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A Sul fanoyl Sul fonate Prodrugs The invention relates to sul fanoyl sul fonate
prodrugs of general formula I, ~O X-S=O 11 NH2 0 O Drug Guppe Z
‘[Goup Z] (1), a process for the production of these prodrugs,

*‘pharmaceuti cal conpositions that contain these conmpounds, and their use for
the production of orally avail abl e pharnmaceutical agents. From W) 01/91797,
steroi dal conpounds that are bonded via an -SO2NR R2 group to erythrocytes
and that accunul ate there are known. The concentration ratio of the
conpounds between erythrocytes and plasma is 10-1000: 1, preferably
30-1000:1, so that a depot fOulfamodrbulienated rodyugy ocyt es can be nentioned.
Because of the strong binding of the conpounds to the erythrocytes,

nmet abol i zation is avoi ded during passage through the |iver.

D sadvant ageously, no therapy-rel evant active ingredient |evels are given

despite a red CI‘B@%veﬁﬁé@&qlitbszt%tshﬁﬁlnﬁyltshlfbﬁkﬁe ﬂﬂhﬁ%t&%eﬁ&ﬁ%ﬁﬁula Reasons for
this can be sought in excessive binding to er rocytes, an enzyme-induced

cl eavage and in low solubilities. It is the Obj ct of the invention to
provide new prodrugs that are orally availablejand that, in conparison to
the prior art, ensure a therapy-rel evant ;Xet—i—x&;=i019r edient | evel even at a

| ow dosage. Ox NH,

Drug” Gruppe Z
[GroupZ]  (I),

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 sulfamoyl sulfonate prodrugs of general formula (I), in
which a sulfamoyl radical is bonded to the drug that is to be released via a spacer X by means

of a sulfonate bond.



Thi*s obj ect is achieved by sul fanoyl sul fonate prodrugs of general formula
(I'y, in which a sulfanoyl radical is bonded to the drug that is to be
‘rel eased via a spacer X by neans of a sulfonate bond. 2 Sul f anoyl

‘sul fonate prodrugs of general formula (1) are 0 / X-s=0 O ::~ S NH O~
~0 Drug Guppe Z [Goup Z] (1), in whpch Xis a C_12-al kanediyl-, a CPF2p
group where p = 1-5, a C3.3-cycl oal kanediyl-, an arylene-, a

het er oal kanedi yl -, a Cl. 4-al kanedi ylaryl -, a Cl_4-al kanedi yl - C3. g-

cycl oal kyl - or a C3.8-cycl oal kanedi yl -Cl1. 4-al kyl group, and Drug is a

phar maceut i cafulfamexlsulferptepriodrigs of genced dompHa{ld akul f onate via an OH group,
such as steroids, anti-nmalaria agents, nucl eosides, or isoflavonoids, which
can optionally be substituted. The sul famoyl sy fonate conpounds according
to the invention bond to erythrocytes, a ;@éy wat er - sol ubl e and are
hydrol ytically cl eaved w t hout assi stoany romenzynes. For the purpose of
this invention, "Cd _12-al kanedi yl gro?s i s deNHMhed as a doubl e bonded,
branched or straight-chain al kyl ene ¢ di\gal with up to 12 carbon atons that

Drug Gruppe Z

[Group Z] (D),
in which
X is a Cj.12-alkanediyl-, a CpFy, group where p = 1-5, a C;.3-cycloalkanediyl-, an
arylene-, a heteroalkanediyl-, a Cy4-alkanediylaryl-, a C;.s-alkanediyl-Cy.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 methane-1,1-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.
For the purpose of this invention, C,F,, group with p = 1-5 is defined as a branched or

straight-chain perfluorinated alkyl radical with up to 5 carbon atoms. As examples, a



optionally can be substituted with, e.g., hal ogen atons, hydroxy groups, or
nitrile groups. As exanples, a nethane-1,1-diyl-, ethane-1,2-diyl,
‘propane-|, 3-diyl-, butane-l,4-diyl-, pentane- 1,5-diyl-, hexane-1, 6-diyl-,
‘octane-1, 8-diyl-, and undecane-1, 11-diyl group can be nentioned. For the
purpose of this invention, CpF2p group %th p = 1-5 is defined as a branched
or straight-chain perfluorinated alkyl radical with up to 5 carbon atons.
As exanples, a 3 perfluoropropane-1, 3-diyl-, perfluorobutane-1,4-diyl-, and

per fl uoropentane-1,5-djyl, gro an b ti oned. , The above-penti oned
AN At R AR e A S N s WAL
doubl e- bonded, nono- or bicyclic, carbocyclic group with 3 to 8 carbon atons
t hat opt Famkf mgntiasdbe substituted with hal ogen atons, hydroxy groups, and
nitrile groups, such as, for exanple, with a cycl obutane-I, 3-diyl-,

cycl opent ane- Th8alhvglmertionad €¢¢4-cyvdoakemedil] grodpy negiisyagrordihg tatheve- ment i oned
"aryl ene group" neans, according to the invention, a double- bonded,

aromat i CifRf@on, h AotibleMbalEE mdFRL BOBY FdlicCcAboBliMzidup QvitD3 &P8 EAbGPMoRMEONS
that optionally can be suBstituted with hal 6gen atons, hydroxy groups,

. i . y f , i t-h.
nitrile ﬁ{a?gﬁ}?ogﬁggg%rﬂ)é(ydbshﬂﬁ%%ﬁh %?g aqgms,gl&ﬁré)%wha Itllﬂ'll@grou 5 The

m phenyl ene-- ene-, phenan ene- ene gfou
het eroaryl ene radical, includes,, in e .case,. 5-16 rjng,.atons and contai ns,
nstead SHhdsr BERATEHE Wb AGFORES bt ¥ Hapenipne- L ARiMaRBY BRI RF ont |
such as oxygen, nitrogen or sulfur, in the ring. The heteroaryl radical can
be nono- LAyl geup.ri cyclic. For exanple, there can be mentioned: thienyl
furanyl, pyrrolyl, oxazolyl, thiazolyl,

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
or different, such as oxygen, nitrogen or sulfur, such as, for example, a bis-ethylenoxy

radical.



