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TAMOXI FEN AND ANALOGUES THEREOF This invention relates to
t anoxi f en and anal ogues t hereof and particularly, although not

exclusively, 5

relates to a method of preparing a desired isonmer of

t anoxi fen or aWORBBgue t her eof . Tanoxi fen is aPCT/GBI7I00134
tri phenyl et hyl ene derivative of formula 10 15
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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.

Pamoxifen is a <triphenylethylene derivative of
formula

which is a drug in clinical use for the treatment of
hormone dependent breast cancer. FPor 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
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[err] 20 which is a drug in clinical use for the treatnent of

hor none dependent breast cancer. For this purpose, only the Z isoner
has the required antiestrogenic activity, the E i somer being
oestrogenic. The sanme criteria of anti oestrogenecity applies to

tanoxi f en anaWQ8uae34 One of 25 the nost inportant anal ogRERGBYI00134
tanoxifen is 4- hydr oxyt anoxi fen (one of the nmain netabolites in
patients), which has an affinity for bindi%g-to oestrogen receptors

which is 100 ti h th for. .t [ f. A di ,
prgges;Zs f or ;ng;gsgg?ir ?%ignﬁi%ggfgg%ézFﬁvaﬁﬂ¥ﬁﬁ é%%ﬁﬂﬁﬁvéﬁgéFgggsxs)

substantially pasedESFsmhgd in JofChemw@daan, nermahrmnsrmxmgen,amalomt her
anal ogues are  anddepi’@RLS. cnem. 1090, Kneyn BaggCsses é,% pa&atlon
of substantlaII¥ 35 gureéé%lson7 of tanoxifen and 4 o§¥1a

i ncl ude ePJFRELOR E/Z mixture of isomers as desc ibe zn Je

PCT/ GB97/ 00834 Chem. Res,, 1985 (S) 116, (M) 13422-1986 (S) 58, (M) 771.

It is an object of the present invention to provide
a method of preparing a relatively pure isomer of
tamoxifen or an analogue thereof which may be advantageous

10 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 converted into another geometric isomer by contacting the
isomer with certain solvents.

According to the invention, there is provided a
method of preparing a first geometric isomer of tamoxifen
20 or an analogue thereof, the method including selecting a
solvent in which a second geometric isomer of tamoxifen or
said analogue converts to said first geometric isomer and
contacting said ‘second geometric isomer with said solvent
in order to cause said conversion.
25
The conversion of said second isomer to said first
isomer can readily be shown using 'H NMR or other
analytical techniques. Suitably, the method involves
conversion of one geometric isomer to another geometric
30 isomer of the same compound.

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

35

Preferably, said method includes allowing said first

geometric isomer to crystallise in said solvent. The



stereosel ective syntheses (involving expensive catal ysts) as descri bed

inJ. Chem Soc., Perkin Trans | 1987, 1101 and J. Og. Chem 1990, 55,
6184 or chromat ographic separation of an E/Z m xture of isomers as
described in J. 5 Chem Res., 1985 (S) 116, (M 1342, 1986 %%«958 gl\‘)
771. WO 26234 a0 obj ect of the present invention to oo134
nmet hod of preparing a relatively pure isoner of t anoxi fen or an

anal ogue thereof which may be advantageous 10 over known nethods.

The invention is based on the surprising, and previ ously unappreci at ed,
di scovery that one geonetric I somer of~tdamoxifen or an anal ogue t hereof

can be 15 converted into another geonetric isoner by contacting the

i somer with certametbefly@ays include SePaWé@gdiﬁ&tﬁrYﬁEal)fmfgiBﬁ?d?Wére

I's provided a rrehheHe Ofepd BReY.Ng a first geonetric isoner of tanoxifen
20 or an anal ogue thereof, the nethod including selecting a solvent in
whi ch a second geonetric isonmer of tanoxifen or sai d anal ogue converts

to said first geonetriVariewsr ssiyents @t BiXFUEeSaiqf seedvientRomadr ke

isomer with sa d gelleeted foriwserilertheomeghsd.sai d conversion. 25
The conversion of said second isoner to said first | somer can readily

be shown using [err]H NXR or ot her anal yti cal techniques. Suitably,
t he met hod i nvol ves Preferably, the solvent is an organic solvent with

polar organic solvents being preferred.
10 Said solvent is preferably a protic solvent.

Preferably, the solvent includes at 1least one,
preferably only one, —OH group.

is Said solvent is preferably an alcohol, preferably an
-aliphatic alcohol. An aliphatic alcohol may be a ¢ to ¢,
alcohol, preferably a C; to C; alcohal, more preferably a
C, to C, alcohol.

20 Preferably, the solvent is selected from methanol and -
propanol, especially iso-propanol. A mixture of methanol
and propanol has been found to be particularly
advantageous.

25 7 The methoad may be carried out at a temperature of
less than 100°C, preferably less than 60°C, more preferably
less than 30°C. Advantageously, the method may be carried
out at ambient temperature or below.

