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This invention relates to substituted pyridopyrimidines which are useful for the
treatment of hypertension and congestive heart failure.

5 These compounds achieve their hemodynamic effects by antagonizing the
effects of angiotensin II; the active component of the renin angiotensin system.
Angiotensinogen is converted to angiotensin I by the action of the enzyme renin.
Angiotensin II (A II) is formed by angiotensin converting enzyme (ACE) acting on
angiotensin I. A Il is a powerful vasoconstrictor and is implicated as the cause of high

10  blood pressure in a number of species including man. A II elicits these vasopressor
responses by acting at specific receptor sites. The compounds described in this
invention compete with A II for these receptor sites, thus antagonizing the vasopressor
effects of A II.

R. S. Boger, in U. S. patent 5,104,877, and K. Atwal, in EP 481448 A,

15  describe methylbiphenyl! substituted 4-aminopyrimidines. C. Hoornaert, et al. disclose

methylbiphenyl 4-pyrimidinone derivatives in EP 500409 A. A. M. Venkatesan, et al.

disclose methylbipheny!l substituted quinazolinones in EP 497150 A. A. H. Ratcliffe,

et al. disclose methylbiphenyl substituted naphthyridines in EP 516392 A2. E. Allen,

et al. describe substituted pyridopyrimidinones in EP 481614 A. J. W. Ellingboe, et

20  al. describe methylbiphenyl substituted pyridopyrimidines in U.S. patent 5,149,699.
All of the above are claimed as A II antagonists.

The compounds of this invention differ from the above mentioned prior art,
except for the last reference, in that they contain a pyrimidine ring fused to a pyridinone
ring, with a methylbiphenyl group attached to the pyridinone ring. The compounds

25  described by E. Allen, et al. in EP 481614 A contain a pyrimidinone ring fused to a
pyridine ring, and the methylbipheny! group is attached to the pyrimidinone ring. The
compounds of the present invention differ from those described by J. W. Ellingboe, et
al. in U. S. patent 5,149,699 in that they contain at least one hydroxy, hydroxyalkyl.
aldehyde, ketone, or carboxy group on the pyridopyrimidinone ring system.
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ket one, or car box#gr @p on the pyridopyri @ dinone ring system

R4 -(CH2)n~ 1
N Ar.
AR
R3

RO li

wherein

nis0to 3;

R! and R? are, independently, H, C;-Cgalkyl, hydroxy(C;-Csalkyl), formyl,
carbonyl(C;-Cgalkyl), carboxy, or carboxy(C1-Cgalkyl);

R3 and R4 are, independently, H, Cj-Cgalkyl, or hydroxy;

R3a and R42 are H, or one of -CR3R32 and -CR4R42 is a carbony! group;

with the proviso that at least one of the groups Rl and R2 must be hydroxy(C;-
Csalkyl), formyl, carbonyl(C;-Cgalkyl), carboxy, or carboxy(Ci-Cgalkyl); or at least
one of R3 and R4 must be hydroxy; or one of -CR3R32 and -CR4R42 must be a
carbonyl group; ;

Arlis
Ny Sy BN
/ .

wherein W is H, C;-Cgalkyl, halogen, hydroxy, or C{-Cgalkoxy;

Arlis
= _X —_X = . X —\_X
, YR , ,or N
wherein X is
COMH, CN, or —( s

wherein RS is H, CHg, tert-butyl, tri-n-butylstannyl. or triphenylmethyl; or
a tautomer of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.

988 et hyl bi phenyl substituted quinazolinones in EP



- 2- DESCRI-PTHON-OF THE TNVENTI ON This invention relates to substituted
pyri dopyri.mi 'eﬁlﬂE@QedﬂfRth&al formula (1): [err] wherein 5 nis 0 to 3;
I

Rl err] ahdy dependently, H, Cerr]-Cerr]alkyl,

hydr oxy( mm@ ), fornyl, carbonyl(Clerr]-Cerr]al kyl), carboxy,
or carboxy( . rTalkyl); R3 and R4 are, independentl] H,
Cerr]-Cerr]alkyl, or hydroxy; R err] and R err] are’ffffp'g?g%é'cblf
-CRlerr]Rerr] and -CRlerr]Rerr] is a carbonyl group; 10 wth the
proviso that at |east one of the groups.Rlerr] and Rlerr] nust be
hydroxy(Clerr]- ([err]alkyl), fornyl, carbonyl (d -C6al kyl), carboxy, or

car boxy(Gler ] - f},]e)r 8 ¥kt lspl iREbestiR ey efibsdhial o Selisll O

or one of -CRe

formula (II):
R4a O I
= {CHa)n__, 1
N ~Ar.
. AR
e/ Y
R “NZR!
wherein
5 nisl;

R1 and R? are independently H, methyl, ethyl, propyl, isopropyl, hydroxymethyl, 1-
hydroxyethyl, 1-hydroxypropyl, 1-hydroxybutyl, I-hydroxyisobutyl, formyl,
carbonylmethyl, carbonylethyl, carbonylpropyl, carbonylbutyl, carboxy, or
carboxymethyl, carboxyethyl, carboxypropyl, or carboxybutyl;
10  R3 and R* are, independently, H, methyl, ethyl, propyl, or hydroxy ;
R32 and R42 are H, or one of -CR3R32 and -CR4R42 is a carbonyl group;
with the proviso that at least one of the groups Rl and R2 must be hydroxy(Ci-
Caalkyl), formyl, carbonyl(Ci-Caalkyl), carboxy, or carboxy(C;-Caalkyl); or at least
one of R3 and R4 must be hydroxy, or one of -CR3R32 and -CR4R42 must be a
15  carbonyl group;
Arl is

wherein W is H, lower C;-Cgalkyl, halogen, hydroxy, or C;-Cgalkoxy;
Arlis

/%t

\

20
wherein X is

N\
CO,H. or —<O‘NR5
N-N

wherein RS is H. CHs. tert-butyl. tri-n-butylstannyl, or triphenylmethyl; or



car bonyl ﬁr . Arferr] is [err] 15 wherein Wis H, ([err]-Cerr]al kyl,
hal agen, ' hY as qee lagedC] err]al koxy; Ar2 is [err] wherein X is [err]
wrherein R , l err] tert-butyl, tri-n-butylstannyl or
triphenyl ne utoner of said conmpound. Or a pharmaceutically

acceptabl e salt of said Conpound or tautoner:.
AHP-92088-1-Cli

a tautomer of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.

A still more preferred aspect of the present invention is represented by general

formula (III):
42 O m
R4 .(CH2)n 1
N ~Ar.
AR
Rs
ra’ | j\
R2" N7 TR!
5
nis I;

R! and R2 are, independently, H, methyl, hydroxymethyl, or formyl;
R3 and R4 are, independently, H or hydroxy;
R32 and R42 are H, or one of -CR3R32 and -CR4R#2 is a carbony! group;

10  with the proviso that at least one of the groups R! and R2 must be hydroxymethyl or
formyl; or at least one of R3 and R4 must be hydroxy, or or one of -CR3R32 and
-CR4R42 must be a carbonyl group;

Arl is
; w
72
15 wherein W is H;
Aris
73~
wherein X is
NN
—(Ree
N=N

20  wherein RS is H, CHj3, tert-butyl, or triphenylmethyl: or
a tautomer of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.



-3 - A rmre pieferred.aspect of the present invention is represented by
gener al forThrslsae IHI - [err] wherein 5 nis 1; Rerr] and Rerr] are

|ndependentl “quh@& propyl, isopropyl, hydroxymnethyl, 1-
hydroxyethyl 1- hydroxybutyl 1- hydr oxyi sobutyl, fornyl,
carbonylnethy car bonyl propyl, carbonyl but carboxy, or

car boxymet hyl , car boxyet car boxypropyl, or car boxy\blﬁ'?/ilo,ssibClR[ err] and
Rl er] are, |ndependently, H met hyl , ethyl propyl, or hydroxy; R err] and
Rlerr] are H, or one of -CR err]Rerr] gnd -CR[err]R[err] is a carbonyl
group; with the proviso that at |east oné of the groups R err] and R err]

must be hydroxy(([err]- rr]al kyl), formyl, carb nyI Jerr]-Cerr]al kyl),
carboxy, or car bb&geupevs S-@[%q pleseTiyinyentign whergin copRITrgcahany nust

be hydr oXygroip of Rhepdin oREloELCRIR B dnkd @ww%&rafﬂda&egfohg cHA 8XisR ore

than one tautomeric form. All such tautomers are included in the present invention.

This invention also includes mixtures of optically active isomers or partially or
5 completely resolved isomers of the compounds disclosed.

The most preferred aspects of the present invention are:

2-methyl-7-0x0-8-{2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-5,6,7,8-tetrahydro-
pyrido[2,3-d]pyrimidine-4-carbaldehyde and the pharmaceutically acceptable
salts thereof;

10  2-hydroxymethyl-4-methyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl}-5,8-dihydro-
6H-pyrido[2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts
thereof;

4-hydroxymethyl-2-methyl-8-{2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-5,8-dihydro-
6H-pyrido{2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts
15 thereof;

2,4-dimethyl-5-hydroxy-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-8H-pyrido[2,3-
dlpyrimidin-7-one and the pharmaceutically acceptable salts thereof;

2,4-dimethyl-5-hydroxy-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl}-6,8-dihydro-
SH-pyrido{2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts
20 thereof;

2,4-dimethyl-6-hydroxy-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyi]-5,8-dihydro-
6H-pyrido[2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts
thereof.

Further, in accordance with this invention, 2,4-Dimethyl-5-hydroxy-8-

25  [2'-(1H-tetrazol-5-yl)biphenyl-4-yl-methyl]-8H-pyrido{2,3-d]pyrimidin-7-one
(Example 4) and 5-Hydroxy-2,4-dimethyl-8-[2'-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-6,8-dihydro-5H-pyrido{2,3-d]pyrimidine-7-one (Example 6) have been
identified in studies conducted in rats as significant metabolites of the compound of
Example 3 of the aforementioned U.S. Patent No. 5,149,599. the former being present
30 significantly longer and in greater amounts than the latter. However, in similar

metabolic studies in dogs, no significant metabolites were found.



15 carbonyl group; Ar[err] is [err] wherein Wis H, | ower
Clefr]-derr]al kyl, hal ogen, hydroxy, or Clerr]-Clerr]al koxy; Ar[err] is
[err] 20 wherein Xis N[err] wherein Rerr] iSH CHerr] tert-buyl.
tri-n-butylstannyl. or triphenyinethyl or -4-

AHP-92088-1-C1

-6-

The invention also provides a process for the preparation of a compound having
the formula I as illustrated and defined above or a pharmaceutically acceptable salt
thereof or a tautomer of the said compound or salt. In the process the symbols will
have the following meanings in formulae identified by the letters (A) to (F) except

5  where otherwise stated. R! and R2 are independently H, C1 - Cg alkyl, hydroxy (Cj-

Cg alkyl), formyl, carbonyl(C1-Cg alkyl), carboxy or carboxy(C1-Cg alkyl); R3 and

R4 are independently H, C1-Cg alkyl or hydroxy; R32 and R42 are hydrogen; one of

-CHR3R32- and -CHR4R42- may be carbonyl; n and Arl are as defined above and Ar3

_ is the same as Ar2 except that a carboxyl group or tetrazoyl group may be protected by
10  aremovable protecting group. |

In the process of the invention

(a) a compound having the formula A

N-(Cl-l-‘,),,--Ar‘-Z1

A

15  or a salt thereof, is reacted with a compound having the formula Z2-Ar3 where Z1 is a
leaving group and Z2 is a group that reacts with Z! to form a direct bond between Ar!l

and Ar3; or

(b) acompound having the formula B

1 3
N'(CHz)n“Ar 'Ar

20 (B) _
This Sheet Ha
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a taut omer Tofs shebtHEHERRRE acéar a pharmaceutically acceptable salt of said
conpound or t nore preferred aspect of the present

i nvention is m mgmﬂﬂamg general formula (I11): [err] 5nis 1, Rerr]
and Rlerr] ar ly, H nethyl, hydroxynethyl, or forrryl R3 and
R4 are, independently, H or hydroxy; R err] and Rerr or. one of
-CRlerr]Rerr] and -CR[err]Rerr]Ja is a carbonyl gro H 155"088v6|FH t he
proviso that at | east one of the groups R err] and R[err] must be
hydroxynmet hyl or fornyl; or at |east ong of R3 and R4 nust be hydroxy, or
or one of CR[err]R[err]a and - CR[err] er] nust be a carbonyl group;
Arferr] i Sw;xere Jne of R3 and R4 is hydroxy, or.a salt thereof is subjected to oxidation so as to
convert the hydroxymethylene group represented by -CHR3- or -CHR#- into carbonyl;

or

(c) acompound having the formula C

NHCH,).-Ar -Ar

©

or a salt thereof or a tautomer of the said compound or salt in which one of R8 and R®
represents H, C1-Cg alkyl, hydroxy (C1-Cg alkyl), formyl, carbonyl (C1-Cg alkyl),
carboxy or carboxy (C1-Cg alkyl) and the other one of R8 and R9is Cj to C7 alkyl is

10  subjected to oxidation so as to convert the said C1-C7 alky! into carbonyl (C1-Cg alkyl)
or into -CO2H; or

(d) a compound having the formula B as illustrated above or a salt thereof, wherein
one of R3 and R4 is hydrogen, or is subjected to oxidation so as to replace the said
hydrogen by a hydroxy group; or

15

(e) acompound having the formula E

1 3
HN‘ (CHz)n"Ar 'Ar

J\

(E)

CH{CO

20  orasalt thereot is cvclised by reaction with a diakyl carbonate and a base: or



15, | s H Ar[err] Is wherein Xis [err] 20 wherein
Rl err] I's H r Rlgsedy| or triphenyl nethyl: or a tautornmer of said
conpound. Or ally acecptable salt of said conmpound or

t aut oner . nds of the present invention wherein R err] or
Rlerr] contain a car bonyl group or wherein one of CRg%r;ﬁ[gg {h and
-CRlerr]Rerr] is a carbonyl group can exist in nore dt omeri c
form Al such tautonmers are included in the present invention. This
invention also includes mxtures of optdcally active isomers or partially
or

(f) acompound having the formula F

N-(CH,).-Ar -Ar

()

where one of -CR3R32- and CR4R44- is carbonyl, or a salt thereof or a tautomer of the
5 said compound or salt is subjected to reduction to convert the said carbonyl into
hydroxymethylene; or

(g) a compound having the formula C as illustrated above wherein one of R8 and R?
represents H, C1-Cg alkyl, hydroxy (C1-Cg alkyl), formyl, carbonyl (C1-Cg alkyl),
carboxy or carboxy (C1-Cg alkyl) and the other one of R8 and R9 represents formyl or
10 carbonyl (C1-Cs5 alkyl) or a salt thereof or a tautomer of the said compound or salt is
subjected to reduction to convert the formyl or carbonyl (C]-Cs alkyl) into a-hydroxy

(C1-Ce) alkyl; or

(h) a compound having the formula I or a salt thereof or a tautomer of the said
compound or salt, in which X is -CN is reacted with an azide to form a tetrazole;

15  and, where appropriate, a protecting group is removed and, if desired, a compound
having formula I or tautomer thereof is converted into a pharmaceutically acceptable salt
or a salt is converted into a compound having formula I or a tautomer thereof.

Where a protecting group is to be used to protect a carboxyl group, we prefer

20  that the protection be effected by using the carboxylic acid in the form of an ester
thereof. The esters can be converted into the carboxylic acid in known manner, for
example. by saponification or, in the case of tert-butyl or triphenylmethyl esters, by
acidolysis. Where the tetrazolyl group is to be protected, we prefer that the protecting
group be tert - - butyl, tri- n - butylstanny! or triphenylmethyl. Protecting groups for

25  the tetrazolyl function may be removed in known manner in the art. for instance, as

shown in Example 2 step 6 in the case of removal of tertiary butyl.



5 conpletely resolved i soners of the conpounds disclosed. The nopst
préferred aspects of the present invention are:

2-met hyl - 7-0xo0-8-[2' - (1Htetrazol - 5-yl ) bi phenyl - 4-yl methyl]-5, 6,7, 8-tetrahy
dro- pyrido(2,3-d]pyrimdine-4-carbal dehyde and the pharnaceutically
acceptabl e salts thereof; 10

2- hydr oxynet hyl 4- met hyl - 8 [2[err]-(lHtetrazol -5-yl )ﬁ%ﬁgﬁoﬁg%lﬁlmat hyl]-5,8
-di hydro- 6H pyrido[ 2, 3-d] pyri m di n-7-one and the pharnaceutically
acceptabl e salts thereof;

4- h_ydroxyrret hyI 2-methyl -8-[2[err] - (1I:l-9t-et razol - 5-yl ) bi phenyl 4-yl net hyl ] - 5,
8- di hydr o- Pg” d0k2ss e The %ﬁ%rmo%' rHa)7 indfifde AP nbdlSioR 124 WALk F RAVidg

accept abl e sal
2, 4- di met HygtmélaHy(or axtau@nicz [theret) ot asaltaonotics vetsih The <omPoYnds hasting| | - 8H- p

%’L;do[ f2 3-fofthi¥ TipBkksda baORitrdPch 4B MAARIBREA fonhakldaddRRARLRDWReS ah t S

2. 4- di et wgid is-agdedoxThesaqid pdditipn st may be,sonvered intg;the SRAPPURA WAYRSI 1 - 6, 8-
di hydre- Fstmua IT 46 2tadtotdep YHeravfybyreZetivnevidnaibash.e Cotmpoumdsedaving dbinyula I
accept abl ?o {au&)mer thereof) in which R1 or R2 represents carboxy or carboxy (C1-Cg alkyl)
are carboxylic acids which can be converted into pharmaceutically acceptable salts by
neutralisation with a base. The carboxylate salts may be converted into the carboxylic

acid by acidification.

10 Process step (a) may be carried out in known manner for the preparation of
compounds containing two aromatic rings linked directly together. As examples of the
leaving group Z1 there may be mentioned bromo, chloro, iodo or organosulphonyloxy,
for example trifluoromethylsulphonyloxy. Z2 may be a boronic acid or trialkyltin in the
presence of a palladium catalyst. Starting materials for use in process step (a) may be

15 prepared as described herein in regard to Scheme I.

The compound of formula B to be used in step (b) may be prepared by step (a)
where one of R3 and R4 is hydroxy or by step (d). The conversion of the hydroxy
compound into a carbonyl compound in accordance with step (b) can be carried out in

20 accordance with known oxidation methods for preparing ketones. In particular
oxidation of a hydroxy group at the 6-position to an oxo moiety may be accomplished
using pyridimine chloro chromate according to the method of Corey et al., Tetrahedron
Letters, 31, 247-250 (1975).

25 The oxidation of a C1-C7 alkyl group on the pyrimidine ring under method (c)
to form a compound where R or R2 is C1-C7 alkanoyl, i.e. formyl or carbonyl (C1-
Cg alkyl) can be carried out according to known methods of oxidising alkyl groups
attached to aromatic rings. Selenium dioxide is a useful oxidising agent for this
purpose. if desired, the oxidation may be carried out to form a compound where Rlor
30 RZis carboxy by using known oxidation procedures for preparing benzoic acids.

Steps (d) and (e) may be carried out as described herein in regard to Schemes II
and III respectively.

This Sheet Has Been Replaced




20 t her eof ;

2, 4 di met hyl - 6- hydroxy-8-[2[err]- (| Htetrazol -5-yl) bi phenyl -4-yl methyl]-5, 8
-di hydro- 6H pyrido[ 2, 3-d] pyri m di n-7-one and the pharnaceutically
acceptabl e salts thereof. Further, in accordance with this invention,

2, 4- Di met hyl - 5- hydr oxy-8- 25 [2[err]-(

1Htetrazol - 5-yl) bi phenyl 4-yl - et hyl ] - 8H pyri do[ 2, 3- d‘]‘ﬁ?r%ﬁigﬁilﬁc?- one
(Exanpl e 4) and

5- Hydr oxy- 2, 4- di net hyl -8-[2[err]-(1|—l—_th[azoI -5-yl) - bi phenyl - 4-

yl met hyl ] - 6, 8-di hydr o- 5H pyri do[ 2, 3-d] pyri m di ne- 7-one (Exanple 6) have

been identifiedy,] i i S s ONigf | t,abol i tes of
t he conpound oﬁt%}a%%ﬁgea %ﬁo %%ﬁgdr éﬂn%%?%%r@dm%%? f&a‘?@&%“ﬁg.l&&‘fi& 599.
t he for mednthaicejolsr dbe startig materigls nray dgpreparedpknownethady rkkasirstangaount s

t han the | VBl fol i w3 l+i ; .
significa d?é(:'w?ﬁ%oggle ?‘?e@g\fg@?m%ﬁ ('?ﬁ Rbali} Ear%wiﬂ%? Bébrgl%}éd by'Step
?e). e starting matenals for converting an alkanoyl group into a—hydroxyalkyl

5  according to step (g) may be prepared by step (c).

The compounds where X is group Ar2 js tetrazolyl may be prepared by reaction
of a corresponding nitrile with an azide reactant in accordance with step (h).

