
DIENE POLYMERISATION The present invention relates to
diene polymers and copolymers and to a process for
making such polymers and copolymers using certain
transition metal-based catalysts. WO 2004/083263
published in the name of BP Chemicals on 30th
September 2004 relates to a transition metal complex
polymerisation catalyst and to a process for the
polymerisation and copolymerisation of 1-olefins,
cyclo-olefins or dienes, comprising contacting the
monomer with the catalyst. Monomers disclosed therein
as suitable for use in making homopolymers are
ethylene, propylene, butene, hexene, styrene or
conjugated or non-conjugated dienes. Preferred
monomers are ethylene and propylene. Monomers
disclosed as suitable for making copolymers are
ethylene, propylene, 1-butene, 1-hexene,
4-methylpentene-l, 1-octene, norbornene, substituted
norbornenes, dienes, eg butadiene, ethylidene
norbornene, methyl methacrylate, methyl acrylate,
butyl acrylate, acrylonitrile, vinyl acetate, vinyl
chloride, and styrene. There is a commercial need for
polydienes having specified ratios of cis/trans
polymerised units in the polymer. This need can
generally be met for example by polymerising butadiene
to form separate polymers having a known cis and trans
contents and blending these polymers to produce the
desired product. However, blending polymers is
expensive in terms of energy usage, equipment costs
and time and can be technically difficult especially
when the polymers have high molecular weight, poor
compatibility or sensitivity to mechanical blending.
There is thus a commercial need to provide polydienes
, having a predefined content of cis and trans units
without the need for post reactor mechanical blending
of the component polydienes. An object of the present
invention is to provide a process for producing
polymers of conjugated dienes, for example butadiene
or isoprene. A further object is to provide polymers
of conjugated dienes wherein the polymer has a
controllable level of cispolydiene and trans-polydiene
without the need for post-reactor blending.
Accordingly the present invention provides a process
for producing homopolymers or copolymers of conjugated
dienes comprising contacting monomeric material
comprising 



at least one conjugated diene with a catalyst system
comprising two or more different transition metal
compounds and optionally one or more activators.
Surprisingly it has been found that by using two or
more different transition metal catalysts it is
possible to produce polydienes having a desirable
range of properties.Without wishing to limit the
generality of this statement, it has been found, for
example that varying the ratio of two different
transition metal compounds in the catalyst composition
leads to useful variations in the microstructure of
the produced diene polymer. Thus for example by
changing the mole ratios of Co:Cr in a cobalt/chromium
mixed catalyst system it has been found that useful
variations in the cis:trans content of the produced
polydiene can be achieved. The monomeric material
comprises at least one diene and optionally one or
more 1- olefins. Dienes employed in the polymerisation
process of the present invention preferably have the
general formula R1R2C=CR3CR4=CR5CR6 wherein R1 to R6
are independently selected from hydrogen, halogen,
alkyl, cycloalkyl, aryl, aralkyl and alkaryl. For
example they can be chloro, methyl, ethyl, n-propyl,
isopropyl, or single or mixtures of isomeric forms of
pentyl, hexyl, octyl, decyl; or aryl groups selected
from, for example, phenyl, 2 chloro-phenyl,
o-biphenyl, naphthyl, phenanthryl and anthryl; or
alkaryl groups selected from, for example,
phenylmethyl, phenylethyl, phenyl-n-propyl,
naphthylmethyl; or aralkyl groups, for example, tolyl.
xylyl, mesityl or 2-methylnaphthyl. However, when the
diene is too heavily substituted by bulky groups it
may be difficult or impossible to cause the diene to
polymerise due to steric hindrance. The diene employed
preferably has the general formula R1H-C=CR3-CH=CH2
wherein R1 and R3 are independently selected from
hydrogen, chlorine and a C1 to C1 hydrocarbyl group.
Preferred dienes are 1,3- butadiene,
2-methyl-l,3-butadiene (isoprene), and
2-chloro-l,3-butadiene (chloroprene). The monomeric
material used in the polymerisation process of the
present invention can contain one or more 1-olefins.
Suitable 1-olefins are any which are capable of being
copolymerised with conjugated dienes. Examples of
suitable 1-olefins are ethylene, propylene, butene,
hexene, 4-methylpentene-l, 1-octene, norbornene,
substituted norbornenes and styrene. 



Thus a further embodiment of the present invention
provides a process for making a copolymer of one or
more conjugated dienes and one or more 1-olefins
comprising contacting the monomeric material with a
catalyst system comprising two or more different
transition metal compounds and optionally one or more
activators. Preferably the copolymers prepared by the
process comprise polymerised units of a conjugated
diene and up to 99.0 moles percent of a C1 to C20
1-olefin. For example thecopolymers can have a molar
ratio of diene: 1-olefin in the range 2;98 to 98:2,
preferably 5:95 to 95:5. The polymerisation catalyst
employed in the present invention comprises two or
more different transition metal compounds by which is
meant that either the transition metals can be
different, or the transition metals can be the same
but the transition metal compounds differ in the anion
or ligand associated with the metal, or the compounds
can be different in both these respects. Preferably
two or more different transition metals are used. For
example a first transition metal selected from Cr, Mo
and W, and a second transition metal selected from Fe
Co and Ni. In a preferred embodiment of the present
invention a single activator is employed. The amount
of each of these transition metal compounds employed
in the process of the present invention is preferably
such that the concentration of any one of these
compounds is >0.01 moles %, more preferably >0.02
moles % most preferably at least 0.10 moles % based on
total moles of transition metal compound employed as
catalyst. The transition metal employed in the
transition metal compound is suitably selected from a
group 3-10 transition metal or lanthanide or actinide.
The transition metal compound can be a simple organic
or inorganic compound, for example chloride, bromide,
sulphate, acetate and carbonate. Preferably the
transition metal compound is selected from a complex
containing neutral, monoanionic or dianionic ligands.
The ligands can be monodentate, bidentate, tridentate
or tetradentate. The ligands preferably comprise at
least one N, P, O or S atom, In another preferred
embodiment at least one of the transition metal
compounds is a metallocene. Non-limiting examples of
such complexes are described in WO 96/23010, WO 



97/02298, WO 98/30609, O 99/50313, WO 98/40374, WO
00/50470, WO 98/42664, WO 99/12981, WO 98/27124, WO
00/47592, WO 01/58966 and our own co-pending
applications PCT 02/02247 and PCT 02/02144. When the
one or more transition metal compounds comprise a
metallocene this may contain, for example, at least
one cyclopentadienyl-based ring ligand. For the
purposes of this patent specification the term
"metallocene" is defined as containing one or more
unsubstituted cyclopentadienyl or substituted
cyclopentadienyl moieties in combination with a group
3-6 transition metal, a group 3 main group metal, a
lanthanide or an actinide. In one embodiment the
metallocene catalyst component is represented by the
generalformula (Cp)mMRnR'p wherein at least one Cp is
an unsubstituted or, preferably, a substituted
cyclopentadienyl ring, a substituted or unsubstituted
ring system such as an indenyl moiety, a benzindenyl
moiety, a fluorenyl moiety or the like, or any other
ligand capable of h-5 bonding such as borolles or
phospholes; M is a Group 4, 5 or 6 transition metal, a
lanthanide or an actinide; R and R' are independently
selected halogen, hydrocarbyl group, or hydrocarboxyl
groups having 1-20 carbon atoms or combinations
thereof; m=l-3, n=0-3, p=0-3, and the sum of m+n+p
equals the oxidation state of M, preferably m=2, n=l
and p=l. The Cp can be substituted with a combination
of substituents, which can be the same or different.
Non limiting examples of substituents include hydrogen
or a linear, branched or cyclic alkyl, alkenyl or aryl
radical having from 1 to 20 carbon atoms. In another
embodiment the metallocene catalyst component is
represented by the formulas: (C5 R pR11 S (C5 R'm) Me
Q3-p-x , or R"s (C5 RV)2Me Q' wherein Me is a Group 4,
5 or 6 transition metal, a lanthanide or an actinide;
at least one C5 R'ra is a substituted
cyclopentadienyl, each R', which can be the same or
different is hydrogen, alkyl, alkenyl, aryl, alkylaryl
or arylalkyl radical having from 1 to 20 carbon atoms
or two carbon atoms joined together to form a part of
a substituted or 



unsubstituted ring or rings having 4 to 20 carbon
atoms, R" is one or more of or a combination of a
carbon, a germanium, a silicon, a phosphorous or a
nitrogen atom containing radical bridging two (C5 R'm)
rings, or bridging one (C R'm) ring to M, when p=0 and
x=l otherwise "x" is always equal to 0, each Q which
can be the same or different is an aryl, alkyl,
alkenyl, alkylaryl, or arylalkyl radical having from 1
to 20 carbon atoms, halogen, or alkoxides, Q' is an
alkylidene radical having from 1-20 carbon atoms, s is
0 or 1 and when s is 0, m is 5 and p is 0, 1 or 2 and
when s is 1, m is 4 and p is 1. Preferred metallocenes
are bis(pentamethylcyclopentadienyl) zirconium
dichloride, bis(pentamethylcyclopentadienyl) hafnium
dichloride, bis(tetramethylcyclopentadienyl) zirconium
dichloride, (pentamethylcyclopentadienyl) zirconium
trichloride,
(tetramethylcyclopentadienyl)(t-butylamido)(dimethylsi
lane) titanium dimethyl, and
(pentamethylcyclopentadienyl)(cyclopentadienyl)
zirconium dichloride.A preferred class of transition
metal complexes are represented generically by the
Formula (I): ' wherein M is Y[II], Y[III], Sc[II] 5
Sc[III] 3 Ti[II], Ti[III], Ti[IV], Zr[II], Zr[III] 5
Zr[IV]5 Hf[II], Hf[III], Hf[IV], V[II], V[III] 5V[IV],
Nb[II] 5Nb[III] 5Nb[IV] 5Nb[V], Ta[II]5 Ta[III],
Ta[IV]5 Cr[II] 5 Cr[III], Mn[II], Mn[III] 5Mn[IV]5
Fe[II], Fe[III] 5 Ru[II]5 Ru[III], Ru[IV], Co[II],
Co[III] 5 Rh[II], Rh[III], Ni[II], Pd[II] 5X
represents an atom or group covalently or ionically
bonded to the transition metal M; Y1 is C or P(R0); Y2
is -0(R 7), -O (in which case the bond from O to M is
covalent), -C(Rb)=O, -C(Rb)=N(R7), - P(Rb)(Rd)=N(R7)
or -P(Rb)(Rd)=O; Ra, Rb, Rc, Rd, R5 and R7 are each
independently selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl, substituted heterohydrocarbyl or
SiR'3where each R' is independently selected from
hydrogen, halogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl, and any adjacent ones may be joined
together to form a ring; G is either a direct bond
between Y and Y , or is a bridging group, which
optionally contains a third atom linked to M when q is
1; L is a group datively bound toM; n is from 0 to 5;
m is 1 to 3 and q is 1 or 2. One preferred complex is
represented by the general formula (II):wherein Rx is
selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, 



