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Bl SPHOSPHONATES 5 This invention concerns steroid derivatives and in
particul ar bQM¥WMbnat e derivatives of hydroxy steroids for PEHGBR79Y48
prevention or treatnent of osteoporosis andlrel ated bone di sorders. 10
Hydroxy steroids such as oestradiol and testosterone have been proposed for
use in the treatnment of osteoporosis, either by inhibition of bone
resorption or stinulation of bone formation, and bi sphosphonates such as
di sodi um etidronate and cl odronate_are_al so kno%p as 15 bone resorption
STERQLD; PIEPHOSPHONATES,

inhibitors. Certain bi sphosphona&&& I ds have al so
recently been proposed for these purposes in EP-A-0496520 and EP- A-0548884.

In the conpounds, of EP- A-0496520 the steroidal pis linked to the
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group of blsphos hona é gerlvat vestglF EP%%rO I ds mhlc are Ilgked by a
25 car boxyl % %ﬂ%l Rd °6yu§FrfBe Phe ﬁntf Wﬁ%ﬁﬁl phonat e
groups for boneoshamporbslpoaadtralatedtbogetduh@nmanswaster0|d
selectively on bone and then rel ease the active material in situ by

hydrol ysis. The conpounds of the invention are thus of interest in the 30
preventi é® or tHydwroxnt sberoisdeopucbsihs argtyedarlbems diestrafreraneh as
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osteoporosis, either by inhibition of bone resorption or
stimulation of bone formation, and bisphosphonates such
as disodium etidronate and clodronate are also known as

15 bone resorption inhibitors. Certain bisphosphonate
derivatives of steroids have alsoc recently been proposed
for these purposes in EP-A-0496520 and EP-A-0548884. 1In
the compounds of EP-A-0496520 the steroidal group is
linked to the bisphosphonate group by a carbamate or

20 carbonate group, and EP-A-0548884 describes steroid
bisphosphate ethers.

We have now found a new group of bisphosphonate
derivatives "of such steroids which are linked by a

25 carboxyl group and, by virtue of the affinity of the
bisphosphonate groups for bone, have the potential to
target the active steroid selectively on bone and then
release the active material in situ by hydrolysis. The
compounds of the invention are thus of interest in the

30 prevention or treatment of osteoporosis and other bone
disorders such as Paget's disease, bone metastases and

malignant hypercalcaemia.

The compounds of the invention are derivatives of

35 hydroxy steroids which are themselves bone resorption
inhibitors or bone formation stimulators and thus useful
in the prevention or treatment of osteoporosis, the



The conpounds of the invention are derivatives of 35 hydr oxy steroids
whi ch are t-hensel ves bone resorption inhibitors or bone- formation

stinul at ors VMO@®80438 useful in the prevention or treatnent of PEEGBIHOTESI s,
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-2- derivatives having at |east one group Ain place of a hydroxy group on
the steroid rmi@@W&n*megr aa:eur@ atga@arstofodéwe;xf&rgml ar glidcemgr &g X i s:

10 d f. the hydro t d b
rem)val(lz)f > la—ig:%ﬁﬁpgrf’f*?) oR é}xﬂesr esi due o %&,?/]W?}Egeas erOI gi ven by

al kenyl, cycl cgtdyp, ofir ahkylfoamudayl group, any of which may optlonal ly be
15 substituted, or (iii) a hydrogen atom The invention also includes
salts and sol vates of these conpounds. 20 The conpounds of the invention
may t hus Shave the fornula St-A wherel St and are as defined above.

Particul ar groups of conpounds of inferest e those of the fornulae: 25

(1) (St- OCO)ZCHCHZCH(PCXO‘D[G”]D € {084 CO (Rerr]-0CO
CHCH2CH (PO (OH)[err]) [err] (3) 7(St- X CH2CH£EH(PCXC}D [err])[ et®)]
~I0H),

where X is:
10 (i) St-0-CO- where St is the residue of the hydroxy
steroid given by removal of an OH group,

(ii) R'-0-CO- where R' is an alkyl, alkenyl, cycloalkyl,
aralkyl or aryl group, any of which may optionally be
15 substituted, or

(1iii) a hydrogen atom. The invention also includes

salts and solvates of these compounds.

20 The compounds of the invention may thus have the formula
St-A where St and A are as defined above. Particular
groups of compounds of interest are those of the
formulae:

25 (1)  (St-0-CO),CHCH,CH (PO (OH),),
(2) (St-0-CO0) (R*-O-CO) CHCH,CH (PO (OH),),
(3) (St-0-CO)CH,CH,CH (PO (OH),),

Where the steroid contains more than one hydroxy group,

30 only one is usually replaced by a group A, but the .
invention includes derivatives of such compounds in
which two or more hydroxy groups are replaced by A
groups.

35 The structural variety of the compounds of the invention
allows their hydrolysis properties to be modulated as
required. For example, most known steroid-



Where the steroid contains nore than one hydroxy group, 30 only one is
usual ly replag group A, but the invention includes derivatives of

d by a
such corrpoun(}'ggi!’ﬁmgﬁpch two or nmore hydroxy groups are repl ace&CH{GBR7/01748
groups. 35 The structural variety of the3cenpounds of the invention

allows their hydrolysis properties to be nodul ated as required. For
exanpl e, nost Kmbswhesphondte cofugdted43Particularly oestradiol-
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are resistant tq hydrolysis and thus advant ageous when a slower rate

steroi d r & ease-he FegEPred. (&) PRdoW: WBA CRaf@NtEdHFo N Seaichi vyl sl y
one steroid unigrérfeseseanestst aplirboyBYdr ahusic%u@%ddw&égg&@t%?&' 10

when rapid sterqid rel ease is reEU|[ he cqnpounds of fadrmul a al so

d. T
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time. 15 are less resistant to hydrolysis and thus more suitable

10 when rapid steroid release is required. The compounds
of formula (1) also enable two different steroid units
to be included in the same molecule, and this allows
steroids of different activities to be delivered at the
same time.

15
The parent hydroxy steroid may be an oestrogen,
androgen, anabolic steroid, glucocorticoid or
progestagen which inhibits bone resorption or stimulates
bone formation, such as for example 17B-ocestradiol,

20 oestrone, testosterone, norethindrone, androsterone,
norethandrolone and nandrolone. These compounds
generally have a hydroxy group at the 3- or 17- position
or both, and further examples of hydroxy steroids which
may be used ‘are listed in EP-A 0496520.

25
In the group X, R!' may be a C;.; alkyl (e.g. methyl,
ethyl, isopropyl or t-butyl), C, alkenyl (e.g. allyl),
Ci.g cycloalkyl (e.g. cyclopentyl or cyclohexyl), phenyl
(Cy.¢) alkyl or a mono- or bicyclic aryl group (e.g.

30 phenyl or naphthyl). The alkyl and alkenyl groups may
for example be substituted by one or more halogen atoms
(e.g. chlorine) and the cycloalkyl groups by one or more
Cy-4 alkyl groups or halogen atoms (e.g. chlorine). The
aryl groups may be substituted by one or more hydroxy

35 groups, as in naphthol.



The parent hydroxy steroid nmay be an oestrogen, androgen, anabolic steroid,
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The compounds of the invention are useful in the
prevention or treatment of osteoporosis and the other
bone disorders referred to above in man and animals and
35 they may be formulated for these purposes as

pharmaceutical compositions together with one or more
pharmaceutically acceptable carrxiers, excipients or



calcium salts. Sonme conpounds of the invention exist 5 I n enanti omeric
forms and al | wwyi6d)edesg "5 are included. Particular conpourids of

have the follow ng fornulae: 10 [err] The conpounds of the |nve+€PoﬁbgB§88
useful in the prevention or treatnent of ost®oporosis and the other bone
di sorders referred to above in man and ani mal s and 35 t hey may be
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The. active mgréﬁﬁoé’ﬁt I n these conposi tions may for exanpl e be a conpound

(4), (5) or (6) shomn above The pharnaceutical conpositions of the
i nvention rn1SU|taqre for oral, buc parenteral or topica
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accept abl e excigbents su h asg§rgﬁ% agents, fillers, lubricants,
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met hods. Liquid preparations for oral adm nistration
For oral administration, compositions may be in the form

10 of, for example, tablets, lozenges or capsules
containing pharmaceutically acceptable excipients such
as binding agents, fillers, lubricants, disintegrants or
wetting agents. The tablets may also be coated by known
methods. Liquid preparations for oral administration

15 may be in the form of solutions, syrups or suspensions
and may contain pharmaceutically acceptable additives
such as suspending agents, emulsifying agents, non-
aqueous vehicles and preservatives.

20 The compositions may also be formulated for use by
injection and may be presented in unit dose form, e.g.
in ampoules. The compositions for injection may be in
the form of suspensions, solutions or emulsions, in oily
or aqueous vehicles, and may contain formulatory agents

25 such as suspending, stabilising, solubilising and/or

dispersing agents.

The compositions may also be in a form suitable for
topical administration, e.g. transdermal patches,

30 ointments, creams and lotions.

The compounds of the invention may be administered in
combination with other pharmaceutically active
ingredients.

35
The total daily dosages of compounds of the invention
employed in medicine will suitably be in the range



15 may be in the formof solutions, syrups or suspensions and may
cont ai n pha Legal ly acceptabl e additives such as suspendj nts
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15 (where R? and R’ are C,.; alkyl groups, e.g. ethyl, and may

be the same or different) with the hydroxy steroid
(StOH), to give a phosphonate ester (8) of the formula
{St-0-C0) ,CHCH,CH (PO (OR,),),, followed by hydrolysis of
the phosphonate ester group to give the desired

20 bisphosphonic acid.