10 More details of the preparation of the compounds of the invention are given
below:

as Been Replaced
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,%regvi des a process for the preparati on of a

-6 - Thenk BYERH

compound lh cittiagBe Reb al as illustrated and defined above or a

phar maceut ?lmmm Blﬂgl e salt thereof or a tautoner of the said conpound
or salt. | _ the synbols will have the follow ng neanings in

formul ae identified by the letters (A) to (F) except 5 __where otherw se
stated. Rlerr] and Rlerr] are independently H, Cferr] AHRPEP$§-14ky|
hydroxy (C[err]- C6 alkyl), fornyl, carbonyl (Cerr]-Cerr] alkyl), carboxy
or carboxy(d-C6 alkyl); R3 and R err] a}re i ndependently H, Cerr]-(err]
al kyl or hydroxy; R err] and R err] aré hydr ogen; one of -CRlerr]Rerr]-
and -Cﬂer%g&- may be carbonyl; n and Ar[err] are as defined above and
Ar3 is the Ar2 except that a carboxyl group or tetrazoyl group nmay
be protected by a 10 renovable protecting group. In the process of the

i nvention (a) a Themompodndsfithe ptesentfimventibm are prepared a®ording taithegganetaber eof

is react eds%u%ﬂc&&?é@ﬁb’&%u‘ﬁﬂiéﬁ'ﬁg!owe formula Z2- Ar3 where Zferr] is a

Scheme I
o EtO,C R4O
base
R2- N COEt 1 0 » RS { NH
R3 CozEt R NH2 R2 N’)\ R1
RS 2 3
5 1
POCI3
9 HoN EtO,C.__R*
4 2N~ 2
R N' (CHz)nArl 5 (CH2)nAr1\Z Cl
3 _ RS SN
R | N = l A
Rg N’/L R1 Rz N R1
6 4
1) ArP-M (7)
Pd catalyst

2) deprotection

R4 (CHy)
N7V 2 np 1
AR
R3 SN

L A

R27 N7 TR
I

10 RI! R2 R3, R4R32 R4 p Ar!, and Ar? are as defined above: Z is chloro, bromo.
iodo, or trifluoromethanesulfonate: and M is a boronic acid or trialkyltin.



| eavi-ng -group_and_Zferr]

di re;t bond between Ar[err]
bj mi!BeenRewacewhere one of R3 and R4 is hydroxy, or
is su

f or mu

repres

I's a group that
and Arferr];

reacts with Z[err] to forma
or (b) a compound having the
a salt thereof

E’Hmtlfn SO aaﬁ) co]nvert t he hydroxynet hyl ene group
rr]- or - err]- into carbonyl; or onpound
havi ng the formu [err] or a salt thereof or a tatﬁ%ﬁiglzgg%'l?ﬁg sr,rgi d
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As illustrated in Scheme I, B-keto ester 1 is condensed with amidine 2 in the
presence of a base such as sodium ethoxide in an alcoholic solvent such as ethanol at
temperatures ranging from ambient to reflux to yield pyrimidinone 3. Treatment of
pyrimidinone 3 with phosphorus oxychloride under reflux gives chloropyrimidine 4.
The reaction of 4 with amine 5 in the presence of an organic base such as triethylamine
or an inorganic base such as potassium carbonate in a polar solvent such as ethanol,
butanol, or dimethylsulfoxide at temperatures ranging from ambient to reflux yields
pyridopyrimidine 6. The reaction of 6 with an arylboronic acid or aryltrialkyltin 7 in
the presence of a palladium catalyst in a solvent such as dimethylformamide or toluene
yields, after cleavage of protecting groups where RJ is one of tert-butyl, tri-n-
butylstannyl, or triphenylmethyl, pyridopyrimidine I. In the case where the substituent
(X) on Ar2 is a nitrile, it can be converted to a tetrazole under standard conditions

utilizing an azide reagent.
Scheme I
o) 0
N- (CHzlpy1 .z Dosse yHO N (CHap 1 A2
R3 i N 2) sulfonyloxaziridine  R® | N
reagent
R2 N,’L R! 3) deprotection R? N,/k R!
Ia Ib

R1, R2, R3, n, Arl, and Ar? are as defined above.

An oxygen substituent can be introduced at the 6-position according to the
reactions illustrated in Scheme II. Thus, pyridopyrimidine Ia with a protecting group
on the carboxylic acid or tetrazole moiety of Ar? is treated with a base such as lithium
diisopropylamide or sodium hexamethyldisilazide in an aprotic solvent such as
tetrahydrofuran or dimethoxyethane at low temperatures (-78 °C to 0 °C) and then a
sulfonyloxaziridine reagent such as phenylsulfonyloxaziridine. Deprotection of the
tetrazole or carboxylic acid group on Ar2 with acid or base yields pyridopyrimidine Ib.
Oxidation of the 6-position hydroxyl group to an oxo moiety may be accomplished
using pyridimine chloro chromate according to the method of Corey et al. Tetrahedron
Letters, no. 31, pp. 247-250 (1975).



carboxy or carboxy _(Clerr]-Clerr] alkyl) and the other one of Rerr] and
Rlerr] is (Jerr] to (Jerr] alkyl is 10 subjected to oxidation so as to

convert tHus H Replaged | al kyl into carbonyl (Clerr]-Cerr] alkyl) or
into-qur;l Hii( i onpound having the fornmula B as illustrated above
or a salt t one of R err] and R err] is _hydrogen, or is
subjected to oxidation so as to replace the said hydr n9%9&a1 r oxy

group; or 15 (e) a conpound having the formula E1 3 [err] 20

or

a salt

thereof is cyclised by reaction with a_gi_akyl carbonate and a base or

-8 -

10

15

Scheme III _
0O 0 Cl
la, NaOH I POCl3 | ~
ﬁ i H el | ,NH > | ,N
N7 R! R2“>N"R! RZ“NTTR!
8 9

RZ

10
CHy

E0°" SnBu,

Pd catalyst

O HN ‘Ar\z 1)H2N‘(CSH2)IAI,12 CHaCl

R? N”L
12

1
lArz-M @ _

Rt 2) acid hydrolysis R2 N’/L Rt

Pd catalyst

O
-(CH -{(CH .
q HN 2)%H‘Arz 1) (Et0)2CO, NaH P Y ( Z)MAP ’
~ -~
CHs | i 2) deprotection > HO | ,/ll\i
RZ“NTTR! RZ“ N7 TR!
13 Ic
RI,R2, n, Arl, Ar2, Z, and M are as defined above.

In Scheme III, the introduction of an oxygen substituent in the 5-position is
illustrated. Pyrimidinone 8 is iodinated at the 5-position with iodine and aqueous
hydroxide at to give S-iodopyrimidinone 9. Chlorination of 9 with phosphorus
oxychloride under reflux gives chloropyrimidine 10. The reaction of 10 with (1-
ethoxyvinyDtributyltin in the presence of a palladium catalyst in a solvent such as
dioxane, tetrahydrofuran, or dimethylformamide at temperatures ranging from ambient
to reflux yields pyrimidine 11. The reaction of 11 with amine § in the presence of an
organic base such as triethylamine or an inorganic base such as potassium carbonate in
a polar solvent such as ethanol, butanol, or dimethylsulfoxide at temperatures ranging
from ambient to reflux, and hydrolysis of the enol with aqueous acid yields 5-
ketopyrimidine 12. The reaction of 12 with an arylboronic acid or aryltrialkyltin 7 in
the presence of a palladium catalyst in a solvent such as dimethylformamide or toluene
yields 5-ketopyrimidine 13. Treatment of 13 with a dialkyl carbonate and a base such
as sodium hydride in an aprotic solvent such as tetrahydrofuran or toluene at
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R4a O
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R N/(CHZ)n,ArL
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r2" ||
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R? N/L R
6
R4a O
4
R A 1) AP-M (7)
R3a T N _Pdcatalyst
R N’)\ R 2) deprotection
OH Id

wherein R1, R2, R3, R4, R32, R42 n, Ar!, Ar2, Z, and M are as defined above, and Ré
is H or lower alkyl containing 1 to 5 carbon atoms.

10 ~ As shown in Scheme IV, an oxygen substituent can be introduced on the R2
group by an oxidative process. Thus, intermediate pyridopyrimidine 6 is treated with
an oxidizing reagent such as selenium dioxide in an organic solvent such as dioxane or
pyridine at temperatures ranging from ambient to reflux to yield pyridopyrimidine 14.
The carbony! group is reduced to a hydroxy group with sodium borohydride in an

15 alcoholic solvent such as ethanol or isopropanol to give pyridopyrimidine 15. The
reaction of 15 with an arylboronic acid or aryltrialkyltin 7 in the presence of a
palladium catalyst in a solvent such as dimethylformamide or toluene yields, after
cleavage of protecting groups, pyridopyrimidine Id. Pyridopyrimidine I wherein R2
can also be oxidized directly with an oxidizing reagent such as selenium dioxide.



havi ng ﬂ‘mssuée%HbsBéerP cggr thereof is converted into a pharnaceutically
acceptabl s converted into a conpound having fornmula | or
a tautomer Hﬂg"ﬂﬂ e a protectlng group is to be used to protect a

car boxyl that the protection be effected by using the
car boxyl i c acid in the formof an ester thereof. The C be
converted into the carboxylic acid in known manner, f“gﬁ)tg@rgpfgl b
saponification or, in the case of tert-butyl or triphenylnmethyl esters. by

aci dolysis. Wiere the tetrazolyl grougsis to be protected, we prefer that
the protecting group be tert - - butyl. tri- n - butylstannyl or

i pheny! et hY b fRoBie6hdsd ol iR e Beo for G AAf LN L Bban ™y e

renoved i n known man ance
step 6 i nbeses. Aayehamaceytiseldy acseptible saltsyof fhesgcompounds are mlrptrheé@@s of the

i nventi onofeis ii¥entiel. Phes® SURIRAP Be, Vut BreCRITNRMAM (32 nAbnium salts, alkali
metal salts such as sodium and potassium, alkaline earth metal salts such as calcium,
S dicyclohexylamine salts, TRIS salts, and salts of amino acids. These compounds may
also be converted to N-oxides by treatment with hydrogen peroxide by conventional
means. The compounds of the present invention in which RS is tert-butyl, tri-n-
butylstannyl, or triphenylmethyl are intended as intermediates for the preparation of

other compounds of Formula I.

10 The present invention also provides a pharmaceutical composition which
comprises a compound of this invention and a pharmaceutically acceptable carrier. In
particular, the present invention provides an anti-hypertensive pharmaceutical
composition which comprises an antihypertensive effective amount of a compound of
this invention and a pharmaceutically acceptable carrier.

15 The compositions are preferably adapted for oral administration. However, they
may be adapted for other modes of administration, for example parenteral
administration for patients suffering from heart failure.

In order to obtain consistency of administration, it is preferred that a
composition of the invention is in the form of a unit dose. Suitable unit dose forms

20  include tablets, capsules and powders in sachets or vials. Such unit dose forms may
contain from 0.1 to 100 mg of a compound of the invention and preferably from 1 to 50
mg. The compounds of the present invention can be administered orally at a dose range
of about 0.01 to 100 mg/kg or preferably at a dose range of 0.1 to 10 mg/kg. Such
compositions may be administered from 1 to 6 times a day, more usually from 1 to 4

25  times a day. The compounds may also be administered in a parenteral dosing form.

The compositions of the invention may be formulated with conventional
excipients, such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring
agent and the like. They are formulated in conventional manner, for example, in a
manner similar to that used for known antihypertensive agents, diuretics, B-blocking

30 agents or ACE inhibitors.

The present invention further provides a compound of the invention for use as
an active therapeutic substance. Compounds described in this invention are of particular
use in the treatment of hypertension. They can also be used for the treatment of
congestive heart-failure or for the prevention of restenosis.

35 The present invention further provides a method of treating hypertension in
mammals including man, which comprises administering to the afflicted mammal an
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havi ng for asic nitrogen atomand therefore formacid
addition s I”ﬂm |d i s added. The acid addition salt nay be
converted in nd having 5 formula I (or a tautoner thereof) by
reaction with a base. Conpounds having formula I (or 29% r thereof) in
which Rlerr] or Rlerr] represents carboxy or carboxy %’é{’ ?E&g r] al kyl)
are carboxylic acids which can be converted into pharmaceutically

acceptabl e salts by neutralisation wilfy a base. The car boxyl ate salts may
be converted into the carboxylic acid by acidification. Process
step (a) r r

compotnds TeanyBer sl S A A O BB e reéﬁuée*?gg‘eﬂf%ﬂ“ d

exanpl es dFetq’\’émI'%w ng group Z[err] there may be nentioned brono, chloro,

I odo or organosul phonyl oxy, for exanple trifluoronethyl sul phonyl oxy. Z[err]
may be a boronic acid or trial kéw}?ﬁ(ﬂ@ resence of a palladium
catalyst. Starting materials for ss step (a) nmay be 15
prepared as described herein in regard to Schenme |I. The conpound of fornula
B to be used i nhst bigh( &ffinityyoththepcwppounds fpr ghepmgi;gtensin II receptor was

5  established using a rat adrenal receptor binding assay, measuring the displacement of
radiolabeled angiotensin II from the receptor, described as follows: Anesthetize male
Sprague-Dawley rats (300-400 g body weight) with CO2 and sacrifice by cervical

dislocation. Dissect adrenal glands and keep in ice-cold sucrose buffer (0.2 M sucrose,
1 mM EDTA, 10 mM Trizma base, pH = 7.2). Remove medulla by squashing. Mince
10  the cortex, rinse and homogenize in a chilled ground glass tissue grinder with 15 mL
sucrose buffer. Centrifuge at 3000 x g for 10 min. (Sorvall RCSC centrifuge, SS34
rotor 6200 rpm). Decant supernatant through gauze. Centrifuge combined supernatants
at 12000 x g for 13 min. (Beckman ultracentrifuge, 80Ti rotor, 13000 rpm). Centrifuge
the supernatant from the previous step at 102000 x g for 60 min. (Beckman
15  ultracentrifuge, 80Ti rotor, 38200 rpm). All steps are carried out at 4 °C. Resuspend the
pellet in 0.5 mL assay buffer (50 mM Tris HCI, 5§ mM MgCl,, 0.2% BSA (protease-
free), pH = 7.4, 25 °C). Store on ice. Determine membrane protein by Lowry or
Bradford assay with BSA as standard. The binding assay is performed in triplicate, in
12x75 mm plastic test tubes or in a 96-well plate (final volume of 0.25 mL). Add 140
20  pL assay buffer. Add 10 pL cold A II (to give final concentrations of 10-10-10-7 M for
standard curve and 104 M for nonspecific binding), compounds (e.g., for final
concentrations of 25 and 100 uM or 1 uM, 10 nM and 100 nM) in 50% DMSO, or
50% DMSO as a control. Add 50 pL. membrane suspension (e.g., 10 pg protein).
Preincubate for 30 min at 25 °C. Add 50 pL 1251-A II which has been prepared as
25 shown below (final concentration= 1 nM). Incubate for 35 min at 25 °C. Stop the
incubation by adding 1 mL ice-cold buffer (assay buffer without BSA). Filter with
GF/C filters on cell harvester (filters are presoaked in the assay buffer containing 1%
polyethyleneimine). Rinse assay tubes 3X with 5 mL cold buffer (assay buffer without
BSA). Cut and deposit the filter discs into test tubes and count on gamma counter for |
30  min. Adjust the specific activity of 125I-A II purchased from New England Nuclear to
500 pCi/nmole by adding cold A II in water. Calculate the quantities of hot A II and the
cold A 11 needed and make the dilution. Aliquot, seal tight, and store frozen until
needed. Calculate the concentration of the total A II (hot + cold) after dilution. On the
day of assay. thaw the frozen aliquot and adjust the volume to give a concentration of 5
35 pmole/mL (or 0.25 pmole/50 uL) with assay buffer (+ protease-free BSA). For final
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Veéxgplacement of binding of A 1I at its receptor at 10-8M concentration of test compound
(% I). All the examples cited in this invention displayed significant inhibition of A II
binding in this assay. Typically these compounds displayed an ICsg in this assay of
less than or equal to 50 pM.

In accordance with their ability to antagonize angiotensin II, the compounds of

10  this invention show antihypertensive action in the following A II-infused rat model.

Rats are anesthetized with Dial-Urethane (0.60 mL/kg, ip) and the trachea cannulated
with PE 240. Either one femoral artery and both femoral veins or the carotid artery and
the corresponding jugular vein are cannulated with PE 50. If the jugular vein is
cannulated, two cannulas are placed in the one vein. The initial portion of the
15  duodenum (just distal to the stomach) is cannulated with PE 50 via a small midline
incision. Arterial pressure and heart rate are measured from the arterial cannula. Ten to
15 min are allowed following surgery for stabilization of arterial pressure. Ganglion
blockade is then produced by intravenous administration of mecamylamine at 3 mg/kg
(1 mL/kg of a 3 mg/mL solution). Ganglion blockade causes a fall in arterial pressure
20  of about 50 mmHg. Mecamylamine is given every 90 min throughout the remainder of
the experiment. An A II infusion is then begun into the other venous cannula at 0.25
pg/kg/min (at 9.6 uL/min). The A II infusion returns arterial pressure to or slightly
above the control level. Once arterial pressure has stabilized with the A II infusion,
baseline values for mean arterial pressure (MAP) and heart rate are taken. The test
25 compound, suspended in methyl cellulose, is then administered via the duodenal
cannula at 0.1, 3 or, 30 mg/kg in a volume of 1 mL/kg. Mean arterial pressure and
heart rate values are tabulated at 15, 30, 60, 90, 120, 150, 180, 210, and 240 min after
administration of the test compound. For example, the product of Example 2
administered at 3 mg/kg id lowered the A II dependent blood pressure by an average of

30  30% four hours post-administration.

In further accordance with their ability to antagonize angiotensin II, the
compounds of this invention show antihypertensive action in the following Goldblatt
(2K-1C) hypertensive rat model. Sprague-Dawley rats weighing 150 g were
anesthetized with pentobarbital (50 mg/kg ip) and the left renal artery was clipped with

35 asilver wire bent to an internal diameter of 0.2 mm. The hypertension was established

4-7 weeks after clipping. At that time. the animals were anesthetized with pentobarbital

(50 mg/kg ip) and the right carotid artery was cannulated. The catheter was passed
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ket ones [nt : gtarting materials may be prepared by known
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converting oup into a-hydroxyal kyl 5 according to step (Q9)
may be prepared by step (c). The conpounds where X i SAHPO2O83I2CI s
tetrazolyl may be prepared by reaction of a corresponding nitrile with an
azi de reactant in accordance with step (h). 10 More details of the
preparation of the conpounds of the inJ&ntion are given bel ow
subcutaneously to the dorsal side of the neck and exteriorized. The animals were fasted
overnight but allowed access to water and the experiment was performed the next
morning. The carotid catheter was connected to a blood pressure transducer which was
linked to a MI2 computer data acquisition system or to a Grass or Beckman recorder for
5  the recording of mean arterial pressure (MAP) and heart rate. For oral administration,
the rats were given either a compound of the invention (1, 3 or 10 mg/kg), losartan (30
mg/kg) as a standard or vehicle (0.5% methyl cellulose in distilled water) by gastric
gavage (ig) in a volume of 5 ml/kg. For intravenous administration, the rats were
given either a compound of the invention (0.03, 0.1, 1, 3 or 10 mg/kg) or vehicle
10 (£50% NaHCOs3 in distilled water) in a volume of 1 ml/kg. In all experiments, saline
was infused into the arterial cannula at 5 ul/min throughout the experiment to maintain
patency of the cannula. Each compound was administered to a separate group of 6-12
rats and MAP and heart rate were recorded for 24 h. Data was recorded every 15 min
for the first h, every 30 min for the second h, hourly up to 8 h, and then at 22, 23, and
15 24 hfollowing dosing. At each time point following dosing, averages were determined
for absolute MAP, change in MAP (in mm Hg), and heart rate for all animals, and the
standard error of the mean was calculated. For example, the product of Example 4,
administered at 10 mg/kg ig, showed a maximum decrease in MAP of 66 mm Hg 23
hours post-administration. The product of Example 4, administered at 0.1 mg/kg iv,
20 showed a maximum decrease in MAP of 67 mm Hg 4 hours post-administration. The
product of Example 6, administered ig at 10 mg/kg, showed a maximum decrease in
MAP of 71 mm Hg 9 hours post-administration.
As illustrated above the compounds of this invention are effective A II
antagonists and therefore are useful for treating hypertension. They are also of value in
25  the management of acute and chronic congestive heart failure, primary and secondary
pulmonary hyperaldosteronism, secondary hyperaldosteronism, primary and secondary
pulmonary hypertension, hypertension associated with oral contraceptive use, vascular
disorders such as migraine, Raynaud's disease, luminal hyperplasia and the
atherosclerotic process, renal diseases or renal complications of other diseases or
30 therapies such as proteinuria, glomerulonephritis, glomerular sclerosis, scleroderma,
diabetic nephropathy, end stage renal disease, renal transplant therapy and others.
These compounds will also be useful in the treatment of restenosis, left ventricular
dysfunction, diabetic retinopathy, Alzheimers disease. in the enhancement of
cognition, in treatment of elevated intraoccular pressure, and in the enhancement of
35 retinal blood flow. The application of the compounds of this invention for these and
similar disorders will be apparent to those skilled in the art.
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Specific procedures are described in the following examples. These examples
are given to illustrate the invention and should not be construed as limiting the invention
set forth in the appended claims.