heterohydrocarbyl, substituted heterohydrocarbyl or
SiR'3 where each R' is independently selected from
hydrogen, halogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl, and all other substituents are as
defined above. In the complex of Formula (II), M is
preferably a Group IV metal, particularly Ti, Zr, a
Group VI metal, particularly Cr, or a Group VIII
metal, particularly Ni, Co, or Pd. Preferably Ra and
Rb are joined together to form a phenyl, which is
preferably substituted. Preferred substituents are
C1-C6 alkyl or C6-C24 aryl or aralkyl. In particular,
the phenyl group may be substituted at the position
adjacent the oxygen linkage with a t-butyl group or an
anthracenyl group, which may itself be substituted. A
further preferred complex is that of Formula (III):
wherein M is Cr[II], Cr[III], Mn[II], Mn[III], Mn[IV],
Fe[II], Fe[III], Ru[II], Ru[III], Ru[IV], Co[II],
Co[III], Rh[II], Rh[III], Ni[II], Pd[II], Cu[I],
Cu[II]; X represents an atom or group covalently or
ionically bonded to the transition metal M; Ra and Rb
are each independently selected from hydrogen,
halogen, hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl, substituted heterohydrocarbyl or
SiR'3 where each R' is independently selected from
hydrogen, halogen, hydrocarbyl, substituted
hydrocarbyl, heterorrydrocarbyl and substituted
heterohydrocarbyl, and Ra and Rb may be joined
together to form a ring; R5 and R7 are each as defined
above; and L is a group datively bound to M; n is from
0 to 5; m is 1 to 3 and q is 1 or 2. Preferably M is
Fe, Ni or Pd. A particularly preferred complex has the
following Formula (IV):wherein M[T] is Ti[II],
Ti[III], Ti[IV], Zr[II], Zr[III], Zr[IV], Hf[II],
Hf[III], Hf[IV], V[II], V[III], V[IV], Nb[II],
Nb[III], Nb[IV], Nb[V], Ta[II], Ta[III], Ta[IV],
Cr[II], Cr[III], Mn[II], Mn[III], Mn[IV], Fe[II],
Fe[III], Ru[II], Ru[III], Ru[IV], Co[II], Co[III],
Rh[II], Rh[III], Ni[II], Pd[II]; X represents an atom
or group covalently or ionically bonded to the
transition metal M; T is the oxidation state of the
transition metal M and b is the valency of the atom or
group X; Y1is C or P(RC), A1 to A3 are each
independently N or P or CR, with the proviso that at
least one is CR; R, Rc, R4 and R6 are each
independently selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl, substituted heterohydrocarbyl or
SiR'3 where each R' is independently selected from 



hydrogen, halogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl; and R5 and R7 are each as defined
above. Preferably Y1is C. Preferably A1 to A3 are each
independently CR where each R is as defined above. In
alternative preferred embodiments, A1 and A3 are both
N and A2 is CR, or one of A1 to A3 is N and the others
are independently CR. Examples of such embodiments
include the following: Formula (IVa) Formula
(IVb)Formula (IVc) wherein R1, R2 and R3 are each
independently H, or C1-C1 alkyl, aryl or aralkyl.
Generally in the above Formulae, R5 and R7 are
preferably independently selected from substituted or
unsubstituted alicyclic, heterocyclic or aromatic
groups, for example, phenyl, 1-naphthyl, 2-naphthyl,
2-methylphenyl, 2-ethylphenyl, 2,6-diisopropylphenyl,
2,3-diisopropylphenyl, 2,4-diisopropylphenyl,
2,6-di-n-butylphenyl, 2,6-dimethylphenyl,
2,3-dimethylphenyl, 2,4-dimethylphenyl,
2-t-butylphenyl, 2,6-diphenylphenyl, 2,4,6-
trimethylphenyl, 2,6-trifluoromethylphenyl,
4-bromo-2,6-dimethylphenyl, 3,5-
dichloro2,6-diethylphenyl, and
2,6-bis(2,6-dimethylphenyl)phenyl, cyclohexyl,
pyrolyl, 2,5 dimethylpyrolyl and pyridinyl. In a
preferred embodiment R5 is represented by the group
"P" and R7 is represented by the group "Q" as follows:
Group P Group Q wherein R19 to R28 are independently
selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or
substituted heterohydrocarbyl; when any two or more of
R1 to R4, R6 and R19 to R28 are hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or
substituted heterohydrocarbyl, said two or more can be
linked to form one or more cyclic substituents.
Preferably at least one of R19, R20, R2 1 and R22 is
hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl.
More preferably at leastone of R19 and R20, and at
least one of R2 1 and R22, is hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl or substituted
heterohydrocarbyl. Most preferably R19, R20, R2 1 and
R22 are all independently selected from hydrocarbyl,
substituted hydrocarbyl, 



heterohydrocarbyl or substituted heterohydrocarbyl.
R19, R20, R21 and R22 are preferably independently
selected from methyl, ethyl, n-propyl, iso-propyl,
n-butyl, sec-butyl, tert.- butyl, n-pentyl, neopentyl,
n-hexyl, 4-methylpentyl, n-octyl, phenyl and benzy.
R1, R2, R3, R4, R6, R19, R20, R2 1, R22, R23, R25, R26
and R28 are preferably independently selected from
hydrogen and C1 to C hydrocarbyl, for example, methyl,
ethyl, n-propyl, n-butyl, t-butyl, n-hexyl, n-octyl,
phenyl and benzyl. A particularly preferred complex
has the Formula Z Formula Z wherein R1, R2 and R3 are
each independently H, or C1-C10 alkyl, aryl or aralkyl
and wherein R19 to R28 are independently selected from
hydrogen, halogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl or substituted
heterohydrocarbyl; when any two or more of R1 to R4,
R6 and R19 to R28 are hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl or substituted
heterohydrocarbyl, said two or more can be linked to
form one or more cyclic substituents. . Preferred
complexes are 2,6-diacetylpyridinebis(2,4,6 trimethyl
anil)FeCl2 and 2,6-diacetylpyridinebis(2, 6
diisopropyl anil)FeCl2. In an another embodiment,
applicable to all the above structures, R5 is a group
having the formula -NR29R30 and R7 is a group having
the formula -NR3 1R32, wherein R29 to R32are
independently selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl,
and may be linked to form one or more cyclic
substituents. Examples of such compounds are disclosed
in WO 00/50470. Another preferred substituent for both
R5 and R7 are pyrazolyl groups, as described in our
own co-pending application PCT 02/02247. Particularly
preferred is the substituent having the formula (II):
Formula (II) The atom or group represented by X in the
complexes disclosed above can be, for example,
selected from halide, sulphate, nitrate, thiolate,
thiocarboxylate, BF4 , PF6 , hydride,
hydrocarbyloxide, carboxylate, hydrocarbyl,
substituted hydrocarbyl and heterohydrocarbyl, or
b-diketonates. Examples of such atoms or groups are
chloride, 



bromide, methyl, ethyl, propyl, butyl, octyl, decyl,
phenyl, benzyl, methoxide, ethoxide, isopropoxide,
tosylate, triflate, formate, acetate, phenoxide and
benzoate. Preferred examples of the atom or group X in
the compounds of Formula (I) are halide, for example,
chloride, bromide; hydride; hydrocarbyloxide, for
example, methoxide, ethoxide, isopropoxide, phenoxide;
carboxylate, for example, formate, acetate, benzoate;
hydrocarbyl, for example, methyl, ethyl, propyl,
butyl, octyl, decyl, phenyl, benzyl; substituted
hydrocarbyl; heterohydrocarbyl; tosylate; and
triflate. Preferably X is selected from halide,
hydride and hydrocarbyl. Chloride is particularly
preferred. L may be for example an ether such as
tetrahydrofuran or diethylether, an alcohol such as
ethanol or butanol, a primary, secondary or tertiary
amine, or a phosphine. Catalysts particularly
preferred for use in the present invention are
selected from those comprising (1) two or more
transition metal compounds at least one of which has
the following Formula A, and optionally (2) an
activating quantity of a suitable activator,wherein in
the five-membered heterocyclic group K, which can be
saturated or unsaturated and unsubstituted or
substituted by halide or liydrocarbyl groups, the
atoms A1to A4 comprise at least 2 carbon atoms and at
least one atom selected from N, O, P and S, the
remaining atom in said ring, if any, being selected
from nitrogen and carbon; any 2 or more of A1to A4 can
form part of one or more further ring systems; M is a
metal from Group 3 to 11 of the Periodic Table or a
lanthanide metal; E1 and E2 are atoms or groups
bearing single and or double bond connections and
being independently selected from a substituted or
unsubstituted carbon atom or (i) aliphatic
hydrocarbyl, (ii) alicyclic hydrocarbyl, (iii)
aromatic hydrocarbyl, (iv) alkyl substituted aromatic
hydrocarbyl (v) heterocyclic groups and (vi)
heterosubstituted derivatives of said groups (i) to
(v); J is a group comprising one or more carbon atoms
and optionally one or more atoms selected from N, O, P
and S each of which can be substituted or
unsubstituted by halogen or hydrocarbyl groups; D and
D are donor atoms or groups; X is an anionic group, L
is a neutral donor group; m, n and p are independently
0 or 1; y and z are independently zero or integers
such that the number of X and L groups satisfy the
valency and oxidation state of the metal M. 



