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Die Erfindung betrifft
iazepin-1,1-dioxidderivate  und deren

substituiers
Saureadditionssalze.

verragliche Salze und physiologisch

Hypolipidimika.
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~DIOXIDE DERIVATIVES SUBSTITUTED BY SUGAR RADICALS, METHODS FOR THE
MEDICAMENTS CONTAINING

(54} Bezeichnung: MIT ZUCKERRESTEN SUBSTITUIERTE 1,4-BENZOTHIAZEPIN-
VERBINDUNGEN ENTHALTENDE ARZNEIMITTEL UND DEREN YERWEN-

The mvention relates to substituted l,4-benzothiazepine-1,1-dioxide
derivatives and to the acid addition salts thereof. The invention discloses
1,1dioxide derivatives of formula (1), wherein Rl R% R?
descriptions, the physiologically compatible salts thereof
functional derivatives, as well as methods for producing
the same. The compounds are suited for use, e.g. as hypolipidemic agents.

. L, 4=Benzoth-

werden 1,4-Benzothiazepin-1, ] -dioxidderivats der Formel (I), worin R!, R2,
R? und Z die angegebenen Bedeutungen haben, sowie deren physiologisch
funktionelte Derivate sowie Verfahren
zu deren Herstellung, beschrisben. Die Verbindungen eignen sich zB. als
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8 Cctober 2003 WO 00/61568 1 PCT/ EPO0/ 02570 Descri ption

1, 4- Benzot hi azepi ne- 1, 1-di oxi de derivatives substituted by sugar residues,
process for their preparation, pharmaceuticals conprising &He&ger 2003
conpounds, and their use The invention relates to substituted

1, 4- benzot W BB/&IS6B 1- di oxi de derivatives, their phRETHERGE/O2EVE
tolerable salts. and physiologically fuanctional derivatives. 10

1, 4- Benzot HPE3IMULS- 1, 1- di oxi de derivates and their use for the treatnment
of hyperlipidem a and also arteriosclerosis and hyperchol esterol em a have

already 'b cribhed [cf.  PCT . ication .. PCT/ GB 95/ 01884,
Publ i c;ti on ’Rlbé.iee%t@%%%'[fgﬁ’?'ﬂx'%gqnﬁ@é\‘ﬁﬁ B%tgu et segat residigsect of
maki ng avaiprabéss f dot héneir c pparatisnyhiptardiasplioale tdoefmRanG | aRbby

val uabl g hy, ﬁéﬁﬁﬁﬁﬁ dqa%ﬁgge In particular, the object consists in
findi ng novel ‘compounds Ich cause a higher excretion of bile acid, even

at a | ower dosage, conpared with the 20 conpounds described in the prior

art. The i mupntiRBnkbET *bikes I &) Ab@SsthGetOPAUNID offialdlind 4 Mdldide H 25
derivatives, their physiologically tolerable salts and physiologically
functional derivatives.

10
1,4-Benzothiazepine-1,1-dioxide derivates and their use for the treatment
of hyperlipidemia and also arteriosclerosis and hypercholesterolemia have
already ‘been described [cf. PCT Application No. PCT/GB 95/01884,
Publication No. WO 96/05188].

15

The invention is based on the object of making available further

compounds which display a therapeutically valuable hypolipidemic action.

In particular, the object consists in finding novel compounds which cause a

higher excretion of bile acid, even at a lower dosage, compared with the
20  compounds described in the prior art.

The invention therefore relates to compounds of the formula |

0
(L X
\N N
| A
/Z\.HS
H |
25
in which
1 .
R is methyl, ethyl, propyl, butyl;
2

30 R is H, OH;



in which I RLis nmethyl, ethyl, propyl, butyl; 30 R2 is H OH 8 Cctober
2003 2 5 R3 is a sugar residue, disugar residue, trisugar ($SI du%
tetrasugar residue, the sugar residue, disugar residue, OPési due
or tetrasugar residue optlonally bei ng nono- or pol ysubstitut ed by a sugar

protective group; Zis -(C—O)n C16- kyI (C-O)n CO- C16 al kyl -
- (G0 n- Coo’gl g-al kyl - |§C_0 n- Cl- - al k | - ( coval ent bond
10 nis O 1. misSo ‘%r gary &S Sﬁﬁaé%%l %,aﬁri?ugaﬂ diesilue, sal t s

and physi ol ogical |y fi@ﬂ%UQ@ﬁ' resitﬁiedethé/%ug/a?rs reaﬁaéeraugd g&ORRiEs of the
formula | are those Ey whi ch radi F%.QQ @yfq have the
fol | owi ng meani ng: 20T RIYRS regf or bﬁ‘»@@?ﬂaf 15%?@‘9 openally NeingRTRBOrs a
sugar residue, disugaor p(ﬂpﬂtﬂ]ﬁd}tuteﬁ@y%marrmtem?e@rou@S di sugar residue
optionakly being nono- or polysubstituted by a sugar protective group;
Z is ~(C=0)n-Co-C1g-alkyl-, ~(C=0)n-Co-C1s-alkyl-NH-,
(C=0)n-Co-C1e-alkyl-O-, -(C=0)n-C1-C1g-alkyl-(C=O)m, a
covalent bond,;

10 n isOori;
m isQor1;

and their pharmaceutically tolerable salts and physiologically functional
15 derivatives.

Preferred compounds of the formula | are those in which one or more
radical(s) has or have the following meaning:

20 R is ethyl, propyl, butyi;
R® is H, OH:;
3 ; . . .
R is a sugar residue, disugar residue, the sugar residue or
25 disugar residue optionally being mono- or polysubstituted by

a sugar protective group;

Z ‘is -(C=0)n-Co-C1g-alkyi-, -(C=0)n-Co-C1g-alkyl-NH-,
-(C=0)n-Co-C1e-alkyl-O-, -(C=0)n-C1-C1g-alkyl-{C=0O)m. a
30 covalent bond:
n isOori;
m isOor1;

35
and their pharmaceutically tolerable salts.

Particularly preferred compounds of the formula | are those in which one or
more radical(s) has or have the following meaning:



30 35 Zis -(C=0n-Q0-C16-al kyl -, -(C=0) n-Q0-Cl6-al kyl-NH, -(C=0On-Co-Cl
c-alkyl-O, -(C=On-Cl-Cl6-alkyl-(COm a coval ent bond; isOorl;, m
isOorl; and their pharnmaceutically tolerable salts. Parti & %FPP??"%QO@ferred
conmpounds of the fornula | are those in which one or nore radical (s) has
or have the follow ng neaning: 8 Octofher 2003 3 Rl is ethyl, butyl; R2 is
H OH R3 is a sugar: residue, the sugar resi due optionally being nono- or
pol ysubstituted by a sugar protective group; Zis -(C0O-Co-C4-al kyl, a
coval ent bgnd; and their pharmaceutically tolerable salts. The invention
al so rel aRes to a pisoethyh biudyl; t he preparation of conpounds of fornula |

whi ch conprises reacting, according to the follow ng reaction schene an
amne of the formula Il, in which Rl, R2 and R3 have the neani ngs

i ndi cat edRf'or fornuiseaH1OWii th a conpound of the forrmula Ill, in which R3
and Z have the neanings indicated for formula 1, with renoval of water to

give a compound of the fornmula | gnd optionally converting t onpound of
the fornfia I obt ai%écﬁqwideﬁ'%ﬁﬁy %FY %%W@IBPg%ﬁYeb%@Pt'%Pga :
physi ol ogi cal 'y or polysubstituted by a sugar protective group;

z is -(C=0)-Co-C4-alkyl, a covalent bond;

and their pharmaceutically tolerable salts.

