WO 03/084919 1 PCT/FR03/ 01117 5 PROCESSES FOR THE PREPARATI ON OF
COVBRETASTATINS The present invention relates to a novel process for the
preparation ofy&0 tins and of their derivative
"conbretastatiﬂg"6%$§é§§? bene derivatives" is understé%ﬁIagRégéﬁl%%%
derivatives of follow ng general formula: (1) in which A represents a
hydroxyl group or ERCGEESSES HOR P pPREBPRRAT EON half neOMBRETASTHTa&NEept abl e
salts. Mention may be made, anong the salts, of the hydrochloride,
acetate, phosphate or methRanesafphbnifeentipenrehatesnpouadnaved an ani no
“group, it can also be _coupled to amino acids to resul't in am des, and
their 15 phar rRERTETSaf Py gﬁ%e@?%B?EaEhPFSQfTﬁ%mgyﬁFﬁ§EF§16F apd| Béne
derivatives or, conbretastatins, which can be in the formof a
phar maceut i cal “3%teptabt €547 and the pharmaceutical conpositions which
conprise themare discl i 0. n 4.996 237, 525 632, US 5
731 353 andg US 5 674 98@%%@%@ pg‘?@ﬁ’féé%%%\“b‘gg c%ﬁbr%{fjjglsgg?iens and
their metabolides; and: gl 3o, RELELOaVEL ReaRNERL OBLE BELIYELY o
According to these patents, conbretastatins are prepare rom
(3,4, 5-trimet haxybapzyd ) d&hPheYEs-RRpsphoni um salts, which is condensed
with a 3--nitro 2 or 3-hydroxy-4-net hoxybenzal dehyde (the hydroxyl group
of which is protected) in the presencg=of\ sodi um

A (1)

in which A represents a hydroxyl group or an amino
10 group, and its pharmaceutically acceptable salts.

Mention may be made, among the salts, of the
hydrochloride, acetate, phosphate or methanesulphonate.
When the compound A is an amino group, it can also be
coupled to amino acids to result in amides, and their

15 pharmaceutically acceptable salts.

The synthesis of stilbene derivatives or
combretastatins, which can be in the form of a
pharmaceutical acceptable salt, and the pharmaceutical
compositions which comprise them are disclosed in

20 Patents US 4 996 237, US 5 525 632, US 5 731 353 and
US 5 674 906. These patents disclose combretastatins
and their metabolites and disclose their in vitro
oncologilc activity.

According to these patents, combretastatins

25 are prepared from (3,4,5-trimethoxybenzyl)triphenyl-

phosphonium salts, which is condensed with a 3-nitro-



hydride or of lithiumderivatives, and then the derivative obtained, when
it is nitrated, is reduced in 5 the presence of zinc. The isomer wth the
cis configuration is subsequently prepared by the action of Iight or by
chr omat ogr aphi ¢ separation of the m xture. The present invention relates to
novel 10 processes for the preparation of conbretastatins or of their
derivati ves anﬂrt%‘hﬁﬁF%ﬁEﬁgﬁW§tP6XYﬁéné§i@?hﬁée pFBEebYEEOxK1f PreUPpr ocess

route VO 1 for the, .preparation of derivatives of formula (1) for which A
15 represents Q 5%%&% g?oﬁﬁoﬁﬁgt?ﬁfs%nbEgﬁ HF@ES?SPegE SQRALER process is

[ ' t.to.t .. discl dip.th b ti d tents,

ani ch' - consi U8 S5t 08, SE BTt ERySBoRREhSari Bcr nobo presenBe of
3,4,5-trineth tr l.ph honium, brom 20, |.ori.d d of
St ro 4. ot RSy LRERT BePPRREER BAPPyF g Bub LPACPSaubE: BT RPnen

presence ofcirppn l.ostgad 9F thg.zinc used in the prior publications,
whi ch nakes it p%é%#%?e to ach%evg an overall reaction yield, with respect

to the al dehyde charged, gt 69925 {1hg vhel diwi thnrespestiba the al dehyde
charged in Patent US 5 525 632 is between 21%to 330). The first process

route VO 2 conshs&Sqi8ntTPNELB54REd3b¢, Bher hoet baxybenzghdebydeyw th
(4- met hoxy- 3-nitrobenzyl)tri phenyl phosphoni um brom de 3 or chloride. For
bot h these firshromotpgoepssessepaviesoNOf ahd MOxR2urkhe reaction is
carried out in the presence of a base chosen in particular from
The present invention relates to novel
10 processes for the preparation of combretastatins or of
their derivatives and to improvements to the existing
processes.
A first process route V0 1 for the
preparation of derivatives of formula {I) for which A
15 represents an amino group has first been discovered,
which process is an improvement to the process
digsclosed in the abovementioned patents, which
consists, after the Wittig condensation in the presence
of (3,4,5-trimethoxybenzyl)triphenylphosphonium bromide
20 or chloride and of 3-nitro-4-methoxybenzaldehyde, in
carrying out the reduction in the presence of iron,
instead of the zinc used in the prior publications,
which makes it possible to achieve an overall reaction
vield, with respect to the aldehyde charged, of 60%
25 (the yield with respect to the aldehyde charged in
Patent US 5 525 632 is between 21% to 33%).
The first process route V0 2 consists in

condensing 3,4, 5-trimethoxybenzaldehyde with

(4-methoxy-3-nitrobenzyl) triphenylphosphonium bromide



potassium tert-butoxide, sodiumtert--pentoxide, sodiumb5 hydride,
butyllithium LDA (lithiumdiisopropylamne), sodium nethoxide, potassium
carbonate or al kaline derivatives of hex thyl disilanes. This reaction is
carried out in various solvents, such as ethers (THF), polar aprotic
solvents 10 (acetonitrile, NWP, DVF, DVBO, and the like), alcohols,
aromatic sol veREsCBLORALEr FRE RotBmbBeseurad T EWowProcassesd] ust ed by a
person skilled in_the ﬁra to . th gase used and tqQ the sqlvent used. This
reaction, as r&gHrgs VvHe fPPgtvgr ces8e I53LEHCR WO SaYrdeFe S8 BEd i n
particular in e ublicatiagn_by K G . Piney.which _appeared in Bioorg.

Ved. | Chem . B( 5080PP98785 %7357 BaRe RBRgE 15. P3h BUt A aiBky phanyl ) -
vi nyl ] ni trophe LS. red B i.ng the inproved. 20 process of the

i nvention by tﬁékg%?%gﬁ g%%?rgﬁgg%gdgé Egg&gﬁt5%38u8698°ﬁ§§ean%%§%%ﬁ of

Lron 1N excesshibrealp! 8Le gonLaiskonsBh (RS AL B! LRI JMRLRL Aarifie dest red.
y an I

Thi s excess i s advant ageous greater t equi valents p one of

starting nitroggdaliMahk¥Boxide, | bolagshasn cahownatlab t hexsane st age,
carried out in the presence of zinc in acetic acid, a conventional solvent

for reductionsderiaZites d6eheR@hetRBRkEikti1passi bl e to obtain conplete
reaction (in Patent US 5 525 632, the yield of the reduction carried out

on 4 the pure Z isomer vahiesrbetween 46 aadr66%) candin Rareewer, the
anounts of zinc used are |arge and consequently result in considerable
i ndustrial wastelvEattheesnvheast hehprecdéSEFgeneprabes aprbarige satwant: sof
10 (acetonitrile, NMP, DMF, DMSO, and the like), alcochols,
aromatic solvents or water, at a temperature which will
be adjusted by a person skilled in the art to the base
used and to the solvent used.
This reaction, as regards the first process
15 route V0 2, is described in particular in the
publication by K.G. Piney which appeared in Bioorg.
Med. Chem., 8(2000), 2417-2425.
2-Methoxy-5-[2-(3,4,5-trimethoxyphenvyl) -
vinyl]lnitrophenyl is reduced according to the improved
20 process of the invention by the action of iron. It is
advantageous to use an amount of iron in excess if
complete conversion of the starting material is
desired. This excess is advantageously greater than
2 equivalents per one mol of starting nitro derivative.
25 It has been shown that the same stage,
carried out in the presence of zinc in acetic acid, a
conventional solvent for reductions with zinc, does not

make it possible to obtain complete reaction (in Patent

US 5 525 632, the vield of the reduction carried out on



5 "azo" conpound resulting fromcoupling between the amno forned and the
nitroso internediate in the reduction. Reduction with nascent hydrogen,
generated by amoniumformate in the presgnce of a conventional 10

catal yst, such as palladiumor platinum l|eads to high isonerization of

t he doubl e bond to the undesirable E isoner and to partial saturation of
the doubl e bondPe PHE AoV SN oiFed 5 MaEWaRER i4Gatdnsh 6&¥ds@rides t he

reducti on by sodi um hédro%lélephi te of a 15 pure nitro Z i somer,_obtained
after chromat oJPEFHY Sdnd HFe &PIES iPLatdies USESHidtF tlexae #%ho Z i soner
ar
t

with a ield of _only 37% drqgenations wth | ec hydr ogen,

cat al yseé by plcgf]isﬁﬁﬁfﬁeg}'f)ﬁ’a:g%ég&i AR E S r)?bg%rrﬁ“giueg rz‘@qa $sult in
articular in ration.of the ethylenic doubl.e bond. A second
Br ocess has al ?@%ﬁ%ﬁfﬁ%&na t\ﬁ% &R AT |§§énteﬁg%|er‘i°1€rr}&fgaet §M%dtiction st age

necessary ween . star Eiogg,ofﬁ M2 it r?{xjﬁéﬁc'é’\ﬁg’l#gﬁétﬁ’eﬁlg}%e it is 25

much nore economcal to congiense, acc ogT carrying

out this secondmBHECESImed abd 4ne WilcFRIRON KRR PN Rhosphoni um
brom de or chloride with a 3-am no-4-net hoxybenzal dehyde or, according to

a second net hodedl;c€abnyi Ng out this 5 second process,
3,4,5--trimet hoxybenzal dehyde with a

(3- ami no- 4- met hoxybenzyl Rediuphenyl phasphesicemts ayidrobeing $eerAt HDERES
according to its two alternative fornms requires a stage in which less in
the 5 way of @vRofCamcépageriec inMitagemeseenceRedr aducinivemtional
10 catalyst, such as palladium or platinum, leads to high
isomerization of the double bond to the undesirable
E isomer and to partial saturation of the double bond.

The akovementioned Piney publication

describes the reduction by sodium hydrosulphite of a

15 pure nitro Z isomer, obtained after chromatography and
recrystallization, leading to an amino Z isomer with a
vield of only 37%.

Hydrogenations with molecular hydrogen,
catalysed by platinum or palladium, are rarely complete

20 and result in particular in the saturation of the
ethylenic double bond.

