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Documento de cesién del Inventor al solicitante o a su causante.

Declaraclones.

Copla de la solicitud Internacional. (Resumen, descripcién, relvindicaclones, dibujos).

Traduccidn de la solicitud Internacional al castellano. (Resumen, descripcidn, relvindicaciones, dibujos).

Copla del examen preliminar Intemadonal efectuado por la Autoridad Intemaclonal de Examen Preliminar
(IPEA).

Traduccién del examen preliminar Internacional efectuado por la IPEA.
De ser el caso, copla del contrato de acceso.

De ser el caso, documento que acredite la licencla o autorizacién de uso de conodmientos tradicdonales de las
comunidades indigenas.
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titular o su causante, relacionadas pardial o totaimente con la Invencldn de esta solicitud.

De ser el caso, modificaclones efectuadas a la solicitud intemacional.
Otros. Blsqueda Intemaclional

@

NOMBRE:_], IAN RAISBECK FIRMA:
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) " "Traducci6n oficial del Inglés por Marlén Meira Castro, resolucidn 2117 del
Ministerio de Justicia de Colombia 4
APOSTILLA EN PODER DE REPRESENTACION DE

SMITHKLINE BEECHAM CORPORATION

PODER DE REPRESENTACION
_Bilingﬂe inglés- espafiol otorgado en Brentford, Middlesex, Inglaterra el 13 de
agosto de 2003 y firmado por Peter John G'iddinu's, Apoderado y Funcionario

avtorizado.
Certificado de Notario De Pinna en espafiol certificand_o que Peter John Giddings

es apoderado de Smithkline Beecham Corporation, firmado por James Kerr Milligan.
APOSTILLA
(Convencién de Ta Haya del 5 de octubre de 1961)

1. Pais: Reino Unido de Gran Bretaha e Irtanda del Norte

- Este documento Piblico
2. ha sido firmado por James Kerr Milligan
3. Quien ejerce funciones de Notario pablico
4, Lleva o] sello del Notario pdblico
CERTIFICADOD
5. En Londres '
6. E1 14 agosto 2003
7. Por el Secretario de Estado Principal de su Majestdd para Asuntos

exteriores y de 1a Mancomunidad
8. No. G228470 .
8. Gran Sello de 1a Oficina de Asuntos exteriores y de la Mancomunidad
10. Firma legible de J. Garbrah- Por el Secretario de Estado

Si al documento se usg en un pafs que no pertenece a 1a Convencién de 1a Haya del

5 de octubre de 1961 debe pasar por la seccién consular de la Misién que

representa el pafis.

Es tradeccide flel del inglés, con copia archive para cosfrontacidn, Bogotd 21 agost-03. M: ( UJ/C— C

Marlen Reira ©

MARLEN NEIRA CASTRO
Traductor e Intérpreta Oficial
Inglds - Espafol - Ingles
Rasolucién No. 2117 del 7 Cct 1987
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Power of Atftorney Poder
The undersigned, El suscrito,
SmithKline Beecham Corporation
domiciled in

domiciliado en

One Franklin Plaza, P O Box 7929, Philadelphia, PA 19101, United States of America

by means of these presents hereby grants to Carlos
R. Olarte, J. Ian Raisbeck and Ana
Maria Fri_erl full and sufficient Power of
Attomey to file, prosecuie, oblain, defend and
enforce any and all of the company’s Patents,
Utllity Models and Industrial Designs in the
Republic of Colombia, to which end it exapowers
them to teke all steps necessary bofore any
administrative or judicial authority of any class for
the objects stated, to file petitions, appeals, replies
and oppositions, pnyhxuandmnu:tm. request
testimonies, receive documents and securities,
abandon epplications and collect refunds. Sufficient
power ia hereby granted 10 receive notifications on
behalf of the Company, to canfer powers on thoss
who aro to represent the company judicially and
cxtrajudicially, to angwer in court in the matter of all
cleimns and demandy that may be presented in
connection with the objects stuied, giving them
likewise power to substitute these presents and
revoke such substitutions.

Signature/Firma:

por medio del presente otorge 2 Carlos R.
Olarte, J. Ian Raisbeck y Ana Maria
Frieri poder especial, amplio y suficiente para
presentar, tamitar, obtener, defendor y hacer
respetar todas y cualquicvra ds Patentes, Modelos
de Utllidad y Diseflos Industriales de la
compatlin en |a Repiiblica de Colombis, a cuyo
efecto loa faculls para dar todos los pasos
uccesarios ante cualquier autoridad administrativa
o judicial de cualquier jerarquia para cumplir con
{0 encomendado, elevar solicitudes, apelaciones,
respucstas y oposiciones, pagar impuestos y
anualidades, solicitar testimonios, recibir
documentos y valores, desistir y percibir. Sc
concede poder bastante para recibir notificaciones
a nombre do Ia compafiia, otorgar poderes a
quicnos vayan a represontar a la compafiia judicisl
y extrajudicinlmente, responder en juicio a todas
1as reclammciones o demandas que por motivo de
lo encomendado se presentaren, dindoles
agimismo facultad para sustituir el presente y
revocar dichas sustitucionos.

Peter Johrl GIIPDDINGS &s Attorney and Authorised Officjal

Date/Fecha: 13 August 2003

City,Country/Ciudad,Pals: Brentford, Middlesex, England
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A
Yo, el infrascrito, JAMES KERR MILLIGAN, Notario Piblico de la Ciudad de
Londres, Inglaterra, por la Autoridad Real debidamente admitido y juramentado,

CERTIFICO:

QUE es auténtica la firma “P. Giddings" suscrita al pie del adjunto Poder, por ser
del pufio y letra del Sefior Don PETER JOHN GIDDINGS, cuya identidad me
consta, Apoderado de la corporacibn denominada “SMITHEKLINE BEECHAM
CORPORATION", corporacién legalmente constituida y existente de acuerdo con
las leyes del Estado de Pensilvania, Estados Unidos de América, con domicilio
social en 1, Franklin Plaza, Philadelphia, Pensilvania 19101, Estados Unidos de

América;

QUE el citado Sefior Don PETER JOHN GIDDINGS estd debida y
suficientemente autorizado para firmar docu_menim de esta clase, en virtud del

Poder otorgado en su favor por la referida Sociedad fechado el 11 de julio de 2002,
copia del cual he tenido a la vista.

Y QUE los objetos para los cuales se otorgd dicho Poder se encuentran dentro de
los objetos o actividades de la citada Sociedad, de acuerdo con la Eacritura
Constitutiva y los Estatutoa Sociales, los cuales he tenido a la vista.

"‘:ff}A Y PARA QUE CONSTE donde y como convenga y fuere necesario expido el
h;._. presente Certificado que firmo y sello en dicha Ciudad de Londres, el dia de hoy
i rece de agosto del afio dos mil tres.

DE PINNA
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If this document Is to be used in 2 country which s not party to the Hague Convestion of 5 Octobey 1961,

APQSTILLE .
(Hague Convention of S October 1961 / Convention de La Heys du 5 octobre. 1961)
UNITED KINGDPOM OF GREAT BRITAIN AND NORTHERN IRELAND
Cunn:r United Kingdom of Grest Britaln end Northern Ireland
mma:mmurmnm
This public document / Le présent acte public
Hng been signed by James Kerr Milligan

a évl signé par
Acting in the eapacityof Notury Publile
agissant en qualité de
Besrn the scal/stamp of ~ The Sald Notary Publie
cat yevéiy du scemtimbre do
Certifled/Attesté
at London/h Londres 6. the/ls 14 Angust 2083

by Her Myjesty’s Principal Secretary of Stats for Foreign and Commonwealth Affaim /
par le Secréteirs d'Stat Principal do Sa Majesth sux Affuires Etrangires et du Commonwealth.

Numberfsons No G2294'70
[ — 10 Signarure: 3. Garhesh

For e Secyetary of Sesta / Pour ks Secriguiva & Evnt

it should be presented to the consalar section of the mission representing that country.

s
4§
4




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Orgunization {FHE
Inicmational Burcau . ‘gj'

(43) International Fublication Date

o\

U
Ko MEEDREN DN SR
-

PCT 10) Intcrnational Publicution Number
4 May 2006 (04.05.2006) WO 2006/04556. 1

(51) Internativaal Patenl Clnssificatlon: N Al). AZ,RA,. BB, BG, BR, BW, BY, BZ, CA, CHL,CN,
CO7D 473/04 (2006.01) AGIK 31/512 (2006.01) -él. CU, CZ, DI, DK, DM, D/ BC, BR. EG, BS. .
CO7D 4TAN6 (2006.01) AGIP 9700 (2000.01) D, Gli, GH, OM, IR, 11U, ID, 1L, IN, IS, JI!, KI5,
KM, KP KR, KZ LC, LK. LR, LS, LT. LU, LV, LY,
(21) International AppBrailon Number: MD, MG, MK. MN. MW. MX. MZ.NA, NG, NI. NO,
PCTMP00501 1376 N7, OM, PG, P11, PL. PT, RO), RU, SC, SD, SL, 50, SK.

(22) Intermational Flling Date: 20 October 2005 (20.10.2005)
{25 Wiing Language: Lnglish
(26} Fubilcution Language: English

(30) Prioritly Datu:

(235685 22 October 2004 (22.10.2004) GB
Iy 10 December 2004 (10.12.2004) QB

{71) Applicanl (for all devignated Staes except 1Sk
SMITHKLINE BEECHAM  CORPORATION
|US/US}: One Franklin Plaza, I O Box 7929, Philadeiphia.
PA 19101 (US).

{12) Inveniors; and

{75 Inventors/Applicants (fir US anlyl: WATLEY, Richard,
Jomuikan, Danlel |GB/GB]; GluxuSmithKline, (Gumnels
Wood Road, Stevenage Herntfondshire 3G1 2NY (GB).
PINTO, Ivan, |20 |GB/GB]: GlaxaSmithKline, Gumels
Wood Road, Stevonage Hertfordshire SG1 INY (GB).

(748) Ageni: BAKER, Smzanne, Jane; GlaxoSmithKline. Cor-
purate Intellectim] Property {CN925.1), Y80 Groat West
Rou, Brentford Middicsex TWS 9GS (GB).

1B1) Deulganied Stinles (unless otherwice indicated. for every
Lirul of rasionul protection availuble): AR, AG, Al. AM.

SL. SM. SY. TJ, TM. TN. TR. TT, TZ, UA, UG, US. UZ,
VC, VN. YU.ZA, ZM, ZW,

(34) Deslynated States (unless otharwise inlicuted. for every
kind of regional prutection avatlable): ARIPO (BW, GiL.
GM. KE, LS, MW, ML NA, SD. SL. SZ TZ UG, ZM,
W), Eurasian (AM., AZ, BY. KG, KZ. MD, RU, T1, TM}.
Livropean (Al BE, BU. CI1. CY. CZ, DI DK, BIL 1S, 11,
IR, 0B, GRLIIU.IE, IS, IT. LT, LU, LV, MC, NL, PL, PT,
RO, SH, S, SK, TR), OAPI (BE, BI, CF, CG, CI, CM, GA,
GN. GQ, GW. ML, MR, NE. SN, TD, TGL

Declarations uoder Rule 4.17:
—  ar to upplivant’s enlitlemewt tv apply for and be granted a
paient (Rule 4.1¥ii))
—  us v the appllcant’s entislement 1o cluim she priority of the
" carlier applivation (Rule 4.17(iil})
—  of inventorship {Rule 4.17{Iv))

Pabllshed:

=~ with intarnational seurch report

— before the expirailon of the thne limit for umanding the
claims and 10 be republished in the evem of receipt of
amendments

For two-letier codes and vther abbreviathons, refer w the “Guid-
unce Notes on Codes and Abbrevistions ™ appeuring at the hegin-
ning of each regular isswe of the PCT Gazete.
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©X (57) Absiract: The present invention relutes 1o therapeutically sctive compounds of formula ([) which ama xanthine derlvatives,
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processes for the manuofacturo of said derivitives, pharmaceutical formulations containing Lthe active compourxds and the use of the
cumpounds in therapy, particularly in the treatment of discases where under-sctivation of the HM74A receplor contributes 10 the
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XASTHINE DERIVATIVRS WITH HM74A RECEPTOR ACTIVITY

The present invention relales to therapeutically active compounds which are xanthine '
derivatives, processes for the manufacture of said derivatives, pharmaceutical formulations
containing the active compounds and the use of the compounds in therapy. particulardy in
the treaiment of diseases where under-activation of the HM74A receplor contributes o the
disease or where activation of the receptor will be baneficial.

Dyslipidaemia is a general term used io describe Individuals with aben-ant lipoprotein
proflies. Clinically, the main classes of compounds used for the treatment ©f patients with
dyslipldaemia, and therefore at risk of cardiovascular disease are the statins, fibrates, bile-
acid binding resins and nicotinic acid. Nicotinlc acid (Nlacin, a B vitamin) has been used
dinically for over 40 years In patients with various forms of dyslipidaemia. The primary mode
of action of nicotinic add is via inhbltion of hormone-sensitive triglyceride lipase (HSL),
which resulls in & lowering of plasma non-asterifled falty aclds (NEFA) which in tum alters
hepatic fat metabolism to reduce the oulput of LDL and VLDL (low and very low density
lipoproteln). Reducad VLDL levels are thought to lower chalesterol estar transfer protein
(CETP) activity to result in increased HDL (high dansity lipoprotein) levels which may be the
cause of the observed cardiovascular benefits. Thus, nicolinic acld produces a very
desirable alteration in lipoprotain profies; reducing levels of VLDL and LDL whilst increasing
HDL. Nicotinlc acld has also been demonstrated to have disease modifying benefits,
reducing the progression and increasing the regression of atherosderotic lesions and
reducing the number of cardiovascular events in several trials.

The observed inhibition of HSL by nicotinic acid treatment is mediated by a decrease in
cellular cyclic adsenosine monophosphate (cAMP) caused by the G-protein-mediated
inhibition of adenyiyl cyclase. Recently, the G-protein coupled receptors HM74 and HM74A
have been Identlfied as receptors for nicotinic acid (PCT paient application WO02/84298;
Wise et. al. J Biol Chem., 2003, 278 (11), 9869-8874). The DNA segquence of human
HM74A may be found in Genbank; accession number AY148884. Two further papers
support this discovery, (Tunaru et. al. Nature Medicine, 2003, 9(3), 352-265 and Soga et al.
Blochem Bilophys Res Commun., 2003, 303 (1) 384-368), however the nomenclature differs
slightly. in the Tunaru paper what they term human HM74 Is in fact HM74A and in the Soga
paper HM74b Is Identical to HM74A. Caells transfected to express HM74A and/or HM74 gain
the abillty to elicit G, G-protein mediated responses following exposure to nicotinic acld. In
mice lacking the homologue of HM74A (m-PUMA-G) nicotinic acid fafls to reduce plasma
NEFA levels. :

Wae now praesent a group of xanthine derivatives which are seleclive agonists of the nicotinlc
acid receptor HM174A and are thus of benefit in the treatment, prophylaxs and suppression
of diseasas where under-activation of this receptor either contributas to the disease or where
aclivation of the receptor will be beneficial. .
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The present Invention provides therapeutically active xanthine derivatives and the use of
thesa derivatives in therapy, particularly in the treatment of diseasaes where under-activation
of the HM74A receptor contributes to the disease or where activation of the receptor will be *
beneficial, in particular diseases of fipki metabolism incuding dyslipidaemia or
hyperiipoprotainaemia such as diabetic dyslipidaemia and mixed dyslipidaemia, heart fallure,
hypercholesteraemia, cardlovascular disease induding atherosderosis, arteriosclerosis, and
hypertriglyceridasmia. As such, the compounds may also find favour as therapeutics for
coronary arfery disease, thrombosls, angina, chronic renal failure, peripheral vascular
disease and stroke, as well as the cardiovascular Indications associated with type |l diabetes
mellitus, type | diabetes, Insulin resistance, hyperlipidasmia, anorexia nervosa end obesity.
The compounds may aiso be of use in the treatment of Inflammatory diseases or conditions,
set out further below. .

Intermediates, formulations, methods and processes described hereln form further aspects
of the invention.

Detalled Description of the 1

According o one aspect of this Invention, we provide at least one chemical entity selected
from compounds of formula (1)

pors

o

()
and pharmaceutically acceptable derivatives thereof, wherein

R represents a group selectad from: hydrogen, Ci.yo alkyl, Cz.10 alkenyl, Cz.0 alkynyl, and
—{alk)-X~{alk),-Y,

Whereln X represents A, A1, A2 or a direct link;

A represents a group selected from:
cycloalkyiene, cycloakenylene, aryl, heteroaryl, heterocyclyl, -CH-OC(O)-;

A1 represents a group selected from:

~CHz-O-{CH,)qaryi-O-, -CH 2-O-(CH2WN(R)C(0)O-, -CHN(R®)C(0)O-, -CH-N(R")C(O)-,
~CHz{O)~(CHz2C(OINR®-, -CH-N(R®)C(OIN(R®)-, -CH-C(O)N((CHz)wOH)-,
-CHx-NR®-S8(0)y, CHz-S(O );:NR"-, -CH-C(0)0O-, -O-, -NR®-, -S~;
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A2 represents:
-CH{OH)-;

When X is A, A1 or A2, Y represents a group sslecled from:

heteroaryl, heterocydiyi, aryl, cycloalkyl, cycioalkanyl, <O(CHz)-aryl, -C{O) O-aryl, -CH(aryl)s,
-CH(heteroaryl),, -Cys haloalkyl, -C(O)R*, -NR*R’, <C(O)NR’R’, -NR’C(O) R’, -NR°C(O)OR’, .
-C(OXCHZ),OR*, halogen, cyano, -N(R)C(O)OR’, -OC(O)NR®R®, -NRC(O)R?, -OR?,
-OC(O)R*;

When X is A1 and Y Is selected from:
“O(CHa)s-aryl, -O-heteroaryl, -OR®, -OC(O)R?®, -NH-aryl, -OC(O)NR®R’,
n is an integer selected from 2, 3, 4 and 5;

When X is A1 and Y is -CF 3, or when X is A2, n is an inleger selected froms 1, 2, 3, 4 and 5;

When X Is a direct [ink, Y represents a group selected from:

-C(O)(CH3)OR", -C(O)-aryl, -C(O)-heteroaryl, -C(O)-heterocyclyl, -heteroaryl, -heterocyclyl,
-aryl, -cycloalkyl, -cycloalkenyl, -Cy, haloalkyl, -halo, -cyano, 3 or 4 ring fused systam, -
CH({aryl);, -CH{heteroaryl), -ORS, -NR'R’, -NCOOR®, -(O),C(O)NR'R®, -NIR°C(O)R", -OR®, -
(O)C(O)RY;

When Y incorporates a ring, that ring may be optionally substituted by one or more of:
Craalkyl, Czq alkenyl, Cz4 alkynyl, halogen, -NH,, (CHz)-NR*R’,
~(CH,){O0){CH2)-N(RIIC(O)OR®, {CH2"N(R)C(O)R®, {CH2)q{0):{CHa2)-C(OINRR’,
ACHa)e-N{RP)IC(OIN(R®)R®, «(CHa)y-C{OIN((CH2WOH)R?, {CHa)N(R®)-S(O)R",
-CH2-S{O1LN(R®R®, -Cy.s haloalkyl, -OCFs, -OCH(F),, -OCH;F, -COOR", -OR®, -(R"),CN,
-8(02)R’, {CHz)sheteroary!, (CHaz)sheterocycyl, -(CHz)ncycloalkyl, {CHz).Cycioalkenyl, -
(CHa)varyt;

R? is selected from: hydrogen; or Ciyo alkyl, Caio alkenyl, .o alkynyl, cycloalkyl,
cycioalkenyl, heterocyclyl, aryl, and heteroaryl, each of which may be oplonally substituted
by one or more of: Cyio alkyl, Czy alkenyl, Cs alkynyl, cycloalkyl, heterocyclyl, aryl,
heteroaryl, Cy. haloalkyl, halogen, -CN, -OR", {(CH,),COR?*, -C(O)OR', -OCOR",
«{CH2):NR°R®, -(NH),CONR®R®, <OCONR®R’, and -NHC(O)OR';

R? is selocted from: halogenated C,., alkyl;

R* is selected from: hydrogen, Ci.s alkyl, Ca,4 alkenyi, Ca4 alkynyl, -(CHz), cycloalkyl,
-{CHa)n cycloalkenyl, {CHz=), heterocyclyl, {(CHz), aryl, and -(CHz) heteroaaryl;

R® and R® are selected from: hydrogen and C;., alkyl;

R' is selected from: hydrogen, Ciq alkyl, Cz4 alkeny), Cs4 alkynyl, {CHz) cycloalkyl,
-(CHa)n cydoalkenyl, {CHz) heterocyclyl, (CH,)aryl, and -(CHa) heteroaryl;
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R'is seleclad from C14 alkyl;

R%is selected from C. alkyl, Ca.4 alkenyl, C34 alkynyl, {CH,), cycloalkyl, / }
~{CHa) cycioalkenyl, -(CHa)heterocyclyl, -(CHz), aryl, and -(CH;),heteroaryl, CN;

m represents an Integer selected from: 0, 1, 2, 3, 4 and 5;
n represents an integer selected from: 0, 1, 2, 3, 4 and 5;

p represents an integer selected from: 0 and 1;

g represents an integer selecled from: 0, 1 and 2;
t reprasents an integer selected from: 1 and 2;
w represents an integer selected from: 2, 3 and 4.

with the proviso that:

i) when R' represents hydrogen or Cy4 aliyl, R?is different to R';

) when R’ represents ethyl and R® represents CF, R? Is other than CH-CH=CHz; and
i) whan R' represents Methyl and R? represents CF,, R? is other than -butyl.

in one embodiment of this invention, we provide at least one chemical entity selected from
compounds of foomula (1)

RIS, H
A ’5 R
o) Iil N

R2
0

and pharmaceuticall y acceptable derivatives thereof, wherein

R? represents hydrogen or a group selecled from: Cy.1p alkyl, Ca.10 alkenyl, Ca.yo alkynyl,
{CHa)ncycloalkyl, -(CHa).heterocyciyl, {CHz).aryl and -(CHy).hetaroaryl, each of which may
be optlonally subsiituted by one or more of: -(CHz),cycloalkyi, -(CHs)shetaerocyclyl,
«{CHx)maryl, {CHa)hetaroaryl, C,.¢ haloalkyl, halo, cyano, -OR*, -(CH;)$COR‘. -CO.R¢,
“OCOR*, {CHJNR®R’, -(NH),CONR®R", -OCONR°R’, and -NHCOzR";

R? is selectad from: C..q9 alkyl, Ca 1o alkenyl, Ca.1o alkynyl, -(CH,)scycloalkyl,
~CHz)heterocydyl, -(CHj)varyl and -(CHa)heleroaryl, each of which may be optionally
substituted by one or more ol: cycloalkyl, heterocydyl, aryl, helsroaryl, Cys haloalkyl, halo,
cyano, -OR*, {CH2)~COR®, -CO4R*, -OCOR*, -(CH,),NR°R®, {NH),CONR"R’,
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-OCONRSR!, and NHCO,R";
R? is selected from: ha logenated C,. alky}; / IZ,

R is selecled from: hydrogen, Cy alkyl C2s alkenyl, C,¢ alkynyl, -(CHg)ncycloalkyl,
-{CHj)sheterocydyl, {CHy)aryl, and {CH:)hetercaryl;

R® and R® are indepen dently selected from: hydrogen and C, alkyl ;

R’ Is selscled from: hydrogen, Cy.s alkyl Cag alkenyl, Cae alkynyl, {€CCH;).cycloalkyi,
-(CHz);heterocyciyl, -(CH;)earyl, and -{CH;);heteroaryl;

n represenis an Intege r selected from: 8, 1, 2, 3 and 4;

m represents an integer selected from: 0 and 1;

p represents an integer selected from: 1 and 2.

with the proviso that:

i) when R’ represents H or C, alkyl, R?Is different to R";

if) when R represents ethy! and R? represents CF;, R? Is other than CH-CH=CHj; and

ill) when R' represents Methyl and R® reprasenis CF,, R? Is other th an i-butyl.

Throughout the present specification and the accompanying clairns the words "comprise”
and "include” and variations such as "comprises”, "comprising”, *“includes” and "including” -
are to be interpreted inclusively. That is, these words are Inlended to convey the possible
incluslon of other slements or integers not specifically recited, where the context allows.

As used henein, the terms “halogen” or "halo® refer to fluorine, chiorine, bromine and icdine.
As used herein, the term "alkyl® (when used as a group or as part of a group) refers to a
straight or branched hiydrocarbon chain unless specified otherwise», containing the specified
number of carbon atoms. For example, Cy-Cialkyl means a stralght or branched
hydrocarbon chaln containing at least 3 and at most 10 carbon atloms. Examples of alkyl as
used hereln Include, b ut are not limited to methyl (Me), ethy! (E1), n—propyl and i-propyl.

As used herein, the term "alkenyl® refers to a atraight or brarsched hydrocarbon chain
containing the specifiesd number of carbon atoms which contains osne or more double bonds.

Suitable examples Include but are not imited to ethenyl, 2-propeny/l, 3-butenyl, 2-butenyl, 2-
pentenyl, 3-pentenyl, 3-methyl-2-butenyl, 3-hexenyl and the like.
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As used herein, the term “alkynyl” refers to a siraight or branched hydrocarbon chain
containing the specified number of carbon atoms which contains one or more tri ple bonds.
Suitable examples Include but are not limited to acetylenyl, propynyl, 1-bulynyl, 1-pentynyl,
3-methyl-1-butynyl and the like.

The term 'C,4 haloalkyl' as used herein refers to a C,.4 alkyl group as defined heraaln wherein
at least one hydrogen atom is replaced with halogen. Examples of such groups include
fluoroethyl, trifluocromethyl or trifluoroethy! and the like.

As used herein, the term "cycloalkyl” refers to a hydrocarbon ring, containing belvween 3 and
6 carbon atoms, comprising No heatercatoms or conjugated double bonds. Examples of
cycloalkyl as used herein inclucie, but are not limited to cyclopropyl and cyclohexyl.

The term ‘cycloakylene’ as used herein refers to a saturated monocyclic hydrocarbon ring of
3 1o 8 carbon linker goups. Examples of such groups include cyclopropylens, cyclobutylene,

cyclopentylene, cycichexylene, cycloheptylene or cyclooctylene and the like.

The term ‘cycloalkenyl' as used herein refers o an unsaturated non-aromatic monocydic
hydrocarbon ring of 3 o 8 carbon atoms conlaining one or more carbon-carbbon double
bonds. Examples of such groups Inciude cyclopropenyl, cyclobutenyl, cyClopentenyi,
cyclohexenyl, cycloheptenyl or cyclooctenyl and the like.

The term ‘cycloalkenylene’' as used herein refars to an unsaturated non-aramatic monocyclic
hydrocarbon ring of 3 to 8 carbon linker groups contalning one or more carbon-carbon
double bonds. Examples of such groups Iinclude cyclopropenylene, cyclobutenylene,
cyclopenianylene, cyclohexenylens, cyciohepienylene or cyclooctenylene and thes like.

As used herein, the term “aryi” refers io a 5 or 6 membered, monocydic aromatic group, or a
fused 8-10 membered bicyclic aromatic group with at least one ring having a cornjugated pl-

electron system, conlaining up to two conjugated or fused ring systems. “"Aryl® indudes’

carbocyclic aryt and biaryf groups. Sultable examples Include but are not limitect to phenyl,
naphthyl and the like.

As used hereln, the term “heteroanyl® refers o a 5 or 6 membered, monocyclic aromatic
group or a fused 8-10 membered bicyclic, aromatic group containing 1 to 3 hetercatoms
independently selected from oxygen, nitrogen and suiphur with at least one ring having a
conjugated plelectron systern, contalning up o two conjugated or fused ring systams.
Sultable exampies of such monocydiic aromatic rings include but are not limited to thienyl,
furyl, pymolyl, triazolyl, imidazolyl, oxazolyl, thiazolyl, oxadiazolyl, isothiazolyl, Isoxazolyl,
thiadiazolyl, pyrazolyl, pyrimidyl, pyridazinyl, pyrazinyl and pyridyl. Suitable examples of
such fused aromatic rings Include but are not limited to benzofused aromalic rirgs such as
quinolinyl, Isoquinofinyl, quinazolinyl, quinoalinyl, cinnolinyl, naphthyridinyl, indoivi,
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indazoly!, pymolopyridinyl, benzofuranyl, benzothisnyl, benzimidazolyl, benzoxazolyl,
benzisoxazolyl, benzothlazolyl, benzisothiazolyl, benzoxadlazolyl, benzothlacliazolyl and the
like.

As used herein, the term “heterocyclyl” refers to a 5 or 8 membered, saturated cyclic
hydrocarbon group, containing 1 to 3 heteroatoms independently selected from oxygen,
nitrogen and sulphur. Sultable examples Include but are not Iimiied to pymolidinyl,
morpholinyl, imidazolidinyl and piperazinyl.

The term ‘3 or 4 ring fused system’ as used herein refers to a fused 12-18 membered
tricyclic or tetracyclic ring which contains 1 to 4 hetercatoms of N and wherein at least one
ring is aromatic. There may be one or more oplional oxo substituents on the ring carbon
atoms. Examples of such fused aromatic rings Include carbazolyl, acenaphthyl,
naphthotriazolyl and the like.

As used herein, where a group is referred to as being “substituted” by another group or

having "one or more subatituents® unless a particular position for such a substitution is

. specified it is 1o be understood that a substitution may be present at any position In the

group.

As used heren. the term ‘“pharmaceutically acceptable derivative® refers to any
pharmaceutically acceptable derivative of a compound of the present invention, for example
salts, solvales or esters which, upon administration to a mammal, such as a human, are
capable of providing (directly or Indirectly) a compound of formula (l) or an active metabollte
or residue thereof. Such derivatives are clear to those skiied in the art, without undue
experimentalion, and with reference to the teaching of Burgers Medicinal Chemistry And
Drug Discovery, 5th Edition, Vol 1: Principles And Practice, which Is Incorporated herain by
reference.

It will be appreciated by those skilied in the art that the compounds of the invention may be
modifled to provide phamaceutically acceptable derivatives thereof at any of the functional

groups in the compounds, and that the compounds of the invention may bes so modified at

more than one position.
In one embodiment, “pharmaceutically acceptable derivative” refers to salls or solvates.

As used herein, the term "phamacsutically acceptable® used in relation to an ingredient
{active ingredient or exciplent) which may be Included In a pharmaceutical formulation for
administration to a patient, refers to that ingredient being acceptable in the sense of baing
compatible with any other ingredients prasent in the phamrmaceutical formuiation and not
belng deleterious to the recipient thereof.

)9



10

15

20

25

30

35

40

WO 2006045568 PCT/EP20030011376

As used herein, the term “solvate” refers to a complex of variable stoichiometry formed by a
solute (In this Invention, @ compound of formula (I), a salt thereof or a phamaceutically
acceptable derivative thereof) and a solvent. Such solvents for the purposes of the present
invention may not interfera with the biological activity of the solute. The solvent used may be
a pharmacsutically acceptable solvent. Examples of suitable pharmaceutically acceptable
solvents Include water, ethanol and acetic acid. An example of a solvent that may be used Is
water, in which case the solvate may be referred io as a hydrats of the solute in quastion.

it will be appreciated that, for pharmaceutical use, the “salt or solvate” referred to above will
be a pharmaceutically acceptable salt or solvate. Howevar, other salts or solvates may find
use, for example, In the preparation of &8 compound of formula (I) or in the preparation of a
pharmaceutically acceptable salt or solvale thereof.

Pharmmaceutically acceptable salts include those described by Berge, Bighley and
Monkhouse, J. Pham. Sci., 1977, 68, 1-19. Suitable phamaceutically acceptable salts
include alkall metal salts formed from the addition of alkali metal bases such as alkall metal
hydroxides. Examples of suitable alkall metal salts are sodium salt or potassium sait. Other
sultable phammacautically acceptable salts Include alkaline earth metal salts such as calcium
salt or magnesium salt, ammonium salts; or salits with organic bases such as ethanolamine,
triethanolamine, ethylene diamine, triethyimine, choline and meglumine; or salts with amino
acids such as arginine, lysine and histidine.

The compounds are of use in the treatment of diseases where under-activation of the
HM74A receptor contributes fo the disease or where activaion of the receptor will be
beneficlal, in particular diseases of lipid metabolism Including dyslipidaesmia or
hyperiipoproteinasmia such as dlabetic dyslipidaemla and mixed dyslipkiaemla, heart failure,
hypercholesieraemla, carcliovascular disease Including atherosclerosls, arte riosclerosis, and
hypertriglycoridaemia. As such, the compounds may also find favour as therapeutics for
coronary artery disease, thrombosis, angina, chronic renal fallure, peripheral vascular
disease and stroke, as well as the cardiovascular Indications assoclated with type Il diabetes
mellitus, type | diabetes, insulin resistance, hyperiipldaemia, anorexia nervasa, obesity. As
such the compounds of the present invention may find use as agonists or partial agonists of
HM74A.

Compounds of the Invention are of polential therapeutic benefit In the treatment and-

amelloration of the symptoms of many diseases of lipid metabolism induding dyslipidaesmia
or hyperiipoprotelnaemla such as dlabelic dyslipidaemla and mixed dyslipldaesmia, heart
fallure, hypercholestermemla, cardiovascular disease Including atherosclercsls,
artericsclerosis, and hypertriglyceridesmia, type Il diabetes meliitus, type | diabelss, insulin
resistance, hyperlipidaernla, anorexla nervosa, cbesily. As such, the compounds may also
find favour as therapsutlcs for coronary artery disease, thrombosis, angina, chronic renal
fallure, peripheral vascular disease and stroke.
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Furthermore, it is aiso believed that the HM74 and HM74A receptors are Involved In
inflammation. Inflammation represents a group of vascular, . celiular and neurological
responses to trauma. Inflammation can be characterised as the movement of inflammatory
cells such as monocytes, neutrophils and granulocytes into the tissues. This is usually
associaled with reduced endothellal bamier function and ocedema Into the tissues.
Iinflammation with regards to disease typically is refermed to as chronic inflammation and can
last up to a lifeime. Such chronic inflammation may manifest ilself through disease
symptoms. The aim of antHnflammatory therapy is thersfore to reduce this chronic
inflammation and allow for the physiological process of heallng and tissue repalr to progress.

Examples of inflammatory diseases or conditions for which the compounds of the present
invention may demonsirate ullity include those of the jaint, particularly arthvits (e.g.
rheumatoid arthritis, ostecarthritls, prosthetic joint failure), or the gastrointestinal tract (e.g.
ulcerative colitis, Crohn's disease, and other inflammatory bowel and gastrointestinal
diseases, gastritis and mucosal inflammation resulling from infection, the enteropathy
provoked by non-steroidal ant-inflammalory drugs), of the lung (e.g. aduilt respiratory
distress syndrome, asthma, cystic fibrosis, or chronic obstruclive pulmonary disease), of the
heart (e.g. myocarditis), of nervous tissue (e.g9. multiple sclerosis), of the pancreas, (e.g.
inflammation associated with diabetes melttus and complications thereof, of the kidney (e.g.
glomerulonephritis), of the skin (e.g. demmatiiis, psoriasls, eczema, urticarla, bum Injury), of
the eye (e.g. glaucoma) as well as of transplanted organs (e.g. rejection) and mult-organ
diseases (e.g. systemic lupus erythematosis, sepsis) and inflammatory sequelae of viral or
bacterial Infections and Inflammatory conditions associated with "atherosderosls and
following hypoxic or ischaemic insults {with or without reperfusion), for exampie in the brain
or In ischaemic heart disease.

It will be appreciated that references herein to treatment extend to prophylaxis, pravention of
recurrence and suppression of sympioms as well as the treatment of astablished conditions.

Nicotinic acid has a significant side effect profile, possibly because it is dosed at high level
(gram quantities dally). The most common side effect is an intense cutaneous flushing. In
cerialn embodiments of the present invention the compounds may exhlibit reduced side
effects compared to nicotinic acid. HM74A has been identifled as a high affinlty receptor for
nicotinic acld whilst HM74 Is a lower affinity receplor. The compounds of the present
Invention may find use as selective HM74A agonists or pariial agonists; In which case they
will show greater affinity for HM74A than for HM74.

The potential for compounds of formula (I) to activate HM74A may be cdemonstrated, for
example, using the following In vitro whole cell assays:

-y 1]
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For transient transfections, HEK203T cells (HEK293 cells stably expressing the SV40 large
T-antigan) were maintained In DMEM containing 10% foetal calf serum and 2mM glutamine.
Cells were seeded in 80mm culiure dishes and grown to 6§0-80% confluence (18-24h) prior
to transfection. Human HM74A (GenBank™ accession number AY148884) was subcloned
in to a mammalian expression vector (pcDNA3; Invitrogen) and transfected using
Lipofectamine reagenit. For transfection, 9ug of DNA was mixed with 301 Lipofectamine in
0.6ml of Opti-MEM (Life Technologles Inc.) and was incubated at room temperature for
30min prior to the addition of 1.8ml of Opt-MEM. Cells were exposed to the
Lipofectamine/DNA mixture for 5h and 8ml of 20% (v/v) foetal calf serum In DMEM was then
added. Cells were harvestied 48h after transfeclion. Pertussis toxin treatment was carried out
by supplementation into media at 50ngmi ' for 18h. All transient transfection studies involved
co-transfection of receptor together with the Gy, G proteln, Gyat.

For generation of stable cell lines the above method was used to transfect CHO-K1 cells
seeded In six well dishes grown to 30% confluence. These cells were maintained In DMEM
F-12 HAM media containing 10% foelal calf serum and 2mM gluiamine. 48h post-
transfection the media was supplemented with 400ugiml Genelicin (G418, Glbco) for
selection of anlibiotic resistant cells. Clonal CHO-K1 cell lines stably expressing HM74A
were confimmed by [3°S]-GTPyS binding meesurements, following the adidition of nicotinic
ackd.

P2 membrane preparation - Plasma membrane-containing P2 particulate fractions were
prepared from cell pastes frozen at —80°C after harvest. All procedures were carried out at
4°C. Cell pellets were resuspended In 4 mi of 10mM Tris-HCl and 0.1mM EDTA, pH 7.5
(buffer A) and by hormogenisation for 20s with a Ulira Tumax followed by passage (5 times)
through a 25-gauge needle. Cell iysales were centrifuged at 1,000g for 10 min In a
microcentrifuge to pellet the nuclei and unbroken cells and P2 particulate fractions were
recovered by microcentrifugation at 18,000g for 30min. P2 particulate fracions were
resuspended in buffer A and stored at —80°C until required.

°S]-GTPyS binding - assays wera performed at room temperature In 384—well format based
on methods described previously, (Wieland, T. and Jakobs, K.H. (1884) Methods Enzymol.
237, 3-13). Briefly, the dilution of standard or test compounds were prepared and added to a
384-well plate In a volume of 10ul. Membranes (HM74A or HM74) were diluled in assay
buffer (20mM HEPES, 100mM NaCl, 10mM MgCl;, pH7.4) supplemented with saponin
(60pug/mi), Leadseoker WGA beads (Amersham; 250ug/well) and 10pM GDP, so that the
20ul volume added to each well contains 5ug of membranes. [®S]-GTPyS (1170 Cl/mmol,
Amersham) was diluted (1:1500) In assay buffer and 20yl added to each well. Following the
addilion of the radicligand, the plates were sealed, puise spun and Incubated for 4hours at
room temperature. At the end of the Incubation pericd the plates were read on a Leadseeker
machine (VIEWLUX PLUS; Perkin-Elmer) to determine the levels of specific binding.
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These assays were refined by reducing the flnal assay volume {o 10 ul. For this 10 pl assay
a revised protocol was used. This involved the use of only 100 nl of standard’ or test
compound per wall of a 384-well plate and 1.5 pg membrane and 100 pg Leadseeker WGA

beads. For the low volume protocol, membrane, beads and [*S]-GTPYyS were mixed |

together and then 10 ul of this mix were dispensed to each well. Incubation and plate read
were identical for the 10l and 50 ul assays.

All exemplified compounds were tasted In one or both of the [**S]-GTPYS binding assays
described above (i.e. the 10l and 50pl agsays).

Daila was analysed by curve fitting as carried out using a Four Parametsr Logistical equation
using the XC50 software package (max 2 points deleted from any one curve). Specific
binding is expressed as pECs; and as % efficacy compared to the maximal response of
nicotinic acld binding.

In-vivo testing

HM74A agonists can be tested in male Spague-Dawley rats (200-250g) which have besen
fasted for at least 12 hours prior to the study. The compounds are dosed intravenously at

either 1 or 3Img/kg (5mlkg) or by oral gavage at doses ranging from 1-30rng/kg (10mikg).

Blood samples (0.3ml tail vein bleed) can be taken pre-dose and at three times post-dose .

(iimes ranging frorm 15 minutes to 8 hours post-dose). Each blood sample Iss transferred to a
heparin tube (Becton Dickinson Microtainer, PST LH) and centrifuged (10,000g for 5§
minuies) to produce a plasma sample. The plasma samplas are assayed For levels of non-
esterifled fally acids (NEFA) using a commercially avallable kit (Randox). Inhibiton of
plasma NEFA levels, relative to pre-dose levels, are used as a surrogalte forr HM74A agonist
activity.

In order to determine whether HM74A compounds exhibit the flushing response assoclated
with nicotinic acid they can be dosed to consclous guinea-pigs. Male Dunkin Hartley guinea
pigs (300-600g; n=10-20 per group) are fasted for at least 12 hours, but not in excess of 24
hours prior to experimention. Pre-atudy blood samples (0.6ml) are taken from each animal
by cardlac puncture under recovery anaesthesla (Isoflurane 3.5% wilh additional O2
(1L/min)). Ear termperature measuramentis are taken by placing the left ear of each animal
over an Infreved temperature probe. Measurements are taken at one minute intervals from
5 minutes pre-dose (o 30 minules post-dose. Temperature measurements are then taken at
15 minuts intervalls up to 2 hours post-dose.. Animals recelve test compounds by oral
gavage (5mikg). Blood samples (0.5ml) are taken by cardiac punclure under terminal

anaesthesia. Blood samples are taken from individual animals to provide data at 0.5, 1, 2, 3, -

and 4 hours post—-dose. All blood samples are placed on a biood roller for 5 minutas then
stored on Ice untll the end of the study. Following centrifugation (12000g for 5min) the

11
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plasma I8 transferred Into fresh tubes and siored at -20°C unill assayed for NEFA
concentrations,

Compaunds eccording to Formula (f) have been synthesised (see synthelic examples below)
and tested in the [*S]-GTP)S binding assays described above. Al of the exemplified

compounds have a pECS50 of 4.3 or greater and an efficacy of 30% or greater (in relation to

nicollnic acid).

Compounds of Formula (1) may find use in human or veterinary medicine, In particular as
activators of HM74 A, in the management of dyslipkiaemla and hyperlipoproteinasmia.

According to another aspect of the Invention, there Is provided the use of at least one
chemical entily selecled from compounds of formula (ll)

R;;T\ I ;<>_R3

T
R2
()
and phamacautically acceptable derivatives thereof, wherein

R’ represents a group selected from: hydrogen, C..,, alkyl, Ca 40 afkenyl, Ca.y, allkynyl, and
—{alk)y-X~(alk)-Y,

Wherein X represents A, A1, A2 or a direct fink;

A represents a group selected from:

sycloalkylens, cycloalkenylene, aryl, heteroaryl, heterocyclyl, -CH-OC(©O)-;

A1 represents a group selected from;

~CHrO+{CHa)aryl-O-, -CHz-O-{CH),N(R")C(Q)O-, -CH-N(R*)C(0)O-, -CH-N(R%C(O}-,
~CH{0)p-{CH3){C(O)NR®-, -CH-N(R*)C(OIN(R%-, -CHz" I)N{(CH2)»OH)-,
-CHzNR®-8{O)~, CHz-S(0)NR’, -CHsC(0)O-, -O-, -NR  -S-;

A2 represents;
-CH(OH);

When X is A, A1 or A2, Y represents a group selectad from:

12
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hetercaryi, helerocydyl, aryl, cydoaikyl, cycloalkenyl, -O(CH;)-aryl, -C(0)O-aryl, -CH(aryl),
-CH(heteroaryl);, -C,.¢ haloalkyl, -C{O)R* , -NRER’, -C(O)NR°R’, -NR*C(O)R?, -NR°C(O)OR’,
-C(O)(CH,),OR*, halogen, cyano, -N(RF)C(O)OR’, -OC(O)NR'R®, -NR°C(O)R", -OR®,
-OC(O)R,

When X Is A1 and Y Is selected from:
-O(CH.).-aryl, -O-heteroaryl, -OR®, -OC(O)R?, -NH-ary!, -OC(O)NR"R®,
n is an Integer selected from 2, 3, 4 and 5;

When X Is A1 and Y |s -CF,, or when X is A2, n is an integer selected from 1, 2, 3, 4 and 5;

When X is a direct link, Y represents a group selected from:

-C(O)(CH;),0R®, -C(O)-aryl, -C(O)-heteroaryl, -C(O)-heterocyciyl, -heleroaryl, -heterocyclyl,
-aryl, -cycioalkyl, —cycloalkenyl, -C,.4 haloalkyl, -halo, -cyano, 3 or 4 ring fused system,
-CH(aryl);, -CH(hetseroaryl);, -OR®, -NR*R’, -NCOOR®, -(0),C(O)NR’R®, -NR*C(O)R", -OR®,
~(0)COR";

WhenY inoolporates'a ring, that ring may be optionally substituted by one or more of:
Cie8lkyl, C;, alk@nyl, Caq alkynyl, halogen, -NH;, (CH;),-NR*R’,

. {CH){0){CH=2)q-N(R*)C(O)OR®, -(CHa)-N(R*)C{O)R?, {CH2)¢-(O)«{CH:2)-C(O)NR°R®,

«CH2)-N(R*)C{O )N(R®)R®, ~(CH2)-C(ON((CH2)nOH)R", {CHa)s-N(R*-S(0):R",
~CHZS(0)N(R®)R®, -C4.5 haloalkyl, -OCF, -OCH(F)z, -OCHsF, -COOR", -OR®, -(R*),CN,
-S(02)R", {CHz).hetaroaryl, {CHz):heterocycyl, -(CHz).cycloalkyl, -(CHz).cycloalkenyl,
-(CHa)qaryl;

R* Is selected from: hydrogen; or Ciuo alkyl, Caw alkenyl, Cpqo aliynyl, cycloalkyl,
cycloalkenyl, heterocyclyl, aryl, and heteroaryl, each of which may be opfionally substituted

by one or more of. Ci.go alkyl, Caio alkenyl, Cay alkynyl, cycloalkyl, heterocyclyl, aryl,
heteroaryi, Cis haloalkyl, halogen, -CN, -OR*, {CH.),COR*, -C(O)OR*, -OCOR*,
~{CH2).NR'R", {(INIH),CONR®R®, -OCONR'R’, and -NHC(Q)OR";

R? Is selected frorm: halogenated C.s alkyl;

R* is selected frorn: hydrogen, C..; alkyl, Ca. alkenyl, Ca alkyniyl, -(CHz), cy cloalkyl,
={CHa), cycloalkenyl, -{CHa), heterocyciyl, (CHz). aryl, and -(CH3), heteroary;

R® and R® are selected from: hydrogen and C. alkyl;

R’ Is selecied frorn: hydrogen, Ciq alkyl, Cae alkanyl, Cz4 alkynyl, (CHz) cycloalkyl,
-(CH>), cycloalkenyl, -(CH2) heterocyclyl, {CHzharyl, and {CH;) heteroaryl;

Ris selected frorm Cy., alkyl;

R® fs selecied frorm Cy.¢ alkyl, Ca, alkenyl, Ca4 alkynyl, <(CH;), Cycioalkyl,
-(CHa).Cycloalkenyl, {CHa)shetarocyciyl, (CHz), aryl, and {CHa).hetercaryi, CN;
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m represents an integer selected from: 0, 1, 2, 3,4 and 5; Z )

n represents an integer selected from: 0, 1, 2, 3,4 and 5;

p represants an integer selected from: 0 and 1;

q represents an integer selected from: 0, 1 and 2;
{ represents an Integer selected from: 1 and 2;

w reprasenis an In teger selecled from: 2, 3 and 4;

in the manufacture of a medicament for the trealment of disordlers of lipid metabolism
including dyslipidaemia or hyperlipoprotsinaemia. In particular, the use s provided of a

compound of Formula (1) in the manufacture of a medicament for the treatment of diabetic

dyslipidaemia or mixed dyslipidaemia, heart fallure, hypercholesteraemia, type i dlabetes

mellitus, type | diabetes, insulin resistance, hyperlipldaemia, anorexia nervosa, obesity,

coronary artety disease, thrombosis, angina, chronic renat fallure, stroke and cardiovascular

disease Including aatherosclerosis, arteriosclerosis, and hypertriglyce ridaemia.

In one embodiment of the invention, there Is provided a compound of formula (1) or (Il) or a
pharmaceutically derivative thereof for use In the treatment of disorders of lipid metabolism
incdluding dysiipidaemia or hyperlipoproteinaemia. in another embodiment, the use is
provided of a compound of Formula (I) or (ll) in the manufacture of a medicament for the
teatment of diabetic dyslipidaemia or mixed dyslipidaemia, heart fallure,
hypercholesteraemia, type |l diabetas meliitus, type 1 diabetes, Insulin resistance,
hyperlipidaemia, anorexia nervosa, obesity, coronary arlery disease, thrombosls, angina,
chronic renal fallure, stroke and cardiovascular disease including atherosclerosis,
arteriosclerosis, and hypertriglyceridaemia.

Thus, there is provided as a further aspect of the present invention a compound of formula
(1) or (i) or a pharmaceutically acceptable derivative thereof, for use in human or veterinary
medicine, parlicularly In the treatment of disorders of lipid metabolism Including
dyslipidaemia or hyperiipoproteinaemla such as diebetic dyslipidaemla and mixed
dyslipidaemia, heart fallure, hypercholesteraemia, cardiovascular disease Including
athercsclerosis, arteriosclerosls, and hypertriglyceridaemia, type Ii dlabetes mellitus, type |
diabetes, insulin resistance, hyperiipidaemia, anorexia nervosa, obeslty. As such, the
compounds are also provided for use in the treatment of coronary artery diseass,
thrombosis, angine, chronic renal fallure, peripheral vascular disease and stroke.

There |s providad as a further aspect of the present invention a cornpound of formula (1) or
() or a pharmaceutically acceplable derivative thereof, for use in the manufacture of a
medicament for the treatment of disorders of lipid metabolism including dyslipldaemia or
hyperiipoproteinae mia such as diabelic dyslipidaemia and mixed dyslipidaemia, hear fallure,
hypercholesteraemila, cardlovascular disease including atherosclerosis, arteriosclerosls, and
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hypertriglyceridaemia, type Il diabeles " mellitus, type | diabeles, Insulin resistance,
hyperiipidaemia, anorexia nervosa, obesity. As such, the compounds are also provided for
use in the treatment of coronary artery disease, thrombosis, angina, chronic renal fallure,
peripheral vascular disease and stroke.

in a further embodiment the present invention provides the use of a compound of formula ()
or (i} or a pharmaceutically acceptable derivative thereof, In the manufacture of a
medicament for the treatment of inflammatory diseases or conditions of the joint, particularty
arthritis (e.9. rheumatoid arthrtls, osteoarthrils, prosthetic joint fallure), or of the
gastrointestinal tract (e.g. uicerative colitis, Crohn’s disease, and other inflammatory bowel
and gastrointestinal diseases, gastrilis and mucosal inflammation resulting from infection,

the enteropathy provolced by non-stercidal anti-inflammatory drugs), of the lung (e.g. adult

respiratory distress syndrome, asthma, cystic fibrosls, or chronic obstruclive pulmonary
disease), of the heart (e.g. myocarditis), of nervous tissue (e.q. multiple sclerosis), of the
pancreas, {(e.g. inflammation associated with diabetes melitus and complications thereof, of
the kidney (e.g. glomerulonephritis), of the skin (e.g. dermatitis, psoriasis, eczema, urticaria,
bum injury), of the eye (e.g. glaucoma) as well as of ransplanted organs (e.g. rejection) and
multi-organ diseases (e.g. systemic lupus erythematosis, sepsis) and inflammaltory sequelae
of viral or bacterial infections and Inflammatory conditions assoclated with atherosderosis
and following hypoxic or Ischaemic insults (with or wihout reperfusion), for example in the
brain or in ischaemic heart diseasse.

in one embodiment, the compounds of formula (I} or (ll) or pharmaceutically acceptable
derivatives thereof are useful in the treatment and prevention cf inflarmmation, diabetes and
cardlovascular diseases or condlitions Including atherosclerosis, arteriosclerosis,
hypertriglyceridemia, and mixed dyslipidaemia.

In a further or altemative aspect there is provided a method for the treatment of a human or
animal subject with a condition where under-activation of the HM74A receptor contributes to
the condition or where activation of the receptor will be beneficlal, which method comprises
administering to sald human or animal subject an effeclive amount of & compound of formula
() or (1) or a pharmaceutically acceptable derivative thereof.

In one embodiment the present Invention provides a method for the treatment of disorders of
lipid metabolism Including dyslipldaemia or hyperlipoproteineemia such as dlabetic
dyslipldasmla and mixed dyslipidaemia, heart fallure, hypercholesteraemia, cardiovascular
disease including atherosclerosis, arteriosclerosls, and hypertrig lyceridaemia, type II
diabetes mellitus, lype | diabetes, Insulin resistance, hyperiipidaesmia, anorexia nervosa,
obesity, which method comprises administering to sald human or animal subject an effective
amount of a compound of formula (I} or (Il) or a pharmaceulically acceptable derivative
thereof. As such, these compounds may also find favour in methods for the treatment of
coronary arlery disease, thrombosis, angina, chronic ranal failure, peripheral vascular
disease and stroke, which methods comprise administering to sald human or animal subject
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. an effective amount of a compound of formula (1) or (i) or a pharmaceutically acceptable

derivative thereof.

In one embodiment of formula {1} or (1), R? Is selected from hydrogen Cy.; ¢ alkyl, and
—~(alk)m-X~(alk)s-Y .

In one embodiment of formula (1) or (II), X represents A or A1. In a further embodiment of
formuia (I) or (1), A Is selected from heteroaryl, heterocyclyl, and A1 is selected from CHz-O-
(CH)WN(RPC(0)O-, for example CHRO(CH:);NHC(0)0-, CHN(R*)C(Q)O- for example
CHNHC(0)0, CH-N(R®)C(O)- for example, CHr-NHC(0)-, CHx{0),-(CH2),C(ONR- for
example CH.C(OINCHz , CH-N(R®)C(O)N(R*)- for example CHrNHC(O)NCHy-, CHx-
C{O)N((CH2,OH - for example CHz-C{O)N{(CHz)20H)-, CH-NR®-8(0)~ for example CH.-
NH-S(0)-, CH~S(O:NR®- for example CHx-S(0).NCHy-, and CH-C(0Q)O-. In another
embodiment of formula (1) or (ll), X represents A and A represents a heteroaryl. In another
embodiment of formula (1) or (), A represents a heteroaryl comprising a nitrogen
heteroatom, for @xample, triazolyl, furazanyl, oxadiazolyl, tetrazolyl, imidazolyl or pyrazolyl.

In a further embodiment »f formula (I) or (ll), X represents A, for axample heteroaryl or
hetarocyciyl, or a direct link.

In one embodiment of formula (I) or (ll), Y represents an optionally subatitulad group
selected from: aryl, for axample phenyl or napthyl, heteroaryl, for example pyridinyl, thiazolyl,
thienyl, benzofuranyl or indolyl, and O-aryl, for example O-phenyl.

in a further embodiment of formula (I) or (I}, Y Is substituled by one or more groups selected
from OR® for axample OH or OCH,, halogen, for example F or C, aryl, for exampie phenyl,
C,.¢ haloalkyl for example CFyor CH,CF3, OCF3, (R%),CN for example CN,
(CH2)N(R%-S(O).R" for example NHS(0).CH; and S(O).R*® for example S({0).CH,.

In one embodiment of of formula (1) or (li), when X represents A or A1, and A represents
cycloalkyl, cycloalkenyl, aryl, hetaroaryl or heterocyclyl, and A1 represents
-CH70-(CHz).N(R®*)C(O)O-, -CH~-N(R%)C(0)O-, -CH-N(R®)C(O)-,
~CHz{O)<{CHz2)qC(OINR*-, -CHrN(R*)C(O)N(R®)-, or -CHr-C(O)N((CH2)wOH)-, and Y
represents 8 ring, for example when X reprasents oxadizolyl, tetrazolyl or pyrazotyl and Y
represents phenyl, pyridinyl, or thienyl, m is an integer selected from 3 and 4 and n Is an
Inieger selectad from 0 and 1, forexamplemis4andnlis0,ormis3andnlis 1;

In one embodiment of formula (1) or (ll), R is selected from: hydrogen; and Ci.1s alkyl which
may be optionally substituted by one or mare of: cycloalkyl, heterocyclyl, aryl, heteroaryl, C;.
s haloalkyl, halo, cyano, -OR*, -(CH,).COR®, -CO,R*, -OCOR!, {CH2),NR°R’, and -
(NH)7yCONR'R". In another embodiment of formula (1) or (ll), R' is selected from: hydrogen;
and Cy.10 alkyl which may be optionally substituted by one or more of- halo, cyano, -OR*, -
(CH2),COR?, -COzR?, -OCOR*, {CH2),NR®R", and {NH),,CONR"R".
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in a further embodiment of formula (1) or (iI), R' is selected from: hydrogen and C, alkyl
optionally substituted with —OH, for example methyl, butyl or CH.CH;OH.

In one embodiment of formula (1) or (ll), R' is selected from: hydrogen and Cq alkyl, for
example methyl or butyl.

In one embodiment of formula (1) or (ll), R® is selected from: Cy alkyl and Ca4o alkenyl,
each of which may be optionally substituted by one or more of cycloalkyl, heterocyclyl, aryl,
heteroaryl, Cy4 haloalkyl, halo, cyano, -OR*, (CH2),COR?, -CO,R", -OCOR", {CH).NR'R’,
and -{NH),,CONR®R®, In another embodiment of formula (I) or (ll}, R2 may represent Cy1
alkyl which may be optionally substituted by one or more of ¢cycloalkyl, heterocyclyl, arvi,
heteroaryl, C,; haloalkyl, halo, cyano, -OR*, {CH:),COR"*, -CO,R", -OCOR?*, {CH,),NR® R*,
and .

-(NH)xCONR® R®. In a further embodiment R? is selected from C.4 alkyl, for example butyl

or pentyl.

In one embodiment of formula (l) or (l), R? represents C,.,o alkyl whichy may be optionally
substituted by .one or mome of: cycloalkyl, heterocyclyl, ‘aryl, hetercaryl, C.4 haloalkyl,
halogen, -CN, -ORY, -(CH;),COR®, -C(O)OR*, -OCOR?*, {CHz).NR"R®, and -(NH),CONRR®.
In a further embodiment of formula (1) or (Il), R? Is selected from Cs4 alkyl, for exampie butyl
or peniyl.

In one arrbodlmlont of formula (1) or (i), R? is selected from: fluorinated C,.s alkyl. In another
embodiment of formula (1) or (), R? Is selecied from: fluorinated Ci4 alkyl, for example CFs,
CHF; or CF,CF;.

In one ambodiment of formula (l) or (I), R* Is selected from: hydrogen, C,4 alkyl, Cz,
alkenyl, Ca4 alkynyl, {CHg)cydoalkyl, -(CH,)sheterocyciyl, -(CH.).aryl, and

-(CHs)shetercaryl. In another embodiment of farmula (1) or (II) R* is salected from: hydrogen
and C, alkyl.

In one smbodiment of formula {I) or (i), R' Is selected from: Mmgsn and C.g alkyl
optionally substituted with ~OH, R? Is selected from: C,, aikyl and R Is selected from:

fluorinaled C.4 alkyl, with the proviso that when R represents Methyl and R? represents CF,,
R? cannot be Houtyl.

In one embodiment of formula ) or (11), R® Is hydrogen.

In one embodiment of formula (1) or (1), R Is selecled from: hydrogen and C,, alkyl.
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In further embodimant of formula (1) or (il,) it is provided that when X is A1, A1 Is -O- and Y_
is a ring which Is substituted by aryl or hetercaryl, then m is an integer selected from 3, 4
and §.

In one embodiment of formula (1) or (ll), R* and R? are different.

It Is to be understood that the present inveniion includes any combination of particular
embodiments and covers all combinations of particular substituents described hereinabove
for compounds of Formula 1) or (11).

Particular compouinds of the present invention include:

3-bulyl-1-methyl-8-(trifluoromethyl)-3,7-ditrydro-1 H-purine-2,6-dione,
1.3-dibutyl-8{triflucromethyi}-3,7-dihydro-1H-purine-2,6-dione,
3-butyl-1-methyl-8-{pentaflucroethyl)-3,7-dihydro-1H-purine-2,6-dione,
8-(diflucromathyt)-1-methyl-3-pentyl-3,7-dihydro-1H-purine-2,6-dione ,
3-pentyl-8-{iffluoromethyl}-3,7-dihydro-1H-purine-2,6-dione,

1<{2-hydroxyethyl )-3-pentyl-8-(trifiuoromethyi)-3,7-dihydro-1H-purine-2,6-dione,
3-Butyl-1-{3{3-(p henylmethyi)-1,2,4-0xadlazoi-5-yljpropyl}-8-(trifluorometh yi)-3,7-dlhydro-
1H-purine-2,6-dione,

4-[3-Butyi-2,6-dloxo-8-(triflucromethyl)-2,3,6, 7-tetrahydro-1H-purin-1-yf]butanoic acid,
3-Butyl-1-[4-(3-phrenyi-1,2, 4-oxadiazol-5-yl)butyl]-8-(irifluoromethyl)-3,7-dihydro-1H-purine-
2,8-dione,

5{3-butyt-2,6-dioxo-8-(trifluoromsthyl)-2,3,8, 7-tetrahydro-1H-purin-1-yljpentanoic acid,
3-Butyl-1-{4{3-(2-fluorophenyl}-1,2,4-oxadiazol-5-yljbutyl}-8-{irifiuorometh yi)-3,7-dihydro-1H-
purine-2,6-dione,

3-Butyl-1-{4-{3-(4-fluorophenyl)-1,2,4-oxadlazol-5-yllbutyl}-8-{triflucrometh yi}-3,7-dihydro-1H-
purine-2,8-diona,

3-Butyl-1-{4{3-(2-pyridinyl)-1,2 4-oxadlazol-5-yl]butyl}-8<{trifluoromethyl )-3, 7~-dihydro-1H-
purine-2,6-dione,
3-Bulyl-8-({trifluoromethyl)-1-(3-{3-{(2.4,6-lrifluorophenyl)methyl]-1,2.4-oxadlazol-5-yl}propyl)-
3,7-dhydro-1H-purine-2,6-dions,

1-Methyl-3-pentyl-8-(irifluoromethyl}-3, 7-dihydro-1H-purine-2,6-dione.

The amount of a HM74A modulator which is required to achleve the desired biological effect
will, of course, despend on a number of factors, for example, the mode of adminietration and
the precise dinleal condition of the recipient. In general, the dally dose will be in the range of
0.1mg - 1g/kg. typlcally 0.1 - 100mg/kg. An intravenous dose may, for example, be In the
range of 0.0img to 0.1g/kg, typically 0.01mg to 10mg/kg, which may conveniently be
administered as an Infusion of from 0.1ug to 1mg, per minute. Infusion fluids suitable for this
purpose may contain, for example, from 0.01pg to 0.1mg, per milllire. Unit doses may
contain, for example, from 0.01ug to 1g of a8 HM74A modulator. Thus ampoules for Injeciion
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may contain, for example, from 0.01pg to 0.ig and orally administrable unit dose
formulations, such as tablets or capsules, may contain, for example, from 0.1mg 1o 1g. No
toxicological effects are indicated/expected when a compound of the invenlion Is
adminisiered in the above mentioned dosage range.

A compound of the present Invention may be employed as the compound per se In the
treatment of a disease where under-activation of the HM74A receptor contributes to the
disease or where activation of the receptor will be beneficial, an exam ple of this is where a
compound of ihe present invention is presented wih an acceplable carrier in the form of a
pharmaceutical formulation. The camier must, of course, be acceptabile in the sense of
being compatible with the other ingredients of the formulation and must not be deleterious to
the recipient. The carrier may be a solld or a liquid, or both, and may be formulated with the
HM74A modulalor as a unit-<dose formulation, for example, a tablet, which may contaln from
0.05% 1o 85% by wwelght of the HM74A modulator.

The formulations include those sultable for oral, rectal, topical, buccal (e.g. sub-lingual) and
parenteral (e.g. subcutansous, intramuscular, intradermal or intravenou s) administration.

There Is also provided according to the inventlon a procass for preparation of such a
pharmaceutical cormposition which comprises mixing the Ingradients.

Formulations suilable for oral administration may be presented in discrete units, such as
capsules, cachets, lozenges or tablels, each contalning a predetermined amount of a
HM74A modulator; as a powder or granules; as a solution or a suspenssion in an aqueous or
non-aqueous liquid; or as an oll-n-waler or water-incif emuision. iIn general, the
formulations are prepared by uniformly and intimalely admixing the actlve HM74A modulator
with a liquid or finely divided solid carrder, or both, and then, f necessary, shaping the
product. For example, a fablet may be prepared by compressing or rmoulding a powder or
granules of the HM74A modulator optionally with one or more accessory ingredients.
Compressed tablets may be prepared by compressing, in a suitable machine, the compound
in a free-flowing form, such as a powder or granules optionally mbeed with a binder, lubricant,
inert diluent and/or surface active/dispersing agent(s). Moulded tablets may be made by
moulding, in a suitable machine, the powderad compound moistened with an inert liquid-
diluent.

Tablets and capsules for oral administration may contaln conventional exclpients such as
binding agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, mucilage of starch or
polyvinyl pymolidone; fillers, for example, lactose, microcrystailine cellulose, sugar, malze-
starch, caldum phosphate or sorbitol; lubricants, for example, magnesium stearate, stearic
acld, talc, polyethylene glycol or silica; disintegrants, for exarmple, potalo starch,
croscarmeliose sodium or sodium starch glycollate; or welling agents such as sodium lauryt
sulphate. The lablets may be coated according to methods well known in the art. Oral liquid
preparations may be in the form of, for example, aqueous or oilly suspensions, solutions,

19



10

15

WO 2006045568 PCT/EP2005/011376

emulsions, syrups or elixirs, or may be presented as a dry product for constitution with water
or other sultable vehicle before use. Such liquid preparations may contaln conventional
additives such as suspending agents, for example, sorbilol syrup, methyl cellulose,
glucose/sugar syrup, gelatin, hydroxymethyl cellulose, carboxymethyl cellulose, aluminium
stearate gel or hydrogenated edible fats; emulsifying agents, for example, lecithin, sorbitan
mono-oleate or acacia; non-aqueous vahicles (which may include edible olls), for example
almond oil, fractionated coconut oll, olly esters, propylene glycol or ethyl alcohol; or
preservatives, for example, methyl or propyl p-hydroxybenzoates or sorbic acid. The
preparations may also contain buffer salts, flavouring, colouring and/or swesetening agents
{e.g. mannitol) as ap propriate.