The invention also relates to a process for the preparation of compounds of formula |,

which comprises reacting, according to the following reaction scheme

o]
NP N

/O
S S
R R
k/\/ Ho—z—R" O 3</\/
NN N, fl Sy N_
' . RZ [ S— l RQ
. (>
NHa N/Z"---. 3
I

R
H

an amine of the formula Il, in which R1, R and R° have the meanings
indicated for formula 1, with a compound of the formula HI, in which R3 and
Z have the meanings indicated for formula 1, with removal of water to give a
compound of the formula | and optionally converting the compound of the
formula 1 obtained into a physiologically tolerable salt or a physiologically
functional derivative.



functional derivative. 8 October 2003 3a On account of their higher water
solubility conpared with the starting or base conpounds, pharnmaceutically
tolerable salts are particularly suitable for medicinal é%%F@E%&%Qﬂ%
These salts nust have a pharnaceutically tolerable anion or cation.
Sui t abl e pharmaceutically tolerable acid addition salts of the conpounds
according to the invention are salts oBai norganic acids, such as
hydrochl ori ¢ acid, hydrobrom c, phosphoric, neta- phosphoric, nitric,
sul fonic and sul furic acids and al so organi c acids, such as, for exanple,
acetic acid, benzenesul fonic, benzoic, citric, ethane- sulfonic, fumaric,
gl uconi c, ycolic, isothionic, lactic, lactobionic, nmaleic, nmalic,
net hanesul %@na@oommithe‘u: higheowmesmuwim comparedirvi'lm &ﬂﬁstdriiiﬁé 4gpr o-
acetic aci S uIarIy
Bsse Eemgasgﬂaﬁl JRA RASRARER E&a{?r%b?%]s?réér‘. Bo el SPEkAse! 2

preferably, used phar maceut-
ammoni um sQ tg‘ed!fl”kadl APPHgadoNg al theses galts a@lU@bd‘laYm an@hp(massmtmallgzal ts)

and al kal i toterablet dnioRtc! cegiaht smtauréh %mﬁw&h%hm&@r‘éb?@had‘gﬂ g&’is) Sa' ts

th 1y .t
scope-of LT T AR PhfiPaLNes dieorng 432@8.” RS0 A1¢ 1RBr WpPRgANA or
purificatiasdsf guiehr nag ebydroghloyict ohad abh;a:irsafdrmcanfih@spﬁ&rc UggetiyD
nont her ap%ﬁd hofu@rnWWIfﬁnl ch'j tsﬁf?un@BBHs dﬁﬁ %rsgaé'f?a?%'gsaﬁ‘g}oh

"physiol o ca funct i onal
physi ol ogi Oy ?@@P'&bl acedisr .am,u bwﬂneéuli@wpommzamommmgemanehe

i nventi on suda‘och domesite |u/dain¢&1 glpccﬁ%maébtﬁfdn?é'i%tlé OlaBt méé‘iﬁh as, for
exanpl e, % ﬁ{%{% E’ X i 9 irect LXf) formsuc corrbound or
an active msct’a 8 s %ringmsu c:nrc p-toluenes onlc tartaric and trifluoro-

acetic acids. For medicinal purposes, the chlorine salt is particularly_
preferably used. Suitable pharmaceutically tolerable basic salts are
ammonium salts, alkali metal salts (such as sodium and potassium salts)
and alkaline earth metal salts (such as magnesium and calcium salts).

Salts with a nonpharmacedutically tolerable anion are likewise included in
the scope of the invention as useful intermediates for the preparation or
purification of pharmaceutically tolerable salts and/or for use in
nontherapedtic, for example in-vitro, applications.

The term “physiologically functional derivative” used here designates any
physiologically tolerable derivative of a compound according to the
invention, e.g. an ester which on administration to a mammal, such as, for
example, man, is able (directly or indirectly) to form such a compound or an
active metabolite thereof.



8 COctober 2003 4 A further aspect of this invention is prodrugs of the
conpounds according to the invention. Such prodrugs can 23 E dggfzed I n
vivo to give a conmpound according to the invention. Thes 98 Scan

t hensel ves be active or inactive. 5 The conpounds accordlng to the

I nvention can al so be present |n vari ot pol ynorphic forns, e.g. as

anor phous and crystalline dYhic forns. Al polynDrphlc forms of the
conpounds addFHPhESPeCt ofel !Snkﬂe’ﬁﬂ s peodrugs of dbe qompmmdgcew@mﬁgt he

i nvention afd ties Gn?eﬁtlﬁri f@uctﬁ%@@@ﬁug@ cér'?ebe l‘ﬁet‘aﬁkﬁﬁiﬁd (?r‘i‘ vnﬁ?'t@"‘@l
! | ate to corrpound(s)

references to "co @@? rd|n ﬁgrrru a

of the forntf4PPHY £§°8 % e$e PF st%”t@‘em%\l’aﬁab@s and
physi ol ogi cattive érinatlivenal deri vat | ves as descri bed herein. 15 The anount
of a compound according to fornmula (1) which is necessary in order to

achi eve the_desired biological effect is dependent on a nunber of factors,
e.g. the chbiegosssintscacsenoarid the hrvéniosntirdalseehe pmGMmmeranooé

adri ni Strat,bél{]'n@ﬁﬂm&h@rrﬁé'é‘gcéb RGO CHIIRL kB ORIRER! . he

20 daily d lies in.t
ng and 50 g%rm»‘-‘kq db ?a@%@ow&ﬁ/a@m@mg te tbe IOV&lntml Ay kg/ day.

Tabl ets or nﬁalnaeuem €N seopd afnthefl PiveRKEATARI afé ANiQRdr B8pd@0oiTthe
typi cal on from 0.02 to 50 ng. In the case of pharnaceutlcal Iy tolerable

salts, t\/CH}'rentloned wei ght data relate to the weight of the 25
benzot hi azep| ne ion derived fromthe salt. For the prophylaxis or therapy

of Below, all references to “compound(s) according to formula (1) relate to

compound(s) of the formula (I} as described above, and to their salts,
solvates and physiologically functional derivatives as described herein.

15
The amount of a compound according to formula (1) which is necessary in
order to achieve the desired biological effect is dependent on a number of
factors, e.g. the chosen specific compound, the intended use, the manner
of administration and the clinical condition of the patient. In general, the

20  daily dose lies in the range from 0.1 mg to 100 mg (typically from 0.1 mg
and 50 mg) per day per kilogram of body weight, e.g. 0.1-10 mg/kg/day.
Tablets or capsules can contain, for example, from 0.01 to 100 mg,
typically from 0.02 to 50 mg. In the case of pharmaceutically tolerable salts,
the abovementioned weight data relate to the weight of the

25  benzothiazepine ion derived from the salt. For the prophylaxis or therapy of
the abovementioned conditions, the compounds according to formula (l)
can be used themselves as the compound, but they are preferably present
with a tolerable carrier in the form of a pharmaceutical composition. The
carrier must of course be tolerable, in the sense that it is compatible with

30  the other constituents of the composition and is not harmful to the health of
the patient. The carrier can be a solid or a liquid or both and is preferably
formulated with the compound as an individual dose, for example as a
tablet, which can contain from 0.05% to 95% by weight of the active
compound. Further pharmaceutically active substances can likewise be

35 present, including further compounds according to formula (I). The
pharmaceutical compositions according to the invention can be prepared
by one of the known pharmaceutical methods, which essentially consist in
mixing the constituents with pharmacologically tolerable carriers and/or
excipients.



the abovementioned conditions, the conpounds according to formula (1) can
be used thensel ves as the conpound, but they are preferabuy ﬁ£83ﬁgb3 with a
tolerable carrier in the formof a pharnmaceuti cal COHDOSitI% b9 carrier
must of course be tolerable, in the sense that it is conpatible with 30 the
ot her constituents of the conposition &nd is not harnful to the heal t h of
the patient. The carrier can be a solid or a liquid or both and is
preferably formulated with the conpound as an individual dose, for exanple

as a_ tabl ePharshacéutival coriositionis’ abdidig’td thedifohliolrinogt fignact ive

d. Furth har naceut i cal | ctiveé substances can |1 kew se be 35
oresent i netLAIIATTE G0 e bd kssoneh (S o Su MG mBisaian( yen Tribe
phar maceut i mist coupaise t ncameacoﬁrddjngmistmtmg iign\e@@hi ?rﬁuafeiauab%égeepgr ﬁd by

f r i t . essent i consi st i

i ng the dSsUtetBRETGA L SR B b SORERE RLbE 18RI 8hdnd o
exci pi ent s. o8 tirg thypr of 2o gommerndnecnsndingdb foomplas(l) ueed ilacalamhdd:a@.t o the
[ ti [ it e ( n ;
Subt 1 ngual ySqaasRell Kmdsforst (@R © SlllarRiodled” LTAAER tepHse
admi ni st r at fogmu ﬁ%’oéécﬁffeia}(i%@ Nrad talte sepps okihenpuantiam Adid-registané and t he
severijty Ofaﬁc]!]%rﬁ@rﬁtdl iféﬁmlﬂaﬁ@aéo_@ré rm@@@h d@@hitégll}a telaﬁerg?e%mﬁ%% i 1gc§>§fgﬁgngn g

[ t us. i,n each. case. -
Scocr 330, SRR el HRB0S, BBRNIGT i BPTGEE, SmmioR e some
of the i nvemetiyicellatise- pbiiatatanand amibréotpaiyroefooirhathiaondic aaed pasd er r ed.

