-WD 2007/ 062874 PCT/ EP2006/ 011726 Sul fanoyl Sul fonate Prodrugs The invention
relates to sul fanoyl sulfonate prodrugs of general formula I, ~O X-S=0
O-S~ NH2 O~ X10 Drug Gruppe Z [Goup Z] (lI), a process for the production
-of these prodrugs, pharnmaceutical conpositions that contain these
conpounds, and their use for the production.of orally avail able
phar maceuti cal agents. From WD 01/91797, steroidal conpounds that are
bonded via an - SO2NRLR2 group to erythrocytes and that accunul ate there are
known. The concentration ratio of the conpounds between erythrocytes and
pl asma i s WO-2009(062874r ef erabl y 30-1000:1, so that a dRpSEFR 11336 i n t he
erythrocytes can be nentioned. Because of the strong binding of the
conmpounds to the erythrocytes, netabolization is avoided during passage
through the liver. Disadvantageously, no therapy-rel evant active ingredi ent
| evel s are given despite a reduced netabolization with the indicated
dosages. Reasons for this can gﬁﬁﬁﬁﬂgmulk&a $pES 'ukg bi nding to
eryt hrocytes, an enzyne-induced cleavage and in Tow solubilities. It is the
obj ect of the invention to provide new prodrugs that are orally avail able
and that, in conparison to the prior art, ensure a therapy-relevant active
ingredient |level even at a |ow dosage. 2

The invention relates to sulfamoyl sulfonate prodrugs of general formula I,

1!
X—‘S\ZO
Oy NH,
v o\
a0
Drug” % Gruppe Z

[GroupZ] (D),

a process for the production of these prodrugs, pharmaceutical compositions that contain
these compounds, and their use for the production of orally available pharmaceutical agents.

From WO 01/91797, steroidal compounds that are bonded via an -SO,NR'R? group
to erythrocytes and that accumulate there are known. The concentration ratio of the
compounds between erythrocytes and plasma is 10-1000:1, preferably 30-1000:1, so that a
depot formation in the erythrocytes can be mentioned. Because of the strong binding of the
compounds to the erythrocytes, metabolization is avoided during passage through the liver.
Disadvantageously, no therapy-relevant active ingredient levels are given despite a reduced
metabolization with the indicated dosages. Reasons for this can be sought in excessive
binding to erythrocytes, an enzyme-induced cleavage and in low solubilities.

It is the object of the invention to provide new prodrugs that are orally available and
that, in comparison to the prior art, ensure a therapy-relevant active ingredient level even at a

low dosage.



_This object is achieved by sul famoyl sulfonate prodrugs of general fornula
(1), in which a sulfanmoyl radical is bonded to the drug that is to be
rel eased via a spacer X by nmeans of a sulfonate bond. Sul fanmoyl sulfonate
_prodrugs of general fornmula (1) are ~O X-S=O OAS/ NH 2 Drug G uppe Z
[Goup Z] (1), in which Xis a C-iralkanediyl-, a CoF2 group with p = 1-5,
a C3.8-cycl oal kanediyl -, an arylene-, a heteroal kanediyl-, a
Cl - 4-al kanedi yl aryl -, a d a-al kanedi yl - C3. 8- cycl oal kyl - or a
C3- 8-cycl oal kanedi yl -d -4-al kyl group, and Drug is a pharmaceutical active
i ngredi ent t hatThisobjéwinechsayved bpatldaod salfordtt prpdougs,of gendraladsretlendi obs,
anti-mal ari a agents, nucl eosides, or isoflavonoids, which can optionally be
subst i t ut @ghichfgul iy PR dal SUbdnaB@tethe ARROHACS tABE RIGHs BV A shh®r NP Rleh N
bond to erythrocytes,” are readily water-soluble and are hydrolytically
cl eaved w _th assi stance fromenzynes. For the purpose of this invention,
"G__12-alQ%ﬁ§g$g$l%¢%ﬁ%" is defined as a doubl e bonded, branched or
straight-chain al kylene radical with up to 12 carbon atons that optionally
can be substi t $damayt sulfopatg prodiagsefegsngiab fgmu Xy groups, or nitrile
groups. As exanples, a nethane- 1,1 -diyl-, ethane- 1,2-diyl,
propane-1, 3-diyl-, butane- |,4-diyl-, pentane- 106-diyl-, hexane-I|,6-diyl-,
octane-1, 8-diyl-, and undecane-1, 11-diyl grup __Ope

\

Oy NH,
l‘ 0/ \\
o)
Drug” * Gruppe Z

[Group Z]  (I),
in which
X isa Cl-lz—alkanediyl-, a CpFy, group with p = 1-5, a Czg-cycloalkanediyl-, an
arylene-, a heteroalkanediyl-, a C4-alkanediylaryl-, a C;4-alkanediyl-Cs.g-
cycloalkyl- or a Cs.g-cycloalkanediyl-C; 4-alkyl group, and
Drug is a pharmaceutical active ingredient that can form a sulfonate via an OH
group, such as steroids, anti-malaria agents, nucleosides, or isoflavonoids,
which can optionally be substituted.
The sulfamoyl sulfonate compounds according to the invention bond to erythrocytes,
are readily water-soluble and are hydrolytically cleaved without assistance from enzymes.
For the purpose of this invention, “C;.j>-alkanediyl group” is defined as a double-
bonded, branched or straight-chain alkylene radical with up to 12 carbon atoms that
optionally can be substituted with, e.g., halogen atoms, hydroxy groups, or nitrile groups. As
examples, a methanc-l,l-diyl-, ethane-1,2-diyl, propane-1,3-diyl-, butane-1,4-diyl-~, pentane-
1,5-diyl-, hexane-1,6-diyl-, octane-1,8-diyl-, and undecane-1,11-diyl group can be

mentioned.



.mentioned. 3 For the purpose of this invention, CPF2r group with p = 1-51is
defined as a branched or straight-chain perfluorinated alkyl radical wth up

to 5 carbon atons. As exanples, a perfluoropropane-I|, 3-diyl-
perfluorobutane-1,4-diyl-, and perfluoropentane-1,5-diyl group can be

nmentioned. The above-nentioned "C3_3-cycl gal kanedi yl group” neans, according

to the invention, a double-bonded, nono- or bicyclic, carbocyclic group
with 3 to 8 carbon atons that optionally can be substituted with hal ogen
atons, hydroxy groups, and nitrile groups, such as, for exanple, with a
cycl obut ane- 1, 3Fetitie pmpaye:bbqhsnhmoﬂ GpRalg yloup &¥ithep e;les phefiaedas d bénched or
group. The above menti oned "aryl ene group’ neans according to the
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napht hal ene group. The heteroaryl ene radical includes, in each case, 5-16
ring atonscakt memtcaeds, instead of carbon, one or nore heteroatons that

are the sane or dlfferent, such as oxygen, nitrogen or sulfur, in the ring.

The heteroaryl Théhlsak-aainioned MONPeycldilkanediyl protipt means, kocordixngnptie, there
can be nentioned: thienyl, furanyl, pyrronI oxazolyl, thiazolyl,

i mi dazol yl mlvgﬂtﬁtgégld}ﬂ ble.ib%ﬁfféhzgﬂ&ﬁ - on ¢ eny aé@h&é chﬁﬁgcglg%ﬁ{%lto skﬁﬂbaﬁgio}&{g
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such as, for example, with a cyclobutane-1,3-diyl-, cyclopentane-1,3-diyl- or a cyclohexane-
1,4-diyl group.

The above-mentioned “arylene group” means, according to the invention, a double-
bonded, aromatic mono- to tricyclic, carbocyclic group with 6 to 15 carbon atoms that
optionally can be substituted with halogen atoms, hydroxy groups, nitrile groups, and alkyl
groups, such as, for example, with an m-phenylene-, p-phenylene-, phenanthrylene- or a
naphthalene group.

The heteroarylene radical includes, in each case, 5-16 ring atoms and contains,
instead of carbon, one or more heteroatoms that are the same or different, such as oxygen,
nitrogen or sulfur, in the ring. The heteroaryl radical can be mono-, bi- or tricyclic.

For example, there can be mentioned: thienyl, furanyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl,
benzofuranyl, benzothienyl, benzothiazole, benzoxazolyl, benzimidazolyl, indazolyl, indolyl,
isoindolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, quinolyl, and isoquinolyl.

