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. p-D-5-THIOXYLOSE DERIVATIVES, PREPARATION METHOD AND THERAPEUTIC USE

The present invention relates, by way of novél industrial products, to §-D-
S-thioxylose derivatives, more particularly to the 4-methyl-2-oxo-2H-1-benzo-
pyran-7-yl 5-thio-B-D-xylopyranoside derivatives of formula I below. It further
relates to the method for the preparation of these novel products and to their use in
therapeutics.

Prior art ,
_ EP-A-0421829, especially Table I of said document, discloses benzo-
pyranone B-D-thioxyloside compounds of formula Jo:

(To)

in which:

XisOorS, :

Y is especially H or COCH;,

R, is especially C;-Cy-alkyl and

R, is particularly H, C;-C,-alkyl or halogen,

which are presented as being useful in therapeutics in view of their effects in the
prevention or treatment of disorders of the venous circulation, especially venous
thrombosis. :

In particular, .the compound 4-methyl-2-ox0-2H-1-benzopyran-7-yl 5-thio-

- |_3.'—D4xylopymnosidc (formula Jo in which X = O, Y = H, R; = CH; and R; = H),
adutinisteréd orally, exhibits a remarkable activity at doses of 6 mg/kg-and above
in the sense that if reduces the formation of a venous thronibus by more. than 80%.
This activity, which is obtained after oral administration, is extremely valuable in
the case of the most.common use of such products, which generally corresponds to
a’preventive treatment. ) |

In fact, the products commonly used at the present time in this field of



Abstract: The invention concerns a 4-nethyl-2-o0xo-2H 1-benztpMan 2004 y|
5-thio-[err]-d-xyl opyranosi de conpound of forrmula (1) wherein: R
represents a CJerr]-Clerr] alkyl group, which is linear, branched or
cyclized, a nonounsaturated {err]-Cerr] alkene group, a CJerr]-(err]
bydroxyal kyl group or a Clerr]-C(err] alkoxyal kyl group. The invention

al so concerns the nethod for prepari ng, said conpound and the therapeutic
use thereof as antithronbotic substance. 17 May 2004 -D- 3- TH OXYWBE
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adminsstration. It should also be pointed out that, in contrast to the products
already In use, these compounds do not increase the risk of a hemorrhage.

Howevcr the compounds described in EP~A—0421829 are not sufficiently = .
soluble to allow them to be administered by i injection. Thus they cannot be used in
cases where injection is the only possible route of administration or if it seems
preferable for the sake of convenience to administer one of these compounds in
association with other drugs by perfusion.

Object of the invention _

According to the invention, a novel technical solution is proposed for
solving the above-mentioned solubility problem. This novel solution involves
novel 4-methyl-2-ox0-2H-1-benzopyran-7-yl 5-thio-B-D-xylopyranoside
derivatives which have a better solubility in the customary solvents, especially
injectable solutions, while at the same time retaining an oral activity.

Subject of the invention

The invention provides, by way of a novel industriaf product a compound

which is characterized in that it has formuta -

(1)




In particular,. the conpound 4-nethyl-2-oxo-2H | ~benzopyr an- ¥z yay 2004i o-

| 3. D:xylopyran05|de (formula to in which X=4, YH R =CH3 and R2 = H),
adm nistered orally, exhibits a remarkable activity at doses ‘of 6 ngl kg and
above in the sense that it reduces the formation of a venous thr orrbus by
nore. than 80% This activity, which is obtained after oral

administration, is extremely valuable 4n the case of the nost common use
of such products, which generally. corresponds to a preventive treatnent.
In fact, the products comonly used at the present tinme in this field of 17
May 2004 2 therapeutics, for exanple anticoagul ants, nanely normal heparins
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be poi nt edbmnopyﬂaaﬂ;ylliqthmﬂm-aybpmnmdi&qsfrfoduﬁlhﬂ; already in use, these
compounds do not increase the risk of a henorrhage. However, the conmpounds
descri bed in EP-A-0421829 are not sufficiently soluble to allow themto be
adm ni stered by injectijon. Thus they canndt be used in cases where
injection is the only passib , 'nlstratlon or if it seens .
preferable for the sake o Hveni ¢ * i ni ster one of these conpounds
in association Wi t hgot hex, @ . bj ecfId) the invention
According to the inveni®on: al Fpsolution is proposed for

sol ving the above-nenti oned sol ub| lity problem This novel solution

i nvol ves novel 4-nethyl - 2~8x0- 2f f - 1- benzopyr an- 7- I

5-t hi o- (3- D xyl opyranosi de derivatives which have a better solubility in
the customary sol vents, especially injectable solutions, while at the sane
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Hal~C—0-R
Il (I1I)
O
and a pyrocarbonate of formula IV:
(R-0-C-).0
[l 2 (Iv)
o ;

in which R is a C,-Cs-alkyl group, a C;;—Cg-alkené -group, a- C;3-Cg-alkoxyalkyl |
group or 2 C,-Cs-hydroxyalkyl group in which the alcohol function is protectcd by
a protecting group, such as a trialkylsilyl group for cxample and Hal is a halogen
atom (especially F, Cl or Br, the preferred halogen here being chlorine).

This method involves protecting the OH function of the group R = Cp-Cs-
hydroxyalkyl before carbonation and then deprotecting it after said carbonation.