i mmdazol yl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
t hiradi azolyl, benzofuranyl, benzothienyl, benzothiazole, benzoxazolyl,
“benzi m dazol yl, indazolyl, indolyl, isoindolyl, pyridyl, pyridazinyl,
‘pyrimdinyl, pyrazinyl, triazinyl, quinolyl, and isoquinolyl. For the
pur pose of the invention, a heteroal kanédiyl group is a doubl e-bonded,
strai ght-chain or branched, saturated or unsaturated heteroal kyl radical
with, in each case, 1-6 carbon atons and can contain, instead of carbon,

het er.qat t hat,, t) iff t, h :
ot ogen or oant o SutakaigenTbPub & ! ety Bt Ry Krafa Y8 e

"Cl. 4-aryl al kanedi yl group” is an aryl group that is bonded to a skel eton
via a ClCealkanedinlsttpyn. whesehy, thoakprasiylgheupgap bsstipight-ghav pr brapchsd. For
straight-chain or branched. For exanple, benzyl or phenethyl ene can be
ment i oneedxanfile, Be@3ylgr phedeatinlléne caCbe memkikpark di ylI  group” neans, for exanple,
cycl oal kyl -(CH2)-, cycloal kyl -(C2H4) -, cycl oal kyl - (C3H6) -,

cycl oal kyl - ( C4h5Y€, 5-O¥cléalie1 Ay Kilkare@Hi@lp” mebnd, brSexa@pre cydyakAaIOH)-, can be
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or

cycl ooct Yl 1oa1h: A K Ydve . a K%% I KOUR". 1 f i a :
nethylcyc(%%?ﬁéééaﬁ?Pfgggﬁ$§I8%%%?6%% aﬁgﬂ¥§¥§9g?g5 ?@?g Jggggﬂé?P}1§
but yl cycl oal kanedi yl r ntyl cycl pal kanedj yl. I n this case
oye! oal kEedoAh et bE RS RERRus T plobeisyl Puribeds o5 clabentyhor
cycl opentane- 1,5-diyl, cyclohexane-1,6-diyl, cycloheptane-1,7-diyl or
cycloocaﬁﬁﬂqqﬂﬂdiyl. In the context of this invention, the term "hal ogen
atont is defined as a fluorine, <chlorine, brom ne or iodine atom
preferably a fCugAilydC;ghlyoloalkanediyl doowptiisdefiriedras nfetipyleyddeadleankediyhletlgtt | ve
ingredient that can forma sulfonate via an OH group neans,
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, cycloheptane-1,7-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, preferably a fluorine, 'chlorine, or bromine atom.
A pharmaceutical active ingredient that can form a sulfonate via an OH group means,
for the purpose of the invention, the following:
Steroids: Estrogens, for example estradiol or estriol, or
androgens, for example testosterone, MENT (7 a-methyl-19-
nortestosterone), eF-MENT (11-fluoro-7 a-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;

or



for the purpose of the invention, the follow ng: Steroids: Estrogens, for
exanpl e estradiol or estriol, or androgens, for exanple testosterone, MENT
(7 a-nethyl- 19- nortestosterone), eF-MENT (11-fluoro-7

‘a- met hyl - 19- nort est ost erone), nandrol one, DHT (di hydrotestosterone), or
gestagens, for exanple norethisterone, dienogest or |evonorgestrel, or
corticoids, for exanple cortisol Anti-nmalaria agents: quinine, cinchonidine,
hydr oxychl or oqui ne, primaqui ne, mefloquine; or 5 Nucleosides: consisting
of a sugar, such as ribose or deoxyribose, and a base, such as adenine,
guani ne, Newleesifere, t hynicorsisimg of asigar, sl aaribeseArdisoxiditose. ang aibasa sl

i ndinavir, and nelfinavir; Isoflavonoids: genisteine. Especially preferred
conpounds are speci fi edasasddnidd, gumine] Fytosine, thymine or uracil, and also zidovudine,

3- hydroxyestra-1, 3,5(10)-trien-1743-yl 3'-sul fanoyl phenyl sulfonate, 2)

3-acet oxyestra- 1, 3, 5( 10brilhdig8 -iddifsvid land nelfisi¥it.anoyl phenyl sul fonate, 3)
3-tert-buty|dinethylsiIyIoxyestra-1,§,5(10)-trien-1743-yl 3' - sul fanoyl phenyl

sul f onat - hydr oxyest.ta-1, 3, 5(10)-trien-17(3-yl 4'-sul fanoyl phenyl
suIfonat%?ﬂé%mggﬂ%thoxyggéﬁég%bxyestra-l,3,5(10)-trien-17(3-yl

3' - sul fanoyl phenyl sul fonate, 6)

3, 16x-di hydroxyestra-1, 3,5(10)-trien-17(3-y13' -sul fanoyl phenyl sul fonate, 7)

3,170 -di hydroxyestra-1,3,5(10)-trien-16a-yl 3'-sulfanoyl phenyl sulfonate,
Especially preferred compounds are specified as follows:

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

2) 3-acetoxyestra-1,3,5(10)-trien-17p-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-17B-yl 4'-sulfamoylphenyl sulfonate,

5) 2-methoxy-3-hydroxyestra-1,3,5(10)-trien-17B-yl 3'-sulfamoylphenyl sulfonate,
6) 3,16a-dihydroxyestra-1,3,5(10)-trien-17-yl 3'-sulfamoylphenyl sulfonate,
7) 3,17 -dihydroxyestra-1,3,5(10)-trien-16a-yl 3'-sulfamoylphenyl sulfonate,
8) 3-benzoyloxyestra-1,3,5(10)-trien-17B-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-17pB-yl 3'-sulfamoylphenyl sulfonate,

14) 3-oxo-7a-methylandrost-4-en-17p-yl 3'-sulfamoylphenyl sulfonate,

15) 3-oxoestr-4-en-17B-yl 3'-sulfamoylphenyl sulfonate, and

16) brivudine-3'-sulfamoylphenyl sulfonate.