For the purpose of the invention, a heteroalkanediyl group is a double-bonded,
straight-chain or branched, saturated or unsaturated heteroalkyl radical with, in each case, 1-6

carbon atoms and can contain, instead of carbon, one or more heteroatoms that are the same



.For the purpose of the invention, a heteroal kanediyl group is a
doubl e- bonded, straight-chain or branched, saturated or unsaturated

het er oal kyl radical with, in each case, 1-6 carbon atons and can contain,
.instead of carbon, one or nore heteroatons that are the same 4 or
different, such as oxygen, nitrogen or su4fur, such as, for exanple, a

bi s-ethyl enoxy radical. The "d -4-aryl al kanedi yl group” is an aryl group
that is bonded to a skeleton via a - C4-al kanediyl group, whereby the

al kanedi yl group can be straight-chain or branched. For exanple, benzyl or
phenet hyi eoraliffensnt sucheastaxygend nitigen ocsulfircsusheal foy pxapiple 4 Kastuispoxyr oup”
nmeans, for exanple, cycloal kyl -(CH2) - cycl oal kyl - (C2H4) -
cycloalkylnﬂﬁﬁkﬁ)-, cycloalkyl-(CﬂF&)-, or cycloalkyl-(CSHIo)-. In this
case, cycloalkyl can be cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,

gg?: gggp;gl mce)': hy cycl o&?%!kne:i&g gAro E%/é:an%% gl Eaneﬁ%ﬂﬁgf %la &E&&"Vigﬁcl-
ropyl cycl anedl 0 pe cl.oal kanedi.yl.. In

PR cave, CEpkRusm g m i e@iﬁ%ﬁ‘eﬁkwﬂafg%ﬁ%@n bgs %%Wham Bt bafdea For

cycl obut ane-1, 4- %%yll cyﬁlogfg%gne-bl 5- ?I%&l cyclohexane 1, 6-diyl,

cycl oheptafﬁ@nmel MM OppheagalysseCam ec megLign In the context of this

invention, the term "hal ogen atom' is defined as a fluorine, chlorine,

bromi ne or i odi Tike aCTORGychoalkyla ik anedilybgriong’ meand) fardxampht, oysloakydr €+ ed.
For the purpose of the invention, a pharnmaceutical active ingredient that

can form agy, M@Q@E&)V'c 1Bak Gk @mﬂpcﬁméﬂl(bﬁ{bo'olr@wleakyﬁ(fc%m@d% this

Est rogens, ‘for rad estriol, andr ogens, exanpl e

testoster Opaesé c%?can% cy%iopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or

cyclooctyl.

“C14-Alkyl-Cs.g-cycloalkanediyl group” is defined as methylcycloalkanediyl, ethyl-
cycloalkanediyl, propylcycloalkanediyl, butylcycloalkanediyl, or pentylcycloalkanediyl. In
this case, cycloalkanediyl can be cyclopropane-1,3-diyl, cyclobutane-1,4-diyl, cyclopentane-
1,5-diyl, cyclohexane-1,6-diyl, cycioheptane-lj—diyl or cyclooctane-1,8-diyl.

In the context of this invention, the term “halogen atom” is defined as a fluorine,
chlorine, bromine or iodine atom; a fluorine, chlorine, or bromine atom is preferred.

For the purpose of the invention, a pharmaceutical active ingredient that can form a
sulfonate via an OH group means the following:

Steroids: Estrogens, for example estradiol or estriol, or
androgens, for example testosterone, MENT (7a-methyl-19-
nortestosterone), eF-MENT (11-fluoro-7a-methyl-19-nortestosterone),
nandrolone, DHT (dihydrotestosterone), or
gestagens, for example norethisterone, dienogest or levonorgestrel,
or corticoids, for example cortisol

Anti-malaria agents: quinine, cinchonidine, hydroxychloroquine, primaquine, mefloquine,



.nortestosterone), eF-MENT (11-fluoro-7a-nethyl-I 9-nortestosterone),
nandr ol one, DHT (di hydrotestosterone), or gestagens, for exanple

nor et hi st erone, di enogest or |evonorgestrel, or corticoids, for exanple
.cortisol Anti-malaria agents: quinine, cinchonidine, hydroxychl oroquine,
primaqui ne, mefloquine, 5 or Nucl eosidess consisting of a sugar, such as
ri bose or deoxyribose, and a base, such as adeni ne, guani ne, cytosine,
thym ne or uracil, and al so zi dovudi ne, brivudine, indinavir, and

nel finavir; |soflavonoi ds: genisteine. Especially preferred conpounds are
specified as follows: 1) or

3-Hydroxyestra-1, 3,5(10)-trien-17(3- yl3'-su|fanny|pheny| sul fonate, 2)

3- Acet oxyesid@sided. 5( 10) -dohbieind 7l Bsughr, Suich sy Hehxenybses whd @baseesuch)
3-tert-Butyldimethylsilyloxyestra-1,3,5(10)-trien-17(3-yl 3'-sul fanoyl phenyl

sul fonate, 4) 3- HydroxyesatSLag f%gsnﬁ); ély&%s%ge( Wné’br éraﬁgnh%rgayﬂi&m%ame

sul fonate, 5) 2-Methoxy-3 stra- trien

3' - sul fanoyl phenyl sulfo e,

3, 16a- Di hydr oxyestra-1, 3, VH%HW%¥@HWEfP§%ﬂﬁ%“méuIfanDyIphenyl sul f onat e,
7) 3,17(3-Di hydroxyestra 1,3,5(10)-trien-16a-yl 3'-sul fanoyl phenyl

sul f onat e, IsofvoRoiB&inzoy| cgepisiaine- 1, 3, 5( 10) - tri en- 17(3-yl 3" - sul f amoyl phenyl
sul fonate; 9) Quinine-3'-sul famoyl phenyl sul fonate, 10)

Ci nchoni di ne- 3' - sul fanmoyl phenyl sul f onat e,

Especially preferred compounds are specified as follows:

1) 3-Hydroxyestra-1,3,5(10)-trien-17B-yl 3'-sulfamoylphenyl sulfonate,

2) 3-Acetoxyestra-1,3,5(10)-trien-17-yl 3'- sulfamoylphenyl sulfonate,

3) 3-tert-Butyldimethylsilyloxyestra-1,3,5(10)-trien-17p-yl 3'-sulfamoylphenyl
sulfonate,

4) 3-Hydroxyestra-1,3,5(10)-trien-173-yl 4'-sulfamoylphenyl sulfonate,

5) 2-Methoxy-3-hydroxyestra-1,3,5(10)-trien-17p-yl 3'-sulfamoylphenyl sulfonate,

6) 3,16a-Dihydroxyestra-1,3,5(10)-trien-17f-yl 3'-sulfamoylphenyl sulfonate,

7) 3,17B-Dihydroxyestra-1,3,5(10)-trien-16a-yl 3'-sulfamoylphenyl sulfonate,

8) 3-Benzoyloxyestra-1,3,5(10)-trien-17f-yl 3'-sulfamoylphenyl sulfonate,

9) Quinine-3'-sulfamoylphenyl sulfonate,

10) Cinchonidine-3'-sulfamoylphenyl sulfonate,

11) Zidovudine-3'-sulfamoylphenyl sulfonate,

12) 3-Oxoandrost-4-en-17p-yl 3'-sulfamoylphenyl sulfonate,

13) 3-Oxoandrostan-178-yl 3'-sulfamoylphenyl sulfonate,

14) 3-Oxo-7a-methylandrost-4-en-17f-yl 3'-sulfamoylphenyl sulfonate,

15) 3-Oxoestr-4-en-17p-yl 3'-sulfamoylphenyl sulfonate, and

16) Brivudine-3'-sulfamoylphenyl sulfonate.



.11) Zi dovudi ne-3' -sul fanoyl phenyl sul fonate, 12) 3-Oxoandrost-4-en-170-yl

3' -sul fanoyl phenyl sul fonate, 13) 3-Oxoandrostan-17(3-yl 3'-sulfanoyl phenyl
sul fonate, 14) 3-Oxo-7a-nethyl androst-4-en-170-yl 3'-sul fanoyl phenyl

.sul fonate, 15) 3-Oxoestr-4-en-17(3-yl 3'-sul fanoyl phenyl sul fonate, and 16)
Bri vudi ne-3' -sul fanoyl phenyl sul fonate. 65 The therapeutically rel evant drug
conpound is rel eased through hydrolysis fromthe conpounds according to the
invention. In-Vitro Tests: Carbonic Anhydrase Inhibition Test Principle:
Phot onetric determ nation of the inhibition of human carbonic anhydrase | or
Il by sulfonaniloetherapetichilpnd¢est drugriompotnd srejehsetddbrongh hydrbkysaifcbrothe
enzymati c conversion of nitrophenyl acetate with a color change from

col orl ess go%ﬁbﬁhapggcogﬁtg@tge iveR®od. nhi bi ti ng Val ues of Human Carbonic
Anhydrase | "CA I I nhibitor 1C50 (nM 1C50 (nM Estradiol - 3-sul famat
34 157 10.6 3- O<oandrost 4-en-17G3-yl 120 2300 3'-am nosul fonyl phenyl

sul fonat 3- Oxo- 7a- net hyl androst-4- 120 2300

In-Vitro Tests:

Carbonic Anhydrase Inhibition
Test Principle:

Photometric determination of the inhibition of human carbonic anhydrase I or II by
sulfonamides or sulfamates on microtiter plates with the aid of enzymatic conversion of

nitrophenyl acetate with a color change from colorless to yellow.