The procedure is as follows, depending on the nature of the group R. When
R = R’ = a linear, branched ot cyclic C;-Cs-alkyl group, a monounsaturated C,-Cs-
alkene group or a C3-Cg-atkoxyalkyl group, the reaction II + I or H + IV is carried
out.



which is characterized in that it has formula l: R (;) ,0 R71Mapag04£004 3
in which Ris a linear, branched or cyclic C C5-al kyl group, a

nonounsat urated C2-C3-al kene group, a C2- C3-hydroxyal kyl group or at_ X
C3- C6- al koxyal kyl group. According, to another feature of the -i nv_eg |do ,
the method for the preparation of a conpound of formula I is provided,
said nethod being characterized in th it conprises the carbonation de
reaction of 4-nethyl-2-oxo-2H Z- benzopyran-7-yl15-thio$ -D Xyl opyr?n05|

of formula Il: with a reagent selected fromthe group consisting of a f
hal ogenof ormate of fornula RI; Hai-CGOR 11 O and a pyrocarbonate o

~ hal ogenof ot (R__W)Rgog(p\@ Cz@j-]nydtdmﬁﬂ:ngtcﬁlp tl@ca@fr@hlﬂlnéﬁoxxyal Ky

gCrzoﬁ ?lnk\ihnf-ch he a ﬁﬁ n@tlon i 3 %Ogl?-iﬁgglapmnosadepqﬁ)‘{og@p]ang l?r oup,
oA m

such as a t?ﬁ“&?‘t?ﬁltﬂ‘ ?&?&Bf tﬁe)fimté?ﬂhm Ealrel Ee?nhal:ﬁlggpl ng)o !

(especially F, d or Br, the preferred hal ogen he g .

[ [ R = C2-C3-
met hod i nvol ves pr ot ectl-ng the OH of the group
hydr oxyal kyl before carbonation an henqgepro )I ng it.after said ¢ the
carbonation. - The procedure Is as fo Iovvs de *’hg on the nature o
group R V\hen R = = a |linear, brahched or cyclic Cl-Cs-al kyl group, a

C6- al koxyal kyl group, the
reacti on ‘ii‘ﬁiﬂfjﬁfﬁi S RSRRR o Wi O g op potectS and Ha
- is a halogen atom as defined above, and the resulting compound is then subjected
foa deprotection reaction of the hydroxyl group, for example by reaction with
hydrofluoric acid solution if the protecting group is a trialkylsilyl group, to give the
compound of formula Iin which R is a C2~C3—hydroxyalkyl group.
According to yet another feature of the invention, on the one hand a
phaimaceutical composition is provided which is characterized in that it compzises
a therapeutically effective amount of at least one compound of formula I in-
association with a physiologically acceptable excipient, and on the other hand the
use of a compound of formula I is provided which is characterized in that said
compound of formula I is used for obtmmng an antithrombotic drug intended for
. therapeutic use to combat disorders of the venous circulation,
Detailed descnptwn of the invention
Methyl, ethy{ propyl, 1-methylethyl, cyclopropyl, butyl, 1-methylpropyl, 2-

methylpropyl, 1,1-dimethylethyl and pentyl groups may be mentioned among the
C;-Cs-alkyl groups which are suitable accordmg to the invention.

Vinyl.and allyl groups may be mcnttoned among the C;-Cy-alkene groups.
which are suitable according to the mven&on. In this case a monounsaturated
alkene group denotes an aliphatic group contaitting only one C=C double bond.

- Methoxyethyl, ethoxyethyl mcthoxyethoxyethyi and ethoxyethoxyethyl
groups may be mentioned among the Cs-Cs-alkoxyalkyl groups which are smtable _
according to the invention.

2- Hydroxycdlyl 2-hydroxypropyl or 3-hydroxypropyl groups may be
mcntloncd amoug the. Cz-C3-hydroxyalkyl groups which are suitable accordmg to
the invention. :

Among the compounds of formuia I, which are 4—mcthy1~2—oxo-2H—l—
-benzopyran—'?—yl 5-thio-B-D-xylopyranoside l:ncarbonates those in which R isan .



4 When R R'" = a C2-C3-hydroxyal kyl group, the carbonation re#ZMag2004

4- met hyl - 2- oxo- 2H 1- benzopyran-7-yl 5-thi n-R-D xylopyranosi de of formula |1
is carried out with a hal ogenoformate of formula 1l1llbis: Hal-COR 11 O
(I''Tbis) in which R" is a C2-C3-hydroxyal kyl group with its- OH function
protected and Hal is a halogen atom as defined above, and the resulting
conmpound is then subjected to a deprcgectl on reaction of the hydroxyl
group, for exanple by reaction with Hhydrofluoric acid solution if. the
protecting group is a trialkylsilyl group, to give the conpound of formula
| in which Ris a C2-C3-hydroxyal kyl group. According to yet another

f eat u(rjedol‘meﬂ:bﬁgdonpeﬂih&ﬂlylmuplgm &nbah nd a pharnaceuti cal corrposit: f)n is
provi de ich ks _characterijze t hat S a rapeutically
effective am)unﬁ'%f’o'g{mf gﬁgtﬁ) Hﬁ‘%ﬂ%hﬁ?ﬁpwﬁ "[’%E%Bﬁt ation with
a physi ol og)"a:embquatlauawtlamirewmch|4pmeumy1-2-md—2dhl4bbnzowimﬂ~ylaﬁﬁub4ﬁe use of
a conpoundyyp %ﬁ%m I ﬁmﬂf j ded which is characterized in that said
conmpound OP% B SFk:iosﬁuse or obtaining an antithrornbotic drug
intended for therapeutic use to conbat disorders of the venous
circulation. Detailed (ﬁéscrl ption of the ipvention Methyl, ethyl, propyl,
1-net hyl ethyl, cyclopr@p utyl, 1-gethyl propyl, 2~ nethylpropyl,

1, 1-di met hyl et hyl and .pé' yl t be=gent i oned anong t he

C - CS-al kyl groups which - i tab dqcordifng to tH&I)nvention. Vinyl and
all'y! groups may be HH&L 2 P - al kene. groups which are
suitabl e according to e igventron. In this cése a monounsaturated al kene
group denotes an aliphatic_group containing only one C=C doubl e: bond.