8) '3-benzoyl oxyestra-1, 3,5(10)-trien-1743-yl 3'-sul fanoyl phenyl sul fonate,

9) ‘qui ni ne- 3" -sul fanoyl phenyl sul fonate, 10) ci nchoni di ne-3'-sul fanoyl phenyl
‘sul fonate, 11) zidovudi ne-3'-sul fanmoyl phenyl sul fonate, 12)
‘3-oxoandrost-4-en-1743-yl 3' -sul fanoyl phenyl sul fonate, 13)

3-oxoandrost an-1743-yl 3'-sul fanmoyl phengl sul fonate, 14)

3- 0x0- 7a- net hyl andr ost - 4-en- 1743-y13' - sul f anoyl phenyl sul fonate, 15)
3-oxoestr-4-en-1743- yI 3' -sul fanoyl phenyl sul fonate, and 16)

bri vudi ne-3' | f anoy yl. sulfonate. 6 _The therapeu I rel evant drug
conpound is ri &PCP W@ddﬂeﬁwﬂﬁf%@n@oﬁl%hﬂeﬁéwd&gﬁ;ﬁﬁh grog@b“‘oﬁ“&ﬂl M to the
invention. In-Vitro Tests: Carbonic Anhydrase Inhibition Test Principle:
Phot orret e¢mpetide pedonding émthgfintaméion.nhi bi ti on of human carboni ¢ anhydrase | or
Il with sulfonam des or sulfanates on microtiter plates with the aid of
enzymati c conversion of nitrophenyl acetate with a color change from
colorless to yellow Table 1: 1C50 Inhibiting Values of Human Carbonic
Anhydr asg, viaedsts: CAl - Inhibitor 1Csn (nM 1C50 (nM Estradiol - 3-sul famat
34 157 10.6 3-Oxoandrost-4-en-170-yl 120 2300

Carbonic Anhydrase Inhibition
Test Principle:

Photometric determination of the inhibition of human carbonic anhydrase I or II with
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: ICs) Inhibiting Values of Human Carbonic Anhydrase I

CAIll CAl
Inhibitor ICs0 (NM) ICso (NM)
Estradiol-3-sulfamat 34 157 +10.6
3-Oxoandrost-4-en-17p-yl 120 2300
3’-aminosulfonylphenyi-
sulfonat
3-Oxo-7a-methylandrost-4- 120 2300

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

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

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

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

[Key to Table 1:]

Estradiol-3-sulfamat = Estradiol-3-sulfamate



3' -'am nosul f onyl phenyl sul fonat 3-Oxo-7a-nethyl androst-4- 120 2300
en-170-yl 3'-am nos u | fonyl hen (sul fonat 3-Hydroxyestra-1,3,5(10)- 81
"1700 trien-17 f3-yl 3'-aminosulfo n | hen (sulfonat Zi dovudi nsul fonat 1100
'2900 Acetazolamd 61 1200 (bekannter CA-Hermmer) 19001) Literature: 1) C
Landolfi, M Marchetti, G G occi, and T M| anese, Journal of

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

3- Oxoandrgst -4-en- 17(3-yl . 3! - am nqsul f I nyl sul fonat, = ,
3- moandééz’i"-aﬁ@r«Qﬁt:‘iﬁ@? §1yl§"4m§’8ﬁ‘ﬁ§mﬁg}%}ﬁ‘§$ f Fondreandrost-4-en-17p-yl 3
3- Oxo- 7a- net hyl andr ost-4-en-17G3-yl 3' -am nosul f anoyl phenyl sul fonat =
3- Oxo- 7asulfamdyjpheark wéfonafeen- 17(3-yl 3' - ami nosul f anoyl phenyl sul fonat e
3- Hydroxyestra-1, 3,5(10)-trien-17 3-yl 3'-am nosul fonyl phenyl sul fonat =
3- Hydr ox $e3ta-2e-miktl8] &{dieEt -4t en- Erp-H/D-aplin@ufamoylpbenyl smhfph e 3yxosTd-f onat e
Zi dovudi nsul fonat = Zi dovudi ne Sul fonate

methylandrost-4-en-17f3-yl 3'-aminosulfamoylphenyl sulfonate

3-Hydroxyestra-1,3,5(10)-trien-17B-yl 3'-aminosulfonylphenylsulfonat = 3-Hydroxyestra-

1,3,5(10)-trien-17B-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.

Physicochemical 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.

The precipitate was detected in a dilution series (compounds in a phosphate buffer

solution according to the invention) by nephelometry.



Acet azol am d (bekannter CA-Hemmer) = Acetazol am de (Known CA Inhibitor) It
was found that the sul fanoyl sulfonate prodrugs according to the invention
surprisingly readily inhibit the carbonic anhydrase It. A concentration of
‘the prodrugs, according to the invention, in the erythrocytes can be
deduced fromthis. Physicochem cal Dat& Solubility in Water a) Kinetic
Measur enment: The conpounds according to the invention were neasured as 10
nmol DMSO solution in a 0.01 M phosphate buffer solution at pH 7.4 and 25C
with nephelongérﬁ_and tu&%&%it . ilein aturbid state, the solution to
be tested wasPaddsdneapm PPt he buffer solution until a precipitate
settled. The precipitate was detected in a dilution series (conmpounds in a
phosphat e buf B¢ compeunds i sl idclormiapeprding to thejinyaaton sy sdeddppepxeetoly. 11 8
b.) Thernodynam c Measurenent: The conpounds in solid formaccording to the
i nvent i oan agueeunbdéa systemrnferdesspldivaluen ltawarewimsd 24fHoars & 2§t@mMfdr vari ous pH
values. It was stirred 24 hours at 25C. After centrifuging, the solution

was exantafdfisidd tHdRblutiohFkds exs@lneaWitHRL € FHVBECH SludndXtdita ME x182.6 M) .

