¢
2102411, 1 -1- Corrpounds and Met hods for Treating Depression This |n2eI|D|2) 0
rel'ates. t o pharmacol ogically- active novel compounds, to nethods of af"l !
prepa§§>40n of the conpounds, and to pharnaceuti cal conmpositions.5 7
contaivi ng the conpounds. The class of conmpounds known as nonoani ne oxl dase
i nhi bitors (MAO i nhi bitors) has been enployed in psychiatry for over 20
years for the treatnment of depression [ See Goodman and G | man, The 10 .
Phar macol ogi cal Basis of Therapeuti cs, 5thiEd., MM Il an Publlshlng Co.
Inc., N Y., 1980, pages 427 - . . MAO Iuhlb'tor qsed in the
USA f or treatlng deprYRReWds Bnenel zi ne

NARDI L, Par ke-Da d. 15 b . ddi
ot her’ MO | ohi it iiTmS%rw'ﬁ 9%%5%@" A é&?‘é’%’%%@é Thaay Aod Lo
treatment of hypg é%§@§'§§vd6|§8m§p§aag mg%ﬁ5d§e§g759%§ »éé&enE%f

Medi cal Econon1c pages 1

(phenel zi ne), 5 ﬁﬁgaggééggﬁﬁasggg ?2*&5& GheaB ﬂeéoé?3§1t139630

(tranylcypron1ne par gyl 1 ne) nhi bitors can
al so be enploygmggﬁké{ﬁ@ﬁgogﬁgrc@ﬁygghag(|c di sorders, such

The class of compounds known as monocamine

oxidase inhibiters (MAO inhibitors) nas been employed
in psychiatryﬂfor over 20 years for the treatment of
depression [ See Goodman and Gilman, The

10 Pharmacological Basis of Therapeutics, S5th Ed.,

McMillan Publishing Co., Inc., N.Y., 1980, pages 427
- 430 ] . MAO Inhibitors currently used in the USA for
-freating depression are tranylcypromine (PARNATE,
SKF), phenelzine (NARDIL, Parke-Davis), and
15 isocarboxazid (MARPLAN, Roche). In addition, another
MAO ‘inhibitor, pargyline (EUTRON, Abbott), is
available for the treatment of hypertension [ See

Physicians' Desk Reference, 34th Ed., Medical

Econbmics Co., Oradell, N.J., 1980, pages 1327 - 1328

20 (phenelzine), pages 1466 - 1468 (isocarboxazid),
pages 1628 - 1530 (tranylcypromine), and pages 521 -
522 (pargyline) ] . MAO Innibitors can also be
employed to treat cother psychiatric disorders, such
as phobic anxiety states.

25 Ié is believed that thé MAO inhibitors act to
alleviate psychiatric discrders, such as cdepression,

by increasing the concentration of one cr meore



’

as* phobi ¢ anxi ety states. 25 It is believed.that' the.MAO inhibitors

actito alleviate psychiatric disorders, such as depression, by increas s}
thg cgontentration of one or pore. - -2 - biogenic nonoamines in the ceEEELr“
nerwvo system The nonoam ne oxi dase enzyne (MAO plays an inportant role
in-the netabolic regulation of the nonoam nes since it catalyzes the
bi odegradati on of the 5 nonoam nes through oxidative deam nation. By
inhibiting MAO the degradation of the nonoanmines is bl ocked and the result
is an increase in the availability of the fonoani nes for their
physi ol ogi cal functions. Annngmthe ph siologicalli 10 active npbnoam nes

I

whi ch are known RipEeR Lt SBORY %ﬂ@fa? . the)centra .@ﬂrv°H§uF8§F$ﬂsnitter "
e S A B RLS LSHEARRE ol HURAT Ry ThEb R ant”
o oot g Phed e SRR Loty A ABIo By, o
since it catalyzes the biodegradation of the
S monoamineé through oxidative deamination. By
'inhibiting MAO, the degradation of the monoamines is
blocked and the result is an increase in the
availability of the monoamines for their
.physiological functions. Amdng the physiologically
10 active monoamines which are known substrates:for MAQ -
are: (a) so-called " neurotranSmitter " monoamineé,
such as the catecholamines (e.g. dopamine,'
epinephrine, and norepinephrine) and the indoleamines
(e.g. tryptamine and 5—hydrokytryptamine5, (b) the
15 so-called " trace " amines (e.g. o-tyramine,
phenethylamine, Eglg-g-methylhistamine), and (c)
tyramine.
The usefulness of the MAO inhibitors ih.treating
deﬁression has been limited because the
20 administration of such agents can potentiate the
-pharmacological actions of éeftain food substances.or
drugs leading to dangeroﬁs and sometimes lethal
effects. For example, persons receiving a MAO
inhibi?or must avoid thé ingestion of foods whiéh
25 have a high tyramine content (such as cheése) because

the MAO inhibitor will block the metabolic



useful ness of the MAO inhibitors in treating depression has been
o ted because the 20 administration of such agents can potentiate the
e macol ogi cal actions of certain food substances or drugs leading tQ_s
+.dangerous and sonetines |ethal effects. For exanple, persons rece

. MAO i nhi bi t

or nmust avoid the ingestion of foods which 25 have a h

tyram ne content (such-as cheese) because the MAO inhibitor wll

nmet abolic
hi gh circul

in the peri plenadatibr i@l tyraein®usn hyper getsand. 1Iver5 potentiation by a

-3- degradation of tyramige.in the gut and liver res
ating levels of tyram ne, consequent release of catech

I ving a.
I gh
bl ock the
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@

ulting in

ol am nes

MAO i nhi bitor of the pressor effect of tyramne arising fromthe ingestion
arecsu lhel rigy pien thetgh el mpasadingr bekweksl d¢fetgbsmiaee commonl y

of cheese,

known as the " cheese reaction " or " cheese effect ". "Mbreover, persons on

convent i onalcans@quEntherelBasmrhotatechp lamines etn| Yhact i ng
synpat hom netic drugs (or precursors thereof) which are thensel ves

substrates
5

10

ReTiphe e, @ndidhkahly serious hypertension. The
potentiation by.a MAO inhibitor of the pressor effect
of tyramine arising from th§ ingestion of cheese, and
the hypeftensive episode produced thereby, are
commonly knbwn”as the " cheese reaction " or " cheese
effect ". Moreover, persons on conventional MAO
therapy can not be given directly-acting

sympathomimetic drugs (oriprecursors thereof) which

" are themselves substrates for MAO (e.g. dopamine,

15

20

25

epinephrine, norepinephrine, or L-dopa) and of
indirectly—édting sympathémimetic drugs (e.g.
amphetamines or o&er-the-counter cold, hay-fever, or
weight.control préparations which contain a
vasoconstrictor). The potentiation of the pressor .
effects of indirectly-acting sympathomimetic drugs is
eépecially prgfound. This is because such drugs act |

peripherally brimarily by releasing catecholamines in

nerve endings, and the concentration of the liberated

catecholamines will be dangerously elevated if the
metabolic degradation of the catecholamines via MAO
is blocked. In addition, a particulgr MAO inhibitdr

should not be used in combination with another MAO

w



epi pephrine, norepi nephrine, or L-dopa) and of indirectly-acting
synpathom netic drugs (e.g. 15 anphetam nes or over-the-counter cold, S
hay-fever, of weight control preparations which contain a vasoconstri&E;}).'
The pdtentiation of the pressor effects of indirectly-acting
synpat hom netic drugs is especially profound. This is because such drugs
act 20 peripherally primarily by rel easing catechol am nes in nerve endi ngs,
and the concentration of the |iberated catgechol amnes will be dangerously
elevated if the nmetabolic degradation of” tThe catechol amines via MAOis

bl ocked. in addifﬂh%ﬁ%%?%&ﬂr?kmerg%%t%#er\%%ih %gng%éigg used in

conbi nation. with an ypotensive agents,

di benzapi ne ant | Jopy G45AN San LEPSH G AEa1 QNS ERPT 5ARLSan 880 ang

‘antichol i nergi c agent and phar macol ogi studies 1ndicate 5 -
that .the MAO enzZywe &d Bietdid v%gr%g.s known as MAO Type A" (MAG-A) and "
: _

MAO Type B " (MAO-B). The forns ffer in their distribution in body
organs, in their subsiciiensnesl fakd phafidcdTogieal studies indicate
| 5 that the MAO enzyme exists in two forms known as
" MAO Type A " (MAO-A) and " MAOC Type B " (MAO-B).
The forms differ in their distribution in body'
organs, in their substrate specificity, and in their
sensitivity to inhibitors. In general, MAO-A
10 selectively oxidizes the so-called "neurotransmitter"
monoamines (epinephrine, norepiﬁephrine, and 5-
hydroxytryptamine) while MAO-B selectively oxidizes
the " trace " monocamines (gftyramine, pheﬁethylamine,
and te_ue-g-mefcﬁylhistamine); Both MAO-A and MAO-B
15 oxidize tyramine, tryptamine, and dopamine. However,
in man, dopamine has been shown to be a preferred.
substrate for MAO-B. The forms also differ in their
sensitivity to inhibition, and thus, can be
preferentially inhibited depending upon the chemical
20 structure of the.inhibitor-and/or the relative
.concentrations of the inhibitor and the enzyme..The
MAQO inhibitors currently sold in the USA for.the
therapy of depression (tranylcypromine, phenelzine,
and isocarboxazid) are not preferential in their

25 action upon MAO. However, various chemical compounds



(/gensftivity to inhibitors. In generat, MAO-A 10 selectively oxiaLzes the

s

3 &

so-called "neurotransmtter™ nonoam nes (epinephrine, norepinephrine, and
ydroxytryptam ne) while MAO B sel ectively oxidizes the " trace " \J -+,
oam nes (o-tyram ne, phenethyl am ne, and tel e:N-nethyl histam ne). Both

. MAO- A and MAO B 15 oxi di ze tyram ne, tryptam ne, and dopam ne. However, in

man, dopam ne has been shown to be a preferred substrate for MAO B. The
fornms also differ in their sensitivitygto inhibition, and thus, can be
preferentially inhibited dependi ng upon the chem cal 20 structure of the

i nhibitor a Rep r | 5 ratd AhSe €5 b bi d the
enzyme. Theral\}/fgcc)) I nhi i%ﬂoﬁﬂ%aﬁ%ﬁﬁoﬁé In tlﬁ%i%fSAi?!g#f{f}%P%hg?apy of

depressi on MagNWHeY X8 NenpdEiied Adihg ANb F SPTERPOXEEHEY 1 8RE, NOL

‘preferential in their 25 action upon MAO. However, -various chem cal

conpounds  and-L-deprempin wHidhears talb eporeddrentvpal inhibitors of MAQ
the nost inportant being clorgyline, pargyline, and L-deprenyl which are
al | reportecliinivaldy reftted il factidepredsatepragents. dGa0+s. 18A0-A is
S preferentially inhibited by clorgyline, while MAO-B~
is preferentially inhibited by pargyline and L-
deprenyl. It should be observed that the
"selectivity” of a MAQ inhibitor arises because the
inhibitor has a greater affinity for one form of the
10 enzymé. Thus, the selectiQity of a MAO ihhibitor for
MAO-A or MAO-B in vivo will be dose-dependent,
sele¢tivity-being lost as the dosage is increased.
Clorgyline, pargyline, and Eédeprenyl are:selective
inhibitors at lower dosages, but are not selective
15 inhibitors at.higher dosages. The liférature
concerning MAO-A and MAO-B and the selective
inhibition thereof is extensive [ See, for example,
Goodman and Gilman, ibid, pages 204 - 205; Neff et

al, Life Sciences, 14, 2061 (1974); Murphy,

20 Biochemical Pharmacology, 27, 1889 (1978); Knoll,

Chapter 10, pages 151 - 171 and Séndler, Chapter 11,

pages 173 - 181, in Enzyme Inhibitors as Drugs, M.
Sandler Ed., McMillan Press Ltd., London, 1980;

Lipper et al., Psychopharmacology, 62, 123 (1979);

25 Mann et al., Life Sciences, 26, 877 (1980); and



 preferentially inhibited by clorgyline, while MAO-B is preferentia

i nhi bited by pargyline and L- deprenyl.

attinity for one formof the 10 enzyme. Thus,
i nhibitor for MAO-A or MAO-B in vivo w |
L-deprenyl are selective inhibitors at
15 inhibitors at hi gher dosages.

be dose-dependent,
being | ost as ‘the dosage is increased. Corgyline,
| ower dosages,
The |itefarure concerning MAO-A and MAC- B

It should be observed that t
"selectivity" of a MAO inhibitor arises because the inhibitor

has a greater
the selectivity of a MAO -
selectivity
pargyline, and

but are not selective

and the selective inhibition thereof is extensive [ See..for exanple,
Goodnman and G Yﬁﬁﬁ?°Pﬁi&?tgﬁ&8§ 584—Qﬂgégigﬁ§L95é£E5E4—E££gE§Eﬁgﬁces, 14,

Knol |,

2061 (1974): Murphy, .20 Biochenical .Ph 9V 2Z. 1889 (1978):
Ghapt o 10) ' pagEliézs8R, Delel TkaRe o BARIRIZHA0Y T T6upd R0 2D 1

Enzyme | nhi bi togg asAgéggﬁicN%rgggdlﬁ[YEqéggy?z

1980; Lipper et al’,
Li fe Sciences,

ophar macdl ogy,

Llan Press Ltd., London,
(1979); 25 Mann et al.,

26, 84¢ ¢h8QbiedRdve infibitors of MAO, L-deprenyl

5 is of interest since the " cheese effect " is not

observed at the low dosages where preferential

inhibitions of MAO-B occur [ See Knoll, TINS, pages

111 - 113, May 1979 ]. This observation is not

unexpected since the intestinal mucosa contains

10

predominantly MAO-A which, because it is not

inhibited, permits oxidation and removal of the

ingested tyramine. The selectivity of L-deprenyl for

MAO-B may account for its ability to pqtentiate L-

dopa for the treatment of Parkinson's disease without

15 producing peripheral side effects, such as

hypertension due to potentiation of pressor

catecholamines [ See Lees et al., Lancet, pages 791 -

795, October 15, 1977 and Birkmeyer, Lancet , pages

439 - 443, February 26, 1977 ].
20

chemical compounds of the formula:

In a compound aspecf, the invention comprehends

CH2
R -C - CH - CO,H
‘ :

NH,
25 I

CXH

I
Ry - C - ?H - CQH ’
NH2
II
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nctions, T. Singer et-al. Ed., Academic Press, N Y., 1979]. O the
\ | ective inhibitors of MAO L-deprenyl 5 i's of interest since the " gbkese.
~effect " is not observed at the | ow dosages where preferential inhibitions
.of MAO- B occur [ See Knoll, TINS, pages 111 - 113, May 1979]. This
observation is not unexpected since the intestinal nucosa contains 10
predoni-nantly MAO A which, because it % s-not inhibited, pernits oxidation
and renoval of the |ngested tyranlne The selectivity of L- deprenyl for
MAO- B may account for its abilitye 50 potentiate L- dopa for the treatnent
of - Parki nson's di sease w thqQut 1& prodUC|n peri pheral side effects, such
as hypertensi on du€tto poteﬁmzﬁ|Q) prégﬁﬁ? catechol am nes [ See Lees et
al ., Lancet, pages 791 - 795, Cctober) 15, 1977 and Birknmeyer, Lancet |,
pages 439 - 443, February 26, 1977]. In a conpound aspect, the

i nventi on conprehends chem cal congﬁﬂpds of the formula: CH

CXH [err] :

5 wherein:

Eivariou_s.articles in Monoam nes Oxi dase: Structure, Function, and Altered

X is fluorine, chlorine, or bromine;
R is the group R2 as defined below,
Rl is a group of the formula:

10 or

OH

or the group R2 as defined below;

wherein"R2 is:

15 . HO

OH

" HO  HO | HO _'
20 .' . I3 . . R 4 ] . ?
~ HO | HO

OH



<7~ [err] 5 wherein: X is fluorine, chlorine, or bromine; Ris the group e
[err] as defined below, [err] is a group of the fornula: [err] or th up - -
[efr] as defined below, wherein R.is: err] ~-8- [err] 15 wherein | '
is hydrogen, [err] alkoxy, and [err] or a [err]alkyl ester thereof; or a
non-toxi c pharmaceutically acceptable salt thereof. 20 The term™"
[err]al kyl " contenplates the nethyl, ethyl, propyl, iso-propyl, n-butyl,
~tert- butyl, and iso-butyl. groups. Methyl is preferred. The term"
[err]al koxy " contenpl ates the net hoxy,- 8 =

" HO HO HO
4 . % '
R4 ’ ' : ’ R4 N
X - OH N\ ox
OH
5
o | om HO | oH '
4 4
H} R4 1 4 R4 ?
| N\ HO \
OH
10
: V4
| s or Ry 3
16 N/ \ox HO OH

15lwherein R4 is hydrogen, (Cl-q4)alkyl, or (G -C4)-

alkoxy, and | '

R, is (Cl—C4)alkyl or (Cl-q4)alkoxy;

or a (C; -Cglalkyl ester thereof; or a non-toxic
pharmaceﬁtically acceptable salt thereof.

20 The term " (01-04)a1kyl * contemplates the
methyl, ethyl, propyl, iso-propyl, n-butyl, tert-
butyl, and iso-butyl groups. Methyl is preferred; The
term " (Cl-c4)alkoxy " conteﬁplates the methoxy,
ethoxy; n-propoxy, iso-propoxy, iso-butoxy, tert-

25 butoxy, and n-butoxy groups. Methoxy is preferred.

The (Cl-Cs)alkyl esters of the compounds of Formula



_ethoxy,
\oups.
mul a

ter with the carboxyl

n- pr opoxy, i so-propoxy, iso-butoxy, tert- 25 butoxy,_aﬁa n- but oxy :

Methoxy is preferred. The [err]al kyl esters of the conpounds of.

-9- |, I'l, or lIt are those wherein the alkyl group form ng_yhe.

group is either straight or branched and contains

.from1l to 8 carbons. Exanples of esters are nethyl, ethyl, 5 propyl,
| so-propyl, n-butyl, iso-butyl, tert-butyl, n-hexyl, n-heptyl,
The methyl ester is preferred. The ester function nust be chosen so that it
i s capabl e of being renoved to fornftH%‘Tree acid in vivo. 10

“groups 1 cobitin i T4 e ORI Eh i S hofr RS ol 1 o ng phenyl

groups:

[er%brmlnéukhe ester with the carboxyl group is elthe"

or

n-octyl .

It will

10

15

25

straight ‘'or branched and contains from 1 to 8

carbons. Examples of esters are methyl, ethyl,

propyl,

iso-propyl, n-butyl, iso-butyl, tert-butyl,

n-hexyl, n-heptyl, or g—octyl. The methyl ester is

preferred. The ester function must be chosen so that

it is capable_of being removed to form the free acid

in vivo.

It will be understood that when R, is a phenyl

group containing one or two -OH groups in combination

with other substituents, such as the following phenyl

groups:

Ré

X T
e W
‘



avai l abl e positions of the phenyl ring. Illustrative exanples of such
QuQSt(;pted phenyl groups are: [err] ° wherein Ris :
[ferr]atkylor[err]al koxy, Preferably R is nethyl, ethyl, nethoxy, or

et hoxy. Methyl is nost preferred. Suitable non-toxic pharmaceutically
acceptable 5 salts of the conpounds of Forrmula I, Il, or IIl are known in
the art and include acid addition salts forged by protonation of the
a-amno group and salts fornmed by neutralization of the carboxylic acid
function. As wi tgheauEHE N uetid ( Adir SISy TRY O ©X) Shay Nod he form of
a zwitterion. Exanples of acid addition salts are3hose #ornmed fromthe

fol | owi ng aci ds:1duestetd0rdrys ¥ drarpra L atsil fds £ 1 il faif | ghe phosphori c,
nitric, maleic, fumaric, benzoic, ascorbic, panvic, succinic,

met hanesul f oni c phaeeatl ainh @ldpistimativeard:emplesidf isychactic, . malic,
-mandelic, cinnamc, palmtic, itaconic, and benzenesul fonic. Exanples of
salts forned by substtidiutest iphemnyfl tdroups are: '

S HO HO _ HO R

the _substituents (represented by [err] may be located at any of the . (Ei>,?

‘4
\/ 74
' ’ l H ]
N
R, o
_ R, - |
10 HO | | R
y \/ '
] l H | L4
\ N
R, HO o N\
' R

15 R

/4

~_

ZZ
~

HO . R ~ HO

20 HO

or - B

OH
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.garboxylic acid are netallic salts (e.g. sodium potassium [|ithium
§aJC|un1 or magnesiun) and 20 ammoni um or (substituted) ammoni um salts: The
JbtassLun1and sodiumsalts are preferred. Preferred classes of compourds - -
afe: (i) conmpounds of Formula Il or IIl wherein R is 3-hydroxyphenyl. -
.12 (ii) conpounds of Formula I, II, or Il wherein [err] is [err] wherein
i s hydrogen, (Cl-C4)alkyl, or (C1-C4)a5§oxy and R4 is (Cl-C4)al kyl or
[err]al koxy. (iii) conpounds as defined~in (ii) wherein R3 is 10

fuorne. (eI Rastaat %hZ%fkk'feﬁ%l(.4)>a1§aawcf’f.§"m£‘2§fﬁ'§.Xs's

fl i ne. P f d 1 f

o Ll o o0 STERELERRLECIR ofs! BECROTROURN 10 miichgt i on are
ethoxy. Methyl is most preferred.

Suitable non-toxic pharmaceuticaliy aceeptable

5 salts of the compounds of Formula I, II, or III are
known in the art and include acid addition salts
formed by protonation of the u—amino group end_salts
formed by neutralization ef the carboxylic acid
function. As with any amino acid, the compounds may

10 exist in the form of a zwitterion. Examples of acid
addition salts are those formed from the following
acids: hydrochloric, hydrobromic, sulfonic, sulfuric,
phosphoric, nitric, maleic, fumaric, benzoic, |
ascorbic, pamoic, succinic¢c, methanesulfonic, acetic,

15 propionic, tartaric, citrie, lactic, malic, mandelic,
cinnamic, palmitic, itaconic, and benzenesulfonic. ‘
Examples of salts formed by neutralization of the
carboxylic acid are metallic salts (e;g. sodium,
potassium; lithium, calcium, or magnesium) and

20 ammonium or (sqbstituted) aﬁmonium salts. The
potassium and sodium salts are preferred.
| Preferred classes of cempounds'are:

(i) compounds of Fermu;a II or III wherein R, 1is

3-hydroxyphenyl.



acid, 2-amn

2- &mi no-4-fl uor o-3- (3

2- gn1no 4-fluoro-3-(2',

Z- an1hd 4- fluoro43-(2',4
2-am no-4-fluoro-3-(2',5
2-am no-4-fluoro-3-(2

2- am no- 4- quoro-3-(3',4

2-am no-4-fluoro-3-(3',
2-am no-4-fl uoro-
conpounds of Fornz ;§
of certain.

