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USE OF PERSISTENT FREE-RADICALS IN MAGNETIC RESONANCE IMAGING

The present invention provides the use of a persistent n-system free radical for the manufacture of a contrast mecium for
use in magnetic resonance imaging, wherein the electron delocalising n-system of said radical comprises at least one homc or he-
terocyclic ring, said radical being other than the chloranil semiquinone anion radical or a trityl radical. Also provided are magne-
tic resonance imaging contrast media containing and methods using such radicals.
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Use of persistent free-radicals
in magnetic resonance imaging

The present invention relates to the use of
persistent free radicals, in particular persistent free
radicals having a carbon-based m-bonded electronic
system available for delocalization of the unpaired
electrons (hereinafter "persistent w-system radicals"),
as image enhancing agehts in magnetic resonance imaging
(MRI) as well as to contrast media containing such
radicals and to the use of such radicals and their non-
radical precursors in the manufacture of MRI contrast
media.

MRI is a diagnostic technique that has become
particularly attractive to physicians as it is non-
invasive and does not involve exposing the patient under
study to potentially harmful radiation, such as for
example the X-radiation of conventional radiography.

This technique, however suffers from several
serious drawbacks, including in particular the expense
of manufacture and operation of the MRI apparatus, th?
relatively long scanning time require to produce an
image of acceptable spatial resolution, and the problem
of achieving contrast in the magnetic resonance (MR)
images between tissue types having the same or closely
similar imaging parameters, for example in order to
cause a tissue abnormality to show up clearly in the
images.

The expense of manufacture and operation of an MRI
apparatus is closely associated with the strength of the
magnetic field that the primary magnet in the apparatus
is required to generate in order to produce images of
acceptable spatial resolution in an acceptable time.

MR images are generated by manipulation of the MR

signals detected from the sample, for example a human or




St A b 6 O RS

WO 93/02711 PCT/EP92/01793

animal body, placed in a magnetic field and exposed to
pulses of radiation of a frequency (typically
radiofrequency (RF)) selected to excite MR transitions
in selected non-zero spin nuclei (the "imaging nuclei',
which are generally water protons in body fluids) in the
sample.

The amplitude of the induced MR signals is
dependent upon various factors such as the strength of
the magnetic field experienced by the sample, the
temperature of the sample, the density of the imaging
nuclei within the sampie, the isotopic nature and
chemical environment of the imaging nuclei and the local
inhomogeneities in magnetic field experienced by the
imaging nuclei.

Thus many techniques have been proposed for
enhancing MR image quality, for example by increasing MR
signal amplitude or by increasing the difference in MR
signal amplitude between different tissue types. -

The imaging parameters (nuclear density, T, and T,)
for tissues of interest may be altered and many
proposals have been made for doing this by the
administration of magnetically responsive materials into
patients under- study (see for example EP-A-71564
(Schering), EP-A-133674 (Schering) and WO-A-85/04330
(Jacobsen)). Where such materials, generally referred
to as MRI contrast agents, are paramagnetic they produce
significant reduction in the T, of the water protons in
the body zones into which they are administered or at
which they congregate, and where the materials are
ferromagnetic or superparamagnetic (for example as
suggested by Jacobsen) they produce a significant
reduction in the T, of the water protons. 1In either case
the result is enhanced (positive or negative) contrast
in the MR images of such zones.

The contrast enhancement achievable by such agents
in conventional MRI is relatively limited and it is

generally not such as to allow a reduction in the image
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generally not such as to allow a reduction in the image
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acquisition period or in the field strength of the
primary magnet.

Utilisation of the spin transition coupling
phenomenon known as dynamic nuclear polarisation or as
the Overhauser effect to amplify the population
difference between the ground and excited spin states of
the imaging nuclei by the excitation of a coupled ESR
transition in a paramagnetic species present in the
sample being imaged has been described by Hafslund
Nycomed Innovation AB in WO-A-88/10419.

This new technique for generating a MR image of the

sample, which is hereinafter termed electron spin
resonance enhanced magnetic resonance imaging (ESREMRI)
or Overhauser MRI (OMRI), involves exposing the sample
to a first radiation of a frequency selected to excite
nuclear spin transitions in selected nuclei in the
sample (radiagion which is generally of radiofregquency

or thereabouts and thus for convenience will be referred
to hereinafter as RF radiation) and also exposing the
sample to a second radiation of a frequency selected to
excite electron spin transitions coupled to nuclear spin
transitions for at least some of the selected nuclei
(radiation which is generally of microwave frequency or
thereabouts and thus for convenience is referred to
hereinafter as MW or UHF radiation), the MR images being
generated from the resulting amplified MR signals (free
induction decay signals) emitted by the sample.

The paramagnetic substance which possesses the ESR
transition which couples with the NMR transition of the
imaging nuclei may be naturally present within the
imaging sample or more usually may be administered as an
OMRI contrast agent.

In WO-A-88/10419 various OMRI contrast agents were
proposed, for the most part these being nitroxide stable
free radicals, although the use of the chloranil
semiquinone radical and of Fremy's salt was also
proposed.
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In WO-A-90/00904 Hafslund Nycomed Innovation AB
proposed the use of deuterated stable free radicals, in
particulér deuterated nitroxide stable free radicals, as
OMRI contrast agents.

Organic free radicals however frequently have
properties which render them unsuitable for use as OMRI
contrast agents. Thus free radicals commonly are
unstable in physiological conditions, or have very short
half-lives leading to toxicity problems. A further
drawback is the low relaxivity exhibited by many free
radicals, which results in poor coupling of the electron
and nuclear spin transitions and thus a poor enhancement
of the magnetic resonance signa. A need therefore
exists for improved free radical OMRI contrast agents
and in WO-A-91/12024 Hafslund Nycomed Innovation AB
proposed the use of carbon free radicals, and in
particular various triarylmethyl radicals. The
disclosure of WO-A-91/12024 1is incorporated herein by
reference.

For such free radicals to be effective, they should
be relatively long lived and to distinguish from free
radicals which have a momentary existence, those usable
as OMRI contrast agents will be referred to herein as
being '"persistent" free radicals, that is having a half
life of at least one minute at ambient temperature.

We have now found that other w-system radicals are
useful as OMRI contrast agents and viewed from one
aspect the present invention provides the use of a
persistent m-system radical for the manufacture of a
contrast medium for use in MRI, and especially for use
in OMRI, wherein the electron delocalizing m-system of
said radical comprises at least one homo or heterocyclic
ring, said radical being other than the chloranil
semiguinone anion radical, preferably other than perhalo
radicals and especially preferably other than a
triarylmethyl radical and particularly preferably said
radical having an inherent linewidth for the peaks in

R K 0L ST
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its esr spectrum of less than 500 mG, especially less
than 100 mG, and most especially no more than 50 mG.

