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2201676 Case 500-5719 PI PERAZI NECARBOXYLI C ACI D, | TS PREPARATI ON AND .
PHARVACEUTI CAL COWMPOSI TI ONS CONTAI NI NG | T UK- Pat ent Application 2 157 685 ,
descti bes 4-substituted 2-piperazine- carboxylic acids which have actlvtfy
on tthe central nervous system It has been found that ﬁgagﬁgpd‘of t hi's
cl ass, which has not up until now been discl osed, has ggﬂ% | y strong
activity on the central nervous system is well tolerated and has
| ong-lasting activity. The present invention relates to
[R-(E)]-4-(3-phosphono- 2- propenyl ) - 2- gi{fer azi necarboxylic acid of fornula
|, [ERR] -2- its pharmaceutically acceptable salts, a process for its
production, pharnmaceutical conpositions containing it and its use as a
pharma- ceutical. The compound of fornmula | may be prepared by deal kyl ati ng
a conpound of forrmula Il, O [ERR] wherein Ris [err]al kyl or
aryl[err]al kyl. The process can be carried out in known manner. For exanple
t he deal kyl ati on can be effected by silylation followed by hydrolysis

Case 500-5719

PIPERAZINECARBOXYLIC ACID, ITS PREPARATION AND PHARMACEUTICAL
COMPOSITIONS CONTAINING IT

UK-Patent Application 2 157 685 describes 4-substituted 2-piperazine-
carboxylic acids which have activity on the central nervous system.

It has’been found that one compound of this class, which has not up
until now been disclosed, has particularly strong activity on the
central nervous system, is well tolerated and has long-lasting activity.

The present invention relates to [R-(E)]-4-(3-phosphono-2-propenyl)-2-
piperazinecarboxylic acid of formula I,
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‘of the resulting silyl ester. Silylation can-be perfornmed with e.g.
bronntrlnethyIS|Iane I n an organi ¢ solvent such as dichl oronet hane or
chl orof orm at” room t enperature. The subsequent hydrolysis can be effected

under._ | d conditions. When Ris aryl[err]alkyl, -aryl is suitably an
optional ly substituted phenyl group, whereip suitable substituents include
| oner al kyl or | ower al koxy ‘groups. The cdn%dhnd of formula | including its

salts, can al'so be obtained in the formof its hydrates, particularly the
monohydrate. The hydra- tes, particularly the nmonohydrate, also form part
of the invention. -3- The conpound of fornmula Il can be prepared as
shown in the folitswwharmeesuttcall ysatoeptableERNts, a-ptocddse fooripeupradoétion,

or epar od by <t artiarGaeuP I ) EafhosFt find e B aRC 3o i uSF oo BREETC,

to, anmoni um sd@util§alpot assi um cal ci um - pi peri di ni um norphol i ni um or
pyrrolidiniumsalts. Acid addition salts include, but are not limted to,

those for med mnth hydr ochl ori ¢
- The Compound of formula I may be prepared by dealkylat1ng a compound

of formula II,
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wherein R is (Cj-4)alkyl or aryl(C1-a)alkyl.

The process can be carried out in known manner..For example the
dealkylation . can be éffected_hy silylation followed by hydro]ysis
of the resultfng.silyl ester. Silylation can be performed with e.g.
_ - bromotrimethylsilane ih an organic solvent such as dichloromethane
Ul or chloroform at room temperature. The.shbsequent hydrolysis can
" be effected under mild conditions. '- -

When R s ary'l(c1 4)a]kyl aryl is suitably an optionally substituted
phenyl group, wherein su1tab1e subst1tuents include lower alkyl or
1ower alkoxy groups.

Thé compound of formula I inéluding.its salts, can also be'obtained_
in the form of its hydrates, particularly the monohydrate. The hydra-. -
tes, particularly the monohydrate, also form part of the invention.



hydrobromic, sulfuric, nmethanesul fonic, benzenesulfonlc p- toluene-
sulfonic and trifluoroacetic acid. The hydrate, espeC|aIIy t he nnnohydrate
of the compound of forrmula | has particularly interesting. physico- chenlcal O
and ot her properties, eg. as regards solubility, easy purification andx L
" stability. The hydrate may be obtained by3erystallising the conpound of -
formula I from an aqueous nedium e.g. as described in Exanple e), e.g:
fromwater/nmethanol. In the followi ng exanples all tenperatures are given
in degrees cen- tigrade and are uncorrected. The [err] values are also
uncorrected. -5- Exanpl e

[ R-(E)] - 4- ( 3- PThes ghrpasingd - qfrcﬁpgm.gﬂla)llzqandm prepavedr &0 showr incihe at)ﬂovnng

(R -1, 4- BIS(phﬁﬁ*&T&{Qé % fes- Pi perazi necarboxylic acid (1R 2S, To a
solution of 761 4-di'benzyl - 2- pi per-azi necarboxylic acid ethyl ester
(prepared accordlng to E. Jucker and E. Rissi, Helv. Chim Acta 45 (1962)
2383) and 458 g (-)-nmenthol are added at [err]. 15 g NaH (55% 60%

di spersion) and 11 toluene. About 700 m of the solvent are then slowy
renoved by destillation, and continuously replaced by Fq¥/portions.of

toluene (the reaction i zﬁ;ﬁg’tored by TLC, ethyl acet &G‘i’éxan_e 1:3). The

m xture is cooled to Labmtenperature ylogated W th g 25 1CHyN G HA and 6

| diethyl ether and ﬂiirred t hor oug _ cristaAine
precipitate is COOC,He 2) separation  y.heH . |
CH,CH of [ %
2%6"'s - diastereoisomers CHZCGH5 -
| CH] CH3
pd/C ¢
" CH3 CHy
[ LH 3
H Co0
CH,
i
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fﬁltered of f- and washed wi th di et hyl th%r and 0. 1N aq. HG . The crude

product is recrystallised from ethanol/0.2N ag. HC , whereby the

hydrochl ori de hydrate of the title compound, [err] = [err] (c = 1.2 in

[err]x,ls_obtalned which is used without further purlflcatlon in the next

step. b) (Ry-2-Pi erazinecarboxylic acid (1R 2S, 5R)-5-nethyl-2-(1-

met hyl et hyl ) cycl ohexyl. ester--- 210 g of the product of step a) in 2 1

et hanol "and 10.5 g Pd/'C (10% are hydrogenatgd. 7 hours at roomtenperature

and normal pressure, then filtered and evaporated in vacuum The residue is

treated with ethanolic HO, the precipitate filtered and washed with

et hanol / di et hyl- ether (1:1). The product isrecrystallied from

wat er / met hanol / et fyl o] t:h r

Corpound. mp. S e&&;o” %f Jf Tcﬂ‘m\u?a I'faf' flazlrﬁl Qefody i atid tl@%%&esms

di hydr ochl oride |531C r%ﬁttéda"\ﬂ t‘?ﬂ"dl‘!tmpéﬂmw Séqﬂdil‘#nmﬁhadsi Rationjarsiadts

Ega[se I]s e\[/apo]r atﬁi[élk@e JbYDQPE ddd Pinied to,6am;oh¢unt' S unQTHReNS G um NcRicium,
err err] =

[R-(E)]-4-(3-Di etW&f?be&éHh WTP"E‘b’f‘d‘be%|Py”2°‘|dF&‘W&ziﬂééarﬁséﬁyqdﬂ&“&& alts

