How are the 250 mg and 750 mg tablets linked to the 500 mg tablets?

Thei_ e

The
results of stability evaluation show that the stability of the analyte was not 51gmﬁcantly

affected when samples were stored at room temperature for 24 hours or had gone through
' T ) The data demonstrate that the assays of levetiracetam
\—fgrfmeasurements in plas

ma and urine provided reliable results.

T e,
The assay for ucb L057 is specific and linear over the rangé ~ |The LOD
and LOQ of this method werq__ } The coefficient

of variations for intra-run and inter-run precision and accuracy were withi

f__Plasma
sarp’ples comamm% ucb LO57 were stable at room temperature for 24 hours

and for 16 months at -20°C. Overall the assays are foun

to be
satisfactory in terms of specificity, sensitivity, linearity, precision and accuracy

Levetiracetam (ucb L059) Dissolution Testing

Is the to be marketed tablet (TBM) the same as the clinically studied tablet?
What is the dissolution method and specification being proposed?

e
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U!CB Pharma. Inc.

CONFIDENTIAL

Levetiracetam Tablets

Section 6. Human Pharmacokinetics and Bioavailability

Table 34

Composition of Proposed Commercial Levetiracetam Tablets

Weight Weight Weight
Component (mg) (mg) (mg)
Levetiracetam { 250.0) 5006.0 750.0
Com starcﬂ. > I"‘f“’"—’ g ) )
Povidon !
Tal{ v
Colloidal silicon
dioxid
Magnesium siearate
- !
Tablet Weight L
APPEARS THis way
ON CRiGiNAL

APPEARS THIS WAY

OGN GRIGIHAL

Junua-v19,1999/ UCB Section 6 Final

tormarney and b nroneriy

80
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015 min

L

. = 30 min. 045 min.

. o cs pharma, Inc. Levetiracetam Tablets
CONFIDENTIAL Section 6. Human Pharmacokinetics and Bioavailability
. COXT \
o j L S Table 49
,_ff ) Multi-media, })issolulion of 500 mg Levetiracetam White Tablets
;.@Jf,- -
.  Time { o Mean . ,,.‘;q\
7 [
IS min. “
7‘3_Omin‘ 1
45 min.
7il_5_min. Vl
E_Omin. ,_.i'
43 min. 3 s
500 mg white tablets
et e A R A O e e et e et et e
120 q’ .
100 \
S
< 80 !
- 4 |
o
= 60 1
F
Z a0
20 |
!
0! - —

APPEARS THIS WAY
ON ORIGINAL
Januaryl9.l§99/ UCB Section 6 Final
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Primaryv Reviewer: Hong Zhao, Phdv
OCPB/DPEI (

Team Leader: Raman Baweja, Ph.D. / / h// /// / 75

OCPB Briefing on November 1, 1999. Attendees: Drs. Larry Lesko, Shiew-Mei Huang,
Mehul Mehta, Tom Oliver, Zak Wahba, Tom Parmelee, Kathleen Uhl, Wendy Chow,
Paul Hepp. Glenna Fitzgerald, Mei-Ling Chen, Chandra Sahajwalla, Jennifer Burris, Joel
Freiman. Joga Gobburu, Raman Baweja, Hong Zhao.

cc: NDA# 21-035, HFD-120, HFD-860 (Zhao, Baweja, Mehta), Central Documents
Room (CDR.-Biopharm)
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Table 4 : Amount of dissolved Levetiracetam (

SR x/

in % of the labeled content)

j
L -J

” ,'\ / '

Labeled content (ma) | 250 I 500 | 500 [ s00 | 750
Batch N°
Color i
Time f
/
- ’4;"'_//
/
“i
T ————

-~
iy
#

Y . T § G v
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u:h‘ Pharma

UCB Pharma, Inc. - 1950 Lake Park Drive - Smyrna, Georgia 30080

SECTION 13. PATENT INFORMATION

UCB Pharma, Inc. belicves that there are no patents which claim the drug or the drug
product or which claim 2 method of using the drug product and with respect to which a
claim of patent infringement could rezsonably be asserted if UCB Pharma, Inc. engages
n the manufacture, use, and salc of Levetiracetam Tablets.

The following patents claim the drug Levetiracetam ((s)-alpha-ethyl-2-oxo0-1-pyrrolidine

acetamide):
Patent Number:

Date of Patent:

Patent Expiration:

Typc of Patent:
Patent Owner:

U.S. Agent:

Patent Number:

Date of Patent:

Patent Expiration:

Type of Patent:
Patent Owner:

U.S. Agent:

4,943,639

July 24, 1990

June 6, 2006

Drug

UCB Societe Anonyme, Brussels, Belgium

UCB Pharma, Inc., Smyma, Georgia

4,837,223

June 8, 1989

June 6, 2006

Drug

UCB Sociele Anonyme, Brussels, Belgium

UCB Pharma, Inc., Smyma, Georgia

Both of these patenté are owned by UCB, Belgium. Copies of the patcnts are attached.
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The Commissioner of Patents
(768“ and Trademarks

rum,z' d Has received an application for a patent

Jfor a new and useful invention. The title

5 W and description of the invention are en-
5 closed. The requirements of law have

been comnplied with, and it has been de-

termined that a patent on the invention
shall be granted under the law.

(%mr[c'a/ Therefore, this

United States Patent

Grants to the person or persons having
title to this patent the right to exclude
others from making, using or selling the
invention throughout the United States
of America for the term of seventeen
years from the date of this patent, sub-
Ject to the payment of maintenance fees
as provided by law.

Commissioner of Patents and Trademarks

ot 4 ot

Astess
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United States Patent qs)
Gobert et al

(11} Patent Number: 4,837,223
@5} Date of Patent: * Jun. 6, 1989

[54] (S*ALPHA-ETHYL-2-0XO-1-PYR.
ROLIDINEACETAMIDE COMPOSITIONS

(75] loventors: Jean Gobert, Brussels; Jean-Pierre
Geerws, Leglise: Guy Bodson,
Bellefonuine, all of Belgium

[73] Assignee: UCB Societe Anonyme, Brussels,
Belgium

[*] Notice: The porion of the term of this patent
subsequent to Jun. 6, 2006 has been

disclmmed.
[21] ApplL No.: 25277
(2] Filed: Mar. 12, 1987

Related US. Application Data
[62) Division of Ser. No. 713,790, Msy 14, 1985, PaL No.

4,696.94).
{30} Forelgn Application Priority Data
May 15, 1984 [GB) United Kangdom coevnemmm.. B4/12357

[51} Int QL e, ©OTD 207/277; A61K 31/40
[52) vs. QA 514/424; 548/543
[58) Fleld of Sewred oo 548/543; 5147424

APPEARS

sy g
(51 InV

[56) References Clted
FOREIGN PATENT DOCUMENTS

2081508 1271971 France .
2368275 5/1978 France .

Primary Examiner~David B. Springer
Anorney, Agent or Firm—Wenderoth, Lind & Ponack

51 - ABSTRACT

(S)>aipba<thyl-2-ox0-1-pyrrolidineaccumide, its prepa.
ration and pharmaceurical compositons containing the
same. Tt can be prepared either by reacting (S)-alpha-
ethyl-2-ox0-1-pyrrolidineacetic acid successively with
ag alky] haloformate and with ammonia, or, by cycliz-
ing an (S)Il-amino-butaramide of the formula
X—CH CHx-NHCH (C:;Hs)CONH:z wherein Y is a
—CHy—radical wher X represents a ZOOC—radical
and Y 1s 8 —CO— radical when X represents a HalC-
Hay—radical. Z being a C;—Cy alkyl radical and Hal a
halogen atom.

This lasverotatory ecaztiomer has beco found to have
significantly higher protective activity aguinst hypoxia
and ischemia than the corresponding racemate

2 Claims, No Drawings

LGINAL
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1

(S>ALPHA-ETHYL-2.0X0-1-PYR-
ROLIDINEACETAMIDE COMPOSITIONS

This application is 3 division of application Ser. No.
733,790 filed May 14. 1985, now U.S. Pat No.
4,696,943,

The present invention relates (o the novel compound
(S)y-slpha<cthyl-2-cx0-1-pyrrolidinescetamide, as well
as to processes for the preparation thereof. It also re-
lates to pharmaceutical compositions containing the
said compound.

Briush Par Ne. 1,309,692 describes the compound
alpha-ethyl-2-0x0-1-pyrrolidincacewamide (melting
poict 122° C) and states that the compounds of this type
can be used for therapeutic purposes, for example for
the treatment of motion sickness, hyperkinesia, hyperto-
nia and epilepsy

Moreover, it also meotions that these compounds can
be spplied in the ficld of memory disorders in normal or
pathological conditions.

It s also known that alpha-ethyl-2-oxo-l-pyr-
rolidineaceramide possesses a protective sctivity against
aggressions of the cenual pervous system caused by
bypoxias, cerebral ischemia, ete. (Pharmarie, 37/11,
(1982), 753-765).

Contnuing rescarch work in this ficld, we have pre-
pared and isolated the levorowstory enantiomer of al-
pha-ethyl-2-0xo-1-pyrrolidinescetamide and  havc
found that this compound differs in a completely unpre-
dictable manner from the known racemic form. by

(1} baving & 10 umes higher protecove activity
against hypoxis (annhypoia) and

(2) baving a 4 rimes Bigher protective activity sgainst
itchemis (antiischemia).

As & result of this unexpected combination of proper-
ties the lasvorowtory enantiomer of alpha-cthyl-2-0x0-
1-pyrrolidinescetamide is more suitable for the treat-
wment and prrvennon of hypoxic and ischemic fype
sggressions of the cenrral nervous systcm. The impor-
tant contribution of the bypoxic phepomenon in certain
pathological conditons of the ecntial aecrvous system
suggests that this compound has a therapeutic effect in
thz wesmment of the consequences of cerebral vascular
actudents and of cranial traumas, of the sequels of the
sgeng process or of circulsiory insufficiencies of the
czztral nervous system resulang from cerebral-ischemic
or hypozic sccidsnts oczurting for example during
birts. The compound may alsd be used in hypoxic-type
disenscs of other organs or tissues. such as the heart and
kidneyy

Accerdungly, the present invention relates to the
lazvoroutory eaantomer of alpha-ethyl-2-0xo-I-pyr-
rolidincucctamide -which has the S absolute configura-
ton. the said compound being substantially free from
k= dextrorotatery erantomer which has the R absolute
confligurinon,

(S>alphs-ethyl-2-axo-1-pyrrolidincaceamide ac-
cordicg to the present inventon caanot be obtined
directly from the racemic form by scparating the two
eaandomers. ¢ can be propared by onc or other of the

‘cho\vi.ng processes:

- (a) reacdng (S)yulpha-ethyl-2-0x0-1-pyrrolidincacetic
acid sucemmaively wath (1) an alky! haloformate of the
fercuia HAICOOZ in which Hal represents a halogen
“lom eng Z an alky! radical having | to 4 carbon atoms
-&ad with (2) ammonia. The slky! haloformate is prefera-

b bly etbyl chloroformace.
e

N

10

0

(Z)
“

3

s

40

5

60

(3]

2

This reaction is generally carried out in dichloro-
rmesthane ar a temperature between = 10° and —6C° C.

