(54) Title: 1,4-BFNZOTH AZEPI NE- 1, 1- DI OXI DE DERI VATI VES SUBSTI TUTED BY
SUGAR RADICALS METHODS FOR THE PRCDUCTICN THEREOF, MEDI CAVENTS CONTAI NI NG
THESE COVPOUNDS AND THE USE THEREOF (57) Abstract The i nfEREPBH #&Bates to
substiruted. 1l 4 benzothlazeplne 1,1-dioxide derivatives and to the acid
addi tion sa¥d0p . The invention g}nscl oses 1. 4-bRGTHEPOGDRSTOE- | ,

] - di oxi de ﬁgrlvatjves of formula (1), erein Rl, R2, R3 Z have the cited
descri pti or<eSEHsiOBhysi ol ogi cal |y conpatible salts thereof and
physi ol ogi cal |y functional derivatives, as well as nmethods for producing

tlge sane. T{]ﬁ §é’r§%?#gggpl%e udléfnge derivativi ves sugstltutedhgy gbglyarl lge%rlr&ucesagent >
process for their preparation, pharmaceuticals comprising these
5 . compounds, and their use

The invention relates to substituted 1,4-benzothiazepine-1,1-dioxide
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 |
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in which
1 .
R is methyl, ethyl, propyl, butyl;

30 R is H, OH:
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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:



RlL is methyl, ethyl, propyl, butyl; 30 R is H OH 8 Cctober 2003 2 5 R3
is a sugar residue, disugar residue, trisugar residue, tetrasugar residue,
t he sugar residue, disugar residue, trisugar residue or ﬁ%®989%§§m3residue
optionally being nono- or polysubstituted by a sugar protective group; Zis
- (G0 n- 0- C16- al kyl -, -(C=0) n-C0-Cl6zal kyl -NH, -(COn-Co-Cl1 g-al kyl -0,
-(C0)n-C1-C1 g-alkyl-(CCOm a- cova?ent bond; 10 nis O or 1;, mis 0 or
| ; and their pharmaceutically tolerable salts and physiologically
functional , 15 derivatives. Preferred conpounds of the formula | are those
in which Bne or noré& ethylibedyl{ s) has or have the foll owi ng neaning: 20 Rl
is ethyl, propyl, butyl; R2is H OR R3 is a sugar residue, disugar -~

resi due, the sugar residue or 25 disugar residue optionally being nono- or
pol ysubst Riut ed by isaHsGlir protective group; 30 35 Z is

- (C=0 n- - C16- al kyl -, -(C=0) n-C0- C16- al kyl - NH

F{S is a sugar. residue, the sugar residue optionally being mono-
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
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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.
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butyl; RR is H OH R3 is a sugar: residue, the sugar residue optionally
bei ng nono- or pol ysubstituted by a sugar protective group; Zis

-(C0O -Co-C4-al kyl, a covalent bond; and their pharmaceutically tolerable
salts. The invention also relates to a process for the preparation of

conmpounds of formula I which conprises reacting, according to the
follow ng reaction schene an amne of the formula Il, in which RlL, R2 and
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acids, such as hydrochloric acid, hydrobromic, phosphoric, meta-
phosphoric, nitric, sulfonic and sulfuric acids and also organhic acids, such
as, for example, acetic acid, benzenesulfonic, benzoic, citric, ethane-
sulfonic, fumaric, gluconic, glycolic, isothionic, lactic, lactobionic, maleic,
malic, methanesulfonic, succinic, p-toluenesulfonic, tartaric and trifiuoro-
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.



base conpounds, pharnmaceutically tolerable salts are parti cul arI y suitable
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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.



active or inactive. 5 The conpounds according to the invention can al so be

resent in various ol ynorphic forns, e.g. as anorphous crystal.line
Bolynnrphic formns. RII pol ynmor phic fornms of the conpoundgpgg@égkéqb to the
i nvention are included in the scope of the invention and are a further
aspect of the 10 invention. Below, allSreferences to "conpound(s)
according to formula (1)" relate to conpound(s) of the formula (1) as
descri bed above, and to their salts, solvates and physiologically
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nmust of coq&g gtpfn %&5,%% In the sense that it is conpatible with 30 the
ot her constituents e conposition and is not harnful to the health of
the patient. The carrier can be a solid or a liquid or both and is
preferably 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.
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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.