Met hoxyet hyl, et hoxyet hylH net hoxyet hoxyet hyl and et hoxyet hoxyet hyl  groups
may be nenti oned anong t he C3-Cb-al koxyal kyl groups which are suitable
accordi ng isceadmiwiﬁhenhﬁomfonmpﬁfoanyhml 2- bydr oxypropyl or

3- hydr oxypropyl, groups may be ment i oned am)ng the - C3- hydroxyal I cyI
groups whi ch are suitabl er_alc_(to_rdﬂJRng to , ‘

(I11a)
0
or a pyrocarbonate of formula IV:
R-0-C~}_ 0O -
(® Il s (V)

&)

in which R is a linear, branched or cyclic C;-Cs-atkyl g‘roﬁp, a monounsaturated
C-Cs-alkene group, a C3-Cg-alkoxyalkyl group or a C;-Cs-hydroxyalkyl group in
which the hydroxyl group is protected by a protpi;ting group, -especially the
t-butyldimethylsilyl group, the reaction being carried-out in an anhydrous solvent,
such as dlmethylformanude for example, in the presence of an aprotic base, suchas
4-(dimethylamino)pyridine for example, at a temperature of between 10°C and "
80°C for 1 to. 10-hours to give the compound of formulaT-in which R retains the
‘same meaning as in the reagent 1lia ot IV; and '
b) if necessary, in the case of thie preparation of 4 compound of formula I in which
Risa hydroxyal[cyl group, a deprotection reaction of the hydroxyl group, especnally
by reactior with hydrofluoric acid if the protcctmg group is a t—butyldlmethylsdyl .
group, at room temperature, in a solvent such as acetonitrile for cxample '
When R is a C;-Cy-hydroxyalkyl ‘group, the carbonation reaction is
preferably effected by means of a chloroformate. The protecting group of the. OH -



the invention. . Anong the conpounds of fornmula |, which are17 May 2004

4- met hyl - 2- oxo-211- 1- benzopyran-7-yl 5-thio-13-D xyl opyranosi de
tricarbonates, those in which Ris an . 17 May 2004 5 ethyl group or a

met hyl group are preferred. The conpounds of formula | can advantageously
be prepared by nmeans of a) a carbonation reaction in which

4- et hyl - 2- oxo- 2H-| -benzopyran-7 yl 5-hio- 3- D-xyl opyranoside of fornula
|Z His reacted with a chloroformate of formula Illa: CI-CGOR Il (Illa)

O or a pyrocarbonate of formula N0 (R 0-c--) ZO(1V) Oin which Ris a

| i near, branched or cyclic C-Cs-al kyl group, a nonounsat urated
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disorders of the venous circulation, especially for corecting certain hematological
parameters perceptible in the venous system.
The Examples which follow, together with the results of pharmacological
tests, which in no way imply a limitation, will afford a better understanding of the .
value of the invention.
Example 1
4-Méthyl'-2-oxo-ZH-l-benzppyran-.-'I-yl 2,3,4-tri-0-.methoxycarbonyl-s-thio-ﬂ;
D-xylopyranoside :
A solution of 2-g (6.17.10" mol) of 4-methyl- 2-0x0—2H—1-benzopyran—7—yl
5-thio-f-D-xylopyranoside in 20 ml of dimethylformamide is prepared at 70°C and
then cooled to about 25°C. 10 mg (0.8. 10 mol) of 4——d1methylarmnopyndme are
. added, followed by 3.85 ml (36.10° mol) of dimethyl pyrocarbonate. After stlrnng
for 4 hours at room temperature (15-25°C), a further 3.85 ml of dimethyl pyro-
catbonate are added and the reaction medium is stirred at room temperature for 6
‘hours. “The mixtuce is then filtered and concentrated under reduced pressure and
the residue is purified by chromatography on silica gel using a toluene/acetone
mixtare (6/1; v/v) as the eluent. The pure fraction is crystallized from an. acctone! :
cther mixture, filtered off and dried to give 1.92 g of the expected product i in the
Torm of a white powder (yield = 2 63%).
M.p. =168°C
[odp?! = -77°(c = 0.37; CHCL)



6 function nust be nore readily cleavable than the O CO O f uttcMap2084 t hat

it can be renoved during deprotection wthout affecting said 0-CO C

function, the preferred protecting group being a trialkylsilyl group. The

therapeutlc conposition can be in the formof a solution, or a preparation

convertible to a -solution, which-can be adm nistered by injection, either
subcut aneously, or intravenously gr in the formof a perfusion. The

t herapeutic conposition can al so be presented in a formwhich can be

adm nistered orally, for exanple gelatin capsules, tablets or a solution

to be taken orally: The conpounds of formula T are useful in therapeutics

on accountEgimplc® r antithronbotic activity and are of particular val ue

for the tr r t he | ati on,

copeci al |y agaky o b Tl 2 661 DofholsBubit Sl 7 e
' the venourylopwragesid¥he Exanpl es which fol low, together wit h the results of

phar macol ogi cal mpd ggfetted fitbditt i ob\Rink@ Nn M fofmPof 4 W‘@@%ﬁ yxéilh afford a

better understandl ng of the. = value of the 1 nvention
4- Net hyl - 218%) by followjes agmgsedureranalogous to;Examplg_ n@%@%ﬁlﬁ&wmﬂt hi 0- B-*
D- xy| opyr apyretdrbonitesio replaced with detbyl(Brdcarbbaa@d. nol ) of
4- et hyl - 2z 0X0- ﬁ%& benzopyran-7-yl 5-thi o- P-D-xyl opyranosi de in 20 m of
di mret hyl f o N de s prepared at 70C and then cool ed to about 25C. 10 ny

