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Arte final 12x12
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PATENT COOPERATION TREATY PCT/ERP200:4/05(,%

Fram the INTERNATIONAL BUREAL

PCT B

FIRST NOTICE INFORMING THE APPLICANT QF

THE COMMUNICATION OF THE INTERNATIONAL GERVASI, Gemma
APPLICATION (TO DESIGNATED OFFICES WHICH gOTARBQRTOLO 8 GERVASIS.p.A.
DO NOT APPLY THE 30 MONTH TIME LIMIT oo Sona Vittoria 9 - -
UNDER ARTICLE 22(1)) TALIE NOTARB ! OLO & atrvaS
MILANO
{PCT Rule 47.1(ch RECEIVED
Date of nenhing (dayAmontlhdsear} - 2 ZF?"
28 October 2004 {28.10.2004) 1 - NOV. T
T T |
Applicant's or agent's lile relervige ;
4050PTWO/er IMPORTANT = = L
Internabional applicatton No Inemutional filing date (daymonh/vear) Priony date (duy/montvear)
PCT/EP2004/050339 22 March 2004 (22.03.2004) 24 March 2003 {24.03 2003)

Applicant
NIKEM RESEARCH S.R.L et al

I ATTENTION For any designated Officets). for which the trme limit under Article 2201, as in orce [rom | Apnl 2002 (30 menths rom
the pronty date). does apply, please see Form PCIAB/OR(Second and Supplementary Nouce) (o be issued proanplly alter the expiration
ol 28 quanths trorn the prionty date).

2. Notice 15 hereby given that the following designated Officets). Tor which the ime limet under Anticle 2201, as i loree from | April 2002,
does not apply, has/have requesied that the communication ol the international apphcation. as provided lor in Article 20, be effected under
Rule ¥3bis. The Intemational Burcau has effected that commumication on the daie dicaied below:

07 Oviober 2004 (07.10.200:4)

CH

In accordance with Rule 47.1(e-Id. these Othices will accept the present notice as conclusive evidence that the commumcstion of the
intemanhionat application has duly twken place on the date of mhing indicated abeve and no copy of the internanonal application s required
1o be Turmished by the applicant to the designated Othicefs).

3. The following designated Offices. 1or which the time imin under Anticle 2261 o2 in force from 1 April 20020 does not apply, have not
requuested, as at the time ol mailing of the present nolice, that the communication of the international application be etfecied wider Rule
Y3hes |

FI, LU, SE, TZ. UG, ZM

In aceordance with Rule 47, [te-hes i), those Othees aceept the present notive as conclusive evibence that the Contracting State for which
thal Othee st~ s a designated Othice does not reqinte the furnshmg. under Amele 220 by the applicant ol a copy o the mlenabonal

. application

4. TEME LIMETS for entey into the national phase

For he designated OThiceds) listed above, and unless o demand tor miernational prelinamary examination as heen Tiled betore the
expration ol 19 moenths hom ihe poonty date (see Article 20000 the appheable nme Tinne tor enteryg tie natonal plase will. subject 1o
what is xaid in the Tollowing pacagraph, be 20EMONTHS ftrum the prionty date

In practice fime limits ofler than the 20-month tiwe lmit w0l contimee o spply. o vareeos periods of tioe, nespect of certam ol the
designatet Ollices hisied above, For regnlar ipdates on the applicable time Tanits (20 0r 21 moaths, or ather nme hnnan, Olfice by
Offwee, reter o the P Carette, the PET Neveddettss amd the PCT Apphicans s Girede. YVolume 1 Nanonal Chapters, all avarable Tom
WIPOY S Internel sie, of by Awsww waipoani/petenfuntexchiml

I s the apphicant's sole responsibility o momior all these time houts

The Intemiaonal Burcau ol WLHNO Authorized otlice

S chermnt des Colombettes /-\gnes Wlttrﬂann‘RegiS

120 Gereva 20, Swatzersland

Facsinmle No 143 27 710 14 3% Iaesttle Noo v 1] 22 333 80 )

Form PO TAR3SE sl Nonoey { lamiary 2000




PCT/EP2004/(05¢339

PATENT COOPERATION TREATY

PCT

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

From the INTERNATIONAL BUREAU

@

To:

GERVASI, Gemma
NOTARBARTOLO & GERVASI| S.p.A.
Corso di Porta Vittoria 9

{PCT Administrative Instructions, Section 411) -20122 MILAN
Italy
Date of mailing (day/month/year)
20 July 2004 {20.07.2004)
Applicant's or agent's file reference
IMPORTANT NOTIFICATION

4050PTWO/er

International application Ne.

PCT/EP2004/050339

international filing date (day/month/year)

22 March 2004 (22.03.2004)

International publication date (day/month/year}
Not vet published

Priority date (day/month/year)
24 March 2003 (24.03.2003)

Apphcant

NIKEM RESEARCH S.R.L. et al

reasonable under the circumstances.

which is reasonable under the circumstances.

Priority date Prigrity application No.

24 Marc 2003 (24.03.2003} MI2003A000573

1. By means of this Form, which replaces any previously 1ssued notification concerning submission or transmittal of priority
documents, the applicant 1s hereby notified of the date of receipt by the International Bureau of the priority document(s)
relating to all earlier anplication(s) whose priority 1s claimed. Unless otherwise indicated by the letters "NR", in the
nght-hand celumn or by an asterisk appearing next to a date of receipt, the priority document concerned was submitted or
transmirtted to the International Bureau in comphance with Rule 17.1{a) or (b).

2. (If applicable) The letters "NR"™ appearing in the right-hand column denote a priority document which, on the date of mailing
of this Form, had not yet been received by the International Bureau under Rule 17.1{a} or (b). Where, under Rule 17.1(a} . the
priority document must be submitted by the applicant to the receiving Office or the International Bureau. but the applicant
fails to submit the priority document within the applicable time limit under that Rule, the attention of the applicant is directed
to Rule 17.1(c) which provides that no designated Office may disregard the priorty claim concerned before giving the
applicant an opportunity, upon entry into the national phase, to furnish the priority document within a ttme hmit which is

3. (lf applicable) An asterisk(®) appearng next t¢ a date of receipt, in the right-hand column, denotes a priority document
submitied or transmitted to the International Bureau but not in compliance with Rule 17.1{a} or (b} (the prionty document
was recewved after the ume hmit presernibed in Rule 17.%(a) or the request to prepare and transmit the priority document was
submitted to the receiving Office after the apphcable time limit under Rule 17.1{b}). Even 1hough the priority document was
not furnished in comphance with Rule 17.1(a) or (b}, the International Bureau will nevertheless transmit a copy of the
document to the designated Cffices, for their consideration. In case such a copy 1s not  accepted by the designated Qffice
as prignty dacument, Rule 17.1(c) provides that no designated Office may disregard the pniornity claim concerned before
giving the applicant an opportunity, upon entiy 1o the national phase, to furmish the prionty document within a tirme himis

Country or reagional Office
ar PCT receivinag Qffice

IT 09 June 2004 (09.06.2004)

Date of receipt
af prigrity docurment

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile MNo. (41-22) 338.89.70

Authonzed officer
L.H. HERNANDEZ {fax 338-8970)

Telephone No. (41-22) 338 8292 SR EE |

Funm PCTHAB. 304 (January 2004}

0U6358723
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2004/085438 A3 Y1) 00 000 0 A0 0 0 0

WO

D INTERNATIONAL APPLICATION PUBLASHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) Worid Intellectual Property
Organizalion
Inicrmanonal Burcau

(43) Intermational Publication Date

1 0. 0D N

(10 International Publication Number

WO 2004/085438 A3

{51)

(21)

(22)
(25)
(26)

(30

(71)

(72)
(75)

(74

7 October 2004 (07.10.2004)

International Patent Clussification”™  C07D) 487/(4.

AGIK 31/4188

International Application Number:
PCT/EP2004/050339

International Flling Date: 22 March 2004 (22.03.2004)

Filing Language: English

Publication Language: English

Priority Data:

MI2003A000573 24 March 2003 (24.03.2003) IT

Applicant (for all designated States except US): NIKEM
RESEARCH S.R.L. {TT/TT]: Via Zambelewti 25, 1-20021
BARANZATE DI BOLLATE (IT).

Inventors; and

Inventors/Applicants (for US only): FARINA, Carle
|ITAT);, clo NIKEM RESEARCH S.RL., Via Zam-
beleiti 25, 1-20021 BARANZATE DI BOLLATE (IT).
GAGLIARDI, Stefania [TTAT}; c/o NIKEM RESEARCH
S.R.L., Via Zambeletti 25, 1-20021 BARANZATE DI
BOLLATE (IT). PARINI, Carle [ITAT); c/o NIKEM
RESEARCH S.R.L., Via Zambeleui 25, 1.20021 BARAN-
ZATE D1 BOLLATE ({IT). MARTINELLI. Marisa
[I{/T]; c/fo NIKEM RESEARCH S.RL.. Via Zam-
beleti 25, [-20021 BARANZATE DI BOLLATE {IT).
GHELARDINI, Carla {IT/T]; cfo Dipartimento di
Farmacologia Preclinica e Clinica "M. Aiazzi Mancini”
Universitd di Firenze, Vizle G. Pieraccini 6, [-50139
FIRENZE (1T).

Agent: GERVASI, Gemma; NOTARBARTOLO & GER-
VASI S.p.A.. Corso di Porta Vittoria 9. [-20122 MILAN

ar.

(81)

(84)

Designated States funiess otherwise indicated. for every
kind of national protection available): AE, AG, AL. AM.
AT, AU, AZ, BA, BB, BG, BR,BW, BY, BZ, CA, CH. CN.
CO, CR, CU, CZ. DE, DK, DM, DZ, EC, EE, EG, ES. FI,
GB, GD. GE, GH, GM, HR, HU, ID, IL, IN, IS, JP. KE,
KG, KP, KR, KZ. LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN. MW, MX, MZ, NA, NI, NO. NZ, OM. PG,
PH, PL, PT. RO, RU, SC, SD, SE, SG. SK,SL.5Y, TJ, TM,
TN, TR, TT. TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
FAYS

Designated States (unless otherwise indicated, for every
Lind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, §Z, TZ, UG, ZM, ZW),
Evmasian (AM, AZ, BY, KG, KZ, MD, RU, TJ. T™M), Euro-
pean (AT, BE, BG, CH, CY. CZ, DE, DK, EE, ES, FI, IR,
GB, GR, HU, IE, IT, L.U, MC, NL, PL, PT, RO, SE, 51, SK,
TR}, OAPL (BF, B, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:

of tnventorshup (Rule 4.17(iv)) for US only

Published:

(88)

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

Date of publication of the international search report:
15 November 20004

For two-letter codes and other abbreviations, refer to the "Guid-
arnce Notes on Codes amd Abbreviations ™ appearing (it the begin-
ning of e h regular issue of the PCT Guzedte.

(5h

PYRROLOIMIDAZOLE DERIWATIVES, THELR
CONTAINING THEM, AND THEIR USE AS NOOTROPIC AGENTS

PREPARNTION,

PHARMACLEUTICAL COMPOSTTION

{57} Abstracl: Descnbed herein are new bicyclic arylinidazolones having nootropic action (i.e., protecting and stimulaning cere-
bral funclionsy. analgesic action and anti by peralgesic achon, also descnbed is the process for their preparation and pharmiceaneal
conpusitions comprising them, useful for the treaunent of cogninve deficiis. and of various tvpes of pain.

¥
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INTERNATIONAL SEARCH REPORT inte gilipnal Appitcation No
PCT/EP2004/050339

. SSIFICATION OF SURJECT MATTER
TPe 7 CO7D487/04  AGiK31/4188

According jo Inlernational Patent Classiticalion (IPC) or to both national classificalion and IPC

8. FIELDS SEARCHED

Minirmurn gocumentalion searched {Classificalton system lollowed by classfficalion symbaola)

Ipc 7 CO7D

Documentalion searched othar thar minimum documentation lo the axenl thal auch documents are included In the helds searched

Elgctronic data hase consuiled during the inlematicnal search (hame of data base and, where prachcal, search lerms used)

CHEM ABS Data, EPO-Internal, WPI Data, PAJ

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Catagory * | Citation of document, with Indication, where appropriale, of lhe relevan! passages Halavani to claim Mo

Y WO 93/09120 A (SMITHKLINE BEECHAM FARMA) B-20
13 May 1993 (1993-05-13)
cited in the application
page 31 -page 33; claims 1-12

Y EP 0 335 483 A (ISF SPA) 1-26
4 Qctober 1989 (1989-10-04)
cited in the application
page 3

Y EP 0 174 136 A (WARNER LAMBERT €Q) 1-26
12 March 1986 (1986-03-12)
page 1 —page 5

Funther documenls are tisled In the continualion of box G. Patent tamily members are listed (n annex,

¥ Speclal catogories of clted documents :
5 9 '‘T* laler document published afler lhe intemational fikng date

or priorily dale and nol in conflict with the application bu

*A' document defining the geaerat stale of the art which Is not - ;
contidered 10 be of particular relavance itr:lveedn:% 'l:ndersland the principle o theary underying the
*E earlier document but publishad on or afler Ihe internatonal 'x* document of particular relevance; lhe claimed invention
fiing dale cannel be considered novel or cannot be consitersd to
“L* document wmé:h may Ihrow doub's on priodty clam(s) or involve an inventie slap when the document Is {zken 2¥one
which 15 ciied lo sslabhsh the publication date of ancther “v* document of i . ;
" fis particular relevance; the claimed invenlion
citakon or olher specia) reason (s specified) B cannol b considered fo invaiva an wventive slep when the
Q" documant referring 10 an oral disviosure, use, exhibilion or document s combined with one or mare alher such dogu-
olher means ments, such combinahon being obvicus 10 a person shifed
*p* document published prior to the intermalional filing date bul Inthe art.
later than \he priority dale clatmed "&* document member ol the same patent lamily
Nate of tha actual complalion of the inlernational search ) Date of maiing of the nlemalional search repon
10 September 2004 11/10/2004
nName and mailmng address of 1he ISA Authonzed othcer

European Patenl Office, P 8. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tal (+31-70} 340-2640, Tx 37 651 épa at .
Fax [+31-70) 340-3016 Kyriakakou, 6

Form PCTASA214 {serond shzat) (January Z004)

SHN



Inter nal Application No

INTERNATIONAL SEARCH REPORT
PCT/EP2004/050339

C{Cantinuation) DOCUMENTS CONSIDERED TQ BE RELEVANT

Talegory © | Citalon of documenl, with indicalion, whare appropriale, of 1he relevant passages Relevant to clam No

Y MARIO PINZA ET AL.: "Synthesis and 1-26
Pharmacological Activity of a Series of
Dihydro-1H-pyrrolo“1,2-a!imidazole~2,5(3H,
6H)-diones, a Novel Class of Potent
Cognition Enhancers”

JOURNAL OF MEDICINAL CHEMISTRY.,

val. 36, no. 26,

24 December 1993 (1993-12-24), pages
4214-4220, XP002295812

USAMERICAN CHEMICAL SOCIETY.

the whole document

ol o

Era1m S L ISAYZ210 {fundhinuation of spcond Lheal) [January 2D04)




INTERNATIONAL SEARCH REPORT . Int jonal Application Na
PCT/EP2004/050339
Patent document Publication Patent family Pubiicaton

cited 1n search report date member{s) date

WO 9309120 A 13-05-1993 AU 2894392 A 07-06-1993
WO 9309120 Al 13-05-1993
EP 0611371 Al 24-08-1994
MX 9206364 Al 29-07-1994
BT 101035 A 28-02-1994
ZA 0208525 A 03-05-1994

EP 0335483 A 04-10-1989 IT 1233860 B 21-04-1992
Al 2969289 A 10-08-1989
AU 7947991 A 12-09-1991
BR 8900541 A 03-10-1989
CA 1324378 C 16-11-1993
CN 1036204 A 11-10-1989
DD 283393 Ab 10-10-1990
DD 291996 A5 18-07-1991
DK 560389 A 09-08-1989
EP 0335483 A2 D4-10-1989
FI 890438 A 09-08-1989
HU 53363 A2 28-10-1990
HU 204794 B 28-02-1992
JP 1246281 A 02-10-1989
NO 890515 A ,B, 09-08-1989
NO 911566 A 09-08-1989
NZ 227833 A 25-09-1991
PL 158198 B1 31-08-19932
PT 89657 A ,B 04-10-1989
RO 104070 B1 20-07-1993
RO 105963 B1 30-01-1993
RO 105964 B1 30-01-1993
RO 105965 Bl 30-01-1993
Su 1799383 A3 28-02-1993
us 5063422 A 01-10-1991
us 5130319 A 14-07-1992
us 5200406 A 06-04-1993
ZA 8900894 A 30-10-1991
W 1489 Al 02-08-1989

EP 0174136 A 12-03-1986 US 4582838 A 15-004-1986
AT 41662 7 15-04-1989
DE 3568987 D1 27-04-1989
EP 0174136 Al 12-03-1986
JP 61057586 A 24-03-1986

Farn FCTASA/Z 1) [palenl jaTuly cnaced {Januay 2004)

=y



PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

(-.Dc:foc)

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Qlassification 5 : (11) Intemational Publication Number: WO 93/
C07D 487/04, 471/04 // (COTD 487/04 09120
O07D 235:00, 209:00) Al
(Q07D 471/04, 235:00, 221:00) (43) International Publication Date: 13 May 1993 (13.05.93)
(C07D 487/04, 235:00, 223:00)
.
(21) International Application Number: PCT/EP92/02560 | (74) Agent: RUTTER, Keith; SmithKline Beecham, Corporate
Patents, Great Burgh, Yew Tree Bottom Road, Epsom,
7 o (22) international Filing Date: 3 November 1992 (03.11.92) Surrey KT18 5XQ (GB).
{(30) Priority data: (81) Designated States: AU, CA, JP, KR, US, European patent
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A process for the preparation of compounds of formula (1), wherein R! represents hydrogen, C;_4 alkyl, CHR3CONHRA
or CHR3COORA in which R3 and R4 each independently represent hydrogen or C|_salkyl; R? represents hydrogen or C)_4
alkyl; and n is an integer 2, 3 or 4; which process comprises cyclising a compound of formula (1), wherein R2 and n are as
defined in relation to formula (I); RS represents hydrogen or a group COOR? wherein R7 is a C,_4 alkyl group or a benzyl
group; and RS represents a hydroxy group or a group OR8 wherein R® represents C, 4 alkyl or a benzyl group; and thereaf-
ter, as necessary, carrying out one more of the following steps: i} removing any protecting group; and ii) converting a com-
pound of formula (T) into another compound of formula (I).
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Process for the preparation of condensed imidazoles

The invention relates to a process for preparing certain fused imidazole
5 derivatives and in particular for preparing chiral fused imidazole
derivatives.

.
European Patent Application, Publication No. 0,335,483 discloses certain
fused imidazole derivatives of formula (A):

10

Ra
r l
(CH2) N\Fo
/I N
15 : 5 Sgb
wherein,

Ra is hydrogen, C1.4 alkyl, CHRACONHR® or CHRACOOR® in which Rd
20 and R® are each hydrogen or Cq_4 alkyl;

Rb is hydrogen, Cj.5 alkyl or any residue RP of an amino acid
RbCH(NH)COOH

95 RCis hydrogen, C1.4 alkyl, CONHy or COoRf in which Rf is hydrogen or
C1.4 alkyl; and

mis 2, 3ord.

30 EP 0,335,483 also discloses a process for preparing the compounds of
formula (A) which involves either:

a) reacting a compound of formula (B) with a compound of formula

* (C):
35
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a [~
R CHCONHR (FOH
| 4

NHR (CHa
|
COZR 1
(B) (C)

wherein R2, Rb, RC, and m are as defined in relation to formula (A), RE is
hydrogen and Rb is hydrogen, Cy.4 alkyl or benzyl; or

b) cyclising 2 compound of formula (D):

El{a
0 N i h —
" T~ (cHy) co,R !
NRYI
- R (D)

where in R2, Rb, R¢ and m are as defined in relation to formula (A) and
RE and RE are as defined in relation to formulae (B) and (C).

The compounds of formula (A) are disclosed in EP 0,335,483 as having
activity as nootropic reagents.

EP 0,335,483 also discloses that the compounds of formula (A) can contain
one or more chiral carbons. In particular it is to be noted that the

bridgehead carbon of formula (A) is always a chiral carbon.

A process has now been discovered which facilitates the preparation of
certain compounds of formula (A) and in particular facilitates the
preparation of individual optical isomers of such compounds in which the
chiral carbon is the bridgehead carboen.

Accordingly, the present invention provides a process for the preparation
of compounds of formula (I):

f{l
(CH) *_.N
2nj’
4"!\110 (I)
0 R2

9308120A1__>
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wherein .
R1 represents hydrogen, C1.4 alkyl, CHR3CONHR#4 or CHR3COOR#4 in
which R3 and R4 each independently represent hydrogen or Cq_4 alkyl;
R2 represents hydrogen or Cj1.5 alkyl; and n is an integer 2, 3 or 4;

which process comprises cyclising a compound of formula (II);

H
* N
(Cjz)n_l/ ~ES
N co-g®
O/ \]/
R2
11

wherein R2 and n are as defined in relation to formula (I);

RO represents hydrogen or a group COOR? wherein R7 is a C1-4 alkyl
group or a benzyl group; and R6 represents a hydroxy group or a group
OR8 wherein R8 represents C1.¢ alkyl or a benzyl group; and thereafter,
as necessary, carrying out one or more of the following steps:

1) removing any protecting group; and

i1) converting a compound of formula (I) into another compound of
formula (I).

Suitably the cyclisation is effected by a cyclising reagent.

In certain circumstances, the cyclisation of the compound of formula (IT)
may provide a compound of formula (III):

¢co.r10

(ITT)
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4
wherein R2 and n are as defined in relation to formula (I) and R10is a

C1-¢ alkyl group or a group OR7 wherein R7 is as defined in relation to
formula (I1); the compound of formula (IIT) may then be converted into a
compound of formula (I), wherein R is H, by hydrogenolysis or
hydrolysis, the resulting compound of formula (I) may subsequently be
converted into other compounds of formula (I) as desired.

Compound (IIT) is generally provided when the cyclising reagent is a
carboxylic anhydride.

Accordingly, the present invention, in a further particular aspect provides
a process for preparing a compound of formula (I), which process
comprises hydrogenolysing or hydrolysing a compound of the above
defined formula (IIT); and thereafter, as necessary converting the resulting
compound of formula (I), wherein R1 is H, into a further compound of

formula (1).

When RS is OH, the cyclisation of a compound of formula (II) is
conveniently effected under dehydration cyclisation conditions, preferably

in the presence of a dehydration cyclisation reagent.

Suitable dehydration cyclisation reagents include
dicyclohexylcarbodiimide or carboxylic anhydrides such as acetic

anhydride.

When the reagent is dicyclohexylearbodiimide, the reaction is preferably
carried out in the presence of an organic base such as triethylamine, in
any suitable solvent, such as acetonitrile, at any convenient temperature
providing a suitable rate of formation of the required product, aptly at

ambient temperature.

When the reagent is a carboxylic anhydride such as acetic anhydride, the
reaction may be carried out in any suitable solvent, but conveniently
using acetic anhydride itself as solvent, and at any convenient
temperature providing a suitable rate of formation of the product, suitably
at the reflux temperature of the solvent and preferably in the presence of

anhydrous sodium acetate.

9309120A1_|
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Suitable means for hydrogenolysing any compound of formula (III) include
conventional catalytic hydrogenolysis techniques. Suitable means for
hydrolysing any compound include conventional hydrolysis techniques,
such as mild acid hydrolysis, for example by using an acidic resin such as
Amberlite IR 120.

When Rg is a group ORg, the cyclisation is preferably effected by use of a
strong base such as n-butyl lithim or potassium t-butoxide.

The cyclisation of a compound of formula (I1), wherein Rg is a group ORg,
may be suitably carried out in an aprotic solvent, such as tetrahydrofuran
or toluene: for example when potassium t-butoxide is the strong base the
reaction is conveniently carried out in toluene, at ambient temperatures:
when n-hutyl lithium is the strong base the reaction is conveniently
carried out in tetrahydrofuran at low to ambient temperature, generally at
A temperature within the range of from -80°C to -30°C, for example in the
range of from -70 to -65°C.

A compound of the abovedefined formula (II), may be prepared by reacting
a compound of formula (IV):

(CHL *
20 ' CO.NH2

N
{IV)
0 )—co.a&
RZ

wherein R2, R6 and n are as defined in relation to formula (II), with a
reagent capable of converting a -CO.NHg group into an -NH9 group, and
thereafter, if required, carrying out one or more of the following optional
steps:

i) protecting and thereafter, as necessary, de-protecting any group;

ii) converting a compoun;:l wherein RS is H into a compound wherein
R5 is COOR7, wherein R7 is as defined in relation to formula (II); and

9I0FI120A1_|_>

5



PCT/EP92/02560

WO 93/09120
-6-
iii) converting any group R6 which represents ORS3 into a group RS
which represents hydroxy.
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Suitable reagents capable of converting a -CO.NHg group into an -NHg
group include bis(trifluoroacetoxy)iodosobenzene or a source of
hypochlorite ion, such as sodium hypochlorite.

The conditions for the reaction between the compound of formula (IV) and
the reagent capable of converting a -CO.NHg group into an -NH9g group
will of course depend upon the particular reagent used, but generally the
appropriate conventional conditions for the particular reagent chosen will
be used: when the reagent is bis(trifluoro- acetoxy)iodosobenzene the
reaction is carried out in any suitable solvent, such as aqueous
acetonitrile, preferably in an inert atmosphere such as nitrogen, at any
convenient temperature which provides a suitable rate of formation of the
desired product, conveniently at a low to ambient temperature, for
example in the range of from 0°-5°C: when the reagent is a source of
bypochlorite ions, such as sodium hypochlorite, the reaction is carried out
in any suitable solvent, generally an aqueous solvent, conveniently water,
at any convenient temperature providing a suitable rate of formation of
the required product, such as in the range of 0°C to 100°C, generally in
the range of from 0°C to room temperature, for example 0°C to 5°C;
preferably the sodium hypochlerite reaction is carried out in the presence

of sodium hydroxide.

The conversion of a compound wherein R® is H into a compound wherein
R5 is COOR7 may be carried out using a conventional chemical
procedures, for example the conversion of a compound wherein RS is H
into a compound wherein R9 is COORY is provided by treating the
appropriate compound with a compound of formula (V):

X-CO.0OR7 (V)

wherein R7 is as defined in relation to formula (II) and X represents a
leaving group, such as a halogen atom, for example a chlorine atom.
Usually, the appropriate compound is present in salted from, for example
alkali metal salted form, such as a sodium salted form, prepared by
treating the appropriate compound with a base, for example an alkali

S309120A1_1_>
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metal hydroxide, such as sodium hydroxide.

The reaction between the appropriate compound and the compound of
formula (V) may be carried out in any suitable solvent, generally an

5 aqueous solvent, conveniently water, at low to medium temperature,
generally in the range of 0°C to + 40°C, suitable from 0°C to 5° or from 5°C

to ambient temperature.

The conversion of any group RS which represents OR8 into a group R6
10  which represents hydroxy may be carried out using the appropriate

conventional procedure, for example by using conventional hydrolysis

methods, for example treatment with an alkali metal hydroxide, such as

sodium hydroxide.

15 A compound of formula {IV) may be prepared by aminating a compound of
formula (VI):

(CHy) r1—co — or’
20 N |

o )—CORG o

13
VD)

25 wherein RZ, RS and n are as defined in relation to formula (II) and R? is a
C1.g alkyl group; and thereafter, if required,

) protecting and thereafter, as necessary, deprotecting any group;

30 n) converting any group R6 which represents OR8 into a group R6
which represents hydroxy.

The amination of compound (VI) may be effected using conventional
amination conditions, for example by using concentrated aqueous
35 ammonia at any temperature providing a convenient rate of formation of
? the required product, conveniently at ambient temperature.

A compound of formula (VI) may be prepared by reacting a compound of
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formula (VII):

*
(c 2# CO—'OR9

/ NH
0
(VID)

wherein RS and n are as defined in relation to formula (VI), with a
compound of formula (VIII):

X-CH(R2)CO.R6 (VI

wherein R2 and R6 are as defined in relation of formula(IT) and X is a
leaving group such as halide; and thereafter, if required carrying out one
or more of the following optional steps:

i) protecting and thereafter, as necessary, de-protecting any group;

ii) converting any group R6 which represents OR8 into a group RS
which represents hydroxy.

Suitably the compound of formula (VII) is present in an activated form, for
example a salted form such as a sodium salted form, provided by treating

the compound of formula (VII) with a salting agent such as sodium
hydride.

The reaction between a compound of formula (VII) and a compound of
formula (VIII) may be carried out using analogous condifions to those
described in Berichte, 44, 1333 (1911).

The compounds of formula (VII) are known compounds or they may be
prepared by analogous procedures to those used to prepare known
compounds, for example the compounds of formula (VII} wherein n is 2 are

known, commercially available compounds.

A compound of formula (II) may also be prepared by reacting a compound

9309120A1_1 >
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of formula (IX):

*

(Cﬂz’n—,—— NHRS
NH

o

(IX)
wherein RO and n are as defined in relation to formula (II), with a
compound of the hereinbefore defined formula (VIII); and thereafter, if
required, carrying out one or more of the following optional steps:
1) protecting and thereafter, as necessary, de-protecting any group;

ii) converting one group RJ into another group RS.

The reaction between the compounds of formulae (VIII) and (IX) may be
carried out using conditions analogous to those used in the reaction

| _between compounds of formulae (VII) and (VIID.

‘The compounds of formula (IX) are known compounds or they may be

prepared using methods analogous to those used to prepared known
compounds, for example the methods disclosed in Heterocycles, 14, 1245

(1980).

Alternatively, a compound of formula (IX) may be prepared by reacting a
compound of formula (X):

*
((:H:_,)rr CO,H

|
)———N——cozaz

o

(X)

wherein n is as defined in relation to formula (I), with a reagent capable of
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converting a carboxyl group into a group -NHRS and thereafter, as
required, carry out one or more of the following optional steps:

1) removing any protecting group, in particular any
benzylcarboxylate group;

i) converting one group RS into another group RS,

A suitable reagent capable of converting a carboxyl group into a group -
NHRS is diphenylphosphorylazide in the presence of triethylamine and,
as required, an appropriate alcohol. The reaction conditions for the
reaction between the compound of formula (X) and the reagent capable of
converting a carboxyl group into a group -NHR® will in general be the
appropriate conventional conditions for the particular reagent chosen; for
example when the reagent is a Curtius reagent such as
diphenylphosphorylazide the reaction is suitably effected under the
Curtius reaction conditions such as those disclosed in Synthesis, 294

(1985).

An alcohol is generally required when RS represents a group -COORY: the
particular alcohol required is that dictated by the value of R7 in the
required compound of formula (IX); thus the alcohol is an alcohol of
formula R70H.

Protecting groups may be removed using the appropriate conventional
procedure, for example a benzyl carboxylate group may be removed using
conventional catalytic hydrogenolysis using hydrogen and a Pd/C catalyst.

Suitable conversions of one group R? into another group R9 include those
mentioned hereinbefore.

The compounds of formula (X} are known compounds or they may be
prepared in accordance with procedures used to prepare known
compounds, for example those disclosed in Synthesis, 294 (1985). In
particular it is to be noted that the compounds of formula (X) wherein n is
2 may be prepared by conventional benzylation of the naturally occurring
amino acid pyroglutamic acid. The R and S isomers of pyroglutamic acid
are readily available in resolved form.

S309120A1_I_»
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Suitable protecting groups for any of the groups mentioned herein and
methods for removing such protecting groups are those used
conventionally in the art, for example a suitable amino protecting group is

5 the group COR10 a5 defined above.
The preparation of a resolved form ((R) or (S)) isomer of a compound of
formula (I} may suitably be obtained by the sequence of reactions
summarised below in Schemes 1 to 5:
10
Scheme (1)
an — (I
15 Scbheme (2):
I - dJIh- I
Scheme (3):
20 .
(VII)» (VD)= V-  (ID- (I
Scheme (4):
25 VID-> ((VDh- (IV)- (I} — - @
Scheme (5):
X= @X-> @H- ID- O
30 .
In the abov__ementioned sghemes the compounds of formulae (I),«(II, (III),
av), (VI), (VII), (IX) and (X) are as defined above and the reaction
conditions for each reaction are as defined hereinbefore.
85 Each of the abovementioned Schemes (1), (2), (3), (4) and (5) form a
further specific aspect of the present invention.
In Schemes (1) and (3) it is particularly advantageous if the cyclisation of
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(II) to (I) is effected using dicyclohexylcarbodiimide.

In Schemes (2), (4) and (5) it is particularly advantageous if the
eyclisation of (I) to (II]) is effected using a carboxylic anhydride.

In Scheme (4) it is particularly advantageous if variable R in the
compounds of formulae (VI) and (IV} is -O-t-butyl.

The following Exawmples illustrate the present invention but do not limit it

10 in any way.

BNSDOCID «WO S30512041 _i_>
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Exampie 1

(R,S)-5-Benzyloxycarbonylamino-2-pyrrolidinone

A mixture of 5-ethoxy-2-pyrrolidinone (20 g) and benzyl carbamate

(25.8 g) were stirred at 85°C until fusion. A catalytic amount of 4-
toluenesulfonic acid was added and stirring at 85°C was continued for six
hours, while distilling off the ethanol formed.

After cooling, the reaction mixture was chromatographed over silica gel
(dichloromethane - methanol 95:5) to yield 26.7 g of the title compound, as
a white solid melting at 90-92°C.

1H-NMR (DMSO-dg delta: 8.10 (bs; 1H; CONH); 7.90 (bd; J = 9Hz, 1H,
CHNHCO); 7.35 (s; 5H, Ph); 5.20 (c.a.; 1H, CH); 5.05 (s; 2H, CHoPh); 2.50
- 1.50 (c.a.; 4H, CHoCHy).

MS (E.L, 70 eV), m/z: 234 (M+.), 190 (M-COy), 150 (M-C4HgNQ), 143 (M-
CqHy), 128 (M-C7HgO), 108 (C7Hg0), 91 (C7H7), 84 (C4HgNO).

Example 2

Ethyl (R,S)-5-benzyloxycarbonylamino-2-o0xo-1-pyrrolidine-
acetate

To an ice cold solution of (R,S)-5-benzyloxycarbonylamino-2-pyrrolidinone
(8 &) in acetonitrile (400 ml), sodium hydride (55-60% ol dispersion) (1.5
g) was added portionwise. Stirring was continued for 1 hour, then a
solution of ethyl bromoacetate (6.3 g) in acetonitrile was added dropwise,
keeping the internal temperature between 0 and 5°C.

After stirring for 4 hours at room temperature, the reaction mixture was
heated at 50°C for 1 hour. The solvent was removed under vacuum and
the residue was partitioned between ethy! acetate and water. The organic
layer was washed with a saturated solution of sodium hydrogen carbonate
and water, dried (NapS04) and evaporated under vacuum to give 9 g of
the title compound, as an oil, Rf = 0.33 (silica gel plates, dichloromethane -

9309120A1 _I_>
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methanol 95:5).

1H-NMR (CDClg), delta: 7.35 (s, 5H, Ph); 5.85 (bd, J = 8.5Hz, 1H, NH);
5.50 (c.a., 1H, CH); 5.10 (s, 2H, CHoPh); 4.15 (q, J = 7.5Hz, 2H, CHoCHJy);
4.10 and 3.95 (ABq, J = 14Hz, 2H, NHCHoCO); 2.75-1.75 (c.a., 4H,

CHgCHg); 1.22 (t, J = 7.5Hz, 3H, CHoCH3).

MS (E.L, 70 V), m/z: 275 (M-CoH50), 247 (M-C3Hs509), 228 (M-C7H7),
185 (M-CgH709), 170 (M-CgHgNO9), 96 (C5HgNO), 91 (C7H7).

Example 3

(R,S)-5-Benzyloxycarbonylamino-2-0xo-1-pyrrolidineacetic acid

To an ice cold solution of ethyl (R,S5)-5-benzyloxycarbonyl-
amino-2-oxo-1-pyrrolidineacetate (8.5 g) in methanol (64 ml), a solution of
potassium hydroxide 85% (2 g) in methanol (43 ml), was added dropwise.
The solution was stirred at room temperature for six hours, the soivent
was removed under vacuum, the residue was dissolved in water and

adjusted to pH 1 with 20% hydrochloric acid.

The precipitate was collected and dried to give 6.4 g of the title compound,
as a white powder melting at 139-141°C.

1H.-NMR (DMSO-dg), delta: 7.98 (bd, J = 9Hz, 1H, NH); 7.35 (s, 1H,
Ph); 5.28 (c.a., 1H, CH); 5.06 (s, 2H, CHoPh); 4.06 and 3.56 (ABq, J =
17Hz, 2H, NHCH0); 2.50-1.80 (c.a., 4H, CHgCHpy).

MS (E.I., 70 V), m/z: 201 (M-C7H7), 157 (M-CgH709), 151 (CgHgNO),
141 (M-CgHgNO), 108 (CyHgO0), 96 (CsHgNO), 91 (C7H7).

Example 4

Ethyl (R,S)-5-amino-2-oxo-1-pyrrolidineacetate

A mixture of ethyl (R,S)-5-benzyloxycarbonylamino-2-oxo-

9308120A1_1_»
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1-pyrrolidineacetate (3 g), ethanol (60 ml) and 10% palladium on carbon
(0.3 g) was hydrogenated (20°C, ambient pressure) for one hour. The
catalyst was filtered off and the solvent was evaporated to yield 1.4 g of
the title compound as an oil, Rf = 0.25 (silica gel plates, ethyl acetate-

acetone-methanol 6:3:1).

1H-NMR (CDClg), delta: 4.60 (c.a., 1H, CH); 4.15 (q, J = THz, 2H,
CH9CH3); 4.13 - 3.95 (ABq, J = 20Hz, 2H, NCH9CO); 2.50-1.50 (c.a., 4H,
CH9CHs); 1.80 (s, 2H, NHo); 1.22 (t, J = THz, 3H, CHoCHg).

MS (E.L, 70 eV), m/z: 185 (M-H)+, 170 (M-NHpo), 141 (M-CoH50), 113
(M-CgHg5029), 99 (M-C4H702), 84 (C4HgNO).

Example 5
(R,S)-5-Amino-2-o0xo0-1-pyrrolidineacetic acid hydrochloride

A mixture of (R,S)-5-benzyloxycarbonylaminoe-2-oxo-1-pyrrolidine acetic
acid (2.6 g), methanol (78 ml), 2N hydrochloric acid (4.5 ml) and 10%
palladium on carbon (0.3 g) was hydrogenated (20°C, ambient pressure)
for 30 minutes. '

" The catalyst was filtered off, the solvent was evaporated and the solid

residue was triturated with diisopropyl ether to yield 1,3 g of the title
compound as a white solid melting at 140-141°C.

1H.NMR (DMSO-dg), delta: 9.00 (bs, 4H, NH3+COOH); 5.00 (c.a., 1H,
CH); 4.15 (s, 2H, NCH9CO); 2.90-2.00 (c.a., 4H, CHoCHpy).

MS (E.L, 70 V), m/z: 141 (M-NH3g), 123 (M-H20, NH3), 96 (C5HgNO).

8308120A1_I_>
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Example 6

(R,S)-Dihydro-1-benzyloxycarbonyl-1H-pyrrolo[1,2-a]-
imidazole-2,5(3H,6H)-dione

A mixture of (R,S)-5-benzyloxycarbonylamino-2-oxo-1-pyrrolidineacetic

acid (6.1 g), acetic anhydride (61 ml) and anhydrous sedium acetate (1.7 g)
was refluxed for one hour. The solvent was evaporated under vacuum, the
residue was triturated with water (50 ml) and collected, to give 4.4 g of the

title compound melting at 110-111°C.

1H.NMR (CDClg), delta: 7.40 (s, 5H, Ph); 5.60 (t; J = 6Hz, 1H, CH); 5.33
(s, 2H, CHoPh); 4.35 and 3.66 (ABq, J = 17Hz, 2H, NCHCO); 3.00-1.90

(c.a., 4H, CHoCHy).

MS (E.L, 70 V), m/z: 274 (M+.), 167 (M-C7HgO), 139 (M-CgH703), 91
(C7H7), 84 (C4HgNO).

Example 7
(R,S)-Dihydro-1H-pyrrolo[1,2-a]imidazole-2,5-(3H,6H)-dione

A mixture of (R,S)-dihydro-1-carbobenzyloxy-1H-pyrrolo{1,2-alimidazole-
2,5(3H,6H)-dione (4 g}, methanol (120 ml) and 10% palladium on carbon
(0.4 g), was hydrogenated (20°C, ambient pressure} for one hour. The
catalyst was filtered off and the solvent was evapaorated under vacuum,
to give the crude title compound as a solid, melting at 130-133°C,
Crystallization from isopropyl alcohol gave 1.2 g of the pure title
compound as a white powder, melting at 152-154°C.

Example 8
(R,S)-Dihydro-1H-pyrrolo[1,2-a}Jimidazole-2,5(3H,6H)-dione

To a mixture of (R,S)-5-amino-2-0x0-1-pyrrolidineacetic acid hydrochloride
(0.2 g), acetonitrile (60 ml) and friethylamine (0.1 g), a solution of
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dicyclohexylcarbodiimide (0.2 g) in acetonitrile (8 ml) was added dropwise.
The solution was stirred for 24 hours, the precipitate was filtered off and
the solvent evaporated under vacuum. The solid residue was
chromatographed over silica gel (ethyl acetate-acetone-methanol 6:3:1) to
yield 80 mg of the title compound as a white solid, melting at 151-153°C.

Example 9
R,S)-Dihydro-1H-pyrrolo[1,2-alimidazole-2,5(3H,6H)-dione

To a solution of ethyl (R,S)-5-amino-2-oxo-1-pyrrolidine-

acetate (0.5 g) in anhydrous toluene (10 ml), potassium tert-butoxide (0.3
g) was added and stirring was continued for three hours. Then more
potassium tert-butoxide (0.3 g) was added and after 1.5 hours the mixture
was neutralized with 1N hydrochloric acid. The separated aqueous layer
was passed through a column of cation exchanger Amberlite IR 120 (4 g)
and evaporated. The residue was chromatographed over silica gel (ethyl
acetate - acetone - methanol 6:3:1) to yield 80 mg of the title compound as
a white solid, melting at 149-151°C.

Example 10
(R,S)-Dihydro-1-pyrrolo{1,2-alimidazole-2,5(3H,6H)-dione

To a solution of ethyl (R,S)-5-amino-2-ox0-1-pyrrolidineacetate (1 g) in
anhydrous tetrahydrofuran (20 ml), 1.6 M butyllithium in n-hexane (3.4
ml) was added dropwise, keeping the temperature between -70 and -65°C.
After one hour the temperature was allowed to rise to 0°C and the
reaction mixture was neutralized with 1N hydrochloric acid. The mixture
was evaporated under vacuum and the residue was chromatographed over
silica gel (ethyl acetate - acetone - methanol 6:3:1) to yield 0.2 g of the title

compound.
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Example 11

(R)-1-Benzyloxycarbonyl-5-benzyloxycarbonylamino-2-
pyrrolidinone

A stirred suspension of N-benzyloxycarbanyl-D-pyroglutamic acid (25 g) in
freshly distilled dry toluene (125 ml) was flushed with nitrogen and
treated with diphenylphosphoryl azide (20.5 ml). The mixture was heated
to 80°C, and keeping this temperature, a solution of triethylamine (13.1
ml) in toluene (62.5 ml) was added dropwise during 3 h. To the clear
solution, benzyl alcohol (10.7 mi) in toluene (62.5 ml) was added quickly
and the mixture was allowed to reach room temperature. The crystalline
product precipitated on standing. After filtration it was washed
thoroughly with cold toluene and dried under vacuum, affording the title
compound (18.61 g) as & white solid, m.p. 149-152°C; [alpha]20D = +31.2

(c=1, DMF).

IH.NMR (CDClg), delta: 7.35 (s, 10H, Ph); 5.72 (c.a., 2H, CH-NH); 5.25
(s, 2H, COOCHy); 5.07 (g, 2H, NHCOOCHj); 2.00-3.10 (c.a., 4H,

CHoCHo).

MS (E.L, 70 eV), m/z: 368 (M+.), 277 (M-C7Hz), 260 (M-C7HgO), 217 (M-
CgHgNO3g), 127 (C15H15NQ9}, 107 (C7H70), 91 (C7H7), 84 (C4HgNO).

Example 12
(R)-5-Amino-2-pyrrolidinone hydrochloride

A solution of (R)1-benzyloxycarbonyl-5-benzyloxycarbonyl-
amino-2-pyrrolidinone (18.61 g,) in methanol/dioxane (4/1) (2.5 1) and 10%
hydrochloric acid (22.8 ml) was hydrogenated (20°C, ambient pressure)
over 10% Pd/C (2.05 g). The reaction was allowed to proceed for 0.5 h, then
the catalyst was removed by suction filtration through a Celite pad.
Evaporation of the filtrate afforded the title compound (6.8 g) as a yellow
solid, [alpha]l20D = +11.8° (c=0.17, HoO/diaxane = /1).

IH-NMR (DMSO0-d6), delta: 8.70 (bs, 3H, NHg+); 8.33 (bs, 1H, CONH):

 __ _ 9309120A1_[_»
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4.88 (bs, 1H, CH); 2.80-1.80 (c.a., 4H, CHoCHo).

MS (E.L, 70 eV), m/z: 100 (M+.), 84 (M-NHo).

Example 13
(S)-5-Benzyloxycarbonylamino-2-pyrrolidinone

10 To anice cold solution of (R)-5-amino-2-pyrrolidinone hydrochloride (6.7 g)
in water (1.4 1), benzyl chloroformate (12 ml) and 0.5 N NaOH (82 ml)
were added. The reaction mixture was stirred at 2-7°C for 1.5 h. Then, 0.5
N sodium hydroxide was added portionwise to maintain the pH between 7
and 9 while the mixture was allowed to warm to room temperature. After

15 2.5h, more benzyl'chloroformate (12 ml) was added quickly and stirring
was continued for 2 hours at room temperature. The mixture was
extracted with dichloromethane (500 m] x 3). The organic layer was dried
(Na9S04) and evaporated under reduced pressure. The oily residue was
triturated with diisopropyl ether to afford 8.5 g of the title compound as a

20 white solid, m.p. 127-129°C; [alpha]20D = -79.6 (c=1, MeOH).

1H-NMR (CDClg), delta: 7.35 (s, 5H, Ph); 6.50 (bs, 1H, CONH); 6.70 (bd,
d = THz, 1H, CHNHCO); 5.40 (c.a., 1H, CH); 5.15 (s, 2H, CHoPh); 2.75-
1.75 (c.a., 4H, CH2CHj).

25
MS (E.L, 70 eV), m/z: 234 (M+.), 190 (M-CO»), 143 (M-C7H7), 126 (M-
C7HgO), 108 (C7Hg0), 91 (C7H7), 84 (C4HgNO).

Example 14

30
Ethyl (R)-5-benzyloxycarbonylamino-2-oxo-1-pyrrolidineacetate

The procedure of example 2 was repeated starting from (R)-5-
benzyloxy-carbonylamino-2-pyrrolidinone (9.24 g) to afford the title
35 compound (11.8 g) as an oil. Rf: 0.33 (silica gel plates, dichloromethane-

methanol 95:5).

1H-NMR (CDCl3), delta: 7.35 (s, 5H, Ph); 5.85 (bd, J = 8.5HZ, 1H, NH);
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5.50 (c.a., 1H, CH); 5.10 (2H, CHoPh); 5.15 (q, J = 7.5Hz, 2H, CH9CH3);
4.10 and 3.95 (ABq, J = 14Hz, 2H, NCH9CO); 2.75-1.75 (c.a., 4H,

CHoCHa); 1.22 (t, J = 7.5Hz, 3H, CH2CH3).

MS (E.L, 70 eV), m/z: 320 (M+.), 275 (M-CoH50), 247 (M-CgH504), 185
(M-CgH70g); 170 (M-CgHgNO2), 91 (C7H7).

Example 15
(R)-5-Benzyloxycarbonylamino-2-oxo-1-pyrrolidineacetic acid

The procedure of example 3 was repeated starting from ethyl (R)-5-
benzyloxycarbonylamino-2-oxo-1-pyrrolidineacetate (11.5 g) to afford the
title compound (7.44 g) as a solid foam. Rf: 0.59, silica gel plates, butanol -
acetic acid - water 4:1:1).

IH.NMR (DMSO-d6), delta: 7.95 (bd, J = 9Hz, 1H, NH); 7.35 (s, 5H,
Ph); 5.28 (c.a., 1H, CH); 5.06 (s, 2H, CHoPh); 4.06 and 3.56 (ABq, J = 17
Hz, 2H, NCH2CO); 2.50-1.80 (c.a., 4H, CHoCHy).

s

MS (E.L, 70 V), m/z 201 (M-C7H7), 151 (CgHgNO2), 142 (M-
CgH1002), 108 (C7Hgg), 91 (C7H7). '

Example 16

(S)-Dihydro-1-benzyloxycarbonyl-1H-pyrrolo[1,2-a}Jimidazole-
2,5(3H,6H)-dione

The procedure of example 6, was repeated starting from (R)-5-benzyloxy-
carbonylamino-2-oxo-1-pyrrolidineacetic acid (7.33 g) to afford 4 g of the
title compound as a brown solid, m.p. = 123-127°; {alpha]20D = +53.8°,
(c=1, DMF).

