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Claim

1) A compourid of formula

/ (/CHz)dm
o.\ )\ OH
W

A\l A4

witerein

R 1is a phenyl optionally substituted by from 1 to 3 substituents
selected among Cl-Cf4 alkyl, 01—04 alkoxy, hydroxy, halogen and
trifluoromethyl or a 5~ or O-membered heteroaryl, containing
from 1 to 3 heteroatoms selected among nitrogen, oxygen and
sulfur, oprtionally substituted by from 1 to 3 substituents

selected among CI—C alkyl, Cl'—‘C4 alkoxy; hydroxy, halogen;

4
I&x and Rz, the same or different, are a linear or branched C’_Cé
) 1
alkyl, a € S—Cé ¢ycloalkyl; or

RE and RZ’ together with the nitrogen atom to which they are

bonded, are & §- or G-membered heterocycle, which may further
’ V i i/2
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contain 1 or 2 heteroatoms selected among nitrogen, oxygen and

sulfur, optionally substituted by 1 or 2 Cl—C4 alkyl groups;

R, is a hydrogen atom or a phenyl optionally substituted by from 1

[F%)

to 3 substituents selected among 01_04 alkyl, CI—C4 alkoxy,
hydroxy, halogen and trifluoromethyl;
n is an integer selected between 1 and 2;

or a salt thereof with a pharmaceutically acceptable acid.

8) A process for the preparation of the compounds accerding to

claim 1 comprising the reaction of a compound of formula

S,
°=\N)\c{)_\%

l
CH-R,
b3

R

(Iv)

wherein R, RS and n have the meanings reported in claim 1;
in an organic solvent with an amine of formula
R
// 1
H-N )
R
2

wherein KI and R2 have the meanings reported im claim 1.
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The present invention relates to derivatives of Z2-amminoethanol

and, more particularly, it relates to compounds of formula

_/—(ch;,)

L 1n

5 0=  OH

\.\: A\J AR

[ CH—CHB-N (1)

wherein

-~

10 R is a phenyl optionally substituted oy frem 1 to j supstituents
selected ainong Clec4‘alxy1, 01—34 alkoxy, hydroxy. halogen and
trifluorometiiyl or a 5- or o-membered hetervaryl, cContalning
from 1 to 3 heteroatems seélected among nitrogen, oxygen and

~

sulfur, optionmally substituted by from 1 te 3 supstituents

15 selected amqng'sl-c4 alxyl, cl-c, alkoxy, nydroxy. nalogen;
: 1 4
RI and R, tae same or different. are a linear or brancned Cl_ob
alkyl, a C_-C. cycloalxyl; or
3 0 7
Rl and RZ’ together witn tne nitrdgen atom to walcn they are
bonded, are a 3~ or o-memoerec neterocycle, whicn may furtaer
20 contain 1 or 2 neteroatoms selected among nitrogen. oxygen and

sulfur, optionally supstituted by 1 or 2 CI_CJ alkyl groups;
R_is a hydrogem atom or a pnenyl optionally subsrituted oy from 1

to 3 substituents selected among C‘l—Ct alkyl. Ci—C4 alikoxy.

4
aydroxy. malogen and trifluoromethyl;

43 n is an integer selected between 1 and 2.
By tne term lincar or pranchea CI-CO alikyl we refer to metnyl.
atayl, prepyl, isopreopyl. outyl. isoouryl, séc.butyl, T.putyl,
n.pentyl, J-pentyl, isopentyl. neopentyl. hexyl and isonexyl
gEOUPS «

¥

3 By the tent quua eycloalkyl we rerer to cycloprepyl. cycloburyl,
9
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-2 -
cyclopentyl and cyclonexyl groups.
Specific examples of neterocycle are pyrrelidine, piperidine,
morpholine, piperazine, N-methylpiperazine and 2,0~dimetnylpiperi-
5 dine.
Specific examples of heteroaryl are isoxazele, pyridine and
thiophene.

The compoeunds of fermula I have at least two asymmetric centers

\...
,,,:/ and they can be in the form of stereoisomeric mixtures or of a
* @
,‘..° 1¢ single stereoisomer obtainable by sStereoselective syntihesis or by
L2
chi separation from the sterecisemeric mixture.
.
.o se Therefore the stereoisomeric mixtures as well as the single
g stereoisemers of the compounds of formula I are an object of the
present imvention.
15 & furtner osject of thne invention are the salts of the compounds
of formula I with organic or inorganic acids suitable for pharma-
., ceutical use.

Examples of suitable acids are hydrochleri¢. nydrebromic, sulfur-
ic, eitric, smccinic, p.hydroxybenzoic, maleic, glycolic acid.

20 Preferred compounds of formula I are the compounds wnerein R is a

’ pnenyl or an isoxazole, optionally substituted by from 1 to 3
substituents selected among chlorine and bromine atoms, metnyl,
ethyl, methoxy, etnoxy, nydroxy and trifloromethyl groups; n is 1;
Ri and RZ are botn a sec.butyl group; Rj 1s a hydrogen atom.

25 A more preferred embodiment of the present invention is represent.-
ed by the compounds of fermula I wnerein RI and R, are bpoth a
(R)-seg . outyl group. 7 7
The compounds of formula [ have a remarkable d¢entral analzesic
getivity and they can be used in pharmaceutical field in balanced

30 anaestngsia and in tne treatment of delorous syndromes from

AR
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different origin, such as for example neoplastic origin or conse-

quent upon a surgical operation.
The preparation of the compounds of formula 1 object of the
5 present invention is carried out according to <the following
reaction scheme.
Scheme 1

d00C

* e , CH_) (cn )
seoe @ ¢
et l | y ;
' 2

LY X} 10
“es® o (II-&) __\\\ CH Cd (1I-B)
edoe
sees CH—R
LY 3 I J (\n=1)
et . R
soen ’ I
ee® S 15 1
e« 60
e oo
vee o
CH,.)
X‘)n
eese " NcH=CH .
et & 20 | 2 (II1)
. ClH-R _
‘:‘...: [ 3
R
25 (bdz)n
0 -
<N CHi—CH _
| . 2 (L¥)
CH-R
7
R

30 $
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H-N ‘ (V)

(I,

(wherein R, Rl’ R2: R3 and n have the above reported ﬁeanings and
the asterisks show the.asymmetric carbon atoms).
The vinyl-pyrrolidinone or piperidinone of formula II-A is trans-
formed into the corresponding N-substituted derivative of formula
1I1.
Alternatively, the intermediate [II wherein n=1 can be prepared
also by decarboxylatien of the carboxyderivative of formula II-B.
Subsequently the intermediate III 1is oxidized im order to obtain
the epoxide of formula IV,
From the epoxide IV the compound of formula I is prepared by
reaction with a suitable amine of formula
\/Rl
H=N (V)
Kz
wherein Rl and R, have tne apove reported meanings.
The compounds of formula [I-A and [I-B are known or easily obtain-
able by known metihods.
in particular, the compounds of formula I[i-A are described in

European Patent Application No. 144064 (Gruppe Lepetit S.p.a.),

whilé the compounds of formula [I-B are easily obtainable from

known compouunds acceording to the method deseribed in Belgian
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.

Patent No. 873760 (Merrel Toraude et Compagnie).

A practical embodiment of the present invention is the following.
5-etnenyl-2-pyrrolidinone (II-A; n=1) or O-ethenyl-2-piperidinone
(II-A; n=2) are reacted with a suitable halide of formula

3
R-CH-X
wherein R and R, have the above reported meanings and X represents
9

a halogen atom,. preferaply cnlorine or bromine.

The reaction 1s carried out in the presence oI alkall metals, suchn
as for example sodium and potassium, of alkali metal nydrides,
sucn as for example sodium hydride or potassium hydride or other
alkali metal derivatives such as for example sodium amide and
potassium amide In an inert organie solvent such as dioxane,
xylene, teluene, dimethylformamide, dimetnylsulfoxide. tetranydro-
furan at a temperature between 0°C and 50°C.

Alternatively, in the preparation of tne compounds of Formula III
wnerein R_ is daifferent from aydrogen, tne starting compound [I-a

J

is reac.ed with an alconol of formala

R

I

R-Cii-0H

wherein K and R3 have the apbove reported meanings, Lin acetic acid
and in tae presence of p.toluenesulfonic acid.
The intermediate of formula IJI is tuen oxidgized 1in order to
obtain the corresponding epoxide of formula IV.
The epoxidation reaction is carried out directly on tae intermedi-
ate ill oy using peracids. oxygen or peroxides as oxidizing
agents.

Examples of suitable peracids are m.cnloropervenzeic acid. perace=

tic acid; pervenzeic acid., ¢fifluoropéraceric acid. j.5-dinitro-
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peroxybenzoic acid.

Examples of suitable peroxides are hydrogen peroxide, t.butyl
peroxide and titanium tetralsopropoxide.

Exclusively for practical and economical reasons, m.chloroperben-
zoic acid in an organic solvent such as chloroform, dicnlorometh-
ane, dichloroethane is preferably used.

Alternatively, especially in the presence of easily oxidable

groups in the intermediate of formula IIL, the epoxide [V, may be

prepared as follows. The intermediate III is oxidized first to tne
corresponding diol derivative by using, for example, osmium
tetroxide or potassium permanganate, and then the diol derivative
is transformed into the epoxide IV by treatment with a base.

The epoxide IV gives the compounds of formula I object of the
present invention by reaction with a suitable amine of formula V.
Examples of suitable amines of formula V are dimetnylamine,
methylethylamine, diethylamine, di-n.propylamine, di-isopropylam~

ine, dibutylamine, di-isobutylamine, di-sec.butylamine, (R,R)-di-

sec.butylamine, (S,S)—di—sec.butylamine, (R,S)-di-sec.putylamine,

piperidine, pyrrolidine, piperazine, N-methyl-piperaczine, morpho-
line, 2,o-dimethyl-piperidine, dicyclopropylamine, dicycloburyl-
amine. dicyclopentylamine, dicyclonexylamine, di-(3-pentyl)amine,
N-(2-butyl)-N~isopropylamine.

The amine of formula V is generally used in excess and it may also
act ds a solvent.

Optionally the reaction may be carried out by wusing organic
solvents sucn as alipnati¢ alconols, alipnaric and aromatic
hydrocarbons, or ethers.

An alternative method for the preparation of the compounds of

formula I wherein n=1 consists in using j-carboxy-j-ethenyl-2-
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-7 -
pyrrolidinones of formula II-B as starting compounds.

Theseé compounds, which can be prepared from esters of 2-ethenylcy-
clopropane-1,1-dicarboxylic acid according to the method described
in Belgian Patent No. 873760, are directly dec;rboxylatcd, without
iselation, by heating, giving the 5-ethenyl-2-pyrrolidinones of
formula III.

By oxidation and condensation with an amine V according to what
above reported, the compounds of formula’ i wherein n=1 are obtain-
ed.

The c¢ompounds of formula I have at least two asymmetric centers,
which have been marked by asterisks in Scheme 1, and therefore

they can be in the form of single stereoisomers or in the form of

stereoisomeric mixtures.

Further asymmetric centers may be optionally present on substitu-—

ents R, R,, R, and R _.
2 3

1’
If the compounds of formula I are obtained as a stereoisomeric
mixture, the single stereoisomers can be separated by conventional
techniques such as crystallization and chromatography.
Analogously, the §eparation can be carried out on one of the
intermediates of the syntnesis and particularly on tne epoxide of
formula IV.

It is clear to the man skilled in the art that, by the process
reported in Scneme 1, tne compounds of formuld I can be obtaihed
stereoselectively.

For example., starting from a compound of foruula [i-A or [{-B with
predetermined configuracion, an epixide of Tfomaula IV as a single
steéreoisomer may be ootained by a stereoselective epoxidation.
Then, thne reaction of tné epoxide IV, obtained by stéreoselective

synthesis or by separdtion from steredisomeric mixture. witn an
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amine of formula V gives the stereoisomerically pure compounds of
formula I.