The cyclic w-system radicals-'used according to the
present invention thus inveolve as a basic structural
component a structure which, in one mesomeric form, can
be represented as

X' -(c=c) -x?

|

where X' represents 0°, S*, N'-, °*C- or,
less favourably +'NE ;
X? represents an atom or group capable of participating
in the w-bond system of the (c=C), moiety, e.g. 0-, S-,
N-, é=, 0-, etc;
C=C is an unsaturatedly bonded carbon atom pair:
n is a positive integer, i.e. having a value of at least
1, preferably at least 2 and especially preferably up to
20, especially up to 10, e.g. 1, 2, 3, 4, 5 or 6; and
where the atom chain X' -(c=C) _-X? contains or at least
in part is a component of an unsaturated carbo- or
heterocyclic ring, said ring preferably containing 5 to
8 members and optionally carrying on or more, preferably
1, 2 or 3, fused carbo- or heterocyclic rings also
participating in the w-system.

The m-system radicals used according to the present
invention may contain more than one unpaired electron;
although if this is the case the unpaired electrons
should most preferably be involved in separate
delocalizing m-systems, i.e. biradicals rather than
triplet state radicals are preferred since the latter
are generally less stable.

Since it is generally preferred for OMRI contrast
agents that their esr spectra should contain as few
lines as possible, it is especially preferred that the
number of non-zero spin nuclei in the proximity of high
free electron density sites within the radical should be
as low as possible. Accordingly proton -('H) substitution

of the atoms of the wm-system atom chain should be
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minimized and while halogen atoms such as chlorines may
(by virtue of their vacant d orbitals) participate in
the m-system and so enhance radical stability their
presence as substituents on or as X? components of the 7-
system atom chain is generally to be avoided.

From the foregoing, it will be appreciated that a
single radical may include more than one w-system atom
chain X'-(c=c) X? and indeed it is generally preferred
that this should be the case. It is however generally
to be preferred that for a system where X' is nitrogen
the corresponding X° should be other than nitrogen or
that no more than one corresponding X? be nitrogen.
Otherwise however, and especially where X' is oxygen or
carbon, it may be desirable that X' and X? should be the
same element and more particularly that the two atoms
should be capable of equivalent electronic
configurations in alternative mesomeric forms of the
radical, as is for example the case with galvinoxyl-
radicals which offer two resonance structures with
alternative equivalent sites for the -0 moieties.

Examples of suitable central m-system skeletons for
cyclic wm-system radicals usable according to the

invention thus include the following:

Ar33C°
Ar2 2C'—
Ar, N**
Ar - N°'-
Ar - ch
Ay - 0'
Ar - S°

Ar - C=C-0*

—N

where Ar represents an aryl group, e.g. a 5-8 membered
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carbo or heterocyclic group itself optionally carrying
: fused rings serving to extend the m-system. Where more
g than one Ar group is present they may be identical or
§ different or even joined. Thus more explicit examples
: of cyclic m-system radical skeletons include
0 (phenoxy)
NR
= (indolyl)
0
\_/ ‘
\\ \ (indolizinyl)
O'
=
i \\N (acridinyl)
0
|
‘ (trityl)
(dihydropyridinyl)
R—N R
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x ’ (Koelsch)

RN — — . (bipyridyl)
\/ \ /7

(enolate)

S

} N (Timoprazolyl)

Qo U

‘l (\\//B (cinnolinyl)

[;;j (semiquinone anion)

L

=z
n

e e
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(o-semiguinone)

(quinolinoxy)

(diphenylpicryl)

(galvinoxyl)

(N-galvinoxyl)

(dibenzoyl indigo)
(R* representing a negative

charge or a substituent R)
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(fluorenyl)

(rose bengal)

(diarylamino)

(phenoxyl diradicals)

(indolyoxy)

(dicyanoquinones)

R e
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(where "R" implies that a substituent, e.g. hydrogen,
alkyl etc, is required).

In the skeletal structures indicated above, -0 and
-S° moieties are generally interchangeable and fused
aryl rings may be added on if desired, subject of course
to the general preference that the m-system should
preferably contain no more than 4, especially no more
than 3, fused rings.

While radicals according to the invention may have
charged X° groups, such radicals will generally be less
preferred. ’

In order that the m-system radicals should perform
most effectively as MRI contrast agents it will
generally be preferred that the atoms of the X‘(C=C)nx2
chain and indeed of any conjugated ring systems be
stbstituted. In this regard substitution is intended to
fulfil a dual or treble function - to stabilize the
radical and to reduce esr linewidths and/or reduce the
number of lines in the esr spectrum. Of course for many
structures or substitution sites one or more of these
functions can be achieved by the same manner of
substitution.

Thus as mentioned above, substitution should
generally be designed to minimize the occurrence of non-
zero spin nuclei (especially hydrogen ('H)j at or even
closely adjacent sites of high free electron density.
Above and beyond this however substitution should
generally be such as to block off or sterically hinder
approach to atoms having high free electron density, so
reducing radical reactivity and increasing stability,
and also to provide electron withdrawing or electron
donating substituents at sites where such effects serve
to enhance stability. Generally speaking, electron
donor or withdrawing substituents should preferably be
selected to minimize esr line broadening or line
splitting effects and sterically hindering or blocking
groups should be selected to achieve their steric effect
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of hindering intermolecular approach with minimal
deformation of the delocalizing w-system as such
deformation reduces the radical stabilizing efficacy of
the system.

Although discussed further below, steric hindrance
of neighbouring ring sites is preferably effected by
substitution with t-butyl-thio, t-butoxy or t-butyl
groups or by substitution of ortho and meta positions by
bridging groups of formula -X'-CR’-X’-, where each X7,
which may be the same or different is 0, S, C=0 or SO2
(both X3 preferably being O or CO) and R’ is a hydrogen
atom or a C, ,alkyl group optionally substituted by
hydroxyl, C, ,alkoxy or carboxyl groups or amides, esters
or salts thereof, e.g. a -0-C(CH;),-0O- group.

Among electron withdrawing groups for substitution
of the radical skeleton, nitrile, sulphonate, sulphone,
sulphonamide and salts thereof (e.g. R?S0O,, R?0COSO, and
R%NCOSOZ) and, more preferably, carboxyl groups (and
esters, amides and salts thereof) are especially
preferred. Within any one aryl ring however, generally
only one or at most two such electron withdrawing groups
will be desired.

For electron donor groups, especially those at a
para (or &) position to a radical centre X' group, groups
of formula R’0 and R®S are especially preferred where R?
is hydrogen or C, ,alkyl optionally substituted by
hydroxyl, or C, ,alkoxy, amine, C,,alkyl or dialkyl amine,
carboxyl (and amides and esters thereof) etc.

Although many persistent cyclic wm-system radicals
are known, those having -X7-CRQ-X7- steric hindrance
groups substituted on neighbouring carbon atoms of the
ring systems and those having SOJ@ (where R® is R?, Cogﬁ
or CONRJ) solubilizing and/or stabilizing groups are
novel and particularly suited for use according to the
invention and thus form a further aspect of the
invention.

