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WD 2007/ 116135- 1 -PCT/ FR2007/ 000585 DI MERS OF

ARTEM SI NI N DERI VATI VES, PREPARATI ON THEREOF AND

THERAPEUTI C USE THEREOF  The present invention

relates to dinmers of artem sinin 5 derivatives, their
preparation and their therapeutic application. Mre

paf® AR*[316kHe invention-rdl ates to di ETE/RE2007/000585
artem sinin_derivatives having an anticancer activity,

10 IERT pBr ARTEMIS TN 186 | PERFATIVESL | GREPARARITONNJCHEREOF
actaAND t3HEFANHENtd V74 Stgedges ci al conpoundsusedi n

chenot her aphy have nmaj or problens of side effects, of

15 tol erance by patients or of resistance. Thus, there

i s Theggrerdsaeedihoennoval rellagses ©f @oRPEYNGT ARl £sinin

of ing - anticancer _agents, .Anon at ur al ,
prc%ﬁ%ﬁ\}s}fq;lg%tse'm SOFHE i BT péﬁgaﬂﬁ"er%’é‘ae ';té)elr therapeutic
end@rdriodtdemhi ch was isolated in 1971 fromthe plant
Artem sia annua and has antinmalarial properties. Sone
sinple derivatives, such as dihydroartem sinin or

ar ATt hEvkaheEn phepaimdeninion| celhses to dimers of
antirRndrd iali idr @Pef i svet NHaddinhi oy, t anEgbanégk! Ydirvity,
25 i t. has been shown that sone_aftemsin derivatives
and"8 mers RRAFHHi¥ancRr pRoper Predifgrapien cedmibiting
2068, 146,ty987-994; patent US 6, 790, 863). The

probl em whi ch the present invention proposes to 30

solve is to obtain novel products in the form of

ar temrsngily  di nevssthavi agmarrantilcanceymmminds t y. used?2  in

- chla)ngaﬁ,e%?%g{ I?@\%\leRAmb?]%%\l%flc%l% gég[i,%i%"os%@féégg‘, of

-S-, -
15 006O L SRRTEENRY, -P2 NFETORNRE - CE0MEPigtER9®- , Thus, there is

20

25

30

a great need for novel classes of compounds capable of

acting as anticancer agents.

Among natural products, artemisinin is a sesqguiterpene
endoperoxide which was isolated in 1971 from the plant
Artemisia annua and has antimalarial properties. Some
simple derivatives, such as dihydroartemisinin or
artemether, have been prepared and also have
antimalarial properties. In addition to this activity,
it has been shown that some artemisin derivatives and
dimers have anticancer properties (J. Med. Chemn. 2003,
46, 987-994; patent US 6,790,863).

The problem which the present invention proposes to
solve is to obtain novel products in the form of

artemisinin dimerg having an anticancer activity.

The subject of the present invention 1is products
corresponding tc the general formula (I) °




10

OOONR, -, -0000-,-0-,-C(=N-OR") -, 0r an
epoxi de, ( Cl- C6) al kyl ene, (C1- Wl kenyl ene,

10( C1- C6) al kynyl ene, (C3-C8)cycl oal kyl ene, (C4-C8)-
cycl oal kenyl ene, aryl ene, heteroaryl ene or
heterocyclyl group, it being pogstble for these |ast
nine groups to be optionally substituted with one or
nore substituents Rﬁ or, Rbi 15 b) X1 and X are

g and are chosen

c) Bl and B2 are‘§w or differeni.a

represent a -(Ch ReWNi Ch RC 1 Quni phldently F
(Cl1- val kyl , (01-c§), , (CL1- 06) al k) {:
(C3-C3)cycloalkyl, (04- :vcloalkenyl aryl,

het eroaryl, heterocyclyly - CONR1R2

-OR]. or -SRI, it being p 'bsggﬁ' for t hese groups
to be optlonally substitu fh{ HeM20r nore

substituents R, or Rb, which are identical or
different, and p has the value®, 2 or 3; - 3 - e) Ra
and Ro are identical or different and are
i ndependent|ly chosen from H, hal ogen, -(Cl-C) alkyl,
- (R osRafRyl - 000-R1, -(C -06)al kyl - NRLR2,
-(C1- C6)a|ky|ary| -(Gi - C6)a|keny| -(Cl1- C6)
5a|kyny| hete oary ) cl oal k
>(C4- Ca) c%%aﬂk‘gen% W&leerfbtcyaF?PP sen g 693’9 S-, -80-,
C:OOR]IC5 - CONRRR?, ENEQ%L -ICNO” ?NBJRZ COMRICORNR ;S8Ra, -CO-,
- 10 Rl apd,Ry ar i ca gnt a
|ndependentl§Schbsen%$?88ﬁ (cC1- CE?%#éﬁﬁg IH%FH (ORa) O-,
(C1- MﬂlkenerFQNRéﬁ)alk@@@D (C3-€68) cycl-¢-(=N-ORa) -,
epoxide, {C1-Cs)alkylene, (Cq- Cs)alkenylene,
(C1-Cg)alkynylene, (C3-Cg)eycloalkylene, (Ci-Cg)-
cycloalkenylene, arylene, hetercarylene or
heterocyclyl group, it being possible for these
last nine groups to be optionally substituted

with one or more substituents R, or Rp;

Xy and X, are identical or different, and are

cheosen from N, 0, S;

B, and B; are identical or different and
represent a - (CFz) p-Re in which 'Rc is
independently F, (C1-Cs)alkyl, (C1-Cg)alkenyl,
(C1-Ce}alkynyl, (C3-Cg) cycloalkyl, {Cq-Cg) cyclo-
alkenyl, aryl, heteroaryl, heterocyclyl, -COR.,
-COOR;, -CONRjR;, -OR; or -8R;, it being possible
for these groups to be cpticnally substituted
with one or more substituents R, or R, which
are identical or differxent, and p has the value
1, 2 or 3;

n; and n, are identical or different and have
the value 0, 1, 2, 3 or 4;



al kyl , (Ca- Ca) cycl oal kenyl, aryl, heteroaryl,

heterocyclyl; 15 in the formof a base or of an

addition salt with an acid, and in the formof a

hydrate or a solvate. None of these dinmers of the

prior art (J. Med. Chem 2003; #6; 987-994; patent US

6, 790, 863) is substituted 20 with a Bl or By group as

descri bed@)aBevé@ragccBs demg t bdéheipaksert Hdhféetiean. and are

Anong t he p&aaeggad%tggnl i) rﬁff%? () WM ORI e (o _c)-

the subject of The inve ere be nen i Ohed
in 25 parti &4kdt t e %’@dbéﬂk}’floﬁ()@hﬁah B1( C’an@;slallayb NRiR>,

i dentical andcare;) (gﬁékyl,g{@qg t he_ @@$ﬁ@ﬁtaq}ggn}g_eneraL (C1-C) -
formula (1) !‘E'Chlareth ect o e invention
t here may afs6YBE*nenfd) ed YSHROPBuCt ECufCsdenELaR1kyL,

formul a (|%(cmcmgmo\a1wmy Hﬁeerdegbu.g;—al IRk, ar & 0COoR,
0. Anong the ro , pr e p cts ose
for which AiégR-S- 8@% 235 ? pr@ébﬂé@ of SR, -
general for#8iRa, (I-ﬁNare those for which Ais -N(CH3)-

- 4 - preferably identical and have the value 2, 3 or

104 O her groducts of general fornmula (1) are those for
which A T5 Bho88fl fRonft&H-idengiz®l Ceo) 0dckpepeng) and are

or 5 N(CHQ:ﬁEEb&ndeﬂﬁﬂyopkﬂﬂﬂﬁéﬁy Ghyact 811 zedo i) alkyl,
that nl and 82@ !kd &l cal ?\nd h v_eL t he _val ue 21.
al kynyl, (C3-Cg) cyclo-
alkyl, (Cq-Cg) cycloalkenyl, aryl, heteroaryl,
heterocyclyl;
15 in the form of a base or of an addition salt with an

acid, and in the form of a hydrate or a solvate.

None of these dimers of the prior art (J. Med. Chem.
2003, 46, 987-994; patent US 6,790,863) is substituted
20 with a B; or B; group as described above according to

the present invention.

Among the products of general formula (I) which are the
subject of the invention, there may be mentioned in
25 particular the products for which B; and B, are

identical and are CF;.

Among the products of general formula (I) which are the
subject of the invention, there may also be mentioned

30 the products of general formula (I) for which X; and X
are identical and are O.

Among these products, preferred products are those for
which A is -S-, -S0- or -S0,-.

35
Other products of general formula (I) are those for
which A is -N(CH;) -

According to the opresent invention, n: and n. are




O her products of general forrmula (1) are those for

which A is chosen from (G -C6)al kenyl ene or epoxi de,

and 10 optionally characterized in that nl and n2 are

i dentical and have the value 1. O her products of

general fornula (1) are those-féor-which A is chosen
from-NHCO or -1,2,3-triazole, and 15 optionally
chapaeferbkey iidenitdicall amdd harearthalivdlore, ahdor 4.

i ndependently have the value 1 or 2. The products of
formula (1) may contain one or nore asymmetric carbon

at oRfEPeFheyr edCEPedf ogenexpdt Forwelane Flor aref those for

enaphi BAEIZS 05 RS ePrSRMERS:- , Thag ecgnanto \aiests,- cH;) - or

ia 0 and m xture ereof, including fhe
o b o 2 g P et [ A AT e B5 A ghat m

pr ogndt 8, odré ot dethiai ¢4) &ad eairet the tvheukoem of bases

or of addition salts with acids. Such addition salts
forn1§art of the invention. Thesé salts may be

pr epaned \wrdrphas medeugesarhy 30ouuekpt dille atkdsthose for
bUthbghsﬁ|E§,%Eo%%%?&x%ﬁ@fﬂh-@pi?EgeégieﬁéagEl%pOQQEe, and

the purification or 1solation o oducts o

1% or fIFACPRY 1 SBararkrparedofint Hdrdthven@eh 235 phddentical

1

un

pr ogltigt Ba 0k EBemikaukl ) .can al so exist in the form of

hydrates or solvates, nanely in the form of

associ ations or conbinations with one or nore

nol @cuees mfodwattes of wyéhenadolfentulBudiT)hydrat eshose for

and,splyages; al éﬁoggflmfn_%% Sfmthe Iczr}.‘vepf,lfpli—tfiézéle, and

In the context of the present T nvention: -

a hepyenadi snrhsrantierdesdd iro thgdn mia 88 Iorirredigferent

chl @hd Nendapbh@ahfeyOhadl tadi R81ue 1 or 28N al kyl

group is understood to nean a saturated |inear or

branched al i phatic group. By way of exanples, there

mayTie periduted bbe feiyla €uhylmaf0 qumidin one or more

i SO butyl, .isobutyl, tert-butyl a ent yl . .
) Q{étrl?hcalril%(o& a{éX@?C' ggIFT(X/I cénougg?gego\t{e exist in

groups, and e

20undérst obormo peanenantiyohersal &yl dissperBpiweyert. These

exalpl 85 ohbEEC MY aBferecisomers and mixtures thereof,
including the racemic mixtures, form part of the

invention.

25 The products of formula (I) can exist in the form of

bases or of addition salts with acids. Such addition

salts form part of the invention.

These salts may be prepared with pharmaceutically

30 acceptable acids, but the salts of other useful acids,

35

for example, for the purification or isolation of the
products of formula (I} also form part of the

invention.

The products of formula (I) can also exist in the form
of hydrates or solwvates, namely in the form of
associations or combinations with one or more molecules
of water or with a solvent. Such hydrates and solvates

also form vart of the invention.




15 nentioned the cycl opropyl, nethyl cycl opropyl,
cycl obutyl, cyclopentyl and cycl ohexyl groups, and the

l'ike; a fluoroal kyl group is understood to nean: an

20 al kyl group in which one or nore hydrogen atons

have been substituted wth a flBorine atom an

al kenyl group is understood to nean: a nono-or

pol yunsaturated, |inear or branched, aliphatic group
25 GANPHeSCRALOR BATHEL AL M: LR &L LEN ©
unsaturations; an al kynylr group i's understood to
nmean: a nono- or pol yunsaturated, |inear or

branched- aki phailicg«i ouptSR COBPI hSidihs i eX@HD' fean: a

t t t
SRERoETBh e Cimsretood Lo AR o 2 RS

20

25

30

35

radi cal where the al kyl group is as defined 35 above;

an aryI gro [ qgQ@rs an c aronatl
group ngriglgir]Sa ron15§?8 égfboHng?géé %h méan  a
nheﬁ%Fur At ﬁl{lﬂ@r qramnanczmd abiplrbtenggovp, By @ay of

- 1e£aﬁpﬁeb?trﬁmygéoﬂﬁﬁhtb 5-¥dnfldned th thyl,
1 2,3, 4- etrahydron ht'h- y yl sﬁbst??uentseag%? Y sthyl,

x%?eg of aFYPTS &.t&@ml 5-130Riet et oar YPrgroupyl and

i s medeyst gpdupe, mead: theCcYekieG aromati c group
conprising froml to 13 carbon atons and from1l to 4

het eroat ons. The pyrrol-1-yl, pyrrol-2-yl,

pyrrol -3=yla fcugrqlqalltﬂfbngrodpm' dazohzyﬂersxazdl yto mean: a
t hiazel yb, s az I

trlcg"éol yl, gxa y]l'1 thl% di a te)gaﬁ%o?w there may be
per%@#lﬁ@?¢n1dyﬂjﬁyraZ|ﬁYFlQPEO@¥ﬂn|aZ|nWEthylcYC1OPropyl
IrKE&@iob@ﬂ?D[bb&@ﬂbgeﬁﬁwyﬂéﬂdhb?Ethbﬁgﬁzgﬁﬂups, and the

Q% m dazol yl , azai ndol yI', qui nol yT, i soqui nolyl,
car %1y| and acridyl substituents are exanpl es of

- a flucrocalkyl group is understood tc mean: an
alkyl group in which one or more hydrogen atoms have

been substituted with a fluorine atom;

- an alkenyl group is understood to mean: a mono-
or polyunsaturated, linear or branched, aliphatic group
comprising, for example, one or two ethylenic

unsaturations;

- an alkynyl group is understood to mean: a mono-
or polyunsaturated, linear or branched, aliphatic group
comprising, for example, one or two acetylenic

unsaturations;

- an alkoxy group is understood to mean: an
-0-alkyl radical where the alkyl group is as defined
above;

- an aryl group is understood to mean: a cyclic
aromatic group comprising from 5 to 14 carbon atoms.
The ophenvl. naophth-1-vl: naohth-2-v1, anthracen-9-vi,




15 heteroaryl substituent. The term "heteroatont

refers here to an at | east divalent atomdifferent
fromcarbon. N, 0, S and Se are exanpl es of

het eroatom - a cycloal kyl group is understood to

nmean: a 20 saturated or partialdy unsaturated cyclic

hydr ocar bon substituent having from3 to 12 carbon

at ols2: Thé-tetzghiydepepphhz 52dct yand adan@nByk - aﬁ@rahydro-

per Ayghenapbihy! %La%%ttllttta%&tt% ar ea%anpé;@ém?ies aryl
cycl oal kyl substituent a heterocyc group

s GWHEFLEBBRCES mean: a saturated or partlally

unsaturated cyclic hydrocarbon 30 substituent having

from1l to 13 &grbon ato:gs andfromlt 4het§roato
%Pr ef er abl y, 2t HEESAE U B ed TOPar tfal MoGhesPaatey mean: a
cyctycl hy draocandioinc sgbhstipt uenipmidinde fromocy clioc Bhdcarbon

Wi | t 4 5 garhon,ato
hetéet?((g)@?o%sr{a 3§9 PE i g utlrgaderst oode]?chgtf&'?% 3: |8K%fr°1 1-yl,
gr cRprROE s2 cﬁbabl@/@fobﬁ gl borfdetylin tohé 8- poéBitBREoLYL,

di r@.ﬁét@l‘?l Forn 8xap) e, WhekLA8 i Vall%%ttlﬂra%ldﬂﬁ 181,2,4-
product. of aeneral fornula (I). may

10/ %%Jc%%alaﬁ%e wi CifePRE Zelddent ithiafidtolYhe pr6896ﬁ§olyl
of penbdal , fornwﬁuﬁiaylray beppf&@ﬂﬁ?d accondsng telézmyl

conyvent j onal t hod anl che anples of

sythe@?isygre {iieefrtfs? 'ﬁsajt ' %3 rf}’ g Y ow, TPA2ZolYL,

V\hlhfmzhm@aaolyhg naaealaﬁelahd rquenbéylv\henlsbqunnolyl
r n r I

aval IPKE)? Brafi e é&:g%gl. . t etq.terﬁ:rse %q:'greegc'aﬂ'tlpllés of

are descri Iterature or
1510 by lé%%%’éw c&%ﬁwgtw@tnetrmﬁs JisiTEh éh@téré‘f?éﬂtpb’éd refers

thes@id ofoWhhgh afe kogup 1QiPRISAPS akbhl edikRelBB:  from
ar tc'arngﬁS.Chl\?,rre 1 8 and Se are examples of heterocatom.

- a cycloalkyl group is understood to mean: a

20 saturated or partially unsaturated cyclic hydrocarbon

substituent having from 3 to 12 carbon atoms. The

cyclopropyl, c¢yeclobutyl, cyclopentyl, cyclopentenyl,

cyclopentadienyl, cyclohexyl, cyclohexenyl,

cycloheptyl, bicycle[2.2.1] heptyl, cyclooctyl,

25 bicycle[2.2.2]octyl, adamantyl and perhydronaphthyl

substituents are examples of cycloalkyl substituent.