A second process has alsco been found which
avoids the intermediate reduction stage necessary when
starting from a nitro derivative. This is because it is

25 much more economical to condense, according to a first
method of carrying out this second process, a
(3,4,5-trimethoxybenzyl) triphenylphosphonium bromide or
chloride with a 3-amino-4-methoxybenzaldehyde or,

according to a second method of carrying out this



toxic) products are given off in conparison wth the first processes
routes VO 1 and VO 2, which is a considerable advantage at the industria
| evel fromthe viewpoint of safety and pr§duction cost. 10 According to
the second process route VO3 for inplenenting the invention, the

(3,4, 5-trinethoxybenzyl)triphenyl phosphoni um salt and

3- ani no- 4- net hERFPEAZz RIF@ERFEe aré . Brégdmme thogebesz adwehvdee widdetd on i s
carried out, preferably, in the 15 presence_of a base _chosen in particul ar
fr om pot assi um! 3 BPLPRTEOREFECXYBENGNLY Xt PhERYIPNPEPIOSd WM SRAdT-i de,
butyllithium LDA, sodiumnethoxide, potassium carbonate ,or al kaline
derivatives of hexaneth&h&?s?ﬁ&ﬁ@g.p ESPS BrECEFAMYy YraddSofS"%bdi um 20
met hoxi de. Thi%l g%%gkgg i;ogarried out inv %joug s%b%%pg%e such 3s
ethers (THF), polar aprdti ¢ sorvent<=E5cét Snieri e, “Nve, S PG %and
the like), alc I o] I S I rat.yre which
will 25 be gdjﬁggegfbgﬁg gg%?%ﬁ§§é¥ﬁ?§d g%t?ﬁéﬁéFt%%b%fﬁgqggggnHﬁ%ed and to

the sol vent usggxizhlep&eaabitgna&%"gg% Upe e bl cRe, %ﬁilé%&le%&% ghdperson

skilled in the art to the base use en nethoxide is use

preferably betweentOpapdet@es Goftber vbeacthanwot e hasenusedad s
neutralized with an acid in aqueous solution, the organic phase is washed

and concentr at ednsaddrhbecexpoahedgpr aduehel Snabkairned lafta@r from the
chr omat ogr aphi ng the crude concentrate. 5 According to the second process
route VO 4 foriewpbénenbiEngatkeyi anénproducicionhicolstt.he
10 According to the second process route V0O 3
for implementing the invention, the
(3,4,5-trimethoxybenzyl) triphenylphosphonium salt and
3-amino-~4-methoxybenzaldehyde are brought together and
the reaction is carried out, preferably, in the
15 presence of a base chosen in particular from potassium
tert-butoxide, sodium tert-pentoxide, sodium hydride,
butyllithium, LDA, sodium methoxide, potassium
carbonate or alkaline derivatives of
hexamethyldisilanes. Use is preferably made of sodium
20 methoxide.

This reaction is carried out in various
solvents, such as ethers (THF), polar aprotic solvents
(acetonitrile, NMP, DMF, DMSO, and the like), alcohols,
aromatic solvents or water, at a temperature which will

25 Dbe adjusted by a person skilled in the art to the base
used and to the sclvent used.

The reaction temperature will be adjusted by
a person skilled in the art to the base used. When

methoxide is used, it is preferably between 0 and 10°C.



(3-am no- 4- met hoxybenzyl ) tri phenyl phosphoni um salt and

3,4,5-trinmet hoxybenzal dehyde are brought together, the reaction is
preferably carried out in the presence of 10 an organi c base chosen in
particular from potassium tert-butoxide, sodiumtert-pentoxide, sodium
hydride, Dbutyllithium LDA, sodium nethoxide, potassium carbonate or

al kal i ne deri vafit@as repcthienamitiey lodiss uasees 1 sUseuts giriefest ablyh reade  of
sodium 15 nethoxide. This reaction is carried out in _various solvents,
such as et her s2CHAFED BENECVEp BOLIUE 198 v ddtes orEagdicomnagd es NShaRivF,

DMS0, and the Iiﬁe), al cohol s, argmatic solvents or water, at a .

t enper at ure whPER FPPCEBRGTHES8dj G8Ce FHIsy SXNFEtEsH POadUd s e dad to t he

base wused and t he . solvent used. The reactjon tenperature will be
adj usted by aaﬁ%gﬂe§oﬁh§ﬂ“ﬂ%€§rﬁﬁ’?¥ﬁg €3 Ue¥e REENTEFS When et hoxi de

s used, it 5i s preferabl xcg%g:\agg_?% ?_oa g‘elgg.co%a @Iritooresrsearg‘__‘it%nv& t&e base

used is neutralized with an n agueous SO n, the organi c phase is

vashed and cogeent phethendde! RECARCRLE] B OQUCL i A ned af ter

chr omat ogr aphi ng t he crude concentrate.” The derivative obtai ned according

to the 7 seconq:pLREess 4 A8 oY rendt 1Y 4 Q'énsrq@.'x%pth%ﬁfrpmt sfge of
the first process route VO 1 or VO 2 has the oflowng fornmula: o fornula
(I'ta) 510 3,4,5-trimethoxybenzaldehyde are brought together, the
reaction is preferably carried out in the presence of
10 an organic base chosen in particular from potassium
tert-butoxide, sodium tert-pentoxide, sodium hydride,
butyllithium, LDA, sodium methoxide, potassium
carbonate or alkaline derivatives of
hexamethyldisilanes. Use is preferably made of sodium
15 methoxide.

This reaction is carried out in various
solvents, such as ethers (THF)}, polar aprotic solvents
(acetonitrile, NMP, DMF, DMSO, and the like)}, alcohols,
aromatic solvents or water, at a temperature which will

20 be adjusted by a person skilled in the art to the base
used and to the solvent used.

The reaction temperature will be adjusted by
a person skilled in the art to the base used. When
methoxide is used, it is preferably between 0 and 10°C.

25 After reaction, the base used is neutralized with an
acid in agueous solution, the organic phase is washed
and concentrated, and the expected product is obtained
after chromatographing the crude concentrate.

The derivative obtained according to the



It is advantageous, when it is desired to couple serine with the conpound
of formula (lla), to use L-serine doubly protected on the nitrogen of the
serine and on the hydroxyl functional group of general formula (I1b) HO
where PG represents a protective group for the am ne functional group
known to any person skilled in the art, to give a novel internediate of
fol | owi ng geneF&ACOXbIAfCESSIFaMicVa 3 subsEyderny yutiguy edhe psedanrdbl vy
simul taneously with the gpening of the ring, by acid hydrolysis according
to a deprot ect iS¢RI Ld itg‘r‘F Kidwt Becssp geraeh kil 1d Y4 2 Heesarthe
Preferably, the PG 8 .gro of .the fornmulae (lib) or (I11) represents a
protective gro&ﬁlgkﬁggﬁIggﬁﬁ$FﬁH fol | owi ng groups: tert-butoxycarbonyl,
benzyl oxycar bonyl (CBZ) or 9-f |uorenyl nethyloxycarbonyl (FMXC). 5 The
conpound of formula (I11) af

yove is novel and is clainmed as such. The
condensation is advant ageously carrie out.G. the presence of EDC
(1-(3-di nmet hyl am nopr opyl dni m de chIgride# orIEn t he
presence of DCC 10 (dicyc de) and of °RBET2 (112
(hydroxybenzotriazoler\g Mt he—m iqﬁ?]:

(di cycl ohexyl carbodiim de) and of HOSU (N hydroxysuccinimde) or, finally,
in the presence of TOTU_(O-[(ethoxycarbonyl)cyanonethyl eneam no] 15

N, N, N, N -t &t ramet hyl ur oditurh® &GVt atderorl tofi s desired to

couple serine with the compound of formula (Ila), to

use L-serine doubly protected on the nitrogen of the

serine and on the hydroxyl functional group of general

formula (ITh)

,zﬁ——%
PG

10
where PG represents a protective group for the amine
functional group known to any person skilled in the
art, to give a novel intermediate of following general
formula:
-~
| ©
O
O\
~ |lli! !illl O |
0 /[k/\ (an
— N y o
H :
,N———J<
PG
15

which is subsequently cleaved, preferably
simultaneously with the opening of the ring, by acid
hydrolysis according to a deprotection reaction known

to any person skilled in the art. Preferably, the PG



HBTU (O benzotriazol -1-yl-N,N,N , N -tetramet hyl uroni um

hexaf | uor ophosphate) or of N, N-carbonyl diim dazole. The reaction is
preferably carried out in a solvent which gis inert with respect to the
reaction, which solvent is 20 chosen in particular from polar aprotic
solvents, such as acetonitrile, dinmethylformam de, tetrahydrofuran or

chl orinated al I9FR&E @ Lsdhgerdioymudigeh E@sfb)dicshl dridnetdsnresants fd nal |y,
esters. The coupling to the derivative of 25 formula (Ila) can al so
certainly be cEFAREFEINE BF Mk Chas8rofom £h8 »&d Loy i9euRS/nt hesi zed

in situ "~ between hl or of orpat e _.or _.a carboxyli¢ aci.d chl oride, for

exanpl e pi val 0$Ier%ﬁ%blttiod{éﬂca§ (?né’dublkﬂfnﬁ'y(}toé%%/c@df%q{ws-ler‘iq?@)ofo? ormula (lib),
in the presencg of a 9 tertiary base of the N- net hyl nor phol i ne) type
in various sol v%&ﬁ?r\ﬁ?iy?ﬁleé:?lﬁoﬁ%’rcﬁ QITWHT e(%cct() to the reaction, esters,
ethers, chlgrinated sol vgpts,. %gg&a@t trd e, AR t(rﬁf)l 8o g J1i

anhydride is 5 preferably prepa a tenperature of between an 10C
and then the reagf i;@n Ji$ GRS i:8d Quk, at anbient tenperature. After
reaction, the reaction mxture is hydrolysed with an aqueous sol ution,

then the mxture is sepahal @bnRientithlonnd 2RGhe QRN 16, RIase &Pt ai ned
10 i s washed with a hydroxyl ated base. The doubl e deprotection of the

conmpound of fetmulia thll pbriesceal iofd Ewatl by -t(e dEeldtoRy 1eimidibprigani < or
inorganic acid. Use is preferably made of concentrated aqueous
hydrochl ori c aéieétiwlaardodditialiide thlmediden okhdmr edet iparedearqeerat W i S,
according to a better neans of inplenentation of the invention,

10 (dicyclohexylcarbodiimide) and of HOBT
(hydroxybenzotriazole) or in the presence of DCC
(dicyclohexylcarbodiimide) and of HQSU
(N-hydroxysuccinimide) or, finally, in the presence of
TOTU (O-[({ethoxycarbonyl)cyanomethyleneamino] -

15 N,N,N’,N‘-tetramethyvluronium tetrafluorcborate) or of
HBTU (O-benzotriazol-1-yv1-N,N,N’,N’'-tetramethyluronium
hexafluorophosphate} or of N,N-carbonyldiimidazole. The
reaction is preferably carried out in a solvent which
is inert with respect to the reaction, which solvent is

20 chosen in particular from polar aprotic solvents, such
as acetonitrile, dimethylformamide, tetrahydrofuran or
chlorinated aliphatic solvents, such as
dichloromethane, or, finally, esters.

The coupling to the derivative of

25 formula (IIa) can also certainly be carried out by the
action of a mixed anhydride, synthesized in situ
between a chloroformate or a carboxylic acid chleride,

for example pivaloyl chloride, and doubly protected

L-serine of formula (IIb), in the presence of a



bet ween 50 and 70C. The invention will be nore fully described wth the
hel p of the foll ow ng exanples, which nmust not 20 be regarded as |limting
the invention. The conposition of the ningres, the nonitoring and the
progression of the reactions, and the yield of the unisolated
products/internedi ates and their assays are determ ned by HPLC (Hi gh

Per f or mance 25teirtdipdyCheseaodgtigh ) Manal-yeitdy 1Bcampplod ihe) Fvpst ipr ocess
route VO 2 according to the invention .

