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N-Phenyl - N— (4 Pl peridi nvl)am des Usepa ’gs Anal geS|Ecs Th| §G nve t| -

relates to N-phenyl-N-(4- plperldln Q8 : Regedi.nky. €y a tIVI tJ
processes for their preparati-on, ﬁﬂ FW%ceupg@al contalnlng
themand to their nedical use. A nUdtawindis)pasengs dlscpﬂ§@ hifai n

N- phenyl - N- (4- pi peri di nyl ) {ami des |2 bgtg,cpna, 5| & aca Rdgey .3uc HPM!’ COPY
exanple U S. Patent No's. 3,164, 6085 098, Sé% 'T?Qmﬁﬁ@ed4,58‘ 303 and
4,167,574. W have now found a nqvel qroup G gy o N T .

(4- pi peri di nyl ) am dbEheprioN-{4-Fireridiay] “-" Auseful es Analgesics

. differ structurally fromthe prior art conpounds by the particular N

substituent on the conpound{&pgrelatees t t%?hetr#ﬁow-qa g&ﬂbﬁhiﬁyu') the

hereafter formula ( I'n""gener a diff t he
relatively shamidrg hawing gnalesyesiactivity, to processes for their

- preparation, to pharmaceutical compositions containing them
'5 and to their medical use.

A number of patents disclose certaln
N-phenyl-N—(4-p1peridlny1) amides having analgesic activity
such as for example U.S. Patent No's. 3,164,600; 3,998,834;
4,179,569; 4,584,303 and 4,167,574.

10 We have now found a novel group of
N-phenyl-N-(4- p1per1d1ny1)am1des having potent’ analges1c
activity. The compounds differ structurally from the prior
art compounds by the particular N substituent on the
piperidine ring, i.e. the "X" function indicated in the

15 hereafter formula (I) compounds. In general they also
differ by their relatively short durations of analgesic
action, ranging from the ultra short to medium range and
their non-hepatic means of inactivation.

Thus the present invention provides a compound of

20 formulas (I):
y R
Ar— R' (1)
. Rz
25
\
X
30
-
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act[onfjranging fromthe ultra short to nediumrange and their non-hepatic
means ok inactivation. Thus the present invention provides a conpound of
formula (1): R -2- wherein: X - is a nenber-selected fromthe group
consi sting of: al koxy- carbonyl -1 owner al kyl (preferred), |ower

al kyl - carbonywb&yeibmer al kyl, al kenyl oxy-carbonyl -1 ower al kyl, and
([err])al koxy-([err])al koxy- carbonyl-lomer alkyl. Ar -is a nmenber selected

fromthe groug CO”EIStIngmger selected from the group consisting of:
alkoxy-carbonyl-lower alkyl (preferred),
5 lower alkyl-carbonyloxy-lower alkyl,
alkenyloxy-carbonyl-lower alkyl, and
(Cl_z)alkoxy-(01_2)alkoxy—carbonyl-lower alkyl.

Ar is a member selected from the group consisting of
10 phenyl (preferred) and mono-, di- and tri-substituted
phenyl, préferably mono-substituted in the 2-position,
wherein each substituent is independently selected from
the group consisting of halo, lower alkyl, lower alkoxy
and trifluoromethyl;

15 )

R is a member selected from the group consisting of lower
alkyl, preferably ethyl, and lower alkoxy-lower alkyl,
preferably methoxymethyl;

ZORF is a member selected from the group consisting of
hydrogen, lower alkoxy-carbonyl, preferably
methoxycarbonyl, and methoxymethyl; and

Rz is a member selected from the group consisting of

25 hydrogen and methyl;

and the optically active and cis-trans isomers thereof, and
the acid addition salts, preferably the pharmaceutically |
acceptable acid addition salts, of said compounds and
30 isomers. '
An additional aspect of the subject invention
relates to certain novel acidic intermediates which are
useful in the synthesis of certain forﬁula (1) compounds.
Said intermediates are represented by formula (A) wherein Xa

35
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phenyl Gpreferred) and nono-, di- and tri-substituted phenyl, preferably
mono- substituted in the 2- p05|t|on wherei n each substituent is
i ndependent |y selected fromthe group consisting of halo, Iomer aIkyI

consi sti ng ortd chet S EY TR ALYy, st CEHE o R g, iR ekem

pref erably rmtdpi@trmmytthe [@fql]'emen@.merbribesummm flm)rﬁqmljar dle)

consi sting of hydrogen, |ower al koxy-carbopyl, preferably methoxycarbonyl,
and net hoxynet hyl; and R2 is a nmenber selWwcted fromthe group consisting
of hydrogen and nethyl ;- and the optically a and cis-trans isoners
t her eof , %g the acid addltlon salts, preferably the pharnmaceutically
acceptable acid addition salts, of sai ou %?d (A)
|
10 . Xa

As used in the foregoing definitions the term "lower"
is meant to modify the so-indicated group by indicating from
1 to 4 carbon atoms; the terms "alkyl"”, "alkoxy" and | '
ls"alkenyl" are each meant to respectively include straight
and branch chained hydrocarbons, e.g. of about 1 to 10
carbons and include the group of hydrocarbons of 1 to 4
carbons; and the term "halo" is generic to halogens of
atomic weight less than 127, i.e., fluoro (preferred),
chloro, bromo and iodo. The term pharmaceutically
acceptable acid addition salts includes all physiologically
acceptable acid addition salts.

When the group Ar is a mono, di or tr1subst1tuted
phenyl group examples of suitable substituents include

20

chlorine, fluorine, methyl, ethyl, methoxy and
trifluoromethyl. When Ar is a disubstituted phenyl group
the substituents are preferably in the 2,4 positions e.g.
2,4-dif1uoro.. When Ar is a monosubstituted phenyl group the
substituent is preferably at the 4 position or more
particularly the 2 position.

A preferred class of compounds of formula (I) are those

25

30 _
wherein the group Ar represents a phenyl group or

2-substituted phenyl group, more particularly when Ar
represents a phenyl or 2-fluorophenyl group.

When the group R is lower alkyl this may be for example
a methyl, ethyl, propyl or butyl group. A preferred class

qufwd
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3 - ‘ .
I somer.s.., An additional aspect of the subject invention relates to certain
novel acidic internediates which are useful in the synthesis of certain
formula (1) compounds. Said internediates are represented by formula (A

wherein [err]qs coﬁpouﬁd@ 62" Bg¥Nnl g i%ﬁﬁg tﬁH?@t*ﬁHPQ%nOW %Ezkiég%za -

ni trogen, repIaC|n? t he, af orement | one stituent ornmu
used i n the {BeER%IngethylnptiBathoxymethyl goonp and mexepPaxt 81N he
so- |nd|cated & 0 th Py gﬁdupatlng from1l to 4 carbon atons; the terns

sslgyght al koxy ?ndfegre n%eangﬁgse S gﬁenérgghrf$F§¥% e)%yé¥2££¥3

5 and methoxycarbonyl more particularly methoxycarbonyl.

. For the group X each member contains a lower-alkyl
moiety through which it is attached to the nitrogen of the
piperdine ring. Suitable iower alkyl moietys include
C1 4alky1ene chain optionally substituted by a methyl group,

jo for example, methylene, ethylene, propylene, butylene,
1-methylethylene or 2-methylethylene chain.

When X is the group alkoxycarbonyl-lower-alkyl,
examples of suitable alkoxy groups include methoxy, ethoxy,
propoxy; isopropoxy, butoxy, isobutoxy, secbutoxy,

15 tertbutoxy, pentyloxy, 2-methylbutoxy, isopentyloxy,
neopentyloxy, hexyloxy, heptyloxy and octyloxy. Preferred
alkoxy groups include methoxy, ethoxy, propoxy, butoxy
isobutoxy, pentyioxy, 2-methylbutoxy, isopentyloxy,
hexyloxy, heptyloxy and octyloxy. The lower alkyl moiety of

zothe alkoxycarbonyl 10Wera1ky1 group is preferably a

2 4a1ky1ene chain optionally substltuted by a methyl group
such as an ethylene, l-methylethylene, 2- -methylethylene,
propylene or butylene chain, more particularly an ethylene
chain.

25 When X is a lower alkylcarbonyloxy- loweralkyl group
examples of suitable groups include acetyloxymethyl and
acetyloxyethyl groups.

When X is an alkenyloxycarbonyl-loweralkyl group
examples of suitable alkenyloxy groups include vinyloxy,

3oallyloxy and butenyloxy. The lower alkyl moiety of the group
is preferably ethylene.

When X is the group C1 zalkoxy C1 2alkoxy carbonyl-
lower alkyl examples of the moiety Cl_zalkoxy_cl_zalkoxy
include methoxymethoxy, ethoxymethoxy, methoxyethoxy and

55ethoxyethoxy. The lower alkyl moiety of the group
preferably represents an ethylene chain.

-4-
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- _
and br.anch .chai ned hydrocarbons, e.g. of about 1 to 10 carbons and incl ude
the group of hydrocarbons of 1 to 4 carbons; and the term "hal 0" is generic
to hal ogens of atomc meight less than 127, i.e., fluoro (preferred),

chloro, brono and 4 V. I Cld &2 i tion
salts incl udes al I’ ghy5| %ﬁ‘%}accep ‘%iadagmocfac%ceﬁfual% 87 he
group Ar is atw &ffq%ﬂ’stﬂﬁﬂ}t%&ﬁmﬂerﬂ/lm&}‘r*mlp @ty 03 of suitabl e

subst i t uent smduidsqmaiﬂﬂr ig1%ug ] Ut i r Rt a HydtogePlRoXy and
trifluoroneth i s a disubsti uted ph%¥¥ group t he _substituents

VWhen Ar
are preferabl"%}qt}?’iwryc’l‘y FHqHs an D IERF WheRYAr OFs a
monosubst i § ume:dxqﬂwhadltgmnm ﬁﬂmﬂu@tddmemﬁé ﬁﬂﬁflﬁhdhﬂyah phendl or
posi ¢ ngsogf LRI e ddlS 2 Wit Vi o pYeTetlred’ g7083° o
compounds a partlcular preferred subgroup are those wherein
the group X is an alkoxycarbonyl-lower alkyl group, more
especially an alkoxycarbonjlethyl group; and the optically
10 8ctive and cis-trans isomers thereof and physiologically
acceptable salts thereofﬂ
The formula (I) compounds of the invention provide
potent analgesia with a duration of action ranging from
‘ultra-short to medium. Such activity is characterized by
15_rapid onset and a half-life generally ranging from about 5
to about 40 minutes in experimental rats. In contrast, the
well-known narcotic analgesic, N-(l-phenethyl-4-piperidyl)
propionanilide, generically known as fentanyl, and its
congeners, sufentanil and alfentanil, have durations of
2oaction of 60, 80 and 55 minutes in rats, respectively, and
terminal half-lives in humans of about 1.5 to 7 (16 for
geriatric patients), 2.5 and 1.2 to 3 hours, respectively
(Mather, L.E., Clinical Pharmacokinetics, 1983, 8:422-446).
The marked potency and very short duration of analgesia
25provided by the ultra-sho:t acting compounds of this
invention are highly desirable in circumstances where severe
pain has to be eliminated over a short period of time, e.g.,
anesthesiology. With the current preponderance of short
surgical procedures and the growing trend towards outpatient
surgery, there exists an urgent need for a powerful but
short acting analgesic as stated by Dr. Paul A.J. Janssen in
Janssen: Opioids in Anesthesia. (Estafanous, F.G., ed.)
Butterworth, Boston. (1984). The compounds of the invention
can be used together with a pharmaceutically acceptable

30

35carrier to provide pharmaceutical compositions and can be
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mhereln the group Ar represents a phenyl group or 2-substituted phenyl
group, more particularly when Ar represents a phenyl or 2-fl uorophenyl
group. Wien the group Ris lower alkyl this may be for exanple a nethyl

ethyl . propyl oghyfidul ﬁ%?ﬁ £l S5d&H 44 ansn in dhodits

fornula (1) are represents a nethyl, ethyl or nethoxynethyl
group and nanI?ﬁ##¢c%#%#B?s%m eff8¢tYyroup. Preferred neanings for the

O Lo b AL 08 ey gt i T D Ig B
t hrough whi chzilf"*% ‘é?{']lé%‘g%ﬁ f‘b"’?:ﬁe #ﬁbg&#ﬁ?n?ifén‘%greP'WHealckalzl'b"r‘r‘m"ef Y
5 the alkoxy directly attached to the oxygen of the alkoxy is
a methylene or methyl group, i.e. wherein it is substituted
by no more than 1 alkyl group, are generally shorter acting.
Further, the lower alkyl of the alkoxy-qarboﬁyl-lower alkyl
is, in particular, ethyl of the formula -CHZCHZ-. '
10 The formula (I) compounds may be converted to the
therapeutically active acid addition salt form by treatment
with an appropriate acid, such as, for example, an inorganic
acid, such as hydrohalic acid, e.g., hydrochloric,
hydrobromic, and the like, and sulfuric acid, nitric acid,
15phosphoric acid and the like; or an orgdnic acid,. such as,
for example, acetic, propanocic, hydroxyacetic, «-hydroxy-
propanoic, 2-oxopropanoic, ethanedioic, propanedioic,
butanedioic, (Z)-2-butenedioic, (E)-2-butenedioic,
- 2-hydroxybutanedioic, 2,3-dihydroxybutanedioic,
20Z-hydroxy-l,z,3-propanetricarboXy1ic, benzoic, 3-phenyl-2-
propenoic, a-hydroxy-benzeneacetic, methanesulfonic,
ethanesulfonic, benzenesulfonic, 4-methylbenzenesulfonic,
cyclohexanésulfamic, a-hydroxybenzoic, 4-amino-2-hydroxy-
benzoic and the like acids. Conversely, the salt form can
o5 be converted by treatment with alkali into the free base
form. In addition, the salt forms may be useful in the
preparation of other salt forms, for example, as
intermediates for conversion into the preferred
pharmaceutically acceptable salt derivatives. Furthermore,
30the particular salt may exist .as a solvate, e.g., a hydrate
or a hemihydrate.

Several of the compounds of formula (I) have one or
more asymmetric carbon atoms in their structure and
consequently they may exist in the form of different optical
isomeric forms or mixtures e.g., racemates, of such forms.

35 .
When Rz in formula (I) represents a methyl group there are
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- 3

pi perdine’ ring. Suitable |ower alkyl noietys include [err]al kyl ene chain
optional Iy substituted by a methyl group, for exanple, nethylene, ethylene,
propyl ene, butylene, 1-nethylethylene or 2-nethylethylene chain. Wen X is
the group al kayy caspmetri@VesrBok Vatoms ! Bfe §ipetidifle AlgdXy groups

I ncl ude met ho eihox{ ro ox%hﬁlsopropoxy utoxy, I sobut oXy, secbut oxy,
t ert but oxy, g’é‘l“\gﬁ/ £AEbony AHams A, alsoo hePresent in
hexyl oxy, heptly (I(-ysm:bmmtoxyfoiaraiﬁﬁm a4HeE X &rSOUMI(IOH;)GﬁeCG@thoxy,

t hoxy, propo , t oxy ent yBoxy,
ﬁexsr)c/)xy,prhgp@ifibxy )é%??@? xg)(/ﬁ/d T@PZ%%@YEWM F‘H@“ ometic '
al koxycar bgnyfmmﬁ/ve# Wixtures of surah elitatlig/ may drer ]obltlayllneﬂesebarately
optionally s tﬁﬁé't &b P st 161 ot ﬂ%ﬁsene & o@ Q.Itol;’xyhtﬁgﬁnl o those

1-met hyl et h I 2- net hyl et hyl ene ro ene c
parti cﬁl ar | z %;elé} eé/ he atyt such pas ’p for example, salt formatmn with

an optlcally active acid followed by selective

»

crystallization or chiral derivatization and in turn
10followed by selective crystallization or silica gel
chromatography.

When R2 is a methyl group, the relative position of
said methyl group and of the substituents in the 4-position
of the piperidine fing with respect to the plane of the

15piperidine ring may be cis or trans, according to the rules
of nomenclature described in "Naming and Indexing of
Chemical Substances for C.A. during the Ninth Collective
Period (1972-1976) p. 861." Compounds. of formula (I)
having the cis- or trans-configuration, essentially free of
20the other, may be obtained, for example, by starting their
preparation from pure cis- or trans-isomers of the
appropriate precursors. When, for example, an intermediate
of formula (XI) in which R2 stands for methyl is subjected .
to a selective crystallization, cis- and trans-isomers are
250bta.:i.ned separately and the thus-obtained forms are 
conveniently used in the further synthesis of compounds of
formula (I) having the corresponding configuration.
Alternatively, substantially pure forms of the cis- and
trans-isomer of compounds of formula (I) may be obtained,
3°substantia11y free of the other isomer, by separating a
mixture of such appropriate precursor forms (e.g., see
Formula XXI hereinafter) by silica gel chromatography.
Cis- and trans-forms may in turn be further resolved
into their optical enantiomers, each essentially free of its
optical counterpart, by the application of art-known

35
methodologies such as noted previously.
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cHainulWhen X is a | ower alkyl carbonyl oxy-1 oweral kyl group exanpl es of
sui tabl e groups include acetyl oxynmethyl and acetyl oxyethyl groups. Wen X
i s an al kenyl oxycar bonyl -l ower al kyl group exanpl es of suitable alkenyloxy

groups include vin X al ] yl oxy and buten | oX ower ety of
the group is pref «.:‘\ﬂaﬁ{ﬁ%ﬂ?y?eﬂé‘y TSI E S ?ﬂ%gg?%h%‘e dSipdundd JP' Y
%err% a: ony {ﬁsrn}wl&o@@)pah’mludxng od\iaastaéi(qémemmrphmwa hepume et y
err]al koxy C e
met hoxyet hoxy‘fgéngd"aé{%ﬁeyié h%ﬁ? ;ﬁ%ﬁ@f&é}{g hl%}{? nol et of eecbt; ouafore
preferably reintended to ke 1yitdhin cthe scope Jf this 1nvent10n
5 The compounds of formula (I) may generally be prepared
by introducing the X substituent on to the piperidine ring
nitrogen of an intermediate of the formula (II):

10 Ar— R

‘ - (II)

15 : | H i

1 and R2 are as previously defined, by the

wherein Ar, R, R

application of conventional methodologies known in the art.

Depending on the nature of the X substltuent the following
20 methods may be utilized therefor.

The compounds of formula (II) are known compounds which
are obtainable by art recognized procedures. In addition,
the compounds of formuld (II) in which R? is methyl and r!
is hydrogen have been prepared -(see examples hereinafter)

25from 1-methoxy-carbonyl-3-methyl-4-[1l-oxopropylaryl-amino}-
piperidines, which are in turn prepared from 3-methoxy-
carbonyl 4-piperidinone hydrochloride using the procedure
described by W.F.M. VanBerer et al., J. Med. Chem. 1974, 17,
1047 and T.R. Burke, Jr., et al., J. Med. Chem. 1986, 29,
301087. _
The introduction of the aforementioned X groups on to
the ring nitrogen of (II) may conveniently be carried out by
the alkylation reaction of (II) with an appropriate halide
of formula (III) wherein "Hal" is bromo (preferred), chloro
or iodo and X represents the aforementioned groups as shown

35
in Scheme I:
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-5-, A preferred group of conpounds of formula (1) are those in which the
group R.represents a nethyl, ethyl or nethoxynethyl group; [err] represents
a hydrogen or nethoxycarbonyl group; and Ar represents a phenyl or
nonosubstituted phenyl group, nore particularly a phenyl or 2-fluorophenyl
group. Wt hi nSchemepfeferred group of conpounds a particular preferred
subgroup are those wherein the group X is an al koxycarbonyl -1 ower al kyl
group, nore especially an al koxycarbonyl ethyl group; and the optically
active and CIS-tE%ES | sonmers thereof and phyS|oIog|caIIy acceptable salts

t hereof. The for

a (1) conpou I.nv gﬁ‘i pr e potent
anal gesi a wi t4r—8 )& ation of ac??f) m r -éﬂ'grt IOto medi um(I -a)
Such acti vidy i Ricteri zed W) r—@‘!jﬁ-sftalﬁ{ﬂo%é‘-ﬁ' LIJ&y'lf e general | (1 b) i

rangi ng from abput + HatX'
R (r11) () —> N 1.alkyl000—alkenyl (I-c)
H . |

Formulae (Ia)-(Id) and other formuale utilize the
convention of partial structures to denote the remainder of
the formula as in formula (I) hereinabove.

The alkylation reaction of (II) with (III) is
conveniently conducted in an inert organic solvent such as,

15

for example, acetonitrile (preferred), an aromatic
hydrocarbon, e.g., benzene, methylbenzene, dimethylbenzene
and the like; a lower alkanol, e.g., methanol, ethanol,
1-butanol and the like; a ketone, e.g., 4-methyl-2-pentanone
and the like; an ether, e.g., 1,4-dioxane, tetrahydrofuran
(THF), 1,1-oxybisethane and the like; N,N-dimethyl-
formamide (DMF), nitrobenzene; and the like. The add1t10n
of an approprlate base such as, for example, an alka11 metal
carbonate or bicarbonate, preferably potassium carbonate,
may be utilized to neutralize the aéid'that is liberated
during the course of the reaction. In some circumstances,
the addition of an iodide salt, preferably an alkali metal
iodide such as sodium iodide, is appropriate.. Ambient
temperatures (22-25 °Cc) are generally sufficient, although
somewhat higher temperatures may be employed to enhance the

- 20

3¢

rate of the reaction.

wWhen X is alkoxy-carbonyl- ethyl wherein the ethyl may
be substituted with 1 or 2 C1 2 alkyl groups for a total of
2-4 carbons, an alternative method of introducing this group
on to the ring nitrogen of (II) to yield (V) is by way of a

35
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to about, 40 minutes in experinmental rats. In contrast, the well-known
narcotic anal gesic, N-(I-phenethyl-4-piperidyl) propionanilide, generically
known as fentanyl, and its congeners, sufentanil and al fentanil, have
durations of action of 60, 80 and 55 mnutes in rats, respectlvely, and

' terninal hal feaniugate sdditionirednfion hetween ((B} #ndj@natric

- patients), 2.p Althdathidted NCd¥Bony ESRELt Mt Yot MY ARI1a L(EV) d 'dii cal
Phar nacoki netics, 1983, 8 422- 446 The mar ked potenc and ver

' duration of aﬁbﬁ’@"es‘?%B?}?’tﬁn%@dv t%bc"ﬂﬁ?a reXapR % %Qﬁﬁﬂiﬁﬁﬁ&(ﬁ
|bnve|nt ion ar Sl&wghlajlw?&blat&ﬁgi n ﬁ?ﬁlﬁéﬁ&lammrm&m -Filnj rarhas to
e elimnate ver a short I tinme 0 h the

-current pr épo?'l%é?’é’nc% By %ig‘? h@gr O'ill%ﬁ' p‘H) ’%%hér es an(}t]? heﬁlger gzﬁnwattnr end

t owar ds out paa¥emticrhpdrocarhon, exigt s banzenentt glaehed and, asut
short acting gH@AhYesStér dsxahpi€d 1Y d¥hed@Uz A J.. Janssen in

Scheme 11

10
o Q
R
Ar—N ‘Ar—N_ R!
. R Rz
/\n/ Nalkyl - —— fj/
11 v \'4
20

‘When X is alkoxy-carbonyl-loweralkyl in (I-a) or
alkenyloxy-carbonyl-loweralkyl in (I-c), an alternative
method of introducing said X-substituent onto the piperidine
nitrogen is by esterification of the corresponding acidic
formula (A) compounds, i.e., formula (I) wherein X is
carboxy loweralkyl such as (VI), using the appropriate alkyl
. or alkenyl N,N-diisopropyl-pseudourea in an organic solvent,
for example, chloroform, at ambient to reflux temperatures.
The acids of formula (A), e.g. where x is a carboxyethyl
thus defining (VI), are believed to be novel 1ntermed1ates,
‘may be obtained by reacting (II) with an appropriate t-butyl
ester of formula (III) or tertiary butyl acrylate (Michael
Reaction) followed by reacting the thus- obtained product,
e.g. (VII), with excess trifluoroacetic acid at 0°C to
ambient temperatures accordlng to the following Scheme III:

30

35
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Janssen:, Opioids in Anesthesia. (Estafanous, F.G, ed.) Butterworth,
Boston. (1984). The conpounds of the invention can be used together with a
pharmaceutically acceptable carrier to provide pharnaceutical conpositions
and can be gzRem@dfifistered to manmmals such as man in amounts sufficient
to provide ana%§§§TE‘§Tfects. When X is al koxy-carbonyl -1 ower al kyl, e.qg.

| ower al koxy-carbonyl -1 ower al kyl, conpounds wherein the carbon of the

al koxy directly attached to the.oxygen of the al koxy is a nethylene or

met hyl group, e. wherein it is suuﬂshgﬁég? by nore th 1 al kyl group,
are general | y@!ﬂtér g TCHREP-tPYr t heteac omgﬁrﬂzfmﬁmﬁi’e
al koxy- car bonyl ggwer al kyl : (VII)

5 : . i
or?

|
CF,COOH Z:)N-cnzcazcooa APEN=C-NHPTX o {i}p—cazcnzcoon3

: (vI) (1-a) R3=alkyvl
10 - {(I-c) R =alkenyl -

- The ester CH2=CHCOO-tBu in Scheme III may be
substituted by other esters e.g. of the formula
R4R3c=CROC00-tBu wherein R*, B> and R®
or ethyl provided that the total carbons in Ra, R5 and R
0-2, to yield other acids of Formula (A).

Alternatively, the appropriate carboxy loweralkyl

. are hydrogen methyl

15 6

is

- halide or acrylic acid, the acrylic acid embodiment being
20shown_below, can be esterified with the appropriate alkyl or
alkenyl-N,N-diisopropyl-pseudourea, for example, in
chloroform at ambient to reflux témperatures, to yield the
corresponding formula (III) halide ester or
acrylic ester which is then introduced onto the ring
25nitrogen of a formula (11I) compound by means of the

previously mentioned alkylation reaction or conjugate
addition Michael reactioﬁ, as shown in Scheme IV:

Scheme IV

30 CH,=CH-COOH + iPrN=C-NHiPr
3

—CHCl, , CH,=CH-COOR’

or
NH  +  CH,=CH-COOR’ Michsel ~CH..CH. CooR’
(11) . reaction - 2772

(I-a,c)

35
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i s, ,in particular, ethyl of the formula [err] The formula (1) conpounds may
be .converted to the therapeutically active acid addition salt form by
treatment with an appropriate acid, such as, for exanple, an inorganic

acid, such as hydr gl e. hI y, ik t he
| i ke, and sul furi c atch ?}?éme a%:%l ‘ﬂ sphc??il;éc&g%l {H%ﬁﬁ?ﬁ " ke; or an
organi ¢ aci d,deulele alsond ois Mmheremi jattaghesh ks the enysemafk ithe
[err]-hydr oxyggdr o ’MOWWW'%%M%ﬁ&n Wl Dintay be

gugagleﬂ;glrgxyéﬁg 2- ut enedl oup én(%}i@ “but e edl 0j Ct‘?m%cﬁ%@/% aned| 0j c
2 Fanei ?@mﬁ%zﬂ%ﬂfs;?mmﬁwﬁmhmwm
gycl ohexanesuf‘i'ﬂ“‘iI {if ";&b‘gﬁ ’5%/%“ 3 °(L3u92104y1§'r10xcyar Sen: 20| 5 and
the like aci dbowmﬂ/leykealyd R eissahydtqgenm methoxymethyl is
reduction of the corresponding ester (I-a) to the
corfesponding alcohol (VIII1), for example, by conventional
11th1um aluminum hydride reduction in ether solut1on,
preferably THF, at ambient temperatures. The thus-obtained
alcohol (VIII) is then transformed into the reverse ester
(IX) by reaction with an appropriate loweralkyl anhydride,
for example, acetic acid anhydride, propionic acid
5 anhydride, and the like, in an organic solvent such as
pyridine. This is shown in the following Scheme V wherein X
is in formula (I-a) is loweralkyl-coz-loweralkyl:
Scheme V

A .

Ar—N_ R! Ar—
Rz ' Rz
UIAIHJ/THF
' {VIII)

25 N N
loweraikyl-coﬂowéralkyl _ 'loweralkyi-CHzOH
loweralkyl anhydride
pytidine
0
Y—n
30 ar—n’ R
_ R?
. N
foweralkyl-O-CO-loweralkyl
35
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be converted by treatnent with alkali into the free base form In
addi tioh, the salt forms may be useful in the preparation of other salt
forms, for exanple, as internediates for conversion into the preferred

pharmaceutically t.ab) e aI t erl vative Furt her. nor i cul ar
salt may exi st as%é‘?g )f/l %%ﬁt-&ﬁ’ilﬁxya q&rh ﬁ'r &FE‘VISeV PLPips
t he compoundshad etiyilinmay IBe mufsmmd Rarth ds e 10,C ,Calkyl gi6apsi n

thei r struct ye anq sanpegpionty vcmeaam%heex'ﬁ&go%u&g% Phad GEenent

Opt i cal isomeéric forns or mxt racena OI’ ns
in fornula (Ion repriheming nﬁé:mergrqﬁjdhlwemyamnvemmtly be carried

5 out by the reaction of (1I) with an «,B-unsaturated carbonyl
reactant of formula (X) according to standard Michael
Reaction conditions and solvents, acetonitrile being
preferred, to yield the corresponding N-substituted product

- (V-a) as shown in Scheme VI:

10 Scheme VI

o)

Ar—N .
R? ' !.
i

+ /\n/o\c1.glowonlkyl-0-c1-z'°"‘_‘fa|kvl ‘,.

15 x) \

L=

(1) lmchael
Reaction

20 : Ar—N R

N o
k)Lozcidmﬂlkvi-O-cq.zloweralkyl

25 (V&)

The compounds of formula (X) having a Cl_zalkoxy-
methoxy-carbonyl-ethyl function are obtained by the reaction
of acrylic acid with an appropriate dialkoxyalkane such as
dimethoxymethane and diethoxymethane in the presence of
phosphorous pentoxide. The acrylic acid may be substituted
by other acids of the formula R"RSC':CRGCOOH to yield other
products within the invention. The "compounds of formula (X)

having a C1 2a.llco:l:y ethoxy-carbonyl- loweralkyl function are

30

35a,va:l.lable from commercial suppliers.
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two asynmmetric carbon atons in the piperidine ring. Additional asymetric
car bon agtons may al so be present in the X-substituent, for exanple, when X
i s - CH( CH3) CH2COOCH3, - CH2CH( CH3) COOCH3 and - CHZCOOCHZCH( CH3) CH2CH3.
Enantioneric forms and m xtures of such fornms nay be obtained separately by
. the application of Asenbresl pireviousllyi,othendormudat {IJe compbuadsi arehe art
such S, 1o0 I o et Oh WigdeAeBhienad Qadagamlam ol | owed

. by selective i"Zaton or i'Tal”"derivatl zation furn ol owed

' by selective dogwmsal | iThe: |f@11@w1$lsl |S@tltleg@|t1(mld@$§€é§|téﬁﬁf eypER1REys 2
met hyl group, pg}‘i‘:lrcﬂl%.tr‘ ‘é"yrﬁ@x@ttl'co%a‘%fhss?do‘i‘ )é'r:l.ﬁ"goHﬁcﬁndlﬁﬁsft@i‘eomers

" substituents in 4-posi'tion of pi peridine. rin ect to

_ plane of thg ;ﬁ“ﬁ’erﬂ"(ﬁ%%eﬁ@ ﬁéypb’é'eci“'oat(?rr 8 aé'EgB‘Fde’rﬁ Pﬁ&PFaF&;s of
. nomencl at ure gaedudsts.n "Nam ng and | ndexing of

Scheme VII
(4]
w0 ’JL\u/’ H
- AI\N A’\N/
CHs CH,
HBrq) _
—————
~ N N
15 o . CO,CH, H
Ar XII X1V
\N cis cis
CH3
Crystallize o
. Ar )k/ . A"\ -
20 Y N N
CO.CH3 ~ CH3 CH;3
. HBI’(.q)
X ———
cis/trans N N
| |
CO,CHg H
XIXX Xv’
trans ) trans
25 (cis) _ (cis)

As depicted in Scheme VII, the cis/trans mixturg (X1)
is conveniently used as the starting material. Standard
crystallization procedures using organic solvents such as
ethyl actate, ether/hexane and the like, affords separation

30

of the corresponding pure cis isomer (XII) in crystalline
form and the corresponding trans isomer (XIII) in the mother
liquor with some residual cis isomer. The pure cis isomer
(X11), essentially free of the corresponding trans isomer,

35 -14- .

—
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Chem cal "Substances for C A during the Ninth Collective Period (1972-1976)
p..861.% Conmpounds of fornula (I) having the cis- or trans-configuration,
essentially free of the other, may be obtained, for exanple, by starting
their preparatlon from pure cis- or trans-isonmers of the appropriate
precursors. \Ansht mmr@n ' itmamsmigiomer dXId)nare exch ranvartedpro

tstands for m¥dythe g;[oili*a mwr@qtla\gﬁghm b?hﬁé&!gt&fﬂneﬁ'&f and
rans-i soners are ai pa us-o I ne are
conveni ent | y AFERFS 36%% ﬁ&h Sh ( )c "‘GP ngﬁgsﬁ I :
hav:/ngI t he Zarutﬂsqrmﬂtregl tryfdoaldtd m:.db\l(&qrdtmblroehy:, asdhspaafeni-éét)?oalte _
forms of ”‘e flﬁw{;{ %:d O”erSu%f ﬁi;g\@&‘i ds t?xfe fr%rsmﬂ:gnfz % pgy be

obt ai ned, §u t he ot separa a mxture
of such appr msaxadlpmmi@oam (EIV9. maySéiénePobmulr&cNXPrhérétldafter) by

silica gel ChGMBIQMH 3R'%he further synthetic pathways depicted in
Scheme VIII to obtain the formula (I) final products in the
corresponding cis form.

“}‘i:i‘iimﬁmnmfiﬁ“
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Cis- and, trans-forms may in turn be further resolved into their optical
enanti onmers; each essentially free of its optical counterpart, by the
~application of art-known nethodol ogi es such as noted previously. -8- Al
. racem c and isoneric forms of the conpounds of formula (1), including

' di ast er eoneri Seheme, MEIT pure di astereoners and enantiomers, and mi xtures

' thereof, are intended to be within the scope of this invention. The

. conpounds of fornmula (1) may generally be prepared by introducing the X
substituent on to the piperidine ring nitrogen of an interneditate of the
formula (11): wherein Ar, R [Jerr] A?Q(:.JI'F”] are as prewd;&ill defined, by

- the R
. 1. CH, cHl
- Hal-X ——s + RCOC! =t
IXX li‘ ' ?
XxVI . ; I
X X' cis
Ar H
_ SN
10 . : CHs V cis
o] - or
2. \ .ﬁ
Ar R Ya cis
AI’\N,H ] ’ o] . N o
CHs v/ k/lL R'
_ o”
: XVIX
o

XIv 3. N
| CHs . 4CHs
Cbz-Cl ——nm "
20 e |

Cbz Cbz
xXvVIiix XIX

25 . : : A"N J\ Ar\N/u\R

C i




applicéLion of conventional nethodol ogies known in the art. Dependi ng on
the.nature of the X substituent, the follow ng nethods nmay be utilized

t herefor. The compounds of fornula (11) are known conpounds which are
obt ai nabl e by art recogni zed procedures. |In addition, the conpounds of
fornula (11) in whAshshewn] inspathigy andfRSchehgdViiEp the ec s cprecwrsord
(S oDl PR LRIkl the previopsly degeribed alfylavion,
are in turn prepatdenfwbkh3zanformu}a €3 gdnbﬂlid9i59r73¢ neheydr ochl ori de
using the progegye éﬁaiﬁgbndsausv\i{?u%dvaaﬁgaeﬁdgtogl formdla MXiI Fthem
1974, 17, 104 afd 1.R.ogurge, Ir ., etoal., ._k@ﬂ g?en1t1986, 29, 1087.
The i ntroductfER1BELIPR0E; Ehe 2rY 18MLRCXBEPBRPEN XY D) (WEER 3] nitrogen of
(1'l) may convappeopryabe aeidi eHlonidey (ROOCA! knl which Redbgtanrprévidugly
Wi th an appro&éffﬁgdpaﬁLgsides the respective formula (I) compounds in

cis form. The acylation reaction is cdnveniently carried

out utilizing an appropriate 4-dialkylaminopyridine as an
acylation catalyst and a polar aprotic solvent such as
acetonitrile (preferred), dimethyl formamide, hexamethyl |
phosphoramide and the like at temperatures ranging from 400
to 85°C. Other formula (I) compounds where Rl and R2=H can
be produced by using the respective (XVI) compounds.

Pathway 2 of Scheme VIII depicts the alternative route
for introducing an alkoxy-carbonyl-ethyl or Cl-zalkoxy—
Cl_zalkoxy-carbonyl-ethyl substituent on to the ring
‘nitrogen of (XIV) by the previously described conjugate
addition (Michael addition) reaction with an e,B-unsaturated
carbonyl reactant of formula (IV') to yield. the
corresponding cis form of (XVII) which is then acylated with
RCOC1 as previously described to yield cis product forms of
(V) or (V-a). The symbol R' in Scheme VIII represenfs
alkyl, Cl_zalkoxy-cl_zalkyl or alkenyl. By analogy to
5previous schemesa ghe agrylic ester of formula (IV') may be
substituted by R ' R"C=CR"COOR'or alkyl.

Alternative routes for synthesizing éis-(I), cis-(V)
and cis-(V-a) are depicted in pathway 2 of Scheme VIII.
Reaction of the cis precursor (XIV) with benzylchloroformate
(Cbz-Cl) using Schotten-Baumann conditions, two phases
consisting of water and an ether, e.g., diethyl ether,
tetrahydrofuran, dioxane and the like, in the presence of an
appropriate base, e.g., sodium carbonate or bicarbonate,
alkali metal (sodium preferred) hydroxide and the like, to
scavange the released acid during the reaction, at about '
0-35°C, provides the ring substituted compounds of formula
(XV1II), wherein Cbz = benzyloxycarbonyl. Similar acylation

10

15

20

2

30
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of formula (I'11r) wherein "Hal"™ is bronmo (preferred), chloro or iodo and X
represents the aforenentioned groups as shown in Schene |: -9- Schene |
O [err] Fornulae (la)-(1d) and other fornuale utilize the convention of

partial structures to denote the remaingder_of, the f as in,fornul a
her ei nabove. hethekgrniamine cgrenpnins (XYITL1);vith %ﬁéfs‘”&%‘fﬁ%ﬁ et:ﬁuq y ()

conducted in @gBrrespbna@ifgnamidesVverixyuchceavedtiomahipydrogaeilysis idfe
(preferred), gﬂeaﬁggggigarbamaté function of (XIX), for example, with
hydrogen at 1-3 atmospheres of pressure in the presence of a
5 catalyst (such as Pd-C) in a mixture of an organic alkanol '
(such as methanol and ethanol) and ‘acetic acid at ambient
temperature provides the cis precursor (XX) wherein the ring
nitrogen is unsubstituted. The cis precursor (XX) is then
converted to the cis final products of formulas (I), (V) or
10 (V-a) by the respective alkjlation and Michael additional
methodologies previously described using (XX) as the (II)

compound.
Scheme IX _
H
Ar. H '
N~
CHj
15
Y
XVIII
Ar\ ” Cbz cis’
N -
Hs :
Silica gel
chromatography H
Ar.
20 N ~n~
& ~ CHs
“ .
t‘l .
Cbz xx1I
2 5 trans

As indicated in SCheme'VII, the trans derivatives
(XII1) and (XV) contain some residual corresponding cis
isomer. However, final products of formula (I) in pure
trans form may be obtained from the trans(cis) derivative
(XV) by the purification'methodology depicted in Scheme IX.
The trans(cis) derivative (XV) is converted to the
corresponding trans(cis) N-benzyloxycarbonyl derivative
(XXI) under Schotten-Baumann conditions as previously

/______.__——'——————-'
-18- :
This Sheet Has Been Rep|laced

= [T




hydrocénbon, e.g., benzene, nethyl benzene, dinethyl benzene and the like; a
| ower al'kanol, e.g., nethanol, ethanol, 1-butanol and the |ike; a ketone,
e.g., 4-nethyl-2-pentanone and the like; an ether, e.g., 1, 4-dioxane,

tetrahydrofuran (THF), 1,1-oxybisethane and the | ik N-di net h
~ formani de (DMigscribedpenThactrana(ens) iﬂ@me#ﬁe"ﬁdgn]: n25¢ %?P%‘bﬂ?]d’pr‘?yate

bas:; Suglh as, fiaéheamzbg gatm ahkahagagitabhya(geﬁaéﬁaﬁplm Cﬁéb?mate i h
preferably poja ona e u ed, Lo i ze agci d that
is |iberated éﬁiii n}hﬁieo rs@rﬁf Emreat%?g Srnfgg%i %?r%ﬁ aftes, the
addi tion of aoxvmmtdeandltrapse(lxnmby1aumetkaleanhtatbstnmtmaliuﬁfzﬁe

. sodi um i odi de r Al 2 00

~generally §%f réﬁengg QP%hghe vgoggmﬁg%pﬁﬁagﬁ? %ygﬁéfgguféimnajn%% enpl oyed
. to enhance t hthuarebbainnd téaesu eﬁomw:énmw. thenbeycenyertsd -tq Khe

; wherein the efpy¥peBBive trans form of final products (I) by application

| of the methodologies heretofore described for the

corresponding cis compounds (e.g. pathway 3 of Scheme VIII).
A methodology for synthesizing the corresponding

optically isomeric (+) and (-) forms of the pure cis and

trans isomers is depicted in Scheme X. For illustration

10

purposes, the racemic cis isomers of formula (XIV) are shown
as the starting material, although the corresponding racemic
trans isomers can similarly be utilized.

