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TAMOXIFEN AND ANALOGUES THEREOF

This invention relates to tamoxifen and analogues
thereof and particularly, although not exclusively,
relates to a method of preparing a desired isomer of
tamoxifen or an analogue thereof.

Tamoxifen is a triphenylethylene derivative of
formula

which is a drug in clinical use for the treatment of
hormone dependent breast cancer. For this purpose, only
the Z isomer has the required antiestrogenic activity, the
E isomer being oestrogenic. The same criteria of

antioestrogenecity applies to tamoxifen analogues. One of

the most important analogues of tamoxifen is 4-
hydroxytamoxifen (one of the main metabolites in
patients), which has an affinity for binding to oestrogen
receptors which is 100 times higher than for tamoxifen
itself. Accordingly, processes for stereoselective
synthesis and/or isolation of substantially pure Z isomer
of tamoxifen, 4-hydroxytamoxifen and other analogues are
desirable,

Known processes for the preparation of substantially
pure Z isomer of tamoxifen and 4-hydroxytamoxifen include

an

5

Tanmoxi fen is a triphenyl ethyl ene derivative of



20 which is a drug in clinical use for the treatnent of hor none
dependent br gasd, cer. For this purpose, only the Z,| s the
required antiest?%%gnic activity, the E i sonmer being gggt?ggenlc The
sanme criteria of antioestrogenecity applies to tanoxifen analogues One
of 25 the nbst inportant” analogues of2 tanoxifen is 4-

hydr oxyt anoxi fen (one of the main netabolites in patients), which has
an affinity for $ie¥geagleet bexsyoghases (¥RKRQMPGHSE¥P¢QﬂiWQSCE@@1Y$heb

hi gher than for dsaamesicirebed inidSeaidem.Ageer (i BeE¥in PRAGRSICI 980! 1101

stereosel ective yn /o ol at.i on_of, subst ntlal
i somer of taﬁgkl EE &roxyt%n%§1fgﬁ J4th8r a éigb érgpélc

desi rabl e. Separatkﬁﬁvﬁﬁgﬂnog 8 Jeisctiugre Pﬁelﬁnmﬂﬁﬁ'aﬁl@ﬁﬁQﬁlh§@bsnaﬁt|aJIy
35 pure Z isomethedi. RagDXifemy ard 41bydpexytzanoxibes (dclggde (M) 771.
- 2- stereosel ective syntheses (involving expensive catalysts)

It is an object of the present invention to provide
a method of preparing tamoxifen or an analogue thereof
which is xich in the desired isomer and which may be

10 advantageous over known methods.

The invention is based on the surprising, and
previously unappreciated, discovery that one geometric
isomer of tamoxifen or an analogue thereof can  be

15 predominantly removed from a mixture of isomers in the
presence of certain solvents.

According to a first aspect of the invention, there

is provided a method of removing predominantly a first

20 geometric isomer of tamoxifen or an analogue thereof from

a mixture comprising said first geometric isomer and a

second geometric isomer, the method including the step of
allowing the first isomer to crystallise in a solvent.

25 Preferably, the method comprises contacting a mixture
which comprises said first and second isomers with said
solvent.

The method may include separating the crystallised
30 product from the remainder.

Said solvent is preferably able to dissolve the
isomers in said mixture and is such as to allow re-
crystallisation as aforesaid. In the method, said solvent

35 is preferably contacted with the isomers in the mixture
when said solvent is at a first temperature wherein said
first temperature is suitably less than the boiling point
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%%Swgtéﬁ%:‘%r on %sh c%%'rged out;S C:)Llnva éreezer at -4°C, then
the ratio of the amount of the second geometric isomer to
the first geometric isomer in the crystallised product is
greater than the corresponding ratio observed when
recrystallisation is carried out at ambient temperature
(about 22°C). Thus, recrystallisation is suitably carried
out at greater than -4°C, preferably greater than 0°C, more
preferably greater than 10°C, especially greater than 20°C.
Advantageously, recrystallisation may be carried ocut at at
least ambient temperature.

It will be appreciated that there may be an optimum
temperature of recrystallisation wherein the ratio of the
amount of first geometric isomer to second geometric
isomer ‘in the crystallised product is maximised. Said
second temperature may be within 30°C, suitably 25°C,
preferably 20°C, more preferably 15°C, especially 10°C of
the optimum temperature.

Said first temperature may be at least 50°C, suitably
at least 60°C, preferably at least 70°C, more preferably at
least 80°C, especially at 1least 90°C. Said first
temperature may be less than 200°C, preferably less than
160°C, more preferably less than 140°C, especially less
than 120°C.

Said first temperature may be less than the boiling
point of the solvent, suitably by at least 10°C, preferably
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i Somers in sai 0r!hy/xture and is such as to allow re- crgéﬁ %ﬁog ?lon as
aforesaid. In the method, said solvent 35 is preferably contacted with the
i soners in the fxture when said solvent is at a first tenperature
wherein said first tenperature is suitably |less than the boiling point
- 3- of the solvent. Recrystallisation is suitably carried out at
a second tenperature mhich S Iess than saifl first tenmperature. It is
bel i eved t hat the ] ecr taI on ste ffects
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5 30°C, suitably at least 40°C, preferably at least 50°C, more

preferably at least 60°C. Said boiling point may be less
than 300°C, suitably less than 250°C, preferably less than
200°C, more preferably less than 175°C.

L R TL I

10 Various solvents may be selected for use in the
method. Preferably, said solvent includes a first solvent
part. Preferably, the first solvent part is an organic
solvent with polar organic solvents being preferred.

is Said first solvent part may be an unsubstituted
hydrocarbon or may include one or more functional groups.
Such groups may be selected from -OH, -NO,, -CN, -0O- and
: optionally substituted, especially unsubstituted, alkyl

groups.
20
The first solvent part may include two or, more

preferably, one or fewer functional groups. Especially
‘ preferred is the case wherein the first solvent part
' includes only one functional group.
| 25
§

Said first solvent part is preferably a protic
solvent.

A preferred functicnal group of said first solvent
30 part is an -OH group.

Said first solvent part may be aliphatic, alicyclic,

| aromatic or heteroaromatic. Said first solvent part is
preferably aliphatic.

35
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preferably less t 140[ err especially less han 12[err] C
Said first tenpé? PSbe | ess than the boiling poi nt of the
solvent, suitably by at least 10[err]C, preferably

Said first solvent part may have a boiling point of

10 at least 50°C, suitably at least 75°C, preferably at least

100°C, more preferably at least 125°C, especially at least

150°C. Said boiling point may be less than 300°C, suitably

less than 250°C, preferably less than 225°C, more
preferably less than 200°C, especially less than 175°C.