The transesterification of (7) may be effected in the

presence of a base catalyst such as DMAP

{dimethylaminopyridine), for example in a hydrocarbon
25 solvent at any suitable temperature up to reflux.

When the parent hydroxy steroid contains a further
hydroxy group which is to remain in the final product,
this should be protected during the trangesterification

30 reaction (for example as a benzyl ether) and the
protecting group subsequently removed.

The hydrolysis of the ester (8) may be carried out with
a tri (C,.¢ alkyl) silyl halide such as trimethylsilyl
35 bromide, for example in a halogenated hydrocarbon

solvent.



5 for exanple compounds of fornula (1) above, may be prepared by
transesteri f'ii!&)a!;si of the carboxylic ester group of a corrpour%_g | a
(7) [err] 15 esre Rlerr] and R3 are (Jerr] al kyl groups, ‘e EB%?‘{‘%
and may be the sanme or different) with the hydroxy steroid (StOH), to give
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20 ‘bi sphosp ¢ a0y d. r tend fd i o] 7) may be effected in
t he presence O?nggg@ %atmﬁﬁl%ﬁ%aﬁwal nmet I@/f am nopyridine), for
exanpl e in a hydrocarbon 25 solvent at any suitable tenperature up to
reflux. Wien the parent hydroxy sterdid contains a further hydroxy group
which is to remain in the final pgfod tt, this should be protected during
the transesterification 30 3 Ye’a? j m&&w exanpl e as a benzyl etk8F) and
the protecting group subseq@eﬁ]y rerm\/‘ 1 1The hydrol ysis of the ester (8)
may be carried out with a tri (CJerr] alkyl) silyl halide such as :
trimethylsilyl 35 brom de, for exanple in a hal ogenated hydrocarbon

sol vent . Wav2Bh0P4Z8formaldehyde (e.g. in the presence of a base

PCT/ GB97/ 01748cét?_élyst such as diethylamine) followed by elimination

10 of methanocl to give a methylidene compound (10)

0 0
]
~
(R30)2/T (0RY), (10)
15

which is then reacted with a dialkylmalonate (in which
the alkyl group is R’ as defined above) in the presence

of a base catalyst (e.g. sodium ethoxide).

20
Compounds in which X is a group (iii), for example
compounds of formula (3) above may be prepared by
esterification of the hydroxy steroid (StOH) with the
acid (11)
25 0 0
/u\/\‘/g
~
HO (0R3) (11)
2P\
0% ~(0r3);
30 The reaction may be carried out in the presence of a

base and an activating agent such as EDCI (N-(3-
ethyldimethylaminopropyl) -N”-ethylcarbodiimide
hydrochloride). The phosphonate ester groups may then be
removed by hydrolysis as described above to give the

35 required bisphosphonic acid.



The bi sphosphonates (7) may be prepared by first reacting a nethyl ene

bi sphosphona rr] with paraforml dehyde (e.g. in-the presence of a
base cat al ys'(twg%%g di et hyl ami ne) followed by elimnm nation 10PCT/GBP7/01748

nmet hanol to give a nethylidene conpound (408 45 [err] which is then
reacted with a dial kyl mal onate (in which the alkyl group is R2 as defined
above) in the pgesenceviedn almseydeday ysteteid. contaims e hourgRgr 20
Compounds in ' ' (M4, e onpounds of forrmula (3)
above may be \S@ggg.r%( %&e\% %#Péa}t% otng géet%%g%/ ?%X?%t%?%’ilgd( FOH) with
the acid (11) PEpteci®d duphag ddee ixgroioncandr sukbsequent hy t hempredence
of a base and an activating agent such as EDCl (N-(3-
et hyl di met hyl am nopropyl ) - N - et hyl car bodi i m de_hydrochl ori de). The
phosphonat e  estBf §F (e t9f8h B pxarARRR KXo dt orsEhEl tdenescr i bed
above t0 give &BRpdand MAQUIdRADIEHPRREDNOME @E'Q-dibe%?%%ﬂéﬁﬁte
- PCT/ GB97/ 01748, -8- _ Agai n, when the hydroxy steroid contains a further’

in the  presence of a rion-nucleophilic base catalyst, to

give the ester (12)

10 0 H
P~ 3
[P, 0™ 3 P (0R%); (12)
AP~ 12
0”" T(oR3},

15 followed by hydrogenolysis (e.g. over palladium on
carbon) and subsequent decarboxylation (e.g. by
heating) .

Compounds in which X is a group (ii), for example

20 compounds of formula (2) above may be prepared from a

malonate (13) of the hydroxy steroid

R'OCO.CH,.CO.0St (13)

25 by reaction with a methylidene compound (10) in the
presence of a non-nucleophilic base to give the addition
product (14)

0 0
_ st
30 Rlg 0
B*p pfﬂ (14)
((|]R3)2 (6R3}2
followed by removal of the phosphonate ester group by
35 hydrolysis as described above to give the desired

bisphosphonic acid.



hydroxy group which is to be retained, it should be protected during the
reaction and ﬁﬁgﬁntly renmoved. 5 The acids (11) can be p&ﬂpared from
a met hyl i dene conpound (10) above by addition of a di benzyl AFRITG1748
t he presence of a non- nucl eophilic base cat® yst, to give the ester (12)

[err] 15 foll g £¥ hydr ogenol ysis (e.g. over palladiumon carbon) and
subsequent decé?%%x P PUhnEeegamﬁﬁeﬁe&tlMﬁFragﬂnihﬁukﬁYﬁnW¢@mh Xis a
group (ii), for exanple 20 conpounds of formula (2) above may be

pr epar ed fronggﬁggkgﬁi%e (13) of the hydroxy steroid [err] 25 by
reaction with ene conpound (10) in the presence of a

non- nucl eophi | i gyhtlsesis hac gt DF , 4 R

removal ofc the phosphonate ester group by 35

hydfo{y3|s as described

abave to give the desired bisphosphonic acid. WO 98/ 00438
PCT/ GB97/ 01748 (¥ The follow ng exanples illustrate the invention. EXAMPLE
1 o] o}
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®0),”” ™ (0B,
10
OMe
(15)

Tetraethyl methylene bisphosphonate (47.4 g, 0.165 mol,

15 l.0equiv.), paraformaldehyde (24.75 g, 0.825 mol,
5.0equiv.), diethylamine (17.1 ml, 12.1 g, 0.165 mol,
l.0equiv.) were added to methanol (470 ml). The reaction
mixture was heated at 60 °C until the mixture became a
colourless solution (30 minutes), and stirred for a

20 further 15 hours at room temperature. The mixture was
concentrated under reduced pressure, and toluene (150
ml) added. The solvent was removed under reduced
pressure. The addition of toluene followed by a second
concentrating process aided the removal of methanol from

25 the crude viscous intermediate product 15. 54 (CDCl;) 1.29
(12H, t, J = 8, P-OCH,CH;), 2.67 (1H, tt, Jy, = 24, Ju, =
S, P,CHCH,OCH;), 3.32 (3H, s, -OCH;), 3.86 (2H, td, J,., =
17, Jyw = 5, P,CHCH,OCH,), and 4.15 (8H, m, P-OCH,CH,).

30



Synt hesi s of Tetraethyl

net hyl ene Di
par af or mal d

et hyl i dene bi sphosphonate (16) (i) [err] Tetraethyl
gﬁ g§ ggnate (47.4 g, 0.165 nol, 15 1. 0equiv.)
§ &% 75 g, 0.825 mol, 5.0equiv.), diethylani ieCYgHI701748

12.1 g, 0.165 nol, 1.Cequiv.) were added tid reet hanol (470 mM). The reaction
m xture was heated at 60 [err]C until the m xture becane a col ourl ess
solution (30 nfimites), and stirred for a 20 further 15 hours at room

t enper-at ure.

The m xture was conceggrate @ under reduced pressure, and

toluene (150 m ) added. The sol ven Mennved under reduced pressure.
addition of toluene foll owed by a cond!concentratlng process aided the
renoval of nethanol from 25

Lerr] (CRAI3) 1.29 (12H
Jlerr] =55, P2CHCH2OCH3), 3.32 (3H, ~OCH3), 3.86 (2H, td, J[err]

The

I nt ermedi ate product 15.
t ﬁEt0;28 P— 2CHs§ 3 67 (1H, tt, J[err] = 24,
17,

Jlerr] =5, P2CHCH err] OCH3), and 4.15 (8H, m P-OCH gnehpCH3). 30 WO

98/00438
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[err] Tol uene-p-sulfonic acid (0.15 g, catalytic) was added to a sol uti
of crude tetraelend 2 r@hhbay)ceadyli dengs g, catalytic) was added to

10

15

20

25

30

35

a solution of crude tetraethyl (2-methoxy) ethylidene
bisphosphonate 15 in toluene (250 ml). The reaction
mixture was heated overnight, under reflux conditions,
after this period of time elimination had gone to
completion. The reaction mixture was washed with water
(3 x 100 ml), and the solvent removed under reduced
pressure to yield 16 as an oil (43.16 g, 88% for 2
steps); vn.x 3020, 2960, 1485, 1452, 1402, 1270 (b), and
1050 (b); §,(CDCl,) 1.30 (12H, t, J = 8.0, P-OCH,CH,;), 4.0
- 4.2 (8H, m, P-OCH,CH;), and 6.94 (2H, dd, trans J,, =
40.0, cis J,y = 36.4, P,C=CH,); &.(CDCl,) 16.15 (4C, t, J =
3.4, P-OCH,CH,), 63.08 (4C, 4, J = 3.4, P-OCH,CH,;), 132.58
(1C¢, t, J = 127, P-C-P) and 149.11(1C, s,

-P,C=CH,); m.s. (CI) m/z 301 (M'+H).