(1R 2S, 5R)-5- neirtylde)- bdt eee motel imiltpe wol, otrwsg! formedwitv ydpédnoett,

30 1 D0 iy o EherchEe L aFEAIRS alnaheiin Ri€l hezthellnfdaiE] BLLoTleRE. |

90 mi tetrahydrof are a
sulfonic and trifluoroacetlc ac1d

. The hydrate, especially the mmnohydrate5of thejcompound of formula I
- . - has particu]arly'interesting physico-chemical and other properties,
- e,g. as regards solubility, easy purification and stability. The
- hydrate may be obtained by crystaliising the compound of formula I
from an aqueous medium, e.g. as described in Examp1e e), e.g. from
water/methanol. : |

In the follow1ng examp]es all temperatures are g1ven in degrees cen-
t1grade and are uncorrected. The . [a] values are also uncorrected.



within 30 minutes 10.'7 g 3-brono-propen-2-yl -phosphoni ¢ acid diethyl ester
. (prepared according to K. Henm, H Takeno, M Hashinoto and T. Kam ya,
«Chem Pharm Bull 30 (1982), 111) in 45 nl tetrahydrofuran. Stirring.is .
continued at -25 for 20 hours. After filtration of the precipitate, \Lhe
solution is con- centrated at reduced pressure -and the resulting syrup is
chromat o- graphed on silica gel using dichloronethane with addition of an
i ncreasi ng concentration of a 1:19 con®.- aq.. anmoni a/ et hanol ni xture
reaching 10% after 2 hours. The fraction eluted with di chloronethane/ conc.
ag. ammoni a/ et hanol 200:1:19. (rf = 0.35) is isolated and concentrated in
vacuumto give the title conmpound as an oil, [err] =TJerr] (c = 1.3 in 2N
aq. HO ). Hixampbat [RgE 8 eRhos phonio- - priob )eg-p ic
di hydrochl oride is,ofained,. mp. 157-Terr
HC ). d) a R ' ' .
[R-(E)]-4-(3-D et hoxyphosphi nyl - 2- propenyl ) -2- pi per azi necarboxylic-acid To-

red salulrpan, ol SRR skl 38k Mocabs. -
i i e A i
trichloride in3k)-3:P8toylzd-dLrogthulqthyblgyclohexy) estre reaction mixture is

stirred 1 hour at -25.and'[err] hours at [err].” At [err] 50 m water are . f |
gg?te? t ?gﬁeéhg e teg&lf_iﬁggn %‘?%lélg' lz,%qdit%/enaz_g?l'zt-lp?ger%fzi_nzelg'ar'-g‘oq{yl%\Ig Cajc_:li&’j‘ nd
- ethyl ester (prepared according to E. Jucker and E. Rissi, Helv,
Chim. Acta 45 (1962) 2383) and 458 g (-)-menthol are added at 45° :
15 g NaH (55%-60% dispersion) and'l 1 toluene. About 700 ml of the ‘=’
solvent are then slowly removed'hy.deétiITation-and,contihuously o
replaced by new portions of toiuene (the reaction is monitored by -
"TLC,'ethylacetate[héxane 1:3). The mixture is cooled to room
temperature, treated with 1.25 1 2N aq. HC! and 6 1 diethyl ether
and stifred'thoroughly for 1 hour. The cristalline precipitate is AR
 filtered off and washed with diethyl ether and O.IN_aq."HCI. The
- crude product is recrystalliséd from ethanol/0.2N ag. HCl1, whereby.
the hydrochloride hydrate of the title compound, (a3g0 = +18.5°
{c = 1.2 in CHC13) is obtained, which is used without further
purification in the next step. |

.4 in 2N

b) . (R)-2-Piperazinecarboxylic acid-gle;ZS 5R)-5-methyl-2:(1-

210 g of the.product of step a) in 2 1 ethano} and 10.5 g Pd/C .
(10%)'afe~hydrogenated 7 hours at room.témperatuéé and normal '

- pressure, then filtered and evaporated in vacuum. The residue is
treated with ethanolic HC1, the precipitate filtered and washed

- with ethanol/diethyl ether (1:1). The product is recrystallised R
from water/methanol/ethylacetate to give the dihydroch\o?fde of o
the title compound, m.p. 225-226°, [af0 = -52.0° fc = 1.34 in
water). The dihydrochloride is treated with diethylether/
aq. ammonia, the organic phase is evaporated to dryness to give



ahd-[err]. The aqueous phase is evaporated to dryness in vacuum the

resi due taken up in [err], filtered, dried [err] and evaporated to dryness
in vacuumto give the title conpound, which is used.without further
purrfw;atién.in the next step. An analytical sanple is purified by HPLC
(Nucl eosil RP-8, [err] 3 : 2) to give a foam[err] = [err] (c =1.1in 0.5
N HCO). 360 MHz [err]-NVR (OVSO, 150 C): 1;26 {6H ,t; J 7.0 Hz), 2.26
(1H, dxdxd, J = 11.3 x 9.0 x 3.3 Hz), 2.35 (1H dxd, J 11.3 x 8.6 Hz),
2.52 - 2.58 (1H, m), 2.77 (1H, dxdxd, J = 12.1 x 9.0 x 3.3 Hz), 2.83 (1H,
dxdxd, J =-11.3 x 3.3 x 1.7 Hz), 2.99 (1H, dxt, J = 12.1 x 3.9 Hz), 3.10 -
3.15 (2H, m, 3.33 (1H dxd, J = 8.6 x 3. ), .3.97 (4H, _¢dxq, J =.8,6 X
7.0 Hz), 5.50 (2H, bF'beac})‘FF%FS'BP‘(“f% "h?dxﬁa@','.'g% =855 =x-50771 (¢ 3 1k0fpn g 52
(1H, dxdxt, J = 22.0cwc1k¥.1 x 5.6 Hz). e) . - o
[R-(E)]-4-(3-Phosphono- Z2- propenyl ) - 2- pi perazi necarboxylic acid 3.9 g of the
crude conpound of .step - d) are dissolved.in 300 ml abs. [err], treated.
at room tenper at ugle @R4(€)3-4 (840 imtbaxyphosphiny hu2l-prdpengl x@ep iperaz imdcariox 1K c

o Ted Tor S hour " aAe S L 23 SR R o [Embn R EleTbndiot Bder T

addition of Dowex[err] 1x4(OHform and the mxture is placed on the top pf

a colum contai ni ng POVEXEPArel sobudidrreei B8 § UfMine Fred ib@Se WFt Step BY Andent

of- aqueous acetic acid (Q.05 to 0.25 N) ves a foamagn concentrafion o

dryness in vacuum TA€ g’&a?ﬁ‘iey%‘r’ﬂ'gf%l‘ln_i @tﬁﬁ%{*&%fﬁﬁdaﬁeﬂﬁ& at I‘|3§ed

from [err] to give whehinhi 30 minutes 10.7"g-3-bromo-prope_n-2-yl-phosph¢nic acid
Y ' diéthyl ester (prepared according to K. Hemmi, H. Takeno, _

" M. Hashimoto and T. Kamiya, Chem. Pharm. Bull 30 (1982), 111) in
45 ml tetrahydrofuran. Stirring is continued at -25° for 20