(0; 8i 0- noldloof=-A2U{are 095 AB-GBPyri di ne are - added, followed by 3.85 n
(36.10-3 mMplimpife #1 Met hyl pyrocarbonate, After.stirring .for 4 hours at
roon1tenp€TaTU$§;£$5 ZSC%h a furtﬁgr 3.85 m_ of dinethyi pyro- carbonate
are added 4Me enzapynan-7 ¥l s 2t &tri)-prepoxycarhsay kb thio-for 6-
hours. ' Thh-y¥idgiyshioside t hen filtered and concentrated under reduced
b ol 3éﬁef‘22et 2%@ ohfiopiefgh o (e 10 %o‘?ﬁgf%‘%ﬁn”%bﬁg%ﬁ%%ﬂeméﬁ action 4
cryst al | i zefdpyridime énpmpatdmed 2.1 enlh@8. 710 mob), of plopel ddomiérmans ath i ed to
0o & 2 | PO, P g Ml
, ' -thxo—ﬁ—D—xylopymnomdc reaction mixture is-sfirred -for 1 hour, 2
further 1 ml (8.9.10> mol) of propyl chloroformate is then added and stirring is
continued for 1| hour. The mixture is then hydrolyzed in ice water and extracted
with ethyl acetate. The organic phase is washed with dilute hydrochloric acid
solution and then with water, dded and finally concentrated under reduced
pressure.  The residue is purified by chromatography on silica gel using .a
toluene/ethyl acetate mixture (4/1; v/v) as the eluent. The pure product fraction is
crystallized from an ethyl acetate/ diethyl ether mixture to give 1.13 g of the
. expectcd product in the form of a fine and light white solid (yleld 63%).
‘Mp.=134°C o
{adp” =-57° (¢ = 0.37; CHClg_)
ExampleA -
4-Methyl-2-oxo-2H—1—benzopyran—7—yl 2,3,4-tri-O- butoxycarhonyl-S-tlno—B-D-
| xylopyranomde A _
.. The expected product is obtained in the form of a white cottony solid
(ylcld 85%), after crystallization from diethyl ether, by folloewing a procedure
- arialogous to Example 3 except that the propyl chlorofounate is rcplaced with butyl.
chloroformate.
M.p.=120°C
fodp? =-51° (c = 0.45; CHCls)



17 May 2004 7 Exanple 2 17 May 2004
4- Met hyl - 2- oxo- 2H 1- benzopyran-7-yl. 2, 3, 4-tri - O et hoxycar bonyl - 5-t hi o- $=D-
xyl opyranosi de The expected product is obtained in the formof a white
powder (yield 78% by follow ng a procedure anal ogous to Exanple 1 except
that the dinethyl pyrocarbonate is replaced with diethyl pyrocarbeonate.
Mp. =176C[a]p T -72 (¢ = 0.465; CHCK3) Exanple 3
4AMet hyl - 2-.0x0- 211- 1- benzopyran-7-yl 2,3, 4-tri-O propoxycarbonyl -5-thi o-~-
D-xyl opyranosi de A. solution of 100. ng ((18. i0 3 .nol) of 4-di
met hyl am nopyridine in 12 m  of pyridine is prepared and 2.1 m (18.7.10
3 cool) of. ExampldS chl orof ormate are added at 0C, followed by 1 g (3.1.10
cool) of 4- 3 _ t hi.o- D- xylopyr anosi de.
iy 'g’*’%%f%"&’d’gfﬂor9%*?%1‘,‘“‘0‘22“?/‘{1’1‘%’(481’“@% (8.9.10"3 mol)

The reaction mxture IS stifrre
of propyl AR Scthio-BD-xrlenyeamesideand stirring is continued for 1 hour.

The mxture is tTkNeipssied pyadaet isdbbtafdia HRs f(ﬁ‘ﬂldoﬁﬁﬁgégﬁlﬁ? solfd Uiclﬁt hy|

oricracrd

Coruti on anPhER ofiefaac Brocedii auelasrs o arompie & xeapt e the.nwey! r cduced

pressure. T@om&mwr@madﬁthednaﬁylphf@naﬂ@gf&ﬁﬁhon silica gel using . a
t ol uene/ ethﬂ acgt Qaf:e m xture. (411; v/v) as the eluent. The pure product

fraction |s ystallized from an ethyl acetate/ diethyl ether mxture to
give 1.13 d Fl”ré3°@x-p‘é€156(§3fﬁ'ﬁhhuct inthe formof a fine and 1ight white
olld(ylel 0@ Ile = 134C . = -57.(c =0.31; CHJ 3) Exanple 4 .
4~Met hyl - 4) géolgéran T-yl _2.3;4-tri - Obut oxycar bony1-5-thin-~-D
xyl opyr anos f ew&m7ﬂgzé&m'ﬂe@'mﬁtwtth of .a white

cot tony solnadbol(ﬂ)-ﬂtﬁoaﬁmxquiﬁﬁﬁmayst allization fromdiethyl ether, by
follow ng a Pr Oeﬂgu&&)ected product is obtained in the form of a light white powder
(yvicld = 80%) by following a procedure analogous to ‘Example 3-except that thc
propyl chloroformate is replaced with 2-methoxyethyl chloroformate.
M.p.=118°C
[0dp™ = -69° (c = 0.65; CHCl;)
Example 7
4-Methyl-2—oxo-2H—l—henzopyran«?—yl 2,3,4-tn-0-(2-propenylcarbonyl)-S-
thio-f-D-xylopyranoside
The expected product is obtained in the form of a pulverulent white solid
(yield = 8%) by following a procedure analogous to Example 3 except that the
propyl chlofroformate is replaced with allyl chloroformate.
M.p. = 120°C |
[0]p® = -57° (c = 0.46; CHCly)
Example 8
4-Methyl-2-oxo-ZH-I-benzopyran-‘I-yl 2,3,4—tn-0 -(ethenyloxycarbonyl)-5--
~ thio-B-D-xylopyranoside
‘The expected product is obtamed in the form of a white powder (yield="
57%) by following a procedure analogous to Example 3 except that the propyl
chloroformate is replaced with vinyl chloroformate.
. Mp.=120°C -
(0o = 45° c = o._47;‘ CHCly)