(iii)
10

(iv)

(v)

- di hydr oxyphenyl) - 3-
- di hydr oxyphenyl ) - 3-
- di hydr oxyphenyl ) - 3-
, 6' - di hydr oxyphenyl ) - 3-
- di hydr oxyphenyl

dihydroxyphenyl

23~
59 podgis| pF BpE %h‘%ﬁ@

is

74
By Ry

O N

-wherein R3 is hydrogen,

(01-04)a1koxy and R, is
(C,-C palkoxy. '
compounds as definéd in
hydrogen.

compounds as defined in
wherein X is fluorine.

compounds as defined in

‘wherein X is fluorine.

0-4-fluoro-3-(2' -hydroxyphenyl)-3-butenoic acid, 20

-hydroxyphenyl) 3-butenoic -acid, 1
but'enoi ¢ aci d, - 13 -

but enoi ¢ aci d,
but enoi ¢ acid, 5"
but enoi ¢ aci d,
but enoi ¢ aci d,
10 butenoic acid,

greEErggﬁQQ%%F%EISrdgrﬁgs ")

(Cl-q4)alkyl, or
(C,-C,)alkyl or

(ii) wherein R3 is

Formula I, II, or III

(i), (ii), and (iii)

Preferred embod;ﬁents

15 of the compounds of the invention are:

2- amino-3-(3'-hydroxy-4'-methylphenyl) -3-butenoic

acid,

2-amiﬂo—4-fluoro—3-(2'-hydroxyphenyl)-3-butenoic

acid,

20 2-amino-4-fluoro-3-(3'-hydroxyphenyl)-3-butenocic

-acid,

>

2-amino-4-fluoro-3-(2',3'-dihydroxyphenyl)-3-

butenoic acid,



~315 substances which are irreversible inhibitors of MAO and said conpounds®
e useful in psychiatry for the treatnent of depression. The conpounds. of

mula I, Il, or Il are not irreversible.inhibitors of MAOin vitroxJn -.
er to produce irreversible inhibition of 20 MAOin vivo and to exert -
“their antidepressant effect, - 14 - the conpounds of Formula I, II, .or

Il nust be transformnmed |nto active netabolites which are the 2-
phenyl al | yl' am ne conpounds shown belowz espectively in Fornmula IV, V, or

VI: 5 CH. CHX [err] wherein [err] have .
t he nmeani ngs ermn@64wqarmoﬁﬂm34(mﬂn4m}dﬂny&ﬁdxyﬁﬁeuan#3¢he conpounds of
Formula I, 11, A1l to the active netabolites of Formula IV, V, or VI

occurs throbgheaodecamhﬂkylation 15 reaction catal yzed by an enzynme known
as " aromatic- L-amno acid decarboxylase " (AADC). AADC is known to
decarboxylate2vﬁmﬁ@@§4mﬁﬂung:§ﬁﬁﬁ|,@mmdéhﬁdnﬂﬂYRhQRYHE-Qsuch as dopa,

tyrosi ne, phenyl al ani ne, tryptophan, and 5-hydroxytryptophan) to formthe
butenoic acid, ° : -

5  2-amino-4-fluoro-3-(2',6'-dihydroxyphenyl)-3-
butenoic acid,
2-amino-4—fluoro-3-(3',4'-dihydroxyphenyl)—3-
butenoic acid,
2-amino-4—f1uoro~3 (3' 5'-dihydroxyphenyl)—3-
10 butenoic acid
2-amino-4-fluoro-3-(3'thdboxy—4'—methylphenyl)-3-
butenoic acid. | _ | |
The compounds of Formula I, II, or III are in
zizg_precursors (or n prodrugs ") of certain
15 substances which are irreversible inhibitérs of MAO,
and said compounds are useful in psychiatry for the
treatment of depression. The cqmpounds of Formula I,
. II, or III are not irreversible inhibitors of ﬁAO in
vitro. In order to produce irreversible inhibition of

20 MAO in vivo and to exert their antidepressant effect,




20- correspondi ng nonoani nes. The antidepressant conpounds of Formula IV, V,
or -VI=which inhibit MAOin vitro and in vivo are described and cl ai med TN
thepending U.S. application of P. Bey entitled " Allylam ne MAO I nhi S -
"< *:25°8erial No. 268,555 filed June 1, 1981. It is known that AA

present both in the brain and extracerebral tissue. Thus, the

decar boxyl ati on of a conpound of Formula I, Il, or IIl can take place both

in the brain and in 5 extracerebral tissue&Mth consequent inhibition of

MAO. By admi nistering a conpound of For rful s I 11, ar Il in conbination

w th a conpound capabl e of preferentially bl.ocki f?%rﬁﬁfg al AADC, the
decar boxyl ati on t?‘fg&q"@ﬁ%d%dfcﬁeﬁé)r{"hugaac i vfeic’l'dﬂﬂe abol 1 eeév)él | take place

primarily in the bialdd o2 HANCQIVIVEdoaddie fUivh O dhd e 2o
m n of Formula I, Il, or IIl in

inhi bited. The a I'stration of a conpoun _
combi nation w t braRArdiARAagli A dengthirdd Ynd ddiow neaigeigiwily
depression, therefore, offers 15 the advantages of substantially avoi di ng
the ".cheese effieClFormild (m}n,erv,_pe;rzi pieral conplications that are
S  CH, . : ' CHX
2 I e
R -C - CHy - NH, . s ' Rl -C - CH2 - NH2 s
v o . v

CX
i 2

Ry - C - CH, - NH,

10 ' VI

wherein X, R, and R, have the meanings defined supra.
The in vivo transformation of the compounds of

Formula I, II, or III to the active metabolites of
Formula IV, V; or VI occurs through a decarboxylatioﬁ

15 reaction batalyzed by an enzyme known as " aromatic-
L-amino acid decarboxylase'" (AADC). AADC is known to
&ecarboxyiate various biologically important amino'
acids (such as dopa, tyrosine, phen&lalanine,
tryptophan, and S-hydroxytryptophan) to form the

20 corresponding monoamines.
— " The antidepressant compounds of Formula Iv, Vv,
or VI which inhibit MAO in vitro and in vivo are
described and claimed in the pending U.s. application
of P. Bey entitled " Allylamine MAO Inhibitors ",

25 Serial No. 268,555 filed June 1, 1981.



ormonl y associated with conventional MAO inhibitor therapy. In conbinatioh’
'‘th an extracerebral AADC inhibitor, the conpounds of Formula I, Il, or
|-20 will provide a " site-directed ™ inhibition of MAQ, the inhibition .
eing confined primarily to the brain which has high AADC activity.

v

- Suitable AADC inhibitors for use in conbination with the conpounds of

Formula I, Il, or I'Il wll be 25 apparent to those skilled in the art. Both
conpetitive and irreversible inhibitorg can be used. - 16 - At the
dosages used, the AADC inhibitor nust be capable of inhibiting AADC

extracerebral |y wiet RQuinsWlstanly alADe i1highiddert AR idh tdres brain.
Exanpl es of AADC i nhibitors for use in conbination with a 5 conpound of

Formul a |, bkaifil ahll e’k agerbdena tdrguaanzenay, dthe conpounds which al so
have been found useful for blocking the peripheral decarboxyl ation of

exogenous Lddopabadyilaitiver ed forcompeund atfrdrmil Pl KiTsomsm [ See
Chapter 21, especially pages 482 - 10 483, " The Pharmacol ogi cal Basis of
Ther apeut i c$II, c@&odaikr pddcei bodin @m,tuanunaxnwannnﬁqwnng Co.
5 extracerebral tissue with consequent inhibition of
MAO. By administering a compound of Formula I, II, or
-III in combination with a compound capable of
preferentially blocking eﬁtracerebral AADC, the
decarboxylation reaction prodﬁcing the active -
10 metabolite wiil téke place primarily in the brain,
and hence primarily the brain MAo'will be inhibited.
The administration of a compound of Formula I, iI, or
IIT in combination with a peripheral AADC inhibitor
for the treatment of depression, therefore, offers
15 the advantages of substantially avoiding the " cheese
effect " and other periphéral complications that are
commonly associated with conventional MAO inhibitor
therapy; In combination with an extracerebral AADC
inhibitor, the compounds of Formula I, II, or III
20 will provide a ® site-directed " inhibition of MAO,
the inhibition being confined primabily to the brain
which has_high AADC activity. |
Suitable AADC inhibitors for use in combination
with theicompounds of Formula I, II, or III will be
25 apparent to those skilled in the art. Both.

competitive and irreversible inhibitors can be used.



I'ne., N.Y., 6th Ed., 1980]. O her exanples of suitable AADC inhibitors S
t he 2-am no-2- (nonofl uoronethyl or difluoronethyl)-3-(nmnohydroxy- 15 E;%ﬁm
pheny| or di hydroxyphenyl ) propioni.c acids and | i ke conpounds, which are '
descri™ed and claimed in the pending U.S. application of P. Bey and M Jung
entitled " a-Halonethyl Amino Acids ", Serial No. 6/210,500 filed Novenber
26, 1980. The aforesaid 2- 20 hal onet hyl ated 2-am no-3-(substituted
phenyl )- -propionic acids are al so descrlbed in Bel gian patents Nos. -
868, 881 and 882, 105. Preferred conmpounds & =2- ani no- 2- (monof | uor onet hyl

or d|fluoronethyl - 17 - di 0X pr ic acid, and
the 2',3 - or t%tﬁ t%? I“l’éi%ﬁ’ Mﬁ%%w% Lb&ég’ﬁ’ation of

> an no. 3. E’?,e“%l?a%% ﬁ)" G ﬁ%%b ARG ST AGRARAY witnout |
3- phenyl - 2- but eog %ﬂ%q

'tetrahydropyranyl oxyp enﬁ? 2- utenoatrl ArAtl,Dscpeicr}t|tvhe bral.lsn deESJE:ar'ﬂll%edS by R

Chari ‘in the DoglronADCDIHtAKIHIA &M iided n @&{Hﬂ}?éeisorpfwi@{ rd

Unsaturated Am no Acids as Potential Irreversib
S compound of Formula I, II, or III are carbidopa and

benzerazide, compounds which also have been found:
useful for blocking the peripheral decarboxylation of
exogenous L-dopa administered for the treatment of

Parkinsonism [ See Chapter 21, especially pages 482 -

10 483, " The Pharmacological Basis of Therapeutics ",
Goodman and Gilman Ed., McMillan Publishing Co.,
Inc., N.Y., 6th Ed., 1980 ]. Other examples of
suitable AADC inhibitors are the 2-amino-2-
(monofluoromethyl or difluoromethyl)-3-(monohydroxy-

15 phenyl or dihydroxyphenyl)propionic acids and like .
compounds, which are described_and ¢claimed in the
pending-U.S. application of P. Bey and M, Jung
entitled " «-Halomethyl Amino Acids ", Serial No.
6/210,500 filed November 26, 1980. The aforesaid 2-

20 halomethylated 2-émino-3-(substituted phenyl)-
-propionic acids are also described in Belgian patents
Nos. 868,881 and 882,105. Preferred compounds are 2-

amino-2-(monofluoromethyl or difluoromethyl)-3-



—

90 Enzyne I nhibitors ™ University of Detrort 1979 (available in print from
~~Wni versity McrofilmlInternational, Ann’ Arbor M ch.). The conpounds of
Formula | in general can be prepared according to the method of Charizw/or :a
fnndlflcatlon t her eof , dependi ng 15 upon the type of substitution in the
phenyl ring and the consequent sensitivity of the double bond to acid. The
starting materials for the preparation-f. the conpounds of Fornmula | are
the .al kyl 2- but enoat e conpounds of Formula VII: [err] wherein: [err] -
18 - Rais (6:3gwupdmyahsx{/@ﬁarﬁ&a)p&erprﬂonvc 'ac]a.Qi akerend:2begil  have the
meani ngs defi ned supra and

or 2',5'-dihydroxyphenyl isomers thereof.

The preparation of 2-aminc-3-phenyl-3-butencic
- acid and 2-&mino-3-(3'-hydrokyphenyi)-3-bu:enoic acid
5 from methyl 3-phenyl-2-butendate and methyl 3-(3'-
tetrahydropyranyloxyphenyl)-2—butenoate; |
;respectively,'iS'deSCribed by R. Chari in the

Doctoral Dissertation entitled "~SyhthéSis of g, vy~

Unsaturated Amino Acids as Pofential Irreversible

10 Enzyme Inhivitors " University of Detroic. 197¢

(available in printlfrom Uhiversity Microfilm
International, Ann Arbor, Mich.). The compoen&s of
Formula I in general can be prepared according to the
methed pf.Chari, or a modification thereof, depending

15 upon the :ype of subetitution in the phenyl ring and
the consequent SenSitivity of the double bond to
acid. The startiﬁg materials.for the pceparation ef
the compounds of Formula I are the alkyl 2-butenocate
compounds of Formula VII: |

20 | - CH,

R
VIiI
wherein:

Ry is (C;-C,)alkyl, and



B‘i"s/‘a protecting group for an aromatic -OH group. The preferred starting ..

mat érials of Formula VIl 5 are those wherein Rb is nethyl, ethyl, or
tent-hutyl . The purpose of the group défined by Ris to protect b the

car boxy group from unwanted side reactions during subsequent process stepSs
The group represented by B in the definition of Ra can be any group known
to be 10 useful in the art of chemstry for protecting an aromatic - COH
group, which group is readily renovable under conditions which will not
cause side reactions (such as polynerizat+di® +nvol ving the doubl e bond.-
Sui tabl e protecting groups are: tetrahydropyranyl, 15 nethoxynethyl,

met hoxyet hoxy- met h%ta, 1St ZRYR ofhdihs Iforuka i phenyl net hyl . Preferred

protecting groups are those that cabe renoved under_vefy mld conditions.
The selection and utiliZgtion of a pattiygular arorratﬁj g protecting group
N/

are known 20 per sg(i 8 akdt . - 20 t he nethod ari, a conpound
of Formula VI| is bRoO [led ¥n carbo rachl ori '
_ oB .
. _
BO | BO | BO
/4 .
’ | Ry » ,
BO B0 \ ' [
OB
10 _
BO BO K " BOo | |
4 /4 _ .
. \) ’ V\ Re
N\ \Y : ) \;t- .
\w// OB 0B
0B ' :
15
BO OB .
74 e
- ’ \ . R4 ’ R4 s
BO
- : OB
20 '
74
} » OF -} Ry s
N N A\

BO OB . BO OB

g

™~



m t he correspondi ng al kyl di bronobutyrate conpound of Formula VIII:

] which upon treatnment with ammonia in dinmethyl 10 sul foxi de (DMSO:
¥ords.an al kyl 2-am no- 3-but enoate conpound of Fornmula I X: CH [err]\When .
. the internmediate of Fornula | X does not have a protected -COH group or an
. al koxy group in the 2- and/or 4-position of the phenyl ring, the

i nternedi ate can be converted to a conpound of 20 Formula | in two stages:
(a) treatnent with an acid (preferaglﬁdﬁJLne hydrochl oric acid or
saturated ethereal hydrogen chloride) ‘Under mld conditions (a tenperature
“of Oto 25C%h§9%i§9 to 16 days under which conditions the aromatic -OH
protecting group 25 (B) is renoved, and (b) treatnment with a strcr.g acid

- 21 - (6N hyér oghlsoR C masied)trdl nediihgd QE¥aRAidIf, &4navhi ch condi tions
the ester groupdis hydrolyzed. Wen the inter medi Formula I X has a
' B is a protecting group for an aromatic -OH group.

The_préferred starfing materials of Formula VII
5 are those'wh'erein-Rb is methyl, ethyl, or tert-butyl.
The purposg of the group defined by Rb is to protect
the carboxy group from unwanted side reactions during
subsequént process steps. The group represeﬁted by B
in the definition of Ra can bé any group known to be

10 useful in the art of chemistry for protecting an
aromatic -OH group, which group is readily removable
under conditions which will not cause side reactions
(éuéh aé polymerization) involving thé double bond.
Suitable protecting groups are: tetrahydropyranyl,

15 methoxymethyl, methoxyethoxy-methyl, Egsg—butyl,
benzyl, or triphenylmethyl. Preferréﬁ protecting
groupé.are those that can be removed under véry miid
conditions. The selection and utilization of a
particular aromatic' -QH prdtectihg groué are known

20 per se in the art.




pL cted aromatic -OH group or an al koxy group in 5 the 2- and/or (g;;)*f
4-p08ition of the phenyl ring, the internediate can be converted to a S
jconﬂoUnd of Formula | by a three-stagé. process which conprises: (a)
al’kal\ie hydrolysis (preferably with |ithiumhydroxide in dioxane/water) at
‘anbi ent tenperature to 10 renove the ester alkyl group (R), b (b) '
neutralization of the salt thus forned (to pHca 4.0, preferably with
dilute hydrochloric acid) to afford the €o2@espondi ng free acid, and (c)
treatnment with an acid (preferably dilute 15 hydrochloric acid or ethereal
hydr ogen chl ori de) udflerthe Ime ief firarh, t2anperrewnd of BHorsu2soC) for
up to 16 hours to _renove the aromatic -OH protecting group gB). Wien Rb in
Fornmula I X is tXﬁﬂ-B&t%?°@ﬁﬁﬁﬁ??e$ﬂeﬁﬁF@Rﬁ(Eﬁtﬁ%ﬁhg%rbﬁ?tF d™17€h *4ci d
sensitive internmedi ates, the three ste rocess, i s grefpgged because the
use of basic coh@Ff &he §ﬁHF@FHﬂqq}Qﬁﬂ%i)%%d&%?ﬁﬂg RYERFAFDI G28SPHE est er
function and to renove the #ﬁfxning groups will mnimze the 25 occurence
of side reactiofff ?BF Pn&&{ * doubl e bond

S | ?Hs
R - C~-CH ~-COR
a { l 2 b

Br Br
VIII
which ubon treatment with ammonia in dimethyl
10 sulfoxide (DMSO) affords an alkyl 2-aminc-3-butenoate

compound of Formula IX:

CH2

R, - C -‘?H - co,
NH

Rb

. 2

i ’ IX

When the intermediate of Fofmula IX-does not

have a brotected ~0OH group or an alkoxy group in'thé
2- and/or 4-position of the phenyl ring, the
intermeQiate_canibe_converted to a compound of

20 Formula'I in two stages: (2) treatment with an acid
(preferably dilute hydrochlorié acid or saturated
ethereal hydrogen chloride) under mild conditions (a
temperature of O to.25°C) for up to 16 days under

. which conditions the aromatic -CH protecting zrou

(&}

ey

25 (B)_is removed, and (b) treatment with a st

's

9

2o
~h

3]
-

(9]

-
te)

3



22 - . pol ymeri zation) which reactions are pronoted under vigorous: '
ﬂggﬂlc condltlons A nodification of the above-described nethod invol ves
. i nternmedi ate preparation and isolation.5 of an N-protected " ..
. 2-am no- 3- but enoate conmpound of Formula X [err] wherein: Ra and Rb have
-the neani ngs defined supra, and Bis a protecting group for a primary
a-amino 1 group. 15 The group represented by Bl can be any group known
in the art to be useful for protectingiaprinmary a-anm-no group, which group
is readily renovabl e under acidic conditions which will not cause side

reactions ($gNhngarpehidilczalii@)) a20 reTuelxyivehddia riguwlumdwnd. The
sel ection of a particular protecting group and its nethod of utilization

are known i ghibR abhdibiamel eheolesteirt grompprict entdmd ygreddips for the
a-amno group are: formyl, acetyl, trifluoroacetyl, phthalyl, tosyl, 25
benzenesul fonyl , Whenzyhexyuaewmwﬂiat@swﬁtﬁbmmm&@-IX has a
protected aramafic -0OH group or an alkoxy group in
- 5 the 2- and/or 4-p’ositi§n of the phenyl ring, the
intermediate éan'be converted to a compound of
Formula I by a thfee-stage process which comprises:
(a) alkaline hydrolysis (preferably with litnium |
hydroxide in dioxane/water) at ambient temperature to
10 remove the ester alkyl group (R )
(b) neutralization of the salt thus formed (to PH ca
4.0, preferably with dilute hydrochloric acid) to
afford the correSpondinQ free acid, and
(¢) treatment with an acid (preferably dilute
15 hydfochloric acid‘or ethereai’hydrogen chloride)
under mild conditions (a temperature of O to-25°C)
for up to 16 hours to remove the.aromatic ~0OH
protecting group (B). |
When Rb in Formula IX is tert-butyl, steps (a) and -
20 (b) can be omitted. With acid sensiti&e
;ntermediates,_the three step process is preferred
because the use of basic conditions and/or mild acid
conditions to hydrolyze the ester_fuhction and to

remove the protecting groups will minimize the

25 occqreﬁce of side reactions involving the double bond



ﬁ - benzyl oxycarbonyl, (e.g. the p-chloro, p-brono, p- nitro, p-methoxy;
o- oro, 2,4-dichloro, and 2,6- dichloro derivatives), t- butyloxycarb )
(Soc Tt - anyloxycarbonyl i sopr apyl oxycar bonyl, 2-(p- 5
blphehil)lsopropyloxycarbonyl, al I yl oxycarbonyl, cycl opentyl oxycar bonyl ,

cycl ohexyl oxycar bonyl , adanentyl oxycarbonyl, phenylthiocarbonyl, or

tri phenyl methyl. The preferred a-am no pr Q@Cting group is

t - but yl oxycar bonyl (Boc) which can be 10 i9ft roduced by reaction with

di -t b I b h f be d
by treating a cORPBUNBOBTIEBERAFACR WA Pt ESASd TR i T RE
above- descrlbequ§§éF091?£an§r%8&§§f JQiqitl&ﬂg: but yl dlcarbonate I n

t et rahydr of uran err ours.” The internediate of Fornul a

X, regardl ess of theAﬂrﬁB&%?ici‘ﬂ@%h' bW ie@fa igdJvee Reydndd Ng. Gy be

converted to a conpou Forrmula | by three-st.age procedure which

conprises: 20 (gavél¥@si BRehydtereus athr @frapaiiat i dd théea byskoxi de in
di oxane/water) at anbient tenperature to

S of an N-protected 2-amino-3-butenoate compcund of

B

Formula X:

CH

12
Ra -C - ?H - COaft.o
NH - B1
10 X
Qherein:
Ra_énd R, have the meanings defined supra, and
Bl is a protecting group for a primaty'c—amino
group. | | :
15 - ~The group represénted_by Bl can.be any group

known in the art to be useful for protecting a
_primary a-amino gfoup; whicﬁ group is readily
removable under acidic conditions which will not
cause side reactions (such as polymerization)
20 involving the double bond. The selection of a
particular protecting group and its method of.-

utilization are known in the art. Examples of

formyl, acetyl, trifldoroaeetyl, phthalyl, tosyl,

25_benzeneéulfonyi, benzyloxycarbonyl,'(subs:i:u:ed)-



'%;e;mve the ester alkyl group (R), b (b) neutralization of the salt thus °
: Xokmed (to pHca 4.0, preferably with dilute hydrochloric acid) to 25.-
Qﬁsgford the corresponding free acid, and (c) treatment with an acid N/ .
referably dilute hydrochloric acid or ethereal hydrogen chloride) - 24
- - under mld conditions (a tenperature of [err] for up to 16 hours to
renove the aromatic -OH protecting yrédp~(B) and the a-ami no group (B,).
Wen R in Formula X is tert-butyl, steps (ai and (b) b 5 can be omtted.
The rmdifié’ewlrwca@%lcri@%ds:absbé,argh Sp8ci AOFOF%ef & ed for making

t he conpounds of Formula | whic ave the -OH group or an al koxy group at
t he 2-posiPﬁ&ﬁqcrBﬁﬂﬁiﬂQ*Xﬂ1Eﬁg%ﬂ%rﬂheayﬁ‘gkha}°fﬁ’U§€d0@'Fﬁé N- pr ot ect ed

o et v B 2 TP L, PLORAMEE LA e (he free,
during theaﬁ?%%??éﬁ?ﬁéﬁ?%{r9§g§435§§oxycarbonyl, 2-(p-
S biphehyl)isopropyloxycarbohyl, a;lyloxycarbonyl,
cyclopéntylokycarbonyl, cyclohexyloxycarbonyl,
-adaméntyloxycarbonyl. phenylthigcarbonyl, or
triphenylmethyl. The preferred a-amino protecting’
group is Eabutyloxycafbonyl (Boc) which can be
10 introduced by reaction with di-tert-butyl
dicarbonate.
The intermediate for formula_x can be prepared
by treating'a'compound of Formula IX, as prepared
according to the above-described method of Chari, :
1S with di-gggg-butyl dicarbonate in tetrahydrofuran at
60°C for ébéut 2 -.4 hours. The intermediate of .
Formula X, regardless of tﬁe type of éubstitﬁtion'in
the phenyl ring can be coﬁvérted to a compound of
Formula I by e thrée-stagg pfocedure which comprises: .
20 (a) alkaline hydro;ysis (preferably with.lithium
hydroxidé in dioxane/water) at ambient temperature to
remove the eétgf alkyl group (Rb)'
(b) neutralization of the salt thus formed (to pH ¢a
4.6, preferably with dilute hydrochloric acid) to
25 afford the corrésponding_free acid, and
(ec) treatment With.an acid (preferably dilute

_hydrochloric acid or ethereal hydrcgen chloride)



st and aids in purification of the hydrolysis 15 product. The conpou '
of fFobnmula Il can be prepared in manner known per se by the nethod dquggég-%
bel ow” Terr] - 25 - [err] In the above reaction schene, [err] is a s
of' 10 rhe formula: [err] or [err] 15 or a group as defined by Ra in Formul a .’
VII; Rbois [err] is a protecting group for a primary -am no group; and X is
fluorine, chlorine, or brom ne except that the protecting group (B), as
defined by [err] cannot be tetrahydropyrangB. =In 20 Step A, an al kyl

4- hal o- 2- but enoat e conpound of Fornula XI is bromnated in manner known per
se, preferably YRSk 4 c3PREhFLPNE (8t tEBPEFATH T8 P& @ drv A5AH)

2, - br omo- 4 nal gbut enoat £ cRIROUNG O FRUTULA XLl Sl Ehe

protecting group (B) and the g-amino group.(El).
When Rg in Formula X is tert-butyl, steps (a) and (b}
5 can be omitted.
The modified method, as described above, is
' .especially preferred for making the compounds of
Formula I which_have the -OH.group Qr_an_alkoxy group
at the 2-position or 4-position of the phenyl ring.
10 Use of the N-protecfed derivative of_Formulé X in the
modified procedure rather than the free amine
intermediate of Formulé IX, avoids deéompositicn of
the amino acid during the subsequent base hydrolysis
step and aids in purification of the hydrolysis
15 product. | | |
The compounds of Formula.Ii ¢an be prepared in

manner known per se by the method depicted below:

CH.X CH_X

2 2
| 2 o | o
R, = C=CH=-COR A, R - f - fa_-_coznb B,
20 | Br Br
XTI XII
CH.X | CHX
| 2 - ]
R -C=¢C - ~C-CH -C
. l CO,R, c, R -C _?H - CO,R, . D
Br ' Br

25 XIII | | XIv



EEL 25 i s dehydrohal ogenated i n manner known per se, - 26 - preferably by
i Ytreatment with sodium hydride in tetrahydrofuran (THF) at reflux
gRiperature, to give the alkyl 4-hal o-2-brenp-2-butenoate conpoun

ofmula XIIl, which is then isonerized(Step C) in nmanner 5 known per se to:

e correspondi ng 3-butenoate conpound of Fornmula XV, preferably by
treatnment with lithiumdiisopropyl am@e=in THF at [err]

ound of Formula XIVis treated with amoni a, preferably in
(DVBO), 10 at anbient tenp&fature to afford the al kyl

Mula XV, which in Step Eis

3- butenoate co
di et hyl sul f oxi
4-hal 0-2- _ani nd- 3- but enoat e conpound of For

d of&J

In Step D, the

treated | Remanifer= Kfovin $eefse tolior mftche K pr §tect &Podbri vatve of

Formul a XVI. The cl

ersion (Step F) of the N—pd@éec ed derivative of
Formul a XVI 15-to 2nal product of Fornula Il *Canr acconpl i shed by a

b d -

t hree- st age proc re which conprises: (a) <l f ne hydrolysis (preferably

with I'ithium hyd ide in dioxane/water) at affbi"ent tenperature to renove

the estgr alkyloggoup (R) b '

10

15

20

2s

I |
y = CH - CH - COgH
~ MH

R

2
II

In the above reaction scheme, R,1s a group of

the formula: .
or | ’
\§
0B B0 N\ '
or a group as defined by Ré'in Formula VII; Rb is
(Ci-c4)alky1; B1 is a protecting group for a primary
e —amino groupj'and X is fluorine, chlorine, or

bromine except that the protecting group (B), as

defined by Rc or-Ra, cannot be tetrahydropyrényl. In

Step A, an alkyl 4-halo-2-butencate compound of

Formula XI is brominated in manner known per se,
préférab}y in cafbon tetrachloride at 0°C, to affcrd
an alkyl 2,3-dibromo-4-halobutenocate éompound of
Formula XII. In Step 8, the compound of Formula XII

is dehydrohalogenated in manner known per se,

‘. ¥

T iy s ——

g gy ’
. T e em e e e



20'qgh neutralization of the salt thus forned (to pH ca 4.0, preferably
W tdegds | ute hydrochloric acid) to afford the corresponding free. acid,

ag 5y
(C) t-"f'\egi_t ment with an acid (preferably dilute hydrochloric acid or ether ‘EE )

hydrogen chloride) 25 under mld conditions (a tenperature of [err]
for .up to 16 hour.s to renove the aromatic -CH protecting group (B) and the
a-amno group (Bl). Wien Rin Formula XVI is tert-butyl, steps (a) and

can be omtted. 5

Il in which the -OH group is present at the 3-position of the phenyl r
and a -OH or al koRyefsraslypk¥séreaitmertte Withy SR iRYSNLS® tRhe phenyl

ring,

simlar to that deREFRB¥ArabByan;

a further

nodi fi ed procedurzpca be used. This 10 procedure is

ASrefdr iN9g e CHIRRTIMESTDF For &ul'd

t that th ti terial i f Formula XI i i ch
o omati ¢ CH pr ot Bati ROREL ofipPeRp ~2RE TaB ety 041 CARPaHRs b

.

277
(b)

Wien it is desired- @®repare a conpound of Fornul a

ng,

I,
t he

[err]straight Chaf.-'gr%élgl §¥1L.19r QHQCth Q%%ari%tdm%nr.fzsegakr&e& -Qy\twi&é&f

5 known per se to the corresponding 3-butenocate

[ p—

 compound of Formula XIV, preferably by treatment with

10

15-

20

lithium diisopropylamide in THF at -78°C. In Step D,
the 3-butencate compound of Formula xiv is treated |
with ammonia, preferably in dimethylsulfoxids (DMSO),
at ambient temperature to afford the alkyl 4-halo-2-
amino-3-butencate compound of Formula XV, which in
Step E is treated in manner known per se to form the
N—protgcted derivative of Formula XVI. The conversicn
(Step F) of the N-protected derivative of Formula XVI
td a final product of Formula II can be accomplished
by a three-stage procedure which comprises:
(a)-alkaline'hydrolysis (preferably with litnhium
hydroxide in dioxane/water) at ambient temperature to
remove the ester alkyl group (Rg),

(b) neutralization of the salt thus formed (to pH ca

.. 4.0, preferably with dilute hydrochloric acid) to

25

afford the corresponding free acid, and
(c) treatment with an acid (preferably dilute
hydrochloric acid or ethereal hydrogen chloride)

under mild conditions (a temperature of O to 25°C)



in one step by treatment with 47 @620 hydrobronm¢J ..
mﬂdatreﬂuxtmmaaune Such treatnment will renove the aromatic -CH
-protecting group (B), renove the ester alkyl function (Rb), and renove the
[err]-am no protecting group (Bl). Alternatively the N-protected derivative
can be 25 treated with di-lute hydrocblﬁgig acid or saturated - 28 -

et hereal hydrogen chloride to renove the [err]-am no protecting group

before trealfgatuyi {4 £g ABBYLI e9CReREPE ERe hPombeRcEooline preferred
N-protecting group Is 5 tert-butoxycarbonyl (Boc) which can be introduced

into a conpaiwskéd t f19¢ NEhsupM B SRANEhe KNOMALRAEI gBBupSYsh)as by reaction
with di-tert-butyl dicarbonate. The conpounds of Fornul a il can be

prepared in vwhermrRerisiPormulaoXVhatsdescti-betylor speppaaigahide 10
~conpounds of For all using as the startlng naterlal a conpound of
Formul a XVl I1{b)} can be omitted.
5 When .it is desired to prepare a éompdund of
Formula II in which the -OH group is present at the
3-po$ition of the phenyl ring, and a -0H or alkoxy is
not present in the 2- or 4—posit£0n of the phenyl
ring, a further modified procedure can be uSed."This

10 procedure is similar to that deééribed above for
preparing the compounds of Formu1a II, except that
the starting material is a-cqmpound of Formula XI in
which the aromatic -OH protecting group (B), as
defined by R, can also be a (01-04)Straight chain

15 alkyl group. The preparation is carried out in a
manner similar to that described above for Steps A,
B, C, D, and E. However, the N-protected derivative
formed in Step E can be:converted to a compqund of
Formula I in one step by treatment with 47 %

20 hydrobromic. acid at reflux'temperature. Such’
_treatment will remove the aromatic -OH protecting
group (B), remove the ester alkyl function (Rb), and
remove the y-amino protecting group (Bl).
Alternatively,thé N-protected derivative can be:

25 treated with dilute hydrochloric acid or saturated



[Fferr] 15 wherein [err] and X have the neani ngs defined supra with respe R
to«ormula Xl. The starting material of Formula VI, XI, or XVI| can b AL
prgp_med in known manner by the Wttig reaction by treating a ketone of the
Formula: [err] with a suitable trial kyl phosphonoacetate in di net hoxyet hane .
(DVE) at [err] in the presence of 25 sodium hydride. The ketones of Formnul a
XVIl, XX or 29- XX are either known conpounds or they can be prepared
from known conpounds by net hods known in t art or obvious nodifications

t hereof . For exanple, the conpounds of For a XVIIl can be hal ogenated in

S known manner tcﬁt&éﬁ&é‘i % o%&?’%’x‘i‘&'ﬁi&’é F:S’rP&leé‘vé(' f%é”al%f’ﬁoa”

appropriately substitute enzene conpound can be acylated using a
Friedel -Craft reaedtddeid Yhdhp D5e POPE cel@befleRy LDo8CaBKY| hpdrbgefihe 10

art, the conpounds of FornulTa I, II, or IlIl have .an aromatic -OH group and
an [err] group, wrsmnide. B |
In Step E, the preferred N-protecting group is
5 Eggg-butoxycarbonyl (Boc) which can be introduced
into a compound of Formula XV in manner known per se,
‘such as by reaction with di-tert-butyl dicarbonate.
The compounds of Formula III can be prepared in
a manner similar to that described for preparing the
10 compounds of Formula II using as the starting
material a compound of Formula XVII:
: ?sz.
Rc - C=CH - COZRb
XVII
15 wherein Rb,Rc, and X have the meanings defined'gggsg
with respect to Formula XI.
The'starfing material of FOrﬁula VII, XI,wor

XVII can be prepared in known manner by the Wittig

reaction by treating a ketone of the Formula:

20. ?HS , :?HZX ' CllHX2
R -C=0 s R -C=20 y OO R -C=0
a a a
. XVIII XIX - XX

with a suitable trialkylphosphonoacetate in
dimethoxyethane (DME) at 0°C in the presence of

25 sodium hydride. The ketones of Formula XVIII, XIX, or



~both of which may be acylated in manner known per se. It is known in the
”3Q§sﬂthat the N-acyl or O acyl groups derived froman al kanoic acid or a.
E Ny - 1

hrally 15 occurring amino acid can be renoved to generate the freesgiH .,
. gfoup or -OH group in vivo. Thus, the acyl 2 derivatives can al so be '
.enpl oyed for the purposes of this invention, provided that the acyl group
can be renoved in vivo to give the desired amno acid. It 20 wll also be
recogni zed that certain other .derivatbyes can be converted in vivo to
generate a free aromati ¢ hydroxy or [err]-am no group. An exanple of such a

“derivative i g?ggiggtééglHﬁggﬁSéQQRoéhasng}h*hggegggxﬁgh?@%?g%%gbutenoic

acid. It wl e apparent that certain rivative - 30 -

carboxylic aff@meﬂG%hoéomﬁbbﬁ&stB?nmé%héa§ aRdwhalihS thearrite oepl oyed for
t he purposes of this invention. Exanples are primary am des, secondary or

tertiary al kybvadhdesiodandcatidns taeredrir g8t BRampaleRhaheor terninal NH2-
group of natural am no acids, since it is known in the art that the am de
bond can compounds of Formula XVIII can be halogenated in '
S5 known manner to prepare the compounds of Formula XIX
. or XX or an appropriately substitutedibenzene
compound can be acylated using a Friedel-Craft
reaction.
As will be appreciated by those skilled in the
10 art, the compounds of Formula.I, ITI, or III ha&e an
aromatic -OH group and an alpha-NH, group, one or
both of which may be acylated in manner known per se.
It is known an the art that the N-acyl or 0-acyl
groups'derived from an alkapoic acid or a naturally
15 occurring amino acid can be removed to generate the
free —NH2 group or -OH group in vivo. Thus, the acyl
derivatives can also be employed for the purposes of
this invention, provided that the acyl group Qan'be
removed in vivo to give the desired amino acid. It
20 will also be recogﬁized that certain other.
derivatives can be converted in vivo to generate a
free aromatic hydroxy or «-amino group. An exémple of
such a derivative is 2-amino-4-fluoro-3-(3',4'-
methylenedioxyphenyl)~-3-butenoic acid. It will also

25 be apparent that certain derivatives of the



be. ¢l eaved in vivo. Since the conmpounds of Formula I, 11, or IIl posseslg y‘_
asynetric carbon atomenantioners are 10 possi bl e, and the conpounds of g/
i nvention may be in the formof the biologically active enantionmer or the
racemt’e. The conpounds of Formula I, 11, or 11l may be obtained in the
formof a pure enantioner ei.ther by 15 resolving a desired racem c product
‘or by resolving a racemc starting material or internediate at any
conveni ent stage of the synthesis. Methods_of carrying out the resol ution
are wel I" known in the art of chenistry. W tdosage ranges are given

herein, 20 they are a cabl e t t he, racenpt e n addition, d
of Formula Il Zdﬁ?é&ﬁ%&q*% ?%+%s RFEPR t nghgub ???u%%tér?eﬁ?ggeﬁ?ggog; i

Cmder st ood tnat S¥et25 SORE HRSRIYERCc R BAS FERFRRYR K takb 12 hure ci s

or Lrans Torm  ofnfdntlh " SRatddg%re prinddly”adlied) ' vbbRakrOBII @ of

r\,,_ f

tertiary alkyl amideé, and amides formed from the
S alpha- or terminal NHZ- group of natural amino acids,
since it is known in the art that the amidé bond can
be cleaved in vivo. |
Since the compounds of Formula I, II, or III
possess an asymetric carbon atom enantiomers are
. 10 possible, and the compounds of the invention.may be
in the fofm of the biologically active-enantiomer or
the racemate. |
The compounds of Formula I, II, or III.may be
obtained in the form of a pufe enantiomer either by
15 resolving a desired racemic product or by'resolving a
racemic starting material or intermediate at any
convenient stage of the synthesis. Methods of
carrying out the resolution are well'knowﬁ in the art
"~ of chemistry. when'dosagé ranges abé given hérein,
20 they are applicable to'the racemate.
In ad&ition, the:compdunds of Formula II can

exist in forms wherein the substituents represented

by X can be either cis or trans to the group

represented by R It is understood that the

l L]
25 compounds of the invention may exist as the pure cis

or trans form, or as mixtures thereof.

- -



~pydr oxyphenyl ) - 3-butenoi c acid and 2-am no-3-(3',4'- _
@Fﬁydroxyphenyl)-3-butenoic acid are shown below in Formula XXI and XXl
N¥egpectively: [err] The (C -C )alkyl ‘esters and the pharnaceutically {8 -

“.acceptabl e salts of conmpounds XXI and XXl | can be nade by conventi onal

-met hods. Suitabl e non-toxic, pharmaceutically acceptable 15 salts are known

in the art and include acid addition salts formed by protonation of the
a-anm no group and salts formed by newt8&l+zation of the carboxylic acid
function. As with any am no acid, the conmpounds may exist in the formof a
zwitterion. Exanfhe structyrad SeomeiancSalremine-8hésé-fornmed fromthe
foll owi ng acids: hydrochl oric, hydrobromc, sulfonic, sulfuric, phosphoric,
nitric, mal &edraxiriteryl bedrdrténaieordid, apdndranisgedrhsd, 4"~

met hanesul fonj.c, . aceti c, propioni rtari¢, citric, lactic, malic,

c, t | C,
mandel i c, 2§4ﬂ¥ﬁﬁﬁﬁ¥£hiﬁﬁ_LT?EP“F?%Egﬁi%?lﬁnﬁrﬁeﬁ98ﬂﬁsﬁﬁ BHi & - -32-
Baml es of walls {YRPLRY RepE! ALLggLLen oLyt e

- o,
/ C\ . - / X C\ .
- 3 - h 24
(Y oo | FocoH
N /
NH, HO NH,
OH OH
10 XXI | XXIT .

The (Cl-ca)alkyl esters and fhe pharmaceutically
aéceptable sélts of compounds XXI and XXII can be
made by conventional methods.

Suitable non-toxic, pharmaceutically acceptable

15 salts are known in the art and include acid addition
'salts formed by protonation of thé-c-amino group and
salts fdrmed bj neutralization of the carboxylic acid
function. As with any aminb acid, the compounds may'
exist in thé form of a zwitterion. Examples of acid

20_addition salts are those formed from the following
;cids: hydrochloric, hydrobromic, sulfonic, sulfuric,
phoSﬁhoric, ﬂitric, maleic,_fumaric, benzoic,
asccrbié, §amoic, succinié, methanesulfonic, acetic,
propiconic, tartaric, citriec, laétic, malic, mandelic,

2S cinnamic, palmitic, itaconic, and benzenesulfonic.

*



cathoxylic acid are netallic salts (e.g.- sodium potassium |ithium
magnesi um and amoni um or (substituted) anmonium salts.

potaSS|un1and sodiumsalts are preferred. Conmpounds XXI and XXI| are
et abdt’i c precursors (or " prodrugs ") of substances which are irreversible

calcium or

5 5-;

i nhibitors of MAO, and said conmpounds are useful in psychiatry for the
treatment of 10 depression. Conpounds XXI and XXI'l are not irreversible

i nhibitors of MAOin-vitro. In order to prgsgluce irreversible inhibition of
MAO in vivo, and to exert their antidepressant effect, conpounds XXl and
XXI'I' must be tre 18 dNtdn 1068 | Meroidd abplndesrdbi 2t Ddn a5 the

2- phenyl al | yl am ne conpounds shown bel ow respectively in Formula XXI'l1 and
XXV CH carboxylic acidihferidtdlkid nsalve te agsfosdhtmpn of
conmpounds XXI or XXIl to the active netabolites of Fornula XXIII or 25 XXV

occurs through Ppoteessihmy|latthoium eardloium, oBl3nagnesiymkdamy an enzyne

known as

5

10

15

20

aromati c- L-am no

ammonium or (substituted) ammonium salts. The
potassium and sodium salts are preferred.

Compounds XXI and XXII are metabolic=precursors
(or " prodrugs_") of substances Which are
irreversible inhibitors of MAO, and said compounds
are useful in psyéhiatry for the treatment of .
depression. Compounds XXI and XXII are not
irreversible inhibitors of MAO in-vitro. In order to
produce irreversible inhibition of MAO in vivo, and
to exert théir antidepressant effect, compounds XXI
and XXII must be transformed.into active metabolites
which are the 2-phenylallylamine compounds shown

below respectively in Formula XXIII and XXIV:

CH CH
[l - b ?
C\ - _ C\
SN\ 7
CtH 2 _ P GHe
AN
NH , -~ HO. _ ‘NH .
2 2
OH . OH
XXIII _ . - XXIV

The in vivo transformation of compounds XXI or

XXII to the active metabolites of Formula XXIII or

25 XXIV_oécurs through a decarboxylation reaction

EN

Yo 4



1
.