" hours. After.filfration Of';hé-precipitate, the solution is con-
centrated at reduced pressure and the resulting syrup is chromato-
graphed on silica gel using dichloromethane with addition of an
increasing concehtratiod_df a 1:19 conc. aq. ammonia/ethanol
mixture reaching 10% after 2 hours. The fraction eluted with
dichloromethane/conc, .aq. ammonia/ethanol 200:1:19.(rf = 0.35) is
isolated and concentrated in vacuum to give the title compound as
an oil, [a]%o = -56.0° (c = 1.3;in 2N ag. HC1). By treating the
‘product with ethanolic HC1/ether, the dihydrochloride is obtained,
m.p. 157-163°, [a)g0 = -48.2° (c = 1.4 in 2N HC1),

dy«n[R-(El]-4?13;Diethdx¥ghosphih!lechrogenxl)- -piperazinecarboxylic

ald DR

"To a stirred:solutioh of 5.79 g of the pboduct of step c) in 58 ml
abs. CHpCly are added at -30° within 30 minutes 22.8 ml of a
solution of boron trichloride in 1,2-dichloroethane (about

..2.2 M). The reaction mixture is stirred l'hour'at -25° and

3% hours at 0°. At 0° 50 m! water are added and the mixture is
neutralized by addition of 2N. 2. NaOH and partitioned between Hp0



conmpound as the nonohydrate, mp. [err] (deconposition). [err] = -21.6 (c =
1.1 in 2N HQ). The absolute configuration is deduced by a chem - cal ’
correlation with D-asparagi ne and confirned by an X-ray structure anal ysis. »
-8 The conpound of fornula | exhibits val uabl e pharnacol ogi cal actrvr\..f ty
and is, therefore, indicated for use as.g pharmaceutical, e.g. for therapy.
In particular, the conmpound possess |uteinising horno- ne (LH) and
testosterone secretion inhibiting activity in the follo- wing test: Adult
male rats of the Wstar strain (SIV, Kissleg, West Gernmany, 200-300 Q)

11 ed by decapi t@?.”@?r’“‘-“ﬂ "THEC SRBLL SRR X e BBl L4 iRindsT Tadiuin oo
using a bi oassay HEsEtFigue %e’br‘@dimcﬂﬁlﬁofﬂmﬂk dsfet (NapSOY) chnaperse

col | agenase treatadpm&ited rﬁoeﬂsjdefsga{n b@é’dﬂngt&@ibé t%pgﬁgg ctoﬁlp&u'?td | ni ng
serumor rat LH g st ost er.one, i's_neas

r adi oi nmunoassay g%a}{]wirtho& s “"kﬁﬁ" rRPB‘ catian G\M"ﬁz'!.ﬁxltaMP [cf. E del
Pozo, A. Podesta, A Sol ano, . J. Calaf, M  Marko, in : Biorhythnms and Stress
rznrzghsrzsrarﬁrmgwyrcﬁe U o U ook B 30115,
formul a | inhi bi Hg0/GH308Y =t éktt@sﬂgﬁ)nefmd@.'% Pon -al8ithé {oseldf i8. 2 ny/ kg
i.p. si gm ficant ons p(hen”) 4-(3- Phosphono 2-pro- -

360 MHz LH-NMR (OMSO, 150 °C):. : N
1.2 (6H, t; J = 7.0 Hz), 2.26 (IH, dxdxd, J = 11.3 x 9.0 x - '
3.3 Hz), 2.35 (LH, dxd, J = 11.3 x 8.6 Hz), 2.52 - 2.58 (14, m).

2.77 (1H, dxdxd, J = 12,1 x 9,0 x 3.3 Hz), 2.83 (IH, dxdxd, J =.

11.3 x 3.3 x 1.7 Hz), 2.99 (1, dxt, J'= 12.1 x 3.9 Hz), 3.10 -
3.15 (2H, m), 3.33 (14, dxd, J = 8.6 X 3.3 Hz), 3.97 (4H, dxq, J =
8.6 x 7.0 Hz), 5.50 (2H, broad), 5.88 (1M, dxdxt, J = 21.5 x
17.1 x 2.1 Hz), 6.52 (1H, dxdxt, J = z'z.o x 17.1 x 5.6 H2).

e) CR-(E) 1-4- 13-Phosphono-2-propeny! )-Z-pi perazi necarbox!l ic acid

3.9 g of the crude compound of - step  d) are dissolved in 300 ml
‘abs. CHaClz, treated at room temperature with 9.6 ml bromotri-
methylsilane and stirred for 16 hours.' The reaction mixture is
_ _evaporated, the residue taken up in Hp0, stirred for 1 hour and
 filtered. The pH of the solution is adjusted to 6 by addition of
f D_ov_rex. 1x4 (OH-form) and the mixture is placed on the top pf a

coldnh'-containing Dowex®1x4 (acetate form). Elution with a
gradient of aqueous acetic acid (0.05 to 0.25 N) gives a foam on

. concentration to drynes's in vacuukn; The foam is crystallized from
- H20/CH30H and recrystallized from HzOICszoﬂ to give the title
compound’ as the monchydrate, m.p. 206° (decomposition). [a] = -21.6°
{(c = 1.1 in 2N HC1). The ah;o]ute conffguration is. deduced by a chemi-
cal correlation with D-asparagine and confirmed by an X-ray structure
analysis. ' :



penyl ) - 2- pi per azi necar boxyl i c acid'(hereihaf}er call ed CPP-ene), the

correspondi ng racemate of the conpound of fornmula |, at 3.2 ng/kg i.p. has
ne effect on LH secretion and only weakly inhibits t est ost'erone- secretion. .
In femple rats the’ conpound of formula | inhibits LH dependent spontaneous

ovulation in the followng test [cf. M Marko and E. Fl Ucki ger, _
Neur oendocri nol ogy 30, 228-231 (1980)]: Fenal&-rats of the Wstar strain
(SIV, Kissleg, West Germany, 200-300 g) with regular 4 day cycles receive
the test substance during proestrus at 13.00 and 15.00 hrs.
intraperitoneally. The next day at 9.00 h, when the rats are in estrus
they are sacrified, the oviducts exam ned -9- mcroscopically and the
ova counted. Ovulation is deenmed to be inhi- bited only if no ova counted.
The conpound of f dhendompound: of tfodmata I hexhibiitswal zabdp phairnbtd 19g beainheigaus

| f f
b (et 13, 00 3. sty Hedtlie, ndLEHRA, iy G058 apmadéuti it
i Phlzbl tg ;pon'; Enecﬁms tﬂbegapy. ttm mart/tm.glameairhbycmemdadossle[s?t hwedq_ﬁdein@oomles
X
gf formul a Irrgl sg b%&@o&ﬁ %SE% Q& ltﬁpt‘ﬁ‘"[hr?g%j H’a‘ﬁly tﬁ?%ggrs

havi ng an aeti ol oy?ngwss)t:i ated with or m) dul at ed by LH secretion.or
havi ng an-aetiol ogy in which the physi ol o- gl cal regulation of LH secretion
S |an|cated for exanple in the

Adult male rats of the Wistar strain (S1v, Kissleg, West Germany,

200-300 g) receive the test compound intraperitoneally. 2 hours later
N\, the rats are killed by decapitation and blood samples are taken. Serwn
' LH is measured using a bioassay based on the production of testo-
sterone by disperse,.collagenase.treated rat interstitial Leydxg
cells exposed to LH containing'serum or rat LH-standard; serum
- testosterone is measured by radioimmunoassay. (125 J-T, cis,
Medipro Teufen, Sw1tzerland) [cf. E. del Pozo, A. Podesta, A. Solano,
J. Calaf, M. Markd, in : Biorhythms and Stress in the Phys1opathology
of Reproduction, P. Pancheri and L. Zichella (Eds), Hemisphere Publ1-
shing Co. Hashlngton. 389-398 (1988)].

