- [2 (1 3 4-trihydroxybutyl)]-

1, 14-bi s- (4 , 1074 11 S o-aremrapzacieloiodeyane (0.16mols in S00mL water)

ester)-1,4,7 10- C iﬁ%’;

di aza- 6, 9 d| oxatéeteéra ecanegfgx.ggg1§ ¥B}\u§?§%§ Qf O%P%%ga‘fzf ﬁ eqw pped
with a reflux (OcOHRRE Sodinm chirgeacarare 1’-‘81599“(13"5nWBF?r f 9Thi®ON.
DVF, 5.99g (25. gdstrmiian dfs karizyedbaensocet atrernigit -¥h9%¢ maihfaidimgl s) of

TMG The reaction, ’g { at d"e—‘rﬁ]{?ér hgated EBVH%%%%%’%QQBW temBeihEard e

m xture was concent ] ) ¢ )
PCT/ GB96/ 00464 the pH of the solution is adjusted to 2.5 with aqueous

HCl. The resulting precipitate is collected by
filtration, washed with acetone, and dried in vacuo to
afford l19.

EXAMPLE 19: 1-benzyl-1,4,7,10-tetraaza-2,5-
dioxocyclododecane 20.

A 2-L, 3-neck, round bottom flask equipped with an
overhead stirrer, a reflux condenser, and a thermometer
is charged with 375mL dimethylformamide (DMF) and 50g of
K,CO;. The mixture is heated to 50°C. Ethylene diamine
{0.2mols) diluted to 125ml; with DMF and the product 4
from Example 3 diluted to 125mL with DMF are added to
the warm potassium carbonate suspension in DMF over ¥
hour. The resulting suspension is heated for 6 hours.
About ¥ of the DMF is removed by distillation at reduced
pressure. 300mL of deionized water is added to the
solution followed by 300mL CH,Cl,. The material is
transferred into a 2-L separatory funnel, and the
organic layer is separated. The agueous layer is washed
with 100mL CH,Cl,, and the organic layers are combined
and washed with 2x150mL of deionized water. The organic
layer is concentrated under reduced pressure. The
product 20 is precipitated with ethyl acetate, collected
by filtration and washed with fresh ethyl acetate.



- 20°- reduced pressure to about [err] its original volune. Wrk-

up—ef—the-reaction f+om CH err] Cliecel/ilorr]0 afforded the product 10

as a yellow oil contam nated with residual DM~. [err]H NVR, 13C NMWR
and mass spectroscopy data (m e=1461) were consistent with 10.
EXAMPLE 10: WO 9%628883s- (4, 7, 10-tri s(car boxynet hyl ) - PCT/GB96/00464
1,4,7,10-tetraazacycl ododecyl) -2, 13-di oxo- 3, 12-di aza-

6, 9- di oxat et radecane_11. A | OOl Agtsocl ave pressure reactor was
charged with 4.7g (3.2muol ) of 10, 50M of 50% aqueous THF and 1g of

10% Pd/ C. [ M \’.}g;ér ed.to 220psig with hydr ogen for
3 hours at SO[W mﬁ\%%réa FE red . and the filtrate was
concentrated to a slightly yell ow glassy solid. [err]HNWR [err]C
Nl\/RI dang Mass PAGL; 03cneyk rourthbdttGheEIZL) é@iﬁ:ﬁé&&éﬁﬂ'ﬁ'&t réelfix11l. The
yl e of 11 en titative. §XA

[1, 14-bi s- (4, 7°?§@?F?§?ta%%§é‘§evﬁecﬁ%%ﬂ” Lheket? ana a niv¥dfen”inldt is
1,4,7,10-tet ra&i‘éé'?é oWbelcif o, (Psﬂanmésts 0f-29 ;end 72mL of THF.

6397d| orat e]E rfildheameizcgﬁﬂélié ) stifeledt angar mtrogéEQ aiﬂ7r.%ik dﬁi%hagdeé 3. 449
(3,7meD) o Lb-00c 0%k of 0N 35000 So bl o/ paar

Gadol i ni um acef a ed a fhe sol vent
yi el ded 4.65g Suspgpsipnie Tre msp;;tmsnaplum:acnq frafilaxedofor 12

%e%g]( Tge;% N[ Qbh}:ﬂﬁﬁdéﬁﬁﬂfﬁdférﬂ 7aHRiEb G561 B¢ fiddmit SHPing Bnd8(5. 38); N