30 Preferably, the method is carried out at a
- temperature of at least -10°C and, more preferably, at
least 0°C.
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conversion of one geonetric isomer to another geonetric 30 | somer
sane conpound. Preferably, the nmethod conprises contacti
m Xt ure which conprises said first and second isoners with said

of the
ng a

solvent. 35 Preferably, said nmethod includes allow ng said first
geonetric i soM@PI268¥4crystallise in said solvent. The PCT/GBONIBE234
PCT/ GB97/ 00134 - 3- met hod may

i ncl ude separating the crystallised product fromthe remai nder.

Vari ous sol vents or

net hod.
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Preferably, the solven &s an organic solvent with

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

"Analogues of tamoxifen may include optionally-
substituted triphenylalkyl or alkylene compounds.

Preferred optionally-substituted triphenyl compounds are
of general formula

wvherein A, B and P each independently represents an
cptionally-substituted phenyl group and Q represents a
hydrogen atom or an optionally-substituted alkyl, alkenyl,
alkynyl or phenyl group; and

wherein a pair of adjacent substituents A, B, P and Q are
optionally arranged together to form part of a ring
structure.

It will be appreciated that the compound of general
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
substituents generally used to affect the activity of
drugs for oral administration. In relation to alkyl,
alkenyl, alkynyl and phenyl groups, preferred optional
substituents include halogen atoms and a hydroxy group and
optionally-substituted alkylcarboxy, alkoxy, phenoxy,
alkylamino and alkylcarbonyl groups.

m xtures of sdélvents may be 5 selected for use in the



pol ar organi c sol vents being preferred. 10 Sai d solvent is
preferably a protic sol vent. Preferably, the solvent includes
at | east .one, preferably only one, -OH group. 15 _ Sai d sol vent
is preferably an al cohol, preferably an al i phatic al co

al i phatic al cOWRP"¥&* be a (Jerr] to Jerr] al cohol , pﬁgéré?@gwsﬁ
Clerr] to C6 alcohol, nore preferably a Cerr] to (Jerr] alcohol. 20
Preferably, the solvent is selected from nmethanol and pr opanol ,
especially iso-propanol. A m xture of nethanol and propanol has been
found to be particularly advant ageous:. 5 =25 The net hod may be
carried out at a tenperature of " | ess t han IOO&err]C, preferably | ess
than 60[err]C, nore pPeefezped alkyl; alkenyl,and| a kmlmn%gwufwﬁ t he
mat]bod lr)nlay be ﬁard;iedo 12, whfai:annjgi apt toergenmiry epref drdly upBﬁ? 4
Preferably, the tho ' carrie out at a tenperature of at

| east -10[err]C a%%&%o(riého%rﬁéf erably, at | east O[err]C

5 Preferably, Q represents an optionally-substituted,
preferably unsubstituted, alkyl group. Preferably, said
alkyl group is a C, to C,, more preferably a C, to C,, alkyl
group. Q preferably represents an ethyl group.

10 Preferably, groups A, B and P independently represent
an unsubstituted or monosubstituted phenyl group. Where
a group A, B or P is substituted, it is preferably
substituted in the 3~ or, more preferably, the 4-
position. '
15
Preferably, group B is unsubstituted.

Group P is preferably unsubstituted or substituted by

a halogen atom or hydroxy, optionally-substituted alkoxy

20 or phenoxy, groups. Where group P is substituted, it is
preferably substituted in the 4-position.

Preferably, group A is monosubstituted by a halogen

atom or hydroxy, optionally-substituted alkoxy or phenoxy,

25 groups. Preferably, group A is monosubstituted by an
optionally~-substituted alkoxy group. A preferred
optionally-substituted alkoxy group is of general formula

30 —O0—(CH_)a—X an

wherein n represents an integer preferably in the range 1

to 8, more preferably 1 to 4; and

X represents a leaving group, for example a halogen,
as especially a chlorine, atom, or a group of general formula
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-4- Various anal ogues of tanoxifen which fall within the
scope of -the present invention are described in Endocrine Revi ews,
11(4), 1990, 578-603. 5 Anal ogues of tanoxifen may include.
optional ly- WOYM63¥kituted triphenylalkyl or alkylene RCKIGBRTO0NSS
Preferred optionally-substituted triphenyl conpounds are of general
formul a 10 [err] 15 wherein A B and P each
i ndependent|ly represents an .
-6 -
A
—N (11)]
N
Ra
5
wherein R' and R’ independently represent a hydrogen atom
or an optionally-substituted, preferably unsubstituted,
alkyl group.

10 Preferably, n represents 2.

Preferably, said second geometric isomer contacted
with solvent in the method is a first analogue of
tamoxifen and the method includes the further step of

15 derivatising the first geometric isomer prepared in order
to prepare tamoxifen or a second analogue thereof. Thus,
preferably the second geometric isomer contacted in the
method is a pirecursor in the preparation of tamoxifen or
said second analogue thereof. Preferably, the first

20 analogue of tamoxifen contacted in the method, more
preferably said first geometric isomer of said first
analogue prepared in the method, has less antiestrogenic
activity compared to tamoxifen or said second analogue.

