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t he pathways by which glucose is produced in the liver are gluconeogenesis and
20 glycogenolysis. The terminal steps of both pathways is catalysed by the microsomal
glucose-6-phosphatase, a key enzyme in the homeostatic regulation of blood glucose
levels. The level of this enzyme has also been known to be elevated in both
experimental and pathological conditions of diabetes. Interference with this enzyme

system should, therefore, result in a reduced hepatic glucose production.

Hepatic glucose-6-phosphatase is a muiticomponent system comprised of at least three
functional activities: a glucose-6-phosphate translocase (T1), a glucose-6-phosphate
phosphohydrolase and a phosphate/pyrophosphate translocase (T2). The glucose-6-
phosphate translocase facilitates transport of glucose-6-phosphate into the lumen of the

30 endoplasmic reticulum (ER). The phosphohydrolase, with its active site situated on the
lumenal surface of the ER, hydrolyses glucose-6-phosphate and releases glucose and
phosphate into the lumen. While the efflux of phosphate is facilitated by the
phosphate/pyrophosphate translocase, the exact mechanism of glucose effiux is still not
clear.



phosphat e/ pyrophosphate transl ocase, the exact nmechani sm of gl ucose effl ux
Is still not clear. WO 01/ 30736 PCT/ EPOQ 08103 The hi gh degree of
substrate spoaBImsEty of gl ucose-6-phosphate translocase WOBMI?S a
potential .target for pharmacol ogical intervention in the treatnent of

di abetes nellitus. Thus, anobngst physiologically occurring sugar
phosphates, only glucose-6-phosphate is s transported by the translocase.
In contras t
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Col | ecti on of croorganl sns and [ | tures under the accession

no. DSM 116Ui37HH Sdf1PEeY uThe firsbiheraneulically ifizable mmmmf%afsthﬁcs}ws’éeﬁ-
det er m ned Gpohstadh LGQeRfaR Wropddel iPEP-ALs87@d7 drdb-AbE 088 Kodaistatins A,

B, C, and D described in PCT/EP 98/02247 are the first glucose-6-phosphate
15 translocase inhibitors from microbial sources.

The aromatic di-keto derivatives according to the present invention may be derived
from a compound named mumbaistatin. Mumbaistatin is described in
PCT/EP99/04127. It is a natural product obtainable by cultivation of the

20 microorganism Streptomyces litmocidini, a sample of which has been deposited. on
July 4, 1997, with the German Collection of Microorganisms and Cell Cultures
(DSMZ) under the accession no. DSM 11641.The structural formula of mumbaistatin
has now been determined and is given below:

25



2 WO 01/ 30736 PCT/ EPOO/ 08103 It has been found that certain derivatives of
munbai statin have inproved 5 activity and are better tolerated in the
mamal i an WOMBEBEn nunbai statin itself. Also, the Sepaﬁé}i‘/ﬁﬂooﬂh@ﬁ er eoners
of mum bai stai n have advantages over the munbaistatin mxture o ]
di astereonmers. The present invention accordingly provides conpounds of the
general formula 10 1 R K Rs L #Rs R4 wherein R4, R5, R6 and R7 are

i ndependently H, OH, hal ogen, optionally substituted 15 alkyl, aryl or

acyl, X-al kyl ,or X-aryl e X LS. 0, NH. NalLkyl or S. s .a group of
The tormil a1 i1 bps, feh, it Sehsindae e Br imbdisitn a8 ol gd® )
X4 CH2s1 C ) 1R adtidity BAd 2te Detter ddle’ed i BETHaRthaIRBLbGdy thansmanpaistytinof t he
Formila 1V or it\éeﬁ.e lA?ng, t%éL seggra%<e5d %ia%tér\e/omgrsdo%culm%aistain have advantages

over the mumbaistatin mixture of diastereomers.

The present invention accordingly provides compounds of the general formula
10 |

R7y

R4

wherein

R4, Rs, Rg and Ry are independently H, OH, halogen, optionally substituted
15 alkyl, aryl or acyl, X-alkyl or X-aryl, where X is O, NH, N-alkyl or S,

K is a group of the formula It or Il below: |

X
| R
~—C——(CH,), ——g— CH,——C—X,R, .
X,
X
>C7—°Hz —IcI: ——XR, o
R2x2



X3 X6V XaR3 ¢ d Crou 5 or Kand L form together with the .respective
carbon atons to which they are bound, a group of the forrmula VI, VII or
VI bel owyolgdnéidel VI X4:-X3 6 X6 d CyC US 4 WO 01/ 307a6rE¥endipoH0/ 08103

RX~2WVII X4 XSR2 d C'CAUS X VIII 4 RX R2X2 R3XS a Cyclu 5

wherein R angdiR3.afp oASRAARIN or @beriw:on, H, alkyl or aryl, R2is H,
alkyl, aryl or acyP,

XAR:\ c d
Cyclu

or K and L form, together with the respective carbon atoms to which they are

bound, a group of the formula V1, Vil or VHlI below:

10

RX;

Vi




X1, X2, X3, X4, X5, X6 and X7 are independently O, NH, N-alkyl or S, and
the 10 cy‘gblsdfm)rgi ng is, together with the Catons narked ¢ and ,d, an
optionally ¥ tuted saturated, partly unsaturated orPeI/EPIBLSI03
carbocyclic or heterocyclic, sinple or condensed ring system wth the
exclusion of the confound where Kis a group of the fornula 11 and L is a
group of the formulg}1V in which X1, X2, X3, X4, X5, X6 and X7 are 0, Ri,
R2 15 and R3 aR&H, ®¢ is OH, R5, R6 and R7 are H and cyclus is 3, 8,

di - hydroxy ant hraqui noge, and the conpound vihere K and L formtogether a
group of the formulg A4 _in which Xi, X2, X3, X4, X5, X6 and X7 are 0, R
is CH3i R2 and R3 R4 is OH, R5, R6 and R7 are H and cyclus is 3, 8,
di - hydroxy ant hr aqui\nang 01/ 30736 PCTI EPOO/ 08103 and its
pharmaceutically accept al aliﬁﬁg esters and et Mirs and ot her obvious
chenical equivaients in & elr2stereoi soneric and tautonmeric fornms and
m xtures thereof in any r 5 Yhe present invention furthernore includes
conpounds of the general XMR/ XRe X IX R OPRs wherein
Mis a group of the for ~17 -(CH2)2 CH2 Cx+R+ X 10 and, Nis a
group of the formula Xl Cyclus

Vil

wherein
Rt and Rz are independently a cation, H, alkyl or aryl,
Rz is H, alkyl, aryl or acyl,
X1, Xa. X3, X4, Xs, Xs and X7 are independently O, NH, N-alkyl or S, and the
10 cyclus ring is, together with the C-atoms marked ,¢' and ,d', an optionally
substituted saturated, partly unsaturated or aromatic, carbocyclic or
heterocyclic, simple or condensed ring system, _ _
with the exclusion of the compound where Kis a group of the formula Il and L
is a group of the formula IV in which X,, Xz, X3, X4, Xs, Xs and X7 are O, Ry, R,
15 and Rz are H, Ryis OH, Rs, Rg and Ry are H and cyclus is 3, 8, di-hydroxy
anthraquinone, and the compound where K and L form together a group of
the formula V1 in which X1, X2, X3, X4, Xs, Xg and X; are O, Ry is CH3, Rz and
Rs are H, R4 is OH, Rs, Rg and Ry are H and cyclus is 3, 8, di-hydroxy
anthraquinone



-X5R3 xi or Mand N form together with the C atomto which they are bound,
a residue 15 of the fornmula XI1 XII ED which CH2 C X~R~ i s bonded t hrough
the C atom Y@0@¥36e' . 20 Ois a group of the formula X | pcHeribofidd 30736
PCT/ EPOQ' 08103 X3R3 Xlit ¢ d CyclU and P is a group of the formula XIV
-X5R2 XI'V or O aditdphariacettigily aeteptable salts, dstaisamd ethafsi arid dthery ar e

bound, a residue .5 of the forpula XV I XBXv C.d | which is
bonded ¢ hr ough SHISE heEREaUNRISS h lingt sfrteGramric agd fautoment foes
cycius, c and daf @irdsred@herB6finidhyGhid.m 1, 1o and its pharmaceutical ly
acceptabl e salts, esters and ethers and ot her obvi ous chem cal equival ents

in all their stereoisoneric and tautoneric fornse and m xtures thereof in

any ratso. The ¥4& presahtitbentfh (MRREILIE MdldeRARIPHSInds Bf Hd §orbh) 16
branched, opti onal R/ Is substituted C, -Co6-al kyl, prefer g%l géa C, -@l‘flgl kyl
such as: methyllX ethyl, n- propyl, i-propyl, n-butyl or i-butyl, a straight
or branched, optionally o R7
Re
X IX
Rs
o P }
wherein

M is a group of the formuia X

XaR, ﬁ7
—(CH,); — J CH, c X(R, X
10 and,
N is a group of the formula XI
-XsR3 Xl
or M and N form, together with the C atom to which they are bound, a residue
15 of the formula XI|
X,

Il

Ee xz\—cu, ——C —X,R, Xil

which is bonded thrbugh the C atom marked ,e’,

20 O is a group of the formula XIi}



substituted, C2-C6-al kenyl, preferably C2-C4-al kenyl such as allyl, a
straight or branched, optionally substituted C2-C6-al kynyl, preferaby

C2- C4- al kyWOQW1/3a33h as allylene. 20 The term'aryl' as u§§€@H@;%@8
represents an optionally substituted benzyl or phenyl. 7 f 736

PGI/ EPOQ' 08103 The term 'acyl' as used herein represents an optionally
substituted aliphatic, aromatic or heterocyclic acyl, for exanple

Cl- C4ali phatic acyl, such as acetyl or propionyl, aromatic acyl, such as, -
benzoyl or toluyl, and heterocyclic afilyl which is derived from5- or

6- menbered rings with 1-4 hetero atonf,__s as, 5 ni Ptinoyl, furyl,
pyrrolyl, thienyt, thiazolyt a zOl yl -*20Opt i onal substituted' as used
ion is optionally substituted by one

herein neans that the group in (%Jtlﬁ
or nore, preferably 1, 2, 3 or 4, identical or different substituents
selected from hydroxyl, Cl-C4al kyl, Cl-C4al kenyl, Cl1 1o C4al koxy,

Cl- C4al kyl t hi o, Ci1-C4al koxycarbonyl, carbanmoyl, carboxyl, trifluoronethyl,
cyano, nitro, amdi no, Cl-C4al kyl am no, di Cl-C4al kyl ami no, am dino, aryl oxy,
aryl am no and Jal ogen. | ogen [ esents I, Br, C or Fl, preferably O or
Br. 15 The t rﬁaé"&PP(S’ﬁHﬁ“er%BP'élégﬁ{/s an inorganic netal ion or an organic
anmoni um ion. ExanpigR;whi ch may be X#nhtioned are, in particular,

phar macol ogi cal | ept abl e, al kal | tal ions. or. al kaline earth netal

i ons, prefer atﬂ'\d gna@f’fmﬁn,atsg?tgggwwhegpg% Wﬁ"’ﬁé@%@ff*&ﬂ”ﬂeﬂ? residue, moni um
ion angl, fromdfitee foPmalad@i ¢ amoni umions, in particular, an optionally
substituted atkylated ammoniumion, such as, for exanple, the
triethylamoni um or diethanol ammoniumion, as well as the norpholine,
benzyl ammoni um and procaine, L-x;ginine and L-lysine ion. 25 The cyclus
ring, which includes the carborat garked ' c' \?nd 'd" as used in the
formul ae may represent an optidpalfy substit ut e&f saturated, partly

d

Cyciu

which is bonded through the C atom marked f, _
and wherein R; to Ry, X1 to X, eyclus, ¢ and d are as defined in claim 1,

10 and its pharmaceutically acceptable salts, esters and efhers and other
obvious chemical equivalents in all their stereoisomeric and tautomeric forms
and mixtures thereof in any ratio.