EXAMPLES
Example 1

2-Methyl-7-oxo0-8-[2'-(1 H-tetrazol-5-yl)biphenyl-4-ylmethyl]-5,6,7,8-
tetrahydropyrido(2,3-d]pyrimidine-4-carbaldehyde

A mixture of 2,4-dimethyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-5,8-
dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (822 mg, 2.00 mmol) (prepared according
to J. W. Ellingboe, et al. U. S. patent 5,149,699), selenium dioxide (222 mg, 2.00
mmol), and dioxane (10 mL) was heated under reflux for 6 h. Additional selenium
dioxide (222 mg, 2.00 mmol) was added and heating was continued for 18 h. The
mixture was filtered and the filtrate was concentrated. Purification by flash
chromatography (10% MeOH/CH2Cl,) gave 316 mg of a yellow foam. The foam was
triturated with acetone and the filtrate was cooled in a freezer to give 102 mg (12%) of
product as an off-white solid, mp 246-247 °C.

IH NMR (DMSO-dg) 82.47 (5,3 H),2.74(t,J=7.1Hz,2 H), 290 (t,J =
7.1 Hz, 2 H), 5.18 (s, 2 H), 7.00 (d, J = 8.3 Hz, 2 H), 7.20 (d, ] = 8.3 Hz, 2 H),
7.54 (m, 2 H), 7.64 (m, 2 H), 8.38 (s, 1 H).

IR (KBr, cm!) 1710.

Anal. caled for C23H9N703: C, 64.93; H, 4.50; N, 23.05; Found: C, 65.00;
H, 4.90; N, 23.41.

Example 2
2-Hydroxymethyl-4-methyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-yimethyl]-5,8-
dihydro-6H-pyrido[2,3-d]pyrimidin-7-one

A mixture of NaOEt (0.088 mol) in EtOH (prepared from 2.0 g of Na and 70
mL of EtOH), methoxyacetamidine hydrochloride (5.4 g, 0.044 mol), and diethyl
acetylglutarate (10.0 g, 0.044 mol) was heated under reflux for 24 h. The mixture was
concentrated, taken up in water, acidified to pH 4 with conc. HC. and extracted with
CH,Cls. The extracts were washed with brine. dried (MgSOj4), and concentrated.
Trituration with ether gave 4.6 g (42%) of product as an off-white solid, mp 87-90 °C.
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5 Ethyl 3-(4-Chloro-6-methyl-2-methoxymethylpyrimidin-S-yl)propionate
A mixture of ethyl 3-(6-methyl-2-methoxymethyl-3H-pyrimidin-4-on-5-

yl)propionate (4.00 g, 15.6 mmol) and phosphorus oxychloride (25 mL) was heated
under reflux for 2 h. The mixture was concentrated, cooled, and poured onto ice. I N
NaOH was added to bring the pH to 6 and the mixture was extracted with EtOAc. The
10  extracts were dried (MgSOy4) and concentrated to give 3.6 g (84%) of product as a
brown oil.
1H NMR (DMSO-dg) & 1.18 (t,J = 7.0 Hz, 3 H), 2.60 (s, 3 H), 3.01 (t, J =
8.1 Hz, 2 H), 3.36 (s, 3 H), 3.36 (s, 3 H), 4.05 (q, J = 7.0 Hz, 2 H), 448 (s, 2 H).

Step 3
15 8-[(4-Bromophenylymethyl]-4-methyl-2-methoxymethyl-5.8-dihydro-6H-pyrido{2.3-
dlpyrimidin-7-one
A mixture of ethyl 3-(4-chloro-6-methyl-2-methoxymethylpyrimidin-5-yl)-
propionate (3.6 g, 0.013 mol), 4-bromobenzylamine hydrochloride (3.0 g, 0.013 mol),
NaHCO3 (2.4 g, 0.028 mol), and nBuOH (25 mL) was heated under reflux for 24 h.
20 The mixture was concentrated, taken up in water, and extracted with CH,Cl;. The
combined extracts were dried (MgSO4) and concentrated to give a brown oil.
Purification by flash chromatography (5% MeOH/CH;Cl;) gave 3.6 g (72%) of
product as an off-white solid, mp 64-66 °C.
1H NMR (DMSO-dg) 8 2.40 (s, 3H), 2.77 (t, J=7.9Hz, 2 H), 291 (t, I =
25 79 Hz, 2 H), 3.26 (s, 3 H), 4.38 (s, 2 H), 5.15 (s, 2 H), 7.26 (d, ] = 8.3 Hz, 2 H),
7.46 (d, J = 8.3 Hz, 2 H).
Anal. caled for C17HgBrN3O3: C, 54.27; H, 4.82; N, 11.17; Found:
C, 54.31; H, 4.76; N, 11.03.

30 8-[(4-Bromophenylmethyl

dlpyrimidin-7-one
To a solution of 8-[(4-bromophenyl)methyl]-4-methyl-2-methoxymethy!-5.8-
dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (1.00 g. 2.70 mmol) and pyridine (0.11 g
1.30 mmol) in CHCI3 (9 mL) was added iodotrimethylsilane (0.77 g. 3.80 mmol). The
35  mixture was heated under reflux for 30 h and MeOH (0.5 mL) was added. The mixture
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[e?’ S it ee err], Rerr], n, Ar[err], and Ar[err] are as defined above.
An o @ty can be introduced at the 6-position according to the
rea ted in Schenme Il. Thus, pyridopyrimdine la with a

protecti n the carboxylic acid or tetrazole noiety of Arf[err] is
treated with a base such as lithium20 diisopropyl &HBS2088dedl um
hexanet hyl di sil azide in an aprotic solvent such as tetrahydrofuran or
di met hoxyet hane at | ow tenperatures (-78 [err]Cto O [err]C) and then a
sul f onyl oxazi ri di ne reagent such as ph%ln‘yl sul f onyl oxazi ri di ne. Deprotection
of the tetrazole or carboxylic acid group on Arferr] with acjd or base
yi el ds pyr¥assiepeeniiaida akep up ik ChiaCin waghediieh #1use4s NaoyPngRet Brigs. dgedup to
an oxo noi( ¥ S, bendcesiEehirae@d Blrificatfdn ®yP)ldsti khremetYgeashy h(Pmat e
according .to h&{nat pod of ‘{Joréaéy@ et. al , Tet raheflrort: Letters, no. 31, pp.
247- 250 (11\579) /CH2Cly) gave 0.54 g (56%) of product as a colorless foaml.
IH NMR (DMSO-dg) 82.40(s,3H),273(t,J=7.6Hz,2H),2.87(,J =
S 17.6Hz 2H),4.43 (d, ] =6.2 Hz, 2 H), 5.09 (t, ] = 6.2 Hz, 1 H), 5.19 (s, 2 H),

7.27 (d, I = 8.2 Hz, 2 H), 7.43 (d, ] = 8.2 Hz, 2 H).

5,8-dihydro-6H-pyrido(2.3-dlpyrimidin-7-one
10 A mixture of 8-[(4-bromophenyl)methyl]-2-hydroxymethyl-4-methyl-5,8-
dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (0.95 g, 2.62 mmol), 2-[(1-tert-butyl)-1H-
tetrazol-5-yl]phenylboronic acid (0.72 g, 2.90 mmol) (prepared according to J. W.
Ellingboe, et al. U. S. patent 5,149,699), 2 M Na;CO3 (5.5 mL), tetrakis(triphenyl-
phosphine)palladium(0) (100 mg, 0.086 mmol), EtOH (3 mL) and toluene (16 mL)
15 was heated under reflux for 20 h. The mixture was diluted with CH>Cl, and the layers
were separated. The organic phase was dried (MgSO4) and concentrated to give an
orange oil. Purification by flash chromatography (4% MeOH/ CH2Cly) gave 1.20 g
(90%) of product as a colorless foam.
IH NMR (DMSO-dg) 8 1.42 (s, 9 H), 2.41 (s, 3 H), 2.72 (t, ] = 7.3 Hz, 2H),
20 2.89(t, J=7.3Hz, 2 H),444 (d,J = 6.0 Hz, 2 H), 5.08 (t, J = 6.0 Hz, 1 H), 5.23
(s, 2H), 698 (d,J=74Hz, 2H),723(,]=74Hz 2 H),7.54 (m, 3 H), 7.78
(d,J=75Hz, 1 H).

25 6H-pyrido[2.3-d]pyrimidin-7-one
A mixture of 2-hydroxymethyl-4-methyl-8-[2'-(1-tert-butyl- 1 H-tetrazol-5-yl)-
biphenyl-4-ylmethyl]-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (1.2 g, 2.50
mmol), methanesulfonic acid (2.40 g, 25.0 mmol), and toluene (14 mL) was heated
under reflux for 20 h. The mixture was concentrated, taken up in water, and the pH
30  was adjusted to 7-8 with 1 N NaOH. The aqueous mixture was extracted with EtOAc
(discarded), acidified to pH 4 with 1 N HCI, and extracted with CHCI3. The CHClI,
layers were dried (MgSOj4) and concentrated to give 1.10 g of a foam. Trituration with
EtOAc/acetone and recrystallization from EtOH gave 0.45 g (46%) of product as a
white solid. mp 218-220 °C.



-13 - Schene It+ - [-err]-5 Rlerr], Rerr], n, Ar[ferr], Arferr], Z and M
ar eTHi SA&: HAS HedPOYGiceh N Scheme 111, the introduction of an oxygen
' -position is illustrated. Pyrimdinone 8 is iodinated

substi

at thgwwuuw th i odi ne and aqueous hydroxide at to give

5-iod . Chlorination of 9 with phosphorus oxychl ori de under
reflux gives chloropyrimdine 10. The reaction of 10 #MiPr93083-1C!

et hoxyvinyl)tributyltin in the presence of a palladiumcatalyst in a

sol vent such as di oxane, tetrahydrofurgE, or di net hyl f ormam de at
tenperatures ranging fromanbient to Féflux yields pyrimdine 11. The

reaction of 11 with amne 5 in the presence of an organi c base such as
triethyl am ne o HaNMRAD}8Oalghab2 44 (13 Hy 201t @s$Euhd ¢ Bdip2e91 @, h=pol ar

Fangi ng 1570 PR dtheR @ e Yof MR € TR AR RE CSueous
aci d yi el dgH%-7.23 (d, J = 8.0 Hz, 2 H), 7.57 (m, 4 H).
Anal. calcd for Cp3H21N709: C, 64.43; H, 4.95; N, 22.94; Found: C, 64.73;
5 h, 5.15; N, 22.55.
Example 3
4-Hydroxymethyl-2-methyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-yimethyl]-5,8-dihydro-
6H-pyrido(2,3-d]pyrimidin-7-one

10 Step 1
-[(4-Bromophenylymethyl]-2-methyl-7-0x0-5.6.7.8-tetrahydropyrido(2.3-
dlpyrimidine-4-carbaldehyde
A mixture of 8-[(4—bromopheny1)memy1]-2,4-dimethyl—5 ,3-dihydro-6H-pyrido-
[2,3-d]pyrimidin-7-one (692 mg, 2.00 mmol) (prepared according to the procedures
15 described in Steps 1-3 of Example 2), selenium dioxide (244 mg, 2.20 mmol) and
dioxane (10 mL) was heated under reflux for 17 h. The mixture was filtered and the
filtrate was concentrated. Purification by flash chromatography (30% EtOAc/hexane)
gave 576 mg (80%) of product as a yellow solid, mp 124-126 °C.
IH NMR (CDCl3) §2.70(s,3H),2.73 (t,J=7.6 Hz,2 H),3.37 (t,1=7.6
20 - Hz, 2 H), 5.27 (s, 2 H), 7.31 (d, ] = 8.5 Hz, 2 H), 7.39 (d, J = 8.5 Hz, 2 H), 10.02
(s, 1 H).
IR (KBr, cm-l) 1710, 1695.
Anal. caled for C;gH14BrN3O5: C, 53.35; H, 3.92; N, 11.66; Found:
C, 53.16; H, 3.78; N, 11.51.

25

dlpyrimidin-7-one
To a solution of 8-[(4-bromophenyl)methyl]-2-methyl-7-0x0-5,6,7,8-tetra-
hydropyrido[2,3-d]pyrimidine-4-carbaldehyde (550 mg, 1.53 mmol) in tetrahydrofuran
30 (5 mL) and isopropanol (2 mL) was added sodium borohydride (116 mg, 3.05 mmol).
" After 45 min, the mixture was cooled to 0 °C and CO; was bubbled in for 5 min. The

mixture was filtered and the filtrate was concentrated to give 677 mg of a yellow foam.
Purification by flash chromatography (5% MeOH/CH2Cl2) gave 496 mg (90%) of
product as an off-white solid, mp 159-160 °C.

35 TH NMR (CDCl3) 3 2.65 (s. 3 H). 2.75 (s. 4 H). 4.40 (br s, 1 H), 4.63 (s.
2H). 5.26 (s. 2 H), 7.31 (d. I = 83 Hz. 2 H1. 7.39 (d. J = 8.3 Hz. 2 H).



ket opyri-midine 12. The reaction of 12 with an aryl boronic acid or

aryltmﬁl kyltin 7 in fhe presence of a palladiumcatalyst in a solvent such
as di Hea BedeR@fIadeg! Uene yi el ds 5-ketopyrim dine 13. Treatnent of 13
with a di Il e and a base such as sodium hydride in an aprotic
sol vent i Mdrofuran or toluene at -14- tenperatures ranging
fromanbient to re , and deprotection of the tetrazit-92088-¢caTboxylic
acid group on Ar2 with acid or base yields pyridopyrimdine Ic. Oher

oxi di zing agents, such as potassi um permanganate can be used to introduce a
hydroxy group at the 5-position to gi v& a pyridopyri m di ne I where Rl err]

Is a hydroxy group. 5 Schene IV [err] wherein Rerr], Re Rerr],
Rlerr], Rerr],ARdleraalcd fior SngHneBrN#Ppels]53.05; Hnd 4% ah‘elé Odldfqundd above,

and R6 (¢ 52.60; H, 4.37; N, 11.47.

5 5.8-dihydro-6H-pyrido[2.3-d]pyrimidin-7-one
A mixture of 8-[(4-bromophenyl)methyl]-4-hydroxymethyl-2-methyl-5,8-
dihydro-6H-pyrido(2,3-d]pyrimidin-7-one (490 mg, 1.35 mmol), 2-[(1-tert-butyl)-1H-
tetrazol-5-yl]phenylboronic acid (367 mg, 1.49 mmol) (prepared according to J. W.
Ellingboe, et al. U. S. patent 5,149,699), NaCO3 (287 mg, 2.71 mmol),
10 tetrakis(triphenylphosphine)palladium(0) (78 mg, 0.07 mmol), EtOH (1 mL), water (2
mL), and toluene (6 mL) was heated under reflux for 23 h. The mixture was diluted
with EtOAc, washed with saturated aqueous NaHCOj3, brine, dried (MgSQOy), and
concentrated to give a yellow oil. Purification by flash chromatography (5%
MeOH/CH;Cl,) gave 590 mg (90%) of product as an off-white foam. An analytical
15 sample (40 mg) was crystallized from ether/acetone, mp 164-166 °C.
1H NMR (CDCl3) 3 1.50 (s, 9 H), 2.63 (s, 3 H), 2.74 (s, 4 H), 4.40 (br s,
1H), 4.63 (s, 2 H), 5.31 (s, 2 H), 7.06 (d, ] = 8.2 Hz, 2 H), 7.31 (d, ] = 8.2 Hz,
2H), 7.45 (m, 3 H), 7.84 (m, 1 H). _
Anal. calcd for Co7H29N703: C, 67.06; H, 6.04; N, 20.28; Found: C, 66.99;
20 H, 6.07; N, 19.91.

6H-pvrido(2.3-dlpvrimidin-7-one

A mixture of 4-hydroxymethyl-2-methyl-8-[2'-(1-tert-butyl- 1 H-tetrazol-5-
25 yl)biphenyl-4-ylmethyl]-5,8-dihydro-6H-pyrido[2,3-d]pyrin1idin:7-one (550 mg, 1.14
mmol), methanesulfonic acid (1.10 g, 11.40 mmol), and toluene (10 mL) was heated
under reflux for 4 days. The mixture was concentrated, | N KOH (11.4 mL) was
added, and the mixture was extracted with CHCI3 (discarded). The aqueous phase was
acidified to pH4-5 with | N HCI and extracted with CHCl3. The extracts were dried
30 and concentrated to give 94 mg of a yellow foam. Trituration with acetone and
recrystallization from EtOH gave 46 mg (9%) of product as a white solid, mp 246-247
°C.
'H NMR (DMSO-dg) 8 2.47 (s, 3 H).2.72 (1.} =81 Hz. 2 H),297 (1.1 =
8.1 Hz, 2 H). 451 (s. 2 H). 5.20 (s. 2 H). 5.26 (br s. 1 H). 7.00 (d. J = 8.1 Hz,
35 2H), 7.20(d. J =8.1 Hz. 2 H). 7.55 (m. 2 H). 7.65 tm. 2 H.



an oxi dat hus i ntermedi ate pyridopyrimdine 6 is treated with
an oxidi z ch as sel enium di oxide in an organi c solvent such as
di oxane or pyr|d| ne a tenperatures ranging fromanbient to reflux to yield
pyridopyrimdi ne 14. The carbonyl group is reduced A®GiRR92088rBKY group with
sodi um bor ohydride in an 15 al cohol i ¢ sol vent such as et hanol or
| sopropanol to give pyridopyrimdine 15. The reaction of 15 with an
aryl boronic acid or aryltrialkyltin-24—n the presence of a palladium
catalyst in a solvent such as dinethvlformam de or toluene yields, after
cl eavage of prf’m@cd;alﬂgfcgr@nbhmpﬁ)zl@ﬁﬁyﬁ .. 9% N.R2-9y Fogadye. 6d.¢ine |
wherein ﬁ{grdé SZQbSO be oxidized directly with an oxidi zi ns reagent such
as sei eni um dioxi This is the repl aﬁerrent sheet
Example 4
2,4-Dimethyl-5-hydroxy-8-[2'-( 1 H-tetrazol-5-yl)biphenyl-4-ylmethyl]-8H-

5 pyrido[2,3-d]pyrimidin-7-one Sesquihydrate

is Horg aIkIyI “containing 1 to 5 carbon atons. 10 As shown in
Schene I ﬁ'ﬁﬁ nReplbedgt t uent can be introduced on the Rierr] group by

Step 1
_ 2.6-Dimethyl-5-iodo-4-hydroxypyrimidine
A mechanically stirred mixture of 2,6-dimethyl-4-hydroxypyrimidine (50.0 g,
10  0.403 mol), iodine (102.2 g, 0.403 mol), and 1 N NaOH (503 mL) was heated under
reflux for 2 h. The mixture was extracted with CHCIl3 (some product fell out of
solution and was collected by filtration: 24.5 g). The extracts were dried (MgSOq4) and
concentrated to give 40.9 g of an orange solid which contained starting material and
product. Trituration with EtOAc gave 26.0 g of product. The total yield of product was
15 50.5 g (50%), mp 208-210 (dec). An analytical sample was recrystallized from EtOH,
mp 216-218.
1H NMR (DMSO-dg) 8 2.21 (s, 3 H), 2.39 (s, 3 H), 12.58 (brs, 1 H).
Anal. calcd for CgH7IN2O: C, 28.82; H, 2.82; N, 11.20; Found: C, 28.85;
H, 2.76; N, 10.98.
20 Step 2
' 4-Chloro-2,6-dimethyl-S-iodopyrimidine
A mixture of 2,6-dimethyl-5-iodo-4-hydroxypyrimidine (24.5 g, 0.098 mol),
phosphorus oxychloride (30.0 g, 0.196 mol) and toluene (200 mL) was heated under
reflux for 1 h. The mixture was concentrated and ice water (100 mL) was added. The
25 pH was adjusted to 5 with 2.5 N NaOH and the mixture was extracted with CHCl.
The combined extracts were washed with brine, dried (MgS0O4), and concentrated to
give 24.6 g of a brown solid. The crude product was combined with 26.0 g of similarly
prepared material and filtered through a short column of silica gel eluted with CH,Cl>
_ to give 33.8 g (62%) of product as a yellow solid. An analytical sample was
30 recrystallized from hexane/CH;Clp, mp 62-64 °C.
IH NMR (CDCl3) & 2.61 (s, 3 H), 2.73 (s, 2 H).
Anal. caled for C¢HgClIN,: C, 26.84; H, 2.26: N, 10.44: Found: C, 27.04:
H, 2.15; N, 10.14.
Step 3
35 4-Chloro-2.6-dimethyl-5-( | -ethoxyvinylpyrimidine
A mixture of 4-chloro-2.6-dimethyl-5-iodopyrimidine (13.5 g. 0.050 mol). (1-
cthoxyvinyDtributyltin (20.0 g. 0.055 mol). lithium chloride (6.4 g. 0.150 mol).