\\lﬂiﬁl‘iiilfﬁfi‘ i
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be.supstituted with 1 or 2 [err] alkyl
an-alternati ve net hod of

(I'1) to yield (V)

is by way. of a

between (I11) and an [err],[err]-unsaturated carbonyl

groups for a total of 2-4 carbons,

10 - conjugate addition reaction
reactant of formula

(IV) in an i ani ¢ sol vent such as, for exanple, acetonitrile, a
| oner al kanol, e.g., nethanol, ethanol and the |like, an ether, e.g.,
di et hyl ether, dioxane and the like; and an aronmatic hydrocarbon, e.g.,
benzene, toluene and the |ike as shown, for exanple, in Schene Il. Schene
Il 0 "Sn” 0
5 CHg cH3
*  Pn” nco
N
l
XIv H
10
o CH :
Ar. P g
~ N\ H
N NH “Ph Ar.
SNTOSNE N
CHQ H
15 A .“c|-|a
N CH O
A 4 |
N -
o’ "NH “ph
o NH  ~~Ph
20 XXIIX XXIV
1. Separate by silica -
gel chromatography
2. HBryqgreflux
25 7
Arg M - Ar\g,ﬂ
CH, AL <CHa
o~ 1 \
XV n H  xxvI
35

_/
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[err] VMeh X i's al koxy-carbonyl -loweralkyl in (l-a) or

alkenyloxy carbonyl -1 oweral kyl- in (1-c), an alternative nethod of

i ntroduci ng said X-substituent onto the piperidine nitrogen i's by

esterification of the corresponding acidic fornula &?% npounds, i.e.,
r¥

“formula (1) wherei Reratdomoforpcenis: gisy (XIVohwis -maghmgbsneyl
- appropriate ah@ﬂcymheﬂek@&yb1uwuv¢w %@#@@E&Ev&%@uqaﬁbﬁé mooamsoPcyniﬁ the
sol vent, for exa oroform at, a e reflux te eratures
2ci o of for mACRTERCe @, 3 appdoRs e en e AiB TRy LAMIPOPRELUSER RRRBIYAA)
are believed mmnbeanmmekhen&ammmdmahﬁxtu&&yoEeddhsaenedmbxlceacmpagndé|)
acryl Z?ea?ﬁﬁfihé‘ﬁlﬁsaa“ Y07 e 3 slpaxableOby) B1BGRT L1 R4 pet .
e.g. (VII), wi O@mawwrlumacem @hscsepatra@pdrd]t@sterant;eentare
tenperatures el Eotrerdeld @ of thieOMedPectiveeehbhtiomeric piperidines
(XXV) and (XXVI) by treatment with refluxing hydrobromic
acid which, in turn, may then be used as the starting
10 Precursor for preparing the corresponding form of the
formula (I) compounds in accordance with the previously
described methodologies in Scheme VIII.
The compounds of formula (I) and the isomeric forms
and pharmaceutically acceptable acid addition salts thereof
are useful analgesics, as demonstrated, for example, in
]sexperimental animals. Typical of the in vitro and in vivo
testing procedures for analgesic activity are the guinea pig
ileum assay and the rat tail withdrawal assay, respectively.

A. Guinea Pig JTleum Assay (in vitro): .

20 Compounds are tested for opioid activity in the
isolated guinea pig ileum using the method of Kosterlitz,
H.W. and Watt, A.J., Br. J. Pharmacol. 33:266-276 (1968)

with modifications found iﬁ James, M.K. and Leighton, H.J.,

J. Pharmacol. Exp. Ther. 240:138-144 (1987). The terminal

2511eum is removed from male Hartley guinea pigs after

sacrifice by cervical dislocation. The isolated ileum is
washed and placed in Krebs-Henselelt buffer oxygenated with

95% 02 and 5% CO, mixture and maintained at 37°C. The

washed ileum is cut into segments (2.0-2.5 cm) and mounted

on platinum ring electrodes. The ileal segments are then
placed'in 10 m1 temperature-controlled tissue baths
containing-dxygenated Krebs-Henseleit buffer. The tissues
are connected to force-displacement transducers and

stretched to a resting tension of 1.0 gram. The composition

30

35
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Scheme 111 Mchael + [err]=CHCOO t Bu reaction [err] (I1)

(Vr1) [err] | [err] The ester CH2=CHCOO-tBu in Schene
1l may be substituted by other esters e.g. of the fornula RR

C=[err] COO-tBu wherein R, R and err] are drogen nethyl or ethyl

provi ded t hatof tkrehs Henseleit buffer ris anl f/@rquws s(ng.l;_hnqoday')a &aé‘tlher

aci ds of For npiga 1Mk t@rmt |(y@¢y tileg,a a[[ Q.cm.gqmz quesal kyl

hal i de or acnxﬂég aC|£g g ucosgfl gpbodl ent bei

' The ileal segments are stimulated at 0.1 Hertz, 0.5

5 milliseconds duration at a supramaximal voltage to induce
contractions. Opioid activity in the test compounds is
manifested as inhibition of electrically evoked
contractions. A non-cumulative concentration-effect curve
for each test compound is performed to assess the ability of

10t;he compound to inhibit contraction in the guinea pig ileum.
After the concentration-effect curve is completed, naloxone
is added to the tissue baths to determine if the
compound-induced inhibition of contraction is reversed.
Antagonism of the inhibition by naloxone confirms that the
inhlbltory effects of the compounds are mediated through
Oplold receptors. Assay results are expressed as E050
values (a measure of potency), defined as the concentration
producing fifty percent of the maximal response, and is
expressed in molar units (moles of compound/liter).

20
B. Rat Tail Withdrawal Assay (im vivo).
The analgesic efficacy of test compounds are evaluated

in a rat tail withdrawal reflex model modified from D' Amour,
F.E. and Smith, D.L., J. Pharmacol. Exp. Ther. 72:74-79
5(1941) Male Sprague-Dawley rats are anesthetized and
implanted with femoral vein cannulae and allowed to recover
overnight. After recovery, the test compounds are
administered intravenoﬁsly through the cannula and effects
on tail withdrawal latency are measured. Tail withdrawal
olatency is measured as the time to tail movement by the rat
after exposure of the tail to a radiant heat source. The
heat source is calibrated to produce a temperature of 62°C
after 15 seconds. Tail withdrawal latency in the absence of
drugs is six to eight seconds. Test compounds demonstrating
analgesic activity prolong tail withdrawal latenéy beyond
that seen in the absence of drugs. A maximal latency
//

-22- Been R mxd
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shown below, can be esterified with the appropriate alkyl or
al.kenyl.- N, N-di i sopr opyl - pseudourea, for exanple, in chloroformat anbient
to reflux tenperatures, to yield the corresponding formula (111) halide

ester or acr I|c te ch is then,infroduced gnto the rin itrogen of a
Formul o (11 datrafl 1ok ATkCaen st cams o oimRRTSH i B ThRAPt HdAsHS o
reaction or damgggat e'l'led(hssm 4 (Mﬁﬁfie&mﬁiﬂn ksars hepioids Sahene |V
Schenme 1V | J

t he doubl e bo%;cf'dar%sot egjf'Fé)t@ftt 44“1%%% e%#eﬁe& Sasaléﬂeny' ’

values, calculated as the dose produc1ng a tail w1thdrawal

5 latency equal to half the difference between the maximum
latency (15 seconds) and the baseline latency (six to eight
seconds). EDg, values are expressed as milligrams of
compound/kilogram of body weight. Duration of action is
defined as the time (in minutes) necessary for the tail

10withdrawal response to return to baseline values after being
elevated in response to drug administration. Duration of
action is measured at the lowest dose produc1ng a fifteen
second (maximum) tail withdrawal latency.

In Table I, test results obtained from the
aforementioned A. guinea pig ileum assay and B. rat tail

15

withdrawal asséy are listed for the indicated compounds of
formula (I). Said results are not given for the purpose of
limiting the invention to said compounds but to exemplify
20the analgesic activity of all compounds within the scope of
formula (I). TFor comparison purposes, test results obtained
for three well known 4-anilidopiperidine analgesics,
fentanyl, sufentanil and alfentanil, are also listed.

25
30

35
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OR3. Imaddition, the CH2=CH COOH starting material nmay be substituted by
[err]=[err] COOH wherein [err] and R6 are as defined above. An alternative
nmet hod of preparing the formula (1) conpounds .wherein X is
| ower al kyl - car bonyl oxy- | oweral kyl and R is hydrogen or nethoxymethyl is by
reduction of the corresponding ester (I-a) to the correspondi ng al cohol
(VI11), for exanple, by conventional |ithium alum num hydride reduction in
et her solution, preferably THF, at aﬁﬂgﬁgiégenperatures The t hus-obt ai ned
al cohol (VIl11) is then transforned i reverse ester (I1X) by reaction
with an—appropriate loweralkyl anhydride for exanple acetic acid
~anhydride, propionic acid anhydride, and the like, in an organic solvent
such as pyridine. This ijs shown in the foll ow ng Schenme V wherein_X is in

“formula (1-a) is | ower AS8BYL @2 | ower al kyl : ASSEInB Vv Assay B
Compound : _ Duration of
of Example Ecse (molar) EDse (mg/kg) Action (min)

2 - maleate  1.66 + 0.59x10° % 3.2 10-15
3 - maleate  3.60 + 0.30x10°° 3.4 10

6 - HC1  2.62 + 0.62x10"° 4.7 5-10
7 - oxalate  3.71 + 0.20x10°’ 13.4 5-10
8 - oxalate 1.03 + 1.00x10 > - | -
10 - oxalate  3.55 + 0.23x10"° 0.0044 15
12 - oxalate  1.02 + 0.63x10°8 0.8 30
14 - oxalate  6.89 + 1.61x10°° 1.4 15
15 - oxalate  5.11 + 0.24x10"’ <0.03 10
16 - oxalate  6.72 + 2.10x10°8 0.016 25
17 - oxalate  3.47 + 0.53x10°/ " 0.028 15
18 - oxalate  2.13-+ 0.30x10°% >3.0 -
19 - oxalate  1.18 + 0.20x10”’ >3.0 -
20 - oxalate  4.95 + 0.09x10°6 1.4 25
21 - oxalate  2.18 + 0.18x10°% 1.4 15
22 - HC1 1.98 + 0.21x10°8 <0.03 30
23 - oxalate  7.51 + 0.81x10°° 0.51 10
24 - oxalate 1.64 +

0.10x10"8 >3.0 B

‘(TABLE I continued next page)
-24-
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- 13 - Wien X is [err]al koxy-[err]al koxy-carbonyl -ethyl, wherein the ethyl
may be substituted with 1 or 2 C 12 al kyl groups for a total of 2-4
carbons, the introduction of this group on to the ring nitrogen of (I11) may
conveniently be carried out by the reaction of (I1) with an
a,[err]-unsaturated carbonyl reactant of formula (X) according to standard
M chael Reaction conditions andrasiEentConeasieadi trile being preferred, to

yield the corresponding N-substituted product (V-a) as shown in Schene VI:
Schene VI [err] The conpounds of formula (X) having a [err]al koxy-

25 - oxalate  1.47 + 0.09x10°’ 0.052 5

27 - Hcl 9.29 + 6.36x1077 <0.003 10
29 - oxalate  2.23 + 1.00x10° % 0.14 10
34 - HCl 6.63 + 1.96x10 5 0.0052 10
35 - oxalate  1.22 + 0.09x10°% = 0.26 20
36 - oxalate  6.87 + 0.83x10 ° - -
fentanyl 1.76 + 0.36x10"7  0.0046 60
sufentanil 7.43 + 1.53x1077 0.0013 80
alfentanil 2.01 + 0.12x10" 8 0.0045 55

- The results in Table I illustrate that the subject
compounds have opioid activity as demonstrated by
naloxone-reversible inhibition of electrically evoked
contraction in the guinea pig ileum. The most preferred
compounds are those potent analgesics which also have
unexpectedly short durations of action, as compared to
known compounds of the 4-anilidopiperidine series (fentanyl,
sufentanil and alfentanil). Among the most preferred
compounds are: '

1. 3-[4-methoxycarbonyl-4-[ (1-oxopropyl)phenylamino]-
l-piperidine]propanocic acid, methyl ester (Example 10);

2. 5-[4-methoxyc£rbony1-4-[(l-oxopropyl)phenylamino]-l-
piperidine]pentancic acid, methyl ester (Example 12);

3. 2-[4-methoxycarbonyl-4-[(1-oxopropyl)phenylamino]-1-
piperidine]ethyl acetate (Example 16);

-25-
This Sheet Has Been Re(ilaced

D

. - - —— e s = e - - - —




met hoxy- car bonyl -et hyl function are obtained by the reaction of acrylic
acid with an appropriate di al koxyal kane such as di net hoxynet hane and
di et hoxynet hane in the presence of phosphorous pentoxide. The acrylic acid

By be substitgt ed fur QI A ! o i eLd.
other product Pt Ao CHNT By )% f1doBeph Ry TangnbTO PTpke A fie ]
" [err] al koxy- et hoxy Ruenansic agisamephyly estes, (Examplei 14dke from

comer ci al suppliers. - 14 - As noted previously, the forrmula (I)

conpounds are
forms. The fo

Fom i LMARRIRY SRarD 51 s OB oy L RPEREPRLRE I he i

paths for pgepari ngpipentidiredlrepencs acid, vinyl ester (Example 15B);

10

15

and the pharmaceutically acceptable isomers and salts

thereof. A particular group of compounds of the invention
are the alkyl esters of 3-[4-methoxycarbonyl-4-[(l-oxopropyl)-
phenylamino]-1l-piperidine]propanoic acid and their
pharmaceutically acceptable salts.

The aforementioned properties of the most preferred
‘compounds are extremely beneficial in that they allow more
control over the level of analgesia in a surgical setting or
other situation where precise control of opioid levels are
necessary or desirable. 'These properties would also allow
for more rapid recovery after the conclusion of a surgical
procedure or after the use of these compounds in other

" eircumstances.

20

In addition, to their analgesic activity, the compounds
(I) of this invention may be subject to extensive metabolism

" in blood as well as potential metabolism in the liver, as

25

30

35

has been fypically observed with the most preferred
compounds. In contrast, fentanyl and alfentanil are
reported to be primarily metabolized in the liver in humans,
for example, see McClain, D.A. and Hug, Jr., C.C., Clin. |
Pharm. Ther. 28:106-114 (1980), and Schuttler, J. and
Stoeckel, H., Anesthesist 31:10-14 (1982). Rapid
elimination or biotransformation to inactive or less active
products would minimize accumulation with prolonged or
repeated administration. This property has been cited as
one of the properties of an "ideal" intravenous analgesic or
anesthetic (White, P.F., Anesthesia and Analgesia 68:
161-171 (1989)). 1In addition, rapid degradation of an
opioid analgesic to inactive or less active products in the
blood, as occurs with the neuromuscular blocker,

-26-
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and enantionmers as pure materials starting with appropriate precursors.
Scheme 'VII 0 O [err] As depicted in Scheme VII, the cis/trans mxture (XI)
is conveniently used as the starting material. Standard crystallization
procedures using organi c solvents such as ethyl actate,_ether/hexane and
the |ike, afseedinyighelinen wouldeallevcnpvePredicteble scoxrpiation |of |

o éﬁéf‘ {N: ne ég&&‘ ?ggllat Hﬁrﬁg’lifssﬁlso?gﬂﬁﬂmiééﬂﬁ%iéOéffeéﬁﬂ ($tanskd hep sxot her
essentially FP&E Hug, t HeCeor VEspBR ﬁFFBe?}ﬁﬁggyggieS45§£Z§§ {1942y).
This non-hepatic means of inactivation may be
5 demonstrated with one of the most preferred compounds,
3-[4-methoxycarbonyl-4-[ (1-oxo-propyl)phenylamino)-
l-piperidine]propanoic acid, methyl ester, as the
hydrochloride salt (Test Compound), which is found to be
rapidly degraded in rat and human blood in vitro whereas
10fentanyl, sufentanil and alfentanil are found to degrade at
a much slower rate.

The relative assay using rat blood is performed as
follows. One hundred miérolitgrs of fresh heparinized rat
blood is placed in eighteen 15-ml plastic centrifuge tubes.
The tubes are then placed in a temperature-controlled water
bath at 37°C for 2 minutes. At that time, 2 ug (at a
concentration of 1 ug/ml in water) of the Test Compound (12
tubes), fentanyl (2 tubes), sufentanil (2 tubes) and
alfentanil (2 tubes) are added to each tube. Two tubes
containing the Test Compound are removed at the following
times: 0.5, 1.0, 2.0, 5.0, 10.0 and 20.0 minutes. Two tubes
each containing the fentanyl, sufentanil and alfentanil are
removed after 60 minutes. Immediately after removal from
the water bath, 500 ng of an internal standard is added
(4 [4-methoxycarbonyl-4-[ (1-oxopropyl)phenylamino]-1-piper-
idlne]butan01c acid, methyl ester oxalic acid salt (Example
11) at 0.1 ug/ml in water), the solution briefly mixed, and
900 ul of a saturated solution of sodium carbonate is added.
After addition of the sodium carbonate solution, the tube
30contents are mixed and 10 ml of n-hexane is added.

The aqueous phase is mixed with the n-hexane phase for
10 minutes and centrifuged at 2000 x g for 10 minutes. The
n-hexane layers are removed, placed in clean tubes and
evaporated to dryness under a stream of dry nitrogen. To
the residue from the evaporation, 100 ul of ethyl acetate is

20

35
added, mixed and the solution analyzed by gas-liquid
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and .t he predom nantly trans isoner (Xl11) are each converted to the
correspdndi ng 3-net hyl -4-aryl am nopi peri di nes of respective formulas (XlV)
and (XV) by treatnment with a concentrated hydrohalic acid (hydrobrom c acid

prefer red) 2t chebuitoRSARRLA U1C s BINIAIE BN qublS ESHRESDENRY! Bcorare

crystalline cisTrsome ecov I|ze
further synth@pﬂvtpamhwaps1@dpm¢pdd1nmoschen§ vhrpmaﬁosbaahnf@htedownnhaa

(1) final proguebs mm (% eTna1c F1AMEtRE )ChS 150mTcolumn LBatedCliStR MBS/
' (brand name of J&W Scientific, Rancho Cordoba, CA for a 5%

s diphenylpolysiloxane and 95% dimethylpolysiloxane mixture)
to a film thickness of 0.25 u. The injector port is held at
280°C. The detector is a nitrogen phosphorous detector held
at 270°C, and the carrier gas is helium at a flow rate of 2
ml/minute. The column is held at 45°C for one minute after

10 injection; then heated to 270°C at a rate of 25°C/minute,
and held at 270°C for seven minutes. Under these
conditions, the internal standard has a retention time of
11.6 minutes. The Test Compound, fentanyl, sufentanil and
alfentanil have retention times of 11.0, 12.1, 12.8 and 14.3

15 minutes, respectively. )

In this study, it has been found that more than 90% of
the Test Compound disappeared after incubation for 30
seconds, whereas 65%, 85% and 75% of the added sufentanil,
alfentanil and fentanyl are still present at the end of a
gpone hour incubation period. These results demonstrate that
the Test Compound is rapidly degraded in rat blood in vitro
in contrast to the three comparative compounds, which
degrade at a very slow rate. As a consequence of these
findings, the analgesic compounds of this invention may be
25subject to extensive metabolism in blood as well as
potential hepatic metabolism. This property is viewed as
advantagedus-because it offers an alternative means of
inactivating the analgesic compound and thereby could
produce a predictable pharmacokinetic profile.

Beyond 3-[4-methoxycarbonyl-4-[(l-oxopropyl)phenylamino]-
l-piperidine]propanioc acid, methyl ester this non-hepatic
means of inactivation may be demonstrated with the related
ethyl, propyl, butyl, isopropyl, isobutyl and sec-butyl
esters. These compounds (test compounds below in Table II)
35have been found to be rapidly degraded in human blood when

compared to their degradation in phosphate buffer.

30

e
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-17- As .shown in pathway 1 of Schene VIII, the cis precursor (XIV) is
subjected to the previously described alkylation reaction with a fornula
(1) halide to yield the correspondi ng N-substituted conpounds of formula
(XVl). Acylation of the arylamno group in (XVlI) with an appropriate acid
chloride (RCOCL i nThairelative aasgaewsing yhumsn hdood)isy peaformed as

respective foggifous!) WE 4f £t OHBpatthidfed Numdh b330k 98 IS

conveniently carried, out utilizing an appropriate 4-dial kyl am_ngpyri di ne as
an acyl ati on R36edsin 8 temperatuzgreantrabled watar hath &Get"gnafPFelg
(preferred), minetéy! ot EWaAtictimexad00 ] @ ppmdnsédutidnt b€ khke at

terper at ur o £ 00! DG 0M8 400 d8aGRIS dhie 513ded Y & bibogoTPOUNdS

concentration of 40ug/ml of the test compound. Solutions of
the test compounds are prepared just before the assay was
started. Two 500 pl of blood are withdrawn at various
timepoints for measurement of the test compound and the

jo Propanoic acid formed by ester hydrolysis. A trial run was
performed with each test compound and thereafter timepoints
were Set for sampling over two to three half-lives.
Chemical hydrdlysis is measured by incubating the test
compounds in phosphate buffer (0.1 M, pH=7.4) instead of

15blood. Duplicate samples are taken at 1, 30, 60, 120, 180,
240 and 300 minutes.

Acetonitrile (700 ul) is added to the samples removed
from the incubation mixture along with 50 ul of a solution
of the internal standard (4-[4-methoxycarbonyl-4-[(l-oxopropyl)-

20phenylamino]-1-piperdine]butanoic acid, methyl ester, 0.12
mg/ml in acetonitrile). Samples are mixed and immediately
centrifuged at 30,000 x g for 10 minutes. The supernatant
"is removed and cooled to 8°C. Twenty microliters of the
supernatant is injected into the high performance liquid

-Zschromatograph (HPLC) for analysis. _

The HPLC analysis is performed using a Sy Spherisorb CN
column (250 x 4.6 mm)(Keystone Scientific, Inc., State
College, PA) with a flow rate of 2 ml/min. The mobile phase
for the assay is 0.1 M phosphate buffer (pH=2.0) and
acetonitrile in a gradient elution. Acetonitrile is
increased from 10-11% at 0 to 5 minutes to 16% by 10
minutes. Acetonitrile is maintained at 167 through the
remainder of the elution (16 minutes inclusive). These
conditions provide for resolution of the propanoic acid
35formed by ester hydrolysis, the intérnal'standard and all of

the test compounds except the ethyl ester. Retention times

30
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be proaueéd by using the respective (XVI) conpounds. Pathway 2 of Schene
VI11l depicts the alternative route for introduci ng an al koxy-carbonyl - et hyl
or [err]al koxy- [err]al koxy-carbonyl-ethyl substituent on to the ring

ni trogen of (YY) (3h fuh%&re%vy Oliﬁ‘dba‘i‘ﬁﬁccr 5@ BQ1; uaﬁttﬁyadwtb&mmchael
addi tion) reagtion w.t err] - Qﬂgwﬁ:atEd c%r$ reactint of formula

(IV) to yiel dnternad, rsé'ﬁ!ﬂ%dl 4.8 -6ss sWHBSORTPRYLH&8LEEy| at ed
Wi th RCOC1 as L¥.aui mpyldmezbad 8 weei-mm:tya Rse@ucl3f.ormiseFbayy1or

(V-a). The s§$2% zp Sch ¥III I ﬁb al kyl,
[err]al koxy-[ al Qﬁ fal dy ‘to previous schenes, the
acrylic ester of f@rhmﬂlaxg( It‘bie) fitww l:@twltst ilt utldduh)ntmm&’mm or
al kyl . Al ter “&fe's\bq\{t‘l%xe%ff Q:rhes S'e%'éé‘} From 'the ?h%e%laﬁéaﬁaérév a)
are depicted in p Sche React1 on o Cl S _precursor
(XIV) with bedFy %ﬁﬁg%%$¥ﬁ,ﬁgpg the retent1on times are 10.1 minutes for
the propanocic acid, 15.1 minutes for the internal standard
and 15.8 minutes for the ethyl ester. Elution of these
10substances is detected by monitoring ultraviolet absorption
at a wavelength of 220 nm. .
Data from the HPLC assay is analyzed by a simple
pseudo-first order kinetic model for disappearance of the
. test compounds. Pseudo-first order rate constants were
15calculated for each test compound from these data along with
the apparent half-lives in minutes (;1/2). These results
are shown in Table II below for the various esters of
3-[4-methoxycarbonyl-4-[(1-oxopropyl)phenylamino]-1-piperid-
ine]propionic acid. Where kBu is the pseudo-first order
rate constant for degradation of the test compounds in
phosphate buffer and k B1 is the similar constant for
degradatlon in blood..

20

TABLE II
25 |
Ester kBu' i Buffer gbl B;ood
Ly/2 '_ 172
methyl  7.430.6 x 107 94 2.0:0.1 x 1072 36.5
soethyl 4.6+0.2 x 1073 150 1.840.7 x 10°2 38.5
propyl  3.00.5 x 107> 231 2.5%0.3 x 1072 27.7
butyl 3.040.5 x 1077 ° 231 8.510.6 x 1072 8.2
isopropyl 1.310.5 x 10-3 533 1.0£0.1 x 10—2 69.3
isobutyl 4.0%0.6 x 107> 173 9.0$2.0 x 1072 7.7
ssSecbutyl 2.0£0.2 x 1073 346 9.0%1.0 x 10°° 77.0
-30-
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(Cbz-dA) «wusing Schotten-Baumann conditi ons, two phases consisting of water
and-an ether, e.g., diethyl ether, tetrahydrofuran, dioxane and the |ike,
in the presence of an appropriate base, e.g., sodium carbonate or

i bi carbonate, alkali netal (sodium preferred) hydroxide and the like, to

' scavange the rel eadad thiisd sdmdyng itharase foundn that &beutestSSGWPpuodFdes

“the ring substjdd %ﬁqmow&%aqfedf QWmoﬁX\Alsl cbmpd2gHct8 HlEfEr. The

benzyl oxycarbonyl. Simlar acyl ation he arylam_no groyp.in (XVIII)
with ROOC  pr difisfecompounds, é@ﬁ&wé%"arﬁ%@é‘- e‘ﬂPX)ﬂYoGﬁsE degnip human
hydr ogenol ysi ldfod it kata dav kamirashturot iche ﬁhrk&txa cbmpoandspl e, with

Yoo o AP E gt B B fhetReT AR Rhod BELA Kobmko "
: to be primarily metabolized in the 1liver in vivo see D.A.
McClain et al, Clin. Pharm. Ther. 28:106-114 (1982). As
demonstrated in this study, the analgesic compounds of this
invention may be subject to extensive metabolism in blood as
1owell as potential hepatic metabolism. This property is
viewed as advantageous because the compounds of this
invention would not depend on redistribution for the
terminiation of their effects'and thereby would likely have
a more consistent and pfedictahle pharmacokinetic and
15pharmacodynamic profile. |
In view of their analgesic activity, the subject
compounds may be formulated into various pharmaceutical
forms for administration purposes. To prepare the
pharmaceut1ca1 compositions of this invention, an effective
analgesic amount of the particular compound, in base or
acid-addition salt form, as the active ingredient is
combined in intimate admixture with a pharmaceutically
acceptable carrier, which carrier may take a wide variety of

20

forms depending on the form of preparation desired for
25adminisi:ration. These phdrmaceutical compositioné are
desirable in unitary dosage form suitable, for example, for
administration orally, transdermally, rectally or
parenterally. For example, in preparing the compositions in
oral dosage form, any of the usual pharmaceutical media may
30be employed, such as, for example, water, glycols, oils,
alcohols and the like in the case of oral liquid
preparations such as suspensions, syrups, elixirs and
solutions; or solid pharmaceutical carriers such as
starches, sugars, kaolin, lubricants, binders,
35disinteg;ating agents and the like in the case of powders,
pills, capsules and tablets. For parenteral compositions,

-31-
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(such as'nethanol and ethanol) and acetic acid at anbient tenperature
provides the cis precursor (XX) wherein the ring nitrogen is unsubstituted.
The cis precursor (XX) is then converted to the cis final products of -
formulas (1), (V) or (V-a the_respectiye alk

|
addi ti onal nﬁbﬂoﬁGFBbPEs“bFivPBHQF}YdEEEPFbﬁﬁ ﬁ§¥ﬁ§if %&’t?é?iggﬁt in
conpound. Schgwge! faft|i eRoagh GBheﬁHiﬁgfeﬂhynts[efo:]: -.nsammthpatcechm

cor r espond] nBOIPEiALENe, meYohe, Sheifnrg) pPRIEEVADER BEIALRERE, An CUR |
trans form maxainplebmaynbed prepared Lnawb@chsyhde¢#VE}¢VeCQWR51§SF1:he
E)l;({/') f : ga'él OCérHtgggﬂggl QﬁilgngSEGG:Lbﬂ Sgh6EBsk Xs010€ibh 305 (& mixtdnFd \6¥ | ve
saline and glucose solution. Injectable suspensions may
also be prepared in which case appropriate liquid carriers,
suspending agents and the like may be employed. Acid
addition salts of (I), due to their increased water

10 Solubility over the corresponding base form, are obviously
more suitable in the preparation of aqueous compositions.

It is especially advantageous to formulate the
aforementioned pharmaceutical compositions in dosage unit
form for ease of administration and uniformity of dosage.

15 Dosage unit form, as used herein, refers to physically
discrete'units suitable as unitary dosages, each unit
containing a predetermined quantity of active ingredient
calculated in product the desired therapeutic effect in
association with the required pharmaceutical carrier.

20 Examples of such dosage unit forms are tablets (including
scored or coated tablets), capsules, pills, powder packets,
wafers, injectable solutions or suspensions, teaspoonsfuls
and the like, and segregated multiples thereof.

In view of the analgesic activity of the subject

zscompounds, it is evident that the present invention provides
a method of preventing or combatting pain, that is,
providing analgesia, in warm-blooded mammals, including
humans, by the systemic administration of an effective
analgesic amount of a compound of formula (I) or a
pharmaceutically acceptable isomer. or acid addition salt
thereof in admixture with a pharmaceutical carrier.
Although the amount of active ingredient to be admlnlstered
may vary within rather wide limits, depending on the
partlcular circumstances of the case, doses of from about
0 001 to about 10 mg/kg, and preferably from about 0. 01 to

about 1.0 mg/kg, administered once, repeatedly or

30

-32- _
' TG




co}hesﬁondjng trans(cis) N-benzyl oxycarbonyl derivative (XXI) under
Schot t en: Baumann conditions as previously described. The trans(cis)
i somers of (XXI) are separable by flash silica gel chronatography (for

exanpl e, see W Still 197 9 | d .
(XVI11) and tF&HglP%RPF)IY 3r’h§r§ éé’dhd§&3§t’aﬁﬁ°a§?§/'e§§%1§ fainlD Vi ol d s
respective coeféectiveng mhanmnefetwpm rouget ofsadbinistdationsissoners may
‘then be conve E?%g&%r%h %i@%%hﬁ%gggrﬁﬁgtﬁgr QEa@hﬁﬁPspESHHEtS (1) by

application o Io I es re descri b he correspondi ng
cis conpounds (e.gT vg egemplesyere) inkendedotis) d4justrate, and

synt hesi zi ng et wue.m&nws@wecalﬂ Yhies pFesieit ( thvendién) forms of the
pure CiIs a - :

: Example 1 - :
4-[ (1-Oxopropyl)phenylamino]-1-piperidineacetic acid, methyl

ester

A mixture of 4-[(l-oxopropyl)phenylamino]-piperidine
(500mg, 2.15mmol), prepared according to the procedure of
P.A.J. Janssen et al, U.S. Patent 3,164,600, methyl
bromoacetate (0.25ml, 2.58mmol), and potassium carbonate
(594mg, 4.3mmol), in acetonitrile (2.5 ml) is stirred at
room temperature for five hours. The reaction mixture is
diluted with 1:1 water and ethyl acetate (20 ml total). The
phases are separated and the aqueous phase extracted with
ethyl acetate (2x) and the combined organics washed with
brine, dried over sodium sulfate and then concentrated. The
residue is chromatographed on silica gel (95/5 CHCl3/Me0H)
to give 4-[(1-oxopropy1)phenylamino]—l-piperfdineacetic
acid, methyl ester, as an oil: 348mg, 537 yield. An
equimolar amount of maleic acid in ether is added to a
solution of the free base in ethyl acetate to give the
maleate salt as a white solid; maleate salt: m.p. 130-133°c.

10

15

20

25Elemental Analysis for 021H28N207:

c% - H% N%
Found: 59.7 6.8 6.6
Calculated: 60.0 6.7 6.7
Example 2

3-[4-T(1-Oxopropyl Lphenxlam1no|—1-212er1d1neIgrogan01c acid,

methyl ester
To a solution of 4-[(1- oxopropyl)phenylamlno] piper-

jidine (1.0gm, 4.31lmmol) in acetonitrile (10ml) is added

35
-33-
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trans isonmers is depicted in Schenme X For illustration purposes, the
racemc, cis isoners of fornmula (XIV) are shown as the starting materi al
al t hough the corresponding racemc trans isonmers can simlarly be utilized.
- 20 - Schenme X N 1. Separate by silica gel chronatography -21 -

methyl acrylate (776ul, 8.62mmol) at room temperature. The

solution is stirred at 50°C for 2 hours, cooled to room
temperature and cbncent:ated to an oily residue. The
residue is chromatographed on silica gel (EtOAc) to yield

s 3-[4-[(1l-oxopropyl)phenylamino]-1-piperidine]propanoic acid,
methyl ester as an oil: 1.34gm, 987. The maleate salt,
which is made as described in Example 1 and recrystallized
from ethyl acetate, is a whité solid; maleate salt: m.p.

118-120°C.
10 Elemental Analysis for 022H28N207:
- C% HZ% . N%
Found: 60.8 7.0 6.7
Calculated: -60.8 7.0 6.5
15 ' Example 3

4-T4-] (1-Oxopropyl)phenylamino]-1-piperidine]butanocic acid,
methyl ester -
A mixture of 4-[(1l-oxopropyl)phenylamino]-piperidine
(250mg, 1.08mmol), methyl 4-bromobutanoate (224mg,
201.23mm01), prepared according to the procedure of G. A. Olah
et al, Synthesis 1982, 963, sodium iodide (8lmg, 0.54
mmol), and potassium carbonate (298mg, 2.15mmol), in
acetonitrile (1l.1ml) is stirred at room temperature for five
hours. The mixture is diluted with water and ethyl acetate
25and worked up in an analogous manner of Example 1. The
residue is chromatographed on silica gel (EtOAc) to give
4-[4-[(1-oxopropy])phenylamino]-l-piperidine]butanoic'acid,
methyl ester as an oil: 223mg, 62%. The maleate salt is made
as described in Examplé 1l; maleate salt: m.p. 101.5-103.5°C.
joElemental Analysis for CZ3H32N207:

C% HZ N%
Found: 61.3 7.0 6.2
Calculated: 61.6 7.2 6.3
35
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Reaction, of racemc cis (XIV) with R [err]-nmethyl benzyl isocyanate at

el evated teéenperatures (about 100-150[err]C) in the presence of an

appropri ate 4-dial kyl am nopyri di ne catal yst generates the racem c m xture
of diastereoneric conmpounds (XXl I1) an% XXLV) ,which are separable by flash
silica gel chromatography. Each of the d di astereoners are then

converted to BhE4-Elpogbprepeliphenstaininpilpdrpiibeeidineipemtrandde\daidiy
treatment with ngéuég@g hydrobrom c acid which, in turn, nay then be used

~as the starti for preparing the corresponding formof the
formula (1) conpouAdmixtuzecofdénélnoxnprapypirhennianinelpingxidine

met hodol ogi es (bBOﬁEQ?T‘?FVHnB-l)Thﬁeﬁﬂwoﬂ!ﬂﬁoﬂ&péﬁéﬂmﬁté | 2903k [ he i soneric
forms and pharngceutlga 'y acCeptable acid addifion sal{s thereof are
useful anal §edi-#dmmgd deﬁﬁﬁgﬁrséeascpaﬁlgxaﬁmE,emrgwi% & A Hhab

Typical of theti alyitsgnthdsis 1982, 963) sodium iodide (97mg, 0.65
mmol), and potassium carbonate (357mg, 2.58mmol), in
acetonitrile (1.3ml) is stirred at room temperature for five
hours. The crude residue is isolated according to the

10 procedure of Example 1. The residue is chromatographed on
silica gel (95/5 EtOAc/MeOH) to give 5-[4-[1l-oxopropyl)
phenylamino]-1-piperidine]pentanoic acid, methyl ester, as a
white solid: 239 mg; 53%; m.p. 64-66°C. The maleate salt is
made as described in Example 1l; maleate salt: m.p.

15 105-106°cC. |
Elemental Analysis for CZ4H34N207:

C% HZ NZ%Z
Found: 62.3 7.4 6.0
Calculated: 62.3 7.4 6.1
20 |
. Examgie )
3-T4-1(1-Oxopropyl)phenylamino]-1-piperidine]propancic acid,
trifluorocacetate

A solution of 4-[(l-oxopropyl)phenylamino]-piperidine
25(500mg, 2.15mmol) and t-butyl acrylate (0.37ml, 2.58mmol),
in acetonitrile (2.5ml) is stirred at room temperature for
24 hoqfs.- The solution is concentrated and the residue is
chromatographed on silica gel (EtOAc) to give 4-[2-[(1l-o0x0-
propyl)phenylémino]-l-piperidine propanoic acid, t-butyl
joester as an oil: 605mg, 78%. To the ester (309mg, '
0.857mmol) is added trifluoroacetic acid (4ml). The
homogeneous reaction mixture is stirred at room temperaturé
for one hour and then concentrated to an oil which is
triturated with ether to give a white solid, 3-[4-[(1-
3soxopropyl )phenylamino]-1-piperi]-dine]propanoic acid,
trifluoroacetate: 316mg, 88%; m.p. 187-189°C.

-35-
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testing procedures for analgesic activity are the guinea pig il eum assay
and-the rat tail withdrawal assay, respectively. A Guinea Pig Il eum Assay
(invitro): Conpounds are tested for opioid activity in the isolated guinea
pig |Ieun1u5| a t he met hod of Kosterlitz, H W and Watt, A J., Br. J.

, Phar macol . el‘?'@l( Agedy siis; (fofo @qigheaMo®sF stound in James, MK and

' Lei ght on, H J : PharnacolczExp Themg 240: 138N%44 (1987). The term na
ileumis reno d f omnmal e ng ey gui plgs af t sacrifice by cervical
di sl ocati on. olated il 65 was e and pl dcéd in Krebs-Hensel eit

buf f er oxygenalaacbumaﬁed}S% 054ar5d 5% [ &.10] m xt ule7and mai ntai ned at 37 C.
The washed ileumis cut into segnents (2.0-2.5 cnm) and nounted on plati num
ring electr@des. The ileal segnents are then placed in 10 m

| t enperature-controll ed tissue baths colxampley6oxygenat ed Krebs- Hensel eit

i buffer. The tissues

A. Methoxymethyl acrylate .
In a separatory funnel is added acrylic acid (2ml,

10 29.17 mmol), dimethoxymethane (2ml), phosphorous pentoxide
(0.5g) and ether (20ml). The mixture is vigorously shaken
for five minutes and then an additional aliquot of
phosphorous pentoxide is added (0.5g) and the procedure
repeated three times. The solids are separated from the

15 liquid and the ether solution washed with saturated NaH003
solution (3x), then dried over anhydrous Na2804 and the
ether distilled from the product to yield methoxymethyl
acrylate as a light yellow o0il: 450mg, 137%. .

20B- 3-[4-[(1-Oxopropyl)phenylamino]-1-piperidine ]Jpropancic
acid, methoxymethyl ester
A solution of 4—[(1¥oxopropy1)phenylamino]-piperidine
(150mg, 0.65mmol) and methoxymethyl acrylate (182mg,
1.57mmol), in acetonitrile (0.8ml) is stirred at room
o5 temperature for eleven hours. The solution is evaporated
and the residue chromatographed on silica gel (EtOAc) to
give 3-[4-[(1l-oxopropyl)phenylamino]-1l-piperidine]propanoic
acid, methoxymethyl ester as an oil: 138mg, 257. Gaseous
hydrochloric acid is passed through a solution of the free
3obase dissolved in ethyl acetate/ether (1/4 ratio) to give
the hydrochloride salt as a white solid; HCl1l salt: m.p.

128-131%.
Elemental Analysis for C19H29N20401:
Cc% RZ%Z N%
Found: $9.0 7.6 7.4
350a1cu1ated: 59.3 7.6 7.3
-36-
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are .connected to force-di splacenent transducers and stretched to a resting
tension'of 1.0 gram The conposition - 22 - of Krebs-Henseleit buffer is
as follows (mllimolar): NaC, 118.1; KCl, 4.15; CaCl2, 2.5; [err] 1.2;
KH2PO4, 1.23; NaHCO3, 25.5 and glucose; 11.3 éhe il eal segnents are
stinmulated at 0.1 Hertz, 0.5 n1II|seco on at a supranBX|naI

vol tage to i n@ud X0l y - phoe :

mani f ested as |nh|QJt|og°éLth§?B&lgal(x g*gFgQéggg%ﬁgﬁ& HE iiﬁlplper-
b

non-cunul ati ve concentration-effect curve
MR action in

per f or med to_é@é@@@cﬁﬁécaﬁqlﬂbymsﬁhﬂﬂeeé&#ﬁo&ﬁéomss|ﬂhﬁ%mm
the guinea pi geitrahPdrofuran (10ml) at -78°C is added lithium aluminum

5 hydride (250mg, 6.57mmol) in portions. The suspension is
stirred at -78°C for one hour and then quenched with 2N
sodium hydroxide (10ml). Magnesium sulfate is added to the
resulting suspension until it becomes granular. The
suspension is then filtered and the filtrate concentrated to

10 residue. The residue is chromatographed on silica gel
(9/1 CHC13/CH3OH) to yield 2-[4-[(1l-oxopropyl)phenylamino]-
l-piperidine]ethanol as an oil: 155mg, 68%.

A solution of 2-[4-[(1l-oxopropyl)phenylamino]-1l-piper-
idine]ethanol (256mg, 0.957mmol), acetic anhydride (0.72ml,
7 63mmol), and 4- dlmethylamlnopyr1d1ne (50mg, 0.41mmol) in

pyridine (5ml) is stirred at 25°C for two hours. The
solution is concentrated to an oil which is chromatographed
on silica gel (EtOAc) to give 2-[4-[(1-oxopropyl)phenyl-
20a.mino]-1-piperidine]ethy1 acetate_as an oil: 243mg, 82%. An
equimolar amount of oxalic acid is added to a solution of
the free base in ethyl acetate. The precipitated salt is
recrystallized by adding methanol and heating until the
solid goes back into solution. Upon cooling the salt
precipitates as a white solid; oxalate salt: m.p. 153-155°C.

