
EITASTATN DERIVATIVE REPARATION METhOD  The present patent app cation
relates to a process for th.e preparation of a combretastatin
derivative of formula (I) or (1): CAle.OMe MeOSCMn,Okle   OH NH. (Hk
K denoting the anion associated with an acid AH. More particularly"A
denotes Cr. Technical problem] The compounds if) and (ii) Peking to
the family of the combre,tastatin derivatives or stilbene derivatives
which are anticancer compounds. They are described in Applications
toEP 0 731 086, EP 1 264 821, EP 1 068 870 and EP 1 407 784, The
preparation of these derivatives is based, in one of the stages, on
the formation of the Crtr-C double bond. In this  stage, two isomers
Z and E may e formed but only the Z isomer ( 



truly effec8ve anticancer activity. The preparation process should
thus resui  15 The Applicant Company has deveioped an alternative
process for the preparation of the compounds (I) and (h) which is
based on the use of the intermediates P2 or Fni described below. This
process exhibits the advantage of eliminating the stage during which
a cytmoxic intermediate is formed. This alternative process thus
exhibits fewer stages comprising toxic 23compounds, which makes d
easier to manage it from an industriai viewpoint. [Prior aril The
papers ./.Huottehe,m, 2003. 123, 181-108, and Syniett., 2006, 18,
2977, describe the preparation of combretastaiins using one of the
sages of the Wittig reaction, The Wittig reaction is also envisaged
in Patent US 7 265 136 and in international Applications WO 03/084918
and WO 2009/118474. [Brief description of the invention] The
invention relates to a process forpreoaration of a combretastatin
derivative of formula (I) or (II):  tc denoting the anion associated
with an acid All, comprising the thliowing stag (r)
triary1(3,4,5-triinethoxybenzyl)phosphonium halide P3 + Ha:- P, Me 4
in which Ar denotes an aryl group chosen from pheny or thienyl,
optionally substituted by a (erC4)alkyl, (C1-C4)alkoxy or halogen
group, is reacted, in the presence of a base, with: - P2 of formula:



0 ":" 4 p R 2 in which R and R represent: a each a (Ci-C4)alkyl
group; 0 or eise R represents a phenyl group optionally substituted
by a (Ci-C4)alkoxy group and ft represents a hydrogen atom: o or else
R and Rc form, together with the carbon atom to which they are
connected, a (Cis-C7)cycloalkyl group; - or else Fr2 of formula:
rits a protect!va group for the acohol functional group,
:present:inoc. oruti so as to respectively obtain the compound PA; Or
P'4:   ig then, during a deprotection stage in the presence of an add
and/or of a base, the compound of fomtula P4 or FV4 results, after an
optional purification stage, h the compound of formula 0) or (H). The
invention also relates to a compound of formula Pi. H 0P2 in which R
and IT represent: o each a (C1-C4)aikyi group: l 00 or else R
represents a phenyl group optionally substituted by a C1-C4alkoxy
group and R' represents a hydrogen atom; 



0 or else R and R' form, together with the carbon atom to which they
are connected, (C3-C7)cycioalkyi group; and X represents boo, Frnoc
or CBZ. The invention also relates to the compound of formula P'2:  ,
whlch PG.; represents a prota va group for the alechal fund: no group
and X represents hoe, Fmoc cw C.BZ, R and R' can, for example, both
represent a methyl (Me) group or can form, tegether with the carbon
atom to which they are connected, the cyclohexyl group. X can, for
example, represent boe. PG1 can, for example, represent one of the
following protective groups: ThiP (tetrahydropyran), MEM
imethoxyethoxymethyt), bee, trityl or acetyl (Ac). Ar can 25represent
the phenyl or thienyl group, optionally substituted by a (C1C4)alkyl
or (Cre4aiiroxy group. K can denote or.  The invention also relates
to the use ol one of the two compounds P2 and P'2 as intermediate in
the preparation of a compound of formula (I) or (H). 5The invention
also relates to the use of one of the two compounds P4 and P'4 as
intermediate in the preparation of a compound of formula (I) or (H).
Detailed description of the invention] The general Scheme I describes
stages (i) to (iv) of the process: Ho-..i.---N-L.1.,....".' .. .4":".
Nr..'r ,.; e-,..5:,ik.  I JN I6 Nr i.4 i  /c-,:ca  ;- n..,_1:ia,liA
,....."c, 