~~aci d decar boxyl ase " (AADC). AADC is known to decarboxyl ate various
~Riologically inportant amino acids (such as dopa, tyrosine, phenylal anine,
§é§%tryptophan, and. 5- hydr oxytrypt ophan) to formthe correspondi ng N v
d noam nes. The anti depressant conpounds of Fornmula XXl 11 or XXV, which
-inhibit MAOin vitro and in vivo, are described and clained in the pending
U S application 10 of |I. MDonald and M Palfreyman entitled " Method for
Treating Depression ", Serial No. 268,554 filed June 1, 1981. It is known’
that AADC is present both in the brain.and extracerebral t-issue. Thus, the

15 decar boxyl atj %ﬂﬁgméﬁ'- witdd ® ke PLAC h in the
brai n and i)réaialtlﬁ;akcecegrehgfaq}pt I'ssue lefr? conééeqﬁ%lﬁ% AT blﬁtig%%%(’)f MAO. By
adm ni st eri ng ;COHRUUNGH Ko "X Aapd) cColddat 4 obhdWd he@ conpound capabl e
of preferen??%q?y bIocM%ﬁ?%mtrgﬁLreé?gl 20 AADC, t?ﬂédecarboxylation

reaction prQderbd AaRC vare dtE axdidgicdlly taloPtase aningrily in the
brain, and hence primarily the brain MAOw || be inhibited. The

admi ni strat iaeidy (Gugwy dofa ortyodsine, qgsénybdianineéf h a periphera
AADC inhibitor for 25 the treatnent of depression, therefore, offers the
advant age$ dirypioptheart, ard/ Sshyrdbawy tip toptmeseto form the
corresponding monoamines. '
The antidepressant compounds of Formula XXIII or
XXIV, which inhibit MAO in vitro and in vivo, are
described and claimed in the_pending U.S. application
10 of I. Mcbohald'and M. Palfreyman entitled " Method
for Treating DepfeSSidn ", Serial No. 268,554 filed
June 1, 1981. -
It is known that AADC ;s present both in éhe
‘brain and extracerebral tissue. Thus, the |
15 decarboxylation of compounds XXI or XXII can take
place both-in the brain and in extracerebral tissué
with consequent inhibition of MAO. By administering
éompounds XXI or XXII in combination with a compouhd
cépable df‘preferentially blocking extracérebral
20 AADC, the decarboxylation reaction producing_the
active metabolite will téke place primarily in the
brain, and hence primarily the brain MAO will be
inhibited. Thetadministration_of compound XXI or XXII
in combination with a peripheral AADC inhibitor fdf
25 the treatment of depression, therefore, offers the

advantages of substantially aveiding the " cheese



- 34 - effect " and other peripheral conplications that are commonly

associ ated with conventional MAO inhibitor therapy. In conbination wi n
extracerebral AADC inhibitor, conpound XXI or XXII will provide a 5"
site-drrected " inhibition of MAO, the inhibition being confined primarily
to the brain which has high AADC activity. Suitable AADC inhibitors for use
I n conbination with the conmpounds of Formula XXI and XXIl will be 10
apparent to those skilled in the art. Both,conpetitive and irreversible
inhibitors can be used. At the dosages used, the AADC i nhibitor nust be

capabl e of inhi Birklg AGRGCKLTACCLah:Bhlakal (1 RURIIGHY ietldy o bi ting

AADC in the brain. anpl es DC inhibitors for use in conbination

Wi th a conpound  ghmbaffulads’¥l atad Wiith dcpvedtiohena vand st de,
conmpounds whi ch al so have been found useful for bl ocking the peripheral

decar boxyl at i on tak rasggeIaug obdpRd iatiTwWiitsl are@xaaddretnadatida of 20
Par ki nsoni sm [ See Chapter 21, especially pages 482 - 483, " The
Phar macol ogi cal iBhsbd tofr, Teemppeantd &XI' or XXII will provide a
s " site-difected " inhibition of MAO, the inhibition
| being confined primarily.to the brain Whioh haé high
AADC activity.
| Suitable AADC-inhibitors for use in conbination'
with the compounds of Formula XXI'and XXII will bé
10 apparent to those_skilled in the art. Both
competitive.and irre#érsible inhibitors-can be used.
At the dosages used, the AADC inhibitor must be
capable-of inhibiting AADC extracerebraliy without
substantially inhibiting AADC_in the brain. Examples
15 of AADC inhibitors for use in cdmbinétion with a
compound of Formula XXI and.XXII ore carbidopa and.
benzerazidé, compounds which also have been found
useful for blocking the peripheral decarboxylation of
exogenous L-dopa administered for the treatment of -

20 Parkinsonism [iSee Chapter 21, especially pagés 482 -

483, " The'Pharmaoological Basis of Therapeutics ",

Goodman and Gilmen Ed., McMillan Publishing Co.,
Inc., N.Y., 6th Ed., 1980 ]. Other examples of
suitable AADC inhibitors are the 2-amino-2-

25 (monofluoromethyl or difluoromethyl)-3-

(monohydroxyphenyl or dihydroxyphenyl)propionic acids

o
S



~Coodman and G lman Ed., MM Ilan Publishing Co., Inc., NY., 6th Ed.,
980].. O her exanples of suitable AADC i nhibitors are the 2-am no-2- 25,

'monof | uoronet hyl or difluoronethyl)-3- (nonohydroxyphenyl or ", v
di hydr oxyphenyl ) pr opi oni ¢ aci ds - 35 - and |ike conpounds, which are

- descri bed and clainmed in the pending U.S. application of P. Bey and M Jung
entitled " [err]-Hal onmethyl Am no Aci ", Serial No. 6/210,500 filed

Novenber 26, 1980. The aforesaid 2- 5 anethylated 2-am no- 3- (substituted
phenyl ) - propioni acids are als scrlbe i n_Rel gi p hbs 868;881
-Qrtiser %;r sflied B (G aMhea s, 200

and 882, 105. uor one
- dlfluoroneth dr 1 ).br opi oni C nd.f, 2' 3'- 10
or ¥1 ﬁ(?er?yﬁl}lq gjo%rs ere lar‘?‘h&eppfep%er'gt %"gcrl] %f Jqu

2- am no- 3- ( Yir ut (JOGQ 5 thyl 3-(3'-
hydropyrany%oxy§ﬁ§%§I Jﬂﬁ?%%ﬁuéﬁi}l escrl %% by R e %ﬁar?gln t he Doctora

Di ssertatai gy Ay, Istdoechli%d NS 20f 1986] Mdnsssseaaed Anino Acids as
Potential Irreversible Enzyme Inhi bitors ™,
5 halomethylated 2-amino-3-(substituted phenyl)- |

propionic acids are also described in Belgian patents

Nos. 868;881 and 882,105. Preferred compounds are 2-

amino-2-(monofluoromethyl or difluoromethyl)-a—

(3‘,4!-dihydrox&phenyl)propionic acid, and the 2',3'-

10 or 2' 5'-dihydroxyphenyl isomers thereof.

The preparation of 2-amino-3 (3'-hydroxy-
pnenyl)-s-butenoic acid (XXI) from methyl 3- (3'
hydropyranyloxyphenyl) 2-butenoate is described by R.
Chari in the Doctoral Dissertataion entit’ed

15 " Synthesis of B,y-Unsatura ed Amino Acids as

Potential Irreversible Enzyme Inhibitors ",

Univers1ty of Detroit, 1979 (available in print from
University Microfilm International, Ann Arbor,
Mich. )

20 In the me thod of Chari, methyl 3-(3'-tetra— _
hydropyranyloxyphenyl) 2-butenoate is brominated in.
carbon tetrachloride at -10°C to form the
corresponding dibromo compound which upon treatment

with ammonia in dimethyl sulfoxide (DMSO) affords



Uniyersity of Detroit, 1979 (available in print fromUniversity Mcrofi ' fjf
I nt.ernational, Ann Arbor, Mch.). 20 In the nethod of Chari, neth NG
3-(3Lctetra- hydropyranyloxyphenyl)-2-butenoate is brom nated in carbon
tet T éﬁﬂorlde at [err] to formthe correspondi ng di bronmo conpound which

upon treatnment wth ammoni a in dinmethyl sulfoxide (DMSO affords - 36 -
met hyl 2-am no- 3- (3'-tetrahydropyranyloxyphenyl) 3- butenoate. This
i ntermedi ate can be converted to conpound | _in two stages: (a) treatnent

wi th saturated ethereal hydrogen chlori de af ambient 5 tenperature, under

whi ch conditiongﬁﬂ@,dfoch i oS BT 0L £E P BEOYPah 15 2PBHERy 1 70I~( b)

treatnent with oric acid at reflux t enperat ure under which

condi tions the esi€dnShOMP ™81 LY YEEd1iate NBdhfbsatbaeptetineo
above-descri bed nethod 10 i nvol ves the preparation and isolation of ethyl

2- (tert-but oxycoshsbh@NXYD) 13- ¢wo ' stageahy(appyreayhent with
oxyphenyl ) -3-butenoate. This internediate is prepared by treating nethyl
2- ami no- 3- (3' -t edatinyaltepyes cingteal hydrogen chloride at ambient
5 temperature, under which conditions the aromatic -Oﬁ
protecting group is removed, and (b) treatment with
6N hydrochloric acid at reflux temperature under
which conditions the ester group is hydrdlyzed.,
A modification of the above-described method
10 involves the preparation and isolation of ethyl 2-
(Eggg-butoxycarbonylamino)-3-(3'—tetrahydropyrahyi-
oxyphenyl)-3-butenocate. This intermediate is prepared
by treﬁting methyl 2—amind-3-(3'-tetrahydropyfan?l-
oxyphenyl)-3-butenoate, as prepared according to the
15 above-described method of Chari, with'di-EggE-butyl‘
'dicarbonate in tetrahydrofuran at 60°C for about 2 -
4 hours. The intermediate can be converted to
compound I by a three-stage procedure which
comprises: | |
20 (a) treating the N-tert-Boc derivative with lithium
.hydroxide in dimethOXyethane/water'at ambient
temperature to hydrolyze'the ester fdnction,'
(b) neutralizing the lithium salt then formed with
dilute hydrochloric acid (to pH ca 4.0) to form the

25 corresponding free acid, and



et hod of Chari, with di-tert-butyl dicarbonate in tetrahydrofuran at 600C
or- about 2 - 4 hours. The internmedi ate can be converted to conpound k. by a.
t Hr ee- st age procedure whi ch conprises: 20 (a) treating the N-tert-Boc
-derivative with lithiumhydroxide in dinethoxyethane/ water at anbient
tenperature to hydrolyze the ester function, (b) neutralizing the |ithium
salt then fornmed -with dilute hydrochn?c—acid (to pHca 4.0) to formthe
25 corresponding free acid, and - 37 - (c) treating the free acid with
sat ur at ed et(mer sa?ede)glﬂm cfiver alelditwidth cs2bitated ebbetedb hours too
renove the tert-Boc group. The nodified procedure for preparing 2-anino-3-
5 (3'-hydr ohysiragan -hlnrideiat 420 to i 25 tester babiowh Exahpuesi18o@erei n.
2- Am no-3-(3',4" - d|hydroxy henyl ) - 3-butenoic acid (XXIl) can be prepared
froma suit ARMPYE dHtie (k8L G gFUP « 4' - di hydr oxyphenyl )- 2-but enoate by

follow ng the ge%ﬂ%ﬂmégf)icg”procedure for preparing 2-amino-3-

G@;ﬁgyphenyl)-3-butenoate, as prepared according to the 15 above-descri bed
1

S (3'—hydroxyphenyl)éa-butenoic acid is descpibed in
Example 13 herein. 2-Amino-3-(3',4'-dihydroxy-__
phenyl)-3-butenoic acid (XXII) can be prepared from a
suitably protected ethyl 3-(3',4'-dihydroxyphenyl)-
2-butenoate by foliowing the general procedure of

10 Example 13. However, the aromatic hydroxy protecting
groups must be.removed_under very mild qonditions-to
~avoid the océurrence of side reactions invélving the
doubie bond. The starting materials for the
bromination reaction can be prepabed in known manher

1S by the Witfig reaction by treating the appropriate -
OH ‘protected ketone with a suitable-triaikyl-
phosphonoacetate in DME at 0°C in the presence of
sodium hydride. The ketongs are known compounds.
Example 12 herein illustrates the preparation of -

20 ethyl 3-(3'-tetrahydropyranyloxy~phenyl)~2-butencate
_from 3-tetrahydropyranyloxy;acetophenonef

As will be'appreciated by those skilled ih the

apt, compounds XXI and XXII have an aromatic -OH



T0- Exanpl e 13. However, the aromatic hydroxy protecting groups nust be :
rerroved under very mld conditions to avoid the occurrence of side <:E§3">
reactj ons involving the doubl e bond. The starting materials for the R
brdf\\ﬁ tion reaction can be prepared in known manner 15 by the Wttig

reaction by treating the appropriate - OH protected ketone with a suitable
trial kyl - phosphonoacetate in DME at [err] in the presence of sodium

hydri de. The kétones are known conpounds. anple 12 herein illustrates the
preparation of 20 ethyl 3-(3 -tetrahydropyranyloxy phenyl ) - 2-butenoate from

3-tetrahydropyr it ose
skilled in the gléé corrpoundg%%nq‘\n%%%alqpJ ’have an aronl‘gtdlaff:i djﬁ‘ - 38 -
group and an al pRar NP YSHR LN AP mBRIdT UnciH PerTBe PerAcd akfsld N Manner
known per se. It I's knowi in the art that the N I="or 0-acyl groups

derived from an i3 kieOigrtAainhtOrche Nalddyal lor aEEyl Nrdipddrasdd can be
nmetabolically renoved to generate the free -NH2 group or -OH group in vivo.
Thus, the acyl deiomain \Eikaewlclsddeore imytrdldy tdueyrrings emnirio
5 acid can be metabolically removed to generate the
free'-NH2 group or -0H group ig vivo. Thus, the acyl
derivatives can also be employed for the purﬁoses of
this invention, provided that tﬁe acyl groﬁp can Be
removed in vivo to give the.deéired amino acid. It
10 will also be apparent that certaiﬁ derivafives of thé
carboxylic acid function, othér than ésters and
salts, can be emplbyed'for the purposes of this
invention. Examples are primary amides, secondary and
tertiary alkyl amides, and amides formed from the
15 alpha- or terminal NH,- group of natural amino.acids,
since it is known in the aft_that the amide bond can
be cleaved metabolically. |
Since compounds XXI and'XXII possess an
asymetric carbon atom, enantiomers'afe.ﬁoSsibie, and
20 the compounds may'be'in the_férm of the biologically
-active enantiomer or the racemate. The compounds may
be obfained in the form of a pure enantiomer either
by resolving a desired racehic product or by
resolving é raéemic starting material or intermediate

25 at any convenient stage of the synthesis. Methods of



I4 T
~thi-s invention, provided that the acyl group can be renoved in vivo to give
t.he desired amino acid. It 10 will also be apparent that certain -

. vatives of the carboxylic acid function, other than esters and saN5, - .
uh be enpl oyed for the purposes of this invention. Exanples are primary

i des, secondary and tertiary al kyl am des, and am des formed fromthe 15

al pha- or terminal NH2- group of natural amino acids, since it is known in

the art that the am de bond can be ckezged netabolically. Since conpounds

XXI and XXI'l possess an asynetric carbon atom enantioners are possible,

" and 20 the campyurgs owy the iresdbatiom afe twelbi khognchhl yheaatrtve

. enantionmer or the racemate. The conpounds nay be obtained in the formof a

pure enanti @ferchgnisgriby Whemldisrga trrgesdrecghvenphededn, or by

resolving a racemc starting material or internediate 25 at any conveni ent
stage of théhﬁﬁnﬁﬂ?ﬂ%ﬁphﬂﬁékkﬁ;Qﬁ the _racema¥®ying out the resolution are
well known in the art of chem stry. Wen dosage ranges are given herein,
they are applicadife @ PRIREFH &t, the invention provides the

5 following methods of preparation:

(1) A method for preparing a compound of Formula I,
IT, or III which comprises hydrolyzing a compound of

the_foimula:

CH, | cHX
10.R-C-TH-COZRb . . Rl—C-?H-COZRb,
NH, . - NH,

- XXIII | | . XXIV
P2
°r Ry - C-CH-CQR,
15 .. | - NH,
| XXV
. wherein:

X is fluorine, chlorine, or bromine,
R, is (C,-C,)alkyl,
20 R is the group Ra, as defined below,
L 31 is the group R2, as defined below, or a group of

the formula:

or _
25 OH HO
OH



I —h'.a;proc'ess aspect, the invention provides the 5 foll ow ng net hods of “
préparation: (1) A nethod for preparing a conpound of Formula I, |1, or IIY -

vvhlwehkpnprl ses hydrol yzing a conpound of the formula: CH2 a
CHX [err] wherein: X is fluorine, chlorine, or bromine, [err] 20 [err], '

as defined below, [err] is the group [err] as defined below, or a group of
the formula: [err] - 40 - and R as defined by R or [err] above, is

[err] - 41 - wherein . - 40 -

2, as defined by R or Rl’ above, is

/4
| ’
\§

5
HO HO
a \
] 4 ? 14
HO
OH
10
HO - HO
R4 9 f] R4 ’
OH
15 | | | o
HO OH
h ' 4 L
L ] R4 .
| w N/ )
| - OH
20 '
I l ’ { i— H



~lerr] is hydrogen, [err]al koxy, and [gLr]~is [err] or an aronatic -
' droxy-protected -and/or am no- 5 protected derivative thereof; and, if.
cessary, renoving in manner known per se the protecting group(s) eit{er .
“-simul taneously with or subsequent to the hydrolysis reaction. (2) A nethod
.as defined in (1) above wherein said 10 conpound treated is an aromatic
hydr oxy-protected derivative. (3) A nmethod as defined in (1) above wherein
sai d conpound treated i s an am no-protected derivative. (4) A method as
defined in (1) above wherein said 15-céhpeund treated is an aromatic

hydr oxy- prot ected and ami no-protected derivative. (5) A method as defined
in (1) abovehg@reigin said compound treated is a conpound of the formula:

[err] wherein: [errl 25 X is fluorjne, chlorine, or brom ne, and - 42
- Ry is hydrogen, (Cl-C4)alkyl or (qL alkoxy, and

Ry is (01—04)a1kyl or (C,~C ,)alkoxy;
or an aromatic hydroxy-protected and/or amino-

5 protected derivgtive thereof; and, if necessary,
removing in manner known per ég the protecting
group(s)'eifher simultanedusly with ér subsequent to
the hydrolysis reaction. .

(2) A method as defined in (1) above wherein said
10 compound treated is an aromatic hydroxy—prdtedted ..
derivative. |
(3) A method as defined in (1)'above wherein said
compound ffeated is an amino-protected-derivative;
(4) A method as defined in (1) above wherein said
15 compound treated is an aromatic hydroxy-protected and
amino-protected derivative._ |
(5) A method as defined in (1) above wherein said

compound treated is a compound of the formuia:.

CHX CX,
2oai-c-c|m-coznb'.or 'Rl-c-cln-cozab
NHp - M,
XXIV | XXV

- wherein:

Rb is (01-04)alxyl,

25 X is fluorine, chlorine, or bromine, and



[Fferr] 5 wherein: [err]ydrogen or [&f1]lalkyl; or an aromatic o
hydr oxy- protect ed and/ or am no-protected derivative thereof. (6) A net RS
as‘g_flned in (5) wherein X is fluorine 10 and R3 is- 3-hydroxyphenyl. ( A
et ho as defined in (6) wherein the conpound treated is a [err]alkyl ester
of 2-am no-4-fluoro- 3-(3'-hydroxyphenyl)-3-butenoic acid, or an aronatic
hydroxy-protected and/or amno acid protected 15 derivative thereof. (8) A
nmet hod as defined in (5), (6), or (7)_mheQEiQ the hydrolysis reaction is
carried out using an aqueous strong acid at reflux tenperature, under which
condi tions an aroagtg hydr oxy-protecting group 20 or am no-protecting
group is renoved. L % A net hod as defined in (8) wherein the hydrolysis is
carried out using 47 % aqueous hydrogen brom de at reflux tenperature. \Wen
enpl oyed to treat depression, the gfhective 25 dosage of the conpounds of
Formula I, 11, 111, XX, or Xﬁg vary according to the particul ar

OH
5 wherein:

"Ry is hydrogen or (C;=C4)alkyl; or an aromatic
hydroxy-protected and/or amino-protected derivative |
thereof. T
(6) A method as defined in (5) wheréin X is fluorine

10 and Ry is 3-hydroxyphenyl.
(7) A method as defined in (8) wherein the compound
‘treated is a (Cl-C4)a1kyl ester of 2-amino-4-fluoro-
3-(3’-hydroxyphenyl)-3-butenoic acid, or an aromatic
hydroxy-profected and/or amino acid protected
15 derivative thereof.
(8) A method as defihed in (5), (6), or (7) wherein
the hydrolysis reaction is carried out using an
aqueoﬁs strong acid at reflux temperature, under
which conditions’an aromatic hydroxy;protecting'group
20 or amino-protecting group is removed.
.{9) A method as defined in (8) wherein the hydrolysis
is carried out using 47 % aqueous hydrogen bromide at -
reflux temperature. _
Wheh employed to treat depression, the effective

25 dosage of the compounds of Formula I, II, III, XXI,

or XXII will vary according to the particular



~ -43- conpound bei ng enpl oyed,
zed the particular subject being treated.. In general, with the conpounds of
u'ﬁornula I, XXI, or XXIl, effective results can be achieved by 5 the oRnad or .
“ patenteral route at a dosage |evel of from about 20 to about 200 ng per

t he sevgri.t.y and nature of the depression,

-day, while with the conpounds of Fornula Il and IIl, effective results can
be achieved by the oral or parenteral route at a dosage |evel of from about

0.5 to about 50 ng per 10 day. Therapygghoul d be initiated at | ower
dosages, the dosage thereafter being increased until

the desired effect

is.

achi eved. Wepirn\de iirthidig 1dyd$, Ctheddve S €F eshai h&itdrd Sogonpound of

Formula I,

effective dane)depirddsioMDGridiiHE tmirtitilde Sapgdte wéingbstantially

1, 111, XXI, or XXIl, for the treatnent of depression,

bl ocki ng t he AADC cat al yzed decar boxyl ati on of said conpound
extracer ebr direatad.hdin garesting ival tly @i dongouryds hef APGmabaalyzed
decarboxylation in the brain. The effective dose will vary, however,

accor di ng t &&The ogaXXIdul zﬂfﬂgﬁﬂiamd‘ﬁﬁ-iht:ﬁ N e dacintieved biyse of the

anti depressant " prodrug "
5 the oral or parenteral route at a dosage level of:

10

15

from about 20 to about 200 mg per day, while with the

compounds of Formula II and III, effective results

‘can be achieved by the oral or parenteral route at a

~dosage level of from about 0.5 to about 50 mg per

day. _

Therapy should be initiated at 1ower-dosagés,
the dosage thereafter being increased until the
desired effect_is_achievéd._

When an AADC inhibitor is co-administered with a
compound of Formula I, II, III, XXI, or XXII, for the
tfeatment of depression, the effective dosage of the

AADC inhibitor must be capable of substantially

. blocking the AADC catalyzed decarboxylation of said

"'compound extracerebrally without substantially

20

blocking the AADC catalyzed decarboxylation in the

brain. The éffeqtive dose will vary, however,.