The (S)-alphu-cthyl-2-0x0-1-pyrrohdinescetic acid,
used in this reaction. can be obuined from the racemic
(=)apha.ethyl-2-or0-1-pyrrolidineaceiic  acid by
chemical resolutior. in accordance with methods known
per se, for example by forming a salt of this acid with an
optically active base and isclaing the salt formed with
(S)alpha<thyl-2-or0-1.pyrrolidineacetic acid dby suc-
cessive cryswllizations in an appropnate sslvent (for
example benzene).

By way of examples of optically active bases which
ean be used for this resolution there msy be mertioned
alkaloids such as brucine, quinine, strychnine, quinidine
and cinchonidinc and amines such as alphga-methyl-ben.
zylamine and dehydreabietylamine (ef. S. H. WILEN et
al, Tetrahedren, 32, (1977), 2725-2736). Panticularly
favoursble results are obtained by wsing slpha-methyl-
benzylamine snd dehydreabietylamine. The racemic
(= )alpha-ethyl-2-0z0-1-pyrrolidinescetic acid used as
the starting material can be obtained by saponifying the
corresponding alkyl esters, the sypthesis of which has
been described in Brinsh Pat No. 1,309,692,

u(\1:.) cyclizing an (S)-2-uzino-butanamide of the for-
m

X=-CH;CH;—~Y~NHCH{C1H;)CONH; (A)

io which

X represents 8 200C— or HalCH;— radical, Z
being an alkyl radica! kaving 1 10 4 carbon atoms. and
Hal 2 halogen atom. preferably chlonne or bromine,
and

Y represcos A ~CHay— or —~CO— radical,
with tbe proviso that Y is s —CH>~ radica] when X
represents 8 ZOOC— radical and Y is a —CO— radiza!
when X represents @ HAICH— radical. The cyclization
of the (S)-2-emino-butensmide of formula A is carvied
oul in An wnert solvent such as toluenz or dichlorometh-
anc, at a temperature of (rom 0° C. 1o the boiling point
of the salvent. This cyclizavon 1s agvantageously car-
ried out 1n the presence of a basic substance as s cata-
lyst This cawlyst is preferably 2-hydroxypyndine
when the compound of formula A is an ester
KX=ZO00OC—) and tctraburylammonium bromide
when the compound of formula A is & balide (X =HalC-
Hr—).

When X represents 3 ZOOC~ radical and Y is a
~—CHp— radical the compound of formula A is an alky!
(S)»4-{{1 “aminocarbenyl)propyllamino)buryrate of the
formuls ZOOCCH,CH;CH:NHCH(C;H)CONH;, in
which Z has the meaning given sbove. The latter can be
prepared by condensing (Sk2-amino-butanamide with
an alkyl 4&halobutyrate of the [ormula
ZOQCCH;CH:CH;Hal in which Z has the meaning
given above and Hal s a halogen atom.

When X represents 8 HalCHy— fadical and Y is thus
3 —CO— radical. the compousnd of formuls A is (S)-N-
(i{aminocarbonyl)propyll-4-halobutaramide of the
formula HalCH;CH;CH:CONHCH(C1Hs)CONHj, in
which Ha! bas the meazing given above. This lauer
compound can be prepared by condensing (S)2-amino-
butanareide with a 4ha'shutyryl halide of the formula
HalCHCH;CH)COHal, in which Hal is a halogen
atom.

The reaction between the (S)»2-armuno-butanamide on
the ont hand and the alkyl 4 halobutyrate or &halobu-
tyry! halide on the other hand. is generally carned out
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3
in an ineft solvent, such as benzene. roluene, dichloro-
methane of acetonitrile, at & temperature of from — 3 to
<+ 100° C. and in the presence of an acid acceptor such
as a lertiary organic base (for example tnethylamine) or
an inorganic base (for example potassium carbonate or
hydroxide or sodium carbonate or hydroxide).

When X represents 3 Ha)CHy— radizal and Y a
~CO~— radical, it is not absolutzly necessary 10 isolate
the compound of formula A obtained from the starnng
materials mentioned above. In fact, the compound of
formula A, obtained in situ, can be cyclized direcdy to
the (S)-alphs-ethyl-2-oxo-1-pyrrolidineacetamide ac-
cording 10 the present invention (see Examplc 4 below).

The (S)-2-amino-butanamide used a5 starting material
can be obtaised (rom (S)-2-amino-buryric acid by am-
monolysis of the corresponding methyl ester in sccor-
dance with the method described by KK FOLKERS et
alin J. Med. Chem. 14, {6). (1571). 434487,

The following examples are giver for the purpose of
Ulustradon only,

In these examples, the optical purity of the com-
pounds obtained was verified by calonimetric determi-
nation of the differential enthalpies (C. FOUQUEY and
J. JACQUES., Tetrahedron, 23. (1967), 4005-19).

EXAMPLE

(2) Preparacon of the (R}alpha-methyl-benzylamine
salt of (S)-alpha-ethyl-2-030-1-pyrrolidipeacetic acid

£.7 kg {50.8 molcs) of racemic (= )-alpba-ethyl-2-0x0-
1-pyrrolidiseasetic acid are suspended in 21.5 liters of
anhydrous berzene in o SO liter raactor. To this suspen-
sion is sdd=d gradually & soluton containing 3.08 kg
(25.45 moles) of (R} + }alpba-methyl-benzylamine and
2575 kg (25.49 moles) of tmicthylamine in 2.4 Lters of
arhydrous benzese. This mixture is thep bested 10 re-
flux temperarure untl complete dissolution It is then
cooled and allowed to crystallize for a few bours. 5.73
kg of the (R)aipha-methyl-benzylamine salt of (S)
alpha-ethyl-2ox0-l-pyrrolidincscetic asid are thus ob-
taincd.

Mcltng point: 148°-~151" C. Yield: 77.19%.

This salt may be purificd by hesting under reflux in
48 3 Liters of benzene for 4 bours. The mixrure is cooled
and filiered to obwin 5.040 kg of the desired salt.

Melting point: 152°-153.5° C. B

Yield: 67.85%.

(b) Preparston of
(S)-alpha-ethyl-2-0x0-)-pyrrolidinescctic acid

5.0¢ kg of the salt obtained in (a) above are dizsolved
in 9 lters of water. 710 g of 4 305 sodium hydroxide
soluton are sdded slowly 30 that the pH of the solution
reaches 12.6 and the wemperarure does not exceed 25° C.
The solution is surred for a further 20 minutes and the
alpha-wethyl-benzylamine liberated is exmacted repest-
cdly with 3 1ol volume of 18 liters of ben2esnc.

The aqueous phase is taen acidified to e pH of 1.1 by
addiag 32 liters of 6N hydrochloric acid. The precipi-
tate lormed is filtered off, washed with water and dried.

Tue Rlrate is exzacted ropeatedly with a tord vol-
ume of 50 Liters of dichloromethane. The organic phese
is dried cver sodium sulfate anc filtered and evaporated
10 drypess under reduced pressure.

The residue sbuined after the evsporation and Lhe
preeipitste isolate previously, are dissolved together in
14 liters of hot dichloromethane. The dichlioromethane

BEST POSSIBLE COPY
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is distilled and replaced at the distillation rate. by |4
liters of toluene from which the produst ervsualiizes.

The mixture 15 cooled to ambient temperature and the
crystals are filtered off to obtain 2.78 kg of (S)-aiphs.
ethyl-2-oxo-1-pyrrolidincacetic asid.

Meliing point: 125.9° C,

[alpha)prO= —26.4"* (c=1. acetone).

Yield: 94.55.

(¢) Preparation of
(S)-alpha-ethyl-2-0x0-1-pyrrolidinezcetamide

342 g (0.2 wmole) of (S)alpha-ethyl-2-0x0-1-pyr-
rolidineacetic acid are suspended in 225 mi of dichloro.
methane cooled to —30° C. 24.3 g (0.24 molc) of tricth-
ylamine are added dropwise over 15 minutes The reac-
rion mixture is then cooled to —40° C. and 24.3 g (0.224
wole) of ethy] chloroformate are adced over 12 min-
utes. Thereafier, a stream of ammonia is passed through
the mixture for 41 hours. The reaction mixture 8 then
sllowed to rcwumn to ammbient temperature and the am.
moniurn salts formed are removed by [Utraton and
washed with dichloromethane. The solvent is distilles
off under reduced pressure. The solid residue thus ob-
tained is dispersed in 55 ml toluene and the dispersion is
surred for 30 minutes and ther filierec The product is
recrystallized from 280 m! of ethyl acetate in the pres-
ence of 9 g of 0.¢ nm molecular sieve in powder form.

24.6 g of (S}auipha-ethyl-Z-<oxc-l-pyrrolidineszeta-
mide are obtained.

Melting point: 115°-118° C.

(alpha)lptSm ~89.7° (c =1, azcione).

Yicld: 72.3%.

Analysis for CiH1aN30p 10 % caleulated: C 5645 H
829: N 16.45; found: 56.71; 8.22; 16.48;

The racemic (= )alpha<cthyl-2-ox0-1-pyrrolidines.
cefic acid used in this synthesis has been prepared in the
manner described below.

A solution containing 788 g (19.7 moles) of sodivm
bydroxide in 4.35 lters of water is introduced over 2
bours tnto & 20 liter flask conuwining 3.65 kg (18.3+
molcs) of ethyl (== )-alpha-ethyl-2-0x0-1-pyrrolidinezze-
tate at 3 temperature 8ot exseeding 60" C. When this

_addition is complete, the wemperature of the muxture is

raised to 86" C.'and the aleohol formed is distilled ofT
ungl the temperature of the reaction mixrure resches
10 C

The reaction mixture is then cooled 10 0° C. and 1.6€
lter (19.8 moles) of 12N hydrochlonc zcid is added
over rwo and & kalf hours The precipitate formed is
futered off, wasbed with 2 liters of wluene aad recrys
tallized from isopropyl alcohol. 2.447 kg of racemuc
{=)alpha-ethyl-i-oxo-]-pyrrolidincacetic asid, meling
at 155°-156" C., arc thus obuwined.

Yield: 78%.