mad - ,) Wtt%t  N.1( ''''.t.?.:C4 x i 're ....ek IWel A ...y' Ms :I'
"C; 4t.',...-' -.:(i.;-:1-, .'.,...- ,,,---.1.. 3.4.,..."--,,(..;.
i''',:,N '''"t..:,.. ::- A., 4,..A 1., .4 te>, stage m1r,stage (II)
----r cy- --,,,......,, "tit,p.,A.s,",,,,,,., dXrI,To.;;;flr"'I.40
W:C.1?*CKIP.4H etc,...1,r..., IA* / \',lot ,-/M:' 3 ta ti 0 a i i )
1:-.:' "''' 



..,wia.t.8 ...I.- H thetorn)t! Ntt -t> e( stage Qv)
PithiZ.:15iitwc I Stigt (w)  (1)IrsIItht:- bcg>t':fntm Scheme 1
milatn: coupling of 3-amino-iit-methoxybenzaidehyde and of a
protected serine of formuia: i 5P1. in which R and R' represent: is
each a (O-C4)aiik'y,1 group; o or else R represents a phenyl group
optionaiiy substituted by a (Cre4)aikoxyi group, for example methoxy,
and R' represents a hydrogen atom;                  0 or else R and
R' form, together with the carbon atom to which they are 20connected,
a (CFC-r)cycioaky pmupi or else of formula P'1, in which Pai
represents a protective group for the aicchisi functional group. On
conc:usion of this cisupitig, P2 Or P'2 respectiveiv itt obtained. X
%presents boc, Fmoc or CBZ.  Paiiia2oi01102S92 Pti can more
particularly be one of the foilowing compounds: X boo, PG1 THP: see
compound 13a of Ex. 13 of WO 06042215; X = PG 1 boo: Justus Liebigs
Anna/en der Chemie., 1971, 743, 57-88: Frnoc, PG1 = A commercial
compound of mull 



PG., denotes a protective group for the alcohol functional group.
hoc, Fmort and CBZ respectiveiy denote the terbburoxyczabonyl,
9-11uorertyimethoxycarbonyl and benzyloxycarbonyl groups. A
protective group is a chemical entity which is introduced onto a
molecule during a "protection" stage by modification of a chemicai
group, making rt possible to improve the chemoselectivity of a
reaction by preventing undesirable side reactions at the said
chemical group, and wnich is released during a subsequent
"deprotection" stage. PG) can, for example, he THP (tetrahydropyran),
MEM (methoxyethoxymethyl), bog; trityl or acetyi (Ac). The coupling
(amidation) is advantageously carried out in the presence of an acid
activator. The term "acid activator denotes a compound having the
role of rendering the acid functional group --GOGH of P1 or VI more
reactive for the purpose of promoting the formation of an amide bond.
Reference may be made, for further details with regard to acid
activators; to the review Chem/riles: Vol. 7, No, 2, page 3, edited
by Aldrich Chemical, or else to Terrahedion Report, No, 672, 2004,
60, 2447-2467, "Recent development ol peptide coupling reagents in
organic synthesis". EDCi -(3-dimethyiaminopropyi)-3-
ethylcarbodilmide) Monde), DOC (dloyclottexylcarbodlirnide), TOTLI
(04etrioxycarbonylicyanomethylenearnino)--N,N,Nl,NAetramethyluronium
tetrafluoroborate), HErTli
(0-(berizo.triatztol-111)-N,N,N.,N.-tetrartiethyluronium
hexafiuorophosphate) and N,Ncarbonyldiimidazole are examples of acid
activators or the anhydride of propanephosphonic 3 acid (T3P). In the
presence of the acid activator, an isolable or non-isolable
intermediate may be forced which comprises an activated acid
functional group of the form ---COZ; for example, in the case of
Ova:DO chloride; Z represents --.0tBu.  The coupling can be carried
out in a solvent, such as, for exainple, a chlorinated solvent, for
example clichlorometharte (DCM), an ether, for example THF, or an
aromatic solvent, for example toluene, at a temperature which can be
between 0C and 20C. Stage OW Wittig reaction between P2 or P'2 and
triary1(3,4,54rimethoxybenzyl)phosphonium halide P3, resulting
respectively in P4 or P'4, In P3, Ar denotes an aryl group chosen
from phenyl or thienyl, optionally substituted by a (01-C4)alkyl or
(C1-C4)alkoxy group. 10The Wittig reaction is carried out in a
solvent in the presence of base. P.3 is obtained by the reaction of
3,4,5-trimethoxyhenzyl halide with the corresponding triarylphosphine
PArs. Use is preferably made of a chloride or a bromide. An example
of P3 is tripheny1(3,4,5- trimethoxybenzyl)phosphonium chloride,
which is described on p. 102 of J. Fluor. Chem., 2003, 123, lot-l08,
or else its bromide equivalent, which is described on pp. 15-16 of iS
WO 02/06279. The solvent of this reaction can, for example, be
toluene, THF, dirnethylkiimamide (DMF), chloroform, DCM,
trifluorotoluene, a mixture of these solvents or an aqueous two-phase
mixture, such as, for example, the chloroform/water mixture, 20 The
base which is used is preferably a strong base, such as, for example,
NaHMDS (sodium bis(trimethylsilyi)amide; CAS [1070-39-9]), KHMDS
(potassium bis(trimethylsilyl)amide; CAS [40949-94-8]), sodium
methoxide, sodium amide or sodium hydroxide. The base can be brought
together with a phosphoniurn salt P3 and then the 25 aldehyde P2 or
P'2 can he run onto the phosphoniurn salt P3, which will have been
brought into contact beforehand with the base. According to a
preferred alternative form which makes it possible to obtain a higher