When further asymmetric centers are present on substituents Rl and
Rz, the stereoisomerically pure compounds of formula I are obtain-
ed by using amines of formula V with predetermined configuration
such as (R,R)-di-sec.butylamine, (S,S)-di-sec.butylamine, (R,S)-
di-sec.butylamine and N—ii(R)~butyl7—N—isopropylamine.

Preferred compounds are tnose in whicn the carpon atoms marked by
an asterisk in the formula I reported in Scheme 1 have both S
configuration.

The salts of the compounds of formula I with pharmaceutically ac-
ceptable acids are prépared according to conventional techniques.
The pharmacelogical @evaluation of the <compounds object of the
present invention proved that they have a hign affinity and a
remarkable activity towards opioid recepters. and that they have
remarkable antinocilceptive properties making tinem particularly
suitable for the use in therapy as tentral analgesic¢s which are
more active and have less side effects thad morpnine and related
¢tompounds, because they do not imduce physical dependénce,

In particular thé pharmacolégical activity nas been showed, in
comparisoen with merphine, by in vitro tests, sucn as the evalua-
tion of tne competition for binding of ﬁ-3§7-dihydromorphine (DHM)
to opioid receéptors and tne eQaluation oI the morpnine-like
activity on guinea-pig isolated ileum (described in example 12},
as well as by in vivo tests such as hot-plate test on mouse
(described in example 13) and jumping test (descrived in example
1)

Toxicity tests were carried on mice by subcutaneous administration

30 of increasing doses of tie compounds of formula 1 in order to
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evaluate the acute toxicity, expressed as LDSO'
The compounds of formula I showed LDSO v;lues higher than 300
mg/kg s.c. with a quite favourable therapeutic index between 100
and 10,000.
The compounds object of the present invention can be administered
at therapeutical doses between 1 and 3500 mg/day by oral route and
between 1 and 500 pg/day by intravenous or intramuscular route.
The pharmaceutical compesitiens containing the compounds of
formula I or pnarmaceutically acceptable salts thereof as active
ingredient are a further object of the present invention.
Such compositions may contain the active ingredient together witn
suitable solid or liquid pharmaceutical excipients and they can be
administered by oral or parenteral route.
The pharmaceutical compositions, obtainable according to- kKnown
methods, can be s0lid such as tablets, coated tablets, capsules,
powders, freeze-dried powders to be diluted at the moment of use
and granulates, or liquid such as solutions, suspensions, emul-
sions. |
In addition they can ¢ontain further usual excipients such 'as
preserving agents, stabilizing agents, wetting agents. emulsifying
agents, salts to regulate the osmotic pressure, buffers, colouring
agents, flavouring agents.
In eorder to vetter illustrate tne present invention the following
examples are now given.

Example 1

Preparation  of ,f§52flfjf2achloroonenvl)methvlf—s-erhennyzf

pyrrolidinone

30% Nad im oil (3.57 g; 0.1133 moles) was added in portions to a

solutien of (355)=j-etrnenyl-id-pyrrolidisone (12 g; 0.105 woles) in
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dimethylformamide (120 ml), keeping the temperature at about 20°C.
After about 30 minutes, Nal (0.3 g; 0:0054 moles) was added and
then, at room temperature, 2-chlorobenzyl chloride (19.13 g;
0.1188 moles) was added dropwise.
The reaction mixture was kept under stirring at room temperature
for 3 hours and then poured into a mixture of water and ice (320
mlj.
After extraction with ethyl ether, the collected organic pnases
were washed with water and dried on sodium sulfate.
After evaporation of the solvent, aa oil was obtained and distil-
led at 125-130°C/0.3 mmtig giving (55)—1—1?2—cnlor0pnenyl}metny%7—
5-ethenyl-2-pyrrolidinone (24.4 g; 96% yield)
ﬂ20=+131'7° (c=2.4%, ethanol)

1
“H-NMR (200 MHz, CDCL -T48) delta (ppm): 1.71-1:87 (m,- 1H1;

La]

2.13-2.81 (m, 3H); 3.92 (m, 1H); 4.54 (AMq, 2H, delfaA=4.88,

delta =4.20, J  =15.0 dz); 5.00-5.19 (m. 2H); 5.55-5.73 (m, 1i);

Ab
7-15-7.35 (m, 4H).
By working in a similar way the following compounds were prepared.

(5R)fl-[f2—chlorophenyl)methyl--S-ethenyl—Eepverlidinone

b.p.=145-150°C/0.0 mmdg - Y% yield
£;£7DZO=—I28,8° {c=2%, ethanol)

1H—NMR (200 MHz, CﬁClg—TMS): delta (ppm): 1.71-1.57 (m, 1H);
2.13-2.01 (m, 3H); 3.92 (m, 1H)5 4.54 (aMq, 2, delea =4.83,

deltaw=4,20. J \=15.6 Hz); 5.00-5.19 (m, 2H)y 5.55-5.73 (m. IH);

AM
7.15-7.35 (m, 4d).

{33)=-5=gtnenyl-1~-{pnenylmecnyl)-2-ovriolidinone

b.p.=115-113°C/0.4 mmHg - 85% yield

9

éﬁi?pk =+170.2° (c=2%; 955 etnanol)
1 Y ) , .
H=ntil (200 #Hz, CDCL ~Tx8): delta (ppm): 1.00-1.83 (m, 1H);

3

- st s A s As W e ks memrn s

PRV,



e o ¥

4ﬂ%% £ W

ﬁ:‘

10

15

20

25

30

- 11 -
2.07-2.58 (m, 3H); 3.87 (m, 1H); 4.41 (AMq, 2H,. deltaA=4.98,
@elta“=3.84, JAM=14.Q Hz); 5.08-53.24 (m, 2H); 5.55-5.73 (m, 1H);
7.18-7.35 (m, 5H).

(SS)-S-ethenyl-1-/72-f1u0roghenyl)methyl7-2fpyrr©lidinone

b.p.=109~112°C/0.3 mw ., - 93% yield
- - 20
[ag/Dz =+131.5° {c=2.4%, ethanol)

(‘L

T .
H-NMR (200 MHz, CDCl _-TMS): delta (ppm): 1.68-1.

~

5 {m. 1ﬂ)3

(O8]

2.10-2.58 (m, 3H); 3.91 {(m, 1H); 4.47 {(Aiq. 2H, deltaA=4.83,
deltaM=4.1Q, JAM=15.2 Hz); 5.10-5.22 (m, 2H); 5.55-5.72 (m, 1H);
6.95-7.31 (m, 4H).

(SS)—S;ethenyl—l-[f -methoxypnenyl Jmetnyl/-2-pvrrolidinone

b.p.:=140-142°C/0.3 mmHg -~ 94% yield

15{7D20=+150.9° (c=2%, ethanol)

1H—-NMR {200 >MHz, CDClg—THS): delta (ppm): 1.04~1.31 (m,- 1H);
2.05-~2.56 (m, 3H); 3.75 (s, 3d); 3.80 (m, 1H); 4.30 (AMg, 2H,
deltaA=4.93, deltaM=3.79, JAM=14.7 Hz); 5.08-5.22 (m. 2H); 5.33-
5.71 (m, 1H); 6.73-6.79 (m, 3H); 7.15~7.23 (m, 1H).

(58)-1-/73. 4-d1cnloroohenvl)methvl/-g-etnenvi 2~pyrrolidinone

m.p.=57=58°C (n.hexane) - 93% yield
-~ - 20

/ =+123.0° (¢=2%, etnanol)

Hl\

H-NMR (200 MHz, CDCL_ -7MS): delta {(ppm): 1.07-1.85 (m. 1H);
2.10-2.58 (m. 3H); 3.%6 {m., 1H4); 4.34 (AMg, 2H, delta =4.825
delt a,=3. .30, I 149 dz);  5.10=3.25 (m, 2d}; §.51-5:09 (n. 1H)
7.05 (dd, 1H); 7.29 (d, 1H); 7.30 [d, 1HJ.

(35)~1-/T4~bromophenyl )metnyl/=3-ethenyl-2-pvrrolidinone

b.p=133=140°C/0. 4 amdg ~ 955 yield

-2

L‘E 0q+110.2° (¢=2%, etnanol)

1 H=NMR (200 MHz, CDClL ~T4S): delta (ppm): 1.04~1.32 (m, 1Hj;
3

2.,00=2.%0 (m, 3H); 3.00=3.85 (m, i)y 4.32 (ABy, 2, deltaA=4sa4,
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delta =3.81, J,.=14.5 Hz); 5.07-5.21 (m, 2H); 5.50-5.70 (m, 1H);
7.05-7.41 (m, 4H).
(SS)—5—§thenxl7IfZTB—rrifluoromerhylphenyl)methyl7—2-oyrrolidinone

5 b.p.=103-105°C/0.3 mmHg - 94% yield

[ 7020=+110“5° (c=2%; ethanol)
LioNiR (200 MHz, CDCl3-TMS): delta (ppm): 1.65-1.82 (m, 1H);
2.07-2.55 (m, 3H); 3.77-3.88 (m, 1d); 4.42 (AXg, 2H, deltaAz4.91,

deltat=3‘94, J, .=14.8 Hz); §.06-5.21 (m, 2H); 5.50-5.70 (m, 1H);

AX
10 7.37-7.55 (m, 4H).

_(555—1—(3—bromo-5-isoxazplvlmethvl)—5—ethenvl—z—pyrrolidinone

b.p.=120-125°C/0.25 mmHg - 0% yield

L _7D20=+56,O° {e=2%, ethanol)

s

i wR (200 Mz, COCL-T4S): delta (ppm): 1.70-1.90 (m, 1H);

15 2.17-2.48 (m, 3H); 3-97-4.00 (s, 1H); 4.48 (ABg, 2H, deltaAad.sz,
delta =4.14, J =16 Hz); 5.23-5.33 (m, 2H); 5.54-5.71 (m, 1H);
6.25 (s, 1).

(SS)—E:ethenvl-l—(2—thienylmethyl)—2-pvrtolidiqone

b.p.=116°C/0.6 mmHg - 86% yield
20 KZQ7DZQ=+IS3W1° (c=2%; ethanol)
JH—NMR (200 MHz, @DCls—TMS): delta (ppm): 1.63-1.830 (m, 1H);
2.07-2.52 (m, 3H); 3.90-3.98 (m, 1#H); 4.05 (d, 1H, J=15.2 Hz);
5.04 (d, 1H, J=15.2 Hz); 5.55-5.73 (m, IH); 0.87-7.26 (m, 3H).
Example 2

25 preparation of the racemic mixture of lféTz-cnloronnquijmethVLZ—

S-ethenyl-2-pyrrolidinone

A solution of 2-chilorobenzylamine (15.5 g; 0.05 woles) in absolute
ethanol (23.4 ml) was added rapidly to o.o-dimethyl-2-ethenyl-
5,7~di®xaspire£§?§7oetane-4,S—disne (9.31 g5 0.05 moles), cooled

30  in ice-bath and under stirring.

37
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During the addition the temperature arose up to about 35°C and
then it came back rapidly to the room value.
The reaction mixture was kept overnight at rest and then it was
heated under reflux for 1.3 hours.
After evaporation of the solvent, the residue was dissolved in
ethyl ether (240 ml), wasned with 10% HCl and then extracted with
a NaHC03 solution. The aqueous phase was washed with ethyl ether,
acidified with 10% HCl and extracted with ethyl ether,
The collected organic extracts were washed with water and dried on
sodium sulfate.
After evaporation of the solvent, the obtained residue was heated
at 185-195°C for 15 minutes.
By distillation at 125-130°C/0.3 mmig 1séfz—chlor©phenyl)mechyl7—
5-ethenyl-2-pyrrolidinone (8.3 g; 75% yield) was obtained as
racemic mixture.
LH-NMR (200 Mz, CDCL-TM$): delta (ppm): 1.71-1.87 (m, 1H);
2.13-2.61 (my 3H); 3.92 (m, 1H}; 4.354 (AMq, 2H, deltaA=4.88,
delcaM=4.zo,, JAM=15.6 Hz); 5.00-5.19 (m, 2H); 5.55-5.73 (m, 1H);
7.15-7.35 (m, 4H).