For the avoidance of doubt the term "unsubstituted" as
used in relation to a hydrocarbyl or heterocyclic
group means that any hydrogen atoms normally
associated with such group have not been replaced by
other groups or atoms. E1can be bonded to any of A1 to
A4.Preferably E1 is bonded to A1. The five-membered
heterocyclic group K preferably contains 3 carbon
atoms in the ring. In a preferred embodiment of the
present invention K is specifically an
imidazolecontaining group.D1 and D2 can be the same or
different donor atoms or groups, for example oxygen,
sulfur, nitrogen or phosphorus, eg an amine, an imine
or a phosphine. Preferably D1 and D2 are selected from
oxygen, sulfur, an amine of formula -N(R 12)- or a
phosphine of formula -P(R 13)- wherein R12 and R13 are
hydrogen or (i) aliphatic hydrocarbyl, (ii) alicyclic
hydrocarbyl, (iii) aromatic hydrocarbyl, (iv) alkyl
substituted aromatic hydrocarbyl (v) heterocyclic
groups, (vi) heterosubstituted derivatives of said
groups (i) to (v), (vii) hydrocarbyl-substituted
heteroatom groups and (viii) further
imidazole-containing groups. Preferably D1 is nitrogen
for example -NR 1 - or =N- or a nitrogen-containing
group, for example -N(R )-R - wherein R represents a
monovalent group and R represents a divalent group
derived from, for example, aliphatic hydrocarbyl
groups such as methyl, ethyl, ethylenyl, butyl, hexyl,
isopropyl and tert-butyl. Examples of suitable
alicyclic hydrocarbyl groups are adamantyl, norbornyl,
cyclopentyl and cyclohexyl. Examples of suitable
aromatic hydrocarbyl groups are phenyl, biphenyl,
naphthyl, phenanthryl and anthryl. Examples of
suitable alkyl substituted aromatic hydrocarbyl groups
are benzyl, tolyl, mesityl, 2,6-diisopropylphenyl and
2,4,6-triisopropyl. Examples of suitable heterocyclic
groups are 2-pyridinyl, 3-pyridinyl, 2-thiophenyl,
2-furanyl, 2- pyrrolyl, 2-quinolinyl. Suitable
substituents for forming heterosubstituted derivatives
of said groups R1 to R11 are, for example, chloro,
bromo, fluoro, iodo, nitro, amino, cyano, ether,
hydroxyl and silyl, methoxy, ethoxy, phenoxy (i.e. -OC
6Hs), tolyloxy (i.e. - OC6H4(CH )), xylyloxy,
mesityloxy, dimethylamino, diethylamino,
methylethylamino, 



thiomethyl, thiophenyl and trimethylsilyl. Examples of
suitable heterosubstituted derivatives of said groups
(i) to (v) are 2-chloroethyl, 2-bromocyclohexyl,
2-nitrophenyl, 4-ethoxyphenyl, 4-chloro-2-pyridinyl,
4-dimethylaminophenyl and 4-methylaminophenyl.
Examples of suitable hydrocarbyl-substituted
heteroatom groups are chloro, bromo, fluoro, iodo,
nitro, amino, cyano, ether, hydroxyl and silyl,
methoxy, ethoxy, phenoxy (i.e. - OC6H5), tolyloxy
(i.e. -OC 6H4(CH3)), xylyloxy, mesityloxy,
dimethylamino, diethylamino, methylethylamino,
thiomethyl, thiophenyl and trimethylsilyl. Any of the
substituents R1 to R1 1may be linked to form cyclic
structures. Substituents R2 to R1 1may also suitably
be inorganic groups such as fluoro, chloro, bromo,
iodo, nitro, amino, cyano and hydroxyl D2 can be, for
example, any of the donor atoms or groups specified
above for D1.When D1 and / or D2 are an
imidazole-containing group this or these can be
identical with K. In a preferred embodiment D2 and K
are-identical imidazole containing groups. The
imidazole-containing group K is preferably a group
selected from Formulae Ia to Via: wherein the groups
R2 to R1 1 are independently hydrogen or a monovalent
(i) aliphatic hydrocarbyl, (ii) alicyclic hydrocarbyl,
(iii) aromatic hydrocarbyl, (iv) alkyl substituted
aromatic hydrocarbyl (v) heterocyclic groups, (vi)
heterosubstituted derivatives of said groups (i) to
(v), and (vii) hydrocarbyl-substituted heteroatom
groups. It is preferred that the imidazole-containing
group has a structure described in formula Ilia or Via
(these are "benzimidazoles"). These defined groups R2
to R11 preferably contain 1 to 30, more preferably 2
to 20, most preferably 2 to 12 carbon atoms. Examples
of suitable aliphatic hydrocarbyl groups are methyl,
ethyl, ethylenyl, butyl, hexyl, isopropyl and
tert-butyl. Examples of suitable alicyclic hydrocarbyl
groups are adamantyl, norbornyl, cyclopentyl and
cyclohexyl. Examples of suitable aromatic hydrocarbyl
groups are phenyl, biphenyl, naphthyl, phenanthryl and
anthryl. Examples of suitable alkyl substituted
aromatic hydrocarbyl groups are benzyl, tolyl,
mesityl, 2,6-diisopropylphenyl and 2,4,6-triisopropyl.
Examples of suitable heterocyclic groups are
2-pyridinyl, 3-pyridinyl, 2-thiophenyl, 2-furanyl, 2- 



pyrrolyl, 2-quinolinyl. Suitable substituents for
forming heterosubstituted derivatives ofsaid groups R2
to R11 are, for example, chloro, bromo, fluoro, iodo,
nitro, amino, cyano, ether, hydroxyl and silyl,
methoxy, ethoxy, phenoxy (i.e. -OC H5), tolyloxy (i.e.
- OC H4(CH3)), xylyloxy, mesityloxy, dimethylamino,
diethylamino, methylethylamino, thiomethyl, thiophenyl
and trimethylsilyl. Examples of suitable
heterosubstituted derivatives of said groups (i) to
(v) are 2-chloroethyl, 2-bromocycloliexyl,
2-nitrophenyl, 4-ethoxyphenyl, 4-chloro-2-pyridinyl,
4-dimethylaminophenyl and 4-methylaminophenyl.
Examples of suitable hydrocarbyl-substituted
heteroatom groups are chloro, bromo, fluoro, iodo,
nitro, amino, cyano, ether, hydroxyl and silyl,
methoxy, ethoxy, phenoxy (i.e. - OC6H5), tolyloxy
(i.e. -OC 6H4(CH3)), xylyloxy, mesityloxy,
dimethylamino, diethylamino, methylethylamino,
thiomethyl, thiophenyl and trimethylsilyl. Any of the
substituents R2 to R may be linked to form cyclic
structures. Substituents R2 to R1 1may also suitably
be inorganic groups such as fluoro, chloro, bromo,
iodo, nitro, amino, cyano and hydroxyl. E1 and E2
(hereinafter referred to as "E") can be the same or
different atoms or groups. E is divalent when p is
zero, and trivalent when p = 1. E is independently
selected from (i) aliphatic hydrocarbyl, (ii)
alicyclic hydrocarbyl, (iii) aromatic hydrocarbyl,
(iv) alkyl substituted aromatic hydrocarbyl (v)
heterocyclic groups, (vi) heterosubstituted
derivatives of said groups (i) to (v), and (vii)
hydrocarbyl-substituted heteroatom groups. Examples of
suitable divalent groups E are -CH2-, -CH CH2-, -CH
CH2CH2-, 1,2- phenylene, r<my-l,2-cyclopentane,
r<my-l,2-cyclohexane, 2,3-butane, l,l'-biphenyl, 1,1'-
binaphthyl, and -Si(Me)2-. It is preferred that E is
an aliphatic or aromatic hydrocarbyl group. More
preferably the divalent group E is -CH2- . Examples of
suitable trivalent groups E are -CH-, -CHCH2-,
-CH2CHCH2-, and -Si(Me)-. J is a bridging group
between E and E . It is preferably a C1 to C12
divalent hydrocarbon group. It can, for example, form
part of a saturated unsaturated or aromatic ring
system. For example, E1, J, E2, D1and can together
from a pyridine, piperidine or pyrrole system wherein
D1 is the nitrogen atom and E1, J, E2 from the rest of
the ring. The values of m, n and p in the present
invention are independently 0 or 1. Preferably m = n =
p. More preferably m and n are both 1 and p is 0 or 1.



When m, n and p are zero in Formula A, the Formula
reduces to Formula D.Formula D wherein Dl, El, K, Al
to A4 M, X, L3y and z are as defined above. The
transition metal compounds of Formula A and D can be
drawn from a very large variety of compounds. Examples
of suitable ligands are illustrated in copending
Patent Application WO 2004/083263 published in the
name of BP Chemicals on 30th September 2004 - see in
particular Formulae Nos. 20 to 157. The five-membered
heterocyclic group K contains at least 2 carbon atoms
in its ring and preferably has 3 carbon atoms in its
ring. Examples of suitable 5-membered heterocyclic
groups are shown below wherein one of the nitrogen
atoms is bonded to the transition metal and the bond
to E1 is depicted by the "free" valency
bond:FLUORINATION PROCESS OF ANILIDE DERIVATIVES AND
BENZOTHIAZOLX FLUORINATE DERIVATIVES AS I N VIVO
IMAGING AGENTS The present invention relates to novel
processes for fluorination, particularly [
F]fluorination of certain aromatic compounds, and to
the novel precursors used in the process. The
invention has particular utility for a class of
benzothiazole derivatives which are known as in vivo
imaging agents. Fluorination of aromatic compounds may
be performed via electrophilic reaction with molecular
fluorine, however, electrophilic fluorination of
aromatic compounds with fluorine is generally a poor
and non-selective method. Different electrophilic
fluorinating reagents prepared from molecular
fluorine, such as CH3COOF "AcOF" have been developed
but suffer several drawbacks. For
[18F]radiofluorination, the harsh conditions, and poor
availability of electrophilic [18FJfluorination
methods, and the low specific activity of the products
obtained mean that it is not a favoured approach for
commercial production of [18F]-Iabelled products.
Nucleophilic fluorination methods, using fluoride are
more commonly used. [18F]Fluoride is a more widely
available reagent than the electrophilic reagents and
the products obtained are of higher specific activity
which is advantageous in the field of in vivo imaging.
Nucleophilic fluorination of aromatic rings,
particularly those which are electron rich can be
problematic. For example, nucleophilic fluorination of



anilines, where the amino group adds to electron
density of the aromatic ring is difficult to perform.
The present invention provides a precursor suitable
for nucleophilic fluorination to give a fluorinated
aniline, which combines a number of beneficial effects
including improved activation of the aromatic ring to
fluorination, few steric effects on the fluorination
reaction, and facile conversion to the fluorinated
aniline product. According to the invention, there is
provided a process for preparation of a compound of
formula (I):wherein phenyl ring A is optionally
substituted by 1 to 4 substituents; R1 is selected
from C alky!, Ca- alkenyl, and C2-6alkynyl which
comprises: (i) reaction of a corresponding compound of
formula (II): wherein ring A is optionally substituted
as defined for the compound of formula(l); R2 is
selected from hydrogen, Ci_ioalkyl, C - ohaloalkyl,
C6-i 4aryl, C6-i4arylalkyl, -(CH2CH2q )q-CH3 wherein q
is an integer of from 1 to 10; R1 is as defined for
the compound of formula (I); and R3 is a leaving
group; with fluoride to give a compound of formula
(III) wherein R1 and R2 are as defined for the
compound of formula (I) and phenyl ring A is
substituted as defined for the compound of formula
(I); followed by step (ii) and optionally step (iii)
in any order (ii) conversion of group -C(O)R 2 to
hydrogen, suitably by hydrolysis(iii) removal of any
further protecting groups. Phenyl ring A is optionally
substituted by 1 to 4 organic substituents for example
selected from fluoro, chloro, bromo, iodo, cyano,
nitro, -R, -OR, -OC(O)R, -C(O)R, -SR, -NR2, -C(O)NR 2
wherein R at each occurrence is selected from Ci
-6alkyl, C2-6alkenyl, C2-6alkynyl, Ci -6alkoxy-Ci
-6alkyl, Ci -6haloalkyl, C2-6haloalkenyl,
C2-6haloalkynyl, Ci -6 haloalkoxy-Ci -6alkyl, C5-i
2aryl, C5--I2 hetaryl wherein said aryl and hetaryl
substituents may be further substituted by the
non-aryl and non-hetaryl substituents listed for
phenyl ring A, and a protected derivative of any
thereof. 