The term ‘alkyl’ as used herein represents a straight or branched, optionally
15 substituted C4-Cg-alkyl, preferably a C4-Cs-alkyl such as: methyl, ethyl, n-
propyi, i-propyl, n-butyl or i-butyl, a straight or branched, optionally
substituted, C-Cs-alkenyl, preferably C2-Cs-alkenyl such as allyl, a straight or
branched, optionally substituted C,-Cgs-alkynyl, preferaby C,-Cs-atkynyl such
as allylene.
20
The term ‘aryl’ as used herein represents an optionally substituted benzyl or
phenyl.




unsaturated or aromatic, carbocyclic or heterocyclic, sinple or condensed
ring system A sinple ring system neans a nonocyclic ring containing 3 to
6 Ting atoWP033&@ condensed ring system neans a condensegcgiryosios OF
tricyclic 30 ring containing 6 to 14 ring atons. The saturated carbocyclic
ring system mayrl rreetpnassusw B L&eﬁmetesinlbepfeseetdarimpglonamssmtitmeébﬁmmbby a

S|rrple3t08rrenbe cl o- nor e ef erably

cycl o- C3- C5al kyA™OMA ?°é£?§{%g‘l" %?@f J{C?i/SWT‘Pe&?@%ﬁ‘? ca%ylvﬁcbwg%

PCT/ EPOQ 08103 or%rﬁﬂ»@ﬁﬂnbbdmaﬁfc Ryk; sabie sy benzoynantoklyls and hpterewu;c acyli - or
tri-cyclic condensed @ﬁg oystem uch as gl cyclq éﬁ_g l!n ne and

t et r adecahydr o MR i dprived fr ﬁéob Menyberes Jigs Aty 2\APME. $UChPSsy st em
di fferszromthﬁcaﬁbgr @&@ﬂp%sl?r begal, i thiazbRPaky k&Bjin havi ng one or two
double or triple bo hus i may represent a 3 to 14 nenbered ring

system preferably a 3 to 8 nenbered ring such as cycl o- C3- Chal kene, for
exanpl e, cyclop EnéHélW@Jq%Euuté‘d‘%EQ»lQE& Refdif As tiathe FiPihfilektion is

cycl o- C3- Chal ken cyc yne. aromaf’l ¢ carbocyclic sinple
or condensed ruwrgaogyﬁy substiyted by osednmarespreferably lr2nBer 4d idgnisaler i c,

divcycl i c or U1 GiGlort s[4 RS LEILB TR naRERY o .C.ARN ggﬁdr:ﬁ@g@mthrene

or ant hr aqui noné erocyclic rin partly
unsat unat ed or Gsalkatyi Gz-QaélkamonﬁyChnikmmmInal carbaonoyb eagebxyl.ng syst em as

defi ned above. (o] | i | yclic
ring system as %@ﬁ??@% tﬁ%\' %%a(h i’ﬁ'tr\%hlg'g'hn%/%’t ?nag& ﬁgné'éf #égléfl g ons are

repl aced by i deafnidirxd, avyloxly,fardamirto artehalogern.ons sel ected from N, 0 and S.
It may, for exanple, represent a 5- or 6-nmenbered ring which has 1 to 4
het ero-atons, selected fromO, S and N, in 20 particular N, optionally
toget her with SHalog@naspriesagtsd) Byl oSBhypreferably Gkordr. het erocyclic ring
systens _are heteroal kyl s such as pyrrolidine, piperidine, tetrahydrofuran,
oxazol i'di ne and thi azolidi ne, and het eroaryl residues such as pyridyl,

pyrimdyl, furamgé xerhe@aﬂérhlremgéms banaerganiamyétabion or B @rgdnic Amntaniimr abl y,
the cyclus ring, In Exa ?euspwr%ch tmha% georzngtloneévare in paﬁlcular pharmacologically
acceptable alkali metal ions or alkaline earth metal ions, preferably sodium,
potassium, calcium or magnesium ion, the ammonium ion and, from the
20 | organic ammonium ions, in particular, an optionally substituted altkylated
ammonium ion, such as, for example, the triethylammonium or
diethanolammonium ion, as well as the morpholine, benzylammonium and

procaine, L-arginine and L-lysine ion.

25 The cyclus ring, which includeé the carbon atoms marked ‘c’ and ‘d’ as used
in the formulae may represent an optionally substituted, saturated, partly
unsaturated or aromatic, carbocyclic or heterocyclic, simple or condensed ring
system A simple ring system means a monocyclic ring containing 3 to 6 ring
atoms and a condensed ring system means a condensed dicyclic or tricyclic

30 ring containing 6 to 14 ring atoms.

The saturated carbocyclic ring system may represent a 3 to 14 membered ring
system, preferably a simple 3 to 8 membered ring such as cyclo-C3-Cgalkyl,
more preferably cyclo-Cs-Csalkyl, for example, cyclopropyl, cyclobutyl,



c REXg_d XVI X9R9 R Ru 9 WO 01/30736 PCT/ EPO0/ 08103 wherein R8 is H,

al kyl, aryl or acyl, RO is a cation, H, alkyl, aryl or acyl, R10, R1ll, R12
and R13 ar%ooad¥endent|ly H, al kyl, -X10H or -X10R, or Ripe12B6hostoz "L 1

and/ or R12 and R13 together are =X10, X8 , Xg and Xi o are independently 0, °~

NH or N-al kyl c%loﬁentyl%rlogc@héw; it ﬁl%y|al§6freaféébnta bi-or tﬁ-\é){dliﬂ ceﬁaér%al bond,
and the cycles is bound C-atons nark

preferably th&ENGysiemn $q‘§ﬁ'ga§ Ricycle[d S Hoenane amietefra#mdeAnameR 011 C -
d XVIA X9Re R12 R13 wherein 15 X8 and Xg are independently Hor 0, R8
and RO are independently Hor alkyl, Roto R13 are H or R10 and R, 3

t oget her and/ dhemastivunsaturatednaebonyplicing system diffess frae fby@augaﬁed bound by

the Catorms ”%éh%ﬁyc):}féor}r@ﬁﬁéé?ﬁﬂ% %W&b%o%&l&ér Pf’e th may be

any one of a varie structures ageous
however, to havay r&peasbstaBao|1énnerpbe1edrrw:ulsystenyanefz9abhoa 36tbl80xyl on the

cycl us. The cygliice b8 i Leh 38loyoiBE 2 QRHsCror oRimpie! Eftibdiifadilnd §° 107Ul 2

cyclooctatetraene, more preferably cyclo-C3-Csalkene, or cyclo-Cs-Cgalkyne.

10 The aromatic carbocyclic simple or condensed ring system may representa 5
to 14 membered monocyclic, dicyclic or tricyclic ring systém such as phenyl,
naphthyl, phenanthrene or anthraquinone.

The heterocyclic ring system may be saturated, partly unsaturated or aromatic

15 and may be a simple or condensed ring system as defined above. The
heterocyclic ring system represents the carbocyclic ring system as defined
above in which 1, 2, 3 or 4 of the C atoms are replaced by identical or different
heteroatoms selected from N, O and S. It may, for example, represent a 5- or
6-membered ring which has 1 to 4 hetero-atoms, selected from O, S and N, in

20 particular N, optionally together with S or O as ring atoms. Some examples of
heterocyclic ring systems are heteroalkyls such as pyrrolidine, piperidine,
tetrahydrofuran, oxazolidine and thiazolidine, and heteroaryl residues such as
pyridyl, pyrimidyl, furanyl, benzothiazoyl, benzofuranyl and indolyl.

25 Preferably, the cyclus ring is a group of the formula XVI

R R
0 Y e

%R,

R12 Ru



C XVIB X9R9 25 10 WO 01/30736 PCT/ EPOO/ 08103 wherein RO is H or

C -C-al kyl, and X9isO s Preferred conpounds of the present invention have
the general WOS1AM& XVII|I below Xs RX R. X X R X2~ poffirebesiRS 2 XS
cd d cyclus X3R wherein R-to R7, XI to X7, cyclus and ¢ and d are as

defined above, yeidint he exclusion 10 of the corrpound where X1 to X7 are O,
Rl; R2 and R3 are H R4 is OH R5 R6 and R7 are H and cyclus is 3, 8,
di - hydr oxy ant Redgii alie and eaasyls phar maceutical |y acceptable salts, esters

and et hers and O USievt St s, in all their stereoisoneric and
tautoneric forr‘?“t(f)'t'gﬂs ?ng';(t'ﬁ re Elé}ﬂereo? in any ratio. 15 Preferably the

carbon marked W1, RanRasns Ralaréislepandenglyrt, |aj|&m.a~t>(nui'hpr XoRvitriRip apdse t he
O oo Ryl ot SRy RigahdncaBB aRERXG oy N A O Are
Xa , Xe and X4 are independently O, NH or N-alkyl or S,
R is alkyl, aryl or acyl,
----' i§ an optional bond, and
the cyclus is bound by the C-atoms marked ‘¢’ and ‘d’.
10
More preferably the cyclus ring is a residue of the formula ' XVIA

XVIA

wherein
15 Xe and Xg are independently H or O,
Rs and Ry are independently H or alkyl,
Rio tb Ry3 are H, or Ryp and R13 together and/or Rq2 and Ry3 together are = O,
and the cyclus is bound by the C-atoms marked ‘¢’ and ‘d’.

20 The cyclus part of the structure may be any one of a variety of different ring
structures. It is advantageous,' however, to have a substitution, preferably
hydroxy! or alkoxyl, on the cyclus. The cyclus is preferably an aromatic ring
structure of the formula XVIB below:

10



20 Conveniently, any one or nore of X, to X7are O An exanple of a conpound
of the for‘gul a XVIll above is given below. 11 WO 01/30736 PCT/ EP00108103
O ai kyi ~ | BOLPOT/ | XVIIIA OA further exanpl e of *a corprEPGefe3t he
formula XVII1B above is given below. 0 alkyl Ooalkyl O/ alkyl0O OOH |
\ \ COCal kyl wharei® 5 XVI |11 B The al kyl ated nunbai satin derivatives of the
formula XVI1l (hgq_@qj{ c’;r%ﬂék-ﬁlk iQ gV 11 B are obtained by dissolving

munbai statin in a sol vent, gr-e-]perabl y an organi c sol vent such as al kanol
for exanpl e mfsi®fbl , and reacting with an al kylating agent such as

di azoal kane, for exanpl e di azonet hane, di azoethane, or

di aryl net hyl di azonet hane such as di phenyl di azonet hane. The al kyl

subst i s uent i rPrefesredmompatindp ofitheépresent linvehtiombave thiglgenaral fatmida X¥hinul a
XV1I 11B i s prﬁgﬁ: bly a Cl-C4-al kyl. Wien the Co-C4-al kyl is nmethyl, for
exanpl e, the ‘h’@l ated nmunbai statin derivatives may be obtained by
reacting nmunbai stain in solution with a nethylating agent such as

di azonet hane. 12

XVill

wherein
Rito Ry, X4 to X7, cyclus and ¢ and d are as defined above, with the exclusion
10 of the compound where X;to X7 are O, Ry, R;and Rz are H, R4 is OH, Rs, Rg
and Ry are H and cyclus is 3, 8, di-hydroxy anthragquinone, and its |
pharmaceutically acceptable salts, esters and ethers and other obvious
equivalents, in all their stereoisomeric and tautomeric forms and mixtures
thereof in any ratio.
15
Preferably the carbon marked with an asterisk has an S configuration, in
which case the exclusion mentioned above is not applicable.

Suitably, Ry, Rz and R; are C4-Cg-alky!, preferably C41-C4 alkyl, such as methyl.
20

Conveniently, any one or more of X to X; are O.

An example of a compound of the formula XVIIl above is given below:

11



WO 01/ 30736 PCT/ EPOO/ 08103 The nunbai stain has ideally previously been
treated with acid, preferably low molecular organic acid, for exanple
form c aci AWQ@EEOT6 acid or trifluoroacetic acid. The reagdgdgppy ,ggg#juct i s
subsequently isol ated, preferably by chromatography. 5 Isolation of the
conmpounds according to the present invention frognthe reaction nedium can
be:effected by nmethods which are jn thenselves ki and whi ch depend on
the solubility of the resul t%,mfcd SRe S exanpl e of a
conpound of the formula XVIIT “is thg di atereorrer { bel ow. HOOC OH O
HOH | \''\ COON OH 0 XviliIC ism/nereogkﬁheo - e ked with an
asterisk has the S configuration. A ¢ of thye formula XVI11D
according to the present invention is bel pw. aOHHOOC OH b H O CH
I \' \ COON XVIIID OH

COOalky!

XViliB

The alkylated mumbaisatin derivatives of the formula XVIlIA and formula

10 XVIIIB are obtained by dissolving mumbaistatin in a solvent, preferably an
organic solvent such as alkanol, for example methanol, and reacting with an
alkylating agent such as diazoalkane, for example diazomethane,
diazoethane, or diarylmethyldiazomethane such as diphenyldiazomethane.
The alkyl substituent in the above compounds of the formula XVIIIA and

15 formula XVIHIB is preferably a C4-Cy-alkyl. When the C4-C,-alkyl is methyl, for
example, the methylated mumbaistatin derivatives may be obtained by
reacting mumbaistain in solution with a methylating agent such as
diazomethane.

12



0 13 WD 01130736 PCTI EPOOI 08103 wherein the carbon atons marked 'a' and

"b'" in formof a half-ketal or ketal have independently the S or R

confi gur alfMBOB6 A further exanple of the conpound of tieTferosnsig XVI 11 is
given below. _ HOOC OH O 3CH COON OH XVIIIE 10 Sonme of the preferred ’
conmpounds of Thednempaistain hagideaily previaysihees tiegiedwith geidepreferakly lav

oy ommounds leeRsF S9ahe R for dRaifl tohf ack cpfl 80k pubfaditi L7151 55
YCUSS 15 wheragid: TRe reactien product és subsegyentlydselatedcprefetably®ve as def i ned

above, with tcp,? Pat% on of the conpound where Rf is nmethyl, R4 is -CH,
atpfEeny

X, -X7 are O AN cyclus is 3, 8, di-hydroxy anthraqui none, and 14 WD

01/ 30736 PCT/ EP00108103 its pharnaceutically acceptable salts, esters and

et hers and other..oby hem, ¢ ' ts in.all . .their stereoisomeric
and t aut oner i'%a?%?%fltﬁﬁ(sﬁomﬁ?ﬁﬁﬁ %écofcﬂﬁ# gog#"gipﬁesaer% "}ng'éﬂ Frgmﬁﬁ%f erably, R1
i s C, - C6- al kykactiomahediamnezintbd effdéled by methotislwhidhy aedn themselves known

and which depend on the solubility of the resulting compounds.

10 A further example of a compound of the formula XVIli is the diastereomer
given below: '

XVilic

15 wherein the C atom marked with an asterisk has the S configuration.