- The compound of formula I inhibits LH- and testosterone-secretion at
the dose of 3.2 mg/kg i.p. significantly. (*)-4-(3-Phosphono-2-pro-
U penyl)- 2-p1perazinecarboxylic acid (here1nafter called CPP-ene), the
corresponding racemate of the compound of formula I, at 3.2 mg/kg i.p.
has no effect on LH-secretlon and only weakly 1nhib1ts testosterone-
secretion. '

In female rats the compound of formula I inhibits LH-dependent
' spontaneous ovulation in the following test [cf. M. Markdé and
E. Flhck1ger. Neuroendocrinology 30, 228f231 (1980)]

-Fema]e rats of the Wistar strain (S1v, Kissleg, Nest -Germany, 200~300 g)

~ with regu]ar 4 day cycles receive the test substance during proestrus
at 13.00 and 15.00 hrs. intraperitoneally The next day at 9.00 h,
when the rats are in estrus, they are sacrified, the oviducts examined
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- treatnent of prostate hypertrophy, in the treatnent of nenopausal -
syndrome, as well as the treatment of nmammary--and prostate-carci- noma.
For this use an indicated daily dosage is in the range from about 1to,: .
.about 800 ngy of the conpound conveniently given in divided doses 2 to: é&
times a day in unit. dosage form containing for exanple fromabout 0.25°to
about- 400 ng of the compound or in sustained release form The conpound of
formula | shows nuscle relaxant activity §n the conscious rabbit in .
dosages from0.01 to 0.05 ng/kg i.v. [HJ® “Teschendorf et al., Arch. Exp.
Phar macol . 266, 467-468 (1970)]. In this test the nonohydr at e -of the
conpound of fornmula | causes a 50% i nhibition of reflex nuscle tone after
adm nistration of 0.02 ng/kg i.v., whereas CPP-ene inhibits reflex nuscle
tone by 47% after ‘admi ni stration of 0.5 nmg/ kg i.v.; the conpound of fornula

| being about nﬁérddcﬁ?ﬁcmyearﬂcthé/%vhmntw oourasem BekrieORTBE Cinnbe

cmmomm of formul a therefore, tndicated for use in E¥Heaumntof

i ncreased nus®&ited SRy ‘ff’oP(’ vanpauted. The sompawndaf formula rif estad Asethasns
- attributable tnfan&iﬁfraee)aﬁdhimstsmehneous ovmatwiil §9§rfiﬂ§am tyhan! agmRar or

cervical spine or after surgery_or |n of spast|C|ty,_e g. due

to multiple. sdishergdsat dosades,08L &t tané’gé'iﬂ rial’ mc?GFdn 881 chR uarkaui &
acci dents, CerfBra 15/60'FP3.¥ mgAFL I F!).PaLFPLend On bt Hﬁdht%ﬁedd%dbﬁﬂtaed

dally dosage
tion very weakiy when administered at dosages of 2 x 3.2 mg/kg i.p.
under the. same experimental conditions.,._ :
The compound of formula I 1s. therefore, indicated'for use in the - ~
‘treatment of disorders having-an aetioiogy associated with or mo-

"~ dulated by_LH secretion or having an aetiology in which the physiolo-
gical regulation of LH secretion is.impiicated. for exampie.in the |
treatment:of'prostate hypertrophy, in the treatment of menopausal
syndrome, as well as the treatment of mammary- and prostate-carci-

“noma. For this use an indicated daily dosage.is in the range from
about 1 to about 800 mg of the compound conveniently given in divided
doses 2 to 4 times a day in unit: dosage form containing for exampie
from about 0.25 to about 200 mg of the. compound or in sustained
release form. :

The compound of formula I shows muscle relaxant activity in the =\
~ conscious rabbit in dosages from 0.01 to 0.05 mg/kg i.v. |

CH J. Teschendorf et al., Arch. Exp. Pharmacol 266, 467-468 (1970)]

In this test the monohydrate of the compound of formula I causes a

50%- inhibition of reflex muscle tone after administration of

0.02 mg/kg i.v., whereas CPP-ene inhibits reflex muscle tone by 47%

after administration of 0.5 mg/kg i.v.: the compound of formula I

being about 25 times more active than the corresponding racemate,

_The compound of formula I is, therefore, indicated for use in the
treatment of increased muscle tone, for examp]e in the treatment
of painful musc]e spasms attributable to static and functional



i * I +
Is in.the range fromabout 1 to about 800 ng of the conmpound con- veniently
adninistered in divided doses 2 to 4 tines a day in unit dosage form
cent ai;ni ng for exanple fromabout 0.25 to about 400 ng of - the conpound or
in susfained rel ease form Furthernmore, the conpound of fornula | reduces
i schaeni a-i nduced neuronal damage and ensuing synptons in the mddle
cerebral. artery (MCA) occlusion nmodel in ratsimt. a dosage of 1-30 ng/kg
s.c. and particularly at 3 x 10 ng/kg i.p. [cf. A Tanura et al., J. Cereb.
Bl ood Fl ow Metabol. 1, 53-60 (1981), A Sauter, M Rudin, Stroke 17,
1228-1234 (1986)]. The area of infarcted tissue is neasured using MCI D’
I mge anal ysis software (devel oped by Inmagi ng Research Inc.) in 5
hori zontal 20 [err] ‘thick slices sectioned at nuitiple | evels and stained
by cresyl violett. diferdersa0f \Ebe ukumbart apr cenvicabwiphioe iorcatten surganpoe i
estimated by addin | fr t heEa | rGk.
si ze determ ned hi gpgrgrgﬁica 'ﬁ;sg%sg@EYéré)’?éc%s?%ﬁdug?%g-lgﬁerpg; u’cg?:l by
nore than 20% af't ersedsemoficthe spinalzcordyocengbrovascplanmaceidentonsryehrale of

conpound of for mul gphykd ioF SéereBt £ bhMY.| FOREhA4 Qlsk & HRETd¥EEd Walh Y otBge
second and third after 8 respectively 1 ours ound Ts

. 6 h : The co
therefore indicatedsf 8 tﬂSe"ﬁf‘ﬁetff@mpMﬁfy] oy 93%8901@_96@289 WHRRNG Een
associ ated w th cerphiaitlySsdiaridtareéd Gin 81vidka-doses 2 Rbsq Usmeany dayliipat ed
daily -dosage is in the range from about, 25 to aboyt.800 ng of the conmpound
conveni ent |y adni niY8ikrd0§2ge, form containing for example from about 0.25 to about

. 400 mg of the compound or in sustained release form.
o '

Furthermore,.thefcompound-of-fdrmula I reduces ischaemia-induced
neuronal damage and ensuing symptoms in the middle cerebral artery
(MCA) occlusion model in.rats"at,a_dosage of 1-30 mg/kg s.c. and
particularly at 3 x 10 mg/kg i.p. [Cf. A.Tamura et al., J. Cereb.
Blood Flow Metabol. 1, 53-60 (1981), A. Sauter, M. Rudin, Stroke 17,
- 1228-1234 (1986)]. The area of infarcted tissue is measured using
MCID image analysis software (developed by Imaging Research Inc.) in
5 horizontal 20 um thick slices sectioned at multiple levels and
stained by cresyl violett. The total volume of brain showing
‘ _ ischaemic damage is estimated by addihg the 5 areas obtained from
/ _ o the 5 slices. The infarct.sizé\determined histologically 5 days after
~ occlusion of MCA is reduced by more than 20% after treatment with
3 x 10 mg/kg §.p. of the monchydrate of cdmpound of formula I (first
injection immediately after MCA occlusion, second and third after
- 8 respectively 16 hours).