Viewed from a still further aspect, the invention
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also provides a method of magnetic resonance
investigation of a sample, said method comprising
introducing into said sample a persistent cyclic 7w-
system radical as discussed above, exposing said sample
to a first radiation of a frequency selected to excite
electron spin transitions in said free radical, exposing
said sample to a second radiation of a frequency
selected to excite nuclear spin transitions in selected
nuclei in said sample, detecting free induction decay
signals from said sample, and, optionally, generating an
image or dynamic flow data from said detected signals.

Viewed from another aspect, the invention also
provides a magnetic resonance imaging contrast medium
comprising a physiologically tolerable persistent cyclic
m-system free radical together with at least one
pharmacologically acceptable carrier or excipient.

For in vivo imaging, the free radical should of
course prefefably be a physiologically tolerable -
radical, or one presented in a physiologically
tolerable, e.g. encapsulated, form.

Preferred free radicals for use according to the
invention exhibit high stability to oxygen, to pH, for
example in the range pH 5-9, and 1in agueous solution,
particularly stability up to a concentration of 300 mM.
Further desirable characteristics include reduced
tendency to dimerization, long half-life, preferably
greater than 1 minute, particularly preferably greater
than 1 hour and especially preferably 1 year, louiag
relaxation times, both T,, and T,, preferably being
greater than 1 pusec, high relaxivity, for example

' and a small number of esr

greater than 0.3 mM 'sec’
transition lines.

As indicated above, the possibility exists to
optimize different characteristics, e.g. solubility,
stability and line broadening, of the overall radical by
appropriate combinations of difﬁerent substituents on

the radical skeleton. Combinations, where one or more
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substituent is selected to optimize stability ahd line
broadening, and one or more substituent is selected to
optimize solubility are considered particularly
interesting.

In order to optimize the above-mentioned desirable
properties, a number of criteria need to be borne in
mind in selecting or constructing radicals for use
according to the invention.

Thus, the aromatic rings of the radicals
advantageously are substituted and the nuclear
identities of nuclei in all substituents and their
positions within the molecule should be selected so as
to minimise their effect (line splitting or broadening)
on the esr transitions. 1In general, in a X'(c'=c?) x2
structure, it is especially desirable that the C? carbous
should be substituted, particularly any C? carbon in a
position § to an X' moiety. Substitution of c? carbeons
is desirable in order to minimise dimerisation and -
oxygen attack on the molecule. c? carbons in the B
position relative to any X' moiety are preferably by
bulky substituents to minimise attack by oxygen and
substitution of § € carbons by electron withdrawing
and/or water solubilizing groups is also particularly
preferred. Such substituents preferably have no
magnetic moment, or have a very low effective spin
density. Alternatively, in order to minimise their
effect on the esr transition, the substituents should be
bonded in such a manner that they are capable of free
rotation.

In the radicals used according to the invention,
the carbons of the m-system, e.g. carbons in unsaturated
chains or rings, preferably carry substituents other
than protons ('H) and indeed it is preferred that only
one such carbon at most is unsubstituted. Suitable
substituents include groups R' which may be the same or
different, and independently represent alkyl groups or
groups of formula -M, -X°M, -X3Ar? where M represents a
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water solubilizing group, each group X°®, which may be the
same or different, represents an oxygen or sulphur atom
or a NH, CH,, CO or SO, group;:

Ar? represents a 5 to 10 membered aromatic ring
optionally substituted by a solubilizing group M;

or R!' groups on different or adjacent R! groups
(preferably groups at the o and § positions to an X'
moiety) together with the two intervening carbon atoms
may represent groups of formula

3 6
)<\3 R Z, 7
| )—n 7 |z o ] N3
M

where R® represents a hydrogen atom, a hydroxyl group, an
optionally alkoxylated, optionally hydroxylated acyloxy
or alkyl group or a solubilising group M; Z represents
an oxygen or sulphur atom or a group NR®, CR’,, or SiR/,;
R’ represents a hydrogen atom or an optionally
hydroxylated, optionally aminated, optionally
alkoxylated, optionally carboxylated alkyl, oxo-alkyl,
alkenyl or alkaryl group; each R’, which may be the same
or different, represents a hydrogen atom, an alkyl,
hydroxyalkyl, alkoxycarbonyl or carbamoyl group or two
groups R’ together with the atom to which they are bound
represent a carbonyl group or a 5 to 8 membered
cycloalkylidene, mono- or di-oxacycloalkylidene, mono-
or di-azacycloalkylidene or mono- or di-
thiacycloalkylidene group optionally with the ring
attachment carbon replaced by a silicon atom (preferably
however in any spiro structure the ring linking atom
will be bonded to no more than three heteroatoms) and R’
where it is other than hydrogen, is optionally
substituted by a group R®.
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Certain of the radicals substituted in this fashion
are new and they, their salts and their non-radical
precursors (e.g. compounds having a structural unit
X*x'(c=C) X? where X* is a leaving group, e.g. hydrogen,
hydroxyl, halogen, carboxyl, CO,0CO.C(Ar); or NNC(Ar),)
form further aspects of the present invention.

In the radicals used according to the invention the
solubilizing groups M may be any of the solubilizing
groups conventionally used in diagnostic and
pharmaceutical products. Particularly preferred
solubilizing groups M include optionally hydroxylated,
optionally alkoxylated alkyl or oxo-alkyl groups and
groups of formulae R°, COOR’, OCOR’, CHO, CN, CH,S(O)R’,
CONR’,, NR’COR’, NR’,, SO,NR’,, OR®, PO;%", SOR®, SO,R®, SO;M',
cooM! (where M' is one equivalent of a physiologically
tolerable cation, for example an alkali or alkaline
earth metal cation, an ammonium ion or an organic amine
cation, for example a meglumine ion), —(O(CHZ)p)mORs
(where p is an integer having a value of from 1 to 3 and
m is an integer having a value of from 1 to 5), -
CX3(CHR5)pX3 or CH,R® (where R® is a hydrophilic R® group)
or SR' or so,R" where R is a group R® or an alkyl group
optionally substituted by one or more, especially two or
three groups COOR®, OCOR’, CHO, CN, CONR®,, NR’COR®, NR®,,
SO,NR’,, OR’, PO,%", SOR®, SO,R’, so,M', cooM', or -
(O(CH,) ) OR®.

Especially preferred as solubilizing groups M are
groups or formula C(H);.,(CH,0H) , R?, cor’, sr’, sor’,
SO,R?, CON(R%),, NR’,, NHR’ and CONHR’ [where R’ may
represent a C, alkyl group optionally substituted by
hydroxyl, alkoxy or amino groups or carboxyl groups or

esters or amides thereof, e.g. groups
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CH,OH CH,OH
| I
-C-CH,0H , ~C-OH-CH,CH,0H, -CH,OH
- I |
CH,OH CH,OH
CH,
l
-CH,CHOHCH,0H, -C-OH, -0-CH,CH,0H, -CH,0CH,CH,0H,
I
!
‘ COOH
-CHOH CH,OH
I I
CHOH -C-OH
I I
CHOH CHOH
| I
CH,OH, CH,OH,
CH,OH CH, CH,4
I I I
-CH -COH and -C-OH
I I I
CH,OH, CH,OH, CH,4

(although any R’ group attached to a sulphur, nitrogen or
oxygen atom is preferably not hydroxylated at the «
carbon) ], and groups of formula SR'®> where RY is a group
CH,COOR™, CH(COOR™),, CH,CO.’HR’, CH,CONR®,, CR®(COOR"),,
CH(CN) CO,R", (CHZ)pSOS'Ml, (CHZ)pCOR9, CH (COR’) CH,COR’ and
CH(R’)COR’ where p, M' and R® are as earlier defined and
R is a hydrogen atom, an alkyl group or a group M' or
R7.