Elemental Analysis for CZOH28N2°7

25

. C% ' HZ N7
30 ‘Found: 58.7 6.9 6.8
Calculated: - 58.8 6.9 6.9
Example 8
35 -[4-Methoxymethyl-4-[ (1-oxopropyl)phenylamino]-1-piper-

1d1ne|-groganoic acid, methyl ester
A solution of 4-methoxymethyl-4- [(1 oxopropyl)phenyl-

amino]piperidine (300mg, 1.0mmol), prepared by the p;ocedure
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After the concentration-effect curve is conpl et ed, nal oxone is added to the
tissue baths to determne if the conpound-induced inhibition of contraction
is reversed. Antagonismof the inhibition by nal oxone confirms that the
inhibitory effects of the conmpounds are nedi ated through opioid receptors.
Assay resul t ofark Gpr e Daesl £@30 aly) mqﬁmbf Drugsnd®es. dI7iéned

as the concenjg at]!m plﬁ@pg.{gfﬁng of ?J o 9 and

is expressed |n nDIar conpound/ |ter

W't hdr anal Ad@mY) rwlw)rrem@tarﬁa faxr & hauxs, o a@&mnds are
eval uated i n goiidmids vud&m&med xfdi:fn{ %mai&ltuwld‘ﬂde@d‘ﬂduﬂtl?a&muu F. E

and S, O ety TR a5 Areo o b pi1fon
cannul ae and gdl diByd tmw]eflmmﬂ)o\tm g itd W[themetdmyemye,twﬂeht-{s(tl-oxo-
conpounds al Sropyl)phenylamino]-1-piperidine Jpropanoic acid, methyl
ester as an oil: 250mg, 64%. The oxalate salt is made as
jc described in Example 7; oxalate salt: m.p. 180- 182 C.
Elemental Analysis for 022H32 208

C% ~HZ N%
Found: 58.2 7.2 6.1
Calculated: 58.4 7.1 6.2
1s
- Example 9

4-Methoxycarbonyl-4-[ (1-oxopropyl)phen lamino]-1-piperidine-
acetic acid, methyl ester |
A mixture of 4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-

20amino]piperidine (200mg, 0.68mmol), prepared according to
the procedure of P.G.H. Van Daele et al, Arzneim.-Forsch.
Drug Res. 1976, 26, 1521, methyl bromoacetate (200y1,
2.11lmmol), and potassium carbonate (200mg, 5.3mmol), in
acetonitrile (1l.1lml) is stirred at room temperature for 2
sghours. The reaction mixture is concentrated and -
chromatographed on silica gel (95/5 CHC13/Me0H) to yield
4-methoxycarbonyl-4-[(1- oxopropyl)phenylam1no] l-piperidine-
acetic acid, methyl ester as an oil: 1l42mg, 57%. The
oxalate salt is made as described in Example 7; oxalate
salt m. p 130-135°.

30
Elemental Analysis for 021H28N20

C% HZ N%Z

Found: - - 55.3 6.1 6.1

Calculated: 55.8 6.2 6.2

35
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adm.ni stered intravenously through the cannula and effects on tai

wi t-hdrawal " | atency are nmeasured. Tail withdrawal latency is nmeasured as
the tine to tail novenent by the rat after exposure of the tail to a

radi ant heat source. The heat source ia callbrﬁ@ed to produce a tenperature
of 620C after 15 seconds. Tail withdr y in the absence of drugs
s six to ?i9Q&L%2EQﬂ§§5xE&zhg22!EQﬂEQi_dgg2gg2x.lz!snx&smsngﬂ:lzzxn__j
prolong tail t drawal Iateng eyQn sBEEN 1N t he absence of drugs. A
maxi mal | aten conds is_inposed to revent
ti ssue damage. TheTessagolwtieni bfcl-methoxyoanbenybr sl 6L exennnn

Results of thggensiUflife19pEpe¥Ratnece206mgo6.68mmol) in acetonitrile
5 (1.1ml) is added methyl acrylate (124ul, 1.36mmol) at room
temperature. The solution is stirred at 50°C for 2 hours,
cooled to room temperature; and concentrated to an oily
residue. The residue is chrométographed on silica gel
(EtOAc) to give 3-[4-methoxycarbonyl-4-[(1-oxopropyl)phenyl-
10amino]-l-piperidine]propanoic acid, methyl ester as an oil:
253mg, 97%. The oxalate salt, which is made as described in
Example 7 is recrystallized from methanol and 2-butanone;
m.p. 170-172°C. The HC1 salt can be made by dissolving the
free base o0il in methanol, adding HCl gas, adding ether to
complete crystallization and filtration, m.p. 212-214°C.

15
Elemental Analysis for 022H30N209

Cc% HZ%Z N%

Found: 56.5 6.5 6.0

Calculated: 56.7 6.4 6.0

idine]-butanoic acid, methyl ester
A mixture of 4-methoxycarbonyl-4-[(1- oxopropyl)phenyl-

amino]-piperidine (150mg, 0.517mmol), methyl 4-bromo-
butanoate (187mg, lmmol), potassium carbonate (39. 3mg,
1mmol), sodium iodide (155mg, 1.0mmol) and acetonitrile
(1ml) is stirred at 50°C for 2 hours. The mixture is cooled
to room temperature, diluted with ethyl acetate (1ml) and
o filtered. The filtrate is concentrated to an oily residue
whlch is chromatographed on silica gel (9/1 CHCl3/Me0H) to
yield 4-[4-methoxycarbonyl-4-[(1- -oxopropyl)phenylamino]-1-
piperidine]butancic acid, methyl ester as an oil: 177 mg,
88%. The oxalate salt is made as described in Example 7;
oxalate salt: m.p. 153-155°C.

25

35
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val ues, cal cul ated as the dose producing a tail w thdrawal |atency equal to
hal f the- difference between the maxi nrum | atency (15 seconds) and the
baseline latency (six to eight seconds). ED50 val ues are expressed as

mlligrams of conpound/kilogram of body weight. Duration of action is
~defined as theElgmenta} Analysis ﬁetegggﬂg gPgthe tail withdrawal response
“to return to baseline values gfter bei e evat edggn response to drug

adm ni stration, Duration of a n ured at_the | owest dose producing -
a fifteen secof@uRfaxi mum tag} inthdra Iatenc§ an Table I, test

. resul ts obtai nedltadatede af oBRoBnti oned.A. guines.®ig il eum assay .and B
rat tail wthdrawal assay are |isted for the indicated conpounds of formula

' (1). Said reésults are not given for the purpose of limting the invention

to said conpounds but to exenplify the Exampkei¥2activity of all conpounds

within the scoge[f§iMethoxycarbonyl-4-] (1-oxopropyl)phenylamino}-1-piper-
idiﬁelgentanoic acid, methyl ester |
A mixture of 4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-
10 aminoJpiperidine (150mg, 0.517mmol) methyl 5-bromopentanoate
(200mg, 1lmmol), potassium carbonate (40mg, lmmol), sodium
iodide (1.55mg, lmmol) and acetonitrile (1.0ml) is stirred
at 52°C for 22.5 hours and then at 25°C for 12 hours. The
reaction mixture is diluted with ethyl acetate (1lml) and
15 filtered. The filtrate is concentrated to an oily residue
which is chromatographed on silica gel (90/9/1 CHCl3/Me0H/
triethylamine) to yield 5-[4-methoxy-carbonyl-4-[(l-oxo-
propyl)phenylamino]-1l-piperidine]pentanoic acid, methyl
ester as an oil: 184mg, 88%. The oxalate salt is made as
9o described in Example 7; oxalate salt: m.p. 164-166° C.
Elemental Analysis for CZ4H34N209

C% H%Z NZ
Found: 58.0 7.0 5.7
Calculated: 58.3 | 7.0 - 5.7
25 .
Example 13

3-T4- Methoxxcarboqyl 4-T(1- oxogrogxl)ghenylamlno] l-piper-
idine]}propanoic_ ac1d, trifluoroacetate

This compound is formed by following the procedure of

36Example 5 except that an equivalent amount of 4-methoxy-
carbonyl-4-[(1- oxopropyl)phenylamino]-piperidine is
substituted for the 4-[(1- oxopropyl)phenylamlno] piperidine

used therein; m. p 189-190°cC.

35
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formula.(1). For conparison purposes, test results obtained for three well
known - 4- ani | i dopi peri di ne anal gesics, fentanyl, sufentanil and al fentanil

are also |isted. - 24 - TABLE | Assay A Assay B
Assay B Conpound Dur ati on of
of Exanple Elemeftal]Afadyais for Cy1H, N04F 58 o/ ko) Action (mn) 2 -
mal eat e 1.66 + 0.59x10-6 Hﬁ.z N%Z 10-15 3 - mal eate
3.60 + 0.30x10O-6 8%4 10 6 - HCl 2.62 +
0. 62xI 06 Found: 4 7 53.0 5.10977- oxala¥ed 3.71 + 0.20xI1 07
13.4 CalBoife8d: oxabpte  1.§37+ |. OOk®5 -

i Example 14

3-[4-Methoxycarbonyl-4-[ (1-oxopropyl)phenylamino]l-1-pipex-
idine]-propanocic acid, methoxymethyl ester '
A solution of 4-m§thoxycarbony1-4—[(l-oxopropyl)phenyl-
loamino]piperidine (200mg, 0.69%9mmol) and methoxymethyl
aCrylate (120mg,_1.0?mmol) in acetonitrile (0.7ml) is
stirred at room temperature for fifteen hours. The solution
is diluted with 1:1 water and ethyl acetate and the aqueous
phase extracted with ethyl acetate (2x). The combined
15organics are washed with brine, dried over sodium sulfate
and concentrated. The residue is chromatographed on silica
gel (EtOAc) to give 3-[4-methoxycarbonyl-4-[(1-oxopropyl)-
phenylamino]-1l-piperidine]propanocic acid, methoxymethyl
ester as an oil: 160 mg, 57%. The oxalate salt is made as
20described in Example 7; oxalate salt: m.p. 141-143°c.
Elemental Analysis for CZ3H32N2010:

. C% H%Z N%
Foupd: 55.4 6.5 5.5
Calculated: 55.6 6.5 5.6
25 : |
_Examgle 15

A, Vinyl 3-bromopropionate
This compound is prepared according to the procedure of
R. L. Adelman, J. Org. Chem. 1949,'1057. To a solution of
303-bromo-prnpionic acid (1.0g, 6.54mmol) in vinyl acetate
(3.6ml1) is added copper (100mg), mercuric acetate (104mg)
and concentrated sulphuric acid (1 drop) in that order. The
reaction is stirred at room temperature for two days. The
heterogeneous mixture is diluted with pentane (10ml) and
then filtered through celite to remove the solids. The
35filtrate is washed with water (2x), saturated sodium
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10 - oxalate 3.55 + 0.23x1 0O 0. 0044 15 12 - oxal ate
1.02 + 0. 63x10-8 ' 0.8 30 14 - oxal ate 6.89 +
1.61x1 09 15 15 - oxal ate 5.11 + 0.24x10-7

<0. 03 7 0x1 . _016.

25 17 - oxal at%%&;lgo%%a{)f,gg and %hez“ beine. 0.0%g °rganics a%& %é"‘?d
axal at e 2. 1gver Cagbx¢lnsous sodium sul¥are and concentraged gpahnt il,
1.18 + 0.20x] Yiny1 3- bromtz?ﬁt&::mnate. 760mﬁ2QSS‘Z oxal ate 4.95 +

0. 09x10[ err] oxal at e 2.18 +

0.18xlI g err] 1.4 15 '22 - HC1 1.98 + 0.21x1 0 8 -
<0. 03 5 B30 23-F4Métld®ycarbo :

10 24 - oxal ate 11Qér+a0 . TABLE [ contlnued
next page)

A mixture of 4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-
amino]piperidine (200mg, 0.689mmol), vinyl 3-bromopropionate
(185mg, 1.03mmol), and potassium carbonate (2lé4mg,

10 1.55mmol), in acetonitrile (1ml) is stirred at room
temperature for two hours. The reaction mixture is diluted
with 1:1 water and ethyl acetate and extracted with ethyl
acetate (2x). The combined organics are washed with brine,
dried over sodium sulfate and concentrated. The residue is

- ' 15 chromatographed on silica gél (EtOAc) to yield 3-[4-methoxy-

B carbonyl-4-[ (1-oxopropyl)phenylamino}-1l-piperidine]-
propanoic acid, vinyl ester as a white solid: 197mg, 747%,
m.p. 70-72°C. The oxalate salt is made as described in
Example 7; oxalate salt: m.p. 156-158°C.

20Elemental Analysis for C,,H, N,Oq:

z

| cz HY N%

Found: 57.6 6.4 : 5.9

Calculated: 57.7 6.3 5.9
25 ' Example 16

- 2-[4-Methoxycarbonyl-4-[ (1-oxopropyl)phenylamino]-1-piper-
idine]-ethyl acetate
A mixture of 4-methoxycarbonyl-4-[(1- oxopropyl)phenyl-
amino]piperidine (300mg, 1.0mmol), 2-bromoethyl acetate
30(172mg, 1.0mmol), potassium carbonate (79mg, 2.0mmol),
sodium iodide (154mg, 1.0mmol) and acetonitrile (1.0ml) is
stirred at 65°C for 12 hours, cooled to room temperature,
and filtered. The filtrate is concentrated to an oily
residue which is chromatographed on silica gel (EtOAc) to
3syield 2-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenylamino]-1-
piperidine]ethyl acetate as a yellow oil: 300mg, 77%. The
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_ 25 - TABLE | Continued 25 - oxalate  1.47 + 0.09x10[err] 0. 052

5 27 - HC1 . 9.29 + 6.36xIJerr] <0. 003 10 29 -

oxal at e 2.23 + 1. 00x10[err] 0.14 10 34 - HCl

6.63 + 1.96x108 0.,0052 10,3 oxal ate

0.09x10[ err] ©xalate galt is made aszéeasrleQaFﬁtExamP698¥v+°6353R?C)[err]
- fentanyl salt:1m(p. +10136983%8. 0. 0046 60 suf ent ani

7.43 + 1.53xl 80,.al.f ent ani | 2.01 + 0.12x10-8
0. 0045 g?§§°¥ﬁ81ré@ﬁ??é‘?nf?§bFezﬁsonhsrrate that the subject

conpounds have opioid activi €% as denoH%tr at ed bUZnanXone reversible
i nhi bition of pgl,ggtrically ewgkgd contgagtion ingtge guinea pig ileum The

nost preferted
Calculated: 56.6 6.5 6.0

Example 17
1)-2-£fluorophenylamino]-1-

10 Propanoic acid, methyl ester
A mixture of 4-[(l-oxopropyl)-2-fluorophenylamino]-
piperidine (200mg, 0.80mm01),'methy1 acrylate (0.1ml,
1.12mmol) and potassium carbonate (275mg, 2.0mmol) in
methanol (2ml) is stirred at room temperature for two hours.
15‘The reaction mixture is diluted with 1:1 water and ethyl
~ acetate. After extracting the aqueous phase with ethyl

iperidinel-

. acetate (2x) the combined organics are washed with brine,
then dried over sodium sulfate and concentrated. The
residue is chromatographed on silica gel (EtOAc) to give

203-[4—[(1--_oxopropy1)-Z-fluorophenylamino]-1-piperidine]-
propanoic acid, methyl ester as an oil which solidifies upon
standing: 176mg, 65%. The oxalate salt is made as
described in Example 7; oxalate salt: m.p._183-184°c.
Elemental Analysis for CZOH27N207F:

25 C% HZ NZ
Found: 55.9 6.4 6.5
Calculated: 56.3 6.4 6.6

Examgle 18

30 3-T4-I(1- Oxogrogy )-2- fluoroghenxlamlnol-l-glgerldlnel—

propanoic acid, vinyl ester
By following the procedure in Example 15, except that

an equ1va1ent amount of 4-[(1- oxopropyl)-2-fluorophenyl-

amino ]Jpiperidine is substituted for the 4-methoxycarbonyl-
354-[(l-oxoprapyl)phenjlamino]-piperidine used therein and the

reaction mixture is stirred for sixteen hours, there is
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cdnpduﬁds'are t hose potent anal gesics which al so have unexpectedly short
durations of action, as conpared to known conpounds of the '

4-ani |l i dopi peri di ne series (fentanyl sufentanil and alfentanil). Anmong the
nost preferred corrpounds ar[(e;(><

3-[ 4- met hoxy @hupAned 4 baxaRTomHomA -fhuesophenyilapingilndr pieganoi c
acid, nethyl gsiree ﬁiﬁﬁﬁﬂﬂft3531d1¥1ny1 ester as an oil: 66% yield. The
chg nﬁérﬁ§rcarp§$yl 4- I-ox gy'%ﬁﬁﬁpﬁgﬁﬂ'“ﬁ E£amghge9|dlggg ggtan0|c
2- [ 4- met hoxy csaXtonym ~pl- [?(lill t?(hpyl ) phenyl am no] - 1- pi peri di ne] et hyl

t at Ex
gC((a4a[ ((al(oﬁgpropﬁlt?Q%1 f‘f uorocp enfyh amzrl‘iéﬂﬁzpﬂperl di ne] -

Found: 57.6 6.2 6.4
Calculated: 57.5 6.2 6.4
10 : ‘ Example 19

3-T4-1(1-Oxopropyl)-2-fluorophenylamino]-1-piperidine]-
propanoic acid, 3-butenyl ester
A solution of-3-[4-[(1-oxopropy1)phenylamino]-l—piper-
idine]-propanoic acid, trifluoroacetate (370mg, 0.848mmol),
15 M-P- 139.5-141°C, is prepared in an analogous manner in
which 3-[4-[(l-oxopropyl)-phenylamino]-1-piperidine]pro-

panoic acid, trifluoroaetate is described in example 5, is
dissolved in a IM phosphate buffer solution (0.5M NaZHP04
and 0.5M NaZHPOA) and stirred for ten minutes. The solution
20 is then diluted with a 3/1 mixture of chloroform/isopropanol
and extracted (5x). The combined organics are dried over
sodium sulfate and concentrated to the free base: 215mg, 79%
yield. A solution of 3-[4-[(l-oxopropyl)-2-fluoro-
phenyl-amino]-1-piperidine]propancic acid (185mg, 0.574mmol)
in chloroform (5ml) is added 0-3-butenyl-N,N-diisopropyl-
pseudo urea (570mg, 2.87mmol), prepared using the proéedure
given in L.J. Mathias, Synthesis, 1979, 561. The solution
is refluxed for 24 hours, cooled, and concentrated. The
residue is chromatographed on silica §e1 (1/1 hexanes/EtOAc)
to give 3-[4-(1l-oxopropyl)-2-fluorophenylamino]-1-piper-
idine]propanoic acid, 3-butenyl ester as an oil: 120mg, 56%.
The oxalate salt is made as described in example 7; oxalate
salt: m.p. 165.5-166.5°C;

Elemental Analysis for CZ3H31N207F:

. 25

30

35 C% H% N%
‘Found: 58.8 6.8 6.0
Calculated: $9.2 6.7 6.0 -

i




propanoi ¢ acid, nethyl ester (Exanple 17); 5.

3-[ 4- met hoxycar bonyl - 4-[ (| - oxopr opyl ) phenyl am no] -1 - pi peri di ne] propanoi c
acid, vinyl ester (Exanple 15B); and the pharnaceutically acceptable

i somers and salts thereof. A particular group of conpounds of the invention
are the alkyl esters of 3-[4- nethoxycafgggmt_g_ggl oxopropyl)

phenyl am no] - | 3¢ AL .
accept abl e sal ' e D '
conmpounds are k t hey aIIOM/nDre control over the

| evel of analgeSIa.Arsﬁuﬁtﬁ@hCef se[(zrmbgnofykmuogbéghyl)yhéﬁymgmﬂﬁan|seld
250 a1 ow TorPHRFEEYERF o5 Goms o 0 - SYmebt fe whSRATAd aFcrdinl iy ahe "
procedure org drecedimes sef . t Hiesduangpeunak, iG. Hi Ratentr dyid4303s. and-
methyl acrylate (94pl, 1.05mmol), in methanol (1lml) is
stirred at room temperature for four hours. The reaction
solution is concentrated to a residue which is '
chromatographed on silica gel (95/5 CHCI3/MeOH) to give the
10 free base, 3-[4-[(2-methoxy-1-oxoethyl)phenylamino]-1-
piperidine]propanocic acid, methyl ester, as an oil: 260mg,
97%. An equimolar amount of oxalic acid in ether is added
to a solution of the free base in ether. The gummy
precipitate is triturated with ethyl acetate to give the
15oxalate salt as a white solid; oxalate salt: m.p.'188—190°C.

Elemental Analysis for CZOH28N2°8:

C% ' H% N%
Found: 56.6 6.7 6.6
Calculated: 56.6 6.7 6.6
20 '
Example 21

3-T4-T(2-Methoxy-1- oxoethyl)-2- fluoroghenxlamlno|-1-g1ger-
idinelpropancic acid, methyl ester
A solution of 4-[(2-methoxy-l-oxoethyl)-2-fluorophenyl-
25amino]piperidine (250mg, 0.94mmol), methyl acrylate (170ul,
1.88mmol) and methanol (5.0ml) is stirred at room
temperature for 24 hours. The reaction solution is
concentrated to an oily residue and chromatographed on
silica gel (EtOAc) to yield 3-[4-[(2-methoxy-1l-oxoethyl)-
30Z-fluorophenylaminq]—1-piperidine]propanoic acid, methyl
ester as an oil: 202mg, 61%. The oxalate salt is made as
described in Example 7; oxalate salt: m.p. 186-188°C.
Elemental Analyéis for CZOHZ7N2°8F: '

C% H% NZ%Z
quound: 54.3_ 6.1 6.4
) 6.2 6.3

Calculated: 54.3 |
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I n addi t-i on,

i nventi on may be subject to extensive nmetabolismin blood as well
metabolismin the liver,

pot enti al

nost preferred conmpounds.

to be prinmar
Mcd ai n,
Schuttler,
el imnation
m ni m ze acc
property has
analge5|c or
(1989)).

or |ess act|

15

- sodium carbonate (25ml).

20

30

35

J.

t he conpounds (I) of this
as
as has been typically observed with the
and alfentanil are reported

- fentanyl
J@ﬁﬂﬂﬂﬁhé@éns

to their anaigesic activity,

I n contrast

Ily metabolized in the i , for exanple, see
- [B-methy1-4-0(Iro ny1amine-1+14
: . . AN i 10 14 (1982). Rapi d
4 e eid) %t"r Fsrel | ess active products would

unuleuAcﬁpLu&ﬂpqnqﬁ<ﬁﬁ}aﬁhﬂ-31gg§hmij4aohenw§amanpanperﬁdsne

(g 3Ty, W M e Gt o701
éﬁ&?'ts'% chrdé‘d"rédat’l 0{A ‘Q d&ﬂ"o gﬁg 32 3 ?’ si nactive

umethyihnﬁrylatdfﬁ?lOul 7.88mmol), and methanol (2.5ml) is
stirred at room temperature for 30 minutes. The resultant
solution is concentrated to an oily residue which is
chromatographed on silica gel (EtOAc) to yield (*)-cis-3-
(3-methyl-4-phenylamino-1l-piperidine)propanoic acid, methyl
ester as an oil: 787mg, 72%.

A solution of (t)-cis-3-(3-methyl-4-phenylamino-1-
piperidine)-propanoic acid, methyl ester (500mg, 1.8mmol),
propionyl chloride (785ul, 9.0mmol), and 4-dimethylamino-
pyridine (320mg, 2.63mmol) in acetonitrile (10Oml) is stirred
and refluxed for 30 minutes. The resultant solution is
cooled to room temperature and diluted with cold saturated
The mixture is extracted with
ethyl acetate (2 x 25ml) and the organic phase dried over
magnesium sulfate and concentrated to an oily residue which
is chromatographed on silica gel (EtOAc) to give
()-cis-3-[3-methyl-4-[(3-oxopropyl)phenylamino]-1-piper-
idine]propanoic acid, methyl ester as. an oil: 392mg, 65%.
The hydrochloride salt is made by dissolving the free base
in toluene, saturating the solution with dry hydrogen
chloride and concentrating to a solid. The solid is then
recrystallized from ethyl acetate; hydrochloride salt: m.p.
180-187°c.

Elemental Analysis for 019H29N20361:

_ C%. H%Z NZ%Z
Found: 61.5 7.9 7.9
Calculated: 61.9 7.9 7.6

/

i
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bl ood, as occurs with the neuronuscul ar bl ocker, - 27 - succinyl choline,

wout d"al1ow nore predictable correlation of dose with duration of

phar macol ogi ¢ effect (Stanski, D.R and Hug, C C, Jr. Anesthesiology 57:
435-438 (1982)). This non- hepatrc means,,of |fac£5vatron may be denonstrated

- wth one of the nDst preferred conpoundg———g————-

" 3-[4- met hoxycals 438 bhpil ob ] phrop ) pEAAH 01 C

aci d, methyl esiehe188ohlReUTEREH! ChkfRo2ohLeATES @rmound) whi ch s

found to be ra vitro whereas
fentanyl, sufentanif Bhgturecafaft)-gis-3onethyd-4nrhenkl apinenirariding

rate. (350mg, 1.8mmol), 2-bromopropancic acid methoxymethyl ester
| 5 (450mg, 2.28mmol), potassium carbonate (350mg, 2.54mmol),
4-dimethyl-aminopyridine (50mg, 0.4lmmol), and acetonitrile
~ (3ml) is stirred at room temperature for 24 hours and
diluted with saturated sodium bicarbonate (20ml). The
. resultant mixture is extracted with ethyl acetate (2 x 20ml)
10 and the organic phases combined, dried over magnesium
sulfate, and concentrated to an oily residue which is
chromatographed on silica gel (EtOAc) to give
(+)-cis-3-(3-methyl-4-phenylamino-1-piperidine)propanoic
acid, methoxymethyl ester as an oil: 371lmg; 667.

A solution of (%t)-cis-3-(3-methyl-4-phenylamino-1-
piperidine)propanoic acid, methoxymethyl ester (350mg,
1.14mmol), 4-dimethyl-aminopyridine (250mg, 2.0mmol),
propionyl chloride (1.0ml, 11.5mmol), and acetonitrile
(10ml1l) is stirred and refluxed for 30 minutes and cooled to
9o TOOmM temperature. The reaction solution is diluted with
cold saturated sodium carbonate solution (25ml) and
extracted with ethyl acetate (3 x 25ml). The organic
extracts are combined, dried over magnesium sulfate and
concentrated to an oily residue which is chromatographed on
silica gel (1/1 EtOAc/Hex) to give (%)-cis-3-[3-methyl-4-
[(1-oxopropyl)phenylamino]-1-piperidine]propanoic acid,
methoxymefhyl ester as an oil: 253mg, 60%. The oxalate salt
hemihydrate is made as described in Example 7; oxalate salt
hemihydrate: m.p. 83-92°C.
30Elemental Analysis for.CZZHBZNZOS‘O‘S HZO;

15

25

C% H%Z N%
_ Found: 57.4 7.2 6.2
Calculated: 57.3 7.2 6.1
35
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The.rélative assay using rat blood is perfornmed as follows. One hundred
meroliters of fresh heparinized rat blood is placed in eighteen 15-ni
pl astic centrifuge tubes. The tubes are then placed in a

tenperature-controlled water bath at 37[err szor 2 mnutes. At that tine,
2 ug (at a concentration of 1 ug/n1 [ the Test Cbnpound (12

tubes), fent adi-Ci3-13uhSsme thyfled-41(j1- okdpnopyd)) phe 2ame ‘ Pertibes)
are added to 'Qg he Test Cbnpound are reaned
at the follo and 20.0 m nutes.

tubes each cont ai 4 #9YatdonemEadh) - 0§§fénﬂ&ﬁhﬂ1aﬁdPBPP¥ﬁFE§P9 B}Ee¥é4bn%d

after 60 mn mm ,mzecihaioq A1 ¥ 1dcel (aMMBS W2PMkoDR| han@00 ng of
an i nternal sta

(4-[ 4- netbeffE Irﬁie[%%NSQO&FoﬁfﬁfﬁﬁgnffaﬁPﬁﬂ]FEWBFﬁﬁFgr?dFﬂE]ﬁutanoic

aci d, net hyl hesirsr amdalconcantdatald toEannplidyl ¥psddue. ¢highnisin water),

the SO|Uti0nc%&BﬁEk$gg5§$gd %%psilica gel (EtOAc) to give (t)-cis-3-
[3-methyl-4-phenylamino-1l-piperidine]propanocic acid, allyl
ester as an oil: 405mg; 647%.

10 A solution of (t)-cis-3-(3-methyl-4-phenylamino-1-
piperidine)propanocic acid, allyl ester (400mg, 1.32mmol),
4-dimethylaminopyridine (250mg, 2.0mmol), propionyl chloride
(1.15ml, 13.2mmol), and acetonitrile {10ml) is stirred and
refluxed for 30 minutes and cooled to room temperature. The

15 reaction solution is diluted with a solution of cold
saturated sodium carbonate (25ml) and extracted with ethyl
acetate (3 x 25ml). The organic extrdcts are combined,

dried over magnesium sulfate, and concentrated to an oily
residue which is chromatographed on silica gel (1/1

o EtOAc/Hex) to give (t)-cis-3-[3-methyl-4-[(1l-oxopropyl)-
phenylamino]-1-piperidine Jpropanoic acid, allyl ester as an
oil: 335mg; 74%. The oxalate salt is made as described in
Example 7; oxalate salt: m.p. 150-152°cC.

Anal Calcd. for c23H32N207:_

25 c% HZ N%
Found: 61.6 7.2 6.3
Calculated:  61.6 7.2 6.3

Example 25

30|t|-Cis-2-|3-meth11;4- 1-oxopropyl)phenylamino]-1-pi eff
idinelethyl acetate '
A mixture of (t)-cis-3-methyl-4-phenylaminopiperidine
(300mg, 1.57mmol), bromoethyl acetate (865ul, 789mmol),
4-dimethyl-aminopyridine (100mg, 0.82mmol), potassium

35carbonate (250mg, 1.81lmmol), and acetonitrile (4ml) is
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900 ul of a saturated solution of sodiumcarbonate is added. After addition
of «t he sodi um carbonate solution, the tube contents are m xed and 10 m of
n- hexane i s added. The aqueous phase is m xed with the n-hexane phase for
10 minutes and centrifuged at 2000 x g for 10 m nutes. The n-hexane |ayers
are rempved, prireedist reen ‘éﬂmr%ﬁdf%vﬁ‘bﬁ 6theurs. drihestesiieanty stream

of dry nitrogaixtdfet e dlfﬁhtjé'& M@lm&beeﬁvmm | ond dPPrdetéd witlpt hyl
acetate is adde g m xed and i naI d b as-1jquid
chromat ogr aph§*® J1\peetntecf aﬁ%ﬁbf %c %ﬂ'él%(ﬁllﬁﬁfn%
I nj ected i nt odeigdsovar onagngs émlfetlevundh aoﬂc&itrmtéd nteraraloidiyanet er)
x 15 n1co|unnrggfa§g wﬁigh[¥§ chromatographed on silica gel (3/1

EtOAc/Hex) to give (%)-cis-2-(3-methyl-4-phenylamino-1-

piperidine)ethyl acetate as an oil: 402mg, 927%.

A solution of (t)-cis-2-(3-methyl-4-phenylamino-1-
piperidine)ethyl acetate (400mg, 1l.45mmol), propionyl
10 chloride (1.25ml1, 14.5mmol), 4-dimethylaminopyridine (353mg, .

2.89mmol), and acetonitrile (10ml) is stirred and refluxed
for 30 minutes. The resultant solution is cooled to room
temperature and diluted with a cold saturated sodium
carbonate solution (3 x 25ml1) and the organic phase dried
over magnesium sulfate and concentrated to an oily residue
which is chromatographed on silica gel (EtOAc) to give
(t)-cis-2-[3-methyl-4-[(1-oxopropyl)phenylamino]-1-piper-
idiné]ethyl acetate as an oil: 389mg, 81%. The oxalate salt
is made as described in Example 7; oxalate salt: m. p

15

148 150°c.
Elemental Analysis for 021 30N20
C% HZ% NZ
Found: 59.6 7.3 6.6
Calculated: 59.7 7.2 6.6
25 | S
Example 26

g?l-Cis93s-methyl-4R-[(N-lR-methxlbenleamido)ghenylamino]-
1-(N-1R-methylbenzylamido)piperidine and (-)-cis-3R-methyl-
4S-[(N-1R-methylbenzylamido)phenylamino]-1-(N-iR-methyl-.

30benz lamido)piperidine

A solution of (%)-cis-3-methyl-4-phenylaminopiperidine
(2.0gm, 10.5mmol), 4-dimethylaminopyridine (250mg, 2.0mmol),
and R-(+)-e-methylbenzyl isocyanate (4.0gm, 27.2mmol) is
stirred at 120° for 6 hours. The resultant solution is
cooled to room temperature and chromatographed on silica gel
(1/1 EtOAc/Hex) to give two diastereomers. The less polar
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(brand nape of J&W Scientific, Rancho Cordoba, CA for a 5% .
di phenyl pol ysi | oxane and 95% di net hyl pol ysi | oxane mixture) to a film
t hi ckness of 0.25 [err]. The injector port is held at 280[err]C. The

carrier gas | Qo reNfovo PLESPREEPEEa LELRR] Cycif Bhole X give (-)2es 385 o
45[err] C for Wkl ﬁﬁgﬁ ﬁlﬁﬁ-mﬁl&%bwﬂmwiﬁ-@gﬁ-&&ate of
25] S'”] ¢ m ntmetmmehﬂlvvaﬁid?ﬂﬁﬂﬁﬁ@rw@/mmmuuesfgmll;lga\gp._t hese -
condi tions, t i al ¢ st28dar r tionR iJd Me o .6 mnutes. e
Test Corrpound?ﬁeﬂ%g\gr ,[%iﬂbe'nta ?ﬁ?%ﬁi’t ﬁfﬁrqnt)ﬁave retention tinmes of
11.0, 12.1, 1Rl1&memtialdAmalysdis cforr Na®Jy. In this study, it has been
found that .nore than 90% of gde Téstci%géénWI dimappeared after incubation

for 30 secgnds, wher eas 65% 85% and Yo of the added suf entanil
al fentanil an®o¥Rdianyl are &%i%1 preskm at thdled of a -

Calculated: 74.4 7.5 11.6
The more polar diastereomer is recrystallized from EtOAc/Hex
to give (-)-cis-3R-methyl-4S-[(N-1R-methyl-benzyl-

10 amido)phenylamino]-1-(N-1R-methylbenzylamido)-piperidine as
a solid: 1.8gm; m.p. 105-106°C; [«]3%= -63.6° (c 1.8, MeOR).

Example 27 .
f-]—Ci§-3-[3Rzmgthx;;ﬁ§-[(1-oxogrogxllghenx1aminol-l-giger-

15 idine]propancic acid, methyl ester
' A suspension of (-)-cis-3R-methyl-4S-[(N-1R-methyl-
benzyl-amido)phenylamino]-1-(N-1R-methylbenzylamido)-
piperidine (1.75gm, 3}6mmol) in 487 hydrobromic acid (40ml)
is stirred and refluxed for 24 hours. It is cooled and

20 concentrated to an oil which is dissolved in water (20ml)

" and extracted with ether (2 x 50ml). The aqueous phase is
basified to pH 10.5 with 5N NaOH and extracted with ethyl
acetate (2 x 25ml). The ethyl acetate extracts are
combined, dried over magnesium sulfate, and concentrated to

25 Bive a solid which is recrystallized from EtOAc/Hex giving
(+)-cis-3R-methyl-4S-phenylaminopiperidine as a solid:
610mg; 89%; m.p. 95-97°C; [a]2’= 7.5° (c 2.5, MeOH).

A solution of (+)-cis-3R-methyl-4S-phenylamino-
piperidine (500mg, 2.63mmol), methyl acrylate (473ul,

39 5.26mmol), and methanol (10ml) is stirred at room
temperature for 6 hours and concentrated to an oily residue
which is chromatographed on silica gel (EtOAc) to give

(+)-cis-3-(3R-methyl-45-phenylamino-1l-piperidine)propanoic
acid, methyl ester as an oil: 623mg; 86%; [2]3”= +25.7° (c
35 1.85, MeOH).
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one :hour «i ncubation period. These results denonstrate that the Test
Conpound is rapidly degraded in rat blood in vitro in contrast to the three
conpar ati ve conpounds, which degrade at a very slowrate. As a consequence

of these findings, ,the_anal gesic cqQnmpqunds f this in 0 ubj ect
to extensive netabd F?&PWH°%I8@H(53’ﬁéﬁr3a§ ﬁoF@ﬁiW&lzg bF q%é?&ﬁoilsm
Thi s propertym@emamm&-o@dmtca@eﬁus hethyde eist e@f f(soomgr; al. 1#mmelLlye

U R TR e T P e A T
3-[ 4- nethoxyc&hﬂ@myﬂe4(ﬂ(39mdepﬂdp7mppﬂényham acetonigrpdei dlfm]prdpani oc

d t hyl oP
Gemonstrat 6 SrERCe T e2g o, Foty 300 mlutls) putoBlel Fo o oom 11 and

sec- but yl estéFEPeTﬁéQEeconﬂGuHGsdeﬂ§§9dc8ﬁﬁbuﬁ&idbéﬁéﬂﬁﬂﬁe¢aBP€1Fm) have
been found tocdagbomaitéd Y 50a0N2dnd ektrdctedovaedt weB®l acetate (3 x

25ml). The extracts are dried over magnesium sulfate and
concentrated to an oily residue which is chromatographed on
silica gel (1/1 EtOAc/Hex) to give (-)-cis-3-[3R-methyl-
48-[(1—oxopropy1)-phenyl—amino]-1-piper1&1ne]propanoic acid,
methyl ester as an oil: 453mg; 63%; [u]D -3.2° (e 1.5,
MeOH). The hydrochlor1de salt is made as described in
Example 22; hydrochloride salt: m.p. 151-152°C;

Elemental Analysis for 019H29N20301:

10

15
c% HZ N%
Found: 62.2 7.9 7.8
Calculated: 61.9 7.9 7.6
Examgle 28

20

Trans-3-methyl-4-[(1-oxopropyl)phenylamino]-piperidine

A mixture of cis and trans-3-methyl-4-phenylamino-
piperidine (1.2g, 6.35mmol) (predominantly trans due to -
isolation of the pure cis isomer by crystallization),
‘prepared according to the procedure of W.F.M. Van Berer et
al., J. Med. Chem. 1974, 17, 1047 and T.R. Burke, Jr. et
al., J. Med. Chem. 1986, 29, 1087, benzylchloroformate (1lml,
6.98mmol), sodium bicarbonate (lg, 11.8mmol), ether (5ml),
ethyl acetate (5ml), and water (10ml) is vigorously stirred
at room temperature for one hour. The organic layer is
separated, washed with 2N NaOH (2 x 5ml), dried over
magnesium sulfate, and concentrated to an oily residue which
is chromatographed on silica gel (EtOAc) to give trans-N-
benzyloxycarbonyl-3-methylj4-phehy1-aminopiperidine as an
0il: 1.82g; 917, followed by less than 57 of cis-N-benzyl-
oxycarbonyl-3-methyl-4-phenylaminopiperidine. ’

25

30

35
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conpared-to their degradation in phosphate buffer. - 29 - The relative
assay using human blood is perfornmed as follows. Twenty ml of fresh,
hepari ni zed human blood is placed in a tenperature-controlled water bath at
37[err]C for 10 minutes. At that tine, 400 [err] of 2 ng/m solution of the
test conpound is afded soluh@ohl ofidtrangNebensy boxly caripongtk-c3-imethyfl-

40 Im of 4t t W'ﬁ -
prgggiéd Jugt bgﬁg giaﬂﬁﬂagegagﬁggﬂégg 9@ ﬁ'éﬂﬁ%%fféﬁr | 00 rIg.’re
wi t hdr awn at PEIFP-GE@eti(ﬁEBUSmt@ imohéasenéneﬁetwmﬁqu Sk Omlol sy raddeady
t he propanoi cpespdohwnembhaat €5, byl 0L Ymhé1) A tThel sd it 3P iRearRd

with each tsestngog_ggiuxegngoghgbeggg&r:eg|’rrgggie& to room temperature, and
diluted with a saturated soclution of sodium carbonate
(30ml). The fesultant mixture is extracted with ethyl
acetate (2 x 30ml) and the organic phases combined, dried
over magnesium sulfate, and concentrated to an oily residue
j0 which is chromatographed on silica gel (1/1 EtOAc/Hex) to
give transQN-benzyloxycarbonyl-3-me£hy1-4-[(1-oxopropy1)-
phenylamino]piperidine as an oil: 1l.6g, 91%.
A mixture of trans-N-benzyloxycarbonyl-3-methyl-4-
[ (1-oxopropyl)phenylamino]-piperidine (1.5g, 3.94mmol), 10%
15 Pd-C (200mg), methanol (20ml), and acetic acid (20ml) is
hydrogenated at 50 psi for 24 hours. The resultant
suspension is filtered through a bed of Celite and the
filtrate concentrated. The residue is diluted with ethyl
acetate (50ml), basified to pH 11 with 2N NaOH and shaken.
zo'rhe organic layer is separated, dried over magnesium
sulfate, and concentrated to trans-3-methyl-4-[(1l-oxo-
propyl)-phenylamino]-piperidine: 720mg; 96%.

Example 29
25'Trans-3-|3~meth11-4-|(l-oxogrogzl)ghenxlamino]piperig;pej-
propanoic acid, methyl ester _
A solution of trans-3-methyl-4-[(1l-oxopropyl)phenyl-
amino]-piperidine (250mg, lmmol), methyl acrylate (182ul,
2mmol), and methanol (2ml) is stirred for 24 hours at room

temperaturg,'concentrated to an oily residue, and
chromatographed on silica gel (EtOAc) to give trans-3-[3-
methy1-4—[(l-oxoﬁrppyl)phenylamino]—piperidine]propanoic
acid, methyl ester as an oil: 300mg; 89%Z. The monohydrate
oxalate salt is made as described in Example 7; oxalate salt
monohydrate: m.p. 125-130°C.

