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EIELD OF THE INVENTION

This invention relates to a novel process for the
preparation of tetraazacycloalkanes, in particular
cyclen and ring-substituted cyclen derivatives.

BACKGROUND OF THE INVENTION

In the field of magnetic resonance imaging, various
lanthanide chelates of cyclen-derivative macrocyclic
chelating agents have been proposed. Two, GAHP-DO3A
(ProHance from Sgquibb) and GADOTA (Dotarem from
Guerbet), are available commercially. These macrocyclic
chelating agents form particularly stable chelate
complexes with the contrast-generating paramagnetic
metal ions and thus are suitable carriers for the metal
ions to ensure appropriate biodistribution and
elimination.

Cyclen itself (1,4,7,10-tetraazacyclododecane) is a
key and somewhat expensive intermediate in the
preparation of these macrocyclic chelants.

Production of cyclen's tetraaza macrocycle can be
by a variety of synthetic routes, for example via
diamine:diamine or triamine:monoamine cyclic
condensations such as are described by Tweedle in EP-A-
232751 and EP-A-2926892. Such condensations generally
produce N-substituted cyclen derivatives in which the
ring nitrogens are protected by tosyl or mesyl groups
which then have to be removed before the cyclen can be
alkylated to yield the macrocyclic chelating agent.
Detosylation involves high temperature treatment with
sulphuric acid, a commercially unattractive route.
Detosylation moreover requires continuous extraction
with chloroform over a period of days making it an
environmentally unattractive procedure. Mesylation and
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a commercial scale. Véyfaye,Dqyi.d PR Wahe "REELSHFEL fe
tetraazacycloalkanes, such as cyclen, can advantageously
be prepared from acyclic tetraazaalkanes by a
cyclization process which involves first coupling the
four nitrogens of the starting material to a bridging
agent to produce a tricyclic intermediate and then
converting this intermediate to the tetraaza-macrocycle.

In effect, the bridging moiety in the tricyclic

intermediate, which can be a monoatomic or polyatomic
entity, serves as a template to present the terminal
nitrogens of the initially acyclic tetramine in a
suitable configuration for the ring closing cyclization.
Indeed, in one embodiment, the bridging moiety can
itself provide the molecular subunit which forms the
bridge between the terminal nitrogens to form the
tetraaza-macrocycle.

SUMMARY OF THE INVENTION

Viewed from one aspect, the invention thus provides
a process for the preparation of macrocyclic
tetraazacycloalkanes, said process comprising (i)
reacting a tetraazaalkane with a bridging agent to
couple four amine nitrogens of said tetraazaalkane to a
bridging moiety to yield a fused tricyclic intermediate,
(ii) reacting said intermediate to introduce an alkylene
bridge between the secondary amine nitrogens in the
outer rings of the fused tricyclic intermediate,
optionally by decoupling an alkanediylidene bridging
moiety from the tertiary amine nitrogens at the ring
fusion sites of the fused tricyclic intermediate, and
(iii) where necessary, decoupling said bridging moiety
to yield a macrocyclic tetraazacycloalkane.

The process of the invention is especially suited
to the production of cyclen and substituted cyclens and
the discussion hereafter will be in relation to the
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The macrocylic tetraazacyclododecanes produced by
the process of the invention will conveniently be of
formula I

X—X
RT T,R

NN

X—-N N—X @
R')_I°r

T X=X

where R is hydrogen or optionally substituted alkyl and

X is CH,, CHR or a carbonyl group.

The tricyclic intermediates formed during the
process of the invention preferably have a 5,5,5 or
5,6,5 tricyclic structure (the numbers referring to the
numbers of ring atoms in each of the fused rings), e.qg.

[\ 2/ \ 3
N__N N N
(o G4
U S
RR R R
(5:5,5) (5,6,5)

where Y is a carbon atom or a metal ion. The backbone
carbons of these intermediates may if desired be
substituted, for example by R groups.

Examples of non-hydrogen R groups include C,. alkyl



bridging noiety to yield a fused tricyclic internediate, (ii) reacting said
internmedi ate to intraoduce an al kyl ene bridge between the secondary am ne
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be produced anal qsgtertsy o amiiResSERELe®f. L he i nvention extends to include
such anal ogous The formation of the tricyclic intermediate is a
particularly important aspect of the process of the
invention as it positions the terminal nitrogens for
reaction with a bridging moiety to produce the
tetraazamacrocycle or alternatively allows direct
conversion to the tetraazamacrocycle by the decoupling
of the C, bridge of the 5,6,5 intermediate from the mid-
chain nitrogens.
The initial step in the process of the invention
particularly preferably involves a reaction with glyoxal
to produce the 5,6,5 tricvclic intermediate, i.e.

/~ \
nnﬁ/—ﬁ§£_—§éﬂ—\hnn + (CHO), — [j%}—4fj]
Yo
R R

The backbone carbons on the tetraamine starting compound
may if desired be substituted by non-hydrogen R groups
as may be the terminal nitrogens.

The conversion from the 5,6,5 tricyclic
intermediate to the tetraazamacrocycle may be
accomplished in a variety of ways:

(4) reaction with a difunctional bridging agent
serving to introduce a C, bridge, for example a
haloacetylhalide, an allyl halide epoxide, or a compound
of formula:

LvCHRCHRLvV

(where Lv is a displaceable leaving group such as a



processes. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The macrocylic
t etTaazacycl odedecares—produced by +the—process—af _the invention wll

conveniently be of formula | [err] where R is hydrogen or optionally
substituted alkyl and X is CHerr], CHR or.a carbonyl group. The tricyclic
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PCT/ GB96/ 00462  Sulphonyloxy group such as OMs or OTs). This reaction
is then followed by decoupling of the C, bridging moiety,
for example by reaction with hydroxylamine or an acid
such as HBr. 1Illustrative of this reaction procedure is

the following segquence:

N X I\
CNHNj + BrCH ,CH,Br —> ENHNj
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t
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(B) reaction with glyoxal with subseguent
reduction, e.g. by catalytic hydrogenation over
palladium, and decoupling of the C, bridging moiety. The
decoupling can be effected as described under (A) above.
Illustrative of this reaction sequence is the following
procedure:



-4- groups optionally substituted by hydroxy, Cerr] al koxy, aryl (e.qg.
phenyl ), carboxy or phasphonic acid_groups or esters or am des thereof. The
formation of the tricyclic intermediate is a particularly inportant aspect
of the process of the invention as it positions the term nal nitrogens for
reacti on wi tvwoesrisa32dgi ng noi ety to produce the tetraazanacrrsTycssoas2
alternatively allows direct conversion to the tetraazamacrocycle by the
decoupling of the C2 bridge of the 5,6,5 internediate fromthe md- chain
nitrogens. The initial step in the process‘cﬁ The invention particularly
preferably involves a reaction with glyoxal to produce the 5,6,5 tricyclic
internmediate, i.e. [err] The backbone carbons on the tetraam ne starting.
conmpound may if desired be substituted by non-hydrogen R groups as nay be
the termnal nitrogens. The conversion fromthe 5,6,5 tricyclic
internediate to the tetraazamacrocycle may be
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(C) tetramine reaction with glyoxal with
subsequent conversion to the tetraazamacrocycle may be
effected as a one-pot reaction, for example using the
reaction sequence:

n I l H
/—'—\ /_—_\\ /-—\ l) m 2 _ \N Nl
H:N NH NH NH — E j
+ N N
Z)H 'szc H’I ,‘H



acconpl-ished in a variety of ways: (A) reaction with a difunctional
bridgirg—agent serving to introduce a (Clerr] bridge. for exanple_a

hal oacetyl hal i de, an allyl halide epoxide, or a conmpound of formula:
LVCHRCHRLvV (where Lv is a di'spl aceabl e | eaving group such as a WO
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atom (e.g. chlorine or brom ne) or a sul phonyl oxy group such as OVs or
Ols): This reaction is then followed by decogpllng of the Cerr] bridging
noi ety, for exanple by reaction with hydroxylanlne or an acid such as HBr .

(B) ‘reacti on with glyoll wPERCEUIE T ER ARt AsRoueLE OB SHHHak fc -
hydr ogenat i on ovedxi@gingi weietyicdby aenadilarjonf, €pbr ekample bﬂ-ld‘gl rmtet y.
The _ Ni?*, followed by demetallation, e.g. by hydrogenation or

cyanide treatment. In this way the C, bridging moiety

can be transformed into a sub-unit of the final

macrocycle. Illustrative of this reaction sequence are

the fbllowing reactions:
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N N 1)Cu2t N
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Besides the 5,6,5 tricyclic intermediate, other
tricyclic intermediates can be involved in the process
of the invention and in one particular embodiment a
single carbon bridging moiety may be introduced to
provide a 5,5,5 intermediate, i.e.

<__7

RR

(where the backbone carbons can optionally be
substituted by non-hydrogen R groups).

This can be done particularly effectively by
reaction of the tetraazaalkane starting material with an
alkylorthocarbonate, for example C({O0CH:),, in the



decoupliing can be effected as descri bed under (A) above. Illustrative of
this reaction sequence is the follow ng procedure: WD 96/ 28432
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subsequent conversion to the tetraazamacrocycle my be effected as a

one- pot reacwooazsf#pr exanpl e using the reaction sequence: perEhosooscdO
96/ 28432 PCT/ GB96/ 00462 -7- (D)
reaction to partially_decouple the central bridging noiety by netallation,
for exanple with Cu[err] or -8 -

following reaction:

e VenVan' 2NN

HW,N NH NH NH + COC Hs)y ——> 7(
17\ 4
ik
HH

The tetraazacycloalkane can then be produced by
coupling the 1 and 4 nitrogens and decoupling the C,
bridge. The coupling of the 1 and 4 nitrogens can
involve reaction with a bifunctional reagent,
substantially as described under (A) above, or
alternatively may involve cyclizing a functionally
substituted group pendent from one of these nitrogens,

- for example an alkoxycarbonylmethyl group. Examples of
appropriate reaction schemes are as follows:

(E) reaction of the 5,5,5 intermediate with a
bifunctional bridging agent followed by decoupling of
the C, bridge, for example using the following scheme:




Ni[err], followed by denetallation, e.g. by hydrogenation or cyanide
treatmeat—Iin this way the C2 bridging ooiety can be transforned into a

sub-unit of the final macrocycle. Illustrative of this reaction sequence
are the follow ng reactions: [err] Besides the 5,6,5 tricyclic
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The pendent protected carboxymethyl group can be
- present in the initial acyclic tetraazaalkane reagent or
can be introduced by alkylation of the tricyclic
intermediate. Thus for example the following reaction
scheme may be used:

I\
C(OC ;Hs), N N
N SN S COOR -
HaN NH NH Néf- (:.;ﬁ:_:7
B k(o
OR

The 5,5,5 intermediate is particularly advantageous
as it offers the possibility for monosubstitution of the
ring-nitrogens during the macrocycle synthesis at the
5,5,8 intermediate stage. Thus reaction of 5,5,8

’
—N_N-—
PN
—N N—

]




foll owisng reaction: [err] The tetraazacycl oal kane can then be produced by
coupling the 1 and 4 nitrogens and_decoupling the (Jerr] bridge. The
coupling of the 1 and 4 nitrogens can involve feaction with a bifunctional
reagent, substantially as described under (A) above, or alternatively may
i nvol ve cycl wogsgs@2functional |y substituted group pendent

t hese nitrogens, for exanple an al koxycarbonyl net hyl group. Exanpl es of
appropriate reaction schenes are as follows: (E) reaction of the 5,5,5
intermediate with a bifunctional bri dgi ng -agént- fol | oned by decoupling of
the (Jerr] bridge, for exanple using the follow ng schenme: [err] WO
96/ 28432 with water gives a mono-formyl pre@uRitcRYBYIERE;reagtioR)

cyclizing a funct,988! a8 QU RANERNagbh®MyaB1ds an N-monocalkylated 5,5, 8
compound which can be converted by acid treatment, for
example with sulphuric acid, to N-monoalkylated cyclen,
e.g. as follows:

(where R! is an optiomally substituted alkyl group). The
alkyl group introduced in this way may be a group
desired in the end product or it may for example be an
amine protecting group which can subsequently be removed
for example after substitution of the other ring
nitrogens. If removed, the unprotected nitrogen can
then if desired be alkylated to introduce a different
alkyl group. This procedure is particularly attractive
for the preparation of DO3A and DO3A derivatives such as
HPDO3A and the DO32A dimers recertly proposed by Nycomed
Salutar and Schering, i.e. cyclen derivatives in which
three ring nitrogens carry one form of substituent and
the fourth is either unsubstituted or is substituted
with a different form of substituent.

A third alternative for the initial step in the
process of the invention is to bridge the four nitrogens
by tetracoordination to a metal ion, for example a
lanthanide such as GA(III) or Dy(III). The §5,5,5
intermédiate thus formed can be reacted with an agent
serving to couple the terminal amine nitrogens together
to form the tetraazamacrocycle.

