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Substituted Phosphinic Compounds and their Use as Phannaceuticals 

This invention relates to chemical compounds which are substituted phosphinic acids or 

salts or esters thereof, their preparation and their use as phannaceuticals. 

In WO 94/22843 there are described phosphinic acids of formula 

0 

o~ll 
R1 --- ( ) I CH3 

/'N OH 
R2 H 

where R1 and R2 are both H, R 1 and R2 are both methyl or R 1 and R2 together with the 

attached carbon atom are cyclopentyl. These compounds are said to act as GABAB 

antagonists. 

It has now been found that compounds having remarkably high GABAs receptor binding 

affinity can be provided by preparing novel substiruted phosphinic acids containing a 

morpholine ring. 

Accordingly, the present invention provides compounds which are substituted phosphinic 
acids of formula 

(I) 

or salts or esters thereof, 

where R 1 is a monovalent aromatic or araliphatic group connected through a carbon atom 
thereof to the indicated carbon atom, R2 is an unsubstituted or substituted hydrocarbyl 

group, Rx is hydrogen or an unsubstituted or substiruted hydrocarbyl group, RY is 

hydrogen, RY a or a NH- proteeting group, and RY a is an unsubstituted or substituted 
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hydrocarbyl group. 

R 1 as an aromatic group may have up to 40 carbon atoms and may be an aryl group such 
as a phenyl, tolyl, xylyl or naphthyl group or a heterocyclic aromatic group such as a 
thienyl. fury!, indolyl or pyridyl group, which groups may be unsubstituted or substituted 
by one or more substituents such as halogen, hydroxy, C1 to C4 alkoxy. carboxyl, 

functionally modified carboxyl including esterified carboxyl, amidated carboxyl and 

cyano. carboxy-CrCs alkyl, functionally modified carboxy-Ci-Ca alkyl or nitro. 

Preferably, R1 as an aromatic group is an aryl group of 6 to 15 carbon atoms which may be 
unsubstituted or substituted in one or more positions by halogen, carboxyl, functionally 

modified carboxyl, carboxy-C1-C8 alkyl, functionally modified carboxy-CrC8 alkyl or . 

nitro, or R 1 as an aromatic group is a 5 to IO-membered heterocyclic aromatic group 

having one or two nitrogen atoms in the ring system. More preferably, R1 as unsubstituted 

or substituted aryl is phenyl or phenyl substituted in one or more of the meta and para 

positions, with respect to the carbon atom thereof linked to the indicated morpholine ring, 

by halogen, carboxyl, functionally modified carboxyl, or nitro. Examples of such 

substituted phenyl groups include phenyl mono-or di-substituted by chloro; bromo; iodo; 

carboxyl; -COOR3 where R3 is C1 to C8 alkyl such as methyl, ethyl, propyl, butyl, pentyl, 

hexyl, heptyl or octyl optionally substituted by halogen, hydroxy or C1 to C4 alkoxy; 

carbamoyl; N-Ci-C4 alkyl carbamoyl, such as methyl- orethyl-carbamoyl, N, N-di(C1-C4 

alkyl) carbamoyl such as dimethyl- or diethyl-carbamoyl; cyano; carboxy-Ci-C4 alkyl 

such as carboxymethyl; C1 to C8 alkoxy-carbonyl-Ci-C4 alkyl such as methoxy- o~ 

ethoxy- carbonylmethyl; carbamoyl-Ci-C4 alkyl such as carbamoylmethyl; N-Ci-C4 · 

alkylcarbamoyl-C1-C4 alkyl such as methyl- orethyl-carbamoylmethyl; N,N-di(C1-C4 

alkyl)carbamoyl-Ci-C4 alkyl such as dimethyl- or diethyl-carbamoylmethyl; cyano-CrC4 

alkyl such as cyanomethyl; or nitro. More preferably, R 1 as a heterocyclic aromatic group 

is a 5 to 10-membered heterocyclic group having a nitrogen atom as the only ring hetero 
atom, e.g. pyridyl or indolyl. 

R 1 as an araliphatic group may have 7 to 40 carbon atoms and may be phenyl-lower alkyl, 

for example benzyl or 2-phenylethyl, a, a-diphenyl-lower alkyl such as diphenylmethyl, · 

or a-naphthyl-lower alkyl such as naphthylmethyl, any of, which groups may be 

unsubstituted 0r substituted in one or more positions, which may be ortho, meta or para 

positions, by a substituent chosen from those hereinbefore specified for R 1 as an aromatic 

group. Preferably, R1 as an araliphatic group is a-phenyl-C1-C4 alkyl, which is 

unsubstituted or substituted in one or more positions by halogen, carboxyl, functio~ally 
modified carboxyl or nitto. 
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In especially preferred compounds of the invention, R 1 is phenyl, 3-iodophenyl, 3, 

4-dichlorophenyl, 3-carboxyphenyl, 3-cyanophenyl, 3-(methoxycarbonyl)phenyl, 

3-niuophenyl, benzyl, 4-iodobenzyl, 4-carboxybenzyl, 4-ethoxycarbonylbenzyl or 

indol-3-yl. 

R2 as an unsubstituted or substituted hydrocarbyl group may, in general, have 1 to 40 
carbon atoms. It may be for example an alkyl, cycloalkyl, alkenyl or alkynyl group or an 
alkyl, cycloalkyl or alkenyl group substituted by one or more substituents such as halogen, 

hydroxy, C1 to Cs alkoxy, thio, C1 to C8 alkylthio, cyano, acylamino, C3 to Cs cycloalkyl, 

C3 to C8 cycloalkyl substituted for example by one or more substituents such as hydroxy, 

C1 to Cg alk:oxy, thio or C1 to Cg alkylthio, C3 to Cs cycloalkenyl, C6 to C1s aryl, ~to C15 

aryl substituted for example by one or more substituents such as hydroxy, C1 to C8 alkoxy, 
halogen or trifluoromethyl, heteroaryl or het:eroaryl substituted by one or more 

substituents such as halogen. 

Aliphatic radicals R2 are, for example, lower alkyl, lower alkcnyl, lower al.kynyl, 

oxo-lower alkyl, hydroxy- or dihydroxy-lower alkyl, hydroxy-lower alk.cnyl, mono-, di- or 

poly-halo-lower alkyl, mono-, di- or poly-halo-lower alkenyl, mono-, di- or poly-halo­
(hydroxy)-lower alkyl, mono-, di- or poly-halo(hydroxy)-lower alkenyl, lower alkoxy­
lower alkyl, di-lower alkoxy-lower alkyl. lower alkoxy(hydroxy)-lower alkyl, lower 
alkoxy(halo)-lower alkyl, lower alkylthio-lower alkyl and di-lower alkylthio-lower alkyl. 

Cycloaliphatic radicals R2 are, for example, cycloalkyl, hydroxycycloalkyl, oxa-. dioxa-. 
thia- and dithia-cycloalkyl. 

Cycloaliphatic-aliphatic radicals R2 are. for example, cycloalkyl-lower alkyl, cyclo­
alkenyl-lower alkyl, cycloalkyl(hydroxy)-lower alkyl and (lower alkylthio)cycloalkyl­
(hydroxy)-lower alkyl. 

Araliphatic radicals R2 are, for example, phenyl-lower alkyl radicals that are unsubstituted 

or mono-, di- or tri-substituted by lower alkyl, lower alkoxy, hy~xy, halogen and/or by 
ttifluoromethyl, preferably a-phenyl-lower alkyl substituted as indicated or unsubstituted 
cx,cx-diphenyl- or cx-naphthyl-lower alkyl. 

Heteroarylaliphatic radicals R2 are, for example, thienyl-. furyl- or pyridyl-lower alkyl 
radicals that are unsubstituted or substituted, especially mono- or di-substituted, by 

halogen, preferably unsubstituted cx-thienyl-, cx-furyl- or a-pyridyl-lower alkyl 
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Hereinbefore and hereinafter, lower radicals and compounds are to be understood, for 

example, as those containing up to and including 7, preferably up to and including 4, 

carbon atoms. 

Lower alkyl is, for example, C1-C,alkyl, preferably Ci-C4alkyl, such as methyl, ethyl, 

propyl, isopropyl or butyl, but may also be isobutyl, sec-butyl, tert-butyl or a Cs-C7alkyl 

group, such as a pentyl, hexyl or heptyl group. 

Lower alkenyl is, for example, Ci-C4alkenyl, such as vinyl, allyl or but-2-enyl, but may 

also be a Cs-C7alkenyl group, such as a pentenyl, hexenyl or heptenyl group. 

Lower alkynyl is, for example, C2-C7alkynyl, preferably C3-Csalkynyl, that carries the 

double bond in a position higher than the cx,P,.position, for example 2-propynyl 

(propargyl), but-3-yn- l-yl. but-2-yn- l-yl or pent-3-yn- l-yl. 

Oxo-lower alkyl canies the oxo group preferably in a position higher than the a-position 

and is, for example, oxo-C:z-C7alkyl, especially oxo-C3-Ct;alkyl, such as 2-oxopropyl, 2-

or 3-oxobutyl or 3-oxopentyl. 

Phenyl-lower alkyl is, for example, benzyl, 1-phenylethyl, 2-phenylprop-2-yl or, in the 

second place, 2-phenylethyl, 2-phenylprop-1-yl or 3-phenylprop-1-yl. 

Thienyl-, furyl- or pyridyl-lower alkyl is, for example, thienyl-, furyl- or pyridyl-methy], 

1-thienyl-. 1-furyl- or 1-pyridyl-ethyl, 2-thienyl-, 2-furyl- or 2-pyridyl-prop-2-yl, or, in the 

second place, 2-thienyl-, 2-furyl- or 2-pyridyl-ethyl, 2-thienyl-, 2-furyl- or 2-pyridyl­

prop-1-yl or 3-thienyl-, 3-furyl- or 3-pyridyl-prop-1-yl. 

Hydroxy-lower alkyl carries the hydroxy group preferably in the a- or ~-position and is, 

for example, corresponding hydroxy-CrC7alkyl, such as 1-hydroxyethyl, 1- or 2-hydroxy­

propyl, 2-hydroxyprop-2-yl, 1- or 2-hydroxybutyl, 1-hydroxyisobutyl or 2-hydroxy-3-

methylbutyl. 

Dihydroxy-lower alkyl carries the hydroxy groups especially in the a,~-position and is. for 

example, a,fi-dihydroxy-CrC7alkyl, such as l,2-dihydroxyprop-2-yl. 

Hydroxy-lower alkenyl carries the hydroxy groups preferably in the a-position and the 

double bond preferably in a position higher than the a.~-position and is, for example, 

, 
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corresponding a-hydroxy-CrCsalkcnyl, for example l-hydroxybut-2-enyl. 

Mono-, di- or poly-halo-lower alkenyl is, for example, mono- di- or tri-fluoro-~-Cs­

alkcnyl, such as 1-fluorobut-2-enyl. 

Mono-, di- or p0lyhalo(hydroxy)-lower alkyl carries the hydroxy group preferably in the 

a-position and the halogen atoms preferably in a position higher than the a-position and 

is, for example, corresponding mono- di- or tri-fluoro-a-hydroxy-Ci-C7alkyl, such as 

4,4,4-trifluoro-1-hydroxybutyl. 

Mono-, di- or poly-halo-lower alkyl is, for example, mono- di- or tti-fluoro-C2-C5allcyl, 

such as 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyl, 1- or 2-fluorobutyl or 1,1-difluorobutyl. 

Lower alkoxy is, for example, C.-C7alkoxy, preferably C.-C4alkoxy, such as methoxy, 

ethoxy, propoxy, isopropoxy or butoxy, but may also be isobutoxy, sec-butoxy, tert­

butoxy or a C5-C7alkoxy group, such as a pentyloxy, hexyloxy or heptyloxy group. 

Acylamino-lower alkyl is, for example C1-C4 alkylcarbonylamino-Cr~ alkyl such as 

acetylaminopropyl or C6-C10 arylcarbonylamino-C1-C4 alkyl such as 

benzoylaminomethyl. 

Cyano-lower alkyl is, for example cyano-C1-C4 alkyl, such as cyanomethyl or 

2-cyanoethyl. 

Mono-, di- or poly-halo(hydroxy)-lower alkenyl carries the hydroxy group preferably in 

the a-position and the halogen atoms preferably in a position higher than the a-position 

and is, for example, corresponding mono-, di- or tri-fluoro-a-hydroxy-~-C5alkenyl, such 

as 2-fluoro-1-hydroxybuten-2-yl. 

Lower alkoxy-lower alkyl is, for example, CrCJa1kox.y-Ci-C4alkyl, such as methoxy- or 

cthoxy-methyl, 2-methoxyethyl, 2-ethoxyethyl, 3-methoxy- or 3-ethoxy-propyl or 1- or 

2-methoxybutyl. 

Di-lower alkoxy-lower alkyl is, for example, di-C1-C4-alkoxy-C1-C4alkyl, for example 

dimethoxymethyl, dipropoxymethyl, l, 1- or 2,2-diethoxyethyl. diisopropoxymethyl, 

dibutoxymethyl or 3,3-dimethoxypropyl. 

Lower alkoxy(hydroxy)-lower alkyl is. for example, Ci-C4alkoxy-~-C,-(hydroxy)alkyl, 
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such ai 2-hydroxy-3-methoxyprop-2-yl. 

Lower alkoxy(halo )-lower alkyl is, for example, C1-C4alkoxy-~-C5-(halo )alkyl. such as· 

2-fluoro-3-methoxybutyl. 

Lower allcylthio-lower alkyl is, for example, Cr~alkylthio-CrC4alkyl, such as methyl­

thio- or ethylthio-methyl, 2-methylthioethyl, 2-ethylthioethyl, 3-methylthio- or 

3-ethylthio-propyl or 1- or 2-methylthiobutyl. 

Di-lower alkylthio-lower alkyl is, for example, di-Ci-C4alkylthio-Ci-C4alkyl, for example 
dimethylthiomethyl, dipropylthiomethyl, 1,1- or 2.2-diethylthioethyi diisopropylthio­

methyl, dibutylthiomethyl or 3,3-dimethylthiopropyl. 

Halogen is halogen having an atomic number of up to and including 53, i.e. fluorine, 

chlorine, bromine or iodine. 

Cycloalkyl is, for example, y-C8cycloalkyl, especially Cr~cycloalkyl, such as cyclo­
propyl, cyclobutyl, cyclopentyl or cyclohexyl. 

Hydroxycycloalkyl is, for example, a-hydroxy·Cr~cycloalkyl, such as 1-hydroxycyclo­

propyl, 1-hydroxycyclobutyl or 1-hydroxycyclohexyl. 

Oxa- or thia-cycloalkyl is, far example, oxa- or thia-CrCscycloalkyl, especially oxa- or 

thia-Cr~cycloalkyl, such as 2-oxacyclopropyl (oxiranyl), 2- m: 3-oxacyclobutyl (oxetan­

yl), 2- or 3-thiacyclobutyl (thietanyl), 2- or 3-oxacyclopentyl (tetrahydrofuranyl)9 2- or 

3-thiacyclopentyl (thiolanyl) or 2-oxacyclohexyl (tetrahydropyranyl). 

Dioxacycloalkyl is, for example, l,3-dioxa-CrC8cycloalkyl, such as l,3-dioxolan-2-yl or 
l,3-dioxan-2-yl. 

Dithiacycloalkyl is, for example, l,3-dithia-C3-C8cycloal.kyl, such as 1,3-dithiolan-2-yl or-

1,3-dithian-2-yl. 

Cycloalkyl-lower alkyl is, for example, y-C8-cycloalkyl-CrCJalkyl, ~ecially ~-C6-
cycloalkyl-C1-C4alkyl, such as a-(y-C6cycloalkyl)-CrC4alkyl, far example cyclopropyl­

methyl, cyclobutylmethyl, cyclopentylmethyl or cyclohexylmethyl. · . 

Cycloalkenyl-lower alkyl is, for example, y-C8cycloalkenyl-CrC4~1. especially 

.. 
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~-C6'=ycloalkenyl-CrC4alkyl, such as a-(y-C6cycloalkenyl)-CrC4alkyl, for example 

cyclopent-1-enylmethyl, cyclopent-2-enylmethyl, cyclopent-3-enylmethyl. cyclohex-1-

enylmethyl, cyclohex-2-enylmethyl or cyclohex-3-enylmethyl. 

Cycloalkyl(hydroxy)-lower alkyl is, for example, Cr~cycloalkyl-CrC4(hydroxy)alkyl, 
such as a-(Cr~cycloalkyl)-a-hydroxy-CrC..alkyl. for example cyclopropyl(hydroxy)­

methyl, cyclobutyl(hydroxy)methyl, or cyclohcxyl(hydroxy)methyl. 

(Lower alkylthiocycloalkyl)(hydroxy)-lower alkyl is, for example, l-(CrC..alkylthio­

Cr~cycloalkyl)-1-hydroxy-C1-C4alkyl, such as (2-methylthiocycloprop-1-:-yl)hydroxy­

methyl. 

In preferred compounds of the invention, R2 is lower alkyl, lower alkenyl, lower alkynyl, 

oxo-lower alkyl, hydroxy- or dihydroxy-lower alkyl, hydroxy-lower alkenyl, mono-, di- or 

poly-halo-lower alkyl, mono-, di- or poly-halo-lower alkenyl, mono-, di- or poly-halo­

(hydroxy)-lower alkyl, mono-, di- or poly-halo(hydroxy)-lower alkenyl, lower alkoxy­

lower alkyl, di-lower alkoxy-lower alkyl, lower alkoxy(hydroxy)-lower alkyl, lower 

alk:oxy(halo)-lower alkyl, lower alkylthio-lower alkyl, di-lower alkylthio-lower alkyl, 

cyano-lower alkyl, acylamino-lower alkyl, cycloalkyl, hydroxycycloalkyl, oxa-, dioxa-, 

thia- and dithia-cycloalkyl, cycloalkyl-lower alkyl, cycloalkenyl-lower alkyl, cycloalkyl­

(hydroxy)-lower alkyl, (lower alkylthio)cycloalkyl(hydroxy)-lower alkyl, or mono- or di­

phenyl-lower alkyl that is unsubstituted or mono-, di- or tti-substiruted by lower alkyl, 

lower alkoxy, halogen, hydroxy and/or by trifluoromethyl, naphthyl-lower alkyl or unsub­

stituted or halo-substituted thienyl-, furyl- or pyridyl-Jower alkyl. 

In more preferred compounds of formula I, R2 is CrC7alkyl, such as methyl, ethyl, propyl, 

isopropyl, butyl. isobutyl or pentyl, a,a-di-CrC4alkoxy-CrC4alkyl, especially a,a.-di­

C19C4alkoxy-methyl or ethyl, such as dimethoxy- or diethoxy-methyl or l, 

1-diethoxyethyl, cyano-C1 -C4 alkyl such as cyanomethyl or 2-cyanoethyl, 

acylamino-CrCs alkyl such as acetylaminoethyl, acetylaminopropyl, acetylaminopentyl 

or benzoylaminomethyl, C3-C6cycloalkyl-Ci-C4alkyl, such as cyclopropyl- or cyclo­

hexyl-methyl, Cr~cycloalkenyl-CrC4alkyl, such as cyclohex-3-enylmethyl, or is 

phenyl-CrC4alkyl. such as benzyl, that is unsubstituted or mono-, di- or tri-substituted by 
CrC4alkyl, such as methyl, Cr~alkoxy, such as methoxy, hydroxy and/or by halogen, 

such as fluorine, chlorine or iodine. 

