1 Method for producing thiophené glycoside derivatives The present
invention relates to a process for preparing thiophene-glycoside

Method 2B BH¥EBId"RIBBRERY VBRI MR O OH () Y1 IV R2 ORI
Thiophene-glycoside derivatives show biological activity which makes use
possible in particular in the prevention and treatment of type 1 and 2
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derivatiasedichatgsnesat tefoielat 4hd shortest described process (B) has
various disadvantages in relation to an industrial conversion. Thus, the
products are purified mainly by chromatography. The yields are moreover
so low in some caB8s.that removal of the precursors and by-products
impedes simple isolatipn of the product. No optimization was undertaken

( l%?‘qumng great additional
complexity, can be |mplemented ina siwpleTarnner and makes the

desired products available in high yields with hlgh conversion and high
selectivity. High yields in particular are a central requirement for the

Thiopﬂ@?&%\%ﬂﬁé%éﬁ%& show biological activity which makes use possible in

particular in the prevention and treatment of type 1 and 2 diabetes.

- WO2004/007517 describes inter alia various processes for preparing thiophene-
glycoside derivatives of the general formuia (1). However, the most efficient and
shortest described process (B) has various disadvantages in relation to an industrial

~ conversion. Thus, the products are purified mainly by chromatography. The yields are
moreover so low in some cases that removal of the precursors and by-products
impedes simple isolation of the product. No optimization was undertaken in retation to
atom economy. The use of highly toxic compounds, such as sodium
cyanoborohydride, or substances with a very intense odor, such as dimethyl sulfide,
furthermore impair use thereof in an industrial process.
in view of the disadvantages and problems described above, there is a need to
provide a process which avoids these disadvantages and problems and which
moreover, without requiring great additional complexity, can be implemented in a
simple manner and makes the desired products availabie in high yields with high
conversion and high selectivity. High yields in particular are a central requirement for
the process which is sought.



la Summary of the Invention According to a first aspect, there is provided

a process for preparing compounds of the general formula (1): HO HO O

HO O Y R2 OR, in which the meanings are Y H, (C1-Clo)-alkyl; R1
Summ@y-adghallHeiiite one, more than one or all hydrogen(s) may be

replaced by fluorine; (C5-C10)-aryl, where aryl may also comprise 1 to 3

heteroatoms from the series 0, N, S: R2 H, CI, Br, I; which comprises A.
Accordreptiraxitirsiotshe ¢y tihexs iecrsnugad atheogrRssHON P IRPAPoaHBPaEds of

the ggﬁé%lgl%(élﬁgiwu) S inwhich Y is as defined above, and X is

or O-(C5-C1o)-aryl, where aryl may also comprise 1 to 3
heteroatoms from the series 0, N, S; being reacted with a compound of
the formula (1) Ib O

HO

HO

HO o)
OH (1

\ d R2
OR

in which the meanings are
Y H, (C1-C10)-alkyt;
R1  (C4-Cg)-alkyl, where one, more than one or all hydrogen(s) may be replaced by

fluorine; (Cs-Cqg)-aryl, where aryl may also comprise 1 to 3 heteroatoms from
the series O, N, S; '
R2 H,ClBrl

which comprises

A. Preparation of the hydroxy ketones

A.1. the thiophene component of the formula (11)
X

SN (1)

in which Y is as defined above, and
X is O-(C4-Cg)-alkyl or O-(Cs-Cqp)-aryl, where aryl may also comprise 1t0 3
heteroatoms from the series O, N, S:

being reacted with a compound of the formula (Il1)



Rs /Rz (lll) ORI in which R1 and Rg, are as defined above, and R3is Cl,
Br, 1, in the presence of from 0.1 to 10 equivalents of one or more acids in
a suitable solvent at from - 50 to +150C to give a compound of the
formula (IV@x O Y R2 (IV) ORi in which X, Y, R1 and R2 are as defined
above: and lthis campound of the formula (IV) being converted in the
presend®3of frottﬁgo SYuivalents of one or more acids at from -50 to
+150C into the ‘compeund of the formula (IVa) OHO0 Y (lva) ~c2 SiiORI
in which Y, R1 and R2 SR1as defined above; or A.2. the thiophene
component of the formula (II) 1c x Y\\ () S in which X and Y are as
defined above under Al. .being reacted with a compound of the formula

in whi€HI)
R1 and R2 are as defined above, and
R3 is CI, Br, I

in the presence of from 0.1 to 10 equivalents of one or more acids in a suitable

solvent at from — 50 to +150°C to give a compound of the formula (IV),

AN (IV)
Y R2
\ s

OR
in‘'which X, Y, R1and R2 are as defined above; and
this compound of the formula (IV)

being converted in the presence of from 0.1 to 10 equivalents of one or more acids at

from —50 to +150°C into the compound of the formula (IVa)

v \\S ry (V)

OR

in which Y, R1 and R2 are as defined above;

or

A.2. the thiophene component of the formula (I1)



O R3™ (lll) R2 OR1 in which R1, R2 and R3 are as defined above under
A.1l.; in the presence of from 0.1 to 1(5:equivalents of one or more acids in
a suitable solvent at from -50 to-150C to give a compound of the formula
(IV) X O Y SR2 (IV) ¥'~ORI in which X, Y, R1 and R2 are as defined
above; and the latterbeing directly reacted further in the presence of an
acid as definedyabg/et frontld to 200C to give the compound of the
formula (IVa) OH o (Iva) _S OR1 in which Y, R1 and R2 are as
defined above, Id or A.3. the thiophene component of the formula (II) X
Y\ (II) S in which X and Y are as defined above, being reacted with one

in whiSh ROAREBALBERUIHE BB%%“WP series M-(C-,,-CB)- alkyl, MH,
M-O-(C,-CB)-alkyl or M-N((C,,-CB)-alky1)2 in which M is Li, Na, K, Zn,
Mg,

being reacted with a compound of the formula (1il)

1l
R3 R2 (1)

OR

in which
R1, R2 and R3 are as defined above under A.1.;

in the presence of from 0.1 to 10 equivalents of one or more acids in a suitabie

solvent at from -50 to +150°C to give a compound of the formula (IV)

Y—( X e W)

OR

in which X, Y, R1 and R2 are as defined above; and

the latter being directly reacted further in the presence of an acid as defined above at

from O to 200°C to give the compound of the formula (IVa)

v \\ ~p (Va)

OR

in which Y, R1 and R2 are as defined above,



Ca, in apolar solvents at temperatyges of from -20 to 45C to give the
reactive intermediate of the formula (V) X Y~~ (V) Sin which X, Y and M
are as defined above, and the latter being reacted further with a

or compound of the formula (llia) 0 R i\ (llia) 3/ (r)RI in which R1 and R2
are as defined above, and R3'is CI, Br, 1, NH-(C,-CB)-alkyl,
NH-O-(C1-CB)-alkyl, N((C,-CB)-alkyl)2, N-(C1-CB)-alkyl-O-(Ci- C3)-alkyl,

A.3. the (b aiRreyotmatkyhanheofdhbdaikyliaid)may comprise one or more
heteroatoms from the series N. 0, S, le N((C6-Cio)-aryl)-(Ci-Cs)-alkyl,
N((C3-C8)-cycloalkyl)-(C3-C8)-aryl, N((C6-Cio)- aryl)2, where the
aromatic systems aid the cyclic alkanes may comprise one or more
heteroatoms from the series N, O, S, to give a compound of the formula

V)‘ ORI fH)\Nhich X, Y, R1 and R2 are as defined

in which X and Y are as defined above,

being reacted with one or moré organometaliic reagents from the series M-(C+-Cg)-
alkyl, MH, M-O-(C1-Cg)-alkyl or M-N((C+-Csg)-alkyl)z in which M is Li, Na, K, Zn, Mg,
Ca,

in apolar solvents at temperatures of from -20 to 45°C to give the reactive

intermediate of the formula (V)
X

M (V)
Y‘é/
\ S

in which X, Y and M are as defined above,

and the latter being reacted further with a compound of the formula (llla)

o
' N lia
OR

in which R1 and R2 are as defined above, and

R3  is CI, Br, |,
NH-(C1-Cg)-alkyl, NH-O-(C4-Cg)-alkyl, N((C1-Cg)-alkyl)z, N-(C4-Cg)-alkyl-O-(C+-
Cg)-alkyl,
N(C-Cg)-cycloalkyl, where the alkyl ring may comprise one or more
heteroatoms from the series N, O, S,



temperatures of from -20C to +30C; and subsequently this compound of
the formula (IV) being converted in 1ﬁe presence of a Lewis acid into the
compound of the formula (IVa) ON O Y -R2 (IVa) OR1 in which Y, Rl and

RN (@e @soplefiylipdGabOyp atind, MiTe-Gppmypitadgl)bagUeptyythd((Cs-C1o)-

co our]qu of the formutla IVe%r?\eingq‘aLéHfied bﬁ copventional g)urification
oY S SR RH Ay & P AP SRR TS (o R R e O
commporenedé tbattonmftar(i eg dérikl IO V@), \! R2 C S S ORL1 being
reacted with from 0.5 to 10 equivalents of a sugar derivative of the formula
(VI) O-PG PG 0i0-PG (VI) Fir O J~ O-PG in which PG is an OH

to givewtestipegroud!thetfermeseaice of from 1 to 15 equivalents of an
organic or inorganic base and of from 0.01 to 5 equivalents of a
phase-transfer catalyst in a mixture of an organic solvent and water in the
ratio of from 1® 000:Q to 1:1 at from -20C to +80C to give the compound
of the formula'\VII); G-0_.PG-O

Y\

(V)

in which X, Y, R1 and R2 are as defined above; as described under A.1. at

temperatures of from —-20°C to +30°C;

and subsequently this compound of the formula (IV) being converted in the presence

of a Lewis acid into the compound of the formula (IVa)

v \\ np (VA

OR

in which Y, R1 and R2 are as defined above, and where appropriate subsequently
the compounds of the formula (IVa) being purified by conventional purification
methods:

and subsequently

B. Preparation of the acetogluco ketones

the compound of the formula (IVa)



0 PG-O O O O-PG (VIl) Ra ORI iprwhich PG, Y, R1 and R2 are as
defined above; and subsequently C. Preparation of the
acetoglucomethylenes the compound of the formula (VII) as described
above being @Ected®in an organic suitable solvent with from 1 to 15
equivalents of_ one gt more_hydride donors and from 0.1 to 5 equivalents
ected ffb¥althe group of lithium chloride,
potassium bromide, iodine, 1g sodium iodide
or potassium iodide, sodium trii&fde or potassium triiodide and from 1 to
25 equivalents of one or more further acids at from -100C to +100C to
give the compound of the formula (VIII) PG-0 PG-00 PG-0 O G-PG
being f¥aibel Bih FrORD MwhTiMarertt and Bdqpieasidatinedateyesrmula (VI)

subsequently

O-PG
PG-O O-PG Vi)

O-PG
Brm O

in which PG is an OH protective group, in the presence of from 1 to 15 equivalents of
an organic or inorganic base and of from 0.01 to 5 equivalents of a phase-transfer
catalyst in a mixture of an organic solvent and water in the ratio of from 10 000:1 to

1:1 at from —20°C to +80°C to give the compound of the formula (VIl};

PG-O
PG-C
0O

PG-0O O O

0-PG viD

Y

R2
\_¢

OR,

in which PG, Y, R1 and R2 are as defined above;

and subsequently

C. Preparation of the acetoglucomethylenes

the compound of the formula (VII) as described above being reacted
in an organic suitable solvent with from 1 to 15 equivalents of one or more hydride
donors and from 0.1 to 5 equivalents of one or more activators selected from the

group of lithium chloride, bromine, sodium bromide or potassium bromide, iodine,



D. Preparation of the thioohene-aivcoside derivatives the protective
groups being eliminated under basiclér acidic conditions, by oxidation or
reduction or with fluoride, corresponding to known methods, in the

sodiuRf FSEREER T HRRL AL SRide SBHYMS RS 30 SFERAKSSIURCgRRIE &39I from 1
a suitable solvent at from -50C to +150C and subsea_tljently bein

10 25 GSHIEHBATRS T Q5AISEHSRE PRI HOWE (o HEPE SHgive the
compBéng SRAIRRI9R Yo and R2 are as defined above, 1h and

subsequently the compounds of the formula (I) being purified by
conventional purification methods. According to a second aspect, there is
provided a peagess for preparing compounds of the general formula (1):
Ho HOHOOOH(I) Y\I\R2 ORI

PG-0

PG-O O
O-PG (Vi)
IS

Y
\ J R2
OR, .

in which PG, Y, R1 and R2 are as defined above;

subsequently

D. Preparation of the thiophene-glvcoside derivatives

the protective groups being eliminated under basic or acidic conditions, by oxidation
or reduction or with fluoride, corresponding to known methods, in the presence of
from 0.01 to 25 equivalents of an organic or inorganic base in a suitable solvent at
from —50°C to +150°C and subsequently

being con\}erted into the compounds of the formula (1)

HO

HO QO

4
R

OR,

in which Y, R1 and R2 are as defined above,



in which the meanings are Y H, (C1-(10)-alkyl; R1 (C1-Cs)-alkyl, where
one, more than one or all hydrogen(s) may be replaced by fluorine;
(C5-C10)-aryl, where aryl may also comprise 1 to 3 heteroatoms from the
and susesEs@nhly HidRdhhpcLis iof Wiedoamaribdsaind pepHieditly ebiheentional
... _hydrox @atones A.2. the thiophene component of the formula (1) X \\ (II)
p“”f'cﬁil'%i@? '35 defined above, and X is O-(C1-Cs)-alkyl or O-(C5-C1,
,)-aryl, where aryl may also comprise 1 to 3 heteroatoms from the series
0, N. S; being reacted with a compound of the formula (IIl) 2i R3" " () ( --
R2 /~OR1 in which R1 and R2 are as defined above, and R3 s Cl, Br, I;
Accoriirthépeesermedod srant Othde 16 pauiidedraspod oaesdiompiepacitdg gpmpounds
suitabl fsorlgllewant a&from - 50 to +150C to give a compound of the formula
TR2

of the Wf\e)gae(l) 8{/

HO

HO

HO o)
OH U]