Analysis for CH13NO3, in 96 caloulaed: C 56.12: H
7.65: N 8.18; found: 55.82; 8.10; 7.97;

EXAMPLE 2

{2) Preparatioo of ethyl
- (S}4-[[1{aminocarbonyl)propyllaminol-butyrate

143.6 ml (1.015 mole) of triethylamine are added 02
suspension of 47.75 g (0.345 wmole) of (S)2-amino-
butanzmide hydrochloride (Jaupha]p?: +26.1% ¢=1.
methanol) in 400 ml of toluese. The mixture is heated 10
80° C. and 67.2 g (0.345 mole) of ethy! 4-bramobutyrate
are inroduced dropwisc.

]
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The reaction mixture is mainwined 21 80° C. for 10
hours and then filtered hot 1o remove the tnicthylamine
salts. The fiitrate is then cvaporaied under reduced
pressure and 59 g of an oily residue consisting essen-
vally of the monoalkylation product but containing also
s small amount of dialkylated derivative are obtained.

The product obtained in the crude sute has been used
as such. without additional purification. in the prepara-
tion of (S}alpha-cthyl-2-ox0-}-pyrrolidincactamide by
cyclization.

!

(b) Preparation of
(S)y-alpha<thyi-2-ax0-1-pyrrolidineacetamide

$4 g of the crude produst obtained in (a) above are
disselved in 125 ) of 1oluenc in the presence of 2 g of
© 2-hydroxypyndins. Tbe mixture is heated 21 110° C. for
12 hours.
The insoluble matter is filtered off hot and the Ritrate
15 ther evaporated under reduced pressure.

. The residue is purified by chromatography on s col-
. umn of I kg ol silica (column diameter: 5 cm; cluent:
- a mixture of ethyl acetate, wethanol and concenusted

ammonia solytion in e proportion by volume of 85:12:3).

The product isolated is recryswilized from 50 ml of
eyl acetsie 1o obtain 17.5 g of (S)-alpha-ethyl-2-0x0-1-
pyrrolidineacetamide.

Melung point: 117° C.

{alpha]p™®: ~90.0° (e=1, acetone).

Yieid: 41%.

EXAMPLE 3

(s) Preparstion of
{S)-N-[1<{aminocarbosyl)propyl}<4-chloro-butansmide

345.6 g (2.5 moles) of ground pouassium carbonate are
mized with 138.5 g (1 mole) of (S)-2-amino-butanamide
bydrochlornde n 2.5 kiters of scetonitrile. The rescton
muxture 15 cooled to 0° C. and s solution of 129.2 g (1.2
wole) of 4chlorobutytyl chloride in $00 mi of acetoni-
mile s inwroduced dropwise. After the addidon. the
reaston cuxture is allowed to retum to ambient rcmper-
sture the insoluble maner is fitered ofT and the filrate
evaporated undel reduced pressure. The crude residue
obtained is sarred (o 1.2 Lter of anhydrous ether for 30
minutes at a iemperature between 5° and 10° C. The
precipitate is [Utered ofl, weshed rwice with 225 m) of

~ber and dried in vacuo 1o obtain 162.7 g of (S)-N-{1-

(amicocarbonylypropylj-~chlorobutanamide.

*  Meitng point: 118°-123° C.

(alphalg?s: = 18° (c= 1. methanol).

Yield: 78.7%.

The crude product thus obtained is very suitable for
e cyzlization stage which follows. It can however be
pusified by sdrring for one bour in anhydrous ethyl
acegte.

Meltng point: 120°-122° C.

(alphe]pd: —22.2° (e =1, methanol).

(b) Preparstion of

{S)-alpha-cthyl-2-010-1-pytrolidinescetamide

= 62 g (0.03 mole) of (S)-N-[ 1 {aminocarbonyl)propyl}-
g&mombum and 0.434 g (0.0015 mole) of tet-

T

te sy

. Taburylammonium bromide are muxed o 45 m) of di-
kchioromethane at 07 C. under a nitrogen amnosphere,
¢ -~C2 g (0036 mole) of pourssiurs hydroxide powder are
% edded over 30 minutes. at such & rate toat the wipera-
Txe cf the rescton mirrure does not exceed +2° C.
~The mixrure is then strred for one bour, after which 3
% Farther 0.1 g (0.0018 molc) of ground potassium hydroa-

4,837,223

6
ide is added and stirning conunued for 30 minutes at 0°
C. The mixture is allowed to return 1o ambient tempera.
ture. The insoludle matter is filtered ofT and the filirate
is concentrated under reduced pressure. The rendue
S obtaned is recrystaliized from 40 ml of ethy! asciate in
the presence of 1.9 g of 0.4 nm molecular sieve, The
larter s removed by hot filtration to give 3.10 g of (S)-

alpha-ethyl-2-0x0-1-pyrrolidincacetamide. Melting
point: 116.7° C.
10 [alphs)p?S: —90.1° (c=1, acetone).
Yicla: 60.7%.
EXAMPLE 4
s Preparation of
(S)>alpha-cthyl-2-0xo-1-pyrrolidinescelamide

This example Qlustrstes a varisnt of the process of
Example 3, in which the intermediate 4~chlorocbutana-
gude obained in situ is not isolated. 34 g of anhydrous

20 sodium sulfate are added 10 2 suspension of 65.25 g (0.5
mole) of (S)}2-amiso-butanamide hydrochlonide in 600
ml of dickloromethane at ambieat temperature. The
mixture is cooled to 0° C. and 115 g of ground potas-
sium hydroxide are added, followed by 8.1 g (0.025
25 roole) of retrabutylarnmonium bromide dissolved in 100
ml of dichioromethane. A solution of 77.5 g of 4
chloroburyryl chlonde in 100 ml of dichloromethane is
sdded dropwise at 0° C., with vigorous stirring. After 5
houws' reacton. a funtber 29 g of ground poussium
30 pydroxide are ndded Two hours later, the reaction
mixrure is filtered over Hyflo—cel and the filtrate evapo-
rated under reduced pressure. The residuc (93.8 g) is
dispersed in 130 ml of hot toluenc for 45 minutes. The
resultant mixture s filtered and the [Uirate evaporated
33 under reduced pressure. The residue (71.3 g) is dis-
solved hot in 380 wl of etbyl acerate to which 23 g of 0,4
nm molecular sieve in powder Jorm are added. This
mixture is heated to reflux temperarure and filtered hot
© Afier cooling the fitrate, the desired product crystal-
lizes 10 give 63 g of (S)>elpha-cthyl-2-0x0-1-pyr-
rolidineacctamnide.
Melnng point: 117° C.
(alphalp™: —91.3" (c=1. acctone).
Yicld: 74152,

PHARMACOLOGICAL TESTS

Racemic alpha-cthyl-2-cxo-1-pyrrolidineacetamide

(compound A} and (S)slpha-ctbyl-2-0x0-1-pyr-

3o folidineszenmide (compound B) of the present tnven-
tion were subjected to phanmacalogical tests.

L}

1. Prowction sgainst hypoxia (mouse)

s Principle (C. GTURGEA and F. MOURAVIEFF-
ss LESUISSE; Proc. Xth lotern. Congr. of the Coll.
Intern. Newro-psych.-Pergamon Pres, Oxford and
New York, 1978, p. 1623-1631).
The principle of this test Lies in measuning the possi-
bilitics of survival of the organism subjected to an atmo-
60 spbere in which the oxygen level is progressively de-
eressed. Due to the particuler sensitivity of the nervous
" sysicm w this type of aggression, the results obrained in
this lest can be interpreted as 3 measure of the resistance
of the central p=rvous syster. Compounds whuch in-
63 crease the rosistance of the animals (0 this stress are
suitable for the trearment and prevention of hypoxic
type aggressions of the central nervous sysiem.
b. Method.
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The apparatus consists of an aimight transparent cage
37 em high, 39 cm deep and $7 cm wide. This 140 liter
cage i provided with 60 transparent companments
esch 6X 10X 10 em, making it possible to separately
accomodate &0 mice.

A [an ensures circulauon of the stmosphere between
the compartments through 8 gnd floor. The cage is
equipped with a device for introducing nitrogen st 8
constant {low rate, and with an orifice communicating
with the ambient atmosphere. Male mice (NMRI strain)
weighing 20 t0 22 g, are kept fasung as from the day
before the test. The experiment s effected on the fol-
lowing day, simultancously on 3 groups of 20 mice: a
control group is given water (15 ml/kg) orully, and the
other two groups are esck given orally a compound to
be tested.

25 minutes after the administration, the animals are
distnibuted at random smongst the compartments so
that none of the three groups is concentrated in 3 pre-
ferred area of the eage.

30 mioutes after sdminisiration, the cage is closed and
nitrogen is admitted into it at & constant flow rate (7.75
liters of technical grade nitrogen per misute) for about
37 minutes, at which stsge the atmosphere contains
3.7% oxygen.

The cage is left closed until the critical moment
where no more than 3 survivors are observed among
the 20 conmol animals. At that moment, the cage is
opeoed and ammospheric air admitted into it. A few
wornents later the survivors in each group of anirals
are counted.

For cach dose of compound to be tested, the expeni-
mexts arc repested once o twice, and the results pooled
to obtain 3 minimurm of 40 (or 60) animals rested per
dosc and 40 (or 60) corresponding coatrol animals.

For each dose of compound tested, the number of
surviving animals among those treated with the com-
pound is comparcd with the pumber of surviving ani-
mals amocg the conmol animals. The dilference be-
tween those numbers expresses the protective activity
of the compound aguinst hypoxis caused by oxygen
depnvation. The stanstcal significance (P) of this dif-
ference is evaluated by the Fischer-Yates 1est,

c. Results.

Table | below gives the results obuained for increas-

tng coses of compounds A and-B.

TABLE 1]
Number of surviving
Orul doac animals
Cempound tested  1a memol /&g cuntrol reated P
A .01 1974 180 NS
0.l S V. ] 760 NS
.16 e /60 NS
0.2 10460 )0r60 <0.001
B Q01§ & 1/« _NS§
oo v 12/40 <04
[-X S &40 19/  <0.005
are /40 1) 00§
0.32 3740 17740 <001

NS ® meiaialy sos-upniicaas

d. Conclusions.

In this test, the lacvorotatory cnantiomer of the ia-
vention (compound B) increases the survival of the
acizmals deprived of oxygen wheo administered at doses
from 0.032 mmol/kg upwards. The racemate (cowm-
pound A) cxeris a3 similar activity oaly from 032
mmol/kg upwards (1st cfTective dose). Thus, the la-
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evorotatory enantiomer of the present invention 15 1g
times more active than the corresponding racemate.

11. Protection against cerebral ischemis (rats)

s Principle (C. GIURGEA and F. MOURAVIEFF.
LESUISSE: sec above undes la
Electroencephalographic controls have shown thy

the ligature of the 2 common carotids in the rat causes

a true cerebral ischemix: the electroencephalogram

trace [isttens and even becomes isoclestne (electric

silence).

b. Method.