Further especially preferred solubilising groups M
or XM include groups of formula XSC((CHQPCOORB)ZR“,
XSC((CHZ)pCOOR13)3 and XSC((CHZ)pCOOR”)R“Z, where R'® is as
defined above, p is an integer from 1 to 3, X’ is an
oxygen or sulphur atom, and R'™ is a hydroxyalkyl group

such as a group R’ as earlier defined.
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Other examples of preferred R' groups include for
example the following structures

-5-(CH,CH,0) , R'"Y where p' is 0, 1 or 2 and R
is hydrogen or C, ,alkyl

-S—(Cthy-CO-R” where R¥® is ¢, ,alkyl (e.g.
methyl, ethyl or t-butyl),
NR221 or o°?' and R? is Cyy

alkyl

-COR% where R*® is hydrogen,
hydroxyl, R¥, or CcOOR?

~CH,0 [ CH,CH,0] ,CH,
~CH,0COR?

and -EHX3—CR2CR%—¥3 where X® is oxygen or sulphur.

Where M represents a group containing a moiety NR%,
this may also represent an optionally substituted
nitrogen-attached 5 to 7 membered heterocyclic ring
optionally containing at least one further ring

heterocatom, e.g. N or O, for example a group of formula

RS R5
—N or —N’ 0
RS R

In the substituents on the radicals used according
to the invention, any alkyl or alkenyl moiety
conveniently will contain up to 6, especially up to 4,
carbon atoms and any aryl moiety will preferably contain

5 to 7 ring atoms in the or any aromatic ring and

BRSNS
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especially preferably will comprise an aromatic ring
with 0, 1 or 2 further aromatic rings fused directly or
indi cztly thereto.

Preferred structures for the radicals include those
in which at least one pair of adjacent ring carbons of

the (C=C), moiety or of any aryl substituent carries a
fused ring of formula

where X* and 2 are as defined before, especially rings of
formulae

R7 IXB“C‘ :”:soz

where X3 is oxygen, sulphur, carbonyl or SO, and R is
! hydrogen or optionally hydroxylated methyl.

As has been discussed above, the substituents on

the skeleton of the m-system serve primarily to achieve
one or more of the functions of i) steric hindrance
(blocking), ii) electron withdrawing (from the 7w-
system), 1iii) electron donating (into the w-system) and

iv) enhancing the water solubility of the overall

radical. The preferred electron donating blocking
groups are t-butoxy, t-butylthio, NR®, (where R is as
described below), and the -X'-CR’,-X’- (where X’ is 0 or
S) bridging groups. The preferred electron withdrawing
biocking groups include —X7—CRZ-X7— (where at least one
x” is SO or s0,) bridging groups, CHO, CONR",, COOR’®,
OCOR™, sO,NR”,, SO,CR™,, NR’°COR™, NR™COOR™, OCONR"’,,
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NR®s0,R7, NR’°CONR™,, NR™°SO,NR",, COCR",, COCOR™, SO,R”’,
COCOOR™, CN, COSR’, SOCR”, and CR®=NOR” where R’ is
hydrogen or alkyl or cycloalkyl (preferably C, ,alkyl or
Cs.,Cycloalkyl) optionally substituted by one or more
groups selected from OH, NH,, CONR’!, and COOR"
(preferably 1, 2 or 3 hydroxy groups) and R’' is hydrogen
or optionally hydroxylated C,j alkyl. Preferably R is
C,..hydroxyalkyl (e.g. CH,OH, CH,CH,OH, CH,CH,CHOHCH,OH,
CHZCHOHCHOHCHZOH, CHZCHOHCHZOH, and C(CHZOH)S) or 2,3~
dihydroxycyclopentyl or 2,3-dihydroxycyclohexyl.

Thus taking for illustrative purposes the Ar,C' and’
Ar-O systems, preferred radical substitution for Ar,C
is as described in PCT/EP91/00285 and examples of
preferred substitution for Ar-O structures, such as for
example the phenoxy, indolizinyl, indolyl, semiquinone
and galvinoxyl structures, include those disclosed
below:

Phenoxy: 0 )
R31 R31

R32 R32
R33

where each R*? which may be the same or different
represents a hydrogen atom, a group R3' or a solubilizing
group, e.g. a group M; R*®® represents a group M¥® or, less
preferably, R*'; each R’', which may be the same or
different, represents a steric hindrance group, e.g. t-
butyl or more preferably a -O-t-butyl or -S-t-butyl
group, or two groups R®' on adjacent carbons together
represent a steric hindrance bridging group e.g. a group
-X"-CR’,-X"-, or X’-NR’-X’- it being particularly
convenient that both sets of R'' and R*? groups represent
such bridging groups; M¥ represents an electron donor
group, e€.g. a group orR’, SR’ (where R’ is preferably
methyl), -CR¥=CR*R*» (where R* and R® are hydrogen,
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cyano, alkyl, aryl, or carboxyl or an amide or ester
thereof and R* is hydrogen or alkyl), or -CR¥*=N-R¥
(where R is alkyl), preferably a group capable of lying
in the plane of the phenyl ring.

Examples of suitable steric hindrance R*' groups
include Ar-0-, Ar-S-, Ar-S0O,-, Ar-C0-, alkyl-CO-, and
other carbon or nitrogen attached homo or heterocyclic
rings (preferably 5-7 membered, especially S-membered
and particularly preferably dithiacyclopentanes and
derivatives thereof), e.g.