Suitable e | | include 10 cellul'ose acetate phthal ate, polyvinal
acetate ph{}hgma)t?g@ﬁéqp%%/propyl - met hyl cel | ul ose phthal ate and anionic

pol yners of methacrylic acid and
Suitable pharmaceutical compounds for oral administration can be present

15 in separate units, such as, for example, capsules, cachets, lozenges or
tablets, which in each case contain a certain amount of the compound
according to formula (I); as powders or granules; as a solution or
suspension in an aqueous or nonagueous liquid; or as an oil-in-water or
water-in-oil emulsion. These compositions can be prepared, as already

20 mentioned, according to any suitable pharmaceutical method which
comprises a step in which the active compound and the carrier (which can
consist of one or more additional constituents) are brought into contact. In
general, the compositions are prepared by uniform and homogeneous
mixing of the active compound with a liquid and/or finely divided solid

25  carrier, after which the product, if necessary, is shaped. Thus, for example,
a tablet can be prepared by compressing or shaping a powder or granules
of the compound, if appropriate with one or more additiona! constituents.
Pressed tablets can be prepared by tableting the compound in free-flowing
form, such as, for example, a powder or granules, if appropriate mixed with

30 a binder, lubricant, inert diluent and/or a (a number) of surface-
active/dispersing agent(s) in a suitable machine. Shaped tablets can be
prepared by shaping the pulverulent compound, moistened with an inert
liquid diluent, in a suitable machine.

35 Pharmaceutical compositions which are suitable for peroral (sublingual)
administration include lozenges, which contain a compound according to
the formula (1) with a flavoring, customarily sucrose and gum arabic or
tragacanth, and pastilles which comprise the compound in an inert base
such as gelatin and glycerol or sucrose and gum arabic.



met hyl nethacryl ate. Suitable pharmaceutical conpounds for oral

adm ni stration can be present 15 in separate units, such a@ i for garrpl e,

capsul es, cachets, |ozenges or tablets, which in each casé3 %RP%']%Q

certain amount of the conpound according to forrmula (1); as powders or

granul es; as a solution or suspension6in an aqueous or nonaqueous | i quid;

or as an oil-in-water or water-in-oil enulsion. These conpositions can be

prepared, as already 20 nmentioned, according to any suitable pharnmaceuti cal

m _hoﬂ whi dhe icoantiors atheratore rélatesbeth tbheom@hb\m.xﬁng@@wb ﬁﬂﬁ'u}g)éw Cﬁf rier
ich can SjySt nor e |t|on constltuent are brought

into cont a(?tn(aoqb trg eﬁ{aer g%?e@ﬁgm(%%igg 8%“ Qr e 4h9eRl5P G @éﬂ?ﬁ‘??rﬁﬁn and

hormgeneousnlxtur% ngﬂ'm‘ farmelzatand ¢he purmduadtembtmeas | Thpuseparatiowof thenel y

di vi dedS“'rthtLﬁt?sfsaéérhEHblﬁfchﬁ{m&%'g? ﬁl@Q roduct, if necessary, is shaped.

a a

Thus, for exanple can repa d by conpressing or shaping a
powder or granules of the conpound, if appropriate with one or nore

addi Ui onal Fepesiib uerisantiofiaEend durbleBhibdiishs tRE SRAL IBaAPE! I o the
_ conpound | [ree fh m%hg éP HCh as, for exanp a po r -granul es,

i f approprﬁacgwﬂgﬁ HCW¢ Rres@refelPAder, |ubricant, inert diluent and/or a (a
nunber) of surface- actlve/dlsper5|ng agent (s) in a suitabl e machine.
Shaped tablets can bg, ﬁpared by shaping the @ulveyulent conpound,
noi stened with an |nehbf’ iquid diluent, in a suﬁgable machi ne. 35
i b which are SUIt--' p ror®{ (subl i ngual)

according to the

Phar maceuti cal conpesi $o

adm ni stratlon i 1 ;

formula (1) 3 i tomar{ |y A d abi ¢ or
tragacanth, \an I Nivhi ch conpri s& t he “Conppurid %ert base

pa
such as gel atiin and gl y:cero\t r sugrose |and gum af abi cR?
R
H

Sugar residues are understood as meaning compounds which are derived
from aldoses and ketoses having 3 to 7 carbon atoms, which can belong to
the D or L series; these also include amino sugars, sugar alcohols or sugar

15 acids. Examples which may be mentioned are glucose, mannose, fructose,
galactose, ribose, erythrose, glyceraldehyde, sedoheptulose, glucosamine,
galactosamine, glucuronic acid, galacturonic acid, gluconic acid, galactonic
acid, mannonic acid, glucamine, 3-amino-1,2-propanediol, glucaric acid
and galactaric acid.

N
10 H

20
Disugars are intended to mean saccharides which consist of two sugar
units. Di-, tri- or tetrasaccharides are formed by acetal-like bonding of 2 or
more sugars. The bonds can occur here in the ¢ or § form. Exampies which
may be mentioned are lactose, maltose and cellobiose.

25

if the sugar is substituted, the substitution preferably takes place on the
hydrogen atom of an OH group of the sugar.

The following protective groups are essentially suitable for the hydroxyl
groups of the sugars: benzyl, acetyl, benzoyl, pivaloyl, trityl, tert-butyl-



8 October 2003 6 The invention furthernore relates both to isoneric

m xtures of the formula I and to the pure stereoisoners of the formula 1,
and al so to diastereomer mixtures of the fornula | and tHeOgigper 2003

di astereonmers. The separation of the 5 mxtures is carried out

chromat ographi cal ly. Racem ¢ and enant Vonerically pure conpounds of the
formula | having the following structure are preferred: 10 H H Sugar

resi dues ardimetidsivt, obanzdidesanicyglasnplidens athisgprepyideaei peotectivem

al doses angi,.g@‘&é)_ses having 3 to 7 carbon atons, which can belong to the D
or L series; these also include am no sugars, sugar al cohols or sugar 15
aci ds. Exanpl es which nmay be nentioned are gl ucose, mannose, fructose,

ga: ac{ ose, _"ﬂﬁeb@@?ipoeﬁdé lof mf%rﬁimsﬁr@iddmbmarﬁﬁg@hﬁi@éw Ricrabl %@l&sam ne,
gal act osam_ne, ugur.onj c . aci,. act.uroni c .aci uconj.c agi
gal act o ¢ ANdupiysiclagicall nigtiohaP defvativeR Are deal nhermaseplicals feing
gl ucari c adieditmentioblipid chetabolisroidisorgiers 5n Pasticydarsofdnperiigieae] The nean
sacchari de ' ' . ' |- . L L-..0r -
ot asaconSol AndSHIRNS rofthub"CarttlPiyie SLitgbe tor inflhoigl ng serumy g
The bonds €halestesal levet and for prevanting antidrentinexartgriassianntic sympigmee
mentioned g ba%heERds FBh GStRrANY A86 RPhaRistted W MdAhatich Spst | tut ed,
t he substitutjon referablg t akes gl ace on the . )

10  statins, such as, for example, simvastatatin, fiuvastatin, pravastatin,

cerivastatin, lovastatin or atorvastin. The following findings confirm the

pharmacological activity of the compounds according to the invention.