Y
R2
\ ]
OR

in which the meanings are
Y H, (C1-Cyo)-alkyl;
R1  (C4-Cg)-alkyl, where one, more than one or all hydrogen(s) may be replaced by

fluorine: (Cs—'Cm)-aryl, where aryl may also comprise 1 to 3 heteroatoms from
the series O, N, S;
R2 H, Cl, Br, I, -

which comprises

A. Preparation of the hydroxy ketones

A.2. the thiophene component of the formula (l1)
X

R (I

in which Y is as defined above, and

X is O-(C4-Cg)-alkyl or O-(Cs-Cqp)-aryl, where aryl may also comprise 1 to 3
heteroatoms from the series O, N, S;

being reacted with a compound of the formula (1l



S'/FOR in which X, Y, R1 and R2 are as defined above; and the latter
being directly converted further in th¢i presence of an acid as defined
above at from 0 to 200C into the compound of the formula (IVa) OH 0 Y
R2 (Iva) OR, inwhich Y, Rl and R2 are as defined above, or A.3. the
thiophene component of the formula (I1) 1] X S in which X and Y are as
defined abo I- being reacted with one or more organometallic reagents

S C8)-a£ [, MH, M-O-(C1-C8)-alkyl or
M-N((Ci-%’B)-aI ) ywhich M is Li, Na, K, Zn, Mg. Ca, in apolar solvents
at temperatures R 220 to 45C to give the reactive intermediate of the
formula (V) X Y \\ M (V)" S'in which X, Y and M are as defined above, and
the latter being reacted further with a compound of the formula (llia) O R3

\ R2 (llia) / OR1
in which

R1 and R2 are as defined above, and
R3 is CI, Br, I

in the presence of from 0.1 to 10 equivalents of one or more acids in a suitable

solvent at from — 50 to +150°C to give a compound of the formuia (IV),

v \\ Ro (Iv)

OR

in which X, Y, R1 and R2 are as defined above: and

the latter being directly converted further in the presence of an acid as defined above

at from 0 to 200°C into the compound of the formula (IVa)

OH 0
N ~ Va
v \ ] R2 (lva)
=
OR

in which Y, R1 and R2 are as defined above,

or

A.3. the thiophene component of the formula (Il)



in which R1 and R2 are as defined,above, and R3'is Cl, Br, I,
NH-(C,-C8)-alkyl, NH-O-(C,-C8)-alkyl, N((C,-C5)-alkyl)2, N-(C;
-C8)-alkyl-O-(Ci- C8)-alkyl, N(C3-C8)-cycioalkyl, where the alkyl ring may
comprise one or m heteroatoms from the series N, 0, S,
N((C6-Cjo)-aryl)-(CJIC8)-alkyl, N((C3-C8)-cycloalkyl)-(C3-C8)-aryl,
N((C6-C,0)- ayhS whgre the(iQromatic systems and the cyclic alkanes
may comprise one \o+@ore heteroatoms from the series N, 0, S, to give a
compound of the formula (IV) 1k x O Y R2 (IV) ORI inwhich X, Y. R1
and R2 are as defined above; as described under A.2. at temperatures of

in whidiox 22R0rtars3 ek aukseasiently this compound of the formula (1V)

being converted in the presence of a Lewis acid into the compound of the

being feaciRd With)OR @ P39 g eRetAlithiere e LA B aerss Mrled e)-
alky!, RIFOVRL-@nWaRIe-ABPOPURI NSRRI, theutaerpougdsioNBeK, Zn, Mg,

formula (IVa) being purified by conventional purification methods; and
Ca, subsequently B. Preparation of the acetogluco ketones the compound of

in apdiae MU@H% @Y®mperatures of from -20 to 45°C to give the reactive

infermediate of the formula (V)

M (V)
Y "@
\ S

in which X, Y and M are as defined above,

and the latter being reacted further with a compound of the formula (ilia)

R (lHa)

OR

in which R1 and R2 are as defined above, and

R3 is Cl, Br, |,
NH-(C1-Cg)-alkyl, NH-O-(C+-Csg)-alkyl, N((C+-Cg)-alkyl)z, N-(C4-Cg)-alky!-O-(C-
Cg)-alkyl,
N(C3-Cg)-cycloalkyl, where the alkyl ring may comprise one or more
heteroatoms from the series N, O, S,
N((Cg-Co)-aryh)-(C4-Cg}-alkyl, N((Cs-Cg)-cycloalkyl}-(Cs-Cg)-aryl, N((Cs-C1o)-
aryl),, where the aromatic systems and the cyclic alkanes may comprise one

or more heteroatoms from the series N, O, S,

to give a compound of the formula (V)



OH O\\fR2 (IVa) Y\ S C/OR, bejpg reacted with from 0.5 to 10
equivalents of a sugar derivative of the formula (V1) 1i O-PG PG-0O.-PG
NO Br - (r)PG in which PG is an OH protective group, in the presence of
from 1 to 15 equivalents of an organic or inorganic base and of from 0.01
to 5 equivalents of gyphase-transfer catalyst in a mixture of an organic
solvent and wiater inlfthe ratio of from 10 000:1 to 1:1 at from -20C to
+80C to give-the compoundhgf the fgrpyula (VII); PG-O PG-00 PG-00 0O
! hR2G, Y, R1 and R2 are as defined above;
and subsequently C. Prepa at|opg1f the acetoglucomethylenes the
compound of the formula (VII) as described above being reacted in an
organic suitable solvent with from 1 to 15 equivalents of one or more
in whilég%gfd%o%é]gidafrrg rQsoc'ile l(r)\esdea uc'>\\//ael;e Qésd(gs%rrl%gcri r@g&%ra&yagt)rs
temperatures of from —20°C to +30°C;

-

and subsequently this compound of the formula (V) being converted in the presence

of a Lewis acid into the compound of the formula (IVa)

Y \\s Ry (V@)

OR,

in which Y, R1 and R2 are as defined above, and where appropriate subsequently
the compounds of the formula (IVa) being purified by conventional purification
methods;

and subsequently

B. Preparation of the acetogluco ketones

the compound of the formula (IVa)

% \\ R2 (IVa)

OR

being reacted with from 0.5 to 10 equivalents of a sugar derivative of the formula (Vi)



group of lithium chloride, bromine, sogium bromide or potassium bromide,
iodine, sodium iodide or potassium iodide, sodium triiodide or potassium
triiodide and from 1 to 25 equivalents of one or more further acids at from
-100C to +100C to give thg¢)gompound of the formula (VIII) Im PG-O
PG-00 PG-O8&-RG\a (M) X Rg~OR.in whi¢BG, Y, R1 and R2 are
as defined above; sub . Preparation of the
thiophene-glycoside derjvatives theprptestive groups being eliminated
under basic or acidiB¢ondftons, by oxidation or reduction or with fluoride,
corresponding to known methods, in the presence of from 0.01 to 25
equivalents of an organic or inorganic base in a suitable solvent at from

in whictPBdas 4R %@&wgﬁm& hethg epovered dtrdhe FampoRadRalents of
the formula () HO HO O Ho OH \~\ I% Y R2 ORS

an organic or inorganic base and of from 0.01 to 5 equivalents of a phase-transfer

catalyst in a mixture of an organic solvent and water in the ratio of from 10 000:1 to

1:1 at from —20°C to +80°C to give the compound of the formula (VII);

PG-O
PG-O
0
PG-O O o]
Vi)
0-PG (
Y N '
R2
-

OR,

in which PG, Y, R1 and R2 are as defined above;

and subsequently

C. Preparation of the acetoglucomethylenes

the compound of the formula (VIl) as described above being reacted

in an organic suitable solvent with from 1 to 15 equivalents of one or more hydride
donors and from 0.1 to 5 equivalents of one or more activators selected from the
group of lithium chloride, bromine, sodium bromide or potassium bromide, iodine,
sodium iodide or potassium iodide, sodium triiodide or potassium triiodide and from 1
to 25 equivalents of one or more further acids at from —100°C to +100°C to give the

compound of the formula (Vi)



in which Y, R1 and R2 are as defined above, and subsequently the
compounds of the formula (1) being purified by conventional purification
methods. 1n According to a third aspect, there is provided a process for
preparing tPleQatermediate compounds of the formula (VIII), which
comprises a compound of the formula (VII), PG-O PG-00 PG-O00o0

(C,-Clo)-alkyl R1 i$ (C1-C8)-alkyl, where one, more than one or all

laced by fluorine; (C5-C1p)-aryl, where aryl may
also comprise 1 Qpiéh teroatoms_from thewggyies 0, N, S; R2 H. Cl, B, |;
being reacted in an_orgari€ stitdbiessolvent with from 1 to 15 equivalents

more activators selectedfrom the"grotgref lithium chloride, bromine,
sodium bromide or potassium bromide, iodine, sodium iodide or
potassium iodide, sodium triiodide or potassium triiodide and from 1 to 25

in whieAUP@lentRofareRe meradutiricackisoskfrom -100C to +1000C to give

the compound of the formula (VIII)
subsequently

D. Preparation of the thiophena-glycoside derivatives

the protective groups being eliminated under basic or acidic conditions, by oxidation
or reduction or with fiuoride, corresponding to known methods, in the presence of
from 0.01 to 25 equivalents of an organic or inorganic base in a suitable solvent at

from —=50°C to +150°C and subsequently

being converted into the compounds of the formula (1)

HO

HO 0

Y
\s R2

OR,

in which Y, R1 and R2 are as defined above,

and subsequently the compounds of the formula (1) being purified by conventional

purification methods.



PG-O PG-0I- ~ PG-0 0 6-PG (VIII)1R2 t~~QRI in which PG, Y, R1 and
R2 are as defined above. 10 In one embodiment, there is provided a

Accordipgtesstftidaepanhdhaimisoprriddsdre PiesrRSSl I PIARATIS thio HiRsepdiate
0.of S i
compo{é(%s_ é)‘i gg%[ﬁfﬁ\%%i\/ @JF}VH%EW@&%B}%&EQWB%%@M btthe formula (VII),

C8)-alkyl, where one, more than one or all
hydrogen(s) may be replaced by fluorine; (C5-C10)-aryl, where aryl may
also comprise 1 to 3 heteroatoms from the series O, N, S; R2 H, Cl, Br, |;
10 which comprises applying a multistage process in which A.
Preparatidif@the hydroxy ketones

PG-0

PG-O o 0
0-PG (Vi

Y\ R2

“OR,

in which

PG is an OH protective group;

Y is H, (C1-Cyo)-alkyl;

R1 is (C4-Cg)-alkyl, where one, more than one or all hydrogen(s) may be replaced
by fluorine; (Cs-C1o)-aryl, where aryl may also comprise 1 to 3 heteroatoms

‘ from the series O, N, S;

R2 H,ClBr, |

being reacted

in an organic suitable solvent with from 1 to 15 equivalents of one or more hydride
donors and from 0.1 fo 5 equivalents of one or more activators selected from the
group of lithium chioride, bromine, sodium bromide or potassium bromide, iodine,
sodium iodide or potassium iodide, sodium triiodide or potassium triiodide and from 1
to 25 equivalents of one or more further acids at from —100°C to +100°C to give the

compound of the formula (VII)

PG-O
PG-0
o

PG-O o

O-PG (Vi)

v ~

\ R2
S

OR,

in which PG, Y, R1 and R2 are as defined above.



A.1. the thiophene component of the formula (Il) X Y~~ ()15 S in
which Y is as defined above, and X i$-(C1-C$)-alkyl or O-(C5-C10)-aryl,
where aryl may also comprise 1 to 3 heteroatoms from the series 0, N, S;
20 is reacted with a compound of the formula (Ill) 0 R3/R2 (Ill) ORL1 in

in one Whish&hand Rarare aroledeed ahovesafiol RBRABNEBIOMBAHTAE Of the
presence of from 0.1 to 10 equivalents, preferably 0.8 to 1.5 equivalents,

generaffasawiir thore acids - where one acid is preferred - preferably with Lewis
acids such as SnC14, AICI3, TiC14, BF3, FeClI3, ZnC12, MgCI2, ZnBr2,
MgBr2 but also with Br(r)nsted acids such as CF3SO3H, H2S04,
toluenesulfonic acid, particularly preferably with Lewis acids such as
SnCl4 or AICI3, in a suitable solvent, preferably in a halogenated 10
solvent such as, for example, dichloromethane, chloroform,
1,2-dichloroethane, at from -50C to +150C, preferably at from -20C to
+80 C, particularly preferably at from 5C to 25C, to give a compound of
the formula (IV), X O Y R2 (IV) S'~ORi 15



10

15

20

in which X, Y, R1 and R2 are as defined above; and this compound of the
formula (V) is converted in the presénce of from 0.1 to 10 equivalents,
preferably 0.8 to 1.5 20 equivalents, of one or more acids - where one
acid is preferred - preferably a Lewis acid such as BBr3, BCI3, BF3,
AICI3, SnCl4, TiC14 at from -50C to +150C, preferably from -20C to
+80C, particularlypreferably at from OC to 25C, into the compound of the
formula (IVa) OH O ([va) Y R2 25 OR1 in which Y, R1 and R2 are as

with a compound okthe faymula (II1) O R3\R2 (lll) /OR1 10 in which
R1, R2 and R3'Qre as[defirffd above under Al.; .in the presence of from
0.1 to 10 equivalents ghreferabl S equivéll)ents, of

Y

in which the meanings are

Y H, (C1-C1p)-alkyl; »

R1  (C4-Cg)-alkyl, where one, more than one or all hydrogen(s) may be replaced by
fluorine; (Cs-C1o)-aryl, where aryl may also comprise 1 to 3 heteroatoms from
the series O, N, S;