15
Said first solvent part is preferably an alcchol
having one -OH group. Said first solvent part is more
preferably hexanol.
20 - Said solvent may include a mixture comprising said

first solvent part and a second solvent part. Said second

solvent part may include any feature of said first solvent

part described herein. Preferably, however, said solvent

consists essentially of said first  solvent part as
25 described.

The method preferably includes a first step
comprising allowing the first isomer to crystallise in a
sclvent as aforesaid and a second step which comprises

30 allowing the product of the first step to crystallise in
a solvent.

The solvent used in the second step (hereinafter
"said second solvent") may have any feature of the solvent
35 used in the first step (hereinafter "said first solvent").
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at | east_ 40 err Sai d sol vent may have a_boiling point
of at |east ‘gfl)l L?:sﬁferr]c suitably at |east 40[err]C, pre'?‘%“?%fﬁ’f3 g’t | east
50[err]C, nore preferably at |least 60[err]C Said boiling point nmay be
| ess thanm 300[err]C, suitably less than 250[err]C, preferably-less

t han 200[err]C, nore preferably less than 175[err]C. 10

Vari ous solvents nay be selected for use in the nmet hod. Preferably,
said solvent includes a first solvent - & part. Preferably, the first

solvent part is an or solvent with pol ar organic sol vents being
preferred. 15 P rEferggg& Py §}r%’blsﬁ’%ﬁ?n’bé}"td fayd EcarduAclBert areed
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substituted, especi al unsubstitute The

first solvent par@sSkay i hcIRiEEeraBlyra n;b*?'%“ 50°C, “more preferably at
5 least 70°C, especially at least 85°C.

The boiling point of the second solvent may be less
than 95°C, is suitably less than 80°C, is preferably less
than 70°C and is, more preferably, less than about 65°C.

10

Said second solvent is preferably an alcohol,
preferably a C,, alcohol, especially a C,, alcohol, with
methanol being most preferred.

15 Preferably, the mixture used in the first step of the
method is substantially pure. Thus, prior to said first
‘step, there may be a purifying step. This may simply
comprise washing a mixture to be used in said first step
with a solvent. The solvent used in the washing

20 (hereinafter "said third solvent") may have any feature of
said second solvent as described. Preferably, the
temperature of the third solvent in said washing step is
less than the temperature of said first solvent when it is
used and/or the temperature of said second solvent when it

25 is used. Said third solvent preferably is the same as said
second solvent and is, therefore, preferably methanol.

Preferably, said first geometric isomer is

crystallised at some stage of said method from a solvent

30 which includes or, preferably consists essentially of
methanol.

By "consists essentially", we mean that a solvent
comprises at least 80 wt%, preferably at least 90 wt%,



preferébly, one or fewer functional groups. Especially preferred is

t he case whepei first solvent part I ncl udes onl tiona
group. 25 &§9Qth?Said first solvent part is preferably¥g%%§%%#2ﬁ

sol vent . A preferred functional group of said first solvent 30
part is an -OH group. ) " Said first solvent part may be aliphatic,
alicyclic, aromatic or heteroaromatic. Said first solvent part is
preferably aliphatic. 35 Said first solvent part may
i ncl ude one or nore, suitably at leas! two, preferably at |east three,

ore preferably Gledefdhy’ QU 1880065 ALY, Asd&A3h1l) MR G 0o

wt¥% of the referenced solvent, for example methanol.

Said first step and/or said second step may be

5 carried out under less than ambient light conditions.
Preferably, said step(s) is/are carried out substantially

in the dark. Preferably, the method uses a receptacle
which is substantially opaque. Excluding or reducing the
light intensity in said first and/or second steps is found

10 to increase the amount of the preferred isomer isolated.

In the context of this specification, the term
"analogue" includes: a derivative of.tamoxifen wherein one
or more atoms or groups of tamoxifen have been replaced by

15 other atoms or groups; or wherein a ring or rings is/are
formed between juxtaposed atoms or groups of tamoxifen;
and a precursor of tamoxifen or a derivative thereof which
precursor exists in at least two geometric isomeric forms
and which can be converted to tamoxifen or a said

20 derivative thereof, suitably by a substitution reaction.

Various analogues of tamoxifen which fall within the
scope of the present invention are described in Endocrine
Reviews, 11(4}, 1990, 578-603.

25
Analogues of tamoxifen may include optionally-
substituted triphenylalkyl or alkylene compounds.
Preferred optionally-substituted triphenyl compounds are
of general formula
30
A: :B (1)
P Q

35
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or fewer, preferably nine or fewer, nore preferably ei wer,
especially s‘@?éﬁ”%?syf ewer, carbon atons. Spéig‘géﬁglg@’él%{asol vent
part may have a boiling point of 10 at |east 50[err]C, suitably at |east
75[err]C, preferably at |east - 100[err]C, nore preferably at |east
125[err] C, especially at |east 150[err]C. Said boiling point nay be

| ess than 300[err]C, suitably | ess than 250[err] C, preferably | ess than
225[err]C, nore preferably | ess than860[err]C, especially |less than
175[err]C. 15 . Said first_solvent part is eferably an al cohol
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S
may include any feafure of said first solven part described herein.
Preferably, hofePYlsSF PRYIKIeFEOUP; aRhnsists essentially of said first
sol vent pard asvizreidescpabredf adjacent subBhétoented® pdaf & ablyQiamwd udes a

first step o fQURLLS,NGAHhguhNGLRentE" o | SOIRT dhecCrystal lingin a
solvent as aforesaid and a second stép which conprisés 30 allow ng the
product of the F5tYBep to crystallise in a sol vent.

It will be appreciated that the compound of general

10 formula I may exist in different geometric isomeric forms

and the formula is not intended, unless otherwise stated
herein, to be limited to any such form.

Optional substituents as described herein include any

15 substituents generally used to affect the activity of

drugs for oral administration or which represent leaving

groups and/or protecting groups which aid the preparation

of such drugs. In relation to alkyl, alkenyl, alkynyl and

phenyl groups, preferred optional substituents include

20 halogen atoms, halocalkyl and hydroxy groups and

optionally-substituted alkylcarboxy, alkoxy, phenoxy,
alkylamino and alkylcarbonyl groups.

Preferred alkyl, alkenyl and alkynyl groups may have
25 up to 12, preferably up to 6, more preferably up to 4
carbon atoms.