1H.NMR (CDClg), delta: 7.40 (s, 5H, Ph); 5.60 (t; J = 6Hz, 1H, CH); 5.33
(s, 2H, CHgPh); 4.40 and 3.70 (ABq, J = 17Hz, 2H, NCH9oCO); 3.00-1.90
(c.a., 4H, CH9CHo).
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MS (E.L, 70 eV), m/z: 274 (M+.), 168 (M-C7HgO), 139 (M-CgH~705), 91
(C7H7), 84 (C4HgNO).

Example 17
(R)-Dihydro-1H-pyrrolof1,2-alimidazole-2,5(3H,6H)-dione

The procedure of example 7, was repeated starting from (R)-dihydro-1-
benzyloxycarbonyl-1H-pyrrolo[1,2-a)-imidazole-2,5[3H,6H)-dione (4 g) to
afford the title compound (1.15 g) as a white solid, m.p. 197-
200°;[alphal20D = -39.8°, (c=0.43, MeOH). -

1H.NMR (DMSO-dg), delta: 8.68 (bs; 1H, NH); 5.25 (t, J = 4Hz, 1H,
CH); 3.80 and 3.40 (ABq, J = 15Hz, 2H, NCHCO); 2.90-1.55 (c.a.; 4H,
CH5CHb>).

MS (E.L, 70 eV), m/z: 140 (M+.), 111 (M-CHO), 97 (M-CHNO); 84
(CgH4No0).

Examplie 18

Benzyl (S)-5-carbethoxy-2-0x0-1-pyrrolidineacetate

A mixture of ethyl L-pyroglutamate [E. Fischer et al., Berichte 44, 1333
(1911)] (13.1 g), tetrabutylammonium bromide (10.36 g) and potassium

carbonate (45 g) in acetonitrile (100 ml) was stirred at 20°C for 1 hour.
Benzyl 2-bromoacetate (25 ml) was added and the temperature was raised

_to 60°C. Stirring was continued for 2.5 hours, maintaining the

temperature at 60-65°C. After cooling the insoluble material was filtered
off and washed with diethyl ether.,

The combined filtrates were evaporated under reduced pressure. The oily
residue was dissolved in ethyl acetate {100 m!) and washed with 10%
hydrochloric acid, a saturated solution of sodium hydrogen carbonate and
water. The organic layer was dried and evaporated, the oily residue was
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chromatographed over silica gel (eluting first with dichloromethane then

with dichloromethane/methanol 8:2). The appropriate fractions were
collected and evaporated to give 18.5 g of title compound as a brown oil;
b.p. 240-250°C at 0.6 mmHg (partial decomposition); [alpha]20D = -36.1°,

(e=5; CH2Cl9).

1H-NMR (CDClg), delta: 7.37 (s, 5H, Ph); 5.18 (s, 2H, CHoPh); 4.70 and
3.84 (ABq, J = 17THz, 2H, NCH9COQ); 4.45 (c.a., 1H, CH); 4.22(q,J =
6Hz, 2H, CHoCH3); 2.75-2.00 (c.a., 4H, CH9CHg); 1.28 (t, J = 6Hz, 3H,

CHoCH3).

MS (E.L, 70 eV), m/z: 305 (M+.), 232 (M-C3H509), 214 (M-C7Hy), 170
(M-CgH709), 156 M-CgHgOsg), 142 (CgHgNOs), 98 (C5HgNQ), 96
(C5HgNO), 91 (C7H7). |

Example 19
(S)-6-Carboethoxy-2-0xo0-1-pyrrolidineacetic acid

A mixture of benzyl (S)-5-carbethoxy-2-oxo-1-pyrrolidine-acetate (6.5 g, 21
mmol) and 10% Pd on charcoal (0.65 g) in ethyl acetate (65 ml) was
hydrogensated at room temperature and ambient pressure. After 6 hours
the catalyst was filtered off and the solvent was evaporated under
vacuum, affording 4.6 g of the title compound as a yellowish oil,
[alpha]20D -36.1°, (c=5, CHgClo).

Dicyclohexylammonium salt: m_p.115°C.

1H.NMR (CDClg), delta: 8.43 (bs, 1H, COOH); 4.65 and 3.87 (ABq, J =
18Hz, 2H, NCHoCOO); 4.48 (c.a., 1H, CH); 4.25 (q, J = 6Hz, 2H,
CHpCHg), 2.70-2.00 (c.a., 4H, CHoCHo); 1.30 (t, J = 6Hz, 3H, CHyCHg).

MS (E.L, 70 eV), m/z: 215 (M+.), 197 (M-H20), 169 (M-CoHgO0), 156 (M-
CoH3g09), 142 M-C3H509), 96 (CsHgNO).
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Example 20

(S)-5-Carbamoyl-2-oxo-1-pyrrolidineacetic acid

A solution of (8)-5-carbethoxy-2-oxo-1-pyrrolidineacetic acid (22.1 g) in
concentrated ammonia solution (170 ml) was stirred at room temperature
for 3 h. After evaporation under vacuum, the oily residue was dissolved in
water (150 ml) and stirred with cation exchange resin Amberlite IRA 120
(30 ml) for 2 hours. The resin was filtered off and the solution was
evaporated under reduced pressure, affording the title compound (17.5 g)
as a delequescent amorphous solid, [alpha}20D = -14.5°, (c=5, H20).
Dicyclohexylammonium salt: m.p. 187-190°C.

IH-NMR (DMSO-dg), delta: 8.27 (bs, 1H, COOH); 7.92 and 7.15 (bs, 2H,
CONHbo); 4.20 (c.a., 1H, CH); 4.10 and 3.35 (ABq, J = 17Hz, 2H,
NCHCO); 2.40-1.70 (c.a., 4H, CH9CHp).

MS (E.L, 70 eV), m/z: 185 (M-H)+, 168 (M-H30), 142 (M-CH5NO), 126
(M-CoH405), 96 (C5HgNO), 84 (C4HgNO).

Example 21
(S)-5-Amino-2-oxo-1-pyrrolidineacetic acid hydrochloride

A solution of (8)-5-carbamoyl-2-ox0-1-pyrrolidineacetic acid (14.7 g) and
[bis(trifluoroacetoxy)iodo]benzene (34.5 g) in water (100 ml) and
acetonitrile (200 ml) was stirred at room temperature, under nitrogen, for
4 hours. Acetonitrile was removed under reduced pressure, the aqueous
layer was washed with diethy! ether (2 x 50 ml) and evaporated under
reduced pressure. The residue was dissolved in 10% hydrochloric acid (50
ml) and evaporated. The residue was triturated with acetone to afford the
title compound (7.5 g) as a white solid, m.p. > 250°C; [alpha}20D = +2.5°,
{c=1, water).

1H.NMR (DMSO-dg), delta: 9.75 (bs, 4H, NH3* COOH); 5.00 (c.a., 1H,
CH); 4.15 (s, 2H, NCH2CO); 2.90-2.00 (c.a., 4H, CHoCHy).
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Example 22

(R)-Dihydro-1-benzyloxycarbonyl-1H-pyrrolo[1,2-alimidazole-
2,5(8H,6H)-dione

A solution of (S8)-5-carbamoyl-2-0x0-1-pyrrolidineacetic acid (1 g, 5.4
mmol) and [bis(trifluoroacetoxyliodo]benzene (2.72 g, 6.2 mmol) in
acetonitrile/water 1:1 (26 ml) was stirred at room temperature for 2.5
hours. Acetonitrile was added to obtain a clear solution and stirring was

10 continued for 1.5 hours. The solution was evaporated, the residue was
dissolved in water (20 ml) and washed with diethyl ether (2 x 15 ml). To
the aqueous solution, sodium hydrogen carbonate (2.25 g) and benzyl
chloroformate (1.9 ml) were added and the mixture was stirred at room
temperature overnight. The solution was washed with dichloromethane (2

15 x 25 ml), acidified, and extracted with dichloromethane (2 x 25m!). Drying
(NagSQy4) and evaporation of the orgaric solution afforded crude (S)-5-
benzyloxycarbonylamino-2-oxo-1-pyrrolidineacetic acid (0.4 g). This
compound was dissolved in acetic anhydride (5 ml) containing sodium
acetate (150 mg) and the mixture refluxed for 1 hour. After evaporation

20 the residue was triturated with water to yield 0.14 g of the title compound
as a brown solid, m.p. 118-128°C [alpha]D = -52.2° (c=1, DMF).

Example 23

25
(S)-Dihydro-1H-pyrrolo[1,2-aljimidazole-2,56(8H,6H)-dione

A mixture of (8)-5-amino-2-0xo-1-pyrrolidineacetic acid hydrochloride
(7 g), triethylamine (5.05 ml} and dicyclohexylcarbodiimide (7.4 g) in
30 acetonitrile (1 1) was stirred under nitrogen for 24 hours. The mixture was
evaporated ander reduced pressure, the residue was dissolved in water
(50 ml), and the insoluble material filtered off. The aqueous filtrate was
treated with cation exchanger Amberlite TRA 120 (40 mi) and anion
exchanger Amberlite IR 68 (40 ml) under stirring for 1.5 hours . The resin
35 was filtered off, the aqueous solution was evaporated under reduced
pressure and the residue was triturated from isopropanol and
recrystallized from isopropanol, to yield 1.5 g of the title compound as a
white crystalline solid m.p. 197-202°C [alpha)20D = +41.6°, (c=0.38,

BNSDOCID «<WO 930012041 1 >
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MeOH).

Example 24
(S)-Dihydro-1H-pyrrolo[1,2-alimidazole-2,5(3H,6H)-dione

The procedure of example 7 was reported starting from (S)-dihydro-1-
benzyloxycarbonyl-1H-pyrrolo[1,2-alimidazole-2, 5(3H,6H)-dione (0.14 g)

10  to afford the title compound (0.03 g) as a white solid, m.p. 198-202°C:
[alpha]20D = +42.8°, (c=0.26, MeOH).

Example 25

15
(R)-t-Butyl-5-carbomethoxy-2-oxo-1-pyrrolidineacetate

- A solution of (5-R)}-methyl pyroglutamate (122g) in 1.75] of acetonitrile
was cooled to 0°-5°C and 55-60% sodium hydride (34.1g) was added

20 portionwise. Stirring was continued for 1.5 hours and t-butyl
bromoacetate (175.5g) was added dropwise. The ice bath was removed
and stirring continued for 1.5 hours. After evaporation of the solvent, the
residue was dissolved in ethyl acetate, the organic phase was washed with

" a saturated solution of NaHCOg, dried, and evaporated to dryness, to give

25 the title compound (182.1g, 83%) as a yellow oil; [alphal20D = +42.3° (c =

5, CHoClo). '

1H-NMR (CDClg), deltagy: 4.53 - 3.60 (ABq, J = 17.5Hz, 2H, NCH»50);
4.45 (m, 1H, NCHCOY; 2.6 - 2.0 (m, 4H, CHoCHp); 1.45 (s, 9H, t-butyl).

30 7
MS (E.L, 70 eV, 1.5 mA): m/z 201(M-C4Hg), 156 (M-C5HgO9), 184
(C4HgO). :
BNSDOCID" <WO _B309120A1_|_»>
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Example 26

(S)-t-Butyl-5-carbomethoxy-2-oxo-1-pyrrolidineacetate

The title compound was prepared using the same procedure described in
Example 25 starting from (5-S)-methyl pyroglutamate; [alpha]20D =-38.9
(c=5, CHgCly).

1H.NMR (CDClg), deltag: 4.53 - 3.50 (ABq, J = 17.5Hz, 2H, NCH90);
4.45 (m, 1H, NCHCO); 2.6 - 2.0 (m, 4H, CHoCHyg); 1.45 (s, 9H, t-butyl)

MS (E.L, 70 eV, 1.5 mA): m/z 201 (M - C4Hg), 156 (M - C5HgO3), 184
(C4HgO).

Example 27
(R)-t-Butyl-6-carbamoyl-2-oxo-1-pyrrolidineacetate

A mixture of (5-R)-t-butyl-5-carbomethoxy-2-0xo-1- pyrrolidinacetate
(18_2.1g) and 32% ammonium hydroxide (900 ml) was stirred at room
temperature for 1.5 hours.

The excess of ammonia was removed under vacuum, the solution
neutralised with 87% hydrochloric acid, and extracted with ethyl acetate.
The organic phase was dried over sodium sulphate and evaporated to .
dryness to give the title compound 104.7 g (61.1%) as a white powder, m.p.
132-135°C; [alphal20D = + 32.4° (c = 5, CH5Clo).

1H.NMR (DMSO - db), deltag: 7.55 - 7.12 (bs, 2H, CONH3); 4.25 - 3.40
(ABq, J = 17.5Hz, 2H, NCH9CO); 4.15 (m, 1H, NHCO); 2.40 - 1.75 (m, 4H,
CH2CHg); 1.45 (s, SH, t-butyl).

MS (E.L, 70 eV, 1.5 mA): m/z = 198 (M - CNH30), 185 (M - C4Hg), 142
(M - CNH20 - C4Hg).
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Example 28
(S)-t-Butyl-5-carbamoyl-2-0xo0-1-pyrrolidineacetate

5 The title compound was prepared using the same procedure described in
Example 27 starting from (5-S)-t-butyl-5-carbomethoxy-2-oxo-1-
pyrrolidinacetate; m.p. 128-129°C; [alpha]20D= - 31.3° (c = 5, CHoClo).

IH-NMR (DMSO - db), deltag: 7.60 - 7.17 (bs, 2H, CONHo); 4.25 - 3.40
10 (ABq,d =17.5, 2H, NCHoCO}, 4.15 (m, 1H, NHCO); 2.40 - 1.75 (m, 4H,
CH9CHgo); 1.45 (s, 9H, t-butyl).

MS (E.L, 70 eV, 1.5 mA): m/z = 198 (M - CNH0), 185 (M - C4Hg), 1.42
(M - CNH20 - CgHg).
15

Example 29

(R)-5-Amino-2-0x0-1-pyrrolidineacetic acid, hydrochloride
20
A solution of 5.7% sodiuim hypochlorite (570 ml) was added dropwise to a
solution of sodium hydroxide pellets (51.9 g) in water (1.05 1), maintaining
the temperature at 0 - 5°C. To this solution, (5-R)-t-butyl-5-carbamoyl-2-
oxo-1-pyrrolidinacetate (104.7g), was added portionwise maintaining the
25 same temperature, and then for 15 minutes at 55-60°C. After cooling to O-
5°C, 37% of hydrochloric acid (145 ml) was added to pH2. The solution
was evaporated under vacuum and the residue triturated with methanol.

The solvent was removed to give the title compound (69.8 g, 83%) as a
30 white solid; [alpha]20D = -2,3° (c=1, Ho0)

1H.NMR (DMSOQ - db), deltag: 9.5 (bs, 1H, COOH); 4.95 (m, 1H,
NCHCO); 4.15 (s, 2H, NCH9CO); 2.85 - 2.0 (m, 4H, CH9CHg).

35 MS(EIL, 70eV, 1.5 mA): m/z 141 (M - NHj3), 123 (M - H20, NHjy).
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Example 30

(S)-5-Amino-2-0x0-1-pyrrolidineacetic acid, hydrochloride

The title compound was prepared using the same procedure described in
Example 29, starting from (5-S)-t-butyl-5-carbamoyl-2-oxo-1-
pyrrolidinacetate.

Example 31

(S)-Dibydro-1-acetyl-1H-pyrrolo[1,2a]limidazole-2,5(3H, 6H)-dione

A mixture of (6-R)-5-amino-2-oxo-1-pyrrolidinacetic acid hydrochloride
(69.8g), anhydrous sodium acetate (29.4 g} and acetic anhydride (700 ml),
was refluxed for 1.5 hours. The brown mixture was allowed to cool to

room temperature and then evaporated to dryness.

The residue was treated under stirring with ethyl acetate and a saturated
solution of ammonium sulphate.

The organic layer was dried over sodium sulphate and evaporated under
vacuum to give the title compound (54g, 82.5%) as an oil; m.p. 82-83°C;
falpha)20D = + 159° (¢ = 0.1, MeOH)

1H.NMR (CDClg), deltapy: = 5.65 (m, 1H, NCHN); 4.45 - 3.75 (ABq, J =
17.5Hz, 2H, NCH2COY; 3.1 - 2.0 (m, 4H, CHoCHp); 2.50 (5, 3H, COCH3).

MS (E.L, 70 eV, 1.5 mA): m/z = 154 (H - CO), 139 (H - CoH30).

(R)-Dihydro-1l-acetyl-1H-pyrrolo[1,2a]immidazole-2,5(3H,6H)-dione

The title compound was prepared using the same procedure described in
Example 31, starting from (5-S)-5-amino-2-oxo-1-pyrrolidinacetic acid
hydrochloride; m.p. 81-82°C, [alphal20D = - 153.9° (c = 0.1, MeOH).

BNSDCGID WD S30612081_1_>
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1H.NMR (CDClg), deltag: 5.65 (m, 1H, NCHN); 4.615 - 3.75 (ABg, J =
17.5Hz, 2H, NCH9C0); 3.1 - 2.0 (m, 4H, CHCHyg); 2.50 (s, 3H, COCH3g).

MS (E.L, 70 eV, 1.5 mA): m/z = 154 (H - CO), 139 (H - CoH30).

Example 33
(R)-Dihydro-1H-pyrrolo[1,2alimidazole-2,5(3H,6H)-dione

A mixture of (7a-S)-dihydro-1-acetyl-1H-pyrrolo[1,2a] imidazole-2,5-(3H,
6H)-dione (54 g), Amberlite IR 120 (54 g) in water (540 ml), was stirred at
room temperature for 24 hours. The resin was collected on a Buckner
funnel and the dark filtrate was evaporated under vacuum, the residue
was triturated with isopropanol to give the title compound.

Crystallisation from isoproponal gave the pure compound (15.5 g) as a
white crystalline solid, m.p. 197-199°C, [alpha)l20D =-39.2° (¢ = 1,
MeOH),

1H.NMR (DMSOdg) deltagy: 8.63 (bs, 1B, NH); 5.23 (t, J = 5Hz, 1H,
CHoCH); 3.8 - 3.45 (ABq, J = 17 Hz, 2H, NCH9CO); 2.90 - 1.60 (m, 4H,
CHoCHjg).

MS (E.L, 70 eV, 1.5 mA): m/z = 140 (M+), 97 (M - CONH).

Example 34

(S)-Dihydro-1H-pyrrolo[1,2alimidazole-2,5(3H,6H)-dione

The title compound was prepared using the same procedure described in
Example 33 starting from (R)-dihydro-1-acetyl-1H-pyrrolo[1,2a}imidazole-
2,5-(3H,6H)-dione; m.p. 197-199°C, (alpha]20D = + 39.9° (¢ = 1, MeOH)

1H-NMR (DMSOQdg) deltayy: 8.63 (bs, 1H, NH); 5.23 (t, J = 5Hz, 1H,
CHoCH); 3.8 - 3.45 (ABq, J = 17Hz, 2H, NCHoCO); 2.90 - 1.60 (m, 4H,
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CHoCHoy).

MS (E.L, 70 €V, 1.5 mA): m/z = 140 (M+), 97 (M - CONH).
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Claims
1. A process for the preparation of compounds of formula (I):;
5 1:11
(CH) *_ N
2 n—l’
4'\:«
0
2
. D
10

wherein

R1 represents hydrogen, C1_4 alkyl, CHR3CONHR4 or CHR3COOR# in
which R3 and R4 each independently represent hydrogen or Cy.4 alkyl;
R? represents hydrogen or C1.5 alky]; and n is an integer 2, 3 or 4;

15
which process comprises cyclising a compound of formula (II):
H
* N
(C z)n__l/ R -
20 N co-gr®
o // \(
Rz
(II)
25 wherein R2 and n are as defined in relation to formula (I);
RS represents hydrogen or a group COOR7 wherein R7 is a C1-q alkyl
group or a benzyl group; and RO represents a hydroxy group or a group
OR8 wherein R8 represents C1.g alkyl or a benzyl group; and thereafter,
as necessary, carrying out one or more of the following steps:
30
i) removing any protecting group; and
i) converting a compound of formula (I) into another compound of
formula (I).
35
2. A process according to claim 1, wherein the cyclisation is effected by
a cyclising reagent.
BACI120A7_I_>
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3. A process according to claim 1 or claim 2, wherein the cyclising
reagent is a carboxylic anhydride.
4. A process according to claim 3, wherein the cyclisation of the
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compound of formula (II) praovides a compound of formula (III):

CO.RIO

(1)

wherein R? and n are as defined in relation to formula (I) and R10 is a
Cj.g alkyl group or a group OR7 wherein R7 is as defined in relation to
formula (II); and wherein the compound of formula (ITT) is converted into
a compound of formula (I), wherein R1 is H, by hydrogenolysis or
hydrolysis, the resulting compound of formula (I) subsequently being
converted into other compounds of formula (I) as desired.

5. A process according to claim 1, wherein RS is OH and the
cyclisation of a compound of formula (I) is effected under dehydration
cyclisation conditions in the presence of a dehydration cyclisation reagent.

6. A process according to claim 5, wherein the dehydration cyclisation
reagents include dicyclohexylcarbodiimide or carboxylic anhydrides such

as acetic anhydride.

7. A process according to claim 1, wherein Rg is 2 group ORg and the
cyclisation is effected by use of a strong base such as n-butyl lithium or
potassium t-butoxide.

8. A process according to claim 1, for the preparation of a resolved
form ((R) or (S)) isomer of & compound of formula (I) which process
comprises the sequence of reactions summarised below in Schemes 1 to 5:

S309120A1_|_»
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Scheme (1):
(ID = (D)
5
Scheme (2):
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(II) — (IIT) — (N
Scheme (3):

(Vil) - VD) - (IV) - (I} = (I)
Scheme (4):

(VII) - VD) —» (IV) - (I1) — (II1) - (D
Scheme (5):

(X) = (IX) - (1) - (ID) - (D
and wherein the compounds of formulae (I), (II), (II1), (IV), M), V1D, ()
and (X} are as defined above and the reaction conditions for each reaction

are as defined hereinbefore.

9. A process according to schemes (1) and (3) of claim 8, wherein the
cyclisation of (II) to (1) is effected using dicyclohexylcarbodiimide.

10. A process according to schemes (2), (4) and (5) of claim 8, wherein
the cyclisation of (II) to (III) is effected using a carboxylic anhydride.

11. A process according to scheme (4) of claim 8, wherein variable R® in
the compounds of formulae (VI) and (IV) is -O-t-butyl.

12. A process according to claim 1, for the preparation of a compound
selected from the list consisting of:

(R,S)-dihydro-1H-pyrrolo{1,2-alimidazole-2,5-(3H,6H)-dione;
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(R)-dihydro-1H-pyrrolof1,2-ajimidazole-2,5(3H,6H)-dione;and

(S)-dihydro-1H-pyrrolo[1,2-a)imidazole-2,5(3H,6H)-dione.
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in which, R is hydrogen, Ci-salkyl, CHRS CONHR’ or CHR®COOR’ in which R¢ and R’ are each hydrogen
or C--sakyl; A2 is hydrogen, Ci-salkyl or a residue RZ of an amino acid R? CH{NHz)COOH; R? is
hydrogen, Ci -«alky). CONHz or CO2R?® in which R® is hydrogen or C:~aalkyl; and n is 2, 3 or 4, processes
far thewr preparation, intermediates useful in their preparation, pharmaceutical composition ¢ontaining them
and their use in therapy as nootropic agents.
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The present invention relates to novel compounds, processes for their preparation, pharmaceutical
compositions containing them and their use in therapy, in particular as nootropic agents.

Compounds having nootropic activity are known in the art. In particular, 4-substituted derivatives of 2-
oxo-1-pyrrolidineacetamide are valued psychotropic agents thal restore cognitive function that has been
damaged as a result of various pathologies. These drugs are described for example in Phamn. Res.
Commun., 18, 67, {1984) by Banfi &t al and in Drug Development Res.; 2, 47 (1982) by Il et al. A
particularly “well known member of the above-noted class is 4-hydroxy-§-ox0-1-pyrrolidine acetamide
{oxiracetam).

it has now been found that certain perhydroazacycloalkaf1,2-alimidazole derivatives also demonstrate
psychotropic properties and are expacted to be of use as nootropic agents.

The present invention therefore provides, in a first aspect, compounds of structure (1)

3 Rl
’ & |
(f:Hj ) n\.f/ YO "
4 N ~N_2
20 0 R
in which,
R® is hydrogen, C,-«alkyl. CHRECONHR? or CHR6COOR’ in which R® and R’ are each hydrogen or
Ci —salkyl;
25 B2 js hydrogen, C;-salkyl or any residue R? of an amino acid RZCH(NH2)COOH
R? is hydrogen, Ci-.alkyl, CONH; or COzR¥ in which R® is hydrogen or Cy-.alkyl; and
nis2, 3or4
Suitzbly R' and R? are each C,-.alkyl and R2 is C,—salkyl. More suitably two of R! to R3 are hydrogen
and the third is other than hydrogen. Preferably R' to R?® are each hydrogen. Preferably n is 2. Suitable
70 agroups RZ which are any residue R? of a amino acid RECH{NH2)CO2H, include for example CHa, (CH3)2CH,
PhCHz, CH20H, CH2CH2CONHz and CH2COCH. ;
Ci—+ and Cy—alkyl groups can be straight or branched, in particular methyl, athyl or isobutyl.
Particular compounds of the present invention include, far example,
2 5-dioxohexahydro-1H-pyrrolo{1,2-aJimidazole;
3 2 5-dioxo-7a-methylhexahydro-1H-pyrmolo{1,2-ajimidazole;
2 5-dioxo-3-methylhexahydro-1H-pyrrolo[1.2-alimidazole;
2 5-dioxo-3-isobutythexahydro-1H-pyrrolo[1,.2-alimidazole;
2 5-dioxo-1-sthylhexahydro-1H-pyrrolo[1,2-alimidazole;
2 5-dioxo-3,7a~dmethylhexahydro-1H-pyrrolo[1,.2-alimidazole:
49 gihyl 2,5-dioxohexadro-1H-pyrrolof1,2-alimidazote-1-acetate;
2 5-dioxohexadro-1H-pyrrolo[1,2-alimidazole-1-acetamide;
(3-L)3benzyl-2,5-dioxhexahydro-1H-pymraolof1,2-ajimidazole;
(3-L)-3-hydroxymethyl2,5-dioxohexahydro-1 H-pyrroio [1,2-a]imidazole;
2. 5-dioxohexahydro-1H-pyrrolo[1,2-a)imldazole-7a-carboxylic acid;
4  gthyl 2 5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole-7a-carboxylate;
2 5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole-7a-carboxamide;
2.5-dloxooctahydro-1H-imidazo[1,2-alpyridine;
2 S5-dioxooctahydro-1H-Imidazo[1,2-alazepine.
It will be appreciated that certain of the compounds of structure (I) can contain one or more chiral
50 centres. The present inventian covers alt optical isomers of these compounds in their fully and partialty
resolved forms and in the form of racemic mixtures.
The present invention therofore provides in .a further aspect, a process for the preparation of
compounds of structure (1} which comprises:
o a) reaction of a compound of structure (2) with a compound of structure (3) :
3
032548342 | >
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(I:OR3
2 1l (CH.,})
R”CHCONHR
, (2) IR )
m‘l C02R

in which R’ to R® and n are as described for structure (1), R* is hydrogen and R® is hydrogen, C; —alkyl or

benzyl; or
b) cyclization of 2 compound of structure (4)

Rl

3
o, N R L
K (CH,) ncozns (4)
-
R

in winch R 1o R? and n are as describad for structure (1), R* is hydrogen and R is hydrogen, Cy —walkyl or
benzyi.

Suitably the reaction between compounds of structure (2) and (3) is carried out by heating in a suitable
solvent and in the presence of a base, such as an alkali metal alkoxide, when compound (2) is employed in
the form of an acid addition sait (e.g. hydrochioride). Preferably the reaction is carried out at reflux in water
as a solvent.

Suitably, the cyclization of a compound of structure (4) when R* is hydrogen and R%-is alkyl or benzyl
is carried out by heating the compound, optionally under reduced pressure, in the presence or absence of
solvent. Preferably, the cyclization is eflected by heating the compound of structure (4} in water at reflux
temperature. When R® is hydrogen, cyclization will require activation of the carboxyl group or the use of a
peptide coupling reagent in a dipolar aprotic solvent.

Suitable methods for activating carboxyl groups and suitable peptide coupling reagents are all well
kmown to the art and are described for example in "Peptide Synthesis™ by M. Bodansky, Y. Klausner and
M. Ondetti (Wiley 1976) and in "Protective Groups in Organic Synthesis” by T.W. Greene (Wiley, 1981).
Exampies of activated derivatives of carboxyl groups are acyl chlorides, acyl azides, mixed anhydrides (e.g.
formed with an alkyl chlioroformate or pivaloyl chloride) and activated esters (a.g. trichlorophanyi, N-
hydroxysuccinimido and 1-hydroxybenzotriazole asters). Examples of peptide coupling reagents are car-
bodiimides and Woodward's Reagent K (N-sthyl-5-phenylisoxazolium-3 -sulphonate).

Suitable. dipalar aprotic solvents are tetrahydrofutan, -acetonitrile, dimethylformamide or dimethyisutfox-
ide.

Preferably the cyclization of a compound of structure {(4) in which R* is hydrogen and R® is Ci-4 alkyl
or benzyl is carried out in a sultabie solvent, such as methanol, in the presence of ammonium hydroxide at

- moderate temperatures of about 50° C and for short reaction times of about 1 hour, or until reaction is

complets. Such cyclization produces the compounds of structure (J) in high yieids, is novel, and forms a
fusther aspect of the invention.

The starting compounds (2}, (3) and (4) can be prépared by methods known to those sidlied in the art
or analegous to those known in the art; for example, compounds of structure {2) in which R' and R* are
hydrogen and R? is methyl or isabutyl can be prepared by procedures described in J. Am. Chem. Soc., 53,
3183 [1931] and 79, 46886, {1957];, compounds of structure (2) in which R' and R* are hydrogen and Ri_té
CH20H can be prepared by procedures described in J. Biol. Chem., 212, 271 [1955]; compounds of
structure (2) in which R is ethyl and R? and R* are hydrogen can be prepared by the method described in
Chem.Ber., 89, 1363, {1956]; for example compounds of structure (3) in which R? is methy), R Is ethyl and
n is 2 can be prepared by the procedure described in J. Prakt. Chem. 1 (4), 153 [1955]; compounds of
structure (3) in which R? is hydrogen, R® is ethyl and n is 2 can be prepared by the procedure described in
J.Pham.Soc. Japan, 75, 622 [1955]); compounds of structure (3) in which R? is hydrogen, RS Is methy! and
nis 3 can be prepared by the procedurs described in Synthesis, 1982 881; compounds of structure (3) in

4
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which R? is hydrogen, R® is methyl and n is 4 can be prepared by the procedure described in J. Org.
Chem., 53, 1084 [1968].

Compounds of structure {3) in which R? is hydrogen RS is isobutyl and n is 2 can be prepared by
reduction of a compound of structure HCOCH = CHCO2iBu. This process is new and forms a further aspect
of the present inventicn. Suitably the reaction is carried out in @ Cy-salkanol, in the presence of a noble
metal catalyst at atmospheric pressure; prefarably the reaction is carried out in 96% ethanol in the
presence of a 5% palladium on charcoal catalyst.

Compounds of the structure (4} in which R* is hydrogen can be prepared by hydrogenation of
compounds of structure (5)

in which R' to R® are as described for structure (1) mis 0, t or 2 and R® is hydrogen or Ci-«alkyi or
benzyl: or directly from the appropriate compounds of structure (2) in which R* is hydrogen and (3).
Altematively, compounds of structure (4) in which-R* is hydrogen can be obtained by catalytic hydrogena-
tion of compaunds of structure (4) in which R* is benzyl, which, in tum, can be prepared from the
appropriate compounds of structure (2), in which R* is benzyl, and (3). Suitably the hydrogenations are
carried out under conditions which remove the N-protecting groups and also reduce the side-chain double
bond, when present, for example by using a noble metal catalyst, such as palladium on charcoal in a
sultable solvent, such as ethanol. When R® is benzyl, compound (4) in which R3 is hydrogen is directly
obtalned.

‘Cempounds of structure (9) can themseives be prepared by reaction betwsen compound of structure
{2) in which R*‘is PhCH20CQ and an appropriate carbonyl compound of structure {6)

R2COCH = CH(CHz ) CO2R® {6)
in which R?, R® and m are as hereinbefore described.

The reaction is carried out in a suitable solvent at elevated temperature, optionally in the presence of a
suitable catalyst, Preferably the reaction is carried out in toluene at elevated temperature, in the presence of
p-toluenesulphonic acld monohydrate as described in, Tetrahedron, 41, 611, 1985,

The starting compounds (2) in which R* is PhCH; or PhCH,OCD and {8) can be preparad by methods
known to thosa skilled in the art or analogous to those known in the art; for example compounds of structure
{2) in which R' and R? are hydrogen and R* is PhCH,OCO can be preparad by procedures described in J.
Am. Chem. Soc., 73, 2836 [1951], compounds of structure (2} in which R! and R? are hydrogen and R* is
benzyl can be prepared by procedures described in Synthesis, 1983, 329; and, for example, compounds of
structure (B) in which R2 is hydrogen, RS is ethyl and m Is 2 can be prepared by procadures described in J.
Pharm. Soc. Japan, 75, 622 [1955]; compounds of structure (6) in which R? is methyl, R® is methyl and m
is 0 can be prepared by the procedure described in J. Am. Chem. Soc., 68, 2510 {1946); compounds of
structure (B) in which R? is methyl, R® is ethyl and m is 0-can be prepared by procedures described in
Annalen der Chemie, 264, 248 [1891]. In particutar compound (6) in which R? is hydrogen, R® is isobutyl
and m is 0 can be prepared by base catalyzed rearrangement of isobutyl 3,4-epoxybutanoate (whose
preparation is described In E.P. Appl. 154,490) and subsequeni oxidation with methods known to those
skilled in the art or analogous to those known in the art; for exampie with & transiion metal compound as
described in "Oxidation® Vol.1, by D.G.Les; R.L. Augustine Ed., (Dekker 1969).

The compounds of structure (1) are of use as therapeutic agents and in particular have nootropic
activity, that is to say they help restore leaming and memory difficulties associated with ageing and various
pathologies including for example Alzheimer's disease.

The present invention therefore provides, in a further aspect a method of restoring learning and treating
memory difficufties which comprises administering to a mammal in need thsreof a2 nomtoxc effective
amount of a compound of structure (1). The cognitive disorders occurring in such patholegies are known to
ba related to deficits in the brain cholinergic system as shown both by morphoiogical {B.E. Tomlinson in
"Biochemistry of Dementias™; P.J. Roberts Ed.; John Wiley & Sons, New York, N.Y. p.15-22, 1980) and
neurochemical findings (R.T. Bartus et al., Science, 217, 408, 1982). !t is aiso well known that significant
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impairments of cognitive functions are the more evident and debilitating symptoms observed in patients
with Alzheimer's disease, senile dementia of the Alzheimer type and multiinfarctual dementia. On the other
hand, the anticholinergic drug scopolamine, produces in humans (D.A. Drachman, Archs. Neurol., Chicago,
30, 113, 1974) as well as in animals {D.A. Eckerman, Pharmacol, Biochem. Behav., 12, 595, 1980} a
significant memory loss. which is directly related to a decrease of acetyicholine concentration in speciic
cerebral areas such as the cerabral cortex and the hippocampus. On the basis of these premises,
compounds of structure 1 have been specifically tested in rats against both the disruptive action of
scopolamine on mnestic trace and on the reduction of acetylchaling levels in hippocampus. To evaluate the
effect on memory and leaming, one trial-step through-passive avoidance test in male Wistar rats (150-160
g) was used. The equipment was essentially the same described by Essman (Pharmacol.Res.Commun., 5,
295, 1973). -

The passage from a light box into a dark one was punished by unavoidable electric foot shocks. The
animals must leam to avoid, after 2 single learning session, the crossing from the light to the dark box.
Thirty minutes after the first session {learning session}, the leamning effect was quantified (retest session) by
means of the latencies {in saconds) between the admission of animals into the light box and the entering
into the dark cne. The leaming effect is substantially impaired by a treatment with scopolamine (0.63 mgkg
s.c.) sixty minutes before the learning session. Saline or the test compounds were administered i.p. thirty
minutes before scopolamine. The control group was treated in the same way but with saline only. For
example, rasults on compounds A (1, R'=R2=RA*=Handn=2), 8 (1, R'=R¢=H, A*=Me and n=2) and C
(1. R'=H, Ré&=R3=Me, n=2 and the configuration at carbon in 3 position is 8§) in comparison with
oxiracetam are given in Table 1.
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TABLE 1

One-trial step through passive avoidance test in rats:
activity of compound A and oxiracetam against amnesia

induced by scopolamine (0.63 mg/Kg s.c.)

10 - -
a Dose Latencies b
Treatment mg/kg |Learning | Retest Difference
i.p. session session
15 - -
SALINE — 21.3 118.13 97.0 *»
SCOPOLAMINE —— 20.3 72.5 52.2
20 A <+ SCOPOLAMINE 0.1 20.9 100.5 79.6 *
"+ " 0.3 19.7 103.6 83.9 *
" o+ " 1 19.7 120.0 100.3 =+
B + SCOPOLAMINE 0.1 20.4 98.4 78.0 *
25 "o+ " 0.3 18.6 102.3 83.7 *
* 4 n 1 21.1 119.0 97.9 %
C + SCOPOLAMINE 0.1 20.3 96.4 76.1 *
L " 0.3 21.3 107.5 86.2 *
30
"o+ n 1 19.5 120.0 100.5 &+
OXIRACETAM + SCOP. 3 2l.5 78.0 56.5 n.s.
" + " 10 19.7 115.0 95,3 2+
a5 " + " 30 19.1 120.0 100,9 w»»
a) Twenty rats were used for each eaxperimental group
0
b) cut-off time = 120 sec.
& * Dunnett’s test less than 0.05 versus scopalamine
#* Dunnett’s test less than 0.01 versus scopolamine
% When used in the therapeutic teatment of humans and animals, the compounds of structure (1) are
normally formulated in accordance with standard pharmaceutical practice as a pharmaceutical composition.
Therefore In another aspect the present invention there is provided a pharmaceuiical composition which
comprises a compound of structure (1) or a pharmaceutically acceptable salt thereof and a pharmaceuti-
55 cally acceptable camier.

The compounds of the structure {1) may be administered in standard manner for the treatment of the
indicated diseases, for example orally, parenterally, rectally, transdermally or by transmucosal (for example
sub-lingual, or buccal or insufflatory) administration. .
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The compounds of the structure (1) which are active when given oraily or via sub-lingual or buccal
administration can be formulated as syrups, tablets, capsules and lozenges. A syrup formulation wiil
generally consist of a suspension or sclution of the compound or salt in a liquid carrier tor example, ethanol,
glycerine or water with a flavouring or colouring agent. Where the composition is in the form of a tablet, any
pharmaceutical camier routinely used for preparing solid formulations may be used. Exampies of such
carriers include magnesium stearate, starch, lactose and sucrose. Where the compaosition is in the form of a
capsule, any routine encapsulation is suitable, for example using the aforementioned carriers in a hard
gelatin capsule shell. Where the composition is in the form of a soft gelatin shell capsule any pharmaceuti-
cal camier routinely used for preparing dispersions or suspensions may be utilised, for example aqueous
gums, celluloses, silicates or oils and are incorporated in a seft gelatin capsule shell.

Typical parenteral compositions consist of a solution or suspension of the compound of the structure (1)
in a sterile agueous or non-aqueous carrier optionally containing a parenterally acceptable cil, for example
polysthyleng glyco!l, polyvinylpyrrolidone, lecithin, arachis oil, or sesame oil.

A typical suppository formulation comprises a compound of structure (1) which is active when
administered in this way, with a binding and/or lubricating agent, for example polymeric glycels, gelatins,
cocoa-butter ar other low melting vegetable waxes or fats.

Typical transdermmnal formutations comprise a conventignal aqueaus or non-aquecus vehicle, for example
a cream, ointment, lotion or paste or can be in the form of a medicated plaster, patch or membrane.

Preferably the composition is in unit dosage form, for example a tablet or capsule, so that the patient
may administer to himself a single dose.

Oxiracetam is a compound which is used in the treatment of senile dementia and related disease
conditions. Tha compounds of structure (1) can be administered in similar regimes to those established for
oxiracetam with any appropriate adjustiment in dose levels or fraquency of dosing having regard to the
greater activity and better pharmacological profile of the compounds of structure (1).

Each dosage unit for oral administration contains suitably from 0.05 mg/Kg to 20 mg/Kg, and preferably
from 0.1 mgrKg to 5 mg/Kg, and each dosage unit for parenteral adminisiration contains suitably from 0.05
mg/Kg to 10 mg/Kg, of a compound of structure (1).

The daily dosage regimen for oral administration is suitably about 0.05 mg/Kg to 50 mg/Kg, more
suitably about 0.1 mg/Kg to 20 mg/Kg of a compound of structure (1). The active ingredient may be
administered from 1 to 6 times daily. The compounds of structure (1) may be co-administered with other
phammaceutically active compounds, for example in combination, concurrently or sequentially, particulerly
with other compounds used in the treatment of elderly patients e.q. tranquillisers, diuretics, antihyperten-
sives, vasadiletors and inotropic agents.

The invention is iilustrated by the tollowing Exampies.

Preparation 1

A) Isobutyl (E)-4-hydroxy-2-butenoate

To an ice cold soiution of lsobutyl 3,4-epoxybutancate (300 g, 1.9 mol) In toluene (2.5 1), sodium
hydride (55% suspension ir ofl, 3 g, 0.07 mol) was added portionwise. The solution was stirred at 0-5° C for
1 hour, then 55% sodium hydride (3 g. 0.07 mol) was added again. After stirring at room temperature for 1
hour the solution was washed with brine (0.4 1} containing 10% hydrochloric acid (60 mi), then twice with
brine (300 ml each). The organic solution was dried cver anhydrous sodium suifate and evaporated to
dryness. Distillation of the residue afforded 175 g (58.3%) of the title compound as a colourless oil, b.p. 88-
80° G (05 mmHg).

NMR (COCla): deitay = 7.05 (dt, J=15 and 4 Hz, 1H, CH=CH-CQ), 6.12 (dt. d=15and 2 Hz, 1H, CH= CH-
GO}, 4.40 {c.a, 24, CHzOH) MS (E.l., 70 eV, 1.5 mA) miz = 127 (M-CH20H) ", 85 (M-CaHs03) .

@ 1sobutyl (E)-4-oxo-2-butencate

To a suspension of pyridinium, chlorochromate (100 g, 0.483 mol) in dichloromethane (350 mi), a
sciution of isobuty! (E)-d-hydroxycrotonat? {60 g. 0.318 mol) in dichloromethans (160 ml) was added. The
internal temperature gradually rose to 40 C and stiring was continued for 2 hours without cooling. Diethy)
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ether (0.9 |} was added and the supernatant was decanted from the black gum. The insoluble residue was
washed twice with 300 ml portions of diethy! ether. The combined organic solutions were passed through a
short pad of Florsil and the soivent was removed by distillation, to yield 45.3 g (91.6%) of the litle
compound, as a pale yeilow oil, Rf=0.5 (silica gel plates, cyciohexane-sthyl acetate 6:4). NMR (CDCla):
dettay = 9.80 (ABX 1H, CHO). 698 and 6.75 (ABX, Jag=15 Hz, 2H, CH CH) MS (E.l, 70 eV, 1.5 mA)
miz = 155 (M-H)", 85 (M-CaH102) .

C) Isobutyl 4-oxobutanoate

To a solution of isobutyl (E) 4-oxo-2-butenoate (97 g, 0.62 mol) in 96% ethanoi (800 mi), 5% palladium
on charcoal (9.7 g) was added and hydrogen was bubbled at 5-10°C and at atmospheric pressure for 20
hours. Removal of the catalyst and evaporation of the solvent gave 97.8 g (99%) of the fitle compound; Rf
= 0.41 (silica gel plates, eluent. cyclohexane-ethyl acetate 6:4). NMR {CDCly): deitay= 125 {d, J=1 Hz
1H, CHO) 3.85 (d, J=6 Hz, 2H, COOCH); 2.80-240 (ca., 4H, CHzCHzCO) 2.10-1.70 (ca,
CH2CHMez); 0.90 {d. J=6 Hz, 6H, CHa).
MS (EL, 70 eV. 1.5 mA) myz =103 (M-C3Hs0) ", 85 (M-CaHs03)", 57 (M=CeHs 0a) .

EXAMPLE 1

A) Isobuiyl (E}1-benzyloxycarbonyl-d4-oxo-2-imidazolidineacrylate

To a solution of iscbutyl (E}4-oxo-2-butenoate (11 g. 70.43 mmol} in toluene (170 ml} benzyloxycar-
bonylglycinamide (14.67 g, 70.43 mmol) and p-toluensulfonic acid monohydrate {0.67 g, 3.5 mmol) were
added. The mixture was refluxed for.4 hours in a Dean-Stark apparatus. The obtained soiution was cooled,
the precipitate matter was filtered off and the filtrato was washed with a saturated solution of sodium
hydrogen carbonate (5S¢ ml) and brine (S50 ml). The erganic phase, dried over anhydrous sodium sulfate,
was evaporated to dryness. The residue was chromatographed over silica gel (ethy! acetate-cyclohoxane
1:1). The collected fractions were avaporated and the residue, tmuratod with diisopropyl ether, afforded 7.72
g (31.6%) of the title compound as a white solid, m.p. 97-100° C. NMR {CDCla): deltay, = 6.80 (ABX.
Jag 315 Hz, Jax=7 Hz, 1H, CH=CR-CO}, 6.15 (c.a. 1H, CH=CH-CO). 5.70 (ABX, Jag= 7 Hz, CH= =CH-
CH), 4.10 and 3.97 (ABg, J=16 Hz, 2H,  COCH:N).

MS (El, 70 eV, 1.5 mA) m/z = 346 (M ), 238 (M-C7H;0)", 91 (CrH: ).

Q Isobutyl 4-oxo-2-imidazolidinepropanoate

To a solution of isobutyl (E)-1-benzyloxycarbonyil-4-oxo-2-imidazofidineacrylate (7.7 g. 22.2 mmaol) In
86% ethanol (200 ml), 5% palladium on charcoal (0.5 g) was added and hydregen was bubbled at 20° C
and at atmospheric pressure for 2 hours. Removal of the catalyst and evaporation of the solvent gave a
residue which was friturated with diisopropyl ather to give 4.1 g (88%) of the title compound, m.p. 50-52° C.
NMR (CDCl5): deltay = 4.45 (1. J=6 Hz, 1H, N-CH-N), 3.10 (s. 2 H, N-CH:-CO)

MS (E.\., 70 aV, 1.5 mA) miz = 214 (M), 157 (M-CsHs) ", 85 (M-C;H1352)".

C) 2,5-Dioxohexahydro-1H-pyrroio[1,2-a)imidazole

Isobutyl 4-oxo-2-imidazolidinepropanoate (4 g, 18.7 mmol) was stimed at 120-130° C (extenal tempera-
ture) under vacuum for 3-5 hcmrs The residue was triturated with ethyl acetate to yield 0.79 g (28.6%) of
the title compound. m.p. 155-157° C. NMR (CDCls): deltay = 545 (t, J=6 Hz, 1H, CH), 4.23 and 3.80 (ABqg,
J=16 Hz 2H, COCﬂzN) MS (El, 70 eV, 1.5 mA) m/z = 140 (M ) 97 (M-CONH}

EXAMPLE 2
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2 5-Dioxo-7a-methylhexahydro-1H-pyrrolof 1,2-alimidazole

To a solution’ of glycinamide hydrochioride (18.4 g, 0.166 mol) in water {200 ml), adjusted to pH 9.5 with
10% sodium hydroxide (about 60 ml), ethy! 4-oxopantanoate (20 g, 0.139 mol) was added. The solution was
refluxed for 24 hours. After cooling the solvent was evaporated under vacuum and the residue was
chromatographed over silica gel (dichloromethane-methanol 9:1) to afford 4.5 g (21%) of the title com-
pound, m.p. 187-189° C. NMR ({CDCl): deﬂaH = 417 and 3. 53 (ABg, J=18 Hz, 2H, NCHzCO), 1.5 (s, 3H,
CHs). MS (El, 70 eV, 1.5 mA) m/z = 154 (M "), 138 (M-CHa)", 111 (M-CONH) . _

EXAMPLE 3

(38)-3.7a-Dimethyl-2.5-dioxohexahydro-1H-pyrrolof 1 2-aJimidazcle

L-Alaninamide hydrochloride (20.7 g, 0.168 mol) and ethyl 4-oxopentanoate (20 g, 0.13 mol) were
reacted together according to the procedure of Example 2 to give the title compound, 4.5 g (19.1%), m. p
228-230" (with decomposition), (alphalp = + 507" {c=3, H20).

