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publ i shed | nternational Application sal has been made to
target a @09 fold greatergbamthati of othereenzysasriovglved imsesttagen tormatioh\(dames @t alr, Stanaid's, t wo
di fferent50p?g9[57§,1%89 t is to say the conversion of DHA sul phate and

oestrone su phaté o’DHA and oestrone, respectively, by steroid sul phatase
activity, andNahshlptha8-boboestddens suchias péstrophamiadestrazlios; rpartiduleryttee sverproductiver oi d
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cont ai ni ng new. conpounds capable of inhibiting steroid sul phatase activity
in vitro Bhaontel ¢f westrogen; raghelion s dee seecifie Hergglr elseany ianfieancerotherapies, oboth
provide RRahsRGEHY Afitdurdh MRS bbghBRStofn) BhAhdtiifctomy. So far as endocrine therapy is
concerned, efforts have so far tended to concentrate on aromatase inhibitors, i.e. compounds which
inhibit aromatase activity, which activity is involved, as the accompanying oestrogen metabolic flow
diagram (Figure 1) shows, in the conversion of androgens such as androstenedione and testosterone
to oestrone and oestradiol respectively.
~ In recently published Intemational Application WO91/13083 a proposal has been made to
‘target a different point in the oestrogen metabolic pathway, or rather two different points, that is to say
the conversion of DHA sulphate and oestrone sulphate to DHA and oestrone, respectively, by steroid
sulphatase activity, and using 3-monoalkyl-thiophosphonate steroid esters as a steroid sulphatase

inhibitor, more especially oestrone-3-monomethylthiophosphonate.

OBJECTS OF THE INVENTION

A first object of the present invention is to provide pharmaceutical compositions containing new
compounds capable of inhibiting steroid sulphatase activity in vitro and in vivo.
A second object of the present invention is to provide pharmaceutical compositions containing
new compounds having improved activity as steroid sulphatase inhibitors both in vitro and in vivo.
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new conpounds having i nproved activity as steroid sul phatase inhibitors
‘both in vitro and in vivo. 2 A third object of the inventionis to
provide pharmaceutical conpositions effective in the treatment of _
oestrogen dependent tumours. A fourth o%j ect of the invention is to provide
"phar maceutical conpositions effective in the treatment of breast cancer.
SUMVARY OF | NVERINT lobRictTérethe miv@Rfidn 08 tb rdiiieCshafackiRaltsid¥iins SectiRViR! the
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novel conpounds are conpounds OSUMMARVQFINVENTION FORMULA (1) O R1,, | |
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where: R1 and Rz are each independently selected from H, alkyl, cycloalkyl, alkenyl and aryl, or

O
R Il Polycycle
1\N S_O/ y y

together represent alkylene optionally containing one or more hetero atoms or groups in the alkylene
chain; and

the group -O-polycycle represents the residue of a polycyclic alcohol, the sulphate of which is a
substrate for enzymes having steroid sulphatase activity (EC 3.1.6.2).

As used herein the reference to polycyclic alcohols, the sulphate of which is a substrate for
enzymes having steroid sulphatase activity refers to polycyclic alcohols, the sulphate of which, viz: the

derivatives of the Formula:
O Polycycle
HO—% —O/ o
o)
which when incubated with steroid sulphatase EC 3.1.6.2 at pH 7.4 and 37°C and provides a Ky, value

of less than 50 pumoles.
In a first embodiment, the present invention provides a pharmaceutical composition comprising
a pharmaceutically acceptable carrier or diluent and a compound comprising a ring system and a
sulphamate group of the formula
R, ©O
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of less than 50 noles. In a first enbodinent, the present invention
provides a pharmaceutical conposition conprising a pharmaceutically
‘acceptabl e carrier or diluent and a cor‘rg)ound conprising a ring systemand a
sul phamate group of the fornula R1 O NS-OR2 Il 0 3 wherein each
'‘of R and R2 is independently selected fromH, alkyl, alkenyl, cycloal kyl
and aryl I | X rej |
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wherein each of Ry and Rz is independently selected from H, alkyl, alkenyl, cycloalkyl and aryl;

R,”

wherein at least one of Ry and Rz is H; and

wherein the compound is an inhibitor of an enzyme having steroid sulphatase activity (EC
3.1.6.2);

wherein if the sulphamate group on the compound were to be replaced with a sulphate group to
form a sulphate compound and incubated with a steroid sulphatase enzyme (EC 3.1.6.2) at a pH 7.4
and 37°C it would provide a Km value of less than 50uM.

In a third embodiment, the present invention provides a pharmaceutical composition comprising
a pharmaceutically acceptable carrier or diluent and a compound comprising a ring system and a
sulphamate group of the formula

R1\ cl? e
/N—SI.—O
R, (')

wherein each of Rq and R; is independently selected from H, alkyl, alkenyl, cycloalkyl and aryl;
wherein at least one of Ry and Rz is H; and

wherein the compound is an inhibitor of an enzyme having steroid sulphatase activity (EC
3.186.2);

wherein if the sulphamate group on the compound were to be replaced with a sulphate group to
form a sulphate compound and incubated with a steroid sulphatase enzyme (EC 3.1.6.2) at a pH 7.4
and 37°C it would provide a Kn value of less than 50uM;



a pharmaceutically acceptable carrier or diluent and a conpound conpri sing

aring systemand a sul phamate group of the forrula R 0 ~ 11 NSO RO
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activity in human placental microsomes in vitro.

DETAILED DESCRIPTION

In one aspect the present invention provides, as novel compounds, the sulphamic acid esters of
polycyclic alcohols, being polycyclic alcohols the sulphate of which is a substrate for enzymes having
steroid sulphatase activity in accordance with the definition already provided, and their N-alkyl, N-
cycloalkyl, N-alkenyl and N-aryl derivatives. These compounds are of Formula | hereinbefore given.