A diastereomer of the formula XVHIID according to the present invention is

shown below:

XVIHD




Cl- C6- al koxy, such as nethoxy. An exanple of a conpound of the formula Xl X
Is given below H3COOC 01 ~OH HOOOO I~I~OH 0 10 XIXA A further
exanpl e of WaWApBend of the fornmula XIX is given bel ow FEHERGsP O CH3
HOOO o OCH3 XIXB 15 A yet further exanple of a conmpound of the formula
XIX is given below. 15 WO 01/30736 PCT/ EPOO/ 08103 H3000C - 1~ O ,CH3 H3C

(Cj)i gsto e?e_lgnélr Xwa %q'%?noﬁth&%her rggr? %lmes %er%dqgrg?\%uQQn grntng a g{f-rlyé{a?o&gt(all s the

have independently the S or R configuration.

5 A further example of the compound of the formula XVlil is given below:

XVIE

10 Some of the preferred compounds of the formula | exemplified above may be
generalised as hydroxy-diketo-dicarbonic acid derivatives.

The invention further relates to compounds of the general formula XIX below:

XIX

Cyclus

15 wherein Rsto Ry, X4 to X7, cyclus and ¢ and d are as defined above, with the
exception of the compound where R; is methyl, R4 is —OH, X; X7 are O and
the cyclus is 3, 8, di-hydroxy anthraquinone, and

14



*aj~a/ OH 0L HOOb OI ~ OX XD 10 wherein the C atom marked with an
asterisk * has an 'S configuration and the C atons nmarked respectively
with 'a dYQO¥B6poth have either an S or R confi gur at i RCT/E¥owes1gy ocess for,
the preparatioon of a conpound of the formula XI XA, XIXB or is XIXIC

conpri ses di d§AhAMgcerlically asceptable palts, esterand elvers ardisther abviegyani ¢

sol vent, for (el @qaNaRhtsARA tHIF SteroidBMR MG taufittbricTaRhd A8g Wi th a 16
WO 01/ 30736 PCI/EP00/'08103 nmethyl ating agent such as di azonet hane.

Munbai st ai n Hakturemtiergofip a0y (alisl y  been treated with acid such as
trifluoroacetic acid. The reaction product is isolated, preferably by
chromat ography. s Munbaistatin is of [imted stability in solution at a pH
of arsund 6 tRyeferally, RciscCq-Gé-nlisvindughsasimethyl. fhiisi syitabhleydyosora conpl ex
conversion, forae I ound of the formula Xl XD above. Because
the acid for n(1915?6'}§r@‘§g¥;55“{°giatﬁhﬁ?t28’&£ct ed with di azonethane to produce the
nmet hyl ated conpounds of the formula XVIIITA XVIIIB, XIXA Xl XB and Xl XC

above, speci recauti.ons to t n e that native,
defined net h%ré%(%ﬁgl&o(g%ﬁripogﬂg%gg}ﬁofgﬁﬁg%%&ls h&gﬁgég ‘found that the
requi red nethyl ati on products are obtained under cold conditions such as
at tenperatures of -1 Cto 3C, preferably 0 C, and/or when the process is
carried out without prolonged reaction times. It has surprisingly been
possible to crystallize at | easth®ORE~Qf 15 the nethylation products by
using a mxture of water and acetonitrfile. is enabled determ nation of
the structure of the conpounds by X-rad] af

10 o XIXA

A further example of a compound of the formula XIX is given below:

H,CO0C

XIXB
15
A yet further example of a compound of the formula XIX is given below:

15



spectronmetry. Table 1: 20 Crystal data and structure refinenent for
trimethyl-nmunbaistatin (formula XVIII1A). ldentification code sh608
Enpirical fWoeuBe3€33 H27 N 01, 25 Formula wei ght 613. 56 pkaiidadddies ©
293(2) K Wavelength 0.71073 A Crystal system Monoclinic Space group
P2(1) 30 Unit cell dinmensions a = 12.907(4) A a = 90. b = 11.253(5) A
96.56(2). c¢ = 20.003(6) Ay = 900. Volunme 2886.2(17) A3 17 WO 01/ 30736
PCT/ EPOO/ 08103 2z 4 Density (ge&&;& ated) 1.412 My/ nB Absorption
coefficient 0.107 mMm1 F(OOO) 1280 Crystal size 0.04 x 0.1 x 0.2 mB

3 | ndex ranges -12<=h<=12, -11

<=k<=11, - 19<:I <=19 Reflections c 796 | ndependent refl ections
5833 [R(int) = 0.0447] 10 Conpl et ¢l a.cR,20. 83 98.7 % Absorption
correction maxi mum 0.862, mninmum 0. nemént method Ful | -matri x

| east-squares on F2 Data | MBS 1 palaneters 5833 / 1 / 822

Goodness-of-fit on F2 1.064

XIXC
5 Another example of a compound of the formula XIX is the diastereomer
below:
XIXD
10 wherein the C atom marked with an asterisk * has an ‘S’ configuration and the

C atoms marked respectively with ‘a’ and ‘b’ both have either an S or R
configuration.

One process for the preparation of a compound of the formula XIXA, XIXB or

15 XIXIC comprises dissolving mumbaistatin in a solvent, preferably an organic
solvent, for example an alkanol such as methanol, and reacting with a

16



15 Final Rindices [I>2sigma(l)] RL = 0.0510, wR2 = 0.0966 R indices (all
data) RL = 0.0981, wR2 = 0.1171 Absolute structure paraneter 1(2)
Extinction @8E38ci ent 0.0035(4) Largest diff. peak and wowErobrosigyd and
-0.174 e. A-3 20 Table 2. Chemical shift of tetranethyl-nmunbaistatin )
| act one di - spinetiiativgeagerbsuni as diazoraethaneidupbaistarsbasidealyprerioysih B H H

11, 57 118, 27°0% Bord pifaciiguatiAs Bdubdoclic et e eatip tugdydye 5, °

134. 44 134. 4disolated, preffé@mbibyl@Bomdtography: 139. 57 139.57 8 - - 124.51
124.50 9 - - 180.29 180.26 10 - - 122.56 122.50 11 7.88 7.88 110.55
110.58 18 WD 01/30736 PCT/MD108103 12 - - 160.33 160.33 12-Owe 4.21 4.20

57.00557. 00 WNambaistdtihlis &8 lihitéd gfabilifylin-solutibA &t @pHLéRarBlind 6%0-9. At ddid. 43
164.15 16 - pH i %s{;ti%-%pﬁ@ undergoes a complex conversion, for example to the
compound of the formula XIXD above. Because the acid form of mumbaistain
is reacted with diazomethane to produce the methylated compounds of the
formula XVIIIA, XVIIIB, XIXA, XIXB and XIXC above, special precautions
10 need to be taken to ensure that native, defined methylation products are
obtained. It has been found that the required methylation broducts are
obtained under cold conditions such as at temperatures of -1°C to 3°C,
preferably 0° C, and/or when the process is carried out without prolonged

reaction times. It has surprisingly been p'ossible to crystallize at least one of

15 the methylation products by using a mixture of water and acetonitrile. This
enabled determination of the structure of the compounds by X-radiation
spectrometry.

Table 1:
20 Crystal data and structure refinement for trimethyl-mumbaistatin (formula
XVIIIA).
Identification code - sh608
Empirical formula Casz Hyz N Oy
25 Formula weight 613.56
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2(1)

30 Unit cell dimensions a=12.907(4) A a = 90°,
b=11.253(5) A B = 96.56(2)°.
¢ =20.003(6) A y =90°.

Volume 2886.2(17) A3

17



17 - - 126.62 126.34 18 - - 153.44 153.39 18-Owe 3.54 3.54 55.52 55.52 19
6.76 6.77 110.97 110.92 20 7.46 7.47 132.15 132.23 21 7.12 7.09 114.38
114.32 22 WO0IBAB676 142.18 23 - - 119.28 119.58 24 2. TééBefmnsioy 0/ 2. 63
36.05 35.22 25 2.41/1.92 2.41/1.97 30.36 29.87 26 4.77 4.77 77.64 76.54
27 2.9012.62 2.86/2.63 41.46 40.154 28 - - 171.74 171.21 28-Ove 3.67 3.71
51.72 51.78_ a). A and B correspond to both gi astereoner forns (ratio A'B
approx. 1.2Dengjly (caleyisted)3 Conpari slth12M9{M2 aromatic protons of formula

XVITITA and fprmula XVILI.B.. 5 Posit Forgula XVIIIA Formula XVIIIB 2
7.29 7.26 58'59’8 °"/9%%fh°'2"‘7.85/7.82fj'g&78%‘9" 11 7.91/7.90 7.88 19 6. 92

6.76/6.77 PB@O0)68/7.67 7.46/7.47 12B06.92 7.12/7.09 Table 4 Chem cal
shift of Munbai statin |actone-di-spiroketal - m)norgat hyl ester to (formula

XI X&) i n DvVEOystal sEBOK. Position X X004 R x 9Famm
Theta range for data collection 2.08 to 20.83°.

Index ranges -12<=h<=12, -11<=k<=11, -19<=|<=18
Reflections collected - 9796
Independent reflections 5833 [R(int) = 0.0447]

10 Completeness to theta = 20.83° 98.7 % )
Absorption correction maximum: 0.862, minimum: 0.632
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 5833 /1 /822 '
Goodness-of-fit on F2 1.064 |

15 Final R indices [I>2sigma(l)l  R1 = 0.0510, wR2 = 0.0966

) R indices (all data) R1=0.0981, wR2 = 0.1171
Absolute structure parameter  1(2)
Extinction coefficient 0.0035(4) -
Largest diff. peak and hole 0.194 and -0.174 e A-3

20
Table 2.

Chemical shift of tetramethyl-mumbaistatin lactone di-spiroketone (Formula
XIXC in CDCls at 280 K).

A BY A B

1H TH 13C 13C
1 - - 159.50 169.51

1-OMe 3.87 3.87 56.28 56.28

2 7.26 7.26 118.27 118.27
3 . 7.67 7.67 134.57 134.57
4 . 7.85 7.85 119.32 - 119.32
5 - - 134.44 134.44
6 - - 183.27 183.24
7 - - 139.57 139.57
8 - - 124.51 124.50
9 - - 180.29 180.26
10 - - 122.56 ) 122.50
11 7.88 7.88 110.55 110.58

18



1 -

132.

9 -

153.
110.
115.
143.
- 34.

10

161.38 1-OH 13. 26 -
68 19 WO 0150736 PCT/ EPOO/ 08103 6 -

2 7.18 123.82 3 7.62 135.15 4 7.57 117.95 5 -

183.53 1 7 - 138.70 8 - 117.91

183. O¥MMBIB$ 10 - 116.48 11 7.16(broad) -122. 1( brecartroodszos
87(broad) 12-QH broad - 13 - a) 14 - a) 15 - 166 45(broad) 16 -
11 QL7 - 124.64:1124.53 18 4 151.3%4. 151. 09169334 9.{51, 16053 - 19 6. 68
32 PO N220Me7. 27 130422 130{78 4&206.97, 6.95%7.042. 45 22 57.003. 49,
68 P3 - HUB7.93,[118.01 24 2?.53/2-45, -35.8(1aME3d), [2. 5922.287
9(brpad) 125 2. 2p/ 1. 74, -29. $(Dbr oad) 149.95 149.81
15 - - 164.43 164.15
16 - - 111.33 "~ 111.33
17 - - 126.62 126.34
18 - - 1563.44 153.39
18-OMe 3.54 3.54 55.52 55.52
19 8.76 6.77 110.97 110.92
20 7.46 7.47 132.15 132.23
21 7.12 7.09 114.38 114.32
22 - - 141.76 142.18
23 - - 119.28 119.58
24 2.74/2.58 2.70/2.63 36.05 35.22
25 2.41/1.92 2.41/1.97 30.36 29.87
26 4.77 4.77 77.64 76.54
27 2.90/2.63 2.86/2.63 41.46 40.15
28 - - 171.74 171.21
28-OMe 3.67 3.71 51.72 51.78
a) A and B correspond to both diastereomer forms (ratio A:B approx. 1.2 :1.0).
Table 3
Comparison of the aromatic protons of formula XVIlIA and formula XVIIB.
Position Formula XVIIA Formula XVIIIB
2 7.29 7.26
3 7.59 7.67
4 7.85/7.84 7.85
11 7.91/7.90 7.88
19 6.92 6.76/6.77
20 7.68/7.67 7.46/7 47
21 6.92 7.12/7.09
Table 4
Chemical shift of Mumbaistatin lactone-di-spiroketal-monomethylester

(formula XIXA) in DMSO at 300K.