Table 1: ICsy Inhibiting Values of Human Carbonic Anhydrase I

CAll CAl
Inhibitor ICsp (nM) 1Cs (nM)
Estradiol-3-sulfamat 34 157 ¥10.6
3-Oxoandrost-4-en-174-yl 120 2300
3’-aminosulfonylphenyl-
sulfonat
3-Oxo-7a-methylandrost-4- 120 2300

en-17p-yl 3’-aminosulfonyl-
phenylisulfonat
3-Hydroxyestra-1,3,5(10)- 81 1700
trien-17p-yl 3’-aminosulfo-
nylphenylsulfonat

Zidovudinsulfonat 1100 2900
Acetazolamid 61 1200
(bekannter CA-Hemmer) 1900 Y

Literature: 1) C. Landolfi, M. Marchetti, G. Ciocci, and C. Milanese, Journal of

Pharmacological and Toxicological Methods 38, 169-172 (1997).



-en-17p-yi 3'-am nosul fonyl phen (sul fonat 3-Hydroxyestra-1,3,5(10)- 81 1700
trien-170-yl 3'-ami nosu |Ifo n (hen (sulfonat Zi dovudi nsul fonat 1100 2900
Acet azol am d 61 1200 (bekannter CA-Hemmer) 19001) Literature: 1) C
-Landol fi, M Marchetti, G G occi, and C. M| anese, Journal of

Phar macol ogi cal and Toxi col ogi cal Methody 38, 169-172 (1997). 7 [Key to
Tabl e 1:] Estradiol-3-sul famat = Estradiol -3-sul famate

3- xoandrost -4-en-17(3-yl 3'-am nosul fonyl phenyl sul fonat =

3- xoandr ost -4-en-17(3-yl 3'- am nosul fonyl phenyl sul fonate

3- Oxo- 7a- MeeniA halle bdt - 4- en- 17(3-yl 3' - ami nosul f onyl phenyl sul f onat =

3- Oxo- 7a- net hyl andr ost - 4-en-173-y13' - am nosul f onyl phenyl sul fonate

3- Hydr oxy &stradielt3-3uls{rifl)= Estradivl43-slPfayate3' - ami nosul f onyl phenyl sul f onat =

3- Hydroxyestra- 1,3,5(10)-trien-17[3-yl 3'-am nosul fonyl phenyl sul fonate

Zi dovudi n3Ltbicgaaaﬁosﬁﬂem@%disnﬁmﬁwsm@@uﬁleﬁgghﬁaﬁtaﬂj-gbx()&ﬁif@ﬁmam@%]yt?mr)

= Acet azol am de (Known Inhibitor) I't was found that the sulfanoy

the car boRtuapo v EEES Hitale cantratTon of the prodrugs Y o
3-Oxo0-7a-methylandrost-4-en-17f-yl 3'-aminosulfonylphenylsulfonat = 3-Oxo-70-
methylandrost-4-en-17p-yl 3'-aminosulfonylphenyl sulfonate
3-Hydroxyestra-1,3,5(10)-trien-17B-yl 3'-aminosulfonylphenylsulfonat = 3-Hydroxyestra-
1,3,5(10)-trien-17p-yl 3'-aminosulfonylphenyl sulfonate

Zidovudinsulfonat = Zidovudine Sulfonate

Acetazolamid (bekannter CA-Hemmer) = Acetazolamide (Known CA Inhibitor)
It was found that the sulfamoyl sulfonate prodrugs according to the invention
surprisingly readily inhibit the carbonic anhydrase II. A concentration of the prodrugs,

according to the invention, in the erythrocytes can be deduced from this.

Phyvsicochemical Data

Solubility in Water

a) Kinetic Measurement:

The compounds according to the invention were measured as 10 mmol DMSO
solution in a 0.01 M phosphate buffer solution at pH 7.4 and 25°C with nephelometry and
turbidity.

While in a turbid state, the solution to be tested was added drop by drop to the buffer

solution until a precipitate settled.



.according to the invention, in the erythrocytes can be deduced fromthis.
Physi cochem cal Data Solubility in Water a) Kinetic Measurenent: The
conmpounds according to the invention were neasured as 10 mmol DVBO sol ution
-in a 0.01 M phosphate buffer solution at pH 7.4 and 25C with nephel onetry
and turbidity. Wiile in a turbid state, ghe solution to be tested was added
drop by drop to the buffer solution until a precipitate settled. 8 The
precipitate was detected in a dilution series (conpounds in a phosphate
buffer solution according to the invention) by nephel onetry

Ther nodynani ¢ NBeuecipitate wayfetedfodrpoudidgiansesed Gcanrp@undsae@cnhasmgtet bptfane

i nvention were added to an excess of an aqueous buffer system of various pH
val ues. | tsoM#isn atdordiag td tie idventfiotly By adphebnfetryAf t er  centri fugi ng, the

sol ution was exam ned with HPLC (HPLC. columm: Xterra M5 C18 2.5 m 30 x 4.6
mm) . Two standard gradi ent systens were used based on the conpounds to be
neasured: Acidic gradient: A water/0.01%trifluoroacetic acid, B:
acetonitrilel/0. O)al}/ trifluar cetlc acid - O mn5%B, 0-3 mn 65%B, 3-5
mn 65%B, 5-6% ﬁ?r%’é}d@aw als'rlirgmﬁfnédl ent: A water/0.025% amoni a, B:
acetonitrile/0.025% ammonia - 0 mn 20%B, 0-3 mn 80%B, 3-5 mn 80%B

5-6 min 20% B. Tigisomppundsansplidéirgbiccpding to the invention were added to an excess of

an aqueous buffer system of various pH values. It was stirred for 24 hours at 25°C. After
centrifuging, the solution was examined with HPLC (HPLC: column: Xterra MS C18
2.5 pm, 30 x 4.6 mm). Two standard gradient systems were used based on the compounds to
be measured:
Acidic gradient: A: water/0.01% trifluoroacetic acid, B: acetonitrile/0.01%
trifluoroacetic acid - 0 min 5% B, 0-3 min 65% B, 3-5 min 65% B, 5-6 min 5% B
Alkaline gradient: A: water/0.025% ammonia, B: acetonitrile/0.025% ammonia - 0

min 20% B, 0-3 min 80% B, 3-5 min 80% B, 5-6 min 20% B.

Table 2: Water Selubility

Substance _ Solubility in Water
Estradiol-3-sulfamate : 0.15 mg/100 ml
Testosterone Propionate Insoluble
3-Hydroxyestra-1,3,5(10)-trien-17p-y1 3'- 3 mg/l

Sulfamoylphenyl Sulfonate

3-Oxoandrost-4-en-17p-yl 3'-Sulfamoyl- 5mg/l
phenyl Sulfonate
3-Oxo0-7a-methylandrost-4-en-178-yl 3'- About 6 mg/1

Sulfamoylphenyl Sulfonate




.Substance Solubility in Water Estradiol-3-sulfamate 0. 15 ng/ 100 m

Test osterone Propionate Insoluble 3-Hydroxyestra-1,3,5(10)-trien-173-yl 3" -
3 ng/ 1 Sul fanoyl phenyl Sul fonate 3- Oxoandrost-4-en-17j 3-yl 3'-Sul fanoyl- 5
-mg/ | phenyl Sul fonate 3- Oxo- 7a- net hyl androst-4-en-17(3-y13' - About 6 ny/l
Sul f anoyl phenyl Sul fonate 9 The conpounds according to the invention show a
hi gher solubility when conpared to sul famate- and carboxylic acid ester
prodrugs, which allows for better absorption in the intestine. Hydrolysis
The conpounds according to the invention were neasured as a DVSO solution in
an aqueous bufTlercoofpoundd ausrdig waheigwentiorBhOw T highepsmhibiilfity veltenarontpaskd

pl ace through HPLC (HPLC colum: Xterra M5 C18, 2.5 m 4.6 x 30m). Based on

the test subskanaeSarddral®xyRaGHE sker ﬁ)ﬂ@ﬂnfog@,' Whith A0o ¥k 8stitRfbr Sy6#ptieh inge used
for the HPLC. Acidic gradient: A water/0.01%trifluoroacetic acid, B:

acetonitthg%é?éﬂﬁb trifluoroacetic acid - O mn 5%B, 0-3 mn 65%B, 3-5
mn 65% B, ' 5-6 mMn 5B Alkaline gradient: A water/0.025% amoni a, B:
acetonitrile/0.025% ammonia - 0 mn 20%B, 0-3 mn 80%B, 3-5 mn 80% B,
5-6 min 20% B. The quantification took