Example 3

Preparation of (SS)—1—(diphenylmethvl)~S—erhenyl—z-pvrrolidinone

A solution of (58)-5-ethenyl-2-pyrrolidinone (2.2 g; 0.02 moles),
diphenylmethanoel (7.37 g; .04 moles) and p.toluensulfonic acid
monohydrate (7.0l g; 0.04 moles) in agetic¢ acid (25 ml) was heated
under reflux for 1.5 hours.

After cooling, the solutien was poured into water (100 ml) and
extracted with ethyl ether.

The organic¢ ptiase was wasned with a saturated NaHCO3 agueous

solution, with water, dried on NazSO and evapoerated to dryness.

4
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The residue was purified by chromatograpny on silica gel, using as

eluents; first hexane:ethyl acetate=95:5 in order to remove p.tol-

7

uenesulfonic acid diphenylmethyl ester and then ethyl acetate.
08

An oil was obtained and purified by distillation at 170°C/0.4 mmtg

5
(2 g; 306% yield)
m.p.=04-65°C (isopropyl ether)

-— -

lai/nﬁo=+15'1° (c=2%, 95% ethanol)

LR (200 MHz CDCIJ—TMS): delta (ppm): 1.73-1.90 (m, 1H);
2,17-2.64 (m, 3H); 3.97-4.07 (m, 1#); 4.77-4.86 (m, 2H); 5.50-5.

(m, 1H); 6.26 (s, IH); 7.18=7.36 {m, 10H).
Example 4

Preparation of diastereoisqmers (55.2'S) and (5832'Rf of 1—/?”—

sec®
L ] L
10

chlorpohenvl)methvl7-5-oxiranvl-Z—pyrrolidigone
A mixture  of (SS)=1-£f2—chlorophenyl)mernyl7e5-ethenyl—z—pyrroli~
0.2740 moles) 1in

15

dinone (29.2 g; 0.1239 moles), prepared as described in example 1,

and of 35% 3-chloroperbenzoic acid (55.0 g;
c¢hloroform (302 ml) was kept at 40°C for 24 hours.
the organic phase was extracted with 10% NaOH
the residue was pufified by

{5 x 30 ml), washed with water and dried on sodium sulfate.
silica gel, eluent ethyl
the two diastereoisomers

e
L
After cooling,

20
After evaporation of the solvent,
obtaihing

chromatoegrapiy (Jobin Yvon Chromatospac,
acetate:petroleum ether=8:2)
(55,2'S) and (55,2'R) of l-lrz-chIOFOpnenyl)mechyl7-5-oxiranyl—2—
g; 05% yield) in a ratio (55,2'S):(55,2'R)=

25 pyrrolidinone (20.2

67:33.
Diastereoisomer (55,2'S)
m.p.=81«33°C {cyclonexane:n.hexane=1:1)
_ﬁu7D2°=+43‘3° (c=2%, ethanol)
IHaNMR (200 MHz, OCDCL_=TMS): delta (ppm): 1.91-2.27 (m, 2H)

36

5
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2.35-2.73 {m, 4H); 2,22-2.8% (m, 1H); 3.23-3.32 (m, 1H}; 4.08
(ABq, 2d, deltaA=4.85, deltaB=4a4d, JAB=15.b Hz); 7.10-7.36 (m,
4H).
5 Diastereoisomer (5S.2'R)
m.p.=75-70°C (cyclehexane:n.hexane=1:1)
1537D2°g+80.2° (¢=2%, ethanol)
IH—NMR {200 MHz, CDClg—IMS): delta (ppm):‘ 1.85-2.02 (m, 1H);
2.11-2.30 (m, 1H); 2.39-2.76 (m, 4H); 2.89-2.06 (m, 1H); 3.11-3.22
E'.':. 1o (m, 1H); 4.78 (ABy, 2H, deltaA=5.00, deltaB=4.55, JAB=15.8 Hz);
.:::°: 7415-7:41 (m; 4H),
.:::’: By working in a similar way the following couples of diasterecise-
;E" mers were prepared.
;::". (5R.2'R}) and (5R.2'S)-1—/?2—cnlorqphenyl)methyl?—S—oxiranyl-Z—
T 15 pyrrolidinone
caes ratio (5R,2'R):(5R,2'8)=71:20 -~ 72% yield
.:°..° Diastereoisomer (5R.2'R)
Taee m.p.=75-76°C (isopropyl ether)
$.ete (2] *°=-43.0° (c=2%, ethanol)
20 IH—NMR (200 MHz, CDClg—TMS): delta (ppm): 1.91-2.27 (m, 2H);
s 2.35~2.73 (m, 4H); 2.22-2.88 (m, 1H); 3.23-3.32 (m, 1H); 4.68
'.:‘ f (ABg, 2H, deltaA=4.88, delta =4.48, JAB=15.8 Hz); 7.16-7.38 (m,
estene

4H).
Diastereoisomér (5R,2'S)
25 m.p.=84-859C (isopropyl ether)
(2727820 (c=2%, ethanol)
TR (200 MHz, GDC13-TMS); delta (ppm): 1.85-2.02 (m, 1H);
2.11-2.30 (m, 1H)y 2.39-2.76 (m, 4H); 2.89-2.96 (m, 1H); 3.11-3.22
(m, 1H); 4.78 (ABq, 2H, deltaA=5.oo, deltaB=4.55, JAB215.8 Hz);

30 7015‘7°4‘1 (mg 4H)t
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(55.2'5) and (33.2'R)-3-oxiranvl-1-(pnenvlmetnyvl)j-2~pvrrolidinone

ratio (33,2'S):(35,2'R)=00:34 - 75% yield

Diastereoisomer (35.2'3)

R 20 &~ -
5 oil; iﬂi/D =+57.7° (c=2%, etnanol)
1 e . . . }
H-NMR (200 MHz, CDCl_-TMS): delta (ppm): 1.87-2.22 (m, 2d);

3

2.32-2.70 (m, 4H); 77-2.84 (m, 1H); 3.17-3.27 (m, 1H); 4.52

2.
(AMg, 2H, delta =4.85. delta =4.19, J =15.0 Hz); 7.17-7.35 (.
A > AM

{
o o, 5H).
- 10 Diastereoisomer (35,2'R)
.::;.‘ oil; l;i7néo=+111.*@ (c=2%, ethanel)
':i.f ThowR (200 Mz, cnc&s-rﬁs): delta (ppm): 1.75-1.93 (m, 1H);
::‘f“ 1.99-2.19 (m, 1H); 2.31-2.062 and 2,72-2,76 (m, 4H); 2.84-2.91 (m,
3 S IH); 2.99-3.10 (m, 1H); 4.0l (AMg, 24, deltaA=4.90, deltaM=4.27,
15 JAM=14:6 He); 7.13-7.37 (my, 35H).
':::,: (SS.%'S) , and (55,2'R)i1—172;fluor90henyl)mécth?—S—cxiranyl—zo
‘:'::' pyrrolidinone
o oo, ratio (55,2'S):(5S,2'R)=71:20 - 73% yield
e Diastereoisomer (355,2'S)
20 oil; 42a7D20=+47.5° (c=2%, ethanol)
.:::‘: IH—NMR (260 MHz, CDClS-TMS): delta (ppm): 1.86-2.21 (m, 2H);
egeeny 2.28-2.61 and 2.70-2.74 (m, 4H); 2.79-2.86 (m, 1H); 3.18-3.27 (m,

1H); 4.57 (ABq, 2H, del;aA=4.80, deltaB£4.34, J 15.2 Hz)y ©.95-

7011 (m, 2H); 7.17-7.32 (m, 2H).

AB~

25 Diastereoisomer (55,2'R)
oily 4517D20=+84v0° (¢=2%, ethanol)
TemR (200 MHz, cvc13arms): delta (ppm): 1.78-1.96 (m, 1H);
2.04=2.23 (m, 1H); 2.32-2.62 and 2:69~2.73 (m, 1H); 2.84-2.92 {(m,
IH); 3.06-3.17 (m, 1H); 4.68 (ABg, 2H, deltaA=4.93, delta =4.43,
30 JABzrs.z Hz)s 6.97-7.00 (m, 2H); 7.15-7.32 (m, 2H).
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(55.2'S) and (SS.Z'R)—]—1T3~mernoxyonenyl)mernyl7—§—oxiranvl—2-
prrrolidinone

ratic (58.2'S):(5S8,2'R}=07:33 ~ 30% yield
Diastereciscomer (55.2'S)

- 20 )
oil; Laa7D =+53.2¢ (c=2%, ethanol)
IH-NHR (200 MHz, CDCls—TMS): delta (ppm):

1H); 2.32-2.064 and

1.57-2.03 (m, 1H)y

2.07-2.22 (m, 2.058-2.72 (m, 4d); 2.50-2.80 (m,

1H);  3.20-3.20 (m, 1H); 3.76 (s, 3H); 4:49 (AMg, 2H, delta =4.84.

deltaM=4.14, JAq=15.l Hz); 6.72-0.81 (m, 3H); 7.21 (4d, 1H).

Diastereoisomer (5S.2'R)

o01l; £2§7D20=+117,36 (c=2%, ethanol)
IHhNMR (200 MHz, CDClBaTMS)a delta (ppm):

1H); 2.31-2.62 and 2.72-2.77 (m, 4H); 2.835-2.93 (m.

1.75-1.93 (m, 1H);
2.01-2.20 (m,
1H); 3.01-3.12 (m, 1H); 3.77 (s, 3H); 4.59 (AMg, 2H, deltaA=4.94,

deltaM=4.24,,.JAM=14.6,HZ)s 6.75-6.94 (m, 3H); 7.21 (dd, 1H).

(55.2'S) and (SS.2(R)al-[ZS.4adi¢hlorooheny1)methyl7-5ﬂoxiranylé

2-pyrrolidinone

ratio (58,2'S):(55,2'R)=50:41 - 60% yield
Diastereoisomer (55,2'S)
oil; 1527D20=+2635° (c=2%, ethanol)

IH—NMR (200 MHz, CDCl3—TMS): delta (ppm): 1.88-2.07 (m, 1H);

2.11-2.286 (m, 1H)y 2.34-2.35 and 2.72-2.70 (m, 4H); 2.82-2.88 (m,

1H); 3.28-3.37 (m, 1H); 4.47 (AMg, 2H, deltaA=4.75, deltaB=4.19,

J . =15.2 Hz); 7.08 (dd, 7.32 (d; 1H, J=2 Hz); 7.39 (d, 14,

AM

1H);

Diasterecisomer (5S,2'R)
oil, 4;17520ﬁ+8603“ (c=2.4%, ethanol)