:35person skilled in the art may refer to 'Greene's Protective Groups
in Organic Synthesis", 4th edition, ISBN 978-0-471-69754-1, to find,
if appropriate, these conditions.  PCT/FR20.10/05273fl 7 Thus, for
some protective groups (for exampie, compound P4 with Xboo), the
deprotection can be carried out in the presence of an organic or
inorganic acid AR In this case, the deprotec:tion results in the
compound Ps in the salt form. For other protective groups, the
deprotection can be carried out in the presence of an organic or
inorganic base S. In this case, the deprotection results in the
compound P95 in the base form, The temperature of the deprotection
reaction is preferably between Ott and 5000. The acid can be a strong
acid, such as, for example, hydrochloric acid, which results in the
hydrochloride. The base can be, for example, sodium hydroxide. It is
also possible to combine an add treatment and a basic treatment, in
particular for P'4, which 10comprises two different protective groups
X and Pal. Stage (hr): if necessary, the Z isomer is separated from
the E isomet by any purification technique known in organic
synthesis. It can be purification by recrystallization, using as
solvent a mixture comprising an alcohol and a ketone or an ester and
more particularly the 15methyl ethyl ketone (MEk)/water mixture.
Stage (iii) or, if appropriate, (iv) can optionally be followed by an
additional stage consisting in converting:      - by addition of an
acid, a combretastatin in the base form (for example (U)) into
20combretastatin in the salt form (for example 00 or else, by
addition of a base, the combretastatin in the salt form (for example
(0) into combretastatin in the base form (form example (II)). 2.5Ps
is obtained according to Scheme 2 by reaction of a ketone and of a
derivative of L- serine, the amine functional group of which has been
protected with X.    



Scheme 2  WO NI 1..8367538PC1'OM2010/052592 00 ..il,PG1 HOe' NY' OH 8
00< 8.-  y _NH, NH f->a  x'-1 Scheme 2'. The derivative of 1-sarine
of Schemes 2 and 2' can be commercially available (for example,
N-boc-L-serine) or readily accessible using at least one chemical
reaction known to a person skilled in the art (similar, for example,
to that which makes it possible to prepare N-hoc-L-serine).
[Examples] 10Example 1: Preparation of the hydrochloride of the
compound (II) akSzO,,Kzea,    I hi-- '''i) n5;  t5K15 <JP1151, Otak  