The biological testing of the compounds according to the invention was

15 carried out by means of the perfusion test. This test investigates the action
of the compounds according to the invention on the bile acid transport in
the ileumn. The diastereomer mixtures of the compounds were tested.

The perfusion test was carried out as follows:
20
Experimental set-up

Male Wistar rats (weight range 250-350 g) were anesthetized with urethane

(1.5 g/kg i.p.) and the bile duct was cannulated with a polyethylene tube.
25 Eight cm proximally to the ileocecal flap, an incision was made into the

ileum and a silicone adapter for tubes was sewn in. A second incision with

implantation of a corresponding silicone adapter was made in the cecum.

Silicone tubes were attached to the adapter in order to perfuse the ileum in

an orthograde and open manner (nonrecirculating) with perfusion buffer at
30 a perfusion rate of 1 ml/min.

The perfusion tubes were filled with perfusion buffer (137 mM NacCl,
0.9 mM CaClp, 0.51 mM MgCle, 8.1 mM NasHPO4, 2.7 mM KCI, 1.47 mM
KHoPO4) (pH 7.4), 1% (v/v) ethanol + 1% DMSO. The perfusion buffer

35 contained the test compounds in concentrations as indicated or the vehicle.
The buffer was preheated to 37°C. The perfusion buffer contained 3 mM
taurocholic acid (TCA), which in turn was labeled with 1000 dpm/ul of 3H
TCA as a marker.



hydrogen atom of an OH group of the sugar. The follow ng protective groups

are essentially suitable for the hydroxyl groups of the rs. zyl,
acetyl, benzoyl, pivaloyl, trityl, tert-butyl 8 Cctober 23%@893@1&%@

di mret hyl silyl, benzylidene, cycl ohexylidene or isopropylidene protective
groups. The conpounds of the forrmula | 8and their pharmaceutically tolerable
salts 5 and physiologically functional derivatives are ideal

phar maceut i%tHA¥ design #rd eyaldatiemef #ye tespltel net abol i sm di sorders, in
particul ar of hyperlipidem a. The conpounds of the formula |I are |ikew se

suitable foy_influencj e serum chol.esterol |eve|l and for preventing
Snd treati o BRPRITRC AR waS aheeRaticR elonsrBE ArSEanath RhiE |y also
be admi ni stiefiibifionnof drilei maid wanspof ihOthed dhdivkluas wrimas, Ther bikxavad e,

si nvast at at lu L in,. ..cariyvastatin lovastatin or
atorvasti n_coﬂﬁ%tfep o¥f§)\bmaﬁbrpfﬁ]t%h{aa X%?Klgérﬁ PP Fﬁgﬁhaéf a@ﬂﬁmeoﬁhggs%aq Ogcﬁi vity of
t he conpounidiowiogorasmgut phaseefarigsling die reNessibility ogercalperiedtdfrup tf t he
conmpounds hn (o] ThRV&NIH : i f the
erTusi on togt ity Tbppbifisibh (Ghie Ve coalfig iffef Sorlor 8387 &

accor di ng PerioHe0k APemin dRresiest pebslansehwap follavesbdy @ rperfusion vdtm  The

di ast er eongjerfiisidrbEfferalhicASon @R iisks test conipptingdn tHAeoResAtSIRd est was
carri eg ou S ;%ogg: é@ Experinmental set-up Male Wstar rats (wei ght
range QO-%’@gte@e Q &VdAEYt heti zed with urethane (1.5 g/kg i.p.) and the
bile duct was cannulated with a polyethylene tube. 25 Eight cm proxinally
to the ileeeedal da@Ratidiof iR Eé%%\’gb% M5O HY thBSest compound, the

dpms (disintegrations per min of "H-TCA) in the bile from 80-90 min (end of

the perfusion with the test substance) were related to the collection period

15  30-40 min during the preliminary phase, when the excretion of the 3H-TC/’-’«

in the control phase had reached its maximum and plateau. The ECsgp (=

effective concentration 50) was calculated as the effective concentration

between the inhibitory values of different concentration which inhibited the

maximum bile acid excretion by 50%.



ileum and a silicone adapter for tubes was sewn in. A second incision with
i npl antation of a correspondi ng silicone adapter was made j tEe um
Silicone tubes were attached to the. adapter in order to gea?ta %r{tf{? il eum
in an orthograde and open manner (nonrecirculating) with perfusion buffer
at 30 a perfusion rate of 1 m/mn. TRe perfusion tubes were filled with
per f usi on ff?r (137 MM NaCl, 0.9 nMCad 2, 0.51 MMwWCl 2, 8.1 mM
Na2HPO4, 2. Sf‘ri\ﬁs'KCI, 1.47 mM KH2POX) (pH 7.4), 1% (v/v) ethanol + 1% DVSO.
The perfusion buffer 35 contained the test conpounds in concentrations as

i ndi cat ed btlgg.vehi cle. The buffer was preheated to 37C. The perfusion
buf fer containéd 3 nM_taurocholic acid (TCA), which in turn was | abel ed
with 1000 fipnul of 3H_ TCA as a nafker. ober u desi gn and
eval uat i on{ of Compaunsisl frem Axasspler i nent &Cdpalleiim pesfusioos@Mmhi dh al | owed

t he det er nmmatTomof ——the—mhrbrtTopr—of—btt+e—acid—t+ransport—+nt he

i ndividual flanimal. The bile was 5 collected at XQpgin interval g§ over a

peri od of BO-—mMm-n (| n—the case of a {foll ow ng wash- out phaQF\ far testi ng
the revers|bility over period of t\np to 160 m The perfusign of the
vehi cl e-cofpt ai ning buffer solution ¢ever a period of 40 mn (pne-test

subst ance)|was followed by a perfusion with perfusion buffer \ﬁmi ch

contai ned Jhe test co und in the ¢oncentrati of€8 10 be tested (to 90
mn). For fhe catculation of the pefcentage | nhibrtion by the fest
conmpound, fhe dpns (didsint egrationg per mn of GFETCA) in thejbile from

80-90 mn —the—test—substanrcer—werefrel ated to
the collecfion period 5 0.4

6 0.09

7 1.4

Comparison Example

1 9.8

5 From the measured data, it can be seen that the compounds of the formula
I 'according to the invention have an action which is better by the factor 7 to
100 relative to the compounds described in the prior art.

The following examples serve to illustrate the invention in greater detail,
10 without restricting same to products and embodiments described in the
examples.



15 30-40 mn during the prelimnary phase, when the excretion of the 3H TCA
in the control phase had reached its maxi num and pl at eau. 8 : ﬁ e&ol(s

ef fective concentration 50) was cal cul ated as the effectl EBRE ation
bet ween the inhibitory val ues of di ffg ent concentration vvh| ch inhibited
the maximumbile acid excretion by 5 8 Cctober 2003 9 Resu Its Table 1:
Conpoun fnf}&g] {Exanpl eEC50 i | eum perfusion (,uM 10.09 20.15 30.22 40.72
50. 4 60. 1.4 Conparison Exanple 19.8 5 Fromthe neasured data, it can
be seen that the conmpounds of the formula | according to the invention
have an action which is bet@er,, by the factor 7 to 100 0e|®t|ve to the

conpounds described in The foll ow ng des serve to
illustrate the inventi et,@ detall 10 W|t re%t)Mlng same to
products and errbod\rre cr| e exanpl es W NS
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5  CogHa3N30gS (593.74). MS (M + H)T = 594.3
Example 2
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CH OH
N3y @ v g
Y Y HO ~
E H : H N
OH OH £ E
oH oH H
0 a b

CogHa3N30gS (609.74), MS (M + H)* = 610.4



8 October 2003 Exanple 1 HO OH OH a 10 HO 5 C29H43N3(8S (593.74). M5 (M +
H) ' 5943Exarrp|e2HOOaHO—|O—|bbCZ9H43N309S(60985él%§w+ H }
:610480ctober200311Exnp|e3aC]—IC]—IC]—IC]—IO HO H " 08
(678.89). M5 (M+ H+ = 679.4 11