NMR (CDCly): deltay= 7.95 (bs, 1H, NH); 4.30 (q. J= 8 Hz, 1H, CHCHa); 3.00-2.10 (c.a., 4H, CH.CHz);
1.60 (8, 3H, C-CHy: 1.45 (d, J= 8 Hz, 3H GHaCH).
MS (E.L, 70 eV, 7.5 mA) muz= 168 (M"), 153 (M-CHa) , 125 (M-CHNO)", 112 (M-CaH:0) .

EXAMPLE 4

{3R.8)-3,72-Dimethyi-2.5-dloxohexahydro-1H-pyrroio[1,2-alimidazole

DL-Alaninamide hydrochioride (6.8 g). 0.055 moal) and ethyl 4-oxopsntanoate (6.7 g, 0.043 mol) were
reacted together according to the procedurs of Example 2 to give the title compound, 1.65 g (22.8%), m.p.
184-192°.

NMR (DMSO-ds: deltay = B8.80 (bs, 1H, NH); 3.90 (g, J = 7.5 Hz, 1H, CHCHs) 3.00-2.00 (c.2.. 4H,
CH2CHa): 1.42 (5. 3H, C-CHa); 122 (d, J = 7.5 Hz, 1H, CHCHa)

EXAMPLE &

A) lsobutyi (45)-4-methyl-S-oxo-2-imidazolidinepropancate

To a suspension of L-alaninamide hydrochioride (2.4 g. 19.3 mmol) in butanol (20 mi) isobutyl 4-
axobutanoate (3 g, 18.96 mmol) and sodium carbonats (1 g, 9.4 mmol) were added and the mixture was
refluxed for 7 hours. After cooling the precipitate was filtared off and the filirate was evaporated to dryness.
The residus was chromatographed over silica gel {dichloromethane-methanol 9:1) to afford 0.87 g (20%) of
the title compound.

Hydrochloride salt: m.p. 146-148° C (with decompasition). )

NMR (DMSO-ds): deltay= 8.20 (bs, TH, CONH); 4.80 {t, J=6 Hz, 1H, HN-CH-NH); 4.00 (q, J= 8 Hz, 1H,
CHCHa); 3.83 (d. J= 6 Hz, 2H, COOGHz) 3.40 (bs, 1H, CHNHCH) 2.90-2.85 (c.a., 2H, CH2CO), 2.25-1.75
{c.a., 3H, CH2CH2CO and CH(CHa)z2); 1. 37 (d, J=6 Hz, 3H, CH:;CHNH), 0.87 (d. J= 8 Hz, 6H CH(CHa)2).
MS (E.l, 70 8V, 1.5 mA) m/z= 228 (M 1T (M-C¢Hs) 155 ( (M-Cq.HsO) , 99 (M-CerOz)

B} (35)-2,5-Dioxc-3-mathylhexahydro-1H-pyrroio[ ! .2-alimidazole

Isobutyl (4SH4-methy-5-oxo-2-imidazolldinepropancate {(0.870 g, 3.8 mmol) was stirred without solvent

10
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at 110-120°C (external temperaturg} for 5 hours. The residue was chromatographed over silica gel
{dichloromethanemethanol 9;1). The coliected fractions were evaporated and the residue was triturated with
diethyl ether, to afford 0.4 g (68.2%) of the litle compound, m.p. 126-129 C.

NMR (CDCi3): deftay= 8.02 (bs, 1H, CONH); 5.35 (t, J=5 Hz, 1H, NCHNH); 4.30 (3, J= 8 Hz, 1H,
NCHCH,): 2.90-1.80 (c.a., 4H, COCHzCHz). 138 (d, J= 8 Hz, 3H, CH3CH).

MS (E.L, 70 eV, 1.5 mA) m/iz= 154 (MY, 139 (M-CH;) 111 (M-CHNO)", 98 (M-CaH.0)".

EXAMPLE 6

(3R,5)-2,5-Dioxo-3-methylhexahydro-1H-pyrrolo[1,2-alimidazole.

DL-Ataninamide hydrochioride (6.9 g, 0.055 mol) and isobutyl 4-oxobutancate (7.3 g, 0.046 mol) were
reacted together according the procedure of Example 2 to give the title compound, 1.7 g (24%), m.p. 84-
86".

NMAR (OMSO-d¢): deltay, = B.55 (bs, 1H, NH) 520 (t, J = S Hz, NCHNH); 392 (g, J = 6.5 Hz, IH,
CHCH,) 2.82-1.50 (c.a.. 4H, CH,CHg); 117 {d, J = 8.5 Hz, 3H, CHCHa).
MS (E.l, 70 eV, 1.5 mA) m/z = 154 (M"), 111 (M-CHNO), 98 (M-C3H,0)".

EXAMPLE 7

ﬂ Isobuty| (4S)-4-isobutyl-5-ox0-2-imidazolidinepropanoats

L-Leucinamide. hydrochloride (3.2 g, 19.2 mmol} and isobutyl 4-oxobutanoate (3 g, 18.96 mmol) were
reacted together according to the procedurs of example 5A to give the title compound, 1.7 g (33%).
Hydrochloride selt: m.p. 187-188" C (with decomposition).

NMR (DME0-d;): deltay= 9.23 and 9.18 (bs, 1H, CONH) 492 and 4.85 {t, J=6 Hz, 1H, NHCHNH) 4.10-
3.80 (ca.. 1H, COCHNH) 3.82 (d, J= .6 Hz, 2H, COOCH:). 2.70-2.40 (ca., 2H, CHzCO) 2.20-1.55 {c.a., 6H,
CHCH2CH(CHs)z, NHCHCH;CH: and COOCH:CH(CHn)z) 0.92 and 0.87 (d. J= 6 Mz, 12H, CH(CHs)z). MS

25 (E.L.70 éV, 1.5 mA) m/iz=270 (M), 213 (M-C.Hz)~, 141 (M-C7H1202)".
B) (3S)-2,5-Dioxo-3-iscbutylhexahydro-1H-pyrralo[1,2-alimidazole,

40 Isobutyl (4S)-d-isobutyl-5-oxo-2-imidazolidine propancate (1.4 g, 5.4 mmol) was heated at 130-140°C
{(external temperature) for 5 hours. Chromatography of the residue over sllica gel (dichloromethane-
methanol 8:1) gave the title compound, 0.45 g (45%) m.p. 156-157 C.

NMR (CDCls): deltau= 7.35 (bs, 1H, CONH); 5.30 {t, J=8 Hz, 1H, NCHNH); 4.22 (c.a.. tH, NCHCO): 2.75-
140 (ca., TH CHQCH: and CHCH:CH) 1.03 and 090 (d, J= 6 Hz, BH, CHa) MS (E.l, 70 8V, 1.5 mA)
& miz= 196 (M), 140(M-CaH¢O) 84(M-CsHmN0)
EXAMPLE 8

50
2 5-Dioxo-1-ethyihexahydro-1H-pyrralo{1.2-alimidazole.

Glycine ethylamide hydrochloride (2.1 g, 15.1 mmal) and isobutyl 4-oxobutanoate (2 g, 12.8 mmol)

g5 were reacted together according the procedure of Example 2 to give the tile compound, 0.5 g (23.5%) as a
viscous oil, Rf= 0.51 (silica gel plates, eluent dichloromethane-methano! 9:1).

NMR (CDCla): deltay= 5.27 (t. J=6 Hz, 1H, N-CH-N); 420 and 3.45 (ABq, J= 17 Hz, 2H, N-CH.-CO); 3.25
(@, J= 7 Hz, 2H, NCH2CHs); 2.70-1.75 (c.a., 4H, COCH.CH:CH); 1.12 (t, J= 7 Hz, 3H, CHa). MS (E.I, 70
11
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eV, 1.5 mA) miz= 168 (M'), 112 (M-CaH.(0) , 97 (M-C.H;0)".

EXAMPLE 9

2.5-Dioxohexahydre-1H-pyrrolo{1,2-alimidazote

Glycinamide hydrochloride (4.2 g, 38 mmol) and isobuty! 4-oxobutanoate (5 g, 3t.6 mmol) were reacted
together according to the procedure of exarnple 2, to give the title compound 1 g (22.6%), m.p. 154-157 C.

EXAMPLE 10

Ethyl 2,5-dioxohexadro-1H-pyrrolo[1,2-alimidazole-1-acetate

A mixure of 2,5-dioxohexahydropyrrolo-1H{1.2-a]imidazole (0.5 g, 3.57 mmel), tetrabutylammonium

bromide (0.57 g. 1,78 mmol) and potassium carbenate (2.5 g, 17.8 mmol) in dry acetonitriie (8 ml) was
stirred at room temperature for 1 hour. Ethyl bromoacetate (0.5 ml, 4.53 mmoi) was added and the
suspension was heated at 60_C for 2.5 hours. The precipitate was filtered off, the filrale was evaporated
under vacuum and the residue was chromatographed over silica gel (ethyl acetate-aceione-methanol 6:3:1)
to afford 0.7 g {92%) of the title compound, m.p. 75-80° C.
NMR (CDCla): deltay, = 5.40 (c.a., 1H, N-CH-N); 4.21 (q, J = 7.2 Hz, 2H, COOCH,CHa); 4.32 o 3.68 (ABq,
J = 159 Hz, 2H, NCH,CO); 4.30 and 380 (ABg, J = 17.8 Hz, 2H, -CH,CODEt); 2.80-1.70 (c.a., 4H,
CH,CHz) 128 (t. J = 72 Hz, 3H, COOCHzCHy). MS {E.l, 70 eV, 1.5 mA) miz = 2268 (M"), 153 (M-CO2Et)-
7140 (M-CH2COLED . =

EXAMPLE 11

2.5-Dioxohexahydro-1H-pyrrolof1,2-a]imidazole~1-acetamide

A solution of ethyl 2,5-dioxohexahydropyrrolo[1.2-ajimidazole-1-acetate (1.4 g, 6.18 mmol), in methanol
(25 mi) was saturated with ammonia at 0" C. After stirring at room temperature for 16 hours the precipiiate
was collected, washed with methanoi and dried to yield 0.9 g (75%) of the titie compound, m.p. 182-185° C.
NMR (DMSO-ds): dsitay = 7.50 and 7.310 (25, 24, CONHz); 5.25 (c.a. 1H, N-CH-N); 3.94 and 3.55 {ABgq, J
= 16 Hz, 2H, N-CH.CQ); 3.85 and 3.70 (ABq, J = 16.5 Hz, 2H, N-CHzCONIz); 2.90 and 1.90 (c.a., 4H,
CH2CHa). - -
MS (Ei., 70 eV, 1.5 mA) m/z = 138 (M-CHzCONHz)".

EXAMPLE 12

ﬂ isobutyl (48)-4-benzyl-5-oxn-2-imidazolidinepropancats

To & solution of Lphenylalaninamide hydrochloride (20 g, 0.1 mol) in water (200 mi), adjusted to pH 8.2
with 10% sodium hydroxide (ebout 35 mi), was added isobutyl 4-oxobutanoate (16 g, 0.1 mal). The solution
was refluxed for 24 hours. After cooling, the soiution was extracted with dichloromethane (4 x 200 mi). The
organic phase was dried and evaporated to dryness under vacuum. The residue was chromatographed over
silica gel (dichloromethanemethanol 8:1) to afford 6 g (20%) of the tile compound, as an oil, which was
characterized as the hydrochloride, m.p. 152-165° C (with decomposition) (after crystallization from ethanol-

12
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! diethyl ether). f
NMR (DMSO-d, CDCla)I deltay = 9.25 (b:s., tH, CONH); 76-7.1 (c.a., SH, PhH), 4.90 (t, J = 8.1 Hz, 1H,
NHCHNH); 4.17 (t, J = 6.1 Hz, 1H, CHGHzPh); 3.84 (d, J = 6.9 Hz, 2H, COOCHCH); 3.35 (c.a., 2H,
CHzPh); 2.50-1.60 (c.a. 5H, CHzCHzCOD, CH2CH(CHa)e. MS (E.L. 70 8V, 1.5 mA) iz = 304 (M'), 213
5 (MCrHy) , 84 (CaHuN:O)".

B) (35)-3-Benzvl-2,5-dioxohexahydro-1H-pymolo[1,2-alimidazole

10 A solution of isobutyl (45)4-benzyk5-oxa-2-imidazoiidinepropancate (2.3 g, 7.33 mmoi) in toluene (100
ml) was refluxed for B days. After evaporation of the soivent, the residus was chromatographed over silica
gel (dichlorometane-methanol 9:1). The appropriate fractions were collacted and evaporated; the residus
was friturated with diethyl ether to afford 850 mg {50%) of the titte compound, m.p. 141-145°C. NMR
(CDCls): deftay = 7.25 (s, SH, PhH); 7.02 (b.s., 1H, NH); 452 (t, J = 4.5 Hz, 1H, PhCHzCH), 437 (. J =

15  Hz, 1H, NCHNH); 313 (d, J = 45 Hz. 2H. PhCHz) 280-1 8 {c.a, 4H, CHzCHz) MS (EI, 70 oV, 1.5 mA)

= 230 (M), 139 (M-C>H7)", 91 (CrH7) ", B4 {CeHsNO) .

EXAMPLE 13
20
{35)-3-Hydroxymethyl-2,5-dioxohexahydro-1H-pyrraio[ 1,2-a)imidazole
25 L-Serine hydrochleride (10 g. 0.071 mol) and iscbutyl 4-oxo-butancate (11.25 g, 0.071 mol) were

reacted together according to the procedure of Example 2 to aftord, after chromatography over silica gel

(dichloromethane-methanol 8:2), 2.3 g {19%) of the titte campaund, m.p. 150-162° C.

NMR (DMSQ-ck): deltaw= 8.57 (b.s., 1H, NH): 5.15 (t, J = 5 Hz, 1H, N-CH-NH); 4.97 (ABCX System, 1H,

CH.OH): 3.88-3.81 (ABCX System, 1H, CHCHzOH) 3.87-3.40 (ABCX System, 2H, CH.OH): 2.85-1.52 (c.a.,
30 4H, CH:-CHz)

MS (El. 70 eV, 1.5 mA) miz = 140 (M-CHz0)", 84 (CaHeN:20) and, as a by-product, 0.25 g of isobutyl

(4S)4-hydroxymethytS5-oxo-2-imidazolidinepropancate, m.p. 81-75° C. NMR (DMSO-d: ): deltay = 8.1 (b.e.,

1H, CONH); {c.a., 2, NHCHNH, CH), 375 (d, J = 8.1, 2H, COOCH:CH); 3.55-2.90 (c.a., 4H, NH, CH-CH.-

OH); 2.50-2.30 (c.a., 2H, CH2COO); 2.00-1.40 (c.a., 3H, CH{CHa)2, TH2CH2COOY; 0.84 (d, J = 6.1 Fz, BH,
a5  CH(CHa)). MS (EL, 70 &V, 1.5 mA) miz = 213 (M-CH,0M) . 115 (CeF1102) ", 85 (CaHsN20) "

EXAMPLE 14

A) 2-Carboxy-4=oup-2-imidazolidinepropanoic acid

A solution of 2-oxoglutaric acid (10 g. 0.068 mol), glycinamide hydrochloride (8.3 g, 0.075 mol} and
4 sodium hydroxide (8.2 g, 0.205 mol) in water (120 mol) was refluxed for 4 hours. After cooling the solution
was adjusted to pH 2.5 and the resuiting precipitate was collected and dried under vacuum at 60° C to
afford 5.9 g (43%) of the tile compound, m.p. 202-205° C. NMR {DMSO-ds): deltay = 8.5 (s, 1H, CONH);
7.00-4.00 (b.s., 3H, NH, COOH); 3.22 and 3.18 (ABq, J = 18 Hz, 2H, NHCH;CO); 2.40- 1.75 (c.a. 4H,
CH2CH2COOH). MS (E1L.. 70 oV, 1.5 mA) m/z = 140 (M-H20-COOH) ", 84 (CaHiN20)".
50

B) 2,5-Dioxohexahydro-1H-pymalof1,2-alimidazote-7a-carboxylic acid

A mixture of 2-carboxy-4-oxo-2-imidazolidinepropanoic acid (2 g, 9.89 mmol}, hexamethyldisilazane (20

ss mol) and trimethylchlorosilane (10 ml) in dry acetonitrile (S0 mi) was refluxed under nitrogen for 4 hours.
After cooling, the precipitate was filtered off and the filtrate was evaporated under vacuum. The residue was
dissolved in methanol (20 mi) contalring some drops of concentrated hydrochloric acid and stirred for 10
minutes. The insoluble matarial was fitered oft and the filtrate was evaporated to dryness. The residue was
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trifurated with acetonitrile and crystallized with tetrahydrofuran (250 mi) to vield 0.9 g (50%) of the title
compound, m.p. 207" C (with decomposition). NMR (DMS0O-ds): deltan: 9.20 (b.s.. 1H, NH) 3.82 and 3.46
{ABq. J = 168 Hz, 2H, NCHzCO) 2.90-1.80 (c.a., 4H, CHz-CHz) MS (El., 708V, 1.5 mA) m/z = 184 (M),

139 (M-COOH) . 83 {C3H3Nz0) .

EXAMPLE 15

Ethyl 2,5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole-7a-carboxylate

A solution ot 2.8-dioxohexahydropyrrolo-1H-[1,2-alimidazole-7a-carboxylic acid (0.8 g, 4.34 mmol) in dry
tetrahydrofuran (100 mi), was cooled to 0 C, treated with oxalyl chloride (0.56 g, 4.34 mmol) and a drop of
dimethylformamide and stired for 2 hours at 0 C. The solution was stired under vacuum at room
temperature for 10 minutes. After coaling to 0° C, 4-dimethylaminopyridine (0.53 g, 4.34 mmol) and dry
ethanol (2 mi) were added. The suspension was stirred at 0~ C for 30 minutes and at room temperature for
30 minuwtes. The precipitate was filtered off and the filtrate was evaporated undsr vacuum. The residue was
chromatographed over silica gel (ethyl acetate-methanol 95:5) to afford 0.45 g (49%) of the title compound,
m.p. 116" C. NMR (DMSO-ds): deftay = 9.22 (b.s.. 1H, NH); 4.16 {q, J = 7.4 Hz, 2H, COOCH:CHj;); 3.85
and 3.48 (ABg, 4 = 14.8, 2H, NCH,CO);, 2.95-2.05 (ca. 4H. CHyCHz): 12 (t. J = 7.4 Hz, 3H,
COOCH:CHs). MS (E.L. 70 8V, 1.5 mA) m/z = 183 (M-CoHs) . 139 (M-COGC:Hs)", 83 (C3H3N20) .

EXAMPLE 16

2.5-Dioxohexahydro-1H-pyrrolo[1,2-a]imidazole-7 a-carboxamide

An ice coid solution of ethyl 2,5-dioxd-1H-hexahydropyrrolo [1,2-a)imidazole-7a-carboxylate (2,55 g, 12
mmol) in dry methanol (20 ml} was treatad with a saturated solution of ammonia in methanol (40 ml) and
stirred for 1 hour at 0" C. The precxpltate was collected, washed with acetone and dried to afford 1.7 g
(77%) of the title compound m.p. 295" C (with decomposition). NMR (DMSC-ds): deitay = 9.05 (b.s., 1H,
NH) 7.50 (b.s., 2H, CONHz). 3.80 and 150 (ABq, J = 14.8 Hz, 2H, NCH,CO): 2.85-1.95 (c.a.. 4H,
CHzCHz) -

MS (EL, 70 eV, 1.5 mA) miz = 139 (M-CONH;) ", 83 (CaHaN20) " :--

EXAMPLE 17

2.5-Dioxo-1H-octahydroimidazo(1,2-aJpyridine

Glycinamide hydrochloride (4.24 g, 38.4 mmol) and methyl 5~oxopentanoate (5 ml, 38.4 mmol) wera
reacted together according to the procedure of axampis 2, to give 1.8 g (30%) of the title compound, m.p.
170-174° C. NMR NMR (DMSO-dc):deitay = 8.85 (b.s., 1H, CONH); 5.10-4.85 {c.a,, 1H, NCHNH); 3.90 and
3.55 (ABq, J = 14.8 Hz, 2H, N-CHz-CO); 2.40-1.10 (c.a., 6H, (CH:CHzCHz)

MS (E.l, 70 8V, 1.5 mA} m/z = 153 (M-H) ", 111 (M-CONH) +. 63 ([CatieN20) .

EXAMPLE 18

ﬂ Methyl 4-oxo-2-imidazolidinepentanoaie
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Glycinamide hydrochloride (8.73 g, 0.061 mol) and methyl 6-oxohexanoate (8.8 mi, 0.061 mol) were
reacted together according to the procedure of example 2, to give 0.93 (7.6%) of the title compound, m.p.
58-60° C {with decomposition). NMR (DMSO-ds): deltay = 8.10 (b.s., 1H, CONH); 4.50-4.15 (c.a., 1H
NHCHNH) 3.55 (s, 34, COOCH;} 3.20 (b.s., 1H, CHzNHCH) 3.05 (s, 2H, NHCH2CO); 2.45-2.10 (c.a., 2H,
CHzCOO) 1.80-1.10 (c.a. 6H, CHzCHzCHzCHZCOO) MS (E.L. 70 eV, 1.5 mA) m/iz = 200 (M), 169 (M-
OCHa)", 85 (CatsN: O}

B) 2,5-Dioxo-1H-octahydroimidazo[1,2-ajazepine

A solution of methyl 4-oxo-2-imidazolidinepentanoate (1 g, S mmol) in toluene (300 ml) was refluxed for
B0 hours. After cooling the soiution was evaperated and the residue was chromatographed over silica gel
{dichlorometane-methanol 9:1) to afford 0.2 g (23%) of the tittle compound, m.p. 175-176 C. NMR (DMSO-
de) deltay = 8.60 (b.s., 1H, CONH); 5.35-5.10 (c.a., 1H, NCHNH); 3,70 (s, 2H, NCH2CO); 2.60-2.10 {c.a., 2H,
CHzCHCON); 2.10-1.10 {c.a., 6H, CHzCH,CHz). MS (EL, 70 8V, 1.5 mA) m/z = T68 (M ), 85 (CaHsN2C).

EXAMPLE 19

A) Isobutyl 3-benzyl-5-oxo-2-imidazalidinepropancate hydrochloride

A solution of N-benzylglycinamide (3.7 g, 0.022 mol) and isobutyl 4-oxobutancate (4 g, 0.023 mol) in
dioxane (40 mol) and water (10 ml} was heated at 100" C for 10 hours. AHer cooling, the solvent was
removed under vacuum and the residue was treated with 10% hydrochloric acid (8 ml) to give a precipitate
which was collected and triturated with acetone to afford 3.8 g (47%) of the title compound, m.p. 177 C
{with decompaosition). NMR (DMSO-ds): deltaﬂ = 9.2 (b.s., TH, NH); 7.80-7.30 (c.a, 5H, PhH); 480 ({t,.d = 5
Hz, 1H, N-CH-NH); 4.50 and 4.30 (ABq, J = 13.6 Hz, 2H, CH,Ph); 3.80 (d, J = 6.1 Hz, 3H, COOCH,CH);
368 (s, 2H, CONHN); 265-2.35 (c.a., 2H. CH:CH;COO} 220 - 150 (c.a. 3H, CH(CHa)e and

A
Yo

CHzCHzCOO) 0.88 (d = B.1 Hz, 6H, CH(CHa)z). MS (E... 70 eV, 1.5 mA) miz = 304 (M), 175 (M-~

CerOe) 2] (CrHr)

B) Isobutyl 5-oxo-2-imidazolidinepropanocate hydrochloride

To a mixture of 10% palladium on charcoal (1 g) and 88% formic acid (1 ml) in methanol (25 mi}, under
nitrogen, was added a solution of isobutyl 3-bsnzyl-5-oxo-2-imidazolidinepropancate hydrochloride (1 g,
2.93 mmol) and 99% formic acid {1.25 ml) in methanol (25 ml). The mixture was stired under nitrogen for 8
hours. After addition of water (15 ml) and removal of the catalyst. the solvent was evaporated and the
residue was friturated with ethanol to give 0.3 g (41%) of the title compound. m.p. 136-140° C. The same
compound was obtained also by the foliowing procedure: into a mixture of isobutyl 3-benzyl-5-oxo-2-
imidazoiidinepropanoate hydrochloride (2.2 g, 6.4 mmal), and 10% palladium on charcoal (1.1 g) in water-
methanol 2:1 (150 ml) hydrogen was bubbled at room temperature and at atmospheric pressure for 2 hours.
Removal of the catalyst and evaporation of the solvent under reduced pressure gave a residue which was
triturated with ethanol to afford 1.4 g (90%) of the title compound, m.p.136- 140" C. NMR {DMSO-ds): deltay

= 11.1-9.50 (b.s., 2H, NH; *); 9.20 (b.5.. 1H, CONH); 495 (t, J = 62 Hz, 1H, NHCHNH), 3.84 (d. J = 6.7
Hz, 2H, COOCHz); 3.65 (s. 2H, NCH.CO); 2.70-2.30 {c.a, 2H, CH:CHzCOO) 2.25-1.60 (c.a. 3H,
CHzCHzCOO CH(CHa}z) 087 d. J = 6.7 Hz, 6H, CH(CHs).. MS (E.l, 70 8V, 1.5 mA) miz = 214 (M),
141 {M-OCiHq) 35 {CaHsN20) .

C) 2,5-Dioxchexahydro-1H-pyrrolo[1,2-alimidazole

A solution of isobutyl S-oxo-2-imidazolidinepropancate hydrochloride (1.4 g, 5.76 mmol) in water (100
mi) was treated with sodium hydrogen carbonate (0.4 g, 6.4 mmel) and heated at 100" ¢ for 20 hours. Tha
solution was evaporated and the residus was chromatographed over silica gel (ethyl acetate-acetons-
methanol 6:3:1) to afford 300 mg (37%) of the title compound, m.p. 155-157" C.
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EXAMPLE 20

A) Ethyl 1-benzyl-4-px0-2-imidazolidinepropanoate

A suspension of N-benzylglycinamide {35.5 g, (.22 mol) and ethy! 4-oxcbutanoate (31 g, 0.24 moi) in
toluene (370 mi) was refluxed for 6 hours in a Dean-Stark apparatus. After cooling, the mixture was
extracted twice with 10% sulphuric acid (200 + 100 ml); the aqueous extracts were neufralized with sadium
hydrogen carbonate and extracted twice with toluene (250 mi each time). The organic solution was washed
with watsr {100 ml). dried (MgSO.) and evaporated under vacuum to afford an oil which was triturated with
a mixture of diethyl ether -light petroleum (1:2) to give 45 g (75%), of the title compound as a yellow solid,
m.p. 60-62° C.

NMR (CDCla): delfay = 7.5 (bs. 1H, NH); 7.30 (bs, 5H, PhH); 4.5-4.25 (ABX, 1H, CH-M). 413 (g, J = 63
Hz, 2H, OCH:); 4.00 and 353 (ABg, J = 12.4 Hz, 2H, PhCHg); 3.37 and 3.02 (ABX, J = 14.9 Hz, 2H,
NCH,COY; 2.65-2.30 (c.a., 2H, CH2CH2CO); 2.20-1.15 (¢.a., 2H, CH;CH,CO); 1.24 (. J = 6.9 Hz, 3H, CHj}.
MST(EL, 70 eV, 1.5 mA) m/z = 276 (M), 231 (M-OEt) , 185 (M -PhCH;) ", 175 (M-CsHsQ2) ", 91 (PhCHZ) .

Bj 2,5-Dioxohexahydro-1H-pyrroio[1,2-aJimidazole

To a suspension of 10% paliadium on charcoal (11.6 g) in water (80 ml), a solution of sthyl 3-benzyl-5-
oxo-2-imidazolidinepropanocate (58 g, 0.21 mol) and ammonium formate (52.9 g, 0.84 mol} in methanol (580
mi) wera added. The mixture was refluxed under nitrogen for 1 hour. After cooling to 40° C, 32% ammonia
{145 mi) was added and the temperature was maintiined between 40 and 50 C for 1.5 hours. After cooling
to room temperature, the catalyst was removed by filtration and the solution was evaporated to dryness.
The residue was diluted with water { 700 mi) and stirred in the presence of ion exchange resins Amberlite
IR 120 H (200 ml) and Amberlite IRA 68 (200 ml) for 1.5 hours. The resins were filtered off and washed with
water (600 ml). The clear solution was evaporated under vacuum at 60° C to afford an oil which was dried
by azeotropic distiltation with ethanol. The resulting residue was ftriturated with acetone (75 ml) to afford
18.7 g (67%) of the title compound as a white solid, m.p. 154-157 " C.

Claims

1. A compound of structure (1)

- -1 N )
JER SN
o ~
in which,

R' is hydrogen, Ci-ealkyl, CHRECONHR’ or CHRSCOOR’ in which R® and R’ are each hydrogen or
Ci -aalkyl;
RZ is hydrogen, C1-salkyl or a residue R? of an amino acid R2 CH(NHz)COOH
R? is hydragen, Ci-salkyl, CONHz ar CO2R® in which R® is hydragen or C1-salkyl, and
nis2 3ord
2. A compound of structure (1) as claimed in claim 1 in which R! to R? are each hydragen.
3. A compound of structure (1) as claimed in claim 1 which is :
2,5-dioxchexahydro-1H-pyroio{1,2-amidazole
2 5-dioxo-7a-methyihexahydro-1H-pyrroiof1,2-alimidazole
{35)-3.7a-dlmethyl-2,5-dloxohexahydro-1 H-pyrrolof 1,2-alimidazole
{3R,5)-3,7a-dimathy!-2,5-dioxohaxahydro-1H-pyrrolo{1,2-a)imidazols
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{38)-2,5-dioxo-3-methylhexahydro-1H-pyrrolo{1,2-ajimidazole
(3R, 5)-2,5-dioxo-3-methylhexahydro-1H-pyrrolof 1,2-a)imidazole
{(35)-2,5-dioxo-3-isobutylhexahydro-1H-pyrralo[1,2-a)imidazole
2,5-dioxo-1-athythexahydro-1H-pyrrolg[1,2-alimidazole
2.5-dioxochexahydro-1H-pyrrolo{ 1, 2-alimidazole
ethyl 2,5-dioxohexadro-1H-pyrrolo[1,2-alimidazole-1 -acetate
2 5-dioxohexahydro-1H-pyrrolo{1,2-ajimidazole-1-acetamide
(38)-3-benzyl-2,5-dioxohexahydrp-1 H-pyrroio[1,.2-alimidazole
{35)-3-hydroxymethy|-2,5-dioxohexahydro-1H-pyrrolof 1,2-alimidazole
2,5-dioxohexahydro-1H-pyrrolo[ t , 2-alimidazole-7a-carboxylic acid
ethyl 2,5-dioxchexahydro-1H-pyrroio[1,2-a)imidazole-7a-carboxylate
2 .5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole-7a-carboxamide
2,5-dioxo-1H-octahydroimidazol1,2-ajpyridine, or
2.5-dioxo- 1 H-octahydroimidazo[1,2-ajazepine.

4. A process for the preparation of @ compound of struciure (1) as claimed in tlaim 1 which comprises :

a) reaction of a compound of structure (2} with a compound of structure (3) :

?033
R%CHCONHR™ (CH,)
(2) I 5 (3)
NER? CO,R

in which R' to R and n are as described for structure (1), R* is hydrogen and RS is hydrogen, Ci-salkyl or
benzyl; or
D) cyclization of 2 compound of structure (4)

1

0
o N Rr?
] \\r::’(cnz)ncozns (4)
2 rg
R

in which R’ to R? and n are as described for structure (1), R* is hydrogen and R® is hydrogen, C; -calkyl or
benzyl.

5. A process according to claim 4{b) in which the cycllzation of the compound of structure (4) is carmied
out in the presence of ammonium hydroxide.

6. A pracess for the preparation of a compound of structure (3) In which A3 is hydrogen, R® Is isobuty!
and n is 2, which comprises reduction of a compound of structure :
HCOCH = CHCO;iBu

7. A compound of structure (4}

T

N R3
5 (4)
\6 (cnz) ncozR
‘NR

1
0
R
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in which R' to R3 and n are as described for structure () in claim 1, R* is hydrogen and R is hydrogen,
Cy—asalkyl or benzyl.
8. A pharmaceutical composition comprising a compound of structuwre (1) as claimed in claim 1 and a

pharmaceutically acceptable carrier.
5 9. A pharmaceutical composition according to claim 8 in which the compound of structurs () is 2,5-
dioxohexahydro-1H-pyrroloj1.2-alimidazole.
10. A compound of structure (1) as claimed in cfaim 1 for use as a therapeutic agent.
11. A compound of structure {1) as ¢laimed in claim 1 for use as a nootropic agent.

10
Claims for the following Contracting State: ES

1. A process for the preparation of a compound of structure (1)

15 1

R
R? |
N
CH
iy
20 |
N
o R
in which,
25 R is hydrogen, Ci-«alkyl, CHRSCONHR’ or CHRECOOR’ in which A% and R7 are gach hydrogen or
C. -salkyl:

R? is hydrégen, C, —salkyl or a residue R? of an amino acid R2 CH(NH,}COOH
R? is hydrogen, C, —alkyl, CONH;z or COzR2 in which R? is hydrogen or C1-«alkyl, and -
nis2 3ord.
30 which comprises :
a) reaction of a compound of structure (2) with a compound of structure (3) :

cor>
3 I
2 1 (CH,)
RTCHCONHR 2'n
(2) | “ 5 (3)
NuR* COR
40
in which R' to R3 and n are as described for structure (1), R* is hydrogen and RS is hydrogen, C:-.alkyl or
benzyl; or
bj cyclization of a compound of structure (4)
45

1'!1
o N - r3
] 5 (4)
€0 \S (CHZJI'It:ozR
) NR
R

ss in which R' to R® and n are as described for structure (1), R* is hydrogen and RS is hydrogen, C-«alkyl or
benzyl.

2. A process according to claim 1(a) in which the reaction is carried out in the presence of a baso.

18
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3. A process according to claim 2 in which the base is selected from sadium hydroxide or sodium
carbonate.

4. A process according to claim 1(b) in which the cyclization is carried out in the presence of
ammmonium hydroxide.

5. A process according to any one of claims 1 to 4 in which in the compound of structure {1} R' to R3
are each hydrogen.

6. A process according to any one of claims 1 to 4 in which the compound of structure (1} so prepared
is selected from
2,5-dioxohexahydro-1H-pyrrolof1,2-alimidazole
2.5-dioxo-7a-methylhexahydro-tH-pyrrolof 1 .2-alimidazole
(38)-3,72-Bimethyi-2,5-dioxohexahydro-1H-pyrrotg[ 1,.2-ajimidazole
(3R,S)-3,7a-dimethyl-2,5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole
{38)-2.5-dioxo-3-methylhaxahydro-1H-pyrrolo(1,2-aJimidazole
(3R.5)-2.5-dioxo-3-methyihexahydro-1H-pyrrolof 1 ,2-ajimidazole
(38)-2.5-dioxo-3-isobutylhexahydro-1H-pyrrolo[1,2-a)imidazoie
2.5-dioxo-1-athylhaxahydro-1H-pyrrolo[1,2-alimidazole
2,5-dioxohexahydro-1H-pyrrolo[1,2-a]imidazole
Ethyl 2,5-dioxohexadro-1H-pyrrolo[1,2-a)imidazole-1-acetate
2,5-dioxohexahydro-1H-pyrroiof1,2-alimidazoie-1-acetamide
{35)-3-benzy!-2,5-dloxohexahydro-1 H-pyrroio[ 1,2-alimidazole
(35)-3-hydroxymethyl-2,5-dioxohexahydro-1H-pyrioio[ 1.2-aimidazole
2.5-dioxohexahydro-1H-pyrrolof 1 ,2-a)imidazole-7a-carboxylic acid
sthyl 2,5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole-7a-carboxylate
2.5-dioxohexahydro-1H-pyrrolo{1,2-ajimidazole-7a-carboxamide
2,5-dioxo-1H-octahydroimidazof1.2-a]pyridine, or
2.5-dioxo+1H-octahydroimidazof1,2-ajazepine.

7. A process for preparing a pharmaceutical composition which comprises bringing into association a
compound of structure (1) as described in claim 1 and a phammaceutically acceptable carrier.

8. A process according to claim 7 in which the compound of siructure (1) is selected from : -
2.5-dioxohexahydro-1H-pyrrolo[1,2-aJimidazole
2.5-dioxo-7z-methylhexahydro-1H-pyrrolo[1.2-alimidazole
{35)-3,7a-dimaethyl-2,5-dioxohexahydrc-1H-pyrrolo[1.2-alimidazole
(3R, s)-3,7a-dimethyl-2,5-dioxohexahydro-1H-pyrrolo[ 1,2-alimidazole
{35)-2,5-dioxo-3-methylhexahydro-1H-pyrrolo{1,2-alimidazole
(3R,8)-2,5-dioxo-3-methylhexahydro- 1 H-pyrrole{ 1,2-aJimidazole
{35)-2,5-dioxo-3-isobutylhexehydro-1H-pyrrolo[1,2-a)imidazole
2,5-dioxo-1-ethylhexahydro-1H-pyrrolo{1,2-alimidazole
2,5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole
ethyl 2,5-dioxohexadro-1H-pyrrolo[t,2-afimidazole-1-acetate
2,5-dioxohexahydro-1H-pyrrolo(? 2-alimidazole-1-acetamide
(38)-3-benzyi-2,5-dioxohexahydro-1H-pyrraiof1,2-afimidazole
(38)-3-hydroxymethyl-2,5-dioxohexahydro-1H-pyrrolo[1,2-ajimidazole
2,9-dioxphexahydro-1 H-pyrrelo[1,2-alimidazole~7a-carboxylic acid
gthy| 2 5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole-7a-carboxylate
2.5-dioxohexahydro-1H-pyrrolo[1,2-ajimidazole-7a-carboxarnide
2 5-dioxo-1H-octahydroimidazo{1,2-a)pyridine, or
2 8-dioxo-tH-octahydroimidazo[1,2-alazepine.

9. A process for the preparation of a compound of structure (3) as described in claim 1 in which R3 is
hydrogen, RS is isobutyl and n is 2 which comprises reduction of a compound of structure
HCOCH = CHCO:iBu

10. A process far preparing a compound of structure (4) :

19
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1

j/ \K(cu ) [COR (4)

2,—1«12

4

—
(=]

in which R' to R? and n are as described lor structure (1) as claimed in claim 1, R* is hydrogen and RS is
hydrogen, C1-dcalkyt or benzyl, which comprises :
a) hydrogenation of compounds of structure (5)

j/h\KC}FCH(CH ) (5)

COCHPh

15

20

in which R' to R® are as described for structure (1} in claim 1, m is 0 to 2 and RS is hydrogen or Ci - alky!
or benzyl; or

b) hydrogenation of compounds of structure (4), in which R* is benzyl and R' to R? and R® are as
describad above.

a3

10 .
Claims for the following Contracting State: GR

1. A process for the preparation of a compound of structure (1)

N
(cnz)n\‘/ \fo (1)
. J

N 2
0 R
in which,
45 R is hydrogen, C:-.alkyl, CHRECONHR? or CHR®COOR’ in which R® and R’ are each hydrogen or
C:-¢a!kyl;

R? is hydrogen, Cy —salkyl or a residue R? of an amino acid F¢ CH(NH2)COOH
R3 is hydrogen, C1 —salkyl, CONH. or CO2R® in which RE is hydrogen or Ci—.alkyl, and
nisg2 3or4
sp  which comprises :
a) reaction of a compound af structyre {2) with a compound of structure (3) :

20
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_#
3 A

GoR
R°crcomur’ (CH,) |
l 4 (2) ’ 5 (3)
NHR co,R

in which R' to R? and n are as described for structure (1), R* is hydrogen and R is hydrogen, Gi-ialkyl or
benzyl; or
b) cyclization of a compound of struciure (4)

1

0
0. N R3
1 \K (CHz)ncc’st (4)
2 NR*
R

in which R' to R? and n are as described for structure (1), R* is hydrogen and R* is hydrogen, Gy -salkyl or
benzyl.

2. A process according fo claim 1(a) in which the reaction is carried out in the presenca of a base.

3. A process according to claim 2 in which the base is selected from sodium hydroxide or sodium
carbonate.

4. A process according to claim t(b) in which the cyclization is camied out in the presence of
ammmonium hydroxide.

5. A process according to any one of claims 1 to 4 in which in the compound of structure (1)} R! to R3
are sach hydrogen.

6. A process according to any one of claims 1 to 4 in which the compound of structure (1) so prepared
is selected from
2 .5-dioxchexahydro-1H-pyrrolo[1,2-alimidazole
2,9-dioxo-7a-methyihexahydro-1H-pyrroilo[1,2-alimidazole
{35)-3,7a-dimethyl-2,5-dioxohexahydro-1H-pyrroio{ t 2-aJimidazcle
{3R.5)-3,7a-dimethyl-2,5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole
{35)-2,5-dioxo-3-methyihexahydro-1H-pyrrolo[1,2-a]imidaZole
(3R,5)-2,5-dioxo-3-methyihexahydro-1H-pyrrolo[1.2-alimidazole
{39)-2,5-dioxo-3-isobutyihexahydro-1H-pyrrolo[1,2-a]lmidazole
2,8-dioxo-1-ethylhexahydro-1H-pyrrolo[1,2-a]imidazole
2,5-dioxohexahydro-1H-pyrrolo{1,2-alimidazole
sthyl 2,5-dioxohexadro-1H-pyrrolo[1,2-afimidazole-1-acetate
2 5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole-1-acetamide
{3S)-3-benzyl-2 5-dioxohexahydro-1H-pyrrelof1,2-alimidazole
(35)-3-hydraxymethyl-2,5-dioxohexahydro-1 H-pyrrolo{1,2-afimidazole
2 5-dioxohexahydro-1H-pyrrolo[1,2-alimidazole-7a-carboxyiic acid
ethyl 2,5-dioxchexahydro-1H=-pyrrolo[1,2-alimidazole-7a-carboxylate
2 5-dioxohexahydro-1H-pyrrolo[1,2-aimidazole-7a-carboxarnide
2 5-dioxo-1H-octahydroimidazo[1,2-a)pyridine, or
2.5-dioxo-1H-octahydroimidazol1,2-alazepine.,

7. A process for preparing a pharmaceutical composition which comprises bringing into association a
compound of structure (1) as described in claim 1 and a pharmaceutically acceptable carrier.

B. A process according to claim 7 in which the compound of structure (1) is selected from
2 5-dioxohexahydro-1H-pyrrolo[1.2-alimidazole
2 5-dioxo-7a-methylhexahydro-1H-pyrrolof1,2-alimidazole
{38)-3.7a-dimsthyl-2,5-dioxghexahydro-1H-pymroiof 1 2-alimidazole
(3R,8)-3,7a-dimethyl-2,5-dioxohexahydro-1H-pyrrolo[1,2-alimidazoie

21
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{35)-2,5-diox0-3-methylhexahydro-1H-pyrroig[1,2-alimidazole
{3R.5)-2,5-dioxo-3-methylhexahydro-1H-pyrrolo{ 1 ,.2-alimidazole
{38 )=2,5-dioxo-3-iscbutythexahydro-1H-pyrrolo[1,2-ajimidazole
2.5-dioxo-1-ethylhexahydro-1H-pyrrolo[ 1 .2-alimidazole

5 2.5-dioxohexahydro-1H-pyrralo[1,2-alimidazole
athyl 2,5-dioxohexadro~-1H-pyrroio[1,2-a]imidazole-1-acetate
2.5-Dioxohexahydro-1H-pyrrolo[1,2-alimidazole-1-acetamide
(35)-3-benzyi-2 S-dioxchexahydro- 1 H-pyrrolo[ 1,2-alimidazole
(35)-3-hydroxymethyi-2,5-dioxohexahydro-1H-pyrrolo[1.2-alimidazale

17 2.5-dioxohexahydro-1H-pyrrolo[1,2-afimidazole-7a-carboxylic acid
ethyl 2,5-dioxohexahydro-1H-pyrrolo[1,2-ajimidazole-7a-carboxylate
2,5-dioxohexahydro-1H-pyrrolo[1,2-aJimidazole-7a-carboxamide
2,5-dioxo-1H-octahydroimidazo{1,2-a)pyridine, or
2,5-dioxo-1H-octahydroimidazo(1,2-alazepine.

15 9. A procass for the preparation of 2 compound of structure (3) as described in claim 1 in which R3 is
hydragen, RS is isobuty! and n is 2 which comprises reduction of a8 compound of structure
HCOCH = CHCOziBu

10. A compound of structure (4)

20 Rl
o X R’ 5 (4)
(e 0,
25 ZLNR‘
R

in ‘which K' to R® and n are as described for structure (1) In claim 1, R* is hydrogen and RS is hydrogen,
30 Ci-ealkyl or banzyl.
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This invention relates to compounds and pharma-
ceutical compositions useful in the treatment of
senility or for reversing the effects of electro-
convulsive shock-induced amnesia, a method of preparing
the compounds, and of treating senility or of reversing
amnesia. More particularly, this invention 1is concerned
with certain derivatives of dihydro-lH-pyrrolol[l,2-c]~-
imidazolo-3,5[2H,6H)~8ione having pharmacological
activity for treating senility or for reversing the
effects of electroconvulsive shock-induced amnesia,
pharmaceutical compositions including these compounds,
a method of preparing the compounds, and of treating
senility or of reversing the effects of induced
amnesia.

The compound, 5-ox0-2-pyrrolidineacetic acid,
also known in the optically active form as ecgeninic
acid, is diSclosed in the literature {G. L. Evans, et.
al., J Am Chem Soc, 72: 2727-2728 (1950), and
E. Hardegger, et. al., Helv Chim Acta, &2: 312-319

(1955)). This compound is employed as a starting
material for the preparation of compounds in
accordance with the present invention.

In its broadest aspect, the present invention

provides cognition activating compounds of formula I:

wherein R is selected from hydrogen; alkyl of from one

to four carbon atoms; alkenyl of from one to four

0174136A1_|_»
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carbon atoms; phenylmethyl; or -CHyCOR] where R} is

selected from OH, alkoxy of from one to four carbon
H.C

3
atoms, phenylmethoxyl, -NH#i::> ]

H.C
’ / CHI(CH,)
g WG IR
H3C
5 ot NRpR3 where R7 and R3 are independentiy hydro-
gen, or alkyl of from one to four carbon atoms; and the
pharmaceutically acceptable salts thereof, when basic.
In one subgeneric aspect, compounds of the present
invention possess structural formula 1 where R is alkyl
10 of from one to four carbon atoms, alkenyl of from one
to four carbon gtoms, or phenylmethyl.
"~ - In another subgeneric aspect, compounds of the
present invention possess structural formula 1 where R
is ~CH2COR] where R] is alkoxy of from ome to four
15 carbon atoms, phenylmethoxyl, or -OH and the
pharmaceutically acceptable salts thereof.
~ In a further subgeneric aspect, compounds of the
present invention possess structural formula 1 where R
is ~-CH2COR] where Ry is -NR2R3 where R? and R3 are
20 independently hydrogen or alkyl of from one to four
carbon atoms.
In another subgeneric aspect, compounds of the
preseﬁt invention possess structural formula I where R
is -CHPCOR} whete R) is selected from
H3C H4C
Q) - s
25 H3C H HC
. /¢,
-NH (::)N , and -NH:EFnZN\EKCH]
Hoy2
BNSDOCID: <EP_______74138A1 1>
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In another aspect of the present invention, there
are provided pharmaceutical compositions for the treat-
went of senility or for reversing the effects of
electroconvulsive shock-induced amnesia comprising a
pharmaceutically effective amount of & compound having
structural formula 1 as defined sbove, in combination
with a pharmaceutically acceptable carrier.

In yet another aspect of the present invention,
there is provided a method of treating senility or of
reversing the effects of electroconvulsive shock-
induced awnesiz in a mammzl comprising adwministering to
a mammal in need of such treatment a pharmaceutical
composition including an amnesia-reversing effective
amount of & compound having structural formula 1 es
defined above, in combination with & pharmaceutically
acceptable carrier,

As used throughout thig specification and the
appended claims, the term "alkyl"™ is meant to encompass
groups derived by removal of one hydrogen atom from
branched or unbranched saturated hydrocarbons of from
one to four carbon-stoms.

The term "alkoxy" is meant to encompass groups of
the structure -OR where R is hlkyl as previously
defined.

The term "alkenvl" 1is meant to encompass groups
derived by removal of one hydrogen atom from branched
or unbranched bydrocarbons of one to four carbor atoms
containing at least one carbon-carbon dquble bond.

The compounds of the present invention are capable
of existing both in solvated and unsolvated forms
including hydrates. In general, the forms solvated
with such pharmaceutically acceptable solvents as
water, ethanol, and the like are equivalent to the
vnsolvated forms for the purposes of the present
invention.

0174136A1_! >
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Further, the compounds of the present invention
ate capable of existence in both the d- and l-isomeric
forms. The biological activity may reside in either
or both isomers. The present invention contemplates

5 both isomeric forms.

Examples of compounds falling within the scope of
the present invention include, but are not necessarily
limited to the following:

Dihydro-1H-pyrrolo{l,2-c]imidazo-3,5[2H,6H}-dione.