Formulations sultable for buccal (sub-lingual) administration include lozenges comprising a
HM74A modulator In a flavoured baese, usually sucrose and acacia or tragacanth, and
pastilles comprising the HM74A modulator In an inert base such as gelatin and glycerin or
sucrose and acacia.

Formulations for oral administration may be sultably formulated to gives controlled/extended
release of the aclive compound.

Formulations of the present invention suitable for parenteral administration conveniently

comprise slerite aqueous preparations of an HM74A modulator, the formulation may be ’

isotonic with the blood of the Intended reciplent. These preparations could be administered
intravenously, although adminlstration may also be effecied by means of subcutanecus,
Intramuscular, or Intradermal Injection. Such preparations may conveniently be prepared by
admixing the HM74A modulator with water and rendering the resulting solution sterile and
isolonic with the blood. Injectable compositions according to the imvention will generally
contain from 0.1 to 5% w/w of the HM74A modulator.

Thus, formulations of the present invention suitable for parenteral administration comprising
a compound according to the invention may be formulated for parenteral adminlstration by
bolus injection or continuous Infusion and may be presented In unit dose form, for instance
as ampoules, vials, small volume Infusions or pre-filled syringes, or in mult-dose contalners
with an added preservaiive. The composiions may itake such forms as solutions,
suspensions, or emmuisions In aqueous or non-aqueous vehicles, and may contain
formulatory agents such as ani-oxidants, buffers, antimicroblal agents and/or toxcity
adjusting agents. Altemnatively, the active Ingredient may be in powder form for constitution
wilh a sultable vehicda, e.g. sterile, pyrogen-free water, before use. The dry sold
presentation may be prepared by filling a sterile powder aseptically into individual sterile
containers or by filling a sterile solution aseptically into each contalner and freeze-drying.

Formulations sultable for rectal administration may be presented as unit-dose suppoasliories.

These may be prepared by admixng a HM74A modulalor with one or more conventional
solid camiers, for exaample, cocoa butter or glycerides and then shaping the resulting mixture.
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Formulations suitable for topical application to the skin may iake the form of an oinbment,
cream, [olion, paste, gel, spray, aerosol, or oll. Camiers which may be used include
vasefine, lanolin, polyethylene glycols, alcohols, and combinations of two or more thereof.
The HM7 4A modulator is generally present at a concentration of frorn 0.1 to 15% wiw of the.
composition, for example, from 0.5 to 2%.

By topical administration as used hereln, we include administration by Insufflation and
inhalation. Examples of various types of preparation for topical administration Include
ointmentss, creams, lolions, powders, pessaries, sprays, aerosols, capsules or cariridges for
use inan inhaler or insufflator or drops (e.g. eye or nose drops).

Qintments and creams may, for example, be formulated with an aqueous or oily base with
the addition of sultable thickening and/or gelling agenis and/or solvents. Such bases may
thus, for ©xample, include water and/or an oll such as liquid paraffin or a vegetable oll such
as arachis oll or castor oll or a soivent such as a polyethylene glycol. Thickening agents
which may be used Include soft paraffin, aluminium stearate, cetostearyl alcohol,
polyethylene glycols, microcrystalliine wax and beeswax.

Lotlons may be formulated with an aqueous or olly bass and will in general also contain one
or more emuisifying agents, stabllising agents, dispersing agents, suspending agents or
thickening agents.

Powders for external application may be formed with the ald of any s uitable powder base, for
example, tale, lactose or siarch. Drops may be formulated with an aqueocus or non-aqueous
base also comprising one or more dispersing agents, solubiising agents or suspending
agents.

Spray compositions may be formulated, for example, as aqueous solutions or suspensions
or as aerosols delivered from pressurised packs, with the use of a sultable propeilant, e.g.
dichlorodifluoromethane, trichlorofiuoromethane, dichlorotetrafluorcethane, 1,1,1,2,3,3,3-
heptafluoropropane, 1,1,1,2- tetrafluorethane, carbon dioxide or other sultable gas.

Capsules and cartridges for use In an inhaler or insufflator, of for example gelalin, may be
formulsted contalning a powder mix of a compound of the Invention and a suitable powder
base such as lactose or starch.

The pharmaceutical compositions according to the Invention may also be used In
combination with other therapeutic agents, for example in combinatlon with other classes of
dyslipidaemic drugs (e.g. statins, fibrates, bile-acld binding resins or Nicotinic acid).

The compourds of the instant invention may be used in combination with one or more other
therapeutic agents for example In comblination with other classes of dyslipidaemic drugs e.g.
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J-hydroxy-3-methyigiularyl-coenzyme A reductase inhibitors (statins) or fibrates or bile acld
binding resins or nicotinic acld. The Invention thus provides, in a further aspect, the use of
such a combination In the treatment of diseases where under-activation of the HM74A
recaptor contributes to the disease or where activation of the receptor will be beneficial and
the use of a compound of formula (i) or (1), or a pharmaceutically acceptabls salt, solvate or
pharmaceulically acceptable derivative thereof in the manufacture of a medicament for the

combination therapy of disorders of lipild metabolism including dyslipidaesmia ‘or

hyperiipoproleinaemia such as dlabetic dyslipidaemia and mixed dyslipldaemia, heart failure,
hypercholesteraemia, cardiovascular disease induding atherosclerosis, arteriosclerosis, and
hypertriglyceridaemia, type [ diabetes maliitus, type | diabetes, Insulin resistance,
hypetfipidaemia, anorexia nervosa or obasity.

When the compounds of the present Invention are used in combinalion with other
therapeutic agents, the compounds may be administered either sequentially or
simultaneously by any convenient route.

The comblinatiorys referred to above may conveniently be presented for use in the form of a
pharmacsutical formulation and thus pharmacetutical formulations comprising a combination
as defined above oplimally together with a pharmaceutically acceplable carrier or excipient
comprise a further aspeclt of the Invention. The individual components of such combinations
ma, be adminisiered either ssquentially or simultaneously in separate or combined
pharmaceutical formulations,

When combined in the same formulation it will be appreciated that the two components must

be stable and compatible with each other and the other components of the formulation and .

may be formulaled for administration. When formulaled separalsly they may be provided in
any convenient formulation, convenlently In such a manner as are known for such
compounds in the art.

When in combination with a second therapeutic agent active against the same disease, the
dose of each component may differ from that when the compound Is used alone.
Appropriate doses will be readily appreciated by those skilled in the art.

The Inventlon thus provides, In a further aspect, a combinalion comprising a compound of
formula (I} or @ pharmaceutically acceptable derivallve thersof together with another
therapeutically active agent.

The combination referred to above may conveniently be presented for use In the foom of a
pharmaceutical formulation and thus pharmaceutical formulations comprising a combination
as defined above iogether with a pharmacsutically acceptable diluent, exciplent or carrier
thereof represent a further aspect of the Invention. For example, a pharmaceutical
formulation comprising a compound or pharmaceutically acceptable derivative thereof and
one or more pharmacautically acceptable dlluents, exciplents or carrlers.
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General purification and analylical methods:

The mass spectra (MS) were recorded on a Fisons VG Platform mass spectrometer using
electrospray positive ionisation [(ES+ve to give MH' and M(NH,* molecular ions] or
electrospray negative lonisation [{ES-ve to give (M-H) molacular ion] modes.

'H NMR spectra were recorded using a Bruker DPX 400MHz spectrometer using
tetramaethyisliane as the external standard.

Biotage™ chromatography refers to purification carried out using equipment sold by Dyax
Corporation (elther the Flash 40i or Flash 150i) and cariridges pre-packed with KPSIl.

Mass directed autoprep refers to methods where the material was purifled by high
performance liquid chromatography on a HPLCABZ+ S5um column (5cm x 10mm Ld.) with
0.1% HCO.H In water and 85% MeCN, 5% water (0.5% HCO;H) utliising the following
gradient elution conditions: 0-1.0 minutes 5%B, 1.0-8.0 minutes 5—30%B, 8.0-8.9 minutes
30%B, 8.9-9.0 minutes 30—95%B, 6.0-9.9 minutes 85%B, 9.9-10 minutes 95—+0%B at a
flow rate of 8m minutes™ (System 2). The Glison 202-fraction collector was triggered by a
VG Platform Mass Spectrometer on detecting the mass of interest.

Preparative h.p.l.c. refers to methods where the material was purified by high performance
liquid chromalography on a HPLCABZ+ S5um column (10cm x 21.2mm Ld.) with 0.1%
HCO:H in water (A) and MeCN (0.5% HCO:H) (B) utlising the generic gradient elution
conditions expressed as “x to y* gradient with a gradient system as follows: 0-1.45minutes
x%B, 1.45-20 minutes x-—y%B, 20-24 minutes y—95%B, 24-30 minules 95%B, 32-34
minutes 95—x%B at a flow rate of 8mi minutes™ . The Glison 233 fraction colleclor was
triggered by UV (254nm),

SPE (solid phase extraction) refers to the use of cartridges sold by Intemational Sorbent
Technology Ltd.

Strata Phenyl SPE refers to the use of cartridges soki by Phenomenex. The compound was
loaded onto a cartridge previously conditioned with MeCN and equllibrated with 5% MeCN In
waler. The compound was eluted with 0.1% HCO,H in wataer and MeCN (0.5% HCO.H) in a
suitabie gradient on a Combiflash Optix 10.
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The compounds of the present Invention and pharmaceutically derivatives thereof may be 31
prepared by the methodology described hereinafier, constituting a further aspect of this
invention.
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5

Procass A.

A process according to the invention for preparing a compound of formula (1) or formula (i)
In which R' Is H or alkyl wherain R'and R? may be the same or different, comprises:

NlNDz. H'
’ R‘l " n Mwm ™ r'dudunm - “'Iiﬁ:;
) il o o
R2 2)':-. Tnz
1) Pyrimidinedione formation
li) Alkylation
lli) Nitrosation
iv) Reduction
v} Xanthine formation
Process B:

A process according to the invention for preparing a compound of formula (I} or formula (ll)
in which R and R? may be the same or different, comprises:

A e =

gz | =
I
i by

i) Alkyiation at N1
jit) Formylation of C8
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iv) Fluorination of carbonyl

v) Palladium mediated

deproteclion

PCT/EP2005/011376

Where desired or necessary, as a final stage In any of the above synthetic processes, a
resultant compound of formula (1) or (ll) can be convertad Into a pharmaceutically acceptable
sait form or vice versa or converting one salt form into another pharmaceutically acceptable

salt form.

ABBREV| NS

AcOH
br

CcDI

d
DBAD
DCM
DIPEA
DMSO
DMF
EtOAc
EtOH
h

IPA

m
MDAP
MeCN
MeOH
min
NCS
PFPA

ma;n

SPE

TFA
TFAA
THF
DMEM
HEPES
UHMDS

Acetic acid

Broad {(NMR)
Carbonyldiimidazole

Doublet (NMR)
Di-t-butylazodicarboxylatae
Dichloromethane
Diisopropylethylamine
Dimethyisuifoxide
N,N-Dimethylformamide

Ethyl acetale

Ethanol

Hour(s)

Isopropy! alcohol

Multiplet (NMR)

Mass directed autoprep
Acetonitrile

Methanol

Minuta(s)

N-Chlorosuccinimide
pentafluoropropionic anhydride
Quartst (NMR)

Room temperature

Retention ime

Singlet {NMR)

Solid phase extraction cartridge
Triplet (NMRY)

Trifluoroacetic add
Trifluoroacelic acld anhydride
Tetrahydrofuran

Dulbecco's Modlfled Eagle's Mediium
4-(2-Hydroxyethyl)plperazine-1-ethanesulphonic acid
Lithlum hexamethyidisilylamide
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The following non-limiting examples illustrale the present nvention:

S c les

Example 1 )

3- =1-m methyl 1 ro-1 lone
.,

A purple mix of 5,6-diamino-1-butyl-3-methyl-2,.4(1H,3H)-pyrimidinedione (European Journal
of Medicinal Chemistry (18680), 25(8), 653-8)(290mg) and TFAA (6ml) was heated at reflux
for 1 hour then concentrated in vacuo. The resulling residue was treated with 2N NaOH (aq)
(7ml) and the mixiure heated at reflux for 30 minutes. After cooling to ambient temperature,
the mixture was acidified to ca. pH4 wilh 3M HCl(aq). The precipitate was coliected by
filtration and washed with a solution of water:EIOH (2:1) then water:EIOH (1:1). The resulting
belge solid was dried /n vacuo (100mg, 25%). NMR; 5y (400MHz, d®-DMSO) 0.90 (t, 3H,
J=7.5Hz), 1.25-1.38 (m, 2H), 1.59-1.69 (m, 2H), 3.25 (s, 3H), 3.97 (t, 2H, J=7Hz), NH not
observed to &4 15; m/z 291.2[MH").

rifluo 7-d 1 rl one

A purple mix of 5 8-diamino-1,3-dibutyl-2,4(1H,3H)-pyrimidinedione {Joumal of Medicinal
Chemistry (1881), 34(1), 486-8) (207mg) and TFAA (4ml) was heated at reflux for 1 hour
then concentrated in vacuo. The resulting residue was treated with 2N NaOH(aq) (5ml) and
the mixiure healed at reflux for 30 minutes. After cooling to ambient temperature, the mixiure
was acidified to ca. pH4 with 3M HCI (aq). The precipitate was collected by filtration and
purified by recrystallisation from a solution of water:EIOH (2:1). The pale brown/ orange solid
was dried under vacuum at 50°C for 48 hours providing the title compound as a beige solid
(35mg, 13%). &y (400MHz, d®-DMSO) 0.90 (I, 6H, J=7Hz), 1.26-1.34 {m, 4H), 1.48-1.68
(overiapping m, 4H), 3.89 {t. 2H, J=THz), 3.97 (t, 2H, J=7Hz), NH not observed to 5,15; m/z

333.2[MH").

Example 3
3-butyl-1-met ntafiluorcethyi)-3,7-dlh 1 H-purine-2 6-dlone
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A%

A purple mix of 5,8-diamino-1-butyl-3-methyl-2,4(1H, 3/}-pyrimidinedione (European Joumnal
of Medicinal Chemisiry {1990), 25(8), 653-8) (300mg, 1.41mmol) and pentafluoropropionic
anhydride (PFPA) (6ml) was heated at 60°C for 1 hour then concentrated in vacuo. The
resulling residue was treated with 2N NaCH (aq) (7ml) and the mixture heated at 80°C for 30
minutes. Afler cooling to room temperalure the mixture was acldified to ca. pH4 with 3M
HCI(aq). The precipitaie was collecied by flitration, ‘washed with water and dried under
vacuum affording the title compound as a pale green/brown fluffy solid (163mg, 34%). &

(400MHz, d*-DMSO) 0.89 (t, 3H, J=7.5Hz), 1.24-1.35 (m, 2H), 1.60-1.89 (m, 2H), 3.25 (s, -

3H ), 3.98 (1, 2H, J=7Hz), NH not observed fo 5, 15; m/z 358.4[MNH,’].

Example 4
difiuoro -1-smeth ntyl-3,7-dihydro-14'-purine-2,6-dlone
Y <
o N F

A solution of 8-(diflucromethyi)-1-methyl-3-pentyl-7-(2-propen-1-yi)}-3,7-dihydro-1H-purine-
2, -dione in anhydrous THF (3ml) and anhydrous DMSO (0.3ml) was degassed under a
gentle vacuum and nirogen introduced. This was repeated twice. Pd{PPhs), (74mg,
0.064mmol) was added and the mixture degassed once more. Motpholine (374uL, 4.3mmol)
was added and lefi to slir at rt for 4 hours. The mixture was partitioned between 2M HCl(aq)
and EtOAc. The organic layer was separaied, washed with brina, dried (MgSO,) and
concentrated. The residue was taken up in MeOH and passed down and amino-propyl SPE
column (5g), eluting with MeOH followed by 5% AcOH/MeOH. The product fraction was

concentrated to afford the title compound as an off whiie sofld (88mg, 80%). 5, (400MHz, -

d®-IDMSO) 0.85 (t, 3H, J=THz), 1.23-1.35 (m, 4H), 1.8 1-1.71 (m, 2H), 3.25 (s, 3H), 3.88 (t,
2H, J=7.5Hz), 7.12 (t, 1H, J=53Hz2), 14.58 (br. s, 1H); m/z 287.2]MH"].

8« diflucromethyi}-1-methyl-3-pentyl-7-{2-propen-1-yi)}-3, 7-dihydro~1H-purine-2,6-dione

1-rneﬂ1yl-2.B-dlom-a-pentyl-'r-(z-pmpend-yl)-2.3.6.7-|‘etrahydro—1I-l-purlno-a-car_baldahyde
(133mg, 0.44mmol) was added o a pre-dried flask under nitrogen. Anhydrous DCM (3mi)
was added followed by deoxoffuor (161ul, 0.87mmol) and finally EtOH (1 drop, ca.
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0.08mmuol). The mixture was allowed to stir at rt. for 4 hours then partitioned belween sat.
NaHCOs(aq) and DCM. The organic layer was separated, washed with brine, driad (MgSO,)
and concentrated to afford the title compound as a yellow oll (145mg). m/z 327 .4[MH"].

1-mathyl-2,6-dloxo-3-pentyl-7-(2-propen-1-yi)-2,3,6,7-ie trahydro-1H4-purine-8-carbaldehyde

o}&ﬁe

To a solution of 1-methyl-3-pentyl-7-(2-propen-1-y1)-3,7 -dihydro-1H-purine-2,6-dlone (1.05g,
3.8mmol) In THF (15mi) at -78°C was added lithlum hexamethyldisilylazide (1M solution in
hexane, 4mi, 4mmol) over 10 min. The solution wass stimed for 0.5h, then DMF (0.5ml,

6.5mmol) added, and the soluion stimed for a further 0.5h at -78°C after which it was .

allowed to warm to rt over 2h. The reaction was quenchad with 2N HCI solution then
separated belween EtOAc/brine. Chromalography over silica (gradient elution with DCM to
5:1 DCM/ELOAC) provided the title compound (0.35g, 30%). m/z 305[MH"].

1-methyl-3-pentyl-7-(2-propen-1-yi)-3, 7-dihydro-1H-purine-2,6-dione

To a solution of 3-penlyl-7-{2-propen-1-yi)}-3,7-dihydro-1H-purine-2,8-dione  (0.20g,
0.76mmol) and methyl lodide (0.5ml, 4.9mmol) in DMF (5ml) was added potessium
carbonate {0.4g, 2.9mmol) and the mixture heated at $0°C for 3h, cooled and the mixture
separated between EtOAc/hrine. The organics were Isolated, dried (MgSO,) and
concentrated to yleld the required product (0.21g, 100%). vz 277[MH").

3-pentyl-7-{2-propen-1-yl)-3,7-dihydro-1Hpurine-2 6-dione

To a solution of 7<(2-propen-1-y1)-3,7-dihydro-1H-purine-2,6-dione (0.61g, 3.2mmo!) and
pentyl iodide (D.84g, 3.2mmol) In DMF (7mi) was added sodium carbonate (0.60g, 5.7mmol)
and the mixture heated at 50°C for 18h. Afler cooling and the mbdure was separaled
between EtOAc/brine. The organics were isolated, dried (MgSO,) and concentrated to yield
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the crude product which was purified by chromatography over sllica (gradient elution with
DCM to 5:1 DCM/ELOAG) providing the title compound (0.47g, 56%). m/z 263[MH").

Example 5
3- -8-{trifluorom -3,7-dlh -1 rine

f}e

A mixiure of 8-amino-5-nitroso-1-pentyl-2,4(1H, 3H)-pyrimidinedione (500mg, 2.21mmal),
10% Pd/C (100mg) and EIOH (100ml) was viggorously stimed under an atmosphere of
hydrogen for 4 hours. The mixture was filtered through Celile and the filtrale concentrated in
vacuo, giving 5,8-diamino-1-peniyl-2,4(1H,3H)-pyrimidinedione as a pale green solid (82mg)
and as a mixture with an unknown product (2:1). Triflucroacetic anhydride was added (Sml) .
and heated at reflux for 1 hour then concentraled 7n vacuo. 2M NaOH{aq) (15ml) was added
to the crude residue and heated at 100°C for 300 minutes. After allowing to cool to 1t the
mbcture was acidifled to ca. pH & with 2M HCi(aq). The resulting precipitate was coliected by
filtration and then taken up into MeOH with heating and then passed down an amino propyl
column (5g), eluting with 2% AcOHMeOH, 5% AcOH/MeOH, 10% AcOH/MeOH and 15%
AcOH/MeOH. The product fraction was concentrated, giving the title compound as an off--
white solid (52mg). NMR; (400MHz, d®-DMS0) 544 0.85 (t, 3H, J=7Hz), 1.22-1.31 (m, 4H),
1.61-1.68 (quintet, 2H, J=7Hz), 3.80 (t, 2H, J=7THz), 11.30 (s,1H), 15.3 (br. 5, 1H). m/z 281.2
[MH’].

6-amino-5-nitroso-1-pentyl-2,4(1H,3H)-pyrimidined lone
I (]
o NH,
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A mixture of 6-amino-1-pentyl-2,4(1H.3H)-pyrimidinedione (3.0g, 15.2mmol), AcOH (6mi)
and 6M HCl{(aq) was cooled to 0°C then treated dropwise with a solution of NaNO, (1.2g, -
16.7mmol) in water (4ml). The mixture was stimed for 45 minules and water added (ca.
200ml). The resulting purple solid was filtered, washed with water (ca. 200ml) and dried
under high vacuum at 80°C for 18 hours. Gave the title compound as a purple sofid (2.08g,
80%). m/z 227.3 [MH").

. 6-amino-1-pentyl-2,4{1H,3H)}-pyrimidinedione

o"l\l'l".

A mixture of 2-cyano-N-[(pentylamino)carbonyljacetamide (17.9g, 0.091mol), EOH (70ml)
and water (40ml) was healed to 85°C and then 10% INaOH(aq) (10mf) was added dropwise.

.The reaction was stimed for 1 hour before allowing t© cool to ri. then diluted with water and

acidified to ca. pH8 using 2M HCl{aq). The mixdture was cooled (lce-bath) then filtered and
the resulling solid washed with water then dried und er vacuum at 40°C. This gave the title
cornpound as s white solid (11.0g, 61%). m/z 188.2 [MH"],

2-cyano-N-{(pentylamino)carbonyflacetamide

N N

A mixture of pentyl urea (16.4g, 0.13mol), cyanoacetic acld (11.8g, 0.14mol) and acetic
anhydride (30ml) was heated at 80°C for 2 hours. The mixture was allowed 1o cool to rt. and
stirred with E{0 (ca.100ml) for 1 hour, The mixiure was cooled to 0°C (ice-bath) and the
solid collectad by flitration giving the title compound as a white solid (17.9g, 72%). m/z 198.1
[MH".

E : 3-Pe trifluo 1)-3,7-dlh 1 H-purin o m
metho

T a suspension of 8-amino-5-nitroso-1-pentyl-2,4(1H,3H)-pyrimidinedione (0.227g, tmmol)
In &anhydrous dichloromethane (5ml) was added trifluoroacetic anhydride (0.35ml, 2.5mmol).
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The resulting pale yellow suspension was stimed for 40min at room temperature and then
the solution was concentraled in vacuo.

The residue was dissolved in dioxan (25mi) and added to 10% palladium on carbon (0.5g) .

and hydrogenated for 1hr. The catalyst was filtered off, washed with dioxan and the filtrale
concentrated in vacuo. Some starling material remained so the hydrogenation step was
repeated. After a further 1.5h the catalyst was filtered off, washed with dioxan and the filtrate
concentrated in vacuo.

The residus was dissolvad in tetrahydrofuran (10ml) and 2N NaOH (5ml) was added. The
solution was stimed at 60°C for 2h. The crude reaction mixiure was diluted with ethyl acetate
and water and then acidifled with 2N HCi. The organic phase was washed with brine, dried
(MgS0,) and concentrated in vacuo to give the tile compound as an orange solid (140mg
480"

LC. : m/z 291 [MH], RT 3.00min

'H NMR (DMSO-dy) 8y 0.85 (3H, t, J = 7Hz), 1.28 (4H, m), 1.64 (2H, m), 3.88 (2H, t, J =
7Hz), 11.22 (1H, br s).

-8 uoromethyl)-3.7-dihydro-1H-purin

A  soluion of 8-amino-1-pentyl-3{2-{tetrahydro-2H-pyran-2-yloxy)ethyl]-2.4(1H,3H)-
pyrimidinedione (970mg) In AcOH (10ml) was trealed with 6M HCl(aq) (8ml) and then a
solution of NaNO2 (247mg) in water (3ml) was added. After 15 minules the mixture was
partitioned between water and EtOAc. The organic layer was separated and the aqueous
layer extracted with EtOCAc (x7). The combined extracls were washed with biine, dried
(MgSO4) and concenlrated, giving a purple oll (448mg). A suspension of this ol n DCM
(1 2ml) was trealed with the dropwise addition of TFAA (12mil). After 10 minutes the mixture
was concentrated giving a yellow/brown oll (788 mg). A portlon of this material (150mg) was
reacted under an atmosphere of hydrogen in THF (15ml) for 2.5 hours. The mixture was
filtered through celite and washed through with THF. The filtrate was concentrated and
treated once more with TFAA (Sml) and then concentrated In vacuo. 2M NaOH(aq) (4ml)
was added to the reskdue and the mixture heated at 50°C for 30 minutes. After cooling, the

mixiure was acldified to ca. pH 5 and the product extracled with EtOAc. The organic layer -

was separaled, washed with brine, dried (MgSO4) and concenirated. The resulting residue
was passed down an auotoprep hpic to fumish the title compound (32mg, 17%). NMR;
(4-00MHz, d6-DMSQ) &H 0.85 (t, 3H, J=7THz), 1.23-1.36 (m, 4H), 1.62-1.70 (m, 2H), 3.52 {t,
2H, J=6.5Hz), 3.07 (m, 4H), 15.5 (br. S, 1H). m/z 335.3 [MH+].
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T Y- Y

Hy ReH, Az H,

6-amino-1-pentyl-3-{2-(letrahydro-2H-pyran-2-yloxcy)ethyi]-2,4(1 H.3H)-pyrimidinedione

O

0 Hh""':
|

g

ml
A mixture of 6-amino-1-pentyl-2,4(1H,3H)}-pyrimidinedione (300mg, 1.5mmol), Cs,CO,
(585mg, 1.8mmoal), 2-(2-bromosthoxy)etrahydro-2H-pyran (276ul, 1.8mmol) and anhydrous
DMF (5mi) was heated at 40°C for 18 hours. The mixture was pariitioned between water and
EtOAc. The organic layer was separaled, washed with brine, dried (MgSO, and
concentrated, giving a pale brown gum {188mg, 40%). mv/z 328.3 [MH"].

Example 7{a): =Butyl-1-{3- ©) ethyl}-1,2 I -
trifluorometh 7-dih 1H-purine-2,6-dione '
Example 7{b): 4 trifluoc et 7 urin-1-

a) 3-Butyl-1-{3{3<{phenyimethyl)-1,2 4-oxad lazol-5-yl]propyi}-8-{trifluoromethyl)-3,7-
dihydro-1 I-I-purlno-z 6-dione

O}f

4-{3-Bulyl-2,6-dioxo-8-(triflucromethyl}-2,3,6,7-tetrahydro-1H-purin-1-yfjbutanolc = _ acid
(0.181g, 0.5mmol) and CDI (0.088g, 0.55mmol) were dissolved in anhydrous
dimethylformamide (6mi). After stiring the solution under nitrogen for 3h ai room
temperature, benzylamidoxime (0.083g, 0.55mmol) was added and the solution heated at
00°C for 20h, then at 110°C for 4h. The reaction mixture was concentrated /n vacuo to a
yellow oil. This was purified on a Teledyne isco CombiFlash® Companion® using a 40g

Red!Sap sllica cartridge (gradient elution with chiorofomvethanol 0-15%). The appropriate '
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fraclions were evaporated in vacuo, than freeze dried from dioxan to give the title compound
as a white lyophilate (142mg, 59%)

LC/MS: mi/z 477 [MH]", RT 3.57 min

'H NMR (CDCl,) 5y 0.98 (3H, t, J = 7Hz), 1.41 (2H, m), 1.76 (2H, m), 2.23 (24, m), 2.95 (2H,
t, J = 8Hz), 4.00 (2H, s), 4.14 (2H, t, = BHz), 4.22 (2H, 1, J = 7Hz), 7.27 (5H, s)

b) 443-Butyl-2,6-dloxo-8-{trifluoromethyl)-2,3,6,7-tetrahydro-1H-purin-1-yilbutanoclc
acid

Anhydrous dichioromethane (50ml) was addaed to ethyl 4-{(4-amino-3-butyl-5-nitroso-2,8-
dioxo-3,6-dihydro-1(2H)-pyrimidinyl}butanoate (3.26g,10mmol), followed by trifluoroacetic
anhydride (3.53mi, 25mmol). The yellow solution was slimed at room temparature under an
atmosphere of nitrogen for 15min and then concentrated in vacuo. The residue was
dissolved in dioxan (150mi) and added to 10% palladium on carbon (0.5g) and hydrogenated
for 2h. The catalyst was filtered off, washed with dioxan and the filtrate concentrated /n
vacuo.

The residue was dissolved in tetrahydrofuran (100mi) and 2N NaOH (50ml) was added. The
solution was stirred at 60°C for 1.5h cooled and diluted with ethyl acetate (100mi) and water
(30mi). The organic phase was extracted with water (2x 30ml). The combined aqueous

extracis were acidified to pH4 with 2N HCI. The resuiting solid was filtered and washed with

water to give the tile compound as pale cream solid 2.17g (60%).

LC/MS: m/z 363 [MH]", RT 2.84min

'H NMR (DMSO-dg) 8 0.90 (3H, t, J = 7Hz), 1.31 (2H, m), 1.64 (2H, m), 1.80 (2H, m), 2.24
(2H, 1, J = 7Hz), 3.89 (2H, t, J = TH2), 3.95 (4H, m), 12.01, (1H, br s), 15.38, (1H, br 5)

c) Ethyl 4-(4-amino-3-butyl-5-nitroso-2,6-dloxo-3,6-dihydro-1(2H)-pyrimidinyl)butancate

\IOY\/\ o

o H,

Ethyl 4-(4-amino-3-butyl-2,6-dioxo0-3,6-dlhydro-1(2H)-, yrimidinyl)butanoats {B.5g, 20.8mmol)
was dissolved in a mixture of glaclal acetic acid (45mil) and 6M hydrochloric acld (24ml). The
solution was cooled to -1°C and sodium nitrite (2.26g, 32.7mmol) in water (20ml) was added
dropwisa. Afler the addition was compleie the ice bath was removed and the purple solution
stirred for 1h. The solution was diluted with water (140mi) and the product, which separated
out after a few minutes, was filtered, washed with waler (lotal 350mil) and dried /n vacuo at

50°C to give the title compound as a bright pink solid (8.61g). On standing a further crop was

M4

4]



10

15

20

25

35

WO 2006/0435565 PCT/EP2005011376

Isolated {0.53g), then the mother liquors were basified to pHE with 2N sodium hydroxide and
extracted into ethyl aceiate (2x 250mL). The combined exiracts were concentrated /n vacuo
fo glve a third crop of the title compound (1.23g). Tolal yleld 8.37g 86%

LC/MS: m/z 327 [MH]®, RT 2.58 min

d) Ethyl 4<{4-amino-3-butyi-2,6-dioxo-3,6-dlhydro-1(2H )-pyrimidinyl)butanoate

"o
a o -

6-Amino-1-butyl-2,4(1H,3H)-pyrimidinedione (599, 32.2mmol) and caeslum carbonate
(11.54g, 35.4mmal) were added lo anhydrous dimethylformamide under a nitrogen
aslmosphere. Ethyl 4-bromobutyrate (5.07ml, 35.4mmo1) was added and the mixture stirred at
room temperature for 22h. The reaction mixture was diluted. with ethyl acetate (350ml) and
washed with saturated sodium chiloride solution (2 x S0ml). The combined aqueous phases
wore back exiracted with ethyl acetate. The combined organic phases were washed with
saturated sodium chioride solution, dried' (MgSO,) and concentrated /n vacuo. The crude
product was purified on a Teledyne lsco CombiFlash® Companlon® using a 80g RediSep
sllica cartridge (gradient elution using chloroform/ethanol 0-40%). The appropriate fractions
were evaporated /n vacuo to give the title compound as a yellow oll which crystallised on
standing (5.36g, 56%)

LC/MS: m/z 298 {MH]*, RT 2.48 min

e 8 {a); -1 3-phenyl-1.2 4-0 sxol-5-yl trifluocromethyl)-3,7-
hydro-1H-puring-2,6-d '
ampls_B8 : -2, 8-dloxo uD| 1)=2.3,8 urip-1-

yllpentanolc acid

a) 3-Butyl-1-[4-{3-phenyl-1,2,4-oxadlazol-5-yl)butyl]-8-{trifluoromethyl)-3,7-dlhydro-1H-
purine-2,8-dione

O~

A mixture of methyl 5{3-butyl-2,6-dioxo-8-(triffluoramathyi)-2,3,6,7-tetrahydro-1H-purin-1-
yllpentanoate (0.158g, 0.4mmol), benzamidadme (60mg, 0.44mmol), 21% solutlon of NaOEt
in EtOH (0.22ml, 0.6mmol) and anhydrous EtOH (1 mi) was heated In the microwave at
140°C for 10min. The mixture was diluted with EtOAc (30ml) and washed with water (20ml),
2N HCI (20ml) and brine (Sml). The organic layer was dried (Na;SO,) and concentraled /n
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vacuo to a yellow oll and then freeze dried from dioxan lo give the titte compoundas a cream
lyophilate (85mg, 50%)

LC/MS: miz 476 [MH]', RT 3.73 min

'H NMR (CDCl;) 55 0.97 (3H, t, J = 7Hz), 1.41 (2H, m), 1.77 (2H, m), 1.87 (2H, m), 1.97 (2H,
m), 3.02 (2H, t, J = 7Hz), 4.17 (4H, m), 7.47 (3H, m), 8.04 (2H, m)

b) 5{3-butyl-2,6-dloxo-8-{trifluoromethyl)-2, 3,6,7-tetrahydro-1 H-purin-1-yljpentanocic
acld

and  methyl 5-[3-butyt-2,8-dioxo-8-{triflucromethyl)-2.3,8, 7-tetrahydro-1H-purin-1-
yilpentanocate

BRSO+

F

Anhydrous dichioromesthane (70ml) was added to methyl 4-(4-amino-3-butyl-5-nitroso-2,6-
dioxo-3,6-dihydro-1(2H)-pyrimidinyl)pentancate (5.08g,15.5mmol), followed by triflucroacetic
anhydrids (22ml, 10equiv.). The yellow solution was stimed at room temperature under an
atmosphere of nitrogen for 25min and then concentrated in vacuo.

The resklue was dissolved in dioxan (260ml) and added to 10% palladium on carbon (0.85g
) and hydrogenaled for 2.25h. The calalyst was fillered off, washed with dioxan and the
filirata concentrated in vacuo. The residue was dissolved In tetrahydrofuran (100ml) and 2N

NaOH (15.5ml) was added. The solution was stir =2d at room temperature for 3.5h. A further .

8ml of 2N NaOH was added and the reaction mbcture heated at 60°C for 1.5h.The reaction
mixture was cooled and concentraled /in vacuo 1o a small volume and partitioned between
ethyl acetate and waler. The organic phase was washed with waler (2x) and brine. The
combined aquecus extracis were acidifled {0 with 2N HCI, exiracted into ethyl acelale
(5x40mi) and then back exiracted with saturated NaHCO, (3x30ml) and brine (30ml). The
combined aqueous phases were acidifled to pH 4.5 with 2N HCI and resulting solid was
fitered and washed with water to give 5-[3-butyl-2,6-dioxo-8-(trifluoromsthyl)-2,3,8,7-
tetrahydro-1H-purin-1-yfjpentancic acid as a cream solld 2.18g (38%).

The organic phase was dried over MgSO, and corcentrated in vacuo to a yellow gum which
solidifled on standing fto give methyl 5-[3-bulyl-2,6-dloxo-8-(irfflucromethyl)-2,3,6,7-
tetrahydro-1H-purin-1-yljpentanoate as a peach coloured solld (0.8g, 15%)
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Data for S53-butyl-2,6-dioxo-8-(trifluorormethyi)-2,3,8,7-letrahydro-1H-purin-1-yfjpentanoic
acld:

LC/MS: m/z 377 [MH]", RT 2.91 min

'H NMR (DMSO-dg) 5 0.90 (3H, t, J = 7H=Z), 1.30 (2H, t, J = 7THz), 1.45-1.68 (6H, m), 2.24
(2H, t, J = 7Hz), 3.89 (2H, 1, J = THZ), 3.97 (2H, {, J = THz), 12.00 {1H, brs)

Data for methyl 5-[3-butyl-26-dioxo-8-(triflucromethyi)-2,3,6,7-tetrahydro-1+-purin-1-
yilpentanocate:

LCMS: m/z 381 [MH]*, RT 3.15 min,

‘H NMR (CDCh) 8,4 0.95 (3H, t, J = 7Hz), 1.27 (2H, t, J = 7Hz), 1.38 (2H, m) 1.75 (2H, m),
2.06 (2H, s), 2.36 (2H, t, J = 7THz), 3.62 (3H, 8), 4.03 (2H, br), 4.14 (2H, m)

c) Methyl 4-(4-amino-3-butyl-5-nitraso-2,6-clioxo-3,8-dihydro-1(2H)-pyrimidinyl)pentancals

e,
ol/\/\ l "#o

o N,

Prepared In similar fashion to ethyl 4-(4-amino-3-butyl-5-nitroso-2,6-dloxo-3,6-dihydro-1(2H)-
pyrimidinyl)butanocate
LC/MS: m/z 327 [MH]*, RT 2.54 min

d) Methyl 5-(4-amino-3-butyl-2,8-dloxo-3,6-dihydro-1(2H}-pyrimidinyf)pentancete

~o

Prapared in the same way as Uthyl 4-(4-amino-3-butyl-2,6-dioxo-3,6-dihydro-1{2H)-

pyrimidinyt)butanoate
LC/MS: m/z 2908 [MH]", RT 2.47 min

Example 9: -1 2+-fluoro nyi)-1,2 4-oxadiazol -
u romeih rine-2 6-d
5{3-butyi-2,6-dioxo-8-{triflucromethyl)-2,3,6 , 7-letrahydro-1H-purin-1-yljpentancic acid

(0.301g, O.8mmol) and CODI (0.153g, 0.94mmol) wers dissolved in anhydrous
dimethylfiormamide (10ml). After stiming the solution under nllrogen for 4h at room
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{emperature, 2-fluorobenzamidoxime (0.135g, 0.88mmol) was added and the salution
heated at 85°C for 16h. The reaction mixture was concentrated in vecuo and purified on a
10g aminopropyl SPE (10g) eluting with methanol. Evaporation of the methanol eluant gave
an oil that was purfied futher by MDAP. The relevant fractions were combined and
concentrated in vacuo and the residue was freeze driled from dioxan to give the tille
compound {0.037g, 8%) as a white lyophilate.LC/MS: m/z 495 [MH]', RT 3.68 min -

H NMR (CDCl,) 811 0.97 (3H, t, J = 7Hz), 1.40 (2H, m), 1.77 (2H, m), 1.88 (2H, m), 1.97 (2H,
m),2.05 (2H, t, J = THz), 4.17 (2H, q, J = 7THz), 7.19-7.29 (2H, m) 7.45-7.48 (1H, m) B.02,
(1H, dt, J = 8 and 2Hz)

Exanple_ 10: B o rophenyl)- butyl}-8-
il =3, 7-dlh 1 H-purin lon

5{3-butyl-2,6-dioxo-8-{trifluoromethyl)-2,3,6,7-istrahydro-1 H-purin-1-yi]pentanocic acld
(0.301g, 0.8Bmmol) and CDI (0.153g. 0.B4mmol)- were dissolved In anhydrous
dimethylformamide (10mi). After stiring the solution under nitrogen for 4h at room
temperature 4-fluorobenzamidoxime (0.135g, 0.88mmol) was added and the solution heaxted
at B5°C for 22h. The reaction mixture was concentrated /in vacuo, {aken up In ethyl acetate
and washed with brine (220ml) and 0.1N HCl. The organic phase was dried (MgSO,) and
concentrated in vacuo to give the required product as a pale yellow oll which crystalised on
standing. This material was freeze dried from dioxan to give the fitle compound as a cresam
lyophilate (0.225g, 57%).

LC/MS: m/z 485 [MH]", RT 3.77 min

'H NMR (CDCly) 8y 0.97 (3H, t, J = 7H2), 1.27 (2H, m), 1.77 (2H, m), 1.87 (2H, m,), 1.97
(2H, m), 3.02 (2H, t, J = 7Hz), 4.17 (4H, m,), 7.15 (2H, m, J = 8Hz), 6.04 (2H, m).

mple 11: 3-Butyl-1 r = dinyl}-1,2 jazol b orom -
3,7-dlhydro-1H-purine-2,6-dlon

CH'L\’I?H

5-{3-butyl-2,6-dloxo-8-(trifluoromethyl)-2,3,6, 7-tetrahydro-1H-purin-1-yl]pentanocic acid
(6.15g, 0.4mmol) and CDI (0.078g, 0.48mmol) were dissolved in anhydrous

a8
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dimethylformamide (5mi). After stiming the solution under nitrogen for 1.5h at room
temperature 2-pyridylamidoxime (0.06g, 0.44mmol) was added and the solulion heaated at
80"C for 16.5h. The reaction mixture was concentrated in vacuo and purifled by MDAP. The
relevant fractions were evaporated to give the title compound as a tan solld (0.017g, 92%).
LC/MS: m/z 478 [MH]', RT 3.28 min

'H NMR (CDCl;) 84 0.85 (3H, t, J = THz), 1.39 (2H, m, J = THz), 1.75 (2H, m), 1.84 (ZH, m),
1.88 (2H, m), 3.07 (2H, t, J = 7Hz), 4.14 (4H, m), 7.41 (1H, m) 7.84 (1H, dt, J = 8 and 2Hz),
8.10(1H, d, J=B8Hz), 8.75 (1H, d, J = 4Hz)

Example 12: 3-Butyl-8-{triflucromethyl)-1-(3 2.4 6-trifluorophenyl)m =1,24-
oxadlazo ropyi}-3 lhydro-1H-purine-2,8-dione :
SRS G r
o N FF
|=
4-[3-Butyl-2,6-dioxo-8-({trifluoromethyl)-2,3,8,7-tetrahydro-1H-purin-1-yl]butanolc acid

(0.181g., 0.5mmol) and CDI (0.089g, 0.55mmol) were dissolved in anhwydrous
dimethylformamide (6ml). After stiring the solution under nitrogen for 3h at room
temperature. 2 4,6-trifluorobenzylamidoxime (0.112g, 0.55mmol) was added and the s olution
heated at 80°C for 20h, then at 110°C for 6h. The reaction mixture was concentrated in
vacuo to a yellow oil. This was purified on a Teledyne Isco CombiFlash® Companion® using
8 35g RediSep silica cartridge (gradient elution chiorofomvethancl 0-15%). The appropriate
fractions were evaporated in vacuo fo give after freaze drying from dioxan the title compound
as a white solid (0.122g, 46%).

LC/MS: m/z 531 [MH]", RT 3.61 min

TH NMR (CDCly) 52097 (3H, t, J = THz), 1.41 (2H, m), 1.78 (2H, m), 2.23 (2H, m), 2895 (2H,
1, J = BHz), 4.00 (2H, 8), 4-.14 (2H, t, J = 8Hz), 4.22 (2H, t, J = 7THz), 6.67 (2H, 1, J=7TH2).

le 13: 1 -3-pentyl-8-{triflu 7-dlh =1H-purine-2 one

a) 1-Methyl-3-pentyl-3-{trifluoromethyl)-3, 7-dihydro-1H-purine-2,6-dione

SN

OJ\N I N FF

J

A solution of 8-amino-3-methyl-5-nitroso-1-pentyl-2,4(1H,3H)-pyrimidinedione (0.042g,
0.18mmol) in anhydrous DCM (2ml) was treated with trifiuoroacetic anhydride (1mi) and left to
slir at rt. for 10 mins. The solullon was concentrated /n vacuo and the residue taken up into
1.4-dloxana (15ml) and reacted with 10% Pd/C (70mg) and trifluoroacetic anhydride (O.1ml)
under an aimosphere of hydrogen for 6h. The mixiure was filtered through celite and the
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fiiirate concentrated, giving a red oll. THF (2mi) was added followed by 2 NaOH(aq) solution.

The mixture was heated to 50°C for 10 mins. After cooling, the mhxture wa s partitioned

. between 2M HCl{aq) and E{OAc. The organic layer was separaied, washexd with brine, dried

{MgSO,) and concenirated. The title product was purified by MDAP fo give the title compound
a while solid (10mg, 19%).

LC/MS vz 305 [MH'], RT 3.2mins.

1H NMR; (d®-DMSO0) 54 0.92 (3H, t, J =7 Hz), 1.38 (4H, m), 1.80 (2H, m), 3.51 (3H, s8), 4.17
(2H, t, J = BHz), 13.5 (1H, br 8).

b) 6-amino-3-methyl-5-nitroso-1-pentyl-2,4(1H,3H)-pyrimidinedione

~, NO

o N,

Prepared in similar fashion to ethyl 4-(4-amino-3-butyl-5-niroso-2,6-dioxo—3,8-dihydro-1(2H)-
pyrimidinyi)butanocate.

All publications, induding but not limited to patenis and patent applications, cited In this
speclfication are herein incorporated by reference as Iif each indvidual publication were
specliically and individually indicated to be incorporated by reference herein as though fully
set forth.
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Claims
1. At jeast one chemical entity selected from compounds of formula (1)

RIS, H
X o
oy

R2

48

0
and pharmaceutically acceptable derivatives thereof, wherein

R' represents a group selected from: hydrogen, C;.1q alkyl, Ca.10 alkenyl, C2.0 alkynyl, and
~(alk)m-X-{alk)-Y, '

Wherein X represents A, A1, A2 or a direct link;

A represents a group selected from:
cycioalkylene, cycloalkenylene, aryl, heleroaryl, heterocyclyl, -CH-OC(O)-;

A1 represents a group selected from:

~CHLO«{CHa)aryl-O-, ~CHz-0-(CH3)N(R®)C(0)O-, -CH-N(R®)C(0)O-, ~-CH-N(R*C(O)-,
“CHz-(0)y-(CHaWC(OINR®-, -CH-N(RYC(OIN(R®)-, -CH-C(OIN({(CHaWOH)-,
~CH-NR®-S(0), CHz-S(0):NR?, -CHzC(0)O-, -O-, NR*-, -S-;

A2 represents:
~CH(OH)-;

When X Is A, At or A2, Y rapresents a group selected from:

heteroaryl, heterocyclyl, aryl, cycloalkyl, cycloalkenyl, -O(CHz)aryl, -C(Q)O-aryl, -CH(aryl),,
-CH(hetaroaryl);, ~C+.¢ haloalkyl, -C(O)R*, -NR°R?, -C(O)NR®R’, -NR*C(Q)R’, -NRPC(O)OR’,
-C(O)(CH,),OR", halogen, cyano, -N(R*)C(O)OR, -OC(O)NR®R®, -NREC(O)R", -OR®,
-OC{O)R";

When X Is A1 end Y s selected from:

-O(CHa)s-81yt, -O-heteroaryl, -OR®, -OC(O)R®, -NH-aryl, -OC(O)NR*R®,

n Is an integer selected from 2, 3, 4 and 5;

When Xis At and Y is -CF3, or when X is A2, n s an Integer selacted from 1, 2, 3, 4 and 5;

When X Is a direct link, Y represents a group selected from:
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-C(OXCH:){OR?, -C{O)-aryi, -C(O)-heteroary!, -C(O)-heterocydlyl, -heteroaryl, -heterocydyl.
-aryl, -cydoalkyl, -cycloalkenyl, -C4.4 haloakyl, -halo, -cyano, 3 or 4 ring fused system,
-CH(aryl)s, -CH(heteroaryl),, -OR®, -NR*R’, -NCOOR?, {0),C(O)NR®R®, -NR°C(O)R®, -OR?,
-(O)C(OR";

VVhen Y Incorporates a ring, that ring may be optionally substituted by one or more of:
Cigalkyl, Caq alkenyl, Co4 alkynyl, halogen, -NHz, (CHz)-NRR’,
-(CHz)(O)~«CH2)N(R®*)C(O)OR®, {CH2)-N(R®)C(O)R®, {CH3){O)p-{CH2)-C(O)NR'R®,
-(CHa)"N(RHIC(O)N(R*R®, {CH1)-C(O)N({CH2)wOH)R®, {CH2)-N(R®)-S{O):R®,
-CHz-8(0)2N(R*)R®, -C1.4 haloalkyl, -OCFs, -OCH(F)a2, -OCHz F, -COOR®, -OR®,

-(R*),CN, -S({0;)R®, -(CHa)-hetercaryl, (CHz).heterocycyl, {CH.).cydloalkyl,
-(CHz)cycloalkenyl, -(CHa)naryl;

R? is selected from: hydrogen; or Cyi alkyl, Ciq allkenyl, Cazqo alkynyl, cydoalkyl,
cycioalkenyl, heterocyclyl, aryi, and heteroaryl, each of which may be oplionally substituted
by one or more oft Cyq akyl, Cz.0 alkenyl, Cao alkynyl, cycloalkyl, heterocyclyl, aryl,
heteroaryl, C,.shaloaikyl, halogen, -CN, -OR*, {CH2),COR", -C(O)OR*, -OCOR",
-(CHz):NR™R", -(NH),CONR®R®, -OCONR®R’, and -NHC{D)OR’;

R is selected from: halogenated C..q alkyl;

R* Is selected from: hydrogen, Cy. alkyl, Cx¢ alkenyl, C»4 allcynyl, -(CHz)., cycloalkyl,
-{ CH;)x cycloalkenyl, -(CH.), heterocyclyl, {CHa), aryl, and -( CH;), heteroaryl;

RS and R" are selecled from: hydrogen and C, alkyi;

R’ is selacted from: hydrogen, Cy.s alkyl, Cz4 alkenyl, Cas allynyl, {CHzxcycloalkyl,
-{CH;)» cycloalkenyl, -(CHz); heterocyclyl, -(CHz)aryl, and {(CH,) heteroaryl;

Ris selectad from C,., alkyi;

R?is selectad from C,.s alkyl, Ca5 alkenyl, Cz, alkynyl, {CHa ). cycloalkyl,
-(CHz)nCycloalkenyl, -(CH;),heterocydlyl, {CH,), aryl, and {CH:).heteroaryl, CN;

m represents an integer selecled from: 0, 1, 2, 3, 4 and 5;
n represents an integer selected from: 0, 1,2, 3,4 and 5;

p represents an integer selected from: 0 and 1,

q represents an Integer selected from: 0, 1 and 2;
t reprasents an integer selected from: 1 and 2;
w represents an Integer selected from: 2, 3 and 4;

with the proviso that:
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I) when R' reprasents hydrogen or C._s alkyl, R?Is different to R";
ii) when R' represents ethyl and R represents CF,, R? is other than CH-CH=CHg; and
iil) when R' represents Methyl and R? represents CF,, R? is other than -butyl.

2. At lsast one chemical entity according to cialm 1 wherein R' Is selected from: hydrogen
Ci10 alkyl, and —{alk)n-X~(alk),-Y. '

3. At least one chemical entity according to claim 1 or 2 whereln X represents A or a direct
link.

4. At least one chemical entity according to claim 1 or 2 wherein R' is selected from:
hydmgan and Cia alkyl.

5. At least one chemical entity according to any preceding clalm wherein R? Is selected from:
Cas alkyl.

6. At least one chemical entity according to any preceding claim wherein R® Is selected from:
fluorinated C,4 alkYL

7. Atleast one chemical entity according to any preceding claim whereln R? represents C F.
B. At least one chemical entity according to any preceding claim for use in human or
velerinary medicine.

9. At least one chemical entity according to any one of claims 1-7, for use In the treatmert of
disorders of lipild metabollsm Including dyslipidaemia and hyperiipoproteinaemia and/or of
inflammatory diseases or conditions.

10. Al least one chemical entity according to any one of claims 1-7, for use In the treatnent
of diabetic dyslipidaemla, mixed dyslipldaemia, heart fallure, hypercholesteraernia,
cardiovascular disease including atherosclerosis, arleriosclerosis, and hypertriglyceridaernia,

. typa Il diabetes mellitus, typa | dlabetes, insulin resistance, hyperfipidaemia, anorexa

nervosa, obasity, coronary arlery disease, thrombosis, angina, chronic renal fallure,
peripheral vascular disease or stroke.
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11. At least one chemical antity selected from compounds of formula (1)

Ri.

H
N N
| R3
A A
tha

t)
and pharmaceutlcally acceptable derivatives thereof, wherein

R’ representa a group selected from: hydrogen, Ci.g alkyl, C2.10 alkenyl, Cy.q0 alkynyl, and
—~(alKk)m-X~{alk):-Y,

Wherein X represents A, A1, A2 or a direct link;

A represents a group selected from:
cycioalkylene, cycloalkenylene, aryl, heteroaryi, heterocydyl, -CH-OC(O)-;

A1 represents a group selected from:

~-CHz-O-(CHz)aryl-0-, -CHz-O-(CHo)WN(R)C(0)0-, -CHz-N(R®)C(0)O-, -CH-N(R®)C(O)-,
~CHz(O)y-(CHa)sC (O)NR"-, -CHx-N(R*)C(O)N(R?)-, -CH2-C{O)N((CH2)oOH)-,
-CHZNR®-S(0)r-, CHx-S(0):NR"-, -CHC(0)0-, -O-, -NR®-, -S;

A2 reprasents:
-CH{OH)-;

When Xis A, A1 or A2, Y represents a group selected from:

heteroaryl, heterocyclyl, aryl, cycioalky!, cycloalkenyl, -O{CH,),-aryl, ~-C(O)O-aryl, -CH(aryl)z,
-CH(heteroaryl);, -Cy.s haloalkyl, -C(O)R*, -NR*R’, -C(O)NR'R’, -NR*C(O)R’, -NIR*C(O)OR’,
-C(O)(CH.),OR, halogen, cyano, -N(R*)C{O)OR’, -OC(O)NR®R®, -NR°C(O)R®, -OR’,
-OC(O)R",;

When X Is A1 and Y Is selected from:
-O(CHz)y-aryl, -O-heteroaryl, ~OR5, -OC(0)R?, -NH-aryl, -OC(O)NR"R®,
n Is an integer selected from 2, 3, 4 and 5;

When X is A1 and Y Is -CF,, or when X Is A2, n [s an integer selected from 1, 2, 3, 4 and 5;
When X Is a direct link, Y represents a group selected from:

-C(O)(CH2),0R", ~C{O)-aryl, -C(O)-heteroaryi, -C(O)-hetarocyclyl, -hetervaryl, -helarocyclyl,
-aryl, -<cydoakyl, ~cycloalkenyl, -C,.q haloalkyl, -halo, -cyano, 3 or 4 ring fused sy atem,
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-CH(aryl), -CH(heteroaryl),, -ORS, -NR'R?, -NCOOR®, (O),C{OINRR®, -NR’C(O)R®, -OR®,
<O)CORY

When Y incorporates a ring, that ring may be optionalfly substituted by one or more of:
Ciealkyl, C2s alkenyl, Caq alkynyl, halogen, -NHz, (CHa),-NR°R?,

«CHa)y{0)~( CHz)-N(R")C(O)OR®, {CH2)e-N(R’)C(O)R", {CHa)o~(0);(CHz)y-C(O)NR'R,
«(CH2)rN(R*) C(O)N(R*)R®, ~(CH2)y~C(O)N((CH2)mOH)R®, {CHa)-N(RE)-S(0),R®, -CH,-
S(O)N(R)R®, -Cy 4 haloalkyl, -OCFs, -OCH(F),, -OCH;F, -COOR®, -OR®, {R"),CN, -5(0 ).R®,
«{CHz):heteroaryl, <(CH;);heterocycyt, -{CH;),cycloalkyl, -(CHz).cycloalkenyl, -(CHa).aryl;

R? is selected from: hydrogen; or Ciy alkyl, Ca1p alkenyl, Cai alkynyl, cycloalkyi,
cycloalkenyl, heterocyclyl, aryl, and heteroaryl, each of which may be optionally substituted

by one or more of: Cy.; alkyl, Cy.10 alkenyl, C,10 alkynyl, cycloalkyl, hetaerocyclyl, aryl
heteroaryl, C,.¢ haloalkyl, halogen, -CN, -OR*, -(CH,)\COR', -C(O)OR*, -OCOR®*,
-{CH)}:NR*R®, -{NH),CONR’R®, -OCONR®R’, and -NHC{O)OR":

R?is selected from: halogenated C, alkyl;

R'is selected from: hydrogen, Ci.s alkyl, Ca alkenyl, Ca alkynyt, -(CHa)s cycloalkyl,
<CHy)s, cycloalkenyl, {CHa)s heterocyciyl, {CH), aryl, and <CHa), heteroaryl;

R® and R® are selecled from: hydrogen and C,., alkyl;

R’ is salecled from: hydrogen, Cy.q alkyl, Cz alkenyl, Ca4 alkynyl, {CHa) cycloalkyl, (Cl—z)n
cydloalkenyl, —(CH:) heterocyclyl, {CHz)aryl, and {CHz) hetsroaryl:

Rlis selected from C,., alky(;

Ris selected from C. alkyl, Cse alkenyl, Cy. alkynyl, {CHz)cycloalkyl,
-(CHa)mcydoal kenyl, -(CHz)sheterocyclyl, {CH,), aryl, and -(CH,).heteroaryl, CN;

m represents an integer selected from: 0, 1, 2, 3, 4 and 5;
n rapresents an integer selected from: 0, 1, 2, 3, 4 and 5;

p represants an integer selectad from: 0 and 1;

q represents an integer selected from: 0, 1 and 2;

t represents an integer selected from: 1 and 2;

w represents zn integer selecled from: 2, 3 and 4

for use in the manufacture of a medicament for freating diabetic dyslipidaemia, m ixed
dyslipidaemia, heart fallure, hypercholesteraemia, cardiovascular disease Including
atheroeclerosis, arterlosclerosis, and hypertriglyceridaemia, type Il diabetes melllus, ty'pe |

diabetes, insulin resistance, hyperlipidaemla, anorexia nervosa, obeslly, coronary artery
disease, thrombosis, angina, chronic renal failure or stroke.
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12. A method for the treatment of a human or animal subject having a condition where
under-activation of the HM74A receplor contributes to the condition or where activation of
the receptor will be beneficlal, which method comprises administering to sald human or

- animal subject an effective amount of at least one chemical eniity selecled from:

compounds of formula {ll)
RIS, H
A | )
o ria N
R2

and pharmaceutically acceptable derivatives thereof, wherein

(m

R' represents a group selacled from: hydrogery, C.g alkyl, Cas alkenyl, C,. alkynyi, and
—{(alk)-X-(ak),-Y,

Wherein X represents A, A1, A2 or a direct link;

A represents a group selected from: ]
cycloalkylene, cycloalkenylene, aryl, heteroaryl, heterocydyl, -CHx-OC{(O)-;

A1 represents a group selecied from:

~CHz-0-{CHa)garyl-O-, -CHz-O~{CH)WN(RF)IC(O)O0-, -CH-N(R)C(0)0-, -CH-N(R®)C(O)-,
-CH(O)«{CH2)yC(OINR"-, -CH-N{RFYC(OIN(R)-, -CHC{OIN((CHy)wOH)-,
-CHx-NR®-5(0)z, CHz-S(0):NR", -CHC(0)O-, -O-, -NR’-, -8

A2 represenis:
~CH(OH)-;

When X Is A, A1 or A2, Y represents a group Selected from:

heleroaryl, heterocydyl, aryl, cycloalkyl, cycioalkenyl, “O(CH_)-aryl, -C(0)O-aryl, -CH(aryl),,
~CH(hetaroaryl),, -C..o haloalkyl, -C(O)R*, -NR®R”, -C{O)NR®R’, -NR’C(O)R’, -NR’C(O)OR”,
-C(O)(CHz)OR", halogen, cyano, -N(R})C{OYOR?, -OC(O)NR®R®, -NRC(O)R®, -OR?,
-OC(O)R*;

When X Is A1 and Y is selected from:
~O{CHa)n-aryl, -O-heteroaryl, -OR®, -OC(O)R®, ~NH-aryl, -OC{O)NR°R®,
n Is an integer selected from 2, 3, 4 and 5;
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When Xis A1 and Y is -CF;, or whien X is A2, nis an integer selected from 1, 2, 3, 4 and 5;

When X Is a direct link, Y represents a group selected from:

-C(O)CH,),0R?, -C(O)-aryl, -C(O )-heteroaryt, -C(O)-helerocyclyl, -heleroaryl, -heterocy/ciyl,
-aryl, -cycloalkyl, -cycloalkenyl, -C 4.5 haloalkyl, -halo, -cyano, 3 or 4 ring fused system,
-CH(ai)a, -CH(heteroaryl);, -OR®, -NR°R’, -NCOOR?, -(0),C(O)NR’R®, -NRC(O)R?, -OR®,
«O%C(OR’;

When Y incorporates a ring, that ring may be optionally substituted by one or more of:
Crealkyl. Caq alkenyl, Cag alkynyl, halogen, -NHz, (CHz)-NR°R,
+CH2)q{O)~{CH2)-N(R®)C(OJOR®, {CH,)-N(R®YC(O)R®, {CH,){O);{CH.);-C(O)NR®R®,
+{CHa)e"N(ROC(OIN(R*IR®, {CH2)~C(O)N((CHa)nOH)R®, (CHa)5-N(R%)-S{0);R®, -CH-
$(0):N(R})R", -Cy4 haloalkyl, -OCFy, <OCH(F)z, -OCH,F, -COOR?, -OR®, {R"),CN, -S(0)R",
<(CHz)sheteroaryl, {CHa)heterocy cyl, -(CHz).«cycloalkyl, {CH;).cycloalkenyl, ~(CHy)aryl ;

R® is selacled from: hydrogen; or Cyyo alkyl, Cayo alkenyl, Cay alkynyl, cycloalky!,
cycloalkenyl, heterocyciyl, aryl, and heleroaryl, each of which may be oplionally substituted

by one or more of: Cyq alkyl, Cz4o alkenyl, Cxyo alkynyl, cycloalkyl, heierocyclyl, aryi,
heteroaryl, C:as haloalkyl, halogen, -CN, -OR‘, -(CH.),COR*, -C(O)OR*, -OCOR®, -
(CHz).NRPR®, {(NH),CONRR?, -O CONR®R’, and -NHC(O)OR";

R? is selected from: halogenaled C,.¢ alkyl;

R is selecled from: hydrogen, C,.g alkyl, C»4 alkenyl, Cz.s alkynyl, -(CH;), cycloalkyl,
-{CHjy), cycloalkenyl, {CHjy), heterocyclyl, ~(CHa), aryl, and {CHz), heteroaryl;

R® and R® are selectsd from: hydrogen and C.., alkyl:

R’ Is salected from: hydrogen, Cy.e alkyl, Cas alkenyl, C.4 alkynyl, {CHx) cycloalkyl, {CH.),
cycloalkenyl, -(CH,); heterocyciyl, —~(CHzkaryl, and -(CH2) hetaroaryl;

R*is selected from C., alkyl;

R’Is selected from C, 4 alkyl, Cos ailkenyl, Ca4 alkynyl, -(CHa), cycloalkyl,
«{CHa)ncycloalkenyl, {CHz)shetero cyclyl, -(CH,), aryl, and ~(CH;)cheteroaryl, CN;

m represents an integer selected from: 0, 1, 2, 3,4 and §;
n represents an Integer selected from: 0, 1, 2, 3, 4 and 5;
p represents an integer selected from: 0 and 1;

q reprasents an inleger selected from: 0, 1 and 2;
t represents an integer selected from: 1 and 2,
w representis an Integer selacted from: 2, 3 and 4.
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13. A methad according to claim 12 wherein the human or animal subject has a disorder of
lipld meiabolism Including dyslipidaemia or hypediipoprotsinaenia or an Inflammatory
disease or condition.

14. A pharmaceutical formulation comprising at least one chemical entity according to any
one of cdalme 1-7 and one or more pharmaceutically acceptable dlluents, exciplenis or
carriers.

15. A combination for administration fogether or separately, sequentially or simultaneously in
separate or combined pharmacsutical formulations, said combination comprising at leart
one chemical entity according to any one of dalms 1-7 together with another therapeulicatiy
active agent.

16. A pharmaceutical formulation comprising:

m At least one chemical enlily according to any one of claims 1 -7;

(1i) one or more aclive ingredienis selected from stalins, fibrates, bile-acld binding resins
and nicotinic acid; and

(il) one or more pharmaceutically accepiable diluents, excipients or camiers.
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DERIVAD S DE XANTINA CON ACTIVIDAD DE RECEPTOR DE HM74A

CAMPO DE LA INVENCION

La presente invencion se refiere a compuestos terapéuticamente
activos que son derivados de xantina, procedimientos para la fabricacién de
dichos derivados, formulaciones farmacéuticas que contienen los compuestos
activos y el uso de los compuestos en terapia, particulamente en el
tratamiento de enfermedades en donde la sub-activacién del receptor de
HM74A contribuye a la enfermedad o en donde la activacion del receptor seré

benéfica.

ANTECEDENTES DE LA INVENCION

La dislipidemia es un término general usado para describir a
individuos con perfiles de lipoproteina aberrantes. Clinicamente, las
principales clases de compuestos usados para el tratamiento de pacientes con
dislipidemia, y por lo tanto en riesgo de enfermedad cardiovascular son las
estatinas, fibratos, resinas de unién de acido biliar y acido nicotinico. El acido
nicotinico (niacina, una vitamina B) se ha usado clinicamente durante
aproximadamente 40 afios en pacientes con varias formas de dislipidemia. El
modo de accion primario de acido nicotinico es por inhibicién de triglicérido

lipasa sensible a hormona (HSL), que da por resuitado una reduccién de

6
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acidos grasos no esterificados en el plasma (NEFA) que a su vez aiteran el
metabolismo de la grasa hepética para reducir la produccién de LDL y VLDL
(lipoproteina de densidad baja y muy baja). Se piensa que los niveles
reducidos de VLDL reducen la actividad de la proteina de transferencia de
éster de colesterol inferior (CETP) para dar por resultado los niveles
incrementados de HDL (lipoproteina de densidad afta) que pueden ser la
causa de los beneficios cardiovasculares observados. Por lo tanto, el &cido
nicotinico produce una alteracién muy deseable en perfiles de lipoproteina;
reduce los niveles de VLDL y LDL mientras incrementa la HDL. También se ha
demostrado que el acido nicotinico tiene beneficios modificadores de
enfermedad, reduciendo la progresidn e incrementando la regresion de
lesiones ateroscleréticas y reduciendo el nimero de eventos cardiovasculares
en varios ensayos.