- 15 - _The .conpounds of this invention nmay also formsalts with inorganic
or organi c bases. Any pharnmaceutically acceptible salts of these conpounds

are wi tThis Replaged| s i nvention. These salts may be, but are not
limted t Its, alkali netal salts such as sodi um and
pot assi u th metal salts such as calcium 5

di cycl ohexyl am ne salts, TRIS salts, and salts of amaWp-azogssi-Clihese
conmpounds nmay al so be converted to N-oxides by treatnment with hydrogen
per oxi de by conventional neans. The conpounds of the present invention in
which R5 is tert-butyl, tri-n- butylstannyl, or triphenyl methyl are
I ntended as internedi ates for the preparation of other conpounds of Formula
. 10 tetrakis(iniphpnydphosphinajpatisdiom(@) ($ & priA0 demob), pidhdionareutl00ahl)
conpositi | ' 0 ¢ S L QR :
phar maceufyis APEE ubOEREN BF e 23 B RRAMBE Lded EiphBU Ao IR o,
provi des £&h! 8nPi00A05eel) was pddedmnd heaiing Vat apntingad 67 23 Bnlhhméuteows i ses an
aﬂtl hyper&@dl&dli.?/ﬁilﬁ?&ii%ﬁh \afompum 190 KF qooPendwal dddes. THY eslidsoweand a
phar ”asceu}én?g/ed%y 11%%35:? amrgug%aéerlftee Qﬁd the layers were separated. The organic phase

was washed with pH 7 phosphate buffer (100 mL), brine (100 mL), dried (MgSOg),

and concentrated. Purification by flash chromatography (twice; 5-10% EtOAc/hexane)

gave 6.44 g (61%) of product as a colorless oil.
IH NMR (CDCl3) & 1.35 (t, J = 7.0 Hz, 3 H), 2.49 (s, 3 H), 2.65 (s, 3 H),
10 391(q,J=7.0Hz,3H),4.21(d,J=2.8 Hz, 1 H), 452 (d, ] =2.8 Hz, | H).
Anal. caled for C;gH13CIN2O: C, 56.47; H, 6.16; N, 13.17; Found: C, 55.13;
H, 5§.97; N, 13.16.
. Step 4
4-(4-Bromobenzylamino)-2.6-dimethyl-5-(1 -ethoxyvinyl)pyrimidine
15 A mixture of 4-chloro-2,6-dimethyl-5-(1-ethoxyvinyl)pyrimidine (3.00 g,
0.0141 mol), 4-bromobenzylamine hydrochloride (3.45 g, 0.0155 mol), NaHCO3
(2.37 g, 0.0282 mol), and n-butanol (20 mL) was heated under reflux for 70 h. The
mixture was concentrated, taken up in EtOAc, washed with water, dried (MgSQOy), and
concentrated. Trituration with ether/hexane gave 2.84 g (56%) of product as a white
20  solid. An analytical sample was recrystallized from ether/hexane, mp 111-113 °C.
IH NMR (DMSO-dg) & 1.24 (t, ] = 6.9 Hz, 3 H), 2.15 (s, 3 H), 2.24 (s, 3H),
3.84 (q, J = 6.9 Hz, 2 H), 4.18 (d, J = 1.7 Hz, 1 H), 4.50 (d, ] = 6.2 Hz, 2 H), 4.53
(d,J=17Hz, 1 H),691(t,J=62Hz, 1 H),722(d,J=83Hz,2H),746(d,]J
= 8.3 Hz, 2 H).
25 Anal. caled for C17H29BrN3O: C, 56.36; H, 5.56; N, 11.60; Found: C, 56.64;
H, 5.64; N, 11.48.
Step 5
Methyl(4-(4-bromobenzylamino)-2.6-dimethylpyrimidin-S-yDketone
A solution of 4-(4-bromobenzylamino)-2,6-dimethyl-5-(1-ethoxyvinyl)-
30 pyrimidine (2.72 g, 7.51 mmol), 1 N HCI (8.3 mL), and acetone (8 mL) was heated
under reflux for 2.5 h. The acetone was removed under reduced pressure and the
aqueous phase was adjusted to pH 4 with 1 N KOH. The resultant white precipitate
was collected by filtration to give 2.24 g (89%) of product as a white solid. An
analytical sample was recrystallized from hexane. mp 78-80 °C.
'H NMR (DMSO-dg) 8 2.30 (s. 3 H). 2.36 (s, 3 H), 2.50 (s. 3 H), 4.57 (d.
J=58 Hz. 2 H), 7.25(d. J =83 Hz. 2 H). 749 (d. J = 8.3 Hz. 2 H), 834 (1. ] =
5.8 Hz. | H.

(93]
W



he sil{ji‘c‘)hs are preferably adapted for oral adm nistration.
Hovugv ? ) apted for other nodes of adm nistration, for exanple
paren ation for patients suffering fromheart failure. In
or der i stency of administration, it is preferred that a
corrp05|t|on of the I nvention is in the formof a unit dose. Suitable unit
dose forms 20 include tablets, capsul es and powder s AHP-83@%etlor vial s.
Such unit dose forns may cont ain from0.1 to 100 ng of a conpound of the

invention and preferably from1 to SOggg The conpounds of the present
I nvention can be adm nistered orally a dose range of about 0.01 to 100

Ty be adhi ni staRdcAt b E1eBIBTRRC. sk A R NaLe T o fr 1585 4 25
may be adm nis Y5 ! 0

times a d&y, 4.TheN¢dapsunds may al so be administered in a parenteral dosing
form The conpositions of the invent ﬁ?@ y be fornulated with conventi onal

exci pients, such as a fi IIer a disi atl ng agent a b| nder a
| ubricant, a fl 6 1 d Hlatetra yibig i

convengi onal manner, for eﬁ@gﬁ&%@@wﬂg Lylfde
known ant | hyper,lt,oe r;s Ih:z/aetecgi1 gs%?utxson of l141£e(%hy1(4 -(4- |bromobeonzy1al\(mmo) 2,6-dimethyl-
pyrimidin-S-yl)ketone (1.67 g, 5.00 mmol) and tetrakis(triphenylphosphine)-
palladium(0) (0.29 g, 0.25 mmol) in toluene (20 mL) was added a partial solution of 2-
[(1-tert-butyl)- 1 H-tetrazol-5-yl]phenylboronic acid (1.50 g, 6.10 mmol) (prepared
10 according to J. W. Ellingboe, et al. U. S. patent 5,149,699) and NapCO3 (1.06 g,
10.00 mmol) in water (10 mL) and EtOH (5 mL) in several portions over 1 h. Heating
was continued for 2.5 h. The mixture was diluted with EtOAc and the layers were

gar to that used for

~

separated. The organic phase was washed with 0.1 N NaOH, brine, dried (MgSOy4)
and concentrated. Purification by flash chromatography (40-50% EtOAc/hexane) and
15 trituration with hexane gave 1.71 g (75%) of product as a white solid. An analytical
sample was recrystallized from ether, mp 131-132 °C.
IH NMR (CDCl3) § 1.54 (s, 9 H), 2.51 (s, 3 H), 2.56 (s, 3 H), 2.64 (s, 3H),
471 (d,J=5.7Hz, 2 H), 7.12 (d, ] = 8.3 Hz, 2 H), 7.22 (d, J = 8.3 Hz, 2 H), 7.45
(m, 3 H), 7.88 (m, 1 H), 9.0 (brs, 1 H).
20 Anal. calcd for CogHagN70: C, 68.55; H, 6.42; N, 21.52; Found: C, 68.56;
H, 6.40; N, 21.19.

pyridof2 3-dlpyrimidin-7-one
25 To a heated suspension of NaH (60% dispersion in mineral oil; 0.24 g, 5.93
mmol) in diethyl carbonate (1.40 g, 11.85 mmol) and THF (10 mL) was added a
solution of methyl{2,6-dimethyl-4-[(2'-(1-tert-butyl-1H-tetrazol-5-yl)biphenyl-4-
ylmethyl)amino]pyrimidin-5-yljketone (1.08 g, 2.37 mmol) in THF (10 mL) over 10
min. Heating was continued for 1.5 h. The mixture was concentrated, taken up in

30  water, and extracted twice with ether (discarded). The aqueous phase was acidified to
pH 4 and the precipitate was collected by filtration to give 965 mg (85%) of product.
An analytical sample was recrystallized from acetone, mp 235-237 °C.
TH NMR (CDCl3) & 1.47 (s. 9 H), 2.72 (s, 3 H), 2.89 (s. 3 H), 5.52 (s, 2H).
6.18 (s, 1 H), 7.04 (d, J = 8.2 Hz. 2 H). 7.31 (d. J = 8.2 Hz. 2 H), 7.44 (m, 3 H).
35 7.84 (m, 1 H). |
Anal. calcd for Ca7H29N704: C. 67.34: H. 5.65: N. 20.36: Found: C, 66.97:
H. 5.58: N. 20.06.



30 | agents or ACE inhibitors. The present invention further provides a
conpound of the invention for use as an active therapeutic substance.
ConpoiThid Shekt$1as BberdRéplacetli s | nvention are of particular use in the

treat men ion. They can al so be used for the treatnent of
congest i re or for the prevention of restenosis. 35

The present invention further provides a conpound for AHPe32088-6CItreating
hypertension in mammal s i ncl udi ng man, which conprises admnistering to the
afflicted manmal an This is the replacenent sheet -16- anti hypertensive
ef fective anobunt of a conmpound or a phakhaceutical conposition of the

I nventi on.

dlpyrimidin-7-ope Sesquihydrate
A mixture of 2,4-dimethyl-5-hydroxy-8-[2'-(1-tert-butyl-1H-tetrazol-5-yl)-
5 biphenyl-4-yimethyl]-8H-pyrido{2,3-d]pyrimidin-7-one (925 mg, 1.92 mmol),
methanesulfonic acid (1.84 g, 19.2 mmol), and toluene (10 mlL) was heated under
reflux for 28 h. 1 N KOH (25 ml.) was added and the mixture was extracted twice with
EtOAC (discarded). The aqueous phase was acidified to pH 4 with 1 N HCI and the
precipitate (560 mg) was collected by filtration. Recrystallizationfrom EtOH/water gave
10 424 mg (52%) of product as an off-white solid, mp 278-280 (dec).
IH NMR (DMSO-dg) & 2.55 (s, 3 H), 2.80 (s, 3 H), 5.43 (s. 2 H), 5.86 (s,
1H), 6.99 (d, J = 8.1 Hz, 2 H), 7.14 (d, J = 8.1 Hz, 2 H), 7.42 (m, 1 H), 7.47 (dd,
J=7.7,1.5Hz, 1 H), 7.54 (m, 1 H), 7.58 (dd, J = 7.5, 1.5 Hz, 1 H).
Anal. caled for C23H1gN702°1.5H20: C, 61.05; H, 4.90; N, 21.67; Found:
15 G, 60.74; H, 4.94; N, 21.25.
Example 5
2,4-Dimethyl-6-hydroxy-8-{2'-(1H-tetrazol-5-yl)biphenyl-4-yImethyi]-5,8-
dihydro-6H-pyrido(2,3-d]pyrimidin-7-one

20

dihydro-6H-pyridof{2,3-d]pyrimidin-7-one
To a solution of 2,4-dimethyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-
5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (2.00 g, 4.86 mmol) (prepared
25 according to J. W. Ellingboe, et al. U. S. patent 5,149,699) in CHCl3 (50 mL) was
added triethylamine (0.49 g, 4.86 mmol) and triphenylmethyl chloride (1.36 g, 4.86
mmol). After 2.5 days, the mixture was washed with 0.1 N NaOH, brine, dried
(MgS0O4), and concentrated to give a white foam. Trituration with hexane gave 2.64 g
(85%) of product as a white solid, mp 160-161 °C.
30 IH NMR (DMSO-dg) & 2.35 (s, 3 H), 2.36 (s, 3 H), 2.66 (t, ] = 7.8 Hz, 2H),
2.82 (t, J =78 Hz,2 H), 5.15 (s, 2 H), 6.81 (d, ] = 6.9 Hz, 6 H), 6.98 (d, J = 8.1
Hz, 2 H), 7.14 (d, ] = 8.1 Hz, 2 H), 7.31 (m, 9 H), 741 (d, J = 7.6 Hz, 1 H), 7.55
(m, 2 H), 7.77 (d,J = 7.2 Hz, | H).
Anal. caled for C42H35N70: C. 77.16; H. 5.40: N. 15.00; Found: C, 77.32:
35 H, 5.34: N, 14.86.



PHARMACELOGY-Thie high affinity of the compounds for the angiotensin II
receptoa_ YRS & Has BéARddImbed USing a rat adrenal receptor binding assay,
measur i B nt of radiol abel ed angiotensin Il fromthe
receptor, N!E;\mol | ows: Anesthetize nmal e Sprague-Dawl ey rats
(300-400 g with CJerr] and sacrifice by cervical dislocation.
Di ssect adrenal glands and keep in ice-cold sucrose bafPed2088-12CM sucr ose,
| M EDTA, 10 nM Trizma base, pH = 7.2). Renpve nedul la by squashing. M nce
10 the cortex, rinse and honogenize in a chilled ground glass tissue
grinder with 15 nL sucrose buffer. Cen@Birfuge at 3000 x g for 10 min.
(Sorvall RCSC centrifuge, SS34 rotor 6200 rpm . Decant supernatant through
gauze. Centrifuge conbi ned supernatants at 12000 x g for 13 m n. (Beckman
ultracentrifuge, 80Ti rotor, 13000 rpg&%zoentri fuge the supernatant from

O .

for (Beckman 15 ultracentrifuge,
80Ti rotor, ' ylbiphegyl-daylmethylls, &-dihy Re€aspend

‘; - =~ h W 3

the pellet in O. 5 m_ assay bﬁmihdé;f ._(ﬂ&ffmgﬁnzljcam 5 mv MyCl [err] 0. 2% BSA

E)P{)? ';ie g;, ]Ic_{)\?vre il;bcé) coolecz (478 "?(5 T CJf 2, ; t<i?z{u.=.etl'1§')lr18-[f'e(1-tr1p}u:nyrpmeﬁwliﬂiﬁ)r ane
tetrazol-5-yl)biphenyl-4-ylmethyl}-5,8-dihydro-6H-pyrido(2,3-d]pyrimidin-7-one

(1.57 g, 2.41 mmol) in THF (5 mL) was added 0.5 M potassium hexamethyldisilazide
in toluene (5.5 mlL, 2.75 mmol). After 45 min, a solution of (+)-camphor-
sulfonyloxaziridine in THF (5 mL) was added. The mixture was allowed to warm to
10 5°C over 5 h. Water (2 mL) and CF3CO3H (2 mL) were added and stirring was
continued for 1 h. 1 N NaOH (30 mL) was added and the mixture was extracted with
EtOAc (discarded). The aqueous phase was acidified to pH 4 with 1 N HCI and
extracted with CHCl3. The extracts were dried (MgSO4) and concentrated. Purification
by flash chromatography (5-10% MeOH/CHCI3) gave 377 mg of a yellow oil.
15  Crystallization from acetone yielded 234 mg (23%) of product as an off-white solid,
mp 154-156 °C.
1H NMR (DMSO-dg) 8 2.37 (s, 3 H), 2.46 (s, 3 H), 2.80 (dd, J = 15.8, 10.7
Hz, 1 H), 3.11 (dd, J = 15.8, 6.2 Hz, 1 H), 4.34 (m, 1 H), 5.12 (d, J = 149 Hz,
1H), 5.20(d,J = 149 Hz, 1 H), 592 (d, J = 5.2 Hz, 1 H), 7.01 (d, ] = 8.3 Hz, 2H),
20 7.10(d, J =8.3 Hz, 2 H), 7.28 (dd, ] = 6.8, 2.1 Hz, 1 H), 7.35 (m, 2 H), 7.50 (dd,
J=173, 1.7 Hz, 1 H).

Example 6
5-Hydroxy-2,4-dimethy!-8-[2'-(1 H-tetrazol-5-yl)-biphenyl-4-ylmethy1]-6,8-dihydro-
SH-pyrido[2,3-d]pyrimidine-7-one Hydrate 0.4 Etherate
25 To a cooled (0 °C), mechanically stirred mixture of 2,4-dimethyl-8-[2'-(1H-
tetrazol-S-yl)biphenyl-4-ylmethyi}-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (8.2
g, 0.020 mol) (prepared according to J. W. Ellingboe, et al. U. S. patent 5,149,699),
MgSOQ4 (14.4 g, 0.120 mol) and water (285 mL) was added 2.5 N NaOH (8.78 mL).
The resultant mixture was adjusted to pH 7.0 - 7.5 with 2 N HCI (0.7 mL). A solution
30 of KMnOy4 (6.3 g, 0.040 mol) in water (362 mL) was added dropwise over 2 h 40 min.
and the mixture was allowed to warm to room temperature. After 24 h, additional
MgSOQy4 (5.04 g, 0.042 mol) and KMnOg4 (2.2 g, 0.014 mol) were added and stirring
was continued for 24 h. The reaction mixture was filtered through Solka Floc and the
filtrate was concentrated to about 200 mL. The pH was adjusted to about 4 with
35 KHPO4 (13.6 g) and the precipitate was collected by filtration. The material was taken
up in methanol and filtered to give 1.96 g. The MnQO1 recovered by filtration through
Solka Floc was stirred in water (400 mL) and filtered. The filtrate was treated with



Br adT"or'd""assay -wi t-h..BSA as standard. The binding assay is perfornmed in

tripm, H 12x75 mm plastic test tubes or in a 96-well plate (final

vol urre ep'w 140 20 [err]L assay buffer. Add 10 [err]L cold A I
(to gi ! trations of 10-10-10-7 M for standard curve and
lo[err |f|c bi ndi ng), conpounds (e.g., for final

concentrations of 25 and 100 [err]Mor | [err]M 10 nAMeogbod80i-a) i n 50%

DMBO, or 50% DMVMBO as a control. Add 50 [err]L nenbrane suspension (e.g., 10
[err]g protein). Preincubate for 30 mn at 25 [err]C. Add 50 [err]L 125I-A
Il which has been prepared as 25 she2$-bel ow (final concentration=1 nM.
I ncubate for 35 mn at 25 [err]C. Stop the incubation by adding 1 niL

i ce-col d MHPO4(tatring (hef o Wi dddothie fISAipitatki wiseeollwcted lﬁFﬁﬁrétldntﬂTh% on

ol yet nyl it eET g LouBheRARa Tlded Giai PP Y o e b hdedd,
buf f er wi waspurid) by Giash ah@mﬁémphy (He- 13[)% MCQHEGHGlm eritugationt withs and

count on m 0%
125[err]-A ] &a%?%gg ilg%l#ur%g% E%Pve;rtl cI ea @E‘% 0 SO%Mrg(ri% )e(Ir‘ﬁrfnrml e

by add?ngs‘élqunﬂx ter. Calculate the quantities of hot AIll and the
cold A Il needexhalnechledfor CHH, iN$O3HIO04 CAHQO: G&2L18: IHIIR73;aR&64r €

frozen untdl .. C, 62.24; H, 5.73; N, 20.41.



to give
assay buffer |
nM [err]l-All

SfﬁgfgdeMj&mqmmﬂngcentration of the total A Il (hot cold) after
ent m
+

atson:of 5 35 prmoi e/ mL (or (.2 prmlg/SO[errl:é) W th
prorecase-free BSA). For final AHF-9208%5hehEPSt i on of
in the assay, add 50 [®fr]L (or 0.25 pnole) per test tube

- -

ssay than the frozen aliquot and adjust the vol une

to a final volunme of 250 [err]L. The ts of these binding assays are
reported as the inhibi torl\;sconcentra 'LPASIHIL the test conpound necessary to

achi eve fiWHADE cbiIMER

receptor (1 Cferrr]),
its receptjor ata i8mbsidd & fean@entrati on of test conpound (% 1). Al the
exanples cited in t
binding in this assay. Typi Ciﬂ I ot hese conpounds displayed an ICferr] in
this assay of |ess than or 89 aljjto, 50 }err]M

5 wherein
nisOto 3;

acenent of radiol abeled angiotensin Il fromits
or the percent 5 di spl acenent of binding of A Il at

is invention displayed significant inhibition of A Il

R {CHa)n_, 4
N =Ar
. AR
AN
RZ N R‘I

R! and R2 are, independently, H, C;-Cgalkyl, hydroxy(C;-Cgalkyl), formyl,
carbonyl(C;-Cealkyl), carboxy, or carboxy(C;-Cgalkyl);
R3 and R# are, independently, H, C;-Cgalkyl, or hydroxy;

10 R32and R4aare H, or one of -CR3R32 and -CR4R42is a carbonyl group;

with the proviso that at least one of the groups R1 and R2 must be hydroxy(C;-Cgalkyl),
formyl, carbonyl(C;-Cgalkyl), carboxy, or carboxy(Ci-Cealkyl); or at least one of R3
and R4 must be hydroxy; or one of -CR3R32 and -CR4R#2must be a carbonyl group; ;

Arl is

&

—\ W =\ W
7 —<\:; />— —<\ N/}— ;

15
wherein W is H, C-Cgalkyl, halogen, hydroxy, or Cj-Cgalkoxy;
Ar?is
AT L ST
, ’ /4 ,or 3
\_/ W, \_x \_
wherein X is
N
COH, CN, or —<( ¥pRgs
NZN
20
wherein R3 is H, CHj3, tert-butyl, tri-n-butylstannyl, or triphenylmethyl; or
a tautomer of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.
This Sheet Has

|
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In accord ility to antagoni ze angiotensin Il the conpounds
of '10 th m@‘ ﬁM anti hypertensive action in the followng A
-infuse are anesthetized with D al-Urethane (0.60 m/kg,

|p) and the trachea cannul ated with PE 240. Either ofdik-8A8885-GLEREY and
both fenoral veins or the carotid artery”land t he correspondi ng jugular vein
are cannulated with PE 50. If the jugular vein is cannul ated, two cannul as
are placed in the one vein. The initial portion of the 15 duodenum (j ust
distal to fhe sttdeempjundsiccanding tat@aimi ohfoPBuBdIvia a small nmidline
incision. Arterial pressure and heart rate are neasured fromthe arteri al
cannula. Ten to 15 min are g4daowed fol |l owi ng surgery Bor stabilization of
arterial pressure. Gngli oﬁl oC ade(cﬁ )t hen produced by intravenous

adm ni stration of necanyl a at B rrg/:f R'gA(:l / kg of a 3 ng/nL solution).
Gangl i on bl ockade causes a fgl [ rterial pAEssure 20 of about 50 nmHg.
Mecanyl amine is given everyR oughout the remai nder of the
experiment. An A Il inf usi &7 begun into the other venous cannul a at
0.25 [err]g/kg/min (at 9.6 [erpﬁ' WN)~RThe A Il infusion returns arteri al
pressure to or slightly above the control |evel. Once arterial pressure has

stabilized with the A Il infusion,
wherein

5 nisl;

R! and R2 are independently H, methyl, ethyl, propyl, isopropyl, hydroxymethyl, 1-
hydroxyethyl, 1-hydroxypropyl, l-hydroxybutyl, 1-hydroxyisobutyl, formyl,
carbonylmethyl, carbonylethyl, carbonylpropyl, carbonylbutyl, carboxy, or
carboxymethyl, carboxyethyl, carboxypropyl, or carboxybutyl;

10 RS3 and R# are, independently, H, methyl, ethyl, propyl, or hydroxy ;
R32 and R42are H, or one of -CR3R32 and -CR4R42is a carbonyl group;
with the proviso that at least one of the groups R! and R? must be hydroxy(C;-Cqalkyl),
formyl, carbonyl(C;-C4alkyl), carboxy, or carboxy(Cj-Caalkyl); or at least one of R3
and R4 must be hydroxy, or one of -CR?R32 and -CR*R*2 must be a carbony! group;

15 Arlis

wherein W is H, lower C-Cgalkyl, halogen, hydroxy, or Ci-Cgalkoxy;
Ar?is

20 wherein X is

wherein RS is H, CHa, tert-butyl, tri-n-butylstannyl, or triphenylmethyl; or
a tautomer of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.