R2 H,Cl Br [

which comprises applying a mutltistage process in which

A. Preparation of the hydroxy ketones
A.1. the thiophene component of the formula (I1)

X

B (I

in which Y is as defined above, and
X is O-(C4-Cg)-alkyl or O-(Cs-C1p)-aryl, where aryl may also comprise 1 to 3

heteroatoms from the series O, N, S;

is reacted with a compound of the formula (111)

m
R3 R2 (i)

OR
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15 one or more acids - where one acid is preferred - preferably with Lewis
acids such as SnCl4, AIC13. TiC143BF3, FeCl3, ZnC12, MgC12 ZnBr2,
MgBr2 but also Bronsted acids such as CF3SO3H, H2S04,
toluenesulfonic acid, particularly preferably with Lewis acids such as

in whi@nCl4 orAICI3, in a suitable solvent, preferably in a halogenated solvent

R an%%a %seforcﬁa?olﬁ)l dlchlor%@ethane, chloroform, 1,2-dichioroethane, at

fom =50 ?\pl)?éf%rably at from -20C to +100C, particularly

R3 peefelrdbitylat from 60C to 75C, to give a compound of the formula (1V) X
O Y R2 (IV) 8 ORS 25in which X, Y, R1 and R2 are as defined above,
and 5 the latter is directly reacted further in the presence of an acid as

in the geéisedabol&an Fonid 10 2qoLaiests;ghyfarttdyn28@td. 22@mjvalents, of

articularly, preferably at from 80 to_90C. to give.the.compoun t

one o S S B e R oAy M RV g igs suor
as SnidfinkiChbdvel, AL Petith&nilibphgéisatnponddpdirtHefatsaleith)Byonsted

Y S J ich X Y efined a , i '
sios S 8 LA A AR A0 AR B A N0
Lewis acids such as SnCi, or AICI3, in a suitable solvent, preferably in a halogenated
solvent such as, for example, dichloromethane, chloroform, 1,2-dichloroethane, at
from —50°C to +150°C, preferably at from —20°C to +80 °C, particularly preferably at

from 5°C to 25°C, to give a compound of the formula (IV),

v v V)
\ S

OR,

in which X, Y, R1 and R2 are as defined above; and

this compound of the formula (IV)

is converted in the presence of from 0.1 to 10 equivalents, preferably 0.8 to 1.5
equivalents, of one or more acids — where one acid is preferred — preferably a Lewis
acid such as BBrs, BClz, BF3;, AiCls, SnCly, TiCly at from —50°C to +150°C, preferably
from —20°C to +80°C, particularly preferably at from 0°C to 25°C, into the compound
of the formula (IVa)

v \\S Ry (V)

OR,

in which Y, R1 and R2 are as defined above,

or
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MH, M-O-(C1-C8)-alkyl or M-N((Ci-C8)-alkyl)2 in which M is Li, Na, K, Zn,
Mg, Ca, in apolar solvents such as ah ether, for example diethyl ether,
tetrahydrofuran, dibutyl ether, dihexyl ether and methyl tert-butyl ether, at
temperatures of from -20C to 45C, preferably at temperatures of from

A.2. tHe@inpbeGe paripuadptptibeatdynodiirdih 20 30C to 35C to give the

reactive intermediate of the formula (V) XY I~ (V) sin which X, Y and M
are as defined above, and the latter is reacted further with a compound of
the formula (llia) 25% O R R2 (llia) OR in which R1 and R2 are as
defined above, and R3'is Cl, Br, I, 5 NH-(C1-C8)-alkyl,

NH-O-(C1-C5) c1-c8lalkyl)2, N-(C1-C8)-alkyl-O-(C1- C8)-alkyl,
N(C3-C8)-cycloalk ere the alkyl ring may comprise one or more
heteroatoms from the series N, 0, S, N((C6-C10)-aryl)-(C1-C8)-alkyl,
N((C3-C8)-cycloalkyl)-(C3-C8)-aryl, N((C6-C10)- 10 aryl)2, where the

in whigFoRale Sy siems Jagitke ardigallkaniasamay comprise one or more

heteroatoms from the series N, 0, S, to give a compound of the formula
(IV) X0YI\-\R2(IV)

is reacted with a compound of the formula (llf)

1l
R3 R2 (1

OR

in which
R1, R2 and R3 are as defined above under A.1.;

in the presence of from 0.1 to 10 equivalents, preferably 0.8 to 1.5 equivalents, of
one or more acids — where one acid is preferred — preferably with Lewis acids such
as SnCly, AlCI3, TiCls, BF3, FeCls, ZnCly, MgCl, ZnBr,, MgBr; but also Brénsted acids
such as CF3SO3H, H,SO,, toluenesulfonic acid, particularly preferably with Lewis
acids such as SnCl, or AICI3, in a suitable solvent, preferably in a halogenated
solvent such as, for example, dichloromethane, chloroform, 1,2-dichloroethane, at
from ~50°C to +150°C, preferably at from —20°C to +100°C, particularly preferably at
from 60°C to 75°C, to give a compound of the formula (IV)

y—( Ry
\_¢

OR,

in which X, Y, R1 and R2 are as defined above, and



15 OR1 in which X, Y, R1 and R2 are as defined above; as described
under A. 1. at temperatures of from 220C to +30C, preferably -5C to +5C;
20 and subsequently this compound of the formula (1V) is converted in the
presence of a Lewis acid such as BBr3, AICI3, SnCl4, TiCl4 at from OC to
the latwos gheastibioantad furetinibe nrsaneecehrbastl Grae foes AR oNeagt
from B'é?)&! H}% Wby &f 5 350 Z%{B ysHek Y{)ﬁ%&ﬁgﬁ?ﬂf’éﬁa%ﬁfg?ﬁ%m 80 to
ove, where approprlate subsequently the compouhds of th
90°C,MmumWV&pmamdleﬁthmmLéat(dMa] purification methods such as
crystallization, distillation or 5 chromatography, preferably by
crystallization from a solvent or a mixture of a plurality of solvents such as
alkanes, aronfalic cdpounds, halogenated solvents, ethers, ketones,
esters, alcohals or water, particularly preferably purified by crystallization
tharOl offrom d methéh@heptane or methanol/water
mixtures or by—s®dium salt and - after neutralization - crystallization from
5 water; 10 and subsequently B. F‘P&aaratlon of the acetogluco ketones 15
the compound of the formula (IVa) OH O R2 (Ilva) ORI

in which Y, R1 and R2 are as defined above,

or

10 A.3. the thiophene component of the formula (II)

X
B (I

Y

{2

in which X and Y are as defined above,
15 is reacted with one or more organometallic reagents from the series M-(C4-Cg)-alkyl,
MH, M-O-~(C+-Cg)-alkyl or M-N((C+-Cg)-alkyl), in which M is Li, Na, K, Zn, Mg, Ca,
in apolar solvents such as an ether, for example diethyl ether, tetrahydrofuran, dibutyl
ether, dihexyl ether and methyl tert-butyl ether, at temperatures of from -20°C to
45°C, preferably at temperatures of from 15°C to 35°C, particularly preferably of from
20 30°C to 35°C to give the reactive intermediate of the formula (V)

M)
Y{\Y
\ )

in which X, Y and M are as defined above,
and the latter is reacted further with a compound of the formula (illa)
25
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is reacted with from 0.5 to 10 equivalents, preferably 1 to 4 equivalents,
particularly 20 preferably 1.5 to 2.0 équivalents, of a sugar derivative of
the formula (VI) O-PG PG-O O-PG (VI) O-PG Br O in which PG is an
OH protective group such as, for example, methyl, methoxymethyl 25
(MOM), meth§lthiomethyl (MTM), phenyldimethylsilylmethoxymethyl
(SMOM), beflzyloxymethyl (BOM), p-methoxybenzyloxymethyl (PMBM),
t-butoxyRyethyl, “g-pet loXY}lAkthyl, 2-methoxyethoxymethyl (MEM),
2-trimethylsilyletioxysm E%I\A(SEM)’ trimethylsilyl (EMS),
tert-butyldimethylsilyl (T S), tert-butyldiphenylsilyl (TBDPS),
triisopropylsilyl (TIPS), or similar silyl protective groups, 1-methyl-1 8
methoxyethyl (MIP), allyl, benzyl, acetyl, trifluoroacetyl, Fmoc, THP, and

in whipheRerahily Reedyd asthefipresencyef firean 1 to 15 equivalents, preferably 3

R3 t? 6(§ﬂ§'vallents, of an organic or inorganic base, preferably potassium
cArb 5, and from 0.01 to 5 5 equivalents, preferably 0.1 to 1
eljtiv@erls)-pidic NehOp(EletainIRy3, T (0D x)radienis, (@ plagealkyl-O-(C+-
transfey catalyst, preferably tetrabutylammonium bromide or chloride or
b ﬁ'ﬁ% utylammonium chloride or bromide, in a mixture of an organic
shitenC prefaiablkyhatindenehehddicid eiog 2ame thyttetriskyoneforamoaad
V\{aat$r ing#he r tion%)t[from 10 O@O:C’Bt 1:1, preferably 500:1 to 10:1, very

el %?efgrabf}elﬁeﬁ'ga: to'50:1, at from -20C to +80C, preferably

aNif(@ws-S¢oxan0C (paGigeaticly, PiGrably atdiuatk)Cde-8Ri-atel gNE TR 10)-

compound of the formula (VI); PG-0 Pgﬁ YY -0 .
aryl);, where the aromatic systems and the cyclic alkanes may comprise one

or more heteroatoms from the series N, O, S,

to give a compound of the formula (1V)

N (V)
Y R2
\ s

OR

in which X, Y, R1 and R2 are as defined above; as described under A.1. at
temperatures of from —-20°C to +30°C, preferably -5°C to +5°C;

and subsequently this compound of the formula (IV) is converted in the presence of a
Lewis acid such as BBrj, AlCl;, SnCly, TiCls at from 0°C to 30°C, preferably at from
5°C to 15°C,

into the compound of the formula (IVa)

v \\ Ry (VA

OR,
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PG-O 00 O-PG (VII) R2 OR, 15 in which PG, Y, Rl and R2 are as
defined above; and subsequently C7Preparation of the
acetoglucomethylenes 20 the compound of the formula (VII) as described
above is reacted in an organic suitable solvent such as, for example,
in whichchldrohzettidR2 saeatoriaflogdetbatwdrofuran, dimethylformamide,
DMSO and chloroform, preferably in acetonitrile with from 1 to 15
equivalents, preferably 2 to 6 equivalents, of one or more hydride donors
and whech appfopaatnplibspotassiyrthbarompride] s odiive foonoblpdiide) are purified

sodium 25 cyanohorohydride, triethvisilane, trrigcetoxybor ride
oy co ] R CEM b rTy A B R berEp A o

chromadotralzhly, preferably witltsedalimabonohgdrides anerfromaOnixtute of a piurality

of sol\,?eq%g%luer}gsag %ﬁf(%rr?gg gfgﬁ%&CSC%%ﬁ\éalgg S,’hogigngng RAS vaecg%ateqtﬁ’ers,
selected from the group of lithium chforide, bromine, sodium bromite or

ketongatassars) blovhiole, dodvats rsedittiodide mfeabsspumifiedidy, sydiafization

from nqgggé%%,or,q%ag%ycrg‘gg?,ﬁ%gg%egggxgv c';[P 'Oé’t'ﬂgn&?\ﬁaf{gw mllﬁ%xze% or by
equivalents, preferably 3'to 10 equivalents, of one or moré furthér acids,

sodiurpe wast anids-oafieich eadaiabdits, -secystal|i fatioxafrytewaiftuioroacetic acid,
hydrogen chloride, BF3, halosilanes, preferably chlorosilanes, particularly
preferably trimethylsilyl chloride, at 5 from -100C to +100C, preferably at

and stitoseqd@6tip +40C, particularly preferably from -15C to +15C, to give the
compound of the formula (VIIl), PG-0 PG-0

B. Preparation of the acetogluco ketones

the compound of the formula (1Va)

Y \\s Ry (Va)

OR,

is reacted with from 0.5 to 10 equivalents, preferably 1 to 4 equivalents, particularly
preferably 1.5 to 2.0 equivalents, of a sugar derivative of the formula (V1)

0-PG
PG-O 0-PG (Vi)