Hydrolysis
The compounds according to the invention were measured as a DMSO solution in an
aqueous buffer of various pH values at 37°C.
The quantification took place through HPLC (HPLC column: Xterra MS C18, 2.5
um, 4.6 x 30mm). Based on the test substances to be measured, the following gradient system
was used for the HPLC:
Acidic gradient: A: water/0.01% trifluoroacetic acid, B: acetonitrile/0.01%
trifluoroacetic acid - 0 min 5% B, 0-3 min 65% B, 3-5 min 65% B, 5-6 min 5% B
Alkaline gradient: A: water/0.025% ammonia, B: acetonitrile/0.025% ammonia - 0
min 20% B, 0-3 min 80% B, 3-5 min 80% B, 5-6 min 20% B. The quantification took

place after 1 and 2 hours and after 24 hours.

Stability in Simulated Gastric Juice:
Solutions of the compounds according to the invention were incubated at 37°C in
simulated gastric juice (aqueous NaCl solution with pepsin, pH ~1.2).
- The quantification took place through HPLC (HPLC column: Xterra MS C18,
2.5 pm, 4.6 x 30mm) using the gradient system:
A: water/0.01% trifluoroacetic acid, B: acetonitrile/0.01% trifluoroacetic acid - 0 min
5% B, 0-3 min 65% B, 3-5 min 65% B, 5-6 min 5% B.

The quantification took place after 0.5, 1, 1.5 and 2 hours.



.place after 1 and 2 hours and after 24 hours. Stability in Sinulated Gastric
Jui ce: Solutions of the conpounds according to the invention were incubated
at 37Cin sinulated gastric juice (aqueous NaC solution with pepsin, pH
.-1.2). The quantification took place through HPLC (HPLC colum: Xterra M5 C
18, 2.5 .Lm 4.6 x 30mm using the gradijgnt system A water/0.01%
trifluoroacetic acid, B: acetonitrile/0.01%trifluoroacetic acid - 0 mn 5%
B, 0-3 mn 65%B, 3-5 mn 65%B, 5-6 mMn 5%B. The quantification took place
after 0.5, 1, 1.5 and 2 hours. 10 Table 3: Hydrolysis/Stability in Gastric
Jui ce Decolglide 3t HydrolpsisiStabilitylin Ga@ripPuice7. 4, 37C  Substance 30 min | It 2
h 24 hl h2h 24 h 3-Hydroxyestra-1,3,5 4 7 14 80 6 13 84
(10)-trign-17/G3-y13" - (pHF1. 2) Sul f anoyl pb@mypositiod fovat e ‘
3- xoandrijost-4-en- 3 6 11,78 6 12 75 17(3-yl 3'-Sul fanoyl - (pH=1l.2) |phenyl
Sul fonat g 3- Oxo- 7a- net hyl 611 7bﬁ3=11:l3.7¢“c andr 051-4-%]__7-/(_;‘3,-3)7'5(:

Substance 30 min 1h 2h 24 h 1h 2h 24 h

3-Hydroxyestra-1,3,5 4 7 14 80 6 13 84
(10)-trien-17B-y1 3'- | (pH=1.2)
Sulfamoylphenyl

Sulfonate

3-Oxoandrost-4-en- 3 6 11 78 6 12 75
178-yl 3'-Sulfamoyl- | (pH=1.2)

phenyl Sulfonate

3-Oxo-70-methyl- 6 11 71 6 11 70
androst-4-en-17§-yl
3'-Sulfamoylphenyl

Sulfonate

3-Oxoandrost-4-en- 0 0 -0 0 0 0 0

178-yl n-Propionate

Carboxylic acid esters are relatively stable in gastric juice (pH ~ 1) and in the
intestine (pH ~ 7.4), but are cleaved when passing through the intestine by esterases that exist
there. During passage through the stomach, however, the stable prodrug remains almost
complete.

The cleavage of the carboxylic acid ester thus takes place when passing through the

intestine and in the liver.



-3' - Sul f anoyl phenyl  Sul fonate 3-Oxoandrost-4-en- 0 0 0 0 0 0 O 17(3-yl

n- Propi onate Carboxylic acid esters are relatively stable in gastric juice
(pH- 1) and in the intestine (pH-- 7.4), but are cl eaved when passing
-through the intestine by esterases that exist there. During passage through
the stomach, however, the stable prodrugliemai ns al nost conplete. The

cl eavage of the carboxylic acid ester thus takes place when passing through
the intestine and in the liver. 11 No enzynmes (esterases) are known for
sulfonic acid It was therefore surprisin he sul fonates .are

St 11 el eaved, NPEFOBYS 4 SrRICERAP RSl SH B el SRS THSEORF SURToe
hydr ol ysi s already takes place in the gastric juice and.when the pH = 7.4,

t he sul f orthatebe hidl{anates demidk deavedbivhgrely 2 @nﬁé@i;ydrh}ng&es pacet dlfewigharsdow he

intestine. An esterase cleavage does not take place in the intestinal wall.
The fir st -passlyss hleeddyitakes Ppack iy gie dastriayaicel et shag thetphe= 74 iicsubfoastesihdve
bonded with the sul fonam de group to the erythrocytes. The conpounds of

‘general oy %glrhage SIRP YR Hoddh hOSRAYR R 4R | &meaﬁn%sﬂcerﬂégue%g%fdoeg he

meani ng of e treatnent an [or prophylaxis vari ous

clinical r t oun ener al for a ( can be

Gsed 11t DG i’%a'%fl R S D AREBRT 8 SRYET: PG iR e rone

repl acenent t herapy &% in wonen and nen, in the treat rrent of

hor nonal | ysulfeafeseredoadetswih the swianapide groum te tb%l@fdﬁlmcmseast cancer,

hypogonadi sm and in wonen (endonetriosis, breast cancer). In addition, the
The compounds of general formula (I) according to the invention can, as a function of

the meaning of “drug,” be used for the treatment and/or prophylaxis of various clinical
pictures. For example, the compounds of general formula (I) can be used if the “drug” is a
steroid, such as androgen or estrogen, in hormone replacement therapy (HRT) in women and
men, or in the treatment of hormonally-induced diseases in men (prostrate cancer, breast
cancer, hypogonadism) and in women (endometriosis, breast cancer). In addition, the
compounds of general formula (I) according to the invention, in which “drug,” for example,
stands for an androgen or estrogen, can be used for birth control in men and women.

The use of additional active ingredients mentioned for “drug,” such as quinine,
cinchonidine, hydroxychloroquine, primaquine or mefloquine, relates to the treatment of
malaria.

Compounds of general formula (I) according to the invention, in which “drug” means
a cortisol derivative, can be used for the treatment and prophylaxis of inflammatory and/or
allergic diseases that are influenced by immunosuppressive agents and/or antiproliferative
agents.

Prodrugs according to the invention, in which "drug" means a nucleoside (zidovudine,
brivudine, indinavir, nelfinavir), can be used for the treatment of viral diseases (herpes, HIV).