25

according to the particular compound being employed
and the dose of the antidepressant " prodrug "
administered. In general, with carbidopa and -

benzerazide effective results can be achieved by the

t he



admni stered. In general, wth carfsi dopa and 25 benzerazide effective: P~
results can be achi eved by the -.44 - oral or parenteral route at a ﬂg’;
dosage | evel of about 50 to 500 ng per day, preferably about 50 to 250 ng.
W't h e 2- hal onet hyl at ed 2-am no- 3-(substituted phenyl)propionic acids
deseri bed supra, effective 5 results can be achieved by the oral or
parenteral route at a dosage |evel of about 0. 1 ng to 1000 ng per day. For
exanmpl e, wth 2-am no-2-difluoromethyl- 3-f/8'_ 4'-dihydroxyphenyl)propionic
acid, and |i ke conpounds, the effective dose |s about- 10 to 1000 ng 10 per

day, preferably ghputs 100, &ml”&od@é ha¥-a dosage level of about
am no- 2-fl uoronet hyl -3- ('3 dlhydroxyphenyl) propi onic acid, and |ike

conmpounds, such sz 16560 ?mg W HOXY Rd1d ralsDAedbd e sof to 2de ®gfective
dose is about 0.1 to 50 ng per day, preferably about 0.5 to 15 10 ng. It

will be understqutﬁftﬂetzuhdyﬁméthyméMédwa4&muﬂu»3x%smhstﬂﬁﬂﬁe@d ei t her
substantially at the sane tinme as or prior to the admnistration of a
conpound of For mienyl)drdgpidnic )@didm’rdeecnibeﬂ)es_gg_r_a_, effective
5 results can be achieved by the oral or parenteral
route at a dosage level of about 0.1 mg to 1000 mg
per day. For example, with 2-amino-2-difluoromethyl-
3-(3',4;-dihydroxyphenyl)propionic acid, and iike
compounds, the effective dose is about 10 to 1000 mg
10 per day, preferably about 100 to 500 mg. With 2-
amino-a-fluoromethyl—s-(3',4'-dihydroxyphenyl)-
propionic acid, and like compounds, such as the 2,3-
. dihydroxyphenyl isomer thereof, the effective dose is
about 0.1 to 50 mg per day, prefefably about 0.5 to
15 10 mg.
It will be understood that the AADC inhibitor
- can be co-administered either substantially at the
same time as or prior to the administration of a
compound of Formula I, II, III, XXI, or XXII. When
20 administered prior, the AADC inhibitor can be given B
up to 4 hours prior, depending upon the route of"
administration and severity of the conditions being
treated.
Wheﬁ used in combination with an AADC inhibitor,

25 a compound of Formula I, II, III, XXI, or XXII and

-



20 adm nistered prior, the AADC inhi bitor «an be given up to 4 hours prior]
é;afpending upon the route of admnistration and severity of the conditions
' ng treated. When used in conbination with an AADC inhibitor, 25 a \J/ .
Xcohpound of Formula I, I, 11, XXI, or XXIl and -45- the AADC inhibitor
.can be admini stered separately, each being contained in a formulation in
whi ch _t he conpound or the AADC inhibitor is the sole active agent or they’
can be admi nistered together in a 5 Loh | ation containing both the
conpound and the AADC inhibitor as active agents. \Wen both agents are
cont ai ned | nefe SARGE CLAAIANESE Bl bBCabRLALLYE-AEOUALSAIeq3N agent can
vary dependi ng upon the particular conpounds enployed. -The
conpounds Ofeé&hSbéf'f'l?n&bﬁﬂaﬁﬁ@dbﬁnadmﬁbﬁh@b.%@ohniﬁ?‘hh@.%% gpgners to
achieve the desired effect. The conpounds can be adm nistrered alone or in
conbi nati on @ébhpolhar FACEHe| SADCYiAREBALAP! €sCahei 8b3eOactiihiéent s, the
proportion and 15 nature of which are determ ned by the solubility and
agent or they can be administered together in a

5 formulation containing both the compound and the AADC
inhibitor és active agents.'when both agents are
contained in a single formulation, the relative
amounts of each agent can vary depending upon the
particular compounds employed.

10 The compounds of this invention can be
administered in various manners to achieve the
‘desired effect. The compounds can be'administrered
alone or-in“combinatioﬁ'with pharmaceutically
acceptable carriers or diluents, the proportion and

1S nature of which are determined by the 961ubility and
éhemical proéerties of the cbmpound selected, the

. chosen route of administration, and standard
pharmaceutical practice. The compounds may be_
administered orally in sqlid dosage forms, e.g.

20 capsules, tablets, powders, or in liquid forms, e.g.
_Solutions or suspensions. The compound may also be
injected parenterally in the fofm of sterile
solutions_or suspensions. Sdlid oral forms may
contain conventional excipients, for instance:

25 lactose, succrose, magnesium stearate, resins, and



cheni cal properties of the conpound selrected, the chosen route of _é;;;.;ﬂ
adffi.ni stration, - and standard pharmaceutical practice. The conpounds may beni -’
aqUiq;étered orally in solid dosage forns, e.g. 20 capsules, tablets,
powders, or in liquid fornms, e.g. (solutions or suspensions. The conpound

may al so be injected parenterally in the formof sterile solutions or
suspensions. Solid oral fornms may contain conventional excipients, for

i nstance: 25 | actose, succrose, magnhesium stearate, resins, and - 46 -

|i ke materials. Liquid oral . forns may CUnﬂ i @ various flavoring, coloring,

e gk
thich ey Cont AL YRELRES BESHELHLCh ShallALg) g eabtilenige solUbilizing,

Ceround om n EeLIELESENBD00 Hehpha1ny Gponsplupasthustatl o1
of preparations are sterile aqueous or nonaqueous
S solutions or suspensions which may contain various
preserving, stabilizing, buffering, solubilizing, or
suspéhding agents. If desired, additi?es, such as
saline or glucose, may be added to make the solutions
isotonic. |
10 The amount of active compound administered will
vary and can be any effecfive.amount. Unit doses of
these compounds cah contain, for example, from about
1 mg to 100 mg of the compounds and may be
administered,'fqr example, one or more times daily,
15 aé needed.
The term " unit dosage form ." is used hérein to
mean'a single or multiple dose form containing a
quahtity of the active ingredient in admixture or
otherwise in associafion with the diluent or carrier,
20 said quantity'being such that oﬁe or more
predetermined uhits are normally required fof a .
single.therapeutic administration. In the case of
multiplé dose forms, such as liquids or scored
tablets,.said predetermined unit will be one fraction
25 such as 5 ml (teaspoon) quantity of a liquid or a |
half or quarter of a scored tablet, of the ﬁultipie

dose form.



~hese conpounds can contain, for exanple, Hromabout 1 ng to 100 ng of the’
ounds and nay be adm nistered, for exanple, one or nore tines daily, 15
needed. The term™ unit dosage form" is used herein to nmean a single ot .
" multiple dose formcontaining a quantity of the active ingredient in
-adm xture or otherwi se in association with the diluent or carrier, 20 said
quantity being such that one or nore -predetermned units are normally
required for a single therapeutic admnistration. In the case of multiple
dose forns, such as liquids or scorett #dbrets, said predeternmined unit will
be one fractlon 25 such as eas oon) ggantltxtgf a li Uld or a half

t
or quarter of a s r%dc?%BP§?+iB§ gfe ﬁﬁPtF elByse BFnPr 1 de%7 - |n a
conposi tion ect vention.provides pharnaceutical Qsi tions
d%a @g?a ? 8 23 and’ oY

conbr 1 si ng BUBHIBERACEr = rEoPBPRAPAPHE, FanbrE5THE"E Wepot
[err] the formula: '
._ CHX
5 R5 - " - CH - COZH ' y RS - g - CH - Cogﬂ ’
. | ki,
XXVI | 1 XXVII
CX2'
or Rg - C - CH - CO,H
10 - NH, | '
XXVIII | I
wherein:.
X is fluorine, chlorine, or bromine, and
Rg is.a group of the formula:
15

OH

R HO ~ HO E
20 R4 R, , » PRy Ry
X on o | :
HO i o -



[egrl&vjs [err]al kyl or [err]al koxy; or a [err]al kyl ester thereof;

non<t oxi ¢ pharmaceutically acceptable salt thereof; 20 in adm xture with o
otherwi se in association with a -pharmaceutically acceptable carrier or

di luent thereof. In another conposition aspect, there is provided a

phar maceuti cal conposition conprising (a) a 25 conmpound of Formula XXVI,
XXVIT, or XXVI1I, wherein X - 49-

mhg;einf X is fluorine, chlorine, ar brpmne, and R5 is a group of the -

formula: 15. [err]  -48- [err] 15 wherein [err] is hydrogen, [err]
{ ‘
Wi r

HO HO |

\\//'OH | Q§//,QH

OH
5 .

HO OH - ° HO OH | |
% 5 4 % /
o ’ Rl e

- - N HO

- OH ’
10

“e

A
(:f}k -, or [:i;}r.R4
ANY . :
HO "OH HO OH

15 wherein -

R_ is hydrogen, (Cl-C4)alkyl, or (01—04)alkoxy, and

3 _
R4is (01—04)a1ky1 or (Cl—C4)a1koxy;
or a (Cl-cs)alkyl ester thereof; or a non-toxic

pha:maceuticaily acceptable salt thereof;

20 in admixture with or otherwise in association with a
pharmaceutically acceptabie carrier or diiuent
thereof. |

In another compdsition aspect, there ié.provided
a pharmaceutical composition comprising (a) a

25 compound of Formula XXVI, XXVII, or XXVIII, wherein X



-~-and R are as defined herei nabove, and,b) an aromatic-L-am no acid ’
ﬁ;m§ecarboxylase I nhi bitor. Both active |ngred|ents can be in adnixture with
r ot herwi se associated with a pharnaceutically 5 acceptable carrier ./ .

fi.l uent -therefor. Preferred aromatic-L-am no aci d decarboxyl ase i nhi bitors

- are benzerazi de, carbidopa, and a 2-am no-3-(nmono- hydroxyphenyl or

di hydr oxyphenyl ) propi oni c acid. The pharnmaceutical formulations are
prepared in 10 a manner well known pgrgge.in the pharmaceutical art. The
carrier or diluent nmay be solid, sem-solid, or liquid material which

“serves as a afllifg! eareXdd Piefine @ héPsinabdeé, t A8daCH) vani ngredi ent.

Suitable diluents or carriers are we]l known per se. The 15 pharnaceuti cal
f or mul at i onsarematicc <klagnitith fasi¢ndecatboxypaseninnibivee, aBdthny be

adm nistered to the patient in the formof tablets, capsules,

‘supposi tori extisa uingrediensperan s, inradhixtuke. wibht be specific
exanpl es i ncluded herein-below, 20 illustrative exanples of suitable

phar maceut i cxtherwing Assveiaked wbih | pcphamaceutioai by exanpl es are

illustrative of the processes of the invention. Al tenperature are in
centi grad® acceptable carrier or diluent therefor. Preferred

*

aromatic-L-amino acid decarboxylase inhibitors are
benzerazide, carbidopa; and a 2-amino-3-(mono-
hydroxyphenyl or dihydroxyphenyl)propionic aci@.
The pharmaceutical formulations are prepared in
10 a manner well known per se in the pharmaceutical art.
The carrier or diluent may be solid, semi-solid, or
liquid material which serves as a vehicle, excipient,
6r medium for the active ihgredient, Suitable
diluents or carriers are well known per se. The
15 pharmaceutical formulations may be adapted for
enteral or parenteral use and may be administered to
the patient in the form of tablets,_capsules,
suppositories, solutions, suspensiqns, or the like.
| In the specific examples included herein-below,
20 illustrative_examples of suitable pharmaceﬁti¢al
_formulations are described.
The following examplss are illustrative of the
processes of the invention. All temperatuse are in

centigrade.



-50-. Exanple 1 [err]-F |uoro-3-nethoxyacet ophenone A solution of

3- net’hoxyacet ophenone (6.0 g) in acetic acid (20 m) is treated slowy wzgiéb\
bromine 5 (6.4 g) so that the tenperature does not rise above 200. After '
thg 6bﬁp|et|on of the addition, the solution is stirred for 1 hour at [err
and.the acetic acid is conpletely evaporated. The residue is crystallized
fromethanol to give [err]-brono-3- 10 net hoxyacet ophenone (7.51 g) as

cream needl es. A m xture of [err]-bronD-S-gﬁthoxyacetophenone (6.87 g) and

pot assi um hydrogen fluoride (7.0 g) in diethyTene glycol (50 ml) is heated

[err] and stirred for 5 hours.. The n1$££m§3és qcool ed, poured 15 into

i ce/water, and extracted with et her . extract is washed
consecut i vel y With saturateq. ﬁ%%&ﬁ%%#&@%@d water, dried,
and evaporated to yield a s ed froma mxture
of ethanol and ether A%m@ié@r&fpswfﬁeﬁn&yaé@t&pﬁaﬁMéy@se@ogheﬂﬁne (3.28
g): .colorless needles, mp. 53-54: NWR [err] 3.82, s, 3H 5 46
Hz) , acetic acid (20 ml) is treated slowly with bromine
| 5 (6.4 g) so that the temperature does not risé-abové
20°. After the completion of the addition, the
solution is stirred for 1 hour at 20°%, and the acetic_
acid is completely evapofated. The residue is
crystallized;from ethanol to give a-bromo-3-
10 methoxyacetophenone (7.51 g) as cream needles.
A mixture of a-bromo-a-methokyacetOphenoné (6.87
g) and potassium hydrogen fluoride (7.0 g) in
diethylene glycol (50 ml) is heated (100°) and
stirred for S5 hours. The mixture is qooled; poured
15 inte ice/watgr, and exéfacted with ether. Thé ethér .
extract is washed consecutively with saturated
- aqueous sodium bicarbonate and water, dried, and
evaporated to yield a solid mass. This is
recrystallized from a mixture of ethanol and ether to
20 afford. pure a-fluoro-3-methoxyacetophenone (5.28:3):
.colorless needles, m.p. 53-549: |
NMR (CDC1,): 6 3.82, s, 3H; 5.43, d (J = 46 Hz),
2H; 6.93 to 7.53, m, 4H. |
Analysis for CoH,FO,:

25 Found : C, 64.59; H, 5.34 %
Requires : C, 64,28; H, 5.39 %



2K, 6.93 to 7. 53 m 4H. Analysis for [erd] 25 Found . C 64.593‘

-

“H," 5.34 % Requires. : C, 64.28; H 5.39 % -51- Exanple 2 Ethyl
(‘3" - met hoxyphenyl - 4- fl uoro-2-butenoate A solution of diethyl R,
(EEEhoxycarbonylnethane- S phosphonate (5.6 g) in dinethoxyethane (80 m) is
ded dropwise to a cooled [err] suspension of sodium hydride (0.6 g)

in -

di net hoxyet hane (30 m). The m xture is stirred at roomtenperature for 2
hours, - and a solution of [err]-fluorog 5 8- et hoxyacet ophenone 10 (4.20 g)

i dlnethoxyethane (100 m)

I s added sIomAy Stirring is continued. for 30

m nutes after the conpletion of thgggéggg%gg. The solution is cooled to

about 100 and then poured into ice-

is extracted with ether. Ereyi5 et nedhe: ersydashed with water,
' ' ﬁ‘6¥éﬁ@ﬁ'TﬁT‘TTITZ§Q8¥Li$%WTT‘

chromat ography on silica . fluoro-2-butenoate

and evaporated to yield a

5

A solution of_diethyi ethoxycarbonylmethane-
phosphonate (5.6 g) in dimethoxyethane (80 ml) is

added dropwise to a cooled (0°) suspension of sodium

- hydride (0.6 g) in dimethoxyethane (30 ml). The

10

15

mixture is stirred at room temperature for 2 hours,
and a solution of a—fluoro-S-methoxyacetophenone
(4.20 g) in dimethoxyethane (100 ml) is added slowly.
Stirring is éontinued for 30 minutes after the
completion of the addition. The solution is cooled to
about 10° and then poured into ice-water (200'm;)
after which the mixture is extracted with ether. The
ether solution is washed with water, dried, and .

evaporated to yield an orange oil (5.23 g).

- Purification is achieved by chromatography on_silica

20

gel (200 g) using light petroleum (90 %)/ether (10 %)
as eluant whereupon there is obtained pure ethyl 3-

(3'-methoxyphenyl)-4-fluoro-2-butenocate (3.92 g):

.ﬂalmbst colorless oil:

25

NMR (CDCl,): & 1.28, t (J = 7 Hz), 3H; 3.77, s,
3H; 4.20, q (J = 7 Hz),; 5.83, d.4
(J = 47 Hz, 1.5 Hz); 6.15, s

(broad), 1H; 6.73 to 7.43, m, 4H.

0 m) after which the mxture

dried,

Tcation is achleved by

®



gel (200 g) using |ight petroleun1(90 ¥ /ether (10 %9 as el uant whereupon
there i s obtained pure ethyl 3- 20 (3'-nethoxyphenyl)-4-fl uoro-2- butenoate

(3.92 g): alnost colorless oil: NWR [err] 1.28, t (J =7 Hz), 3H, 3.7 T

3H, 420, q (J =7 Hz),; 5.83, d.d (J =47 Hz, 1.5 Hz), 6.15, s 25 i’f*'

(broad), 1H, 6.73 to 7.43, m 4H.. .- 52 - Analysis for [err] Found :

C, 65.53; H 6.44 % Requires . C, 65.53; H, 6.35 %Exanple 3 5

Et hyl 2, 3-di bronop-3- (3'-nethoxyphenyl)- 4-fluorobutyrate To a sol ution of

et hyl 3-(3'-nmethoxyphenyl)-4- fluoro-2- but¥hasat e (1.85 g) in carbon

tetrachloride (40 n) cilyol edrf[ ﬁ (Lﬁi 0 is added dropw se a 10 sol ution

oI PLon1Pe (1.48 g) - y@ 3de (10 M). Stirring is continued

a s tenperature ours, t ution is evaporated to
e a3 g - eve

dryness.. The resid ‘a pale
' Requires : C, 65.53; H, 6.35 %

Example 3
s Ethyl 2, 3-dibromo—3-(3'-methoxyphenyl)-

4-f1uorobutyrate

To a solution_of ethyl 3-(3'-methoxyphényl)—4-
fluoro-2-butenoate (1.85 g) in carbon tetrachloride
(40 ml) cooled to about -10° is added dropwise a

10 solution of bromine (1.48 g) in carbon tetrachloride
(10 ml). Stirring is continued at this femperature
for 2 hours, after which the solution is evaporated
to dryness. The residﬁe is a pale orange oil (3.27 g)
and is essentially pure ethyl 2, 3-dibromo-3-(3'

15 methoxyphenyl)-4-f1uorobutyrate' '

NMR (CDClS): § 1.23, (J = 7 Hz), 3H, 3.7%, s,
' 3H; 4.20, q (J = 7 Hz), 2H; 5.00, s,
1H; 5.35, 4 (J = SO Hz). 2H; 6.63 to
7.43, m, 4H.
20 ' . Example 4
Ethyl 2-bromo-3-(é'-methoxyphenyl)—

4-fluoro-2-butenocate
A solution of ethyl 2,3-dibromo-3-(3'-
methoxyphenyl)-4-f1uorobutyrate (5.55 g) in

25 tetrahydrofuran (10 ml) is added dropWise to a



~and is essentially pure ethyl 2,3-dibr,onp-3-(3" - 15 -
* net.hoxyphenyl ) - 4- quorobutyrate NVR (CDC13): [err] 1.23, t (J = 7 Hz),~ 3H

<75, s, 3H 4.20, q (J = 7 Hz), 2H 5.00, s, 1H 5.35 d (J = 50 Ft)\_2H;-,
3 to 7.43, m 4H 20 . Exanple 4 Ethy
“br ono- 3- (3' - met hoxyphenyl ) - 4-fl uoro-2-butenoate A sol ution of ethyl

2, 3-di bronp- 3-(3' - nethoxyphenyl)-4-fluorobutyrate (5.55 g) in 25
tetrahydrofuran (10 m) is added dropwsge.to a -53- suspensi on of NaH
(0.41 g) in tetrahydrofuran (40 m). The m xture is refluxed for 5 hours,

cool ed, and $wspénsiyntocangd (Ota1vg)ein teerahytvbCurant lfan extract ed
wth ether The ether extract is washed 5 with water, dried, and evaporated

to | eave an mIhngkheihixtube 3. réﬂlukédafbonsiboacbuecedlbﬁ,shhuca gel
(200 g) chromat ography using as eluant a m xture of |ight petroleun1(90
% /et her (1l0cafefmblyeuposatédreits wbtarneThpumixsukegl is then
2- bronD 3-(3' - et hoxyphenyl ) - ,
- “extracted with ether. The ether extract is washed
5 with water, dried, and'evaporated to leave an oﬁange
oil (4.52 g). Purification is achieved by silicé gel
(200 g) chromatégraphy using as eluant a mixture of
light petroleum (90 %)/ether (10 %)_whereupon there
is obtained pure ethyl Zébromo—a-(a'—methoxyphenyl)—
10 4-fluoro-2-butencate (3.85 g) almost colorless oil:
NMR (CDCl,): 60.97, t (J = 7 Hz), 3H; 3.78, s,
| 3H; 4.00, q (J = 7 Hz), 2H; 5.35, d

(I = 48 Hz), 2H; 6.70 to 7.52, m,

15 Analysis for 013§14BrF03:
Found  : C, 49.18; H, 4.35 %

Requires : C, 49.23; H, 4.45 %

Example 5
Ethyl 2-bromo-3-(3'-methoxyphenyl)-

20 4~-fluoro-3-butencate

. A solution of ethyllé-bromo-S-(S'-
methoxyphenyi)ééefluoro~2—buten§até (3.80 g) in
tetrahydrofuran (15 ml) is added.fo a cooled (-~75°)
solution of lithium diisoprOpylamide prepared'in~thé

25 normal way from diisopropylamine (2.1 ml) and n-



1QK4-quoro-2-butenoate (3.85 g) atnost colorless oil: NVR (CDC 3): N
[eFr]0.97, t (J =7 Hz), 3H 3.78, s, 3H 4.00, q (J =7 Hz), 2H 5.35,'-