Preferably, Q represents an optionally-substituted,

preferably unsubstituted, alkyl group. Preferably, said

30 alkyl group is a C, to C,, mdbre preferably a C; to C;, alkyl
group. Q preferably represents an ethyl group.

Preferably, groups A, B and P independeﬁtly represent
an unsubstituted or monosubstituted phenyl group. Where
35 a group A, B or P is substituted, it is preferably



The sol vent used in the second step (hereinafter "sai d second

sol vent ") any feature of the solvent 35 wused i ' step
o Bt B o,

(hereinafter first solvent"). Pre

first solvent and said second solvent are different. Preferably, said
seeond sol verit has a | ower - boiling point than said first sol vent,
suitably by at | east 30[err]C, preferably at |east 50[err]C, nore
preferably at 5 | east 70[err]C, especially at |east 85[err]C.

The boiling point of the second sol vent -nfly-be | ess than 95[err]C, is
suitably less than 8Q[err,]C, is_,preferably |ess th 70[err]C.and is,
nore preferabl y5© %tslsq'[“\%ﬁgn glﬁoutttp%S[:*érr?E! 17e*e preferg%ﬁ?d gtektéona"sol vent
is preferably apositishol, preferably a Cferr] alcohol, especially a
Clerr] alcohol, with met hanol bei ng nost preferred.

Preferably, group B is unsubstituted.

Group P is preferably unsubstituted or substituted by

a halogen atom or hydroxy, optionally-substituted alkoxy

or phenoxy, groups. Where group P is substituted, it is

preferably substituted in the 4-position. More preferably,

10 group P is unsubstituted or substituted by an optionally-

substituted phenoxy group. In an especially preferred

embodiment, P is unsubstituted. “Thus, prefexrably, P
represents an unsubstituted phenyl group.

1s Preferably, group A is monosubstituted by a halogen
atom or hydroxy, optionally-substituted alkoxy or phenoxy,
groups. Preferably, group A is monosubstituted by an
optionally-substituted alkoxy group. A preferred
optionally-substituted alkoxy group is of general formula

20
—O0—(CH,)n—X - (I1)

wherein n represents an integer preferably in the range 1
to 8, more preferably 1 to 4, especially 1 to 2; and

25, X represents a leaving group, for example a halogen,
especially a chlorine, atom, or a group of general formula

A (I11)
30 R,
wherein R! and R? independently represent a hydrogen atom

or an optionally-substituted, preferably unsubstituted,
35 alkyl group.
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Preferably, said mixture used in the method comprises
a first analogue of tamoxifen (preferably a precursor of
tamoxifen or tamoxifen derivative as described above) and
the method includes the further step of derivatising the
first geometric isomer removed in order to prepare
tamoxifen or a derivative, especially an antiestrogenic
derivative, thereof. Preferably, the first analogue of
tamoxifen, more preferably said first geometric isomer of
said first analogue, has less antiestrogenic activity
compared to tamoxifen or a said derivative which is
prepared in said further derivatising step.

Preferably, said precursor is a compound of general
formula I described above wherein B, P and Q are as
described above. Preferably, A represents a phenyl group

substituted, preferably at least at the 4-position, by a

first woiety which includes an active atom or group which
is arranged to react with a second moiety which includes
a group of general formula III as described above in order
to produce an optionally substituted alkoxy group of
general formula II as described above. Preferably, said
first moiety includes a leaving group which is suitably X
as described above. Preferably, said <first moiety
comprises a group of general formula II as described
above. Said first moiety is preferably reacted with an
amine of general formula R'RNH wherein R' and R® are as
described above.

Where a pair of adjacent substituents A, B, P and Q
are arranged together to form part of a ring structure,
the ring structure may be formed between pairs of
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Anal ogues of tanoxifen may include optionally- substituted

tri phenyl al kyl ene conpounds. Preferred optiopal ly- tituted
tri phenyl C(%g%%gg are of general fornmula 30 [err] P&”\‘;'é’s%gp'?

- 8- wherein A, B and P each independently represents an

optionally- sitbstituted phenyl group and Q represents a hydr ogen at om
or an optionally-substituted al kyl, al kenyl, al kynyl or phenyl group;
and 5 wherein a pair of adjacent substituents A, B, P and Q are

optionally arranged together to formpart2of a ring structure.

wherein Z represents an oxygen or sulphur atom or a group
- CH2CH2 ~ .

Preferably, adjacent substituents A, B, P and Q do
5 not form part of a ring structure.

When the method involves contacting a mixture which
comprises first and second isomers, the mixture used may
be prepared by known routes to tamoxifen and its

10 derivatives for example as described in J.Chem. Research,
1985(S) 116, (M) 1342 and.1986 (S) S8, (M) 0771.

A precursor of tamoxifen or tamoxifen derivative for
use in the method may be prepared from a compound of
15 general formula

A B
H , l OH (XI1)
20 |
P Q

wherein A, B, P and Q are as described in any statement
herein. Preferably, A, B, P and Q in said compounds of
25 formula I and XII represent the same atoms or groups.

Advantageously, the compound of formula XII may be
dehydrated to prepare the compound of formula I.
Dehydration may involve refluxing the compound of formula

30 XIT in a solvent in the presence of a strong acid, for
example concentrated hydrochloric acid.

A typical reaction scheme for preparing tamoxifen is
as shown below in Scheme I.
35



It wll be appreciated that the conmpound of general 10 fornula | may exi st
in different ic isoneric forns and the formul a | Lt ended,
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Optional substituents as described herein include any 15 substituents
generally used™to affect the activity of drugs for oral admnistration
or which represent | eaving groups and/ or protecting groups which aid

t he preparation of such drugs. In relation to al kyl, al kenyl, alkynyl
and phenyl groups, preferred optional 18ubstituents include 20 hal ogen
atons, haloalkyl and hydroxy groups and optional |l y-substituted

al kyl car boxy, al koxy, phenoxy, al kyl am no and al kyl carbonyl groups.
Preferred al kyl, al kenyl and al kynyl groups nay have 25 wup to 12,
preferably up to 6, nore preferably up to 4 carbon atons.

Preferably, Q represents an opt ionally-substituted, preferably
unsubstituted, alkyl group. Preferably, said 30 alkyl gloup is a Clerr].
to CJerr], nore preferably a CJerr] to (Jerr], alkyl agroup. Q
preferably represents an ethyl group, - Preferﬁply, groups A B
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-9- substituted in the 3- or, nore preferably, the 4- posi tion.