Two standard gradi ent systens were used based on the conpounds to be

nmeasur ed; hdi dirent . A 9 i cet i I :
eoton t Plrrﬁgp %%619\{%5 R starfdard R hREA Ry im¥neld ddeH RLQRGH the cBGibGundS1o 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 Solubility

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

sulfamoylphenyl Sulfonate

3-Oxoandrost-4-en-17B-yl 3'-sulfamoyl- 5 mg/l

phenyl Sulfonate

3-Oxo-7a-methylandrost-4-en-17p-yl 3'- ' About 6 mg/l

sulfamoylphenyl Sulfonate




trifluoroacetic acid - O mn 5%B, 0-3 mn 65%B, 3-5 mn 65%B, 5-6 mMmn 5%
B *Alkaline gradient: A water/0.025% anmoni a, B: acetonitrile/0.025%
"anmonia - 0 mn 20%B, 0-3 min 80%B, 3-5 mMn 80%B, 5-6 mn 20% B. Table
*2: Water Solubility Substance Solubility in Water Estradiol-3-sulfanate
0.15 ng/ 100 m  Testosterone Propionategl nsol ubl e

3-Hydroxyestra-1, 3,5(10)-trien-17(3-y13'- 3 ng/1 sul fanoyl phenyl Sul fonate
3- xoandr ost - 4-en-170-yl 3' -sul fam)yl 5 nmg/1 phenyl Sul fonate

3- Oxo- 7a- et hyl andr ost - 4- en- 17( 3- - .About / sul.f anpyl phenyl

Sul fonate 9 h%C%awsiﬁa%coa@egMﬁrﬁgn‘teaﬂ%éhqwbrrg%w%bw‘a hey; Gopared
solubility when conpared to sul famate- and carboxylic acid ester prodrugs,
whi ch al tcossdfamate- brd taboxiisacpt déstan prodragse whichtadlowss fer. betigdalmoygios in THee
conpounds according to the invention were nmeasured as a DMSO sol ution in an
aqueous kdstiae. of various pH values at 37C. The quantification took place

t hrough HPLC (HPLC columm: Xterra M5 C 18 2.5 m 4.6 x 30mm. Based on the
test substances to be neasured, the follow ng gradi ent systemwas used for
t he HPLC:

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 pm
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.



Acidi c gradient:
trifluoroacetic acid -

‘B Al kal
‘anmoni a
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i nventi on were i ncubated at 37C in

A: water/0.01%rifluoroacetic acid, B: acetonitrile/0.01%
Omnb5%B, 0-3 mMmn 65%B, 3-5 mn 65%B, 5-6 Mn 5%
ine gradient: A water/0.025% anmoni a, B: acetonitrile/0.025%

O mn 20%B, 0-3 mn 80%B, 3-5mn 80%B, 5-6 mn 20% B. The
cation took place after 1 and B hours and after 24 hours. Stability
ated Gastric Juice: Solutions of the conpounds according to the
sinmul ated gastric juice (aqueous Nad

solution_wth psin, . pH1.2). The quantification took place through HPLC
(HPLC-colm:ﬁﬁ&%‘frt"ys@s@‘lmﬂ§aﬁ$”°4‘!‘6°‘3< 30nm) using the gradient system
A water/l0.01 %trifluoroacetic acid, B: acetonitrile/0.01 %trifluproacetic
acid - O min 5%B, 0-3nmin 65%B, 3-5DvcompssitiBn iB%6 nin 5% B. The
guantifijcati on took place after 0.5, 1, 1.5 and 2 hours. 10 Table 8:
Hydrol ygi s/ Stability in Gastric gHi=<g 3econpositipn i pH% pi4-37¢7C PH
7.4,371C Substance 30 nin 1 h 2 h 24 hl h 2 h 24 h 3-Hydroxyestra-1,3,5 4
7 14 80|6 13gffstahéd) -t rIR-I7TI N T GRFEL 2, SO { oy phenys, sul fonat e
3-O<oandrost-4-seﬁ- 3 6 11%% J.2§j7h§ e 24h 11 VZH Z4n

3-Hydroxyestra-1,3,5 4 7 14 80 6 13 84

(10)-trien-17p-y1 3'- | (pH=1.2)

sulfamoyl-phenyl

sulfonate

3-Oxoandrost-4-en- 3 6 11 78 6 12 75

17B-yl 3'-sulfamoyl- | (pH=1.2)

phenyl sulfonate

3-Oxo-7a-methyl- 6 11 71 6 11 70

androst-4-en-17f-yl

3'-sulfamoylphenyl

sulfonate

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

17B-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.



17(3-yl 3" -sul fanoyl - (pH=1. 2) phenyl sulfonate 3-Oxo-7a-nethyl- 6 11 71 6 11
70" androst-4-en-17(3-yl 3'-sul fanoyl phenyl sul fonate 3- Oxoandrost-4-en- O
0000O0O0 170-yl n-propionate 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 intestlilne by esterases that exist there.
Duri ng passage through the stonmach, however, the stable prodrug renains

al most  conpl ete. The cl eavage of the car boxylic acid ester t hus takes pl ace

when passi ng rou t estlne | i ver enz
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that the sulfonates are still cleaved, V\/nereby a sinple hydrolysis takes
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and when the pH = 7.4, the sulfonates have adequate stability to pass

t hr ough hidrobsi mhediﬂyanaklestmecei intiesgastiie. juide ard vaecade pH eavAdiee sidlaatenbdvet ake
place in the intestine wall. The first-pass effect in the liver is avoided
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erythrocytes. The conpounds of general fornula (I) according to the
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sulfonates are bonded with the sulfonamide group to the erythrocytes.

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
cahcer, 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



pi ctures. For exanple, the conpounds of general fornula (1) can be used if
the "drug" is a steroid, such as androgen or estrogen, in hornone

repl acenent therapy (HRT) in wonen and nen, or in the treatnent of
"hornonal | y-i nduced di seases in nen (prostrate cancer, breast cancer,
hypogonadi sm and in wonen (endonetri osli2s, breast cancer). In addition, the
conpounds of general fornmula (1) according to the invention, in which
"drug," for exanple, stands for an androgen or estrogen, can be used for
birth control in and men he use of additiopnal .act.ive ingredients
ment | one S GPoRR G eBtTeheRE o DRI Omedp HaHB RN PHP Y RGB! ne,
pri maqui ne or nefloquine, relates to the treatnment of nmalaria. Conpounds of
gener al heieungredieyts sloe examplg seagene (nanetbistarens, dienogdst, drospieR@e, means a
cortisol derivative, can be used for the treatnent and prophyl axis of

i nf | ammalavoyorgedifet); antidektap@isqnifepastons ohlaistaregandibl perpestdrday receptor

i nmunosuppressi ve agents and/or antiproliferative agents. Prodrugs

accor di nendd@latd?§ (thévopRige@ihs, suith'Woh&dprisgillg” neans a nucl eosi de (zi dovudi ne,
brivudi ne, indinavir, nelfinavir), can be used for the treatnent of viral

di seases (her . L j i i re the
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formul a . accor di 0 fhe inventio nd optionall ditional = active

i ngr edi e%@%}m%t%fﬁd 85@2%%&5&&@4@ élilrsusclﬁﬁv%quqsanéé% ABuery. dhigrreatain 8 ga Phnone,
| evonorgestrel ), antigestagens (mfepristone, onapristone) and/or

pr ogest ecempoundodigeneral fepuladt or s (mesoprogestins, such as asoprisnil).
These pharnaceuti cal conpositions and pharmaceutical agents are preferably

adm nistered orally. In addition to the usual vehicles and/or diluents, they
contain at |east one