anal ogous to Exanple 3 except that the propyl chlorofoanate 1sMagpbered
with butyl chloroformate. Mp.= 120C Ca]? -51 {c = 0.45; CHCI3) 17 My
2004 8 Exanple 5 4-Methyl - 2- oxo-2H 1- benzopyran- 7-yl .
2,3,4-fri-0O (2. et hyl propoxy- carbonyl)-5-trio-~-D xyl opyranosi de The'
expected product is obtained in the forgtof afine white solid (yield =
89% by follow ng a procedure. anal ogous to Exanple 3 except that the
propyl chlorofornmate is replaced with 2-nethyl propyl chloroformate. -Mp.
= 114C [a]0'3 = -43 (c = OAl5; CHC13) Exanple 6 4-Methyl -2-oxo0-2H

1- benzopyr anpREPARABIGNT | - O (2- net hoxyet hoxy- car bﬁny:c) 5- tpi 04I D ]
xyl opyr anosi €X ed product_is obtained in the formof a |ight

W|¥1i tgypowderE i?'g? vﬁt}%’l)ﬁvﬂeftbﬂﬁmqgle&hﬂr%@mr@%a| ogous to Exanple 3
except that the Apjohpivh oft8.Dr, fgrmue3 mnt)r @p 125 €l dinidih Aedph Aigetsi-hy |

Vel it ‘a'”%@e%é%%iﬁ? o (18340 ol BF (Q?E%%ewy%?rr%% 90 5.

t hi 0- ~i - D- x ydiiclproaretizind és ﬂmpme&pmtmmmusadded duthsme:da mitatehsf H0or m of a
pul verul ent whif g 289 §diutlo(ny6fe[;l'ﬁi)s$en§[{? t(m( i L OVY, :'S‘@oﬁ ggg%ﬁ%{l%rﬁ{dogous to

Exanpl e 3 except; that the propy oro te Is re
chl or of or mat ¥ ) ¢f. dichlemyeethageocooled c WM‘@C @I@%}hﬁx%ﬂﬁﬁd the | -

4-Methyl - 2 . eudiodBnddifie i SLiR¥ddordr imsih% aadfiﬁém brohg R baah ¥HC@peitze - 5-
A stream of argon is then bubbled into the mixture for 30 min to drive off the
residual phosgene. The residual solution is used directly for the next synthesis
step.

PREPARATION I
4-Methyl-2-ox0-2H-1-benzopyran-7-yl 2,3,4-tri-O- [(2-[x1, l-dlmethylethyl)~
dimethyisilyljoxylethoxy]carbonyl]-5-thio-B-D-xylopyranoside
A solution of 500 mg ( 1.5.10° mol) of 4-methyl-2-oxo0-2H-1-benzopyran-7-
yl 5-thio-B-D-xylopyranoside and 50 mg (0.41.10° mol) of 4-(dimethylamino)-

pyridine in 25 ml of pyridine is prepared. This solution is added dropwise to the,
chloroformate solution obtained in Preparation I, with stirring. The reaction
mixture is then stirred for 18 hours at room temperature. 50 m! of dichloromethane
and 100 ml of water are then added. The phases are separated and the aqueous
phase is extracted with 50 ml of dichloromethane. The combined organic phases
are washed with water and then dried over magnesium sulfate and concentrated
under reduced pressure. The residue is purified by chromatography on silica gel
using an ethyl acetate/hexane mixture (3/7; v/v) as the eluent to give 1.13 g of the

- expected product in the form of a light yellow pasty solid (ylcld 79%).

" Example 9
4- Methyl-Z-oxo-ZH-l-benzopyran-7-yl 2,3,4 trl-O-(Z-hydroxyethoxy-
.carbonyl)-5- thto-B-D-xylopyranosxde . : -
' 880 mg (0. 95.10° mol) of the compound obtamed accordmg to Prcparat_ton'_
II are dlssolvcd in 40 ml of acetonitrile, and 0.25 ml of 40% hydrofluoric acid is
‘added The reaction mixture i$ stirred for 5 minutes at room tcmpcrature and then- '

- concentrated under reduced pressure.. The residue is ch:omatographed on sﬂlca gel
using a dlchloromethauc!mcthanol mixture (9/1; v/v) as the eluent to give 486 mg
of the expected product in the form of a white powder (yield = 87%).



t h-ro--D-xyl opyranosi de The expected product is obtained in thMay®@oogof a,
white powder (yield= 57% by follow ng a procedure anal ogous to Exanple 3
except that the propyl chloroformate is replaced with vinyl chloroformte.
Mp.. =120C .. . [a]p23 = ~-45. {c = 0.47; CHC13) ' 1 7 May 2004 9
PREPARATION | 2-[[(1, 1- D net hyl et hyl ) di %eghyl ;5|) Iyl ] ?xy] et hyl
chloroformate A solution of 3.1 g (17. .3 m!)"'. o .