25 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 the 4-position, by a first
moiety which includes an active atom or group which is

30 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

35 as described above. Preferably, said first moiety



=

optional |l y-substituted phenyl group and Q represents a hydr ogen at om or

an optionally-substituted al kyl, al kenyl, al kynyl or phenyl group; and
wherein a pair of adjacent substituents A, B, P and Qare 20 optionally
arranged together to formpart of a ring structure. Lt wll
be appreci at ed"PAEE e conpound of general formula | nEgH R4
different geonetric isoneric forns 25 and the fornula is not intended,

unl ess ot herw se stated herein, to be limted to any such form
Optional substituents as described herein include any substituents

generally used to affect the activity of 307 drugs for oral administration.
In relation to al kyl, al kenyl , al kynyl and phenyl groups, preferred
opti onal SuRAMRYIAASs 2 nOKRYR Pf ogéﬁe‘é?Bm@EHHxa I%’B;drgﬁy %%Sh&ﬁd
opti onal | y- subst i apdwsl a$did cailetxymobédtyxis pheflexybly reaetéd| withoaand

al kyl carbonyl gr 62342 . \ )
PCT/ GB97/ 00134 Oﬂ?ﬁ\e%?f general Vynsﬂfl?a Zlgﬁlm wherein R' and R* are as
described above.

5
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
substituents A, B, P and Q which are cis to one another.
10 Examples of compounds of general formula I which have ring
structures as described include:

OCH,CH,N(CHy),
15
w)
20
25
V)
30

35



- 5- Preferred al kyl, al kenyl and al kynyl groups may have up

to 12, preferably up to 6, nore preferably up to 4 carbon at ons. 5
Preferably, Qrepresents an optionally-substituted, preferably
unsubstituted, alkyl group. Preferably, said al kyl group is a (Jerr]
to Cerr], nao973sderably a CJerr] to (Jerr], alkyl g PCTIGBITROL34
preferably represents an ethyl group. 10 Preferably, groups A B
and P independently Trepresent an unsubstituted or nonosubstituted
phenyl group. Were a group A B or P8s-substituted, it is preferably
substituted in the 3- or, nore preferably, -the 4- position. 15

Preferably, group B is unsubstituted.
unsubstituted or substituted by
optional |l y-substituted al koxy 20 or

(%% 1, N( oup P is preferably
hat oden at om or hydr oxy,

tQpoxy, groups. Were group P is

substituted, it is preferably syb |uted in the 4-position.
Preferably, group A is nonosubstitutted PW&g, hal ogen atom or hydr oxy,
optional l y-substituted al koxy or phenq
5 (VD)
HO
wherein Z represents an oxygen or sulphur atom or a group
10  ~CH,CH,-. -
Preferably, adjacent substituents A, B, P and Q do
not form part of a ring structure.
15 The ratio of the volume of the first and/or second

isomers to the volume of the solvent used in the method
may be in the range 0.1 to 10, preferably in the range 0.5
to 5 and wmore preferably about 1 to 1. Preferably,
sufficient solvent is used to substantially dissolve the

20. first and/or second isomers and thereby define a single-
phase solution.

When the method involves contacting a mixture which

comprises first and second isomers, the mixture used may

25 be prepared by known routes to tamoxifen and its

analogues, for example as described in J.Chem. Research,
1985(S) 116, (M) 1342 and 1986 (S) 58, (M) 0771.

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

Referring to Scheme I, preferably, the alkene
derivative of formula XI is contacted with said solvent
prior to the reaction with trimethylamine. In one

35 embodiment, it is found that, after contacting a mixture



- 25 groups. Preferably, group A is nonosubstituted by an

optional |l y-substituted al koxy group. A preferred
optionally-substituted al koxy group is of general formula 30
[err] wherein n represents an integer preferably in 1
to 8, nore prN®YRY 1 to 4; and X represents a | eavi %g'?'dlﬁguﬂﬁph, 3% or
exanpl e a hal ogen, 35 especially a chlorine, atom or a group of general
formul a WO 97/ 26234 . _ PCT/ GB97/ 00134
-6- :

- -

of geometric isomers of said compound XI with methanol,
tamoxifen can be produced which contains over 98 wt% of
the desired 2 isomer (which has the stereochemical
configuration of compound XI shown in Scheme I) and 1-2

5 wtt of the undesired E isomer. Thus, in general terms, the
method described above may be used to prepare tamoxifen or
an analogue which includes greater than 95 wt% and
preferably greater than 98 wtt of said first geometric
isomer.

10



[err] wherein R err] and R err] independently represent a hydrogen atom

or an optionally-substituted, preferably unsubstituted, al kyl group.
10 . Preferably, n represents 2. Preferably, said second
geonetric isonmer contacted with solvent in the nethod is a first
anal ogue ofwo97263noxi f en and the nethod includes the furRGl&eEBIIR34 of 15
derivatising the first geonetric isonenaprepared in order to prepare
tanmoxi fen or a second anal ogue thereof. Thus, preferably the second
geonetric isoner contacted in the method is a precursor in the
preparation of tanoxifen or sai d second anal ogue thereof. Preferably,

the first 20 anal ogue of tanmoxifen contacted in the mhod, nore
preferably said first geonetric isomer of said first 3} anal ogue prepared
in the method, has less antiestroggnic = activity coqpared to tanoxifen