Preferably the polycyclic group will contain, inclusive of all substituents, a maximum of about 40
carbon atoms, more usually no more than about 30. Preferred polycycles are those containing a
steroidal ring structure, that is to say a cyclopentanophenanthrene skeleton. Preferably, the
sulphamyl or substituted sulphamyl group is attached to that skeleton in the 3-position, that is to say
are compounds of the Formula Il:

FORMULA (I1)



cycl oal kyl, N-al kenyl and N-aryl derivatives. These conpounds are of

Formul a | hereinbefore given. Preferably the polycyclic group will contain,
‘inclusive of all substituents, a nmaxi mum of about 40 carbon atons, nore
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In general terms the steroid ring system ABCD may contain a variety of non-interfering
substituents. In particular, the ring system ABCD may contain one or more hydroxy, alkyl especially
tower (C1-Cs) alkyl, e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl and
other pentyl isomers, and n-hexyl and other hexyl isomers, alkoxy especially lower (C+-Cg) alkoxy, e.g.
methoxy, ethoxy, propoxy etc., alkinyl, e.g. ethinyl, or halogen, e.g. fluoro substituents.

Other suitable non-steroidal ring systems include:
diethylstilboestrol, stilboestrol and other ring systems providing sulfates having Km values of less than
50 umoles with steroid sulphatase EC3.1.6.2.

When substituted, the N-substituted compounds of this invention may contain one or two N-
alkyl, N-alkenyl, N-cycloalkyl or N-aryl substituents, preferably containing or each containing a
maximum of 10 carbon atoms. When R4 and/or Rz is alkyl, the preferred values are those where and
R1 and R; are each independently selected from lower alkyl groups containing from 1 to 5 carbon
atoms, that is to say methyl, ethyl, propyl etc. Preferably R1 and Rz are both methyl. When Rq and/or
Rz is aryl, typical values are phenyl and tolyl (-PhCHa: o-, m- or p-). Where Ry and R represent
cycloalkyl, typical values are cyclopropyl, cyclopentyl, cyclohexyl etc. When joined together R1 and Rz
typically represent an alkylene group providing a chain of 4 to 6 carbon atoms, optionally interrupted
by one or more hetero atoms or groups, e.g. -O- or -NH- to provide a 5-, 6- or) - membered
heterocycle, e.g. morpholino pyrrolidono or piperidino.



O her suitable non-steroidal ring systens include: diethylstilboestrol,
&til boestrol and other ring systens providing sulfates having Km val ues of
less than 50 .tnoles with steroid sul phatase EC3.1.6.2. Wen substituted,
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of 4 to 6 carbon atons, optionally FORMU[AJH’N)ed by one or nore hetero atons
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interfere with the sul phatase inhibitor

guestion. Exenplary non-interfering
hal o, al koxy, alkyl and aryl. @®bst are conpounds of the Formula
1l and 1V: FORMJULA (IIIRhQ OIN- SONR? O_FORMULA (I1V) 0O O R,,NS11
O R Il O where R and R; are 1P or -Csal kyl, i.e.

oest r one- 3- sul phamat e andeehyqboepiandrosterone 3- sul phamate and their

N (Cl-C5) al kyl derivatives, especially the dinethyl derivatives, Rl = R2 =
CH3. FORMULA (IV)

O

R 5
1>N—ﬁ—0

where R and Rz are H or C+-Cs alkyl, i.e. oestrone-3-sulphamate and dehydroepiandrosterone-3-
sulphamate and their N-(C+-Cs) alkyl derivatives, especially the dimethyl derivatives, R1 = Rz = CHs.
The sulphamic acid esters of this invention are prepared by reacting the polycyclic alcohol, e.g.
oestrone or dehydroepiandro-sterone, with a sulfamoyl chloride R1RaNSO.Cl, i.e. the reaction scheme
I

REACTION SCHEME |
0]
0)
RR:NSO,Cl Ry
— _N—S-0
/NaH Ro Il
HO 0

Oestrone



The sul pham c acid esters of this invention are prepared by reacting the
‘polycyclic alcohol, e.g. oestrone or dehydroepiandro-sterone, with a

‘sul fanoyl chloride RIR2NS02CI, i.e. the_reaction schenme | REACTI ON SCHEME
|l 0 OR ::r'" Rgl1ll R2O HO Oestrond 7 Conditions for carryi ng out
‘reaction scheme | are as follows: Sodium hydride and a sul phanoyl chloride
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phar rrace%fcﬁglf%rggp?d?mé& yaffabr%hrorﬁﬂé‘%?ﬁhgro' d sul phatase inhibitors of this
e

I nvention can I tabl e manner utilising conventional
phar maceut i cdlhefeorenedsaryj fungtiorat gnousie the polgicyclipraioohel ¢sterdl) may be protetted &, known
excipients. diluents. e and usua f or_ parent dm' ni stration.

ropr ox mapang g B Pl BU ol e BERTHERSisa M8 500 g day
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250 ng/day he rven I n  sing dose reglnes spl i1t dose reglnes
and/ or i prgmma mfe@ttvgéoaree@tme inatbe |rangedO@rto 80, mgiday depesding smrthean@wmual

admi ni st A
St SRR Yol I A RSl RORS bt b
Al t er nat desagy ratesdfopthe fpesferteldyant veres actipe bomatourds! will be in the range 20@ ¢ SODrmg/day
parent eral adm nist ti |naSU|taIe m stra | e .carrier
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doses w IF r\ \ée vary depend P on i nherent activity of the active
or oral a mmlstratlon they may be formu ated in tablets, capsules, solution or suspension containing
from 100 to 500 mg of compound per unit dose. Alternatively and preferably the compounds will be
formulated for parenteral administration in a suitable parenterally administrable carrier and providing
single daily dosage rates in the range 200 to 800 mg, preferably 200 to 500, more preferably 200 to
250 mg. Such effective daily doses will, however, vary depending on inherent activity of the active
ingredient and on the bodyweight of the patient, such variations being within the skill and judgement of
the physician.-
For particular applications, it is envisaged that the steroid sulphatase inhibitors of this invention
may be used in combination therapies, either with another sulphatase inhibitor, or, for example, in
combination with an aromatase inhibitor, such as for example, 4-hydroxyandrostenedione (4-OHA).