- @a heterocyclyl group is understood to mean: a
saturated or partially unsaturated cyclic hydrocarbon
30 substituent having from 1 to 13 carbon atoms and from 1
to 4 Theteroatoms. Preferably, the saturated or
partially unsaturated c¢yclic hydrocarbon substituent
will be monocyclic and will contain 4 or 5 carbon atoms
and 1 to 3 heteroatoms.
35
It is understood that the divalent group A is capable
of being bonded in the two possible directions. For
example, when the divalent group A 1s -NHSO,-, the

vroduct of general formula {(I) mav be:




Schenme 2 5Schene 3 -9- Schenme 4 S The subj ect of
the present invention relates to a process for
preparing a product of general formula (1),
characterized in that the product of the follow ng
general formula (l111): Br 10-+7in which B represents

a substituent Bl or B2 as deflned abpve, undergoes a

substi taiton of the bro & at om Wi teh-the aid of a
nucl egQr such as a L cohol |ve a prod
of o/ ng gene | a 25E¥ - 10 -

whi ch X ¥-gb esents a atrh nt  XT# ., as defl

whi

brom ne atom

S (
to
of

above, n r-pre nlsor h2,

ch eithe (gg ep%e nts a | eaving grot &aych ﬁh
Md tHer this preduct of genetal fornula ‘
I'l) undergoes a nucl eophilic substitution in order

forma dimer of general formula (|) a precursor

énpraG&‘j’éftdaé’fcege‘ﬁJe?]&I ther MyESent) | 11‘6‘@@%%1( e5BAt preducts

chestcajedarsl i &ragaiml,gLraoumlrfl,maml &k Mpyepareft lan@ﬂ:i-d/lng to

5act

10

Egg%ggtggna red ég g% g§b%%&£°%ﬂé¥¥§éf¥] gxamples of

sythesis are illustrated in schemes 1 to 4 below, in
which the starting materials and reagents, when their
mode of preparation is not described, are commercially
available or are described in the literature or may be
prepared according to methods which are described

therein or which are known to persons skilled in the

mCPBA 1.509.
CH.CL,

Scheme 1



10 then this product of general formula (1) reacts
W th anot her product of fornula (Il1) where G
represents a | eaving group such as a bronine atomor a
chem cal functional group F2 capable of reacting with
FI, in order to forma dinmer ofg general formula (1) or
a 15 precursor of a product of general fornula (I).

The sybjp&t of the present inv n relages nore
par y to the%ﬂ;ﬁmcts y ral fornula (

in wh ul S an“UYXQEﬁ“arU afyt he vatue 0, 1,4

Wi

3200 . $Bis a trl?Tuoronethf oup and G ;

repr esefi% a bronine atomor an @ . -NH2, al kenyl, %,
al kynyl or -COOH group. These,conp&inds are useful @Qfﬂ
i ntermedi ate products for th€ synth®sis of the .

(1). 25 The #&xpressio
d to nean a group whicC
erM®| ecul e by breaking a¢
heterol ytic bond, withdeparture of an el ectron pa
This group may thus Be easily replaced 30 by anot he
group during a substitution reaction for exanple. Sucth¥
| eavi ng groups are, for exanple, halogens or an e

products of general fornmnul
| eavi ng group i s underst
be easily cleaved from

benzer@ onate,H uenesukt onate, tpl e, H
acet % he l.l Fanples _of | eayi roups
and 1 eMbeficesP gt R#Tprepar ation ar EWgi-fen i ne

" Advances o c Chemistry", J. March, tﬁiﬁf$/
Edition, Wl ersci ence, p. 310-316. pro in
accordance with the invention. These exanpl es are not
limting and only illustratec®#B8€pfesent invention. 5
Abbreviations: C degrees Celsius; TLC thin |ayer
chr omat ogr aphy; 8 chem cal shift; ,d doublet; dd
doubl et Qf doubl ets; DMSO d6 dewterat ed di net hyl

sul f ggdies dt doBQL?”%fm 10 tr gt equi val ents
ES+T rospr & [pbsitivel ndoh e moite ey gramo
hertz; 1C50 inhibitiog

act|V|i" J coupllng const ant ; dn ;
wnlllgran1 VMHz negahertz; ni kaIt

13
H

D
0

mcroliter; inn mllimeterg
mllinole;, ppmparts per
retardation factor; 1H §
resonance; s singlet;

U V. uItraV|oIet

10 10" -
9 trlne

Scheme 3



25EM a) Step 1: Preparation of

(3S, 5a9, 6R, BaS, 9R, 10R, 12R, -

12aR, 315, 5f aS, 61R, 81aS, 91R, 10' R, 121R, 12' aR) - 10- ( 2-

br onoet hoxy) decahydro-3, 6, 9-tri net hyl-10-(trifl uoronet
hyl ) - 3, 12- epoxy- 12H pyrano[ 4,3-9]-1, 2- 30

benzodi oxepine 2 - 12 - 2 1.2 mM of
hexafluorgpropanol (5 eq ) and then 1.6 nl of wl
nol u vel y asldled at
re to a*ggﬂhfron of (2.27 _mmol) o
wSaS, 8br ono) decahydr o
y1l-10- (trlfluoronethy , 12- epoxy- 12H pyr
no[ 4, 3% ]9, 2- benzodi oxepine 1 ( ared according to

Org. Lett. 2002, 4, 757-759), in 20%m of dichloro- '
10 nethane. The reaction mxture is then stirred at

tenperatyre for 2 hours 15 minutes, and then 10 n
saturated sodi um bi ca b€ solution are added.
organi ¢ pha ] ) 3
evaporated to dryness under reduced pressure
resi due obtained is chronmat ographed on silica o CF,
condi ti oned beforehand in heptane and then el uted [ =

Scheme 4

The subject of the present invention relates to a
process for preparing a product of general formula (I),
characterized in that the product of the following

general formula (III):

§|=
1 (n

H H
o

Br B

10
in which B represents a substituent B, or B; as defined

above, undergoes a substitution of the bromine atom

with the aid of a nuclecphile such as a bromoalcohol,

to give a product of the following general formula
15 (II):




i

10

15

20

25

30

35

a linear gradient fromO to 100% of the m xture

[ (Hept ane/ Et hyl acetate), (90/10), (V/V)]i nA

(Heptane). 217 ng (21% of the expected product 2 are
20 obtained in the formof an oil. Rl = 0.45 in the

system (Heptane/ Et hyl acetate)}10(90/10), (V/V) ES:
n z=481 (MNa) 25 114 NMR at 400 M-z on a BROKER AVANCE
DRARO 5P cX r BRRY@BCUf Ehat Febshdriueat hi frsX¢8 am defined

PPbové N hheepRlw@mt: L orof opm dig (§PF13281)sbove, and in
referenced .a .27 at the tenperature of 303K 0.92
(paFtiat| §HsKed® mESRASS OIS fd, L opwing sopPuRgHfuch as a
1. Gdrdrnirosada dom,) ana.&ﬁﬁﬂttgﬁgzprﬁﬂﬁﬁgéoilé%ﬁiri% gormula
X 42 3H).. from.1. to 2. m. o 2.
(m ) udagEobfe FjiuqraiReil’ SulafEebflonchin friler o
2HZomm 02 dimerHpf get@Zrai forMnuls 5T)(Br l]al—l)préx)uﬂz_z@p of a
2: ti 5E 234 0
g SR At Ion g’nl%%}atl I%'fét%ldl%(QI% mgol ) {:Ieéggggfpcs a

sul'fate are added, er mnutes, ‘to a solu
215 P iR U7iuRsELoBR12 grPum A, ofwhdrsy dnays bet hepbionally

e e bt oo Sy T BCSEIPSLIME S
i TRt 81 BFEHEE PouBeREEahohE B i (6l Teacts with
satanrcatted: spdodovehlgf | dermallat i 01T) where G represents a
leaving group such as a bromine atom or a chemical
functional group F2 capable of reacting with F1, in
order to form a dimer of general formula (I) or a

precursor of a product of general formula (I).

The subject of the present invention relates more
particularly to the products of general formula (II) in
which X is an oxygen atom, n has the wvalue 0, 1, 2, 3
or 4, B is a trifluoromethyl group and G represents a
bromine atom or an -N3, -NH2, alkenyl, alkynyl cor -COOH
group. These compounds are useful as intermediate
products for the synthesis of the products of general

formula {I).

The expression leaving group is understocd to mean a
group which can be easily cleaved from the molecule by
breaking a heterolytic bond, with departure of an
electron pair. This group may thus be easily replaced
by another group during a substitution reaction for
example. Such leaving groups are, for example, halogens
or an activated hydroxyl group such as
methanesulfonate, benzenesulfonate, p-toluenesulfonate,
triflate, acetate and the like. Examples of leaving
groups and references for their preparation are given
in “Advances in Organic¢ Chemistry”, J. March, 3™

Edition, Wiley Intergcience, p. 310-316.

The followina examples describe the preparation of some




are then added. The m xture is extracted with 3 x 20
m of ethyl acetate. The organi c phases are conbi ned,
washed with 20 mMl of a saturated Nad solution, dried
15 over magnesi um sul fate and evaporated to reduced
pressure The oily residue chréﬁarographed on silica
ditioned dryness under obtained is beforehand

i PH@EPSH@ aid t BiRed wiikha |Ghrearigyenréan. These

froax@mpmeéoog&ef/?gf n%%?%f%n@ [%H?ﬂé@ﬁ@&E;Hngstrate the
ace In pt ane ngy
(33é§és%thén¥x &Py product EX1 are obtained in the

formof a foam R = 0.20 in the system (Heptane/ Et hyl

Sgaegggge\_vigg%lllg)_, (VIV) 25 ES: m z=835 (M + HCOOH H) -

1

20

25

30

O

on a BRUKER AVANCE DRX- 400
spectroneter with the chemcal shifts (8 in ppm - in

theosola@@feélg m@@]{élﬁglfo'rt.de QﬁlﬁD'\@ngﬁ) Eﬁ&S&SES&Qaphy,
m at er ure of 303
oo TIPS IS B B o 4 cgeler s 0%, doublets;

6H)1:>M$J09c's (Idealmgard.g:e&i gdimﬁthﬁ’rl Géi)xlféxi?ae glGdt%H)ﬂ,oublet of
0 m S,
fronw%pggt b 1.8 m 4 ulﬁagﬁn% t%S+ T21 ( e?E%OSPraY
2. 6/PPM ED¥G /néganive 7made D). 87g( ngrakhd ; h3.6dufm HEH) hertz;
3. : 8
oL Mi nhlbi 3098 eonsidiic (St 1%5% ?fS a'éclalérjé:]?’R S{agoupllng

EX2: (33, 5aS, 6R, 8a5, 9K, 10R, 12
9' AP FenD/ RM 2 TARTITY. S0 - Psul PiAYibire(2, 1MEehanegabertz;

d| yammmsw@@ahyqno Snﬁc&dlrlltrae} hyledO- (REhflpQreeEe  |p
ﬁﬁ -e ox%@ﬁ%ngyg % -1, 2- benzodi oxepi_ne
1:5&? 23"BR B4 1zrmnza9a§t§ Hes, fipglion; q
quadruplet RE retardatlon factor; 'H NMR proton nuclear
magnetic resonance; 8 singlet; bse broad singlet; ¢t
triplet; U.V. ultraviolet

EX1: (38,5aS,6R,BaS,9R,10R,12R,12aR,3’S,5’aS,6’R,8'aS,—
9'R,lO’R,12'R,12’aR)—10,10'-[thiobiS(Z,l—ethanediyl—
oxy) lbis[decahydro-3, 6, 9-trimethyl-10- (triflucro-
methyl) -3, 12-epoxy-12H-pyrano([4,3-j]-1,2-benzodioxepine

a) Step 1: Preparation of (38, 5a5,6R,8a8,9R,10R,12R, -
12aR,3'S,5’aS,6’R,8’aS,9’R,10’R,12’R,12’aR)-10—(2—
bromoethoxy) decahydro-3, 6, 9-trimethyl-10- {(tri-
fluoromethyl)-3,12 -epoxy-12H-pyrano([4,3-j]-1,2-
benzodioxepine 2




81aS, 91R, 10' R, 121R, 12TaR) - 10, 101- [ sul f onyl bi s( 2, 1-

et hanedi yl oxy)] bis[decahydro-3,6,9-trinmethyl-10-tri-
10

fl uoronmet hyl) -3, 12- epoxy- 12H pyrano[ 4, 3-j]-1, 2- benzod
oxepi ne 16.4 ng (0.066 nmel L20f

met a- chl or oper benzoic:acid are, 15 slowy added to a
solution of 35 ng (B.G644 nmmol) of EX1 in%3 m of

di chl or onet han¢ at ~a&~tenperature in t hel

The stirrine gﬁl 3
m of a safJfat

about 3 hours g
¢ added. TheA20 %y

bi car bonate solu

extracted with 8 of ethyl 3

phases are conbi negh. washed with 2 X 1 §f GF,

saturat ed aqueou$sof chl oride solution,Qdri over
magnesi um sul fate, §ilgered and evaporated to drynss

under reduced pressure. The oily residue 25 obtai ned

I's chromat ogr aphed ondsilica gel conditioned

bef orehand in heptane, and then eluted with a |inear
gradient fromO to 100% of ethyl acetate in heptane.

14. 5. zgml 46%) hekatthaopopdidgiaroi3 @ bt samédthant hee ml of
form ' olid: 30 Rf_=0_.60 in the.syst

(bt Srafethrisle aPe T G aTe piropge VR R ac room
S ZEBaFe MU EICORH- H) -sdlutisnvR @f 03 MHg of2 a2 BRUKER ) of
AVANCE, DRX; 5R05 2805k 0B 261 bx) N9 (CNRFAR) Rhichirro-

(8 1n pgnz - in the solvent dlﬂEtﬁ¥| sul f oxi de-d6

( DMBC 0By EF ek RNt edC 5 (RriflBorppathy la -Be e eRCave 1ot -
2981 rdn8b4 (pajl i al bybanskadomepiblk 0. 8@debarkd Bcbording

Ft’tgk%fgg' %tgpr%%%§¥ 4, 757-759), in 20 ml of dichloro-

10 methane. The reaction mixture is then stirred at room

temperature for 2 hours 15 minutes, and then 10 ml of a
saturated sodium Dbicarbonate solution are added. The
organic phase is dried over magnesium sulfate and
evaporated to dryness under reduced pressure. The oily
15 residue obtained is chromatographed on silica gel
conditioned beforehand in heptane and then eluted with
a linear gradient from 0 to 100% of the mixture B
[ (Heptane/Ethyl acetate), (90/10), (Vv/V)] in &
(Heptane). 217 mg (21%) of the expected product 2 are
20 obtained in the form of an oil.

REfE = 0.45 1in the gystem (Heptane/Ethyl acetate),
(so/10), (V/V)
ES: m/z=481 {(MNa"*)
25 *H NMR at 400 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (8 in ppm) - in
the solvent chloroform-dl (CDCl3-dl) referenced at 7.27
at the temperature of 303K: 0.92 (partially masked m,
1H); 0.96 (d, J = 6.5 Hz, 3H); 1.01 (brocad 4, J = 7.5
30 Hz, 3H); from 1.21 to 1.58 (m, 4H); 1.42 (s, 3H); from
1.65 to 2.08 (m, 5H); 2.38 (m, 1H); 2.88 (m, 1H); from




10 of the product EX2 in the formof a white foam 15
Rf = 0.22 in the system (Heptane/ Ethyl acetate),
(50/50), (MV) ES: nmz=851 (M + HCOOH H)- 1H NMR at
500 Mz on a BRUKER AMANCE DRX-500 spectrometer with
the chemical shifts (8 in ppm 13 i-n 20 the sol vent
dingthél sul_foxi de-d6_(DVb0O-d6) referenced at 2.50 ppm
tanper d-dre O 29BKi (4-88%(B0%IH it LA el Bf (m, 1H) ;
i sofefs)H)0. 85 (partially masked m 2H); 0.88 (d, J =
6.5 Hz, 3H); 0.90 (d, J 6.5 Hz, 3H); 0.93 (broad d,
J = 7.5 Hz, 611); fron11 14 to 1.89 (m 16H); 1.31 25
(s,boBHptep. 32 Prep8Hprtidn08f( @X1211); 2.20 (m 211);
2.67 (m 2H); 2%98 (m 211); 3.2 (m 2H); 3. 79 (m
1H); 3.87 (m XfT) from4.11 tgy4n20 (m 2
(s, 1H); 5.41
30EX4: (3S,

S -

210, 10, - Et r'i’. 861 s¢ra, 1-rapanedi yr
xy)thl s[ decahydr,o- 3. 6.9-tri met hyI ‘i%d’["f\lfl?ororreth y1
5)-3,12- epoxy 12F§I- pyrano[ 4, 3-j] -1, 2- benzsdi oxepi ne -

16 T8 BhgSt@D ok RhERey akEo
(38, 5a396F5 8as 9R, 10 %E %Ooélu‘“ sulfate are added, after

1231 FAHHE®, 1R B18SLEROROOR, PAFRMP1ER)4710¢B DY onb 2 in

pr apDxit) degahyied Bods 9ei:hb'i‘i%tlhy]u ks tLf Il%&mégaﬁbgphere
2- egoxy 12H—p rano[ 4, 3-j1]- enzodi oxepi ne
é’d’71L At =gt ﬁ*&xaﬁ &FBE 6{5&% 3(15 é&e) AL IheAf1.299C. The

10m s@:fuﬁ::lhrg)rmpr O'm:tmtta:(rélé)ciemt) I ahQsSLtL‘@r@gfﬁéﬁ'é/@iﬁ’e agded apout
I e ure to a solution

Wé R e c%t'r%%*h%‘%‘hﬁﬁélu*f*héijfilg@td}eonsolutlon

?trl?r dhen tadedt | Thedmaktnoemise mpernatatresd fuart}? 3 X 20 ml

hO%ES %Qh@ﬂnubé§ta§€d thgn SOgBaﬁ%eaoéﬁggégte%rgoqééﬁ%lned

bi car ate soI ution are added ganrc phase
15 V& WD nagnddi F sal ferteirated eNe@laselution, dried

15 evapen:atrmgﬂésﬂwngﬁﬁfaﬁée%ﬂdedék%ﬁo@é@é&UES d%e% Yunder
resi %bt ained i s chraomat ographed on silica '
con |%L Stied BeFGPBRENd i THRheptHnd and SEHEM S| uP]éHaW?ﬁ is

a kFhresetgoadicdrtd forons 1l 1ea 1§8% ebntihie iBnedure B rehand in
heptane, and then eluted with a linear gradient from 0
to 100% of the mixture B [ (Heptane/Ethyl acetate),

20 (85/15), (V/Vv)] in A (Heptane). 60 mg (33%) of the
expected product EX1 are obtained in the form of a