La inhibicion observada de HSL por tratamiento con écido
nicotinico es mediada por una disminucidén de monofosfato de adenosina
ciclica (AMPc) celular causada por la inhibicibn mediada por proteina G de
adenilil ciclasa. Recientemente, los receptores acoplados a protelna G, HM74
y HM74A, han sido identificados por receptores para acido nicotinico (solicitud
de patente del PCT WO002/84298; Wise et. al. J Biol Chem., 2003, 278 (11),
9869-9874). La secuencia de ADN de HM74A humano se puede encontrar en
el banco de datos Genbank; nimero de acceso AY148884. Dos documentos
adicionales soportan este descubrimiento (Tunaru et. al. Nature Medicine,

2003, 9(3), 352-255 y Soga et. al. Biochem Biophys Res Commun., 2003, 303

£C



10

20

(1) 364-369), sin embargo, la nomenclatura difiere ligeramente. En el
documento de Tunaru, lo que denominan HM74 humano es de hecho HM74A
y en el documento de Soga, HM74b es idéntico a HM74A. Las células
transfectadas para expresar HM74A y/o HM74 ganan la capacidad para
inducir respuestas mediadas por proteina-G Gi después de la exposicion a
acido nicotinico. En ratones que carecen del homélogo de HM74A (m-PUMA-
G), el acido nicotinico no reduce los niveles de NEFA en el plasma.

Los inventores de la presente ahora presentan un grupo de
derivados de xantina que son agonistas selectivos del receptor de acido
nicotinico, HIV174A, y por lo tanto son de beneficio en el tratamiento, profilaxis
y supresion de enfermedades en donde la sub-activacion de este receptor
contribuye a la enfermedad o en donde [a activacion del receptor sera

benéfica.

BREVE DESCRIPCION DE LA INVENCION

La presente invencibn provee derivados de xantina
terapéuticamente activos y el uso de estos derivados en terapia,
particularmente en el tratamiento de enfermedades en donde bajo activacién
de! receptor de HM74A contribuye a la enfermedad o en donde la activacién
del receptor sera benéfica, en particular enfermedades de! metabolismo de
lipidos incluyendo dislipidemia o hiperlipoproteinemia tal como dislipidemia

diabética y dislipidemia mixta, insuficiencia cardiaca, hipercolesteremia,
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enfermedad cardiovascular incluyendo aterosclerosis, arteriosclerosis e
hipertrigliceridemia. Como tales, los compuestos también encuentran utilidad
como terapéuticos para enfermedad de arteria coronaria, trombosis, angina,
insuficiencia renal crénica, enfermedad vascular periférica y accidente
cerebrovascular, asi como las indicaciones cardiovasculares asociadas con
diabetes mellitas de tipo il, diabetes de tipo I, resistencia a la insulina,
hiperlipidaemia, anorexia nerviosa y obesidad. Los compuestos también
pueden usarse en el ftratamiento de enfermedades o condiciones
inflamatorias, como se expone més adelante.

Los intermediarios, formulaciones, métodos y procedimientos

descritos aqul de aspectos adicionales de la invencion.

DESCRIPCION DETALLADA DE LA INVENCION

De conformidad con un aspecto de esta invencién, los inventores
de la presente proveen por lo menos una entidad quimica seleccionada de

compuestos de la formula (1)

)]
y derivados farmacéuticamente aceptables de los mismos, en

donde
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R' representa un grupo seleccionado de: hidrogeno, alquilo de
C1-10, alquenilo de Cz--1g, alquinilo de Cz-1g, ¥ -(alq)m-X-(alq)s-Y,

en donde X representa A, A1, A2 o un enlace directo;

A representa un grupo seleccionado de: cicloalquileno,
cicloalquenileno, arilo, heteroarilo, heterociclilo, -CH2-OC(O)-;

A1 representa un grupo seleccionado de: -CH>-O-(CHz)qarilo-O-,
-CHz-O-(CH2)«N(R%)C(0)0-, -CHz-N(R®)C(0)0O-, -CHz-N(R*)C(0)-, -CH2-(O)e-
(CH2){C(O)NR®-, -CH2-N(R®)C(O)N(R®)-, -CH2-C(O)N((CH2)wOH)-, -CH2-NR®-
S(0)z-, CHz-S(0)2NR®-, -CH2-C(0)O-, -O-, -NR5-, -S-;

A2 representa:

-CH(OH)-;

cuando X es A, A1 0 A2, Y representa un grupo seleccionado de:

heteroarilo, heterociclilo, arilo, cicloalquilo, cicloalquenilo, -
O(CHz)y-arilo, -C(0)O-arilo, -CH(arilo)z, -CH(heteroarilo)z, halogenoalquilo de
Cis. -C(O)R', -NR°R’, -C(ONR’R’, -NR’C(O)R’, -NR°C(O)OR', -
C(O)(CH2),OR*, halégeno, ciano, -N(R®)C(O)OR’, -OC(O)NR°R®, -NR°C(O)R®,
-OR®, -OC(O)R*;

cuando X es A1y Y se selecciona de:

-O(CH_y)-arilo, -O-heteroarilo, -OR® -OC(O)R®, -NH-arilo, -
OC(O)NR®R®, n es un entero seleccionado de 2, 3, 4 y 5;

cuando X es A1y Y es -CF3, 0 cuando X es A2, n es un entero
seleccionadode 1,2, 3,4y5,

cuando X es un enlace directo, Y representa un grupo
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seleccionado de:

-C(0)(CH2)OR®, -C(O)-arilo, -C(O)-heteroarilo, -C(0)-
heterociclilo, -heteroarilo, -heterociclilo, -arilo, -cicloalquilo, -cicloalquenilo,
halogenoalquilo de C.g, -halbgeno, ciano, 3 ¢ 4 sistemas fusionados de
anilo, - CH(arilo)s, -CH(heteroarilo),, -OR®, -NR°R’, -NCOOR? -
(0)eC(O)NR®R®, -MR®C(O)R®, -OR?®, - (0)-C(O)R*;

cuando Y incorpora un anillo, ese anillo puede ser opcionalmente
sustituido por uno 0 mas de:

alquilo de Cy.s, alquenilo de C.4, alquinilo de Czg, halégeno, -
NHz, (CHz)e-NR®R?, -(CH2)q-(0)p-(CH2)e-N(R®)C(O)OR®, -(CH)q-N(R®)C(O)R®,
«(CH2)q-(0)p-(CH2)o-C(O)NRR®, ~(CH2)"N(R*C(O)N(R)R®, «(CH2)q
C(OIN((CH2)mOH)R®,  -(CHZ)¢-N(R%-S(O):R®,  -CHz-S(0).N(R»R?, -
halogenoalquilo de Ci., -OCFs, -OCH(F)2, -OCH3F, -COOR?, -OR5, -(R®)sCN,
-S(02)R®, -(CHz)sheterocarilo, -(CHz)sheterociclilo ~(CHg)qcicloalquilo, -
(CHa)ncicloalquenilo, - (CH2)narilo;

R? se selecciona de: hidrégeno; o alquilo de Cs.-10, alquenilo de
C..10, alquinilo de Cz-1p, cicloalquilo, cicloalquenilo, heterociclilo, arilo, y
heteroarilo, cada uno de los cuales puede ser opcionalmente sustituido por
uno o mas de: alquilo de Ci.-1p, alquenilo de Ca.i, alquinilo de Cz-1q,
cicloalquilo, heterociclilo, arilo, heteroarilo, C1s halogenoalquilo, halégeno, -
CN, -OR*, -(CH,)s.COR*, -C(O)OR?*, -OCOR*, -(CHz),NR°R®, -(NH),CON R°R®,
-OCONR®R’, y -NHC(O)OR;

R? se selecciona de: alquilo de C.¢ halogenado;

LG
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R* se selecciona de: hidrégeno, alquilo de C1., alquenilo de Czs,
alquinilo de Czs, -(CH2), cicloalquilo, -(CH2), cicloalquenilo, -(CH3),
heterociclilo, -{CH2), arilo, y -(CHz), heteroarilo;

R® y R® se seleccionan de: hidrégeno y alquilo de Ci;

R’ se selecciona de: hidrégeno, alquilo de C1., alquenilo de Cz.,
alquinilo de Cz5 -(CH2) cicloalquilo, -(CHz), cicloalquenilo, -(CH2)
heterociclilo, -(CH2aharilo, y -(CHz) heteroarilo;

R® se selecciona de alquilo de Ci.;

R® se selecciona de alquilo de C1.g, alquenilo de C., alquinilo de
C2s. -(CH2), cicloalquilo, -(CHz)ncicloalquenilo, -(CHz)zheterociclilo, -(CHz),
arilo, y -{CHz),heteroarilo, CN;

m representa un entero seleccionadode: 0, 1,2, 3,4y 5;

n representa un entero seleccionadode: 0,1, 2, 3,4y 5;

p representa un entero seleccionado de: 0y 1;

q representa un entero seleccionado de: 0, 1y 2;

t representa un entero seleccionado de: 1y 2;

w representa un entero seleccionado de: 2, 3y 4,

con la condicién de que:

i) cuando R' representa hidrégeno o alquilo de Ci3, R? es
diferente a R’;

i) cuando R' representa etilo y R® representa CF3, R? es otro
distinto de CH2-CH=CH3; vy

iii) cuando R’ representa metilo y R? representa CF3, R? es otro

6
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distinto de i-butilo.
En una modalidad de esta invencién, los inventores de Ila
presente proveen por lo menos una entidad quimica seleccionada de

compuestos de [a fdrmula (l)

RY 4
1O
o) fil N
R2
.

y derivados farmacéuticamente aceptables de los mismos, en
donde

R! representa hidrégeno o un grupo seleccionado de: alquilo de
Ci10. alquenilo de C,qp alquinilo de Caio, -(CHa)scicloalquilo, -
(CHz)nheterociclilo, -(CHa)qarilo y -(CHz)sheteroarilo, cada uno de los cuales
puede ser opcionalmente sustituido por uno o mas de: -(CHz)qcicloalquilo, -
(CHz)nheterociclilo, -(CHz)qarilo, -(CHz)sheteroarilo, halogenoalquilo de Cis,
haldgeno, ciano, -OR® -(CH2):COR*, -CO:R* -OCOR* -(CH2).NR°R, -
(NH)mCONR®R’, -OCONR®R’, y -NHCO.R";

R? se selecciona de: alquilo de Cy.10, alquenilo de Cz.10, alquinilo
de Cz0, -(CHz)ncicloalquilo, ~(CHz)sheterociclilo, -(CHz)sarilo y -
(CHa)nheteroarilo, cada uno de los cuales puede ser opcionalmente sustituido
por uno o mas de: cicloalquilo, heterociclilo, arilo, heteroarilo, halogenoalquilo
de Ci.s, halégeno, ciano, -OR*, -(CH3),COR*, -CO2R*, -OCOR?*, -(CH2):NR°R®,
NH)mCONR®R®, -OCONR®R’, y -NHCOR’;
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R? se selecciona de: alquilo de Cy.¢ halogenado;

R* se selecciona de: hidrégeno, alquilo de Cy.s, alquenilo de Css,
alquinilo de Cas, -(CH2)gcicloalquilo, -(CHz)nheterociclilo, -(CHy)sarilo, y -
(CHa)nheteroarilo;

R®* y R® se seleccionan independientemente de: hidrogeno y
alquilo de C1 ;

R’ se selecciona de: hidrégeno, alquilo de C.s, alquenilo de Cas,
alquinilo de Caa, -(CHaz)gcicloalquilo, -(CHz)gheterociclilo, -(CHz)earilo, y -
(CHz)pheteroarilo;

n representa un entero seleccionado de: 0,1, 2,3y 4;

m representa un entero seleccionado de: 0y 1;

p representa un entero seleccionado de: 1y 2.

con la condicién de que:

i} cuando R' representa H o alquilo de Cy.3, R? es diferente a R';

i) cuando R! representa etilo y R® representa CFs, R? es otro
distinto de CH,-CH=CHg; y

iii) cuando R' representa metilo y R® representa CF3, R? es otro
distinto de i-butilo.

A lo largo de la presente especificacién y las reivindicaciones
anexas, las palabras "comprende” e “incluye" y variaciones tales como
"comprende”, "que comprende”, "incluye" y "que incluye" han de interpretarse
en forma inclusiva. Es decir, se pretende que estas palabras transmitan la

posible inclusioh de otros elementos o entidades no mencionadas
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especificamente, en donde lo permite el contexto.

Como se usa aqul, los términos "haldgeno” o "halo" se refieren a
fldor, cloro, bromo y yodo.

Como se usa aqul, el término "alquilo" (cuando se usa como un
grupo 0 como parte de un grupo) se refiere a una cadena de hidrocarburo de
cadena recta o ramificada a menos que se especifique de otra manera, que
contiene el nimero especificado de atomos de carbono. Por ejemplo, alquilo
de Cs-Cyp significa una cadena de hidrocarburo recta o ramificada que
contiene por lo menos 3 y cuando mucho 10 dtomos de carbono. Ejemplos de
alquilo como se usa aqui incluyen, pero no se limitan a metilo (Me}), etilo (Et),
n-propilo e i-propilo.

Como se usa aqul, el tdrmino “alquenilo” se refiere a una cadena
de hidrocarburo recta o ramificada que contiene el nimero especificado de
atomos de carbono que contiene uno o mas dobles enlaces. Ejemplos
adecuados incluyen pero no se limitan a etenilo, 2-propenilo, 3-butenilo, 2-
butenilo, 2- pentenilo, 3-pentenilo, 3-metil-2-butenilo, 3-hexenilo y similares.

Como se usa aqul, el término “alquinilo” se refiere a una cadena
de hidrocarburo recta o ramificada que contiene el nimero especificado de
atomos de carbono que contiene uno o mas triples enlaces. Ejemplos
adecuados incluyen pero no se limitan a acetilenilo, propinilo, 1-butinilo, "1 -
pentinilo, 3-metil-1-butinilo y similares.

El término 'halogenoalquilo de C4.¢', como se usa aqul, se refiere

a un grupo alquilo de Cy4 como se define aqul en donde por lo menos un
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atomo de hidrégeno es reemplazado por halégeno. Ejemplos de dichos
grupos incluyen fluoroetilo, trifluorometilo o trifluoroetilo y similares.

Como se usa aqul, el témino "cicloalquilo” se refiere a un anillo
de hidrocarburp, que contiene entre 3 y 6 atomos de carbono, que no
comprende heteroatoms o dobles enlaces conjugados. Ejemplos de
cicloalquilo como se usa aqul incluyen, pero no se limitan a ciclopropilo y
ciclohexilo.

El término ‘cicloalquileno’, como se usa aqul, se refiere a un
anillo de hidrocarburo monociclico saturado de grupos enlazadores de 3 a 8
carbonos. Ejemplos de dichos grupos incluyen ciclopropileno, ciclobutileno,
ciclopentileno, ciclohexileno, cicloheptileno o ciclooctileno y similares.

El témino ‘cicloalquenilo', como se usa aqul, se refiere a un
anillo de hidrocarburo monociclico no aromatico insaturado de 3 a B atomos
de carbono que contiene unc o mas dobles enlaces carbono-carbono.
Ejemplos de dichos grupos incluyen ciclopropenilo, ciclobutenilo,
ciclopentenilo, ciclohexenilo, cicloheptenilo o ciclooctenilo y similares.

El término ‘cicloalquenilenc', como se usa aqui, se refiere a un
anillo de hidrocarburo monociclico no aromatico insaturado de grupos
enlazadores de 3 a 8 carbonos que contiene dobles enlaces carbono-carbono.
Ejemplos de dichos grupos incluyen ciclopropenileno, ciclobutenileno,
ciclopentenileno, ciclohexenileno, cicloheptenileno o ciclooctenileno y
similares.

Como se usa aqul, el término "arilo" se refiere a un grupo

7/
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aromatico monociclico de § 6 8 miembros, o un grupo aromatico biciclico de 8-
10 miembros fusionado con por lo menos un anillo que tiene un sistema de ?Z’
electrén pi conjugado, que contiene hasta dos sistemas de anillo conjugados o
fusionados. "Arilo" incluye grupos arilo y biarilo carboclclico. Ejemplos
adecuados incluyen pero no se limitan a fenilo, naftilo y similares.

Como se usa aqul, el término "heteroarilo” se refiere a un grupo
aromatico monocliclico de 5 6 8 miembros o un grupo aromatico bicliclico de 8-
10 miembros fusionado que contiene 1 a 3 heteroatomos independientemente
seleccionado de oxigeno, nitrégeno y azufre con por lo menos un anillo que
tiene un sistema de electrén pi conjugado, que contiene hasta dos sistemas
de anillo conjugado o fusionado. Ejemplos adecuados de dichos anillos
aromaticos monociclicos incluyen pero no se limitan a tienilo, furilo, pirrolilo,
triazolilo, imidazolilo, oxazolilo, tiazolilo, oxadiazolilo, isotiazolilo, isoxazolilo,
tiadiazolilo, pirazolilo, pirimidilo, piridazinilo, pirazinilo y piridilo. Ejemplos
adecuados de dichos anillos aromaticos fusionados incluyen pero no se
limitan a anillos arométicos benzofusionados tales como quinolinilo,
isoquinolinilo, quinazolinilo, quinoxalinilo, cinnolinilo, naftridinilo, indolilo,
indazolilo, pirrolopiridinilo, benzofuranilo, benzotienilo, benzimidazolilo,
benzoxazolilo, benzisoxazolilo, benzotiazolilo, bencisotiazolilo,
benzoxadiazolilo, benzotiadiazolilo y similares.

Como se usa aqui, el término "heterociclilo” se refiere a un grupo
hidrocarburo ciclico saturado de 5 6 6 miembros, que contiene 1 a 3

heterodtomos independientemente seleccionado de oxigeno, nitrégeno y
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azufre. Ejemplos adecuados incluyen pero no se limitan a pirrolidinilo,
morfolinilo, imidazolidinilo y piperazinilo.

El término 'sistema fusionado de anillo de 3 6 4' como se usa
aqui se refiere a un anillo triciclico o tetraciclico de 13 a 18 miembros
fusionado que contiene 1 a 4 heterodtomos de N y en donde por lo menos un
anillo es aromatico. Puede haber uno o mas sustituyentes oxo opcionales en
los atomos de carbono del anillo. Ejemplos de dichos anillos aromaticos
fusionados incluyen carbazolilo , acenatftilo, naftotriazolilo y similares.

Como se usa aqul, en donde un grupo es referido como que es
"sustituido" por otro grupo o que tiene "uno o mas sustituyentes” a menos que
una posicién particular para dicha sustituciébn es especificada cabe entender
que una sustitucion puede estar presente en cualquier posicion en el grupo.

Como se usa aqul, el término "derivado farmacéuticamente
aceptable" se refiere a cualquier derivado farmacéuticamente aceptable de un
compuesto de la presente invencién, por ejemplo sales, solvatos o ésteres
que, al administrarse a un mamifero, tal como un humano, son capaces de
proveer (directamente o indirectamente) a compuesto de la formula (I} o un
metabolito activo o residuo del mismo. Dichos derivados son claros para los
expertos en la técnica, sin experimentacién extraordinaria, y con referencia a
las ensefianzas de Burger's Medicinal Chemistry And Drug Discovery, 5%
Edicién, Vol 1: Principles And Practice, que se incorpora aqul por referencia.

Ahora, los expertos en la técnica apreciaran que los compuestos

de la invenciéon pueden ser modificados para proveer derivados
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farmacéuticamente aceptables de los mismos en cualesquiera de los grupos
funcionales en los compuestos, y que los compuestos de la invencién pueden
ser as| modificados en mas de una posicion.

En una modalidad, "derivado farmacéuticamente aceptable" se
refiere a sales o solvatos.

Como se usa aqul, el témino "farmacéuticamente aceptable”
usado en relacién con un ingrediente (ingrediente o excipiente activo) que se
pueden incluir en una formulacion farmacéutica para administrarse a un
paciente, se refiere a ese ingrediente que es aceptable en el sentido de ser
compatible con cualesquiera otros ingredientes presentes en la formulacion
farmacéutica y sin ser deletéreo al receptor del mismo. Como se usa aqul, el
término "solvato” se refiere a un complejo de estequiometria variable formada
por un soluto (en esta invencién, un compuesto de la formula (I}, una sal del
mismo 0 un derivado farmacéuticamente aceptable del mismo) y un solvente.
Dichos solventes para los propdsitos de la presente invencidon pueden no
interferir con la actividad biolégica del soluto. El solvente usado puede ser un
solvente  farmacéuticamente aceptable. Ejemplos de  solventes
farmacéuticamente aceptables adecuados incluyen agua, etanol y acido
acético. Un ejemplo de un solvente que se puede usar es agua, en cuyo caso
el solvato puede referirse como un hidrato del soluto en cuestion.

Se apreciard que, para uso farmacéutico, la "sal o solvato"
referida anteriormente serd una sal o solvato farmacéuticamente aceptable.

Sin embargo, otras sales o solvatos se pueden encontrar, por ejemplo, en la
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preparacién de un compuesto de la formula (I) o en la preparacién de una sal
solvato farmacéuticamente aceptable del mismo.

Las sales farmacéuticamente aceptables incluyen aquellas
descritas por Berge, Bighley y Monkhouse, J. Pharm. Sci., 1977, 66, 1-19. Las
sales farmacéuticamente aceptables adecuadas incluyen sales de metal
alcalino formadas de la adicion de bases de metal alcalino tales como
hidroxidos de metal alcalino. Ejemplos de sales de metal alcalino adecuadas
son sal de sodio o sal de potasio. Otras sales farmacéuticamente aceptables
adecuadas incluyen sales de metal alcalinotérreo tales como sal de caicio o
sal de magnesio, sales de amonio; o sales con bases organicas tales como
etanolamina, trietanolamina, etileno diamina, trietilamina, colina y meglumina,;
o sales con aminoacidos tales como arginina, lisina y histidina.

Los compuestos se usan en el tratamiento de enfermedades en
donde la sub-activacién del receptor de HM74A contribuye a la enfermedad o
en donde activacién del receptor serd benéfica, en particular enfermedades de
metabolismo de lipidos incluyendo dislipidemia o hiperlipoproteinaemia tales
como dislipidemia diabética y dislipidemia mixta, insuficiencia cardiaca,
hipercolesteraemia, enfermedad cardiovascular incluyendo aterosclerosis,
arteriosclerosis, e hipertrigliceridemia. Como tal, los compuestos también
pueden tener utilidad como terapéuticos para enfermedad de arteria coronaria,
trombosis, angina, insuficiencia renal crénica, enfermedad vascular periférica
y accidente cerebrovascular, asi como las indicaciones cardiovasculares

asociadas con diabetes mellitus de tipo I, diabetes de tipo |, resistencia a la
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insulina, hiperlipidemia, anorexia nerviosa, obesidad. Como tales, los
compuestos de la presente invencién pueden encontrar uso como agonistas o
agonistas parciales de HM74A.

Los compuestos de la invencion son de beneficio terapéutico
potencial en el tratamiento y alivio de los sintomas de muchas enfermedades
de metabolismo de lipidos incluyendo dislipidemia o hiperlipoproteinaemia
tales como dislipidemia diabética y dislipidemia mixta, insuficiencia cardiaca,
hipercolesteraemia, enfermedad cardiovascular incluyendo aterosclerosis,
arteriosclerosis, e hipertrigliceridaemia, diabetes mellitus de tipo I, diabetes de
tipo |, resistencia a la insulina, hiperlipidemia, anorexia nerviosa, obesidad.
Como tales, los compuestos también pueden ser favorecidos como
terapéuticos para enfermedad de arteria coronaria, trombosis, angina,
insuficiencia renal crénica, enfermedad vascular periférica y accidente
cerebrovascular. Ademas, también se cree que los receptores de HM74 y
HM74A estan implicados en inflamacion. La inflamacién representa un grupo
de respuestas vasculares, celulares y neurolégicas a inflamacién por trauma.
La inflamacién se puede caracterizar por el movimiento de células
inflamatorias tales como monocitos, neutréfilos y granulocitos en los tejidos.
Esto esta usuaimente asociado con una funcién de barrera endotelial reducida
y edema en los tejidos. La inflamacion con reespecto a enfermedad
tipicamente se refiere como inflamacién crénica y puede durar hasta de por
vida. Dicha inflamacién crénica puede manifestarse a través de sintomas de la

enfermedad. La finalidad de terapia anti-inflamatoria es por lo tanto reducir
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esta inflamaciéon crénica y permitir que progrese el proceso fisiolégico de
cicatrizacién y reparacién de tejido.

Ejemplos de enfermedades o condiciones inflamatorias para las
cuales los compuestos de la presente invencidbn pueden demostrar utilidad
incluyen las de las articulaciones, particularmente artritis (v.gr., artritis
reumatoide, osteoartritis, insuficiencia de articulacién prostética), o el tracto
gastrointestinal (v.gr., colitis ulcerativa, enfermedad de Crohn, y otras
enfermedades intestinales y gastrointestinales inflamatorias, gastritis e
inflamacion de la mucosa que resultan de infeccion, la enteropatia provocada
por farmacos anti-inflamatorios no esteroideos), del pulmén (v.gr., sindrome
de sufrimiento respiratorio en adultos, asma, fibrosis clstica, o enfermedad
pulmonar obstructiva cronica), del corazén (v.gr., miocarditis), de tejido
nervioso (v.gr., esclerosis maltiple), del pancreas, (v.gr., inflamacién asociada
con diabetes mellitus y complicaciones de la misma, del rifidn (v.gr.,
glomerulonefritis), de la piel (v.gr., dermatitis, psoriasis, eczema, urticaria,
lesién por quemadura), de los ojos (v.gr., glaucoma) asl como de érganos
trasplantados (v.gr., rechazo) y enfermedades de érganos muiltiples (v.gr.,
lupus eritematoso sistémico, sepsia) y secuelas inflamatorias de infecciones
virales o bacterianas y condiciones inflamatorias asociadas con aterosclerosis
y después de ataques hipéxico o isquémico (con o sin reperfusién), por
ejemplo en el cerebro o en enfermedad cardiaca isquémica.

Se apreciara que las referencias aqul a tratamiento se extienden

a profilaxis, prevencién de recurrencia y supresion de sintomas asi como el
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tratamiento de condiciones establecidas.

El 4cido nicotinico tiene un perfil de efecto colateral significativo,
posiblemente debido a que es dosificado a un nivel alto (cantidades en
gramos diarias). El efecto colateral mas comun es un rubor cutaneo intenso.
En ciertas modalidades de la presente invencién los compuestos pueden
exhibir efectos ¢olaterales reducidos comparados con écido nicotinico. HM74A
se ha identificado como un receptor de alta afinidad para acido nicotfnico
mientras que HM74 es un receptor de afinidad mas baja. Los compuestos de
la presente invencion pueden usarse como agonistas de HM74A selectivos o
agonistas parciales; en cuyo caso mostraran afinidad mayor para HM74A que
para HM74.

El potencial para compuesios de la formula () para activar
HM74A se puede demostrar, por ejemplo, usando las siguientes pruebas

enteras in vitro:

Pruebas in vitro

‘Para transfecciones transitorias, células HEK293T (células
HEK293 expresan establemente el antigeno T grande de SV40) se
mantuvieron en DMEM que contenia 10% de suero de ternera fetal y 2 mM de
glutamina. La células se sembraron en cajas de cultivo de 80 mm y se hicieron
crecer hasta 60-80% de confluencia (18-24 hr) antes de la transfeccién.
HM74A humanas {(nimero de acceso al GenBank™ AY148884) se incubaron

en un vector de expresibn de mamifero (pcDNA3; Invitrogen) y se
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transfectaron usando reactivo de lipofectamina. Para transfeccion, 9 ug de
ADN se mezclé con 30 pl de lipofectamina en 0.6 ml de Opti-MEM (Life
Technologies Inc.) y se incubd a temperatura ambiente durante 30 min antes
de la adicién de 1.6 ml de Opti-MEM. Las células se expusieron a la mezcla
de lipofectamina/ADN durante 5 hr y 8 ml de 20% (v/v) de suero de temera
fetal en DMEM se afladié después. Las células se cosecharon 48 hr después
de la transfeccién. El tratamiento de toxina de Pertussis se llevé a cabo por
complementacion en el medio a 50 ngmr' durante 16 hr. Todos los estudios
transitorios implicaron co-transfeccién de receptor junto con la protelna Gip G,
Gop @.

Para la generacién de lineas de células estables, el método
anterior se uso para transfectar células CHO-K1 sembradas en cajas con seis
pozos y se hicieron crecer hasta 30% de confluencia. Estas células se
mantuvieron en un medio DMEM F-12 HAM que contenia 10% de suero de
ternera fetal y 2 mM de glutamina. 48 hr después de la transfeccion, el medio
se complement6 con 400 ug/mi de Geneticina (G418, Gibco) para seleccion
de células resistentes a antibitico. Las lineas de células CHO-K1 clonales
que expresaban establemente HM74A fueron confirmadas por mediciones de
union a [*S]-GTPyS, después de la adicién de acido nicotinico.

Preparacion de membrana — Membrana plasmatica que contenia
fracciones de particula de P2 se prepararon a partir de pastas de células
congeladas a -80°C después de la cosecha. Todos los procedimientos se

llevaron a cabo a 4°C. Las pastillas de células se volvieron a suspender en 1
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m! de Tris-HCI 10 mM y EDTA 0.1 mM, pH 7.5 (regulador de pH A) y por g

homogeneizacién durante 20 seg con un Ultra Turrax seguido por el paso (5
veces) a través de una aguja calibre 25. Los lisados de células se
centrifugaron a 1,000 g durante 10 min en una microcentrifuga para formar
una pastilla de los nicleos y células no rotas y fracciones de particulas de P2
se recuperaron por microcentrifugacién a 16,000 g durante 30 min. Las
fracciones de particulas de P2 se volvieron a suspender en regulador de pH A
y se almacenaron a -80°C hasta que se requirié. _

Unidn a [**S]-GTPyS — Se realizaron pruebas a temperatura
ambiente en un formato de 384 pozos basadas en métodos descritos
anteriormente (Wieland, T. y Jakobs, K.H. (1994) Methods Enzymol. 237, 3-
13). En breve, la adicion de compuestos estandares o de prueba se
prepararon y se afiadieron a una placa de 384 pozos en un volumen de 10 pl.
Las membranas (HM74A o HM74) se diluyeron en regulador de pH de prueba
(20 mM de HEPES, 100 mM de NaCl, 10 mM de MgCl;, pH 7.4)
complementado con saponina (60 pug/mi), esferas Leadseeker WGA
(Amersham; 250 pg/pozo) y 10 yM GDP, por lo que un volumen de 20 ul
anadido a cada pozo contenla 5 pyg de membranas. [*S]-GTPyS (1170
Ci/mmol, Amersham) se diluyd (1:1500) en regulador de pH de prueba y 20 pl
se afiadieron a cada pozo. Después de la adicién del radioligando, las placas
se sellaron, se agitaron por pulsos y se incubaron durante 4 horas a
temperatura ambiente. Al final del perfodo de incubacién, las placas se

leyeron en una maquina Leadseeker (VIEWLUX PLUS; Perkin-Eimer) para
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determinar los niveles de union especifica.

Estas pruebas se refinaron reduciendo el volumen de prueba
final a 10 pl. Para esta prueba de 10 pl se usé un protocolo revisado. Esto
implicd el uso de unicamente 100 nl de compuesto estdndar o de prueba por
pozo de una placa de 384 pozos y 1.5 ug de membrana y 100 yg de esferas
de Leadseeker WGA. Para el protocolo de volumen bajo, la membrana,
esferas y [**S]-GTPyS se mezclaron entre sl y después 10 pl de esta mezcla
se suministraron a cada pozo. La incubacién y lectura de la placa fueron
idénticas para las pruebas de 10 pl y 50 pl.

Todos los compuestos ilustrados se probaron en una o ambas de
las pruebas de unidn a [*S}-GTPyS anteriormente descritas (es decir, las
pruebas de 10 pl y 50 pl).

Los datos se analizaron por ajuste de la curva como se lleva a
cabo usando una ecuacion loglstica de cuatro parametros usando el paquete
de software XC50 (max 2 puntos suprimidos de cualquier otra curva). La unién
especifica se expresa como pECsp y como % de eficacia comparada con la

respuesta maxima de unién a acido nicotinico.

Prueba in vivo

Los agonistas de HM74A se pueden probar en ratas Spague-
Dawley macho (200-250 g) que se han dejado en ayunas por lo menos
durante 12 horas antes del estudio. Los compuestos son dosificados por via

intravenosa ya sea 1 o 3 mg/kg (5 mi’kg) o por alimentacién forzada oral a

B/
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dosis que varlan de 1-30 mg/kg (10 ml/kg). Se pueden tomar muestras de
sangre (0.3 ml de sangre de la vena de la cola) antes de la dosis y tres veces
después de la dosis (las veces varlan de 15 minutos a 8 horas después de la
dosis). Cada muestra de sangre es transferida a un tubo de heparina (Becton
Dickinson Microtainer, PST LH) y centrifugada (10,000 g durante 5 minutos)
para producir una muestra de plasma. Las muestras de plasma se prueban
para niveles de acidos grasos no esterificados (NEFA) usando un equipo
comerciaimente disponible (Randox). La inhibicién de los niveles de plasma
NEFA, en relacidon con los niveles de pre-dosis, se usan como un sustituto
para actividad agonista de HM74A.

Para determinar si los compuestos de HM74A presentan la
respuesta al rubor asociada con acido nicotinico, pueden ser dosificadas a
cobayos concientes. Cobayos Dunkin Hartley machos (300-800 g; n=10-20
por grupo) se dejan en ayunas por lo menos durante 12 horas, pero no en
exceso de 24 horas antes de la experimentacién. Se tomaron muestras de
sangre de pre-estudio (0.5 ml) de cada animal por puncién cardiaca bajo
anestesia de recuperacién (Isoflurano al 3.5% con O2 adicional (1 /min)). Las
mediciones de temperatura de la oreja se toman colocando la oreja izquierda
de cada animal sobre una sonda de temperatura infrarroja. Las mediciones se
toman a intervalos de un minuto de 5 minutos antes de la dosis a 30 minutos
después de la dosis. Las mediciones de temperatura se toman después a
intervalos de 15 minutos hasta 2 horas después de la dosis. Los animales

reciben compuestos de prueba por alimentacién forzada oral (§ mlkg). Se

B
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toman muestras de sangre (0.5 ml) por punciéon cardiaca bajo anestesia
terminal. Se toman muestras de sangre de animales individuales para proveer
datos a 0.5, 1, 2, 3 y 4 horas después de la dosis. Todas las muestras de
sangre se colocan en un rodillo para sangre durante 5 minutos y después se
almacenan sobre hielo hasta el final del estudio. Después de centrifugar
(12000 g durante 5 min) el plasma es transferidoc a tubos frescos y
almacenado a -20°C hasta que se prueba para concentraciones de NEFA.

Los compuestos de conformidad con la férmula (I) se han
sintetizado (véase ejemplos sintéticos mas adelante) y se prueban en las
pruebas de uniébn a [**S]-GTPyS anteriormente descritas. Todos los
compuestos ilustrados tienen una pEC50 de 4.3 o mayor y una eficacia de
30% o mayor (en relacién con écido nicotinico).

Los compuestos de la formula (I) pueden usarse en medicina
humana o veterinaria, en particular como activadores de HM74A, en el manejo
de dislipidemia e hiperlipoproteinemia.

De conformidad con otro aspecto de la invencién, se provee el

uso de por lo menos una entidad quimica seleccionada de compuestos de la

pe o

férmula (1)

i
R

)

y derivados farmacéuticamente aceptables de los mismos, en
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donde

R’ representa un grupo seleccionado de: hidrédgeno, alquilo de
C1-10, alquenilo de Ca.-1p, alquinilo de C2-10, ¥ -(alq)m-X-(alq)n-Y,

en donde X representa A, A1, A2 o un enlace directo;

A representa un grupo seleccionado de: cicloalquileno,
cicloalquenileno, arilo, heteroarilo, heterociclilo, -CH2-OC(O)-;

A1 representa un grupo seleccionado de: -CH2-O-(CH3)qarilo-O-,
-CH2-O-(CH2)uN(R)C(0)O-, -CH2-N(R®)C(0)O-, -CH2-N(R%)C(O)-, -CHz-(O)¢-
(CH2)C(O)NR®-, -CH2-N(R®)C(O)N(R®)-, -CH2-C(O)N((CH2)wOH)-, -CH2-NR®-
S(0)z-, CHz-S(0)2NR®-, -CH2-C(0)O-, -O-, -NR®-, -S-;

A2 representa:

-CH(OH)-;

cuando X es A, A1 0 A2, Y representa un grupo seleccionado de:
heteroarilo, heterociclilo, arilo, cicloalquilo, cicloalquenilo, -O(CHz)q-arilo, -
C(0)O-arilo, -CH(arilo),, -CH(heteroarilo),, halogenoalquilo de Ci.g, -C(O)R?, -
NR®R?, -C(O)NR°R’, -NR*C(O)R’, -NR’C(0)OR’, -C(0)(CHz),OR*, halégeno,
ciano, -N{R%)C(O)OR’, -OC(O)NR®R®, -NR°C(O)R?, -OR®, -OC(O)R*;

cuando X es A1y Y se selecciona de:

-O(CHy)q-arilo, -O-heteroarilo, -OR5, -OC(O)R%, -NH-arilo, -
OC(O)NR®R?, n es un entero seleccionado de 2, 3, 4 y 5;

cuando X es A1y Y es -CF3, 0 cuando X es A2, n es un entero
seleccionadode 1,2, 3,4y 5;

cuando X es un enlace directo, Y representa un grupo
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seleccionado de: -C(O)(CH2);OR®? -C(O)-arilo, -C(O)-heteroarilo, -C(O)-
heterociclilo, -heteroarilo, -heterociclilo, -arilo, -cicloalquilo, -cicloalquenilo,
halogenoalquilo de C.g, -halégeno, -ciano, 3 6 4 sistemas fusionados de
anillo, - CH(arilo);, -CH(heteroarilo);, -OR®, -NR°R’, -NCOOR® -
(O)-C(O)NR®R®, -MR®C(O)R®, -OR®, - (O)-C(O)R*;

cuando Y incorpora un anillo, ese anillo puede ser opcionalmente
sustituido por uno o mas de: alquilo de C,.s, alquenilo de Ca4, alquinilo de Czg,
halégeno, -NHz, (CHz)-NR°R?, -(CH2)q~(O)p-(CH2)a-N(R®)C(O)OR®, -(CHz)e-
N(R°)C(O)R®, -(CH2)q-(0)s-{CHz)s-C(OINR'R®, -(CH2)e-N(R*)C(OIN(R')R® , -
(CH2)q-C(O)N((CH2)mOH)R®, -(CH2)o-N(R%)-S(0)2R®, -CHz-S(0):N(R®R®, -
halogenoalquilo de Ci.g, -OCF3, -OCH(F)2, -OCH.F, -COORS®, -OR?, -(R%sCN,
-S(02)R®, -(CHa)sheteroarilo, -(CHz)sheterociclilo -(CHz).cicloalquilo, -
(CHg)qcicloalquenilo, - (CHa)narilo;

R? se selecciona de: hidrégeno; o alquilo de Cy.-1o, alquenilo de
C2.10, alquinilo de Cz-4, cicloalquilo, cicloalquenilo, heterociclilo, arilo, y
heteroarilo, cada uno de los cuales puede ser opcionalmente sustituido por
uno 0 mas de: alquilo de Ci-p, alquenilo de Ca..4p, alquinilo de Cai-q,
cicloalquilo, heterociclilo, arilo, heteroarilo, C1.s halogenoalquilo, halégeno, -
CN, -OR*, -(CH2),.COR?*, -C(O)OR*, -OCOR*, -(CHz2),NR®R®, -(NH),CON R°R®,
-OCONR®R’, y -NHC(O)OR’;

R? se selecciona de: alquilo de Cy.¢ halogenado;

R* se selecciona de: hidrégeno, alquilo de Cy.g, alquenilo de Czs,

alquinilo de Cas -(CHa), cicloalquilo, -(CH2)s cicloalquenilo, -(CH2),
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heterociclilo, -(CH2), arilo, y -(CH2), heteroarilo;

R® y R® se seleccionan de: hidrégeno y alquilo de Ci.;

R’ se selecciona de: hidrégeno, alquilo de C1.s, alquenilo de Cas,
alquinilo de Cas -(CHzx cicloalquilo, -(CH2), cicloalquenilo, -(CHa)
heterociclilo, -(CHz)arilo, y -(CHz); heteroarilo;

R® se selecciona de alquilo de Ci.;

R® se selecciona de alquilo de C1.g, alquenilo de C.¢, alquinilo de
Cze, -(CHgz), cicloalquilo, -(CHa)qcicloalguenilo, -(CHa)sheterociclilo, -(CHz),
arilo, y -(CHz)sheteroarilo, CN;

m representa un entero seleccionado de: 0, 1, 2, 3,4y 5,

n representa un entero seleccionadode: 0,1, 2, 3,4y 5;

p representa un entero seleccionado de: 0y 1;

q representa un entero seleccionado de: 0, 1y 2;

t representa un entero seleccionado de: 1y 2;

w representa un entero seleccionado de: 2, 3 y 4;

en la fabricacion de un medicamento para el tratamiento de
trastomos del metabolismo de lipidos incluyendo dislipidemia o
hiperlipoproteinemia. En particular, se provee el uso de un compuesto de
formula () en la fabricacion de un medicamento para el tratamiento de
dislipidemia diabética o dislipidemia mixta, insuficiencia cardiaca,
hipercolesteremia, diabetes mellitus de tipo Il, diabetes de tipo |, resistencia a
la insulina, hiperlipidemia, anorexia nerviosa, obesidad, enfermedad de arteria

coronaria, trombosis, angina, insuficiencia renal crénica, accidente
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cerebrovascular y enfermedad cardiovascular incluyendo aterosclerosis,
arteriosclerosis e hipertrigliceridemia.

En una modalidad de la invencion, se provee un compuesto de la
férmula (1) o (Il) o un derivado farmacéuticamente aceptable del mismo para
usarse en el tratamiento de trastornos del metabolismo de llpidos incluyendo
dislipidemia o hiperlipoproteinemia. En otra modalidad, se provee el uso de un
compuesto de la formula (l) o (ll) en la fabricacién de un medicamento para el
tratamiento de dislipidemia diabética o dislipidemia mixta, insuficiencia
cardiaca, hipercolesteraemia, diabetes mellitus de tipo Il, diabetes de tipo |,
resistencia a la insulina, hiperlipidemia, anorexia nerviosa, obesidad,
enfermedad de arteria coronaria, trombosis, angina, insuficiencia renal
cronica, accidente cerebrovascular y enfermedad cardiovascular incluyendo
aterosclerosis, arteriosclerosis e hipertrigliceridemia.

Por lo tanto, se provee como un aspecto adicional de la presente
invencibn a compuesto de la formula (I) o (Il) o un derivado
farmacéuticamente aceptable del mismo, para usarse en medicina humana o
veterinaria, particularmente en el tratamiento de trastomos del metabolismo de
lipidos incluyendo dislipidemia ¢ hiperipoproteinaemia tal como dislipidemia
diabética y dislipidemia mixta, insuficiencia cardiaca, hipercolesteraemia,
enfermedad cardiovascular incluyendo aterosclerosis, arteriosclerosis, e
hipertrigliceridemia, diabetes mellitus de tipo 11, diabetes de tipo |, resistencia a
la insulina, hiperlipidemia, anorexia nerviosa, obesidad. Como tales, los

compuestos también se proveen para usarse en el tratamiento de enfermedad
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de arteria coronaria, trombosis, angina, insuficiencia renal crénica,
enfermedad vascular periférica y accidente cerebrovascular.

Se provee como un aspecto adicional de la presente invencion
un compuesto de la formula (I) o (lI) o un derivado farmacéuticamente
aceptable del mismo, para usarse en la fabricacion de un medicamento para
el tratamiento de trastornos del metabolismo de lipidos incluyendo dislipidemia
o hiperlipoproteinaemia tal como dislipidemia diabética y dislipidemia mixta,
insuficiencia cardiaca, hipercolesteraemia, enfermedad cardiovascular
incluyendo aterosclerosis, arteriosclerosis e hipertrigliceridemia, diabetes
mellitus de tipo I, diabetes de tipo |, resistencia a la insulina, hiperlipidemia,
anorexia nerviosa, obesidad. Como tales, los compuestos también se proveen
para usarse en el tratamiento de enfermedad de arteria coronaria, trombosis,
angina, insuficiencia renal crénica, enfermedad vascular periférica y accidente
cerebrovascular.

En una modalidad adicional, la presente invencion provee el uso
de un compuesto de la formula (I) o (ll) o un derivado farmacéuticamente
aceptable del mismo, en la fabricacién de un medicamento para el tratamiento
de enfermedades o condiciones inflamatorias de las articulaciones,
particularmente artritis (v.gr., artritis reumatoide, osteoartritis, insuficiencia de
articulaciones prostética), o del tracto gastrointestinal (v.gr., colitis ulcerativa,
enfermedad de Crohn, y otras enfermedades intestinales y gastrointestinal
inflamatorias, gastritis e inflamacién de la mucosa que resultan de infeccion, la

enteropatla provocada por farmacos anti-inflamatorios no esteroideos), del
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pulmén (v.gr., sindrome de sufrimiento respiratorio en adultos, asma, fibrosis
cistica, o enfermedad pulmonar obstructiva crénica), del corazén (v.gr.,
miocarditis), de tejido nervioso (v.gr., esclerosis multiple), del pancreas, (v.gr.,
inflamacién asociada con diabetes mellitus y complicaciones de la misma, del
rifén (v.gr., glomerulonefritis), de la piel (v.gr., dermatitis, psoriasis, eczema,
urticaria, lesion por quemadura), de los ojos {v.gr., glaucoma) as{ como de
organos trasplantados (v.gr., rechazo) y enfermedades de érganos muiltiples
(v.gr.. lupus eritematoso sistémico, sepsia) y secuelas inflamatorias de
infecciones virales o bacterianas y condiciones inflamatorias asociadas con
aterosclerosis y después de ataques hipdxico o isquémico (con o sin
reperfusién), por ejemplo en el cerebro o en enfermedad cardiaca isquémica.

En una modalidad, los compuestos de la formula (I) o (Il) o
derivados farmacéuticamente aceptables del mismo son Utiles en el
tratamiento y prevencion de inflamacién, diabetes y enfermedades o
condiciones cardiovasculares incluyendo aterosclerosis, arteriosclerosis,
hipertrigliceridemia, y dislipidemia mixta.

En un aspecto adicional o alternativo se provee un método para
el tratamiento de un sujeto humano o animal con una condicién en donde la
subactivacion del receptor de HM74A contribuye a la condicién o en donde la
activacion del receptor sera benéfica, el método comprende administrar a
dicho sujeto humano o animal una cantidad efectiva de un compuesto de la
férmula (1) o (1) o a derivado farmacéuticamente aceptable del mismo.

En una modalidad, la presente invencién provee un método para

387
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el tratamiento de trastornos del metabolismo de lipidos incluyendo dislipidemia
o hiperlipoproteinaemia tal como dislipidemia diabética y dislipidemia mixta,
insuficiencia cardiaca, hipercolesteraemia, enfermedad cardiovascular
incluyendo aterosclerosis, arteriosclerosis, e hipertrigliceridemia, diabetes
mellitus de tipo I, diabetes de tipo |, resistencia a 1a insulina, hiperlipidemia,
anorexia nerviosa, obesidad, dicho método comprende administrar a dicho
sujeto humano o animal una cantidad efectiva de un compuesto de la formula
(1) o () o un derivado farmacéuticamente aceptable del mismo. Como tales,
estos compuestos también pueden favorecer en métodos para el tratamiento
de enfermedad de arteria coronaria, trombosis, angina, insuficiencia renal
cronica, enfermedad vascular periférica y accidente cerebrovascular, dichos
métodos comprenden administrar a dicho sujeto humano o animal una
cantidad efectiva de a compuesto de la formula (I) o (ll) o un derivado
farmacéuticamente aceptable del mismo.

En una modalidad de la formula (1) o (ll), R' se selecciona de
hidrégeno C4.1o alquilo, y -(alq)m-X-(alq)a-r.

En una modalidad de la féormula (I) o (ll), X representa A o A1. En
una modalidad adicional de la férmula (I) o (ll), A se selecciona de heteroarilo,
heterociclilo, y A1 se selecciona de CHz-O- (CH2)wN(R®)C(0)O-, por ejemplo,
CH20(CHz)2NHC(0)0-, CH2-N(R%)C(0)O-, por ejemplo, CH2-NHC(0)O, CH,-
N(R®)C(0)-, por ejemplo, CHa-NHC(O)-, CHa-(0);-(CH2);C(O)NR®-, por
ejemplo, CHzC(O)NCHs-, CHa-N(R})C(O)N(R%-, por ejemplo, CH,-
NHC(O)NCHs-, CHz-C(O)N((CH2)wOH)-, por ejemplo, CH2-C(O)N((CH2)20H)-,

90
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CH2-NR®-S(0)z- por ejemplo CHz-NH-S(0)z-, CHz-S(0):NR®-, por ejemplo,
CH2-S(0)2NCHs-, y CH2-C(O)O-. En otra modalidad de la formula (I) o (II), X
representa A y A representa un heteroarilo. En otra modalidad de la formula (1)
o (), A representa un heteroario que comprende un heteroatomo de
nitrégeno, por ejemplo, triazolilo, furazanilo, oxadiazolilo, tetrazolilo, imidazolilo
0 pirazolilo.

En una modalidad adicional de la férmula (1) o (ll), X representa
A, por ejemplo, heteroarilo o heterociclilo, o un enlace directo.

En una modalidad de la formula (I) o (II}, Y representa un grupo
opcionalmente sustituido seleccionado de: arilo, por ejemplo, fenilo o nattilo,
heteroarilo, por ejemplo piridinilo, tiazolilo, tienilo, benzofuranilo o indolilo, y O-
arilo, por ejemplo, O-fenilo.

En una modalidad adicional de la férmula (1) o (Il), Y es sustituido
por uno o mas grupos seleccionados de OR®, por ejemplo, OH o OCHs,
halégeno, por ejemplo F o Cl, arilo, por ejemplo, fenilo, halogenoalquilo de
Ci.s, por ejemplo. CFs 0 CH,CF3, OCF3, (R®)PCN, por ejemplo, CN, (CHz)q-
N(R%)-S(0)2R®, por ejemplo, NHS(O)2CHj3 y S(0)2R", por ejemplo, S(0)2CHs.

En una modalidad de la férmula (1) o (ll), cuando X representa A
o A1, y A representa cicloalquilo, cicloalquenilo, arilo, heteroarilo o
heterociclilo, y A1 representa -CHz-O-(CH2)wN(R%)C(0)0O-, -CHa-N(R%C(0)0-,
-CHz-N(R®)C(0O)-, -CH2-(0)p~(CH2)qC(O)NR®-, -CHz-N(R®*)C(O)N(R®)-, 0 -CHa-
C(ON((CH2)wOH)-, v Y representa un anillo, por ejemplo, cuando X

representa oxadizolilo, tetrazolilo o pirazolilo y Y representa fenilo, piridinilo, o
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tienilo, m es un entero seleccionado de 3 y 4 y n es un entero seleccionado de
Oy1, porejemploomes4ynesO,omes3ynes1;

En una modalidad de la férmula (I) o (l1), R' se selecciona de:
hidrégeno; y alquilo de C+.1p que puede ser opcionalmente sustituido por uno o
mas de: cicloalquilo, heterociclilo, arilo, heteroarilo, halogenoalquilo de Cys,
haldgeno, ciano, -OR*, -(CHz),COR®, -CO:R*, -OCOR*, -(CH:):NR°R’, y -
(NH)nCONR®R’. En otra modalidad de la férmula (I) o (Il), R' se selecciona
de: hidrégeno; y alquilo de Cy.1o que puede ser opcionalmente sustituido por
uno o mas de: halégeno, ciano, -OR* -(CH2),\COR*, -CO.R* -OCOR®, -
(CH2)nNR5R®, y -(NH)»CONR®R®. En una modalidad adicional de la férmula (1)
o (), R' se selecciona de: hidrégeno y alquilo de Cis opcionalmente
sustituido con -OH, por ejemplo, metilo, butilo 0 CH2CH20H.

En una modalidad de la fdrmula (1) o (ll), R' se selecciona de:
hidrégeno y alquilo de C,., por ejemplo, metilo o butilo.

En una modalidad de la formula (I) o (ll), R? se selecciona de:
alquilo de Cs49 y alquenilo de Ca.4p cada uno de los cuales puede ser
opcionalmente sustituido por uno o més de cicloalquilo, heterociclilo, arilo,
heteroarilo, halogenoalquilo de Cys, halégeno, ciano, -OR*, -(CH2),CORS5, -
CO2R*, -OCOR*, -(CH2)sNR°R?, y -(NH)nCONR®R®. En otra modalidad de la
férmula (1) o (1), R? puede representar alquilo de C.io que puede ser
opcionalmente sustituido por uno 0 méas de cicloalquilo, heterociclilo, arilo,
heteroarilo, halogenoalquilo de Cis, halégeno, ciano, -OR*, -(CH2).COR?*, -

COzR*, -OCOR* -(CH2):.NR°R®, y -(NH),CONR®R®. En una modalidad
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adicional, R? se selecciona de alquilo de C.¢, por ejemplo, butilo o pentilo.

En una modalidad de la férmula (I) o (1), R? representa alquilo de
C1.10 que puede ser opcionalmente sustituido por uno o mas de: cicloalquilo,
heterociclilo, arilo, heteroarilo, halogenoalquilo de C1.¢, halégeno, -CN, -OR?, -
(CH2),COR®, -C(O)OR*, -OCOR*, -(CH2)sNR°R®, y -(NH)-:CONR®R®. En una
modalidad adicional de la férmula (1) o (1), R? se selecciona de alquilo de Cas,
por ejemplo, butilo o pentilo.

En una modalidad de la férmula (I) o (Il), R?® se selecciona de:
alquilo de Ci¢ fluorado. En otra modalidad de la formula (I) o (ll), R® se
selecciona de: alquilo de C4 fluorado, por ejemplo, CFs, CHF2 0 CF2CFa.

En una modalidad de la férmula (1) o (Il), R* se selecciona de:
hidrégeno, alquilo de Cig, alquenilo de Czg, alquiniio de Cas -
(CHgz)ncicloalquilo, -(CHz)sheterociclilo, -(CHg)qarilo, y -(CHz)nheteroarilo. En
otra modalidad de la férmula (1) o (ll) R* se selecciona de: hidrégeno y alquilo
de Ci.

En una modalidad de la férmula (1) o (Il), R! se selecciona de:
hidrégeno y alquilo de Cis opcionalmente sustituido con -OH, R? se
selecciona de: alquilo de C4s y R® se selecciona de: alquilo de C14 fluorado,
con la condicién de que cuando R' representa metilo y R® representa CF3, R?
no puede ser i-butilo.

En una modalidad de la férmula (I) o (II), R® es hidrégeno.

En una modalidad de la férmula (1) o (ll), R se selecciona de:

hidrégeno y alquilo de C1.4.

A%
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En una modalidad adicional de la férmula (1) o (Il), siempre que
cuando X es A1, A1 es -O- y Y es un anillo que es sustituido por arilo 0
heteroarilo, entonces m es un entero seleccionado de 3, 4 y 5.

En una modalidad de la férmula (1) o (I}, R' y R? son diferentes.

Cabe entender que la presente invencién incluye cualquier
combinacion de modalidades particulares y cubre todas las combinaciones de
sustituyentes particulares descritas anteriormente para compuestos de la
férmula (1) o (l1).

Los compuestos particulares de la presente invencién incluyen:

3-butil-1-metil-8-(trifluorometit)-3, 7-dihidro-1H-purino-2,6-diona,

1,3-dibutil-8-(trifluorometil)-3,7-dihidro-1H-purino-2,8-diona,

3-butil-1-metil-8-(pentafluoroetil)-3, 7-dihidro-1H-purino-2,6-diona,

8-(difluorometil)-1-metil-3-pentil-3, 7-dihidro-1H-purino-2,6-diona,

3-pentil-8-(trifluorometil)-3, 7-dihidro-1H-purino-2,6-diona,

1-(2-hidroxietil)-3-pentil-8-(trifluorometil)-3,7-dihidro-1H-purino-
2 8-diona,

3-Butil-1{3-[3-(fenilometil)-1,2,4-oxadiazol-5-il]propil}-8-
(trifluorometil)-3,7-dihidro-1H-purino-2,6-diona,

Acido 4-[3-butil-2,6-dioxo-8-(trifluorometil)-2,3,6,7-tetrahidro-1H-
purin-1-iljbutanoico,

3-Butil-1-[4-(3-fenilo-1,2,4-oxadiazol-5-il)butil]-8-(trifluorometil)-
3,7-dihidro-1H-purino-2,8-diona,

Acido 5-[3-hutil-2,6-dioxo-8-(trifluorometil)-2,3,6,7-tetrahidro-1H-

aY
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purin-1-iljpentanoico,
3-Butil-1{4-[3-(2-fluorofenil)-1,2,4-oxadiazol-5-il]butil}-8-
(trifluorometil)-3,7-dihidro-1H-purino-2,6-diona,
3-Butil-1-{4-[3-(4-fluorofenilo)-1,2,4-oxadiazol-5-il]butil}-8-
(trifluorometil)-3, 7-dihidro-1H-purino-2,6-diona,
3-Butil-1{4-[3-(2-piridinil})-1,2,4-oxadiazol-5-il]butil}-8-
(trifluorometil)-3, 7-dihidro-1H-purino-2,6-diona,
3-Butil-8-(trifluorometil)-1-(3-{3-[(2,4,6-trifluorofenilo)metil]-1,2,4-
oxadiazol-5-il}propil)-3,7-dihidro-1H-purino-2,6-diona,
1-Metil-3-pentil-8-(trifluorometil)-3, 7-dihidro- 1 H-purino-2,6-diona.
La cantidad de un modulador de HM74A que se requiere para
lograr el efecto biol6gico deseado, desde luego, dependera de un nimero de
factores, por ejemplo, el modo de administracién y la condicion clinica precisa
del receptor. En general, la dosis diaria estard en el intervalo de 0.1 mg - 1
g/kg, tipicamente 0.1 — 100 mg/kg. Una dosis intravenosa, por ejemplo, puede
estar en el intervalo de 0.01 mg a 0.1 g/kg, tipicamente 0.01 mg a 10 mg/kg,
que se puede administrar convenientemente como una infusion de 0.1 ug a 1
mg, por minuto. Los fluidos de infusién adecuados para este propésito pueden
contener, por ejemplo, de 0.01 ug a 0.1 mg, por mililitro. Las dosis unitarias
pueden contener, por ejemplo, de 0.01 ug a 1 g de un modulador de HM74A.
Por lo tanto, las ampolletas para inyeccidon pueden contener, por ejempio, de
0.01 ug a 0.1 g y las formulaciones de dosis unitaria oralmente administrables,

tales como tabletas o capsulas, pueden contener, por ejemplo, de 0.1 mg a 1
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g. Se indican o se esperan efectos no toxicolégicos cuando un compuesto de
la invencién se administra en el intervalo de dosis antes mencionado.

Un compuesto de la presente invencion se puede utilizar como el
compuesto como tal en el tratamiento de una enfermedad en donde la sub-
activacion del receptor de HM74A contribuye a la enfermedad o en donde la
activacién del receptor serd benéfica, un ejemplo de esto es en donde un
compuesto de la presente invencion se presenta con un vehlculo aceptable en
forma de una formulaciébn farmacéutica. El vehiculo, desde luego, debe ser
aceptable en el sentido de ser compatible con los otros ingredientes de la
formulacién y no debe ser deletéreo para el receptor. El vehiculo puede ser un
sdlido o un liquido, o ambos, y puede ser formulado con el modulador de
HM74A como una formulacién de dosis unitaria, por ejemplo, una tableta, que
puede contener de 0.05% a 95% en peso del modulador de HM74A.

Las formulaciones incluyen aquellas adecuadas para
administracion oral, rectal, topica, bucal (v.gr., sub-lingual) y parenteral (v.gr.,
subcutanea, intramuscular, intradérmica o intravenosa).

También se provee de conformidad con la invencién un
procedimiento para la preparacién de dicha composicion farmacéutica que
comprende mezclar los ingredientes.

Las formulaciones adecuadas para administracion oral se puede
presentar en unidades discretas, tales como céapsulas, cachets, trociscos o
tabletas, cada una conteniendo una cantidad predeterminada de un

modulador de HM74A; como un polvo o granulos; como una solucién o una
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suspension en un liquido acuoso 0 no acucso; 0 como una emulsién de aceite
en agua o agua en aceite. En_ general, las formulaciones se preparan
mezclando en forma uniforme e intima el modulador de HM74A activo con un
vehiculo liquido o sdlido finamente dividido, o ambos, y después, si es
necesario, configurar el producto. Por ejemplo, una tableta se puede preparar
comprimiendo o modulando un polvo o granulos del modulador de HM74A
opcionalmente con uno o0 mas ingredientes accesorios. Las tabletas
comprimidas se pueden preparar comprimiendo, en una maquina adecuada,
el compuesto en una forma de flujo libre, tal como un polvo o granulos
opcionalmente mezclado con un aglutinante, lubricante, diluyente inerte y/o
agente(s) activos de superficie/dispersante(s). Las tabletas moduladas se
pueden hacer modulando, en una maquina adecuada, el compuesto en poivo
humedecido con un diluyente liquido inerte.

Las tabletas y capsulas para administracion oral pueden
contener excipientes convencionales tales como agentes aglutinantes, por
ejemplo, jarabe, acacia, gelatina, sorbitol, tragacanto, mucllago de almidén o
polivinilpirrolidona; llenadores, por ejemplo, lactosa, celulosa microcristalina,
azucar, almidén de malz, fosfato de calcio o sorbitol; lubricantes, por ejemplo,
estearato de magnesio, acido estedrico, talco, polietilenglicol o silica;
desintegrantes, por ejemplo, almidén de papa, croscammelosa de sodio o
glicolato de almidon de sodio; o agentes humectantes tales como laurilsulfato
de sodio. Las tabletas pueden ser revestidas de conformidad con métodos

bien conocidos en la técnica. Las preparaciones llquidas orales pueden ser,
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por ejemplo, en foorma de suspensiones acuosas u oleosas, soluciones,
emulsiones, jarabes o elixires, o se puede presentar como un producto seco
para constituirse con agua u otro vehiculo adecuado antes de usarse. Dichas
preparaciones [iquidas pueden contener aditivos convencionales tales como
agentes de suspensién, por ejemplo, jarabe de sorbitol, metilcelulosa, jarabe
de glucosa/azlcar, gelatina, hidroximetilcelulosa, carboximetilcelulosa, gel de
estearato de aluminio o grasas comestibles hidrogenadas; agentes
emulsionantes, por ejemplo, lecitina, monooleato de sorbitdn o acacia;
vehiculos no acuosos (que pueden incluir aceites comestibles), por ejemplo,
aceite de almendra, aceite de coco fraccionado, ésteres oleosos, propilenglicol
o0 alcohol etilico; o conservadores, por ejemplo, B-hidroxibenzoatos de metilo o
propilo o acido s6rbico. Las preparaciones también pueden contener sales de
regulador de pH, saborizante, colorante y/o agentes edulcorantes (v.gr.,
manitol) segun sea apropiado.

Las formulaciones adecuadas para administracién bucal (sub-
lingual) incluyen trociscos que comprende un modulador de HM74A en una
base saborizada, usuaimente sacarosa y acacia o tragacanto, y pastillas, que
comprende el modulador de HM74A en una base inerte tal como gelatina y
glicerina o sacarosa y acacia.

Las formulaciones para administracién oral se pueden formular
adecuadamente para dar liberacién controlada/extendida del compuesto
activo.

Las formulaciones de la presente invencién adecuadas para

48
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administracion parenteral convenientemente comprenden preparaciones
acuosas estériies de un modulador de HM74A, la formulacién puede ser
isoténica con la sangre del receptor destinado. Estas preparaciones se
podrian administrar por via intravenosa, aunque la administracién también se
puede efectuar por medio de inyeccidon subcutdnea, intramuscular o
intradérmica. Dichas preparaciones se pueden preparar convenientemente
mezclando el modulador de HM74A con agua y haciendo la solucién
resultante estéril e isoténica con la sangre. Las composiciones inyectables de
conformidad con la invencién generalmente contendran de 0.1 a 5% p/p del
modulador de HM74A,

Por lo tanto, las formulaciones de la presente invencion
adecuadas para administracién parenteral que comprenden un compuesto de
conformidad con la invencion se pueden formular para administracién
parenteral mediante inyeccién de bolo o infusibn continua y se pueden
presentar en forma de dosis unitaria, por ejemplo, como ampolletas, frascos,
infusiones de volumen pequefio o jeringas prellenadas, o en contenedores de
dosis multiples con un conservador afladido. Las composiciones pueden
adoptar formas tales como soluciones, suspensiones o0 emulsiones en
vehiculos acuosos o no acuosos, y pueden contener agentes formuladores
tales como anti-oxidantes, reguladores de pH, agentes antimicrobianos y/o
agentes ajustadores de toxicidad. Alternativamente, el ingrediente activo
puede estar en forma de polvo para constitucién con un vehlculo adecuado,

v.gr., agua estéril libre de pirégenos, antes de usarse. La presentacion sélida
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seca se puede preparar llenando con un polvo estérii de manera aséptica
contenedores estériles individuales o llenando con una solucidén estéril de
manera aséptica cada contenedor y secando por congelamiento.

Las formulaciones adecuadas para administracion rectal se
pueden presentar como supositorios de dosis unitaria. Estos se pueden
preparar mezclando un modulador de HM74A con uno o mas vehiculos
sdlidos convencionales, por ejemplo, manteca de cacao o glicéridos y
después configurando la mezcla resultante. Las formulaciones adecuadas
para aplicacién topica a la piel pueden adoptar la forma de una pomada,
crema, locién, pasta, gel, aspersidén, aerosol o aceite. Los vehlculos que se
pueden usar incluyen vaselina, lanoclina, poletilenglicoles, alcoholes, y
combinaciones de dos o mas de los mismos. El modulador de HM74A
generaimente esta presente a una concentracién de 0.1 a 15% p/p de la
composicion, por ejemplo, de 0.5 a 2%.

Por administracién tépica, como se usa aqul, los inventores de la
presente incluyen administracion por insuflaciébn e inhalacién. Ejemplos de
varios tipos de preparacion para administracién tépica incluyen pomadas,
cremas, lociones, polvos, pesarios, aspersiones, aerosoles, céapsulas o
cartuchos para usarse en un inhalador o insuflador o gotas (v.gr., gotas para
los ojos o nariz).