O-PG
Br O

in which PG is an OH protective group such as, for example, methyl, methbxymethyl
(MOM), methylthiomethyl (MTM), phenyldimethylsilylmethoxymethyl (SMOM),
benzyloxymethyl (BOM), p-methoxybenzyloxymethyl (PMBM), t-butoxymethyl,
4-pentenyloxymethyl, 2-methoxyethoxymethyl (MEM), 2-trimethylsilylethoxymethyl
(SEM), trimethylsilyl (TMS), tert-butyldimethylsilyl (TBDMS), tert-butyldiphenylsilyi
(TBDPS), triisopropylsilyl (TIPS), or similar silyl protective groups, 1-methyl-1-
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0 PG-000PG (Vill) Y'\2 S10a' inwhich PG, Y, Rl and R2 are as

defined above; subsequently 15 P. Brepai_at or of the th

ioDhene-glycoside derivatives the protective groups are eliminated under

basic or acidic conditions, by oxidation or reduction or with fluoride, in
methagedhyhiiviRyitalivhdvemmybthoety hérdksmdbedtior Ferampléi, Bl preferably
Greene, P. Wuts, Protective Groups in Organic Synthesis 1999, 20 Wiley,
New York; preferably as described above with PG = acetyl in the presence
in the gfréreamce0af fm%k@ﬁfa&qﬂ@q&mﬁ@ramwmrest;o:Bte@J’amMEnts of an
organgcaE}HH@f Ri Eeéé‘@' Pe?e % jg%%ﬁ’é’}lgﬁtéa &H‘a?ég Ai¢ RLIAYIANS

ase, preferably suc sodium mét anolate or

5 equp@mﬁwrprafembzholhfetcséo&qmwwﬂmdmmqmdaaibsmnfelwumial@eto

. odFRY VRS o 0 8 O A B B

or chlprwfemblysmﬂuﬁﬂqiamdmubseqbérn@sm lexaristee dnirstartixéure of an organic
solveftf rBPe%PQﬁ;PMQ%WéWé"& Qn O %e%?lt@trahydrofuran and water in the

ratio of from 10 000:1 to 1:1, preferably 500:1 to 10:1, very particularly preferably
200:1 to 50:1, at from —-20°C to +80°C, preferably at from 5°C to 40°C, particularly
preferably at from 20°C to 30°C, to give the compound of the formula (VII);

acetyl

PG-O
PG-O
o
PG-O (o} 0
Vih)
O-PG (
v X
\ R2
[

OR,

in which PG, Y, R1 and R2 are as defined above;
and subsequently

C. Preparation of the acetoglucomethylenes

the compound of the formula (VII) as described above is reacted

in an organic suitable solvent such as, for example, dichloromethane, acetonitrile,
tetrahydrofuran, dimethylformamide, DMSO and chloroform, preferably in acetonitrile
with from 1 to 15 equivalents, preferably 2 to 6 equivalents, of one or more hydride
donors such as, for example, potassium borohydride, sodium borohydride, sodium
cyanoborohydride, triethylsilane, triacetoxyborohydride, preferably with sodium
cyanoborohydride or sodium borohydride, particularly preferably with sodium
borohydride, and from 0.1 to 5 equivalents, preferably 0.5 to 1.5 equivalents, of one
or more activators selected from the group of lithium chloride, bromine, sodium

bromide or potassium bromide, iodine, sodium iodide or potassium iodide, sodium
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off\,” (1) Y R2 S ORI 5in which Y, R1 and R2 are as defined above;

and subsequently the compounds of&he formula (I) are purified by

conventional purification methods such as crystallization or

chromatography, preferably by crystallization from a solvent or a mixture
triiodidé amphuaEiymhsiieide spetfasbliants idderomatifroomptupdssquivalents,

I h k hol
prefer gt B s CHTAIR) oy SRS R T B o S AR e
equ|vaimm$r®measpmleuhxﬂy)Ipretfa‘tabfw@@e@kyataﬂlzaydm@emchIonde BFs,

eth ano/ ater, ference is give a multist roces reparin
nalos B LSRR 08 AR AP LRRo ERrAe  ie e. at
from ooyt &et0De;greikirabiyvatifiatn APOCAS €49EChed diooveaPpocksably
¢ fgr p&epagrin .compounds of the general formula (1): 20 HO HOO0 HO O
rom ¢ Iq =19 ?} R2 OR, in which the meanings are Y H, (C,-C,0)-alkyl;
11 R1 (Ci-C8)-alkyl, where one, more than one or all hydrogen(s) may be

to givéetl%lg%%%%und of the formula (VIII),

PG-0
PG-0
o}

PG-O 0

O-PG (VHI)

Y NS

\ R2
[

OR

in which PG, Y, R1 and R2 are as defined above;

subsequently

D. Preparation of the thiophene-glycoside derivatives

the protective groups are eliminated under basic or acidic conditions, by oxidation or
reduction or with fluoride, in accordance with known methods as described for
example in T.W. Greene, P. Wuts, Protective Groups in Organic Synthesis 1999,
Wiley, New York;

preferably as described above with PG = acetyl in the presence of from 0.01 to

25 equivalents, preferably 0.05 to 5 equivalents, particularly preferably 0.1 to

0.5 equivalents, of an organic or inorganic base, preferably such as, for example,
sodium methanolate or potassium methanolate, sodium hydroxide or potassium
hydroxide, preferably sodium methanolate, in a suitabie solvent, preferably methanol,
at from —50°C to +150°C, preferably at from —-20°C to +80°C, particularly preferably
0°C to 50°C; and subsequently
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20

fluorine; (C5-Cio)-aryl, where aryl may also comprise 1 to 3 heteroatoms
from the series 0, N, S; R2 H, CI, Bt0l; 5 which comprises A. Preparation
of the hydroxy ketones A.2. the thiophene component of the formula (ll),
10 X Y\ (II) SinwhichY is as defined above, and X is O-(Ci-C$)-alkyl or
convefe(CbiCitheacpmpbene sl inayatsolegiprise 1 to 3 15 heteroatoms

from the series 0, N, S; being reacted with a compound of the formula (I11)
0 R3 R2 (lll) ORI 20 in which R1 and R2 are as defined above, and R3 is
Cl, Br, I; 28ihthe presence of from 0.1 to 10 equivalents of one or more
acids in a suitaple solvent at from -50 to +150C to give a compound of the
formula {! Oji

HO

Y
\ d R2
OR

in which Y, R1 and R2 are as defined above;

and subsequently the compounds of the formula (1) are purified by conventional
purification methods such as crystallization or chromatography, preferably by
crystallization from a solvent or a mixture of a plurality of solvents such as alkanes,
aromatic compounds, halogenated solvents, ethers, ketones, esters, alcohols or
water, particularly preferably by crystallization from alcohols or alcohols/water

mixtures, very particularly preferably by crystaliization from methanol/water.

Preference is given to a multistage process for preparing the compounds of the
formula (1), in which step A. Preparation of the hydroxy ketones consists of variants
A2 or A3 described above:

Process for preparing compounds of the general formula (I):

HO

HO o
OH (M

Y
R
\_J 2

OR

in which the meanings are
Y H, (C4-Cqp)-alkyl;
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(IV) R2 S ORI in which X, Y, R1 and R2 are as defined above; and 5 the
latter being directly converted furtherlin the presence of an acid as defined
above at from 0 to 200C into the compound of the formula (IVa) OH O Y
R2 (Iva) \SI1/OR1 10 in which Y, Rl and R2 are as defined above, or

R1  AG-Dgaiphenecoopanaotetibe toeotea(lhydroged(s) Iy e wapiced by
)% and Y aje a deflned a ove, b reacted with one ;
RO e S hels AN bl CA RS e i Reteroatoms from

Mﬂ@f{&r@SO}aH(yB)r M-N((Cj-C8)-alkyl)2, in which M is Li, Na, K, Zn, Mg,
R2 Zéqaqﬁre@ apolar solvents at temperatures of from -20 to 45C to give the
intermediate of the formula (V)X Y\ (V) s13

which comprises

A. Preparation of the hydroxy ketones
A.2. the thiophene component of the formula (II),

X
{5 :
\ S

in which Y is as defined above, and
X is O-(C4-Cg)-alkyl or O-(Cs-Cqg)-aryl, where aryl may also comprise 1 to 3
heteroatoms from the series O, N, S;

being reacted with a compound of the formula (1)

i
R3 R2 Ul

OR

in which
R1 and R2 are as defined above, and
R3 is Cl, Br, I

in the presence of from 0.1 to 10 equivalents of one or more acids in a suitabie

solvent at from -50 to +150°C to give a compound of the formula (1V)



in which X, Y and M are as defined above, and the latter being reacted
further with a compound of the formifa (llia) 0 Ra, Rz (llia) OR1 in which
R1 and R2 are as defined above, and R3'is Cl, Br, I, NH-(C,-C8)-alkyl,
NH-O-(Ci-C8)-alkyl, N((CT-C8)-alkyl)2, N-(C1-Cg)-alkyl-O-(C1- 10
C8)-alkyl, N(C8-C8)<ycloalkyl, where the alkyl ring may comprise one or
more heteroatoms from the series N, 0, S,
N((C6-Ci-e ‘. IRBI((G‘B’JCS)-cycloalkyI)-(CS-CS)-aryI,
N((C6-Cio)- a aromatic systems and the cyclic alkanes
may comprise one 15 or more K¥eroatoms from the series N, O, S. to
give a compound of the formula (IV), X O Y R2 (IV) S OR1 20 in which
X, Y, R1 and R2 are as defined above; as described under A.2. at

in whittmperaRresrf Rerar@ e defd@Cabodssdrrequently this compound of
the formula (IV) being converted in the presence 25 of a Lewis acid into
the compound of the formula (IVa) 14 OH O Y (IVa)

5  the latter being directly converted further in the presence of an acid as defined above

at from 0 to 200°C into the compound of the formula (IVa)

v—( \S np (Va)

OR

10 inwhich Y, R1 and R2 are as defined above,

or

A.3. the thiophene component of the formula (l1)

X
{ﬁ N
\ S

in which X and Y are as defined above,

15

being reacted with one or more organometallic reagents from the series M-(C4-Cg)-

alkyl, MH, M-O-(C¢-Cg)-alkyl or M-N((C4-Cg)-alkyl)z, in which M is Li, Na, K, Zn, Mg,
20 Ca,

in apolar solvents at temperatures of from -20 to 45°C to give the reactive

intermediate of the formula (V)

X

\ S
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R2 ORI in which Y, R1 and R2 are as defined above, and where
appropriate subsequently the compbunds of the formula (IVa) being
purified by conventional purification 5 methods; and subsequently B.
Preparation of the acetogluco ketones 10 the compound of the formula
(Iva) OH O R2 (IVa) Y 6\r' S OR1 15 being reacted with from 0.5 to 10

in whigf/agi,vggﬁa R Qéugéﬁ%ﬁﬂ%atygo%ghe formula (VI) O-PG PG-O0-PG

~ PG O nwhich PG is an OH protective group in the presence

and thef lnber beingseatiRdliitbefwith sncsrg@eienst afdhsainemalseBigd from

0.01 to 5 equivalents of a phase-transfer catalyst in a mixture of an
organic solvent and water in the ratio of 10 000:1 to 1:1 at from -20C to
+80C to give the compound of the formula (VII); 15 PG-0 PG-O 0 PG-O

00 il
R,’ R2 {EY

OR,

in which R1 and R2 are as defined above, and

R3’

is CI, Br, 1,

NH-(C4-Csg)-alkyl, NH-O-(C4-Cg)-alkyl, N((C+-Cg)-alkyl),, N-(C4-Cs)-alkyl-O-(C-
Cg)-alkyl,

N(Cs-Cs)-cycloalkyl, where the alkyl ring may comprise one or more
heteroatoms from the series N, O, S,

N((Ce-C1o)-aryl)-(C1-Cs)-alkyl, N((C3-Cs)-cycloalkyl)-(C3-Cg)-aryl, N((Cs-C10)-
aryl),, where the aromatic systems and the cyclic alkanes may comprise one

or more heterocatoms from the series N, O, S,

to give a compound of the formula (1V),

Y \\s Rz V)

OR

in which X, Y, R1 and R2 are as defined above; as described under A.2. at

temperatures of from —20°C to +30°C;

and subsequently this compound of the formula (IV) being converted in the presence

of a Lewis acid into the compound of the formula (IVa)
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O-PG (VII) Y ~\ I\ Ra OR, inwhich PG, Y, R1 and R2 are as defined
above; and subsequently 5 C. Prepb#ation of the acetoglucomethylenes
the compound of the formula (VII) as described above being reacted 10 in
an organic suitable solvent with from 1 to 15 equivalents of one or more
hydride donoftind®om 0.1 to 5 equivalents of one or more activators
selected from the ¢ m 0 I|th|um chloride, bromine, sodium bromide or
' odium {Bde or potassium iodide, sodium
triiodide or patassium triigdide, preferably with iodine and from 1 to 25
equivalents of one or more furth®Racids at from -100C 15 to +100C to
give the compound of the formula (VIII) PG-O PG-0 0 PG-O O O-PG
(vii) YW I\VR2 OR, inwhich PG, Y, R1 and R2 are as defined above;
in whi2h Sulisequertly erdPsepisfitied abthe thinphenerglvppsisisridesivatives déntly

the compounds of the formula (IVa) being purified by conventional purification

methods;
and subsequently
B. Preparation of the acetogluco ketones

the compound of the formula (IVa)

OR

being reacted with from 0.5 to 10 equivalents of a sugar derivative of the formula (VI)

O-PG

PG- O\H\‘/O PG (V1)

O/\/O -PG

in which PG is an OH protective group in the presence of from 1 to 15 equivalents of
an organic or inorganic base and from 0.01 to 5 equivalents of a phase-transfer
catalyst in a mixture of an organic solvent and water in the ratio of 10 000:1 to 1:1 at

from —20°C to +80°C to give the compound of the formula (VIl);
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the protective groups being eliminated under basic or acidic conditions, by
oxidation or reduction or with fluoride, in accordance with known
methods, in the presence of from 0.01 to 25 equivalents of an organic or
inorganic base in a suitable solvent at from -50C to +150C and
subsequerftﬁ/' ing converted into the compounds of the formula (I) HO
HO O I-'LQQ aR¥Y OR, inwhich Y, R1 and R2 are as defined above, and
subsequent e compounds of the formula (1) being purified by
conventional purifigation methods. The disclosure also relates to a
processFeRprepating the infermediate compounds of the formula (VIII), in
which a compouggef fhe folimula(VIl) PGIIDPG-0 O PG-0 O O O-PG

in which PG, Y, R1 and R2 are as defined above;
and subsequently

C. Preparation of the acetoglucomethylenes

the compound of the formula (VIl) as described above being reacted

in an organic suitable solvent with from 1 to 15 equivalents of one or more hydride
donors and from 0.1 to 5 equivalents of one or more activators selected from the
group of lithium chloride, bromine, sodium bromide or potassium bromide, iodine,
sodium iodide or potassium iodide, sodium triiodide or potassium triiodide, preferably
with iodine and from 1 to 25 equivalents of one or more further acids at from —100°C

to +100°C to give the compound of the formula (VIil)

PG-O\g\
o)
PG-O)\H\O

0P (Vi)

Y AN

\ R2
s
OR

in which PG, Y, R1 and R2 are as defined above,

subsequently

D. Preparation of the thiophene-glycoside derivatives




Y is H, (Ci-Clo)-alkyl; R1 is (Ci-Cg)télkyl, where one, more than one or all
hydrogen(s) may be replaced by fluorine; (C5-Cio)-aryl, where aryl may
also comprise 1 to 3 heteroatoms from the series 0, N, S; 5 R2 H, Cl, Br,
the proiesiieadenlipsareorgatin matadlarsbbrarasidtiofractic tcobbiEiqni abenisiattion
donr[? or mor.%lg dri.(g;% donors and from Q.1t0 5 equiv%l‘ents ofgrpe ormore
or redycion gr i dlignti e B SAA TR B R AN g S RRE e ©
from Ob@dripo2Sosgpuitassnisdiramatg amudioe ireodamtibdste iorgpstdtatiiosolvent at
iodide, sodi riiodjde or potassium triiodide and from 1 10 to 25
from ”§§u%e§%ﬁigc¢? é’n nér%HBFé)Wgyacids at from -100C to +100C to give
the compound of the formula (VIII) PG-O PG-00 PG-O O O-PG (VIIl) Y
. R2 ORI 15] ich PG, Y R1 R2 are as defined above. In a
Deing F AR ELE P B SRS compounds of the
formula (Vill), iodine is used as activator. 20 A further preferred
embodiment is a process for preparing the compounds of the formula (1)

in which the meanings are 25 Y H; R1 (C,-C4)-alkyl, where one, more

than one oHal hydrogen(s) may be replaced by fluorine, preferably CH3,
C2H5., CF3;
HO

HO

in which Y, R1 and R2 are as defined above,

and subsequently the compounds of the formula () being purified by conventional
purification methods.