In more preferred compounds of the invention, R2 is C1-C5 alkyl such as methyl, ethyl or 

butyl, a.,a.-di-(CrC4 alkoxy)methyl such as diethoxymethyl, a.,o.-di-(CrC4 alkoxy)ethyl 
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such as 1, 1-diethoxyethyl, C:J-C6 cycloalkyl-C1-C4 allcyl.such as cyclopropylmethyl or 

cyclohexylmethyl, be~l or 4-methoxybcnzyl. In especially preferred compounds, R2 is 

cyclohexylmethyl or 4-methoxybenzyl. 

Rx as an unsubstituted or substituted. hydrocarbyl group may have up to 40 carbon atoms 

and may be a C1 to C10 alkyl, ~ to C10 alkenyl, C3 to Cs cycloalkyl, Ci to C13 

cycloalkylalkyl. C6 to C10 aryl or C7 to C13 aralkyl group. any of which groups may be 

substituted by one or more substi.tuents chosen from those hereinbefore specified for Rl. 

Preferably Rx is hydrogen, low~ alkyl, C3 to ~ cycloalkyl, ~ to C8 aryl or C, to Cg 
araJkyl, especially hydrogen or isopropyl. 

RY as an unsubstituted or substituted hydrocarbyl group RY a may have up to 40 carbon 

atoms and may be, for example, a C1 to C10 alkyl, C3 to Cs cycloalkyl or C7 to C13 aralkyl 

group, any ~f which groups may be unsubstituted or substituted by hydroxy or C1 to C4 

alkoxy. RY as a NH-protecting group may be, for example, an acyl group such as acetyl, 

trifluoroacetyl, benzoyl or p-nitrobenzoyl or an alkoxycarbonyl or aralkoxycarbonyl group 
such as tert-butoxycarbonyl or benzyloxycarbonyl Preferably RY is hydrogen, lower 

alkyl, C7 to ~ aralkyl, acetyl, benzoyl, ten-butoxycarbonyl or benzyloxycarbonyl, 

especially hydrogen, methyl, ethyl, bcnzyl, acetyl, benzoyl, ten-butoxycarbonyl or 

benzyloxycarbonyl. 

Specific especially preferred compounds of the invention arc those of formula I in which 

R 1 is phenyl, 3-iodophenyl, 3, 4-dichlorophenyl, 3-cyanophenyl, 

3-(methoxycarbonyl)phenyl, 3-carboxyphenyl, · 3-nitrophcnyl, benzyl, 4-iodobenzyl, 

4-carboxybenzyl, 4-ethoxycarbonylbenzyl or indol-3-yl, R2 is cyclohexylmethyl or 

4-methoxybenzyl, R1 is hydrogen or isopropyl and RY is hydrogen, methyl or 

benzyloxycarbonyl, and salts and esters thereof. 

The compounds of fonnula I may be in the form of internal salts and can form both acid 

addition salts and salts with bases by conventional salt-forming reactions. 

Acid addition salts of compounds of fonnula I are, for example. their pharmaceutically 

acceptable salts with suitable mineral acids, such as hydrohalic acids, sulfuric acid or 

phosphoric acid, for example hydrochlorides, hydrobromides, sulfates, hydrogen sulfates 
or phosphates, or salts with suitable aliphatic or aromatic sulfonic acids or N-substituted 

sulfamic acids, for example methanesulfonates, benzenesulfonates, p-toluenesulfonates or 

N-cyclohexylsulfamates (cyclamates). 

; 

·-
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Saks of compounds of formula I with bases are, for exaJDple, their salts with pharmaceut­

ically acceptable bases, such as non-toxic metal salts derived from metals of groups Ia, lb, 

Ila and lib, for example alkali metal salts, especially sodium or potassium salts, alkaline 

earth metal salts, especially calcium or magnesium salts, and also ammonium salts with 

ammonia or organic amines or quaternary ammonium bases, such as unsubstinned or 

C-hydroxylated aliphatic amines, especially mono-, .di- or tri-lower allcylamines, for 

example methyl-, ethyl- or diethyl-amine, mono-, di- or tri-(hydroxy-lower alkyl)amines, 
such as ethanol-, diethanol- or triethanol-amine, ttis(hydroxymethyl)methylamine or 2-
hydroxy-tert-butylamine, or N-(hydroxy-lower alkyl)~N,N-di-lower alkylamines or 

N-{polyhydroxy-lower alkyl)-lower alkylamines, such as 2-(dimethylamino)ethanol or 

D-glucamine, or quaternary aliphatic ammonium hydroxides, for example tetrabutyl­

ammonium hydroxide. 

As well as forming salts with bases, the hydroxy group attached to phosphorus in formula 
I may also be esterified. Thus, the invention includes compounds of fonnula I in the fonn 

of their esters with an alcohol, which may be a C1 to C10 alkanol in which the alkyl radical 

is unsubstituted or substituted, for example by halogen, cyano or C1 to C4 alkoxy, such as 

methanol, ethanol, isopropanol, isobutanol, 2-ethylhexanol, 2-chloroethanol, 

2-cyanoethanol, 2-ethoxyethanol or 2-n-butoxyethanol, a C3 to C8 cycloaliphatic alcohol 
such as cyclopropanol, cyclobutanol, cyclopentanol, cyclohexanol, cycloheptanol, 
methylcyclohexanol or cyclooctanol, or a C7 to C13 araliphatic alcohol such as benzyl 
alcohol. 

Provided asymmetric carbon atoms are present, the compounds according to the invention 

may be in the form of isomeric mixtures, especially in the form of racemates, or in the 

fonn of pure isomers, especially optical antipodes. 

Preferred isomers of compounds of formula I are those in which R 1 and the group attached 

to the 2- position of the indicated morpholine ring are trans with respect to each other,i.e. 

those of formula 

0 

)I:
OJ,,.,,...,11 2 R P-R ,,,,,_ I . .... . 

N OH 
Rl I 

(IA) 

RY 

or of fonnula 
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0 

ll\...(oy"~ a2 

_rN) .OH 

R.1 I 
(lB) 

R,Y 

where Ri, R2, Rx and RY are as hereinbefore defined. 

Other preferred isomers of formula I are those in which R 1 and the group attached. to the 
2-position of the indicated morpholine ring are cis with respect to each other, i.e. those of 
formula 

or of formula 

0 

R•-;£
0

)"-!- Rl 

Rl I I 
OH RY 

wh~ R 1, R2, R1 and RY are as hereinbefore defined. 

Examples of specific compounds of fonnula I are 

(IC) 

(ID) 

3-{ (3R * ,6R *)-6-[ (5-acetylaminopentyl)hydroxyphosphinoylmethyl] 
morpholin-3-yl}benzoic acid, 
3-{ (3R * ,6R *)-6-[ (cyclohexylmethyl)hydroxyphosphinoylmethyl] 
morpholin-3-yl} benzoic acid. 

3- ( (3R * ,6R *)-6-[(4-methoxyphenylmethyl)hydroxyphosphinoyl­
methyl]morpholin-3-yl} benzoic acid, 
3-[(3R * ,6R*)-6-(butylhydroxyphosphinoylmethyl)-



.. 
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morpholin-3-yl]benzoic acid, 

3-((3R*,6R*)-6-[(diethoxymethyl)hydroxyphosphinoylmethyl]­

morpholin-3-yl )benzoic acid, 

3-[(3R* ,6R*)-6-(benzylhydroxyphosphinoylmethyl)­

morpholin-3-yl]benzoic acid, 

diethoxymethyl-{ (2R *,SR *)-5-[(3-methoxycarbo~yl)phenyl]­

morpholin-2-ylmethyl )phosphinic acid, 

cyclohexylmethyl-[(2R * ,5R*)-5-phenylmorpholin-2-ylmethyl]­

phosphinic acid, 

diethoxymethyl-[(2R *,SR *)-5-(3-nitrophenyl)­

morpholin-2-ylmethyl]phosphinic acid, 

butyl-[(2R* ,SR*)-5-(3-iodophenyl)morpholin-2-ylmethyl}­

phosphinic acid, 

[(2R *,SR *)-5-(3-cyanophenyl)morpholin-2-ylmethyl]­

phenylmethylphosphinic acid, 

PCT/GB96/02l13 

5-acetylaminopentyl-[ (2R *, SR *)-5-(3,4-dichlorophenyl)morpholin-2-ylmethyl]­

phosphinic acid, 

cyclohexylmcthyl-[(2R* ,SR*)-5-(3,4-dichlorophcnyl)­

morpholin-2-ylmethyl]phosphinic acid, 

butyl-[(2R*,SR*)-5-(3,4-dichlorophenyl)morpholin-2-ylmethyl]­

phosphinic acid, 

benzyl-[(2R* .SR*)-5-(3,4-dichlorophenyl)morpholin-2-ylmethylJ-phosphinic acid, 

[(2R *.SR *)-5-(3,4-dichlorophenyl)morpholin-2-ylmethyl]­

pyridin-2-ylmethylphosphinic acid, 
[(2R *,SR *)-5-(3,4-dichlorophenyl)morpholin-2-ylmethyl]­

diethoxymethylphosphinic acid, 
[(2R * .SR*)-5-(3,4-dichlorophenyl)morpholin-2-ylmethyl]-

4-methoxyphenylmethylphosphinic acid, 

[(2R * ,5R *)-5-benzylmorpholin-2-ylmethyl]-4-methoxyphenyl­

methylphosphinic acid, 

4-( (3R * ,6R *)-6-[(cyclohexylmethyl)hydroxyphosphinoylmethyl]­

morpholin-3-ylmethyl} benzoic acid. 

4-{ (3R * ,6R *)-6-[( 4-methoxyphenylmethyl)hydroxyphospinoyl­

methyl]morpholin-3-ylmethyl} benzoic acid, 

· 4-[(3R * ,6R *)-6-(benzylhydroxyphosphinoylmethyl)­

morpholin-3-ylmethyl]benzoic acid. 

4-[(3R* ,6R*)-6-(butylhydroxyphosphinoylmethyl)morpholin-

3-ylmethyl]benzoic acid, 
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4-( (3R * ,6R *)-6-[(diethoxymethyl)hydroxyphosphin<>rlmethyl]­

morpholin-3-ylmethyl} benzoic acid. 
cyclohexylmethyl-[(2R *,SR *)-5-(4-iodobenzyl)morpholin-2-

ylmethyl]phosphinic acid. 
[(2R * ,SR*)-5-(4-iodobenzyl)morpholin-2-ylmethyl]-4-

methoxyphenylmethylphosphinic acid. 

cyclohexylmethyl- ( (2R * ,SR*)-5-[4-ethoxycarbonyl)­

phenylmethyl]morpholin-2-ylmethyl] phosphinic acid, 

4-[(3R * ,6R*)-6-(butylhydroxyphosphinoylmethyl)-N-methyl­

morpholin-3-ylmethyl]benzoic acid, 

4-{ (3R * ,6R *)-6-[ (cyclohexylmethyl)hydroxyphosphinoylmethyl]­

N-benzyloxycarbonylmorpholin-3-ylmethyl} benzoic acid, 

3-{ (3R * ,6R *)-[ (5-acetylaminopentyl)hydroxyphosphinoyl­

methyl]-3-methylmorpholin-3-yl) benzoic acid, 

3-( (3R • ,6R *)-6-[(diethox~ethyl)hydroxyphosphinoylmethyl] 

-3-methylmorpholin-3-yl) benzoic acid, 

3-[(3R * ,6R*)-6-(butylhydroxyphosphinoylmethyl) 

-3-methylmorpholin-3-yl]benzoic acid, 

3-[(3R* ,6R*)-6-(benzylhydroxyphosphinoylmethyl) 

-3-methylmorpholin-3-yl]benzoic acid, 
3-{ (3R * ,6R *)-6-[( 4-methoxyphenylmethyl)hydroxyphosphinoyl- · 

methyl]-3-methylmorpholin-3-yl) benzoic acid, 

3-{ (3R * ,6R *)-6-[(cyclohexylmethyl)hydroxyphosphinoylmethyl]-

3-methylmorpholin-3-yl} benzoic acid, 

5-acetylaminopentyl-[(2R *.SR *)-5-(6-oxo-l,6-dihydropyridin-3-yl)­

morpholin-2-ylmethyl}phosphinic acid, 
cyclohexylmethyl_;[ (2R * ,5R *)-5-(6-oxo-l ,(Hlihydropyridin-3-yl)­

morpholin-2-ylmethyl]-phosphinic acid, 

butyl-[(2R * ,5R *)-5-(6-oxo-l ,6-dihydropyridin-3-yl)morpholin-

2-ylmethyl]phosphinic acid, 

benzyl-[(2R*,5R*)-5.;(6-oxo-l,6-dihydropyridin-3-yl)morpholin-. 

2-ylmethyl]phosphinic acid, 

PCT/GB96/02113 

4:-methoxyphenylmethyl-[(2R"' ,SR*)-5-(6-oxo-1;6-dihydropyridin-3-yl)­

morpholin-2-ylmethyl]phosphinic acid, 

diethoxymethyl-[(2R*,5R*)-5-.(6-oxo-l,6-dihydropyridin-3-yl)­

morpholin-2-ylmethyl]phosphinic acid. 
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cyclohexylmethyl-[ (2R * ,5R*)-5·(2-oxo-1,2-clihyd.ropyridin·4-yl)­
morpholin-2-ylmethyl]phosphinic acid, 

5-acetylaminopentyl-[ (2R *,SR *)-5-(2-oxo-1,2-clihydropyridin-4-yl)­

morpholin-2-ylmethyl]phosphinic acid, 

butyl-[(2R * ,SR*)-5-(2-oxo-l,2-clihydropyriclin-4-yl)morpholin-

2-ylmethyl]phosphinic acid, 

diethoxymethyl-[(2R"' ,SR *)-S-(2-oxo-1,2-dihydropyridin-4-yl)­

morpholin-2-ylmethyl]phosphinic IK'.id. 
benzyl-[(2R *,SR *)-5-(2-oxo-l,2-clihyd.ropyridin-4-yl)morpholin-

2-ylmethyl]phosphinic acid, 

PCT/GB96/02113 

4-methoxyphenylmethyl-[ (2R *,SR *)-5-(2-oxo-1,2-dihydropyridin-4-yl)­
morpholin-2-ylmethyl]phosphinic acid, 

2-( (3R * ,6R *)-6-[(cyclohexylmethyl)hydroxyphosphinoylmethyl]­
morpholin-3-ylmethyl} benzoic acid, 
2-{ (3R * ,6R*)-6-[( 4-methoxyphenylmethyl)hydroxyphosphinoylmethyl]­
morpholin-3-ylmethyl} benzoic acid, 

2-( (3R * ,6R *)-6-((cliethoxymethyl)hydroxyphosphinoylmethyl]­
morpholin-3-ylmethyl} benzoic acid, 
2-((3R"',6R*)-6-[(5-acetylaminopentyl)hydroxyphosphinoylmethyl]­
morpholin-3-ylmethyl} benzoic acid, 

2-[(3R * ,6R*)-6-(butylhydroxyphosphinoylmethyl)morpholin-

3-ylmethyl]benzoic acid, 

2-[(3R*,6R"')-6-(benzylhydroxyphosphinoylmethyl)niorpholin-
3-ylmethyl]benzoic acid, 

3-( (3R* ,6R "')-6-[(cyclohexylmethyl)hydroxyphosphinoylmethyl]­
morpholin-3-ylmethyl) benzoic acid, 

3-{ (3R * ,6R *)-6-[( 4-methoxyphenylmethyl)hydroxyphosphinoyl­

methyl)morpholin-3-ylmethyl} benzoic acid, 

3-{ (3R * ,6R *)-6-[(diethoxymethyl)hydroxyphosphinoylmethyl]­

morpholin-3-ylmethyl} benzoic acid, 
3-{(3R*,6R~)-6-[(5-acetylaminopentyl)hydroxyphosphinoylmethyl]­

morpholin-3-ylmethyl}benzoic acid, 
3-[(3R* ,6R*)-6-(butylhydroxyphosphinoylmethyl)morpholin-
3-ylmethyl]benzoic acid, 

3-[(3R* ,6R*)-6-(benzylhydroxyphosphinoylmethyl)morpholin-
3-ylmethyl]benzoic acid, 
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benzyl-{ (2R* ,SR *)-5-[ 4-([l,3,4]oxadiazol-2-yl)phenyl]morpholin-

2-ylmethyl }phosphinic acid, 

butyl-{ (2R *,SR *)-5-[ 4-(5-trifluoromethyl-[1,2,4]oxadiazol-3-yl)­

phenyl]morpholin-2-ylmethyl} phosphinic acid, 
l-(4-{(3R*,6R*)-6-[(4-methoxybenzyl)hydroxyphosphinoylmethyl]­

morpholin-3-yl}phenyl)-1H-[1,2,4Jniazole-3-carboxylic acid, 

{ (2R* ,SR*)-S-[ 4-(3-amino-[ 1,2,4]oxadiazol-5-yl)phenyl]morpholin-

2-ylmethyl }cyclohexylmethylphosphinic acid, 

( (2R* ,5R*)-5-[3-(3-amino-[ 1.2,4]oxadiazol-5-yl)phenyl]morpholin-

2-ylmethyl }cyclohexylmethylphosphinic acid, 

diethoxymethyl-( (2R *,SR *)-5-(3-(IH-tetrazol-5-yl)phenyl]morpholin-

2-ylmethyl }phosphinic acid, 

3-( (3R* .6S*)-6-[(5-acetylaminopentyl)hydroxyphosphinoyl­

methyl]morpholin-3-yl} benzoic acid, 

3-{ (3R * ,6S*)-6-[ (cyclohexylmethyl)hydroxyphosphinoylmethyl]­

morpholin-3-yl) benzoic acid, 

3-{ (3R * ,6S*)-6-[(4-methoxyphenylmethyl)hydroxyphosphinoyl­

methyl]morpholin-3-yl} benzoic acid, 

3-[(3R * ,6S*)-6-(butylhydroxyphosphinoylmethyl)­

morpholin-3-yl]benzoic acid, 

3-( (3R"' ,6S*)-6-[ (diethoxymethyl)hydroxyphosphinoylmethyl]­

morpholin-3-yl} benzoic acid, 

3-[(3R"' ,6S*)-6-(benzylhydroxyphosphinoylmethyl)morpholin-
3-yl]benzoic acid, 

diethoxymethyl-{ (2R * ,SS*)-5-[ (3-meEhoxycarbonyl)phenylJ­

morpholin-2-ylmethyl }phosphinic acid, 

cyclohexylmethyl-[(2R* ,5S*)-5-phenylmorpholin-2-ylmethyl]­
phosphinic acid, 

diethoxymethyl-[(2R *,SS *)-5-(3-nitrophenyl)morpholin-

2-ylmethylJphosphinic acid, 

butyl-[(2R* ,SS*)-5-(3-iodophenyl)~orpholin-2-ylmethyl]­

phosphinic aeid, 
[(2R"' ,SS*)-S-(3-cyanophenyl)morpholin-2-ylmethyl]phenyl­
methylphosphinic acid, 

5-acetylaminopentyl-[(2R *, SS*)-5-(3,4-dichlorophenyl)­

morpholin-2-ylmethyl]phosphinic acid, 

PCT/GB96/02113 

• 
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cyclohexylmethyl-[(2R * ,SS*)-5-{3,4-dichlorophenyl}: 

morpholin-2-ylmethyl]phosphinic acid. 

butyl-[(2R* ,SS*)-5-(3.4-dichlorophenyl)­

morpholin-2-ylmethyl]phosphinic acid, 

benzyl-[(2R* ,SS*)-5-(3,4-dichlorophenyl)­

morpholin-2-ylmethyl]phosphinic acid, 

[(2R*, SS*)-5-(3,4-dichlorophenyl)morpholin-

2-ylmethyl]pyridin-2-ylmethylphosphinic acid, 

[(2R* .SS*)-5-(3,4-dichlorophenyl)morpholin-2-ylmethyl]­

diethoxymethylphosphinic acid, 

[(2R* ,5S*)-5-(3,4-dichlorophenyl)morpholin-2-ylmethyl]-

4-methoxy-phenylmethylphosphinic acid, 

[(2R"' ,5S*)-5-benzylmorpholin-2-ylmethylJ-4-methoxyphenyJ­

methylphosphinic acid, 
4-{ (3R * ,6S*)-6-[ (cyclohexylmethyl)hydroxyphosphinoylmethyl]­
morpholin-3-ylmethyl} bcnzoic acid, 

4-( (3R * ,65*)-6-[(4-methoxyphenylmethyl)hydroxyphospinoyl­

methyl]morpholin-3-ylmethyl} benzoic acid, 

4-[(3R * ,6S *)-6-(benzylhydroxyphosphinoylmethyl)morpholin-

3-ylmethyl]benzoic acid. 