(Z) - N-[ 2- Met hoX§r3ops- €31y entsr widchoryshaempty Wiyl] regpect to the
phenyl ] -L-serinam de hydrochl oride_  Ceneral schene of the synthesis The

novel "inverse*RPEERGY pPEEESS, SERPEISng SPPEHAEH STetIRIRFE S trobenzyl )
(11 hey | phosphonum. . Bom 0o 200,51 OOl Ay, mkes 1t
or 751 25. Wer | PhoF S5EPIYn CERRSAED Ohee Reakee R Takuee Pt el
osyhon za I dshyge Couuethkal chh BRAUELAN 1M0caPRISRNANMDSdos ent
temperature. After reaction, the reaction mixture 1is
hydrolysed with an agqueous solution, then the mixture
is separated by settling and the organic phase obtained
10 is washed with a hydroxylated base.
The double deprotection of the compound of
formula (III) is carried out by the action of an
organic or inorganic acid. Use is preferably made of
concentrated acqueous hydrochloric acid in an aleohaolic
15 medium. The reaction temperature is, according to a
better means of implementation of the invention,
between 50 and 70°C.
The invention will be more fully described
with the help of the following examples, which must not
20 be regarded as limiting the invention.
The composition of the mixtures, the
monitoring and the progression of the reactions, and
the yield of the unisolated products/intermediates and
thelr assays are determined by HPLC (High Performance

25 Liquid Chromatography) analysis.

Example 1 - First process route V0 2 according to the

invention

(2) -N-[2-Methoxy-5-[2-(3,4,5-trimethoxyphenyl}vinyl}]-



K.G Piney et al.. Bioorg. Med. Ch
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i somer with an HPLC assay of 97% 1S
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10

15

General scheme of the synthesis

The novel “inverse Wittig” proéess, starting
from (4-methoxy-3-nitrobenzyl)triphenylphosphonium
bromide and 3,4, 5-trimethoxybenzaldehyde, makesg it
possible to obtain the mixture of Z and E isomers of
2-methoxy-5-[2-(3,4,5-trimethoxyphenyl)vinyl]-

nitrophenyl with a Z/E ratio of 75/25.

wWlitlig reaction

OMe OMe

p
MeQ OHe LB MeO OMe
+ MeaONa ! loluene O
—— OMe
MoO O -+
H =} KO, T NG

7

Phosphonium saly

K.G. Piney et al..
Biocrg. Med, Chem.,
8 {2000),2417-2425
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This ratio

e e

MeQ [
HEI Crystalilzation =

N
AcQiPr H

is sufficiently high in the
Z nitro isomer to be able to use the Z/E mixture
directly in the reduction and to obtain, by
crystallization of the hydrochloride, the Z amino
isomer with an HPLC assay of 97% IS (internal
standardization}.

(4-Methoxy-3-nitrobenzyl) triphenylphosphonium
(4)

bromide is prepared according to the following



15 standardi zation). (4-Methoxy-3-nitrobenzyl) triphenyl phosphoni um

brom de (4) is prepared according to the followng 11 exanple: 0 (1) ib (2)
(3) (4) 3-Nitro-4-nethoxybenzyl alcohol (2): 90.5 g of

3-ni tro-4-net hoxybenzal dehyde (1) 5 are d arged, followed by 450 ml of THE
and 90 ml of ethanol, to a 2-litre three-necked flask equipped with a
mechani cal sti exempla:t hernoneter, a T piece, a funnel for the addition of
solid and a ref |ux condenser surpounted by a bubble counter. The

pal e-yel l ow 10 sdtution obtained $s cooled to 10€ and then 10 § of sodi um
bor ohydri de are : ; ' L Royery

exot herm ¢ and |§ ature acet one
bat h); at the eRd Egggddkhi

avy bl ue.
moni tored by TLC Xa hin | ayer chron@tography), theBsolution is sPPrged for
a further 1 hour at 10C and then the tenperature is allowed to return to
anbi ent tenperatuie. 20 The additizpn funnel is r&placed by a 504 ni
pressure-equal i zing dropping funnel, via which 300 M of distilled water

are run in dr OgWSe AVl r3QnThERS vl alcohol (2):

90.5 g of 3-nitro-4-methoxybenzaldehyde (1)

5 are charged, followed by 450 ml of THF and 90 mi of
ethanol, to a 2-litre three-necked flask equipped with
a mechanical stirrer, a thermometer, a T plece, a
funnel for the addition of solid and a reflux condenser
surmounted by a bubble counter. The pale-vyellow

10 solution obtained is cooled teo 10°C and then 10 g of
sodium borohydride are.charged over 40 minutes at
10/15°C (the reaction is very exothermic and the
temperature has to be maintained with an ice/acetone
bath); at the end of the addition, the brown solution

15 turns navy blue. The solution is stirred for 30 minutes
at 10°C, the end of the reaction is monitored by TLC
(thin layer chromatography), the solution is stirred
for a further 1 hour at 10°C and then the temperature
is allowed to return to ambient temperature.

20 The addition funnel is replaced by a 500 ml
pressure-equalizing dropping funnel, via which 300 ml
of distilled water are run in dropwise over 30 minutes
while maintaining the mixture at 20°C. Gas evolution is
ocbserved when the water begins to be run in.

25 The mixture is concentrated to 2/3 on a



while maintaining the mxture at 20C. Gas evolution is observed when the
wat er begins to be run in. 25 The mxture is concentrated to 2/3 on a 12
rotary evaporator (50C/ 20 mmHg) and a white product crystallizes in the
aqueous concentrate in the formof |unps. The cool ed aqueous phase is
extracted with % 250 m__and then 150 nl of dichloronethane, and the

combi ned or ganit€ Sffds Y 2RPE AREEh e Wit/ it Comnti) §C @ st Predwtt and t hen
dried over nag%esg nhéulphate.t After filtration, the dichl oronethyl ene

sol ution is us&3YASE TS HE 819 ARSI G IR toLo T &t iTFm Te yi el d
of this stage hﬁmpggarded as being 100% N.B.: The alcohol (2) is
commercially avaifable but very difficult to get hold of. 15

3-Nitro-4-nethoxybronobeqé%lcg%hég;%%égﬁﬁgggg_ tq%| %%ﬁ%%%gigﬁ

f
3-nitro- 4-methoxybenzyl cohol toa H%%-necked

f1ask equi pped et hasaRchaBioals oS B8 a3 RIHHIMIELE, Al diece, a
droppi ng funnel and a 20 ref |ux condenser surnounte y a bubble counter,

and 100 nl of cédilbhhesorethane ahesaddede FRehSW Wieth 250 Wihi ¢r is cool ed
to 5C and then 135.4 g of phosphorus tribromde are run in dropw se while

mai nt ai ni ng t héisedpeedt uaeeat ahd tAonThe 184 Wiicen Magnldilhed AR d or 1
hour 30 m nutes, the end of the reaction is nonitored by TLC and then 250
m of saturated sodi um hdtegefdatibandate, the dichloromethylene
solution is used as is in the following bromination
10 reaction.

The yield of this stage is regarded as being
100%.

N.B.: The alccheol (2) is commercially available but
very difficult to get hold of.
15 3-Nitro-4-methoxybromobenzyl (3):

The dichloromethylene solution of 3-nitro-
4-methoxybenzyl alcohol (2) is charged to a 1 litre
three-necked flask equipped with a mechanical stirrer,
a thermometer, a T piece, a dropping funnel and a

20 reflux condenser surmounted by a bubble counter, and
100 ml of dichloromethane are added. The stirred
solution is cooled to 5°C and then 135.4 g of
phosphorus tribromide are run in dropwise while
maintaining the temperature at 5°C.

25 The solution is stirred at 5°C for 1 hour
30 minutes, the end of the reaction is monitored by TLC
and then 250 ml of saturated sodium hydrogencarbonate

solution are run in dropwise while maintaining the

temperature at 15°C. Very strong evolution of gas takes



solution are run in dropw se while maintaining the tenperature at 15C
Very strong evolution of gas takes 13 place with a slight delay as the
phosphorus tribromde is run in. The nedi%§} separated by settling in a
separating funnel, is washed successivelywith 250 m 5 of distilled water
and 200 m of saturated sodium hydrogencarbonate solution. The organic
phase is driedpleger witlnesisimchil pledby, afs Ither ethomphoranc entitatead dn a
rotary evaporator (50C/20 nmmHg). 119 g of solid in the formof green-yellow
10 felt-1ike ne&dFes are obtained with a chemical yield over two stages of
97% N.B.; This product (3) can also be prepared according to the
fol | owi ng schene, descri B&@ MedinegpsisPiegatioghy Bettlpingeyireta al ., Bi oorg.
Med. Chem, 8 200%),.2417- 15 _2425. NO2 NBS CCl 4 NO2 _

(3- Ni tro- 4- met RERFHENITE) CHPPRény LEhISSREA FRasEsHiaelpavitty 2p bml

3-nitro-4-netho ygﬂonngﬁn vyl &%é ar é ﬁﬂgr ed to a,stirred heel of 1 000
m of toluere i &3 Fé‘ﬁﬁ -ﬁ@%k@ %f sf%éﬁﬁﬁ&ﬁﬁf 9 Hechani ca
stirrer, a the é r iece, -a.f.unnel .for the. addition of,soljd and
a reflux condehnggs %Pﬁ%%rl?}g_ tﬁysoémlg’&l?&’e @gu_r?trgra,nlé:né’ ee_ r%isxtdurrlee,d war med
to 25C 25 passes.i AbOSRLuk Q1 od28ed 610k cliblPUERY RIS &f Gn LeN
added and the solution obfaine S gradually
rotary evaporator (50°C/20 mmHg) .
119 g of solid in the form of green-yellow
10 felt-like needles are obtained with a chemical vyield
over two stages of 97%.
N.B.: This product (3) can also be prepared according
to the following scheme, described in the publication:

K.G. Piney et al., Bioorg. Med. Chem., 8 (2000}, 2417-

15 2425.