While difunctional reagents such as described under
scheme (A) above may be used in this context, one
further option is to react the 5,5,5 metal-containing



outer ring nitrogen,

carbexyret hyl

e.g. as follows:
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reaction with an gl kyl ati_ng agent. yields an N nonogal kyl ated 5,5, 8
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e,
followed by desulphurisation (for example with phosphine
or raney nickel).

These 5,5,5 metal intermediate conversions are
illustrated by the following reaction schemes:

(8) reaction with a bifunctional bridging reagent
followed by demetallation, for example as follows:

—

H[ | H

A |
_NH, B,N— 2) Demetallate "N N-:
I
(H) reaction with formaldehyde and hydrogen

sulphide followed by desulphurisation and demetallation,
for example as follows:

N ]

[:jHN NH—;
M, 5 + CH,O + H,8 _— —HN NH—
NH, H,N— 2 2 M,
—HN NH—
—HN NH
‘hf —_] PR3 —HN NH
Pd \ — 4
——HN NH——— IM\ j
/| —HN NH
. L
] B[] A
—~'HI*IM,I~'H-'*i Demetallate E‘N N:]
M, | N N
—HN NH— , N
L '



exanpl e with sul phuric acid, to N-nonoal kyl ated cyclen, e.g. as follows:
[err] (where Rlerr] is_an optionally substituted alkyl group). The alkyl
group introduced-in this way nmay be a group desired in the end product or
it may for. exanple be an ami ne protecting group which can subsequently be
renoved for woseRB4s2after substitution of the other ring ni ptogssEoosdz
renoved, the unprotected nitrogen can then if desired be alkylated to
introduce a different_al kyl group. This procedure is particularly
attractive for the preparation of DO3A and~Db3A derivatives such as HPDO3A

and the DO3A diners recently proposed by onmed Sal utar and Schering, i.e.
cycl’en derivatives in Vi &R FﬁFEg"‘PFﬁ&e rﬁw TOMES ohBes br rﬁ%’ftra%ly
substituent and t heridged lcykcdiei teeraamind i tnouee dR)i abouwbstahubed With a

different form of eﬁi.met&lg%m a hg'%‘?lﬂ,éggéﬁia?{g\/ﬁafcg&.igﬁg initial step in

the process of th nvention I's tg e tour nitrogens b

tetracoordi nation to aJetHis 3Ralpgpug Eesficion, MSPdEhQUE%EEEi@(I 1)

or Dy(lll). The 5naterial is a diamine rather an a tetraamine and the
bridged intermediate is a 6,6, bicyclic compound rather
than a 5,6,5 tricyclic compound, two N-N bridges have to
be inserted rather than the one inserted in route (A).
| This route (A') is as follows

NH_ _NH

o w cems — (1]

NH NH

0

NE Nn\' m
— TEEGGE T [NIN]
-
g -
(L) cmm — [0
L

The diamine carbons may carry non-hydrogen R groups
and the other difunctional bridging agents menticned in
connection with route (A) may be used in place of the
dibromoethane. _

This'scheme_represents a further aspect of the
present invention. Thus viewed from a further aspect the
invention provides a process for the preparation of
macrocyclic tetrazacycloalkanes, said process comprising
(i) reacting a diamine with a bridging agent to couple
four amine nitrogens to a bridging moiety to yield a



i ntermedi ate thus fornmed can be reacted with an agent serving to couple the
t erfnal—am ne ni t+ogens together_ta formihe tetraazamacrocycle. Wile

di functional reagents such as descri bed under schene (A) above nmay be used
i-n this context, one further option is to react the 5,5, 5 netal -contai ning
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I nternmedi ate with fornal dehyde and hydrogen sul phide, foll owed by

desul phurisation (for_exanple with phosphine or raney nickél). These 5,5, 5
nmetal internediate conversions are iIIustrhf%h'by the follow ng reaction
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coupled amine nitrogens to yield a fused tetracyclic
intermediate, and (iii) decoupling said bridging moiety
to yield a macrocyclic tetraazacycloalkane.

Following production of the macrocyclic
tetraazacycloalkanes according to the process of the
invention, and if necessary the reduction of any ring
carbonyl groups, the products will generally be
subjected to N-alkylation in order to procduce the
desired chelating 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 6
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 subsequently
be deprotected, for example by ester cleavage to make
the group available for metallation.

Metallation of the macrocyclic chelating agent may
be effected by conventional 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-B6/06605, etc.).

- The choice of metal ions to be complexed will
depend upon the intended end use for the chelate
complex. Especially preferred are ions of metals of
atomic numbers 22 to 32, 42 to 44, 49 and 57 to 83, in
particular Gd.

Where the chelate is to be used as an MR contrast



for exanple as follows: [err] WO 96/ 28432

PCT/ GB96/ 00462 - 12 - In_an alternative synthetic route, the C2 centrally
bridged cyclic tetraam ne of route (A) above can be produced froma di am ne
starting material. In this anal ogous reaction, because the starting

material is WaB6@Md3Re rat her an a tetraam ne and the bri dgescrcBesomel at e
Is a 6,6, bicyclic conpound rather than a 5,6,5 tricyclic conpound, two N-N
bri dges have to be ingserted rather than the one inserted imroute (A). This
route (A") is as follows [err] The di am ne” & Bons may carry non-hydrogen R

groups and the other difunctional bridging agents pentioned, in_connection
with route (A) na?gﬁﬁtusﬁﬁeiFPéiéﬁﬁétﬂe esagﬁFﬁﬁDé§h§ﬂE?enlent1Y 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 Bu, Gd, Dy, Ho, Cr, Mn and Fe
are especially preferred and Gd**, Mn2?* and Dy3* are
particularly preferred ions. For use as contrast agents
in MRI, the paramagnetic metal species is conveniently
non-radicactive as radiocactivity is a characteristic
which is neither required nor desirable.

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

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 radioactive isotope, such as ?™Tc or !iIn
for example may be used. For radiotherapy the chelated
metal may for example be 53Sm, ¢’Cu or 9°Y.

In the definitions of the reagents given above,
unless otherwise stated, alkyl groups preferably contain
1 to 6 carbon atoms, especially 1,2,3 or 4 carbons and
optionally substituted alkyl groups may carry
substituents selected from aryl (in particular phenyl
and substituted phenyl}, hydroxy, oxo, amino, and alkoxy
groups or chelant or substituted chelant woieties such
as are described for R2.

All particulars referred to herein are hereby
incorporated herein by reference.