2-[[ (1, 1-di met hyl et hyl ) di net hyl - silyl ]quy] ethanol and 1.3 m (19.3.1(i 3
nmol ) of pyridine in 15 m of dichloromethane is prepared and this solution
I s added dropwise to a mxture of 10 m of a 20% sol ution of phosgene in
tol uene (i. MP1=99'8-9$‘(¢ 3 nol of phosgene) and 10 nl "of dichl oronet hane,

cooled to O @gﬂ has ended, the reaction nmediumis stirred
for 2 hoursﬁé]nd 1hen ﬁrougﬁt %‘,)k to roomtenperature. A stream of argon

is then bubbl ed THe #hamracalogical activity dGomerofi the ¢pinpeumisfactérdingr toghelual
phosgene. Therea®si Gu»tﬂ;l dombiitiafid by Hiask difrﬁ%kry Wik ,@@oa@asg vepdbest s

st ep. PREPgﬁﬁI’Ig]\I | Wﬁ/bsa | - 2- 0X0- Zli"sas gnozwospyran

2,3,4-tri - IﬁELF'HW

di met hyl si |yl ] ox%ebhpeqn]umﬁr h’mhrpdrg‘orﬁed hmgﬁnlchmbengmgwnﬁawﬁs weigiRagit i on of
go'([)hlrrg ]S% ?}% a%om é %B“égg‘?go ﬁlg‘l ) tcﬁt %’(?fiﬂgf % ani no) -

pyridine in eifhex Gﬂ‘aﬂﬁ (ﬁdlm)eﬂamidedrhr susmhdetd @n PEG 40djed iy opwi se

to the. chin&a@émjec@aldgsbﬁed%bmmﬁﬁ) %&@%@@:{ﬁhoﬂ%f the ‘iﬁ"%’ ”' ”9
The reacti on )iture IS th%g stirred for urs at room ure.
~m of dichl®r Sﬂ‘%‘fﬁ oamgpugs of soltiog, absophed &‘d@eéﬂﬂkghbymralses are

separ at ed aalﬂnmis&aﬂﬁwmhlsmllﬁ@%yen&*&cﬁéﬁisﬁﬁﬁbﬁih Wi conthothd4r ﬁcnerall " and

di chl or oret hane. . The ani hage e washed wt
t hen dried over ma hesi ﬂ%Og-f}yﬁg? %fﬁ'ﬁ’j@n#&e&ﬁs éﬂalpreslsure.
The resi dueadﬂyﬂpmlﬁlﬁméhb mpomnradmmledphyalanamdboaatcgaims idg abbuet hy

acet at e/ Nexape* BotA! ertirohBosis/ls\ihddRd %% Ghe'SG 1% fio % ke frict N
administration of the product, and the thrombus formed is removed and weighed.
To induce this thrombosis, a venous stasis is created under hypercoagulation
according to the technique described by WESSLER (J. Applied Physiol. 1959, pp-
943-946), the hypercoagulatinig agent used being a solution of activated factor X
(Xa) having a concentration of 7.5 nKat/kg; supplied by Biogenic. The results

‘obtained, expressed as the percentage inhibition calculated relative to the weight of -
a thrombus obtained in the absence of active principle in the vehicle, are collated in
Table I below. The activity of the test compounds was checked at different doses
after they had been administered either orally (p.0.) or intravenously (i.v.). The
thrombosis was induced 4 hours or 8 hours after oral administration of the
compound and 2 hours after intravenous administration. By way of comparison,
Table I also shows the results obtained with 4—methyl~2—oxo-2H—benzopymn—7—yl '
5-thio-B-D-xylopyranoside, which is described in EP-A-0421829 cited above and
‘is referred to as D in said Table I (this compound is insoluble in injectable solvents,
especially water and PEG 400, and cannot be administered intravenously).
| Aftér intravenous administration, the compouud§ according to the invention

~ exhibit an antithrombotic activity which is substantlally equivalent to that obtained
by oral adrmmslrauon of the comparison product D, although the onset of action is
more rapid. These compounds, which retain a good activity by oral administration,
can be presented either in injectable form in order to obtain a rapid effect, or in an



expected product in the formof a light yellow pasty solid (1 kiayd28049% .
Exanpl e 9 4- Met hyl - 2- oxo- 2H- 1- benzopyran-7-yl 2,3,4-tri-0O (2-hydroxyet hoxy-
carbonyl ) -5-thi n--D xyl opyranosi de - 880 ng (0.95.103 nol) of the conpound
obt ai ned according to Preparation Il are dissolved in 40 m of
acetonitrile, and 0.25 m of .40% hydrofluoric acid is added. The reaction
mxture is stirred for 5 mnutes at rppmtenperature and then
concentrat ed. under reduced pressure. The residue is chromatographed on
silica gel wusing a dichloromethanednmet hanol m xture (9/1; v/v) as the
eluent to give 486 ng of the expected product in the formof a wite
powder (yiosilly absgiteble foim i prded 6 aviaid Khaptroubl®dr 84S aksjciated-withl Gegleat = 0. 35;
CHCl 3) The g&ﬁﬁgacologlcal activity of sone of the conpounds according to

t he |nvent|on was denonstrated means . of a test which reproduces
venous t hr onbddic¥cambe M@%&fﬁgﬂ)ﬁﬁ@olﬁg@@l&cwm@bla9mmen@wg ZivEite

exper i mentdiread Wmﬂ,mmjmalﬂa%ﬁdtdwm ar@@hﬁmeah&bv\&fstwte 250 to

280 g, divide 10 ani nmgl s eac e.test produc are

adni ni st e @54 2l [}tgfm%{’ 3‘3‘?’%%5‘&0 of ¥ SFAPE *bg‘t’l@'ﬁ%[i@?? Ol % 400, or
by int ra‘ea:inumtmnpmutmgnahdltsﬁ)ltaéﬂolmgI%EGtél%t oé f ahe) comipoaddsosf of t he
conpounds g, ﬁﬁﬂ g@lculated so that the anmount of solution absorbed is 2
nil/kg by or adm nistration and 1 ngkg by intravenous injection. The
conpounds are generally admini'stered intravenously at a dose of 5 ngy/kg.
If the test is perforned after oral admnistration, the anount