NO, NBS NO,

CcCl,

Br

(3-Nitro-4-methoxybenzyl) triphenylphosphonium bromide
(4) :
119 g of 3-nitro-4-methoxybromobenzyl (3) are
20 charged to a stirred heel of 1 000 ml of toluene in a
2 litre three-necked flask equipped with a mechanical
stirrer, a thermometer, a T piece, a funnel for the
addition of solid and a reflux condenser surmounted by
a bubble counter, and the mixture, warmed to 25°C,
25 passes into solution. 126.5 g of triphenylphosphine are

then added and the solution obtained is gradually



14 heated to 60C, a precipitate is fornmed from30C. The mxture is

mai nt ai ned at 60/ 65C for 4 hours, is then cooled to 30C and is filtered
through a sintered glass filter. The fil gr residue is washed on the
filter wwth 5 2 times 300 Ml of toluene, pulled dry and dried in an oven
(35C/ 20 nmHg/ 20 hours) 217 g of (4-nethoxy-3-nitrobenzyl)triphenyl -
phosphoni um br BeRE&%aEE 68 §| “néd PRECA P4 talieniisalf oyimelcd frof 88%C .10Che

Synt hesi s descri, bed in.the publication: (solvent used: dichl oronethane)

K:G Piney et BfX uéreo&rsgma%‘&al@ﬁémat §@Z@@6F fox1# hpurs, Ssedtarmm No. =
(35 15 2 W e SRS 00, i 2 (50 5 SRR G5 o
L0, 0oak ™ il RREAD W B (IR PR CL g 0t RS
|2 SpectUTLA28AC8, R 0808 ZRSIATS, AR ISET (AATR, 102, 40
ﬁl-ozmat hoxy-5-[20(,§n4,(§5b@i/ggtmhﬁ/zghggﬁkgyi.nyl]nltrophenyl (6) and (7): 15
217 g of (4-methoxy-3-nitrobenzyl) triphenyl-
phosphonium bromide are obtained with a chemical yield
of 88%.
10 Synthesis described in the publication:
(solvent used: dichloromethane)
K.G. Piney et al., Biocorg. Med. Chem., 8(2000), 2417-
2425.
Spectrum No. = 4 865-V
15 'H N.M.R. spectrum (300 MHz, J&-(CD3),S0, § in ppm): 3.90
(s, 3H), 5.26 {(d, J = 15 Hz, 2H), 7.33 (mt, 2H), 7.41
(mt, 1H), from 7.65 to 8.05 {mt, 15H).
Mass spectrum No. 212217, m = 428
EI m/z = 262 [PPh3]® Dbase peak
20 DCI m/z = 445 MNH;"
m/z = 428 M°
m/z = 263 [PPh3H]® base peak
IR spectrum 426469 KBr
2869, 2843, 2776, 1619, 1527, 1438, 1362, 1287, 1270,
25 1111, 752, 692 and 502 cm™
Z and E mixture of 2-methoxy-5-[2-(3,4,5-trimethoxy-

phenyl)vinyllnitrophenyl (6) and (7):



0O CH3ONa / CH3CH Tol uene PPh3Br (4) (5) (6) (7) 54.7 g of

3,4,5-trinmet hoxybenzal dehyde (5), 148.6 g of

(4- met hoxy-3-ni trobenzyl )tri phenyl - phosphoni um brom de (4) and 1 300 m of
toluene are 5 charged, at 20C and under ni®rogen, toa 2 litre
three-necked flask equi pped with a nmechanical stiyrer, a thermopeter, a T
pi ece, a dropping funnel and a ref |ux condensgr surnounted by a bubll e
counter. The stirred suspension is cooled to 5@=tsing an ice” 0 and
then 63.2 g of acf%@bm/m1sghutﬁ6n of sodi um net % deé i n met han re run
in at 5C over 4 INDUE es. A ¥addi ti on progr/eSses, the suspension
changes from of ite tq yel i
stirred for 1 ho at 5C and
(complete consunption of the &l dehyde). 3 g (0.05 nol), of ac
then added. The su¥p8nsion is htated to 40C and is 20 nhintai né§ awc40C for
30 mnutes. At thigs tenperaturg, only the salts regain insolubbe. The

m xture is filtered at 40C through a sintered glass filter hb.ﬁﬁ and the
salts are washed on the filter with 3 tines 100 m of toluene.

54.7 g of 3,4,5-trimethoxybenzaldehyde (5},

148.6 g of (4-methoxy-3-nitrobenzyl)triphenyl-
phosphonium bromide (4) and 1 300 mi of toluene are

5 charged, at 20°C and under nitrogen, to a 2 litre
three-necked flask equipped with a mechanical stirrer,
a thermometer, a T piece, a dropping funnel and a
reflux condenser surmounted by a bubble counter. The
stirred suspension i1s cooled to 5°C using an ice bath

10 and then 63.2 g of a 25% w/w solution of sodium
methoxide in methanol are run in at 5°C over
40 minutes.

As the addition progresses, the suspension
changes from off-white to yellow and then to browﬁ.

15 The mixture is stirred for 1 hour at 5°C and
the end of the reaction is monitored by HPLC (complete
consumption of the aldehyde). 3 g (0.05 mol) of acetic
acid are then added.

The suspension is heated to 40°C and is

20 maintained at 40°C for 30 minutes. At this temperature,
only the salts remain insoluble. The mixture is
filtered at 40°C through a sintered glass filter No. 3
and the salts are washed on the filter with 3 times

100 ml of toluene.



16 The filtrate is returned to a round-bottoned flask wth 250 m of
distilled water, and the two-phase mxture is stirred for 20 m nutes at
40C and then separated by settling in a sggarating funnel. The 5 tol uene
phase is washed again with 2 tinmes 250 m ~of distilled water and then
concentrated to dryness on a rotary evaporator. The residue is taken up in
600 ml of isopropanol aRbdel2ihtroetetdbueacuahed0Cp &heocexfebbedomtd
product begins to crystallize and the tenperature is allowed to return to
anbi ent tenperht@fk BiERnZgRt mbi oF dipbildeflr vhngr TAadsther svospbpersi on
is cooled to and maintained for 1 hour at 5C and then filtered through 15
a sintered gl d85¥FRFeets SheT¥Re Eake?Psmypuhed @artA03Ct prEsthes nl of

i sopropanol, pulled dry and dried in, an oven under vacuum (35C/ 30 mrHg/ 18
hours). 91.7 gs%?aﬁaﬁ?ﬁtB¥e58Ft§lﬁﬂdlE AsBRBREEETY AHBREF) APE obtai ned

ith Zl E tl f _75/25 20.(1S L d el f 95% hesi
ggscr?bed i%ap%%}ﬁ%%?i%ﬁ?s?sﬁ%v@ﬁ%E;§Z%§£lH?W¥kﬁrgnﬁfﬁﬁﬁe%5§g§ 5323: NaH)
K.G Pi t . Bi d 417- 2425, 25 N. B,

Numer ous. oper aft Bt Eod T ohe aafe chbn.FPASH ke 8t Fo“dETne88. Bachuent s

THF, acetoni trilesJethapel-oa94 other al cohols, dichloronethane, NWP, DWVF,
DVMSO, and the like. 17

The residue is taken up in 600 ml of
isopropanol and 12 ml of toluene at 40°C, the expected
10 product begins to crystallize and the temperature is
allowed to return to ambient temperature overnight with
slow stirring.
The stirred suspension ig cooled to and
maintained for 1 hour at 5°C and then filtered through
15 a sintered glass filter, and the cake is washed with
2 times 125 ml of isopropancl, pulled dry and dried in
an oven under wvacuum (353°C/30 mmHg/18 hours).
91.7 g of a mixture of Z and E isomers (6)
and (7) are obtained with a Z/E ratio of 75/25
20 (IS HPLC) and a yield of 95%.
Synthesis described in publication: (solwvent
used: dichloromethane: base used: NaH)
K.G. Piney et al., Bioorg. Med. Chem., 8(2000), 2417-
2425,
25 N.B.: Numerous operating conditions were experimented
with, such as:
Solvents: THF, acetonitrile, methanol and other
alcohols, dichloromethane, NMP, DMF, DMSO, and the

like.



Bases: potassiumt-butoxide, sodiumt-pentoxide, sodium hydroxide, NaH,
BuLi / LDA, potassium carbonate and the |ike. Tenperatures: from--10C to
the ref lux tenperatures of 5 sonme sol vents

Z- 2- Met hoxy-5-[2-(3, 4, 5-tri net hoxyphenyl )vinyl]- phenyl am ne hydrochl ori de
(8): Fe 1HCI El hanol -water (6) ol~ (7) (8) 80 g of 75/25 Z and E m xture
of 10 2- nethoxﬁéﬁzé(SPQtESEﬁPWeﬁh@%FQHéﬁVI)ﬁpdymrhmrpﬁmmgﬂﬂde(EﬁOdywh(7)
640 m of abso| ute ethanol and_ 160 of distilled water are charged, at
20C and under "HPEPE4ER: tEHa EHPPVP@AthP@éﬁﬁééwédCﬁﬁ@@Waéﬁuﬁ§§b¢hﬁIﬂﬁ a
mechani cal Stla E a thernmoneter, a T piece, a 15 funnel for the addition
of solid, a reff ? condenser surnnunted by a bubbl e counter and a heating
bath. The nlx&ure IS ragldlé stlr @ d.and hggted qn_an oi | bath, 7. n1 of
6N hydrochlorle—a@ré—gﬁg—gd a°m & §0spBRs o 14T SEEPSTE HSET ¢

t enper at ur egof . 20 ggg ture is ralsed to 77 2C. The mxture is
virtuall'y squBP |ron powder are added portionw se over 5

mnutes. Wth ghe_ Mb&ﬁ5x9d§'1 1hons uhe ULXIUER . HaR3AT1) RhoAgluli on and

then a bl acki sh deposit is formed on i und- bot t oned
fl ask. phenylamine hydrochloride (8)

1
-
\ / + Fe.’HCI
O Eihanol Water O
NH,; HCI
Q)
(8) S
(7) &)

80 g of 75/25 Z and E mixture of
10 Z2-methoxy-{2-(3,4,5-trimethoxyphenyl)vinyl]lnitrophenyl
(6) and (7), 640 ml of absolute ethanol and 160 ml of
distilled water are charged, at 20°C and under
nitrogen, to a 2 litre three-necked flask equipped with
a mechanical stirrer, a thermometer, a T piece, a
15 funnel for the addition of so0lid, a reflux condenser
surmounted by a bubble counter, and a heating bath.
The mixture is rapidly stirred and heated on
an o0il bath, 7.8 ml of 6N hydrochloric acid are added
to the suspension at 50°C and then the temperature of
20 the mixture is raised to 77 # 2°C. The mixture is
virtually soluble.
52 g of iron powder are added portionwise
over 5 minutes. With the first addition, the mixture

passes into solution and then a blackish deposit is



The m xture is maintained at 77 2C for 2 hours and the di sappearance of
the starting nitro conpounds (6) and (7) is nonitored by HPLC. 5 The

m xture is allowed to cool to 40C and is %iltered through a sintered gl ass
filter covered with clarcel and the cake'is rinsed with 2 tinmes 160 m of
80/ 20 et hanol /water m xture. The filtrate, aqueous nother liquors and 10
aqueous wash |§%eed, on sthorivahts apbdthbd voundapyttenadofaask. As sS0on as
the azeotrope has been driven off, an oil begins to precipitate in the
residual aqueous phase. Th%l%l%ﬁﬁé%uésﬁﬁ%%@tasn@ﬁt@ﬁc ?dtia°a fos
separating fuq?gl W th tijmes_300 m of dichl oromethane and then the
organi ¢ phase %%%ﬁéﬁﬂ wWith 9L 3RpRR2BCH Cbf thal FLartrat BHEHQueous

dium chloride sol ution. and 300 Ml _of distilled water. The organic
;ﬁase is conceﬁ??é?@ﬂiﬁop%%y%% siybol%dn%p+595? R aRtat or and 76 g of an

| bt d, wh | hi bi t 0 HPLC. . Thi
g:l ?;ed?séiicgd in SBEhﬁﬁg E%tl %nz eé%PY? n%?e$?%g £8 %ng 3t r?ﬁdli

litre round-b tpa@pe&'@%quoa r@l&éergdggi\gdgg oL Cc £L{Q£8&%9E ¢ acid

are then adde 25 precipitation is initi ure is all owed

to preci pitat e Quetdi aita Wid Sl M 00 i Theg a@&wtz OEMH&L, hege! mt get hanolic
hydrochloric acid is such that the final concentration of Z isoner

(determ ned bysdHPRLO)etttar@sUabatdr a8 W . 19 In the norning, the m xture
is filtered through a sintered glass filter. The dried cake wei ghs

The filtrate, agqueous mother ligquors and
10 aqueocus wash liquors, is concentrated on a rotary
evaporator. As soon as the azeotrope has been driven
off, an oil begins to precipitate in the residual
agqueoug phase.
This aqueous phase is extracted in a
15 separating funnel with 2 times 300 ml of
dichloromethane and then the organic phase is washed
with 2 times 300 ml of half-saturated aqueous sodium
chloride solution and with 300 ml of distilled water.
The organic phase is concentrated to dryness
20 on a rotary evaporator and 76 g of an o0il are obtained,
which 0il exhibits a Z/E ratio of 80/20 by HPLC. This
oil is dissolved in 591 ml of methanol and transferred
into a stirred 1 litre round-bottomed flask, 100 ml of
2.32N methanolic hydrochloric acid are then added,
25 precipitation is initiated and the mixture is allowed
to precipitate overnight with stirring.
The amount of methanol + methanolic
hydreochloric acid is such that the final concentration

of Z isomer (determined by HPLC) is egqual to 8.8% w/v.