R2 in the compound of formula (II) is selected from
hydrogen, Ci-ioalkyl (more suitably Ci-6alkyl, yet
more suitably methyl), Ci_10haloalkyl (more suitably
Ci-6haloalkyl such as C-i- fluoroalkyl, for example
trifluoromethyl) , C6-i4aryl (suitably phenyl) , C6-
i4arylalkyl (suitably phenyl-Ci -4alkyl, for example
benzyl), and -(CH2CH2O)q-CH3 wherein q is an integer
of from 1 to 10. Compounds of formula (II) wherein R2
is C4-ioalkyl or -(CH2CH2O)q-CH3 wherein q is an
integer of from 1 to 10 may be used in the process
where it is desirable to increase solubility of the
compound of formula (II) and as such these compounds
and the process according to the invention using them,
form separate aspects of the invention. Preferably, R2
in the compound of formula (II) is selected from
hydrogen and Ci-6alkyl, more preferably, R2 is
hydrogen. R3 in the compound of formula (II) is a
leaving group, capable of being displaced by fluoride
and is suitably selected from nitro, -N2 +, chloro,
bromo, iodo, -NR4(Ci -6alkyl)2 + wherein R4 is
C1-6alkyl or a group of formula (X):-OSO2R5 wherein R5
is selected from Ci -6alkyl, C-i- haloalkyl such as
C-i-eperfluoroalkyl, aryl such as phenyl ortolyl (for
example, para-tolyl), and a group of formula (X) as
defined above; and wherein R6 is selected from
hydrogen, C alky!, halo, nitro, and a group of formula
(X) as defined above. R in the compound of formula
(II) is suitably selected from: nitro, -N2 



+, chloro, bromo, iodo, -NR4(C1-6alkyl)2 + wherein R4
is Ci -6alkyl ; -OSO2R5 wherein R5 is selected from Ci
-6alkyl, Ci -6haloalkyl such as C-t- perfluoroalkyl,
aryl such as phenyl or tolyl (for example,
para-tolyl); and wherein R6 is selected from hydrogen,
Ci-6alkyl, halo, and nitro. In one particular aspect
of the invention, R3 is nitro. In the process
according to the invention, use of compounds of
formula (II) in which R3 comprises a group of formula
(X) allows the fluorination to be performed in
solid-phase which may simplify purification of the
fluorinated product as any unreacted precursor remains
bound to the solid-support and may be removed from the
solution-phase product by filtration. In the group of
formula (X), the Solid Support may be any suitable
solid-phasesupport which is insoluble in any solvents
to be used in the process but to which the Linker
and/or compound of formula (II) can be covalently
bound. Examples of suitable Solid Support include
polymers such as polystyrene (which may be block
grafted, for example with polyethylene glycol),
polyacrylamide, or polypropylene or glass or silicon
coated with such a polymer. The Solid Support may be
in the form of small discrete particles such as beads
or pins, or as a coating on the inner surface of a
cartridge or on a microfabricated vessel. In the group
of formula (X), the Linker may be any suitable organic
group which serves to space the reactive site
sufficiently from the solid support structure so as to
maximise reactivity. Suitably, the Linker comprises
zero to four aryl groups (suitably phenyl) and/or a Ci
-6 alkyl or Ci -6haloalkyl (suitably Ci -6
fluoroalkyl), and optionally one to four additional
functional groups such as amide or sulphonamide
groups. Examples of such linkers are well known to
those skilled in the art of solidphase 



chemistry, but include:wherein at each occurrence, n
is an integer of 0 to 3 and RL is hydrogen or
Ci_6alkyl. Step (i) of the process according to the
invention i.e. reaction of a compound of formula (II)
with fluoride, suitably [18F]fluoride may be effected
using a fluoride source such as NaF, KF, CsF,
tetraalkylammonium fluoride, or tetraalkylphosphonium
fluoride, suitably an [18F]fluoride source such as
Na18F, K18F, Cs18F, tetraalkylammonium [18F]fluoride
(for example, tetrabutylammonium [18F]fluoride) , or
tetraalkylphosphonium 18F fluoride. To increase the
reactivity of the fluoride, a phase transfer catalyst
such as an aminopolyether or crown ether, for example,
4,7,13,16,21 ,24 hexaoxa-1 ,10-diazabicyclo[8,8,8]
hexacosane (Kryptofix 2.2.2) may be added and the
reaction performed in a suitable solvent. These
conditions give reactive fluoride ions. Optionally, a
free radical trap may be used to improve fluoridation
yields, as described in WO 2005/06141 5 . The term
"free radical trap" is defined as any agent that
interacts with free radicals and inactivates them. A
suitable free radical trap for this purpose may be
selected from 2,2,6,6-Tetramethylpiperidine-N-Oxide
(TEMPO), 1,2-diphenylethylene (DPE), ascorbate,
para-amino benzoic acid (PABA), a-tocopherol,
hydroquinone, di-t-butyl phenol, b-carotene and
gentisic acid. Preferred free radical traps for usein
the process of the invention are TEMPO and DPE, with
TEMPO being most preferred. The treatment with
fluoride, suitably [18F]fluoride in step (i) may be
effected in the presence of a suitable organic solvent
such as acetonitrile, dimethylformamide,
dimethylsulphoxide, dimethylacetamide,
tetrahydrofuran, dioxan, 1,2 dimethoxyethane,
sulpholane, N-methylpyrolidininone, or in an ionic
liquid such as an imidazolium derivative (for example
1-ethyl-3-methylimidazolium hexafluorophosphate), a
pyridinium derivative (for example, 1-butyl-4-
methylpyridinium tetrafluoroborate), a phosphonium
compound, or tetralkylammonium compound at a
non-extreme temperature, for example, 15Cto 1800C,
preferably at elevated temperature, such as 800C to
150C, for example 



around 1200C. The organic solvent is suitably
anhydrous, but in some cases may contain low levels of
water. In one aspect of the invention, the fluoro
group in the compound of formula (I) is [18F]fluoro
and the fluoride used in step (i) of the process is
[18F]fluoride. There is particular need for novel
radiofluoridation methods, especially for
radiofluoridation of electron rich aromatic systems.
Step (ii) in the process, i.e. conversion of group
-C(O)R 2 to hydrogen, is suitably effected by acid or
base hydrolysis , using an organic or inorganic acid,
at nonextreme temperature, for example ambient
temperature to reflux temperature. The reaction may be
performed in presence of an aqueous solvent or organic
solvent, for example Ci -4alcohol such as methanol or
ethanol or acetonitrile, or a mixture of aqueous and
organic solvents. Suitable acids used in step (ii)
include hydrobromic, trifluoroacetic, phosphoric, and
hydrochloric. Suitable bases used in step (ii) include
sodium hydroxide or potassium hydroxide. Use of sodium
hydroxide in an organic solvent such as acetonitrile,
at elevatedtemperature for example around 100C may
give rise to good radiochemical yields and facilitate
purification of the fluorinated product. Alternative
bases used in step (ii) include non-nucleophilic bases
such as sodium hydride. This method gives rise to good
radiochemical yields and also facilitates purification
of the fluorinated product. Treatment with sodium
hydride may be performed in a suitable aprotic solvent
such as acetonitrile or propionitrile and at elevated
temperature such as 40C to 120C, typically around
100C. Sodium borohydride, lithium borohydride, and
lithium aluminium hydride are also suitable bases for
use in step (ii). As would be apparent to the person
skilled in the art, it is sometimes necessary to use
protecting group strategies to prevent unwanted
side-reactions during organic synthesis. Examples of
such strategies may be found in Protecting Groups in
Organic Synthesis, Theodora W. Greene and Peter G. M.
Wuts, published by 



John Wiley & Sons Inc. which describes methods for
incorporating and removing protecting groups. To avoid
unnecessary synthetic steps, it is particularly
beneficial if any protecting groups remaining in the
compound of formula (III) are removed under the
conditions of step (ii) so as to avoid a separate
deprotection step. As used herein, the term "alkyl"
used alone or as part of another group means a
saturated straight or branched chain hydrocarbon
radical, such as methyl, ethyl, propyl, /so-propyl,
butyl, /so-butyl, ferf-butyl, n-pentyl, or n-hexyl. As
used herein, the term "alkenyl" used alone or as part
of another group means an unsaturated straight or
branched chain hydrocarbon radical comprising at least
one carbon to carbon double bond, such as ethenyl,
propenyl, /so-propenyl, butenyl, /so-butenyl,
ferf-butenyl, p-pentenyl, and n-hexenyl. As used
herein, the term "alkynyl" used alone or as part of
another group means an unsaturated straight or
branched chain hydrocarbon radical comprising at
leastone carbon to carbon triple bond, such as
ethynyl, propynyl, /so-propynyl, butynyl, /so-butynyl,
te/f-butynyl, n-pentynyl, and n-hexynyl. As used
herein, the term "halo" used alone or as part of
another group means 5 fluoro, chloro, bromo, or iodo.
As used herein, the term "aryl" used alone or as part
of another group means an aromatic hydrocarbon single
ring or fused ring system, such as phenyl or naphthyl.
o As used herein, the term "hetaryl" used alone or as
part of another group means an aromatic hydrocarbon
single ring or fused ring system which additionally
comprises 1 or more heteroatoms selected from sulphur,
nitrogen, and oxygen, such as pyridyl, thiophenyl,
benzothiazolyl, benzoxazolyl, or furyl. 5 The process
according to the invention has particular utility for
synthesis of compounds of formula (I) in which R1 is
C1-6alkyl, and particularly methyl, thus the processes
wherein R1 in the compounds of formula (I), (II),
(III) is Ci-6alkyl, and particularly methyl form a
separate aspect of the invention. o The process
according to the invention is particularly useful when
the fluoro group 