4-[(3R"',6S*)-6-(butylhydroxyphosphinoylmethyl)morpholin-

3-ylmethyl]benzoic acid. 

4-{ (3R * .6S*}-6-[ (diethoxymethyl}hydroxyphosphinoylmethyl]­
morpholin-3-ylmethyl} benzoic acid, 

cyclohexylmethyl-[ (2R * .SS*)-5-( 4-iodobenzyl)morpholin-

2-ylmethyl]phosphinic acid. 
[(2R * .SS*)-5-(4-iodobenzyl)morpholin-2-ylmethyl]-

4-methoxyphenylmethylphosphinic acid, 

cyclohexylmethyl-{ (2R* ,SS*)-5-[ 4-ethoxycarbonyl)phenyl­

methyl]morpholin-2-ylmethyl]phosphinic acid, 

4-[(3R * .6S*)-6-{butylhydroxyphosp~inoylmethyl)­
N-methylmoxpholin-3-ylmethyl]benzoic acid, 

4-{ (3R * ,6S*)-6-[(cyclohexylmethyl)hydroxyphosphinoylmethyl]­

N-benzyloxycarbonylmorpholin-3-ylmethyl} benzoic acid, 

3-{ (3R *, 6S*)-6-[(5-acetylaminopentyl)hydroxyphosphinoyl­

methyl]-3-methylmorpholin-3-yl} benzoic acid, 

3-{ (3R * ,6S*)-6-[ (diethoxymethyl)hydroxyphosphinoylmethyl]-

3-methylmorpholin-3-yl} benzoic acid. 

Pcr/GB9(;/02113 
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3-[(3R* ,6S*)-6-(butylhydroxyphosphinoylmethyl)-3-:~ethyl­

·morpholin-3-yl]benzoic acid, 

3-[(3R * ,6S*)-6-(benzylhydroxyphosphinoylmethyl)-3-methyl­

morpholin-3-yl]benzoic acid, 

3-{ (3R * ,6S*)-6-[(4-methoxyphenylmethyl)hydroxyphosphinoyl­

methyl]-3-methylmorpholin-3-yl} benzoic acid, 
3-{ (3R* ,6S*)-6-[ (cyclohexylmethyl)hydroxyphosphinoylmethyl]-

3-methylmorpholin-3-yl} benzoic acid, 

S-acetylaminopentyl .. [(2R * .SS*)-5-(6-oxo-l,6-dihydropyridin-3-yl)­
morpholin-2-ylmethyl]phosphinic aci~ 
cyclohexylmethyl-[ (2R * ,SS*)-5-(6-oxo-l .6-dihydropyridin-3-yl)­
morpholin-2-ylmethyl]pbQsphinic acid, 

butyl-[(2R*.5S*)-5-(6-oxo-l,6-dihydropyridin-3-yl)morpholin-
2-ylmethyl]phosphinic acid, 

benzyl-[(2R* ,SS*)-5-(6-oxo-l,6-dihydropyridin-3-yl)morpholin-
2-ylmethyl]phosphinic acid, 

4-methoxyphenylmethyl-[{2R * ,SS*)-5-{6-oxo-1.6-d.ihydropyridin-
3-yl)mo:rpholin-2-ylmethyl]phosphinic acid, 

dicthoxymethyl-[(2R * ,5S*)-5-(6-oxo-l,6-clihydropyridin•3-yl)­
morpholin-2-ylmethyl]phosphinic acid, 

cyclohexylmethyl-[(2R"' .SS*)-5-(2-oxo-l ,2-dihydropyridin-4-yl)­
morpholin-2-ylmethyl]phosphinic acid, 

5-acctylaminopentyl-[(2R *.SS *)-5-(2-oxo-1,2-dihydropyridin-4-yl)­
morpholin-2-ylmethyl]phosphinic acid, 

butyl-[(2R * .SS*)-5-(2-oxo-l ,2-dihydropyridin-4-yl)morpholin-
2-ylmethyl]phosphinic acid. 

diethoxymethyl-[(2R"' ,SS*)-5-(2-oxo-l,2-dihydropyridin-4-yl)­

morpholin-2-ylmethyl]phosphinic acid, 

benzyl-[(2R *,SS *)-S-(2-oxo-1,2-dihydropyridin-4-yl)morpholin-
2-ylmethyl]phosphinic acid, 

4-methoxyphenylmethyl-[(2R"' ,5S*)-5-(2-oxo-l ,2-dihydropyridin-
4-yl)morpholin-2-ylmethyl]phosphinic acid. 

2-{ (3R"' ,6S*)-6-[ (cyclobexylmethyl)hydroxyphosphinoylmethyl]­
mmpholin-3-ylmethyl} benzoic acid, 

PCT/GB96/02113 

2-{ (SR* ,6S*)-6-[ {4-methoxyphenylmethyl)hydroxyphosphinoylmethyl]-
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morpholin-3-ylmcthyl} benzoic acid, 

2-{ (3R * ,6S*)-6-[(cliethoxymethyl)hydroxyphosphinoylmethyl]­

morpholin-3-ylmethyl} benzoic acid, 

2-( (3R * ,6S*)-6-[(5-acctylaminopentyl)hydroxyphosphinoylmethyl]­

morpholin-3-ylmethyl) benzoic acid, 

2-[(3R* ,6S*)-6-(butylhydroxyphosphinoylmethyl)morpholin-

3-ylmethyl]benzoic acid, 

2-[(3R* ,6S*)-6-(benzylhydroxyphosphinoylmethyl)morpholin-

3-ylmethyl]benzoic acid, 

3-{ (3R * ,6S *)-6-[(cyclohexylmethyl)hydroxyphosphinoylmethyll­

morpholin-3-ylmethyl) benzoic acid, 

PCl'/GB96/02113 

3- ( (3R * ,6S*)-6-[( 4-methoxyphenylmethyl)hydroxyphosphinoylmethyl]­

morpholin-3-ylmethyl} benzoic acid, 
3-( (3R * ,6S*)-6-[(diethoxymethyl)hydroxyphosphinoylmethyl]­

morpholin-3-ylmethyl} bcnzoic acid, 

3-{ (3R * ,6S *)-6-[(5-acetylaminopentyl)hydroxyphosphinoylmethyl]­

morpholin-3-ylmethyl} benzoic acid, 

3-[(3R* ,6S*)-6-(butylhydroxyphosphinoylmechyl)morpholin-

3-ylmethyl]benzoic acid, 

3-[(3R * ,6S*)-6-(benzylhydroxyphosphinoylmethyl)morpholin-

3-ylmethyl]benzoic acid, 

benzyl-{ (2R * ,SS*)-5-[ 4-([1.3.4loxadiazol-2-yl)phenyl]morpholin-
2-ylmelhyl) phosphinic acid, 

butyl-{ (2R * ,5S*)-5-[ 4-(5-trifluoromethyl-[1,2,4]oxadiazol-3-yl)­

phenyl]morpholin-2-ylmethyl} phosphinic acid, 

1-(4-( (3R * ,6S*)-6-[ ( 4-methoxybenzyl)hydroxyphosphinoylmethyl]­

morpholin-3-yl) phenyl)-1H-[ l ,2,4]triazole-3-carboxylic acid, 

{ (2R* ,SS*)-5-[ 4-(3-amino-[l,2,4]oxacliazol-5-yl)phenyl]morpholin-

2-ylmethyl }cyclohexylmethylphosphinic acid, 

{ (2R * ,5S*)-5-[3-(3-amino-[l ,2,4]oXa.diazol-S-yl)phenyl]morpholin-

2-ylmethyl }cyclohexylmethylphosphinic acid, 

cliethoxymethyl-{ (2R * ,SS*)-5-[3-(lH-tetrazol-5-yl)phenyl]morpholin-

2-ylmethyl} phosphinic acid. 

It has been found that the compounds of fonnula I and their pharmaceutically acceptable 

salts have valuable pharmacological properties. They exhibit an effective binding to the 
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GABAB receptor and have been found to be antagonis_ts of GABA {y-aminobutyric acid) 

at that receptor. With tegani to the mechanism, antagonism at GABAB ~tors can 

increase the release of rapid stimulant amino acid transmitters, that is to say, glutamate 

and asparta.te. and thus improve information processing in the brain. This is in keeping 

with the finding that the late post-synaptic inhibition potential in the hippocampus, which 

is amibuted to a GABA8 mechanism, is broken down by the antagonists and thus pennits 

a faster nerve impulse transmission sequence. 

It has also been found that chronic treatment with anti-depressants and repea~ electric 

shocks increase the number of GABAB receptors in the cerebral conex of rats. In accord­

ance with receptor theories, chronic treatment with GABA8 antagonists should have the 

same effecL For this and other reasons, GABAB antagonists can accordingly act as anti­

depressants. 

The GABAB antagonists according to the invention interact at the GABA8 receptor with 

ICso values from 10·1 to10·1°M (mole/litre) on cerebral cortex membranes of rats. In 

contrast to GABAB agonists, such as baclofen, they do not potentiate the stimulation by 

noradrenalin of adenylate cyclase on sections of the cerebral conex of rats but act as 
antagonists of the baclofen action. The antagonists not only exhibit antagonism towards 

baclofen but also have an independent action as antagonists of endogenous GABA. 

In view of their excellent GABAs antagonistic properties, the compounds of the invention 

are suitable for use in the treatment or prevention of conditions characterised by 

stimulation of GABAu receptors. Thus they are suitable for use as noottopics. 

antidepressants and anxiolytics. for example in the treannent of central nervous system 

disorders such as anxiety, depression, cerebral insufficiency, epilepsy of the "petit mal" 

type, i.e. absence epilepsy in children and adolescents, atypical absences such as the 

Lennox-Gastant syndrome, in the treatment of conditions requiring enhancement of 

cognitive performance and as an antidote to baclofen . 

. Compounds of formula I where RY is hydrogen may be prepared by reacting a compound 
offonnula 
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OH 

/ 
~ 

Rx I 
~c II 

/""' R4 NH2 

where R4 is R 1 as hereinbefore def med except that R4 may not be substituted by carboxyl. 

and R1 is as hereinbefore defined except that it may not be substituted by carboxyl with a 

compound of fonnula 

0 

X~11_.R2 
I 
ORS 

m 

where R2 is as hereinbefore defined.Xis halogen, e.g. chlorine or bromine, and Rs is C1 

to Cs alkyl, e.g. n-hexyl. n-octyl, preferably C1 to C4 alkyl such as methyl, ethyl, isopropyl 

or isobutyl, especially ethyl, in the presence of a base, to give a compound of formula 

0 

a•,(ar[-R2 
·~N l 

R4 H ORS 

IV 

where R4 and R" are as defined in fonnula II, followed, where required. by one or more 

substitution reactions to change the nature of a substituent in R4 and/or R" and/or by 
hydrolysis of an ester substituent in R4 and/or Rx to carboxyl and/or by conversion of the 

ester group-OR5 to -OH. 

By appropriate selection of the base and reaction conditions, the reaction of compounds of 

formulae II and m, which proceeds by monoalkylation of the amino group followed by 

cyclisation, may be effected in a one-step procedure. Preferably, to avoid complications 

resulting from dialkylation of the amino group, the reaction is carried out in two stages. In 

the first stage, a weak: base, for example a hindered amine such as 

l, 8-diazabicyclo[S.4.0]undec-7-ene (DBU) is added slowly to a mixture of the 
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compounds offonnulae ll and min a solvent, prefera~ly a hydrocarbon such as ben:zene, 

toluene or xylene, at a temperature of 70 to 1 lOOC. to give a novel intermediate product of 

fonnula 

a: (OH 1 
4~~P---R2 

R H J 

OR5 

v 

where R2. R4 , Rs and Rx arc as hereinbefore defined. This intermediate is then treated 

with a base under harsher conditions than those employed in its formation, for example 

with a similar base at a higher temperature or, preferably, with ·a stronger base such as an 

alkali metal hydride at a temperature from 10 to 500C. The treatment of the intermediate 

with base may be carried out in a solvent, preferably a hydrocarbon such as toluene, 

benzene or xylene. 

Intermediate compounds of fonnula V may also themselves be used as phannaceuticals, 

for example in the treatment or prevention of a condition characterised by stimulation of a 

GAB AB receptor, particularly in de-esterified fonn, i.e. where R 5 as alkyl has been 

replaced by hydrogen and any carboxylic ester group in R4 and/or Rx has been converted 

into a carboxyl group. Accordingly, the invention includes novel compounds of formula 

VA 

OH 

where R 1, R2 and Rx are as hercinbcfore defmcd. or salts or esters thereof. 

Compounds of formula I or IV in which Rx and/or R 1 or R4 respectively contains a cyano 

substitucnt on an aryl or heteroaryl ring may be prepared by reacting an alkali metal 

cyanide with a compound of formula I or N where Rx and/or R 1 or R4 respectively 

contains a halogen substinient on an aryl or hC1Croaryl ring, which compound may be 

prepared by diazotisation, followed by reaction with an alkali metal halide, of a compound 

of formula I or IV where Rx and/or R 1 or R4 respectively contains an amino group on an 

aryl or heteroaryl ring, which compound may be prepared by reduction of a compound of 

fonnula I or IV in which Rx and/or R1 or R4 respectively contains a nitro group on an aryl 
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or heteroaryl ring. All of these reactions can be effec~ using known procedures. 

Compounds of fonnula I or IV in which Rx and/or R1 or R4 respectively contains an 

esterified carboxyl substituent can also be prepared from other compounds of formula I or 
IV respectively. For example, they may be prepared by reacting a compound of formula I 

or IV in which Rx and/or R 1 or R4 respectively conrains a halogen substituent on an aryl or 
hetcroaryl ring with carbon monoxide and an alcohol in the presence of a palladium 

complex as catalyst, using known procedures. 

Compounds of formula I in which R" and/or R 1 contains a carboxyl substituent may be 
prepared by hydrolysis of a compound of formula I or N in which R" and/or R 1 or R4 

respectively contains an esterified carboxyl s:ubstituent using conventional hydrolysis 
procedures. 

Where, in a compound of formula IV or V. R4 contains an esterified carboxyl group. this 

may be hydrolysed to a free carboxyl group using conventional methods. Where R4 in the 

compound of fonnula IV contains a nitro group on an aryl or heteroaryl ring, this group 

may be converted in turn to amino by reduction, to halo by diazotisation of amino 

followed by reaction with an alkali metal halide, to cyano by reaction of halo with an 

alkali metal cyanide and thence to carboxyl by hydrolysis of cyano, these reactions 
conveniently being carried out using known procedures. 

The conversion of the ester group -OR5 in a compound of formula IV or V inio -OH can 
be effected by treatment with a suitable basic or acidic agent, such as an alkali metal 

hydroxide, for example sodium hydroxide or lithium hydroxide, an alkali metal halide, 

especially an alkali metal bromide or iodide, such as lithium bromide or sodium iodide, 

thiourea, an alkali metal thiophenolate, such as sodium thiophenolate, or a protonic acid or 

a Lewis acid, such as a mineral acid, for example hydrochloric acid, or a tri-lower 
alk.yl-halosilane, for example trimethylchlorosilane. The replacement reaction can be · 

effected in the absence or presence of a solvent and, if necessary, with heating or with 

cooling in a closed vessel and/or under an inen gas atmosphere. 

The conversion of -OR5 in a compound of formula IV or V into -OH can also be carried 

out by treatment with an acid under hydrolytic conditions, especially with a mineral acid, 

such as a hydrohalic acid, for example hydrochloric acid, which is used in dilute or 

concentrated aqueous form, or by treatment with an organic silyl halide, such as 
trimethylsilyl iodide or bromide, and, if necessary, by subsequent hydrolysis. The reactlon 
is preferably ca.Irled out at elevated temperature, for example by maintaining the reaction 
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mixture at reflux temperature, and, where appropriate •. using an organic diluent in a closed 
vessel and/or under an inert gas atmosphere. 

Compounds of formula II are in some instances commercially available, e.g. (R) - and (S) 

- phenyl glycinols. Compo~ds of fonnula II may be prepared by reduction of an 
aminocarboxylic acid offonnula R4C(RX)(NH:VCOOH. where R4 and Rx are as 
hereinbefore defined in fonnula II, by reaction with borane dimethyl sulphide in the 
presence of a boron trifluoride complex such as boron trifluoride diethyl etherate. This 
reaction may be carried out using known procedures. Novel compounds of form.ula n. 
where (i) R4 is iodobenzyl. particularly 4-iodobenzyl, and Rx is hydrogen and (ii) R4 is 
phenyl and Rx is isopropyl, may be prepared by this method. 