Position XIXA XIXA
IH 13C
1 - 161.38
1-OH 13.26 -
2 7.18 123.82
3 7.62 135.15
4 7.57 117.95
5 - 132.68

19



2.22/1.85 -29.4(broad) 26 4.60, 4.54 76.84, 75.91 27 2.68, 2.63 41.09,

39.88 28 -
nucl ei
signals were observ

170.97, 170.86 28-Owe 3.59, 3.61 51.22, 51.28 a) For these
no é’f’@ﬂlﬂﬂ"%as observed in the 13C Spectrum s Wer @cheri@esies of

di ast ereonmer forns.

t he di astereoners shHow di7f f er ¢

corresponds to the

conmpound of the gene

R7 R4 R3Xs XX 3 X4
and ¢ and d are as

salts, esters and et

stereoi sonmeric and t
Preferably one or no
to conpounds of the

d (ratio“approx. 1.1: 1.0) they*eorresponded to the two
Bot h6val ugs are separated by a coh®®58n the tase where
bnt chemi-cal shifts (thel138.78t val ug
mal ngconpénent). 1-0 The inyention18¥.9% relatgs to a
ral mormuja XX - 20 WO 017 30736 88@P(rca8) 081P3 R6 R6

R{s ™A YU Wherern|R, to g4& (0 X{, cyclus
T abyve; ] phaymace accept abl e
het o?ﬁlllu Wt TetT— ?a T(cylﬂ&%dg‘l UL{UI Val1g%2§Eiﬁngl = | thel r
H 1A”OL1' € fcrm; r.tdaﬁ.rmu. eS—thReFEer——anry—fatio.
-g—xJ_aE'R-S——‘Fhe—c. -n-v-em-J—en—f-u-r—t—he-r-mPre _reI at es
peneddl fdroula X1 - 10 B X YAk R7 Rs | ~ |
14 - a) .
15 - 166.45(broad)
16 - 110.11
17 - 124.64, 124.51
18 - 151.14, 151.09
18-OH 9.51, 9.52 -
19 6.68 115.32
20 7.26, 7.27 130.72, 130.78
21 6.97, 6.95 112.45
22 - 143.49, 143.68
23 - 117.93, 118.01 .
24 2.53/2.45, ~35.8(broad),
2.59/2.37 ~34.9(broad)
25 2.26/1.74, ~29.8(broad)
2.22/1.85 ~29.4(broad)
26 4.60, 4.54 76.84,75.91 -
27 2.68, 2.63 41.09, 39.88
28 - 170.97, 170.86
28-OMe 3.59, 3.61 51.22, 51.28

a) For these nuclei no signal was observed in the **C-Spectrum.

5  Where two sets of signals were observed (ratio approx. 1.1:1.0) they corresponded

to the two diastereomer forms. Both values are separated by a comma in the case

where the diastereomers show different chemical shifts (the first value corresponds
to the main component).

20

The invention also relates to a compound of the general formula XX



RX RAXXI EX6 Xs'7X4 Cd CCUS wherein R to R7, X, to X7, cyclus
and ¢ and d are as' defined above, and 15 its pharnaceutically acceptable
salts, est¥PY397® et hers and other obvious chemical equictatredisies | N al |
their stereoisoneric and tautonmeric fornms and m xtures thereof in any
ratio. Preferably one or nore of X, to X7 are 0. 21 WD 01/30736

PCT/ EPOQ' 08103 The invention additiorally relates to a conpound of the
general formula XXI X7 RRX1 R X4 RT\RG REX2 XXI | xs Rs R4 C X6 d
Cycles X3R3 wherein s R to R7, X1 to)xX cyclus and ¢ and d are as
defined above, and its pharnaceutRts able salts, esters and ethers
and ot her obvious chem cal equival en their stereoisoneric and
tautomeric forms and nixtures tHofegf XX

wherein Ry to Rz, X; to X7, cyclus and ¢ and d are as defined above, and its
pharmaceutically acceptable salts, esters and ethers and other chemical equivalents,
s in all their stereoisomeric and tautomeric forms and mixtures thereof in any ratio.

Preferably one or more of X to X7 are O.

The invention furthermore relates to compounds of the general formuta XXI :
10

XXI1

wherein
R to Ry, X to X7, cyclus and ¢ and d are as defined above, and

15 its pharmaceutically acceptable salts, esters and ethers and other obvious chemical
equivalents, in all their stereoisomeric and tautomeric forms and mixtures thereof in

any ratio.

Preferably one or more of X; to X7 are O.

2]



any ratio. Preferably one or nore of X1 to X7are 0. 10.An exanple of a
conpound of the formula XXIl is given below OH OHOOOOHO- "H O
XXETA 22 \WBOOMBEDF36 PCT/ EPO0/ 08103 A process for the pregasmbosigs of a
conmpound of the formula XX I A conprises dissolving nunbaistatin in a
sol vent, pr éfherinténtioaradslitpmaily relates éma complound ofitHesgryteral famaulaed8lii ng wi t h
an. ani de source such as an ammoni a solution. The process is carried out
under cold conditions, preferably at a tenperature of-1Cto 3 C, nore 5
preferably at 0C. The reactkpn product is subsequently isolated. The
i nvention furthernore relatf§s to conpounds of the general formula XXIV R6
RIX1 R7T R R4 y X4 )%52 X6 b Cycles X, R3 XXIV io0o wherein

1

XX

wherein
5 Ryto Ry, X, to X7, cyclus and c and d are as defined above, and
its pharmaceutically acceptable salts, esters and ethers and other obvious chemical

equivalents, in all their sterecisomeric and tautomeric forms and mixtures thereof in
any ratio.

Preferably one or more of X4 to X7 are O.

An example of a compound of the formula XXIli is given below: |

XXHNA

22



R, to R7, X, to X7, cyclus and ¢ and d are as defined above, and its
phar maceut‘g ﬁﬁaccept able salts, esters and ethers and ot her obvious
chem cal § #8B%nts, in all their stereoisomeric and t pCt/BreRsses f or ms and

m xt ures thereof %92 aq% ratio. 15 Preferably, one or nore of X, to Xr are °
0. The cofbBiPEESS Raratign ofia corpernd of thedermya XA samrsesrs i n whi ch

open and didsehth mariBRisttinSih o SO dréfRFdbian 3@&%&&&%&%& YikaHEES Of
the formula XI X to XXV above can be converted en structufe of
the for nuaadXeReEtingpyith an aridmsayres:suchsan anamenasia solutinn. (TABIREOGRSSES  whi ch
can be usedredf odtiRAEPEAY cofiRd, gFH?ér%Bﬁ'éia%g@EFE'{Uﬂecofba\sé% 3T URork O LT ary

am nes and al kal car bonat & such as sodium carbonate, sodium 23 WO
01/ 30736 m@fbamwmihem&pbmmtﬁlsmlbaewmlﬁaiatedonatere pot assi um
carbonate, lithiumcarbonate may be used. An Exanple of tautoners
according to the present invention in equilibriumare 5 conpounds of the

f or mul a XXlhelitventidn XutHerfrosdhmlated td compa@iddendf tHe déderd) formula XN O 0 ON ON
ONO4- ?HOOI V' \ N2\ I \ N2 / / ON OHO .O

R/X,

XXV
10  wherein

Rito Ry, X 1o X7, cyclus and ¢ and d are as defined above, and
its pharmaceutically acceptable salts, esters and ethers and other obvious chemical
equivalents, in all their stereoisomeric and tautomeric forms and mixtures thereof in
~ any ratio.
15
Preferably, one or more of X, to X; are O.

The compounds according to the present invention are tautomers in which open and
closed forms exist in equilibrium.

The closed structures of the formula XIX to XXIV above can be converted fo the
open étructure of the formula XVIIi by reaction with a suitable base. Suitable bases
which can be used for the reaction are inorganic or organic bases. Thus, tertiary
amines ahd alkali metal carbonates, such as sodium carbonate, sodium

23



XXi 1A XVI1IF The conpounds according to the invention may be converted
into pharmaceutically acceptable salts and obvi ous chem cal equival ents,

li ke estersVHUBBAers, which are io all covered by the premErdmpsigyention.
The invention also covers all. salts and obvi ous chem cal equival ents of the
present conpicarhdsats) potassivenbichrbesatere, potassium catblopatd, dithiure earhonate may

phar maceuti cal s but which can be used as internediates in the preparation
of phar mac ePf VeS| y acceptable salts and derivatives. The invention covers
the present aromatic di-keto derivatives and their salts, esters, ethers
and is other vious chem cal equivalents in all their. stereai soneric forns
and t aut omef'\l‘g‘aﬂﬁ%&aﬁ’%"sﬁlﬁ"gmﬁngﬁﬂghﬁBFqs\‘?Q{ jnygruQnIn CQUEIRAUR A% L p i um
salts) can B6mpoéeY 6Fdhé YormllaRRHIAand RVAFUSHswIkbelow. t 0 one skilled in the
art. Salts like sodiumand potassium salts, for exanple, nay be prepared
by treating the present conmpounds with suitable sodium or potassium bases.
20 Esters nmay @b prearedo for exanple, by reacting the preggnt conpounds
wi th carboxyl { p°hhe presence of reagents such as

di cycl ohexylgrad-ig r\\

treating the conpound®wit

ating agents suchjjas afid chlor
nmet hods of preparation of s are given in the lit@datpure,
in J. March, Advancéd@’ganlc Synthesis, 4th Edition, Jo v "
1992. 5 Ethers_may be p epar%, for exgm®e, from Mﬂrbai statfin by reaction
with alkylating? ants{und® basic conditions. O HRer ngthods of
preparati on ofAet hg ‘ pllen in the literatureg ' 3
Organi ¢ Syntf ) i onNHJ. March, John Y

O her obvi oug -Dg i val ents include reduc ] da
and addition™pf ody h~e#¢ hydrates. For exanplg, tYfe anhthraQdi none
- group of munbaistgin nmay be reduced with a reduci ng -agent to

hydr oqui none. The resultant product is an effective inhibitor of

gl ucose- 6- phosphat eX)t(ﬁb?\nSI ocase with an 1C50 of = 5 nMmEd

The compounds according to the invention may be converted into pharmaceutically
acceptable salts and obvious chemicai equivalents, like esters and ethers, which are

10  all covered by the present invention. The invention also covers all salts and obvious
chemical equivalents of the present compounds which themselves are not suitable
for use as pharmaceutiéals but which can be used as intermediates in the
preparation of pharmaceutically acceptable salts and derivatives. The invention
covers the present aromatic di-keto derivatives and their salts, esters, ethers and

15 other obvious chemical equivalents in all their sterecisomeric forms and tautomeric
forms. The saits of the derivatives (e.g. Na, K, ammonium salts) can be prepared by
standard procedures known to one skilled in the art. Salts like sodium and potassium
salts, for example, may be prepared by treating the present compounds with suitable
sodium oi potassium bases.

20
Esters may be prepared, for example, by reacting the present compounds with
carboxylic acids in the presence of reagents such as dicyclohexylcarbodiimide
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G ucose- 6- phosphate transl ocase activity has been shown in several

bi ochem ca% he systens for nunbaistatin. The yield of nunbaistatin from
the cul tur ate of Streptonyces litnocidini is extPemEPp/obI0IY,
however, which has hindered further devel opnent of the conpound. Moreover,
until now (BCGlaer hyptredtingthemompsupd withzaylatiog agants such astacittehleridesf or nul a

Of munbal Sbet theifis b UBRGANT of S8 AraRe LiVeh tMOnelife CRYRAUGR 120 111V |

to crystalrze an In solutro rocess ound,
however, wdarcdh, Admﬂm (Dlrganlcﬁyml’uesum 4tH EdﬁunhbuhntWﬂem&fSamm WOXextract in
relatively hi gh yield. The present invention 25 accordingly provides a
process for the isolation of nmunbaistatin conprising extracting a culture

fi |8t rat:‘ef i Ethbwiingg bmmbpa;a\rledafonemglemrmmngastahn@g&é@@mm aligjlatingpH of
5- refera or t i on excha ener a
vent | bhed PRSI EaRi Rang. Olhef mefod ot PP oA Lo RineS TS AURAN, > f or

the pur pothe ligdraiure Tovéxanpie i Advdicet @rgakie @yRtHes, 4tHEGition JSRRIcH,r om t he
exanpl es i n 3 he ove 5@ ent application PCTI EP99104127 where ion
exchangers %n"e 8 & A the isolation of nunbaistatin and where from
730 litres of culture filtrate merely 70 ng of pure mumbaistain is

obt ai ned. The process of the present invention allows _the isolation and

enr i chitnt Ofver rRhvinuissehgmisaly ﬁﬁu‘PﬁlﬁBﬁ'l incldg - redughiany oF Astating sP"OQ‘}Ct?réiHs of

an ion exchddiish RFOARES SRR r@é)}hyu&ésﬂsmf eﬁémb%asthenﬁ'itﬁrdqﬂﬁﬁnéo éu?
01/ 30736 PCT/ EPO0/ 08183 nore usually > 70 % ar e obtai ned. Minbai st ai n

obt ai ned aEwELAIskFIY Hay he reeuesd with greducirg agentdn hydmavinoge) tae resultantav i n
compar ! soNploRuédS afuittipd fnfbitoP Bf SLASKE-¢ Bhbiphiaf BaNdIddase with 4 IEQ&f T ocess

for the |soI ation of I statin according to the present I nvention
various i onddMhangers may be used. Exanples are QAE-, DEAE- and

- THAE- gpi on exchangers. Preferably, substituted or unsubstituted am no
groups are carried on the chosen nmatrix. Mre preferably, DEAE-anion
exchanger sGlucoserbephospbateatsanmsiv@se (ackigip has deen hownFiroseveral( bipehemitalgel _
EMD DEAF. | inTB% USiERb r gani c
sol vent co%?gﬁ@%ﬁggg%@%g @o%ﬁ'a g%lb%fs steé%&a%mﬁ‘mﬁg%@%pmlﬁ%& g. '
pr ef er abl eStreptamyees litmacidinhds @xtramely &, quwem,edlhm has Hiindered dattieert of

butfer sysheBiodh&licsP ey cbiBESGIE Moredle M hbwSR NS hot B Bhsdie B 10 40
20 ascertain the structural formula of mumbaistatin due of numerous factors including
the compounds inability to crystalize and instability in solution.