3¢

35
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mere'sét for sanpling over two to three half-lives. Chem cal hydrolysis is
measur ed by incubating the test conpounds in phosphate buffer (0.1 M
pH=7.4) instead of blood. Duplicate sanples are taken at 1, 30, 60, 120,

180, 240 and ﬂgﬂy&fsAn£§f§§@If6f| (Eyiégr]) is added to the sanples

renmoved fromthe 1 ncubation mxture err] of a solution of
the internal standard (4- [4-H§Zhoxycar -4-0( xopropyl ) -
- phenyl am no] - | Feugdt di ne] but asipj& aci d, 7mzt hyl esg.a, 0.12 ng/m -

acetonitrile) es are mxed,and i iately trlfuged at 30 000 X g
for 10 n1nutesc;?%€i%€ﬁifnata ?s renoved and cdg 'ed to 8 C. Twenty
~mcroliterssof the supernatant is injected into the high performance |iquid
chr omat ogr aph (HPLC) for analysis. The adg/sis is performed using a
5[err] Spherlsorb folunn (250 4. one Scientific, Inc.
State Trans- 3-methyl-4-[(1-oxopropyl)phenylamino]piperidine]-
ropanoic acid, ethoxymethyl ester
A solution of'trans-3-methy1-4-[(l-oxopropyl)phenyl-
10 @mino]-piperidine (300mg, 1.2mmol), ethoxymethyl acrylate
(350mg, 2.4mmol), and acetonitrile (10ml) is stirred at room

. temperature for 24 hours, concentrated to an oily residue,
and chromatographed on silica gel (EtOAc) to give trans-
3-[3-methyl-4-[(1l-oxopropyl)phenylamino]piperidineJpropanoic
acid, ethoxymethyl ester as an oil: 300mg; 65%. The
oxalate salt is made as described in Example 7; oxalate
salt: m.p. 115-116°C.

15

Example 31

20 Trans-3-[3-methyl-4-[(1-oxopro gxllghenxlamlnoIglgerldlne|-

propanoic acid, allyl ester

A solution of
trans-3-methyl-4-[(1l-oxopropyl)phenylamino]-
piperidine (300mg, 1.2mmol), allyl acrylate (272mg, 2.4mmol)
35 is stirred at room temperature for 16 hours and concentrated
to an oily residue which is chromatographed on silica gel
(EtOAc) to give trans—3-[3-methy1-4-[(l-oxopropyl)phenyl—
amino]piperidine]propanoic acid, allyl ester as an oil:
300mg; 69%. _
The oxalate salt is made as described in Example 7: oxalate
salt: m.p. 147-148°C.

Elemental Analysis for CZ3H32N207:

30

C% HZ%Z NZ%Z
Found: 61.7 7.2 6,2
Calculated: 61.6 7.2 6.2

35
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Cbllege- PA) with a flowrate of 2 m/mn. The nobile phase for the assay
is 0.1'M phosphate buffer (pH=2.0) and acetonitrile in a gradient elution.
Acetonitrile is increased from10-11%at 0 to 5 minutes to 16% by 10

m nutes. Acetonitrile is naintained ahxﬁﬁ% qehggugh the remminder of the

elution (16 m nutes InC|USIV%) Th% prOV|de for resolutlon of

t he propanoi Zransd2tb3nmethy ! . ppivd Jphenyile meland
all of the tggh gogggga@g except the ethyl ester. Retentlon tlnes - 30 -
are (in mnufeées an0|c cid 5.1, nmethyl es |nt naI standard
8.6; ethyl ester 9 Gl tgGﬁrS% T886sP- Tftbylpg tgﬂ 8§PBF°RX hegylyyt vl

ester 13.9; em@nblpiperidine (250mg, lmmol), 2- -bromoethyl acetate
5 (338mg, 2.0mmol), potassium carbonate (300mg, 2.2mmol),
sodium iodide (50mg, 0.3mmol), and acetonitrile is stirred
at room temperature for 16 hours. The resultant mixture is
diluted with a saturated solution of sodium bicarbonate
(25m1) and extracted with ethyl acetate (2 x 25m1); The
10 °rganic extracts are combined, dried over magnesium sulfate,
and concentrated to an oily residue which is chromatographed
on silica gel (EtOAc) to give trans-2-[3-methyl-4-[(l-oxo-
propyl)phenylaminojpiperidine]ethyl acetate as an oil:
300mg; 89%Z. The oxalate salt is made as described in
Example 7; oxalate salt: m.p. 149-150°C.

15
Elemental Analysis for 021H30NZOZ:
, C% H%Z NZ
Found: _ 59.6 7.2 6.6
Calculated: 59.7 7.2 6.6
20
Example 33
. (2)-Cis-3-methyl-4-[(1- oxogrogxl) -2- fluoroghenxlamlnol—
piperidine

A solution of l-methoxycarbonyl-3-methyl-4-(2-fluoro-
25phen:;wl-a‘mino)-1:::|'.peridine (12.953, 48 .6mmol), prepéred'
according to the procedure of W.F.M. Van Berer et al., J
Med. Chem. 1974, 17, 1047 and T.R. Burke, Jr. et al., J.
Med. Chem. 1986, 29, 1087, except that 2-fluorocaniline was
substituted for aniline, and propionic anhydride (12.5ml,
o97.2mmol) is refluxed. for fifteen hours. The cooled”
solution is diluted with ethyl acetate and washed with 2N
sodium hydroxide (2x), saturated sodium bicarbonate (5x), 1M
| phosphoric acid (1x) and brine (1lx). The organics are dried
over sodium sulfate and then concentrated. The residue is
5dissolved in ether and hexanes and cooled to -10°C for

1aced
Thi\s ‘
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ester 14{4:; and butyl ester 14.9. Slowing the flowrate to 1 m/mnute
al I'ows the resolution of the ethyl ester fromthe internal standard. At
this flowrate the retention tines are 10.1 mnutes for the propanoic acid,

15.1 mnutes {oL, the jnternal, standar nd 15.8 mnutes,for t et.h

ester. EIutioglgFe?ﬂeéﬁuEﬁbstgﬁ%e%ﬁilﬁtéh%ﬁn@if?ﬁ? §ﬁ74w*§mf{E1?§£AQM%§ﬁ
“absorption atrecrpstatbizéd ofr@kOetiner Damid Hexandsh et dHig i e ssics~ 1-snetrhalxyzed
by a sinple Ly 8t ki i I o O f_ the test
compounds, - Peckbaent L Sin@LAPI- & CCL GxdBEsyl Pla AARMAMARilnd T | 231
conpound fronPiRresidime a8 snfolidh IMeaphem-mal¥2813% Gn Fheutes -
(t12) ThesembERELt 3igaors NVE édmEdE dnd NrerdtFat it dlgidus dsters of

act d. " vher o RixepLe; pE| e Aol Thded e o afong WA some 'Sy °P' O ©
impurities. : : .

A suspension of cis-l-methoxycarbonyl-3-methy1-4-
[(1-oxo-propyl)-2-fluorophenylamino]-piperidine (3.2g,
9.89mmol) in 48% aqueous HBr (20ml) is refluxed for two
hours. Upon heating the mixture dissolution occurs. The
solution is cooled to 0°C and 5N NaOH is added until the pH
is between 11 and 12. The aqueous phase is extracted with
methylene chloride (5x) and the combined organics dried over
sodium sulfate and concentrated to give cis-3-methyl--
4-(Z-fluorophenylaﬁino)-piperidine as an oil: 2.0g; 97%.

To a rapidly stirred mixture of benzylchloroformate
(0.39m1, 2.76mmol) and sodium bicarbonate (284mg, 3.6mmol)
in water (4ml) and ether (4ml) is addéd cis-3-methyl-4-
(2-fluoro-phenylamino)-piperidine (500mg, 2.4mmol) as a
solution in ether (2ml). The mixture is stirred for one
hour at ambient temperature, the layers are separated, and
the organics washed with 2N NaOH (2x) and brine (1x). The
organics are dried over sodium sulfate and concentrated to
give cis-l-benzyloxycarbonyl-3-methyl-4-(2-fluorophenyl-
amino)-piperidine as an oil: 740mg; 90%. '

To a solution of cis-1-benzy10xycarboqy1-3-methy1-4-
(2-fluoro-phenylamino)-piperidine (740mg, 2.16mmol) and
4-dimethylaminopyridine (395mg, 3.24mmol) in acetonitrile
(10ml) is added propionyl chloride (0.38ml, 4.32mmol). The
reaction is heated to 50°C for ten hours. The mixture is
concentrated and the residue dissolved in ethyl acetate and
water. The organic phase is washed with saturated sodium
bicarbonate (2x), 1M phosphoric acid (1x), and brine (lx).
5 The organics are dried over sodium sulfate and concentrated

10
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rate constant for degradation of the test conpounds in phosphate buffer and

kBl-is the similar constant for degradation in blood.. TABLE Il Ester

[err] Buf f er [err] Bl ood tl/2 o tl/2
met hyl 7.40.6 x 10 3 94 2.00.1 x 10 2 _36.5 4.60.2 X
10 15¢0 ELvVE) Pune Xis- :abaqulﬂimcarboyréo35mﬁt!m!ezr[( -oxo- 237
2.50.3 x 10-2 f% gﬁ éﬁluoroﬁﬁ Tamint) - p1per1d1331as 8n56ib: X7 6%ng ]

8.2 |sopropyl x 10[err] 533 .00.1 x 10-2 69.3 isobutyl
4.00.6 x 10 173 9.02.0 x 10 2 7. 7 secbutyl 2.00.2 x 10[err]

346 9.01.0 x 1011 miktire of cis-1l-benzyloxycarbonyl-3-methyl-4-

5 [ (1-oxopropyl)-2-fluorophenylamino]-piperidine (576mg,
1.45mmol) and 10% Pd-C (100mg) in methanol (25ml) and acetic
acid (5ml) is hydrogenated at 50 psi for five hours. The
reaction mixture is filtered through celite and the filtrate
is concentrated. The residue is diluted with ethyl acetate,
basified to pH 11 with 2N NaOH and shaken. The separated
organics are dried over sodium sulfate and concentrated to
give cis-3-methyl-4-[(1l-oxopropyl)-2-fluorophenylamino]-
piperidine as an oil: 333mg; 87%.

10

15 , Example 34
(£)-Cis-3-[3-methyl-4-[(1-oxopropyl)-2-fluorophenylaminoj-1-
piperidinelpropionic acid, methyl ester

_ A solution of (%)-cis-3-methyl-4-[(1-oxopropyl)-2-
fluorophenylamino]-piperidine (200mg, 0.757mmol) and methyl
acrylate (0.1lml, 1.13mmol) in acetonitrile (2m1) is stirred
at room teniperature for twelve hours. The solution is
concentrated and the residue chromatographed on silica gel
(2/1 EtOAc/Hex) to yield (%)-cis-3-[3-methyl-4-[(1-oxo-
propyl)-2-fluorophenylamino]-1-piperidine]propanoic acid,
methyl ester as an oil: 44mg, 17% yield. The hydrochloride
salt is prepared by bubbling gaseous HCl through a toluene
solution of the. free base and concentrating to a white
solid; hydrochloride salt: m.p. 177-178°C;
Elemental Analysis for 019H28N20301F:

20

25

30 ~ CZ% HZ =~ NZ |
Found: 59.0 7.3 7.2
Calculated: 59.0 7.3 7.2

Example 35

(t) Cis-3-[3-methyl-4-[(1- -oxXopro 1)-2-fluorophenylamino]-1-
21ger1d1ne|grogano c_acid, ethoxxmethxl ester
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- 31 - JInthis study, it was found that the test conpounds were rapidly
degraded in blood as conpared to buffer. The test conpounds were found to
be rapidly degraded in human blood in vitro in contrast to the marketed

conpounds, fentan fentan I have bee nd to be
pr |rrprralrJ| I ; rretgggl?/ e11 x’t?fé ‘:’] @F #ﬁ/"e:g b?gﬁ;ﬁ%i(}défﬁ& cku(:l i n.
Pharm Ther dOgp euy 4ty vlﬂadetﬁmer § 0126 Smmxi yqnd he

I : b
?rg?aggﬂ (s:mC?n g: % %\e ?"*é‘m@% eﬁﬁ‘p?’yhep ?yc rreit)abﬂ.fl sm | S property

is viewed as thﬁdﬁ@tﬂ&aﬁ%eﬂ% temeratnrefonieightaen ikauztoul d not
T T e e
' phar macodyan?"& ﬁﬁ:f?q.egef {Et(% to give (%)-cis- e3 wmet(ixyli r}} I_J(Cl -0X0-
propyl)-2-fluorophenylamino]-1l-piperidine]propancic acid,
ethoxymethyl ester as an oil: 84mg, 807 yield. The oxalate
salt is made by dissolving the free base in ethyl acetate
10 and adding an ethereal solution of oxalic acid. The gum
that precipitates is redissolved in hot ethyl acetate and
recrystallizes to give a white solid upon cooling; oxalate
salt: m.p. 96-97°C; :
Elemental Analysis for Q23H33N208F:

1s c% H7 N%
Found: 56.6 6.8 6.1
Calculated: 57.0 6.9 5.8

Example 36

(£)-Cis-3-[3-methyl-4-[(1-oxopropyl)-2-£fluorophenylamino]-1-
piperidine]propanoic acid, allyl ester _ :

A solution of (%)-cis-3-methyl-4-[(1-oxopropyl)-2-
fluorophenylamino]-piperidine (100mg, 0.378mmol) and allyl
acrylate (90ml, 0.757mmol) in acetonitrile (lml) is stirred
at room temperature for sixteen hours. The solvent is
removed and the residue chromatographed on silica gel (1/1
EtOAc/Hex) to give (%)-cis-3-[3-methyl-4-[(1l-oxopropyl)-2-
fluorophenylamino]-1l-piperidine]propanoic acid, allyl ester
as an oil: 76mg, 53%. The oxalate salt monohydrate is made
by dissolving the free base in ethyl acetate and then adding
an ethereal solution of oxalic acid. The white solid that
precipitates is collected and washed with ether and ethyl
acetate; oxalate salt monohydrate: m.p. 96f98°C;

Elemental Analysis for 023H33N208F:

20

25

30

35 | C% HZ . N%
Found: 57.3 6.7 5.8
Calculated: 57.0 6.9 5.8
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In view of their analgesic activity, the subject conpounds may be
formul ated i nto various pharmaceutical fornms for adm nistrati on purposes.
To prepare the pharnaceutical conpositions of this invention, an effective

anal gesi ¢ anmount of the particular co 14 %7base or acid-addition salt.

form as the active ingredient is conbi i mat e adm xture with_a
phar maceut i cal 3] TmE ' 2221038 (] Qi &

., - 9 N R Al y
of forms depenshgriii Mgdetiftapar ati on desired for adm nistration.
These pharnaceutrc CONpoSI I I ons desirabl e_in ynitary dosage.form
suitable, for exa% SUSRENSIAR A% WW'cf}'éﬂth‘,y '?’ér[ﬁ'éPﬁ&PF?,%ﬂéE%él ly
. or parenteral |§ludrspleerayidntine - piipeaiding (250 p@si%%i6ame1i)y @-bromlosage

form any of t ical ' y as, for
- exanpl e, m?er%%%,;%{ Ir@&egéd'clg’no]l '@h’%’]{ﬁe ﬁ%&%&%%&%&gggf or al
“liquid (260mg, 1.89mmol) and a catalytic amount of sodium iodide in
acetonitrile (3ml) is stirred at 45°C for ten hours. The
mixture is diluted with water and ethyl acetate. The

aqueous is extracted with ethyl acetate (2x) and the
16 combined organics washed with brine (1x), then dried over

AMiy

. o N i D TGN | o i .20 H I ALY 10 (TER (U2 [/

sodium sulfate and concentrated. The residue is
chromatographed on silica gel (EtOAc) to give (%)-cis-2-
[3-methyl-4-[(1-oxopropyl)-2-£fluorophenylamino]-1-piper-
idineJethyl acetate as an oil: 241mg, 73%7. The oxalate salt
hemihydrate is made as described in Example 7; oxalafe salt
hemihydrate: m.p. 118-127°;

Elemental Analysis for 021H29N207F.0.5H20:

15

C% HZ%Z N%

Found: " 55,7 6.6 6.2
20 Calculated: 56.1 6.7 6.2
Example 38

A pharmaceutical composition for parenteral or
intravenous analgesic administration can be prepared from

25 the following ingredients:

Ingredients : Amount
3-[4-Methoxycarbonyl-4-[(1-(oxopropyl)-
phenylamino]-1-piperidine]-

30
propanoic acid, methyl ester,
HCl salt........ccvvunnn Cereereesanertesnestanes 1 mg
Isotonic saline......... ceeconssannea cerseasessenan ee 1
3511ter
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pr epar at+i ons such as suspensions, syrups, elixirs and solutions; or solid
pharmaceutical carriers such as starches, sugars, kaolin, lubricants,

bi nders, disintegrating agents and the like in the case of powders, pills,
capsul es and tablets. For parenteral conpositions, - 32 - the carrier
will usually conprOthextecompounds cof the | inwention afcqinrse admobgh ot her

I ngredi ents, , | EHERY | R ] -ahl

sol uti ons, fo%‘%eigﬁgéﬁa{ﬁgeﬂge%%ée%%%é vﬁﬁ%@?ﬁi dcfje?ldr;}i er ’c(ngrtr)r?Lr:":?.ls(\zté_'gl‘lg @

i sot oni ¢ sal | Felabive; smount ebstuch)| okhey ¢amreyndy jdn: the compesitigen

gl ucose sol utdependingCéR tite SHEPENSI V& SarlFdlgeB = e ividarodd thie whi ch case

appropriate |IQ¥£E cprriers, . _ -
5 pa cular compound.

Example 39
The compounds of formula (I) listed in Table III are

10 Prepared by following the procedures described herein using
equivalent amounts of appropriate starting materials.

TABLE III
15 .
a. -(CHZ)ZCODMe Et H H
20 c. -(CHZ)ZCOOtBu Et R H
d. -(CHZ)ZCOOMe _Et H H
£. -(CHZ)ZCOO(CHZ)ZOEt Et H H
g. -(CH,),CO0OCH,0Me Et H H
;5 h. -CH(CH;)CH,COOMe Et H _H
i. -CH,CH(CH,)COOMe  Et H H
3. -(CHZ)ZCOOMe ' Me H H
k. -(CH,),COOCH,0Me Et | H H
30 M- -(CHZ)ZCOOMe Me MeO-CH,- . H
n. -(CHZ)ZCOOMe Me B cis(t)-Me
o. —(CHz)ZCOOMe ' Et H cis(z)-Me
35 - {TABLE 11I continued next page)

[

—e.
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susp'endi ng agents and the |ike may be enployed. Acid addition salts of (I),
due to f'heir increased water solubility over the corresponding base form
are obviously nore suitable in the preparation of agueous conpositions. It

i s especially advantageous to fornul ate the aforenenti oned pharnmaceuti cal

* conpositions in dosage unit formfor ease of admnistration and uniformty
: of dosage. Dosage unit form as used herein, refers to physically discrete
~units suitable as unitary dosages, each unit containing a predeterm ned
guantity of active ingredient calculated in product the desired therapeutic
effect in association with the required pharmaceutical carrier. Exanples of
such dosage unit forns are tablets im dor coated tablets),

35

capsules, pills, powder packets, wafers, i1njectable solutions or
suspensi ons, teaspoonsfuls and the |ike, and segregated nultlplgs t her eof .
Ar salt _ m.
a. 2,4-di-F-Ph oxalate 177-178
b. 2,4-di-F-Ph oxalate 181-182
5 ¢€. 2-F-Ph _oxalate 160-162
d. 2-MeO-Ph oxalate 139-140
e. Ph oxalate 164-165
£f. Ph oxalate 140-141
g. 2-F-Ph oxalate 131-133
10 h. Ph oxalate 148-149.
i. Ph oxalate 146-148
J. 2-Me-Ph oxalate -
k. 2-Et-Ph oxalate -
1. Ph HC1 -
m. Ph HC1 -
15 R- 4-CF3—Ph oxalate -
o. 2-Cl-Ph - oxalate -
20 Examples 40-53
Following the procedure of Example 10 and substituting
an equivalent amound of the appropriate alkyl acrylate for
the methyl acrylate of Example 10, the following compounds
of formula (I) are obtained with melting points for the
o5 Oxalate salt being indicated below: '
40. 3-[4-methoxycarbony1-4-[(l-oxopropyl)phenyl-
amino]-1l-piperidine]propanoic acid, ethyl
ESter. . .teirrennrrennann .m.p. 166-167 °c.
30
-60- —— T
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In view*of the analgesic activity of the subject conpounds, it is evident
that the ‘present invention provides a nethod of preventing or conbatting
pain, that is, providing anal gesia, in warm bl ooded mammal s, i ncl udi ng
humans, by the system c admi nistration of an effective anal gesi c anount of

a conpound of forft#a A-[4omethsryraanbonyilcdi-[{ laoxoprapyd )pbenel- or acid
addi tion salt thereof ignadn-9\Hi% ﬂdigilgyﬁygagggthggh,cgggbgi. Al t hough

t he amount of active ingredi'ent 'to be adm™istered may v3r§ in 8i.n rather
wide limts, depending ®tF&The parti-cul-ar -ci-rcumstan®el of6¥nd/0a8e, doses
of from about 0.001 to about 10 ng/kg, and preferably from about 0.01 to
about 1.0 gg/kg, qﬂfjrnfﬁfﬂfﬁit'E%%ci?y%%%ngL¥(atoxopropyl)phenyl-
' amino]}-1l-piperidine]propanoic acid, isopropyl
ester............... ceeess...m.p. 176-177°C.

43. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
10 amino]-1l-piperidine]propanoic acid, n-butyl
ester......... eererannans ..m.p. 153-154°C.

44, 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-1l-piperidine]propanocic acid, iso-butyl
15 ester........... Ceeereenen ..m.p. 177-178%C. .

45. 3-[4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-
amino}-1-piperidine]propanoic acid, sec-butyl
ester.......... Ceeceereneaaa m.p. 160-161°C.

46. 3-[4-methoxycarbony1-4-[(l-oxopropyl)phenyi-
.amino]-1l-piperidine]propancic acid, n-pentyl
ester........ Cececessiensenns m.p. 141-142°C.

47. 3-[4-methoxycarbonyl-4-[(1-oxopropyl)phenyl-
amino]-1l-piperidine]propancic acid, 2-methylbutyl
ester....... e veee....m.p. 162-163°C.

25

48, 3-[4-methoxycafbony1-4-[(l-oxopropyl)phenyl-
amino]-l-piperidine]propanoic acid, isopentyl

30 o
estero ------- eesas s s e s sensse m-P- 148-149 Co

49. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-1-piperidine]propanoic acid, neopentyl

35 eSter.....ccivenicenncnsancen m.p. 157-158°cC.

—_—————

‘-\\M
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- 33 - continuously (e.g., i.v. drip), are generally found effective. The
preferred route of admnistration is parenteral, particularly by the

i ntravenous route. The foll ow ng exanples are intended to illustrate, and
not tolimt the scope of the present invention. Exanple 1 4-r

g#—ZX?F502¥LLPQSSY¥§ﬁLRd.ﬂ4ﬂﬁjthﬂxydumhnﬂyl}Qﬁ[«1 ana@qﬂpy?éphan&lﬁixture
er %%gnp
according to the procedé’@rﬂ‘ﬂ)ﬂ'%j’% éjar?‘?%ﬁ%‘”% ﬂa%‘gr’lt?&ep%zd%o

net hyl bronoacetate (0. Z®Her.2. .58nmol.). - and pot-assi-ul-Par B4dadé ( S94ny,

4. 3mmol ),

hour s.

m

in acetonitrile (2.5 m) is stlrred at roon1tenperature for five

The reaction m xture is diluted mAt and t at

She 51. 3-[4-met oxycarbon propy
amlno]-l-piperldlne]propan01c acid, heptyl
eSter......civveennnonnns ....m.p. 129-130°C.

10

15

20

25

30

35

52. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-1- piperldine]propan01c acid, octyl
ester.........coitiinnnnann m.p. 141- 142°c.

53. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-1l-piperidine]propanoic acid, tert-butyl
eSter......cconveenanns vee....m.p. 157-158°C.

In the synthesis procédure of Examples 40-53, the alkyl
acrylate starting material may be available commercially,
may be synthesized by literature procedures or may be
syntheéized by the following procedure, substituting an
equivalent amount of the appropriate alcohol for 3-methyl
butanol: _

To a stirred solution of 3-methyl butanol (2.0 g, 22.6
mmol) and acryloyl chloride (2.05 g, 22.6 mmol) in
dichloromethane (5 ml) at 0°C is added dropwise
triethylamine (3.2 ml, 22.7 mmol). The solution is stirred
for 30 minutes at room temperature and then concentrated to
a residue. The residue is washed with hexanes (2 x 10 ml)
and the resultant combined organics are concentrated and
filtered through a plug of silica to give 3.0 g of
3-methylbutyl acrylate as an oil, 93% yield.

It will be understood that the embodiments described
herein are merely exemplary and that a person skilled in the
art may make many variations and modifications without
departing from the spirit and scope of the invention. All
such modifications and variations are intended to be
included within the scope of the invention as defined in the
appended claims.

/

i
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phases ar‘e separated and the aqueous phase extracted with ethyl acetate
(2x) and the conbi ned organi cs washed with brine, dried over sodiumsulfate
antd then concentrated. The residue Lqﬁphronatographed on stTTca get—(985/5

[err]/MeOH) to give 4-[(]-oxopropyl)phenyl am no]-I-pipery
met hyl ester, ag an oil: 348ng, 53%yield. An equinol ar ﬁﬂﬂ Bﬂﬂin
acid in ether i EL d to a solution of the free base in et Lacae

give the naleate salt as a white solid; maleate salt: mp. 130-133 C

Elg.egent o Anal e foé'"%@f?ﬁw&ﬂ/‘m 60. 0 e 6.7 e Foung: 7 Exanple 2
3- r4-[(|-Ckopropyl)phenylanlnoI-I-p|perldlne]propanoic acid, nethyl ester
g
“\__R
5 Ar—N/ R1
\/ n2
/' \/
L ]
N
\'}'/
10 X
wherein: .
X is a member selected from the group consisting of':
alkoxy-carbonyl-lower alkyl,
lower alkyl-carbonyloxy-lower alkyl,
15 alkenyloxy-carbonyi-lower alkyl, and
(C,-,)alkoxy-(C;-,)alkoxy-carbonyl-lower alkyl.
Ar is a member selected from the group consisting of phenyl, mono-,
di- and tri-substituted phenyl, wherein each subtitutuent is
independently selected from the group consisting of halo, lower
20 alkyl, lower alkoxy and trifluoromethyl; o
R is a member selected from the group consisting of lower alkyl, and
“ lower alkoxy-lower alkyl;
Rl is a member selected from the group consisting of hydrogen, lower
25 alkoxy-carbonyl, and methoxymethyl; and
R? is a member selected from the group consisting of hydrogen and
' methyl; |
and the diastereomeric and enantiomeric isomers thereof, and the acid
 sddition salts of said compounds and isomers.
30 (2) A compound according to Claim 1 in'which'Ar-represents a phenyl:
or 2-substituted phenyl group.
I
” i




To 'a*sol ution of 4-[(1-oxopropyl)phenyl anino]- plper
4.31mmol) in acetonitrile (10M) is added - 34 - | m %ll!
[err], 8.62mmpl) at roomtenperature. Thegsel ution is' r]C

for 2 hours, cooled to roomtenperature and concentrated to an oily

residue. The res{
3-[4-[ (1- oxopropyl)phenyl am no

A eamﬁahﬁ@%kegaﬁah@di coRimd hi &azge.&heeam‘i)rép@eyé&gd

pi'per i di ne] propanoi ¢ acid, nethyl ester

as an oil: 1. 34gPﬁ'e"£¥é%r '?hﬁl'-de‘PE'%ﬂ"éls%HWP which is nade as described in.
Exanple 1 and re¢ayat abhgourdl docordidghyd eAgaifatPaimesl atovmmrersm Rdreprebaitise

salt: mp. 118- 120

5

10

15

25

30

35

é%yflenental Analy5|s for [err]:

(5) A compound according to any of Claims 1 to 4 wherein R! represents

" a hydrogen atom or a methoxycarbonyl group.

(6) A compound according to any of Claims 1 to 5 wherein R! represents
a methoxycarbonyl group.

(7) A compound according to any of Claims 1 to 6 wherein X is an
alkoxycarbonyl-lower alkyl group.

(8) A compound according to any of Claims 1 to 7 wherein X is an
alkoxycarbonylethyl group. |

(9) A compound according to any of Claims 1 to 8 wherein said compound
is an alkyl ester of 3-[4-methoxycarbonyl-4[ (1-oxopropyl)phenyl-
amino]-l-piperidinelpropanoic acid.

(10) A compound of Claim 9 wherein the carbon atom of the alkyl
portion of the seid alkyl ester, directly attached to the oxygen is a
methylene or methyl group.

(11) A compound selected from:

5 -[4-methoxycarbonyl-4-[1-oxopropyl )phenylemino]-1-piperidine]-
pentanoic acid methyl ester; ' |
2-[4-methoxycarbonyl—4[(l-oxopropyl)phenylamlno]-1-p1per1d1ne)ethyl
acetate; '
3-[4-[ (1-oxopropyl)-2-fluorophenylaminol-1-piperidine] propencic acid,
methyl ester; or

3-[4-methoxycarbonyl-4-[ (1-oxopropyl)phenylaminol- l-piperidine]
probanoic acid vinyl ester;

or a pharmaceutically acceptable acid addition salt thereof.

(12) 3-[4-Methoxycarbonyl-4-[ (1-oxopropyl)phenyl-amino]-1-piperidine]
propenoic acid methyl ester, and pharmaceutically acceptable acid
addition salts thereof.

(13) A compound according to any of Claims 1 to 12 or a
pharmaceutically acceptable acid addition salt thereof for use in
therapy.
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C% ¢ H% . N% Found: 60
60. 8 7.0 6.5 Exanple 3 4- [4- H“‘l I‘ I\ \m
[ (I - Oxopr opyl ) phenyl ami nol -1 - pi peri di relébut anoi ¢ ac

m xture of 4-[(1-oxopropyl)phenyl am no] - pi peri di ne ( 50ng, 1. 08nnDI)
met hyl 4- br onobut anoate (224ng, 1.23mmmol), prepared according to the

procedure of 14 TR QlgeChr @ co@ﬁ%aeﬁc&&:ﬁﬁzto %? oﬁ@ﬂbﬂﬁﬂ nogh de 4840,

0.54 mmol ), and potassium carbonate (298ny i n acet nitrile

(I.1m) is stiPhergesgticabhy @é%‘&iﬁr’é’lﬁo?dq“-?w m&' thexngof reis
diluted with waérifagtisbecbh)d magidambht Fod sy Kﬁ‘Ci:Hépttéhtﬁentalaal ggews manner

o TP o0, ot BRSSPSR ShAH sopbthe L ehpbistcdr 10 91 e

5 formula (1) as defined in Claim 1 and the disastereomeric and
enantiomeric isomers thereof and the pharmaceutically acceptable acid
addition salts of said compounds and isomers together with a
pharmaceutically acceptable carrier thereof.
(16) A process for the preparation of a compound of formula (I)

10 as defined in Claim 1 which comprises
(A) reacting e compound of formula (II)

%
A C-R
1 r\N/ Rl
S
- \o/ R2
T/ \T/ (11)
\'f/
20 H

in which the groups Ar, R, R! and R? have the meanings defined above
for formula (I), with a reagent serving to introduce the group X.

(B) A process for preparing compounds of formula I wherein X is an

25 alkoxy-carbonyl-lower alkyl group or an alkenyloxy-carbonyl-lower

alkyl group which comprises esterifying a compound of formula (A)

Ar, COR
30 \N/ .Rl
\/ R2
/ \ /
A
l l. (A)
_ \'f/
35 | x'-‘-

-_—
This Sheet Has Been R

T

wrmp— =i o m e s e = e e m——— - i P i erra— 4 o e —t———— 1 "




met Ryl ester as an oil: 223ny, 62% The nal eate sal t— escrib

in Exanple 1; nmaleate salt: mp. 101.5-103.5 C. Elene | ““
C23H32N207: C% H% N% Four;@ - \ m“m

6.2 Cal cul at ed: 61.6 7.2
. 5-r4-] 1- Oxopr opyl ) phenyl am nol -1 - pi peri di ne] pent an0| c aci d rret hyI ester A

e O oL (LPXRREPRRL) GlER | 41T Bo 1w1p§£@hv%£% g@a@gg} inhe "84 Hﬁ sbove

. met hyl - 5- bronDpentanoate pr epare
procedure of G and &awppresents a carboxy-lower alkyl substituent.

(C) A process for the preparation of compounds of formula (I) wherein

5 X represents a lower alkyl-carbonyloxy-lower alkyl group and R}
represents a hydrogen atom or a methyl group which comprises reacting
a compound of formula (VIII)

\ /
Rl
10 \ / .
/ \ /
P
| \T/
15 loweralkyl-CHon

in which the groups Ar, R and R2 are as defined in formula (I) and R!
represents hydrogen or methoxymethyl with an appropriate lower
alkylanhydride.

20
(D)_A process for the prepaeration of a compound of formula (I) in

which Rl represents a hydrogen atom.
which comprises reacting a compound of formula (XVIa)

- Ar., H
25 \N/
| 2 This Sheet Has Been Replaced
2V |
U avte I i
o\ /o . ’
‘N
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et al, Synt hesis 1982, 963) sodium i odi de (97ny, 0.65 ‘mol ), arnd potassi um
carbonate (357ng, 2.58mmwl), in acetendtrile (1.3n Hluﬂmmﬂnmuﬂ oom

tenperature for five hours. The crude residue is is H tothe
procedure of Exanple 1. The residue is chromatogr aphéed on ‘si i c& gel’ (95/5
Et OAc/ MeOH) to give 5-[4-[1-oxopropyl) phenyl am no]-I-piperidi ne] pentanoic

acid, nethyl ester, as .a white sol |ﬁ 239 ; 5:%_‘;% m-p. 64}?6&%{1(; The
mal eate salt i sifffdch the-arqupgeArs "E;t peanings defined in formula
|1:05 306[ err] C (B Wﬂmtaboﬁﬂhﬁhusse&vﬁ.ﬁ% tGZMCaI Bl|2&7tg€%rou% 2002 witére R hgs 4t:hlb'%
oun : cul ated: . .

6.1 Exanple 5 3"'?3["‘?'?1 d&‘b'b?dowlscffﬁ'%?l(g i nol - | - pi peri di nel propanoi ¢ aci d,

5 (E) Subjecting another compound of formula (I) to an interconversion
reactions |
and if necessary or desired subjecting the compound from any of the
steps (A) to (E) to one or two further reactions comprising:
(1) converting a compound of formula (I) or a salt thereof into a
10 pharmaceutically ecceptable salt thereof.
(ii) resolution of a racemic mixture to give a specific enantiomer
thereof.

15

20




trifluorcacetate A solution of 4-[(1-oxopropyl)phenyl am no] - pi peri di ne
(500ng, 2.15mmol) and t-butyl acrylate (0.37nm, 2.58mol), in acetonitrile
(2.5mM) is st|‘T§H‘“T—TUOﬁr%enperature for 24 hours. The solution is
concentrat'ﬂﬁha&d gige is chromatographed on silica gel (EtOCAc) to
give 4-[ 2- [ phenyl am no] - | - pAgggRAGT ne propanoic acid, t-butyl
ester as an M F)% To the ester T309ny, 0.857mml) is added
~tr|fluoroace | The honbgeneous reaction mxture is stirred at’
roomtenperature for one hour ark-PHENYL-ble (fs-PIPERDINVL YAMIDES oi | which is

triturated with ether to give a whitegply G E’NI{LﬁE'Hﬁ _
oxopropyl)phenylanino]-I-piperi]-din2+prupanorc-a€ —trifluoroacetate:
316ngy, 88% mp. 187-189 C

N-Phenyl-N-(4-piperdinyl)amide derivatives are disclosed having

the general formula (I).

0
A\
5 /q__R
Ar—N R!
\./ R?
./ \./
o
. N/
10
X
wherein:

X is a member selected from the group consistingﬂif:
alkoxy-carbonyl-lower alkyl,
5 lower alkyl-carbonyloxy-lower alkyl,
alkenyloxy-carbonyl-lower alkyl, and _
(C - 2)alkoxy-(C;_,)alkoxy-carbonyl-lower alkyl.
Ar is & member selected from the group consisting of phenyl, mono-,
di- and tri-substituted phenyl, wherein each subtitutuent is
2 independently selected from the group consisting of halo, lower
alkyl, lower alkoxy and trifluoromethyl;
ﬁ is a member selected from the group consisting of lower alkyl, and
lower alkoxy-lower alkyl;
Rl is a member selected from the group consisting of hydrogen, lower
25 - alkoxy-carbonyl, and methoxymethyl; and
R2 is a member selected from the group consisting of hydrogen and
methyl; ' ' ,
and the diastereomeric and enantiomeric isomers thereof, and the acid
addition salts of said compounds and isomers.
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- 36%- Ektenental Analysis for [err]: C% H% Found: 54.6

6.0 6.7 Cal cul at ed: 54.5 6.0 6.7 Exanple 6 A

Met hoxynet hyl acrylate In a separatory funnel is added acrylic acid (2m,
29.17 mmol ), di met hoxynethane (2m ), phosphorous pentoxide (0.5g) and ether

- (20m ). Th t I ken.f f d, t,h

addit] onal al| quot - 3hS RaBamBle R BaR Tetagee, sl PaSing MaeriTRL Short
. procedure repeaﬂmmbmeenf‘t arma:ges%ectiﬂn.dihemaveﬁpem ambradesobhe ltempounds d
and the ether sejytign yashed i L gl WCALesk NES'GRE dthiisd ¥ bibhasddien

~dried over anhy
' analgesia with (I). Also included are certain novel intermediates for

s making (I).

This Sheet Has Been Re laced
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~yellow oil: 450ny, 13% B. - REPLACEMENT QHEETS
3-r4-r (I -Oxopropyl ) phenyl ani nol -I - pi peri d e pzopption cp@pdg mdpd)h%st hyl
ester A soelution of 4-[(l-oxopropyl)phenylz# @m}mjs} per padicd g(ﬁ:Sﬁh}tgd ‘}
0. 65mud) ‘and et hoxynet hyl . acryl ate (182frgl2 the67mae) ) pariet A0OL el )
(0.8nm) is stirred at roomtenperat ure-fbi-BrRyeRchOUS fuged e B %ﬂo-n | s
evaporated and the residue chromatographed on silica gel (EtCA
i ﬂﬁb Qethyl

ester as an oil: 138ng, 25% Gaseous hydr &6 5’ S -
solution of the freg ase di solved i.n ethyl acet e/ether 1/4 ratlo) to

a
gi ve the hydroch Pipggidinyd)apides Useful as Anedgesicferr]C.

El emental Anal ysis for CL9H29N204C :
This invention relates to N-phenyl-N-(4-piperidinyl)
amides having analgesic activity, to processes for their

preparation, to pharmaceutical compositions containing them
and to their medical use.

A number of patents disclose certain
N-phenyl-N-(4-piperidinyl) amides having analgesic activity
such as for example U.S. Patent No's. 3,164,600; 3,998,834,
4,179,569; 4,584,303 and 4,167,574.

We have now found a novel group of
N-phenyl-N-(4-piperidinyl)amides having potent analgesic
activity. The compounds differ structurally from the priof
art compounds by the particular N substituent on the
piperidine ring, i.e. the "X" function indicated in the
hereafter formula (I) compounds. In general they also
differ by their relatively short durations of analgesic
action, ranging from the ultra short to medium range and
their non-hepatic means of inactivation.

Thus the present invention providés a compound of
formula (I): '

(1)

e g
£
3
gﬂ!i—l‘
% =
oy
on ¥
B e



N% Found: 59. 0 7.6 7.4

C% H%
Cal cul at ed: 59.3 7.6 7.3 - 37 - Exanple 7 '
2-r4-r (| -Oxopropyl ) phenyl am nol -1 - pi peridinel ethyl acetate To a sol ution of

4-1 (I - oxopropyl ) phenyl am no] - 1- pi per- idineacetic acid, nethyl ester

i (250ng, 0. 82nmmol)

in tetrahydrofuran (1Onm) at -78[err]C is added lithium

“al um num hydride (250ng, 6.57mmol) in porgions. The suspension is stirred
at -78[err]C for one hour and then quenched w th 2N sodi um hydroxi de

(rom). Nhgneﬁ
becormes granHi

X

Ar

lum,sul fate is added to the resulting suspension until it

SFelRpe

is a member selected from the group consisting of:
alkoxy-carbonyl-lower alkyl (preferred),
lower alkyl-carbonyloxy-lower alkyl,
alkenyloxy-carbonyl-lower alkyl, and
(Cl_z)alkoxy-(Cl_z)aikoxy-carbonyl-lower alkyl.

' is a member selected from the group consisting of

phenyl (preferred) and mono-, di- and tri-substituted
phenyl, preferably mono-substituted in the 2-position,
wherein each substituent is independently selected from
the group consisting of halo, lower alkyl, lower alkoxy
and trifluoromethyl;

is a member seiected from the group consisting of lower
alkyl, preferably ethyl, and lower alkoxy-lower alkyl,
preferably methoxymethyl;

is a member selected from the group consisting of
hydrogen, lower alkoxy-carbonyl, preferably
methoxycarbonyl, and methoxymethyl; and

is a member selected from the group consisting of
hydrogen and methyl;

and fhe 6ptica11y active and cis-trans isomers thereocf, and
the acid addition salts, preferably the pharmaceutically
acceptable ‘acid addition salts, of said compounds and

isomers.

An additional aspect of the subJect 1nvent10n

relates to certain novel acidic intermediates wh1ch are
useful in the synthesis of certain formula (I) compounds.
Said intermediates are represented by formula (A) wherein X,

i N
Tt
4



suspension is then filtered and the filtrate concentrated to a residue. The
resi due i s chromat ographed on silica gel (9/1 [err] to yield

2-[4-[ (I -oxopropyl ) phenyl am no] - 1-piperidine]ethanol as an oil: 155nyg,
68% A solution of 2-[4-[(]-oxopropyl)phenyl am no]-I-piper- idine]ethano

| (256ng, 0.957mol ), acetic anhydride (0.72m, 7.63mml), and

~4-di net hyl am nopyri dine (50ng, 0.41mmoly 3n-pyridine (5m) is stirred at
25[err]C for two hours. The solution is concentrated to an oil which is

chromat ographed_on_silica gel_ ( ) . to give 2-[4-[{{ -oxopropyl)phenyl -
ol |y % reehy 1 e rHREE s tets on | e AR SRV AR
“anount of oxeéplacing tlhe saffierenentiomédtX osubstitreent cin bEewmula ef b4
~acetate. The precipitated salt is recryst%ilized by addi ng nmet hanol and

heating until the solid goes back into sol¥io Upon cooling the salt
precipitates as a white solid; oxal ate sat§>'ﬁg%. 153- 155[ err] C.
1
Ar—N R

r2 | (A)

N

I

Xa

As used in the foregoing definitions the term "lower"
is meant to modify the so-indicated group by indicating from
1 to 4 carbon atoms; the terms "alkyl", "alkoxy" and - -
"alkenyl" are each meant to respectively include straight
and branch chained hydrocarbons, e.g. of about 1 to 10
carbons and include the group of hydrocarbons of 1 to 4
carbons; and the term "halo" is generic to helogens'of
atomic weight less than 127, i.e., fluoro (preferred),
chloro, bromo and iodo. The term pharmaceutically
acceptable acid addition salts includes all physiologically
acceptable acid addition salts. |

When the group Ar is a mono, di or trisubstituted
phenyl group examples‘of suitable substituents include
chlorine, fluorine, methyl, ethyl, methoxy and
trifluoromethyl. When Ar is a disubstituted phenyl group _
the substituents are preferably in the 2,4 positions e.g.
2,4-difluoro. When Ar is a monosubstituted phenyl group the
substituent is preferably at the 4 position or more
particularly the 2 position.