The invention is illustrated by the following preparative Examples and test data:

Example 1

Preparation of oestrone-3-sulphamate

Sodium hydride (60% dispersion; 2 eq) and sulphamoy! chloride (2 eq) were added to a stirred
solution of oestrone (1 eq) in anhydrous dimethyl formamide at 0°C. Subsequently, the reaction was
allowed to warm to room temperature whereupon stirring was continued for a further 24 hours.



i ngredi ent and on the bodywei ght of the patient, such variations being
wthin the skill and judgenent of the physician. For particul ar
‘applications, it is envisaged that the steroid sul phatase inhibitors of
this invention may be used in conbinatfon therapies, either with another
“sul phatase inhibitor, or, for exanple, in conbination with an aronatase
inhibitor, such as for exanple, 4-hydroxyandrostenedione (4-COHA). The

invention is illustrated by the foll ow ng preparative Exanpl es and test
data: Exanplhe reagioe prtuie wes paifeenie a oolé salureiel solaliantod seiim mrbgnateamdtr(eBO%

Sor ut1 on' SPGBy e W BFRIe D Bl B e B el bl Vel

aher cupon st 711 00 S Sant] et {or 1o (urt R Ad hour s 6 The T €act on

m xt urg bﬁrﬁﬁ rd\gﬁla&rugeéﬁdge which s furtber %F‘ﬁ{qyc?ﬂﬁsrb‘? rRARARAi car bonat e and
t he resuAﬁamg SROMRLHS foldVasfdat@s extracted with dichl oronethane. The

conbi ned Sanl c extracts Wwere dried over anhydro:qjiwd)_l\/gsm. Filtration

foll owed51§0( (aMHIz; 6D BP1 (o3, 1CrarMEl 6465 (asrieaci po A0-2:82(mn, 2t Aedr{br

ff dd rther rified by flash chronmat ography.
2nal03r/s?s U®Q4ﬁ§5¥§$ﬁom ngUdBa?ZaZ)JSlH (25)(l;|\/||—|zI CDS%D) 0.91 (s, 3Hg i
C18- Me), smcmmlfzscomn HB530(f, Crs-MeR 2280 R), 9D22(1)927.131), 20:88 (1)73306 ()b$701C(t 2H,

Cro- iy, 358 @ By E S i) B el 12 54 1%2@?%@%%27 ST

39.76 (djs, Cé@) 73 (s C18) 51 86 (d), 120. 76 (d) 123 54 (d), 127.89 (d),
139.83 (s), $éﬁ 3% /% iﬁﬁ% g 2705%100)
213 (26) mfZl(% 3142539) (m1)7?é70(é(i® 21@ (1@§)(4 111%(9(136}3 () 1(1@ 9% ¢33).$8)(37)

(73), ). Mcroanalysis: CHN Expected: 61.87%6.63% 4.01%
Found: 6&7(38%/()58?%8% 95% Exanple 2 Preparation of

oest r oneMBragnatysidy| sul phamat e The procedure of Exanple 1 was repeated save
t hat sul phanmoyl chl oxi de waerepI aced by the sanme quantity of

N- net hyl sul phanmoyl cHhl ori de. 'Anal ysi's showed the foll ow ng data: 81H
(270Mz; Exgetied) : 0. 98162 3H5.63%4.8- M) 01%4.28-1.68 (m 6H),1.93-2.60 (series

of M 7Huund 20 6190%  658%  3.95%

Example 2

Preparation of oestrone-3-N-methylsulphamate

The procedure of Example 1 was repeated save that sulphamoyl! chloride was replaced by the
same quantity of N-methylsulphamoyl chioride.
Analysis showed the following data:
8'H  (270MHz; CDCl3): 0.91 (s, 3H, C1e-Me), 1.28-1.68 (m, 6H),1.93-2.60 (series of m, 7H), 2.90-
2.95 (m, 2H), 2.94 (d, 3H, J=5.13 Hz, MeN-), 4.68-4.71 (br m, exchangeable, 1H, -NH), 7.02-7.07 (m,
2H), 7.26-7.32 (m, 1H).
m/z (%): 364 [M+H]*

Example 3

Preparation of oestrone-3-N,N-dimethylsulphamate

The procedure of Example 1 was repeated save that sulphamoy! chloride was replaced by the
same quantity of N,N-dimethylsulphamoyl chloride.
Analysis showed the following data:
8'H (270MHz; CDCls): 0.92 (s, 3H, C1s-Me), 1.39-1.75 (m, 5H), 1.95-2.60 (series of m, 6H), 2.82 (s,
3H, MeN-), 2.96-3.00 (m, 4H), 2.98 (s, 3H, MeN-), 7.04 (br d, 2H, J=7.69Hz), 7.29 (br d, 1H,
J=7.88Hz).