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-



20 nentioned, according to any suitable pharmaceutical method which
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pure conpounds of the formula | having the foI | ow ng structure are
preferred: The piological 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.
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For the calculation of the percentage inhibition by the test compound, the
dpms (dlsmtegrations per min of ®h- -TCA) in the bile from 80-90 min (end of
the perfusion with the test substance) were related to the co!lectlon period

15  30-40 min during the preliminary phase, when the excretion of the H TCA
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%.



treatment of lipid netabolismdisorders, in particular of hyperlipidem a.
The conpounds of the formula | are |ikew se suitable foraé'@ftl Een%tioﬁg t he
serum chol esterol |level and for preventing and treating ar &PPYs rotic
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bile acid ffransport Tn the ileum The di asteréonmer m xtures oi] t he

conpounds fier &oMmRAUNs feme B@amplei on t e&iCapliewraperfudionuiM)s f dl | ows: 20
Exper i ment g—set=opWate—Wstar Tats—{(wet-ght—range—256=—356—¢a) re
anesthetizgd with urethane (1.5 g/kg i.p.) and gpe bile duct S

cannul at edfw-t-h—a—polyethylene tubel 25. Eight cmproximally taolthe

il eocecal Jlap, an incision was mad¢ into the id gdm and a silijcone adapter
for tubes ppas sewn in. A second inciision with iTniplantation of ja
correspond| ng silicone _adapter was de in the cecum Silicong tubes were
attached tp the. adapt@r in order t¢ perfuse thd%2eumin an @rt hogr ade
and open nner _(nonrecirtcarati ng) W tn pertusion buffer—at—3¢ a perfusion
rate of 1 fl/mn. The gerfusion tubgs were fill &7&ith perfusign buffer
(137 MM Napt—6—9—+MCat2—0—5+—miva2—8—34—MNa2HRO4—2— mM KCl ,
1.47 mM KH2POX4) (pH 754), 1% (v/v) |ethanol + 1% @BMSO The per1|usi on buffer
35 containedthe test conpounds in toncentrations as indicatedfor the

vehi cl e. n?rhe buffer was preheated o 37C. The Beéé usi on buffef contained 3
™ :

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.



taurocholic acid (TCA), which in turn was | abeled with 1000 dprﬂul of 3H
TCA as a marker. 8 COctober 2003 8 Study design and eval uaté (gqu récﬁg
results An experinmental batch was chosen which allowed the &PRY tion of
the inhibition of bile acid transport, in the individual animal. The bile
was 5 collected at 10 mn intervals ovgr a period of 90 mn (in the case of
a follqgw Mash-out phase for testing the reversibility over a period of
up to n. The perfusion of the vehicle-containing buffer solution
over a period of 40 mn (pre-test substance) was foll owed by a perfusion
with perfusion buffer whicB cﬁnt a| ned the test corrpouno i@ the

concentration to 10 be 0O mn). For the gationsof the

per cent age inhibition rrpound, the df qi Watl ons per
mn of 3HTCA) in the ) rony 30 n (end_of th t he
test substance) wereNrel atedy d\“’f'he col | ecti on PrFi o 15N\30NHU(0 nin during

the prelimnary phasé when ghe excretion of the\3H—TCA
phase had reaghedpHt somexi pamand pl at eauy h@ CeP (=
concent I‘@I on] 50) :was{|cal ¢ gd as the efteckive|concg
t he i nhi (i REet ent ¥

maxi mum bil e acid excretiion by 50% 8 Cct ober 2603 9HResu Its Tabl e 1:
Conpounds from®tanBHeEC50 i | eum per f usi on @HUMPHIO. 09

a

in the contr ol

5  CogHa3N30gS (593.74). MS (M + H)T = 594.3

Example 2
\ //
e e
; < Y a4
OH OH o \ OH
HO : OH : O
H z HO :
OH OH ioo: N
OH OH
0 a b