8.2 g and is conposed only of E isonmer (HPLC). The filtrate (693 g), ratio
ZIE =86/14 5 (1S HPLC), is concentrated to half on a rotary evaporator,
400 M of acetonitrile are added to the 47 g of concentrate and the

m xture is reconcentrated until a concentfate of 347 g is again obtained.
1 000 ml of acetonitrile are then added and the mxture 10 is concentrated
until crystallization beditnsheTherngpgcehheamneéxiksrehés fianskedred into a
stirred 4 litre  round-bottoned flask containing 1 500 nl of acetonitrile
at 60C. The nliFHP%QEoﬁl6&%F?reﬁr§éﬁﬁﬁt5%é§er15T¢ﬁedﬁi%@uﬁékﬁsW?éﬁhsst|rred

at 60C for 5 ours and is allowed to cool to 30C over approximately 1
hour. The slurfy“ig 7§ té?eﬂo?ﬁPBEGhoﬁlysPﬁtEréaoﬁﬁéséﬂfppﬁer (the E isoner

(9) is soluble in the_th gtﬁ%geThe éggygbs hed%g%houéé gzs 200 M 20

of acetonitrile and drie 5.7 g of

Z- 2- met hoxye 5- h heny! 8
et owys S {2 (Gefip! ggzgéngéxwa/@%ﬁz%%kLBasnzuaﬁ*ans (8,%°, .
25 yield of Z é@ﬁﬁ§£a99£a'@§9 M ther ﬁ58€8ﬁ1£g %e'ﬁ?geéddgﬁaEgng f 72%

EXAMPLE 2 - Synthesis according to thé second process route accordi ng

to the 'nvent'9@7TBeoEdH@H&éﬂérQEetQﬁdSEEQ”HlQEQ£@5§srQHESnégnygéﬁdﬂt*1
respect to the first ,inverse Wttig" process route VO 2 is that of

carrying out thecIt4igoneastiane betveengaisraguch wbishnhas already been
reduced, the
1 000 ml of acetonitrile are then added and the mixture
10 is concentrated until crystallization begins. The
concentrate is then transferred into a stirred 4 litre
round-bottomed flask containing 1 500 ml of
acetonitrile at 60°C. The mixture copiously
precipitates.
15 The mixture is kept stirred at 60°C for
2.5 hours and is allowed to cool to 30°C over
approximately 1 hour. The slurry is filtered through a
sintered glass filter {(the E isomer (9) is solubkle in
the filtrate). The cake is washed with 2 times 200 ml
20 of acetonitrile and dried in an oven (35°C/30 mmHg/
18 hours).
45.7 g of Z-2-methoxy-5-[2-(3,4,5~trimethoxy-
phenyl)vinyl]lphenylamine (8) are obtained with an
IS HPLC assay of 97% and a vyield as such of 56%, i.e. a
25 vyield of Z isomer obtained with respect to Z isomer
charged of 72%.
EXAMPLE 2 - Synthesis according to the second process
route V0 3 according to the invention

The advantage of the second process route



am noal dehyde (1 a),
chem cal
(Z)-N-[2- Met hoxy-5-[2-(3,4,5-trinmethoxyph
hydrochl ori de General schene of the synt

Ad

and the phosphonium (2a) and thus 5 of elimnating a
stage which gives off CVR products.

yl)vinyl] phenyl]-L-serinam de
sis WWj reaction Ove MOQWE

PPH, Br Phosphoniumsalt + G T MONa

toluene F + Mee NH, r /  Owe

3Am i no- 4- net hBRyBenzahdeRgaecti §0l sbrefikHE OlVeveMseTHaAnS liggompeoc@ds 10

Ove N H, “eprofecfion

Crystal | | zaf i choute VO 2 is that of carrying out the Wittig reaction

between a product which has already been reduced,

aminoaldehyde {la), and the phosphonium
5 o¢f eliminating a chemical stage which gives

products.

the
{2a) and thus
off CMR

(Z)-N-[2-Methoxy-5-[2-(3,4,5-trimethoxyphenyl)vinyl] -

phenyl] -L-serinamide hydrochloride

General scheme of the synthesis

Wittlg reaction

OMe OMe

o}
Mel OMe | MaO OMte
+ MeOMa / toluene O +
—— OMe
MeQ g
PPH,Br NH, = NH,

Phosphonium salt

3-Amino-4-methoxybenzaldehyde Cis isomer

OMe

ol ok

OMe

Boc-L-Ser-PG
.

OMe

Deprotection
—_—
OMe
LI
f tallizaf
HC Cr'ysa zation = I;J’U\/\OH
AcQiPr H  NHHCI

10
3-Amino-4-methoxybenzaldehyde (la):

OMe
Mel OMe
O OMa
U g N,U\/\o

CMe

Trans isomer

o}

OMe
HH, EDCI / Dichloromethane Hoa/N N

McOH HC1 Soc-L-Ser-PG EDA@ 1 D chl or onet hane HC



AcQO Pr 3- Am no- 4- - nmet hoxybenzal dehyde (la): 21 (1) N 02 Fe / HC Ethanol /
mater 0 (1 a) NH2 20 g of 3-nitro-4-nmethoxybenzal dehyde (1) and 350 m of
absol ute ethanol are charged to a 2 litre,,three-necked flask rendered
inert wwth argon and 5 equi pped with a ms%Jnani cal stirrer, a thernoneter, a
T piece, a funnel for tj€ addition of solid, a reflux condenser surnmounted
by a bubble counter, arjd a heating bath, and the nmixtur& is stirred and

heated to 60C. The Rupe passes i pL.O §€J ution. 10 T opWhitke addition
115 m of —disti wat er, f

is carried out at 60

2N hydrochloric acid.724.7 g of irbBmhgehiesr=are t hen '
portionw se. The tenperature of the m xture is allowed td 15 return to
ambi ent tenperature over ©2 hours. The reaction is conplet® (TLC).. The
mixture is filtered thridugh celite and concentrated undegiajacuum the
residue is taken up in dichloronethane and the organic solution is washed
20 twce with distilled ﬁ\@tgrogngﬂgg)g{)og nggta‘\é%%%eﬂggﬁgghggesL&E)hggl

filtered and concentrated t ryneéss  under v
350 ml of absolute ethanol are charged to a 2 litre

three-necked flask rendered inert with argon and

5 equipped with a mechanical stirrer, a thermometer, a
T piece, a funnel for the addition of solid, a reflux
condenser surmounted by a bubble counter, and a heating
bath, and the mixture is stirred and heated to 60°C.
The mixture passes into solution.

10 The dropwise addition is carried out at 60°C
of 115 ml of distilled water, followed by 14 ml of 2N
hydrochloric acid. 24.7 g of iron powder are then
introduced porticnwise.

The temperature of the mixture is allowed to

15 return to ambient temperature over 2 hours. The
reaction is complete (TLC).

The mixture is filtered through celite and
concentrated under vacuum, the residue is taken up in
dichloromethane and the organic solution is washed

20 twice with distilled water and then dried over
magnesium sulphate, filtered and concentrated to
dryness under wvacuum.

16 g of crude (la) are obtained and are
chromatographed on a silica column eluted with

25 dichloromethane.



16 g of crude (la) are obtained and are chromatographed on a silica colum
eluted with 25 dichl oronethane. 22 2 fractions conprising the clean
expected product are obtained, which fra Ei ons, after concentrating, give
11.5 g of pure (la), i.e. ayield of 69%“5 1H N MR spectrum No. 2810-V
(300 MHz, d6-(CD3)2SO, S in ppm: 3.88 (s, 3H), 5.11 (unresolved peak,
2H), 7.01 (d, J = 8 Hz, ZHfraztigngdcodprifing, the) cleahS8ekpectdd= 8 Hz,
1H), 9.53 (s, 1H). Mass spectrum No. 210112, m= 151 10 El mz = 151 M.
base peak m Predugs precrBtpimeqy zwbichgfrageiomk+ after= 80 [108- CJ +

| R spectrum 425135 KBr 15 3464, 3437, 3367, 3349, 1675, 1655, 1582, 1513,
1293, 1241, 1999°°9553t1883 ghdeerd-enP10f-Pang (la). i.e. a yield

E- 2- Met hoxy-%—\ég-g%a 5-tri met hoxyphenyl)vinyl]-- phenylamne (8 ) and
(9"): f d- I ”CF"60H Tol uene PPh36r (2a) (1a) (8) NH, (9')

5 'H N.M.R. spectrum No. 2810-V (300 MHz, dg-(CD;),S0, 8 in
ppm): 3.88 (s, 3H), 5.11 (unresolved peak, 2H), 7.01
(d, § = 8 Hz, 1H), 7.14 (d, J = 2 Hz, 1H), 7.18 (4,
J = 8 Hz, 1H}, 9.53 (s, 1lH).
Mass spectrum No. 210112, m = 151
10 EI m/z = 151 M base peak
m/z = 136 [M-CH;]"
m/z = 108 [136-CO]~
m/z = 80 [108-cO]”
IR spectrum: 425135 KBr
15 3464, 3437, 3367, 3349, 1675, 1655, 1582, 1513, 12893,
1241, 1139, 1023, 803 and 640 cm™”
Z- and E-2-Methoxy-5-12-(3,4,5-trimethoxyphenyl)vinyl]-

phenylamine (87) and (g&7):

o~ o
—0 o— N Hz
+ CH,ONa / CHOH
Toluene
Q
PPhBr o]
(2a) (1a}

20 N.B.: The phosphonium (2a) is a starting material
already disclosed in the original patent Ajinomoto Co.
Ltd, US 5 525 632 and WO 01/12579 AZ.