Male Wistar rats weighing between 250 and 350 g are
anesthetized with pentobarbitl administered intrapes-
toncally st a dose of 50 mg/kg (0.5 ml/100 g).

Immediately afier thz ancsthesia, the animals are
administered intraperitoneally with an amount of 0.8
ml/100 g, either the ecmpounc 1o be tesied dissolved in
an isotonic sodiure ehloride soludon (treated animals).
or only an isotonic sodium chloride solution or placebo
(contro! anumals). About 20 minutes later, the 2 com.
mon caronds are exposed and about 10 minutes later
ligatured simultaneously. This operation is eflected
simutanecusly on the control anumals and the treatcd
animals.

Arx bour after admiristration of the compound 10 be
tested or of the placebo. there is again administeres
intraperitoneally the same dose of either the compound
10 be tested (10 the wreated animals) or the placsbo (10
the conuol animals).

S bours after the first administration, there is admins-
tered for the third ume the game dose of cither the
compound w0 be tested (1o the surviving treated ani-
mals) or the plazebo (to the surviving contro! animals).
24 hours afer thz first administradon the efTicacy of the
ligature is verified in all enimals under pentobarbit
ancsthesia, by section of the carotids downstream of the
ligature. The number of sunviving animals is recorded
among both the treated animals and the control animals.
For each dose of compound tested, the number cf sur-
viving agimals among those treated with the compount
is compared with the gumber of surviving animals
among the conmo! animals. The difference expresses the
protectve activiry of the compound against the lethsl.
ity mduced by the simultaneous Liguiure of the 2 ca-
rouds. The stausszal significance (P) of this difference
is evaluated by the Brandi-Snedecor test.
¢ Resuls.

Table IT below gives the results obtained for incress-
ing doses of compounds A and B.
TABLE I
Numixr of survining
Compound I perironeal snimals
witad dosc 1n mmol/kg contro! treaied 4
A 6.32 2% 8729 NS
0.64 11730 p3¥p o 0.0l
B Gl 9729 14N% NS
.16 (Yol 14730 0.0
032 [ Vg ~] 1929 0.01

NS = noowpuican dillerveex.

d. Conclusions.

Table I shows that the racemate (compound A) is
only actve from 3 dose of 0.64 mmol/kg upwards. In
conwrast. the lacvorouatory enantdomer of the invention
(compound B) protects the animals, from 0.16 mmol/kg
upwards, against the lethality induced by the simults-

neous ligat
‘4 umes mc

" Table II
LD inm
male rat a;

20Mpositic
dragees. g

£
£
P-
*
=
3
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- peous higature of the two carouds and thus proves to be
1 4 times more active than the racemate.

111, Toxiony.

* Table 11 below gives, for compounds A and B. the
< LDsa in mp/kg, determined on the male mouse and the
+ male rat after intravenous administration:

QAN ML ZXFF S

3 TABLE IlI

. L0 n mp/ux

‘a' Compound tested mause it
& A 1% 1500
= B 1081 103
g-:

As can be scen from this uable the laevorowtory cnan.

;» gomer of the inventon (compound B) has, like the

{ raccrmate (compound A), very low toxicity and the

- 1oxiz dose is well above the active dose.

-? The compound of the present invenuon can be ad-
cnmszcrtd cither orally in the form of solid or liquid
.- compositions for example, in the form of tablets, pills,
dragcr:s. gelatine capsuiss solutions ot Syrups, or paren-

" terally in the form of injectable solutions or suspensions.

© Pharmaceutical forms such as solutions or tablets are

- pr"p:u'!d according to conventional pharmsceutical

wethods. The compound of the invention may be mixed

“2witk ¢ solid or liquid non-toxiz pharmaceutically ac-

c-:p_a‘:le carrier and opticoally with a dispersant. & sta-

" bilizer and where necessary, colorants and sweeteners.

ﬁ - Simiarly the solid or liquid pharmaceutical cartiers

;. used 1n these compositions are well known.

+5  Sold pharmaceutizal excipients for the preparation

“of tblets or capsule include, for caarple, starch, tale,

{gedoium carbonate, lactose, sucrose and magnesium

- KRTerete.
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The percentage of active product in the pharmaceut.
cn) compositions can vary within very wide limits de-
pending upon the mode of administration and the condi-
tion of the patent. The human posology can vary be-
tween 250 mg and 3 g per day.

There is given below 1 non-limiting example of a
composition containing the compound of the invention
i.e. 2 100 mg gelatin= capsule for oral sdministration:

compouac B: 100 mg

avicel (microcrystalline cellulose): 217 mp

Mg steanate: S mg

We claun:

1A pharmaccuncu composition comprising a thera-
peutically effective amount of (S)-alpha-cthyl-2-oxo-1-
pyrrolidinescetarcide and a pharmaceutically accept-
able solid or liquid diluent or camner therefor, said com-
position being subsuantally free of (R)-alpha-ethyl-2-
oxo-}-pyrrolidincacctamide.

2. (Sralpha-ethyl-2-cxo-l-pyrrolidincacetamide sub-
suntially  free  of  (R)alpha-ethyl-2-0x0-1-pyr-
rolidineacetamide, prepared by the process which com-
prises cyclizing, in an inert solvent and in the presence
of 2 basic substance, an (S)-2-amino-butanamide of the
formula

X—CH CH—Y = RHCH(CHCONH:

in which
X represeats 200C— or HelCHy,—, wherein Z is
alkyl of 1 1o 4 carbon atoms and Hal a halogen
atom, and
Y represents —CHy— ot =CO—,
with the proviso that Y is ~—~CHy»— when X represents
ZOOC—, and Y is —CO— when X represents HalC-

Hy—.

- - » - -
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TUnited

The Commissioner of Patents
and Trademarks

Has received an application for a patent
Jor a new and usejul invention. The title
and description of the invention are en-
closed. The requirements of law have
been complied with, and it has been de-
termined that a patent on the invention
shall be granted under the law.

Therefore, this

United States Patent

Grants 1o the person or persons having
title to this patent the right 1o exclude
others from making, using or selling the
invention throughout the United States
of America for the term of seventeen
years from the date of this patent, sub-
Jject to the payment of maintenance fees
as provided by law.
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Commissioner of Patznts and Trademarks
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{57 ABSTRACT

(Syalpba-ethyl-2-0x0-1-pytrolidipeacetamide, its prepa-
ration and pharmaccutical compositions contining the
same. It can be prepared cther by reacting (S)»-alpha-
ethyl-2-0x0-1-pyrrolidineacetic azid successively with
an alky! haloformste and with ammonia. or, by cycliz-
ing an (S>2-amino-butapemide of the formuls
X~—CH;CH;—Y—NHCH(C;H)CONH: whercin Y 15
8 —CHjy— radical when X represents £ ZOOC— radi-
cal and Y is 8 —CO— radical when X represents a
Hal)CHy— radical, Z being a Ci—Cs alky] radical and
Hal » halogen atom.

Thus laevorotatory esantiomer has been found to have
significantly higber protective activity against hypoxia

[30] Foreign Application Priority Data and ischemia than the corresponding racermate.
Masy 15,1984 [GB] United Kingdam coemeecnn. 3412357
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1

($»ALPHA-ETHYL-2-0X0O-1-FYR-
ROLIDINEACETAMIDE

This applicaton is a division of application Ser. No.
025277, Rled Mar, 12, 1987, now U.S. Pat No.
4,837,223, which application is. in turn, a division of
application Ser. No. 733,790, filed May 24, 1985, now
U.S. Pat No. 4,696,943.

The present invention relates 1o the novel compound
(S) alpha-eibyl-2-010-1-pyrrolidinescetamide, as well
es to processes for the preparauon thereof. It also re-
lstes to pharmaceutical compositons containing the
s2id compound

Briash Pat No. 1,309,692 deseribes the compound
alpha-ethyl-2-0x0-1-pyrrolidineacetamide (meldng
point 122" C.) and szates that the compounds of this rype
czn be used for therepeude purposes, for example for
the goutment of motion sickness, byperkinesia, hyperto-
nia and epilepsy.

Moreover, it also mentions that these compounds can
be appliad 1n field of memory disarders in normal or
pethologizal conditions.

It is also known that alpha-ethyl-2-0xo-1-pyr-
rolidineacetamide possesses a protective activiry against
aggressions of the central pervous system caused by
bypoxnag, cerebral ischemia, ew. (Phar-
mazie,37/11,(1982), 753-765).

Ccotinoing rescerch work in this field, we bave pre-
pared and isolated the lacvorowtory enantiomer of
tiphs-ethyl-2-oxo-1-pyrrolidinencetamide and have
fcund tha! this compound differs i 8 completely vapre-
d:cmable manner from the known racemic form, by
(1) havizg 2 10 times higher protective acovity against

hypoxa (agcbypoxia) and
(2) having s 4 umes higher protecdve activity against

wchemia (antischemis).

As a result of this unexpecied combiaaton of proper-
nss the lasvorowinry enantomer of alpba-ethyi-2-0x0-
l-pyrrolidineacetamide is more suitable for the mreat-
ment and preventon of hypoxic and ischemic type
nggresdons of the cenoal nervous system. The impor-
tant cooaibonot of the bypoxic phenomenon ia certain
pathological conditons of the eental nervous yystemm
SUggests that this compound has a therapeutic effect in
the teamment of the consequences of cevehral vascular
accidents and of cranial gaumas, of the sequelae of the
2gomg procexs or of circulatory iasufficiencies or the
ceoral aervons systexo resulting from cerehral-ischemic
or hypoxic accidents occwrring for example durning

birth. The compound may also be used in hypoxic-type

diseases of other organs or tissues, such as the beart and
kidneyy
Accordingly, ths presest inveoton relstes to the
orotatory casstomer of alpba-cthyl-2-ozo-l-pyr-
rotidmescetamide which has the S absolute configura-
ton, the sid compound being substantially free from
Lhe dexrroromiory enastiomer which has the R absolute

configuration
o (Srelphsctbyl-2-oxo-1-pyrrolidinescetamice o~
" cordmg w the present invention cacnot be obtained

,.:..::_ directly from the racemic form by separating the two
o

,- czantiomery. It can be preparcd by ooe or other of the

5T following
F oot &23=d moressively with (1) an alkyl baloformate of the
"‘a,_ ﬁ-formnh HalJCOOZ im which Hal represcuts s halogen
-TxmudZmdkylndaalhvmglmlmnwm

BEST POSSIBLE COPY

processes:
(s) reactng (S)alpba-ethyi-2-0x0-1-pyrrolidinescenc

b

15

43

55

(1]

2
and with (2) ammonia. The alkyl baloformate is prefera-
bly ethyl chloroformate.
- This reaction is geserally carried out in dichloro-
methane a1 8 1emperature between —10° and ~60° C.