admini stered is calculated so as to correspond to about 2.10"$ nol / kg.
Thronbosis is induced at a tine T (2 h, 4 h or 8 hours) after the

adm ni stration of the product, and the-thronbus fornmed is renoved. and

wei ghed. To. induce this thronbosis, a venous stasis is created under
hyper coagul ati on accordlng to the technlque descri bed by WESSLER (J.
Applied Physiol- 1959, pp. - 943946), the hypercoagul ati ng agent used bei ng
a solution of activated factor X .(Xa) having-a concentrati-on of 7.5
nKat / kg; supplied by Biogenic. The results obtained, expressed as t he
per cent age |nh|b|t|on calcul ated relative to the melght of :



a thronbus obtained in the absence of active principle in ther Mehi260€, are
collated in Table I below .The activity of the test conpounds was checked
at different doses after they had been admi nistered either orally (p.o.)
or intravenously (iv.). The thronbosis was induced 4 hours or 8 hours
after offal adm nistration of the conpound and 2 hours after ‘i ntravenous
adm nistration. By way of conparison, jfable | also shows the results
obtai ned with 4-nethyl - 2- oxo- 2H benzopyran-7-yl  5-thi o-~i-D

xyl opyr anosi de, which is described in EP-A 0421829 cited above and is
referred to as Din said Table | (this conpound is insoluble in injectable
sol vents, especially wafer and PEGPMRLE &ind cannot be adm ni stered
intravenously). After_ intravenous admi nistration, the- conpounds accordi ng
to the invention exhibit angantithrombotic activity which is substantially
equi val ent to that obtained-|by oral adm nistration of the conparison
product D, although theogns of action is nore rapid. These conpounds,
which retain a good activijty by oral adminisyration, can be presented
either in injectable_for n order to obtaln a rapid effect, or in an 17

May 2004 |I' orally aB‘Uoba avoi d the trouble or risks
associated with repeat ]i.njeftions. _
i_pi G dlrectly injectable form
dlatel§ bef®re use, or a solid form

physi ol ogi cal |y acce
an Injectable formto be prepated i

for oral adm nistration, Qr eganple a.gelatin capsule or a tablet, .. each
uni t contalnlng about 2B toJp00 ny of at |east one of the conpourids of
formula L . 17 May 2004 12(kABLE t (Y) Activity Y. V. Apthlty p. o.

Activity.p.o. ProdlcctR (mg/kg) (no/kg)
1 Activityi.v, Activity p.o. Activity.p.o.
Product R (mg/kg) (mg/kg) (mg/kg)
_ T=2h | T=4h T=8h
Ex1 )  cH 84% (5) 87% (9) | 66% (9)
Ex. 2 -CH,-CH; 3% (5)
Ex.3 | -CH,),CH, % (5)
Ex. 4 . -(CH,);-CHj; 60% (5)
Ex. 5 —‘CHz-_CH(CH;;)z 65% (5)
Ex. 6 _ -(CH,);-OCH; 52% (5)
Ex. 7 -CH,-CH=CH, 66% (5)
Ex.8 | CHICH, | 6% (5 ~
Ex9 | CH)OH | 21% & | 9% (an | 29% qau
- p* 1 == ] - ] 8% (6)‘ 15% (6)
Note : . ' ) -
: | The fumber i m brackets indicates the dose adtmmstcrcd in mglkg
1* Dis thc oompound of formula ]I mentioned in thc descnpt:on



(nmg/ kg) T=2hT=4hT=8h Ex. |- CH384% (5)87% (9) 66% (9) Ex.2- CH2- (HR&3%00%5) EX. 3
CH2) 2-CH3 71% (5) Ex. 4.- CH2)3-CH360% (5) Ex.5-CH2- CH( CH3) 265% (5) EX.

6- (CH2) 2 OCH3.52% (5) Ex. 7- CH2- CH=CEl 266% (5) Ex. 8- CH=cH265~ (5) EX;

9- (CH2) 2- OH27% (5) 93% (11)29% (11) D *-------84% (6) 15% (6) Note : - The
nunber in brackets indicates the dose adm nistered in ng/kg- * Dis the
conpound of formula Il nentioned in ti8 description . 17 May 2004 13 CLAI MB
1. 4-Methyl -2-oxo0-2H4- benzopyran 7-yl 5-thio- f -D xylopyranosi de com
pound, characterized in that it has formula |I: (x) ih which =R is a linear,
branched or cyclic G -C5-al kyl grou a_nonounsaturated C2-C3-alkene
group, a C2-C3-hydroxyal kyl group o M - al koxyalkyl -group. 2. Conpound
according to claim1, :characterized in that Ris nethyl; ethyl, propyl,

R R L0 CE S R T B S

charact eri gound chaaeterifed is thatmyhas éoromlla | . 4. Conpound according to claim
1, characterized in that R is methoxyethyl, ethoxyethyl,
met hoxyet hoxyet hyI or etrpoxyet hoxyet hyL

O

e m
RfOT

O

in which R is a linear, branched or cyclic C;-Cs-alkyl group, a monounsaturated
Cy-Cs-alkene group, a Cz-,C3-hydroxyalkyi group or a C3-Cg-alkoxyalkyl group.

2. Coméouﬁd according to claim 1, characterized in that R is methyl; ethyl,
propyl, l-methylethyl, cyclopropyl, butyl, 1-methylpropyl, 2-methylpropyl,

1,1-dimethylethyl or pentyl.

3. ~Compdund accotding to claim 1, characterized in that R is vinyl or allyl.