~-tBu -SPh -0-fBu -S02Ph  -s-tBy -S03Na
-co-tBu  -S02NR>;
tBu tBu S02 SO 0
S SO _< :] ] _qNRS
s/ sQ S0, so- . —
0
M
S /==
— —N -(/—j] -—N[—— 7\
0 ‘M S
—0 —0 —S S0
W _oX _ X x X
0
Thus exemplary phenoxy structures include the following
0
tBu tBu
38 0
RN R38=H, CHy, Ph cN
tBu N tBu
CO0OMe I
o
R38/
RIB=ph N
CN

T~

e
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0"
PhSO, S07Ph (\S 0 S/w
> S
tBu tBu
O-tbu
0 tBu S

PhS SPh S\)
502’> 0-1Bu

R3% =CH3, SO3Na

R40-H tBy

RY=Na £t
R¥goc—~

COQR ™
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R4Z= tBy, CHO,0CH5

R* = SCH;, SONRY,, s0,RY
R* = HOCH,CH,,
HOCH,CHOHCH,, CH;, CH,CH,

) s0q9 Sy

S0q S0 g =0, 1 or
tBu tBu R® = H, ocH,
R* = H, COOEt
R&4L R® = CHy, C,H,
CooR45
0"
%o, s@
SOq SOq
tBu
tBu
CH30 0 q=o0,1, 2

G _J " .
M‘CL 7:5( N@‘M
| N

()

M
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o
Hal Hal
! 0 0 0
M
RN NRS Hal
0 6 Hal= (I ,= 1
4 0
| & 0
: NaSOs5 SO3Na
SO3Na
o
47
><f0 SO,NRY
0 0 _
0\7%1
Indolizinyl: RS2
R53 51
= R

A N RS0

R4  RA49

where R®® is an electron withdrawing group (e.g. a cyano
or carboxyl group or an amide or ester thereof, e.g. a
group COOR* or CONR,* where R** is hydrogen or optionally
hydroxylated, alkoxylated or aminated alkyl) or, less

- preferably, a steric hindrance or solubilizing group,
e.g. R¥ or M; .
each of R*, R, R, R’' and R* is a hydrogen or a steric
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hindrance or solubilizing roup (e.g. R or M), R*
preferably being hydrogen and the remaining preferably
being other than hydrogen, especially R*® and R*’ which
particularly preferably represent steric hindrance
groups such as -S-tBu, -0-tBu etc.

In a preferred embodiment each of the groups R, RS
and R, which may be the same or different,
independently represents a hydrogen atom, a hydroxy
grouy or an optionally hydroxylated optionally
alkoxylated alkyl, alkoxy, alkylthio or acyloxy group or
a water solubilising group M; R®® represents an electron
withdrawing group, a sulphone or sulphonamide group
(e.g. SO,R*, SO,NR,**) or a group as defined for R® with
the exception of hydrogen;
each of the groups R‘® and R‘° independently represents a
hydrogen atom, a water solubilising group M or an alkyl,
alkoxy, alkylthio, acyloxy or aryl group optionally
substituted oy alkyl, hydroxy, mercapto, alkoxy or -
optionally alkoxylated, optionally hydroxylated acyloxy
groups, or by a water solubilising group M;
or adjacent groups R*® and R‘, R® and R’', R’ and R%?
and/or R*? and R®, together with the two intervening

carbon atoms may represent groups of formula

X3 X2 R N2
I /) M | ,Z I l /Z
X3 X3 X3
M 55

where R’ represents a hydrogen atom, a hydroxy, or
optionally hydroxylated, optionally alkoxylated acyloxy
group or a water solubilising group M.
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Preferred indolizinyl radicals include those
wherein R*® is an electron withdrawing group, especially
an ester or amide or a carboxy group or a salt thereof.
Preferably also R‘® and R* are identical, and
particularly preferably R and R are both solubilizing
groups M or optionally substituted alkoxy or alkylthio
groups.

More preferably R%? and one of RW, R’ and R* are
alkoxy groups or a group
-COOR*, -OCOR*, -CONHR** or -CONR™,, e.g. =CON(CH,CH,OH),.

Examples of particularly preferred identities for
R*® to R*® are as follows:

for R>: hydrogen, methoxy and carboxy and salts,
esters and amides thereof

for R’?: cyano, carboxy and salts, esters and amides
thereof

for R': hydrogen, methoxy and carboxy and salts,
esters and amides thereof -

for R®: hydrogen, methoxy, tri(hydroxymethyl)-
methylthio and carboxy and salts, esters and amides
thereof

for R and R’!' together: dimethyl methylenedioxy and
di(hydroxymethyl)methylenedioxy

for R*® and R*’: phenyl, t-butoxy, t-butylthio,
carboxymethylthio, 3,4-dihydroxybutanoyloxy, 2,3-
dihydroxypropoxycarbonyl, 2-sulphoethylthio,
tri(hydroxymethyl)methyl, bis 2-hydroxyethyl carbamoyl
and bis (2,3-dihydroxypropyl)carbamoyl.

for R*® and R together: dimethylmethylenedioxy and
di (hydroxymethyl)methylenedioxy.

Particularly preferred indolizinyl radicals for use

in accordance with the invention include

COOH

PCT/EP92/01793

WIS e
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2,3-di-t-butoxy=-6,7-dicarboxy-l-indolizinyl radical

COCH
HOOC , COOH
0~“ N
,:Br"ﬂ _P

2,3-di-t-butoxy=-6,7,8~-tricarboxy-1-indolizinyl radical.
More preferred indolizinyl radicals include:

COCH

— ’ COOH
O—~ N

HOOC CHyS SCHCO0H

2,3-di-carboxymethylthio-6,7-dicarboxy-1-indolizinyl

radical

COOH
HOOC _ ' COOH
0~ "N

—
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2,3-dibutylthio-6,7,8-tricarboxy-1-indolizinyl radical
' COO0H
CH30 _ l OCH3
0" ™\

S S

HOooC COQH
2,3-di-carboxymethylthio-7-carboxy=-6,8 dimethoxy-1-

indolizinyl radical

COOH
oc
HOOL , 00H
0’7 ™\
0 —
OH 0
HO

OH

2,3-di(3,4-dihydroxybutanoyloxy)-6,7,8-tricarboxy-1i-

indolizinyl radical

COOCH, CH,0H
Y -L00CH, CHyOR
0L ANy

HOCH, CH, 00C

0

_SE.)*‘O O _oH
HO o=~

OH
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2,3-di(3,4~-dihydroxybutanoyloxy]-6,7,8-tri[2-
hydroxyethoxycarbonyl]=1-indolizinyl radical

CON(CH2CH,0H)
(HOCHZCHZhNUC]f%j/CON%CHgtH;BHU
l

2,3-di-[3,4-dihydroxybutanoyloxy]=-6,7,8-tri(di-(2-
hydroxyethyl)amino carbonyl]-1-indolizinyl radical

2,3-di(2,3-dihydroxypropoxycarbonyl)-7-carboxy-6, 8-
dimethoxy-1-indolizinyl radical

COOH
HO
0 , COOH
O'<“ N
0 —
oH Yy o
0%—_\

OH

o e
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2,3-di[3—hydroxypropanleXy]—6,7,8-tricarboxy-1—
indolizinyl radical.

2,3—di[2—hydroxyethoxycarbonyl]7—carboxy—6,8—dimethoxy—
l-indolizinyl radical

2,3—di[2—sulphoethylthio]—6,7,8—tricarboxy—l—indolizinyl
radical

COCH




WO 93/02711

PCT/EP92/01793
31

2,3-di[trf—hydroxymethyl)methyl-?-carboxy-s,8-dimethoxy-
l-indolizinyl radical

OH

2,3-di[di-(z-hydroxyethyl)-aminocarbonyl]-6,7,8-
tricarboxy-l-indolizinyl radical

OH ©OH oH OH

2,3-di-[di(2,3-dihydroxypropyl)amino carbonyl)-6,7,8-

tricarboxy-l-indolizinyl radical as well as radicals of
the general formulae
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and

Indolizinyl radicals wherein R®® and R*? are carboxy
groups and R’® and R’ together are dimethylmethylenedioxy
or di(hydroxymehtyl)methylenedioxy groups or where R’3
and R°' are methoxy groups, R°? is a carboxy group and R
is a trihydroxymehtyl methylthio group are also
preferred.