1H); 2.31=2.61 and 2.74-2.78 (m, 4H); 2.80-2.87 (m,

Tomar (200 Mz,
2.04-2.22 (m,

delta (ppm):
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1H) ¢ 2.94-3.05 (m, 1d); .54 (AMg, 2H, deltaA=4;él, deltam=4.2b,
JAM=14.7 Hz); 7.20 tdd, 1H); 7.34 (d, 1H, Jj=8.4 Hz); 7.44 (d, 1H,
J=2 Hz).
(55.2'S) and (SS.EYR)—I—LTJ-bromoDnemyl)merhylﬁ—ﬁ—oxiranv]—ZfﬁVr-
relidinoneé
79% yvield
Diastereoisomer (35.2'S)
0il; Z;g7ﬁ20=+30.9° {¢c=2%, ethanol) _ ‘
IdeNMR (200 MHz, CDClS—TﬂS); delta (ppm): 1.84-2.20 (m, 2H);
2.30-2.72 (m, 4H); 2.82 (m, 1H); 3.10-3.285 (m. 1H); 4.44 (ABg, 2H,
delta,=4.74, delta=4.15, J =15 H;); 7.05-7.43 (m, 4H).
Diastereoisomer (55,2'R)
0il; 1357D26:+88.6° (c=2%, ethanel)
bamR (200 MHz, CDClg—TMS): delta (ppm): 1.73-1.92 (m,- 1H);
2.00-2.18 {(m, 1H); 2.29-2.60 (m; 3H); 2.72-2.76 (m, 1H); 2.80-2.87
(m, 1H); 2.93-3.04 (m, 1H); 4.54 (ABg, 2, deltaA=4;84, del-
tap=4.24, J,p=14+6 Hz); 7.20-7.42 (m, 4H).
(55.2'S) and (SS,2'R)-quxiranyl-16433;triflunrqmethvlpheng})metb—
y17v2—pyrrolidinone
ratio (558.2'S):(55,2'R)=00:40 - 93% yield
Diastereoisomer (55,2'S)
oil; Z;£7D20=+20°3° (c=2%, ethanol)
H-NMR (200 MHz, CDCL ~THS):  delta (ppm)s 1.75-1.94 (m, 1H);
2.00-2.20 (m, 1H); 2.31-2.52 (m, 3H); 2.71-2.786 (m, 1H); 2.80-2.86
(m, 1H); 2.93«3.04 (m, 1H); 4.64 (ABg, 2H, delcaA=4,92, del-
taB=4.36, JAB=14.7 Hz); 7.34~7.58 (m. 4H).
Diastereoisomer (5S,2'R)
oily [a] 0=77.5% (cx2%, ethanol)
LW (200 Mz, COCL-HS):  delta (ppm): 1.87-2.24 (m, 2H); g
§
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2.32-2.54 (m, 3H); 2.04-2.70 (m, 1H); 2.80 (m, 1H); 3.21-3.30 (m,
1H); 4.55 (ABg, 2H, delta\=4;81, delta =4.30, J, =15.2 Hz); 7.40-

7.53 (m, 4H).

AB

(55.2'S) and _(%S.Z‘R)—le(S—bromo—S—isoxézblylmethyl)—5-oxit&nyl-

2-pvrrolidinone

ratio (55,2'S):(5S,2'R)=40:54 - 52.3% yield

biastereoisomer (5S,2'S)

oil;kiai7nzo=+19.4° (c=2%, ethanol)

e (260 MHz, cn313;Tns): delta (ppm): 1.86-2.53 (m, 4H)s
2.60-2.86 (m, 2H); 2.90-2.96 (m, 1H); 3-45-3.56 (m, 1H); 4.60

(ABq, 2H, delcaA=4.81, deltaB=4,40, J =16.6 Hz); ©.30 (s, 1H).

AB
Diastereoisomer (3S.2'R)

0il; 1537520=+56.4° (c=2.5%, ethanol)
LR (200 Mz, COCL,-THS): delta (ppm): 1.80-1.98 (m,: 1H);
2.10-2.60 (m, 4H); 2.76-2.80 (m, 1H); 2.85-2.93 (m, 1H); 3.10-3.20
{m, 1H); 4.72 (ABg, 2H, deltaA=4.90, deltaB=4.54, JAB=16 Hz); 6.31
(s, 1H).

(35.2'S) _and (55.2'R)-1~(diphenylmethyl )~ 5-oxiranvl-2-pvrroli-

ratio (55,2'S):(55,2'R)=86:14 - 81% yield

Diastereoisomer (55,2'S)

m.p.=87-88°C (isopropyl ether)

AZ£7D20=-97.2° (c=2%, ethanol)

T NMR (200 MHz, GDCls—TMS)f delta (ppm): 1.87-1.91 (m, 1H);
2.00-2.22 (m, 2H); 2.24~2.28 (m, 1H); 2.34~2.49 (m, 1H); 2.58-2.76
(m, 2H); 3.30-3.39 (m, 1H); 6.57 (s, 1H); 7.14-7.38 (m, 10H).
biasteréoisomer (53,2'R)

m.p.=104~105°C (isopropyl ether)

i?i?vzo;+532° (e=2%, ethanol)
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IH—NMR (200 MHz, CDCls—TMS): delta (ppm): 1.12-2.23 (wm, 2H);
2.30-2.66 (m, 4H); 2.80-2.50 (m, 1H); 3.30-3.41 (m, 1H); ©.37 (s,
H); 7.25-7.42 (m, 10H).

5 Example 5

1

Preparation of 1-/ 53)—2-0x0—]—(2—thienvlmerhgl)—5-nyrrolidinyl7-

1.2-ethanediol diastereoisomeric¢ mixture

A solution of osmium tetroxide (0.032 g; 0©.000120 moles) in

s e, t.butanol (3 ml) was added to a solution of (5S)-3-etnenyl-1-(2-

:,,::. 10 thienylmethyl)-2-pyrrolidinone (0.22 g; 0.03 moles), prepared as

.:::,. described in example 1, and N-methylmorpholine K-oxide monohydrate

.:,.: {(4.46 g; 0.033 moles) in acetone (15 ml) and water (0 ml), at room

;::i.. temperature and under nitrogen.

© The reaction mixture was kept under stirring at room t2mperature
15 for about 16 hours under nitrogen; then it was diluted with water

':::.: (25 ml), sodium hydrosulfite (0.4 g) and magnesium trisilicate

'i'::' (4.5 g) were added.

¢ oo, After 10 minutes under stirring, the reaction mixture was fil-

e tered, washing with acetone:water=1:1. |
20 The filtrate was treated with IN sulfuric acid up te pH 7 and it

:::.: was evaporated to dryness under vacuum at 60°C.

‘é“'? The residue was dissolved in water,; the solution was acidified up

to pH 2 with IN HZSO saturated with sodium chloride and ex~

) s
tracted with ethyl aceiate (9 x 40 ml).

25 The collected organic phases were washed with a sodium chloride
satarated solution, dried on Na2504 and evaporated to give a
mixture of (18,5'S) and (IR,5"S)-1=/2-ox0~1-(2-thienylmethyl)-5~

pyx‘fdlidinyl?—i,2-=efhanedi@1’ in a ratio (18,5'S):(1R,5'S)=75:25 in

gquantitative yield.

30 TH-NMR (200 MHz, cCDCL 4-THS): delta (ppm): 1.68-2.00 (m, 2H, A+B)y

§ B TR s e e

|
1
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2.1G-2.55 (m, 2H, A+Bj; 3.435-3.00 (m. 3H, A+B); 3.71-3.81 (m, 1H,
B); 4.03-4.09 (m, 1H, A); 4.20 (d, 1H, J=15.4 Hz, A)}; 4.80 (ABq,

2H, delta =5.07, delra,=4.53, J,  =15.3 Hz, B); 5.07 (d, 1H, J=15.4

AB
Hz, A); 0.80-7.25 (m, 3H, A+B).
Example O

Preparation of (55,2'S) and (5S.2'R)-5-oxiranvl-1-(2-thienylmeth-

vl }-2-pvrrolidinone

A solution of methanesulfonyl chloride (4.19 g; 0.0306 moles) in
dichloromethane (28 ml) was added dropwise to a mixture of 1~
/(58)-2-0x0-1-(2~thienylmethyl)-5-pyrrolidinyl/-1,2-ethanediol
{6.08 g; 0.02768 moles), prepared as described in example 5,
benzyltriethylammonium chleride (0.28 g; 0.00124 moles), dichloro-
metnane (28 ml) and 20% (w/w) sodium hydroxide solution (33.4 g3
0.107 moles), under reflux and vigorous stirring.

The reaction mixture was, ‘then, kept under stirring at the same
temperature for 1.5 hours.

After cooling and dilution with water (55 ml), the organic phase
was separated, washed with water up te neutral pH, dried on sodium
sulfate and evaporated to give a mixture of (5S,2'S) and (5S,2'R)-
-5-oxiranyl-1-(2-thienylmethyl)~2-pyrrolidinone (5.8 g; 94% yield)
in a ratio (5S5.2'S):(5S8,2'R)=2:1, as an oil.

The two diastereoisomers were separated by chromatography (Jobin
Yvon Chromatospac, silica gel, eluent ethyl acetate:hexane=8:2)
bDiastereocisomer (55,2'S)

oily /a7 “O=+62.50 (c=2%, etnanol)

leNMR (200 MHz, cnc13—TMs): delta (ppm): 1.85-2.60 (m, 5H); 2.78
{m, 1H); 2.89 (m, 1H)3 3.32-3.41 (m, 1H); 4.07 (ABq, 2H, del=

=4.34, J, =15.5 Hz); 6.89-6.93 (m, 2H); 7.18-7.21

taAﬁ5,01, delta 4B

B
(m, 1H).
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Diastereoisomer (55,2'R)

0il; 1317D20=+106.7° (c=2%, ethanol)

TheMMR (200 Miz, cn0134Tns): delta (ppm): 1.68-1.91 (m, 1H);
2.00-2.18 (m, 1H); 2.26-2.57 (m, 3H); 2.75-2.79 (m, 1H); 2.80-2.04
{m, 1H); 3.04-3.18 (m, 1H); 4.70 (ABg, 2H, deltaAzs.OS, del-
Tag=4-49, Jp |
7.16-7.19 (m, 1H).

=15.2 Hz); ©6.87-6.92 (m, 1H); 7.02-7.05 (m, 1H);

Example 7

Preparation of (1S)—1~ZISS)—I—ZTZ-Chloroohenyl)methl}-Z—gXo-S—

pyrrolidinyl]—Z—/TZR.Z'R)—disec.butvlamin@?etnanol (Compound 1)

A solutien of (5552'R)—l—lzz-chlorophenyl)methy}7—5—oxiranyl-2—
pyrrolidinone (9.5 g; 0.03774 moles), prepared as descriped in
example 4, and (R,R)-disec.butylamine (6.34 g; 0.04906 moles) in
n.butanol (i9,5 ml) was heated under reflux for 70 hours.

After evaporation of the solvent, the residue was dissolved in
cooled 5% HC1l (50 ml) and extracted with ethyl ether (2 x 50 ml).
The aqueous phase was basified with cho3 and extracted with ethyl
ether which was, then, washed with water, dried on sodium sulfate
and evaporated.

The residue was purified by chromatography (silica gel. eluent
CHCl321N methanolic ammonia=98:2) obtaining Compound 1 (7.2 g; 50%
vield).

m.p.=71-73°C (n.hexane)

4&{7D20¥-64.6° (c=1%, methanol)

T NMR (200 Mz, COCL~TS):  delta (ppm): 0.84 (. 6H); 0.90 (4,
6H); 1.12-1.46 (m, 4H); 1.80-2.59 (m, 8H); 3.54-3.67 (m, 2H); 3.93
(bs, 1H); 4.78 (AMg, 2H. deltaA=4.97, deltaM=4.43, JAﬁ=15.7 Hz);
7.13-7.36 (m; 4H).

The absolute configuration was verified by X-ray analysis.
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By working in a similar way the following compounds were prepared.