2.95 (m 2H), 2.94 (d, 3H, J=5.13 Hz, MeN-), 4.68-4.71 (br m exchangeabl e,
1H -NH), 7.02-7.07 (m 2H), 7.26-7.32 (m 1 H. mz (%: 364 [ MH +
‘Exanple 3 Preparation of oestrone-3-N, N-di met hyl sul phanmate The procedure
of Exanple 1 was repeated save that sul Bhamoyl chloride was replaced by the
‘sane quantity of N, N-di methylsul phanoyl chloride. Analysis showed the

fol |l ow ngn/g a3y 7%!# (270MHz; CDCI3): 0.92 (s, 3H, C18-Me), 1.39-1.75 (m
5H), 1.95- 80 (series of m 6H), 2.82 (s, 3H MN), 2.96-3.00 (m 4H,
2.98 (s, hmmamaﬁss) 7 04 (br d, 2H, J=7.69Hz), 7.29 (br d, 1H  J=7.88Hz).
9 mz (%W: 377 croan Iysi S: H N Expected: 63.63%7.21% 3. 71%
Found: 63.50% 7. 23% . 60% Exanple 4 Inhibition of Steroid Sul phatase

Acti vi t'y BxpechddF- 7 ceIGB§3%y ogMone- 3:7¢%l phamat e Steroid sul phatase is

defi ned . Steryl tas 3.1 . Steroid sul phatase activity was
rreasured%?’\‘l”cﬁltro usi 538 °nt agt?-% 3%9 n breast cancer «cells. This

hor none dependent cell line is w delé used to study the control of hunman
breast cancer cell growth. It posse §%’§P§i4gn| fi cant steroi d sul phat ase
activity Ir(h| 1988); Purohit &

Reed, | nt= L pirod Sulphatase ACTily £ 8 in the U S. A
fromthe Aﬁe@t@@@sﬂfgf%s@dde&ﬂe‘d a@O&té@lfSUlphétaééE@@h semd inthe UK (e.g. from

The | I R h Fund were nmaintained in M ninal
Esgenm) 3{' ¥ &?a?f& %Séﬁaac@wcm%dﬁ%ﬁswcﬁé% vitro usipg rdact §iChr [ apmgn BiARtEAteRg 20
m HEPES,ceIE%ﬁh%q{oﬁhoﬁécﬁébé‘rﬁieﬁtede}F Me i widd BQ%%B ?tg%tgtg' t[‘né‘%h‘h%ﬁ%fgﬂh n@'brea?t'?aﬁéér

aci ds and 075% sodi um bi car bonat e. | cate tissue
culture fCBIh@fRMhV\étrP@SS%%cﬁmﬂlfOﬁfﬁ Rteegjsisulphatase adtiyity (Macindes et el |1Endodriaglagni$2hg

LD oo SARF S AT EL DR el ), CRBEN BRSKLHSEAY i oS RIRD84, s
cnR ti ssu’remcthé mmmaiml'lalpksum €olleatidne@ATGC} and ikaiid B.KS (Hgl fncHk Iﬁ@bﬁial Bahdgri on
S0 wi t h se) Fyal' CEliSvergananed aipiobe Eiseat %*@EWME@J Epticabpralones.”
activity |Gfe, CSdotﬁm conid’ rmg eV EHTRERN 6% Yoktdi 98vine PsH I mMMARSmine, PofRefsehtid N
serum fr ea(ranml\cgEal\gld(szand 0.075% soglﬁr% hb%rz:lrb\émn;te Up to 30 replicate 25 cm? tissue culture flasks were
seeded with approximately 1 x 105 cells/flask using the above medium. Cells were grown to 80%
confluency and medium was changed every third day.
Intact monolayers of MCF-7 cells in triplicate 25 cm? tissue culture flasks were washed with
Earle’s Balanced Salt Solution (EBSS from ICN Flow, High Wycombe, U.K.) and incubated for 3-4
hours at 37°C with 5 pmol (7 x 105 dpm) [6,7-3H]oestrone-3-sulphate (specific activity 60 Ci/mmol
from New England Nuclear, Boston, Mass., U.S.A)) in serum-free MEM (2.5 ml) together with
oestrone-3-sulphamate (11 concentrations: 0; 1fM; 0.01pM; 0.1pM; 1pM; 0.01nM; 0.1nM; 1nM;
0.01pM; 0.1uM; 1pM). After incubation each flask was cooled and the medium (1 ml) was pipetted
into separate tubes containing [*Cloestrone (7 x 103dpm) (specific activity 97 Ci/mmol from
Amersham International Radiochemical Centre, Amersham, U.K). The mixture was shaken
thoroughly for 30 seconds with toluene (5 mi). Experiments showed that >30% [*4CJoestrone and
<0.1% [*H] loestrone-3-sulphate was removed from the aqueous phase by this treatment. A portion (2
ml) of the organic phase was removed, evaporated and the 3H and '4C content of the residue
determined by scintillation spectrometry. The mass of oestrone-3-sulphate hydrolysed was calculated
from the 3H counts obtained (corrected for the volumes of the medium and organic phase used, and
for recovery of [“Cloestrone added) and the specific activity of the substrate. Each batch of
experiments included incubations of microsomes prepared from a sulphatase-positive human placenta

(positive control) and flasks without cells (to assess apparent non-enzymatic hydrolysis of the



oestrone- 3-sul phamate (11 concentrations: 0; 1 fM 0.01 pM 0.1 pM 1pM
0.0l nM 0.1 nM 1 nM 0.01M 0.1M 1M. After incubation each flask was
‘cool ed and the nedium (1 nl) was pi pettfd into separate tubes containing