The (S)ulpba-ethyl-2-oxo-l-pyrrolidineacetc scid.
used in this resction, can be obtained from the racemic
{=)alphacthyl-2-0x0-1-pyrrolidincaceuc  acid by
chemical resolution in accordance with methods known
per se, for example by forming a salt of this scid with an
opBeally sctive base and isolating the salt formed with
(S)-alpha-ctbyl-2-oxo-1-pyrrolidincacetic asid by sue-
cessive crysullizaticns an appropriate solvent (for ex-
ample benzene).

By way of examples of opucally actve bases which
can be used for this resolution there may be mentoned
alkaloids such as brucine, quininc strychnine, quinidine
and cinchonidine and amines such as alphs-methylben.
rylamine and debydroabietylamine (¢l S. H. WILEN et
al, Teouhedrom, 33,(1977).2725-2736). Parncularly
favourable results are obtained by using alpha-methyl-
benrylamine and debydrosbierylamine.

The racemic (=)alpha-etByl-2-cxo-1-pyrrolidinea-
cetic acid used as the swartng matenal can be obained
by saponifying the corresponding alkyl esters, the syn-
thesis of which bas been described in Brinsh Par No.
1,309.652

() cycliding an (S)}2-amino-butanamide of the for-
mula

Xl ) CH oY== NH CHIC H 3 XCONH2 tAY

in which

X represcots 8 ZO00C— or HalCHr— radical, Z being
an alkyl radical baving | to £ carbop atcms, 108 Hal

a halogen awm., preferably chlorine or bromine, and
Y roprosents 8 —CHy— or —CO— radical,
with the proviso that Y is 8 —CHy— radical wkez X
represents 8 ZOOC— rdical and Y is 8 —CO— radical
when X represcuts a HaCHy— radical. The cyclizsoon
of the (S)2-amino-butanamide of formula A is camed
out in ap woen solvent, such as toluene or dichlorometh.
ane. at a temperarure of from 0° C. 10 the boiliag point
of the solvest This cyclizanon is advantuageously car-
ricd out in the presence of a basic substance as 3 cata-
lyst This cawlyst ic preferably 2-hydroxypyndine
wheo the compound of formula A is an ester
(X=Z00C~) 2nd rosburylammonium bromids
when the compound of formula A is a halide (X=HalC-
Hy—).

Whez X represcon a8 Z00C— madical and Y is s
~CHy— nadical the compourd of formuls A is an alkyl
(S)»4-[] I{aminocarbonyl)propyllamino]buryrate of the
formuls ZOOCCH2CHCH;NHCH(CH)CONH;. in
which Z has the meanimg given sbove. The larer can be
prepared by condensing (S)-2-amino-butanamide with
ao  alkyl 4haloburyrate  of the formula
Z00CCH;;CH;CH;Hal in which Z has the meaning
gven above and Hul s & halogen atom.

When X represcots 8 HalCHy— redical and Y is thus
8 —CO— radical, the compound of formula A is (S)-N-
1 {aminocarbonyl)propyl]4-halobutanamide of the
formuls HalCH2CH;CH;CONHCH(C:H)CONH;, in
which Htl has the meaning giver sbove. This larter
compound can b prepared by condensing (S)-2-amino-
butanamide with 8 &haloburyryl balide of the formula
HalCHCH;CHCOHAal. in which Hal is a halogen
som
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The reaction berween the (S)»-2-amino-butansmide on
the one hagd and the alkyl 4-hajobutyrate or 4-balobu-
Tyryl halide on the other hand. is generally curried out
in an ipert solvent, such as beazene, toluene, dichioro-
methage or acztonitrie, st 3 temperarure of from —S° to
+100° C. and in the prescoce of an acid aceeptor such
as 2 tertiary organic base (for example qiethylaminoe) or
an inorganic base (for example potassium carbounte er
hydroxide or sodium carboaate or bydroxide).

When X represents a HalCHy— radical and Y a
—CO0— radicsl, it is not absolutely necessary to isolate
the compound of formuls A obained from the starting
msterials mentioned above. Ia fact, the compound of
formuls A, obtained in situ, can be cyclized directly to
the (Sralphacthyl-2-0xo-1-pyrrolidinescetamide  ac-
cording to the present invesnon (sce Examplc 4 below).

The (S)-2-amino-butannmide used as swarting material
can be obtained fom (S)»2-amino-butyric acid by am-
wonolysis of the corresponding methy! ovter in accor-
dance with the method described by K. FOLKERS et
1o JMed.Chexn.14,(6).(1971),484—487.

The following examples are given for the purpose of
dlusostion only

Ia these examples the opdcal purity of the com-
pounds obtained was veriflied by calonmewic determi-
naton of the differential enthaipies (C. FOUQUEY and
J. JACQUES, Tetrabedron.23,(1967),4009-15).

EXAMPLE |

(3) Preparstion of the (R)-alpha-methyl-benrylamine
salt of (S)-alphs-ethyl-2-030-1-pyrrolidineacenc aamid

8.7 kg (50.8 moles) of acemic (= )-alphs-ethyl-2-0x0-
1-pyrrolidinearetic acid are suspeaded 1o 21.5 liters of
anhydroes benzene in 2 50 liter resctor. To this suspen-
sion b added gredually 8 solution cootaining 3.08 kg
(25.45 moles) of (R)<{+ }-alpha-methyl-bearylamine und
2.575 kg (25.49 moles) of wiethylamine in 2.4 liters of
gahydrous benzanc This mixture is then beated 10 re-
flux untl completz dissolution It is then
cooled and allowed 1o erysuallize for 3 few bours. 5.73
kg of the (R)alpbs-mewbyl-benrylamine salt of (S)
alpha-cthyl-2-010-1-pyrrolidincacete acid are thus ob-
wined

Meltng point: 14§°-151° C. Yield: 77.1%.

This salt may be purified by headng ander reflux
4£.3 liters of benzcge for 4 bours. The mixture is cooled
a=d fltered to obtain $.040 kg of the desired salt Melt-
g point: 152°-153.5" C. Yield: 67.85%.

() Preparation of
(S)-alpha-ethyl-2-030-1-pyrrolidinsaceric scid

5.04 kg of the malt obtained in (8) above are dissolved
m 9 liters of water. 710 g of x 30% sodivm bydroxide
solgtios sre added slowly o that the pH of the soluton
resches 12.6 and the temperamre does not exceed 25° C
The solution iy sired for & farther 20 minutes and the
apho-methylberrylamine liberated i exuncied repeat-
edly with & wial volume of 18 liters of benzene.

The aqocons phase is then acidified to a pH of 1.1 by
sddizg 32 liters of 6N bydrochloric acid. The precipi-
wze formad is filtered off, washed with water aad dried.

The Oloue is extracted repestedly with & total vol-
ume of 50 liters of dichloromethane The organic phase
is dnied over sodium sulfats sod filtered and evaporsted
10 dryness ander redoced pressure.

Tte resdue obmmed afier the cvaporation and the
precipiaue bolate previously, are dissolved wgether in
14 Liters of bot dichlcromethane. The dichloromethaoe
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is distilied and replaced at the distillation rate. by 14
liters of wluene from which the product crystallizes.

The mixture is cooled 1o ambient temperarure and the
crystals are filtcred off to obtain 2.78 kg of (S)-alpha-
etbyl2<0xo-1-pyrrolidincscetic acid

Melting point: 125.9° C [alpha]p?®==264" (c=1,
acetone). Yield: 94.5%.

() Preparation of (S)alpha-ethyl-Z-oxo-1-pyr-
rolidineacetamide

Je2 g (0.2 mole) of (S)alpha<cthyl-2-0x0-1-pyr.
rolidinescetic acid are suspended in 225 m) of dichloro-
mcthane cooled to —30° C. 24.3 g (0.24 mole) of tneth-
ylamine are added dropwisc over 15 minuss. The reac-
ton mixture is then cooled to —~40° C. and 24.3 g (0.224
mole) of ethy] chloroformate are added over 12 min-
utes. Thereafier, s sweam of ammonia is passed through
the mixture for 4§ hours. The reaction mixture is then
allowed o return to ambicnt Llemperature and the am-
monium salts formed are removed by fUmscon and
washed with dichloromethase The solvent is disnlled
off under reduced pressure. The solid residue thus ob-
tained is dispersed ip 55 m! woluene and the dispersion is
sarred for 30 minutes and then filtered. The product is
recrystallized from 280 ml of ethyl acctate in the pres-
ence of 9 g of 0.4 i molecular sieve in powder form.

24.6 g of (Sralphs-ethyl-2-ox0-1-pyrrolidinenceta-
mide are obzined

Meldng point: 115°-118" C [alpha]pB= —~89.7
(cw 1, scewone). Yield: T239%.

Analysis for CHuN201 10 9o calculated: C 56.45. H
8.29. N 16.45. found: 5€.7). B22 [6.48.

The racemic (= )alpha<ibyl-2-0x0-1-pyrrolidines.
cctic acid used ig this synthess has been prepared in the
msanner described below.

A solubion containing 788 g (19.7 moles) of sodium
bydroxide m 4.35 liters of water is introduced over 2
bowrs inwo a 20 Lter flask conpuining 3.65 kg (18.34
moles) of ethyl (== )»alpha-cthyl-2-0x0-1-pyrrolidineaze.
tale At 3 tcmpersture pot escesding 60° C. When this
additon is complete, the temperarure of the mixture is
raised to 80° C. and the alcobol formed is distilled el
untl the remperature of the reaction muxture reaches
1006° C.

The reaction wixture is then cooled to 0° C. acd 1.6€
liter (19.8 molas) of 12N bydrochloric acid is added
over two «nd 2 half dowrs The precupitate formed is
fltcred off, washed with 2 liters of toluene and recrys-
ullized from isopropy] slcobol 2.447 kg of mcemic
(=)alphacthyl.2-0x0-1-pyrrolidineacetic acid, melnag
ar 155°-156" C., are thus obtained. Yield: 78%.

Azalysis for CiH13NOs, i %o calculsted: C 56,12 H
7.65. N B.18. found: 55.22 8.10. 7.97.

EXAMPLE 2

(2) Prepanation of ethyl
(S)4-{ 1 (amisocarbonyl)propyllamino}buryrate

143.6 m) (1035 moic) of tncthylamine are added to 8
suspenion of 47.75 g (0.345 mole) of (S)-2-amino-
butanamide bydrochlonds ((alphalp®: +26.1% c=1.
wetharo!) in 400 ml of wlucne. The mixture is beated 10
80° and 67.2 g (0.34S mole) of ethyl 4-bromobutyrate
are introduced dropwise.

The roacrion mirmure is maintained at $0° C for 10
houry snd then filtered bot 10 remove the ricthylamine
alie The floate is then cvapomted under reduced
pressure and 59 g of an oily residue conssting essen-
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tally of the moncalkylation product but containing also
» small amount of dialkylated derivarive arc obtained.
The product obtained in the crude state has boen used
ss such, without additosal purification, in the prepars-
toa of (S)-alpha-etbyl-2-0x0-1-pyrrolidincacctamide by
cyclizston.