EXAMPLE 2
Synthesis of Hexa ethyl-[3,3-
bis (oxycarbonyl) ] propylidene bis{phosphonate] (17)

o 0

EtO (OEt),

P
Z ™ (o8, (17)

Sodium (0.23 g, 10 mmol, 0.1 equiv.) was dissolved in
ethanol (100ml) and stirred at 0°C under a nitrogen

atmosphere. The mixture was allowed to warm to ambient
temperature until all the sodium had dissolved. The

(i)

on



10 bi sphosphonate 15 in toluene (250 m). The reaction m xture was

heat ed overni %%IWer reflux conditions, after this period OfP#I§§9‘ZI({l748
el im nati on had gone to conpletion. The reaction m xture was washed W th

water (3 x 100 m), and the sol vent renovedlénder reduced 15 pressure to
yield 16 as an oil (43.16 g, 88%for 2 steps); V[ierr] 3020, 2960, 1485,
1452, 1402, 12790(hpm &vhcrgsle (I9lufian |Rxgxgmgd 1130514y Hvag tyansfeyed

P- OCH érr] CHB3) , 4204 g8 tdNa RdIEM)ot arel (3040 (H 100, mabansy . g
J[err] = 40.0, cis J[lerr]= 36.4, P20=CH[err%; err%(lng rr]) 16.15 (4C,
t, J 20 3.4, epuévdoang diethyd malopaty (352G ml, p [Brr] CH),
132.58 (1C, t, doBmhel, R .@dJuidnd 14D .ekHak(zl s(somler rikEGRactiva. (C)
mz 301 (M+H). EXAMPLE 2 25 ° Synthesis of I—tl:exa eﬁh);ell -%]_3,3:
bi s( oxycarbonyl PFEEHFA i"ﬁ’@ne’s‘:ﬂi%ﬁ‘%ﬂ AL 2EASBPRT 9 dHFERPED. 35 ¢,
10 mol, 0.1 eqiinbipntatctieaeitiat ifor330 mittzem! THOONedctbon shixtedeat
O0C under a nitrogen_ atnosphere. The m X e s, -4l Lgnt
temperature unt¥ Saf"lasmgog"d'(ﬁ Ahae di tsﬁsat’)ll v%.(ﬁh%qWQ%gﬁggrg@ES
PCT/ GB97/ 01748 intd CHsOH} ut@Eithioxi dehe cbxgawhc pfepak eani vasi calhasted
transtered via a,gangyl.a (A3, Sy %éﬁ:, 16 he3%cd vent18R s ¥moved under
10 reduced pressure final traces of solvent were removed

under high vacuum. The desired product 17 was isolated

as an oil in excellent yield (43.8g / 95.1%). (Found: C

43.97 H 7.55, cl';H_'“O“]Pz requires: C 44.35 H 7.44),' Vmax

3010, 1749, 1732, 1270 (b), and 1045 (b} cm™';&,(CDC1;)

15 1.28 (6H, t, J = 7.16, CO,CH,CH,;), 1.35 (12H, t, J =

7.12, PO,CH,CH,;), 2.33 - 2.75 (3H, m), 3.97 (1H, t, J =

7.68, -CH(CO,Et),), and 4.12 - 4.27 (12H, m); &.(CDCl;)

14.48 (2C, s, -CO,CH,CH;), 16.71 (4C, d, Jc = PO,CH,CH,),

25.29 (1C, t, Jo = S, -CHCH,CH-), 34.71 (1C, t, JCP =

20 132, P-C-P), 50.51 {(1C, t, Je = 8, -CH,CH(CO,Et),, 61.%87
(2C, s, -CO,CH,CH,), 63.22 (4C, t, Jep = , PO,CH,CH;), and
169.31 (2C, s, -CO,Et);®, CDCl;)22.33;m/z (CI) 461
(M*+H) .

25 EXAMPLE 3
Synthesis of Tetraethyl {3,3-bis-([3-benzyloxy-estra-
1,3,5-triene-17p-yloxycarbonyl] propylidene}
bis [phosphonate] (18)

30 ll],\
0 . OEt
CH, ) (OEY),

P
0% ™ (oY,

35
PhCH ,0 (18)



equiv.) and diethyl malonate (15.20 m, 16.02 g, 100mmol, 1.QCequiv.) in

et hanol (50n1g) The reaction 5 . mxture was stirred under an atnosphere
of nitrogen O 9B10838¢ tenperature for 30 minutes. The reacti STHEBY M WMBwas
washed wi th aqueous HCO 1M (3 x 100m ) andizxtracted into CH2C12 (200m).
The organic fraction was collected and dried with anh. MgS™, the sol vent
was renoved unde(Nlﬁ-dlméeﬁy&edunbe@wﬁehhendlo tolsces, af. SOIdvesll, Wer e

d und The t | at | i
(emoved under, Dol UM 2 g5 BLAUIBLA VP 41 2. 55 Aoel ! 1
Clerr]H err]0[2r2] €Rphévr) weqei laésledCtMaSSd-liuI:M ofviitek (0150 9.749 03732,
1270 (b d
7. 16, (o%)zcagCH err])@? géﬁ%?] ﬁ[ %rkg’&g%‘ber(,ﬁ] 6[1’1 r]cl?l]f'![erra%j:firE 2 33 -
2.75 (3H5 ), Wixyurerwas, hgated ppdercreddmms [Oé'rrlil) dagrsd Lmd_Le;_r -an, 27

(12H, m; [er ralt(r@gailéfé] bflﬁlég»ogaﬁ Q‘he Ggaqé[rﬁr hadd3 remred iffer d.
J[err] = POZCHZCH3 9 (1 err] = CHCH2CH ), 34,71 (1C, t,

JCP = 20  1%Fe tpcedpyreﬁsum eyé tgle sreriﬂ proguctoaReqregt e ) ferr] |
61.97 (2C, s, s XRO&REH] ermhb pﬁadaac(ass bur&wwéd by,sﬂiidar éi{€zé§6}5)

EXAVPLE gls%f‘rﬁiwgng% oFpEEERPPIPS, 3051 ELAET o HATRo g oedr it Tl =
1, 3, 5-t rlicene- lif} eTHJClyl, oxyleadlaeﬂyie]dplpa@ﬂuatema]s tuks:[apmmi)fnnaet efigddns[err]
oil (0.80 g, 67%); Va, 3017, 2936, 1724, 1605, 1498,
1203 (b), and 929; &, (CDCl,) 0.84 (3H, s, 18'-CH,), 0.88
(3H, s, 18'-CH;), 1.23 - 1.97 (21H, m), 1.35 (12H, t, J =
7), 2.15 - 2.36 (13H, m), 4.72 - 4.81 (2H, m, 17'H),
15 5.05 (4H, s, -OCH,Ph), 6.74 (2H, s, 4'H), 6.80 (d, 2H, J
=9, 2'H), 7.23 (d, 2H, J = 9, 1'H}), and 7.30 - 7.47 (m,
10H); &. (CDCl,) 13.09, 13.20, 17.43, 17.51, 24.35,
26.19, 27.24, 28.29, 28.53, 30.82, 35.51 (t, Je, = 132,
PCP), 37.95, 44.15, 44.31, 44.84, 50.80, 51.38 (t, Je, =
20 7.3, -CHCH,CH(CO,R},), 63.83 (t, Je = 6.9, -CH,CH(CO,R),).
71.00, 85.02 (4, Je = 10.4, PO,CH,CH,), 113.39, 115.92,
127.42, 128.49, 128.89, 129.59, 133.73, 138.39, 138.95,
157.84, and 169.96 (d, Je, = 3.5, -CH{CO,R),); &, (CDCl,)
20.4; m/z (+ve ion FAB) 1094 (M'+H, 100).
25
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4-(N,N—dinet pyridine (0.013 g, 0.11 mmol, 0.1 equiv.) ﬂ?g

3- benzyl - 17[erﬂaJpes radiol (0.861 g, 2.39 nmol, 2.2 equiv.) were GBS 748,
a solution of 17 (0.50 g, 1.09 mml, 1.0 equBv:-) in toluene (10 m). The
reaction 5 m xture was heated under reflux for 11 days under an

at rosphere of NEXAMBBE 4The sol vent was renpved under reduced pressure and
the crude produwneﬁéeﬁgeefovmzﬁlelt&@q q@l 3 b &f@&b&ll V@Ssp&'ﬂéhéd by

silica gel flash colum chronatogra he el uent used was 1-3% net hanol
10 in CHC1tydrexdedi’Peyl M& mweldieése}a kistphespRenanedo g,
67% ; v[err] 3pig) 2936, 1724 1605, 1498 1203 (b), and 929; [err]
(CDhd 3) 0. 84 (3H, s, 18" -CHerr]), 0.88 ( s, 18 gCHerr]) , 1.23 - 1.97
(21H, m 21.35 (12H, t, J = 7), 2.15 - 2. (13H i, 4.72 - 4.81 (2H m
17'H), 15 5.05 (4H, s, -OCH2Ph), 6.74 ~ 6.80 (d, 2H, J =9,
2°H), 7.23 (d, 2H, J =9, 1'H, and TBY 10I—(PE‘)2[err] ( CDC13)