Las pomadas y cremas se pueden formular, por ejempio, con
una base acuosa u oleosa con la adicion de agentes espesantes y/o

gelificantes y/o solventes adecuados. Dichas bases por lo tanto pueden incluir,
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por ejemplo, agua y/o un aceite tal como parafina liquida o aceite vegetal tal
como aceite de araquis o aceite de ricino o un solvente tal como un
polietilenglicol. Los agentes espesantes que se pueden usar incluyen parafina
suave, estearato de aluminio, alcohol cetoestearilico, polietilenglicoles, cera
microcristalina y cera de abeja.

Las lociones se pueden formular con una base acuosa u oleosa
y en general también contienen uno o mas agentes emulsionantes, agentes
estabilizantes, agentes dispersantes, agentes de suspension o agentes
espesantes.

Los polvos para aplicacion externa se pueden formar con la
ayuda de cualquier base de polvo adecuada, por ejemplo, talco, lactosa o
almidén. Las gotas se pueden formular con una base acuosa o0 no acuosa
también que comprende uno o mas agentes dispersantes, agentes
solubilizantes o agentes de suspension.

Las composiciones de aspersion se pueden formular, por
ejemplo, como soluciones © suspensiones acuosas o como aerosoles
suministrados desde paquetes presurizados, con el uso de un propelente
adecuado, v.gr., diclorodifluorometano, tricloroflucrometano,
diclorotetrafluoroetano, 1,1,1,2,3,3,3-heptaflucropropano, 1,1,1,2-
tetrafluoretano, diéxido de carbono u otro gas adecuado.

Se pueden formular capsulas y cartuchos para usarse en un
inhalador o insuflador, de por ejemplo gelatina, que contengan una mezcla de

poivo de un compuesto de la invencién y una base de polvo adecuada tal
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como lactosa o almidén.

Las composiciones farmacéuticas de conformidad con la
invencidn también se pueden usar en combinacién con otros agentes
terapéuticos, por ejemplo, en combinacion con otras clases de farmacos
dislipidémicos (v.gr., estatinas, fibratos, resinas de acido biliar o acido
nicotinico).

Los compuestos de la presente invencion se pueden usar en
combinacién con uno o mas de otros agentes terapéuticos, por ejemplo, en
combinacion con otras clases de farmacos dislipidémicos, v.gr., inhibidores de
3-hidroxi-3-metilglutaril-coenzima A reductasa (estatinas) o fibratos o resinas
de unién de acido biliar o 4cido nicotlnico. La invencién por lo tanto provee, en
un aspecto adicional, el uso de dicha combinaciéon en el tratamiento de
enfermedades en donde la sub-activacion del receptor de HM74A contribuye a
la enfermedad o en donde la activacién del receptor ser4 benéfica y el uso de
un compuesto de la férmula () o (It), o una sal farmacéuticamente aceptable,
solvato o derivado farmacéuticamente aceptable del mismo en ia fabricacion
de un medicamento para la terapia de combinacién de trastomos del
metabolismo de lipidos incluyendo dislipidemia o hiperlipoproteinaemia tales
como dislipidemia diabética y dislipidemia mixta, insuficiencia cardiaca,
hipercolesteraemia, enfermedad cardiovascular incluyendo aterosclerosis,
arteriosclerosis e hipertrigliceridemia, diabetes mellitus de tipo |l, diabetes de
tipo |, resistencia a la insulina, hiperlipidemia, anorexia nerviosa u obesidad.

Cuando los compuestos de la presente invencion se usan en
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combinacién con otros agentes terapéuticos, los compuestos se pueden
administrar ya sea secuencialmente o simultaneamente por cualquier via
conveniente.

Las combinaciones referidas anteriormente convenientemente se
pueden presentar para usarse en forma de una formulacién farmacéutica y por
lo tanto formulaciones farmacéuticas que comprenden una combinacién como
se defini6 antes de manera Optima junto con un vehiculo o excipiente
farmacéuticamente aceptable comprenden un aspecto adicional de Ila
invencion. Los componentes individuales de dichas combinaciones se pueden
administrar ya sea secuenciaimente o simultdneamente en formulaciones
farmacéuticas separadas o combinadas.

Cuando se combinan en la misma formulacién, se apreciara que
los dos componentes deben ser estables y compatibles unos con otros y los
otros componentes de la formulacién y se pueden formular para administrarse.
Cuando se formulan por separado, se pueden proveer en cualquier
formulacion conveniente, convenientemente de una manera como se conoce
para dichos compuestos en la técnica.

Cuando en combinacién con un segundo agente terapéutico
activo contra la misma enfermedad, la dosis de cada componente puede
diferir de aquella cuando el compuesto se usa solo. Las dosis apropiadas
seran apreciadas facilmente por los expertos en la técnica.

La invencion por lo tanto provee, en un aspecto adicional, una

combinacién que comprende a compuesto de la formula (I) o un derivado
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farmacéuticamente aceptable del mismo, junto con otro agente
terapéuticamente activo.

La combinacién anteriormente referida se puede presentar
convenientemente para usarse en forma de una formulacion farmacéutica y
por lo tanto las formulaciones farmacéuticas que comprenden una
combinaciébn como se definié antes junto con un diluyente, excipiente o
vehiculo farmacéuticamente aceptable del mismo representan un aspecto
adicional de la invencién. Por ejemplo, una formulaciéon famrmacéutica que
comprende a compuesto o derivado farmacéuticamente aceptable del mismo
y uno o mas diluyentes, excipientes o vehlculos farmacéuticamente

aceptables.

Purificacién general y métodos anallticos

Los espectros de masa (EM) se registraron en un espectrémetro
de masa Fisons VG Platform usando modos de ionizacién positiva de
electroaspersion [(ES+ve para dar iones moleculares MH' y M(NH4)"] o
ionizacion negativa de electroaspersion [(ES-ve para dar iones moleculares
(M-H)].

Los espectros de 'H RMN se registraron usando un
espectréometro Bruker DPX 400 MHz usando tetrametilsilano como el estandar
externo.

Cromatografia Biotage™ se refiere un purificacién llevada a cabo

usando equipo vendido por Dyax Corporation (ya sea Flash 40i o Flash 150i) y
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cartuchos pre-empacados con KPSil.

La autopreparacion dirigida a la masa se refiere a métodos en
donde el material se purificé por cromatografia de liquidos de alto rendimiento
en una columna HPLCABZ+ 5 ym (5 cm x 10 mm de d.i.) con 0.1 % de
HCOzH en agua y 95% de MeCN, 5% de agua (HCOzH al 0.5%) utilizando las
siguientes condiciones de elucién por gradientes: 0-1.0 minutos 5% de B, 1.0-
8.0 minutos 5—-30% de B, 8.0-8.9 minutos 30% de B, 8.8-9.0 minutos
30—95% de B, 9.0-9.9 minutos 95% de B, 9.8-10 minutos 95—0% de B a una
velocidad de flujo de 8 ml minutos™ (Sistema 2). El recolector de fracciones
Gilson 202 fue activado por un espectrémetro de masa de plataforma VG al
detectar la masa de interés.

CLAR preparativa. se refiere a métodos en donde el material fue
purificado por cromatografia de liquidos de alto rendimiento en una columna
HPLCABZ+ 5 ym (10 cm x 21.2 mm d.i.) con 0.1% de HCOzH en agua (A) y
MeCN (HCO:H al 0.5%) (B) utilizando las condiciones de elucion por
gradientes genéricas expresadas como gradiente de "x a y" con un sistema de
gradientes como sigue: 0-1.45 minutos x% de B, 1.45-20 minutos x—y% de B,
20-24 minutos y—95% de B, 24-30 minutos 95% de B, 32-34 minutos 95—x%
de B a una velocidad de flujo de 8 ml minutos™. El recolector de fracciones
Gilson 233 fue activado por UV (254 nm).

La SPE {extraccion de fase solida) se refiere al uso de cartuchos
vendidos por International Sorbent Technology Ltd.

Strata Phenyl SPE se refiere al uso de cartuchos vendidos por
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Phenomenex. El compuesto se cargd en un cartucho previamente
acondicionado con MeCN y equilibrado con 5% de MeCN en agua. El
compuesto se eluyé con HCOzH al 0.1 % en agua y MeCN (HCOzH al 0.5%)
en un gradiente adecuado en un Combiflash Optix 10.

Los compuestos de la presente invencidbn y derivados
farmacéuticamente aceptables de los mismos se pueden preparar por la
metodologla descrita mas adelante, que constituye un aspecto de esta

invencion.

Procedimiento A

Un procedimiento de conformidad con la invencién para preparar
un compuesto de la formula (I) o férmula (Il) en la cual R' es H o alquilo en
donde R' y R? pueden ser los mismos o diferentes, comprende:

e A

Ny
R

Nt

i) Formacion de pirimidinodiona
ii) Alquilacion
iii) Nitrosacién

iv) Reduccion
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v) Formacién de xantina

Procedimiento B
Un procedimiento de conformidad con la invencién para preparar
un compuesto de la fdrmula (1) o férmula (II) en la cual R' y R? pueden ser los

mismos o diferentes, comprende:

8 e e B

)
0 .

uunsl(m

LJI b, {1 (= ﬂlﬁ(

i) Alquilacién selectiva en N3

ii) Alquilacidén en N1

iii) Formilacién de C8

iv) Fluoracién de carbonilo

v) Desproteccién mediada por paladio

Cuando se desea 0 es necesario, como una etapa final en
cualquiera de los procedimientos sintéticos anteriores, un compuesto
resultante de la féormula (I) o (ll) se puede convertir en una forma de sal
farmacéuticamente aceptable o viceversa o convierte una forma de sal en otra

forma de sal farmacéuticamente aceptable.
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AcOH
br
CDI

DBAD
DCM
DIPEA
DMSO
DMF
EtOAc
EtOH
hr

1PA

MDAP
MeCN
MeOH
Min
NCS
PFPA

48

Abreviaturas

Acido acético

Banda ancha (RMN)
Carbonildiimidazol

Doblete (RMN)
Azodicarboxilato de di-t-butililo
Diclorometano
Diisopropiletilamina

Sulféxido de dimetilo
N,N-Dimetilformamida

Acstato de etilo

Etanol

Hora(s)

alcohol isopropllico

Multiplete (RMN)
Autopreparacion dirigida a masa
Acetonitrilo

Metanol

Minuto(s)

N-Clorosuccinimida

Anhldrido pentafluoropropiénico
Cuadriplete (RMN)

Temperatura ambiente

\o©
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TR Tiempo de retencién
S Singulete (RMN)
SPE Cartucho de extraccion de fase sdlida
t Triplete (RMN)
5 TFA Acido trifluoroacético
TFAA Anhidrido de &cido trifluoroacético
THF Tetrahidrofurano
DMEM medio de Eagle modificado por Dulbecco
HEPES acido 4-(2-hidroxietil)piperazin-1 -etansulfénico
10 LIHMDS hexametildisiliamida de litio

Los siguientes ejemplos no limitantes ilustran la presente

invencion:

EJEMPLOS DE SINTESIS
15
EJEMPLO 1
3-Butil-1-metil-8-{trifluorometil})-3.7-dihildro-1H-purino-2.8-diona
20

Una mezcla purpura de 5,6-diamino-1-butil-3-metil-2,4(1H,3H)-
pirimidinodiona (European Journal of Medicinal Chemistry (1990), 25(8), 653-
8) (290 mg) y TFAA (6 ml) se calenté a reflujo durante 1 hora, después se

concentrd bajo vaclo. El residuo resultante se traté con NaOH 2N (ac) (7 ml) y
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la mezcla se calentd a reflujo durante 30 minutos. Después de enfriar a
temperatura ambiente, la mezcla se acidifico a aproximadamente pH 4 con
HCI 3M (ac). El precipitado se recogid por filtracién y se lavé con una solucién
de agua:EtOH (2:1) después agua:EtOH (1:1). El sdlido color beige resultante
se secd bajo vaclo (100 mg, 25%).

RMN; 54 (400 MHz, d®-DMSO) 0.90 (t, 3H, J=7.5Hz), 1.25-1.38
(m, 2H), 1.59-1.69 (m, 2H), 3.25 (s, 3H), 3.97 (t, 2H, J=THz),

No se observé NH a 54 15; m/z 291.2 [MH"].

EJEMPLO 2

1,2-Dibutil-8-{trifluorometil)-3,7-dihidro-1H-

Una mezcla parpura de 5,6-diamino-1,3-dibutil-2,4(1H,3H)-
pirimidinodiona (Journal of Medicinal Chemistry (1991), 34(1), 466-9) (207 mg)
y TFAA (4 mi) se calentd a reflujo durante 1 hora, después se concentrd bajo
vaclo. El residuo resultante se tratd con NaOH 2N (ac) (5 ml) y la mezcla se
calentdé a reflujo durante 30 minutes. Después de enfriar a temperatura
ambiente, la mezcla se acidificé a aproximadamente pH 4 con HCI 3M (ac). El
precipitado se recogid por filtracién y se purificd por recristalizacién a partir de
una solucién de agua:EtOH (2:1). El sélido café palido/anaranjado se secd

bajo vacio a 50°C durante 48 horas para proveer el compuesto del titulo como

\©
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un sdlido color beige (35 mg, 13%).
5u (400 MHz, d®*-DMSO) 0.90 (t, 6H, J=7Hz), 1.26-1.34 (m, 4H),
1.48-1.68 (trasiapando m, 4H), 3.89 (t, 2H, J=7Hz), 3.97 (1, 2H, J= 7THz),

NH no se observé a 84 15; m/z 333.2 [MH"].

EJEMPLO 3

3-Butil-1-metil-8-(pentafluoroetil)-3.7-dihidro-1H-purino-2.6-diona

Una mezcla purpura de 5,6-diamino-1-butil-3-metil-2,4(1H,3H)-
pirimidinodiona (European Journal of Medicinal Chemistry (1990), 25(8), 653-
8) (300 mg, 1.41 mmoles) y anhldrido pentafluoropropiénico (PFPA) (6 ml) se
calenté a 60°C durante 1 hora, después se concentré bajo vacio. El residuo
resuitante se traté con NaOH 2N (ac) (7 ml) y la mezcla se calent6 a 80°C
du.rante 30 minutos. Después de enfriar hasta temperatura ambiente, la
mezcla se acidificé a aproximadamente pH 4 con HCI 3M (ac). El precipitado
se recogid por filtracion, se lavé con agua y se secd bajo vaclo para dar el
compuesto del titulo como un sélido esponjoso verde palido/café (163 mg,
34%).

51 (400 MHz, d®-DMSO0) 0.89 (t, 3H, J=7.5Hz), 1.24-1.35 (m, 2H),
1.60-1.69 (m, 2H), 3.25 (s, 3H ), 3.98 (t, 2H, J=7Hz),

NH no se observé a 54 15; m/z: 358.4 [MNH,'].

W
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EJEMPLO 4

8-{Difluorometil)-1-metil-3-pentil-3,7-dihidro-1H-purino-2,6-diona

X

Una solucién de B8-(difluorometil)-1-metil-3-pentil-7-(2-propen-1-
il)-3,7-dihidro-1H-purino-2,6-diona en THF anhidro (3 ml) y DMSO anhidro (0.3
ml) se desgasificd bajo un vaclo moderado y se introdujo nitrégeno. Esto se
repitid dos veces. Se afiadié Pd(PPhs)s (74 mg, 0.064 mmoles) y la mezcla se
desgasificd una vez mas. Se afiadié morfolina (374 ul, 4.3 mmoles) y se dej6
agitar a temperatura ambiente durante 4 horas. La mezcla se dividié entre HCI
2M (ac) y EtOAc. La capa orgéanica se separd, se lavo con salmuera, se seco
(MgSO,) y se concentrd. El residuo se recogié en MeOH y se hizo pasar por
una columna de amino-propilo-SPE (5 g), eluyendo con MeOH seguido por
5% de AcOH/MeOH. La fracciéon de producto se concentré para dar el
compuesto del titulo como un sélido blanquecino (88 mg, 80%).

5n (400 MHz, d°®-DMSO) 0.85 (t, 3H, J=7Hz), 1.23-1.35 (m, 4H),
1.6 1-1.71 (m, 2H), 3.25 (s, 3H), 3.96 (t, 2H, J=7.5Hz), 7.12 {t, 1H, J=53Hz),
14.59 (br. s, 1H);

m/z 287.2 [MH"].

A\ e
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8-(Difluorometil)-1

-metil-3-pentil-7-(2-propen-1-il)-3,7-dihidro-1H-

purino-2 6-diona

1-Metil-2,8-dioxo-3-pentil-7-(2-propen-1-il)-2,3,6,7-tetrahidro-1H-
purino-8-carbaildehido (133 mg, 0.44 mmoles) se afiadi®¢ a un matraz
previamente secado bajo nitrégeno. DCM anhidro (3 ml) se afiadié seguido
por desoxofluor (161 ul, 0.87 mmoles) y finaimente EtOH (1 gota,
aproximadamente 0.09 mmoles). La mezcla se dej6 agitar a temperatura
ambiente durante 4 horas, después se dividié entre NaHCO; (ac) sat. y DCM.
La capa organica se separd, se lavd con salmuera, se secd (MgSQ,) y se
concentré para dar el compuesto del titulo como un aceite amarilio (145 mg).

miz 327.4 [MH'].

1-Metil-2,8-dioxo-3-pentil-7-(2-propen-1-il)-2,3.8,7-tetrahidro-1H-

purino-8-carbaldehido

A una solucidon de 1-metil-3-pentil-7-(2-propen-1-il)-3,7-dihidro-
1H-purino-2,8-diona (1.05 g, 3.8 mmoles) en THF (15 ml) a —78°C se afadié
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hexametildisililazida de litio (solucidn en hexano 1M, 4 ml, 4 mmoles) durante
10 minutos. La solucién se agité durante 0.5 hr, después se afadidé DMF (0.5
mi, 8.5 rﬁmoles) y la solucién se agité durante 0.5 hr adicionales a -78°C,
después de lo cual se dejé calentar a temperatura ambiente durante 2 hr. La
reaccion se extinguié con solucion de HCI 2N, después se separd entre
EtOAc/salmuera. La cromatografia sobre silice (elucién por gradientes con

DCM a 5:1 DCM/EtOAC) dio el compuesto del titulo (0.35 g, 30%).

m/z 305 [MH"].

~

A una solucibn de 3-pentil-7-(2-propen-1-il)-3,7-dihidro-1H-
purino-2,8-diona (0.20 g, 0.76 mmoles) y yoduro de metilo (0.5 ml, 4.9
mmoles) en DMF (5 ml) se afladié carbonato de potasio (0.4 g, 2.9 mmoles) y
la mezcla se calenté a 50°C durante 3 hr, se enfrid y la mezcla se separd
entre EtOAc/salmuera. Los compuestos orgdnicos se aislaron, se secaron
(MgSO0,) y se concentraron para dar el producto requerido (0.21 g, 100%).

m/z 277 [MH"].
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A una solucién de 7-(2-propen-1-il)-3,7-dihidro-1H-purino-2,6-
diona (0.61 g, 3.2 mmoles) y yoduro de pentilo (0.84 g, 3.2 mmoles) en DMF
(7 ml) se afladid carbonato de sodio (0.80 g, 5.7 mmoles) y la mezcla se
calenté a 50°C durante 18 hr. Después de enfriarse, [a mezcia se separé entre
EtOAc/saimuera. Los compuestos organicos se aislaron, se secaron (MgSQ,)
y se concentraron para dar el producto crudo que se purificé por cromatografia
sobre silice (eluciéon por gradientes con DCM a 5:1 DCM/EtOAc) para proveer
el compuesto del titulo (0.47 g, 56%).

m/z 263 [MH"].

EJEMPLO 5

3-Pentil-8-{trifluocrometil

Una mezcla de 6-amino-5-nitroso-1-pentil-2,4(1H,3H)-

pirimidinodiona (500 mg, 2.21 mmoles), 10% de Pd/C (100 mg) y EtOH (100
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ml) se agitd vigorosamente bajo una atmédsfera de hidrégeno durante 4 horas.
La mezcla se filtrd a través de Celite y el filtrado se concentré bajo vacio,
dando 5,6-diamino-1-pentil-2,4(1H,3H)-pirimidinodiona como un sélido verde
palido (62 mg) y como una mezcla con un producto desconocido (2:1). Se
anadié anhlidrido trifluoroacético (5 ml) y se calentd a reflujo durante 1 hora
después se concentré bajo vacio. NaOH 2M (ac) (15 ml) se afiadi6 al residuo
crudo y se calenté a 100°C durante 30 minutos. Después de dejarla enfriar
hasta temperatura ambiente, la mezcla se acidificé a aproximadamente pH 5
con HCI 2M (ac). El precipitado resultante se recogio por filtracién y después
se recogié en MeOH con calentamiento y después se hizo pasar por una
columna de aminopropilo (5 g), eluyendo con 2% de AcOH/MeOH, 5% de
AcOHMeOH, 10% de AcOH/MeOH y 15% de AcOH/MeOH. La fraccién de
producto se concentrd, dando el compuesto del titulo como un sdlido
blanquecino (52 mg).

RMN; (400 MHz, d®-DMSO) 5y 0.85 (t, 3H, J=THz), 1.22-1.31 (m,
4H), 1.61-1.66 (quintuplete, 2H, J=7Hz), 3.89 (t, 2H, J=7Hz), 11.39 (s,1 H),
15.3 (br. s, 1 H).

m/z 291.2 [MH"].

m— oy

I'“:
L F

[+]
n

|16
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Una mezcla de 6-amino-1-pentil-2,4(1H,3H)-pirimidinodiona (3.0
g, 15.2 mmoles), AcOH (8 ml) y HCI 6M (ac) se enfri6é a 0°C, después se tratd
gota a gota con una solucién de NaNO; (1.2 g, 18.7 mmoles) en agua (4 ml).
La mezcla se agitd durante 45 minutos y se afiadié agua (aproximadamente
200 ml). El solido plrpura resultante se filtrd, se lavé con agua
(aproximadamente 200 ml) y se secé bajo alto vaclo a 60°C durante 18 horas.
Se dio el compuesto del titulo como un sélido purpura (2.08 g, 60%).

m/z 227.3 [MH"].

68-Amino-1-pentil-2,4(1H,3H)-pirimidinodiona

Una mezcla de 2-ciano-N-[(pentilamino)carbonilojacetamida
(17.9 g, 0.081 moles), EtOH (70 ml) y agua (40 mil) se calentd a 85°C y
después se afiadid 10% de NaOH (ac) (10 mil) se afadié gota a gota. La

reaccién se agitd durante 1 hora antes de dejarse enfriar a temperatura



10

15

20

58

ambiente, después se diluy6é con agua y se acidificd a aproximadamente pH 8
usando HCI 2M (ac). La mezcla se enfrié (bafio de hielo), después se filtrd y el
sdlido resultante se lavé con agua, después se secd bajo vaclo a 40°C. Esto
dio el compuesto del titulo como un sélido blanco (11.0 g, 61 %).

m/z 198.2 [MH"].

2-Ciano-N-[(pentilamino)carbonillacetamida
W\HiHL’m
H

Una mezcla de pentiurea (164 g, 0.13 moles), &cido
cianoacético (11.8 g, 0.14 moles) y anhidrido acético (30 ml) se calentd a
80°C durante 2 horas. La mezcla se dejé enfriar a temperatura ambiente y se
agité con Et20 (aproximadamente 100 ml) durante 1 hora. La mezcla se enfrié
a 0°C (barfio de hielo) y el sélido se recogié por filtracion dando el compuesto
del titulo como un sélido blanco (17.9 g, 72%).

m/z 186.1 [MH"].

18
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EJEMPL 5(b)

alternativo)

bger

A una suspension de 6-amino-5-nitroso-1-pentil-2,4(1H,3H)-
pirimidinodiona (0.227 g, 1 mmol) en diclorometano anhidro (5 ml) se afadié
anhidrido trifluoroacético (0.35 ml, 2.5 mmoles). La suspension amarillo palido
resultante se agité durante 40 minutos a temperatura ambiente y después la
solucién se concentrd bajo vacio.

El residuo se disolvié en dioxano (25 ml) y se afiadid a 10% de
paladio sobre carbdn (0.5 g) y se hidrégeno durante 1 hr. El catalizador se
filtr6, se lavé con dioxano y el fitrado se concentré bajo vaclo. Algo del
material de partida permanecié por lo que el paso de hidrogenacidn se repitid.
Después de 1.5 hr adicionales, el catalizador se filtrd, se lavd con dioxano y el
filtrado se concentré bajo vaclo.

El residuo se disolvié en tetrahidrofurano (10 ml) y se afadié
NaOH 2N (5 ml). La solucidn se agitdé a 60°C durante 2 hr. La mezcla de
reaccion cruda se diluyd con acetato de etilo y agua y después se acidificd
con HCI 2N. La fase organica se lavdé con salmuera, se secd (MgSO,) y se
concentr6 bajo vaclo para dar el compuesto del titulo como un sdlido

anaranjado (140 mg, 48%).



60

LC/EM: m/z 281 [MH]", TR 3.00 min 720
'H RMN (DMSO-de) 84 0.85 (3H, t, J = 7Hz), 1.28 (4H, m), 1.64

(2H, m), 3.88 (2H, t, J = 7Hz), 11.22 (1 H, br s).
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EJEMPLO 8

1-(2-Hidroxietil

Una solucién de 8-amino-1-pentil-3-[2-(tetrahidro-2H-piran-2-
iloxi)etil]-2,4(1H,3H)-pirimidinodiona (970 mg) en AcOH (10 ml) se traté con
HCI 6M (ac) (8 ml) y después se afadié una solucion de NaNO2 (247 mg) en
agua (3 ml). Después de 15 minutos, la mezcla se dividié entre agua y EtOAc.
La capa organica se separé y la capa acuosa se extrajo con EtOAc (x7). Los
extractos combinados se lavaron con salmuera, se secaron (MgSO,) v se
concentraron, dando un aceite ptrpura (448 mg). Una suspension de este
aceite en DCM (12 ml) se tratd con la adicién gota a gota de TFAA (12 mi).
Después de 10 minutos, la mezcla se concentré dando un aceite amarillo/café
(798 mg). Una porcién de este material (150 mg) se hizo reaccionar bajo una
atmdsfera de hidrégeno en THF (15 mi) durante 2.5 horas. La mezcla se filtrd
a través de celite y se lavdé completamente con THF. El filtrado se concentré y
se traté una vez mas con TFAA (5 ml) y después se conceniré bajo vaclo.
NaOH 2M (ac) (4 ml) se afiadié al residuo y la mezcla se calenté a 50°C
durante 30 minutos. Después de enfriamiento, la mezcla se acidificé a
aproximadamente pH 5 y el producto se extrajo con EtOAc. La capa organica

se separd, se lavd con salmuera, se secé (MgSQ,) y se concentrd. El residuo
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Jee

resultante se hizo pasar por una CLAR auotopreparativa para dar el
compuesto del titulo (32 mg, 17%).

RMN; (400 MHz, d8-DMSO) &y 0.85 (t, 3H, J=7Hz), 1.23-1.36 (m,
4H), 1.62-1.70 (m, 2H), 3.52 (t, 2H, J=6.5Hz), 3.97 (m, 4H), 15.5 (br. S, 1 H).

miz 335.3 [MH+].

M

6-Amino-1-pentil-3-|

pirimidinodiona

n‘L-II"""e
r

e

Una mezcla de 6-amino-1-pentil-2,4(1H,3H)-pirimidinodiona (300
mg, 1.5 mmoles), Cs2CO;5 (595 mg, 1.8 mmoles), 2-(2-bromoetoxi)tetrahidro-
2H-piran (276 ul, 1.8 mmoles) y DMF anhidro (5 mi) se calentd a 40°C durante
18 horas. La mezcla se dividid entre agua y EtOAc. La capa organica se
separd, se lavé con salmuera, se seco (MgSO,) y se concentrd, dando una
goma café palido (198 mg, 40%).

m/z 326.3 [MH"].
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EJEMPL 7(a)

3-Butil-1{3-]3-

dihidro-1H-purino-2,6-diona

EJEMPLO 7(b

(trifluorometil)-3,7-dihidro-1H-purino-2,6-diona

le”jj&w

Acido 4{3-butil-2,6-dioxo-8-(trifluorometil)-2,3,6,7-tetrahidro-1H-

purin-1-illbutanocico (0.181 g, 0.5 mmoles) y CDI (0.089 g, 0.55 mmoles) se
disolvieron en dimetilformamida anhidra (6 ml). Después de agitar la solucién
bajo nitrégeno durante 3 hr a temperatura ambiente, bencilamidoxima (0.083
g, 0.55 mmoles) se afadié y la solucién se calenté a 90°C durante 20 hr,
después a 110°C durante 4 hr. La mezcla de reaccién se concentrd bajo vacio

a un aceite amarillo. Este se purificd en un Teledyne Isco CombiFlash

Companion® usando un cartucho de silice RediSep de 40 g (elucién por
gradientes con cloroformo/etanol 0-15%). Las fracciones apropiadas se

evaporaron bajo vaclo, después se secd por congelamiento a partir de
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dioxano para dar el compuesto del titulo como un liofilato blanco (142 mg,
59%)

LC/EM: m/z 477 [MH]", TR 3.57 min

'H RMN (CDCl,) 5 0.98 (3H, t, J = 7Hz), 1.41 (2H , m), 1.76 (2H,
m), 2.23 (2H, m), 2.95 (2H, 5 t, J = 8Hz), 4.00 (2H, s), 4.14 (2H, t, J = 8H2),
4.22 (2H, t, J = THz), 7.27 (5H, s)

Se afadié diclorometano anhidro (50 ml) a 4-(4-amino-3-butil-5-

nitroso-2,8-dioxo-3,6-dihidro-1(2H)-pirimidinil)butanoato de etilo (3.26 g, 10
mmoles), seguido por anhidrido trifluoroacético (3.53 ml, 25 mmoles). La
solucion amarilla se agité a temperatura ambiente bajo una atmésfera de
nitrégeno durante 15 minutos y después se concentré bajo vaclo. El residuo
se disolvié en dioxano (150 ml) y se afadié a 10% de paladio sobre carbén
(0.5 g) y se hidrégeno durante 2 hr. El catalizador se filtr6, se lavd con dioxano
y el filtrado se concentrd bajo vaclo.

El residuo se disolvié en tetrahidrofurano (100 ml) y NaOH 2N
(50 ml) se afiadié. La solucién se agité a 60°C durante 1.5 hr, se enfri6 y se

diluy6 con acetato de etilo (100 ml) y agua (30 ml). La fase orgéanica se extrajo
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con agua (2x 30 ml). Los extractos acuosos combinados se acidificaron a pH 4
con HCI 2N. El sélido resultante se filtré y se lavé con agua para dar el
compuesto del titulo como un sélido color crema pélido 2.17 g (60%).

LC/EM: m/z 363 [MH]", TR 2.84 min

'H RMN (DMSO-dg) 54 0.90 (3H, t, J = 7Hz), 1.31 (2H, m), 1.64
(2H, m), 1.80 (2H, m), 2.24 (2H, t, J = 7Hz), 3.89 (2H, t, J = 7Hz), 3.95 (4H, m),
12.01, (1 H, br s), 15.36, (1 H, br s)

c) 4-(4-Amino-3-butil-5-nitroso-2,8-dioxo-3,8-dihidro-1(2H)-
pirimidinil)butanoato de etilo

\.«Y\:\ o
4-(4-Amino-3-butil-2,6-dioxo-3,6-dihidro-1(2H)-pirimidinit)-
butanocato de etilo (8.5 g, 29.8 mmoles) se disolvi6 en una mezcla de acido
acético glacial (45 ml) y écido clorhidrico 6M {24 ml). La solucién se enfrié a —
1°C y nitrito de sodio (2.26 g, 32.7 mmoles) en agua (20 ml) se afiadi6 gota a
gota. Después de que se completd la adicion, se removid el bafio de hielo y la
solucién pulrpura se agitd durante 1 hr. La solucién se diluyd con agua (140
ml) y el producto, que se separé después de unos minutos, se filtro, se lavd
con agua (350 ml en total) y se sect bajo vaclo a 50°C para dar el compuesto
del titulo como un sdlido rosa brillante (6.861 g). En reposo, se aislé una

cosecha adicional (0.53 g), después las soluciones madre se basificaron a pH
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6 con hidréxido de sodio 2N y se extrajeron en acetato de etilo (2x 250 mil).

Los extractos combinados se concentraron bajo vacio para dar una tercera

cosecha del compuesto del titulo (1.23 g). Rendimiento total 8.37 g 86%.
LC/EM: m/z 327 [MHJ', TR 2.58 min

d) 4-(4-Amino-3-butil-2,6-dioxo-3,68-dihidro-1{2

butanoato de etilo

0

8-Amino-1-butil-2,4(1H,3H)-pirimidinodiona (5.9 g, 32.2 mmoles)
y carbonato de cesio (11.54 g, 35.4 mmoles) se afiadieron a dimetilformamida
anhidra bajo una atmésfera de nitrégeno. Se afladié 4-bromobutirato de etilo
(5.07 ml, 35.4 mmoles) y la mezcla se agité a temperatura ambiente durante
22 hr. La mezcla de reaccién se diluyé con acetato de etilo (350 ml) y se tavd
con solucion de cloruro de sodio saturada (2 x 50 ml). Las fases acuosas
combinadas se extrajeron otra vez con acetato de etilo. Las fases organicas
combinadas se lavaron con solucién de cloruro de sodio saturada, se secaron
(MgS0O,) y se concentraron bajo vaclo. El producto crudo se purificé en un
Teledyne Isco CombiFlash® Companion® usando un cartucho de sllice
RediSep de 80 g (elucion por gradientes usando cloroformo/etanol 0-40%).
Las fracciones apropiadas se evaporaron bajo vacio para dar el compuesto

del titulo como un aceite amarillo que se cristalizé en reposo (5.36 g, 56%)

)26
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LC/EM: m/z 288 [MHJ*, TR 2.49 min

EJEMPLO 8 (a)
-3,7-dlhidro-

1H-purino-2,6-diona

EJEMPLO 8 (b)

a) 3-Butil-1-[4-(3-fenil-1,2 4-oxadiazol-5-il)butil]-8-(trifluorometil)-

3,7-dihidro-1H-purino-2,6-diona

Q{;T\A/:* A

Una mezcla de 5-[3-butil-2,6-dioxo-8-(trifluorometil)-2,3,6,7-
tetrahidro-1H-purin-1-iljpentancato de metilo (0.156 g, 0.4 mmoles),
benzamidoxima (60 mg, 0.44 mmoles), solucién de NaOEt al 21% en EtOH
(0.22 ml, 0.6 mmoles) y EtOH anhidro (1 ml) se calenté en el microondas a
140°C durante 10 minutos. La mezcla se diluyé con EtOAc (30 ml) y se lavé
con agua (20 ml), HCI 2N (20 ml) y salmuera (5 mi). La capa orgénica se secd
(NazSO,4) y se concentrd bajo vaclo a un aceite amarillo y después se secod

por congelamiento a partir de dioxano para dar el compuesto del titulo como
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un liofilato color crema (95 mg, 50%)
LC/EM: m/z 476 [MH]*, TR 3.73 min

'H RMN (CDCl3) 81 0.97 (3H, t, J = 7H2), 1.41 (2H, m), 1.77 (2H,
m), 1.87 (2H, m), 1.87 (2H, m), 3.02 (2H, t, J = 7Hz), 4.17 (4H, m), 7.47 (3H,
m), 8.04 (2H, m)

1-illpentanoato de metilo

Se afiadié diclorometano anhidro (70 ml) a 4-(4-amino-3-butil-5-
nitroso-2,6-dioxo-3,8-dihidro-1(2H)-pirimidinil)jpentancato de metilo (5.08
g,15.5 mmoles), seguido por anhidrido trifluoroacético (22 ml, 10 equiv.). La
solucién amarilla se agit6 a temperatura ambiente bajo una atmésfera de
nitrégeno durante 25 minutos y después se concentrd bajo vacio. El residuo

se disolvié en dioxano (250 ml) y se afiadid a 10% de paladio sobre carbon
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(0.85 g) y se hidrégeno durante 2.25 hr. El catalizador se filtrd, se lavd con
dioxano y el fitrado se concentrd bajo vacio. El residuo se disolvid en
tetrahidrofurano (100 ml) y se afiadid NaOH 2N (15.5 ml). La solucién se agit6
a temperatura ambiente durante 3.5 hr. Se afiadieron 8 ml adicionales de
NaOH 2N y la mezcla de reaccién se calentd a 860°C durante 1.5 hr. La mezcla
de reaccion se enfrid y se concentrd bajo vacio a un volumen pequefio y se
dividié entre acetato de etilo y agua. La fase organica se lavé con agua (2x) y
salmuera. Los extractos acuosos combinados se acidificaron con HCI 2N, se
extrajeron en acetato de etilo (5x40 ml) y después se extrajo nuevamente con
NaHCO; saturado (3x30 ml) y salmuera (30 ml). Las fases acuosas
combinadas se acidificaron a pH 4.5 con HCI 2N y el sélido resultante se filtrd
y se lavé con agua para dar &cido 5-[3-butil-2,8-dioxo-8-(trifluorometil)-2,3,8,7-
tetrahidro-1H-purin-1-ilJpentanoico como un sélido color crema 2.19 g (38%).

La fase organica se seco sobre MgSO, y se concentrd bajo vaclo
a una goma amarilla que se solidificd en reposo para dar 5-[3-butil-2,8-dioxo-
8-(trifluorometil)-2,3,8,7-tetrahidro-1 H-purin-1-iljpentanocato de metilo como un
solido color durazno (0.9 g, 15%)

Datos para é&cido 5-[3-butil-2,8-dioxo-8-(tnfluorometil)-2,3,8,7-
tetrahidro-1H-purin-1-ilJpentanoico:

LC/EM: m/z 377 [MH]', TR 2.91 min

'H RMN (DMSO-dg) 84 0.90 (3H, t, J = 7Hz), 1.30 (2H, t, J =
7Hz), 1.45-1.68 (6H, m), 2.24 (2H, t, J = 7Hz), 3.89 (2H, t, J = 7Hz), 3.97 (2H,
t, J=7Hz), 12.00 (1 H, brs)

29
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Datos para 5-[3-butil-2,6-dioxo-8-(trifluorometil)-2,3,8,7-
tetrahidro-1H-purin-1-il]jpentanoato de metilo:

LC/EM: m/z 381 [MH]", TR 3.15 min.

'H RMN (CDCls) 84 0.95 (3H, t, J = TH2), 1.27 (2H, t, J = 7Hz),
1.38 (2H, m) 1.75 (2H, m), 2.08 (2H, s), 2.38 (2H, t, J = 7Hz), 3.62 (3H, s),
4.03 (2H, br), 4.14 (2H, m)

c) 4-(4-Amino-3-butil-5-nitroso-2.6-dioxo-3,8-dihidro-1(2H)-

pirimidinil)pentanoato de metilo

Preparado de modo similar a 4-(4-amino-3-butil-5-nitroso-2,6-
dioxo-3,6-dihidro-1(2H)-pirimidinil)butanoato de etilo
LC/EM: m/z 327 [MH]", TR 2.54 min

5-(4-Amino-3-butil-2 8-dioxo-3,6-dihidro-1(2H

pentanoato de metilo

Preparado de la misma manera que 4-(4-amino-3-butil-2,6-dioxo-

3,6-dihidro-1(2H)-pirimidinil)butanoato de etilo
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LC/EM: m/z 298 [MH]', TR 2.47 min

EJEMPLO 9
3-Butli-1-4{4-]3-(2-fluorofenil}-1,2.4-oxadiazol-5-lllbutil}-8-{trifluorometii}-

3,7-dihidro-1H-purino-2,6-dionha
QA0
/

Acido 5-[3-butil-2,6-dioxo-8-(trifluorometil)-2,3,6, 7-tetrahidro-1H-

purin-1-illpentancico (0.301 g, 0.8 mmoles) y CDI (0.153 g, 0.94 mmoles) se
disolvieron en dimetilformamida anhidra (10 ml). Después de agitacion de la
solucion bajo nitrégeno durante 4 hr a temperatura ambiente, se afadi6 2-
fluorobenzamidoxima (0.135 g, 0.88 mmoles) y la solucién se calent6 a 85°C
durante 19 hr. La mezcla de reaccion se concentrd bajo vacio y se purificd
sobre aminopropilo-SPE de 10 g (10 g) eluyendo con metanol. La evaporacién
del eluyente de metanol dio un aceite que se purificd adicionalmente por
MDAP. Las fracciones pertinentes se combinaron y se concentraron bajo
vacio y el residuo se secé por congelamiento a partir de dioxano para dar el
compuesto del titulo (0.037 g, 9%) como un liofilato blanco.

LC/EM: m/z 495 [MH]*, TR 3.68 min

'H RMN (CDCl3) 8 0.97 (3H, t, J = 7Hz), 1.40 (2H, m), 1.77 (2H,
m), 1.88 (2H, m), 1.97 (2H, m), 3.05 (2H, t, J = 7Hz), 4.17 (2H, q, J = 7Hz),
7.19-7.29 (2H, m) 7.45-7.48 (1 H, m) 8.02, (1H, dt, J = 8 y 2Hz)

V%5
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EJEMPL 10

3-Butil-1-{4-[3-{4-fluorofenil)-1,2 4-oxadiazol-5-il]butyl}-8-{trifluorometil)-

3,7-dihidro-1H-purino-2,6-diona

Oty

J

Acido 5{3-butil-2,6-dioxo-8-(trifluorometil)-2,3,6,7-tetrahidro-1H-

purin-1-ifjpentanocico (0.301 g, 0.8 mmoles) y CDI (0.153 g, 0.94 mmoles) se
disolvieron en dimetilformamida anhidra (10 ml). Después de agitar la solucion
bajo nitrogeno durante 4 hr a temperatura ambiente, se afiadid 4-
fluorobenzamidoxima (0.135 g, 0.88 mmoles) y la solucién se calent6 a 85°C
durante 22 hr. La mezcla de reaccién se concentrd bajo vacio, se recogié en
acetato de etilo y se lavd con salmuera (2x20 ml) y HCI 0.1 N. La fase
organica se secOd (MgSO;) y se concentré bajo vacio para dar el producto
requerido como un aceite amarillo palido que se cristalizé en reposo. Este
material se secé por congelamiento a partir de dioxano para dar el compuesto
del titulo como un liofilato color crema (0.225 g, 57%).

LC/EM: m/z 485 [MH]*, TR 3.77 min

'H RMN (CDCls) 84 0.97 (3H, t, J = 7Hz), 1.27 (2H, m), 1.77 (2H,
m), 1.87 (2H, m), 1.97 (2H, m), 3.02 (2H, t, J = 7Hz), 4.17 (4H, m,), 7.15 (2H,
m, J = 8Hz), 8.04 (2H, m).

\%t
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EJEMPL 11

Acido 5{3-butil-2,6-dioxo-8-(triflucrometil)-2,3,6,7-tetrahidro-1H-

purin-1-iljpentanoico (0.15 g, 0.4 mmoles) y CDI (0.078 g, 0.48 mmoles) se
disolvieron en dimetiformamida anhidra (5 ml). Después de agitar la solucién
bajo nitrdgeno durante 1.5 hr a temperatura ambiente, se afadi6 2-
piridilamidoxima (0.08 g, 0.44 mmoles) y la solucién se calentd a 90°C durante
16.5 hr. La mezcla de reaccion se concentré bajo vacio y se purificd por
MDAP. Las fracciones pertinentes se evaporaron para dar el compuesto del
titulo como un sélido color canela (0.017 g, 9%).

LC/EM: m/z 478 [MH]*, TR 3.28 min

'H RMN (CDCl,) 84 0.95 (3H, t, J = 7Hz), 1.39 (2H, m, J = 7Hz),
1.75 (2H, m), 1.84 (2H, m), 1.96 (2H, m), 3.07 (2H, t, J = 7Hz), 4.14 (4H, m),
741 (1H,m)7.84 (1H,dt, J=8y2Hz),8.10(1H,d, J=8Hz),8.75(1H,d,J
= 4Hz)
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EJEMPLO 12
3-Butil-8-(trifluorometil)-1-{3-{3-[(2,4,6-trifluorofenilimetif]-1,2,4-oxadiazol-

S-il}propil)-3,7-dihidro-1H-purino-2,6-dlona

<7

Acido 4-3-butil-2,6-dioxo-8-(trifluorometil)-2,3,8,7-tetrahidro-1H-

purin-1-iljbutanoico (0.181 g, 0.5 mmoles) y CDI (0.089 g, 0.55 mmoles) se
disolvieron en dimetiiformamida anhidra (6 ml). Después de agitar la solucién
bajo nitrbgeno durante 3 hr a temperatura ambiente, se afadié 24,6-
trifluorobencilamidoxima (0.112 g, 0.55 mmoles) y la solucién se calent6 a
90°C durante 20 hr, después a 110°C durante 6 hr. La mezcla de reaccién se
concentré bajo vacio a un aceite amarillo. Este se purificé en un Teledyne Isco
CombiFlash® Companion® usando un cartucho de sllice RediSep de 35 g
(elucién por gradientes cloroformo/etanol 0-15%). Las fracciones apropiadas
se evaporaron bajo vacio para dar, después de secado por congelamiento a
partir de dioxano, el compuesto del titulo como un sélido blanco (0.122 g,
46%).

LC/EM: m/z 531 [MH]', TR 3.61 min

'H RMN (CDCl3) 84 0.97 (3H, t, J = 7Hz), 1.41 (2H, m), 1.76 (2H,
m), 2.23 (2H, m), 2.95 (2H, t, J = 8Hz), 4.00 (2H, s), 4.14 (2H, t, J = 8Hz), 4.22
(2H, t, J = 7H2), 6.87 (2H, t, J = 7H 2).

29
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EJEMPLO 13

Una solucibn de 6-amino-3-metil-5-nitroso-1-pentil-2,4(1H,3H)-
pirimidinodiona (0.042 g, 0.18 mmoles) en DCM anhidro (2 ml) se traté con
anhidrido trifluoroacético (1 ml) y se dejé agitar a temperatura ambiente
durante 10 minutos. La solucién se concentré bajo vacioc y el residuo se
recogid en 1,4-dioxano (15 mi) y se hizo reaccionar con 10% de Pd/C (70 mg)
y anhidrido trifluoroacético (0.1 ml) bajo una atmésfera de hidrégeno durante 6
hr. La mezcla se filtrd a través de celite y el filtrado se concentré, dando un
aceite rojo. THF (2 ml) se afadid seguido por solucién de NaOH 2M (ac). La
mezcla se calenté a 50°C durante 10 minutos. Después de enfriamiento, la
mezcla se dividié entre HCI 2M (ac) y EtOAc. La capa orgédnica se separd, se
lavd con salmuera, se secd (MgSO,) y se concentrd. El producto del titulo se
purificd por MDAP para dar el compuesto del titulo como un sélido blanco {10
mg, 1 9%).

LC/EM m/z 305 [MH"], TR 3.2 mins.

2SS
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1H RMN; (d®-DMSO) &y 0.92 (3H, t, J =7 Hz), 1.38 (4H, m), 1.80
(2H, m), 3.51 (3H, s), 4.17 (2H, t, J = 8Hz), 13.56 (1 H, br s).

b) 6-Amino-3-metil-5-nitroso-1-pentil-2.4(1H, 3H)-pirimidinodiona

NH,
Se prepard de modo similar a 4-(4-amino-3-butil-5-nitroso-2,8-
dioxo-3,8-dihidro-1{2H)-pirimidinil)butanoato de etilo.
Todas las publicaciones, incluyendo pero sin limitarse a patentes
y solicitudes de patente, citadas en esta especificacion se incorporan aqui por
referencia como si cada publicacién individual fuera especificamente e

individualmente indicada para ser incorporada aqui por referencia como si se

expusiera por completo.

26
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N_VEDAD DE LA INVENCION \ ‘ i
REIVINDICACIONES

1.- Por lo menos una entidad quimica seleccionada de

compuestos de la formula (1)
Rls i i
L
1
R2
)

y derivados farmacéuticamente aceptables de los mismos, en donde R'
representa un grupo seleccionado de: hidrégeno, alquilo de Cy.1¢, alquenilo de
C2--10, alquinilo de Cx-1g, Y -(alq)m-X-(alq).-Y, on donde X representa A, A1, A2
o un enlace directo; A representa un grupo seleccionado de: cicloalquileno,
cicloalquenileno, arilo, heteroarilo, heterociclilo, -CH2-OC(O)-; A1 representa
un grupo seleccionado de: -CHz-O-(CHz)qarilo-O-, -CH2z-O-(CH2)uN(R®C(0)O-,
-CHzN(R%C(0)0-, -CHzN(RHC(Q)-, -CHz-(0)p-(CHz2)C(O)NR®-, -CHz-
N(R%)C(O)N(R®)-, -CHz-C(O)N((CHz)wOH)-, -CHz-NR®-S(0)z-, CHz-S(0)zNR®-,
-CHz-C(0)0-, -O-, -NR’-, -S-; A2 representa: -CH(OH)-; cuando X es A, A1 o
A2, Y representa un grupo seleccionado de: heteroarilo, heterociclilo, arilo,
cicloalquilo, cicloalquenilo, -O(CHz),-arilo, -C(O)O-arito, -CH(arilo)s, -
CH(heteroarilo);, halogenoalquilo de Cis, -C(O)R?, -NR°R’, -C(O)NR°R/, -
NR®C(O)R’, -NR®C(O)OR’, -C(O)(CHz)OR*, halégeno, ciano, -N(R*)C(O)OR’,
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-OC(O)NR°R®, -NR°C(O)R®, -OR®, -OC(O)R* cuando X es A1 y Y se
selecciona de: -O(CHa)n-arilo, -O-heteroarilo, -ORS, -OC(O)Rs, -NH-arilo, -
OC(O)NR°R?®, n es un entero seleccionado de 2, 3, 4y 5; cuando X es A1y Y
es -CFa, 0 cuando X es A2, n es un entero seleccionadode 1, 2, 3,4y 5;
cuando X es un enlace directo, Y representa un grupo seleccionado de: -
C(O)(CH2)OR®, -C(O)-arilo, -C(O)-heteroarilo, -C(O)-heteraciclilo, -heteroarilo,
-heterociclilo, -arilo, -cicloalquilo, -cicloalquenilo, halogenoalquilo de Cig, -
halégeno, -ciano, 3 ¢ 4 sistemas fusionados de anillo, - CH(arilo)z, -
CH(heteroarilo)z, -OR5, -NR°R’, -NCOORS®, -(0)-C(O)NR°R®, -MR°C(O)R?, -
OR?® - (O)FC(O)R*; cuando Y incorpora un anillo, ese anillo puede ser
opcionalmente sustituido por uno o mas de: alquilo de Cs.g, alquenilo de Ca4,
alquinlo de Cazs halégeno, -NHz, (CHz)¢-NR®R?, -(CH2)q-(O)p-(CHz)e
N(R®)C(O)OR®, -(CHz)q-N(R®)C(O)R?, -(CH2)q(0)p-(CH2)g-C(O)NR®R?, -(CH)o-
NR)COIN(RY)R® , -(CH2)e-C(OIN((CH2)mOH)R®, -(CHa):-N(R®)-S(O)R®, -
CH2-S(O)N(R*R®, - halogenoalquilo de Ci.g, -OCFs, -OCH(F)2, -OCH,F, -
COOR®, -OR®, -(R%):CN, -S(O2)R®, -(CH,)qheteroarilo, (CHz)mheterociclilo -
(CHa)qcicloalquilo, -(CHz)acicloalquenilo, - (CHz)qarilo; R? se selecciona de:
hidrégeno; o alquilo de C.-1p, alquenilo de Ca.10, alquinilo de C2-10, cicloalquilo,
cicloalquenilo, heterociclilo, arilo, y heteroarilo, cada uno de los cuales puede
ser opcionalmente sustituido por uno o méas de: alquilo de C4.-10, alquenilo de
Caz.10, alquinilo de Cgz-, cicloalquilo, heterociclilo, arilo, heteroarilo, Cig
halogenoalquilo, halégeno, -CN, -OR*, -(CH2).COR*, -C(O)OR* -OCOR*, -
(CHz),NR°R®, -(NH),CON R°R®, -OCONR°R’, y -NHC(O)OR’; R® se
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selecciona de: alquilo de Ci.¢ halogenado; R* se selecciona de: hidrégeno,
alquilo de C.., alquenilo de Czg, alquinilo de Cz3, -(CH2), cicloalquilo, -(CHz)n
cicloalquenilo, -(CHz)» heterociclilo, -(CHz)n arilo, y -(CHz), heteroarilo; R® y R®
se seleccionan de: hidrogeno y alquilo de Ci4; R’ se selecciona de:
hidrégeno, alquilo de C.g, alquenilo de C.s alquinilo de Czg, -(CHzh
cicloalquilo, -(CH2), cicloalquenilo, -(CHy); heterociclilo, -(CHz)arilo, y -(CH2)
heteroarilo; R® se selecciona de alquilo de C4; R® se selecciona de alquilo de
Cis, alquenilo de C.s alquinilo de Cag, -(CHz)n cicloalquilo, -
(CHa)qcicloalquenilo, -(CHa)sheterociclilo, -(CH2), arilo, y -(CHz),heteroarilo,
CN; m representa un entero seleccionado de: 0, 1, 2, 3, 4 y 5; n representa un
entero seleccionado de: 0, 1, 2, 3, 4 y 5; p representa un entero seleccionado
de: 0 y 1; q representa un entero seleccionado de: 0, 1 y 2; t representa un
entero seleccionado de: 1 y 2; w representa un entero seleccionado de: 2, 3 y
4: con la condicién de que: i) cuando R! representa hidrégeno o alquilo de C,.
3, R? es diferente a R"; ii) cuando R representa etilo y R? representa CFs, R?
es otro distinto de CH,-CH=CHp; y ii) cuando R' representa metilo y R®
representa CF3, R? es otro distinto de i-butilo.

2.- Por lo menos una entidad quimica de conformidad con la
reivindicacion 1, caracterizada ademas porque R' se selecciona de: hidrégeno
alquilo de Ci.1q], ¥ -(alq)m-X-(alq)a-Y.

3.- Por lo menos una entidad quimica de conformidad con la
reivindicacion 1 6 2, caracterizada ademas porque X representa A o un enlace

directo.

2N
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4.- Por lo menos una entidad quimica de conformidad con la
reivindicaclén 1 & 2, caracterizada ademas porque R' se selecciona de:
hidrégeno y alquilo de C..

5.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones anteriores, caracterizada ademas porque R?
se selecciona de: alquilo de Cys.

6.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones anteriores, caracterizada ademas porque R*
se selecciona de: alquilo de C4 fluorado.

7.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaclones anteriores, caracterizada ademéas porque R®
representa CFs.

8.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones anteriores, para usarse en medicina
humana o veterinaria.

9.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones 1-7, para usarse en el tratamiento de
trastornos del metabolismo de lipidos incluyendo dislipidemia e
hiperlipoproteinaemia y/o de enfermedades o condiciones inflamatorias.

10.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones 1-7, para usarse en el tratamiento de
dislipidemia diabética, dislipidemia mixta, insuficiencia cardiaca,

hipercolesteraernia, enfermedad cardiovascular incluyendo aterosclerosis,

\PQ
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arteriosclerosis, e hipertrigliceridemia, diabetes mellitus de tipo |, diabetes de
tipo |, resistencia a la insulina, hiperlipidemia, anorexia nerviosa, obesidad,
enfermedad de arteria coronaria, trombosis, angina, insuficiencia renal
cronica, enfermedad vascular periférica o accidente cerebrovascular.

11.- Por lo menos una entidad quimica seleccionada de

compuestos de la férmula (1)

o

RIN, H
X o
) 'T‘ N

R2
m

y derivados farmacéuticamente aceptables de los mismos, en donde R'
representa un grupo seleccionado de: hidrégeno, alquilo de C1.1o, alquenilo de
Cz--10, alquinilo de Cz-1p, ¥ -(alq)m-X-(alq),-Y, en donde X representa A, A1, A2
0 un enlace directo; A representa un grupo seleccionado de: cicloalquileno,
cicloalquenileno, arilo, heteroarilo, heterociclilo, -CH2-OC(O)-; A1 representa
un grupo seleccionado de: -CH2-O-(CHa)qarilo-O-, -CH,-0-(CHa2)uN(R%C(0)O-,
-CH-N(R®)C(0)O-, -CHz-N(R®)C(0)-, -CHz{(O)p-(CH2)qC(O)NR®-, -CHq-
N(R®)C(O)N(R®)-, -CH2-C(O)N((CHz)wOH)-, -CHz-NR®-S(0)z-, CHz-S(O)zNR*-,
-CH2-C(0)O-, -O-, -NR5-, -S-; A2 representa: -CH(OH)-; cuando X es A, A1 o
A2, Y representa un grupo seleccionado de: heteroarilo, heterociclilo, arilo,
cicloalquilo, cicloalquenilo, -O(CHz),-arilo, -C(O)O-arilo, -CH(arilo)z, -
CH(heteroarilo),, halogenoalquilo de Cis, -C(O)R*, -NR°R’, -C(O)NR°R’, -
NR°C(O)R’, -NR°C(0)OR’, -C(O)(CH,);OR*, halégeno, ciano, -N(R®)C(O)OR’,

W)
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-OC(O)NR°R®, -NR°C(O)R®, -OR®, -OC(O)R*; cuando X es A1 y Y se
selecciona de: -O(CHg)-arilo, -O-heteroarilo, -OR®, -OC(O)R®, -NH-arilo, -
OC(O)NR®R®, n es un entero seleccionado de 2, 3, 4y 5; cuando X es A1y Y
es -CF;, 0 cuando X es A2, n es un entero seleccionadode 1,2, 3,4y 5;
cuando X es un enlace directo, Y representa un grupo seleccionado de: -
C(O)(CHz)qOR”. -C(O)-arilo, -C(O)-heteroarilo, -C(O)-heterociclilo, -heteroarilo,
-heterociclilo, -arilo, -cicloalquilo, -cicloalquenilo, halogenoalquilo de Cig, -
halégeno, -ciano, 3 6 4 sistemas fusionados de anillo, - CH(arilo), -
CH(heteroarilo)z, -ORS5, -NR°R?, -NCOORS®, -(0)rC(O)NR°R®, -MR®C(O)R®, -
OR®, - (0)sC(O)R* cuando Y incorpora un anillo, ese anillo puede ser
opcionalmente sustituido por uno o més de: alquilo de C,.g, alquenilo de Ca,
alquinio de Cas halégeno, -NHz, (CH2)e-NR®R?, -(CH2)q-(0)p~(CHz)q-
N(R®)C(O)OR®, -(CHz)q-N(R*)C(O)R?, -(CH3)q-(O)p-(CH2)q-C(O)NR®R®, -(CHa)q-
N(RC(OIN(R})R® , -(CH2)¢-C(OIN((CH2)mOH)R®, -(CH2)o-N(R®)-S(O).R®, -
CH2-S(0):N(R)R®, - halogenoalquilo de Cig, -OCF3, -OCH(F)z, -OCHF, -
COOR®, -OR%, -(R%CN, -S(O2)R?, -(CHz)nheteroarilo, -(CHz)sheterociclilo -
(CHa)ncicloalquilo, {CHa)ncicloalquenilo, - (CHz)sarilo; R? se selecciona de:
hidrégeno; o alquilo de Cy.~o, anueriilo de Caz.10, alquinilo de Cz-4, cicloalquilo,
cicloalquenilo, heterociclilo, arilo, y heteroarilo, cada uno de los cuales puede
ser opcionalmente sustituido por uno o mas de: alquilo de C4.-1p, alquenilo de
Ca.10, alquinilo de Ca-10, cicloalquilo, heterociclilo, arilo, heteroarilo, Cig
halogenoalquilo, halégeno, -CN, -OR*, -(CH2),COR®, -C(O)OR*, -OCOR!, -
(CH2),NR°R®, -(NH),CON R°R®, -OCONR°R’, y -NHC(O)OR’; R® se
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selecciona de: alquilo de C1¢ halogenado; R* se selecciona de: hidrégeno,
alquilo de Ci.e, alquenilo de Czg, alquinilo de Cz¢, -(CHz2), cicloalquilo, -(CHz),
cicloalquenilo, -(CHz), heterociclilo, {CHz), arilo, y -(CHz), heteroarilo; R® y R®
se seleccionan de: hidrégeno y alquilo de Ci4; R’ se selecciona de:
hidrégeno, alquilo de C.g4, alquenilo de C.s, alquinilo de C.s -(CH2)
cicloalquilo, -(CHz), cicloalquenilo, -(CH2); heterociclilo, -(CHz)arilo, y -(CHa)k
heteroarilo; R® se selecciona de alquilo de C14; R® se selecciona de alquilo de
Cis, alquenilo de Cas alquinilo de C.g -(CH2), cicloalquilo, -
(CHy)rcicloalquenilo, -(CHgz)sheterociclilo, -(CHz), arilo, y -{CHz)sheteroarilo,
CN; m representa un entero seleccionado de: 0, 1, 2, 3, 4 y 5; n representa un
entero seleccionado de: 0, 1, 2, 3, 4 y 5; p representa un entero seleccionado
de: 0 y 1; q representa un enterc seleccionado de: 0, 1 y 2; t representa un
entero seleccionado de: 1 y 2; w representa un entero seleccionado de: 2, 3 y
4; para usarse en la fabricacién de un medicamento para tratar dislipidemia
diabética, dislipidemia mixta, insuficiencia cardiaca, hipercolesteraemia,
enfermedad cardiovascular incluyendo aterosclerosis, arteriosclerosis e
hipertrigliceridemia, diabetes mellitus de tipo Il, diabetes de tipo |, resistencia a
la insulina, hiperlipidemia, anorexia nerviosa, obesidad, enfermedad de arteria
coronaria, trombosis, angina, insuficiencia renal crénica o accidente
cerebrovascular.

12.- Un método para el tratamiento de un sujeto humano o
animal que tiene una condicién en donde la sub-activacion del receptor de

HM74A contribuye a la condicidn o en donde la activacién del receptor sera

\X5H
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benéfica, dichoc método comprende administrar a dicho sujeto humano o
animal una cantidad efectiva de por lo menos una entidad quimica

seleccionada de: compuestos de la férmula (II)
Ria, [B‘
@
N .

y derivados farmacéuticamente aceptables de los mismos, en donde R'

{(m

representa un grupo seleccionado de: hidrégeno, alquilo de Cy.10, aiquenilo de
C2--10, alquinilo de Cz-10, Y «(alq)m-X~(alq)s-Y, en donde X representa A, A1, A2
0 un enlace directo; A representa un grupo seleccionado de: cicloalquileno,
cicloalquenileno, arilo, heteroarilo, heterociclito, -CH-OC(O)-; A1 representa
un grupo seleccionado de: -CHz-O-(CHz)qarilo-O-, -CH2-O-(CH2)wN(R¥)C(0)O-,
-CHzN(R%)C(0)O-, -CH-N(R%)C(0)-, -CHz-(0)p-(CH2)(C(O)NR®-, -CHy-
N(R®)C(O)N(R®)-, -CHz-C(O)N((CH2)wOH)-, -CH2-NR5-S(0)2-, CH,-S(0)2NR"-,
-CH2-C(0)0-, -O-, -NR®-, -S-; A2 representa: -CH(OH)-; cuando X es A, A1 o
A2, Y representa un grupo seleccionado de: heteroarilo, heterociclilo, arilo,
cicloalquilo, cicloalquenilo, -O(CHz)n-arilo, -C(O)O-arilo, -CH(arilo);, -
CH(heteroarilo), halogenoalquilo de Cia -C(O)R* -NR°R’, -C(O)NR®R, -
NRSC(O)R’, -NR’C(O)OR’, -C(O)(CH2),OR?, halégeno, ciano, -N(R*)C(O)OR’,
-OC(O)NR®R®, -NR’C(O)R®, -OR® -OC(O)R% cuando X es A1 y Y se
selecciona de: -O(CHg)q-arilo, -O-heteroarilo, -OR®, -OC(O)R®, -NH-arilo, -

OC(O)NR®R®, n es un entero seleccionado de 2, 3, 4 y 5; cuando X es A1y Y

TN
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es -CF3, o cuando X es A2, n es un entero seleccionadode 1, 2, 3, 4y 5;
cuando X es un enlace directo, Y representa un grupo seleccionado de: -
C(O)(CHz)qOR5, -C(O)-arilo, -C(0)-heteroarilo, -C(O)-heterociclilo, -heteroarilo,
-heterociclilo, -arilo, -cicloalquilo, -cicloalquenilo, halogenoalquilo de Cig, -
halégeno, -ciano, 3 6 4 sistemas fusionados de anillo, - CH(arilo)z, -
CH(heteroarilo);, -OR®, -NR°R’, -NCOOR®, -(0)sC(O)NR®RS, -MRSC(O)R®, -
OR5, - (0)pC(O)R* cuando Y incorpora un anillo, ese anillo puede ser
opcionalmente sustituido por uno 0 mas de: alquilo de C4.g, alquenilo de C.g,
alquiniio de Cas halégeno, -NHz, (CH2)c-NR°R7, -(CHg)q-(O)p~(CHz)q-
N(R®)C(O)OR®, -(CH2)¢-N(R®)C(O)R®, -(CH2)q-(0)p-(CH2)q-C(O)NR®R®, -(CHz)q-
NR*IC(ON(RP)R® , ~(CHz)q-C(OIN((CH2)mOH)R®, -(CHz)¢-N(R®)-S(O)R®, -
CHz-S(0)2N(R®R®, - halogenoalquilo de Cig, -OCF3, -OCH(F)2, -OCH.F, -
COOR®, -OR?, -(R%rCN, -S(02)R°, -(CHa)aheteroarilo, -(CH,)sheterocicliio -
(CH2)xcicloalquilo, -(CHz)acicloalquenilo, - (CHa)narilo; R? se selecciona de:
hidrégeno; o alquilo de Cy.-1, alquenilo de Ca.10, alquinilo de Ca2-1g, cicloalquilo,
cicloalquenilo, heterociclilo, arilo, y heteroarilo, cada uno de los cuales puede
ser opcionalmente sustituido por uno o mas de: alquilo de C,.-1, alquenilo de
Cz10. alquinilo de Cgz-q9, cicloalquilo, heterociclilo, arilo, heteroarilo, Cig
halogenoalquilo, halégeno, -CN, -OR*, -(CH2),COR*, -C(O)OR*, -OCOR®, -
(CHz),NR®R®, -(NH),CON R°R®, -OCONR°R’, y -NHC(O)OR’; R® se
selecciona de: alquilo de Ci¢ halogenado; R* se selecciona de: hidrégeno,
alquilo de C.¢, alquenilo de Ca4, alquinilo de Ca.s, -(CHa), cicloalquilo, -(CHa),

cicloalquenilo, -(CHz), heterociclilo, -(CHz), arilo, y -(CHz)» heteroarilo; R® y R®

\%%



10

15

20

86

se seleccionan de: hidrdgeno y alquilo de Ci4; R’ se selecciona de:
hidrégeno, alquilo de Cis, alquenilo de C.g, alquinilo de Czg, -(CH2k
cicloalquilo, -(CHa)n cicloalquenilo, -(CHz); heterociclilo, -(CH2)arilo, y -(CHz)
heteroarilo; R® se selecciona de alquilo de Ci.4; R® se selecciona de alquilo de
Cie. alquenilo de Czg alquinilo de Cas -(CHz)n cicloalquilo, -
(CH2)qcicloalquenilo, -(CHa)sheterociclilo, -(CHz), arilo, y -(CHa)s,heteroarilo,
CN; m representa un entero seleccionado de: G, 1, 2, 3, 4 y 5; n representa un
entero seleccionado de: 0, 1, 2, 3, 4 y 5; p representa un entero seleccionado
de: O y 1; q representa un entero seleccionado de: 0, 1 y 2; t representa un
entero seleccionado de: 1 y 2; w representa un entero seleccionado de: 2, 3y
4.