(J‘5248 Hz), 2H, 6.70 to 7.52, m 4H 15 Anal ysis for [err] Found
r'C,\&9.18; H 4.35 % Requires : C, 49.23; H 4.45 % Exanpl e 5 Ethyl
2- brono- 3- (3" - net hoxyphenyl )- 20 4-fl uoro-3-butenoate A

solution of ethyl 2-bronp-3-(3'- methoxyphenyl)-4-fluoro-2-butenoate (3.80
g) in tetrahydrofuran (15 m) is added to %:cooled [err] solution of
l'ithiumdiisopropylamde prepared in th& 5 Aor mal way from

oL sopropy! o ne b L ThL T IaR g 2o 4080 HolfledBh 38 Heathe) 15V
nydr ochi or i ¢ acracrebvaFpEdraf (8. HaYs, RELBE, thY,adpitdn,’ BTG S
cautiously. The gLXtWbf mixture is stirred for 90 minutes at -75°.
Then S5 % aqueous hydrochloric acid (10 ml), followed
S by water (20 ml), are added cautiously. The mixture
is extracted with ether, and the ether extract is .
washed with dilute aqueous hydrochloric acid, then
_ with water, dried, and evaporated to give 2¥bromo-3-
(3'—methoxyphenyl)—4—f1uoro—3—buténoate (3.76 g) as a
10 brown oil, and can be used without purification.
Example 6 |
-Ethyl 2—gg;£:putoxycarbonylamino—a-(3'-methdxy-

phenyl)-4-fluoro-3-butenocate

A cooled (5°) saturated solution of ammonia in
15 dimethyl sulfoxide (15 ml) is added to ethyl 2-
bromo-a-(a'-ﬁethoxyphenyl)-4-f1uoéo-3-butenoate (0.62
g) in a pressure vessel. The vessel is sealed énd
'allowed to stand for 2 days ét room temperature. The
solution is then poured into_ice-wateb-and'éxtraéted
20 with dichloromethane. The dichloromethane extract is
-washed thoroughly with water, dried, and evaporated
to leave an orange oil (0.36 g). This substancé is
dissolved in tetrahydrofuran (30 ml)’Containihg di-
tert-butyl dicarbonate (0.31 g) and then stirred at

25 60° for 2 hours. Evaporation of the soivent'and



~Ls extracted with ether, and the ether, ext¢act is washed with dilute ’

. ous hydrochloric aC|d then with water, dried, and evaporated to give

_ ono-3- (3'- nethoxyphenyl) 4-f| uor o- 3- but enoat e (3 76 g) as a 10 bngwn .
oil,.and can be used w thout purification. Exanple 6 Ethyl

- 2- tert but oxycar bonyl am no- 3- (3' - et hoxy- - phenyl ) - 4-f| uor o- 3- but enoate A _
cool ed (50) saturated solution of ammonia in 15 dinethyl sul foxide (15 m)
i s added to ethyl 2- bronp-3-(3'- nethq¥§phenyl) 4-fl uoro-3-butenoate (0.62
g) in a pressure vessel. The vessel 7s %ealed and allowed to stand for 2.

d t T t d

ol Tact ed 2B HITRSHUT of Whe Betidih (0 O L PUE L1 LKQ 4EF 12 e

thoroughly wi g/)af&f ronfitdpfbagid RAARO Bl Atk (e éﬁ@i’éﬁﬁns@é%ﬂe oil (0.36
ce

g). This substa I's di'ssolved’in tetrahydrofuran (30 nl) containing di-

tert-butyk diegheRonaice #)0 akl euadly dlejws tihd etbdlatbo® 09 f®hre hours.

Evaporation of the sol vent .and - 55 - purification of the residue (0.64
g) by silicaagemic ethyl 2-tert-butoxycarbonylamino-3-(3'~

v

5 methoxyphenyl)-4-fluoro-3-butenocate (0.22 g):
colorless oil: |
.NMR (CDCIS): §1.17, t (J = 7 Hz), 3H; 1.42, s,
9H; 3.72, s, 3H; 4.13, q (J-= 7 Hz),
2H; 4.90, 4 (J = 8 Hz), 1H; 5.30, &
10 ' (broad, J = 8 Hz), 1H; 6.85, d (J =
82 Hz), 1H; 6.70 to 7.40, m, 4H.

Analysis for C18§24FN05:
Found : C, 61.22, H, 6.66; N, 3.87 %
Requires : C, 61.18; H, 6.85; N, 3.96 %

15 - : .~ Example 7
. Ethyl 2-amino-3-(3'-methoxyphenyl)- .

4-fluoro-3~-butencate

- . A solution of ethyl 2-tert-butoxycarbonylamino-
3-(3'methoxyphenyl)~-4~fluoro-3-butencate (218 mg) in
20 ether (10 ml) saturated with dry HCl is left
| overnight by which time colorless neediles
crystallize. These are collected and dried to afford
pure racemic ethjl 2-aminoea-(3'-methoxyphenyl)-4a
fluoro-3-butencate (150 mg): colérless needles, m.p.

25 141-142°:



al 'ows the isolation of pure racemc ethyl 2-tert-butoxycarbonyla -(3
t hoxyphenyl ) - 4-f | uor o- 3- butenoate (0.22 g): colorless oil: e
(Cwﬁmgf [err] 1.17, t (J =7 Hz), 3H, 1.42, s, 9H, 3.72, s, 3H, 4.13, g
. 7 Hz), 2H 4.90, d (J =8 Hz), 1H 5.30, d- 10
(broad J =8 Hz), 1H, 6.85, d (J 82 Hz), 1H 6.70 to 7.40, m 4H Analysis

¢ ,,g) chr omat ogr aphy using |ight petreleum (90 %9 /ether (10 % ﬁgé?ikant
N

for C18H24Fh05: Found .. C, 61.22, H,. 6.66; N, 3.87 % Requires . C,
61.18; H, 6.85 N, 3.96 % 15 56 - Exanpl e 7 Ethyl
2-anino-3-(3'-neth0é%gaenIQ enoate A solution of ethy
2-tert-butoxycarbon £or )-4- quoro 3-but enoate (218
ng) in 20 ether (10f§ ! aturate Wi Yy 41C o ght by whi ch
time col orl ess needl'es grsystal 1% %e’ litﬁezgie’ a['ir_'ejsc ed aaﬁ{j%rl ed to afford

pure racem c et hyl %e%{ﬂiri%sg (3 -@Et%‘g))@g)hqﬂyls) 941 fﬁ ugf cg33—,putenoate (150

ng): col orless needles, mp.
' ' Example 8

5 2-Amino-3-(3'~-hydroxyphenyl-4-fluoro-

3-butenocic acid

A'soiution of ethyl 2-amino-3-(3'-methoxy-
phenyl)-4-fluoro-3-bﬁ£éndate (150 mg) in 47 % aqueous
hydrobromic acid (10 ml)- is refluxed for 3 hours

10 after which the water is éompletely evaporated. The
residue (orange oil, 112 mg) is dissolved in ethanol
(1 ﬁl).and treated with a slight excess of'propylene
* oxide so that the pH is adjusted to about 4 to 5. The
resulting precipitate is collected and subsequently
15 recrystallized from ethanol/water whereupon pure
raéemic'2—amindé3-(3'-hydroxyphenyi)—4—f1uor6-3—
5utenoic acid (29 mg) is obtained: colorless needies,
m.p. 215°:
NMR (cnaob)E § 4.62, s, 1H; 6.28 to 7.13, m, 4H;.
20 - 6.98, d (J = 80 Hz), 1H. |
- Analysis for cﬂDH FNO.:

Found : C, 56.73; H, 5.21; N, 6.49 %

Requires : C, 56.87; H, 4.77; N, 6.63 %



;. 56 - Analysis for [err] Found ., C b4.22> H 6.25; N, 4.67 % :

~Requi res : C 53.89; H 5.91; N, 4.83 @6Exanp|e 85

W/ Ami no- 3-(3' - hydr oxyphenyl - 4-fl uoro- 3-butenoic acid A sol ution of ehhyl -

.—2-am no- 3- (3" -met hoxy- phenyl)-4-fluoro-3-butencate (150 ng) in 47 %
-aqueous hydrobromc acid (10 m)- is refluxed for 3 hours 10 after which
the water is conpletely evaporated. The residue (orange oil, 112 ng) is
dissolved in ethanol (1 m) and treategywith a slight excess of propylene,
oxide so that the pHis adjusted to about 4 to 5. The resulting precipitate
is collected and subsequently 15 rBzampfel Bi zed from et hanol / wat er
wher eupon pure raceni ¢ 2-am no- 3- (3' hydroxyphenyl) 4-fluoro-3- butenoic
acid (29 ng) is obtaiEthyl pos3 , , pF1INVR (CD OD): [err]
4.62, s, 1H, 6.28 to 7.13, m_ 4H 20 6.98, d (J = 80 Hz),
1H Analysis for [err] Found4'f1u°rQ3?*QUQen°3§35 21;' N, 6.49 %

Piperidine (0.22 ml) is added to a solution of

'S ethyl 2, 3-dibromo-3-(3'-methoxyphenyl)-4—fluoro-
butyrate (0.80 g) in ether (10 .ml). The reaction
mixture is stirred at room temperature for 3 hours -
and water is added. Ether extraction gives
essentially pure ethyl 2-bromo-3-(3'-methoxyphenyl)—

10 4-fluoro-2-butenoate (O 65 g)

Example 10

2-Amino-3-(3'-hydroxy-4'-methoxyphenyl)—

4-fluoro-3-butenoic acid
Repeating the procedures described in Examples
15 2, 3, 9, 5; and 6, ¢-fluoro-3-tetrahydropyranyloxy-
44methoxyaoetophenone can be'converted to ethyl 2-.
Egggfbutooycarbonylamino-s-(3f—tetrahydropyranyloxy—
.4-methoxyphenyl)-4-f1udro-3-butenoate. The conversion
of this intermediate to the final product is achieved
20 as follows. _
A mixture of this product (0.45 g) and lithium
hydroxide monohydrate (0 09 g) in water (3 ml) and
THF (13 ml) is stirred at room temperature for 2

hours. Dilute aqueous hydrochloric acid is added to

25 adjust the pH to about 4, then the acid is isolated



Requi res : C, 56.87; H 4.77; N, 6.63 % - 57 - Exanple 9 Ethyl
2-brono- 3- (3" - met hoxyphenyl )- 4-fluoro-2-butenoate Piperidine (0.22 m)
added to a solution.of 5 ethyl 2,3-dibrono-3-(3"-methoxyphenyl)-4-fluoro*
bdryfafe (0.80 g) in ether .(10*m ). The reaction mxture is stirred at room
tenperature for 3 hours and water is added. Ether extraction gives
essentially pure ethyl 2-bronop-3-(3'-nethoxyphenyl)- 10

4-fl uoro-2-butenoate (0.65 g). Exanple 10 '

2- Am no- 3- (3' - hydr oxy-4' - net hoxyphenyl ) = 5% uor o- 3- but enoi ¢ aci d Repeat i ng
t he procedures descrjbed in Exa

| .3, 9,..5 .
[err]-fluoro-3-P¥tF§H§Hr8§§F§ﬁ§gg?$?T§gn§FH y%@@ggﬁﬁ g&%é“@?ﬁtgg converted

A e g T T
to the final prafyglsisd 3GNeRKeS %9035159|@2W%fation affords a
colorless powder (0.21 g) which 1is dissolved in |
5 ethanol (20 ml) and treated with propylené oxide
(o.zo'g) at room temperature overnight. Filtration of
- the precipitate affords_ 2-amino-3-(3'-hydroxy-4"'-
methoxyphenyl)-4—f1ﬁoro-3-butenoic acid (0.12 g) as a

colorless powder, m.p. 214°:

10 NMR (D,0 + DC1): s 3.87, s, 3H; 5.00, s, 1H;-6;77 '
| to 7.13, m, 3H; 7.25, d (J = 80
Hz), 1H.
Analysis for °11 H ,FNO,:
Found _ : C, 54.68; H, 5.18; N, 5.74 %
15 ‘Requires ' : C, 54.77; H, 5.01; N, 5.81.%
Example 11 |

| a-Fluoro-SQtetraﬁydropyraﬁyioxy-
| 4—methcxza¢etoghenoné o
_'Aisolution Sf 3-acetoxy—4-methoxYacetophehohe
20 (53 g) in chloroform (700 ml) is cooled in an ice
bath and treated slowly with a solution of bfomine
(41 g) in chloroform (100 ml). The solution is then
stirred for 90 minutes after which the chloroform is
evaporated; The residue is dissolved in ether, washed

25 in water, dried and evaporated. Thé solid residue is



A m xture of this product (0.45 g) and lithium hydroxi de nonohydrate (0.09

) in water (3 m) and THF (13 m) is stirred at roomtenperature for 2

/hours. Dilute aqueous hydrochloric acid is added to 25 adjust the pH &/ -,

{. about 4, then the acid is isolated by et her extraction. The crude

-material _is treated overnight with a saturated solution of hydrogen
chloride in ether (20 mM). Filtration affords a colorless powder (0.21 @)
which is dissolved in 5 ethanol (20 miggand-treated with propyl ene oxide
(0.20 g) at roomtenperature overnight. Filtration of the precipitate

“affords 2- amdurydstal Fived ofyond' didkldonetieayé )hdxbheote- afboranoi c acid

(0.12 g) as a colorless powder, mp. 2140: 10 NVR [err] + DO ):
[err] 3. 87, w-btidmd-Dacestoryt4-medthoxyacdBophiendhle (52551dglJas 80 Hz),
1H. Analysis for [err] Found : C, 54.68; H 5.18; N, 5.74 %15

‘Requi res colorleds PAFTEsHMEP 01318157841, % Exanpl e 11
a- Fl uor o- 3-t et rahydr opyr anyl oxy-
_ A portion (57.4 g) of this bromide, mixed with
5 KHF (46;8 g) in diethylene glycol (S00 ml), is
allowed to remain at 100° for 8 hours. The mixture is
cooled,_poureﬁ into ice-water; and extracted with
ether. The ether soluble material is purified by
silica.gel chromatography using light petfoleum ,

10 (50 %)/diethyl ether (S0 %) as eluant whereupon c -
flubro-S-hydrdxyf4-methoxyacetophenone (22.4 g) is
obtained. Reerystalliéatibn from dichloromethane/
"hexane affords colorless.plates-tzb.a g): m.p. 70~
71°. | | |

15 The phenol (18.35 g) is treated with.
dihydfopyran (20 mi) and concentrated hydrochloric
acid (10.d:ops) at rodm ﬁeﬁperature for 3 1/2 hours.
The solution is poured'ihto 2 % aqueous sodium
hydroxide (300 ml) and exfracted with ether. The

20 ether soluble material is purified by silica gel
ghromatqgraphy.(light petroleum (80 %)/diethyl ether
(20 %)), and by pecrystallization from
dichloromethane/hexane to afford a=fluoro-3- .
tetrahydfébyranyloxy—4—methoxyacetophenone (17.15 g),

25 as colorless needles: m.p. 78-79°:



4-anet hoxyacet ophenone A sol ution.of 3-acetoxy-4-nethoxyacet ophenone 20 (53 o~
g)in chloroform (700 m) is cooled in an ice -bath and treated slowly with ‘"
a solution of bromne (41 g) in chloroform (100 m). The solution is th
st?TT%ﬁ for 90 mnutes after which the chloroformis evaporated. The ??%T)
residue is dissolved in ether, washed 25 in water, dried and evaporated.

The solid residue is - 59 - recrystallized from di chl oronet hane/ hexane

to afford [err]-Dbrono-3-acetoxy-4-net hoxy t ophenone (59.51 g) as

colorless plates: mp. 116-117. A portion%%§7.4 g) of this brom de, m xed

with 5 [err] (46.8 %r{c‘ﬂcﬁt hyl eng @ ec},('w M, eH;S RldPwed 494 .emain

at 1000. for 8 hour he m>X3'ure i s coo poured into ice-water, and
extracted with ether. The ether gplafy & 8t .erd alsH;s Puo,fied P 41 ica gel
chromat ography using |light petroleum 10 (50 %/diethyl ether (50 % as

el uant wher eupon [err]- fluoro- Sﬁmqfcz;;y;- & ) hax aredaphenae .80 4 ) is
obt ai ned. Recrystallization from dichl oronethane/ hexane affords col orl ess

pl ates (20.2 g): mp. 70- - to 7 63, ABC system, 3H
5 Analysis for C14§13E94:
Found : C, 62.59; H, 6.32 %

Requires : C, 62.68; H, 6.39 %

Example 12

Ethyl 3-(3'-tetrahydropyranyloxyphenyl)-
10 - 2-butenocate
A solution of diethyl ethoxycarbonylmethane-

phosphonate (10.3 g) in dimethoxyethane (100 ml) is
addéd dropwise to a cooled (0°) suspensioh of sodium
hydride (1.2 g) in dimethoxyethane (SO ml). When the

15 addition is complete (about 30 minutes), the cooling
bath is removed and the mixture is stirred for a
further 2 hours. To this mixture is slowly édded a
solution of 3-tetrahydrdpyranyloxyphenylacetoﬁheﬁone
(10;0-3) in dimethoxyethane (200 ml) at room

20 temperature. The reaction mixture is then heated at
.about 70° for 4 houré, cooled to room temperature,
and poured into water (1 1). Ether extraction
followed by silica gel (200 g) chromatography (light
petroléum (80 %)/ether (20 %) as eluant) enables the

2% isolation of pure ethyl 3-(3'~tetrahydropyranyloxy-

phenyl)-2-butencate (8.45 g): colorless oil:



f/{err] 15

oncentrated hydrochloric acid (10 drops) at

The phenol (18.35 g) is .treated wi-th dihydropyran (20 nm) ant

roomtenperature for 3 1/ 2«

GZEioﬁrs The solution is poured into 2 % aqueous sodi um hydroxi de (300 Ly -

nd extracted with ether. The 20 ether soluble material is purified by

silica gel chromatography. (light petroleum (80 %/diethyl ether (20 %),
and by recrystallization from dichl oronet hane/ hexane to afford -

[err]-fluoro- 3-

tetrahydropyranyloxy ~4gethoxyacet ophenone (17.15 g)

25 as

colorless needles: mp. [err] - 60 - NWMR (CDC1): [err] 1.57 to 1.93,

m 6H 3.43 to 4nBA, (3pouand 3 81275, 5Ky 5 40Hz0 ,( B3I 47 4% )to 2H, 5.40, s
1H, 6.80to 7 633 ABC system 3H 5 AnaIyS|s for C HFO [err]

(broad),
Found

C, 62.59; H, 6.32.97, m, 6H; 2.50, d (J = 1.5 Hz),
3H; 3.33 to 3.93, m, 2H; 4.13, q (J
= 7 Hz), 2H; 5.35, s (broad), 1H;

s 4.37, t (J = 1.5 Hz), 1H; 6.83 to
7.57, m, 4H..

Example 13

Step A:
Ethyl 2,3-dibromo-3-(3'-tetrahydro—

.10 . pyranyloxyphenyl)butyrate

A solution of bromine (3;50 g) in carbon
tetrachloride (60 ml) is added dropwise to a cooled
(~10°) solution of ethyl 3-(tetrahydropyranyloxy—.
phenyl)-2-butencate (5.80 g) and pyridine (10 drops)

15 in carbon tetrachloride (60 ml). After the completion
of the addition, the reaction-mixture is stirred for
1 hour at about -10°, and the solvent is evaporated
to leave an orange oil (9.42 g). Chromatography on
silica gel (200 g) using a mixture of light petroleum

20 (80 %) and.ethef (20 %) as eluant allows the |
_separation of pure ethyl 2,3-dibromo-3—(3'¥
tétrahydropyranyloxyphenyl)butyrate (5.47 g):
colorless oil: |

NMR (CDCIB): § 1.37, t (J = 7 Hz), 3H; 1.27 to.
25  2.20, m, BH; 2.55, s, 3H; 3.40 to

a



Requi res : C, 62.68;, H 6.39 %.,Exanple 12 Et hyl

3- (3' -t etrahydropyranyl oxyphenyl)- 10 ' 2-butenoate A

sol ution of diethyl. ethoxycarbonyl net hane- phosphonate (10.3 g) in .-
drﬁﬁfhéxyethane (100 M) is added .dropwise to a cooled [err] suspension-qéii) '
sodi um hydride (1.2 g) in dinethoxyethane (50 m). Wen the 15 addition

conpl ete  (about 30 m nutes), the cooling bath is renoved and the m xture is
stirred for a further 2 hours. To this niéégre is slowy added a sol ution
of 3-tetrahydropyranyl oxyphenyl acet ophenorre= (C10. 0 g) i n di met hoxyet hane
(200 M) at room 20 tenperature. ,The reactypn myjure is t eatgd at

4 g‘%’t g“rfpe%’ﬁ ﬂgg’aﬁd o h)erf'lér}t’o %g‘t er (1

about 70 for 4 hours, cooled to rd ture, our ed

1). Ether extraction followed by gsidd C 98ly.(204 1) SCQ?FHQ
i'S

n ar apfyy (1ight
petrol eum (80 % /ether (20 % as el udnt)’ enables t'he 2 éﬂgtﬁgﬁ of pure

ethyl 3-(3'-tetrahydropyranyl oxyg Blerd Jr.aPpuienegie (8.45 g): colorless

oi | : - 6.1 NWR (CDCL1): [err] 1.27, t(J = 7 Hz), 3H 1.40 to
o ' ' ~Step B: :
5 (Racemic) Ethyl 2-(tert-butoxycarbonylamino)-

3-(3'-tetrahydropyranyloxyphenyl )-3-butenoate

A saturated solution of ammonia in dimethyl
sulfoxide (20 ml) is added to ethyl 2,3-dibromo-3-
(3'-tetrahydropyranyloxyphenYI)butyraﬁe (1.5 g) in a

10 suitable pressure vessel at about 5°. The reaction
vessel is firmly sealed. The solution is left at
ambient temperature for 40 hours and is then pdured
into ice-cold water (200 ml) which is extracted with
dichloromethaﬂe. The organic extract is thoroughly

15 washed with water, dried, and evaporated to leave a
yellow oil (0.64 g). |

A solution of this material and di-tert-butyl
dicarbonate (0.45 g) in tetrahydrofuran (50 ml) is
" heated at 60° for 2 hours. Evaporation’tb dryness

20 leaves an orange oil (0.93 g). Purification is
achieved by silica gel (30 g) chromatography using
light petroleum (90 %)/ether (10 %) as eluant
whereupon there is obtained racemic ethyl 2-(3353—
butoxycarbonylamino )-3-(3'-tetrahydropyranyloxy-

25 phenyl)-3-butenoate (0.43 g): colorless oil:



.-832.07, m 6H 2.50, d (J = 1.5 Hz), 3H 3.33 to 3.93, m 2H 4.13, q (J =

7 Hz), 2H, 5.35, s (broad), 1H, 5 4.37, t (J = 1.5 Hy,
lH' 6.83 to 7.57, m 4H Exanple 13 Step A Ethyl "/ .
3-di brono-3-(3' -tetrahydro- 10 * pyranyl oxyphenyl ) butyrate A

lution of bromne (3.50 g) in carbon tetrachlaride (60 m) is.added
dropwi se to a cooled (-10) solution of ethyl 3-(tetrahydropyranyl oxy-
phenyl ) - 2- but enoate (5.80 g) and pyrldég@_(lo drops) 15 in carbon
tetrachloride (60 m). After the conpletion of the addition, the reaction

m xture is stirrﬁﬁhfg?nélhpursai Gout (30= angzhheggol yery ig evaporated
to | eave an orange ol (9 42 ) Chronatography oh silica gél ~(200 g) using

a mxture of light petroleumg®; (80480 tang, g@beﬁ (8fi; %8.806 ebuant al | ows
the separation of pure ethyl 2, 3. di br ono- 3- (3’

tetrahydropyranyloxyphenyl)tnmysalan(SZH? Q)OSQOQO(Hess7po) NgR;( CDA ) :
[err] 1.37, t (J =7 Hz), 3H 1.27 to 3
4.92 to 5.53, m, S5H; 6.77 to 7.33,

5 o _ m, 4H.