3-Amino-4-methmnybenzaldehyde is obtained by reduction of the
corresponding nitro compound according to Tetrahedron Letters, 1993,
34(46), 7446-1446. }.5Preparation of P, (Stage fin  %
067538PCTIFF12010,    -?';..;?ZNIS  Before being used, the reactor is
freed with DCM, dried under vacuum and purged by :flushing with
nitrogen for 15 to 30 min, the Erlenmeyer flask is rinsed with
arnylenestabilized DCM and then dried under nitrogen. 95 ml of DCM
and 34.0 g of hoc-L-serine acetonide are charged to the reactor, the
reactor is cooled to 4-10t and 14.3 g of N-methylmorpholine are added
using a dropping funnel while maintaining the temperature at 4-10C.
The dropping funnel is rinsed with 2.5 ml of DCM. 17.1 g of pivalcyl
chloride are added using a dropping tunnel while maintaining the
temperature at 4-10C and the dropping funnel is rinsed with 2.5 ml of
DCM. The mixture is kept stirred at 4-10`C for 2 h. 10 A solution of
aminohal (20,0 g) in DCM (95 ml) is prepared with stirring and this
solution is run into the reactor while maintaining the temperature at
4-10t. The mixture is subsequently heated to 20C over 1 h and is kept
stirred at 20C for a minimum of 16 h. 100 ml of demineralized water
are added to the reactor at 20-25C and the mixture is left 15
stirring for 20 min and separated by settling. The lower organic
phase comprising the product and the upper phase (predominantly
aqueous) are withdrawn. The organic phase comprising the product is
again charged to the reactor. 140 ml of a 1.0N aqueous sodium
hydroxide solution are added. The mixture is kept stirred at 20-25C
for approximately 20 min and then allowed to separate by settling.
The lower organic phase comprising the 20 product is withdrawn. The
organic phase comprising the product is again charged to the reactor.
100 ml of demineralize.d water are added. The mixture is kept stirred
at 20-25C for approximately 20 min and then allowed to separate by
settling, The lower organic phase comprising the product is
withdrawn. The organic phase comprising the product is again charged
to the reactor. 100 ml of isopropanol are added. Distillation is
carried out (35  5C in the jacket) under a residual pressure of
approximately 30 mbar until a residual volume of 100 ml is present in
the reactor, The temperature is adjusted to 20C and the mixture is
left stirring at 20C for 3 h. The reactor is rinsed and the cake is
washed twice with a total volume of 40 ml of isopropariel. The
product is dried at 3040C under a vacuum of 30 mbar. Yield of
isolated product: 60%. 