13.- El método de conformidad con la reivindicacién 12, en
donde el sujeto humano o animal tiene un trastorno del metabolismo de lipidos
incluyendo dislipidemia o hiperlipoproteinaemia o una enfermedad o condicidon
inflamatoria.

14.- Una formulacién farmacéutica que comprende por lo menos
una entidad quimica de conformidad con cualquiera de las reivindicaciones 1-
7 y uno o mas diluyentes, excipientes o vehiculos farmacéuticamente
aceptables.

15.- Una combinacién para administrarse junta o por separado,
secuenciaimente o simulidneamente, en formulaciones farmacéuticas
separadas o combinadas, dicha combinacién comprende por lo menos una

entidad quimica de conformidad con cualquiera de las reivindicaciones 1-7

\a6
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junto con otro agente terapéuticamente activo.

16.- Una formulacién farmacéutica que comprende: (i) por lo
menos una entidad quimica de conformidad con cualquiera de las
reivindicaciones 1-7; (ii) uno o mas ingredientes activos seleccionados de
estatinas, fibratos, resinas de unién de acido biliar y acido nicotinico; y (iii) uno

o mas diluyentes, excipientes o vehlculos farmacéuticamente aceptables.

\a%
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1.- Por lo menos una entidad quimica seleccionada de

compuestos de la férmula (l)
Ri._ ? i
S re
>0
R2
M

y derivados farmacéuticamente aceptables de los mismos, en donde R'
representa un grupo seleccionado de: hidrégeno, alquilo de Cy.o, alquenilo de
C2--10, alquinilo de Ca-19, ¥ -(alq)m-X-(alq),-Y, en donde X representa A, A1, A2
o un enlace directo; A representa un grupo seleccionado de: cicloalquileno,
cicloalquenileno, arilo, heteroarilo, heterociclilo, -CH,-OC(O)-; A1 representa
un grupo seleccionado de: -CHz-O-(CHy)qarilo-O-, -CHz-O-(CH2)«N(R®C(0)O-,
-CHz-N(R®)C(0)O-, -CHzN(R®C(0)-, -CHz~(0);~(CH2);C(O)NR®-, -CHg-
N(R®C(O)N(R®)-, -CH2-C(O)N((CH2)wOH)-, -CH2-NR5-S(0)z-, CH2-S(O):NR?>-,
-CH2-C(0)O-, -O-, -NR®-, -S-; A2 representa: -CH(OH)-; cuando X es A, A1 o
A2, Y representa un grupo seleccionado de: heteroarilo, heterociclilo, arilo,
cicloalquilo, cicloalquenilo, -O(CHz)y-arilo, -C(O)O-arilo, -CH(arilo)z, -
CH(heteroarilo)z, halogenoalquilo de Ci.g, -C(O)R?, -NR®R’, -C(O)NR°R’, -
NR®C(O)R’, -NR’C(O)OR?, -C(O)(CH,);OR*, hal6geno, ciano, -N(R®)C(O)OR,
-OC(O)NR®R®, -NR3C(O)R®, -ORS®, -OC(O)R* cuando X es A1 y Y se
selecciona de: -O(CHy)y-arilo, -O-heteroarilo, -OR®, -OC(O)R®, -NH-arilo, -

148
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OC(O)NR®R?, n es un entero seleccionado de 2, 3, 4 y 5; cuando X es A1y Y
es -CF3, o cuando X es A2, n es un entero seleccionadode 1, 2, 3, 4y 5;
cuando X es un enlace directo, Y representa un grupo seleccionado de: -
C(O)(CHz)qOR"‘. -C(O)-arilo, -C(O)-heteroarilo, -C(Q)-heterociclilo, -heteroarilo,
-heterociclilo, -arilo, -cicloaiquilo, -cicloalquenilo, halogenoalquilc de Cis, -
halégeno, -ciano, 3 ¢ 4 sistemas fusionados de anillo, - CH(arilo)z, -
CH{heteroarilo)z, -OR®%, -NR5R’, -NCOOR?®, -(0)sC(O)NR®R®, -MR3C(O)R®, -
OR®, - (0O)pC(O)R*; cuando Y incorpora un anillo, ese anillo puede ser
opcionalmente sustituido por uno o més de: alquilo de C,.s, alquenilo de Ca.,
alquinilo de Czs, halégeno, -NHz, (CH2)y-NR°R?, -(CH2)q-(0)p-(CHz)e-
N(R®)C(O)OR?, (CH,)-N(R®)C(O)R®, ~(CH2)q-(0)p-(CH2)q-C(O)NR®R®, -(CH;),-
N(RI)COIN(R®R® , -(CH2)e-C(O)N((CH2)mOH)R®, -(CH2)o-N(R%)-S(0):R®, -
CH2-S(0):N(R%R®, - halogenocalquilo de Cie, -OCF3, -OCH(F)2, -OCH,F, -
COOR?®, -ORS%, -(R%:CN, -S(02)R?, -(CHz)sheteroarilo, -(CHz)sheterociclilo -
(CHz)qcicloalquilo, -(CH2)qcicloalquenilo, - {CH2)narilo; R? se selecciona de:
hidrégeno; o alquilo de Cy.-10, alquenilo de Ca.1o, alquinilo de Cz-1q, cicloalquilo,
cicloalquenilo, heterociclilo, arilo, y heteroarilo, cada uno de los cuales puede
ser opcionalmente sustituido por uno o mas de: alquilo de C1.-10, alquenilo de
Cz40, alquinilo de Cz-p, cicloalquilo, heterociclilo, arilo, heteroarilo, Ciq
halogenoalquilo, halégeno, -CN, -OR*, -(CH2),COR?, -C(O)OR®, -OCOR®, -
(CHz),NR°RS, -(NH),CON R°R®, -OCONR®R’, y -NHC(O)OR’; R® se
selecciona de: alquilo de Ci.s halogenado; R* se selecciona de: hidrogeno,

alquilo de C..g, alquenilo de Ca., alquinilo de Cz4, -(CH2), cicloalquilo, -(CHz)

¥
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cicloalquenilo, -(CHz), heterociclilo, -(CHz), arilo, y (CHz), heteroarilo; R® y R®
se seleccionan de: hidrégeno y alquilo de Ci4; R’ se selecciona de:
hidrégeno, alquilc de Cig, alquenilo de Cag, alquinilo de Cza, -(CHz2)
cicloalquilo, -(CH2), cicloalquenilo, -(CHz) heterociclilo, -(CHz)arilo, y -(CH2)
heteroarilo; R® se selecciona de alquilo de C14; R? se selecciona de alquilo de
Cis, alquenilo de C.g alquinilo de Czg -(CH2), cicloalquilo, -
(CHaz)ncicloalquenilo, -(CHa) heterociclilo, -(CH2), arilo, y -(CH3)sheteroarilo,
CN; m representa un entero seleccionado de: 0, 1, 2, 3, 4 y 5; n representa un
entero seleccionado de: 0, 1, 2, 3, 4 y 5; p representa un entero seleccionado
de: 0 y 1; q representa un entero seleccionado de: 0, 1 y 2; t representa un
entero seleccionado de: 1 y 2; w representa un entero seleccionado de: 2, 3 y
4; con la condicién de que: i) cuando R' representa hidrégeno o alquilo de Ci.
s, R? es diferente a R"; Ii) cuando R’ representa etilo y R’ representa CF3, R?
es otro distinto de CH-CH=CH,; y iii) cuando R' representa metilo y R®
representa CF3, R? es otro distinto de i-butilo.

2.- Por lo menos una entidad qufmica de conformidad con la
reivindicacion 1, caracterizada ademas porque R' se selecciona de: hidrégeno
alquilo de Ci.1¢], y (alq)m-X-(alq)n-Y.

3.- Por lo menos una entidad quimica de conformidad con la
reivindicacion 1 6 2, caracterizada ademas porque X representa A o un enlace
directo.

4.- Por lo menos una entidad quimica de conformidad con la

reivindicacién 1 & 2, caracterizada ademas porque R' se selecciona de:

\60
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hidrégeno y alquilo de Cqs.

5.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones anteriores, caracterizada ademas porque R?
se selecciona de: alquilo de Cas.

6.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones anteriores, caracterizada ademas porque R®
representa CF;.

7.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones anteriores, para usarse en medicina
humana o veterinaria.

8.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones 1-8, para usarse en el tratamiento de
trastornos del metabolismo de lipidos incluyendo dislipidemia e
hiperlipoproteinaemia y/o de enfermedades o condiciones inflamatorias.

9.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones 1-6, para usarse en el tratamiento de
dislipidemia diabética, dislipidemia mixta, insuficiencia cardiaca,
hipercolesteraernia, enfermedad cardiovascular incluyendo aterosclerosis,
arteriosclerosis, @ hipertrigliceridemia, diabetes mellitus de tipo Il, diabetes de
tipo |, resistencia a la insulina, hiperlipidemia, anorexia nerviosa, obesidad,
enfermedad de arteria coronaria, trombosis, angina, insuficiencia renal
crénica, enfermedad vascular periférica o accidente cerebrovascular.

10.- Por lo menos una entidad quimica de conformidad con
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cualquiera de las reivindicaciones 1-6, para usarse en la fabricacion de un
medicamento para el tratamiento de trastomos del metabolismo de lipidos
incluyendo dislipidemia e hiperlipoproteinaemia y/o de enfermedades o
condiciones inflamatorias.

11.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones 1-8, para usarse en la fabricacion de un
medicamento para el tratamiento de dislipidemia diabética, dislipidemia mixta,
insuficiencia cardiaca, hipercolesteraernia, enfermedad cardiovascular
incluyendo aterosclerosis, arteriosclerosis, e hipertrigliceridemia, diabetes
mellitus de tipo il, diabetes de tipo |, resistencia a la insulina, hiperlipidemia,
anorexia nerviosa, obesidad, enfermedad de arteria coronaria, trombosis,
angina, insuficiencia renal crénica, enfermedad vascular periférica o accidente
cerebrovascular.

12.- Por lo menos una entidad quimica de conformidad con
cualquiera de las reivindicaciones 1-6, para usarse en la fabricacion de un
medicamento para tratar una condicibn en donde la sub-activacion del
receptor de HM74A contribuye a la condicién o en donde la activaciéon del
receptor sera benéfica.

13.- El compuesto de la férmula (lI) de conformidad con la
reivindicacion 10, para usarse en el tratamiento de una condicién en donde la
sub-activacion del receptor de HM74A contribuye a la condicion o en donde la
activacién del receptor sera benéfica.

14.- Una formulacién farmacéutica que comprende por lo menos
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una entidad quimica de conformidad con cuaiquiera de las reivindicaciones 1-
6 vy uno o mas diluyentes, excipientes o vehiculos farmacéuticamente
aceptables.

15.- Una combinacién para administrarse junta o por separado,
secuenciaimente o simultineamente, en formulaciones famacéuticas
separadas o combinadas, dicha combinacion comprende por lo menos una
entidad quimica de conformidad con cualquiera de las reivindicaciones 1-8
junto con otro agente terapéuticamente activo.

16.- Una formulacién farmacéutica que comprende: (i) por lo
menos una entidad quimica de conformidad con cualquiera de las
reivindicaciones 1-8; (ii) uno o mas ingredientes activos seleccionados de
estatinas, fibratos, resinas de unidn de acido biliar y acido nicotlnico; y (iii) uno
0 mas diluyentes, excipientes o vehlculos farmacéuticamente aceptables.

17.- Un método para el tratamiento de un sujeto humano o
animal que tiene una condicién en donde la sub-activacion del receptor de
HM74A contribuye a la condicién o en donde la activacién del receptor sera
benéfica, dicho método comprende administrar a dicho sujeto humano o
animal una cantidad efectiva de por lo menos una entidad quimica de
conformidad con cualquiera de las reivindicaciones 1-8.

18.- El método de conformidad con la reivindicacién 17, en
donde el sujeto humano o animal tiene un trastorno del metabolismo de lipidos
inciuyendo dislipidemia o hiperlipoproteinaemia o una enfermedad o condicién

inflamatoria.
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19.- El método de conformidad con la reivindicaciéon 17, en
donde el sujeto humano o animal tiene un trastorno de dislipidemia diabética,
dislipidemia mixta, insuficiencia cardiaca, hipercolesteraernia, enfermedad
cardiovascular incluyendo aterosclerosis, arteriosclerosis, e
hipertrigliceridemia, diabetes mellitus de tipo il, diabetes de tipo |, resistencia a
la insulina, hiperlipidemia, anorexia nerviosa, obesidad, enfermedad de arteria
coronaria, trombosis, angina, insuficiencia renal cronica, enfermedad vascular

periférica o accidente cerebrovascular.
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RESUMEN DE LA INVENCI N

La presente invencién se refiere a compuestos terapéuticamente
activos de la formula (1) que son derivados de xantina, procedimientos para la
fabricacion de dichos derivados, formulaciones farmacéuticas que contienen
los compuestos activos y el uso de los compuestos en terapia, particularmente
en el tratamiento de enfermedades en donde la sub-activacion del receptor de
HM74A contribuye a la enfermedad o en donde la activacién del receptor sera

beneéfica.
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E] It is also accompanied by a copy of sach prior arl documeni cited in this report.

1. Basls of the report

a. With regard 1o the languags, the intamational search was carriad out on the bagls of tha niemationa) application in the
language n which it was fied, uniass otherwise indicated under this tem.

[0 tmeintnasonal search was canied out on the basls of @ treneiation of the insemational application fumished
thie Authorlty (Pute 23.1(b)).

b. [] wihregard o any nucieotide sndior amine ackd sequence disclosad In the intemationst application, see Bex No. 1.
2. [X] certain claims were found unssmrchabie {See Box If).
3. [ unityof invention is lacking (see Box Mi).

4. Wik repend o the ttle,
[[] heextis approved as submitted by the appiicant
[®] e iexthas been estmblshed by tis Authority 1o read es toflows:
XANTHINE DERIVATIVES WITH HM74A RECEPTOR ACTIVITY

5. With egard (o the abstrect,
[T] the mxtis approved as submined by the applicant.

[X] e text nas besn esiablishad, according o Rule 38.2(b), by this Authorlly es It appears In Box No, IV. The appiicant
may, within one month from the date of malling of this inemational esarch report, submit comments to thia Authorlty.

6. With jagard 10 the drawings,
a. the figure of the drawings o ba published with the abstact is Fgure No.
[0 assugmesedby te appiicant
[[] = osiecied by this Authortty, becauss the appiicent fakied to suggest a figure.
[[] o ssiecied by his Authority. because this igure betier chatactatizes the invantion.
b. [] none of the Agtres is 1o be published with the abstacl, :
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BoxNo.IV Text of the absiract (Continustion of Hem 5 of the first shoet)

The present invention relates to therapeutically active compounds of formula (1) which are
xanthine derivatives, processes for the manufaciure of said derivatives, pharmaceutical
formulations containing the active compounds and the use of the compounds in therapy,
particularly in the treatment of diseases where under-activation of the HM74A receptor
contributes to the disease or where activation of the receptor will be beneficial.
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A. CLASSIRCATION OF

C07D473 ,04 0070473/06 A61K31/522  A61P9/00

Acconding ko Imemutional Patont Clasaification (IPC) os e buth nalional clasaiicalion and I°C

B. FIELDS BEARCHED

Inimum documshiadion searchad

CO7D A61K A61P

(clmilication sysism folowed by caswilication symboly)

Docanoniation ssarchod other than minkmum docrmentstion o the exienl thul such documents am inclided in the flakis aeerched

EPO-Internal, CHEM ABS Data

Elecironic daia hasn consuliad during the internadional search {name of dala base srd, wheme praciical, ssarch lerme usad)

€. DOCUMENTS CONSIDERED TO BE RELEVANT

EASTON, PA, US,

XP002169138
ISSN: 0006-2960
Compound 12

analtogues of l-methyl)-3-1sobutylxanthine”
BIOCHEMISTRY, AMERICAN CHEMICAL SOCIETY.

vol. 16, no. 15, 1977, pages 3316-3321,

Cailogory' | Cliation of dozument, with indicalion, whare approprinis, of Ihe relsvant peseages Haluvant to claim No.
X KRAMER G L ET AL: "Selective inhibition 1,2,4,
of cyclic nucleotide phosphodiesterases by 6-14

m Fusthes documents are isiod in the conlinustion of Dox C.

D See patent famly annex.

" pocisl cxtegories of chied documants : T* et documerd pubished sfler 1 intertional g cde
of priorty confict
i arat 1 ol P rekr ey 1 which s e to undersiand tia principle o theory underlying the
‘e “mﬂwﬁhﬁmtﬂrltﬂ Intgrroatinnal *X* documani of particsiar rlevance; the claimed imvention
Hiing tats cannol be conskierd novel or caniol be conaldared o
1 ﬂmﬁb lnm:::m nhllly :-mnu voive an nventiva atep when the documeni is laken alone
publication dals * documam of perticulkio reloval e cigimed imveniion
ctilion oy lher epecisl reavon (ss speciiad) Y ok b Sonekarc To Evoave i knreriive stap whe the
*0" document refenting 1o an omi disclosurm, usa, axhitdion or dotument is combliiod with ona or mows othor such docu-
other mesns este, such comtinaflon beIng cinious 10 & person siied
P docment midished imarmutional -
v _'lnllhphlly"hhﬂ'ld i ciaty ban ‘2" docasvan memnber of the same palent femilly
Duis of the aclusd cornpletion of thy Inkarnationat ssarch Dnig of meliing of the intamaticnat sasict mpoet
26 January 2006 22/02/2006
Namo and maling sdkdreas of lhe 3A/ Authorised oficer
Europesn Patem Offics, P.1). 5818 Pwientlann 2
T (13T 40 2040, Tx. 31 651 epori,
Faor (+31-70) 340-3018 " De Jong, B
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Remark on Protest

intemational application No.
INTERNATIONAL SEARCH REPORT PCT/£P2005/011376

Box 1 Obesvvations where certain ciaims wers found unssarchable (Continuation of Ham 2 of first shest)

Thie Imemational Search Report has not bean established In reapect of certain caima under Articis 17(2){a) for the following (easons;
1. ] cems no-
becauss they relate 1o eubject mattar not raquined to be ssarched by thie Authority, namety:

Although claims 12,13 are directed to a method of treatment of the

human/animal body, the search has been carried out and based on the alleged
effects of the compound/composition.

2. D Claime Nos.:

because they relate to parts of the International Appicalion that do not comply with the preseribed requirements to such
an axEnt that no meaningtut Imemational Search can be carried out, specifically:

a D Clalms Nos.:
because they are depandant claims and are not drafiad In accordance with the second and third sentences of Rule 8.4{a)

Box il Obssrvstions where unity of Invention (a lacking (Continuation of item 3 of first sheet)

This Intemational Saarching Authority found multipie inventions in this international appiication, as follows:

1. As all required additional search lees were imely paid by the appiicant, this inlernationat Eearch Report covers all
ssachable claims.

2. D As all sesrchabile clalme could be saarched without effort justitying an additional fee, this Authorily &id not invite payment
of any additionat fee.

3 As only some of the raquired addl

Bonal ssarch faes were tmely pald by the applicant, this Intematonal Saarch Rapert
covers only thoee claima for which feas wera paid, epacifically ciakms Nos.:

4, D No irad additional search fees wara timely peld by the appiicant. Consequently, this intemational Search Report is
restricied o the invention firat mentionad in the clalma; i Is coverad by clalms Noa.:

D The addiional search lees were accompanied by the applcant's protest.

D No protest accompanied (he payment of ackiional search isee.

Form PCT/ASA210 (continuaton of first sheet {2}) (Januery 2004)
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1. This apinion contains indications retating 1o the following ftems:

BJ BoxNo.!  Basls of the opinion

O BoxNo.ll  Priority

Box No. Il Non-establishment of opinion with regard to novalty, inventive step and Industrial applicabkity
[0 8axNo. IV  Lack of unity of invention

£ BoxNo.V  Reasoned statement under Rule 43bés. 1(a){l) with regard Lo novelty, invantive stap or industrlal
applicahlity; citations and explanations supporting such statement

DJ BoxNo.Vl Certain documents clted
J BoxNo. VIl Certaln defecis in the International applicalion
[ Box No. VIll Certaln observations on the International application

2. FURTHER ACTION

writien opinion of the Intsrnational Praliminary Examining Authority ("IPEA"). However, this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
Intemational Bureau under Aule B6.1bis(b) that written opinlons of this Intemational Searching Autharity

wlill not be so considered.

if this opinion Iy, as provided above, considerad to be a writisn opinion of the IPEA, the applicant Is invited to
submit to the IPEA a written reply together, where appropriale, with amendments, before the expiration of three
months from the date of malling of Form PCTASAZ20 or before the expiration of 22 months from the priority date,
whichever explres later,

For further options, see Form PCTASA220.

3.  For further detalls, see notes 1o Form PCTASAR20.

Name and mading address of the ISA: T Authorized Officer

f-"--.._
Europesn Palent Office - P.B. 5818 Prientiaan 2 :
NL-2280 HY ni-uukf'm Bas ! De Jong, B { )\
Tal. 431 70 340 - 2040 Tx: 31 651 epant i . }

Fax: +31 70 340 - 3016 I Telephone No. +31 70 340-2833 —a

Form (PCTASAZIT) (Cover Sheet) {January 2004)




'WRITTEN OPINION OF THE iniamatonal sppication No. (19
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2005011376 |

Box No.| Basls of the opinion

1. With regard 10 the language. this opinion has been established on the basis of the intemational application in
the fanguage in which #t was filed, uniess otherwise indicaled under this item.

O This opinion has been established on the basis of a tranglation from the ariginal language inta the follawing
language |, which is the language of a transiation furnighed for the purposes of international search
(under Rules 12.3 and 23.1(b)). .

2. With regard to any nucleotide andbor amino acld sequence disclosed in the imlernational application and
necessary to the claimed invention, this opinion has been established on the basgis of:

a. type of material:
O a sequence listing
O 1able(s) related to the sequence listing
b. lormat of material:
O in wriiten format
O in computer readable form
c. time of filingfumishing:
O contained in the intlemational application as filed.
O filed together with the inlemational application in compuler readable form.
O fumished subsequently to this Authority for the purposes of search.

3. O in addition, in the case that mora than one version or copy of a sequenca lisliig andbr table relating therato
has been filed or fumnished, the required statementa that the information in the subsequent or additional
copiag is identical to that in the application as filed or does nat go beyond the application as filed, as
apprapriate, were fumished.

4, Additional comments:

Form PCTASA/ 237 (Januory 2004)



WRITTEN OPINION OF THE Intenational application No. ]é}
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2005011376

Box No. lll Non-establishment of opinion with regard to novelty, inventive step and Industrial
applicabllity

The quastions whether the claimed invention appoars to be novel, ta involve an inventive step (to be non
obvious), or to be industrially applicable have not been examined In respect of:

0
=

the antire intemational application,
claims Nos. 12,13

because:

the said international application, or the said claims Nos. 12,13 (with respect 10 industrial application)
;alate .}orlha foliowing subject matter which does not require an international preliminary examination
'specify):

800 separaie ahest

the description, ciaims or drawings (indicaie particular elemenis below) or sakd claims Nos. are so
unclear that no meaningful opinion could be formed (specily):

the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
couid be formed.

no international search report has been established for the whale application or for sald claims Nos.

the nucleotide andbr amino acid sequence listing does not comply with the standard provided for in Annex
C of the Adminisirative Instructions in that:

the written form O has not been fumished

O does not comply with the standard
the compuler readable form  £1  has not baen furnished

O does not comply with the standard
o o .

See separate sheet for further delails

Form PCTISA/237 (January 2004)
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'WRITTEN OPINION OF THE Intemational appiication No.
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2005011376

Box No.V Reasoned siaiement under Rule 43b/s.1(a)(l) with regard to novelty, inventive step or
Industrial appiicabliity; citations and explanations supporting such statement

1. Statement
Novelty (N) Yes: Claims 3.15,18
No: Claims 1.24-14
Inventive step (IS) Yes: Claims 3,15,16
No: Claims 12,4-14
Industrial applicability {]A) Yes: Claims 1-11,14-16

No: Claims

2. Citations and explanations
see soparate sheet

Form PCTASA/237 (January 2004)



>

WRITTEN OPINION OF THE intemnational application No
INTERNATIONAL SEARCHING .

AUTHORITY (SEPARATE SHEET) PCT/EP2005/011376
Re lHem Il

Claims 12,13 relate to subject-matler considered by this Authority to be covered by the
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with respect
to the industrial applicability of the subject-matter of these claims (Articie 34(4){a)(l) PCT).

Re ltem V.
Reference is made to the following documents:

D1: KRAMER G L ET AL: "Selective inhibition of cyclic nucleotide
phosphodiesterases by analogues of 1-methyl-3-isobutylxanthine®
BIOCHEMISTRY, AMERICAN CHEMICAL SOCIETY. EASTON, PA, US, vol.
16, no. 15, 1977, pages 3316-3321, XP002169138 ISSN: 0006-2960

D2: WELLS, JACK N. ET AL: "Inhibition of separated forms of cyclic nucleotide
phosphodiesterase from pig coronaty arteries by 1,3-disubstituted and 1,3,8-
trisubstituted xanthines” JOURNAL OF MEDICINAL CHEMISTRY , 24(8), 954-8
CODEN: JMCMAR; ISSN: 0022-2623, 1981, XP002169139

D3: JACOBSON K A ET AL: “Effect of trifluoromethyl and other substituents on
activity of xanthines al adenosine receptors” JOURNAL OF MEDICINAL
CHEMISTRY, AMERICAN CHEMICAL SOCIETY. WASHINGTON, US, vol. 36,
1993, pages 2639-2644, XP002327691 ISSN: 0022-2623

D4: CORSANO, STEFANO ET AL: "Structure-activity relationships in a series of 8-
substituled xanthines as bronchodilator and A1-adenosine receptor antagonists®
ARCHIV DER PHARMAZIE (WEINHEIM, GERMANY) , 328(9), 654-8 CODEN:
ARPMAS; ISSN: 0365-6233, 1995, XP008058976

D5: REGNIER G L ET AL: "New xanthine derivatives with polent and long lasting
anti-bronchoconstriclive aclivity" EUROPEAN JOURNAL OF MEDICINAL
CHEMISTRY, EDITIONS SCIENTIFIQUE ELSEVIER, PARIS, FR, vol. 22,
1987, pages 243-250, XP0D2291236 ISSN: 0223-5234

D6: EP-A-0 103 497 (ADIR) 21 March 1984 (1984-03-21)

D7: BREDERECK, HELLMUT ET AL: "Syntheses in the purine series. XIll. The
preparation of several xanthine-8-aldehydes” CHEMISCHE BERICHTE , 95,
403-13 CODEN: CHBEAM; ISSN: 0009-2940, 1962, XP002364488

D8: US-A-2 879 271 (KALLISCHNIGG ROLF) 24 March 1959 (1959-03-24)

Form PCTASA/Z37 (Separate Sheat) (Shewt 1) (EPO-January 2004)
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WRITTEN OPINI N OF THE intemational application No.
INTERNATI NAL SEARCHING
AUTH RITY (SEPARATE SHEET) PCT/EP2005/011376

D9: WO 02/084298 A (GLAXO GROUP LIMITED; FOORD, STEVEN, MICHAEL;
PIKE, NICHOLAS, BRIAN; W!) 24 October 2002 (2002-10-24)

Novelty
The present application does not meet the crileria of Article 33(1) PCT, because the
subject-matter of claims 1,2,4,6-14 is not new in the sense of Article 33(2) PCT:

D1 discloses compound 12, which is an inhibitor of phosphodieslerase. it is
commonly known that PDE inhibitors can be used against cardiovascular diseases
such as e.g. dyslipidemia and atherosclerosis. This teaching Is therefore novelty
deslroying for claims 1,2,4,6-14.

D2 discloses compound 4 , which is an inhibitor of phosphodiesierase. This teaching
is novelty destroying for claims 1,2,4,5,8-14.

D3 discloses the compounds 22 and 31, which are adenosine receptor antagonists. It
is commonly known that adenosine receptor antagonists can be used against
cardiovascular diseases and have e.g an antiarteriosclerotic and antiinflammatory
activity. This teaching is therefore navelty destroying for claims 11-14.

Documents D4-D8 are novelty destroying for claims 1,2,4,6. See
passages/compounds mentioned in the search report.

inventive siep

It is credible that all compound ol the present application have HM74A aclivily (see page
12, line 4-7). This was not obvious from D9 (closest prior art). The subjecl-matier of the
present application is therefore inventive, but only insofar it is novel.

Clarity

Claims 1,11 are not clear, because these claims relale lo compounds of formula (I) and
acceptable derivatives thereof. Contrary to what Is said in the description on page 7, lines
21-28, the scope cannot be determined by a skilled person without undue experimentation.

Form PCT/ISA23Y (Separate Sheet) (Sheet 2) (EPO-January 2004)
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WRITTEN OPINION F THE Intemational application No.
INTERNAT! NAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2005/011376

The definition of "aryl® on page 6, lines 29-33 is obscure. A 5-membered aryl group does
not exist since cyclopentadienyl is (normally) not considered as an aromatic group.
Furthermore an 8-membered bicyclic aromatic group does not exist.

Method of Treatment
For the assessment of the present claims 12,13 on the question whether they are
industrially applicable, no unified criteria exist in the PCT Contracting States. The
patentability can also be dependent upon the formulation of the claims. ;,_f 2
g - "
o R | ]
) L .,r,r)'

uh ,(ﬁ' tyi
\79"\(]? U-‘ -J' L ’ \f‘\ .
w3 - b r ng (\"5

Form PCT/ISA/237 (Separaie Sheet) (Sheet 3) (EPO-January 2004)
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C(Confinuatian). DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory*

Chation of documoni, wih indicrilon. whare appropriaie. of the reltven! passages

WELLS, JACK N. ET AL: "Inhibition of
separated forms of cyclic nucleotide
phosphodiesterase from pig coronary
arteries by 1,3-disubstituted and
1,3,8-trisubstituted xanthines”

JOURNAL OF MEDICINAL CHEMISTRY , 24(8),
954-8 CODEN: JMCMAR; ISSN: 0022-2623,
1981, XP002169139

compound 4

JACOBSON K A ET AL: "Effect of
trifluoromethyl and other substituents on
activity of xanthines at adenosine
receptors"

JOURNAL OF MEDICINAL CHEMISTRY, AMERICAN
CHEMICAL SOCIETY. WASHINGTON, US,

vol. 36, 1993, pages 2639-2644,
XP002327691

ISSN: 0022-~2623
compounds 22,31
CORSANO, STEFANO ET AL:
"Structure-activity relationships in a
series of B-substituted xanthines as
bronchodilator and Al-adenosine receptor
antagonists”

ARCHIV DER PHARMAZIE (WEINHEIM, GERMANY) ,
328(9), 654-8 CODEN: ARPMAS; ISSN:
0365-6233, 1995, XP008058976

compound 4

REGNIER G L ET AL: "New xanthine
derivatives with potent and long lasting
anti-bronchoconstrictive activity”
EUROPEAN JOURNAL OF MEDICINAL CHEMISTRY,
EDITIONS SCIENTIFIQUE ELSEVIER, PARIS, FR,
vol. 22, 1987, pages 243-250, XP002291236
ISSN: 0223-5234

compounds 39-41,45,47,49-52

EP 0 103 497 A (ADIR)

21 March 1984 (1984-03-21)

compounds of formula (II)

page 14; claim 14

BREDERECK, HELLMUT ET AL: "Syntheses in
the purine series. XIII. The preparation
of several xanthine-8-aldehydes™
CHEMISCHE BERICHTE , 95, 403-13 CODEN:
CHBEAM: ISSN: 0009-2940, 1962, XP002364488
compound 11I

US 2 879 271 A (KALLISCHNIGG ROLF)

24 March 1959 (1959-03-24)

column 6, 1ine 4

-f—

17274l5|
8-14

11-14

1,2,4,5

1,2,4,5

1,2,4,5

1,2,4,5

1,2,4

Fasin PETABAMR IO {corshramlion of sscon shaat) {Aprd 2005)
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FOORD, STEVEN, MICHAEL; PIKE, NICHOLAS,
BRIAN; WI) 24 October 2002 (2002-10-24)
cited in the appiication

page 1 - page 6

intsmational application No
. PCT/EP2005/011376
C{Continustien). DOCUMENTS CONBIDERED TO BE RELEVANT
Categary™ | Cluiiun of document, with indication, where apprapriste, of (he relsvant pesssges Falovan! 9 oisim No.
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»i J. Med. Cham. 1981, 24, 964-958

mpuﬂmhhwdmhdmdmhumduﬂ!yh
groupe of slx male Fillinsdorf rats of body weight rengs 160200
¢aﬂ.¢themlm-hhdfuladmﬂ¢ht. Compourds ware
dissalved or supmnded in water by mixing In s mortar with 1 or
2 drope of Twesn 80. Rats were dosed on & milligrem per kilogram
thluizlnmhmd':;mhd' dl:dhh&dmr.::
-mmn
ot 3F1. ll). 1% w/v, in phyniclogical saline. Thres hours later
the enwning swelling was measured, lnlll.hplrmtlnhlllhn
dﬂn*ml'uﬂhnw--lmllhdlunﬂ-mlh
in the control animal to be 100%. Paw thickness was mesmered

using

Equipment (Roche, Basly) thickness-measuring

abaeive Faw Anuphylssis Toot fo Labibtiors of mme-

ta Hyperesens ty. ™

‘gytotropic antihodise for use in passive paw anaphylaxis (PPA)

wors ralsed in 150-200 g fezaals brown Norway rats. Each rat

was injected Intraperitoneally with 0.5 mL of Bordetello pertussis

vatrine (Commonwealth Berum Laboratories, Melbourne) con-

taining 2 X% 10" mganizme and intramuscularly with 3 mg of

e g e ey~ g g
tar,

mnhmhlduﬂ-mmmdndudlwnﬂlm‘

In paszive cutaneous anaphylaxis (PCA) experiments in

(I7) Winter, C. A_; Rislay, E. A; Num, G. W. Proc. Soc. Ksp. Bial,
Med, 1992, 111, bid-B4T.

(28) BlHn.B.A..'I‘hnn-.P G.; Nelaon, C. L; Taylar, K. M.

(29) Hﬂ-.l.lmmhyllﬂ 7, e81-680.

XP-002169139
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For PPA studies, groups of six to eight Oxford- Hooded [RO
(PVG/C)] ratsof 200 g were used. Following the
mszswrenent of the thickness of both kind pews, rals were given

" subplanter injectians tn each paw of 0.06 ml, of  suitabls dilrtion

or rat anti-OA serum. Two hours later, animals were injected Iv
in the tal] with 0.3 mL ol a 1% w["dmimd'ﬂklnw

othar groupy of control anknals wsed in PPA studlies wears injected
in the hind paws with saline, serom from troamised rats, or ssram
from rats injected with OA and B. pertussis but which gave s PCA
titre of 0. Percent inhibition of the Immediats allargic reaction
wan caloulated by considering the swalling in the control paws
tobe 100%. Compounds tested for inhibition of PPA were given
iv b min bafare antigen challangs.
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Inhibition of Separated Forms of Cyclic Nucleotide Phosphodicstierase from Pig
Coronary Arteries by 1,3-Disubstituted and 1,3,8-Trisubstituted Xanthines

Jack N, Walls,* John E. Garst,! and George L. Kramer

Depurtment of Pharmacology, School of Medicine, Vanderbili University, Noshuille, Tennessee 37333,
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A serles of zanthines with varied substituents In the 1, 3, and 8

the structure-activity relationship for
Polar

were prepared in an attempt to underetand

positions
alkylaanthines as inhibitors of two different forms of eyclic nuclsotide

phosphodissterase. substitusnts on the 1 or 3 pesition of the xanthine reduced the potancy of tha zanthines
1o inhibit both the calmadulin-semitive and the “cyclic AMP specific” fonus of phosphodisatersse, Polar substituents
nlllolpuhd'thmﬂmn.ul-ﬂ-n earboxylio acid, increassd the potancy to nhihit the calmodulin-ssmitive
form of phosphodisstierass, if thay wers capable of donating elpctrons Lo the xanthine nuclpun. On the other hand,

any substituent. b the § position laygae than H reduced the
pbosphodieatersss. Topographical

form of
In monmery.

Alkylzanthines {theophylline, caffeige, and 1-methyl-
3-isobutylxanthine) are well known as inhibitors of cyclie
nuclsotide phosphodlesterass activity. We have demaon-
sirated that modification of the xanthing structure can give
rise to compounds that inhibit relatively selectivaly one
of the two foims of phosphodissterase found in pig coro-
nary arteries (peak I and peak II).** These enzymes
appear to bs representative of iwo of the major forma of

phosphodiesterase, the calmodulin-sensitive form (peak
1) and the “cyclic AMP specific™ form (paak 1I), both of
which are found in most manmalian nllu The cydic

n anﬂnutofMulSd-u Univanity of Llingls, Urbana,

v] Glm.-l E..Knnlr G. L..Wu.? d.; Wells, J. N. J. Med.
Chem. 1978, 19, 409.

(3) Kramer, G. L; Garat, J. K; Mitchel, 8. §.; Wells, J. N. Bio-
chemistry 1977, 18, 3318,

polency
mpd'lhdn-t-dthmtmd

of ihe xanthines to inhibit the cydic AMT specific
phoaphodissterses

negative’ cooperativity. The activily of this form of
phoaphodiestarase is not altersd by calmodulin, 'l'ha
calmodulin-sensitive form has a lowsr appare

.-about!-l‘oldputer
wllhcydleGMPnluhltmu Because
ammx for cyclic GMP, this anzyme has been

to be the cyclic GMP phoaphodiesterase; in-
deed, this form seama 10 be almost solely.responsible for
cyclic GMP hyd in pig coronary arteries. That is

ralysis
.not to say, howevar, that the calmodulin-sensitive

enzyme
mmmdpnhhﬂ-rquhﬁondinmulluhrbnh
of cyclic AMP. At least in pig coronary arteries,
AMP phosphodicgterase activity at 1 M substrate con-
centration is about equally divided between tha calmo-

0022-2623/81/1824-0954501.26/0 © 1881 Amsrican Chemical Society
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1,3-Disubstituled and 1 38~ Trisubstituted Xanthines

dulin-sensitive form and the cyclic AMP specilic form.
Thus, the calmodulin-sensitlve form could contribute to
cyclic AMP regulation, but whether it doss or not in intact
cells is not clear,

‘Wo have shown that thasa two enzyme forms also differ
in their susceptibilities to inhibition by zanthines with
varled alkyl substituents.®® Both forms to require
the intact bicyclic ring aystem of xanthi and both are
more potently inhibited by 1-methyl-3-lachutylxanthine
{MIX) than by ina. It waa shown, however, that
alky! or anlkyl substitution in the 7 position® or alkyl
substitution in the 8 position® of MIX gave compounds
which were up to 35 times more potent as inhibitors of the
calmodulin-sensitive form than of the cyclic AMP specific
form. Conversely, substitutlion of larger alkyl groups for
methyl in the 1 poaition of MIX gave compounds up to
5 times more potent as inhibitors of the cyclic AMP gpe-
cific form than of the calmodulin-sensitive form. In this
report, we presant the results of structural modification
of the zanthine nucleus in which the 1, 3, and 8 poadtions
are substituted with various functivnalities other than
nmphlmlmrbunm The sgenis were designed to

the structure—activity ralationships (SAR) of the
phosphodiestersse inhibitors and, at the seme
tims, Lo obtein zanthines that are soluble enough in
nqml:ﬂmtopormitbinloﬁulltudi-mm-bum
uf organic solvents.
Results and Disoussion

Mhﬁhnehnlu?bmmmnduaphuphu-
diesterase Inhibitor is atill often used in hiclogical
studiea despite the commercial availability of more potant
agenta such as 1-methyl- a-lmhnyhnnﬂuno and papave-
rine. With few exceptions, the xanthines lirted in Table
I are more potent than theophylline as inhibitors of either
poak 1 (calmodulin sanaitive) or peak II (cycllc AMP
specific) activity. At loast in part, this Increased activity
llunhullllhmnhumtmndmbumturmoﬂwlinth-
3 paition. Inereased activity also results from nllyl (14),
mot.hlllyl (18), uonmyl.’ or benxy]® substitution in this
position. This Increased potency appears to be due to
hydrophobic binding, since the more 1
(12) and 113) groups reduce potency to inhibit
both peak I and peak 11 activities

We have reported? that for potant inhibition of either
peak I or peak II activithes, alkyl substituenis rather than
hydrugen sre required at the 1 position. Potency to inhibit
poak I activity is, however, reduced by substituting lsoamyl
ar isobutyl for the 1-meihyl group of MIX (Tabls I, com-
pare IIX with MIX), and substitution of a carboxylic acid
(10) in this position greatly reduces potency against eithar
peak of activity. Conversion of 10 to tha mare lipophilic
methyl ester (11) partially restores potency to inhibit both
snxyme forms but presumably is still ton polar to be well
modlhdhythllh'hidumh-hhnnylwp

We have alo roported? that alkyl substitution in tha 8
position of MIX reduces potency to inhibit peak II activity
but does not affect potency against peak 1. An electron-
withdrawing group (ludl aa triflucromethyl), however,
reduces potancy against both peaka of activity. As shown
in Table I, the &(mctlvhmm) (5) and 8-(dimethylamino)
{8) functions both increassd the potancy of the MIX
moiety to inhibit peak I and reduced the putency of the
MIX moisty to inhibit peak Il. These compounds (8 and
0) are, however, quile insoluble in agueous buffers and,

(4) Buchman, R.; Heinstein, F. F.; Wells, J. N. J. Med. Chom.
1974, 17, 1168,
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in fact, are very poorly soluble in strong acid. Their usé-
fulness is therefore limited, despite the fact that they are
more than 50-fold nore putant as inhibitors of peak I than
as inhibitors of peak 1T activity. Tha lack of basic character
of the amino group (Le., lack of electron denaity on the
nitrogen) and the increased potency to inhibit peak I ac-
tivity indicate that electron-donating groups in this pos-
itlon increase potency against psak L ‘The carboxylic acid
function ﬂ)uthoonly&mhﬂmtﬂntMrdm
the potancy of the 1-methyl-3-sobutylzanthine moiety to
inhibit peak 1 phosphodiestersse activity. Potency sgainst
peak 1 is almost completely restored by conversion to the
methyl ester (5). Thum, even relatively polar 8-substituents
are well tolerated, by peak I if they are not electron with-
drawing, while any 8-substitution greatly reduces potency
against peak 11.

‘The data presented here and slsewhere™ can be sum-
marized I the {ollowing manaer. (1) Noopolar substitu-
tion larger than methyl in the 3 position of the xanthine
nucleus enhances potency against either peak of activity,
It would appear from thess data that the 3-substituent of
the xanthine binds to a lipophillc site on both peak I and
peak II. (2) Some substituent other than hydrogen ia
required at position 1 of the zanthing, and the size of this
substituent has a great influencs upon the potancy of tha
xanthing to Inhibit peak I but not peak 11 activity.? The
moat ptraightforward interpretation of these data Is that
the site that accomodates the 1-substituent on the active
site of peak I ia limited in size, but the corresponding site
on peak I can sccomodate larger groups. Thae 1-substit-
uent does not appear to contribute to the binding to peak
I per vs, because ITX and MIX are equipotent inhibitors
of peak 1I activity. The siles on peak I and peak II ap-
parently can not tolerate polarity, howsver, aince 10 and
11 are poor inhibitors of either activity. (3) The sites on
the two enzyme forms to which the xanthines bind ap-
parently differ in their ability to tolerate bulk in the 8
position of the xanthine. Incressed bulk in the 8 position
and In the pearby 7 position® is well tolerated by the site
of peak 1, but the site on peak Il cannot tolerate bulk in
the 8 position, Substitution of groups ranging in size from
methyl to tert-butyl® or carbomethoxyethyl (8) onto the
8 position of the MIX molecule has little effect on the
potency to inhibit peak I aclivity, whereas any of thess
substitutions drastically reducea the polency to inhikn¢
peak II activity. In addition to the steric sspect of ths
8-substituent, S-substituents that withdraw slectrons from
the xanthins reduce the poteney of the xanthine to inhibit
elthar enzynre form.® In contrast, agents that can donate
eloﬂcmtnthaunthmnudun(&nndﬁ)inmm
potency of tha xanthine to inhibit peak 1 attivity. The.
nature of this alsctronic affect on potency cannot be dis-
o nydrcaea boming, iy dipeiaa; o any ccorbination of

ing, oF any ation
these and other parameters.

Using thesse generalizations and making a number of
assumptions concaming ths interaction of the two isoxrymes
with their prefarred cyclic nudectide subsiratss, we have
formulated working models of the active sites for peak 1
and peak II phosphodiestersses. The mors potent xan-
thines are competitive inhibitors of c<GMP hydrolysis by
peak I phosphodissterass activity {(data nol shown). Paak
11 activity, however, does not obey Michaelis~Menten
kmdummwmmuwm
plots. For this reason, neither K; valuss nor the type of
inhibltion can be determined Ly currently available
methods. Nonotheless, It is reasonable Lo asyume that the
xanthines also bind to the hydrolytic site of psak II
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. I,/ uM or % Inhibn at 100 uM
compd R, ‘__i R, mp °C solvent yleld* % formula anal peak [cGMP  peak II, cAMP
1 CH, CH CH(CH,), CHLCH=C(CH,), z;ll:m. EtOH CHuN.0, CH 63.09 1%z 1
CH, CH,CH(CH, CH,0CH 197-198  E:OH 84 C.H H 52:1 212 37
s cH mﬁcuﬂ! CHOH 216-217 34 C.H "Né' g’ H 9412 283 : 18
4 CH, CH,CH(CH)), cHCl 10156& . EtOH 5 c,.n.,cl 0, CH 89:3 28% s 4
§ CH CH,CH(CH, NHCH, 205-287  BOH CyuHyN H 12:01 3% s 7
6 CH, mﬁcﬂb’: N(cH,j, 84-385  EiOH a cﬁu".,nﬂ & H 18:03 33%: 3
7 CH,CH(CH CH H 270-272  EtOH 85 C,H.NO C,H 4528 12%: 3
8 g!l:ll: w.‘&"&cn& cuﬁ’,gg:cn 172-178 MeOH s CuHWN,O, CH 98:3 30%: 4
9 CH, CH,CH(CH,), CHCHCHOH  216-217 BOH 60 C.H.NO, C.H N1 20% + 3
10 CHCOH CH,CH(CH,), B 308dec  EtOH 66 r,',,H.,N o. GH 24% s 2 19%:1
11 CHCOCH, CH.CH(CH)), H 172174  bemsene f CH 2N 2 40%:1
13 CH, CHGH, H 288dec KON 22 .,'kb CH 30%:1 28%: 2
13 CH, CHCHOCOCH, H 107-108  EOH g c..u. N.,O. G H 43% 1 6 27%: §
14 CH, CH,CH=CH, H 210-211  EtOH 73 A 3 GH 2613 52+ 3
15 CH, CHC(CH)=CH, H 213-315 EiOH 69 CLH,NO, Y 1028 3613
16 ,cH,cmcM,qu,)-m. H 160-170 benzene 40 G H,ﬁl 0, i 88% « 4 42%: 2
11 (1-methyl-3-isobu nthine) 153-164 M0 12 CHND, CGHN  36%:6 10%:1
MIX (1-methyl l—holmalnnhln). 83:1 15:2
11X (1 isosmyl 34sobutylxanthine) Y] 17¢3
theophylline 100+ 9 190: 6
¢ Yield from 1,3-duubstituted 8 nitroso-8-ami il %P d from 3 in 67% ywid ¢ Preparnd from 1-methyl 3 wobuty}-8 bromozanthine’ in 57% yield ¢
from 1-methyl 3 -owwl-&-hlmulhn' n 50% yleld « Prepared from 7 1!! yisld. Pupnnd from 10 In !ll yield # Prepared from 12 In 885 yleld # Structure
established by hyarogenation to MIX. d by hy 11, values are the concentrations of hhibltar (pM) that inhibit
by 80% the hydrolysis of 1 zM substrate le.mmumphuunlmnhndnd aron ohtll-tthm determinations whh three different preparstions. * fram ref 3
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1,3-Disubstituted ond 1,38-Trisubstituled Xanthines
" PEAKI

hpplﬂk
l'itlnl WWdemmdedmddmﬂnMLhRMM“mmm

§’E

phosphodiesterase. Ifthnuhn.hﬁmmuhmmmg
the nature of the active sités can be dmwn both from
knowledge of the substrutes and from the BAR of tl:o
inhibitors. Energy calculations indicate that the “syn™
conformatlion of cyclic GMP is strongly preferred, while
the “anti" conformation is somewhat preferred by cyclic
AMP.S To help account for the specificity of the two
enzymes, it is sssumed that the active sites accomodate
their high-affinity substrate in its “preferred” conforma-
tion. Inspection of molecular models of the cyclic nu-
cleotides in their conformations will reveal that
the ribose phosphats moiety which Lies icular to
the plane of the purine ring is bisected by that plane into
two very dissimilar sides. One side contains the 2 and 8’
nrbmmthouhmdphuphnhmoty,andth!’-
hmhwllnd.thu.p:-onllanhunly

does not. appreciably reduce the affinity of cydic AMP for
the catalytic site of phosphodissterase.® A furthar sug-
gestion that the polar pertion of the rlbose—phosphate
moiety is not required for binding Lo the catalytic sites Is
lmmdlnth.hhhmmtnﬂ'mlwdmmhhhnfa
m sites. Papaverine, which hpula:lulutltuonu,

its

appmudu that of the high-affinity substrates. Replace-
ment of the 3-metiyl group of theophylline with Jarger and

(E)Yll.lllnan Bundar , M. Biochem. Biophys. Res.
I"u. 11
® mlﬂl.ﬂ(% 8.; Tkachuk, V. A; Gulynev, N. N. Biokhimiya
1) Wells, J. ri.: Wu, Y. J: Baird, C. E; Hardman, J. G. Mol.
Pharmarol. \Y78, 11, T15.
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The upper panels represent the binding of the
dummmmmumd.mmmumhm-:unnm

Journol of Medicinal Chemistry, 1981, Vol. 24, No. 8 35T
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PEAK X

wericolly
adersd
Ele

substrates to the reapective

more lipophillic groups (Le., isobutyl to give MIX) dra-
malically increases the polemcy of the xanthine to inhibit
both farms of phosphodisstierass. It seems reasonabls to
assume that, since both ensyme forms are involved in the
bydrolysis of an ementislly identical 3,5-ribows cyclic
phospbate, the ribose binding wreas would be asimilar,
perhaps having been conserved duiing evolution. Since
vuhhmohuhlhlmnhluhapdumdmﬂlmoh-
simllar effects on the potencies egainst both eneyme forms
while variation of oﬂnrpulhonlhndlﬂ'uont effects, it
is agsumed that the 3-substituent of ths xanthine is bound
at tha ribose binding sites. Aa shown in the upper panals
ol'!"lgunl.mmumuhummodnﬂmtb

hlbﬂ.on 'l'lumplhmlnl?lgunlnmuntf
dlﬂmmpmbymmmgtheonm tation of the
ng binding sites. 1t is clear from the data in

affects are expressed. Wahlw.ﬂxmfnro.depldndﬂu
blndnmmﬁlunlbyhbdln[tholll--"pyrlmldm
and “imidazole”, simply to indicate the sxymmetric nature

oftluomtmhnnundthaumtnﬂymendoﬂenh—
tions in the peak I and peak 1I active sites. The sterically
hindeted sites to the left of the ring hinding sites in Figure
1 account for the reduced affinity of zanthines with large
1-substituants for paak 1 and for the reduced affinity of
xanthines with 7- or 8-substitusnts for peak 11. The ereas
with bulk tolsrance indicated to the right of the ring -
binding sites account for the ability of peak I to accom-
modaie 7- or 8-substituted xanthines and for the ability
of peak 1l to accommadate zenthines with 1-substitutents
larger than methyl

Based upon this model, it would be predicted that in-
umeddkylbulknmthoﬂmhmafﬂmmwmn
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nucleus would lead to increased sclactivity toward inhih-
ition of peak 11 phosphodiesterase activity. The simpla
modification of replacing the 6-methoxy! with an iso-
propoxyl group doss incresse selectivity Loward inhibition
of peak I1. This lsopropoxyl in one-half s potent
a8 papaverine as an inhibitor of pegk I activity but Is 3-fold
more potent than papaverine as an inhibitor of peak I
aclivity (data not shown). Thus, whils this working model
of the topographical map of the two active sites is highly
speculative, it does give some rational direction to the
design of naw phosphodiesterass inhibitors.
Experimental Section

Melting pointa were determined in Lassy eapi tubes
using :'f:bmhry Devices Mel. 'l‘-n:‘::l' w uncor-

ructad. Infrared spectra were obtalned using a Perkin-Blmer
Model 257 » Nuclear

pectrophotomater. magnetic resonmnce |
spectra were recorded on 8 JOEL Modal JNM-MH-100 spec-

Knoxville, TN. In-llmn,muﬁnldnhmwmillntmﬂl
the proposed sttuchoe and alemental analysse were ithin £0.4%

compoundy were amxyed for
mhummmm-mu forms of phosphodi-
mhmmmuhﬂ-(pnhlndll) Enayme
praparition and asay procedures have been roported™® Amays
mmmxmmuwmmmmnm
difutions that prve 10-20% hydmilyss of sabstraie In the ahesnce
of inhibitor. lllX(lO"lndlﬂ"M)'-lu.ludldmuchu-
pnnmh-nmﬂmthmn
in & normal manner. The compounds
Mo;S0, and then 25 L of this salution was added to the amay
tube (final valume waa 250 ). All activities (i control
and no-snxymne blank) were massured in the prasenes of 3%
MeyS0. Product accarmulation wes Hivesr for al least 30 min ynder
the conditions of the sssay. Compounds that were sulficiently
wolubls in aquecus buffer were eleo tagted in the sheence of MeR0.
The presencs or &l of MaySO bad no affect on the potency

None of tha compounds altersd
slap or subsaquent steps in the sssay. Concentralions of the
compounds that inhilited by 50% the hydrolysis of 1 gM substrate
{Uw) were determined from concentration-parcent inhibitlon
curves, utillzing eoncantrations of the compounds fram 107 to
lﬂ"M(le"blO"leﬁlww-mﬂ'ﬂnﬂydﬂ).
The more potant aanthines were competitive inhibitors of peak
1 phosphodiesterase, but K; values ars not reportad, sines the
purpose of this study was to compare Inhikition of the ssparated
forms, ahd the spparenily negatively cooperstive behavioe of peak
11 complicated ths determination of K; values with this enxyma
The presence or absence of celmodulin and/or calciom lon did
not affect the activity of the compounds stidied.
Generul Synthesis of Xanthines. The appropriate 1sub-

- " mmpended
or dissolved by werming in 20% HOAC (26 mL). Sodiwn nitrits

(8) Keravia, 'T. M; Welh, J. N; Hardman, J. G. Biochim. Biophys.
Acta 1980, €13, 116
(9) Papesch, V.; Behroeder, B F. J. Org. Chem. 1953, 16, 1878.
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(lﬁmd)hﬂpmdddd:omhnuﬂub-n
aminpuracil as a red or purple precipitate. The crude
nitroso-6-sminouracil was dried in vaccoo. The dry 5-nitroso-
G-aminouraci] was suspendad in methanol and ted over
m»wﬂdwmnmmmmu-mh
of hydrogen had comsed. The catalyst was ramoved by filtration,
and the volatiles were removed in vacctio. Tha allyl- and meth-
allylnitrosouracila ware reduced to the diamines and isolated
mdnuhﬂumuﬂmlotl{rmﬁd"ﬂ_uemdldlmlm-

mixture was heatad to about 100 *C for 20 min. After the reaction
waa completad, the volatiles wars removed and the residue was
dissolved by hesting under reflyx in 10% sodium hydroxide for
20 min. The solution was cooled, extracted with benyene and for
methylane chiarida to ramove colorsd impurities, and then new-
tralizsed with HCl. The resuiting precipitate was recrystallived
(romn water or ethanal and water (Tabls I).
1-Mythyl-3-lsobutyl-S-asaxanthine (17). 3-Methyl-1-iw-
buiyh§ 8-diaminouracil (2.1 g, 10 mmol) was dissolved in 20 mL
ol'lNiICl and then 2 equiv of NaNOy in 15 mL: of H{O was
IHIL rdnupihhththﬂdmmﬂﬂdhyﬂhﬂn
and recrystallized from HJ0.
1-Msthyl-3-lsobutyl-3-(chloromethyl)zanthine (4). !-
Methyl-3-isobutyl-8-(hydraxymethyl)xanthine (3; 500 mg, 2.2
mmol) was heated at 100 *C with 10 mL of POCL, for 25 h. The
mhmrmdhm The reaidus was recrystallized

sthanal.
1-Methyl-3-lsobutyl-8-(methylnminc)santhine (§). I-
Methyl-3-obutyl-8-bromoxanthine® (1 g, 5.3 mmol) and 3 L
of 0% aquecus methylomine were dismolved in 3 ml. of sthamel,
The sclution was heated at 130 *C for 12 h in a presurs tube.
The volatiles were removed in vaecuo and the reaidus was ex-
tiucted with 10% sodium hydrozide. The basic solulion was
decolorised by treatmant with charcoal and then acidified with
HOAe. The resulting solid was reczywiallized from sthanol
1 llnl.llyl-i-hliulyl-l-(llilnn lamipe)xapthine (8). 1-
Mathyl-3-bobutyl-8- {1 g, 3.3 mmol) was beated
in e pressurs vessal with 8 mL of 25% aguevus dimethylamins
at 130 *C for 12 h. The resulting erystals were collected and
recrysiallized (rom ethanol
1-Methyl-3-lsabutyl-8-(earbomethoxysthyl)xanthine (8).
1-Matbyl-3-lsobutyl-8-{carbozyethyl) zanthine (7; 586 mg. 2 mmad)
waa dissclved in 200 L of dry methanol, and 1 drop of con-
centrated H80, wan added. 'The solution was heated under reflux
for 72 b 'The wolaliles ware ramoved in vaccuo to give a white
residus that was recrystallized from methanol
1-{Carbsmethaxymethyl)-3-lsebutylxanthine (I1). 1-
{Carboxymsthyl)-3-isobutyixanthine (18) was ssterified as de-
scribed for 8 and reerystallizad from benzene
1-Msthyl-3-(2-acetoxysthyl)zanthing (13). 1-Methyl-3-(3-
zanthine (12; 1 g, 4.5 mmel) was heated with 5 ml.
of seatyl chioride until most of the acetyl chlorids had evaporated
(about 1 h). H.O(lﬂnnw-l&hd.ndlhmllm'wudm
was colleciad by Oltration and recrystallized from ethanol,
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whils having little sffect on affinity at As-adenosine

contrast, an aryl
and 1,3,7-trisubstituted 8-pheny
at A;-and Ay-sdencsine

S8-phenylxanthines recepiors. An
Mumnlﬂnlivdl.ﬂ-dlﬂbhnthn-uboﬂlh-ndh.dm

8-(irifl

receptons, recoptom. In
p-{trifluoromsthyl) substituent has Uitle affect on affinity of 3,7-disubstituted
izanthines. An u.rylpwl!omhlﬂmtntluen affinity of all

uhﬂhntmhtlly
contrast,

receptors. In
Ncaflsine retaing afflnity for Ag.-adencsine receptors, but doss loss affinity for

A-adencsine receptors. §-Bromo-, &ml-.;dl-pnt-lqlnl!dn- also salective for Ay

adsnosine

ia nonselective. 8-[trans-2-(tert-butyloxyearbo-

recepiore, while 8-cyclobutylcaffe
nyl)vinylcaffaine s 20-fold selective for Azn v A, recsplon.

Biruchwe-activity relationships for xanthines as sden-
osine recaptor antagoniets have been studied extansively
over the st 2 decades.! High potaney ln xanthines that
retain moderate watarsclubility and, hence, bioavailabllity
and bigh welectivity for different clamses of adenosine

with high
salectivityfor A;-adenceins receptors.™* Unfortunately,
many of thess 5-phenyixanthines have low water

IATWMWMHWM&MW
for As-adencsine receptors 124% Recently certain 8-styryl-
1,4, 7-trisubstituted zanthines were reported to be highly
salective for Ag-adanosine receptors.'™ 1
Tha affacia of aryl substiiusats on the potancy snd

byereased potency, whils affects of parasubstituants an
activity were not readily carrelated with electronicor stario
affecta or lpophilicity. Mata-substitvants tanded to
decresns activity. Polar substitusnts such as p-sulfo or
p-carboxy that are slectron-withdrawing reduced potancy

st both A;- and Ay-adenosine receptors, whils conferring
H.hmdubmwl Such zanthines have provan useful
a8 peripheral adancaine recsptor antagonista. 19

* Addram

-T Dr. K A. Jacobesa, B Rm B1ALY,

:mmu—m
'-Ahmnﬂhﬂh“dﬂdhm Augost 18, 1061,

0022-26323/03/1836-2630804.00/0
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The eflscts of xanthing substitusnts other than aryl at
ths 8-position have not besn studied extensively. 3-Cy-
cloalkyi-1,3-dialkylsanthings are potent and selective
sntagonists for Aj-adenmuine receptone ™ML B.Cy.
cloalkyl-1.9,7-trlalkylanthines™ and 8-styryl-1,3,7-tri-
alkylagnthingi”!® gre sslective antagonists for As-
adsncsine recepton.

The present study sxamines the effects at adsnosine
receptans of the electron-withdreiving triftooremstiyl
md&ninthl-pdﬂnwhthmpulﬂwd

end various other groups, such as halo,

-lhl.u"hwldunl-pdﬂm. Inerenges in potancy at

receptots occur on aryl p-(triflesramethyl)
S-phanylsanthines.

Varlow $-sub-
stituted caffeines, inciuding 8-(triflucromethyl)es(Tuing
and S-vinylcaffoines are samswhat selective for Ay
adunosing receptors.

Chamistey

Synthesls of xanthines substituted at 1-, 3-, 7-, and
8-poaitiony (Tables ] and II) luvolved the acylation of
approprists 5,8-dlaminouraci]

was clesved in trifluoronsetic acid to provile a carbaxylic
congener (38).

