3 Cctober 2006 WO 03/084919 1 PCT/FRO3/01117 METHOD FOR PREPARI NG
COVBRETASTATI NS The present invention relates to a process 3 $agber 96
preparation of conbretastatins and of their derivatives. 5 The term

"conbr et ast agh N§= o941 | bene derivati.ves” is unders he
derivati vesqg?n&éf%%\nf%g general for rrulla: CH30 A (1) E%%g%ﬁg%%&é in
which A represents a hydroxyl group or an amno 10 group, and its

phar maceutical |y accepEHQD FAR FRENSWNG COMBRERAFRAIBINGONg the salts,
of the hydrochl oride, acetate, phosphate or nethanesul phonate. Wen the
conpound A is an anmi no' ¥ RESSERE VP bere bkt ceP td RFPESAci ds to
result in amdes, and their , 15 armaceutically acceptable salts. The
synt hesi s of - %% i tiHeriF ATV IR &k grom Thalst i3S WhidHean be in the

formof a p&e\%irgracteﬂ;eizscal acceptabl e salt, and the pharnaceuti cal
conposi tions i ch.” conprise themare disclosed in 20 Patents US 4 996 237,

US 5 525 £32, US'S 731353200 + USus, 679,008 nThese pateqtadi scl ose

conbretastatins and their netabolites an Isclose their 1Tnvitro

oncol ogi ¢ acid Mivtaki RGLOT L NELhdO- 40658 Rt &Sﬁtﬁ@”@é?%@éﬁ:%jegsof% are
prepared from (3,4, 5-trimethoxybenzyl)triphenyl - phosphonium salts, which

i s condensedanlldwidigd didd B £tabey. 2006 2

CH,0 \m p / %\ A ()

CH,0 OCH, OCH,

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 combretastatinsg
and their metabolites and disclose their in vitro
oéncologic activity.

- According to these patents, combretastatins

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

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




or 3-hydroxy-4-nmet hoxybenzal dehyde (the hydroxyl group of which is
protected) in the presence of sodium hydride or of IithiurhQéeucydilfves,
and then the derivative obtained, when it is nitrated, is reduced in the
presence of zinc. The isonmer with the fi s configuration is subsequently
prepared by the action of light or by “chromatographi c sseparation of the

m xture. T X invention rel ate ocesses for the preparation of
conbr et ast t<';1Ll)t%| %s%é’redlf)ofx% ﬁleimret% é(;ryi%\?z&]tzi‘E\Sltéjtse%&Jr?f{fg t@iﬁen%ry&fé’ﬁé’% §rt%6lpt he
existing ROGRARES 1A dildetled)Oqh, Ahd NG AERN, A uaftLon  provides a
process for the preparation of ‘conbretastatins of the 61 owi ng gener al

formia (| hydeH3R b o (DkniGHBAEHROUE | nthi sl Adgnr esent s an ani no

group, characterized in that, after the Wtting condensation in the
presence older(i¥adiSret bratinexybemay ktr iighenyRhespheni vaybrer dg or

chl oride and of 3-nitro-4-nmethoxybenzal dehyde or of

3, 4, 5- tri mthlsoxytherraledelfydana.t h a (4- nmet hoxy- 3-

ni t robenzyl ) tri phenyl phosphoniumsalt, the nitro group is reduced in the
presence of iron. A féeondoaspewtithf thle cisesent ignvantioanipr ovi des a
process for the preparation of conbretastatins of the follow ng general
fornul a (| pubsequently. prepargdObyolbbe 20068on2afCHIGhA ©%) by

chromatographic sseparation of the mixture.

The present invention relates to processes
for the preparation of combretastatins or of their
derivatives and to improvements to the existing
processes.

A first aspect of the present invention
provides a process for the preparation of

combretastatins of the following general formula (I):

w0y 3n o

CH;0 OCH,  OCH,

-in which A represents an amino group, characterized in
that, after the Witting 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.

A second aspect of the present invention provides

a process for the preparation of combretastatins of the

following general formula (I):




CH30 OCH3 OCH3 in which A represents an am no group, characterized in
that, according to the second inpl ementational process, a3 October2006
(3-4-5-trimethoxybenzyl)tri phenyl phosphoniumsalt is condensed with

3- am no- 4- net hoxybenzal dehyde or a (3

am no- 4- net hoxybenzyl ) tri phenyl phosphgﬁl umsalt is condensed wth
3,4,5-trinmet hoxybenzal dehyde. A thijfrd-aspect of the present invention
provides a process for the preparayion\of conpounds of fornula (I) in the
serine salt form by coupling S : atives of formula (1la) a | ~f
(I'la) ~10 NHz wththe@}‘ig Ae derl)vative of formula
(11b) (11b) HO " Y 'O N-k S-{ epresents a protective group for
the ami ne functional grou ¥ gi ve_a novel . jinternediate of follow ng
general formula: 3 October@2%06 2b @Hp 0 IO¢HB (111) H'~ N PG

in ﬁhich A represents an amino group, characterized in
that, according to the second implementational process,
a (3-4-5-trimethoxybenzyl)triphenylphosphonium salt is
condensed with 3—amino—4—methoxybenzaldehyde or a (3-
amino-4-methoxybenzyl) triphenylphosphonium salt is
condensed with 3,4, 5-trimethoxybenzaldehyde.

A third aspect of the present invention
provides a process for the preparation of compounds of
formula (I) in the serine salt form by coupling of the

derivatives of formula (IIa)

(lia)

with the cyclic protected serine derivative of formula

i/\ (b}
HO” Y7 "0
r&——%

(ITb)

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

following general formula:




whi ch is subsequently deprotected. A fourth aspect of the present invention
provi des an intermediate for the coupling between am nocorftf?¥tbss4086i n and
the cyclic protected serine derivative, characterized in that it
corresponds to the followng formula: OO0 , O \ I \ il (Ill) ~ONHP
PGA in which PGis a protective group.2A first process route VO 1 for the
preparation of derivatives of formula (1) for which A represents an an no
group has first been discovered, which consists, after the Wttig
condensation in the predenéé of
(3, 4,5-trinet hoxybenzyl ) i g
3-ni tro-4-nmet hoxybenzal de

: oni um brom de or chloride and of
rygng out the reduction in the
presence of iron, insté :

gﬁggr%p the gfi or publications,

whi ch nmakes it possible to achFs Verat ~g eaction yield, wth respect
to the al dehyde charged, of 60% (the yielg_w respect to the al dehyde

- charged in Patent US 5 525 632 is betwggyi 21%to 330). 3 Cctober 2006 2c
The first process route VO 2 may consist in condensing

3,4,5-tri met hoxybenzal dehyde with
which is subsequently deprotected.

A fourth aspect of the present invention
provides an intermediate for the coupling between
aminocombretastatin and the cyclic protected serine
derivative, characterized in that it corresponds to the

following formula:
-~

| ©
8] O
sWe P
~0 = NH,JL?/”\
N
PG

in which PG is a protective group.

A first process route VO 1 for the
preparation of derivatives of formula {I) for which A
represents an amino group has first been discovered,
which consists, after the Wittig condensation in the
presence of (3,4,5—trimethoxybenzyl)triphenylphosphonium
bromide or chloride and of 3~nitro—4~methoxybenzaldehyde,
in éarrying 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
yield, with respect to the"aldehyde charged, of 60%
(the yield with respect to the aldehyde charged in

Patent US 5 525 632 is between 21% to 33%).




(4- met hoxy- 3-ni trobenzyl)tri phenyl phosphoni um brom de 3 Cctober 2006 3 or
chloride. For both these first two processes routes VO 1 arfertaher 2006t he
reaction can be carried out in the presence of a base chosen in particular
from potassiumtert-butoxide, sodiumtert-pentoxide, sodium hydride,
butyllithium LDA (lithiumdiisopropylZam ne), sodium nethoxi de, potassium
carbonate or al kaline derivatives of hexanethyldisilanes. This reaction
can be carried out in various solvents, such as ethers (THF), polar
aprotic solvents (acetonitrile, NW, DVF, DMSO, and the |ike), alcohols,
aromati c sol vents or gt &irsft processemauiie WhiZmam [donsetadjrust ed by a
person skilled in the art to the base wused and to the solvent used. This

reaction, SEMFEFHAY thé Sidtnstdceydenzsdehyde with described in
particular ,i.n th ubl i cation by K G. Pine i ch appeared i.,n Bi oorg.
Med. Chen1f4§F§%é%ﬂ%§%§ﬂPﬁiié§§PZéJWEFH6§V¥¥Q% LOEPIAIE I BRSPS pheny! ) -

vi nyl ] ni trophenyl can be reduced according to the process as disclosed by
the action of iron. An anpbunt of iron in excess can be used if conplete
conversion of the starting material is desired. This excess can be

greater than 2 equival ents per one nol of starting nitro derivative. It
has been shown that the sane 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 conplete reaction (in Patent




US 5 525 632, t he yield of the reduction carried out on 3 Cbtober 2006 4
the pure Z isomer varies between 46 and 66% and, noreovep, October X3Bunt s of
zinc used are large and consequently result in consi derabl e i ndustri al
waste. Furthernore, the process can generate a | arge anount of 5 "azo"
conmpound resulting from coupling between the amino formed and the nitroso

i nternmedi a i re t cti h nascent hydrogen, generated
& 31108 gef, %%% LoRy BRAUCt QN with 5

by anmonium formate i'n e presence Sof ta®conventonarst catal yst, such as

pal | adi um et upleat voum sganvbead toe hiegllisameLihzaki eR, 06 chhg,doubl e bond
to the undesirable E isoner. and to partial saturation of the double bond.

The abovensnt itbregrBseayepulll acbhisen ctleseni basptheitaduet FeBmby sodi um
hydrosul phite of a 15 pure nitro Z isomer, obtained after chromatography
and recry¥®eiisisian sert-batingdee andamnoeZti-penepxnieh aodyiml d of only

37% Fwdrogggétlons Wi t h_nol ecul ar _hydr og cat al ysed by platlnun1or

pal | adi um lF‘&reWté’&%ﬁFéﬂémr2®Déndlﬁ- i by rihlﬁaptfpﬁwamlnﬁ the

saturation e I ni c ubIe bond. ss _has al so been
YLty

found whi chCO4vVe; |nfeP 8?598mr88589P8ﬁ s?ﬁggigﬁgéggary when

starting fa@@h@a@hbeg egrhgﬁsmgehyIaaélganggcause It is 25 nmuch nore
econom cal to condense, according'to a first nethod of carrying out this

second process, a (3nh4sSrtatfebhoxybenaybyttiphesyt phasphenbyum bromi de or
chlorlde wi th a 3-am no-4- net hoxybenzal dehyde or,
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
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
route VO 2, is described in particular in the
publication by K.G. Piney which appeared in Bioorg.
Med. Chem., 8(2000), 2417-2425.