10 Tetrahydro-3,5-dioxo-1H-pyrrolo[l,2-c]imidazole-
2(3H)~acetic acid and the pharmaceutically acceptable
salts thereof.

Tetrahydro-3,5-dioxo-1H-pyrrolofl,2-c}imidazole-
2(3H)-acetic acid methyl ester.

15 Tetrahydro-3,5-dioxo-1H-pyrrolo[l,2-c]imidazole-
2(3H)-acetic acid ethyl ester. e

Tetrahydro-3,5- d1oxo-lH_£yrrolo[1 2-c]1m1dazole-
2(3H)-acetic acid phenymethyl ester.

Tetrahydro-3,5-dioxo~1H-pyrrolo[}, 2-c]1m1dazole—

20 2(3H)-acetamide.

Tetrahydro-N-methyl-3,5- d1oxo-1H-pytrolo[1 2-c}-
imidezole-2(3H)-acetamide. -

Tetrahydro-N,N-dimethyl-3,5-dioxo-1H-pyrrolo-
[1,2-c]imidazole-2(3H)-acetamide,

25 Tetrahydro~N-(2,6-dimethylphenyl)-3,5-dioxo-1H-
pyrrolo[l,2-c)imidazole-2(3H)-acetamide.

N-[2-[bis(l1-Methylethyl)amino]ethyl]tetrahydro-3,5-
dioxo-1H-pyrrolo[1l,2-c]imidazole-2(3H)-acetamide and
the pharmaceutically acceptable salts thereof.

30 cis-N-[2-(2,6-Dimethyl-1-piperidinyl)ethyl]-
tetrahydro-3,5-dioxo-1H-pyrrolo[l,2-c]-imidazole-
2(3H)-ecetamide.

Tectrahydro-3,5-dioxo-N-4-pyridinyl-1H-
pyrrolofl,2~c}imidazole~2(3H)acetamide and the

35 pharmaceutically acceptable salts thereof.
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Compounds of the present invention are prepared in
accordance with the general reaction scheme illustrated

below.
7
(¢0}2PN3
H H
11 pisd

(Net isolated)

0 O
y v
= alkvl, alkenyl 1) NaH
or phenylmethyl 2) XH CO

vi vII
R1= alkoxy or
-O:Hza
» AriH,,
DoC N, '
Cmor or R2R3HH 3 :zNHZ
1 29
Y2
°o o %
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The known starting material, 1I, is reacted with
diphenylphosphoryl azide in an inert solvent such as

dichloromethane, followed by treatment with triethyamine

to produce S~isocyanatomethyl=-2-pyrrolidinone, III.
The solvent is removed under vacuum, and the crude
isocyanate is reacted further without purification.

The crude 5-isocyanatomethyl-2-pyrrelidinene, III,
is dissolved in a hydrocarbon solvent such as toluene,
and the mixture is heated under reflux to effect the
cyclization of the compound III to |
dihydro-lH-pyrrolo(l,2-c}imidazo~3,5(2H,6R] ~dione, IV.

Compound IV is employed as an intermediate for the
preparation of other compounds in accordance with the
current invention by conventional chemical means. For
example, reaction of IV with a strong base such as
sodium hydride, followed by treatment with an alkyl,
or alkenyl halide, converts IV into the N-alkyl, or
N-alkenyl derivative of V. )

Reaction of compound IV with a Strong base such as
sodium hydride, followed by treatment with a haloacetic
ester produces esters of formula VII. The phenylmethyl
ester, VII (R} = -OCH,ophenyl), is readily converted to
the free acid, VI (R} = =-OH) by conventional hydro-
genolysis. Reaction of the ester compounds, VII, with
ammonia or the appropriate amine in a conventional
ammonolysis reaction converts VI] to the corresponding

acetamides, VIII.

~ Alternatively, the free écid, VI, is.readily
coupled with the desired amine to produce the acetamide
in the presence of well-known activating agents such as
dicyclohexylcarbodiimide (DCC), carbonyldiimidazole
(CD1), or chloroformates.

0174136A1_I_>
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The compounds of the present invention in which
the R group contains a basic nitrogen atom, such as
when R is N-[2-bis(l-methylethyl)amino]ethyl]-
acetamido-, cis-N-[2-(2,6-dimethyl-1-piperidinyl)-
ethyl]acetamido-, or N-4-pyridinyl-acetamido- are
capable of forming acid addition salts with pharma-
ceuticelly acceptable organic or inorgamic acids.
Suitable acids include hydrochloric, sulfuric, phos~
phoric, acetic, citric, oxalic, malonic, salicylic,
walic, fumaric, succinic, ascorbic, maleicg,
mathanesulfonic, and the like.

The salts are prepared by contacting the free base
form of compounds of tne present invention with a
sufficient amount of the desired acid in the conven-
tional manner. The salt is isolated by filtration,
evaporation, or other conventional means. The free
base may be regenerated, if desired, by contacting.the
salt with an aqueous solution of a base such as dilute
sodium hydroxide, potassium catbonate, ammonia; sodium-
bicarbonate, and the like.

Likewise, the compound dihydro-lH-pyrrolo[l,2-c]-
imidazole-2(3H)~-acetic acid, by virtue of its carboxylic
acid functrionality, -is capable of forming salts with
pharmaceutically acceptable metal, ammonium, or organic
amine cations. Examples of pharmaceutically acceptable
metal and amine cations for purposes of forming salts
include positively charged metal ions such as those
derived. from sodium, .potassium, calcium, magnesium,
aluminum, iron, zinc, .and the positively-charged iomns
derived from ammonia and . organic nitrogenous bases
strong enough to form such cations. Bases useful for
the formation of pharmaceutically acceptable nontoxic
acid addition salts of compounds containing a carboxyil
acid function form a class whose limits are readily
understood by those skilled in the art.
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Merely for illustration, this class of amines can
be said to comprise, in cationic form, those of the
formula:

wherein Ry, Rp, and R; independently are hydrogen,

alkyl of from one to six carbon atoms, cycloelkyl of
from about three to six carbon atoms, aryl, aralkyl of
from about seven to about ten carbon atoms, hydroxyalkyl
of from two to four carbon atoms, or monoarylhydroxy-
alkyl of from about eight to about fifteen carbon atoms.
Further, when taken together with the nitrogen atom to
which they are attached, any two of Rg, Rp, and R¢

may form part of a five- or six-membered nitrogen-
containing heterocyclic aromatic or nonatomatic ring
containing carbon or oxygen, said nitrogen-containing
heterocyclic rings being unsubstituted, monosubstituted,
or disubstituted with alkyl groups or from one teo six
carbon stoms.

Specific examples of organic-amine'cations contem-
plated as fslling within the scope of the present
iovention include mono-, di-, and trimethylammonium,
mono-, di-, and triethylammonium, mono;. di-, and
tripropylammonium (n-propyl and isopropyl), ethylidi-
methylammonium, benzylammonium, dibenzylammoaium,
benzyldimethyl ammonium, cyclobexylammonium, piperi-
dinium, worpholinium, pyrroelidinium, &4-ethylmorpholinium,
l-n-butylpiperidinium, 2-methylpiperidinium, l-ethyl-2-
methylpiperidinium, mono-, di-, and triethanolammonium,
ethyldiethanolammonium, n-butylmoncethanolammonium,
tris{hydroxymethyl)methylsmmonium, phenylmonoethanol-
ammonium, and the like.
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The ammonium, amine, or metal salts are prepared
by reaction of the appropriate acetic or propanoic acid
compound of tnis invention with an equivalent amount of
an organic amine base or an inorganic base such as
ammonium hydroxide, sodium hydroxide, potassium
hydroxide, sodium carbonate, calcium carbonate, sodium
bicarbonate, and the like in an appropriate solvent
such as water or an aqueous alcohol, followed by
removal of the solvent under reduced pressure.

The free acid form of the compound may be
regenerated from the salts, if desired, by contacting
the salt with a dilute aqueous solution of an acid
such as hydrochloric.

The compounds of the present invention may differ
somewhat from the salt forms in such physical proper-
ties as melting point and solubility im polar solvents
such as water, but the salts are otherwise equivalent
to the free base. forms for the purposes of this
invenrion.

For 'preparing pharmaceutical compositions from the
compounds described by this invention, inert, pharma-
ceutically acceptable carriers can be either solid or
liquid. Solid form preparations include powders,
tablets, dispersable granules, capsules, cachets, and
suppositories. A solid carrier can be one or more
substances wnich may also act as diluents, flavoring
agents, solubilizers, lubricants, suspending agents,
binders, or tablet disintegrating agents; it can also
be encapsulating material. In powders, the carrier is
a finely-divided solid which is in admixture with the
finely divided active compound. In the tablet, the
active compound is mixed with a carrier having the
necessary binding properties in suitable proportions
and compacted in the shape and size desired. The
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powders and tablets preferable contsin from five to ten
to about 70 percent of the active ingredient. Suitable
s0lid carriers are magnesium carbonste, magnesium
stearate, talc, sugar, lactose, pectin, dextrin, starch,
geletin, tragacanth, methylcellulose, sodium carboxy-
methylcellulose, a low melting wax, cocoa butter, and
the like. The term "preparation” is intended to
include the formulation of the active compound with
encapsulating material as carrier providing a capsule
in which the active component (with or without other
carriers) is surrounded by carrier, which is thus in
association with it. Similarly, cachets are included.
Tablets, powders, cachets, and capsules can be used as
solid dosage forms suitable for oral administration.

For preparing suppositories, a low melting wax
such as a mixture of fattj acid glycerides or cocoa
butter is first melted, and the active ingredient is
dispersed homogeneously therein as by stirring. The
molten homogeneous mixture is then poured into
convenient sized molds, allowed to cool, and thereby
to solidify. o

Liquid form preparations include solutioms,
suspensiong, and emulsions. As an example, it may be
mentioned water or water propylene glycel solutions
for parenteral injection. Liquid preparations can
also be formulated in solution in aqueous polyethylene
glycol solution. Aqueous solutions suitable for oral
use can be prepared by dissolving the active component
in water and adding suitable colorants, flavors,
stabilizing, and thickening agents as desired.
Aqueous suspensions suitable for oral use can be made
by dispersing the finely divided active component in
water with viscous material, i.e., natural or
synthetic gums, resins, wmethylcelluloge, sodium
carboxymethylcellulose, and other well-known
suspending agents.

0174138A1_1_>

%



BNSDOCID <EP.

0174136

DJU-2 -12-

10

15

20

25

30

35

Also included are solid form preparations which
are intended to be converted shortly before use, to
liquid form preparations for either oral or parenteral
administration. Such liquid forms include solutions,
suspensions, and emulsions., These particular solid
form preparations are most conveniently provided in
unit dose form and as such are used to provide a single
liquid dosage unit. Alternately, sufficient solid may
be provided so that after conversion to liquid form,
wultiple individual liquid doses may be obtained by
measuring predetermined volumes of the liquid from
preparation as with a syringe, teaspoon, ot other
volumetric container. When multiple liquid doses are
so prepared, it is preferred to maintain the unused
portion of said liquid doses at low temperature
(i.e., under refrigeration) in order to retard possible
decomposition. The solid form preparations intended to
be converted to liquid form may contain in addition to
the active material, flavorants, colorants, stabilizers,
buffers, artificial and natural sweeteners, dxspersants,
thickeners, solubilizing agents, and the like. The
liquid utilized for preparing the liquid from
preparation may be water, isotonic water, ethanol,
glycerine, propylene glycol, and the like as well as
mixtures thereof. Naturally, the liquid utilized will
be chosen with regard to the route of administration,
for example, liquid preparations contasining large
amounts of ethanol are not suitable for pareﬁteral uéet_

Preferably, the pharmaceutical preparation is in
unit dosage form. In such form, the preparation is
subdivided into unit doses containing appropriate
quantities of the active component. The unit dosage
form can be a packaged preparation, the package
containing discrete quantities of preparation, for
example, packeted tablets, capsules, and powders in
vials or ampoules. The unit dossge form can also be
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a capsule, cachet, or tablet itself, or it can be the
appropriate number of any of these in packaged form.
The quantity of active compound irn a8 unit dose of
preparation may be veried or adjusted from 1 mg to
500 mg, preferably to 5 to 100 mg according to the
particular application and the potency of the active
ingredient. The compositions can, if desired, also
contain other compatable therapeutic agents such as
3-phenoxypyridine, N-[{2-{bis(l-methylethyl)aminol-
ethyl]-2-cxo-1-pyrrolidineacetamide or dihydro-1H-
pyrrolizine-3,5(2H,6H)-dione.
In therapeutic use as cognition activators, the
mammal ian dosage range for a 70 kg subject is from
1 to 1500 mg/kg of body weight per day or preferably
25 to 750 mg/kg of body weight per day. The dosages,
hgwgJér, ﬁqy pq;yaried depending upon the requirements

of the pafieﬁt,fﬁhe severity of the condition being

treated, and the compouﬁd_being_employed. Detet-
mination of the proper dosage for a particular
sitvation is within the skill of the att. Genersally,
treatment is initiated with smaller dosages which are
less than the optimum dose of the compound. There-
after the dosage is Increased by small increments until
the optimum effect under the circumstances is reached.
For convenience, the total daily dosage may be divided
and administered in portioms during the day 1if desired.
The effectiveness of the aforementioned compounds

" was determined by the test designed to show the

compound's ability to reverse amnesia produced by
electroconvulsive shock. The test is fully described
in US Patent Number 4,145,347, lssued March 20, 1979,
and 18 herein incorporated by reference. The test
compounds in the present instance were administered
orally and the length of electroconvulsive shock was
1.0 second.

The following criteria are used in intetpréting
the percent of amnesia reversal scores: &0 percent or

017413844 1 >
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more (active = A), 25 to 39 percent (borderlime = C),
and 0 to 24 percent (inactive = N).

The table below indicates the percent amnesia
reversal determined for representative examples of

5 compounds in accordance with the present invention when

administered orally to standard laboratory animals in
the test referenced above.

TABLE
10
1 1
N _N
1 \”/’ \R
0 8]
Compound R D°§go(ms/ks) ?5 Body wiishc
15 1 | B - 26 (C) 40 (A) 56 (A)
2

-CH7CO0GzH5 - 36 (C) = 27 (C) 60 (A)

The following preparative examples are provided to
20 enable one skilled in the art to practice the present
invention. The examples are merely illustrative of the
present invention and should not be viewed as limiting
its scope as defined by the appended claims.
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EXAMPLE 1

Dihydro-1R-pyrrolofl,2-c]imidazo-3,5{2H,6H]-dione

A solution of 5-oxo-2-pyrrolidineacetic acid,
13.3 g, 0.09 mol) in methylene chloride, 250 ml, is
stirred and is treated with diphenylphosphoryl azide
(33 g, 0.12 mol) followed by triethylamine (11 g,
0.11 mol). The solution is stirred 16 hours and is
concentrated in vacuo. The resulting yellow oil (5-
oxo-pyrrolidine-2-methylisocyanate) is dissolved in
toluene, 100 ml, and the solution is heated at 80°C
for six hours. The product forms as a white

precipitate and is isclated by filtration. After
sublimation at 170°C and 0.5 mm pressure, dihydro-

'lﬂfpjrtololl,z-c]imidazo-3,5(2§,§§)-dione has a mp of

223-225°C.
EXAMPLE 2

Tetrahvd;o-3,5-dioxo-1§-gytrolo[1,2-c]imidazole-
2(3H)-acetic acid ethyl ester

T A slurry of dihydro-1B-pyrrolo[l,2-c]imidazo-3,5-
[2H,6H]-dione (4.3 g, 0.03 mol) in tetrahydrofuran,
250 ml, is treated with a 50% sodium hydride in mineral
oil suspension (1.73 g, 0.036 mol). After Hy evolu-
tion is complete, ethyl bromoacetate (6.0 g, 0.036 mol)
is added and the mixture is refluxed for one hour. The

mixture is filtered and concentrated in vacuo. The
residue is treated with anhydrous diethyl ether and
filtered. After purification using flash chromato-
graphy over silica gel, elution with 10% methanol:
methylene chloride, tetrahydro-3,5-dioxo-
1H-pyrrolol[l,2-c]imidazole-2(3H)-acetic acid ethyl
ester has a mp of 99-101°C.
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EXAMPLE 3

Tetrahydro-3,5-dioxo-1H-pyrrolo[l,2-c]imidazole-
2(3H) -acetic acid methyl ester

A slurry of dihydro~1H-pyrrolo[l,2-c]imidazo-
3,5[2H,6H]-dione (4.4 g, 0.03 wol) in terrahydrofuran,
250 ml, is treated with a 507 sodium hydride in mineral
oil suspension (1.73 g, 0.036 wmol). After Hy evolu-
tion is complete, methyl bromoacetate (5.5 g, 0.036
mol) is added and the mixture is refluxed for one hour,
The mixture is filtered, concentrated in vacuo. The
tesidue is treated with anhydrous diethyl ether and
filtered. Purification using flash chromatography over
silica gel, elution with 10% methanol:methylene
chloride yields tetrahydro-3,5-dioxo-1H~-pyrrolofl,2-c]-
imidazole-2(3H)-acetic acid methyl ester.

EXAMPLE 4

Tetrahydro-3, 5~-dioxo-1H-pyrrolofl,2-c]imidazole~
2(3H)-acetic acid benzyl ester

A slurry of dihydro-1H-pyrrolo[l,2-c]imidaze~
3,5[2H,6H}-dione (4.4 g, 0.03 mol) in tetrahydrofuran,
250 ml, is treated with a 507 sodium hydride in mineral
oil suspension (1.73 g, 0.036 mol). After Hj evolu-
tion is complete, benzyl bromoacetate (8.3 g, 0.036
mol) is added and the mixture is refluxed for one Hour.
The mixture is filtered, concentrated in vacuo. The
residue is treated with anhydrous diethyl ether and "=~
filtered. Purification using flash chromatography over
silica gel, elution with 107 methancl:methylene
chloride yields tetrahydro-3,5-dioxo-1H-pyrrolofl,2-c]-
imidazole-2(3H)-acetic acid benzyl ester.
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EXAMPLE 5

Tetrahydro-3,5-dioxo-1§—9yrtolo[l,2-c]imidazole-Z(SH):

acetic acid

A solution of tetrahydro-3,5-dioxo-lH-pyrrolo-
[l1,2-c}imidazole-2(3H)-acetic acid benzyl ester
{2.9 g, 0.01 mol) in tetrahydrofuran, 250 mi, is
treated with Hy gas in the presence of a Pd/C
catalyst, After H7 uptake is complete, the solution
is filtered through filter aid and concentrated in
vacuo to yield tetrahydro-3,5-dioxo-~1H-pyrrole{l,2-¢c]-
imidazole-2(3H)-acetic acid.

EXAMPLE 6

2(32)-methy1-tetrahjdro-3,S-dioxo-lﬂ-pyrrolol1,2-c]-

imidazole

A slurry of dihydro-lH-pyrrolo{l,2-c]}imidazo-
3,5(2H,6B)=dione (8.8 g, 0.06 mol) in tetrahydrofuran,
250 ml, is treated with a 50% sodium hydride in miperal
oil suspension (3.5 g, 0.072 mol). After Hp evolution
is complete, iodomethane (10.2 g, 0.072 mol) is added
and the mixture is refluxed for one hour. The mixture
is filtered, concentrated in vacuo. The residue is
treated with anhydrous diethyl ether and filtered.
Purification using flash chromatography over silica
gel, elution with 107 methanol: methylene chloride
yields 2(3H)-methyl-tetrahydro-3,5-dioxo-1H-
pyrrolo[1l,2-c]imidazole.
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EXAMPLE 7

;ﬂ3§)-ethv;-cetrahydro-B,5-dioxo-1§-pyrrolo[1,2-c]-
imidazole

. A ;Iurry of dihydro-1H-pyrrolo[l,2-c]imidazo-
3,5(2R,6H)-dione (8.8 g, 0.06 mol) in tetrahydrofuran,
250 ml, is treated with a 50% sodium hydride in mineral
0il suspension (35 g, 0.072 mol). After H2 evolution
is complete, iodoethane (11.3 g, 0.072 mol) is added
and the mixture is tefluxed for one hour. The mixture
is filtered, concentrated in vacuo. The residue is
treated with anhydrous diethyl ether and filtered.
Purification using flash chromatography over silica
gel, elution 10% methanol: wmethylene chloride yields
2{3H)-etnyl-tetrahydro-3, 5-dioxo-1H-pyrrolofl,2-c]-
imidazole,

EXAMPLE 8

2(3H)-allyl-tetrahydro-3,5-dioxo-1H-pyrrolol},Z2-c}-
imidazole — -

A slurty of dihydro-1H-pyrrole[l,2-c]imidazo-
3,5(2H;6H)-dione (13.2 g, 0.09 mol) im tetrahydrofuran,
250 ml, is treated with a 50% sodium hydride in mineral
oil suspension (5.2 g, 0.09 mol). After Hy evolution
is complete, allylchloride (6.9 g, 0.09 mol) is added
and the mixture is refluxed for one hour. 'The‘hi}tu:e
is filtered, concentrated in vacuo. The residue is
treated with anhydrous diethyl ether and filtered.
Purification using flash chromatography over silica
gel, elution with 101 methanol:methylene chloride
yields 2(3H)-allyl-tetrahydro-3,5~dioxo-
1H-pyrrololl,2-c)-imidazole.
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EXAMPLE 9

2(3H)-phenylmethyl-tetrahydro-3,5-dioxo~-1Hpyrrolo-~
[l,z-c]-imidazole

- A slurry of dihydro-lH-pyrrolofl,2-c}imidazo-
3,5(28,6B]~dione (4.4 g, 0.03 mol) i{n tetrahydrofuran,
250 ml, is treated with & 50% sodium hydride in mineral
0il suspension (1.73 g, 0.036 mol). After H; evolu-
tion is complete, phenylmethylchloride (4.6 g, 0.036
mol) is added and the mixture is refluxed for one hour.
The mixture is filtered, concentrated in vacuo. The
Tesidue is treated with anhydrous diethyl ether and

filtered. Purification using flash chromatography over
silica gel, elution with 107 methanol:methylene
chloride yields 2(3&)-phenylmethyl-tetrahydro-3,5-
dioxolH-pyrrolo[1l,2-c]imidazole.

EXAMPLE 10

Tetranydro-3,5-dioxo-1§-pyrrolo[1,2-c]imidazole-2(321;
acetic acid esmide

A solution of tetrahydro-3,5-dioxo-lHB-pyrrolo-
{1,2-c]imidazole-2(3H)-acetic acid methyl ester (1.0 g,
0.004 mol) in methanol, 150 ml, is paturated with
anhydrous ammonia, The mixture is allowed to stand
24 hours at room temperature. The solution is concen-
trated at teduced pressure to yield tetrahydro-3,5-
dioxo-1H~pyrrolo{l,2~-c]imidazole-2(3H)-acetic acid

. amide.

o=t
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EXAMPLE 11

Tetrahydro-3,5—dioxo—1H-pyrrolo[1,2-c]imidazole-2(3ﬂl:
acetic acid amide N-(N:N-diisopropylaminoethyl)
Tetrahydro-3,5-dioxo-1H-pyrrolofl,2-c}imidazole-
2(3H)-acetic acid ethyl ester (1.0 g, 0.004 mol) in
methanol, 150 ml, is treated with N-(N,N-diisopropyl-
amincethylamine (0.55 g, 0.004 mol) and the mixture

is stirred at room temperature for 48 hours. The
mixture is concentrated in vacuo to yield tetrahydro-
3,9-dioxo-lH-pyrrolo{l,2~c}imidazole-2(3H)-scetic
acid amide N-(N,N-diisopropylaminoethyl).

EXAMPLE 12

Tetrahydro-3,S-dioxo-lﬂ-pyrrololl,2-c]imidazole-2(3§)-
acetic acid amide N-(cis-Z,S-dimethylpiperidinoethy12

A mixture of tetrahydro-3,5-dioxo-1H-pyrrolo
fl,2-c]-imidazole-2(3H)~acetic acid ethyl ester (1.0 g,
0.004 mol) and cis-2,6-dimethylpiperidincethylamine
(0.63 g, 0.004 mol) in methanol, 150 ml, is stirred at
room temperature for 72 hours. The mixture is con-
centrated in vacuo to yield after purification by
chromatography on 5i02 (elution with 10% methanol
saturated with gaseous ammonia in methylene chloride)
tetrahydro—3,5-dioxo-1§—pyrrolo[1,2-c]imidazole-2(3§)-
acetic acid amide N-(cis-2,6-dimethylpiperidinoethyl).
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EXAMPLE 13

Tetrahydro-3,5~-dioxo-1H-pyrrolo{l,2-climidazole-
2 (3H) -acetic_acid amide N-(4-pyridinyl)

" A solution of tetrahydro-3,5-dioxo-1H-pyrrolo
{1,2-c]imidazole-2(3H)-acetic acid (1.0 g, 0.005 mol)
and triethylamine (0.505 g, 0.005 mol) in methylene
chloride, 150 ml, is treated with isobutyl chloro-
formate (0.683 g, 0.005 mol) with stirring at 0°C until
the free acid is converted into the activeted mixed

anhydride. The solution is filtered to remove the
triethylamine hydrochloride and the filtrate is treated
with 4-aminopyridine (0.47 g, 0.005 mol). The mixture
is stirred at 24 hours at room temperature and
concentrated in vacuo to yield after purification by
chromatography over silica gel (elutiom with 10%
methanol saturated with anhydrous gaseous ammonia in
methylene chloride) tetrahydro-3,5-dioxo-1H-pyrrolo
[1,2-c]imidazole-2(3H)-acetic acid amide N-(4-
pyridinyl).

EXAMPLE 14

Tetrahydro-3,S—dioxo—lﬁ-pyrrolo[l,2-c]imidazole-Z(Sﬂl;
acetic acid amide N-(2,6-dimethylphenvl)

A solution of tetrahydro-B,S-dioxo-lﬁ;pyrrolo[1,2-c]-

2(3H)-scetic acid (1.0 g, 0.005 mol) and dicyclohexyl
carbodimide (1.04 g, 0.005 mol) in methylene chloride,
150 ml, is stirred and treated with 2,6-dimethylaniline
(0.6 g, 0.005 mol) at 0°C. The mixture is allowed to
warm to 25°C and filtered to remove dicyclohexylurea.
The filtrate is concentrated in vacuc to yield after
purification by chromatography over silica gel (elutiom
with 10%Z methane in methylene chloride) tetrahydro-3,5-
dioxo-lﬂ-pyrrolo[1,2—c]imidazole-2(3§)-acetic acid
amide N-(2,6-dimethylphenyl].
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CLAIMS: {(for BE,CH,DE,FR,GB,I1T,LI1,LU,NL,SE):
1. A compound having the formula

wherein R is selected from hydrogen; alkyl of from one
to four carbon atoms; alkenyl of from one to four
carbon atoms; phenylmethyl; and -CH>CORq where Ry is
selected from OH, alkoxy of from one to four carbon
atoms, phenylmethoxy,

) @ m@

and NRR3 where Ry and R3 are independently hydrogen,
or alkyl of from one to four carbon atoms; or, when
basic, a pharmaceutically acceptable acid additon salt
thereof.

2. A compound in accordance with Claim 1,
wherein R is hydrogen or alkyl of from one to four
carbon atoms, alkenyl of from one to four carbon atoms,
or phenylﬁethyl.

3. A compound in accordance with Claim 1,

N174136AT 1>
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wherein R is -CH2CORq where Rq is alkoxy of from one to
four carbon atoms; phenylmethoxy; or -OH; or a pharmac-
eutically acceptable salt thereof.

4. A compound in accordance with Claim 1,

5 wherein R is -CHCORq where Ry is -NRpR3 where Ry and

R3 are independently hydrogen or alkyl of from one to
four carbon atoms. '

5. A compound in accordance with Claim 1,
wherein R is -CH,CORq where Rq is selected from

10
B.C
- f ]
15
H.C
. HBC 3 B
/CC5),
IHCH ., -MNg (:) , and HCH_CH_N .
2 2%y
302
20 BC

6. A compound in accordance with Claim %,

25 selected from dihydro-1H-
pyrrolol(l,2—climidazo-3,5[{28,6H]~dione;

tetrahydro-3,5-~dioxo-1B~pyrrololl,2-c}imidazole-
2(3H)-acetic acid, ¢r a pharmaceutically -
acceptable salt thereof;

30 tetrahydro-3,5-dioxo-1B-pyrrolofl,2-climidazole~
2(3B)-acetic acid methyl ester;
tetrahydro-3,5—dioxo-18-pyrrolo{l,2-c)imidazole~
2{3B)-acetic acid ethyl estery
tetrahydro-3,5-dioxo-1B-pyrrolol[l,2-climidazole~

35  2(3B)-acetic acid phenylmethyl ester;
tetrahydro-3,5-dioxo- 1B-pyrrololl,2-c) imidazole-
2(3B)-acetanride;
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tetrahydro—ﬂ-nethyl-B 5-dioxo—18-pyrrolol1 2—¢c}-,

imidazole-2(3H)-acetamide;
tetrahydro-N,N-¢imethyl-3,5-dioxo-18-pyrrolo-
[1,2—c]imidazole-ztle—acetamide;

N-z[bis(l—methylethyl)amino]tetrahydro—3,5—dioxo—

lB-pyrrolo[l,zﬁg]imidazole-Z(35)—acetamide;
i:trahydrofﬂ-(2,G—dimethylphenyl)-B,S—dioxo—lg—
pyrrololl,2-climidazole-2(3B)-acetamide;
cis-N-[2-(2,6-dimethyl-1-piperidinyl)ethyljtetra-
hydr;—B,5-dioxo—1§—pyrrolo[l,nglimidazole—Z{}ﬁ)-.
acetamide; and
tetrahydro—B,5-dioxoﬁg—l-pyridinyl—1§-pyrrolo~
[1,2-c}imidazole-2(3H)-acetamide,

7. A method of preparing a compound having the
structural formula

=~

O o

wherein R is selected from hydrogen; alkyl of from
one to four carbon atoms; alkenyl of from one to
four carbon atoms; phenylmethyl; or -CH2C0R1
where Ry 'is’ “selected from OH, alkoxy of from one
to four carboﬁahm@,orphenylmethoxy; comprising
the steps of: 7

a) heating 5- isocyanatomethyl-z-pyrrolidlone to. -
form dihydro-18-pyrrolof{l,2-c)imidazo-3,5[28,68)~
dinne, and thereafter, 1f desired,
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b) reacting said dihydro-lH-pyrrol [1,2-c]imidazo-
3,5{28,6H])-dione with an alkali metal hydride,
followed by reaction with a reagent having the
formula R'X where X is chlorine, bromine, or
iodine and R' is alkyl of from one to four carbon
atoms, alkenyl of from one to four carbon atons,
phenylmethyl, or ~CH2COR; where R; is alkoxy of
from one to four carbon atoms, or phenylmethoxy;
and thereafter, if desired,

c) converting the product of step b wherein R) is
phenylmethoxy to tetrahydro-3,5-dioxo-1B-pyrrolo-
[1,2-c}imidazole-2(3B)~acetic acid by hydro-
genolysis and converting, if desired, said acid to
a pharmaceutically acceptable salt.

A method of preparing a compound having the
structural formula

| |
L\n/, NL
M.,Co
I N\(l;( zdel

H3C 3
' -NHJ%FH .
HC

wherein R; is

H3C
H
Oy el
— N, -NHGHL.CH ,
. 2 ZN\C(C!-I3)2
B

or NRyRj where R; and R3 are independently
hydrogen, or alkyl of from one to four carbon
atoms; and, when basic, a pharmaceutically
acceptable acid addition salt thereof, comprising

the steps of:
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a) reacting tetrahydro-3,5-dioxo-l§-pyrrolog1 741 36
[1,2-c)imidazole-2—-(3B)-acetic acid with an amine

selected from the group consisting of

NHZ H3C
Hjc C!-l3
compaan ) O
H3C
H
_clay),
HN-CH,CH N '
H

and RyR3NH wherein Rz and R3 are independently
hydrogen or alkyl of from one to four carbon atoms
to form an acetamide; and thereafter, if desireq,
b) converting said acetamide product of step

a), when bagi;, to a pharmaceutically acceptable
acid addition salt.

9. A pharmaceutical composition for treating senility
or for reversing the effects of electroconvulsive
shock-~induced amnesia, comprising a pharmaceutically
effective amount of a compound having the

structural formula

e

0 O

wherein R is selected from hydrogen; alkyl of from
one to four carbon atoms: alkenyl of from one to
four carbon atoms; phenylmethyl; and ~CH,COR)

0174136A1_1_>»
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where R} is selected from OH, alkoxy £ fr m one
to for carbon atoms, phenylmethoxyl,

H3C H3 -
5
-HN ' AWKHfJI v
H.C H,
H
Cay),

10
-NH Ou,-mmcrl\ ’
ZZNC(CH
H

3’2

and NRyR3 where Rz and R3 are independently
15
hydrogen, or alkyl of from one to four carbon

atoms; and, when basic, a phérmaceutically

acceptable acid addition salt thereof, together

with a pharmaceutically acceptable carrier.
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CLAIMS: (for AT):
1. A process for preparing a compoung
having the structural formula

wherein R is selected from hydrogen; alkyl of from
one to four carbon atoms; alkenyl of from one to
four carbon atoms; phenylmethyl; or -CH3COR)
where R] is selected from OH, alkoxy of from one
to four carbon atams, and phenylmethoxy: comprising
the steps of: '

a) heating 5-isocyanatomethyl-—2-pyrrolidione to
form dihydro-1H-pyrrololl,2-climidazo-3,5(2H,6B])-
dione! and thereafter, 1f desired,

b) reacting said dihydro-lH-pyrrololl,2-c)inmidazo-
3,5lzg,ﬁﬁl-dione_with an alkali metal hydride,
followed by reaction with & reagent having the
formula R'X where X is chlorine, bromine, or
jiodine and R' is alkyl of from one to four carbon
atoms, alkehyl of from one to four carbon atoms,
phenylmethyl, or -CH,COR) where Ry is alkoxy of
from one to four carbon atoms, or phenylmethoxy;
and thereafter, if desired:»

c) converting the product of step’b wherein R; is
phenylmethoxy to tetrahydro-3,5-dioxo-lB-pyrrolo-
[1,2-:]imidazole-Z(}g)—acetic acid by hydro-
genolysis and converting, if desired, said acid to
a pharmaceutically acceptable salt.

 D174138A ) >
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2. A process in accordance with Claim 1, wherein
R is hydrogen or alkyl of from one to four carbon
atoms, alkenyl of from one to four carbon atoms, or
phenylmethyl,

3. A process in accordance with Claim 1, wherein
R is -CHpCORq4 where Ry is selected from alkoxy of from
one to four carbon atoms; phenylmethoxy; and -OH.

4. A process in accordance with Claim 1, for
producing dihydro-1H-
pyrrololli,2-c)imidazo-3,5[2H,6H]-dione;
tetrahydro-3,5-dioxo-1H-pyrrolo{l,2-c}Jimidazole-
2(3B)-acetic acid, and the pharmaceutically
acceptable salts thereof;
tetrahydro-3,5-dioxo-1H-pyrrolefl,2-c)imidazole-
2(3&)—acetic acid methyl ester;
tetrahydro-3,5-dioxo-1H-pyrrolo[l,2-c)imidazole-
2(3B)-acetic acid ethyl ester; or
tetrahydro-3,5-dioxo-1H-pyrrololl,2-c)imidazole-
2(3§)-acetic acid phenylmethyl ester,

5. A process for preparing a compound
having the structural formula

| |
N g 20
CHZC..RI
o o]
wherein R} is BC HyC
‘Nr© » —NHCH,CH ,
HyC H,C
B
O e
- N, -NHGH,CHN .
272\

G174138A1_1_>
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or NR,R, where Rz and R3 are independently
hydrogen or alkyl of from one to four carbon
atoms; or , when basic, a pharmacevtically
acceptable acid addition salt thereof; comprising

0174136

the steps of:

a) reacting tetrahydro-3,5-dioxo-1H-pyrrolo-
[1,2-c)imidazole-2-(3H)-acetic acid with an amine
selected from

NH2 H3C
H3C CHB
p Hf{32Cqu . HZN (::) .
Hf:
H
c(c4.)
- 32
HZN-CHZCHZN\ ) P
g 3°2

and RyR3NB wherein Ry and R3 are independently
hydrogen or alkyl of from one to four carbon atoms
to form an- acetamide; and thereafter, if desired,
b) converting said acetamide product of step

a), when basic, to a pharmaceutically acceptable

acid addition salt,

6. A process in accordance with Claim
5, wherein R is —CH2C0R1 where R1 is -NR2R3 where
R2 and RZ are independently hydrogen or alkyl
of from one to four carbon atoms.

7. A process in accordance with Claim
5, wherein R is —CH2COR1 where R1 is selected
from

0174136A1_1_>
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3 ;|

ey i, /C1G5) 5
O e "MNH . and —M-!CHZCHZN\

C(CH3) 2

8. A process according to Claim 5, for
producing
tetrahydro-3,5~dioxo-1H-pyrrolell,2-climidazole-
2{(3B)~-acetamide;
tetrahydro-N-methyl-3,5-dfoxo-1H-pyrrololl,2-¢]- ,
imidazole-2(3B)-acetamide;
tetrahydro-N,N-dimethyl-3,5-dioxco-1E~-pyrrolo-
[1,2-c]imidazole-2(3RH)~acetamide;
N-2[bis(l-methylethyl)amino}tetrahydro-3,5-dioxo~
1H-pyrrolofl,2-c}jimidazole-2(3H)-acetamide;
tetrahydro-N-(2,6~dimethylphenyl)~3,5-dioxo-1R-
pyrrololl,2-c]imidazole-2(3H)-a2cetamide;
cis-N-[2-(2,6-dimethyl-1l-piperidinyl)ethyl)tetra-

hydro-3,5~dioxo-1H-pyrrolo[1l,2~c]limidazole-~2(3H)~

acetamide; or
tetrahydro-3,5-dioxo-N-4-pyridinyl-1H-pyrrolo~
[1,2-c)imidazole-2(3H)~acetamide.

9. A process for producing a pharméced;1c£1
composition for treating senility or for reversing
the effects of electroconvulsive shock-induced
amnesia, which process comprises combining a
pharmaceutically effective amount of a compound

having the structural formula

0174138A1_1_>
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wherein R is selected from hydrogen; alkyl of from
one to four carbon atoms; alkenyl of from one to
four carbon atoms; phenylmethyl; and -CH,COR;

where R} is selected from OH, alkoﬁy of from one
to for carbon atoms, phenylmethoxyl,

H.C H

3 3
1N . —NH:%;HZN ’
H3C _7 S H3
B

Clai,),

7’

-m@a . ~NHCHCH N ’
H

and NRpR3 where Ry and R3 are independently
hydrogen or alkyl of from one to four carbon
atoms; and, when basic, & pharmaceutically
acceptable acid addition salt thereof:

with a pharmaceutically acceptable carrier.

0174136A1_1_»
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Svnthesis and Pharmacological Activity of a Series of
Dihydro-1H-pyrrolo[1,2-a)imidazole-2,5(3H,6 H)-diones, a Novel Class of Potent

Cognition Enhancers

Mavrio Pines,*? Carlo Farima,” Alberto Cerri, Ugo Pfeiffer,y Maria T. Riccaboni, Silvano Banfi, Raffaclla Biagetti,
Ottarino Porzi, Maurizio Magnani,! and Luciano Dorigottif
SmithKline Beecham Farmaceutici, Research Laborataries, 20021 Baranzate, Milan, Italy

Received May 28, 1992*

A series of dihydro-1H-pyrrolo[1,2-a)imidazole-2 5(3H,6H)-diones were synthesized. These bicylic
derivatives contain both the 2-pyrrolidinons and 4-imidazolidinone nuclei, already recognized as
important for cognition enhansing activity. In addition, these structures maintain the backbone
of piracetam and oxiracetam with the acetamide side chain restricted in a folded conformation.
- 'Their ghility to reverse scopolamine-induced amnesia was asasssed in a one trial, step-through,
pauivumidnnea i ‘The main features observed are a potent antiamnestic activity after
ip administration (minimal effective dose being between 0.3 and 1 mg/kg ip for moat compounds),
the presence of a bell-shaped dose—response curve and, generally, a reduction of biologieal activity
after poadministration. However, the unsubstituted compound (18, dimiracetam) ahowa noevidence
of a bell-shaped dase-response curve and completaly retains activity when given orally, being

BN !

10-30 times more potent than the referance drug oxiracetam.

A large number of compounds belonging to many
different chemical elasass have been proposed as cognition
enbanoers. ¢ Indeed, most of thess compounda were found
tobe effoctive in mild forms of cognition impairment, while
their efficacy in more severe forms of dementia still remaine

questionable.

Among them, pyrrolidinone cognition enhancers like
piracetam {1la, Chart I) and oxirecetam (1b) form a group
apart due to theirunigue selactivity for brain areas invalved
in leaming and memory processes and their i
safe proflie.®’ Thess features make them suitable for
chronic treatment in elderly patienta. Though the exact
mecheniam of action of pyrrolidinone cognition enhancers
bas pot yet been elucidated, it has recently been dem-
onstrated thst they exert a variety of biochemical and
electrophysinlogical effects relnted to learning and memary
proceases. These include the enhancement of cholinergic
and glutamatergic hippocampal and cortical systems and
the induction of hippocampal long-term potentiation in
rodent brain elices 8-1!

Thus, taking oxiracetam'*'3 as the model drug, we
coptinued research in the field with the aim of finding
compounds endowed with increased potency and efficacy
and with a similar profile in terms of safety. Within thia
framework we had already ahown that the 2-pyrrolidinone
nucleus, which can be considered a mimie of a dipeptida
with a restricted conformation,’® can be isceterically
replacead by the 4-imidezolidingne ring, togive, for example,
compound 2, which retains antinmnestic activity.* Com-
bination of the two features, namely 2-pyrrolidonone and
4-imidazolidinone, in a single malecule, such as in com-
pound 3, furtber anhanced the activity.!®

The finding of an antiamnestic activity confirmed that
the 4-imidazalidinore nucleus possessed the required
properties of stability and brain pepetration and retained
asimilar and complementary pharmacological activity to
that of 2-pyrrolidinons.

§ Present addresa: Iotitato Ricerea P. Angelini, Piariple della Statiene,
00040 Pomeria, Roma, Itaiy.

§ Presont address: F.ll Lamberti, Via Piave 1, 21041 Albizamte, Varess,

Italy.
® Abstract published in Aduance ACS Absiructe, December 1, 1993,

Chart I
b=o Ao
.qm m
1o, XaH (piacstam) 2
Tty X = OH {oxdracetam)
( ), R D
S e
o \}'\m o R,
1322

On the basis of these results, we decided to combine, in
the most compact way and with posaible advantages for
stability, the two y-lactamic heterocycles into a novel fused
bicyelic structure. In addition, the degigned structure
maintaing the backbone of piracetam and oxiracetam with
the acetamide side chain restricted in a folded confor-
mation.

Thus, a series of variously subsetituted dihydro-1H-
pyrrolo{1 2-c]imidazole-2,56(3H,6H)-diones 15-32 and the
homologous compounds 33 and 34, where the 2-pyrroli-
dinone was enlarged to six- and sevan-membered rings,
mpmpamd,andtheuabﬂltytomthsmpohmma-
induced amnesis in rats was assessed.

Chemiatry. Compounds 15-27, 33, and 34 were pre-
pared by condensation of the suitahle x-amino amides
with ozoesters 7. All atarting materials have been pre-
viously deacribed in the literature, apart from isobutyl
4-oxobutanoate (7a), which was obtained (SchemeI) from
isobutyl 3,4-epoxybutancate (4)'7 by base-catalyzed re-
arrangement to isobutyl y-hydroxycrotonate (5), oxidation
with pyridinfum chlorochromate to 8, and, finally, selective
hydrogenation of the double bond.

Reaction in refluxing water (method A) of 7a with
glycinamide (8a), DL-alaninamide (DL-8b)}, and L-serina-

0022-2623/93/1836-4214304.00/0 & 1993 American Chemical Society
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Dihydro- [H-pyrrolof(1,2-a]imidazole- 2.5(3H 6 M) - diones

Schems I*
Q
4 5

lb
H 708 H ¢

= Reagenta: (a) NaH, toluens; (b) pyridiniom chiorochromata,
CHCly; (c) Hs, 6% Pd/C, EtOHL

Scheme 11
o R,
c R, H
/ﬁ\/‘ b . T HN, MM
R CORy HWN  NH, 0
el 800 Py ™coR,
n th‘, ﬂ‘-lal.l. Faat &, ReH ®, R,-H,-Mo, R'-H, e
b RypH, AeMe, ne1 b, Ry=in 10, AyuiBu, AaH, Ry=Mo, Met
0. Agebio. Rafl fml o, RAmiBy 11, R=PRCH, RyaN, AyeiBy, e
0, RaH, RpeMa. re2 3, ALaCHOH 12, Re=PhCH,, RyaH, Ryeda, nat
o RpH, RpMo. N2 b, RieCH N 13 RwRpmH. AymMa, na3
f. ReCO_H, AyuH, nui 14, Ry=RyaH, RouCOH,

o R, o

XY (19
R, I

18-7. 83,4

mide (L-8d) and of sthyl levulinate (7¢) with 8a,b (Scheme
1) gave directly the bicyclic compounds 15, 17-19, 21, and
24 (Table I) without isolation of the intermediate 4-im-
idazolidinones, The homologouspiperidone derivative 33
was prepared from glycinamide (82) and methyl 5-0x0-
valerate (7d). This method was very quick and straight-
forward, but yiclds were generally low (19-30%) and the
reaction mixtures contained several side products from
which the desired compounds were obtained by tedious
chremetographic purifications. Moreover, when L-phen-
ylalaninamide (L-8¢) was used or ethyl 6-oxohezanocate
(7o) wus employed as the oxoester, only the 4-imidazoli-
dinonic intermediates 11 and 13 could be obtained in low
yialds.

When the methy} sster Thi# was used in place of the
isobutyl eater Ta, the reaction did not occur, probably due
toa faster degradation of 7Tbunder the reaction conditions.

Thus, to overcome the ebove difficulties, a two-step
synthesis waa set up, ibvolving condensation in refluxing
wmethanol to the 4imidazolidinone and subsequent cy-
clization. In this manner, L-alaninamide (L-8b), L-leuci-
naride (L-8¢}, and D-phenylalaninamide (D-8e) with Th
in methanol afforded exclusively the 4-imidazolidinones
9, 10, and 12, respectively. Generally, further cyelization
of 4-imidazolidinones to the final compounds required
drastic conditions and occurred with low yields: com-
pounds 9 and 10 were cydlired to 18 and 20 by heating
without solvent and under vacuuwm at 120 *C (method B)
while compounds 11-13 were refluxed in xylene (method
C) to give 22, 23, and 34, vrespectively.

Compounds 25, 26, and 27 (Tahle I) were obtained
through the corresponding 4-oxoimidazolidinedicarboxylic
acid 14, prepared, in turn, by reacting glycinamide (8a)

Jotrnod of Medicinal Cherustry, 1993, Vol. 36, No. 26 Az1B

Scheme K]
o
LI [T TR S BT |
KN NHOHP mﬁ:/
o, Me
a8

Rm;mh (a} 7b, MeOHM; (b) ammonjum formate, 5% FPd/C:
MeOH-~-H 0.

with 2-axoglutaric acid (70). In this case, cyclization was
accompliahed by treatment with hexamethy)disilaraneand
trimethylchlorosilane.’® The obtained 7a-carbexy deriv-
ative 25 was converted into the pster 26 and finally into
the corresponding amide 27. Cornpound 15 was alkylated
under phase-tranafer-catalysis conditions either with sthyl
bromide or ethyl bromoacetate to give 28 and 29. The
ethyl ester 29, treated with methanolic ammonia, ylelded
the corresponding amide 30. Compound 13 was aiso
acylated either with acetic anhydride or benzyl chloro-
farmate to afford the imides 31 and 32.

Since, during the continuation of our study, substantial
amounta of compound 15 were required for biological and
toxicological studies, and yields of the above described
methods were not satiafactory for that purposs, an
alternative synthesis was developed. We ressoned that
the main causes of the low yields chtained with method
A were the instability of the reagents under reaction
conditions and the rather high basicity of glycinamide
(pKn = 8.05), leading to polymerization of ths aldehyde
group and/or hydrolyuis of the aster group as well as the
poasibility of an equilibrium between the cyclic (imids-
zolidinone) and open (Schiff base) form. Therefore, we
studied the reactiom of the less basic and more stable
2-(benzylamino)acetamide® (38, pKa = 7.2), with methyl
#-oxobutanocate (7b) and we found that it proceeds very
smoothly in refluxing methanal, affording methy! 1-benzyl-
4-0x0-2-imidazolidinepropancats {36) in very good yields
{Scheme III).

Surprisingly, when hydrogenolytic debenzylation was
performed with ammonium formate aa the hydrogen
source, the desired bicyclic compound 15 was obtained
directly ingreater than 80% yield. Suchan easy cyclization
was most probably due to the catalytic action of arnmonia
produced (as ammoniun carbonate) during the reaction;
in fact, we confirmed that sdded ammonium hydroxide as
well as other bases, such as triethylemine or 4 (dimeth-
ylamino)pyridine, were capable of accelerating the cy-
clization of the intermediats methyl 4-0x0-2-imidazo-
lidinepropancate (37, obtainsd from 36 by raplacing
ammonium formate with cyclohexene or hydrogen). The
catalytic efficacy of ammenia inp the intramolecular
aminolysis was so strong that, even in the pressnce of «
very large excess of ammonjum hydroxide, no evidenoce of
amide formation by estar ammonolysis was obsarved.