The invention is illustrated further by reference
to the following non-limiting Examples:

EXAMPLE 1

Condensation of glyoxal with triethylenetetramine:
To a flask was added 10g (6immol) of
triethylenetetramine mono-hydrate and 200mL of absolute



This sehene represents a further aspect of the present invention. Thus
vi ewed—rom a further aspect the.iLnwention provides a process for the )
preparation of macrocyclic tetrazacycl oal kanes, said process conprising (1)
reacting a diamne with a bridging agent to couple four amne nitrogens to
a bridging nHOA6P843Y yield a WD 96/ 28432 PCT/GB96/00462

PCT/ (B96/ 00462 - 13 - fused bicyclic internediate, (ii) reacting said
intermediate to introduce al kyl ene bridges between the coupl ed am ne
nitrogens to yield a fused tetracyclic intéerfrediate, and (iii) decoupling
said bridging noiety to.yield macrogcyclic tetraazacyc oalg ne. oléomﬁng
producti on of tfma?ﬁkﬁ%%&blie ggﬁ?aﬁ?i%@ﬁ?béﬁﬁ% §§e§c§obgiﬁ f?%°}£é° rocess
of the invention, 40% aquecusegiyeyal he ARtk tstdrrdhganyerniaghtaatonyl
groups. thet Eroduca&mdd t@fBekathye bene Wi BRI whe Buvabkyhebl Ofo | Hf A5AE"

O produce © the 5,6,5-tricyclic product 1 as an amber oil (75-80%

purity). This material was used directly in the

subsequent step.

EXAMPLE 2

Condensation of dibromoethane with 1: Crude } was
dissolved in ten parts (by volume} of dimethylformamide.'
To this solution was added 1.5 mole equivalent of
dibromoethane. The solution was stirred for 20 hours at
ambient temperature. After removing the solvent and
excess dibromoethane under reduced pressure the product
2 was isolated by flash chromatography (silca gel /
CH,CN:NH,:EtOH) . The yield of 2 is ca. 70% based on 1.

EXAMPLE 3

1,4,7,10-tetraazacylododecane 3 (cyclen): 2 was _
added to ca. 20 parts by volume of absolute ethanol and
10 mole equivalents of hydroxyamine. The suspension was
heated to reflux for 16 hours. Slow cooling gave 3 as
an off-white precipitate which was collected by
filtration and washed with cold ethanol. The yield of 3
was 80% based on 2.

EXBMPLE 4

I
T

Triethylenetetraamine is reacted with ethyl
orthocarbonate (C(OEt),) in absolute ethanol. The 5,5,5
tricyclic intermediate 4 formed is divided into batches
and used in subsequent Examples.



desired chelating agents. The N-al kylation step to introduce desired al kyl
or substituted al kyl graups _onto the_macrocyclic _skel eton can be perforned
usi ng conventional al kylation techni ques, for exanple involving reaction
with an al kyl halide R.err]-Hal (where Hal is a hal ogen atom such as
chlorine or WO9AR#82 and Rl err] is an al kyl group optional | yPEexisBed0ds2ed,
for exanple by hydroxy or al koxy groups or by chelant noieties, such as
car boxyam de groups or carboxyl or phosphonic_acid groups (optionally
protected by ester groups)). The al kyl nniét}siﬁ Rlerr] will conveniently
contain 1 to 6 carbon atons and any chelant noiety will preferably be on

t he al pha or bet a FSAMRRE—f a protected chelant group is introduced in
this fashion, it may subsequently be deprot d, for exanple by ester

cl eavage to nake the group avail able for ion. Metallation of the
macrocyclic chelating agent may be effectégd cgnventi orfal net hods, for
exanpl e as described in the patent literatu elating to MR contrast
agents (see for exanple EP-A-71564, EP-A- 1 4, EP-A-165728, EP-A-258616,
WO A- 86/ 06605, etc.).

5,5,5-tricyclic intermediate 4 is reacted with 1,2-
dibromoethane in DMF under a nitrogen atmosphere to
yield the 5,5,5,5 fused tetracyclic intermediate 5 which
is treated with aqueous acid to yield cyclen 3.

EXAMPLE €

5,5,5-tricyclic intermediate 4 is treated with HC1
and subsequently sequentially with CI1CH,CHO and NaBHCN to
yield cyclen 3.

EXAMPLE 7

o a

5,5,5-tricylic intermediate 4 is treated with HCl
and subsequently with C1CH,COCl. The 5,5,8 tricyclic
intermediate § which is formed is then reduced with
lithium aluminium hydride to yield cyclen 3.
EXAMPLE 8

L7
N N

HO on

<
(A

I~y



The choice of nmetal ions to be conplexed will depend upon the intended end
use—for—the-chel ate conpl ex. Especially preferred are ions of netals of

atom c nunbers 22 to 32, 42 to 44, 49 and 57 to 83, in particular Gd. Were
the chelate is to be used as an MR contrast WO 96/ 28432

PCT/ GB96/ 004W2 96728432 - agent, the chel ated netal species is renmgssiossst! vy a
paramagnetic ion of a transition nmetal or a |anthanide, preferably having
an atom c nunber of 21 to 29, 42, 44 or 57 tq 71. Conpl exes of Eu, Gd, Dy,
Ho, Cr, M and Fe are especially preferred‘éﬁh‘td[err], WMn[err] and Dy[err]

par dnagnet | o et a0y SaPEEaL 6% o, dr s eneRSEERRELEY TR Sribeld WakBrvi ¢y
i s a characteri st itsvorequiivaienes tdferglyesailr éd wetexesi Theh|&. bylidgedt he
chel ate conplex i%,l6)50¢ ¥&ELadfcPit %ritR¥mediate 7 formed is reduced

with NaBHCN to yield a 5,6,5,6 tetracyclic product 8

which is then reacted with hydroxylamine to -strip out

the central C, bridge.

BXAMPLE 9

¥
Enyn;j 2
L]

5,5,5-tricyclic intermediate 4 is reacted with 1,2-
dibromoethane and subsequently reduced with NaBHCN to
yield a 5,5,8 tricyclic intermediate 3.

EXAMPLE 10
Under a nitrogen atmosphere the 5,5,8 tricyclic

intermediate 9 is N-benzylated with benzyl chloride and
then treated with sulphuric acid to yield mono-N-
benzylcyclen 10. The N-benzyl group may function as a
temporary protecting group to be removed after
substitution of the remaining ring nitrogens to yield
DO3A or DO3A analogues. However in place of N-
benzylation other N-alkylations may be performed
analogously, e.g. to introduce hydroxyalkyl groups.