The disclosure also relates to a process for preparing the intermediate compounds of

the formula (Vill), in which a compound of the formula (VII)

PG-0
PG-0
0
PG-O o 0
0P8 A (Vi)
\ R2
s

OR,

in which

PG is an OH protective group;



10

15

20

25

R2 H. 18 The disclosure relates to compounds of the formula (1) in the
form of their racemates, racemic mikfures and pure enantiomers, to their
diastereomers and mixtures thereof, and the alkali metal, alkaline earth
metal, ammonium, iron and similar pharmacologically acceptable salts

Y tieteofCTI® @hatkyadicals, including alkoxy, alkenyi and alkynyl, in the

substituents R1, R3', X, Y and M may be either straight-chain or

RT ol P b R AG e DA RBB R O DR BlangRY be replaced
regrésenhboliCuCapdddyl sugmie iatfietalpiistag eng isal @) B atesuatoms
aP, for xamPIe, llgse .altrose, glucose, mannose, gulose, idose,
SRR ST

which may be mentioned as preferred are:
R2 D-glotoRe,D-galactose, D-allose and D-mannose, particularly preferably

: -D-gl d (3-D-galactpse, ticularl ferably (j-D-gl ,

s realeg e AR TN e TG A e Rl P VARG 2 e B more

hydridediwtited\ariedsiite fotite Bosginiatority aferecalycosidectiesiativesdnted from
high yields, The_alternati f ing th : d(v) . .

N A e

sodiupr oo @fdﬂmsiomppdma(kbﬁ)uﬁﬁ helifalldeviog tasyiles tHistidte dahd from 1

to 25 BIRGESRINOHL feSSHENDR T G2, ST RGN PO Y % 180°C to give the

compound of the formula (VIII)

PG-O
PG-0
o)

PG-O 0

O-PG (VI

Y AN

\ R2
S

OR

in which PG, Y, R1 and R2 are as defined above.

In a preferred process for preparing the intermediate compounds of the formula (VIil),

iodine is used as activator.

A further preferred embodiment is a process for preparing the compounds of the

formula (1) in which the meanings are

Y H:

R1 (C4-Cy)-alkyl, where one, more than one or all hydrogen(s) may be replaced by
fluorine, preferably CHs, CsHs, CF3;

R2 H.



O ONO Np}O Oav OefCph®000m/C~C7 v}\Op NO d
OO0OYUmoS~UaUaU~GU NJOapN4NN 1TO soC~ +-
NCoO>0u OO0}

The disclosure relates to compounds of the formula (1) in the form of their racemates,

racemic mixtures and pure enantiomers, to their diastereomers and mixtures thereof,
and the alkali metal, alkaline earth metal, ammonium, iron and similar
pharmacologically acceptable salts thereof.

The alkyl radicals, including alkoxy, alkenyl and alkyny!, in the substituents R1, R3',
X, Y and M may be either straight-chain or branched.

The sugar residues in the compounds of the formuta (1) repfesent both L- and D-
sugars in their alpha(a) and beta(R) forms, such as, for example, allose, altrose,
glucose, mannose, gulese, idose, galactose, talose. Those which may be mentioned
as preferred are: D-glucose, D-galactose, D-aliose and D-mannose, particularly

preferably B-D-glucose and p-D-galactose, very particularly preferably $-D-glucose.

The process of the disclosure is notable in particular for making an industrially
feasible route possible to thiophene-glycoside derivatives in high yields. The

alternative processes for preparing the compound (IV) provide the option of

employing a large number of acid- or base-labile precursors of the compound ([l1).

The following examples iliustrate the process without restricting it:



19

+ org.

20 Example 1: a) (4-Methoxyphenyl)(3-methoxythiophen-2-yl)methanone
(variant Al) 24.4 parts by weight of tin tetrachloride are dissolved in 300
parts by volume of 5 dichloromethane in a reaction vessel and, at an
internal temperature of 5-10C, 15.0 parts by weight of p-anisoyl! chloride
are added Then 9,56 parts by welght of 3- methoxythlophene are ad@d

washed with 100 parts by volume of water, 100 parts by volugs 61‘/8 =

strength sodium bicarbonate solution and 100 parts by va@urie q*I Water.
The organic phase is concentrated by distillation to 4 rts hy-@lume
and, at 40C, 210 parts by volume of heptane are meteredy <15 The

ow Solid is then dried. The product is obtained in 94% yiefd; m.p.

9C, 1 H-NMR (CDC13): d=8.37(d,J=6.3 Hz, 1 H), 7.96 (¢, § = 6.9
Kz, 2H), 6.96 (d, J = 6.9 Hz, 2H), 6.37 (d, J = 6.3 Hz, 1 H), 391% 8 (s,
»&H) ppm. 20 b) (3-Hydroxythlophen-2-yl-(4- methoxyphenyl)metham ne
!
pa

srgpension is cooled to 0C, and the solid is freed of Sohvent. the pale
<
9' 9

6 parts by weight of boron tribromide are added to a solution of 1.

ts by weight of (4-methoxyphenyl)(3-methoxythiophen-2- yI)methamone

El 25 parts by volume of dichloromethane at 0-5C, and the mlxtu S
gd at 5-15C for 60 min. It is then stirred at 20-25C for a furth

nd hén 1.0 parts by volume-of 25 methanol and 12 parts by volym# of

the organic phase is wa J twice with 10 parts by volume ofSwgater each
time. The, organic phaseis-Concentrated in vacuo, and th f
- 7>€ o >
= o
O o o
[a 1 1
© O O
= o o [
Q, -
& T o
8= 8
SO, 08
;i
g Z8
Q
Lol [0
z o
© =
i . 3 .
12 a - 2l
5 - S & O
~ o ~ & 8
S « 2 °
=
[0}
-
e O
© > od
w ~ O\~
. o\ &
= o >
> Q
- O o o
= (a8 1 1
@ -
o 0.

(Vi)

(Vi)
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taken up in 20 parts by volume of methanol. The solution is heated to

60C, and 30 4 parts by volume of waéer are added. After cooling to OC,

the precipitated solid is separated off and dried. The product is obtained

as a dark gray solid in 91 % yield; m.p.: 86-87 C. 1H-NMR (DMSO-d5): S

=11.85 (s, 1H, OH), 7.96 (d, J = 5.4 Hz, 1H), 7.89 (d, J = 8.8 Hz, 2H),
Examgl@9 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 5.4 Hz, 1 H), 3.85 (s, 3H) ppm. 21

Example 2: (3-Hydroxythiophen-2-yl)(4-triflugromethoxyphenyl)methanone
a) (4-Methaxy RSt 863pas W@i@ﬂ?%ﬁ&)’i‘h%@ﬁ@m%@& Aloride are
24.4 M@Sgtwailgﬁwpmoﬁe' ] tgabrllﬁllcﬂﬂfﬁhém Wirightetitin to@palesids Vol of

. parts by volume of 1,2-dichloroethane, The solution is heated to 68-70

dichioZReAAAE (BAPERRN \EI5aATY afe?ghm?r@%mamfw&n%@ﬁ e,
15.0 mgmﬁ?oﬂ;?%ﬁﬁ@ﬁpéhmiﬁﬂw&ﬂﬁ seftece diaie O Forparts (eherkight of

conversion to (1V)) and for a further 8 h (80-85C, check of conversion to
ISR RS L SR T e e e
reactidR¥n dEusd enstitrbdse coloie @dist 3re adddtbrAftevadsitiois afadmatds(byeck of

T A

then waskeatiARD® d4-easisvayurakiotes (ittionganthygesttingividicide Mtamerganic
are carried out. The filtrate is stirred with 25 ?&i@%’e volum

of, 0.8%
an agh B RRR ARy SRSl A0 A 9P R R BRSO parts
by voi@r@q@ma%lﬁhf]@% @Wﬁ?ﬁ%@dﬂﬂﬂ&@ﬂ%@fén@wwd}dmaﬂmﬁlsolution
7.5% strengt rochloric acid, whereupon the product precipitates. ... ..
and 10 ARRFRY HOMRECTIATE! L AHICIIE TS S SRAtERIgY Y distiliation
to 40 &Eﬁ%?%#iﬁ@élpcgﬁﬂ@ﬁigjmwﬂmymwmmmthanmian'saﬂmmied in.
as brownish to yellowish solid in 53% yield. m.p.: 67-70C; 'H-NMR
The SSRRISIGR = SO0IT0H5 (s, 309 BREG (oo 8 305, Thpasspgplion
solid 16l tHem 3rTedZTRE Yo rb&ddids bbt8ifddAn B4RHy@lddml = 5819921 H-NMR
(DR = 8.37 (d, J = 6.3 Hz, 1H), 7.96 (d, J = 6.9 Hz, 2H), 6.96 (d, J = 6.9 Hz,
2H), 6.37 (d, J = 6.3 Hz, 1H), 3.91, 3.88 (s, 6H) ppm.

b) (3-Hydroxythiophen-2-yl-(4-methoxyphenyl)methanone

1.86 parts by weight of boron tribromide are added to a solution of 1.84 parts by
weight of (4-methoxyphenyl)(3-methoxythiophen-2-yl)methanone in 25 parts by
volume of dichloromethane at 0-5°C, and the mixture is stirred at 5-15°C for 60 min.
It is then stirred at 20-25°C for a further 3 h, and then 1.0 parts by volume of
methanol and 12 parts by volume of water are added. A pH of 8 is adjusted with
about 1.4 parts by volume of 33% strength sodium hydroxide solution. The phases
are separated, and the organic phase is washed twice with 10 parts by volume of
water each time. The organic phase is concentrated in vacuo, and the residue is
taken up in 20 parts by volume of methanol. The solution is heated to 60°C, and

4 parts by volume of water are added. After cooling to 0°C, the precipitated solid is
separated off and dried. The product is obtained as a dark gray solid in 91% vyield,
m.p.: 86-87 °C. "H-NMR (DMSO-dg): & = 11.85 (s, 1H, OH), 7.96 (d, J = 5.4 Hz, 1H),
7.89(d, J =8.8 Hz, 2H), 7.09 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 5.4 Hz, 1H), 3.85 (s,
3H) ppm.
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Example 3: a)
(4-Trifluoromethoxyphenyl)-(3-meth@kythiophen-2-yi)methanone (variant
A3) 25 8 parts by volume of n-BuLi (1.6 M in hexane) are added to 7
parts by volume of 3-methoxythiophene in 150 parts by volume of diethyl
ether at 20-25C under a protective gas atmosphere, and the solution is
Exampiea®ed at 40C for 30 min. The reaction mixture is added to an ice-cooled

olutl 0O- 5C) ts b
(3-Hy &)h e\fﬁ %E? Ricrome )838/ e%%\'pnle&galﬂql% BgF ri:;Ey volume
0.86 ga‘rd;éiwbé@le%thﬁrci TmfhmnmmleemwmwmyédMOrMIemﬂémimoeafspan of
1.0 pa;ﬁ% %"%‘%E{e%van i tgfrac(%l% rY 10’8 8 ate8r @rrr?e ﬁf ? % 31 &Por%%?ﬁane

ea ueous phase i ex ra
The sdlohtmommmm tﬁ@&ﬁmlm[uoajahus fErapesadrea]iied parebazRdd of

vent is removed in v 76% of the pradu
ome AR PSS B2 AL A Ve o
3h (C(‘GECR @Boﬁnlvlacs%ﬂ t@. @H)Odaddi&& HrtReh) 3 h1@QeB I°C 5chetk df lapnversion
to (IV% ydr(?)ﬁhlopkpeanhi y}w{etr%~| té)r%\p/naétt ro%%hen tﬁgnvoorlllérgeﬂg(g’ 0%
strengthrts/byockeight aic{8-anethdstgthidbtesradeaylign- Uﬁ%mﬁetbax;qdhm@/bf heptane,
methanone in 10 parts by v

the D S8 bR 1) e o NS 1RG0 Boi ey eiyglme
of deiohidiet|wrataethhasatv@it- %@nﬁwﬁatkcbmm@mwtstbsemmﬁﬁrwwh and
WaShIkl;lé Eﬁna?g onv%rrselocn rrue(? F %ﬁg H@%%eb?% s?wt'ﬁ](? \?/ R 58 %&%%F%ije of

[0ion Sre added in one rtion ase
0.8% siyeengtiedodie mrgaﬁromdawistwaslami \Wheh Mparwa)yemm@ offhe

aqueé’\ﬁagtr%r ang %r '%%sﬁn%anosﬁé\#zaég /(:Eo nﬁﬂv&d JhY Ca\’b?u%% 'I’ij 47'55% étrength

Tized 15 met a pale'ye ow solid are obtaine
hydroEkbmiplacid 1whereupon the product precnprcates again. The product is filtered

5- D| toxy-6- y -2- thiophen-3-yloxy]t
oft wif SHeeS. S SEts S e
trlﬂuobmmwjhnhuMawhmﬂmrwﬂ@rlsem@t&@méobgmmsjhtmyellownsh solid in 53%
yield. m.p.: 67-70°C; "H-NMR (DMSO-d8): & = 11.45 (brs, 1H, OH), 7.97 (d, J = 5.4
Hz, 1H), 7.93 (d, J = 8.7 Hz, 2H), 7.51 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 5.4 Hz, 1H)

ppm.