in the compound of formula (I) is ortho o para to the
group -N(R1)C(O)R2 as the -N(R1)C(O)R2 positioned
ortho or para to R3 in the corresponding compound of
formula (II) may activate R3 to nucleophilic
displacement by fluoride. Preferably, the fluoro group
in the compound of formula (I) is ortho to the group
-N(R1)C(O)R 2 5 and the group R3 in the corresponding
compound of formula (II) is ortho to the group
-N(R1)C(O)R2. Certain compounds of formula (I) are
known to have use in diagnostic and therapeutic
methods, for example the benzothiazole derivatives
described for in o vivo imaging of amyloid according
to the methods described in WO 02/1 6333 and
WO2004/083195. The methods previously described for
preparing these benzothiazole derivatives, although
suitable for preparing small amounts of thecompounds,
suffer from poor radiochemical yields and poor
reproducibility such that there exists a need for
improved processes for their preparation, particularly
for a commercial setting. As mentioned above,
nucleophilic fluorination of an aromatic ring can be
problematic where the ring is electron rich. In the
compounds of formula (Ia) and (Ib) below, the
substitution pattern makes the aromatic ring difficult
to fluorinate. Attempts to design a suitable precursor
for fluorination, which was stable, could be
fluorinated in good yield, and could then be readily
converted to final product, were problematic as
demonstrated below in Example 3. Thus, in a further
aspect of the invention, there is provided a process
for preparation of a compound of formula (Ia): wherein
R1 is selected from C1-6alkyl, C2-6alkenyl, and
C2-6alkynyl; R7, R8, R9, and R10 are each
independently selected from hydrogen, fluoro, chloro,
bromo, iodo, C alky!, C2-6alkenyl, C2-6alkynyl,
(CH2)mOR11 (wherein m=1 , 2, or 3), CF3, CH2-CH2Y,
0-CH 2-CH2Y, CH2-CH2-CH2Y, 0-CH 2-CH2-CH2Y (wherein Y
is selected from fluoro, chloro, bromo, and iodo), CN,
(C=O)-R1 1 , N(R11 )2, NO2, (C=O)N(R1V O(CO) R1 1 ,
OR1 1 , SR11 , COOR1 1 , Rph , CR1 1=CR11-Rph , CR
2-CR 2-RPh (wherein RPh represents an unsubstituted or
substituted phenyl 



group with the phenyl substituents being chosen from
any of the non-phenyl substituents defined for R7 to
R10 and wherein R11 is H or Ci -6alkyl) and a
protected derivative of any thereof; and phenyl ring A
is substituted by 1 to 3 substituents being chosen
from any of the non-phenyl substituents defined for R7
to R10;which comprises: (i) reaction of a
corresponding compound of formula (Na): wherein R1 is
defined for the compound of formula (Ia), phenyl ring
A is substituted as defined for the compound of
formula (Ia); and R2 is selected from hydrogen,
d-ioalkyl, C - ohaloalkyl, C6-i4aryl, C -uarylalkyl,
-(CH2CH2O)C-CH3 wherein q is an integer of from 1 to
10; R3 is a leaving group as defined for the compound
of formula (II); R7, R8, R9, and R10 are as defined
for the compound of formula (Ia); with fluoride to
give a compound of formula (Ilia) wherein R1 and R2
are as defined for the compound of formula ( IIa),
phenyl ring A is substituted as defined for the
compound of formula (Ia); R7, R8, R9, and R10 are as
defined for the compound of formula (Ia); followed by
step (ii) and optionally step (iii) in any order (ii)
conversion of group -C(O)R 2 to hydrogen, suitably by
hydrolysis (iii) removal of any further protecting
groups.In the compounds of formula (Ia), (Ha), and
(Ilia) and the corresponding process according to the
invention, R7, R8, R9, and R10 are suitably selected
from hydrogen, hydroxy, -NO2, -CN, -COOR11 , -OCH2OR11
(wherein R1 1 is selected from hydrogen and Ci
-6alkyl), C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
C1-6alkoxy, halo, 5 and a protected derivative of any
thereof. Suitable protected derivatives of
substituents R7, R8, R9, and R10 would be apparent to
the person skilled in the art, and are described in
Theodora W. Greene and Peter G. M. Wuts as referenced
hereinbefore. For example, when R7, R8, R9, or R10 is
hydroxy, the hydroxy function is suitably protected as
a Ci- alkoxymethoxy group such as 



i o ethoxymethoxy or methoxymethoxy. One class of
preferred compounds of formula (Ia) for use in in vivo
imaging of amyloid are those of formula (Ib) 1 5
wherein R1 is selected from C alky!, C2-6alkenyl, and
C2-6alkynyl; and R9 is selected from hydroxy, -NO2,
-CN, -COOR 1\ -OCH2OR11 (wherein R11 is selected from
hydrogen and Ci -6alkyl), C1-6alkyl, C2-6alkenyl,
C2-6alkynyl, Ci -6alkoxy, halo, and a protected
derivative of any thereof, and is preferably 20
selected from hydroxy, C1-6alkoxy, and a protected
derivative of any thereof, and is more preferably
selected from hydroxy, methoxy, and a protected
derivative of either thereof. Therefore, according to
one preferred aspect of the invention there is
provided a process for preparation of a compound of
formula (Ib): whereinR1 is selected from C 1-6alkyl,
C2-6 alkenyl, and C2-6 alkynyl ; R9 is selected from
hydroxy, -NO 2 , -CN, -COOR, -OCH 2OR, C1-6alkyl, C2-6
alkenyl, C2-6 alkynyl, C i -6alkoxy, halo, and a
protected derivative of any thereof, and is preferably
selected from hydroxy, C-t- alkoxy, and a protected
derivative of any thereof, and is more preferably
selected from hydroxy, methoxy, and a protected
derivative of either thereof; which comprises: (i)
reaction of a corresponding compound of formula (Mb):
wherein R1 is selected from C1-6alkyl, C2-6 alkenyl,
and C2-6 alkynyl, and R2 is selected from hydrogen,
C-i.-ioalkyl, C - ohaloalkyl, C6- i 4aryl, C6- i
4arylalkyl, -(CH 2C H2O )q-CH 3 wherein q is a n
integer of from 1 to 10; R3 is a leaving group as
defined for the compound of formula (II); R9 is a s
defined for the compound of formula (Ib); with
fluoride to give a compound of formula (HIb) wherein R
1 and R2 are as defined for the compound of formula
(lib); R9 iiss aass ddeeffiinneedd ffoorr tthhee
ccoommppound of formula (Ib); followed by step (ii)
and 



optionally step (iii) in any order(ii) conversion of
group -C(O)R 2 to hydrogen, suitably by hydrolysis
(iii) removal of any further protecting groups in
substituent R9. Compounds of formulae (Ha) and (lib)
as defined above are important precursors, useful for
the preparation of in vivo imaging agents and
therefore form further aspects of the invention.
Preferred precursors of formula (Na) and (Mb) include
those where R2 is hydrogen or Ci_6alkyl, suitably
methyl, more suitably R2 is hydrogen; R1 is C alky!,
suitably methyl; of these precursors in which R3 is
nitro may have particular utility. Compounds of
formula (Ha) and (Mb) in which R9 is hydroxy or C-i
-6alkoxy or a protected derivative thereof may also
have particular utility. One preferred such precursor
is
2-[3-nitro-4-(methylformylamino)phenyl]-6-ethoxymethox
ybenzothiazole. Conveniently, a precursor of formula
(II), (Ha), or (lib) could be provided as part of a
kit, for example for use in a radiopharmacy. The kit
may contain a cartridge which can be plugged into a
suitably adapted automated synthesiser. The cartridge
may contain, apart from the precursor, a column to
remove unwanted fluoride ion, and an appropriate
vessel connected so as to allow the reaction mixture
to be evaporated and allow the product to be
formulated as required. The reagents and solvents and
other consumables required for the synthesis may also
be included together with a compact disc carrying the
software which allows the synthesiser to be operated
in a way so as to meet the customers requirements for
radioactive concentration, volumes, time of delivery
etc. Conveniently, all components of the kit are
disposable to minimise the possibilities of
contamination between runs and may be sterile and
quality assured. The invention further provides a
radiopharmaceutical kit for the preparation of an
18F-labelled tracer for use in PET, which comprises:
(i) a vessel containing a compound of formula (II),
(Ha), or (lib); and (ii) means for eluting the vessel
with a source of F ;(iii) an ion-exchange cartridge
for removal of excess 18F"; and optionally (iv) a
cartridge for deprotection of the resultant product of
formula (I), (Ia), or 



(Ib). The invention further provides a cartridge for a
radiopharmaceutical kit for the preparation of an
18F-labelled tracer for use in PET which comprises:
(i) a vessel containing a compound of formula (II),
(Na), or (lib); and (ii) means for eluting the vessel
with a source of F . Compounds of formula (II), (Ha),
and (lib) may be prepared from commercially available
starting materials or using starting materials
described in WO 02/16333 and WO2004/0831 95, by
standard methods of organic chemistry, for example by
the methods described below and in the examples.
Compounds of formula (II), (Ha), and (lib) wherein R3
is nitro may be prepared by methods analogous to those
described in Example 1. Compounds of formula (II),
(Ha), and (lib) wherein R3 is chloro, bromo, iodo,
tosylate, or an iodonium salt, may be prepared by
methods analogous to those shown in Schemes 1 to 4
respectively. In Schemes 1 to 6, R is as defined for a
compound of formula (I) above, R in scheme 1 is an
alkyl or aryl substituent , Ac is acyl, Ts is tosyl,
NaHDMS is sodium hexamethyldisilazide, TFA is
trifluoroacetic acid, Pd2dba3 in Scheme 6 is
tris-(dibenzylideneacetone)dipalladium(0) and the
other abbreviations are as defined in the
Examples.Scheme 1 HBr, reflux R2CO2H, CH3CO2COCCH3,
CH2CI2 CHLORO PRECURSOR Scheme 2 BROMO PRECURSORScheme
3 BBr 3 CH2CI2 R2CO2H, CH3CO2COCCH3, 