Z2-Methoxy-5-[2-(3,4,5-trimethoxyphenyl) -
vinyl]lnitrophenyl can be reduced according to the
process as disclosed by the action of iron. An amount
of iron in excess can be used if complete conversion of
the starting material is desired. This excess can be
greater than 2 equivalents per one mol of starting
nitro derivative.

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 yield of the reduction carried out on




according to a second nethod of carrying out this 3 Cctober 2006 5 second
process, 3,4,5-trimethoxybenzal dehyde with a 3 October 2006

(3-am no- 4- met hoxybenzyl ) tri phenyl phosphonium salt. This second process
according to its two alternative forns rgquires a stage in which less in
the way of CMR (Cancerogenic, Mitagenic or Reproductive toxic) products

are given OfﬂjLQ qgﬂpg{Lson with the first processes rout es VO 1 and VO 2.
This provides  considér abi B Hendtt teaPeeshdfs @hca%Bvandr om t he

vi ewpoi nt of n cti,on cost. According to the second process
route VO 3 t‘rﬁ)gje%%ﬁS%rrpelr %grf 1oxybehiz T i‘ﬁ?@gﬁ‘%ﬁ%ia{ﬂ#sal t and
3-anino-4-nek%g§gag@ﬁg de r o g ther . and .the reaction is
carried out, preferab ﬁsﬁﬁ% tlgr%ﬁfégﬁﬁgékggﬁg' é&gﬁﬁkﬁg_ iW?%%ﬁiicular
from pot assi wit: therhobu} Oxhdeprsedbumher Lohepl oyl dey, sodi um ydrd de,

e or alkaline

butyllithium LDA, sodium nmethoxi de, pota3sium carbona

derivatives ohzohexampblvddithatehy ¥ $oRbehi kAR JIRIE t§fe SOdi UM
met hoxi de. This reaction can be carried out in various solvents, such as

et hers (THF) ampabalfoaped atds @heeftitrosacehebrinbaiacteNVR B, DMSO, and
the like), alcohols, aromatic solvents or water, at a tenperature which
will be adjusttedtbypna person skilled in the art to the base used and to
t he sol vent used. The reaction tenperature will be adjusted by a person
skilled in the art to Raduphienuwedh wWhenentrehirdxodeni sgesedatietl by

preferably between 0 and 10C. '
: ammonium formate in the presence of a conventional
10 catalyst, such as palladium or platinum, can lead to
high isomerization of the double bond to the undesirable
"E isomer and to partial saturation of the double bond.
The abovementioned Piney publication
describes the reduction by sodium hydrosulphite of a
15 pure nitro 2 isomer, obtained after chromatography and
recrystallization, leading to an amino 2 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 also been found_which
avoids the intermeaiate reduction stage necessary when-
starting from a nitfo derivative. This is becauée'it is
25 much more economical to condense, accordiﬁg to a first
method of éarryihg out this secondiprocess, 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




3 October 2006 6 After reaction, the base used can be neutralized with an
acid in aqueous sol ution, the organic. phase can be washed 34#fépber 2006
concentrated, and the expected product can be obtained after
chromat ogr aphi ng the crude concentrate. ¢ According to the second process
route VO 4, in which the (3-am no-4-nethoxybenzyl) triphenyl phosphoni um
salt and 3,4, 5- trlnethoxgbenzaldehyde are brought together, the reaction
is preferabl§e€8PP|85°88§ n-t fe> pFéé@ﬁéEO5Ybe¥63&ﬁeBV§§nWétba@e chosen in

t | f t t i de, di t t d di
Pvar i do, - but ST FREAC A {EERC S BARdKY hEF hoRPaE LPRBERLET AR Satbonat o o |
| kal d t d | bl d f
2od?ulmne15e:r;3¥ﬁo;<:/gz P T REEBh bR enE " Ehrpr Banaut Bl R SartBus ol vents.
such as etheéitéIhELlVQOkﬁETprgghfréQlgeg£$ge ?ﬁe&ﬂgbhrhggs prthQNF’
ents

DVSO, and the Iike), alco omatic or ~wat er

Lemperatur e by chrvci 20ah8edibaled fYcdyparsony skibbedubaibhe art to the

base used and to the solvent used. The reaction tenpérature w

adj usted by téxpef spRogktts edhrd Ngifen abtrt Pntbgmbasesysedichene et hoxi de
is used, it is preferably between 0 and 10C. 2:5 After reaction, the base

used can be hewtt agpreedsses hramteacVd inaagqueous. sohusi phovikesor ganic
phase can be washed and concentrated, and the expected product can be
obt ai ned af t@enEhionsie byrieghe At take chedendestentt al eve Therder that i ve

obt ai ned according to the
viewpoint of safety and production cost.

According to the second process route V0O 3
the (3,4,5-trimethoxybenzyl)triphenylphosphonium salt
and 3-amino-4-methoxybenzaldehyde are brought together
and the reaction is carried out, preferably, in the
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

methoxide.

This reaction can be carried out in various
‘solvents, such as ethers (THF), polar aprotic solvents
(acetonitrile, NMP, DMF, DMSO, and the like), alcohélé,
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.

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

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




3 Cctober 2006 7 second process route VO3 or VO 4 or during the second
stage of the first process route VO 1 or VO 2 has the fol Bd¥itehgr398fnul a: 0
0,0 \ , formula (Ila) O- NHZ To couple serine with the conpound of
formula (lla), L-serine doubly protecte® on the nitrogen of the serine
and on the hydroxyl functional group of general formula (lib) can be used:
O (I1'b) HO' AftRr rdddRGAhn WEe JAs ¢ epsas e v plaitectl vegromm for the
am ne functional group known to any person skilled in the art, to give an
i nt er nedi at e aof dwild ow reggener aloldtorony acheo'ordarM@Odhdse dan Kd11) H O
N PGA which is subsequently cleaved, preferably sinmultaneously with the
openi ng of th&@shesyangy cgsirgntrated, and the expected product can be
obtained after chromatographing the crude concentrate.
‘5 7 According to the second process route V0O 4,
in which the (3-amino-4-methoxybenzyl)
triphenylphosphonium salt and 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.
The reaction can be 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 gkilled in the art to the base used. When -
methoxide is used, it is preferébly between 0 and 10°C.
25 After reaction, the base used can be neutralized with an
acid in agueous solution, the organic phase can be washed
and concentrated, and the expected product can be

obtained after chromatographing the crude concentrate.

The derivative obtained according to the




hydrol ysis according to a deprotection reaction known to any person
skilled in the art. Preferably, the PG 3 Cctober 2006 8 g@ b6t 200he
formulae (11b) or (I11) represents a protective group chosen fromthe
follow ng groups: tert-butoxycarbonyl, $enzyl oxycarbonyl (CBZ) or

9-fl urenyl net hyl oxycar bonyl (FMOC). The condensati on can be carried out in

th f EDCL (1-(3-di nethyl ani 1)-3- et hyl carbodi i mid
chi or | de) - or SPATRCTRPESER BN el Gk Rt Etsti T GRFCSH of HosT
hydr oxyb ' L. th f |

(0 cycl ohoxyTEaPRod vl bRl BrOSGRY “CNUy OPody R hi RS T final 1y,

in the preseggglg&ingcg&g&glggethoxycarbonyl)cyanonethyleneanino)-
N, NN ,N -tetranet hyTuroniumtetrafl uoroborate) or of HBTU
(C)benzotriazol-I-yI-N,NTyVTN'-tetranethyluroniun1 hexaf | uor ophosphat e) or
of N,N—carbonyldiinigkzol . The reaction _is preferably carried out in a
solvent which- is in M h respect. -,kﬁ%\reaction, whi ch solvent is
sol vents a gtonitrile
! : . » £SHa{l1 ’
di met hyl f or mam de, _tet hl ori nat ed aﬁppﬁaﬁggggolvents, such
as di chl or onet hane™~ggr, i esters.Nihe coupling to the derivative of
formula (ll1a) can also certainly be carried out by the action of a m xed
‘anhydride, synthesizegs Bogibhld cRetween . anchlarof s carhoxylic
PEbLE, SPEuTeCR gy §he SOREARYS: e totiiniay

acid chloride, for exanple pival chlori y pr
L-serine of (fToamyl 8-6btbhe tBublS PrBEEREEAObn2the nitrogen of the

serine and on the hydroxyl functional group of general

formula (IIb) can be used:

(Iib)

where PG represents a protective group for the amine
functional group known to any person skilled in the

art, to give an intermediate of following general

formula;
) ~

o o
- e
Yo O ‘ i
o (i)
PG’ (

which is subsequently cleaved, preferably

= h

~simultaneously with the opening of the ring, by acid
hydrolysis according to a'deprotection reaction known

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




3 October 2006 9 tertiary base of the NMM (N-nethyl norpholine) type in
various solvents which are inert with respect to the reactiQtbeedPers,
ethers, chlorinated solvents, acetonitrile, and the |like. The m xed
anhydride is preferably prepared at a tgnperature of between 0 and 10C
and then the reaction is carried out at anbient tenperature. After

reaction, the reacti on nlx ure E¥drolysed Wi th an aqueous sol ution,
then the m xt¥WeEPiQ sEB%r i@ﬁ blH%rahHIiher@Pﬁgﬁ?%tﬁhase obt ai ned

is washed wit [ xy ated bIe d rotectlon of the conmpound
of formula ( ?Sg%g% AR | {kp %c?? CEFANITOrPEni ¢ or

i norgani ¢ aciGy,-Usg,d Sk y nade cent gueous

hydr ochl ori ¢ Eal?('ll din anpé%%%gﬁ c ben% ?I@é t?((e)ﬁz fberature is,
accordi ng t 0 & fIBANS, §§gg%}%ﬁ? and 70C. The invention will
be nore fully descrlbed mnth t'he follomnng exanpl es, which

mist not b’ egar te atd IcuhABat 5 | ET U, The Gormesi thon of the

m xtures, the nonitoring and the progression o e reac |ons and the

yield of thepurissalat est moaductis/ (3HamERH Ates o g Birz.assays are
determ ned by HPLC (H gh Performance Liquid Chromatography) analysis.