In addition, subjects of the invention are the pharmaceutical compositions that contain



- conmpounds of general formula (1) according to the invention, in which
"drug," for exanple, stands for an androgen or estrogen, can be used for
birth control in nmen and wonen. The use of additional active ingredients

- mentioned for "drug,"” such as quinine, cinchonidine, hydroxychl oroquine,
primaqui ne or mefloquine, relates to thejgreatnent of nmalaria. Conpounds of
general fornula (I) according to the invention, in which "drug" neans a
cortisol derivative, can be used for the treatnment and prophyl axis of
inflanmatory and/or allergic diseases that are influenced by .
nmrunos up préeeosppandgehgescrh frawladl aserling Ky the inyentioryant aptionally pddjgonal
according to the invention, in which "drug" neans a nucl eosi de (zi dovudi ne,
bri vudi ne activeding@dients, foelekamplei gejtagaarindrethiserdné, aliertogests dresgiiramnhe,of vi r al

di seases (herpes, H'V). In addition, subjects of the invention are the
phar rraceutlé\@ﬁbrg@mp%hﬁgég&%eﬁmif@ﬁ@ﬁb,rbnkgristbﬁ@ 2288 POES RN IRBGHG
formula (1) according to the invention and optionally additional ‘active

ingredient§¥%ﬁ§gmgﬁﬁl é§¥g§&§§§%%§€%%§§§hgisterone, di enogest, drospirenone,

Ievonorgeé? agens ne, onapristone) and/ or
progesterone receptaor nodul gtors (.nmesoprogestins, such as asoprisnil).
These phar macedt %ealPhaE‘Bﬁi%‘EFﬁiCBH@%HBnb%ﬂ’éE‘é‘a‘ﬁué% AgENER LS DAE ra&f)éferam y
adm nistered orally. In addition to the usual vehicles and/or diluents, they
cont ai n atdihaasteredneallyc bnmpdilitich ofthgesmt s¢hitles and/or diluehssthge cliteinmt deistugs
according to the invention can be adm nistered orally. Generally,
satisfact@5ﬁm5ﬁﬁd%ﬂgbn@mpﬁﬁﬁmﬁyﬁ,expected both for the treatnment and/or

Dosage

The prodrugs according to the invention can be administered orally.

Generally, satisfactory results are to be expected both for the treatment and/or
prophylaxis of the above-mentioned indications or for birth control if the dosage is carried
out in such a way that after the administration of the prodrugs, an amount of the
corresponding active ingredient (“drug®) is released that corresponds to the highest
pharmaceutically used maximum dose of the respective “drug” substance.

The pharmacéutical agents of the invention are produced in a known way with the
usual solid or liquid vehicles or diluents and the commonly used pharmaceutical-technical
adjuvants corresponding to the desired form of administration with a suitable dosage. The
preferred preparations are in a dispensing form that is suitable for oral administration. Such
dispensing forms are, for example, tablets, film tablets, coated tablets, capsules, pills,
powders, solutions or suspensions or else depot forms.

Corresponding tablets can be obtained by, for example, mixing the active ingredient
with known adjuvants, for example inert diluents such as dexﬁ‘ose, sugar, sorbitol, mannitol,

polyvinylpyrrolidone, explosives such as corn starch or alginic acid, binding agents such as



- prophyl axi s of the above-nentioned indications or for birth control if the
dosage is carried out in such a way that after the adm nistration of the
prodrugs, an anount of the corresponding active ingredient ("drug") is

- rel eased that corresponds to the highest pharnaceutically used maxi num dose
of the respective "drug" substance. The pharnmaceutical agents of the

i nvention are produced in a known way with the wusual solid or liquid
vehicles or diluents and the commonly used pharnaceutical -techni cal

adj uvant s correspondl to the desired formof admnistration with a

sui tabl e §BEAQE u%pw PUCH 25 IRASREUIN SHETaLE BT 1If> AN PLpents fagachesving fat
is suitable for oral adm ni stration. Such dispensing forns are, for

exanpl e, tdapdteffect, fudhmstcatbosylpplynwaidene, adrbexd mahylsellelose, pb]llhlsse aceter s,
sol utions or suspensions or else depot fornms. Corresponding tablets can be

obt ai ned Bythafa@d orpcah acBiatel Mhettile@Ch ¥Bo CHEH R BIf S&iferal Mylehs. known
adj uvants for exanple 1nert dil uents such as dextrose, sugar, sorbitol,

tol, I A
aci . bi ndi hg ?é'ef%%‘éa"%%%ﬁ L0 e ARAES LR YA Ao i Behoflee® ' M ©
e a5 CARHORIRROP SISO SEaBRpTe sty BB TG conbiR dPreeniet at o

phthal ate or polyvinyl acetate. The tablets can also consist of several
| ayers. Copalyathylpstadidene emshelas guinragilic Helcptitedivroxidy ot sugiai. Ay this eass, thahi ch
are produced analogously to the tablets, with agents that are commonly used

in tabl et shelatfbnghe,cohted tabkaspdrealso mﬂsisvbmelvwr lagtispwhereby tirtudidvaats gum
arabic, talc, titaniumoxide or sugar. In this case, the shells for the

coated ta?&%&%m&ﬁﬂx@k%ﬁmﬂﬁgﬁ%&&s&El%ﬁ%@&a| | ayers, whereby the adjuvants
menti oned above wth the tablets can be used. Solutions or suspensions with

the conpounds %fo o0 of éus{)gr{s%s%n f& %8:58&?:%5 o? general formula I according to the

invention can contain additional taste-improving agents such as saccharin, cyclamate or
sugar, as well as, e.g., flavoring substances such as vanilla or orange extract. In addition,
they can contain suspending adjuvants such as sodium carboxymethyl cellulose or
preservatives such as p-hydroxybenzoate.

The capsules that contain compounds of general formula I can be produced by, for
example, the compound(s) of general formula I being mixed with an inert vehicle such as

lactose or sorbitol and encapsulated in gelatin capsules.



-invention can contain additional taste-inproving agents such as saccharin,
cyclamate or sugar, as well as, e.g., flavoring substances such as vanilla
or orange extract. In addition, they can contain suspendi ng adjuvants such
-as sodi um car boxynmet hyl cellul ose or preservatives such as

p- hydr oxybenzoate. The capsul es that contigi n conpounds of general fornula I
can be produced by, for exanple, the conpound(s) of general formula | being
m xed with an inert vehicle such as |actose or sorbitol and encapsulated in
gelatin capsules. 14 The prodrugs according to the invention can be

synt hesi zed accBredirpédrugsacaeeding [q GRIiNGIERR AP ksSYDHirsized peaording i theér are used
for a nore detailed explanation without |imting the invention. General

Synt hesi s folistingaixampes, Waerebynthellatiteact wsed fou 4 imofd dathifedrexplaAatich €itheuti des A
di sul fonic acid chloride of general formula S02-X-SQ2C1 is dissolved under a
cover  gasjjihilind tR@8QentR}ch as, e.g., pyridine. The corresponding ambunt of a
drug substance is added to the solution. The reaction mxture is stirred
until the reaction is conpleted. Then, the reaction mxture is stirred into
a concentrated NH3 solution. The precipitate is filtered off, washed with
water and dried. The residue is extracted with an organic solvent, such as,
e,g., etHyenerabdynthesis lastgrdions c phase is washed, and it is dried with a

desi ccant such as, e.g., MSO_ After filtration, it is concentrated by
evapor ati on and chromat ographed on silica gel. Correspondi ng sul fanoyl
sul fonates are obtained. Variant 2

Variant 1

Reaction with Disulfonic Acid Chlorides

A disulfonic acid chloride of general formula SO,-X-SO,Cl is dissolved under a cover
gas in a base, such as, e.g., pyridine. The corresponding amount of a drug substance ié added
to the solution. The reaction mixture is stirred until the reaction is completed. Then, the
reaction mixture is stirred into a concentrated NHj3 solution. The precipitate is filtered off,
washed with water and dried. The residue is extracted with an organic solvent, such as, e,g.,
ethyl acetate, the organic phase is washed, and it is dried with a desiccant such as, e.g.,
MgSO,, After filtration, it is concentrated by evaporation and chromatographed on silica gel.

Corresponding sulfamoyl sulfonates are obtained.

Variant 2
Reaction with Sulfamoyl Sulfonic Acid Halides

A drug substance, as defined above, is dissolved under a cover gas in a base, such as,
e.g., pyridine, and an inert solvent, such as, e.g., chloroform. While being cooled, the
corresponding amount of a sulfamoyl sulfonic acid halide of general formula NH,SO,-X-
SO,Hal is added to the solution. The reaction mixture is stirred until the reaction is

completed. Then, water is added, and it is optionally acidified with an acid, such as, e.g., 10%



- Reaction with Sul fanmoyl Sulfonic Acid Halides A drug substance, as defined
above, is dissolved under a cover gas in a base, such as, e.g., pyridine,
and an inert solvent, such as, e.g., chloroform Wile being cooled, the

. correspondi ng anount of a sul fanoyl sulfonic acid halide of general fornula
NH2SO2- X- SC2Hal is added to the solutioms The reaction m xture is stirred
until the reaction is conpleted. Then, water is added, and it is optionally
acidified with an acid, such as, e.g., 10% 15 HCL. It is extracted with an
organi c sol vent, such as, e,g., ethyl acet ate t he organi c_phase_ is washed,
and it isHEh dbiswxeacted wehian @aganic splivt.auch as, §:2- eipd@astalas theorgania phese n, it
is concentrated by evaporation and chronmat ographed on silica gel.