This Sheet Has Been Replaced




basel i ne §8I ues for rrea“n arterial pressure (MAP) and heart rate are taken.

The test n ﬁl’m ﬂn,uﬂ spended in nethyl cellulose, is then adm ni stered
via the d 0.1, 3 or, 30 ng/kg in a volume of 1 m/kg.

Mean arterial pr essuré€ afdd heart rate val ues are tabuAdP&3088-14G] EBT, 60,
90, 120, 150, 180, 210, and 240 min afte¥2-adninistration of the test
conpound. For exanple, the product of Exanple 2 admnistered at 3 ng/kg id
| ownered the A Il dependent bl ood pressure by an average of 30 30% f our
hours post-adm nistration. In further accordance with their ability to

ant agoni ze 3angi ;A eompourd gecoddingoor@loimm @ of édrmiuky HI i nventi on show

anti hypertensive action in the follow ng Goldblatt (2K-1C) hypertensive rat
nodel . Sprague- Dawl ey rats wei Qﬂjl ng 150 g were anesteti zed with
pentobarbital (50 ng/kg |p)R§1 d gm renal artery was clipped with 35
a silver wire bent to an in ﬂt( pf 0.2 nm The hypertension was
est abl i shed 4-7 weeks gafter g. At th&tApl nme. the aninals were

anest heti zed wi th pentobar it /kg ip; and the right carried artery
was cannul ued. The catherpg3

clj
RZ assj\

wherein
5 nisl;
R! and R? are, independently, H, methyl, hydroxymethyl, or formyl;
R3 and R4 are, independently, H or hydroxy;
R32 and R42are H, or one of -CR3R32 and -CR4R%2is a carbonyl group;
with the proviso that at least one of the groups R! and R2 must be hydroxymethyl or
10  formyl; or at least one of R3 and R* must be hydroxy, or or one of -CR3R32 and -CR4R%2
must be a carbonyl group;

Arlis
W
/4
wherein W is H;
15 Ar?is
7 Xk

wherein X is

wherein RS is H, CHs, tert-butyl, or triphenylmethyl; or
20  atautomer of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.

4, A compound according to claim 1 which is 2-methyl-7-ox0-8-[2'-(1H-tetrazol-5-

yl)biphenyl-4-ylmethyl}-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidine-4-carbaldehyde or a

pharmaceutically acceptable salt thereof. S
25 ‘This Sheet Has Been Rep
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- 18- subcut aneousl-y-t-o-the dorsal side of the neck and exteriorized. The
imals were fasted overni ﬂgUﬂUt al |l owed access to water and the

an
experi ment vvasnmm“ xt Morning. The carotid catheter was
connected to a ransducer whi ch was | i #dB-92088 I1NL REEGnput er

data acqui sition system or to a Grass or-38eckman recorder for 5 t he
recordi ng of nmean arterial pressure (MAP) and heart rate. For oral

adm nistration, the rats were given either a conpound of the invention (1,
3 or 10 ng/kg), losartan (30 ng/kg) as a standard or vehicle (0.5% net hyl

m/ kg, For Pt r atuirere a4 R 1 B B miar bt di Vet £l b
conpound of tetdaeol-Srybbipheny-&-ylBeth®l]43, 8 Il,xh)&iroﬁﬁl:pym@p[zgl)-dmyrmﬂme%en&@)r a
([err] 5090 I\B}mcén%cgu Eéée#)ﬁﬂl ‘c’jﬁft?ﬁéredf” a volume of I nL/kg. In all

experi nments; use nto the arterial cannula at 5 [err]l/min
throughout the experinent to maintain patency of the cannula. Each conpound

was adm ni sger ed Al ondpont@abctrding t@LRIMN vhidRis 4-hydroxymethyl-2-methyl-8-[2'-(1H-
tetrazol-5-yl)biphenyl-4-ylmethyl]-5,8-dihydro-6H-pyrido[2,3-d]}pyrimidin-7-one or a
pharmaceutically acceptable salt thereof.
10
7. A compound according to claim 1 which is 2,4-dimethyl-5-hydroxy-8-[2'-(1H-
tetrazol-5-yl)biphenyl-4-ylmethyl}-8H-pyrido[2,3-d]pyrimidin-7-one or a pharma-
ceutically acceptable salt thereof.

15 8. A compound according to claim 1 which is 2,4-dimethyl-5-hydroxy-8-[2'-(1H-
tetrazol-5-yl)biphenyl-4-ylmethyl]-6,8-dihydro-5H-pyrido{2,3-d]pyrimidin-7-one or a
pharmaceutically acceptable salt thereof.

9. A compound according to claim 1 which is 2,4-dimethyl-6-hydroxy-8-[2'-(1H-
20 tetrazol-5-yl)biphenyl-4-ylmethyl]-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one or a
pharmaceutically acceptable salt thereof.

10. A process for the preparation of a compound as claimed in claim 1, in which
(a) a compound having the formula A

11
N'(CH2>n‘Ar .Z

25 R N

(A)
or a salt thereof in which R1 and R? are independently H, C1-Cg alkyl, hydroxy (C1-Cég
-alkyl), formyl, carbonyl(C1-Cg alkyl), carboxy or carboxy(Cj-Cg alkyl); R3 and R4 are
independently H, C1-Cg alkyl or hydroxy; n and Ar! are as defined above and Z! is a
30 leaving group, is reacted with a compound having the formula Z2-Ar3 where Ar3 is the
same as Ar2 as defined above except that a carboxyl group or tetrazolyl group may be
protected by a removable protecting group and Z2isa group that reacts _\yith__zl to form
a direct bond between Ar! and Ar3; or -

This Sheet Has Been Repl
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rats and- MAP- and- heart -rat-e were recorded for 24 h. Data was recorded every
15 mn foy h, every 30 mn for the second h, hourly up to 8 h,
and t hen Zli 24 h followi ng dosing. At each tinme point

fol | owi n(ﬁum m !I were determned for absol urdIRVARO8& h&NlgEPCNn MAP
(in mm Hg), and heart rate for all aninmaP$; and the standard error of the
mean was cal cul ated. For exanple, the product of Exanple 4, adm nistered at
10 ng/ kg ig, showed a nmaxi num decrease in MAP of 66 mm Hg 23 hours

post - adm ni g)raxtompound hevipg detufotmalh BExanpl e 4, administered at 0.1 ng/ kg
v, 20 showed a maxi mum decrease in MAP of 67 mm Hg 4 hours

post-adm ni stration. The product of E@arrpl e 6, admnistered ig at 10 ng/ kg,
showed a maxi mum decrease in MAP nm Hg 9 hours post-adm nistration.
As illustrated above the conpoun fC g trzbn are effective A ll

ant agoni sts and therefore are usefuf fory tTéat ng hypertensi on. They are

al so of value in 25 the nanage f e and chronic congestive heart
failure, primary and secondary nongry per al dost eroni sm secondary
hyper al dost eroni sm prinmary and seconflar y-Rul nonary hypertensi on,
hypertension associated with oral RohtradeptRve use, vascul ar

®)

5 where RL,R2,R3,R4 n, Arl and Ar3 are as defined under formula A except that one of
R3 and R4 is hydroxy, or a salt thereof is subjected to oxidation so as to convert the
hydroxymethylene group represented by -CHR3-or -CHR#4- into carbonyl; or
(c) a compound having the formula C

T3
N-(CH,) -Ar -Ar

10 ©)
wherein R1:RZ,n,Arl and Ar3 are as defined under formula A; R32 and R42 are
independently H, C1-Cé alkyl or hydroxy; R3 and R4 are hydrogen except that one of
-CR3R32- and -CR4R42- may be carbonyl; one of R8 and R? represents a meaning
given above for R! or RZ and the other one of R8 and R? is C1-C7 alkyl, or a tautomer
15  thereof or a salt of said compound or tautomer is subjected to oxidation so as to convert
the said C1-C7 alkyl into carbonyl(C1-Cg alkyl) or into ~-CO2H; or
(d) a compound having the formula B as illustrated above where one of R3 and R4 is
hydrogen; the other one of R3 and R# is as defined under formula A; and R!,R2, n, Ar!
and Ar3 are as defined under formula A, or a salt thereof is subjected to oxidation so as
20  to replace the said hydrogen by a hydroxy group; or
(e) a compound having the formula E

1 3
HN-(CH,),-Ar -Ar

'This Sheet Has Bee
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di sorders such as m-grai.ne, Raynaud's disease, |unminal hyperplasia and the
at her os ]m ess, renal diseases or renal conplications of other

di sease ’mmf ﬁ such as proteinuria, glomerulonephritis,

gl omerul &r S&cler er oderma, di abetic nephropat WiP@ﬂdS&—UGQEEPehaI

di sease, renal transpl ant t herapy and ot+%rs. These conpounds will also be
useful in the treatnent of restenosis. left ventricular dysfunction,

di abetic retinopathy, Al zheiners disease, in the enhancenent of cognition,
in treatnment of el evated intraoccul ar pressure. and in the enhancenent of

35 retinal_blo Th Ilcatl [o]0] unds f t hi

S vent ron t i opfORLRZH. AT S0 dRP A B e it R IR AP R e BB sk 11 e

in the art. cyclis¢®by r@paonfthh Pdiolkytearmater andddmise:idoed in the fol | ow ng

exanpl ess W 85?;%[{?& ﬁ&vxﬁ%ﬁle%ﬁﬁlﬂ a0 illustrate the invention and shoul d
|

not be cons Imting the 1nvention

®

in which R1,R2,n,Arl and Ar3 are defined under formula A and R3,R32,R4,R42 are
10  defined under formula C provided that one of -CR3R32- and -CR4R44. is carbonyl, or a
tautomer thereof or a salt of the said compound or tautomer is reduced to convert the said
carbonyl into hydroxymethylene; or
(g) a compound having formula C as illustrated above wherein R3,R32,R4,R43, n, Arl
and Ar3 are as defined under formula C; one of R8 and R has a meaning given above
15 for Rl or R2 and the other one of R8 and R9 is formyl or carbonyl(C1-Csalkyl) or a
tautomer thereof or a salt of the said compound or tautomer is subjected to reduction to
convert the formyl or carbonyl(C1-Csalkyl) into a-hydroxy(C1-Cgalkyl); or
(h) a compound having the formula I as illustrated above or tautomer thereof or a salt of
the said compound or salt in which R1,R2,R3,R33 R4,R4a n, Arl and Ar2 are as defined
20  under formula I above except that X is -CN, is reacted with an azide to form a tetrazole;
and, where appropriate, the process includes removal of a protecting group and, if
desired, a compound having formula I or a tautomer thereof is converted into a
pharmaceutically acceptable salt or a salt is converted into a compound having formula I
or a tautomer thereof.
25
11. A pharmaceutical composition comprising a compound as claimed in any one of
claims 1 to 9 in combination or association with a pharmaceutically acceptable carrier.

12.  Use a compound as claimed in any one of claims 1 to 9 to prepare a medicament
30 for treating hypertension or congestive heart failure or for preventing restinosis.

ThIS Shee
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set forth in the appended cl ai ns. EXAMPLES 5

Exarnpl e 1 2- Met hyl - 7-oxo0-8-[2[err]-( 1

Htetrazol - 5-yl) bi phenyl -4-yl methyl ]-5,6, 7, 8-

t et rahydropyri do[ 2, 3-d] pyri mi di ne- 4- car bal dehyde A niAdifi92088-1-Cl EPC
2,4-dinmethyl-8-[2"-(1Htetrazol -5-yl) bi p?fényl -4-yl methyl ] -5, 8-

di hydr o- 6H pyri do[ 2, 3-d] pyri m di n-7-o0n &8-2% ng, 2.00 nmol) (prepared
according 10 to J. W Ellingboe, et ﬁb—U—.‘“ LS. “patent 5, 149,699), sel enium
di oxide (222 ng, 2.00 mmol ), and di oxane (10 nlL) was heated under refl ux
for 6 h. Additi oF$ inveheor reintel toxibieityted pynidppydmidinenes iof gewesalddamalaghd
heating was continued for 18 h. ‘@e m xture was filteged and the filtrate
was concentrated. PurificatiBf byji f1 ash chr omat ogr aphy (10%

MeOH/ CH err]Cl[err]) gave 31®% Clledd oy f oam The foam was 15
triturated with acetone and th rate led in a freezer to give
102 ng (12% of product as g8 tte solid, np 246-247 [err]C [err]H
NVR (DVMSO-d[err]) [err] 2.4&345, HYy 2.74 (t, J =7.1 H, 2 H, 2.90 (t,
J = R2 N)\R1

wherein
S5 nisOto3;

R! and R2 are, independently, H, C;-Cgalkyl, hydroxy(C;-Cgalkyl), formyl,
carbonyl(C;-Cgalkyl), carboxy, or carboxy(C1-Cgalkyl);
R3 and R# are, independently, H, C1-Cgalkyl, or hydroxy;
R32 and R42are H, or one of -CR3R32 and -CR4R%2is a carbonyl group;

10  with the proviso that at least one of the groups Rl and R2 must be hydroxy(C;-Cealkyl),
formyl, carbonyl(C;-Cgalkyl), carboxy, or carboxy(C;-Cealkyl); or one of R3 and R4
must be hydroxy; or one of -CR3R32 and -CR4R42must be a carbonyl group; ;

Arlis

15 wherein W is H, C-Cgalkyl, halogen, hydroxy, or C;-Cgalkoxy;

Ar?is

wherein X is
N‘N
COzH, CN, or Y o 1
~O

20 wherein RS is H, CH3, tert-butyl, tri-n-butylstannyl, or triphenylmethyl; or
a tautomer of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.
The compounds of Formula I are useful for treating hypertension and congestive heart
failure. Also disclosed are pharmaceutical compositions containing compounds of
25 Formula I and a pharmaceutically acceptable carrier and methods for production of the
compounds of Formula I. e
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Froatis-q o>

. = d J =28.3
7.1tz 2 H, 518 (s, 2H), 7.00(d J=83H, 2H,6 7.20(d J =83
. 28y, T ham 2 H. 764 (m 2 H 598 (s 1. 20 o LR (KB
cm [ ert]) 1710 Anal- galcd for ClerrHerrINervlOerrl: C 64.03 H. x
4. 50: ; N 57 be: F’OUH@Z';" §,65 Q0;.. H1 4.90; N, 23.41. 'E?_(_a-rrpl e. l?g th|] 558 __
2- Hydrit xyrf'ethyfll-n‘ﬂthyr'- 35| ert]-(1H-tetrazol ?S-yl ) bi phenyl4-ym§ Yl 1"'1 2.8
D ooB i iaimis) i e ‘dirhydre-6H pyrido[ 2, 3:dypyri mdin-7-ong, Step 1. _

et hyt- 3H pyri m di n4-on-5-yl ) propionate A~
; \ ) lnéta" (prdpared, from2.0 go]‘)l\la ﬁgg%ﬁgt %I
“OH)., -met hox acet am.di.ne. hydrochloride (5.4 g, 0.044 mol);  ang‘diet-hyl :
g];) = ?tc;?a',tyirrgl"ut a%{"at‘é"”“"("'"0"."'0""g," 0. 044 nol ) was heated under reflux for tZﬁ h.
The mi xture WAYBSFHILTER AYRIDOPYRIMIDINBSCAS ﬁWﬁﬁMﬁ'PEﬂﬁ\%ﬁg‘# th o
conc. HCl. and extracted with CHerr]Cl[err]. The extracts were e

[ [ S err and concentr at ed.
brine dried (MSA b BACKGROUND OF THE INVENTION

This invention relates to substituted pyridopyrimidines which are useful for the
treatment of hypertension and congestive heart failure.

5 These compounds achieve their hemodynamic effects by antagonizing the
effects of angiotensin II; the active comp'onerit of the renin angiotensin system.
Angiotensinogen is converted to angiotensin I by the action of the enzyme renin.
Angiotensin II (A II) is formed by angiotensin converting enzyme (ACE) acting on
angiotensin I. A II is a powerful vasoconstrictor and is implicated as the cause of high

10 blood pressure in a number of species including man. A II elicits these Vasopressor
responses by acting at specific receptor sites. The compounds described in this

invention compete with A II for these receptor sites, thus antagonizing the vasopressor
effects of A IL

R. S. Boger, in U. S. patent 5,104,877, and K. Atwal, in EP 481448 A,

15  describe methylbiphenyl substituted 4-aminopyrimidines. C. Hoornaert, et al. disclose
methylbiphenyl 4-pyrimidinone derivatives in EP 500409 A. A. M. Venkatesan, et al.
disclose methylbiphenyl substituted quinazolinones in EP 497150 A. A. H. Ratcliffe,

et al. disclose methylbipheny! substituted naphthyridines in EP 516392 A2. E. Allen,

et al. describe substituted pyridopyrimidinones in EP 481614 A. J. W, Ellingboe, et

20  al. describe methylbipheny! substituted pyridopyrimidines in U.S. patent 5,149,699.
All of the above are claimed as A II antagonists.

The compounds of this invention differ from the above mentioned prior art,
except for the last reference, in that they contain a pyrimidine ring fused to a pyridinone
ring, with a methylbiphenyl group attached to the pyridinone ring. The compounds

25  described by E. Allen, et al. in EP 481614 A contain a pyrimidinone ring fused to a
pyridine ring, and the methylbiphenyl group is attached to the pyrimidinone ring. The
compounds of the present invention differ from those described by J. W. Ellingboe, et
al. in U. S. patent 5,149,699 in that they contain at least one hydroxy, hydroxyalkyl.
aldehyvde, ketone, or carboxy group on the pyridopyrimidinone ring svstem.
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Trituration with ether save 4.6 g (42% of product as an off-white solid.
np S7,-90 [err]C -20 - [e r] NVR (DVSO-d[err]) [err] 1.15 (t, J =7.2
Hz, 3 H, 2.22 (s, 3 H, 2.45 (s, 3H), 2.63 (t, J =7.8 Hz, 2 H, 3.30 (s,
3 H, 408 (g, J=17.2 Hz 2 H, 4.18 (s, 2 H, 12.40 (br s, 1 H. Step 2 5
Et hyl 3-(4-Chl or o- 6- net hyI - 2- met hoxynet hylLpyri m di n-5-yl ) propi onate A

m xture of ethyl 3-(6-nethyl-2-nmethoxynethyl -3H pyrim di n-4-on-5-

yl ) propi onate (4.00 g, 15.6 RIPETSN IOPRRINWENPIHRN! Oor i de (25 nl) was
heat ed under reflux for 2 h. e mxture was concentrated, cool ed, and
poured onto ice. 1 N NaOH was added to bring the pHto 6 and the m xture

was extracted wi tmglr%ﬁon-rr@ﬁté@o subkdithR8 bFridPyRinfidihSrks Vg Sitetal fafshla ():

concentrated to give 3.6 of produCt as a
R4a O I
R* {CH2)n_, 1
N =Ar.
AP
H: l N
R a
R? N)\R’
wherein

5 nisOto3;

R! and R? are, independently, H, Cj-Cgalkyl, hydroxy(C;-Csalkyl), formyl,
carbonyl(C;-Cgalkyl), carboxy, or carboxy(C;-Cgalkyl);
R3 and R* are, independently, H, C;-Cgalkyl, or hydroxy;
R32 and R42 are H, or one of -CR3R32 and -CR4R42 is a carbony! group;

10  with the proviso that at least one of the groups Rl and R2 must be hydroxy(C;-
Cesalkyl), formyl, carbonyl(C;-Cgalkyl), carboxy, or carboxy(C;-Cgalkyl); or at least
one of R3 and R4 must be hydroxy; or one of -CR3R32 and -CR4R%2 must be a
carbonyl group; ;

Arlis
W ==\ W ==\ W

15

wherein W is H, C;-Cgalkyl, halogen, hydroxy, or Cj-Cgalkoxy;

Ar?is
O AT <
s * / 3 or
\_/ W \_y \_/
wherein X is
NN
COH. CN. or  —(3=pgs

2 N- N
20

wherein R3 is H. CHa. teri-butvl, tri-n-butvlstanny!. or triphenylmethyi: or
2 tautomer of said compound.
or a pharmaceutically accepiable sai of said compound or zauxox.n:;'.
This is the replacement sheet
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brown qgil. 1H NWR (DMSO-d[err]) [err] 1.18 (t, J =7.0 Hz, 3 H, 2.60 (s, 3
3.01 (t, J =81Hz, 2 H, 3.36 (s, 3H, 3.36 (s, 3 H, 4.05 (g, J =

O Hz, 2 H, 4.48 (s, 2 H. Step 3 15

[ (4- Bronophenyl ) net hyl ] - 4- net hyl - 2- net hoxvnet hyl - 5. 8- di hydr o- 6H- pyri do[ 2.
d[ pyri mdin-7-one A m xture of ethyl 3.