'tdivided doses 2 to 4 tines a day“in_hnit dosage-fornicontainfng for exanpl e
fromabout 6 to about 400 ng of the conpound or in sustained release form

. Furthernore, the compound of formula | has a potent, selective and .- .
. tonpetitive antagonistic action on NVDA (N-Methyl -D-aspartic acid) ¢
receptors: Thus the nonohydrate of the conmpound of forrmula | inhibits ™

NVDA- i nduced depol.arisations in the isol 1ed frog spinal cord assay:
[P.L.Herrling, Neuroscience 14, 417-426"(1985)] with a [err] value of 6.8,.
CPP-ene with a [err] value of 6.2, thus the conmpound of formula |I being
about 4-fold as active as the corresponding racemate. CPP [()-

- 3- (2-carboxypi perazi n-4-yl ) propyl - 1- phosphoni ¢ acid], the enphasi zed
.conpound of UK Patent Application 2 157 685 has a [err] value of 5.8. In

tGgledt'\)l('\a/Pg\- bndtrﬁ_s}g-ioﬁggum sféhlewfmsmieaté@tfob dﬁu“m'thggp}oggyiag;g%gz 54

(1981)] the ribﬁanyd%tcenéiti@n& Q{a‘éﬁﬁ’tﬂﬁeé \ﬂfthf eenebrel [isgbaemia [&gr ] Strakee of
6.5 and CPP- ¢g¢ #hikeidd a@fm@ié’atédhom?w g ¥ 1hothEbande Proniab @ﬁtgut twice

\ _ cg
S activits® 2", SBATADE T B8 $185 Ebafing Sanyerienly. SimintsRenadatn i ¢ (s |
i ngﬂJ |m V:f f faa dMidedadosastetroeltatMeePPldayt e uqit siologatform ecogtdﬁan natferi &S/BZ ed
ocept or ot Sxbfifle Hodf Sodue 8167 bodE W60 i of {HY' ctbolind B}, sBhedingg "ML

treat nent of raheasct formschi zophrem a and depre55| on or of CNS degenerative °
dlsorders such as Huntlngton S, .

Furthermore, the compound of formuia I has a potent, selective and S
competitive antagonistic action on NMDA (N-Methyl-D-aspartic acid)
receptors. Thus the monohydrate of the compound of formula I inhibits

* NMDA-induced depoiarisations in the isolated frog spinal cord assay
{P.L.Herrling, Neuroscience 14, 417-426 (1985)1 with a pA, value of
6.8, CPP-ene with a pA value of 6.2, thus the compound of formula I
being about 4-fo1d as active as the corresponding racemate. CPP [(%)-

- =3-(2-carboxypiperazin-4-y1)propyl-1-phosphonic acid], the emphasized
compound of UK Patent Application 2 157 685 has a pA, value of 5.8.

In the NMDAainduced'sodium efflux assay on rat brain slices (Luini A.,

Goldberg 0. + Teichberg v.l., Proc Natl. Acad. Sci. USA 78, 3250-3254 - _
' (1981)] the monchydrate of the compound of formu]a I has a pA2 value g;)
~of 6.5 and CPP-ene a pAz of 6.2, the compound of formila I being
| about twice as active as the corresponding racemate. CPP has a pAz

value of 6.0, : :

The selectivity of the NMDA antegonistic action. is indicated in that
it is inactive, as well as CPP-ene and CPP,in the quisqualate- and -
kainate-induced sodium efflux test up to a concentration of 1 mM.

" As a result of its NMDA receptor antagonism the compound of formula I
is indicated for use in the treatment of anxiety, schizophrenia and
depression or of CNS degenerative disorders, such as Huntington's,



~12- Al zheiner's or Parkinson's di seases. For these uses an indicated daily
dosage is in the range from about 25 to about 800 ng of the conpound
conveniently adm nistered in divided doses 2 to 4 tines a day in unit
dosa32§forﬂ1containing for exanple from about 6 to about 400 ng of the
conpo&ﬁd or in sustained release form As a result of its NVDA receptor
ant agoni sm tthe conpound of formula | is furjhgr_indicated-for use in the
treatnment of tinnitus. For this use anindicated daily dosage is.in the
range from about 25 to- about 800 ng of the conpound conveniently
adm ni stered in divided doses 2 to 4 times a day in unit dosage form
contai ning for exanple fromabout 6 to about 400 ng of the conmpound or in
sustai ned rel ease form Additionally the conpound of fornula | shows

anti convul sant ap) zhahiris of! Rk REUROS kifiseslsese IF O thedes uses annindieatedise

[E.A Swinyard, J. Phar m, spc. .Scient. Ed. 0 J

Phar macol . Expt | ﬁ#ﬂ?e#aﬁgem%ﬁsﬂs?@ ‘-("19%%;#}‘9'“ Iﬁgo‘t'ﬁi%g f%épg&éfegﬁdggf Bl
mce (18- |2I6 g, AfCEolﬂpoluﬁdmbmgmw ardmttwis&teremégtdebﬁdedxtdmemdeto_nft times d.
peritoneally:. en..1, hr's ' ﬁﬁﬁp ie
vi a-corneal el ec%r% eéf' a?%&g&n ?ﬁe?%émv@t g°'fr§f‘+@‘.mr 'S g%?)ur%a?prrgsxi mal
shock produces t ebout 400 angsof thencampound $roin sustained relgase £y nhibition
of the hindlinb extension is taken as a protective action. After '

i nvestigation of several_ dose:levels the threshold dose is esti . The
threshol d dose afs. a result of nits H¥RA receptor An 9?'?1’-smhﬁlﬁ FW%"H%?SWL !
extension. is <1 Ag/figtheP intidcatedeforoupolindtid treatmeht df tfmﬁckhydﬂ-‘arebhiand _

betkwien' 3-10 0/ Kde 3P ind{¥at&T 4281 doflife is in the range from about 25 to about
' * 800 mg of the.compound conveniently administered in divided doses 2
to 4 times a day in unit dosagé form containing for example from
about 6 to about 400 mg of the compound or in sustained release form.

Additiona]]y the compbund of formula I.shoﬁs anticonvulsant activity
in eléctroshock-induced convulsions in the mouse [E.A. Swinyard,

J. Am, Ph;rmh Assoc. Scient, Ed. 38, 201 (1949) and J. Pharmacol.
Exptl.'Thefap. 106, 319 (1952)1. In this test, groups of 6 male

mice (18-26 g, OFQI, Sandoz.BaS]e) receive the test subsfance intra-
peritoneally. After 1, 2 and 4 hrs. a 50 mA, 200 ms long shock is
applied via corneal g]ectrodes;'smeéréd with eiectrolyte jelly. This
supra-maximai shock produces tonic extensor convulsions of all extre-
mities. Inhibition of the hindlimb extension is taken as a protéctive ,
action. After investigation of severél'dosee1eve1s the threshold dose
js'estimated,:The3thresho]d-dose at 1 hour, the dose required to in-
hibit the hindlimb extension is <1 mg/kg i.p. for the compound of
formula I (monohydrate) and between 3-10 mg/kg i.p. for CPP-ene. The
literature threshold dose of CPP is 10 mg/kg i.p.