Preferably, g;ogg%%o@%i S unsubstituted. G oup P i $chicebfiginl Y

unsubstitute ubstituted by a hal ogen atom or hydroxy,
optional l y-substituted al koxy or phenoxy, groups. Were group Pis
substituted, 1t is preferably substituted in the 4-position. Mre
preferably, 10 group P is unsubstituted or substituted by an optionally-
substituted phenoxy group. In an especiallyy preferred enbodi nent, P is
unsubstituted. Thus, preferably, P represents an unsubstituted phenyl

group. 15 Pr efr@iraliry ngr e¢lp sttemdIQsupseEerablly by thdaladjgene
atom or hydroxy,deo fJa%l}%I | LES g%‘\%‘l{l éjtffi j%.kgéthété)&]W’said solvent
prior to the reaction with dimethylamine. In one
embodiment, it is found that, after washing a mixture of
5 geometric isomers of said compound XI with methanol,
followed by a first recrystallisation step using hexanol
and a second recrystallisation step using methanol, the
compound XI prepared contains 100% (according to HPLC
analysis) of the desired 2z isomer (which has the
10 stereochemical configuration of compound XI shown in
Scheme I). Compound XI can then be converted by a simple
reaction to tamoxifen with the stereochemistry being
maintained. Thus, in general terme, the method described
above may be used to prepare tamoxifen or an analogue
15 which includes greater than 99 wt%, suitably greater than
99.5 wt%, preferably greater than 99.7 wt%, more
preferably greater than 99.8 wt¥, especially greater than
99.9 wt%, of said first geometric isomer.

20 A typical process for preparing 4-hydroxytamoxifen
involves derivatising compound X prepared accoxding to the
reaction scheme provided below.

25

OCH,CH,CI OCH,CH,CI OCH,CH,CI
- OCH,CH,CI Q
CH, CH,CH ~COOH-" Q AngBr Q Q Q Q

30
O fF
. F F F F

35 (VII) (VIII) (IX) (X}
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gr oups. Preferably, group A is nonosubstituted by an

optional |l y- sw@ /hdokd €d al koxy group. A preferred PCT/CB98/02171
optional ly-substituted al koxy group is of general fornula % Perr

wherein n represents an integer preferably in the range 1 to 8, nore
preferably 1 To 4, especially 1 to 2; and 25. X represents a |eaving group,
for exanpl e a hal ogen, especially a chlorine, atom or a group of
general formula [err] wherein R err] and R err] independently
represent a hydrogen atom or an opti dhatly-substituted, preferably

unsubstituted, 35 alkylngentf%n extends to pharmaceutically acceptable

forms, £for example salts of tamoxifen or analogues
thereof.

S The invention extends to a method of preparing
tamoxifen or a derivative, especially an antiestrogenic
derivative, thereof, the method including the steps of
allowing a first geometric isomer of a precursor of
tamcxifen or said derivative to crystallise in a solvent

10 and derivatising said precursor in order to produce said
tamoxifen or said derivative.

The invention extends to the use of a solvent for

removing predominantly a first geometric isomer of

15 tamoxifen or an analogue thereof from a mixture of
isomers.

The invention extends to a method of preparing an

antiestrogenic isomer of tamoxifen or an analogue thereof

20 in purity of at 1least 99%, suitably at least 99.5%,

preferably at least 99.7%, more preferably at least 99.8%,

especially at least 99.9%, most preferably at least
99.95%, the method using a solvent as described herein.

25 The invention extends to the product of any process
described herein.

Any feature of any aspect or embodiment described
herein may be combined with any feature of any other
30 aspect or embodiment described herein.

The invention will now be described, by way of
example, with reference tc the accompanying figures
wherein:

35



- 10 - Preferably, n represents 2. In a preferred enbodi nent ,

group Ais I tuted by an al koxy group of gener, all,
wherein n rg%%cebsg)g%?% 2. 5 Preferably, said Hixturei’%llflséggglwlt he

met hod conpri ses a first anal ogue of tanoxifen (preferably a precursor
of t anoxi f'en or tanoxifen derivative as described above) and °~ the
met hod i ncludes the further step of derivatising the first geonetric

i somer renoved in order to prepare 10 tanoxifen or a derivative,
especially an antiestrogenic derivatinge,- thereof. Preferably, the first
anal ogue of tamxi fen, nore preferably said first geonetric isonmer of
said first anal ogue Fig8ge| 1S ant SUR BRI EPF\R (P XCuTe BhIc88 Eo
tanoxi fen or a spid weoxi&bhvpradirdtd,s ptepaped pivt ekamplsand furt her
derivati sing step. Preferably, said precursor is a conpound of
gener al formula | described above wherein B, P and Q are_as

descri bed above. PrdP&uaBEy, 2 Abtceptesiside pRentieyr 6g5220 Ebstheut ed,
preferably at |€gssdtmim blferdgppsiii on, by a first noiety which

i ncl udes an active atom or group which is arranged to react with a
second noi ety which includes, ., a group of general fornmula |1l as

descri bed above in &igdFe 5 is go HNYRRRERFWHEPB IS Prodnst iahkadaed| koxy

group of 25 gefrereManipQenul aftér asadlgase wheH abovanolRref erably, said

10 Figure 6 is an 'H NMR spectrum of the material
referred to in figure 5, after recrystallisation £rom
hexanol in the dark;

Figure 7 is a 'H NMR spectrum of the material referred
15 to in figure 5, after recrystallisation from methanol in
the dark; and

Figure 8 is an HPLC analysis on the product of figure

20
Example 1
Preparation of Z isomer of Tamoxifen

A solution of bromobenzene (3.92g, 25mmol) in ether

25 {6ml) containing a crystal of iodine was added dropwise to
a suspension of magnesium turnings (0.63g, 26mmol) in
ether (Sml) at reflux. After the addition was complete,

the reaction mixture was cooled to room temperature and a
solution of 1-[4—(2—chloroethoxy)phen§l]-2-pheny1-1-

30 butanone (3.75g, 12.4mmol) in ether (15ml) was added over
1 hour. The resulting mixture was refluxed for 16 hours,

then poured into dilute hydrochloric acid (50ml) and
extracted with ether (3x40ml). The ccmbined ether layers

were concentrated, the residual o0il was dissolved in

35 ethanol (10ml) and refluxed with concentrated hydrochloric



first noiety includes a | eaving group which is suitably X
Q |df|rst noi ety
45

above.