or said second anal ogue. 25 iPref bly, said pr&cursor is a conpound
of general formula |I describe bovef wherein B, P &ad Q are as
descri bed above. Preferably, A repnesents a phenyl ggogp substltuted

preferably at the 4-position, by a

active atomor group which is 30 ar ctEmth iety
whi ch includes a group of general ag desc O¥e in

or der to produce an optionally substlt ted al koxy*™gr oup of gener al
formula Il as described above. Preferz firs i ncl udes a
| eavi ng group which is suitably X 35 de.crlbed abo Pref erably,

said first noiety

OCH,CH,CI
u+
———

&

OCH,CH,CI
PhMeBr
B

XY

o

S;chcfva.\
OCH,CILC

Ph OH

__J>——<g

|
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-7- conprises a group of general fornula Il as described above.
Said first noiety is preferably reacted with an am ne of general
formula Rlerr]Rlerr]NH wherein Rlerr] and Rerr] are as descri bed
above. 5 WO 97, re a pair of adjacent substituents A BCTSBI 013

are arranged together to formpart of a ring structure, the ring
structure nmay be formed between pairs of substituents A, B, P and Q
which are cis to one another. 10 Exanples of conpounds of general fornula
| which have ring structures as descri~bad +ncl ude:

[err] 15

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

- %gg%

(VII) (VIII) (IX) (X)
15
The invention extends to a method of preparing
tamoxifen or an antiestrogenic analogue thereof, the
method including the steps of contacting a precursor of
tamoxifen or said analogue with a solvent in which a
20 second geometric isomer of said precursor can convert to
a first geometric isomer thereof and derivatising saia
precursor in order to produce said tamoxifen or said
analogue.

25 The invention extends to the use of a solvent for
converting a second geometric isomer of tamoxifen or an
analogue thereof into a first geometric isomer.

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

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

35
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The invention will now be described, by way of
example, with reference to the accompanying figures
wherein:

Figure 1 is a 'H NMR spectrum for a mixture of isomers
of a tamoxifen precursor, prepared in Example 3;

Figures 2 to 4 provide further detail for the
spectrun of Figure 1; and

Figure 5 is a 'H NMR spectrum for the product obtained
in Example 3 after treatment with methanol.

Example 1
Preparation of 4-Hydroxvtamoxifen

A solution of 1,2-dibromoethane (1.41g, 7.5mmcl) in
ether (5ml) was added dropwise with stirring to a beiling
solution of 2,3,5,6-tetrafluoro-1-(4’-bromophenoxy)-4-
(trifluoromethyl)benzene (3.89g), 10mmol) in ether (3ml)
containing magnesium turnings (486émg, 20mmol) under dried
nitrogen in order to prepare a Grignard reagent. When the
addition was complete, a solution of 1-[4-(2~
chloroethoxy)phenyl]-2-phenyl-i~-butanone (compound VIII)
(3.02g, 10mmol) in ether was added. The resulting mixture
was stirred at room temperature for 20 hours. The solution
was then poured into dilute hydrochloric acid (75ml) and
extracted with ether (3x50ml). The combined ether extracts
were dried, concentrated, redissolved in absolute alcohol
(10ml) and refluxed with concentrated hydrochloric acid
(3ml) for 4 hours. The solution was then poured into water
(25ml) and extracted with ether (3x20ml). The organic
extracts were dried and concentrated to give a light brown
oil (about 7ml) which was dissolved in the same volume of
methanol and left for 96 hours in a stoppered flask.
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- 8- [err] wherein Z represents an oxygen or sul phur atom or
a‘group 10 -CH2CH err]-. Preferably, adjacent substituents A B,
P and Q do not formpart of a ring structure. 15 The ratig, of
the vol une of WR¥A#¥H¥st and/or second i somers to the volpﬁﬁzcﬁ'ﬁ’qlﬁ%

sol vent used in the nethod may be in the range 0.1 to 10, preferably in
the range 0.5 to 5 and nore preferably about 1 to 1. Preferably,

sufficient solvent is used to substantially dissolve the 20 first and/or
second isoners and thereby define a single-13 - phase sol ution.
Crystals of E isomer of compound X separated out of
solution. M.p. 114-117°C (lit. 116-118°C), m/z 594, §, 0.92
(3H, t, J = 7.51 Hz, CR,), 2.45 (2H, g, J = 7.51 Hz,
CH,CH;), 3.73 (2H, t, J = 5.86 Hz, OCH,CH,Cl), 4.10 (2H, t,
5 J = 5.86 Hz, OCH,CH,Cl), 6.57 (2H, d, J = 8.8 Hz, aromatic
protons ortho to OCH,CH,Cl), 6.77 (2H, 4, J = 8.8 Hz,
aromatic protons meta to OCH,CH,Cl), 6.98 (2H, d, J = 8.61
Hz, aromatic protons ortho to OCF;), 7.09-7.18 (5H, m,
CHs), 7.22 (2H, 4, J = 8.61 Hz, aromatic protons meta to
10 OC/F;). It was observed that recrystallisation of the E
isomer from methanol was not possible. A typical yield for
the E isomer starting from the ketone of formula VIII was
41%. The isolated E iscmer of compound X can readily be
converted to the desired oestrogenic isomer of 4-
15 hydroxytamoxifen as described in, for example, J. Chem.
Research, 1985 (S) 116, (M) 1342 and 1986 (S) 58, (M)

0771.