4- chl or o- 6- net hyl - 2 nmet hoxynet hyl pyrlmdln 5-yl)- propionate (3.6 g

( :

013 nmol), 4-bro | oLl NaHCO err]
(2.4 g, 0.028 nol ?I‘J"’%rgﬁg géﬂ,ﬁ?(iﬁg\,ggesﬁrﬁ ‘é’%%’ﬁund‘ér“%??‘ﬂ% ¥’8rge§‘2fa . 20
The mxturefmasulaéﬁbentrat ed, taken up in water, and extracted with
CHerr]C[err]. The conbi ned extracts were drled (MgSd err]) and
concentrated to give a brown,gy | OPurlflcatlon by fl a¥h chromat ography (5%
MeOH CH err]Cl[err]) gave 3.6 9 product as an off-white solid, np
64-66 [err]C. [err]H NWR ( em? r-rA]r12 40 (s, 3H), 2.77 (t, J =17.9
Hz, 2 H, 2.91 (t, J = 25 ?B\rfs, 3 H, 438 (s, 2 H,
5.15 (s, 2 H, 7.26 (d, J

|_|)
7.
8-
3-
3-
0.

wherein
5 nisl;
R! and R? are independently H, methyl, ethyl, propyl, isopropyl, hydroxymethyl, 1-
hydroxyethyl, 1-hydroxypropyl, 1-hydroxybutyl, l-hydroxyisobutyl; formyl,
carbonylmethyl, carbonylethyl, carbonylpropyl, carbonylbutyl, carboxy, or
carboxymethyl, carboxyethyl, carboxypropyl, or carboxybutyl;
10  R3 and R4 are, independently, H, methyl, ethyl, propyl, or hydroxy ;
R32 and R42 are H, or one of -CR3R32 and -CR4R42 is a carbony] group;
with the proviso that at least one of the groups R! and R2 must be hydroxy(C;-
Caalkyl), formyl, carbonyl(C;-Cqalkyl), carboxy, or carboxy(Ci-Caalkyl); or at least
one of R3 and R4 must be hydroxy, or one of -CR3R32 and -CR4R42 must be 2
15  carbonyl group;
Arl is

wherein W is H, lower C-Cgalkyl, halogen, hydroxy, or C-Cgalkoxy;
Ar? is

wherein X is

COH. or —((3Nos

wherein R- 1s H. CHa. tert-butvl. tri-n-butvistannyl. or trinhenvimethvi: or
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7.46 (d, J = 8.3 Hz, 2 H). Anal. calcd for (JQerr]Herr]BrNerr](err]: C
54.27; H, 4.82; N, 11.17; Found: C, 54.31; H 4.76; N, 11.03. Step 4 30

8-[ (4-Bronophenyl

-met hyl ] - 2- hydr oxvnet hyl - 4- net hy] - 5. 8- di hydr o- 6H pyri do[ 2. 3-

d] pyri mdin-7-one To a solution of

8-[ (4- bronophenyl ) net hyl ] - 4- met hyl - 2- met hoxynet hyl - 5. 8-

di hvdr o- 6H pyrido[ (2. 3-d)pyrimdin-7-one (1.00 g. 2.70 muvl ) and pyridi ne
(0.11g 1.30mml) in CHCl[err] (9 nmL) was4added iodoirinethylsilane (0.77 g.
3.80 mmol ). The 35 m xture was heated under reflux for 30( h and MeCH
(0.5 nL was adaeemer pheaigompauadThis is the repl acenent sheet -21 -

or a pharmaceutically acceptable salt of said compound or tautomer,

A still more preferred aspect of the present invention is represented by general

formula (III):
R4a O 11
H4 .(CHz)n 1
N ~Ar.
. AR
R
r=’ || )N\
R? "N“ R
5
nis 1;

R! and R? are, independently, H, methyl, hydroxymethyl, or formyl;
R3 and R are, independently, H or hydroxy;
R32 and R42 are H, or one of -CR3R32 and -CR4R42 is a carbonyl group;

10  with the proviso that at least one of the groups R! and R2 must be hydroxymethyl or
formyl; or at least one of R3 and R4 must be hydroxy, or or one of -CR3R32 and
-CR#R42 must be a carbony! group;

Arlis

15 wherein W is H;
Arlis

wherein X is

COrre
N-N
20 wherein R is H, CHa, teri-butyl. or triphenylmethv!: or
& 1automer of said compound.
Or & pharmaceuticaliv acceptabie sali of said compound or tautomer.
This is the replacement sheet
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was concentrated, taken up in CHerr]Cl[err], washed w th aqueous

Na2S err] and brine, dried (MJS Jerr]), and concentrated. Purification by
flash chronmat ography (5% MeOH/ HC[err]Cl[err]) gave 0.54 g (56% of product
as a colorless foam [err]H NVR (DVSO-d[err]) [err] 2.40 (s, 3 H), 2.73 (t,
J:7.6Hz,2H) 2.87 (t, J =5 7.6 Hg, 2H),443(d J:6.2Hz,2H)

5.09 (t, J =6.2 H, 1 H, 519 (s, 2 H, 7.27 (d, J 8.2 Hz, H, 7.43

et butyt- o FubbomBetRisheths Wb el g RY o Balher Jca(rg'onyl
5. 8- di Bydr Og:ﬁblp mm%ﬁﬁﬁ ode of E&R?‘Rﬁ’chnd—-CRfRéa itQ carbonyl grodp arxéxistein Glore
G byl o o 9% PG ARt ofn AR ERIMERAR o B  udprescor inventon.

2-[(1-tert-butyl)-lH tetrazol -5- yI]phenyI boronlc acid (0.72 g, 2.90 mol)
(prepared accor difhip m*oennonmlsoémﬂudn;mg;uraofanpucﬂy ®tivp isomers & partialigse), 2 M

Na[ err] e x@b%ﬁ g_phl ne) pal | adi um(0) (100

ng, 0.0 & Lxgléé&f’ﬁ%&llgdk@ﬁn@é?é {'du ne ?Al%mq was heat ed under

refluxfor 20 h. _The m xture was diluted wth L’err]CI[err] and the | ayers
The most preferred aspects of the present invention are:

2-methyl-7-0x0-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-5,6,7,8-tetrahydro-
~ pyrido{2,3-d]pyrimidine-4-carbaldehyde and the pharmaceutically acceptable
salts thereof;,

10  2-hydroxymethyl-4-methyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl}-S,8-dihydro-
6H-pyrido[2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts
thereof;

4-hydroxymethyl-2-methyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl}-5,8-dihydro-
' 6H-pyrido[2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts
15 thereof;

2,4-dimethyl-5-hydroxy-8-[2'-(1 H-tetrazol-5-yl)biphenyl-4-ylmethyl]-8H-pyrido[2,3-
d]pyrimidin-7-one and the pharmaceutically acceptable salts thereof;

2,4-dimethyl-5-hydroxy-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl}-6,8-dihydro-
S5H-pyrido[2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts
20 thereof; '

2,4-dimethyl-6-hydroxy-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-5,8-dibydro-
6H-pyrido{2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts
thereof.

Further, in accordance with this invention, 2,4-Dimethyl-5-hydroxy-8-

25  [2'-(1H-tetrazol-5-yl)biphenyl-4-yl-methyl]-8H-pyrido[2,3-d]pyrimidin-7-one
(Example 4) and S-Hydroxy-?_,4-dimethyl—8-[2'-(1H-tetrazol-S-yl)-biphenyl--'l-'
ylmethyl}-6,8-dihydro-5H-pyrido[2,3-d]pyrimidine-7-one (Example 6) have bzen
identified in studies conducted in rats as significant metabolites of the compound of
Example 3 of the aforementioned U.S. Patent No. 5.149,599. the former being present
30 significantly longer and in greater amounts than the lauer. However, in similar

metabolic studies in dogs. no significant metabolites were found.
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wer e separated. The organi c phase was dried (MJSO) and concentrated to
give an orange oil. Purification by flash chronmatography (4% MeOH

CH err]C[err]) gave 1.20 g (90% of product as a colorless foam [err]H
NVR (DMBO d6) [err] 1.42(s 9 H, 2.41 (s, 3 H, 2.72 (t, J =7.3 Hz, 2H),
20 2.89 (t, J =7.3 Hz, 2 H, 4.44 (d, J =6.0 Hz, 2 H, 508 (t, J =6.0
Hz, 1 H, 5.23 (s, 2 H), 98 (d, J =7.4 Hz, 2 H, 7.23 (d, J =7.4 Hz, 2
H, 7.54 (m 3 H, 7.78(d J=17.5 Hz,g.l—l). Step 6

2- Hvdr oxvnet hyl - 4- rrethyl 8- [2[err] ( et

1Htetrazol -5-vl) phe EP vdro- 25

6H-pyrido [2, -d] ?lsﬁlggw a)pnﬁeés epreparatxon of a compound having

2- hydr oxynetdiwforﬂmmaal hs'EHl&ithBemﬂ]dcﬁhed ebévebdﬂa’bhddﬁaéaﬁicanfb hc&pﬁb)e salt

2. 56 ol ). SRR ERbIAR oT iR S8 SoEoyS besel s pRackt 6 siRels il o)

was heat ed (adethe following meafinghin Trmubdexidentifiedasy therierers (A) a6l (FY eteapt up in

wat er, agd e rPbtndRvise %ﬁé‘@ﬁ@ &8 u?dcﬁerﬂcmy i'[ El'\“"&h@f‘ ﬁy%@%’?

M xture was extracte
Cg alkyl), formyl, carbony}(C;-Cg alkyl), carboxy or carboxy(C1-Cg alkyl); R3 and

R# are independently H, C1-C¢ alkyl or hydroxy; R32 and R42 are hydrogen; one of

-CHR3R32- and -CHR4R#2- may be carbonyl; n and Arl are as defined above and Ar3

is the same as Ar2 except thata carboxyl group or tetrazoyl group may be protected by
10  aremovable protecting group.

In the process of the invention

(2) acompound having the formula A

11
N-(CH,),-Ar -Z

A

15  or a salt thereof, is reacted with a compound having the formula Z2-Ar3 where Z1 is a
leaving group and Z2 is a group that reacts with Z! to form a direct bond between Ar!l
and Ar3; or

(b) a compound having the formula B

1 3
N-(CH,),-Ar -Ar

his Sheet Has Been Replaced
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(discarded), acidified to pH4 with 1 N HCl, and extracted with CHCl[err].
The CHCl[err] layers were dried (MgSO err]) and concentrated to give 1.10 g
of a foam Trituration with Et OAc/ acetone and recrystallization from Et OH
gave 0.45 g (469 of product as a white solid. np 218-220 [err]C -22 -
[err]H NVR (DMSO-[err]) [err] 2.41 (s, 3 H, 2.74 (t, J =7.0 Hz, 2 H),
2.91 (t, J =7.0Hz, 2 H, 4.43 (s, 2 H, 515 (br s, I H, 524 (s, 2 H,
7.00 (d, J =8.0H, 2H), 7.23 (d, J =80 Hz, 2 H), 7.57 (m 4 H. Anal.
calcd for CJerrJ]Herr]Nerr](err]: C 64.43; H 4.95, N, 22.94; Found: C
?14H;gr O)S(y rre%}% énS ! 3y%n2d81§? és[ @xq?%k sr a?’ salt thereof is subjected to oxidation so as to

1H t et r azol ebaver)tht pjdroyymethyleae proub réprésentiet pgi-GHR3- or -CHR4- into carbonyl;

or

“(c) acompound having the formula C

N(CH,).Ar <A

©

or a salt thereof or a tautomer of the said compound or salt in which one of R8 and R?
represents H, C1-Cg alkyl, hydroxy (C1-Cg alkyl), formyl, carbonyl (C1-Cg alkyl),
carboxy or carboxy (C1-Cg alkyl) and the other one of R8and R is Cito Cyalkylis

10  subjected to oxidation so as to convert the said C]-C7 alky! into carbonyl (C1-Cg alkyl)
or into -CO2H; or

(d) a compound having the formula B as illustrated above or a salt thereof, wherein
one of R3 and R4 is hydrogen, or is subjected to oxidation so as to replace the said
hydrogen by a hydroxy group; or

15

(e) acompound having the formula E

1 3
HN-(CH,),-Ar -Ar
CHICO~ A

R2 l N/J\R1

(

trl

1

20 orasali thereo! is cveiised by reaction with u diaky! carbonate and 4 base: or
This is the replacement sheet
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6H pyrido[ 2, 3-d] pyri m di n-7-one 10 Step
1 8- r (4- Bronophenyl ) met hyl | - 2- met hyl - 7- oxo-5. 6. 7. 8-t et r ahydr opyri do[ 2. 3-

d] pyri m di ne- 4-car bal dehyde A m xture of

8-[ (4-bromophenyl ) met hyl ] - 2, 4- di net hyl -5, 8-di hydr o- 6H pyri do-

[2,3-d] pyrimdin-7-one (692 ng, 2.00 nw8l-) (prepared according to the
procedures 15 described in Steps 1-3 of Exanple 2), selenium dioxide (244
my, 2.20 mg) hcantpodndhavisg thd fortriv]a Pas heated under reflux for 17 h. The

m xture was filtered and the filtrate was concentrated. Purification by
flash chromat ography (30% Et OAc/ hexa ) gave 576 ng (80% of product as a
yel l ow solid, np 124-126 [err]qéR H NVR (CgCI%err]) [err] 2.70 (s, 3
H, 2.73 (t, J =7.6 Hz, 2 H), 2 Hz, 2 H, 5.27 (s, 2
H 7.31 (d. J = 8.5 H, 2 H."73 d,N'gc'iz)rg‘*'s’Aﬁz 10.02 (s, | H).

IR (KBr, cm/[err : cd for C[err]H[err]BrN[err]qerr]
C, 53.35; H 3.92; N, 11. 66; Fogn: N

()

where one of -CR3R32- and CR4R42.- is carbonyl, or a salt thereof or a tautomer of the
5 said compound or salt is subjected to reduction to convert the said carbonyl into
hydroxymethylene; or

(g) acompound having the formula C as illustrated above wherein one of R8 and R®
represents H, C1-Cg alkyl, hydroxy (C1-Cg alkyl), formyl, carbonyl (C1-Cg alkyl),
carboxy or carboxy (C1-Cg alkyl) and the other one of R8 and R? represents formyl or

10  carbonyl (C1-Cs5 alkyl) or a salt thereof or a tautomer of the said compound or salt is
subjected to reduction to convert the formy! or carbonyl (C1-C5 alkyl) into a-hydroxy
(C1-Cg) alkyl; or

(b) a compound having the formula I or a salt thereof or a tautomer of the said
compound or salt, in which X is -CN is reacted with an azide to form a tetrazole;

15 and, where appropriate, a protecting group is removed and, if desired, a compound
having formula I or tautomer thereof is converted into a pharmaceutically acceptable salt
or a salt is converted into a compound having formula I or a tautomer thereof,

Where a protecting group is to be used to protect a carboxyl group, we prefer

20 that the protection be effected by using the carboxylic acid in the form of an ester

thereof. The esters can be converted into the carboxylic acid in known manner, for

example. by saponification or, in the case of tert-butyl or triphenylmethyl esters. by

acidolysis. Where the tetrazolyl group is to be protected, we prefer that the protecting

group be tert - - butyl. uri- n - butylstannyl or triphenylmethyl. Protecting groups for

25 the tetrazolyl function may be removed in known manner in the art. for instance. as
shown in Exampie Z step 6 in the case of ramoval of tertiany butyi,
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C, 53.16; H 3.78; N, 11.51. 25 Step 2
8- [ (4- Br onophenyl ) net hyl ] - 4- hydr oxynet hyl - 2- net hyl -

. 8-di hvdro- 6H pvridor2.3- d]pyrimdin-7-one To a sol ution of

8-[ (4- br omophenyl ) net hyl - 2- net hyl - 7- oxo-5, 6, 7, 8-tetr a-

hydr opyri do[ 2, 3-d] pyri m di ne- 4-car bal dehyde (550 ng, 1.53 mmol) in
tetrahyrofuran 30 (5 nL) and isopropanol (2 nlL) was added sodi um
borohydride (116 ng, 3.05 nmol). After 45¢gnmin, the mxture was cooled to O
[err]C and CJerr] was bubbled in for 5 mn. The m xture was filtered and

the filtrate was Gﬁggﬁg&%étﬁﬁg O@V ?gi )7 mGdeQfa c@nw)’c‘i"hbﬁ”&f 5 0&H] ?oﬁ%ﬁaﬁr#n“gat I on

by flash chronmat ogra err C err]) gave 4 ny
product as arfoohfladh(ore wulomer dnteEos ‘e‘?fr‘PG? veysa. Th° comppunds havingRr

( COCl [err ] ) [;gﬁflllll 3 p@?se@ésa bgszd‘ﬁxtrzgcr( &otl and4het&¥ofeXorrfi acid addition 4al@3wkedr an?H)
5. 26(s g & adiotot Gt Pl bebiverted i _

acid is added Thc acid addition salt may be converted into the compound having

5 formulal (or a tautomer thereof) by reaction with a base. Compounds having formula I
(or a tautomer thereof) in which R1 or R2 represents carboxy or carboxy (C1-Cg alkyl)
are carboxylic acids which can be converted into pharmaceutically acceptable salts by
neutralisation with a base. The carboxylate salts may be converted into the carboxylic
acid by acidification.

10 Process step (a) may be carried out in known manner for the preparation of
compounds containing two aromatic rings linked directly together. As examples of the
Jeaving group Z! there may be mentioned bromo, chloro, jodo or organosulphonyloxy,
for example trifluoromethylsulphonyloxy. Z2 may be a boronic acid or trialkyltin in the
presence of a palladium catalyst. Starting materials for use in process step (a) may be

15  prepared as described herein in regard to Scheme L.

The compound of formula B to be used in step (b) may be prepared by step (a)
where one of R3 and R# is hydroxy or by step (d). The conversion of the hydroxy
compound into a carbonyl compound in accordance with step (b) can be carried out in

20 accordance with known oxidation methods for preparing ketones. In particular
oxidation of a hydroxy group at the 6-position to an oxo moiety may be accofnplishcd
using pyridimine chloro chromate according to the method of Corey et al., Tetrahedron
Letters, 31, 247-250 (1975).

25 ‘The oxidation of a C1-C7 alkyl group on the pyrimidine ring under method (c)
to form a compound where R} or R is Cj-C7 alkanoyl, i.e. formyl or carbonyl (Ci-
Cg alkyl) can be carried out according to known methods of oxidising alkyl groups
attached to aromatic rings. Selenium dioxide is a useful oxidising agent for this
purpose. if desired, the oxidation may be carried out to form a compound where Rl or
30 RZ2is carboxy by using known oxidation procedures for preparing benzoic acids.

Steps (d) and (e) may be carried out as described herein in regard 1o Schemes II
and III respectively.
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-23 - Anal. calcd for (Jerr]Herr]BrN3Jerr]: C 53.05;, H 4.45; N, 11.60;
Found: C, 52.60; H 4.37; N, 11.47. Step 3

4- Hydr oxynet hyl - 2-met hyl -8-[2[err]-(1-tert-butyl -

| Htetrazol -5-yl) bi phenyl -4-ylnmethyl]- 5

5. 8-di hvdro- 6H pyrido[ 2. 3-d[ pyri m di n-7-one A m xture of

8-[ (4- bronophenyl ) net hyl ] - 4- hydr oxynet hyl - 2- net hyl - 5, 8-

di hydro- 6H pyrido[ 2, 3-d] pyri m di n-7-one_ {490 ng, 1.35 nmml),
2-[(1-tert-butyl)-IH tetrazol-5-yl]phenylboronic acid (367 ng, 1.49 nmmol)
(prepared accor diStegps @) dnd 1 .al. U S tent 5,149, 699),
Na2CO3 (287.%2 7II’JL %‘ W)lngé y ?ﬂ?#ﬁﬁ? Sﬁ‘?‘iq%\‘?&mwgg?ﬁ%ymng&ama( 0)
(78 ny, 0. 07 HiftFORolsE A stafting materials may (b2 preparedaiyckriain igéiodst FEBHns%é%
heat ed underhe edthpounddavitg Brmill E Whetd UFRINEE ; %r ?ﬂ%’a}” h Et OAc, washed
with satur agﬁd itgil?&;& Q%%S{fi%%% er'lci;IQ ri é%é %ﬁ, Y be pErrasdcyrtemt ed
to give a yelTow oil. Iﬁé]?’l (FOBYFTHRE #R alkanolrhgroyp dptoyatBidroxyalkyl

5 according to step (g) may be prepared by step (c).