Prefer

formula Il as _
with an 30 am ne of general formula Rlerr]Rlerr] NH wherein Rlerr] and

Rl err]

are as ~
substituents A,
ring structure,

conpri ses a group _of general
above. Said first moiety is p? ! gﬁ?

descri bed above.

Where a pair of adjacent
B, Pand Q are arranged together to formpart of a

35 the ring structure my be fornmed between pairs

as descri bed

Y1y eact ed

of . - 17 - - 11 - substituents
A, B, P and Q whig re.cis to qne anot her. Exanpl es of conpounds of
gener al fornulaaFlah?éﬂlha rq,ﬁ?urs. Ther QEIUHS RhASGes®s Iseparatedde: 5
[err] dried (Na,80,) and evaporated to dryness to give a yellow

10

15

20

25

30

oil, which upon standing at room temperature for 5 minutes
became a pale yellow solid (4.99 g, 111% - n.b. this yield
suggests the presence of impurities). 'H NMR {see Figures
1 to 4 and discussion below) showed this to be a 2:1
mixture of the Z and E isomers. The solid was then covered
with methanol and stirred at rocm temperature until a fine
suspension formed. The suspension was filtered to give a
pure white solid (3.82 g, 85%) which was a 3.2:1 mixture
of Z:E isomers (see Figure 5). The pure solid from above
was dissolved in hot hexanol (100°C) and left .to
crystallise at ambient temperature. A 22:1 mixture of Z:E
isomers (2.11 g, 47% (see Figure 6)) was produced, and
this product was in turn recrystallised from methanol by
dissolving the material in the minimum amount. of boiling
methanol to give pure (as confirmed by 'H NMR and”HPLC -
see Figures 7 and 8) Z isomer of 2-chloroethoxy tamoxifen
(.55 g, 34.6% yield). M.p. 107-109°C, m/z 362/364
(chlorine atom present). 4 0.92 (3H, t, J = 7.33 Hz, CH,),
2.46 (2H, q, J = 7.33 Hz, CH,CH;), 3.72 (2H, t, J = 5.86
Hz, OCH,CH,Cl), 4.09 (2H, t, J = 5.86 Hz, OCH,CHCl), 6.55
(2H, d, J = 8.79 Hz, aromatic protons ortho to OCH,CH,C1) ,
6.79 (2H, 4, J = 8.79 Hz, aromatic protons meta to
OCH,CH,Cl), 7.10-7.38 (10H, m, the two remaining CgH’s)
{see Figure 5)., The 2-chloroethoxy tamoxifen was reacted
with dimethylamine in ethanol, under reflux, to produce
the desired Z isomer of tamoxifen.

Analysis of !H NMR data

-Figures 1 to 4 represent a mixture of the E- and 2Z-
forms of compound XI described above in Scheme I.



- 12 - wherein Z represents an oxygen or sul phur atomor a group

CH err]CH er Preferably, adjacent substitu P and Q
do 5 not fﬁ'bﬁ?'ﬁsgﬁ of a ring structure. V%engﬁi@l}%@tzﬁ%d

i nvol ves contacting a m xture which conprises first and second isoners,
the m xture used may be prepared by known routes to tanoxifen and its
10 derivatives for exanple as described in J.Chem Research, 1985( )
116, (M 1342 and. 1986 (S) 58, (M 0771. A precursor of

tanmoxi fen or tanoxifen derivative for - 1ause in the nethod may be prepared

froma conpound of 15 general fornmula
The expansion of the region 6 0.80 to 1.05 shows two

overlapping triplets corresponding to the CH; groups in the

Z- and E- derivatives respectively. The critical point is

the ratio of the heights of the peaks at 0.92 (for the Z)
s and 0.94 (for the E), which is approximately 2:1.

The expansion of the 4.00 to 4.35 region reveals
similar information where ratios are 10:6.4 and 5.56:3.43.
Similarly expansion of the region 3.6 to 3.9 shows the

10 ratio to be 2.46:1. All of these measurements suggest an
approximate 2:1 ratio. The discussion with reference to
figure 1 also applies to the spectra of figures 6 and.?7
referred to below.

15 Figure 5 shows the 'H NMR spectrum of the pure solid
obtained after the methancl washing of the crude reaction
product. Figure 6 shows the 'H NMR gspectrum of the solid
.obtained following the recrystallisation from hexanol of
the product shown in Figure 5, and Figures 7 and 8

20 respectively show the 'H NMR and the HPLC analyses of the
pure Z isomer obtained following the second
recrystallisation, this time from methanol. The HPLC
analysis we carried out under the following conditions:
Hypersil ODS 5 mm, 250 x 4.0 mm column and 50% MeCH : 30%;

25 MeCN : 20%; H,0 mobile phase at 1ml/min.

As an alternative to the use of hexanol followed by
methanol as described. in Example 1, other solvents wexe
tested to assess their ability to predominantly remove the

30 Z isomer of 2-chloroethoxy tamoxifen from a mixture of Z-
and E- isomers. The following solvents were found to be
effective: methanol, ethanol, propanol, iso-propanol,
butanocl, pentancl, cyclohexanol, acetonitrile, benzene,
toluene, nitromethane, petroleum ether and dioxan.

35



[err] wherein A, B, P and Q are as described in any statenent

herein. Pref A, B, Pand Qin said conpounds of 25 fornmula | and
Xl represen?&%ﬁ@ﬁggne atons or groups. Advantdﬁggag?w?”{he
conpound of forrmula Xl may be dehydrated to prepare the conpound of
formula I. “ Dehydration fay involve refluxing the conpound of fornmula 30
XIl in a solvent in the presence of a strong acid, for ~exanpl e
concentrat ed hydrochl oric acid. A typical reaction schene for
preparing tanoxifen is as shown bel ewtgn-Schene I. 35

The reader’s attention is directed to all papers and
documents which are filed concurrently with or previous to
this specification in connection with this application and
which are open to public inspection with this

5 specification, and the contents of all such papers and
documents are incorporated herein by reference.

All of the features disclosed in this specification

(including any accompanying claims, abstract and

10 drawings), and/or all of the steps of any method or

process so disclosed, may be combined in any combination,

except combinations where at least some of such featurxes
and/or steps are mutually exclusive. s

15 Each feature disclosed in this specification
(including any accompanying claims, abstract and
drawings), may be replaced by alternative features serving
the same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated otherwise

20 each feature disclosed is one example only of a generic
series of equivalent or similar features.