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 pharmaceutical 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 dextrose, sugar, sorbitol, mannitol,

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



conmpound of general fornula |I. Dosage The prodrugs according to the

i nvention can be admnistered orally. GCenerally, satisfactory results are
‘'to be expected both for the treatnment and/or prophylaxis of the
~above-nmentioned indications or for birth control if the dosage is carried
out in such a way that after the admnilgtrati on of the prodrugs, an anount
of the corresponding active ingredient ("drug") is released that
corresponds to the highest pharmaceutically used maxi num dose of the

respective "dru bstance. The pharpaceuti cal agents of the invention are
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and the commonly used pharnmaceuti cal -t echni cal adjuvants corresponding to
the desi depdt £Beah svkh asipdrhoxstpelymethyleing.reasbospiimethylectulosy ecllathes acptatsf er r ed
preparations are in a dispensing formthat is suitable for oral
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starch or gelatin, lubricants such as ne5|un1stearate or alc nd/ or
agents fBgl %ﬁfpéwh@o% orébg » §41R @EAdIC, ﬁltaagme&%mmswry @w@%&e

car boxyl net hyl cellul ose, cellul ose acetate phthalate or polyvinyl acetate.
The t abl shtedls fenthatetedohktsstanafsosensstalf st ayadsyerCodeeadytthbhditreantsan
accordingly be produced by coating cores, which are produced analogously to

t he t abl glegtionddtaBoageith $hd fabletsavat be@senl y used in tabl et coatings, for
exanpl e,

Solutions or suspensions with the compounds of 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.

The prodrugs according to the invention can be synthesized according to the

following examples, whereby the latter are used for a more detailed explanation without

limiting the invention.



pol yvi nyl pyrrolidone or shellac, gumarabic, talc, titanium oxide or sugar.
In‘this case, the shells for the coated tablets can also consist of severa
layers, whereby the adjuvants nentioned above with the tablets can be used.
‘Sol utions or suspensions with the conpounds of general fornmula | according
to the invention can contain additional4 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

adj uvant sg&ﬁ as, sodi um car boxynmet hyl cellul ose or preservatives such as
p-hydrox?ﬁ@ SyBthepi§ Insruetionss” { hat “contai n conpounds of general formula |
can be produced by, for exanple, the conpound(s) of general fornula (I)
being m xed with an inert vehicle such as |actose or sorbitol and

encapsul ated in gelatin capsules. The prodrugs according to the invention
can be sYatinesl zed according to the follow ng exanples, whereby the latter
are used for a nore detailed explanation without I|imting the invention. 14

Gener al RyadaaSiith DRalfbaie AN hidaide@nt 1 Reaction with Disul fonic Acid
Chl orides A disulfonic acid chloride of general fornula SO2-X-SQ2CL is

ci 50l ved undgl o BRYEfoig SBLOoPRBF rAENS AR S0 fris UYL oo M

correspondi ng anount o ance 1s ad € S0 Ion. e
reaction mxtuyre is stirred uHIiI t he reactjion is conppleted, Then, &ﬂﬁ

react i on&H RAHaEe: SUChs, pee @YNAMS: ThoEHIEERANIMEA Y 05 (g Whstangsds a
precipitate is filtered off, washed with water and dried. The residue is
ext r act etp the selution.drhgapdctios ahiveme is stired unigl the regetion is completed. Then, the
reaction mixture is stirred into a concentrated NHj 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.,

MgSOy, 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%
HCI. It 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.



et hyl acetate, the organic phase is washed, and it is dried with a desiccant
such as, e.g., MSO, After filtration, it is concentrated by evaporation
and chromat ographed on silica gel. Correspondi ng sul famoyl sul fonates are
‘obt ai ned. Variant 2 Reaction with Sul fanoyl 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 cool ed, the corresponding amount of a sulfanDyI sul fonic acid halide

of general fo | a NH2SO2- X- . SO2Hal .i S Iut| The reaction
M xture is st P EaTHORIoE AU S G B0 B 2‘&?“??%&"3\/@4%}‘16 & Beadded,
and it is optignally acidified wwth an acid, such ., 10% HC. It is
ext r act eqomercidlly Biagable or s81 beeproduceddry meshods that, ar%kmfwn @dmeeﬁkéledtmuéleor gani ¢
phase is washed, and it is dried with a desiccant, such as, e.g., MySO.
After filttration, it is concentrated by evaporation and chronatographed on
silica gel. Correspondi ng sul fanoyl sulfonates are obtained. 15 The
correspondi ng sul famoyl sulfonic acid halides or disulfonic acid chlorides
are comrercially avail able or can be produced by nethods that are known to

one skilled in the art. Synthesig%ﬁggg?%géu%§$anple 1
3-tert-Butyl di nethylsilyloxyestra-1I,3; en-17R-yl 3'-sul f anoyl phenyl
Sul fonate 1.9 g of 1, 3-benzenedi sul fonyl chloride is dissolved under argon

in5mM of pyridine. Then, 1.0 g of
3-tert-butyl dinethylsilyloxyestra-1,3,5(10)-trien-17(3-0l is added. After 2
Example 1

3-tert-Butyldimethylsilyloxyestra-1.3.5(10)-trien-178-yl 3'-sulfamoylphenyl Sulfonate

1.9 g of 1,3-benzenedisulfonyl chloride is dissolved under argon in 5 ml of pyridine.
Then, 1.0 g of 3-tert-butyldimethylsilyloxyestra-1,3,5(10)-trien-17p-ol is added. After 2
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-17p3-yl 3'-
sulfamoylphenyl sulfonate is obtained.