Cor r espondvasheds uhd &nvoytied with haesitesit,aneh ad)ea)., MISOJ Aefter bl tratzmoitds ng

sul famoyl sul fonic acid halides or disulfonic acid chlorides are

commer ci alchycauaich |e%aﬁHrat@&iﬁmﬂechPérﬁ%§ﬁ9h&i’oﬂ7ﬁﬁ3§gﬂf O&%Bﬁ@ﬁlﬂgl”s%lfaﬁ'b?l known
to one ski I led in the art. 16 Synthesis Exanpl es Exanpl e

3-tert-But di met h ilyvloxyestra-1,3,5(10)-trien-17(3-yl13 -sulfam)yl phenyl
Sul f onate® (énaéesoafrg grﬁ”% nzenedi suI fonyl chloride is dissolved under argon
in5mM of pyridine. Then, 1

3-tert-butyl di @Fwy@woyﬂ@w@g@maﬂlsuhfowfead halidgnordisudfogic acid ghlgudes aagt er 2
hours, the reaction mxture is stirred into 25 nml of a concentrated amoni a
sol uti on. cOmmearcidlly aveilableas can be pdscest bhyomeahsaffimethedslibat and kiowwatosoneand
dried. The residue is chromatographically purified on silica gel.

3-tert - Butsyilidd ietHavaksi | yl oxyestra-1, 3,5(10)-trien-17(3-yl 3' -



-sul famoyl phenyl sulfonate is obtained. 1HNVR (DVBO-D6): 0.14 (s, 6 H,
Sime), 0.77 (s, 3 H 18-M), 0.93 (s, 9 H t.-Bu), 4.43 (t, 1 H 17-H),
7.68 (s, 2 H NH). Exanple 2

-3- Hydroxyestra-1, 3,5(10)-trien-17(3-v13' -sul f anoyl phenyl Sul fonate 300 ny
of 3-tert-butyldinethylsilyloxyestra-1,316(10)-trien-17(3-yl 3

sul f anoyl phenyl sulfonate is dissolved in 20 mM of THF. Wile being stirred,
200 nmg of tetrabutyl ammonium fluoride is added at roomtenperature. After

1 hour, 20 M of water is stirred :1(11! e'I'ih%xsubgtance is extracted with ethyl

acetate. The organic phase is wash ated NaCl solution, dried on
MpSH4, filtered, concentrated by evaporation and chromat ographed on silica
gel . 3-Hydroxyestra-1,3,5(10)-trien-17(3-yl 3'-sul fanoyl phenyl sulfonate is
obtained. 'HNWR (DVMSO-d6): 0.76 (s, 3 H 18-Me), 4.43 (t, 1 H 17-H), 7.68
(s, 2 H NH), 8.98 (s, 1H 3-OH). 1Exampierple 3

3- Oxo- 7a- net hyl estra-4-en-170-v13' - sul f anoyl phenvl Sul fonate 1.9 g of

1,3- benzer%féigéﬁhg%methgmlg)rdx%stﬂa51,ﬂisa%ﬁ?-'u\f&fhvﬁl@lﬁﬁ'-saﬁg&evipﬁe&l RluifghatfYr i di ne.

Then, 1.0 S added. After 2 hours, the reaction mxture Is stirred

into 25 m of ncentyat ed ammoni | uti.on. After 10 mnutes,, it I.S.
suctioned of f, WAEREG PTHENTony fher e da sxlubd tndep o s Sl of pyridine
chromat ographically purified on silica gel. 3-0Oxo-7a-nethylestr-4-en- 170-yl
3' - sul f anoyiesh bR ofdatertdhiyldimethypil Wpreegtra-113. MR- ronsGPesd)is addedeAftgr 23 H,
7-Me), 4.38 (t, 1 H 17-H), 5.69 (s, 1 H, 4-H),

hours, the reaction mixture is stirred into 25 ml of a concentrated ammonia solution. After 10

minutes, it is suctioned off, washed with water and dried. The residue is chromatographically
purified on silica gel. 3-tert-Butyldimethylsilyloxyestra-1,3,5(10)-trien-17-yl 3'-
sulfamoylphenyl sulfonate is obtained.

'H-NMR (DMSO-Dg): 0.14 (s, 6 H, SiMe), 0.77 (s, 3 H, 18-Me), 0.93 (s, 9 H, t.-Bu),

443 (¢, 1 H, 17-H), 7.68 (s, 2 H, NH,).

Example 2

3-Hydroxvestra-1.3.5(10)-trien-178-v1 3'-sulfamovlphenyl Sulfonate

300 mg of 3—tert-butyldimethylsilyloxyestra—1 ,3,5(10)-trien-17B-y1 3'-
sulfamoylphenyl sulfonate is dissolved in 20 ml of THF. While being stirred, 200 mg of
tetrabutyl ammonium fluoride is added at room temperature. After 1 hour, 20 ml of water is
stirred in. The substance is extracted with ethyl acetate. The organic phase is washed with
saturated NaCl solution, dried on MgSO, filtered, concentrated by evaporation and
chromatographed on silica gel. 3-Hydroxyestra-1,3,5(10)-trien-178-yl 3'-sulfamoylphenyl
sulfonate is obtained.

"H-NMR (DMSO-dg): 0.76 (s, 3 H, 18-Me), 4.43 (t, 1 H, 17-H), 7.68 (s, 2 H, NH,),

8.98 (s, 1H, 3-OH).



- 7.67 (s, 2 H NH), 7.83 - 8.28 (m 4 H HAr). Exanple 4

3- Oxo- androst-4-en-17(3-y13' -sul fanoyl phenyl Sulfonate Variant 1 2.0 g of

1, 3- benzenedi sul fonyl chloride is dissolved under argon in 5.5 m of
-pyridine. Then, 1.0 g of testosterone is added. After 2 hours, the reaction
m xture is stirred into 25 m  of concenttated amonia solution. After 10
mnutes, it is suctioned off, washed with water and dried. The residue is
chromat ographically purified on silica gel 3- Oxo- andr ost - 4-en- 170-yl

3' -sul fanoyl phenyl sul fonate is obt aiE a3r| ant 2 1.0 g of testosterone is
di ssol ved under argon in 5.5 m of py Then, 1.8 g of 3-

am nosul f onyl phenyl sul fonyl chloride is added After 2 hours, the reaction

m xture is stirred 3Oxoa/pmethylastravimgnet il fa) phenyl Sulfomss HCl . After 10
m nutes, it is suctioned off, washed 18 vvlth wat er and dried. The residue
i's chromat ogr aplyi €a&f 1,9-henzentdigdl feryl shlbtid@isgtibsolvddQader apeh 2SI md o pyridifs- vl

3' -sul fanoyl phenyl sulfonate is obtained. '"H NVR (DMSO-D6): 0.78 (s, 3 H,

(12- l\/g) " I@% (15 ggg M;E%? és'\@d}j d4A§&,2(B°m%rt§_é re%c?tlo xtée@@st(r?ed ibtohs A1 6. 7. 67

<G Ssol GRATRAES SR sol i AR: B9 nawt?afi’%a%uc *Plﬁ)‘g o Se gt o sl e

is added at OC. After 2 hours of stirring at rgomtenperature, the
dried. The residue is chromatographically puritied on silica gel. 3-Oxo-7a-methylestr-4-en-

17B-yl 3'-sulfamoylphenyl sulfonate is obtained.
"H-NMR (DMSO-Dg): 0.66 (d, 3 H, 7-Me), 4.38 (t, 1 H, 17-H), 5.69 (s, 1 H, 4-H),

7.67 (s, 2 H, NH,), 7.83 — 8.28 (m, 4 H, H-Ar).

Example 4

3-Oxo-androst-4-en-17B-vl 3'-sulfamoylphenyl Sulfonate

Variant 1

2.0 g of 1,3-benzenedisulfonyl chloride is dissolved under argon in 5.5 ml of pyridine.
Then, 1.0 g of testosterone is added. After 2 hours, the reaction mixture is stirred into 25 ml
of concentrated ammonia solution. After 10 minutes, it is suctioned off, washed with water
and dried. The residue is chromatographically purified on silica gel. 3-Oxo-androst-4-en-

17B-yl 3'-sulfamoylphenyl sulfonate is obtained.