EXBMPLE 11

N-benzylcyclen 10 is reacted with bromoacetic acid
_ in sodium hydroxide solution pH 10 to yield N-Benzyl-
- DO3A 1l. 1If desired t-butyl bromoacetate or benzyl
bromoacetate may be used in place of bromoacetic acid.



or ultrasound contrast—agents—thenmetal is preferably a heavy nmetal such as
a non-radioactive netal_w Hjhet Rl eeegunber greater than 37, preferably
greater than 50, for exdyg Where the netal conmplex is to be used
in scintigraphy or radi oﬁ RE el ated netal species nust of course
be radi oact | WO %a#32any c I | exabl e radi oacti vepCHahRSdgs2sUCh
as [err]Tc or [err]ln for exanple nmay be used. For radiotherapy the
chelated nmetal may for exanple be [err]Sm [err]Cu or [err]Y. In the
‘definitions of the reagents given above, umt®ss otherw se stated, alkyl
groups preferably contain 1 to 6 carbon atons, especially 1,2,3 or 4
carbons and opti &&aAmE substituted al kyl groups may carry substituents
selected fromaryl (in particular phenyl and substituted phenyl), hydroxy,

cuch as are descibedtr BFSLEEs Fof e BrabarttISh' bl BRCEREYENR i 1 are

her eby i ncor por attetraaeacychgalikanesn®ridrprocassncpwpriging| (&) r at ed

further by refer@gaeting a tetraazaalkane with a bridging agent to
couple four amine nitrogens of said tetraazaalkane to a
bridging moiety to yield a fused tricyclic intermediate,
(ii) reacting said intermediate to introduce an alkylene
bridge between the secondary amine nitrogens in the
outer rings of the fused tricyclic intermediate,
optionally by decoupling an alkanediylidene bridging
moiety from the tertiary amine nitrogens at the ring
fusion sites of the fused tricyclic intermediate, and
(iii) where necessary, decoupling said bridging moiety
to yield a macrocyclic tetraazacycloalkane.

2. A process as claimed in claim 1, being a process
for the preparation of macrocyclic
tetraazacyclododecanes of formula I

X—X

where each R independently is hydrogen or optionally
substituted alkyl and each X independently is CH,, CHR or a
carbonyl group.

3. A process as claimed in claim 1 wherein step (i) is
effected to yield as said tricyclic intermediate a
compound of formula

REPLACED SHEETS  SG

[ Description : paged ...>... to paged .."...
Claim(s) : paged ..!R.. to paged ..3%. |
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to the-following non-linting Exanples: EXAMPLE 1 Condensation of glyoxa
mﬁth—+++ethylenetetranine ~To a flask wa s..added _10g (61mmol ) of

40% aqueous YOP6R832 Aft erni ght at anbi ent t epEEEGBIsHOMm2t he
sol vent was evaporated to he 5,6,5-tricyclic product 1 as an amber
oil {75-80% purity). This material was used directly in the subsequent

step. Condensation of dibronoethane with 17 ¥ ude 1 was dissolved in ten
parts (by volune) of dinmethylformam de. To this solution was added 1.5 nol e
equi val ent of di bronoethane. The solution was stirred for 20 hours at

anbi ent tenperature. After renpving the solvent and

ri et hyl enetetram ne nmmos dhaB%na CQDOnL of absolute WO 96/ 28432
PCT/ GB96/ 00462 - 15 -. ’ Bm - solution was added 8.9g (61mol) of
arfor

(fi\Y/it7
/\
)

R

R)

where Y is a carbon atom or a metal ion, R is as defined
in claim 2 and the backbone carbons are optionally
substituted by R groups.

4. @ A process as claimed in claim 1 wherein step (i) is
effected to yield as said tricyclic intermediate a
compound of formula

where R is as defined in claim 2 and the backbone
carbons are optionally substituted by R groups.

- 5. A process as claimed in claim 4 wherein step (i)
involves reacting a triethylenetetraamine with glyoxal
whereby to yield said tricyclic intermediate.

6. A process as claimed in claim 4 wherein said
tricyclic intermediate is converted to said macrocyclic

A



excess:di bronoet hane under reduced pressure the product 2 was isol ated by
flash chromat ography (silca gel / CHerrTCN:. NH err]:EtOH). The yield of 2
is ca. 70% based on 1. TEXSAIHesBech Réplded O- t €t r aazacyl ododecane 3 (cyclen):

2 was added to ca. 20'pﬁt of absol ute ethanol and 10 nole
equi val ent s w6 sénadsoxy ant nsi on was heated to rgdg&¥oshnie2 16
hours. Sl ow cooling gave as -

ite precipitate which was coll ected
by filtration and washed with cold ethanol. The yield of 3-was 80% based on
2. [err] Triethylenetetraam ne is reacted-w@h-et hyl orthocarbonate
(C(CEt)[err]) in absolute ethanol. The 5,5,5 tricyclic internediate 4
formed is divi dedtPRFRIAKHCRIIRUPEITEACELPR Hitldhta Bifwncsdonal Wo

96/ 28432 bridging agent serving to introdud¥H @96r8846xRg mdfety
and by subsequent decoupling of the C, bridging moiety.

7. A process as claimed in claim 6 wherein said
difunctional bridging agent is a haloacetylhalide, an
alkyl halide epoxide or a compound of formula

LvCHRCHRLV

where L is a displaceable leaving group and R is as
defined in claim 2.

8. A process as claimed in claim 6 wherein decoupling
of the C, bridging moiety is effected by reaction with
hydroxylamine or acid.

9. A process as claimed in claim 4 wherein said
tricyclic intermediate is converted to said macrocyclic
tetraazacycloalkane by reaction with glyoxal to
introduce a C, bridging moiety and by subsequent
reduction and decoupling of the C; bridging moiety.

10. A process as claimed in claim 9 wherein macrocyclic
tetraazacycloalkane preparation is effected by reaction
of a triethylenetetraamine with glyoxal, reduction and
decoupling in a one-pot reaction.

11. A process as claimed in claim 4 wherein conversion
of the tricyclic intermediate to the macrocyclic
tetraazacycloalkane is effected by metallation to
partially decouple the central bridging moiety in the
tricyclic intermediate, followed by demetallation to
yield the macrocyclic tetraazacycloalkane.

12. A process as claimed in claim 3 wherein said
tricyclic intermediate is prepared by reaction of a

A



[err] 5,5,5-tricyclic internediate 4 is reacted with 1,2- dibronoethane in
DME—under a nitrogen atnosphere to yield-the 5. 5. 5.5 fused_ tetracvclic
intermediate 5 mhich I. 5hik iR HRIBH Réplaagueous acid to yield cyclen 3.