. 09, . 20, : .51, : _19 29 28.53, 30.82, 35.51
(t, J[err] = 132, PCP), . 95, 44\31, 44054, 5@5@0 51.38 (t, J[err]
= 20 7.3, -CHCH2CH(COX2R)LLerr (t, Mew] 6.9,
-CH2CH(COR)[err]), 71.00,785% [eTr] = 10.4, PC{err]CHZCH[err]),
113.39, 115.92, 127.42, .89, 129.59, 133.73, 13B.39, 138.95,

157. 84, and 169. 96 ( , -CH(C2R)[err]) ; [err] (CDC[err])
20.4; mz (+ve ion 1094 (N[err]+H 100). 25 (19)

To a solution containing 18 (692 mg, 0.633 mmol, 1.0

15 equiv.) in teahydrofuran/methanol 1:1 (10 ml) was added
10% Pd/C (140 mg). The reaction mixture was shaken under
an atmosphere of hydrogen (1 bar) for 6 hours. The
reaction mixture was filtered, taken up into CH,Cl, and
washed with brine. The organic layer was collected and

20 dried with anh. MgSO, and the solvent removed under
reduced pressure. The product was purified further by
silica gel flash column chromatography, eluted with 3 -
5% methanol in CH,Cl.,. The solvent was once again removed
and the product was produced as a foam under high

25 vacuum (557mg, 96.4%); (Found: C, 64.68; H, 7.76.
C4oH490,2P, requires: C, 64.46; H, 7.73); 5, (CDCl,;) 0.775
(3H, s, 18'-CH,;), 0.781 (3H, s, 18'~CH;}), 1.15 - 1.87
(21H, m), 1.34 (124§, t, J = 6.8, P-OCH,CH;), 2.09 - 2.33
(6H, m), 2.49 (2H, heptet, J = 7.6, P,CHCH,CH(CO,R),), 2.66

30 (1H, tt, Jp., = 24, Jyy = 7.2 P,CHCH,CH(CO,R),), 2.81 (4H,
m), 4.05 (1H, t, J = 7.6, P,CHCH,CH(CO,R),), 4.16 - 4.24
(8H, m, P-OCH,CH;) 4.71 (2H, g, 9.2, 17'H), 6.58 (2H, s,
4'H), 6.66 (2H, d, J =8, 2'H), and 7.08 (2H, d, J =
8.8, 1'H); d: (CDCl,;}) 11.93 (1C, 18'C), 12.03 (1C, 18'C),

35 16.29 (4C, d, J = 5, P-OCH,CH;), 23.22 (2C), 24.95 (1C, b
-P,CHCH,CH-), 26.16 (2C), 27.18 (1C), 27.37 (1C), 29.53
(2C), 34.17 (1C, t, J = 134, P-C-P), 36.81 (2C), 38.56
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- EXAMPLE 4~ W’ﬁﬁ’% of Tetraethyl {3,3-bis[estra-1,3,5-triene-3-

hydr oxy- 17[ er oxycar bonyl ] propyl i dene) bi s(phosphonate] (ROVERYNT460 a
sol ution containing 18 (692 ng, 0.633 nmol 141-0 15 equiv.) in

t eahydr of ur an/ net hanol  1: (2‘93 m’lz was added 10% Pd/ C (140 ng). The
reaction nixtuféSlas Phdden2fderd Bl at M¥phet - of Fy@r oged. 64 hac) ,for 6

hours. The reasti.on nipd,ure wes fg| tz‘;bﬁéﬂzg&ﬁk@@ RIR) i @éoog"‘[(‘i"cr] @ [%r r-] a”d

washed with br17ne é&gggqam C I was. Col | ect e
anh. MgSQ err] anf- v’erﬁ:"r Lﬂﬂ'ﬁleq re%l‘bc%%l b%@ss&?éC)ThélﬁrG’duct
was purified fdeCher 10y .sill |(Qa:)gellz‘d &91 (@ahunm ohragrat ey aphy  gyuted with
3 - 5% ne4 hanol [er ent S 0 ain renmoved and the
pr oduct was préﬁbzégﬁiéq 75 éél%) :égh(zf%ya rifi&ﬁ?ﬁ?‘ns(%S 960N
(Found: C, 64.88;(OBCI3)7@0. MQH[emAzCI(eMe] Rdn EWE)r a3 QM Qs 46,5)H 175973)
[err] (CDO 3) @3§§> (3H, s, 18 -CH3), 0.781 (3H, s, 18 -CHerr]),
1.87 (21H m, 1°%) (12H, t, J = 6.8, P-OCH2CH err]), 2.09 - 2.33 (6H n,
2.49 (2H, heptet, J = 7.6, P2CHCerr] CH(CO2R)2), 2.66 30 (1H, tt, J[err]
= 24, Jlerr] = CHCH2CH( CC2R) 2), 2.81 (4H, m), 4.05 (1H, t, J = 7.6,
P2CHCH29ﬁgCIRF2 4. 24

yhthesis of 3,3-Bis-(estra-1,3,5-trien-3-hydroxy-178-

yloxycarbonyl) propylidene bis(phosphonic acid) (20)

0 o)
b
~
15 CH, 0 y (OH);
=P
0” = (oH),
HO
20
(20)
To a solution of 19 (250 mg, 0.275 mmol, 1.0 equiv. ) in
CCl, / CHCl, 1=1 (3 ml) was added trimethylsilyl bromide
25 {1.24 ml, 1.47 g, 9.62 mmol, 35 equiv.) and the mixture

stirred for 24 hours under a nitrogen atmosphere. Water
(5 ml) was added and an off white solid formed. The
pPrecipitate was filtered and washed with cold water and
CH,Cl,. The product was dried under high vacuum and

30 obtained as an off white powder (206 mg, 94%) which
decomposes at 180 °C;&, (CD,0D) 0.85 (3H, s, 18'-CH,),
0.86 (3H, s, 18'-CH,), 1.20 - 2.05 (21H, m), 2.10 - 2.30
(5, m), 2.38 - 2.50 (3H, m), 2.70 - 2.81 (4H, m), 4.08
(1H, t, J = 7, -CH,CH(COH),), 4.72 ( 2H, t, J = 8,

35 17'H), 6.47 (2H, d, J = 2, 4'H), 6.53 (2H, dd, T =9, J
= 2, 2'H), and 7.05 (2H, d, J = 9, 1'H); &C (CD,0D) 12.64
(1c, 18t'c), 12.71 (1C, 18'C), 24.22 (2C), 26.37 (1C, b,



(8H m P-OCH2CH3) 4.71 (2H, g, 9.2, 17'H), 6.58 (2H, s, 4'H), 6.66 (2H d,

J =8, 2'H), oH, d, J =-8.8, 1'H); [err] (CDA3) 11.9

18' Q) . 12.H2)3 ??%,93’8‘358, 35 16.29 (4C sz, 5 13 (P- OCH)chs) 353@7’{’%5’,
24.95 (1C, b - P2CH CH2CH-), 26. 16 (20), 27 1385(10) 27 37 (|C) 29.53 (20).
34.17 (1C, t, J = 134, P-C-P), 2C

PCT/ GB97/ 01748 -~ BaFHCH.SHy) ,427934( Zé&-‘ I4§31745( 1&:%5—‘) 432%85% 1&3@ 493%46§2c:)
2132 (1S 10, iEmERIN ok s bk o Sch
131,48 (20), 131{2®) 5 34! - 2B E1C, %%" ‘F% (‘2(*:)gL 015453 1(32@ %5@11068(%% (2C,
“COPR); [err] (GROS) 20CT(Sk2.0hz ({€yebi ORCRABD,RLY ( MSr1d H4C 617 ¢59

ok o (oo B (BN LITELS 903130 PR) - RaE/ 08 BT Yo | RS

bi s( phosphoni ¢ ac32)3¢202C) er LB8T@3a(8C) ut 166 .608 ARQ,230 My, ahd2 25 s ,

Loeauv. ) in G4 LoGhaL3 %%](cﬁﬁom)z o afiged tamet&yﬁb')ybrsgﬁguggﬁ,ZE"

(.24 m, 1.47 g, equi v.) m xture stirred
hours under a nikG®gen at nosphere. Water (5 nl) was added and an off white
solid formed. The precipitate was filtered and washed with cold water and

10 EXAMPLE 6
Synthesis of Tetraethyl [3,3
bis (benzyloxycarbonyl) lpropylidene bis[phosphonate] (21)

° i
15 P
PhCH 20 ' (OED:
2
I
o? e (21)
20 Tetraethyl ethylidene bisphosphonate 16 (1.00 g, 3.33
mmol, 1.0 equiv.), and dibenzyl malonate (0.83 ml, 0.946

g, 3.33 mmol, 1.0 equiv.) were dissolved in
tetrahydrofuran (15 ml). Lithium bis(trimethylsilyl)
amide solution in tetrahydrofuran (iM), (0.33 ml, 0.33

25 mmol, 0.1 equiv.), was added to the reaction mixture and
stirred for one hour at room temperature. Saturated
agueous ammonium chloride (50 ml} was added to the
reaction mixture and the product extracted into CH,C1,
(100ml) . The organic layer was collected and dried with

30 anh. MgS0O,, the solvent was removed under reduced
pressure. The crude product was absorbed onto silica gel
and purified by silica gel flash column chromatography,
eluted with 2-3% methanol/ CH,Cl,. The product was
isolated as a colourless oil (1.12 g, 58% yield)};