The compounds where X is group Ar2 is tetrazolyl may be prepared by reaction
of a corresponding nitrile with an azide reactant in accordance with step (h).

10 More details of the preparation of

the compounds of the invention are given
below:
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MeOH/ CH err]Cl[err]) gave 590 mg (90% of product as an off-white foam An
anal ytical 15 sanple (40 ng) was crystallized fromether/acetone, np
164-166 [err]C [err]H NVR (CDCl[err]) [err] 1.50 (s, 9 H, 2.63 (s, 3 H),
2.74 (s, 4 H, 4.40 (br s, IH, 4.63 (s, 2 H, 531 (s, 2 H, 7.06 (d, J =
8.2 H, 2 H, 7.31 (d, J =82 Hz, 2H), 7.45 (m 3 H, 7.84 (m | H. Anal.
calcd for CJerr]Herr]Nerr]Jerr]: C 67.06; H 6.04; N, 20.28; Found: C,
66.99; 20 H 6.07; N, 19.91. Step 4 4-Hvdyoxvnethvl-2-nmethyl-8-[2[err]-( |
H tetrazol - 5-yl ] bi phenyl - 4-yl net hyl ]-5. 8-diI hydr o-

6H pyri do[ 2.BrAbEgsi M di n-7-one A m xture of

4- hydr oxynet hyl -2-nmet hyl -8-[2[err]-(1 -tert-buty]- IHtetrazol-5- 25

yl ) bi phenyl - 4-yl ngt hyl ] -5, 8- di hydr o- 6H pyri do[ 2, 3-d] pyri m di n- 7-one (550
ng, 1.14 mol), %éﬁé%qﬂn%ﬁf @c@cctsgnr(invdzﬁiog,arapre@&cmxe&&ding%’ tﬁeoéé{,%pﬁ (10
L) was' heatseguenoeesf refdtioiXodtBhedbeligy-s. The m xture was conCentrated,” | N
KOH (11.4 M.) was added, and the mxture was extracted with CHCI[err]

(di scarded). The aqueous phase was :

Scheme I
) EtO,C R4O
R2 CO,Et + NH base .
R1 > R NH
R3 CO,Et NH, [ L
RS | 2 R* N7 R
5 L :
POCI3
1 H
R4 - CH 2N‘ E 4
N 2)nAr1\ ) (CHZ),,Arl 0L R
i [ N — - RN
RZ N,J\ R1 RZ /LR1
6
4
1) AR-M (7)
Pd catalyst

2) deprotection

-(CH,)
N 2Ard
. SAR
R i SN
R') N,J\ R1
I

pal | 2 3 4 R 3a ¥
10 RI!I,R2 R3 R4R32 Rdu Arl and Ar? ure as defined

. - _ ) apove: Z is chioro. bromo.
1040. or triiluoromethanesulfonate: ang M is 4 horonic azid or tralkvhin
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acidified to pH4-5 wwth I N HCl and extracted with CHCl[err]. The extracts
were dried 30 and concentrated to give 94 ng of a yellow foam
Trituration with acetone and recrystallization fromEtOH gave 46 ng (9% of
product as a white solid, np 246-247 [err]C. [err]H NVR (DVBO-d[err]) [err]
2.47 (.s. 3 H). 2.72 (t. J =S. | H. 2 H. 2.97 (t. J 8.1 Hz. 2 H. 4.51
(s. 2 H 520 (s. 2 H. 52.6 (br s. I H7.00d. J =1Jerr].] Hz. 2H). 7.20
(d. J=[err]8.1 Hz. H 7.55, (m 2 HI. 127 05 (m 2H). -24 - Anal. calcd
for C2[err]Herr]Nerr](err]: C 64.63:“H 4.95; N, 22.94; Found: C, 64.41;
H, 4.88; N, 22.20. Exanple 4

2, 4- Di met hyl - 5- h#d nkbw:agd[za [Seherpe LIf-ketotester dis sondepssidomish piniding Rrimtthy | | - 8H-
presence of a base such as sodium ethioxide in an alcoholic solvent such as ethano] at
temperatures ranging from ambient to reflux to yield pyrimidinone 3. Treatment of
pyrimidinone 3 with phosphorus oxychloride under reflux gives chloropyrimidine 4.

S  The reaction of 4 with amine 5 in the presence of an organic base such as triethylamine
or an inorganic base such as potassium carbonate in a polar solvent such as ethanol,
butanol, or dimethylsulfoxide at temperatures ranging from ambient to reflux yields
pyridopyrimidine 6. The reaction of 6 with an arylboronic acid or aryltrialkyltin 7 in
the presence of a palladium catalyst in a solvent such as dimethylformamide or toluene

10  yields, after cleavage of protecting groups where RS is one of tert-butyl, tri-n-
butylstannyl, or triphenylmethyl, pyridopyrimidine I. In the case where the substituent
(X) on Ar? is a nitrile, it can be converted to a tetrazole under standard conditions

utilizing an azide reagent.
Scheme I
0] 0
N’ (CHz)'A 1 1) base HO N (CHZ)rAr1
S > ~ A2
RS i SN 2) sulfonyloxaziridine ~ R3 | N
reagent
R2 N,'L R! 3) deprotection R? N’J\ R1
Ia _ Ib

15 o
Rl ,R2 R3 n, Ar!, and Ar? are as defined above.

An oxygen substituent can be introduced at the 6-position according to the
reactions illustrated in Scheme IL. Thus, pyridopyrimidine Ia with a protecting group
on the carboxylic acid or tetrazole moiery-oic Ar? is treated with a base such as lithium

20 diisopropylamide or sodium hexamethyldisilazide in an aprotic solvent such as
tetrahydrofuran or dimethoxyethane at low temperatures (-78 °C to 0 °C) and then a
sulfonyloxaziridine reagent such as phenyisulfonyloxaziridine. Deprotection of the
tetrazole or carboxylic acid group on Ar? with acid or base yields pyridopyrimidine Ib.
Oxidation of the 6-position hydroxy! group to an oxo moiety may be accomplished

25  using pyridimine chloro chromate according to the method of Corey et al. Tetrahedron
Letters, no. 31, pp. 247-250 (1975).
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5 pyrido[ 2, 3-d] pyri m di n-7-one Sesqui hydrate Step |

2. 6-Di nmet hy] - 5-i odo- 4- hydr oxypyrim di ne A nmechanically stirred m xture of

2, 6-di et hyl - 4- hydr oxypyri m di ne (50.0 g, 10 0.403 mol), iodine (102.2 g,
0.403 nmol), and I N NaCH (503 nlL) was heated under reflux for 2 h. The

m xture was extracted with CHCI[err] (sqge product fell out of solution and
was col lected by filtration: 24.5 g). The extracts were dried (MgSO) and
concentr at eg I Q %'Ecze 40.9 g of an orange solid which contained starting
material an db% t. Trituration with Et OAc gave 26.0 g of _product. The
total yield of profluct was 15 50.5 g

anal yti cal sanple recr YSINdOH zedl
(DVMSO-d[ err]) [er ]2?\&“1( 2

cal cd for C[erﬁ}z «rH»B[éerr]Q C 282
80.

0%, np 208-210 ( ). An
OH, RPCR16-2 \ﬁrr]H NVR
(b} s,y H. Anal.

(s, - .
'NqLY;R‘E.BZ; N, 1R *N

28.85; H 2.76; N, . 20 9 10 Step 2
5
EtO” SnBug
Pd catalyst
-(CHa)p, 1
Q HN A, 1)H2N-(2H2)W1 : CH,Cl
CHs’U:Ek N ~€ EtO | SN
R? N'-!J; R 2) acid hydrolysis R2 N’)\ L
11
A2-M (7)
Pd catalyst
0
.(CHz) 1 N~ (CHZ)% 1
q HN AAZ 1) (E0),C0, NaH l A2
N —>» HO SN
CHs | ,)N\ 2) deprotection | ,,L
R NTTR? RZNTTR!
13 Ic

5 RI,R2,n, Arl, Ar?, Z, and M are as defined above.

In Scheme 0TI, the introduction of an oxygen substituent in the S-position is
illustrated. Pyrimidinone 8 is iodinated at the 5-position with iodine and agueous
hydroxide at to give 5-iodopyrimidinone 9. Chlorination of 9 with phosphorus
oxychloride under reflux gives chloropyrimidine 10. The reaction of 10 with (1-

10  ethoxyvinyl)tributyltin in the presence of a palladium catalyst in a solvent such as
dioxane, tetrahydrofuran, or dimethylformamide at temperatures ranging from ambient
to reflux yields pyrimidine 11. The reaction of 11 with amine 5 in the presence of an
organic base such as triethylamine or an inorganic base such as potassium carbonate in
a polar solvent such as ethanol, butanol, or dimethylsulfoxide at temperatures ranging

15 from ambient to reflux, and hvdrolysis of the enol with agueous acid yields 3-
ketopyrimidine 12. The reaction of 12 with an arylboronic acid or aryltrialkyltin 7 in
the presence of a palladium catalvst in 2 solvent such as dimethylformamide or 1oluene
vields S-ketopyrimidine 13. Treatment of 13 with a dialky! carbonate and a base such

as sodium hydride in an aprotic solvent such as tetrahvdrorfuran or toluens &
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4- Chl or o- 2. 6-di met hyl - 5-i odopvri m di ne A m xture of

2, 6-di met hyl - 5-i1 odo- 4- hydroxypyrimdine (24.5 g, 0.098 m)l) phosphor us
oxychl oride (30.0 g, 0.196 nol) and toluene (200 nL) was heated under
reflux for 1 h. The m xture was concentrated and ice water (100 nL) was
added. The 25 pH was adjusted to 5 with 2.5 N NaCH and the m xture was
extracted with CHerr]Cl[err]. The conbi ned extracts were washed with

brine, dried (MySJerr]), and concentratgd to give 24.6 g of a brown solid.
The crude product was conbi ned with 26. (3 g of si mIarIy prepared nmateri al

d filt d t

Gperr] O [ SPFPFAHEs fAngHe o it bl e Boribiticy °f"‘h‘=*‘rtfaz°laﬁf

anal yti cal mbwtsdlmd@oun on rAr2twith |azxdcbrfba@wiwédsaym dopyemidict [er@iher np
62- 64

Anal . f[:glr rc]ao ﬁgm % %Ig@ﬁ@éaﬁt g%n Siuseg t%mﬁn&gﬁg{}fog&ound
C. 27 04: I-grogp abt elﬁ-qumonltn givgrapyrifiopyrimidine I where R3 s a hydroxy group.
4-Chior-2.6-dinmethyl- 5 ]-ethoxyl]pyrimdine

5 SchemelV
R4a O
4 {CH
R N ( 2)n, A 1'1\
R3 Z 3902
B
RSa
R2 N/)\ R!
6
ra O R% O
4
R4 r(CHz)n Ar! ' F,fa N~ (CH2)n, Arl
R® SAZ arm@ ~z
3 SN R3a SN
Rs8 . l )\ —-< Pd catalyst 6 l
R NZ R 2) deprotegtion R N7 R!
OH 4 | OH 45

wherein R, R2, R3, R4, R32, R4a n, Ar!, Ar2, Z, and M are as defined above, and R®

is H or lower alkyl containing 1 to 5 carbon atoms.
10 As shown in Scheme IV, an oxygen substituent can be introduced on the R?
group by an oxidative process. Thus, intermediate pyridopyrimidine 6 is treated with
an oxidizing reagent such as selenium dioxide in an organic solvent such as dioxane or
pyridine at temperatures ranging from ambient to reflux to yield pyridopyrimidine 14.
The carbonyl group is reduced to a hydroxy group with sodium borohydride in an
alcoholic solvent such as ethanol or isopropanol to give pyridopyrimidine 15. The
reaction of 15 with an arylboronic acid or arvitrialkyltin 7 in the presence of a
palladium catalyst in a solvent such as dimethylformamide or toluene yields, after
cleavage of protecting groups. pyridopyrimidine Id. Pyridopyrimidine I wherein R-

can also be oxidized directly with an oxidizing reagent such as seienium dioxide.

&
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A m xture of 4-chloro-2.6-dinethyl]-5-pyrodorimdine (13.5 g. 0.050 no]).
(]- ethoxyrrehtyl Ytriburyl] - 25 -

tetraki s(tri phenyl phosphi ne) pal | adium(0) (1.7 g, 0.0015 nol), and di oxane
(100 nL) was heated under reflux for 23 h. Additional

tetraki s(triphenyl phosphine)pal | adi un(@.(1.1 g, 0.0010 nol) was added and
heating was continued for 25 h. The m xture was cool ed, diluted with EtQAc,

d ! NKF (100 iltrati
Chrough Gel | 1o by coLOpRE o i HiEndal %'?ffl‘f@f&ffﬁsgl%ﬁééﬁ.%ﬂﬂﬁ%“maéamgiﬂed
with pH 7 ;bmpnay@humapemcelimmpyblebﬂm m@g@ompyuncbrarewnbmmpeand

concent r at t f %
Et OAc/ hex aﬁ’g)ﬂ“g lgli\i/‘;eéfnh.Sﬁt THEE‘% ?Mts P uct&g{sﬁme E.Qﬁ'tfb‘ﬁmrﬁ’ s%l&, ] H NWR

(CDCl [ er r ] ynqtaksajts in%(ss)dmm an p@asqﬂlm@lka}mc patly metal sgts guch 2s s@cz(um. 3 H,
5 dicyclohexylamine salts, TRIS salts, and salts of amino acids. These compounds may

also be converted to N-oxides by treatment with hydrogen peroxide by conventional
means. The compounds of the present invention in which RS is tert-butyl, tri-n-
butylstannyl, or triphenylmethyl are intended as intermediates for the preparation of
other compounds of Formula L.

10 The present invention also provides a pharmaceutical composition which
comprises a compound of this invention and a pharmaceutically acceptable carrier. In
particular, the present invention provides an anti-hypertensive pharmaceutical
composition which comprises an antihypertensive effective amount of a compound of
this invention and a pharmaceutically acceptable carrier.

15 The compositions are preferably adapted for oral adrmmstraUOn However, they
may be adapted for other modes of administration, for example parenteral
administration for patients suffering from beart failure.

In order to obtain consistency of administration, it is preferred that a
composition of the invention is in the form of 2 unit dose. Suitable unit dose forms

20 include tablets, capsules and powders in sachets or vials. Such unit dose forms may
contain from 0.1 to 100 mg of a compound of the invention and preferably from 1 to0 50
mg. The compounds of the present invention can be administered orally at a dose range
of about 0.01 to 100 mg/kg or preferably at a dose range of 0.1 to 10 mg/kg. Such
compositions may be administered from 1 to 6 times a day, more usually from 1 to 4

25  times a day. The compounds may also be administered in a parenteral dosing form.

The compositions of the invention may be formulated with conventional
excipients, such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring
agent and the like. They are formulated in conventional manner, for example, in a
manner similar to that used for known antihypertensive agents, diuretics, B-blocking

30  agents or ACE inhibitors.

The present invention further provides a compound of the invention for use as
an active therapzutic substance. Compounds described in this invention are of particular
use in the treatment of hypertension. They can also be used for the treatment of
congestive heari-failure or for the prevention of restencsis.

a5 The present invention further provides a method of treating hvpertension in
mammais including man. which comprises administering 1o the afflicted mammal an
This Sheet Has Been Replac This is the replacement sheet
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10
F'Zy

.91 (g, J = 7.0 Hz,
H) Anal . cal cd for
13. 17 Found: C, 55.13; H, 5.

H, 4.21 (d, J =2.8 H, | H, 4.52 (d, J
err]Herr]CIN[err]O C, 56.47; H, 6.16; N,
97; N, 13.16. Step 4

3
d

4-4- Brormbenzyl am no) - 2. 6- di net hvl - 5- (I -ethoxyyinyl]pyrimdine 15

A m xture of 4-chloro-2, 6-di net hyl

0. 0141 nol), 4-bronobenzyl am ne hydrochloride (3.45 g, 0.0155 nol),
NaHCQ er r] ap8h{rergnsife 8ff&iverimounaofia corhpdund @ a(pharmdcputica chrapdsidoniogler

reflux for

with water,

= 2.

- 5- (<1H6et hoxyvi nyl ) pyri mi di ne (3.00 g,

ﬂzomggbﬁrPe m xture was concentrated, taken up in Et OAc, washed

SO4), and concentrated. Trituration with ether/hexane

8

gave 2.84 g (56% of product as a white 20 solid. An analytical sanple was
recrystallized fromet her/hexane, ;@Rﬁéﬁk rr]C. [err]H NWR
(DVMsO-d[err]) [err] 124(t : éﬂéf):{YQZ 15 (s, 3 H), 224(s

3.
2
8.

84 (q,

H,
3

J

3H),

= ,418dJ: H, 4.50 (d, J = 6.2 Hz,

4 53 (d ji‘ ke h1gh ity ¢f theacmpcetgnds JfO£ tbe gngpteqsm_bu repepg)r(\yas J

Hz, 52 Kstablisktd dsthg oJrat adreBaltiéceplortBinding assay, measuring the displacement of

10

15

20

30

h

radiolabeled angiotensin II from the receptor, described as follows: Anesthetize male
Sprague-Dawley rats (300-400 g body weight) with CO; and sacrifice by cervical
dislocation. Dissect adrenal glands and keep in ice-cold sucrose buffer (0.2 M sucrose,
1 mM EDTA, 10 mM Trizma base, pH = 7.2). Remove medulla by squashing. Mince
the cortex, rinse and homogenize in a chilled ground glass tissue grinder with 15 mL
sucrose buffer. Centrifuge at 3000 x g for 10 min. (Sorvall RCSC centrifuge, SS34
rotor 6200 rpm). Decant supernatant through gauze. Centrifuge combined supernatants
at 12000 x g for 13 min. (Beckman ultracentrifuge, 80Ti rotor, 13000 rpm). Centrifuge
the supernatant from the previous step at 102000 x g for 60 min. (Beckman
ultracentrifuge, 80Ti rotor, 38200 rpmy). All steps are carried out at 4 °C. Resuspend the
pellet in 0.5 mL assay buffer (50 mM Tris HCL, 5§ mM MgCl3, 0.2% BSA (protease-
free), pH = 7.4, 25 °C). Store on ice. Determine membrane protein by Lowry or
Bradford assay with BSA as standard. The binding assay is performed in triplicate, in
12x75 mm plastic test tubes or in a 96-well plate (final volume of 0.25 mL). Add 140
uL assay buffer. Add 10 uL cold A II (to give final concentrations of 10-10-10-7 M for
standard curve and 104 M for nonspecific binding), compounds (e.g., for final
concentrations of 25 and 100 uM or 1 uM, 10 oM and 100 nM) in 50% DMSO, or
50% DMSO as a control. Add 50 pL membrane suspension (e.g., 10 pg protein).
Preincubate for 30 min at 25 °C. Add 50 pL 125I-A 1 which has been prepared as
shown below (final concentration= 1 nM). Incubate for 35 min at 25 °C. Stop the
incubation by adding 1 mL ice-cold buffer (assay buffer without BSA). Filter with
GF/C filters on cell harvester (filters are presoaked in the assay buffer containing 1%
polyethyleneimine). Rinse assay tubes 3X with 5 mL cold buffer (assay buffer without
BSA). Cut and deposit the filter discs into test tubes and count on gamma counter for |
min. Adjust the specific activity of 125]-A II purchased from New England Nuclear 10
500 pCi/nmole by adding cold A T in water. Calculate the quantities of hot A II and the
cold A Il needed and make the dilution. Aliquot, seal tight, and store frozen until
needed. Calculate the concentration of the total A IT (hot + cold) after dilution. On the
day of assay. thaw the frozen aliguot and adjust the volume to give 2 concentration of 3

L) -

pmoie/mL tor 0.2F pmole/30 uls with assav bufier 1+ protcase-iree BSA). For final
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25 Anal . calcd for CJerr]J]Herr]BrNerr]O C, 56.36. H, 5.56; N,
11.60; Found: C, 56.64; H, 5.64; N, 11.48. Step 5

Met hyl (4- (4- br onobenzyl am no) - 2. 6- di et hyl pyri m di n-5-yl) ketone A sol ution
of 4-(4-bronobenzyl am no) -2, 6-di net hyl -5-(1-et hoxyyinyl]) - pyri m di ne
(2.72 g, 7.51 mol), | N HC (8.3 nL), -ddd acetone (8 ml) was heat ed under
reflux for 2.5 h. The acetone was renpved under reduced pressure and the
aqueous pha ay. a

reci pit ate paeats deL g ﬁ“"a’”‘ *“ﬁ?“é‘é‘*‘.%ﬁ% KO Fi2s §‘°§@35“‘$’=’*’Qﬁo§uct as
a white sol iadfingvolyme pfi2e Iﬂlsa Esiltsso F‘y?lﬂg}“lglaié%ysf#ferfﬁ

78-80 [err] Ezhx%ﬁog concentrﬁt‘?dirf I:Htﬁ\eﬂv@s( %ﬁbtﬁ{@ﬁéc]cssﬁd & Eihxgvc?gf%yspergcﬂa
2.36 (s. 2 H) d
Hz. 2 HI. gpl%qgmcgt of Badgolpbcledzawxotcg;xg i ?rprn i§s receptor (ICsq), ogjthe percent

5  displacement of binding of A II at its receptor at 10-8M concentration of test compound
(% I). All the examples cited in this invention displayed significant inhibition of A II
binding in this assay. Typically these compounds displayed an ICsg in this assay of
less than or equal to 50 pM.