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



20.15 30.22 40.72 50.4 60.09 71.4 Conparison Exanple 19.8 5 Fromthe

nmeasured data, it can be seen that the conpounds of the f%% lﬁ 40

according to the invention have an action which is better @HP & 4998 or

to 100 relative to the conpounds deSﬁﬁibed in the prior art. The foll ow ng

exanpl es serve to illustrate the invention in greater detail, 10 w thout

restrictd to products and enbodi nents described in the exanples. 8
PR i e T

Cct ober nple 1 HO OH OH a 10 HO 5 C29H43N3(BS (593.74). Ms (M + H)'
= 594.3 Exanple 2 HO 0 a
‘ 0, [
~ NH 0,0
N } \S\>/‘/
OH OH 4,
\V/L\//\\/ﬁ\ /«\//\\/ﬂ\ /[:ij \‘T NHa/A\//
SH 5 OH OH

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

Om
Ollm

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

Example 4

S’\)d\/
\NQ,NH

|
OH od O o o“s,,o
HD\/J\/‘\.)LN’\/\/W\)LN \)é\/
2 3 H H Y NH

oM OH |
21a OH OH O o)
HO\)YK)LN/\/\/\/\/\)I\N
H H

OH OH
D 21b

C41HgaN40gS (777.03). MS (M + H)" = 777.6
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OHOHOHOH0 HOHJ5 C34H54N408S (678. 89).
ober 2003 12 Exanpl e_{g

Example 5

OH QHO /@ OH OHO
HO
H

I
8]
=z

Oluu
I
Cime
XL
Om
Omu

11a
Ca1H47N308S (621.79). MS (M + H)© = 622.4
Example 6
: OH
OH OH o /@ OH OH o

HO * - N HO

z H H z H

OH OH OH OH

13b

13a

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

b C29H43N309S (609.74), MB (M+ H} = 610.4 8 October

a

OHOHO HONi | HOHOHO b 21b C41 H64N409S (@é?‘%@)
t

11b

2003 11

+ = 679.4
0086 (M +



1la 5 C31 H47N308S (621.79). M5 (M +
C31 HA7N309S (637.79). M5 (M + H+ = 638.5 8 October 2003 a 75
M5 (M + H{ = 707.6 Conparison el |8£%E§$’%P

C36H58N408S (706. 94) .
exanple from WD 96/ 05188 (Exanpl e No., 20, 264W4(d axo Conpari son Exanple 1
8 Cctober 2003 14 The exanpl es were p1r pared as follows: Reaction Schene 1

106 0,S.5
- 0.0

s

N : /\/

H + = 622.4 Exanple 6 HO 0 13a 13b 11b

' “Example’7
NH

' O\ /,0
_ l °S
OH OH 0
~ NH
N
HO\v/l\Y/A\Y/A\N/A\V/h\v/ﬂ\N ‘
i EH H
H OH OH OH o] O .
/\/\)LN
F{
17b

Ly

O
1O

i Ho\v/l\v/i\v/ﬁ\
¥ ¥ N
H

}{

(a0
Ot
I

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

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

Wellcome)):

Comparison Example 1



2 H2SO4 HNOB HNCB lutidine TsOH O"0 6 Ac OAc PVC, H2 OAC OAC 9 TOTU 8al b
3 7 2. Tid4/ Nal 11 alb AcO 12a/b 5 13aJb 8 Cctober 20%3 Qegcté %g Schene
2 14 earb 15 Oclober 20