~e compounds of fonnula Il where R4 is substituted by nitto may be prepared from an 
aminocarboxylic acid of formula R4C(RX)(NH2)COOH where R4 is otherwise 

unsubstituted by nitration to introduce a nitro group into R4• converting the amino group in 
the product into a protected amino group. for example by reaction with di-ten-butyl 
dicarbonate to fonn a tert-butylcarbamate group, esterifying the carboxyl group in the 
protected product for example by conversion into a ~ethyl ester, then reducing the ·ester 

group to -CH20H by treatment with an appropriate reducing agent such as an alkali metal 
borohydride and finally removing the amino-protecting group by treatment with acid to 

re-form a free amino group. These reactions may be carried out using known procedures 
or minor modifications thereof. The known compound of fonnula II where R4 is 
nitrophenyl may be prepared by such a reaction sequence. 

Compounds of formula II may also be prepared by a Strecker synthesis in which an 
aldehyde or ketone offonnula R4C(=O)Rx, where R4 and Rx are as hereinbefore defined. 
is reacted with a compound of fonnula R6NH2, where R6 is hydrogen or an alkyl group of 

1 to 8 carbon atoms optionally substituted by a C6 to C10 aryl group which is unsubstituted 
or substituted, for example by hydroxy or C1 to C4 alkoxy, and an alkali metal cyanide to 

give a compound of fonnula 

CN 

\ 
R"-r- Nlllt. 

VI 

Rx 

where R4• R6 and R1 are as hereinbefore defined, reacting the compound of formula VI 
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with an alcohol of fonnula R 70H, where R 1 is an alk)'l group of 1 to 10 carbon atoms, e.g. 

n-hexyl, 2-ethylhexyl, n-octyl or decyl, preferably C1to C4 alkyl such as methyl. ethyl, 

isopropyl or n-butyl, especially methyl or ethyl, in the presence of an acid to form a 

compound of fonnula 

COOR.7 

R4-
I 
c-NHR6 vn 

I 
Rlt 

where R4, R6, R7 and Rx are as hereinbefore defined, removing R6, when this is other than 

hydrogen, from the compound of fonnula vn using, for example, known procedures to 
give a compound of formula 

COOR7 

I vm 
R4 - C -NH2 

I 
Rx 

where R4, R7 and Rx are as hereinbefore defined, for example, where R6 is an optionally 
substituted benzyl group, by catalytic hydrogenation in the presence of an organic acid, 

e.g. acetic acid, to give a compound of fonnula vm in the fonn of a salt thereof with the 
organic acid, reacting the compound of formula vm with an amino-protecting agent such 

as ten-butyl dicarbonate to conven the amino group into a protected amino group, 

reducing me ester group -COOR 7 in the protected compound to -CH20H by reaction with 
an appropriate reducing agent such as an alkali metal borohydride, and finally removing 

the protecting group to form a free amino group. This sequence of reactions may be 

carried out using known procedures, or minor modifications thereof. Where R4 is 

substituted by a carboxylic ester group, the protected amino group formed should be a 

group such as a ten-butyl carbamate group which will permit the ester group-COOR7 to 

be reduced to -CH20H while leaving the ester group in R4 and then be removable by a 

reaction, for example in a non-aqueous medium, which leaves the ester group in R4• 

In a modification of the Strecker synthesis hcreinbefore described, the compound of 

fonnula VI may be subjected to acid hydrolysis, for example using conventional 

procedures, to convert the indicated cyano group to carboxyl and the resulting 
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aminocarboxylic acid may be reduced to a compound of fonnula Il by reaction with 

borane dimethyl sulphide in the presence of a boron trifluoride complex such as boron 
trifluoride diethyl etherate, for instance using known procedures. 

Compounds of fonnula Il, VI. VII or vm in which R4 is 3-methoxycarbonylphenyl, which . 
may be prepared from an aldehyde or ketone of fonnula R4C(=O)Rx by the reaction 
sequence as hereinbefore described, are believed to be novel per se. Compounds of 
formula II or VIIl where R4 is 3,4-dichlorophenyl and R 7 is Ci-C10 alkyl are also believed 
to be novel. 

Compounds of formula II in which R4 is a monovalent aromatic group as hereinbefore 
defined and Rx is an unsubstituted or substituted hydrocarbyl group are believed to be· 
novel, with the exception of compounds of formula II in which R4 is phenyl and Rx is 
methyl, chloromethyl, ethyl. -(CH2)J S CH3• allyl or methylol, compounds of fonnula Il in 
which Rx is aminomethyl and R4 is phenyl, p-hydroxyphenyl or p-methoxyphenyl, 
compounds of formula II in which Rx is methylol and R4 is 4-decylphenyl or 
5-[(7-chloro-4-quinolinyl)amino]-2-hydroxyphenyl, a compound of formula II in which R4 

is 4-methoxyphenyl and Rx is ethyl.and a compound of formula Il in which R4 is 
2,4-dichlorophenyl and R1 is N-triazolylmcthyl. 

Compounds of formula II in which R4 is a monovalent araliphatic group as hereinbefore 
defined and Rx is an unsubstituted or substituted hydrocarbyl group as hereinbcfore 
defined other than methylol are believed to be novel. with the exception of compounds of 
fonnula ll where Rx is methyl and R4 is benzyl. 4-chlorobenzyl. 3,4-dichlorobenzyl, 
3,4-dimethoxybenzyl, 2-phenylethyi, l ,3-benzodioxol-5-methyl, 3-phenyl-1-aminopropyl, 
a-hydroxybenzyl, a-hydroxy-cx-methylbenzyl, or cx-hydroxy-cx-methyl-4-nitrobenzyl, and 

with the exception of compounds of fonnula Il where R4 is benzyl and Rx is allyl or 
-CH2CH2SCH3. 

Compou1:Jds of formula II in which R4 is iodobenzyl, particularly 4-iodobenzyl, and Rx is 
hydrogen or an unsubstituted or substituted hydrocarbyl group, as hercinbefore defined are 
also believed to be novel. 

Compounds of formula III which, with the exception of the compound where R2 is methyl 
and R5 is ethyl, are believed to be novel, particularly those where R2 is cycloalkylalkyl 
-such as cyclohexylmethyl, may be prepared by reacting a compound of formula 
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0 

IX 

H-P-R2 

l 
OR5 

with a compound of fonnula 

x 
X-CH =CH-CH2-X 

where R2, R5 and X are as hereinbefore defmed, in the presence of a silylating agent such 

as a bis(trialkylsilyl) derivative of an amide, which agent undergoes reaction with the 
compound offonnula IX to fonn a P(III) silyl compound which then reacts with the 

compound of formula X. The reaction may be carried out at a temperature from 0 to 

SOOC; it is preferably carried out in a solvent, for example a hydrocarbon such as toluene 

or a halohydrocarbon such as dichloromethane. 

Esters of fonnula IX may be prepared by reacting a protected phosphinate ester of fonnula 

0 

II 
Q- P --:-:H XI 

I 
ORS 

where Rs is as he:reinbefore defined and Q is a P-H-protecting group, with a compound of 

fonnula 

XII 

where R2 is as he:reinbefore defined and Z is a leaving moiety, to give a compound of 

fonnula 

0 

· II 
Q-P-R2 XDI 

I 
ORS 

and then replacing the protecting group Q in the compound of formula XIII by hydrogen. 
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The leaving moiety Z may be, for example, a halogen ~tom or an organic sulphonate 
group. Preferably Z is chlorine, bromine, iodine. or a methanesulphonate~ 
triflooromethanesulphonate or p-toluenesulphonate group. The reaction between the 
compounds of fonnulae XI and XII and the dcprotection reaction on the c0mpound of 

fonnula XID may be carried out using known procedures, for example as described in EP 
0569333. 

Protected phosphinate esters of fonnula XI may be prepared by known methods, for 
example as described in US 4 933 478. Compounds of fonnula XII are either 
commercially available or may be prepared by known procedures. 

Compounds of formula X are dihaloalkenes which are either commercially available or 
may be prepared using known methods. 

Compounds of fonnula I where RY is RY a may be prepared by reacting a compound of 
fonnula I where RY is hydrogen with a compound of formula RY .z. where RY a and Z are as 
hercinbefore defined. or by reductive alk:ylation using an aldehyde of formula RYb CHO, 

where RYb is hydrogen or RY8 as hercinbefore defined, and a reducing agent which reduces 

imines to am~es, for example sodium cyanoborohydride. Such reactions may be carried 
out using conventional procedures. 

Compounds of fonnula I where RY is a NH-protecting group may be prepared by reacting 
a compound of fonnula I where RY is hydrogen with a reagent known to introduce the 
desired protecting group. For example, where the protecting group is an acyl group, the 
compound of fonnula I where RY is hydrogen may be reacted with an acyl halide or 
carboxylic acid anhydride such as acetyl chloride, acetic anhydride or benzoyl chloride, 
for instance using known procedures. Where the protecting group is an alk:oxycarbonyl or 
aralkoxycarbonyl group, the compound of fonnula I where RY is hydrogen may be reacted 
with an alkoxycarbonyl or aralkoxycarbonyl halide or an alkyl or aralkyl dicarbonate such 
as benzyl chlorofonnate or di-tert-butyl dicarbonate, for example using known procedUICs. 

In general, compounds of fonnula I where RY is RY a or a NH-protecting group may also be 
prepared by the method hereinbefore described for the preparation of compounds of 
fonnula I where RY is hydrogen, in which method the compound of fonnula II is replaced 
by a compound of fonnula 
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OH 

/ 
Rx 

""' llA /c~ 
R4 NHRY 

where R4 and Rx are as hereinbefore defined in fonnula II and RY is RY a or a 

NH-protecting group, the reaction of the compound of formula IIA with the compound of 
fonnula m in the presence of a base giving directly a compound of fonnula 

'IVA 

where R4 and Rx are as defined in formula II, R2 and R5 are as hereinbefore defined and 
RY is RY a as hereinbefore defined or a NH-protecting group. This reaction may be carried 
out in a solvent, usually a hydrocarbon such as benzene, toluene or xylene, and is 

generally carried out under harsher conditions than those used for the reaction of 

compounds of formulae II and m, for example using sodium hydride as the base and at a 

temperature of lOOC to 700C. This reaction may be followed, where required, by one or 
more substitution reactions to change the nature of a substituent in R4 and/or Rx and/or by 

hydrolysis of an ester substituent in R4 and/or Rx to carboxyl and/or by conversion of the 
ester group -ORS to -OH. 

Compounds of fonnula I may also be prepared by reacting a compound of fonnula 

0 

R~oj~-•2 
R4 NI I s 

OR 
RY 

XIV 

to convert the indicated primary hydroxyl group into a leaving moiety Z as hereinbefore 
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defmed, thereby effecting cyclisation to give a compound of formula 

0 

_(o)l-R2 
Rx4~N I 
R I ORS 

RY 

xv 

where R2, R4, Rs, Rx and RY are as hereinbefore defined followed, where required. by 

replaeement of RY as an NH-protecting group by hydrogen and/or by one or more 

substinnion reactions to change the nature of a substituent in R4 and/or Rx and/or by 

hydrolysis of an ester substituent in R4 and/or Rx to carboxyl and/or by conversion of the 

ester group -OR5 to -OH. 

The convCISion of the primary hydroxyl group in the compound of fonnula XIV into Z 

may be carried out using known procedures. For example, where Z is an iodine atom, the 

conversion may be effected by reacting the compound of formula XIV with 

triphenylphosphine, imidazole and iodin«? in a solvent such as acetonitrile or 
tetrahydrofman at OOC to SOOC, and where Z is a trifluoromethanesulphonate group, the 

conversion may be effected by reacting the compound of formula XIV with 

uitluoromcthanesulphonic anhydride in pyridine at -lOOOC to 500C. 

The replacement of RY as an NH-protecting group by hydrogen may be carried out using 

known procedures for removal of the NH-protecting group. For example, where RY is an 
acyl group such as acetyl or benzoyl, replacement by hydrogen may be effected by 

reaction with aqueous hydrochloric acid, while where RY is trifluoroacetyl, replacement by 

hydrogen may be effected by reaction with aqueous potassium carbonate. 

The other optional subsequent reactions of compounds of formula XV may be carried out 

as herein before described for cmresponding reactions of compounds of fonnula IV. 

Compounds of formula XIV, which are themselves believed to be novel, may be prepared 

by reacting a compound of formula IT with a compound of fonnula 
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0 HOYll P-R2 XVI 
I 
OR5 

z 

PCf/GB96J02113 

where R1, R5 and Z are as hereinbefore defmed, in the presence of a hindered base, to give 

a compound of formula 

0 

':!.1 y~- •' XVD 

··/--[ OR' 
H 

where R2, R4• Rs and R1 are as hereinbefore defined, and replacing the indicated hydrogen 

attached to nitrogen by a NH-protecting group RY as hereinbefore defined, for example 

using known procedures such as those hereinbefore described. The reaction between the 

compounds of formula II and XVI may be carried out, for example, at a temperature of 20 

to lOO°C, preferably in an organic solvent such as an alcohol, especially ethanol. The 

hindered base may be, for exampl~ a diazabicyclo compound such as 1,5-diazabicyclo 

[4.3.0]non-5-ene or 1,8-diazabicyclo [5.4.0]undec-7-ene or preferably, a tertiary amine 

such as dicyclohexyl(ethyl)amine or, especially. diisopropylethylamine. 

Compounds of formula XVI may be prepared using the procedures described in J. Med. 

Chem, 1995, 38, 3313. 

Compounds of formula XIV or XVII may themselves be used as pharmaceuticals, for 

example in the treatment or prevention of a condition characterised by stimulation of a 

GABAB receptor, particularly in de-esterified fonn, i.e. where R5 as alkyl has been 

replaced by hydrogen and any carboxylic ester group in R4 and/or Rx. has been convened 

into a carboxyl group, for example using known procedures. Accordingly, the invention 

includes novel compounds of formula 
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0 

':~ ":J'~-a2 
/'N I 

ll4 I OH 

RY 

PCT/GB96/02113 

xvm 

where R1, R2, Rx and RY are as hereinbefore defined, or salts or esters thereof. 

Compounds of the invention obtained as salts can be convened into the free compounds in 

a manner known 3! ~,for example by treatment with a base, such as an alkali metal 

hydroxide, a metal carbonate or metal hydrogen carbonate, or animonia. or another of the 

salt-forming bases menti_oned hereinbefore, or with an acid, such as a mineral acid, for 
ex~ple with hydrochloric acid, or another of the salt-fonning acids me_ntioned 

hereinbefore. 

Salts of the invention can be convened into different salts of the invention in a manner 
known per g for example, acid addition salts can be convened by treatment with a 

suitable metal salt, such as a sodium, barium or silver salt, of another acid in a suitable 
solvent in which an inorganic salt being formed is insoluble and is thus excluded from the 

reaction equilibrium, and base salts can be converted by freeing the free acid and 

converting into a salt again. 

The compounds of fonnula I, including their salts, may also be obtained in the form of 

hydrates or may include the solvent used for crystallisation. 

Owing to the close relationship between the novel compounds in free form and in the fonn 

of their salts, hereinbefore and hereinafter the free compounds and their salts are also 

optionally to be understood as being the cmresponding salts and free compounds, respec­

dvely, where appropriate and where the context so allows. 

For compounds of fonnula I, and intennediates in the preparation thereof, 

diastereoisomeric mixtures and mixtures of racemates can be separated in known manner 

into the pure diastereoisomers and racemates, respectively. on the basis of the physico­

chemical differences between their constituents; for example by chromatography-and/or 
fractional crystallisation. 

Resulting racemates can also be resolved into the optical antipodes by known methods, for 

example by recrystallisation from an optically active solvent, with the aid of micro-
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organisms or, by reaction of the resulting diastereoisomeric mixture or racemate with an 
optically active auxiliary compound, for ex.ample according to the acidic, basic or 

functionally modifiable ~ups contained in compounds of formula I, with an optically 

active acid, base or an optically active alcohol, into mixtures of diastereoisomeric salts or 

functional derivatives, such as es~ separation of the same into the diastereoisomers 

from which the desired enantiomer can be freed in customary manner. Suitable bases, 

acids and alcohols for the purpose are, for example, optically active alkaloid bases, such as 
strychnine, cinchonine or bnicine, or D- or L-(1-phenyl)ethylamine, 3-pipecoline, 

ephedrine, amphetamine and similar bases that can be obtained by synthesis, optically 

active carboxylic or sulfonic acids, such as quinic acid or D- or L-tanaric acid, D- or 

L-di-o-toluoyltanaric acid. o- or L-malic acid. D- or L-mandelic acid, or D- or L-camphor­
sulfonic ac~ or optically active alcohol~ such as bomeol or D- or L-(1-phenyl)ethanol. 

Compounds of fonnula I, VA or XVill may be isotopically labelled, particularly with uc, 
t4c, 2H. 3H or 12Sr, for use in diagnostics. 

The compounds of fonnula I, VA or xvm may be used, for example, in the form of 
phannaceutical compositions that comprise a therapeutically effective amount of the 

active ingredient, where appropriate together with phannaceutically acceptable carriers 

that are suitable for enteral, for example oral, or parenteral administration, which carriers 

may be solid or liquid and organic or inorganic. For example, tablets or gelatin capsules 
are used that contain the active ingredient together with diluents, for example lactose, dex­
trose, saccharose, mannitol, sorbitol, cellulose and/or lubricants, for example silica, talc, 
stearic acid or salts thereof, such as magnesium or calcium stearate, and/or polyethylene 
glycol. Tablets may also contain binders, for example magnesium aluminium silicate, 

starches, such as com, wheat, rice or arrowroot starch, gelatin, tragacanth, methyl­

cellulose, sodium carboxymethylcellulose and/or polyvinylpym>lidone, and, if desired, 

disintegrators, for example starches, agar, alginic acid or a salt thereof, for example 
sodium alginate, and/or effervescent mixwres, or absorbents, colourings, flavourings and 
sweeteners. The compounds of fonnula I can also be used in the form of parenterally 
administrable compositions or in the form of infusion solutions. Such solutions are prefer­
ably isotonic aqueous solutions or suspensions which, for example in the case of 

lyophilised compositions that comprise the active ingredient on its own or together with a 

cmier, for example mannitol, can be prepared before use. The pharmaceutical 

compositions may be sterilised and/or may comprise excipients, for example preserv­
atives, stabilisers, wetting agents and/or emulsifiers, solubilisers, salts for regulating the 
osmotic pressure and/or buffers. The present pharmaceutical compositions which, if 
desired, may comprise other pharmacologically active substances, may be prepared in a 
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manner known per g for example by conventional mixing, granulating, confectioning, 
dissolving or lyophilising processes, and may comprise approximately from 0.1 % to 

100 %,.especially from approximately 1 % to approximately 50 %, and, in the case of 

lyophilisates, up to approximately 100 %, active ingredient. 

The invention relates also to the use of the compounds of formula l VA or XVIII, or salts 

or esters thereof, preferably in the form of pharmaceutical compositions. 

The dose may depend on various factors, such as the mode of administration, species, age 

and/OT individual condition. The doses to be administered daily may, in the case of oral 

administration, be from approximately 1 to approximately 50 mg/kg, especially from S to 

approximately 25 mg/kg. and, in the case of wann-blooded animals having a body weight 

of approximately 70 kg, preferably from approximately 70 mg to approximately 3500 mg, 

especially from approximately 350 to approximately 1750 mg, expediently divided into 

from 2 to 6, for example 3 or 4, single doses. 