A preferred class of compounds of formula (I) are those
wherein the group Ar represents a phenyl group'br
2-substituted phenyl group, more particularly when Ar
represents a phenyl or 2-fluorophenyl group.

When the group R is lower alkyl this may be for example
a methyl, ethyl, propyl or butyl group. A preferred class



El emental Anal ysis for C20H28N207: C% H% N% Found:

58.7 6.9 6.8 Cal cul at ed: 58.8 6.9 6.9 Exanple 8
3-r4- Met hoxynet hyl -4- r (I -oxopropyl )phenyl am nol -1 - pi per-

i di nel - propanoi c acid, nmethyl ester A solution of

- 4- et hoxynet hyl - 4-[ (| - oxopropyl ) phenyl - ami no] pi peri di ne (300ng, |.Omol),

" prepared by the procedure - 38 - of-P4aG-H Van Daele et al,
Arznei m -Forsch. Drug. Res. 1976, 26, 1521, nethyl acrylate (325[err],

3.61mml) apd pethanohs (Z8Mkdrhi1st ()edrat ¢RB9E REré1AORT fepIbSehie@cd i ON
methyl, ethyl or methoxymethyl group and more particularly
an ethyl group.

Preferred meanings for the group R1 include hydrogen
and methoxycarbonyl more particularly methoxycarbonyl.

For the group X each member contains a lower-alkyl
moiety through which it is attached to the nitrogen of the
piperdine ring. Suitable lower alkyl moietys include
Cl_aalkylene chain optionally substituted by a methyl group,
for example, methylene, ethylene, propylene, butylene,
1-methylethylene or 2-methylethylene chain.

When X is the group alkoxycarbonyl-lower-alkyl,
examples of suitable alkoxy groups include methoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, secbutoxy,

" . tertbutoxy, pentyloxy, 2-methylbutoxy, isopentyloxy,
neopentyloxy, hexyloxy, heptyloxy and octyloxy. Preferred
alkoxy groups include methoxy, ethoxy, propoxy, butoxy
isobutoxy, pentyiqu, 2-methylbutoxy, isopentyloxy,
hexyloxy, heptyloxy and octyloxy. The lower alkyl moiety of
the alkoxycarbonyl loweralkyl group is preferably a

4a1ky1ene chain optionally substituted by a methyl group
such as an ethylene, l-methylethylene, 2-methylethylene,
propylene or butylene chain, more particularly an efhylene
chain.

When X is a lower alkylcarbonyloxy-loweralkyl group
examples of suitable groups include acetyloxymethyl and
acetyloxyethyl groups.

When X is an alkenyloxycarbonyl-loweralkyl group
examples of suitable alkenyloxy groups include vinyloxy,
allyloxy and butenyloxy. The lower alkyl moiety of the group
is preferably ethylene. _

When X is the group C1 2alkoxy C1 2alkoxy carbonyl-
lower alkyl examples of the moiety Cl_zalkoxy Cl_zalkoxy
include methoxymethoxy, ethoxymethoxy, methoxyethoxy and
ethoxyethoxy. The lower alkyl moiety of the group
preferably represents an ethylene chain.



solution is cooled to roomtenperature and concentrated to an oily residue.
The residue is chromatographed on silica gel (9/1 [err]) to yield

3-[ 4- nmet hoxy- et hyl - 4-[ (1- oxo- propyl ) phenyl am no] - 1| - pi peri di ne] propanoi c.
acid, nmethyl ester as an oil: 250ny, 64% The oxalate salt is nade as

- described in Exanple 7; oxalate salt: mp. 180-182[err]C. El enental

* Anal ysis for C22H32N208: C% Ho . 5 - N% Found: 58. 2.

7.2 6.1 Calculated 58.4 7.1 6 2 Exanple 9

- 4- Met hoxycar bonyl - (1- oxopropyl ) phenyl am nol_ - erlglne- acetic
acid, nethyl estérPAeﬁflxrafieBBP“H pft ReRpeurssnyf- iormlax&B op¥e) Bhesg! -

 ani no] pi per idi ¢R1£ROPHE, Po@BMDkppresentked meehydi,ngthylt 6 procedure of -

- P.GH Van EagkoxymegLylig%QSb?] EOrepgesents a hydrogen or
methoxycarbonyl group; and Ar represents a phenyl or
monosubstituted phenyl group, more particularly a phenyl or
2-fluorophenyl group. Within this preferred group of
compounds a particular preferred subgroup are those wherein
the group X is an alkoxycarbonyl-lower alkyl group, more
especially an alkoxycarbonylethyl group; and the optically
active and cis-trans isomers thereof and physiologically
acceptable salts thereof.

The formula (I) compounds of the invention provide
potent analgesia with a duration of action ranging from
-ultra-short to medium. Such activity is characterized by
rapid onset and a half-life generally ranging from about 5
to about 40 minutes in experimental rats. In contrast, the
well-known narcotic analgesic, N-{l-phenethyl-4-piperidyl)
propionanilide, generically known as fentanyl, and its
- congeners, sufentanil and alfentanil, have durations of
action of 60, 80 and 55 minutes in rats, respectively, and
terminal half-lives in humans of about 1.5 to 7 (16 for
geriatric patienté), 2.5 and 1.2 to 3 hours, respectively
(Mather, L.E., Clinical Pharmacokinetics, 1983, 8:422-446).
The marked potency and very short duration of analgesia
provided by the ultra-short acting coﬁpounds of this
invention are highly desirable in circﬁmstances where severe
pain has to be eliminated over a short period of tihe, e.g.,
anesthesiology. With the current preponderance of short
surgical procedures and the growing trend towards outpatient
surgery, there exists an urgent need for a powerful but
short acting analgesic as stated by Dr. Paul A.J. Janssen in
Janssen: Opioids in Anesthesia. (Estafanous, F.G., ed.)
Butterworth, Boston. (1984). The compounds of the invention
can be used together with a pharmaceutically acceptable
carrier to provide pharmaceutical compositions and can be



Drug Res. 1976, 26, 1521, methyl bronpacetate (200[err], 2.11mol), and

pot assi um car bonate (200ng, 5.3mmmol), in acetonitrile (1.1mM) is stirred at
roomtenperature for 2 hours. The reaction mxture is concentrated and
chromat ographed on silica gel (95/5 [err]) to yield .

4- met hoxycar bonyl - 4-[ (| - oxopr opyl ) phenyl am no] - 1- pi peri di ne- acetic acid,
nmet hyl ester as an oil: 142ngy, 57% The-oxalate salt is nmade as descri bed
in Exanple 7; oxalate salt: mp. 130-135[err]C. Elenental Analysis for

g%?ﬁ?gtzgga mé.)nj%gfgarecrp/too @gaftmaf\g/oslzuocg?czia:s man in aSIr?dt?’nts sufPiclient to
provide analgesic effects.

When X is alkoxy-carbonyl-lower alkyl, e.g. lower
alkoxy-carbonyl-lower alkyl, compounds wherein the carbon of
the alkoxy directly attached to the oxygen of the alkoxy is
a methylene or methyl group, i.e. wherein it is substituted
by no more than 1 alkyl group, are generally shorter acting.
Further, the lower alkyl of the alkoxy-carbonyl-lower alkyl
is, in particular, ethyl of the formula -CH,CH, - . '

The formula (I) compounds may be converted to the
therapeutically active acid addition salt form by treatment
with an appropriate acid, such as, for example, an inorganic
acid, such as hydrohalic acid, e.g., hydrochloric,
‘hydrobromic, and the like, and sulfuric acid, nitric acid,
phosphoric acid and the like; or an organic acid, such as,
for example, acetic, propanoic, hydroxyacetic, a-hydroxy-
propanoic, 2-oxopropanoic, ethanedioic, propanedioic,
butanedioic, (Z)-2-butenedioic, (E)-2-butenedioic,
2-hydroxybutanedioic, 2,3-dihydroxybutanedioic,
,2-hydroxy-1,2,3-propanetricarboxylic, benzoic, 3-phenyl-2-

6.1

propenoic, c-hydroxy-benzeneacetic, methanesulfonic,
ethanesulfonic, benzenesulfonic, é-methylbenzenesulfonic,
cyclohexanesulfamic, e-hydroxybenzoic, 4-amino-2-hydroxy-
benzoic and the like acids. Conversely, the salt form can
be converted by treatment with alkali into the frée_base
form. 1In addition, the salt forms may be useful in the
preparation of other salt forms, for example, as
intermediates for conversion into the preferred
pharmaceutically acceptable salt derivatives. Furthermore,
the particular salt may exist as a solvate, e.g., a hydrate
or a hemihydrate. '

Several of the compounds of formula (I) have one or
more asymmetric carbon atoms in their structure and
consequently they may exist in the form of different optical
isomeric forms or mixtures e.g., racemates, of such forms. .
When R2 in formula (I) represents a methyl group there are



- 39 - Exanple 10 3-r4- Met hoxycarbonyl -4- r

(1- oxopropyl ) phenyl am no] -1 - pi per- idinel propanoic acid, nmethyl ester To a
sol ution of 4-nethoxycarbonyl-4-[(I-oxopropyl)- phenylan no)-piperidine
(200mgy, 0.68mmol) in acetonitrile (I.1mM) is added nmethyl acrylate (124pl,
1.36mol ) at roomtenperature. The solution is stirred at 50C for 2 hours,
cooled to roomtenperature, and concent+ared to an oily residue. The
residue is chromat ographed on silica gel (EtCAc) to give

3- [ 4- ot ooy DoEhs e d{ - QARSI | e @B i da i iy ] pr opano c

aci d, nethyl ester as_an oi e oxal ate salt I ¢ch i s made
as descri bedAddittional casymme ks y%"l%l?qfi Apms ¥t inmhdie RRESEMudiMone:

mp. 170- 173{1% ri%uﬁ@&ﬁﬂnﬁ,alfoﬁaém@md&ﬂbynmwlmm Se

ort Tn methangh et ed8ch J%na 26 JEbobstn i, om,c ﬂ{iﬁﬁc
forms and mixtures of such forms may be obtalned separately
by the application of ‘methods of resolution known to those
skilled in the art such as, for example, salt formation with
an optically active acid followed by selective
‘cerystallization or chiral derivatization and in turn
followed by selective crystallization or silica gel
chromatography.

When R% is a methyl group, the relative position of
said methyl group and of the substituents in the 4-position
of the piperidine ring-with respect to the plane of the
piperidine ring may be cis or trans, according to the rules
of nomenclature described in "Naming and Indexing of
Chemical Substances for C.A. during the Ninth Collective
Period (1972-1976) p. 861." Compounds of formula (I)
having the cis- or trans-configuration, essentially free of
the other, may be obtained, for example, by starting their
preparation from pure cis- or trans-isomers of the
appropriate precursors. When, for example, an intermediate
of formula (XI) in which RZ stands for methyl is subjected
to a selective crystallization, cis- and trans-isomers are
obtained separately and the thus-obtained forms.are'
conveniently used in the further synthesis of compoﬁnds of
formula (I) having the corresponding configufation. )
Alternatively, substantially pure forms of the cis- and
trans-isomer of compounds of formula (I) may be obtained,
substantially free of the other isomer, by separating a
mixture of such appropriate precursor forms (e.g., see
Formula XXI hereinafter) by silica gel chromatography.

Cis- and trans-forms may in turn be further resolved
into their optical enantiomers, each essentially free of its
optical counterpart, By the application of art-known

methodologies such as noted previously.



conplete crystallization and filtration, mp. 212-214[err]C. El enental

Anal ysis for [err]: C% H% N% Found: 56.5 6.5
6.0 Cal cul at ed: 56. 7 6.4 6.0 Exanple 11 4-

[ 4- Met hoxycar bonyl -4-r (| -oxopropyl ) phenyl am nol -1 -pi per- idinel-butanoic
acid, nethyl ester A m xture of 4-nethoxycarbonyl-4-[(|-oxopropyl)phenyl -
am no] - pi peridine (150ng, 0.517mvol), metyd 4-brono- butanoate (187ny,
1mmol ), potassium carbonate (39.3ng, I mml), sodiumiodide (155ng, |.Omol)
and acetonitrilefi @acéﬁétaﬁd efls Gthe PPO CE b Phs 20 HOLRE - cah,eoaaaguas s

cooled to rpom tenperature, Juted. with eth acetate (Inml) and filtered.
The filtrat f%)éiﬁnr%ﬂﬁiP4¥P%1 R1yeredr ﬁhCWﬂ+%ﬁ“¥é S e P8Rt ogr aphed on

silica gel dfdstdrddned® and enantiomers, and mixtures thereof, are
intended to be within the scope of this invention.
The compounds of formula (I) may generally be prepared
by introducing the X substituent on to the piperidine ring
nitrogen of an intermediate of the formula (II):

Q
R
Ar— R'
2
i (11)
N
}
wherein Ar, R, R1 and R2 are as previously defined, by the

application of conventional methodologies known in the art.
Depending on the nature of the X substituent, the following
methods may be utilized therefor. ' .

The .compounds of formula (II) are known compbunds which
are obtainable by art recognized procedures. In addition,
the compounds of formuld (II) in which R? is methyl and rl
is hydrogen have been prepared -(see exampleé hereinafter)
from l-methoxy-carbonyl-3-methyl-4-[1l-oxopropylaryl-amino]-
piperidiﬁes, which are in turn prepared from 3-methoxy-
carbonyl 4-piperidinone hydrochloride using the procedure
described by W.F.M. VanBerer et al., J. Med. Chem. 1974, 17,
1047 and T.R. Burke, Jr., et al., J. Med. Chem. 1986, 29,
1087.

The introduction of the aforementioned X groups on to
the ring nitrogen of (II) may conveniently be carried out by
the alkylation reaction of.(II) with an appropriate halide
of formula (III) wherein "Hal" is bromo (preferred), chloro
or iodo and X represents the aforementioned groups as shown

in Scheme I1:



yi el d 4-[4-met hoxycarbonyl -4-[ (| - oxopr opyl ) phenyl am no] -1 -

pi peri di ne] butanoic acid, nethyl ester as an oil: 177 ng, 88% The oxal ate
salt is made as described in Exanple 7, oxalate salt: mp. 153-155[err]C
40 - Elenental Analysis for C23H32N209: C% H®o - N% Found:
57.1 6.6 5.8 Cal cul at ed: 57.5 6.7 5.8 Exanmple 12
5-[ 4- Met hoxycar bonyl -4- r (I|-oxopropyl phenyl am nol - |-piper-
i di nel pent Lc_acid, nethyl ester A m xture of
4-nethoxyc§g it ?4-[(I-oxopropyl)phenyl-'
Q .
N (a) —> {on-1.alkyl-000—alkyl (I-a)
R? ' '
g @ —> §N-1.2lky1-0-00-1.alkyl (I-b)
N (r1I) () —> £ON-1.alkyl-000—alkenyl  (I-c)
(x1) (@) —>§ Sw-1.alkyl-000-C;_alkyl-0-C, alkyl (1-d)

Formulae (Ia)-(Id) and other formuale utilize the
convention of partial structures to denote the remainder of
the formula as in formula (I) hereinabove.

The alkylation reaction of (II) with (III) is
conveniently conducted in an inert organic solvent such as,
for example, acetonitrile (pfeferred); an aromatic
hydrocarbon, e.g., benzene, methylbenzene, dimethylbenzene

" and the like; a lower alkanol, e.g., methanol, ethénol,
1-butanocl and the like; a ketone, e.g., 4-methy1-2-peﬁtanone
"and the like; an ether, e.g., 1,4-dioxéne, tetrahydrofuran
(THF), 1,l-oxybisethane and the like; N,N-dimethyl-
formamide (DMF); nitrobenzene; and the like. The addition
of an appropfiafe base such as, for example, an alkali\metal
carbonate or bicarbonate, preferably potassium carbonate,
may be utilizea-to neutralize the aéid that is liberated
during the course of the reaction. .In some circumstances, -
the addition of an iodide salt, preferably an alkali metal
iodide such as sodium iodide, is appropriate. . Ambient
temperatures (22-25°C) are generally éufficient, although
somewhat higher temperatures may be employed to enhance the
rate of the reaction. ,

When X is alkoxy-carbonyl-ethyl, wherein the ethyl may
be substituted with 1 or 2 Cll__2 alkyl groups for a total of
2-4 carbons, an alternative method of introducing this group
on to the ring nitrogen of (II) to yield (V) is by way of a



am no] pi peridine (150nmg, 0.517mmol) nethyl 5-bronopentanoate (200ny,

| mmol ), potassium carbonate (40ng, | nmol), sodiumiodide (1.55ng, | mol)
~and acetonitrile (1.0OM) is stirred at 52[err]C for 22.5 hours and then at
“25[err]C for 12 hours. The reaction mxture is diluted with ethyl acetate
(ImM) and filtered. The filtrate is concentrated to an oily residue which

I s chromat ographed on silica gel (90/9/-1YCer+] triethylamne) to yield

5-[ 4- met hoxy- car bonyl -4-[ (| - oxo- propyl) phenyl am no] -1 - pi peri di ne] pent anoi c

. . ° :
doscr i bed 1SPEARNS atdisiam R s ion raevarn (BT FPiCahe) Srontal
Anal ysi s f ar, CAiSNPORE é¥ocarbony Hoveactant N9£ Fhermula (IV) iBgad
7.0 %Je:@lgfﬂﬁfg:solvéﬁz Zuch as/ Por exampld, ExagpPbRidlile, a
lower alkanol, e.g., methanol, ethanol and the like, an
ether, e.g., diethyl ether, dioxane and the like; and an
aromatic hydrocarbon, e.g., benzene, toluene and the like as
shown, for example, in Scheme II.
Scheme 1II

o 0
R §—a
Ar—N’ R ‘Ar—N_ R
Rz R Rz
+ /\“/ Nalkyl —_— |
N o

T—2
o
o
\
g
4

II v ' v

When X is alkoxy-carbonyl-loweralkyl in (I-a) or
alkenyloxy-carbonyl-loweralkyl in (I-c), an alternative
method of introducing said X-substituent onto the piperidine
nitrogen is by esterification of the corresponding acidic
formula (A) compounds, i.e., formula (I) wherein X is
carboxy-loweralkyl sgch'as (VI), using the appropriate alkyl

. or alkenyl N,N-diisopropyl-pseudourea in an organic soclvent,
for example, chloroform, at ambient to reflux temperatures.
The acids of formula (A), e.g. where Xa is a carboxyethﬁl
thus defining (VI), are believed to be novel intermediates,
‘may be obtained'by réacting (I1) with an appropriaté t-butyl
ester of formula (III) or tertiary butyl acrylaée (Michael
Reaction) followed by reacting the thus-obtained product,
e.g. (VII), with excess trifluoroacetic acid at 0°C to
ambient temperatures according to the following Scheme III:



3- [ 4- Met hoxycar bonyl -4- r ( 1-oxopropyl )phenyl am nol -1 - pi per-

I di nel propanoic acid, trifluoroacetate This conpound is fornmed by foll ow ng
t he procedure of ExXanple 5 except that an equival ent anobunt of 4-nethoxy-
car bonyl -4-[ (1 - oxopropyl ) phenyl am no] - pi peridine is substituted for the

4-[ (1- oxopropyl ) phenyl am no] - pi peridi ne used therein; mp. 189-190C -

41 - Elenental Analysis for [err]: C%- 11 - H% Found: 53.0
5.7 5.9 Cal cul at ed: 52.9 5.7 5.9 Exanmple 14
Scheme IIX

. Michael 3 .
§:>NH + cnz=cncoo-tau reaction -CHZCHZCOOtBu

(1X) (ViI)
?‘*
CF,CO0H §:)v-cazcazcoon SPEN=C-NHiPr D-cazcnzcoon:‘
(vI) (I-a) R3=alkil
- {I-¢) R =alkenyl
The ester CH2=CHCOO-tBu in Scheme III may be

substituted by other esters e.g. of the formula
R4RSC=CR6C00-tBu wherein R4, ®7 and Ré.are hydrogen methyl

or ethyl provided that the total carbons in R4, R and R® is
0-2, to yield other acids of Formula (A).

Alternatively, the appropriate carboxy loweralkyl
halide or acrylic acid, the #crylic acid embodiment being
shown below, can be esterified with the appropriate alkyl or
alkenyl-N,N-diisopropyl-pseudourea, for example, in
chloroform at ambient to reflux temperatures, to yield the
corresponding formula (III) halide ester or '
acrylic ester which is then introduced onto the ring
nitrogen of a formula (II) compound by means of the
previously mentioned alkylation reaction of conjugate

addition Michael reaction, as shown in Scheme IV:

Scheme IV
CH.,=CH-C + iPrN=C-NHi 5
: OOH iPrN=C-NHiPTr crcl, CH,=CH~COOR?
or?
NE  +  CcH,=CH-COOR} Michael . N-CH.,CH.,COOR>
(11) : reaction 2 2772

(I-a,c)



3- [ 4- Met hoxycar bonyl -4- r (1- oxopropyl )phenylam nol. - |-piper-

.1 di nel -propanoi c acid. nmethoxynethyl ester A solution of

- 4- met hoxycar bonyl - 4-[ (| - oxopropyl ) phenyl - am no] pi peri di ne (200ng,
-0.69mol ) and net hoxynet hyl acrylate (120ng, 1.03nmmol) in acetonitrile
(0.7m) is stirred at roomtenperature for fifteen hours. The solution is
diluted with 1:1 water and ethyl acetateland the aqueous phase extracted
with ethyl acetate (2x). The conbined organics are washed with brine, dried

di | f t d, h h d
e Lo e e e

_phenylan1no]dogbbepbondlne]ppbpénueetéxldttﬂs héx?ﬁeth?lOEEBEﬁ a§ theoi | :
160 ny, 57%oRPe oxgl gh@i62bh,i enhaveR aéHdGGGﬂl bedrwrﬁxaaebelzl fAEgl Bee
"salt: mp. 141-143 C EIenenhab Anag 3 s for err£4 6HY%

- . substituted by R R7C= CR O0OH where and R~ are as
defined above. An alternative method of preparing the
formula (I) compounds wherein X is loweralkyl-carbonyloxy-
loweralkyl and R1 is hydrogen or methoxymethyl is by
reduction of the corresponding ester (I-a) to the
corresponding alcohol (VIII), for example, by conventional
lithium aluminum hydride reduction in ether solution,
preferably THF, at ambient temperatures. The thus-obtained
alcohol (VIII) is then transformed into the reverse ester
(IX) by reaction with an appropriate loweralkyl anhydride,
for example, acetic acid anhjdfide, propionic acid
anhydride, and the like, in an organic solvent such as
pyridine. This is shown in the following Scheme V wherein X
is in formula (I-a) is loweralkyl-COZ—1oweralky1:

Scheme V
Q O
R )L-n
Ar—N_ R' ' Ar—N_ R
R! ) Rz
LIAIH/THF :
I
N N (vIIT)
loweraikyl—cozqoweralkyl o oweralkyl-CHz OH

joweralky! anhydride
pytidine

o
)—-n
1

r—N. R
R? .
o

loweralkyt-0-CO-toweralkyl



Found: 55.4 6.5 5.5 Cal cul at ed: 55.6 6.5

5.6 Exanple 15 A Vi nyl 3-bronopropionate This conpound is prepared
according to the procedure of R L. Adelman, J. Org. Chem 1949, 1057. To a
sol ution of 3-bronmo-propionic acid (I.0Qg, 6.54mmol) in vinyl acetate
(3.6m) is added copper (100ng), nmercuric acetate (104ng) and concentrated
sul phuric acid (1 drop) in that order. -Th8 r~eaction is stirred at room
tenperature for two days. The heterogeneous mxture is diluted mﬁth pent ane

(1) o0 £ 1o e Rl B CUTLBhL B0 | S SHY Eabadtl ey TN LA ©
the ethyl may be substituted with 1 or 2 C1-2 alkyl groups
for a total of 2-4 carbons, the introduction of this group
on to the ring nitrogen of (II) may conveniently be carried
out by the reaction of (II) with an «,f-unsaturated carbonyl
reactant of formula (X) according to standard Michael
Reaction conditions and solvents, acetonitrile being
preferred, to yield the corresponding N-substituted product
(V-a) as shown in Scheme VI:

Scheme VI

o)
R
Aar—N.  R!
Rz
o
é/ . /\n/ ¢ oloweralkyl-0-Cy Jloweralkyl
\ o ' (x)
H
(1I1) . | Michael
Reactlon
0
R
Ar—N_ R
R2
N o ’
K/lko ,c,.zloweralkyI-Q-ci.zloweta!kyl .

(v-d) . )

The compounds of formula (X) having a Cl_zalkoxy-
methoxy-carbonyl-ethyl function are obtained by the reaction
of acrylic acid with an appropriate dialkoxyalkane such as
dimethoxymethane and diethoxymethane in the presence of
phosphorous pentoxide. The acrylic acid may be substituted
by other acids of the formula R*ROC=CR®COOH to yield other
products within the invention. The éompounds of formula (X)
having a Cl_zalkoxy-ethoxy—carbonyl-loweralkyl function are

available from commercial suppliers.



- 42 - Dbicarbonate (Ix) and then brine. The organics are dried over

anbychrous sodi um sul fate and concentrated to an oil, vinyl

. 3-bronopropi onate: 760ny, 65% B.

. 3-[4- Met hoxycar bonyl - 4- [ ( 1- oxopr opyl ) phenyl ami nol - 1- Pi peri di ne] propanoi ¢
acid, vinyl ester A m xture of 4-nethoxycarbonyl-4-[(1-oxopropyl)phenyl -

am no] pi peri di ne (200ng, 0.689mmol ), vinysd 3-bronopropi onate (185ny,

1.03mmol ), and potassium carbonate (214ng, 1.55mmol), in acetonitrile (lm)

is stirred at rogmASPae phelfodly | Woh& 06 fmuThe(I pacompoundst are i s
diluted with 1:

1 water and ethyl, acefate and extra d wiib.ethyl acetate
(2x). The cOHRARLS ?)Eg%ﬁﬂ-%rse%‘f% %s‘ﬁ’teﬁsﬁffﬁmﬂffﬁﬁ, glé?i %ﬁﬁégégﬂg%%fum
sul fat e andfeancent T efo1 Tdwingss chemasichdesariptiphedexemplifya gel
(EtOAc) to yvield 3:[4- : . h di t
car bonyl 4%?& ?(‘%lyté’(:_)p%?é%%ynﬁ a%?%% -F?-f)i?e'??ﬁfﬁg -suc_ 1s5as eret.)mers
and enantiomers as pure materials starting with appropriate

precursors.
Scheme VII
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As depicted in Scheme VII, the cis/trans mixture (XI)
is conveniently used as the starting material. Standard |
crystallization procedures using organic solvents such as
ethyl actate, ether/hexane and the like, affords separation
of the corresponding pure cis isomer (XII) in crystalline
form and the corresponding trans isomer (XIII) in the mother
liqubr with some residual cis isomer. The pure cis isomer
(XII), essentially free of the corresponding trans isomer,



propanoic acid, vinyl ester as a white solid: 197ngy, 74% mp. 70-72[err]C
The oxal ate salt is nade as described in Exanple 7; oxalate salt: mp.

156- 158 C. Elenental Analysis for C23 H30N209: C% H% N%
Found: 57.6 6.4 5.9 Cal cul at ed: 57.7 6.3

5.9 Exampl e 16 2-[4- Met hoxycar bonyl -4-r (i-oxopropyl)phenyl am nol -1 - pi per -
idinel-ethyl acetate A m xture of 4-netluxsy<carbonyl-4-[(I|-oxopropyl)phenyl -
am no] pi peri dine (300ngy, |.Omol), 2-bronoethyl acetate (172ngy, |.Omol),
pot assi um carbonate (79ng, 2. Omvol), sodi um i odi de &154ng, | . Omol ) and
acetoni triland| thel predominantliyatrébfeispietofXI2Ihoare, each| eonvertedm

tenperatureyoapflef bbi£EEHond Mgl BLALELF1L§- G2PERRLABDEPet PafRe i ¥
respective formulas (XIV) and (XV) by treatment with a
concentrated hydrohalic acid (hydrobromic acid preferred) at
reflux temperature. Subsequently, the resultant pure
crystalline cis isomer (XIV) may then be recovered and
utilized in the further synthetic pathways depicted in
Scheme VIII to obtain the formula (I) final products in the
corresponding cis form.



resi due which is chromatographed on silica gel (EtOAc) to yield

2-[ 4- met hoxycar bonyl - 4-[ (| - oxopr opyl ) phenyl am no] -1 - pi peri di ne] et hyl
acetate as a yellow oil: 300ng, 77% The - 43 - oxalate salt is nade as
described in Exanple 7; oxalate salt: mp. 91-193 [err]C. El enental

Anal ysis for [err]: C% H% N% Found: 56. 6 6.5
6.0 Cal cul at ed: -56. 6 6.5 - 16. 6 Exanple 17

3-[4-r (Il -oxopropyl)-2-fluorophenyl am nol -1 - pi peri di nel - propanoi ¢ acid,

met hyl ester Scheme VIII
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A m xture of 4-[(l-oxopropyl)-2-fluorophenyl am no]- piperidine (200ng,
0.80mmol ), nethyl acrylate (OInm, 1.12mmol) and potassi um car bonate
(275mg, 2.0mmol) in nethanol (2m) is stirred at roomtenperature for two
hours. The reaction mxture is diluted with 1:1 water and ethyl acetate.
After extracting the aqueous phase with ethyl acetate (2x) the conbined
organi cs are washed with brine, then drildd -over sodium sul fate and
concentrated. The residue is chromatographed on silica gel (EtOAc) to give

3-[4-[ (1- oxopropyk) sgs %U%OBQ%P%?”&“Q]:* SchieRi2 'vtimql thiel @RaNpirecatsdr
met hyl ester _as_an oI fies upon sta 176 0. The
oxal ate sal §XT¥)nh8esubigeted; fedthe E%&NBP@sa gﬁéF&PQegagaky §1°“

183- 184[ errt&actienenieh Angbymulal ¢rIEIOHATNART tho: yi¥ild the H% N%

Found: corregpgnding N§Sébstitutg65compounds of formula (XVI).
Acylation of the arylamino group in (XVI) with an
appropriate acid chloride (RCOCl in which R is as previously
defined) provides the respective formula (I) compounds in
cis form. The acylation reaction is conveniently carried
out utilizing an appropriate 4-dialkylaminopyridine as an
acylation catalyst and a polar aprotic solvent such as
acetonitrile (preferred), dimethyl formamide, hexamethyl
phosphoramide and the like at temperatures ranging from 40?
to 85°C. Other formula (I) compounds where R1 and R2=H can
be produced by using the respective (XVI) compounds.
. Pathway 2 of Scheme VIII depicts the alternative route
for introducing an alkoxy-carbonyl-ethyl or Cl_zalkoxy-
Cl_zalkoxy-carbonyl—ethyl substituent on to the ring
nitrogen of (XIV) by the previously described conjugate
addition (Michael addition) reaction with an e¢,B-unsaturated
carbonyl reactant of formula (IV') to yield.the '
corresponding cis form of (XVII) which is then acylated with
RCOC1 as previously described to yield cis product fprms of
(V) or (V-a). The symbol R' in Scheme VIII represents
alkyl, Cl_zalkoxy-cl_zalkyl or alkenyl. By analogy to
previous schemes; the acrylic ester of formula (IV') may be
substituted by R4R50 CRGCOOR or alkyl. )

Alternative routes for synthesizing cis- (I), cis- (V)

and cis-(V-a) are depicted in pathway 2 of Scheme VIII.
Reaction of the cis precursor (XIV) with benzylchloroformate
(Cbz-Cl) using Schotten-Baumann conditions, two phases
consisting of water and an ether, e.g., diethyl ether,
tetrahydrofuran, dioxane and the 1like, in the presence of an
appropriate base, e.g., sodium carbonate or bicarbonate,
alkali metal (sodium preferred) hydroxide and the like, to
scavange the released acid during the reaction, at about
0-35°C, provides the ring substituted compounds of formula
(XVI1I1), wherein Cbz = benzyloxycarbonyl. Similar acylation



Cal cul at ed: 56. 3 6.4 6.6 Exanple 18

i 3-[4-r(1- Oxopropyl ) -2-fl uor ophenyl ani no] -1 - pi peri di ne]- propanoi c acid,
tvinyl ester By follow ng the procedure in Exanple 15, except that an
equi val ent amount of 4-[(I-oxopropyl)-2-fluorophenyl- amnino]piperidine is
' substituted for the 4-nmethoxycarbonyl -

“4-[ (1 -oxopropyl ) phenyl am no] - pi peri di ne- usged- t herein and the reaction

m xture is stirred for sixteen hours, there is - 44 - obtained

Uiyl st or s B (vl agting eap A (KA e W ROOH, da A e i n

Exampl e 7; wodmdsponding amides {XIX). Conventional hydrogenolysis of
the benzylcarbamate function of (XIX), for example, with
hydrogen.at 1-3 atmospheres of pressure in the presence of a
catalyst (such as Pd-C) in a mixture of an organic alkanol
(such as methanol and ethanol) and ‘acetic acid at ambient
temﬁerature provides the cis precursor (XX) wherein the ring
nitrogen is unsubstituted. The cis precursor (XX) is then
converted to the cis final products of formulas (I), (V) or
(V-a) by the respective alkylation and Michael additional
methodologies previously described using (XX) as the (II)

compound.
Scheme IX
Ar.
T . XVIXX
Al’\N/H Ar\N/H cis’
CH ’ . ,CH -
3 ] 3 Silica gel
i ) chromatography
Ar
N N N A
| i .
H cpz . . 5\
XY XXI
Cbz XXYX

trans

As indicated in Scheme VII, the trans derivatives
(XII1) and (XV) contain some residual corresponding cis
isomer. However, final products of formula (I) in pure
trans form may be obtained from the trans(cis);derivative
(XV) by the purification methodology depicted in Scheme IX.
The trans(cis) derivative (XV) is converted to the
corresponding trans(cis) N-benzyloxycarbonyl derivative
(XXI) under Schotten-Baumann conditions as previously



salt: mp. 141-143 C. Elenental Analysis for C21H27N207F. C% H%

N% Found: 57.6 6.2 6.4 Cal cul at ed: 57.5 6.2
6.4 Exanple 19 3-r4-r (|- Oxopropyl)-2-fluorophenyl am nol -1 - pi peri di ne
~propanoi c acid, 3-butenyl ester A solution of ‘

- 3-[4-[ (I -oxopropyl ) phenyl am no] -1 - pi per- idine]-propanoic acid,
“trifluoroacetate (370ng, 0.848mmol), mM-p19139.5-141 C, is prepared in an
anal ogous nmanner i-n which

31 LU oxgpropydaphepyl i ool 4Ry ogt i) REor@atole ldbre b o
buf f er sol uflash(9ibiMdagePOshaonabopivaphHPES)y erdmple;redefWr €en
m nut es. TQEiff'EEiQ?,ii.'tBFE.dbL%?? 19%8,243/ 1o8b ¥ ULE Plerd cis
chl or of or m T SOpr opano
: (XVIII? and trans (XXII) isomers, each substantially free
from the resﬁective corresponding isomeric form. The
thus-obtained trans isomers may then be converted to the
respective trans form of final products (I) by application
of the methodologies heretofore described for the
corresponding cis compounds (e.g. pathway 3 of Scheme VIII).
A methodology for synthesizing the corresponding
optically isomeric (+) and (-) forms of the pure cis and
trans isomers is depicted in Scheme X. For illustration
purposes, the racemic cis isomers of formula (XIV) are shown
as the starting material, although the corresponding racemic

-trans isomers can similarly be utilized.



and extracted (5x). The conbined organics are dried over sodiumsulfate
and concentrated to the free base: 215ny, 79%yield. A solution of

3-[4-[ (I -oxopropyl)-2-fluoro- phenyl-am no]-1I-piperidine]propanoi c acid
(185ng, 0.574mmol) in chloroform (5m) is added

0- 3-butenyl - N, N-di i sopropyl - pseudo urea (570ng, 2.87mmvol), prepared using
the procedure- given in L.J. Mthias, -Sget kesis, 1979, 561. The solution is
refluxed for 24 hours, cooled, and concentrated. The residue is

chromat ogr apbRdmenxsi | i ca gel (1/1 hexanes/Et OAc) to give

3-[4-(1- oxopropyl)-2-fl uorophenyl ami no] -i - pi per- idine]propanoic acid,

~ 3-butenyl ester as an oil: 120ngy, 56% The oxal ate salt is nade as
described in exanple 7; oxalate salt: mp. 165.5-166.5[err]C, Elementa
Anal ysi s for C23H31N207F:Ac%k,ﬂ H% N% Found: 58. 8
6.8 6.0 Lo
CHa CH3
*  pn” “Nco
N
|
Xxiv H
cus
Ar /lk 7 9H3
> Nl‘r\ T Arg /\
' Ph
on O
3 oy
4“\
o NH Ph
. o) NH,\Ph
XXIXX XXIV

1. Separate by silica
gel chromatography

2. HBrgqyreflux
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CHj4 O JCH,
S Y
XXv H H XXVI



Cal cul at ed: 59.2 6.7 6.0 - 45 - Exanple 20

3-r4-r(2-Met hoxy-1| - oxoet hyl ) phenyl am nol -1 - pi peri di nel - propanoi c acid,

nmet hyl ester A solution of 4-[(2-nethoxy-I|-oxoethyl)phenylanino]-

pi peri di ne (200nmg, 0.805mmvl ), prepared according to the procedures of B.

S. Huang et al, U S. Patent 4,584,303, and methyl acrylate (94[err],
1.05mmol ), in methanol (Im) is stirred2a +oomtenperature for four hours.
The reaction solution is concentrated to a residue which is chromatographed

On[ ZI |[I(garrgt6|hox qa.cD o& chﬁ ) Al I Ve' cgag]enor(%?ﬂp)a%ﬁth R-a-methylbenzyl
isocyanate at elevate temperatures (about 100-150 C) in the
presence of an appropriate 4-dialkylaminopyridine catalyst
generates the racemic mixture of diastereomeric compounds
(XXIII) and (XXIV) which are separable by flash silica gel
chromatography. Each of the separated diastereomers are
then converted to the respective enantiomeric piperidines
(XXV) and (XXVI) by treatment with refluxing hydrobromic
acid which, in turn, may then be used as the starting
precursor for preparing the corresponding form of the
formula (I) compounds in accordance with the previously
described methodologies in Scheme VIII. '

The compounds of formula (I) and the isomeric forms
and pharmaceutically acceptable acid addition salts thereof
are useful analgesics, as demonstrated, for example, in
experimental animals. Typical of the in vitro and in vivo
testing procedures for analgesic activity are the guinea pig
ileum assay and the rat tail withdrawal assay, respectively.

A. Guinea Pig Ileum Assay (in vitro):
Compounds are tested for opioid activity in the

isolated guinea pig ileum using the method of Kosterlitz,
H.W. and Watt, A.J., Br. J. Pharmacol. 33:266-276 (1968)
with modifications found in James, M.K. and Leighton, H.J.,
J. Pharmacol. Exp. Ther. 240:138-144 (1987). The terminal
ileum is removed from male Hartley guinea pigs.after
sacrifice by cervical dislocation. The isolated ileum is
washed and placed in Krebs-Henseleit buffer oxygenated with
95% 0, and 5% CO, mixture and maintained at 37°C. The
washed ileum is cut into segments (2.0-2.5 cm) and mounted
on platinum ring electrodes. The ileal segments are then
placed'in 10 ml temperature-controlled tissue baths
containing-exygenated Krebs-Henseleit buffer. The tissues
are connected to force-displacement transducers and
stretched to a resting tension of 1.0 gram. The composition



pi peri di ne] propanoi ¢ acid, nethyl ester, as an oil: 260ng, 97% An
equi mol ar ampunt of oxalic acid in ether is added to a solution of the free
base in ether. The gummy precipitate is triturated with ethyl acetate to
give the oxalate salt as a white solid; oxalate salt: mp. 188-190[err]C
El emental, Analysis for [err]: C% H% N% Found: 56. 6
6.7 6.6 Cal cul at ed: 56. 6 - 28. 7 6.6 Exanple 21
3-r4-[(2-Met hoxy-| - oxoet hyl ) - 2-f1 uor ophenyl am no] - | - pi per- i di nel propanoic
acl go] geltogy'caﬁéfé s“xﬁéﬁé%i&{'t Oﬁuff££2:tt§reii;§10£alio@s<o?£m:)met£f orrémm{wgfl

i peridi ne a nmo
and net hanolu(as hﬂISC]rs %t”re‘&a%izr ng%/e'ﬁ%‘gé 3#92 (])1%9211%5 u]rizjgfl'he
reaction soluammg; $25.5 and glucose, 1l1.1.

The ileal segments are stimulated at 0.1 Hertz, 0.5 .
milliseconds duration at a supramaximal voltage to induce
contractions. Opioid activity in the test compounds is
manifested as inhibition of electrically evoked
contractions. A non-cumulative concentration-effect curve
for each test compound is performed to assess the ability of
the compound to inhibit contraction in the guinea pig ileum.
After the concentration-effect curve is completed, naloxone
is added to the tissue baths to determine if the
compound-induced inhibition of contraction is reversed.
Antagonism of the inhibition by naloxone confirms that the
inhibitory effects of the compounds are mediated through
opioid receptors. Assay results are expressed as ECSO
values (a measure of potency), defined as the concentration
producing fifty percent of the maximal response, and is
expressed in molar units (moles of compound/litgr).