35 5,(cDC1,) 1.30 (6H, t, J = 7.1, -OCH,CH,), 1.31 (6H, t, J
= 7.1, -OCH,CH,), 2.37 - 2.74 (3H, m), 4.07 - 4.24 (9H,
m), 5.14 (4H, s, -OCH,Ph), and 7.24 - 7.35 (10H, m);



CH2C12. The product was dried under high vacuum and 30 obt ai ned as an

off white po ng, 94% which deconposes at 180 [err]C;Jerr CD30D)
0.85 (3H, %58’%8 0.86 (3H, s, 18'- CHS) 1.20 - 2.05 (21 C‘F@”'& lﬂeﬁ

2.30 (5H, rr) 2.38 - 2.50 (3H, n), 2.70 - 268% (4H ), 4.08 (1H, t,
-CH2CH(CO2H) 2) _ 4.72. ( 2H, t, J = 8, 35 17'H), 6.47 (2H d, J = 2, 4H)
6.53 (2H, dd, 3c{CRC1Y 6.1 (BC, PGHLHDS . (2624, (2C 9OHJ;§I-H)) 1ersi

(CD30D)" 12.64 (1€, #8' C)QHzé‘ﬂPZ)l 14G1181€), £ 24522 429 % (2553 b, WO
98/ 00438 /G89770 15 -

-P2CH H2CH ), 37-33 (36, B8 Y5 20) 8'28%(?)(%“%) 6F3 X% (%@ 7. (1C, t,
J = 127, P-C PpCH3&HI6, (2C 1), (240, 180¢RBh) 44 D8, 3 Cc4d3 &ﬁnh&%)‘lo (1C,

13'C), 45:10 0. 2 0 C.b CH(CO2 85. 26 (1C,
17’ cg 5 > (E% 6% ‘%%7(8)3)"31%' g"%% ) '@@} 212(%; 132 36
(20), 138.73 (@f) Phl5ands 1(5:30413 @c, amzl;ao?)mm)e (&,,cccnc@qulz 1ber

err] GO 22 err 00 1 EXA LE 6
g;ﬁ?hes}s Lf Te?Yggﬁéan%é)S bi sﬁgéﬁég arB%ﬁy|)%pr§6¢|%&edé°°)
bi s[ phosphonat BRME2 1M &} r [Fognd: F86r aétlﬁﬁl CetHhyR ,Ode needhiigwsphonat e 16
(1.00 g, 3.33 &wBlp0ig8)equiv.), and dibenzyl malonate (0.83 m, 0.946

10
E P 7
Synthesis of Tetraethyl 3,3bis(phosphono)-propylidene
bis(carboxylic acid) (22)
15 0 |°
P
\ Ho G
2
2PN
0] (OEt), (22)
20
21 (0.698 g, 1.19 mmol}, was dissolved in
tetrahydrofuran (10 ml), and palladium activated
charcoal (0.10 g, cat.) added. The reaction mixture was
stirred under- an atmosphere of hydrogen, overnight, at
25 room temperature. The reaction mixture was fiitered and

washed with saturated aqueous ammonium chloride (50 ml).
The product was extracted into CH,Cl, and dried with anh.
MgSO,, the solvent was removed under reduced pressure,
and the product dried under high vacuum as a white

30 solid, (0.42 g, 88% yield); &,(MeOD) 1.35 (12H, t, J =
6.6, -P-O-CH,CH;), 1.74 (2H, heptet, J = 7.7, P,CHCH,CH-),
2.08 (1H, tt, J,, = 23.1, J = 6.6, P-CHRP), 3.18 (1H, t,
J = 6.6, -CH,CH(CO,H)2), 3.48 - 3.63 (8H, m, P-0-CH,CH,);
5C(MeOD) 16.55 (2C, P-O-CH,CH;), 16.68 (2C, P-0-CH,CH,) ,

35 25.95 (1C, t, Jpc = 4.0, P,CHCH,CH-), 35.01 (1iC, t, Jpec =
133.4, P-CHRP), 51.10 (1C, m, -CH(CO.H),), 64.45 (4C, d4d,
J = 9.4, 6.7, P-O-CH,CH,;), 171.84 (2C, -CO,H) ; 3, (MeOD)



g, 3.33 mol, 1.0 equiv.) were dissolved in tetrahydrofuran (15 m).

Li t hi um bi s(t'rj ilyl) amde.solution in tetrahydrofuran (1 0. 33
m, 0.33 25 WW:’S 1 equiv.), was added to the reaction mx!’%’é“‘fm"“
stirred for one hour at roomtenperature. -Satur-at ed agueous amoni um
chloride (50 m) was added to the reaction m xture and the product
extracted into (21:”2.@-[911/2} (+@Onidn FAR) ofawil)c 408/ erlamls, cahd etMedt)andos
dried with 30 h. MgSg err], the solvent was renoved under reduced

pressure. The cru € product was absorbed onto silica gel and purified by
silica gel flash colum chromatography, eluted with 2-3% nmethanol/ CHO 2.

The product was as a coI ourless oil (1.12 g 58% vyi el d) 35
[err] (CDC 3) 1. - OCH2CH err]% 31 (6H, t,
- OCH2CH] er B] ), §y3r;theszxsnp§ éi;eptrraetweﬂ 72038 prmnos éutenﬂlcS amd

- OCH2Ph), and 7.:24)- 7.35 (10H, m; WD 98/ 00438
PCT/ GB97/ 01748 [err] (CDC13) 16.10 (2C, -0CH2CH err]), 16.24 (2C,

-OH err]CH3), 24.81 (IC, my -CHCHP2) @4.11 (1C t, J[err] = 132.1, P-CP),
49.93 (1C, t, J[err] =T7. C(O)CHRC( )), 62.66 (4C, m - OCH2CH3), 67.11
(2C, -CCH err]Ph), 128.03 gLt ho , 5 128.22 (2C, para C), 128.40 .
(4C, meta C), 135.12 ( nd@Sepl (2C - OC(O) CH);

[err] (CDCkPerr]) 32.19; niz (+ve ioh FAB) (Merr]+H) 585 (36), 369 (7),
and 91 (100); HRVs (Merr]+H) (Fou 585.20184 Clerr]Herr]Plerr]Of[err]
requires: 07 ™ (om,

(23)

22 (0.200 g, 0.495 mmol), was heated to 130 °C for 3
15 hours, under a steady stream of nitrogen. The product
was obtained as a colourless oil (0.174 g, 99%); 5,(MeOD)
1.35 (12H, t, J = 7.7, -OCH,CH;), 2.06 - 2.25 (2H, m,
P,CHCH,CH,-), 2.63 - 2.69 (1H, m, -CDHCO,H), 2.81 (1H, tt,
Jey = 24.2, T = 6.6, -PCHP-), 4.11 - 4.25 (8H, m, P-O-
20 CH.,CH,) ; d. (MeOD) 16.57 (2C, P-0-CH,CH,}, 16.71 (2C, P-O-
CH,CH,) , 21—.82 - 22.10 (1C, m, P,CHCH,CH,-), 32.53 =~ 33.07
(1C, m P,CHCH,CH,CO,H), 35.87 (1C, t, J = 133.4, P-CHR-P),
64.07 - 64.36 (4C, m, P-0O-CH,CH,}), and 175.85 (1C,
~-CO,H); &6,(MeOD) 24.95; m/z (-ve ion FAB) 361 (100) (M -
25 H, for di-deuterated product); HRMS (+ve ion FAB)
(Found: 363.12997 C,,H,;D,0,P, requires: 363.13067).

EXAMPLE 9
Synthesis of Tetraethyl {3-[3-benzoyloxy)estra-1,3,5-
30 trien-17B-yloxycarbonyl] propylidene} bis[phosphonate]

(24)



585.20185). 10 EXAMPLE 7 Synthesis of Tetraethyl

3, 3bi s(phosphono) - propyl i dene bi.s(carboxylic acid) (22)-[err] 21 (0.698 g,
1.19 nmol ), V%R?%WE@blved in tetrahydrofuran (10 nl), and pal IP4dV&B87/01748
activated charcoal (0.10 g, cat.) added.-The reaction m xture was stirred
under an atnosphere of hydrogen, overnight, at 25 room tenperature. The
reaction mxture was filtered and washed with saturated aqueous amoni um
chloride (50 m). The product was extractedg nto CH2G2 and dried with anh.
MySO4, the sol vent was renoved under reduce- pressurd and the product

dri ed under high vacuumas a white 30 ‘ A % 88% yi el d);
[err](MeOD) 1.35 (12H, t, J 6. 6, , 1. Q P2H,  heptet, J =
7. 7 P2CHCHZCH-) 2.08 (1H, : p. 6, P-CHRP), 3.18 (1H,
t, 6.8, -CH2CH(CO2H)2), o m 6O Qdeesr]CH err]);

[ rr](NECD) 16. 55 (2C, P- 2 (2C P- O CH2CH3), 35 25. 95
5.01 (1C t, Jlerr] = 133.4, P-CHRP),

(IC, t, J[err] = 4.0f
51.10 (1C, m - CH(CGr jC, dd, J = 9.4, 6.7, P-OCH2CH3), 171.84
(2C, -CQ2H); [errgy : O 987700438 (24)
PCT/ GB97/ 01748 - 17 -
10 23 (0.071 g, 0.20 mmol, 1.0 equiv.), 3-Q-benzoyl-178-
oestradiol (0.089 g, 0.24 mmol, 1.2 equiv.), and 4- (N, N-

dimethylamino) pyridine (0.005 g, 0.04 mmol, 0.2 equiv.),
were dissolved in CH,Cl, (5ml)}, and stirred at 0 °C under
an atmosphere of nitrogen. EDCI (0.0455 g, 0.24 mmol,