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

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

Example 2

3-Hvdroxye stra-1.3.5(10)-trien-17B-yl 3'-sulfamoylphenyl Sulfonate

300 mg of 3-tert-butyldimethylsilyloxyestra-1,3,5(10)-trien-17p-yl 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 MgSOy filtered, concentrated by evaporation and



hours, the reaction mixture is stirred into 25 m of a concentrated amoni a
sol'ution. After 10 mnutes, it is suctioned off, washed with water and
dried. The residue is chromatographically purified on silica gel.
"3-tert-Butyldinethylsilyloxyestra-1,3,5(10)-trien-17(3-yl 3'-

sul f anoyl phenyl sulfonate is obtained. HNVR (DVSO-D6): 0.14 (s, 6 H, Si M),
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, NH2). Exanple 2 3-Hydroxyestra-1,3,5(10 -trien-1713-yl 3'-sul fanoyl phenyl
Sul fonate, 30 of o . .

3-tert- bﬁWFH’?‘?%%fi OPsific gy Seiludraxyesti-1 6y ({ P)-ignal 7Pl g -sgfamoylphenyl

sul fanoyl phenyl sulfonate is dissolved in 20 ml of THE Wile being stirred,
200 ny osulfensteigwbteinedarmoni um fl uoride i s added at room tenperature. After
1 hour, 20 m of water is stirred in. The substance is extracted with ethyl
acetate. The 6Hg~éhviﬁRc(DMS©ed6D:so.me§;éd{,\MStMe),QdBL(t,dtIéﬁl?l\Hﬂl@S){sut HotNH»glr i ed on
My504, filtered, concentrated by evaporation and 16 chronmat ographed on
silica gel. 3-Hydroxyestra- 1,@9%%@M; siomepn- 17(3-yl 3' - sul fanoyl phenyl

sul fonate is obtained. iH NVR ( Od6): 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). Exanple 3

3- Oxo- 7a- net hyl estra-4-en-170yl 3'-sul fanoyl phenyl Sulfonate 1.9 g of

1, 3- benzenedi sul fonyl chloride is di Esol veg under argon in 5 m of pyridine.
Then, 1.0 g of MENT is added. After 2% , the reaction mxture is stirred
into 25 m of concentrated amonia solution. After 10 mnutes, it iIs

sucti oned of f, washé&txonia-methyiastra-dmen-17p-yl 3'-sulfamoylphenyl Sulfonate

1.9 g of 1,3-benzenedisulfonyl chloride is dissolved under argon in 5 ml of pyridine.
Then, 1.0 g of MENT 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-7a-methylestr-4-en-
17B8-yl 3'-sulfamoylphenyl sulfonate is obtained.

'H-NMR (DMSO0-Dy): 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-17pB-yl 3'-sulfamovylphenyl 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-yl1 3'-sulfamoylphenyl sulfonate is obtained.



dri'ed. The residue is chromatographically purified on silica gel.

3- xo- 7a-net hyl estr-4-en- 17(3-yl 3'-sul fanoyl phenyl sulfonate is obtained.
"IH-NWR (DMBO-D5): 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 NHD), 7.83 - 8.28 (m 4 H HAr). Exanple 4

3- Oxo-androst-4-en-1733--yl 3'-sul fanoyiphenyl Sul fonate 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
mxture {s.stirred into 25 M of concentrated anmmonia sol ution. After 10
m nut es, Vagiantd syct i oned of f, washed with water and dried. The residue is
chr onmat ographl cally purified on silica gel. 3-0Oxo-androst-4-en-

17f3-y13' -sul 18 tpﬂﬁ@ﬁ@tbn@uldﬂmméun@er@moaunécﬁ mi of pyvishineardiher 118 @ of3of
testosterone is dissolved under argon in 5.5 m of pyridine. Then, 1.8 g of
3- am noautinosulfdnyhheyylsufdnyhyhlotidd Braddel. iAfterddedrs, tietredctidn tixtuse 1STsﬁﬁed
reaction mixture is stirred into 25 nl of water and acidified with 10% HCl .

After 109 D4 Sf whier hid 5&&1‘%9 Nath @of HO&’aﬁﬁédlo Mﬂd’t‘es“ﬁﬁ@iucﬁ@ﬁecﬂfff §hshddre
residue is chromatographically purified on silica gef

andr ost - 4. en I sul f. | phen na bt al ne ~H= NVR
(DB, Dot %%‘d?% “lﬂsg’ (TR X SRR il HGcd ! Sﬂ%ﬂ? e Sy
56031 7 7.83 -.8.28 4 H, H Ar Exanpl e
5 ( androst-4 enH1 7B- yl 3 -sul(famoylpgienyl su%%onate is obtained. ( m ) P
'H-NMR (DMSO-Dg): 0.78 (s, 3 H, 18-Me), 1.11 (s, 3 H, 19-Me), 4.34 (t, 1 H, 17-
H), 5.60 (s, 1 H, 4-H), 7.67 (s, 2 H, NH;), 7.83 — 8.28 (m, 4 H,

H-Ar).