5.57

foam.
Rf = 0.20 in the system (Heptane/Ethyl acetate),
(90/10), (v/V)
25 ES: m/z=835 (M + HCOOH-H)"
'H NMR at 400 MHz on  a EBRUKER AVANCE DRX-400
spectrometer with the chemical shifts (8 in ppm) - in
the solvent dimethyl sulfoxide-dé (DMSO-dé) referenced
at 2.50 ppm at the temperature of 303K: 0.86 (partially
30 masked m, 2H); 0.90 (d, J = 6.5 Hz, 6H); 0.83 ({broad 4,
J = 7.5 Hz, 6H); 1.22 (m, 2H); from 1.27 to 1.60 (m,
8H); 1.31 (s, 6H); 1.66 (m, 2H); from 1.75 to 1.89 (m,
4H); 2.04 {(m, 2H); 2.21 (m, 2H); 2.67 {(m, 2H); from
2.71 to 2.87 {m, 4H); 3.64 (m, 2H); 3.%4 (m, ZH); 5.58




20 [ (Hept ane/ Et hyl acetate), (90/10), (MV)] in A
(Heptane). 229 ng (43% of the expected product 3 are
obtained in the formof an oil. Rl = 0.38 in the
syst em (Hept ane/ Et hyl acetate), (90/10), (V/V) 25 C:
m z=490 (MNH4+; m z=354 (m z=498 - Br CHRCH2CH2OH +
2H)' NWR at 400 MHz on a BRUKER AVANCE DRX- 400
speéBroRBier with the chenical shifts (5 in ppm - in
the solvent chloroformdl (CDCl3-dl) referenced at
7.27 30 ppmat the tenmperature of 303K 0.90_ _ '
(paPERal | P Smekedo Ry S4p) IR oL LAR, 328Rg 35545 ayp. R, 8'aS, -
1.06'gbuoad,d? 'R,E2f7a§;) Hzap, 3b) - [femityAd ited( 21,054 HiBne -
4H) .. 1. 44 . 3H).; om1. 60 t AS 2H) . 1.8
1) i 716%v( Tpi fibecnhiyd-00p, 8 ks Tty gt B
(s,methyl)-3,12-epoxy-12H-pyrano [4,3-]j]-1,2-benzodioxepine
and EX3: (3S8,5a8,6R,8aS,9R,10R,12R,12aR,3'8,5'aS,6'R, -
8'as,9'R,10'R,12'R,12'aR) -10,10"' - [sulfonylbis (2,1-
ethanediyloxy) ] bis [decahydro-3,6,9-trimethyl-10~-tri-
10 fluoromethyl)-3,12-epoxy-12H-pyrano([4,3-9]-1,2-benzo-

dioxepine

l6.4 mg (0.066 mmol) of meta-chloroperbenzoic acid are
15 slowly added to a soclution of 35 mg (0.044 mmol) of EX1
in 3 ml of dichloromethane at a temperature in the
region of 20°C. The stirring is maintained at this
temperature for about 3 hours and then 3 ml of a
saturated sodium bicarbonate solution are added. The
20 mixture 1s extracted with 3 X 10 ml of ethyl acetate.
The organic phases are combined, washed with 2 X 10 ml
of a saturated agqueous sgodium chloride sclution, dried
over magnesium sulfate, filtered and evaporated to
dryness under reduced pressure. The oily residue
25 obtained is chromatographed on silica gel conditioned
beforehand in heptane, and then eluted with a linear
gradient from C to 100% of ethyl acetate in heptane.
14.5 mg (40%) of the product EX3 are obtained in the

form of a white solid:
30 RE = 0.60 in the system (Heptane/Ethyl acetate),

fem /feny Ixr /ey




to 2.20 (m 3H); 2.39 (m 1H); 2.87 (m 1H); to 3.55
(m 2H); 3.80 (m 1H); 3.94 (m 1H); 1H). 5 b) Step
2: preparation of EX4 18.2 ng (0.23 muol) of sodium
sul fi deare added, after OHO CF "CF, " 3EM 10

m nutes, to a solution of 226 A§ (0.46 mmol ) of the
product 3 in 16 m of anhydrous ethanol, under an

i neFe: 10/8e/83pHY & HICOPEGEN "at a tenperature in the

reghon aMr20Gt thegsti MuzNg &5 Mai NIk atavRESE DRX-500
tenperature for abouyt 80 hours and then 20 of

1 )T a ,
sat BPEFEYCTSHETMYEHbr FRE sHemdicet aﬁ%l%ia%efﬂ% tHe PPM) - in
m xthee dod vy agi®erWylh safcZQ dd-a  ebMydb-acpt ak&erenced

The_organi ¢ phases are_15 conbi ned, shed with_20 m . .

of %gs t‘?lilroat aage&st%%?ﬁ%%ﬁ?OPF\Q%%?UWOR,S 3?955‘1&113’
ovemaghgresi uZkgul flatés, §d.| tereds andieyapsi at edseo (broad 4,
drygess -undeg, redyeed jprgssyy e. oine 9'.'33é| r@sidue . 1 .36 (m,

obtained i's C roma?égraplhed on sillca’gel conditioned
bef 8H&haA@ormn Iheddt drre hnd8 20m; héH) gl dt-® with 2H) i néafl (m,

gEaQH?Bt 1;.E?hm(|91,t @H?Q?%.@Z(‘éﬁf,lrsﬁlﬁ}(i{/%.ﬁﬁ _(m,A2H),- 2.68 (m,
ane yl acetate), in

1OE I—le}_gﬁgahe?.' 4803 My 2(}@4%9&9 ta‘é ebt%gg%r SBuctHExg4-19 (m,
are2Bpt abned i(s,tg)f.ormof a white solid. R =
0.20 in the system (Heptane/ Ethyl acetate), 25(90/10),
(MV) ES: mz=841 MNa+ 114 NWVR at 400 MHz on a BRUKER
AVANGE DRX440® sprTtr ondt cheninitpduret cB¥Ri dal Sis fferm of a
(8 i PR¥capyln the solvent chloroformdl (CDC13-dl)
referenced at 7.27 30 at the tenperature of 303K: 0.93

15(pa?fiafly0n&§kedﬁm the sgystem (Heptane/Ethyl acetate),

(50/50), (V/V)

ES: m/z=851 (M + HCOOH-H)"

'H NMR at 500 MHz on &a BRUKER AVANCE DRX-500

spectrometer with the chemical shifts (8 in ppm) - in
20 the solvent dimethyl sulfoxide-dé (DMSO-dé) referenced

at 2.50 ppm at a temperature of 298K (a 50%-50% mixture

(8]

of isomers): 0.85 (partially masked m, 2H); 0.88 (4,

J = 6.5 Hz, 3H); 0.90 (d, J = 6.5 Hz, 3H); 0.93 (broad

d, J = 7.5 Hz, 6H); from 1.14 to 1.89 (m, 16H); 1.31
25 (s, 3H); 1.32 (g, 3H); 2.03 (m, 2H); 2.20 {(m, 2H); 2.67
(m, 2H); 2.98 (m, 2H}); 3.12 (m, 2H); 3.7% (m, 1H); 3.87
(m, 1H); from 4.11 to 4.20 (m, 2H); 5.58 {s, 1H); 5.61
(s, 1H).
30 EX4: (3S,5aS,6R,8aS8,9R,10R,12R,12aR,3'8,5'a8,6'R,8'a8, -
9'R,10'R,12'R,12'aR) -10,10'-[thiobis (3, 1-propanediyl-
oxy) lbis [decahydro-3,6,9-trimethyl-10- (trifluorometh-
y1l)-3,12-epoxy-12H-pyrano{4,3-j]-1,2-benzodioxepine




2H); 0.97 (d, J = 6.5 Hz, 6H); 1.00 (broad d, J = 7.5
Hz, 6H); from1.22 to 1.38 (m 4H); 1.43 (s, 6H); from
1.44 to 1.55 (m 4H); from1.63 to 1.74 (m 12H); 2.04
(m 2H); 2.38 (m 2H); from2.51 to 2.66 (m 4H); -

18 - 2.85 (m 2H); 3.71 (m -2Hp; -3.91 (m 211); 5.37
s, 2

EXS (g% 5a8, 6R, 8aS, 9R, 10R, 12R, 12aR, 3' 5, 51aS, 6112, 81aS,

a) Step 1: Preparation of é3s 5a8,6R SaS 9R,10R,12R, -
9JR12101%R312 R 1g1aR)- 10, 1OT- sul LB bi's (23 pr opane’

aS,6! 'a 'R,10'R, aR) 10 3-bromo-
duypnmy@kﬁ]ﬁédehg?gﬁre 3v§ Qr&me&a&ﬂyhoth&%E%ngQMQE%yl)—
|
L 12 B LBl BYERAO By T 25 e ol i geg i)’

81a8 91R 101R 12' R 12%aR) - 10, 101- [ sul fwoRyl bi s( 3, 1-

U’l

pr ydro-3,6,9 hyl - 10-
epoxy- 12K «ym' 4, 3-71-1, 2-

10(trifluoromethy
benzodi oxepi ne

10

15

20

25

30

opanedi yl oxy) ] bi

0.607 ml of hexafluoropropanol (5 eqg.) and then 1.03 ml
of 3-bromopropancl (10 eg.) are successively added at
room temperature to a solution of 471 mg (1.14 mmol) of
1 in 7 ml of dichloromethane. The reaction mixture is
then stirred at room temperature for 2  hours
30 minutes, and then 5 ml of a saturated sodium
bicarbonate solution are added, the organic phase is
dried over magnesium sulfate, filtered and evaporated
to dryness under reduced pressure. The oily residue
obtained is chromatographed on silica gel conditioned
beforehand in heptane and then eluted with a linear
gradient from 0 to 100% of the mixture B
[ (Heptane/Ethyl  acetate), (90/10), (V/V)] in A
(Heptane) . 229 mg (43%) of the expected product 3 are
obtained in the form of an oil.

RfE = 0.38 in the system (Heptane/Ethyl acetate),
(90/10}, (V/V)

CI: m/z=490 (MNH,)"*; m/z=354 {m/z=490 - BrCH,CH,CH,O0H +
2H) "

'"H NMR at 400 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (8 in ppm) - in
the solvent chloroform-dl (CDC13-dl) referenced at 7.27
ppm at the temperature of 303K: 0.90 (partially masked
m, 1H); 0.97 (d, J = 6.5 Hz, 3H); 1.00 (broad 4, J =
7.5 Hz, 3H); from 1.22 to 1.54 {(m, 4H); 1.44 (s, 3H);
from 1.60 to 1.73 (m, 2H); 1.82 {m, 1H); 1.91 {(m, 1H);




O M. ma 9.1 ng (0.036 mmmol ) of meta-chloroperbenzoic
acid are slowy added to a solution of 21.4 ng (0.026
nmmol) of 15 EX4 in 2 m of dichloronethane at a
tenperature in the region of 20C. The stirring is

mai nt ai ned at this tenperatureiffor about 3 hours and
then 3 m_ of a saturated sodi um bi carbonate sol ution

arefa88ed.- Phd ikt 2P e (s R ract-89 with BHx: 1887 dm, 1H);
et hgkoacat.atse.t 203 The onganus ;phases @fe conbineds (m, 1H);
was eg mnth iﬁx 10 ml of a saturated aqueous sodi um
chl r.&e 8ol on, dried over magnesi um sul fate,
filtered and evaporated to dryness under reduced

regsu The i.due ned i s chromat ographed
Egn %?I ?gspggl gon |a{;r%§ng> f%b%gef orehand i n heptane and
then eluted W l'i near gradh%nt fromO to JQ0% of
et hyl acet at 94,1 ptane. 7.7 49 of t '
EX6 are obtaimefl i\if the for fbf.radwhite sol
Rf = 0.68 in th&ss
30(50/50), (V/VpR
NVR at 400 MHz o BROKER AVANCE“DRX~4BQ/AQ/°

1. 44t o1. 72(n181'g (n12FD 1 92(n12Hgm2 05 (n12FD

2.12% 11); 2. 38( n12 :2.87(m211); é

3 1% 2%2T9) @-ﬂirﬁ 3°§7€ﬁ§2Hﬂ @q;ﬁl [ are "added, after

10 minutes, to a solutlon of 220 mg (0.46 mmol) of the
product 3 in 16 ml of anhydrous ethanol, under an inert

10 atmosphere of argon at a temperature in the region of
20°C, the stirring is maintained at this temperature
for about 80 hours and then 20 ml of a saturated sodium
chloride solution are added. The mixture is extracted
with 3 X 20 ml of ethyl acetate. The organic phases are

15 combined, washed with 20 ml of a saturated aqueous
sodium chloride solution, dried over magnesium sulfate,
filtered and evaporated to dryness under reduced
pressure. The ocily residue obtained is chromatographed
on sgilica gel conditioned beforehand in heptane and

20 then eluted with a linear gradient from 0 to 100% of
the mixture B [(Heptane/Ethyl acetate), {(85/15}, (V/V)]
in A (Heptane). 103 mg (54%) of the expected product
EX4 are obtained in the form of a white solid.

Rf = 0.20 in the system (Heptane/Ethyl acetate),

25  (90/10), (V/V)

ES: m/z=841 MNa®*

'H NMR at 400 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical ghifts (6 in ppm) - in
the solvent chloroform-dl (CDC13-dl) referenced at 7.27

30 at the temperature of 303K: 0.93 (partially masked m,
2H); 0.97 (4, J = 6.5 Hz, 6H); 1.00 (broad d, JT =
7.5 Hz, 6H); from 1.22 to 1.38 (m, 4H); 1.43 (s, 6H);
from 1.44 to 1.55% (m, 4H); from 1.63 to 1.74 (m, 12H);
2.04 (m, 2H); 2.38 (m, 2H); from 2.51 to 2.66 {m, 4H);




15

20

25

30

11-1 NWR at 400 MHz on a BROKER AVANCE DRX- 400
spectroneter with the chemcal shifts (8 in ppm - in
the sol vent chloroformdl (CDC13-dl) referenced at
7.27 at the tenperature of 303K (50% 50% m xture of 20
isoners): 0.90 (partially masked mpy 2H); 0.97 (d, J =
6.5 Hz, 6H); 1.00 (broad d, J = 7.5 Hz, 6H); from1.24
to 2:88 (W 2H); 2.23 (&, GH):; PBr.om Um5 26D 1.537 nis, 2H).
8H) 1.82 (m 2H) 1.92 (m 2H) from2 OO to 2 11 (m
338(73(78 from2 68 to 2.82 (m 4H); %5

252?6‘ (ErﬁlS 1 835 oBR( APRPIER, 5228, és §HFS §'858'as, -
X7 (35 8aS, BR. S48 OB AOR-1IR 1258 5 2uible (g propane

, a , a a

o1 e IETRE T DY R SIRRF B0 Pr R 55’|1§‘(e$h¥lb&t i L toTo-
30 methyl}-3,12-epoxy-12H-pyrano[4,3-]-1,2- benzodloﬁeplne
OXY. [ cah 6 L h 1056t ugqr, :
ok skferalysl e 09, ATk VL 9L 4 LLUGTQTELN ¢
EX78 (38, al?S; BR Rab29R, 18RaR2R1024R'3" [SU&f@S,YﬁbR.SHBaS,-h

91Rpd&ddhd@ R dx% AR 140adBhnlHRL0RI §( 4T HReAI -

3

100xy | bt STUREARGERBL 8; 8, b2 FPREYNYPHIBYERRPIIUGrddetthyA-
) - pdZz @payed ik pyrano[ 4, 3-j ] -1, 2- benzodi oxepi ne %
PHH PHH i nccCF1l i nccCF1 ?

EXE

9.1 mg (0.036 mmol) of meta-chloroperbenzoic acid are
slowly added to a solution of 21.4 mg (0.026 mmol) of
EX4 in 2 ml of dichloromethane at a temperature in the
region of 20°C. The stirring is maintained at thisg
temperature for about 2 hours and then 3 ml of a
saturated sodium bicarbonate solution are added. The
mixture is extracted with 3 X 10 ml of ethyl acetate.
The organic phases are combined, washed with 2 X 10 ml
of a saturated aqueous sodium chloride solution, dried
over magnesium sulfate, filtered and evaporated to
dryness under reduced pressure. The oily residue
obtained is chromatographed on silica gel conditioned
beforehand in heptane and then eluted with a linear
gradient from 0 to 100% of ethyl acetate in heptane.
7.7 mg (34%) of the product EX6 are obtained in the
form of a white solid.

Rf = 0.68 in the system (Heptane/Ethyl acetate),
(50/50), (V/V)

Q. m/w—-a772 MNat



? EXT EXT -n nln (s, 6H); from10(s, 2H). and 8.5 ng
(39% of the product EX5 in the formof a white foam
Rl = 0.20 in the system (Heptane/ Et hyl acetate),
(50/50), (MV) 15 ES: nlz=857 MNa+ nn Inn - 20 -

12R, 12aR, 31S, 51aS, 6112, 81aS, 91R21601R, 121R, 121aR) - 10- (4

E)r o}ﬁ)buWRy) @d&cahd/@? o- ¥HE, 9-anr i net hyPRUKER(t rAVANGE 0- PRX-400
thybﬁ)eétigm.@ﬁ?%y w4 PyRanehdmddah- %&@@@Z%d' OXGRINe - in

exa Iuoropraganol and then

5tbeoF°iV6P6n6B&me—|°r(ﬁsdsl e QCJa?ré:st)uc%% groBFgd at 7.27
addad ahd aoimpereiad UBE 133K SobubponNRfrth 14y masked m,

52 28) ™8l b0T e P L 6.5 w2, em); 1.00 (broad 4, T = 7.5
Hz, 6H); from 1.23 to 1.38 {m, 4H); 1.43 (s, 6H); from
1.44 to 1.72 (m, 8H); 1.83 (m, 2H); 1.92 (m, 2H); 2.05
(m, 2H); 2.12 (m, 4H); 2.38 (m, 2H); 2.87 (m, 2H); 3.00
(m, 2H); 3.13 {(m, 2H); 2.75 (m, 2H); 3.97 (m, 2H); 5.34

10 (s, 2H).

and 8.5 mg (39%) of the product EX5 in the form of a
white foam.

Rf = 0.20 in the system (Heptane/Ethyl acetate),
(50/50), (v/V)

15 ES: m/z=857 MNa~*

'H NMR at 400 MHz con a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (8 in ppm) - in
the solvent chloroform-di (CDCl3-d1) referenced at 7.27
at the temperature of 303K (50%-50% mixture of
isomers): 0.90 (partially masked m, 2H); 0.97 (d, J =
6.5 Hz, 6H); 1.00 (broad 4@, J = 7.5 Hz, 6H); from 1.24
to 1.36 {m, 4H); 1.43 (s, 6H); from 1.45 to 1.72 {(m,
8H); 1.82 {(m, 2H); 1.%2 {m, 2H); from 2.00 to 2.11 (m,
6H), 2.38 (m, 2H); from 2.68 to 2.82 (m, 4H); 2.86 (m,
2H); 2.77 (m, 2H); 3.96 (m, 2H); 5.33 (s, 1H); 5.35 (s,
1H) .