4,7-tet raazacycf’ga‘gg één%éifﬁif'&o@n) e mx%‘ﬁ%e*ﬁﬁo(ﬂ}(ﬁdeﬁ"( $30g,
4.5mmol ), et harR8PC(befeye caxefildy quepghingctheorenairdgly ®Es ewitladed into

a | OOmL Autocl g4fil of RJES.5MOLERC! OAf td¥ OrdnRAinY 2W8MLPHESEHEFI zed to
under reduced pressure, 25mL of 12 M HCl (0.3mols) are
carefully added to the solution. The cloudy, acidic
mixture is refluxed 3 hours to afford a clear,
colourless solution. After cooling the solution to
ambient temperature the pH is adjusted to ca. 14 with
25mL of 50% agueous NaOH. The product is extracted with
120ml: of CH,Cl,. The aqueous phase is separated and
washed with an additional 85mL of CH,Cl,. The combined
organic phases are washed with 2x50mL of H,0. The bulk
of the CH,Cl, is removed under reduced pressure to give
2%.



| OOpsig with hydrogen for 37hours at 80[err]C. The m xture

PCT/ GB96/ 00464

was filtered

to renpve the catalyst _and t hﬂ“‘““ I“1““ “m ““l 21 _V\D 96%??@% rated to
e

afford pure 13

in essentially * quantimative y

NVR( D[ er r ] Owo[9sr2843346. 30. EXAMPLE 13: PCT/GB96/00464
1,4,7-tris(carboxynethyl-tert-butyl ester)-

1,4,7,10-tetraazacyc| ododecane 14.

(0. 20l s) and
(DVRA) was a
0.61nols) in 1

50g sodi um acetate (0.

anbi ent tenperature the precipitated product dddingsy t edpdpgd
fil'tration. The fil  ¢k@peRsy 1c;(;épék€@r3f b af f rmlmancsz@c%ptpgr op o

product. The

washed with water. The chl orof orm was renoved undgr
The addition of ethyl acet a%g ko t he yel l ow oi | gave a Wil T& sotTdwhiteh
was col | ected by f Ph jon

conbi ned crops

T, m xt ufe of—_35gTycten
6%m'l in GOORERHJAGE[DﬁHEETSm degg

@%d a solution of tert-butyl brormaeﬁt%se 118 99, -
VA.  After stirring the m xtur C”F"°"£L§P%9393

118. 5g) were dissa| chl orof orni an
o gsr}a%bucéﬁ 9B essuF’e"aged

& ppoed

-------

Phshed with ether. The yield of 14 was

EXAMPLE

15.

67.49 (56% . [err]C NWR N14N (CDCL[err]):[err] 28.08, 28.11,
47.41, 49.11, 51.25, 58.Q6, 80.97)] 81.57, 169. g8, 170. 40.
14: 1,4,7-tris(car boxy@b'll )Ni-x 7, 10- t'etraazacycl ododecane

X—X

(where R is hydrogen, or a C;.;; alkyl group optionall

Yy

substituted by hydroxy, alkoxy or aryl groups or R is an

amphiphilic aralkyl group comprising a N, §, O or P

interrupted C,.,¢ alkylene chain, or R provides a bridge
to a second tribenzylcyclen group, but with the proviso

that R is other than benzyl; X is CHR,, or where R is

hydrogen two X groups may each represent CO groups; and
R, is hydrogen, a C,. alkyl group optionally substituted
by hydroxy, alkoxy or carboxy groups or an aralkyl group
having 1 to 6 carbons in the alkyl moiety and optiocnally
substituted in the aryl meiety by alkyl, alkoxy, hydroxy

or isothiocyanate groups).

2. A compound as claimed in claim 1 wherein R is an

amphiphilic group L-Ar(-AH), where each L is an C,_,¢-
alkylene linker wherein at least one CH, moiety is
replaced by X* or a group X!(CH,CH,X'), (where u is a
positive integer) and wherein L is optionally

- interrupted by a metabolizable group M but with the

provisos that the terminus of L adjacent the cyclen ring

is CH, and that the terminus of L adjacent Ar is X! or a
CH, group adjacent or separated by one CH, from a group

Xi;

each Ar is an aryl ring optionally substituted by or
having fused thereto a further aryl ring;

each AH is a protic acid group or a salt thereof;