B. Rat Tail Withdrawal Assay (in vivo).

The analgesic efficacy of test compounds are evaluated
in a rat tail withdrawal reflex model modified from D'Amour,
F.E. and Smith, D.L., J. Pharmacol. Exp. Ther. 72:74-79
(1941). Male Sprague-Dawley rats are anesthetized and
implanted with femoral vein cannulae and allowed to recover
overnight. After recovery, the test compounds are
administered intravenoﬁély through the cannula and effects
on tail withdrawal latency are measured. Tail withdrawal
latency is measured as the time to tail movement by the rat
after exposure of the tail to a radiant heat source. The
heat source is calibrated to produce a temperature of 62°C
after 15 seconds. Tail withdrawal latency in the absence of
drugs is six to eight seconds. Test compounds demonstrating
analgesic activity prolong tail withdrawal latency beyond
that seen in the absence of drugs. A maximal latency




concentrated to an oily residue and chromat ographed on silica gel (EtOAc)

to yield 3-[4-[(2-net hoxy-I-oxoet hyl) -

2-fl uor ophenyl am no] -1 - pi peri di ne] propanoi c acid, nmethyl ester as an oil:

202mg, 61% The oxalate salt is nmade as described in Exanple 7; oxal ate

salt: mp. 186-188[err]C. Elenmental Analysis for C20H27N208 F: C% - H%

N% Found: ' 54.3 6.1 - I3 4~ Cal cul at ed: 54.3 6.2

6.3 - 46 - Exanple 22

[]1-G s-3-r3-methyl-4-[(1-oxopropyl)phenyl am nol -1 - pi per- idine]propanoic

acid, methylesicff of fifteen seconds is imposed to prevent tissue
damage. The assay is verified with known opioids as
standards. Results of these studies are expressed as ED50
values, calculated as the dose producing a tail withdrawal
latency equal to half the difference between the maximum
latency (15 seconds) and the baseline latency (six to eight
seconds). ED50 values are expressed as milligrams of
compound/kilogram of body weight. Duration of action is
defined as the time (in minutes) necessary for the tail
withdrawal response to return to baseline values after being
elevated in response to drug administration. Duration of
action is measured at the lowest dose produclng a flfteen

second (maximum) tail withdrawal latency

In Table I, test resultS'obtained from the
aforementioned A. guinea pig ileum assay .and B. rat tail
withdrawal asSéy are listed for the indicated compounds of
formula (I). Said results are not given for the purpose of
limiting the invention to said compounds but to exemplify
the analgesic activity of all compounds within the scope of
formula (I). For comparison purpoées, test results obtained
for three well known 4-anilidopiperidine analgesics,
fentanyl, sufentanil and alfentanil, are also listed.



A solution of ()-cis-3-nethyl-4-phenyl am nopi peridine (750ng, 3.94mol ),
prepared according to the procedure of WF.M Van Bever et al., J. Med.
Chem 1974, 17, 1047, methyl acrylate (710pl, 7.88mvol), and net hanol
(2.5m) is stirred at roomtenperature for 30 mnutes. The resultant
solution is concentrated to an oily residue mhlch i s chromat ographed on
silica gel (EtQAc) to yield ()-cis-3- - 24 -

( 3- net hyl - 4- phenyl am no- | - pi peri di ne) propanoi ¢ acid, nethyl ester as an
oil: 787nmg, 72% A solution of ()-cis-3-(3-nethyl-4-phenyl am no- 1-

pi peri di ne) - propanoi c acid, nethyl ester (500ng, 1.8mmuvl), propionyl
chloride (785[err], 9.0mmol), and 4-di i no- pyridine (320ng,
2.63mml ) in_acetonitrile (1OM) is stirred and refluxed for 30 m nutes.
The resultant solution is cool'ed to roomtenperature and diluted with cold
saturated sodi um carbonate (25m ). The m xture is extracted with

Assay A Assay B Assay B
- Compound _ Duration of
of Example EC molar EDgg (mg/kg) Action (min)
2 - maleate  1.66 + 0.59x10°5 3.2 10-15
3 - maleate  3.60 + 0.30x10°® 3.4 10
6 - HC1 2.62 + 0.62x10" 8 4.7 | 5-10
7 - oxalate  3.71 * 0.20x1077 13.4 5-10
8 - oxalate  1.03 + 1.00x107 > - . -
10 - oxalate  3.55 + 0.23x10°° 0.0044 15
12 - oxalate  1.02 + 0.63x10° 5 0.8 30
14 - oxalate.  6.89 + 1.61x10™° 1.4 15
15 - oxalate * 5.11 + 0.24x107’ <0.03 10
16 - oxslate  6.72 + 2.10x10°° 0.016 25
17 - oxalate  3.47 + 0.53x10"’ 0.028 15
18 - pralate  2.13 + 0.30x10"° >3.0 . -
19 - oxalate  1.18 + 0.20x10 ’ >3.0 -
20 - oxalate  4.95 + 0.09x107 6 1.4 . = - 25 .
21 - oxalate  2.18 + 0.18x10°° 1.4 15
22 - HC1 1.98 + 0.21x10°8 <0.03 30
23 - oxalate 7.5 + 0.81x10°% 0.51 - 10
24 - oxalate  1.64 + 0.10x10°% >3.0 . -

"(TABLE I continued next page)



ethyl acetate (2 x 25m) and the organic phase dried over magnesium sul fate
and concentrated to an oily residue which is chronmat ographed on silica gel
(Et OAc) to give ()-cis-3-[3-nmethyl-4-[(3-oxopropyl)phenyl am no] -1 - pi per -

i di ne] propanoi c acid,  methyl ester as an oil: 392ng, 65% The hydrochl ori de
salt is nmade by dissolving the free base in toluene, saturating the
solution with dry hydrogen chloride and 2%ncentrating to a solid. The solid
is then recrystallized fromethyl acetate; hydrochloride salt: mp. 180-187

C. Elenental Analysis for [err]: C% H% N% Found:

61.5 7.9 7.9 Cal cul at #ABLE I aCostinued 7.9 7.6
25 - oxalate  1.47 + 0.09x10’ 0.052 5
27 - HC1 9.29 + 6.36x10"° <0.003 10
29 - oxalate  2.23 + 1.00x10°8 0.14 10
34 - HC1 6.63 + 1.96x10°8 0.0052 10
35 - oxalate  1.22 + 0.09x10°8 0.26 20
36 - oxalate  6.87 + 0.83x10 7 - -
fentanyl . 1.76 + 0.36x107° 0.0046 60
sufentanil '7.43 + 1.53%1077 " 0.0013 80
alfentanil 2.01 + 0.12x10°8 0.0045 55

The results in Table I illustrate that the subject
compounds have opioid activity as demonstrated by
naloxone-reversible inhibition of electrically evoked
contraction in the guinea pig ileum. The most preferred
compounds are those potent analgesics which also have
unexpectedly short durations of action, as compared to
known compounds of the 4-anilidopiperidine series (fentanyl,
sufentanil and alfentanil). Among the most preferred
compounds are: '

1. 3-[4-methoxycarbonyl-4-[ (1l-oxopropyl)phenylamino]-

l-piperidine]propanoic acid, methyl ester (Example 10);

2. 5-[4-methoxycérbony1-4-[(1-oxopropy1)phenylamiﬁo]-1-
piperidine]pentanoic acid, methyl ester (Example 12);

3. 2-[4-meth§xycarbony1—4—[(l-dxopropyl)phenylamino]-l-
piperidine]ethyl acetate (Example 16);



- 47 - Exanple 23 r1-C s-3-r3-nethyl -4-r(1-oxopropyl)phenyl am nol -1 - pi per -
I di ne] propanoi ¢ aci d. nethoxynethyl ester A m xture of
()-cis-3-nethyl -4-phenyl am nopi peri di ne (350ng, 1.8mmol), 2-Dbronopropanoic
aci d net hoxynet hyl ester (450ng, 2.28mmol), potassium carbonate (350ng,
2.54mmol ), 4-di et hyl -am nopyridine (50ng, 0.41mmol); and acetonitrile
(3m) is stirred at roomtenperature fer284-hours and diluted with
saturated sodi um bi carbonate (20m ). The resultant m xture i's extracted

wi th ethyl ceta e éZ x.20m ) and_the aqrganic, phases coaglne drled ?ver
nagnesiun1s tfat 87 {4nb(2orxeRrPRY4d-20f &H°6PP93P¥ amigoJnicRiperidine

chromat ographed pRophhbEa gelid( En&¥ay1t @sfere(Example 17);
()-cis-3-(3-methyl -4-phenyl am no- 1- pi peri di ne) pr opanoi c
5. 3-[4-methoxycarbonyl-4-[ (1-oxopropyl)phenylamino]-1-
piperidine]propanocic acid, vinyl ester (Example 15B);

and the pharmaceutically acceptable isomers and salts

thereof. A particular group of compounds of the invention
are the alkyl esters of 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)-
phenylamino]-1l-piperidine]propanoic acid and their
pharmaceutically acceptable salts.

The aforementioned properties of the most preferred
compounds are extremely beneficial in that they allow more
control over the level of analgesia in a surgical setting or
other situation where precise control of opioid levels are
necessary or desirable. .These properties would also allow
for more rapid recovery after the conclusion of a surgical
procedure or after the use of these compounds in other
circumstances. .

In addition, to their analgesic activity, the compounds
(I) of this invention may be subject to extensive metabolism
in blood as well as potential metabolism in the liver, as
has been typically observed with the most preferred
compounds. In contrast, fentanyl and alfentanil are
reported to be primarily metabolized in the liver in humans,
for example, see McClain, D.A. and Hug, Jr., C.C., Clin. -
Pharm. Ther. 28:106-114 (1980), and Schuttler, J. and
Stoeckel, H., Anesthesist 31:10-14 (1982). Rapid
,elimination or biotransformation to inactive or less active
products would minimize accumulation with prolonged or
repeated administration. This property has been cited as
one of the properties of an "ideal" intravenous'analgesic or
anesthetic (White, P.F., Anesthesia and Analgesia 68:
161-171 (1989)). In addition, rapid degradation of an
opioid analgesic to inactive or less active products in the
blood, as occurs with the neuromuscular blocker,



aci d, . met hoxynet hyl ester as an oil: 371ny; 66% A solution of .
()-cis-3-(3-nethyl-4-phenyl am no-I1- piperidine)propanoic acid,

met hoxynet hyl ester (350ng, 1.14mmol), 4-dinethyl-am nopyridi ne (250ny,
2.0mol ), propionyl chloride (I.Or, 11.5mml), and acetonitrile (10M) is
stirred and refluxed for 30 m nutes and cooled to roomtenperature. The
reaction. solution is diluted with col d-sgtzurat ed sodi um car bonate sol uti on
(25m ) and extracted with ethyl acetate (3 x 25m ). The organic extracts
are conbi ned, dried over magnesium sul fate and concentrated to an oily
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mp. 83-920C This non-hepatic means of inactivation may be
demonstrated with one of the most preferred compounds,
3-[4-methoxycarbonyl-4-[ (1-oxo-propyl)phenylamino)-
l-piperidine]propanoic acid, methyl ester, as the
hydrochloride salt (Test Compound), which is found to be
rapidly degraded in rat and human blood in vitro whereas
fentanyl, sufentanil and alfentanil are found to degrade at
a much slower rate.

The relative assay using rat blood is performed as
follows. One hundred microliters of fresh heparinized rat
blood is placed in eighteen 15-ml plastic centrifuge tubes.
The tubes are then placed in a temperature-controlled water
bath at 37°C for 2 minutes. At that time, 2 ug (at a
concentration of 1 ug/ml in water) of the Test Compound (12
tubes), fentanyl (2 tubes), sufentanil (2 tubes) and
glfentanil (2 tubes) are added to each tube. Two tubes
containing the Test Compound are removed at the following
times: 0.5, 1.0, 2.0, 5.0, 10.0 and 20.0 minutes. Two tubes
each containing the fentanyl, sufentanil and alfentanil are
removed after 60 minutes. Immediately after removal from
the water bath, 500 ng of an internal standard is added
(4-[4-methoxycarbonyl-4-[ (1-oxopropyl)phenylamino]-1l-piper-
idinelbutanoic acid, methyl ester oxalic acid salt (Example
11) at 0.1 ug/ml in water), the solution briefly mixed, and
900 ul of a saturated solution of sodium carbonate is added.
After addition of the sodium carbonate solution, the tube
contents are mixed and 10 ml of n-hexane is added.

The aqueous phase is mixed with the n-hexane phase for
10 minutes and centrifuged at 2000 x g for 10 minutes. The
n-hexane layers are removed, placed in clean tubes and
evaporated to dryness under a stream of dry nitrogen. To
the residue from the evaporation, 100 ul of ethyl acetate is
added, mixed and the solution analyzed by gas-liquid



L4

El emental Analysis for [err] [err]: C% H% N% Found:

57.4 7.2 6.2 Cal cul at ed: 57.3 7.2 6.1 - 48 -
Exanple 24 []-GCis-3-r3-nethyl-4-r(I-oxopropyl)phenyl am nol - 1| - pi per -

i di nel propanoic acid. allyl ester A solution of
()-cis-3-nethyl-4-phenyl am no piperidiné (400ng, 2.1mol), allyl acrylate
(471mg, 4.2mmol), and acetonitrile (5A128is stirred at roomtenperature for
4 hours and concentrated to an oily residue which is chromatographed on

silica geLh&E&%ﬁ%érg%hgkvel(%iggiigier aliquots of the ethyl acetate
solution are injected into a gas chromatograph fitted with a
0.32 mm (internal diameter) x 15 m column coated with DBS
(brand name of J&W Scientific, Rancho Cordoba, CA for a 5%
diphenylpolysiloxane and 95% dimethylpolysiloxane mixture)
to a film thickness of 0.25 u. The injector port is held at
280°C. The detector is a nitrogen phosphorous detector held
at 270°C, and the carrier gas is helium at a flow rate of 2
ml/minute. The column is held at 45°C for one minute after
injection; then heated to 270°C at a rate of 25°C/minute,
and held at 270°C for seven minutes. Under these
conditions, the internal standard has a retention time of
11.6 minutes. The Test Compound, fentanyl, sufentanil and
alfentanil have retention times of 11.0, 12.1, 12.8 and 14.3
minutes, respectively. )

In this study, it has been found that more than 90% of
the Test Compound.disappeafed after incubation for 30
seconds, whereas 65%, 857 and 757 of the added sufentanil,
alfentanil and fentanyl are still present at the end of a
one hour incubation period. These results demonstrate that
the Test Compound is rapidly degraded in rat blood in vitro
in contrast to the three comparafive_compounds, which
degrade at a very slow rate. As a consequence of these
findings, the analgesic compounds of this invention may be
subject to extensive metabolism in blood as well as
potential hepatic metabolism. This property is viewed as _
advantageous because it offers an alternative means of
inactivafing the analgesic compound and thereby could
produce a predictable pharmacokinetic profile.

Beyond 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenylamino]-
l-piperidine]propanioc acid, methyl ester this non-hepatic
means of inactivation may be demonstrated with the related
ethyl, propyl, butyl, isopropyl, isobutyl and sec-butyl
esters. These compounds (test compounds below in Table II)
have been found to be rapidly degraded in human blood when
compared to their degradation in phosphate buffer.



[ 3- et hyl - 4- phenyl am no- 1- pi peri di ne] propanoic acid, allyl ester as an oil:
405ny; 64% A solution of ()-cis-3-(3-nethyl-4-phenyl am no- 1-

pi peri di ne) propanoic acid, allyl ester (400ng, 1.32nmol),

4- di met hyl am nopyri di ne (250ng, 2. OQmol), propionyl chloride (1.15m,
13.2mol ), and acetonitrile (1OM) is stirred and refluxed for 30 m nutes
and cooled to roomtenperature. The reaci9on solution is diluted with a
solution of cold saturated sodium carbonate (25m ) and extracted with ethyl
acetate (3 x 25m ). The organic extracts are conbi ned, dried over nmagnesi um
sul fate, and cahmenidlaitdsdrd asaayoidsinpe diviism Wlicdd iis perdoamedr ashed on

o e el OIS o o 5 O sk il reonony)-
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150-152C. pinutes. At that time, 400 ul of 2 mg/ml solution of the
test compound is added to the blood to give a blood
concentration of 40ug/ml of the test compound. Solutions of
the test compounds are prepared just before the assay was
started Two 500 ul of blood are withdrawn at wvarious
t1mep01nts for measurement of the test compound and the
propanoic acid formed by ester hydrolysis. A trial run was
performed with each test compound and thereafter timepoints
were set for sampling over two to three half-lives.
Chemical hydrolysis is measured by incubating the test
compounds in phosphate buffer (0.1 M, pH=7.4) instead of
blood. Duplicate samples are taken at 1, 30, 60, 120, 180,
240 and 300 minutes.

Acetonitrile (700 ul) is added to the samples removed
from the incubation mixture along with 50 ul of a solution
of the internal standard (4-[4-methoxycarbonyl-4-[ (1-oxopropyl)-
phenylamino]-1-piperdine]Jbutanoic acid, methyl ester, 0.12
mg/ml in acetonitrile). Samples are mixed and.immediately
centrifuged at 30,000 x g for 10 minutes. The supernatant
"is removed and cooled to 8°C. ‘Twenty microliters of the
supernatant is injected into the high performance liquid
chromatograph (HPLC) for analysis.

- The HPLC analysis-is performed using 2 5u Spherisorb CN-
column (250 x 4.6 mm)(Keystone Scientific, Inc., State
College, PA) with a flow rate of 2 ml/min. The mobile phase
for the assay is 0.1 M phosphate buffer (pH=2.0) and
acetonitrile in a gradient elution. Acetonitrile is
increased from 10-117 at O to 5 minutes to 167 by 10
minutes. Acetonitrile is maintained at 167 through the
remainder of the elution (16 minutes inclusive). These
conditions provide for resolution of the propanoic acid
formed by ester hydrolysis, the internal standard and all of
the test compounds except the ethyl ester. Retention times



Anal Cal cd. for C23H32N207 C% H% N% Found: 61. 6

7.2 6.3 Cal cul at ed: 61. 6 7.2 6.3 Exanple 25
[]-Cis-2-[3-nmethyl-4-[(]-oxopropyl)phenyl am nol -| - pi per- idinelethyl
acetate A m xture of ()-cis-3-nethyl-4-phenyl am nopi peri di ne (300ny,
1.57mmol ), bronoethyl acetate (865[err], 789mmol), 4-di nethyl-am nopyridi ne
(100ng, O0.82mmol), potassium carbonate gg5Qng, 1.81mmol), and acetonitrile
(4m) is - 49 - stirred at roomtenperature for 6 hours. The resultant

are (in minutes): propanoic acid 5.1; methyl ester 7.5;
internal standard 8.6; ethyl ester 9.0; isopropyl ester
11.1; propyl ester 11.8; sec-butyl ester 13.9; iso-butyl
ester 14.4.; and butyl ester 14.9.

Slowing the flow rate to 1 ml/minute allows the
resolution of the ethyl ester from the internal standard.
At this flow rate the retention times are 10.1 minutes for
the propanoic acid, 15.1 minutes for the internal standard
and 15.8 minutes for the ethyl ester. Elution of these
substances is detected by monitoring ultraviolet absorption
at a wavelength of 220 nm. .

Data from the HPLC assay is analyzed by a simple
pseudo-first order kinetic model for disappearance of the

' test compounds. Pseudo-first order rate constants were
calculated for each test compound from these data along with
the apparent half-lives in minutes (Fllz). These results
are shown in Table II below for the various esters of
3-[4-methoxycarbonyl-4-[(1-oxopropyl)phenylamino]-1-piperid-’

" ine]propionic acid. Where kBu is the pseudo-first ordgr
rate constant for degradation of the test compounds in
phosphate buffer and ky,. is the similar constant for
degradation in blood..

TABLE IT

Ester kp, Buffer gbl : Blood _
B2 172
methyl  7.430.6 x 1073 94 2.0:0.1 x 10”2 36.5
ethyl 4.6+0.2 x 1073 150 1.8%0.7 x 10°2 38.5
propyl  3.040.5 x 1073 231  2.5:0.3 x 1072 27.7
butyl 3.0:0.5 x 10" 231 8.5:0.6 x 10°2 8.2
isopropyl 1.3%0.5 x 1073 533  1.00.1 x 1072 69.3
isobutyl 4.0£0.6 x 10 > 173 9.0£2.0 x 1072 7.7
secbutyl 2.0£0.2 x 1073 346  9.0x1.0 x 1073 77.0



mxture is diluted with water (25m ) and extracted with ethyl acetate (3 x
25m ). The conbi ned organic phases are dried over magnesi um sul fate and
concentrated to an oily residue which is chronmatographed on silica gel (3/1
Et OAc/ Hex) to give ()-cis-2-(3-nethyl-4-phenyl am no-I- piperidine)ethyl
acetate as an oil: 402ng, 92% A solution of _
()-cis-2-(3-nethyl -4-phenyl am no-I1- pipesdidine)ethyl acetate (400ng,
1.45mmol ), propionyl chloride (1.25m, 14.5muvol), 4-di methyl am nopyri di ne
(353ng, 2.89mml ), and acetonitrile (1OM) is stirred and refluxed for 30
m nutes. The resuird aliss@tuidyqn iits wers| fuirid trhotm thenytersdt weenpanchds | ut ed
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() -cis-2- [ 3-yRIdW it Wiltd e P NP TN e B AR Markdti e lcompounds,
fentanyl, sufentanil and alfentanil, which have been found
to be primarily metabolized in the 1liver in vivo see D.A.
McClain et al, Clin. Pharm. Ther. 28:106-114 (1982). As
demonstrated in this study, the analgesic compounds of this
invention may be subject to extensive metabolism in blood as
well as potential hepatic metabolism. This property is
viewed as a&vantageous because the compounds of this
invention would not depend on redistribution for the
terminiation of their effects and thereby would likely have
a more consistent and predictable pharmacokinetic and
pharmacodynamic profile.

In view of their analgesic activity, the subject
compounds may be formulated into various pharmaceutical
forms for administration purposes. To prepare the
pharmaceutical compositions of this invention, an effective
analgesic amount of the particular compound, in base or
acid-addition salt form, as the active ingredient is
combined in intimate admixture with a pharmaceutically
acceptable carrier, which carrier may take a wide variety of
forms depending on the form of preparation desired for
administration. These pharmaceutical compositioné are
desirable in unitary dosage form suitable, for example, for
administration orally, transdermally, rectally or
parenterally. For example, in preparing the compositions in
oral dosage form, any of the usual pharmaceutical media may
be employed, such as, for example, water, glycols, oils,
alcohols and the like in the case of oral liquid
preparations such as suspensions, syrups, elixirs and
solutions; or solid pharmaceutical carriers such as
starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like in the case of powders,
pills, cépsules and tableté. For parenteral compositions,



I di ne]ethyl acetate as an oil: 389ng, 81% The oxalate salt is nade as
described in Exanple 7; oxalate salt: mp. 148-150[err]C. El enental
Anal ysis for [err]: C% H% N% Found: 59.6 7.3
6.6 Cal cul at ed: 59.7 7.2 6.6 Exanple 26
(-)-GC s-3S-nethyl -4R- [ (N-| R-net hyl benzyl am do) phenyl am nol -
1- (N-1 R- et hyl benzyl am do) pi peri di ne and2(~)-ci s-3R-net hyl -
4S-r (N-1 R-net hyl benzyl am do) phenyl am nol -1 - (N-1 R- et hyl -
benzyl am do) pi peri dine A saql ution of . ) )
() - ci s- 3- nettiA SATHET Midilh sy GRmRTi sy it ot inftAyer, at least in
4- di met hy| aiagRy Patite theugil othedNigrediitht { o astdmpiad hyddarizy |
Isgf)ﬁ%/?gﬁt ies(s%l%qlli%gf,zm eI Sinsctllurcfeecfj. atIn]jzeocotzIbo.{e GSJP“:'.SdnsT,heforresm tant
example may be prepared in which the carrier comprises
isotonic saline solution, glucose solution or a mixture of
saline and glucose solution. Injectable suspensions may
also be prepared in which case appropriate liquid carriers,
suspending agents and the like may be employed. Acid
addition salts of (I), due to their increased water
solubility over the corresponding base form, are obviously
more suitable in the preparation of aqueous compositions.
' It is especially advantageous to formulate the
-aforementioned pharmaceutical compositions in dosage unit
form for ease of administration and uniformity of dosage.
Dosage unit form, as used herein, refers to physically
discrete units suitable as unitary dosages, each unit
containing a predetermined quantity of active ingredient
calculated in product the desired therapeutic effect in
association with the required pharmaceutical carrier.
.Examples of such dosage unit forms are tablets (including
scored or coated tablets), capsules, pills, powder packets,
. wafers, injectable solutions or suspensions, teaspoonsfuls
and the like, and segregated multiples thereof.
In view of the analgesic activity of the subject
compounds, it is evident that the present dinvention provides
a method of preventing or combatting pain, that is, -
providing analgesia, in warm-blooded mammals, including
humans, by the systemic administration of an effective
analgesic amount of a compound of formula (I) or a
pharmaceutically acceptable isomer. or acid addition salt
thereof in admixture with a pharmaceutical carrier.
Although the amount of active ingredient to be administered
may vary within rather wide limits, depending on the
particular circumstances of the case, doses of from about
0.001 to about 10 mg/kg, and preferably from about 0.01 to

about 1.0 mg/kg, administered once, repeatedly or



cooled to roomtenperature and chromatographed on silica gel (1/1

Et CAc/Hex) to give two diastereoners. The | ess polar - 50 - of the two

is recrystallized fromEtQAc to give (-)-cis-3S-
met hyl - 4R-[ (N-| R- met hyl benzyl am do) phenyl am no] -1 - (N-| R-
met hyl benzyl am do) pi peridine as a solid: 1.5gm mp. 172-173[err]C

172-173 G

[err] = -114.4[err] (c 1.5,.MpH). Elenental Analysis for

C30H36N302: C% H% ' N% Found: 74. 4 7.5

11. 6 Cal cul at ed:, 74. 4 7.5 .
S recryggaEngéﬂuPPgi?EéeAgfHe%'V' drip),

effective. The preferred route of administration is
parenteral, particularly by the intravenous route.

- The following egamples are intended to illustrate, and
not to limit the scope of the present invention. |

Example 1
4-] (1-Oxopropyl)phenylamino]-1l-piperidineacetic acid, methyl
ester .
A mixture of 4-[(l-oxopropyl)phenylamino]-piperidine
(500mg, 2.15mmol), prepared according to the procedure of
P.A.J. Janssen et al, U.S. Patent 3,164,600, methyl
bromoacetate (0.25ml, 2.58mmol), and potassium carbonate
(594mg, 4.3mmol), in acetonitrile (2.5 ml) is stirred at
room temperature for five hours. The reaction mixture is
diluted with 1:1 water and ethyl acetate (20 ml total). The
phases are separated and the aqueous phase extracted with
ethyl acetate (2x) and the combined organics washed with
brine, dried over sodium sulfate and then concentrated. The
residue is chromatographed on silica gel (95/5 CHClalMeOH)
to give 4-[(l-oxopropyl)phenylamino]-l-piperidineacetic
acid, methyl ester, as an oil: 348mg, 53% yield. An
equimolar amount of maleic acid in ether is added to a
solution of the free base in ethyl acetate to give the
maleate salt as a white solid; maleate salt: m.p. 130-133°c.
Elemental Analysis for 021H28N207: -

C% . H% N%Z
Found: 59.7 6.8 6.6
Calculated: 60.0 6.7 6.7 )
Example 2

3-T4-[(1-Oxopropyl)phenylamino]l-1-piperidine]propanocic acid,
methyl ester _ _

To a solution of 4-[(l-oxopropyl)phenylamino]-piper-
idine (1.0gm, 4.31mmol) in acetonitrile (10ml) is added

25

13:8 [08HR13yPeLaRa0! St er eomer



to give (-)-cis-3Rnethyl -4S-[ (N-| R net hyl - benzyl -

, am do) phenyl am no] - I - (N-1 R- et hyl benzyl am do) - pi peri di ne as a solid:

1.8gm mp. 105-106 C, [a]25 = -63.6 (c 1.8, MeOH). Exanple 27
r-1-Gs-3-[3R-nethyl-4S-r (| - oxopropyl ) phenyl am no] -1 - pi per- i di ne] propanoi c
acid, nethyl ester A suspension of (-)-cis-3Rnethyl-4S-[(NI|R-nmethyl-
benzyl - am do) phenyl am no] -1 - (N-| R- net hyd Bdnzyl am do) - pi peridine (1. 75gm
3.6mmmol ) in 48% hydrobromic acid (40m) is stirred and refluxed for 24
hours. It is cooled and concentrated to an oil which is dissolved in water
(20n) and emethyilledewyillatet &7 641 ,x 856@2mmoljhetagoenuseppasetiugehasTheed
to pH 10.5 wisth fhloNaP8 204 rexld 3¢t 8@oW tefgretzhr,bu%et 2b816d Xo23bh The

et hyl acetate extracts are conbi ned, dri over nesi um sul fate, and
concentratedtsapgwaﬁuaesenﬂdawmqentrgtﬁécﬁys@@|PpﬂgdrﬁﬁaéPErOAEhﬂex gi vi ng

residue is chromatographed on silica gel (EtOAc) to yield
3-[4-[(1-oxopropyl)phenylamino]-1-piperidine]propancic acid,
methyl ester as.an oil: 1.34gm, 98%. The maleate salt,
which is made as described in Example 1 and recrystallized
from ethyl acetate, is a white solid; maleate salt: m.p.

118-120°C.
. Elemental Analysis for 022H28N207:
C% HZ% N%
Found: 60.8 7.0 6.7
Calculated: 60.8 7.0 . 6.5
Example 3

|4-|§1 Oxopropyl)phenylaminol-1-piperidine ]Jbutanoic ac1d

methyl ester
A mixture of 4-[(1l-oxopropyl)phenylamino]-piperidine
(zsomg, 1.08mmol), methyl 4-bromobutanoate (224mg,
1.23mmol), prepared according to the procedure of G. A. Olah .
et al, Synthesis 1982, 963, sodium iodide (8lmg, 0.54
mmol), and potassium carbonate (298mg, 2.15mmol), in
acetonitrile (1.1ml) is stirred at room temperature for five
hours., The mixture is diluted with water and ethyl acetate
.and worked up in an analogous manner of Example 1. The
residue is chromatographed on silica gel (EtOAc) to give -
4-[4-[(1-oxopropy])phenylamino]-l-piperidine]butanoic.acid,
methyl ester as an oil: 223mg, 62%. The maleate salt is made
as described in Example 1; maleate salt: m.p. 101.5-103.5°C.
Elemental Analysis for 023H32N207:
C% H% N%

Found: 61.3 7.0 6.2
Calculated: 61.6 7.2 6.3




(+)-cis-3R net hyl - 4S- phenyl am nopi peri dine as a solid: 610ng; 89% m p.
95-97[err]C, [a]25= 7.5[err] (c 2.5, MeOH). A solution of
(+)-cis-3R net hyl -4S- phenyl am no- pi peridi ne (500ny, 2.63nmmol), nethyl
acrylate (473[err], 5.26mmol), and nmethanol (10m ) is stirred at room
tenperature for 6 hours and concentrated to an oily residue which is
chromat ographed on silica gel (EtQAc) -t @5gi-ve
(+)-cis-3-(3R-net hyl -4S- phenyl am no-1| - pi peri di ne) propanoi ¢ aci d, mnethyl

ester as an oil: 623ng, 86@6 [a] [err Exudiple & 85, MeOH). - 51 - A
sol ution of 5Cth-¢1503638508) Ml Foh1 e -ATIGid s AR YleHleARURLORRRY.,

methyl ester

A mixture of 4-[(l-oxopropyl)phenylamino]-piperidine
(300mg, 1.29mmol), methyl-5-bromopentanoate (290mg,
1.49mmol), prepared according to the procedure of G. A. Olah
et al, Synthesis 1982, 963) sodium iodide (97mg, 0.65
mmol), and potassium carbonate (357mg, 2.58mmol), in _
acetonitrile (1.3ml) is stirred at room temperature for five
hours. The crude residue is isolated according to the '
‘procedure of Example 1. The residue is chromatographed on
silica gel (95/5 EtOAc/MeOH) to give 5-[4-[1l-oxopropyl)
phenylamino]-1l-piperidine]pentanoic acid, methyl ester, as a
white solid: 239 mg; 53%; m.p. 64-66°C. The maleate salt is
made as described in Example 1l; maleate salt: m.p.

105-106°C.
Elemental Analysis for C24H34N207

c% H%Z N%
Found: 62.3 7.4 6.0
Calculated: 62.3 7.4 6.1

Example 5

3-T4-[(1-Oxopropyl)phenylamino]-1-piperidine Jpropanoic acid,
trifluoroacetate

A solution of 4- [(1 oxopropyl)phenylamino]-piperidine
(500mg, 2.15mmol) and t-butyl acrylate (0.37ml, 2.58mmol),
in acetonitrile (2.5ml) is stirred at room temperature for
24 hours. The solution is concentrated and the residue is
chromatographed on silica gel (EtOAc) to give 4-[2-[(1l-oxo-
propyl)phenylamino]-1l-piperidine propanoic acid, t-butyl
ester as an oil: 605mg, 78%. To the ester (309mg, '
0.857mmol) is added trifluoroacetic acid (4ml). The
homogeneous reaction mixture is stirred at room temperature
for one hour and then concentrated to an oil which is
triturated with ether to give a white solid, 3-[4-[(1-
oxopropyl)phenylamino]-1-piperi]-dine]propanoic acid,
trifluoroacetate: 316mg, 88%; m.p. 187-189°C.



4- di met hyl am nopyri di ne (250ng, 2.05nmol ), propionyl chloride (1.89m,

21. 7mmol ), and acetonitrile (1OM) is stirred and refluxed for 30 m nutes
and cooled to roomtenperature. It is diluted with cold saturated sodi um
carbonate (50m ) and extracted with ethyl acetate (3 x 25m ). The extracts
are ‘dried over magnesium sul fate and concentrated to an oily residue which
I s chromat ographed on silica gel (1/1- EB@AQ/FEX) to give
(-)-cis-3-[3R-net hyl -

4S—[(I-oxopmgmméhﬂghemﬂayygﬂyﬂfar;n;) é&iuig) pan0|c acid, nethyl ester
as an oil: 453ng; 63% [a] [Cgé ?@5( , The
hydrochl oride salt is made descrl I n Exa e 22 hydroChIoride sal t:
m p. 151- 15Focemxd:C; El enent5dl.6Anal ysié. 0 or . CLEUPN2030 & % H%
N% Found:  ca1cu1atid:2 54 .5 9 6.0 /-8 Calguj ated: 61.9 7.9
7.6 : p )

Example 6

A. Methoxymethyl acrylate
In a separatory funnel is added acrylic acid (2ml,

29.17 mmol), dimethoxymethane (2ml), phosphorous pentoxide
(0.5g) and ether (20ml). The mixture is vigorously shaken
for five minutes and then an additional aliquot of
phosphorous pentoxide is added (0.5g) and the procedure
repeated three times. The solids are separated from the
liquid and the ether solution washed with saturated NaH003
~solution (3x), then dried over anhydrous Na2804 and the
ether distilled from the product to yield methoxymethyl
acrylate as a light yellow oil: 450mg, 137%.

B. 3-T4-[(1-Oxopropyl)phenylamino]-1-piperidinelpropanoic

acid, methoxymethyl ester

A solution of 4-[(l;oxopropy})phenylamino]-piperidine
(150mg, 0.65mmol) and methoxymethyl acrylate (182mg,
1.57mmol), in acetonitrile (0.8ml) is stirred at room
temperature for eleven hours. The solution is evaporated
and the residue chromatographed on silica gel (EtOAc) to
give 3-[4-[(l-oxopropyl)phenylamino]-l-piperidine]propanoic
acid, methoxymethyl ester as an oil: 138mg, 257%. Gaseous
hydrochloric acid is passed through a solution of the free
base dissolved in ethyl acetate/ether (1/4 ratio) to give
the hydrochloride salt as a white solid; HC1 salt m.p.

128-131°.

Elemental Analysis for 019H29N204Cl:
C% HZ N7%

Found: 59.0 7.6 7.4

Calculated: 59.3 7.6 7.3



Exanpl e 28 Trans-3-nethyl -4-r (1-oxopropyl)phenyl am nol - pi peridine A

m xture of cis and trans-3-nethyl-4-phenyl am no- piperidine (1.2g,
6.35mmol ) (predom nantly trans due to isolation of the pure cis isonmer by
crystallization), prepared according to the procedure of WF. M Van Berer
et al., J. Med. Chem 1974, 17, 1047 and T.R Burke, Jr. et al., J. Med.
Chem 1986, 29, 1087, benzylchlorofornat®z(im, 6.98mmol), sodi um

bi carbonate (1g. 11.8mmol), ether (5m ), ethyl acetate (5m ), and water
(1On) is vigorously stirred at roomggagglatere for one hour The organic
| ayer is sep&r- ed OH. A ( 1
sul f at e, and=eb#ee -XQRIPR A= ER T ue et on
silica gel (EtCAcTota goWetioanefhh [(1- oxopropyl)phenylamlno] 1 plper-

PO Lo PR, s o asudho0smion ! 020 o
tetrahydrofuran (10ml) at -78 C is added lithium aluminum
hydride (250mg, 6.57mmol) in portions. The suspension is
stirred at -78°C for one hour and then quenched with 2N

sodium hydroxide (10ml). Magnesium sulfate is added to the
resulting suspension until it becomes granular. The
suspension is then filtered and the filtrate concentrated to

a residue. The residue is chromatographed on silica gel

(9/1 CHCl3/CH30H) to yield 2-[4-[(1l-oxopropyl)phenylamino]-
l-piperidine]ethanol as an oil: 155mg, 68%.

A solution of 2-[4-[(l-oxopropyl)phenylamino}-1-piper-
idine]ethanol (256mg, 0.957mmol), acetic anhydride (0.72ml,
7.63mmol), and 4-dimethylaminopyridine (50mg, 0.41mmol) in
pyridine (5ml) is stirred at 25°C for two hours. The
solution is concentrated to an oil which is chromatographed
on silica gel (EtOAc) to give 2-[4-[(l-oxopropyl)phenyl-
amino]-1l-piperidine]ethyl acetate as an oil: 243mg, 82%. An
equimolar amount of oxalic acid is added to a solution of
the free base in ethyl acetate. The precipitated salt is
recrystallized by adding methanol and heating until the
solid goes back info_solution. Upon cooling the salt
precipitates as a white solid; oxalate salt: m.p. 153-15500.
Elemental Analysis for CZOH28N207: :

apa¥a

C% H%Z N%

Found: - 58.7 6.9 6.8

Calculated: 58.8 6.9 6.9
Example 8

3-[4-Methoxymethyl-4-[ (1-oxopropyl)phenylamino}-1-piper-
idine]-propanocic acid, methyl ester

A solution of 4-methoxymethyl-4-[(l-oxopropyl)phenyl-
amino]piperidine (300mg, 1.0mmol), prepared by the p;ocedure




oxycar bonyl - 3- net hyl - 4- phenyl am nopi peri di ne. - 52 - To a solution of
trans- N-benzyl oxycar bonyl - 3- net hyl - 4- phenyl am nopi peri di ne (1.5g,

4. 6mol ), 4-di methyl am no- pyridine (375nmg, 3.1lmol), and acetonitrile
(1OM) is added propionyl chloride (3.6n, 41mmol). The solution is stirred
~and refluxed for 30 mnutes, cooled to roomtenperature, and diluted with a
saturated solution of sodium carbonate { 3®1l-). The resultant m xture is
extracted with ethyl acetate (2 x 30n) and the organi ¢ phases conbi ned,
dried over magnesium sul fate, and concentrated to an oily residue which is
chromat ogr aptBdP o®. Bi | Vam Daelé 1etl &1 Ot shaimi oFgiseh. Drug. Res. 1976,

trans- N-benzyg oxyef bopyipgs "gEPyiafel (329%PP" PP¥1dmol) and methanol
' (20m1) is stirred at 60°C for 2 hours. The reaction
solution is cooled to room temperature and concentrated to
an.oily residue. The residue is chromatographed on silica
gel (9/1 CH013/MeOH) to yield 3-[4-methoxy-methyl-4-[(1l-oxo-
- propyl)phenylamino]-1-piperidine]propanoic acid, methyl

ester as an oil: 250mg, 64%. The oxalate salt is made as
described in Example 7; oxalate salt: m.p. 180-182°C.
Elemental Analysis for C,,H3,N,0g:

C% H%Z N%

Found: 58.2 . 7.2 6.1

Calculated:. 58.4 7.1 6.2
Examgle_9~

4-Methoxycarbonyl-4-[ (1-oxopropyl)phenylaminol]-1-piperidine-
acetic acid, methyl ester |
A mixture of 4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-

amino]piperidine (200mg, 0.68mmol), prepared according to
the procedure of P.G.H. Van Daele et al, Arzneim.-Forsch.
Drug Res. 1976, 26, 1521, methyl bromoacetate (200nl,
Z.ilmmol), and potassium carbonate (200mg, 5.3mmol), in
acetonitrile (1.1ml) is stirred at rbom‘temperature for 2
.hours. The reacﬁion mixture is concentrated and -
chromatographed on silica gel (95/5 CHCl3/Me0H) to yield
4-methoxycarbonyl-4-[ (l-oxopropyl)phenylamino]-1l-piperidine-
acetic acid, methyl ester as an oil: 142mg, 57%. The
oxalate salt is made as described in Example 7; oxalate
salt: m.p. 130-135°C. |
Elemental Analysis for 021H28N209:

c% HZ% - N%
Found: 55.3 6.1 6.1
Calculated: 55.8 6.2 6.2




phenyl am no] pi peridine as an oil: 1.6g, 91% A m xture of

trans- N- benzyl oxycar bonyl - 3-net hyl - 4- [ (| -oxopropyl ) phenyl am no] - pi peri di ne
(1.59, 3.94mmol), 10% Pd-C (200ng), nethanol (20m ), and acetic acid (20m)
i s hydrogenated at 50 psi for 24 hours. The resultant suspension is
filtered through a bed of Celite and the filtrate concentrated. The residue
is diluted with ethyl acetate (50m ), haggied to pH 11 with 2N NaOH and
shaken. The organic |layer is separated, dried over nmagnesi um sul fate, and
concentrated to trans- 3- nethyl-4-[(1- H%W”pﬂ) phenyl am no] - pi peri di ne:
720mg; 96% Exanple 29

Trans- 3-r 3- ‘ i

met hyl ester- 1§QI gngH'A ) %-Sﬂ@ﬁgﬁﬂ“é%#%&l oxopropyl)ph nyf-r
am noj - plper%éhﬁ§l%%ggﬁg_—ﬂﬂ%§% &1%2&
To a solution of 4- methoxycarbony (1 oxopropyl)-
phenylamino]-piperidine (200mg, 0.68mmol) in acetonitrile
(1.1ml) is added methyl acrylate (124ul, 1.36mmol) at room
temperature. The solution is stirred at 50°C for 2 hours,

cooled to room temperature, and concentrated to an oily
residue. The residue is chromatographed on silica gel
(EtOAc) to give 3-[4-methoxycarbonyl-4-[{1l-oxopropyl)phenyl-
amino]-1l-piperidine]propanoic acid, methyl ester as an oil:
253mg, 97%. The oxalate salt, which is made as described in
Example 7 is recrystallized from methanol and 2-butanone;
m.p. 170-172°C. The HC1 salt can be made by dissolving the
free base o0il in methanol, adding HCl gas, adding ether to
complete crystallization and filtration, m.p. 212-214°C.
Elemental Analysis for C,,Hy N,0g:

C7% HZ N7

Found: 56.5 6.5 6.0

Calculated: 56.7 6.4 6.0
Example 11

4-[4-Methogycarbony1-4-[(;-oxoprqbyl)phenjlamino]-l-piper-
idine]-butanoic acid, methyl ester

A mixture of 4-methoxycarbonyl-4-[(1- oxopropyl)phenyl-
amino]- p1per1d1ne (150mg, 0.517mmol), methyl &4-bromo-
butancate (187mg, lmmol), potassium carbonate (39.3mg,
Immol), sodium iodide (155mg, 1.0mmol) and acetonitrile
(Iml) is stirred at 50°C for 2 hours. The mixture is cooled
to room temperature, diluted with ethyl acetate (lml) and
filtered. The filtrate is concentrated to an oily residue
which is chromatographed on silica gel (9/1 CHCIBIMeOH) to
yield 4-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenylamino]-1-
piperidine]butanoic acid, methyl ester as an oil: 177 mg,
88%. The oxalate salt is made as described in Example 7;
oxalate salt: m.p. 153-155°C.