Example 3
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™ i
OH OH \)/
\/w /\/\/u\ /© \N NH‘I/\/

l
OH OH

: \)\/\/\/\/\)L

Omu
Otu

Om
Ollm

5  Cs4H54N40gS (678.89). MS (M + H)' =679.4

Example 4
o, .0
‘S’\kﬁ\/
LS
[
OH OH O 0 O~‘S"O
HD\)\/‘\,)LN/\/\/\/\/\/LN O \)d\/
i a
oM OH H H \T NH
21a OH OH Q 0
HO\)YK)LN/\/\/\/\/\)J\N
oH o A
0 21b

C41HgaN40gS (777.03). MS (M + H)" = 777.6



Exanple 4 OHOH O HONi | HOHOH O b 21b C41 H64N409S (777.03). MS (M +
H' = 777.6 8 Cctober 2003 12 Exanple 5 1la 5 C31 H47N308S é621 rK?é? I\/IS (M
+ H+ = 622.4 Exanple 6 HO 0 13a 13b 11b C31 H47N309S (637 @gpbengfiOdm + H) +
= 638.5 8 COctober 2003 13 Exanple 7 51036H58N408S (706.94). MB (M+ H{ =
707. 6

Example 5
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I
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I
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11a 11b
5 Cgz1H47N308S (621.79). MS (M + H) = 622.4
Example 6
: OH
OH OH o /@ OH OH o

HO * - N HO

H H H z H

OH OH OH OH

13b

0 13a

C31H47N30gS (637.79). MS (M + H)" = 638.5



Conmparison Wellcone)): 10 exanple from WD 96/ 05188 (Exanple No. 20,
264V\04(d axo Conpari son Exanple 1 8 COctober 2003 14 The e re
prepared as foll ows: Reaction Scheme 11 O ,~ ,,0s 5 2

lutidine TsOH O"0 6 Ac CAc PVC, H2 1%0\C OAC 9

Example 7

O

- N

S

HO\/'\/Q\/\/\/\)J\/Q

H OH 17a OH
HO

L

H

(ol
|||O

@] lm
T
O Hire

5  CagHsaN40gS (706.94). MS (M + H)* =707.6

Comparison example from WO 96/05188 (Example No. 20, 264W94(Glaxo

Wellcome)):

Comparison Example 1



TOTU 8alb 3 7 2. Tidd4 / Nal 11 alb AcO 12a/b 5 13aJb 8 Cctober 2003
Reaction Schene 2 14 earb 15 15a/b 5 OH OH HO NH2 OH OH 1% 5{etagti%38cherre
3 OAc CAc 0 AcO C crober

14

The examples were prepared as follows:

Reaction Scheme 1

lutidine
O TsOH O

Ac ] Y H
PVC, H, Ohc OAc

9

=
TOTU

1. mCPBA
Ae 2. TGl / Nal
HO N N

|
Ac QAc
AcO Y

(=)Ac 6Ac H

o, P
12a/b
Q NaCMe

Y
| OH
H QH
HO. H
&1 dn

5 13alb

s



OAc OAc 9 OAc OAc 0 AcOH QOAc QAc 19 1. TOTU +20a/b 2. NaOwe/ MeOH OH OH O
HON = H OHOHHO 18 OH OH OH OH OH 17a/b 20a 21a 8 Cct

6
Synt hesi s of conmpound 2: 20g (91.6 mmol) of 2,5-difl uorob%ﬁ@‘é‘ﬁﬁ n%)r?é
(Fluka) are dissolved in 15

Reaction Scheme 2
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400 M of DVMSO. 7.0 g (150 mmol ) of lithiumsul fide (Fluka) are added 5
under argon. After three hours at 120C, the m xture is al I80 dto g)tciol to
RT. It is shaken with 200 mM of 2 MHO aq. and 500 m of %eYR9PAE at e,
The organi ¢ phase is washed a further h}é\o times with NaCl soln., dried
over MgSH, filtered and concentrated. 24 g of crude product 2 are

obt ai ned a 1 i 1] (n-heptanel ethyl acetate 3:1). Rf = 0.3, 10
starting reoth St ooy .LZC'013H9FOS (232.28). MB (MrH)+ = 233. 1.

Synt hesi s of conpound 4: 7-g of crude product 2, 2.5g (16 mol) of
di but hyl azigdgi td} onmet . o 40 (1977)
yl azigdgliges3nkfil @E,$Hﬂho?&ben%§gﬁénonéé (ﬂle ié%olddgﬂ?%d

245 - 255) andnﬁoo of _ p-tol uene sul I C_acl ) Om of

| utidi ne. THY af?fﬁswgortﬁ Bo S0smmg]) 108 dithiumasulficle r(Fiésparareoaddedt t hree

hﬁur s. tEt imdéﬂ%;g@?ﬁﬁ%@% frebe hownsl at hQO"G,em'edﬁﬁxthl% @Jéilév}:@rﬂ’ t%o&l gsh

chr omat ogr Y : %, O col orl ess oLl .

(n- hept agela‘ﬂl%ws §E’8€eol? é‘v'g‘. é&} {%éfogzzg\ﬂg%c@%l-ﬁ@gﬁ@ 3 Of @@@’T%ﬁe?at% ( MtH) +

= 370. 3. Syffechesjaniofphasepioundstied 3. furihet Iws timmeb )with Nbcanﬂlalﬁ.-,eribrﬁ)f Ngl o
: 5 ng chl oride

ar e Susnendery! 0gkef, Mindby 28 EHAMI o2 %) & eflo BRNIRS Sl o

stirred vi ghtainetlyas@a redslish aifpellde Unehemtane/etiyb aostatehd: 13.0Rat+ @3 s

di | ut egdowi fs'??\g@%dn%tieﬁﬁl £Hp o.@?@ﬁ@ﬁ&@@%gé@%dms%ﬁn%ﬁﬁ 238}y soln. After

dryi ng over I s concentrated and purified
chromat ography. Yield 3.47 g (89% of 5 as an anorphous solid. 30 TLC
(n- hept ane/: dsigefteneodndy: Rf =0.5, starting material 4 Rf = 0.6.
C23H28FNO2 . : + = 402.2. Synthesis of conmpound 6: 35 3.47 ¢
(8.6 mmol) of 5 are dissolved in 24 m of nitrating acid (from 14 m of

7 g of crude product 2, 2.5g (16 mmol) of dibuthylaziridine 3 (R. Gauthier et

16 al, J. Organomet. Chem. 140 (1977) 245 - 255) and 300mg of p-toluene-
sulfonic acid are dissolved in 100 m! of lutidine. The reaction solution is
boiled in a water separator for three hours. It is then concentrated and the
residue is purified by flash chromatography. Yield 3.6g (61%) of 4 as a
colorless oil. TLC (n-heptane/ethyl acetate 9:1). Rf = 0.5. CogHogFNS

20  (869.55). MS (M+H)" = 370.3.

—

Synthesis of compound 5:

3.6 g (9.7 mmol) of 4 and 6.0 g of NalO4 are suspended in 100 mi of

25 acetonitrile, 50 ml of methylene chioride and 30 ml of water. After addition
of 200 mg of RuCls, the mixture is stirred vigorously at room temperature

for 2 hours. The solution is diluted with 200 ml of ethyl acetate and washed
2x with NaCl soin. After drying over MgSOQa, it is concentrated and purified

by flash chromatography. Yield 3.47 g (89%) of 5 as an amorphous solid.
30 TLC (n-heptane/ethyl acetate 4:1). Rf =0.5, starting material 4_R; = 0.6.
C23H2gFNO2S (401.55). MS (M+H)" = 402.2.