This Sheet Has Been R

i .-



To ca. 400nmL of trifluoroacetic acid/ CHO [efr] (I71) was added 0. 034nol s

of 14 After stirring for 1 hour 1 nperature the solvents _
vere renmoved under reduced pr'mm’lnlmgm,;qﬁ

cess was repeated 3 tines
to afford a yellow oil. The oit wastm xedswi met hanol “(1'5nm) and
diluted to Wo9a2s8e3wi t h acetone. The preci pitated white PUlGRY60MES
collected by filtration and dried in vacuo to afford 11.75g (99% of 15.
13C NWR (Dlerr]O)z[err] 43.00, 48.48, 49.67, 52.32, 53.794, 56.92,
170.77, 175. 35. WD 96/ 28433
PCT/ GB96/ 00464 . 13 )
1,4, 7-tris(car T hiﬁ)?ios-'( JIR, or PR,;
hydr oxypr opyl ) -eBSR R2155t BYdEREeby AFI3dOFanEY16. To a sol ution of
194.0g (0.56mDlgndm i%s anpdbOoivelfinteg@ er is added sufficient NaCH to
adjust the pHto 12.0 to 12.5 (the tenperature i s maintai ned bel ow
30[err] C during t he addition). Propylene oxide (659, 1.12nbls) is added
to the basic sol-uti éncomppupdeanoetaingd dmicdadim 1 vherrimntakk X he excess
propyl ene oxi deypxupss @reetH, igroups.enoved under reduced pressure. The
product is precipitated ?roma m ni mal anount of nethanol to afford
16 in 96%yvyield. EXAMPLE 16: [1,4,7-tris(carboxynethyl)-10-(2-
hydr oxypr opyl ) -4, 4, A PFocespadioncyke @rrraratden ofgadedmeeund 1of To a

solution of 20.£4m1d @5&8! defind® im AW 10fsaid process comprising
at least one of the following steps:

22 - EXAVPLE 15:

(a) reacting a diamine of formula II
PhCH,NHCHR, CHR,NHCH,Ph (II)

(wherein R, and Ph are as defined in claim 1) with a
diamine of formula III

YN {CH,Ph} CHR, CHR,NHY (1I1)

(where Y is CH,COLv or COCH.Lv and Lv is a leaving group)
to yield a compound of formula IV or V

I
eet Has Been Replaced
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wat et is added 9.54g (0:0263nD o] Gd[err]q'err]. The suspension is

the product ;s reorystartized | INAMNABEMIMIEET one o ar 1 or 57 ae s

white solid in 56% yi el d. * EXAVPLE"178  *

[1, 4, 7-tri sivoashsasynet hyl ) - 10- (10- (3, 5- | PCT/GB96/00464

di car boxyphenyl )-decyl)-1,4,7,10-tetraazacycl ododecane] 18.. A
round bottom fl ask equi pped with a ref I_Uéscqndenser is “charged with

0. 2rmol s of tribenzylcylen, 0.2nmols of 10- )
(3,.5-di car boxyphenyl ) - 1- brondecane, 1 litre of DMF and 0. 2nol s of
tetranet hyl guanidine (T The reaction m xture is stirred for ca.

Wrk-up from CH err]

12-16 hours at 60- 65[er$€kl e bul k of the DMF is renpved under vacuum

r]/Hﬁlrr]O affords the al kyl at ed
afe.

SOl

tri benzyl cycl en ntwy jred WD 96/ 28433

PCT/ GB96/ 00464 Ry——N N—7—R; - 23 - The al kyl at ed
tribenyl cycl en internkdiate i s | de- benzyl d as follows: A 100nL
Aut ocl ave pressur @=—TRhct E“l's—@narged Wi t a. | Omvol of substrate,
. of et hanol and 0% PH/ C. The reactor is pressurized to

1 100-200psig with hydrogeph for 3 hours at 80[err]C The mxture is
‘filtered to renove the q@i]aﬁ st and the filtrate is evaporated to give
:1-[10- (3, 5- di car boxyp en¥| )-decyl]-1,4,7,10-tetraazacycl ododecane.
] To an aqueous solution of 1-10-(3,5-

! Ri Ry

Ph— | ~—Ph ™

0=—N N—F=0

R;——N N——R;