Variant 2
1.0 g of testosterone is dissolved under argon in 5.5 ml of pyridine. Then, 1.8 g of 3-
aminosulfonylphenylsulfonyl chloride is added. After 2 hours, the reaction mixture is stirred

into 25 ml of water and acidified with 10% HCI. After 10 minutes, it is suctioned off, washed



10 mnutes of stirring, it is evaporated to the dry state and extracted
with EE. The organic phase is concentrated by evaporation and the residue
-is chromatographically purified on silica gel. Zi dovudi ne-sul fanoyl phenyl
sul fonate is obtained. 'HNVR (DVBO-D6):18.17 (s, 3 H M), 2.40 (m 2 H,
CH2), 4.00 (m 1 H CH), 4.42 (m 2 H CH2), 6.09 (m 1 H CH), 7.40 (s, 1
H CH, 7.66 (s, 2 H NH), 7.85-8.30 (3in+s, 5H 4-H, 11.35 (s, 1 H,
NH). 19 Exanple 6 C nchoni di ne-sul fanmoyl phenyl Sul fonate 2.0 g of

1, 3- benzea# water andriadnilbe residueds éﬁ@@@%’thm&@ iPuEfigd An silics gel. FOxe-
pyridine. Then, 1.0 g of cinchonidine is added at 0OC. After 2 hours of
stirring ahdrostdrehdey] 8t-sulfamdyihenyleatfonatn inobthimed i s added to 25 nl  of
concentrated amonia solution. After 10 mnutes of stirring, it is

evaporated to URENSIN(SMSCRDRAC, oI 801 a8-MELN 18R, The 1 9NGANL 34 RNASE 117S

concentrated by evaporation, and the residue’is chromatographically purified

(VB0 DBy 4. 09 (m 2, Crecri)s S804 (i Dk Sefci 7 RS ESs ol LT

NH2). 20 dains 1. Sul fanoyl Siilllefr)cmate prodrugs of general formula | -~o

Example 5

Zidovudine-sulfamovlphenyl Sulfonate

2.0 g of 1,3-benzenedisulfonyl chloride is dissolved under argon in 5.5 ml of pyridine.
Then, 1.0 g of zidovudine is added at 0°C. After 2 hours of stirring at room temperature, the
reaction mixture is added to 25 ml of concentrated ammonia solution. After 10 minutes of
stirring, it is evaporated to the dry state and extracted with EE. The organic phase is
concentrated by evaporation and the residue is chromatographically purified on silica gel.
Zidovudine-sulfamoylphenyl sulfonate is obtained.
'H-NMR (DMSO-Dg): 1.17 (s, 3 H, Me), 2.40 (m, 2 H, CH,), 4.00 (m, 1 H, CH),
4.42 (m, 2 H, CH,), 6.09 (m, 1 H, CH), 7.40 (s, 1 H, CH),
7.66 (s, 2 H, NH,), 7.85-8.30 3 m +s, 5 H, 4-H), 11.35 (s,

1 H, NH).



. X-S=0 OAS/ 62 0 " Drug O Guppe Z [Goup Z] (1) in which Xis a

G 12-al kanediyl -, a CyF2P group with p = 1-5, a C3_8-cycl oal kanediyl -, an
aryl ene-, a heteroal kanediyl -, a G 4-al kanedi yl aryl -, a Cl4-al kanedi yl - C3. 8-
. cycl oal kyl - or a C3.8-cycl oal kanedi yl -C A-al kyl group, and Drug is a

phar maceutical active ingredient that capgforma sulfonate with an OH

group, such as steroids, anti-nmalaria agents, nucl eosides, or isoflavonoids,
whi ch can optionally be substituted. 2. Sul fanoyl sul fonate prodrugs
according to claiml1, whereby Drug neans steroids, such as estrogens, for
exanpl e estradiol or estriol, or andtxgmpe6for exanple testosterone, MENT
(7a-nmethyl -19-nortestosterone), eF-MENT

(11-fl uoro-7a- net hyl -1 9- nor Cashesidateasuthmonheiiv StbfonatOHT

(di hydrotest osterone), or gestagens, for exanple norethisterone, dienogest
or | evonorgestr ri . cOl l: 41 i [ I febg;ﬁ ,
for exanple quizﬁ(l5 %8F?’?iﬁnégﬁoneiq§iulnfél?ﬁﬁygr ox;}%ﬁ%glgéq%@r%?%g? ?Wn%glﬁﬂra]oe, .
m;f oqui nefh%ﬂ, 12& g of cinchonidine is added at 0°C. After 2 hours of stirring at room temperature, the

reaction mixture is added to 25 ml of concentrated ammonia solution. After 10 minutes of
stirring, it is evaporated to the dry state and extracted with EE. The organic phase is
concentrated by evaporation, and the residue is chromatographically purified on silica gel.
Cinchonidine-sulfamoylphenyl sulfonate is obtained.

"H-NMR (DMSO-Dg): 4.99 (m, 2 H, CH=CH,), 5.94 (m, 1 H, CH=CH,),

7.58 (s, 2 H, NHy).



-nucl eosi des consi sting of a sugar, such as ribose or deoxyribose, and a
base, such as adeni ne, guani ne, cytosine, thymne or uracil, and al so

zi dovudi ne, brivudine, indinavir, nelfinavir, isoflavonoids, for exanple
.geni steine. 3. Sulfanoyl sulfonate prodrugs according to claim1, whereby X
is an arylene group. 4. Sul fanoyl sulfopate prodrugs according to claim a3,
whereby Xis a phenyl ene-, pyridylene- or thiophenylene radical that is
unsubstituted or that is substituted with a chlorine. 5. Sulfanoyl

sul fonate prodrugs according to claim3 or 4, nanely 1)

3- Hydr oxydgamas 1 3 5(10)-trien-170-yl 3'-sul fanoyl phenyl sul fonate, 2)
3-Acetoxyestra-1,3,5(10)-trien-17(3-yl 3'- sul fanoyl phenyl sulfonate, 3)
3-tert-Butyl di metSwagidyyhdfonettpradrhgS8obéch@)al foremna 170-yl 3' - sul f anoyl phenyl
sul fonate, 4) 3-Hydroxyestra-1,3,5(10)-trien-170-yl 4'-sulfanoyl phenyl

sul fonate, 5) 2-Methoxy-3-hydroxyestra-1,3,5(10)-trien-170-yl

3' -sul fanoyl phenyl sul fonate, 6) 0

3, 16(x- D hydroxyestra-1, 3,5(10)-trien-170-yl 3'-ARul fanmoyl phenyl sul fonate,
7) 3,170 -Di hydroxyestra-1, 3,5(10)-trien-1 -‘y‘l‘%?z%ul f amoyl phenyl

sul fonate, 8) 3-Benzoy|oxyestra-1,3,5@ “trienNH(O-yl 3'-sul fanoyl phenyl

sul fonate, 9) Quinine-3'-sul fanmoyl phe ul fonate, 10)
G nchoni di ne- 3" - sul f anoyl phenyl sulif teO 11)
Zi dovudi ne- 3' - sul f anoyl phenyl By&é \éte, 12) %éﬁm%%ggrost-4-en-l7o-yl

3' - sul fanoyl phenyl sul fonat e,
[Group Z] (D)

in which

X is a Cy.jp-alkanediyl-, a C,Fop group with p = 1-5, a Cyg-cycloalkanediyl-, an ,
arylene-, a heteroalkanediyl-, a C;4-alkanediylaryl-, a C;.4-alkanediyl-Cs_g-
cycloalkyl- or a Cs.g-cycloalkanediyl-C;4-alkyl group, and

Drug is a pharmaceutical active ingredient that can form a sulfonate with an OH
group, such as steroids, anti-malaria agents, nucleosides, or isoflavonoids,
which can optionally be substituted.

2. Sulfamoyl sulfonate prodrugs according to claim 1, whereby

Drug means steroids, such as estrogens, for example estradiol or estriol, or
androgens, for example testosterone, MENT (7a-methyl-19-nortestosterone),
eF-MENT (11-fluoro-7a-methyl-19-nortestosterone), nandrolone, DHT
(dihydrotestosterone), or
gestagens, for example norethisterone, dienogest or levonorgestrel,
corticoids, for example cortisol
anti-malaria agents, for example quinine, cinchonidine, hydroxychloroquine,

primaquine, mefloquine or



- 13) 3-Oxoandrostan-170-yl 3'-sul fanmoyl phenyl sul fonate, 22 14)

3- Oxo- 7a- net hyl androst-4-en-17 3-yl 3'-sul fanoyl phenyl sul fonate, 15)
3-Oxoestr-4-en-17J3-yl 3' -sul fanoyl phenyl sul fonate, and 16)

- Brivudi ne-3' -sul fanoyl phenyl sul fonate. 6. Conpounds according to one of
claims 1, 3 or 4, whereby the active ingR2edient is an anti-nmalaria agent,
such as arteether, artenether, artesunate, chloroquine, panmaqui ne,

pri maqui ne, pyretham ne, nefloquine, proguanil, cinchonidine, cinchonin,

hydr oxychl or oqui ne, maqui ne, pr.imagui ne, ri met ham ne, i ni ne r a

qui nine derivati ve,nel%a]ﬁeageassco&ﬁﬂﬁ‘ﬁ’i‘%%fqao?%’fsg%/}é?s TRASACR ecB‘é%EB?‘Faﬁ‘é‘,lagﬁﬁeni ne
di hydrobrom de, quinine dihydrochloride, quinine ethyl carbonate, quinine
formate, quinine gl wodnastasdenpei ganme, pitdsing, dalydioe ogurasilnandalslr gdovuwshinale,

qui nine salicylate or quinine sulfate. 7. Use of the conpounds according to

claim6 for the prewRrhdds, @linavipafed®idvirg attack of erythrocytes. 8.
Conmpounds according to one of clains 1 - 7, whereby the therapeutically

desired effect tak?&fﬂb@ﬁcﬁd?%ﬁe@%aﬁ@?f%en?ﬁ&{é&i ally hydrol ytic cl eavage of

the active ingredient contal e prodrug or its metabolites. 9.