Pharmacology. Since the mechsnism of action of
2-pyrrolidinone cognition enhancers is atill under inves-
tigation, the search for new drugs in this area generally
relies on behavioral teats 2l 2 although their predictive
validity has been debated.® Among them, the reversal of
the sxperimentally-induced amnesia evaluated in a passive
avoidance test has besn widely used for ascreening
purposes,®? and in particulsr, scopolamine-induced
amnesia has heen considered to mimic, in animals® and
humans, 2 the cholinergic impairment asaociated with
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Table I. Substitutad Dihydro- LH-pyrrolof1,2-6)imidasals-3,6(3H BH)-dicnes 18-33 and Homologues 33 and W

Re .FI
N
{G-!;I}:!:;\)=O
0 R,
reversal (% ) of scopolamine-induced amoagia®
at method mg/kg ip my/kg po
no. R R, R, = c-g (% yiold) mpi*C) formule* 0@ 08 10 10 03 t0 10 30
5 H H H 1 - A (Z28) (or 819 155-157 CaHaNeOy 18 68 70 2z TE 8O 40
s H Me H (. B#LD 129-122 CrHuNyOy o & 3
17 H Me H ] RS A Be-88  CiHuNy 38 18 » =
18 H Me Me 1 S AU 58330 CoHuNyy 10 6 « et | 87
19 H Me Ma | RS A CLE) 184-182 CoHy Ny, W u 0 1T 4a
20 H iBu H 1 L] B @8) 168-187 CyHiN:O: I 0
n H CH,O0H H 1 o Aag 150-182 C:HuwNsOw 3 2 28 6 @ o
2 R CH,Ph H 1 » C 50y M-8 CyHNDy © 53 8 o ¢ a o 7
3 H CHPh H 1 R C iz m 154138 CyHiNO: 18 @ 19 o
M H H M 1 A 21} 157-189 C;HyNyOy o W 4 o 2
3 H H COH 1 &by 27 dse  CrHN4D, 4 @8 1 2
2% H H CoOF 1 (77 118-117  CeHuN0, 2% 62 0 o
7 A H CONH, 1 ¥ 206dee  CHHNyO B4 62 3 o 0
B N H H 1 (5.3 5358  CyHuNyDy 0 0
¥ CHLOEr H H 1 oy 80 CuMiNO, 3 0
30 CH,CONH, H H 1 Ty 132-188 CeHyuN:sOy o a 0o 9
31 COM» H H 1 (.4 88-72  CaHwNOy 0o o
2 COCHSPA H H 1 o 120-121 Gy, a1z
3 H H H 2 A (30) 170-114  CalliNyO, 7 o o
L T H H a ced 176-178  CeHuN/Oy 22 12
Ih  oxirecetem 2 5 F7E )
¢ For all compounds, elemental mﬁummﬂmﬂdidhhﬂdvﬁn'ﬁhﬂmﬁdhhﬂdﬁnmw
humlhuoofthnwpohmmm[p<0-ﬂb)mtbﬁhunuﬂmhﬁhyl-t For statistical ealculations, see tal Becthon.

* Bon Sectian for methodology. 4 [a]p = +83.8 (c w 2, MeOH).  (alp = +50.7 (¢ = 3, water). / [a]p = +35.6 (¢ = 1, MsOH) A {alpn

Experimental
= +10.3 (¢ = 1, MeOH).

the sging of the brain and senile dementian.® Moreover,
tacrine, which antagonizes the antiamnestic effect of
acopolamine in the pessive avoidance tegt,?! was ghown,
by means of extensive clinical trials, to be effective in
patients with Alzheimer‘'s diseass.?

Tharefore, we evaluated ths ability of new compounds
to protect rats fram scopolamine-induced amneaia in a
one-trigl pasaive svoidance test. All compounds were
administered intraperitonsally and those showing & good
profile in tarms of potency were also testad orally. Most
of them were also evaluated up to very high doses in the
Irwin test on the mouse? to rule out in a preliminary way
other impeortant pharmacological or ioxic effecta

Besults snd Disoyssion. The antiamnestic activity
of all the new compounds is reported in Table I, in
camparison to that of axiracetam, assumed as thestandard
drug.

As far as the intraperitoneal administration is consid-
ered, most of the new compounds are ahls to reverse
scopolaming-induced amnesia at a Jevel of betwean 20 and
68% at 1 mg/kg whereas oxiracetam shows only a 12%
revernal of this deficit at thesamedoss. The unsubstituted
darivative 15 is active from the dose of 1 mg/kg; substi-
tution at position 3, i.e. replacement of the glycine moiety
with other natural amino acids such as alapine, porine and
phenylalanine, in genaral alightly incresses the potency.
However, compounds 19, 21, 22, and 28 gshow a narrow,
inverted U-sbaped dose-response curve. An excoption is
the complate lack of activity, at the tested doses, of the
derivative of L-leucine, 20. All the compounds bearing a
aubstituent at position 3 are diastereclsomeric mixtures
since the chiral center at 7a is farmed during the reaction.
Referring to the chirality at position 3, it does not sesm
tobe of great impartanca for activity even if the comparison
between compounds 22 and 23 (derivatives of L- and

D-phenylalanine, respectively) indicates that compounds
derived from nstural smino acids might have some
advantages.,

Subatitotion at position 1, i.e. alkylation or acylation of
the imidazolidinene NH, gensrally removes activity with
the exception of compound 30, which features the acet-
amide alde chain typical of piracetam-like cognition
enhancern. The effect of substitution at 7a was chacked
with the dsrivatives of levulinic acid 18, 19, and 24 and
with thoss of 2-oxoglutaric acid, 28, 28, and 27; all the
considered compounds exhibited some antiamnestic ac-
tivity, but agein, anly the aride 27 showed an increased
potancy, being active from 0.3 to 10 mg/kg. The marked
antiamnestic activity of 27 and 30 suggests that an increase
in hydrophilie character, within cortain limits, poaitively
influsness cognition-enhancing activity, as already ob-
served for oxiracetam in comparison with the nomhydrox-
ylated pirscetam. This fact appears rather surprising for
centrally active compounds. Also the importance of the
2-pyrrolidinone moiety has besn confirmed: homologues
48 and 84, with enlarged six and seven-membered lactamic
rings, completaly lose antiamnestic activity.

When oral administration is conaidered it is readily
apparent that while compound 18 maintains the activity
over a wide dosa range, any kind of substitution produces
pegative sfTects since ¢ither antismnestic activity disap-
pears or & very narrow, invertad U-shaped dose—response
curve beccmes evident. Such a reduction of activity aftsr
oral administretion was frequently encountered during
cur work on cognition enhancers and this could not have
been predicted purely on the basis of the chemical
structure.

When compounda 13, 18, 19, 21, 22, 24-27, and 30 were
submitted to the Irwin test® no mortality or evident
modification of groas behavior wns noted. These results

o
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Tablo 1. Effect of Scopelrming and Compeupd 15 Plus Scopniamine In the Hadisl Mazs in the Rate

day before treatment day of treatment day after treatment
no.of  effidency in afficlency In ; efficencyln  running
o treatment me  respondine (%) time (1)  responding (%) {ima i i
ot b3} §73 & 5.0 143+08 6392 41° UEEEL 839+ 28 196:+39
15 {1 ma/kg £0) + scopolamine 17 883 & L7 166427 B 4l4  BHEL 6.8 B8.6 49 186 L AR

ing a pharmacological treotmant ware usad s controls. * Scopelomine

* Values (reported a2 meao & SEM) forOiadEys prooeding and following
omo given at the depe of 50 sgfkg ac. ¢ p < 0.05 against control daye. ¥ p < 0.05 aguingt scopolamine.

suggest good aslectivity and o safe profile for this novel
clase of dihydro-1H-pyrrolof1,2-a limidazole-2,5(3H .68~
dionos,

On the whole, the unsubstituted derivative 15 exhibits
a good hioavailability after oral edministration and the
highest potency/efficacy combination within the narrow,
invaried U-shapad doss responee—curve noticed with other
cogmition enhancera.?™ Moreover, it ia proctically devoid
of any sigoificant acute toxic effect.

To cotroborataand better characterize the antiamneatic
properties, compound 15, the most potent of the series,
wag evaluatad with the same modet of scopolamine-induced
memory impairment in an eight-armed-radial-mare tast.
This task provides measures of working mamory which
are ¥noem to be impaired in dementia. Compound 15 at
1 mg/ kg partially antagonized the reduction of efficiency
produced by scopolamine in solving the maza (Table II),
while it was completely unable to counteract the increass
of running time produced by scopolamine. This finding
puggeatathat cholinergic roachaniama involved in lsarning
ond memory can be sslectively enhenced without affecting
motor behavior.

On theoe base, 15 (dimirocetam) wasselactad for further
studies and its evaluation will be sztended to ather
multitrial bahavioral tesis on several animal modals and
to nourochemical Investigations in order to confirm its
suitability &5 a eandidate cognition ephancing drug end
to identify {to sxact mschanian of action.

Erperimental Section

Malting paicts were detarmined on o Bichi SMP-20 apparetua
and are uncorrectcd. Infrared spactra (IR) ware recorded on a
Parhin-Bimer 197 spectrophotometar. Proton nudlear mognotie
resonanco opectrs (NMR) wera recorded an a Varian FT-50A
specurometer with tattamethylsilane o an internal standard.
Mez1 epectra (MS) wure obtained with a Varian MAT 112
instrument vin direct inlet (EIL 70 oV, 1.3 mA). Elemental
anolynen were within 0.4% of the theoretical vahie for the
indicated slements. Column chromatographiss cere parformed
with Merck 0.083-0.200 mm silica gel, Thin-inysr chromatog-
raphieq wors ormed oo Merch 60 P 3564 ailica gel plates ond
revaaled by UV or iodine vapors or by chlorine vapars follovred
by spraying with & Kl-atarch solution.

Starting a-omine amides 8a—o were either commercially
availableor uere prepared from the correaponding a-amino acids
endeaeribed in thelitoratare.® Oxgstem 7¢,f wore commarclally
availobls while Th,3,s ware prepared according to the lHtarature
protadures from methyl 4-chloro-4-onshutancate valerolac-
tone,> and eaprolactann? reapactivaly.

Chemistry. Icobutyl (5)-4-Hydroxy-2-batenoate (5). To
an jco-cald solution of fsobutyl 3 4-cpoxybutanoats'” (4; 300 g,
L9 mol} in tolusme (3.5 L) wes added 86% sodium hydride in oll
(3 g, 0.07 mol) porticowisa. Tha soluton was piirred at 05 *C
for 1 h, then 56% codium hydride (3 g, 0.07 mol) was added
again. After stirring at room tempwrature for 1 h the sohution
wap washed orith brive (0.4 L) containing 10% hydrochloeic acid
(60 mL} arsd then twice with brims (300 mL each). The crganic
solution waa dried over anhydrous sodiumsulfate and evaporatad
to dryness. Distillation of the residus afforded 175 g (88.3%) of
5 as & colorless oil: bp 8050 °C (0.5 mmHyg); NMR (CDCly) 2

7.05 {dt, J = 16, 4 He, 1H, CH=~CHCO}, 6.15 (dt, J = 15, 3 Hg,
1H, CH=CHCO), 4.35 (m, 2H, CH;OH), 3.95 (d, J = é Hz, 2H,
CO4CHy), 2.20-1.75 (m, LH, CH(CHy)s), LBS (br o, 1H, O, 0.95
{d,J = 6 Hsx, 8H, CH{CHy)y); M8 m/z 127 (M - CH,OH), 85 (M
~ CaH,00). Amal (CeH 09 C, H.

Ioohuty] (E)-0-One-2-butomoete (8). To n suspannjon of
pyridinium chiorochromate (100 g, 0.488 mol) in dirhloromethane
(350 mL) wras added o sohation of irobatyl (£)-4- bydrexybutencata
(B; 50 g, 0316 mol} in dichloramaethans (130 mL). Tha internal
temperature gradually ross ta 40 *C and otirring wes continued
for 2 b writhout cooling.  Digthyl ether (0.9 L) vas added and the
supsrnatant was deconted from the hlack gum. The tuoclubls
reaidus wes washad twice with 360-mL portions of disthyl ethsr.
The combined organic sciutlons were filtersd through a short
pad of Florinll and the colvent wan removed by distillation, to
yield $6.8g (91.6%) of 6 au & pals yellowoll: B;=0.5 (cyclohoxano-
sthyl sostate 6:4)y; NMR (CDCly) § 8.80 (ABX,J = 8,1 Ha, 14,
CHO), 698 and 6.75 (ABX, Jug = 18 Hx, 2H, CH=CHCHO),
400 (@, J = 6 Hz, 2H, COCHy), 2.20-1.80 (m, tH, CH(CHuy),
006 (d, J = § He, 6H, CH(CH;)s); MS m/z 155 (M -~ H), 86 (4
-~ CyH 0y, Anal. (CoHisOp) C, H.

Joohutyl 4-Ozobutanonts (7a). To a sclution of lsobutyl
(E) 4-0x0-2-butenoate (8; 97 g, 0.62 wal) in 96% ethanol (TG0
mL) was added 5% palladium on charcoal (8.7 g) and hydrogen
wes bubbled through tho sohution st 5-10 *C for 20 h. Removal
of the caialyct and avaporction of the colwont gavo an oll which
o distiled through o short Vigreuz column (R0-85 *C, 3 mbar)
10 afford 68 g (6T.3% ) of To; Ry=0.41 ¢ asclate
@&:4; jodine vapars); NMR (CDCly) 4 B.85 (t, J = 1 Hx, 1H, CHO),
380 (d, J o 8 Ha, 2H, CO,CHy, 280-2.40 (m, 4H, CH,CHy),
8.96-1.75 (m, 1H, CH(CHa)y), 0.80 (d, J = & He, 6H, CH(CHyy);
MEB m/2101 (M - C.Hy), 85 (M ~ CyH;04), 57 (M - C HyOn). Anol
{Coly G C, H.

Gaxsrnl Preosdure for ihe Bynthesin of Allryl 4-Oxo-2-
imbdnpoddinelbnaantes 513, Toamixture of a-amino amids
hydrochiorids 8 (0.1 mal) in methane! (180 mL) adjusted to pH
8.3 with 2 N NaOH in methanol woa added axoester 7 (0.1 mal)
and tha solation was rofluxad for 25h. After cooling, the solvent
was evaparated undar vacyum and the resldus wan chromato-
graphed over dlica gel (dichloromethane-maothanal :1).

Methy! (1RS58)-8-mothyl-4-one-i-imidanolidinepro-
pamogta (9) wan preparved, according to the genaral procsdure,

3

from L-elaninamide hydrochloride (12.8 g, 0.1 mol) and 7h (11.8 ~—"

£ 0.1 mol) o afford 6.84 g (38%) of 9 an an cil, which wa
charecterizad as the hydrochloride: mp 136-142 *C d2e (asetone—
didsopropyl sthar); [alp = +14.5 (c = 1, MsOH),; NMR (DMSG-
de) §10.75 (brw, 2H, NHy*), 9.25 (bep, LH, CONH), 4.07 and 4.87
{t, J = 5 He, 1H, HNCHNH), 1.3-3.9 (m, LH, COCHNH), 3.62
(v, 3H, COyCHy), 2.18-2.80 (m, 2H, CH,COy), 2.40~1.85 (m, 2H,
CHCHy, 1.9 {d, J = § Hz, CHCHy); M8 m/r 188 (M), 171 (M
- CHy), 127 (M — CO;CHy.

Methyl (ZRSES)-5-icobutyl-4-0x0-5-imldnsoltdinepre-
panoste (10} was prepared, accarding to the procodura,
from L-lsucinemide hydrochloride (16.7 s, 0.8 mol) and 7h (11.8
£, 0.1 mol) o nfford 388 ¢ (17% ) of 10 s antoll. Tha hydrochlerido
salt had mp 184-189 *C dac; [alp = -24.7 (¢ = 1.15, Hy0); NMR
(DMB0-dy) & 10.8 (br s, 2H, NH*), 8.20 (br 5, 1H, CONH), 4.88
and 485 t, J = 6 Hx, 1H, NHCHNH), 420-3.80 (m, 1H,
COCHNH), 3.84 (s, 3H, COCH,), 2.80-2.45 (m, 2H, CH«{COy),
2.40-2.00 (m, 2H, CHCHy), 2.00-1.50 (m, 3H, CHYCH(CHall,
0.94 [d, J = 5 Hz, 8H, CH(CHygs]. MS m/z 228 (M), 197 (M~
DCH,), 141 (M ~ C,H.0y.
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Ioobuty] (2BS.59)-8-kensyl-4-020-2-1midavolidinepro-
paraate (11) was prepared, aceording to the general procadurs,
from L-phenylalaniramids hydrochloride (20 g, 0.1 mol) and 78
{16 g, 0.1 mal) in isobutyt alcokal to afford 6 g (20%) of 11, g8
an ofl, which wos charucterized aa the hydrochlorids: mp 152-
1568 °C dec {athanol-diethyl ether); [a)g = 40 (¢ = 0.125,
MeOH); NMR (DMSO-dy + CDCl) # 11.0 (br e, 2H, NFy*}), 5.25
thr a, TH, CONH), 7.6-7.1 (m, 5H, PhH), 480 (t, J = 6 Hy, 1H,
NHCHNH), 4.17 {t,J = § Hz, 1H, COCHNH), 3.84 (d,J = 7 Hs,
2H, COyCH,), 3.35 (m, 2H, CHsPh), 2.80-1.60 (m, 5H, CHyCH,
and CH(CHsh), 0.80 (d, J = 6 Hz, 8H, CH{CHy):Y; M8 m/x 304
(M), 213 (M - C;H), 84 (C,HN,O).

Edothyl (2RE.4R)-B-bongy!-d-0x0-2-imidazalidinepro-
pancato (12) wes prepared, according to the general procedure,
from D-phenylalaninnmida hydrochlorida (5 g, 25 mmeol) and Th
(2.9 g 25 mmol) to affard 4.26 g (B5% ) of 12, ag an oil: {m]p =
+21.5 {c = 2, MeOH); NMR (CDChL) & 7.25 (o, BH, PhiD), 7.20
(br &, 1H, CONH), 485 and 442 (t, J = § He, 1H, NHCHNH),
4.00-3.50 (m, 1H, COCHNH), 265 and 282 (s, $H, CO,CHYy),
325-2.75 (m, 2H, PhCHy), 25-2.20 (m, 2H, CH,COy), 213 (br
s, 1H, NH), 2.0-L.7 (m, 2H, CHCHy); M8 m/2 175 (M - C,H1Oy),
171 (M - CyHy).

Rlothyl 4-0uo-2-tmidocslidizopsntanaata (13) was pre-
pared, cecording to the ganornl procodur, from plycinamide
hydrochloride (.79 g 81 mmal) and mothyl 8-oxnhazarcntats
{Te; B8 g, 61 mmol) to afford 3.85 g (32.5%) of 13: mp 58-60°C;
NMR (DMSO-dy & 8.15 (br s, 1H, CONH), 440 (m, 1H,
NHCHNH), 3.60 (s, 3H, CO:CHy), 3.10 (s, 2H, COCH,NH), 2.45-
2.15 (m, 2H, CHyCOy), 1.76-1.10 (m, 8H, CH,CH,CH,); NI§ m/s
201 (M + H), 169 (M - OCHy), 141 (M - CyH0y).

Riothod A. Dihydre-1H-pyrrolofL.2-s]imidnrole-2.5-
(3,8 H-dione(15). Toasolutlon of ghyemamide
(Ba; 18.4 ¢,0.168 mol) in water (200 mL}, edjusted to pH 8.6 with
10 % codium hydrexide {obont €0 ml) wus addsd 70 (22.2¢,0.14
mol). Thasolution wves refluxed for 20h. Water was evaporatod
undar vocuur and tho residus wen chromo phod over oflica
gel ( %1) to offord 4.44 g (226%) of
15: mp 156157 *C; NMR (DMBO-da) 8.82 (br s, 1H, CONH),
5.20 (t,J o 8 He, 1H, NCHNH), 380 and 3.40 (AB q, J = 15 Ha,
1H, COCH:NH), 285-1.55 (m, 4H, CH/CH\); M8 m/s 140 (M),
#7 (M - CONH).

Kiothed B. (38,7oRM-Dihydro-3-ethyl-1 H.pyrrolofl 2-
glimidacolo-3 5(AH S H-dlone (18), Compound § (4,867, 0.028
mol) wan heated ot 120 *C undor vocuum (20-30 mmHg) for 8
k. The cruda maduo oes aver aflico gel
{dichloromethane-msthanol 8:1), the cppropriote fractions were
svaparatod and tho regidus wan from acetano—
ditnoprapyl ethsr to afford 2.05 g (51.2%) of 18 a5 a white
powder: mp 120-132 °C; [a]p = +88.8 (¢ = 2, MeOH): NMR
(CD<CAy) 8.02 (br o, LH, CONH), 535 (t, Jm 5 He, 1H, NCHNH),
4.80 {q. J @ 8 He, 1H, NCHCO), 26-1.8 (m, 4H, CHyCH,), 1.38
(M - CHNO), 58 (M - C,H,0).

Mothed C. {3R,70RS)-5-Ben ryldihydro-1 H-pyirolof 1,2-
alimidacolo-35{IH ) -dione (22). A colution of 2 (3.2 g,
12.2 mmol) in rylmo (120 mL) wra roftuzed for 3 doys.  After
evaporaiion, the cruds residua wm flach chromatographed over
gitien pel (dichloromethans—methanol 85:5). The collactad frac-
tons wore eveporated, and tha reajdus woo triturated with
diisopropy] ethar to offord 1.2 g (42.0% ) of 23: mp 134-138 °C,
[alp = -97.3 (c = 2, McOH); NMR (CDClL) & 7.76 (br o, 1H,
CONH), 7.25 (br o, 5H, PhH), 485 (t, J = 4.5 Hg, 1H, NCACO),
4,45 (t,J = 5 Hx, LH, NCHNH), .15 (d, J = 4.5 Hg, 2H, PhCHy),
2.8-1.6 (m, 4H, CHYCH,); MS m/: 230 (M), 139 (M - C:H1).

3-Corbony-4-oxo-3-imidocolidinaprapansie Aedd (14). A
solution of 2-axogletaric acld (10 g, 68.4 mmal), glycinamida
bydrochlorids (8.8 g, 75.2 mmol), and sedium hydroxide 82g.
2069 mmol) in water (120 mL) woarefluxcd for4 b Aftar
the enlution erns adjusted to pH 2.5 and tha reandiing procipitats
wap collectad and dried ynder vecuum st 80 °C to afford 5.0 g
(43%) of 14 mp 202-205 °C dac; NMR (DM90-dg) 4 8.8 (o, 1M,
CONH), T.00-4.00 (br a, JH, NH, COuH), 3.22 and 3.18 (AE g,
J = 18 Hx, 2H, COCH;NH), 2.40-1.75 {m, 4H, CHsCH,); MS m/x
140 (M ~ B0 - COy), B4 (C4H,Ns0).

3.5-DHoxohsanhydeo-1H-pyrrolo[),2-a)imidazo)e-Ta-cor-
booyle Aeld {25). A mbrture of 14 (2 g, 9.89 mmol), hexn-
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mathyldisilazane (20 mL), and trimethylchloromilana (10 mL) in
dry acatonitrile (50 mL} was refluzed under nitrogen for ¢ b
Afior cooling, the precipitate was filtered off and the filtrate waa
evaporated under vacuum. Ths retiduowas disealved in methano]
(20 mL) containing a few drops of concentrated hydrechloric
acdd and atirred for 10 min. The inscluble material wes Altared
off and the filtrate was evaporated to drynecs. The residus was
triturated tith scetanitrils and crystallized with tetrahydrafuron
(250 mL) toyield OB g (805%) of 25: mp 207 °C dae; NMR (DMSO-
do) $13.0 (bra, 1H, COH), 8.15 (bro, 1H, CONH), 3.82and 3.48
{AB q, J = 18 He, 2H, NCHCO); 2.8-1.8 (m, «H, CH/CH,); MS
m/z 154 (M), 138 (M ~ CO3H), 83 (C:HuNLD).

Ethyl 2 8. diombemhydeo- 1 H-pyrrolo] 1 2-alimidnmlo-70-
carbogylate (28). A suspendion of 25 (0.8 g, 4.34 mmol) In dry
tetrabydrafuran (100 mL) was coolsd to 0 *C and treated with
ozalyl chinride (0.55 g, 434 mmol) and & drop of dimsthyifor-
mamids. After stirring for 2 h at 0 *C, the reeulting solation wan
allrwod to rxach room tomparoture and voounm was applied for
10min. After cooling to 0 *C, ¢-(dimsthylamino)pyridino (0.63
g, £.34mmol) end dry sthanol (2mL) were added. Thequopanszian
wan otirred &t 0 *C for 30 min and at room tamperatura for 80
min. Ths precipitnte wan filtarad off and the flrais weg
evapozoted under voounumm. The reaidus wan chromatoyraphed
owce aflien gel {othyl ncotate—methanal 85:5) to nffard 0.46 g (48%: )
of 28, mp 116-117 *C; NMR (DMS0O-dy} $8.22 (bro, 1H, CONF),
4.16 (q, J = 7.6 Hx, 2H, CH,CH,), 3.85 and 3.48 (ABq,J/ = 16
Hz, 2H, NCH,CQ), 2.86~2.06 (m, 4H, CH,CHY, 12 t, J = 78
Hsx, 3H, CH«CH,); MS m/s 183 (M4 - Bt), 138 (M - CO4EL), B3
(CeHaNiQ).

2, 8-Dlenolounhydso- | H-pyrrolof1,2-ajimiavels-To-cor-
bonamids {27). An ice~cald pahution of 28 (2.56 g, 12 mmol) in
dry mathanol (20 mL) wan tranted with a saturatad solution of
ammonia in methanal (40 mL) and otirred for Lh et 0 *C. Tho

procipitatowe collected, wached writh acetons, and dried toaffard
l'?lglﬂ?%)olﬂ mpM'Cdac:NHR(DMSO—ddIB[E(hr
CONH), 7.80 (br o, 3H, CONHY); 3.80 and 3.60 (AB q, J
als H:.ZH.NCH:CO) 2.86-1.96 (m, 4H, CH,CHy); M3 m/a 139
(M ~ CONHy), 83 (ChHN:O).

Dihydro-1-sthyl- 1L &-pyrrolo]1,3-cimidnoole-2 5(3 5 6H)-
dions (20). A minture of 15 {4 g, 285 mmaol), totrabutylam-
ronfurn hromide (4.568 7, 141 mmal), and potesium eavbenota
{20 g, 144.7 mmol) in dry asstonitrile (80 ml.) oasotirred ot roors
temparaturo for 1 h. Ethyl bromide {2 mL, 30.8 mmal) omen
oddod ond tha mmponcon wea hooted at 60 °C for 25 Tho
precipilats was filtored off, tho filtrcte wan avoporated under
veeuum and the reaidos was chromatosraphed over oilioa gol
(dichloromethon-mothanol$:1). Tha freotionn wmo
awparated under vacuum, and the residus won Gitureted with
light to afford 2.75 g (67.3%) of 28: mp 5558 *C;
NMR (CD{1) 8525 (t,J= 5 Hx, 1H, NCHN), 4.20 and 3.56 (AB
q J = 16 Hz, 2H, NCHCO}, 3.40 (m, 2H, CHyCHy), 280175
(m, 4H, CH.CHy), 1.15 (¢, / = 7.5 Hs, 3H, CH,CHy); M8 m/v 188
(M), 139 (M - i), 112 (M - CHL D).

Eithyl 1,5-Diomokminhydeo-1 H-pyrrolof | ,2-afimidnmola-1-
aeatate (20). A minture of 16 (0.6 g, 3.57 mmol), tatrabu-
tylammontum bromids (0.57 g, 1.77 mmol), and
carbonata (2.5 g, 18.1 mmol) in dry acatonitrils (8 mL) vasotirved
at room temperature for 1 h. Ethyl bromoacotate (0.5 ml, 4.6
mmol) was added and the suspansion was boated at 60°C for 2.8
h. The precipitats woa filkerod off, the filtrots won omporatod
undor yocuum, and the resfdue was ahromatographed ovor pilica
gel (ethyl acetatoacetone~meihanal 8:3:1) to afford 0.7 £ (92%)
of 30: mp 756-80 *C; NMR (CDCl) & 6.4 (m, 1H, NCHN), 491
{q, J = 7 He, 2H, CHsCHy), 4.2 and 3.68 (AB q,J = 16 Hz, IH,
NCH,CO), 4.30 and 3.80 (AB q,J = 18 Hg, 2H, NCH,COy), 2.8~
1.7 (m, 4H, CHyCH;), L28 (t,J « T Hy, 3H, CH; CH,); MS m/z
226 (M), 163 (M - CO.Et), 138 (M — CHLCOgRY).

25 Diozohnenbydeo- LH-pyrrolof ! 3-aHmidncols-1-nestn-
mide {30). A sclution of 30 (1.4 g, 6.18 mmol) in mathnnal (25
mL) svas naturated with ommonia st § °C. After stirring ot room
tompaorature for 18 b the precipitats was collsctsd, washsd with
mathanol, nod dried to yiald 0.9 g (75%) of 80: mp 182-185°C;
NMR (DMS0O-dy) 3 7.50 and 7.10 (br s, 2H, CONH)y), 5.25 (m,
1H, NCHN), 3.84and 885 (AB q,J = 18 Hz, 2H, NCH,CO); .86
and 3.70 (AB q, J = 18.5 Hs, 2H, NCH,CONH); 2.80~1.80 (m,
4H, CHCHy: MS m/z 139 (M - CHCONH,).
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Dihydro- IH-pyrrolo[1,2-a}imidazole- 2 5(3H 6H)-diones

I-Acctyldlbydro-1 B-pyrrale | 2-limidn cnle- 2 5( 32 A H)-
dions (31). Asalutionaf 15 (4 g, 28.5 mmol) in acetic anhydride
(20 mL) was refhuzed for 2 h  After cooling, the mixture was
acstoleeceione-methanal 6:3:1), and the appropriate frections
were undar veruum. The pesidue wao tritursted with
disthyl ether to afford 4 g (78.4%) of 31: mp 68-72 *C; NMR
(CDClp) 3 8.87 (t,J = 3 Hs, 1H, NCHN), 4.45 ond 1.78 (AB q,
o =17.5 Hx, 2H, NCH,CO), 3.20-1.75 (m, 4H, CH,CH,), .50 (a,
IH, CHy; MB mjz 182 (M), 154 (M - C0O), 139 (M - COCH,).

1{(Benoyloxy)earbonylJditydro-1 H- wmloll.%-aﬂml-
dosole-2,8(3F 4 H-dleno (83). To a suspansion of 15 (7§, 80
mmel) o dry somtomitrile (140 ml) cooled to 05 °C and
mnintainsd under o nitregan abbeaphore voo cdded 55% codimm
bydrids in ol (24 g, 55 mmol) portionwics during 15 min. Aftar
25 b ai 0-6 °C, a solution of benxyl chloreformate (7.8 ml, 56
mamol) ko dry acstonitrile (24 mL) was added and the
mixture wig stirred nt room temparature for 2 h and st £0°C for
830 min  Aftor eooling, the mixtur weo evaporated and the
residun, diloted with ethyl oegtate (200 mL), wmo wrohed teice
with wetcr (100ml). The crgnnie inywr oo dricd and ovapomted
undesr veeum and ths residue was trituratad cith diethy ether
ond cryotnlliaed from ethanol to yield 4 g (20%) of 32 mp 120~
121 °C; NMR (CDCly) 3 7.87 (s, 5H, PhH), 6.57 {1, J = 5 Hx, 1H,
WCHTM, 6.50 (s, 2H, CH,Ph), €36 und 3.88 (AB q, / = 17 Hy,
2H, NCHCO), 2.0-1.9 (m, 4H, CHYCHy); M8 m/z 774 (&), 168
M - CH:0).

KMenbyl 1-Boanyl-d-ono-2-tmtdn molidtucprosineits (56).
‘Toa eolution of 2-(benxylamino)ecetamide® (85,679 g, .41 maD
in mothane] (500 mL) ora addcd 7h (60.3 g, 062 maal). Tha
mixturd von refloxed for 3 h and oyt of the coivent wee
evaporated under vacum. On additian of water (435 mL) and
stirvimgat 0-6 °C for 1 b, the pracipitats vms collacted by filtration
qnd dried st 40 *C under vacuum to afford 91.7 7 85.3% ) of B3
o a yallow rolid: 8485 °C; NMR (CDCle) 8 7.80 (bro, 1H,
CONH), 7.30 (o, 6H, Phi), 428 (ABX, Jaxexx = 3 Hs, 1H,
NHCHN), mxmwmq,.r-mm.mcxm 386(5,
3H, CHy), 3.3T and 3.01 (ABX, Jan = 16 B, 1H, MOHC0)

126 (m, 2H, CHyCOy), zm-l.mn.ﬂ-l.cucau.mm 175

— CofHiOx), 81 (CrH;).

Dlkgctro-LE pyeralel 1S Rmidanale 2 HEE AR -Eoza (15).
A mizhure of 36 (100 g, 0,38 mol), ommontum formaoto (40.9 1,
0.65 mol), and 5% pailadiven op choroesl (10 7) in Teter (112
mL) and mathanol (400 mL) weo haated ot raflen for 3h Afye
cooling, tha entalyut wog filtared off threugh o Celito pod ond tho
solution trz1 evaporuted ander vecuum. The residwr wan
diccatved in Teter (200 mL) ard treated botaheies oith tha lon
axchangyers Ambarlite TR 120 (15 mL) and Ambardite TRA 68 (9
mL) and ehevooal (3 ). After filliration tho rquesn oolition o
dibuted with 1-bitana! (808 mL), and water oo cesvirepically
removed undor vecunm. The rasidus W esyntaltiecd from
2-propanct to afford 43.2 g (81%) of 15 oo a Thite crystalline
oolid, mp 156-157 *C.

HMothyl &Oxo-2-lidarolidinepreponeits Hpdroshlorida
{37). A mirture of 38 (25 g, 95.3 mmol), vater (3.7 mL), ond 10%
polladium an chareoal {3.75 g In cyclohaxeno (280 rl) and
2-propenc] (125 L) was refluxed for 2 b Mhrcmli:u the
eatalyst wes filtered off and the solvant wea evapomtsd ynder
vocoum. The rexidue was dissolved in methancl snd eated

Ths precipitate wus collected and
cryotallized from MasOH to afford 11.3 ¢ (38.8%) of $7: mp 161~
182 °C; NMR (D}M80-dy) 5 10.76 (by o, 2H, NH %), 926 (bra, 1H,
CONH;, 500 (t, J = 5.5 Hx, 1H, NHCHNH), 385 ond 3 88 (AR
q,J = 15 Hs, 2H, NHCHCO), 3.€0 {s, 3H, CO.CH,), 275-2.95
{m, 2H, CH{COy), 230180 (m, 2H, CHCHy); M8 m/r 172 (M),
157 (M - CHy, 141 (M - OCHy.

Phormorotegy. Paostve Avoldones Toot. Mole Wistarwatn
(Chuknnnulmhm.gmamcgmhomdthmparm

atid modoigined in the snimal houss for ot laoat 1 weak beforo
thecaperiment. Theexperimeantal protedure and the apparctus
ware gimilor to theoo previouoly deseribed ™ The pamive
avoidence apparatus consisted of o plexigiacy
bax with an alectriflable grid floor. Ths trancparent side (25 %
%xﬁdm.mhy:wwmgmmwmmmnm
(painted blach and covered by a remavable Lid) by a guillotine-
type daar. Dumgthohamu;h-iaLtheMwmganuyplmd
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in ths illuminated compartment.  As evoa me the rat entered the
darlz aide of the spparatim, the daor wne clased and on inescapahis
foot shach (L mA for L o) oes detivercd through the grid flegr.
Immedintely aftoroard the rat ous put beck inta ity boma cage.
Ternty-four bours latar the rat wm again pleosd in the lghesd
aitin of tha bog with tha dear open and if the animaol did net atap
ioto the dark compartment within 120 o (cutoff tmal it was
coxsiderad to havo kearned the task. The group's prreontege of
anfmal that did not auter tho dark compavtzent coo talkten an
on index of leaming (garcont of retanton).

Animaln receivod coopalamine hydrobromido (0.88 oop/loy cc)
or galing 0 min kafore tho logming cesion and the compoundn
testad or the vehics 30 min bafore ccopnlsmina.

In each 46 ratn wwre randomly conigned to threa

groups of tractment: (1) o caling comirol group inf-eted with
mwmmmbﬁmmwmmam

produced by particular axpar-
lnnt.und(ﬂ)umwdmhhmdemhmmmpmmd
and coopolomine,

‘Typically, B0-$0% of caliny-treated animals remalned in the
lighted compartmsant more thon 1M o whils only 20-30% of
ceopolgmine-troated antmale remembsred the task. Whan the
e than 40%, (he s acpinst o dpoerdad. o o
Jese than 40%, tha entire exparimant wos disearded. thero

Ircria Te. T oetion of o7 compounds on gre=s bohaviar
van testad tn mico covarding $0 tho mathed of Irc7in® Briofly
wmmﬁmammdm.md
1mw»mm&:p¢dﬁmm Tho mics
oo ohoarved continumpaly for 3 b aftor bootmont ond onea o
day for tha folloving 8§ dayo doring which 20 bshaviorol,
nerrolngion), ond aatosoends gy woro oesexied ond oeored o
deoerfbed In the Bteratura. Noithor lethotity nor phormacolagtenl
offoetn waro obsarved for ony of the compowsndn up to the highet
dacs teated.

Blghs-Armed Brdind Mars, Toanty-ons male Wintar rota,
2-mantho-old and caighing 260 g ot the of anparbnonts,
tere ucxd, Ths vata were gredunlly reduced to B0-86% of thair
body wolght and trained once o day for 5 dayo o wosk in o clght-
wmed rodial mozs until they colved tha task in 0o noge than
ning cholees foz at et 3 concsentive day (eritarion).
wag earriod out in a tacting reoin lit by two 70-W halogen lomgs,
Sseerml vioually distivet cucs tog. door, ahalf, pastars)
mtinmermnndumlmdmthnm

izotonic cnline so that teut eowopurd wos adminintored in o
volume of 2 mL/kg. Scopolamine woa injactad 60 min before

o

A
~
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teating; 16 was sdministered 90 min before the teat. The teats
on the drugs were separated by a1 leaot 3 days, during which the
rota were trained again to criterion. Seventeen ratsrecoived each
of the two treatments in a random pefuence: the four rarainiog
anjmale recsived only scopolsmine treatment.

Performanca in the dayv immadiataly precading ned following
a pharmacolngics) treatment was veed for comparison. The valusm
for sificioncy for coch given trontznant were comprared with each
other and with valuas obtained in the days preceding and following
the treatmont by means of tho cne-way ANOVA test. Puoired
comparisons were subzsquently meds wing Duncan'o test for
muttipls comparison. Values for running time wepra analyeod in
a almllar manner.
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COMPQUNDE WITH NOOTROFIC ACTION, THEIR FREFARATION,
PHARMACEUTICAL COMPOSITIONS CONTAINING THEM, AMD USE
THEREOF

Field of the Invention

The present invention relales to new compounds of formula (I} appearing
herginzfier, their precess of preparation, the pharmaceutical compositions
containing them, and their use as nootropic, neuroprotective, analgesic and
anti-hyperalgesic agents.

State of the art

Compounds thal possess nootropic activity are already known in the lilerature.
In particular, the derivalives substiiuted iIn position 4 of 2-ox0-1-
pyrolidineacelamide are valid psychotropic agenis {hal re-establish damaged
cognilive funclions. These compounds are described, Tor example, in Pharm.
Res. Commun. 16, 67, 1984 by Banfi et al. and in Drug Development Res. 2,
447, 1982 by il ot al.

Amongst the most widely known molecules belonging to the class mentioned
above there may be cited: 2-oxo-1-pyrrolidineacetamide (piracetam), 4-hydroxy-
2-o0x0-1-pyrrolidineacetamide  {oxiracetam), 2-{2-oxopymolidin-1-yl) butyramide
(leveliracetam)  and N-{2 5-dimethyiphenyl}-2-oxo-1-pyrrolidineacetamide
{nefiracelam).

Another chemical class thal pcssesses nootropic activity is represenied by
imidazolic condensed derivalives, in particular 2,5-dioxohexahydro-1H-
pyrolo[1,2-alimidazole {dimiracetam), described in EP 335483 and in WO-
8309120, and in J. Med. Chem., 36, 4214, 1893 by Pinza M. et al.

Recenily, it has been demonsirated that nefiracetam could be a good
therapeutic agent in the treatment of neuropathic pain. The anti-hyperalgesic
action induced by nefiracelam appears to be of non-opioid nature and is
probably due to the stimulation of the nicolinic cholinergic system al a spinal
and superspinal level (Rashid Harunor M.D. J. Pharmacol. Exp. Ther, 303, 226,
2002).

Summary of the invention

The present applicant has now found new N-substituted bicyclic imidazolones of
formula (1}, appearing hereinafler, that have demonstraled improved
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sychotropic properlies and more mzrked anzlgesic and anlihyperalgesic
effecls in numerous modele of nevropzthic pain, with respect to the already
known nootrapic agents.

The present compounds of formula (1) are consequently useful in the treatment
of many dicorders of the central nervous system (CMS), for example in the
deterioration of leaming, dysfunclions of ihe cognitive sphere and of the
memory, Alzheimer's disease, dementias, including senlle dementia of the
Alzheimer type, post siroke vascutar type dementia, epitepsy, cerebral
ischaemla, moeod disorders, including depression, chronic, inflammatory,
neuropathic and visceral pain, and emesis.

Consequently, represenialive of the subject of the present invention are

compounds of the general formula (1)

(1)

in which:

A is chosen among carbocyclic aromalic groups, helerocyclic arcmatic groups

and arylCsalkyi;

Rs is chosen amang:

- hydrogen,

- arylCy;alkyl, optionally substiluted on the aryl moiety with one or more
groups chosen among hydroxy, Ciaalkoxy, halogen, haloCialkyl;

- helerocyclylCi.ralkyl, optionally subsliluted on the heterocyclyl moiety with
one or more groups chosen among Ciualkyl and hydroxy;
Cy; alkyl, oplionally interrupted by an oxygen or suiphur atom or oplicnally
subsliluted at any position by one or more groups chosen among hydroxy,

thio, amino, carboxyl, aminocarbonyl, guanidinyl.

PCT/EP2004/0050339
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F:: is chozen emong hydrogen, Cyaatkyl, aryiCy4alkyl and phenyt;

or else Ryend Ry, tehen together, form g saturaled carbocyclic ring containing
from 3 o 8 carben sloms;

Ra it chosen among hycrogen, Cisalkyl, arylCiaalkyl, CONHz and COOR;in
which Ry is chezen between hydrogen and C1zlkyl;

F. is chogen among hydregen, Cizlkyl, aryl,‘ erylCiqallyl and heterocytlyl;
and

nis2, 3oré;

in the form of a racemic mixture or in the form of enantiomers, and
chermaceutically 2cceplatle salls or solvates thereof,

The precess of preparztion of the compeunds of formula () appearing abave,
the pharmeceutical compesiticns contzining them and their use for the
preparetion of medicaments with noclropic and neurcprotective action, with
antlgesic end/or spti-hyperelgesic action, and anti-emelic aclion, constilute a
further subject of the invention.

Charecleristics end ecvanieges of the present compounds of formula (1) will be
itlustreted in detail in the following description.

Description of the figures

Figures 13, 1k: non limiling examples of eminoacids of formula {IV), useful in
the synthesis of the ccmpeunds of formula (1}, The encircled portion indicates
the substituent Ry,

Cceloiled description of the invention

In the fremewcrk of the present invention, the lerm "carbocyclic aromatic group”
mezns single or fused sromatic rings with § to 12 ring members, optionally
substituted.

The lerms *helerocyclic arcmatic greup™ and “heterocyclyl” mean single or
fused @remelic rngs, each ring having 5 1o 12 members and comprising up to
four hetero zloms, checsen among oxygen, sulphur and nilrogen, optionally
substituted.

Whenever not ctherwise specified, the lerm "aryl® means single or fused
unzziurzted rings, each ring having frem £ to B members, and preferably 5 or 6

memtbers, cptionzlly subeliluied; by the lerm "erylC,Lalkyl” is indicaled a group

PCT/EP203402033Y
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Reving &n efyl oroup, &g Gefined ebove, end & Cqw 3lkyl moiety connscling the
aryl group to the point of substitution.

Al thg zforeszid G elkyl groups, including these being part of the arylCiaalkyl
group, mey be indiflerently linear or brenched or cyclic (i.e cyclopropyl,
cycloprepyImetyl or methyleyclopropyl). Freferred C1-C4 alkyl groups are Me,
Et, i-Fr, i-Bu, and cyclopropyimethyl.

All the zforeszid Ci.p elky! groups, including those being part of C.7 glkyl-
ccnisining groups, cen either be linear, branched or cyclic, and may include
cdeutle or tricle konds. The lerm "Cas glkyl groups interrupied by oxygen or
sulphur” mezns, recpectively, eny ether end thioether groups containing from 1
o 7 carbon atoms,

Ey the lerm "heterocyclylCa.alkyl” is indiceled a group having an helerocyclyl
group, as defined abeve, end a Cu.y slkyl moiety connecling Lhe aryl group to
the peint of substitution.

By the term “arylC..;elkyl” is indiceted a group having an aryl group, as defined
ezbove, end a Ci; alkyl moiety connecting the aryl group to the point of
subsiilution.

By “helegen” is meent an elem chesen emong  fluorine, chlorine, bromine or
iccine; ty “haloCialkyl” is meanm a Ci. elkyl group substituted at any position
by cne or more halogen atoms, e.g. frifluoromethyl.

Unlese ciflerenily specified, "cpticnelly subslituted” groups are groups oplionally
substitiied with 1 to 2 substituents, chesen preferably among Me, El, i-Pr, OH,
CLCEt, COCH, CH:OH, E0O;NH;, £0:Me, CMe, Ci, F, CN and CF3, and more
preferebly smeng Me, Et, 1-Pr, CH, CN, C! and CF3; the substituents may be in
zny pesition of the group e be substituled.

Freferred compounds oceording to the invention are the compounds of fermula
(I, inwlhich A is & cplienzlly substitoled henyl, optienally substituted benzyl, or
cl=e 5 crlicnzly subeliduted helerceyclic eromezlic group with 5 or 6 members
and comprising up to hwo helero slems chesen between oxygen, sulphur and
nitrogen, Rq, Rz, R; and R sre chesen emong hydrogen, Cqa alkyl or benzwi,
and nis equal lo 2 or 3.

Froferebly, Al phenyd, thienyl, pyncyl, pynmidinyl group, cptianally substituted,

benzyl or 4-methyibenzyl, Ry is hycrecen, Caa alkyl {for exemple meihyl,

PCTE/EPINO4A30339
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izopropyl or isobulyl), benzyl, -CHOH, -CH,CH,COMH,, -CHCQOH, indol(3-
ylymethyl, Rz is hydrogen, Cq4 alkyl or benzyl, Ry and Ry are hydrogen or
msihyl, 2nd n is 2.

Wore preferably, A is a phenyl, optionally substituled, R4, Rz, Ra and R4 are
hydrogen, and nis equal {0 2.

When R4 and R, l2ken together, form 2 saturated carbocyclic ring cenlaining
from 3 1o 8 carbon aloms, the resuliing compound of formula (1) is a spirocyclic

compound.