The invention accordingly includes a method of treating or preventing a condition in 
warm-blooded mammals, particularly humans, characterised by stimulation of a GABAB 
receptor which comprises administering to the warm-blooded mammal a compound of 
fonnula I, VA or XVIII, or a pharmaceutically acceptable salt or ester thereof. 

The invention is illustrated by the following Examples. 

Compound D used in the Examples is prepared. as follows. In subsequent fonnulae, Boe 
denotes ten-butoxycarbonyl. 

Phenyl glycine (42g) is dissolved in concentrated sulphuric acid (210ml) and the solution 

is cooled to OOC. Fuming nitric acid OS.5ml) is added dropwise to the cooled solution 

over 30 minutes and the mixture is stirred for a funher 30 minutes at OOC, then 18 hours at 

room temperature. The solution obtained is poured over I litre of ice and carefully adjusted 
to pH7 by adding approximately 875ml of IOM aqueous sodium hydroxide whilst keeping 

the temperature of the solution below 20°C. The resulting mixture is stirred for 3 hours at 

room temperature and the precipitate obtained is filtered off. The precipitate is washed 

three times with water and recrystalized from I litre of water to afford 

3-nitrophenylglycine, mpt 165-6°C. 

3-Nitrophenyl glycine (Sg) is added to a mixture of methanol (200ml) and triethylamine 

(20ml) and the mixture is stirred vigorously for 10 minutes at room temperature. 
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Di-tert-bntyl dicarbonate (ll.l3g) is added and the reaction mixture is heated under reflux 

for 2 hours. The solution obtained is cooled to room temperature and then concentrated to 

dryness under reduced pressure to afford a dark orange residue. The residue is purified by 

flash chromatography [silica gel, C.Hi02 (95%), CH30H (2.5%), CH3COOH (2.5%)] to 

afford Compound A as an orange foam. . 

COOH 

Compound A 
NHBoc 

N~ 
13Cnmr (lOOMHz; CDCI3): l) (ppm)27.9 (q), 58.2(d), 82.6(s), 122.4(d), 123.0(d), 129.5(d), 

133.0(d), 140.4(s), 148.2(s), 156.8(s), 172.l(s). 

A soludon of Compound A (14.54g) and p-toluenesulphonic acid (l.87g) in methanol 

(200ml) is stirred at room temperature for 24 hours. Ethyl acetate and saturated aqueous 

Nall~ are added, the organic phase is separated, dried over MgS04 and filtered, and the 

filtrate is evaporated under reduced pressure. The product obtained is purified by flash 

chromatography [silica gel, hexane:ethyl acetate (2:1)] to yield Compound B as a yellow 

solid, mpt = 86°C, 

CompoundB 

N~ 

Analysis: calculated for C1J{18N20 6; C 54.19; H, 5.85; N, 9.03%. 

Found, C, 54.32; H, 6.00; N, 8.93%. 

A solution of sodium borohydride (2.33g) in absolute ethanol (30ml) is added dropwise to 

a stirred solution of Compound B (9.57g) in absolute ethanol (120ml) at room temperature. 

The reaction mixture is stirred for 18 hours at room temperature, after which excess 
sodium borohydride is destroyed by adding glacial acetic acid. The solvents are removed 

under reduced pressure and the residue is triturated with ethyl acetate (3 x 50ml). The 
combined ethyl acetate phases are evaporated to dryness and the residue is dlen 
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co-evaporated with toluene (3 x SOml). The 1esultant 1esidue is pmified by flash 

chromatography [silica gel, ethyl acetate: hexane (l:l)f to afford Compound C, m.p. IOO°C, 

OH 

CompounclC 

NHBoc 

N~ 

Analysis: calculated for C1:sff1sN20s; C, 55.31; H, 6.43; N, 9.92%. Found, C, 55.25; H. 
6.63; N, 9.76%. 

Trifluomacetic acid (60ml) is added to a flask containing Compound C (Sg) cooled to OOC. 
The resulting solution is stirred for 20 minutes at OOC, then allowed to wann to room 
temperature and stirred for a further 3 hours. The solvent is removed under reduced 

piessure and the residue is pmified by ion exchange chromatography (Dowex 50WX 

2-200 (Ii+ form) resin, elutant 3% aqueous ammonium hydroxide solution) to afford 

Compound D as a pale brown foam. 

OH 

NH2 Compound D 

NC>i 
Analysis: calculated for CgH1oN2~; C, 52.74; H, 5.53; N, 15.38%. 
Found, C, 53.12; a 5.75; N, 15.07%. 

13C nmr (lOOMHz; MeOH): ~(ppm) 58.0(d), 68.2(t), 122.8(d), l23.l(d), 130.4(d), 134.S(d), 
146.3(s), 149.6(s). 

Compound G used in the Examples is prepared as follows: 

Sodium cyanide ( 4.9g. O.lM) and ammonium chloride (5.88g, O.llM)are stirred in water 

(20ml) at room temperature. A solution of 3,4-dichlorobenzaldehyde (17 .Sg, OJM) in 

methanol (30ml) is added dropwise over one minute. Aqueous ammonia solution (lOml, 



WO 9'7'°'335 PCT/GB96/02113 

-35-

specific gravity 0.88) is added and the reaction is stirred for 3 hours at room temperature. 
Ethyl acetate is added and the organic phase separated, dried over magnesium sulphate, 
filtered and evaporated. The residue is dissolved in ethyl acetate and repeatedly extraced 
with 2N hydrochloric acid. The combined aqueous layers are adjusted to pH9 using 
aqueous ammonia solution and re-extracted repeatedly with ethyl acetate. The combined 
organic layers are dried over magnesium sulphate, filtered and evaporated under reduced 

pressure to afford an orange oil which is purified by flash chromatography on silica using 
hexane:ethyl acetate (1:1) as eluant to afford Compound G. m.p. 64-65°C 

Cl 

Cl 

Found: C, 47 .81; H, 2.99; N, 13.92%. 

CN 

Csff6Cl2N2 requires C, 47.79; H, 3.01; N, 13.93%. 

Compound I used in the Examples is prepared as follows: 

CompoundG 

Using substantially the same procedure as described for the preparation of compound G, a 
mixture of3-bromo-benzaldehyde (18.5g, O.lM). sodium cyanide (4.9g, O.lM), 

ammonium chloride (5~9g, 0.1 lM) and aqueous ammonia solution (lOml, specific gravity 

0.88) in methanoVwater (30ml/20ml) is reacted for 24 hours at room temperature to afford 
Compound Has a red/brown waxy solid. 

CN 

NHz Compound H 

Br 

13C nmr (100 MHz; CD03): a (ppm) 46.6 (d). 120.4 (S), 122.9 (S), 125.2 (d), 129.7 (d), 
130.5 (d), 132.l(d), 138.3 (S). 

A mixture of Compound H (10.5g, 49.8mM) in 6M hydrochlOric acid (200ml) is heated 
under reflux for 68 hours. The supematent is decanted off, cooled to room temperature 
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and adjusted to pH7 using aqueous ammonia solution. The piecipitated product is 
collected by filtration, washed with water and dried. Trituration with ethyl acetate 

followed by drying affords Compound J as a brown solid. m.p. 201-204°C (dee). 

CompoundJ 

Br 

13C nmr (lOOMHz; CD30D): a (ppm) 56.9 (d), 124.0 (S), 128.1(d),132.2 (2 x d), 134.0 
(d), 136.0 (S). 170.1 {S). 

Example 1 

CN 

Compound! 

3-methoxycarbonylbenzaldehyde (l.6g, 10.0mM) in methanol (lOml) is added to a solution 
of 4-methoxybenzylamine hydrochloride (l.7g, 10.0mM) and sodium cyanide (0.490g, 
10.0mM) in water (lOml) and the mixture is stirred for 3 hours at room temperature. Water 
(20ml) is added and the mixture extracted with dichlommethane. The organic phase is 
washed with brine, dried {MgSOJ and evaporated to dry~ess to afford an oil which is 
purified by silica gel chromatography using 20% ethyl acetate in hexane as eluant to 
afford Compound 1. 

Analysis: calculated for C18 H18 N2 0 3; C, 69.66; H, 5.85; N, 9.03%. 
Found, C, 69.40; H, 5.94; N, 8.73%. 

13C nmr (lOOMHz; CDCI3): o (pP,IIJ) 50.6(t), 52.2(q), 52.S(d), 55.2(q), 114.0(d), 118.3(s), 
128.3(d), 129.0(d), 129.6(d), 129.S(s), 130.l(d), 130.9(s), 131.6(d), I35.3(s), 159.l(s), 166.2(s). 
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Example2 

Compound2 

COOCH3 

A solution of Compound 1 (7g, 22.56mM) in methanol (75ml) is cooled to OOC and 

saturated with hydrogen chloride gas. Once saturated, the reaction mixture is stored at . 

-200C for 4 days and then concentrated under reduced pressure to a quaner of its original 

volume. Ethyl acetate and saturated aqueous sodium bicarbonate solution are added and 

the organic phase is separated, washed with water and brine, dried over magnesium 

sulphate, filtered and evaporated to give an oil. Purification by flash chromatography on 

silica using hexane: ethyl acetate (1:1) as eluant affords Compound 2 as an oil. 

31C nmr (IOOMHz; CD03): 8 (ppm) 50.7 (t). 52.l(q), 52.3(q), 55.2(q), 63.8(d), ll3.7(d), 

128.69(d), 128.72(d), 129.2(d), 129.4(d).130.5(s), 131.2(s), 132.0(d), 138.S(s), 158.7(s), 

166.7(s), 172.9(s). 

Example3 

Compound3 

COOCH3 

A mixture of Compound 2 (8.0g. 23.3mM) and palladium black (2.0g) in glacial acetic 

acid {50ml) and methanol (50ml) is hydrogenated for 4 hours at room temperature. Aft.er 

checking completion of the reaction by thin layer chromatography {tic), the mixture is 

filtered and the filtrate evaporated under reduced pressure. The residue is co-evaporated 

three times with toluene (3 x 20ml) and then purified by flash chromatography on silica 

using ethyl acetate as eluant to afford Compound 3 as a pale yellow oil. 

Analysis: calculated for C1~17N06; C, 55.12; H, 6.0S; N, 4.94%. 
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Found; C, 55.46; H, 5.99; N, 5.05% 
13c nmr (lOOMHz; CDC13): 6 (ppm) 20.8 (q), 52.l{q). S2.5(q), 57.9(d), 127.9(d), 128.9(d), 
129.3(d), 130.7(s), I31.4(d), 139.9(s), 166.6(s), 173.5(s), 175.9(s). 

Example4 

Compound4 

A solution of di-tert-butyl-dicarbonate (4.5g, 20.83mM) in methanol (lOml) is added to a 

vigorously stirred solution of Compound 3 (3. lg, 10.9mM) and triethylamine (lOml, 
71.75mM) in methanol (40ml). The mixture is then heated at 600C for 30 minutes, cooled 
to room temperature and evaporated under reduced pressure. The residue is purified by 

flash chromatography on silica using hexane: ethyl acetate (4:1) as ~luant to afford 

Compound E m.p. 88-900C. 

CompoundE 

COOCH3 

Analysis: calculated for C1~21N06; C, 59.43; H, 6.55; N, 4.33%. 
Found, C. 59.54; H, 6.72; N, 4.32%. 

Sodium borohydride (800mg, 21.2mM) is added in eight equal portions, at 30 minute 
intervals, to a stirred solution of Compound E (3.2g, 9.9mM) in methanol (50ml). On 

completion of the reaction (tic), the remaining sodium borohydride is destroyed with 
glacial acetic acid and the reaction mixture evaporated under reduced pressure to afford an 
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oily solid. This residue is co-evapmated with toluene (2 x 20ml) and triturated with ethyl 

acetate. Evaporation of the ethyl acetate extracts under reduced pressw:e affonfs a 
colourless oil which is purified by flash chromatography on silica using hexane: ethyl 

acetate (1:1) as eluant to afford Compound F, m.p.102-104°C. 

CH:zOH 

CompoundF 

COOCH3 

Analysis: calculated for C1sH21N05; C. 61.01; H. 7.17; N, 4.74%. 
Found; c. 61.ll; H, 7.23; N, 4.70%. 

Trifluoroacetic acid (3.0ml, 39.17mM) is added to a stirred solution of Compound F (2.2g, 

7 .45mM) in dry dichloromethane (25ml) under argon at room temperature. The mixture is 

stirred for S hours at room temperature. On completion of the reaction (tic), the mixture is 
evaporated under reduced pressure without heating and the residue is co-evaporated with 

chloroform (2 x 20ml). After drying under high vacuum. the residue is purified by ion 
exchange chromatography on Amberlyst A21 resin using water as eluant to afford 

Compound 4 as a colourless oil. 

Found: C, 58.98; H, 6.73; N, 6.53%. 

C10 H13 N03 . iH20 requires C, 58.8; H, 6.91; N, 6.86%. 

13C nmr (100 MHz; CD30D): 5 (ppm) 52.6(q), 58.l(d), 67.4(t). 129.l(d), 129.8(2 x d), 
131.6(s), 132.9(d}, 142.4(s), 168.2(s). 
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Examples 

CJ 
CompoundS 

Cl 

A solution of Compound G (1.4g, ·s.98mM) in methanol (20ml) is cooled to OOC and 

saturated with hydrogen chloride gas. Once saturated, the reaction mixture is stored at 

-200C for 2 days. The solvent is removed under reduced pressure and the residue 

co-evaporated with methanol (3 x 20ml). The residue is suspended in ethyl acetate and 

the organic phase is washed successively with saturated aqueous sodium bicarbonate 

solution, water and brine. The organic layers are dried over magnesium sulphate, filtered 

and evaporated under reduced pressure to afford an oil which is purified by flash 

chromatography on silica using hexane: ethyl acetate (1:1) as eluant to afford Compound 5. 

Found: C, 46.12; H, 3.85; N, 6.09%. C~9CI2NO requires C, 46.18; H, 3.88; N, 5.98%. 

13C nmr OOOMHz; CDCI3): 8 (ppm) 52.S(q), 57.S(d), 126.2(d), 128.9(d), 00.8(d), 13l.9(s), 
132.6(s), 140.2(s). 173.4(s). 

Example6 

NHBoc 

Cl Compound6 

Cl 

Compound 5 (6.0g, 25.63mM), di-ten-butyl dicarbonate (ll.19g, 51.26mM) and 
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triethylamine (20ml, 143.SOmM) are reacted in methanol (200ml) using substantially the 

same procedure as described for the preparation of Compound E in Example 4. The crude 
product is purified by chromatography on silica using 20% ethyl acetate in heXane as 

eluant to afford Compound 6 as a yellow solid. m.p. 90-92°C. 

Found: C SO.SS; H, 5.16; N, 4.08%. C1~1102N04 requires C, 50.32; H, 5.13; N, 4.19%. 

Example7 

OH 

NHBoc 

Cl 

CJ 
Compound7 

To a solution of Compound 6 (6. 78g, 20.28mM) in absolute ethanol (100ml) is dropwise 

added a solution of sodium borohydride 0.15g, 30.43mM) in absolute ethanol (30ml). The 

reaction is stirred for 6 hours at room temperature and then left to stand for 48 hours at 

room temperature. The solvent is removed under reduced pressure and the residue is 

purified by flash chromatography on silica using hexane: ethyl acetate (1:1) as eluant to 

afford Compound 7 as a white solid. m.p. 113-114°C. 

Found: C, 51.21; H, 5.69; N, 4.43%. C13H17C 2N03 requires C, 51.00; H, 5.60; N, 4.57%. 

Example8 

OH 

Cl Compound8 

Cl 

Compound 7(4.7,15.35mM) is reacted with trifluoroacetic acid (75ml) using substantially 
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the same procedure as described for the preparation of Compound D from Compound C. 
The crude product is purified by ion exchange chromatography on Dowex SOWX 2-200 
(H+ form) resin using methanol: water: aqueous ammonia solution (50%: 47%: 3%) as 
eluant to afford Compound 8 as a cream coloured solid. m.p. 65-67°C. 

Found: C, 46.61; H, 4.37; N, 6.59%. Caff9~NO requires C, 46.63; H, 4.40; N, 6.80%. 

Example9 

0 

Br \~~ 
~, v 

C>CiHs Compound9 

Bis(ttimethylsilyl)acetamidc (28.51ml) is added dropwise to a solution of 18.22g of ethyl 

cyclohexylmethylphosp~nate, prepared as described in EP 0569333, in lOOml of dry 

CH2Cl2 under argon. The solution is stiired at room temperatlire for I hour, then ttimethyl 
phosphate (13.42ml) is added, followed by 1,3-dibromopropene (mixture of cis/trans 

isomers) (9.57ml). After stirring the solution at room temperature for 18 hours, it is pomed 

into saturated aqueous NaHC~ solution {100ml) and stirred for 10 minutes. The product 

is extracted with CH2CI2 (3 x 50 ml) and the combined organic extracts are washed with 

brine, then dried with MgS04 and filtered. The filtrate is evaporated under reduced 

pressure, then excess trimethyl phosphate is removed by evaporation at 800C at 0.45mm 

Hg. The residue is purified by flash chromatography (silica gel, ethyl acetate} to yield 
Compound 9 as a mixture of cis and trans isomers. 

31P mnr (162MHz, CD03): a (ppm) 51.1and52.2. 

Example 10 

Compound 10 

A mixture of {R)-2-amino-2-phenylethanol {0.88g, 6.47mM) and Compound 9 (1.0g, 

3.23mM) in toluene (10ml) is heated under reflux. 1, 8-Diazabicyclo[S.4.0]undec-7-ene 
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(0.48ml, 3.23mM) is added in ten aliquots at 30 minu.~ inrerv~. The reaction is heared 
under reflux for a further hour and allowed to stand overnight at room temperature. The 
mixture is filtered and the filttate evaporated under reduced pressure to afford a yellow oil 

which is purified by flash chromatography on silica using 5% methanol in 

dichloromethane as eluant to afford Compound 10 as a 1: 1 mixture of diastereomers at 

phosphorus. 

31p mm (162Hz; CD03): a (ppm) 43.49 and 43.55. 

Example 11 

Compound 11 

(S)-2-amino-2-phenyl ethanol (2.66g, 19.4mM), Compound 9 (3.0g, 9.7mM) and 

l,8-d.iazabicyclo[S.4.0]undec-7-ene (l.40g, 9.7mM) are reacted in toluene (30ml) using lhe 

procedure described for the preparation of Compound 10. The crude product is purified by 

flash chromatography on silica using 5% methanol in dichloromethane as eluant to afford 

Compound 11 as a 1:1 mixture of diastereomers at phosphorus. 

31P nmr (162MHz; CDCI3): ~(ppm) 43.37 and 43.43. 