Examples of indolizinyl radicals include

CN »
e ' R
00— N R*® = H, CN
Ph Ph
CONRS"
= CONR%‘* R** = H, CH;, CH,CHj,
l CH,CH,OH, CH,CHOHCH,OH
0 N
Ph PN

A
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one R’ = H the other = CN
X = =-8* or -0°

0
tBuS
R58
ng/ R59
, one of R = R%® the other
0w N = H
_ R*® = COOH (or NEt,H' salt
StBu thereof), or CONRS“2
tBuS X = -8° or -0O°

R*® = H, cN

COONEt3H
_~_-COONEt3H

. 0
O = N R’ i ><O X
— o 0 0
R® R 46
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|
E R®' = COOH, CcH,
R® = alkyl, phenyl,

alkoxy, alkylthio

Most of the persistent indolizinyl radicals
discussed above are themselves novel and they, their
salts, and their non-radical precursors form further
aspects of the invention. 1In particular the water-
soluble compounds are all novel.

In particular the novel indolizinyl radicals
include compounds wherein R to R’ are as hereinbefore
defined '

with the proviso that where either one of R”)-R52 or
R’ is cyano, or R is -CHO, -CO,CH;, -CONH,, or —~COOH;,
and the remaining substituents R*°, R’', R%2, R are
hydrogen, at least one of R‘® and R*° is other than a
substituted or unsubstituted phenyl group, and that
where R*? is cyano, and R®, R, and R®® are hydrogen, at
least one of R and R is other than n-C;H,.

R67
R68 RO&

Indolyl:

0 \\ R6S
NRO4
R63

where R® to R®® are hydrogen or more preferably steric
hindrance, solubilizer or electron-withdrawing groups,
e.g. R¥ or M; R®® is a steric hindrance, solubilizer or a

T~system extending group, e.g. R, M, carboxyl or an
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indolyl group (as with the dibenzoyl indigo structure);
and R* is an acyl, e.g. PhCO, group or an alkyl group
optionally substituted by solubilizing moieties, e.gq.
hydroxyl, amine, alkoxy, carboxy and sulphourea groups,
for example by ~CON(CH,CH,OH), or —SO,N (CH,CHOHCH,0H) ,
groups.

Thus R® to R® conveniently may represent bridging
moieties of the type discussed above, e.g. ~0-C(CH,) ,-0-
groups or t-butoxy or t-butylthio groups or one or two
of R®, R and R® may conveniently represent SO, groups.

Examples of appropriate indolyl radicals include:

. OMe o*
0
Ny

O N

CH(CONR.,) -
OMe ( 2)2

and

where R = CH,CHOHCH,0H or CH(CHOHCH,OH),

Semiquinone: R72 R69

CUIDERE
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where R® to R’? which may be the same or different
represent steric hindrance and/or solubilizing groups or
more preferably R® and R’ and/or R”' and R?, together
with the intervening carbons form fused aryl rings,
preferably 5-7 membered rings, which optionally but
preferably themselves carry steric hindrance and/or
solubilizing (e.g. R*' and M) groups. Particularly
preferably, the mesomeric forms of the semiquinone anion
radicals, i.e. 0-B-0" and '0-B-O0 (where B is used to
represent the body of the molecule) are identical.
Examples of semiquinone anion radicals thus include

o
SO3Na
So®
NaSO0; AN
o
o
Nas$ 05 ! g SO3Na
I

R73 i Nk
R73 = OPh, StBu, SEt, SCH;CH,OH
R/3 R73
0- —o—@x}‘ ~0—~0)-(0;Me
0
s —_J10)
NaSO3 \ N SO3Na 0

Y e



T
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Galvinoxyl:

where X® is N, CH or
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each of R, R, R® and R® is a steric hindrance group
(especially t-Butyl), optionally carrying a solubilizing
moiety and each of R, R”, R” and R® is hydrogen or a
steric hindrance or solubilizing group or adjacent pairs
of R” to R®¥ may together represent bridging steric
hindrance groups or fused aryl rings (optionally
themselves carrying steric hindrance and/or solubilizing
groups) .

As examples of enolate radicals may be mentioned:

M Cl
5 Me Cl
M Cl
e (o
Me— O"" Cl O)it
O-i-Pr
O-t-Bu Ci -
Me Me O Cl
Me Cl
Cl
M
Me ® Cl

Such radicals are described in the literature, for
example by O'Neill and Hagarty in J. Chem. Soc., Chem.
Commun. 1987, 744 and J. Org. Chem. 52, 2115, 1987.
Generally speaking, substitution to enhance radical
stability should be at or adjacent sites in the
x'(c=C) X® m-system which have high spin density.
Substitution at high spin density sites should generally
be with unreactive groups and frequently electron
withdrawing or electron donor substituents will be
preferred. Substitution at neighbouring sites should
generally be by bulky steric hindrance groups which
serve to prevent the radical from reacting with other

molecules or radicals. The steric hindrance groups can
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also serve to enhance water solubility of the radical;
alternatively separate solubilizing substituents may be
included.

The particularly preferred substituent groups for
the radicals for use according to the invention include
the following =-tBu, -0-tBu, =-S-tBu, =-OC(CH;),-0-, I, -CO-
CR’,-CO-, -CO-NR®-CO-, -SO;Na, -COOR?, -S-R?, -SO,R?,
SO,NR?,.