Example 5

Zidovudine-sulfamoylphenyl 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 (DMSO0-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, NHy), 7.85-8.30 3 m +s, 5 H, 4-H), 11.35 (s,

1 H, NH).



Zi dovudi ne- sul f anoyl phenyl Sul fonate 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 zidovudine
is added at OC. After 2 hours of stirring at roomtenperature, the reaction
‘m xture is added to 25 mM of concentrated ammoni a sol ution. After 10 minutes
of stirring, it is evaporated to the drfy state and extracted with EE. The
organi ¢ phase is concentrated by evaporation and the residue is

chromat ographically purified on silica gel . Zi dovudi ne- sul f anoyl phenyl

sul fonate is obtained. 'H NWR (DI\/SOEG 1.17 (s, 3 H M), 2.40 (m 2 H,
CH2), 4.00 (m 1 H CH), 4.42 (m 2 ), 6.09 (m 1 H CH), 7.40 (s, |
H CH, 7.66 (s, 2H,NH2,,785830(3|n+s 5H4H) 11.35 (s, | H,
NH). 18 Exanple 6 C nchorfidrhenidiy - honyl Swlforpinate 2.0 g of

1, 3- benzenedi sul fonyl chl ori de i s di ssol ved under argon in55mM of
pyridine. Them, g df Q3-penfencdimdlionyi chiondd 5 dddizdd ahdd@Grgodfinérs @1 bbpyrilimt
stirring at roomtenperature, the reaction mxture is added to 25 m of

concent r ghedl mrgeﬂuﬁcmhdihé Reddéd heCLA LR DULRS o btirrikiat FdoAtenigerdtsre, the
evapor at ed to e dry state and extracted with EE. Thé organi c phase is
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concentrated by evaporation, and the residue is chromatographically purified on silica gel.

Cinchonidine-sulfamoylphenyl sulfonate is obtained.
'H-NMR (DMSO0-Dg): 4.99 (m, 2 H, CH=CH,), 5.94 (m, 1 H, CH=CH,),

7.58 (s, 2 H, NHy).

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The following
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.

In the foregoing and in the following examples, all temperatures are set forth
uncorrected in degrees Celsius, and all parts and percentages are by weight, unless otherwise
indicated.

The preceding examples can be repeated with similar success by substituting the
generically or specifically described reactants and/or operating conditions of this invention
for those used in the preceding examples.

From the foregoing description, one skilled in the art can easily ascertain the essential

characteristics of this invention and, without departing from the spirit and scope thereof, can



precedi ng description, utilize the present invention to its fullest extent.
Theé following preferred specific enbodinents are, therefore, to be
‘construed as nerely illustrative, and not linmitative of the remainder of
‘the disclosure in any way what soever. In the foregoing and in the foll ow ng
exanples, all tenperatures are set fortl® uncorrected in degrees Cel sius,
and all parts and percentages are by wei ght, unless otherw se indicated.
The preceding exanples can be repeated with simlar success by substituting

t he gener | cal l eci | bed reacta and/ ar operati

condi 01 oftakbratds SR AR B BRI BRato g i BoatH ek Aas. From
the foregoing description, one skilled in the art can easily ascertain the
essent | aFondiiesact eri stics of this invention and, w thout departing fromthe
spirit and scope thereof, can 19 nake various changes and nodifications of
the invention to adapt it to various usages and conditions. 20 Cains 1.
Sul famoyl sul fonate prodrugs of general formulal ~O X-~=O0 GAS NH2 0 ~Q
Drug Guppe Z [Goup Z] (1)



inwhich Xis a Cl_I|z-al kanediyl-, a CPF2 group where p = 1-5, a
C3'8-cycl oal kanediyl -, an arylene-, a heteroal kanediyl-, a

"Cl. 4- al kanediyl aryl -, a Cl. 4-al kanedi yl - C3-8- cycl oal kyl - or a

"C3. 8-cycl oal kanedi yl - C14-al kyl group, and Drug is a pharnaceutical active

i ngredient that can forma sul fonate wi20h an OH group, such as steroids,
anti-mal ari a agents, nucl eosides, or isoflavonoids, which can optionally be
substituted. 2. Sul fanoyl sul fonate prodrugs according to claim1, whereby
Dr ug neagi,steroids, such as estrogens, for exanple estradiol or estriol, or
andr ogen$,2"§r exanpl e testosterone, MENT (7a-nethyl-19-nortestosterone),
eF- MENT (11-fl uoro-7a-nethyl-19-nortestosterone), nandrol one, DHT

(di hydr ot est obt Enldanagyl sylorpse pradayes of generaXarmule [nor et hi st erone, di enogest
or | evonorgestrel, corticoids, for exanple cortisol anti-nmalaria agents,
for exanpl e quinine, cinchonidine, hydroxychl oroquine, primquine,

mefl oqui ne or 21 nucl eosides consisting of a ggar, such as ribose or
deoxyri bose, and a base, such as adenine,, gu: qu, cytosine, thym ne or
uracil, and al so zidovudi ne, brivudiqe, Andifgvit, nelfinavir

i sof  avonoi ds, for exanple genisteineXg  Sul f Myl sul fonate prodrugs
according to claim1l, whereby Xis aqoafwgene group.

Drug” % Gruppe Z

[Group Z] (I)

in which

X is a Cy.12-alkanediyl-, a CpF,, group where p = 1-5, a Cs.g-cycloalkanediyl-, an
arylene-, a heteroalkanediyl-, a C,.4-alkanediylaryl-, a C;4-alkanediyl-C;_g-
cycloalkyl- or a Cs.g-cycloalkanediyl-C;4-alkyl group, and

Drug is a pharmaceutical active ingredient that can form a sulfonéte 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



4. Sul fanoyl sul fonate prodrugs according to claim3, whereby Xis a

phényl ene-, pyridylene- or thiophenylene radical that is unsubstituted or
that is substituted with a chlorine. 5. Sulfanoyl sulfonate prodrugs
‘according to claim3 or 4, nanely 1) 3-hydroxyestra-1,3,5(10)-trien-173-yl
3' -sul fanoyl phenyl sul fonate, 2) 3-acétloxyestra-1,3,5(10)-trien-17(3-yl 3'-
sul fanoyl phenyl sul fonate, 3)

3-tert-butyl dinethylsilyloxyestra-1,3,5(10)-trien-17(3-yl 3'-sul fanoyl phenyl
sul fonate, 4) 3-hydroxyestra-1,3,5(10)-trien-l 7Ryl 4'-sulfanoyl.phen

sul fonat e, 5) 2. melHORIaR rouiipatastedy $E8as FPofqqrdireRAissg ad B tand

3' -sul fanoyl phenyl sul fonate, 6). ) i ) ) )