Svynthesis of compound 6:

35 3.47 g (8.6 mmol) of 5 are dissolved in 24 ml of nitrating acid (from 14 ml of
HNOg and 10 ml of H2SO4). The reaction temperature is kept at 20°C by
cooling. After 30 minutes, the solution is poured onto a mixture of 700 g of
ice and 200 ml of ethyl acetate. The aqueous phase is separated off and



HNO3 and 10 ml of H2SO4). The reaction tenperature is kept at 20C by
cooling. After 30 mnutes, the solution is poured onto a ét uil_:)e 23; 3700 g
of ice and 200 m of ethyl acetate. The agueous phase is"S 30t f and
8 Cctober 2003 17 washed carefully fo ti mes with 150 nl of saturated
NaHCO3 soln. It is then dried over concentrated and purlfled by

flash ch EAfeR I 9 d. TLC
( naﬁep'f aFlg/ etshﬁflag et a{yefeﬁ gné"s Q\"ﬂ.‘ ﬁgg %ngHg'}ﬂEsﬁ!S]E%W c@&%ﬁ% Slﬁ/é
(M-H) + = adhen’ drgah gy Mass oﬁpaeﬂﬂtfated%odgppeﬁed nbo| flaséf chreme-

di ssol ved itgglphil erl@%oostgemﬂé% HVeg idy a tﬁen bt +us( FE4i) Taed the

solution i tirie our t owed 10 coo to RT
and the rezﬂﬁqm@f’%?ﬁ'%(ﬂcelt%tefl‘l I%U ‘9% G2pHgENg0O4pG06446:84)7, M | owi sh
crystals m(M+H)§8£I447I2C (n-hept ane/ ethyl acetate 2:1). Rf 0.5, starting
material 7 Rf = 0.6. C52H33N304S (471.62). M5 (M+H} = 472.3. 15 Synthesis
of conpound 8a/b as an enationer mxture: 1.05 g (2.2 mmol) of 7 are
suspended i8yn#tesit cbEompbupd&:and 500 ng of platinumon active carbon (10%
strength) are added. The mixture is 20 hydrogenated in a shaking autocl ave
for 30 hours at 150 bar drogen pressure and 100C. For work-up, the

m xture is3QI1a é@@d’nmﬂ*bgéﬁ afel disgolyed in Sthid Hofi 83%astnetptini INMEROINN  of

et hangg garddi|( FLL@Jasf dn%l %ﬂ&ﬂaﬂéﬁﬁ@@t )%@& attdv@;;r % NG, Fw[g fHerd by

fl ash romat ogr ap as an armr ous solid.
TLC (n- heptaﬂﬁ‘é’l%QtMFO(é!c@ B eam 1t |qsu!i gzproduct is fiitered. Yiel 286 ¢
(90%) of 7, yellowish crystals m.p. 188°C. TLC (n-heptane/ethy] acetate

2:1). Rt'= 0.5, starting material 7 Rt = 0.6. CsoH33N304S (471.62). MS
(M+H)" =472.3.

15
Synthesis of compound 8a/b as an enatiomer mixture:

1.05 g (2.2 mmol) of 7 are suspended in 30 ml of toluene and 500 mg of

platihnum on active carbon (10% strength} are added. The mixture is
20 hydrogenated in a shaking autoclave for 30 hours at 150 bar hydrogen

pressure and 100°C. For work-up, the mixture is fiitered through silica gel,

which is washed with 100 ml of methanol, the filtrate is concentrated and

the residue is purified by flash chromatography. Yield 495 mg (48%) of

8a/b as an amorphous solid. TLC (n-heptane/ethyl acetate 1:1). Rf =0.3.
25  CogsH3a7N300S (443.65). MS (M+H)" = 444.3,

Synthesis of compound 10a/b as a diastereomer mixture:

80 mg (0.18 mmol) of 8a/b and 100 mg (0.24 mmol} of penta-O-acetyl-D-
30 gluconic acid (Org. Synth. Vol. 5, 887} are dissolved in 4 ml of DMF
(dimethylformamide). 100 mg (0.3 mmol) of TOTU (Fluka), 35 mg
(0.24 mmol) of oxime (ethyl hydroxyiminocyanoacetate; Fluka) and 0.1 ml
(0.78 mmol) of NEM (4-ethylmorpholine) are added successively. After one
hour at room temperature, the mixture is diluted with 20 ml of ethyl acetate
35 and washed three times with water. The organic phase is dried over
MgSQy, filtered and concentrated. The residue is purified by means of flash
chromatography (ethyl acetate/n-heptane 2:1) and 130 mg (86%) of 10a/b
are obtained as an amorphous solid. TLC (ethyl acetate/n-heptane 2:1)



25 C25H37N302S (443.65). M5 (MtH)* = 444.3. Synthesis of conpound 10a/b as
a diastereoner mxture: 80 ng (0.18 mmol) of 8alb and 100 &8 Z%hognol) of
penta-O-acetyl -D- 30 gluconic acid (Og. Synth. Vol. 5, 8&/C9P¥ sol ved
in 4 mM of DW (dinethylformm de). 3 ng (0.3 mol) of TOTU (Fluka), 35

my (0.24 mmol) of oxine (ethyl hydroxyl m nocyanoacetate; Fluka) and 0.1 ni

hour at 1 otha Bripd N pHdet TGS P seBhe ALHRGN SRS SEANiRG tparglinhl °"°
acet at e 358afb1 masjmwstdifrf@rently weth M Isulkaie acidT ka1 bisgblgOg 3PHase.ory, dri ed

over %}td concentrated. The residue is purified by neans of
flash chron‘%t(ogra ?’n acetate/ n-heptane 2:1) and 130 ng (86% of

10a/b are obtained as an am)rphous solid. TLC (ethyl acetate/n-heptane

2:1) 8 £xt gagzﬁfhe%gaﬂéf %ﬁ@ﬁ- @ﬁaleguoeFQﬂéggFéO% w)@s the same retention as

the starti ) th 2 Msulfuric acid.
C41 H57N3013S (131.97), M5 (M+ H{ = 832.6. 5 Synthesis of conpound
11a/b as a1QDaﬁ’1be(CﬁWm@)XéM9alb1§Fé ms(o@;eb@mohﬂ Afméfhbl arssgh ssol ved

5 mM of h Afte th [ M sodi
Imgt hoxi dg 955{5@%2& 0 &l ﬂéi‘t gl' ﬁl fd\ﬂe%oq'ﬁmsmlgo’ﬁ r%gﬁ(’)ﬂoltrg @rafar:aum
for one homixtuté is sliolwed Wstaadtattatoomdemelmjurmfdnamé|hDu|riCIt 1s<1huh|t ﬁnl and
t . r ene
ol or 1 1o nBPHAREL SThd Wit AnoRb HE EFHEN i ERi Rl ORI Y
obt ai ned apudfied abyr fashus cemmatogrby( nimaipylene ¢h i@éﬂﬁ’é’ﬂﬁ@lﬂ@ﬂmone
ammoni a  3@4HR45h- 36110730 -dhd G&L 7 (B8P 663bafld) arcdMBbtdthad Hhg an622. 4.

amorphous solid. TLC (methylene choride/methanol/conc. ammonia
30/10/3). Rf = 0.4. C31H47N30gS (621.80). MS (M + H)+ =622.4.

15
Synthesis of compound 12a/b as a diastereomer mixture:

618 mg (0.74 mmol) of 10a/b are dissolved in 30 ml of methylene chloride
and 385 mg (2.23 mmol) of 70% strength m-chloroperbenzoic acid (Fluka)

20 are added. After 30 minutes at room temperature, the mixture is diluted
with 100 ml of ethyl acetate and washed three times with NaHCOs3 soln.
After drying using MgSO4, the mixture is concentrated and 700 mg of
crude product are obtained. This crude product is dissolved in 28 ml of a
0.05 M TiClg/acetonitrile soln. After addition of 300 mg of solid Nal, the

25 mixture is stirred for 15 minutes. For work-up, it is diluted with 150 ml of
ethyl acetate and washed with 100 m! of 2 M of sodium thiosulfate solution.
The organic phase is dried over MgSQO4 and concentrated, and the residue
is purified by flash chromatography. Yield 550 mg (87% over 2 stages) of
12a/b as an amorphous solid. TLC (n-heptane/ethyl acetate 1:2). Rf =

30 starting material 10a/b Rf = 0.35. Cs1Hs57N3014S5 (847.99). MS
(M+H)" = 848.5.