“literature threshol d dose of CPP'is 10 ng/kg i.p. - 13 - In the .
- followng table, the inhibition of hindlinb extension, expressed in %is ’

given for the conmpound of fornmula | in compari- son with the corresponding *
~“racemate: % Inhibition of E-shock induced Dose - hindlinb extensi o} '
- g/ kg i.p. lh = - 2h 4h Conpound of fornmula | nonohydrate el
67* 67* 33 2.5 83* - 83* 67* 3 100* 100* 83*

CPP- ene I =134 20 50 25 3
33 67* 17 10 67* 80* 80* Fisher-Test, control vs.

substance group, * p< = 0.05. As can be seen fromthe table, the conpound
of fornmula | has higher anticonvul sant -activity than the correspondi ng
racemat e when tested agai nst el ectroshock-induced convul sions in m ce. -
14 - o -

In the following table, the inhibition of hindlimb extension, -
expressed .in % is given for the compound of formula I in compari-
son with the corresponding racemate: -

% Inhibiticn of
E-shock induced

_ Dose: hindlimb extension - .
- mg/kg i.p. lh 2h  4n o
Compound of formula I monohydrate - 1 . 67%+ 67% 33
| - S 2.5  83% B83* 67%
3 - 100* 100% 83*
CPP-ene o 20 50 25
| o 3 33 e 7

10 67%  80* 80

_ Fisher-Test, control vs, 5ub§t§nce grqdp, *-p<:= 0.05.

As can be seen from the table, the compound'of formsla  has higher
' ahticonVu)sant.astivity'than the COrrésponding racemate when tested
against electroshock-induced convulisions in mice.



The conpound of fornula | further inhibits N-Methyl-D aspartic acid (NVDA)

i nduced convul sions in the mouse. In this test groups of 6 fenale nice
(18-26 g, OF-1, Sandoz Basle) were pretreated with the test substance
intra@ggitbneally. 30 m nutes later they are challenged with 400 ng/kg s.c.
NMDA im the neck region and observed for 30 minutes. The latencies for the
appearance of the first signs of convulsions, for the first tonic _
convul'sions and for the occurrence of deathgate noted. The significance of
any differences is assessed using the Mann-Witney U-test [S. Siegel,
Non-paranetric Statistics, McGawHi |Il, New York 1956]. The threshol d dose
is the smallest dose at which there is a significant inhibition of . '
convul sive synptonms. The threshold dose of the conpound of fornula I
(tested as nonohydrate) is approximately 5 ng/kg i.p., of CPP 10 ng/kg i.p.
As a result of i tTheacampound of sEormudatl Furtherhinhdbivso e thy1+baspartit i s )

ARG eataipe | ; sy el
dai |y dosage i o i (MBA} RELERS Coflu1SRne fiene bush f 4Afs a‘?ﬁ’%%‘%@%ﬁﬁd
conveni ent 'y adnifnifenadiecuice, (#8-26da¢ ol e Sandes Baste)nwere, pestreateshwith
dosage form cont ahgi fébt| QibsTUAC® iAtFdpaii cdtedl 1, BO rRGtds 18teriney akbe

conpound or in sustalned,relea form The oupnd of formula | ,further,. o
shows anal gesi c d"i"@ ﬂgﬁd'iwtﬁhéoeq Ed@ st"ed“ﬁ%é‘p&%l“eﬁ'brr&gf% pnd rP%WWeG for
3si- n? capsai cin (30. Miruteel rThe betencidse for ahenappearsncet ofnthasfiristcsignepf
epol ari si ng vent r oNSe8s .. a _ p
phor macor 06, p5pneuls Bhe; F90 HR Tinsk, sIRA" doaitidis, Mg rok 1R EckirRence, of
| reduces the cheierthiaret notedulThe Bigmisicanmeaef anyoliféerenses ois assessed dising -
The-¢ompound of  fiheitdr-ni they  ULte8E TS et Monl pirahigercostadbtrag,ng -
' ~ McGraw-Hi11, New York 19561. The threshold dose is the smallest dose
- at which there is a significant inhibition of convulsive symptoms .
The threshold dose of the compound of formula I (tested.as monohydrate)
is approximately 5 mg/kg i.p., of CPP 10 mg/kg 1.p. '

As a result of its anticonvulsant activity the compound of formula I
js indicated for use in the treatment of epilepsy. For this use

an indicated daily dosage is in the range from about 25 to about

800 mg of the compound conveniently administered in divided doses 2
to 4 times a day in unit dosage form containing for example from about
6 to about 400 mg of the compound or in sustained release form.

The cumpouhd of formula I further shows analgesic activity in the isola-
te&afét.spinal cord-tail in vitro using capsaicin (O.S—llpM) as a
chemical noxious stimulus eliciting depolarising ventral root responses
[M. Yanagisawa et al., European J. Pharmacol. 106,231-239 (1984)]. The
mdnohydrate_of the compound of formula I reduces the chemical sti-
mulus by 75-80% at a concentration of 10 M.

The compound of formula [ is, thereforé,indicated for use for relieving
pain. For this use an indicated daily dosage is in the range from '
about 25 to about 800 mg of the compound conveniently administered -

in divided doses 2 to 4 times a day in unit dosage form containing



N
pain. For this use an indicated déily dosage is in the range from about.25
"to about 800 ng of the conpound conveniently adninistered in divided doses °

%.to 4 times a day in unit -dosage. form containing - 15 - for exanplg = ¢
firom about 6 to about 400 mg of the conpound or in sustained rel ease f\Qfm
Moreover, the conpound of fornmula | as well as the corresponding racenate
have no effeCts on bl ood pressure and heart rate in the anaesthetised cat

in a dose up to 10 ng/kg i.v. In pilot_ t$X|city tests with dogs over 4
weeks 3 ng/kg/day i.v. of the conpound of fornula | are well tolerated. As
can be seen fromthe above test results, the strong LH secretion inhibiting
activity, the marked (25 fold) increase of the nuscle re- |axant activity

as well as the two- to four-fold NVDA receptor antagonistic activity.of the
compound of formula | as conpared to the corresponding racemate is not.

acconpani ed lﬁrééxammel €rom AB6URAGELd AbSUE 460 R 6F ftAeLdmpburid o Gndi ovascul ar
effects. The co gg ?f fo%nula | may be adn1n|stered as such or as its
phar maceut i cé}‘?@a é'ﬁ et s. such salts exhl bits the same order of

act|V|ty as the conmpound of formula I.
Moreover, the compound of formula I as well as the correspond1ng
racemate have no effects on blood pressure and heart rate in the
_anaesthetised cat in & dose up to 10 mg/kg i.v. In pilot toxicity
tests with dogs over 4 weeks 3 mg/kg/day i.v. of the compound of
- formula I are we]] to]erated : _ - \;)

-As can be seeq.from'the above tést-éesq]ts; the strong LH secretion

- inhibiting activity, the marked (25 fold) increase of the muscle re-
laxant activity as well as the two- to four-fold NMDA receptor
antagonistic activity of the compound of formula I as compared to the
correspohding racemate is not.aceompanied'by a similar increase in the
side effects, e.g. cardiovaécul;r effects. ’ '

The compound of formula I may be adminisfered.as such or as its
-pharmaceutically acceptable salts. Such salts exhzb1ts the same
order of activity as the compound of formula I.