20

The procedure of Example 1 was followed except that
the o0il produced was dissolved in a 2:1 mixture of
methanol and i-propanol. It was observed that a 41% yield

25 of the desired E isomer was obtained in 4 hours.

Example 3
e ati f me ifen
30 A solution of bromobenzene (3.92g, 25mmol) in ether

(Sml) containing a crystal of iodine was added dropwise to
a suspension of magnesium turnings (0.63g, 26mmol) in
ether (5ml) at reflux, under nitrogen. After the addition
was complete, the reaction mixture was cooled to room
35 temperature and a solution of 1-[4-(2~-



When the method invol ves contacting a mxture which conprises first and
second isoners, the mxture used may 25 be prepared by  known routes

to tamoxifen and its anal ogues, for exanple as described in J.Chem
Resear ch, 1985(S) 116, (M 1342 and 1986 (S) 58, (M 0771, A
typi cal reacwoomashene for preparing tanmoxifen is 30 as BEHIGRI7H813éwW | n
Schene |. Referring to Schene |, preferably, the al kene
derivative of forrmula XI is contacted with said sol vent prior to the
reaction with trimethylamne. In one 35 enbodinent, it is found that,

after contacting a m xture WO 97/ 30234

PCT/ GB97/ 00134 -9- of geonetric

i somers of sai dehDogmethibxdl) phiehlyl)e2Rphehyl-1~butamvrie (E/75pM dotpeadguced
\é\?:afgogﬁgﬁnaisgls P CatBBrM Psi1) wad NGadBE' 'RxZ 1 SHBRE. (Whiet Nri@r iy
nixture was refluxed for 16 hours, then poured into dilute
hydrochloric acid (50ml) and extracted with ether
5 (3x40ml). The combined ether layers were concentrated, the
residual oil was dissolved in ethanol (10ml) and refluxed
with concentrated hydrochloric acid (5ml) for 4 hours. The
organic phase was sephrated. dried (Na,SO,) and evaporated
to dryness to give a yellow oil. 'H NMR (see Figures 1 to
10 4 and discussion below) showed this to be a 2:1 mixture of
the Z and E isomers. The oil was then dissolved in warm
methanol (about 40°C) and allowed to cool to rxoom
temperature. The colourless crystals formed proved to be
pure Z isomer of 2-chloroethoxy tamoxifen (4.12g,
15  11.4mmol, 92% yield). M.p. 107-109°C, m/z 362/364 (chlorine
atom present), &, 0.92 (3H, t, J = 7.33 Hz, CH,), 2.46 (2H,
g, J = 7.33 Hz, CHCH;), 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,Cl), 6.79
20 (2H, d, J = 8.79 Hz, aromatic protons meta to OCH,CH,Cl),
7.10-7.38 (10H, m, the two remaining CM;’s) (see Figure
5). The 2-chloroethoxy tamoxifen was reacted with
dimethylamine in ethanol, under reflux, to produce the
desired Z isomer of tamoxifen.

25
Analysis of 'H NMR data
Figures 1 to 4 represent a mixture of the E- and Z-
forms of compound XI described above.
30

The expansion of the region § 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)
35 and 0.94 (for the E), which is approximately 2:1.



configuration of conpound XI shown in Schenme I) and 1-2 5 w % of the

undesired E isonmer. Thus, in general terns, the nmet hod descri bed above
may be used to prepare tanoxifen or an anal ogue whi ch includes greater
than 95 wt % and referably greater than 98 wt % of said first geonetric
i soner. 10 WO 97/ 26234 PCT/ GBEFFG817MW134
- 10 - [err] [err] :

- 15 =

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
ratio to be 2.46:1. All of these measurements suggest an

5 approximate 2:1 ratio. '

Referring to Figure 5, this shows almost pure 2-
isomer. It should be noted that there is 660 mg of this
from an original mixture of a 2:1 ratio mixture of 780 mg

10 which would contain only 520 mg of the Z-isomer.

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

15 which are open to public inspection with this
specification, and the contents of all such papers and
documents are incorporated herein by reference.

All of the features disclosed in this specification
20 (including any accompanying claims, abstract and
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 features
and/or steps are mutually éexclusive.
25
Each feature disclosed in this specification
(including any accompanying claims, abstract and
drawings), may be replaced by alternative features serving
the same, eguivalent or similar purpose, unless expressly
30 stated otherwise. Thus, unless expressly stated
otherwise, 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
35 foregoing embodiment(s). The invention extends to any
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- 11 - A typical process f or preparing 4-hydroxytanoxifen
i ivol ves derivatising conpound X prepared according to the reaction
schenme provi ded bel ow. [err] 10 15 The invention
extends to awesrhed4 of preparing tanoxi fen or an anti eBCTAOB2TH0E34
. anal ogue thereof, the nmet hod i ncluding the steps of contacting a
precursor of tanmoxi fen or said anal ogue with a solvent in which a 20
- second geonetric isomer of said precursor can convert to a first

~geonetric isomer thereof and derivati sing jgaid

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
5 method or process so disclosed.
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precursor in order to p