Svnthesis of compound 13a/b as a diastereomer mixture:

35 550 mg (0.65 mmol) of 12a/b are dissolved in 20 ml of methanol. After
addition of 0.3 ml of a methanolic 1 M sodium methoxide solution, the
mixture is allowed to stand at room temperature for one hour. It is then
neutralized using methanolic HCI solution and concentrated. The residue is



15 Synthesis of conpound 12a/b as a diastereoner m xture: 618 (0 74

nmol ) of 10a/b are dissolved in 30 m of nethylene chlori cb)eo ggg

(2.23 Mol ) of 70% strength m chl oroperbenzoic acid (Fl uka ﬁt dded
After 30 m nutes at roomtenperature, Qe m xture is diluted W|th 100 m
of ethyl acetate and washed three ti rres wi th NaHCO3 soln. After drying

i S t duct
obtarneq muiee By *@hﬁ%‘dL@’BMQQ’taEﬂP dyIGe BRigflie/rigHgRoficre " 2" e
Ti Cl 4/ acet GNAN& %Qa’ /3) Apnd 3EAIMG §89%) G0 3ak otres obtainedl as tdre 25
mxture i s ghbfghesf cgonaS mLau ng é@na\ﬂ@éﬂfoﬁ&/mb;ha{rﬁﬁbh&t e&nm *5150 i

47

ol ution,  SHRATET A 0B TEE g e

3?\@ &*a'ﬁb té38chtrated, and the

residues is purlfled by flash chromatography Yield 550 ng (87% over 2
stages) of | D ; ctal LC htane/et hyl acetate 1:2).
Rf = 0.3, 3B Q ”!!‘5 E’ i) P g HASIeTe0mBr MPNIGs 7\301 4S (847.99). M

(MtH) + = 848. 5. Synt he5| s of corrpund 13a/b as a di astereomer mxture: 35
550 ngy (0. 64 f noI ter

addi tion of ng-l 8 m&%%@%@éﬁ gké?@i\ﬂ%g%g h8 oxhﬁe ﬂ% et he
mxture is W%M&fﬁ@e@vlﬁﬁunmo Pdbh{3: EW@ﬁﬁtCuﬂé Iﬁcaddededrhpwme totthiss t hen
neut rahoze@oumdﬁ@aﬁﬂartr@a%ww st attﬂo%eélﬂ ér%ﬁ%%ﬁ‘ f‘rﬁfnui’é%eﬂhés' due is

chior | de/ mONLIoB P BBRR S5 iNPUSH 6ia) G8T ShwaS ok hebdg ror ety ar e
obt ai ned asicatate andifienousorsntiéitiont] Ctiferet legideree o pudiéaet hanglasgonc.
anmoni & chromatography. Yield 950 mg (95%} of 15a/b as an amorphous solid. TLC
(n-heptane/ethyl acetate 1:1). Rf = 0.4. CggH44BrN303S (606.67). MS
15 (M+H)" = 607.3.

Synthesis of compound 17a/b as a diastereomer mixture:

897mg (1.47 mmol) of 15a/b are dissolved in 20 ml of DMF. After addition

20 of 1.3 g (7.1 mmol)of 16 (glucamine, Fluka), the mixture is heated at 80°C
for two hours. It is then diluted with 50 ml of ethyl acetate and washed three
times with water. The organic phase is dried over MgSOa, filtered and
concentrated. The residue is purified by means of flash chromatography
(methylene chioride/methanol/conc. ammonia 30/10/3) and 700 mg (67%)

25 of 17a/b are obtained as an amorphous solid. TLC (methylene
chloride/methanol/conc. ammonia 30/10/3). R = 0.4. C3sHsgN408S
(706.95). MS (M + H)" = 707.4.

Synthesis of compound 19:

30
8.0 g (18.8 mmol) of 8 (penta-O-acetyl-D-gluconoyl chioride; Org. Synth.
Vol. 5, 887) are added to a suspension of 8.0'g (40 mmol) of 18 (Fluka) in
150 mi of anhydrous DMF. This suspension is vigorously stirred at room
temperature for 20 hours. 500 ml of ethyl acetate and 200 ml of water are

35 then added. The aqueous phase is extracted again with 250 ml of ethyl
acetate. The combined organic phase is washed three times with sodium
chloride solution, dried over MgSQy, filtered and concentrated. Yield 9.5 g
(86%) of 19 as a colorless oil. TLC (methylene chloride/methanol/conc.
ammonia 30/10/ 3). R = 0.8. Co7H43NO13 (589.64). MS (M + H)+ =590.4,



30/10/3). Rf = 0.4. C31 H47N309S (637.80). M5 (M + H)+ = 638.4. 5

Synt hesi s of conmpound 15a/b as a di astereoner m xture: 8&9&1 200r,“;’vrol) of
8a/b are dissolved in 30 nMl of methylene chloride and 2

triethylamne. 0.5 m (3.7 mol) of 1 drs added dropwi se to this 10
solution and it is allowed to stand at“tfoomtenperature for 15 m nutes. The
solution is then filtered through silica gel and washed with 100 m of

et hyl acetate. After concentratlon t he re5|due is purified by flash

chr omat ogr dpNRINess § . 2 s diastereomer aixtanar phous solid. TLC
(n-hept ane/ et hyl acet ate 1: 1) R = 0. 4. CSOH44Br N3O3S (606.67). Ms 15
(MrH) + = 607. 3. Synthesis of co ound a/lb as a diastereomer m xture:
b7y ( 1. 4200 0ot TEROh o418, 4D 98a(0dd mmcootROab @ARb F pispaseil ¢ on

20 of 153 @r{aTogoUﬂWté Sﬁ/bl (Hregadn g, the! iettiont é‘é’qtﬁ@ﬁ@eub? rbactitrt ed at

80C for two _haours cet ate and
washed t hr &8 em%swb\ﬁ‘ i]bb\%{f e%?ﬂﬁé"gmakﬁ %@‘r@y@ ried EH'I’I ESR‘?"@P
flhl tered ar@hemorhd@r(ﬂ9|3'!)e@45ThéZErE€)sard:L|¢h280m/:lg|dfl‘E'(dTUyBlme %f;)?ygm??ash 4 700
chr omat ogr 0 0 ni an
gy (67% 92%?@/ 1éiar${)®£rlggo tcéglgn'(raé %gésdTg'tr'l g%& cﬁ @p,:%o c%f_ ﬁ | ene
chl ori de/ mproeedire cionccorapewid d13d.16ftey flaRh e!m@nzlatogra@hssmnmler(eme 95) .
M5 (M 4gH) anoE i o of 9
(pent aT% a(J?hlbnzj%ag}gthucono‘ls.ﬁbs jnngfonfé)gﬁpyﬁﬁj) %2@ (4%/9 &/&g]@lg 9%5 ar'e added
to a suspe 8% § %A’E? $) af a8 (ﬁfl )Sci'“r‘ii i@@ rimelnylaney dr ous
DVF. Thi s shipieledmethansl/voymr agshyniat Bof e8] d). Ryom 0.2. CyoHgaN4O9S
(777.04). MS (M + H)' = 777.8.




t enper at ur
35 then ad

e for 20 hours. 500 m of ethyl acetate and 200 nml of water are
ded. The aqueous phase is extracted again with 25 o) t hyl
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acetate. The conbi ned organi ¢ phase is washed three tines

chloride s
(86% of 1
ammoni a 30
Cct ober

) ied over MpSHA,,filtered and con jeld 9.5 ¢
3"6 00761 co orless oil. TLC %‘Let hyl ene chl ori W@E‘%ﬁ%‘ onc.
% "@ 0.8. C27H43NOL3 (589.64). M5 (M+ H)+ = 590.4. 8

20 Synthesis of conpound 2la/b as a diastereonmer m xture: 200

ng (0. 34 mmol) of 19, 70 nmg (0.17 mml) of 20a/b (20a/b is prepared 5

anal ogousl

¥.to Paddm Muﬁ@bfmmrmma;he reacti on sequence of reaction

scheme 1 with 2-butyl-2-ethylaziridine (R Gauthier et al., J. Or ganonet .
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m of NEM

conmpound ha/b. Aft
chl ori de/ net hanotFtong. a
21la/ b are obtai ned as‘r an a
chlorlde/netbanc OFs, a

M5 (M + H)

conpound of t

10

15

20

25

30

(1977) 245 -- EFS) and 1, 240 ng of TOTU, 80 ngy of oxime and 0.3
are reacte®@{m4 nl of DVF anal ogously to the procedure for

or ot chr omat ogr aphy (net hyl ene 10

nga 30/5/ 1), 60 ng (46% over two stages) of
rphous solid. TLC (nethylene

1). Rf 0.2. CA0HB64AN4AQ9S (777.04).
y N777.%. gr 2003 5 W 00/61568 21 Patent clains 1. A
he formuld_1, RA%in which

N/Z\F{S |
H
in which
1 .