Steg C'
(Racemic) 2-(tert-Butoxycarbonylamino)-

3-(3'-tetrahydropyranyloxyphenyl)-3—'

. butenoic acid

10 A solution of ethyl 2-(tert-butocycarbonyl-
amino)-3-(3'~tetrahydropyranyloxyphenyl)-3~butencate
(0.40 g) in dimethoxyethane (10 ml) and water (2 ml)
is treated with solid lithium hydroxide monohydrate
(0.02 g). After stirring for 2 hours atlroom

15 temperature, the mixture is diluted with water and

- acidified with 0.1 N hydrochloric acid to ca pH 4.
Extraction with.ether gives essentially pure racemic
2e(Eggg—bu#oxycarbonylamino)-3-(3’-tetrahydro-
pyranyloxyphenyl)-3-butenoic acid (0.25 g): colorless

20 solid.

o Step D: -
Hydrochloride of (récemic) 2-amino-3-

(3'-hydroxyphenyl)-3~butenoic acid

A solution of 2-(tert-butoxycarbonylamino)-3-

25 (3'~tetrahydropyranyloxyphenyl)-3-butenoic acid (0;25'



25, 2.20, m B6H, 2.55, s, 3H, 3.40 to - 62- 4.13, m
2H"4.33, q (J =7 Hz), 2H, 5.05, s, 1H, 5.10, s (broad), 1H, 6.73 to 43
'm “4H. Step B: 5 (Racem c) Ethyl 2-(tert-butoxycarbonyl am no) - = v
3-}8{5fetrahydropyranyloxyphenyl)-B-butenoate A saturated sol ution of i
ammonia in dinmethyl sulfoxide (20 m) is added to ethyl 2, 3-dibrono-3-
(3'-tetrahydropyranyl oxyphenyl )butyrate (1.5 g) in a 10 suitable pressure
vessel at about [err] The reaction vessel is firmy sealed. The solution is

| eft at anmbient tenperature for 40 hours &fd<s then poured into ice-cold
water (200 m) which is extracted with dichl oromethane. The organic extract

i s thoroughly 18wdshefhgn {1amdy), sptunptes, vidh Batfreskave a yel | ow
(045 cy 11 tet PRI Tk AORR R A RuRTE & R4 e, hfe ™ ©
Evaporation to ¢¥ness P difR ¥b1¥Atls Udydthnl® Hecfpidddsation is

These are collected and dried to give'the | '

5 hydrochloride of racemic 2-amino-3-(3'shydfoxy-
phenyl)-3-butenoic acid (0.12 g): colorless needles,
m.p. 199-200°: | |
Analysis for C,nH 5ClNO,:

Found : ¢, 52.08; H, 5.24; N, 5.95 %
10  Requires  : C, 52.29; H, 5.27; N, 6.10 % ,
| Step E:

(Racemic) 2-Amino-3-(3'—hydroxthenyl)-

3-butencoic acid

A solution of the hydrochloride of é-ahino-s-
15 (3'-hydroxyphenyl)-3-butenoic acid (0.12 g) in
ethanol (2 ml) is treated with a slight excess of
propylene oxide. After several hours, the
ppgcipitated material is collected and dried to
.afford pure racemic z-amihofaé(s'-h&dbdxypﬁenYl-S—
20 butenoic acid: colorless powder, m.p.‘204—205°:'”
NMR (CD30D): § 4.8, s qbscufed by CD,OH peak;
5.33, 8, 1H; 5.47, s, 1H; 6.47 fo
7.13, m, 4H.
In the following Examples-felating'ﬁo

25 pharmaceutical compositions, the term " active



-achi eved by silica gel

(30 g) chromat Qgraphy usirng |ight petroleum (90

% /ether (10 %9 as eluant whereupon there is obtained racem c ethyl

' iéﬁ(ﬁert- but oxycar bonyl ani no) - 3- (3, -t etrahydr opyranyl oxy- 25 : N
phienyl ) - 3-butenoate (0.43 g): colorless oil: * - .63 - NWR (CDC13): 6
71.08, t (J 7 Hz), 3H 1.37, s, 9H, 1.40 to 2.10, m 6H 3.30 to 3.90, m

2H. 4.08, q (J = 7 Hz), 2H 4.92 to 5.53,

m 4H. Step C (Racemc) 2-( tert-Butog
3-(3' -tetrahydropyranyl oxyphenyl) - 3-7

ethyl 2-(tert-
_anino)-3-(3gﬂﬁ§

m 5H 6.77 to 7.33, 5

car bonyl am no) -
enoi ¢ acid 10 A sol ution of

SR GPE Uded £2 indicate the compound Jramino-

ours at room 15

dinethoxyet@QQ%.Lﬂ%é?%ﬁfﬂﬁiiggf%ﬂjéadggoéfi§f£@%$g? phfigsolid lithium

hydr oxi de nmonohydr

ter stirri'ng

t enper at Ur e o ciroud ity Ue® AU 1Hrh irk NS b Pt foid ogly Vi 01 N

hydrochloric acid to ca p .
other compound of the invention. Adjustments in the

10

1S

20

25

~amount of medicament may be necessary or desirable

depending upon the degree of activity of the

medicament as is well known in the art.:

Example 14

An illustrative composition for hard gelatin

capsules is as follows:
(a) active compound

(b) talc

(c¢) lactose - ;

0.5 mg
S mg

894.5 mg

" The formulation is prepared by passing the dry

powders of (a) and (b) through a fine mesh screen and

mixing them we11, The powder is then filled into hard

gelatin capsules at a net £il1l of 100 mg per capsule.

Exaﬁple 15

An illustrative composition for tablets is és

follows: .

. (a) active compound
(b) stérch
(c).lactose
(d). magnesium stearate

The granulation obtained

0.5 ﬁg
48 mg
51.5 ﬁg
2 mg

upon mixing the lactose

with the compound (a) and the part of the starch and

¥

L



Extraction with ether gives essentially pure racemc

2-(fert-butoxycarbony|anino)-3-(3,-tetrahydro- pyranyl oxyphenyl ) - 3- but end &
agldJ(Q.ZS g): colorless 20 solid. Step D. Hydrochloride of (racemc) -
2-"ami Y6- 3- (3' - hydr oxyphenyl ) - 3- but enoi ¢ acid A sol ution of

2- (tert-butoxycarbonyl am no)-3- 25 _

(3" -tetrahydropyranyl oxyphenyl)-3-butenoic acid (0.25 - 64 - g) in ether
(10 M) saturated with dry hydrogen chloride is | eft standing at about

[erir] for 16 hours during which time coFof®ess crystals precipitate. These

are collected and dried to give the 5 hydrochl orjde of J
2- ani no- 3- (3" - h?HFB?}?-tﬁﬁewgltf‘- §-tl§'6'f=gn8i>é@t§ciq§ ;1f§l’g)s:r°ar%%lngt?%’esa§1%eedl es,

e
Xgﬁ8§¥ggggyﬁht0'tablets weighing 100 mg each.
 Example 16
5 An illustrativé compesition for an'injegﬁable
suspension is the following 1 ml'ampul for an

intramuscular injection:

weight per cent

(a) active compound ' 0.1

10 (b) polyvinylpyrrolidone - 0.5 '
(c) lecithin . 0.25
td) wéter for injection to make 100

The materials (a) - (d) are mixed, homogenized,
and filled into 1 ml ampuls which are sealed and
15 autoclaved 20 minutes at 121°. Each ampul cqhtains 1

mg per ml of active compound.

Example;l?
gg[suppdsitori
Active compound ' o 1
20 0il of Theobroma _ 999

The medicament is powdered and passed through a
B.S. No. 100 sieve and‘trituratéd with molten oil of
Theobroma at 45° to form a smooth suspension. The
mixture is well stirred and poured into moulds each

25 of nominal 1 G capacity, to produce'suppositories.



.3-butenoic acid A solution of the hydrochl eride of 2-am no-3- 15 :
3' - hydroxyphenyl )-3-butenoic acid (0.12 g) in ethanol (2'm) is treated
Cg?@m a slight excess of propyl ene oxide. After several hours, the N .
- recipitated material is collected and dried tio afford pure racemc '

.2-am no- 3- (3" - hydr oxyphenyl - 3- 20 butenoic acid: colorless powder, mp.
204-205: NWR (CD30D): [err] 4.8, s obscured by [err] OH peak; 5.33, s, 1H
.5.47, s, 1H, 6.47 to 7.13, m 4H. In_t@@ follow ng Exanples relating to 25 -
phar maceuti cal conpositions, the term™ active - - 65 - compound " is used

to indicate the conpound 2-anino-Egéﬁgiéhi@roxy)phenyl-3-f|uoroalIylanine.

Thi s conpound may be replaced in sitions by any other conpound

of the invention.2 IS lHydRexyppremyD) -9LoaBshe fgeat 18Ry be

necessary or desirabl e dependi ng upon the degree of activity of the

medi cament ghedre MBldf te®Vrefdridd® €6 tas ExangEBLe 1}, 2-amino-4-
fluoro-3-(3'-hydroxyphenyl)~-3~butenoic acid (herein-

5 after referred to as " AFHBA "), and 2-amino-4-
fluoro-a-(a'-hydroxy-4-methquphenyl)-S-butenoic acid
(herein-after referred to as " AFMBA ") were tested
'as follows:

A. I v testin

10 AHBA or AFHBA was incubated with partially
purified hog kidney AADC_at 37° for various times up
to 2 hours. HPLC analysis detérmined_that at 2 hours
each comp@und (as the bL-mixture) underwent 50%
decaiboxylation to give the corresponding allylamine

15 [ 2;(3'-hydroxy)phenyla;lylamine or 2-(3'-hydroxy)-
phenyl-a-fluoroéllylamine, respectively ]. When the
experiment was repeated in the presence of 10 uM g~
monof_luoror_nethyl-Dopa.(M_FMD) (an AADC inhibitor), no
decarboxylation was observed.

20 The decarboxylated products are time-dependent
4rrevérsible inhibitors of MAO in vitro: IC50 for 2-
(3'-hydroxy)phenylallylamine, ~ 10™5; ICgy for 2-
(3'-hydroxy)phenyl—3-fluoroallylamine,.~.10’9. AHBA
and AFHBA are ihactive or very weak inhibitors of

25 MAO.



An illustrative conposition for hard gelatin 10 capsules is as follows: (a)

active conpound 0.5 ng (b) tale 5 ngy \ &
| act gs 94.5 ng The fofmulation is prepared by passin

dry 1 pomders of (a) and (b) through a fine nesh screen and m xing the

wel .. The powder is then filled into hard gelatin capsules at a net fill of

100 ng per capsule. Exanple 15 An illustrative conposition for tablets is
as 20 follows: (a) active conpound _ _0.5 ng (b) starch
48 nmg (c) | actose 51.§%ﬁ)(d). magnesi um st ear ate

2 mg 25 E.eEg{%q}oatﬁe%igg ai ned upon mxing the lactose with the.
conpound (a) an tarch and - 66 - granulated with
o or TS compr S I AN i fidi e esssn s At e T

i.p.) alone or with AHBA (250 mg/kg, i.p.) in

combination with MFMD (1 mg/kg, i.p.) administered 30

5 minutes before AHBA. Mice were killed 4 hours later

and MAQ‘activity (tyramine as substrate) was

determined in brain and heart. AHBA administered

alone produced 30% inhibition of MAO in brain and

heart. AHBA in combination wifh MFMD produced 65%

10 inhibition of MAO in the brain.

To determine the site-selecti#e effect, MAO
activity was detefmined in mouse brain using the
neuronal substrate S5-HT and the non—neﬁronal
substrate phenylethylamine (PEA). AHBA administered

15 in combination with MFMD inhibited neuronal MAO (S5-HT
substrate) by 82%.and non-neuronal MAO (PEA -
‘substrate) by 15%. .

II. Rats were injected with AFHBA (0.5 mg/kg, i.p.)
alone or with AFHBA (0.5 mg/kg, i.p.) in combination

20 with MFMD (2.0 mg/kg, i.p.) administered 30 minutes
before AFHBA. Animals were killed 18 hours later and
MAOIactivity (5-HT_and phenefhylamine as subétrates)
was determined in brain, heart, and liver. In the

brain, AFHBA administered alone inhibited neuronal

25 MAO by 72% and non-neuronal MAO by 37%. Pretreatment



. Exanple 16 5 An illustrative conposition~F0r¥én I nj ectabl e suspension?l

=,‘fthe following 1 m anpul for an intranuscul ar injection: weight per cent
an

(8} active conpound 0.1 10 (b) pol yvinyl pyrrol-indénes -
'_. (c) lecithin - 0.25 (d) water for injection
-T0 nmake 100 The materials (a) - (d) are m xed, honpbgeni zed, and

filled into 1 m anpuls which are sealed and 15 autoclaved 20 m nutes at
1210. Each anpul contains 1 ng per ni éH active conmpound. Exanple 17
nmg/ supposi tory Active conpound - - 120 QI of

Theobrom i, D 4is ok, esse ST O lanBpPRLgEL Y and
mmeobr o gt ShSrlfl S SR, WP Wl Sty g | S0
SUPpPOSI t Ol @Jn-neuronal MAO to 28%. In the heart, AFHBA
inhibited neuronal MAO by 52% and non-neuronal MAO by
5 44%, but pretreatment with MFMD reduced neuronal
inhibition of MAO to 18% and non-neuronal inhibition
to 4%. In the liver, MAO inhibition by AFHBA alone
‘was 29% (neuronal) and 38% (non-neuronal), but
pretreatment with MFMD totally blocked MAO
10 inhibition.
| When the above experiments with AFHBA were
repéated usinglcarbidépa (50 mg/kg, i.p.), the AADC
inhibitor produced the same protective effect against
inhibition of MAO in the heart as MFMD (2.0 mg/kg,
15 i.p.). To demonstrate the activity of AFHBA by oral
administration, rats were gav#ged with various doses
of the compounds and killed 18 hours later. MAO
activity was determined in the brain using S-HT and
phenethylaminé (PEA) as substrates. The following
20 results were cbtained:

% Inhibition of MAO

‘Dose (mg/kg) Neuronal Non-neuronal
0.5 63 41 .

25 1.0 71 64
2.5 | 95 83



-67-. Exanpl e 18 2- Am no- 3-{-3«~=hydroxyphenyl ) - 3-but enoi c acid (herein-g3 N
réferred to as " AHBA "), 2-amino-4- fluoro-3-(3' -hydroxyphenyl)-3-bu oL
agid (herein- 5 after referred to as " AFHBA "), and 2-am no-4-
FFuonfB-(B'-hydroxy-4-nethoxypheny|)-3-butenoic acid (herein-after
referred to.as " AFMBA ") were tested as follows: A In vitro testing 10

~ AHBA or AFHBA was incubated with partially purified hog kidney AADC at 37
for various tinmes up to 2 hours. HPLC amalrgsis determ ned that. at 2 hours
each conmpound. (as the DL-m xture) underwent 50% decarboxylation to give the
cor'respondi ng aIIImankaeslﬁekeZiﬁabchydr01¢hph€M¥haKn¢DamEdkgari.p.%

2-(3' -hydroxy)- phenyl-3-fluoroallylamne, respectively ]. Wen the

"experi ment was anpeweee kiliked pBebomrs dated. ¥AC| asdiyflitiyomw&®et hyl - Dopa
(MFMD) (an AADC inhibitor), no decarboxyl ati on was observed. 20 . The
decar boxyl at ed geseugminedr dnt the- Begdndeheartne@Bdsildven wsing S8l Mo

invitro:. IC . for 2- 50 (3'-hydroxy)phenylallylamne, [err]
(3' - hydr oxy) pheAe- BEA.  8h8aff ﬂ&WPﬁg,rFéﬁﬁFs Were Obtaine :

5
% Inhibition of MAO
Neuronal Non-neuronal
Brain _ 16 40
Heart 18 46

10 Liver 2 .11

I#. ﬁats were ihjected with AHBA as the ethyl-ester
(334 mg/kg, i.p.) alone or in'combination with
carbidopa (100 mg/kg,i.p.) giQen 30 minutes before
15 administration of the ethyl ester of AHBA. The
animals wére killed 4 hours later. MAO activity was
determined in the brain using 5-HT and PEA as

substrates. The following results were obtained:

20 o % Innibition of MAO

Brain Heart - Liver
Treatment | N* Non-N* N* Non-N* N* Non-N*
AHBA, ethyl s9 40 23 3 37 0
ester |
25 AHBA, ethyl 78 31 o 0 20 13

ester + carbidopa

N* meanszNeuronal.

-~



~and AFHBA are i nactive or very weak inhibitors-of- 25 MAQ -68- B. EXx

MFMVD i nhi bi t ed newyiaale QG
1.

(PEA substrate) by 15%

- whVvo testing |. Mce were injected with either AHBA (250 ng/kg, i.p.) alone

X Wwi'th AHBA (250 mg/ kg, i.p.) in conbination with MFMD (1 ng/kg, i.pN/ -

. inistered 30 5 mnutes before AHBA. Mce were killed 4 hours later and

~ MAO activity (tyram ne as substrate) was determned in brain and heart.
AHBA admi ni stered al one produced 30% i nhibition of MAOin brain and heart.
AHBA in combination with M-MD produced,£5% 10 inhibition of MAOin the
brain. To determine the site-selective' effect, MAO activity was deterni ned

i N nouse br@.n [ Ig; nal substrate 5-HT and t he non-neurona
substrate p ). AHBA adm ni stered 15 in conbination with

5 () ons ngusonal MAO
1 t%ﬁ?ﬁﬁ%@g@yﬁﬁ R (5 o ke, i p.)

alone or w gl oie A (W.th WFHER (05 )mg/kgPDIPA) i OA combination
'~ with MFMD (2 mg/kg, i.p.) or carbidopa (50 mg/kg,

5 i.p.) given 30 minutes before the AFHBA. The rats

were killed 18 hours later, and dopamine, DOPAC, 5-

HT, and 5-HIAA concentrations were determined in the

brain. The following results were obtained:

10 _% Change from Control '
Treatment Dopamine DOPAC 5-HT S-HIAA
AFHBA +25 =76 +30 - 34
AFHBA + MFMD. + 50 = 92 + 92 - 48

| AFHBA + +54 -8 +92 - 37

15 carbidopa

In a separate experiment, rats were given AFHBA

orally at various doses. The rats We:e killed 18

hours later and dopamine, DOPAC, S5-HT, and S-HIAA

20 concentrations were determined in the brain. The

following results were obtained:



Animals were killed 18 hours later and MAO activity (5-HT and

phengt hyl am ne as substrates) was determned in brain, heart, and liver.
the brain, AFHBA adninistered al one inhibited neuronal 25 MAO by 72% and
non- neuronal MAO by 37% Pretreat nent - 69 - with MFMD did not
essentially reduce the inhibition of neuronal MAO (68%, but it reduced
i nhibition of non-neuronal MAO to 28% ‘n.he heart, AFHBA inhibited
neuronal MAO by 52% and non-neuronal MAO by 5 44% but pretreatnment with

MFMD r educed neuronal inhibition of Yogaiagh rder onal i nhibition
.to 4% In the liver, MAO inhibiti e ol 0 ronal ) and
38% (non-neuronal ) poladt (Rig9tidedat "%Fa‘ﬂiiﬂé Mpdp alcot aldur blsagkedy MAO 10

i nhi bi tion. V%en,tmvgg%‘er'i It h™AFFBA WET € r épeated usi ng

car bi dopa (50 ng/ kg, i ons), the AADG i mghi bi torsspr oducsl t he 19ame protective

ef fect against inhibition of MMOin the heart as MFMD (2.0 ng/kg, 15 i.p.).
To denpnstrate the actitviccy of AFHBA ly oral- 72° "+ 74 - 23 ,

20. with MFMD (2.0 ng/kg, ivp.)*adninistered 30 m nut es bef ore AFHBA.
@E R

5 2.5 + 28 - 79 + 140 - 41



‘adii ni stration, rats were gavaged with vyarious edoses of the conpounds and
el l ed 18 hours later. MAO activity was determined in the brain using 5-HT
phenet hyl am ne (PEA) as substrates. The following 20 results were

0

obt ai ned: % I nhi bition of MAO Dose (ny/kg) . Neuronal Non- neur on
0.5 63 . 41 25 ‘1.0 71
64 2.5 95 83 - 70 - Ill.Rats were injected

wi th AFMBA (100 ng/ kg, i.p.) and ey Killed 18 hours later. MAO activity
was determined in the brain, heart, and liver using 5-HT and PEA. The
following results were obt ai ned: cﬁ_a@n@hl b| tion of MAO Neuronal

Non- neuronal Brain -1 40 Heart 18
46 10 lL.i veA compound of the fbrmula: 11 1V. Rats were injected
wi th AHBA as the ethyl ester ' _
' CH
_ _ CHX
o | 2 o
-c-fH-cozH , Ry = C - CH - COH ,
NI-I2 . _ NHZ :
I II
R
or R, - C - CH -
_ 1 | COZH
NH2
IIT
wherein: '

X is flt_.xorine, chlqrine, or bromine;
R is the group Ra as defined below:;
Rl is a group of the formula:

or the group R, as defined below;

wherein R is:

_—

A O O 0



334 Frg/ kg, i.p.) alone orsin eonbination w th carbidopa (100 ng/kg,i.p.) "
given 30 m nut es before 15 adm nistration of the ethyl ester of AHBA. The "'-.‘-'?:"

apimyls were killed 4 hours later. MAO activity was deternmined in the brain
usSi ng~5- HT and PEA as substrates. The followi ng results were obtained: 2 '
% l.nhi bi ti on of MAO Brain Hear t Li ver Treat nent N*@
Non- N*  N* Non-N* N+ Non-N* AHBA, et hyl 59 40 23 3

0 ester 25 AHBA, ethyl 78 31 0 0 20 13 ester +

car bi dopa N* neans Neuronal . -71- L74nyiyo testing Rats were injected

with AFHBA (0.5 ng/ kg, 1.p.) alone or with AFHBA (0.5 ng/kg, i.p.) in
conbi nation with MFMD (2 ng/ kg, p.) or, carbidopa (50 /kg, 5 1i.p.) given

30 m nutes before HRe HBA. The r a9 e killed 18toks |ater, and
dopam ne, DOPAC, 5- nd 5- HIAA co ratl ons wer /delerrri ned in the

N/

HO

OH

o s O G%
HO OH . HO OH

wherein R4 ;s hydrogen, (Ci—C4)a1kyl, or (CJ. ~Cy)-
alkoxy, and

R4 is (01-04)a1ky1 or (Cl-C4)a1koxy,:

or a (Cl-C )alkyl ester thereof; or a non-toxic

pharmaceutically acceptable salt thereof.