8.0 g of phosphonium salt {2a}, followed by

2.20 g of aminobenzaldehyde (1a) and 100 ml of toluene,



20 N.B.: The phosphonium (2a) is a starting material already disclosed in
the original patent Ajinonoto Co. Ltd, US 5 525 632 and WD 01/ 12579 A2.
8.0 g of phosphoniumsalt (2a), followed g¥ 2.20 g of am nobenzal dehyde
(1a) and 100 m of toluene, 23 are charged"to a 250 m three-necked flask
rendered inert with nitrogen and equi pped with a magnetic stirrer, a

t hermonet er, aaTepfbaeged Hpoppihf Minhbkeeanerktbufleskderadersdr nount ed
by a bubble counter, and a 5 cooling bath. The stirred suspension is cool ed
to 5C and 3. 5IN§¥toviEN2BISRPgEHeEREneNIEPREEi WitherhBrROdetisol ution are
run in over 15 mnutes. After 2.5 hours at 5C, the reaction renains

i nconpl ete (Ex?thg@ﬁrbu? BB8EMORBESEnafgE PH?Fﬁera(ﬁPEEPlaﬁdfPﬁ@eZﬁEarat|o
is 61/39. 10 O. £1 of acetic acid diluted in 50 pl _of water is then run
in, the tenperﬁ?ﬁ B¥ FRBLCR S 3BUTPREN PRt BY o2 BUPBLEr FEHTESE - 36T Aut es

d th t t tt t f
phase 15 CBnoBRbr aradbaRREr T %ﬁ%ﬁf%ﬁé”sﬁaﬁéﬁé‘ié‘e;g%r SPBToEnEo1E R o of
|l I t B L tart l.dehyd
hosphi ne. oxi 03 and" gmexé%?? AL EP%Q”%'FEE% B bebhoadrds™ The

oil is chromatogiaphsd Q0. réh' iﬁ%@@k“ﬂ? ?% gzpﬁﬂar%wz, ﬁw&%da\e“h a

cycl ohexane/ et hyl acetate/ triet ylanlne m xture. 2 series of
conmbi ned fractsons ehe r698eeBhr abRAiHhS ﬁﬁ&8ﬁ§§etfeh¢D&' rabsqr puexhbast of

360 ng conpri ses 93% of the Z isonmer + unidentified 25 inmpurities; the
second, of 2.080¢, ckenpei sestBear {fHPUC) and the Z/E ratio is 61/39.
10 0.2 ml of acetic acid diluted in 50 ml of water is then
run in, the temperature rises to 13°C, the mixture is
stirred for 30 minutes and then it is separated by
settling in a separating funnel. The organic phase is
concentrated under vacuum on a rotary evaporator and
15 8 g of vellow o0il are obtained.
By HPLC, this oil comprises starting
aldehyde, phosphine oxide and the expected Z/E mixture
with a ratio of 61/39.
The o0il is chromatographed on a silica column
20 (40 parts w/w} eluted with a cyclohexane/ethyl acetate/
triethylamine {(50/50/2) mixture.
2 series of combined fractions are
concentrated to dryness: the first dry extract of
360 mg comprises 93% of the Z isomer + unidentified
25 impurities; the second, of 2.09 g, comprises starting
aldehyde and a Z/E mixture representing 39 and 37.5% by
I5 HPLC.

The balance by weight of Z isomer (87),

determined by IS HPLC, is 1.15 g with respect to 2.20 g



al dehyde and a WE mi xture representing 39 and 37.5% by

bal ance by weight of Z isoner (8'), determ
respect to 2.20 g 24 of al dehyde charge,
Synt hesi s according to the second process
invention As for route VO 2, the advantage
the first
Wttig reaction

. €.

IS HPLC. The

ned by IS HPLC, is 1.15 g with
a yield of 24% EXAMPLE 3 -
route VO 3 according to the

of route 5 VO3 with respect to

"i nvefseldéhiidg" cheagessi.eouteyVO1d i€ LHat. of carrying out the
bet ween a product which has al ready been reduced,

( 3- ami no- 4- net BERYBERZ | Yt Syphbéerygliphesphodivm boomhee seCicn)d randess
3,4,5-trinet hoxybenzal dehyde (5) and thus of 10 elim nating a chem cal
stage whi ch gi ¥e8tef VOChRacppsdasgsto the invention

(Z)-N-[2-Methoxy-5-[2-(3
hydrochl oride General sARekBTofOLKE

"~ MeONa 1 toluene MeQ 3,4,5-trinet
Cis isomer %WEHQH Ve EB\VESSPect to

ne

IRV

4, 5-trimet hox phené
he

1rst

| Yvinyl] phenyl]-L-serinam de
t§ pAYgLteget iodn ropme S+ |

aldehxde NH. .PhQ5phoni um sal t
“inverse Witti1g” process

route V0 2 is that of carrying out the Wittig reaction

between a product which has already been reduced,

{3-amino-4-methoxybenzyl) triphenylphosphonium bromide

{(1b},
10

products.

(Z) -N-[2-Methoxy-5-[2-(3,4,5-

phenyl]-L-serinamide hydrochl

General scheme of the synthes

Witltlg reactian

PPh,Br

—_—
NH,

Phosphonium sait
3,4,5¢rimethoxybenzaldehyde

OMe
MeO OMe
O OMe
= ] NH,

Deprotection
MeQH 7 HCa

rerr———

&4%;1:047

Boe-L-ser-PG
——

EDCI / Dichloremethane

HCI Crystaltization
AcOiPr
15

and 3,4, 5-trimethoxybenzaldehyde

MaONa / toluene

MeQ E

(5) and thus of

eliminating a chemical stage which gives off CMR

trimethoxyphenyl)vinyl] -
oride

is

OMe
Me(} OMe
Ole O
.

O

Ry

OMe
+

OMe
] NH,

Cis isomer

OMe
OMe




Trans | somer Ove NH, Deprotecflon MOH HCL HC! Crystallization AcGPr O°
Boe-Lser--PG EDC] 1 Dichl oronet hane M0 OV MeO OVB 15 25

(4- Met hoxy- - 3- am nobenzyl )tri phenyl phosphggli um brom de (I b) (4) NO2 PPh3Br
Fe / HO EtOH H20 NHz HCl PPh3Br (1 b) 30°g of (4), 240 ml of ethanol and
60 mM of 5 distilled water are charged to a 1 litre three-necked flask
equi pped with é&4n¥ehhnkyaB-sninpbenzalt heinbeeyéphoaplopiesepranfidenel for
the addition o&lb?olid, a ref lux condenser surnounted by a bubble

o~ ) -
e Fe / HCI NH; HCI
EIOH-H,0
PPhoBr PPhBr
(4) (1b)

30 g of (4), 240 ml of ethanol and 60 ml of
5 distilled water are charged to a 1 litre three-necked
flask equipped with a mechanical stirrer, a
thermometer, a T piece, a funnel for the addition of
solid, a reflux condenser surmounted by a bubble
counter, and a heating bath.
10 1.76 ml of 6N hydrochloric acid are added to
the stirred suspension, which is heated to 70°C.

8.9 g of iron powder are then added
portionwise over 15 minutes; the mixture remains
insoluble. The mixture is maintained at 75°C for

15 2 hours; the organic materials slowly pass into
solution while a brownish deposit of iron and of iron
oxide is formed.

After monitoring by HPLC, 5% of starting
material still remains; 2 g of iron are again added and

20 heating is continued for 1 hour; the DC is complete.

The mixture is cooled to 40°C and filtered
through clarcel, the filter residue is rinsed with
100 ml of ethanol comprising 20% water, and the
filtrate is concentrated to dryness under vacuum on a

25 rotary evaporator.



counter, and a heating bath. 10 1.76 m of 6N hydrochloric acid are added
to the stirred suspension, which is heated to 70C. 9.9 g of iron powder
are then added portionw se over 15 minutes; the m xture remains

i nsol uble. The mixture is maintained at 7€ for 15 2 hours; the organic
materials slowy pass into solution while a brownish deposit of iron and
of iron oxide is fornmedrhd&ftesidoaitortagedyublPl&, 360001 sfarting
material still remains; 2 g of iron are again added and 20 heating is
continued for ishorpanhe HS1i sreonpl £t zes Theomi kharmiksureol edith 46C and
filtered- through clarcel, the filter residue is rinsed with 100 m of

et hanol conpristigrodoendtepate@dte he0°¢ | nd apesses chackninabed to dryness
under vacuumon a 25 rotary evaporator. 26 The residue is taken up in 300
m of isopropEOrtER- ckysthl PF z2s5N rood ¢ hioRi Rf uredraphéaris asifrred and
heated to 50C and, passes bafk into solution. 14 m  of a 5N solution of

hydrochl orie att & SPRFPPEdpt opafiof et er thet? r uhE "L ¥R R xt ur e
precipitates, it is held at 50C for hour hen,it is_all dt
Peturh (o anbiEETRIEEHSS urtt The e arry 7006 FPE BaPHF ofth BEEntbr ed
lass filter an e ls hed. w 50 m i ropanol, pulled
gry t hor oughl ylgain%clifg?‘is‘gé% ch“Jﬁ 5%\@%51§ntoun e}g?/%cﬁ(grpﬁ%galﬁggg'of (1b) gre
obtained with a yield asphsuch,Pfy 8998 1tered through a sintered

glass filter and the cake is washed with 50 ml of
10 isopropanol, pulled dry thoroughly and dried in an oven
under wvacuum.
27.3 g of (ib) are obtained with a yield as
such of 89.9%.
M N.M.R. spectrum No. 4584-V (300 MHz, ds- (CD3).S0, & in
15 ppm): 3.78 (s, 3H}), 5.03 (broad d, J = 15 Hz, 2H), 6.43
(unresolved peak, 1H), 6.62 (broad s, 1H), 6.82 (brcad
d, J = 8 Hz, 1H), from 7.60 to 8.00 {(mt, 15H).
Mass spectrum No. 211915, m = 397
EI m/z = 397 M
20 m/z = 382 [M-CHj3]"
m/z = 262 [PPh;]" Dbase peak
DCI m/z = 398 MNH,"
M/z = 263 [PPh3H]® base peak
IR spectrum 426386 KBr
25 3254, 2474, 1920, 1628, 1520, 1439, 1433, 1279, 1110,
736, 690, 527 and 511 cm™
Z- and E-2-Methoxy-5-[2-{3,4,5-trimethoxyphenyl}vinyl]-

phenylamine (87) and (97}:



1H N MR spectrum No. 4584-V (300 MHz, d6-(CD3)2SO, 8 in 15 ppnm): 3.78
(s, 3H, 5.03 (broad d, j = 15 Hz, 2H), 6.43 (unresolved peak, 1H), 6.62
(broad s, 1H), 682(broad d, J =8 Hz, %Iii) from7.60 to 8.00(m, 15H) .
Mass spectrum No. 211915, m = 397 E m z 397 M+ 20 mz 382 [N¥CH3]
mz = 262 [PPh3] + base peak DCl nfz = 398 MNHO+ WM z = 263 [PPQ}?H] base

peak | R spectrum 426386 KBr 25 3254, 2474, 192Q, $1628, 1520 1433,
1279, 1110, 736, 69§; 527 and 512 cm1l Z- and g
E- 2- Met hoxy-5-[ 2- (3, 54thcp methoxyphenyl ) vi nyl ] - enyl am ne ( and (9')

27 NHz HCl -0 } CH3OH ueRg.EFA3Rr (
g of (5) and 70 m toI uene chargedito a
rendered inert with hitrogen and|equi pfE&® with a 5
‘thernoneter, a T piecensa dropping funnel, a ref |udHeonden sur mount ed

by a bubbl e counter,“h)and a cool (iﬂng bat h.