(b) reacting a triamine of formula VI
Z,NHCHR,CHR,N ( Z,) CHR, CHR,NHZ, (VI)
with a monoaminé of formula VII
Z,N(CHR,COLV) , (VII)

to yield a compound of formula VIII

R Ry T

This Sheet Bee

o il

Ry /N N——
ek
0 R




dicarboxyphenyl)decyl]-114,7Z%Q%LELngzégnggdgdecane (O 16ml s in 500mL
water) is—added an-aqueous sofution - of sodiumwchloroacetate (0. 71nnls -
sodi um chl or oacet at e in 68 Il MSqution is stirred at
80[err]C overni ght while rramit m‘mmn“ '\t at 9-10. After cooling to
ambi ent tenworseksms® the pH of the sol btibn Ss* adj ust ed POI/GBEAGMGHN
aqueous HCl. The resulting precipitate is collected by filtration,

washed with acetone, and dried in vac%o to afford 18. ~ EXAMPLE | 8:
[1,4,7-tris(carboxymethyl)-10-(2- (1,3, 4> 22 -

trihydroxybutyl)]-1.4.7.10-tetr acycl ododecane] 19. A round bottom
fl ask equi pped Fean, By |1k %?o%%ér"‘?éﬁ r8 Cfa%‘ﬂai'ge%‘%qfh 2y | Frreaof
acetonitrile, @ng@mdksisfa hydnddemnpitopchad the echiermlage denzyl

1, 4-di hydr oxy- ne oxi de. The reaction mxture is stirred for ca.
12-16 hours at 60-65[err]C. The bulk of the acetonitrile is renoved
under vacuum Work-up fromCH err]C[err]/Herr]O affords t he

tri hydroxybut yl{ctri bedrghiogck eponipoundedi £ogmula IVIHE o iVEIE Goybut yl

tribenzyl cycl eRrileNige bMedingbénd SoflerormulReiky| atyed as follows: A 100nL

Aut ocl ave presSure reactor is charged with ca.l Ompl of substrate, 501
- of et hanol and 3g of 10% Pd/ C. The reactor is pressurized to
y 100- 200psig with hydrogen for 3 hours at 80[err]C The m xture is
\filtered to remove the catal yst aRq Rfje WO 96/ 28433
\PCT/ GB96/ 00464 - 24 -

Pb— | | —Ph

R; i N IJ——T—-Bu
; Ri——N N——R, =

-1
Ph ’ i H
R; R;

(wherein R; and Ph are as defined in claim 1);

(d) reacting a compound of formula IX with a compound
of formula X

Lv-R! {X)

{(where Lv is a leaving group and R!* is a group R (as
defined in claim 1) other than hydrogen or where Lv-R?
is a cyclic or unsaturated compound nucleophilically
substitutable by an amine nitrogen to yield an N-
attached R group other than hydrogen) ;

(e) reacting a monoamine of formula XI
LvCHR,CHR,NR2CHR, CHR, Lv (XI)
(where R? is a group R (as defined in claim 1) or a

nitrogen protecting group) with a triamine of formula
VI, and if required deprotecting the R2-substituted
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filtrate is evaporated to give 1=

S0l ution o 11 iﬁ%ﬁ%ié??ii\%ﬂﬂ\“\ﬂlﬂﬂﬁﬁ\!\\ To_an agueous

1,4,7,10-tetraazacycl ododecane (0. 1lontl st n*50dnL wat er) i s added an
aqueous sol wigesgnrsas sodi um chl oroacet ate (0. 71nol s sodi roT/GBbENIRGICEL at e
in 68nlL of water). This solution is stirred at 80[err] C overnight while
mai nt ai ni ng the pH at 9-10. After cool %glg to anmbient ténperature t he
pH of the solution is adjusted to 2.5 witfi"agueous HCl. The resulting
precipitate is collected li\/: filirat i'gn washed with acetone, and dried
in vacuo to ip reig) *RFulting ERIRPREY 19¥C Y 5enzyl - 1, 4, 7, 10- t et r aaza- 2, 9-
di oxocycl ododecane 20. A 2-L, 3-neck, round bottom flask equi pped with

an - overhead stirreprdedeef lrux eRBUISAS@ECE Rl of DOBATBEEDERA aniFoghar ged
with 375nL di net hyl f or ram de %DIVFé,gnd SO%f Kl err g%egrg The m xture
i s heated to 50€eXA4AASATERETy fBLS PFRSFHDH R 4SHEd REC“WI h DVE
and the productstdeps from Exanple 3 diluted to I25nL with DW are added to
t he war m pot assi um car bonate suspension in DV over [err] hour. The

resulting suspension is heated for §, hours. About r] of the DMF is
removed by distfH at{@n FeatdRged gla‘ﬁ?‘%%s?ﬁ' éo@b’é‘rﬁ_&gﬁ dei oni zed water is

added to the solution followed by 300nL CH err]Cl[err]. The nmaterial is
transferred into a e 3 funnel, and the (xegganic |ayer is
separated. The aqueoUs 1ay2r | shed with 10Ol CHerr]Cl[err], and
the organic | ayers are conbi ned and washed with 2xI 50nL of dei oni zed
wat er. The orgawith a diameime ®fc foceniaaX®II under reduced pressure. The
product 20 is precipitated with ethyl acetate, collected by filtration

and washed with fresh Etc%/zl acet at e.
YNZ, ,CHR,;NHY (XIII)