CH2CI2 IODO PRECURSORScheme 4 KOH TsCI BBr3, CH2CI2
TOSYLATE PRECURSOR Scheme 5 OAc -OAc TFA IODONIUM
PRECURSOR Compounds of formula (II), (Na), and (Mb)
wherein R3 is - N2 + may be prepared from the
corresponding compound wherein R3 is nitro, by
reduction of the nitrogroup to amino, for example
using hydrogen and Pd/C as catalyst and then
diazotization using NaNO2. Compounds of formula (II),
(Ha), and (lib) wherein R3 is -NR4(Ci -6alkyl)2 + may
be prepared according to Scheme 6 . Scheme 6The
invention is now illustrated by way of the following
Examples, in which the following abbreviations are
used: DMF: N,N-dimethylformamide DCM: dichloromethane
EOMCI: ethoxymethoxychloride DMAP:
dimethylaminopyridine RT : room temperature THF :
tetrahydrofuran IMS : industrial methylated spirits
M.p. : melting point eq. : equivalents EtOAc : ethyl
acetate 



QMA : quaternary ammonium HPLC : high performance
liquid chromatography ml_ or ml : millilitre(s) TLC :
thin layer chromatography v/v : volume/volume NMR:
nuclear magnetic resonance MS: mass spectrometry
Example 1: Synthesis of
2-f3-nitro-4-(methylformylamino)phenvn-6-
ethoxymethoxybenzoth iazoleHBr, reflux NaH, EOMCI, THF
RT Acetic anhydride Formic acid DCM, reflux Example
1(i) 4-Acetamido-3-nitrobenzoyl chloride (2)
4-Acetamido-3-nitrobenzoic acid 1 (Alfa Aesar, 5.6g,
25mmol), oxalyl chloride (4.76g, 38mmol), chloroform
(50ml), DMF (few drops) were stirred at 40C for 3
hours. The solvent was removed in vacuo to give a
yellow solid that was used in the next step without
further purification. Example 1 (ia),
5-methoxy-2-aminobenzenethiol (3)
2-Amino-6-methoxy-benzothiazole 1Og (55.6 mmol) was
suspended in 25% aqueous potassium hydroxide and the
mixture heated under reflux for 24h. The pale yellow
solution was cooled and acidified to pH 6 with firstly
aqueous 6N HCIthen acetic acid. The precipitated solid
was filtered, washed with water (3x1 00ml), dried
(high vac.) to afford the desired material as a pale
yellow powder 8.1 8g, 95%. 5 Example KiO
2-(4-Acetamido-3- pitrophenyl)-6-methoxybenzothiazole
(4) 5-Methoxy-2-aminobenzenethiol 3 (3.88g, 25mmol),
pyridine (100ml), and DMAP (few crystals) were stirred
at room temperature. 



4-Acetamido-3-nitrobenzoyl chloride (25mmol, as
produced above) was added in o one portion below 30C.
The mixture was stirred for a further 1 hour. The
mixture was heated to 80C and stirred over the
weekend. The mixture was cooled. The crystals were
filtered off and washed with IMS to give 2.2g (26%
yield) of 2-(4-
acetamido-3-nitrophenyl)-6-methoxybenzothiazole. 5
Example 1(iii)
2-(4-N-Methylacetamido-3-nitrophenyl)-6-methoxybenzoth
iazole (5) Sodium hydride (6.33g, 157mmol) and DMF
(400ml) were stirred at room temperature.
2-(4-Acetamido-3-nitrophenyl)-6-methoxybenzothiazole 4
(45g, 131 mmol) was added in one portion. The mixture
was stirred for 1 hour. The mixture was cooled in an
ice bath and methyl iodide (23. 1g, 164mmol) was added
0 in one portion, the temperature stayed below 20C.
The mixture was stirred for 3 hours, water (900ml) was
added, the mixture was filtered and washed with water.
The solid was recrystallised from IMS to give 43.7g
(93% yield) of
2-(4-N-methylacetamido-3-nitrophenyl)-6-methoxybenzoth
iazole. M.p 168-172C. 5 Example 1(iv)
2-(4-Methylamino-3-nitrophenyl)-6-hvdroxybenzothiazole
(6) A mixture of
2-(4-N-methylacetamido-3-nitrophenyl)-6-methoxybenzoth
iazole (58g, 162 mmol), hydrobromic acid (500ml, 48%
aqueous solution) and hydrobromic acid (500ml, 45% in
acetic acid) were stirred at 135C for 5hr. The mixture
was o cooled to room temperature and the solid was
filtered off and washed with a little water. The solid
was slurried with water and the pH adjusted to about
pH10 with concentrated ammonia solution. The solid was
filtered off and washed with water.The solid was
triturated with IMS (200ml), filtered, the mixture was
boiled with IMS (500ml) then cooled to room
temperature then filtered. The solid was again boiled
with IMS (500ml) then cooled to room temperature then
filtered. The solid was dissolved in hot DMF (200ml),
filtered and water (100ml) added. The solid was
filtered off and washed with IMS. The solid was boiled
with water (300ml) for 5 minutes, cooled, filtered,
washed with water then IMS to give 45.9g (94% yield)
of 



2-(4-Methylamino-3-nitrophenyl)-6-hydroxybenzothiazole
. M.p 269-272C. Example 1(v)
2-[3-nitro-4-(methylamino)phenv
p-6-ethoxymethoxybenzothiazole (Z) A 3 necked 250 ml
round bottom flask was dried in an oven at 8O0C
overnight. A suspension of 6 (16.6mmol, 5g) in dry THF
( 180ml) has been poured drop wise into a suspension
of NaH 60% dispersion in mineral oil (33.2mmol, 1.26g,
2eq) in dry THF (20ml). Once the addition was complete
neat ethoxy methyl chloride ( 16.6mmol, 1.54ml, 1eq)
was added and the reaction stirred over night. The
dark brown mixture was filtrated under vacuum and the
filtrate concentrated under high vacuum. The crude
product was supported onto silica and purified via
flash chromatography in DCM/EtOAc: 3% EtOAc The
desired fraction was isolated, concentrated under high
vacuum to yield 60% of an off-red solid with 95%
purity. Example KvQ:
2-f3-nitro-4-(methylformylamino)phenvH-6-ethoxymethoxy
benzothiazole (8) All glassware was dried in an oven
at 8O0C overnight. In a 1L three necked round bottom
flask fitted with a condenser and thermometer was
added acetic anhydride ( 15ml, 160mmol, 22eq) dropwise
to a solution of formic acid ( 1dOmmol, 6ml, 22eq) at
O0C. The mixture was stirred for 15 minutes at6O0C. A
solution of 7 (7.2mmol, 2.6g) in dry DCM (310ml) is
added dropwise at O0C to the mixed anhydride. Stirring
was continued at this temperature for one hour and the
clear orange solution was stirred 5 days at 4O0C The
reaction was followed by HPLC: after 5 days 60%
conversion into the desired product was observed. HPLC
conditions: Column Phenomenex Luna 150X4.6mn Flow
1ml/minutes 



Solvent: Acetonitrile (B) and Water (A) Detection:
254-214 Gradient 5-95% of B over 8 minutes Retention
time: 9.5 minutes The clear orange solution was washed
with 1N NaOH aq (3x1 00ml), water (3x1 00ml), dried
over magnesium sulfate and concentrated under high
vacuum. The bright orange crude product was supported
onto silica and purified via flash chromatography in
DCIWEtOAc: 3-10% EtOAc The desired fraction was
isolated, concentrated under high vacuum to yield
54.2% of an off yellow solid with 98% purity. Example
Kvii) Preparation of
2-F3-r18F1fluoro-4-(methylamino)phenv
p-6-hvdroxybenzothiazole (11) - see Scheme below
(Approach 1)11 10 [18F]fluoride (in 200mL enriched 95%
18Owater), 2.5mg of Kryptofix 2.2.2 (in 0.5mL
acetonitrile) and 50ml_ 0.1 M K2CO3 were added to a
glassy carbon reaction vessel. The solution was then
evaporated to dryness using a stream of nitrogen and
heating the reaction vessel to 100C for 15 minutes. 2
x 1mL acetonitrile was added to the reaction vessel at
5 minutes and 10 minutes respectively to aid
azeotropic drying. The reaction vessel was cooled to
room temperature and 2-[3-
nitro-4-(methylformylamino)phenyl]-6-ethoxymethoxy-ben
zothiazole (8) (5.0 mg) in 1mL anhydrous dimethyl
sulfoxide was added. The reaction was sealed and
heated for 10 minutes at 130C. The crude mixture was
analyzed by HPLC and TLC. 0.25mL of 6M HCI and 0.5mL
DMSO was added to the crude reaction solution of
2-[3-[
18F]fluoro-4-(methylformylamino)phenyl]-6-ethoxymethox
y-benzothiazole (9) and heated at 125C for 10 minutes.
The reaction was then cooled to room temperature and
neutralized using 2M sodium acetate resulting in the
synthesis of 2-[3-[
18F]fluoro-4-(methylamino)phenyl]-6-hydroxy-benzothiaz
ole (11) . The crude mixture was analyzed by HPLC and
TLC. 



HPLC purification and formulation. 2-[3-[
18F]fluoro-4-(methylamino)phenyl]-6-hydroxy-benzothiaz
ole (11)was purifiedby HPLC using a Phenomenex Prodigy
ODS preparative. 10 um 250 mm x 10 mm (part no.
00G-4088-N0) preparative column (the column is eluted
with 40/60 acetonitrile/triethylamine phosphate
buffered solution pH 7 (v/v)). The control method is
0-15minutes 5ml/minute, 15.5-39.9minutes 8ml/minute,
40minutes 5ml/minute. The product elutes with a
retention time of 22 - 23 minutes (in a volume of
8mL). The HPLC purified "cut" was diluted to 5OmL with
addition of distilled water. The product was then
"trapped" onto a C8-sep-pak cartridge and then eluted
off the cartridge with 1mL ethanol. The ethanol was
then removed undervacuum and the final product
formulated in 10% ethanol / 90% phosphate buffered
saline. Example 2 Preparation of
2-f3-r18F1fluoro-4-(methylamino)phenv
p-6-hvdroxybenzothiazole (11) - see Scheme above
(Approach 2) Example 2(0 Preparation of fK/K2.2.2l 18F
(using enriched 95% 18O water). After irradiation, the
target content was passed through a column packed with
QMA resin. The column was purged with helium for 5
minutes. The [18F]fluoride adsorbed on the resin was
eluted into a reaction vial with 4 ml of a 96 : 4 (by
volume) acetonitrile-water mixture containing 19.1 mg
of Kryptofix 2.2.2 and 2.9 mg of K2CO3; the solution
was then evaporated and co-evaporated with anhydrous
acetonitrile ( 2 x 1 ml) to dryness in a nitrogen
stream at 11O0C. Example 2(ii) Preparation of
2-r3-r18F1fluoro-4-(methylformylamino)phenyl1-6-
ethoxymethoxy-benzothiazole (9) and 2-f3-r
18F1fluoro-4-(methylamino)phenvn-6-
ethoxymethoxy-benzothiazole (1 0). A solution of
2-[3-nitro-4-(methylformylamino)phenyl]-6-ethoxymethox
ybenzothiazole (8) (3.0 mg) in anhydrous acetonitrile
(0.1 ml) was added to a solution of [K/K2.2.2] + 18F
in anhydrous acetonitrile (0.25 ml). The reaction
mixture was heated at 1500C for 15 minutes. The crude
mixture was analyzed by analytical HPLC.Example 2(iii)
Conversion of
2-T3-1-18F1fluoro-4-(methylformylamino)phenyri-6- 