(b) Preparaton of
(S)-alpra-<cthyl-2-oxo-1-pyrrolidincacetamide

54 g of the crude product obtained in a) above are
dissolved in 125 m! of tolucnce in the presencc of 2 g of
2-bydroxypynidine. The mixrure is beated at 110° C. for
12 bours.

The insoluble maner is filtered off bot and the filtrate
is then evaporatad under reduced pressuse.

The residue is purified by chromatography on & col-
wvmn of 1.1 kg of silica (colums diameter: S cm: eluent:
8 mixture of ethy] acetate, methanok and concentrated
ammonia solution in a proporton by volume of 85:12:3).

The product isolated is recrystallized from 50 ml of
ctbyl acemte to obwin 17.5 g of (S)»elpha-cthyl-2-oxo-1-
pyrrolidineacetamide.

Melgog potat: 117 C. [alphalp?: —90.0° (c=1, ace-
woe). Yield: 41%.

EXAMPLE 3

(a) Preparation of
{S»N-[l(aminocarbony))propyl}4-chlorobutanamide

343.6 g (2.5 moles) of ground potassium carbonate asc
mired wath 138.5 g (1 mole) of (S)-2~-amino-butanamide
hydnthnd: 1o 2.5 liters of acetonitrile. The reacton
mixTure is cooled w0 0° C. and s solution of 129.2 g (1.2
mole) of 4chloroburyryl chlonde in 500 ml of acetoni-
tile 15 wmoduced dropwise After the additon, the
reacnion mixture is sllowed 10 return to ambient temper-
arure, the insoluble maner is filtered off and the flirate
eveaporated uoder reduced pressure. The crude residue
ottaned is sirred tn 12 liter of anbydrous ether for 30
minutes &2 8 tempernture berween $° and 10° C. The
precipitate is fltered off, washed twice with 225 ml of
ether and dricd in vacuo 1o obtain 162.7 g of (S)-N-[1-
{aminocarbonyl)propy4-chlorobutanamide.

Meltag point: 118°-123° C, [alphalp®s: —18° (e=1,
methagol). Yield: 718.7%.

Thc crude product thus obtgined is very suitable for
e cyclizaton stage which follows It can however be
puniicd by strring for one bowr in anhydrous ethyl
scxiste

Meluog poiat: 120°-122° C. [pha]lp®: - 232" (c=1,
metkapol).

() Preparation of
(S}alpha-cthyl-1-oxo-1-pyrrolidineacctamide

6.2 g (0.03 mols) of (S)-N-[1(aminocarbooyl)ypropyl}-
4chlorobutsmme z0d 0.434 g (0.0015 mole) of ter-
noutylammonimy bromide are mited m 45 wl of di-
chioromethane at 0° C. under a nitrogen atmosphere.
2.02 g (0.036 mole) of potassium bydroxide powder are
added over 30 minutes, &t such a rate that the tompern-
t=me of the resction mirture does mot exceed +2° C
The wirmre is then stirred for one bour, after which a
farther 0.! g (0.0018 male) of ground potasgum hydrox-
ide is added and srirring continued lor 30 minutes at 0°
C. The mirmre & allowed 1o return to ambicnt tzmperu-
tme. Tte insoluble matter is filtzred off 28d the Gloate
is conconmated tnder reduced presmuwe The residuc
Obtained s recrysmilized from 40 ml of ethyl sectate in
the presence of 1.9 g of 0.4 nxm molecular sicve. The
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latter is removed by bot filtradon to give 3.10 g of (S)-
tlpbasthyl-2-0x0-1-pyrrolidineacetamide.
Melting point: 116.7° C. [alpha]p?’: —3%0.1" (e=),
acctone). Yield: 60.7%.

EXAMPLE 4

Preparation of
(S)alpha-cthyl.2-0xo-1-pyrrolidinescetamide

This example illustrates & vasiant of the process of
Example 3, in whict the intermediaie 4chlorobutana.
mide obtained in sitc is not isolated. 84 g of anbydrous
sodium sulfate are added t0 & suspension of 69.25 g (0.5
molc) of (Sy2-amino-butanamide bydrocklonde in 600
m! of dichloromethane at ambient tempersture. The
mixture is cooled to 0° C. and 115 g of ground potas-
sium hydroxide arv added. followed by 8.1 g (0.025
tole) of t2rabutylammonium bromide dissojved in 100
ml of dichloromethane. A soludon of 77.5 g of 4
chlorobutyryl chloride in 100 ml of dichlorometha s
added dropwise a1 0° C, wib vigorous sarring. After §
bours’ reaction, 2 further 29 g of ground potassium
bydroxide are added. Two bours leter, the rescuon
mixrure is filtered over Hyflo-cel and the filmate evapo-
razed under reduced pressure. The residue (93.5 g) us
dispersed in 130 m! of hot toluene for 45 minutes. The
resultant mixrure is fltered and the filrate evaporated
under reduced prossure. The residuc (713 g) is dis-
solved hot in 380 ml of ethy! acewate to which 23 g of 0.4
nm molecular seve tn powder form are added. This
mixture is heated w refllus temperature and fUtered hot
After cooling the filtrate, the desired product crystal-
izes w0 give 63 g of (S)kalpha-ethyl-2-oxo-1-pyr-
rolidincacetamide.

Melting point: 117° C. [alphalp™: —91.3° (e =], ace-
tone). Yield: 74.1%

Pharmcological tests

Raccmuc  alpha-ethyl-2-oxo-1-pyrrolidinesccramide
(compouad A) aad (Sralphaethyl-2-oxo-i-pyr-
rolidincacetamide (ccmpound B) of the presext inven-
tion were subjected to pharmeological wests.

1. Protecdon sgainst hypoxia (mouse)
a Prigciple (C. GTURGEA and F. MOURAVIEFF-
LESUISSE; ProcXth Iotern. Congr. of the Coll. In-
tern. Neuro-psych.- Pergamon Press. Oxford and New
York, 1978, p.1623-1631).

Thbe principle of this wst lics in measuring the possi-
bilities of survival of the organism subjected 10 an azmo-
sphere in which the oxygen level is progresively de-
creased. Duc 1o the partncular sengtvity of the pervous
system 10 this type of aggression, the recuts obtained in
this test can be interpreted as s messure of the resistance
of the centrn] pervous system. Compounds which in-
creasc the resistance of the animsls to this soress are
suitable for the weatment and prevennon of hypoxic
type aggrexsions of the central pervous sysiem.

5. Metbod

The spparatus consists of an sirtght transparent cage
37 cm high, 39 o deep and 97 cm wide. This 140 liter
cage is provided with 60 transparent comparznents
exch 6X 10X 10 em, making it possible to separstely
accomodate 60 mice

A fan ensures circulation of the amnosphere berween
the comparuncnes through 2 grid floor. The cage is
equipped with & device for inpoducing nigogen st a
coustant flow e, and with an oniice communicating
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with the ambient stmospbere. Male mice (NMRI strain)
weighing 20 to 22 g. are kept fasting as from the day
before the test. The experiment is ¢fTecied oo the fol-
lowizg day. simultancously on 3 groups of 20 mice; a
conrol group is given water (25 mi/kg) orally, and the
other two groups are each given orally a compound to
be tested.

2% mioutes after the administracion, the animals are
distributed a1 ragdom amosgst the compartments so
that nose of the three groups is concrptrated in 4 pre-
ferred wres of the cage.

30 minutes after admigistration, the cage is closed and
nitrogen is admirtted into it at a constant flow e (7.75
Liters of technical grade pitrogen per minute) for about
37 migutes, ot which stage the atmospbere contsins
3.79 oxygen.

The cage is leR closed undl the criscal moment
where po more than 3 survivors are observed among
the 20 cogtrol apimals. Af tha: moment, the cage is
opened and atmospheric air admined inw it A few
moments later the survivors in each group of asimals
arc counted.

For each dosc of compound to be tested, the experi-
fDeuts AT repeated once Of Twice, and the results pooled
to oblam 1 minimum of 40 (or 60 animals wested per
dose and 40 (or 60) corresponding copwol animals. Far
each dos of compound tested, the number of surviving
saials among those waated with the compound is
compared with the number of surviving animonls amoang
the control animals The difference between these pum-
bers expresses the protective activity of the compound
spuast byporia caused by oxygen deprivaon The
satistcal significance (P) of this dilTcrence is evaluated
by the Fischer-Yares test
¢. Resulss

Tablc 1 below gives the results obtamed for wncreas-
mg doses of compouads A aad B.

TABLE I
Nomoer of sarveving
Orul dose apanaly
Componnd wevud  w mmolkg couool oraled P

A 0.032 12/60 1% NS
[-3] Ve k7L Y NS
aié |74 ] 1ve NS
02 10/60 X760 <0.001

B Q046 3/4Q 11780 NS
a0l /40 178 <0.6
-8} 6/8) 19780 <0.00%
(91 /40 1%/ <0003
032 3/80 1740 <Q0!

HS w maanraly sm-agubona,

d. Conclustions

o this test, the lacvorotalory cuastomer of the in-
veotes (compound B) increases the survival of the
azimaly deprived of oxygen when sdministered st doses
from 0.032 mmol/kg upwsrds The racemate (com-
pownd A) exan 3 mmilar acuvity only from 0.32
e=ol/kg upwards (1n effective dose). Thas, the ls-
evorotutory cusntiomer of the present mveation is 10
times more actve than the correypouding tocemate.

I Protection agamst cerebral ischemia (rats)

a Pracple (C. GIURGEA and F. MOURAVIEFF.
LESUISSE: ser sbove under Ia) Electroencepbalo-
Eapbic cootols have sthown that the ligature of the 2
common carotds in the rat causes 3 true cercbral isch-

8
emia: the electroencepbelogrum trace flattens and ever,
becomes isoelectric (elestric silence).
b. Method
Male Wistar rats weighing between 250 and 350 g arc
3 ancsthetized wath pentobarbital sdministered intraperi.
toneally at & dose of 50 mp/kg (0.5 @ml/100 g).
Immediately afier the anesthesia, the amumals ape
administered intraperitoneally with as amount of 0.5
ml/ 100 g, cither the compound to be tested dissolved in
a5 isotonic sodiww chloride solution (tresied animals),
or only an isotonis sodium chloide soluton or placebo
(conmrol animals). Abour 20 minutes later, the 2 com-
mon carotds are exposed and about 10 minutes later
1s ligatured simultancously. This operation is effecied
simultancously on the comro] animals and the treaged
aaimale
Az hour after administranon of the compound 1o be
tested or of the placebo, there is again administered
10 intraperitoneally the same dose of either the compound
10 be Lsted (1o the trented snimals) or the place (to the
coptro] animals). i
S hours afier the first adminisunton, there is adminis.
tered for the third tme the same dose of either the
23 compound to be tested (to the surviving teated ani.
wals) or the placebo (10 the surviving control animals).
24 bowrs afier the first admipistraton the efficacy of
the ligature is verified in all animals, under pentobarbi.
tal anesthesia, by scction or the carotids downstream of
the ligarure. The aumber of surviving animels is te.
corded among both the treaied animals and the coouc!
anurals. For each dose of compound tesied, the pumber
of surviving aaimals among those weated with the com-
3¢ pound is compared with the aumber of surviving aai-
mals amoug the cootrol animals. The difference ex-
presses the protective acnviry of the compound agaiost
the Jetbabity induesd by the simulwancous Lgarure of the
2 caronds. The swatistcal significanze (P) of this differ-
49 ence is evalusted by the Brandt-Soedecor st
¢. Results
Table I below gives the results ebtauned for increas-
g c¢oses of compounds A and B.