© 1993 Amgrican Chamicnl Soclety
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‘Table 1. mummmmm-md&mnmhduh

__ Ky (M) or % inhibe® .
=, sunthine substiueste Ar-bindleg, PH)PIA Ap-hinding, PHICGS 21880
| l% 00T & 0.013 007 & 000
2 1, 3-dimathyl-8- 0.18 & 0.03 031 8003
3 1,3-dimethyl-8-(p-suifophesryl) 104023 8B &OY
[} L 3-dipropyt-8-pheuyl u.mn.m o.ut‘m
La-dipropyl-8-{p-(triflosremsthyDplmeyl] 0.0078 & 00005 042 0.004
f EEicem sain I
(p-sulfenamidophenyl)
R L i7a0s 10% GO
{p-{trifivoromethyliphenyl] .
10 3. 7-dimethyl-8-(p-sulfophanyl) 1.9% (260 u0) 0% CMB0 xMD)
1 & 0% (200 2M) 42 (250 nbM)
—1% Sphenyl-L3.-trimethyt 1Y i drd
13 B-{p-(ifiuerensthyl)pheryl}-1,5,7-trimpatieyl ITk1 Wkl
14 W&?&W 3% (250 D) Wh1l
18 T-dimatiyl-5-phanyl 002461 1941
16 1-ally}-3, T-disostiryl-8-{ p-(triflusross sthyDpenyl] 471008 1kl
1t 1-allyl-$,7-dimatkyl-8-(p-suifophanyl) S0% (250 uh) a4
18 LT 008 & 0.16 77408
" h&% TP e
 Valoes are mense hBEM (n = akhighest consenteytion tasind. Thw highest concsstration logiven in pmenihess.
h-;ﬂ- e huh—-dm
Takle IL Eifect of 5-(Triflureomathyl), 8-histhyl, §-Fale, and 3-Viayl Scbetituents sa Alfinity of Xanthiom ot Adensstee Ragspiom of
Rat Brnin Membkras
Ky (nb) or % inhibe
o substitpants Aq binding, PHIPIA Aarbindivg, FHICOS 31080
n S-(wriflacromethyl) (280 o%n
n S-chlore 30N (250 uhl) ﬂﬂm
] &bwame 103403 88% (100 aM)
% S-cyaiobutyl 010 & 0.01 18401
» S-pant-1-gnyl 088 & 005 044 k0,03
n S-laoinstyl-1 a3l S4all
n &wwl-ﬁl wagl 10% (000 sM)
n L3-dipropy! 0.7T403 180 &08
™ 1,3-dipropyl-8-mathyl Y Lm0
n 1,3-dipropyl-8-{triflmorcenatinl) 4.5% (20 aM) 45% (30 aAl)
Substituted Cafleine
n nose 17 Hal
- - 550 Hy
. gat i34}
n S-pent-1-enyl Al ibOd
» S-{trans-B-oasthoxyvinyl) ISTIID-I) :!‘:':u
» &-[trens-2-(ert-butylonycasbonyvinyl) 1843 om 4000
*Valnas oo menne & SEM (» = 5) or are parosst babibition ut higheut coneentention tasted. e logmnd of Tebis 1
Resulis and Discussion p-methoxy rubstitusnts all incressed the potancy of 13-
dimathyl-§-phanylzanthing by about 3-fold.* AS both Ay

Dimethyl-8-phanyizanthine (8-phenyithsophylline,
l)?-ﬂﬁudnamumm and Ay-recaptom, an anlonio (CO0-,

which is samewhat selective {~13-fold) for Ar-receptoms.
The pressnce of an elsctran-withdrawing p-(iriffunee-
mmm:mmmﬂmnmm
Ay-roceptom, but incressss activity st rat braln Agy-
recaptors by about 5-fold ﬂ'ﬂn.mllh'hlm
but now nonsalective, antagonist (3).
mﬂﬂﬂuﬂmnhaﬁwdl}
dimethyl-8-phexylzanthings at Aj;-recepiors has
studied & Elaetron-donating substituants (hydroxy, nl-
no) In the artho-pesition sppesr to Incresas activity ot
Apzecepters.t Correlations of activity with slewtronle or
staric offects or lipophilicity of para-substitusnts were not
clear.! Atratstristal Ag-receptors p-amino, p-chlovo,and

RNEDOCID, <XP____ESE7eRA_I »

pera-subsitituent
-850y} markedly decressed potancy 47 In the present
study, a p-(triflucramathyl) group had the sams sffects
om activity for 1,3-dipropyl-8-phanyizanthine (§ va £) s
it had for 8-phanylihecphyiline (2 wa 1), pamely litthe affect
on affinity at A;-recoptors and about a 3-fold Inasase in
affinity at Ay recyptors (Table 1).

decressed affinity

1A,7-Trisubstituted 8-phenylzanthine, such as 8-phen-
yieaffsine, 18, are relstively weak, compared to 1.3-
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the Haek Reaction
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{16, 14, I7) also markedly reduces sifinity at adssosing
recaptors. The 8-(p-sulfophanyl)-1,3,7-trimsthylxanthine
{8-(p-sulfophenylicaffeins, 14] is somaswhat salsctive for
the mt brain Ay-receptor, compared to the rat brain A,-
recapter (Tabls I). Howsver, Inother A;- and Ag-receptor
comparisons the sslectivity for 14 for Ay -Tecsptors was
not apparsnt.it

Effecis of substituents other than aryl, cycloalkyl, or
aralkyl at the B-position an activity of xsnthines at
adenocsine receptors bave recaived littls attention.™® An
8-methyl group (31, 30, 33) slightly incrasses the affinity
of thaophylline, 1,3-dipropylxanthine, and caffeine at rat
mmmmmman.m

sffect (30) 0n affinity =t Tut Emin

L k|

8-phenylxanthings, as advncaing receplor
11 Thae effects of aryl substituents on ectivity
have nat been probad. In ths prasent study, an slesiron-
withdrawing p-(trifiuorcmethyl) group hed littds effect

on affinity of elther 8-phenyl-1,3,7-trlnethylxanthine (8-
phmylcaffoine} (12 va 132) or of l-dlﬂ-l.?-dl-lﬂvl-l-

(¢ v LB). A p-

group would be expected to cuuse an undssirahly reduetion
1 water soluhility.
In contrest, the high watar solubility conferred by an

axyl sulfo mhtlhllnt bhas mads l.a-dinnhyl-l-(’l;-::li
8-{p-sulfophanyl)theophylline,
1,3-dipropyl 8- §, useful ressarch

and both (3 and §) are only maodestly A~
mlectiva (Tabla ). Anaryl wl dom
not deorsess activity of 1 thine (7

v §). The resuiting zanthing, 7, is neazly as Ar-sslective
as the parent zunthine and might be move watar soluble
In the 3, 7-disubstitutsd snd 1,3.7-trisubstituted S-plln-
yizanthine, sn aryl sulfo (or sulfonamido) substi

e XROVA__»

(A8), oF having Bt &
Anrrectptors (Table]), An8-(triflucromethyl) substiiaent
(ﬂ.al) oearly eliminatas affinity of theophylline and 1,9-
atboth As- and Agreceptors. 3-Iscbutyl-
1-eoethyl-8-(triflucromethyl)zanthing wes previously re-
pwhdhhumh-mau\rudnrm"
wubstituant (34) aleo reduces the
ll!lnlqdelmlm at Ay-receptars, while having virtually
poeffect an Ha affinity at Ag,-recoptore (Table II). 8-Halo

S-ayclopanty!

degres of A-selactivity (15-fold) is not s large e for
8-cyclopantyitheophylline.® B-Pent-1-snylthsophylline,
28, s a potant antagonjat, but uniike the B-cycloalkyl-
, Is not mlactive for A; receptors (Table IN).
In contrast, an 8-cyclobutyl subatituent (36) has virtuslly
noesffect an the affinity of caffeing at adsnosine receptors,
and the 3-pent-1-snylcaffeine, 57, shows a slight selectivity
(6-fold) for Ag, receptors (Tahle1N). In viewof the marked
A.-uluﬂvlt.y of 8-styryleaffeines, ™8 two §-acry] deoriv-
of cafleine, namaely thes water soluble 8-(frans-3-
Mhﬁlhﬂ. ll. and 8-[trons-3-(tare-butylox-
yoarbony! wereprepared. Bothwere Ay
salective (Table IT). mmwwaum

that the could

S-sulwiiution, sspacially 8-vinyl sulatitution, of zanthines.

The present study indicates that the pressnce d‘
l-luhﬂnuntl.lndudhllp-ulnmth,l)
an G8-phenyl and O-nlﬂvl.thl'I:mth.vl).ﬂ-hlh.

ll.lmhd caffeine analogs, Including the 8-styryl com-

| -



ai qumnquldiu'lul' amm'llry, 1983, Vol. 38, No. I¥
pounda™ and the present §-acryl campounds (Table 10,

{Natick MA). CHN amalyuis (£0.4% scosptabls)
for new cempeunda aynthealand (8, 8,8, 911,13,

15~-19, 12, 25, 39, 1%, 18, 3%, 37-3%, &0-d4). i
datarminsd

bensayl]amino}-1.3-dimsthyl-
uraall (40, 25 g) wan rellunad in 40 mL of | N NaOH and 10l
of BtOH for 1 h. The hot solution was with AcDH, and
the precipitate was collsctied after encling. Reerystallisation from
MsOH gave 1.88g (T1 %) of ecloriess crystals. Mp: >350*C. UV
(llum-l)e 228 sh (4.35), 238 (4.32), 284 sk (1.70), 318 (4.23).
&-[4-{Triflversamthyl)phonyl]-1,3-di-2-prepylaan
() MIIM aming]-1,3-d)-n-
propylune] (§1, .0 g) wea raflvved fa 50 L of # N NaOH and
10 mL of EtOH for 1 b The hot solution was acliifiad with
AcOH, and aftar cocling, the precipitate was collocted, wanhed
with water, and drisd ot 100 *C to give L48 g (TOR)
chromategraphically pure erystals. Mp: 356-28t *C. UV
m'?m m(-:.a).m(m).m«.m
-Dimsthyl-8-plenyizanthine S-Amino-B-benzayl-
N- (ll.l'l! mamed) wes refluzed

-(metirylamino)-1
b 180 sal. of 2 N NaOH ead 80 mL of for LB The bot
sobution was duted with 200 wL of H/D and ihen acidified with
AcOH to give o coloriess precipitate. Alerdrviagat 100°C, 108
g (83%)ola puze salid (mp: >30*C) was
obiained. UV Il(ﬂl) 239 (4.22), 293 (4.11).

ua—mmm 1-Simsthylzanthine (9).
S-Amino-B-(4-trifl iba lamino)-1-
e mo e ot o
N NaOH and 30 ml of EtOH for 1 b. Tl but solution wes
umu-nmn.nlm the salld wes collected

wogivndl pure arystals. Mp
el «-ll)(! u IHlOHH 205 (4.30), 223 (ﬂl). ﬂllt wam,
3,7-Dimethy]-5-(i-sulfephsnylixanthine (10). 3,7-Di-
enamidophanyljamthine (11, 18.75 g, 0.06 mal)

was dissglved in 300 wl. of triflucroncetio achl, and thea at roum
maﬂﬂndlldmhmﬁd“-
withetirrizg. The resstion was dihrted with 300

wl of lﬂhﬁlﬂhm!hhh‘lmﬂ.

Thw chiomatographically pure produst wa
urvﬂ-ll.luumﬂlmlhlw Mp: :-m-c.
2 298 ah {4.37), 235 (4.33), 207 (424).
d-puifeamilsphanyl)santhine {11). 8-Aml-
1-mmethylarac]] (44,

I .'ll.nﬂ)'-rdndlnllo-l-dl!lﬂlﬂlhﬂw-l.
for 1 b The hot sclution was dilobed with 200 L of H 0
dhdﬂ%hfﬂﬂbhsﬂhm
Aftas dyying, 114 § )of n pure,
crystalline 300 °C) was UV (pH 1y
28 (4.31), :anuuu.m (4.21).
4(Trill

S

t

bﬂulﬂlmi)ddﬂn My 100-183 °C. UV
(MesOH): 303 (4.30), 254 (L.25), 303 (4.185).
1-Allyl-3.7-dimsthy! Irl-ﬂl-plllnlunﬂll Amlubion of
3,7-dimethyl-8-phanylasnthine (8, 18 g, 89 mmol) kn 500 mL of
m-m-ua.dmo.nuumtm..-
mmeol) g2 50 *°C for 4 h with sirring. After cooling, the Inorganio

ENSLCCID. «XP____SSITEMA_)_»

sumpenaion of 10(16.7 3, 0.05 mal) in 300 ml.

the

ulﬂll)d'd-hu,nlll.
Mp 104-108°C. UV ! 904 (4.44), 590 (4.33), 293 (4.20).

I-Allyl-l-[b(ulﬂumllrlhhnﬂl-l.l-ll-.-’n"l-
zanthing (19). A mistury of §-[4-{{trifluoromathyl)
1 (l,l.-..u-mnnu'dm
ware trasted in 100 ml. of DMF with 4 g of aliyl [odide at roon
temperatire withilrring for 3h. 'l\lm ware flitared
off, the flltrats was llml-.nﬂlhﬂn_
Indd-lll:lo-l..d'-lu The
froem HO/BWDH togive 1.4 g
ﬂ-'ll““, *C. UV (MaOH): mqm.m(m.m

ganaral procsdure A gl h:dllhll!ﬂdi:ﬂm
wre Aglvan
from DMF/watez. Hl T19-123°C dec. "HNMR

erystalline precipitate was
ﬁ-llﬂlﬂllunﬂ““)d*_ Mp: 172
*C. UV (pH 13): 216 (4.08), 238 ok (3.58), S7B (4.08).
uoremeihyljcaffeine (38). 6-(Triflucromethyl)-
mnmm.w..uum—wnmmnu
and then K,COx (7.5g, (.05 mal) and mathyl lodids (1.11 g.0.015
mol) added and stirred for £ hat roozs temperetisre. The basolnbles

IMFMMMJHMWI)NMIQLA__
of DMYF was trestad
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mud{uﬂl!umnMRm
Inoeganie saits Oltered off, the filtrets wes aveparated to
mm':uuumnun:mmliw
I)hllnl.llltlll)dmlul-luyﬁh. Mz 131-133°C.
UV (MsOX) 507-(4.39), 232 sh (2.04), 381 (A03). 'H NMR
mmouu.n.mm(mn.mm MB (EI): m/e
H}nhhl,l- ‘Mmho Compound
mnﬂ.ﬁﬂﬂn’l"ﬂd 25 eeooeding o n!"dm!.h.h
ref I8 It wan recrywtallized from DMF/eutar (72% ylald). Mg
181-183 °C. M8 (EI): m/e 248, 230.

(e, 3H A
-llllﬂ.l.l(dt.lﬂ.-f- 16 Ha,J = 7 Ha). MS (EIx mie 203,

47 (M ~ CHy, base)
Hnlu-!-.&ﬂl:wﬂlﬂ)'l.l.f-lﬂnllhhullh ),
Campound my, 238 amol)
triflmorencetie acid and stirred for 1 b Mnnlndl..ll.
veaidxs was triturstad with sther to the pure produst (38
q..l,ﬂd) Mp: 278 °C dec. 'H NMR (DMBO0-d: 8327
o 3H, NCHy), 344 NCHy), 4.0 (s, 3H, \yOHy), 8.7¢ (d,
lll.J-lMl'lll.'l-Hld u-l..r-mun.unn.u!.
M8 1 : mfe 268 (MIH").

wethyl 8,8-Diamino- (108 g 10
mmol) was M in 30 mL of dry pyridize and then

m-mmmu-:.ummdu
and stivved for 4 h i room semparature. The mizture wes then
poursd into 100 mL of wetar end the callacted snd
rocrystallingd fremn H,O/EXOH (T-3) Lo llllﬂl)oful-h
uyﬂ. My m-o-c. uv 23¢ Il).’lu.’l.

(2385, 10 mmal)

mﬁnﬂ ehlaride (3ml.,
mmal) lh'l, with stirring. mixiore was
nlnulum'- overnight and they svaparated and

pndplllh'-hnﬂl. Thevall] was collected and
7:3 to give .63 g (S0%) of coloriems cryntaln.
Hﬂ 171-183°C. UV (MeOH): 202 (4.29), 221 {4.20), 268 (4.27).
S-Amine-§-{ 4 {triflusvesmihyl)bensoyl} N-{metkylami-

wo)-1- luract] (43).
unﬂ-':'m ‘uwmmmum
and the mixiore was cooled in an {os bath. 4-(Trifluoremsthyl)-

(711%) of coloriom
: 308 (4.22), 214 sh (4.15), 297 {(4.17).
et hylamine

S-Amtne-§-benmyl-
A-n-hdmﬂnm

XA _L >

\’)ﬂ

/78

wqmmw.numa,mn j 7]
0.1 al) in 300 mL of dry pyridine was eooled iith ios sad thes
bomeyl chlorids (18 ml., 0.115 mal) wes sdded dropwiss with
The was continuad and then svap-
omated to dryness, siud-the-residus was treated with 200 sl of
HeO to form s crystalline precipiiats. Recrystallstion from
HyO/sthannl lllﬂll)d-iﬂl- Mp: >300
C. UV k 203 (4.24), 322 ah (4.05), 388 (4.12).
1.

oy,
methyluracil Menchydrats (i4). A suspsrsien of S-aming-
Hﬂlluhnh)-l-mlhinldl(l?..ﬂ.luﬂ)mm-l.d!lﬂ
EtOH 1:1 was trastad with 4-sulfaxnytherzolc ackd (30.1 g, 0.10
mel) snd L (28 g, 0.12 mnl) at room
pracipitats wen fMitered

temperatrewith The:
h,llﬂlﬂlﬂlﬁld pure material
>300 *C. UV (MsOH): 202 (4.35), 203 «.ﬂ). 268 (4.185).

(NEN, Boston,
nlmmhmhdnn-h_wdidﬂ'ﬂl-
CGB 21880 (NEN, Boston, MA) to Ay -receplors in rat stristal
mambranss was messured se daserfbad B8
:mm' allmm-u Tha K, valos

S-chlorcadancsine.
were caleulatad from [Co values by the method of Chang and
Prusali™ with K valuss of 1 nM for {YH ] NY-[(R)-phenylsapropyl)-
sdancaine and 14 oM for [FH]CGS 11680
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Introduction

‘Theophylline is one of the most effective and frequently
used drugs for the treatment of asthma. However, its adverse
action on the cardiovascular and central nervous systems are
well-known and impair its usefulness (1],

The bronchospnsmolytic aclivity of theophylline can be
attribute to an inhibition of phosphodicaterase and calcium
mobilizens and an antagonist activity on the Aj-adenosine
receplor. Itis well khown that adenosine has a significant role
in the control of the central nervous, cardiovascular, and
endocrine systems. The receptor adenosine has been subdi-
vided into subtype A and A3, of which A; mediates inhibi-
Lien of adenylate cyclase and is responsible for broncho-
constriction, whereas A; medintes stimulation of adenylate
cyclase and js therefore responsible for bronchodilation,

A third subclass of adenosine receptors, Ay, has been
clumcdmﬂtehenn,lndmlhclungofﬂnsheepandm
mtcm:uon with this receptor leads to inhibition of ndmnylnte
cydm

Some pyndazmone derivatives show bronchospasmolytic
activity since a high level of c-AMP can be maintained by an

inhibition of phosphodiesterase 4],

We have recently reported some theophylline denvnuvu
with several groups linked lo the 7-position, such as 1a—band
2, which show good bronchalytic activity L,

We therefore congidered it 1o be of i mtnrut to extend our
research through the introduction of the same piperazine-
pyridazinone system into the a-pmnuun of the xanthine nu-
cleus (compounds 7, 8, 10) in order to oblain more
information on structure-activity relationships and with the
aim of dengmng new potent theophylline nnnlogur.s with o
larger margin of safety and a long duration of action.

Furthermore, we also synthesized compound 9 in which the
methyl group in the I-position of theophylline was substi-
tuted by an isobutyl group, since substittion in this position
is lmfommt for an affinity towards the Aj-ndenosine recep-

5

Ia-R=H 2
1b-R=CH,

Chemistry

Alkylation of [,3-dimethyl-8-(2-bromoethyl)xanthins (3)
or 1-isobutyl-3-methyl-8-(2-bromoethyl)xanthine (4) with 4-
chloro-5-(1-piperazinyl)-3(2H)-pyridazonone (5) or 2-
meﬂ1y1-4-chloro-5—(1-plpmzmyl)-:l(?ﬂ)-pyrldnzonone (6)
inisoamylic alcohal and anhydrous K2COs, gave compounds
7, 8, and 9. The 4- and 5-substituted isomers (compounds §
and 10} were obtained by alkylation of compound 3 with
piperazine in anhydrous EtOH, followed by substitution with
2-methyl-4.5-dichloro-3(2H)-pyridazinone (12) in 1,4-diox-
ane und K2COs,

For the synthesis of |-isobutyl-3-methyl-8-(2-bromoethyt)-
xanthine (4) compound 13 was used as sturting material
followed Hmnoﬁons using to the methods of Traube [ and
Kerlsson '*! (Scheme 1).

Results and Discossion

The broncholytic profile of these compounds was deter-
mined in vitro on guinea pig trachea and compared with
nmmophrllme and theophylline using the method of
Luduena (12,

Themraned%mmevelocuyoﬂheﬂuxofpuﬂmonwn
measured for these compounds. A increase in the permslon
flow mte of more than 50% indicated significant activity
(Tuble 1). The biological results obtained for these com-
pounds, in which the 1-sthyl-4-[3(2H)-pyridazinonyl]-
piperazine sysiem was linked in (he 8-position of the xenthine
nucleus, show thit only compounds 8 and 9 have a low
aclivity using a concentration of 100 uM. These results
indicate that the introduction of the piperszine-pyridazinone

A ﬁﬁiﬁﬁﬂrﬁ'&fﬁm (1995) © VCH Verlagsgesellachall mbH, D-69451 Wolnheim. 1005 MAS.£11Memna ascs e« nem
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system into the B-position of the xanthine nucleus results in
8 decrease in the bronchospasmolytic activity com with
that of theaphylline and of compounds 1a-b, 2 1% in which
the same systoms are linked into 7-position.

Since xanthines act as inhibitors of the suzyme cyclic
nucleotids phasphodissterase and as A;-adesosine receptor
antagonists, for all compounds the affinity lowards the A\~
adenogioe receptor was determined and compared with that

OOk P eahedn) 128, GS4-638(1995)

T RaCHy, RjeH
8 R=Ch, R}=QCf
9 R‘M. -Rl-ms

of the compounds 1a-b and 2P, These blological results
show that although compounds 1a—b and 2 have bron-
chospasmolytic activity, they have not affinity towards the
Aj-adencaine receptor. While compound 9, which shows a
low bronchodilator uctivity, has on the other hand, a high
affinity towards the A;-adenosine recepiar (Fig: 1) and this
affinity ia higher in comparison with that of theophylline, as
demonastrated by Table 2.
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Table I Evaluntlon of eachen] relaxation (i vitro}®,

Compound™ Do ‘Tissue: guines pig
(ug/ml)
increass % In the velocily of
the flux of perfusion™
Aminophylfine % ' 567157
Theophylline 30 610143
7 100 163%33
k. 7335
8 100 587149
k1 430x29
10 43126
9 100 600+246
0 M3:18
10 100 450127
k1] 20159
10 133124
Adremline D23 1000 0.0
» The reporied valnes are the average of thres msasuremenis,

"B pyially soluble in wire.
) The broncholytie data are the resulss of the srecning performed by
Paslaby Isrorporaied, Tadwan.

% of specifically bound racsoligand
&

1]
1le-008 1e-007 lo-008 le-005 0.0001
log leompoxmd 9, M)

Figure 1. Modulation of ["H}-CHA binding by increzsing concentrations of

compound 9. Bach point represenis the mean + SE of 4 independent deter-
minatioad. Tha experiment was repeated 3 times with sioilar resolts.

oo

We can therefore assurme that bronchospasmolytic activity
is not necessarily connected with the affinity towards the but
A1-adencsine receptor.

Experimental Part

Mp: Relchert microsiage device, uncorr.— 'H-NMR spectra: Yacian EM
350; 90 MHz mad Bruker 200 MHe. CDCl, [DJDMSO, TMS int. stand—
Purity was checlond hy TLLC.- Elemenml anplyses wre within £ 04 % of
thecretical vojose.

BNSDOCID; «XP_____ _NOGEBETEA__I»

g

XPuoBy5ae76™
“T'nhie 2. Affinity for Ai- adenessine receplor®.
Compound % tahlb. K
(10pM) qum)®
"Theophylline 20 106
in 0.0
1b o0
0.0
00
430
9 850 0.85
10 0.0

*) = IH-CHA binding to bovine brain membranes. Lubibition percentages of
specific binding are means of lhree determimtions,

Thes contpounds have been apmyed alsu on the guines pig cercbral cortex
mombranes. The biolugical remdts cbrained are similar in comparison with
that assayed on the bovine cercbral conea membranes. This homolngy in the
plm!;::::iw reguit of the A |-adenogine receptor is confermed by Useds
elal™,

* = Xi valusa were calculated according (o Cheng and PrusolT eguation,

Ganernl insihod for the preparaiion of compeands 7, B, and 3

1,3-Dimaxhyl-8-[2-{4-chloro-S-plperazin-3(2H}-pyrikeinonyl Jethyl -
xanthine (7)

A mixtwre of 2.97 g (1x10™ mole) of the bromo devivate 3 ™, 2.57
(1.2 10 mole) of 4-chicso-5-|-piperazinyl)-3{2H)-pyridexinane (5)
and 1.6 3 (1 X 1072 mole) of KzCO in 80 ml of iscamylic atcahal was
refluzed for 24 h Tha mixture was filtered and the organic phose was
evaporaiad wnder reduced pressure. Tha residus wos putified by fOasl-chro-
morlﬂynﬁnludmtmﬂ (7.570.5). ylsld: 30%, mp 288-292
*C.~ "H-NMR ([Da]DMSO): 3 (ppm) = 2.6-2.8 (m, 4Ht; H-plp.), 2.9-3.2 (m,
4H:2CH1), 3.3-1.5 (m, TH; 4H-pip., N-CH3), 3.6 (s, 3H; N-CHa), 7.6 (s, 1H;
6-H-pyrid.}, 11.5-9.5 (br s, 21; NHCO, NH).~C7H21CINgi0s (420.4) Calcd.
C48.5H S.0N26.6 Nound C49.0H 5.3 N 263,

1,3-Dimsthyt-8-{2-{2-mathyl-4-chlora-5-piperssin-32H)-pyridesinomyl)-
aihyl[xanthine (8)

Thia compound was prepmred in o similer way to compound 7 vilng aa
sianing 3 and 2-methyl-4-chloro-5-([-pipermziny1)-3(2H)-pyridezl-
none (6) '™, under reflux for 6 b, purified by fissh-chromatography nalng as
chuent CHyCly/ROH (¥2) yield: 30%, mp 252-257 °C~ 'H-NMR (CDCh)
: 8 (ppm) = 2.6-2.8 (m, 4H; H-pip.), 2.9-3.1(m, 4H; 2CH3), 3.3-2.5 {m, TH;
4H-plp., N-CHy), 3.6 (v, 3H:; N-CHy), 3.75 (s, 3H; N-CHy), 7.55 (&, 1H:
6-H-pyrid.}.~ CsHnCINgOs (434.4) Calcd C49.7 H 5.3 N 25.8 Found C
S0.0H 50N 253,

1-1s0bsutyl-3-metiyl-8-[2-(2-methyl-4-chiora-5-piperavine-3(2H)-pyrid-
azinanyljetiyl foanthine (9)

‘Was prepared by alkylation of the bromio derivaie 4 and € using the same
pruceduns dascribacd above; purified by flash-chromalograplvy weing aseluent
CHCH/RIOH (8.5/1.5), yleld: J0%, up 200-205 *C.- 'H-NMR (CDCh): §
(ppm) = 0.9 (d, 8t1; J = THa, 2CHh), 2.0-2.3 (m, 1H; CH-CHy), 2.6-2.8 (m,
4H; H-gip.}, 29-3.1 (m, 4H: 2CHa), 3,3-3.5 (m, 4H; 44-pip), 3.6 (x, IH;
N-CHa), 3.78 (a, 3H; N-CHy), .89 (d, 2H; /» 7Ha, N-CH3). 7.3 (s, IH;
;};ﬁ);g;mm {#76.4) Calcd, C529 H6.1 N23.5 Found C

Arch. Pixerm. (Weinkebn) 328 654638 (1995)
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1,3-Dhinethvl-8-{2-piperazinetiryl)xanthine {11)

A mixture o 2.87 g (1 x 10 mole) of §,3-dimethyl-8-(2-bromoethy [}xan-
thine3), 1.03 g (1.2 1072 male) of piperazine in 60 ml of anhydrocs BeOH
was reffuxed for 24 h. Aficr coaling, the mixture was evaportied under
reduced pressure, The residue was purified by alumina Brockmom [1 alag
CHCL/BIOH (8.3/1.5) as cluent, yleld: 30%.~ '[1-NMR (CDCh): 5 (ppm)
= 2.45-2.65 (m, 4H; H-pip.), 28-3.1 (m, 9H; 2CH,, 4H-pip., NH), 3.4 (s,
3H; N-CHy), 3.6 (s, 3H; N-CHy), 115 (s, 1H; NH).

1.3-Dimethyl-8-[2{3-methyl-4-plperazin-5-chloro-3(2H)-pyridazinonyl)-
athylixanshine (10)and 1,3-Dimetingl-8-{24{2-metiyl-4-chloro-5-pipgrazin-
3(2H)-pyridazinanyl)ethyl [xanthine (8}

A mixwrs of 128 § (4.4 % 107 mole) of 8- (2- pipemnainethy Dbeophylise
(11) 0.8 g (44 x 10 mole) of 2-methyl-4,5-dicboro-3(25)-pyridexinone
(12)1"% 21 0.45 g (1 1.4 x 107 molko) of K2COn in 20 mi of 1,4-Gexane was
heated to 80 °C for 15 h. Afer flitmtion, the arganic phase was concentrated
under reduced pressarc, The residue was purified by flash-chromulogmphy
waing CHzCh/BtOH an ehwmt.

The 4-substituted isomer 10 was eluled with CHaCL/E1OH (8.8/1.2),
yield: 30%, mp 210-214 *C.— *H-NMR (CDCl): 8 (ppm) = 2.6-2.75 (m,
4H; H-plp.). 2.8-3.1 (m, 4H; 2CHa), 3.4 (1, 3H; N-CHy), 3.5-3.65 (m, TH;
4H-pip,, N-CH3), 3.7 (s, 3H: N-CHy), 385 (d, 2H; CHz), 75 (s, IH;
T &-H-pyrid.), 12.0 (2, TH; NH)L~ CiatlayCINOy (634.4) Caled. C.7 H 33
N 258 Fumd C50.1 H5.SN25.4.

The S-aubstituied isomer § wns elnted with CHyCW/ELOH (8.5/1.5), yiekl:
15%, mp 253-157°C ~ For pectra] data see gbove,

1-lsobuiryl-3-methplA-onsinouracil (13)

Amiztore of 3.04 g (2.4 107 mole) of - methyl-4-aminourscit!*), 7 ml
of NaDH 15% and 15 ml of EXOH 93% was refluxed for 3) min. This solution
was poured inlo m suloclave, 8.7 g (4.8 3 107 mola) of the isobutyl iodide
wis added and (he mizmre was honted nt 100°C for 4k At the end of the
heating periad, the skcohol and excess alkyl jodide were eviporated n vaevo.
The reskiue waa digested with hot BIOH and filtered, The organic phass was
evaparuted Ja vacuo and dhe residve purified on alumine Brockmann Il using

-CHCH/BIOH (W1) aa cluent, yield: 35%, mp 190-154 *C.~ "H-NMR
(CDC2): B {ppm) = 0.95 (d, SH: J = THz, 2CHa), 20-2.2 (m, 1H: CH-CH)),
.35 (s, 3H; N-CHy), 3.7 {d, 2H; /= THz, N-Ckha), 5.0 (bc s, 111; CH), 54
(b &, 2H; NH2).

1-isobutyl-3-methy4,5-dimnbwouracii (14)

0.21 g of NaNQz waa ndded to 2 cooled (S °C) stimed mixture conlaining
0.65 g (3.3 x 10~ mole) of comporme 13 i water snd this was scidificd with
acetie acld. A deep-purplo color characterislic of the nitoso derivalo up-
peared imnwedinizly, and sthring wes conioued ot room temperatuca [or 20
h. The mixture was (iterod and the coxde moduct was tresied with 0.5 wl of
{NH35. The mixrore was sibrree a1 room tempenstors for 2 b, and evepo-
rated, The residus wan treaied with BtOH and the solid was filkered off,
thoroughly washod with BtOH ond dricd ® ruom temporature in wecno s
the crude product was used withow further purlfication. Yield: 70%, wp
160-170°C.~ "H-NMR {[D<]JDMB0): 8 (pprm) = 0.9 {d, 615 J = THr, 2CHi),
1.9-22 (m, 1H; CH-CHa), 2.5 (br & 2H; NH2), 3.3 (s, 3H; N-Cih), s,
2H: J = THe, N-Cila), 6.0 (br 8, 2H; NH2).

1-Isabutpl-3-methyl-8-(2-methixyethylixanthine (15)

A mixturo of 1.9 g (1 x 1072 mole) of 14 and 4 g of 3-methaxypropicolc
acid waa stimed and hasted s 100 °C from 4 b, Afier cooling to 20 °C de
solution was stirred for 20 b and tresed with Etz0 (50 mi), The mixiure was
fiiered and the crude product (yleld 50%) was tregied with 4 sl of water snd
1 mi of NaOH 12N and hested at 100 *C for 2 h; after cooling at 5 *C the
mixtars waa made acidic (pH 6) by the addilion of H380« 4N and the
precipitats was filtered off and crystallized with BIOH, yleld: 40%, mp
175-182 *C- 'H-NMR (CDCly): 3 (ppm) = 0.9 (d, 6H; J = TRz, 2CH),
2.1-23 (m, H; CL-CHy), 3.) (d. AL J = THx, CH)), 34 (s, IH; N-CILy),
3.6 (s, 7H; OCHj), 3.75-2.95 (m, 4H; 2C1h).

ArcHi Phaiun, (Webihitr) J28, 634-653 (1995)

84,

XP008058976

I-isobuzyl-3-mettpl-3-()-bromoethyl Lcanthine (4)

A solution of 1.5g (5.3 % 10™ mule) of 15 In 40 mi of 48% HBr, was tiwe
m hesmesS under reflux for 8 b, with slow bubbling of dry HBr into tf
solution. After empletion, the solotion was evaposnted in vacyo el tT
rasidue erystallized with H70, yield: 50%, mp 1'70-177 °C~ 'H-NM *
(CDCla): B (ppm) = 1.0 (2 6H; J = THz, 2CH1), 2.0-2.3 {m, IH; CH-CHs
345 (d, 2H; J = THe, CH3), 1.8 (2, 3H; N-CHly), 3.7 -39 (m, 4H, 2CH;
125 (x, 1H; NH).

Phannacology
Muterial and Meihods
Bronchial relaxaiion {in viiro)

‘The Luolated guinea pig lung was perfirsed nnd constricted with physlalog
cal sl aplutlon conmdning adrenaline (0.05 pg/iml) o2 37 °C, The te
mbstance (ug/mi) wan injected as 1 bolus just proximal 1o the entry of t
cannisln into the inchea. An increase in the pecfusion flow rate of more th
S0%: (>0} Indicated significam aclivity. The increasedt % in the velocity
the [ux of perfision wes calculatad using the mathod of Luduens 1,

ApAdenosine ravepior binding axny

were guayed for thelr ability to inkibf the binding of t}
selective Aq agonist radioligand *1-CHA m bovine cexcbral cortex men
trenes a5 previowsly described (1%,

Afler bormugenization in 0.32 M sucroes snd protoass Inhibitors, it
homogesais was centrifuged st 1000 x g for 10 min ot 4 “C and U pelk
discanied. The sypernatont was recentrifuged st 48000 X g for !5 min =l
*C. The maohing pallel was remupended in [0 volumes of 50 mM Tris-H(
« pH 7.7, wilh protesse Iohibitors and 2 mM MgChr. homogenized, an
ceatrifuged at 48000 x g for 13 min at 4°C. The final pellet was the
suspended in 10 volumes of fresh baffer, incubated with ademosine desm:
nase (2 U/ml) 37 °C for 60 min in order 1o remove endogenous adenosin
then recenirifuged at 48000 3 g for 15 min at 4 °C, The pellet was the
suspended In incubstion boffer mnd twed In the hinding ssays, The H-CH.
bindlng axsay was performed in triplicats by incubsting allquots of it
membrane fraction (0.3-0.3 mg protein) with 1.20M *H-CHA (New Gnglar
Nuclear 34 4 Cl/mM) and the test compound in a final volume of 0.5 mi «
Tris-HC! buffer, at 25 *C for 45 min. Non-sperific bindlog wes tefined
the presence of 10 pM (R)-N-(6)-{phenylimpropyl)adenosine (R-PIA). T1
reoction was tenninated by the sdditlon of 5 ml of lce-cald incabation bufb
[Hiernd through Wheiman GF/B gias fiber Giters uader suction snd washh
with 2 x5 mi Ice cold Tris-buffer.

Radiocactivity wos counied in 10ml of Ready Protein Beckman scindiliatic
cocktail in u .9 1800 schatillotion counter, Specifio binding was obiainad
mubtractiag son-apecilic binding from total binding md approximated
75-854 of (oinl binding. Unlesa otherwise siated, all iested compounds we
dussolved In pure DMSO snd saldetd 1o the incobstion mixtare. Blank cape
monls wers camied ot to doterming the effect of the molvent on binding
DMSQ (%) was fomd to decrease control binding by 5-10%. Prote
evtimation was based on a reported method ") after me mbrane satubliizatic
with 0.75 N NaOIL using bovine sarom albumin as scandnrd . The conce
trstlon of the tested compounds that produces 509 Inhibitlon of the specil
34-CHA, blnding (ICsn was determined by Joa-probil analysis with sew
conceniralions of the displacers, each performed In triphieate. The Xj valu
wars calcnintml from 1Cso values using the syusilon of Cheng »
Prusoft ™% X = ICo0T14L/Ke).
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New xanthine derivatives with potent and long lasting
anti-bronchoconstrictive activity
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. 1
Summary — Twenty cight now derivatives of 8-aminoafkyl substituted xauthine have been synthesized. They ail have
demonstrated a polent anti-bronchoconstrictive cffect in the guines pig and some of them have a very long duration of
action (>> 48 h). Among them, one compound: i-methy] 3-isobutyl 8-(4-benzhydryl piperazino ethyl) xanthine (57) (S 9795)
has been selected for clinical trinls in asthmatic patients because of ils long duration of action, its lack of CNS stimulating
effects and its inhibiting action on mast ccif degranulation and phosphodiesternse activity.

Résumé — Nooveaux dérivés de xanthines i actlviié avil-irvochuconstrictrice pulssante et de longue durde. Vings-indt
nouveoux dérivés d"aminoalkyl-8 xunthines ont été synthliisds. Tous monirens un pulssant effet anti-bronchoconsiriciewr chex
le cobaye et quelques-uns ont une tréis longue durde d’action (> 43 k). Parmi ceux-ci Ie : méthyk-l tsobutyk-3 [(benz-
hydryl-§ piperazinc )ethyl}-3 xanthine (57) (S 9795) qui présente une absence d’effets stimuiants du SNC, une action tnhibitrice
pnl.hs.:;m de la ddgranulation nastocytaire et de la phosphodiestérase a é1€ sélectionnéd en vue d"études cliniques chez dey patients
asthmaliques.
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Tntroduction

For quite somo time, theophylline I has been recognized
as & potent bronchodilator for the relief of acute asthma
attacks, Unfortunately, its use was mnds difficult beciuse
nrrits many side effects which give it a very low margin of
safety.

More recently, the application of new knowledge related
to the pharmacodynamic and pharmacokinetic charecteristics
of this drug (poor water solubility and bad absorption from
the gut) led to better control of blood Icvels and consequently
improved both its efficacy and safety in asthma treatment.
To increase its water solubility, a mumber of N-7 substiluted
methyl xanthines had been synthesized (dyphylline Ia,
ctophyiline Ib, proxyphylline Ic, bamifylline Id).

BNBDOCI) <XP. ~AERTRMGA__l_»

These derivatives are sieble in solution or in vire but
they are more closely related to the caffcine. than the theo-
phylline structure. Moreover, they are geamerally less active
and present the same disavanteges as theophylline for both
the duraton of mction and CNS stimulating properties.

With the aim of designing new more potent theophylline
analogues, useful in the treatment of astbma with a larger
margin of slety and a long duration of action, we became
interested in the compounds inhibiting both the releasa
and the effects of allergic mediators such as cionatizine
IIs {1] and oxatomide IIb [2]. These two compounds contain

In W CHyEH I EM-C W,

(@ ,,N_gj

a diphenyl methyl pipemzino group in their molecules
which coofer upon them anti-pliergio—anti-histaminjc
properties. Farthermore, in the methyl xanthine series, the
alkyl substitution at the 8-position made the compounds
more aclive than theophyline, on tracheal relaxation in
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guinea pigs [3, 4). Hence, it became interesting to synthesize
pew’ xanthice . compounds substituted at the 8-position
vnth a benzhydry] piperazioo alkyl group, with the siructure

\@® \&F
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where R, = H or low alkyl radic-ls; Z = piperazino, pipe-
ridino or N,N’-dicthylethyleoe dmmmo groups. ;
A substituted 8-bromo- nlkyl or bromo hydroxy qlkyl

xanthine IV was condedsed with an appropri-te substituted-
2-moiety. V, such-as- 4-(substituted benzhydryl) _plpl!uzlu
4-{Buoro’ henzhyd.ryl) piperidine, Lbenzhydryloxyp:pendme
or N-benzhydryl-N,N'-diethylethylepediamine, in slcohol.

During the above mentioned regglion, & small quantity
of eech of the three -by-products of* geiteral structures<82,

kirlOu ©) ~

-
Each meter R, , Ry, Ry, A and X was varied selec- 83 and 84 has been chromelographically isolted when A
lively:pr can be-a hyarogn:l gtom or low alkyl radicals; W25 (CHa)s,s (Table ILI). The isomers 83 and 84 a end b
R, = low alkyl adicals, benzyl or phenyl groups; A
(CH,), unbranched chiin optigoally substituted with an )ﬂ e e o’ -

OH radical; X = r hydrogen or finor atom; and R, a .:lj:_l“,
hydrogen atom, lower alkyl or hydroxy alkyl radicals An cL ek Aad—
(Table I). . ,',_ ) A,
We also studied the influence of the substitution of the ) :
piperazine gucleus by N, N‘-dmﬂ:ylethylenedume. piperi- . A 1]
dine or oxypiperidine moieties (Table 11) and the varistions . R, = c“' . o R, = d,’ L.
of the distance (m 1-—3) between these nuclei snd the xan- R:-C.ll, -t -n:-c:-l.
thine nucleus. ' ) .. b Ry = CH,CH(CHY), '::-gﬁ"m

‘ Chemistry .. . B - H,CH(CTh),
The syptheses of these compounds LK. (Table J) were T ..
performed according to the general method (Scheme 1): : " - R 1

o e w-al @O, —m LS
L . : -, B = -
[ v a ::: % "
Scheme 1 b Ry = CH,CH(CHy), e, s
Table 1L 1-Methyl-3inctuiy} Talkyl5 ettt zantblgss. LT e
l ( )y - L ' ;-
jena, .I '(-.-l) . ' . '.- ) '
A . | eid mpbew o m wrl iy | EOS mphg po [ I .:. Hh -I: )
_'L: v IR b o™ =ﬂ? N N B e B N e
I Ml e o B B T B o e
IEJ D Wl:_ﬁ"- F U1 | Cotadt |, 0 o | M ) Lt -
O el i ol = -l il sl s Ei
B B 7] -'D-'- - W[ » -mpu WS | i, | Y s W | W .
N AR - < . Fl
HEJE _C)_,_ W] W | show | g % o o[ ewawe |,
Ul e w77 (- wom | weoe e Y (. w (x| -
CERE :E)_ T | e | w [aria || [ -
.. : - - L , - 'y .J'_'..-'l; h
- (a), (), (), (d), (). (), (D: (k) Seo_cotresjisnding footnoteslor Tuble TIL. - . T
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) ) Ses comaspunding fovtnojes fur Tabla VIL

-have elosely related NMR, IR and mass spectra. However,

the UV spectrum of compounds 83 is the same as that of -

caffeine (max 275 nm, ¢ 9500), whereas the UV spectrum
of 84 shows two maxims (272 nm, « 9750 and 237 om,
« 8500).

The compounds I (R, = l-ljclnbe hydroxyalkylted
at the 7-position, in dimethylformamide (DMF) in the
presence of potassium carbonate, by means of chloroethanol
or 1-ch diol (see Expmnmul protocols).

The starting material XV (Table IV) in which A == (CH,),
was prépared by analogy with a literature method [4]
according to Scheme 2 (method A),

B, L] A
:¢::.., » o, ofon), coom BL. ":l -

LB

i Ay X ur trehleg g

”. =ty
[

=

x (syrn) " o)

v {nou) -
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When A = —CHOH—CHy—, the starting material 1V
was prepared by analogy wilh a literature metbod [5)
sccording’ to method B (Scheme 3).

e v a-*;r:m:;-m

an ~n
¢ CrO,y=AcOH
4 Pyrrolidons Bry, HRr—AcDH
a NaBH,—MasOH

Beheme 3

Resulis aud Discoxsion

In & gcnenl manner, the substitution at the 8-position
of the xanthine nucleus leads, in every case, regardless of
the pature of the amino groups (piperazine or Z) (Tables 1
and IT), to eompounds (S3—81) which are 2- to 30-fold
more active than aminophyllive (AP), in preventing histe-
mine-indueed bronchoconstriction in unanesthetized guines
pigs, whereas toxicities are of the seme order or lessimportant -
than thet of AP. The uplmment of the 3-methyl group
bya }uobulyl group with the aim of avoiding a very fast
metabolism by demethylation as in theophylline leads,
in every case, regardiess of the nature of R, or the amino
group, to compounds with & very long (> 48 b) duration
of action (36, 57, 59, 61, 63, 78, 80 and B1).

The anii-histaminic reference dmg, mepyramine, shares
the protective activity against histamipc-induced broncho-
constriction, but this activity completely disappeared 48 h
{cven 24 h) efter treatment (Toble I).

The effectivencss of ssveral compounds in inhibiting
histumine granule rclease from rat peritonesl mast cells
was determined (Table V). Compound 57 was found to
be sbout 100-times niore active than theophylline and tbout
200-times more active than cromoglycate. Thiy difference
may be related to the short acting character of this latter
drug. On the other hand, as previously reported for several
anti-histaminics [15], mcpyrllmne potentinted the effect
of 48/80. Then, the mode of action of compound 57 is elclrly
different from that of classical anti-histamines.

As shown in Tabic VI, the spasmolytic activity of 57
aguinst Ca-induced comtractions of taenia colf is concentration

ot with an JC,y, value of 473 & 0.19 x 10-* M.
The inhibitory activity of 57 is very similar to that of papa-
verine and fiunarizioe, but this property of 57 contrasts
with the very low activily of its congeneric compounds
aminophylline and enprofylline (IC,. 14 x 103 M .and
1.1 x 10=? M, respectively).

The studied :mnponndl are potent mlntnton of phospho-
diesterase (PDE) (Tables I.zud II). Three compounds 56, -

- 87 and 62, unsubstituted at the 7-pogition, have ICyp of

10-* M in witro (Table' ) and are foom 12- to 30-fold more




Talle IV. 1,3,7,8-Substituted xanthines,
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Tuhle V. Elfcets of 57 on 48/30 induced mast cell degranulation Ly vitro.

Compounds " IC," (molfl)

L1 9 1.8 x 10
Theophylline 5 1.9 > 107
Cromoglycits 4- 1 x 107®
Oxatomide - 05—1 x 10~ (I4)
Mepyramine 1 10~ = potentiation

“Incubation for 13 min. )
“ncubation for 1 min. No aetivity after 13 min of iacubation.
» = Number of experiments.

Table VL Pritective activity of test corapounds agalast contraction
of taenie coll mduced by Ca(, .

Drug a ICy, Papaverine mtio
Veraparuil 4 01200 x100M 75

Pupaverine 4 95031 xI0—*M 1

Flunarizine 4 ALN:3Gx1I0*M 135
Compound 57 4 ATI019xI0*M n
Baoprolylline J L142006x10° M 0.0079
Amimophylline 3 1454+ 047 x 102 M 0.0052

The [Cp Are the menny + SEM af 3—4 expariments for each compound.
Asterisks lodiente signilkant differences from papaverine activity
{p < 0.03) uccording to the Manm and Whitosy test.

potent inhibitars of PDE than AP, and show anti-broncho-
constrictive effects 20- to 80-fold higher than AP. The
snti-histaminic drug, mepyramine, is completely devoid
of any inhibitory effect on PDE, or PDE +4 calmodulin
enzymatic zctivity.

Although the inhibitory efftcts of methyixanthines on
phosphodiesterase activity was initially considered 28 an
important mechanism in their anti-asthmatic cctivities [11],
this mechanism remains controversial, since the inhibitory
effect requires moleculsr concentrations higher than the
therapeutic concentrationa obtained in biological fluids [12).
Nevmhelus. it is conceivable that the anti-broochoconstric-
tiva effect of 57 in guinea pigs depends partly on its inhibitory
sctivity of the PDE involved in reinforced relaxation of the
bronchiz] smooth muscle. Although the IC,y, of PDE
inhibitory effects of these products ere at the eame level
8 the micromolar concentration ranges for which the alkyl-
xanthines have the capability of trigger behavioral effects
[13], it is surprising that most of these compounds and mainly
57 erc devoid of CNS stimulating eBects.

This lsck of stimulating sctions of 37 can be explained
on the one hend, by the poor affinity of this product for the
purinergic receptor sites A, (ICyq > 10~2 M) [15] located
in the brain cellular membranes, and, on the other hand,
by the abseoce of 57 and its metabolites (J. P. Yolland
sad D. Serkiz, unpublished results) in the cerebual spinal
fluid of the dog given progressive doses from 50-to 1000 mg/
kg for 6 weeks. This fact was confirmed by autoradiographic

analysis of (be brain of .the rat given [**C}-labeled 57at the

" $position (from CEA, Sclay, France). The lack of the
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capability of this substance to crosg the blood—brin
barrier is not yet efucidated and remains under inveatigation.

On the besis of the results presented here, it can be expect-
ed that compound’ 57 will be a safe and effective drug in
the prevention and treatment of asthma in man.

Experimential protocols

I mp;

uracl]: amorphs ; 1-benzyl-6-

amino uracll: mp: 20—270°C; 1.sobutyl-5-amino urlr.ll mp: 267—
}nﬂlwbs-mm&nmlm ureell:

JI-J-I;HIW % C; 1 I-lyllpl-
mp i 1p

n-ﬂvl-s-nluuo-ﬁ-uiw uracll: mp: 255°C; l-isobutyld-ethyl-3-

nitroso-6-smine uracll: mp: 202°C; 1-benxyl- ino wracil:

mp: MAI—UAC; 14w uradi: mp: 2C;

lqllﬂlul-}bobulul-l-(l-hydrm_jeﬂw,llhnmm mp: 34C 19); )-

-3-Eeobutyl H mp: 220°C; 1-methyl-3-isobutyl-8-

bp: 163—170°C (03 Torr) wes
with an NeOH—ethanol mixture, of 1-
dine which was from

lmH&yﬁn?midln aod dlplnnyhmﬂnm. in’° DMF,

muwm Iisted in Tubles L IL, IV and VI were
wwnnnnlmmum:'uum

1-Irobutyi-3-methyl-3 f-dizraino wracll 2
A solution of 40 g (177 mol) of l-lnhltvl-!-nuﬂ:yl-’-mlruo-ﬂ-
uracl] (mp: 228°C) In 1 1 of methanol, was stirred uader 7
}l.mwlssd'hm—hllw Mhrmplulcn«h)d‘
the catalyst was removed by flltration under nitrogen
erystals were dried overnight

I-Tsobezyi-3-methpl-5-( 3-methoxyprogionamiss )-G-amino sracil 11
Amdnl(lﬂmﬂﬁlﬂw.dmum '
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Male Hartley guinca pigs weighing 375—400 § wore kiled by a biow
lnll:hﬂdu.qﬂnnlrlp tagsia ol were rapidly dissected. The prepe-
ralions werp | In an organ beth contalning

N e W

i

from dose—responsa
SEM and statistical comparison of ICy values
uting the Moon snd Whitoey test.

Hal, B. N, Stifiel C., Li Briot M. & Copovici L.
(136 ek T, Plaesmcndpe, a2 170104
Awoulers F., Niemegeers C ). E, Jamaeu P, A., Jansten M.,

3, 179—208 .
Widls J. "'h Gant ). B & Skrammer G. L. (1981) J. Med. Cham.
Karlmon 3. A., Kjellin G. & Permon C. G, A. (1962) J, Phorm,

M, 793
G. & Heaning [. {1956) Arch. Pherm, 219, 4334
Speer J. B & Raymoad A. . (1953) J. Am. Chem. Sox. T8,
Kulovskikh Q. N., Rosanov A. M., Gormacva G. F., Yartamyan
L. P.. Kolesova M. B, Muruvich-Alakmandr Kh. L., Smbuova
N.V. & Chwrkazova 5. 8. (1977) Pharm. Chem. J. (Engl. Edn)

424230 .
Cregory J.T. &

i

-
[
-

L, Jaawe LB, Shaver F. N,
. (1948) J. Am. Chem. Soc. 70, 10041006

.%.a':lo:ara C.H. & Yaa Campen M.Q. (1961) J.
K., Boywood 1. & Large B. J. (1961) Br. J. Pharmacel.
H. & Sutherland E. W. (1968) J. Biol. Ghem. 237,

T. W. (1980) In: The Xanthines: The Phormacological Basis
Therapuuricy (Gilown A. G.,"Goodiran [. 8. & Qllman A,
McMillan Co.,, New York, pp. 91—607

8. A. (1981) Tremds Nawowsel. 4, 242—244

F., Vano Reampts 1. & Borgars M. (1901) Agents Actions
90

1
8. M. (1950) J. Marmaxol. Exp. Ther. 99, 195—19%

e

$
]

>
.

i

E
2

B

i

f

f




' . Uk %

Europilsches Patentamt ]
® a,), Ewropean Patent Office ©® Numérodepublication: 0103 497.
Office européen des brevets Al
® DEMANDE DE BREVET EUROPEEN
@ Numro de dipar; B3401818.2 @ ma:CO7D 473108. Cg_,? g 473/08,
. CO07D 473/10,C 473/12,
/1 CO7D239/54
Prioritd: 23.07.82 FR 8213106 ) @ Dermandewr: ADIR, 22, rue Gasmier, F-82200 Neully
8/3sins (FR)
@ invantewr: Regnier, Glloert, Averue du Plssala,
R-GE290 Chutonwy ()
@ Date de publication de a demands: 21.03.84 m‘:‘&m-;:g""“"“'ﬂ
Bulletin 84/12 Inventaur: Duksult, Jasspres, 14 Bis ne Puul Demangs,
P78200 nr Seins (FR)
Invenieur; , Wichelle, "Le Val Cort~
Escelier 471 Avenus A. Renoir, F-78160 Marly le Rol (FR)
Etais contractants disignés: ATBECHDEFRGBITL! | @@ Mandataire: Reverborl, Marcele ot ai, AUM ZX Rus
LUNL bR Garnier, F.22300 Neullly sur Seins (FR)

@ Nouwwsaux dérivie de s xanthine, leur proodds de préparation et les compoalSons pharmaceutiques les renfermant.
Nouvasux dirivia da is xanthine, utilisables comme midi-

caments, ot répondant & s formule: Y Y
o —CH ol ~—HzgC—CH=CH
2

Y dtent hydrogiéne, halogine, slkyle ou skaxy de C1 & Cs, ou
Z—A—Ry hydroxyin; .
yn Z sst mithylinw ou un redical hydmessband anchaina drolts ou
< romiflés de Cz & Cy, dventusiiement substitué par un hydro-
o ' ayle; ot

~ R A aat un reste amind de formule:
3 duns lacualle:

Ry ast hydrogine ou un slkyia de 01 4 Cs; - _

H; o8t un radical hydrocerbond ll.lc;u'ln‘t':. syant éveniuslia- ‘ '{ J— pdumtoud, ou
XL mant una doubla iisleon, un redical phdmyle. ou un rediosl CHa),

benzyle. d
e Ry est hydraghna, aikyle, hydroxyalkyls ou dhydroxyalkyls
O&m.c‘ . —u/_>—x étant 1 ou 2, e
0. 2y
[T

BNIDOCK). <EP. Q10340TA1 | >
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1
X dzant une Dalson wimple, oxypéne ou -——N—, R duant hy-
drogéna, sikyls ou slkyline jusqu’an Cg, ou

f
Ry fp

dans leguat:

m est un nombre ontier de 2 & 8 ot Ry ost alkyle de C1 & Ca.
Cas nouvesux compasds at laura sels physiclogiquament

tokirables pauvern $tre uiliisds en thivapautique notwroment

dans je treitemant de toutes los meladies ob il est ndcessaire

d’Inhiber Ise riactons sntigine anticorps.
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NOUVEAUX DFRIVES DE LA XANTHINE, LFUR PROCEDE DE
PREPARRTICH ET LES QMPOSITIONS PHRRMACFUTIQUES
LES PENFEFPMRNT

La présente invention a pour objet de nouveaux
dérivés de la xanthine, leur procédé de préparation et
les compositions pharmaceutiques les renfermant. '

Elle concerne particuliérement les dérivés de -
5 la xanthine de formul= générale I :

N,,,-.-z-m--n‘I (1)

dans laquelle -

- R, représente un atome d'hydrogdne ou un
radical alkyle en chaine droite ou ramifiée, renfermant
10 de 1 4 5 atomes de carbone ;

- Rz représente un radical hydrocarboné en
chalne droite ou ramifiée renfermant jusqu'a 6 atomes de
carbone, et comportant éventuellement une double 1liaison,
un radical phényle, ou un radical benzyle ;

15 - R3 représente un atome d'hydrogéne ou un
radical alkyle, hydroxyalkyle ou dihydroxyalkyle
L] ﬁ-

BAD ORIGINAL a
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renfermant chacun de 1 & 5 atomes de carbone ;

- Ru représente un groupe de formule :

o (T D

dans lesquelles Y représente un atome d'hydro-

5 géne ou d'halogéne ou un radical alkyle ou alkoxy renfer-

mant chacun de 1 4 5 atomes de carbone, ou un radical hy-
droxyle ;

- Z représente un radicel méthyléne ou un
radical hydroxycarboné en chaine drolte ayant de 2 4 5
10 atomes de carbona éventuellement substitué par un radi-

cal hydroxyle ; at

- A représente un reste aminé de type :

\
15 "
dans lequel :
qQ prend les valeurs 1, ou 2, et

X représente une liaison simple, un atome
d'oxygéne ou un groupe -~ N - dans lequel

BNSDOOD: <EP. D1CHOZAIL >
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R représente un atome d'hydrogéne ou un
radical alkyle ou alkyléne ayant chacun de 1 & 5 atomes
de carbone ; ou

. N = ﬂlgpm-u-— dans lequel

Re Rg

5 m représente un nombre entier de 2 3 6 ot,

Rg représente un radical alkyle renfermant de 1
& S atomes de carbone,

La présente invention a également pour objet le

procédé de préparation des dérivés de formule générale I
10 caractérisé en ce que :

- l'on oondense un dérivé halogéné de formule

générale II : o
- N-R
& JI.T il N ,L_ z{-Hal (xm)
o
Ry

dans laquelle 31, Rz. 33 et Z ont les signifi-

15 cations précédemment définies et Hal représente un atome
de chlore ou de brome,

- avee un dérivé aminé de formule générale III

H - A -Ry, (I11)

dana laguelle A et Hu sont tels que précé-
20 demment définis.

La condensation s'effectue de préférence dans
un solvant choisi parmi les alcools renfermant jusqu'a 5

BMIDOCID <EP__ __ DIGBM7AYL | >
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atomes de carbone, tel que par exemple le méthanol,
1l'éthanol, le propanol ou le butanol. Il est avantageux
d'opérer a une température comprise entre 64 et 130°C, en
présence d'un accepteur de l'hydracide formé au cours de
5 la réaction, Cet accepteur peut-étre choisi parmi les
carbonates alecalins tels que les carbonates de sodium et
de potassium, les amines tertiaires telles que la trié-
thylamine ou un excés du dérivé aminé de formule IIl
utilisé pour la réaotion.

10 Les matiéres premidres de formule générale II

ont été préparées selon le se?fma opératoire suivant 1

o 0

N’d*\‘ (Na No,) ’u‘m_un B/ __Uf'u"Jiﬁ
o~ N J e, (oo B ;;\IN ﬂ%w Rlo,é\ ll".’!"“&
o

Ry (v “2m)_. R

(vII)

- ) NH
i /'|\N¢L - oo, (VIII)

“1"“’ ,IL N - Ry (HEr 48%) IT avec
3 AnAgAizZ-00, “rAfH .
) (1X)

é(mrm:) R R_N’u\__
- n T,l,\,jz-nr
R

p) (1T aws:n3-=!n

Les matiéres premidres de formule générale III
sont des produilts connus.

BNSDOGRY, <EP________01034B7A)_)_»
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La présente invention a également pour objet le
procédé de préparation des dérivés (I) répondant i la

formule générale I' :
0
R', - N —- R
1)\ | R
Rl NZ-2-A-R,

%

5 dans laquelle :

- Rz, Ry, Z et A ont les significations
précédemment définlies,

- R'1 représente un radical alkyle en chaine

-

droite ou ramifiée, rénfermant de 1 &4 5 atomes de carbone
10 et

- R'3 représente un radical alkyle, hydroxy-
alkyle ou dihydroxyalkyle contenant chacun de 1 4 5
atomes de carbone ; caractérisé en ce que :

- 1l'on con%gnse un dérivé de formule II!
R'. - N NH
i |
! - A - o
13 f\}qzl\ﬂ)-z A- Ry rx)
)
dans laquelle R'1. Rz' Ry. Z et A ont les

significations précédemment définies,

avec un dérivé halogéné de formule III' ;

n'a-x (II11')
20 dans laquelle R'3 a la signification énoncée
précédemment et X représente un atome de chlore ou de

broma,

BBOOGID «EP______ _0I1DAITAL | »
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La condensation s'effectue de préférence dans
un solvant adéquat tel que par exemple, le diméthyl-
formamide i une température comprise entre 80 et 120°C,
en présence d'un acoepteur de l'hydracide formé au cours
de le réaction. Cet accepteur peut-stre, entre autre, un
oarbonﬁte alcalin comme per exemple le carbonate de
sodium ou de potassium,

Les nouveaux dérivés de formule générale I
peuvent étre transformés en sels d'addition avec les
acides, sels qui font & ce titre, partle de l'invention.
Comme acides utilisables pour la formation de ces sels,
on peut citer par exemple dans la série minérale : les
aocldes chlorhydrigue, bromhydrique, sulfurique, phos=-
phorique, et dans la série organique, les acides acé-
tique, propionique, maléique, fumarique, tartrique, ci-
trigue, oxalique, benzolque, méthane sulfonique et isé-
thionique. -

Ces nouveaux dérivés peuvent &@tre purifiés par
dea méthodes physiques telles que cristaliisation, chro-
matographlie ou chimiques telles que formation de sels
d'addition avec des acides et décomposition de ces sela
par les agents alcalins.

Les dérivés de formule générale I et leurs sels
physiologiquement tolérables possddent des propriétés
pharmacologiques et thérapeutiques intéressantes, notanm-
ment des propriétéa bronohodilatatrice, anti-allergique
et inhibitrice de la phoaphodiesterase.

Leur toxicité est falble et leur D L 50 déter-
winée chez la souris est supérieure 4 100 mg/kg par vole
intrapéritonéale, et supérleure & 800 mg/kg par vole

orale.

Lractivité bronchodilatatrice a été étudiée
chez le cobaye par la méthode de H. KONZETT et R. ROSSLER
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Arch. Exp. U, Pharm. 195, 71 (1940). On a ainsi observé
que les dérivés de la présente Invention injectés par

vole intraveineuse &4 des doses variant, selon les dérivés

de 1 & 5 mg/kg inhibent totalement le bronchospasme pro-
voqué par l'administration intraveineuse soit d'hista-
mine, solt de sérotonine, et partiellement l'effet de
lt'acétylcholine et de la Slow Reacting Substance.

Soumis au test de A. K. Armitage, Brit. J.
Pharmacol. 17, 196, (1961), les dérivés de l'invention
administrés par vole orale a des doses variant de 0,5 &
10 mg/kg selon les ocomposésa, inhibent de 50 ¥ l'effet
produjt chez le cobaye par un aérosol d'histamine a & %,
Pour certains de ces composés, l'effet est encore trés
important 48 heures aprés l'administration orale.

En outre, certains composés de l'invention
possédent un effet agoniste spéoifique vis & vis des
récepteurs purinergiques centraux et périphériques de
type A 1 et/ou A 2 qul peut oconduire 3 une spécificiteé
d'effet thérapeutique.

A titre d'exenple non-limitatif, l'adminis-
tration orale de 5 mg/kg du composé de 1l'exemple 1
inhibe, pendant plus de 48 heures, le bronchospasme
provoqué par un aérosol d'histamine &4 ¥ %. Par ailleurs
une diminution de la réaction cutanée anaphylactique est
observée ohez le rat aprés l'administration unique de 20
mg/kg per os de ce composé.

Ce composaé de l'exsmple 1 est plus fortement
agoniste des récepteurs A 2 (IC 60 = 15):") que des
récepteurs A 1 (I C 50 > 100’LH).

Les propriétés pharmacologiques cil-dessus
déaorites, ainsi que la falble toxlcité des dérivés de
formule génédrale I et de leurs sels physiologiquement

BNEUOCTD. «EF__  __ O108MTA11 >
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tolérables permettent leur utilisation en thérapeutique
notamment dans le traltement de toutes les maladies oil i1
nécessaire d'inhiber les réactions antigéne - anticorps
commes les maladies autoimmunes, allergiques et Inflam-

5 matoires et en particulier celles dans lesquelles un
effet bronchodilatateur est blienvenu telles que la
dyspnae asthmatique et les bronchopneumopathies chro-
niques obstructives, en particullier a forme spastique. La
longue durée d'aotion permet un traitement de crise aussi

10 bien qu'un traltement de fond de la maladie aathmatique
simple ou intriguée.

Par allleurs, les propriétés spasmolytiques
aont une indlication dans le traltement des coliques
néphrétiques ou hépatiques.

15 La présente invention a également pour objet
les compositions pharmaceutiques contenant comme principe
actif un dérivé de formule gérérale I, ou un de ses sels
physiologiquement tolérables, mélangé ou associé A un
excipient pharmaceutique approprié. Elle cohosrne notam-

20 ment les formes dosées renfermant de 25 3 250 mg de prin-
cipe actif.

Les composltions pharmaceutiques alnasl obte-
nues, sont présentées avantageusement sous des formes
dosées diverses telles que par exemple comprimés,

25 dragéesa, gélules, glosettes ou préparations galéniques
appropriées pour une administration sublinguals, suppo-
sltolres, solutlons lnjJectables ou buvables, alnai que
sous des formes adaptées i& l'administration par aérosol.
Elles peuvent &tre administrées par la voie orale, rec=-

30 tale, ou parentérale aux doses de 25 & 250 mg de principe
actif, 1 a4 2 fola par jour.

Les exemples sulvants, donnés a4 titre non-
limitatif, illustrent l'invention. Les points de fusion

BNSDOCID: «EP ____ . O103TAL | »
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sauf mention contraire, ont été déterminés & la platine
chauffante de KOFLER.

méthyl-1 Isobutyl-3 [(diphénylméthyl-U4 pipéra-
zinyl)-2 éthyl] -8B xanthine.

L AL

N

C-N

%)‘Jﬁ[%mz— N-CH
o7 YN —/

Une suspension de 12,2 g de méthyl-1 iscbutyl-3
bromoéthyl-8 xanthine et de 23 g de benzhydryl-1 pipéra-
zine dans 200 ml d'éthanol est chauffée a reflux. On
observe une dissolution progressive et on chaulffe ainsi

pendant 20 & 24 heures. On évapore ensuite & sec at
reprend le résidu par une solution & 10 % de bicarbonate-
dé sodium. On extrait plusieurs fols avee CHzclz, séche
sur Na,SO, et concentre 4 sec. Le résidu hulleux est
purifié par chromatographie flash sur 1 kg de silice
0,04-0,063 mm, en éluant avec de 1l'acétate d'éthylé puls
avec un mélange d'acétate d'éthyle méthanol (95/5):. Apres
fractlionnement et évaporation des éluats, on recueille

14 g de produit pur fondant & 200-202° C.

La méthyl-1 lsobutyl-3 bromoéthyl-8 xanthine de
départ, fondant & 210° C, a été préparée par bromuration
avec H Br & 48 % du dérivé méthoxy éthyl-8 correspondant,
fondant & 163° C, lui-méme préparé par cyclisation avec
Na OH de l'isobutyl-1 méthyl-3 dioxo-2,4 tétrahydro-1, 2,
3, 4 (méthoxy-3 proplonamido) =5 amino-6 pyrimidine fon-
dant & 200° C, elle-méme préparée par condensation de
1'acide méthoxy-3 proplonique avec la diamino-5,6 lsobu-
tyl-1 méthyl-3 dioxo-2,4 tétrahydro-1, 2, 3, 4, pyrimi-

BNSDOCEY <EP___ ___ p103407A 1L >
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dine, elle-méme préparée par réduction, en présence de
nickel de Raney comme catalyseur, sous une pression d'hy-
drogéne de six atmosphires, du dérivé nitroso-5 correa-
pondant fondant & 228° C, lui-méme préparé par nitrosa-
tion avec Na N02/Cl!3 CO OH de l'isobutyl-1 méthyl-3
dioxo-2,4 amino-6 tétrahydro-1, 2, 3, 4, pyrimidine.

EXEMPLE 2 & 30 :

Les dérivés sulvants ont été préparés selon le
procédé décrit dans l'exemple 1 :

2) La diméthyl-1,3 (diphénylméthyl-d pipéra-
zinyl méthyl)-8 xanthine, P. F. : 241° C (méthanol)

3) La diméthyl-1,3 [(diphénylméthyl-4 pipéra-
zinyl) -2 éthyl] -8 xanthine, P. P. (capilleire) :
103-106° C (chlorure de méthyléne).