Example 3:

a) (4-Trifluoromethoxyphenyl)-(3-methoxythiophen-2-yl)methanone (variant A3)

8 parts by volume of n-BuLi (1.6 M in hexane) are added to 7 parts by volume of
3-methoxythiophene in 150 parts by volume of diethyl ether at 20-25°C under a
protective gas atmosphere, and the solution is heated at 40°C for 30 min. The
reaction mixture is added to an ice-cooled solution (0-5°C) of 8.3 parts by weight of
N-methoxy-N-methyl-4-trifluoromethoxybenzamide in 100 parts by volume of diethyl
ether. The mixture is then stirred at room temperature for 1h (check of conversion).
50 parts by volume of water are added, the phases are separated and the aqueous
phase is extracted 3x with dichloromethane, the combined organic phases are dried

over Na,SOy, and the solvent is removed in vacuo. 76% of the product are isolated
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potassium carbonate and 2.6 parts by volume of water are added to a
solution of 7.3 parts by weight of 22

(3-hydroxythiophen-2-yl)(4-methoxyphenyl)methanone in 20 280 parts by
volume of dichloromethane at 20-25C. Over the course of 2 h, 22.5 parts

asa wl%@ht@df é'ﬁs!ahé&d%ﬂ@%@ylfamﬁapé@mop%ri&yﬁ bhorhidld (aq‘ed 8.6
Hz, 2920‘?%5T %”HQ"&H emt'gse% al 3&20C @18 *755“(@6%%%)( it

nversi s are removed and the organic phase Is washéd
water. The organlc phase is concentrated and taken up in 95 parts by

b) (3RS 1R SRGRLIRBLOPN I SRIEHREHSRooled to OC.

The soli eparate if and dried. 819% of the product are obtained as a

7.56 mr&mbyy@gbt af. p3-mathoxgthiophenKn R AbNIsoasRtiBax\wOgaYh-H),
methgnz)t@: %HI)@(Y Jalth Bzv(mo?uq)n@'o% th?o@o%e%hﬁpréa?é%\ﬂﬂﬂédﬁgd% & solution

dd, 1'H), 4 2H
of 8. quglgbt(@f BB, éé@ﬂﬁ@%@@%ﬁﬁﬁ@@ﬂ@}ﬁm@ gf dl%ﬂgromethane at

20-253€C Y- BARORNIE! Qyé‘é%rgd(ﬂ‘fti'ﬁ%@%P?W%EH@@MWW@S%XP&M

y]- tetrahydropyran-3-yl acetate 3.5 parts by weigh
then 8@ mayitsibutyRIbmfafFAtERed SoDsBRIta Y DRl BEbtipBRLaaded in one

pomo?@”?ﬂa%ﬁ%& %f%I%%rgé@(éép'Hﬁ%eo?{;m&eﬁﬁé@@@@;ééﬂ@mlmlqr@@ dris by

parts by weight

volun@gmwaﬁqnm%ﬁéﬁcﬁ ghtheriseirnéiRdRpPeTlimesiRonasisQlishis
recry Q@I [0y ¥R M Slichier agatiane e VRl SHIRT e cBtRRAI 2 N, S

1 .7 parts by weight of 2,3,4,6-tetra-O-acetyl-alpha-D-glucopyranosyl

bromide are added. The reaction mixture is stirred at 20-25C for 16 h
Exan(ﬁﬂ'—?ﬁk of conversion), solids are removed and the organic phase is

washed 3x with water. The organic phase is concentrated and taken u

4,5-Diaceiaris b celmmastivbg ﬁdﬂﬂh@@yb,%@%)ifﬁ@@WvﬁeYé@%ﬂfeﬁahydFO—
yrar\"’é‘tﬁrééété%ded and the solution is cooled to OC. The 10 solid is
separated off and dried. 90% of the product are obtained as a colorless

3.9 pasisdoynwpigbbodbe v MRGDMS LB claerig @91 @4 partssoy vaighy, of
potagsmgagb'oﬁaze%d 2.6 parts by volume of water are added to a solution of
7.3 parts by weight of (3-hydroxythiophen-2-yl)(4-methoxyphenylymethanone in

280 parts by volume of dichloromethane at 20-25°C. Over the course of 2 h,

22.5 parts by weight of 2,3,4,6-tetra-O-acetyl-alpha-D-glucopyranosyl bromide are
added. The reaction mixture is stirred at 20-25°C for 16 h (check of conversion),
solids are removed and the organic phase is washed 3x with water. The organic
phase is concentrated and taken up in 95 parts by volume of methanol. After
crystallization, the solution is cooled to 0°C. The solid is separated off and dried. 81%
of the product are obtained as a colorless solid; m.p.: 149 — 151°C, 1H-NMR
(DMSO-d6): 6 =8.0 (d, 1H), 7.7 (d, 2H), 7:1 (d, 2H), 7.0 (d, 1H), 5.6 (d, 1H), 5.3 (dd,
1H), 4.9 (m, 1H), 4.7 (dd, 1H), 4.2 (m, 2H), 4.1 (m, 1H), 3.8. (s, 3H, O-CH3), 2.05,
2.00, 1.90, 1.85 (s, 12H, acetyl-CH3) ppm.

Example 5:
4,5-Diacetoxy-6-acetoxymethyl-2-[2-(4-trifluoromethoxybenzoyl)thiophen-3-yloxy}-
tetrahydropyran-3-yl acetate
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2H), 7.43 (d, J = 6.7 Hz, 2H), 7.13 (d, J = 5.5 Hz, 1 H), 5.60 (d, J = 7.9 Hz,
1 H), 5.27 (dd, J = 9.5/9.5 Hz, 1H), 2394-4.90 (m, 1H), 4.63 (dd, J =
9.6/9.5 Hz, 1 H), 4.21-4.17 (m, 2H), 406404(m 1H) 2.02,1.99, 1.90,
1.84 (s, 12H, acetyl-CH3) ppm. 15 Example 6: 4

3.5 parfsdvyWeiohtofdigneiti %A{Lamﬁ@mak%@f%tﬂ.é&Eﬂf@amwﬁ@ﬂ%ﬁy

potas@ldﬁT BXrBOn3tel asetats AhBaisRyunRidittwhiedine i ddliealtsdition of
Wegm t of sodium borohydride (added_ 20 over 60 min), and 11.5 parts b
t

7.1 DA e G VAR RIE R e TS S QR Ry e hanone

in 250?5&'@63@%\@1x%é’@ﬁ%lIEMlW@ﬁ{Htﬁéﬂé:ﬂ'QQ@@Wﬁ@?@ft%m@m%b?cf 2 h,
4-methoxybenzo éthlophen 3 onxy]tetrahydroPyran 3-yl acetate in 57
187 H?AT%%W\?&& h%?% tBritfie-S- BRIV RIRBDE-AHEP BURG W EECge are

addedOTRE rRLIHR rFRacHensnabitee i diubst avidy A% paithBykvefwbRversion),

dichloromethane and, while 25 cooling, 75 parts by volume of water are

solids gJNRHSNNRE WeRIRPRAFENR RIS A Wit vater shRe Arganic

phasé%*&%%b?ﬂr‘é@é&%r%ﬂ%ﬂé@l @SIRUE0D pArkaky ylvAlEeeisdipRsiBaBRIAL 40-
he crude product is recré:rtalllzed at 50-60C and then filtered off with

45°C, mmﬁtatbme@m ehisAkABIRAdSsH A Ao B RIS i SORMRS 4p 364, The

solid r@éépeﬂré@eéjeﬁﬁarﬂd"dNUH:\’ Sﬁ@%%@ﬂﬁ’@br@%@t@&&m@@ A aleLoﬂé)Qs solid;
d,J=6.7 Hz, 10 2H 687éd\] 5.5 Hz, 1H), 6.84 (d,J =6.7 Hz

m.p.: §0r3 83 TR & 63D 31909.64.-4 T H1) .06 (@ (ﬁ1=~’9r76 7 Hz,
2H), 731#3 1)y 38R QH)ZW33 ali% 3H) 2. Q)1 930186y L9PIHA2H), 5.27

acety ICH3 pm. Example 7: 2

(dd, J5’"[§%eﬁ£8té>43}26 H‘dbtéx?ﬁhétHQl12‘3[21tilltﬁf|@%Met’r10>%/éé9r§Wh1H ), 4.21-4.17

m, 219P2eNs3AYt s HRY BOPYTe0- 3 YRoeiY] 3 12 Magisday el
( ‘:?glne and 2. (g%arts%y welght of sodium boSohydrlde (added O%ZI?EG;O
min), and 11.1 parts by weight of trimethylsilyl chloride (added over 45

Exampieks:
4,5-Diacetoxy-6-acetoxymethyl-2-[2-(4-methoxybenzyl)thiophen-3-yloxyltetrahydro-
pyran-3-yl acetate

4.5 parts by weight of iodine and 2.1 parts by weight of sodium borohydride (added
over 60 min), and 11.5 parts by weight of trimethylisilyl chloride (added over 45 min)
are added to a solution of 10.3 paris by weight of 4,5-diacetoxy-6-acetoxymethyl-2-
[2-(4-methoxybenzoyl)thiophen-3-yloxyltetrahydropyran-3-yl acetate in 57 parts by
weight of acetonitrile at from —10 to 0°C. After being stirred at 0°C for 90 min, the
reaction mixture is diluted with 75 parts by volume of dichloromethane and, while
cooling, 75 parts by volume of water are added dropwise. After washing with water
several times, the solvent is removed in vacuo, and the residue in 51 parts by volume
of methanol. The crude product is recrystallized at 50-60°C and then filtered off with
suction at —=5°C. The colorless solid is dried and obtained in a yield of 83%. m.p.:
116-118°C; "H-NMR (DMSO-dg): 8 =7.29 (d, J = 5.5 Hz, 1H), 7.09 (d, J = 6.7 Hz,
2H), 6.87 (d, J = 5.5 Hz, 1H), 6.84 (d, J = 6.7 Hz, 2H), 5.41-5.33 (m, 2H), 5.07-4.97
(m, 2H), 4.21-4.17 (m, 2H), 4.09 (d, J = 9.7 Hz, 1H), 3.91-3.79 (m, 2H), 3.71 (s, 3H),
2.00, 1.99, 1.96, 1.95 (s, 12H, acetyl-CHs) ppm.

Example 7:
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25

30

5 are added to a solution of 7.98 parts by weight of
4,5-diacetoxy-6-acetoxymethyl-2 24
[2-(4- trifIuoromethoxybenzoyl)thiophen -3-yloxy]tetrahydropyran-3-yl

.ace ate | rts eton r| f
45-DEEEIRE R R R R SR et o
tetrahydtumeaﬁ-dmﬂhlmetamhane and, while coollng 77 parts by volume of

3.24 pARle rgrﬁea}dﬁtegf ‘f'é%?r\’c‘é'%end“ﬁt%r Qﬁ%shbfm %t f"&%%%ﬁ%@?%ﬁ@i@et&%ded

solvent is T€moved in vacuo andthere aken dp in
over aﬂ)mm)a ahohéthamparishey evedghpaidriotéthndsilysicies deaf{adieBameadd min)

T e e
[2-(4- tan{JéVo(deﬂngﬁ)];mﬁ%ﬁblo‘ﬁhér(fﬂ yl«;:)@ femaghydﬂawpx/m@w acatatlazn

<10 geleBy Mo nlprangftte gl Tih s sl O

90 mtﬁ,mﬁe(deladtm@mlﬁterelzs ﬁ;myed.mm;(aﬂszw vhilon&ddf dld“ﬁbm’@flﬁane
anc, Sk E8ole) A3t BRI 3 g 8P g g Zig nine
with WEBrAe1emBin2s, The1sean 6, RIeyE0.0) Vam|esrt 66 1esitide 20iaken up
n 25 G5 L S e D e T el et s osplipar 0 - 50
and thepyfilberaidofs wiid) sﬁcﬁmpms—ﬂ)m@eﬁhe@‘owdlaaa médwmdfa&d gm% i of a
colorlisgtg%‘f’é? %&r; gﬁ%ﬁfﬁéﬁq gf_’@fﬁ_?ﬂﬂxﬂvﬁ?%ﬁ%%%%t O 47 (d, J=
8.1 Hm@mg)xz/m(zyl)xmo@lsetﬁzss Sionyitaoatydrofyahia-2HiceLa® (d, Al=parEsHz,
0, SIS B A5 e ot T Sesdgtf e
5.11 (@) e paeLit s prRciatetby a@@@%r%ﬁfﬁﬁ%d offv2tH), 4.10
o0 CEEORA P TR SR i shgrati e ey
NMR (OMSGEH3, 4 +)098080.6] 606 HBRB) 1335 (947 1), B1951 (S 20H), 127 4,
123.8,120475 8t 556 R WY, 7% 387 B AT o6 38258 5

20.3 ppm.