ethoxymethoxy-benzothiazole (9) to
2-r3-r18Flfluoro-4-(methylaminobhenvn-6-
ethoxymethoxy-benzothiazole (1 0). About 0.2 ml of the
previous reaction mixture was added to a solution of
NaH (3.2 mg) in anhydrous acetonitrile (0.2 ml) at
room temperature. The resulted mixture was heated at
1000C for 5 minutes. The crude mixture was analyzed by
analytical HPLC. Preparation of 2-[3-r
18F1fluoro-4-(methylamino)phenyll-6-hydroxy-benzothiaz
ole (1 1) . A solution of concentrated HCI in MeOH ( 1
:2) (0.25 ml) was added to the previous reaction
mixture and heated at 100C for 5 minutes. The crude
mixture was analyzed by analytical HPLC. Example 3 :
Comparitive r18F1fluorination of different precursors.
Radiofluoridation of various benzothiazole precursor
compounds using methods analogous to those described
in Example 1(vii) gave the results shown in Table 1.
Crude yield was calculated from radiochemical purity
measured by HPLC, corrected for product lost by
retention on HPLC and in the reaction vessel.Example
4: Automated synthesis of
2-r3-r18F1fluoro-4-(methylamino)phe pvn-6-
hvdroxy-benzothiazole (1 1) The reagent positions of a
TRACERIab FXFN (GE Healthcare Ltd) automatic
synthesiser unit were loaded with the following
solutions: i. 0.1 M potassium carbonate in water (0.5
mL) ii. 0.1 3M Kryptofix 2.2.2 in acetonitrile (0.5
mL) iii. Precursor solution: 0.1 M
2-[3-nitro-4-(methylformylamino)phenyl]-6-
ethoxymethoxy-benzothiazole (8) in DMSO ( 1 .0 mL) iv.
4M hydrochloric acid (0.25 mL) v. ethanol ( 1 .0 mL)
vi. 0.01 M phosphate buffer, pH 7.4 (13.1 mL) When a
solution of [18F]fluoride in [18O]-enriched water (121
MBq) had been loaded into the synthesiser's starting
position the operator initiated the programme 



causing the following sequence of events to take
place. The fluoride solution passed through a QMA
cartridge (pre-conditioned with 10 mL of 0.5M aqueous
potassium carbonate and 20 mL of water) trapping the
fluoride and sending the enriched water to waste. The
QMA cartridge was then eluted with the 0.1 M potassium
carbonate solution to recover the fluoride and the
eluantwas directed to the reactor vessel. The solution
of Kryptofix 2.2.2 was added to the reactor and the
mixture was heated at 6O0C for 5 minutes under a
gentle flow of nitrogen at reduced pressure. The
temperature was then raised to 1200C and held under
vacuum for 7 minutes to dry the contents of the
reactor. After cooling to 50C, the Precursor solution
was added to the reactor and the temperature was
raised to 135C for 10 minutes. This step allows
[18F]fluoride to be incorporated into the organic
molecule. The solution was cooled to 50C and the 4M
hydrochloric acid was added. The mixture was heated to
125C for 5 minutes to cause deprotection of the
intermediate compound and, after cooling to 400C, the
crude product solution was injected onto a Phenomenex
Gemini C18 HPLC column (250 x 2 1.2 mm, 5mm). The
column was eluted with 6mM hydrochloricacid -
acetonitrile mixture (53:47, v:v) at 10 mL/min. The
desired product was identified by radio-detection and
collected by cutting. The obtained solution was
diluted with water (150 ml_) and passed through a
Sep-Pak(r) Plus C8 cartridge (pre-conditioned with 10
ml_ ethanol and 10 ml_ water) so that the product was
retained on the cartridge. The cartridge was eluted
with ethanol into the product vial which contained
propylene glycol (0.9 ml_). Phosphate buffer was also
passed through the cartridge into the product vial to
give the formulated product. Yield of the product was
10.8 % (non-corrected, based on [18F] starting
activity) and the radiochemical purity was >99 %.
Example 5: Alternative synthesis of
2-r3-nitro-4-(methylformylamino)phenv p-6-
ethoxymethoxy-benzothiazole (8) Example 5(0 :
Synthesis of
4-Chloro-N-(4-hvdroxy-phenyl)-3-nitro-benzamide
4-Amino-phenol (12 g, 0.1 1 mol, Acros and Aldrich)
was dissolved under an inert 



atmosphere, with stirring, in dry DMF (50 ml) and
cooled in an ice-bath. Triethylamine (TEA, 11 g, 0.1 1
mol) was added and stirring continued for 1 hour.
4-Chloro-3-nitro-benzoyl chloride (22.2 g 0.1 mol,
Acros and Aldrich) was added slowly and stirred
overnight. The precipitated triethylamine.
hydrochloride salt was filtered off and DMF removed
under reduced pressure. The residue was extracted with
EtOAc (3 x 100 ml) and citric acid ( 1M, 3 x 100 ml).
The organic phase was dried with magnesium sulphate,
filtered and evaporated to dryness under reduced
pressure. The title product was recrystallised from
methanol/water ( 1 : 1 , 250 ml), yield 85 %, and
analysed by NMR and MS. Example 5(ii): Synthesis of
4-Chloro-N-(4-ethoxymethoxy-phenyl)-3-nitrobenzamide4-
Chloro-N-(4-hydroxy-phenyl)-3-nitro-benzamide (14.6 g,
0.05 mol) was placed in an oven dried 2-necked 500 ml
round-bottomed flask and flushed with N2. Enough
Dimethoxyethane (DME, 100 ml) was added to dissolve
the amide. The mixture was cooled in ice bath and
sodium hydride (NaH, 50 % in oil, 3.6 g total, 0.075
mol) added in small portions with vigorous stirring.
An hour after addition was complete,
chloromethoxy-ethane (7.13 g , 0.075 mol, commercially
available) was added drop wise via a
pressure-equalising dropping funnel. The reaction was
followed by TLC (dichloromethane, DCM, : methanol,
MeOH, 95:5 ) . The reaction mixture was poured into
ice water and extracted with EtOAc (3 x 50 ml). The
organic phase was dried (MgSO4) and evaporated under
reduced pressure. The crude product was recrystallised
form Hexane / ethyl acetate, 1:4. to give 8 1 % of the
title compound. Example 5(iii): Synthesis of
4-Chloro-N-(4-ethoxymethoxy-phenyl)-3-nitrothiobenzami
de
4-Chloro-N-(4-ethoxymethoxy-phenyl)-3-nitro-benzamide
(3.5 g, 10 mmol), phosphorus pentasulfide P4S10 ( 0.81
g, 1.83 mmol, commercially available),
hexamethyldisiloxane (2.7 g, 16.7 mmol, commercially
available) and toluene ( 10 ml) were added into a 100
ml round-bottomed flask and flushed with nitrogen. The
mixture was heated under reflux and was followed by
TLC. Heating continued until no more starting
benzamide remained. Microwave heating can also be
used. 



The reaction mixture was cooled to room temperature.
Potassium carbonate solution (4 ml of 5.3M solution)
was added. Acetone (10 ml) was added and the mixture
stirred for 1 hour in an ice bath, the extracted with
toluene and water. The organic phase was dried (MgSO4)
and toluene removed under reduced pressure and
purified by flash chromatography with ethyl
acetate/hexane as eluent.Example 5 (iiia) Alternative
Thioamidation procedure: synthesis of N-(4-
Benzyloxy-phenyl)-4-chloro-3-nitro-thiobenzamide
N-(4-Benzyloxy-phenyl)-4-chloro-3-nitro-benzamide
(19.15g, 50 mmol), Lawesson reagent ( 11 g, 27 mmol,
commercially available) and dioxane ( 150 ml) were
stirred together and heated under reflux for 4 h. When
no more starting amide was present, as showed by TLC,
the reaction mixture was cooled and the solvent
removed under reduced pressure. The crude product was
dissolved in minimum boiling toluene to recrystallise.
The purified product was filtered and washed with cold
toluene and cold hexane to give the thioamide, in 77 %
yield. Example 5(iva): Synthesis of
6-benzyloxy-2-(4-chloro-3-nitro-phenyl)- benzothiazole
Triton B in MeOH n B:
N-(4-Benzyloxy-phenyl)-4-chloro-3-nitro-thiobenzamide
(2 g, 5 mmol) was dissolved in methanol (100 ml).
Sodium hydroxide ( 1.6 g in 5 ml water) was added
followed by Triton B (2.1 ml, 5 mmol, commercially
available). The mixture was cooled in an ice-bath.
Potassium ferri(lll)cyanide (13.2 g in 50 ml water)
was added drop wise with vigorous stirring. The
reaction mixture was allowed to warm up overnight and
was further warmed to 130 0C for 1 hour. The reaction
mixture was cooled and extracted with ethyl acetate /
water. The organic phase dried andthe solvent removed
under reduced pressure. The product, compound was
purified by flash chromatography with Hexane/Ethyl
acetate as eluent. Example 5(iv): Synthesis of
6-ethoxymethoxy-2-(4-chloro-3-nitro-phenyl)-
benzothiazole Using methods analogous to those
described in Example 5(iva), the 



thiobenzamide prepared in Example 5(iii) may be
cyclised to form the title compound. Example 5(v) :
Synthesis of
6-benzyloxy-2-(4-methylamino-3-nitro-phenyl)-
benzothiazole and
6-ethoxymethoxy-2-(4-methylamino-3-nitro-phenyl)-
benzothiazole (7) The compounds of Examples 5(iva) and
5(iv) respectively, are reacted with methylamine in
aqueous solution, heating to 130 C, for example in a
microwave oven. The reaction mixture is extracted with
ethyl acetate/water and the organic phase is dried,
before removing the solvent under reduced pressure.
The title products are purified by flash
chromatography using hexane/ethyl acetate. Example
5(vi): Synthesis of
2-f3-nitro-4-(methylformylamino)phenyl]-6-benzyloxyben
zothiazole and
2-r3-nitro-4-(methylformylamino)phenyl]-6-ethoxyrnetho
xybenzothiazole (8) The title compounds are prepared
from the compounds of Example 5(v) respectively using
formylation methods analogous to those described in
Example 1(vi). Example 6: Alternative synthesis of
2-f3-nitro-4-(methylformylamino)phenvn-6-
ethoxymethoxy-benzothiazole (8) The synthesis is
performed, by analogy to Example 5, but starting with
4-amino-3- chloro-phenol to prepare
6-ethoxymethoxy-2-(4-chloro-3-nitro-phenyl)-
benzothiazole via
4-Chloro-N-(4-hydroxy-2-chloro-phenyl)-3-nitro-benzami
de,
4-Chloro-N-(4-ethoxymethoxy-2-chloro-phenyl)-3-nitro-b
enzamide, and 4-Chloro-N-
(4-qthoxymethoxy-2-chloro-phenyl)-3-nitro-thiobenzamid
e. Cyclisation of 4-
chloro-N-(4-ethoxymethoxy-2-chloro-pheny!)-3-nitro-thi
obenzamide to form 6-
ethoxymethoxy-2-(4-chloro-3-nitro-phenyl)-benzothiazol
e is performed using literature methods, for example
Bowman et al Tetrahedron, 47(48), 101 19-10128 (1991);
Couture and Glandclaudon, Heterocycles, 22(6) 1984;
Hutchinson et al, Tetrahedron Lett. 2000, 4 1(3),
425-8. Subsequent methylation and formylation are then
performed as described in Example 5.Claims 