(lR)mlflfss)wl—/Tz—chlorophenyl)methy17-2~pxo—5-pyrrolidinyl7-2-

/{2R.2'R)~disec.butvlamino/ethanol (Compound 2)

m.p.=00-Q3°C (n.hexane) - 73% yield
- 2

0=+20.0° {(c=1%, methanol)

[l
1’*1,;..1\4'.’-"1R (200 Mhz, CDClg—TMS}: delta (ppm): 0.81 (t, OH); 0.95 (d,
6H); 1.15 (m, 2H); 1.40 (m, 2H); 1.80-2.08 (m, BH); 3.44 (ddd,
1H); 3.52 (bs, 1IH); 3.75 (ddd, 1H); 4:70 (AMg, 2H, delta =4.97,
AM=15’7‘HZ)5 7.13-7.35 (m, 4H).
(18)-1-/T5R)-1~/(2-chlorephenyl Jmethyl/-2-oxe~5~pyrrolidinyl/-2-

deltaM=4.4g, J

/T2R.2'R)-disec.butylamino/ethanol {Compound 3)

m.p.=58-60°C (n.hexane) -~ 06% yield

£EZ7D20=-47.9° (c=1%, methanol)

IHQNMR {200 MHz, GDClEvTMS): delta {ppm): 0.86 {(r, 6H); 0.93 (4,
6H); 1.15-1.50 (m, 4H); 1.83-2.70 (m, 8H); 3.39 (ddd, 1H); 3.69
(bs, 1H); 3.83 (ddd, 1H)s 4.71 (AMg, 2H, delxaA=4.98, deltaM:4.44,
3, ~15+8 Hu); 7.14-7.36 (m, 48).
(lR)-I-[TSR)—l-ZXZ—chlorophenvl)methzl7~2-oxo-5:pyr;olidinvl7—2—

/{2R.2'R)~disec.butyvlamino/ethanol (Compound 4)

m.p.=59~61°C (n.hexane) - 40% yield
fa/ 20__37.80 (c=1%, methanol)

H-NMR (200 MHz, cnc13erS); delta (ppm): 0.85 (t, oH); 0.98 (d,
6H); 1.18 (m, 24); 1.51 (m, 2H); 1.77-2.78 (m, 8H); 3.49-3.64 (m,
2H); 3.50-4.00 (bs, 1H); 4.81 (ABg, 2H, delta =5.00, delta =4.61,
J =157 #2); 7.14-7.37 (m, 4H).
(jR)—laéTSS)aIf[Tzaéhlorggggnyi)methy;Zaz—oxow5fpyrrolidinyl7—27

—t

[?ZS,?'S)—disec.butylam;ngZethanol {Compound 35}

m.p.=58-609C (n.hexane) -~ 70% yield
1327D?°¥m49.06 (¢=1%, methanol)
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TioMR (200 Miz, Cb) -THS): delta (ppm): 0.86 (t, oH); 0.93 (d,
6H); 1.10-1.50 (m, 4H); 1.83-2.70 (m, 8H); 3.30 (ddd, 1H); 3.70
(bs, 1H); 3.32 (ddd, 1H); 4.71 (AMg, 2H, deltaA=4..Q7;, delraM=4.4~5,
J . =15.8 Hz); 7.14-7.37 (m, 4H).

AM
(18)-1-/158)-1-/{2-chlorophenyl Jmethvl /-2—oxo- S-pyrrelidinyl/-2-

/125.2'S)-disec. burvlaminro7et'n‘anol (Compound ©)

m;p.=64—05°C (n.hexane) = 50% yield

LE&;7D2'0=+§24.8° (c=1%, methanol)

Th-mMR (200 MHz, CDC13—IMS); delta (ppm): 0.85 (t, oH); 0.97 (d,
6H); 1.06-1.30 (m, 2H); 1.39-1.00 (m, 2H); 1.76-1.91 {m, 1H);
1.96-2.20 (m, 2H); 2.32~2.77 (m, 5H); 3.47-3.61 (m, 2H); 4.13 (bs,
1H); 4.81 (ABg., 2H, de’ltaA=5.00., deltaB=4.62., JAB=15"7 Hz); 7.13-
7.37 (m, 4H).

(1R)-1-/758)-1- [{2-chXorophenyl )methyl/~2-0xo-5-pyrrolidinyl/-2-

/1 2R, 2'S)-disec ibutylamirro?éthanol (Compound 7)

m.p.=08-70°C (n.hexane) - 70% yield
Z;E7D20=+16-5° (c=1%, methanol)

LR (200 Mz, CDCL -THS) delta (ppm): ©.79 (t, 3H); 0.82 (t,
3H); 0.88 (d, 3H); 0.06 (d, 3H); 1.00-1.57 (m, 4H)s 1.78-2.10 (m,
2H); 2.14-2.66 (m, 6H); 3.37 (ddd, 1H); 3.68 (bs, 1H); 3.86 (ddd,
1H); 4.67 (AMgq, 2H, d.eltaA=4.95, deltaM=4.,39‘2 ,JLAM=15.8 Hz); 7.10-
7.32 (m, 4H).
(15)*}*1155)-1-172rch10ropheny1)mgthyl7—2-oxo—Smpyrrolidinyl7.2_

5 ZR.2"S)—disec.butylamin07_e‘thanpl (Compound 8)

oil = 80% yield

1%71)20&*27:1“ (c=1%, methanol)

LaNMR (200 MH%, CDGl3sTMS): delta (ppm): 0.80 (t, 3H); 0.81 (¢,
3H); 0.88 (d; 3H); 0.95 (d, 3H); 0.91-1.59 (my; 4H); 1.74-2.16 (m,
3H); 2.28<2.60 (m, SH); 3.47=3.61 (m, 2H); 3.99 (bs, 1H); 4.76
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{ABq, 2H, deltaA=4.93, deltaB=4.59, JAB=15.7 Hz); 7.00-7.34 (m,
4d).

(18)-1-/T15R)~1-/{2-chlorophenyl )methvl/-2-oxo-5-pyrrolidinyl/-2-

/(258.2'S)-disec.purylaming/ethanol (Compound )
au.p.=00-09°C (m.hexane) - 68% yield

N
Ti-NMR (200 Mz, CDCISQTMS): delta (ppm): 0.74 (t, oHj); 0.91 (d,

0=+18.4° (c=1%, methanol)

OH); 3.42-3.50 (m, 1H); 3.72-3.80 (m, 1H); 4.06 (ABg, 2H, del-

taA=4.94, deltaB=4'38"JA =16 Hz); 7.11-7.31 (m, 4H).

B
(IS)—lflT5R)-17[72—phloroohenvl)methyl7—2-oxo—5—pyrrolidinvl7—2—

[72R.2’S)-disecfbutylamino7ethanol (Compound 10)

p-=06-67°C (n.hexane) - 68% yield

m.
£2£7D20=-15.0“ (c=1%, methanol)

Ly R (200 MHz, CDCl3-TMS); delta (ppm): 0.78 (t, 3H); 0.81 (t,
3H); 0.87 (d, 3H, J=6.%6 Hz); 0.95 (d, 3H, J=6.6 Hz); 1.00-1.56 (m,
4H); 1.77-2.1 (m, 2H); 2.14-2.65 (m, ©6H)s 3.33-3.40 (m, 1H);
3.73-3.81 (m, 1H); 4.66 (ABg, 2H, delta =4.94, deltaB=4.38, 3,5=16
Hz); 7.10-7.31 (m, 4H).

(1R)-1-/15R)-1-/(2-chlorophenyl )methvl/-2-oxo-5-pyrrolidinyl;-2—

/(28,2'S)~disec.butylamino/ethanol (Compound 11)
, , nar p

m.p.=72-73°C (n.hexane) - 45% yield
Z?§7D20=+65.8° (c=1%, methanol)

1

H-NMR (200 MHz, CDCl,-TMS): delta (ppm): 0.862 (d, 6H, J=0.5 Hz);

3
0.985 (v, 6H)5 1.09-1.40 (m, 4H); 1.76~1.01 (m, 1H); 1.96-2.15 (m,
2H); 2.30-2.54 (m, 5H); 3.50-3.62 (m, 2H); 3.88 (bs, 1H); 4.75
(ABq, 2H, deltaAs4.89, deltaB=4.61, JAB=15.5 Hz); 7.10-7.32 (m,
4H). '

(1R)-1§[7SR)vlaZZZ-Chlprophenyl)methvl7-2«pxo—S—Pyrrﬁlidihylz-2+




=

10

20

25

- 20 ~

/{2R.2'S)-disec.butvlamino/etnanel (Compound 12)

0il; 70% yield

1517D20=+25.8° (c=1%, methanol)

THoMMR (200 Mz, COC1-THS): delra (ppm): 0.82 (t, 3H); 0.83 (t,
3H); 0.89 (d, 3H, J=6.5 Hz); 0.973 (d, 3H, J=7 Hz); 1.01-1.58 (m,
4H); 1:76-1.91 (m, 1H); 1.95-2.18 (m, 2H); 2.31-2.61 (m, 5H);
3.43-3.64 (m, 2H); 4.01 (bs, 1H); 4.77 (ABg, 2H, deltaA=4.QS,
deltaB=4.60, JAB=15,7 Hz); 7.13-7.36 (m, 4H).
(IR)-l‘zzSS?-Z—?xo-l—(phenylmethvl)-Sépyrrolidinyl7—2»172R;2'R)—

disec.butvlamino/ethanol (Compound 13)

m,p.=103-104°C (isopropyl ether) - 73% yield

Y1527D26=-15.35 {c=1%, methanol)

TR (200 MHz, CDClz—TMS): delta (ppm): 0.80 (t, 6H); 0.94 (d,
6H); 1.03-1.49 {m, 4&); 1.79-2.09 (m; 2H); 2.18-2.41 (m, 2H);
2.45-2.63 (m, 4H); 3.50 (ddd, 1H); 3.55 (bs, 1H); 3.72 (ddd, 1H);
4.506 (AXq, 2H, deltaA=4.99, deltax=4.12, JAX=15.0 Hz); 7.17-7.34
(m, 5H).

(18)~1-/758)-2-0xo-1-(phenylmettiyl )~5-pyrrolidinyl/-2~/(2R,2'R)~

disec.butylamino/ethanol (Compound 14)

m.p.=53-55°C (n.hexane) - 51% yield
ZE§7D20=—57.6° (c=2%, ethanol)
IH—NMR (200 MHz, GDClBaTMS): delta (ppm): 0.84 (t, 6H); 0.88 (d,
6H); 1.13-1.46 (m, 4H); 1.69-2.16 (m, 4H); 2.25-2.54 (m, 4H);
3.49-3.62 (m, 2H); 4.07 {bs, 1H); 4.66 (ABg, 2H, delcaA=4,82,
delta =4.50, J, =14.5 Hz); 7.16-7.34 (m, 5H).
(IR)-I—ZTSS)—1&[72-£1uaropheny1)methyl7—2foxq-5-pyrrolidinyl7—2-

LTZR,Z'R)—disee.butg&gmjnq7ethanol (Compound 15)

m.p5.=115-116°C (isopropyl ether) - 72% yield
(3] F<-20.89 (cc1%, methanol)

YT
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H-NdMR (200 Mdz, CDCl_-TMS): delva (ppm): 0.82 (t, oH); 0.96 (d,
S

UH); 1.05-1.29 (m,

2.15-2.39 (m,

2H) ;
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2H); 1.33-1.53 (m, 2H); 1.76-2.10 (m, 2H);

2.46-2.006

{m,

4H); 3.44 (ddd, 1H); 3.51 (bs,

1d); 3.78 (ddd; 1H); 4.01 (AMg, 2H, deltaA=4.92, deltaM=4.31,

=15. 3 ,.Q—? ¢33 3 ‘-
JAM 15.1 Hz); ©6.95-7.35 (m; 4H)

(18)-1-/(558)-1-/{2-fluoropnhenyl Jmethvl/~2-0x0-5-pyrrolidinyl/-2-

/T2R.2'R)-disec.butylamino/ethanol (Compound 16)

m.p.=50-52°C (n.hexane) - 40%

[ec/ 20=-53-9° {c=2%, ethanol)

=y

6H); 1.12-1.46 (m, 4H); 1.74-2.57 (m, 8H); 3.53-3.66 (m, 2H); 3.98
(bs, 1H); 4.71 (ABq, 2H, deltaA=4.87,‘deltaB=4.55} J

H-NMR (200 MHz,

CDCL _-TMS):
3

yield

delta

(ppm): 0.84 (t, 6H); 0.88 (d,

AB:lb.Z Hz);

6.94-7.01 (m, 2H); 7.15-7.33 (m, 24).
(1R)-1-[ZSS}—1-[7Swmethoxyphenyl)methyl7-2—oxowg—pyfrolidinyl7-2—

[72R,2'R)-disec.butylamino7ethanol (Compound 17)

m.p.=74-76°C (n.hexane) ~ 60%

Z;§7b20=-9.3° (c=1%, methanol)

yield

L NMR (200 MHz, CDCL-TM5): delta (ppm): 0.79 (t, 6H); 0.93 (4,

6H); 1.03-1.24 (m,

2H); 1.29-1.49 (m, 2H); 1.75-2.06 (m, 2H);

2.19-2.41 (m, 2H); 2.45-2.02 (m, 4H); 3.47-3.55 (m, 1H); 3.60 (bs,
1H); 3.74 (s, 3H); 3.69-3.77 (m, 1H); 4.52 (AMq, 2H, deltaA=4.96,
deltaM=4.09, JAM=15.2 Hz); 6.73-6.82 (m, 3H); 7.15-7.24 (m, 1H).