15 1.2 equiv.), was added to the reaction mixture, and
allowed to warm slowly to room temperature whilst
stirring overnight. The reaction mixture was washed with
water (30 ml), and the product extracted into CH,Cl,. The
organic layer was collected, dried with anh. MgSO,, and

20 the solvent removed under reduced pressure. The crude
product was absorbed onto silica gel and purified by
silica gel flash column chromatcgraphy, 1-3% methanol/
CH,Cl, were used as eluents. The product dried under high
vacuum and was isclated as colourless oil (0.048 g,

25 33%); v 3053, 2983, 1729, 1601, 1243, and 1025;
5,(CDC1l,) 0.84 (3H, s, 18'-CH,;), 1.25 - 1.93 (11H, m),
1.35 (12H, t, J = 7.2, P-OCH,CH,), 1.12 - 2.74 (7H, m),
2.87 - 2.92 (2H, m), 4.12 - 4.28 (8H, m, P-OCH,CH,), 4.70
(1H, 4d, J = 8.8, 7.1, 17'H), 6.92 - 7.00 (2B, m), 7.33

30 (1H, 4, J = 8.2, 1'H), 7.46 - 7.67 (3H, m), and 8.20
(2H, dt, J = 8.3, 1.6, ortho H's on Ph); &.(CDCl,;) 12.06
(1C, 18'-CH,;), 16.32 (2C, P-OCH,CH,;), 16.43 (2C, P-
OCH,CH,), 21.04 (1C, m, P,CHCH,CH,-), 23.25 (1C), 26.03
(1C), 27.00 (1C), 27.59 (1C), 29.50 (1C), 35.68 {(1C, t,

35 J = 132.1, P,-CHR), 36.86 (1C), 38.18 (1C), 38.35 (1C),
42.87 (1C), 43.98 (1C}, 49.80 (1C), 62.61 (4C, t, J
6.7, P-OCH,CH,), 82.74 (1C, 17'C), 118.67 (1C), 121.58



22.8; mz (+ve ion FAB) (Merr]+D) 406 (100), and (M +H) 405 (90) EXANPLE 8
5 Synthesr %%%?sraethyl 4, 4-.bi s(phosphono) - but anoi c ~aci d ( err
(0.200 g, % was heated to 130 C for 3 15 hour s, MI48
st eady stream of ni trogen The product vvas @8t ai ned as a col ourI ess 0|I
(0.174 g, 99%; [err](Me 1.35 (12H, t, = 7.7, -OCH2CH3), 2.06 - 2.25
(2H, m P2CHCH2CGHE))., 122% 3 1@, (13849 I%@Hcomlr? 79 §1C) 1H130t 10J[err] =
24.2, J = 6.6, B@'ﬁp-)13344151 rlé) 251:('B"b4 &0129 19 ‘@H@Q‘BM @]
(I\/EOD) 16. 57 (ZC P- O CH2- 7Z;err ? 16. 71 G?—B 21.82°- 22.10
(1C, m Plerr] Cle@arBnd B2 o7 - (3 paq! CJm? Péér—réwz FOGPME, 1931 FAR)IC,

tl ,75J8; (1§3 4, P9CHR-(M'+HO4 £ p '\/Er%;zaQZLQ:g:?:amnll?:gC}z@d[erﬁF@J{wggﬂl) ,fo%g;i
er err on

(Merr]- 2% CGH Oph@tdlémlé'f’é}% rodifid) f%iR%B"(é)ve f@# )}]Ilzo"l‘ﬁ*@l

363. 12997 ( err ebhetlr lfcipgd M=t I‘l:]dD[ﬁmidve’cEberteBé raéehaagﬁai EXAMBLESO 4

Synt hesi s of Tetrgg%hyl {3-[3-benzoyl oxy)estra-1, 3,5- 30
trien-l?l-yloxyég boriyl | propylidene) bis[phosphonate] (24) WO 98/ 00438

PCT/ GB97/ 01748 - 18 -

EXAMPLE 10
10 Synthesis of Ethyl 17-oxoestra-1,3,5,-trien-3-yl
proprionate (25)
CH;
15 0 0
Eco/u\)l\ 0
(25)
20 Oestrone (0.54 g, 2.0 mmol, 1.0 equiv.), triethylamine

(0.56 ml, 0.405 g, 4.0 mmol, 2.0 equiv.), were dissolved
in tetrahydrofuran (15 ml) and stirred at 0 °C under an
atmosphere of nitrogen. Ethyl malonyl chloride (0.76 mil,
0.903 g, 6.0 mmol, 3.0 equiv.) was added slowly to the

25 reaction mixture, which was allowed to warm to room
temperature and stirred overnight. The reaction mixture
was washed with water (2 x 50 ml), and the product
extracted into CH,Cl,, and dried with anh. MgSO,. The
solvent was removed under reduced pressure, the crude

30 product absorbed onto silica gel and purified by silica
gel flash column chromatography, eluted with 0.5%
methanol/CH,Cl,. The product was isolated as a colourless
oil (0.144 g,19% yield); &,(CDCl,;) 0.90 (3H, s, 18'-CH,),
1.32 (3H, t, J = 7.1, -OCH,CH;), 1.36 - 1.75 (6H, m),

35 1.88 - 2.59 (7H, m), 2.8%1 (2H, dd, J = 8.3, 3.8), 3.59
(2H, s, malonate H), 4.26 (2H, g, 7.1, -OCH,CH,;), 6.86 -
6.91 (2H, m), and 7.29 (1H, d, J = 8.2, 1'H); 5. (CDC1,)



[err] 10 23 (0.071 g, 0.20 nmmol, 1.0 equiv.), 3-Obenzoyl-17[err]-

oest radi ol 0.24 mol, 1.2 equiv.), and 4-(N, N~

di met hyl am ngg(g%??og%e (0.005 g, 0.04 mml, 0.2 equiv.), were HFESBINUMS n
CH2C 2 (5m)), and stirred at 0 C under an2@t rosphere of nitrogen. EDC

(0.0455 g, 0.24 mmol, 15 1.2 equiv.), was added to the reaction m xture,
and al | owed tol@ar&ﬁ,slbwslsxozl ooIn t25E0 at 2€elBhi kSt 25t i BLL BG, 0¥er, Bigght .
The reaction m WPf{ sh th r 0 a pr oduct
extracted into é}q%réiz e orfg\%nlg\éc I%ﬁgmésgc%ﬂ eg}égg d??gdg%th anh.
MySO4, and 20 121.H8 .sol2&m0r ehdVedS untiz8 . 0@dut4d.p2edd3tuck, IBS.26UdE
product was ab@@rgg o&tsg Dol (G and Qubh hi sphi.cg gel, flash

col um chromat ogfaphy, "1-3% me(thcﬁg%l Cg@% %h\%\efgg gggdbgl B en(t*'g'e &
product dPied HAder 3fﬁ53h 3Bcutn*iid Wd$ i(d@0dt-ed as col ourI ess oil (0.048
g, 25 33%; V[err] 3053, 2983, 1729, 1601, 1243, and 1025; [err] (CDO 3)
0.84 (3H, s, 18' CH3), 1.25 - 1.93 (11H, m, 1.35 (12H t, J = 7.2,
P—OCH2CH[err]) E L =74 (7H, m), 287- 2.92 (2H, m, 4.12 - 428(8H,

m P- OCH[ err] CE?hth@sﬁQ; (&ﬂ"Té&ae]t B B- e7ttiox9~-741‘&x0539?17 dx88s€ 25 M,
7.33 30 20 (2H, dt, J

= 8.3, 1.6, P‘hg B §rdﬁ%°x>[|%ﬁ‘{"é%d Sﬁuﬁlél’dge?ﬁg)bﬁ%&@@m%teb (2C
P- OCH2CHBY | 16.(23)(20, P- OCH2CH3), 21.04 (1C, m P2CHCH2CH2- . 23 25 (10,
26.03 (1C), 27.00 (1C), 27.59 (1C), 29.50 (1C), 35.68 (1C, t,

132. 1, P2- 1CHR) 36. 86 1(1C) 38 18 (1C), 38.35 (1O, 48, (lC) 43 98 (lC)
49.80 (1C), 62 61 (4C, t,
15
(Eto)z

(26)

20 25 (0.112 g, 0.291 mmol, 1.0 equiv.), and 16 (0.087 g,
0.291 mmol, 1.0 equiv.), were dissolved in
tetrahydrofuran and stirred at room temperature under an
atmosphere of nitrogen. A solution of lithium
bis(trimethylsilyl)amide (1M) in tetrahydrofuran (0.03

25 ml, 0.03 mmol, 0.1 equiv.) was added to the reaction
mixture and stirred for 3 hours. The reaction mixture
was quenched with saturated agueous ammonium chloride,
and the product extracted into CH,Cl,. The organic layer
was collected and dried with anh. MgSO,. The solvent was

30 removed under reduced pressure and the crude product
adsorbed onto silica gel. The product was purified by
silica gel flash column chromatography, 0.5 - 3%
methanol/CH,Cl, as eluent. The product was isolated and
dried under high vacuum to give a colourless oil (0.060

35 g, 30%); 5,(cpcl,) 0.91 (3H, s, 18'-CH;), 1.27 - 1.72
(8H, m), 1.37 (12H, t, J = 7.2, P-O-CH,CH;), 1.90 - 2.95
(138, m), 4.13 - 4.33 (11H, m), 6.82 - 6.90 (2H, m), and