R is methyl, ethyl, propyl, butyl;

R? is H, OH;

3 . . . . .

R IS a sugar residue, disugar residue, trisugar residue,
tetrasugar residue, the sugar residue, disugar residue,
trisugar residue or tetrasugar residue optionally being mono-
or polysubstituted by a sugar protective group;

Z is -(C=0)n-Co-C1p-alkyl-, -(C=0)n-Cp-C16-alkyl-NH-,
-(C=0)n-Co-C1p-alkyl-O-, -(C=0)n-C1-C1g-alkyl-(C=0)m, a
covalent bond;

n isOorft;

m isQorft;

or its pharmaceutically tolerable salts and physiologically functional
derivatives.

2. A compound of the formula | as claimed in claim 1, wherein one or
more of the radicals has or have the following meaning:



| 10 RL is nethyl, ethyl, propyl, butyl; R2is H OH 15 R3 PCT/ EPOQ 02570
is a sugar residue, disugar residue, trisugar residue, {)atsg% reS| due,
t he sugar residue, disugar residue, trisugar residue or t g gi.PP resi due
optionally being nmono- or polysubstitu gd by a sugar protective group; Zis

- (C=0 n- Q0- C16- al kyl -, -(C=0)n- Q0- C16-arkyl -NH, 20
-(C=On-C0-C16-al kyl -0, -(C=0)n-Cl-Cl6-al kyl-(C=Om a covalent bond; n
isOorl; 25 mis Oor l; or its pharnaceutlcallytolerable salts and

physi ol ogi i1y functiseiayl, Pyl \attylves. 30 2. A conpound of the fornula |
as clainmed in claiml1l, wherein one or nore of the radicals has or have the

fol |l ow ng anl ng: "8 Q(“ﬂsﬁg 2003 22 5 is a sugar residue, disugar residue,
t he sugar r si due or Igar resi due optionally being nono- or

pol ysubstituted by a sugar protective group, 10 Zis
- (G0 n- Q- &16 al kyl - i5 a scl.;:'gor re%?du%wdlsugé’r resudﬂe the sugar residue or
disugar residue optionally being mono- or polysubstituted by
a sugar protective group;

10 Z is -(C=0)n-Co-C1g-alkyl-, -(C=0)n-Cp-C1g-alkyl-NH-,
-(C=0)n-Co-C1p-alkyl-O-, -(C=0)p-C1-C1g-alkyl-(C=0)y, a
covalent bond;

n is0ort,
15
m is0ort;
or its pharmaceutically tolerable salts.
20 3. A compound of the formula | as claimed in claim 1 or 2, wherein one
or more of the radicals has or have the following meaning:
1 .
R is ethyl, butyl;
2 .
25 R is H, OH;
3 . .
R is a sugar residue, the sugar residue opticnally being mono-
or polysubstituted by a sugar protective group;
30 Z is -(C=0)-Cp-Cy4-alkyl, a covalent bond;

or its pharmaceutically tolerable salts.

4, A process for the preparation of compounds of the formula | as
35 claimed in one or more of claims 1 to 3, which comprises reacting,
according to the following reaction scheme



-(COn-Q0-Cl16-al kyl -0, -(C=0)n-Cl-Cil6-al kyl-(C=Om a covalent bond; 15

RlL is ethyl, propyl, butyl; R2is H OH n isOorl; misO o pro
pharmaceutically tolerable salts. 20 3. A conmpound of thecgé?tﬂg?raéq&ﬁas
claimed in claiml or 2, wherein one g8 nore of the radicals has or have
the followng nmeaning: RL 25 R2 R3 is ethyl, butyl; is H OH is a sugar
residue, the sugar Pgsi@ue optionally being nono- orOngPysubstitut ed by a
sugar protective group; 30 Zis -(C=0-Co-C4-alk 3 al ent bond; or its
phar maceut i cal | llerab\eSalts. 4, A process ffg e preplration of
conmpounds ok _t heéx{ o I 35 c?ai med i n~Qne ROr e/o [ l1to 3
whi ch conpri sgs react nd,\ , accordi ng t'd the fdl'l ow ng tion Schenme 8

Oct ober 2003 23 an amne of the formula 11, in which_# and R3 have the
meani ngs i ndi cat ed formula I, with a conpound e formula Ili, in

whi ch R3 and

NH, ﬁ/2~~~.Ra

an amine of the formula 1l, in which FI1, R? and R° have the meanings
indicated for formula I, with a compound of the formula Ili, in which R3 and

5 Z have the meanings indicated for formula I, with removal of water to give a
compound of the formula | and optionally converting the compound of the
formula | obtained into a physiologically tolerable salt or a physiologically
functional derivative.

10 5. A pharmaceutical comprising one or more of the compounds as
claimed in one or more of claims 1 to 3.

6. A pharmaceutical comprising one or more of the compounds as
claimed in one or more of claims 1 to 3 and one or more statins.

15
7. A compound as claimed in one or more of claims 1 to 3 for use as a
medicament for the treatment of lipid metabolism disorders.

8. A process for the production of a pharmaceutical comprising one or
20  more of the compounds as claimed in one or more of claims 1 to 3, which

comprises mixing the active compound with a pharmaceutically suitable

carrier and bringing this mixture into a form suitable for administration.

9. Use of the compounds as claimed in one or more of claims 1 to 3 for
25  the production of a medicament for treating hyperlipidemia.

10.  The use of the compounds as claimed in one or more of claims 1 to
3 for the production of a medicament for influencing the serum cholesterol
level.



5 Z have the neanings indicated for formula I, wth renoval of water to
give a conpound of the fornula | and optionally converting the conpound of
the fornula | obtained into a physiologically tolerable saPgtoger 2003
physiologically functional derivativesq1l0 5. A pharmaceutical conprising
one or nore of the conpounds as clainmed in one or nore of clains 1 to 3.

6. A phar mafeut ITiad useinp the componads asulainerf ir o PG TIdfs £hal med in
one Oor nor C | n one,.or no statl ns,, .. conpoun as
claimed in oﬁgr o%h%nﬁg&%ét%é"l éﬁlrr@ @q%c%mpe{ efggeprggeaﬁngre@;t%r rofigr the

treat ment aymptpirg. net abol i sm di sorders. 8. A process for the production of
a pharmaceutical conprising one or 20 nore of the conpounds as clained in
one or nore of clainms 1 to 3, which conprises mxing the active conpound
with a pharnmaceutically suitable carrier and bringing this mxture into a
formsuitable for admnistration. 9. Use of the conpounds as clainmed in one
or nore of clains 1 to 3 for 25 the production of a nedi canent for
treating hyperlipidem a. 10. The use of the conpounds as clained in one or
nore of clains 1 to 3 for the production of a nedicanment for influencing
the serumchol esterol level. 8 October 2003 24 11. The use of the
conmpounds as clainmed in one or nore of clains 1 to 3 for the production of
a nedi canent for preventing arteriosclerotic synptons.