3, 16a- di hydr oxyest Fechps 3dgring\guaRipe £ytopme, thynrineer wragib php Rspidorwdingnat e, 7)
3,17(3 -di hydroxyestra-1, 3,5(10)-trien-16a-yl 3'-sul fanmoyl phenyl sulfonate,
8) 3-benzoyl oxyest bavudifs, sfdifgvit, neldinadiv0- yl 3' - sul f anoyl phenyl sul fonate, 9)
qui ni ne-3' - sul f anoyl phenyl sul fonate, 10) ci nchoni di ne-3' -sul fanoyl phenyl

sul fonate, 11) zi genwdindets3tor sdhhpleRyhiseanry! sul fonate, 12)
3- oxoandrost - 4-en- 17p-y13' - sul f anoyl phenyl sul fonate, 13)

5 oxoandr oo . el LU N AR IR a8 gt 1o

3-oxoestr-4-en-17(3-yl 3'-sul fanoyl phenyl sul fonate, and 16)
bri vudi n8*°%P- sul f anoyl phenyl sul fonate. 6. Compounds according to one of

clainms 1, 3 or 4, mherebY the active ingyedient i s )
4. Sulfamoyl sulfonate prodrugs according to claim 3, whereby X is a phenylene-,

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-17f-yl 3'-sulfamoylphenyl sulfonate,
2) 3-acetoxyestra-1,3,5(10)-trien-17p-yl 3'- sulfamoylphenyl sulfonate,
3) 3-tert-butyldimethylsilyloxyestra-1,3,5(10)-trien-17 E-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(10)-trien-17p-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-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-17B-yl 3'-sulfamoylphenyl sulfonate,

13) 3-oxoandrostan-17p-yl 3'-sulfamoylphenyl sulfonate,



an ‘anti-mal ari a agent, such as arteether, artenether, artesunate,
chloroqui ne, pamaqui ne, prinmaqui ne, pyretham ne, neflqu|ne proguani |,

‘ci nchoni di ne, cinchonin, hydroxychl oroqui ne, panaqui ne, pri maqui ne,
‘pyri net ham ne, quinine, or a quinine derivative, such as quinine-bisulfate,
gui ni ne- car bonate, qui ni ne-di hydrobrom2®e, quinine- dihydrochl oride,

qui ni ne- et hyl car bonat e, qui ni ne-formate, quinine-gluconate, quinine-
hydr oi odi de, qui ni ne-hydrochl ori de, quinine salicylate or qui ni ne-sul fate.
7. Use of the onpounds cording to claim®6 e preyention of a
parasitic att}f?) 3-oyp- @‘f‘??tﬁ‘ﬂﬁ‘t‘,‘%’ég 817830 ii@@?ﬂl%‘i Op¥e:one of clains |
to 7, whereby the therapeutically desired effect takes pl ace by rel ease,
especi al | y hy#ifoByprieste-envdfe Gh-sulfincylnhend sufgnaseliasdt contained in the
prodrug or its nmetabolites. 9. Pharmaceutical conposition containing at

| east one conpeuBAvafing8snailfamolphemst] dulfébnagecording to one of clains | to 5
and optionally at |east one additional active ingredient together with

phar maceut i cakl i r h cal
conmposi tion agcgfdl %gﬁgso&g@rg?%tg\éﬁggg?lg%%/ft)ﬁe&gdgﬁ%%gﬁéﬂ@%gg?\%ﬁaﬁﬁgyedl ent

d d |
19, “wnor B b PnafRROMN such s RBMIRGRAAAR, (R SIRAS I BRa BRE Satalfind 0 CLEL T

or a progesterone receptor npdulator. 12.. Pharnaceutical conposition
accor di nBiPadungipyethaming, metlegyines rogranl; gbghenidingfaRehoaite nor et hi st er one,
di enogest, drospirenone, or |evonorgestrel; antigestagens are 23
m fepri shyﬂTexyObhapqulm,@am,aqmnd, mnnﬁgpmeepmnetbmapmoqulmdmraa gnsinef or exanpl e,
nmesoprogestins, such as asoprisnil.
derivative, such as quinine-bisulfate, quinine-carbonate, quinine-dihydrobromide, quinine-
dihydrochloride, quinine-ethylcarbonate, 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 to 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 ingredient
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.

Pharmaceutical composition according to claim 11, in which the included

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



13." Use of the conmpounds according to one of clains 1 to 8 for the
proeduction of a pharmaceutical agent. 14. Use according to claim13 for the
‘producti on of a pharnmaceutical agent for hornone replacenent therapy. 15.
"Use of the conmpounds according to clains 1-8 for fenmale birth control. 16.
Use according to claim 3 for the producii on of a pharnaceutical agent for

t herapy and/ or prophylaxis of hornonally-induced di seases in nen and wonen.
17. Use according to claim 13 for the production of a pharmaceutical agent
for therap‘% .%nd prophyl axi s, of endonetri osi s, @reafﬁ) cancers, prostate
cancers GHRYNGGORAPLTNS: 38 PIYSESIER BrGPG MO  GIAF-HPRSPHY®t he product i on
of a pharmaceutical agent for therapy and/or prophylaxis of diseases that
are posi fe§ergssHng. seetescpspprismile i nhi biti on of carbonic anhydrase activity.
19. Use according to claim13 for the production of a pharmaceutical agent
for therapy abBdUse ofithephylpanids aotoridimiltanmadbelyinanidiod foaltheeprgdwctidh ®€ases.

20. Processes for the production of sulfanoyl sulfonate prodrugs of general
formul a phinnad&gRaDiddatto claim 1l by reaction of a corresponding active

i ngredient "Drug" according to clains 1 and 2, with a disulfonic acid

chloride S02-Xg: Cclccj)ﬂail{%c i S1‘[53“1‘€>?th%f r@d&ﬁéﬁpggﬂ %Ugﬁﬁgg%ht fof €at ment

w th anmoni a, or by reaction he correspon active in Ient "Drug"
accordi ng to cl ailms 1 a d 2 with a sul fanoyl sul fonic acid halide
NH2 SR - X SEFEF TR ACHHA! Bi°E®Pdnce of a base. 21. Process according to claim

20, whereby the base is pyridine. ) i
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 cancers, prostate cancers or hypogonadism.

18. Use according to claim 13 for the production of a pharmaceutical agent for
therapy and/or prophylaxis of diseases that are 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. Processes 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 sulfamoylsulfonic acid halide NH,SO,-X-SO,Cl
in the presence of a base.

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