EXAWPLE 6 5, 5, 5-tricycli 4 is treated with HO and
r] CHO and NaBHCN t o \CAIGB6AIZN 3.
[ iale 4 is treated with HO and

subsequentl9”§§ CHRPA3%: i al

EXAMPLE 7 6 5,5,5-tricyl -

subsequently with G CHerr]COO . The 5,5,8 byicyclic intermediate 6 which
is formed is then reduced with lithiumalumniumhydride to yield cyclen 3.

Esrr] o 96/28é§géthylenetetraamdne with an alkylorthocarbBGZ£g596/00462 )

13. A process as claimed in claim 3 wherein conversion
of a said tricyclic intermediate wherein Y is a carbon
atom to said macrocyclic tetraazacycloalkane is effected
by reaction of the tricyclic intermediate with a
bifunctional bridging agent and by subsequently
decoupling the C; bridging moiety residue of Y.

14. A process as claimed in claim 3 comprising
cyclising a tricyclic intermediate in which Y is carbon
and one N-attached R group is a protected carboxy group.

15. A process as claimed in claim 3 wherein said
tricyclic intermediate is converted to a 5,5,8
intermediate of formula

H
’
DN

(wherein the backbone carbons are optionally substituted
by R groups) which is N-monoalkylated by reaction with
an alkylating agent before decoupling of the C; bridging
moiety residue of Y.

- 16. A process as claimed in claim 15 wherein the N-
monoalkylated macrocyclic tetraazacycloalkane produced
by said decoupling is N-alkylated by reaction with a
further alkylating agent whereby to produce a compound
of formula

* c L ] S *



One equi valent of triethylenetetraamne is reacted with two equival ents of
glyoxal in water. The-C2-bridget-5-6;56 tetracyclic internmediate 7 forned
%,6 tetracyclic product 8 which is

is reduced with NaBHCN to yield_a Reda
then reacted with hydr i ¥Tp out the central C2 bridge. EXAMPLE
9 [err] 5,5 webinryc|ic i “1 is reacted with 1, 2-peliicEsesngs hane
and subsequently reduce ovyield a 5,58 tricyclic .

i ntermedi ate 9. EXAMPLE 10 Under a nitrogen atnosphere the 5,5, 8 tricyclic
internediate 9 is N-benzylated with benzyl- @A dride and then treated with
sul phuric acid to yield nono-N benzyl cycl en 10. The N-benzyl group may
funttion as a tenporary protecting group to be renoved after substitution
of the remaining ring nitrogens to yield DO3A or DO3A anal ogues. However in
pl ace of N benzyl ation ot her N—aIkyQaLioRs may be perforned anal ogously,

e.g. to introduce hydroxyal kyl gr R
[y
N N

R 'R

(wherein R; and R, are coptionally substituted alkyl
groups, R; being different from R, and wherein the
backbone carbons of the macrocyclic ring are optionally
substituted by R groups), optionally followed by removal
of the R, group and N-alkylation by reaction with a third
alkylating serving to introduce an N-attached R, group
{where R, is an optionally substituted alkyl group and R,
and R, are different).

17. A process as claimed in.claim 3 wherein a tricyclic
intermediate in which Y is a metal ion is converted to a
macrocyclic tetraazacycloalkane by reaction with a
bifunctional bridging agent, followed by demetallation.

18. A process as claimed in claim 3 wherein a tricyclic
intermediate in which Y is a metal ion is converted to a
macrocyclic tetraazacycloalkane by reaction with
formaldehyde and hydrogen sulphide, followed by
desulphurization and demetallation.

19. A process for the preparation of macrocyclic
tetrazacycloalkanes, said process comprising (i)
reacting a diamine with a bridging agent to couple four
amine nitrogens to a bridging moiety to yield a fused
bicyclic intermediate, (ii) reacting said intermediate
to introduce alkylene bridges between the coupled amine
nitrogens to yield a fused tetracyclic intermediate, and
(iii) decoupling said bridging moiety to yield a

) A I



EXAMPLE 11 N-benzyl cyclen-10-i-s—+eacted-wi th bronpacetic acid in sodium

hy g+exi-ée -sel-uti on pH 10 to ii@ld E:PGHIV| DO3A 11. If desired_t-butyl __

brompacet ate or benzylT be used in place of bronpacetic

aci d. - 18 - 62420/0 A process for the preparation of
macrocycl i c WO96/2843 r.aa havi ng from12 to 16 POIVGBIGOISET S,
sai d process conprising (i) reactlng a tetraazaal kane with a bridging agent
to couple four am ne nitrogens of said tetraazaal kane to a bridging noiety
to yield a fused tricyclic internedi ate, (|?? reacting said 10
internediate to i é§%§ tween the secondary am ne
nitrogens in the g%%ggafgﬁgg é#éSQ1 HQ&EQ?$?§§c||c I nt er medi at e, Y
optionally by decoupling an alkanedlylldene bridging noiety fromthe
tertiary 20. A process as claimed in claim 1 wherein following

conversion of said tricyclic intermediate to a
macrocyclic tetraazaalkane, said macrocyclic tetraaza-
alkane is N-alkylated by reaction with an alkylating
agent.

21. A process as claimed in claim 20 wherein said
alkylating agent is of formula R2-Hal (where Hal is a
halogen atom and R? is an alkyl group optionally
substituted by hydroxy or alkoxy groups or by chelant
moieties optionally protected by ester groups).

22. A process as claimed in claim 20 wherein the N-
alkylated macrocyclic tetraazacycloalkane is
subsequently metallated.

23. A process as claimed in claim 22 wherein
metallation is with paramagnetic transition metal or
lanthanide metal ions.

24. A process as claimed in claim 19 wherein following
conversion of said tetracyclic intermediate to a
macrocyclic tetraazaalkane, said macrocyclic tetraaza-
alkane is N-alkylated by reaction with an alkylating
agent.

25. A process as claimed in claim 24 wherein said
alkylating agent is of formula R?-Hal (where Hal is a
halogen atom and R? is an alkyl group optionally

- substituted by hydroxy or alkoxy groups or by chelant
moieties optionally protected by ester groups).

26. A process as claimed in claim 24 wherein the N-
alkylated macrocyclic tetraazacycloalkane is
subsequently metallated.