Preferred compounds of formula (1) according to the invention are chaosen in the
group consisting of:
1-Phenyl-tetrahydro-1H-pyrrolo[1,2-a]imidazole-2,5-dione;
1-g-tolyl-ietrahydro-1H-pymrolo[1,2-afmidazcle-2,5-dione;
1-(2,6-Dimethyl-phenyl}-tetrahydro-pyrrolof1,2-alimidazole-2,5-dione;
1-Thiophen-2-yl-tetrahydro-pyrrolo[1,2-alimidazole-2,5-dions;
1-m-Tolyl-tetrahydro-pyrrolo[1,2-a] imidazole-2,5-dione;
1-p-Tolyl-tetrahydro-pyrrolof1,2-a] imidazole-2,5-dions;
1~{5-Fluoro-2-methyl-phenyl}-tetrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-{3-Fluoro-2-methyl-phenyl)-ietrahydro-pyrrolo[1,2-a]imidazole-2,5-dicne;
1-(2-Triflucromethyl-phenyl }-tetrahydro-pyrrolo[1,2-a)imidazole-2,5-dione;
1-(4-Chloro-2-methyl-phenyl}-tetrahydro-pyrrolo[1,2-g]imidazole-2,5-dione,
1-(3-Chloro-phenyl)-tetrahydro-pyrrolo[1,2-ajimidazole-2,5-dione;
1-{3-Methoxy-phenyl)-tetrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-{3-Cyano-phenyl)-tetrahydro-pyrroio[1,2-alimidazole-2,5-dione,
1-(4-Chloro-phenyl)-letrahydro-pymalo[1,2-alimidazole-2,5-dione;
1-{3-Hydroxy-phenyl)-tetrahydro-pyrrolo[1,2-a)imidazole-2,5-dione;
1-{3-Triflvoromethyl-phenyl)-ietrahydro-pyrrolo[1,2-alimidazole-2,5-dione,
1-(4-Triflugromethyl-phenyl)-tetrahydro-pyrrolo[1,2-a)imidazole-2,5-dione;
1-(4-Methoxy-pheny!)-tetrahydro-pyrrolo{ 1, 2-alimidazole-2,5-diane;
1-(3,5-Dimethyl-phenyl)-ietrahydro-pyrrolo[1,2-ajimidazole-2,5-dione;
1-(3,4-Dimethyl-phenyl)-tetrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-Naphthalen-2-yl-letrahydro-pymrolo{1,2-alimidazole-2,5-dione;
1-(3-lzopropyl-phenyl)-tetrahydro-pyrrolo[1,2-alimidazole-2,5-dione;

P4
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1-(4-Chloro-3-methyl-phenyl -etrahydro-pyrrolo[1,2-a]imidazole-2,5-dione;
3-Benzyl-1-phenyl-tetrahydro-pyrrolo[1,2-a)imidazole-2,5-dione;
3-Methyl-1-phenyl-tetrahydro-pyrrolol1,2-alimidazole-2,5-dione;
3-lsobulyl-1-phenyl-elrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-(3-Fluore-5-methyl-phenyl)-tetrahydro-nyrrolo[1 ,2-alimidazole-2, 5-dione;
1-(3-Flugro-4-methyl-phenyl)-tetrahydro-pymrolo[1,2-a]imidazole-2,5-dions;
7a-Methyl-1-phenyl-letrahydro-pyrrolo[1, 2-aimidazole-2,5-dione;
(S)-1-o0-Tolyl-tetrahydro-pyrrolo[1,2-a]imidazole-2,5-dione;
{R)-1-o-Tolyl-tetrahydro-pyrrolof1,2-alimidazole-2,5-dicne;
1-(4-Ethyl-phenyl)-tetrahydro-pymolo{1,2-a)imidazole-2,5-dione;
1-(4-1sopropyl-phenyl)-teirahydro-pyrrolo[1,2-alimidazole-2,5-dIcne;
1-(4-Hydroxymethyl-phenyl)-letrahydre-pyrolof1 ,2-alimidazole-2, 5-dione;
4-(2,5-Dioxo-hexahydro-pyrrolo[1,2-a)imidazol-1-yl}-benzoic acid;
4-(2,5-Dioxo-hexahydro-pyrrolof1,2-alimidazol-1-yl}-benzaic acid ethyl ester;
1-{4-Methanesulfonyl-phenyi}-tetrahydro-pyrrelo[1,2-alimidazole-2,5-dione;
1-{4-Fluoro-phenyl)-tetrahydro-pymrolo[1,2-alimidazole-2,5-dione;
1-(4-Cyano-phenyl)-tetrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-Pyridin-2-yl-tefrahydro-pymole[1,2-alimidazole-2,5-dicne;
1-Pyridin-3-yl-tetrahydro-pymolof1,2-alimidazole-2,5-dione;
1-{5-Methylpyridin-2-yh-tetrahydropyrralo[1,2-a)imidazole-2,5-dione;
1-{2-Cyano-phenyl}-letrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-(3-Fluoro-phenyl)-tetrahydre-pyrrolo[1,2-alimidazole-2,5-dione;
1-Benzyl-teirahydro-pyrroto[1,2-ajimidazole-2,5-dione;
1-(4-methylbenzyl}-tetrahydro-pyrrolo[1,2-alimidazole-2,2-dione.

It wil' be noled that some compounds of formula (l) can contain one or more
sterecgenic centres. The present invention exiends to all the oplical isomers of
these compounds in their forms entirely or parlially resoived and in the form of
racemic mixlures.

A further subject of the invention is a process for the preparation of the
compounds of formula (1), or one of lheir salis, and/or one of their sclvates,

comprising the reaclion of a compound of foermula (i)
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with a compound of formula (Ill)

A-X

(m
in which A, R4, Ry, R3, Ry and n are defined as above for the compounds of
formula (1), and X is a halogen atom, chosen preferably between bromine and
iodine.
When A is a aromalic carbocyclic group or a heterocyclic aromatic group as
above defined, the reaction between the compounds of formula (Il and the
compound of formula (IIl} can be conducted according 1o the appropriate
conditions of the Goldberg reaction (Angew. Chem. Inl. E., 38, 4492, 2000). In
parlicutar, ihe compounds of formula (31) are dissolved in a suitable solvent,
such s N-methylpyrrolidone, together with the compounds of formula (1)) in the
presence of a catalytic amount of copper sall such as capper iodide, and a base
such as potassiumn carbonate, at any temperature that will yield an adequate
percentage of formation of the product required, suitably at a high temperature,
such as a temperalure of between 60°C and 140°C, lor example at 120°C. The
reaction mixture is heated using a system of conventional heating or a
microwave reaclor of adequate power, lor example comprised belween 25 and
280 W (Tetrahedron Letters, 43, 1101, 2002).
When A is arylCq4alkyl, the reaclion can be camied oul in a suitable solvent
such as aceloniirile, methylene chloride, acelone, In the presence of a suilable
base such as tnethylamine, polassium carbonate, 2-ferf-Bulylimino-2-
diethylamine-1,3-dimethylperhydre-1.3,2-diazaphosphorine  (also  known  as
BEMPF), N,N-Diisopropylethylamine (also known as Hunig base), at a suilable
temperature such as reflux lemperature (60-140°C, preferably 100°C).

PCT/EP24/050339
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The eforezzid compeunds of formulz (N} and the meiheds for their preparation
are Cescribed in the European patent application EP-A-335483 and in the
intermational patent application Mo, WO-A-23/02120 and in J.Afed.Chem., 36,
4214, 1893, by Pinza et al.
5 The compoundz of formula (il) are commercially available or can be prepared
from known compounds by known melhods.
Alternatively, the compounds of formula (I) can be prepared with a process
comprising the following stages:
i) reaction of an amincacid of formula (IV) or of one of its activated derivatives
0
H
N.
HO/“§( P
R, R,
10 {Iv)

wilh a compound of formula (V)
A~ NH;

15 (V)

lo oblain a compound of formula (VT)

20 (V1)
in which Ry, Rz and A are as defined above for the compound of formula {1}, and
P is H or a suilzble protective group. The activalion of aminoacids is a2 well-
kncwn synthetic procedure; examples of aclivated derivalives of ihe aminoacids
are mixed anhydrides, acyl chlorides and activated esters.

25 i) reaction of the compound of formula (VI) obtained at stage i} with a

compound of formula (VII)
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RMCOOR'

R4
(V)

to obtain a compound of formula (Vi)

N

Ry A
t/)n-\ B/
COOR
N

s

P
Ri Ra

(Vi)
in which A, Ry, Ra, R3, R4 and n are as defined above for ihe compound of
formula (1), P is defined as above, and R’ is an alkyl group;
iii) possible remcval of the prolective group P by means of hydrogenoclysis of the
compound of formula (VIII), oblained in stage ii), lo oblain the coresponding
compound {VIil}, in which P is H; and
iv) cyclization of the compound of formula (VI), in which P is H coming from
siage ii) or from stage iii), to obtain the desired compound of formula (1).
According to a preferred embodiment of the invention, the alkyl residue R' is
chosen between methyl and lert-butyl, and P is chosen between hydrogen, a
benzyl or a benzyloxycarbonyl group.
The reaction in stage i) between the compound of formula (IV) and the
compeund of formula (V) can be performed:
{a) by preparing, in the first place, an acidic chlonde of the compound of formula
{iv) and uniting to said acidic chloride the compound of formula (V) in the

presence of an inorganic or organic base in an adequale aprolic solvent, such
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as dimethylformemide (DIAF) = a temperzture of between -70°C znd 50°C, and
preferably between -10°C and 20°C; or else:
{b) by reaclting together the compound of formula (IV) with the compound of
formula (V) in the presence of a suitable condensating agent, such as NN-
5 carbonyl diimidazole {CDI} or a  cazrbodimmide  such  as
dicyclohe:ylearbodiimmide {DCC) or N-dimethyleminopropyl-N'-
ethylcarbodiimmide, preferably in the presence of N-hydroxybenzolriazole
(HOBT) to maximize the yield and prevent the processes of racemization (cf.
Synthesis, 453, 1972), or O-benzotriazol-1-yi-N,N,N N'-leframeihyluronium
10  hexafluorophosphate (HBTU), in an aprolic solvent, such as a mixture of
acetonitrile (MeCN) and tetrahydrofuran {THF), for example, a mixture with
volumetric ratio comprised between 1:9 and 7:3 (MeCN:THF), al any
iemperalure capable of yielding an adequate percenlage of formation of the
product required, such as a temperature of belween -7¢°C and 50°C, and
15  preferably between -10°C and 25°C.
At stage ii) of the present process, the compounds of formula (VI) and {Vil) are
preferably reflux-heated in a protic solvent, such as water or methanol, and
possibly in the presence of a base, such as NaOH, in the case where the
cempeund of formuta (V1) is used in the form of one of ils salls obtained by
20  addiion of acid, for an adequate period of time, preferably comprised between 2
and 24 hours.
Removal of the proteclive group P by means of hydrogenolysis al stage iii} is
preferably conducled using ammonium formiate as a source of hydrogen in a
suitable prclic schient, such as methanol or a methanol-waler mixture,
25  The cyclization reaction in slage iv) Is carried out directly on the compound of
formula (Vi) coming from stage B) if P is H, or else, if in said compound (VIII) P
1§ a grotective group, the first siep is to remave it, as described above in stage
if).
The cyclizalion reaclicn is conducled in drasfic conditicns by cenventionally
30 heeting the compound of formula (Vill) withoul solvent al 120°C and in vacuum
condlions, or else by means of reflux-heating in xylene Tor a suilable period of

time, for example belwrgen 4 hours and 3 days, or by micrgwave irradiation.
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The compounds of formula (IV), (VYV} and (VIl} are commergially available
compounde or can be prepared from known compounde using known methade.
In pariicular, the compounds of formula (IV) can be conveniently sslected from
any naturally occurring aminoacids or derivatives thereof. Examples of
aminoacids useful in the present Invention are shown in figure 1, where the part
encircled corresponde to the esubstiluent Ry of fermula {IV). accordingly, all
these meanings for R4 are also preferred in formula (1), being the object of the
present invention.

The preseni compounds of formula (I) are useful as therapeutic agents and in
parlicular pessess a nootropic and neuroprotective activity, i.e., they contribute
{0 restoring ihe leaming and memory functions deteriorated In the process of
ageing or on account of ischaemic traumas, and are effective in various
pathologies of the CNS, amongst which leaming dysfunclions, dysfunclions of
the cognitive sphere and of the memory, Alzheimers disease, dementias,
including senile dementia of the Alzheimer type, post stroke vascular type
dementia, epilepsy, cerebral ischaemia, and mood disorders, including
depression.

The present compounds of formula (1) moreover possess analgesic and/or anti-
hyperalgesic activily, i.e., they conlribute to combat the sensations of pain, in
panicular those caused by conditions of neuropathic pain, chronic inflammatory
pain and visceral pain, and have proven their efficacy also in the treatment of
emesis.

The subjec! of the preseni invention is hence also the use of the present
compounds of formula (1) or of their pharmaceutically acceptable salls and/or
solvates for the preparation of medicaments for recovery of difficulties of
learning and memory and for ireatmenl of dementias, Alzheimer's disease, post
siroke vascular lype dementia, epilepsy, cerebral ischaemia, and mood
disorders, including depression.

Also provided is a melhod 1o treat the aforesaid diseases and disorders
characterised by administering a pharmaceutically active amount of a
compound of formuta (1) to a patient in need thereof.

It is widely known thai cegnilive disorders that ocour in satd pathologies ara

comelated 1o the deficit of the cerebral cholinergic system, as emerges from
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morpholopiczl findings (B.E. Tomlineon in “Biochemistry of Dementiae™;, P.J.
Roberts Ed.; John Wiley & Sons, New York, N.Y. pp. 15-22, 1980) and
neurochemical findings (R.T. Bartus et al. Sclence, 217, 408, 1982). ii is
moreover well known that the significant deleriorations of cognitive funclions are
the most evident and debiliteting <igns obzerved in palients suffering from
Alzheimers dizesze, senile dementias of the Alzheimer type, and dementia due
1o multiple infarcts.

The aclivily of the compounds of fermula (1) can be determined in rats in regard
1o the amnesia-provoking aclion of scopolamine (D.A. Drachman, Archs,
Neurel,, Chicago, 30, 113, 1974; D.A. Eckerman, Pharmacol. Bicchem. Behav.
12, 585, 1880) on the mnemic pathway and on the reduction of the levels of
acetylcholine in the hippocampus. The effect on memory and leaming can be
evaluated in rats using lhe passive-avoidance lesl, as described by Essman,
Pharmacol. Res. Commun. 5, 295, 1973,

The subject of the present invention is, moreover, the use of the present
compounds of formula (1) or their pharmaceutically accepiable salls or solvates
in the trealment of conditions of neuropathic pain, chronic inflammalory pain
and visceral pain. Also provided is a melhod o lreal the aforesaid diseasss
characlerised by adminisiering a pharmaceutically active amount of a
compeund of formula (1) to a patient in need thereof.

W is hypothesized thai the process of learning and memary is implicated in the
mechanisms of chronic pain {Fier H., Prog. Brain Res., 129, 313, 2000), and
reccnt evidence supports the hypothesis thal chronic inflammatary pain is an
acquired maladaplive phenomenon (Arnstein P.M., J. Neurosel. Nurs. 29, 179,
16597, Kumazava T., Newurosci. Res., 32, 9, 1998). Cognilive dysfunction has
been described in various neuropathic conditions (Kuhajda M.C., Ann, Behav.
Med., 20, 31, 1328), and I has recenlly been observed that nefliracelam, @
noctropic ageni, alleviates neuropathic pain thanks to s specific effects on
neurcpathies (Rashid Harunor M.D. J. Pharmacol. Exp. Ther., 303, 228, 2002).
It has been shcwn ihat the analgesic and/or anti-hyperalgesic effect of
nefiracctam expresses ifself through stimulalion of ihe nicotinic cholinergic

receplors at the spinal and supraspinal level, in so far as said effect is inhibited
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in & doze-dependent way by mecarylaming, 2 known entagonist of the nicotinic
acetylcholine receptor.

The aclivity of the compounds of formula (1) can be delermined in mice by
means of the thermal-hyperalgesia iest (paw-withdrawal test) and the
mechanicel-hyperalgesia test (paw-pressure test) induced by partial ligation of
the sciztic nerve or by treaimenl wilh cireptozotacine, following the protocols
described in J. Phanmacol. Exp. Ther., 303, 226, 2002 and in the bibliography
cited therein. '

When used in the therapeulic frealmenl of humens and animals, the
ccmpeunds of formula (1} are nomelly formulated, in compliance with standard
pharmaceutical practice, as a phafmaceutical composition.

Hence, a furlher subjecl of the inventien is represenled by a pharmaceulical
ccmposilion comprising, as aclive principle, a campound of formula (1) or one of
its pharmaceutically accepiable salls or sclvates, together wilh vectors, diluents
and phammaceutically acceplable excipients suitable for the chosen form of
administration.

The compounds of formula (I) can be administered in a standard way in the
treatment of the disorders indicated above, for example via oral, parenteral,
rectal, transdermal rouwle or by administration through the mucosa (for example,
the sublingual, buccal, or nasal mucosa).

The compounds of formula (1) which are adminisiered orally or via sublingual
route or via buccal adminisiration, can be formulaled as syrups, labiels,
capsules, and lozenges. A formulation in the form of syrup consists generally of
a suspension or solution of the compound or of one of ils salls in a liquid vectar,
for example ethanol, glycerine or water wilth a flavouring or colouring agent.
When the compcsition is in the form of tablels, it is possible to use any
pharmaceutical veclor used convenlionally in the preparation of solid
formutations. Examples of said vectars comprise magnesium slereate, starch,
iactose and sucrose. When the composition is in the form of capsules, any
cenveniicnal method of encapsulation is suitable, for example using the vectors
menlioned above in a capsule of hard gelatine. When the camposition is in the
form of capsules made of sofl gelatine, il is possible io use any pharmaceulical

veclor used conventionally in the preparation of dispersions or suspensions, for
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ezmple squeous pums, cellvlose, silicetes or oils, lo be incorporated into a
zhell made of zofl gelatine.

Typical parenleral compositions consigt of a solulion or suspension of the
compound of formula (1) in 2 aguecus or non-aqueous sterile vecior, possibly
conizining an oil accepizble for the parenieral route, for example polyethylene-
alycol, polyvinylpyrrelidone, lecithin, peanut oll, of ceszame oil.

The typical formulation in suppositories comprises a compound of formula (1),
which ig aclive if adminictered In thie way, with a binding and/or lubricating
agent, for example polymeric glycols, gelatine, cocoa buller, or other low-
melling waxes or vegetable fats.

Tygpical transdermal formulations comprise a conventional agueous or non-
agueous veclor, for example cream, cintment, lotion or paste, or can be in the
form of mediczted plasters, palches or membranes.

Preferably, the composition is in a unit-dose form, for example tablets or
capsules, so that the patient can take a single dose.

Oxyracelam is a compound used in the treatmeni of senile dementia and of
pathological conditicns correlated thereto. The compounds of formula (1) can be
adminisiered with regimes similar to lhe ones established for oxyracetam with
any eppropricte adjustment of lhe levels of dosage or of the frequency of
dceszge in relalion to the grealer aclivity and {o the betier pharmacological
profile of the compounds of formula {1).

Each dosage unit for oral administralion may expediently contain from
0.05 mg/kg ic E0mg/kg, mare expeciently from 0.1 mg/kg lo 25mgkg of a
cempound of formula (1), The active ingredient can be adminisiered from 110 6
limes a day. The compounds of fermula {1} can be co-administered with other
pharmaceuticelly active compounds, for example in association, concurrently or
sequenifally, in parlicular together with other compounds used in the trealment
of elderly palienls, such as tranquilizers, cuwretics, anti-hypertensive drugs,
vasodilator drugs, and inotropic agents.

Examples of the present inventicn are provided in what follows, purely for
iNustrative and non-limiting purposes.

EXPERIMENTAL PART

Cescription 1. 3-Isobutyi-telrahydro-pyrrolof1, 2-afimidazole-2, 5-dione.

PCT/EP2I0E033Y
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To & =olution of DL-leucinzmide hydrochloride (1.5 g, @ mmol) in weter (40 ml),
adjusled to pH 2.5 with 10% =odium hydroxide, ethyl4-oizcbutancate (1 g, 7.5
mmol) wae added. The mixture wae pleced in a microwave oven and reflluxed
for 1 hour. Waler wae then evaporated under vacuum and the residue was
chromatographeled over gifica gel (CH2Cla f MeOH / MH4OH 2B/ 2 / D.1) 1o
afford 1.1 g of the title compound. '

'H-NMR (CDCt,) §: 6.48 (broad s, 1H); 5.30 (1, 1H); 4.23 (dd, 1H); 2.71-2.39 (m,
3H); 2.20-1.93 {m, 1H); 1.86-1.73 (m, 1H); 1.70-1.42 {m, 2H), 1.05 (d, 3H); 0.96
{d, 3H).

8 EL TSQ 700, scurce 180 C; 70 V; 200 uA: 196 {M+}, 97,

Example 1. 1-Pheny/letrahydro- 1H-pyrrolof1, 2-alimidazole-2, 5-dione.

To a solulion of tetrahydro-pyrrolo|1,2-alimidazole-2,5-dione (1 g, 7.14 mmol;
prepered as described in J. Med, Chem. 38, 42144220, 1994,) in N-
methylpyrrolidone (NMP, 12 cc), Cul (0.2 g, 1.05 mmol), K:CO; (1 g, 7.14
mmol) and iodobenzene (6 g, 24.5 mmol) were added under stirring. The
suspension was heated in a microwave apparatus (250 Watl) for 45 min. Ethyl
acelate was added to the suspension and the solid was filtered. The organic
phase was washed with waler and the aqueous phase was re-exiracted with
CH:Cl;. The arganic phases were gathered and dried over Na;S0,, filtered and
concentraled to dryness. The residue was Inturaled wilh isopropyl ether. The
solid was filtered, irilurated with waler and filtered to yield 0.18 g of the title
campound, mp = 185-188°C.

'H-NMR (CDCI3) 8: 7.46-7.37 (m, 4H); 7.28-7.21 (m, 1H); 5.84 (m, 1H); 4.48 (d,
1H); 3.74 (&, 1H), 2.78-2.60 {m, 2H); 2.51-2.38 [m, 1H); 2.08-1.96 (m, 1H).

MS: EI TSQ 700; source 1B0 C; 70 V; 200 vA: 216 (M+), 160, 97.

Examgle 2. 1-o-lofyl-lefrahydro-TH-pyrrolof1, 2-ajimidazcle-2, 5-dione.

To a sclution of tetrahydro-pyrrolo[1,2-ajimidazole-2,5-dione (1.3 g, 9.28 mmol,
prepered as described in J. Med. Chem, 36, 4214, 1994) in N-methylpyrolidone
(NMP, 12 cc), Cul (0.5 g, 2.62 mmol), ¥K.CO3 (1.3 g, 9.28 mmol) and 2-
bromcioluene (€ g, 35 mmol) were added under stirring. The suspension was
heated in @ microwave apparatus (250 watl) for 1 h. Ethyl acetate was added to
the suspension and the solid was fillered. The organic phase was washed with

water and lhe agueous phase was re-exlracted with CH:Cl,. The organic

PCT/EP2004/050339

&
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phezes were gelhered end dried over Mz.3Qy, fillered and concentrated to
drynese. The residue wes triturated wilh Et:0. The solid was fillered, and
cryctallized the firet time with iPrOH and then wilh AcOE! to yield 0.33 g of the
title compound, mp = 138-132°C.

5 'H-MMR (CDCl3) 8 7.26-7.23 (m, 4H); 7.93-7.06 {m, 1H); 5.68 (m br, '1H); 4.45
{d, 1H); 3.78 {d, TH); Z.6RB {ddd, 1H); 2.48 (ddd, 1H}; 2.40-2.22 {m, 1H); 2.24 (s,
3H); 1.93 {m br, 1H).

MS: El TSQ 700; source 180 C;, 70 V; 200 uA; 230(M+), 143, 118, 87.
Example 3-44 (Tzble 1). General procedure for arylation of tetrahydro-
10 pyrolofi, 2-ajimidazole-2,5-dicnes with aryl halides.
To a solution of tetrahydro-pymolo[l,2-alimidazole-2,5dlene (3.5 mmot;
prepared as descnbed in J. Med. Chem. 36, 4214-4220, 1994 or in WO-
©309120), in N-methylpyrrolidone (NMP 1 mil), Cul (0.13 g, 1 mmol), K;CO; (0.5
g, 3.5 mmol} and ihe appropriate aryl halide (7 mmol) were added under
15 slirring. The suspension was heeted in a microwave apparatus (25 Watt) for 20
min. Ethyl acetaie (E0 ml) and water (5 ml) were added to the suspension and
the mixture wes slirred for 30’ in the presence of celite. The reaction was fittered
and lhe ethyl acetele was washed with a saturaled solution of NaCl, dried over
WNaz50,, filtered and concenlrated to dryness. The residue was trituraled with
20 El0 to give the desired compound. Yields vary from 30% to 60%.
Examgle 45. 1-Benzyl-letrahydro-pymolof1, 2-aJimidazole-2, 5-dione.
A solulien of tetrahydro-pymelo[1,2-a)imidazole-2,5-dione (0.5 g, 3.5 mmaol,
prepared as described in J. Med. Chem. 36, 4214, 1994), BEMP (2 ml, 7 mmol)
and tenzyiromide (0.6ml, 5 mmol) in CH4CN {20 ml) was refluxed for 1hour,
25  The reaction mixture was cencenirated to dryness; the residue was then re-
dissolved in ethyl acetate and washed with a saturated solution of NaCl, dried
over Na:50,, fillered and eveporeled under vacuum. The residue was purified
by flush chromalography over silica ge! (CH>Clz/ MeOH FNH,OH 95/ 5/ 0.5) lo
afford 0.7 g ol the tille compound as yellow oil.
30 Yield:87%
'"H-NIMR (CDCl3) & 7.38-7.10 (m, 5H); .03 {dd, 1H); 4.71 (d, 1H); 4,29 (d, 1H);
428 (d, 1H), 3.59 (d, 1H); 2,57 (ddd, 1H); 2.38-2.125 (m, 2H); 1.92-1.77 (m,
TH).



WO 2085438 PCT/E 2400339

10

16

17

FS: El TEQ 700; scurce 180 C; 70 V; 200 uA: 230.13 (M+), 174.09, 132.04,
91.03.

Eizmple &€, 1-(d-methylbenzyl)-tetrahydro-pyrrolof1, 2-afimidazole-2, 5-dione.

A sclution of tetrahydro-pyrrolo[1,2-g]limidazole-2,5-dione (0.5 g, 3.5 mmol,
prepared as described in J. Med. Chem. 36, 4214, 19€4), BEMP (2 ml, 7 mmal)
and 4-methylbenzylbromide (0.95 ml, 5 mmel) in CHiCM (20 ml) was refluxed
for Thour. The reaction mixture was concentraled to dryness; the residue was
then re-dizsolved in ethyl acetate and washed with a satursted solution of NaCl,
dried over Na;S0,, fitered and evaporaied under vacuum. The residue was
purified by flash chromalography over silica gel (CH2Cl,/ MeOH / NH,OH 85/ 5
{ 0.5) ta afford 0.8 g of the title compound as yellow oil.

Yield: 93%

'H-NMR (CDCl;) & 7.29-7.11 (m, 4H); 5.01 (m, 1H); 4.69 (d, 1H); 4.29 (d, 1H);
4.23 {d, 1H); 3.58 (d, 1H); 2.65-2.50 (m, 1H); 2.40-2.24 (m, 2H}); 2.33 (s, 3H),
1.93-1.78 (m, TH).

MS: EI TSQ 700; source 1B0 C; 70 V; 200 uA: 24413 (M+), 161.05, 105.02

)
!
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TABLE 1
Sthusciure, chemica!l nome {generated by Eeilsten's Autonom), *H NMR, S and mzling point data for compounds prepared

accarding 1o the general procedure described above.

Ex. [Shuclor WEmici) nemea nalytical data
Shuclura Chicmi Analytical dat:
"H-NMR (CDCl) & 724-7 10 {m, 3H}); 5.63 {dd, TH], 4 4B {d, 1H).
o 1-{2,6-Cimethyl-phenyl)
;[\_,\ i 3.62 (d. 1H), 2.70 {ddd, 1H), 2 51 {gdd, 1H); 2.33-2.18 {m, 1H) T 26
3 D7 T TR ietrahydro-pyroa)l,2-
e {s. IH), 2.20 (5, 3HY, 2061 91 {m, ).
o alinvdarolz-2 Sdigne -
WS, E1 TSQ 700; source 180 *C: 70V, 200 uA: 244 (M+), 57,
'H-NMR {CDCi3) & 7.05 (dd, 1H), 6.93 (dd, 1H), 6 65 (dd, 1H), 567
{m, 1H); 4.48 (d, 1H), 3.77 (d. 1H); 2.8B-2 69 (m, ZH); 2.58-2 45 [m,
4(1 ; 1-Thiophen-2-yk
o B 1H), 2 33-2.21 {m, tH).
4 I 'S {etrahydro-pymolo[1,2-
\—vé\ . MS. El TSQ 700, sowce 180 *C; 70 V, 200 uA: 222 [M+): 184; 166;
o apmidazole-2.5-tiona
97,
mp 170-171*C.
- MR (CDCla) b 7 30 (dd. 1H). 7.24 (ud, 1H), 7 13 {do, 1), 7 O7
I)\ 1-m-Tolyl-lel-ahydro- {dd, 1H), 582 (m, 1H). 4 46 {d, 1H), 3 74 (d, 1H), 2.79-2 57 (m, 2H),
5 @ L ryvclo{1,2-a] mmidazole- | Z 45 {m, TH); 2 38 (s, 3H), 1 08.1.84 (m, 1H).
o 2.5-dione MS. EI T5Q 700, source 180 *C; 70 V, 200 uA: 230 (M#+); 174, 97.
mp: 9293 °C.

18

1-g-Toly-lelahy dro-
cymole(1,2-9]  wmidRzole-

25-dione

H-NMR (CDCi3} & 7 27 {d, 2H), 7 24 (0. ZH): 579 {m, 1H), 4 25 (d,
iHY, 373 (d, 1H}, 2 72 (dad, 1HY, 2 70 (m, 1H), 2 47 (dd, 1H), 2 38 (5.
3H); 2 08-1.88 (m, 1H).

& EITSQ 70U, source 130 °CL 70V, 200 uA 230 (M~), 174118 ¢
mp 117-116°C

II 1-{E-Flacro-2-rolhyk
phenyl)-lelranydro-
piyrrole{ 1.2-anmidazcla-
a.5-0ane

{m br, 1K), 443 [d, "M}, 377 {d, TH), 270 (gt 1H) 253221 (im.
2H); 2 18 (s, 3H), 1 90 (broad m, TH).

MS EITSQ 700, source 1680 °C, 70V, 200 v, 248 (M+); 97,

mp “47.148 "°C

-

1-{3-Flunre-2-methyl-
phenyl)-letrahycre-
ryrolalt 2. al.midoznte-

2.5 uone

H-MEAR (CDCI 5 7 o5 (ddd. 1H), 7 07 {od br, 1H), 692 {d, 11w
T R.541 (breag m, TH), 446 (d, 1H); 3.78 . 1H); 2.88 {ddd, 11},
T ap (udd, TH), 2.65-2 2% (m. TH): 2 14 (¢ 3H); 189 (broad m, TH)
MS EI TSQ 700, uoirce B0 "C; 70V, 200 A A8 (M4); 136, 109
mp, 125-137 *C

1-{2-TrMoramelryl-
phenyi)-letratydro-

pyTolo[1,2-almtazole-

72 E.dirna

THAINR (COCH) & 7 uatd, TH). 7 Bb (dd. iH), 7 54 {tigaC dd, 1Hj,
7.07 (d, 1H), S B4 {m, 1HY, 4 32 {broad d, TH), 3.72 (4, TH), 87 ¢m,
THY; 248 (m, THY, 2 UB {m, 1H); 203 (m, 1H)

MS EI TSQ 700, souce 180 °C, 70 v; 200 uA 284 (M=), 228, 198,
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'H-F'MR (CDCI) a0 7.32 (9, TH)E 724 {dd, IHY); 7.04 (d, 1H); 563
44-Chloro-2:metny A m, TH: 4.44 (4, TH); 377 (d, 1H), 2.68
o broad m, TH) 4.44 {d, 1H); , 1H), 2.69 {ddd, 1H); 2.48 (ddd,
04'/-\1 phenyl)-l2irahydro- fbro ) ¢ ! { ) ( ) ¢
10 N 1Hy; 2 35 (m, 1H), 222 (s, 3H), 1 82 (m, TH).
pyrrolo[1,2-a}kmideccle-
o ME: El TSQ 700; source 180 °C; 70 V; 200 uh: 264 (M+}); 87,
2.5dlone
mp:; 122.124 *C,
"H-NMR (CDCi) §: 7.46 (m, 1H); 7.38-7.28 (m, 2H), 7.22 (ddd, 1H);
5.81 {m, 1H); 7.48 (d, 1H), 3.73 (d, 1H); 2.85-2.64 {m, 2H)}, 2.46{m,
14{3-Chioro-phenyl)- ¢ ) 7.48 (d. TH) fd. 1H) {m, 2H), 2.46{m
o 1H); 203 (m, TH).
1 wp letrahydro-pymolof1,2-
c o MS. EI TSQ 700, source 180 *C; 70 V; 200 uA 250 {M+); 194, 138,
o alimidazole~2,5-diane s
mp: 123-125'C,
TH-NMR (CCCl) & 7.31 (dd, 1H), 7 06 (dd, 1H); 6.91 (dd, 1M}, 6.79
Q 1-{3Melhoxy-phenyl)-  [¢dd. 1H); 5 B (m, 1H); 4.46 (d, 1H), 3.82 (s, 3H), 373 (d, tH); 2.79-
12 e "\.{ leIRhyer-pyaoo]1.2- |67 (M 2HY; 245 (m, TH): 2 12-1.56 (m, 1H).
) ? alimdarole-g,5-done ME, E)TSO 700; sourca 180 °C; 70 V, 20D uh: 245 (M+), 190.
mp 54-85 ¢
"M-NIR [CDCh) 6: 7.73 {m, 2H), 7.52 (m, 2H), 5.81 [m, 1H), 2 59 (0.
1-(3-Cyano-pheny!)-
o TH 373 (0, 1H), 2.84-2.65 (m, 2H); 2.47 (dd, 1H), 2.11-1.85 {m, 1H).
13 L letrahydrc-pymole(1,2-
{ cn MS. EI TS0 700; scurce 180 *C; 70 V; 200 uk 241 (M+); 185, 129.
a ajimidazole-2,5-dione
mp. 128-130 *C.
20
21
M-NMR (COCly) 5 7 42-7.32 (m, 4H), 580 (m, 1H); 4.48 (d 1H);
4_)\ a | 1-(4-Chioro-ghenyl)-
o 373 (d, 1H); 2 78-2 60 {m, 2K}, 2,45 {m, 1H); 2.09-1.93 {m, 1H),
14 " tetratrydro-gyrmale{ 1,2+
\—5 MS: El TSC 700, sourca 180 °C; 74 V, 200 uA: 250 (M+); 184,
a abmidazele-2.5-dlone
mp: 158-16D *C.
"H-NMR [CDCly) §: 716 (00, YH): B BE (dd, 1H); 6.76 (dg, 1H), & &9
’@ 1-{3-Hydroxy-shonyl)- (o, 1H) 5.74 [m, YHY 4 3B (d. 1H), 3 67 (d, 1H); 2.74-2.55 Im, ZH),
15 °" "5 ou | 'clrabydro.pymeto[1.2- | 2,38 {m, 1H), 2.07-1 50 {m, 1H),
e} alimidazole-Z,5-dlone 1S, EI TSQ 700, scurce 180 *C; 7OV, 200 uA: 232(M+.); 176.
mp, 210-211 *C.
'H-NMR |CDCly) & 7.68 {d. 1H): 7 66 (brood s, tH), 7.56 [da, 1H);
1-{3-Triflucromethyl- 7 50 (A, TH); 598 {m, TH); 4 50 (d, TH); 3.76 {d, 1H}; 2.73 (m, 2H);
" c,,[:)\“ ,@ phenyl)-tetrahydro- 2.48 (m, 1H); 2.04 (m, 1H}.
€ | pyrrolo[1,2-a) midarola- MS: EL TSQ 700; source 180 °C, 70 V, 200 uA- 28B4 (M+); 228; 172;
o
2,5-drane 14%.
me: 124-125 °C.
H-NMA {COCL) & 7.68 (d, 2H}, 7.57 {d, ZH), 588 (m, 1H): 4 5 (d,
1-(d-Tnluoremethyl
ﬂ G 1H): 374 (d, 1H), 2 B2-2 67 {m, 2H}: 2 4B (m, 1H), 2.12-1.96 {m, 1H)
o v phenyl)-teirahydro-
17 '\_{ MS: €1 T8Q 700; source 180 "C; 70 V; 200 uA: 2Ha (M+); 228; 172;
pyrelo[1,2-ajimdazale-
[+] 149,
2, bdione

1
;]@'
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1-(4-rAeIncity- phonyl)-
leirahydmo-nyrrola|1.2-
ajimidazele-2.5-dione

THMMR (COCL) O 7 20 (d, 2H), 6.95 (d, ZR); § 74 (m, TH), 4.4 {d,
1H); 3 81 (s, 3H), 3 73 (d, 1H}, 2.79-2 20 (m, 3H); 2 D3-1 B (m. TH).
MS- EI TED 700; scurce 180 °C; 70 v; 200 ub. 246 (M+), 190; 134.
mp: 210-211 °C.

1-(2 5-Dymelhyl-phenyl}
iclranydig-pyrrolo}1,2-
alimcazole-2,5-dione

"H-NMR (COCly) & 698 (s, 2H), 6 88 (s, 1H); 579 {m, 1H), 4.45 (4,
1HY; 3.72 {0, 1H); 2.77-2 53 (m, 2+), 2.44 (m, TH), 2.33 {r, BY), 2.00
{m, 1H).

MS* EI TSQ 700, source 180 *C; 70 v, 200 us 244 {M+); 188; 97,
mp 103-1¢4 *C.

20

1-[3.4-Dimetnhyl-phenyl}-
tetrmahydro-pyrrolofi 2~

apmidazole-2,5-diane

TH.NMR (CDCl3) & 7 18 (d. 1H), 7 16 (d. 1H], 7.04 (dd, 1H): 5.7 {dd,
THY; 4 44 (0, 1H); 3.72 {d, TH); 2 7B-2.52 [m, 2H). 2 44 (m, 1H) 2.28
(5. 3HY; 2.25 (s, 3H), 2 08-1 93 {m, 1H)

MS: ZQ, ESI POS. spray 3.25 KV, source 30 V, probe 250°C 245
IMH4+).

| mp. 142.143 *C.

21 °’£:>\_\€

1-Naphthalen-2-yi-
tetrahygro-pyrraic|1.2-

ajmidazole-2.5-digne

"H-NMR [CDCLy) 5 7.50 (d, 1H), 7 B3 (m, 2H}, 7.76 (d, 1H); 7.61 {ad,
TH); 7.55-7.45 (m, 2H); 5.97 {m, 1H); 4 53 (d, 1H); 2.80 {d, 1H), 2.86-
2 66 (m, 2H). 2.47 (m, TH); 2 15-1.59 (m, 1H).

5 ZQ, ESI POS, spray 3,25 KV; source 30 V, probe 250°C 267
{MH+)

2
23
mp. 175176 "C.
H-NIZR (CDCIy) &, 7 33 {dd, 1H), 7.27 (m, 1H), 7.17 (¢ br, 1H}, 7.12
(bread ¢, THY 582 {m, 1H) 4.46 {d, 1H), 3 74 {d, 1H), 2 82 (m, THY
D ',//‘\) 1-{3-I1sopropyl-phenvi}-
it oA 2 BD-0.57 {m. 2H), Z 46 {m. 1H}. 2 04 (m 1H). 1 26 {2, §H).
77 b LA te'rahydto-ry Talc|1, 2. !
=4, 7” M5 ZQ. E&I POS, spray 3.25 KV; source 30 V. prote 250°C 284
-} ajmidazole-Z,5-dione
{(MH+).
mp 81-82 °C.
- o TH.NNR (COCl) & 7.37 (d, tH), 7.33 (d, 1H). 7 12 (dd. 1H), 5.73 (m,
1.{4-Chioro-3-methyl- 1H), 4,46 (&, 1H), 370 (d, 1HY, 2 70-2 56 !m, 2H), 2 52-2.37 (m, 1H),
f_\\ ',4\ Gl ]
o o= "A\‘/( pteng N-tet:akydio- 2 40 {s. 2H), 2.08-1 23 {m, 1H).
2 .
—-{\ pymolc(1,2-a)imidazole- ME: 2Q, ESI POS, spray 3,25 KV; source 30 V, probe 250°C 258
o
\S-dane (MH=+).
mp 138139 °C.
T -1 ) MM [COTEH) B 7 3¢ (00, OH), 7.28.7.97 (m. BH); T03 [0, 214,
A Ty |wDensyitphenyl 477 (rn. 14), 4 58 (dd, TH), 3.32 (ad, TH), 3 16 (gd, 1H). 2.62 (g,
o L
24 . "\_E te trhydre-pyrrale[1,2- 1Y, 2 462,27 {m, 2H), 1 B (m, TH).
- N\
\:_ < yafimidazale.2,58-cane 45 AQA ESIPos, § 5KV: source 30V, probe 250°C: 307 {MH+)
mp 13+-116"C.
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3-Methyi-1-phenyk
lelrehydro-pyrale[t,2-
alimidaz ole-2,5-dione

TH-NEAR {CDCh) o 742 {m, 4H); 7.22 (m, 1H), 5.83 {m, '1H}); 4.54 {q,
1H): 2 7E-2 58 {m, 2H); 2.45 (m, 1H); 2.10-1 83 (m, 1H); 1.47 (0, 3H).
WS AQA, ES\ Pog, 3 5V, spurce 30V, probe 250°C. 231 {MH+)

mp: 137-138 *C.

26

Alscbutyl1-phenyle
letrahydro-pyrrolof1,2-
alimidazcle-2,5-diohe

TH-NMR (CDCHy) & 741 {m, #H); 7.22 fm, 1H) 5.81 (m, 1H); 4.50
(gd, 1H); 9.78-2 5B {m, ZH); 2 u5 (m, 1H}, 2.07-1.65 {m, Id), 1.54 (m,
1H); 1.08 {d. 3H), D.98 (d, 3H).

ME- AQA ES| Fos, 3 SKV; spurca 30V, probe 250°C: 273 (MH+),

mp 101-102 *C.

N

1-{3-Ftucro-5-methyl-
phenylHetrahydro-
pyelo]1,2-a)midazole
2.5-dione

"H-NMR (CDOCly) & 6.95 {m, 2H); 6 77 {d br, 1H); 5.T8 {m, TH); 4 48| "

[, 1H). 3.73 {d, 1H); 2.84-2.61 (m, 2H); 245 {m, 1H); 2.37 (s, 3H);
2.11-1.94 {m, 1H}.

MS: AQA, ES| Pos, 3 SKV, source 30V, probe 250°C, 245(MH+}),

mp: 111113 °C.

F1 °’[\:)\"’©\/

143-Fhyoro-4-methyl-
phenyl}-letiahydro-
pyrrcio[1,2-afimidazola-
2.5diong

TH-NMR (CDCly) & 7.32-7.18 (m, 2H); 7.05 (ad br, 1H}, 5.78 {m, TH);
4.26 [d. THY; 373 (g, 1H); 2.78-2.63 (m, 2H); 2.50-2.41 (m, TH); 2.58
(s, IH); 2.11.1.94 [m, TH).

MS: 20, ESI POS, spray 3,25 KV, spurce 30 V; probe 250°C. 248
{MH=+), 192, 97,

mp: 138-137°C.,

24

25

29

Te-Melhyl-1-pheayl-
{etrahydre-pyrrolo]1,2-
alimidazcte-2,5-dione

TH.NMR (CDCl3) & 7.52-7.20 (m, 5H); 4.44 (d, 1H), 3.78 {d, TH);
2 B3-2.6B (m, 1M} 2.56-2.42 (m. 2H}); 2.16-2.30 {m, 1H), 1.63 (s, IH).
MS: ZQ, ESI PQS, spray 3,25 KV: source 30 V; probe 250°C: 230
(MH+).

mp 154-155°C.

30

(S)-1-0-Toaly-1e'rahydro-
pyrrolo]1,2-alimidazole-
2,5-diona

'H-MMR [CDCH) & 7 35-7 23 (m, 4H); 7.13-7.06 {m, 1H), L.68 {m br,
1H}; 4.45 {d, 1H); 2.78 (d, 1H), 2.68 {ddd, 1H); 2.48 (ddd, tH); 2.20-
229 (m, 1H}; 2.24 {s, IH); 1.83 {rn br, 1H).

MS: AQA, ESI Pps. 3 5KV; source 30V; probe 250°C 230(M+), 143,
118, 67.

[z]lo = -51.39 (¢= 0 4, MeOH)

at °I\)_\<:';’©

(R})-1-0-Toly!-etrahydro-
pyrelnf1,2-alimidazole-
2.5-dione

"M-NMR {CDCl;) 5 7.35-7.23 (m, 4H); 7.13-7.06 (m, 1H}, 5.89 (m br,|
1H), 4 45 (d, 1H), 3 78 (d, 1H); 2.68 (cdd, 1H), 248 (ddd, 1H); 2.40-
2.29 (m, 1H), 2.24 (s, 3H); 1.93 {m br, TH).

MS: AGQA, ESI Pos, 3 5KV, source 30V; proba 250°C 230(M+), 143,
118. 97.

{a]o = +52.24 (c=0 4, MeDH).

2z

1-{4-Elhyl-phenyl}
lelahydro-pymolo]1,2-

"H-NMR, {COCiy) 6 7.28 {d, 2H); 7.25 {d, 2H); §.80 (m, 1H) 4.45 (d,

TH); 3.74 {d, 1H), 2 78-2.56 (m, 2H); 2.65 {g, 2H); 2.51-2 38 (m, 1H);

A
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ME- 404, ESI Fog, 35KV, source 30V, proba 2507C. 245.3(M+).
mp 96.99°C,

33

1-(4-Izoprepyl-phenyt)-
eirahydro-pymoio]t 2-
alimidazole-2,5-dione

TH-NMR (CDCHY & F.220-7 25 {m, 4H): 5568 [m, 18} 446 (d, 1H),
374 (d, 1H); 2.91 (m, 1H); 2 78-2.57 (m. JH) 2.51-2.40 (m, 1H),
2.15-1 96 {m, 1¥), 1.24 {d, 6H).

MS AQA, ESI Pos, 3.5KV, source 30V, probe 250°C. 259.1 {MH+).
mp: 124.125°C,

34

04:,\\“ : K oon
\_-éu

1-|4-Hydroxsymetiyls
phenyl)-teirahydro-
pyrmolo[1,2-alimidazole-
2,5dicnn

THINBAR (COCH) o 7 41 {m, AHY, 583 ¢m, tH), 470 (s, IH}. 4.07 {d,
1H), 2 74 (4, 1H), 2 79-2.50 {m, 2H}, 2.52-2 37 (m, 1H), 2 10-1.93 {m,
1HY 1.72(s br, 1H).

WS5: AQA, ESL Pos, 1.5KV: soarce 30V; probe 250°C 247.1 (MH+).
mp* 159-161°C,

35

0%{@\:0%
o

4-(2 5-Digxo-hexahydro-
pyfmalo[1,2-a)midazol-1-

vl)-bensoic acid

"H-NMR [COCl) & 80G {d, 2H), 7.47 (d, 2H); 585 {m, 1H), 4.43 (d.
1H) 371 (d, 1H), 2.77-261 {m, 2H); 2 5-2 36 {m, 1H); 2.05-1.91 (m,
1H).

MS AQA. ESIPos, 3 5KV, source 30V, prabe 250°C Z61 0 {MH+)
mp. 252-253°C.

26

04[}\" \"j couEr
_{\:CJ

4-{s E-Dwsc-nexahydro-
pymolc[1,2-a)midazol-1-

vI}-benzoic acid elhyl ester

"H-NIR (CDCly) & £ 10 (d, 2H), 7.52 (d, 2H), 5 B8 (m, 1H); 4.50 (d.
MY 4 38 (g, 2HY; 375 {d, 1H); 2.82-2 66{m, 2H}; 2.56-2 38(m, 1H);
2.12-1 9d(m, 1HY; 1 300, 3H).

26

27

WS: ADA, ES! Pos, 3.5V, sowce 30Y, probe 290°C ZPS 4 (MH+),
218.4.
mp. 158-159°C.

37

e

1-(8-Mislhene sulfonyl-
phenyly-telrahydro-
Fyroio{1,2 ahmidazale-

2 5-dione

1-[-Fluprc-phenyl)
lelrmyero-pyrialnft,2-
alimedazate-2.3-cione

TE-TIEAR (COCE b - D8 (3, 2}, 7 65 {0, =), 580 {m, 11), | 54 {0,
TH), 377 (d. 1H), 205 (s, 3H), 2 8a-2 BB {m. 2H), 2.57-2.42 (m,1R),
2 111,93 {m, 1H).

S AQA, ESI Par, 15KV, source UV, ggbe 250°C 295 1 (MH+]
S12.7 (MHNH3+),

mp. 143-145°C,

TRHMR (CDCHY S 7 27 (m, 241, 7 12 (dE M), 578 (m, 1H) 247 (2 i
1H), 3 74 {d. 1H), 2 B0-2 56 [m, 2H}. 2 46 {m, 1H); 2 08-1 93 {m, 1H)
MSIAQA ESI Pos, & SKY, source 30V, poobe 250°C 235 1 (MH+}
mp 158-159°C

1-{+-Cyano-phe nyl)-
herahydre-pyrelo[1,2-

almdazelc-2 5-cione

T TNIR (CDCY S 772 {d, 2H), 78U (d, ZH), 587 {m. 1H), 4 52 {d,

1H), V76 (d, TH), 2 B4-2 B (m, 7H). 2.57-2 43 [m, 1H); 2 14-1 84 {m,
1H)

hE KOA, ESIPos, 5 5KV, source 30V, orobe 250°C. 242 1 (MH+)
mp. 175.176°C.

I
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a0

1-Pyndin-2-yl-tetranyd o-
pynolp/t.2-alimidazole-
2.5-dipne

"M-NMFR. (CDCly} & € 34 (ddd, 1H); B.20 (ddd, H); 7.75 (ddd, 1H);
7.11 {dod, 1H); 6.84 (dd, 1H); 4.52 {d, TH), 2.7D (d, 1H), 3.09-2.67
(m. 1Hy, 2.78-2.66 {m, 1H), 2.41 (ddd, 1H); 215-2.00 [m, TH).