10

o

P TABILE DI
Number of sarvivag
Coapoand laoeperitcocal anumaly
[T done o mool/kg cowerol o r
A 03 (V1) 129 NS
50 0.64 ) Ve ] pive o} ¢.ol
] 0.1 9/29 14729 NS
0.lé €29 14730 0.05
an 2730 19729 0.0l
NS = mn-epuiean dlleresce.

%5 4 Copclusions .
Tsble II shows that the racemare (compound A) s
ouly actve from a dose of 0.64 mmol/kg upwards. In
contrast, the laevorotatory enantiomer of the invention
& (compound B) protects the animals, from 0.16 mmol/kg
upwards, against the Jethaliry induced by the simulta-
Beous liganure of the two carotids and thus proves to be
4 times wore active than the racemate.

M. Toxicity

Table III below gives, for compounds A and B, the
LDso is mp/kg. detcrmined on the male mouse angd the
male ras after intravenous administration:

63
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b3 TABLE I

i LDs in mp/kg

- Compound temexd mowse il

” A 17% 1500
B 1081 1038

As can be seen from this tabdle the lazvorotatory enan-
tiomer of the inventon (compound B) has like the
macemate (compound A), very low toxicity and the
toxic dose 15 well above the active dose.

The compound of the present inventon can be ad-
miristered ather orally in the form of solid or liquid
compositions for example, in the form of tablens, pills,
degrees, gelatine capsules, solutions or syrups, or paren-
terally ir the form of injectable solutions or suspensions.
Pharmazrutcal forms such as solutons or wbleu are
prepared accordisg W conventonal pharmaceuncal
methods. The compound of the invention may be mixed
with a solid or liquid pon-toxic pharmsceuncally sc-
ceptable camer and optonally with a dispersant, a sta-
buizer aad where necessary, colorants and swesteners.

Similarly the solid or liquid pharmaceubcal carners
used i these compasigons are well known,

Solid pharmaceutical excipicnts for the preparstion
of wblets or capsules include, for example, starch, le,
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calcium carbonaie, lactose, sucrose and magnetium
stezrule

The percenuage of acdve product in the pharmaceuti-
cal compositions cap vary within very wade Limits de-
pendic g upon the mode of adminisoration and the condi-
tion of the patieot. The bhuman posology can vary be-
rween 250 mp and 3 g per day.

There is gives below & non-limiting cxample of a
compositon containing the compound of the invention

i.c. 2 100 mg gelatine capsule for amal administration:
conpousd B 100 mg
avizel (microcrysulline calluiose) 27 g
Mg sosmate S g
"We claim:
1. (S»alpha-ethyl-2-oro-1-pyrrolidineacctamide sub-
sianvally fee  of  (R)alphs-ethyl-2-0x0-1-pyr-
roudineacetamide.

2. (Syalpha<thyl-2-cxo-l-pyrrolidincacetamide sub-
stanually free of (R)-alphs-ethyl-2-oxo-1-pyr-
rolidinescetamide, prepared by the process which com-
priscs reactng  (S)-alpba-ethyl-2-oxo-1-pyrrolidines-
cetic amd sucesssively with (1) ao alky] haloformate of
the formuls HalCOOZ in which Hal rcpresents a balo-
gcn atore and Z reprosents an alkyl mdical having | to

4 carbon atoms, and with (2) amrponia
L] . - . »
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New Drug Application

Levetiracetam Film-Coated Tablets
250 mg, S00 mg, 750 mg
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SECTION 14. PATENT CERTIFICATION

In the opinion and to the best knowledge of UCB Pharma, Inc., there are no patents that
claim the drug or drugs on which investigations that are relied upon in this application
were conducted or that claim a use of such drug or drugs, other than the patents owned by

UCB. Belgium. ’ \
(
N

/’Zg. 3& [/\
Patricia A. Fntz
Director. Regulator) Affairs

~—
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Exclusivity Summary Form
Trade Name: Keppra Generic Name: Levetiracetam
Applicant Name: UCB Pharma

HFD#: HFD-120 Approval Date If Known:&t» it ‘30 ,Q Q

PART I: IS AN EXCLUSIVITY DETERMINATION NEEDED?

1. An exclusivity determination will be made for all original applications, but only for certain supplements.
Complete PARTS Il and 1l of this Exclusivity Summary only if you answer “yes” to one or more of the
following question about the submission.

a) Is it an original NDA? YES /_x/ NO/__J/

b) Is it an effectiveness supplement? YES /] NO/_x_/
If yes, what type? (SE1, SE2, etc.)

c) Did it require the review of clinical data other than to support a safety claim or change in labeling

related to safety? (If it required review only of bioavailability or bioequivalence data, answer "no.")
YES/_X _/ NO/__/

If your answer is "no” because you believe the study is a bioavailability study and, therefore, not eligible

for exclusivity, EXPLAIN why it is a bioavailability study, including your reasons for disagreeing with any

arguments made by the applicant that the study was not simply a bioavailability study.

If it is a supplement requiring the review of clinical data but it is not an effectiveness supplement,
describe the change or claim that is supported by the clinical data:

d) Did the applicant request exclusivity? YES/ X_/ NO/__/

If the answer to (d) is "yes," how many years of exclusivity did the applicant request?
The applicant requested S years of marketing exclusivity.

e) Has pediatric exclusivity been granted for ihis Active Moiety? NO——-—- -

IF YOU HAVE ANSWERED "NQO" TO ALL OF THE ABOVE QUESTIONS, GO DIRECTLY TO
THE SIGNATURE BLOCKS ON PAGE 8.

2. Has a product with the same active ingredient(s), dosage form, strength, route of administration, and
dosing schedule, previously been approved by FDA for the same use? (Rx to OTC switches should be
answered NO-please indicate as such)

YES/___/ NO/ X _/

Ifyes, NDA#_______ . Drug Name

IF THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE BLOCKS

ON PAGES.

3. Is this drug product or indication a DESI upgrade? YES/__/ NO 7. X
/




IF THE ANSWER TO QUESTION 3 IS "YES,” GO DIRECTLY TO THE SIGNATURE BLOCKS
ON PAGE 8 (even if a study was required for the upgrade).

PART II: FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES
(Answer either #1 or #2 as appropriate)

1. Single active ingredient product.

Has FDA previously approved under section 505 of the Act any drug product containing the same active
moiety as the drug under consideration? Answer "yes" if the active moiety (including other esterified
forms, salts, complexes, chelates or clathrates) has been previously approved, but this particular form of the
active moiety, e.g., this particular ester or salt (including salts with hydrogen or coordination bonding) or
other non-covalent derivative (such as a complex, chelate, or clathrate) has not been approved. Answer
"no” if the compound requires metabolic conversion {other than deesterification of an esterified form of the
drug) to produce an already approved active moiety. YES/__/ NO/_x_/

If "ves,"” identify the approved drug product(s) containing the active moiety, and, if known, the NDA #(s).

2. Combination product — not applicable

If the product contains more than one active moiety(as defined in Part II, #1), has FDA previously
approved an application under section 505 containing any one of the active moieties in the drug product?
If, for example, the combination contains one never-before-approved active moiety and one previously
approved active moiety, answer "yes." (An active moiety that is marketed under an OTC monograph, but
that was never approved under an NDA, is considered not previously approved.)

YES/_/ NO/__/

If "ves."” identify the approved drug product(s) containing the active moiety, and, if known, the NDA #(s).

NDA#

1IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART 11 IS "NO," GO DIRECTLY TO THE
SIGNATURE BLOCKS ON PAGE 8. IF "YES" GO TO PART IIL

PART I1I: THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

To qualify for three years of exclusivity, an application or supplement must contain "reports of new clinical
investigations (other than bioavailability studies) essential to the approval of the application and conducted
or sponsored by the applicant.” This section should be completed only if the answer to PART 11, Question
1 or 2 was "yes.”

Does the application contain reports of clinical investigations?

{The Agency interprets "clinical investigations” to mean investigations conducted on humans other than
bioavailability studies.) If the application contains clinical investigations only by virtue of a right of
reference to clinical investigations in another application, answer "yes," then skip to question 3(a). If
the answer to 3(a) is "yes" for any investigation referred to in another application, do not complete
remainder of summary for that investigation.

YES /__/ NO/_/

IF "NO," GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGES.




2. A clinical investigation is "essential to the approval” if the Agency could not have approved the
application or supplement without relying on that investigation. Thus, the investigation is not essential to
the approval if 1) no clinical investigation is necessary to support the supplement or application in light of
previously approved applications (i.e., information other than clinical trials, such as bioavailability data,
would be sufficient to provide a basis for approval as an ANDA or 505(b)(2) application because of what is
already known about a previously approved product), or 2) there are published reports of studies (other than
those conducted or sponsored by the applicant) or other publicly available data that independently would
have been sufficient to support approval of the application, without reference to the clinical investigation
submitted in the application.

(a) In light of previously approved applications, is a clinical investigation (either conducted by the
applicant or available from some other source, including the published literature) necessary to support
approval of the application or supplement? YES/__/ NO/__/

If "no,” state the basis for your conclusion that a clinical trial is not necessary for approval AND GO
DIRECTLY TO SIGNATURE BLOCK ON PAGE 8:

(b) Did the applicant submit a list of published studies relevant to the safety and effectiveness of this drug
product and a statement that the publicly available data would not independently support approval of the
application? YES /__/J NO/__/

(1) If the answer to 2(b) is "yes," do you personally know of any reason to disagree with the applicant's
conclusion? If not applicable, answer NO. YES/__/ NO/__/

If yes, explain:

(2) If the answer to 2(b) is "no,” are you aware of published studies not conducted or sponsored by the
applicant or other publicly available data that could independently demonstrate the safety and effectiveness
of this drug product? YES/__/ NO/__/

If yes, explain:

(c) If the answers to (b)(1) and (b)(2) were both "no,” identify the clinical investigations submitted in the
application that are essential to the approval:

Studies comparing two products with the same ingredient(s) are considered to be bioavailability studies for
the purpose of this section.