[ 14C] oestrone (7 x 103dpm) (specific ac(}vity 97 Ci/mmol from Anmersham

‘I nternational Radi ochem cal Centre, Anersham U. K. ). The m xture was shaken
t hor oughlsibstrate). 3ﬂ1e$ﬁﬁ'fbéhdé¥ cHf dudlet pérlﬂé’dkﬁtva(s@eté‘rmmed:_ﬁéﬁ@rd CRMESCUhRY St ir@é}hg>90%
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The nunb |Qi ter
after troayiia SRfcs af'a gRRENtPlcT (HBHHITVECRUbSHPR ccitl hebecki

was used 3tSQ|Pb@BQ§%sUfmlr¢d &tudﬂmﬁ sikleststaauseas to tastithe stalistical sumﬁ&ancmofvéwltsTr ypan

Bl ue exclusion nmethod (Phillips, HJ. (1973) In: Tissue culture and

appl i cati ons, [eds Kr use D.F. & PattABlEdn, M K. ]; pp. 406-408; Acadenic

Press, INewW Yorkj. for oestrone- 3-sul pbanate are showr i Tabte tjand
Fi gur es | 2_andStaroid Iﬁé@hﬁtﬁiée @ivitydn MCEi 7pellssin therpsgsarge cé@sstmne«a sipharester essed as
t he nmean ta t o] o) d

e moct o bofellpadmphande 2! BAMSLARSIAIE, 1, CRTbARHRhks chfg R
val ues ghowi ngpons&n&allcmti cal >| gni(fimob2hird (¢ eefis)a pey cent agenhittibut i on

(i nhi bition) ov i,ncubationg cont i oestrone- 3- sul phamat e.

Unpai re(%@n@@%: ||cnda$15f+glé] the stiatistical Si gni fi cande of
results) TABLE 1 freroid Sul | hatasezsAgtiygg in MJF-7 cells in the presence
of Qestone- d-SuI@ﬂ&h’&[ € Oeptrone-3- sungnanat e Sterord—SulphataseAct|i vity
% reduction overd-WaMirol (% concerﬁﬁQé’t 2 (f ol /20 hr/ 106 eel | s)
inhibitijon) O (CQ[]'I‘BMOU 3109. 17 oo 0533:()71 H\é %.5?;&2 39.2 - 0.01 M362.3| 21.2

—h

or

- 0.1 M336—7F—+~B—31pM32t8 6 6—M2651—11-0* 17 20601 AM
124.8 12.4*** 60.198 1 nM 16| 49 4. 327882 0% ;
0.01nM 265.1 + 11.0* 17.2%
0.1nM 124.8 £12.4** 60.9%
1nM 16.49 + 4.7 95.0%
0.01uM 3.92+ 04" 98.8%
0.1uM 253 £ 1.1 99.2%
1uM 1.68 £ 0.7 99.5%
mean £ 1 S.D. n=3 *p<0.05 ***p<0.001
Example 5

Inhibition of Steroid Sulphatase Activity in MCF-7 cells by oestrone-3-N,N-dimethylsulphamate

An identical experimental protocol to that described in Example 4 was used to generate results
for oestrone-3-N,N-dimethylsulphamate except that incubations contained oestrone-3-N,N-
dimethylsulphamate (5 concentrations: 0; 0.001pM; 0.01uM; 0.1uM; 1uM) in place of oestrone-3-
sulphamate.




0.01 M3.92t 0.4*** 98.8% 0.1 M2.53 1.1 *** 99.2% 1 M1.68 O0.7***
99.5% nmean 1 S.D. n=3 *p<0.05 ***p<0.001 Exanple 5 Inhibition of Steroid
"Sul phat ase Activity in MCF-7 cells by oestrone-3-N, N-di methyl sul phanate An
i dentical experinmental protocol to thatlldescribed in Exanple 4 was used to
generate results for oestrone-3-N, N-di net hyl sul phamat e except that

i ncubat i ons Remlﬁlf&%smtmﬂ%ﬁaw Qrpg@tammmméen é]n% ﬁ@n&%néngaai ons:
0; 0.0019M 0.01M O.1 oest rone- 3- sul phanma
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oest rone- 3- suI phamate in Figure 4. TABLE 11 Steroid Sul phatase Activity in

MCF-7 cells in the presence of oestronefﬁ N-dinmeth | sul hamate
Qestrone-3-N_N-__Steroid Sul phat ase Act | ”% reduction over control (%

di net hyl S%Bﬂ%ﬂ?ﬁh@taéé R?&Mtﬁﬁ’ M@"F/ 71&1?5 ﬁ%éﬁé\seh%géﬁbﬁé}é-ﬂa 2 'ng:ﬁu?&ﬁlﬁtﬁén%fb*f

(controly~8263 3.6 - OO V%00
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*p<_0.01 ***p< anpl I f, Steroid Sul :@ se Acti ity
in MCF-7 cel ’E‘*B’U gmﬁéeat nent Wkﬁggéﬁpcgﬁ% 3-N N di rrérﬁ1 o8 | phamatje and
oestrone- 3- N. Modéem&ﬁttmyil sul phamate A sim | ar experfinental protocol to t/hat

describeéd 1 n e 4 was uped to determne the |geffect of pre-treating
MCF-7 cells w fcﬁ(rgm@»rnnp 3- sul pha 483538

oestroneg- 3- N, N-gbgﬁﬂ\&]yl sul pharrate @%Q%Z*“Vel y I nt act mwglyayers wer|e

i ni tial 'y ncobated tor—2—hoprs—at—s7Cwth— 01 Mroestrone-—3——=sutphamat e,
oest rone- 3- N, N- ditteMhyl sul phamate o16.0edPtim al one (cont rold4.3%The nedi ym
bathingithe 5,y 17.43 4.3 78.9%
1uM 11.89 £ 3.7*** 85.6%
mean £ 1S.D.n=3 *p<0.01 ***n<0.001
Example 6

Inhibition of Steroid Sulphatase Activity in MCF-7 cells by pre-treatment with oestrone-3-N.N-

dimethylsulphamate and oestrone-3-N,N-dimethylsulphamate

A similar experimental protocol to that described in Example 4 was used to determine the effect
of pre-treating MCF-7 cells with oestrone-3-sulphamate and oestrone-3-N,N-dimethylsulphamate
respectively.