11/06753PCTIFR2010/052592 10 Wittig reaction (Stage (H)1 581 g of
phosphoniurn salt (1.2 eq.), 350g of the aldehyde from the preceding
stage (1.0 eq.) and 3500 ml of CHCI3 are charged to a 7 I reactor
(intense yellow-brown solution). 1110 ml of a IN NaOH solution (1.2
eq.) are added. The two-phase mixture is stirred vigorously and the
solution becomes pale yellow. It is kept at approximately 20C. 3500
ml of water are added and the mixture is stirred and separated by
settling (pH of the aqueous phase 13). A 2nd washing is carried out
with 3500 ml of water; the pH is then 7. Separation Dy settling is
carried out and the yellow-orange organic phase is withdrawn (volume
4250 ml comprising 346.0 g of Z and 136.79 of E). The VI:: ratio is
72/28 and the Z+E yield with respect to the aldehyde is 96.2%. The
solution is reintroduced into the reactor and then the CHCla is
distilled off under vacuum with a starting vacuum of 100 mbar and a
final vacuum of 45 mbar (jacket temperature approximately 3000). The
mixture becomes syrupy. The vacuum is broken and 50 ml of CHCI:, and
2500 ml of AcOlPr are added: a fluid solution is obtained (5250 ml).
The distillation is resumed at constant volume with addition of
Ac0Pr. Crystals (predominantly of triphenylphosphine oxide) are
formed and are filtered off. The filtrate comprising the expected
product is retained for use in the following stage. Z/E ratio ai
71/29. Z yield: 68.9%. Deprotection in an acid medium (Stage Win The
solution from the preceding stage (3045.9 g of solution, i.e. 343.9 g
of Z and 136.9 g of E) is charged. 295.2 ml of a 12N 1-ICI solution
(4 eq., with respect to the product) are added. The two-phase mixture
changes from yellow to dark red. 1800 ml of water are added, the
mixture is stirred for 10 min and separated by settling, and the rich
aqueous phase is 25  withdrawn. 900 ml of water are added to the
organic phase. The mixture is separated by settling and the aqueous
phase is withdrawn. 37149 of orange aqueous phase are obtained (ZIE
ratio = 67133). 2700 ml of Ac0iPr are added and a 10N NaOH solution
is run in slowly until a pH of 10-11 is obtained. The mixture is
separated by settling and the aqueous phase is withdrawn. 2700 ml of
water and 11 g of Nael are added and the mixture is vigorously
stirred and then separated by settling. This whisking operation is
repeated with 2700 ml of water. A yellow organic phase is recovered
(2760 g) ZIE ratio 68/32. Yield: 35%. Recrystailization (Staqe (iv))
5.27 g of the preceding product, 50 ml of water, 50 ml of AcCiPr and
1.32 rni of 30% sodium hydroxide soiution are charged to a 250 ml
three-necked flask. The mixture is stirred for 30 min. It is
separated by settling and the aqueous phase (pH rr-- 10) is
withdrawn. Two whisking operations are carried out with water (50
m1). After the 2nd whisking operation, the pH is 7. The organic phase
is evaporated to dryness (40C, vacuum of 60 mbar) and the  residue is
dried in an oven (40C). The solid (5.49 g) is taken up in 11.2 ml of
MEC, and 1.00 ml of a 12N HCI solution (density = 118) is added to
the solution. A small amount of product is allowed to slowly
crystallize. 0.36 ml of water is added and a large part of the
crystallized product redissolves. 2.70 ml of MEC are then added and
crystallization is again .Sallowed to take place. The mixture is
stirred at ambient temperature for 5 days. The product is obtained
with a Z/E ratio = 93/07. Z yield: 45%. Example la: Preparation of
the hydrochloride of the compound (II) 10   reactionlatage (WI 44.89
of phosphonium salt (1.2 e.g.), 279 of the aldehyde from the
preceding stage (1,0 eq.) and 270 ml of CHCI3 are charged to a 500 ml



The solution is reintroduced into the reactor and then a change in
soivent to isopropyl acetate is carried out under reduced pressure
(45 to 100 mbar at 30C approximately). At the end of the operation,
the residual volume is adjusted to 203 mi. Crystals are formed,
25which crystals are filtered off and washed with isopropyl acetate.
The filtrate, comprising the reaction product, is used as is in the
following stage. Z/E ratio = 70/30. Z yield: 69.0%. Deprotection in
acidic medium (Stage 01)i The solution from the preceding stage
(248.0 g of solution, i.e. 26.7 g of Z and 11.2 g of E)  50 is
charged to a 500 ml reactor. 23.3 ml of a 12N HCI solution (4 eq.
with respect to the product) are added. The two-phase mixture changes
from yellow to dark red. The mixture is kept stirred at 20C for
approximately 5 h. 137 ml of water are added, the mixture is stirred
for 10 min and separated by settling, and the rich aqueous phase is
withdrawn. 69 ml of water are added to the organic phase. The mixture
is separated by settling and the aqueous  35 phase is withdrawn.
283.6 g of orange aqueous phase are obtained (ZIE ratio = 66/34), 206
rni of Ao0iPr are added and a 10N NaOH solution is slowly run in
until a pH of 10-11 is obtained. The mixture is separated by settling
and the aqueous phase is withdrawn. 206 ml of water and 2.1 g of NaCI
are added and the mixture is vigorously stirred and then  12
separated by settling, This operation is repeated a second time. A
yellow organic phase is recovered and is brought to dryness (35.0 g,
ZIE ratio rir 66/34), This residue is taken up in 108,3 g of MEG. A
solution is obtained. 5.82 ml of 12N Ha and 2.75 ml of water are
successively added. initiation is subsequently carried out by the
addition of 75 mg of pure Z isomer. The mixture is kept stirred at
20C for 2411 and then the slurry obtained is filtered. The cake is
pulled as dry as possible and then dried in an oven (50C, 80 mbar).
7.15g of a fine beige powder are thus obtained: Z 31,5%, ZIE ratio =
95.9/4.1. ,Recrystallization (Stacie (iv)1 10488 mg of compound (I)
(ZIE lir 93.5/6.5), 0.115 ml of water and 268 ml of acetonitnie are
charged to a 5 ml round-bottomed flask. The mixture is heated to
35"C, stirred until a solution is obtained and then cooled to 20C.
Initiation is carded out at this temperature with 3 mg of the pure Z
isomer. The mixture is kept stirred for 30 min and then 3,44 ml of
acetonitrile are run in over approximately 2 h. The mixture is
subsequently kept stirred at 20t for 18 h and filtered. The cake
obtained is dried in an oven (50"C, 60 mbar). 367 mg of the expected
product are thus obtained with a Z1E ratio of 99.65/0,35, i.e. a
yield of 80%.  WO 20111067538PCTIER2010/052592 13 CLAIMS 1. Process
for the preparation of a cornbretastatin derivative of formula (I) or
(11): ccip,i nto 