4) La diméthyl-1,3 [(diphénylméthyl-4 pipéra-
zinyl)-3 pmpyl] -8 xanthine, P. F. (capillaire) du
dichlorhydrate hémihydrate oorrespondant : 249-250° C
(méthanol}

5) La méthyl-1 isobutyl-3 [(diphénylméthyl-4
pipérazinyl)-3 pt'opyl]-B xanthine, P. F. (capillaire) du
diechlorhydrate monohydrate correspondant : 217-220° C
(éthanol).

6) La triméthyl-1, 3, 7 [(diphénylméthyl-ll
pipérazinyl)-3 propyl]-& xanthine, P. F. du fumarate
correspondant : 198° C (éthanol)

7) La diméthyl-1,7 isobutyl-3 [(dlphénylméthyl—ll
pipérazinyl)-3 propyl | -8 xanthine, P. F. du fumarate
correspondant : 182° ¢ (éthanol/éther)
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8) La diméthyl-1,7 isobutyl-3 [(diphénylméthyl-ll
pilpérazinyl)-2 éthyl:]-B xanthine, P. F. (capillaire) du
dichlorhydrate correspondant : 214-218° C (n. propanol-
/éther)

9) La diméthyl-1,7 phényl-3 [(diphénylméthyl-14
pipérazinyl).3 propyﬂ.]-ﬁ xanthine, P. F. &t 150° € (iso-
propanol)

10) La méthyl-1 isobutyl-3 Ed.‘lpar-afluorophényl-
méthyl-4 pipérazinyl)-2 éthyl ] -8 xanthine, P. F. :
184® C (acétate d’éthyle)

11) La diméthyl-1,T isobutyl-3 Edlpararluoro-
phénylméthyl-4 pipérazinyl)-2 éthyi]-a xanthine, P. F. du
dimaléate correspondant : 174°® C (n. propanol)

12) La diméthyl-1,7 isobutyl-3 Edlparafluoro-
phénylméthyl)-4 pipérazinyi]-3 propyl} -8 xanthine, P. F.
du fumarate correspondant = 180° C (éthanol)

13) La méthyl-1 isobutyl-3 {[N-(N'-diphényl-
méthyl N'~éthylamino)-2 éthyl]N-éthylamino-2 éthyl} -8
xanthine, P. F. (capillaire) du dichlorhydrate corres-
pondant : 135-140° C (isopropanol/éther)

1%) La diméthyl-1,7 isobutyl-3 {[N-(N'-diphényl-
méthyl N'-éthylamino)-2 éthyi] N-éthylamino~-2 éthyl} -8
xanthine, P. F. (capillaire) du dichlorhydrate corres-
pondant : 130-140° C (isopropanol/éther)

15) La diméthyl-1,7 isobutyl-3 {Eu-(u'-diphényl-
méthyl N'-éthylamino)-2 éthyl] N-éthylamino-3 propyl} -8
xanthine, P. F. (caplllaire) du dichlorhydrate corres-

‘pondant : 125-135° C.

DITMETAL | »
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16) La diméthyl-1,7 n. propyl-3[{diphényl~
méthyl-U pipérazinyl)-3 propyl] -8 xanthine, P. F. du
fumarate correspondant : 200° C (éthanol).

17) La méthyl-1 isobutyl-3 Ediphénylméthyloxy-ﬂ
5 pipéridino)-2 éthyl | -8 xanthine, P. F. (cepillaire) du
dichlorhydrate correspondant 1163-167° C (isopropanol
/éther)

18) La diméthyl-1,7 isobutyl-3 [(diphényl-
méthyloxy-4 pipéridino)-2 éthyl] -8 xanthine, P. F.

10 (capillaire) du fumarate ocorrespondant : 173-177° C (n.
propanol) ' '

19) La diméthyl-1,7 isobutyl-3 [(diphényl'—
méthyloxy-4 pipéridino)-3 propyl] -8 xanthine, P, F. du
fumarate correspondant : 194° C (éthanol)

15 20) La méthyl-1 isobutyl-3 (diphénylméthyl-4
plpérazinyl méthyl)-8 xanthine, P. F. 182° C

21) La méthyl-1 isobutyl-3 [(diparaflucrophényl-
méthyl-4 pipérazinyl)-2 éthyl]-8 xanthine, P. F. 1 2009C.

22) La méthyl-1 1sobutyl-3 [(elnnamyl-u
20 pipérazinyl)-2 éthyi]-a xanthine, P. F. :140° C (chlorure
de méthylane).

23) L'éthyl-1 isobutyl-3 [(diphénylméthyl-& pipé-
razinyl)-3 propyl].-S xanthine, P. F. (capillaire) du
fumarate correspondant :201-205°* C (n. propanol)

25 24) L'éthyl-1 isobutyl-3 méthyl-T[(aiphénylméthyl-4

pipérazinyl)-3 propyl:l-ﬁ xanthine, P. F. du maléate
correspondant : 193° C (n. propanol)

ENSCUCIL: <EP_. ., _Q1034B7A1 | »
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25) L'isobutyl-3 [Ediphénylméthyl-ﬂ pipérazinyl)-2
éthyl]-ﬂ xanthine, P.F. : 240°C (acétate d'éthyle).

26) La benzyl-3 [(diphénylnéthyl-ll plpérazinyl)-2
éthyl ] -8 xanthine, P.F. r (capillaire) : 232-235°C
5 (acétate d'éthyle).

27) La méthyl-1 isobutyl-3 (dihydroxy-2,3 propyl)-7
Edlphénylméthyl-" pipérazinyl)-2 éthyl | -8 xanthine,
P.F. (capillaire) du dichlorhydrate oorrespondant :
145-~155°C (isopropanol/éther).

10 28) La méthyl-1 1sobutyl-3 (hydroxy-2 éthyl)-7
[(diphényiméthy1-4 pipérazine)-2 éthyl ] -8 xanthine, P.F.
(capillaire) du dichlorhydrate correspondant : 190-200°C
(1sopropanol/éther).

29) La R,S méthyl-1 isobutyl-3 hydroxy-1
15|2d1phény1méthy1-u pipérazinyl)-2 éthyl] -8 xanthine,
P.F., : 212°C (éther éthylique).

30) L'isobutyl-3 [hydroxy-1 (diphénylméthyl-4
pipérazinyl)-2 éthyl] xanthine, P.F. : 234°C avec
décomposition (acétate d'éthyle).

20 Les produits objets des exemples 2 a 30 ont été pré-
parés A partir des composés de formule II_, dont les
caractéristiques sont regroupées ci-aprés dans le tableszu
(A). Ces produits de formule II_ ont eux-mémes été pré-
parés selon le procéddé objet du schéma opératoire.donné

25 précédemment, & partir des composés dont les caraoté-
ristiques sont regroupdes ci-aprés dans les tableaux (B),
(C) et (D).

BMEDOCIY: «EP _____ DI0GMGTAL_L >
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TABLEAU (a)
Dérivés de formule : °
N r-
Rl)\ N H - Br (I.Ia’

g R, R, f Ry 4 P.F. (Kofler) ;
( : : : : en °C )
{ 2 : : : ;
E CHB o, - ; (Cﬁz)'z : 227 ;
E CB3 0-!3 : H : (&2)3 : 220 ;
g CH3 G{B : a1, : (CH2)3 = 130 ;
E 053 -cnz-ca-(c:!3) H ~cH,) 224 ;
g CH, -Gl,~cB-( H (a1, 210 ;
5 a-:3: ~CH,-CH- () : H () 4 182 ;
E cH, —CH, B~ (CHL,) : aL, (@), : 114 ;
E c:-:3 ~C,~Ci- (CH,) a1, ) , 100 ;
{ = -aaz-cuz-cﬂ o, = ()4 92 ;
g @, ; —G!z-ﬂ-!-(d'la) : H : (0'12)3 : 166 %
E cH, = @ : a1, : (Cliz)a_: 156 ;
iczﬂs —CH,,~CB- (CH,) H : (@), = 172 ;
(B =mQ o, =
f H —cH~cH- (i), H (cH,), 292-294 ;
E*ma s -G-G-(0L), : H -'!;a:-a::n2 160 ;
E*H ~o-en-(O1,) H =-cl:u-¢:|a2 250 i
( . & : )

BNBOCCHD: <EP, QIOBETAL >
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NB : Les dérivés )¢ ont &été préparés par analogle aveo
G. EHREBAR et coll., Arch. der Pharm. 289,453-459, (1956),
selon le schéma suivant :

(R1 = H, P.F. = 288°C)
C!-l CH

(Rl = CI-I3, P.F. = 238°C)

G-« (33
\]/ 3
o
-N B
(R, = H, P.F. : 264°C)
J\ l J_CD - d'lg Rl
o) N N (R, = G, P.F. : 222°C)
!}] - /CH:’.
2 \cn3
W\
- N RH (R, = H, P.F. = 192°C)
P 1 '
‘)\“ NJ_oo-aaz-nr(R = CH,, P.F. : 220°C)
JR e 1=
o
- (R = H' P-F. : 25‘0.c)
Ry ﬁ [ ] - - 3
o/ N N o (R, = CH,, P.F. : 160°C)
| cH,
cH, - oo -~
ey

~DVTEBTAY >
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TABLEAUD (B)

Dérivé de formule :

o .
R, - N w, )
4'\):;1 W,
Ry

{ : - \
: : P.F. (Kofler) )
( ol R, : s ;
f : : ,
( @y : CH, : 210-214 )
( : :
E o, ~CH~C-{CH,) 5 174 ;
E CH, ~CH,~CH=CH, 116 ;
E CH, ~CH,~CB-(CH;) 172 ;
( oy = : 250-252 )
( 3 . : : )
( oy ~O1,-cB- (o), : amarphe )
¢ B ey 243-244 )
L "012'{3" (Gl3)2 f non isclé ;

BNBDCGCYD <EP  _ ___OIGMETAY L»
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TABLEAU (C)

Dérivé de formule :

o
NH-CD-2-0CH
nl-N‘utﬂ: 3 (vin)
N A N
°

R

2
( : : 4 : P.F. (Kofler) )
{ Ml "2 : :  en °C 2
( : .
( : : : )
% 0-13 : G-IB e (CHZ)Z : 208 ;
E s a, (@), 221 ;
E o, : -{324!L4Cﬁ92 : CHZ : amorphe ;
{ , : ~CH,~Coi- (CH,) : (), : 200 %
E G, : Ay, @), B )
s 0-13 E -G, -CH=CH,, : (G2)3 = amrphe ;
(o ¢ ogoiEy, 0 @y o s )
( o : D : (), ¢ amrphe )
( m -cn2-© : @), 190 )
( = oLG-(al), (@), = 158 )

BNSDOCID, <EF___, ___O108487A1_I_>
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TABLEAU (D)

Dérivé de formule : R - N i "
(™ o)‘fl ,4]_:-30013
R2

( : : : :
( : :
E 8, oy H (GL), 198
z iy &, H (o), 192
(o S poy e,
S T T ER
() oye@,y B oo 1
g H, = -uiz-ui-(ﬂia)z: H : (CEZ)Z z 165
E e, -asz-a!-((!!3)2: H (), 144
{ By ¢ -B@-@y),: 4y : @), : 82
{ Oy @ Gr-(ay),: G : (o), : 7
{ Gy @ ~Gpaea, B (), 160
{ s, : ~CH,~Chi=CH,, : aH, : (Gz)a : 44-45
{ G @ CEyaLy: G 1 (&), €7
ECZHS i 'Cﬂz'm‘(ma’z: H ; (cl), f 137-139
{czﬂs PGy, s @y 2 (), 80
(oo -@ : B o), 216
(o s -@ DGl r (o) 163
i 1 S CR
{ H 3 -mz-m-(caajz: " (mz)z: 250

e e Sr® S e Sy e s’ p® ¥ T S Nae® T S s anf T e N Yap? S N N N g e e’ N N st gl s o e St S et Sag? St St

Ce adrivé propyl-3 a été préparé par réduction du dériwé allyl-3 cor-
respondant, sous une presaion d'hydrogéne de 6 atumosphires en présence

de nickel come catalyseur.
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N.B. : Les dérivés de formule VI ont été préparés selon
le schéma opératoire cl-aprés :

o 1) G-
" (B, oo}, 0
o Na, (0,
H
RI-N/& par analogie avec la méthode de
—_— PPl John H. SPEER et Albert L. RAYMOND.
°
R, T.ACS. (1953) 5. 114
(o]

)‘I BEey A)-j:

par analogie avec la méthode de G.N. KRUTOVSKIKH et coll.
Pharmmaceutical Chemistry Journal (1977) J1(2), 224

(e) 0

" N/‘]: ¥O  (Hy /i) . _N’“]:“’z
_ s R

o”kr m'lztcm BLN-NE/Ni) OJ\T "2
Ry R,

BNBDOGID <EP__ ____DIGBAOTALl >
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EXEMPLE 31 :

Méthyl-1 isobutyl-3 (hydroxy-2 éthyl)-7 [(diphényl-
méthyl-4 pipérazinyl)-2 éthyl] -8 xanthine
O

A ,L%G"HG/Q
. O

5 10 g de méthyl-1 isobutyl-3 [kdiphénylméthyl-ﬂ pipéra-
zinyl)-2 éthyl] -8 xanthine et 37,6 g de carbonate de
potassium sont agités dans 200 ml de diméthylformamide et
portés i 100°C. On ajoute rapidement 10 ml de chlorhy-
drine du glycol et agite 1 heure & 110°C. On ajoute

10 ensulte rapldement 20 ml de ohlorhydrique du glycol et
maintient 1 heure a 110°C sous agitation, on ajoute
ensuite 40 g de carbonate de potassium, puls 20 ml de
chlorhydrine du glycol. L'ensemble est maintenu & 110°C
pendant 3 heures 30, puls & température ambiante pendant

15 72 heures. Le mélange est alors concentré a4 sec, le-
résidu est repris dans un mélange de chlorure de méthy-
léne et d'eau. La phase organique est séchée sur sulfate
de sodium puis concentrée & sec. On effectue une chroma-
tographie sur 750 g de sllice (0,04-0,063 mm). On élue

20 d'abord, au chlorure de méthyléne, puis & l'acétate
d'éthyle pur, ensuite avec un mélange acétate d'éthyle-
méthanol (95-5) et enfin avec un mélange acétate
d'éthyle-méthanol (90-10).

On obtient 8,6 g de base que 1l'on dissous dans 50 ml

25 d'isopropancl. On ajoute suffisamment d'éther chlorhy-
drique pour avoir un milieu légérement aclide. On préoi-
pite le chlorhydrate du produit cherché avec un gros
excés d'éther anhydre. On essore et lave & lYéther. Aprés
séohage, a 115°C sous 0,6 mm Hg, on obtient 8,7 g de

BNEDOGID. <EP __OHKHMETAL I »
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dichlorhydrate de méthyl-1 isobutyl-3 (hydroxy-2 éthyl)-7
Ediphénylméthyl-ﬂ pipérazinyl)-2 éthyl]—a xanthine, P.F.
(capillaire) 190-200°C (iscopropanol/éther) ;

Rendement 71 %.

5 EXEMPLE 32 :

De la méme fagon a été préparéa :

La méthyl-1 iaobutyl-3 (dihydroxy-2,3 propyl)-?lzdiphé—

nylméthyl-4 pipérazinyl)-2 éthylj -8 xanthine, dont 1le

dichlorhydrate fond (ocapilleire) & 145-155°C (isopro=~
10 panol/éther).

HNBICYCID <BP | _____OV0MRTALL>
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REVENDICATIONS

1) Les dérivés de la xanthine de formule générale

I:
O
ST o
o ,I,; Ne Z-A-R,
R
5 dgns laquelles :

- R, représente un atome d'hydrogéne ou un radical
alkyle, en chaine droite ou ramifiée, renfermant de 1 & 5
atomes de ocarbone ;

- R2 représente un radical hydrocarboné renfermant
10 jusqu'a 6 atomes de carbone, en chaine droite ou ramifiée
et comportant éventuellement une double liaison, un radi-
ecal phényle, ou un radical banzyle ;

- R3 représente un atome d'hydrogéne ou un radical
alkyle, hydroxyalkyle ou dlhydroxyalkyle renfermant
15 chaoun de 1 & 5 atomes de carbone ;

- Ry représente un groupe de formule

-CH (-</j Y) ou -CH,~CH=CH ‘©’Y
- 2

dans lesquelles Y représente un atome d'hydrogéne ou
d'halogéne ou un radical alkyle ou alkoxy renfermant
20 chaoun de 1 &4 5 atomes de carbone, ou un radical hydro-
Iyle ;

- Z représente un radical méthyléne ou un radical
hydrocarboné en chaline droite ou ramifiée, ayant de 2 & 5

BNELOCHD: «EF_____ _ 0W0MMETAL | >
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atomes de carbone, éventuellement substitué par un
radical hydroxyle, et

- A représente un reste aminé de type :

J \ ‘
R - Q. 5-— dans lequel p prend les

5 valeurs 2 ou 3, ou (Cﬂz)p

I\
X- dans lequel :

-N
?Glz)é

- q prend les valeurs 1, ou 2, et

- X représente une liaison simple, un atome
d'oxygéne ocu un groupe - N -~

5
10 dana lequel RS représente un atome d'hydrogéne ou

un radical alkyle ou alkyléne ayant chacun de 1 a 5
atomes de carbone ; ou

. - lll - (Giz)m - l;l dans lequel
g Rg

. m représente un nombre entier de 2 & 6 ot

15 . RG représente un radical alkyle renfermant de 1
i 5 atomes de carbone. '

2) Les sels des composés de la revendication 1 avec
des acides appropriés.

3) Les sels selon la revendication 2 qui sont phy-
20 siologiquement tolérables.

4) La méthyl-1 isobutyl-3 l}dlphénylméthyl-ﬂ pipé~
razinyl-2 éthyl] -8 xanthine.

OIONAaTAYL_]_»
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5) la méthyl-1 isobutyl-3 [(diphénylméthyl-A
pipérazinyl)-3 propyl] ~8 xanthine.

6) La diméthyl-1,7 isobutyl-3 [(diphénylméthyl-ll
pipérazinyl)-3 propyl] -8 xanthine.

7) La méthyl-1 isobutyl-3 [(dl.parafluorophényl-
méthyl-4 pipérazinyl)-2 éthyl] -8 xanthine.

8) La diméthyl-1,7 isobutyl-3[(diparafluoro-
phényl-méthyl-4 plpérazinyl)-3 propyl] -8 xanthine.

9) La méthyl-1 isobutyl-3 [(diphénylméthyloxy-4
plpéridino)-2 éthyll] -8 xanthine.

10) La diméthyl-1,7 isobutyl-3 [{diphénylméthyloxy-4
pipéridino)-3 propyl] -8 xanthine.

171) La méthyl-1 isobutyl-3 Ediparafluorophényl—
méthyl-4 pipérazinyl)-2 éthyl:l -8 xenthine.

12) L'isobutyl-3 E(diphénylmébhyl—ll pipérazinyl)-2
éthle-B xanthine.

13) La métﬁy1-1 isobutyl-3 (dihydroxy-2,3 propyl)-7
Edlphénylméthyl-ll plpérazinyl)-2 éthyl] -8 xanthine.

14) Le procédé de préparation des compoaés de la
revendication 1, caractérisé en ce que l'on condense un
dérivé halogéné de formule générale II :

o
ﬁ'“)‘T“--Ra (x1)
041' N | N2 - B
)

BNODOCID. <EP_____ MIOSAOTAY | >
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dans laquelle 2,, R,, 23 et Z ont les sizgniflcations
définies dans la revendication 1, et Hal représente un
atome de chlore oun de »rome,

avec un dérivé aminéd de formule géndérale III :
H -4 -8, (I11)

dans laquslle A =t R, ont les slgnifications énon-
cées daas la revendication 1.

15) Le procédé de préparation de composds de la
revendication 1 répondant & la formule générale I' :

ﬁhz-n .

dans laquelle :

- Ry, Ry, Z et A ont les significations définles
dans la revendliecation 1,

~ R', représente un radical alkyle en chaine droite

ou ramifiée renfermant de 1 & 5 atomes de carbona, et
- R', représente un radical alkyle, hydroxyalkyle ou
dihydroxyalkyle contenant chacun de 1 & 5 atomes de car-

bone,

- caractérisé en ce que :

BNBDOCKD: <EF_____ . _O1067A1 1>



0103497

- 26 =
l'on condense un dérivé de formule générale II' :
0
' -
Ry ; R (1)
N Z-A-R
o? | - 4
)

dans laquelle

- R',s Ry, Ry, Z et A sont tels que précédemment
5 définils,

- avee un dérivé halogéné de formule générale
IIIT

R'3 - X (11I')

dans laquelle R'3 a la signification énonoée

10 précédemment et X représente un atome de chlore ou de
brome.

16) Les compositions pharmaceutiques contenant ocomme
principe aotif un composé selon les revendications 1 ou 3
a 13, avec les exciplents pharmaceutiques appropriés.

15 17) Les compositions pharmaceutiques selon la reven-
dication 16 présentées sous une forme oonvenant pour le
traitement de toutes les maladies oli 11 est nécessaire
d'inhiber les réactions antigéne-anticorps.

B0 <EP. O10340TAL | >
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REVENDICATIONS

1) Procédé de préparation des dérivés de la xanthine
de formule générale I :

o
Ry - N N - Ry
(1)
o/LNl N/lz‘“"“al i
R,

5 dans laquelle :

- R1 représente un atome d'hydrogéne ou un radical

alkyle, en chalne droite ou ramifiéde, renferpant de 1 a 5
atomes de carbone ;

- R2 représente un radical hydrocarboné renferzant
10 jusqu'd 6 atomes de carbone, en chaine droite ou ramifiée
et comportant éventuellement une double liaison, un radi-
cal phényle, ou un radical benzyle ;

- R3 représente un atome d'hydrogéne ou un radical
alkyle, hydroxyalkyle ou dihydroxyalkyle renfermant
15 chacun de 1 4 5 atomes de carbone ;

- Ru représente un groupe de formule :

Y Y
-CH ( ou -CH,-CH=CH —@
2

dans lesquelles Y représente un atome d'hydrogéne ou
d'halogéne, un radical alkyle ou alkoxy renfermant chacun
20 de 1 4 5 atomes de carbone, ou un radieal hydroxyle ;

- Z représente un radical méthyléne ou un radical
hydrocarboné en chaine droite ou ramifiée, ayant de 2 & 5

BNEDOCR>: <EP__ ____O1METALL >
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atomes de carbone, éventuellement substitué par un

radical hydroxyle, et

- A représente un reste aminé de type

. -~ N N dans lequel p prend les

\ /
5 valeurs 2 ou 3, ou ((Hz)p

. - N N  dans lequel :
\ /

(CHZ)
- q prend les valeu93'1, ou 2, et

-~ X représente une liaison simple, un atome
d'oxygéne ou un groupe -~ f - '
Rs
10 dans lequel Rg représente un atome d'hydrogéne ou

un radical alkyle ou alkyléne ayant chacun de 13 5
‘atomes de carbone ; ou

. dans lequel
-N- (@) -N 9
Re
. m représente un nombre ‘entier de 2 4 6 et

15 . RG représente un radical alkyle renfermant de 1
a 5 atomes de carbone.

. = et de leurs sels d'additlion avec des acides appro-
priés,

- caractérisé en ce que 1l'on condense un dérivé
20 halogéné de formule gdnérale II :

BNSDUGE: <EP____ __ DICMTALI>
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Rl-NJ\/rN-l% (1)
A ' NJ_z-ml
ok

dans laquelle R]' Rz, R3 et Z ont les significations
ci-dessus définies et H3al représente un atome de chlore
ou da brome,

5 avec un dérivé aminé de formule générale III :
H-4&-R,. (111)

dans laquelle A et Ry ont les signifigations énon-

cées précédemment ; et 31 on le désire on tralte les

dérivés T ainsi obtenus avec des acides appropriés pour
10 donner les sels d'addition correspondants.

2) Le procédé de préparation des dérivés de la
xanthine répondant & la formule générale I' :

R, - N | N-R', P

dans laquelle :

15 - Rz. Ry, Z ot A ont les aignifications définies
dans la revendication 1, )

- R'1 représente un radical alkyle en chaine droite
ou ramifide renfermant de 1 3 5 atomes de carbone, et

- R‘3 représente un radical alkyle, hydroxyalkyle ou

"20 dihydroxyalkyle contenant chacun de 1 & 5 atomes de car-
bone,

BNBDOCTU: <EP_ ____ 0103TAL L >
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- et de leurs sels d'addition avec des acides
appropriés ;

~ caractérisé en ce que :

l'on condense un dérivé de formule générale II' :

: 0
Ry - N I (x1')
5 PR N | N:Jiz"A"R4
R

dans laquelle :

- R',y Ry, Ry, Z et A sont tels que précédemment
définis,

- avec un dérivé halogéné de formule générale
10 ITI®*

Rt, = X (111"}

3
dans laquelle R'3 a la signification énoncée
précédemment et X représente un atome de chlore ou de

brome ;

15 ~ et si on le désire on traite lea dérivés I' ainail

obtenqé avec des scldes appropriés pour donner les sels
d'addition correspondants.

ENGOOTID: <EP______ DIDBMO7AI_|_»
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HELLMUT BREDERECK, EDGAR SIEGEL und BALDUR FoHLsce ™

Synthesen in der Purinrcihe, X111
Uber die Darstellung ciniger Xanthin-aldehyde-(8)

Aus demn Institut fisr Organische Chemie und Organisch-Chemische Technologie
der Technischen Hochschule Stuttgart

{Eingegangen am 26. Juli 1961)

Aus B-Hydroxymethyl-xanthinen und Thionylchlorid erhiilt man 8-Chlormethyl-
xanthine, deren Pyridiniumsalze sich mit p-Nitroso-dimcthylanilin in Nitrone
tberfihren lassen. Aus den Hydrochioriden von Theophyllin- und Theobromin-
aldehyd-(8)-nitron gewinnt man die entsprechenden 8-Aldehydc. Eine einfache
Synthese der Xanthin-aldehyde-(8) fanden wir in der Oxydation von 8-Hydroxy-
methyl-xanthinen mit Natrinmdichromai in Eisessig.

In der Reihe der Purinaldehyde sind bisher Purin-aldechyd-(6)2, Coffein-alde-
hyd{(8)¥, 2-Methyl-6-morpholino- und 2-Methyl-6-didthylamino-purin-aldehyd-(8)%
bekannt. Im folgenden beschreiben wir neue Synthesen von Xanthin-aldehyden-(8).

Ausgehend von den entsprechenden 8-Hydroxymethyl-xanthinen haben wir zu-
nichst mit Thionylchlorid dic 8-Chlormethyl-Verbindungen des Theobroznis (L),
Theophyllins (II) und 3-Methyl-xanthins ([IT) sowie die bereits bekannte 8-Chlor-
methyl-Verbindung des Coffeins (I\Q dargestellts).

%“ %’l
coO N Cco
R"‘f/ \(n:/ N : S0c,, R_lf/ \(n: " C—CH,CI
oc_ ,C C-CH0H = oCc. C *
N W
| |
R’ R’ I-1V
I: R = H, R°= R”= CHa lI: R = R*= H, R‘= CH;
li: R = R'= CHy, R”"=H IV: R = R’= R”= CH,

Die 8-Hydroxymethyl-xanthine sind leicht tiber dic 4.5-Dirmino-uracile’ durch Umsetzung
mit a-Hydroxycarbonsfluren zugingliché). 8-Hydroxymethyl-theobromin haben wir durch
particlle Methylierung von 3-Methyl-§-hydroxymethyl-xanthin erhalten. Das bereits bekannte .
8-Hydroxymethyl-coffcin haben wir in einfacher Weise durch Umsetzung von Coffein mit
Paraformaldehyd in Eisessig/HiCl dargestelit. Uber die Darsteliung des B-Hydroxymel.hyl-
xanthins berichten wir wuter unten.

B XIIL Mitteil.: H. Brevereck, H. HirpLiNGER und l. GRAuDUMS, Chem. Ber. 95, 54
[1962].

2) A. GINER-SOROLLA, I. ZIMMERMANN und A. BeNDICH, J. Amer..chem. Soc. 81, 2515 [1959]

3 E. S. GOLOVCHINSKAYA, J. gen. Chem., (russ.) 18, 2129 [1948); C. A.. 43, 3794 (1949].

4) R, HuLy, 3. chem. Soc. [London] 1958, 4069.

5) E. SiecEL, Dissertat. Techn. Hochschule Stuttgart 1955.

5] Mierh Pairhe Basr 212 711 [IANGT. TIadl A 1AlA Frann anens
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Die 8-Chlormethyl-xanthine haben wir mit verschicdenen Aminen. (N—Benzyl-anilin.,
Pyrrolidin) zu den cntsprechenden 8-Aminomethyl-xanthinen umgesetzt.

Bei der Umsetzung von 11 mit Pyrrolidin haben wir das 8-Pyrrolidinylmethyl-theophyllin
(V) erhalten, das mit p-Chlor-benzylchlorid/Natriumalkoholat in absol. Athanol jedoch nicht
das erwartete 7-[p-Chlor-benzyi)-8-pyrrolidinylinethyl-theophyllin (VI) ergab, sondern sich
unter Abspaltung des Pyrrolidin-Restes zum 8-Athoxymethyl-theophyllin (VII) umsctate.
Setzt man jedoch Il mit p-Chlor-benzylchlorid zum 7-[p-Chlor-benzyl]-8-chlormethyl-theo-
phyllin (VIII) um und dieses dann mit Pyrrolidin, so erhilt man VI — ein Analogon des
‘Antihistamins Allercur — mit 80 % Ausbeute.

CHs—CH;

""<cn,-c1L . G_Q_qlﬂ
i
o, cl
CO NH co
. \ / 2-‘CH1 o \C/N\
H’COE/ E Ne- e H’Coz/ L jc-cc
NChi~CHz
g W ’ W
CH; v . n, Vi

l°~<:.>~w |

co N{ co
_ _ \ CH,—CH;
H,C N/ \c/ S H;c N/ \c-cnz— r<c |
|
CH, Vil (I:H; Vi

Die Beweglichkeit des Chlors in den B-Cmormethyl-xa.nlhmen nimmt in der Reihen-
folge IV-+I—+I{ I za 57N,

Lost man z B. die 8-Chlormethyl-Verbindungen bei Raumtemperatur in salpetersaurer
Silbornitratidsung, so beginnt sich die zuniichst vollig klare LOsung imn Falle der in 7-Stellung
nicht substituierten Verbindungen 1I und 111 nach wenigen Sekunden zu {rilben, nach kurzer
Zeit ist die Silberchlorid-Fillung quantitativ. Bei 1 und I'V dagegon erfolgt die Silberchlorid-
Fillung crst nach Erwirmen.

Auch dic Umsetzungen mit Pyridin zu den entsprechenden Pyridiniumsalzen zeigen
diesclbe Abstufung in der Beweglichkeit des Chloratoms.
11 und 111 bilden mit Pyridin bei Raumtemperatur nach wenigen Sekunden mit ca. 85%

Ausb. die Pyridiniumsalze, I erst nach Ldsen in Pyridin aul dem sicdenden Wasserbad, und IV
nach einstlindigem Erhitzen in Pyridin (959 bzw. 30 % Ausb.). Die 8-Chlormethyl-xanthine I

7) H. BrEDsREcK, Synthesen in der Purin- und Fyrimidinreihe, Festschrift Frof. Dr.
A. StoLr, S. 657, Birkhiiuser Verlag, Basel 1957.
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. und II sowie deren Reaktionsprodukte mit verschicdenen Aminen sind plarallel Zu unseren
Untersuchungen zur gleichen Zeit dargestellt und in zwei Patenten beschricben worden®.

Aus den Pyridinjumsalzen haben wir mit p-Nitroso-dimethylanilin in alkalischer
Losung nach der Methode von F. KROBNKE? die Nitrone IX ~XI1 dargestellt. Nach
mehreren vergeblichen Versuchen ist uns dic Spaltung von IX zum Theobromin-
aldehyd-(8) (XI1I) {iber das Hydrochlorid durch kurzes Aufkochen mit Wasser mit
67% Ausb. gelungen, AuBerdem konnten wir durch Verreiben des Hydrochlorids
von X mit Aceton Theophylhn—aldehyd—(s) (X1V) mit geringer Ausbeule (24%)
isolieren,

R" = Rn
| |

CO N CcO )
r-N ¢ N\ ® R"N/ \C/N\
C— CHzOH

oclz\ N/cI:\N/C_CH’_Q ce oc\ N/ \N/
|
o

oN—Q—N(cu,hl Hl;CrzO-,ch;CO;H

%’l . lltn
cQ co -
o)
R_N/ /N\\ : A
—-CH-N—Q—N(CH;): | ] C—CHO
oc /C\N/ oC C\N/
1X —XII : R’ XIl—XVI

IX, XIlI: R = H, R"= R”= CH;
X, XIV: R=R'=CH;,R"=H
XI, XV: R= R”=H, R'= CHj; IX, X
X1}, XVI: R = R'= R*m== CH; _ (Hydrochlorid)
XVII: R = R’= CHj, R"”"= CgHsCOCH2

Ubersicht Uiber die aus 8-Hydroxymethyl-xanthinen erhaltencn Xanihin-aldehyde-(8)

-aldchyd-(8) Ausb, % d. Th
Theobromin- : XI1IL 70
Theophyllin- XIv - 50
3-Mcthyl-xanthin- XV 54
Collein- Xvli 54
7-Phenacyl-theophyllin- ‘Xvii 43

§) Amer. Pat. 2879271 [1959]; C. A. 54, 591 [1960]; Disch. Bundes-Pat. 1001272 [1957];
C. A. 54, 1569 [1560L

?F. K.nbmau. Ber. disck. chem. QGes. 71, 2583 [1938]; F. Ke&inis und E. Borner,
Rrr rterh rham (Gas £ MMNATIQ7A )
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Eine einfache Darstellung der Xanthin-aldehyde~(8) XIII—XVII fanden wir in der
Oxydation der 8-Hydroxymethyl-xanthine mit Natriumdichromat in Ejsessig nach
dez Arbeitsweise von R. HurL4 (Tab.). Eine weilergehende Oxydation zur 8-Carbon- _ O
stiure erfolgt unter diesen Reaktionsbedingungen nicht. ' 1

Die Oxydation von B-Hydm;:ylnetllyl-ﬂleopllyllin mit aktivem Braunsieinl®) ergab —
wegen ungenilgender Loslichkeit in indifferenten LYsungsmitteln — nur eine geringe g\usbeute
an XIV (in Form des Thiosemicarbazons bzw. Dinitrophenylhydrazons nachgewiesen).

Die Darstellung des 8-Hydroxymethyl-xanthins aus 4.5-Diamino-uracil und Glykol-
sdure ist uns wegen der Unldslichkeit des Uracils nicht gelungen. Wir haben daher
das in organischen Losungsmitteln leicht 18aliche 1.3-Dibenzyl-4.5-diamino-uracil 1)
mit Glykolsiure bzw. Glykolstiure~-didthylester zum 1.3-Dibenzyl-4-amino-5-{hydroxy-
acetamino}-uracil (X VILI) umgesetzt, dieses in Gegenwart von Alkali in 1.3-Dibenzyl-
8-hydroxymethyl-xanthin (XIX) {ibergefiihrt, daraus nach der Methode von V.pu’
VigNeaup und O. K. BEHRENS12) mit Natrium in flissigem Ammoniak dic Benzyl-
gruppen wieder abgespalten und 8-Hydroxymethyl-xanthin (XX) in 85-proz. Ausb.
erhalten. Sein UV-Spektrum ist identisch mit dem des 8-Methyl-xanthins. X2C 148t
sich infolge seiner Unldslichkeit in Eiscssig nicht zum Xanthin-aldehyd-(8) oxydieren.

co co
CqH,—CH;—II«l/ NC-NH; c,n,—cu,-rldf NC—NH-CO—- CH;0H
OC. C-NH, DOC-CHOH oc\' (“:—NH:
\T/ 1:1/
CH;—CeHs CH:—C¢Hy  XVII
CO NH CO N
CsHs'-CHz—TI‘I/ \ﬁ/ AN i m;‘/ \‘“:/ { |
oH —CH . ~
_OHe oc & \N/C CH;0O! Na, fl. NH; OC\ & /C CHz0H
CH;-CsHs XIX XX

Uber die Debenzylierung von N-Beuzylacyl-amiden nach der Methode von du Vigneaud
berichten auch S. Sugasawa und T. Fus 13,

BESCHREIBUNG DER VERSUCHE

" Zur Charakterisiecrung der Xanthinderivate dienton z. T. UV-Spekiren, aulgenommen mit
einem Cary-Spcktralphotometer, Modell 14; auBendem dic Papierchromatogramme in den
‘Syitemen n-Butanol/5n Rusigsiure (2:1) (als B/Ac bezeichnet) und n-Propanolf1-proz. waBr.
Ammoniakltsung (als P/NH; bezeichnet) nach der absteigenden Mcthode mit Papier 2043
bGl der Fa. Schicicher & Schill. .

Dic Chromatogramme wurden unter UV-Lampen der Wellenléingen 365 mp und 254 mp
ausgewcrtet. Die Rr-Werte sind auf Pikrinsiure als Vergleichssubstanz bezogen, deren Ry
Werte im Mittel 0.55 (B/Ac) und 0.83 (P/NHj) betrugen.

10) R, M. Evans, Quart. Rev. (chem. Soc., London) 13, 61 {1958].

11} V. ParescH und E. F. SCHROEDER, Amer. Pat. 2602795 [1952]); C. A. 47, 4920 [E253]).
12) J, biol. Chemistry 117, 27 [1937].
13} Chem. und Pharm. Rull (Takva) 6. SR7TIQSR1- ¢ A &4 14747 [i oA
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Viele Verbindungen besitzen keinen exakten Schmp., sic beginnen meist melirere Grade \
unter dem angegebenen Schmp. zu sintern. Als Schmp. wird die Temperatur angegeben, bei ‘b"
der cine vollig klare Schmelze vorlicgt Einc Reihe weilerer Verbindungen schmelzen bis
350° nicht. -
3-Methyl-8-hydroxymethyl-xanthin: 8.3 g 3-Methyl4.5-dlamino-uracil und 8.5 g Glykol-
sdure (kris\.) werden in der Reibschale innig verrieben und 1 Stde. auf dein siedenden Wasser-
bad erhitzt, Zu der erstarrien Schmelze gibt man 55 com Wasser, neutralisiert mit festem
Natriumhydroxyd, gibt 55 ccm 22 NaOH zu, kocht die klare LUsung 21/, Stdn. unter Riick-
fluB, saugt den ausgefallenen Niederschlag ub, sfiuert dic heiBe Ldsung mit Schwefelsiure
auf pH 4 an, saugt den nach Anreiben und Belassen im Kithischrank ausgefatlcnen kristal-
linen Niederschiag ab, wiischt mit Wasser und Athanol und trocknet bei 110°. Ausb. 5.8 ¢
(50% d. Th). Nach Umkristallisieren aus der 15fachen Menge Wasser Zers. ab ca. 300°
unter schwacher Gasentwicklung und Verkohlung.

C7HgN4O3- H;0 (214.2) Ber. C39.25 H4.71 N 26.16 H20 8.42
Gel. C39.27 H4.71 N 26.43 H,0 8.49

8-Hydroxymethyl-theabromin: 1.3 g 3-Methyl-8-hydroxymethyl-xanthin werden in 3.5 ccm
2n NaOH und 8 ccm Wasser peldst und auf dem Wasserbad auf 40° erwiirmt. Nach Zugeben
von 0.88 ccm Dimetkylsulfat in 5 ccmn Methanol 148t man bei 40° bis zum konstanten pH von
7—7.% 201 NaOH zutropfen, saugt den Niederschiag nach Aufbewahren im Kilhischrank ab,
wihscht mit wenig Wasser und Methanol und trocknet bei 110°. Ausb. 0.85 g (655 d.Th.).
Nach Umkristallisicren aus 55facher Menge Wasser Schmp. 297°.

CsHpN4O3 (210.2) Ber. C45.7]1 H4.80 N 26.66 Gef. C44.99 H 4.94 N 27.16

UVY-Spektrum Amax (mMpe) ) 108 Cnuax
in nf10 NaOH << 220; 1236}; 276 — ; [B.82]; 4.10
bei pH 7 < 220; {2334; 276 ‘— ; [3.63]; 4.05
in nf/10 HCL < 220; [234}; 276 — ; [3.65]; 4.06
Rr (BjAc) 0.39

R (PINFR) O, 59]  bei 234 mu Absorpion

8-Hydroxymethyl-coffein: 12 g Coffein, 12 g Paraformaidehyd, 18 ccm Eisessig und 6 ccm
koonz. Salzsiure werden in cinem Bombonrohr 17 Stdn. auf 160—170° erhitzt. Die klaro
braune Reaktionsldsung wird mit starker Natronlauge (ca. 15—20 g Natriumhydroxyd in
wenig Wasser gelds() auf pH 6 gebracht, noch warm in einen Chloroform-Extraktor gegeben,
vor dessen Uberlauf cine Schicht feiner Glaswolle das MitreiBen auskristallisierter Substunz
verhindert, und 10 5tdn mit 250 ccm Chloroform cxtrahiert. Man engt den Auszug auf
100 ccm ¢in, 1Dt {iber Nacht im Klildschrank stehen, saugt den Niederschlag ab, wiischt
dreimal mit Chloroform und trocknet bei 110°. Ausb. 5§ g (36% d. Th.), Schmp. 223-224"
nach Umkristallisieren aus 40— 50 Teilen Athanol, Schmp. 225°, Lit. 224 --226".

&-Chlormethyl-theobromin (I): 0.7 g _8—Hydroxymﬂhyi-lhwbram:n, 3.5ccm frisch dest.
Thivnylchlorid und 2 Tropfen Pyridin werden 6 Stdn. unter ‘Rickflud (Calciumchloridrohr)
gckocht, das {iberschiiss. Thionyichlorid i. Vak. abdestilliert, der Riickstand mit wenig absol.
Athanol und dann mil absol. Ather gewaschen und bei 110° getrocknet, Aush. 0.7 g (90%
i. Th.), nach Umkristallisieren aus 15—20 Tln. absol. Dioxan verfilzte Kristilichen, Schunp.
363" (Lit.®): 251 —253").

CsHoCIN4O; (228.7) Ber. C42.02 H 398 N 24.50 Gef. C41.83 H 3.71 N24.02

3-Chiormethyl-thecphyliin I'!I) Zu 15. l 8 8-Hydroxymeihyl-ikeopkyllin® gibt man unler

Naoearicfthinne AR anrs FPhiaa..f01 -7
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4 Stdn. unter Riickfiul (Calciumchloridrohr) auf dem siedenden Wasserbad, destilliert das
tiberschilss. Thionylchlorid i. Vak. ab, kocht den Rilckstand kurz mit 30 ccm absol. Athanol
auf, saugt ab und trocknet bei 110° Ausb. 14.9 g (90% d. Th.), ritlich-gelbes Pulver, Schmp.
238-—240° nach Umkristallisieres: aus absol. Dioxan und Waschen mit absol. Athanol farb-
lose Kristalle, Schmp. 241° (Li1.8): 249°).

CgHyCIN4O2 (228.7) Ber. C42.04 H3.98 Cl115.50 N 24.50
Gef. C41.25 H4.06 Cl 15.42 N 24.22

3-Methyl-8-chlormethyl-xanthin (III): Analog | aus 1 g 3-Methyl-8-hydroxymethyl-xanthin,
10 ccm Thionylchlorid und 2 Tropfen Pyridin. Ausb. 0.92 g (9297 d. Th.), nach Umkristalli-
sieren aus 100facher Mcnge absul. Dioxan und Eiaengen i. Vak. auf 1/10 des Volumecens
dUnne Prismen, kein Schmp. ’

C/H/CINSO; (214.6) Bet. C39.18 H 3.29 N 26.11 Gel. C 39.64 H 3.71 N 25.39

8-Pyrrolidinylmethyi-theophyllin (V) : Zu der siedenden Suspension von 3.43 g I/ in 150 ccm
absol. Athanol gibt man 2.5 g frisch dest. trockenes Pyrrolidin, kocht 15 Stdn. unter Riickflus,
engt die klare briiunlichgelbe L3sung auf ca. 10 ccm ein, 146t im Kihilschrank erkaiten, saugt
den Niederschlag ab, wascht mit wenig Athanol und Idst ihn sofort in 25 ccm siedendem
Methanol. Nach Absaugen wird das Filtrat auf 3—5 ccm eingeengt, nach Abkihlen werden
dic ausgcfallenen feinen Nidelchen abgesaugt, mit Methanol gewaschen und bei 110° ge-
trocknet. Ausb. 1.9 g, Schmp. 203°. Aus der Mutterlauge und nach Umkristallisicren aus Ben-
zol nach 0.1 g, Schmp. 198°, Gesamtausb. 55% d. Th.; die nach Umkristallisieren aus der
50fuchen Menge Benzol erhalienen Nidelchen vom Schmp. 203° werden direkt zu VII
umgesectzt. Analysiert wird ¥ als Silbersalz: Man gibt dic heiBe L8sung von 0.2 g Silbernitrat
in 0.5 ccm Wasser zur ebonfalls heifen Lisung von 0.26 g V in 1 cam konz. Ammoniak:
0.35g (957 d. Th.).

Aéclzl'l.gNsOi (370.2) Ber. C38.93 H4.36 Gef. C38.57 H4.40

3-Me:hyl-&-[N-benzyl—anilimmet}'lyl]-xamhl'n: 0.21 g Il und 0.37 g frisch dest. N-Benzyl-
anilin werden, gut durchmischt, im Olbad in cinem schwachen, trockenen Stickstoffstrom
12 Stdn. auf 150° erhitzt (Steigrohr). Nach Erkalten wird das feste Reaktlionsprodukt pulveri-
siert, dreimal mit je 3 com Wasser ausgekocht, hei abgesaugt, der Rickstand mit Wasser
und Athano! gewaschen und bei 110° gotrocknet. Ausb. 0.15 g (40% d. Th.), aus cinem Ge-
misch von 25 ccm Dimgthylformamid und 20 ccm Wasser thombische Plittchen vom Schmp.

250°, .
CzoHj 9NsO; (361.4) Bor. C66.48 H 5.26 Gel. C66.56 H 5.05

8-f N-Benzyl-anilinomethylj-theophyllin: 0.23 g Il werden in einer L8sung von 0.37 g frisch

dest. N-Benzyl-anilin in 10 ccm absol. Athanol suspendiert und 15 Stdn. unter Rickflub

" gekocht. Nach Abktihien (K(hlschrank) wird abgesaugt, der Riickstand mit Athanol ge-

waschen und bei 130° getrocknet, Ausb. 0.31 g (82% d. Th.), aus ‘Athanol unter Zusatz von
wenig Dioxan rhombische Prismen, Schmp. 206°, Lit.®: Schmp. 211°.

Cz21H2iNsO2 (375.4) Ber. C67.15 H 5.60 N 18.65 Qef. C66.49 H 542 N 18.63

8-f N-Benzyl-anilinomethyl]-coffein: Aus 0.24 g 8-Chlormethyl~coffein (IV) in 0.37g
N-Benzyl-anilin und 10 ccm absoL Athanol wie vorstehend. Die Reaktionsltsung wird auf
dem Wasserbad auf ca. 3 com eingeengt, abgekilhit und angericben. Nach Stehenlassen im
KOhlschrank wird abgesaugt, der Rilckstand mit wenig kaltern Athanol gewaschen und bei
110° getrocknet. Ausb. 0.21 g (54 d. Th.), nach Umkristallisicren wus der 40fachen Menge
Wasser/Dioxan Schmp. 156°.

CoaHoalNeOs (380.4) Ber. C67.85 H 591 W IR.ON Gef. MATAL F7 5 A8 N 17 <0

BNSDOGID: «XF____ - 0e4msA_l »



'\"3?251—

1962 Synthesen in der Purinreihe (XIIl.) 409

8-Athoxymethyl-theophyllin (VII}: Zu der Lsung von 0.53 g ¥ in 10 com absol. Athanol
gibt man cine L8sung von 46 mg Natrium in 2.5 ccmn absol. Athanol, 148t unter Eisktihlung
0.36 g p-Chlor-benzylchiorid in 2 ccm absol. Athanol zutropfen, | Stde, bei Raumtemperatur
stchen, kocht 4 Stdn. unter Rickfluf, saugt heil vom Natriumchlorid ab, engt das Filtrat
ein, neutralisiert mit wenigen Tropfen Eisessig (pH 7), saugt das hierbei ausgefallene Reak-
tionsprodukt ab, witscht mit Wasser und Athanol und trocknet bei 110°. Ausb. 0.2 g (42%
d. Th). Aus. 100 Teilen Wasser/Athanol (3:2) und aus 200 Teilen Dioxan/Wasser (3:2)
verfilzte Nidelchen. Kein Schmp. )

CioH14N4O; (238.2) Ber. C50.42 H5.92 N 23.52 Gel. C49.22 H 5.63 N 23.91

7-{p-Chlor-benzyl )-B-hydroxymethyl-theophyllin: In die Lisung von 1.07 g Natriumhydroxyd .
in 15ccm Wasser triigt man unter RUhren 5.6 g 8-Hydroxymethyl-theophyllin® ein, gibt
135 can Y6-proz. Athanol zu, 1408t abkihlen und der farblosen Suspension 4.86 g p-Chlor-
benzyichlorid in 25 ccm 96-proz. Athano! unter Eiskithiung und starkem Rihren innerhalb
von 10 Min. zutropfen, exwidrmt langsam auf 20 und kocht unter stindigein Rihren ca.
13 Stdn. bis zur vSlligen LYsung unter RilckfluB. Man saugt heifl ab, engt das Filtrat auf
30— 50 ccm cin, 148t crkalten, saugt den Niederschlng ab, wischt einige Male mit Wasser,
rithrt 3 Min. gut mit 10 ccm konz. Ammoniakl8sung durch (zur L8sung des Ausgangs-
produktes), saugt ab, wilscht mit Wasser und Athanol und trocknet bei §10°. Ausb. 4.8 g
(55% d. Th.), aus 60—70 Teilen Athanol verfilzte Nadelchen, Schmp. 217°.

CisHisCINGOy (334.7) Ber. N 16.75 Gel. N 16.79 -

7-[p-Chior-benzyl]-8-chlormethyl-theophyllin (VIIl): 4.7 g der vorstehend hescliriebenen
Verbindung und 13 ccm frisch dest. Thionylchlorid werden 6 Stdn. unter RilckfluB gekocht,
das Oiberschiliss. Thionylchlorid wird i. Vak. abdestilliert, der Rilckstand mit 5 ccm Methanol
versetzl und wieder i. Vak. zur Trockne eingeengt. Der farblose Rilckstand wird mit 20 ccm
Chloroform (iiber Phosphorpentoxyd getrocknet) aufgekocht, heil abgesaugt und das Filtrat
in ciner flachen Schale cingedunsiet. Ausb. 3.3 g (67% d. Th.), aus 30—40 Teilen absol.
Athanol verfilzte Nitdelchen, Schmp. 170°.

CisH14ClhNgO; (354.2) Ber. C120.02 Gef. C120.13

7-[p-Chlor-benzyl]-8-pyrrolidinylinethyl-theophyllin (V1) ( Hydrochlorid): 2.9 g VIII werden
im 100 ccm absol. Athanol suspendiert, mit 1.3 g reinem trockenem Pyrrolidin versetzt,
15 Stdn. unier RickfluB gekocht, aul 10-ccin eingeengt, in den Khischrank gestellt,” vom
ausgefallenen Nicderschlag abgesaugt, dicser mit Wasser und mehrere Male mit Athanol
gewaschen und bei 110° getrocknet. Ausb. 2.57 g (81 % d. Th.), Schmp. 149°.

Hydrochlorid: Zu 2.4 g VI in 5 com Wasser gibt man 2 ccm halbkonz. Salzsdure, schiittelt
gut durch, versetzt das erstarrte Hydrochlorid mit 5 com Wasser, kocht kurz mit Tierkohle
auf und saugt durch eino vorgewdrmte Nutsche heill in eino vorgewirmte Saugfiasche ab.
Nach langsamem Abkiihlenlassen des Filtrats wird der ausgefallene Niederschlag abgesaugt,
mit wenig Athanol gewaschen und bei Raumtemperatur i. Vak.-Exsikkator getrocknet.
Ausb. 2.4'g (92 % d. Th.), verfilzte, prismatische Nidelchen, Schmp. 227°.

CigH2CINsO,- HC1 (424.3) Ber. N 16.52 Gef. N 16.30

N-f Theophyllinyl- (8 )-methyl}-pyridiniumchlorid: 1 g I werden unter Rilhren in 15 cem
absol. Pyridin rasch geldst, nach Stehenlusten bei Raumtemperatur und anschlieBend im
Khischrank wird der Niederschlag abgesaugt, mit absol. Ather pyridinfrei gewaschen und
bei 110° getrocknet. Ausb. 1.2 g (89 74 d. Th.), kein definierter Schmp. (Lit.®): Schmp. 297°).
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1

N-[Theobrominyi-(8 )-methy!]-pyridiniumchlorid: Aus 0.7g I und 14 ccm absol. Pyridin
nach ca, 20 Min. langer Reaktion auf dem siedenden Wasserbad wie vorstehend. Nach Sichen-
lassen (iber Nacht bei Raumtemperatur destilliert man das Pyridin i. Vok. bis auf ca. 1 ccm
ab, gibt 5 ccm Ather zu, saugt nach Aufbewahren im Kiihischrank ab, wiischt 'mit Ather und
trocknet bei 110°. Ausb. 0.89 g (94% d.Th.), farblose, kurze Prismen, Schmp. 288 —290".
Zur Analyse wird dic Verbindung in siedendem 70—B0-proz. Athanol geldst und so viel
reines Athanol zugogeben, bis in der Hitze Tritbung erfolgt, verfilzte Nidelchen.

C\}HuN;O:]Cl' (307.7) Ber. ClL11.52 Gel. C111.88

N-{. J-Methyl-xanthinyl-(8 ) -methyl]-pyridiniumchlorid: Aus 0.6g Il und 9 ccm absol.
Pyridin, wic bei der Darstellung von N{Theophyllin-(8)-methyl}-pyridiniumchlorid beschric-
ben. Ausb. 0.7 g (85% d. Th.). 0.6 g werden in einem sicdenden Gemisch von 6 ccm Athanol
und 1.5 ccm Wasser gelist, die hgiBe L8sung langsam zunichst mit 6 ccm Athanol versetzt,
angericben, dann zur vollstindigen Fiilllung mit 2 ccm Athanol versetzt, nach kurzem Stehen-
lassen abgesaugt, mit Athanol gowaschen und bei 110" getrocknet. Ausb. 0.45—0.5 g (55—60%,
d. Th.) farblose, zu Blscheln vereinigte Prismen, kein Schmp.

C12H1aNs0O2IC] (293.7) Ber. C112.07 Gel. Cl12.40

N-[ Coffeinyl-(8)-meithyl}-pyridiniumchlorid: Aus 1 g 8-Chlormethyl-coffein® und 20 ccm
absol. Pyridin durch kurzes Erhitzen auf demn siedenden Wasserbad. Der Niederschlag wird
nach Istdg. Stchenlassen bei Raumtemperatur abgesaugt, mit absol. lth.:r gewaschen und
bei 110° getrocknel. Ausb. 0.41 g (31% d. Th.), aus Alkohol Niidelchen, Schmp. 248°.

Ciat1sN5021Cl (321.7) Ber. C111.02 Gel. C110.71

Tl:eal':ramin-aldchyd-(8)-[p-dimethylamino-plwnyhiitron] fIX}: Der Losung von 0.74g
N-{ Theobrominyl-(8 )-methyl]-pyridiniumchlorid in 2 com Wasser und 11 cemn Athano! setzt
man nach Erhitzen 0.36 g p-Nitroso-dimethylanilin zu, danach 2.42 ccm #1 NaOH. Unter
Farbumschiag von Tiefgriin nach Gelborange erstarrt die Lsung. Tags darauf wird abgesaugt,
mit Wasser und Athanol gewaschen und bei 110° getrocknet. Ausb. 0.67 g (82% d. Th),
aus 500 Teilen Athanol/Wasser (4:1) glinzende rostbraune Prismen, kein Schmp.

CanNsO; (342.4) Ber. NW24.55 Gefl. N 21.69

Theophyliin-aldehyd- (8 )-{ p-dimethylamino-phenylnitron) (X): Zu der Lésung von 0.62 g
N-{ Theophyllinyl- (8)-methyl }-pyridintumchlorid in 2 ccm Wasser und 10 ccm Athanol gibt
man 0.3 g p-Nitroso-dimethylanilin, zu der entstandenen tiefgriinen L8sung 1 ccm 22 NaOH,
4Bt 36 Stdn. im Brutschrank bei 40° stehen, danach zur Abktthlung kurze Zeit im Ktihischrank,
saugt dic ausgefalicnen gelben Kristalichen ab, wischt mit Wasser und Athanol und trocknet
bei 110° Ausb. 0.37g (53% d. Th.). Aus 100 Teilen Dimethylformamid goldglinzendes
Kristatlpulver, Schmp. bei raschem Erhitzen 270° (unter starkem Aufschiumen).

Ci6H1aNgO3 (342.4) Ber. N 24.55 Gef. N 24,38

J-Methyl-xanthin-aldehyd- (8 )-{ p-dimethylamino-phenylnitron} (X1): Aus 0.39 g N-{3-Me-
thyl-xanthl'nyl-(&)-mc:hyl]-pyridinlumchlorid in Iccon Wasser und 2ccm Athanol durch
Zugabe von 0.22 g p-Nitroso-dimethylanilin und 1.32ccm # NaCH uad 5tigiges Stehenlassen
bei Raumtempereiur, Absaugen des gelben Niederschlags, Waschen mit Wasser und Atha-
nol sowic Trocknen bei 110°, Ausb. 0.24 g (56% d. Th.). Aus 70 Teilen Dimethylform-
amid/Wasser (1:1) riilichbraune, glitzernde Prismen, nicht analysenrein. Schmp. nach ra-
schem Erhitzen bei 255—260° (Zers.)-

Coffein-aldehyd-(8 )-[ p-dimethyiaminv-phenylnitron} (X11): Aus 0.76 g N-[Coffeinyl-(8)- .
methyl}-pyridiniumchlorid in I ccm Wasser und 10 ccm Athanol. Nach Zugabe von 0.39 g
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p-Nitroso-dimeihylanitin und 1.2ccm 2 n NaOH erfolgt Farbumschiag von Smaragdgriin 6
nach Orangegelb und Erstarren der Lbsung. Nach Stehenlassen Ober Nacht, Wuschen mit 1"
Wasser und zweimal mit Athanol sowie Trocknen bei [10° Ausb. 0.1 g (729 d. Th). Aus

40 Teilen siedendem Athanol plinzende, gelbe Nidelchen, nach Trocknen i. Vak.-Schrank

Schmp. bei langsameni Erhitzen 195° (Zers).

Ci7HyoNgO) (356.4) Der. N 23.58 Gel. N 21.1

Theabromin-aldehyd-(8) (X1H)

a) 0.34 g LY werden untor Wassorkithlung mit | ccm konz. SalzsBure verricben, das ent-
standene kristoiline Hydrochlorid wird abgesnupl, Zweimal mil wenig absol. Athanol gewa-
schen, mit 4 com Wusser kurz aufgekoche, in E.iswuser abgekithlt, die ausgefallencn farblozen
Kristalle abgcsaugt, mit Wusser, und Athanol gewaschon und bei 110" getracknet, Ausb.
0.14 g {(68% d. Th.), Schmp. 286°, aus 40 Teilon Dioxan Nadeichen, Schmp. beim raschen Er-

hitzen 286",
UV-Spckirum Anax (miyz) log £
in nfig NaOH ~200; [222]; 279: 348 =>4.3; {3.92); 4.11; 282
bei pH 7 ~200; 230} 277; 31 >4.4; [3.91]; 3.97; 341
in afip HCl ~200; [230]; 277; 331 >4.38: [3.92]; 396; 1.3
Rr (BlAc) 0.64

laue Fl :
Re (P[NH;) 0.40 schwach blaue Fluorcszenz

CyHN,Oy (208.2) Her. C46.15 H1.87 N 2692 Gel. C45.78 H 2.83 N 26.30

b) Der Ldsung von | g 8- ydroxymethyi-theobromin in 40 ccn Eisessig 180t man bei 80 bis
85° (Badtemp.) cine Lasuug von 0.55 g Natriumdichromat-dihydrat in 25 com warmem Eis-
essig innerhalb 1 Stde. zutropfen, riihrt dann noch 30 Min. bei gleicher Tenp., destilliert den
Eisessig i. Vnk. zum griiBten Teil ab, vensetzi den grinen breilgen Rockstand mit 10 cem
Wasser, saugl am andern Morgen ab und wischt mit Wasser und Methanol. Aush. .69 g
(70% d. Th.), Schmp. 286 —288° (Zers.), aus Dioxan Schmp. und Misch-Schmp. 288",

Theophyllin-uldehyd-(8) (XI1V)

4} 0.8 g X werden mit 2 ccm konz. Salzsiure im Eisbad verrieben, nach ca. 5§ Min erfolgt
teilweise Kristallisation des Hydrochlorids; man verridhrt mit 15 com Acoton im Eisbad, 150t
15 Min. bei (° stehen, zontrifugiert den Nicdersching ab, wischt ihn in der Zentrifuge dreimal
mit Acclon und je einmal mit Wasser und Aceton und kristallisiert aus Dioxanum. Aunsb. 0.11g
(23% d. Th.), kein Schmp., allmihlich unscharfe Zersetzung.

b) 20 g §-Ifydroxymethyi-iheophyifin werdon in 400 cem Elsessig auf dean siedenden Wasser-
bad geldat, man 188t auf B0 —85° (Badtemp.) abkiihlen, gibt unter RUhren in kleinen Portionen
10 g feingepulvertes Natriumdichromat-dihydrat innerhalb von 13 Min. 2u, ridhrt dann noch
30 Min. bei gleicher Temperatur waeiter, 128t dber Nacht stehen, saugt ab, wischt mit Eis-
casig, dann so lange mit Wasser, bis die Waschflfissigkeit farblos ist, sodann zweimal it
Methano! und trocknet i. Vak.-Exsikkator iber Schwefclsfure/Kaliumhydroxyd. Aush. 11.9 g
(6024 d. Th), leicht briunliche Substanz. Mach zweimaligem Umkristallisieren aus der 60-
fachen Mcenge Dioxan unter A-Kohle-Zusatz 9.8 g {50% & Th.) gelbsiichige Nidelchen, die
nach weiterem Umbkristallisiecen aus Dioxan und A-Kohie farblos sind. Rr-Wert und Analyse
sind idantisch mit der nach a) darcastalltan Varhindune
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UV-Spektrum Amax (M) . 108 €max

in nfjg NaOH <220, 24 ;. [259); 333 - 4.08; [3.60%: 4.4
bei pil 7 <200; 240 ; [259]; 335 _— 4.05 ; [3.64]; 4,29
in nj;p HCI 207: f[230); 274; 3125 4,39 ; [3.84]; 3.99 3.8
Ry (B{Ac) Schwanzbildung .

Rv (B/NHy) 0.55 schwach bluue Fluoreszenz

CeHgN4O; (208.3) Ber. C46.15 H 3.87 N 2692 Gef. C46.26 H1.91 N 26.95

J-Mathpl-xanthin-aldehyd-{8) (XV): Aus 1.5g JI-Methyl-8-kydroxymethyl-xanthin in
100 ccm Eiacssig und 0.7) g Nawriumdichromat-dihydrat in 30 ccm Eiscasig bei 30—85°, wie
bei X1 beschrieben. Rohausbh. 1.1 g {(81% 4. Th.), braunes Pulver; aus 70facher Menge
Wasser unter A-Kohle-Zusatz gulbes Kristallpulver, chromatographisch nicht ganz rein.
Zoars. Uber 200°, Aush. 0.73 g (54 % d. Th.).

UV-Spektrum hmax (M) loE €max

in nfjp NaOH 240 ; 278; 347 3.92; 3.68; 4.24
Lei pH 7 240 ; 261; 33l 390 1.61; 4.15
in nf1g HCI [230}; 273; 322 3.79]; 3.99; k%

Rr (BJAc) 0.31 schwach blaue Fluvreszenz
Rr (F/NH3) 0.37  bei J6S my blaue, bei 254 . schwach blaue Fluoreszenz
CiHgNL O3 (194.1) Ber. C43.30 H1.12 N 2886 Gef. C42.51 H3.70 N 28.37

Coffein-aldehyd-(8) (XVi): Aus 2.24 g 8-Hydroxymethyl-coffein in 50 ccm Eisessig und
1.05 g Natriumdichromat-dihydrat in 40 ccm Risessig bei 80—B83", wie bei X111 beschrieben.
Rohausb. 1.45 g (659 d. Th.), gelbstichige Nideichen, Schmp. 157—161"%, nach Umkristalli-
sicren aus Athylacetat Ausb. 1.2 g (54 % d. Th.), Schmp. 165—169° (Lit.3: 165—1677).

Rr (BfAc) 0.79
Ry (P[NH;) 0.86

Coffein-aldchyd-(8 )-anil: Schmp. 225" (Lit.»: 221.5--224%).

7-Phenacyi-8-hydroxymathyl-theophyilin: 4.1 g 8-FHydroxymethyl-theophyllin werden in
10 cem 2 m NaOH unter Erwilrmen geldsl. Yom ausgefallenen Natriumsalz wird das Wasser
i. Vak. abdestillier, dor RuUckstand mit Aceton angericben, abgesaugt, mit Acelon gewaschen
und bei 80° getrocknet. Das Natrivmnsalz wird in einer LUsung von 4.2 g w-Bront-acerophenon
in 50 com absol. Dimethylformunmicd suspendiert, 4 Stdn. bei 120—140° geriihrt, wobei nach
wenigen Min kiare L3sung erfolgl. Das Dimethylformaniid wird i. Vak. abdestilliert, der
Riicksiand mit Wasser verrieben, abgesaugt und gut mit Wasser gewaschen. Rohausb. 6.0
{93% d. Th), Schmp. 247° nach vorherigem Sintern; aus 15 Teilen p-Methoxy-athanol
gelbe, derbe Kristalle, Schmp. 251° nach vorherigem Sintem; Reinausb, 4.8 g (14'/: d. Th).
Zur Analyse nochals aus f-Methoxy-athanol umkristallisiert.

CisH1gN4O,4 (328.3) Ber. C54.53 H4.91 N17.07 Gel. C58.11 H 5.04 N 16.55

7-Phenucyl-theophyllin-aldehyd-{8) (XVIi): Aus 0.98 g 7-Phenacyl-8-hydroxymethyl-theo-
phytitn in 40 ccm Eigessig und 3.2 g Natriwmdichromat-dikydrat, wie bei X1V unter b) be-
schricben. Rohausk. 0.65 g (6634 d. 'Th.), Schunp. 239° unter Sintern, aus der 40fachen Menge

) Butanol lockere, farblose Nadeln mit 1 Mol. Kristailbatanol, Schmp. 242°, Sintern ab 218°,
Ausb. 0.5] g (41% d. Th.); zur Analysc nochmals aus Butanol umkristallisiert.