Exanple 1 - Fithtl pniwebisimiclet @h0:2 Roc aidiing drd tiesdduenid afec
(Z) - N-[2- Met hoxy-5-[2-(3, 4, 5-trimethoxyphenyl)vinyl) - - -- -------- -3
Oct ober 2006(dlcyclohexylcarbodllm;de) and of HOBT
(hydroxybenzotriazole) or in the presence of DCC
(dicyclohexylcarbodiimide) and of HOSU
(N-hydroxysuccinimide) or, finally, in the presence of
TOTYU (O—[(ethoxycarbonyl)cyanomethyleneamino]~
N,N,N’ /N‘-tetramethyluronium tetrafluoroborate) or of
HBTU (O-benzotriazol—lnyl—N,N,N1,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
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
formula (IIa) can also cerﬁainly be carried out by the
action of a mixed anhydride, synthesized in situ
between a chloroformate or a carboxylic acid chloride,
for example pivaloyl_chloride, and doubly protected

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




10 phenyl]-L-serinam de hydrochloride GCeneral schene of the s nt he5| s The
novel "inverse Wttig" process, starting from (4-nethoxy-3-9f®eoiiehzyl)
tri phenyl phosphoni um 5 brom de and 314, 5-tri nmet hoxybenzal dehyde, nakes it

possible to obtain the mxture of Z and 4 isoners of
2- met hoxy-5-[2-(3, 4, 5-tri net hoxyphenyl)vinyl'7- nitropheny]with a E ratio

VO, T tXY%%%E?%%Bsasaea%egﬁ%&ﬁﬁn“%%%%%h%ﬁi¥i FYRR bt e
Vsomor 6 ool 8L RRg. © Eﬁ‘éﬁ%g‘é (hB60) 237115035 2 RESSERER 40 GRS ove O
Bocl - ao r- FEERVEERIC! CHRPE eI SHESE B B IR PGSR dm of hane s
acetonitrile, and the like. The mixed anhydride is
preferably prepared at a temperature of between 0 and
10°C and then the reaction is carried out at ambient
-temperature. After reaction, the reaction mixture is
hydrolysed with an aqueous solution, then the mixture
is separated by settling and the organic phase obtained
is washed with a hydroxylated base.

The double deprotection of the compound of
formula (I1I} can be carried out by the action of an
organic or inorganic acid. Use is preferably made of
concentrated aqueous hydrochloric acid in an alcoholic
medium. The reaction temperature is, according to a
means as disclosed, between 50 and 70°C.

The invention will be more fully described
-witﬁ the help of the following examples, which must not

- 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
their assays are determined by HPLC (High Performance
Liquid Chromatography) analysis.

Example 1 - First process route V0 2 according to the
invention

(2} -N-[2-Methoxy-5-[2-(3, 4, 5-trimethoxyphenyl}vinylj-




Ove Owe DePrelectlon Moo \ Ove Mao \ oNe Meo HHC OVO ~~, | \ \ OM\ \

HCl CrystaaMal lan N OH AcO Pr N Nx1x01 10 This ratio is SLﬁ¥Q%ﬁNﬁﬁqﬁ'hlgh
inthe Z nitro isomer to be able to use the Z/E mxture directly in the
reduction and to obtain, by. crystallization of the hydrochloride, the Z
amno isoner with an HPLC assay of 97%1& (internal 15 standardization).
(4- Met hoxy- 3-nitrobenzyl) triphenyl phosphoni um brom de (4) is prepared

accordi ng to phen{dl owsagidafiiebriyd208k1oddaexanple: O- O O- O NOZ N2
L NO2 NO2 NaBH4 . PBr3 THE CHZCI2 OO0 Br PPh3Br (1) (2) (3) (4) .

3-Ni tro-4-net y4 oh 90. 5

3-nitro- 4-mtﬁoxyg§gz§%la&h§deg %Y%F}ée%ﬂ%rged fol l owed by 450 ml of THE
and 90 m of ethanol, to a 2- I|tre t hree- necked fl ask equi pped with a
mechani cal stirrer, a tHegmapeedr invdrpe déettig” fummedss orstdueciaddi tion of

solid and a rgfl ux condenser surnount ed by a bubble counter. The
-pale-yellom/, rom {4-methoxy- 3~n1trobenzyl)trlphenylphosphonlum

5 bromide and 3,4,5-trimethoxybenzaldehyde, makes 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.

Wittig reaction

OMe
one on Med
Meq oume FP08 N -
MeQ OMe
+ MaONa { tolugna Q %
—— OMe
Me O *
H +] HG, T, NO O
3

Phoxphenivm salt o OMe

F4.5-Trimethoxybenzaldehyde Cls Isamar L .

Commercial gif&r&"ﬁff@f{ém‘ Trans isomar

-8 (2000).2417-2425

OMe

1) Reduction [+]
) oMe aMe 0—% o
N

- Fe/7HCGt

MeQ ' Oike MeO OMo
i
2) HCI purtfication O e Base O OMe Boc-L-sar-PG
MeOH-HC S [ O ——
RO = wH EDCI f Dichloremethane

Acelonitrile N

. QMe
oM D tec il
I : MeOH 1 HE1 Heo () oM
0 ‘ o"e O D“)si\_/\
1o O HCI Crystaiitzation = N T oH
M? . AcOIPr " ﬁH,vHC!
oﬂ\’ / o
10‘,_' o This ratio 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
Crfstallization of the hyérochloride, the Z amino
‘1iéomer with an HPLC assay of 97% IS (internal
15 étandardization).
(4-Methoxy-3-nitrobenzyl) triphenylphosphonium

bromide (4) is prepared according to the following




.10 solution obtained is cooled to 10C and then 10 g of sodium borohydri de
are charged over 40 nminutes at 10/15C (the reaction is vedyket#¥8ém c and
the tenperature has to be naintained with an ice/acetone bath); at the
end of the addition,. the brown solution 15 turns navy blue. The solution
is stirred for 30 mnutes at 10C, the éAd of the reaction is nonitored by
TLC (thin layer chromatography), the solution is stirred for. a further 1
hour. at 10C an¢hnigles: t he tenperature is-.allowed to return to anbient - -
temperature. .20 The addition funnel is replaced by a 500 n
pressure- equallvlng droppi ng fupnel, via whi cho300 m  of dieti| | ed water
are run in dropw sengyver 30 mpite ()mhlle e » alnoﬁg the mixtugg at 20C
Gas evol ution e ter beto e run 5 The -
m xture is coRgemtra a éﬁchgbe 06 12 rpota evapor at or
(50C/ 20 -mMmHg) ahd a viHR e produft atHstallizes in the aqueofis concentrate
in the form of anmps. The cool aqueous phase—Bs extracted w'ﬁnBrS 250 m
and then 150 m of dichloronethane, and the conbined organic phases are
washed wi th 250(1p of distilleg)water and theg@ydried over mggnesi um
sul phate. After filtration, the dichloronethylene solution is used as is

inthe follo Q reaction . The,yield of this stage is
regarded as ggﬁﬁég%ig%aékh%%yb%?ﬁ F%Sﬂo?l(2§)ls comercially avail abl e
but B 90.5 g of 3-nitro-4-methoxybenzaldehyde (1}

 5 are charged, followed by 450 ml of THF and 90 ml of
ethanol, to a 2-litre three-necked flask equipped with
_:a‘mechanical stirref, a thermometer, a T piece, a
funnel for the addition of solid and a reflux condenser
-sﬁrmounted by a bubble counter. The pale-vellow
10 -sblution obtained is cooled to 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  tﬁrns navy blue. The solutipn ig stirred for 30 minutes
~at 10°C, the end of the reaction is monitored by TLC
';fﬁhin‘layer chromatography), the solution is stirred
ffpr.a fqrther 1 hour at 10°C and then the temperature
is allowed to return to ambient témperature.
Lgo : The addition funnel is replaced by a 500 ml
'tpressufe-equalizing dropping funnel, via which 300 ml
" of distilled water are run in dropwise over 30 minutes
ﬁhile maintaining the mixture at 20°C. Gas evolution is
';_6bser§ed when the water begins to be run in.

25 . The mixture is concentrated'to 2/3 on a




very difficult to get hold of. 15 3-Nitro-4-nethoxybronmobenzyl (3): The
di chl or onet hyl ene sol ution of 3-nitro- 4-methoxybenzyl al cotte Q&mﬁs
charged to a 1 litre three-necked flask equi pped with a mechani cal
stirrer, a thernometer, a T piece, a draopping funnel and a 20 refl ux
condenser surnounted by a bubbl e count et2 and 100 ml of dichl or omet hane
are added. The stirred solution is cooled to 5C and then 135.4 g of

phosphor us t ridiresn deramoeration (5 N2 Sentid)i |snhd meivi i i ghebdder
tenperature at 5C. 25 The solution is stirred at 50C for 1 hour 30 minutes,
the end of. t KENtadtliiges sonihiet aceckomy HoGceaartd-dten 2 5her f@fm Sat ur at ed
sodi um hydrogencarbonate solution are run in dropwi se while naintaining
the tenpera Sat 15C. Very strong evol ution of gas takes 3 COctober 2006
13 place with a slight delay as the phosphorus tribromde is runin. The
medi-.um separated by sét¥l FRELIPA aduseysr Phiase fighstraatadhstidth
successivedly w.th.250 m . 5 distilled water and 200 m of saturated
sodi um hy?r og S &roBRs: §PEBI E%Poﬁ‘i Pheddrgdrronsiisas. s amg ddre over

magnesi um sul : fi [ and concentrated .on.a. rotary evaporator
(50C/ 20 mf:"’“‘?%éé& 8%%8??& ASFRef &r WPSF‘eSr é’éﬁ-}’yégpowyl PF felt-like
needl es are gbtaipedsyW ] iel over two stages qf .97% N.B.
Thi s product (3) canda égégegﬁgg%ggédégéggrayﬁﬁ R oFPQ%Fﬁ €schene,
descri bed 'n the publ i g8tbPfiltration, the dichloromethylene

i solution is used as is in the following bromination
10 " reaction.

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

N.B;ﬁ Thé alcohol (25 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 piecé, 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°Csand then 135.4 g of
Aphosphorus-tribromide are run in dropwiserwhile
" 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 TLé
and then 250 ml of saturated sodium hydrogencarbonate
rsolution.are run in dropwise while maintaining the

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




K.G Piney et al., Bioorg. Med. Chem, 8 (2000), 2417- 15 2425. O O Noe
NBS | \ NOZ CCl4 Br (3-Nitro-4-methoxybenzyl)triphenyl phé$}sH8i238 br oni de
(4): 119 g of 3-nitro-4-methoxybronmobenzyl (3) are 20 charged to a stirred
heel of 1 000 m of toluene in a 2 litre three-necked flask equi pped with a
nmechani cal stirrer, a thernoneter, a Tlgiece, a funnel for the addition
of solid and a ref lux condenser surmounted by a bubble counter, and the
m xture, warplackeowdsq a2%ldagaeidlrho s80ltHd Phosbidrng t¥fibromide
tri phenyl phosphine are then added and the solution obtained is gradually 3
Cct ober 2006isl4uneaned to 60C, a precipitate is formed from 30C. The
m xture is maintained at 60/65C for 4 hours, is then cooled to 30C and is
filtered through a sinffeethegliags skpatretedihy Siettdimngesirdee i s washed on
the filter - with 5 2 tines 300 mM_ of toluene, pulled dry and dried in an
oven (35C/ 20SRREGASENFHoGMENe121 1 5g washed muckespivedvt mdnAR0) i phenyl -
_ phosphoni%n1broglde,are obtained wwth a chemcal yield of 88% ‘10 '
Synt hesi s °de8&r AbaRILhefhuasas) pragk 299: ml( oé| vasrrased s@HMDbr omet hane)
K. G Piney_g al Bi oorqg. . Med. .Chem , %&2000), 2417- . 2425.