2mol ), and nmethanol (2m) is stirred for 24 hours at roomtenperature,
concentrated to an oily residue, and chromat ographed on silica gel (EtOAc)
to give trans-3-[ 3-

met hyl - 4-[ (| - oxopr opyl ) phenyl am no] - pi peri di ne] propanoi ¢ acid, nethyl ester

as an oil: 300ny; 89% The nonohydrate oxalate salt is nmade as described in
. Exanple 7; oxalate salt nonohydrate: m pgg 125-130[err]C. - 53 -
- Elemental Analysis for [err]: C% H% N% Found: 57.4
7.0 6.4 Cal cul at ed: 57.3 7.3 6.4 Exanple 30
Elemental Analysis for CZ3H32N209 .
_ C% HZ N%
Found: 57.1 6.6 5.8
Calculated: 57.5 6.7 5.8
Example 12

5-[4-Methoxycarbonyl-4- (1l-oxopropyl)phenylamino]-1-piper-
idine]pentanocic acid, methyl ester

A mixture of 4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-
amino]piperidine (150mg, 0.517mmol) methyl 5-bromopentanoate
(200mg, lmmol), potassium carbonate (40mg, 1lmmol), sodium
jodide (1.55mg, 1lmmol) and acetonitrile (1.0ml) is stirred
at 52°C for 22.5 hours and then at 25°C for 12 hours. The
reaction mixture is diluted with ethyl acetate (1lml) and
filtered. The filtrate is concentrated to an oily residue
which is chromatographed on silica gel (90/9/1 CH013/MeOH/
triethylamine) to yield 5-[4-methoxy-carbonyl-4-[(1l-oxo-
propyl)phenylamino]-1l-piperidine]pentanoic acid, methyl
ester as an oil: 184mg, 88%. The oxalate salt is made as
described in Example 7; oxalate salt: m.p.'164-166°c.

Elemental Analysis for CZAH34N209:

c% HY N%

Found: 58.0 7.0 5.7

Calculated: 58.3 - 7.0 5.7
Example 13 ' -.

3-[4-Methoxycarbonyl-4-f(1- oxopropyl)phenxlamlno] l-piper-
idine]propanoic acid, trifluoroacetate
This compound is formed by following the procedure of
Example.S except that an equivalent amount of 4-methoxy-
carbonyl-4-[ (1-oxopropyl)phenylamino]-piperidine is
substituted for the 4-[(1- oxopropyl)phenylamlno] piperidine
used therein; m.p. 189- 190°c.




Trans-3-r3-nethyl -4-r (I -oxopropyl) phenyl am nol pi peri di nel - propanoi c acid,
et hoxynet hyl ester A solution of trans-3-nethyl-4-[(Il-oxopropyl)phenyl -

am no] - pi peridine (300mg, 1.2mmol), ethoxymethyl acrylate (350ng, 2.4mol),
and acetonitrile (1OM) is stirred at roomtenperature for 24 hours,
concentrated to an oily residue, and chromatographed on silica gel (EtOAc)
to give trans- 3-[3-nethyl-4-[(|-oxopropyt)phenyl ami no] pi peri di ne] propanoi c

acid, ethoxynethyl ester as an oil: SOOng 65% The oxal ate salt is nmade
as described in Exanple 7 oxal ate salt 115 116 C. Exanple 31
Tr ans- 3- r 3- fgempental, & [f% 1nper|d|nel propanoi ¢ aci d.

allyl ester A solution of tg7Zans- nenﬂyl-4 [(1lﬁ&opropyl)phenylanino]-

Found: 53.0 5.7 ) 5.9
Calculated: 52.9 5.7 5.9
Example 14

3-[4-Methoxycarbonyl-4-[(1-oxopropyl)phenylamino]-1-piper-
idine]-propanocic acid, methoxymethyl ester
A solution of 4-m§thoxycarbony1-4-[(1-oxopropy1)pheny1-

amino]piperidine (200mg, 0.69mmol) and methoxymethyl
acrylate (120mg, 1. 03mmol) in acetonitrile (0.7ml) is

_ stirred at room temperature for fifteen hours. The solution
is diluted with 1:1 water and ethyl acetate and the aqueous
phase extracted with ethyl acetate (2x). The combined
organics are washed with brine, dried over sodium sulfate
"and concentrated. The residue is chromatographed on silica
gel (EtOAc) to give 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)-
phenylamino]-1-piperidine]propanoic acid, methoxymethyl
ester as an oil: 160 mg, 57%. The oxalate salt is made as
described in Example 7; oxalate salt: m.p. 141-143°C.

Elemental AnalysiS'f°r Cp3H3yN5049¢

~ C% HZ%Z N%
Found: 55.4 6.5 5.5
Calculated: 55.6 6.5 5.6
Examgle 15 : ' ) -
A. Vinyl 3- bromoproplonate '

This compound is prepared according to the procedure of
R. L. Adelman, J. Org. Chem. 1949, 1057. To a solution of
3-bromo-propionic acid (1.0g, 6.54mmol) in vinyl acetate
(3.6ml) is added copper (100mg), mercuric acetate (104mg)
and concentrated sulphuric acid (1 drop) in that order. The
reaction is stirred at room temperaturelfor two days. The
heterogeneous mixture is diluted with pentane (10ml) and
then filtered through celite to remove the solids. The
filtrate is washed with water (2x), saturated sodium



pi peridine (300ng, 1.2mmol), allyl acrylate (272ng, 2.4mol) is. stirred at
roomtenperature for 16 hours and concentrated to an oily residue which is
chromat ographed on. silica gel (EtOAc) to give
trans-3-[3-nmet hyl -4-[ (| - oxopropyl ) phenyl - am no] pi peri di ne] propanoi ¢ aci d,

~allyl ester as an oil: 300ng; 69% The oxalate salt is nmade as described in
Exanple 7: oxalate salt: mp. 147-148[ er4RC- El enental Analysis for C23
H32N207: C% Hbo - N% Found: 61. 7 7.2 6.2

Cal cul at ed: biggfggnate (fi? and theéig%ine: %he organics are dried
over anbychrous sodium sulfate and concentrated to an oil,

vinyl 3-bromopropionate: 760mg, 65%.

B. 3-[4-Methoxycarbonyl-4-[ (1-oxopropyl)phenylamino]-1-

piperidine ]propanoic acid, vinyl ester

A mixture of 4-methoxycarbonyl-4-[(1-oxopropyl)phenyl-
amino]piperidine (200mg, 0.689mmol), vinyl 3-bromopropionate
(185mg, 1.03mmol), and potassium carbonate (214mg,
1.55mmol), in aceténitrile (Iml) is stirred at room
temperature for two hours. The reaction mixture is diluted
with 1:1 water and ethyl acetate and extracted with ethyl
acetate (2x). The combined organics are washed with brine,
dried over sodium sulfate and concentrated. The residue is
chromatographed on silica gel (EtOAc) to yield 3-[4-methoxy-
carbony1-4-[(l-oxopropyl)phenylamiho]-1-piperidine]-
propanoic acid, vinyl ester as a white solid: 197mg, 747,
m.p. 70—72°C. The oxalate salt is made as described in
Example 7; oxalate salt: m.p. 156-158°C.
Elemental Analysis for CZ3H30N209:

% . H %
Found: 57.6 6.4 5.9
Calculated: 57.7 6.3 5.9
Example 16

g;[4-Methoxyéarbony1—4-[(1;9xopropy1)phenylagigo]—l-piper-
idine]-ethyl acetate .

A mixture of 4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]piperidine (300mg, 1.0mmol), 2-bromoethyl acetate
(172mg, 1.0mmol), potassium carbonate (79mg, 2.0mmol),

" sodium iodide (154mg, 1.0mmol) and acetonitrile (1.0ml) is
stirred at 65°C for 12 hours, cooled to room témperature,
and filtered. The filtrate is coricentrated to an oily
residue which is chromatographed on silica gel (EtOAc) to
yield 2-[4-methoxycarbonyl-4-[(l-oxopropyl)phenylamino]-1-
piperidine]ethyl acetate as a yellow oil: 300mg, 777%. The




Exanpl e 32 Trans-2- r3-nethyl-4- r (1-oxopropyl)phenyl am nol pi peri di nel -
ethyl acetate A m xture of trans-3-nethyl-4-[(Il-oxopropyl)phenyl -

am no] pi peri dine (250ny, 1mmol), 2-bronoethyl acetate (338ngy, 2. Omol),

pot assi um car bonate (300mg, 2.2mmmol), sodiumiodide (50ng, O0.3nmol), and
acetonitrile is stirred at roomtenperature for 16 hours. The resultant
mxture is diluted with a saturated salqhian of . sodi um bi car bonate (25m)
anﬁbextéacéed with ethyl acetate (2 x 25nm ). The organic extracts are

conbi ne [l ve ahes syLf o dyto resi due
wich s crvbEReEd et EARE i e L e PR TRTERERPLECT ] CoRB18ELY

" trans-2-[ 3- m@lhylm4p{(19bxb93p90pyl)phenylan1no]p|perldlne]ethyl acetate as

Can oil: 300@%@&%1%&%@&&ﬁoﬁab£2H§0Nng as described in Exanple 7;

oxal ate salt: m 14
P ic 0w
Found: 56.6 6.5 6.0
Calculated: 56.6 6.5 6.0
Example 17

-3-T4-[(1-Oxopropyl)-2- fluorophenylamlnol—l-glgerldlnel-
propanoic acid, methyl ester

A mixture of 4-[(1-oxopropy1)-2-f1uoropheny1amino]-
piperidine (200mg, 0.80mmol), ﬁethyllacrylate (0.1ml,
1.12mmol) and potassium carbonate (275mg, 2.0mmol) in
methanol (2ml) is stirred at room temperature for two hours.
The reaction mixture is diluted with 1l:1 water and ethyl
acetate. After extracting the aqueous phase with ethyl
acetate (2x) the combined organics are washed with brine,
then dried over sodium sulfate and concentrated. The
residue is chromatographed on silica gel (EtOAc) to give
3-[4-[(1-oxopropyl)-2-fluorophenylamino]-1-piperidine]-
propanoic acid, methyl ester as an oil which solidifies upon
standing: 176mg, 657%. The oxalate salt is made as'
described in Example 7; oxalate salt: m.p._183-184°C.
Elemental Analysis for CZOH27N207F

C% HY% N%
Found: 55.9 . 6.4 6.5 )
Calculated: 56.3 6.4 6.6

Exa@ple 18
'3-[4-[(1-Oxopropyl)-2-fluorophenylamino]-1-piperidine]-
propancic acid, vinyl ester '

By following the procedure in Example 15, except that
an eduivalent amount of 4-[ (1-oxopropyl)-2-fluorophenyl-
amino]piperidine is substituted for the 4-methoxycarbonyl-
4-[(1l-oxopropyl)phenylamino]-piperidine used therein and the
reaction mixture is stirred for sixteen hours, there is




El emental Analysis for [err]: C% H% N% Found: 59.6
7.2 6.6 Cal cul at ed: 59.7 7.2 6.6 Exanple 33
()-C s-3-nethyl -4-r(Il-oxopropyl)-2-fluorophenyl am nol - piperidine A
sol ution of |-nethoxycarbonyl-3-nethyl-4-(2-fl uoro-
phenyl - am no) - pi peri dine (12.95g, 48.6mmvl), prepared according to the
procedure of WF.M Van Berer et al.,-.JgaMed. Chem 1974, 17, 1047 and T.R
gu;re, Jr. et al., J. Med. Chem 1986, 29, 1087, except that
-fluoroaniline was substituted for aniline, and_ progionic . anhydride
(12.5m , orbxaimed i3 [l @Céﬂfwmlf)t‘é’érﬂh’&ft"f.hp aﬁ!‘dﬁ‘l@dq-s')éllﬁf"irén i s
di l uted wi tifpaidMropiciie Al WATHAd e¥tidy AN 2@riodd:hy d6Gxiyde 1d2x) The
sat ur at ed sodi.um bi carbonate (5x &UW . . - .

oxalate salt is made ds described in Example 7; oxalate

salt: m.p. 141-143°C.
Elemental Analysis for 021H27N207F:

C% HZ N%~

Found: 57.6 6.2 6.4

Calculated: 57.5 6.2 6.4
Example 19

3-T4-[(1-Oxopropyl)-2-£fluorophenylamino]-1-piperidine]-
propanoic acid, 3-butenyl ester
A solution of 3-[4-[(l-oxopropyl)phenylamino]-1l-piper-
idine]-propanoic acid, trifluoroacetate (370mg, 0.848mmol),
m.p. 139.5-141°C, is prepared in an analogous manner in
which 3-[4-[(1l-oxopropyl)-phenylamino]-1l-piperidine]pro-
panoic acid, trifluoroaetate is described in example 5, is .
dissolved in a IM phosphate buffer solution (0.5M Na,HPO,
and 0.5M NazHPO4) and stirred for ten minutes. The solution
is then diluted with a 3/1 mixture of chloroform/isopropanol
and extracted (5x). - The combined organics are dried over
sodium sulfate and concentrated to the free base: 21l5mg, 79%
yield. A solution of 3-[4-[(l-oxopropyl)-2-fluoro-
phenyl-amino]-1-piperidine]propanoic acid (185mg, 0.574mmol)
"in chloroform (5ml) is added 0O-3-butenyl-N,N-diisopropyl-
pseudo urea (570mg, 2.87mmol), prepared using the procedure-
given in L.J. Mathias, Synthesis, 1979, 561. The solution
is refluxed for 24 hours, cooled, and concentrated. The
residue is chromatographed on silica gel (1/1 hexanes/EtOAc)
to give 3-[4-(1-oxopropyl)-2-fluorophenylamino]-1-piper-
idihe]propanoic acid, 3-butenyl ester as an oil: 120mg, 567%.
The oxalate salt is made as described in example'7; oxalate
salt: m.p. 165.5-166.5°C;
Elemental Analysis for 023H31N207F:
C% H7% N%
Found: 58.8 6.8 6.0
Calculated: 59.2 6.7 6.0




phosphoric acid (I1x) and brine (Ix). The organics are dried over sodium

sul fate and then concentrated. The residue is dissolved in ether and
hexanes and cooled to -10C for - 55 - fifteen hours. The solid that
precipitated is collected and.recrystallized fromether and hexanes to give
ci s-1-nmethoxy- carbonyl - 3-net hyl -4-[(1- oxopropyl)-2-fl uorophenyl-am no] -
piperidine as a solid: 3.29; 20% mp.-148-430 C. The mother |iquors are
conmbi ned and concentrated to give a mixture of cis and trans isoners al ong
with some other inmpurities. A suspen mpie 20

ci s-1-met hoxycpg bpry Mt B8kPYL=4x0ethyl )phenylamino]-1-piperidine]-
L(1-oxo-propyl )5 gasl ao0 PRenyL A 1oL s Bepe™ 28,

' A solution of 4-[(2-methoxy-1l-oxoethyl)phenylamino]-
piperidine (200mg, 0.805mmol), prepared according to the
procedures of B. S. Huang et al, U.S. Patent 4,584,303, and
methyl acrylate (94ul, 1.05mmol), in methanol (1ml) is
stirred at room temperature for four hours. The reaction

solution is concentrated to a residue which is
chromatographed on silica gel (95/5 CHCl3/Me0H) to give the
free base, 3-{4-[(2-methoxy-1l-oxoethyl)phenylamino]-1-
piperidine]lpropanocic acid, methyl ester, as an oil: 260mg,
97%. An equimolar amount of oxalic acid in ether is added
to a solution of the free base in ether. The gummy
precipitate is triturated with ethyl acetate to give the
oxalate salt as a white solid; oxalate salt: m.p. 188-190°C.
Elemental Analysis for CZOHZBNZOB:

C% ' HZ NZ%

Found: 56.6 6.7 6.6

Calculated: 56.6 6.7 6.6
Example 21

3-[4-[ (2-Methoxy-1-oxoethyl)-2-fluorophenylamino]-1-piper-
. idine]propanocic acid, methyl ester
A solution of 4-[(2-methoxy-l-oxoethyl)-2-fluorophenyl-
amlno]plperldlne (250mg, O. 94mmol),. methyl acrylate (170u1
1.88mmol) and methanol (5.0ml) is stirred at room
temperature for 24 hours. The reaction solution is

concentrated to an oily residue and chromatographed on

silica gel (EtOAc) to yield 3-[4-[(2-methoxy-1l-oxoethyl)-
- 2-fluorophenylamino]-1-piperidine]propanoic acid, methyl

ester as an oil: 202mg, 61%. The oxalate salt is made as

described in Example 7; oxalate salt: m.p. 186-188°cC.

Elemental Analysis for CZOH27N208F:

C% HZ% N%
Found: 54.3 6.1 6.4
Calculated: 54.3 6.2 6.3



9.89mMmmol ) in 48% aqueous HBr (20m ) is refluxed for two hours. Upon heating
the m xture dissolution occurs. The solution is cooled to O[err]C and 5N
NaOH i s added until the pHis between 11 and 12. The aqueous phase is
extracted with nethylene chloride (5x) and the conbi ned organics dried over
sodium sul fate and concentrated to give cis-3-nethyl -

4- (2-fl uorophenyl am no) - pi peri di ne as -am@id: 2.09; 97% To a rapidly
stirred m xture of benzylchlorofornate (0.39m, 2, 76mmol) and sodi um

bi car bonat e (284rrg, 3.6mmmol ) in wat er%,é mfei{# ether (4m) is added

ci s-3-nethyl - 4- (2 fl uoro- phenylan1n ne (500ng, 2.4mvl) as a
sol uti on i n [ethdH s-Bm)3 -mEthwl joxoptapwd phenwlaming f- npipaivnt
tenmperat ure,y 4l AlE aqﬁraar q,{eqq.l gk ddye organl cs washed with 2N NaOH

2 and b ] f at d
(co)r(l)cent r at :ad to di welytdan l?énz(ﬁ)oﬁcsar%diﬁﬂhg’\alle:{b'tﬂqmn-y a'(s“uﬂ’?qal?}?ﬁ%r;’rfﬁ‘rﬂﬂ -

(750mg, 3.94mmol), prepared according to the procedure of
W.F.M. Van Bever et al., J. Med. Chem. 1974, 17, 1047,
methyl acrylate (710ul, 7.88mmol), and methanol (2.5ml) is
stirred at room temperature for 30 minutes. The resultant
solution is concentrated to an oily residue which is
chromatographed on silica gel (EtOAc) to yield (%)-cis-3-
.(3-methy1-4-phenylamino-l-piperidine)propanoic acid, methyl
ester as an oil: 787mg, 72%. :

A solution of (%)-cis-3-(3-methyl-4-phenylamino-1-
piperidine)-propancic acid, methyl ester (500mg, 1.8mmol),
propionyl chloride (785ul, 9.0mmol), and 4-dimethylamino-
pyridine (320mg, 2.63mmol) in acetonitrile (10ml) is stirred
and refluxed for 30 minutes. The resultant solution is
cooled to room temperature and diluted with cold saturated
sodium carbonate (25ml). The mixture is extracted with
.ethyl acetate (2 x 25ml) and the organic phase dried over
magnesium sulfate and concentrated to an oily residue which
is chromatographed on silica gel (EtOAc) to give '
(i)-cis—3-[3-methy1-4-[(3-oxopropy1)phenylamino]?l-piper-
idine]propancic acid, methyl ester as. an oil: 392mg, 65%.
The hydrochloride salt is made by dissolving the free base
in toluene, saturating the solution with dry hydrogen -
chloride and concentrating to a solid. The solid is then
recrystallized from ethyl acetate; hydrochloride salt: m.p.

180-187°C.
Elemental Analysis for 019H29N20301

C% HZ% N%
Found: 61.5 7.9 7.9

Calculated: 61.9 7.9 7.6



am no)-pi peridine as an oil: 740ng; 90% To a sol ution of

ci s-1-benzyl oxycar bonyl - 3- net hyl -4- (2-fl uor o- phenyl am no) - pi peri di ne
(740nmg, 2.16mml) and 4-di met hyl am nopyri di ne (395ng, 3.24mmmol) in
acetonitrile (1OM) is added propionyl chloride (0.38m, 4.32mvl). The
reaction is heated to 500C for ten hours. The m xture is concentrated and
the residue dissolved in ethyl acetate ang water. The organic phase is
washed with saturated sodi um bi-carbonate (2x), 1M phosphoric acid (Ix), and

brine (Ix). The organics are dried ovgr sodiumsulfate and concentrated

- 56 - to give pure cis-l-benzyloxycaﬁ%@ﬂ?ﬁgeziethyl-4-[(I-oxo- |

propyl ) -2-fl [ibi]ecbengt hAinethpl pb+ [ (Lrexaprapyb)phenpPamino]-1-piper-
idine]propancic acid, methoxymethyl ester

A mixture of (%)-cis-3-methyl-4-phenylaminopiperidine
(350mg, 1.8mmol), 2-bromopropanoic acid methoxymethyl ester
(450mg, 2.28mmol), potassium carbonate (350mg, 2.54mmol),
4-dimethyl-aminopyridine (50mg, 0.4lmmol), and acetonitrile
(3ml) is stirred at room temperature for 24 hours and
diluted with saturated sodium bicarbonate (20ml). The
resultant mixture is extracted with ethyl acetate (2 x 20ml)
and the organic phases combined, dried over magnesium
sulfate, and concentrated to an oily residue which is
chromatographed on silica gel (EtOAc) to give
{£)-cis~-3-(3-methyl-4-phenylamino-1l-piperidine)propanoic
acid, methoxymethyl ester as an oil: 371lmg; 66%.

A solution of (%)-cis-3-(3-methyl-4-phenylamino-1-
piperidine)propanoic acid, methoxymethyl ester (350mg,
1.14mmol), 4-dimethyl-aminopyridine (250mg, 2.0mmol),
propionyl chloride (1.0ml, 11.5mmol), and acetonitrile
(10ml) is stirred and refluxed for 30 minutes and cooled to
room temperature. The reaction solution'is diluted with
cold saturated sodium carbonate solution (25ml) and
extracted with ethyl acetate (3 x 25ml). The organic
extracts are combined, dried over magnesium sulfate and
concentrated to an oily residue which is chromatographed on
silica gel (1/1 EtOAc/Hex) to give (%)-cis-3-[3-methyl-4- .
[(1-oxopropyl)phenylamino]-1l-piperidine]propanocic acid,
methoxymethyl ester as an oil: 253mg, 60%. The oxalate salt
hemihydrate is made as described in Example 7; oxalate salt
hemihydrate: m.p. 83-92°C.

Elemental Analysis for C22H32N208'0'5 HZO:
C% HZ% N%

Found: 57.4 7.2 6.2

Calculated: 57.3 7.2 6.1




89% A m xture of cis-I-benzyl oxycarbonyl - 3-net hyl -

[ (1- oxopropyl)-2-fl uorophenyl am no] - pi peridine (576ng, 1.45mvl) and 10%
Pd-C (100ng) in nethanol (25m ) and acetic acid (5m) is hydrogenated at 50
- psi for five hours. The reaction mxture is filtered through celite and the
filtrate is concentrated. The residue is diluted with ethyl acetate,

" basified to pH 11 with 2N NaOH and shakegqg The separated organics are dried
over sodium sul fate and concentrated to give

ci s- 3-net hyl - 4- [(I-oxopropyl) 2-fl UCER g@gmglaalno] plperldlne as an oi
333ng; 87% 3f .
()-Ci's-3-[ 3

Pi peri di ne] hesnedp Bte

()-cis-3-nethyl - 4- é&iueianrapyti)2c1£Ly%eeﬂ§myhaawﬂ}1&.hpﬁ6'ﬂwérﬁﬂmg

0-757mmol) BnGome. "Y! 1mmo1), allyl acrylate (471mg, 4.2mmol), and
acetonitrile (5ml) is stirred at room temperature for 4
hours and concentrated to an oily residue which is
chromatographed on silica gel (EtOAc) to give (%)-cis-3-
[3-methyl-4-phenylamino-1l-piperidine]propanocic acid, allyl
ester as an oil: 405mg; 64%.

A solution of (%)-cis-3-(3-methyl-4-phenylamino-1-
piperidine )propanocic acid, allyl ester (400mg, 1.32mmol),
4-dimethylaminopyridine (250mg, 2.0mmol), propionyl chloride
(1.15ml, 13.2mmol), and acetonitrile (10ml) is stirred and
refluxed for 30 minutes and cooled to room temperature. The
reaction solution is diluted with a solution of cold
saturated sodium carbonate (25ml) and extracted with ethyl
acetate (3 x 25ml). The organic extracts are combined,
dried over magnesium sulfate, and concentrated to an oily
residue which is chromatographed on silica gel (1/1
EfOAc/Hex) to give (i)-cis~3-[3-methy1-4-[(l-oxopropyl)-
phenylamino]-1-piperidine]propancic acid, allyl ester as an
oil: 335mg; 747%. The oxalate salt is made as described in
Example 7; oxalate salt: m.p. 150—15200,

Anal Calecd. for CZ3H32N207
C% HZ N%Z )
Found:  61.6 7.2 6.3
Calculated: - 61.6 7.2 6.3
Example 25

[+]-Cis-2-[3-methyl-4-[(1- oxopropyl)phenylamlno] 1- plper-
idine]ethyl acetate

A mixture of (*)-cis-3-methyl-4-phenylaminopiperidine
(300mg, 1.57mmol), bromoethyl acetate (865ul, 789mmol),
4-dimethyl-aminopyridine (100mg, 0.82mmol), potassium
carbonate (250mg, 1.81lmmol), and acetonitrile (4ml) is




acrylate (O lm, 1.13mmol) in acetonitrile (2m) is stirred at room
tenperature for twelve hours. The solution is concentrated and the residue
chromat ographed on silica gel (2/1 EtOAc/Hex) to yield
()-cis-3-[3-nethyl-4-[(1-oxo- _

propyl)-2-fl uorophenyl am no] - 1- pi peri di ne] propanoi c acid, nethyl ester as
an oil: 44ny, 17%yield. The hydrochl arigke salt is prepared by bubbling
gaseous HCl1 through a toluene. solution of the. free base and concentrating

o a white stifiefvik bt ipsPhiarl Por'é/nddle. FrRECoEal1fEakysis fo

Cal cul at ed: mlxggrg is dilyted with w9t2rE£§ﬁﬂFg agd eXtraCted with
()-Cis-3-r3-eehiY| adetdte OKBPLOPFM] ) 2- ftheraahbﬂnédnbﬂghnhc phases are

plperldlnelg&gfeg0$&egc$ggngéyum RPXLeGEE concentrated to an oily
residue which is chromatographed on silica gel (3/1
EtOAc/Hex) to give (%)-cis-2-(3-methyl-4-phenylamino-1-
. piperidine)ethyl acetate as an oil: 402mg, 927%.

A solution of (+)-cis-2-(3-methyl-4-phenylamino-1-
Piperidine)ethyl acetate (400mg, 1l.45mmol), propionyl
chloride (1.25ml, 14.5mmol), 4-dimethylaminopyridine (353mg,
2.89mmol), and acetonitrile (10ml) is stirred and refluxed
for 30 minutes. The resultant solution is cooled to room
temperature and diluted with a cold saturated sodium
carbonate solution (3 x 25ml) and the organic phase dried
over magnesium sulfate and concentrated to an oily residue
which is chromatographed on silica gel (EtOAc) to give
(£)-cis-2-[3-methyl-4-[ (1l-oxopropyl)phenylamino]-1-piper-
idineJethyl acetate as an oil: 389mg, 81%. The oxalate salt
is made as described in Example 7; oxalate salt: m.p.

'148-150°C.
Elemental Analys1s for C21 30N2 7°
c% HZ N%
Found: 59.6 7.3 6.6
Calculated: 59.7 7.2 6.6
Example 26

(-)-Cis-35-methyl-4R-[(N-1R- methxlbenleamldo)phenzlamlno]-
1-(N—1R-methylbenzylgm;gp)p;per1d1ne and (-)-cis-3R-methyl-
45-[(N-1R-methylbenzylamido)phenylamino}-1-(N-1R-methyl-.
benzylamido)piperidine

A solution of (%)-cis-3-methyl-4-phenylaminopiperidine
(2.0gm, 10.5mmol), 4-dimethylaminopyridine (250mg, 2.0mmol),
and R-(+)-c-methylbenzyl isocyanate (4.0gm, 27.2mmol) is
stirred at 120° for 6 hours. The resultant solution is
cooled to room temperature and chromatographed on silica gel
(1/1 EtOAc/Hex) to give two diastereomers. The less polar




- 57 - Asolution of ()-cis-3-nethyl-4-[(l-oxopropyl)-2-

fl uor ophenyl am no] - pi peri di ne (70ng, 0.265mmol) and et hoxynet hyl acrylate
(73[err], 0.265 nmol) in acetonitrile (ImM) is stirred at roomtenperature
for eighteen hours. The solution is concentrated and the residue

chromat ographed on silica gel (EtQAc) to give ()-cis-3-[3-nethyl-4-[(1-o0xo-
propyl ) -2-fl uorophenyl am no] -1 - pi peri di ngg pt opanoi ¢ aci d, ethoxynet hyl
ester as an oil: 84ngy, 80%yield. The oxalate salt is made by dissol ving
the free basefi bhet hyb dserateyahdlididedgfaomeEb@Aeatosgivei On)otinxa$+ c
acid. The gujLthay aﬁefgﬁ Ligtascho16edksRahyaf) gﬂeﬁﬁmﬁme{ﬁ ok 2. and

recrystallizes t n Ccoo
methyl enzylamldo)plperldlne as a solid: 5gm; m.p.
172-173°C; [a]3’= -114.4° (c 1.5, MeOH).

Elemental Analysis for 030H36N302:

. C% H%Z NZ%
Found: 74.4 7.5 11.6
Calculated: 74 .4 7.5 11.6

The more polar diaétereomer is recrystallized from EtOAc/Hex
to give (-)-cis-3R-methyl-4S-[(N-1R-methyl-benzyl-

amido )phenylamino]-1-(N-1R-methylbenzylamido)-piperidine as

a solid: 1.8gm; m.p. 105-106°C; [«]3’= -63.6° (c 1.8, MeOH).

Examgle 27
[-1-Cis-3-[3R-methyl-4S-[(1- oxopropyl)phenylamlno] l-piper-

idine]propancic acid, methyl ester

A suspension of (-)-cis-3R-methyl-4S-[(N-1R-methyl-
benzyl-amido )phenylamino]-1-(N-1R-methylbenzylamido)-
piperidine (1.75gm, 3.6mm01) in 48% hydrobromic ‘acid (40ml)
is stirred and refluxed for 24 hours. It is cooled and
concentrated to an oil which is dissolved in water (20ml)
and extracted with ether (2 x 50ml). " The aqueous phase is
basified to pH 10.5 with 5N NaOH and extracted with ethyl
acetate (2 x 25m1) The ethyl acetate extracts are
combined, dried over magnesium sulfate, and concentrated to
give a solid which is recrystallized from EtOAc/Hex g1v1ng
(+)-cis-3R-methyl-4S- phenylamlnoplperldlne as a solid:
610mg; 89%; m.p. 95-97°C; [u] ©® (c 2.5, MeOH).

A solution of (+)-cis-3R- methyl -4S- phenylamlno-
piperidine (500mg, 2.63mmol), methyl acrylate (473ul,
5.26mmol), and methanol (10ml) is stirred at room
temperature for 6 hours and concentrated to an oily residue
which is chromatographed on silica gel (EtOAc) to give '
(+)-cis-3-(3R-methyl-4S-phenylamino-1-piperidine)propanocic
acid, methyl ester as an oil: 623mg; 86%; [a]D = +25.7° (e
1.85, MeOH).




salt: mp. 96-97C, Elenental Analysis for C23H33N208 F: C% H% Found:
56. 6 6.8 6.1 Cal cul at ed: 57.0 6.9 5.8 Exanpl e
36 ()-GCis-3-r3-nethyl-4-r(1-oxopropyl)-2-fluorophenyl am nol -1 -

pi peri di nel propanoic acid. allyl ester A solution of
()-cis-3-nethyl-4-[(l-oxopropyl)-2- fluorophenyl am no] - pi peridi ne (100nyg,
0.378mmol ) and allyl acrylate (90m, O.gb7omol) in acetonitrile (Im) is
stirred at roomtenperature for sixteen hours. The solvent is renoved and

2R, IR ) 39k il 1

f | uor opheny Pipexddine)propagiois] pcdsanmethydi @stay (6Q0mer Zad Zamad; ) »;

76ng, 53% Fheimethdlamidlopy¥aaqmed(2i50neS, T®Smmol), propionyl
chloride (1.89ml, 21.7mmol), and acetonitrile (10ml) is
stirred and refluxed for 30 minutes and cooled to room
temperature. It is diluted with cold saturated sodium
carbonate (50ml) and extracted with ethyl acetate (3 x
25ml). The extracts are dried over magnesium sulfate and
concentrated to an oily residue which is chromatographed on
silica gel (1/1 EtOAc/Hex) to give (-)-cis-3-[3R-methyl-
4S-[(l-oxopropyi)-phenyl-amino]-l-piperidine]propanoic acid,
methyl ester as an oil: 453mg; 63%; [a]%5= -3.2° (e 1.5,
MeOH). The hydrochloride salt is made as described in
Example 22; hydrochloride salt: m.p. 151-152°C;
Elemental Analysis for,ClgH29N20301:

C% H7Z N%

Found: 62.2 7.9 7.8

Calculated: 61.9 7.9 7.6
Example 28

Irans-3-methyl-4-{ (1-oxopropyl)phenylamino]-piperidine

A mixture of cis and trans-3-methyl-4-phenylamino-
piperidine (1l.2g, 6.35mmol) (predominantly trans due to -
isolation of the pure cis isomer by crystallization),
prepared according to the procedure of W.F.M. Van Berer et
al., J. Med. Chem. 1974, 17, 1047 and T.R. Burke, Jr. et _
al., J. Med. Chem. 1986, 29, 1087, benzylchloroformate (1ml,
6.98mmol), sodium bicarbonate (lg, 11.8mmol), ether (5ml),
ethyl acetate (5ml), and water (10ml) is wvigorously stirred
at room temperature for one hour. The organic layer is
separated, washed with 2N NaOH (2 x 5ml), dried over
magnesium sulfate, and concentrated to an oily'residue which
is chromatographed on silica gel (EtOAc) to give trans-N-
benzyloxycarbonyl-3-methyl-4-phenyl-aminopiperidine as an
oil: 1.82g; 91%, followed by less than 5% of cis-N-benzyl-
oxycarbonyl-3-methyl-4-phenylaminopiperidine. '




by dissolving the free base in ethyl acetate and then adding an ethereal
solution of oxalic acid. The white solid that precipitates is collected and
washed with ether and ethyl acetate; oxal ate salt nonohydrate: mp.

96-98[err] C, Elenental Analysis for C23H33N208F: C% H% N%
Found: 57.3 6.7 5.8 Cal cul at ed: 57.0 6.9
5.8 - 58 - Exanple 37

()-Cis-2-r3-nethy|-4-r(|-oxopropyl)-2-}I%%r5phenylaninoI-I-

"~ pi peridinelethyl acetate A suspension of

()-ci5-3-nethy|-Ib[@|sgﬂggﬁ@pypf.grans—N-benzyloxycarbonyl-3-methy1-
4-phenylaminopiperidine (1.5g, 4.6mmol), 4-dimethylamino-
pyridine (375mg, 3.1mmol), and acetonitrile (10ml) is added
propionyl chloride (3.6ml, 4lmmol). The solution is stirred
and refluxed for 30 minutes, cooled to room temperature, and
diluted with a saturated solution of sodium carbonate
(30ml). The resultant mixture is extracted with ethyl
acetate (2 x 30ml) and the organic phases combined, dried
over magnesium sulfate, and concentrated to an oily residue
which is chromatographed on silica gel (1/1 EtOAc/Hex) to
give trans-N-benzyloxycarbonyl-3-methyl-4-[(l-oxopropyl)-
phenylamino]Jpiperidine as an oil: 1l.6g, 91%. '

A mixture of trans-N-benzyloxycarbonyl-3-methyl-4-

[ (1-oxopropyl)phenylamino]-piperidine (1.5g, 3.94mmol), 10%
Pd-C (200mg), methanol (20ml), and acetic acid (20ml) is
hydrogenated at 50 psi for 24 hours. The resultant
suspension is filtered through a bed of Celite and the
filtrate concentrated. The residue is diluted with ethyl
acetate (50ml), basified to pH 11 with 2N NaOH and shaken.
The organic layer is separated, dried over magnesium
sulfate, and concentrated to trans-3-methyl-4-[(1l-oxo-
propyl)-phenylamino]-piperidine: 720mg; 96%.

Example 29
Trans-3-[3-methyl-4-[(1l-oxopropyl)phenylamine]piperidine]-

propanoic acid, methyl ester - -

A solution of trans-3-methyl-4-[ (1-oxopropyl)phenyl-
amino]-piperidine (250mg, lmmol), methyl acrylate (182ul,
2mmol), and methanol (2ml) is stirred for 24 hours at room
temperature, concentrated to an oily residue, and
chromatographed on silica gel (EtOAc) to give trans-3-[3-
methy1-4—[(l-oxopropyl)phenylamino]-piperidine]propanoic
acid, methyl ester as an oil: 300mg; 89%. The monohydrate
oxalate salt is made as described in Example 7; oxalate salt
monohydrate: m.p. 125-130°C. '




f I uor ophenyl am no] - pi peri di ne (250ng, 0.946mmmol ), 2-bronop- ethyl acetate
(0.16m, 1.42mmol), potassium carbonate {260ng, 1.89mmol) and a catal ytic
anount of sodiumiodide in acetonitrile (3m) is.stirred at 45 C for ten
hours. The m xture is diluted with water and ethyl acetate. The aqueous is
extracted with ethyl acetate (2x) and the conbi ned organics washed with
brine (I1x), then dried over sodium sul fatgg and concentrated. The residue is
chromat ographed on silica gel (EtQAc) to give ()-cis-2-

[ 3-met hyl - 4- [£4 < p -fl ugrophenyl am Qo] - | - pi per- idinejethyl
acetate as anﬁbﬂ?&gégn%{a%%é Tﬁ%goé]&%gl%%t hem hydrate is nmade as
described in Exanple 7; oxal@e salt H8i hydrateN4mp. 118-127[err]C

El emental Anapysid: for [err]lgy Qo 7 Hjo Found: ¢ .4 55.7 6.6
6.2 Calculated: 57.3 7.3 6.4
Example 30

Trans-3-[3-methyl-4-](1l-oxopropyl)phenylaminolpiperidine]-
propanoic acid, ethoxymethyl ester
A solution of trans-3-methyl-4-[(l-oxopropyl)phenyl-
amino]-piperidine (300mg, 1.2mmol), ethoxymethyl acrylate
(350mg, 2.4mmol), and acetonitrile (10ml) is stirred at room
. temperature for 24 hours, concentrated to an oily residue,
and chrométographed on silica gel (EtOAc) to give trans-
3-[3-methyl-4-[ (1-oxopropyl)phenylamino]piperidine]propanoic
acid, ethoxymethyl ester as an oil: 300mg; 65%. The
oxalate salt is made as described in Example 7; oxalate
salt: m.p. 115-116°c.

_ Example 31 _. .
Trans-3-[3-methyl-4-[(1l-oxopropyl)phenylamino]piperidine]-

propanoic acid, allyl ester

A solution of .

trans-3-methyl-4-[ (1l-oxopropyl)phenylamino]-
piperidine (300mg, 1.2mmol), allyl acrylate (272mg, 2.4mmol)
is stirred at room temperature for 16 hours and concentrated
to an oily residue which is chromatographed on silica gel _
(EtOAc) to give trans-3-[3-methyl-4-[(l-oxopropyl)phenyl-
amino]piperidine]propanocic acid, allyl ester as an oil:
300mg; 69%.
The oxalate salt is made as described in Example 7: oxalate
salt: m.p. 147-148°C.
Elemental Analysis for C23H3ZN207:

C% HZ% N%
Found: 61.7 7.2 6.2
Calculated:  61.6 7.2 6.2



Cal cul at ed: 56.1 6.7 6.2 Exanple 38 A pharnmaceuti cal
conposition for parenteral or intravenous anal gesic adm nistration can be
prepared fromthe follow ng ingredients: |Ingredients

Anmount 3-.] 4- Met hoxycar bonyl - 4-[ (- (oxopropyl)- phenyl am no] -1 -pi peridi ne] -
propanoi ¢ acid, nethyl ester, HCl salt .........