The invention is not restricted to the details of the

foregoing embodiment(s). The invention extends to any

25 novel one, or any novel combination, of the features

disclosed in this specification (including any

accompanying claims, abstract and drawings), or to any

novel one, or any novel combination, of the steps of any
method or process so disclosed.



- 13 - [err] - 14 -

Referring to _Schene |, preferably, the al kene derivati mul a Xl
i s contact ed X3P i d sol vent prior to the reaction \ﬁ}é?@f”/&%l
di met hyl am ne. In one enbodi nent, it is found that, after washing a

m xture of 5 -—geonetric isomers of said conpound XI wth methanol, °

- 20 -

CLAIMS

1. A method of removing predominantly a first geometric
isomer of tamoxifen or an analogue thereof from a mixture
5 comprising said first geometric isomer and a second
geometric isomer, the method including the step of
allowing the first isomer to crystallise in a solvent.

2. A method according to Claim 1, wherein said solvent
10 is contacted with said mixture at a first temperature
which is less than the boiling point of the solvent and
recrystallisation is then carriefi out at a seconpd
- temperature which is greater than -4°C.

1S 3. A method according to Claim 2, wherein said second
temperature is greater than 20°C.

.4 A method according to any preceding claim, wherein
said solvent includes a first solvent part which is a
20 polar organic solvent.

5. A method according to Claim 4, wherein said first
solvent part is an alcohol having only one -OH group.

25 6. A method according to Claim 4 or Claim 5, wherein
said first solvent part is hexanol.

7. A method according to any preceding claim, comprising
allowing the first isomer to crystallise in said solvent
30 (hereinafter "said first solvent") in a first step and
subsequently allowing the crystallised product of the
first step to crystallise in a solvent (hereinafter "said

second solvent") in a second step. - - .
A

THIS ‘SHEET HAS BEEN
REPLACED

This Sheet Has Been Rep!

N




followed by a first recrystallisation step using hexanol and a second
recrystal |l i s@iy ep using nethanol, the conpound Xl

cont ai ns 100?/?(92@?:02§di ng to HPLC anal ysis) of the desiprdeﬁ ﬁ*izggner
(which has the 10 stereochem cal configuration of conpound XI shown in
Schene 1). Coitpound XI can then be converted by a sinple reaction to
tanoxi fen wth the stereochem stry bei ng mai nt ai ned. Thus, in general
ternms, the nmethod descri bed above may be used to prepare tanoxifen or
an anal ogue 15 which includes greater tH¥h 99 wt% suitably greater than

99.5 wt % preferably great t han .99.7 wt % por referably greater
than 99. 8 w % Supedt Y SFEFARANS Claghg’ i theBtd 7erd | 7Eona
geonetric isoneselverf0has a Joweppboalipg quesy tbangagshiinmgt solvent.

4- hydr oxyt anoxi f en i nvol ves derivatising conpound X prepared according
h r i on h r ovi | ow. rr
to the eacé‘l ° I;S Cmeet:q}%)dD a%vclog:ggnlg)etg\NClai\Lea,]w§grein said second

5 solvent comprises methanol.

10. A method according to any preceding claim, wherein
said first geometric isomer is crystallised at some stage
in said method from a solvent which includes methanol.
10
11. A method according to any preceding claim, wherein
said first geometric isomer of tamoxifen or an analogue
represents a precursor of tamoxifen or a derivative
ﬁhereof which precursor can be converted to tamoxifen or
15 a said derivative thereof.

12. A method according te Claim 11, wherein said
. precursor is prepared from a compound of general formula

20 A B
H } } OH (XII)
P Q
25
‘wherein A, B and P independently represent an optionally--
jsubstituted phenyl group and Q represents a hydrogen atom
‘or an opticnally-substituted alkyl, alkenyl, alkynyl ox
phenyl group.
30
13. A method according to Claim 11 or Claim 12, wherein
said precursor is derivatised using a compound which
includes a group of general formula .
. AR

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replac.

[T



- 15 - The invention extends to pharnmaceutically acceptable
fornms, for g alts of tanoxifen or anal ogues tg $$ 5.
The inventi%’_ﬁgg)?@gids to a nethod of preparing t %& W3 a
derivative, especially an antiestrogenic derivative, thereof, the
met hod i ncluding the steps of - allowing a first geonetric isoner of a
precursor of tanoxif en or said derivative to crystallise in a
solvent 10 and derivatising said precursor in order to produce said

tanmoxi fen or said derivative. - 22The invention extends to the use
of a solvent for renoving predom nantly a first geonetric isonmer of 15

tanoxi fen or an analogue thereof fropfia mxture of | sonmers.
The invention extends to a nmethod of ppéparing an anti estrogenic

i somer of tanoxifen or an anal ogue reof 20 in purity of at |east 99%
suitably at |east 99.5% prefesably at |east 99.7% nore preferably
at | east 99.8% especially at least 99.9% nost preferably at | east

99.95% thegnethod using a solvent as deggribed herein. 25 The
i nvention extends to the product of any process

to convert said precursor to tamoxifen or said derivative,
wherein R, and R, independently represent a hydrogen atom
or an optionally-substituted alkyl group.
10
14. A method of preparing tamoxifen or a derivative,
especially an antiestrogenic derivative, thereof, the
method including the steps of allowing a first geometric
isomer of a precursor of tamoxifen or said derivative to
is crystallise in a solvent and derivatising said isomer in
order to produce said tamoxifen or said derivative.
15. The use of a solvent for removing predominantly a
first geometric isomer of tamoxifen or an analogue thereof
from a mixture of isomers.

20
16. A method of preparing an antiestrogenic isomer of
tamoxifen or an analogue thereof in purity of at least
99%, the method using a solvent or solvents as described
in any preceding claim.

25

AR

——————————

This Sheet Has Been Replaced

[
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descri bed herein. Any feature of any aspect or enbodi nment
descri bed Lnh may be conbined with any feature of 30
entgv(?dglgﬁr)é(%? The i n\}gcﬁ#s%h}a&h | now

aspect or descri bed herein.

be described, by way of exanpl e, wi thgreference to the acconpanying
figures Wherein: .35 ~ ‘ - -
Figure 1 is a [err]H NVR spectrumfor a m xture of isoners of a

t anoxi fen precursor, prepared in Exanple 1; Figures 2 to 4
provi de further detail for the 5 spectrumof Figure 1;

PPH

F‘S* 1.