Example 12 

OH 

0 

N~i~ 
H r v 

Compound 12 

A mixture of Compound 4 (1.3g, 6.66mM) and Compound 9 (2.06g,"6.66mM) in 

toluene/THF (2Sml, 1:1 mixture) is heated to 800C under argon. A solution of 1, 
8-diazabicyclo [5.4.0]undec-7-ene (l.52g, 9.9SmM) in toluenetrHF (15ml, 1:1 mixture) is 
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added over S homs. The mixture is cooled to room ~perature and allowed to stand for 

18 homs. The mixture is filtered and the filtrate evaporated under reduced pressure to 

afford a yellow oil which is purified by flash chromatography on silica using 5% methanol 
in dichloromethane as eluant to give Compound 12 as a 1: 1 mixture of diastcreomers at 

phosphorus. 

3lp (162MHz; CDC13): 3 (ppm) 43.53 and 43.58. 

Example 13 

OH 
0 

~i~ 
H I v 

. ~HS 

Cl 
Cl 

Campound.13 

Using substantially the same procedure as described for the preparation of Compound 12, 
a mixture of Compound 8 (2.76g, 13.39mM) and Compound 9 (4.14g, 13.39mM) in 

tolueneflHF (SOmV4ml) is reacted with a solution of l,8-diazabicyclo[5.4.0Jundec-7-ene 

(2.03g, 13.39mM) in 1llF (6ml) at llOOC to afford Compound 13 as a 1:1 mixture of 
diastereomers at phosphorus. 

31P nmr (162MHz; CDC13): a (ppm) 43.73 and 43.82. 

Example 14 

OH 

Compound14 

Using substantially the same procedure ~ described for the preparation of Compound 12, 
a mixture of Compound D (3.19g, 17 .50mM) and Compound 9 (5.4lg, 17.50mM) in 
toluenemIF (50mV4ml) is reacted with a solution of l,8-diazabicyclo[5.4.0]undec-7-ene 
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(2.66g, 17.SmM) in 1HF (6ml) at llOOC to afford Compound 14asa1:1 mixture of 

diastercomers at phosphorus. 

31p nmr (162MHz; CD03): 8 (ppm) 43.60 and 43.66. 

Example 15 

0 

()~~ 
0/ ~ OC1H5 

Compound 15 

A suspension of sodium hydride (0.079g, 3.3 lmM) in dry ~luene (lOml) is stirred at OOC. 

A solution of Compound. 10 (l.lg, 3.0lmM) in dry toluene (20ml) is added dropwise. 
The reaction mixture is allowed to wann to room temperature and stirred for 20 hours. 

Saturated aqueous ammonium chloride solution (5ml) is added, then the reaction mixture 
is partitioned between ethyl acetate and water. The aqueous layer is extracted with ethyl 

acetate and the combined organic phases are dried over magnesium sulphate, filtered and 
evaporated. The residue is purified. by flash chromatography on silica using 5% methanol 
in dichloromethane as eluant to afford Compound 15 as a mixture of diastereomers at 
phosphorus. 

Mass spec. (FAB): (m +l)+mJz = 366. 

31P runr (162MHz; CDCI3): 5 (ppm) 54.05 and 54.63. 

Example 16 

Compound16 

Using substantially the same procedure as described for the preparation of Compound 15, 
Compound 11 (l.20g. 3.28mM) and sodium hydride (0.086g, 3.6lmM) are reacted in 
toluene (40ml) to afford Compound 16 as a mixture of diastereomers at phosphorus. 
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Found: C, 63.39; H, 8.75; N, 3.70%. C2t}H32N~P. 0.75 H20 :requires C9 63.39; ~ 8.91; 
N9 3.70%. 

3lp (162MHz; CD03): S (ppm) 54.08 and 54.65. 

Example 17 

Compound17 

A solution of Compound 12 (SOmg, 0.12mM) in dry toluene (0.Sml) is stirred at room 
temperature. A suspension of sodium hydride (6.2mg, 0.26mM) in toluene (0.5ml) is 
added in one portion and the reaction mixture is stirred for 3 hours at room temperatme. 

The reaction is then quenched with glacial acetic acid and the product is extracted with 

ethyl acetate. The combined organic phases are washed with water and brine, dten dried 

over magnesium sulphate, filtered and evaporated. The residue is purified by flash . 

chromatography on silica using 5% methanol in dichloromethane as eluant to afford 

trans-2,5-disubstiwted morpholine racemic Compound 17 as a mixture of d.iastereomers at 
phosphorus. 

31P nmr (162MHz; CDC13): o (ppm) 54.06 and 54.64. 
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Example 18 

0 

:nv 
H OCzHs 

Cl 

Cl 
Compoundl8 

Using substantially the same procedure as described for the preparation of Compound 15. 
Compound 13 (2.24g. 5.ISmM) and sodium hydride (0.136g. 5.67mM) are reacted in 
toluene (80ml) to afford trans-~S-disubstituted morpholine racemic Compound 18 as a 

mixture of diastcreomers at phosphorus. 

Analysis: Found, C. 54.21; H, 7 .08; N, 3Jl%. Cioff300 2 NC¥>. 0.5H20 requires C, 54.18; 
H. 7.05; N, 3.16%. 

31P nmr (162MHz; CDC13): a (ppm) 53.80 and 54.40. 

Example 19 

Compound19 

Using substantially the same procedure as described for the preparation of Compound IS, 

Compound 14 (5.38g, 13.lmM) and sodium hydride (0.346g, 14.4lmM) are reacted in 
toluene (150ml) to afford ttans-2,5-disubstituted morpholine racemic Compound 19 as a 
mixture of diastereomers at phosphorus. 
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31p nmr (162MHz, CD03): a (ppm) 53.73 and 54.33. 

Example20 

Compound 20 

To a stirred solution of Compound 15 (650mg, l.78mM) in dichloromethane (25ml) under 
argon is addeddropwise bromottimethylsilane (0.939ml, 7.12mM). The reaction mixture 
is stirred for 24 hours at room temperatme. The reaction is then quenched. by the addition 
of a mixture of methanol: water (95:5). The solvent is removed under reduced pressure to 

afford an oily residue which is purified by ion exchange chromatography on Dowex 
50WX 2-200 resin (H+ fonn) using methanol: water: aqueous ammonia solution (50% : 
47%: 3%) as eluant. The resulting product is dried under high vacuum (<0.05mm Hg) to 

affmd Compound 20 as a white solid. m.p. > 2500C. [a]0 =+10.8° (C=l, CH30H). 

Found: C, 63.72; H, 8.44; N, 4.02%. C18H28NO:JP requires C, 64.08; H, 8.36; N, 4.15%. 

31P nmr (162MHz, D20): S (ppm) 55.22. 

Example21 

0 

:rev 
·H 

Compound 21 

Using the same procedure as described for the preparation of Compound 20, Compound 
16 (670mg, l.83mM) and bromottimethylsilane (I.lg, 7.3mM) are reacted in 

dichloromethane (20ml) to afford Compound 21. m.p. > 2500C. [a.Jo = -10.5° (C = l, 
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Found: C, 63.62; H, 8.SO; N, 4.05%. C18H28NO# requires C, 64.08; H, 8.36; N, 4.15%. 

31p nmr (162MHz; OiO/DCl): a (ppm) 55.36. 

Example22 

0 

o:rlv 
N OH 
H 

Cl 
Compound22 

CJ 

Using the same procedure as described for the preparation of Compound 20, Compound 

18 (0.979g, 2.25mM) and bromotrimethylsilane (0.89ml, 6.76mM) are reacted in 
dichloromethane (40ml} to afford ttans-2,5-disubstltuted morpholine racemic Compound 

22. m.p. > 200°C (dee). 

Found: C, 52.45; H, 6.53; N, 3.29%. C18H2602N~P . 0.25H20 requires C. 52.63; H, 
6.50; N, 3.41%. 

31P nmr (202.SMHz; '4-acetic acid): a (ppm) 45.45. 

Sodium salt, 31P nmr (162MHz; D20JDC1): a (ppm) 41.89. 
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Example23 

0 

::rlLJ 
H OH 

Compound23 

Using the same procedure as described for the preparation of Compound 20, Compound 
19 (O.SOg, l.20mM) and bromoaimethylsilane (0.48ml, 3.65mM) are reacted in 
dichlommethane (25ml) to afford trans-2,5-disubstituted morpholine the racemic 
Compound 23. m.p. 128-1300C. 

Found: C, 54.23; H, 7.25; N, 6.93%. C18H27N20 5P. H20 requires C, 53.99; H, 7.30; N, 
7.00%. 

31P nmr(162MHz; CD30D): o (ppm) 37.64. 

Example24 

. Compound 24 

NH2 

A mixture of Compound 19 (2.98g. 7.26mM) and 10% palladium on activated charcoal 
(0.Sg) in absolute ethanol (150ml) is hydrogenated for 18 hours. The mixture is filtered 
and the filtrate is evaporated. The residue is purified by flash chromatography on silica 
using 10% methanol in dichloromethane as eluant t.o afford trans-2,5-disubstituted 
morpholine racemic Compound 24 as a mixture of diastereomers at phosphorus. m.p. 
115-118°C. 
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Found: ~ 62.52; H, 8.88; N, 7 J8%. C:zo}l33N20:iP . 0.25 H20 requires C, 62.40; H, 8.77; 
N, 7.31%. 

31P (162MHz; CD03): 5 (ppm) 54.16 and 54.72. 

Example25 

Compound 25 

I 

Cmshcd ice (15g) is added to a stirred solution of Compound 24 (2.43g, 6.38mM) in 
concentrated hydrochloric acid (50ml) and the resulting mixture is cooled to OOC. A 

solution of sodium nitrite (0.48g, 7 .02mM) in water (25ml) is added dropwise and the 
resulting mixture is stirred for 10 minutes at 0°C. The resulting solution is then added 

dropwise to a solution of potassium iodide Ol.13g, 67 .OlmM) in water (200ml). The 

reaction mixture is stirred for a funhcr 2t hours at room temperature and then allowed to 

stand overnight at room temperature. Ethyl acetate is added and the two phases separated. 

The aqueous phase is neutralized by addition of solid sodium bicarbonate and extracted 
with ethyl acetate. These ethyl acetate extracts are combined with the original organic 
phase and the combined organic phases are washed with aqueous 10% sodium hydroxide 
solution followed by aqueous 5% sodium bisulphite solution then water. The organic 
phase is dried over magnesium sulphate, :filtered and evaporated under reduced pressure. 
The residue is purified by flash chromatography on silica using 10% methanol in ethyl 
acetate as eluant to afford trans-2,5-disubstituted morpholine racemic Compound 25 as a 
mixture of diastereomers at phosphorus. Mass spec. (CI/NH3): (m+ lyt" m/z = 492. 

31P nmr(l62MHz; CDCI3): ~(ppm) 54.21 and54.77. 
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Example26 

0 

o)il) 
N OH 
H 

Compound26 

Using substantially the same procedure as described for the preparation of Compound 20, 

Compound 25 (0. lg, 0.20mM) and bromotrimethylsilane (0.427ml, 3.20mM) are reacted 

in dichloromethane (10ml) for 78 hours at room temperature. The crude product is purified 

by ion exchange chromatography on Dowex 50WX 2-200 resin (H+ fonn) using methanol: 

water: aqueous ammonia solution (50% : 47% : 3%) as eluant and the product is dried 

under high vacuum ( < 0.05 mm Hg) to afford trans-2,5-disubstituted morpholine mcemic 

Compound 26. m.p. > 230°C (dee). 

Found: C, 44.48; H, 5.70; N, 2.95%. C18H27IN~P. l.2H10 requires C, 44.59; H. 6.ll; N, 
2.89%. 

31P nmr (162?v1Hz; CD30D/DO): 6 (ppm) 53.08. 

Example27 

Compound27 

CN 

Sodium cyanide impregnated alumina (5mM NaCN per gram of alumina) is prepared by 

the procedure of S. L. Regen, S. Quici and S. J. Liaw described in the Journal Organic 

Chemistry, 1979, 44(12), 2029. To a mixture of tris (dibenzylideneacetone) dipalladium 
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(0) [0.17g, 0.18mM], sodium cyanide impregnated alµmina (4.7g) and 

tri(2-furyl)phosphine (0.34g, l.45mM) under argon is added a solution of Compound 2S 

(0.89g, 1.8mM) in dry degassed toluene (50ml). The reaction is heated at 800C for 12 

hours. The reaction is monitored by tlc and if required further ttis(dibenzylideneacetone) 
dipalladium (0) [0.17g, O.l8mM] and tri(2-furyl)phosphine (0.34g, 1.4SmM) are added and 

the reaction heated for 8 homs at 800C. On completion of the TCaCtion, the mixture is 

filtered and the solids washed with ether. The combined filtrate is evaporated under 

reduced pressure and the residue is purified by flash chromatography on silica using 10% 

methanol in ethyl acetate as eluant to affoni ttans-2.S-disubstituted morpholine ncemic 

Compound 27 as a mixture of diastereomers at phosphoms. 

Mass spec. (CI/NH3) : (M+l)+ m/z = 391. 

31P nmr (162MHz; CDCI3): li (ppm) 53.95 and 54.57. 

Example28 

0 

o)~~ 
N OH 
H 

CN Compound 28 

Using substantially the same procedure as described for the preparation of Compound 20, 

Compound 27 (0.16g, 0.4lmM) and bromoaimethylsilane (0.Slml. 6.14mM) are reacted in 

dichloromethane to afford trans-2.S-disubstiwted morpholine racemic Compound 28. 

Mass spec. {CI, NH3) : M+ m/z = 362. 

31P nmr (162MHz; DiOIDCl): 5 (ppm) 55.31. 



W097'°'335 PCT/GB96182113 

-54-

Example29 

0 

on~ 
N OH 
H 

Compound29 

COOH 
A mixture of Compound 27 (0.09g, 0.23mM), 6M hydrochloric acid solution (IOml) and 

ethanol (bnl) is heated under reflux for 72 hours. On completion of the reaction (31P nmr), 
the solvent is removed under reduced pressure. The residue is purified by ion· exchange 
chromatography on Dowex SOWX 2-200 resin ~ fonn) using methanol: water: aqueous 
amm~nia solution (50%: 47%: 3%) as eluant and the product is dried under high vacuum 
(S0.05mm Hg) to afford trans-2,5-disubstituted morpholine racemic Compound 29. m.p. 
>2600C. 

31P nmr (162MHz; D20): l> (ppm) 40.67. 

Example30 

A mixture of Compound 17 {0.50g. l.18mM), 6M hydrochloric acid solution (25ml) and 
glacial acetic acid (5ml) is heated at I00°C for 16 hours. On completion of the reaction 
(31P nmr), the solvent is removed under reduced pressure. The residue is purified by ion 
exchange chromatography on Dowex 50WX 2-200 resin (H+ fonn) using methanol: water: 
aqueous ammonia solution (50%: 47%: 3%) as eluant and the product is dried under high 
vacuum (g).05mm Hg) to afford trans-2,5-disubstitutcd moipholine racemic Compound 
29. 

Found: C, 58.68; H, 7.35; N, 3.71%. C19H28N 0 5P. 0.5H20 requires C, 58.45; H. 7.49; N, 
3.59%. 

31P nmr (162MHz; D20): 8 (ppm} 40.71. 

•' 
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Example31 

0 

o:rl~ 
N OH 
H 

Compound30 

A solution of Compound 29 (317mg. 0.83mM) in methanol (20ml) is saturated with 
gaseous hydrogen chloride and the reaction mixture stirred for 16 hours at room 

temperature. The solvent is removed under reduced pressure and the residue is purified. by 
ion exchange chromatography on Dowcx: 50WX 2-200 resin (H+ form) using methanol: 
water: aqueous ammonia solution (50%: 47%: 3%) as eluant. The product is dried under 
high vacuum (S0.05 mm Hg) to afford trans-2,5-disubstituted morpholine raccmic 
Compound 30. 

Found: C, 60.26; H. 7.57; N. 3.45%. Cwli3oN OsP. 0.25 H20 requires C. 60.01; H. 7.68; 
N, 3.50%. 

31P nmr (162MHz; ~OD): 8 (ppm) 37.21. 

Example32 

Compound31 

Using substantially the same procedure as described for the preparation of Compound 20, 
Compound 10 (90mg, 0.246mM) and bromottimethylsilane (200µ.1, l.57mM) are reacted in 
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dichloromethane (2ml) to afford Compound 31. 

[«Jo -38.5° (C = 0.6, CH30H) 

31p nmr (l62MHz; CD30D): 8 (ppm) 29.00. 

Example33 

OH 

0 

~l~ 
H I __ v 

OH 

Compound32 

Using substantially the same· procedure as described for the preparation of Compound 20, 
Compound 11 (90mg, 0.246mM) and bromonimethylsilane (200µ1, l.57mM) ~reacted in 
dichloromethane to afford Compound 32. 

31P nmr (162MHz; CD30D): a (ppm) 28.84. 

Example34 

OH 

0 

N~~~ 
H 1 .. v 

OH . 

COOH Compound 33 

To a stirred solution of Compound 12 (lOOmg, 0.24mM) in dichloromethane (2ml) under 

argon is added bromotrimethylsilane (300µ1, 2.4mM) and the reaction is stirred for 24 
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hours at room temperature. The solvent is removed under reduced pressure and the 
residue is co-evaporated with a 1:1 mixture of methanol: water. The resulting residue is 
then dissolved in a mixture of 6M hydrochloric acid (5ml) and methanol (0.3ml) and the 

mixture is heated under reflux for 4 hours. The solvent is removed under reduced pressure 
and the residue is co-evaporated three times with water. The resulting residue is purified 

by ion exchange chromatography on Dowex 50WX 2-200 resin using methanol: water: 
aqueous ammonia solution (50% : 47% : 3%) as eluant to afford Compound 33. 

3lp nmr (162MHz; ~OD): & (ppm) 29.28. 