MS: AQA, ESI Pos, 3,.5KV; source 30V; probe 250°C: 218.4 [MH+),
mp- 139-140°C.

a1

1-Pyridin-3-y!-tetrahydro-
pynotofl.2-alimidazole-
2.5dlpne

"H-NMR (CDCIy) & 8 55 (m, 2H); 8.04 {d, TH); 7.3¢ (m, 1H); 5.88 (m,
1H); 4 50 (d, TH}, 375 (d, 1H}); 2.84-2.67 (m, ZH), 2.58-2 40 {m, 1H);
2.14-1.85 {m, TH).

MS: AQA, ESI Pos, 3 5KV, source A0V; proba 250°C 218.4 (MH+)
mp 180-1B2*C.

42

1-(5-Melhylpyidin-2-yl}-
letrahydropyrrolof1,2-
almidazpie-2,.5-dione

"H-NMR (CDCly) & B.15 {d, TH}; B.O7 (¢, 1H); 7.55 [cd, TH}; 6.02 (dd,
1HY; 448 (d, H}; 3.77 (d, 1H); 3.05-2.94 {m, TH);:2.77-2.62 (m, TH);
2.40 (ddd, 1H), 2.31 (s, 3H),2.12-1.87 (m, 1H).

MS. AQA, ESi Pgs, 3.5KY; spurce 30V, probe 250°C 232.1 [MH+).
mp: 158-159°C.

43

1-(2-Cyano-phenyl)-
{elrahydro-pyrrole]1,2-
ajwmidazale-2.5-dione

TH-NMR [CDCly) 5. 7.78 (d, 1H), 7.70 {dd, 1H); 7.48 (cd, 1H); 7.36 {4,
1H), 585 (m, 1HY; 4 50 {d, 1H), 3.81 {d, 1R); 2.85-2 64 {m, 1H); 2 58-
2 41{m, 2H), 2.08-1.93 {m, 1H).

MS: AQA, ES| Pos, 3.5KV, saurce 30V, praba 250°C 242 1 {MH+),
mp 94-85°C.

28

1-(3-Fiuoro-phenyl}
telrahydre-pyrrolo(1,2-
ajimdazole-2,5-dong

TH-NMR (CGCiy) & 7 38 (ddd, 1HY, 7.29 (ddd, 1H); 7.15 (2dd, TH);
6 95 (dddd, tH) 5.81 {m, 1H); 4.49 (d. 1H): 3.75 (d, 1H), 285-2.65
(m, 2H); 2.53-2.40 {m, 1H); 2.13-1.97 {m, 1H})

MS ADA, ESI Pos, 3 SKV: source 30V; probe 250°C. 235.1 [MH+).
mp. 148-1459°C.
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Fhermzcologic Nisitheds
Chrenic conciriclion infury mede!

A peripheral mononeuropathy was produced in adult rats by placing loosely
conelrictive ligelures around the common scizlic nerve according to the method
described by Bennelt & Xie (Pain 1€06, 33, 87-107).

Rate were anesthelized with chloral hydrate. The common sciatic nerve was
exposed at the level of the middle of the thigh by biunl dissection through biceps
fermoris. Preximal to sciatica’s trifurcation, sbout 1 cm of the nerve was freed of
adhering tissue and four ligatures (3/0 silk tread) were tied loasely around it with
otout 1 mm spacing. The length of the nerve thus aflected was 1 em long. Great
care was tzken lo lie the ligatures such that the diameter of the nerve was seen io
be just barely censiricled when viewed wilh 40 x magnification. The left paw was
uniouched.

Paw pressure test

The nociceplive threshcld in the rat was determined with an analgesimeter (Ugo
Cesile, Varese, Italy), according to the method described by Leighton el al. (B J.
Phermecol. 168B, 93, ££3-£60). Rats scoring below 40 g or over 75 g during lhe
tesl tefcre drug administration (25%) were rejecled. An arbitrary cut-off value of
250 g was adopted.

All experiment were perfarmed on rats submitted to paw-pressure test 14 days afler
the ore ralion since at Lhis lime a significantly reduction of the pain Ihreshold of the

injured paw (dx) was cbserved.

Gabarpenlin (30 ug f.c.v.), levetiracclam (300 ug i.c.v.), dimiracetam (100 ug i.c.v.),
Excmple 1 (10pgicv.), Example 2 (10 pgic.y.), Example 5 (3 pig i.c.v.), Example
6 (3ug lLev), Example 13 (30 g ic.v.) and Example 22 (30 pg i.c.v.} of the
presenl invention showed an anlihyperalgic effect when compared wilh saline or
vehicle freeted grenp. All compends did not modify pain Lhreshold in controlateral,
ncn cperolzd, pew. It thould be ncted ihal all compeunds elicited their

sntihypernigic effect valhowt changing animals’ gross behavior and speontaneous




A

WO 2004083438 PCT/EP2O0/050339 9,5’
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mofility in compearizon with zzlinefvehicle tremied rele, Furtbsrmore no modification
of motor coordination was revealed by the rat rota-rod test (Vaught J. et al.
Neurcphamacology 1283, 24, 211-218).
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EFFECT OF COMFOUNDS OF THE INVENTION AND
REFERENCE COMFQUNDS (icv) IN A RAT MODEL OF
HMONONEUROPATHY dx EVALUATED IN THE  PAW-
PRESSURE TEST _

Paw pressure fn rats

(q)

TREATMENT  (1L.C.V.) Paw Before After

Treatment Treatment
SALINE dx 24.3+29 237+25
VEHICLE dx 266+ 35 229+36
GABAPENTIN 30 ug dx 245+ 47 46.3 +4.2*
LEVETIRACETAM 300 ng dx 240+239 37.3+46"
DIMIRACETAM 100 pg dx 25.1+24 428+25
ExampPlE 1 10 pg dx 260+22 383 +51
EXAMPLE 2 10 ng dx 23.5+40 422+ 39"
EXAMPLE 5 3ug dx 277 +28 39.3 + 4.5
ExamPLE & 3 ug dx 26.7+36 46.1 + 5.0°
EXAMPLE 13 30 pg dx 285+29 55.4+47T
EXAMPLE 22 30 pg dx 254 +27 485+ 4.6°

Fack valoe toy tesente the ez of at learl 8 rdts (wo separate e perincits
} [ g

All compounde were admmsiered 20-45 min befure test. » P< 01.05, * P<(.0]
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CLANS
1. Compounde of the general formula (1)

V)

A
R
4
(CH,)n N o
®; N

Q 9192

In which:

A is chosen among carbocyclic aromatic groups, heteracyclic aromatic groups,

and arylC.salkyl;

R4 is chasen amang:

- hydrogen,

- arylC,ralky), oplionally substituted on the aryl moiety with one or more
groups chosen among hydroxy, Cq4alkoxy, halogen, haloCi.alkyl;

- heterocyciyiCrzalkyl, cptionally substituted on the heterccyclyl molety with
one or more groups chosen amang Catkyl and hydroxy;
C17 atkyl, optionally interrupted by an axygen or sulphur atom or optionally
substituted at any position by one or more groups chosen among hydroxy,
thio, amino, carboxyl!, aminocarbanyl, guanidinyl.

R;: is chasen amang hydrogen, Ci4alkyl, arylCsalkyl and phenyl;

or else Ry and R;, taken logether, form a saturated carbocyclic ring containing

from 3 {o B carbon aloms;

R, is chosen among hydrogen, C..alky!, arylCaatkyl, CONH; and COOR;sin

which Rs is chosen between hydrogen and Ci4alkyl;

R4 is chosen among hydregen, Craalkyl, aryl, arylCqaalkyl and heterocyclyt;

nis 2, 3 or4;

in the form of a racemic mixture or in the form of enantiomers, and

pharmaceulically acceplable salts or solvales thereof.

2. The compounds according o Claim 1, in which: A is phenyl, thienyl, pyridyl,

pyrimidinyl group, opfionally substilwled, henzyl or d-methylbenzyi; Ry is

"
7
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hedronen, Cqs sllyl, benzyl, -CH-OH, -CHCH-COMH,, -CH:COOH, indel(3-
viymethyl; R Iz hydrogen, Cyy alkyl or benzyl; Ry and Ry 2rg hydrogen or
methyl, and nis 2.

3. The compounde zccording to Claim 2, in which: A ig phenyl optionally
substituied; R;, Ry, R; and R, are hydrogen; and nig 2.

d. The compourds eccording te Cleime 4-3, in which £ iz substtvted with 110 3
substiluve nts chosen emong Me, Et, i-Pr, OH, COOEt, COOH, CH.CH, SONH,,
£0-Me, OMe, Ci, F, CN and CF,,

5. The campounds according lo Claim 4, in which A is substituted wilh 1 to 3
substituents chezen among Me, EY, i-Pr, OH, CN, Cl and CFa.

6. The compeounds according to Cleim 1 or 2, in which said Ci<alkyl group is
chosen among Me, Et, i-Pr, i-Bu and cyclopropylmethyl.

7. The ecmpouncs zccerding lo Claim 1, chosen in the group consisling of:
1-Phenyl-tetre hydro-1H-pyrrolo[1,2-ajimidazole-2,5-dione;
1-o-lolyl-tetrehycro-1H-pyrrolof1,2-ajimidazole-2,5-dicne;
1-{2,6-Dimethyl-rhenyl)-letrehydra-pyrrole]1,2-alimidazole-2,5-dione;
1-Thiophen-2-yl-tetrahydro-pyrrolo{1,2-alimidazole-2,5-dicne;
1-m-Tolyl-etrahydro-pyrrolo[1,2-a] imidazale-2,5-dione;

1-p-Tcolyl-tetre hydra-pyrrelo[1,2-2] imidazole-2,5-dione;
1~{5-Flucro-2-methyl-phenyl)-tetrahydro-pyrrolof1,2-alimidazole-2,5-dione;
1-(3-Flucro-2-reeihyl-phenyl)-tetrshydro-pyrrolo[1,2-alimidazole -2, 5-dione;
1-(2-Trifluoromethyl-phe nyl}-letrabiydro-pyrrola[1,2-a)imidzzole-2, 5-dione;
1-(4-Chlcre-2-methyl-phe nvl)-ictrahydro-pyrrolo[1,2-alimidazole- 2,5-dione;
1-{3-Chlcre-phenyl}-te lre hvdre-pyrrolp[1, 2-alimidar ole-2 5-dione;
1-(3-Methoxy-chenyh)-tetrebydro-pyrrolo]1, 2-a)imidazote-2,5-dione;
1-{3-Cyano-ghenyl)-tetrehydro-pyrrolol,2-alimidazote-2 8-dicne;
1-(4-Chlcre-phenyl)-1elrehydro-pyrolo[1,2-alimidaz ole-2,5-dione;
1-(3-Hydroxy-phenyl)-telrnhydro-pyrrolo[1, 2-alimida-ole-2, 5-dione;
1-(3-Triflucremethyl-phenyl)-tetrehydro-pyrrolo[1.2-alimidazole-2,5-dicne;
1-{4-Trifluorcmelhyl-£he nylj-telrehydro-pyrolo{1,2-alimidazole-2,5-dione;
1-{4-Methexy-phenyl)-ic irehydre-pymrola[1,2-2midazale-2,5-dione;
1-(2,5-Cimchyl-pheny}-w trahydra-pyrrolo[ 1,2-almidazole-2,5-dione;

1-[2,4-Simcthyl-phenyD-lelre hydre-pyrrolo] 1,2-a)imidaz ole-2 5-dwne;
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1-Maphthaien-Z-yl-te trahydro-pyrrolof 1, 2-a]imid=zole-2, 5-dione;
1-(3-l=opropyl-phenyl}-leirahydro-pyrrolo[1,2-alimidazole-2,5-dione,;
1-{d-Chloro-3-methyl-phenyl)-leirahydro-pyrrolo[1,2-a]imidazole-2,5-dione;
3-Benzyi-1-phenyl-tetrahydro-pyrrole]1,2-alimidazole-2,5-dione;
3-Methyl-1-phenyl-tetrahydro-pyrrolo[1,2-a]imidazcle-2,5-dione;
3-lsebulyl-1-phenyl-letrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-(3-Fluoro-5-methyl-phenyt)-tetrahydro-pyrmrolo[1,2-alimidazole-2,5-dione;
1-{3-Fluoro-4-methyl-phenyl)-tetrahydro-pyrrolo[1,2-a]imidazole-2,5-dione;
7a-Methyl-1-phenyl-letrahydro-pyrrolo[1,2-alimidazole-2,5-diona;
(8)-1-0-Talyl-tetrahydro-pyrralal1,2-alimidazale-2,5-dione;
(R»1-0-Tolyl-tetrahydro-pyrrolo[1,2-a)imidazole-2,5-dione;
1-{4-Ethyl-phenyl)-tetra hydro—pym?loﬁ ,2-alimidazole-2,5-dione;
1-{4-Isopropyl-pheny!}-tetrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-(4-Hydroxymethyl-phenyl)-teirahydro-pyrrolo[1,2-a)imidazole-2,5-dione;
4-(2,5-Dioxo-hexahydro-pyrrolo[1,2-a)imidazol-1-yl}-benzoic acid;
4-(2,5-Dioxo-hexahydro-pyrrolo[1,2-ajimidazol-1-yl)-benzoic acid ethyl esler;
1-(4-Methanesulfonyl-phenyl}tetrahydro-pyrrolo[1,2-alimidazole-2,5-dione;
1-(4-Fluoro-phenyi)-tetrahydro-pyrroio{1,2-alimidazole-2,5-dione;
1-(4-Cyano-phenyt)-tetrahydro-pyrrolal1,2-alimidazole-2,5-dione;
1-Pyridin-2-yl-tetrahydro-pyrolo[1,2-ajimidazole-2,5-dione;
1-Pyridin-3-yl-tetrahydro-pyrrola[1,2-afimidazole-2,5-dione;
1-(5-Methylpyridin-2-y|)-tetrahydropyrralo[1,2-alimidazole-2,5-dione,
1-{2-Cyano-phenyl)-tetrahydro-pyrralo[1,2-alimidazole-2,5-dione;
1-{3-Fluoro-phenyl)-tetrahydro-pymolo[1,2-alimidazole-2,5-dione;
1-Benzyl-tetrahydro-pyrrolo[1,2-3])imidazole-2 5-dione.
1-(4-methylbenzyl}-tetrahydro-pyrrolo]1,2-alimidazcle-2,5-dione.

pracess for the preparation of the compounds of formula (1) as described in

aim 1, comprising the reaction of a compound of formula (1)

_Ax
??,
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(I
with a compound of formula (M)
A-X
(1
5 in which A, Ry, Rz, Ra, R: and n are defined as in Claim 1, and X is a halogen
atom, o cbtain the desired compaounds of formula {1).
P8 the process according lo Claim 8, in which in the compound of formula (1) X
I\‘is{chosen between bromine and iodine.
40. The process zccording o Cleims 8-8, for the preparation of the compounds

10 DL/Ormula {1} wherein A is a carbocyclic aromatic group or a helerocyclic
arcmetic group, opticnelly substituted, in which the compound of fermula (Il) is
dissclved in an appropricle sclvent fogether with the compound of fermuia (111}
in the presence of 8 base and of a calalytic emount of a copper salt, at a
lempersture of between 60°C and 140°C.

15 11, The process according to Claim 10, in which said solvent is N-
methylpyrrolidene, said base is potassium carbonate, said copper salt is copper
iodide, and the regctlion is ccnducted at a temperalure of 120°C.

12. The process according ¢ Claims £-9, for the preparation of the compounds
of fermula (1) wherein A is arylCy..zlkyi, in which the compound of fcrmula (11} is

20 dissclved in an gppropriale seivent logether with the compound of farmula (1),
in the prezcnce of 2 suileble bise al € lemperature between 80°C and 140°C,
i3.The process accercing te claim 12, in which said solvent is chosen among
acclonilrile, methylene chloride, acetone, said baese is chosen among
ricthylamine, pciassiwum  csrbonate,  Z-ferf-Bulylimine-2-diethylamino-1,3-

25  dimethylperhydic-1,3,2-dizzaphcephonne, N N-Diisc-propylelhylamine, at a
lemperature of 100°C.

14. The process for the preparation of compounds of formula {1 as described in

Clzim 1, comprising the following slages;
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i} rezclion of 2n aminozacid of formula (V) or of one of its activated derivatives

(V)
with a compound of formula (V}

A-NH,
V)

1o obtain a compound of formula (V1);

0
A N
\H \P
Ry R,
i}

in which Ry, R; and A are as defined above in Claim 1, and P is H or a suitable
protective group;
ii} reaction of the compound of formula (VI) obiained in stage i) with a

compound of formula (VII)

W)
0

RMCOOR’
A
R NI
/ N
COOR
N

/

P
Ry Ry
{c oblain a compound of formula (VIII)

PCT/EP2004/050339
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(viih)
in which A, R,, Rz, R, Ry and n are 2z defined in Claim 1, F i defined as
above, and R’ is an alkyl group;
iii) peezible removel of the pretective aroup P by means of hydrogenolysis of the
compeund of formulz (VIH) oblzined frem etzae i), 1o obtzin the corresponding
comgound (VIIl), in which P is H; and
iv) cyclizetion of the compound of formula (VIlI), in which F is H coming from
stage ii) or from stege iii}, to cbiain the desired compeund of formuta (I).
15, The process accerding to Claim 14, in which R' is chosen between methyl
end fer-butyl, and P is chosen between H, benzyl and benzyloxycarbonyl.
16. The process according 1o Claim 14, in which, in said slage iv), the
cyclizeticn reaction is camied out by heating the compound (VII1) in the absence
of solvert at 120°C and in vacuum conditions, or else by reflux-healing the
compound (VIIl) in rylene for € time comprised between 4 hours and 3 days.
17. The proccss according Ic Cleim 14, in which said stage if) is conducted by
reflux-heeling the ccmpounds of fermula (VE) and (VII) in a protic solvent for a
time cemprised beiween 2 ang 24 hours, possibly in the presence of a base.
18. The procers accerding to Cleim 14, in which the reaction described in slage
i) is cenducied between the acidic chloride of the compound (V) and the
compeund (V) in the presence of an inorganic or crganic base in a suitable
eprotic sclvent a] a temperature of between -70°C and 50°C.
19. The procees according to Claim 14, in which the reaction of stage i) is
concucled by reacting legether the compound (1V) and the compeund (VY in the
presence of a suilable concensating ageni, in an aprotic schent al a
temgerature of belween -70°C and 50°C,
20. The process according to Cleims 18 or 19, in which said temperature is
compfised between -310°C and 20°C.
21. A pharmaceuticel compesifion comprising as active principle one or mare
compeunds of fcrmula (1) as described in Claim 1, or pharmaceutically
accepiable salls vr solvatles thereof.
22. The phamaceclical comperihion accerding to Claim 21, further comprising

veclors, ciluents ancl/or pharmeceutically acceptable excipients suilable for

PCT/EPOG4/050339
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forms of adminizlretion chocen bztwsen oral, parenieral, rectal, iransdermal,
and transmucosal.

23. The pharmaceutical compozition according to Claims 21 and 22, in the fom
of solufions, suspencions, scluble powders, granules, microcapsules, capsules,
lozenges, lablets, cosled iablets, supposilories, creams, oiniments, lotions,
pastes, medicaled plasters, membranes or gels.

24. The use of a compound of formula (1) as described in Claim 1 or of one of its
pharmaceutically acceptable salt or solvate for the preparation of a medicament
having nootropic andfor neuraprotective, analgesic and/or anti-hyperalgesic,
and anti-emetic actian.

25, The use according to Claim 24, for the treaiment of leaming and memary
deficits, Alzheimer's disease, dementia, senile dementia, post stroke vascular
lype dementia, epilepsy, cerebral ischaemia, mood disorders, depression, for
the treatment of conditions of chronic pain, inflammatory pain, neuropathic pain,
viseeral pain, and for the treatment of emesis.

26. The use according 1o Claim 24, in which said compound of formula (I) is
adminislered in association, concurrently or sequentially, with one or more other
active principles.

PCT/EP2HI4I05N 39
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DERIVADOS DE PIRROLOIMIDAZOLE, SU PREPARACION,
COMPOSICION FARMACEUTICA QUE LOS CONTIENE Y SU

UTILIZACION COMO AGENTES NOOTROPICOS

Campo de Ia Invencién

La presente invencion esta relacionada con nuevos compuestos de la
formula (I) que aparece de aqui en adelante, el proceso para su preparacion, las
composiciones farmacéuticas que lo contienen, y su utilizacion como agentes

nootropicos, neuroprotectores, analgésicos y anti-hiperalgésicos.

Estado de la Técnica

Compuestos del estado del arte que poseen actividad nootrépica ya se
conocen en la literatura. En particular, los derivados sustituidos en posicién 4
de 2-oxo-1-pirrolidineacetamida son agentes psicotropicos validos que re-
establecen funciones cognitivos dafiados. Estos compuestos se describen, por
ejemplo, en Pharm. Res. Commun. 16, 67, 1984 por Banfi, et al. y en Drug

Development Res. 2, 447, 1982 por Util et al.

Entre las moléculas mas ampliamente conocidas que pertenecen a la
arriba mencionada clase se pueden citar: 2-oxo-1-pirrolidineacetamida
(piracetam),  4-hidroxi-2-oxo-1-pirrolidineacetamida  (oxiracetam), 2-(2-
oxopirrolidin-1-il)butiramida (levetiracetam) y N-(2, 5-dimetilfenilo)-2-oxo-1-

pirrolidineacetamida (nefiracetam).
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Otra clase quimica que posee actividad nootrépica esta representada por
derivados imidazolic condensados, en particular 2,5-dioxohexahidro-1H-
pirrolo[1,2-a)imidazole(dimiracetam), descritc en EP 335483 y en WO-

9309120, y en J. Med. Chem., 36, 4214, 1993 por Pinza M. et al.

Recientemente, se ha demostrado que nefiracetam podria ser un buen
agente terapéutico en el tratamiento de dolor neuropatico. La accion anti-
hiperalgésica inducida por nefiracetam parece ser de naturaleza no-opioide y
probablemente es debida a la estimulacion del sistema nicotinico colinérgico a
nivel espinal y siper espinal (Rashid Harunor M. D. J. Pharmacol. Exp. Ther,

303,226, 2002).

Breve Descripcion de la Invencién

El solicitante actual ahora ha encontrado nuevos imidazolones biciclicos
N-sustituidos de la férmula (I), que apareceran en seguida, que han demostrado
propiedades psicotrépicos mejorados y efectos anti-hiperalgésicos y analgésicos
mas marcados en varios modelos de dolor neuropético, comparado con los

agentes nootropicos ya conocidos.

Consecuentemente los compuestos actuales de la formula (I) son utiles
en el tratamiento de muchos desordenes del sistema central nervioso (SCN), por
ejemplo en el deterioro del aprendizaje, disfuncion de la esfera cognitiva y de la
memoria, enfermedad de Alzheimer, demencias, incluyendo demencia senil del

tipo de Alzheimer, demencia vascular post-apoplejia, epilepsia, isquemia



cerebral, desordenes del humor, incluyendo depresidén, dolor cronico,

inflamatorio, neuropatico y visceral, y emesis.

En consecuencia, compuestos de la formula general (I) son

5 representativos del tema de la invencidn actual

ey

10 (CH,) N

en la cual:
15
A se escoge entre los grupos aromaticos carbociclicos, grupos aromaticos
heterociclicos y arilC, 4alquilo;
R, se escoge de entre:
20 - hidrégeno;
- aril Cy7alquilo, opcionalmente sustituido en la fraccion alquilo con uno
o mas grupos escogidos de entre hidroxi, Cisalkoxi, halogeno,
haloC,4alquilo;
25
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- heterociclilC;.7alquilo, opcionalmente sustituido en la fraccidn
heterociclil con uno o més grupos escogidos de entre Cj4alquilo e
hidroxi;

- Cisalquilo, opcionaimente interrumpido por un dtomo de oxigeno o
azufre o opcionalmente sustituido en cualquier posiciéon por uno o0 mas
grupos escogidos de entre hidroxi, tio, amino, carboxil, amino-carboxil,

guanidinil,
R; se escoge de entre: hidrégeno, C,4alquilo, arilC,4alquilo y fenil;
0 bien se toman juntos R, y Ry, de un anillo carbociclico saturado que contiene

entre 3 y 8 atomos de carbén;

Rj3 se escoge de entre hidrogeno, C;.salquilo, arilCsalquilo, CONH; y COORs

en donde Rs se escoge de entre hidrégeno y Ci4alquilo;

Ry se escoge de entre hidrégeno, Ciualquilo, aril, arilC;4alquilo y heterociclil;

nes2, 304,

en la forma de una mezcla racémica o en la forma de enantiémeros, y sales

farmacéuticamente aceptables o solvatos de éstas.
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El proceso de preparacion de los compuestos de la formula (1) que
aparece arriba, los compuestos farmacéuticos que la contiene y su uso en la
preparaciéon de medicamentos con acciéon nootrdpica y neuroprotectora, con
accion analgésico y/o anti-hiperalgésica, y accion anti-emética, constituyen otra

materia de la invencion.

Se ilustraran las caracteristicas y ventajas de los compuestos actuales de

la férmula (1) en detalle en la siguiente descripcion.

Descripcion de las Figuras

Las Figuras la, 1b son ejemplos no-limitantes de aminoacidos de la
formula (IV), utiles en la sintesis de los compuestos de la formula (I). La

porcién dentro del circulo indica el sustituyente R;.

Descripciéon Detallada de Ia Invencion

Dentro del marco de la invencién actual, el término “grupo aromaético
carbociclico” significa anillos aromaéticos sencillos o fusionados con 6 a 12

elementos del anillo, opcionalmente sustituidos.

Los términos “grupo aromatico heterociclico” y “heterociclil” significan
anillos sencillos o fusionados no-saturados, cada anillo con entre 5 y 12
elementos que consisten en hasta cuatro hetero atomos, escogidos de entre

oxigeno, azufre y nitrégeno, opcionalmente sustituidos.
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Cuando no estd especificado, el término “aril” significa anillos
insaturados sencillos o fusionados, cada anillo tiene entre 5 y 8 elementos, y de
preferencia de 5 o 6 elementos, opcionalmente sustituidos; por el término
“arilC4alquilo” se indica un grupo que tiene un grupo aril, como se definié
arriba, y una fraccién alquiloC;4 que conecta el grupo aril al punto de

sustitucion.

Todos los arriba mencionados grupos Ci.4alquilo, inciuyendo aquéllos
que forman parte del grupo arilC4alquilo, pueden ser indistintamente lineales o
ramales o ciclicos (por ejemplo, ciclo-propil, ciclo-propil-metil o
metilciclopropil). Los grupos alquilo C1-C4 preferidos son Me, Et, i-Pr, i-Bu, y

ciclopropilmetil

Todos los arriba mencionados grupos C;.alquilo, incluyendo aquéllos
que forman parte de los grupos que contienen C;salquilo, pueden ser
indistintamente lineales, ramales o ciclicos, y pueden incluir enlaces dobles o
triples. El término *“grupos C;.7alquilos interrumpidos por oxigeno o azufre”
significa, respectivamente, cualquier grupo éter y tio-éter que contiene entre 1 y

7 atomos de carbon.

El término “heterociclilC,.7alquilo” indica un grupo que tiene un grupo
heterociclil, como se defini6 arriba, y una fraccidn alquiloC:.; que conecta el

grupo aril con el punto de sustitucion,
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El término “arilC,alquilo” indica un grupo que tiene un grupo aril,
como se definié arriba, y una fraccién alquiloC;7 que conecta el grupo aril con

el punto de sustitucion.

“Halégeno™ significa un atomo escogido entre flior, cloro, bromo y
yodo; “haloC;. salquilo™ significa un grupo alquiloC,4 sustituido en cualquier

posicion por uno o mas atomos de halégeno, por ejemplo trifluorometil.

Si no se indica lo contrario, grupos “sustituidos opcionalmente” son
grupos sustituidos opcionalmente con 1 a 3 sustituyentes escogidos, de
preferencia, de entre Me, Et, i-Pr, OH, COOEt, COOH, CH;0H, SO0,NH,,
SO,Me, OMe, C), F, CN y CF3, y mds preferentemente Me, Et, i-Pr, OH, CN,
C! y CFs; los sustituyentes pueden estar en cualquier posicion en el grupo que

se vaya a sustituir.

Los compuestos preferidos segun la invencién son compuestos de la
formula (I), en los cuales A es un fenil sustituido opcionalmente, un bencilo
sustituido opcionalmente o un grupo aromatico heterociclico sustituido
opcionalmente con 5 6 6 elementos, y que consiste en hasta dos 4tomos hetero
escogidos de entre oxigeno, azufre o nitrogeno, R;, Rz, R3 y R4 se escogen entre

hidrogeno, Ciaalquilo o bencilo, y nes iguala 2 6 3.

De preferencia, A es fenil, tienil, piridil, grupo pirimidinil,
opcionalmente sustituidos, bencil o 4-metilbencil; R: es hidrogeno, C;4alquilo

(por ejemplo metil, isopropil o isobutil), bencil, -CH:OH, -CH,CH,CONH,,
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-CH;COOH, indol(3-il)metil, R, es hidrogeno, C;.salquilo o bencil, R; y R4 son

hidrégeno o metil, y n es 2.

Mas preferentemente, A es un fenil opcionalmente sustituido, Ry, Rz, R3

y R4 son hidrégeno, y n es igual a 2.

Cuando R; y R, tomados juntos, forman un anillo carbociclico saturado
que contiene entre 3 y 8 atomos de carbon, el compuesto que resulta de la

formula (1) es un compuesto espirociclico.

Compuestos preferidos de la formula (I) de acuerdo con la invencion se eligen
de un grupo compuesto por:
1-Fenilo-tetrahidro-1H-pirrolo[1,2-a]imidazole-2,5-diona;
1-o-tolil-tetrahidro-1H-pirrolo[1,2-a]imidazole-2,5-diona;
1-(2,6-Dimetil-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-Tiofeno-2-il-tetrahidro-pirrolo[1,2-aJimidazole-2,5-diona;
1-m-Tolil-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-p-Tolil-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
1-(5-Fluoro-2-metil-fenilo)-tetrahidro-pirrolo[ 1,2-a)imidazole-2,5-diona;
1-(3-Fluoro-2-metil-fenilo)-tetrahidro-pirrolo[1,2-a}imidazole-2,5-diona;
1-(2-Trifluorometil-fenilo)-tetrahidro-pirrolo{ 1,2-a]imidazole-2,5-diona;
1-(4-Cloro-2-metil-fenilo)-tetrahidro-pirrolo[ 1,2-aJimidazole-2,5-diona;
1-(3-Cloro-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona,
1-(3-Metoxi-fenilo)-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;,

1-(3-Ciano-fenilo)-tetrahidro-pirrole[ 1,2-a]imidazole-2,5-diona;
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1-(4-Cloro-fenilo)-tetrahidro-pirrolo]1,2-a)imidazole-2,5-diona;
1-(3-Hidroxi-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
1-(3-Trifluorometil-fenilo)-tetrahidro-pirrolo(1,2-alimidazole-2,5-diona;
1-(4-Trifluorometil-fenilo)-tetrahidro-pirrolo[ 1,2-a)imidazole-2,5-diona;
1-(4-Metoxi-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
1-(3,5-Dimetil-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
1-(3,4-Dimetil-fenilo)-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;
1-Naftalen-2-il-tetrahidro-pirrolo[ 1,2-a}imidazole-2,5-diona;
1-(3-Isopropil-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(4-Cloro-3-metil-fenilo)tetrahidro-pirrolo[ 1,2-alimidazole-2,5-diona;
3-Bencil-1-fenilo-tetrahidro-pirrolo{ 1,2-a]imidazole-2,5-diona;
3-Metil-1-fenilo-tetrahidro-pirrolo[1,2-a}imidazole-2,5-diona;
3-isobutil-1-fenilo-tetrahidro-pirrolo{1,2-a]imidazole-2,5-diona;
1-(3-Fluoro-5-metil-fenilo)-tetrahidro-pirrolof1,2-a}imidazole-2,5-diona;
1-(3-Fhuoro-4-metil-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
7a-Metil-1-fenilo-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
(S)-1-o0-Tolil-tetrahidro-pirrolof 1,2-a}imidazole-2,5-diona;
(R)-1-o0-Tolil-tetrahidro-pirrolo[ | ,2-a}imidazole-2,5-diona;
1-(4-Etil-fenilo)-tetrahidro-pirrolo[ 1,2-a}limidazole-2,5-diona;
1-{4-Isopropil-fenilo)-tetrahidro-pirrolo[ 1,2-alimidazole-2,5-diona;
1-(4-Hidroximetil-fenilo)-tetrahidro-pirrolo[1,2-a]limidazole-2,5-diona;

4-(2,5-Dioxo-hexahidro-pirrolo[ 1,2-a)imidazole- 1-il)-acido benzoico;

4-(2,5-Dioxo-hexahidro-pirrolo[1,2-a)imidazole-1-il)-acido benzoico etil éster;

1-{4-Metanosulfonil-fenilo)-tetrahidro-pirrolo[1,2-ajimidazole-2,5-diona;

1-(4-Fluoro-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;

il
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1-(4-Ciano-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-Piridina-2-il-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;
1-Piridina-3-il-tetrahidro-pirrolo[1,2-a}imidazole-2,5-diona;
1-(5-Metilpiridin-2-il)-tetrahidropirrolo[ 1,2-a]imidazole-2,5-diona;
1-(2-Ciano-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(3-Fluoro-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-Bencil-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;

1-(4-metilbencil)-tetrahidro-pirrolo[ 1,2-a}imidazole-2,5-diona.

Se debe notar que algunos de los compuestos de la formula (I) pueden
contener uno ¢ mas centros estereogénicos. La invencion actual se extiende a
todos los isdbmeros opticos de los compuestos en sus formas enteramente o

parcialmente resueltas y en la forma de mezclas racémicas.
Otra materia de la invencion es el proceso para la preparacion de los

compuestos de la formula (T), o de una de sus sales, y/o uno de sus solvatos, que

consiste en la reaccion de un compuesto de la formula (II)

R,

Ry
o
o)
R “75
(D o g

10
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con un compuesto de la formula (111)

A-X

(1)

en que A, Ry, Rz, R; y R4 y n se definen como arriba para los compuestos de la
formula (I), y X es un atomo de halogeno, escogido de preferencia entre bromo

y yodo.

Cuando A es un grupo aromidtico carbociclico o un grupo aromatico
heterociclico como se definié arriba, la reaccién entre los compuestos de la
formula (I1) y el compuesto de la formula (III) puede llevarse a cabo segiin las
condiciones apropiadas de la reacciéon Goldberg (Angew. Chem. Int. E., 39,
4492, 2000). En particular, los compuestos de la formula (IT) se disuelven en un
solvente adecuado, tal como N-metilpirrolidona, junto con los compuestos de la
formula (IIT) en la presencia de una cantidad catalitica de sal de cobre tal como
yoduro de cobre, y una base tal como carbonato potasico, a cualquier
temperatura que producird un porcentaje adecuado de formacion del producto
que se requiere, adecuadamente a una temperatura alta, por ejemplo a una
temperatura de entre 60°C y 140°C, por ejemplo a 120°C. La mezcla de la
reaccion se calienta utilizando un sistema convencional de calentamiento o un
reactor de microondas de potencia adecuada, por ejemplo, que consiste en entre

25 y 250W (Tetrahedron Letters, 43,1101, 2002).

03




10

15

20

25

Cuando A es arilC,.jalkil, la reaccion se puede llevar a cabo en un
solvente adecuado tal como acetonitrilo, diclorometano, acetona, en la
presencia de una base adecuada tal como trietilamina, carbonato potasico, 2-
tert-Butilimino-2-dietilamino-1,3-dimetilperhidro-1,3,2-diasafosforina (también
conocido como BEMP), N,N-Diisopropiletilamina (también conocido como
base Hunig ), a una temperatura adecuada tal como la temperatura de reflujo

(60-140°C, de preferencia 100°C).

Los antemencionados compuestos de la formula (I} y los métodos para
su preparacion se describen en la solicitud de patente Europea EP-A-335483 y
en la solicitud para patente Internacional No. WO-A-93/09120 y en J Med

Chem., 36, 4214, 1993, por Pinza et al.

Los compuestos para la formula (11I) estan disponibles comercialmente

o se pueden preparar desde compuestos conocidos con métodos conocidos.

De manera alterna, los compuestos de la formula (I) se pueden preparar

con el proceso que consiste en los siguientes pasos:

i) reaccion de un aminodacido de la formula (IV) o uno de sus derivados

HO’?S( ”‘P

R, R,

activados

(1v)
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con un compuesto de la férmula (V)

Ar
“NH,
V)
para obtener un compuesto de la formula (V1)
Q
A N
™~ ™~
H P
R4 Ra

en que Ry, R, y A son como se definié arriba para el compuesto de la formula
(I), y P es H o un grupo protectivo adecuado. La activacién de los aminoacidos
es un procedimiento sintético bien conocido; ejemplos de derivados activados
de aminoacidos se mezclan con anhidridos, cloruros acilicos y ésteres

activados;

ii) reaccion del compuesto de la f6rmula (VI) obtenido en el paso i) con el

compuesto de la formula (VII)

R; OR’
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para obtener un compuesto de la formula (VII!)

R4
N
COOR’ —\f/ o
N

P/
1 Ra

(vini)

en que A, Ri, Rz, Ry y R4 y n son como se defini¢ arriba para el compuesto de

la férmula (1), P se define como arriba, y R’ es un grupo alquilo;

iii)  remocion posible del grupo P protectivo por medio de hidrogendlisis de
los compuestos de la formula (VIIID), obtenido en el paso ii), para obtener el

compuesto correspondiente (VIII), en que Pes H; y

iv) ciclizacion del compuesto de la formula (VIII), en que P es H que viene

del paso ii) o del paso iii), para obtener el compuesto deseado de la formula (1).

Segin una incorporacion preferida de la invencién, el residuo alquilo R’
se escoge entre metil y ferr-butil, y P se escoge entre hidrdégeno, un grupo

bencilo o bencilo-oxicarbonilico.

La reaccion en el paso i) entre el compuesto de la formuela (IV) y el

compuesto de la férmula (V) se puede llevar a cabo:

14
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(a) preparando, en primer lugar, un clorurc acidico en el compuesto de
la formula (IV) y uniendo a dicho cloruro acidico el compuesto de la formula
(V) en presencia de una base inorgdnica u organica en un solvente aprético
adecuado, como dimetilformamida (DMF) a una temperatura de entre -70°C y

50°C, y de preferencia entre -10°C y 20°C; o:

(b) haciendo reaccién juntos el compuesio de la formula (IV) con el
compuesto de la férmula (V) en la presencia de un agente condensador
adecuado, por ejemplo N, N’-carbonil diimidazole (CDI) o una carbodiimmida
como diciclohexilcarbodiimmida (DCC) o  N-dimetilaminopropil-N"-
etilcarbodiimmida, de preferencia de N-hidroxibenzotriazol (HOBT) para
maximizar el rendimiento y prevenir los procesos de racemizacion (cf. Sintesis,
453,1972) u O-benzotriazol-1-il-N, N, N’ N -tetrametiluronio hexafluorofosfato
(HBTU), en un solvente apritico, por ejemplo una mezcla de acetonitrilo
(MeCN) y tetrahidrofurano {(THF), por ejemplo, una mezcla con la relacién
volumétrica entre 1:9 y 7:3 {MeCN:THF), a cualquier temperatura capaz de
rendir un porcentaje adecuado de formacion del producto requerido, por
gjemplo una temperatura de enwre -70°C y 50°C, y de preferencia de entre -

10°C y 25°C.

En el paso ii) del proceso actual, se calientan, de preferencia con calor
de reflujo, los compuestos de las férmulas (V1) y (VII) en un solvente protico,
tal como agua o metanol, y posiblemente en presencia de una base, tal como

NaOH, en el caso en donde se utiliza el compuesto de la formula (V1) para

15
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formar una de sus sales que se obtiene a través de la incorporacion de un acido,

durante un periodo de tiempo adecuado, de preferencia entre 2 y 24 horas.

Se lleva a cabo la remocién del grupo P protectivo a través de
hidrogenélisis en el paso iii) utilizando formiato de amonio como la fuente de
hidrogeno en un solvente protico adecuado, por ejemplo metanol o una mezcla

de agua y metanol.

Se lleva a cabo la reaccion de ciclizacion en el paso iv) directamente en
el compuesto de la formula (VIII) que viene del paso ii) si P es H, o si dicho
compuesto (VIII) P es un grupo protectivo, el primer paso es removerlo, como

se describio arriba en el paso iii).

Se lleva a cabo la reaccidon de ciclizacién bajo condiciones drasticas a
través del calentamiento convencional del compuesto de la formula (VIII) sin
solvente a 120°C y en condiciones de vacio, o bien por medio de calentamiento
de reflujo en xileno durante un periodo adecuado de tiempo, por ejemple

durante entre 4 horas y 3 dias, o a través de la irradiacidn con microondas.

Los compuestos de las formulas (IV), (V) y (VII) estan comercialmente
disponibles, o se pueden preparar desde compuestos conocidos a través de

métodos conocidos.

En particular, se pueden escoger los compuestos de la férmula (IV) de

cualquier aminodcido que existe naturalmente o derivados de éstos. En )a

16
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Figura 1 se muestran ejemplos de aminoacidos que son utiles en la invencion
actual, en donde la parte dentro del circulo corresponde al sustituyente R, de la
formula (IV); y por lo tanto se prefieren todos estos significados de Ry en la

formula (1), siendo el objeto de la invencidn actual.

Son utiles como agentes terapéuticos los compuestos actuales de la
formula (I) y en particular poseen actividad nootrépica y neuroprotectora, por
ejemplo, contribuyen a la restauracion del aprendizaje y de funciones de la
memoria que se hayan deteriorado con la edad o debido a traumas de isquemia,
y son efectivos en varias patologias del SNC, entre ellas son disfunciones de
aprendizaje, disfunciones de la esfera cognitiva y de la memoria, enfermedad de
Alzheimer, demencias, incluyendo demencia senil del tipo Alzheimer,
demencia tipo post-apoplejia, epilepsia, isquemia cerebral y afecciones del

estado de animo, incluyendo la depresion.

Ademds, los compuestos actuales de la formula (f) poseen actividad
analgésica y/o anti-hiperalgésica, por ejemplo, contribuyen a combatir las
sensaciones de dolor, en particular aquellas causadas por condiciones de dolor
neuropatico, dolor inflamatorio crénico y dolor visceral, y han probado ser

eficaces también en el tratamiento de emesis.

La materia de la invencién actual también es, por tanto, el uso de los
compuestos actuales de la formula (I) o de sus sales y/o solvatos
farmacéuticamente aceptables en la preparacion de medicamentos para la

recuperacion de padecimientos de aprendizaje y memoria y para el tratamiento

17
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de demencias, enfermedad de Alzheimer, demencia tipo vascular post-
apoplejia, epilepsia, isquemia cerebral y afecciones del estado de animo,

incluyendo la depresion.

También proporciona un método para el tratamiento de los arriba
mencionados padecimientos y enfermedades, caracterizado por la
administracion de una cantidad farmacéuticamente activa de un compuesto de

la formula (I) a un paciente que 1a necesita.

Es bien conocido que los desdrdenes cognitivos que ocurren en dichas
patologias son correlacionadas con el déficit del sistema colinérgico cerebral,
como se descubre a través de resultados morfoldgicos (B.E.Tomlinson en
“Biochemistry of Dementias”; P.J.Roberts Ed.; John Wiley & Sons, New York,
N.Y. pp. 15-22, 1980) y descubrimientos neuroquimicos (R. T. Bartus et al.
Science, 217, 408, 1982). Ademas es bien conocido que los deterioros
significativos de las funciones cognitivas son Jos signos mas evidentes y
debilitantes que se observan en pacientes que sufren de la enfermedad de
Alzheimer, demencia senil del tipo Alzheimer, y demencia debida a infartos

multiples.

Se puede determinar la actividad de los compuestos de la férmula (I) en
ratas con relacién a la accién que provoca amnesia de escopolamina (D. A.
Drachman, Archs. Neurol, Chicago, 30,113, 1974; D. A. Eckerman,
Pharmacol. Biochem. Behav. 12,595, 1980) en la ruta mnémica y en la

reduccion de los niveles de acetilcolina en el hipocampo. Se puede evaluar en
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ratas el efecto en la memoria y el aprendizaje utilizando la prueba de evitar

pasiva, como se describe en Essman, Pharmacol Res. Commun. 5, 295, 1973,

La materia de la invencidn actual es, ademas el uso de los compuestos
actuales de la formula (I) o sus sales o solvatos farmacéuticamente aceptables
en el tratamiento de condiciones de dolor neuropatico, dolor inflamatorio
cronico y dolor visceral. También se proporciona un método para el tratamiento
de dichas enfermedades caracterizado por la administracion de una cantidad
farmacéuticamente activa de un compuesto de la formula (I) a un paciente que

lo necesita.

Se plantea como hipdtesis que el proceso de aprendizaje y memoria esta
implicado en los mecanismos del dolor crénico (Flor H., Prog. Brain Res. , 129,
313, 2000), y evidencia reciente apoya la hipotesis de que el dolor inflamatorio
cronico es un fenomeno maladaptivo adquirido (Arnstein P. M. , J Newurosci.
Nurs. 29, 179, 1997; Kumazava T., Neurosci. Res , 32, 9, 1998). Se ha descrito
la disfuncién cognitiva en varias condiciones neuropaticas. (Kuhajda M. C.,
Ann. Behav. Med, 20, 31, 1998), y recientemente se ha observado que el
nefiracetam, un agente nootropico, alivia el dolor neuropatico gracias a sus
efectos en neuropatias (Rashid Harunor M. D. J. Pharmacol. Exp. Ther.,
303,226, 2002). Se ha mostrado que el efecto analgésico y/o anti-hiperalgésico
del nefiracetam se expresa a través de la estimulacion de los receptores
nicotinicos colinérgicos a nivel espinal y supraespinal, en cuanto dicho efecto
esta inhibido de manera dosis-dependiente por mecamilamina, un antagonista

conocido del receptor colinérgico nicotinico.

19
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La actividad de los compuestos de la formula (I) se puede determinar en
ratones a través del ensayo hiperalgesia-termal (ensayo de retirar la pata) y el
ensayo hiperalgesia-mecanica (ensayo de presion en la pata) inducido por la
ligacién parcial del nervio ciitica o por tratamiento con estreptozotocina,
siguiendo los protocolos descritos en J. Pharmacol. Exp. Ther., 303, 226, 2002

y en la bibliografia citada en el mismo.

Cuando se utilizan en tratamiento terapéutico en humanos y animales, se
formulan los compuestos de la formula (I) normalmente segin la practica

farmacéutica estandar, como compuesto farmacéutico.

Por lo tanto, otra materia de la invencion esta representada por un
compuesto farmacéutico que consiste en, como principio activo, un compuesto
de la formula (I) o una de sus sales o solvatos farmacéuticamente aceptables,
junto con vectores, diluyentes y excipientes adecuados para la forma de

administracion que se escoge farmacéuticamente aceptables.

Se pueden administrar los compuestos de la formula (I) de forma
estandar en el tratamiento de las enfermedades que arriba se indicaron, por
ejemplo via oral, parenteral, rectal, via transdérmica o por la administracion a

través de la mucosa (por ejemplo, la mucosa sublingual, bucal o nasal).

Los compuestos de la formula (I) que se administran via oral o via
sublingual o via bucal, se pueden formular como jarabes, tabletas, capsulas y

pastillas. Una formulacion en forma de jarabe consiste generalmente en una
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suspension o solucion del compuesto o una de sus sales en un vector liquido,

por ejemplo etanol, glicerina o agua con un agente saborizante o colorante.

Cuando el compuesto esta en la forma de tableta, es posible usar
Cualquier vector farmacéutico que se usa convencionalmente en la preparacion
de formulaciones solidas. Ejemplos de dichos vectores consisten en estereato de
magnesio, almidon, lactosa y sucrosa. Cuando el compuesto esta en la forma de
capsulas, es adecuado cualquier método convencional de encapsulacion, por
ejemplo, el uso de los vectores mencionados arriba en una capsula de gelatina
endurecida. Cuando el compuesto estd en la forma de capsulas hechas de
gelatina suave, es posible usar cualquier vector farmacéutico que se usa
convencionalmente en la preparacion de dispersiones o suspensiones, por
ejemplo gomas acuosas, celulosa, silicatos o aceites, que se incorporaran en la

cascara hecha de gelatina suave.

Compuestos parenterales tipicos consisten en una solucién o suspension
del compuesto de la formula (1) en un vector estéril acuoso 0 no-acuoso, que
posiblemente contiene un aceite aceptable para la via parenteral, por ejemplo,
polietileno-glicol, polivinil-pirrolidona, lecitina, aceite de cacahuate o aceite de

ajonjoli.

La formulacion tipica en supositorios consiste en un compuesto de la
formula (I), que se activa si se administra de esta manera, con un agente
aglutinante y/o lubricante, por ejemplo glicoles poliméricos, gelatina, manteca

de cacao, u otras ceras de bajo punto de fusidn o aceites vegetales.