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
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alb
OAcC
H

5 OHOH HO NH2 OH OH 16 Reaction Schene 3 OQAc OAc 0 AcO0 G OAc OAc
OAc 0 AcOH OAc OAc 19 1. TOTU +20a/b 2. NaOwe/ Me q4 %% HO N

15
Reaction Scheme 2
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Br N
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OH OH 5
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CH OH | H
OH OH o)
T o A A
H
OH OH H
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Reaction Scheme 3
OAc QAc O 0
ACO\/k‘/:\)J\ N/\/W\/\)L -
H ¥ Cl +  H, OH
OAc QAc
g 18
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OAc OAc O o} w/
ACO\/kj\/tk /\/\/\/\/\)L ~
” . oH + ? NH

"~/
1. TOTU +20a/b /@(}v\/

2. NaOMe/MeOH

_ \)\/\)L/\/\/\/\/\)LJ@

21a

O Tt
O Hins



OH OH OH OH OH 17a/b 20a 21a 8 Cctober 2003 16 Synthesis of conpound 2: 20g

(91.6 mol ) of 2,5-difl uorobenzophenone 1 (Fluka) are di S}dé 8 I%hq 400 m
of DMBO. 7.0 g (150 mmol ) of lithiumsul fide (Fluka) are der
argon. After three hours at 120C, the ﬂ%xture is allowed to cool to RT. It
i's shaken with 200 m of 2 MHCI aq. ahd 500 nl of ethyl acetate. The

organi ¢ ph ré.her two tines with Nal soln., dried over
l\/g%m, f!olt t %891 ufnld ed. 24 g of crude product 2 are obt ai ned as
a reddish oil. TLC (n-heptanel ethyl acetate 3:1). Rf 10 startlpg
material 1 b%%nk 3 o)
conpound 42%5 ‘p64§n@1 Bprﬁ?ﬂ@taé% g P@}%Mmmq?ak% %’ebuq%qwé}?ﬁ dine 3
(R Gaut hi 10GMml afg &l 0 & J&Romerol) o dithiunusu lqigﬂfjulwz}are addnd and

300my of p- Gr@dﬂ%@OﬁuAﬂ@rntmeamo@r@rae 1gossottkemiitlrd Rafbwed 1 tobfigre,  The

t t epar at
hen concert Faltal shied Rt Pab a8 AT HETRG Land pon s of beetpaphy.
Yi el d 3. 6g Th&ELYgafic aprmseas wastord esturibiel .twdLiEnEs- Wﬂpw@/mlhyldhr@ft atfe
9:1). Kf 28 2 3 esis o
corr%aound CR’§$ Mgg{%g ﬁ%?‘ep Qn @&éﬁ}rgt%qs éJwé_bl\%f Eﬂ‘%ér ﬁ%ﬂ% %d@@ in 100
m of obtained as a reddlsh cnl TLC (n- heptane/ethyl acetate 3 1). Rf = 0.3,
10  starting material 1 R = 0.4. C13HgFOS (232.28). MS (M+H) =233.1.

Svynthesis of compound 4:

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



25 acetonitrile, 50 mM of methylene chloride and 30 ml of water. After
addition of 200 ng of RuC 3, the mxture is stirred vigor u(ﬁ?tg ﬁ
tenperature for 2 hours. The solution is diluted with 20 Sl 2eot0
acetate and washed 2x with NaCl soln.yAfter drying over MgSH4, it is
concentrated and purified by flash chromatography. Yield 3.47 g (89°/c) of 5