Example 8:
2-Hydroxymethyl-6-[2-(4-methoxybenzyl)thiophen-3-yloxy]tetrahydropyran-3,4,5-triol
0.97 parts by weight of sodium methanolate (30% in methanol) are added to a
suspension of 14.5 parts by weight of 4,5-diacetoxy-6-acetoxymethyl-2-[2-(4-
methoxybenzyl)thiophen-3-yloxyltetrahydropyran-3-yl acetate in 91 parts by weight of
methanol at 0°C. The reaction mixture is stirred at 0°C for 90 min and then a pH of 7
is adjusted with 0.76 parts by weight of acetic acid. The product is precipitated by
adding water and is filtered off with suction at 0°C. The coloriess solid is dried and
obtained in a yield of 83%. m.p.: 154-155°C; '"H-NMR (DMSO-dg): & = 7.16-7.14 (m,
3H), 6.91 (d, J = 5.5 Hz, 1H), 6.80 (d, J = 8.6 Hz, 2H), 5.35 (s, 1H), 5.05 (s, 1H), 4.99
(s, 1H), 4.63-4.53 (m, 2H), 4.01-3.97 (m, 2H), 3.71 (s, 3H), 3.66 (s, 1H), 3.49-3.44
(m, 1H), 3.32-3.05 (m, 4H) ppm.
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(m, 1 H), 3.32-3.05 (m, 4H) ppm. 25 Example 9: 2-Hyd
roxymethyl-6-[2-(4-trifluoromethoxy@énzyl)thiophen-3-yloxy]tetrahydropyra
n- 3,4,5-trial 1.5 parts by weight of sodium methanolate (30% in methanol)
are added to a 5 suspension of 12.3 parts by weight of

Example $iacetoxy-6-acetoxymethyl-2-[2-(4-

2-HydiohyaremetisopybenzsiltropkenodwexylibtrabyHenBHdoxsideakyatopyran-
83.2 parts by weight of methanol at OC. The reaction mixture is stirred at
34,5418 for 90 min and then a pH of 7 is adjusted with 1.58 parts by weight of

1.5 paata;tiy aeightlag @di@l%ﬂﬁﬁﬁftﬁf@ﬁ&ﬁ%&dm agdiwaaghaatﬂ{) armlégdiﬁer‘eﬂalc()jff

with suction at OC. The cqlgrless solid 10 js dried and obtai inayi
SUSPEBRIR s RSO NS G 5 2o R g
triﬂuo?ﬂﬁ;&%83%73@5n]??1&&56@%@2&3}5@3@?54@?&&?3—)@?:Zédaté SH BIﬁg-kzarts

, J=4.9 Hz, , D. ,J=45Hz,1H), 4. =5.3.
oy weigh! 3 e RAGRE L 0P ARy o B 1< SATALD oy 00 i anc
then a2 ¢F.04< radRisded Wdh 3. 6% (parts By, WEdH3 .47 doatit B}icB. BR3piddutt is

_4H); 19F-NMR (DMSO-d6): .3 = 15 56.8 ppm. WQ. 2006/072334 26 .

PreciRal A P SRS DA ST R TP SHGTARAD oS el oS S0
is dridheeeRRitednHa (A dPg9%, OnipO QLOKUEP Y H-NRRR (DMSO-dg): 8 =
7.41(d, J = 8.5 Hz, 2H), 7.27 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 5.5 Hz, 1H), 6.97 (d, J
= 5.5 Hz, 1H), 5.37 (d, J = 4.9 Hz, 1H), 5.05 (d, J = 4.5 Hz, 1H), 4.98 (d, J = 5.3 Hz,
1H), 4.64 (d, J = 7.3 Hz, 1H), 4.56 (dd, J = 5.7/5.7 Hz, 1H), 4.12-4.04 (m, 2H), 3.72-
3.68 (M, 1H), 3.51-3.47 (m, 1H), 3.32-3.12 (m, 4H); "*F-NMR (DMSO-dg): & =
56.8 ppm.
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in.which the meanings are Y C1-Clo)-alkyl; 10 R1 -C8)-al
WO 20@&?0%&‘@’5" Ing & )-alky (Igdgrg}?#&@ﬁ)egmsg

ere one, more than one or all hydrogen(s) may be replace
(C5-Clo)-aryl, where aryl may also comprise 1 to 3 heteroatoms from the
Claimseries 0, N, S; R2 H, CI, Br, 1; 15 which comprises A. Preparation of the
hydroxy ketones A.l. the thiophene component of the formula (I1) x Y \\
(I 20 S in which Y is as defined above, and X is O-(C1-C$)-alkyl or
O-(C5-C10)-aryl, where aryl may also comprise 1 to 3 heteroatoms from

t ies 0, N, S: bei ted with d of the formula (111) 27 0
1 R PR ORISR SRR O R GBI aBOVE B R is Cl,

Br, I; in the presence of from 0.1 to 10 equivalents of one or more acids in
a suitable solvent at from - 50 to +1500C to give a compound of the
formula (1V), x O

HO

HO

HO 0
Y R2
\ s OR,
in which the meanings are
Y H, (C4-Cqo)-alkyl;
R1  (C4-Cg)-alkyl, where one, more than one or all hydrogen(s) may be replaced by
fluorine; (Cs-Co)-aryl, where aryl may also comprise 1 to 3 heteroatoms from

the series O, N, S;
R2 H, Ci, Br, I

which comprises

A. Preparation of the hydroxy ketones

A.1. the thiophene component of the formula (Ii)

A (1)

in which Y is as defined above, and
X is O-(C4-Cg)-alkyl or O-(Cs-C1g)-aryl, where aryl may also comprise 1to 3

heieroatoms from the series O, N, S;

being reacted with a compound of the formula (llI)



(951

10

YA~ R2 (IV) S (/FOR 10 in which X5Y. R1 and R2 are as defined above;
and this compound of the formula (IV) 15 being converted in the presence
of from 0.1 to 10 equivalents of one or more acids at from -50 to +15000
into the compound of the formula (IVa) OH O Y n2 (Iva) S11 OR1 20 in
which Y, R are as defined above; or A.2. the thiophene
comporf&ht of t la (28 X Y\ (1) in which X and Y are as defined
above under Al: reacted with a compound of the formula (llI) O
R3 (lll) /R2 ORI in whitht10 R1, R2 and R3 are as defined above under
Al.; .in the presence of from 0.1 to 10 equivalents of one or more acids in
a suitable solvent at from -50 to +150C to give a compound of the formula
in whi¢h/)

R1 and R2 are as defined above, and
R3 is Cl Br, I

in the presence of from 0.1 to 10 equivalents of one or more acids in a suitable

solvent at from — 50 to +150°C to give a compound of the formula (1V),

v—( S e V)

OR

in which X, Y, R1 and R2 are as defined above; and

this compound of the formula (V)
being converted in the presence of from 0.1 to 10 equivalents of one or more acids at

from —50 to +150°C into the compound of the formula (IVa)

v \\ o, (Va)

OR,

in which Y, R1 and R2 are as defined above;

or

A.2. the thiophene component of the formula (If)



XOY (V) SR2 150R' inwhich X,Y, R1 and R2 are as defined above;
and the latter being directly reacted further in the presence of an acid as
defined above at 20 from 0 to 200C to give the compound of the formula
(Iva) OH O Y \ Si RX(lva) IORI in which Y, R1 and R2 are as defined
above, 29 or A.3. the thiophene component of the formula (I1) X Y (1) J
S in which X agpd-¥arevas defibed above, being reacted with one or more
organometailic reagents from the series alkyl, MH, M-O-(Ci-C8)-alkyl or
M-N((Ci-C8)-alkyl)2 in which M is Li, Na. K, Zn, Mg, 10 Ca, in apolar
solvents at temperatures of from -20 to 45C to give the reactive

in whidMS{BREI§e Y tedofimtiedg dhasfvA £ 15

5 being reacted with a compound of the formula (1l1)

il
R3 R2 (i

OR

in which
10 R1, R2 and R3 are as defined above under A.1.;

in the presence of from 0.1 to 10 equivalents of one or more acids in a suitable

solvent at from -50 to +150°C to give a compound of the formula (IV)

v \\ R2 (v)

OR

in which X, Y, R1 and R2 are as defined above; and

the latter being directly reacted further in the presence of an acid as defined above at

20 from 0 to 200°C to give the compound of the formula (IVa)

Y \\ RO (iVa)

OR

in which Y, R1 and R2 are as defined above,
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in which X. Y and M are as defined gabove, and the latter being reacted
further with a compound of the formula (Ilia) Oli R3 __ (llia) ORI 20in
which R1 and R2 are as defined above, and R3'is ClI, Br, |.

or  NH-(C,-C8)-alkyl, NH-O-(C1-C8)-alkyl, N((Ci-C8)-alkyl)2,
N-(C,-C8)-alkyl-O-(C;- C8)-alkyl, 25 N(Cz-C8)-cycloalkyl, where the alkyl
ring may comprise one or more heteroatoms from the series N, 0, S. 30

A.3. th¥((Biorbiehand)rsiren)-afkile RitGBIE Blcycioalkyl)-(C3-C8)-aryl,
N((C5-C10)- aryl)2, where the aromatic systems and the cyclic alkanes
may comprise one or more heteroatoms from the series N, 0, S, 5 to give
a compound of the férmula (IV) X0Y " \~R~ (IV) S/ OR1 in which X, Y,
R1 and R2 are as defined above: as described under Al. .at 10
temperatures of 20C to H30C; and subsequently this compound of
the formula (IV) bemg-gonverted in the presence of a Lewis acid into the
compound of the formula (IVa) OH 0

in which X and Y are as defined above,
being reacted with one or more organometallic reagents from the series M-(C4-Cg)-

alkyl, MH, M-O-(C+-Cg)-alkyl or M-N((C+-Cg)-alkyl), in which M is Li, Na, K, Zn, Mg,
Ca,

in apolar solvents at temperatures of from -20 to 45°C to give the reactive

intermediate of the formula (V)

X
M)
"{\7
\S

in which X, Y and M are as defined above,

and the latter being reacted further with a compound of the formula (llia)

R (llia)

OR

in which R1 and R2 are as defined above, and

R3 is Ci, Br, |,
NH-(C1-Cg)-alkyl, NH-O-(C4-Cg)-alkyl, N((C4-Cg)-alkyl)2, N-(C4-Cg)}-alkyl-O-(C4-
Cg)-alkyl,
N(Cs-Cg)-cycloalkyl, where the alkyl ring may comprise one or more
heteroatoms from the series N, O, S,
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Y \\~(lva) S 150R1 inwhich, and R2 are as defined above, and
where appropriate subsequently the compounds of the formula (Iva)
being purified by conventional purification methods; 20 and subsequently

EN®GzpasglaryDHDe gptaigliod K@EO@%‘ﬁC%lﬁmmmﬁewéi@fWWQ@@L@o)-

(IVa&al OH Oé a) R é'%l reacted with from 0.5 to 10

B AL AU AEO e PR 9 B Fies one
ipmiicie Petds satdnid Hrote thigesgrizgpNInah& presence of from 1 to 15
equivalents of an organic or inorganic base and of from 0.01to 5
equivalents of a phase-transfer catalyst in a mixture of an organic solvent

to givardcomiesimdhef tagofeffrga (19)000:1 to 10 1:1 at from -20C to +80C to
give the compound of the formula (VII); PG-O PG-00 PG-00 0 Q-PG
(VII)

= (V)

OR

in which X, Y, R1 and R2 are as defined above; as described under A.1. at
temperatures of from —20°C to +30°C;

and subsequently this compound of the formula (V) being converted in the presence

of a Lewis acid into the compound of the formula (IVa)

v \\S o (V)

OR

in which Y, R1 and R2 are as defined above, and where appropriate subsequently

the compounds of the formula (IVa) being purified by conventional purification
methods;

and subsequently

B. Preparation of the acetogiuco ketones

the compound of the formula (IVa)
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Y \I\R2 OR, in which PG, Y, R1 and R2 are as defined above; 15 and
subsequently G. Preparation of the Jacetoglucomethylenes 20 the
compound of the formula (VII) as described above being reacted in an
organic suitallsolv@nt with from 1 to 15 equivalents of one or more
hydride donogs andifrom Q.1 to 5 equivalents of one or more activators
o th ium chiride, bromine, sodium bromide or
potassium bramgle, iodi 2 _sodium iodide or potassium iodide, sodium
triiodide or potassium triiodide aR&from 1 to 25 equivalents of one or
more further acids at from -100C to +100C to give the compound of the
formula (VIII) PG-0 PG-0 O PG-00 0-PG (VIII) YR2 5,s50R" in
being \WHRAGith, fRokra0 % R Fre:asidakings aPs\igaHBsrREENEYot e -formula (V1)
Preparation of the thionhene-glycoside derivatives the protective groups
being eliminated under basic or acidic conditions, by oxidation

0-PG
PG-O 0-PG (VD

O-PG

Brm O

in which PG is an OH protective group, in the presence of from 1 to 15 equivalents of
an organic or inorganic base and of from 0.01 to 5 equivalents of a phase-transfer
catalyst in a mixture of an organic solvent and water in the ratio of from 10 000:1 to

1:1 at from -20°C to +80°C to give the compound of the formula (VII);

PG-O
PG-0
o)
PG-0 o 0
Vii)
0-PG (
Y AN
R2
\_

OR

in which PG, Y, R1 and R2 are as defined above;

and subsequently

C. Preparation of the acetoglucomethylenes

the compound of the formula (VIl) as described above being reacted
in an organic suitable solvent with from 1 to 15 equivalents of one or more hydride
donors and from 0.1 to 5 equivalents of one or more activators selected from the

group of lithium chloride, bromine, sodium bromide or potassium bromide, iodine,



or reduction or with fluoride, corresp@dlng to known methods, in the
presence of from 0.01 to 25 equwafents of an organic or inorganic base in
a suitable solvent at 15 from -50C to +150C and subsequently being

sodiurndod@itedriptddbsiconpiidadsalitira torodite (§r bdad€in HGb@i@l—hhd from 1

S~ (. YR2 si~OORS i nw chY R2 ar, s fin
t0.25 Syl A0S Ho oAU 5 e Sl (LB bR By Sve e
compaonyerftibadbrpurifiqatidih methods. 5 2. A process for preparing
compounds of the general formula (I): HOHO O HOOOH\WI (1 Y R2
ORI in which the meanings are 10 Y H, (C,-C,0)-alkyl; R1 (C,-C8)-alkyl,
where onePfBxe than one or all hydrogen(s) may be replaced by

PG-O

PG-0
(VIIE)

in which PG, Y, R1 and R2 are as defined above;
subsequently

10  D. Preparation of the thiophene-givcoside derivatives

the protective groups being eliminated under basic or acidic conditions, by oxidation
or reduction or Wi‘;h fluoride, corresponding to known methods, in the presence of

from 0.01 1o 25 equivalents of an organic or inorganic base in a suitabie solvent at
15  from -50°C to +150°C and subsequently

being converted into the compounds of the formula (1)

HO

HO 0
OH (1)

20 OR,

in which Y, R1 and R2 are as defined above,
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fluorine; (C5-C,0)-aryl, where aryl may also comprise 1 to 3 heteroatoms

from the series 0, N, S; R2 H, CI, Br, I; 15 which comprises A.