CieH 14 N4Oy- CoHoOH (400.4) Ber. C 59.99 H 6.04 N 13.99 Gef. CC39.64 11592 N 1400

bef 254 mp Absorption
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Kristalibutanol wird durch 24stdg. Trocknen bei 120° liber P2Os i. Olpumpenvak. entfernt.
CisH1aN,O4 (326.3) Ber. C58.89 H4.32 Gof. C58.31 H4.27

1.3-Dibenzyl4-umino-5-[hydroxy-acctamino-uracil { XVIII)

8) 1.16 g I.3-Dibenzyl-d 5-diamino-uracil'V werden mit 0.8 g kristalliner Glykols#ire im
Mirser innig verrieben, auf dem Wasserbad 1 Stde. erhitzt, wobei sich zuniichst cine tiofrote
Schmgelze bildet, die sich rasch wiedor entfirbt und allméhiich erstarrt. Aus 125 ccn Dioxan
farblose Nildeclchen, Schinp. 243°, Ausb. 1.28 p (674 4. Th.).

CaoHzN4O4 (380.4) Ber. C63.15 H5.30 N 14.73 Gef. C62.90 H 5.13 N 14.96

b) 1.0g 1.3-Dibenzyl-4.5-diamino-uracif11t werden in eincin offenon Erlenmeyer-Kolben mit
2 ccm Glykolsture-dikylester nuf dem Olbad aul 145—155° erhitzt, abgekthit und 15 com
Ather zugegeben. Nach Belassen im Kithischrunk wird der Nicderschlag abgesaugt, mit Ather
gewaschen und bei 80° getrocknet. Rohausb. 0.84 g (70% 4. Th.), Sclunp. 216°. Das Roh-
produkt kann ohne Reinigung weiter verarboitet werden. )

1.3-Dibenzyl-8-khydroxymethyl-xanthin {X1X): Das innige Gemisch von 16 g 1.3-Dibenzyl-
4S-diamino-uracif und 10 g kristalliner Glykolsfure wird anf dem sicdenden Wasserbad
1 Stde. erhitzt, nach Abkihlen die erstarrte Schmelze mil 200 ccm 50-proz. wildr. Athanol
verricben und mit festem Natriumhydroxyd gerade alkalisch gemacht. Nach weiterer Zu-
gabe von 7 g Nariumhydroxyd wird 2if; Stdn. unter Rilckfiul erhitzt, von der gerinpon Tril-
bung heiB abgesaugl, das Filtrat mit Eisessig angesfuort, nach Stchenlassen im Kithischrank
der Niederschilag abgesaugt und mehefach mit 50-proz. Athanol, dann mit Wasser gewaschen.
Rohausb. 13.3 g (73% 4. Th.), briunliche Xristalle, Schmp. 196 —202°, nach Umkrigtallisie-
ren sus Essigester, dann aus Butanol und Aufarbeiten der Mutlerlaugen Reinaush. 11.0¢
(61% d. Th.), Schmp. 210°, zur Analysec nochmals ous Athylacewat umkristallisiert.

CaHisN4O; (362.4) DBer. C66.28 H 5.01 N 1546 Gel. C66.12 1 5.25 N 15.55

8-iiyiroxymethyil-xanthin (XX}]: 4.0 g XIX werden in oinem Dreihalskolben mit Rohrer
und Trockenrohr, gefilit mit Kaliumhydroxyd, in ca. 150 com trockenem, kondonsiericm
Ammoniak gelijst. Unter ROhron glbt man Natrium in kicinen Stlickchen so lange zy, bis die
Blaufirbung der Reaktionsmischung mindestens 15 Min, anhah (insgesamt nicht ganz 1.5g
Natrium); dunach gibt man etwas lesles Ammoniumchlorid zum Abfangen des iiberschiiss,
Natriums zu, 148t Ammoniak verdunsten, versetzt den Rilckstand mit 50 ccm Wasser, kocht
unter Ridhren nuf, filtriert heil von der geringen Tribung ab und sotzt dem Filtrat in dor Sicde-
hitze kunz. Salzsiure bis pH 3 —4 zu. Nach Stehenlassen in Eis wird das ausgefallene creme-
farbene Pulver ebgesaugt, mit Wasser, dann mit Methanol gewaschen. Ausb. 1.7 g (8574
d. Th.), nach Umblen mit verd. Natronlauge/HCI in Gegenwart von A-Kohle Ausb. 1.5
(15% d. Th.), gelbatichige, unter dem Mikroskop rautenfdrmige Kristilichen, unldslich in
Wasser, Eiscasig und Dimethylformamid; beim Erhitzen erfolgl allmihliche Zersetzung. Zur
Antlyse wird nochmals aus verd. Natronlauge/HC| umgefallt,

UV-Spekirum A (2) . YO Cmax

in nj,p NaOH «<220; [250]; 286 —; [3.73); 4.05

Rr (DJAc) .15
Re (P/NHjy) 0.17

CsHgN4Oy (182.1) Ber. C39.57 H3.32 N30.77 Gef. 'C39.98 H .39 N 30.74

Murenidreaktion positiv; mit ammnoniakalischer Silberniuratibsung crfoigt gallertartige,
furblose Fiillung. ’

] bei 254 mp Absorption
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The present [nvention rciates 1o new apd valuable
baslc derivatives of mono- and di-methyl xanthines, and
mors particularly 1o base derivatives of moso- and di-
methyl xamthincs having in 8-position a basic slde chain,
and to a process of making anme.

It i oor object of the present [uvention Lo provide new
and valuable basic derivatives of mono- and di-methyl
xanthives having In 8-position a basic aide chain, said
derivatives favorably affecting the circulatory sysiem and
unlingndecrenaln the total peripheral resistance and
Incrense in the peripberal blood flow.

Another object of the pressnt invention in to provide
a simple and eflective procesy of producing such basle
derivativas of mano- and dl-melllyl xanthines.

. Other objects of this Invention and advaniagsous fea-
tures thersof will become apparcol as the description

procceds.

In principle, the now aml valuable basic derivalives
of mono- snd di-methyl xanthines according to the
prosent invenmtlon :onupanil to the following formula:

x--n—co

T

In said formuin, R, indicates hydrogen oc & lower alkyl
radicel, and preferably a methyl or an ethyl madical,
X indicates hydrogen or methyl groups, nol more than
iwo of them baing such methyl groups, and Y i a basic
nitrogen containiug group, such as the primary amino
sroup —NH,, the secondary amino group —NHR, the
Iaun.ry omino group —NRIV, aml the qualeruary am-
monium group NRR'R”(Z). In waid nitrogen contain-
ing poup, R, R°, and R" are saturnied alkyl radicals
'lthulnw.twourbcmaumudmm:blymmm
than -elght carbon sloms, noeaioreied alkyl radicals,
alkanol radicals, aryl radicals, preferably pheny! radicals,
sralky! radicals, preferubly phenyl alkyl madicals, or
cyclobexyl rudicals, or, together with the nitrogen atom,
a nltrogen contaiging helerocyclic radical and more par-
tcularly a morphalino or pyridinium redical, while Z
s an anjonic medical, prefembly the amicok radicol of
& -mincral acid.

These new compounds and similar compounds can
very readily be produced according to 1be present inven-
tlon by reacting mono- or di-methyl xanthine-8-carbinols
and s halogennting agent, and especially a chlorinoting
agent auch es thionyl chloride or phasphorns chinrides,
and Ly converting the resalting methylpted 8-halogeno
alkyl xanthizo compounds, the halogen alomn of which
is highly racl.lv:. into the corresponding besic com-
pounds by reaction with smmonis, primary, secondary,
or tertlary amines.

The miarling materinls, the moao- and Jj-methyl xun-

10

18

‘.8

1'0

hydropyrimidines with «-ly-
droxy enrbaxylic aclds to form the corretponding $-hy-
droxy acylo compounds which are then subjected to »
cyclizmtion reaction by means of alkaline agents 'hmlw
the cocresponding xamhine carbinols are obteined.
tetmhylropyrimidine slarting materials may be uum-
'plcldyorpnnlymﬂhyllud It is, however, lllopuihle
1o subsequemtly resct the xanthine.B-carbinols wi

methylating agents,

Mnewcunpwnds.mllytlnnwuhnlwmdn-
ular batic residue in 8-pesition of the xeothine molecule,
are dnhnmhal over koown xanthine derivatives by the
characterintic feature that they nre water-solible in ths
form of the free bases. thumwa.lhvmmdnr
soloble in alkalies and organic bases as well a3 in stropg
Inorganic and orgenic acids, ‘whereby they form water-
soluble salis.

1i has previously been mpgested Lo " substitute theo-
browine at the pitrogen atom in 1-position by an alkyl
or aryl amino alkyl residae. However, the production
of the 1-hydroxy sikyl derivatives which are required for
suid reaction, from theobromine and of the J1-alkyl- or
aryl amino-alkyl derlvatives from the corresponding
wmmﬂummywﬂnm

¥

2
4,5-dirmino-2,6-dinzo tetra

It has forthermore been suggesied 10 produce 8-chloro -

mctbyl xanthine by the action of the calculated amount
of dmhl:r'y <hiloripe npunml-methﬂ :ﬁ.m“.i, ‘Thik
procem, over, gives matiafactory o with
coffelne. In contrest hereto, chlorination of 8-methyl
theobromine with elemeniory chlorine produced omly
8-trichloro methyl (beobromine and some unreacted
siarling material. 8-chloro ‘methyl theophyliine cannot
at all be prodoced in this mander. This is not surprising,
since (heophylline, on resction’ with élementary chiorine,
is, for the most part, converted into oxidation products,

In contrast herelo, tho pew compoupds nnd similer
wmpwnd:mnrudﬂyhpmdu:ndbyulrhusmthyl
aled xanthibe-3-carbinols which are readily available,
with halogeuating agenis and especially with l:lllunlll‘l.llll,
agents surh as thionylchloride ‘'or phosphorms chilorides.
Thereby the corresponding mowno-halogena alkyl-8-xan-
thines are oblaincd. Reaction of said
alkyl xanthines with ammoanis, primary, or sccondary
amines prodioces with an excellent yisld tha new and
aimiler basikc derivatives of mono- and di-methyl xan-
thines sccording to the present invention.

The following examples serve to itlustrate this lnven-
tion without, however, limitog ibe aame thereto:

BEXAMPLE 1 '
&-diethylomino methyl theopiylline )

163 g. of S-hydraxy methyl theophyllne (M.P, 248°
C.) are bolled under refluz with 187 .. of thiomylehtoride
{calculated amount) pnd 250.g, of chloroform for three
days. When using a krger excess of Wdonyichloride It
Ia not pecessry to add cl:lu'ol'nmulsolnmlnd
. Aller renclion is complete the mixture
Is allowed to cool, the resulting cryatalline mase is Gltered
ol.mhdwnlhehluu{mmlhumm.
recrysihllized fiom glacial acetic acid, In fhis manner
8chloro methyl theophylline is obiained im an almoit
quantitive yield in the form of colarless eryitals of the
melting puint 249° C. Sald crystals dre insoluble in
almost all orgonlc solvents. . ' i

19 g. of Jisthylamine are ‘added at room {empersinre,
while stlrring, to a suspemsion of 30 g. of 3-chloro methyl
theophylline in 150 cx. of uhnol. The piixiure is
heated for ono hour on the ‘water hath, whereby the
lemperture iy slowly and gradually.increased, unti! com-

thinc-8-carhinols, mprﬂmblywudmdby reacing * plete solution hes taken place, The solution J» filigred
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‘4D g. of S-chloro methyl theophylline cbialned sc- |
coiding to Example | are placed In & round-bottom flask 88
provided" with stirrer, roflux condemser, anxd dropping
fonne! andl are saapeaded In 300 cc. of bonrene, 45 g.
of di-u-butylamine are slowly and gradually added to sakd

A solution of 20.5 g. of banxyl methylamine In 200 cc. 6
of ethannd are added to 30 g of B-chloro methyl
plurlll_ne dn:iu_:l accondlng to Dxample 1.

g
B

bes
I
i

0

%
z
%
I
1
i

meth-
yiamine chiorchydrate. The remaining erystalline prod-
oot b recystallieed from .ethannl. Melting polnt:
106* C, m:mmau-wmu

BNBOOGID: «UB . . ETE7TIALL>
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EXAMPLE 6
8-N-p-hydroxy ethyl-N-matkylaming methyl theopkyliing

A spension of 30 g. of S-chioro mathyl thenphylling
In 150 ce. of elhasol Is roacied with 19.9 g of A-hydroxy
oihyl methylamine s described in Example 5. The re-
multing crystalline reaction product meits a2 160° C.
after recrysialiiation from ethanal. Yield: 75% of the
theoretical yleld,

EXAMPLE 7

8-disllylamino mathyl theophyiline

on recrystellizatio: »
melis at 166" C. Yield: 70% of the theorutical yisld,
EXAMPLR 8
8-N-cyclohexyl-N-methylamino meshyl theophylline

A suipension of 30 g. of S-chloro methyl thoaphyiline
in 290 cc. of othznol sre rencted with 50 g of cyclo-
hexy] methylamiss s doscribed im BExample 5. The res

C i i enpnnllol_blwl-

recrysial-
Hzed from dilute ethanal, Melting point: 188° C. Yield:
83% of the theoretical yieid.

EXAMPLE 9
&-N-lsobutyl-N-metkylamino methyl theophylline

A suspepsion of 30 3. of §-chlorn methyl thoophylline
In 200 cc. of etbanol is reacted with 25 ‘g of fsabu
methylamine in » simllar menner as deacribed in Es-
amphk 5. The remilling product is reorystallized from
cthanol and melis at 159° C. Yield: About 75% of

EXAMPLE 10
8-N-[6"~methyl kaptane(3°)-31-(1’) 1-N-metiylamino
methyl thaophylling

37 g of [G-methyl heptens-{3)-yl-(2)] methylamine
added 0 a suspension of J0 g of B-chlorn methyl

il
i

3
&
0

base of the malting paint 219" C. is obiained.
EXAMPLE 12
&-N-bengyl-N-cyclohexylamino metfiyl theophyiline

A suspansion of 30 5. of 3-chloro melbyl theophylline
in 200 cc. of ethanol is rencted with 25 g. of benzyl cyclo-
baxylamine ms described in Example 5. 8-N-banzyl-N-
cyclobexylamino methyl theophyliine melilng ut 175* C.
Iyl:‘hhdlhﬁllﬂhuyidddm of the theoretical
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EXAMPLE-13
8-N-phenyl-N-bencylamino methyl theopkylline
50 5. of dry and finely pulverized poiastium carbonate
and’2S g. of bemzyl aniline are added 1o & suspension of
30 g. of §-chiloro methyl theophylline fa 300 cc. of etha-
nol. The reaction minture is boiled under reflux for two
dnnwluledhnqkumﬂy Niered whilo-stll} hot, and
cooled to 0° C. Crymalline 8-N-phenyl-N-benzylamino
methyl theophylline precipitates. It has a melting polnt

-cyclohexylaming mathyk theophyllins.

30 g. of 8chioro methyl theophylline are added. in
snall portiony to a solution of 52 g. of cyclohszylamine

lelding 8-cyclobhexylaming
theophyiline of the T tiny roler 175 180° C.
EXAMPLR 15
&-iscbusylaming methyl theophyiline

30 3. of 8-chioro methyl theophylline are added In
nnllgmhuhluluﬁnnotml.dinbnlyhmiuh
400-cc, of cthanol, The reaction mixture: Is stirred for
five bours in the cold and [or thres more- hours while

dryness apd the residue ls recrysiallized from ethanol,
yieldm; 8-imobutylamino methyl theophylline owliting st

EXAMPLE 16
Theophylline-8-mathy! pyridinium chlorida

7 £. of pyridine are added to a suspension of 20 g. of
8-chloro methyl theophbylline in 300 ce. of cthanol. The
reaction mixture Is alowly bested while stiriog and s
then bofled amtil complete solution takes place. On cool-
ing, the chlorkis of the quaternary theophylline-8-methyl
pyridinium bass precipitates.  Its meliing point, sfter re-
crystallization from ethanol, Is 297° C.

- EXAMPLE 17.

S-a-gllethylamino ethyl theophylline

800 g. of thinnylchloride are slowly sdded drog by drop
w 110 g. of dry S-w-hydroxy ethyl theophylline, melting
at- 225-226" Reaction yets in- instenianegusly bat
csasey u'nlually To compicie renction, the mkxture 4§
heated ynder reflux for five hours. Thereby St a.clesr
solitlon i» oblained whereafter the chloro compound
formed slowly crystallixea. Afler cooling and sianding in
u refrigorutor, the crystals ore filtored off and are. washed
with chloraf{otm ond, water. The thionytehloride-chloro-
form solution is subjected to distlliation. The residue is
treatod with water and is combined with the main.portion.

a5
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of the crystolllne wmatarial obtoined after washing with. .

chioroform and water. The combined crysials are-recrys-

* xanthine is obtalned in a yield of 68%.

6
dhyllbphyllluhulmdullpd'nlo!ﬂl'c. ‘rh
yield ia almosl quanditative.

18 & ol diethylamioe are added to a supension of
30 g. of sald §-a-chioro ethyl theophyliine in 200 cc. of

' athaool. ‘The reaction mixture is stirred at room tepnpera-*

fire for one hour, is alowly heated, and fioally bolled vn-
der reflux uniil a clear solution results. Charcoal Is
added to said solutlon which is then Bltered while still bot
The Altrate is allowed to cryslallize in n refrigerator.

Crystals of S-w-diethylamino ethyl theophylline -of lh
melting point 186° C., after recrymallization from etBa-
nol, sre obiained. The ylield b 80% of the theoredcal’

EXAMPLR 18
§-a-(di-n-butylamino) ethy! theophylline

lﬂﬁ.!l.o!dl-n-llum:mlumllnwlyddeddmby
drop to a solution of 100 g of 8-=-chlora ethyl thes-
phyllize In 400 cc. of benzens, The farther procedure:
is as deseribed in Example 17. Dl-buulm chloro--
Iydrate is dissolved from the reaction mixture by mesns:
of water. The remlting crysials of 8-=-(di-n-butylamioo)
othyl theophyllie ars recrystallized from ethanol and
melt st 138° C. Yield: 83%.

EXAMPLE 19
8-(«-piperidino ethyl)-3-methyl xanthing

100 g. of O-(-demolhyl)-!mlhyl zamthine of the.
melling podnt 305° C, are added in poriiums to 230 g of"
phospharus oaychloride. The mixture & heated untdl.
tompicte sciution takes place, Thereafier most of. the.

water, and boiled with. acetone. Melling pmlll 1" C
Yield:. 90%.

21 ;dﬂwﬂumnﬂﬁﬂ:wd!ﬂ
§ of smid 8-{w-chloro ethyl)-3-methyl xanthine obtined-
a3 described. above, In 300 ce. of ethanol. The mixture

tallization from dilute eﬂllml. l-(-lilﬂmllnu ethyl)-3-
mﬂhyl‘nnthlm of the melting poimt 235* C. fs oblnined
in a yicld of 30%

. I!JM.MPLE 20
&-u-(N-banzyl-N-mathylaming) ethyl-3-methyl aenthine

A solution of 30 4. of 8-(a-chiomo ethyl)-3-methyl zan-
mmmaouec.otemuulmmcudwuh Ilig of
benzyl methylamine an descrlbed in Bxaraple 19, Ciys-
talline 8-u-(N-benzyl-N-mothylamino) ethyl - 3 -methyl

Mellipg point,
afier recryyinlizalion from ethanol: 212° C. .

EXAMPLE 21

8-piperidine methyl theobromine

300 ec. of thionylchioride ure sided drop by drop to
:ISu'.ofdryl-hydmmmhﬁtbobmninemehh:n_
297-299* C. Imtantanpously vigorous resction sets in. °
Said reaction gradually censes and the reaction mixiuvre is .
then boiled undér reflux for elght hours. Thereafter the-
reaction mixione s diluted with chlotoﬁmn the miatire
i allowed to stand’ for some time in e refrigerator and
the crysialline product & Aitered off, washed with chioro-
form, and then wilh- water, On recrystallization fiom
glach! acetic neid, 8:chiorp methyl theobromine of ihe -
melting point 251-253" C. is obtained. Yiell: oxcesding-
90% of the thearelical yield

225 §. of pipexidine are added to a solution of 30 g.
of soll.chioro compound in 300 ce. of cthanol. The

tallized.from glacial acetic acld. ‘Tha-resuliing,be-chigro 75" reaction:is earried cut-ns describied -in- (e proceding* e -

|rerTiA v
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mples. ‘The resnlling reaction produrt, 3-plperidine
methyl theobromiae, Is recryztallized from aquecus etha-
7ol (1:1) and has & melting point of 248-250" C.

EXAMPLE 22
8-di-n-batylamino methyl theobromine

" 34 g of di-obuylamime are roacted with 30 g of
$-chloro methyl theobromine it 300 <. of ethanol as
desyibed in Example 21.  Crysialline 8-di-n-butyl amino
inethyl theobrosmine is ined which melts,
diter recryntali{zasion from etbancl, at 160° C. Yield:
87% of the theoretical yield.

BEXAMPLE 23

§-di-{phydrazy ethyl) amino methy! theobromive

275 g. of di-cthanolamine are reacted with 30 g of
&cl!hnmmhylmmiminmgdﬂhndhl
ﬂnghrmmnnudﬂ:ﬂbdinﬂumpbzl. Crysialling
§-di-(8-hrydroxy ethyl) amiso methyl theobromine which,
afier recrystallization from ethanol, melts at 169" C. iy
abtaiged in & ykid of 79% of the theoretical yield.

EXAMPLE 24
S-diallyleming mesthyl theobromina

253 g of diallylamine are added (o & swpansion of
30 5. of B-chloro melhy! ihesbromine in 200 = of
sthanol. The reaction is carried out in u simillar manner
as described In Example 21, Crystalline 3-diallylamino
methyl thecbromine is obiained In & yleld of 89%
of the theoretical yield The melting point of sald
compound, after recrystallization from dihute ethanol,
Is st 142-144° C.

EXAMPLE 25

8-N-benzyl-N-methylamino methyl thecbroming

.'325dhuuylumhyumhunrﬂdulwilhnm
sion of 30 g of 3<chloro methyl theobromine in 300
cc, of othanol In an snalogous maanec as Jescribed in
Example 2I. Crysialling 8 - N - benzyl-N-methylamino
methyl theobromine is obtalned in & yiekl of 835 of the
theoreticnl yicld, It meiting point, afier rocrystalibos-
thon from dioxane, is 239-240° C.

BEXAMPLE 26

8 -N-1& - meihyl heptene-(5’')-yl{2')1-N-nmthylamino o
mathyl theobromi

A suspension of 30 g. of 8.chloro methyl theobromine
in 200 ec. of ethanol Is reacted with 37 g of 6-methyl-
amino-2-methy] heptene-{2) an described in BExample 24.
The resuliing reaction sojution it concentmaied by evapo-
rulion to a volume of 150 cc.  Sald solution Is kept for a
prolonged period of lime at 0° C. whersby crysinilioe
8N {6-methyl beptene-(3')-Fi-(2'))-N-methylaming
methyl theobromine is obtalned.  Said produce Is reeryn-
tallized from ethanal and melts at 112° € Yild: 0%
of the theoretical yiekd.

EXAMPLE 27
8-N-phenyl-N-dthylamino methyl theobromine

30.5 g. of cthyl agiline are added io & spemion of 26
g of 8-chloro owihy] theobromine in 200 ce. af ethanol.
Ths mixture is boiled uoder reflux for filve hours while
atiming. After cooling, the crystaliine product s bolied
with diluto ethana] and subsequently wiil aqueops nce-
tone amxd is recrysaliized from dioyams. Meltiog point:
210" C. Yield: 34% of the theoretical yleld.

The above mentioned compounds snd other com-
pomds of similar constilution can be prepared by ather
suilmble methady, For ipatance, 1,3-dimethyl-4, 3-
diamino-2,6-dioxo setrahyd

BNEOOCID <UB __ _ S7ETIAL L >
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sald compounds with amines yields the corresponding S-
=-anino wcyl com which can be comverted into
&deﬂmﬂhlm&hﬂhqdhﬂﬂlﬂm
u 1 ]
Asother method of making such new B-w-aminp alkyl
8-cyano then-

iag secondary aminea are then nikylated to lextinry or
qualeromry amines,

The following examples serve (o linsirate these other.
methods of producing sald new basic deivatives of monc-
:::hd-mﬂhyl xanthines having in B-position a basic side

EXAMPLE 28

1.3 - dimetipl - 2.5 - dioao - 4 - amino - 3 - disthylamine
ncetylamino tetrakydropyrimidine

30 g of 1,3-dimethyl-2,6-dicxo-4-amino-5chloro ace-
tylamino tetrahydropyrimidine aro suspended in & flask
provided & lirrer, reflux condenser, and dropping
funnal, in cc. of chloroform. 30 g. of finely pulver-
mid muspension, 18 g. of diethylamine are adddH, the mix-

ia slirred, |n the beginning, &t room tempsrature,
for five boury while bolling on the water

letely
from the resulling flitrate.  The residus b recrystall
from accione. Yield: 63% of the theoreiical yiald.
Melting point: 133° C.

S-diethylomino methyl theophyliine

10 g. of sild 1,3-dimethyl-2,6-dioxo-4-amine-5-diethy-
amino scctylaminn tatrabydropyrimidine are dissolved in
50 ce. of water. Twice the calcolnted amount of godkm
hydroxide is added thereto, and the mixtom i bolled for
about thres bonrm. The reactlon product is acldified by
addifon of glucial acetic mcld, agaln rendered alkaline
by sddition of sodinm carbomate, and 8-dicthylamino
metbyl theophylline i exiructed with chloroform. Aﬂﬂ'
evaporating the chloroform, the residue is reerytallized.
fram ethanol. Yield: 53% of the theoretical yleld, Meh-
ing point: 176" C.

EXAMPLE 29

1,3-dmarthyl-2,6-dioxo-f-emino-S-di-n-buiylamino mcetyl-
amino tstrahydropyrimidine

Clear solution takes pince thereby, The mixture is placed
into & refrigersior. The precipitated crystals am Altered
off s2d are recyysiallized from cthanol. Yield: 8S% of
the theoretlenl yiell. Melting point: 157-158° C.

3-(dl-n-busylaming) methyl theophyllime

no-5-di-
othylamioo scetylamine tetrahyd i are bolled
under reflux in 100 cc. of waler contalning 9 g. of sodiom
hyllmilhfnrllmmnlluln. Thl:.ndilm h.mﬂfﬂﬂ
itina theophyline deri 1 1 "
titatively on egoling. It is dissolved in water, decomposed
by sddition of acid, and tha base {s liberated from the re-
salting salt with sald acid by means of sodium carfronaie.
Ths precipliazed crystals are {iltered off, dried, and recrys-
tollkeed from ethanol. Yield: 9156 of the theoretical
yicki Meling polnt: 146-148° C,
The chlorohydrate of sald 8-(dl-n-butylamizo) metlryl
theophyline, an -rectystallization from acctons, has o
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msiting point of 200* C., its phosphale, on recrysiaiiiza-
tion from ethanol, has & mejing point of 178° C.

BXAMPLE 30

1.3 - dimethyl - 2,5 . dioxg - 4 - amiso - 5 - morpholino
acetylamino tetrahydropyrimidine

23 g. of morpholine are added to 30 g. of 1.3-dimethyi-
2,6-dloxo-4-amino-S-chloro acetylamioo tetrmhydropyrim-
tdine iz 200 ec. of ethanel, The mixinme & first mod-
eralzly beated and then boiled wnder reflux for four
hours. The reaction product precipitates in crysialline
farm on cooliog the clear reaction solution. 1t Is filtered
off and from cthanol. Yield: 88% of the
theoreticel yield Melting point: 364-265° C.

&-morpholino mothyl theophyiline

20 g of 1.3-dimethyl-2,6-dioxo-4-sming-5-morpholino
acetylmmino tetrahydropyrimidine are bolled under raflux
in obout 80 cc. of waler wilh the calcnlated amount of

sodium hydroXide solutico foc two hours. Carbon dl- 20

uxide is Introdoced into the clear solution until afl ths
eodium hydroxide ks conversed inlo sodium carbomte,
‘The precipitated crystals are fillered off and recrystalltred
from diluiz ethanol. Yield of S-morpholino methyl theo-
phyllice: 36% of the theorvilcal yicld, Melting point:
243-244" C.

EXAMPLE 31

1 3limethyl.2,6-dioxo-4-amipo-3-cyclohaxyl meihylaming
eceiylamino tetrahydropyrimidine

215 g. of cyclobeayl methylamine are mided 1o 30
g. of 1,3-dimethyl-2,6<lioxo-4-aming-5-chloro acetylamino
tetrmhydropyrimidine in 200 cc. of ethanol and the wix-
ture ju bolled under reflux for four hours, The reaction

prodoed, on cooling the clear solution, precipitatey in the 36

crystalline state. It Is filtered off and recrystallized from
cthanol. Yield: 82% of the theoreticsl yicld., Meltng
polot: 171-113" C.

8-(cyclahexyl inathylamino) -mathyl theophyllina

20 g of maid 1,3-dimethyl- 6-diozo-4-amino-Scyelo-
hexyl methylaminn acetylamine tetrmhydropyrimidine are
bolled under reflnx in 100 ce. of water with twico the cal-
culated amount of sodium hydroxkds for two hours.  The
resclion solution Is acidiied and 3-(cyclohexyl methy)-
amioo)-methyl theophylling is =i free from said scid
solution by the addidon of wdium curbonnte. The crys-
taly arp filtered off by soction ontl] substaatislly dry and
ntp recryatallived from ethanol.  Yield: 95% of the theo-
retical yield. Melting point: 203-204" C.

BEXAMPLE 32

13 - dimethyl - 2,6 . dioxo - 4 - antino - 5 - benxyl methyl-
antino gostylamino wetrahydropyrimidine

.2 g of benzyl methylamine are added to 30 g of
1,3-dimwethyl-2,6-dioxo-d-amino-5-chloro ncetylaming iat-
rehydropyrimidine in 150 cx. of ethanol and the mixture
iz boited wwler reflux for four bours, The resction prod-
et precipitates in the crystalline stato from the clear polu-
tion on cooling. 1t iz Altered off and recrymallized [rom
othancl. Yield: 75% of the thearctical yield. Melting
paint: 203-204° C.

&-(bentyl methylaming) methyl theophyliine
An excem of 50% over the calculeied omount of

sodium hydroxide Iy edded to 20 g of 1,3-dimethyl-2,6-,

diozo-4-aminp-5-benzyl mcthylamino acetylaminp iotra-
hydropyrimidize in 100 cc. of water and the mixtare i
bojled undor reflux for two hours, The reaction prod-
uct-ls acidified and the bass is set free fram the re-
silting acld solution by the sddition of sedium ear-
booate, §-(bemayl metbylamino) methyl theophyiline
In fiiicred off and recrystallired from cthanol. Yield:
95% of the thearetfenl yleld. Meltlng point: 186" C.

The staring materin] used ln tho Examples 28 to 32

NSDOCID «US. ___ ETITIAL L

procedurs prodoces higher yields.
® 68 5. of chioro acetyichlorids arc rapidiy added drop
by drop &l room temperature, while stirring, to a s
pension of 83 g of 1,3-dimeibyl-2,6-dioxo-4,5-dlamino
tetrahydropyrimidine In 1200 cc. of chloroform. There-
10 by tho tempersture of the reaction mixture gradusily
increnyes. The mixture iy then heated nnder reflux on
tha waier bath for 10 howrs while stirring. Afer cool-
ing, the reaction product is separated from tha solvent,
wished with chlorpform, dred in & vaomm, and re-
1p Systallized from water. Jiy melting point Is 215-217°
C. The yield amoonts 1o 78% of the theoretical yield.
The compound is readlly soluble in hot water and
;n:llmnl apd imolubly In ether, aceions, and chioro-
G
When using «chloro propionic acld chlaride o
«-chloro butyric acid chloride (n this reaciion in place
of chloro acetie ack chioride, the corresponding 1,31
methyl-2,6-dioxo-4-amino-5-(=-chlore propicuyl)- or (-
chigro butyryl) aming tetrahydropyrimidine compounls
pp are oblained which, with ierlinry bases, auch oy diethy)-
amloe, di-n-burylamine, morpholine, benzyl methylamine
and others aml subsequent ring closure, vield the cor-
respouding §-=-{dicthylaming) ethyl or propyl theophyl-
line, 8-u-(di-n-buiylamino) ethyl or propyl theophyiline,
ete.

As stated hereinbefors and skown in the examples, the

new compounds are capabls of forming acid addiiion
compounds with inorganic acids, such as sulfuric mcid,
hydrochiorio acid, bydrobromic acld, phosphoric acid
and others, o well a3 with arpanic scids, soch as acelic
acid, tortaric achd, Inctic acid, citric acid and others, The
acid nddition compounds with arganic acids, however, ae
maore readily hydrolyzed than thosa with Inorganic ackds.
‘Tharefore. it In advisahle 1o wse & cerinin excem of smaid
40 ©TBanic acidy in aqueous eclations of wich mits.

The ncw compaunds are slso capable of forming mlts
with inorganic and organic bases. Stable agueous solp-
tions can, for instance, be obteined with dlethylamine,
piperidine, cthylene dinmine and the like. As Jnorganic

& bases there are especially suitable for salt formation the
alkali hydroxides, sach a3 sodfum hyJroxide and potas-
slum hydraxide Ammonia apd alkall carbonatea can-
not be used simea they preciphato the bases from their
-IIM solutions,

stated nbove, the pew compounds are of high

L vasolylie acUvily and have a very favarablo effect upon
thdn.nhlwy sysem. Seld compounds causs a de-
creamn in- the total peripheml resiatonre and incresse

In the periphersl blood ffow. Following thers are given

g Some pharmacological and clinizal data for & oumber
of compounds acrording to the presont fnventlon.

The toxicity of 8-n-dibutylamino methy! theophylline
(DL 50) smounts 1o 210 mg/kg. on subcutansons nd-
ministration snd 120 mg./kg vn intravenous adpvinls-

. trtion to whits mics. On oral sdmiplstration it was

lolerated in doses of 1500 mg./kg. or even higher, Such -
o dow Is wuslly withont say toxic effect and might

dmﬂe::tu merely cause slight spasna for a short period
o Said S-n-dibutylamino methy! theopbylline sad other
compounds nccording 1o the presemt invention are ad-
minisicred to buman beings, preferably In the form of
thair-acld eddition producis, such as tha hydrochloride,
the hydrobromids, the sulfats and the like, by Injection
yo°or.onally in the form of tablets, sugar<oated dragies or

the liks preparations. Tho dainge sdministered Is bo-

tween 100 mg. and 400 my. of the hydrochiorids of
mald bases, an umount which corresponds to 30-200 mg.
_Oof theophylline. To prepare un Injectable preparation
78 sald .unount Is dissolved in 2 cc. of waler or aalins
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3 The hydrochlaride of §-die-butylamine mathyl Ibnnlh.thnuﬂmwmnm
non-toxic acld

4 The bydrochlorkis of S-di-nbuiylamine ethyl
Raferencey Ciiod fn the file of this patent *

5. An 8-dl-n-batylamino alkyl theophylline compound & UNITED STATES PATENTS
e e D ety o YIAMIO0 o587 Englemunn ... Agr.1, 1950

o o FOREIGN PATENTS
o OBr~CE—CHrOH 10 6070 Great Britain womrmae - Mor, 26, 1952
e-&_.( :

R0~ “om-omromr-chr Golovehinskayn et sl: J, Gen. Chem. (USSR.) 22,
wherein R &  member seleetad from the group conslsting - 535-540 (1952), cited in Chem. Ahm 47, 1360
of hydrogen and ths methyl radical, and Its acid addl- 35 (1953).
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Selective Inhibition of Cyclic Nucleotide Phosphediesterases by ut”
Analogues of 1-Methyl-3-isobutylxanthine? r— \Y

G. L. Kramez,* J. E Garst, S. S. Mitchel, and J. N. Wellst

ABSTRACT: A scrics of 8-substituted 1-methyl-3-isobutyl-
xamthines and 1,3-disubstituted xanthines way designed and
prepared in an attempt to increase Lhe specificity of the 1-

methyl-3-isobutylxanthine (MIX) structure for one of two -

forma of cyclic nucleotide phosphodiesterase isolated from pig
coronary arierics. The B-substituted derivatives were in goneral
much less potent than MIX as inbibitors of peak 11 pbospho-
diesterase activity; il the 8-substituent did not withdraw
elcctrons, the compounds were as potent or more potent than
MIX as inhibitors of peak | phosphodicsterase activity. 1-
Isoamyl-3-iscbutylzanthine and 1-s-2myl-3-isobutylranthine,
on the other hand, werc about equipotem with MIX as inhib-
itors of peak ] phasphodiesterase activity but were %o 10 %5

Atlenuim ¥.5"-monophosphate (CAMP) has been impl- ©

cated as an intraccllular mediator of the actions of many
hormones in a variety of tissues {(Robison etal., 1971) and an
increasing body of evidence suggests & regulatory role for this
nucleotide in vascular and other smooth muscle (Anderson et
al., 1972; Triner et al., 1971). The levels of guancsine ¥',5'-
monophosphate (¢cGMP) are increused by cholinergic and
other agents that produce contraction of smooth muscle (Lee
eLal., [972; Schultz et al., [973a—c; Galdberg et al., 1973) but
the significance of these changing levels of cGMP is nut clear.
1-Methyl-3-isobutylxanthine (MIX, 1), a potent inhibitor of
cyclic nucieotitle phosphodiesterases in many tissues including
coronary arteries (Wells et al,, 1975a), produces relaxation
of smooth muscle but increases the levels of both cAMP and
cGMP in these tissues (Schultz ¢1 al., 19730; Sutheriand et al,
1973).

We have separated and partinily characterized cyclic m-
cleatide phosphodiesticrase activities from the intima + media
fnyer of pig coronary arterics {Wells et al., 1975b) aod fram
pig and sea urchin sperm (Wells and Garbers, 1976). Two
fractions of phosphodicsterase activity and a heat-stable,
nondialyzable activator were scparated by DEAE!-celluluse
chromatography of the 40 000g supernatant fraction of pig
coronary artcrics. Pesk ! phosphodiesterzsc activity catalyzs
the hydrolysis of both cGMP and cAMP and exhibits classical
kinetic behavior with both substrates, slthough it has a much
lower apparent K, for cGMP (2-4 uM) than for cAMP
(40-100 pM). Pexk I activity is stimulated three- to eightfold
by & heat-stable, nondiolyzable sctivator, while peak 11 activity

1 From the Vanderbill Univeraity School of Medicioe, Department of
, Nashwille, Tennesses 37232, Receioed March 2, [977. This

wosk was supported by Nationgl Institutes of Health Granis GM 21220,
TIL 13996, OM. 1681 [, AM 07462, and AM 17560 and by the Yanderbil
University Disbetes-Endocringlegy Center Grant AM 17026.

3 This work was completed during the temure of an Established loves-
Liptorship of tbe American ifeart Associnton.

| Abbreviations used: DEAE, diethylaminoethyl: Teia, teh{bydroxy-
methy)aminemethane; DMF, dimethylformamide.
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as potent as MIX as inbibitors of peak | phosphodicstcrase
aclivity. Since different cell types may contain difTerent forms
af phosphodiesterase or different ratios of the forms, the
xanlhines were studicd as inhjbitors of adenosine 3°,5'-mono-
phosphaie and guancsine ¥,5*-monophasphate hydrolysis by
crude extracts from pig sperm, sca urchin sperm, and pig
coronary arleries. 1-Iscamyl-3-sobutylxanthine i about
twofold more potent as an inhibitor of cAMP than of cGMP
hydrolysis by the coronary sriery supemnsiant fraction, bul is
three- Lo fourfold more potent as an inhibitor of cGMP than
cAMP hydrolysis by the supernatant fraction from a bomog-
enate of pig sperm. Thus the selectivity of these inhibitors may
vary {rom one cell type to another,”

is unafTected by this material. Peak 11 exhibils apparent neg-
atively cooperative kinetic behavior and is relatively selective
for cAMP (the Jower limit of Lhe spparent X, walue, which can
be only roughly estimated from curvilinesar piats, is approxi-
mately 1 gM for cAMP). The activity of peak 11 with cGMP
n3 & substrate is 10b [uw to permit practical kinetic studies:

a_ § 1
N7 NN
A

dncaary,

We have recently showy that MIX (1) shows some selec-
tivity for inhibition of cGMP over cAMP hydrolysis by crude
phosphodiesterase preparations from pig coronary arteries and
for peak I phosphodiesicraas activity over peak Il (Wells et al,,
1975a). In addition, we have shown that substitution on the
7-position of MIX greatly reduces the powency of Lhe xanthine
to inhibit peak I activity. One 7-subatituted derivative, 7-
benzyl-MIX (2), is about 25-Told more potent as an inhibitor
of peak | with | uM cGMP us substrate than of peak 11 activity
with | pM cAMP ap substrate (Garst et al., 1976).

It has been reported that some 8-substituted theophylline
analogues are more potent than-theophylline as inhibitors of
cyclic nucleotide phosphodicsterase activity Irom beef heart
at high (mM) cAMP concentrations (Goodsell ¢t al., 1971).
We, thereflore, studied the effoct of substitution on the 8-po-
sition of MIX, which is about 30-fold more potent than theo-
phyllinc a2 an inhititor of cyclic nucleotide phasphodicaterase
activity from pig coronary arteries. We also prepared a series
of xanthines in which the substituents ont the |- and -positions
were varied. The primary aim of the present study was 1o study
these analogues and devivatives of MIX to sscertain if in-
creased selectivity for inhibition of the hydrotysis of cGMP or
cAMP by the separated phosphodiesierases of coranary arte-
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INHIBITION OF PHOSPHODIESTERASES BY XANTHINES

rica is possible, In addilion we compared the potency of some
of these campounds as inhibitors of the blood vessel phospho-
dicsierases with their polencies as inhibitors of phosphodies-
terases from sca urchin sperm and pig sperm. The Iatter ex-
periments were carried out because the phospbodiesicrases
frown sperm difTer from the blood vessel phosphodiesterases in
scveral ways such as subsirate specificity, distribution, and
kinctic parameters (Wells and Garbers, 1976). It scemed
possible that the specificity and for potency of inhibition by the
MIX derivalives would also differ in these systems.

Experimental Procedures

Mellin; poinis were determined in open glas capillary tubes
vsing & Laboratory Devices Mcl-Temp and are reported un-
cor: - ied. Infrared spectra were obtained using a Perkin-Elmer
Moucl 257 spectrophotometer. Nuclear magnetic resonance
spectra were reconded on a Jeo! Model JINM-MH-)00 spec-
trometer using tetramethybsilanc as an internal standard. El-
emenial anslyses were parformed by Galbmith Laborstocies,
Inc,, Knoxville, Tenn. In all cases spectral dats were consistent
with the propased structures and elemental enalyses were
within £0.4% of the caleulated values,
Enzyme Preparation. The crude supcrnatant and DEAE-
cellulosc-scparated phosphodiesterase activities from pig
coronary arteries were oblained as described previousty (Wells
et al., 1975b). Briefly, the right coronary, anterior desoending,
and circumflex arteries from [resh cold pig bearts were everted,
and an inner layer which consisted predominantly of micro-
scopically identifiable intima 4 media tissuc was removed and
homogenized in 4 mL of buffer (20 mM Tris-HCI, pH 7.5,2
mM MgOAc, and 1| mM dithiothreitol) per g of tssue {we1
. weight). Aher centrifugation at 40 000g for 30 min 2t 0 °C,
the supornutant fraction was used directly or was subjected to
DEAE-cellulose chromatography as described previously
{(Wella et al., 1975b).
Sca urchin (Strangylocentrotus purpuratus) and pig sperm
were collecied and washed as previously described (Wells and
. Gurbers, 1976; Garbers et al., 1971) and suspended 0 20%
{wet w/v) in a solution containing 20 mM Tris-HCI buffer at
pH 7.5, 1 mM dithiothreitol, and 2 mM MgCl,. This suspen-

. sion was then hamogenized with an Ultra-Turrax homogenizer
{Jahnke and Kunkel, Staufen, Germany). The homogenate
was either used directly or was centrifuged st 40 000y for 30
min st 0-4 *C.

Phosphodiesterase ;ﬁ:uy. The compounds were asssyed’

for "inhibitor activity against the crude homogenate; tbe
40 000g supcrnatant fraction, or the scparated forms of
phasphodiesterase. The assay procedures have been reposted
(Wells et al., 1975a,b). Aluyl were performed with 1 aM
substrate at 30 *C for 30 min at enzyme dilutions which gave
10-20% hydrolysis of substrate in the absence of inhibitor.

MIX (10~? M) was included in each upmml v assare that
the enzyme preparation was responding in a conslani manner.

The compounds were dimolved in 30% Me;SO, and 25 uL of
this solution was added to the assay tube (final volume was 250
uL}. All activities (including control and no-cnzyme blank)
were measured in the presence of 3% Me;SO, and product
accumulation was linear for at least 30 min onder the condi-
tions of the assay. None of the compounds altered the efTicacy
of the nucleotidase step or subscquent stepd in the amay.
Concentrations of the compounds that inhibited by 50% the
hydrolysis of 1 uM substrate (fsg) were determined {rom
concentration-percent inhibition curves, utilizing concentra-
tions of the compounds from 10~7 to 10—* M (ur 10~7 10 10?
M if the compound was sufficiently solublc), The presence or
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cium jon did not affect the activity of the compounds studied.
Bach compound was assayed in the presence and absence of
the protein activator. Since no differences were observed, the
valucs given in Table LI are composites of data obtained in the
presenco and absence of the activator.

Symhesis. 1,3-Disubstituted Xanthines. General Proce-
dures. The appropriate 1-monosubstituted 6-aminouracil was
prepared and alkylated following the procedure of Papeach and
Schroeder (1953) using the indicated alkylating agent (Table
1) Lo giva the 1,3-disubstituted 6-aminouracil. This was con-
verted to the xanthine using the following modification of the

method of Speer and Raymond (1953). The crude 1,3-disab-

stituted 6-aminouracil (5-10 mmol) was snspended or dis-
solved with warming in 20% HOAc (25 mL). Sodium nitrite
{15 mmot) in H;0 (5 mL) was sdded dropwise to give the 5-
nitrozouracil as & red or purple precipitate. The crude 5-ni-
trosourncil was dissolved by warming in concentrated NH,OH
(10 mL), and Na35;0, (30 mmol) in H70 (20 ml.) was added
slowly with stirring and warming. The mixture was warmed
and stirred for ca. 30 min and then cooled in an ice bath, The
resulting precipitate was separated by filtration and air-dried
for a short time. If no precipitate was obtained, the cold mix-
ture was extracted with CH;Cl;. The CHCl; solution was
dried (MgSO,) and then evaporaled to give the 1,3-disubsti-
tuted 5.6-diaminouracil. This crude product was Jdisolved in
98% lormic acid (10 mL.) and heated under reflux for 1 h. The
formic acid was removed in vacuo. To the resulting oil was
added 10% NaOQH (10 mL), and the mixture was heated under
reflux for cd. 15 min. The reaction mixture was couled in an

" iee bath and scidified with concentrated HCL. The resulting

precipilate. was separated by flliration and purified by re-
crystallimtion from the solvent indicated in Table | or sublimed
to give compounds 3-9.

8-Substitnied 1-Methyl-3-isobutyixanthines. General
Procedure. 1-1sobutyl-3-methyi-$,6-diaminocuracil (Papesch
and Schroeder, 1952) (10 mmol) was heated under reflux in
acetic anhydride (25 mL., 2 h), trifluoroacetic anhydride (25
mL., 2 h), or with pivaloyl chloride (12 mmol) in pyridine (25
mL., 6 h). The resulting solid (after washing with H;0 (25 mL)
ta remaove pyridine salts where necessary) was dissolved with
heating and stirring in 10% NaOH (30 mL). The resulting
solution was filtered and nliowed to cool. The solution was
acidified to pH 34 by addition of 6 N HC with rapid stirring.
The solid was collected by filtration and washed with H;O (25
mL) to give 18, 12, or 11, respectively. The products were then
recrystallized from the solvent indicated in Table 1.

8-Substituted 1-Methyl-3-isobutyl-7-benzylzanthines,
General Procedure. Benzylation of 10, 11, 12, and 17 was
carried out according to the previously reported method (Gargt
et al,, 1976) by treatment with benzyl bromide and K3CO, in
DMF for 2 b, The seaction mixture was then poured into H;O
and cooled overnight 1o give 13, 14, 15, and 14, respectively.
The 'products were recrystallized from the lohont indicated
in Table 1.

1-Methyl-3-isobutyl-8-bromoxanthine (17). Bromine (5
mmol) was added to a solution of 1-methyl-3-isobutylxanthine
{5 mmol) and NaQAc (5 mmaul) in glacial HOAc (51.5 g)
heated at 40-50 *C. Healing was continued for 20 min and the
solution was allowed to cool and the crude product cotlected
by filtration. Purification was carried out by dissolution of the

crade product in base followed by reprecipitation by addition

of acid. The resulting solid was recrystallized from E1OH-
H3O: 95%; mp 228-229 *C. Anal. {C)pH)3BrN,O1) C, H.
1-Benzyl-3-isobutylxanthine (18). To a solution of 1-mo-
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TABLE I Preparative xita snd Physical Proporties of Subsiltuied Xunthines

L

H
RNHCONH, + HOOCHON 52 RNHCOMHCOCHv 2,

#’

'\-

-
o

aia

Rectysin solvant

No. R, R, X Mp or method (ﬁ) Formula Anal
h | Beneyi {Noa) R, = H H 314d A:Hifyhhdc 41 C,,H,.NO, cn

. solution
40 Benzyl Me, S0, H 261.5-2631.5 EtOH--H,0 30 C,H,,N0, CH
5 lscamy) Me, 50, H 186-187.8 SuI;I | Msl < = C,,H, NO, C.H

. {1 mm}
& Bu LBuOTE H 187=1R9 Benzene 5= CisH N0, CH
7 {-Bu n-AmOTse H 18135-1838 Benzens 18s C,H,N.O, cn
8 ~Bu +AmOTse H 189-191 Benzane ¥ N0, CH
9 &Bu #0ctOTe ] 150-131 Colann ehramatopd 2¢ nNedy CH

reciyst haxsne

10 FBu Me, 50, Me 225.5-223 EiOH-H,0 65¢ C, 11, NO, CH
il +Ba Me, S0, - 208.5-210 EiOl-11.0 1 CiHya MO, CH
12 Bn Mo SO, CF, 216-217 EtOH-H,0 32 C, H,,F,N0, CH
1) i-Bo Me S0, Me 149-150.5 95% EtOH 14 22N 0, CH
14 i-Bu Me,SO, -k 1353137 95% B1OH 187, CaHy N GH
15 i-Bu Me, SO, CF, 8729 95% E1OH 95/ C..ll.,F.N.O cun
16 iBu MNe S0, Br 132.5-134 93% E1OH 8 C,+H;, N, 0, on

#Yield from 1-aTkyl6-smincomd]. 2 Previausly prepared but physics] data not gven (Wooldridge and Slack, 1962), €OTs = ptalucacsulfo-
nata. ¥Noutrsl slumina sluted with bazene then Et O~MeOH. € Yield rom lmclllyl-}lnhtyl-s.i-dhdmuﬂdmu for banzylation

step [rom opproprisic xanthine.:

bnlyl-&-mumnml (Papeach and Schroeder, 1953) (87
mmal) in concentrated HiSO, (IS ml) was added fuming
HNO; (3.2 mL) dropwise with stirring (Brown et al., 1955).
The solution was-cooled on an ice bath and then poured onto
ice. The precipitate, 1-isobutyl-S-nitro-6-aminouracil, was
scparated by ltration, aiv-dried, and used without further
purification: 80%. A solution of this compound (10 mmol),
KOH (11 mmol), and benzyl chdoride (12 mmol) in DMF (15
mL) was heated at 100 *C for 1 h, The mixture was allowed
tocool and the NaCl precipitate was removed by filtration. The
filtrate was cvaporated in vacuo Lo give 1he crude alkylated
prodoct. This crude product was reduced with NajS;0,,
l‘nrmylnled. and cyclized according 10 the general procedure
for 1,3-disubstituied nanthines to give 1-benzyl-3-isobutyl-
samthine: 20%. An analytical sample was obtained Ly subli-
mation (145 *C. | mm): mp - I15-I76 *C. Aml.
(CisHiaN4O2) C, H

1.9-Dimethy!- }uobutylnnthlno {(20): 1-Isobutyl-3-
methyl-5,6-diaminovracil was prepared following the geweral
procedure for 1,3-disubstituted xanthines through the reduc-
tiun step with NayS;04. This product was converted 1o 1,9-
dimethyl-3-isobulyl-§-mercaptoxanthine by the method of
Blicke and Schaaf (1956). This compouad (2 mmol) was dis-
sclved in llaelll HOAc (10 mL) with warming and NaNOQ;
(29 mmol) in H70 (20 mL) was added dropwise with stirring.
The reaction mixtare was made basic (pH 9) with NH,OH
and diluted with water to 100 imL todal volume. The solution
was cooled overnight (o give a crystalline precipitate. The solid
was separated by filtration and washed with water: 80%; mp
164-166.5 *C. Anal. (C,; H\4N/Oy) C, H.

Results and Discussion

The most demanding assessment ol' potency and selectivity
of inhibition of the coronary artery phosphodicsterases is 10
compare the potency of a compound as an inhibitor of cGMP
hydrolysis by peik 1 with the potency of the compound as an
inhibitor of cAMP hydrolysis by peak 11, since these are the
bigh-affinity substrates for the respoctive enzyms prepamations
(Wells et al., 1975b). The 1 sM substrate concentration used
in this study is near the apparent Xn's of the enzymes being
studied. All of the compounds in this study were competitive
inhibitors of peak I phosphodiesterase activity. Although Kj
valucs coul be dbtained, the potencies ere given as /5o values
{the coxcentrations required to Inhibit by 50% the hydrolysis
ol 1 gM substrates), becanse the purpose of Lhe study was to
compare the potencies of the compounds as inbibilors of peak
I activity with the potencies 10 inhibil peak 11. Since peak 11
displays anomalous kinetics, it is difficult or impossible Lo e-
timate meaningful X, values from graphical analysis of the data
(Wells et al., 1975a).

A number of generalizations are suggested by the data in
Table 11 concerning structural requirements for potency of
xanthises as inhibitors of pig coronary artery phosphodies-
terases.. It wuuld appear that alkyl substitution larger than
metbyl in position 3 of the xanthine nucleus enhances potency
against cither put of activity. Some substitution other than
H at pasition | is apparently alio required for potent inhibition
of either form of plmphodiﬂuuue. Substitution of electron-
withdrawing groups at position 8 reduces the potency against
cither peak, Alkyl substitution at position 7 (Garst et al,, 1976)
or 8 has little efTect on potency sgainst peak 1 but greatly re-
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INRIBITION OF PHOSPHODIESTERASES BY XANTHINES

TABLE II: Inhibitlon of Separated Phosphodiesteruses from Pig Coronary Arterlas.
(1]
1,, (sM)* and % Whibition 3t 100 uM
Compound Peak 1
No. R, R, R, R, cGMP cAMP Peak Il cAMP
T o, FBu H - 6.3 0.7 (6) 39203 (6) 15:20)
10 o LBu n cH, 1.9 . 0.1 5) :.‘3 N s“ i 681 4 (6)
>1 £5(6) >100
n o, e H CFs 0% + 5) 6) Q1%: 5)(3)
1 o, Fbu H C(CH,), 1810207 12103 @) 581 6 (5)
17 o, By h Br 5529 @) 354 (5) >100
4% 12 5) )
» on, FBa Benzyl H 44207 36208 () 108 4 14 (4)
13 CH, iBu Bemzyl o, . 220300 322 0.5 (10) 24:404)
" CH, £Bu Bemayl O(CH,), 62:06() 6.0 04(T) >10
Is oM, EBu Benayl CF, 111 6) 1724 (6) 781 6 (5)
16 CH, £Bu Benzyl Br n&“ ®) z.: : 0.5 ¢6) 1621 (3)
>l > >100
19 H FBu n H @26 () o2 (58% £ 3) (6)
>
6 Fiu £Bu n n @i% e ) u.:; o “4:10)
>100 >1
7 »-Amyl +Bu H H “6% 2 5) (10) 42% 1 4) (12) 40z 10 @)
] Iscasmyl £Bu H H 86150 “’":'; . 171 3(6)
>100 >100 >100
9 m-Octyl +Bu H H Q%+ 6)(6) @9% 1 7)) 8% £ 2) (3)
18 Benxyl Bu H H nl;ous) 5:00) 36 B (6)
> >
n lwamyl  CH, " H @34 (S4% 1 4) (6) 509 @)
MW CH, CH, H H 1009 58x4 19026
“ cH, . Benzyl H H 6:30) 0:3) 3:44)
. 5 CcH, Ioamyl H H 622100 61420) 17122(4)
> >100
20 o, FBu CH, H (30% = 4) (6) (5% 2 5) 5) G.0%22)0)

&1, value is the concentration (uM) of agent requiced to Inhibit by 50% the hydrolyss of 1 M mbstrate. Values pre ¢ standard errors of the

number of determinations given In

parentheses. Soma of the ageats were nspluble above 100 aM: therefore, % Inhfbltion st 100 uM Is pivan

if 1,418 above 100 uM. 5Garm et al. (1976). “Wooldsidge and Siack (1962). IWells ot l. (1975a).

duces potency against peak IL Substitution of certain saturated
alkyl groups larger than methyl at position 1 has little effect
on potency against peak 11 but greatly reduces potency against
peak 1. Thesc goneralizations would indicate that thers are

relatively sirict slectronic requirements at the site of inhibition -

of both forms of phuphodi-t-lu and that both forms have
rather apecilic requirements for substitution at position 3 of
the xanthine nuclons. Further, there appears to be a tolerance
or preference for alkyl hlkmmlm?orlluheputlllu
that is absent a1 the peak II site. Alkyl bulk in position 1,
however, 6 tolerated at the peak 1l site but not by peak I.
Substitution of » benzyl (4), iscamyl (5), or isobutyl (1)
moiety for the methyl group in the 3-position of theophyline
brings about 2 4- to [ 6-fold increase in potency ugainst either
peak of activity. Comparison of MIX (1) or 4 with 19and 3,
sespeciively, shows that replacenent of the 1-methyl group
with H reduces potency against either peak from 3- (o 16-fold.
Sucha would be expected to bring about relatively
large changes in the clecironic and tautomeric properties of
the xanthine ring. Another indication of the importance of the
electronic properties of the xanthine is the effect of substitution

BIOCHEMISTRY, VOL. 16, NO. 15,
BNEDOGD «<XPF___ R1138A_J_»

of clectron-withdrawing groups in the 8-position. The methyl
and triflucromethyl groups are quite similar in size (van der
Waals adiiof H and Fars 1.2 and 1,35 A, respectively: Hine,
1936) but they have distinctly differcut clectronic
(the pX, of acstic and trifluoroscetic acid are 4.76 and 0.23,
respectively; Albert and Serjeant, 1962). Thus, the 8-trifluo~
ramethy] grop of 12 kas & much greater tandency to withdraw
elocirons from the xanthine nuclens than does the 8-methyl
group of 10. A comparison of the /s values in Table [I for
8-methyl-M1X (10) and 8-triflworomethyl-MIX (12) showa
the greater potency of 10 aguinat. cither peak of activily.
Similar results are found with an 8-bromo group (17) which
is also electron withdrawing and is slightly amaller in size than
mdlzf {van der Waals radii for bromo and methyl are 1.93 and
2.0 A, respectively; Hine, 1956). This effcct- of electron-
withdmwing groups i, Jor reasons not immediately obvious,
attenuated or eliminated if a benzyl moiety is substituted in
the 7-position (Table 11, compounds 15 and 16).
8-Methyl-MIX (10) and B-teri-butyl-MIX (11) are about
one-fourth as potent as MIX as Inhibitors of peak I activity
but are slightly more potent than MIX againm peak I. The
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TABLE 111: Inhibition of the Cyclic Nucleotide Phosphodiesterase Activities in Crude Sepernatant Fractions or Homogenata of Pig

Coronary Arteries, Pig Sperm, and Sea Urchin Sperm.

In"
Coronary artery Fig spesmn Urchin sperm
tapt fraction supernatani fraction e
No. Compound ﬂ.‘ﬂg CMP ﬂd; cGMP cA
I MIX L2 56:08 6847 4.7+05 54202 09+ 02
2 T-Banzyl MIX 0+6 39%06 84410 451:06 2122 >100
11 8-1-Bu MIX LFX 1904 >100 20+07 17%1.7 0.2 & 0.01
19  8-Mecthyl MIX 215 20%1 5802 16£04 14£03 0.03 + 0.01
8 1-lIcamyl-3-isobutylzan- 4014 87%1 >100 BEé6 19%1

thine

42%2

& Values are means + standard errors of four determinations with four diflerent preparations.

reduction in potency as inhibitors of peak LI would scem to be
because the binding site for the xanthines on peak II cannot
tolerste a group larger than H on the B-position of MIX. The
catalytic site of peak 1, however, tolerates or prefers relatively
large substituents in this position. Similarly, substitution of
relatively large groups (c.g., a-hexyl) on the 8-pasition of
theophylline increased the potency of the compounds as in-
hibitors of a beel heart phosphodiesteraso ns measured at high
{mM) substrate concentration (Goodsell et al., 1971).

Subetitution of an isobutyl, -amyl, or iscamyl group for the

1-methyl group of MIX (compounds §, 7, and 8) has a rela-
tively small effect on potency against peak 11 but significantly
reduces potency against peak 1. Thus, while 3-methyl-MIX
(10).and 8-tert-butyl-MIX (11) were 30- to 35-fold more
potont ws inhibitars of 1 M cGMP hydrolysis by peak 1 than
of hydrolysis of | xM cAMP by peak 11, compounds 6, 7,and
8 are 2- to 5-fold more potent as inhibitors of peak 11 than of
peak [ inder the same conditions. It appears that large alkyl
groups in the i-position of the xanthine molccule cannot be
tolerated by the catalytic site of peak I, while the site to which
the xanthines bind on peak Il can accaommodate a group at
Scast as large as isoamyl. That steric sizo of the groups may not
be the only factor that determines the effect of substitution at
tho l-position Is Indicated by the data for 1-octyl-3-iso-
butylzanthine (9) and 1-benzyl-3-isubutylnanthine (18).
Compound 9 is quite inactive against both pesks, Indicating
the limits of the tolerance for bulk in this position by peak 11.
The relatively largs banzyl group in 9, however, has less cffect
on peak I inhibition than might be expected and leaves this
compound equipotent with the isobutyl (6) and m-amyl (7)
campounds agaipat peak I1. Data for 1-isoamyl-3-methyl-
santhine (21) snggest some affinity for the 1-iscamy] group
since this compound is almost fourfold more potent against
peak 1] than is theophylline.

We have previously shown thai substitution of a beazyl
group for the 7-H of MIX yields a compound (2) with in-
creased selectivity for peak 1 phosphodiesicrase (Garst et al.,
1976). We, therefore, prepared a series of 7-benzy! 8-substi-
tuted MIX derivatives (13-16). 7-Benzyl-8-methyl-MIX (13)
and 7-benzyl-8-rert-butyl-MIX (14) were lesa potent as in-
hibitors of peak T activity and less selective between peak [and
peak Il activity than were the corresponding 8-substituted
compounds (10 and 11). On the other hand, substitution of a
benzyl moicty for the 7-H of B-triflucromethyl-MI1X and 8-
bromo-MIX gave compounds (15 and 16) with grester polency
us inhibitors of peak 1 activity than the corresponding 8-sub-
stituted compound (12 and 17).

9-Mecthyl-MIX (20}, although oot as poteni as 7-methyl-
MIX (Garst et al., 1976) as an inhibitor of peak J, has very low

potency as an inhibitor of peak I1; therefore, proper substitution
in the 9-position might yield compounds with high specificity
for inhibition of peak I.

The use of separated forms of phosphodicsterase allows &
more valid and straightforward interpretation of the selectivity
and nature of inhibition than does the use of whole homoge-
nates. However, in examining only the separated enzymes, it
might be poasible 1o overlook inbibition of significant activities
that are not present among the separated forms. Morcover, the
patterns of inhibition seen in crude sysiems may be more rep-
reseniative of the composite patterns that occur in intact cells.

* Table 111 gives the inhibitory potency of some of these xan-
thines as inhibitors of total cGMP and cAMP phosphodies- -

tcrase activities of crude 40 000y supcrnatant fractions fram
caronary arieries and pig sperm and in the whole bomogenate
of sea urchin sperm. Whole homogenate of sea urchin sperm
was used becanse the phosphodiesterase activity is predomi-
malely located in the particulatce fraction, whereas most of the
.activity of the coronary arteries and pig sperm is in the su-
pernatant fraction (Wells of al., [975b; Wells and Garbers,
1976). At 1 uM cAMP; total phosphodiesterase wctivity of
peak 1 from coronary artery is appraximately equal to the total
activily of peak II; therefore, a compound which selectively
inhibits peak 1 will have a significant effect on the hydrolysia
of cAMP by the crude supernatant [raction. This point s
demonstreted by a comparizon of the data in Table I with the
data of Teble 111. . .

The reiative potencies of these compounds to inhibit cAMP
and cGMP hydrolysis changes or cven reverses from the cor-
onary ariery sysicm 1o pig or sea urchin sperm systems. For
sxampie, 7-benzyl-MIX (2), which is about eightfold more
potent ag an inhibitor of cGMP than cAMP hydrolysis by the
crude artery supernatant frmction, is at least fourfold more
potent as an inhibitor of cAMP than cGMP hydrolysis by the
crude sea vrchin sperm hamogenate (Table IiI).

The dats in Table I1I indicate that these compounds are, in
general, much more potent as inhibitors of sea urchin sperm
phosphodicsicrase sctivities than activities from the two other

- sources studied and that 8-terr-butyl-MIX (11) and 8-

methyl-MIX (10) are extremely potent (/39 = 0.2 and 0.08
uM, respectively) inhibitors of 1 gM ¢GMP hydrolysis by the
crude preparation from sea urchin sperm.

The data preaented demonstrute that modification of the
xanthine molecule can give rise to highly selective inhibitors
of cyclic nuclectide phosphodiestorases. The data also em-
phasize that the selectivity and /ar potency of a given com-
pound for inhibition of the hydrolysis of cAMP or cGMP may
vary [rom one cell Lype 10 another. Therefore, any studics that

rely upon the pharmacological manipulation of cyclic nucle- -

3320 mi1OCHEMISTRY. YOL. |16, NO. 15, 1977

HNBDOCID «XP______2100108A__1»

P

W



INHIBITION OF PHOSPHODIESTERASES BY XANTHINES

olide levels by phosphodiesterase inhibition should be based
upon a knowledge of the potency of the agent to Inhibit the
phospbodiesterase activities of the cell type being studied.
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