A process has now been found, however, which enables the isolation of
mumbaistatin from an extract in relatively high yield. The present invention
2s - accordingly provides a process for the isolation of mumbaistatin comprising
extracting a culture filtrate including mumbaistain by ion exchange chromatography
at a pH of 5-8, preferably 6 or 7. Although the use of ion exchange is generally
mentioned in PCT/EPS9/04127, it is clear that the use of ion exchange for the
purpose of improving yield was not recognised. This is seen from the examples in
30 the above patent application PCT/EP99/04127 where ion exchangers are not used
for the isolation of mumbaistatin and where from 730 litres of culture filtrate merely
70 mg of pure mumbaistain is obtained. The process of the present invention allows
the isolation and enrichment of mumbaistatin and mumbaistain-related compounds

by means of an ion exchange process whereby yields of at least more than 50 %,
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%in the aqueous buffer solution is used. Exanples of suitable organic
solvents are water-niscible organic solvents such as | ower al cohols,
acetone, acwoonsbrsl e, glycol , 15 dioxane, dimethyl sulfoxpdees J% m de
and the like. Preferred solvents are nethanol, ethanol, isopropanol and
acetone. Wrhdret lhﬁxaw SCES Y% @Fe obtditat. MuriBiistain ebtaindthastading to ahe ipeesent

The T osul | ARORe 1Ehal MRICYRHGISPLT 1 maPVhir GHFPRIECN (6 e P HRPESHbne:

by, for exm,ﬁedm@wgpggfmgye and/ or reverse-phase-chronat ography The
conpounds according to the invention inhibit rat [iver m crosonal

gl ucose- 6- phosphate transl ocase. The conpounds are therefore useful as

phar maceut 'lﬁ%é &oé’és?ﬁf ke isloRftioR ferﬂﬁﬁba?s{htxﬁaéédo?dlhgrto ithe tda@setni feeen  Of

di abetes nellit nore generally in the treatnent or @Bélams of
condi ti ons vanious ior exchangews May be useds Bxamples apPAn REARardt THAE-aniey of
gl ucose- 6- ' ded
Po reduce o aRangs. AeREbAT EaRAEy Bf undRSPHMIAI GREbE Srd Lartigd oA
accor di ng tchoske mates eMbre prefertablyn DEAE-ahiohrexchangers cueiused| sucBasaBEARt abl e

salts, esteg et he nd, ot heg.-0b I i e

adm ni st er eog‘:{p&aéﬁﬁehg?% E'ﬁ‘fve? g% %%Wé gﬁ%%rﬁ&tgg ﬁac!@?ggr gﬁy lﬁ%nans

?s ph?mac&wdh j i8] kncwh tdaahér Mbrghﬁc&.‘ﬁ&bhf contentt o &m&mr%ombuﬁémhysthnﬁ he
orm of pharnaceuti ositiqns | rmt enteral or ent

adni ni st r atM8N. 9235%6}6 LE?C%PE?&? ngrg e geRIcFHYRRF U steﬁah 3’83&

i nvention aécﬁﬁeﬁt&ifﬁxﬂ‘ér é;istéthoméferﬁblqhthéq@fdve :51 brgahicvszﬂvanréontehebf 10 to 40

phar maceut i cal acceptabl e salts, esterz%)ﬁne&ers and ot her s obvi ous

cheni cal eéunﬁ% @ﬁP@"%PUflf%fé%WBHaPﬁﬁ‘é p$ of sHitakle organic golyents e

derivati veswaredmib@bie or@&% EBRBHES! sith| a6 1BWELRICORGIS, S&tbSe, Aeldithle, Qlydsr S
and ot her obvious chem cal s equival ents for the productlon of nedi caments

for rediti ndio¥anss oginethyhsulipde fomﬂ%ca%‘é e e frefairegaspiventsaare or
the product igihapbl, 'BRHHARTESHrSpdrii ahd8cétorgt ment  of di abetes nellitus. The
present invention ‘further rel at es to pharnmaceutical conpositions which
contain an effective anount of the derivatives. and/or one or nore

phar maceut| ah! e 6oERebEiak S 08! i nEIEiSafN LA oo Bl ShEThe !

i 0 equivalents th t oget a. pharmaceut| ca acce e carrier.
compound can be enriched in a yield of more than 70 %. The resultant enriched

20  mumbaistatin may be purified in a simple manner by, for example, molecular sieve-
- andfor reverse-phase-chromatography.

The compounds according to the invention inhibit rat liver microsomal glucose-6-
phcsphate translocase. The compounds are therefore useful as pharmaceutically

25  active ingredients, in particular in the treatment of diabetes mellitus, and more
generally in the treatment or prophylaxis of conditions which are caused by or
associated with an elevated a'ctivity'of glucose-6-phosphate transiocase, or of
conditions in which it is intended to reduce glucose-6-phosphate translocase activity.
The compounds according to the present invention and their pharmaceutically

30 acceptable salts, esters, ethers and other obvious chemical equivalents can be
administered to animals, preferably to mammals, and in particular to humans as
pharmaceuticals on their own, in mixtures with one another and in the form of
pharmaceutical compositions which permit enteral or parenteral administration.
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The conpounds according to the invention can be adm nistered orally,

I ntramuscul ar I/;/ I ntravenously or by other nodes of adm nistration.

Phar maceutY@% 0"Q?orrpositions which contain. the present mambde O 2

phar maceut i cal acceptabl e- salt or obvious chenical equival ent thereof’

si ngly orASGOriBal; theRresrntientipalsp spiatasdo AErpatis diketo.derivalives and echni ques

by mi xi ngthbh%haﬁmu@i@éns»ad@ebﬁbmns%staw &har@éﬁ@smb%médsvwﬁ table
exci pients and/or auxili‘aries such fo exa Il lTers, enulsifiers, -

| ubr i cant @quivaiaNs fef wqeaamhasmaewt@aﬁrﬂr@ terth?)uw gahegébsatyﬁé@snd theit
converti %érﬁfac@ﬁﬂ@a‘ﬂ& %cb%ﬁtsug sﬁkg R é?l‘?éPE ha Diidr adliolichemikal as, 20 for

exanpl e. ets, coate , _capsul es or a suspension of sol uti on
sui t abi e equivalents é@ratheoroqmtl@mfemadlcamnmmfgt reducing glueoseBphosphatauxi | i ari es

and/ or e ct ose,
tal c, agﬁé@g@d@%& gﬂr{wﬂ'gﬂ P{rl?c(?lcﬁﬁllg a‘%&’g@b@d@&ﬂ a'?b%e and %mﬁlr‘gferred
for paremf@abetesjmeﬂltm Ffzin’elpnesamt inventigreiugtherretates tol phanmaseiticalat er. It i s
al so pos ou

veni cl s IR i 3 FeBite Rt A Bg R AR PeS Shalo B o

Phar rrachmompharﬁimemutallpascemam” esalltsagstelmeﬂmelrrs nder ogwbbecmn;meht I
conpounds_or. rmacautica t_or vi ous chem ca

equi vyl en?qq@ergﬁg})erggﬁp e'b‘fv ﬁ‘ﬁﬁ? é'gﬁ?sircaﬂ:??taa a3 | ngr edi ent s.

As custorrary, t he gal enic fornul atlon and the nethod of adm nistration as
wel | as he dosa ange,. wh are suitable in.a specific case depend on

t he speci ??!“B% ﬁg%ﬂ%{?&nﬁwvﬁﬂﬁo’%ﬁﬂ ea#“‘tf}*&}eﬁ% @PI ve condition or
ghg\iﬁsﬁn ‘?he ae‘ltslllmy mﬁavg\t)g?&gy oﬂﬂ){ﬁ’fegg{olaﬁiagze ofﬁgﬂg‘g oungcaglcc?gr gﬂlgosg
t he presefi™m PWW%H&!H ég‘?gmserfmé'PR%W $ 9 aPhAENBERUtICAN - | east 0. 001
My tojat A6epbtabidsdibor ditMﬁL@rohéh\Yca% Givalentlfefeof i orREdmbingfidnsscanas

phar m;ceut [ cgl |y active ingredient sqand gs |ent er r?’glgl at es r|nn he production

of deri va® peparedaccerdiag in stapdard lerpiayes byraixingdhe F%’“Bﬁ'éﬂddﬁ\)ﬂ'ﬁhgne cheni cal

equi val endsmeRpiinhaco8gRaR teptble éssaﬁlém@ah&/ér EQ:EnhéHe%@Hﬂn@ﬁ tasCfopUr poses,
for example inin vitro diagnoses, and research purposes in bi ochem cal

i nvesti ga?xme-lfﬂemﬁmvl%\ﬁﬁrﬁ HH‘P'!ﬁaPF%H‘a&f““glf\?&%é elofRptERuler r ansl ocase is

desired. substances, and converting the mixture into a suitable pharmaceutical form such as,
20 for example, tablets, coated tablets, capsules or a suspension or solution suitable for
enteral or parenteral administration.

Examples of auxiliaries and/or excipients which may be mentioned are starch,
tragacanth, lactose, talc, agar-agar, polyglycols, ethanol and water. Suitable and

25  preferred for parenteral administration are suspension or solutions in water Itis also
possible to admlnlster the active substances as such, without vehicles or diluents, in
a suitable form, for example, in capsules. Pharmaceutical compositions comprising
one or more of the present compounds or a pha'rmaceutically acceptable salt or
obvious chemical equivalent may also contain other pharmaceuticaily active

30 ingredients.
As customary. the galenic formulation and the method of administration as well as

the dosage range which are suitable in a specific case depend on the species to be
treated and on the state of the respective condition or disease, and can be optimized
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10 The followi ng exanples are illustrative of the present invention, but
not limtative of the scope thereof. Abbreviations: MeOH rret hanol ; DMSO
di met hyl sul We/a836 TFA trifluoroacetic acid is Exanple 1 péy Q%e of
the culture Streptomyces iiitnocidini, DSM 11641. .20 Cul ture DSM 11641 was
mai nt ai nedusing miethdds| Knowinrig tieeditu@n an Mseragexmeaiaﬂy niose)ogat‘emued(t ract

litre ph Sfipad BehpeesiRnOr HES haden branp RO S Hie el 20t 0B tgn
by heatl ngngitd ahemsB8100ngy, préiestably atmostsi.0 miges and then sterilized at 121

C for 20 mnutes. The test tubes were then cooled and allowed to solidify
in a slanting position. The agar slants were streaked with the growth of

t he cul 3 ur Rpant fropi wse/aphariateatic iactiﬁﬁbﬂgﬂekﬁé’tits aby aamt%anwafé‘s/:ﬁ?@?e%
PCTI EPOO/ 08183 .wre |oop ang incu ted at ‘(.l 10021;|a unt |4 ood growt h
was obser vR@AU quvaﬁ eo?f??%f? §t""8 deeir sal %‘?‘F Yer at or at

8C. Exanpl ghetnical defeiaretits th9 BisefbeCethp E/Sd as raﬁﬂh@ﬁ%’é?fé? didngGQﬁd ﬂuﬂbse@SM
11641 in fernmenters. . Stage 1: Preparafion of seed culture in s fl asks

i 0 Conposi for gxamplesade Vﬁ@cﬂ'%aﬁosea 3ndyioE ressarchypurpesemedtioshemical 15 o0 g
Corn st eepinbstigiions A Whigh ahafhibitior oPgRicose-6-phosphate translocase is desired.
10

The following examples are illustrative of the present invention, but not limitative of

the scope thereof.

Abbreviations: MeOH methanol; DMSQ dimethylsulfoxide; TFA trifluoroacetic acid
15 '

Example 1

Maintenance of the culture Streptomyces litmocidini , DSM 11641.

20 Culture DSM 11641 was maintained on the following medium :

Malt extract : 10.0g
Yeast extract : : 40¢
Glucose : 40g
25 Agar powder : 13.0¢
Demineralized water : 1.0 litre

pH : 7.0

After dissolving the above mentioned ingredients throughly by heating, it was

30 distributed in test tubes and then sterilized at 121°C for 20 minutes. The test tubes
were then cooled and allowed to solidify in a slanting position. The agar slants were
streaked with the growth of the culture Streptomyces litmocidini , DSM 11641, by a
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is CaC03 2.0 g Demneralized water : 1.0 litre pH: 7.0 The above seed
medi um was_di stributed in 160 m anmounts in 1 L Erlenneyer flasks 20 and
aut ocl avedV2P1A¥C for 20 ninutes. The flasks were cool epci/ePoLASIT _
tenperature and each flask was then inoculated with a | oopful of the above °
ment i one&vikgdpop gndincubatedat 283 (Endil a gand gsovitkavasoebservast Ihe wellaker f or
72 hour A i d.culture. 25 Conposition of
the prod C |%§égn%é¥ﬁ?ﬁ?éfﬁ%aego@ﬁgefwﬁg{é’ygggﬁgbean neal : 10.0 g CaCO®3 :
0.2 g Cobalt chloride : 0.001 g 30 Denmineralized water : 1.0 litre pH:
7.0 St a% 2: Péeparati on of seed culture in fernenter 29 WO 01/ 30736

PCT/ EP T@? 80 litres of the seed nmedium as described above, in a 100
litresMarubishi fernenter was sterilised in situ for 45 mnutes at 121 C
cooled tQ 27C, VC apd seeded with 4. 5 Litr f .seed cul ture nmentioned
Sbove. s Ferbeancn Af S SHaeimyies mpdia, EW dvpAT b ErBaees o
Tenperature : 27C ( 0.5C) Agitation 80 rpm Aeration : 50 Ipm Harvest tine
. 24 hours 10 Stage 3: Lar scale fernentation 700 litres of the

product i SHagR¥i kA g%ma&gé gf@dtué%m/%‘,akﬁ agksi000 Iitre Marubishi fernmenter
along with 150 m of (r)Desnophen (polypropyl ene oxide) as antifoamis

agent was sterilised in situ for 45 mnutes at 121C, cooled to 27Ct 1C and
10 Composition of seed medium :

Glucose : 15.0g
Soyabean meal : 16.0¢9g
Corn steep liquor : 5.0 g'
NaCl : 509

15 CaCOs : 20g
Demineralized water : 1.0 litre
pH : 7.0

The above seed medium was distributed in 160 ml amounts in 1 L Erlenmeyer flasks

20 and autoclaved at 121°C for 20 minutes. The flasks were cooled to room
temperature and each flask was then inoculated with a loopful of the above _
mentioned well grown culture of Example 1 and shaken on a rotary shaker for 72
hours at 240 rpm at 27°C (£ 1°C) to give seed culture.