(where R, and Y are as defined in claim 4, and one of 2z,
and Z, is hydrogen and the other is a benzyl group),

or (b) reacting a triamine of formula XIV
Z,NHCHR,CHR,NZ,CHR,CHR,NH, (XIV)
with a monoamine of formula XV or XVI

Z,N (CH,COLV) , (XV)
Z,N (CHR.:!:HR:LV) 2 (XVI)

(where R, and Lv are as defined in claim 4, one of 2Z,, 2,
and %, is a benzyl group and the other two are hydrogen
atoms) ,

and (c) where necessary reducing the cyclic dione thus
produced to yield N-benzyl-cyclen;

{(2) reacting the N-benzyl-cyclen to introduce acid
groups at the unsubstituted ring nitrogens;

(3) debenzylating the N-acid substituted product; and
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25— EXAMPLE 20: N
1 ask eqyi pped with a ref Fﬁ?zy'”%ﬂﬂlﬁﬁlﬂllﬂlﬂ\m\ Iéad3s??(rﬂr<e;0u2ﬁdbgttom

nitrogen inlet is charged with 10. 0y (. d21fol S) of 20 and 72nL of THF.
The m xture WO9SR$433 ed under nitrogen. After cooling to PGB ssi00d6e,
176mL of 1.0 MBH3. THF is added to the suspension. The resulting
solution is refluxed for 12 hour s under3 nitrogen. A white solid forns
during the course of the reaction. The xture is cool ed to ca.

25[err] C before ref ul o ena [ 64nmL of
H2([)'(3.]55m)l s). sEe {ge‘ér%vﬁ%élz%%g:k&ﬁgf Lﬂl ’& d\JJctS\g Bredugre, 25nL
of 12 MHC (0.3npls) are carefully added to the solution. The cl oudy,

aci‘di c m xtuge i Sarpfocecl ak Rawimeloial £04 0 a5 Ghidfein mcel:egf k EES
IS

solJtion. After o ut i 0, er.atur

adj usted to ca. tﬁ% ééﬁ%éﬁ%ﬁ %§6 éﬁuﬁo%@‘%*?‘f%e lﬁwtﬁﬂal'}?el%
extracted with hydyograllefl @qompr.] Cllerr]. The aqueous phase is separated
and washed with an additional 85nL of CHerr]C[err]. The conbi ned
organi ¢ phases are washed with 2x50nL of H20. The bul k of the
CHerr]CJ[err] is renoved under reduced pressure to give 21.

- 62340/ 003. 594 Cl ai ns:

. Thls Sheet Has Been Replac




_1. Atribenzylcyclens of formulal 5 [érr] . (whéere Ph is
phenyl ; R which is other than benzyl*is hydrogen, ot a Clerr] 15
al kyl group optionally substituted by hydroxy, alkoxy or .° an optionally

substituted phenyl group, or- Ris-an anphiphilic group L-Ar(-AH)n
(where each L is . an (err]-al kyl ene”l Aksr wherei east one CH2

" noi ety Is repl b [err] or a group _
X[err](CH[err]d—if:g?‘?'f‘%j%rg??[err] (where u is a 20 H ‘lnmull‘mlmum but
with the provi spkaihat the term nus of L adjacent+the aycl*en®rihg is
CH2 and t hat the termnus of L adjacent Ar is X err] or a CH2 group
adj acent or separated by one CH2 froma group X[err]; ~each Ar is a
phenyl ring opt}onaldytsiperzryleyalens of 2Bormubyihg fused thereto a
further phgenyl ring; each AH is an oxyacid or a salt thereof;
each Xerr] is 0, S. NR2 or PRZ; each R2 is hydrogen, optionally
substituted al kyl or opki.agal |y substituted phenyl; 30 and nis a
positive integer), PhUT\R|prquU€§ha bridge to a second tribenzyl cyclen
group; Xis CHR err]X-eN WNer&X R i s hydrogen two X groups nmay each
represent CO groups; and W err] islhydrogen, a Cgrr] al kyl 35 gr oup
optional 'y substituted byXmyNr oMy—Xal koxy or carboxy groups or an
aral kyl - grgpup having 1pho-@/dar OmRsS in the al kyl noiety and wherein
‘the aryl noiety is X—X | '