&drogéncar onate scolution. e organic phase 1is dried
over magnesium sulphate, filtered and concentrated on a
rotary evaporator (50°C/20 mmHg).

119 gléf solid in the form of green-yellow

10 felt-like needles are obtained with a chemical yvield

| 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.

o~ o

‘ N NO
O: \Bs 2

ccl,

Br

f3—Nitro—4—methoxybenzyl)triphenflphosPhonium bromide.
'](4’: |
' 119 g of 3-hitro-4—methoxybroﬁobenzyl (3) are
-20 'chafged to a stirred héel of 1 QOO ml of toluene in a
2 litre three-necked flask equipped with a mechanical
‘étirrer, a thermometer, a T'pieée, a funnel for the
addition of solid and a reflux condenser surmounted bf
é Eubble counter, and tﬁe-mixture, warmed to 25°C,
25 passes into solution. 126.5 g of-triphenylphosphine ére

then added and_thé_solution obtained is gradually




Spectrum No. = 4 865-V 15 1H N M R spectrum (300 MHz, d6 (30D3)ZSO in
ppm : 3.90 (s 3H), 5.26 (d, J = 15 Hz, 2H), 7.33 (nt, Optober 2006t | 1H) ,

from7.65 to 8.05 (m, 15H). WMass spectrunlNo. 212217, nl— 428 El nlz =
262 (PPh3]' base peak 20 DCl mz 445 MNH3™ ml z 428 M mz = 263

[ PPh3H]' base peak IR spectrum 426469 KB 2869, 2843 2776, 1619, 1527,
1438, 1362, 1287; 1270, 25 1111, 752, 692 and 502 cm1 Z and E m xture of
2- met hoxy- 5- h2at8d4t5- 6oPaet bopyecﬂbew_{:évigytbﬁhbaopbsayho(»@) end (7): 3
Cctober 2006 15 \0 _0 110 0 NO2 O 0O CHONa CHCH + / + Toluene O PPh3Br O
NO2 NO2 (4)m115;tw(‘6)i$) maiZaibdd7ay 66/854¢5fbri aehboxybenzatdehyde (5),
148.6 gy of (4-nethoxy-3-nitrobenzyl)triphenyl- phosphoni um brom de (4) and
1 300 m of ¢ephedetar&03Cchndged, fatt@0&] athiramgbransinogead gbaas2 litre:

t hr ee- necked,_f] ask equi pged with a mechanical 'stirrer, a thernoneter, a T
pi ece, a drobbtherfu bhien residug corwesised @urhbﬁnf-eblt@y witlbbl e

~counter. gh 2 times 300 ml of toluene, pulled dry and dried in an
oven (35°C/20 mmHg/2O hours) .
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. ?iney et al., Bioorg. Med. Chem., 8(2000}, 2417-
2425, |
 Spectrum No. = 4 865-V
15 'H N.M.R. spectrum (300 MHz, de-(CDs),SO, & 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 [PPh;]l* base peak

H

 201;DCI m/z = 445 MNHy®
| 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—[2f(3,4,S—Erimethoxym

phenyl)vinyllnitrophenyl (6) and (7):




stirred suspension is cooled to 51C using an ice bath .1.0 and then 63.2 g
of a 25% w w sol uti on of sodi um nethoxide in methanol are rUfFielsr #065C over
40 minutes. As the addition progresses, the suspension changes from
off-white to yellow and then to brown. 15 The m xture is stirred for 1 hour
at 5C and the end of the reaction is ndhitored by HPLC (conplete
consunption of the aldehyde). 3 g (0.05 nol) of acetic acid are then
added. The suspension is heated to 40C and ig 2% nai nt ai ned atOAOG_for 30

mnutes. At this tenperature, onIy t he sal t sH&=8maiyn insol yish-e m Xt ure
is filtered aK>4OC t hrough sintered gl ass et No. 3 and.the salts
are washed on No, | ter Ttinmes 100 mi t ol uene. 3 Cctpber 2006

16 The filtrafe {s returne a GHelia (CHIBL T ONB ask/with 250 m of
distilled watery and the t phase roiE.xture is s =@ fof 20lni nutes at

40C and t hen '?-parated by sttling in a separatinoF% 5 tol uene

phase is washed *8ty&in with 2 @inmes 250 mM of distilT%d wat e ahgb,t hen
concentrated tqgdryness on g, rotary evaporator.  he residue oS t aken up in
600 m of isopropanol and 1% m of toluene at 4bb t he expected 10
product begins to crystallize and the. tenperature is allowed®o return to
anbi ent tenperature overnight with slow stirring. The stirred suspension
is cooled to,and" 54.7 g of 3,4,5~trimethoxybenzaldehyde (5),
_%4316 g of (4~methox¥—3~nitrobenzyl)triphenyl—
phosphonium bromide (4) and 1 300 ml of toluene are
5 charged, at 20°C and under nitrogen, to a 2 litre
three-necked flask equipped with a mechanical stirrer,
a ;hermometer, a T piece, a dropping funnel and a
‘reflux condenser surmounted by a bubble counter. The
" stirred suspension is 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 vellow and then to.browﬁ.
15 L The mixture is stirred for 1 hour at 5°C and
“_tHe'énd of the reaction is monitored by HfLC (complete
eensumptiop of the aldehyde). 3 g {(0.05 mol) of acetic
acid are then added. | |
The suspension is heated to 40°C and is
A 20 _malntalned 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 mi of toluene.




mai ntai ned for 1 hour at 5C and then filtered through 15 a sintered gl ass
filter, and the cake is washed with 2 times 125 m of i sopP&sae®1200¢ul | ed
dry and dried in an oven under vacuum (35C/30 nmHg/ 18 hours). 91.7 g of a
m xture of Z and E isoners (6) and (7)_are obtained with a WE ratio of
75/25 20 (1S HPLC) and a yield of 95% é@nt hesi.s described in publication:
(solvent used: dichloronethane: base used: NaH) K G Piney et al., Bioorg.
Med. Chem, 8(2000), 27h&-f242rat25iN Betubuaar eosaopenati-ngteemdiat i ons
were experinented -with, such as: Solvents: THF, acetonitrile, methanol and
ot her " al cohblaskdwihotofembans, divEi1DbE, wDMBO, and the twwbkphase- - -
------- 3 Cctober 2006 17 Bases: potassiumt-butoxide, sodiumt-pentoxide,
sodi um hydr8i¥Eere N, SBEErerEDACTrpdPansiiuhesarnbohf@ and then |ike.
Tenperatures: from-10Cto the ref |ux tenperatures of 5 sone solvents

Z- 2- Met hoxy-8eP3reBed BByt fehbt hbdy pRefy FERARFEIng phenpedni BBehydr ochl ori de

(8): -o .Ee Cl.\ Ethanol-vat.. 0 + L11, NOz NHzHC| NO z
oluene phase is washed again with 2 times 250 ml of

distilled water and then concentrated to dryness on a
rbtary evaporator.
| The residue is taken up in 600 ml of
isopropanol and 12 ml of toluene at 40°C, éhe'expeéted
' 16 product begins to crystallize and the temperature is
allowed to return to ambient temperature overnight with
slow stirring.
The stirred suspension is cdoied to and
maintained for 1 hour at 5°C and then.filtEred through
iS a sintered glass filter, and the cake is washed with
2 times 125 ml of isopropanol, pulled dry and dried in
~an oven under vacuum (35°C/30 mmHg/18 hours) .
91.7 g of a mixture of Z and E isomers (6)
 and (7) are obtained with a 2/E ratio of 75/25
| 20 _(IS HPLC} and a yield of 95%.
| Synthesis'described in publication: (solvent
used: dichldromethane: base used: NéH)
K.G. Piney et al., Bioorg. Med. Chem., 8(2000), 2417-
2425.
25 N.B.: Numerous operating conditions were expefimented
with, such as: |
Solvents: THF, acetonitrile, methanol and other
alcoﬁols, dichloromethane, NMP, DMF, DMSO, and the

like. -




QO (61 \. (9) (7) (99 80 g of 75/25 Z and E m xture of 10 :

2- met hoxy-[ 2- (3, 4, . 5-tri met hoxyphenyl ) vi nyl ] ni t rophenyl (8Pc%her 099, 640
m of absolute ethanol and 160 m of distilled water are charged, at 20C
and under nitrogen, to a 2 litre three-necked flask equipped with .a
nmechanical stirrer, a thernoneter, a T &ﬁéce, a 15 funnel for the addition
of solid, a ref lux condenser surnmounted by a bubble counter, and a '
heat i ng bat hBasHe modassduns t-dpitdy i et vand -hraied: i@  ansdailubat h,
7.8 m of 6N-hydrochloric acid are added to the suspension at 50C and then
t he. tenperatiwderosfide20 Nalile MultiVI®A,S poadesed uno chtbon2@e Bl hd ure i s
virtually soluble. 52 g of iron powder are added portionw se over 5

m nutes. WtRikfe first addition, the mixture passes into solution and
then a blacki sh deposit is 3 Cctober 2006 18 fornmed on the walls of the

r ound- bot t onEETPEISE VT €l e fiORY old °Cs tenitheairedd it tempezgtiges @fhours. and
t he di sappearance of the starting nitro conpounds (6) and (7) is nonitored
by HPLC. % TREMS FCGVERLS al | owed to cool to 40C and is filtered through a

sintered glass.fi r_coyered with_ clarcel and the cake is rinsed with 2
times 160 n1§6F'h%%%?5y€¥ﬁéﬁ6ﬁﬁkéféftﬁfwﬁﬁk83Y?H@nV#PVF&F&J'aqueous not her
| i guors and Régggggﬁgﬂg ﬁ%ﬁgohhﬁggﬁée gﬁ)goncentrated on a rotary

evapor at or. nast azeotrope "has been driven

-0

Fe/HCH

0] L

6

) 80 g of 75/25 Z and E mixture of
10 2-methoxy-[2-(3,4,5-trimethoxyphenyl)vinyllnitrophenyl
(6) and (7), 640 ml of absolute ethanol and 160 ml of
fdistilled water are charged, at 20°C and underx
nitrogen, to a 2 litre three-necked flask equipped with
~a mechanical stirrer, a thermometer, a T piece, a
 ;5 funnel for the addition of solid, a reflux condenser
"-_ surmounted by a bubble counter, and a heating bath.
| The mixture is rapidly stirred and heated on
an oil 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 addiﬁiqn, the_mixture.