1 ng Isotonic saline .............. 1 Lisgr- - 59 -

Example 32
Trans-2-[3-methyl-4-[ (1-oxopropyl)phenylaminolpiperidine]-
ethyl acetate '

A mixture of trans-3-methyl-4-[(l-oxopropyl)phenyl-
amino]piperidine (250mg, lmmol), 2-bromoethyl acetate
(338mg, 2.0mmol), potassium carbonate (300mg, 2.2mmol),
sodium iodide (50mg, 0.3mmol), and acetonitrile is stirred
at room temperature for 16 hours. The resultant mixture is
diluted with a saturated solution of sodium bicarbonate
(25m1).and extracted with ethyl acetate (2 x 25ml). The
organic extracts are combined, dried over magnesium sulfate,
and concentrated to an oily residue which is chromatographed
on silica gel (EtOAc) to give trans-2-[3-methyl-4-[(1l-oxo-

- propyl)phenylamino]piperidine]ethyl acetate as an oil:
300mg; 89%. The oxalate salt is made as described in
Example 7; oxalate salt: m.p. 149-150°C.

Elemental Analysis for 021H30N201:

C%Z HZ% N%
Found: 59.6 7.2 6.6
Calculated: 59.7 . 7.2 6.6
Example 33
(x)-Cis-3-methyl-4-](l-oxopropyl)-2-fluorophenylamino]-

piperidine o _

A solution of l-methoxycarbonyl-3-methyl-4-(2-fluoro-
phenyl-amino)-piperidine (12.953, 48 .6mmol), prepared
according to the procedure of W.F.M. Van Berer et al., J.
Med. Chem. 1974, 17, 1047 and T.R. Burke, Jr. et al., J.
Med. Chem. 1986, 29, 1087, except that 2-fluoroaniline was

* substituted for aniline, and propionic anhydride (12.5ml,
97.2mmol) is refluxed.for fifteen hours. The cooled
solution is diluted with ethyl acetate and washed with 2N
sodium hydroxide (2x), saturated sodium bicarbonate (5x), IM
phosphoric acid (1x) and brine (1x). The organics are dried
over sodium sulfate and then concentrated. The residue is

dissolved in ether and hexanes and cooled to -10°C for



O her conpounds of the invention of course can be substituted for the
foregoi ng specific conpound, utilizing a relative anpunt of such other
conmpounds in the conposition depending on the effective analgesic activity

of the particular conmpound. Exanple 39 The conpounds of forrula (I)

in Table Il are prepared by foll ow ng the procedures described herein

usi ng equi val ent anounts of appropriat€S8arting materi al s.

R
H b. -(cH2)§tftren hours. The gelid that prpcipitated ispcplleg€rd and

2) 2000t Bu
Et

[err] a. -(CH2)2COOwe Et

recrystallEbed from ethfl and hexanel o gﬁ@@zlggxﬁbﬁethoxﬁ-
ca?%onylf3-meth§5?4-{?iEonpropy§5-Z-fluorophghylamino]-
piperidine as a solid: 3.2g; 20%; m.p. 128-130°C. The
mother liquors are combined and concentrated to give a
mixture of cis and trans isomers along with some other
imﬁurities. _

A suspension of cis-1—methoxycarbony1-3-methy1-4-
[(1-oxo-propyl)-2-fluorophenylamino]-piperidine (3.2g,
9.89mmol) in 48% aqueous HBr (20ml) is refluxed for two
hours. Upon heating the mixture dissolution occurs. The
solution is cooled to 0°C and 5N NaOH is added until the PH
is between 11 and 12. The aqueous phase is extracted with

methylene chloride (5x) and the combined organics dried over

sodium sulfate and concentrated to give cis-3-methyl-

- 4-(2-fluorophenylamino)-piperidine as an oil: 2.0g; 97%.

To a rapidly stirred mixture of benzylchloroformate
(0.39ml, 2.76mm61) and sodium bicarbonate (284mg, 3.6mmol)
in water (4ml) and ether (4ml) is added cis-3-methyl-4-
(2-fluoro-phenylamino)-piperidine (500mg, 2.4mm01)'as a
solution in ether (2ml). The mixture is stirred for one
hour at ambient temperature, the layers are separated, and
the organics washed with 2N NaOH (2x) and brine (lx). The
organics are dried over sodium sulfate and concentrated to
give cis-l-benzyloxycarbonyl-3—methy1-4-(Z-fluorophenyl-
amino)-piperidine as an oil: 740mg; 90%. ' '

To a solution of cis-1l-benzyloxycarbonyl-3-methyl-4-
(2-fluoro-phenylamino)-piperidine (740mg, 2.16mmol) and
4-dimethylaminopyridine (395mg, 3.24mmol) in acetonitrile
(10ml) is added propionyl chloride (0.38ml, 4.32mmol). ' The
reaction is heated to 50°C for ten hours. The mixture is
concentrated and the residue dissolved in ethyl acetate and
water. The organic phase is washed with saturated sodium
bicarbonate (2x), 1M phosphoric acid (1x), and brine (1x).
The organics are dried over sodium sulfate and concentrated

TABLE 111 X

|isted

H



f. [err] Et H Hg. [err] Et

H h. - CH( CH3) CH2COOMe Et H H. [err]
Et H Hj. -(CH2)2CcoOve Me H
Hk. [err] Et - H H 1. -(CH2)2CO0We
Me MeO CO- Hm -(CH2)2C0O0We Me [err]
Hn. -(CH2)2CO0Owe Me - 56 - H cis()-Me o. [err]
Et H cis()-Me (TABLE Il continued next page) - 60 -
TABLE Il Cpgtpiwedpure cis-1-benzyloxycarbonyl-3-methyl-4-[(1-oxo-
propyl)-2-fluorophenylamino]-piperidine as an oil: 769mg;
89%.

A mixture of cis-1l-benzyloxycarbonyl-3-methyl-4-
[ (1-oxopropyl)-2-fluorophenylamino]-piperidine (576mg,
1.45mmol) and 107 Pd-C (100mg) in methanol (25ml) and acetic
acid (5ml) is hydrogenated at 50 psi for five hours. The
reaction mixture is filtered through celite and the filtrate
is concentrated. The residue is diluted with ethyl acetate,
basified to pH 11 with 2N NaOH and shaken. The separated
organics are dried over sodium sulfate'and concentrated to
give cis-3-methy1-4-[(1-oxopfopy1)-Z-fluorophenylamiﬁo]—
piperidine as an oilf 333mg; 87%.

- Example 34
(i)-Cis—3-[3-methy1-4-[(l-oxopropyl)-2-fluorophenylamino]-l;
piperidinejpropionic acid, methyl ester

A solution of (%)-cis-3-methyl-4-[(1l-oxopropyl)-2-
fluorophenylamino]-piperidine (200mg, 0.757mmol) and methyl
acrylate (0.1Iml, 1.13mmol) in acetonitrile (2ml) is stirred
at room temperature for twelve hours. The solution is
concentrated and the residue chromatographed on silica gel
(2/1 EtOAc/Hex) to yield (%)-cis-3-[3-methyl-4-[(1l-oxo-
propyl)-2-fluorophenylamino]-1l-piperidine]propanoic acid,
methyl ester as an oil: 44mg, 17% yield. The hydrochloride
salt is prepared by bubbling gaseous HCl through a toluene_
solution of the. free base and concentrating to a white
solid; hydrochloride salt: m.p. 177-178°C;

Elemental Analysis for 019H28N20301F:

C% H7% N7%

Found: - 59.0 7.3 7.2

Calculated: 59.0 7.3 7.2
-Example 35

Li)-Cis?B-[3-methy1-4-[(1-oxopropy1)-2-f1uoropheny1amino]-1—
piperidine]propanoic acid, ethoxymethyl ester




Ar sal t mP.(C) a. 2,4-di-F-Ph

oxal ate 177-178 b. 2,4-di-F-Ph oxal ate

181-182 ¢c. 2-F-Ph oxal ate 160-162 d. 2-MeO Ph
oxal ate 139-140 e. Ph oxal ate

164-165 f. Ph oxal ate ' 140-141 g. 2-F-Ph
oxal ate 131-133 h. Ph - 57 - oxal ate

148-149.5 i. Ph oxal ate 146- 148 j. 2-Me-Ph
oxal ate k. 2-Et-#Ptsolution of (tpa@isiP-nethPlhr4-[(l-oxopropyl)-2- HC1 m
EQaIate fluorophenyfi;&ﬂb]-ﬁkﬁg¥%J¥he (70mg, o.zé&ﬁm@i? &ha 2-C-Ph

ethoxymethyl acrylate (73ul, 0.265 mmol) in acetonitrile
(Iml) is stirred at room temperature for eighteen hours.

The solution is concentrated and the residue chromatographed
on silica gel (EtOAc) to give (t)-cis-3-[3-methyl-4-[(1-oxo- -
propyl)-2-fluorophenylamino]-1l-piperidine]propancic acid,
ethoxymethyl ester as an oil: 84mg, 80% yield. The oxalate
salt is made by dissolving the free base in ethyl acetate
and adding an ethereal solution of oxalic acid. The gum
that precipitates is redissolved in hot ethyl acetate and
recrystallizes to give a white solid upon cooling; oxalate
salt: m.p. 96-97°C; -

Elemental Analysis for C,3H33N,05F:

C% HZ% N%Z

Found: - 56.6 6.8 6.1

Calculated: =@ 57.0 6.9 5.8
Example 36

 {£)-Cis-3-[3-methyl-4-[(1l-oxopropyl)-2-fluorophenylaminc]-1-
piperidine]propanocic acid, allyl ester '

A solution of (t)-cis-3-methyl-4-{(l-oxopropyl)-2-
fluorophenylamino]-piperidine (100mg, 0.378mmol) and allyl
acrylate (90ml, 0.757mmol) in acetonitrile (Iml) is stirred
at room temperature for sixteen hours. The solvent is
removed and the residue chromatographed on silipa gel (1/1
EtOAc/Hex) to give (i)-cis-3-[3>methy1-4-[(1-oxopropy1)-2-—
fluorophenylamino]-1l-piperidine]propanocic acid, allyl ester
as an oil: 76mg, 53%. The oxalate salt monohydrate is made
by dissolving the free base in ethyl acetate and then adding
an ethereal solution of oxalic acid. The white solid that
precipitates is collected and washed with ether ‘and ethyl
acetate; oxalate salt moﬁohydrate: m.p. 96-98°C;

Elemental Analysis for C23H33N208F:

: C% H%Z ) N%
Found: 57.3 6.7 5.8
Calculated: 57.0 6.9 5.8



Exanpl es 40-53 Foll owi ng the procedure of Exanple 10 and substituting an
equi val ent anound of the appropriate alkyl acrylate for the nethyl acrylate
of Exanple 10, the foll ow ng conmpounds of. forrmul'a (1) are obtained with'
melting points for the oxalate salt being indicated bel ow 40.

3-[ 4- met hoxycar bonyl - 4-[ (| - oxopr opyl ) phenyl - am no] -1 - pi peri di ne] propanoi c
acid, ethyl ester ... - 58mp. 166-167[err]C - 61 - 41
3-[ 4- met hoxycar bonyl - 4-[ (| - oxopr opyl ) phenyl - am no] -1 - pi peri di ne] propanoi c
acid, propyl ester ... Example 3R p. 169-170[err]C

(£)-Cis-2-[3-methyl-4-[ (1-oxopropyl)-2-fluorocphenylamino]-1-
piperidinejethyl acetate
A suspension of (%)-cis-3-methyl-4-[(l-oxopropyl)-2-

fluorophenylamino]-piperidine (250mg, 0.946mmol), 2-bromo-
ethyl acetate (0.16ml, 1.42mmol), potassium carbonate
(260mg, 1.89mmol) and a catalytic amount of sodium iodide in
acétonitrile (3ml) is stirred at 45°C for ten hours. The
mixture is diluted with water and ethyl acetate. The
aqueous is extracted with ethyl acetate (2x) and the
combined organics washed with brine (1x), then dried over
sodium sulfate and concentrated. The residue is

' chromatographed on silica gel (EtOAc) to give (*)-cis-2-
[3-methyl-4-[(1l-oxopropyl)-2-fluorophenylamino]}l-1l-piper-
idine]éthyl acetate as an oil: 24Img, 73%. The oxalate salt
hemihydrate is made as described in Example 7; oxalate salt
hemihydrate: m.p. 118-127°C;
Elemental Analysis fo? CZIH29N207F.0.5H20:

C% H7% N%

Found: 55.7 6.6 6.2
Calculated: 56.1 6.7 6.2
Example 38

A pharmaceutical composition for parenteral or
intravenous analgesic administration can be prepared from
the following ingredients:

Ingredients : Amount
3-[4-Methoxycarbonyl-4-[ (1-(oxopropyl)-
phenylamino]-1-piperidine];
propanoic acid, methyl ester,
HCl Salt. ...t eeeccaancontaasanotsosononnansns 1 mg

Isotonic saline..... £t ettt s et ec e s e ettt 1
liter '




42. 3-[4-nmet hoxycar bonyl -4-[ (| - oxopr opyl ) phenyl -

am no] - | - pi peri di ne] propanoi ¢ acid, isopropyl ester ..

mp. 176-1770C. 43. 3-[4- nethoxycarbonyl 4-1 (1 - oxopr opyl ) phenyl -

am no] -1 - pi peri di ne] propanoi ¢ acid, n-butyl ester ..

m p. 153-154[err]C. 44. 3-[4-nmethoxycarbonyl-4-[(1- oxopropyl)phenyl
am no] - | - pi peri di ne] propanoi c acid, iso-bygtyl ester ..

m p. 177-178[err]C 45 3- [ 4- met hoxycar bonyl - 4- [ (1- oxopr opyl ) phenyl -

b 160 160 C - EhEERaREbIRgS ox BAS ?“Mfﬁg%ﬁ%%r%%“ﬁeh““ be
an1no]-|-p|p%mbﬂth@?b#@péﬂnlchacfdrelOpeatyreQ% be ComPoung ut11121ng a
mp. 141-142x0 afive anddnt®sHOSYERT HORYL - bompdaRdPPIRPhe PESHYSsition

depending on the effective analgesic activity of the

particular compound.

: Example 39
The compounds of formula (I) listed in Table III are
prepared by following the procedures described herein using
equivalent amounts of appropriate starting materials.

TABLE III
X R R1 RZ
a. -(CH,),C00Me Et H H
b. —(CHZ)ZCOOnBu Et H H
c. -(CHZ)ZCOOtBu Et H H
d. -(CH,),CO0Me Et H H
e. (CHZ)ZCOO(CH )ZOMe Et H H
| £. -(CHZ)ZCOO(CH )ZOEt Et H H
g. -(CH,),CO0CH,0Me : Et H H
h. -CH(CH,)CH,COOMe Et H H
i. -CH,CH(CH,)COOMe Et H H _
j. -(CH,),CO0Me Me H H
k. -(CHZ)ZCOOCHZOMe Et H H
1. -(CHZ)ZCOOMe Me MeO-CO- H
m. -(CHZ)ZCOOMe Me MeO-CH, - H
n. -(CHZ)ZCOOMe _ Me H | cis(x)-Me
o. -(CHZ)ZCOOMe ' Et H cis(t)-Me

(TABLE III continued next page)



am no] - | - pi peri di ne] propanoi ¢ acid, 2-nethylbutyl ester ..
mp. 162-163 C. 48. 3-[4-nethoxycarbonyl -4-[(1-oxopropyl ) phenyl -

am no] - | - pi peri di ne] propanoi ¢ acid, isopentyl ester ...

mp. 148-149 C. 49. 3-[4-methoxycarbonyl -4-[(1-oxopropyl)phenyl -

am no] - | - pi peri di ne] propanoi ¢ aci d, neopentyl ester

... mp. 157-158 C - 62 - 50. - 60 -

3- [ 4- met hoxycar bonyl - 4-[ (1 - oxopr opyl ) phenyl - ami no] - I - pi peri di ne] pr opanoi ¢
acid, hexyl ester ..... m p. 141-142 C. 51.

3-[ 4- met hoxycar bonyl - 4-[ ( 1- oxopr opyl ) phenyl -
TABLE III Continued

Ar salt m.p. (°C)
a. 2,4-di-F-Ph oxalate 177-178
b. 2,4-di-F-Ph oxalate 181-182
¢c. 2-F-Ph oxalate 160-162
d. 2-MeO-Ph oxalate 139-140
e. Ph oxalate 164-165
f. Ph oxalate 140-141
g. 2-F-Ph oxalate 131-133
h. Ph oxalate 148-149.5
i. Ph oxalate 146-148
j. 2-Me-Ph oxalate -
k. 2-Et-Ph oxalate -
1. Ph HC1 -
m. Ph HC1 -
4-CF3-Ph oxalate -
2-Cl-Ph - oxalate -

_ " Examples 40-53
Following the procedure of Example 10 and substituting
an equivalent amound of the appropriate alkyl acrylate for
the methyl acrylate of Example 10, the following compounds
of. formula (I) are obtained with melting points for the
oxalate salt being indicated below:

40. 3-[4-methoxycarbonyl-4-[(1-oxopropyl)phenyl-
amino]-1-piperidine]propanoic acid, ethyl
P T A m.p. 166-167°C.



am no] - | - pi peri di ne] propanoi c acid, heptyl ester .mp. 129-130[err]C 52.
3-[ 4- met hoxycar bonyl - 4-[ (| - oxopr opyl ) phenyl - am no] - | - pi peri di ne] propanoi c
acid, octyl ester .mp. 141-142 C 53.

3-[ 4- met hoxycar bonyl - 4-[ (| - oxopr opyl ) phenyl - am no] - 1- pi peri di ne] pr opanoi c
acid, tert-butyl ester .mp. 157-158[err]C. In the synthesis procedure of
Exanpl es 40-53, the al kyl acrylate startigqg-material nmay be avail abl e
comercially, nmay be synthesized by literature procedures or may be

synt hesi zed by thg fol4 %&g t f;yﬂﬂgﬂ anount
of the approprlate alco é%%ﬁ#n EPgn tu%%?%figlrred é@?ﬁtlon of
3-methyl butanol (2.0 api -almqr alr5erANC kS afidie !{12010519 22.6
mmol) in ester. Ceeie e Ceereaan ee..m.p. 169- 170°c.

42. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-l-piperidine]propanoic acid, isopropyl
eSter.. ...ttt esestancccnas m.p. 176-177%c.

43. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-1l-piperidine]propanoic acid, n-butyl
-8 ot m.p. 153-154°cC.

44. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-1l-piperidine]propancic acid, iso-butyl
P TS m.p. 177-178%..

45. 3-[4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-

amino]-1-piperidine]propanoic ac1d, sec- butyl
ester..... Creesseecsseaans ...m.p. 160- 161°c.

46. 3-[4-methoxycarbonyl-4-[(1- oxopropyl)phenyl—

amino]-1- plperldlne]propan01c "acid, n-pentyl
ester.........c... cisicersaas m.p. 1l41- 142°¢c.

47. 3-[4-methoxycarbony1-4-[(l-oxopropyl)phenyi-
amino]- 1 -piperidine]propanoic acid, 2- methylbutyl
ester.....................;..m p. 162-163 °c.

48. 3-[4-methoxycafbony1-4-[(l-oxopropyl)phenyl-
amino]-l-piperidine]propanoic acid, isopentyl
eSter. ... .ttt eernnaasanas m.p. 148-149°C.

49. 3-[4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-
amino]-1- plperldlne]propan01c acid, neopentyl
@SteT. . ittt aaaannn m.p. 157-158%c.



di chl oronethane (5 m) at O[err]C is added dropwi se triethylamne (3.2 nm,
22.7 mol ). The solution is stirred for 30 m nutes at roomtenperature and
then concentrated to a residue. The residue is washed with hexanes (2 x 10
m ) and .the resultant conbined organics are concentrated and filtered
through a plug of silica to give 3.0 g of 3-nethyl butyl acrylate as an oil,
93% vyiel'd. It will be understood that -t lgg enbodi nents descri bed herein are
nerely exenplary and that a person skilled in the art may make many
variations and nodifications w thout departing fromthe spirit and scope of
the invention. ABD.su3h[#enkthoaycerboayd -dali(driomerrery l)phengdd to be

i ncluded within the sgapaoqt1Lpepe?Y8ikleprIpatficnekid] hegyappended
cl ai ms. : o)
ester.....ccocevevaans ERRRERE m.p. 141-142"C.

51. 3-[4-methoxycarbonyl-4-[(l-oxopropyl)phenyl-
amino]-1-piperidine]propanocic acid, heptyl
LY - 1 o - m.p. 129-130°C.
52. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-1l-piperidine]propanoic acid, octyl |
eSter. ...t eeeecccnssacncnns m.p. 141-142°C.

53. 3-[4-methoxycarbonyl-4-[(1l-oxopropyl)phenyl-
amino]-1l-piperidine]propanoic acid, tert-butyl
eSter...cioeevrnnacconns ceess m.p. 157-158°C.

In the synthesis procédure of Examples 40-53, the alkyl
acrylate starting material may be available commercially,
may be synthesized by literature probedures or may be
syntheéized by the following procedure, substituting an

_equivalent amount of the appropriate alcohol ‘for 3-methyl
butanol:

To a stirred solution of 3-methyl butanol (2.0 g, 22.6
mmol) and acryloyl chloride (2.05 g, 22.6 mmol) in
dichloromethane (5 ml) at 0°c is added dropwise.
triethylamine (3.2 ml, 22.7 mmol). The solution is stirred
for 30 minutes at room temperature and then concentrated te
a residue. The residue is washed with hexanes (2 x 10 ml)
and the resultant combined organics are concentrated and
filtered through a plug of silica to give 3.0 g of |
3-methylbutyl acrylate as an oil, 93% yield.

It will be understood that the embodiments:described
herein are merely exemplary and that a person skilled in the
art may make many variations and modifications without
departing from the spirit "and scope of the invention. All
such modifications and variations are intended to be
included within the scope of the invention as defined in the

appended claims.



63 CLAI M5 A conpound of fornula (1) [err] wherein X is a nmenber selected
fromthe group consisting of: [err] al koxy-carbonyl-(C 1.4)alkyl,
([err])al kyl -carbonyl oxy-([err] )alkyl, al kenyl oxy- carbonyl ([err] )al kyl
wherein the al kenyl group contains up to 10 carbon at
([err])al koxy-([err])al koxy-carbonyl -([err])al kyl. Ar §*ﬁ3§5ﬁlgr HER dg
fromthe group consisting of phenyl, nono-, di- and trj -sumﬁﬁF |,
wherein each substituent is |ndepeﬁaehtly sel ected fromthe group
consisting of halo, ([err])-alkyl, ([err]) alkoxy and trifl uoronethyl;

CLAIMS
i -

(1) A compound of formula (I) | /\_\“\“l\\\\\““l“\‘\s“\\“\

1

\\__R

Ar_N/ Rl
\/ /2

./'\ /

"\ /

H—Z

wherein:
X is a member selected from the group consisting of:
- alkoxy-carbonyl-lower alkyl,
lower alkyl-carbonyloxy-lower alkyl,
alkenyloxy-carbonyl-lower alkyl, and.
(C |- ,)alkoxy~(C;-,)alkoxy-carbonyl-lower alkyl.

Ar is a member selected from the group consisting of phenyl, mono-,
di- and tri-substituted phenyl, wherein each subtitutuent is
indépendently selected from the grouﬁ consisting of halo, lower
alkyl, lower alkoxy and trifluoromethyl; .

R is a member selected from the group consisting of lower alkyl, and

“ lower alkoxy-lower alkyl; .

Rl is a membér selected from the group consisting of hydrogen, lower
alkoxy-carbonyl, and methoxymethyl; and

R2 is a member selected from the group consisting of hydrogen and
methyl;

and the diastereomeric and enantiomeric isomers thereof, and the acid

addition salts of said combounds and isomers.

- (2) A compound according to Claim 1 in which'Ar-repreéents a phenyl

or 2-substituted phenyl group.

__/

asBemlRTﬂmmd

T



R is a nenber selected fromThe group consisting of ([err])al kyl, and

([err])al koxy-([err])al kyl I cted fronlthe group
consi sting of hydrogen, ([errﬂ“l““ﬁ“ ﬂulnﬂ F and fELHORS e ~.and R2
is a nenber selected fromthe grodp konistirg of hydr OgSSHERy [L—pnd
t he di astereoneric and enantioneric isonmers thereof, [k '
salts of said conpounds and i soners. %§ A conpound accor ar
in which Ar represents a phenyl or 2° uﬁstltuted phenyl group.
A conpound acgqQrding to Cains | or 2 wher resents a nyI or
2-f1 uoropheny( of GepPound acoerding Font &g cﬂr é t"&egﬁ’gp f ’iﬂpﬁFg"é&P %0 3
wherein R rephefgNios ZFluorophenyl group.

(4) A compound according to any of Claims 1 to 3 wherein R represents

an ethyl group. . :

(5) A compound according to any of Claims 1 to 4 wherein Rl represents
a hydrogen atom or a methoxycarbonyl group.

(6) A compound according to any of Claims 1 to 5 wherein R! represents
a methoxycarbonyl group.

(7) A compound according to any of Claims 1 to é wherein X is an
alkoxycarbonyl-lower alkyl group.

(8) A compound according to any of Claims 1 to 7 wherein X is an
alkoxycarbonylethyl group. ' ,

(9) A compound according to any of Claims 1 to 8 wherein said compound
is an alkyl ester of 3-[4-methoxycarbonyl-4[ (1-oxopropyl)phenyl-
amino]-l-piperidine]propanoic acid.

(10) A compound of Claim 9 wherein the carbon atom of the alkyl
portion of the said alkyl ester, directly attached to the oxygen is a
methylene or methyl group.

(11) A compound selected from:
5~[4-methoxycarbonyl~4-[1-oxopropyl)phenylemino]-l1-piperidine]-
pentanoic acid methyl ester;
2?[4-methoxycarbonyl—4[(l-oxopropyl)phenylamino]-l-piperidine)ethyl
acetate;

3-[4-[(1-oxopropyl)- 2-fluoropheny1amlno]—l-plperldlne] propanoic ecid,
methyl ester; or -
3-[4-methoxycarbonyl-4-[ (1-oxopropyl)phenylaminol- l-piperidine] -
probanoic acid vinyl ester;

or a pharmaceutically acceptable ecid addition salt thereof.

(12) 3-[4-Methoxycarbonyl-4-[ (1~oxopropyl)phenyl-amino]-l~piperidine]
propenoic acid methyl ester, and pharmaceutically scceptable acid
addition salts thereof..

(13) A compound according to any of Claims 1 to 12 or a
pharmaceutically acceptable acid addition salt thereof for use in

therapy.
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ethyl group. 5. Ac c

compound a
[err] represents a h iﬁ I
conmpound accordi ng t
C

or di F to any of Clainms 1 to 4 wherein

c
l met hoxycar bonyl up. 6. A
: to 5 wherein RL- 23T 3
nmet hoxycar bonyl group. 7. onp ound according to anj

wherein X is an [err]- alkoxy ar onyI (E rr])alkyl gr oty
according to any of Clains 1 to 7 mhereln Xis an ([err])-
alkoxycarbonylethyl group. 9. A conpound accordlng to any of Clalns | to
8 wherein sai ound is an ([err])al kyl ester of

3- [ 4- et hoxyca(llﬁa)%e usg Pfo%cﬁﬂméﬁwcl gReeRdingntchepy 1of Blgias; ditreldrarpanoi c

aci d. 10. E’Eﬁ&é@ﬂléﬁll@ &dBpPateheid ddaet fon BAIt 2herao?f id eeal kyl
portion of the sa d al kyl ester, directly attached to the oxygen is a

met hyl ene or M8PH !jF?)Lpr 8 jmedicamentfot iipesit dbectreetpent of pain:

(15) A pharmaceutical composition which comprises a compound of

formula (I) as defined in Claim 1 and the disastereomeric and
enantiomeric isomers thereof and the pharmaceutically acceptable acid
addition salts of said compounds and isomers together with a
pharmaceutically acceptable carrier thereof.

(16) A process for the preparation of a compound of formula (I)

as defined in Claim 1 which comprises

(A) reacting & compound of formula (II)

(11)

in which the groups Ar, R, R! and R? have the meanings defined above

for formula (I), with a reagent serving to introduce the group X.

(B) A process for preparing compounds of formula I wherein X is an
alkoxy-carbonyl-lower alkyl group or an alkenyloxy-carbonyl-lower _

alkyl group which comprises esterifying a compound of formula (A)

Ar. COR
\N< /R 1
e R2 _
T/ \f/ (A)
'\N / . This Sheet Has Been Replaced
. N T
X




5-[ 4- met hoxycar bonyl - 4-[ ( 1- omo] 1- pi peri di ne] - pent anoi ¢

acid nethyl ester; 2-[4- netho Mﬂ 1 - oxopropyl -henylan1no] 1
- pi peridine] ethyl acetate; nﬂmfw -2 fluo FrRed]

- pi peridine] propanoic aci d ;
3-[4- met'hoxycar bonyl - 4- ( 1- oxopropyl ) pheny! afi no] 1 pilps

acid vinyl ester; or a pharmaceutica by -acceptabl e acid addi tion

t hereof . 12.

3- [ 4- Met hoxycar bonyl - 4- [ (1- oxopr opyl ) phenyl - am no] - 1- pi peri di ne] propanoic
aci d met hyl  egheghicANehd hRbaRE At 16,2k} YarRICR2 k! Ehedhbshingdi ddraRed abbve

thereof. 13. A conpound "accordi hg "o Caiml12 in the formof a
hydr ochl ori de agg| Xa represents a carboxy-lower alkyl substituent.

(C) A process for the preparation of compounds of formula (I) wherein
X represents a lower alkyl—carbonyloxy-lower alkyl group and Rl
represents a hydrogen atom or a methyl group which comprises reacting

a compound of formula (VIII)

\/
\/RR
A,
T3
.\/.

2

oweralkyl-CH,OH

in which the groups Ar, R and R2 are as defined in formula (I) end R!
represents hydrogen or methoxymethyl with an appropriate lower

alkylanhydride.
(D) A process for the preparation of & compound of formula (I) in

which Rl represents a hydrogen atom.
which comprises reacting a compound of formula (XVIa)

T ® (XVIa)
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t hereof. .14. A conpound any of Clains | to 13 or a
phar maceutical |y acc%mﬂmﬁ ﬂﬁﬁ“m on salt thereof for use in therapy.

15. The use of a co fig+«o0 any of Clains 1 to 13 or a

pharmaceutically acceptable acid addition salt th T TR ture
of a nedicanment for use in the treatment of pain: ||18#S 8K e il al
conposi ti on which conprises a compdnd of fornulal{(l) RE ‘med-inic aiml

and t he disastereoneric and enantioneric isonmers thereof and the
pharmaceutically acceptable acid addition salts of said conpounds and
I somers together with a pharmaceutically acceptable carrier thereof. 17. A

process for ' anE o f {0 : I i '
G aim o whi ot Sheae RAE ol ar, On’ %gﬁa”%x%oﬁ‘ﬁd“‘%%”’?a% Sarafed i Aifhuld
(I) with a compound serving to introduce the group COR where R has the

meanings defined in formula (I)..

(E) Subjecting another compound of formula (I) to an interconversion
reaction;

and if necessary or desired subjecting the compound from any of the
steps (A) to (E) to one or two further reactions compfising:

(i) qonverting a compound of formula (I) or a salt thereof into a
pharmaéeutically acceptable salt thereof.

(ii) resolution of a racemic mixture to give a specific enantiomer
thereof .

This Sheet Has Been Replaced




Ar CR Nf[err] in which the groups Ar, RR R and R2 have the neani ngs

defi ned above for fornmula (1), with a reagent serving to introduce the
group X. (B) A process for preparing conpounds of formula | mhereln X is an
([err])al koxy-carbonyl-([err])alkyl group or an al kenyl op=cs
)al kyl group which conprises esterifying a conpound of f
which the groups Ar, R [err] and [err] have the neani ng§
Xa represents a carboxy-([err])alkyl substituent. (C) A process for the
preparation of conmpounds of fornula (1) wherein X represents a
([err])al kyl -carbonyl oxy-([err])al kyl grsusgyraeyd [err] represents a hydrogen
?ton1§r a nmet hyl group which conprises reéacting a conpound of formula

VI

N-PHENYL-N— (4—PIPERDINYL JAMIDES
USEFUL" AS ANALGESICS

N-Phenyl-N-(4-piperdinyl)amide derivatives are disclosed having
the general formula (I).

SO 1)

X is a member selected from the group eoneisting%%fz
alkoxy-carbonyl-lower alkyl,
lower alkyl-carbonyloxy-lower alkyl,
alkenyloxy-carbonyl-lower alkyl, and
(Cl_z)alkexy-(Cl_z)alkoxy-carbonyl-lower alkyl. _

Ar is a member selected from the group consisting of phenyl, mono-,
di- and tri-substituted phenyl, wherein each subtitutuent is
independently selected from the group consisting of halo, lower
alkyl, lower alkoxy and trifluoromethyl; |

ﬁ is a member selected from the group consisting of lower alkyl, and
lower alkoxy-lower alkyl;

Rl is a member selected from the group consisting of hydrogen, lower
alkoxy-carbonyl, and methoxymethyl; and

R? is a member selected from the group consisting of hydrogen and
methyls; .

and the diastereomeric and enantiomeric isomers thereof, and the acid

addition salts of said compounds and isomers.



67 [err] in which the groups Ar, Rand R2 are as defined in formula (1) and
[err] represents hydrogen or nethoxynethyl with an appropriate [err]

al kyl anhydri de. (D) A process for the preparation of a conpouno =Epr nul a
(1) in which R represents a hydrogen atom which e ET
conpound of formula (XVia) [err] in which the grot

group COR where R has the neanings defined in for S
anot her conpound of fornula (1) to an interconversion

The compounds exhibit analgesic activity having relatively short
durations of analgeéic action. The invention embraces the compounds
(1), pharmaceutical compositions of (I) and methods of providing
analgesia with (I). Also included are certain novel intermediates for

making (I).
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reaction; and if necessary or desired subjecting the conmpound from any of

the stgps (A to (E) to one or two further reactions conmppgy

converting a conpound of formula (1) or a salt thereof - MWTSHEET

pharmaceutically acceptable salt thereof. (ii) resolutioh pf a racem<cC

m xture to give a specific enantioner thereof. ' C 4 MAR 1997
ABSTRACT

N-PHENYL-N-(4-PIPERDINYL JAMIDES
USEFUL: AS ANALGESICS

N-Phenyl-N-(4-piperdinyl)amide derivatives are disclosed having
the general formula (1. '

0
2\
*_R

/
Ar;_N\ /R

aY,
Lol
\/

X

R2

wherein: _ -

X is a member selected from the group consistingv%fz
alkoxy-carbonyl-lower alkyl, '
lower alkyl-carbonyloxy-lower aikyl,
alkenyloxy—darbonyl-lower alkyl, and

(€1 2)alkoxy-(C,_,)alkoxy-carbonyl~lower alkyl.

Ar is a member selected from the group consisting of phenyl, mono-,
di- and tri-substituted phenyl, wherein each subtitutuent is
independently selected from the group consisting of halo, lower
alkyl, lower alkoxy and trifluoroﬁethyl; -

ﬁ is a member selected from the group consisting of lower.alkyl, and
lower alkoxy-lower alkyl;

R! is a member selected from the group congisting of hydrogen, lower
alkoxy-carbonyl, and methoxymethy1° and

R2 is a member selected from the group consisting of hydrogen and
methyl; ' ,

and the diastereomeric end enantiomeric isomers thereof, and the acid

addition salts of said compounds and isomers.
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" The compounds exhibit analgesic activity heaving relatively shorf
durations of analgesic action. The invention embraces the compounds
(1), pharmaceutical compositions of (I) and methods of providing
analgesia with (I). Also included are certain novel intermediates for

making (I).
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CLAIMS
1. A compound of formula (I)

a

\} 3 |
= I

Ar—N\‘ I_RIRZ
/\/
i
\/ -
X

wherein
X-is a member selected from the group consisting of:
(C,.10) alkoxy-carbonyl-(C , )alkyl,
(C,.)alkyl-carbonyloxy-(C, , )alkyl,
aIkenyloxy-cart:ionyl-(c,_4 )alkyl wherein the alkenyl group contains up to 10
carbon atoms, and
(C,..)alkoxy-(C, ; )alkoxy-carbonyl-(C,_)alkyl.
Ar is a member selected from the group consisting of phenyl, mono-, di-
and tri-substituted phenyl, wherein each substituent is independently
selected from the group consisting of halo, (C,,)-alkyl, (C,,) alkoxy and
triﬂuoromethyl; - _
R is a member selected from the group consisting of (C,)alkyl,
and (C,)alkoxy-(C,_)alkyl;
R! is a member selected from the group consisting of hydrogen,
(C,.)alkoxy-carbonyl, and methoxymethyl; and .
R?is a member selected from the group consisting of hydrogen and methyl;
and the diastereomeric and enantiomeric isomers thereof, and the acid
addition salts of said compounds and isomers.

2. A compound according to Claim 1 in which Ar represents a phenyl or 2-
substituted phenyl group.
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3. A compound éccording to Claims 1 or 2 wherein AL-EEDEEEE.BM_ED_GQYLQI'

2-fluorophenyl group.

4. A compound according to any of Claims 1 to 3 wherein R represents an
ethy! group.

5.~ A compound according to any of Claims 1 to 4 wherein R' represents a
hydrogen atom or a methoxycarbonyl group.

6. A compound according to any of Claims 1 to 5 wherein R' represents a
methoxycarbonyl group.

7. A compound according to any of Claims 1 to 6 wherein X is an (C,_,o)-
alkoxycarbonyl-(C , ,)alkyl group.

8. A compound according to any of Claims 1 to 7 wherein X is an (C,_)-
alkoxycarbonylethyl group.

9. A compound according to any of Claims 1 to 8 wherein said compound is
an (C,,)alkyl ester of 3-[4-methoxycarbonyl-4[(1-oxopropyl)phenyl-amino]-1-
piperidine]propanoic acid.

10. A compound of Claim 9 wherein the carbon atom of the alkyl portion of the
said alkyl ester, directly attached to the oxygeh is a methylene or methyl
group.

11. A compound selected from:
5-[4-methoxycarbonyl-4-[(1-oxo propyl)phenylammo]—1 -piperidine}-pentanoic
acid methyl ester;
2-[4-methoxycarbonyl-4[(1-oxopropyl)phenylamino]-1-piperidine]ethyl
acetate;
3-[4-[(1-oxopropyl)-Z-ﬂuorophenylamino]-1-piperidine] propanoic acid,

: Thls Sheet Has Been Rep laced '




12.

13.

14.

15.

16.

17.
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methyl ester; or
3-[4-methoxycarbonyl-4-{(1-oxopropyl)phenylamino}-1-piperidine] propanoic
acid vinyl ester;

or a pharmaceutically acceptable acid addition salt thereof.

3-J4-Methoxycarbonyl-4-[(1-oxopropyl)phenyl-amino}-1-piperidine] propanoic
acid methyl ester, and pharmaceutically acceptable acid addition salts
thereof.

A compound according to Claim 12 in the form of a hydrochioride sait
thereof.

A compound according to any of Claims 1 to 13 or a pharmaceutically
acceptable acid addition salt thereof for use in therapy.

The use of a compound according to any of Claims 1 to 13 or a
pharmaceutically acceptable acid addition sait thereof in the manufacture
of a medicament for use in the treatment of pain:

A pharmaceutical composition which comprises a compound of formula
(I) as defined in Claim 1 and the disastereomeric and enantiomeric
isomers thereof and the pharmaceutically acceptable acid addition salts of
said compounds and isomers together with a pharmaceutically acceptable

carrier thereof.

A process for the preparation of a compound of formula (I) as defined in

Claim 1 which comprises

(A) reacting a compound of formula (II)
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in which the groups Ar, R, R' and-R? have the meanings defined above for
formula (1), with a reagent serving to introduce the group X.

(B) A process for preparing compounds of formula I wherein X is an
(C,.10)alkoxy-carbonyl-(C,_,)alkyl group oran alkenyloxy-carbonyi-(C,_, )alkyl
group which comprises ‘esterifying a compound of formula (A)

Ar  COR
\/
N

(4)

in which the groups Ar, R, R! and R? have the meanings defined above and
Xa represents a carboxy-(C, )alkyl substituent.

(C) A process for the preparation of compounds of formula () wherein
X represents a (C,_)alkyl-carbonyloxy-(C ,,)alkyl group and R_1 represents

- a hydrogen atom or a methyl group which comprises reacting a compound
of formula (VIII) '
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MmN /"1

(C,_4)alkyl~CH,0H

in which the groups Ar, R and R? are as defined in formula (I) and R
represents hydrogen or methoxymethyl with an appropriate (C,)
alkylanhydride.

(D) A process for the preparation of a compound of formula (x) in which
R’ represents a hydrogen atom.
-which comprises reacting a compound of formula (xvIa)

Ar, H
\N/

-0
N . .

.T/ N/ S .(xyla-)
\N/

|

X

in which the groups Ar,' R? and X have the meanings defined in formula
'.(I) with a compound serving to introduce the group COR where R has the
meanings defined in formula (1) .

(E) Subjecting another compound of formula (I) to an interconversion
reaction; ,
and if necessary or des1red subjectmg the compound from any of the steps
(A) to (E) to one or two further reactions comprising:

(i) converting a compound of formula (I) or a salt thereof into a
pharmaceutically acceptable salt thereof. '
(i) resolution of a racemic mixture to give a specific enantiomer thereof.
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A compound according to Claims 1 or 2 wherein Ar represents a phenyl or
2-flucrophenyl group.

A compound according to any of Claims 1 to 3 wherein R represents an
ethyl group.

A compound according to any of Claims 1 to 4 wherein R' represents a
hydrogen atom or a methoxycarbonyl group.

A compound according to any of Claims 1 to § wherein R! represents a
methoxycarbonyl group.

- A compound according to any of Clalms 1 to 6 wherein X is an (C, )~

alkoxycarbonyl-(C-, 4)alkyl group

A compound according to any of Claims 1 to 7 whereln Xis an (C,. 10)-
alkoxycarbonylethyl group '

A compound according to any of Claims 1 to 8 wherein said compound is
an (C,,)alkyl ester of 3-[4-methoxycarbonyl-4[(1-oxopropyl)phenyl-amino}-1-
piperidine]propanoic acid.

A compound of Claim 9 wherein the carbon atom of the alkyl portion of the
said alkyl ester, directly attached to the oxygen is a methylene or methyl

group.

A compound selected from:

5-[4-methoxycarbonyl-4-[(1-oxo propyl)phenylamino}-1-piperidine]-pentanoic
acid methyl ester;

2-[4-methoxycarbonyl- 4[(1-oxopropyl)phenylamlno] -1-piperidine]ethyl
acetate;

3-[4-[(1-oxopropyl)-2-fluorophenylamino}-1-piperidine] propanoic  acid,

-7 /.’.