Example35 

OH 

0 

~~~ 
H l v 

OH 

Cl 

Cl 
Compaund34 

Using substantially the same procedure as described for the preparation of Compound 20, 

Compound 13 {O.Sg, 1.15mM) and bromotrimethylsilane (0.9lml, 6.9mM) are reacted in 

dichloromethane (15ml) to afford Compound 34. 

31P mnr (162MHz; CD30D): 5 (ppm) 29.06. 
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Example36 

N~ Compound 35 

Using substantially the same procedure as described for the preparation of Compound 20, 
Compound 14 (90mg, 0.219mM) and bromotrimethylsilane (200µ1, 1.57mM) are reacted in 

dichloromethane (2ml) to afford Compound 35. 

31P nmr (162MHz; CD30D): S (ppm) 29.57. 

Example37 

OH 

Compound36 

Boron trifluoride ethyl etherate (l.25ml, lOmM) is added dropwise to a suspension of 

2-amino-3-( 4-iodophenyl)propionic acid (2.9g, lOmM) in TIIF (lOml) over 20 minutes. 
The mixture is heated under reflux for 2 hours, then borane dimethyl sulphide complex 
(1.lml, l lmMol) is added dropwise over 1 hour whilst maintaining the mixture at reflux. 
The mixture is heated under reflux for a funher 5 hours and then stirred for 15 hours at 
room temperature. 

A 1:1 mixture of water and THF (20ml) is added followed by SN sodium hydroxide 
solution a .Sml). The reaction mixture is heated under reflux for 7 hours, cooled to room 
temperature and filtered. The filter cake is washed with THF (2 x lOml) and the filtrate is 
evaporated to 25% of its original volume and then extracted with dichloromethane. The 
combined organic layers are dried over magnesium sulphate, filtered and evaporated under 
reduced pressure to afford a pale yellow solid which is recrystallised from hexane: ethyl 
acetate (i':2) to afford Compound 36, m.p. 105-107°C. 

Found: C, 38.69; H, 4.40; N, 4.92%. ~12INO requires C, 39.01; H. 4.37; N, 5.06%. 
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Example38 

I 

Compound37 

Using substantially the same procedure as described for the preparation of Compound 12, 

a mixture of Compound 36 (2.40g, 8.66mM) and Compound 9 (2.7g. 8.66mM) in toluene 
(20ml) is reacted with a solution of l,8-diazabicyclo[S.4.0]undec-7-ene (1.30g. 8.66mM) 
in nIF (10ml) at 75°C to afford Compound 37 as a 1:1 mixture of diastcreomers at 

phosphorus. 

31P nmr (202MHz; CDC~) 8(ppm) 43.69 and 43.72. 

Example39 

I 

Compound 38 [irans) 

Compound 39 [cisl 

A suspension of sodium hydride (0.105g, 4.4mM) in dry toluene (Sml) is added 

portionwise over 30 seconds to a stirred solution of Compound 37 (2.0g. 4.0mM) in dry 

toluene (25ml). The mixture is stirred for 30 minutes at OOC and then for 3 hours at room 
temperature. Glacial acetic acid (lml) is added, then Uie reaction mixture is diluted with 

ethyl acetate (75ml). The organic phase is washed with saturated sodium bicarbonate 

solution, water and then brine. The combined organic phases are dried over magnesium 

sulphate, filtered and evaporated. The residue is purified by flash chromatography on 

silica using 20% methanol in ethyl acetate as eluant to afford trans-2, 5-disubstituted 

morpholine racemic Compound 38 and cis-2, 5- disubstituted morpholine racemic 
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Compound 39 each as a mixture of diastereomcrs at ph:osphoms. 

Compound 38: 3lp mm (162MHz; CDCI~ 3 (ppm) 53.93 and 54.60 

Compound 39: 3lp nmr (162MHz; CDCI:V & (ppm) S4.25 and 54.82 ppm. 

Example40 

0 

o)ro 
N o-Na+ 

I 

H 

Compouncl40 

To a stirred solution of Compound 38 (180 mg, 0.356 mM) in dichloromethane (5ml) 

under argon is added dropwise bromotrimethylsilane (0.20ml, 1.52mM). The reaction 

mixture is stirred for 20 hours at room temperature. The solvent is removed under reduced 

pressure and the residue coevaporated with 1:1 water.methanol (2 x O.Sml). The residue is 

purified by ion exchange chromatography on Dowex 50WX 2-200 resin (H+ form) using 

methanol: 2% sodium hydroxide solution (1:1) to elute the product. The resulting product 

is funher purified by gel ftlttation on a Bio-Gel P2 column using warer as eluant to afford 

trans-2, 5-disubstituted morpholine racemic Compound 40, m.p. >2500C (dee). 

Found: C, 41.42; H, 5.40; N, 2.42%. C19'{28I N~ P.Na. 3H20 requires C, 41.20; H, 6.10; 

N,2.53%. 
31P mnr (161MHz; 020): a (ppm) 41.81. 
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Example41 

0 

H 

Compound41 

A mixmre of Compound 38 (0.180g, 0.36mM) and bis triphenylphosphine palladium (II) 

chloride (0.200g, 0.28mM) in absolute ethanol (2ml) and ttiethylamine (lml) is dega$sed 

by sparging with argon for Smin. The mixture is heated under reflux and vigorously 

stirred under an atmosphere of carbon monoxide for 3 hours. The mixture is cooled to 

room temperature and the solvent is removed under reduced pressure to afford an oily 

solid which is triturated with ethyl acetate. The combined ethyl acetate washings are 

evaporated under reduced pressure and the residue is purified by flash chromatography on 

silica using 10% methanol in chloroform as eluant to afford trans-2, 5-disubstituted 

morpholine racemic Compound 41 as a mixture of diastereomers at phosphorus. 

31P nmr (161 MHz; CDCI3): o (ppm) 53.93 and 54.60. 

Example42 

0 

oy-lv 
N) I 
H O"Na+ 

Compound42 

A mixture of Compound 41 (0.095g, 0.2lmM) and 6M hydrochloric acid solution ·(4ml) is 

heated under reflux for 20 hours. On completion of the reaction (31 P mnr) the solvent is 

removed under reduced pressure and the residue is purified by ion exchange 
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chromatography on Dowex SOWX 2-200 tesin (H+ fonn) using methanol: 2% sodium 

hydroxide solution (1:1) to elute the product. The resulting product is fmther purified by 

gel filtration on a BIO-GEL P2 column using water as eluant to afford trans-2, 

5-disubstitutcd morpholine racemic Compound 42, m.p. >2500C (dee). 

Found: C. 50.53; H, 7.40; N, 2.96%. Cioli28NOsf. Na. 2H20 requires C, 50.52; H. 6.79; 
N,2.95%. 

31p nmr (202MHz. D~) : S (ppm) 42.38. 

Example43 

0 

Orr-a 
N I 
f O"Na+ 

CH3 

COi'Na + Compound 43 

A buffered stock solution of formaldehyde is prepared by dissolving sodium acetate (1.8g, 
21.4mM), acetic acid (l.3ml, 22.7mM) and 40% aqueous fonnaldehyde solution (7.0ml; 

lOlmM) in water (Sml). An aliquot (10ml) of the above stock solution is added to a 
mixture of Compound 29 (0. lOg, 0.262mM) in methanol (2ml) and the mixture is stirred 

for 10 minutes at room temperature. Sodium cyanoborohydride (0.165g, 2.62mM) is 

added portionwise over 2 minutes. The mixture is stim:d for 24 hours at room 

temperature. The solvent is removed under reduced pressure and the residue purified by 

ion exchange chromatography on Dowex SOWX 2·200 resin (Hof- form) using methanol: 

2% sodium hydroxide solution (1:1) to elute the product The resulting product is further 

purified by gel filtration on a BIO-GEL P2 column using water as eluant to afford the 
trans-2, 5- disubstituted moIJ>holine racemic Compound 43, m.p. >250°C (dee). 

Found: C. 52.60; H, 6.82; N, 3.10%. C:zo}I28NOsP. ~Na. H20 requires C, 52.52; H, 6.61; 
N,3.06%. 

31P nmr (202 MHz; D20) 5 (ppm) 41.93. 
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Example44 

0 

Compound44 

Compound 29 (0.25g, 0.66mM) is dissolved in a 1:1 mixture of dioxan: water (4ml) and 
the pH of the resulting solution is adjusted to pH 9 by the addition of O.IM sodium 
hydroxide solution. The mixture is vigorously stirred and benzyl chlorofonnate (0.188ml, 
1.32mM) is added dropwise over 15 minutes. The pH of the mixture is adjusted to pH9 by 

further addition of O. lM sodium hydroxide solution and the mixture is stirred for 20 hours 
at room temperature. The mixture is concentrated under reduced pressure to one half of its 
original volume and acidified with concentrated hydrochloric acid. The· mixture is 
extracted with ethyl acetate and the combined organic phases are washed with water then 
brine, dried over magnesium sulphate, filtered and evaporated. The residue is purified by 

flash chromatography on silica using acetic acid: methanol: chloroform (2% :10%: 88%) 
as eluant. The product is funher purified by ion exchange chromatography on Dowex SO 
WX 2-200 resin (H+ fonn) using TIJF: water (3: 1) as eluant. The resulting product is 
dissolved in 1 % sodium hydroxide solution (2.Sml) and purified by gel filtration on a 
BIO-GEL P2 column using water as eluant to afford trans-2, 5-disubstituted morpholine 
racemic Compound 44, m.p. > 2SQOC (dee). 

Found: C, 52.27; H, 6.00; N, 2.24%. Cz7 H32 N 0, P. 2 Na. 3H20 i:equites C, 52.85; H, 
6.24; N, 2.28%. 

31P nmr (161 MHz; OiO) 3 (ppm) 41.75. 
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Example45 

Br 

Compomad4S 

Boron trifluoride ethyl ·etherate (75.0ml, 0.61M) is added dropwise to a suspension of 
compound I (70.2g, 0.31M) in THF (350ml) over 20 minutes. The mixture is heated 

under reflux for 2 hours, then borane dimethyl sulphide complex (57 .9ml, 0.61M) is added 

dropwise over 1.5 hours whilst maintaining the mixture at reflux. The mixture is heated 

under reflux for a further 3 hours and then stood for 18 hours at room temperature. 

A 1:1 mixture of water and nIF (350ml) is added followed by SM sodium hydroxide 

solution (350ml). The reaction mixture is heated under reflux for 5 hours then cooled to 

room temperature. The two layers are separated and the aqueous layer extracted with 

ethyl acetate. The combined organic phases are washed with brine, dried over magnesium 

sulphate, filtered and evaporated under reduced pressure to afford a brown oil. 

This tesidue is ttiturated with diethyl ether/hexane then recrystallised from ethyl acetate to 

afford compound 45, m.p. 74-76°C. 

Found C, 44.40; H, 4.67; N, 6.35%. 

CgH1oBr NO requires C. 44.46; H, 4.67; N, 6.48%. 
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Example46 

Compound4 

A mixture of compound 45 (15.0g, 69.4mM) and bis(triphenylphosphine) palladium 01) 
chloride (4.0g, 5.70mM) in methanol (lOOml) and triethylamine (25ml) is degassed by 
sparging with argon for 5 minutes. The mixture is saturated with carbon monoxide and 
then pressurised to 30 psi in a pressure vessel. The mixture is slowly heated to lOO°C 
whilst maintaining the pressure below 50psi for 5 hours. The mixture is cooled to room 
temperature, filtered and evaporated. The residue is triturated with ethyl acetate and die 
filtrate evaporated. The residue is purified by flash chromatography on silica using a 
gradient from 10% to 20% methanol in chloroform as eluant to afford compound 4. 

13C nmr (lOOMHz; CD30D): S(ppm) 52.6 (q), 58.3 (d), 68.1 (t), 129.0 (d), 129.5 (d), 129.7 
(d), 131.5 (s), 132.9 (d), 143.6 (s). 168.4 (s). 

Example47 

N 
H 

OH 0 

~~ 
H I v 

OCH2CH3 

Compo1Uld46 

(2R/S)-2-amino-2- (lH-indol-3-yl)ethanol is prepared by the procedure of A.H. Katz et.al 
described in the Journal Medicinal Chemistry, 1988, 31, 1244. 

Using substantially the same procedure as described for the preparation of Compound 12, 
a mixture of (2R/S)-2-amino-2-(1H-indol-3-yl) ethanol (0.39g, 2.21mM) and Compound 9 
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(0.68g, 2.20mM) in toluene/THF (10mV15ml) is reacted with a solution of 

1,8-diazabicyclo [5.4.0]undec-7-ene (0.33g. 2.17mM) in toluene (5ml) at 7S°C to afford 

Componnd 46 as a 1: 1 mixture of diastereomers at phosphorus. 

31 P nmr (162 MHz; CDC13) : S(ppm) 43.25 and 43.43. 

Example48 

N 
H 

Compound47 

A suspension of sodium hydride (0.014g, 0.59mM} in dry toluene (10ml} is stirred at OOC. 

A solution of Compound 46 (0.200g, 0.49mM) in dry toluene (7ml) is added dropwise. 

The reaction mixture is allowed to warm slowly to room temperature and stim:d for 4 

hours. Glacial acetic acid is added to quench die reaction, then the mixture is filtered and 

evaporated. The residue is purified by flash chromatography on silica using 20% 

methanol in ethyl acetate as eluant to afford ttans-2,5-d.isubstituted morpholine racemic 
Compound 47 as a mixture of diastcreomcrs at phosphorus. 

Mass spec. (CJJNH3} : (M+ 1)+ m/z = 405. 

31 P nmr (162 l.VIHz; CDO:J): & (ppm) 54.44 and 55.32. 
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Example49 

Compound48 

Using substantially the same procedure as described for the preparation of Compound 40, 
Compound 47 (0. llSg, 0.28mM) and bromotrimethylsilane (0.15ml, 1. l 3mM) are reacted 
in dichloromethane (Sml) for 3 days at room temperature to afford trans-2,5-disubstituted 
morpholine racemic Compound 48. 

13C nmr (lOOMHz; J>iO) a (ppm) 28.6 (t). 28.7 (t), 35.1 (d), 37 .6 (t), 37 .7 (t), 37.9 (t), 38.3 
{t), 41.6 (t), 53.8 (d), 54.2 {t), 74.7 (t), 75.6 (d), 114.8 (d), 115.6 (s), 121.3 (d), 122.3 (d), 

125.0 (d), 125.4 (d), 128.3 (s), 138.8 (s). 

31P nmr (202 MHz; DiO) a (ppm) 42.6. 

Example SO 

Compound49 

Using substari.tially the same procedure as described in Example 37, ,' 
DL-2-amino-3-methyl-2-penylbutyric acid (10.0g, 51.SmM), boron trifluoride ethyl 
etherate (6.4ml, 51.8mM) and borane dimethyl sulphide complex (4.9ml, 51.8mM) are 
reacted in dry TIIF (50ml) to afford Compound 49. 
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Mass spec. (Cl. NH3): (m+ 1)+ m/z = 180. 

13C nmr (l.OOMHz; CDC3} 16.8 (q}, 17.4 (q} 34.8 (d), 61.7 (s), 69.2 (t), 126.2 (d), 126.4 
(d), 127.8 (d), 144.2 (s). 

Example St 

Compound SO 

Using substantially the same procedure as described in Example 12, a mixture of 
Compound 49 (1.07g, 6.0mM) and Compound 9 (1.86g. 6.0mM) in toluene (20ml) is 
reacted with a solution of 1, 8 - diazabicyclo [5.4.0]undec-7-ene (1.lg, 7.2mM) in toluene 
(Sml) at 75°C to afford Compound 50 as a 1: 1 mixture of diastcrcomers at phosphorus. 

Mass spec. (Cl, NH3) : (m + 1)+ m/z = 408. 
31P (202.5 MHz; CDCI3) i> (ppm) 44.22 and 44.25. 

Example52 

(2R*, SR*) Compound Sl 
(2R*,'SS•) Compound52 

Using substantially the same procedure as described in Example 39, Compound SO 
(200mg, 0.49mM) and sodium hydride (12ing, 0.49mM) and sodium hydride (12mg, 

0.49mM} are reated in dry tolu".ne (3mi). The crude product is purified by flash 
chromatography on silica using 10% methanol in·ethyl acetate as eluant to afford (2R*, 
SR*) morpholine racemic Compound 51 and (2R*, 5S*) morpholine racemic Compound 
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52 each as a mixture of diastereomers at phosphorus. 

Compound 51: 3tp mnr (162MHz; CDC13) 8 (ppm) 54.3 andSS.0. 

Compound 52: 3lp nmr (1621\1Hz; CDC13) a (ppm) 54.2 and 55.5. 

Example53 

0 

CH3 II 

CH§p :n::o 
~ I \ 

H 

Compound53 

PCT/GB96/02113 

Using substantially the same procedure as described in Example 40, Compound 51 (40mg, 

O.lmM) and bromotrimethylsilane (0.066ml, O.SmM) are reacted in dry dichloromethane 

(1 ml) to afford (2R*, 3R*) morpholine racemic Compound 53. 
31P nmr (202.SMHz; D20) 8 (ppm) 42.5. 

Example54 

0 

o)~ 
N I v I O'Na+ 

ff 

Compound54 

Using substantially the same procedure as described in Example 40, Compound 52 

(180mg, 0.2mM) and bromotrimethylsilane (0.132ml, l.OmM) are reacted in dry 

clichloromethane (2 ml) to afford (2R *, SS*) morpholine racemic Compound 54. 
31P nmr (202.SMHz; D20) a (ppm) 42.2. 
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Example55 

Compound SS 

A O.SM solution of potassium bis(trimethylsilyl)amide in toluene (50ml, 25mM) is added 
dropwise to a cooled (-700C) solution of ethyl 1,1-cliethoxyethylphosphinate (5.25g, 

25mM) in dry THF (30ml). The mixture is stirred for 0.5 hours at -70°C. The resulting 

solution is added clropwise over ten minutes to a cooled solution of 4-methoxybenzyl 
chloride (3.9g, 25mM) in 1lIF (30ml). The resulting mixture is stirred for 1 hour at -700C 
and then allowed to wann to room temperature. Reaction is stirred for 18 hours at room 
temperature. Glacial acetic acid is added and the reaction is evaporated. The residue is 
p3:fdtioned between ethyl acetate and aqueous sodium bicarbonate solution. The organic 
phase is separated and washed with water then brine, dried over magnesium sulphate, 
filtered and evaporated. The residue is purified by flash chromatography on silica using 
ethyl acetate: hexane (2:1) as eluant to afford Compound 55. 

31P nmr (162:Mtlz; CDa3) 8 (ppm) 44.6. 

Example56 

CompoundS6 

Chlorottimethylsilane (3.Sml, 30.3mM) is added to a solution of Compound 55 ( 1.0g, 
3.03mM) in a 9:1 mixture of chlorofonn:·ethanol (lOml) and the mixture is stirred for 18 
hours at room temperature. The mixture is evaporated under reduced pressure and the 
residue is co-evaporated with chloroform.. After drying under high vacuum, the residue is 
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purified by flash chromatography on silica using ethyl.acetate as eluant to afford 

Compound 56 as a colourless oil. 

Mass spec. (Cl, NH3): (m + NH.V+ m/z = 232. 
31P nmr (162MHz; CDC13): 8 (ppm) 37.3. 

Example57 

CompomldS7 

Using substantially the same procedure as described in Example 9, Compound 56 (0.5g, 

2.33mM). bis(trirnethylsilyl)acetamide (0.69ml, 2.80mM), trimethyl phosphate (0.33ml, 

2.80mM) and 1,3-dibromopropene (mixture of cis/trans isomers) (0.23ml, 2.33mM) are 

reacted in dry dichloromethane (10ml) to afford Compound 57 as a mixture of cis and 

trans isomers. 

31P nmr (162MHz; CDC13) ~(ppm) 47.2 and 48.1. 

Exarnple58 

Compound58 

Using substantially the same procedure as described in Example 12, a mixture of 

Compound 4 (0.193g, 0.99mM) and Compound 57 (0.330g, 0.99mM) in toluene{fHF . 

(10ml, 4:1 mixture) is reacted with a solution of 1,8-diazabicyclo [5.4.0]undec-7-ene 

(0.18lg, 1.19mM) in toluene (2ml) at 80°C to afford Compound 58 as a 1:1 mixture of 