* C L ] s *



am ne nitrogens at the ring fusion sites of the fused 15 tricyclic
intermedi ate, and (iii).where necessary, decoupling said bridging noiety to
yield a macrocyclic tetraazacycl oal kane, wherein in step (ii) said
tricyclic internediate is converted to said macrocyclic tetraazacycl oal kane
20 (WP 9irgsasracti on with a difunctional bridgi ng agertcT/eBs600dsy t O
introduce a C2 bridging noiety and by subsequent decoupling of the C2

bri dgi ng noiety, and said difunctional brLd%ing agent is a-

hal oacetyl -halide, an allyl halide epoxide P a conpound of fornula 25

LVCHRCHRLv (where i I . Vi g i.s. hydrogen or
optional ly substi %tt e?%%f%éo%%a?&gﬂn‘éﬁ i8 f%ﬂgszg?m%%éa% onto
partial |y decoupl Betablakinn ais witdyPagapageelic ntrarsition metal or

i nternedi ate, fol laneshiids anaiaal lidmisqn to yield the nmacrocyclic

tetraazacycl oal kane. 35 2. A process as clained in claiml, being a
process for the preparation of macrocyclic tetraazacycl o-

This Sheet Has Been Reﬂlaced
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dodecanes of formula I - - 19 - [ern]}mhere Ris as defined in claim1 and
each "X 10 i ndependently is CHerr], “CHR‘or a carbonyl group. 37, A
process as clained in claim1 wherein step (i) is effected to yiéld as’ said
tricyclic internediate a conmpound of formula 15 [err] 20.where Y ks’ a.
carbon atomor a netal ion, Ris as defined 25 in claiml and the
backbone carbons are optlonally substitutedgby R groups. 4. A process as
claimed in claim1 wherein step (i) is effected to yield as said tricyclic
|nterned|ate a.éﬁhzo/@munxmund of formula N N

Claims
1. A process'for the pfeparation of macrocyclic
5 tetraazacycloalkanes having from 12 to 16 ring members,

said process comprising (i) reacting a tetraazaalkane
with a bridgihg agent to couple four amine nitrogens of
said tetraazaalkane to a bridging moiety to yield a
fused tricyclic intermediate, (ii) reacting said

10 intermediate to introduce an alkylene bridge between the
secondary amine nitrogens in the outer rings of the
fused tricyclic intermediate, optionally by decoupling
an alkanediylidene bridging moiety from the tertiary
amine nitrogens at the ring fusion sites of the fused

15 tricyclic intermediate, and (iii) where necessary,
decoupling said bridging moiety to yield a macrocyclic
tetraazacycloalkahe, . '

wherein in stép (ii) said tricyclic intermediate is

converted to said macrocyclic tetraazacycloalkane

20 (a) by reaction with a difunctional bridging agent
serving to introduce a C, bridging moiety and by
subsequent decoupling of the C, bridging moiety, and said
difunctional bridging agent is a haloacetyl-halide, an
allyl halide epoxide or a compound of formula

25 |

LvCHRCHRLV .

(where L is a displaceable leaving group and R is
hydrogen or optionally substituted alkyl), or

30 (b) by metallation to partially decouple the
central bridging moiety in the tricyclic intermediate,
followed by demetallation to yield the macrocyclic
tetraazacycloalkane.

35 2. A process as claimed in claim 1, being a process
for the preparation of macrocyclic tetraazacyclo-

dodecanes of formula I
M
(LTI

o



35 [err] - 20 - Where Ris as defined in claim-1 and the backbone
carbons are optionally substituted by R .groups. 5. A process as “cl ai ned
innclaim2, for the 5  preparation of ‘nacrocyclic tetraazacygcl'adQdecanes
of formula l to yield a tricyclic internediate as defined in eithgr af
claims 3 and 4, wherein the tetraazaal kane used in step (i) is a

1, 9-di am no- 3, 6-di azaoct ane wherein the tergnnal am ne nitrogens and the

backbone 10 carbons may optionally be substituted by non-hydrogen R
groups. 6. A process as clainmed in claim4 wherein step (i) involves
reacting a trlethylenetetraanln glyoxal 15 whereby to yield said
tricyclic internediate. 7. SF Rs clained in claim1 wherein
decoupling of the C2 brldglg% Y v@ effected by reaction with
. _ _
x-N N—x - O
]1/ I l \f{
- X=X
where R is as defined in claim 1 and each X
10 independently is CH,, CHR or a carbonyl group.
3. A process as claimed in claim 1 wherein step (i) is

effected to yield as said tricyclic intermediate a
compound of formula

15
)
N_ _N_
i
I\
o
20 RR

‘where Y is a carbon atom or a metal ion, R is as defined
.25 in claim 1 and the backbone carbons are optionally
substituted by R groups.

4. A process as claimed in claim 1 wherein step (1) is
effected to yield as said tricyclic intermediate a
30 compound of formula

__ 2/——\3
35 -l | [HD
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hydr oxyl ami ne or acid. 20 8. A process as clained in claim4 wherein said
tricyclic internediate is converted to said nacrocyclic tetraazacycl.oal kane
by reaction with glyoxal to introduce a C2 bridging noi.ety and by ..:
subsequent 25 reduction and decoupling of the C2 bridging.noiety” 9. A
process as clained in claim8 wherein macrocyclic tetraazacycl oal kane
preparation is effected by reaction of a-tppethylenetetraamine with

gl yoxal , reduction and 30 decoupling in a one-pot reaction. 10. A
process as cl aiweelre R clsai as 3déhined nirsadtaimi Tyahd cthetlsadcksbrée i s

Bl Ky or thotar borareongeatly SRELHAERT' SSEPRIEed, &Y Rorpubtiner ci n

conversion of a said tricyclic intermediate wherein Y is a carbon - 21 -
' 5. A process as claimed in claim 2, for the
5 preparation of macrocyclic tetraazacyclododecanes of

formula I to yield a tricyclic intermediate as defined
in either of glaims 3 and 4, wherein the tetraazaalkane
used in step (i) is a 1,9—diamino-3,6—diazaoctane
wherein the terminal amine nitrogens and the backbone

10 carbons may optionally be substituted by non-hydrogen R
groups.

6. A process as claimed in claim 4 wherein step (i)
involves reacting a triethylenetetraamine with glyoxal
15 whereby to yield said tricyclic intermediate.

7. A process as claimed in claim 1 wherein decoupling
of the C, bridging moiety is effected by reaction with
hydroxylamine or acid. '
20
8. A process as claimed in claim 4 wherein said
tricyclic intermediate is converted to said macrocyclic
tetraazacycloalkane by reaction with glyoxal to
introduce a C, bridging moiety and by subsequent
25 reduction and decoupling of the C, bridging moiety.

9. A process as c¢laimed in claim 8 wherein mac:ocyclic
. : tetraazacycloalkaﬁe preparation is effected by reaction
of a triethylenetetraamine with glyoxal, reduction and
30 decoupling in a one-pot reaction.

10. A process as claimed in claim 3 wherein said
tricyclic intermediate is prepared by reaction of a
triethylenetetraamine with an alkylorthocarbonate.