Intact monolayers were initially incubated for 2 hours at 37°C with 0.1 puM oestrone-3-
sulphamate, oestrone-3-N,N-dimethylsulphamate or medium alone (control). The medium bathing the
cells was then removed by aspiration and cells were washed 3 times successively with 5 ml of
medium on each occasion. The resultant ‘washed’ cells were then re-suspended and incubated for 3-
4 hours at 37°C in medium containing 5 pmol (7 x 105 dpm) [6,7-3H]oestrone-3-sulphate. All other
aspects were identical to those described in Examples 3 and 4.

Results for oestrone- 3-sulphamate and oestrone-3-N,N-dimethyl-sulphamate are shown in
Table lll and are expressed in a similar manner to Table 1.



cells was then renoved by aspiration and cells were washed 3 tines
“successively with 5 m of nediumon each occasion. The resultant 'washed'
‘cells were then re-suspended and i ncubated for 3- 4 hours at 37C in nedi um
containing 5 pnol (7 x 105 dpm) [6, 7- 3HRoestrone-3-sul phate. Al other
"aspects were identical to those described in Exanples 3 and 4. Results for
oestrone- 3-sul phamate and oestrone- 3- Naptgljjjret hyI sul pharrate are shown in
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treat ment. Qrtl )3 of the_or |c phase was renoved, evaporate

and t he gqncsrﬁ falonyes 25&&.\% (i “ioestiae-3 4Pt (SeRee v 60 Gymael fram New England
Nuclear, Boston, Mass., U.S.A.) and an incubation time of 20 minutes at 37°C. Eight concentrations
of oestrone-3-sulphamate were employed: 0 (i.e. control); 0.05uM; 0.1uM; 0.2uM; 0.4uM; 0.6pM;
0.8uM; 1.0uM. After incubation each sample was cooled and the medium (1 mi) was pipetted into
separate tubes containing ['*Cloestrone (7 x 10° dpm) (specific activity 97 Ci/mmol from Amersham
International Radiochemical Centre, Amersham, U.K.). The mixture was shaken thoroughly for 30
seconds with toluene (5 ml). Experiments showed that >90% ['4Cloestrone and <0.1% [3H]oestrone-
3-sulphate was removed from the aqueous phase by this treatment. A portion (2 ml) of the organic
phase was removed, evaporated and the 3H and **C content of the residue determined by scintillation
spectrometry. The mass of oestrone-3-sulphate hydrolysed was calculated from the 3H counts
obtained (corrected for the volumes of the medium and organic phase used, and for recovery of
[*CJoestrone added) and the specific activity of the substrate.

Results for oestrone-3-sulphamate are shown in Table IV and Figure 5. Results for steroid
sulphatase activity are expressed in Table IV as total product (cestrone + oestradiol) formed during
the incubation period (time) and as a percentage reduction (inhibition) over incubations containing no
oestrone-3-sulphamate which acted as control. Results for steroid sulphatase activity are expressed



spectronmetry. The mass of oestrone-3-sul phate hydrol ysed was cal cul at ed
-‘fromthe 3H counts obtained (corrected for the volunes of the nmedi um and
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0.05 M 430.4 442% .1 M 308. 9 60. 2%{69 2 M140.0 81.8% 0.4 M 83.3 89| 2%
0.6 M 6L-8_92 084co M 49 2 193 5% B\ 51.6 03 30% +npanof 2 estinhtes
Exanpl e 8 I nhi bl(;@@tm of Sterqid Sul phafzgge Activity in Li ve@.d%f:rpsonfa

Preparafions fromRars treatgd Wt _subcutaneous [OestTomne- 3- sul phamate
Four groups of 30flpMal e Wstdr rats (wW¥b§ht range [80-110q) 6R2% gi ven 1DO |
subcut aneous b§CM| ons (onge dai I y fﬂb07 days, viehicle: ptﬁcb%l ene glygol)

f H h Dy A alyvoanl VARV 2 o _on rnl) Onclt y nnp ’J QW‘Df r= / 1
(6] el t hers ropy+enet—giy€ot \VCln\n\, €-0Ht1-01) eStohe

mg/ kg/ day) QCest 0dpk- 3-sul phgte (10 ng8ky/ day) (substrate qgrg% ol)
Cestrone- 3- squhate (10 ng/kd/day) + OCesirone-3-sul pnamate 0 g7 Kg/ day)

D

On the eighth da rats were sacrif®h8d and liviers were ved by
di ssectilon. Li VeO.BpM 492 93.6%
1.0uM 51.6 93.3%

*mean of 2 estimates

Example 8

Inhibition of Steroid Sulphatase Activity in Liver Microsome Preparations from Rats treated with

subcutaneous Oestrone-3-sulphamate

Four groups of 3 female Wistar rats (weight range 80-110g) were given 100 pl subcutaneous
injections (once daily for 7 days, vehicle: propylene glycol) of either:

Propylene glycol (vehicle control)

Oestrone-3-sulphamate (10 mg/kg/day)

Oestrone-3-sulphate (10 mg/kg/day) (substrate control)

Oestrone-3-sulphate (10 mg/kg/day) + Oestrone-3-sulphamate (10 mg/kg/day)

On the eighth day all rats were sacrificed and livers were removed by dissection. Liver
microsomal preparations were prepared by an identical protocol to that described in Example 6 except
that the tissue source was rat liver and that duplicate experiments to determine steroid sulphatase
activity were performed using [6,7-3H]oestrone-3-sulphate and [7-H]dehydroepiandrosterone-3-
sulphate as separate substrates.