(ls)f1~[fss)—i«[{S-methoxyphenyl)methzl7—2—0Xo-5—pyrrelidiny;7-2*

ZTZR.2'R)-disee,burylamino7ethanol (Compound 18)

oil; 70%~yield

[257520=—51.1° (c=1%, methanol)
Th-NMR (200 Mz, CDC1-THS): delta (ppm): 0.83 (¢, 6H); 0.86 (4,

éH)j 1111‘1:4;4 (m,

3-‘48‘“3. 60 (m,

2H) 5

4H)s 1.67-2.15 (m, 3H); 2.23-2.53 (m, 5H);

3.73 (s,

3H);

4.07 (bs, 1H); 4.62 (ABq, 2H,
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v

delcaA=4.78, deltaB;4.46, J. . =14.6 Hz); 6.71-06.77 (m, 1H); 0.85-

AB
6.90 (m, 1H); 7.13-7.24 (m, 1H).

(1R)-1-/758)-1-/13.4-dichlorophenyl)methyl/-2-oxo=-3-pyrrolidinvl/-

—2-272R.2'R)—diseCaburylamino?ethanol (Compound 19)

m.p.=116-117°C (isopropyl ether) - 09% yield

£Ei7b20=—10.0° (c=2%, methanol)

LR (200 MHz, CDClz—TMS): delta (ppm): 0.84 (t, oH); 0.97 (d,
OH); 1.00-1.30 (m, 2H); 1.34-1.54 (m,  2H); 1.82-2.05 (m, 2H);
2.19-2.65 (m, 2H); 3.51-3.59 (m, 1H); 3.61-3.70 (m, 1H}; 3.30-3.50
(bs, 1H); 4.54 (AMq, 2H, deltaA=4.87, delta =4.20, J,, =15.2 Hz) s
7.13 (dd, 1H); 7.36 (d, 1H, J=2.2 Hz); 7.38 (d, 1H, J=8.4 Hz).

(13)—1—[T5S)—I<[T3.4—dichlorophenvl)methyl7-2—ox9—5-pyrrolidinyl7—

-2-[T2R.2'R)—di;ec.butylamino7ethanpl (Compound 20)

oil; 59% yield

1?57D2°=-48.9° (c=2%, ethanol)

Y-NMR (200 Mz, CDCl3—TMS): delta (ppm): 0.82 (t, 6H); 0.87 (d,
6H); 1.10-1.44 (m, 4H); 1.56-1.73 (m, 1H); 1.85-2.11 (m, 2H);
2.20-2.55 (m, 5H); 3.33-3.49 (m, 2H); 4.23 (bs, 1H); 4.63 (ABq,
2H, deltaA=4_71, deltaB§4.55, JAB=14.6 Hz): 7.18 (dd, 1H); 7.30
(d, 1H, J=8.2 Hz)}y 7.43 (d, 1H, J=2 Hz).

(1R)—1-ZTSS)71~(3-bromo—Seisoxazolylmethyl)-2—0xo—5—pyrrolidinv17—

~2-/T2R,2'R)-disec.butylaming/ethancl (Compound 21)
m.p.=111-112.5°C (isopropyl ether) - 55% yield

£;£7D20=—42'2° {c=1%, methanol)

1 NMR (200 MHz, CDCLsﬂTMS): delta (ppm): 0.85 (t, 6H); 0.98 (d,
6H); 1.08-1.30 (m, 2H); 1.39-1.60 (m, 2H); 1.91-2.03 (m, 2H),
2.20-2.71 (m, 6H)5 3.63-3.77 (m, 3H); 4.66 (ABq, 2H, delta =4.90,

deltas=4.43, J,  =16.1 Hz); 6.33 (s, 1H).

AB
(1§)al-[?5§)ai&(JaﬁromdaS-isoxazplylmethyl)fzaoxo—sapyrrglidiny;Za
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-2-/{2R.2'R)-disec.pbutvlamino/ethanol (Compound 22)

0il; 58% yield

/o7 P=-46.1° (c=1%, methanol)

5 LH-NMR (200 Mz, COCL-TMS): delta (ppm): 0.86 (¢, 3H); 0.94 (4,
OH); 1.16-1.45 (m, 4H); 1.95-2.65 (m, 8H); 3.41-3.54 (m, 2H); 4.89
(ABq, 2H, deltaA=4.95, deltaB=4.84, JA,=16 Hz); 6.27 (s, 1H).

B
(1R)-1~ZTSS)-2—oxo-1—[z3-trifluoromethylphenyl)methyl7-5-pyrroli-

dinyl/-2-/(2R,2'R)-disec.butylamino/ethanol (Compound 23)

10 m.p.=806.5-87.5°C (isopropyl ether) - 77% yield
1257D2°=-26.4° (c=1%, methanol)
B-NMR (200 MHz, CDCl3—TMS): delta (ppm): 0.754 (t, 6H); 0.91 (d,
6H, J=6.5 Hz); 1.00-1.46 (m, 4H); 1.78-2.07 (m; 2H); 2.20-2.63 (m,
6H); 3.47-3.55 (m, 1H); 3.64-3.75 (bs; 2H); 4.61 (AXq, 2H, del-
15 ta,=4.98, delta =4.24, J, =15.7 Hz); 7.35-7.50 (m, 4H).
(15)-1—41ss)-2-oxo+1-113-crifluoromethylpnenyl)methy17-5-pyrr01i-

dimyl772—ZTZR.2‘R)-disec.butylamino7ethanol (Compound 24)
0il; 547% yield
‘Z2§7D20=-50.6° (c=1%, methanol)

20 1H-NMR (200 MHz, CDClg—TMS): delta (ppm): 0.80-0.90 (m, 12H);
1.13-1.46 (m, 4H); 1.60=1.72 (m, 1H); 1.87-2.11 (m, 2H); 2.27-2.57
(m, 5H); 3.35-3.53 (m, 2H); 4.27 (s, 1H); 4.76 (ABg, 2H, del-

taA=4.88, deltaB=4.64, JAB=14.5 Hz); 7.34-7.61 (m, 4H).

uigiom *

(1R)~1-/158)=1~/{ 4~bromophenyl )methyl/-2-0xo—5-pyrrolidinyl/-2-

25 /12R,2'R)-disec.butylamino/ethanol (Compound 25)
oil; 81% yield

157 20=-10.2° (¢=1%, methanol)
=D
1

H~NMR (200 MHz, CDCIB-TMS)z delta (ppm): 0.83 (t, 6H); 0.88 (d,

30 2H); 2.22«2.50 (m, S5H); 3.42=3.53 (m, 2H); 4.06~4.21 (bs, 1H);

R ORI S s+ g
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4.02 (aBq, 24, delra =4.72, delta =4.53, J, =14.5 Hz); 7.18-7.40
(m, 4H).

(18)-1-/155)-1-/1 4-bromophenyl jmethyl/-2-oxo-5-pyrrolidinyl/-2-
( )

2R.2'R)-disec.butvliamino/ethanol (Compound 26)

=

.p.=132-133°C (isopropyl ether) - 55% yield
7 20:—53.6° (c=1%, methanol)

H-NMR (200 MHz, CDClg—TMS): delta {ppm): 0.80 (t, 6d); 0.94 (d,
6H, J=0.5 Hz); 1.04-1.49 (m, 4H); 1.77-2.04 (m, 2H); 2.18-2.61 (m,
OH); 3.46-3.53 (m, 1H); 3.55-3.73 (bs, 1H); 4.50 (ABq, 24, del-
AB=15 Hz); 7.08-7.42 (m, 4H).
(1R)-1-/155)-1-(diphenylmechyl)-2-oxo-5-pyrrolidinyl/-2-/(2R.2'R)-

taA=4.86, deltaB=4.12, J

-disec.butvlamine/ethanol (Compound 27)

amorpnous solid - 71% yield
Z?£7D20=-75.4° (c=1%, methanol)
1H—NMR (200 MHz, CDCls-TMS): delta (ppm): 0.77 (t, 6H); 0.85 (d,
0H); 0.92-1.42 (m, 43), 1.83-2.51 (m, 7H); 2.70~2.90 (m, 1H);
3.21-3.31 (m, 2H); 6.50 (s, 1H); 7.12~7.38 (m, 10H).

(18)-1~/155)-1-(diphenylmethyl )-2-oxo-5-pyrrelidinyl/-2-/(2R,2'R)~

—disec.butylamino/ethanol (Compound 28)

m.p.=84-85°C (isopropyl ether) - 39.4% yield

TR (200 Mz, CDCL ~THS): delta (ppm): 0.76 (t, 6H); 0.80 (d,
6H, J=6.5 Hz); 1.07-1.32 (m, 4H); 2.02-2.31 (m, 6H); 2.40-2.50 (m,
2H); 3.00-3.08 (m, 1H); 3.65 (bs, 1H); 4.05-4.12 (m, 1H); 6.40 (s,
1H)g 7.20~7.34 (m, 10H).
f1R)~17275$)-2~qxo*17(Zﬂthienylmethyl)-S-Pzrrolidiny17-2—zx2R.2'R)

-disec.butylamino/ethanol (Compound 29)
m.p.«78-70°C (n.hexane) « 74.3% yield
Z;E7D?O&a19.2° (c=1%, methanol)

1ﬁwNMR (300 MHz, ﬁDCls-TMS)f delta (ppm): 0.88 (t, 6H); 1.00 (d, i
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oH, J=6.7 Hz); 1.15-1.30 (m, 2d); 1.43~1.50 (m, 2H); 1.55-2.03 (m,
2H); 2.24-2.38 (m, 2d); 2.46-2.67 (m, 4H)5; 3.64 (m, 1H); 3.79 (m,

YH); 4.75 (ABg, 2H; deltaA=5.142 deltaB=4.37, J n=15.38 Hz);

A
0.92-7.22 (2m, 3H).

(15)-1=~/158)-2-0x0o-1-(2-thienylmethyl )-5-pyrrolidinyl/-2-/T2R.2'R)

-disec.butvlamino/ethanol (Compound 30)

m.p.=05.5-67°C (isopropyl ether) - 73.5% yield
~ - 20

L/,

1 D

H-NMR (300 MHz, CDCl_-TMS): delta (ppm): 0.90 (t, 6H); 0.94 (d,
3 ;

=-48.6° (c=1%, metnanol)

6H, J=6.5 Hz); 1.23-1.48 (m, 4d); 1.72 (m, 1H); 1.98 (m, 1H); 2.14
(m, 1H); 2.26-2.61 (m, S5H); 3.60 (m, 2H); 4.89 (ABy, 2H, del-
taA=5.03, delzaB=4.7o, JAB=15.0 Hz); 6.91-7.20 (3m, 3H).

Example 8

Preparation of ‘(IR)-I-ZI58)—1»[72—qh16rqphqul)metnvl7—25oxo-5—

pyrrolidinyl7—2jgiperidinoetn;nq1 {Compound 31)

A solution of (58,2'S)-1~[?2—chlorophenyl)methy£7-5_oxiranyl—2-
pyrrolidinone (4 g; 0.010 moles), prepared as described in example
4, and piperidine (2.72 g; 0.032 moles) in ethanol (5.3 ml) was
heated under reflux for 20 hours.

After evaporation of the solvent, the residue was dissolved in 5%
HC1l and extracted with ethyl ether.