3. In addition to being essential, investigations must be "new" to support exclusivity. The agency
interprets "new clinical investigation” to mean an investigation that 1) has not been relied on by the agency
to demonstrate the effectiveness of a previously approved drug for any indication and 2) does not duplicate
the results of another investigation that was relied on by the agency to demonstrate the effectiveness of a
previously approved drug product, i.e., does not redemonstrate something the agency considers to have
been demonstrated in an already approved application.

a) For each investigation identified as "essential to the approval,” has the investigation been relied
01 by the agency to demonstrate the effectiveness of a previously approved drug product? (If the
investigation was relied on only to support the safety of a previously approved drug, answer "no.")

Investigation#1 YES/__/ NO/_ _/Investigation #2 YES/___ NO/__/




If you have answered "yes" for one or more investigations, identify each such investigation and the NDA in
which each was relied upon:

b) For each investigation identified as "essential to the approval”, does the investigation duplicate
the results of another investigation that was relied on by the agency to support the effectiveness of
a previously approved drug product?

Investigation #1 YES/___/ NO/_ _/Investigation#2 YES/__/ NO/__/

If you have answered "yes" for one or more investigation, identify the NDA in which a similar
investigation was relied on:

c) If the answers to 3(a) and 3(b) are no, identify each "new" investigation in the application or supplement
that is essential to the approval (i.e., the investigations listed in #2(c), less any that are not "new"):

4. To be eligible for exclusivity, a new investigation that is essential to approval must also have been
conducted or sponsored by the applicant. An investigation was "conducted or sponsored by" the applicant
if, before or during the conduct of the investigation, 1) the applicant was the sponsor of the IND named in
the form FDA 1571 filed with the Agency, or 2) the applicant (or its predecessor in interest) provided
substantial support for the study. Ordinarily, substantial support will mean providing 50 percent or more of
the cost of the study.

a) For each investigation identified in response to question 3(c): if the investigation was carried out under
an IND, was the applicant identified on the FDA 1571 as the sponsor?

Investigation #1 IND# YES /__/ NO/__/

if no, explain:

Investigation #2 IND # YES/___/ NO/__/

If no, explain:

(b) For each investigation not carried out under an IND or for which the applicant was not identified as the
sponsor, did the applicant certify that it or the applicant's predecessor in interest provided substantial
support for the study?

Investigation #1 IND # YES /_-_/ NO/__J

If no, explain:

Investigation #2 IND#_____ YES/__/ NO/__/

If no, explain:

(¢) Notwithstanding an answer of "yes" to (a) or (b), are there other reasons to believe that the applicant
should not be credited with having "conducted or sponsored” the study? (Purchased studies may not be
used as the basis for exclusivity. However, if all rights to the drug are purchased (not just studies on the
drug), the applicant may be considered to have sponsored or conducted the studies sponsored or conducted

ty its predecessor in interest.) YES/_/ NO/_/

If yes. explain:
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PEDIATRIC PAGE

(Complete for all original application and all efficacy supplements)

NDABLA 21035 TradeName: KEPRA (LEVETIRACETAM) 250/500/750MG TABS
Supplement Generic Name: LEVETIRACETAM
Number:
g‘up plement Dosage Form: Tablet; Oral

ype:
Regulatory Proposed Adjunctive therapy in the treatment of partial onset seizures with and
Action: Indication: without secondary generilization in adults with epilepsy.

ARE THERE PEDIATRIC STUDIES IN THIS SUBMISSION?
NO, No data was submitted for this indication, however, plans or ongoing studies exist for pediatric patients

What are the INTENDED Pediatric Age Groups for this submission?
NeoNates (0-30 Days ) Children (25 Months-12 years)

Infants (1-24 Months) Adolescents (13-16 Years)
Label Adequacy Inadequate for ALL pediatric age groups -
Formulation Status  _
Studies Needed STUDIES needed. Applicant in NEGOTIATIONS with FDA
Study Status Protocols are submitted and under review

Are there any Pediatric Phase 4 Commitments in the Action Letter for the Original Submission? NO

COMMENTS:

This Page was completed based on information from 8 PROJECT MANAGER/CONSUMER SAFETY OFFICER, MELINA
MALANDRUCCO
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New Drug Application

Levetiracetam Film-Coated Tablets
250 mg, 500 mg, 750 mg

Item 16

DEBARMENT CERTIFICATION

Section 1 Page 229
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uch Pharma
L J UCB Pharma, inc. - 1950 Lake Park Drive - Smyrna, Georgia 30080

DEBARMENT CERTIFICATION STATEMENT

UCB Pharma. Inc. hereby certifies that it did not and will not use in any capacity the
services of any person debarred under section 306 of the Federal Food. Drug, and

Cosmetic Act in connection with this application. \
' J . ’7

A /
//Z Cz/b\-a A
Patricia A. Fritz
Director, Regulat(z/ry Affairs

——
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: November 9, 1999

FROM: Glenna G. Fitzgerald, Ph.D.
Pharmacology Team Leader
Division of Neuropharmacological Drug Products, HFD-120

TO: NDA 21-035
Kepra™, levetiracetam
UCB Pharma, Inc.
250, 500 and 750 mg. Tablets

SUBJECT: Approvability for Pharmacology and Toxicology

Leveuracetam is an analog of the nootropic piracetam, having an ethyl group on the side-chain
carbon. Itisindicated as adjunctive therapy in the treatment of partial onset seizures with and
without secondary generalization in adults with epilepsy. The mechanism for the antiepileptic
actinvity of levetiracetam is unknown. There is no apparent effect on mechanisms which involve
inhibitory or excitatory neurotransmission, and it is not active in many of the usual animal
models which predict antiepileptic activity. It does display inhibitory effects in kindled rats, both -
during kindling development and in the fully kindled state. This model is thought to be

predictive of effects in human complex partial seizures.

The primary pharmacology and toxicology review of levetiracetam has been prepared by Dr.
Jennifer Burms. Others who contributed reviews or had input are Drs. Aisar Atrakchi, J.E.
Fisher, Lois Freed, and Barry Rosloff.

In reproductive toxicology studies there was evidence that levetiracetam caused developmental
toxicity at doses similar to human therapeutic doses. In rats, doses studied were not associated
with maternal toxicity, and higher doses could conceivably have been used. However, in the
studies that were conducted there was evidence for skeletal abnormalities, retarded pup growth,
increased pup mortality and behavioral alterations at a dose which was only 6 times the ,
recommended maximum daily human dose on a mg/m’® basis. The no-effect dose was only a
fraction of the maximum human dose. Matemnal toxicity was achieved in rabbits; however,
effects were seen at non-toxic doses as well as at maternally toxic doses, including increases in
embryofetal mortality, skeletal abnormalities and retarded growth of offspring. At the maternally
toxic dose there was also increased pup mortality and behavioral alterations. The no-effect dose
1n that species was approximately equivalent to the maximum daily human dose on a mg/m’
basis.




An issue arose during the review of this NDA when the FDA was notified by the sponsor on July
16, 1999 that the European Agency for the Evaluation of Medicinal Products (EMEA) had
suspended review of the application. The primary reason for this action was that drug levels
were found in plasma from control animals in the 13-week mouse dose-ranging study and both
mouse and rat carcinogenicity studies. There were also several other less serious issues (see
pages 23 - 24 of Dr. Burris’ review). Inspections and audits were conducted by both UK (where
the studies were conducted) and Belgian (where the plasma was analyzed) GLP Monitoring
Authorities. It was determined that the studies were conducted according to GLP with only
minor deviations, although the cause for the contamination was not determined. The FDA was
notified on September 30, 1999 that the EMEA had resumed their review. The sponsor is
independently conducting a peer review of the rat carcinogenicity study and will repeat the
statistical analysis of tumors. That report has not yet been received and should be requested for
submission as soon as it is available. It is expected that the work will be completed this month.

The rat and mouse dietary carcinogenicity studies were taken to the CDER Carcinogenicity
Assessment Committee - Executive Committee (CAC - EC) on September 21, 1999. The 1ssue
of contamination of control animal plasma levels was discussed, and it was concluded that the
low levels of contamination would not have altered the study outcome. Factors contributing to
this conclusion were the small numbers of animals affected and lack of evidence for tumor
findings in any group.

In the rat study, there were marked decreases in body weight among middle and high dose
animals compared to controls. Since there were also some decreases in food intake in those
groups, there was concern that palatability rather than drug toxicity may have been the cause. If
that were the case, evidence that an MTD had been reached would be lacking because of the
absence of dose-limiting toxicity. It was ultimately decided that palatability probably was not
il:e cause of the decreased body weights, based on findings of decreased weight in the absence of
a food effect in one month and 26-week rat dietary studies. The committee agreed that gavage
would have been a more appropriate route of administration, and probably would have resulted
in higher exposures. However, they considered the rat study to be an acceptable negative study,
pending results of the ongoing European audits noted above, which have subsequently been
received and indicate that the study was not compromised. It is theoretically possible that the
results of the ongoing peer review of the rat study by the sponsor could have an impact on
labeling. if it is determined that slides were read incorrectly and that there was an increase in
same tumor type which we did not know about. This is quite unlikely, however.

The committee recommended that the mouse study be considered unacceptable because no
:b.\'icity was observed and body weights were not significantly reduced, ie., an MTD was not
reached. In addition (although not reasons in and of themselves to consider the study
unacceptable), the study was only 80 weeks in duration (rather than 104), and only low multiples
of human exposures were achieved. Dr. Burris disagrees with the CAC and accepts the mouse
studv (see pages 16 - 18 of her review) and considers that the male cell was near an MTD based
on weight effects. She does recommend a Phase 4 commitment to repeat the female mouse using
higher doses. It is my recommendation that the entire mouse study be repeated in view of the
fact that the original study was shorter than the current standard, toxicity was not demonstrated,
and an effect on palatability was not ruled out as the cause of the body weight effects in males.




A gavage study would be more appropriate than a dietary one, since palatability may contribute
to decreased weights in dosed mice. However, if the dietary route is to be used, the sponsor

should conduct a 3-month study not only to determine doses for the definitive study but also to
examine the possibility that there is a palatability effect in mice.

Levetiracetam was not mutagenic or clastogenic in a standard battery of assays. The major

human metabolite (which is a hydrolysis product also present in animal species), was not
mutagenic in two in vifro assays.

Recommendations:

This NDA is approvable for Pharmacology and Toxicology with the condition that the sponsor
agrees to the following two commitments:
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Recommended labeling is appended to this memo.
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Glenna G. Fitzgerald, Ph.D.
Pharmacology Team Leader
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