Cl-TAM.before.MeOH. treatment

SUBSTITUTE SHEET (RULE 28)



i n Exanpl e

Figure 5is a [err]H NVR spectrum for the product obtained
1 after washj j nmet hanol . 10 Figure 6 is an
spect r um of r\'”ﬁ%”’“nga"%;ri al referred to in figure 5, aftgﬁ}’("ﬂ%zw
recrystallisation from hexanol insthe gark; Figure 7 is a
[err]H NVR spéctrum of the material referred 15 to in figure 5, after
recrystallisation frommnethanol in t he dark; and Figure 8 is
an HPLC anal ysis on the product of figure 7. 20 Exanple 1

A sol ution of bronpbenzene

Preparation of Z isoner of Tanoxifen
(3.92g, 25mmol) in ether 25 (5m ) containing a crystal of iodine was

added dropwi se to a suspensi on of magnesi um turnings (0.63g, 26mmol) in
ether (5m) at reflux. After the addition was conplete, t he reaction
m xture was cooled -to roomtenperature and a solution of 1-
[ 4- (2-chl or oet hioxy) phenyl ] - 2- phenyl -1- 30 butanone (3.75g, 13.4%pol) in
ether (15m ) was added over 1 hour. The resulting mxture jwas[reffl uxed
for 16 hours, then poured into dilute hydrochloric acid (30m } and
|13
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extracted with ether (3x40m ). The conbined ether |ayers wer e
concentrated, the residual oil was dissolved in 35 ethanolpd10ds d

refl uxed mﬁtﬁ@@?ﬁ@@ﬁtrated hydrochl oric rd R )

- 17 - acid (5m) for 4 hours. The,orggani c phase was separ at ed,
dried (Na2SO4)y and evaporated to dryness to give a yell ow oi |, which
upon standing at roomtenperature for 5 m nutes becane a pal e yell ow
solid (4.99 g, 111%- n.b. this yield 5 suggests the presence of
inmpurities). [err]H NVR (see Figures 1 to 4 and di scussi on bel ow)
showed this to be a 2:1 m xture of the Z and E isomers. The solid was

then covered with nmethanol and stirred at roomtenperature until a
fine suspensi on forned. The suspension was filtered to give a 10
pure white solid (3.82 g, 85% which was a 3.2:1 m xture of Z:E
isoners (see Figure 5). The pure solid from above was dissolved in hot
hexanol (100[erf]C) and left to crystallise at anbient tefrpefhtude. A
22:1 mxture of | Z. E isoners (2.11 g, 47% (see Figure 6)) {was™produced,
and 15 this ptoduct was in turn recrystallised from netha by K
- L -
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di Jsol ving the material in the m ni numanount of boiling met hanol to

gi;(/e pure (as wowvdnbsossed by [err]H NVMR and HPLC - see Fi, Jﬁﬁwmqnd 8)
Zji soner of 2-chl oroethoxy tanoxifen (1.55 g, 34.6%yield). p.
[err] 0.92 (3H,

¥07-109[err]C, mz 362/ 364 20 (chl origqnesatgom present).
o3 = 7.33 Hz, CHerr]), 2.46 (2H, g, J = 7.33 Hz, CHerr]CHerr]),

f

3.72 (2H, t, J = 5.86 Hz, OCH err]CH err]d), 4.09 (2H, t, J = 5.86
Hz, OCH err]CHerr]d), 6.55 (2H, d, J = 8.79 Hz, arommtic protons
ortho to CCH err]CH err]d), 6.79 (2H, d, J =8.79 Hz, aromatic

protons neta to 25 OCHerr]CHerr]d), 7.10-7.38 (10H m the two
remaining Jerr]JHerr]'s) (see Figure 5). The 2-chl oroethoxy tanoxifen

was reacted wi th dimethylamne in ethanol, under reflux, to produce

t he desired Z i saner_of tanoxifen. 30 Anal ysis of [err]H NVR data
Figures 1 to 4 represent a mxture of the E- and Z- T or nsy of =zgonmpound
XI described abpve in Schene I. -
—
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- 18 -

over | appi ng vid dsRlseigS corresponding to the CHerr] groups
E- derivatives respectively. The critical
hei ghts of the peaks at 0.92 (for the Z) § and 0.94 (for the E),

The expansion of the 4.00 to 4.35 region
information where ratios are 10: 6.4 and 5. 56: 3. 43.

appr oxi mat el
reveal s

Simlarly expansion of the region 3.6 to 3.9 shows the 10

2.46:1. A

di scussi on mﬁth reference to

The expansion of the region [err] 0.80 to 1.05 shows two

y 2:1.
simlar

of these measurenents suggest an

point is th

Z- and
ECvEBRaan T
mhlch is

ratio to be

approximate 2:1 ratio. The

flgure 1 al so applies to the spectra of

figures 6 a referred to petrow
[err]H NMR { pectrggkgz the pure solid obtained after th
washi ng of the cr bacfian product . _Ei
spectrum of |the solid obt ai ned foll owm ng
hexanol of t he product shown in Figure 5,
respectively Show the [errJH an
i somer obtaitned foll owi ng the second recrystal lisation,
met hanol . The HPLC anal ysis we carried out under the fo
condi tions: Hypersil ODS 5 nm 250 x 4.0 mm col unmm and
25 MeCN: 2@96 H err] O nobil e phase at | m/mn.
alternativejto the use of hexanol followed by n
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met hanol as described in Exanple 1, other solvents were tested to
assess thei rvﬂpsb}ongy to predom nantly renove the 30 Z i ng)‘m]nr
he

2- chl or oet hoxy tTanoxifen froma m xture of Z- and E- 1soners.
follow ng solvents were found to be ¢ / egfective: nethanol, ethanol,
propanol , iso~propanol, " butanol, pentanol, cyclohexanol, acetonitrile,
benzene, tol uene, nitronethane, petroleum ether and di oxan. 35
- 19 - The reader's attention is directed to all papers and
docunents which are filed concurrently with or previous to this
specification in connection with this application and whi ch are open
to public inspgction wi-th this 5 specifjcation, and the contents of al
such papers and docunents are incorporated herein by referencEf
All of the feafjures @¢écP&sed—n this specification (i ncLAdi™y any
acconpanyi ng cliai s, abstract and L -
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10 drawings), and/or all of the steps of any nethod or process so