The i nvention extends t

geonetrkc isomer
geonetric isopger

process 30 d2OF B4 herein. Any feature of any

enmbodi nent descr
ot her aspect
PCT/ GB97/ 00134

i nvention wll now be described, by way of 17 - exain%lS WEE{’E AE‘% gg@ﬁ g¢e

t he acconpanyi ng fhgﬂges

10

15

20

25

30

35

r iuce sai d tanoxifen or said anal ogue. 25
of tanﬂi

I m tﬂllﬂ“lﬁ“l | vent for converting a seco
; e ' #lanal ogue thereof into a first

The i nvention extends to the pgﬁiﬁ@ of an
200

I bed herein may be conbined with any feature of any

or enbodi ment described herein. 35 WD 97/ 26234

H

1. A method of preparing a first geometric isomer of
tamoxifen or an analogue thereof, the method including
selecting a solvent in which a second geometric isomer of
tamoxifen or said analogue converts to said first
geometric isomer and contacting said second geometric
isomer with said solvent in order to cause said
conversion.

2. A method according to Claim 1, comprising contacting
a mixture which comprises said first and second isomers
with said solvent.

3. A method according to Claim 1 or Claim 2, including
allowing said first geometric isomer to crystallise in
said solvent.

4. A method according to any preceding claim, wherein
the solvent is an organic solvent.

5. A method according to any preceding claim, wherein
the solvent is a polar organic solvent.

6. A method according to any preceding claim, wherein
the solvent is a protic solvent.

7. A method according to any preceding claim, wherein
said solvent is an alcohol.

8. A method according to any preceding claim, wherein
the solvent is selected from methanol and/or propanol.

9. A method according to any preceding claim, carried
out at a temperature of less than 100°C.
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wherein: . 5 ' Fi gu NVR spectrum for a m xture of
| soners of a tam)X| Ii&@! ﬁl' ' 'epared I n Exanple 3;
Figures 2 to 4 provide fu t he spectrum of Figure 1,

and - 10 Figure 5is a [err]H NVWR spectrum for the product obtained
I n Exanpl e 3wef9736234 r eat nent wi t h et hanol . 15 Pr epar acrmsvmom
4- Hydr oxyt anoxi f en A solution of 1,2-dibn :

7.5mmol) in ether (5m ) was added dropwi se with{s i ng
solution of 2,3,5,6-tetrafluoro-1-(4" -bronophenox

(trifluoromethyl)benzene (3.89g), |0mmwly ig -ether (3ml) x—H-INg
magnesi um t ur ni ngs (486ng, 20mmvl) under dried nitrogen in order to
prepare a Gignaod r dagethod\\aegoriéng to auii premeddngcoidplimi ewheredhuti on

of 1-14-(2 ' sathl eh@psqse behesubks Rewitiibal dp innn )

25  (3.02g, TET-‘DR%} eygy# aiﬁgleﬁc}‘y 'IE[;% Les u&%~£ m )%{%?gafe%ﬁ‘té/é .
stirred at roomtTeRpERY E‘ﬁ o= Z?f 4 §B?u‘t’? unds. a5 then poured

into dilute hydrochloric acid (75m) and extracted with ether
(9x50m). The cadhi ngdnakhes acbpaisy o o sHg srdeggﬂngce@aiﬁ“%sﬂe n ‘

redi ssolved in abigl ute al cohol R concentrat ed
hydr ochl ori ¢ aci83id second geometric i omer contacted with solvent in the

method is a first analogue of tamoxifen and the method

includes a further step of derivatising the first

geometric isomer prepared in order to prepare tamoxifen or
10 a second analogue thereof.

12. A method of preparing tamoxifen or an antiestrogenic
analogue thereof, the method including the steps of
contacting a precursor of tamoxifen or said analogue with

15 a solvent in which a second geometric isomer of said
precursor can convert to a first geometric isomer thereof
and derivatising said precursor in order to produce
tamoxifen or said analogue.

20 13. The use of a solvent -for converting a second
geometric isomer of tamoxifen or an analogue thereof into
a first geometric isomer of tamoxifen or the same
analogue.

This Sheet Has Been Replaced




(3m) for 4 hours. The solution was then poured into water (25m ) and

extracted with ether (3x20m ). The organic extracts were dried and
concentrated to give a |ight brown oil (about 7m ) which was

di ssolved in the sane volunme of 35 nethanol and left for 96 hours in a

st opper ed f| a¥Y0 9726234 WO 97/ 26234 PCT/GB97/00134

PCT/ GB97/ 00134 1/5 - 13 - Crystals of E

i soner of conpo i ONq:. . 114-117C (lit.
116-118[err]C),f Mz 594, [err] 0.92 (3H, t, J = 7. 51 Hz CH=rr]), 2.45
(2H, g, J = 7.91 Hz, CH err]CH err]), 3.73 (2H, t, 5. 86 3,

ht

OCH2CH2d ), 4.10 (2H, t, 5 J_=5386 Hz QCH _@/57 (2H [d, J =
8.8 Hz, aromatifc protons ortho to OCH[err]CHZCI) H dr-Jij= 8.8
Hz, aromat i g J =8.p1