EX7: (38,5a8,6R,8a8,9%R,10R,12R,12aR,3'8,5'a8,6'R,8'aS8, -
9'R,10'R,12'R,12'aR) -10,10'-[thiobis (4, 1-butanediyl-
oxy) lbis [decahydro-3,6,9-trimethyl-10- (trifluoro-
methyl) -3,12-epoxy-12H-pyranc[4,3-j] -1, 2-benzodioxepine

L T - O CmM ST Al ATV M AT



10 15 m of dichl oronethane. The reaction m xture is
then stirred at roomtenperature for 3 hours and then
6 mM of a saturated sodi um bi carbonate solution. The
organi ¢ phase is dried over magnesi um sul f at e,
filtered and evaporated to dryBess under reduced
pressure. The oily 15 residue obtained is
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exp@nb:edppneduet 4 are 20 obtained in the formof an
oil. R 0.40 in .the syst em ( Hept ane,/ Et hyl acetate),
(9/1), (V/V) 03 MHz on a
td t he

S di met hyl
sul f oxi de-d6 (‘OB 56) referenced at® R.o58-pm at t he
tenperature of » 0.92 (partially masked m 1H);
0.97 (d, J = 670 AZF 3H); 1.00 (broad d\:l’\Z,Eh’Hz
3H); from 1. 0515 1.62 (partially masked m 30 6H)
51.43 (s, 3H): from1.65 to 2.10 (m 7H% from2.33 to
2 45 (m 1H); 2.84 (m 1H); from3.40 to 3.51 (m 2H),

, 88 1 b 2.
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sat urLat ed sodi un%
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Tpeakwrsgenile pdga$ea aﬁﬁeﬁogﬁug‘mﬁsuﬂr@ \amaffelde\mtlﬁﬂgetred and
o queous _sodi u e.sol ution
SR AL 8 P OHR RO O P8 S BBl o 1 oily
15dr>rms§umde¢b¢m|e@d peessbremathgraiphgdr esnrdueullca gel
Obt-R B i sh & 98BE PGR AR eqﬁgnmez;}éaree Q&h Eﬂ%ﬁ' ta]lcm?éid with

bef or ehand i n heptane an ut ed I near
gr &di éﬁpeﬁron%a%e%%%rroet Byl tece%%@% |Chf hépaneixggre B
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Hg‘ﬁ{ & hy | E’Qcé‘lgat éf,‘)(g?% th(ev/?ﬁfp E%] R & are

20(Mobt|dﬁ‘.(iﬁd-lfl)n the fd‘sIMRcaE #00MEZz on a ERUKER AVANCE

DR?ﬁféloolﬁpftﬁe{rgo ve | rret R%IeChem g%t(}féﬁl ft':?eﬁl\%%@)d@) (8/1),

ref(éfr/éfﬁced at 2.50 ppm at the t enper ature of 298K

OQQ(p,grzt_lS@ldw +maskedm 2H); 0.97 (d, J 6.0 Hz,

O (broad d, J = 7.5 Hz, 6H); from 1. 22 to 1.37
(m HWR | 4F (s408H) MHZ 5000m 4H)BRYEER 1AFANCE 1 BRKX-400
25 (stplaéhﬂ)rozﬂet%lfz(w\atﬁl'&hzez %dﬁaﬁléh5f€s3&& VSEln 2bbin) - in
ZH? Ig£§zgpt 3 eggyllgulé%x1dér36 I_%MSC" g referenced
at 2.50 ppm at the temperature of 298K: 0.92 (partially
masked m, 1H); 0.97 (d, J = 6.0 Hz, 3H); 1.00 {(broad 4,
J = 7.5 Hz, 3H); from 1.05 to 1.62 (partially masked m,
30 6H); 1.43 (s, 3H); from 1.65 to 2.10 {m, 7H); from 2.33
to 2.45 (m, 1H); 2.84 (m, 1H); from 3.40 to 3.51 {m,

2H), 3.63 (m, 1H); 3.88 (m, 1H); 5.32 (s, 1H).

b) 8Step 2: prevaration of EX7




30 EX8: 2-[[ (3R, 5aS, 6R, 8a5, 9R, 10R, 12R, 12aR) - decahydr o-
3,6,9-trinmethyl-10-(trifluoronethyl)-3, 12-epoxy-12H py
rano[ 4, 3-j]-1, 2- benzodi oxepi n-10-yl Joxyl-N-[2- rrinn
c-nrimn-nnn-lnnn cn - 22 -
trimethyl-10-(trifluoronethyl)23, 22-epoxy-12H

pyrano[ 4, 3-j]-1, 2,- benzodi oxepi n- 10-yl | oxy] et hyl ] - N- net
hyI et hanam ne 0i ffeF3CFO O Br AEX8 5 3

regi on of 20C. Th stirring i s maintained at 40C for
about 20 hours. *Thel reaction nixture #xs taken up in 3
m OEOf a_sat urated aqueous _sodi um bi car bonate sol uti on
an

theRexr8dCed™®th 3fx spdiums syl Eider exet trdded after
Thelmngmwcephas,ea asclepidhned and kp (Henodmined )ovs ¢4 in
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i n heptiang, and then h nt fromOto
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ex fec 155 ogtét thre &t embbedi redskhurhbeflomndgfuma chloride

wWhigdea 80ldr. a Rk 3d8edd iThd hgigystem @"e@i@f@c/:géﬁylwlth 3 X

ac%t atle)c:’f (ea?él%,)fl a{cet teE\.S Irgezarganlc phases are combined,
washed with 5 ml of a saturated aqueous sodium chloride
solution, dried over magnesium sulfate, filtered and
evaporated to dryness under reduced pressure. The oily
residue obtained is chromatographed on silica gel
conditioned beforehand in heptane and then eluted with
a linear gradient from 0 to 20% of ethyl acetate in
heptane. 33 mg (50%) of the expected product EX7 are
obtained in the form of a foam.
Rf = 0.20 in the system (Heptane/Ethyl acetate), (9/1),
(Vv/V)
S: m/z=891 (M + HCOCH-H)"-
'"H NMR at 400 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (8 in ppm) - in
the solvent dimethyl sulfoxide-dé (DMSO-d6) referenced
at 2.50 ppm at the temperature of 298K: 0.93 (partially
masked m, 2H); 0.97 (d, J = 6.0 Hz, 6H); 1.00 (broad d,
J = 7.5 Hz, 6H); from 1.22 to 1.37 (m, 4H); 1.43 (s,
6H); 1.50 (m, 4H); from 1.62 to 1.86 (m, 14H); 1.91 (m,
2H); 2.04 (m, 2H); 2.38 (m, 2H); 2.54 (m, 4H); 2.84 (m,
2H); 3.62 (m, 2H); 3.85 (m, 2H); 5.33 (s, 2H).

EXB: 2—[{(3R,5aS,SR,8aS,9R,10R,12R,12aR)-decahydro—
3,6,9-trimethyl-10- (trifluoromethyl)-3,12-epoxy-12H-
pyrano({4,3-j]l-1,2-benzodioxepin-10-yl]oxy] -N- [2-

FI/Aam ramA 7T Ocarl AT 1 A7 1AT amamy A el e e~ M ~ N




25 11.1 NVR at 400 MHz on a BROKER AVANCE DRX- 400
spectroneter with the chemcal shifts (8 in ppm - in
the sol vent chloroformdl (CDCl3-dl) referenced at
7.27 at the tenperature of 303K after addition of a
drop of acetlc aci d- d4 (CD30D82)" O 91 (partlally

5 .
(br aama,hzr 5%.‘&‘%’&%%&%9%?@@1( m3:élﬁ)-;eprqxéfmlﬁ%3 to
1. 6Bytano8) 3-31] 39, esbeﬁtzl)adlbx@%mmloﬂyl)l,] ckyl@&dhpl] -N-

2H) 8 2 .02 (partially masked m 2H); 2.36

mié&ygié%nalﬂﬁﬁ (parti aIJ y rmsked m 2H); 2.89
(s 3H); 3.38%(m 4H); 4.19 (m 42 5.38 (s, /
EX9: 2-{[ (3S, B9S8R, 8aS, 9R, 10R,_AZf

trinmet hyl-A90-1 IuororrethyI}Qd ffo-3,1
epoxy[ 1, 2lidi‘e B[ 4, 3-0 ] 2;1 . 0-yl Joxy} -
{[ (38, 5a%, 6R7ARaS IR 10R 12R 17afR)%s

H..9-t % 90-"
(trifl uor one hy dcfcahydro 3, 12- ep\gzru\kz ogepl no[4
3-i]isochronen- ngy} et hyl ) et han rfF a) step
1. preparatio® of
(3R 5aS, 6R, 8a3, 9R, 10R, 12R, 12aR) - 10- ( 2- agX&oet hoxy) -

53163.9- trﬁqzmi‘ kel Owdodd1yf | W ORIy ) d%%%l*l)&%r Oa%dlz&%is ml

epoxy[l géffeplno[4 2M:]H§%nygg?§i soiutlon in tetra-
hydrofuran are successively added to a solution of 100
mg (0.218 mmol) of compound 2 in 0.6 ml of tetrahydro-
furan under an inert argon atmosphere at a temperature

10 in the region of 20°C. The stirring is maintained at
40°C for about 20 hours. The reaction mixture is taken
up in 3 ml of a saturated aqueous sodium bicarbonate
solution and then extracted with 3 X 3 ml of
dichloromethane. The organic phages are combined and

15 then dried over magnesium sulfate, filtered and
evaporated to dryness under reduced pressure. The oily
residue obtained 1is chromatographed on silica gel
conditioned beforehand in heptane and then eluted with
a gradient from O to 30% of ethyl acetate in heptane.

20 15 mg (18%) of the expected product EX8 are cbtained in
the form of a white solid.
Rf = 0.25 in the system (Heptane/Ethyl acetate), (7/3),
(V/V)
S: m/z=788 MH"

25 'H NMR at 400 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (8 in ppm) - in
the solvent chloroform-dl (CDCl3-dl) referenced at 7.27
at the temperature of 303K after addition of a drop of
acetic acid-d4 (CD30D-d4): 0.91 (partially masked m,

300 2H}); 0.95 (d, J = 6.5 Hz, 6H); 0.98 (broad 4, J =
7.0 Hz, 6H); 1.28 (m, 2H); from 1.33 to 1.63 (m, 8H);
1.39 (s, 6H); 1.69 {m, 2H); 1.78 {m, 2H); 1.89 (m, 2H);
2.02 (partially masgked m, 2H); 2.36 {(m, =2H); 2.86




162.5 ng (2.5 nmmol ) of sodium azide are added to a
solution of 574 ng (1.25 mmol) of conpound 2 in 20 m
20 of dinethyl formam de under an inert atnosphere of

ar
st
of

X

gon at a tenperature in the region of 20C. The
irring is maintained at a tedgerature in the region
OC or %hour The reactian mxturelstakenu
181 Lyi A% Bat ¢F) dnc? t4en (Bxt PEdted Wid h ‘2' 4H) ;
1@0191 (of, 2H)et ByBsadet,ater) .The organi ¢ phase is
washed with 2 x 80 m of a saturated aqueous sodi um
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[4,3-i]isochromen-10-yl]oxy}ethyl)ethanamine

a) step 1: preparation of

(3R, 5aS,6R, 8a8, 9R, 10R, 12R, 12aR) -10- (2-azidoethoxy) -
3,6,9-trimethyl-10- (trifluoromethyl)decahydro-3,12-
epoxy{l,2]dioxepino (4, 3-i] iscchromene 5

162.5 mg (2.5 mmol) of sodium azide are added to a
solution of 574 mg (1.25 mmol) of compound 2 in 20 ml
of dimethylformamide under an inert atmosphere of argon
at a temperature in the region of 20°C. The stirring is
maintained at a temperature in the region of 20°C for
3 hoursg. The reaction mixture is taken up in 60 ml of
distilled water and then extracted with 2 X 100 ml of
ethyl acetate. The organic¢ phase is washed with 2 X
80 ml of a saturated aqueous sodium chloride solution,
dried over magnesium sulfate, filtered and evaporated
to dryness under reduced pressure. 527 mg {(quantitative
yield) of the expected product 5 are obtained in the




53.78 (m1H);3.48(m 2H); 2.138 (qu, 1H);2.39 (td,
1H); 2.05(dt,1H);1.97-1.88(m 1H); 1.87-1.77 (m 2H);
1.76-1.68(m1H);1.53 (m 1H); 1.50(m 1H);
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. form of a yellow oil.

Rf = 0.43 in the system (Heptane/Ethyl acetate), (8/2},
(V/V)

'H NMR (CDCl;, 400 MHz)} 8,pu: 5.48 (s, 1H); 3.97 (m, 1H);
3.78 (m, 1H); 3.48 {m, 2H); 2.88 (gu, 1H); 2.39 (td,
1H); 2.05 (dt, 1H); 1.97-1.88 (m, 1H); 1.87-1.77 (m,
2H); 1.76-1.68 (m, 1H); 1.53 (m, 1H); 1.50 (m, 1H);
1.43 (s, 3H); 1.39-1.25 {m, 2H); 1.03 (d, 3H); 1.01-
0.89 (m, 1H); 0.98 {d, 3H).

b) step 2: preparation of
2-{[(3R,5aS,6R,8aS,9R,10R,12R,12aR)-3,6,9-trimethyl-10-
(trifluoromethyl)decahydro-3,12-epoxy[1l, 2] dioxepino-
[4,3-i]isochromen-10-y1l]oxy)ethanamine, 6

328 mg (1.25 mmol) of triphenvlphosphine are added to a
solution of 527 mg (1.25 mmol) of compound 5 in 7 ml of
tetrahydrofuran under an inert atmosphere of argon at a
temperature in the region of 20°C. The sgtirring is
maintained at a temperature in the region of 20°C for
about 24 hours. The reaction mixture is taken up in
1 ml of distilled water and then the stirring is
continued for about 24 hours at the same temperature.
The reaction mixture is concentrated under vacuum and
the residue thus co¢btained is taken up in 5 ml of
dichloromethane, washed with 2 ml of a saturated
agueous godium bicarbonate solution, dried over
magnesium sulfate, filtered and evaporated to dryness
under reduced pressure. The oily residue obtained 1is
chromatographed on silica gel conditioned beforehand in
dichloromethane and then eluted with a linear gradient
from 0 to 100% of the mixture B
[ (Dichloromethane/Methanol), (s0/10Q), (V/V)] in A



1.43 (s,3H):1.39-1.25(m 2H): 1.03 (d,3H): 1.01- 0.89
(m 1H); 0. 98(d, 3H). 10
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(Dichloromethane) . 344 mg (70%) of the expected product
6 are obtained in the form of a white powder.

MS: ES*: [M+H]® = 396.

'H NMR spectrum at 400 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (8§ in ppm) - in
the golvent chloroform-di {(CDCl3-d1) referenced at 7.27
at the temperature of 303K: 0.94 (partially masked m,
1H); 0.97 (d, J = 6.5 Hz, 3H); 1.03 (broad 4, J =
7.0 Hz, 3H); 1.30¢ (m, 2H}); from 1.40 to 1.56 {(m, 2H);
1.42 (s, 3H); from 1.63 to 1.95 (m, 4H); 2.04 {m, 1H);
2.38 (m, 1H); 2.45 {m spread, 2H); 2.87 (m, 1H); 2.94
(m, 2H); 3.75 (m, 1H); 3.85 (m, 1H); 5.42 (s, 1H).

c) step 3: preparation of EX9

98 mg (0.593 mmol} of potassium iodide, 164 mg
(1.19 mmol) of potassium carbonate and 232 mg
(0.587 mmol) of compound 6 are sguccessively added to a
sclution of 282 mg (0.534 mmol) of compound 2 in 7 ml
of dimethylformamide under an inert atmosphere of argon
at a temperature in the region of 20°C. The stirring is
maintained at 70°C for about 7 hours. The reaction
mixture is concentrated to dryness wunder reduced
pressure. The residue obtained is taken up in 10 ml of
dichloromethane and then washed with 6 ml of distilled
water, the agqueous phase is again extracted with 10 ml
of dichloromethane. The combined organic phases are
washed with 6 ml of a sgaturated aqueous sgodium
bicarbonate soluticn and then dried over magnesium
sulfate, filtered and evaporated to dryness under
reduced pressure. The regidue obtained is

chromatographed on silica gel conditioned beforehand in
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b) step 2: preparation of
2-{[ (3R 5aS, 6R, SaS, 9R, 10R, 12R, 12aR)- 3,6, 9-tri net hyl-].
0-

(trifluoronethyl)decahydro- 3, 12- epoxy[ 1, 2] di oxepi no[ 4,
3-i]isochromen-10-yl ] oxy) et hangfi ne, 6 328 ngy (1.25

mol ) of tri phenyl.ghosphi ne are added to a solution of
527507 ( £ Sthol} B FoApBaAERE ifFem nilOofte 60% of ethyl

t et aabydtef uian Hegeanan i nest ﬁ]gngg%bepr ﬁ of ar@en akpected
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25 THhEV eaction mixture is concentrated under vacuum
andvg heggesi gugithus et ained is taken up in 5 m of
di chl oropet hane, washed with 2 ml of a saturated

aqueous™s oidi ﬁ"f’ﬁ%c&%‘ﬁ%eﬁ Sl ution, dried over

magnesi um sul fate, filtered and evaporated to dryness
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: : = : spectrum a on a
BRJKI%—'{ }A{/Al\é) DR%—I&R) & 2petPr dmeter (i tﬁ%e Tchem 8 F) s
shifiten (B.4®M ppni.83i rfmt, ha 1$0l;vantecchfnor afioy m2io3 (m, 2H) ;
( -dl) T re 1. 27 _a %;e e at f .
SS?KC:]%O. éﬁ’ (gg?t’i gﬁ%’g“ ?rzta's7k3egtom£l ; (%5‘.’ g‘%?{)d, %'%2506.(%' 2H) ;
Hz,3 3H) ; (m, 0FH )X broati’d(sJ 2HY.0 Hz, 3H); 1.30 (m 2H);
from1.40 to 1.56 (m 2H);
EX 10: ethyl N,N-bis(2-{[(3S,5a5,6R, 8aS, 9R, 10R, -
12R,12aR)-3,6,9-trimethyl-10- (trifluoromethyl)deca-
hydro-3,12-epoxy[1,2]dioxepino[4,3-1i] isochromen-10-
vlloxy}ethyl)glycinate

15 pl (0.133 mmol) of the ethyl ester of bromcacetic
acid, 8 mg (0.047 mmol) of potaggium iodide and 10 mg
(0.071 wmmol) of potassium carbonate are successively
added to a solution of 37 mg (0.047 mmol) of the
compound EX9 in 1 ml of dimethylformamide under an
inert atmosphere of argon at a temperature in the
region of 20°C. The stirring is maintained at 50°C for

1 hour. The reaction mixture is concentrated to dryness

under reduced pressure. The residue obtained is taken




10 1.42 (s, 3H); from1l.63 to 1.95 (m 4H); 2.04 (m
1H); 2.38 (m 1H); 2.45 (mspread, 2H); 2.87 (m 1H);
2.94 (m 2H); 3.75 (m 1H); 3.85 (m 1H); 5.42 (s,
1H). c) step 3: preparation of EX9 %' 98 ny (0.593
mmol ) of potassiumiodi de, 1642rg-(1.19 mmol) of

pot assi.um carbonate and 232 ng (0.587 mml) of

conpBund & dik Shcessnl vé%ﬁ%c%daﬁ@ sbeo s@ahgdbrwbth 3 ml
2820frg cﬂDstSBEl@diDh}a‘@érCQiMU%e? iayuedils Ofphase 1s again

| f nder_an |n here of arg
at ngxpé%g?gam"g?ﬁ % the® rBgi 8 %2’(}0 A 5% i rﬂlﬁchg‘blned
mai pradned phaze€ faare aloihed bhibthis2z ¥he mgacdfo0a saturated

' d d d
o cediresS R (R e O R RS e, PHES i over

di CPRgRePEEharellded a.hefibbehed \wrtth évapoukteisttid | ddyness

vat@hde £ he ragueus éégs{ﬁeaga eext£ég£8ﬁwtctbé£n{2a is
of i chl or onet hane. The conbi ne or ani c ases are

PRt PeBARNedf P s /idridted I8y e'éa@dééapamdsobef orehand
b| catcbon}aéﬁ sDhivbiioAnakte fmelrktd.{ﬁeed %aﬁ@mgﬁyyﬂhcetate)

suI f||t ev to dr ness unde
0 du%s dress ﬁfj go é&‘? 46& Fhe l}% expected product
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chr@hﬁaﬁ @E%mieuaMEQl inctahgeformndft aonellohekesepantde .