-16 The present invention further prOV|des phar maceuti cal conpositions
conpr|5|ng the conpound of fornula | or a pharmaceutically acceptable salt
fhereof in asSociation with a pharmaceutically acceptable carrier or

di l uent. The conpound of formula | may be admi nistered by any conventional
routé” in particul ar enterally, preferably grg Ly or parenterally. The com
pound of formula | may be adm nistered as such or adm xed with con-
ventional pharmaceutical carriers.. For exanple, for oral administra- tion
e.g. in the formof tablets or capsules t he compound of fornula |I may be
adm xed wi th conventi onal pharmaceutically acceptabl e excipients, e.g.
inert diluents, such as |lactose, mannitol, calciumsulfate, mcro- '
cristalline cellulose; disintegrating agents, e.g. starch,  sodi um

car boxynet hyl CeTHéJbﬁmntSﬂWeuﬁidiﬁfM!ﬁBdnwidét a%acaltgbm Qoﬁﬁdsdtwns

crospovi done; bi ndin S suc der

hydr oxynet hyl - g&ﬁ% g’pﬂ,Fﬂ‘BﬂW ‘3fc$ﬂ‘3%] ﬁ (ﬂ\{'éﬂ'aﬁé gﬁﬁgh acceptaple
agents e.g. Si I lszlttnﬂheneoﬂein assowiationcwith ammdeutwalaylaccepwmetmrwe
hydr ogenat ed oi | %gghenq:s castor oil, glycerolesters e.g. palmtostearate
and/or flavouri % ?ouflng and smeetenlng agents. The tablets my be
~uncoat-ed or coated by known techniques to delay disintegration and

absorption in t ehORShddehd L6 Foritla LY My wedﬁmgeerehybwaﬁy'&ﬁvéhﬁuﬁsiawm
action over a longer erlo Par t eral 0- S |ons ar e er -
The formof a st PREEIGHSE CaERE 14 uaBBLERRBHATaAlY SECPATRRLATALY 5 Jheicomns
shoul d be suit abpaunkusf d’bﬁﬂ.ﬂlaflmy e adning sgered e duchcor adnixed wvitht don-
;g[;;g'egm Sa T NGt ThRd 1 PRermecButAcET LakPldrsS: Fo Efanie D ¥o8Vdrat' £difiREserge"
: tion e.g. in the form of tablets or capsules, the compound of formula I
‘may be admixed with conventional pharmaceutically acceptable excipients,
- e.g. inert diluents, such as lactose, mannitol, calcium sulfate, micro-
cristalline cellulose; disintegrating 'agents,.e,g, starch, sodium
carboxymethyl cel]ulose.'sddium'carBoxymethyl starch; alginic acid,
crospovidone; binding agents such as cellulose derivates (methyl-,
hydroxymethyl-, hydroxypropylmethyl =), povidone, gelatine; lubri-
cating agents e.g. s11iciumd10x1de, stearic acid, magnesium or cal-
cium stearate; hydrogenated oils such as castor oil, glycero1esters
e.g. palmitostearate and/orf1avouring, colouring and sweetening agents.
The tablets may be uncoated or coated by known techniques to delay
~ disintegration and absorption in the gastrointestinal tract and there-
N by provide a sustained action over a longer period. Parenteral compo-
| _ sitions- are preferably in the form of a sterile injectable aqueous
'solution. Such aqueous solutions should be suitably buffered if ne-
cessary and rendered isotonic with sufficient sa11ne. Optionally
a preservative,_such as benzyl alcohol, can be added.

~ A unit dosage may contain from about 0.25 to about 400 mg of the
compound of formula I or a pharmaceutically ac;eptable salt thereof.

The pharmaceutical compositions can be prepared according to conven-
tional techniques. - | '



A unit dosage may contain from about '0.25 to about 400 ng of the conpound
of formula | or a pharnmaceutically acceptable salt thereof. The
.pharmaceuti cal conpositions can be prepared according to conven-.tlonaL
t'echni ques. -17- For the manufacture of tablets, the compound of . fo | a
| can be nixed with |actose and granulafzed wi th water, O. 596sod|unialgrnate
or 5@6hydroxypropy|nethylcellulose solution. The drled granul ate is
conpressed into tablets in the presence of about 20% of corn starch and 1%
of magnesium stearate. In this way, there are obtained, e.g. tablets of the

~ foll owi ng conposition: Tablet I|ngredients - Wi ght
- (mg) Conpound of fornula I nonohydrate _ ' . 50 Lactose
Corn Starch - ' 40

Hydr oxypr opy Foetthe manufactuse of tablets, the. compound of formu®a NBgasdeum
stearate

1 200 These Migd.pith Jactose and granylated with v étﬁiag’k%88¥%ﬂl%’é‘ate or
admi ni ster ed55rimdr9xymopymsb.gke&lulnse $scdutiamn Ohes diridd gramuiate dsf our tines

per day. CapgihgresEBy 1R85 ableds"n el YrosRAEN orhiRiBE My BFE¥RCSelRER 27
- and 1% of magnesium stearate. In this way, there are obtained, e.g.
taolets.of the following composition:.f

| L Tablet -

B Ingredients - . : - Weight (mg) |
Compound of formula i monohydrate L 50 . “)_
Lactose o YA ' "

Corn-Starch S T
Hydroxypropyimethylcellulose - = o 10
Magnesium stearate: o S s
Siliciundioxide FE . ¥

'Tnese'tablete, which are provided with a crackline, can be administered
ora_ﬂy. in a _dosage of one half to one,_tabiet one to four times- per day.

Capsu]es may contain the active agent alone or admixed with an inert
so1id excipient. for example as mentioned above. | N\

Capsuies~containing the ingredients indicated below may be prepared
by conventional techniques and are administered at a dose of one
capsu]e 1to 4 times a day.



*solid excipient,

for exanple as ment i oned bbove. Capsul es containing the

ingredients indicated bel ow nay be prepared.by conventional techniques and

_are-adm nistered at a.dose of one capsul.e 1 to 4 tinmes a day. - -18~
*Capsgl.e I'ngredients Wei ght (ng) -Conpound of
formwa | nonohydrate ' ngrt solid excipient (corn
starch, |actose, aerosil, nagne3|unlstearate) : 250

SLniIarIy t abl ets and capsul es- contai ning 25 ng and 100 ng of the conpound

of formula I

may be prepared. The follow ng injectablesolution is

fornmulated with the indicated anount .of active agent using conventi onal

t echni ques.

Weight (ng/m) Cbnpound of for
Sodi um chl ori de

The injectable solution is suitable for adm nistrati on once a

day. Sterile injectable solution Ingredients . : Cagsule _
nyl h nohydrate '
ngredients 7.0 pot Hightn(ne}
- phosphat e g 3.63 Di sodlunlhydrogen

di hydr ogen
. phosphat e

9.0 .

5. 68 Benzyl al cohol
Compound of formula I monchydrate ' : 50

Inert solid excipient (corn starch, lactose,

aerosiI(E>, magnésium stearate) . . 250

Similarly tablets and: capsules conta1ning 25 mg and 100 mg of the o
compound of formula I may be prepared

The following injectablé.sotution is formulated with the indicated

amount of active agent uSing'conventional techniques. The injectable

~ solution is suitable for administration once a day. -

';.Steg¢1§"iﬁjectable

IV ‘solution”
Ingredients S : Weight (mg/ml)
Compound of formula I monohydrate - B 25
Sodium chloride : o : 7.0
Potassium dihydrogen phosphate o . 3.63
.. Disodium hydrogen phosphate ' - .5.68
- - Benzyl alcohol _ o . . 9.0
"~ Water for injection ) q.s. to 1 mi

| The solutions may be filtefed through a 0. 2 pm sterﬂe fﬂtei' and

aseptically filled .in ampoules. The ampou1es are gassed with carbon

-dioxide.