(where Ph is phenyl;
R, which is other than benzyl, is hydrogen, or a C;.,
15 alkyl group optionally substituted by hydroxy, alkoxy or
an optionally substituted phenyl group, |
or R is an amphiphilic group L-Ar(-AH), (where each L is
. an C,.,s-alkylene linker wherein at least one CH, moiety
is replaced by X' or a group X'(CH,CH,X'), (where u is a
20  positive integer) but with the provisos that the
terminus of L adjacent the cycien ring is CH, and that
the terminus of L adjacent Ar is X! or a CH, group
~adjacent or separated by one CH, from a group X';
each Ar is a phenyl ring optionally substituted by or
25 having fused thereto a further phenyl ring;
each AH is an oxyacid or a salt thereof;
each X! is 0, S, NR, or PR,; .
each R, is hydrogen, optionally substituted alkyl or
optionally substituted phenyl; '
30 and n is a positive integer),
or R provides a bridge to a second tribenzylcyclen
group; | .
X is CHR,, or where R is hydrogen two X groups way each
represent CO groups; and R; is hydrogen,'a C,.¢ alkyl
35 group optionally substituted by hydroxy, alkoxy or
carboxy groups or an aralkyl group having 1 to 6 carbons -
in the alkyl moiety and wherein the aryl moiety is '

DD S



. -27- . phenyl optionally substituted by al kyl, alko hydr oxy
or. i sot hi ocyanate groups. . 2. A conpound a mmuwt
wherein all X 5 groups are CH2 groups. r fhe
preparation of a conpound of . formula | as deflned i n cIa|ﬁ11 said -
process conpri sing at | east one of-thé following steps: 10 -(a)
reacting a di am_ne of for '
PhCH] er r ] NHCHRE®STYEH ’r‘i’?@ﬁéﬁl[ bt tuted by alkyly plkory, hydpeaiei n
Rl err] and Ph aﬁ.emtﬂﬁfoc}mhatre@rm sl) with a di ami ne of formula
1] : YN(CH[ er r] Ph) CHRCHR[ er r] NHY (ren)
20  (where Y is CH2COLv or COCH2Lv and Lv is a |eaving group) to
yield a conpourdd of X crompeund/as olaimed in claim 1 wherein all X - 28 -

S groups are CH, groups.
3. A process for the preparation of a compound of

formula I as deflned in claim 1 said process compr1s1ng
at least one of the following steps:

10
(a) reacting a diamine of formula II
PhCH,NHCHR, CHR,NHCH, Ph _ | (11)
15 (wherein R, and Ph are as defined in ciaim 1) with a
diamine of formﬁla ITI
YN (CHzPh) CHR,CHR,NHY (ITI )
20 .(where Y is CH,COLv oxr COCHJN'and.Lv is a leaving group)

to yield a compound of formula IV or V

AMENDED SHEET



[.'err] ' 20 (b) reacting a triamne of fornula Vi

Z[err] NHCHR[ err] CHR[ err ] N(Z[err]anuc:—E[{a/lrlr]gI;R[err]Nl—Z[err]zi[ér'r]N

(W) . ‘Wi th a nonoam ne of fo
(CHR[ err] COLv)[err] - (g 1) Mund of
formula VIII
Re Ry A
Ph——\\,—__l/f——Ph | . .
H——N N-—H |
° o= —0 av)
Ph—" H H |
R; Ry |
10 : R; Ry
Ph Ph
o-——:EN N —0 W)
15 'th_/N N‘;— H
R; Ry
20 (b) reaéting a triamine of formuia. VI
Z,NHCHR, CHR, N (Z,) CHR,CHR,NHZ, (VI)

with a monocamine of formula VII

25 : o
to yield a compdund of formula VIII
30 : " Ry Ry
L | |,4
Ri——N N—=0
Ri——N N——Ry - (vi)

35 75 IH 2
O Ry
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ferrl. - 29 - erein
i[:r;]s defined in claim1, one of Z[err], Zerr], Z[err] \\\“\Sﬁ\ﬁ\“\]

hydrogen atom and the others are benzyl groups) ; \\\\\
rreduci ng a conmpound of forrmula IV, V or VI to a conpound of
formula I X [err] (wher®ln R err] and Ph are as defined