)

11.02 g of (1b), 4 g of (5) and 70 ml of
toluene are charged to a 250 ml three-necked flask
rendered inert with nitrogen and equipped with a

5 magnetic stirrer, a thermometer, a T piece, a dropping
funnel, a reflux condenser surmounted by a bubble
counter, and a cooling bath.

The stirred suspension is coocled to 5°C and
4.92 ml of a 25% w/w solution of sodium methoxide in

10 methaneol are run in over 15 minutes. The suspension is
stirred at 5°C for 2.5 hours, then 0.2 ml of acetic
acid diluted in 50 ml of water is then run in, the
temperature rises to 14°C and the mixture becomes very
thick. It is diluted with 10 ml of toluene and 10 ml of

15 water. A brown insoluble material remains.

The mixture is filtered through clarcel, the
cake is washed with 3 times 50 ml of toluene (the wash
ligquors comprise virtually only the starting aldehyde
and are not added to the two-phase filtrate), the clear

20 filtrate (pH 12) is separated by settling in a
separating funnel, and the organic phase is
concentrated to dryness under vacuum at 40°C. The Z/E
ratio, determined by IS HPLC, is 43/57.

The brown oil obtained {4 g) is



The stirred suspension is cooled to 5C and 4.92 m of a 25% w w sol ution
of sodium nethoxide in 10 nethanol are run in over 15 m nutes. The
suspension is stirred at 5C for 2.5 hours2 then 0.2 m of acetic acid
diluted in 50 mM of water is then run in, he tenperature rises to 14C and
the m xture beconmes very thick. It is diluted wwth 10 mMl of toluene and 10
m of 15 wat er¢hrobabesrapiefiubheanat éical codmannélOThpantxture)is filtered
t hrough clarcel, the cake is washed with 3 tines 50 m of toluene (the
wash |iquors @%ﬁﬁ?ﬁs@thr@uéY?%ObﬁK§nehethér@CﬁgaaEdehydehyénmiaee not
added to the two-phase filtrate), the clear 20 filtrate (pH 12) is
separated by sét?{PR§2i nmaXt4EBarating funnel, and the organic phase is
concentrated to dryness under vacuumat 40C. The Z/ E, ratio, determ ned by
IS HPLC, is 43/57. The br8anSSFFe8pPai reHP+Rey) F¥&C5BORAY BHEL ogr aphed on a

silica colu 100_part eluted w1h a,cycl ghexane/ et hyl
acetate/trig?hé?%%?ﬁgraégéig%lafyﬂ$§?ur%beT régrgﬁg SFgﬁﬁ i REdf Faltions
are 5 concentr rypess: the_first_dry-gxtract of 1.1 g._,conprises
T of B sonesoi 55, SHESSE B nfsohed afRLaEK (Ohck ReotegsTping
conpri ses 86% 9f .5 qSQEELLANE 4% 0 j hg:bal ange. [ of z
i soner (8), 10 %etern?%%d by I% %Fé%? ?28%?%3%gg§3?t Er%sﬁ%%?g?ogghg of
al dehyde charged, cf.£. 18oMbel d as such of 11.3%
Z- 4- {2- Met hoxy-5-[2-(3, 4, 5-tri met hoxyphenyl)vinyl]- phenyl car banoyl }- 2,
2-di net hyl oxazol i di ne- 3-tlha¢ bbxYdh€e by weight of Z isomer (87),
10 determined by IS HPLC, is 0.725 g with respect to 4 g

of aldehyde charged, i.e. a yield as such of 11.3%.

Z-4-{2-Methoxy-5-[2-(3,4,5-trimethoxyphenyl)vinyl] -

phenylcarbamoyl}-2,2~dimethyloxazolidine-3-carboxylic

acid tert-butyl ester (11):

o]

OJL§/\O EDC!
Jd * >(o\<N k CH,Cl,

¢

(10)

{8%

15
Release of the base (8') from the hydrochloride (8):

44 g of (8), 16 g of sodium hydrogencarbonate
and then 200 ml of distilled water and 375 ml of
dichloromethane are charged to a 1 litre Erlenmeyer

20 flask. The mixture is stirred for 20 minutes at ambient
temperature and two clear phases are obtained.

The organic phase is separated by settling,
dried over sodium sulphate and then filtered.

Approximately 400 ml of a dichloromethane



acid tert-butyl ester (11): (8') 15 (10) EDCl CH2Cl12 -0 O Rel ease of the
base (8') fromthe hydrochloride (8): 44 g of (8), 16 g of sodium

hydr ogencar bonate and then 200 m of dis%blled wat er and 375 m of

di chl oronet hane are charged to a 1 litre | enmeyer 20 flask. The m xture
Is stirred for 20 mnutes at anbient tenperature and two clear phases are
obt ai ned. The 8pP§uhienprasprisisgpdBit edrbyobsatiniedg, dried over sodi um
sul phate and then filtered. Approxinmately 400 ml_ of di chl or onet hane 29
sol ution conpr PXERATaRipnapé BbEadﬁwéthpﬂeﬁéﬁéﬂﬂ@haﬁf3 4-dicarboxylic

2, 2--d|nethyloxazolrd|ne 3,4-dicarboxylic acid 3-tert-butyl ester (10)

Al t hough conneEEE3Lﬁy_ﬁﬁéLh&EMér_EEE§_éE3&uct 5is very difficult to get

hold of. It has therefore bg pr epar ed bé saponi, % |on mnth I|th|um
hydroxi de of its nethyl ALE 8P95 €l ?ﬁ&lﬁ lyjavglda l@BPf ULCtp

T e e e

&gt 2%;235frﬁ]_iégggeﬁob}sségonggﬁggqlgﬂr%ﬁQkVEQtﬂgﬁﬁ h$ﬁE0xH%%SO&peCtrun1

its methyl ester according to: J. Org. Chem., 63(12),

p. 3983 (1998).

'Y N.M.R. spectrum (300 MHz, dg-(CD3)}280, & in ppm): 1.38
10 (s, 3H), 1.45 (s, S9H), 1.55 (s, 3H}, 3.95 (mt, 1H),

4.16 (mt, 1H), 4.31 (mt, 1H), from 12.50 to 13.10

{broad unresolved peak, 1H).

Mass spectrum: No. 213135, m = 245

DCI m/z = 263 MNH"
15 m/z = 246 MH'

m/z = 207 [MNH4~t~Bui® base peak
m/z = 146 [MH-BOC]”

IR spectrum: 426759 KBr

1744, 1704, 1638, 1407, 1368, 1164, 1104, 856, 836 and
20 623 cm™

Coupling:

The solution of (8f) is charged to a 2 litre

three-necked flask ecuipped with a mechanical stirrer,

a thermometer, a T piece, a funnel for the addition of
25 so0lid, a reflux condenser surmounted by a bubble

counter, and an ice bath, 600 ml of dichloromethane are

added and the mixture is coocled with stirring.

42.9 g of 2,2-dimethyloxazolidine-

3,4-dicarboxylic acid 3-tert-butyl ester (10} are added



DCl mz = 263 MNH4+ 15 mz = 246 MH+ mz = 207 [ MN\H4--t-Bu] + base peak nlz
= 146 [ MHBOC] + I R spectrum 426759 KBr 1744, 1704, 1638, 1407, 1368, 1164,
1104, 856, 836 and 20 623 cm 1 Coupling:_ The solution of (8') is charged
toa 2 litre three-necked flask equipped3 ith a nmechanical stirrer, a
thernoneter, a T piece, a funnel for the addition of 25 solid, a reflux
condenser surmunied aydopbabbietcosnletioandaad thenbd8hg 660 m of

di chl oronet hane are added and the m xture is cooled with stirring. 42.9 g
of 2, 2-di net hy} okazéineihel aBigonreay bbxytechatcdrBodeinifatyl ester (10)
are added 30 at 5C and pass into_solution, and then 48 g of

1- - ( 3- - di et hyPEaT oht @pias - SERERY | 25¢ baddedi BerthgBYsEA| BEFWESPEDCL) are
added portionw se between 5 and 10C. 5 The mixture is slowy allowed to
return to anb?entl?enperature by allowing the ice in the bath to nmelt

over ni ght . %n t he m)rnin,?kFL 330 of .dis ilied ﬁiter age agded gnd t he
mxture i s Vigorously stirfeBr*THES 155 nfXeWHE ROrR¥eE| 68aF6VEP 38 ni nutes
(hydrolysis of_the EDCL)., Stirri IS intaiped for a f her . 30_m nut es.
Tha it are | < UebeR S By Sk ey Th BV DABLPE, 80 BRnEhtaBa e or gan ¢
phase is mashqgeléug§g§§i§§£y with 2 times 280 ml of 0.55N sodi um

In the morning, 330 ml of distilled water are
added and the mixture is vigorously stirred. The
10 mixture turns cloudy over 30 minutes (hydrolysis of the
EDCl). Stirring is maintained for a further 30 minutes.
The mixture is separated by settling in a
separating funnel and the organic phase is washed
successively with 2 times 280 ml of 0.55N sodium
15 hydroxide solution and then with 300 ml of distilled
water.
The organic phase is concentrated to dryness
on a rotary evaporator (50°C/50 mmnHg) .
79.4 g of a sticky o0il (11) are obtained,
20 which oil hardens at 20°C, with a yvield by weight with
respect to (8) charged of 117%.
Spectrum No. = 5 578-V
'H N.M.R. spectrum (400 MHz, dg- (CD3}280, at a
temperature of 373 K, 8 in ppm): 1.41 (s, 9H), 1.53 (s,
25 3H), 1.64 (s, 3H), 3.64 (s, 6H), 3.71 (s, 3H), 3.86 (s,
3H), 3.99 (dd, J = 9 and 3 Hz, 1H), 4.19 (dd, J = 9 and

7 Hz, 1H), 4.52 (dd, J = 7 and 3 Hz, 1H), 6.48 (d, J =

12.5 Hz, 1H}, 6.55 (4, J 12.5 Hz, 1H), 6.58 (s, 2H),

7.02 (mt, 2H), 8.13 (broad s, 1H), 8.82 (brcad s, 1H).