":passes into solution and then a blackish deﬁbéit is-




off, an oil begins to precipitate in the residual aqueous phase. This
aqueous phase is extracted in a 15 separating funnel with32cioed0800 nf
of dichl oronet hane and then the organic phase is washed wth 2 tines 300
m of hal f-saturated aqueous sodium .chloride solution and with 300 ml of
distilled water. The organic phase is cddhcentrated to dryness 20 on a
rotary evaporator and 76 g of an oil are obtained, which oil exhibits a

ZIE'ratio, ofoBfé20ohycidPlual Nisf thé tunth-3sdomebd FRd% M of met hanol
and transferred into a stirred 1 litre round-bottoned flask, 100 nml of

2. 32N net hanol i ¢ hydr ot oniixcwass dis awzgidthemeatidad, 72% meacipptation is
initiated and the mxture is allowed to precipitate overnight with
stirring. The kewohtarsl thet hbinsippearstitanciii chehyatheontilrgy iritacd d i s such
that the final concentration of Z isomer (determ ned by HPLC) is equal to
8.8% w v: --cempaunds _(6). and _(7)3 i st REEE Y1 $IALE t he norning, the
mxture is filtered through a sintered glass filter. The dried cake wei ghs
8.2 g and®is conposed B yigftUrg dgmerl (qumdo)te meelf ifa it (FY3 ), ratio

300 1 of ‘actETAe IISHEIR RIS N SIBEF o It CoRCEITR SR The
mure, | eRmaeniaet e bl 8 SRR 18k Of P ey apEigy oDt ned.
.unt_i I cryst aéd/.f()atejt%nl?ﬁgm%erTgﬂxture.
' ' " The fiitrate, aqﬁéoﬁs mother liquorsfand
lO‘ agqueous wash liquors, is concentrated on a rotary
evaporator. As soon as the azedtrope has been driven
off, an o0il begins to precipitate in the residual
ragqueous phase. |
This -aqueous phase is extracted in a
15 separating funnel with 2 times 300 ml of
;dichloromethane and then the organic phase'ié 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 ﬁo dryness
20 Qn‘a rotary evaporator and 76 g of an oil are thained,
which oil exhibits a %Z/E ratio of 80/20 by HPLC. This
~0il is diésolved in 591,ml of methanol and transferred
into a stirred 1 litre round-bottomed flask, 100 ml -of
2.32N methanolic hydrochloric acid.afe then added,
25 precipitation is initiated and the mixture is allowed
to precipitate overnight with stirring.
The amount of methaﬁ61_+ methanolic
'hydrochloric acid‘is,such thét the final conceﬂ?fatiéﬁ 3

~of 7 isomer (determined by HPLC) is equal to 8.8% w/v.




concentrate is then transferred into a stirred 4 litre round-bottoned
flask containing 1 500 ni of acetonitrile at 60C. The m xBH&beAPously
precipitates. 15 The m xture is kept stirred at 60C for 2.5 hours and is
allowed to cool to 30C over approximately 1 hour. The slurry is filtered
through a sintered glass filter (the El?somer (9) is soluble in the
filtrate). The cake is washed with 2 times 200 ml 20 of acetonitrile. and

dried in an oven (35C 38 6HEOhorA8nhOULEY: mfRedr8 9% filtered
Z- 2- met hoxy-5-[2-(3,4,5-trinethoxy- phenyl)vinyl)phenylanmne (8) are
obtained w t khanupB HPEChassay 91af4% anden. yrRbddascgauehkel wbbdmsi . €. a
25 yield of Z isoner obtained with respect to Z isonmer charged of 72%
EXAMPLE 2 - S8y#t besid ascoompogedioohhe sEchnilsgrecessrL.cpute VO 3 accordi ng
to the invention The advantage of the second. process route 3 Cctober 2006
20 VO 3 with respect tBhehbittrate"(692rgk, Watig"zpEoce86/140ute VO 2 is
that of carrying out the Wttig reaction between a product which has :
al ready been{L8dHEER) s t he consepbraengdec (Malf emdathetahvsphoni um (2a) and
thus 5 of elimnating a chem cal stage which gives off CVR products.
(Z) - N-(2- Met RBRPOB2E9E ( 3190 50k 12 het Fesiphenid § \A¥5 1 3d9pReR9 | Fo€- seri nani de
hydrochlOrld§4§£8eéglcgﬁggﬂg}é§etgﬁhs ﬁgrgﬁgéh%g\ggréﬁ%ﬁé&ﬁhé@@ted
until a concentrate of 347 g is again obtained.
1000 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 coﬁtaining 1 500 ml of
wacetonitrile 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 soluble 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 hoursj. _ |
45.7 g of Z-2-methoxy-5-[2-(3,4,5-trimethoxy-
phenyl)vinyl]phenylamine (8) are obtained with an
1s HPLC'assay of 97% and a yield as such of 56%, i.e. a
: .25. yield of Z isomer obtained with reSpedt to Z isomer
- charged of 72%.
EXAMPLE 2 - Synthesis according to thé second process

route V0 3 according to the invention

The advantage of the second process route




Mo\ Ok Oste OW MO\ oM MO a/ + 1 \ MeONa /tol uen%otto\;effoog]ve Mso

PPHr Br NH, \ a NH, /

, \ Phosphonium salt HN Ow

3- Am\b- 4- net hoxyhenaal dchyde Cis isomer Trans isoner 10" Ove OVve ONMEO | \

OMe MO\ Ovej, /| / O ] /' OVeBON.Ser-P6 \ NJ'--/"p \ NH, EDCI
Di chl oromethane Ot O DeProtectlan OVe2ReO H1 HC1L MeO we o HOt
Crysta/ at/on SOH AcQG Pr H NHLHCI 10 3- Ami no-4-net hoxybenzal dehyde (1a):
3 Cctober 200® 32%ieh0rebpPlcketb Hok RHZst “inverse Wittig” process

routé VO 2-is that of carrying out the Wittig reaction

: between a product which has already béen reduced, ﬁhe

aminoaldehyde {la), and the phosphonium {2a) and thus
-5 Qf éliminating a chemicai stage which gives off CMR.

products.

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

phenyll-L-serinamide hydrochloride
-General scheme of the synthesis

Witlig reactian

QMte OMe

Mel CMea |o MaO Otde
+ MeONa/ talusne O +
: r————io OMe
e . O
PPH,Er NH, Y NH,

Phosphonium salt

3-Amino-4-mathoxyb Idehyd Cis isomer

o 1]
OMa o Jo 0,k\ Mgo OMe
’Nk O OMe
"0

MeD O OMe
o
- O OMe -Boc-L-Ser-PG = NJL-;/\O
= NH, EDCI / Dichloromethans HO.,—{ AEFEAN

OMe

Deprotection : .
- MeOH/ HC1 MeQ Oe
e
R CH
HC!t Crystaliization R h'l ’“\/‘\DH

AcQifr N NHHG

10
3tAmino—4—methoxybénzaldehyde (1a):

/




Et hanol / v.e.r OO0 (1) (1 a) 20 g of 3-nitro-4-nethoxybe zabg)e%égg (1)
and 350 m of absolute ethanol are charged to a 2 litre ed

flask rendered inert with argon and 5 equi pped with a nechanical stirrer, a
thernoneter, a T piece, a funnel for the addition of solid, a ref [ux
condenser surnounted by a bubbl e counte?l and a heati ng bath and the

m xture is stirred and/heated to 60C The m Xt ure passe into solution. 10
The dropvvl se additioff is carried out at 60C of 115 mQof distilled water,
fol Lowed by 14 m pf~2N -Mr ochl o.[_ G pacid. 24.7 g of on.pawder are t hen
i ntroduced portion The tenpera O e of 1L he m xt @ allowed to 15
return to anbi ent tenperature OVGEth%nI&DUGaSe.: The reactien is conplete
(TLO .. The mixture idfiltered through celite and con entrated under
vacuum the residue isctaken up in dichloronmethane and Nehe organi c

sol utioon is washed 2Q11wice with distilled water and thgp,dried over

- magnesi um sul phate, filtered and concentrated to dryness under vacuum 16

g of crude (la) are. in and, are chraomat grap on.a sjlica,colum
eluted with 25 dichl orlééreﬂ’ F%g@ ~T5i ] o‘bé?em aglc?‘?}%%?o ) bri sing
the clean expegted oPradustudl % QPN She "albdd 4 0P ALLET

three-necked flask rendered inert with argon and

R - 5 equipped with almechanical stirrer, a thermometer, a
T piece, a'funnel'fqr the addition of solid, a reflux
condenser surmounted by a bubble céunter, and a heating
"bath, and the mixture is stirred and heated to 60°C.
The mixture paéses 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 portionwise.

The temperature of the mixture is allowed to
3-15  return to ambient temperature over 2 hours. The
reéction is compleﬁe (TLC) .
The mixture is filtered through celite and.
'fconcentrated under vacuum, the residue is taken up in
_dlchloromethane and the organic solution is washed
20 twice with distilled water and then dried over
magnesium sulphate, filtered and concentrated to

"dryness under vacuumnm.