35 | | |
11. A process as claimed in claim 3 wherein conversion
of a said tricyclic intermediate wherein Y is a carbon gggj

| A
A y




atomto said macrocyclic tetraazacycloal kane is effected by reaction of the
tricyclic internediate with a bifunctional bridging agent -and by.”.
subsequent |y decoupling the Cferr] bridging noiety resi dide of ¥.7’5:12. A
process as claimed in claim3 conprising cyclising a tricyclic int.€rnmedi ate
in which Y is carbon and one N-attached R group is a protected carboxy
group. 10 13. A process as clained i-n2dl aim 3 wherein said tricyclic
intermediate is converted to a 5,5,8 internediate of forrmula 15 [err] 20
(wherein the bat@bohe aamomgcapgygéncohatrgasagxcl@albdngylsz gfBagsedunhi ch

¢ N monoal kyl gyedeRkeEACHEORY LhiaDcRLky | aLageagart hetarg decoupl ing

of the Cerr] I dgi ng noi ety residue of Y. process as clained in
claimi13 mherebhfFﬁétRPnﬁ%n@ﬁF@?F&Heﬁgﬁﬁér689CPYCSF€FF§H§§E§EIoaIkane
produced decoupling the C, bridging moiety residue of Y.

5

12. A process as claimed in claim 3 comprising
cyclising a tricyclic intermediate in which Y is carbon

and one N-attached R group is a protected carboxy group.

10 13. A process as claimed in claim 3 wherein said
tricyclic intermediate is converted to a 5,5,8
intermediate of formula

|| H

15
‘—N )RN B
—N qu___
20
(wherein the backbone carbons are optionally substituted
by R groups) which is N-monoalkylated by reaction with
an alkylating agent before decoupling of the C, bridging
moiety residue of Y.
25
14. A process as claimed in claim 13 wherein the N-
monoalkylated macrocyclic tetraazacycloalkane produced
by said decoupling is N-alkylated by reaction with a
further alkylating agent whereby to produce a compound
30 of formula
Rz\ l I Ry
Ty
Fﬁ/l_;J Ry o g&gs
o
A\
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By said decoupling is N-alkylated by reaction with a further alkylating
agent whereby to produce a conmpound 30 - of forrmula [err] 35 .- 22 -
(wherein Rlerr] and Rlerr] are optionally substituted al Kyl groups,. Rlerr]
being different fromR err] and wherein the backbone-carbons of the
macrocyclic ring are optionally substituted by R groups), optionally

foll owed by renoval 5 of the Rlerr] grd®d and N-al kyl ati on by reaction
with a third al kyl ating _serving to introduce an N-attached R3 group (where
R3 is an opti orfdieyredmdhi pRdel: A% IORFiCNR ldit SwPakidulast Elkarle
different). 10groub®s, RY Be96§S8idSesbAt "BfohNRL|AHdNwhathafidhed tricyclic
internmediate iQ which Yis argﬁza_ Lon is convinted,to a macrocyclic.

t et raazacycl oaPRGFRPIRE SEFQ e, MBS dTa MRS dgien§PAdeRal Ly
follomed by demmitaidiahitesd by R groups), optionally followed by removal

5 of the R; group and N-alkylation by reaction with a third
'aikylating serving té introduce an N-attached R; group
(where R; is an optionally substituted alkyl group and R,
and R, are different).

10 15. A process as claimed in claim 3 wherein a tricyclic
intermediate in which Y is a metal ion is converted to a
macrocyclic tetraazacycloalkane by reaction with a
bifunctional bridging agent, followed by demetallation.

15 16. A process as claimed in claim 3 wherein a tricyclic
intermediate in which Y is a metal ion is converted to a
macrocyclic tetraazacycloalkane by reaction with
formaldehyde and hydrogen sulphide, followed by
desulphurization and demetallation.

20
17.. A process as claimed in claim 1 wherein following
conversion of said tricyclic intermediate to a
macrocyclic tetraazaalkane, said macrocyclic tetraaza-

alkane is N-alkylated by reaction with an alkylating
25  agent. '

18. A process as claimed in claim 17 wherein said
alkylating agent is of formula R?-Hal (where Hal is a
halogen atom and R? is an'alkyl group optionally

30 substituted by hydroxy or alkoxy groups or by chelant
moieties optionally protected by ester groups).

19. A process as claimed in claim 17 wherein the N-
alkylated macrocyclic tetraazacycloalkane is
35 subsequently metallated.
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15 =+ 16. A process as clained in claim3 wherein a tricyclic internediate
imwhich Yis a netal ion is converted to a macrocyclic tetraazacycl oal kane
by reaction with formal dehyde and hydrogen sul phide, followed by:',,:

desul phuri zation and denetal lation. 20 17. A process as clained ip«<claiml
wherein follow ng conversion of said tricyclic internediate to a
macrocyclic tetraazaal kane,. said nacrocycl2¥ tetraaza- al kane is

N-al kyl ated by reactjion with an al kylatjing 25 agent. 18. A process as
claimed in claidfl-17 ARRRGSES A% Aiddmest ilmg cdgdm 1% wiferfedmul a R err] - Hal
(where Hal is metalldganicat A anitRRiramaghetl Aldtdn Gt fRIHANY Y 30
substituted by %'rox. r altl%xy. roups or by chelant noieties optionally
protected by ester )“Te . lﬁ?q’ﬁr'ocess as claimed in claim17 wherein
the N- al kyl ated macrocyclic tetraazacycl oal kane is 35 subsequent |y

met al | at ed. -
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isitlan netal

ess as clained in claim19 wherein netall ation™§
it or | anthani de netal

O 9:“}( 284?2“0 2

[ons.

27. A process as clainmed in claim26 wheggd
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(54) Title: PROCESS FOR TETRAAZACYCLOALKANE FREPARATION

(57) Abstract

The present invention provides a synthetic route for tetraazacycloalkane preparation which facilitates heteropoly-N-alkylation of the
macrocyclic product, and is thereby beneficial for the production of chelating agents and chelates useful in diagnostic imaging. The process
involves (i) reacting a tetraazaalkane with a bridging agent to couple for amine nitrogens of said tetraazaalkane to a bridging moiety to
yield a fused tricyclic intermediate, (ii) reacting said intermediate to introduce an alkylene bridge between the secondary amine nitrogens
in the outer rings of the fused tricyclic intermediate, optionally be decoupling an alkanediylidene bridging moiety from the tertiary amine
nitrogens at the ring fusion sites of the fused tricyclic intermediate, and (iii) where necessary, decoupling said bridging moiety to yield a

macrocyclic tetraazacycloalkane.