6.7, P-OCH2CH3), 82.74 (1C, 17'C), 118.67 (1C), 121.58 WD 98/ 00438

PCT/ GB97/ 0174 (10), 126.43 (10, 128.49 (20, 129.70 (1C), 130.10
(2C), 133.45 %ﬂ% &18({% 84 (10, 138.19 (1C), 148.68 (10, and 1?§Tfﬂ§9mnﬁ$

[err] (CDA 3) 23.2; mz (+ve ion FAB) 721 ¢Meerr]+H, for product containing
2D), 720 (Iv[err]+H, for 5 product containing 1D), and 719 (M +H). The
benzyl and et hy?.gpPoupdl,cah bb#eanﬂ/,edl 11) & he (ODCigis1at 7Exdnpl,eg84@nd 5.

bt onate (o5t 4718 A5t Ro Sk L TR ORS (R L SRHERST T3 cac,
triethylam ne (OPgﬁﬁfﬁleHad) 4883 . g§3 41@ m?oCHQHzQH-e)qu)SG wet e, dm$5023ed0| n

tetrahydrofuran(iéf n12)5 @Qd ﬁd r @tz nsl[cqrr]ﬁ Lgtgeglé)n a§{r0§§ gi@
nitrogen. Ethyl | ori : urv.)
was added 3| oWy t‘oli3 125p C'rpéactiﬁ)r?@n é(JtQ)r:e 3?/\*ﬁ7:h(34€é)s at4 oltvbd(le) war m

to room terrperaimrgsamdc ti @rge@30\z.er5|y o . (1the f eagd HRXEGY & hed
wth water (2 x mzﬁl, $ t he product ex(tracte m‘m Sély )a\rllvgg?j\r,\?gd
e

with anh. MySq éﬁ:i 7§ol(\}é’nt SR & ed 63n&ér ré&;@@d s dur £-Qhe
crude 30 pr atRgH ahsaised sontir)s, lixa, ol (eand, puzé fied(by) sitbeasg

(1C), 138.08 (1C), 148.38 (1C), 167.73 (1C),168.54 (1C),

10 and 214.15; 3,{CDCl,;) 22.34, and 22.44; m/z (+ve ion FAB)
685 (57) (M'+H), 239 (100); HRMS (Found: 685.29124
C33Hs00,:P, requires: 685.29066).

(26) may be converted to the corresponding bisphosphonic

15 acid by the method of Example 5.

EXAMPLE 12
Synthesis of Tetraethyl {3,3-bislandrost-4-en-3-one-178-

yloxycarbonyl]propylidene} bis[phosphonate] (27)

20
0 [0}
';
~
CH, (o] (OEt)2
2
N (OEt),
25
o]
(27)

30 Testosterone (0.500 g, 1.73 mmol, 2.2 equiv.), 17 (0.363
g, 0.788 mmol, 1.0 equiv.), and 4- (N, N-
dimethylamino)pyridine, were dissolved in toluene (7 ml)
and heated under reflux, under an atmosphere of
nitrogen. After 10 days reflux, more testosterone (0.250

35 g, 0.86 mmol, 1.1 equiv.) was added to the reaction

mixture, and heated under reflux conditions for another
6 days. The reaction was stopped and washed with



gel flash col um chromatography, eluted with 0.5% et hanol /CH2Cl [err]. The'
product was isolated as a colourless oil (0.144 g,19% vyi-eld); éﬁ? é
0.90 (3H, s, B 1 32 (34, t, J = 7.1, -OCH2CH err]), 6 ﬂ?&w
(6H, m, 35 1.88 - 2.59 (7H, m, 2.91-(2%, -dd, J = 8.3, 3.8), 3.59 (2H,
s, malonate H), 4.26 (2H, q, 7.1, -OCCH err]CH3), 6.86 - 6.91 (2H, m, and
7. 2/9 (éH/ d, JsatBritel Hguelctis ]a(n@@ﬁ:[tﬁf rdhloridi IO 0dSSduct was
PCT/ GB97/ 01748 _- - 21.41. 25.60,, 26, 1. 39,
35.68, 37.83, ‘zﬁtﬁ?c"&é é§‘%°4$‘7§15-250a% dhed gv i"ﬂaaéé ﬁ%ﬁa 6. 30,
137. 65, 138. 00501¢3n22w@3 Cemoie Rﬁnd(er eddraddipredsfifrd9 nd':CQEé) and
214.04 (17' O); ); & r 00
EXAVPLE 11 Synf%é5|s Ps %@rggﬁﬁrﬁéﬁg %b%éﬁ‘ <§%}(Jﬁﬂ ?“é% ks
1, 3, 5-tri®enyl opyrafbhedyby- isdfyicadged] f&@ﬂpt@pﬂmaﬁr@om&togrém@y [3>%r] 20
25 (0.112 g, | (

OﬂggﬁaM/CHICP %Jﬁ!ra \{‘cﬁ Oc%a:ﬂéj ehfe (D1 08 9 T}Qe%?xloom termerature

equiv.), were dissolved A Tt uran and stirred at
under an at nospBetatef aist pogeam Nnﬁﬂnﬂﬁ<ﬁigﬁ v3quummo.61 g, 82%

bis(trimethyl shhybyaghds)(1l), (Epeely.aydef tmn £0. 08 28,) , .78 P ol
0.1 equiv.) mas added to the reactlon
18'-CH,), 0.80 - 1.80 (20H, m), 1.12 (6H, s, 19'-CH,),
10 1.28 (12H, t, J = 7.2), 1.94 -1.98 (2H, m), 2.05 -2.57
(13H, m), 3.9%4 (1H, t, J = 7.6, malonate H), 4.58 (2H,
q, J =8, 17'H), and 5.66 (2H, s, 4'H); &. (CDCl,), 11.91
(1C), 12.02 (1C), 16.31 (2C), 16.42 (2C), 17.39 (20),
20.49 (2C), 23.45 (2C), 24.82 - 25.02 (1C, m), 27.31
15 (2C), 31.43 ({2C), 32.67 (2C), 33.88 (2C), 34.34 (1C, ¢,
J = 133.4), 35.34 (2C), 35.69 (2C), 36.53 (ZC), 38.57
(2C), 42.56 - 42.72 {(2C, m), 50.17 (2C), 53.61 (2C),
61.51 (1C), 62.61 - 62.92 (4C, m), 83.50 (1C), 83.64
(1C), 123.97 (2C), 168.80 (1C), 168.88 (1C), 170.77
20 (2C), and 199.37 (2C); &, (CDCl,), 22.98; m/z (+ve ion
FAB) (M'+H) 946 (14), 703 (87), and 461 (100).

(27) may be converted to the corresponding bisphosphonic
acid by the méthod of Example 5.



m xture and stirred for 3 hours. The reaction m xture was quenched with
sat ur at ed aqU n| um chl oride, and the product extract ed
CH[err]CI[err] ol lected and dried with aﬁk}&%@(ﬁs
The sol vent was 30 3mn#uﬂlm gmﬁ &;cedzgr essure and the cr ude pr oduct
adsorbed onto silica gel* Tthetproduct S purified by silfg ‘ —
col um chr omat os_[%m 0.5 - 3% nethanol/CH2O [err] as el ' )
was i sdl ated an ried under high vacuumto give a col our
g, 30% [err] (CDCl[err]) 0.91 (3H, s, 18 -CHerr]), 1.2
1.37 (12H, t, J1 7 glgﬁ}@@ﬂ{cﬁ{adé}d{a‘n}auvés o6f - h?dﬁéx{rl@blerw)xd@ 13 - -

4.33 (11H, 3

PCT/ G(897/01748 héfh af%g’%’}m reggdrﬁt 8”\{%’%?9%?’(@8‘&??]“5“5‘5&%
(1& 18' O)5 14. 86imiCataxd erﬁﬂé]ﬂIa'Nﬂ{ms]bQViEQZat(Ee}st one group A
-Pgerr]CHerr]CHerr]), .3 Cios 1C,
Plerr] CLCH% er r} E‘;PI! ?,l¥f. é%tﬁ(al%)}cfﬁdxyzé}fﬁjé ]1(%_{[95%] %@’?{I@)mﬁgéﬁﬁf(ﬂg ,
31.50 (1C), 34.QRBefdCA tis B graup- d3zle foxmpa 35.76 (1C), 37.97 (10),
44.11 (1C), 17.86 (1C), 49.93 - 50.23 (1C, m -C(O) CHRG(O-), 50.42 (10),
61.77 (1C, - CORCH2CH3), 62.66 - 62.98 (4C, m P-O CH2CH3), 118.35 (10),
121.18 (1C), 126.36 (1C), 13f.70 (1(1;Q 138.08 (1C), 148.38 (10, 167.73

e

(1C),168.5¢ (1C), 10  and #14.15; lerr](CDCL3) iﬁ 34, and 22.44; mz (+ve
i on FAB) 685 (57) (Merr]+ JOH)PRVS (Folfd: 685. 29124

/
(0H)7

/P\

where X is:
15
(1) St-0-CO- where St is the residue of the hydroxy

steroid given by removal of an OH group;

(ii) R'-0-CO- where R' is an alkyl, alkenyl, cycloalkyl,
20 aralkyl or aryl group, any of which may optionally be
substituted; or

(iii) a hydrogen atom,
25 and the salts and solvates of these compounds.

2. Compounds according to claim 1 of the formula (1)

(St -0-C0) ,CHCH,CH (PO (OH) ;) ,
30
3. Compounds according to claim 1 or claim 2 wherein
the steroid is an oestrogen, androgen, anabolic steroid,

glucoceorticoid or progestagen.