25 Composition of the production medium

Glucose : 200g
Soyabean meal : 10.09
CaCoO; : 02g
Cobalt chloride : 0.001 g

30 Demineralized water : 1.0 litre
pH . 7.0

Stage 2 : Preparation of seed culture in fermenter

29



seeded with 75 litres of the seed culture from Stage 2. The fernentation
was run with the followi ng paraneters : Tenperature : 27C ( 0.5C 20

Agi tation :WOPIBHES Aeration : 450 | pm Harvest tinme : 40- 4¥chERovssiihe
production of the conpound was nonitored by measuring the inhibition of 25
gl ucose- 6-8fHitresofitlee seathwieditias @s daseribédabave, i 2 dA0tre Marubishi flermenter t he pH

of . the cuylture.braqth 6 : 0 e~Cul t i d
after har \y%?ss't?t 'a'segrﬂ s&cﬁgorgﬁs?mg\ggq%a_ta os%hg‘%oel&! @%@ﬁ%&i@%ﬁ%‘%ﬁ%ﬁm
Munbai st at4. B livesof thelsaktd dufturementioneddbiovee filtrate as described below in
Example 3. 30 Exanple 3 Isolation of Munbai statin by ani on exchange 30 WO
0150736 PCT/ EPOQ 08103 Approximately 200 litres of culture broth was

har vestsed FHiferRantatibn ak ramwitiithe fdllowirglparkaetdry : cent ri fugati on. The
desired conpound Minbai statin-was f oun(%( Oég %eqoﬁsesent primarily in the
culture filtrat/®mMPRENER ture filtrated 485U ™es with 120 ny

munbai statin ) p%q@ﬁmssed over a col umgofth ed with adsorption resin (r)Ml
GEL s CHP20P (20 cm di ameter x 45 cm heigl t, content 14 litres). The colum
was el uted wi tARraligft adi ent process of 90reM 120 litres 0.1 % phosphate
buffer, pH 6.3 HfvddQmid tres 45%.i soprapyipes in water. The col um

t hrough-flow was 18 |itres/hour. The | argest anount of nunbaistatin (102
ng in 12 |itres) was present in the salt-free fraction which was el uted
with a st iy . 06 1 sopropanol in water: The io resultant
active el ﬁgttagé\%gs"%g %géaclgf%r?r%ungﬁlo E- (r) Sepharose Fast Flow filled colum
(3 litres) which had been equilibrated to pH 7.0 with phosphate buffer.

Munbai st at 4 Lot i N, i it h. Odon * .in 0.1
o6 soc um 190 FES b Bitdidndh el s GHBiEGE M0 ] 100 TOENERERGN | T 0
% phosphafeementef abngmbmﬁﬁrn%ﬂ&%snamrﬁnlmélymopyléaemgida) B antifoatre of 50 nl

cont a) Kod e yRHMaRe JF R ERanEinin sl 121'C ORISR A T 92 1 ur tner

18 ng whi céeeded WithsES [itrescof th@seed culture from Stage 2.

- The fermentation was run with the following parameters :

Temperature : 27°C (£ 0.5°C)
20 ' Agitation : 50 rpm

Aeration . 450 Ipm

Harvest time : 40-44 hours

The production of the compound was monitored by measuring the inhibition of

25 glucose-6-phosphate translocase. When fermentation was discontinued, the pH of
the culture broth was 6.0 - 7.0. The culture broth was centrifuged after harvesting
and the glucose-6-phosphate translocase inhibitor Mumbaistatin was isolated from
the culture filtrate as described below in Example 3.

30 Example3

Isolation of Mumbaistatin by anion exchange
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fractions were pooled and concentrated in vacuum The material was further
purified d&é assing through a (r)Nucleosil 100-10 C18AB colum (2.1 cm X
25 cm an 0% at pH 6.3 with a step gradient of S - rOhEPfOASRIONitrite
in 0.05 % ammoni um acetate 20 buffer. Freeze drying of the pure fractions
resul t ed Appraximately 200 liges pfjcylttee brotlswag hprvestedsand iseparatedfiom anmoni um

salt. Th ' f ' ; r ' of
Che. amonTsHTutT 24e) o pefHfiadh il el SRR MubaB BN Bipd? Df
sol ution tmttetpresehttmimamy intthe cultige fitirat®. THe cuii@dre ﬂltrater(eﬁﬂ liteestwithg1 @8O us

sol ution s_then ssed. _over 9cm
ooh ) O iR ER § WpeheRted alera Colam o WA ae SRIRIPR st Sl B

% adi e:n'lt C?PQOB@(Mmlcgématemas&mwhh eight, came:utmmmt?) THi@cé!uﬁthéﬂh lelﬂieaefs \c/iver e

m n fractiqns to a t s 0 t he rife

sol uti on W2 grafipRfprocess ‘?]—f?rS ﬁ'i@ 3 %édﬁgg 318 1@9 8 statin
30 sodi ummhéop@é;mrol frrwatee 'ﬂerddllﬂnN\'tﬂrbugh-mWWa% Whtl%%%ouﬁmféléfb@sby HPLC.
WV nmaxi ma, dissal ved i.n net hanol X 257 nm c = 19 500;

31 WO 01/apount gbmyrahaistatia (102 "'98'51%%9% waslgee%m in ms%ﬁfe%ff i9n100.

I nhi bi ti oRhigh m@is@&éé%@&éﬁ@?écﬁeﬂtroi%'t@QB%lgobfb'ﬂahﬁi inlatér Tmacr O0SOMes was
wth an s I1C50 of = nM I nhibition of mcrosomal gl ucose-6-phosphatase

in 101HM espitant gstive al@atwafypamd rougle AR aephaross Bags Fdow fillgthbai st ati n
met hyl at i Ve@hgﬁﬂ%@ m,ﬂn fnéd ngﬁugﬁiﬁddaﬁeﬁﬁgg Q%&%ﬁo@ﬁﬁ&%‘ﬂu‘?@rto Exanpl e 3

was di sso : at a pH of 2.8
with col dMumibgaistatinosaselutedio acgredism proc@&\wm 2§ % Isopropanelrin Ot % esul t ant

G o SR RS REbet BLIYD o6 A el el 2B sdprofhot e 5 51 S 1o
30 % acet pmosphatediifier @and 0.2% %MaCiHsdB-buiber. Uaine a/vﬂmm fate ofrﬁO hmlmln 108
15 fractions were collected in which fractions 72 to 74 contained 81 mg of highly
enriched mumbaistatin and fraction 75 a further 18 mg which was less pure. The
fractions were pooled and concentrated in vacuum. The material was further purified
by passing through a ®Nucieosil 100-10 C43AB column (2.1 cm x 25 cm) and eluted
at pH 6.3 with a step gradient of 5 — 35 % acetonitrite in 0.05 % ammonium acetate
20 buffer. Freeze drying of the pure fractions resulted in a total of 86 mg (73 + 13 mg )
pure mumbaistatin ammoniurm salt.

The sodium salt of mumbaistain was prepared by dissolving 40 mg of the ammonium
salt in 10 m! water (pH 6.4) and increasing the flow of the solution with sodium
25 chloride to 12 mS/cm? The resultant aqueous solution was then passed over a
®MCI GEL CHP20P column ( 1cm wide x 9cm high ). The elution results with a
water/40% acetonitrile in water gradient, the column flow was 5 ml per minute and
the fraction sizes were 10 mi. In fractions 16 to 19 the sodium salt was found and the
purifed solution had a pH of 8.5. From these fractions resulted 32 mg mumbaistatin
30 sodium salt after freeze-drying with a purity of 99%, measured by HPLC.
UV maxima, dissolved in methanol:
~ 219nm, € = 33 000;
257 nm, & = 19 500;

31



el uates were cool ed and the nunbai statin-containing fractions directly
frozen to - 40 C and | yophilised. The freeze-dried product (15 ng ) was

di ssol ved i WO¥B6ol and nethylated with 20 di azomet hanepchibRiosios
concentration in vacuumthe reaction mxture, a mxture of nore than ten
met hyl ati on products was separ at ed28y npasssF=nd9@28r (r)Li Chrosorb RP18,

10u, columm with dinensions 1 cmx4i‘g Cm%V_\_A' d%H % | ength). Acetonitrile in
water, 5 to 55 % was used as the*$6f0ti%n. % r acti ons were pool ed col d
and mai ntained wunder cold condi'tions during further processing. The
fractions were_ congcentrated in 25 vacuym Fraction. 19 . was X

munbai st at (RVBUAB S ELIFPREErRhC AR FNSIRtese, Ton, FRt WEEBIRIPSReS Wes Mith 2n

XVI I'1 A haviigg, & 51 SO IsHibitiSh Bhimiefosaffdil glik8sé6-BaitRBPRASE iif 10NMR sbitRn! O
t he conpound are shown in Table 3 above. "I nhibition of glucose-6-

t r ans| ocas eachyityawas pet demansteable.42 o 30 A compound corresponding to
formula Xl XB was obtained fromfraction 34 after concentration in vacuum
under cold conditions. Crystallographic data for the conpound are provided
in Tabl e 1 Exaovale 4There exist the diastereoners S,R R and 32 WO 01/30736

PCT/ EPOO/ Ogﬂgébﬁgagn%étggggigﬁggwnd whi ch are shown above. |nhibition of

gl ucose- 6- p C50 = > 100 NM Fraction 26 contained a
conmpount® whi ch, after storage, was the nunbaistatin s tetranethyl

derivative [ ] ng. t I - - dat a
for toi s cofbhamRanpaiftel rafledseborfing t EXRRIE SE hissbluaf fn A0 fr Wi,

hem kgat al - agoolisd (cFormam dinthidkd atGa AH ofR.8cwith avold aifhﬂrompeﬁoltacica(ff&‘m’t a
Co o so ut ey e SARBY RS sl ARte Wk paRaBRRT <edimit it x ' "
stirred at filledwitheBIRERIERMCE GEY, CHPAORII(ES anb0surhy endaiNitey usihg $gladidraf was
renoved in vacuu%ig no, nmunbai st at i n-am de tained in_the formof a

15 bei g8 pohaith THAZo 301 %catelonitis tn2-0 o d FAv Lheliow fale was: 2.5 MEanpyne

'glz gﬁtz rl Klgl i Péladtes e ddofsd BAARAS YnRbAISRRABhRGhiAd frabBforshEirectig! frd2nhnel -2
'40° C and lyophilised.

The freeze-dried product ( 15 mg ) was dissolved in methano! and methylated with

20 diazomethane. After concentration in vacuum the reaction mixture, a mixture of more
than ten methylation products was separated by passing over ®LiChrosorb RP18,
10u, column with dimensions 1 cm x 25 cm (width x length). Acetonitrile in water, 5
to 565 %, was used as the solution. The fractions were pooled cold and maintained
under cold conditions during further processing. The fractions were concentrated in

25 vacuum. Fraction 19 was mumbaistatin-mono-methylether-dimethyl ester
corresponding to formula XVIIA having a molecular weight of §90. The characteristic
NMR data for the compound are shown in Table 3 above. Inhibition of glucose-6-
translocase by a 3 uM solution: 42 %.