4 O/ 7117 -
" B et 4 gr e el ot Bt idsediL. fgftace)
acet” a/n3e) i nf e‘{))t ane. 116 ng (28% of the expected

pr (MBJ:CtE£X9 [apr@;]obt:afeggd in the formof a pale yellow
solid 16_in_the s&st em ( Hept ane/ Et hyl

acet at (éP’Q)HCOPW\%] [MiH = 774. ES-:
chmwpeaﬂsumlatl HN\/H/J:spe@hrLHn BRUK@Q A NTE 2DRX-400

%FE% élQ ectrorret gthe hem cal o
i STRAAl Bhidesr ointh oo - in
(CB@PE?%J;@ e¢1eh<ene<dfarm7d27(é:DCtLaedu.emxeematnﬂmze[ﬁ at 7.27
30%'& t@z@%éng?éfééﬁé( HPSKSQK[” EéE')n 008%8 t(od ozcg ﬁns 14H)

broad d,

1. §§°E‘?n143rﬁ tP 4538, Pnaé'rﬁlﬁlzlo’ tr@aak%@ @m ﬂIi)rg 1.28 (t,

1 90_(m7 BHHz2. 035 (m 2.88 (18, 26y ;fremsg 7§ k2 2811 sg

aED}gl)la%.l > n(lgékedgl ("ngH) from471 (E?i tlel) 1. 82 I_(Dm’, 6H) ;

l 89 (m, Ji 2.02 (m, 2H); 2.36 (m, 2H); from 2.70 to

2.90 (m, 4H); 3.02 (m, 2H); 3.40 (d, J = 17.5 Hz, 1H);

3.61 (m, 2H); 3.67 (d, T = 17.5 Hz, 1H); 3.98 (m, 2H);
from 4.06 to 4.22 (m, 2H); 5.40 (s, 2H).

EX 11:; N,N—bis(2—{[(BS,SaS,GR,BaS,QR,10R,12R,12aR)—
3,6,9-trimethyl-10- (trifluoromethyl)decahydro-3,12-
epoxy(1,2]dioxepino[4,3-i] isochromen-10-yl]oxy}ethyl) -
glycine

59 pl (0.059 mmol) of a 1N agueous sodium hydroxide




20EX10: et hyl N, N-bi s(2-{[ (3S, 5aS, 6R, 8a8, 9R, 10R, -

12R, 12aR)- 3,6, 9-trinet hyl-10-(trifl uoronet hyl)decahydr

0- 3, 12- epoxy|[ 1, 2] di oxepi no[ 4, 3-i]i sochronen- 10-
ylioxylethyl)glycinate 25 15 pi (0.133 mmwol) of the

ethyl ester of brompacetic aci@? 8 ng (0.047 nmol ) of

pot assi umiodide and 10 ng (0.071 nmol ) of potassium
carﬁﬁi‘é‘féc”ar Br&ucAEsst Ve ya adaddtiena ofolift ime ¢P-8%1 mmol)
gg 6. Oiélzem%rh%@ﬁnaheﬁ:ﬁﬂo COiEDO;'mC*.StEXQL :ql’bfl Ii’ﬂfet‘?icanol at a
[ or mam de u ran i.ner nosphere_of ar ,
atng é ﬁgf’ﬁren?nq:tq}?e FEFIGR of 20%,09%he e At Hing  is
mai mannen;lnaﬁ 50Cther shnouwremphetnesctfon abxhitr 6.6Shours.
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resi due obtained iI's
acelf%fti@c%dp@fﬁ@ﬁmhetahw tresidne otfbtm:s:tedl éd \mﬂ@m up in

ands the equ%nphaéstaéea%w exthaghed W th &, X5 il oF 5
of et h‘g acetate. The canbi ned organi c phases are

wasTRUC TRt 22FUEOHE §P%E Watdirateids %@nsoﬁhanﬁqueous

chl gl sie sel Laga:m aeettiaes <& | RO 1over rﬁl.‘;BQBQSléHHyl acetate.
sul%aée Ite and_evapqrated to dryness unde

reducedcﬁrm s%&?re CTHRMFEsi bt Ffed 5 over magnesium
chreiwet o aphfdloarsil i eadgelevegrdiatieahed-def drghand under

gggxt-%t ,&' u;gg);éz%?ap%vm Xti‘gg (He%%%&?{lggh%/lhobtalned is

ex FEtT YR EX 1N arSeﬂdeEal ged i aonfétfionsdof baforehand
cxﬂgﬂdess pa@ﬁén TLC Re15t@a49 in tihe SySteﬂEe H _mixture

15{ OB RS e e RS S naldi?) O4 9™ &7 IS (a1
of the expected product EX1l are obtained in the form
of a colorless solid.

MS: ES*: [M+H]* = 832

ES": [M-H]" 830.
'H NMR spectrum at 300 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (& in ppm) - in
the solvent chloroform-dl (CDC1l3-d1) referenced at 7.27
at the temperature of 303K: 0.92 (partially masked m,
2H); 0.97 {(d, J = 6.5 Hz, 6H); 1.01 (broad 4, J =
7.0 Hz, 6H); from 1.20 to 1.38 (partially masked m,
4H); 1.42 (s, 6H); from 1.44 to 1.75 (m, 8H); from 1.80
to 2.10 (m, 6H); 2.39 (m, 2H); from 2.80 to 3.02 (m,
6H); 3.38 (d, J = 17.5 Hz, 1H); 3.55 (d, J = 17.5 Hz,
1H); from 3.77 to 3.98 (m, 4H); 5.32 (s, 2H).

EX 12: 2-{[(3s8,5as,6R,8a8,9R,10R,12R,12aR)-3,6,9-
trimethyl-10~ (trifluoromethyl) decahydro-3,12-
epoxy[1,2]dioxepino[4,3-i]isochromen-10-yl) oxy}-N- (2~
{[(38,5a8,6R,8a8, 9R, 10R, 12R, 12aR) -3, 6, 9-trimethyl-10-
(trifluoromethyl)decahydro-3,12-epoxy (1, 2] dioxepino-
[4,3-1]isochromen-10-yl]loxy}ethyl)acetamide




15ES": [ MFHCOOH+H] = 904. NVR spectrum at 400 MHz
on a BRUKER AVANCE DRX-400 spectroneter with the

chem cal shifts (45 in ppn) - in the solvent

chlorof ormdl (CDCl3-dl) referenced at 7.27 at the
tenperature of 303K from 0.802¢0-1.00 (m 14H); 20
from1.19 to 1.38 (partjally masked m 4H); 1.28 (t, J
= 7.0 Hz, 3H); 1.40 (sy+6K); from1l.44 fo 1.58
(partially masked 4Ef) .
1.89 (m 2H); 2.02 | PHDGep2. 36 (H
2.90 (m 4H); 3.0 ‘

rom2.70 to
> .5 Hz, 1H);

) D © 3.98 (m

@ (s, 2H).
EX11: N, N-bi s(2-f[ (35, 5a8, 6R, 8a¥, 9R, 10Bxf2R, 12aR) -
3,6,9-trinmethy1-10-(trif luoronethyl)decahydro-3, 12- 30
epoxy[ 1, 2] di oxepi no[ 4, 3-i|isochronen- 10-%4]; oxyl et hyl ) -
gl Y&l nestep 28l 1 RIIGRAGAE BeR efbled t B3R 2% uER oB2BF 9HO10R, -
”Ut$?hﬁ?ﬂa?ﬂmﬁ%6F@—EP?mé@H?PU?g—E%%@flﬁog?ﬁgﬁnggﬁeca—
met.hapol at_a tenpera .1 n e region.o : e
5ot Iy § < FEF R hoct R PRED ARGt SnbbLPEPEOTGR- 10-
aboyit] @1} diduy k). adetThe aeadfidn mxture is
concentrated to drynegs under reduced.pressure. The
5 up in 3 m thyl acetate
and then washed wi {A._; +Of a sat adueous
sodi um chl ori de selNgts 3se i S again
extracted with 3 nl bf°grtryl acetate¥ \*ikﬁ combi ned
organi ¢ phases are dried>~oWer nmagnesi ume® o
z s

117 mg (0.742 mmol) of potassium permanganate and then
10 11 mg {0.127 mmol) of sodium bicarbonate are
successively added at room temperature to a solution of
100 mg (0.255 mmol) of 7 (prepared according to
WO2003035651), in 2 ml of acetocne. The reaction mixture
is then stirred at room temperature for 3 hours and
15 then 1 eq. of a 1IN aqueous hydrochloric acid solutiocn
are added. The stirring is continued at room
temperature for about 18 hours. The reaction medium is
filtered and then evaporated to dryness under reduced
pressure. The residue obtained is taken up in 10 ml of
20 ethyl acetate. The organic phase is washed with 3 ml of
distilled water, the aqgqueous phase is acidified with
2 ml of a 1N agueous hydrochloric acid sclution and
then extracted with 10 ml of ethyl acetate. The organic
phase 1is dried over magnesium sulfate, filtered and
25 then evaporated to dryness under reduced pressure.
27 mg (26%) of the expected product 8 are obtained in
the form of a white solid.
'H NMR (CDCl;, 300 MHz) &ypm: 5.47 (s, 1H); 4.67 (4, 1H);
4.26 (d, 1H); 2.%1 (gu, 1H); 2.38 (td, 1H); 2?.19 (dqg,
30 1H); 2.04 (dt, 1H); 1.90 (m, 1H); 1.77 {m, 2H); 1.70

{ v 1Y . 1 BEO_1 AQ e 1Y . 1 AQ_1 AE fmm 1Y . 1 A2 (e




sulfate, filtered and evaporated to dryness under

The silica eluted residueobtainedis gel conditioned
bef or ehand i nt hem xture 15(Di chl or onet hane/ Met hanol ),
(95/05), (MV). 8 ng (81% of the expected product
EX11 are obtained in the form#® a colorless solid.

MS. ES. [[M+ = 832 ES-: [MH_ = 830. 20NMR spect rum
at B0 Mz 49 Ta HRUKER IDR% 406/ spEet r ofet3&~0.87

(m,
W tiH} heochenmgal 3ghifts (8 in ppn) - in the sol vent
chlorof ormdl (CDCl13-dl) referenced at 7.27 at the
tenperature of 303K: 0.92 (partially masked m 2H)
0. %) (slyed z: Gpbeprabipn 4fOEXLRroad d, J =25 7.0
Hz, 6H); froma1.20 to 1.38 (partialy mas ;
1.42 (s, "/T™om 1.44 to 1. iy ;
2.10 (m “!atsa(rn 214); to 3.0
6H); 3.3 / 7.5 Hz, 1
1H); from 2% 4a=3. 98 (m 4H); AS,
EX12: 2-{[ (35, 5a 8a5, 9R, 10R, 12R 1P&H) -
trimethyl-10-(gtr] | tor onet hyl ) decahy -
5epoxy[1,2]dioxepino[4,3-i]isochronen-lo-yl]5&?)-N—(2-
([ (35, 5aS, 6R, 8a3, 9R, 10R, 12R, 12aR)- 3, 6, 9-tri met hyl- 10-
35(4ri t] uor hyl ) decahydro- 3, 12- epoxy|[ 1,.2] di,oxepi no-
Lt | e odR D Py P FRR PO 1 B 52w

(0.27 mmol}) of 1-{3-dimethylaminopropyl)-3-ethylcarbo-

diimide hydrcochloride are successively added to
10 solution of 37 mg (0.09 mmol) of the compound 8 in 3

a

ml

15

20

25

30

of dichloromethane under an inert atmosphere of argon
at a temperature in the region of 20°C. The stirring is
maintained at a temperature in the region of 20°C for
about 30 minutes and then 39 mg (0.099 mmol) of the
compound 6 are added. The stirring is continued at this
temperature for 1 hour. The reaction mixture is taken
up in 5 ml of distilled water and then extracted with
3 X 20 ml of ethyl acetate. The organic phase is washed
with 2 X 10 ml of a saturated agueocus sgodium chloride
solution, dried over magnesgium sulfate, filtered and
evaporated to dryness under reduced presgure. The
residue obtained is chromatocgraphed on silica gel
conditioned beforehand in the mixture (Heptane/Ethyl
acetate), (so/10), {(V/V) and then eluted with a
gradient from 10 to 20% of ethyl acetate in heptane.
40 mg (56%) of the expected product EX12 are obtained
in the form of a viscous gum.

MS: ES": [M+H]® = 788; [M+Nal® = 810

ES™: [M-H] = 786; [M+HCOOH+H]® = 832.

H NMR gpectrum at 400 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (8 in ppm) - in
the solvent chloroform-dl (CDCl3-dl) referenced at 7.27
at the temperature of 303K: from 0.87 to 1.03 (m, 11H);
1.08 (broad d, 3H); from 1.21 to 1.40 (m, 4H); 1.43 (s,




a) step 1. preparation of {[(3R 5aS, 6R, 8aS, 9R, 10R, -

12R, 12aR)- 3,6, 9-trinethyl-10-(trifl uoronethyl)deca- 5

hydr o- 3, 12- epoxy|[ 1, 2] di oxepi no[ 4, 3-fl i sochr onen- 10-

yl |l oxy}ethyl)acetic acid, 8 117 mg (0.742 mmol ) of

pot assi um per manganate and thedl116 11 ng (0. 127 mmol )

of sodi um bi carbonate are successjvely added at room

t enfpiet at ?F@mt(} &5t %ﬁ%ﬂa%h@lloo Baskafom. ofHl; 1.69

(pr erpﬁfﬂﬁ_rﬁcﬁ@bdti {19 780 6@2ﬂ0§@35ﬁ?1)&1 )i; {122 dﬁd @h, 2H); from
o) C|onm ture is sti_rre room

terrpe:rfl‘gture %0 9 X 1%‘5‘?}?&% Meq2Hs gﬁ -82 to

aqueods Knydr@HhI,orEll G”iacﬁnml, SpH Ut | bnoar 8 .&8dech 3L (m, 2H) ;

sStifrédg ks GRyLinueq ajy fosmtl%] edaéyfeéﬁf;]eg%‘ét @ g -

hour s. The reactlon mediuUm s filtered an

evalfor@tE®: tBHdr yned3 (BdetH) edbeed pPresdtite. 6TRE (m, 1H).
resi due obtained is taken up in 10 ni of 20 et hyI

acg)? The organi c phase is washed w .

di S 1 | & wat €55 RS SRS %%a%@q?%&%ﬁq%dsmﬂﬁszﬁ R, -
m ofas, glm,acqmaom hyplxpcaﬂapnno,aov [$oEytbaB-andnkhen 4 -
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t h&e@k&pbrcatbmzﬂemwéssz Ladtlexepiduted3pidssochrodéne]
g a(r?eﬁf’/txga W%seé%%ms%" g%rsodéizetlo%m%nfd% 2 1488 1R, -
olid 0

f
Nglg%magfppﬁnR 51%1’%?392 RHH2 ' aRbE710 d10 1) 22) SButdz-eAp-1,4-
2 A 1, s D) ]Zafsg[itéj,,91ﬂ1m8€-h%9 i@iq t:'.s@fiﬁ%ro%egﬂyl) -

t 1 90 1 77
aﬂé”%’ﬁ\ (2mﬁ’H % & 22! %lsri%mlqoﬂ 371 L@goc rgfyene]
3H), 1.40-1.24 (m 2H); 1.05 (j H) 0.9
1H); 0.96 (d, 3H. b) step 2: i
4