4, Compound according to claim 1, characterized in that R is methoxyethyl,

. ethoxyethyl, methoxyethoxyethyl or ethoxyethoxyethyl:

5. Compound according to claim 1, characterized in that it is 4;methyl—.2—oxo
2H-1-benzopyran-7-yl 2,3,4~t1i70¥éthoxycarbonyl-5-thio—|34D—xy10pyr€lnosid¢.

6. Compound according to claim 1, characterized ixi that it is 4-methyl-2-0xo-

* 2H-1-berizopyran-7-y1 2,3,4-tii-O-methoxycarbonyl-5-thio-B-D-xylopyranoside.

1. Method for the ‘prepgration of a compound of formula I according to claim

1 in which the group R is 2 linear, branchied or cyclic C-Cs-alkyl group, a mono-
‘unsaturated C,-Cs-alkene group or a C3-Cg-alkoxyalkyl group, said process being
characterized in that it comprises the carbonation reaction of 4-methyl-2-oxo0-2H-1-
benzopyran-7-yl 5-thio-f-D-xylopyranoside of formula IT



5. Conpound according to. claiml, characterized in that it 18May2004

4=nmet hyl - 2-oxo 2H |

-benzopyran-7-y12, 3, 4tri -O et hoxycar bonyl - 5-t hi n- ~3- D-xyl opyr anosi de_ 6..
Conpound according to claim 1, characterized in that it is 4-nethyl-2-oxo-
2H=1- beri zopyran-7-y12, 3, 4.

tii-O nmethoxycarbonyl =5-thin-j 3- D xyl op¥ran05| de. 7. Method for the
preparation of a compound of formula | according to claim 1 in which the
group Ris a linear, branched or cyclic G -Cs-al kyl group, a nono-

unsat urated Cx- C3- aI kene group or a C3-C6-al koxyai kyl group, said process
being characterized in Ht hat it conpri ses §he carbonation reaction of

4- et hyl - 2- oxo- 2H 1- begzopyran- 7-y| t hi @- ~3- D- xyl opyr anosi de of formula
I1: 17 May 2004 14 vvi’th a“ eagent f romthe group consisting of a
hal ogenof ormate of f 11 (III)(I]C) and a

pyrocar bonate of for Cg AL in which Ris a linear,
branched or cyclic C--CS-al k:_yl group, a mohounsat urated C2- C3- al kene group
or a C3-C6-al koxyal kyl grou{D and Hal is a halogen atom (especially F, C
or Br). 8.. Method for theH preparation of a compound of formula T in whlch R
is a C2- C3 hydr oxyal kyl group, said process being characterized in that it

conprises.t car bona ion reaction of 4- metg}/l- 2- 0xo- 2H 1- benzopyran- 7-yl
5-t hi 0- ~i - d’% e domy thergspun cqpsisting of a halogénmfomeatobbOfamiita of
formula || IHHkS: 17 May 2004 15.Hal -GCOR !l (IWis) O
Hal- C-0-R
i (II1)
0
" and a pyrocarbonate of formula IV:
(R-0-C-).0
Il 2 (1V)
0

in which R is a linear, branched or cyclic Cy-Cs-alkyl group, a monounsaturated

C2-Cs-alkene group or a C;-Cgs-alkoxyalkyl group and Hal is a halbgen atom

(especially F, Cl or Br). ' :

_8. - . Method for the preparation of a compound of formula I in which R is a Cy-

C3-hydroxya]kyl group, said process being characterized in that it comprises the

carbonation reaction of 4—methyl-2—oxo—2H—l-benzopymn -7-yl 5-thio-B-D-xylo- |
i pyranomde of formula 1L

(IT)

‘with a halogenoformate of formula Ilbis: .



in which R" is a CZ-C3-hydroxyal kyi group with its OH functi thMay@064t ed
and Hal is a halogen atom as defi ned above, and the resulting conpound is
then subjected to a deprotection reaction of the OH function of the

hydr oxyal kyl group by reaction wth hydrofluoric acid solution to give the
compound of formula I in which Ris a CZ-C3-hydroxyal kyi group, is an
anhydrous solvent, in the presence of jan aprotic base, at a tenperature of
10C to 80C for a period of 1 to 10 hours 9. Pharnaceutical conposition,
characterized in that it conprises a therapeuti- cally-effective anmount of
at | east one conpound of fornula I accordl ng to claim1l in association
with a physiologically acceptabl e'@i Ent 10. Use of a conpound of
formula | according to claimil, hcteri zed@hish hat  sai d conpound of
formula | is used -for obtaining an(ntithrombotic drug intended for
therapeutic use to conbat disorders of the venous circulation. ABSTRACT
The i nvent inowhich R ds ndCeCxhhydeorypalicy grawip -with its OHNogionepraicied and Hal

5-thio-[er] £ ] |n R
represents aa %‘ éﬂXﬁ @‘er ??ﬁh%f @gp%{gg,ﬂe\?\%fuhﬁlg ﬁllle%lrlJ ﬁ{?basﬁ {
cyclized, ¥ a¥peo rfTﬂ@P of }hedmdwalgwbarpup By reactlon
derr]-d ewrthhbmﬂawah&nlsomﬁeumo veah&cﬁﬁ;sdun@[&rfaﬂmulﬁhmmwhs group.
The i nvent o_g: 2‘ a% C erns t.he K‘%d for 9 sai d _ conpound and t he
t her apeut i t2 Ude T IREVESY QUi it ap pys c c presence of an aprotic
 base, at a temperature of 10°C to 80°C for a penod of 1 to 10 hours.
9. Pharmaceutical compesition, chdracterized in that it comprises a therapeuti-
cally-effective amount of at least one compound of formula I according to claim 1
in association with a physiologically acceptable excipient.
_ 10.  Use of a compound of formula I according to claim 1, characterized in that
said compound of formula I is used for obtaining an antithrombotic drug intended
for therapeutic use to combat disorders of the venous circulation,