The aqueous phase was basified with choi and extracted with ethyl
ether which was, then, washed with water, dried on sodium sulfate
and evaporated. .
A thick oil (4.84 g) was obtained and crystallized from n.hexane
(75 ml) to give Compound 31 (3.45 g3 04% yield) as a white crys-
talline solid.

m.p.=65-67°C

[;g79202+43v7° (¢=1%, methanol) .
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IH-—NMR (200 MHz, CDCI3—TMS): delta (ppm): 1.31-1.57 (m, OH);
1.76-2.64 (m, 10H); 3.27 (ddd, 1H); 3.62 (bs, 1H); 3.96 (ddd, 1H);
4.60 (AMq, 2H, deltaA=4.97, deltaM=4.35, JAM=15'8 Hz); 7.11-7.34
(m, 4H). 4
By working in a similar way the following compounds were prepared.

(18)-1-/(58)~1-/T2-chlorophenyl Jmethyl/-2-oxe-5-pyrrolidinyl/-2-

Diperidinoethanol (Compound 32)

0il; 88% yield

£;E7D20=-7’3° (¢=1%, methanol)

YomR (200 Mz, COCL ~THS): delta (ppm): 1.31-1.57 (m, GH);
1.71-2.31 (m, 6H); 2.36-2.55 (m, 4H); 3.47-3.57 {(m, IH); 3.66-3.76
(m, 1H); 3.88 (bs, 1H); 4.77 (ABg, 2H, delt&A=4r94, deimaE=4,60,
JAB=15'8‘H2)5 7.10-7.35 (m, 4H).
(lR)fIf[zSS)-i—ZTQ—Cthronhenyl)methyl7-2—oxq—5—pyrrolidinyl7-2f

diisopropylaminoethanol (Compound 33)

m.p.=113.5-114.5°C (isopropyl etner) - 72% yield

Za£7D20=+29.2° {c=1%, methanol)

'H-NHR (200 Mz, CDCL—THS): delta (ppm): 0.918 (d, 6K, J=6.6 Hz);
0.981 (d, 6H, J=6.6 Hz); 1.80-2.66 (m, OH); 2.96 (m, 2H); 3.34~
3.41 (m, 1H); 3.73-3.81 (m, 2H); 4.67 (ABg, 2H, deltaA=4,g7j
deltaB=4.38, JAB=15.4 Hz); 7.11-7.33 (m, 4H).
(IS)—lf[KSS)fI:ZKZ—thorophenyl)methyl7f27ox0é5-pyrrolidigyl7v2—

diisopropylaminoethanol (Compound 34)

m.p.=73-75°C (isopropyl ether) - 54.6% yield

ZE§7D20=-21.1° (c=1%, methanol)

ThonMRr (200 MHz, CDCL -THS): delta (ppm): 0.91 (d, O, J=6.5 Ha);
0.96 (d, 6H, J=6.5 Hz); 1.73-1.89 (m, 1H); 1.94-2.17 (m, 2H);
2.29-2.57 (m, 3H); 2.91 (m, 2H); 3.46-3.61 (m, 2H); 4.78 (ABg, 2H,
delt&A=4a96, deltaB=¢.61; JAB=15.6 Hz); 7.10-7.33 (m, 4H).

Lo 57
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(lR)—1-[TSS)-l-/72-chlorobnenxlJmethyl7—2—oxo—5—pvrrolidinyl?-z—

dicyvclopentylaminoethanol (Compound 35)

m.p.=79-80°C (isopropyl etner) - 00% yield

257D20=+29.7° (c=1%, methanol)

/
1H—NMR (200 MHz, CDC13-TMS): delta (ppm): 1.14-1.77 (m, 106H);

1.83-2.13 (m, 2H); 2.25-2.41 (m, 3H); 2.49-2.66 (m, 1H); 3.03-3.20
(m, 2H); 3.32-3.40 (m, 1H); 3.71-3.90 (m, 2H); 4.068 (AMq, 24,
deltaA=4.96, deltaMf4,39; JAmﬁlb Hz); 7.12-7.34 (m, 4H).

(18)-1-/75S)-1~/12~chloropnenyl )methyl /-2-oxo-5-pyrrolidinyl/-2-

dicyclopentylaminoethanol (Compound 30)
oil; 68% yield '
ZEE7DZO='29‘4° (c=1%, methanol)
L mMR (200 MHz, CDC13~TMS): delta (ppm): 1.13-1.8%5 (m, 17H);
1.93-2.24 (m, 2H); 2.20-2.56 (m, 3H); 3.02-3.18 (m, 2H); 3.39-3.61
(m, 2H); 3.63-4.54 (bs, 1H); 4.78 (AMg, 2H, delta =4.97, del-
taM=4.60, JAM=15&5 Hz); 7.10-7.35 (m, 4H).
(1R)—1-ZTSS)-1-ZT2-Chlorophenyl)methyl7—2-ox9-5—pyrrolidipy¥]a2-
ZZTR)fsec.bugz;ZEsopropylaminq7etbanol (Compound 37)
m.p.=116-117°C - 74.5% yield

Z2£7D20=+3’5Q (c=5%, methanol)

Th-NMR (200 MHz,

CDCls-TMS): delta (ppm): 0.80 (t, 3H); 0.92 (d,
3, J=6.6 Hz); 0.96 (d, 3H,
1 002-1 ¢53 (m,

1H);

J=6.6 Hz); 0.97 (d, 3H, J=6.6 Hz);
2H); 1.80-2.12 (m, 2H); 2.17-2.67 (m, SH); 2.94 (m,
3.44-3.66 (m, 1H); 3.67 (bs, 1H); 3.72-3.80 (m, 1H), 4.68
(ABq, 2H, deltaA=4.Q7, deltaB=4.40, JAB=16 Hz); 7.13-7.34 (m, 44).
(13)&1*[?53)-1-172—ch10rpphenyl)methx;ffzuoxo—Sepyrrolidinvl7eze
[[AR)=sec. butyl7isopropylaming/ethanol (Compound 38)

B.p.=44-46°C = 58.4% yield

Zaé7ﬁzoﬁa47m7° (e=1%, methanol)

Gl
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LR (200 MHz, CDCl _-TMS): deltva (ppm): 0.33 (t, 3H); 0.89 (d,
34, J=0.0 Hz); 0.91 ?d, 3H, J=0.6 Hz); 0.974 (d; 3H, J=06.0 Hz);
1.11-1.44 (m, 2H); 1.76~1.95 (m, 1H); 1.96-2.19 (m, 2H); 2.30-2.62
(m, 4H); 2.89 (m, 1H); 3.50-3.65 (m, 2H); 4.77 (ABq, 2H, del-
taA=4,94, deltaB=4.61, JAB=15*8 Hz); 7.11-7.34 (m, 4H).
(IS}elf[TSS)—l—/TZ-chloronhenyl)methv;7—2—oxo—5~pvrrolidinyl7-2-

(dicyclobutylamino jethanol (Compound 39)

0il; 82% yield

Z;£7D20=—17.68° (c¢=1%, methanol)

1H-NMR {200 MHz, CDCls-TMS): delta (ppm): 1.44-1.60 (m, 4H);
1.65-2.07 (m, 10H); 2.16-2.21 (m, 2H); 2.38-2.47 (m, 2H); 3.04 (m,
2H); 3.46-3.63 (m, 2H); 4.75 (ABg, 2H, deltaA=4.97, deltaB=4.57,
JAB=15.2 Hz); 7.13-7.35 (m, 4H).

(18)-1-/7158)-1-/{2-chlorophenyl Jmethyl/-2—oxo=5-pvrrolidinyl/-2-

ZBis(l—ethylpropyl)aminq7ethanol (Compound 40)
m.p.=73-75°C (n.hexane) - 25% yield

1637D2°=-37.2° (¢=1%, methanol)
1

H-NMR (200 MHz, CDCl3—TMS): delta (ppm): 0.84 (t, OH); 0.88 (t,
64); 1.00-1.62 (m, 8n); 1.77-2.23 (m, SH); 2.30-2.61 (m, 3H);
3.50-3.66 (m, 2H); 4.75 (ABq, 2H, deltaA=4.96, deltaB=4.54;
JAB§15eS Hz); 7.12-7.36 (m, 4H).

Example 0O

Preparation of the racemic mixture of 1-/(2-chlorophenyl)methyl/-

6-ethenyl-2-piperidinone

By working in a way similar to that described in example 1 and
starting from 6-ethenyl-2-piperidinone (m.p.=53-56.5°C from
n.hexane), prepared according to the method described in European
patent application No. 144664, I—ZTZ«Chlorophenyl)methyl7-6&

ethenyl-2«piperidinone was obtained with 73% yield.
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M.p.=37-39°C (n.nexane) - b.p.=132-134°C/0.2 mmdg
TheMMR (200 MHz, CDC1_-TMS): delta (ppm): 1.67-1.93 (m, 4H);
2.34-2.56 (m, 2H); 3.%5 (m, 1H); 4.07 (d, 1H, J=10 Hz); 5.27 (d,
5 1H, J=16 Hzj; 5.06-5.24 (m, 2H); 5.71 (m, 1H); 7.01-7.32 (m, 4H).
Example 10

Preparation of the two racemic mixtures of 1-/(2-chlorophenyl )~

E',‘:. methy;7-é~oxiranvlsZ—Dipgridinone
o2 By working in a way similar to that described in example 4 and
':::f: 10 starting from the racemic mixture of l—Zfz-chlorophenyl)methyl7-
.::': 6-ethenyl-2-piperidinone, prepared as described in example 9, 1~
;:::-. Z(Z—chlorophenyl)methyl7—6—oxirany1—2-piperidinone was obtained as
e a mixture of the two racemic mixtures in a ratio 2.5:1 which were
vene separated by chromatography on silica gel (eluent ethyl acet-
7:':.: 15 ate:n.hexane=7:3).

et Racemic mixture A (higher Rf)

RN 0il; 45.2% yield

ThNMR (200 MHz, ODCL,-THS): delta (ppm): 1.76-2.10 (m, 4H);

e 2.50-2.59 (m, 2H); 2.72-2.76 (m, 1H); 2.85-2.92 (m, 1H); 2.98-3.06
‘e E 20 (m, 1H); 4.81 (ABg, 2i, delta =5.11, delta =4.51, J, =16.2 Hz);
egeses

7-11=7.35 (m, 44).

Racemic mixture B (lower Rf)

i.p.=96-98°C (ethyl acetate) - 17.8% yield

MR (200 Mz, CCL-TMS): delta (ppm): 1.78-2.05 (m, i),
25 2.38-2.41 (m, 1H); 2.50-2.57 (m, 2H); 2.68-2.73 (m, 1H); 2.97-3.02

(m, 2H); 4.90 (ABg, 2H, delta,=5.22, delta =4.58, J, =16.6 Hz);

7.10-7.35 (m, 4¢).

Example 11
Preparation éf‘1ﬁ£i*[72~ch19rbphenyl)met2?17—2-cxo-éfpiperidinx;2~

30 _3_/{2R,2'R)-disec.butylamino/ethanol (Compounds 41, 42 and 43)

.
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By working in a way similar to that described in example 7 and

starting from the racemic mixtures A and B of 1—172-cnloropnenyl)—
methyl7-6—oxiranyl—2—piperidinone, prepared as described in

example 10, the two diastereoisomeric couples C and D of 1—1:172—
chlorophenyl)methyl7—2-oxo-0-piperidinyl7—2—1f2R,2'R)-disec.butyl—

aming7ethanol were obtained respectively.

Each diastereoisomer of couple C (RSRR) and (SRRR) was separated

by chromatography on silica gel (eluent toluene:diethylamine=98:2)

obtaining tne pure diastereoisomers compound 41 and compound 42.

Less polar diastereoisomer (Compound 41)

61il; ZBE7D20=—24.7° (c=1%, methanol)

TamR (200 MHz, CDC1 STHS): delta (ppm): 0.84 (c, 6H); 0.94 (4,

6H, J=6.6 Ha); 1.20-1,43 (m, 4H); 1.63-1.80 (m, 2H); 1.95-2.13 (m,

2H); 2.25-2.65 (m, 6H); 3.16-3.24 (m, 1H); 3.71-3.81 (m, 1H); 4.42

(d, 1H, J=15.8 Hz); 5.25 (d, 1K, J=15.8 Hz); 7.11-7.34 (m, 4H).