A suspension of 200 mg (0.51 mmol) cof the compound 7
and 43 mg (0.051 mmol) of benzylidenebis(tricyclohexyl-
phosphine)dichlororuthenium in 1.3 ml of dichloro-
methane is stirred for about 7 hours at a temperature
in the region of 20°C. A solution containing 633 mg
(5.10 mmol) of trishydroxymethylphosphine and 1.43 ml
(10.2 mmol) of triethylamine in 3 ml of dichloromethane
is added. vVigorous stirring is maintained at a
temperature in the region of 20°C for about 10 minutes
and then 6 ml of water are added, the stirring is
continued for 1 hour. The organic phase is washed with
3 ml of distilled water, dried over magnesium sulfate,
filtered and evaporated to dryness under reduced
pressure. The oily residue obtained is chromatographed

on silica gel conditioned beforehand and then eluted in

1~ oA ot s [ SN R A T L R | _ Y foamr /o)y [REFA LA




36 ng (0.27 mmol ) of hydroxybenzotriazole and 52 ny
(0.27 mmol ) of 1-(3-dinethylam nopropyl)- 3-ethyl carbo-
di i m de hydrochl oride are successively added to a 10
solution of 37 nmg (0.09 mmol) of the conpound 8 in 3
m of dichl oronet hane under an3gnert atnosphere of
argon at a tenperature in the region of 20C. The
sti?7ingnys (Flknt sifnédeatE alsenper BXlBe ane tdi-gietgdnin the
of gggﬁf e 3 t a n
mmol ¥, of thgm?%{%ogrglﬁﬁgl%sa 29 TG ﬁﬁggs"t(ff)r?ﬁg 7 gisomer
cont %ﬁeﬂr%to?h@%,n?@nb%rﬁbﬁr ’éormoi WodiEe rﬁysre&@u on
m xture is taken up in 5 mM of distilled water and
h tracted with 3 x 20 ml of ethyl acetate. The
égﬁf *phase is washed with 2 x 10 ml of a saturated
aque@us sodiutmchher isge t2th seidid=0m /Eitheld fyetate), (8/2),
unrsulfate filtered and evaporated to dryness
und r reduced pressure The residue obtained is
chrBiat D aprhéd (ohashbteaigel cc dadinsi Ghed Héfaordhand
i nkde paxt ungNHeptanegEt hyl acetate), (90/10), (V/V)
and t hen eluted Wth a 3 radient from 10 to 20% of
10t hyl dEBtratM+HFOBHEENe= 201ny (56% of the expected

pr daduciMrEXDcar.e abbaivaed Isn L:he fer meof ;a_q)w S§031§ (s, 2m);

gum =_788, = 810
786+ m@égyf—d‘séﬁ flr?N*i#\R epdét i@ rhra@}&ioo Mpo (td,
on %I)B;RUKEMAVN«CE PRX-4Q0. spertgpneEter Wt h the&s5-1.75 (m,

oh )Ca|1SQ ?é%ClgHﬂl) réfehnB%hg iglv?n7 %Ht11 1.47 (m,

chloroforn} rended atr 7.2

15t e@ibriat @lré3of($303KH firon 3787.26 1(m03 &H) ;11H)021.(@8 6H);
(broagh th . &) ¢m 1. @lojod 4Bu(m 411); 1.43 (s, - -
31 - 6H); fron11 45 to 1.65 (partially masked m 6H);
1.69 (m 2H); from 1.78 to 1.97 (m 4H); 2.05 (m 2H);
frcmﬁ:l&.sz to 2.43 (partially masked m 2H); from 2. 82

gI)R?E 3 [gg‘l n%kp‘ﬁ%b EY%EEE'%%S‘-P%%? t&tg/,lt %\sr)?’e;tsaité@ (8/2),

20(d(VWVH 16.0 Hz, 5.33 (s, 1H); 5.36 (s, 1H); 6.52

Exﬁl(H):«z% SadéNshs oH 14OR 12R 12aR 3' S, 5' aS, 6' R, -
8' a%s, EMR i@Dﬁliz ROG2MHR) - ﬁqm105-|§(725)t- bR 2- eEne'ill s, 2H);

104 42 4 25 (dd, 2H); 2.85 ? 38 (td,
ﬁgﬁls(ox thls trlnethyl 10-(tri Iuoronethﬁ

ydr% 12(dépox§/]f‘h 2]3d|9c§><ép|8rf30[4m3 i4H)sochr 8fte e]74 (m,

25andHEX141 74 1.61 (m 1.57-1.49 Un, 2H); 1.47 (m,

5 28051 &@“@3?&%&2&?%?& ((32) B F e 1 (B 6

di y-l-lﬁlos@oﬁyn tm,s[23)6, 9197 ne hydE)10- (trifl uoronet hyl) -

decah%dro 3, 12-epoxy[ 1, 2] di oxepi no[ 4, 3- |]|sochronene]
(38,5a8,6R,8a8,9R,10R,12R,12aR,3'S,5'aS,6 'R, -

30 8'aS,9'R,10'R,12'R,12'aR)-10,10'-[ (2R, 3R) ~oxirane-2, 3-
diylbis (methyleneoxy)lbis[3,6,9-trimethyl-10-
(trifluoromethyl)decahydro-3,12-epoxy[l,2]dioxepino-
[4,3-1]isochromene]

35



A suspension of 200 ng (0.51 mmol) of the conpound 7

and 43 ng (0.051 mmol) of

benzyl i denebi s(tricycl ohexyl - 20

phosphi ne)di chl ororutheniumin 1.3 ml of dichloro-

met hane is stirred for about -73Bours at a tenperature

in the region of 20C. A solution containing 633 ny

(5. 163mRg ) (8f 4L7i smedr)oxgfrereHapisddshiore rireh zb 143 atid are

(10adqempl 45015 t GatRylam B8 i158 Mg 00 209 mmol) of the
di chl ororrethane 25 i;s added. \/gorous stirring 1s

mai APEPRERYat EX1BenpBr afur& i Alt hetr egichloropethege at a
aboutemﬂaaratnuteesmnotﬁ@eri-e@lran Ovavat gecar erl@éidembutmg is

RS ReEHe CHEGe | Pt Sflirel o B30 LS. ¢
maghesicbapsulnfiatte;re30i4 | bUebeésalvélgrva/mlaé@dwﬁoh 3 X 5 ml
dryBES% @H%ﬂ Jé%@cggugé gsg m%f%g Condlgo %%on and

obt al ned 1's chronat ogr aphed ons ica ge
bef b8 eRdnPfand ﬁﬁ‘éﬁrétaﬂeémm -sodiym ¢hlgayder gollution.

- 3Fne &fg ( of: 4 h 0 I )
obtgiﬁed [ é?gg f%l?arﬁeof l\/\%ﬂl ?ﬁc%@s?g{eﬁ%‘%ga %lilén% suflfate
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FSHREr BRfY £PRBEEFRd ER t RESSH ofuwil?%”e reduced

crystassure. The oily residue obtained is chromatographed

on gilica gel conditioned beforehand and then eluted in
the mixture (Heptane/Ethyl acetate), (95/5), (V/V) .
70 mg (43%) of one of the two trans isomers EX15 are
cbtained in the form of white crystals.

MS: ES*: [M+Nal* = 795.

'H NMR spectrum at 400 MHz on a BRUKER AVANCE DRX-400
spectrometer with the chemical shifts (& in ppm) - in
the sclvent chloroform-di (CDCl3-d1) referenced at 7.27
at the temperature of 303K: from 0.86 to 0.98 (m, 14H);
from 1.20 to 1.39 (m, 4H); 1.42 (s, 6H); from 1.44 to
1.55 {m, 4H); from 1.62 to 1.77 (m, 6H); 1.8% (m, 2H);
2.04 (m, 2H); 2.37 (m, 2H); 2.85 (m, 2H}); 3.11 (broad
8, 2H); 3.69 (broad d, J = 12.5 Hz, 2H); 4.31 (d, J =
12.5 Hz, 2H); 5.39 (s, 2H).

EX 16: (l—(2—{[(BS,SaS,GR,8aS,9R,lOR,12R,12aR)-3,6,9-
trimethyl-10- (trifluoromethyl)decahydro-3,12-
epoxy [1,2]dioxepino(4,3-i] isochromen-10-ylloxy}ethyl) -
—({[(38,5aS,6R,8aS,9R,10R,12R,12aR)-3,6,9-trimethyl—
10- (trifluoromethyl)decahydro-3,12-epoxy[1, 2] dioxepinc-
[4,3-i]isochromen-10-yl]oxy}methyl) -1H-1,2,3-triazole
and EX17: (1-(2-{[(38,5a8,6R,8a8,9R,10R,12R,12aR) -
3,6,8-trimethyl-10-{trifluoromethyl)decahydro-3,12-
epoxy [1, 2] dioxepino{4,3-1i] isochromen-10-ylloxy}ethyl) -
5-({[(38,5a8,6R,8aS,9R,10R,12R,12aR) ~3,6, 9-trimethyl-
10- (trifluoromethyl)decahydro-3, 12-epoxy[1, 2] dioxepino-
[4,3-1]isochromen-10-yl]loxy}lethyl)-1H-1,2,3-triazole




5 EX13: Rf = 0.41 in the system (Heptane/Et hyl
acetate), (8/2), (MV) IR 983 cm 1l (characteristic
trans CH. CH band). Ms: ES. [M:Na] = 779. 10ES-:

[ MFHCOOH+H] = 801. 111 NWMR (CDC13, 300 MHz) appm 5.79
(t, 2H); 5.32 (s, 2H); 4.37 (dé4 2H); 4.19 (ad, 2H
2.87 (qu, 2H); 2.39 (td, 2H); 2.04 (dt, 2H); 1. 97 1.87
(m 211).. §5 1.75 (m 2 ;

1.57-1. 49) 1); 1.47 2H) ;
1.37-1. 203 1.02 d, 1.
0.97 (d, \&dh.° E5<1 : 0. 4

(Hept anefEt hyl acesd &)° (8/2). 20(V/V) NE\E&

[MiNHA] = 774. 1igeyVR (CDCL3, 300 MHz) gfhi VELy 5. 67

(t, 2H): 5.31 (s, 211): 4.42 (dd, 2H): 225 (dd, 2H):

585 (qu, 211); 2.38 (td, 211): 2.04 (dt. 2H):

1. 98) L.éterd . 2pegafde dorl4 ol (38254, 67425, 0( MR, 128, -

il el Ll T 20 e e

K)9Yttdflﬁ®tbmeEK¥5)decahydro 3,12-epoxy[1l,2]dioxepino-
3S N 12R 12aR, 313 51aS, 61R, -

gos E@ﬁﬁé%ﬁ% %E 181aR) 10, 10' 1 [?ZR 3R) - oxi r ane- 2

, 3- diyl bi s(net hyl Xy)]bis[3,6,9-trinmgthyl-10-

0.266 ml of hexafluoropropanol (5 eg.}) and then
10 0.289 ml of propargyl alcohol (10 eg.) are successively
added at room temperature to a solution cf 0.206 g
(0.5 mmol) of (38,5a5,6R,8a5,9R,108,12R,12aR) -10-
(bromo) decahydro-3,6, 9-trimethyl-10- (trifluoromethyl) -
3,12-epoxy-12H-pyrano(4,3-J]-1,2-benzodioxepine 1
15 (prepared according to Org. Lett. 2002, 4, 757-759) in
5 ml of dichloromethane. The reaction mixture is then
stirred at room temperature for 1 hour 15 minutes and
then 5 ml of a saturated sodium bicarbonate solution
are added. The organic phase is dried over magnesium
20 sulfate and evaporated to dryness under reduced
pressure. The oily residue obtained is chromatographed
on silica gel conditioned beforehand in heptane and
then eluted with a linear gradient from 0 to 50% of
ethyl acetate in heptane. 0.064 g (34%) of the expected
25 product 9 are obtained in the form of an oil.
Rf = 0.40 in the system (Heptane/Ethyl acetate),
(85/15), (V/V)
ES m/z=391  MH'
m/z=335 MH"-C3H,0O

30

H NMR spectrum at 400 MHz on a BRUKER AVANCE DRX-400

spectrometer with the chemical shifts (8 in ppm) - in




(trifluoromethyl)decahydro- 3, 12-epoxy[ 1, 2] di oxepi no[ 4,
3-ilisochronene] EX1S - 33 - 103 ng (0.417

nmol ) of neta-chl oroperbenzoic acid are added to a

solution of 158 ng (0.209 mml) of the conpound EX13

in 2.75 nm of dichloronmethane &5 a tenperature in the
reglgn of 20C. The stirring_.is 5 maintained at this

t enpEFfatit e ABBEENELhFWLE oxfie 148 c (PYRONHERY ue fieyenced

suceessgi. \salj)ppma%heotm therdp é(r]ﬁt?i*e Obf a3§?ku:ﬂ@t @}@ (partially
aqu odi um_hi ¢ nate sol utjo of a
satﬁ%é?eg Shug%ﬂs gggﬁun&i rTd goﬁﬁtlaﬁ)'THegs (broad 4,

orgénFC Phasdzi, s )i edlorzr (magnas) untsgof at.es 1o 1.43 (m,
|IE§ ed.a p te yhess_und du %g

pressurel %%eq§?IQﬁ§es &%e 0 t%&n@% ?sgéhrﬁﬁa? fagﬁgE 1.73
on §PIﬁo§Cgeﬁ“coﬁHPt|@n@@ bet.or Band2add timen tHuted.68 (m,
in the. maxtyy e Hept anef B hyl acefiate), 34 9%43) , L UL Vy,

70 g43@© of one of the_two trans |sonerg EX15 are 5 and
15 OBt 3i Add i tine® o m 3R whi te 2chydngl s16 ME: HEs; 1H) 7 5.57
[ MLNa] #£HY95. 1H NMR spectrum at 400 MHz .on a BRUKER

VANCE DRX- 400 spectroneter with the chemical shifts

Co in ppm - in the solvent chloroformdi (CDC13-d1l)

reflet ented at Ppr2paration of EX16 and EX17

257 mg (0.610 mmol) of compound 5 are added to a
15 solution of 119 mg (0.305 mmol) of the compound 9 in
2.5 ml of ethanol at a temperature in the region of
20°C. The stirring is maintained under reflux for about
48 hours. The reaction mixture is evaporated to dryness
in a rotavapor and the oily residue obtained is
20 chromatographed on silica gel conditioned beforehand in
dichloromethane and then eluted with a linear gradient
from 0 to 100% of the mixture B [ (Dichloromethane/Ethyl
acetate), ($6/4), (V/V)] in A (Dichloromethane). 43 mg
(18%) of the expected product EX16 are obtained in the
25 form of a white solid and 17 mg (7%) of the expected
product EX17 are obtained in the form of a white solid.

EX16:
Rf = 0.26 in the system (Dichloromethane/Ethyl
acetate), (96/4), (V/V).

30 ES m/z=834 MNa™*
m/z=812 MH"




20 at the tenperature of 303K: fromO0.86 to 0.98 (m

14H); from1.20 to 1.39 (m 4H); 1.42 (s, 6H); from

1.44 to 1.55 (m 4H); from1l.62 to 1.77 (m 6H); 1.89

(m 2H); 2.04 (m 2H); 2.37 (m 2H); 2.85 (m 2H);

3.11 (broad s, 2H); 3.69 (breaded- J = 12.5 Hz, 2H);

4.31 (d, J = 2512.5 Hz, 2H); 5.39 (s, 2H).

EX16: (1- (2-{[ (35, 5aS, 6R, 8a3 9R 10R 12R, 12aR) - 3, 6, 9-

tringet . 0 e hydr

ep oiﬂa ﬁM& %?)oe%r: HIU%ESE? i SOC r%ﬂrren P%‘L%ﬁ%x%}%ltq §I )DRX 400
3045???F89msasraw gh@lshemraaizaﬁ#}l@% §0t el ~ in
- the solwvent chloroform dl (CDC13 dl) referenced at 7.27
10 tr|f oromsth decahydro 12- epoggl 2] di oxep| no

oc hir Ik 16”??‘]0 mo, 1413 azbPe 1-70
and@@.ﬂt(_é}l? {I{a(ﬂz&dsaﬁ 6@58&9 QIRQ]EOR(H.‘Z&&Z&R) -J = 7.0 Hz,

3,6 tr h taifluor t ) ah d 5
epo%%[l,girglgoi %Q‘g BJ:]ISF}SE }g%’e éj}ig ¥]%xy} t’hyﬁi 1.43
5- ({%(3©H5a316R986($, 9RH1)0R21%3 1Qa.R)2.I$) 6,9-87imwt hgH) 1 2.84
O(|f ogethyl ).de dr 12 [.1, OxXephno:
a3 ?ﬁﬁchﬁﬁééin-@““ by Fet Byl Lt 2, 70 PAoBpoeo ¢ 60
10a) éff‘ep 2H) ipr épditat {8n of (3R1BaS, G’F@BaéP@R 1éR0f2R(d J =
12aR) - 8,10z 9- 1w pethyd- 19 (REOR- 2-y0- kY| @y);- 053 (s, 1H).
(trlfluoronethyl)decahydro-S,12-epoxy[1,2]d|oxeplno[4,
3-i)isochronmene, 9 0.266 m of hexafl uoropropanol (5
eq BX¥®hd then 10 0.289 m of propargyl alcohol (10
991, @rﬁﬁ§ucce§%éﬁplﬁaadgﬁg agy598n1t?&?%ﬁ?&%&%e%%a%e/ethyl

soI utron of 0
15mmAgekq s, 5as96R48as(§RV1os 12R, 12aR) - 10-

( brgo) deeabysls 0- 3ufa9-tri met hyl-10-(trifl uoronethyl) -
3, 12- epéa)/-lm—l- pyranp[4 3-j]1-1, 2- benzodi oxepine 1 15

(prepar %l'c%%?dl n Ht o Og. Lett 2002, 4, 757-759) in
5 MH amrdl gpketeurt wesoahmgirzeaiﬂ ih@an' ms envVANENEDNRX-500
Stll‘l‘e roomte ure. for our m, nut es an .
© heRP o O TP e < AP e B  SPichish o Sobtr kgl - in
20ar e:kaiejd@ceilvglh’e oh@ampcophasia | (CDdizedldy ere fegemesedimat 7.27
S fehe andiananaled be daggss, Updgh 1 dused o 1.0
pressur é resi due obtained is ¢ romat ogr ap
on @?4%3@391& @aﬁ efli hedl ©@F or 8hR4Ad (hrdrsbt@nedarmd 7.0 Hz,
themel uf esh WMbhoadl knear _gﬁa@lw oM O {90 5080 08y ; 1.44

et hyl acet at% in hept ane. (g (340 of the
exp ro .30 to m, 2H); from 1.97 to 2.08

1
2
25 (m, 2H); from 2.28 to 2.42 {m, 2H); 2.80 {m, 1H); 2.90
4
5

o

(m, 1H); 4.11 (m, 1H); from 4.42 to 4.63 {(m, 3H); .40
(d, J = 13.0 Hz, 1H); 5.04 (d, JT = 13.0 Hz, 1H); .11
(s, 1H); 5.24 (s, 1H); 7.61 {s, 1H).