20 of fornula ] ( X)
(where Lv is adanéhdundgSgrobipdargeriatemi apdi het Aeherfaare benzydnzyl) is a
Cerr] alkyl gigidupentionally substituted by

“in claim1); (whirei(rﬂ)nlr?QCBE”aeﬂiﬁeﬁpf?ﬂnélﬁ%@{[eg%é LE #1112 ggmpound

5 (¢) reducing a _éompound of formula IV, V or VIII to
yield a compound of formula IX -

R; Ry
10 Ph-—\ /——Ph
Ri—Tm—N N—Ry
Ry——N - —J——R]_ IX)
Ph—" H H
R; Ry

15
(wherein R, and Ph_ are as defined in claim 1);

(d) reacting a compound of formula IX with a compound
20 of formula X
Lv-RY . (X)

(where Lv is a leaving group and R' (which is other than
benzyl) is a C,.;; alkyl group optionally substituted by
25 hydroxy, alkoxy or an optionally substituted phenyl
group, or R! is an amphiphilic group L-Ar(-AH), (where
each L is an C,,s-alkylene linker wherein at least one
CH, moiety is replaced by X' or a group X!'(CH,CH,X!),
(where u is a positive integer) but with the provisos
30 that the terminus of L adjacent the cyclen ring is CH,
~and that the terminus of L adjacent Ar is X' or a CH,
group adjacent or separated by one CH, from a group xt;
each Ar is a phenyl ring opf;ionally substituted by or
having fused thereto a further phenyl ring;
35 each AH is an oxyacid or a salt thereof;
each X' is 0, S, NR, or PR,;
each R, is Hydrogen, optionally substituted alkyl or
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25 . hydroxy, alkoxy or an optionally substituted phenyl - group, or
Rlerr] is an anphiphilic group L-Ar(-AH[err] (where : :
Clerr] -alkylene linker wherein at |east one CH2 noi ety i S rep‘ﬁaed

by X[err] or a group X1(CHerr]CHerr]Xerr])u ﬂ“ﬂ“ﬁ“ﬂ“ itive
I nteger) but with the provisos 30 that #¥e terninu

~cyclenring is t th erm nus of L adfacent* Ar Is X1 or
CH2 group%%}%%lr&yoﬁl‘%%%%’gﬁ"éﬁee‘g e CH2 from a group Xferr];
each Ar is a ptmr@lnrlmgaMsmWéynm&g&r)tut ed by or ~havi ng fused

thereto a furt r ; £agh JA n alt
t her eof ; _%clﬁh%gvld&%ga %%dgr g&za Eeb@rﬁeggﬁﬁ%'z‘}l%%y F ?)lgen,
~opti onal | y subsSieWRed al kyl or -
30t' ) 5 (Wndf”WHéﬂésyﬁﬁé”EH%%ﬂcﬂggﬂbhor unsatﬁﬂdtag'?oﬁggﬁﬁaf've

i nt eger), rovi des a pri a secon ri pbenzyl cycl en
group, 5 o@%ﬂﬁ%ﬁﬂi’% %%%%S’%@htﬂ%}%d’ﬁﬁﬂ%ﬂhot

nucl eophi | i cal lyieldbsin tmakﬂacfﬂadatf arong) Ri trogen to yield an
N-attached Rl err] group); (e) reacting a nonoam ne of formula Xl 10
LvCHRCHRNR] er r | CHRCHRLV (XI) (where R2 is a

Clerr] alkyl greip opdamiad ya sumaninedbhyformula Hidr oxy, al koxy or an
optional |y, substituted phenyl 15 group, or R2 is an anphiphilic group

L-Ar(-AH) n (where each L is, an C225-al kyl ene | i nker wherein at |east
one CH2 noi ety | SYEFEERNRICHREHRIL W 2 group (X1)
X[err](CHerr]CH err] X[err])[err] (where u is a positive integer) but

_MAth the prows%ﬁkere R? is a C;.;, alkyl group optionally substituted by
_ hydroxy, alkoxy or an optionally substituted phenyl
15 group, or R? is an amphiphilic group L-Ar(-AH), (where
each L is an C,s-alkylene linker wherein at least one
CH, moiety is replaced by X' or a group X'(CH,CH,X'),
~ (where u is a pésitive integer) but with the provisos
that the terminus of L adjacent the cyclen ring is CH,
20 and that the terminus of L adjacent Ar is X! or a CH,
group adjacent or separated by one CH, from a group X!;
each Ar is a phenyl ring optionally substituted by or
having fused thereto a further phenyl ring;
each AH is an oxyacid or a salt thereof;
25 each X! is 0, s, NR, or PR;
each R, is hydrogen, optionally substltuted alkyl or
optionally substituted phenyl;
and n is a positive integer),
or a nitrogen protecting group) with a triamine of
30 formula VI, and if required deprotecting the R?-
substituted nitrogen in the resulting tribenzylcyclen.