16 g of crude (1a) are obtained and are
.‘chromatographed on a silica column eluted with

- 25 dichloromethane.




concentrating, give 11.5 g of pure (la), i.e. a yield of 9% N. MR
spectrum No. 2810-V (300 Mz, d6-(CD3)2SO, S in ppm: (F @§¥W 5.11
(unresol ved peak, 2H), 7.01 (d, J =8 Hz, 1H), 7.14 (d, J = 2 Hz, 1H), 7.18
(d, J =8 Hz, 1H), 9.53 (s, 1H). Mass ectrumNo 210112, m= 151 10 El
mz = 151 M' base peak mz = 136 [M mz = 108 [136-CO"' mz = 80
[108-CO"' IR spectrum 425135. KBr 15 3464 3437, 3367, 3349, 1675, 1655,
1582, 1513, 1293, 124%, frasgiomezepmgﬁssang 616 chead &xpanted

E- 2- I\/bthoxy 5-[2-(3, 4,5-trinethoxyphenyl)vinyl]- phenylamne (8 ) and (9'):
“0 \o ‘0 + EFed¥FEE 8sM Pbtained) widthehva¢cpaynét agff8F \ M 20 N.B.: The
phosphonium (2a) is a starting material _already disclosed in the original
patent A i noﬁBFSeESraEELHQ Ugigesdt.§3g aRdewroilabe7D- a2, agybeddof |
phosphoni um sg h g62 followed by 2.20 g of am nobenzal dehyde (1a) and
100 m of toPde 3 3 Oct ober 2006 23 are charged to a 250 ml three-necked

flask ren er%g%_#e%;e%m%t qénltr [}?ﬂtﬁnneﬁ&%ﬂw té’u ?Cgapznﬂl% stl rrer,

a t hernonet er
. ppm): 3.88 (s, 3H), 5.11 (unresolved peak, 2H}, 7.01

(d, J = 8 Hz, '1H), 7.14 (d, J = 2 Hz, 1H), 7.18 {(d,
J = 8 Hz, 1H)}, 9.53 (s, 1H).
Mass spectrum No. 210112, m = 151
10 EI m/z = 151 M“ base peak
m/z = 136 . [M-CH31"
m/z = 108 {[136-CO]"
m/z = 80 [108-CO1"
"IR spectrum: 425135 KBr
' iS. 3464, 3437, 3367, 3349, 1675, 1655, 1582, 1513, 1293,
1241, 1139, 1023, 803 and 640 cm™
Z- and E-2-Methoxy-5-[2-(3,4,5-trimethoxyphenyl)vinyl]-

rphenylamine (87) and (97}:

(1a)

20 N.B.: The.phbsphénium (2a) is a starting material
| already disclosed in the original patent Ajinomoto Co.
Ltd, US 5 525 632 and WO 01/12579 AZ2.
.8.0 g of phosphonium salt (2a), followed by

2:20 § of aminobenzaldehyde (la) and 100 ml of toluene,




refl ux condenser surnounted by a bubble counter, and a 5 cqqlin h. The
stirred suspension is cooled to 5C and 3.51 nl of a 25@6m§ﬁ#ﬁ§gﬂgﬂélic
sodi um et hoxi de solution are run in over 15 mnutes. After 2.5 hours at

5C, the reaction remains inconplete (E§§ 45% but does not change further
(HPLC) and the Z/E ratio is 61/39. 10 > m " of acetic acid diluted in 50
m of water is. then run in, the tenperature rises to 13C, the mxture is
stirred for 80enthargsdahd &h2h0imli Ehsepanatkddbilaskttéidered a
separating funnel. The organic phase is concentrated under vacuumon a
rotary evapotBfbF WhBh1BiBrgoen ged|ew:bppedrelohtaimeghe®yc HPLC, this oi
conprises starting aldehyde, phosphine oxide and the expected Z/E mixture
with a ratiocSbtrBEFso2 FRETBPReter chf cheRbafaphedderprring | funnedl dlm  2' 0

(40 partsfMIm% ﬁluted ith a q¥clohexane/ethyl acetate/ triethylam ne
(50/50/ 2.) MSELFE, CONIERFEE SHERBESRPY racPighte Fem e g dt ed t o

d : the fiyst di t t _of 360 i 93% th L

ant dont 176 2L P TR 5o T8 LROUm et USSR oS (eSO S B ting.
| dehyd ! i 9 . 37.5% b .S HRLC. Th

bl ance by vEgnt of B €8P kel P B 2o 15% vt

TooPet 10 i hon arg ) 0N S TSR RIS TS i A o0
EXAMPLE 3 - -53ynt hesd Sc@beof sH Nebrizll dd16 i@t 0GRSS 45%) but does
) .Lnoﬁ'change further (HPLC) and the Z/E ratio is 61/39.
'lO. 0.2 ml of acetic acid diluted in 50 ml of water is.theh
run in, the temperature rises to 13°C, the mixture is
Stirred for 30 minutes and then it is separated by
“séttling in arsepafaﬁing funnel. The organic phase is
concentrated under vacuum on a rotary evaporator and
15 8 g-of vellow oil are obtained.
By HPLC, this oil comprises starting
aldehydé, 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/eﬁhyl acetate/
_triethflaminé (50/50/2) miiture.
2 series of combined fractions are
E concentrated to dryness: the first dry extract of
. 360 mg comprises 93% of the Z isomer + unidentified
25 imburities; the second, of'2.09 g, comprises starting
aldehyde and a Z/E mixture representiﬁg'39 and 37.5% by
. IS HPLC.
| The balance'by ﬁeight of -2 isomer (8'),

f,-détefminéd by IS ﬁPLC, is 1.15 g with.respect to 2.20 g




route VO 3 according to the invention As for route VO 2, the g@vq&%@ge of
route 5 VO 3 with respect to the first "inverse Wttig" prod¥der te VO 2
is that of carrying out the Wttig reaction between a product which has

al ready been reduced, (3-am no-4-nethoxybenzyl)triphenyl phosphoni um
bromide (Ib), and 3,4,5-trinethoxybenzafdehyde (5) and thus of 10
elimnating a chem cal stage which gives off CVMR products. ‘

(Z)-N'[Z-NEtbﬁxaiaeh?dé3cﬂa5gé[imeéhOéy?bgpdlgyigy%]- phenyl ] - L- seri nani de
hydrochl ori de General schene of the synthesis Wfap reac@n Ove MO QOWe
Ove MeO it \ EKBMPBRR~B € SHROheMes+abbeMNaihgtobUene decthB pMeBebs-~ H O NHr
\ \'1 NH, \ .Phosphoniumsalt HaN C s |sonmer Owe |
3, a, 54nmet hnrgbeaza) dehydeofdang tsotke ifréntid&de our ON-OT MO \ OW -~
Mo\ OV j~ Ove B.".-ser-PO1 0 | NH, EDCIID chl nomet hane
: . . As for route V(O 2, 1_:he advantage of route
5 V0 3 with respect to the first “inverse Wittig” process

route V0 2 is that of carrying out the Wittig reaction

between a product which has already been reduced,

(3-amino-4 —methéxybenzyl ) triphenylphosphonium bromide

‘_“('ib) , and 3,4‘,‘5—t£‘iméthoxybenzaldehydé ('_5) and thus of

10 éliminating a chemical stage which gives off CMR

- products.

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

phenyl]-L-serinamide hydrochloride

General scheme of the synthesis

“Wittig reaction r- OMe
) oM . weO Ome
Ohke
- meo_ . _ome i 60 oMe O
: * /@J MeONa / oluene O + "
OMe .
w <
HT o RH, = NI, O
Phosphonium salt N
Cis Isomer OMe

. 34,54rimethoxybenzaldehyde : L. —
T ' ‘Trans isomer

. Deprotection
MeOH fHC1

——————

rr———

HCI Crystallization
" ACOIPY

15




O O DeproteeBon O\ MOH/ HCG MO OIM  ~/ / oMD Not Oy%ctgb k(fb'% N OH

ACO Pr H NHi HCI 15 3 COctober 2006 25
(4- Met hoxy- 3- am nobenzyl ) tri phenyl phosphoni um bronmide (1b) 0 NO2 Fe / HC

NHZ HOt Et OH H20 PPh3Br PPh3Br (4) (t 5) 30 g of (4), 240 m of ethanol -
and 60 mM of .5 distilled water are ch@rged toallitre three-necked

flask equi pped with a nmechanical stirrer, a thernoneter, a T piece, a

funnel for tH# MMHBOMMbeda,zya)rt&flﬁh@h VAPHIRRIRM i PHHied by a
bubbl e count er, and a heating bath. 10. 1.76 m of 6N hydrochl oric acid

are added to(Ife stirred suspension, which is heated to 70C. 9.9 g of iron
powder are then addeg portionw se over 15 mnutes; -the mxture remains
i nsol ubl e. The m xture |h{% mai ntai ned at 75C for 15 2 hodrs; the organic

¢}

mat eri al s sl OW|y N NH, HCH

Fe / HCI

EtOH-H,0
PPhaBr PPh.Br
4 - (1b)
| 30 g of (4), 240 ml of ethanol and 60 ml of
5 éistilled water are éharged 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.

9.9 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
-7solution 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

207 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 compriéing 20% water, and the
filtrate is concentrated to dryness under vacuum on a

-25 rotary evaporator.




..solution while a browni sh deposit of iron and of iron oxide.i r med.
After monitoring by HPLC, 5% of starting material still gﬁﬁﬁwgéﬂéé of
iron are again added and 20 heating is continued for 1 hour; the DCis
conplete.. The mixture is cooled to 40C and filtered through clarcel, the
filter residue is rinsed with 100 nl of6et hanol conprising 20% wat er, and
the filtrate is concentrated to dryness under vacuumon a 25 rotary

evaporator. - --------The 3e£kbebels2PQRen2BpTH8 509 fluecks taken up in 300
m of isopropanol and crystallizes fromthe m xture, which is stirred and

heated to 500sapfopansesahackri8te1lsobyt FeBm tAenigtuseSNvBOEUt ian oOf
hydrochloric acid 5 in isopropanol are then run in, the mxture
‘preci.pitatesstitred hetidhatt&QC:60509Chand padsebebatk ihgoal | owed to
return to anbient tenperature. The slurry is filtered through a sintered
glass filtersahdtipe. chkemlisohashdd swlhtsonnbfohydgocbbpropancid pul | ed
dry thoroughly and dried in an oven " under vacuum 27.3 g of (Ib) are
obt ai ned i t Bnalgeerepragolsare Bheorgy, inH Naf mixEWeet rum No. 4584-V (300
MHz, d6-(CD3)250, 8 in- 15_Qpn): 3.78 (s §FD, 5.03 (broad_d, J =15 Hz,
2H), 6.43 (RRFPELRIvRECPeakt IR)held ot (BPOGAEST iHhous. #pd(bheRditd, J = 8
e, 1. trom 7. PPt a8 30 dilin o) andh PSS SPESLLUMLYD, 211915, m = 397
The slurry is filtered through a sintered
' gldss filter and the cake is washed with 50 ml of
”10 isopropanol,-pullea dry thoroughly and dried in an oven
under wvacuum.
27.3 g of (1b) are obtained with a vield as
‘such of 89.9%.
'H N.M.R. spectrum No. 4584-V (300 MHz, de-(CD;)250, & in
15 Ppﬁ):'3.78 {s, 3H), 5.03 (brocad 4, J = 15 Hz, 2H), 6.43
{unresolved peak, 1H), 6.62 (broad s, 1H}, 6.82 (broad
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-CH;]"
rr_nUz = 262 [PPhi]* Dbase peak
DCI m/z = 398 MNH'
. M/z = 263 [PPhyH]* 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):




El mz =397 Mt 20 mz = 382 [MCH3]+ mz = 262 [ PPh3] bas%lg%e%k g)%l mz =
398 MNH4+ Mz = 263 [PPh3H + base peak IR spectrum 426386 1800950865,
2474, 1920, 1628, 1520, 1439, 1433, 1279, 1110, 736, 690, 527 and 511 cm
-1 Z-.and E-2- Met hoxy-5-[2-(3,4,5-trinmethoxyphenyl)vinyl]- phenylamne (8")
and (9'): 3 October 2006 27 0 -0 o~ 2fHz HCI -O O Toluene PRF Br NHz
NHz  (Th) (5) (81 (91 11.02 g of (1b), 4 g of (5) and 70 uk)of t ol uene
are charged to a 250 m three-necked flask _rendered inert w h}pitrogen
and equipped with a-.5 magnetic _stirrer, a theripngter, a-T~@i wCe, a

droppi ng funnel, rNﬁchrl ux_ocoﬁdgnser surnmountegt eount er, and
a cooling bath. Stirred nsion is coolfed to 5C and 492 m of a

25% w w sol uti on ‘Qf/ sodi um Xi 10 e éggldérq.ru‘ in over 15
m nutes. The suspension is .st{rred Bkeab0C for 2 hours, ftsen 0.2 m of
acetic acid diluteghgn 50 nl Of water is then runwpn, the

, , : NH,

(1) 5 @)

11.02 g of (1b), 4 g of (5) and 70 ml of
toluene are charged to a 250 ml three-necked flask
'rende}ed inert with nitrégeﬁ and équipped wikh‘a

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

The stirred Suépension is cooled to 5°C and
‘4;92 ml of a 25% w/w solution of sodium methoxide in
10 methanol 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 wiﬁh 10 ml of toluene and 10 ml of
‘15 water. A brown insoluble material remains.
| The mixture is filtered through clarcel} the
gake is washed with 3 times 50 ml of toluene (the wash
iiquors 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
#atio,rdeterﬁined by IS HPLC, is 43/57.