21
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Formulaciones transdérmicas tipicas consisten en un vector acuoso o no-
acuoso convencional, por ejemplo crema, ungiiento, locién o pasta, o puede ser

en la forma de plastas medicadas, parches o membranas.

De preferencia, el compuesto esta en la forma de unidad de dosis, por
gjemplo tabletas o capsulas, de manera que el paciente puede tomar una dosis

sencilla.

Oxiracetam es un compuesto que se usa en ¢l tratamiento de demencia
senil y las condiciones patologicas relacionados con ésta. Se pueden administrar
los compuestos de la formula (I) con regimenes similares a aquellos
establecidos para oxiracetam, con cualquier ajuste apropiado de los niveles en
la dosis o de la frecuencia de la dosis en relacion a la mayor actividad y al perfil

farmaceutico mejorado de los compuestos de la formula (I).

Cada unidad de dosis para la administracién oral puede contener
convenientemente desde 0.05 mg/kg hasta 50 mg/kg, mas convenientemente
desde 0.1 mg/kg hasta 25 mg/kg de un compuesto de la formula (I). Se puede
administrar el ingrediente activo de I a 6 veces por dia. Se pueden
coadministrar los compuestos de la formula (I) con ofros compuestos
farmacéuticamente activos, por ejemplo en asociacién, concurrencia o
secuencia con, en particular junto con, otros compuestos usados en el
tratamiento de pacientes mayores, tales como tranquilizantes, diuréticos, drogas

anti-hipersensibles, drogas vasodilatadoras, y agentes inotrépicos.
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Se proporcionan ejemplos de la invencion actual en lo siguiente, con

fines estrictamente ilustrativos y no limitativos.

PARTE EXPERIMENTAL

Descripcion 1. 3-Isobutil-tetrahidro-pirrolo[ 1, 2-ajimidazole-2, 5-diona

A una solucién de DL-hidrocloruro de leucinamida (1.5 g, 9 mmol) en
agua (40 ml), ajustado a un pH de 9.5 con 10% de hidroxido sodico, se agregéd
etil-4-oxobutanoato {1 g, 7.5 mmol). Se introdujo la mezcla en un horno de
microondas y se mantuvo en condicion de reflujo durante 1 hora. Entonces se
evaporé el agua al vacié y se cromatografed el residuo sobre gel de silice.

(CH,Cl, / MeOH / NH,0H 98 / 2/ 0.1) para rendir 1.1 g del compuesto titular.

'H-NMR (CDCL) 8: 6.48 (amplio s, 1H); 5.30 (t, 1H); 4.23 (dd, 1H);
2,71-2.39 (m, 3H); 2.20-1.93 (m, 1H); 1.86-1.73 (m, 1H); 1.70-1.42 (m, 2H),

1.05 (d, 3H); 0.96 (d, 3H).

MS: EI TSQ 700; fuente 180 C; 70 V; 200 uA: 196 (M+), 97.

Ejemplo 1. /-Fenilo-tetrahidro-1H-pirrolof1,2-afimidazole-2,5-diona

A una solucién de tetrahidro-pirrolo{!,2-a]imidazole-2,5-diona (1 g,

7.14 mmol; preparado como se describe en J. Med Chem. 36, 4214-4220,

1994,) en N-metilpirrolidona (NMP, 12 cc), Cul (0.2 g, 1.05 mmol), K2CO; (1

73
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g, 7.14 mmol) y iodobenzeno (5 g, 24.5 mmol) se agregaron moviendo
constanternente. Se calenté la suspensién en un aparato de microondas (250
Watts) durante 45 min. Se agregd acetato de etilo a la suspension y se filtrd el
solido. Se lavé la fase organica con agua y se re-extrajo la fase acuosa con
CH:Cl>. Se recolectaron y se secaron las fases organicas sobre Na;SOq, se
filtraron y se concentraron a sequedad. Se tritur6 el residuo con éter
isopropilico. Se filtro el solido, se tritur con agua y se filtré para rendir 0.18 g

del compuesto titular, mp = 185-188°C.

'H-.NMR (CDCls) &: 7.46-7.37 (m, 4H); 7.28-7.21 (m, 1H); 5.84 (m,
1H); 4.48 (d, 1H); 3.74 (d, 1H); 2.78-2.60 (m, 2H); 2.51-2.38 (m, 1H); 2.08-

1.96 (m, 1H).

MS: EI TSQ 700; fuente 180 C; 70 V; 200 uA: 216 (M+), 160,97.

Ejemplo 2. I-o-tolil-tetrahidro- 1H-pirrolof 1, 2-aJimidazole-2, 5-diona.

A una solucion de tetrahidro-pirrolo{1,2-a)imidazole-2,5-diona (1.3 g,
9.28 mmol, preparado como se describe en J. Med. Chem. 36, 4214, 1994) en
N-metilpirrolidona (NMP, 12 cc), Cul (0.5 g, 2.62 mmol), K,COs (1.3 g, 9.28
mmol) y 2-bromotolueno (6 g, 35 mmol) se agregé mientras se movia. Se
calent6 la suspension en un aparato de microondas (250 Watts) durante 1 h. Se
agregd acetato de etilo a la suspension y se filtré el solido. Se lavé la fase
organica en agua y se re-extrajo la fase acuosa con CH;Cl. Se recolectaron y se

secaron las fases organicas sobre Na;SO,, se filiraron y se concentraron a

74
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sequedad. Se triturd el residuo con Et;0. Se filtrd el sdlido y se cristalizé la
primera vez con iPrOH y después con AcOEt para rendir 0.33 g del compuesto
titular, mp = 138-139°C.

'H-NMR (CDCl;) &: 7.35-7.23 (m, 4H); 7.13-7.06 (m, 1H); 5.69 (m br,
1H); 4.45 (d, tH); 3.78 (d, 1H); 2.68 (ddd, 1H); 2.48 (ddd, 1H); 2.40-2.29 (m,

1H); 2.24 (s, 3H); 1.93 (m br, 1H).

MS: EI TSQ 700; fuente 180 C; 70 V; 200 uA: 230 (M+), 143, 118, 97.

Ejemplo 3-44 (Tabla 1). Procedimiento general para la arilacion de

tetrahidro-pirrolo{1,2-ajimidazole-2, 5-dionas con haluros de aril.

A una solucién de tetrahidro-pirrolo[1,2-alimidazole-2,5-diona (3.5
mmol; preparado como se describe en J. Med. Chem. 36, 4214-4220, 1994 o0 en
W0-9309120), en N-metilpirrolidlona (NMP 1 ml), se agregaron moviendo
constantemente Cul (0.19 g, 1 mmol), K,CO; (0.5 g, 3.5 mmol) y el haluro de
aril apropiado (7 mmol). Se calent6 la suspension en un aparato de microondas
(25 Watt) durante 20 min. Se agregaron acetato de etilo (50 ml) y agua (5 mi) a
la suspension y se mezcld la mezcla durante 30" en la presencia de celite. Se
filtro la reaccion y se lavé el acetato de etilo con una solucién saturada de NaCl,
se secd sobre Na;SO,, se filtrd y se concentr6 a la sequedad. Se trituro el
residuo con Et,O para rendir el compuesto deseado. El rendimiento varia entre

30% y 60%.
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Ejemplo 45. !-Bencil-tetrahidro-pirrolof1, 2-ajimidazole-2, 5-diona.

Se prepar6 una solacién de tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona
(0.5 g, 3.5 mmol, como se describe en J Med. Chem. 36, 4214, 1994), BEMP
(2 ml, 7 mmol) y bencilbromuro (0.6 ml, 5 mmol) en CH;CN (20 ml) se

mantuvo en condiciones de reflujo durante 1 hora.

Se concentro la reaccion a sequedad; luego se re-disolvié el residuo en
acetato de etilo y se lavé con una solucién saturada de NaCl, se secd sobre
Na,S0s, se filtré y se evapord al vacio. Se purifico el residuo a través de
cromatografia por desercién subita sobre gel de silice. (CH,Cl; / MeOH /
NH4OH 95 / 5 / 0.5) para rendir 0.7 g del compuesto titular como aceite

amarillo.

Rendimiento: 87%

'"H-NMR (CDC}l) 6: 7.39-7.10 (m, SH); 5.03 (dd, 1H); 4.71 (d, 1H),
4,29 (d, 1H); 4.28 (d, 1H); 3.59 (d, 1H); 2,57 (ddd, 1H); 2.39-2.125 (m, 2H);

1.92-1.77 (m, 1H).

MS: E1 TSQ 700; fuente 180 C; 70 V; 200 uA: 230.13 (M+), 174.09,

139.04, 91. 03,

76
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Ejemplo 46. [-(4-metilbencil)-tetrahidro-pirrolof1,2-alimidazole-2,5-diona..

Se prepard una solucién de tetrahidro-pirrolof1,2-a]imidazole-2,5-diona
(0.5 g, 3.5 mmol, como se describe en J. Med. Chem. 36, 4212, 1994), BEMP
(2 ml, 7 mmol) y 4-metilbencilbromuro (0.95 ml, 5 mmol) en CH;CN (20 ml) y
se mantuvo bajo condiciones de reflujo durante 1 hora. Se concentrd la reaccion
a la sequedad; entonces se re-disolvi6 la mezcla del residuo en acetato de etilo y
se lavo con una solucion saturada de NaCl, se secd sobre Na;SOy, se filtré y se
evapord al vacio. Se purifico el residuo a través de cromatografia stbita sobre
gel de silice. (CH;Cl, / MeOH / NH40H 95 / S / 0.5) para rendir 0.8 g del

compuesto titular como aceite amarillo.
Rendimiento; 93%

'H-NMR (CDClL) &: 7.29-7.11 (m, 4H); 5.01 (m, 1H); 4.69 (d, 1H); 4.29
(d, 1H); 4.23 (d, 1H); 3.58 (d, 1H); 2.65-2.50 (m, 1H); 2.40-2.24 (m, 2H); 2.33

(s, 3H); 1.93-1.78 (m, 1H).

MS: EI TSQ 700; fuente 180 C; 70 V; 200 uA: 244.13 (M+), 161.05,

105.02

27
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TABLA 1

Estructura, rombre quimico (generado por Beilstein's Autonom), datos de 'H

NMR, MS y punto de fusién para compuestos preparados segun el

procedimiento general arriba descrito.

porolof ) ,2-a} imidaeal-
2 5-diona

fBe | Emucows | Nombrs Quimics | Datos Analitices 7
. m, O
1<(2.6-Dimet-feni
) @ f:'f,nz'“ 3.82 (0, YHY: 270 (400, 1M} 289 (td, W) 2.33-2.18 [m, 1H); 2.26
<ofimidazol-2,5-diona ({2 3HE 220 {s, IH), 2.08-1.87 (m, 1H),
M3 E1TSQ 700; foonre 1B0 *G)1 70 V5 200 wA: 244 {NW); 7.
AR (COGL) F 7.05 (od, THE B35 (50, YRy BE-fod i
1-lofer-2-01- {r, THY; 440 [d. 1HE 877 (d, 1H} 288-2.09 (m, ZHY 258.2.45 {m,
. MpWIJ— 1H}; 133221 {rn, 1H)
alimidazol-2,5-4i0T8 (g &) THO 700, foewts 18D "C; TO V; 200 wh: 272 (M-; 194; 160;
9.
o 1T T
"H-NMR (GOCT) & 7230 o THY, 729 (00, THE 7.9 (0K THY 707
“’%“Ql 1.m-Toliletrahidro- | {dd, 11X 582 (m. 1HE 448 (c, 1H}: 3.74 {d. 1HE 270207 (m, 2H);
L]

245 (o, THR 238 (8, 5r1), 1.08-1.04 [m, 1H).
MS: E] T5Q 700; faentas 180 *C; 70 V; 200 uk 230 Q4+, 174, 97,

mp: 2530

18

19

1-p-ToliHctruhidro-

pirroto{ t,2-a) Imidarel
15 diona

'FWM}&TJTMWW

1HY, 073 ok 1HK 2.72 (ddki, THY, 2.70 ¢, 1H); 247 (d, 1H1: 298 (0, |

FH), 2.05-1.08 [m, 1H). |
MS: I TSQ T00; fucnie 180 “C; 0 V: 200 wh: 230 (M) 174; 118,
g 117-118°C

1-(5-Fluoro-2-metil-
fenil)-scorahidro—~
plerotal) 2-a]Tmidazob-
,5-dioms

"HHMR (COCh) 5 728 (m, TH T2 (06, THE, 049 To THY 8.6%
[ by, THE 443 (4, HY: 377 (4, 1HE 270 (&, 1H} 2.53.231 {m,
BAE 218 (8, 3}, 1.50 (broad m, 1H),

ME: Bl TEQ 700; foente 180 *C; 70V 200 uA: 248 (W} B7.

mes 147-148 °C

14(3-Fleor-2-metl
fenif)-tetrehidro--
pimolof{ 2-a[Imidzzo}—
2. 5diona

YR {COCL) & T2V (03 THY 7207 (00 o, THY SE (o thy;]
A1 (broad m, 1HY 4.40 [d, TH): 9.78 (d, 1H); 289 (ddd. 1H)
248 {dod, M) 2.48-2.20 (m, THE 2,14 (d, 3HY; 1,80 (bmad m, 1H).
MS: £ TS 700; focate 150 "C; 70 Vi 200 UA; 208 (i 138; 160,
o 135-137 €.

1-(2-triffvoroemetl-
femil}-totrahidro—
pirrole] ) 2-aimidarol—
1 Mdions

"H-NWR [CDGCh) & 78%(d, THY, 7.00 (od, TH); 734 (mobd od, THE]
12T {4, 1HY, 5.54 (m, 1HY, 442 (Rroad d, M), 3.72 [d, THE 283 (m,
AHY; 248 {m, 1H]; 2.26 (m, 1HE 2.03 {m, 1H),

M3: B] TSQ Too, fuenta 100 °C; 70 V5 200 wA: 2R84 (M4v) 228; 155

2R
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! "HHMR (CDCH) & 7.92 (& THY 723 (4, TRy 704 [0, THE 5o
’ l-(*_:-C!ao-Lmﬁl- (ormad m, 1M); 444 (d, 1HX 377 (d, 1Hk 2.88 {ddd, 1H); 248 (ddq,
10 W lf“"‘)"*‘l‘:“i"’”‘. 1, (149 205 (m, 1 222 5, 34y, .02 (. 1H).
S R o ions frodod |2 Jlmidazol- |\ 10 700; Fucnse 180 4G5 7D Vi 200 w258 (R 7,
[ mp: 122124 °C.
TR (COCh) & 7.95 (. VAT, T.50720 Oh. 2N 7.2 (IR THE
. .81 (i, HY; TAB [d, 1H): 373 (@, 1H); 288284 (m. JH) 3480m,
1" MMI;— HH; 203 (m, THY
< a]hmidarod.2,5-iona BAS: E1 TS 700 Foente 160 *C; 70 V; 200 uA: 260 (M+) 184, 138,
114,
M 123425 °C.
"HNNR [COCY) & 737 (53, THE, 7400 (a0, THY B5Y (o, TH} 6.73|
1-{3-Metoxi-fenil)- (e, 1HY. 8.0 (m, WK £.46 (d, tHE 3.82 {8, IH 473 {d, 14 278
12 °QI’Q tetrahidro-pirrolol 1,2+ | 2,81 fm M) 2.45 [m, 1H) 2.92-4.86 (m, 1)
, P |alimideant2 Sioms | s &1 vaq7om, fucrte 180 °C; 70 V, 200 5A: 248 {M+); 190,
e 540 'C.
1-XcisnoLenil HIHR (COCY) & 7.73 (m, 2R, 7.52 fm, JHE 641 {m, TRE 457 (4
w | o l;i{a}dwm};o“’z_n] 1HY: 372 [, TH); 2.84-2.65 (m, ZHY, 247 (0, 1H) 2.11-1.85 {m, 1H).
| trldazol-2.5-dioca MS: £ TSQ 700; fiente 180 °C; 70 V; 300 uA: 241 (M+; 188, 129,
a e 126130 °C.
)
2
HaIR [QDCh) & 7423 52 {m, 4H GBD (m, THY, 445 {3 TAE
“ W 1-{4-Claro-feall)- Lz [T9 (A 1HK 278260 (m, 2HY 245 (m, 1HK 209183 fm, TH).
Y :]m'l'“,'_m"-[ MS: E) TS0 700; foensc1B0 *C; 70 V; 20 uA: 250 (M), 1.
s 159-160 "C.
MHNR (CDG,) & 7.98 (08, THY B.05 (00, TH); 676 (34, THE 669
L-(3-Hidroxi-fendl)- (dd, 1HE 6.74 [, 1M); 4.28 {3, 1H): 187 {d, tH) 274258 (m, 2H}
8 oy | L0TShidro-pirole{1.2- (238 (m, 1H) 2.07-1.50 (m. 1H).
' alimideml-2 5-doms |y 5 180 700; fueme 180 “C; 70 Vi 200 UA: Z3Z0E 17B.
e 210-211 0,
MR [EDCH) & 7.68 (. TH) 7.00 (ooed w, HE 7,60 (00, 1T
(-Trifluorometib  |7.50 {d, 1HE 8.88 (o, 1H) 4.50 (d, 1HE T8 fd, 1H); 273 {m, 2H);
- ,%Q femi)-tetrabsiro- 248 (m, THJ; 2.04 (m, TH)
o, |pimolo[] 2-afimidorol- | we £1 THO T00; fuemte 160 705 70 V; 200 0A: 204 (MYK 278 1TZ
Q 25-dioma 148
mp: 124-125C.
"H-HMR (CDCY) 6: 768 (d, 2HY 7.57 {3, ZAE B.BB (m. THE 4.50 (d|
] :;:I'T’mm’“‘ AHH); .16 {d, 1H); ZEZ-ZO7 fmy, ZHK 248 {m, TH); 212198 {r TH).
” H‘Q'_\{-O'a [quwlmm MS: B TEQ 702; fucnte 130 °C; TO V; 200 wh: 284 ey, 228; 172
'Z.Swliam 1435,

29
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] 1-(AMetoxi-fenill
1" W petrahidro-plrolo]1,2-a)
inidazol-2, S-djons

"H-NWR (COCh) & 7.20 (6. THE G806 (6, A B rd U, THE AAR (L
HE 8T (o, 3% 373 (d, 1H) 2.79-2.3D (m, 3Hk 2.00-1.54 ¢n, TH)
ME: E1 T30 T flropbe 100 °C; 7O V. 200 wi: 248 (W) 100; 134,
e 2916-211 °C.

1-43.3-Dimetih-fenl)-
" tetrabidro-purrolof 1,2~
simidnzol-2,5-dion

"H-NMIR (COCY) & 6.68 (3, 2H); 563 (s, 1HY, 5.70 [, TH}. 2A5 [0,
THY; 74 {8, THE 2.77-2.53 (m, ZH); 244 [m, THE 2.33 (s, BHY; 200
{m, 1H).

M5 E1 TS0 TOO; fuonte 180 °C; TOV; 200 uA: 244 (M +]; 188; 97,
e 03=108 G,

3 13 A-Dimeti)-fond)-
20 w tetrahidso-pirrolof 1,2
s}imidayod-2 S-diona

"HMR [CDCAg) & T.18 (0. 1HE 7.18 (8, THE 7.04 (0d, THE 577 (00,
1HE 444 {4, THE 272 (d, THY, Z78-262 (m, ZH); 244 {m, 1H}; 2.78
{n, 3H%: 2286 {n, 3H), 2.08-1.82 (s, H).

M3 70, 52 POS, spmy 323 KV: (e 30 Vipruchs 250°C: 246
QaHFL

me: 142143 G

)-Nafalen-2-il-
» | % tetrshidro-trirvolo{ | 2
aliroidarnt-2,5-cEona

THIIAR (COGE) B 7.90 (9, THT, 7.6 {m, 245 Y78 (3, TRE 787 (3,

209 (m, ZH), 24T {m, 14} 215-1.99 {m, 1H).
M2: 20, ES! POS, sy 3,25 KV 2000 30 V:pricha280°C: 287
{WH+).

AHY 785745 (m, 2 .97 (m, 1H); 4.53 (g, 1HY 2.80 (d, 1H}; 288

=
10
23
] 1576 °C.
G lsopropilfenil)- | H-NVR (COCI,) & 7.33 (dd, TH): 7.7 (m, TE 7.4 (3 B, TAR 792
) [amt@dm-p&mio[l.z- (broaxd d, 1HY E.83 {m, 1H]; 440 [d, 1H), 3.74 {d, TH}; 252 (m, 1HK
- % Fridezal-2 Sdions | 4.2 67 (m; 24); 248 fm, 1H); 204 {m, HE, 1.26 (0, 640,
15 . - MS: 20, €8] POS, apray 3.28 KV:fuents 30 Viprusha S0°C: 269
et S
mex 5182 °C.
4 cloro-2-motil- m
—_ FermT)-tobrahidro- HE, AAB (d, TH]; 3.72 (d, 1Hk zmuumm-ur {m. 1Hx
» «%,C(“ finolo(1 2-clmiteml (24018, 34 2.00-0.03 (m 1H)
\ .5 diona MS: IQ, BSY POS, sprwy 3,26 KVifuents 30 V‘pmbm 286
MH )
mp: 126-130 40,
L benml 1. fendl-. HHWR (COCL) & m
Letrahidro-pimolo{l 2- [4.77 (m, 1HK 4.58 {dd, 1HY 3.32 (34, 1HE .16 (dd, THE 2.64 {dda,
20 4 g ; efimidaxol 23 digns  [1HE 248227 (m, 25K 1.81 {m; 1H)
°© S; AQA E1 Pon, 3.5(vVAznts SOVRrurbalSIrT: 7 (W)
g 184 1A
25

30
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IR (COGH] & 142 (m, 31, 725 (m, THE 253 {m, 1A} 453 (0,

" ,Q 3"""‘"| : I‘”‘f"i", (12— (1M ZTO2E9(m, 245 248 {m 1M 280-0.98m, THY 147 (4. 34
afimidazot-2,5-diona AIS; AWM, BEI Pos, 35KV fuente 3N peushaZ500C: 234 {WH+).
e 137-138 "C.
HAMR {COCly) & 7.47 (m, 4HY, 72 [m, THE 5.81 (m, THy, 450
$-{aobutile | -feril- (dd, $H} 2.T0-2.58 jm, 2HY, 2.48 (m, THE 2.07-1.83 {m, 34); 1.54 (m,
= tetrabidto-pirolo{ 1,2~ | 4H); 1.08 {d, $H: 0.88 (d, 3H)
° slimidesotd Sdicna  |yg: AQA, 31 Pos, 15KV; fisertie 30V;pnscha2B0'C: 273 (MH4L
e 1102 'C.
HMMR (GDChy) 6: 5.99 (m, 2H); 0.77 (3 br, 1H) 5.78 (m, 1H} 4.48
:;’uﬂmls"““ﬂ'l (0, KK 3.73 (0, THK 264263 (m, 2H), 245 (m, THE 237 (s, IH);
a pmolu{l.l-a]hnsdnml- 2,111,984 (wm, 1H).
h 1,5-dions MS; ACA, =8I Pos, 3.5KV; fnente 30Vpructe30 C: 209(MH+)
ma 114413 °C.
TH-MMR (CDCY) & 7.32-7.98 {m, 2HY; 705 (3d b, 1HK 570 (m, THE
;-(Bl—fhm—l-mdﬂ- 446 (d, TH 173 (d, VWK 278-1.83 {m, 2H), 280241 {m, 1H); 260
ml -
s | X L 8 ot o 425 K f ) Ve
24 imidsand 2,56 za, iy 325 V! prchn 0°: 248),
[MPH), 102, B7,
mp: 138137°C.
Y
..
'H-NMR {COCH) & 7.50.7.20 {m, 6H) 4.84 (d, 1H]; 378 {4, 1HE,
To-Mctil |-fenil- 2.83-2.08 {rn, 1HX 250242 (m, 2H); 2.18-2.30 {m, 1H), 1.83 (s, IH),
x tetrmhidro-pirulo[1,2~ | 3: 20, BSI POY. spray 3,26 KV; fuents 30 Viprucha 250°C: 280
G Blﬂmwm (“H‘"’J-
g 155G
THNR (TOCh) & 7.357.23 {m, $H; 7.13-7.08 (m, HE &.00 (m b,
1HT; 4.45 {0, TH; 3.78 (d, THE 268 {cdd, 1H) 248 {dcd, THY 2.40-
" W '%;{;E“mﬁ“‘[. et |28 (m, 11 224 e, 3HY 1.83 (m br, 14,
A |2,5¢iom 45 AQA, EBI Mos, 3.6KV; fuente 30VipruchaSO'C: 2300M+), 143,
‘ 116, 67,
lajy =-51.30 (e2 0.4, LisOH).
(R)-1-o-Toli- TH-NMR {CICly) & 7.35-7.23 [m, AHY, 7.13-7.08 {e, 14}, 5.80 (m b,
lotrabideo-pisolo{1,2- 1HY, 4.4 (d, 1M 3.7B {d, 1H); 2.B8 (ddd, 1HY 246 fddd, 1Hy 240-
" v‘%@ afimidazod-25dions | 228 {m, 1HX 2.2 (5, 3HY; 1.9 {m br, TH).
X MS: AQA, ES! Pos, 3.5KV; fuente 30V, proshalSIC: 230(M#), 143,
118, 47.
[xhp 2 + B34 (o= A, MeOH).
. g (4-Etil-fenil)- THHMR (CDCL) B 7.29 d, JHY, 725 (d, 2H): 5.80 {m, 1H), 345 (d,
u tetrzhido-pimrolof1,2: | 1H) 3.74 {3, YH) 2.79-2.58 fm, 2HY 285 (g, 2H) 255200 {m, 1H)

31




10

15

25

M3: ALA, BB For, 2RV, foenic S0 procka 0507C: 248, He),
Mo B0-B5G,

*HNMR (COCh) & 7.32.7.25 (m, &HY 558 (m, THE 446 (d, 1H);

W 1-(4-sopropilfenily  [374 (d, 1HE 291 im, (HE 278-2.57 (m, ZHE 261240 {m, H);
» tetrahidro-pirrolo{1 2~ (2.15.1,08 {m, 1H) .24 (d, 6},
s jismidszol-2$-ons g Aua, EGA Pos, SKV: fucete 30V;prasba2Sl’C: 250, (MH+).
mp: 124-126°C.
_ HH-NMR (CDCH) X 7.41 {m, 4HY; 583 [m, 1HY: 4.70 (8, 2H); 4.47 (d,
o };ﬂﬂih@aﬁ- 1H): 374 g, 1H); 2.78-2.68 {m, 24} 2.6+-2.37 {m, HY 240-1.93 {m,
34 ”’Q_\‘:OA Fm)b["l";_.'h’d’m",_ 1H}; 1,72 g br, 1H).
" 2 Sedinen NE: AGA, EBI Pos, 5KV, facet 30V, prochaZBI"C: 247.4 (MH+),
mex 162-181°C.
} "H-NLIR (COCh) & A.06 (d, 2H), 747 [d, 2HY, B.AS (m, 8% 443 [4,
W e ofia| T R7Y 1 1K 277261 (m 2 25226 (m. HE 205161 fm
' imiduzol il ET7
Q I.Janimo Hecido MS: ADA, ESI Pol, 3.5KV; foente SIV: prchaSPC: 261.0 (VH+L
m 252-253°C.
(2.5 Dimo-heshidre- | MR [COCE) & 810 (4, 2N, 7.52 0, 2HE 858 [m. T, 450 @,
b °W pirrolo]) 2-sfmidazel - | 1HY 4.38 (6 2H); 3.75 {4, 1H}; 2.82-2.66(m, 2H) 2.55-2.9(m, tH)
) IMiacido benzaico ofl] exter | 2,12.1.8a(m, 1HE 1.39( 3H).
ai
27
MS: AQA, G Fos, 3.5KV; fuente: 20V.priE0a 280 C: 2804 (MH] |
216.4,
mp: 158-159°C.
THNMR (COCL) & 7.00 (d, WX 7.85 (d, 2H) 500 (m, TH); 452 {d,
L | 1@ Mctmeslionit- |11 377 (0 TH): 396 (v, IHE 204-288 (m, 2Hx 257242 (m A1)
37 ﬂ%,@lﬂ i fonily-trtrahidro- 41189 (m, TH).
pimelo[ ! 2-alimidaznl— |M3: AQA, E51 Pos, 3.50Y; foemte SOV;prusha250°C: 20 1 (MH4)
¢ 2,3-dioos 325 (MH-NATS,
my: (4T,
"W (COGY) & 737 (m, 2HF; .12 (dd, 2N%, 6.78 [, THE 447 (&,
“ a-ﬁ,@'l T-{4Fluoro-foil)- 2o |THR T8 0L 200 o, 2 4B o, 4 20003 1
Y L'ﬂ'“t"”'zml BAS: AGA, S5 Pos, 25KV; facete S0V:prache2S0°C; 235.1 (MH).
mp: 158-456"C.
W-NLR [CDCL) & 7.72 [0, ZH) 7.50 H, IN); 587 (m, HY 452 [A,
1-{4Cignc-fenil AHY, 378 {d, WM}, 2.84-2.80 (m, 2H); 2.67-2.81 (m, T 14184 (m,
» °w tc-i(nlllch-o-;ﬂmi[l,z- H).
= afimidazol-2.5-dions (9. AQA, E5I Pos, 38KY; facrir 30V prachs 250°C: 2421 (MHHL

mp: 175-178"C.

2

X5
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Métodos farmacolégicos

Modelo de herida cronica de constriccion

Se produjo una mono-neuropatia periférica en ratas adultas a través de
rodear el nervio ciatica comin con ligaduras constrictivas sin apretar segin el

método descrito por Bennett & Xie (Pain 1988, 33, 87-107).

Se anestesiaron las ratas con hidrato de cloral. Se expuso el nervio
ciatica comun a nivel del muslo medio a través de diseccion contundente por el
biceps femoris. Se liber¢ de tejido aproximadamente 1 cm del nervio proximo a
la trifurcacion del cidtica y se amarraron cuatro ligaduras (3/0 hilo de seda) sin
apretar alrededor con aproximadamente 1mm de espaciado. La longitud del
nervio que asi se afectd fue de 1 cm, Se tomaron medidas de cuidado en
amarrar las ligaduras para asegurar que el diametro del nervio estuviera apenas
restringido cuando se vio con una amplificacion de 40 x. Se dejé sin afectar la

pata izquierda.

Prueba de presion en la pata

Se determind el umbral nociceptivo de la rata con un analgesimetro
(Ugo Basile, Varese, Italia), segin el método que describe Leighton et al. (Br. J.
Pharmacol 1988, 93, 553-560). Se rechazaron a las ratas con calificaciones
debajo de 40 g o arriba de 75 g (25%) durante la prueba, antes de la

administracion de la droga. Se adopté un valor arbitrario de limite de 250 g.
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Se llevaron a cabo todos los experimentos en ratas sometidas a la prueba
de presion en la pata 14 dias después de la operacion porque en ese momento se
observo una reduccion significativa en el umbral de dolor de la pata lastimada

(dx).

Gabapentin (30ug ic.v.), levetiracetam (300ug i.c.v.), dimiracetam
(100pg i.c.v.), Ejemplo 1 (10ug i.c.v.), Ejemplo 2 (10ug i.c.v.), Ejemplo 5 (3ug
i.c.v.), Ejemplo 6 (3pg i.c.v.), Ejemplo 13 (30pg i.c.v.) y Ejemplo 22 (30pg
i.c.v.) de la invencidén actual mostraron un efecto anti-hiperlgico cuando se
compararon con el grupo tratado con salina o un vehiculo. Ninguno de los
compuestos modificé el umbral de dolor en la pata contro-lateral no operada. Se
debe de notar que todos los compuestos provocaron su efecto anti-hiperalgico
sin cambiar la conducta general de los animales ni su motilidad individual en
comparacion con ratas tratadas con vehiculo/salino. Ademas no se revelo
ninguna modificacion en la coordinacion motriz como medida por la prueba

rota-rod para ratas (Vaught J. et al. Neuropharnacology 1285, 24, 211-216).
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EFECTO DE LOS COMPUESTOS DE LA INVENCION Y COMPUESTOS
DE REFERENCIA (i.c.v.) EN UN MODELO DE RATAS DE MONO-

NEUROPATIA dx EVALUADO EN LA PRUEBA DE PRESION DE PATA
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Presion de pata en ratas (g)

TRATAMIENTO  (icv) PATA ANPESDHL T‘;ﬁ?ﬁ%ﬁ%
SALINA dx 243+2.9 23.7+2.5
VEHICULO dx 26.5+3.5 22.9+3.6
GABAPENTIN 30 pg dx 24.5+4.7 46.3 +4.2¢
LEVETIRACETAM 300 pg  dx 240+39 37.3 + 4.6*
DIMIRACETAM 100pg  dx 25.1+2.4 428+25*
EJEMPLO 1 10 ug dx 26.0+2.2 36.3 + 5.1
EJEMPLO 2 10 pg dx 23.5+4.0 42.2+3.9*
EJEMPLO 5 3pg dx 27.7+2.8 393 +4.50
EJEMPLO 6 3 pg dx 26.7+3.6 46.1+5.0"
EJEMPLO 13 30 pg dx 285+2.9 55.4+4.7%
EJEMPLO 22 30 pg dx 254+2.7 48.5 + 4.6*

Cada valor representa el medio de por lo menos 8 ratas (en dos experimentos por separado).

Se administraron todos los compuestos 30-45 min. antes de 1a prueha. ~ P<(.05; * P<0.01
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REIVINDICACIONES

1. Compuestos de la férmula (T) general

R, /N
~ (CH,) N o
R4 N :
m ¢ g R

en la que:

A se escoge entre los grupos aromaticos carbociclicos, grupos aromaéticos

heterociclicos, y arilC, 4alquilo;

R; se escoge de entre:

- hidrégeno,

- aril C;alquilo, opcionalmente sustituido en una fraccién aril con uno o
mas de los grupos que se escoge entre hidroxi, Ci4alkoxi, halégeno,
haloC;4alquilo;

- heterociclilC, salquilo, opcionalmente sustituido en la fraccion de
heterociclico con uno o mas grupos escogidos de entre Ciualquilo e
hidroxi;

- C\-salquilo, opcionalmente interrumpido por un atomo de oxigeno o
azufre o opcionalmente sustituido en cualquier posicién por uno o mas
grupos que se escoge entre hidroxi, tio, amino, carboxilo,

aminocarbonil, guanidinil.
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R: se escoge de entre hidrégeno, Ci4alquilo, aril C;4alquilo y fenilo; o bien R,
y Rz que en conjunto forman un anillo carbociclico que contiene entre 3 y 8

atomos de carbon;

R, se escoge de entre hidrdgeno, Cjalquilo, arilCy4alquilo, CONH; y COORs

en donde Rs se escoge de entre hidrogeno y Cy4alquilo;

R, se escoge de entre hidrogeno, C,4alquilo, aril, arilC, salquilo y heterociclil;

nes2,304,;

en la forma de una mezcla racémica o en la forma de enantidmeros, v sales o

solvatos de éstas farmacéuticamente aceptables.

2, Los compuestos segiin la Reivindicacién 1, en que: A es fenilo, tienil,
piridil, grupo pirimidinil, opcionalmente sustituido, bencil o 4-metilbencil; R,
es hidrogeno, C,salquilo, bencil, -CH,OH, -CH,CH,CONH2, -CH,COOH,
indol(3-il)metil; Rz es hidrogeno, Cy4alquilo o bencil; R3 y R4 son hidrégeno o

metil, ynes 2.

3. Los compuestos segin la Reivindicacion 2, en que: A es fenilo

opcionalmente sustituido; Ry, Rz, R3 y R4 son hidrogeno; y n es 2.
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4, Los compuestos segun las Reivindicaciones 1-3, en que: A es sustituido
con 1 a 3 sustituyentes escogidos de entre ME, Et, i-Pr, OH, COOEt, COOH,

CH;0H, SO;NH;, SO;Me, OMe, Cl, F, CN y CF;.

5. Los compuestos segun la Reivindicacion 4, en que: A es sustituido con 1

a 3 sustituyentes escogidos de entre Me, Et, i-Pr, OH, CN, Cl y CF.

6. Los compuestos segun la Reivindicacion 1 6 2, en que: dicho grupo

Cialquilo se escoge de entre Me, Et, i-Pr, i-Bu y ciclopropilmetil.

7. Los compuestos segin la Reivindicacién 1, escogido en el grupo que

consiste en:

1-Fenilo-tetrahidro-1H-pirrolo[1,2-ajimidazole-2,5-diona;
1-o0-tolil-tetrahidro-1H-pirrolo[ 1,2-a]imidazole-2,5-diona;
1-(2,6-Dimetil-fenilo)-tetrahidro-pirrolo[ 1,2-alimidazole-2,5-diona;
1-Tiofeno-2-il-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;
1-m-Tolil-tetrahidro-pirrolo[1,2-a}imidazole-2,5-diona;
1-p-Tolil-tetrahidro-pirrolo[1,2-a}imidazole-2,5-diona;
1-(5-Fluoro-2-metil-fenilo)-tetrahidro-pirrolo[ 1,2-alimidazole-2,5-diona;
1-(3-Fluoro-2-metil-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(2-Trifluorometil-fenilo)-tetrahidro-pirrolo[1,2-alimidazole-2,5-diona;
1-(4-Cloro-2-metil-fenilo)-tetrahidro-pirrolo{ 1,2-a]imidazole-2,5-diona;
1-(3-Cloro-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;

1-(3-Metoxi-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
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3L

1-(3-Ciano-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(4-Cloro-fenilo)-tetrahidro-pirroio[ 1,2-a)imidazole-2,5-diona;
1-(3-Hidroxi-fenilo)-tetrahidro-pirrolo{ 1,2-a]imidazole-2,5-diona;
1-(3-Trifluorometil-fenilo)-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;
1-(4-Trifluorometil-fenilo)-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;
1-(4-Metoxi-fenilo)-tetrahidro-pirrolo[ 1,2-aJimidazole-2,5-diona;
1-(3,5-Dimetil-fenilo)-tetrahidro-pirrolo[1,2-alimidazole-2,5-diona;
1-(3,4-Dimetil-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
1-Naftalen-2-il-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(3-Tsopropil-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(4-Cloro-3-metil-fenilo)tetrahidro-pirrolof1,2-a)imidazole-2,5-diona;
3-Bencil- 1 -fenilo-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
3-Metil-1-fenilo-tetrahidro-pirrolo[1,2-a}imidazole-2,5-diona;
3-Isobutil-1-fenilo-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
1-(3-Fluoro-5-metil-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazele-2,5-diona;
1-(3-Fluoro-4-metii-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
7a-Metil-1-fenilo-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;
(S)-1-0-Tolil-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona; |
(R)-1-o-Tolil-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(4-Etil-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(4-Isopropil-fenilo)-tetrahidro-pirrolo[1,2-alimidazole-2,5-diona;
1-(4-Hidroximetil-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
4-(2,5-Dioxo-hexahidro-pirrolo[1,2-a]imidazole- 1 -il)-acido benzoico;
4-(2,5-Dioxo-hexahidro-pirrolo[1,2-a]imidazole-1-il)-acido benzoico etil éster;

1-(4-Metanosulfonil-fenilo)-tetrahidro-pirrolof 1,2-alimidazole-2,5-diona;
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1-(4-Fluoro-fenilo)-tetrahidro-pirrolo[ 1,2-a]imidazole-2,5-diona;
1-(4-Ciano-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-Piridina-2-il-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-Piridina-3-il-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;
1-(5-Metilpiridin-2-il)-tetrahidropirrolof1,2-a]imidazole-2,5-diona;
1-(2-Ciano-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-(3-Fluoro-fenilo)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona;
1-Bencil-tetrahidro-pirrolo[1,2-a)imidazole-2,5-diona;

1-(4-metilbencil)-tetrahidro-pirrolo[1,2-a]imidazole-2,5-diona.

8. Un proceso para la preparacion de los compuestos de la formula (T)
como se describe en la Reivindicacion 1, que consiste en la reaccion de un

compuesto de la formula (1T)
(CH,) n

O
an R,

Con un compuesto de la formula (III)

A-X

(111)

41



10

15

20

25

En que Ay, Ry, Ry, R3, Ry y n se definen como en la Reivindicacion 1, y X es un

atomo de haldgeno, para obtener los compuestos deseados de la formula (I).

9. El proceso segun la Reivindicacién 8, en que en el compuesto de la

formula (IIT) se escoge X de entre bromo y yodo.

10.  El proceso segiin las Reivindicaciones 8-9, para la preparacion de los
compuestos de la formula (I) en que: A es un grupo aromatico carbociclico o un
grupo aromatico heterociclico, opcionalmente sustituido, en que el compuesto
de la formula (II) se disuelve en un solvente apropiado junto con los
compuestos de la formula (III) en la presencia de una base y de una cantidad

catalitica de una sal de cobre, a una temperatura de entre 60°C y 140°C,

11.  El proceso segin la Reivindicacion 10, en que dicho solvente es
N-metilpirrolidona, dicha base es carbonato potasico, dicha sal de cobre es

yoduro de cobre, y la reaccion se lleva a cabo a una temperatura de 120°C. -

12,  El proceso segin las Reivindicaciones 8-9, para la preparacion de los
compuestos de la formula (I) en que: A es arilC;4alquilo, en que: el compuesto
de la formula (I1) se disuelve en un solvente apropiado junto con el compuesto
de la formula (I11), en la presencia de una base adecuada a una temperatura de

entre 60°C y 140°C.

13.  El proceso segin la Reivindicacion 12, en que: dicho solvente se escoge

de entre acetonitrilo, diclorometano, acetona, y se escoge dicha base de entre
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trietilamina,  carbonato  potdsico,  2-fert-Butilimino-2-dietilamino-1,3-
dimetilperhidro-1,3,2-diazafosforina, = N,N-Diiso-propiletilamina, a una

temperatura de 100°C.

14, El proceso para la preparacion de compuestos de la formula (I) como se

describe en la Reivindicacion 1, que consiste en los siguientes pasos:

i) la reaccion de un aminodcido de 1a formula (IV) o de uno de sus

Hojﬁ( kL‘P

R, R,

derivados activados

(Iv)

con un compuesto de la férmula (V)

Ar
“NH,

V)

Para obtener un compuesto de la formula (VI):

R R

43
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En que R;, Rz y A son como se define arriba en la Reivindicacién 1, yPes Ho

un grupo protector adecuado;

if) la reaccion del compuesto de la formula (VI) obtenido en el paso i) con

un compuesto de la formula (VII)

R; COOR'
R4

(i)

para obtener un compuesto la férmula (VIII)

N
COOR' —\|%O
N

P/ t R

(vin)

en que: A, Ry, Rz, R3, Ry y n son como se define en la Reivindicacion 1, P se

define como arriba, y R’ es un grupo alquilo;

iii) la posible remocién del grupo protector P a través de hidrogendlisis del
compuesto de la formula (VIIT) que se obtiene del paso ii), para obtener el

compuesto correspondiente (VIII), en que: Pes H; y
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iv) la ciclizacion del compuesto de la formula (VIII), en que: P es H que

viene del paso iii), para obtener el compuesto deseado de la férmula (1).

15.  El proceso segun la Reivindicacion 14, en que: R’ se escoge de entre

metil y ferr-butil, y P se escoge entre H, bencil y benciloxicarbonil.

16.  El proceso segun la Reivindicacidn 14, en que en dicho paso iv), se lleva
a cabo la reaccién de ciclizacion calentando el compuesto (VIII) en la ausencia
de un solvente a 120°C y en condiciones de vacio, o bien a través de
calentamiento de reflujo del compuesto (VIII) en xileno durante un tiempo que

consiste en entre 4 horas y 3 dias.

17.  El proceso segun la Reivindicacion 14, en que dicho paso ii) se lleva a
cabo a través de calentamiento de reflujo de los compuestos de la formula (VI)
y (VII) en un solvente protico durante un tiempo que consiste en entre 2 y 24

horas, posiblemente en la presencia de una base.

18.  El proceso segun la Reivindicacién 14, en que la reaccién que se
describe en el paso i) se lleva a cabo entre el cloruro acidico del compuesto (IV)
y el compuesto (V) en la presencia de una base inorgdnica u organica en un

solvente prético adecuado a una temperatura de entre -70°C y 50°C.

19.  El proceso segin la Reivindicacion 14, en que se lleva a cabo la

reaccion del paso i) a través de la reaccion del compuesto (IV) junto con el

45
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compuesto (V) en la presencia de un agente condensante adecuado, en un

solvente aprotico a una temperatura de entre -70°C y 50°C.

20. El proceso segin las Reivindicaciones 18 o 19, en que dicha

temperatura consiste en entre -10°C y 20°C,

21.  La composicion farmacéutica que consiste en un principio activo, uno o
mas compuestos de la formula (I) como se describe en la Reivindicacion 1, o

sales o solvatos de éstas farmaceuticamente aceptables.

22. La composicién farmacéutica segun la Reivindicacién 21, que ademas
consiste en vectores, diluyentes y/o excipientes adecuados farmacéuticamente
aceptables para formas de administracion escogidas de entre oral, parenteral,

rectal, transdérmica, y a través de la mucosa.

23.  La composicion farmacéutica segin las Reivindicaciones 21 y 22, en la
forma de soluciones, suspensiones, polvos solubles, granulos, microcapsulas,
capsulas, pastillas, tabletas, tabletas cubiertas, supositorios, cremas, ungiientos,

lociones, pastas, plastas medicadas, membranas o geles.

24,  La utilizacién de un compuesto de la formula (1) como se describe en la
Reivindicacion 1 o de una de las sales o solvatos farmacéuticamente aceptables
para la preparacion de un medicamento que tenga accion nootropica y/o

neuroprotectora, analgésica y/o anti-hiperalgésica, y anti-emética.

4k
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25.  La utilizacion segun Ia Reivindicacién 24, para el tratamiento de déficit
de aprendizaje y memoria, la enfermedad de Alzheimer, demencia, demencia
senil, demencia vascular del tipo post-apoplejia, epilepsia, isquemia cerebral,
alteraciones en el estado de animo, depresion, para el tratamiento de
condiciones de dolor crénico, dolor inflamatorio, dolor neuropatico, dolor

visceral, y para el tratamiento de emesis.

26.  La utilizacion segin la Reivindicacion 24, en que dicho compuesto de la

férmula (T) se administra en asociacion, concurrentemente o secuencialmente,

COMN UNO O Mas Otros principios activos.

47
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RESUMEN

Se describen nuevos arilimidazolones biciclicos con accién nootrépica (por
ejemplo, proteccion y estimulacion de funciones cerebrales), accion analgésica
y accion anti-hiperalgésica; también se describe €l proceso para su preparacion
y composiciones farmacéuticas que los contienen, dtiles en el tratamiento de

déficit cognitivo, y de varios tipos de dolor.
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?gg‘" k. r.'."_l,' 1 Compuestos de la formula (1) general
7.5~ B .
\ S | Ry /\l‘
- (CH,) A/N
;;"“ r 0 .
fig 1o R N{
en la que:
,‘ 10
A se escoge entre los grupos aromaticos carbociclicos, grupos aromdticos
f’. heterociclicos, y arilC;4alquilo;
R; se escoge de entre:
15 - hidrégeno,
- aril C,.alquilo, opcionalmente sustituido en una fraccion aril con uno o
(_/ més de los grupos que se escoge entre hidroxi, Cj4alkoxi, halégeno,
haloC;4alquilo;
. - heterociclilCy.7alquilo, opcionalmente sustituido en la fraccién de
. 20 heterociclico con uno o mas grupos escogidos de entre C,4alquilo e
hidroxi;
g - Ci.salquilo, opcionalmente interrumpido por un dtomo de oxigeno o
azufre o opcionalmente sustituido en cualquier posicién por uno o mas
grupos que se escoge entre hidroxi, tio, amino, carboxilo,
25 aminocarbonil, guanidinil.

37




S ———

m— 1
T

10

15

20

25

R; sg"éscoge de entre hidrégeno, C,alquilo, aril C,4alquilo y fenilo; o bien Ry
y Rz que en conjunto forman un anillo carbociclico que contiene entre 3 y 8

atomos de carbén;

Ry se escoge de entre hidrégeno, Ci4alquilo, arilCi4alquilo, CONH, y COORs

en donde Rs se escoge de entre hidrégeno y Cy4alquilo;
Ry se escoge de entre hidrogeno, Ci4alquilo, aril, arilC;4alquilo y heterociclil;
nes2, 304,

en la forma de una mezcla racémica o en la forma de enantidmeros, y sales o

solvatos de éstas farmacéuticamente aceptables.

2. Los compuestos segin la Reivindicacion 1, en que: A es fenilo, tienil,
piridil, grupo pirimidinil, opcionalmente sustituido, bencil o 4-metilbencil; R,
es hidrégeno, Ci4alquilo, bencil, -CH,OH, -CH,CH,CONH;, -CH.COOH,
indol(3-il)metil; R; es hidrégeno, Cj4alquilo o bencil; R; y R4 son hidrégeno o

metil, ynes2. -

3. Los compuestos segin la Reivindicacién 2, en que: A es fenilo

opcionalmente sustituido; Ry, Ra, Ry R4 son hidrogeno; y nes 2.
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