_-7__...__..___“_ = ot Lo O _...........-.—-..-.-...._..A T

Hz, aromatic protons ortho to OCferr]F7), 7.09-7.18 (5H 2
Cerr]Herr]), {7.22 (2H, d, J = 8.61 Hz, aromatic protons met-hto 10
OClerr]F7). It Mas observed t hat recrystalllsatlon—ef—ﬂae=K' + sofrer

f rom met hanol s not possible. Atypical yield for t he E i sionme
starting fromthe ketone of forrmula VIII was 41% The |solat-ed E
i somer of conpound X can readily be ~: r
H -
L
Lo
=R
1?
- | i i
= : ——%iél i
o ' p— L
=3 ==
- L
. O =
i Q L
< &_ ;
2 b
Lo . -
O {1
® 1
= a
© o
O
U :
Q :
- -
- —
2. -
i <
—_ -
s -
-

SUBSTITUTE SHEET (RULE 26)



converted to the desired oestrogenic isoner of 4- 15 hydr oxyt anoxi fen as

described in, for exanple, J. Chem Research, 1985 (S) 116, (M 1342
and 1986 (S) 58, (M 0771. 20 Preparation of Z isonmer of

4- Hydr oxyt anoxi f en The procedure of Exanple 1 ywag/cheidesacd
except that wo9m26¥3¢ oil produced was dissolved in a 2:1 m xture of

nmet hanol and i-propanol. It was observed that a 41%yvyield 25 of the
desired E i somer was obtained in 4 hours. Exanpl e 3 Preparation

of Z isoner of Tanoxifen 30 A 245ution of bronmobenzene (3.92g,
25mmol ) in ether (5m) containing a crystal of iodine was added
dropwi se to asuspensi on of nagnesi um turni ngs (0. 63g, 26r i

moE] in
ether (5m ) at |reflux, under nitrogen. After the addition iwasf

conpl ete, the rleaction nixture was cooled to room 35 tenperatiuref. and a

sol utiion  of 4-[4-(2- i o

. 0
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- 14 - chl or oet hoxy) phenyl ] - 2- phenyl - 1- but anone (3. 75g, 12.4mmol)
in ether. (15m ) was added over 1 hour. The resulting m xture was ref
| uxed for 16 hours, then poured into dilute hydr ochl ori ¢_aci d 50m )
and extracted & ?ﬁ@fher 5 (3x40n1) The conbined ether | & Y
concentrated, the residual oil was dissolved in ethanol (10m) and
refl uxed wi th concentrated hydro oric acid (5m) for 4 hours. The
organi ¢ phase was_separated, dried (Na[err] SO4) and evapor ated to
dryness to givela yellowoil. [err]H NWR (see Figures 1 to 10 ;4 gpa
di scussion belop) showed this to be a 2:1 m xture of t he angttE
i soners. The oi| was then dissolved in warm met hanol (aboyt 40kerr| O
and allowed to ¢ool to room tenperature. The colourle rystalsg
formed proved tp be pure Z isoner of 2-chloroethoxy tanmox{fen {45129,
15 11. 4mmol , 92%yield). Mp. 107-109[err]C, nlz 362/ 364 (chforing
atompresent), [err] 0.92 (3H, t, J = 7.33 Hz, CH[err] (2H, [ d,
J =7.33 Hz, CHerr]CHerr]), 372 (2H, t, J 5.86 Hz, -
OCH2CH err]C),{4.09 (2H, t, J = 5.86 Hz, OCI-l[err]Cl—l[err]CI) 6. 55 F2H,
d, J = 8.79 Hz,iargonmapos: oJrota-n-s ortho to OCH2CH err] Cl) 9 20 —(gl-, d,
J - 8.79 Hz, arpmatic preitQns rretato"ﬁ‘[%”u._err k) 7. 10L 7%= 38
(10H, m the twp remaining ‘» err]H[ err] S) (see Fi gure‘:'h>5) The
2- chl or oet hoxy |t anbxdd ‘ 5 A drmethyl am ne i nf
et hanol, under feflux, to produce t he oner of tanokifgn.
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25 Anal ysis of [err]H NVR data Figures 1 to 4
represent a mxture of the E- and Z- forms of conpound Xl descri bed
above. 30 The expansion of the region [err] 0.80 to 1.05 shows

two, - overlapping triplets corresponding to the CH err] PER Ly, the
Z- and E- derWOQRIR& respectively. The critical point is &Pﬁ%hggtio of

the heights of the peaks at 0.92 (for the 2Z) 35 and 0.94 (for the E)

which is approximately 2:1. . WOy 26234
PCT/ GB97/ 00134 - 15 - The
expansion of th ' i~ ' t-ep—-wher e

ratios are 10: 644 énd 5.56;3.43. Simlarly expansion of the reé
to 3.9 shows th& ratio to. be 2.46:1. Al of these neasurenents
an 5 approximte 2:1 ratio.
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w

Referring to Figure 5, this shows al nost pure Z- isomer. It should be
noted that there is 660 ng of this froman original mxture of a 2:1
ratio m-xture of 780 ng 10 which would contain only 520 ng of the