The brown oil obtained (4 g) is




tenperature rises to 14C and the m xture becones very thick. |t is diluted
with 10 ml of toluene and 10 m of 15 water. A brown insol Qc@bﬁ‘sﬁoéﬁal‘
remains. The mixture is filtered through clarcel, the cake is washed with
3 tinmes 50 mM of toluene (the wash |liquors conprise virtually only the
starting al dehyde and are not added tc*8he two-phase filtrate), the clear’
20 filtrate (pH 12) is separated by settling in a separating funnel, and

t he organi c ¢heseatsgraphednbi ad esli I Dealr YOBSEn UNOEY yacskin Ay 40C. The WE
ratio, determned by 1S HPLC, is 43/57. The brown oil obtained (4 g) is.

------------ eluted wikh obery@Dilfe2an e Cdir ofRt S tgphe ot 01 tthsl dhfe col um
(100 parts vv/vxa'/f eluted with a cycl ohexane/ethyl acetate/triethylam ne

(50/ 50/.2). mi §@es 20/ Awogneryes. of conbined fractions are 5 concentrated to
dryness: the first dry extract of 1.1 _conprises 14% of E isomer and 59%
of Z isomer; the seco’ﬁ@vﬁ@*ﬁﬁ'l@@@‘g‘%&m@@oﬁiﬁ@w%@ﬁ@f E i soner and
7% of- Z.isoner. . The bal ance by wei ght of isoner (8'), 10 determned by IS

Z

HPLC, is 0. PRI FesiRITMPsF g thy Hhgehydy @nget et e-hgield as

such of 11.3% rZ— 4@% é‘lr\éﬁl?t h x%;é%-(& 4. 5-trinmet hoxyphenyl)vinyl }-

phenyl car banoyi§=7i %> tchfgl gyl 2E&Poxdy 1iEmeT fh®rt - but yl

ester_(ll). éé%oﬁéaﬁé{ghs 1.08 g and comprises 86% of E isomer and

7% of % isomer.

The balance by'ﬁeight of Z isomer (8°),

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,S—trimethoxyphenyl)vinyl]—
-phenylcarbamoyl}-2,2-dimethyloxazolidine-3-carboxylic

acid tert-butyl ester (11):

0

O/H\E’/\WD EDC
+ ' ————————
;>X,0~\gn k CH,CI,
o

(10}

(8)

a5’

Release of the base (87) from the hydrochloride (8):
| .44 g of (8), 16 g of sodium hydrogéncarbonate o
" and then 200 m! of distilled water and 375 ml of |
aichloromethane are charged to a 1 iitre Erlenmeyer
20 flask. The mixture is stirred for 20 minutes at ambient
temperature and two clear phases are §btaiﬁed.:
The organic.phase is separated by settling,
©dried over sodium sulphate and theh filteréd.

Approximately 400 ml of a dichloromethane




o] Oeoca OHO NHs O 15 (11). Release of the base (8') fron1h
hydrochl oride (8) 44 g of (8), 16 g of sodi um hydr ogencar boist%® ZRY t hen
200 m of distilled water and 375 m of dichioronethane are charged to.a 1
litre Erlenmeyer 20 flask. The m xture is stirred for 20 m nutes at anbi ent
tenperature and two clear phases are ob#8i ned. The organi c phase is
separated by settling, dried over sodium sul phate and then filtered.
ApprOX|nateIg04Qleh @bm@rquhgoqgnﬁtaggeogtgghgaer 2006 29 solution
conprising (81) are obtained. Preparation of

2, 2- di et hy| @xapakiatiioer 3>f42dQcam@tm&u@xaa@uddsnbeat4bawhr55§c9a1(:10)
Although commerclally available, this prodict™ 5°1s Véry diffrcult to get
hold of. It badd Betekrdrbulbgdnespeepdnoy by saponification with |ithium
hydroxi de of ‘its nmethyl ester according to:.J. Og. Chem, 63(12), p.
3983 (1998). 1HN MR AépboughncéﬁmerN&B1lg6aV€ER§B$Ez &hia prﬁuctl 38 10
(s, 3H, 1.45 (s, 9H), 1.55 (s, 3H), 3.95 (m 4.16 % : 4. 31
(mt, 1H), S r M Yergodisfigule t?bﬁ@ﬁdhghﬂe§ﬁlvéék%éakthgrﬁ 0rﬁh§§e§pectrum

No. 213135, m = 245
prepared by saponification with lithium hydroxide of

its methyl ester accqrding to: . J. Org. Chem., 63(12),
p. 3983 (1998).
~ 'H N.M.R. spectrum (300 MHz, dg-(CD3)2S0, & in p‘pm).:l 1.38
.10 (s, 3H), 1.45 (s, 9H), 1.55 (s, 3H), 3.95 (mt, 1H),
4.16 (mt, 1H), 4.31 (mt, iH), from 12.50 to 13.10
‘{broad unreéolved peak, 1H).
. Mass spectrum: No. 213135, m = 245
-DCI m/z = 263 MNH,"
15 m/z = 246 . MH'
m/z = 207 [MNH;-t-Bul}” base peak
m/z = 146 {MH-BOC]*
IR spectrum: 426759 KBr
1744, 1704, 1638, 1407, 1368, 1164, 1104, 856, 836 and .
20 623 cm™
Couplingcr
: The'éolution of (87) is charged to a 2 litre
three-necked flask equipped with a meéhanical stirrer,
a thermometer, a T piece, a funnei for the addition of
25 solid, a reflu# condenser surmounted by a bubble
counter, and an ice bath, 600 ml of dichloromethane are
'_added and the mixture is cooled with stirring.
- 42.9 g of 2,2- dlmethyloxazolldlne—

' 3 4~ dlcarboxyllc acid 3- tert~buty1 ester (10) are added 1- 




DOl nmz = 263 MNH4A™ 15 nlz = 246 M m z = 207 [NNFM-t-Bu]'AFI&?O%eg)égk m z
= 146 [MH+BOC]' IR spectrum 426759 KBr 1744, 1704, 1638, PALFPDe: , 1164,
1104, 856, 836 and 20 623 cm 1 Coupling: The solution of (81) is charged
toa2litre three-necked flask equipped with a mechanical stirrer, a
thernoneter, a T piece, a funnel for th&0addition of 25 solid, a reflux
condenser surnounted by a bubble counter, and an ice bath, 600 m of

di chl or onet hanes e eand@dgeds apAtbheoMuxish € 45d Coadedagi fhostirring. 42.9-g
- of 2,2-di nethyl oxazolidine- 3,4-dicarboxylic acid 3-tert-butyl ester (10)

are added 3 TefdbaimeiOBlaBinaprobyy Apd3 pasisylddtbed® iti®a, and then 48 g of
1- (3-di net hyl am nopropyl ) - 3-et hyl carbodi i m de hydrochloride (EDCl) are
added porti opiviisechbkeiiede GED@hH 40€ adddhepantdanme s lséiomkgnab | owed to
return to anbient tenperature by allowing the ice in the bath to nelt
overni ght. 134 hHorning, 330 nl of distilled water are added and the

m xture is vigorously stirred. The 10 m xture turns cloudy over 30 m nutes
(hydrol'ysPs of the ERS MSEEere nks i slombntalrsted oro areti¥mdr© 30 ni nut es.

The m xture is .separated by settling jn a separating funnel. and the organic
phase’i s “agw%ﬁzé%'tempergkure by éﬁlowing éﬂeiicegﬁn the bath to g

melt overnight.
In the morning, 330 ml of distilled water are
- added and the mixture is vigofouély stirred. The -
iU mixture turns cloudy over 30 minutes (hydrolysis of Ehe
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 mmHg) .
79.4 g of a sticky o0il (11) are obtained,
' -20° which oil hardens at 20°C, with a yield by weight with
| fespect to (8) charged of‘117%.
Spectrum No. = 5 578~V _
'H N.M.R. spectrum (400 MHz, ds-(CD;3},80, at a
temperature of 373 K, § in ppm): 1.41 (s, 9H), 1.53 (s,
25 3m), 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 = .

11

/12.5 Hz, 1H), 6.55 (d, J = 12.5 Hz, 1H), 6.58 (s, 2H),

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




successively with 2 tines 280 m of 0.55N sodi um 15 hydr oxi eﬁ’i’Ol Lbbl on and
then with 300 mMl of distilled water. The organi c phase is3 &4t ed to
dryness on a rotary evaporator (50C/ 50 mmHg). 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) charged of 117% SpectrudiNo. = 5 578-V 1H N. M R spectrum
(400 MHz, d6-(CD3)2SO, at a tenperature of 373 K, 6 in ppm: 1.41 (s, 9H),
1.53 (s, 25M3ds shefbdrfum NH) 213564, (& 62 3. 71 (s, 3H), 3.86 (s, 3H),

-3.99 (dd, J =9 and 3 Hz, 1H), 4.19 (dd, J =9 and 7Hz, 1H), 4.52 (dd, J =
7 and 3 Hz, Ddi, @/48= &60) MNHL2. 5 Hz, 1Hpase peakd, J = 12.5 Hz, 1H), '
6.58 (s, 2H), 7.02 (m, 2H), 8.13 (broad s, 1H), 8..82 (broad s, 1H 3 .
Cct ober 2006 31 Mbss =s3ddt r MH'No. 213565, m= 542 DCl mz = 560 MNH4' base
peak nfz = 543 M4 mz = 504 [M\H4-t-Bu]' 5 mz. = 443 [M+BOC' IR |
spectrum 425857 @©C®4=34509, 2JA0BPi,-2988] 2837, 1712, 1698, 1534, 1363, 1249,
1133, 1092 and 851 cm1 Other coupling conditions were enployed, such 10
as:- - Mxé&d anhydf/de = fitdal JWH-89Gri de/ (10)). - DCC HOBT, DCC/ HOSU, TOTU,
N, N- car bonyl di i m dazol e, %nd the |ike. :
IR spectrum: 425857 CCl,
3409, 2982, 2938, 2837, 1712, 1698, 1534, 1363, 1249,
1133, 1092 and 851 cm™
Other coupling-condiﬁioﬁs were'employed,'suéh
10 asf
- - Mixed anhydride (pivaloyl chloride/{10}).
- DCC/HOBT, DCC/HOSU, TOTU, N,N-carbonyldiimidazole,
‘and the like.
- -~ In acetonitrile, DMF, THF, dichloromethane,.ester,
15  and the like.
EDC1-HCl in dichloromethane gave the best
result.