30 Antiproliferative activity of the products prepared:

The products according to the invention have been the
subject of pharmacological trials which make it
possible to determine their antiproliferative activity.
35 It was determined by measuring the inhibition of cell
proliferation of HCT116 cells. The cells are inoculated
in a c¢ell «culture medium at a concentration of
10 000 cells per well, in 0.17 ml of medium, and 20 pl

of test wroduct. at wvarious concentrations. and 10 ul




25 product 9 are obtained in the formof an oil. R =

0.40 in the system (Heptane/ Ethyl acetate), (85/15),

(M'V) ESmM z=391M+# nf z=335 M-C3H40 30 114 NMR

spectrum at 400 Mz on a BRUKER AVANCE DRX-400 - 35 -

the sol vent di methyl sul foxi€de3d6-(DV30-d6) referenced

at 2.50 ppm at the tenperature of 303K 0.88
(parﬁlaThymnésked njmetiyl 0.4 (d{100= @C3/md, 3H),specific

g%ct{:p\;ﬂ%g Ay ‘]9%2 él)'llﬁm%f’H) Nﬁiv‘zsl‘§<9?1n&f%%1é§:0”]:eg%rence

oml1
mNWGbeéﬁpm 73590-9%L ). @@fe(n?g% 1 ArgB theniphe cells

1FDaré3fﬁ%dEatéd—a@ 748, aﬁﬁbﬁsléep , 1H); 4.51 (dd,

5 (s, 1H. 2.21 (m 1H; 2.68 (m 4.30 (dd, J =

52 5 and and 16.0 Hz, 1H); 5.57 Db) step 2: preparation
of MdHfumndid=617 ﬂﬁ? e 0 cal@urenl pfof HC@apeundeblare DMEM

ad%gd toa 15 sg utlﬁ f%ﬁéﬁ.ogga(qnﬁPS q%?kp_Ofp£H§C1llln,

oundt 9 i“n 2" t'ate ure-1n
theZC*Qanga/rm]of szaeptiﬁmercstna randhglpg nﬁrﬂf ai fedadndgwlf serum

ref ffgcﬁﬁéFg%ﬁg ours The reaction m xture is

evaporated t ess in a rotavapor and the oily
10resi due obtained is 20 chromat ographed on silica ge

conghddoned hefwreharthd nidishboranebhanss ah’d:—t’d}@ﬁnldine is

eluted with a | i near radj ent fr.om 100960f t
m AWE B [ (BFchl Br onkt RaEH /Eﬁﬁﬁnt&g&% ter 1450
(\ﬂM@drdbeda(mhbhaormnﬁlhaneﬁhe4&aamutﬁyﬁ aﬁetaspressed in

EXQ%, g?g%gggcgfgx%éjﬁg@%ObéﬁansgnbgrEﬁa %i>g%££&@£t§ge of

and he ‘expected pr
15EXIrawteh obrhibétipn (A& flar nfbfsh mbtesa%um tghe gnean of

RI thé)ﬁﬁhﬁéktgﬁ & ﬁtgﬁ]@HbcméyﬂynﬂfﬁHBﬂéﬁiﬁdls B and then
acetate), /4),

by divi 1ng by the number of cpm of the wells of the
untreated cells € comprising 20 pl of medium for
dilution of the product containing 1% of ethanol

(GI%¥ = (R-B) x 100/C%).

The IC50 values are calculated with the aid of the
equation 205 of the XLFit software (IDBS company, UK)
by nonlinear regression analysis using the Margquardt
algorithm (Donald W. MARQUARDT, J. Soc. industry appl.,
vol. 11, No. 2, June, 1963).

The products have an IC50 on the HCT116 cells generally
of lesg than 10 UM and preferably of less than 100 nM.

Examples IC50 (nM)/HCTl1le
EX1 47
EX2 23
EX3 21
EXS8 30

The products according to the invention may therefore

be used for the preparation cof medicaments.
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30 ESn1 z=834MNa+ m z=812Mr - 36 - | H NWVR spectrum at

400 MHz on a BRUKER AVANCE DRX-400 spectroneter with

the chemi cal shifts (8 in ppn) - in the solvent

chlorof ormdl (CDCl3-dl) referenced at 7.27 5 at the
tenperature of 303K from 0.75380-1.70 (partially

masked m 16H); 0.92 (broad d, J = 7.0 Hz, 9H); 0.98
(brBads d, agcordibgHto 3fotHerlofs it8HEspeAF ( sth@Hpubject
1. ( 2H).; ( . A

2H)8‘-gaf aths mve’iiﬁl??nﬁ?z@r%l%& ;Zle%nocm .ﬂlo%rgﬁ"ég%mdu_“ of
10(kproeda 4171 qu, ap 2dditsiqw saly: of guhedlayter with a
12-1511é.'gmaéé*ﬂ&iéa2@%( SacddPtadid0 ASid, 1Hbr 7aShfkdrate or a
1H). le?: TLC R =0.32 in the system

(di TRt BRohet hane/ et hyl 15acetate), (96/4), (V/IV) ES

m z.834MNa' nfz.812MEC | H NVR spectrum at 500 MHz on a

BR VA DRX- 500 egtrometer w.th the c i cal :
shiTts sfﬁ%ﬁﬁﬁ‘fn—%% n‘%gﬁgths%oﬂ\?emh%ﬂ?}g’(bf %gr%eaﬁaially i
( COd1s-tgatredért enfedante?. 27 at the tenperature of

303K: fromO0.55 to 1.70 (partially masked m 16H);

0.90 (broad d, J = 7.0 Hz, 9H); 1.01 (broad d, J = 7.0

Hz, T Praseot (dnvepficp, fhepelfozy) rer D 9y theougy of a
(2 m4p>2126‘ﬁﬂctg roaf%-g&&lgla-la)ﬁiﬂg g?r(zﬂhfffnﬁ%lﬁ%flﬁtﬁ@e of a
. ; . m ; - 9 m : : o
Thyted fepett s5e 82Ul S oFmE vt ing M Rafhofladiath ppndition
1H)and. 8drédpakti A r1Nz, thdl) use. L (s, prduck 24f ($prmula
1H) ;-+7. S H) |.pr.ol Lferati ; 1ty - .Qf

thee Ip)ro .uclf stla%epg?g‘g?égghggpr%%ucatash\aé?&%% |eﬁ{ggt8%ter% 1 for
i nvereidtomdgasenesen t he

The present invention also relates to the use of a
product of formula (I) for the manufacture of a
medicament useful for treating pathologies where new
vascularization or angiogenesis occurs inappropriately,
that is to gay in cancers in general but also in
specific cancers such as Kaposi’s sarcoma or infantile
'hemoangioma, and also in rheumatoid arthritis,
osteoarthritis and/or its associated pains, and
inflammatory bowel diseases such as hemorrhagic
rectocolitis or Crohn’s disease, eye diseases such as
age-related macular degeneration, diabetic

retinopathies, chronic inflammation and psoriasis.

Angiogenesis is a process of generation of new
capillary ~vessels from preexisting vessels. Tumor
angiogenesis (formation of blood neovessels), essential

for tumor growth, ig also one of the main factors in

metastatic dissemination (Oncogene. 2003 May 19;22(20):

3172-9; Nat Med. 1995 Jan; 1(1): 27-31).
According to another of its aspects, the present
invention relates to pharmaceutical compositions

comnrisinag. asg active ingredient. a vproduct according




subj ect of pharmacol ogical trials which nmake it

possible to determ ne their antiproliferative

activity. 35 It was deternined by neasuring the

inhibition of cell proliferation of HCT116 cells. The

cells are inoculated in a cell 3aul-ture nediumat a
concentration of 10 000 cells per well, in 0.17 m of
nmediem tard 20vghtdbnt esThesedupharmaceaticad compositions

con e 1 7 gg0f Th e
(et R0 CooFEe P, d5adlPE Vg Gy gy product

O iﬂﬁﬁ’é’PfleEN Techneregi é@vﬁé‘f:élc@nc@WE@GSP@&’F@H‘CGUHC&HY

3550084} a8l & aéﬂéip@ andp{aeacbheycekl Sscﬁl[\ﬁa&ém%kfat@ﬂe said
at 37C and 5% CO2 Medi um used for the cult

S ICTRTBOREE o STVERF nekR At 2OHRY PR H CobbY | Geptable

penegelibiBnt200 gg/ M streptonycin and 10% (V/ V) fetal

calf serum (Life Technologies). 10 After 96 hours, the

i ncorporation of 14C-thymdine is counted in a liquid

sci fihel | agidn emonpernt450aiecr chetgnWklkcgorfdiriaux.to their

They, EQ%HEEéuglééﬁ eyBLegEedsl meghéCO&’xﬂél ncﬁ&rb i RAUERde  of

and converte ercen rowt Ition

104G W@Vlﬁil%ffa%@ﬂr aéfPhg gh@ nmigNadf ErReiRdepEs ofvhgsh are

of khewwetbspwkthauyt stkqllll%dBlaﬁctﬁéﬁ%&tb.y di vi di ng by
t he nunber ? cpmof the wells of the untreated cells

C comprising 20 gl of mediumfor dilution of the
promnctthent@hmﬁmgcﬁﬁuﬁcaﬂrmwmmpéﬁmﬁiéﬁ5%8¢fx the present

100%.1?/% Ig g alo;'lef%alr € Cals%%l?{n%gla\ﬁf th t %%b%.lu%aneous .

e equa f&" XLFi t° 50 ‘(1 DE .
Ji%onpahyamuKyUbyrnommnﬂ%§V¢mgM%53|@wpawaﬂy3|slqsahg intra-

t hee Marguar dt 25lﬁlt%&iat§yn(DonaéPa1¥¥ MARQIARDT J . rectal
Soc. _i ndustry appl 11 .. 2, June, 1963).

pr oﬂ@u‘&%glﬁ‘é%t AR} 'cisfah%n atq@m}mr@@mémgeﬁér a#wm&fa (1)
| essbbrian 10-RMiand psgfer abkylektleesod hamydOdhaM may be

administered in unit form, as a mixture with
20 conventional pharmaceutical excipients, to animals and
to human beings for the prophylaxis or treatment of the

above disorders or diseases.

The apprcopriate unit forms for administration comprise
25 the forms for administration by the oral route such as
tablets, soft or hard gelatin capsules, powders,
granules and oral soluticns or suspensions, the forms
for sublingual, buccal, intratracheal, intraccular or
intranasal administration, the forms for administration
30 by inhalaticn, the forms for topical, transdermal,
subcutaneous, intramuscular or intravenous
administration, the forms for rectal administration or
implants. For topical application, the products
according to the invention may be used in creams, gels,

35 cintments or lotions.

By way of example, a unit form for administration of a
product according to the invention in tablet form may

comntriae the following componentg:




10

15

20

25

30

30 Exanples I1C50(nM/HCT116 EXI 47 EX2 23 EX3 21 EX8
30 - 38 - Thus, according to another of its aspects,
the subject of the invention is medi caments conprising
a product of fornmula (1) or an addition salt of the
latter with a pharmaceutical Fys4aceeptable acid, or a
hydrate or a 5 solvate. These nedi canents find use in
t herapy, especially in the treatnent of cancer. 10 The
Prepabhbivaatl oA GESf ehe 18vELESOHO ! Ne dipd, ol
product  of fornmula e manu acture of a
mediaERL usef ul for treatlng a pat hol ogi%@ad - 75 mg
corwrés@@rra@ma@ées@@iﬁmcul arly the use of & pyodust

or mul a)(l for the manufacture of a nmedi canent
use W tHr34% t reati ng cancer. The present i%mfent®®n
al stydsbaypEsoppldechysesdiuadopeoduct of formulzs (ng

f(”M§§H%§?HWH§¥Eé¥§i8f a 3.0 mg

There may be particular cases where higher or lower
dosages are appropriate: such dosages do not depart

from the scope of the invention. According to the usual

practice, the dosage appropriate tc each patient

determined by the doctor according to the mode

administration, the weight and the response of the said

patient.

The present invention, according to another of

aspects, also relates to a method of treating the

pathologies indicated above which comprises

administration, to a patient, of an effective dose of a

product according to the invention or one of

pharmaceutically acceptable galts or its hydrates or

solvates.

The products of the ©present invention may

administered alone or as a mixture with other

anticancer agents. Among the possible combinations,

there may be mentioned:

e alkylating agents, and in particular
cyclophosphamide, melphalan, ifosfamide, chlorambucil,
busulfan, thiotepa, prednimustine, carmustine,

lomustine, semustine, steptozotocin, decarbazine,

temozolomide, procarbazine and hexamethylmelamine

¢ platinum derivatives such as in particular cisplatin,

carboplatin or oxaliplatin



medi canment useful for treating pathol ogi es where new
20 vascul ari zati on or angi ogenesi s occurs

i nappropriately, that is to say in cancers in genera
but also in specific cancers such as Kaposi's sarcona
or infantile henpangi oma, and-a¢so-in rheunatoi d
arthritis, osteoarthritis and/or its associ ated

' pai haBMP B 1 Rf PERTOr §UEBweRS dildeaPastiGukags bleomycin,

herpi ¢ Hagi £n I e§40CLhbdi, ? igr Crohn's disease, eye
di seases such as age-related nmacul ar degenerati on,

di abetic retinopathies, chronic inflanmtion and
psor i aast Sni SfoAnigh Dgenesgent s a puonessasdf generapavbicular
of new capi|lary vessels from preexisting vessels.
Tuﬁﬁrfﬂa]r@%pf&g%%es. sYERGFREELBA of DIGBESidtessey iforelbine,

sesseftd A f OFad L4« OT YLK, abSephg1pne of the main
factors in netastatic di ssem nation (Oncogene. 2003

May 19;22(20): 353172-9; Nat Med. 1995 Jan; 1(1):
27-93nt cooral inged 0 suncit hesis of imt q:astpsecm:sart h@oxorubicin,
pre ent _invention relatif t.0 pharmaceuti ¢

VT HIES Tomr tSETAR L et | FBIFH FE&Pent mitoxantrone,

;n(mgggxéggggﬁgng ~ 39 - to the invention. These
phar maceuti cal conpositions contain an effective dose

of at | east one product according to the invention or
a phaymagsut iIcahh§l ableptcaslisswtgses hydrdt eaer atoposide,

10 TR 14 | HR AT 6 elbT iRt The spgotecan  and

exaddgmeid:s are chosen according to their

pharmaceuti cal dosage form and the desired node of 10

adm ni stration fromthe usual excipients which are
kndwﬁhupqnﬂxnﬁmiiin¢$ed suchhhe agt. Fnflwerouracil,  UFT,

'%%h%“dca] conpositions of the present
|nven ororal , subl i ngual , subcut aneous,

o c¢ytidine analogues such as 5-azacytidine, cytarabine,

15 gemcitabine, 6-mercaptopurine, 6-thioguanine

¢ adenosine analogues such as pentostatin, cytarabine

or fludarabine phosphate
¢ methotrexate and folinic acid

e various enzymes and compounds such as L-asparaginase,
20 hydroxyurea, trans-retinoic acid, suramin, dexrazoxane,
amifostine, herceptin as well as oestrogenic and

androgenic hormones

* antivascular agents such as combretastatin
derivatives, for example CA4P, chalcones or ceclchicine,

25 for example ZD6126, and their prodrugs
e kinase inhibitors such as ertonilib or imatinib

* biotherapeutic agents such as antibodies such as

rituximab, bevacizumab, cetuximab, trastuzumab or

-




15 intramuscul ar, i ntravenous, topical,local, intra-
tracheal, intranasal, transdermal or recta

adm nistration, the active ingredient of formula (I)

above, or its salt, solvate or hydrate, nmay be

administered in unit form as &2nmi-xture with 20

conventi onal pharnmaceutical excipients, to animls and

to NURKACBBFANS LBR1PRECEF0FMFENaESs bor tazemitent of

t he_above di sorders or_di seases. The appropriate unit

forkk fiot adAPniReFHtbba Eonprrokips tihe f PREoppAs of the
ad ti r aut t ft

o BargeBEl A O A LAY PRl { Theae
solureanmentssusmﬁn5|onbe trmadmmn&sﬁéweéublbmguataneously,
buccal , iptratracheal, |n%%%$_ ular or intranasal

2dnFHPEEREEL 8N, Cfhe SR i Mt r at¥eACEEREy will be
i nhakabtea. th%hfeo'ﬁﬁcftqrt1Qﬁféxcaé.ccc5f@ﬂ§éjef83{:he disease to
subcut aneous; intranuscular or intravenous

adnPai §Teatedn, the fornms for rectal adninistration or

i npl ants. For topical application, the products

according to the invention nay be used in creans,

gels, 35 ointnments or lotions. By way of exanple, a

unit formfor admnistration of a product according to

the invention in tablet formmay conprise the

foll ow ng components: - 40 - Product according to

the invention Mannitol Croscarnellose sodi um Corn

starch Hydroxypropyl nmet hyl cel | ul ose Magnesi um st earate

50.0 nmg 223.75 ng 6.0 ng

U1



15.0 ng 2.25 ng 3.0 ng There may be particul ar cases
where hi gher or |ower dosages are appropriate: such
dosages do not depart 5 fromthe scope of the

i nvention. According to the-uggal practice, the dosage
appgppfmgte to each patient is determ ned by the

doctor according to the node of adm nistration, the

ht. and the response of the said patient. 10 The

éfé8§HFQQEﬁﬁﬂ9%ﬁgu%Ec%PHFﬁ@PPBdéHStﬁ&'QﬁrWQ%ﬁ(I)'
aspects, also é?lates to a nmethod of trertlng t he

pat hol ogi es in g <

a patient, of an
N'fg to the i nverl
phar maceu
‘sol vat es. The*br%o\wta of the présen
20 administered aloge or as a mixtyte with other
anti cancer agents. ng t poss¥t e conbi nati ons,
there nmay be mentioned™cH,n,
al kyl ati ngagent s, andlnpartlcular2£5 cycl ophospham de,
el pidlcn, i fosfani de, chloranbucil, busulf
tahi .0t epa I qus
&) i 04 eRaRLeqni f&? bﬂ‘s‘,%k FEom 1387 he S0, 502, -

I"'onustine, senustine, s o]
t emdoi.oni d¥ (Cﬁnbtar bazN f@ﬁﬂd%@t&f&ﬂﬂyh mel amiheCH,~COOH) ~

Pl algNder | Vil Lvesa H%Pg@%n' n Qﬁh&'(ﬁ“' an ol SPldlifhsle, -

30 carboplatln or oxalip
NHS

b) X; and X, are identical and are both O ;

c) B: and B; are identical and represent -CFi;

d) n; and np are identical or different and have
the value 1, 2, 3 or 4;

in the form of a base or of an addition salt with an
acid.