Z-i somer. The reader's attention is directed to aII ers and
document s whi ¥R %P4 | ed concurrently w %h or previous to PCTA #)
specification in connection with this app {Ration and 15 which are open
to pub| ic i nsnnr‘f ion——with—thi S— cnnr\l ficati ohR— apd-the-contents of
all such papersj and docunents are |ncorporated hereln by rdfecénce
Al'l of the features disclosed in this specification.20 i ncl ydi R any
acconpanyi ng cjaims, apstract and T of bhe~$teps
of any met hod oy process so disclosed, nay be conbi ned in ny |
conbi nati on, except conbi nations where at |east some of SUCh fdatufes
and/ or steps are nutually exclusive. 25 Each feature dj scliosedl in
this specification (i ncludi ng any acconpanyi ng cl ai ns, abstract apd
drawi ngs), nmay pe replaced by alternative features serving t he sape,
equi val ent or simlar purpose, unless expressly 30 stated otherwifse.
Thus, unless gexpressly stated ot herwi se, each feature discl ased}is
one exanpl e only of a generic series of equivalent or simllr fleatfres.
The invention ifs not restricted to the details of the 3 '
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f oregol ng enbodlnent(s) The invention extends to any WO
97/26234 - . PCT/ GB97/ 00134
= 16 - novel one, or any novel conbination, of the features_
disclosed in this specification - (including acconpanyi ng cl ai s,

35? e stops of a!“ﬁSQZ) method or pr OCQSXGLOC’S?scl ogel}ﬂlllﬂ’mm IIIH’HIII ) .
- =17 -
CLAINS |

1. A nethod of preparing a first geometric isomer of |
ta_moxifen or an analogue therecf, tha nethod ineluding

5 selecting a solvent from which the first geometric isomer
can be crystallizod; contacting a mixture which comprises
tiret and second geometric isomers of tamoxifen or an
analogue with said solvent; and allowing said first
‘geometric isomer to crystallise in said solvent.

1o | _

2. A method according to claim 1, wherein the solvent is
an organic solvent. '

3. A mothod according to claim 1 or claim 2, wherein the
15 solvent is a polar organic solvent.

4. A method according to any preceding claim, wherein
the solvent is a protic soulvent.

20 5. A method avcording to any preceding claim, wherein
said solvent is an alcohol.

6. A method according to | any preceding claim, wherein
the solvent 18 selected trom methanol and/or propanol.

25 '
7. A method according to any preceding clain, carried
out at a tempera.ture of less than 100°C.

8. A method according to any preceding claim, wherein
30 said analegues of tamoxifen include optionally substituted
triphenylalkyl or triphenylalkylene compounds.

9. A method according to any preceding claim, wherein
said first and second isomers contacted with solvent in
35 the method are first analogues of tamoxifen and the method
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RC  'ON:EPA-MUENCHEN 05 118- 8-97 @ 17:41 : 01422 330090~ +49 88 23994465:# ©
v 1. A method of preparing a first geonetric isomer of t anoxi fen or an
anal ogue thereof, the method including 5 selecting a sofvent from which -
. the first geonetrlc i somer can be crystalllz i xture .
- whi ch conpri ses f irst and second geonetric: g’“&gﬁ"ﬂ mwgmen or an
anal ogue with said solvent; . and all OWI ng sai tric
| somer to crystallise in said solvent. 2. A nethod accordl ng to
claim1l1l, wherein the solvent is . an organl c solvent. 3. A nethod
according to cI ai m 1 or claim2, wheretrt8 he 15 solvent is a polar organic
sol vent . A et hod accord| ng to afy precedi ng claim wherein
t he sol vent i %nﬁlﬂﬁ’ﬁﬁl casofwether step s of Adenived isdawr dthg t Sixsd
precedi ng cl agetmetriciisoner mﬁasahvmtomuamoaﬁso?@h tamoxifen OHcMet hod

according to §n¥e&5§&ﬁﬂw@'ﬂe%? ein the solvent is selected from

met hanol and/ Or propano *A nmet hod according to any preceding
claim carried out at a tenperature of less than 100[err]C 8.

A met hod gccofgi nop ietba RIS §REpAT i6LA Lo LER &k an antiestrogenic
analogue theraof, the method including the steps ot
contacting a precursor of tamoxifen or said analogue with
a solvent and derivatieing said precursuvr in order to
produce tamoxifen or said analogue.

10

B
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30' sald anal ogues of tanoxifen include optionally substltute

tri phenyl al kyl or triphenyl al kyl ene conpounds. . A met%og‘f?&abl&g o
tovany peeceding claim wherein said first and second i somers RTMP cotY
contacted with solvent in 35 the nethod are first :anal ogues of gERapXi f

and the method includes a further step of

the first gedENi c isomkm@m%gm%wﬁpare | s .
a second an re m i ' M

ot eotr gy R AG Rbprrcation Hipu SR bR B 1Y 4P
contact i ﬁl)btwmmeWﬂMXl fen of sali(l) membtdgaPublidadol Number:a S &1 Wi 9726284

derivati pin 5/08) 302, der &1 roduce tanoxifen or said
anal ogu e: 18:(’3“3 "Gee0128 2wy 43) Ellernational Publication Date: 24 July 1997 (24.0797)
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