diastereomers·at phosphorus. 

Mass spec. (CI, NH3): (m+t)+ m/z = 448. 
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3tp nmr (162MHz; CD03) 6 (ppm) 39.40 and 39.49. 

Example59 

0 

Compound59 

Using substantially the same procedure as described in Example 39, Compound 58 
(200mg, 0.45mM) and sodium hydride (10.8mg, 0.45mM) are reacted in toluene (2ml) to 

afford ttans-2,5-disubstituted morpholine racemic Compound 59 as a mixture of 
diastereomers at phosphorus. 

31P nmr (162MHz; CDC13) a (ppm) 50.0 and 50.8. 

Example60 

0 

Compound60 

Bromotrimethylsilane (0.074ml, 0.55mM} is added to a solution of Compound 59 (50mg. 

0.1 lmM) in dichloromethane ( 1 ml) and the reaction is stirred for 24 hours at room 
temperature. The solvent is removed under reduced pressure and the residue is 
co-evaporated with a 1: I mixture of methanol: water. The resulting residue is dissolved in 
6M hydrochloric acid (2ml) and the mixture is heated under reflux for 4 hours. The 
solvent is removed under reduced pressure and the residue is co-evaporated three times 
with water. The resulting residue is purified by ion exchange chromatography on Dowex 

. . 
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SO WX 2-200 resin (H+ fonn) using methanol : 2% sodium hydroxide solution (1: 1) to 

elute the product. The resulting product is further pmified by gel filtration on a BIO-GEL 
P2 column using water as eluant to afford the trans-2,5-disubstituted morpholine racemic 
Compound 60. 
3lp nmr (202.5MHz; ~0) a (ppm) 37 .4. 
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Claims 

1. A compound which is a substituted phosphinic acid of formula 

0 

R'.___ (Ojf-R2 
R'~i OH 

(I) 

. R'Y 

or a salt or ester thereof, 

where R1 is a monovalent aromatic or araliphatic group connected through a carbon 

atom thereof to the indicated carbon atom, R2 is an unsubstituted or substituted 

hydrocarbyl group, Rx is hydrogen or an unsubstituted or substituted hyd.rocarbyl 
group, RY is hydrogen, RY a or a NH-protecting group and RY a is an unsubstituted or 

substituted hydrocarbyl group. 

2. A compound according to claim 1, in which R 1 is an aryl group of 6 to 15 carbon 

atoms which is unsubstituted or substituted in one or more positions by halogen, 

hydroxy, C1 to C4 alkoxy, carboxyl, functionally modified carboxyl, carboxy­

Ci-C8 alkyl, functionally modified carboxy - Ci-Cs - alkyl or nitro, or R 1 is a 5 to 

IO-membered hetcrocyclic aromatic group having one or two nitrogen atoms in the 

ring system. 

3. A compound according to claim l, in which R 1 is phenyl or phenyl substituted in one 

or more of the mem and para positions, with respect to the carbon atom thereof 

linked to the indicated morpholine ring, by halogen, carboxyl, functionally modified 

carboxyl or nitro, or R 1 is a 5 to IO-membered heterocyclic aromatic group having a 

nitrogen atom as the only ring hetero atom. 

4. A compound according to claim 1, in which R1 is a phenyl-lower alkyl, ex, 

cx-diphenyl - lower alkyl or a-naphthyl-lower alkyl group, said group being 

unsubstituted or substituted in one or more positions by halogen, hydroxy, C1 to CJ 
alkoxy! carboxyl, functionally modified carboxyl. carboxy - CrCs alkyl. 
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functionally modified carboxy - Ci-Ca alkyl or nitto. 

S. A compound according to claim 1, in which R1 is a-phenyl - CrCJ alkyl which is 
unsubstituted or substituted in one or more positions by halogen, carboxyl, 

functionally modified carboxyl or Ditto. 

6. A compound according to claim l, in which R 1 is phenyl, 3-iodophenyl, 
3,4-dichlorophenyl, 3-carboxyphenyl, 3-cyanophenyl, 3-(methoxycarbonyl)phenyl. 
3-nitrophenyl, benzyl, 4-iodobenzyl, 4-carboxybenzyl, 4-ethoxycarbonylbenzyl or 

indol-3-yl. 

7. A compound according to any of the preceding claims, in which R2 is lower alkyl, 

lower a1kenyl, lower alk.ynyl, oxo-lower alkyl, hydroxy- or dihydroxy-lower alkyl, 

hydroxy-lower alkenyl, mono-, di- or poly-halo-lower alkyl, mono-, di- or poly­
halo-lower alkenyl, mono-, di- or poly-halo(hydroxy)-lower alkyl, mono-, di- or 

poly-h8Io(hydroxy)-lower alkenyl, lower aJkoxy-lower alkyl, di-lower alkoxy-lower 
alkyl, lower alkoxy(hydroxy)-lower alkyl, lower alkoxy(halo)-lowcr alkyl, lower 

alkylthio-lower alkyl, di-lower alkylthio-lower alkyl. cyano-lower alkyl, 

acylamino-lower alkyl, cycloalkyl. hydroxycycloalkyl, oxa-, dioxa-, thia- and 
dithia-cycloalkyl, cycloalkyl-lower alkyl, cycloalkenyl-lower alkyl, cycloalkyl­
(hydroxy)-lower alkyl, (lower alkylthio)cycloalkyl(hydroxy)-lower alley I. or mono­
or di-phenyl-lower alkyl that is unsubstituted or mono-, di- or tri-substituted by 
lower alkyl, lower alkoxy, halogen, hydroxy and/or by trifluoromethyl, naphthyl­
lower alkyl or unsubstituted or halo-substituted thienyl-, furyl- or pyridyl-lower 

alkyl. 

8. A compound according to claim 7, in which R2 is C1-C7alkyl, a,a-di-C1-C4alkoxy­

Ci-C4alkyl, cyano-CrC4 alkyl, acylamino-CrCs alkyl, ~-~cycloalkyl-CrC4-
alkyl, ~-~cycloalkenyl-Ci-C4alkyl, or is phenyl-Ci-C4alkyl that is unsubstituted 

or mono-, di- or tri-substituted by CrC4alkyl, C1-C4alkoxy, hydroxy and/or by 

halogen. 

9. A compound according to claim 7, in which R2 is C1-C5 alkyl, cx,a-di-(C1-C4 

alkoxy)methyl, a,a-di-(C1-C4 alkoxy)ethyl, CrC6 cycloalkyl-CrC4 alkyl, benzyl 

or 4-methoxybenzyl. 

10. A compound according to claim 7, in which R2 is cyclohexylmethyl or 
4-methoxybenzyl. 
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11. A compound according to any of the preceding claim~ in which Rx as unsubstituted 
or substituted hydrocarbyl is a C1 to C10 alkyl, ~ to C1o alkenyl, ~ to Cs 
cycloalky~ C4 to C13 cycloalkylalkyl, ~ to C1o aryl or C, to C13 aralkyl group, said 
group being unsubstituted or substituted by halogen, hydroxy, C1 to C. alkoxy. 
carboxyl, functionally modified carboxyl, carboxy - CrC8 alkyl, functionally 
modified carboxy - C1 - Ca alkyl or nitto. 

12. A compound according to any of the preceding claims, in which Rx is hydrogen, 
lower alkyl, C3 to C6 cycloalkyl, C6 to Cs aryl or C1 to C9 aralkyl. 

13. A compound according to claim 12, in which a:x is hydrogen or isopropyl. 

14. A compound according to any of the preceding claims, in which RY is RY a and is a 
C1 to C10 alkyl, C3 to Ca cycloalkyl or C7 to C13 aralkyl group. said group being 
unsubstituted or substituted by hydroxy or C1 to C4 alkoxy. 

15. A compound according to any of claims 1 to 13, in which RY is a NH-protecting 
group and is an acyl, alkoxycarbonyl or aralkoxycarbonyl group. 

16. A compound according to any of claims 1 to 13, in which RY is hydrogen, lower 
alkyl, C7 to C9 aralk.yl, tert-butoxycarbonyl or benzyloxycarbonyl. 

17. A compound according to claim 1, in which R 1 is phenyl, 3-iodophenyl, 
3,4-dichlorophenyl, 3-cyanophenyl, 3-(methoxycarbonyl)phenyl, 3-carboxyphenyl, 
3-nitrophenyl, benzyl, 4-iodobenzyl, 4-carboxybenzyl, 4-ioclobenzyl, 
4-carboxybenzyl, 4-ethoxycarbonylbenzyl or indol-3-yl, R2 is cyclohexylmethyl or 
4-methoxybenzyl, Rx is hydrogen or isopropyl and RY is hydrogen, methyl or 
benzyloxycarbonyl. 

18. A compound according to any of the preceding claims, which is of formula 
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R'-)C0:rr~ 
N OH 

Rl I 
RY 

(IA) 

0 

o)ll R''-f IR2 

/"' N OH 

Rl I 
RY (IB) 

0 

r-[oJ'''~-a• (IC) 

i N I 
R/ I OH 

RY 

0 

a•-f)~°'~-R2 ~ 
al I OH 

RY 
where R 1 is as defined in any of claims l to 6, R2 is as defined in any of claims land 
7 to 10, Rx is as defmed in any of claims 1 and 11 to 13 and RY is as defined in any 
of claims 1 and 14 to 16. 

19. A compound of formula 
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R~OH i 
1 N~P a2 VA 

R H I 
OH 

where R 1 is as defined in any of claims l to 6, R2 is as defined in any of claiins 1 and 

7to10 and Rx is as defined in any of claims 1 and 11 to 13, or a salt or ester thereof. 

20. A compound. of fonnula 

0 

X~t-R2 
I 
ORS 

m 

where R2 is as defined in any of the· claims 1 and 7 to 10, X is halogen and Rs is C1 

to C8 alkyl, provided that R2 is not methyl when R5 is ethyl 

21. A compound of fonnula 

n 

or 

VI 

or 
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COOR.7 

I 
R4 -c-NHR6 VD 

I 
Rx 

or 

COOR.7 

4 I vm 

R -C-NH:z 

Rx 

where R4 is 3-methoxycarbonylphenyl, R6 is hydrogen or an alkyl group ofl to 8 

carbon atoms which is unsubstituted or substituted by an unsubstituted or substituted 

C6 to C10 aryl group, R 7 is an alkyl group of 1 1:0 10 carbon atoms and Rx is hydrogen 

or unsubstituted or substituted hydrocarbyl, or a compound of fonnula ll or VIII 

where R4 is 3, 4-dichlorophenyl and R7 is an alkyl group of 1 to 10 carbon aroms, or 

a compound of formula II in which R4 is a monovalent aromatic group connected 

through a carbon atom thereof to the indicated carbon atom and Rx is an 

unsubstimted or substituted hydrocarbyl group with the provisos that when R4 is 

phenyl Rx is not methyl, ethyl, -(CH2)3SCH3, allyl or methylol, that when Rx is 

aminomethyl R4 is not phenyl, p-hydroxyphenyl or p-methoxyphenyl ~d that when 

R4 is 2,4-dichlorophenyl, Rx is not N-triazolylm~thyl, or a compound of formula II 

in which R4 is iodobenzyl and Rx is hydrogen or an unsubstituted or substituted 

hydrocarbyl group, or a compound of formula II in which R4 is a monovalent 

araliphatic group R1 as defined in any of claims 1 and 4 to 6 and Rx is an 

unsubstituted or substituted hydrocarbyl group as defined in any of claims 1 and 11 
to 13 other than methylol, with the provisos that when Rx is methyl, R4 is not 

benzyl, 4-chlorobenzyl, 3,4-dichlorobenzyl, 3,4-dimethoxybenzyl, 2-phenylethyl, 

1,3-benzodioxol-S-methyl, 3-phenyl-1-aminopropyl, a.-hydroxybenzyl, 

a.-hydroxy-a.-methylbenzyl or a.-hydroxy-a.-methyl-4-nitrobenzyl, and that when R4 

is benzyl, R1 is not allyl or -CH2CH2SCH3. 

22. A compound of formula 
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0 

HO~~LR2 
R~~) I 

R4 I OH 

RY 
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xvm 

where R 1 is as defined in any of claims 1 to 6, R2 is as defined in any of claims 1 
and 7 to 10, Rx is as defined in any of claims 1 and 11 to 13 and RY is as defined in 
any of claims 1 and 14 to 16, or a salt or ester thereof. 

23. A method of preparing a compound according to claim 1 where RY is hydrogen 
which comprises reacting a compound of fonnula 

/ 
R' r 
~-

OH 

/""' R4 NH2 

n 

where R4 is R 1 as defined in any of claims I to 6, with the proviso that R4 is not 
substituted by carboxyl, and Rx is as defined in any of claims 1 and 11 to 13 with the 
proviso that it is not substituted by carboxyl, with a compound of fonnula 

0 

~ ./'..... n2 
x/ ~ ""-p--ft m 

I 
ORS 

where R2 is as defined in any of claims 1 and 7, to 10, Xis halogen and R5 is C1 to 
Cs alkyl, in the presence of a base to give a compound of fonnula 
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IV 

where R4 and Rx are as defined in formula II, followed, where required, by one or 

more substitution reactions to change the nature of a substituent in R4 and/or ax 
and/or by hydrOlysis of an ester substituent in R4 and/or Rx to carboxyl and/or by 

conversion of the ester group -ORS to -OH. 

24. A method according to claim 23, in which the reaction of the compounds of 

formulae II and m is carried out by adding a weak base to a mixture of the 
compounds of formulae II and m in a solvent to give an intermediate of fonnula 

a•>(OH . 1 
R4 N~p---R2 

H I 
ORS 

v 

where R2, R4, R5 and Rx arc as defined in claim 23, and then treating the 

intermediate with base under harsher conditions than those employed in its 
formation. 

25. A method according to claim 23 or 24, in which R4 in the compound of formula IV 

contains a Ditto group on an aryl or heteroaryl ring and this group is converted in 

turn to amino by reduction, to halo by diazotisation of amino followed by reaction 
with an alkali metal cyanide and thence to carboxyl by hydrolysis of cyano. 

26. A method of preparing a compound according to claim 20 which comprises reacting 

a compound of formula 
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0 

I 2 
H-P-R 

IX 

I 
ORS 

with a compound of fonnula 

x 
X-CH =CH-CH2-X 

where R2, Rs and X are as defined in claim 20, in the presence of a silylating agent 
which undergoes reaction with the compound of formula IX to fonn a Pan> silyl 
compound which then reacts with the compound of formula X. 

27. A method of preparing a compound of fonnula II according to claim 21, which 
comprises reacting an aldehyde or ketone of formula R4c(=O)Rx with an amine of 
formula R6NH2 and an alkali metal cyanide to give a compound of formula 

CN 

I 
R4 -c-NHR6 

VI 

I 
Rx 

and either(a} reacting the compound of Fonnula VI with an alcohol of Formula 
R70H in the presence of an acid to fonn a compound of formula 

VII 

removing R6, when R6 is other than hydrogen, from the compound of formula VII to 
give a compound of formula 
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cooa7 

4 l 
R: -C-NHi 

\ 

vm 

ax 

reacting the compound of fonnula vm with an amino-protecting agent to Convert 
the amino group into a protected amino group, reducing the ester group -COOR 7 in 
the protected compound to -CH2')H and removing the protecting group to form a 

free amino group. where R4, R6, R7 and Rx are as defined in claim 21; or (b) 

subjecting the compound of fonnula VI to acid hydrolysis to conven the indicated 

cyano group to carboxyl and reducing the resulting aminocarboxylic acid by 

reaction with borane dimethyl sulphide in the presence of a boron trifluoride 
complex. 

28. A method of preparing a compound of fonnula II according to claim 21, which 

comprises reducing an aminocarboxylic acid of formula R4C(RX)(NH2,)COOH, 

where R4 and Rx arc as defined in claim 21,by reaction with borane dimethyl 

sulphide in the presence of a boron trifluoride complex. 

29. A method of preparing a compound according to claim 1 in which RY is RY a which 
comprises reacting a compound offonnula I as defined in claim 1 where RY is 

hydrogen with either (a) a compound of fonnula RY .z where RY a is as defined in 

claim 1 and Z is a leaving moiety or (b) an aldehyde of fonnula RYb CHO, where 
RYb is hydrogen or RY a as defined in claim l, and a reducing agent which reduces 
imines to amines. 

30. A method of preparing a compound according to claim I in which RY is a 

NH-protecting group which comprises reacting a compound according to claim 1 in 

which RY is a NH-protecting group which comprises reacting a compound according 

to claim 1 in which RY is hydrogen with an acyl balide9 a carboxylic acid anhydride, 

an .alkoxycarbonyl or aralkoxycarbonyl halide or an alkyl or aralkyl dicarbonate . 

31. A method of preparing a compound according to claim 1 in which RY is RY a or a 
NH-protecting group, which comprises reacting a compound of fonnula 
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OH 

/ 
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Rx 

"'c 
._./ "'-

llA 

with a compound of formula III as defined in claim 23 in the presence of a base to 

give a compound of fonnula 

0 

oyJI 
R')CN) r-R2 

R4 I ORS 

RY 

IVA 

where R4, Rx, R2 andR5 are as defined in claim 23 and RY is RYa or a NH-protecting 

group as defined in any of claims 1 and 14 to 16 followed, where required, by one or 

more substitution reactions to change the nature of a substituent in R4 and/or R" 

and/or by hydrolysis of an ester substituent in R4 and/or Rx to carboxyl and/or by 

conversion of the ester group -OR5 to -OH. 

32. A method of preparing a compound according to claim 1 which comprises reacting a 

compound of formula 

to convert the indicated primary hydroxyl group into a leaving moiety. thereby 

effecting cyclisation to give a compound of formula 
-. 
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where R2, R4, Rx and RY are as defined in claim 1 and Rs is as defined in claim 23, 

followed, where required, by replacement of RY as a NH-protecting group by 

hydrogen and/or by one or more substitution reactions to change the nature of a 

substituent in R4 and/or Rx and/or by hydrolysis of an ester substituent in R4 and/or 

Rx to carboxyl and/or by conversion of the ester group -OR5 to -OH. 

33. A method of preparing a compound of fonnula XIV as defmed in claim 32 which 

comprises reacting a compound of fonnula Il as defined in claim 23 with a 

compound offonnula 

where R2 and R5 arc as defined in claim 32, and Z is a leaving moiety, in the 

presence of a hindered bas~ to give a compound of fonnula 

0 

HO)lHOyll 2 P-R 
Rx I 
g4 N 6RS . 

I 

xvn 

H 
where R2, R4, R5 and Rx arc as defined in claim 32, and replacing the indicated 

hydrogen attached to nitrogen by a NH-protecting group. 

34. A pharmaceutical composition comprising a therapeutically effective amount of a 

compound according to any of claims 1 to 19 or 22, optionally together with a 

phannaceutically acceptable carrier. 

35. A compound according to any of claims I to 19 or 22 for use in a therapeutic method 

of treating a wann-blooded animal. 

36. Use of a compound according to any of claims l to 19 or 22 in the preparation of a 

medicament for the treatment or prevention of a condition characterised by 

stimulation of a GABA8 receptor. 

37. A method of treating or preventing a condition in a warm-blooded mammal 
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characterised by stimulation of a GABA8 receptor which comprises administering to 

the mammal a compound according to any of claims 1 to 19 or 22. 