Starting meyaed 9*"“5‘*'”"3’3%”“?“&%2“@&2%?%0‘%‘3?%é&‘ﬂéﬁ%na“%gﬁ Gl T
Synt hesi s he@oaﬂ%n%v% M5SQ4.4 rogeentratedmanyd gurified by @@olohé@maﬂ 24 m

of nitratingg (¥ o n Eﬁ&gl) gaction
terrperaturgg @@g’? r§pdn (gl_)::%ng w%é N% eﬁﬁtsgzm afflor es S?’ne soI utlon i's
pour ed ont %/f':' g o1f fce' & ﬁVNa 4 Fhﬁ Gedkab® The
aqueousSphz@Eﬂa—H)S sépapprat ed of f and 8 Cctober 2003 17 washed carefully four
times with 150 m of saturated NaHCO3 soln. It is then dried over MgSH,
concentrated and purified by flash chroma- tography. Yield 3.0 g (78% of 6
as an anor Bwiisess bf dompbind 7n- hept ane/ et hyl acetate 4:1). Rf = 0. 4.
C23H27N204SF (446.54). M5 5 (MrH) + = 447.2. Synthesis of compound 7: 3.0 g
(6.7 mmol) of 6 are dissolved in 50 m of 33%strength HNMe2 in 10 et hanol
(Fluka) and.@ge(&6lmmabnot § arei dissalvad iB0ED Mirofodd%nhstrengthtHNMephien al | owed
Lo cooto! O oiflafIqFiike) ra%uﬂhte' élﬂuﬁ’ér?‘?éjzﬁrrﬁé el dge! o ondl Bbh 2t %65@5(90% of

7, yellow sh cry tane/eth 3(‘( ace
&

0.5, start @HgWeetier pae! " R an@ e &5 #@@n@@@yc Ay fiitgpad. Wsld
472.3. 15 (90%) of 7, yellowish crystals m.p. 188°C. TLC (n-heptane/ethyl 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  CosHgzN302S (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)



Synt hesi s of conpound 8a/b as an enationer mxture: 1.05 g (2.2 mol) of 7
are suspended in 30 mM of toluene and 500 ng of platinum 08 agtiv% car bon
(10% strength) are added. The m xture is 20 hydrogenat ed i GoReAG ﬁg

autocl ave for 30 hours at 150 bar hydr,qgen pressure and 100C. For work-up,
the mxture is filtered through silica] gel, which is washed with 100 m of

met hanol , e figl te | I i ' urifi.ed by

i ash chi ofEodrahe Prokarcrorge s T sie rebllod 838 Sl MhesbidCor o
TLC ( n- hepBarte/mitloglorachffereatiy with 2 M sufudc ackzb Q2361531 3Q3S (1343765) . MS
(MHH) * = 41%?%“4 S h@f of conpound 10a/b as a di astereoner m xture: 80
nmg (0.18 mmol' )} o alb aﬁ%‘ 100 ng (0.24 mmol) of penta-O acetyl-D 30
gluconic acid (Org. Synth. Vol. 5, 887) are dissolved in 4 mM of DW

di met hy! f | | , 35 0.24 mol
(dumet hy (@r_yﬂg‘iéﬁ%f odfiolf 4 $a/b 5318 diadbrebilot midhitea) . 35 MmO ( % M )

NEM ( 4- et hyl nor phol i ne) are added succes,si vely. After one hour at room

temﬁegI a{ lﬁr q30t g M.%4 Uﬂﬁﬁoi)soﬂﬁbgrﬁrl]ﬁdré/\/idﬁé%_o%dﬁn gf r_r@tddwhegfaﬁbﬁt a\fi?e‘}saogd
washe ree tines er. e organi,c ase | rie ver ,
o ror et aaadtighean D, et SrnefnaiGer N s metadhing selliin, dhds
chr omat ogr ejikiyrd @4 laylbwadetoastand- dtemmoamde@pt)atared fdr30nathduBo M) isathedOa/ b  are
obt ai n a , g Nyl T . 1). 8 Cct ober
5003 1 reefafB AR Sty EFORNBY el CReBl AR RIRNR DI’ T o0
mat eri al  pevified bby 8aslor sheamategeanhyy wathylzne shicrigeioeteinal/cam
H57N3013S EatloRa) 80/10/3P did 778 g =(#87) o ﬁo%th@SIo%tﬁheepﬁgOFﬁd lla/b
as a diastereonmer m xture: ]éso r’r% (? 16 WHDl& /of Oa/}) are dissolved in 5
m of net haAwPhoug  gelid. TLC  (methylene choride/methanol/conc. ammonia -