I

Water for injection ) g.s. te 1 m The .
solutions may be filtered through a0.2fJerr]. sterlle filter and
aseptically filled in anpoul es.. The .anpoul es are gassed wi th carbon =
dioxide. - . - 19 - The present invention also provides the conpound ofy #
formula | -or a pharmaceutically acceptable salt thereof for use as a phar-
maceutical, e.g. for use in the treatnent of disorders associated with LH
secretion; treatnment of increased nuscl& jhane; treatnment of conditions
associated with cerebral ischaem a; treatment of anxiety, schizophrenia,
depression or CNS degenerative disorders; treatnment of tinnitus; treatnent
of epilepsy or relieving pain. The present invention further provides the
conpound of formula | or. a pharmaceutically acceptable salt thereof for use
in the manu- facture of a pharmaceutical conposition for use in the
treatment of disorders associated with LH secretion, increased nuscle tone,
con- di'ti ons aShegirasent \invéntionecilsal pravidesithe, compainat gf foehikolhr eni a,
g'glp[ o o nar g YAgh Al Fesi5OdciShanTh' SR Wierllor Sl GRF%s L phir-
maceutical, e.g. for use in the treatment of disorders associated

with LH secretion treatment of increased muscle tone; treatment
of conditions associated with cerebral ischaemia, treatment of
anxiety, schizophrenia, _depression or CNS degenerative disorders~
treatment of tinnitus; treatment: of epilepsy or relieving pain,

The present 1nvention further provides the compound of formula I

or a pharmaceutic311y acceptahle salt thereof for use in the manu-
facture of a pharmaceutical composition for use in the treatment of
disorders associated with LH secretion, increased muscle tone, con-
1¢itions.assoc1ated'with cerebral ischaemia, anxiety, schizophrenia,
.depfession, CNS degenerativerdisoroers"tinnitue'or epilepsy or in
relieving pain. '



CLAIMS: 1. A process for the production of [R-(E)]-4-(3-Phosphono- 2-
propenyl ) - 2- pi perazi necarboxylic acid of formula |, [ERR]

ls or g2  salt thereof, which conprises deal kylating-a conpound of
formi{ea Il, [ERR] wherein Ris ([err])alkyl or aryl([err])alkyl, and
optiofally formng a salt thereof. 2. A process for the production of the
conpound of formula. |l or a salt thereof as hereinbefore described with
reference to any of the Exanpl es. - 2% 203 A compound of fornmula I or
a salt thereof whenever produced by a process according to claiml1. 4. A
conpound of forrmula I or a salt thereof. 5. A conpound according to '
claim4 in-the formof its nonohydrate or a salt thereof. 6. A conpound
as clained in ghggn 4 or 5 or a phar maceutical |y acceptabl e salt thereof
for use as a é%arnaceutlcal 7. A conpound according to-claim6 for use
in the treatment of conditions associated with cerebral ischema. 8. A
conpound accondi ng gracedifeh EheOprddagtioh bPERLIERLIEALPASsphono-2-

-propenyl)-2-piperazinecarboxylic acid of formula I,
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or a salt theréof, which'cpmprises deaIkylating a compound of

- formula II,
: ~
] OR '
| B - 11

o G
: O H o “coon

wherein R is (61-4)alky1 or aryl(C1-4)alky1, and opt1onally
forming a salt thereof.

2. A'process-fdr the production of the compound of formula [ or a
-salt thereof as hereinhefore described with reference to any of
the Examples.
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anxiety. 9. A conpound accordi ng to claimé for use in the treatnent of
epi l epsy. 10. A conpound according to claim6 for use in the treatnent of
d| orders associated with LH secretion or increased nuscle toene or | - i

=,

s&hi zophreni a or depression or CNS degeneratlve di sorders or tinnitus oriin

relieving pain. 11. A pharnaceuti cal €g05|t|on conprising a conpound‘as
clained inclaim4 or 5 or a pharnaceufl Il y acceptable salt thereof
together with a pharmaceutical |y acceptable diluent or carrier therefor.
12. Use of the conmpound of formula | or the nonohydrate thereof or a
pharmaceutically acceptable salt thereof for the nanu- facture of a .-
pharnaceutlca% conpasitio

|n the treat- t of conditjo
associ at ed wi th cBrePpapn §€h€@?‘ﬁ” alor 2?—31’133“3"@3 wheneygr Efﬂiadﬁﬁad of
fornula | or the pprnplygéariscatdtidendy to' chafanad[ maceutically acceptable salt
t hereof for the manu- facture of a pharnmaceutical conposition for use in

the treat- mepf ofy édmpoBAd oflformuiaer Odr tahSamORROMEYF Of formula | or the
monohydrate thereof or a pharmaceutically acceptable salt thereof for the

- manu- facturesg Of a MBUM%@EoFdi'ngCW%irﬁldo'iane F&hn bPf ifi!sembricﬂ‘%rate
or a salt thereof

6. A compound as claimed in c]aim 4 or 50ra pharmaceutically
‘acceptable salt thereof for use as a pharmaceuticai

7. A compound according to claim 6 for use in the treatment of ' \;)
conditions associated with.cerebrai ischemia.

- 8. A compound according to.oiaim 6 for use in the treatment of
anxiety. ' '

9. A compound aocording to claim 6 for use in the ireatment of
“epilepsy. I

10. A compound according to claim 6 for use in the treatment of
disorders associated with LH secretion or increased muscle
tone or schizophrenia or depression or CNS degenerative
disorders or tinnitus or in re]ieving pain.

'ii,. A pharmaceutical composition comprising a compound as claimed
' _in cldim4 or 5 or a pharmaceutically acceptable salt thereof
”'together_with a_pharmaceotically acceptable diloent or carrier

- therefor.

12. Use of thgtcompound_of formula I or the monohydrateithereof-
or a pharmaceuticaliy-acceptab]efsolt_thereof for the manu-
facture of a pharmaceuticallcomposition-for use_in the treat-

. ment of conditions associated with cerebral. ischaemia.
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‘rent _of epilepsy. 15. Use of the conpoﬁndiof formula | or the nonohydrate
t‘hereof or a pharmaceutically acceptable salt thereof for the manu- facture

pof a pharmaceutical coenposition for use in the treat- nent of disorders
assogigted with LH secretion or increased nuscle tone or schizophrenia or

depr i.on or CNS degeneratlve di sorders or t|nn|tus or in-relieving pain.
-22 -

-13. Use of the compound of formula I or the monohydrate thereof
or a pharmaceutically acceptable salt thereof for the manu-
facture of a pharmaceuticai composition for use in the treat-
ment of anxiety.

14. Use of the compound of formula [ or the monohydrate thereof
or a pharmaceuticaiiy acceptable salt thereof for ‘the manu-
_ facture of a pharmaceutical composition for use in the treat-
w ' "~ ment of epilepsy. |

15, Use of the compound of formula I or the monohydrate thereof
or a pharmaceuticaliy acceptabie salt thereof for the manu-
facture of a pharmaceuticai composition for use in the treat-
meot_of disorders associated with LH secretion or increased -

muscle tone or schizophrenia or depreSSIon or CNS degenerative
disorders or tinnitus or in relieving pain.
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