di scl osed, MRyq gD Nned in any conbination, except conbi nati ons
where at |east.some of such features and/ or steps are RETGBRPYYHITL
excl usi ve. 15 Each feature disglgsed in this specification
(i ncluding any acconpanyi ng cl ai ns, abstract and drawi ngs), may be
repl aced by alternative features serving the sane, equivalent or
simlar purpose, unless expressly stated ot herwi se. Thus, unless
expressly stated otherwise 20 each feature disclosed is one exanple only
of a generic series of equivalent or simlar features. The
invention is not restricted to the details of the f or egoi ng
enbodi nent ( S) The invention extends to any 25 novel ane_ Qr ~YalVi ovel
conbi nation, }of the features di sclosed in this specificafioff
(1 ncludi ng any deedpamy+Ag cl ai ns, abstragt and drawi ngs), OF td any
novel one, orlany r ot mation, O ot Fs—or—arm——e—et hpd_dr
process so di $cosed. CLAI M5 i
g I
\v
- T 1
£ L
-
; _N
M
O "
—_ g(0°'01 — . < 5
O -
CY') Rk -
T )
o "
= L
O SET'0T —— . -
L. =
&“— 000°0T —— -
-+ ) -
_
QW
— L
O —
ju L
© i
X M =3
G) .
~ . Q_O r
“ L.—‘—- — 0
= L
O . o
. 999701 — \ [
44— I28°0t —_— \
. o
e rys — — o~
(c} L.
— L
l o
—
O i i

SUBSTITUTE SHEET (RULE 26)



1. A nethod of renobving predomnantly a f irst geonetric i somer of a
precursor of tampxifen or an anal ogue of 5 tamoxifen frompanEesdiddiA

conpri si ng NG POt geonetric i soner and a second geonetric isomer of
sai d precursor, wherein said pregurgog is of formula . -
[err] wherein A represents-a phenyl group substituted by a group
-O(CHerr])[err]-X, where nis an integer, X is a |leaving group, p
represents an unsubstituted phenyl group, B represents an unsubstituted
or nono-substituted phenyl group and Q 15 represents an
optionally-subetituted alkyl group, the met hod i ncl udi ng all ow ng
said first geonetric isoner to crystallise in a solvent, wherein said
first geonetric isoner is crystallised at sonme stage in said nethod
froma sol vent which includes nethanol. 20 2. A nethod according to
Caim1l1, wherein the nethod includes a first step conprising allow ng
the first isomer to crystallise in a first solvent and a second step
conprising allowi ng a product of the first step to 25 crystallise in a
second solvent wherein said second sol vent conprises met h4ib¥
3. A nethod according to Claim1 or Claim2, wherein said firgt sol vent
includes a first solvent part which is a i
$
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30 zpolg@r organic sol vent. 4. A nmethod according to Claim3, wherein

sai-d first solvent part is an al cohol PW%D <2

5. A nethod according to cIa|m30 clalrrAhE ENT Lo £ 6

sol vent part is aliphatic. é\orreth ) Pm Jﬁm %ﬂEéT ofosleqigrs 3 to
on at oms and

5, wherein said first sol vent part hasj af Ie,ao,&#mccr
twel ve or fewer_carbon atons. 7. A ngth tg any of clains
3to 6, wherEERIME said first sol vent part} has—a-boiling doijnt of at | east
100[err] C.

1. A method of removing predominantly a first geometric
isomer of a precursor of tamoxifen or an analogue of

5 tamoxifen from a mixture comprising said first geometric
isomer and a second geometric isomer of said precursor,
wherein said precursor is of formula

=< :

P Q

wherein A represents a phenyl group substituted by a group

10

-0- (CHy)n-X, where n is an integer, X is a leaving group,
p represents an unsubstituted phenyl group, B represents
an unsubstituted or mono-substituted phenyl group and Q

15 represents an optionally-substituted alkyl group, the
method including allowing said first geometric isomer to
crystallise in a solvent, wherein said first geometric
isomer is crystallised at some stage in said method from a
solvent which includes methanol.

20
2. A method according to Claim 1, wherein the method
includes a first step comprising allowing the first isomer
to crystallise in a £first solvent and a second step
comprising allowing a product of the £irst step to

25 crystallise in a second solvent wherein said second

solvent comprises methanol.

3. A method according to Claim 1 or Claim 2, wherein said
first solvent includes a first solvent part which is a
30 polar organic solvent.

4. A method according to Claim 3, wherein said first

solvent part is an alcohol having only one -OH group.

§LLIAE




8. A me£hod according to any of clains 5 to 7, wherein said first

sol vent part

claim wherein sai d precursor |s5 f formul a 20

[err]
of formul a

10

20

i's hexanol. 15 9. A nethod according to an REPEQEﬂuﬁﬁ& SHEET

-

and is prepared om a conpou

[err] 2 JAN 2002

5. A method according to claim 3 or claim 4, WheTe Il Bt ———

first solvent part is aliphatic.
6. A method according to any of claims 3 to 5, wherein
said first solvent part has at least two carbon atoms and

twelve or fewer carbon atoms.

7. A method according to any of claims 3 to &, wherein

said first solvent part has a boiling point of at least

100°C.

8. A method according to any of c¢laims 5 to 7, wherein

gsaid first solvent part is hexanol.

8. A method according to any preceding claim, wherein

said precursor is of formula

OCH,CH.CI

Q¢
\J

[pm




10,. Axgret hod of preparing tanoxifen or an anal ogue of tanoxi fen, the

met hod conprising derivatising a first -+ geonetric i SOMef—ef—a—prectrsoF

prepared in a method 15 according to &4y preceding clain RfEPILACIEMENT SHEET
geonetric i somer being derivatised using a conpound whj clp—taetrudes—a—
group of general formula 20 wherein err] and Rlegr 96

i ndependent | y21@pl2 RFRPIT R i TRye R gqymoun%,og ogpitdnal |y BU%t'*q?‘{Jf'\gﬂg
al kyl group. 25 11. A nethod according to claim 10 whef eFmrRfer+t—and
Rl err] represent nethyl groups. 12. A method of py epar| ng an

D

antiestrogenic isomer of tanmoxi f en ?@"g’m’il ogue t hereof~rmpurtty—ot
at least 30 99% the nethod being as degC In claim1l0 or claim 11.

5

10

10. A method of preparing tamoxifen or an analogue of
tamoxifen, the method comprising derivatising a first
geocmetric isomer of a precursor prepared in a method
15 according to any preceding claim, said first geometric
isomer being derivatised using a compound which includes a

group of general formula

20 N

wherein R' and R? independently represent a hydrogen atom
Or an optionally-substituted alkyl group.

25 11. A method according to claim 10, wherein R* and R?

represent methyl groups.

12. A method of preparing an antiestrogenic isomer of
tamoxifen or an analogue thereof in purity of at least

30 99%, the method being as described in claim 10 or claim
-11.

I
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