The product of formula - (I} as claimed in claim- 1,
characterized in that n; and n; are identical and have the

value 2, 3 or 4.

The product of formula (I) as claimed in claim 1,

Characterized in that A is -NH-, -N(CH,C(O)OCH,CH3)~ or =~
N{CH,COOH) - and n; and n; are identical and have the
value 2.

The product of formula (I) as claimed in claim 1,
characterized in that A is (C;-Cs)alkenylen or epoxide and

n; and nz; are identical and have the value 1.

The product of formula (I) as claimed in claim 1,
characterized in that A is -NHCO- or 1,2,3-triazole and n;

and n; are different and independently have the value 1 or



antibiotic agents such as in particul ar bl eomnycin,

m tonycin, dactinonycin anti m crotubul e agents such

as in particular

vi nbl asti ne, vi ncri stine, vi ndesi ne, vi norel bine, 5

taxoi ds (paclitaxel and docetaxel) anthracyclines

such as in particular doxortfbiTi n, daunor ubi cin,

i darubicin, epirubicin, mtoxantrone, | osoxantrone
oups | and Il topoi sonmerases such as etoposide, 10

t eni posi de, ansacri ne, i ri not ecan, t opot ecan and t onudex

fluoropyrinidinessuch as5-fluorouracil, UFT,

Peddutit&hosen fﬁttﬂbnfoimém%@eiﬁ#@h as
5 azacytldlne ar ahi ne, encti t abi pe

t
61né§§a595péﬁvﬁé% @ﬁtﬁQﬁﬂ%ﬂﬁfl a%d%n%s?nésaﬁaﬁogué§ -
such’ a$1 PEeRt agt &L, i1re’ aqw«'sumablm'& pthibbdax abunethanedlyl-

Pnes Zﬁﬁaa'f?ts“"mﬁr ety 2B P e BF 8 Boro-
hydnekhiviéas, ﬂQampaxyﬂhﬁﬂfpymamb[%uBamiﬁl 2-
dex%@ﬁQéé@SxeﬁghEQSt'ne herceptin as melllas

oestrogenic a andr ogeni ¢ hor nones anti vascul ar
agents such as conbretastatin derivatives, for exanple

CA4P3schabcgae§a@r 9@0'1% Cl A€, 1z2a5Rf§>rs ezaaﬁl 8" ﬁlé%%&-
and their ki nase inhibitors suc

ertonit B’ 1?n§?ﬂ@|@Rhm¥ﬁ¢%92nﬁﬁﬂ}%l%§%9%§(gu&ﬁe§§ane‘
antdb9ﬂb@§r>wa@ [a%dalﬂmm,,smv@@m@ﬂn 1-Cotyxiriguoro-

bor TRLBHD. 3 12 PRy TR B cih F bpRe "

conpennddiokepli@epr esent invention with a radiation
treatnment. These treatnents nay be adm ni stered

si mul taneously, separately or sequentially. The

tT e&BHehaSwoR| 88, 8Rat0d) YRR tar2tsi bl aBep'R,8'as, -

accgrdi pg RO15he disegge 1@ Af I fE/ Bohyivis (2, 1-
ethanediyloxy) ]bis[decahydro-3,6,9-trimethyi-10-tri-
fluoromethyl)-3,12-epoxy-12H-pyranof4,3-j]l-1,2-benzo-
dioxepine;

- {38,5as8,6R,8aS,9R,10R,12R,12aR,3'S,5'asS,6'R,8'as, ~
9'R,10'R,12'R,12'aR}~-10,10'-[thiobis (3, 1-propanediyl-
oxy) ]bis[decahydro-3, 6, 9-trimethyl-10-(trifluvorometh-
yl}-3,12-epoxy~12H~pyrano{4,3-j]l~1, 2~-benzodioxepine;

- ({3S,5a5,6R,8a5,9R, 10R,12R,12aR, 3'S,5'aS,6'R,8"as, -~
9'R,10'R,12'R,12'aR}~-10,10"'-[sulfinylbis (3, 1-propane-
diyloxy) ]Jbis[decahydro-3,6,9-trimethyl-10-(trifluoro-
methyl)-3,12-epoxy~12H-pyrano(4,3-j]-1, 2~

benzodioxepine;

- (3S,5as,6R,8aS,9R, 10R,12R,12aR,3'S,5'aS,6'R,B'as, -
9'R,10'R,12'R,12'aR)-10,10"'~[sulfonylbis (3, l-propane~_
diyloxy)]lbis|[decahydro-3,6, 9-trimethyl-10-{trifluoro-
methyl)-3,12-epoxy-12H-pyrano(4,3-j]1-1,2~

benzodioxepine;



- 43 - CLAIM5 in which: a) Ais a divalent group
chosen from-S-, -SO, -SM2-, -
H-, - N(CH3) -, - N(CH2- C( 0) 0- CH2CH3) -, - N( CH2- COOH) -,
epoxi de, (Cl-C6)al kenylen, -NHCO, 1,2,3-triazole, -
NH S02-; b) X1 and X2 are idemtical and are both O ;
c) Bl and B2 are identical and represent -CF3; d) nl
and n2 are identical or different and have the val ue
T, 2353586, 4R, BaStH&, ﬂ@ﬂnkﬁRﬁiaﬁﬁwﬁtﬁ ofaan6aBdBt Baén -
sal g W i §n|1§G'Rd 122?5'?8 AP AL Ofp, f%k@ 1“:))1t§§e§ilyl—

clalms Inclaim 1, characteri ze

ar eP¥dehbi 8dFegAB YREPE v ife ‘-iraq@é“&zth!%l'o}oﬂ(tgl fiHero-

pr odgehy0f ~BonpUba oy 123 dRdi4,m ma-

chqoacfgr?zeg i.n ?ﬁap A |s:q'd-:"@4 [ C}%%io OC}QC}B)
BBPR"®4andnl and n2 are |dent|cal and have

the value 2. 4. The product of fornula (I) as claimed
arac I zgd t |
L1 DR S A ol oncpiparons o5

i dehumathaﬁldlﬁa\xemlfémcmmtby]s ~3ihe2 pepouyt 18H -
forﬂykén&kh g{iﬁ'é'ﬁﬁ%é@%défﬁ éﬁulgﬂﬁﬂﬁff %?eﬁ -

n2 are

dlff-élféﬁt 5afd RndaSe IRe iRy %é&a&) mfeﬁehﬂdé@ 3,648-
- Zrimethyl-10- (trlfluoromethyl) -3,12-epoxy-12H-

pyrano{4,3-jl-1,2-benzodioxepin-10-yl]loxylethyl]-N-

methylethanamine;

- 2-{[(35,5aS,6R,B8a5,9R,10R, 12R,12aR})~-3,6,9-trimethyl-10-
(triflucromethyl)decahydro-3, 12~epoxy(l, 2]ldioxepino-
[4,3-i]lisochromen-10-yl]oxy}-N-(2-
{[(3S,5a8,6R,8aS5,9R, 10R, 12R,12aR)~-3,6,9~trimethyl-10-
(triflucromethyl)decahydro-3,12-epoxy(l,2]dioxepino-
[4,3-1]isochromen-10-yljoxylethyl)ethanamine;

- ethyl N,N-bis(2-{[(3S,5a5,6R,8a5,9R,10R,12R, 12aR} -
3,6,9-trimethyl-1C~(trifiucromethyl)decahydro-3,12-
epoxy(1l,2]dioxepino (4, 3-ijisochromen-10-
ylloxylethyl)glycinate;

- N,N-bis(2-{[(3S, 5aS, 6R, 8aS,9R, 10R, 12R, 12aR)~3, 6, 9-
trimethyl-10- (trifluoromethyl)decahydro-3,12-
epoxy(l,2]ldioxepino[4,3-i]isochromen-10-yl]loxytethyl)~
glycine; .

- 2-{[(3s,5aS,6R,8a5,9R,10R,12R,12aR})~3,6,9-trimethyl-10-
(trifluoromethyl)decahydro-3,12=" ' ‘ ‘
epoxy{1,2]dioxepino[4,3—1]isochromen—lO—yl}oxy}hN—(2—.
{[(3s, 5as, 6R, 8aS,9R, 10R, 12R,12aR) -3, 6, 9~trimethyl-10-
{trifluoromethyl)decahydro—B,12—epoxy[1,2}dioxepino—
(4,3-i]isochromen-10-ylloxylethyl)acetamide;



6. A product chosen in the followng list :

, (3S, 5aS, 6R, 8aS, 9R, 10R, 12R, 12aR, 3' S,5'aS,6' R, 8' aS, -
9'Rel 0' R 12' 1k, 12" aR) - 10, 10' - [t hi obi s(2, 1- et hanedi yl -0
xy) Thi s[ decahydro-3, 6, 9-trimethyl -10-(trifl uoro-nethyl
)-3,12-epoxy-121-1-pyrano[4,3-]] -1, 2- benzodi oxepi ne;
(33, 5a3, 6R, 8a5, 9R, 10R, 12R, 1 £§aR 31S 5'aS, 6' R, Vas, -

91R, 101R, 121R, 121aR) - 10, 10' (sulf|nylb|s(2 1- et hane- di
y1oi?ﬁb5B§p@@c@ﬁﬁdﬂ@n§0?£iaﬁdl&ﬂmyB 30>( abi b’ RarBd-afet-

hyl 3+ 8, 13+ epaxyrl3pyhane( 4 @-4 ) ( dg P-pRenz0dhexapine;

( 3595 % EPd 1 Cpye 1SR S1UGIE i iimaih Bl Sl 8- ArgfRugregethyl) ~
911de¢8hRATALB, 1220, 1L% -d sastd©1wyd Pt $62i 14 sochromene] ;
et hanedi yl oxy) ]

bi s[ decahydro-3,6,9-trinmethyl-10-tri-fluoronethyl)-3,1
2=ep68y5&8H6ByBaSOP$,EQRIIERZKQH&LBU$D&EpSn6 R,8'as, -

3Sg58S: S 12 as, . 8' 3S, -

o R 1510, e R R R e Y v AL T 22 B 0
oxy@%ﬁiépaé@awydb@SHQSQ;&1ﬁnwmaﬁhylfﬁQtftriﬁgngﬁ@mﬁtﬁyl)—
1) - §eé3h2896¥3135‘—@ 2?1013]0 f? t*i’c?[‘?oﬁh-m(fgbe%romene]
(3S, 5aS, 6R, Bas, 91k OR R 12aR 313, 51a3,6' R VasS

9' 1k, 10" 1k, 12' 1k, 121aR) 10 10" -[sul finyl bis(3, 1- propan

egIY?sxyhﬁ gR 8as, 9R, 10R, ﬂZR 12aR, % s, ? as, 6’ $h8 fsé_
i bi y, r uor pnet hyl) - 3,
o8 'igy%aﬁa[ éﬁﬁ T8 ]Ibé&o%é)ox%ﬁﬁane 2)33
( 'SSjﬁnybﬁst(ﬁ'aShglbpb@Jﬁy)JJMJﬁ' (10 &R, BUS; HdatSh $1 RLYaS, -

o R(E‘Qi%%u%goﬁét%%l?gkc]a%’yl ro'—(BS,L.lLlZf—oen <|)JP§IIF£ 32jl.d§?ro 8%%0-
diy[@x%}ihﬁs?dbceMyaﬁd43,6,9-trinethyl-lo-(trlfluorone
- thyl)-3,12- epoxy- 12Fprrano[4 3-j1-1, 2-

benzodloxe i ne;

(23Sl Bat? oRe8as, 6RS16R, B2, PRar0R 2R ALARR- 3, 608 -
o %ﬂﬁn@tﬂ?l&@z(@B)Lflgols%nre[t%@ﬂlqkaeﬂa‘h\}d%'l?nﬁﬂLy' ox

y)thls% ag g 9-tri_neth trlfluoro nmet hy %
Nt S et ARSI ML NG Wb ey ) Sthyl) -
2-[44{ BR[ ba8, 6RsBak, 8Rs10R, le,E&ﬂﬂlzkﬂx#3¢bp93tﬁlﬁethyl—

tri th | trif th oxy-12Hpy

o 185 Y R hPaRE YA e phvblery e (edody {12 F8%biepino-
I\/BF{45a3 BRi 8aSh98m&OR102R 11 2R} medatiy)driH -3l 62 93-triazole;
trimethyl-10-(trifluoronethyl)-3, 12-epoxy-12H pyranol 4

,3-] 1-1, 2- benzodi oxepi n- 10-yl ] oxy) et hyl ) - N- met hyl et han
am (2-{[(3s,5as,6R, 8aS, 9R, 10R, 12R 12aR}~3,6,9~trimethyl-

2- {14 35¢ 5251 68- 835t AP1 10BchBGI2aR), 136, 9- tri net hyl- 10

i { 1SRP%GF bRl A PXaREBRYdr 373 ) isosbaepen A wkkprnbpahyl) -
3-f44 spchaopeas 16ryBLOX YR, No@212R 12aR) -3,6,9- trlmethyl—

L D B P b o a3 o Eth Ched] deno-

3- fﬂ4sbehrbﬂaﬁhiemgﬁkmmyyeqbxb»eth@namnmal -2,3-triazole.
ethylN,N—bis(2-{[(38,5a3,68,8a8,9R,10R,12R,12aR)-
3,6,9-trinmethyl-10-(trifluoronethyl)decahydro-3; 12-
epoxy(1, 21di oxepi no[ 4, 3-fl i sochr onmen- 10-

yl ] oxyj et hyl ) gl yci nat e;

N, N-bi s(2-{[(3S, 5a3, 6R, 8aS, 9R, 10R, 12R, 12aR) - 3, 6, 9-
trimethyl-10-(trifl uoronethyl)decahydro-3, 12-

epoxy[ 1, 21di oxepi no[ 4, 3-fl i sochx-onen- 10-yl ] oxyl et hyl)
- glycine;,

2-{((35,5a5, 6R, 8aS, 9R, 10R, 12R, 12aR)- 3,6, 9-tri nmet hy1- 10
- (trifluoronethyl)decahydro-3, 12i -

epoxy(1, 2] di oxepi no[ 4, 3-ilisochromen-10-yl]oxy}-N(2-
1[ (35, 5aS, 6R, BaS, 9R, 10R, 12R, 12aR) -3, 6, 9-tri nmet hyl - 10-
(trifluoronethyl)decahydro- 3, 12-epoxy[ 1, 2] di oxepi no[ 4,
3-i]isochronen-10-yl ] oxyl et hyl )acet am de;




- 46 - - (35,5a3,6R BaS, 9R 10R, 12R, 12aR 3'S,5' aS,6' R, 8
"aS,- 9'R 10'R 121R 121aR)- 10, 10' -[ (2E) - but - 2- ene- 1, 4-
di yl bi s(oxy)]bis[3,6,9-trinmethyl-10-(trifluoromethyl)-
decahydr o- 3, 12- epoxy[ 1, 2] di oxepi no[ 4, 3-i]i sochronene] ;
(35, 5aS, 6R, 8a3, 9R, 10R, 12R 12aR 31S,5'aS, 6' R, 8' aS, -
‘91R,101R,121R,12'aR)-lO,lO'-?(22)-but-2-ene-1,4-

di yl bi s(oxy) | bis[3,6,9-trinmethyl-10-(trifluoromethyl)-
decahydr o- 3, 12- epoxy[ 1, 2] di oxepi no|[ 4, 3-f|isochronene]'

(35,5 R, BaS, 9R 10R 12R, 12aR, 31S, 51a3, 6

AR I?SEagfglfﬁ,%lZla Ef’g?)‘?tl%rif 4R IR i r%anea‘z J8Bhbrises
dp yedist metthyicamenbey) Y b) sp3, 6;18imedret hybn¥0-one of claims
(61 16 por gpret %g' ) decAidd- S eRoxY dn 24 di B¥6RLARL 4with
(Rhazmarenticaslygr BESeIR AR 1HTi1PaR)OB, 629- hydrate or
tsdes by Lo Ot her pibeeicameihydodacahydr p- 3, 12-

epoxy|[ 1, 2] di oxepi no[ 4, 3-fli sochromen-10-yl ] oxy}ethyl) -

4- ({[(35,5a3, 6R, 8aS, 9R, 10R, 12R, 12aR)- 3, 6, 9-tri net hyl -
(Pmarmétamtnnnlhybbmpnﬁﬁmﬂdns 12hapaxybk;25ﬂcn&ﬁnnﬂhat it

3[ C%;%)n%%j‘%o%yl 1 %{ é&i) %c%éﬁd%'{“:;ﬁét%y‘iny one

OC(AtiP.m’r'SI llortmre@ hyIO)ldezcahbdrmaGemZically acceptable salt,

o) di fljes fl y
sttt e s or ) D (Eped gk, BRE Hedger one
@wmw%%ﬁ@%hw w@@mﬁ&l@ BREARIRNG/] 1, 2] di oxepi no-

[4 3 |]|sochronen 10-yfloxy}ethyl)-1H 1,2, 3-tri azol e.

. A_pmedi canent, characterized in that it
d%?rpwts%%m%db%a UBF OB S TR IOt Sa P T SR MRER 1 nfarpgula
one of clainms 1 to §Z or an addition salt of this
product wth a pharrsgCéNtically acceptable acid, or a
hydrate or a sol y he product of fornula (I). 8.
Phar naceut i cal cq"aaﬁ \Wh, characterized in that it
conpri ses a preluetE7Q la (1) according to any
one of claims 1 toH6,%ok«grpharmaceutically acceptable
salt, a hydrate or a solyat’e of this product, and at
| east one phar maceut i cal Py—aCeigptabiGe gg pi ent .

I nternedi ate products, products of gen forMil a H
ligt cpBigehl n i haghitdte nvhdset He val ued 19r2,4,3 @r répr@sents a

RIS St &n s PMLRE, at om or - N3.

BN e