More polar diastereoisomer (Compound 42)

m.p.=113-114°C (n.hexane) ‘ X
1537D;0=-41.5° (c=1%, methanol) :
1H~NMR (200 MHz, CDC13—TMS): delta (ppm): 0.80 (t, 6H); 0.95 (d,

6H, J=6.7 Hz); 1.02-1.24 (m, 2H); 1.32=1.53 (m, 2H); 1.62-1.79 (m,

2H); 1.90~2.12 (m, 2H); 2.23=2.35 (m, 1H); 2.45-2.70 (m, 5H);

3.21-3.28 (m, 1H); 3.64-3.73 (m, 2H); 4.46 (d, 1H, J=16 Hz); 5.18

(d, 1H, J=16 Hz); 7.10-7.33 (m, 4H).

Diastereoisomeric couple D (Compound 43)

ratio RRRR:SSRR=1:1

m.p.=100-103°C (n.hexane) - 60.5% yield

£;g7ﬁ20=-34.3° (c=1%, methanol)

R (200 MHz, CDCIS-TMS): delta (ppm): 0.848 (t, 6H); 0.858 (t,
6H); 0.92 (d, 6H, J=6.5 Hz); 0.98 (d, 6H, J=6.5 Hz); 1.06~1.57 (m,
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$d); 1.74-1.83 (m, 8H); 2.04-2.18 (m, 2H); 2.40-2.05 {(m, OH);
2.71-2.80 (m, 1H); 3.17-3.31 (m, 2H); 3.01-3.80 (m, 2H); 4.58-4.08
(m, 2H); 5.33-5.46 (m, 2H); 7.10-7.34 (m, &H).

Example 12
The compounds object of the present invention underwent the
following in vitro pharmacelogical tests.

1) Evaluation of the competition feor binding of LT3H7—dihydromor-

phine (DHM) to opioid receptors in rat-brain homogenate

The experiments were carried out according to the metnod
described by Simon et al. ngoc.Nat.Acad.Sgi.USA, 70, .
1047-1949, (1973)7.

Spragué-Dawley rats weighing about 150 g were used.

The animals were decapitated and, after removal of cerebellum,
the brains were homogenized in 50 nM Tris-HCl buffer (pH 7.4)
containing 0.32 M saccharose. The homogenate was centrifugated
at 1000 rpm for 10 minutes and the supranatant was cenfrifuga—
ted again at 20000 rpm for 20 minutes.

The obtained pellet was suspended in & homogenization buffer
without saccharose up to a protein concentration of 2 mg/ml .
The incubating system consisted in: SQprl of homogenate (1 mg
of proteins), 390 ml of 50 mM Tris—HC1l buffer (pH 7.4), 100 ul
of a solution at different concentrations of the compounds of
formula I or of 10 uM Naloxone for the determination of the
aspecifi¢ binding and 10 pl of 3H-DHM (specific activity 87.7
Ci/moles, 1 nM final concentration). The mixture was incubated
at 25°C for 30 minutes after the addition of the radioactive
binder.

Then, the samples were filtered through Whatman GF/B filters,

washed twice with 3 ml volumes of buffer and dried in oven at

T et eme el e e o e s AALSUE Sl o e o s e
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70°C. Filters were put in scintillation vials witn 15 ml of
Filter Count (Packard) scintillation cocktail and the radioac—
tivity was evaluated by a Packard Tricarb 4530 scintillation
5 counter with 00% efficiency.
The activity was expressed as inhibiting concentration (ICSO)
50% of the binding of 3H—DHM.
E.'.:’ In table 1 the I”CSO values obtained for some representative
LTI compounds of formula I are reported.
e, 10 Table 1
’::.: Competition (IC_SO) of Compound 1; Compound 14, Compound 16,
;:::.. Compound 22 and Compound 26 for specific binding of 3H-DHM to
ot rat-brain homogenate in comparison with morphine,
oo, Compound IC50 (nM)
es o 15 1 0.9
7o % o
5 se 14 3.3
. o 16 2.5
tee o
22 9.4
36 10.0
':::": 20 morphine 1.5
°3"'§ 2) Evaluation of the mornnine—iike activity on guinca-pig isolated
The eéxperiments were carried out according to the method
des¢ribed by Goldsteinm and Schultz (Br.J.Pharmacol., 48, 6535,
25 1975) which is based on the capacity of the molecules showing
an agonist activity on opioid receptors to inhibit the contrac-
tions of smooth muscles of guinea-pig ileum induced by electric
stimulation (0.1 Hz - 0.5 msee.).
The pharmacological activity was expressed as the necessary
30 concentration (mM) to inhibit 50% of contrattion (IC_.).

50
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In table 2 the 1050 values obtained for some representative
compounds of formula I are reported.
Table 2
5 Morphine-like activity on guinea-pig isolated ileum of some
compounds of formula I expressed as ICSO (nM) in comparison

with morphine.

Compound IC'5 0 (nM)
1 ‘ 0.03
10 3 4.6
4 8.7
5 50.0
7 70.0
8 44.0
15 12 83.0
14 0.43
15 40.0
16 0.29
18 0.28
20 19 0.77
20 0.23
22 4.96
24 2.9
26 0.04
25 34 44.71
36 4.06
38 21.54
40 60.0
43 0.5

30 morphine 111.0
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Example 13

The compounds object of the present invention were tested in vivo

in onder te evaluate the central analgesic activity.

The hot plate test was carried out on mouse according to the
method described by Eddy €t al. (J.Pharmacol., 98, 121, 1950).

The compounds K were administered by systemic route (oral and
subcutaneous). Theé analgesic activity was expressed as 50% effec-
tive éose (EDSO),

In table 3 the results obtained for some representative compounds

of formula I are reported.

Table 3
Analgesic activity (EDSO) of some compounds of formula I in
comparison with morphine.
Compound ED50 (C.L. 95%)
mg/kg/s.c. mg/kg/os
1 0.011 2.6
3.8 -
8 1.4 -
14 0.04 6.5
16 0.03 5.8
18 0.07 -
20 0.28 - -
22 1.00 ~
24 0.5 { -
26 0.03 -
36 4.7 -
38 1.1 -
43 0.1 -
morphine 3.5 18.0

&
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Example 14
Tne compounds object of tne présent invention were tested in Vvivo
in order te evaluate the capacity to induce physical dependence.
The Jumping test described by Sealens et al. Zaommittee on Prob-
Yems of Drug Dependence, vol. 2, (1971), page 13197 was used.
In a period of 2 days, 7 intraperitoneal administrations at geo-
metrically increasing doses of the compounds of formula I and of
morphine were carried out starting from a dose corresponding to
the ED50 value obtained in mouse after subcutaneous administra-
tion.
After 4 hours from the last administration, the animals were
treated witn Naloxone (10 mg/kg i.p.) and the number of jumps
taken by the animals during the period of 15 minutes after tne
administration of Naloxone was counted.
For the compounds which did not show abstinence syndrome the
experiments were repeated by carrying out a double number of
treatments (tetal 14).
In table 4, for exemplifying purposes, ‘the percentage of jumping
animals obtained for a compound of formula I is reported.
Table 4

Jumping test on mouse: a comparison between Compound 1 and mor-

phine.
Compotind Total dose Percentage of
(mg/kg i.p.) jumping animals
1 3.8 5%
morphine 156.0 80%

The compound of formula I in jumping test showed a significant
decreéase in the percentage of jumping mice in comparison with

morphine. Similar results were obtained with the other compounds
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of formula I.

Therefore, the compounds object of the present invention, contrary

to morphine, do not induce physical dependence.

Example 15

For exemplifying purposes tne following pharmaceutical prepara-

tions containing a compound of formula I as active ingredient are

reported.

Capsules for oral use:

Compound 1 200 g
Talc 30 g
Magnesium stearate 20 g
Lactose 750 8

The ingredients were put in a mixer and mixed for 15 minutes,
The so obtained mixture was granulated and distributed into
about 4000 hard gelatine capsules each containing 50 mg of
active ingredient.

Vials for injectable use:

Compound 1 as hydrochloric -salt 10 g

Physiologic solution 201

The solution of the active ingredient in physielogic solution
was filtered through 0.22 pm membrane filter and distributed
into vials, dosing ! ml each vial. The vials were closed and
sterilized in autoclave at 121°C for 25 minutes.

About 20,000 vials each containing 0.5 mg of active ingredient

were obtained.

In a similar way pharmaceutical compositions containing the other

compounds of formula I and their pharmceutically useful salts were

prepared .
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THE CLAIMS DEFINING THE INVENTION ARE AS FECHG:
1) A compound of formula
/ CHz)n
5 0 //)\ OH .
NN e ‘
| CH—Cﬂz—m\\ (1)
CH-R ‘ R
[ :
R
oe &9
6 e &
¢ " wherein
..’:-
e » 10 R is a phenyl optionally substituted by from 1 to 3 substituents
soow
"est 3 selected among C -C, alkyl, C_-C alkoxy, hydroxy, halogen and
erne 1 4 1 4
esne trifluoremethyl or a 35- or O-membered heteroaryl, containing
e o0
¢t from 1 te 3 heteroatoms selected among nitrogen, oxygen and
sulfur, optionally substituted by from 1 te 3 substituents
,:::': 15 selected among ,Cl—C4 alkyl, Cl—-'C4 alkoxy, hydroxy, halogen;
: :: RI and R2, the same or different, are a linear or branched CI-C6
alkyl, a C3—C6 cycloalkyl; or
. & * ’
i = Rl'and Rz, together with the nitrogen atom to which they are
bonded, are a 5~ or O-membered heterocycle, which may further
%% 20 contain 1 or 2 heteroatoms selected among nitrogen, oxygen and
ee o
’t"‘s sulfur, optionally substituted by 1 or 2 01—04 alkyl groups;

R, is a hydrogen atom or a phenyl optionally substituted by from 1

to 3 substituents selected among CI-C alkyl, 01—04 alkoxy,

hydroxy, halogen and trifluoromethyl; )
25 B is an integer selected between 1 and 2;
or a salt thereof with a pharmaceutically acceptable acid.
2) A compound according to claim 1 wherein R is a phenyl -or an
isoxazole, optionally substituted by from 1 to 3 substituents
selected among chlorine and bromine atoms, methyl, ethyl, methoxy,

30 ethoxy, hydroxy, and trifluoromethyl groups and RS is a hydrogen
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atont.
3) A compound according to claim 1 wherein n=1.
4) A compound according te claim 1 wherein ﬁl and Rz are both a
sec.butyl group.
5) A compound according to claim 1 wherein R1 and R2 are both a
(R)-sec.butyl group.
0) A compound according to claim 1 wherein RI and Rzg together
witp the nitrogen atom to wnicn tThey are bonded, are a heterocytle
.selected among pyrrolidine, piperidine, morpneline, piperazine,
N-methylpiperazine and 2,6-dimethylpiperidine.
7) A single sterecisomer of a compound accerding to claim 1.
8) A process for the preparation of the compounds according to

claim 1 comprising the reaction of a compound o. formula

S,
o= /N
°\N)\cﬁanz

|

H-R
o
R

wherein R, R3 and n have the meanings reperted in claim I;

in am organic solvent with an amine of formula

/"
H-N (V)
‘Rz
wherein R1 and‘R2 have the meanings reported in claim 1.

Q) A pharmaceutical composition with analgesic activity containing
a therapeutically effective amount of a compound actording to

¢laim 1 and &4 carrier.
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10) A compound of Formula (I) as defined in claim 1,
substantially as disclosed herein in conjunction with any

one of the Examples.

Dated this 19th .day of May 1989

ZAMBON GROUP S.p.A,

By their Patent Attorney

GRIFFITH HACK & CO.
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