Preparation of the hydroxy ketones A.2. the thiophene component of the
and subseqleiiily P@ ¥amfiinde which foimakdéfinethalpovéieahdyxcsnventional

e Qe C,ﬁ%%kacliléyl or O-(C C10)-aryl, where aryl may also comprise 1 to 3

PUrCg O T M6ms from the series 0, N, S; being reacted with a compound of

the formula (Ill) 34 O R3 (lll) ~--R2 OR9 in which 5 R1 and R2 are as

defined above, and R3is Cl. Br, f; in the presence of from 0.1 to 10

equivalents of one or more acids in a suitable solvent at from - 50 to

2. +ABiEtsgice prepaoynombentizmithdlysnEdsk orih)a YN \S R2 zOR
HO

HO O

R
\_d 2
OR,

in which the meanings are
Y H, (C1-Cm)-alkyl;
R1  (C+-Cg)-alkyl, where one, more than one or all hydrogen(s) may be replaced by

fluorine: (Cs-Cqo)-aryl, where aryl may also comprise 1 to 3 heteroatoms from
the series O, N, S;
R2 H, Cl, Br, |;

which comprises

A. Preparation of the hydroxy ketones

A.2. the thiophene component of the formula (Il
X

A ()

in which Y is as defined above, and

X is O-(C+-Cg)-alkyl or O-(Cs-Cqo)-aryl, where aryl may also comprise 1 to 3
heteroatoms from the series O, N, S;

being reacted with a compound of the formula (ll1)



n

in which X, Y, R1 and R2 are as defined above; and 15 the latter being
directly converted further in the preSence of an acid as defined above at
from 0 to 200C into the compound of the formula (IVa) OH O Y \-R2 (lva)

/ O Ri 20 in which Y, Rl and R2 are as defined above, or A.3. the
thiophene c8mponent of the formula (1) 15 XY ~\ (ll) s in which X and Y
are as defingd above, being reacted with one or more organometallic
reagents fromhe series M-&ﬁj-CS)- 5 alkyl, MH, M-O-(Ci-C8)-alkyl or
M-N((Ci- r-Rich M is Li, Na, K, Zn, Mg, Ca, in apolar solvents
at temperatures stfrom520 to 45C to give the reactive intermediate of the
formula (V) X YM (V) 10 & in which X, Y and M are as defined above,
and the latter being reacted further with a compound of the formula (llla) O

) 'R3. ~ (llia)
in which

R1 and R2 are as defined above, and
R3 is CI, Br, I

in the presence of from 0.1 to 10 equivalents of one or more acids in a suitable

solvent at from — 50 to +150°C to give a compound of the formula (IV),

A | (IV)
Y R2
\ s

OR

in which X, Y, R1 and R2 are as defined above; and

the latter being directly converted further in the presence of an acid as defined above

at from 0 to 200°C into the compound of the formula (IVa)

v _ (IVa)
R2

OR,

in which Y, R1 and R2 are as defined above,

or

A.3. the thiophene component of the formula (Il)
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~2 /15 ORI in which R1 and R2 akg as defined above, and R3'is ClI, Br,
I, NH-(C1-C8)-alkyl. NH-O-(C1-Ca)-alkyl, N((C1-C8)-alkyl)2,
N-(C1-C8)-alkyl-O-(C,- 20 C8)-alkyl, N(C3-C8)-cycloalkyl, where the alkyl
ring may comprise gfie or more heteroatoms from the series N, 0, S,
N((C8-C10)-aryl)-(CxkC8)-alkyl, N((C3-C8)-cycloalkyl)-(C3-C8)-aryl,
N((C5-Cio)- ary: \N re thelAromatic systems and the cyclic alkanes
may comprise one \25%r more heteroatoms from the series N, 0, S, to
give a compound of the formula (IV) 36 X O Y\ R2 (IV) -S ORI in which
X, Y, R1 and R2 are as defined above; as described under A.2, at 5

in whidBMPSRY e OB BMmACalRra0C; and subsequently this compound of
the formula (IV) being converted in the presence of a Lewis acid into the

being reasiRAIMABIGRE R5OIS pREa ODRIAIG (paga)isfremshe §o5re Nk(C1-Ce)-
alkyl, MRict 6 R 20d) Bikpreas delioetahayeysd WHER RPRIAQMNREE K, Zn, Mg,

subsequently the compounds of the formula (IVa) being purified by
Ca, conventional purification

in apolar solvents at temperatures of from -20 to 45°C to give the reactive

intermediate of the formula (V)

X
M)
Y{\”
\ S

in which X, Y and M are as defined above,

and the latter being reacted further with a compound of the formula (llia)

R.' (|Iia)

OR

in which R1 and R2 are as defined above, and
R3S is Cl, Br, |,
NH-(C4-Cg)-alkyl, NH-O-(C-Cg)-alkyl, N((C1-Cg)-alkyl)z, N-(C4-Cg)-alkyl-O-(C;-
Cg)-alkyl,
N(C3-Cg)-cycloalkyl, where the alkyl ring may comprise one or more
heteroatoms from the series N, O, S,
N((Cg-C1o)-aryl)-(C4-Cs)-alkyl, N((C3-Cg)-cycloalkyl)-(Cz-Cg)-aryl, N((Ce-C1o)-
aryl);, where the aromatic systems and the cyclic alkanes may comprise one

or more heteroatoms from the series N, O, S,

to give a compound of the formula (IV)



o
wh

methods; 15 and subsequently B. Pygparation of the acetogluco ketones
20 the compound of the formula (IVa) OH O Y \I-R2 (IVa) 1 S\' (nR7
being reacted with from 0.5 to 10 equivalents of a sugar derivative of the
formula (V1) 17 O-PG PG M) PG-O, O-PG Br O in which PG is an OH
protective grogp, in the presence of from 1 to 15 equivalents of an
organic or inorganicpase and of from 0.01 to 5 equivalents of a
phase-transferS catatystiing mixturg\ga)f an organic solvent and water in
the ratio'of f om 10 OOO ‘RZat from -20C to +80C to give the
compound of & formula~Qefi) R 10 PG-O 0 PG-00 O O-PG (VIl) R2

in which X, Y, R1 and R2 are as defined above: as described under A.2. at

temperatures of from -20°C to +30°C;

and subsequently this compound of the formula (IV) being converted in the presence

of a Lewis acid into the compound of the formula (IVa)

in which Y, R1 and R2 are as defined above, and where appropriate subsequently
the compounds of the formula (IVa) being purified by conventional purification
methods;

and subsequently

B. Preparation of the acetogluco ketones

the compound of the formula (IVa)

being reacted with from 0.5 to 10 equivalents of a sugar derivative of the formula (V1)
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ORI 10 in which PG, Y, R1 and R2 as defined above; and
subsequently C. Preparation of the acetoglucomethylenes 15 the
compound of the formula (VII) as described above being reacted in an
organic suitable solvent with.fpgm 1 to 15 equivalents of one or more
hydride donorgand~rom J.1 to g, egyvalents of ¢Né)or more activators
selected from the™ group of Iithium chloride, bromine, sodium bromide or
potassium bromide, iodine, 20 sodigypgdide or potassium iodide, sodium
triiodide or potassiuBftriio@ie and from 1 to 25 equivalents of one or
more further acids at from -100C to +100C to give the compound of the
formula (VIII) 38 PG-O PG-0 O PG-O 0 O-PG (VIII) Y\IR2 5/6Rlin
in whithiel RGanOR e SRt aseinge \cEURSRERENHY B5 equivalents of

Preparation of the thiophene-glycoside derivatives the protective groups

an OrgRHEIIRRFRABH 7S BRCieIF B RO i RLiRjsURIsfignpBRse-transfer

cataly@dh'%“ﬁﬂﬁr.;u‘é’iﬁi HHIganfOSBRRANERE IPFEOMNRSERSIDI RS 10 000:1 to
resence o
1:1 ate‘rom —20°C to +80°C to give the compound of the formula (VII);

PG-0O
PG-0
0
PG-O 0 0
Vi)
0-PG (
y ~
\ R2
S

OR

in which PG, Y, R1 and R2 are as defined above;

and subseqguently

C. Preparation of the acetoglucomethylenes

the compound of the formula (VIl) as described above being reacted

in an organic suitable solvent with from 1 to 15 equivalents of one or more hydride
donors and from 0.1 to 5 equivalents of one or more activators selected from the
group of lithium chloride, bromine, sodium bromide or potassium bromide, iodine,
sodium iodide or potassium iodide, sodium triiodide or potassium triiodide and from 1
to 25 equivalents of one or more further acids at from —100°C to +100°C to give the

compound of the formula (Vill)



10 from 0.01 to 25 equivalents of apgrganic or inorganic base in a
suitable solvent at from -50C to +150C and subsequently being converted
into the compounds of the formula () HO HO O HO O F[ (I) Ra s/ OR,
in which YE&3.and R2 are as defined above, 20 and subsequently the
compounds of the formula (1) being purified by conventional purification
method®3-89_ 3 process for preparing the compounds of the formula
() as claimed in claim 1 or 2, wherein the activator in step C. Preparation
of the @gaiol yienes is iodine 4. A process for preparing the
intermediate con Qu ds of the formula (V{ltjy) which comprises a
compound of thg I RI;G-O 0 PG-OOOO-PG (VIl) Y

OR,

in which PG, Y, R1 and R2 are as defined above;

subsequently

W

D. Preparation of the thiophene-glycoside derivatives

the protective groups being eliminated under basic or acidic conditions, by oxidation
or reduction or with fluoride, corresponding to known methods, in the presence of

10 from 0.01 to 25 equivalents of an organic or inorganic base in a suitéble solvent at
from -50°C to +150°C and subsequently

being converted into the compounds of the formula (1)

HO

HO

HO o)

in which Y, R1 and R2 are as defined above,

20  and subsequently the compounds of the formula (1) being purified by conventional

purification methods.



10

20

[
wh

R2 10 OR1 in which PG is an OH %otectlve group; Y isH,
(Ci-C1o0)-alkyl; 15 R1 is (Ci-Ca)-alkyl; where one, more than one or all
hydrogen(s) may be replaced by fluorine; (Ca-Cio)-aryl, where aryl may

3. dase mm@efdrtpraﬂwtag)m@mnfmrm@ Setties OIS (IR24L16IMBE in
Eeln cted 20 in an organic suita olvent |th from 1to 15

claim LG AR RE GPNAIB )IER. G R A et O 6 equivalents

acetogifiopeethylereacivatine selected from the group of lithium chloride,
bromine, sodium bromide or potassium bromide, iodine, sodium iodide or
potassium iodide, sodium trilodide or potassium triiodide and from 1 25 to
25 equivalents of one or more further acids at from -100C to +100C to

h f the formula (ViID) 40 PG-O P P
4 A"Sgﬁ:&%%ﬂ%‘fé‘%rtg formula (e %om%o%ndcs; Fhd %rmuta VI,
which comprises

a compound of the formula (VII),

PG-O
PG-O
o)
PG-O o) o)
VII)
0-PG (
¥ AN
\ R2
S

OR

in which
PG  is an OH protective group;
Y is H, (C4-C1o)-alkyt;

R1 is (C4-Cg)-alkyl, where one, more than one or all hydrogen(s) may be replaced

by fluorine; (Cs-Cqp)-aryl, where aryl may also comprise 1 to 3 heteroatoms
from the series O, N, S;
R2 H,Cl Br

being reacted

In an organic suitable solvent with from 1 to 15 equivalents of one or more hydride

donors and from 0.1 to 5 equivalents of one or more activators selected from the

group of lithium chioride, bromine, sodium bromide or potassium bromide, iodine,

sodium iodide or potassium iodide, sodium triiodide or potassium friiodide and from 1

to 25 equivalents of one or more further acids at from —100°C o +100°C to give the

compound of the formula (VIII)



oRI in which PG, Y, R1 and R2 are gs defined above. 5 5. The process
for preparing the intermediate compounds of the formula (VIII) as claimed
in claim 4, wherein the activator is iodine. 10 6. The process for preparing

the compo of the formula (I) as claimed in claim 1 to 3, in which the
meanings are Y H; Rl (C1-C4)-alkyl, where one, more than one or all
hydrogeti® g replaced by fluorine; and 15 R2 H.

PG-0

in which PG, Y, R1 and R2 are as defined above.

5. The process for preparing the intermediate compounds of the formula (Vi) as

claimed in claim 4, wherein the activator is iodine.

6. The procéss for preparing the compounds of the formula (I) as claimed in

claim 1 to 3, in which the meanings are

Y oH '

R1 (C4-C4)-alkyl, where one, more than one or all hydrogen(s) may be replaced by
fluorine; and

R2 H.