Phar maceuti cal ¢ sitjon.containing at J.east .ane.c und.of general
formula | accor 81 Jiifongie p&?%fl?ﬁgacfof 5 Oa%ﬂ%bt%%ﬂrg 150 %@%&F one
additional active ingredient together with pharmaceutically conpatible

adj uvant s & or vehicl es. 10. Pharnmaceutical conposition according to claim

9, whereby the additional active ingredient is a steroidal conpound. 11.
Phar maceut i cal 4c @ngbfasiolyl anifoaeteqrodrogs dazording o cldim Whelieedhy X liea phkchylanenal

pyridylene- or thiophenylene radical that is unsubstituted or that is substituted with a
chlorine.
5. Sulfamoyl sulfonate prodrugs according to claim 3 or 4, namely
1) 3-Hydroxyestra-1,3,5(10)-trien-17B-yl 3'-sulfamoylphenyl sulfonate,
2) 3-Acetoxyestra-1,3,5(10)-trien-17B-yl 3'- sulfamoylphenyl sulfonate,
3) 3-tert-Butyldimethylsilyloxyestra-1,3,5(10)-trien-17f-yl 3'-sulfamoylphenyl
sulfonate,
4) 3-Hydroxyestra-1,3,5(10)-trien-17p-yl 4'-sulfamoylphenyl sulfonate,
5) 2-Methoxy-3-hydroxyestra-1,3.5 (1 0)-trien-17f-yl 3'-sulfamoylphenyl sulfonate,
6) 3,16a-Dihydroxyestra-1,3,5(10)-trien-17B-yl 3'-sulfamoylphenyl sulfonate,
7) 3,17p -Dihydroxyestra-1,3,5(10)-trien-16a-yl 3'-sulfamoylphenyl sulfonate,
8) 3-Benzoyloxyestra-1,3,5(10)-trien-17p-yl 3'-sulfamoylphenyl sulfonate,
9) Quinine-3'-sulfamoylphenyl sulfonate, |
10) Cinchonidine-3'-sulfamoylphenyl sulfonate,
11) Zidovudine-3'-sulfamoylphenyl sulfonate,
12) 3-Oxoandrost-4-en-17f3-yl 3'-sulfamoylphenyl sulfonate,

13) 3-Oxoandrostan-178-yl 3'-sulfamoylphenyl sulfonate,



-steroidal conpound is a gestagen, antigestagen or a progesterone receptor
nodul ator. 12. Pharmaceutical conposition according to claim1l, in which

t he included gestagens are norethisterone, dienogest, drospirenone, or

-l evonorgestrel ; antigestagens are 23 mfepristone, onapristone, and
progesteron receptor nodul ators, for exa@ple, nesoprogestins, such as
asoprisnil. 13. Use of the conpounds according to one of clains 1 to 8 for
the production of a pharmaceutical agent. 14. Use according to claim13 for

t he production of a pharmaceutical agent for, rmone repl acenment therapy.
15. Use of the lé"é)r?p@ﬁﬁﬂg'lﬁﬁtg%{aﬂﬁﬁﬁ’ét'?'ﬁn'clﬁﬁiygré 'i‘ﬂgﬂmﬁﬂﬁfeéﬁ%@f%ﬁﬁtﬂ h control .
16. Use according to claim 3 for the production of a pharnaceutical agent
for therapy and)@d-OppegiidHendi’§-ydB'-hdfammyiphiepyl sutfovatd, atidseases in men and
wonen. 17. Use according to claim 13 for the production of a pharmaceuti cal

agent for thergyyBandin-vpuhasyphedyl eaidegd.r i osi s, breast cancer, prostate
cancer or hypogonadism 18. Use according to claim13 for the production of

a pharnmaceutic f - 10 liax i 13l - can
bepposi tively iadr'lf ueﬁ%uélggég/éo?ﬁggﬁ I bi tcr?éonrrllgolf Q%ﬁgmﬁﬁeﬁ g%h%ﬁ?i?%r%dgﬁ\lﬁct y.
19. Use accor

For 1 hor Ry HAERBHS BROpIHAR) & RGIEcT AP P e SRR B PEopi GBooe,
20. Process for the production of sulfanoyl sulfonate prodrugs of general
for nul a ( IPrimaguénss Hyredhamine mxiflequingypregeatli enchniding.sirdiepdndi ng acti ve
ingredient "Drug," according to clainms 1 and 2, with a disulfonic acid
chl ori de 39ArotySBfdquine, pdrraquiss eritequoihe gpybmsethamind, quinine, or a quinine
derivative, such as quinine bisulfate, quinine carbonate, quinine dihydrobromide, quinine
dihydrochloride, quinine ethyl carbonate, quinine formate, quinine gluconate , quinine
hydroiodide, quinine hydrochloride, quinine salicylate or quinine sulfate.

7. Use of the compounds according to claim 6 for the prevention of a parasitic attack
of erythrocytes.

8. Compounds according to one of claims 1 - 7, whereby the therapeutically desired
effect takes place by release, especially hydrolytic cleavage of the active ingredient contained
in the prodrug or its metabolites.

9. Pharmaceutical composition containing at least one compound of general formula
I according to one of claims 1 to 5 and optionally at least one additional active ingrediént
together with pharmaceutically compatible adjuvants and/or vehicles.

10. Pharmaceutical composition according to claim 9, whereby the additional active
ingredient is a steroidal compound.

11. Pharmaceutical composition according to claim 10, whereby the additional
steroidal compound is a gestagen, antigestagen or a progesterone receptor modulator,

12. Pharmaceutical composition according to claim 11, in which the included

gestagens are norethisterone, dienogest, drospirenone, or levonorgestrel; antigestagens are



- subsequent treatnment with anmmonia, or by reaction of the corresponding
active ingredient "Drug," according to clains 1 and 2, with a sul fanoyl

sul fonic acid halide NH2SQ2- X-SQZCI in the presence of a base. 21. Process
- according to claim20, whereby the base is pyridine.

23

mifepristone, onapristone, and progesteron receptor modulators, for example,
mesoprogestins, such as asoprisnil.

13. Use of the compounds according to one of claims 1 to 8 for the production of a
pharmaceutical agent.

14. Use according to claim 13 for the production of a pharmaceutical agent for
hormone replacement therapy.

15. Use of the compounds according to claims 1-8 for female birth control.

16. Use according to claim13 for the production of a pharmaceutical agent for
therapy and/or prophylaxis of hormonally-induced diseases in men and women.

17. Use according to claim 13 for the production of a pharmaceutical agent for
therapy and prophylaxis of endometriosis, breast cancer, prostate cancer or hypogonadism.

18. Use according to claim 13 for the production of a pharmaceutical agent for
therapy and/or prophylaxis of diseases that can be positively influenced by the inhibition of
carbonic anhydrase activity.

19. Use according to claim 13 for the production of a pharmaceutical agent for
therapy and/or prophylaxis of inflammatory and/or allergic diseases.

20. Process for the production of sulfamoyl sulfonate prodrugs of general formula (I)
according to claim 1 by reaction of a corresponding active ingredient “Drug,” according to
claims 1 and 2, with a disulfonic acid chloride SO,-X-SO,Cl in the presence of a base, and
subsequent treatment with ammonia, or by reaction of the corresponding active ingredient
“Drug,” according to claims 1 and 2, with a sulfamoyl sulfonic acid halide NH,S0O,-X-S0O,Cl
in the presence of a base.

21. Process according to claim 20, whereby the base is pyridine.