Persistent cyclic m-system radicals are widely
known from the literature and ones suitable for use
according to the invention may be prepared by the
methods described in the literature. Substitution along
the lines discussed above may be achieved using methods
known from the literature or by using methods analogous
to those discussed in PCT/EP91/00285. Examples of
relevant literature references include Forrester et al
"Organic chemistry of stable free radicals" Academic
Press, London 1968, Tetrahedron 18:61 (19..), Berichte
(1957) page 1634, Angew Chem. Int. (1984) page 447,
Helvetica (1988) page 1665, JACS (1957) page 4439,
Rosenblatt JACS 62:1092 (1940), Taube et al. Berichte
86:1036 (1953), Weygand et al. Berichte 90:1879 (1957),
Dann et al. Berichte 93:2829 (1960), Sziki Berichte
62:1373 (1929), Moore J Org Chem 33:4019 (1968), Fieser
et al. JACS 70:3165 (1948), Reynolds et al. Org.
Synthesis 34:1 (1954); Fujita Tet. Lett (1975) page
1695, Akita J Pharm Soc. Japan 82:91 (1962), Graebbe J.
fur Praktische Chemie 62:32 (1900), Helferich et al.
Annalen 551:235 (1942), Indian J. Chem. 12:893 (1974),
Ramirez et al. JACS 81:4338 (1959), Ramirez et al. JOC
23:778 (1958), Stock et al. JACS 86:1761 (1964), Ramirez
et al. JOC 33:20 (1968), Methoden der Organischen Chemie
- Houben Weyl page 464-5, No. VII/3a (1977), Can J Chem
40:1235 (1962), Chem Lett (1984) page 341, JCS Perkins
II (1989) page 1349, JACS (1960) page 6208, J Chem Phys
(1965) page 308, JOC (1988) page 5770, McNab et al. JCS
Perkins II (1988) page 759, Russell et al. JACS (1970)
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page 2762, Weiser et al. Tet. Lett. 30:6161, J Phys Chem
71:68 (1967), Dimroth et al. Liebigs Annalen 624:51
(1959), Miura et al. JOC 58:5770 (1988), Ata et al. Chem
Lett (1989) 341-344, Solar JOC 28:2911 (1963), JOC
51:4639 (1986), JOC 54:3652 (1989), Theophil Eicher and
Josef L Weber "Structure and Reactivity of
Cyclopropenones and Triafulvenes" in Topics in Current
Chemistry vol 57, Springer Verlag pages 1-109,
Comprehensive Heterocyclic Chemistry Vol 4 part 3
Pergamon 1984 London, ISBN 0-08-030704-3, Chapter 3/08
Pyrroles with Fused Six-membered Heterocyclic Rings: (i)
a-Fused, Pages 443-495; W Flitsch Methods for the
construction of the Indolizine Nucleus; Takane Uchida,
Synthesis pages 209-236; Moria L Bode and Perry T Kaye:
A New Synthesis of Indolizines via Thermal Cyclisation
of 2-Pyridyl derivatives. JCS PERKIN TRANS I (1990)
2612-2613; K Matsumoto and T Uchida Synthesis (1978)
207-208; Esko Pohjala. Acta Chem Scand. B 28 (1974)-
p582-583, B 29 (1975) 1079-1084, B 30 (1976) 198-202, B
31 (1977) 321-324; Heterocycles (1974) 585-588;
Heterocycles (1975) 615-618; J Heterocyclic Chem (1977)
273-279; J Heterocyclic Chem (1978) 955-960; D H
Wadsworth et al J. Org Chem (1989) 3660-3664; Tet Lett.
(1981) 3569-3572; J. Org Chem (1986) 4639-4644; J Org
Chem (1989) 3652-3660; L Cardellini et al. JCS PERKIN
TRANS II (1990) 2177-2121; Tominaga et al. Heterocycles
J Het Chem (1989) page 477: JACS (1990) p 8100; Tet.
Lett. (1990) pp. 5689, 7109 and 6949; JCS Perkin I
(1990) p. 2612; J Het. Chem (1990) p 263; JCS Perkin I
(1989) p. 1547; Bordwell JACS 113:3495 (1991): Chem Ber
893:2649 (1960); Chem Ber 87:922 (1954); Acta Chem Scand.
23:751 (1969); Chem Ber 42:2539 (1909); Becker et al.
New J Chem 12:875 (1988).

Persistent free radicals which have relatively few
transitions, e.g. less than 15, preferably less than 10,
in their esr spectra and radicals having narrow

linewidth esr transitions, e.g. up to 500 mG, preferably




=

Vo

IWO 93/02711 PCI/EP92/01793

41

less than 150 mG, especially less than 60 mG and
particularly less than 25 mG, are especially preferred
for use as OMRI contrast agents. (The linewidths
referred to are conveniently the intrinsic linewidths
(full width at half maximum in the absorption spectrum)
at ambient conditions).

Whilst low numbers of esr transition lines are
generally preferred to obtain more effective coupling of
the esr and NMR transitions, we have found that
surprisingly good coupling, and therefore enhancement of
the MR signal, may also be achieved with radicals
showing a large number of ESR transitions.

Where the radicals have a multiplicity of esr
transitions, the hyperfine splitting constant is
preferably very small. In this connection radicals
having as few as possible non-zero spin nuclei,
positioned as far away as possible from the paramagnetic
centre are thus especially preferred. -

The novel radicals of the invention include
radicals which surprisingly are stable at physiological
pH, have long half lives (at least one minute, and
preferably at least one hour), long relaxation times,
and exhibit surprisingly good relaxivity. Water-soluble
radicals are a particularly important aspect of the
invention.

The radicals may be coupled to further molecules
for example to lipophilic moieties such as long chain
fatty acids or to macromolecules, such as polymers,
proteins, polysaccharides (e.g. dextrans), polypeptides
and polyethyleneimines. The macromolecule may be a
tissue-specific biomolecule such as an antibody or a
backbone polymer such as polylysine capable of carrying
a number of independent radical groups which may itself
be attached to a further macromolecule. Coupling to
lipophilic groups is particularly useful since it may
enhance the relaxivity of the radicals in certain

systems such as blood. Such lipophilic and
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macromolecular derivatives of the radicals and salts
thereof form a further aspect of the present invention.

The linkage of a radical to the further molecule
may be effected by any of the conventional methods such
as the carbodiimide method, the mixed anhydride
procedure of Krejcarek et al. (see Biochemical and
Biophysical Research Communications 77:581 (1977)), the
cyclic anhydride method of Hnatowich et al. (see Science
220:613 (1983) and elsewhere), the backbone conjugation
techniques of Meares et al. (see Anal. Biochem. 142:68
(1984) and elsewhere) -and Schering (see EP-A-331616 for
example) and by the use of linker molecules as described
for example by Nycomed in WO-A-89/06979.

In view of their surprisingly beneficial
properties, the novel radicals of the invention may also
be used as esr spin labels in esr imaging or in
magnetometry.

The radicals may be prepared from their non-radical
precursor compounds by conventional radical generation
methods for example comproportionation, oxidation,
reduction or any of the other methods known from the
literature or described in PCT/EP91/00285.

Thus in a further aspect the invention provides a
process for the preparation of the novel radicals of the
invention which comprises subjecting a radical precursor
therefor to a radical generation step and optionally
subsequently modifying thé substitution on the aryl
moieties, e.g. by oxidation or reduction. By such
modification for example, sulphide substituents (e.g. -
SCH; or -SCH,COOEt) may be oxidized to the corresponding
sulphones so avoiding problems of acidic hydrogens prior
to radical formulation. Similarly livnophilic
substituents (such as —SCHZCOOEt) may be reduced to
corresponding hydrophilic substituents (e.g. =-SCH,CH,OH).