. (Z)—N—{Z—Methoxy-S-[Z-(3,4,S-trimethoxyphenyl)vinyl]—

phenyl]-L-serinamide hydrochloride

MeOHHCI -H,0

MeOH / AGOIPr

I

- 20 o .
.'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‘méchanical.stirfer} aL"




- In acetonitrile, DWF, THF, dichloronethane, ester, 15 agq)thelgike.
EDCLHC in dichl oronet hane gave the best result. ctober 2006
(Z)-N-[2- Met hoxy-5-[2-(3,4,5-trinmethoxyphenyl)vinyl]- phenyl]-L-serinam de
hydrochloride \ /. \ 0 O MOH HCO -H0\ / \ OO0 N 1<~ MCH AcOPr HO H
-<Y 'OH NH, - HO  {!1) (12) 20 61.8 gof2(11), in solution in 54 nm of

nmet hanol, are charged at 20Cto a 1 litre three-necked flask equipped with
a mechani cal t$idriviofieted,3 a0t pheice? 086 re3d uikhebnodpker, sarhoRinged, a ref

| ux condenser surnmounted by a bubble counter, and a heating bath, and 150
m of - isopropylk dobbdeecod@ter,ofind 2. BNasdhgt banhof ahyvidiGéhimdr b€ acid in
met hanol and 8.2 nl of distilled 5 water are added. The mixture is stirred
and heat ed atfisopFopryér agekates. S%halsolfusi 8n3Nceoletivo 4FC, is clarified
by filtration through a sintered glass filter No. 4 rinsed with 40 nl of
met hanol . Th@YfiP-’PFhiP§1Fsacﬁ@t dpnegthanpheand; Br édmlhpéedisthédef] ask and
194 m 10 of isopropyl acetate are added, ,the m xture is reheated to 40C,
the sol ut Ponwesernetratgded-t+ Ahe. pigtyre(is) stagyedhandibgagedofti sopropyl

acetate are r i dropwi se over 1 hour. The nm xture slowy.crystallizes
' GHQC 2or 5 ours. The solution, cooled to 409C,yis y

clarified by filtration through a sintered glass filter
No. 4 rinsed with 40 ml of methanol. The filtraﬁe is
returned to ﬁhe-stifred 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 isopropyl acetate are run in
dropwise over 1 hour. The mixture slowly crystallizes
-as the isopropyl 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 slurry is filtered
_ _ Vthfbugh a sintered glass filter and the cake, pulled
'-:20. dry, is washed with 4 times 50 ml of isopropyl acetate,
- ﬁulled dry ﬁhoroughly and ‘then dried-in an oven to
constant weight (35°C/10 mmHg) .
| 28 grof (12) are obtained with a yield over
2 étages (coupling and then deprotection operations}
25 of: 56%, and an IS HPLC assay > 98%,
i.e. an overall yield as such, for the synthesis
 ¢arried out accérding to the first process route V0 2,

of: 30% [(12) obtained wiph_;espect.to (5) charged] .




as the isopropyl acetate is being run in. 15 The m xture i aIIogﬁgsto
return to ambient tenperature and is then cooled to and maidstosf

overnight at 5C. In the norning, the slurry is filtered through a sintered
glass filter and the cake, pulled 20 dry, is washed with .4 tinmes 50 ml of
i sopropyl acetate, pulled dry thoroughly and then dried in an oven to

const ant wei & 033984PASmHg). 28 g of @32) are obtai nedTiFrRI340%L2Yd over
2 st.ages (coupling and then deprotection operations) 25 of: 56% and an IS
HPLC assay > 98% i.e. an overall yielgaggsuch, for the synthesis carried
out ‘according to the first process route*gg 2, of: 30%((12) obtained with
respect- to (5) chargedj.. 3 Ssleles 2006 + 00388494233 CT/ FRO3/ 01117
CLALM5. 1. Process for the preparation of conbretastatins of follow ng
gener al ' f or mtoabireras t&3QsAcFL ¥ oCHIWDRY3 cOeHZ all N Fekineh A (Tgpr esents an

am no group, characterized in that, after the Wttig condensation in the
presence of - (3,4,5-trinethoxybenzyl ATT
chl oride and of 3-nitro-4-nmethoxypenz
3,4,5-trinet hoxybenzal dehy d&H A )

; 3-ni trobenzyl ) tri phenyl phosphoni 3 the nitro group is reduced in
the presence of iron. 2. Proggggaccovding t'(ﬁ&ﬁi”‘l’ characterized in
that. the amount of iron used 1s°in - OCH, 3

in which A rep;esents an amino group, characterized in
that, after the Wittig condensation in the presence 6f
(3,4,5*t£imethoxybenzyl)triphenylphosphonium bromide or
- chloride and of 3-nitro-4-methoxybenzaldehyde or of
-3,4,5-triméthoxybenzaldehyde with a {(4-methoxy-
;3~nitrobenzy1)triphenylphosphonium éalt, the nitro
gfoup'is reduced in the presence of iron.

2. Process according to Claim 1,
‘characterized in that thé amount of iron used is in
éxcess. |
| 3. Process according to Claiﬁ 2,
‘charécterized in that this excess is greater than

:ﬂi'éiéquivalents per-one mol 6f starting nitro derivative.
| 4.. Précess for -the preparation of

"combretastatins-of following general formula (I):

-in'which A -represents an amino group, characterized in

fvfphat, écdording-tonthe'Second implementational process,




excess. 3. Process according to Claim2, characterized in bhaL Q{)? excess
is greater than 2 equivalents per one nol of starting ni t r o V88PFET ve
Process for the preparation of conbretastatins of foll ow ng. general
formula (1): CH3O A (1) CH 30 OCH3 OCH3 in which A represents an am no
group, characterized in that, according to the second inplenentational
process, 3 October 2006 34 a (3,4,5-trisret hoxybenzyl)triphenyl phosphoni um
salt is condensed with 3-am no-4-net hoxybenzal dehyde or a

3-amn 4- b th
o Tl met o bepe S EhBRARAAO PR PR B s lon FH LB
char act er i zeghhdlehdad @1&13 4. S0 R LAORNDRPES ) a1 AahAe A RS phoni um sal t

i s condensed w th 3-am no- ~4- net hoxybenzal dehyde. 6.” Process according to

A aim4 or Galdambro-chaddedrbaesy1 Nt skt PERK GASHd0IUM S ef g abl y
carried out in the presence of a base chosen from potassiumtert-butexide,
sodi um t ert -geidexs e, wtddi 3 , 5 -hystiimekchobetbhta Idehwde LDA (10t hi um

di i sopropyl am ne), sodi um net hoxi de, potassium carbonate or al kaline
.derivatives of hexaned hyl dhsideasesacdor®ingess Gbxionding to Caim4 or
Claimb5, characterized in that sodium nethoxide is used. 8. Process
accordi ng t cl@meteripred @ gt ahad obtTrizewethrranaieg T eaction

solvent which is _
trlphenylphosphonlum salt is condensed with 3-amino-

-4-methoxybenzaldehyde. . , - .
6. Process according to Claim 4 or Claim 5,
echaracterized in that the reaction is preferably
‘carried out in the presence of a base chosen from
‘potassium tert-butoxide, sodiuﬁ tert-pentoxide, sodium
'hydfiae, butyllithium, DA (lithium diisopropylamine),
. sodium methoxide, potassium carbonate or alkaline
uaerivatives of hexamethyldisilanes.
7. Process according to Claim 4 or Claim 5,
characteriZed in that sodium methoxide is used.
8. Process according to Claim 4 ox Claim 5,
:characterized in that the reaction solvent which is |
“ﬁiner;'with'respect to-therreaction is chosen from
.fethers (THF), polar aprotic solventsf(acetonitriletr
.-NEP; DMF,.DMSO, and the like), alcohols, aromatic
Sqlvents or water. |
9, Process according to Claim 7,
"characterized in that the reaction temperature is‘
i.preferably between 0 and lo0°cC.
| 10.f Process for the preparatlon of compounds

t”of formula (I) 1n the serlne salt form by coupllng of




.inert with respect to the reaction is chosen from ethers &H@ @c?l ar
aprotic solvents (acetonitrile, NWP, DM, DVBO and the | P REI° f;ff) ohol s,
aromatic solvents or water. 9. Process according to Caim?7,

characterized in that the reaction tenperature is pref erably between 0 and
10C. 10. Process for the preparation of conpounds of fornmula (1) in the
serine salt formby coupling of 3 Cctob¥r 2006 35 the derivatives of
formula (Ila) O O\ 1 (lIla) ON-12 wth the cyclic protected serine

derivative ofne f@ Pl {4dP)of fothbhPd ¢ ﬁT(g v ON PG where PG represents.a

protective group for the amne functio group, to give a novel
i ntermedi ate of follow_ng|geraﬁfal formula: O OOO OI / \ 1 (1Il) -

N O
© A
U I
\O . — NH,
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 général formula:
/

lllii li]ll ,ji\//ﬂ\ . (H1)
R

Z i

which isvsubsequeﬁtly deprotected.

11. Intermediate for the coupling between

aminocombretastatin and the cyclic protected serine
:derivative, characterized in that it corresponds to the

following formula:

(1)

¢ - “in which PG is a protective group.




H N PGA which is: subsequently deprotected. 11. Internedigte Lor bae
coupling between am noconbretastatin and the cyclic prote b0 e
derivative, characterized in that it corresponds to the follow ng formula:
0O OOfo (IV) ~ONH- \ON PGin which PGis a protective group. 3

Oct ober 2006 36 12: Internediate according to Caim1l, characterized in
that PG represents a protective group 8bosen fromthe follow ng groups:

tert-but oxycarbonyl, benzyl oxycarbonyl (CBzZ) or 9-f
Iuorenylnethy[oxycarbp@y[ thMYhediate 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)