Results for steroid sulphatase activity are shown in Table V and are expressed as total product
formed during the incubation period in the form of mean + 1.5.D. Results for incubations of tissue
obtained from groups of rats treated with oestrone-3-sulphamate are also expressed as a percentage
reduction (inhibition) in steroid sulphatase activity compared to their respective controls.
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Resul t s | f ovteroidSulphatasenActivity in Lives yicrosome &ZirepatationsdiemdRaseiieatest withsulbcutanecused
W th oestrone 3-sul phanmate are abﬁ&roﬁé(g ﬁlﬁﬁﬁ#ai&i a percentage reductio

i nhl bl ot aor A Sy | nlﬁni- aF r\nl 1- o 1- hat r rr\r\nr\r\f
llUll} ||| JLCl UT U o U T 1 T PbUleg

control $. TrhatmeabGruy St ersth Ssunbﬂi‘aw ase %mérolulsnmhataseu ver %\eductisrosver
Preparations fromRats treat ed wi t h subcut aneou Qest rone- 3- sul phamat e

Treat ment Group Assay Substrate Steroid Sufp¥ ﬁYé‘g@V%reductl oROWPEr

Activity (nnol/30 control m n/2000 prot Elih/200 }otéuyehl cle) Ei-S 20.9
0.2 - EI
Ei-S + E1- W@e&lcles 0.21 0.B@8** 99. 0% cZ‘ﬁﬁSrjoG)Z(vehl cle) DHA-S 1.73
0.4 - E1-SBNH2 DHA-S 0.1 0.01 *** 94.2% control (Ei-S) DHA-S 1.71 O0]1
Ei -S + Ei - SCBNG:NBEHA-S 0.09 O0EPE3 *** 94, 7%0.3aah1*™l S. D. n=3 984%p<_0. 001

Ei-S = Oest ro | phat e dehydr oepi andr. ost gr one- 3- sul phat e
E1- SO3NIH2 6@@!&0%@ -N, N—%tﬁyl sul phamat 2% CLLAING 1. A -

phar maceutEng EG-SURAS tion conprgsing a phapppeguiteal |y accepbal e carfier
or dilyrent and a conmpound conprising a ring systemand a sul pnarrate group

J -

Ol

of the f or raantol fxehige) | | DHA-S 17304
E+-SOsNH; DHA-S 0.1 £0.01™* 94.2%
control (E4-S) DHA-S 1.71+ 01 -
Es-S + E4-SO3NH> DHA-S 0.09 +0.01*™ 94.7%
mean +1 S.D. n=3
***p<0.001

E1-S = oestrone-3-sulphate
DHA = dehydroepiandrosterone-3-sulphate
E1-SO3NH: = oestrone-3-N,N-dimethylsulphamate



NS-OR2 Il O wherein each of R and R2 is independently selected fromH,
al kyl , al kenyl, cycloal kyl and aryl; wherein at |least one of RL and R2 is
"H, and wherein the ring systemconprises at |least three rings, at |least two
of which are fused; wherein the conpountd is an inhibitor of an enzyne

‘having steroid sul phatase activity (EC 3.1.6.2); wherein if the sul phamate
group oncipmconpound were to be replaced with a sul phate group to forma
sul phat e conmpound and i ncubated with a steroid sul phatase enzynme (EC

3.1.6.2) at 4 pHA7pharmagetticalz Composition|cdmprisingi deprarmacevtizallye aceptable scatriearor 50M

carri o SRR RS R B RE Rt s B REPa P et et ur e
and a sul phanate group of the f or mR4a: ' 1 01l NSO R 11 O wherein
each of R and R2 is independently se\e _e@)/f’rom H, al kyl, al kenyl,

cycloal kyl and aryl; wherein at lgast ane of R and R2 is H, and wherein
the conpound is an inhibitor of an %nzylﬁb havi ng steroid sul phat ase

i vi EC 3.1.6.2),.wherein jf t hamat th und
Wer e o b 1 UBRRBEAVH S0 Balsg ke G AR eEEd Pl <Al PH et oaGAB0ARl and

| ncubat eghiehhit Rastoré 6 R RYRPRHM: ase enzyme (EC 3.1.6.2) at a pH 7.4 and
37C it would provide a Kmvalue of |less than 50M 3. A pharmaceuti cal

conposi ti on @oereithe ring sustem sempiisesiatilessl thige sgseptilesst twoohwhicheare fused;di | uent

and a conpou IS g a | ! f.th
formula Ri Om?rﬁﬁqﬁé 56%81%5%5%%&;2&%5@9 aﬂv'ﬁfgg@’e?@ﬁﬁ%ﬁg%%@ﬁ’héﬁﬁq y
sel ect ed3fitedth) H, al kyl, al kenyl, cycloal kyl and aryl; wherein at |east one
f R and R2 is H. and erein the conmpound is an inhibitgr of an enzyne
ﬁ aving ster O;Nherglﬂllfdﬁeaﬁug)ggmgt&gfqyppg trleiggj%poun were {0 be rep aceé wfﬂm a sulpha{za group%o
form a sulphate compound and incubated with a steroid sulphatase enzyme (EC 3.1.6.2) at a pH 7.4
and 37°C it would provide a K value of less than 50uM.
2. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or

diluent and a compound comprising a steroidal ring structure and a sulphamate group of the formula:

R, ©
\ I e
_N—-§-0
RS 4

wherein each of Ry and R; is independently selected from H, alkyl, alkenyl, cycloalkyl and aryl;
wherein at least one of Ry and Rz is H; and

wherein the compound is an inhibitor of an enzyme having steroid sulphatase activity (EC
3.1.6.2);

wherein if the sulphamate group on the compound were to be replaced with a sulphate group to
form a sulphate compound and incubated with a steroid sulphatase enzyme (EC 3.1.6.2) at a pH 7.4
and 37°C it would provide a Kn value of less than 50uM.

3. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or
diluent and a compound comprising a ring system and a sulphamate group of the formula

R, O
\ ] s
/N—§—o
R, c'>

wherein each of Rq and R; is independently selected from H, alkyl, alkenyl, cycloalkyl and aryl;
wherein at least one of Ry and Rz is H; and
wherein the compound is an inhibitor of an enzyme having steroid sulphatase activity (EC
3.16.2); '



3.1.6.2); 16 wherein if the sul phamate group on the conmpound were to be
tepl aced with a sul phate group to forma sul phate conpound and i ncubat ed
With a steroid sul phatase enzyne (EC 3.1.6.2) at a pH 7.4 and 37Cit would
provi de a Kmval ue of |ess than 50M wh¥rein the conpound is present in an
anmount to provide 100-500 ng of conmpound per unit dose. 4. A

phar maceuti cal conposition according to claim2, wherein the steroidal ring
structure is a residue of a 3-sterol. 5. A pharmaceutical conposition
according to claim4, wherein the sterol is selected from the group

consisting o t. ' [ r S tituted st rones and
subst tut ed "HERD  BER AT P He BB S aE KL SRRl PO o
accor di nforina suiphatereempdund land rmelljbl‘?teﬁovitﬁ antm\j\ﬂeEMpHa’tasaléFlzyﬁié (EGG&L(B.@%WBU? l}?|2y
selected fr H or, a Cl-Clo , but erein at |east one o an

is H 7. an gﬁ]&%@ VR Ia%b@@ﬁk%'ﬁa’hw;di ng to any one of claims 1 to 6
wherein R anfle@# thébSndolA@RYEERALIA ¥n SRLER LS Bro iHé"‘FOd?boo%%%{ &%;P%no%éfmh& but
wherein at |least one of R and R2 is H 8. A pharmaceutital conposition
accordi ngote® any one of clains 1 to 7 wherein R and R2 are independently

selected from H qr ; er e t . ( . i .9, A
phar maceut i c?! c%‘%g@%&%ﬁg'ﬁa@g@%%ﬁ]g&p %jﬁhgrté/(ﬁ%ﬁgz ' 8#’1&%@;@%&@9{?Sﬁgsmﬁtgge'? n Ri
i s H and arééduesf &3-stetbl. A phar nmaceuti cal conposition according t?) ﬁny one of
. : . > fe
et rone- 3 NN aPrAeRYIEdeaHaRBron seydiar i HR . WLy ols SHAHRH B 11
A phar magruirogR tor B éés@cﬁheﬁiﬁélgfj@bﬁlmdr&te%ﬁés,oﬂthe@ badtithesladdOsubStitye@r ei n
the sul phamate group is attached to the ring systemor the steroidal ring

st r uct ur 8ehyfepiaNgspRaPRESeut i cal composition according to claim1 wherein
(" iporbon"as! 2, HEMRSHE Ahptdien SO i Bl oY IE W R |
conposi t iatgrindeperdedilysglected fbmiHyori2Cwbne alkylrbut wherejn atlgasPorieyaf Re bed Ry is H.

7. A pharmaceutical composition according to any one of claims 1 to 6 wherein Rq and R;
are independently selected from H, or a C+-Cs alkyl; but wherein at least one of R1 and Rz is H.

8. A pharmaceutical composition according to any one of claims 1 to 7 wherein R and Rz
are independently selected from H or methyl; but wherein at least one of Ry and Rz is H.

9. A pharmaceutical composition according to any one of claims 1 to 7 wherein Ry is H and
Rais H.

10. A pharmaceutical composition according to any one of claims 1 to 9 wherein the
compound is any one of oestrone 3-sulphamate, oestrone-3-N,N-dimethylsulphamate, oestrone-3-N-
monomethylsulphamate.

11. A pharmaceutical composition according to any one of claims 1 to 10 wherein the
sulphamate group is attached to the ring system or the steroidal ring structure.

12. A pharmaceutical composition according to claim 1 wherein the compound is a

compound of the formula
0]

Riw N— I —o” Polycycle
Rz/ 1l
wherein Ry and R; are as defined in claim 1.
13. A pharmaceutical composition according to claim 12 wherein the group Polycycle
represents the residue of a sterol.
14. A pharmaceutical composition according to claim 2 wherein the compound is a

compound of the formula



represents the residue of a sterol. 14. A pharmaceutical conposition
‘according to claim2 wherein the conpound is a conpound of the formula 17
O RL,, I Polycycle NS O R21l1 O wherein the group Pol ycycle represents
“the residue of a sterol, and wherein Rl’and R2 are as defined in claim 2.
~15. A pharnmaceutical conposition according to claim113 or 14, wherein the
sterol is a 3- sterol. 16. A pharmaceutical conposition according to claim
2 wherein the wherein the conmpound is a conpound of the formula 0 R1,, 11
Polycycle NS-O R2 1l O wherein the group Polycycle represents the
residue of a 3-sterol, and wherein R and R2 are H

R1>N—(:S?— o Polycycle
Ro o)
wherein the group Polycycle represents the residue of a sterol, and wherein Ry and R; are as defined
in claim 2.
15. A pharmaceutical composition according to claim 13 or 14, wherein the sterol is a 3-
sterol. |
16. A pharmaceutical composition according to claim 2 wherein the wherein the compound is
a compound of the formula

O
R ] Polycycle
1\N S O/ y y

wherein the group Polycycle represents the residue of a 3-sterol, and wherein Ry and Rz are H.