mrpo,MeOy  Cmi NH2  A" denoting the anion associated with an acid AH;
comprising the following stages:
triary0,4,5-trimethoxyberizyl)phosphonium halide P3 Pr? 'S in which
Ar denotes an aryl group chosen from phenyl or thienyl, optionally
substituted by a (C1-C4)alkyl, (01-C4alkoxy or halogen group, is
reacted, in the presence of a base, with: - P2 of formula:  in which
R and R' represent: 150 each a (O1-C4)alkyl group; o or else R
represents a phenyl group optionally substituted by a (C1-C4)alicoxy
group and R' represents a hydrogen atom; o or else R and R' form,
together with the carbon atom to which they are connected, a
(C2-C7)cycioalky1 group; - or else P'2 of fomilula:  in which PG1
represents a protective group for the alcohol fun  14 



X representing boo, Fmoc or CEZ, so as to respectively obtain the
compound P4 or P'4: qAte: 0Ma 0? 1=1 r,- a then, during a
deprotection stage in the presence of an acid and/or of a base, the
compound of formula P4 or P'4 results, after an optional purification
stage, in the compound of formula (1) or Oft 102. Process according
to Claim 1, in which R and R' both represent a methyl group or form,
together with the carbon atom to which they are connected, the
cyclohexyl group, 3. Process according to Claim 1 or 2. in which X
represents bac. 4. Process according to Claim 1 to Claim 3, in which
PG1 represents one of the following protective groups: THP
(tetrahydropyran), NiEM (mettioxyethoxymethyl), boo, trityl or acetyl
(Ac).       5. Process according to Claim 1 to Claim 4, in which Ar
represents the phenyl or thienyi 20group, optionally substituted by a
(CI-C4)alkyl or (C1-C4)alkoxy group. 6. Process according to one of
Claims 1 to 5, in which A- denotes Cr. 7. Compound of formula P2:  in
which R and R' represent: a each aaroors o or else R represents a
pheny: group ooton?v subsisted group and R' represents a hydrogen
atom;  



PCl/FR2010/052592 15 0 or else R and R' form, together with the
carbon atom to which they are connected, a (C3-C7)oycloalkyl group;
and X represents boo, Fmoc or CBZ. 8. Compound according to Claim 7,
in which X represents boo. 9. Compound according to Claim 8, in which
R and R' both represent a methyl group or else R andform, together
with the carbon atom to which they are connected, the cyclohexyl
group. 10. Compound of formula 1:"2: QM NHPG, 0P'2 in which PGI
represents a protective group for the alcohol functional group and X
represents hoc, Fmoc or CBZ. 11, Compound according to Claim 10, in
which PG1 represents THP (tetrahydropyran), MEM
(rnethoxyethoxyrnethyl), hoc, trityl or acetyl (Ac).       12. Use of
a compound according to Claim 7 to Claim 11 as intermediate in the
preparation 20of a compound of formula (I) or (II) as defined in
Claim 1. 