30 A compound corresponding to formula XIXB was obtained from fraction 34 after

concentration in vacuum under cold conditions. Crystallographic data for the
compound are provided in Table 1 above. There exist the diastereomers S,R,R and
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1 H-NWR (500 MHz, DMSO-d6): b = 7.8 (d, 1 H, 7.75 (t, 1 H,.7.35 (m 1 H),
7.25 (s, leﬁ:}im?s% (t, 1 H, 6.55(d, 1 H, 3.85 (m 1 H, 2.2-2.35 (m,
2.05 (m TIOR3 (m 1 H), 1.2-1.4 (n) ppm 20 Minbairdrtrevegass de of the
formula XXI'II A inhibites glucose-6-phosphate translocase with an IC50 = - °
1 pm Exafiph8 for the sampeunst which @re ishawai ahoxei Inhibitionosfegiucaser@phosphate

nono- et s r Q ai statin obtained from Exanple 3 was di ssol ved
in1m g%'léso'?ﬁsg P\Crf"ét hgﬁgﬁﬁweact ed with 0.1 % strength aqueous TFA and ‘
allowed to stand at room tenperature for 5 hours. The reaction product was

purified . rakd hy, [ L EX Le 3 and

after f_rgez '-é?ﬁﬁgﬁaﬁ%ﬁgt?%Sgﬁdgg{h@hsa@gnqgéﬁéd%grrg‘%ofw%i?tg‘[ ain

| act one tetrametieyl lderivativessoriespomdihg todoxshlla XIXiGe Tivel relevbiatr  Haand) FC-NMR he

conpound 544 Da (ES|- .3 1 30736 PCT/ EPOQ 08103 | NTERNATI ONAL

o octRBToR s cRnig AP biovided DG 2R 1t \iABI LI Tv STATENENT

| ssued pursuant to Rule 10.2 by the | NTERNATI ONAL DEPQCSI TARY AUTHORI TY

identifigd at, the bottomof this page 1. DEPCSI TOR | L | DENTI FI CATI ON OF THE
CROCRGERFTERe

M me: Hoechst Marion Roussel GibH Accession nunber given by

the | NTifohbBisthit-hérhiRetl-aAie @RI XXMIApddr ess: 65926 Frankfurt DSM 11641
Date of the deposit or the transfer': 1997-07-04 111. VIABILITY STATEMENT
The Jability of the microorganismidentified under |i above was tested on

19 97 - @& 1/mi céHkentrated aqueous ammonia solution was added dropwise under an argon

Ol

atmosphere at 0°C with stirring to a solution of 10 ml mumbaistatin in 1 ml methanol.
The mixture was stirred at this temperature for 2 hours and subsequently the solution
was removed in vacuum. 10 mg mumbaistatin-amide was obtained in the form of a

15 beige powder. The molecular weight (548, M + H") was determined by electron spray
mass spectrometry corresponding to the chemical formula CzsH21NO44. |
1H-NMR (500 MHz, DMSO-d6): & = 7.8 (d, 1H), 7.75 (t, 1H), 7.35 (m, 1H), 7.25 (s,
1H), 6.85 (t, 1H), 6.55 (d, 1H), 3.85 (m, 1H), 2.2-2.35 (m), 2.05 (m, 1H), 1.8 (m, 1'H),
1.2-1.4 (m) ppm.

20 :
Mumbaistatin amide of the formula XXIHA inhibites glucose-6-phosphate translocase

withan ICsp =~ 1 um

. Example 6
25  Manufacture of mumbaistatin lactone diketal mono-methyl-esters

10 mg mumbaistatin obtained from Example 3 was dissolved in 1 ml absolute
methanol, reacted with 0.1 % strength aqueous TFA and allowed to stand at room
temperature for 5 hours. The reaction product was purified by preparative

30 chromatography as described in Example 3 and after freeze-drying the active
fractions contained 7 mg of mumbaistain lactone mono methyl ester (formula XIiXA).
The molecular weight of the compound was 544 Da (ESI-MS).
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On that date, the said mcroorganismwas (X)' viable no |onger viable IV.
CONDI TI ONS UNDER WHI CH THE VI ABI LI TY TEST HAS BEEN PERFORMVED V.

| NTERNATI ONAL DEPCSI TARY AUTHORI TY Nane: DSMZ- DEUTSCHE SAVMLUNG VON

Si gnat ur e( WP %B07%fer son(s) having the power to represent PEHEF00/8103

M KROORGANI SMEN UND ZELLKULTUREN GrbH | nternati onal Depositary Authority or
of authorized official(s): Address: Mascheroder Weg |b C rgr 2~~ D 38124
Br aunschwei g Date: 1997-07-07 | MUEATEAL f¥Mdat e of original deposit or,
where a new deposit or a transfer has been made, the nost recent rel evant
date (date of the new deposit or date of the transfer). In the cases

ref err edlokehét NAHiSnlRodkael (G and (iii), refer to the nost recent
viability test. Mark with a cross the applicable box. Fill inif the

i nf or matF8A6 hexardfawrtr equested and if the results of the test were
negative. Form DSMZ-BP/9 (sole page) 0196 34 4 WD 01/30736 PCT/ EPOO 08103

| NTERNATI ONAL FORM Hoechst Marion Roussel"SABITEBYIE Frankfurt RECEIPT IN
THE CASE OF AN ORIGINAL DEPCSIT issued phi?fi,l p’;? 11§ ACmbridy the
il 0

ule
| NTERNATI ONAL DEPOSI TARY AUTHORI TY i dent iddnda@e matoron lenishg@t t om of t hi s page
1. 1 DENTI FI CATI ON OF THE M CROORGANI SM I dentification reference given by
t he PESSH-OR—AeeessHor—HRtber—gtrer—byrthe—HNFERNATHONAE—DERPSSHARY—

AUTHORL. pegositordl L 008003 DSM 11641 1L IDENTIFICATION OF THE MICROORGANISM
Name: Hoechst Marion Roussel GmbH Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
Address: 65926 Frankfurt DSM 11641 -
Date of the deposit or the transfer':
1997-07-04

N1 VIABILITY STATEMENT

The viability of the microorganism identified under It above was testedon 1997-07-04 2.
On that date, the said microorganism was

{X)* viable

{ » no longer viable

IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED'

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON Signature(s) of person(s) having the power to represent the
MIKROORGANISMEN UND ZELLKULTUREN GmbH Intemational Depositary Authority or of authorized official(s):

Address:  Mascheroder Weg 1b y C Vi / e (ﬁ
D-38124 Braunschweig -

Due: 1997-07-07

Indicate the date of original deposit or, where a new deposit or a transfer has been made, the most recent relevant date (date of the new deposit or
date of the transfer).

In the cases referred to0 in Rule 10.2(2) (ii) and (iii), refer lo the most recent viability test.

Mark with a cross the applicable box.

Fill in if thc information has been requested and if the results of the test were negative.

Form DSMZ-BP/9 (sole page)} 0196
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1. SCIENTI FI C DESCRI PTI ON ANDY OR PROPCSED TAXONOM C DESI GNATI ON The
m croorgani smidentified under L above was acconpanied by: a scientific
description (X) a proposed taxonom c designation (Mark with a cross where,
appl i cabm@013¢78¢ . RECEI PT AND ACCEPTANCE Thi s | nt er naP¢CT/ERIDAOSO}0Si t ar y
Aut hority accepts the mcroorgani smidentified under[. above, which was
received by it on 19 9 7 - 0 -”b‘EONA(Llﬁcé'%Me of the original deposit)'. IV
RECEI PT OF REQUEST FOR CONVERSI ON The m croorgani smidentified under |
above_was receivyed by this International Depositary Authority on (date of
ori gi AP Rt SEFtP %\%‘t?sglr gﬂﬁést to convert the original deposit to a
deposj udapest Treaty was received by it on (date of receipt of
requeg%gégl%%rag%ﬁggrgsi on). V. | NTERNATI ONAL DEPOSI TARY AUTHORI TY Nane:
DSMZ- DEUTSCHE SAMMLUNG VON Si gnat ur e( S RecaibT 19 @HESIASEGF AN DRIGIHALQERDSTE power t o
represent the M KROORGANI SMEN UND ZEL lisiéddbubtaiRie RileGitbibe | Nt er nat i onal
Depositary Authority or of authorized OfTERNSTIGH wwﬂdﬁm@f Maseher oder
Weg | b (~ ~/ D-38124 Braunschweig ' "' U e P997-07- 07 Wiere Rul e
6.4 (d) applies. such date is the date on which the status of international
deppsttary authority was _acquired. Form DSVZ-BP/ 4 (sole page) 0196 35 WO
01/ BOwaamEGbh bPoRMMBAdkdanmstdl ai N5 1. A conpound of the fornula | 1111111}
e 11 A M-S— Rk~ Rs——H#Rs——4—5—mhrer-etn
Identification reference given by the DEPFOSITOR: Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
HIL 008003 -

DSM 11641

1. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under L above was aocompmied by:

( ) ascientific description
(3¢) a proposcd taxonomic designation

(Mark with a cross where applicablc).

TIL. RECEIPT AND ACCEPTANCE

This International Depc;sitary Authority accepts the microorganism identified under L. above, which was received by it on 1997-07-04
(Date of the original deposit)’.

1V. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this Intemational Depositary Authority on (date of originfil deposit)
and a request to convert the original deposit to a deposit under the Budapest Treaty was received by iton  (date of receipt of request
for conversion). .

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON Signature(s) of person(s) having the power to r.epresen_t l‘he
MIKROORGANISMEN UND ZELLKULTUREN GmbH Intemational Depositary Autherity or of autharized official(s):

Address:  Mascheroder Weg 1b V : a'/ /ﬁ
D-38124 Braunschweig ”

Dae: 1997-07-07

' Where Rule 6.4 (d) applics. such date is the date on which the status of international depositary authority was acquired.

Form DSMZ-BP/4 (sole page) 0196
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R4, R5, R6 and R7 are independently H, OH, hal ogen, optionally. substituted
al kyl, aryl or acyl, X-alkyl or X-aryl, where Xis 0, NH, Nalkyl or S, K
is*a group WOWAS6ornula It or 111 below AX7 C(CH)2 por@Rebtin< R ||
IXI7 X, CHC X,R | I I z RX2 10 L is a group of the formula IV or V
below. 4 oClaknsXe ¢ C XBR3 IV e d Cyclus 15 36 WO 01/36736-—PSH-ER0OQ/ 08103

ke rerrrr 11111 1111111 INRX6e V* CL MS X4 r
and L for t oget her vvi‘*h thg? reﬁchtive carbon atons tJ 4 ’l&!, I
bound, a §roup* SPTPANG BFREFIMHATVI | or Viii below R z 6
d AU s

R7

5 wherein i
R4 R,, Rg and R; are independently H, OH, halogen, optionally substituted alkyl, aryl
or acyl, X-alkyl or X-aryl, where X is O, NH, N-alkyi or S,
K is a group of the formula If or lll below:

X
)I‘sz 'ﬁ7
CH, C X,R, I

r
A4

——C——(CH,),

" *“N—CH, =——C ~—XR,
Rx{| ’

22

10

L is a group of the formula IV or V below:

ﬁa or X, ﬁa
—C c—XR, \Y)
E [ d 5
Cyclus
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R1IX1 z VI X4 X6Rz Cd CyCIUS X3R3 3 6 Vill X4 e d RA RzZXz RA Cyclus
37 WO 01/30736 | I"I~"1 112121221222 (100 11 111 PCT/EPOO/08103 CL MS
wherein WROEIB6R3 are i ndependently a cation, H, al kyl PGVERPAHSIN3 R2 is H,,
al kyl, aryl or acyl, X1, X2, X3, X4, X5, X6 and X7 are independently n4\||_|

N-al kyl or S, and the 5 cyclus ring is, together vvith
c and ,d, an optionally Msti tut ed saturated partI ﬂ[w
aromatic, carbocyclic or @ ----- Xlic, si rrplh‘ or conde

DNPLO

with the exclusion of the c und where Kis a group of the fornula I| and
L is a group of the f &Y i n which X1, X2, X3, X4, X5, X6 and X7 are
0, R, R2 to and R3 are Hgybdsi s O—|,_R5, R6 and R7 are H and cyclus is 3,
8, di-hydroxy ant hraqui none, and the conpound where K and L formtogether a
group of the formula VI in which X1, X2, X3, X4, X5, X6 and X7 are 0, R
is -CH3, RR and R3 are H R4 is OH R5 R6 and R7 are H and cyclus is 3,

8 di- hy&ﬁ?éXd L?nrtrrp rto&é{hgm% the respectlve carbon atoms to which they are bound,
a group of the formula Vi, Vil or Vil below:

Vi

RX]

Vit

s Vil

RX, R)X, RyX; ¢ d
Cyclus
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15 and its pharmaceutically s, esters and ethers and ot her

obvi ous chem cal equivalents i ' ' [Pl soneric and tautoneric
forms and WD0L80786 t her eof i ner“Hmmm |EﬂWonpound apcdfirhiddages N Claim
1 of the formula IX 20 MNR7 Rs |X Rs®O P R wherein Mis a group of
the formula X 2WwhggeidO 0150736 PCT/ EPO0O/ 08103 L MS 11Tl - X2R2 Il CH2)2

-c: CH2 ¢ X1IR1 X, and,.N i s roup,.of the for a Xl ' 5 -X5R3 XI or Mand N
form together V\/iﬁ‘t‘?rid@%fedf‘@?ﬁl:ﬂ?- Eﬁa{']%ﬁfﬁl‘%ﬁ%, a residue of the
formul a _XII X CHR,Gs K, BlkyKlakyl ok @cythi ch i s bonded t hrough th_e C at om nar ked
&, Ols a grou.%), gf. )E;])e(.;,f)?t%laﬁd 7Ia|relcr:| e%eRr:\)’délltllyIO, l\?H,dN—%{kCyll or S, and the

5 cyclus ring is, together with the C-atoms marked ¢’ and ,d*, an optionally

'substituted saturated, partly unsaturated or aromatic, carbocyclic or
heterocyclic, simple or condensed ring system,
with the exclusion of the compound where K is a group of the formula lf and L
is a group of the formula IV in which X4, Xz, Xa, X4, X5, Xg and X; are O, Ry, Rz
10 and Rz are H, Rq is OH, Rs, Rg and Rz are H and cyclus is 3, 8, di-hydroxy
anthraquinone, and the compound where K and L form together a group of
the formula VI in which X4, Xz, X3, X4, X5, Xs and X7 are O, Ry is ~CH3;, R» and
Rj are H, R4 is OH, Rs, Rg and Ry are H and cyclus is 3, 8, di-hydroxy
anthraquinone,
15 and its pharmaceutically acceptable salts, esters and ethers and other
obvious chemical equivalents in all their sterecisomeric and tautomeric forms
and mixtures thereof in any ratio.