15 hydroxi de solution and then with 300 ml of distilled water. The organic
phase is concentrated to dryness on a rotary evaporator (50C/ 50 mrHg).
79.4 g of a sticky oil (11) are obtained,,20 which oil hardens at 20C, with
a yield by weight with respect to (8) ch% ged of 117% Spectrum No. =5
578-VIH N MR spectrum (400 MHz, d6-(CD3)2SO at a tenperature of 373 K
b in ppm: 1.4¥a¢s, spefptramsBo(s2133653Hp, =156 (s, 3H), 3.64 (s, 6H), 3.71
(s, 3H, 3.86 (s, 3H), 3.99 (dd, J =9 and 3 Hz, 1H), 4.19 (dd, J = 9 and
7. Hz, 1H), 4.52C{ddm/3 = 76AndM¥Eez, 1H), 6.88sSedpe3dk= 12.5 Hz, 1H), 6.55
(d, J =12.5 Hz, 1H), 6.58 (s, 2H), 7.02 (nt, 2H), 8.'13 (broad s, 1H),
8.82 (broad s, 1H).™3% ®r843sp&&trum No. 213565, m= 542 DCl mz = 560
MNH4+ base peak mlz = §4§ %/I—H mz = 504 [MNH4-t-Bu]l+ 5 niz = 443

[ M4 BOC] + | R spectPlfn ~428857 [¥84-8288] 2982, 2938, 2837, 1712, 1698,

1534, 1363, _1249, 1133, 2 R ¢m Ot her coupling conditions were
enpl oyed, sdch 10 a%‘.}z _I\/%gZd j%%ﬁ#&e (pival oyl chloride/(10)). -

DCC/ HOBT, DCC/ ﬁgp?aggﬂ:% 5§§5b8EX| diimdazole, and the like. - In

acetonitrile, i chl' or onet a‘?]e, ester, 15 and the |iKke.
3409, 2982, 295938, 2837, 1712, 1698, 1534, 1363, 1249,

1133, 1092 and 851 cm™
Cther coupling conditions were employed, such
10 as:
- Mixed anhydride (pivaloyl chloride/(10)).
- DCC/HOBT, DCC/HOSU, TOTU, N,N-carbonyldiimidazcle,
and the like.
- In acetonitrile, DMF, THF, dichloromethane, ester,
15 and the like.
EDC1-HC1 in dichloromethane gave the best
result.
(Z)-N-[2~Methoxy~5-[2-(3,4,5-trimethoxyphenyl}vinyl] -

phenyl]-L-serinamide hydrochloride

MeOH HC1 -H,0
D ———E

MeQH / AcOiPr

(12)

20
61.8 g of (11), in solution in 54 ml of

methanol, are charged at 20°C to a 1 litre three-necked

flask equipped with a mechanical stirrer, a



EDCl HO i n dichl oromet hane gave the best result.
(2)-N-[2-Methoxy-5-[2-(3,4,5-trinmethoxyphenyl)vinyl]- phenyl]-L-serinam de
hydrochl oride 0 20 (12) 61.8 g of (11), ig solution in 54 mM of nethanol,
are charged at 20Cto a 1 litre three-nec &8d flask equi pped with a
mechani cal stirrer, a MOH HCl -H20 HO MOH |l AcGPr HHOH IVH2 HC 0 O
32 t her nonet er tharmopeees, a Febliaxecondersénxsarmdensed shymraubiied e
counter, and a heating bath, and 150 ml of isopropyl acetate, 99 m of a
2, 3N sol ution B¥ ﬁyHPgbﬁﬁoPPEnégrd pAdmat heasingngagh2 andofl5di 8t fed 5
wat er aré added. The m xture is stirred and heated at 60C for 3 hours. The

sol ution, cool 88°PECRYE, 2F§taEPar PP Bd BY i Pt Al SEAUFAPBUGR a sintered
TRt AL W Sl R e R
TR at ed wPtnT8 57 gS6F CA3Fe" aRGet RERCTOH AP BF “rESH Byl "RGACR EVare run
in dropwi se o¥gbolefous. nINGM ¥HUT 051 0WLY, CEYRE Al L8289 000, is
clarified by filtration through a sintered glass filter
No. 4 rinsed with 40 ml of methanol. The filtrate is
returned to the stirred three-necked flask and 194 ml

10 of isopropyl acetate are added, the mixture is reheated
to 40°C, the solution is initiated with 0.2 g of (12)
and then 194 ml of iscpropyl acetate are run in
dropwise over 1 hour. The mixture slowly crystallizes
as the iscopropyl acetate is being run in.

15 The mixture is allowed to return to ambient
temperature and is then cooled to and maintained
overnight at 5°C.

In the morning, the slurrxy i1s filtered
through a sintered glass filter and the cake, pulled

20 dry, is washed with 4 times 50 ml of isopropyl acetate,
pulled dry thorcughly and then dried in an oven to
constant weight (35°C/10 mmHg} .

28 g of (12) are obtained with a yield over
2 stages {(coupling and then deprotection operations)

25 of: 56%, and an IS HPLC assay > 98%,

i.e. an overall yield as such, for the synthesis
carried out according to the first process route V0 2,

of: 30% [(12) obtained with respect to (5) charged].



as the isopropyl acetate is being run in. 15 The m xture is allowed to
return to anbient tenperature and is then cooled to and nai ntai ned
overnight at 5C. In the norning, the slurry is filtered through a sintered
glass filter pulled 20 dry,_is washed with 4 tinmes 50

i sopropyl acet g bQZBﬁ?EEBdry t hor oughl y AAd then dri ed ?ﬁTéﬁneééH1%67
constant weight (35C/10 mmHg). 28 g of (12) are obtained with a yield over
2 stages (coupling and then deprotectiogLapggati ons) 25 of: 56% and an IS
HPLC assay > 98% i.e. an overall yield as such, for the synthesis carried
out according to the firdt pr&cessseotfibe YDe2prephralQw| cX2) obtained with
respect to (5) charged]. WO 03/084919 33 PCT/FR03/01117 CLAIMS 1. Process
for the preparéﬁmbﬁeéﬁsé@ﬁhﬂét9§tépﬂhgwaﬁgfGEH6Wﬁﬁgfg€m@ﬂal(ﬂdrnula (1):

(1) in which A represents an am no groyp—ﬁ\haracterlzed in that, after the
Wttig condensation in the presence of

(3,4,5-trinmethoxybenzyl)triphenylp

3-nitro--4--nethoxybenzal deh Q57
(4-met hoxy- 3-nitrobenzyl)triphenyl
reduced in the presence of irorCHZ
characterized in that the anmount of

om. de or chloride and of
'neﬁhoxyd@hzaldehyde with a
salt, the nitro group is
acc @Hng to Caiml,
iron used is |n excess.
in which A represents an amino group, characterized in
that, after the Wiktig condensation in the presence of
(3,4,5-trimethoxybenzyl}triphenylphosphonium bromide or
chloride and of 3-nitro-4-methoxybenzaldehyde or of
3,4,5-trimethoxybenzaldehyde with a (4-methoxy-
3-nitrobenzyl) triphenylphosphonium salt, the nitro
group is reduced in the presence of iron.

2. Process according to Claim 1,
characterized in that the amount of iron used is in
excess.

3. Process according to Claim 2,
characterized in that this excess is greater than
2 equivalents per one mol of starting nitro derivative.

4, Process for the preparation of

combretastating of following general formula {(I}:

OCH, OCH,

in which A represents an amino group, characterized in

that, according to the second implementaticnal process,



3. Process according to Claim2, characterized in that this excess is
greater than 2 equivalents per one nol of starting nitro derivative. 4.
Process for the preparation of conbretastatins of follow ng general
formula (1): (f) in which A represents an_am no group, characterized in
that, according to the second |nplenentat36nal process, 34 a

(3,4,5 tri met hoxybenzyl)tri phenyl phosphoniumsalt is condensed with

3- am no- 4- met haxybBedzal dehydehokyhbenzyl) triphenylphosphonium salt is
(3-am no- 4- met hoxybenzyl )tri phenyl phosphonium salt is condensed with

3, 4, 5-tri net hoxyhdarakdewytb. 35amPnoeésseaboryliengal debydiemod, a
characterlzed inthat a (3,4,5-trinmethoxybenzyl)- triphenyl phosphoni um salt
i s condensed mﬂ6ha@laﬁrﬁomeﬂhﬁﬂvhénybéhiahﬂbﬁyﬂéphﬁsphp@e@@sSad@oﬁﬁlng to
Claim4 or Claimb, characterized in that the reaction is preferably
carried out inCPREcBFedeNeblof 4. hassinRbEeKRYPEBARLEENEES um tert - but oxi de,
sodiumtert-pentoxide, sodium_ hydride, butyllithium ,LDA (lithium

di i sopropyl ami ne), sod|5n1neF58§P8§ aﬁSPEQ%PEnFEaFBéﬁQté or al kal i ne

deri vati ves of exa Id|S|Iag EE S acc d|n gla|n14 or
I e et i T S Lt T AL £ M L R R

di t h h i
ool vent i 3ﬁ°§55}1§%§??ﬁ°?ﬁﬂ?§%ﬁ@c?g?gcﬁﬁﬁﬁgs ple B ch & RRIELLOT L ers

(THF), polar a@Lﬁétﬁo§?b¥ﬁgé§dgﬁggggn|tr|Ie, NVP, DMF, DMSO, and the
|'i ke), al cohols, aronatic

6. Process accerding to Claim 4 or Claim 5,
characterized in that the reaction is preferably
carried out in the presence of a base chosen from
potassium tert-butoxide, sodium tert-pentoxide, sodium
hydride, butyllithium, LDA (lithium diisopropylamine),
sodium methoxide, potassium carbonate or alkaline
derivatives of hexamethyldisilanes.

7. Process according to Claim 4 or Claim 5,
characterized in that sodium methoxide is used.

8. Procesgss according to Claim 4 or Claim 5,
characterized in that the reaction solvent which is
inert with respect to the reaction is chosen from
ethers (THF), pclar aprotic solvents (acetonitrile,
NMP, DMF, DMSO, and the like}, alcohols, aromatic
solvents or water.

9. Process according to Claim 7,
characterized in that the reaction temperature is
preferably between 0 and 10°C.

10. Process for the preparation of compounds

of formula {(I) in the serine salt form by coupling of



solvents or water. 9. Process according to Claim?7, characterized in that
the reaction tenperature is preferably between 0 and 10C. 10. Process for
t he preparation of conpounds of formula (1) in the serine salt form by
coupling of 35 the derivatives of forrmula_(lla) with the cyclic protected
serine derivative of forrmula (lib) HO whefé PG represents a protective
group for the am ne functional group, to give a novel internediate of
fol | ow ng genethk Bertwhaivesoof- fo@mwiachIms)subsequently deprotected. 11.
Internediate for the coupling between am noconbretastatin and the cyclic
protected serine derivative, jchavacterized in that it corresponds to the
following fornmula: in which PBisjia protectivecgroup. 36 12. Internediate
according to Caim1ll, charact¥ ed in b PG reprgggnts a protective
group chosen fromthe foll ow ng.grqQups: A < but oxycarbonyl ,

benzyl oxycar bonyl (CBZ) or 9-~of | uor enyt et hyl of¥ear bonyl  ( FMOC)

with the cyclic protected serine derivative of

formula (IIb)

where PG represents a protective group for the amine
functional group, to give a novel intermediate of

following general formula:
s

| o
QO O\\
0
w1 O
()
= N™ ™" "o
PG ;

which is subsequently deprotected.

Z A

11l. Intermediate for the coupling between
aminccombretastatin and the cyclic protected serine
derivative, characterized in that it corresponds to the

following formula:

-~

| 0
0 ]
O "
\O —_—

o
NH”JL‘{/\O
PG’N \

in which PG is a protective group.




36

12. Intermediate according to Claim 11,
characterized in that PG represents a protective group
chosen from the following groups: tert-butoxycarbonyl,
benzyloxycarbonyl (CBZ} or 9-fluorenylmethyloxycarbonyl

(FMOC)