1. A process for preparation of a compound of formula
(I): wherein phenyl ring A is optionally substituted
by 1 to 4 substituents; R1 is selected from d - alkyl,
C2-6alkenyl, and C^alkynyl ; which comprises: (i)
reaction of a corresponding compound of formula (II):
wherein ring A is optionally substituted as defined
for the compound of formula(l); R2 is selected from
hydrogen, Ci_ioalkyl, C - ohaloalkyl, C-6-i 4aryl, C6-
i4arylalkyl, -(CH2CH2O) -CHa wherein q is an integer
of from 1 to 10; R1 is as defined for the compound of
formula (I); and R3 is a leaving group; with fluoride
to give a compound of formula (III) wherein R1 and R2
are as defined for the compound of formula (I) and
phenyl ringA is substituted as defined for the
compound of formula (I); followed by step (ii) and
optionally step (iii) in any order (ii) conversion of
group -C(O)R 2 to hydrogen, suitably by hydrolysis
(iii) removal of any further protecting groups. 2. A
process according to claim 1 wherein phenyl ring A is
optionally substituted by 1 to 4 organic substituents
selected from fluoro, chloro, bromo, iodo, cyano,
nitro, -R, -OR, -OC(O)R, -C(O)R, -SR1 -NR2, -C(O)NR2
wherein R at each occurance is selected from
Ci-6alkyl, C2-6alkenyl, C2-6alkynyl, Ci-6alkoxy-Ci
-6alkyl, C1-6haloalkyl, C2-6haloalkenyl,
C2-6haloalkynyl, C5-12 hetaryl wherein said aryl and
hetaryl substituents may be further substituted by the
non-aryl and non-hetary! substituents listed for
phenyl ring A, and a protected derivative of any
thereof. 3. A process for preparation of a compound of
formula (Ia): wherein R1 is selected from Ci -6alkyl,
C2-6alkenyl, and C2-6alkynyl; R7, R8, R9, and R10 are
each independently selected from hydrogen, fluoro,
chloro, bromo, iodo, C1-6alkyl, C2-6alkenyl,
C2-6alkynyl, (CH2)mOR11 (wherein m=1 , 2, or 3), 



CF3, CH2-CH2Y, 0-CH 2-CH2Y, CH2-CH2-CH2Y, 0-CH
2-CH2-CH2Y (wherein Y is selected from fluoro, chloro,
bromo, and iodo), CN1 (C=O)-R11 , N(R11)2, NO2,
(C=O)N(R11 )2, O(CO) R1 1 , OR11 , SR11 , COOR11 ,
Rph, CR1 1=CR11-Rph, CR1 1 2-CR1 1 2-Rph (wherein RPh
represents an unsubstituted or substituted phenylgroup
with the phenyl substituents being chosen from any of
the non-phenyl substituents defined for R7 to R10 and
wherein R11 is H or Ci -6alkyl) and a protected
derivative of any thereof; and phenyl ring A is
substituted by 1 to 3 substituents being chosen from
any of the non-phenyl substituents defined for R to R
; which comprises: (i) reaction of a corresponding
compound of formula (Ha): wherein R1 is defined for
the compound of formula (Ia), phenyl ring A is
substituted as defined for the compound of formula
(Ia); and R2 is selected from hydrogen, Ci -10alkyl, C
-t.-iohaloalkyl, C6- i4aryl, C6-i4arylalkyl,
-(CH2CH2O) -CH3 wherein q is an integer of from 1 to
10; R3 is a leaving group; R7, R8, R9, and R10 are as
defined for the compound of formula (Ia); with
fluoride to give a compound of formula (Ilia) wherein
R1 and R2 are as defined for the compound of formula (
IIa), phenyl ring A is substituted as defined for the
compound of formula (Ia);R7, R8, R9, and R10 are as
defined for the compound of formula (Ia); followed by
step (ii) and optionally step (iii) in any order (ii)
conversion of group -C(O)R 2to hydrogen, suitably by
hydrolysis (iii) removal of any further protecting
groups. 4. A process for preparation of a compound of
formula (Ib): wherein R1 is selected from C1-6alkyl,
C2-6alkenyl, and C2-6alkynyl ; 



R9 is selected from hydroxy, -NO2, -CN, -COOR,
-OCH2OR, C1-6alkyl, C2-6alkenyl, C2-6alkynyl, C-i-
alkoxy, halo, and a protected derivative of any
thereof, and is preferably selected from hydroxy, and
a protected derivative of any thereof, and is more
preferably selected from hydroxy, methoxy, and a
protected derivative of either thereof; which
comprises: (i) reaction of a corresponding compound of
formula (lib): wherein R1 is selected from Ci-6alkyl,
and C-2- alkynyl, and R2 is selected from hydrogen, Ci
-10a]kyl, C- ohaloalkyl, C6-i 4aryl, C6-i
4arylalkyl,-(CH2CH2q )q-CH3 wherein q is an integer of
from 1 to 10; R3 is a leaving group; R9 is as defined
for the compound of formula (Ib); with fluoride to
give a compound of formula (HIb) wherein R1 and R2 are
as defined for the compound of formula (lib); R9 is as
defined for the compound of formula (Ib); followed by
step (ii) and optionally step (iii) in any order (ii)
conversion of group -C(O)R 2 to hydrogen, suitably by
hydrolysis (iii) removal of any further protecting
groups in substituent R9. 5 . A process according to
any one of claims 1 to 4 in which the fluoro group in
the compound of formula (I), (Ia), or (Ib) is
[18F]fluoro and the fluoride used in step (i) of the
process is [18F]fluoride. 6. A process according to
any one of claims 1 to 5 wherein R3 in the compound of
formula (II), (Ha) or (lib) is selected from : nitro,
-N2 + chloro, bromo, iodo, 



-NR4(Ci -6alkyl)2 wherein R4 is Ci -6alkyl or a group
of formula (X): -OSO2R5 wherein R5 is selected from
Ci-6alkyl, Ci -6haloalkyl such asCi-6perfluoroalkyl,
aryl such as phenyl ortolyl (for example, para-tolyl),
and a group of formula (X) as defined above; and 'H
wherein R is selected from hydrogen, Ci-6alkyl, halo,
nitro, and a group of formula (X) as defined above. 7.
A process according to claim 6 wherein R3 is selected
from: nitro, -N2 +, chloro, bromo, iodo, -NR4(Ci
-6alkyl)2 + wherein R4 is C1-6alkyl ; -OSO2R5 wherein
R5 is selected from C alky!, Ci_6haloalkyl such as
Ci-6perfluoroalkyl, aryl such as phenyl or tolyl (for
example, para-tolyl); and wherein R6 is selected from
hydrogen, C1-6alkyl, halo, and nitro 8. A process
according to claim 6 or 7 wherein R3 is nitro. 9. A
process according to any of claims 1 to 8 wherein R1
is C alky!, and particularly methyl. 10. A process
according to any of claims 1 to 9 wherein R2 in the
compound of formula (II), (Ha), or (lib) is selected
from hydrogen and Ci -6alkyl, and is more preferably
hydrogen. 11. A process according to any of claims 1
to 9 whereinstep (ii) is effected by reaction with a
non-nucleophilic base such as sodium hydride in an
aprotic solvent such as acetonitrile or propionitrile
and at elevated temperature such as 40 C to 12O C,
typically around 100C. 12. A compound of formula (Ha)
or (lib) as defined in any of claims 3 to 10. 



13. A compound of formula (lib): wherein : R2 is
hydrogen or C-i-balkyl (suitably methyl); R1 is
C1-6alkyl (suitably methyl); R3 is selected from
nitro, -N2 +, chloro, bromo, iodo, -NR4(C1-6alkyl)2 +
wherein R4 is C1-6alkyl ; -OSO2R5 wherein R5 is
selected from C alky!, C1-6haloalkyl such as
C-i-6perfluoroalkyl, aryl such as phenyl or tolyl (for
example, para-tolyl); and wherein R6 is selected from
hydrogen, C alky!, halo, and nitro; and R9 is hydroxy
or Ci -6alkoxy or a protected derivative thereof. 14.
A compound of formula (lib) according to claim 12 or
13 wherein R2 is hydrogen, and R3 is nitro.15.
2-[3-nitro-4-(methylformylamino)phenyl]-6-ethoxymethox
y-benzothiazole. 16. A radiopharmaceutical kit for the
preparation of an 18F-labelled tracer for use in PET,
which comprises: (i) a vessel containing a compound of
formula (II), (Ha), or (lib) as defined in any one of
claims 12 to 15; and (ii) means for eluting the vessel
with a source of F ; (iii) an ion-exchange cartridge
for removal of excess 18F ; and optionally (iv) a
cartridge for deprotection of the resultant product of
formula (I), (Ia), or (Ib) as defined in any one of
claims 1 to 5. 17. A cartridge for a
radiopharmaceutical kit for the preparation of an
18F-labelled tracer for use in PET which comprises: 



(i) a vessel containing a compound of formula (II),
(Ha), or (lib) as defined in any one of claims 12 to
15; and (ii) means for eluting the vessel with a
source of F . 