35 4. Compounds according to claim 1 or claim 2 wherein
the steroid is 17B-oestradiol, oestrone, testosterone,

norethindrone, androsterone, norethandrolone or

cct Has Been Replaced THIS SHEET HAS BEEN

T REPCED




Cerrl]Herr]err]Plerr] requifes: 685. 29066). (26) nmay be converted to the

correspondi'na, bi s hosalmm \ﬁ““““jﬁ by the nmet hod of - Exanpl e 5. EXAMPLE
12 Synt hesi s¥§ ™ ‘ I dr ost - 4- en- 3- one- 17[ er r |[ECT/GB7/01748

yl oxycar bonyl ] propyl i déne$ bl s("phosphonatepa ¢27) 20 0 O [err] 30
Testosterone (0.500 g, 1.73 mol, 2.2 equiv.), 17 (0.363 g, 0.788 mmol, 1.0
equi v.), and 4néhdNoldmneet hyl am no) pyri di ne, were dissolved in toluene (7
m ) and heated under reflux, under an atnosphere of nitrogen. After 10 days
reflux, nore testosterone (0.250 35 g, 0.86 mmol, 1.1 equiv.) was added
to the reacti of.n xAucempanchd eatctrdimde rca eflamm cbhndsadidnsofpoundot her 6
days. The reacﬁégg was st opped and washed with WO 98/ 00438

PCT/ GB97/ 01748°5*99*_ sat urat ed aqueous ammoni um chl ori de. The product was
extractedPinto CHerr]d[err], and dri with gnh. MgSO4. The sol vent was
removed under reduced pressure, and thg&|crude jproduct absorbed onto silica

gel. The product was 5 purified b% I B#.@Iash CRIHnn
chr omat ogr aphy, 3% et hanol / CH err [ erx] S ué @Zas t é el uent. The

product was 04 \(UH}Z
10
i
0 0
0 Pow, 5l
P
15 0” (0H),
0
HO
or 0 @
20 Et0 0 (8)
. [0k}, (0K},
25 6. A pharmaceutical composition containing one or more

compounds according to any preceding claim and one or
more pharmaceutically acceptable carriers, excipients or

diluents.

30 7. A procesgss for the preparation of a compound
according to claim 1 which comprises:

(A) in the preparation of a compound in which X is a
group (i), transesterifying the carboxylic ester gfoups
35 of a compound of formula (7)



i sol ated as a foam under a high vacuum (0.61 g, 82% based on 3); [err]

(cpeL3), o. 76 l 8 (3H, s, 18" -CH3), 0.80_-

(20H, ™, 26‘?5#4"’%” Hmlﬂmml Hlmﬂ 1.28 (12H, t, J = 7. "l’f*"@?t"“s
-1.98 (2H, rr) 2.05 -2.5%7 £13H, ") 3794 (126 t, J = 7.6, malonate H), 4.58
(2H, q, J 8, 17'H), and 5.66 (2H, s, 4'H); [err] (cAferr]), 11.91
(10, 12. 02 (16, 16.31 (20, 16.42 (2C), 17.39 (20, 20.49 (20, 23.45
(20), 24.82 - 25.02 (1C, m), 27.31 1 (26, 31.43 (20, 32.67 (20,
33.88 (2C), 34.34 (1C, t, J = 133.4),{35.34 20, 35.69 (20, 36.53 (20,
38.57 (20, 42.56 - 42.72 (2C, S} 17.(2 < 53.61 (2C), 61.51 (10,
62.61 - 62.92 (4C, m, 83.50 (1 2083 4 | 97 (2C), 168.80 (10,
168.88 (1C), 170.77 20 (20, and PL(20),, [err] (CDA [ err7] 22.98;
mz (+ve idn FAB) (Merr]+H 946 (14), 06 (mﬁ) and 461 (10007 (27) may
be converted to the correspondi ng bi sphosphonic aC|d by the nethod of
Exanpl e 5. - 23 - 1. Bi sphosphonat e derivatives of hydroxy steroids
whi ch are bone resorption inhibitors or bone formation stinulators, the
derivatives haviwigert Reamtd dite agreod).Aalkypl greupss ari@ahayxwegrmm samé he

steroid molecul g NPPEErAntF B10hOHRChyHIBKO SR L (Feothier &K dfve a
10 phosphonate ester (8) of the formula (St-O-
CO) ,CHCH,CH (PO (OR;) ,),, followed by removal of the
phosphonate ester groups by hydrolysis;

(B) 1in the preparation of a compound in which X is a
15 group (iii), esterifying the hydroxy steroid (StOH) with
the acid (11)

0 0
J'\/Yg
HO b \(0R3)2 (11)
20 07 \{0R3)2

followed by removal of the phosphonate ester groups by
hydrolysis; or

25 (C) in the preparation of a compound in which X is a
group (ii), reacting a malonate (13} of the hydroxy

steroid
o
RYCO.CH,.CO.0St (13)
30
with a methylidene compound (10)
0 0
.
- ~
Roj ) vom3
35 ’( )2 {0R%),

to give the addition product (14)



(1) St-OCO where St is the residue o- the hydroxy steroid given by
renmoval of "an _OH group; (i) err]-0-CO where Rerr] is an al kyl,

al kenyl , cycY@as semmﬁwlel “Mhingroup, any of which may BSF‘%B‘HHNNS be
substituted; or Wer RTINS fa 172Bydroxy steroid, (iii)/ a
hydrogen atom and the*sdlts and sol vates of these conpounds. 2.

Conmpounds according to claim1 of the formula (1) (St-O-COJ[err]CHCH err] CH
(PO (OH)[err])[err] 3. Conmpounds according to claim1l or claim2 wherein
the steroid is an oestrogen, anglroggn, anabolic steroid, glucocorticoid or
progest agen. 4. Conmpounds accgr di jng t%tclain11 or claim2 wherein the
steroid is 17[err]-oestradi3i , testosterone, norethindrone,
andr ost erone, nor et handrol o & or 98/ 00438

PCT/ GB97# 01748 24 - nandrol one.§5.>> _AzBonpound according tolkdlaim 1, said
conpound being: 5 [err]"2 P6. A pharmaceutical conposition
cont ai ni ng one or nore conpounds lgc &}'ng to any preceding clai mand one
or nore pharnaceutically accept amﬁg)zz éi?i ers, excipients or

followed by removal of the phosphonate ester groups by
10 hydrolysis.



di luents. 30 7. A process for the preparation of a ound accor di

to claim1 which conprises: (A) in the preparation Zmuﬂ tlﬁ“ HI I C

is a group (i), transesterifying the carboxylic est . a

conmpound of forrmula (7) WD 98/ 00438

PCT/ GB97/ 01748 0O O [err] (where Rlerr] and Rerr] are (Jerr] alkyl
groups and nay be the same or differeRdB) -with the hydroxy steroid (StCOH),

to give a phosphonate ester (8) of the—fSgbstitate Shedt - 17/12/99
CO[err] J]CH(PO(OR[err])[err])[err], followed by renoval of the
phosphonate ester groups by hydrolysis; (B) in the preparation of a

conpound i, \Ahlgmsishb%p&ohace dgwuacﬁveg) ofeﬁyékbfc%' Bgetbeaghydroxy steroid
(St OH) W|th th aC|d

& Q [m;u% fco YT m)val of the
phosphonat & es *§r o Efsﬁ’ffaFoPyy §her-25° or(E)j & R°TRR“pPBparation of
a corrpoundsFPam%ﬁla@I?Iﬁ |§h@ gesdyacives hearemngtalnalsénane g18upofs t he
hydroxy StehObdaEheUEIQOHgﬂﬂaﬁylg@GhGSBP the steroid molebd3),

where A is a group of the formula

0
0 i
'B/JL\T//\\T/P\\(Gﬂyz (A}
7 AN
X (0H)9

where X is:

‘(i) St-0-CO- where St is the residue of the hydroxy

stercoid given by removal of an OH group;

(ii) R!'~0-CO- where R' is an alkyl, alkenyl,
aralkyl or aryl group,
substituted; or

cycloalkyl
any of which may optionally be

Where the steroid is g 17-hydroxy steroid,
(iii)/ 2 hydrogen atom,

and the salts and solvates of these compounds.

2. Compounds according to claim 1 of

the formula (1)

(St-0-CO) ,CHCH,CH (PO (OH) ,) ,

3. Compounds according to claim 1 or claim 2 wherein

the steroid is an oestrogen, androgen, anabolic sterxoid,

glucocorticoid or progestagen.

- Compounds according to claim 1 or claim 2 wherein

the steroid is 17B-cestradiol, ocestrone, testosterone,

norethindrone, androsterone, norecthandrolone or
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(57) Abstract

Bisphosphonate derivatives of hydroxy steroids which are bone resorption inhibitors or bone formation stimulators, the derivatives
having at least one group A in place of a hydroxy group on the steroid molecule, where A is a group of formula (A) where X is: (i)
S$1-0-CO- where St is the residue of the hydroxy steroid given by removal of an OH group; (ii) R!-O-CO- where R! is an alkyl, alkenyl,
cycloalkyl, aralky! or aryl group, any of which may optionally be substituted; or (iii) a hydrogen atom, and the salts and solvates of these
compounds. The steroid is typically 178-cestradiol, oestrone, testosterone, norethindrone, androsterone, norethandrolone or nandrolone.
The derivatives can be used in the treatment of bone disorders such as osteoporosis.