R Y



%

AR The following results were obtained: 10 « . . :

fiye from Control Treat nent Dopam ne DOPAC 5-HT 5-H AA AFHBA
Ro -76 + 30 -34 AFHBA + MFMD  + 50 -92 + 92 -48 AFMBA+
+°54 -89 +92 -37 15 carbidopa In a separate experinent, rats™
were given AFHBA orally at various doses. The rats were killed 18 hours

| at er and dopami ne, DOPAC, 5-HT, and 5-H AA 20 concentrations were

determned in the brain. The following results were obtained: - 72 - %
Change from Control Dose (ng/kg) TDBganine DOPAC 5-HT 5-HI AA 0.5
+ 8 -55 + 26 - 0 + 17 - 72 + 74 - 235

2.5 2y o comddua jof Formuyg 'T'ds g3aimea in Claim 1.

3. A compound of Formula II as claimed in Claim 1.

4. A.compound of Formula III as claimed in Claim

S. A compound as claimed in any one of Claims 3

and 4 wherein Rl is:

HO

6. A compound as claimed in any one of Claims 2 to

4 wherein Rl is:

sf4-n
HO
whergin R3 is hydrogen, (Cl-c4)alkyl, or (Cl-c4)-
alk l
oxy, and BA_is (Cl-C4)alkyl or (Cl-C4)alkoxy.

7. ' imed 1 '
A compound as claimed in Claim & wherein R3 is

hydrogen.

—_—

[y



Cainms 1. A conpound of sthe formula:« [err] wherein: X is fluorine, g%
chlorine, or bromne;, Ris the group R2 as defined below, [err] is a gr <
of,tQE/fornula: [err] or the group R2 as defined below, wherein R2 is:

Ferr] -74- [err] wherein [err] is hydrogen, [err] al koxy, and [err]

( -C8)al kyl ester thereof; or a non-toxic pharmaceutically acceptable salt

t her eof . - 75 - 2. A conmpound of Fornula | as clainmed in Caiml.

- 76 =
8. A compound as claimed in any one of Claims 2 to

"f wherein X is fluorine.

9. 2-Amino-4-fluoro-3-(3'-hydroxyphenyl)-3-
bufenoic acid or a non-toxic¢ pharmaceutically

acceptable salt thereof.

10. 2-Amino-4-fluoro-3-(3'-hydroxyphenyl)-3-

butenoic acid, (Cl-cs)alkyl ester.

11. 2-Amino-4-fluoro-3-(3!'-hydroxyphenyl)-3-

bdtenoic acid, methyl ester.

12, 2-Amino-4-f1uoro-3—(3'—hydfoxyphenyl)-a-

butenoic acid, ethyl ester.

13. A compound as claimed in any one of the
preceding claims for use in a_methoa of treatment of
the human body by therapy or of diaghosis practiced

on the human body.

14. ‘A compound as claimed in any one of the
. preceding claimS'for use in the inhibition in thé

human body of monoamine oxidase.

-
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3. A compound of Fornmula Il as claingd im Caimd. 4. A compound of
rmula Il as clained in Caiml. 5. A conpound as clained in any one of

Mains 3 and 4 wherein Ris: [err] 6. A conmpound as clained in any ocné of .
~XXains 2 to 4 wherein [err] is: HO wherein R3‘is hydrogen, (Cl-C4)alkyl,
.or (C-C4)- alkoxy, and [err] 7. A conpound as clainmed in Caimé6
wherein [err] is hydrogen. - 76 - 8. A conpound as clainmed in any one
of Claims 2 to wherein X is fluorkngy 9. - 2-Am no-4-fluoro-3-(3
- hydr oxyphenyl ) -3- butenoic acid or a non-toxic pharmaceutically acceptable
salt thereof1510.A Qerpounddas| cbadbm8d( Bh- pgr ongpb&nyhe- 3- but enoi ¢ aci d,
[err] ester. 11. 2-Am no-4-fluoro-3-(3' -hydroxyphenyl) - 3-

preceding claims for use in the therapy of

depression in the human body.

.16. A phabmaceutical composition comprisirg a.
compound as claimed in any one of the preceding
élaims in admixture or otherwise associated with a
pharmacéutically acceptable carrier or diluent

therefor.

17. A pharmaceutical composition as claimed in
Claim 16 in unit dosage form containing 1 mg to 100

mg of said compound per unit dose.

8. A pharmaceutical compdsition comprising (a) a
compound as claimed in any one of Claims 1 to 15 and
(b) an aromatic L-amino acid decarboxylase

inhibitor. - _ . L e

19. A pharmaceutical composition as claimed in
Claim 18 wherein the active ingredients are. in
.admixfure or otherw%se associated with a

. pharmaceutically-acceptable'carrier or diluent

therefor.

—_—
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butenofc aci d, met hyl ester..12. .2-Anino-4-fluoro-3-(3'-hydroxyphenyl)-3- /7"

1k

butenoic acid, ethyl ester. 13. A conpound as clainmed in any one of th |

precedi ng clalnB for use in a method of treatnent of the human body by.£&

thHer a or
clainmed in
human body
one of the

human body.

clained in
associ at ed

of diagnosis practiced on the human body. 14. A conpound as
any one of the preceding clains for use in the inhibition in the
of nonoam ne oxi dase. - 77 - 15. A conpound as clained in any -
preceding clains for use ifA ¥@#e-therapy of depression in the

16. A pharmaceutical conposition conprising a conpound as
any o2@. ofAtphrarmacedthogal| eomposhthdni compeisingt Berw se
wth a harnaceutlcally acceptable carrier or diluent therefor.

17. A phar maceut@eknrocdmpdsrhydroxypheny tddrhutend ke 18cid. uart adosage form

cont ai ni ng

1 0 100 of sald conpound per unit dose.
"o EQL-C )égkyl ester tggreof,por a non-toxic

pharmaceutically acceptable salt thereof, in
admixfure or otherwise associated with a |

pharmaceutically acceptable carrier or diluent.

therefor.

21. A pharmaceutical composition comprising 2-
amino-3-(3',4'-dihydroxyphenyl)-3-butenoic écid, or
- a (Ci-ca)alkyl ester thereof, or a non—tdxic
pharmaceutically acceptable salt thereof, in
admixture or otherwise associated with a
pharmaceutically acgeptable carrier or diluent

therefor.

| 22. A pharmaceutical composition comprising (a) 2-
__amino-(3'—hydroxyphenyl)-3-butenoi¢°acid, or a
(C -C )alkyl ester thereof, or a non-toxic
pharmaceutically acceptable salt therof, and (b) an
aromatic L-amino acid decarboxylase inhibitor.
23. A pharmaceutical composition comprising (a) 2-

amino-(3',4'-dihydroxyphenyl)-3~butenoic acid, or a

) O A



8. A pharmaceutical conposition conprising.(a&) -a eonpound as clained in

iy. one of Clains 1 to 15 and (b) an aromatic L-am no acid decar boxyl ase

hhi bi tor. 19. A pharmaceutical conposition as claimed in Caim 18 whecdin- ,

he active ingredients are in adm xture or otherw se associated with a

- phar maceuti cal | y-acceptable carrier or diluent therefor. - 78 - 20. A
phar maceuti cal conposition conprising 2- - = o
am no- 3- (3' - hydr oxyphenyl ) - 3- but eno72 acid, or a [err]al kyl ester thereof,

or a non-toxic pharmaceutically acceptabl é salt thereof, in adm xture or

"ot herwi se asd$pciGyalkyl restemathrerelf ) car| § ReRepesbre carrier or dil uent
therefor. 21. A pharmaceutical conposition conpri si

2.
ami no- 3- (3' RhamfagaiteGphishyageert %ﬂo?%lECFH?rﬁ?gg £BAr {PA| R ester
T o BB L ol R b SEERL iRt oo

24. A pharmaceutical composition as claimed in ‘any
one of Claims 22 and 23 wherein the actiQe
ingredienté are in admixture or otherwise associated
with a pharmaceutically acceptable carrier 6r

diluent therefor. .

25. A pharmaceutical composition as claimed in any
one of Claims 18, 19, 22, 23, and 24 wherein the
aromafic i-amino acid decarboxylase. inhibitor is
carbidopa, benzerazide, or a 2-amino-2-(mono-
fluoromethyl or difluoromethyl)-3-(monohyaroxyphenyl
or dihydroxyphenyl)propionic acid.

26. A process of preparing a cémpdﬁnd as claimed in
Claim 1 which comprises hydrolyzing a compound of

the formula:

. e - GHX
R-C - CH-COR RI-C'-Cl.'H-COZRb",
%
or R - C-CH- OB,
NH,

I



phar maceutical |y acceptabl.e carrier or, diluent therefor. 22. A

phdr maceuti cal conposition conpri'sing (a) 2- e

amAAQ-
a'ho§$¥oxic pharmaceutically acceptable salt therof, and (b) an aromatic
L-am no acid decarboxyl ase’inhibitor. 23." A pharmaceutical conposition
conprising.(a) 2- amino-(3',4'-dihydroxyphenyl)-3-butenoic acid, or a -
79- - [err]alkyl ester thereof, or a norggaxic pharnmaceutically acceptable
salt thereof, and (b) an aromatic L-am no acid decarboxyl ase inhibitor. 24.
A pharmaceuti calwHeygagpd tion as clainmed in any one of Clains 22 and 23
wherein the active ingredients are in adm xture or otherw se associ at ed
with a phar maceut iR:,aIR]E/. et K adre asirdefined inlCkaimtbearedor. 25. A
pharmaceutical conposition as clainmed in any one of Cainms 18, 19, 22, 23,
and 24 wherein th& ari@nefG.c-q - xadkwl aci d decar boxyl ase i nhibitor is
car bi dopa, benzeraf?de, or- a 2-am no-2- (nono-
or an aromatic hydroxy-protected and/or amino-

protected derivative thereof; and, if necessary,

removing in manner known per se the protecting

group(s) either simultaneously with or subsequent to

the hydrolysis reaction.

27. A method as claimed in Claim 26 wherein said
compound treated is'gn aromatic hydroxy-protected

derivative.

28. A method as claimed in Claim 26 wherein said

compound treated is an amino-protected derivative.

29. A method as claimed in Claim 26 wherein said
compound treated is an aromatic hyd}oxy—protected

and amino-protected derivative.

30. A method as claimed in Claim 26 wherein said

- compound treated is_a compound of the formula:

' X o ex,
R1 - C -.?H - Cosz or R1 - C - ?H - 002Rb
NH2 | ' | | NH2
-

1y O

PR v
- I?. i

(3" - hydr oxyphenyl ) - 3- but enoi ¢ acid, or a [err]al kyl ester thered S )

-



| uor onet hyl or difluoronethyl)-3-(nmonqQhydr.oxyphenyl or

di-hydr oxyphenyl ) propionic acid. 26. A process of preparing a conmpound as-

pkaimed in Caim1l which conprises hydrolyzing a conpound of the fornupg: .,
err] - 80 - wherein: R Rl, and X are as defined in Claim1l and [err]
‘or an aromatic hydroxy- protected and/ or amino- protected derivative
thereof; and, if necessary, renoving in manner known per se the protecting
group(s) ei t her si mul t aneously wit r subsequent to the hydrolysis
reaction. 27. A nethod as clained ifr 0Qai-m 26 wherein said conpound treated
IS an aromaw% q{oxy protected derivative. 28. A nethod as clainmed in

- Claim 26 mhereln said conpound treated is an am no-protected derivative.

29. A net hod i1 ¢ m 26 wherein said conpound treated is an
aromati c hydro a%ngrﬂot ct e@ﬁl@yl

X is fluorine, chlorine, or bromine, and

R1 is

R

- OH
wherein R4 is hydrogen or (C;-C,)alkyl; or an
aromatic hydroxy-protécted and/or amino-protected

derivative theredf.

31. A method as claimed in . Claim 30 wherein said
compound treated is a (Cl—q4)élky1 ester of 2-

amino-4-f1uoro-3-(3'&hydroxyphenyl)-S-butenoic acid.

32. A method as claimed in Cla’m 30 wherein said
compound treated-is'ap aromatic protected derivative
of a-(Ci—CA)alkyl ester of 2-amino-4-fluoro-3-(3'-
hydroxyphenyl)-3-butenocic acid. - ' |

33. A method as claimed in Claim 30 wherein said
compound treated is an amino-protected derivative of
a (Cl-C4)alky1'ester of 2-amino-4-fluoro-3-(3'-

hydroxyphenyl)-3-butenoic acid.

LI



ang am no-protected derivative: 30. A.nethod as clained in Caim26 wherein .
sal d_conpound treated is a conpound of the formula: [err] -81- wherein:
[e;;]«x is fluorine, chlorine, or bromne, and [err] [err] wherein [err] iégp
hydrogen or [err]alkyl; or an aromatic hydroxy-protected and/ or

am_no- pr ot ect ed derivative’ thereo f. 31. A nethod as clained in C aim 30
wherein said conmpound treated is a [err]alkyl ester of 2-

am no- 4-fl uoro-3- (3 ' -hydroxyphenyl ) =38Butenoi ¢ acid. 32. A method as
clainmed in Caim30 wherein said conpound treated _is an aronatlc prot ect ed
derivative of a3¢€ 1ACE?§PR9IaésFéPiBFdZiQnFﬁ&i$ RRuyngreingsatd

hydr oxyphenyl 3- but enoi c ac 33. A net haqd I d 30
v%erel %psalé cz)ﬁﬁBBH réﬁ?@ﬁeg lénaﬁmaﬁ‘ﬁ’mﬁrtg‘?e S@%"?@Fl%\yglt e ng "

and an amino-protected derivative of a (q.-c4)alkyl
ester of 2-amino-4-f1uoro-3-(3'—hydroxyphényl)-S-

butenoic acid.

35. Amethod as claimed in any one of Claims 26 to
34 wherein the hydrolysis reaction is carried out

using an aqueods strong'aéid at reflux temperature.

36. A method as claimed in Claim 35 wherein the
hydrolysis reaction is carried out using 47% aqueous

hydrogen bromide at reflux temperature.

* [ L M S *



£ [grr]al kyl ester of 2-am no-4-fluoro-3-(3'«_ hydsoxyphenyl) -3-butenoic

Qg d. - 82 - 34. Anethod as clainmed in Caim30 wherein said conpound,
treated is an aromatic hydroxy-protected and an ani no-protected derivatigp i
of a [err]al kyl ester of 2-am no-4-fluoro-3-(3' -hydroxyphenyl)-3- buteneic *
acid. 35. Anethod as clainmed in any one of Clains 26 to 34 wherein the

hydrol ysis reaction i.s carried out using an aqueous strong acid at refl ux
tenperature. 36. A nethod as clainmed in Caim35 wherein the hydrol ysis
reaction is carried out using 47@6aqgeous hydr ogen brom de at refl ux

t enper at ur e. - 83 - 37. A conpotun 3ot the fornmul a: [err] wherein: X is
fluorine, chlorine, or brom ne, and _

37. ' A compound of the formula:

CH,

; | - ﬁﬁx.'
R - C - CH - COH , R -'c-ICH"-CbZH' ,
NH NHz

R i
or R_-C—rI:H-CozH
NHZI

wherein:

X is fluorine, chlorine, or bromihé, and

__R is a group of the formula:

OH HO OH

| HO | HO |
2 <
R 3 R4 ’ | ) Ra R -
N 4
- OH - N\
H . |

0

HoO | . HO
g V) V\
: a4 s | »
HO/\\/ ud N/ N/
o
L 2 ' OH
;__ﬁ________;______

' LT
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R s a group of the formula; {erx] , - 84 - [err] 15 wherein Ris "

N
hy ogen [err]alkyl, or [err]al koxy, and [err] or a [err]al kyl ester -
th of ; or a non-toxic pharnaceutically acceptable salt thereof; 20 for
use iT-the inhibition in the human body of nonoam ne oxi dase. - 85 -

A conpound as defined in Qaim37 for use in the therapy of depression:

t he human body. 39. 2-Ami no-3-(3'-hydroxyphenyl)-3-butenoic acid or a [err]
al kyl ester thereof, or a non-toxic Q5ggpharmaceutically acceptable salt

t hereof for use in the inhibition in the human body of nonoami ne OX|dase

HO ) HO |
W O e

OH

/4 72
HOI N\ OH ) HO OH

15 wﬁérein |
Ra is hydrogen,.(ci-c4)alkyl. or (Cl-c4)alkoxy, and
R4is (Cl-C4)alkyl or (Cl-'-C4.)alko;cy; |
or a (Cl-cs)alkyl ester the:eof;_or a non-toxic
pharmaéeutically acceptable salt thereof;
20 for use in the inhibition in the hﬁman bddy of

monoamine oxidase.

ae
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‘40.  2-Amino-3-(3',4'

ter thereof,
or use in the inhibition in the human body of nopnoam ne oxi dase.
2 Anmi no- 3- (3' - hydroxyphenyl ) -3-butenoic acid or a Jerr] alkyl ester

.thereof,

t her eof ,

20 the thera

I n any one of t n any one of Clainms 1 to
téaé%éﬁkéﬁﬂéégméggﬁéhwfﬁ %@%xy agg EQSYS met hyl or met hoxy. 25

4 wherein R3

- di hydr oxyphenyl ) ; 3- butenoisc acid or a [err] alkyl
or a non-toxic 10 pharmaceutically acceptable salt thereof
41. '\\.J

or a non-toxic 15 pharmaceutically acceptable salt thereof for use
in the therapy of depression in the hu body. 42.
2- Am no- 3- (3' dlhydroxyphenyl) 3-but®norc acid or a [err] alkyl ester

%ﬁ" 4 e B AR R Lt §§€t L37 ROkoMBBuAD 250! ai med |

- 86- 44. A Y 1 d_ a n epdagt
Claim6 wherein %@%%%r%g %%ﬁ%@éﬂﬂ %( bﬂ’tgnﬁé’gél g'a?rgt E?fl 4
et hoxy. (C1~Cg) alkyl ester thereof, or a non-toxic

05

10

15

20

25

pharmaceutically acceptable salt thereof for use in

-the inhibition in the human body of monoamine

oxidase.

- 40. 2-Amino-3-(3',4'-dihydroxyphenyl)-3-butenoic acid

or a (C;-Cg) alkyl ester thereof, or a non-toxic

pharmaceutically acceptable salt thereof for use in

~the inhibition in the human body of monoamine

oxidase.
41, 2—Amino-3-(3'-hydroxyphenyl)-3-butenoic acid:or a
(C1-Cg) alkyl_ester thereof, or a non-~-toxic

pharmaceutically acceptable salt thereof for use in

‘the therapy of depression in the human body.

42, 2-Amin6-3~(3',4'edihydroxyphenyl)-S—butenoic acid
or a (C1-Cg) alkyl ester thereof, or a non-toxic

pharmaceutically dcceptable salt thereof for use in

the therapy of depression in the human body.

43. A compound as claimed in any one of Claims 2 to 4

and 8 when appendant to any one of Claims 1 to 4
wherein R3 is hydrogen, methyl or methoxy and Rg4

is methyl or methoxy.

A0 O
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A5./ A conpound as claimed.in,Gaim7 gr Caim8 when 05 appendant to C aim

7 yherein R4 is methyl or met hoxy. 46. A conpound as clained in any onegs
d ai ggl to 8 and 43 to 45 which is in the formof the free acid. 47. A
an

cohpound as clained in any one, of Chains 1 to 8 10 and 43 to 45 which is
in:the formof the nmethyl ester. 48°"A conpound as clained in any one of
Claims 13 to 15, 37 and 38 which is a conpound as claimed in any one of
Clains 43 to 45. 15 49. A conpound as clained-in any one of Clains 13 to
15 and 37 to 42 gkgichAi sompdanifioasdciaimedi hedClai@ & or46€leimCBawimen7. 50.
A pharmaceutical conposition as clained in any one of Clains 16 to 19 and -
Cl ai m 25 when appppeadantotooClaimi fh vhegeig \éBrrP'EQPY\%'@S@Pn Bethddi ve
conponent is a conpound as clainmed in ang one of Clains 43 to 45. 51. A
phar maceut i cal corpBethPsl aBdcRai hEJDEHRN Ly OBnBeFNOBETai ns 16 to 25 wherein

an active conmponent is a conpound as_cl ai [ [ i
P 45. A comprnd as claigggegnl%lgk%lglgg %ﬁaghmdﬂﬁﬁén 25

05 appendant to Claim 7 wherein R4 is methyl or
methoxy.

46. .A compound as claimed in any one of Claims 1 to 8
and 43 to 45 which is in the form of the free acid.
47. A compound as claimed in any one of Claims 1 to 8

10 and 43 to 45 which is in the form of the methyl
eStef. | |
48. A compound as claimed in any one of Claims 13 to
15, 37 and 38 which is a compound as claimed in any
one of Claims 43 to 45.

15 49. A compound as claimed in any one of Claims 13 to
15 and 37 to 42 which is a compound as claimed in
Claim 46 or Claim 47.

50. A pharmaceutical composition as claiﬁed in any
one of Claims 16 to 19 and Claim 25 when appendant to

20 Claim 18 or Claim 19, wherein an active component is a
compound as claimed in any one of Claims 43 to 45.

"'51. . A pharmaceutical composition as claimed in any
one of Claims 16 to 25 wherein an active component is
a compound as claimed in Claim 46 or Claim 47.

25
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