' Thus for example carbon free radicals may
conveniently be prepared from corresponding triaryl
methyl halides by reduction with a metal catalyst, such
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as copper, zinc or silver, or by electrolytic reaction
on an electrode or by photochemical reaction in the
presence of a chlorine radical scavenger, e.g. an
olefin. Alternatively, carbon free radicals may be
prepared from the corresponding triaryl methanes by
reaction with a base, e.g. in the presence of sodium
hydride followed by a reaction with an oxidant, e.g.
iodine in the presence of oxygen or a quinone such as
chloranil, following for example the method described in
US-A-3347941. Another method to prepare tfiarylmethyl
radicals is to react triarylmethanes with other, 1less
stable radicals such as tert—butoxyi radicals. The
latter radicals are generated in situ via thermolysis or
photolysis of an appropriate precursor, such as a
peroxide or an azo compound. A further example of a
method by which radical preparation may be effected is
reaction of the corresponding triaryl methanols in the
presence of "an acid to form a carbonium ion followed by
reduction to the free radical in the presence of a
suitable reducing agent, such as metal ions e.g. Ccr®,
Fe®, or by electrochemical reduction. The carbon free
radicals may also be generated by a comproportionation
reaction between cations and anions of a corresponding
radical precursor. In such a reaction an electron is
exchanged between the anion and the cation, and two
radicals are generated. Triarylmethyl radicals may thus
be prepared by mixing together a triarylmethyl radical
precursor cation with a corresponding anion.
Triarylmethyl radicals may also be prepared by
thermolysis or photolysis or a corresponding dimeric
triarylmethyl structure, for example an
azobistriarylmethyl or a bis (triarylmethylcarboxylic
acid) peroxide. An alternative method of preparation of
triarylmethyl radicals is the electrochemical
decarboxylation of a triarylmethylcarboxylate.

While radicals with long half lives in aqueous

solution, for example at least one hour, preferably ten
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days, more preferably fifty days and especially
pretferably at least one year are clearly particularly
desirable for use in in_vivo imaging, shorter lived
inert free radicals may still be utilised in imaging
(e.g. of inanimate samples) and these may particularly
conveniently be prepared immediately pre-administration.

The non-radical precursors may themselves be
prepared by methods conventional in the art or analogous
to those described in PCT/EP91,/00285.

Taking as another illustrative example the
indolizinyl radicals, these indolizinyl radicals may be
generated from the corresponding indolizinols by
oxidation under air or oxygen, or by using a chemical
oxidant such as benzoquinone, iodine or chloranil.
Oxidation under air or oxygen is preferred.

Oxidation may conveniently be effected during
cyclization .to form the indolizinyl skeleton, during
work-up or even before or during administration.

The non-radical indolizinyl precursors may
themselves be prepared by methods conventional in the
art. Thus to form an indolizinol, a suitable 7
cyclopropenone is conveniently reacted with an
appropriately substituted pyridine, following for
example the procedures described by Wadsworth et al in
Tetrahedron lett. 22:3569 (1981) and J. Org. Chem
51:4639 (1986).

Further processes for the preparation of
oxoindolizine and oxoindilizinium compounds, i.e.
derivatives in the keto as opposed to enol form, which
may be used as non-radical precursors are described in
EP-A-68880 and US-A-4446223.

Thus indolizinyl free radicals according to the
invention may be prepared by following reaction schemes

such as those suggested below:-
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N=
<\ /2 +

COOCH3 1. Cyclization

2. Oxidation
0
[
N= —
N\ / +
CO0CH3 1. Cyclization
2.0xidation
0 R

R 1. Cyclization
2. Oxidation

P COOH

) + Hlg CgHs O
0 1. Cyclization
2. Oxidation
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CH
(5) 3
N\ / CH3

+
COOH COOH 1. Cyclization
2. Oxidation

For the preparation of the non-radical precursors
for indolizinyl radicals for use according to the
invention, the literature contains many further useful
guidelines. Thus one suitable approach for the -
production of nitro substituted precursors is described

by Tominaya et al in J Heterocyclic Chem (1989) p. 477

SMe
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The nitro group can then be transformed into an
oxygen radical, e.g. folowing the sequence:

C-NO, === C-NH, -— C-N,,

OH-
--~ C-OH --- C-0°

Hydrogenated indolizinyls, for instance indolizinyl
alkaloids like castanospermine or similar substances
also represent useful reagents in the synthesis of the
indolizinyl radicals. These hydrogenated substances can
be dehydrogenated and/or dehydrated to the
{ indolizinols/indolizinyls. (See J.A.C.S. 1990, 8100;
Tet Lett 1990, 5689; Tet Lett 1990, 7109:; Tet Lett 1990,
6949) .

More specific routes to indolizinyl radicals
include the following:

Cl 0
w
+ ROH

—_——

Ci cl RO OR"

- Rd
o)
R3/ R3/
X
+ —_—
/ =
R2 N R"O  OR*
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lr R%*'=CN, ccr® (A) o
! R3'=alkyl, S-alkyl, O-alkyl or = R*
R“'=electron-withdrawing group,
e.g. ester, cyano, ketone, sulfone,
O

sulfonamide

Water-solubilizing groups on R?', R®

and/or R*'.
RS

For example

CO,Me

CO,Me O OH
MeO,C CO.Me : MeQO,C
\ 2 / —
| Bulo o8ut o8
uO OB SN
NC N MeO,C
r
CN OBu
HO OH
HO X C\(L)N
1. OH Ij OH
benzoquinone
2. soct, NCQ _ _=TEoquinone
OH
, HO oBut
3. HN \ X N Y4
LN NCO
H /
S HO N osu!
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HO OH

1

OH
HOI j CON
NCO

PCT/EPY2/01793

O-

Z—

N— N
NCO.\\

HO CN

/ OBUr

OBut

The preparation of semiquinone anion radicals is

However, by way of

ustration, aryloxy and semiquinone radicals can be

prepared from quinones/hydroquinones according to the

fol

lowing general schemes:

Reduction

OH

R'X = suitable
alkylating agent,
e.g. t-BuCl

OH
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OH OH
R R R R
+ Some non-
+ alkylated
R R R R
or¥ or¥*

If several products are formed, they can be separated by
chromatography or crystallization, or by a combination

of these techniques.

OH
R R
= Oxidant
Base
X
R R
oR*

Base .
Q Oxidant

oR*

This group of alkoxyphenoxyl radicals is thus clearly
related to the semiquinone anion radicals, the only

difference being the R’ instead of the minus charge, i.e.
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OoR* o~

Where a monoalkylated product is desired, in order
to generate phenoxyl rather than semiquinone anion
radicals, a gquinone sﬁarting material should be reduced
to the hydroquinone form before the alkylation is
effected. Suitable reduction techniques are described
for example by E F Rosenblatt JACS 62, 1940 p 1092; H J
Taube et al. Berichte 86, 1953, p 1036; F W Weygand et
al. Berichte 90, 1957, p 1879; O Daun et al. Berichte
93, 1960, p 2829; T Sziki, Berichte 62, 1929, p 1373; H
W Moore, J. Org. Chem. 33, 1968, p 4019; L Feiser et al.
JACS 70, 1948, p 3165; G A Reynolds et al., Organic
Synthesis 34, 1954, p 1; 1T Akita, J. Pharm. Soc. Jpn.
82, 1962, p 91; S Fujita et al., Tet Lett, 1975, p 1965;
and C Graebbe, Journal fur Praktische Chemie [2], 62,
1900, p 32.
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