30/10/3). Rf= 0.4. Ca1H47N30gS (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 = 0.3,

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



addition of 0.2 m of a nmethanolic 1 M sodi um net hoxi de sol ution, the
mxture is allowed to stand at roomtenperature for one thé ééréo?)st hen 10
neutralized using nethanolic HC solution and concentrate tftﬁ residue is
purified by flash chromat ography (et h ene chl ori de/ nmet hanol / conc.

ammoni a 30/10/3) and 78 ng (80% of 10a b are obtained as an anorphous

31 Hi7nsod e f@’"glf% Wﬁéﬁﬂk’ziﬁ%‘ﬂw{%‘%‘) BhugdtheRardncing 124 b
as a di ast HBEANa BO1 03 aBd 8349 Q. 189 mroP) T@B/lloalﬁboma;nehisas)lmd in 30
m of nethydrmopholkorddlie, and 3fhetldnd 26hdRiheHantdédst. &0

nia
m chl or oper ci.d After 430 m nut es at room
tenperatureéb??‘ﬁ@ rcvﬁfx pr%ﬁ@%ﬁ%(ﬁwi%(m%w e"f ﬁ"acet ate and
washed hree tines with NaHCO3 soln. After drying using MgSO4, the m xture

i's concent r%@ ?ﬁ gf & gg [ O uct are obt a| ned. This crude
product is He S Zg ; 8 td

S : Gl MXHE onitrile soln. After
addi ti on of 300 ng of SO|Id NaI the 25 mxture is stirred for 15 m nutes.

F k- t shed with
lg(r) \rﬁ)r of up; J H'fd gogl um t'hi osé)bf éF& dﬁgsoﬂfed '% %fﬂpsphgem@”%ﬁm' s \élmri ed
over Ngso4 e By et drigthylesine ah§ mh(é’» ?é@m@l)eof 1idsis pgidietl drdpwisef tbakis

chr omat@gr aphiionar A i$aflowsd &6%%@/&( rodn$ té}ﬁﬁér)at% fo?-?g/rﬁmﬁﬁasa"rh%m’r phf’us

[id. TLC t / 30 t
o L PLLE S Kk b o ot ol G
conpound 1zabtatas aftélrasd:@rmmmlom x ttie: e: re8kiug50igTy p@ﬂfl@@ nﬂi@' Xlaah 12a/b

d | t
?rlwrstehalngls?c\l)ﬁp(m—I oéa omég)aﬁ'goﬁsef) cﬁr15taZtgg5 ’Eé‘?]ﬁ@*\%‘saﬁqhﬁm{élﬁto st and
at room t ek WP a@ﬁé’ﬂﬁohﬂ) R +0.4h&rsoH44BrN3O3S (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,



neutralized using nmethanolic HCl solution and concentrated. The residue is
8 Cctober 2003 19 purified by flash chronmat ography (nethyl

chl ori de/ met hanol / conc.  armoni a 30/10/3) and 370 ng (89%P° @?toﬁ%"egoge’are
obtai ned as an anor phous solid. TLC (&t hyl ene chori de/ net hanol / conc.
amonia 30/10/3). Rf 0.4. C31 H47 9S (637.80). M8 (M+ Hy+ = 638.4. 5
Synt hesi s of conpound 15a/b as a diastereoner mxture: 719 ng (1.6 mol) of
8a/b are dissolved in 30 n of met hyl ene chl or| de and 2 nl of

tri et hyl anSknthesis offcorpopng b a gjdiabterag @i se to this 10
solution and it is allowed to stand at roomterrperature for 15 mnutes. The

solution is then filtered through silica gel d washed with 100 m of
othyl  aceRAMIN 34 MroRlk eh1ParP ohg (041€ Mewkeic29a/by2Drih scisparachsh