4. A process for the production of DO3A or DO3A analog
chelating agents, said process comprising the following

35 steps

(1) (a) reacting a diamine of formula XII



fhat ~the termnus of L adj acent the cyclen ring is Ct[gLL},QGF4”§ﬁadfﬁé€

the terminus of L adjacent Ar is X err] or a CHerr]
or separated by one CHerr] froma group Xerr]; W nyI
ring optionally substituted by or hgﬁ]ng f used t ur ther
phenyl ring; each AH is an oxyacid a salt thereof each
X[err] is 0, S, NR2 each R2 is hydrog ptlonally
substituted al kyl o?qhﬂaﬁg ﬁally substituted phenﬂﬁ and nis a
positive integer), or a nltrogen protecting group) with a . triam ne of
30 formul a Wk thapddibmiaaubkedogmanat getirng the Rlerr]-
substituted nitrogen in the resulting tribenzyl cycl en. 4, A
process for the production of DOBA or DO3A anal og chel ati ng agents,
sai d process conpri SNGgCHREHRQNHYW ng 35 steps  (XIII)(1) (a) reacting
a diamne of fornula Xl I ' -31 -
Zlerr] NHCHR err] CHR[ err] NH err] (XI1) wth a
di ami ne of forﬁwharKIRl and5¢ are as defined | THRlein GHR[and |ouer of Z,
(XI11) aher e Rigpddoddldl ndrendSoideds nad 4 b %rod one of
Z[err] ané g 'S ﬁ@%rdﬁen £%d the other is a benzyl éﬁgu !

10 or (b) reacting a triamine of fbrmula XIv

Z,NHCHR,CHR,NZ,CHR, CHR,NH, (XIV)

with a monoamine of formula XV or XVI

15 .
Z,N (CH,COLv) , (XV)
Z,N (CHR,CHR,Lv) , (XVI)
(where.R1 and Lv are as previously defined, one of Z,, Z,
20 and Z; is a benzyl group and the other two are hydrogen
atoms),
and (c) where necessary reducing the cyclic dione thus
produced to yield N-benzyl-cyclen;
25
(2) reacting the N-benzyl-cyclen to introduce
carboxymethyl or phosphonomethyl groups at the
unsubstituted ring nitrogens;
30 (3) * debenzylating the N-acid substituted product; and
(4) if desired, N-alkylating the debenzylated product.
5. A proceés as claimed in claim 4 wherein in step (4)
35 the debenzylated product is N-alkylated to introduce a

hydroxyalkyl gfoup.
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10 - or ~Ab) reacting a triamne of formula X'V RTMP
Z[-err ] NHCHR err 1 CHRl err ] NZ[ err ] CHRLerr ] CHR err INH err] (XIW .
wi th a nmonoam ne of formula XV or XVl 15 ZSN(CHZV) 2 CofPY
(XV) Z3N (CHRCHR{ err]Lv) 2 (XV1) PR (where
Rlerr] and Lv ag(; Previ Oyekb netefikd6, srebRSy Sfcatkanioi 20 G 73 is a
benzyl group an e ot her two are Haeehetioggiyreau at oms) , and (c)
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(57) Abstract

The present invention relates to tribenzylcyclen compounds of formula () (where R is hydrogen, or a C: 12 alky! group optionally
substituted by hydroxy, alkoxy or aryl groups or R is an amphiphilic aralky] group comprisinga N, S, O or P interrupted Czsalkylene
chain, e.g. a polyalkylene oxide chain or R provides a bridge to a second tribenzylcyclen group, but with the proviso that R is other
than benzyl; X is CHR), or where R is hydrogen two X groups may each represent CO groups; and Ri is hydrogen, a Cr.salky! group
optionally substituted by hydroxy, alkoxy or carboxy groups or an aralkyl group having 1 to 6 carbons in the alkyl moiety and optionally
substituted in the aryl moiety by alkyl, alkoxy, hydroxy or isothiocyanate groups). These compounds are useful in the preparation of DO3A,
N-substituted-1,4,7, 10-tetraazacyclododecane-N' N",N***-triacetic acids, and the phosphonic acid analogs.