2. A compound as defined in claim 1 of the formula X

wherein
Mis a group of the formula X
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and 15 P is a group of the“f—efﬁul_a\wﬂé(lv or 0 and P form together
with the Catomto which th idue of the fornula XV: 39
WO 01/ 30738 #139736P00/ 08103 ,M@wﬂi Mﬂm 111 HE VI | INCTiRReslestosL. M S .
Cyclu which is bonded through ked and wherein R to R7, X1
to X7, cyclus, ¢ and d are as defined in cltaim1, 5 and its

phar rraceuti cal |y acceptable salts, esters and ethers and other obvious
chem cal equivalents in all their stereoisoneric and tautoneric forns and*
m xtures thereof in any ratio. XgR, A conp&dund as defined in claiml| of the
formula XVII1Il below 10 X5 RRd Xa_ XVI | XIRI XzRz R5, R4 6 d yClUS X3113
wherein R, to R7, X1 tocjai)z TYEeIrus, CH, —=n@ d Xdke as defined in claim1 and
its pharnaceuti caIIy accept abl e salts esters and et hers and ot her obvi ous
chem cal equivalents in all their stereoi soneric and tautoneric fornms and
15 m xtures thereof in any ratio. 4. A conpound of the fornula | as defined
inclaiml or of the formula XVI11 as

and,

N is a group of the formuia XI

5 -XsR3 X
or M and N form, together with the C atom to which they are bound, a residue
of the formula Xl

, I

¢ —CcH,—C—XR, Xil

10

which is bonded through the C atom marked ,e',
0 is a group of the formula Xl

X,R, X
[ d
Cyclu
and
15 P is a group of the formula XIV
-XsR2 XV
or O and P form, together with the C atom to which they are bound, a residue
of the formula XV:

39



defined in claim3 wherein R, R2 and R3 are al kyl. 40
11111111111111111111111 | 11111 WO 01/30736 ¢ L M S PCTI EPO0/ 08103 5. A
process f owolehgem¢ eparati on of a conpound of the fornul apCuyEroo/esa0def i ned
in claim4, conprising reacting a conmpound of the formula XVIII wherein
Rl, R2 and/or R3 are Hwith an alkylating agent, and isolating the
reaction product. 5 6. A conpou as defi ned cI aim1 or claim?2 of the

formula XI X bel ow AT Rs RIX1(R7 /&% X R4 x Xe lm“ﬂ ' " ,mmm
landdare as define its

R, RAto R7, X to X7 ,cyclus
phar maceut i cal ly accept abI e sflts?)esters and ethers and ot her o obvi ous

chemi cal equivalents in all theyalusStereoi soneric and tautomeric forns and
m xtures thereof in any ratio. 7. A conpound of the fornmula Xl X as defined
inclaim6, wherein R is alkyl and R4 is OH or alkoxy. is 8. A process
for the preparation of a conmpound as defined in claim®6, conprising
reacting a sol unhaoh iobondes throyghuthel Codtommarkednfil a XI X wherein R is H and

R4 OHwth a | at t t t. 20 9.
A process Tor (A phEisth B R RRaR g Xeorishin § AU AR AR cRirR ).
conpriskng reagid it@pﬁamﬁﬁdeuncaﬂy@fcceﬂstablecsmsLesﬂersfantl_raihéreram_cllQiheﬂ _X wher ei n
RLis Hand R 9I5vsno‘%_| chemical eac:un)éllen%s GoNPhelstdle8oREHE aRE taltSREAL tdMhs! N

reaction produc
and mixtures thereof in any ratio.

3. A compound as defined in claim 1 of the formula XVIiI below
10

Xvill

yclus X,R,
wherein R, to Ry, X1 to X7, cyclus, c and d, are as defined in claim 1 and its
pharmaceutically acceptable salts, esters and ethers and other obvious
chemical equivalents in all their sterecisomeric and tautomeric forms and

15 mixtures thereof in any ratio.

4. A compound of the formula | as defined in claim 1 or of the formula XVIII as
defined in claim 3 wherein R4, Rz and R; are alkyl.
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10. A compound of the fornu ﬁl fined in claiml or claim2 25
41 WO 01/ 30736 PCT/ EPOO/ om”ﬂlnﬁﬂn Wﬂlﬂl LEhEfE 1rrdr 11111 1l C RT
R4 *6 d4:‘ﬁ%f3”ﬁﬁ\ a O/clle b\*/\/necr ein R fo ‘RE X, to X7 Pgtlmrhmmscb?nd d
are as ined in c abov ar ut| ac gbl e
Snite. odt er hpkgbese e sRpaTRy Ot D R UG fartm Rk B SR
th?!r st1 irezi clawed| e%mpﬁsm Uéavﬁﬁglarccfrﬁ;ﬁditmbdads’fdl helfam(ﬁumewm nergifi R NRany
ratio.

XI XzR2 R7 R6ac'3éTB 5 %GOH“%@@ ﬂu'"agc?%m%sae“d%\évmaﬁ'a éSd . n%%"{’\r;"’%“aé )r?llt oR?(7
,cycles, ¢ and d are as defined in claim1, and its pharmaceutically
accept abI e salts, esters and ethers and ot her gbvj ous chem cal equival ents

in al b tBeir Arcerwousdqsdefinedin glaim bREFAIN 26f the RARUEXIXHREIME t her eof in

any ratio. is 12. A conpound as defined in claiml1l of the formula XXII
bel ow

XiX

wherein
R1, Rs to Ry, X, to X7 ,cyclus, c and d are as defined in claim 1,
and its pharmaceutically acceptable salts, esters and ethers and other
10 obvious chemical equivalents in all their sterecisomeric and tautomeric forms
and mixtures thereof in any ratio.

7. A compound of the formula XIiX as defined in claim 8, wherein R, is alky! and
R4 is OH or alkoxy.
15
8. A process for the preparation of a compound as defined in claim 6, comprising
reacting a solution of the compound of the formula XIX wherein R is H and
R4 is OH with an alkylating agent and isolating the reaction product.

20 9. A process for the preparation of a compound as defined in claim 7, comprising
reacting a solution of the compound of the formula XIX wherein Ry is H and R,

is OH in an alkyl alcohol with an acid and isolating the reaction product.

10. A compound of the formula XX below as defined in claim 1 or claim 2
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42 WD 01/30736 PCT/EP00108103 111141 I 1 &1t 1 I 1!l 1111 111101 ¢ L N'S
RIX, *R7” 4R RAX5 XXIl Rs R4 CXs d Cyclus XsRs wherein - X1 to X7,
Rl to R7 , excdigemsec and d are as defined in claim1, and »pd19EP00/08103

pharmaceutically acceptable salts, esters and ethers and other obvious 5

chenical equivalents in all their stg{eoisonmeric and tau '
m xtures thereof in any ratio. 13. A g¢onpouRd of the for Wi i
défined in claim12, wherein RL to R7Yare/ H X3:is NH a . s10% 14,

A compound as defined in claiml| R \2 of the formula Rs R X R7 }Z
s MIV R4 X4 XsR2 e 6 R4

XX

wherein
R; to Ry, Xqto X7, cyclUs, c and d are as defined in claim 1 above, and its
pharmaceutically acceptable salts, esters and ethers and other obvious

5 chemical equivalents in all their stereocisomeric and tautomeric forms and

mixtures thereof in any ratio.

11. A compound of the formula XXI below as defined in claim 1

10 wherein
R4 to Ry, X4 to X7 ,cyclus, ¢ and d are as defined in claim 1, and
its pharmaceutically acceptable salts, esters and ethers and other obvious
chemical equivalents in all their stereoisomeric and tautomeric forms and
mixtures thereof in any ratio.
15
12. A compound as defined in claim 1 of the formula XXIi below
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Cyclus X3R3 wherein 43 11111111 1221222 tEEEE treer e rrrlr W 01/30736 C L
N S PCT/ EPQ0/ 08103 R, to R7, X1 to X7 and cyclus are as defined in claim
1, and it ¥OMAPReceutical ly acceptable salts, esters aneCeEbewosisand ot her
obvi ous chem cal equivalents in all their stereoisoneric and tautoneric
forms and m xtures thereof in any ratio. 5 15. A process for the

preparation of a conmpound of the f@rnmula XVIII, XXlI rl", inged i n
claims 3, 12 or 14, respectively, dherein X3R3 is - NH , “mmmml T”m :
reacting a conpound of the fq& a X1 1, XXII or XXV weréin" X8R3*is OH
with an am de source. 10 16. broce

conpound of the formula XVII1 is puS
in any one of clains 1-4, 6, 7 and
or nore of X, to X7 are O 18. A
3, 4, 6, 7, 10-14, 17, respect'h2
asterisk has an S configuration”ar
apply. 20 19. A conpound as defi Kee
wherein cyclus is a group selected ffrom opti%ﬁally substituted phenyl,
benzyl, naphthyl, phenanthrene or 3 QUi none. 25 20. A conpound as
defined in claim 19 wherein the cycluS is omfionally substituted by one or
nore of OH, Cl-C4-al kyl, -QOCl-C3{fal kyl » ano, nitro, hal ogen,

- NH- C1- C4- al kyl, carboxy and cyaNn 21.7)A canpound as defined in claim 19
or 20 wherein the cyclus is 3, 8-‘ Cyclus

10-%,4,R7 15 respectively, wherein any one
supound] as dﬁil ned in any one of clains

0 W the carbon marked with an
lusion'in claim2l does not
naqyudne of t R&lbrecedi ng cl ai ns

wherein

Xs to X7, Ry to Ry ,cyclus, ¢ and d are as defined in claim 1, and

its pharmaceutically acceptable salts, esters and ethers and other obvious
5 chemical equivalents in all their stereéoisomeric and tautomeric forms and

mixtures thereof in any ratio.

13. A compound of the formula XXIll as defined in claim 12, wherein R, to R; are
H, X3 is NH and R, is OH.
10
14. A compound as defined in claim 1 or claim 2 of the formula

XXV

wherein
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30 dlhydroxyanthraqU|none E defined in any one of the
preceding clainms or a pharlﬂmuﬂmfmnﬂm' mpt able salt thereof for use as
a pharmaceutV@ey3073644 11111¥11°11811% 1511 11111 11 1111 YErBideatiest C L M
S PCT/ EPOO/ 0510 ceu i cal osjtion, conprising an effective
amount of a con%bt?né”' )éstgggfqr%e‘ﬁ'c”ﬁaé?\?sgngn ?%lr"hi‘ 1to 4, 6 7, 10 to
14, 17 to 22 orgmd ut@bﬁémtwwctepmmml 6sténl éndétﬁéménd éther a

pharmaceutically acceptabl e .carrier, ound as ,defined_in any
one of clains |Opdous chemizal eqyivglents in i"f‘%leﬁ' sﬁeaég"‘&"ﬁﬁéaﬁﬁ‘%ﬁ'ﬁ"&&?r

accept abl e sal taﬁ&lﬁ{”&gfesftﬁéré&ﬁ,ﬁ@@ﬂol nhi bitor of gl ucose-6-phosphate
transl ocase. | . A conpound as defined in any one of clains 1 to 4, 6,

7, 10 t6 14, 17 to 22 or a pharnaceutically acceptable salt thereof for
use in the gr eahRoleddifofirRrbpSratiti bt 4 thfpodnd of the formula XVIII, XX or

XXIV as claimed in claims 3, 12 or 14, respectively, wherein —XaR3 is =NHa,
comprising reacting a compound of the formula XVIiI, XXl or XXIV wherein
X3R3 is OH with an amide source.
10
16. A process according to claim 15 wherein the compound of the formula XV1li is
mumbaistatin.

17. A compound as defined in any one of claims 1-4, 6, 7 and 10-14,
15 respectively, wherein any one or mare of X; to X; are O.

18. A compound as defined in any one of claims 3, 4, 6, 7, 10-14, 17,
respectively, wherein the carbon marked with an asterisk has aﬁ S
configuration and the exclusion in claim 1 does not apply.

20

19. A compound as defined in any one of the preceding claims wherein cyclus is a
group selected from: optionally substituted phenyl, benzyl, naphthyi,
phenanthrene or anthraquinone.

25 20. A compound as defined in claim 19 wherein the cyclus is optionally
substituted by one or more of OH, C4-Cs-alkyl, -OC;-Cs-alkyl, amino, nitro,

halogen, -NH-C1-Cs-alkyl, carboxy and cyano.

21. A compound as defined in claim 19 or 20 wherein the cyclus is 3, 8-
30 dihydroxyanthraquinone.

22. A compound as defined in any one of the preceding claims or a
pharmaceutically acceptable salt thereof for use as a pharmaceutical.
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23. -

24,

25.

) R O -

A pharmaceutical composition, comprising an effective amount ot a compouna
as defined in any one of claims 1t04,6,7, 10to 14, 17to 22 ora

- pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier.

A compound as defined in any one of claims 1104, 6, 7, 10 to 14, 17 to 22
or a pharmaceutically acceptable salt thereof for use as an inhibitor of
glucose-6-phosphate translocase.

A compound as defined in any one of claims 1104, 6,7, 10to 14, 17 t0 22 or

a pharmaceutically acceptable salt thereof for use in the treatment of diabetes
mellitus.
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