E:hrﬁmaz sgr/@ma\rhogfo\asw do t%"zﬂb (RBMIn® foul&hébre%&ngﬁm éﬂt‘éu( 60§;f S{g!)abl%wsn%
n e ane/ e a r
ity B 2Ne sehBines] A blty s aaing 47 CRUTReR e de - daigRN oML o
52387n? (134Dhmnl )I40f(|19153)/ R4 e 265 saridv @d2#0 A9 aﬁT@TrUDI% m@ftbfem(lﬁﬁ'adl tld on

1. 7 t t
20C f o vudr 0 g3 TP ot REM BredtadclB 16 4 [mE ) DU affididlify o8, 5 67 °
washed t hr ggoceduresfoli eampeurst 11afe Aftgarﬂa@hpnhr@matsgmpheyd(mvkhylamsm _
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ME (M + H) 3777 83 Mis (M + H)* = 777.8.




Synt hesi s of conpound 19: 30 8.0 g (18.8 mmol) of 9

(penta- O acetyl - D-gl uconoyl chloride; Og. Synth. Vol. 5, 887 added
to a suspension of 8.0 g (40 mml) of 18 (Fluka) in 150 rﬁgﬁtpg’%r?'ﬁ{@arous
DMF. This ! is vigorously sigjrred at room t I 20

hour s. 500%&@8% yl acetate and 2% m of water ar?@%ﬁ%d. The
aqueous ph } acted again with 250 m of ethyl acetate. The

conbi ned o?’g%g%'?t?%ﬁagse is washed three tines with sodium chloride
solution, dried over MpSO4, filtered and concentrated. Yield 9.5 g (86%
of 19 as afcol o esapuhd offiHe forulyl ene chl ori de/ met hanol /conc. amoni a
30/10/ 3). Rf = 0.8. C27H43NOL3 (589.64).” M5 (M + H + = 590.4. 8 Cctober
2003 20 Synt hesis of cor‘rBound 2la/b as a diastereoner mxture: 200 ng (0. 34
nmol ) of 19, 70 ng (@J17 mol) of 20a/b (20a/b is prepared 5 anal ogously
to 8a/b by carrying outsthe reaction sequence of reaction scheme 1 with
2-butyl - 2-et hyl 3t . RAuthier et al., J. Oganonet. Chem 140
(1977) 245 -- 2 \ 0 ng of TOTU, 80 ng of oxime and 0.3 nl of NEM
are reacted\_n_A4 usly to the procedure for conpound ha/b.
After flash chiromatogrgaphy\( et hyl ene 10 chl ori de/ met hanol /conc. ammoni a
30/5/ 1), 60 (46% stages) of 2la/b are obtained as an

anor phous solid. TLCArethyl ene chloride/ methanol/conc. ammonia 30/ 5/ 1).
Rf = 0.2. CA0H64N409K /7.04). Ms (M+ H} = 777.8. 8 October 2003 5 W
00/ 61568 21 /Z"“‘RS

N |
5 H
in which
1 .
10 R is methyl, ethyl, propyl, butyl;
R? is H, OH;
3 . . . . .
R IS a sugar residue, disugar residue, trisugar residue,
15 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-,
20 -(C=0)n-Co-C1p-alkyl-O-, -(C=0)n-C1-C1g-alkyl-(C=0)m, a
covalent bond;
n isOorft;
25 m isQorft;
or its pharmaceutically tolerable salts and physiologically functional
derivatives.
30 2. A compound of the formula | as claimed in claim 1, wherein one or

more of the radicals has or have the following meaning:



Patent clains 1. A conpound of the formula 1, Hin which I 10 Rl is

et hyl, propyl,
di sugar resi due,

butyl ;

di sugar residue, tri

nono- or pol ysubstituted by a sugar pr

R2 is H OH 15 R3 PCT/ EPOO 02570 i 8%%5%3590
p

trisugar residue, tetrasugar residue, t

sugar residue or % trasugar residue optionally
ective group; Zis

-(C=0 n- C0-C16-al kyl -, -(C=0)n-C0-Cl16-al kyl -NH, 20
-(CGOn-C0-Ci6-al kyl -0, -(C=0)n-Cl-Cil6-al kyl-(C=Om a covalent b

isoorl; 28 mis 0 orisiethyy piapyl, bwdylnaceutical Iy tolerable salts an
physi ol ogically functional derivatives. 30 2. A conpound of the fo
as clained i;a claiml, rein one or nore of the radicals has or
fol |l ow ng ani ng: 8 '&dt: Br 2003 22 5is a sugar residue, disugar
t he suggr residue or
3 : . . .
R is a sugar residue, disugar residue, 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;

R3 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

met hyl ,
resi due,
ésidue,

bei ng

ond; n

d

rmul a |
have t he
resi due,



di sugar residue optionally being nono- or polysubstituted by a sugar
protective group; 10 Zis -(C=0O n-C0-C16-al kyl -, -(C=0)n- Cg) qu | - NH-,
J(C=0) n- - C16-al kyl -O-, -(C=0)n-Cl-Cl6-al kyl-(C=Om a covaret“¥snd; 15
RL is ethyl, propyl, butyl; R2is H Gy n isOorl; m|300rl, or its
pharmaceutically tol erable salts. 20 3. A corrpound of the formula | as
claimed in claim1 8 £ wherein one or nore of thél(gﬁl cals has or have

the foll owi ng negp 0% 125R2R3|s et hyl, but (H, is a sugar
residue, the sudar flesid Pbptlonaé_ peing nmono pol YsuBst i t ut ed by a
sugar protes{i yexgreyp; O) Co- CA~al k., </ cova bond; or its

paration of
claims 1 to 3,

phar maceut i caﬁ‘l y tol eyabke, salts. 4. Q chsé\I for the
action schenme 8

conpounds of the form afl as 35 cI ainmed in one or
i i accordi ng t% the fol | ow
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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.



an am ne of the fornmula 11, in which Rl, R2 and R3 have the nmeani ngs
indicated for formula I, mnth a conpound of the fornmula Il in which R3
and 5 Z have the neanings indicated for fornula I, with réﬁggﬁpe%@mﬁbter to
give a conpound of the fornula | and gptionally convertlng t he conmpound of
the fornula | obtained into a physiologically tolerable salt or a

physi ol ogl cll.l y THeinse ioditted cdmlpb\l!ﬁti!s\ﬁ% cldithed infoid aF fﬁ?&r@%f'é@hs‘?? r It Si gg
al s 0

one or f ot ned inone or

6. A phar cgﬁf t?%l %gmcrq‘%g'i r?s 8n CE?‘FB?BPJPHW@’@B u%'&%”%‘%’!er@h@l med in
one or noreyoiptoimsins 1 to 3 and one or nore statins. 15 7. A conmpound as
claimed in one or nore of clains 1 to 3 for use as a nedicanent for the-
treatment of |ipid netabolismdisorders. 8. A process for the production of
a pharmaceutical conprising one or 20 nore of the conmpounds as clainmed in
one or nore of claims 1 to 3, which conprises mixing the active conpound
with a pharmaceutically suitable carrier and bringing this mxture into a
formsuitable for adm nistration. 9. Use of the conpounds as clained in one
or nore of clainms 1 to 3 for 25 the production of a nmedi canent for
treating hyperlipidema. 10. The use of the conpounds as clained in one or
nore of claims 1 to 3 for the production of a nedicanent for influencing
the serum chol 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 medi canent for preventing arteriosclerotic synptons.