In accordance with their ability to antagonize angiotensin II, the compounds of
10  this invention show antihypertensive action in the following A II-infused rat model.
Rats are anesthetized with Dial-Urethane (0.60 ml/kg, ip) and the trachea cannulated
with PE 240. Either one femoral artery and both femoral veins or the carotid artery and
the corresponding jugular vein are cannulated with PE 50. If the jugular vein is
cannulated, two cannulas are placed in the one vein. The initial portion of the
15 duodenum (just distal to the stomach) is cannulated with PE 50 via a small midline
incision. Arterial pressure and heart rate are measured from the arterial cannula. Ten to
15 min are allowed following surgery for stabilization of arterial pressure. Ganglion
blockade is then produced by intravenous administration of mecamylamine at 3 mg/kg
(1 mL/kg of a 3 mg/mL solution). Ganglion blockade causes a fall in arterial pressure
20  of about SO mmHg. Mecamylamine is given every 90 min throughout the remainder of
the experiment. An A II infusion is then begun into the other venous cannula at 0.25
ptg/kg/min (at 9.6 pl/min). The A II infusion returns arterial pressure to or slightly
above the control level. Once arterial pressure has stabilized with the A II infusion,
baseline values for mean arterial pressure (MAP) and heart rate are taken. The test
25 compound, suspended in methyl cellulose, is then administered via the duodenal
cannula at 0.1, 3 or, 30 mg/kg in a volume of 1 mL/kg. Mean arterial pressure and
heart rate values are tabulated at 15, 30, 60, 90, 120, 150, 180, 210, and 240 min after
administration of the test compound. For example, the product of Example 2
administered at 3 mg/kg id lowered the A II dependent blood pressure by an average of
30 30% four hours post—adrmmstrauon
In further accordance with their ability to antagonize angiotensin II, the
compounds of this invention show antihypertensive action in the following Goldblatt
(2K-1C) hypertensive rat model.  Sprague-Dawley rats weighing 150 g wers
anesthetized with pentobarbital (50 mg/kg ip) and the left renal artery was clipped with

a silver wire bent 10 an internal diameter of 0.2 mm. The hvperiension was established

)
w

2-7 wesks after clipping. At that time. the animals were anesthetized with pentobarbital

30 mg/kg ip: and the right caratid artery wae cannulated. The catheter was pussed
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-26 - Anal. calcd for (err]J]Herr]BrNerr]O C, 53.91; H 4.83; N, 12.57;
Found: C, 53.87; H, 4.77; N, 12.55. Step 6

Met hyl]2.6-dimethyl -4-[(2[err]-(l -tert-butvl- IHtetrazol-5-yl)biphenyl -
5 yl met hyl ) am nol pyri m di n-5-yl ] ketone To a heated
sol ution of nethyl (4-(4-bronmobenzyl am noyg 2, 6-di met hyl -

pyrimdin-5-yl)ketone (1.67 g, 5.00 mmol) and tetrakis(triphenyl phosphi ne) -

pal | adi um( 0)

sol ution of 55581[ %rfcogslytoéa t‘ﬂ@] l?—é&e[}‘gézol %gﬁ%"”ﬁenmﬁor anlglg“gﬁo

6.10 mol ) (qvespghtebutidllowedcacoessitagvater and the emrnmgbo’@s perfoaned the xt pat ent
5, 149, 699) 0‘“@*@1‘ (5 nb)
in several po&{‘h%ﬁs ove %&:@%&%ﬂ%@% | nugrgss%kr cﬁmq@égr%” xture

was dil ut ed linkes tee camautph@m %S@WV&@@E&%@@&G orifpskpeeesprdepfoase was
washed Wist N §e decirdYREEF mhh Beriall phedthré MUAP) 84d Aelart rate. For oral administration,

the rats were given either a compound of the invention (1, 3 or 10 mg/kg), losartan (30
mg/kg) as a standard or vehicle (0.5% methyl cellulose in distilled water) by gastric
gavage (ig) in a volume of 5 ml/kg. For intravenous administration, the rats were
given either a compound of the invention (0.03, 0.1, 1, 3 or 10 mg/kg) or vehicle
10  (£50% NaHCO3 in distilled water) in a volume of 1 ml/kg. In all experiments, saline
was infused into the arterial cannula at 5 uL/min throughout the experiment to maintain
patency of the cannula. Each compound was ‘administered to a separate group of 6-12
rats and MAP and heart rate were recorded for 24 h. Data was recorded every 15 min
for the first h, every 30 min for the second h, hourly up to 8 h, and then at 22, 23, and
15 24 hfollowing dosing. At each time point following dosing, averages were determined
for absolute MAP, change in MAP (in mm Hg), and heart rate for all animals, and the
standard error of the mean was calculated. For example, the product of Example 4,
administered at 10 mg/kg ig, showed a maximum decrease in MAP of 66 mm Hg 23
hours post-administration. The product of Example 4, administered at 0.1 mg/kg iv,
20 showed a maximum decrease in MAP of 67 mm Hg 4 hours post-administration. The
product of Example 6, administered ig at 10 mg/kg, showed a maximum decrease in
- MAP of 71 mm Hg 9 hours post-administration.

As illustrated above the compounds of this invention are effective A II

antagonists and therefore are useful for treating hypertension. They are also of value in

25 the management of acute and chronic congestive heart failure, primary and secondary
pulmonary hypefaldosteronism, secondary hyperaldosteronism, primary and secondary
pulmonary hypertension, hypertension associated with oral contraceptive use, vascular
disorders such as migraine, Raynaud's disease, luminal hyperplasia and the
atherosclerotic process, renal diseases or renal complications of other diseases or

30 therapies such as proteinuria, glomerulonephritis, glomerular sclerosis, scleroderma,
diabetic nephropathy, end stage renal disease, renal transplant therapy and others.
These compounds will also be useful in the treatment of restenosis. left ventricular
dysfunction, diabetic retinopathy, Alzheimers disease. in the enhancement of

cognition, in treatment of elevated intraoccular pressure. and in the enhancement of

[¥8 )
*h

retinai blood flow. The application of the compounds of thi< invention for these and
similar disorders will be apparent to those skilled in the art.
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and concentrated. Purification by flash chromatography (40-50%

Et OAc/ hexane) and 15 trituration with hexane gave 1.71 g (75% of product
as a white solid. An analytical sanple was recrystallized fromether, np
131-132 [err]C. 1H NWR (CDCl[err]) [err] 1.54 (s, 9 H, 2.51 (s, 3 H, 2.56
(s, 3 H, 2.64 (s, 3H, 4.71 (d, J = 5.79Hz, 2 H), 7.12 (d, J = 8.3 Hz, 2
H),722(dJ 8.3 H, 2 H, 745 (m 3 H, 7.88 (m 1 H, 9.0 (br s, 1
'2'01- 52. Found: C g}%%iﬁc ﬁz@ké‘dﬁrésoire @E@Jt&@ﬂﬁmﬁ]fwﬁﬁk @xarfple®Ormase eﬂmp@é 42, N,
2. 4-Di met hyAre BBy & Jél%wteﬂrzl[“@mn and &*@Pldmpchnmeétaﬁ dmtingthe inveatismeny | - 4-

ymet hvl ] - 8Het fyhi id tle?a dpgcﬁammﬁgdl n-7-one 25 To a heated

suspensi on of NaH (60% di spersion in mineral oil;, 0.24 g, 5.93 nmml) in
diethyl carbonate (1.40 g, 11.85 mTJE& lg#—F (10 nL) was added a sol ution
of nethyl[2, 6-di net hyl - 4- [(2 (1-te Htetrazol - 5-yl) bi phenyl - 4-

yl met hys) am no] pyri m di n-5-yl ] ket one Bx¢mple 19, 2.37 mmol ) in THF (10 nl)
over 10

2-Methyl-7-0x0-8-[2'-(1 H-tetrazol-5-yl)biphenyl-4-ylmethyl}-5,6,7,8-
tetrahydropyrido{2,3-d]pyrimidine-4-carbaldehyde
A mixture of 2,4-dimethyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl}-5,8-
dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (822 mg, 2.00 mmol) (prepared according
10 to J. W. Ellingboe, et al. U. S. patent 5,149,699), selenium dioxide (222 mg, 2.00
mmol), and dioxane (10 mL) was heated under reflux for 6 h. Additional selenium
dioxide (222 mg, 2.00 mmol) was added and heating was continued for 18 h. The
mixture was filtered and the filtrate was concentrated. Purification by flash
chromatography (10% MeOH/CH2Cl,) gave 316 mg of a yellow foam. The foam was
15  triturated with acetone and the filtrate was cooled in a freezer to give 102 mg (12%) of
product as an off-white solid, mp 246-247 °C.
1H NMR (DMSO-dg) 8 247 (s,3H), 274 (t,J=7.1Hz, 2 H),290 (t, ] =
7.1 Hz, 2 H), 5.18 (s, 2 H), 7.00 (d, J = 8.3 Hz, 2 H), 7.20 (d, ] = 8.3 Hz, 2 H),
7.54 (m, 2 H), 7.64 (m, 2 H), 8.38 (s, 1 H).
20 IR (KBr, cm!) 1710.
Anal. calcd for Co3H19N705: C, 64.93; H, 4.50; N, 23.05; Found: C, 65.00;
H, 4.90; N, 23.41.

Example 2
2-Hydroxymethyl-4-methyl-8-[2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]}-5,8-
25 dihydro-6H-pyrido[2,3-d)pyrimidin-7-one

Step |
Ethvl 3-(6-Methvl-2-methoxvmethvl-3H-pvrimidin-4-on-5-vl)propionate
A mixture of NaOEt (0.088 mol) in EtOH (prepared from 2.0 g of Na and 70
mL of EtOH), methoxyacetamidine hydrochloride (5.4 g, 0.044 mol), and diethy!
30 acetylglutarate (10.0 g, 0.044 mol) was heated under reflux for 24 h. The mixture was
concentrated, taken up in water, acidified 1o pH 4 with conc. HCl. and extracted with
CH1Cla. The extracis were washed with brine. dried ( MgSO0,;). and concentrated.

Trituration with ether gave 4.6 g (42%) of product ax an off-white solid. mp §7-90 °C.
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mn. Heating was continued for 1.5 h. The m xture was concentrated, taken
up in 30 wat er, and extracted twice with ether (discarded). The agueous
phase was acidified to pH 4 and the precipitate was collected by filtration
to give 965 ng (85% of product. An analytical sanple was recrystallized
fromacetone, np 235-237 [err]C J[err]H (CDCl[err]) [err] 1.47 (s. 9
H. 2.72 (s, 3 H. 2.89 (5. 3 H. 552 (s. 2H). 6.18 (s, | H. 7.04 (d. J =

8.2 Hz. 2 H. 7.3H NMRIDMSOHHD 1251, J =r1.2Hz ;hH)3213R.(s,35H), Z4BG, 8HY, | H) .
Found: C. 666 (= TbiEne B i terd L0 T Teadhe o uafe 7R,
Step 8 12.40 (br s, 1 H).
- Step 2
5 Ethy! 3-(4-Chloro-6-methyl-2-methoxymethylpyrimidin-5-vl)propionate
A mixture of ethyl 3-(6-methyl-2-methoxymethyl-3H-pyrimidin-4-on-5-
yl)propionate (4.00 g, 15.6 mmol) and phosphorus oxychloride (25 mL) was heated
under reflux for 2 h. The mixture was concentrated, cooled, and poured onto ice. 1 N
NaOH was added to bring the pH to 6 and the mixture was extracted with EtOAc. The
10  extracts were dried (MgSO4) and concentrated to give 3.6 g (84%) of product as a
brown oil.
14 NMR (DMSO-dg) & 1.18(t,J=7.0Hz,3 H), 2.60 (s, 3 H),3.01 (t, I =
8.1 Hz, 2 H), 3.36 (s, 3 H), 3.36 (s, 3 H), 4.05 (q, ] = 7.0 Hz, 2 H), 4.48 (s, 2 H).

Step 3
15  8-[(4-Bromophenvlimethvil-4-methvl-2-methoxymethyi-5.8-dihydro-6H-pyrido{2.3-
dlpvrimidin-7-one
A mixture of ethyl 3-(4-chloro-6-methyl-2-methoxymethylpyrimidin-5-y1)-
propionate (3.6 g, 0.013 mol), 4-bromobenzylamine hydrochioride (3.0 g, 0.013 mol),
NaHCO3 (2.4 g, 0.028 mol), and nBuOH (25 mL) was heated under reflux for 24 h.
20 The mixture was concentrated, taken up in water, and extracted with CHCla. The
combined extracts were dried (MgSQ4) and concentrated to give a brown oil.
Purification by flash chromatography (5% MeOH/CH2C12) gave 3.6 g (72%) of
product as an off-white solid, mp 64-66 °C. :
1H NMR (DMSO-dg) & 2.40 (s, 3H), 2.77 (1, J =79 Hz, 2 H), 2091 (t, I =
25 7.9 Hz, 2 H), 3.26 (s, 3 H), 4.38 (s, 2 H), 5.15 (s, 2 H), 7.26 (d, ] = 8.3 Hz, 2 H),
7.46 (d, ] = 8.3 Hz, 2 H).
Anal. caled for C;7HgBrN3O,: C, 54.27; H, 4.82; N, 11.17; Found:
C,54.31; H, 4.76; N, 11.03. |
Step 4
30 8-[(4-Bromophenvhimethvl}-2-hvdroxvmethvi-4-methvl-5.8-dihvdro-6H-pvridol2.3-
dlpvrimidin-7-one
To a solution of 8-[(4-bromophenyl)msthyl]-4-methyl-2-methoxymethyl-3.8-
dihvdro-6H-pvrido{2.3-d}pyrimidin-7-one (1.00 g. 2.70 mmol) and pyridine (0.11 g
1.30 mmol) in CHClz (9 mL) was added iodotrimethylsilane (0.77 g. 3.80 mmol). The

mixture was healed under reflux for 30 h and MeQH (0.5 mbL) was added. The mixwre

2

This is the replacement sheet

g 1 (0T 1996

Date:



2. 4-Di net hyl - 5- hydroxy-8-[2[err]-( |

Htetrazol - 5-yl ] bi phenyl -4-yl net hyl ] - 8H pyri dor 2, 3- d] pyyrimdin-7-one
Sesqui hydrate A m xture of 2, 4-dinmethyl-5-hydroxy-8-[2'-( | -tert-butyl- |
Htetrazol -5-yl)- 5 bi phenyl 4-yl met hyl | - 84 pyrido[ 2, 3-d] pyri mi di n-7-one
(925 ng, 1.92 mmol ), nethanesulfonic acid (1.84 g, 19.2 mmol), and tol uene
(10 nmL) was heated under reflux for 28 h. 1 N KOH (25 nL) was added and the
m xture was extracted twice with Et OAC,(di scarded). The aqueous phase was
acidified to pH4 with 1 N HC1L and thé“preci pitate (560 ny) was collected

by filtration. Recrystallizationfrom wat er 424 of

p%loduct as Vs cgpq.er\;%fepet Sef PRy in (1355;2(5128""’55%?l ("é}éé)luec["é gﬁ?mn@ DRFB@ /% err]

az552(|5_|) 3(MgSD[Y 4md conthntrfied3 Pugificatibh bP. BEsh Schrﬂﬁagg@ra%ﬂy( @7 ) —18-51
1 Yr‘dééﬁ%(#bdh ave?%ggg,) of p:odgc%gg afolérl% fopm, Anél cal cd for

C[ er r] H[ er r] N erlt] NMRr(DMSOHr§ 240 (€,3 H), 0B (tH =471.6Hz,Q HR .87 (t, Feund: 15

G 60.74 B e ,9% il a4t (@5 <RAR 9 RB), 509 (1, I = 62 Hz, 1 H), 5.19 (s, 2 H),

7.27 (4, =8.2 Hz, 2 H), 743 (d, ] = 8.2 Hz, 2 H).

5.8-dihydro-6H-pvrido(2. 3-d1pvrimidin-7-one
10 A mixture of 8-{(4-bromophenyl)methyl]-2-hydroxymethyl-4-methyl-5,8-
dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (0.95 g, 2.62 mmol), 2-[(1-tert-butyl)-1H-
tetrazol-5-yl]phenylboronic acid (0.72 g, 2.90 mmol) (prepared according to J. W.
Ellingboe, et al. U. S. patent 5,149,699), 2 M N2,CO3 (5.5 mL), tetrakis(triphenyl-
phosphine)palladium(0) (100 mg, 0.086 mmol), EtOH (3 mL) and toluene (16 mL)
15  was heated under reflux for 20 h. The mixture was diluted with CH2Cl and the layers
were separated. The organic phase was dried (MgSO4) and concentrated to give an
orange oil. Purification by flash chromatography (4% MeOH/ CH,Cl,) gave 1.20 g
(90%) of product as a colorless foam.
TH NMR (DMSO-dg) 5 1.42 (s, 9 H), 2.41 (s, 3 H), 2.72 (t, ] = 7.3 Hz, 2H),
20 289(,J=73Hz,2H),444(d,J=6.0Hz, 2 H), 5.08 (t, ] = 6.0 Hz, 1 H), 5.23
(s, 2H), 698 (d,J=74Hz 2H),723(d,J=74Hz, 2 H), 7.54 (m. 3 H), 7.78
(d,J=75Hz, 1 H).

25

_ A mixture of 2—hydroxymethyl-4-mcthy1—8 2' (l-tcrt-butyl 1H-tetrazol-5-yl)-
biphenyl-4-ylmethyl}-5,8-dihydro-6H-pyrido[2,3-d)pyrimidin-7-one (1.2 g, 2.50
mmol), methanesulfonic acid (2.40 g, 25.0 mmol), and toluene (14 mL) was heated
under reflux for 20 h. The mixture was concentrated, taken up in water, and the pH
30 was adjusted to 7-8 with 1 N NaOH. The aqueous mixture was extracted with EtOAc
(discarded), acidified to pH 4 with 1 N HCl, and extracted with CHCl3. The CHCl3
layers were dried (MgSQOy) and concentrated to give 1.10 g of a foam. Trituration with

EtOAc/acetone and recrystallization from EtOH gave 0.45 g (46%) of product as a
white solid. mp 218-220 °C.

This is the replacement sheet

o 1 00T 1996

Date:



2, 4- Di net hyl - 6- hydroxy-8-[2[err]-( 1Htetrazol -5-yl)bi phenyl -4-yl net hyl

-5, 8- di hydro-6H pyrido[ 2, 3-d] pyri mdin-7-one 20
Step 1 2.4-Dimethyl-8-[2[err]-( -triphenylinethyl- |

H-tetrazol

-5-yl) bi phenyl - 4-yl nmet hyl ] -5, 8-

di hvdr o- 6H pyri dor 2. 3-dl pyri m di n-7-one 20 a sol ution of
2,4-dimethyl-8-[2[err]-(IHtetrazol -5-yl)bi phenyl -4-yl met hyl ] -

25 “novor ding Lo i (SRR AAY ¢ 85, 4440 1k 760 ZRR ) B FR°T

CHCl [err] (500 HH2, 20H3, 4dddd, BrH)etShm éorrs, heH), 3.20 (53,2 H),.8B0(0) J =280 Hz,

tri phenyl me

was washed

a white sgol

[err]

235

AN A B ﬁf@?’?kgquL??i " and-toncent rated 1o

W

give a white foarinatrsaled far GasHar NnOpeG A3 et 25:8N. 2298 FoaundfCpbbdhict as
|tp,5m;1¢6@2391 [err]C. 30 [er ]H NVR (DMSO-d[err])
(3’1, 2.36 (s, 3 H, 2,66 (t = 7.8 Hz, 2H), 2.82 (t,
2 H, 515 (s, 2 H, 6.81 —69Hz 6 H, 6.98 (d, J

7.[err] Hz,

8.1 Hz,
H) .

10

15

20

25

30

6H-pyrido[2, 3-d]pynm1dm-7-onc

Step 1
8-[(4-Bro enyDmethyl]-2-methy]-7-0x0-5.6.7.8-tetrahvdropvrido[2.3-
dlpyrimidine-4-carbaldehvde

A mixture of 8-[(4-bromophenyl)methyl}-2,4-dimethyl-5,8-dihydro-6H-pyrido-
[2,3-d]pyrimidin-7-one (692 mg, 2.00 mmol) (prepared according to the procedures
described in Steps 1-3 of Example 2); selenium dioxide (244 mg, 2.20 mmol) and
dioxane (10 mL) was heated under reflux for 17 h. The mixture was filtered and the
filtrate was concentrated. Purification by flash chromatography (30% EtOAc/hexane)
gave 576 mg (80%) of product as a yellow solid, mp 124-126 °C.

1H NMR (CDCl3) §2.70(s,3H), 273 (t, J=7.6 Hz, 2 H), 337 (t, J = 7.6
Hz, 2 H), 5.27 (s, 2 H), 7.31 (d, J = 8.5 Hz, 2 H), 7.39 (d, ] = 8.5 Hz, 2 H), 10.02
(s, 1 H).

IR (KBr, cml) 1710, 1695.

Anal. caled for CigH14BrN3O9q: C, 53.35; H, 3.92; N, 11 66; Found:
C,53.16; H, 3.78; N, 11.51.

dlpvrimidin-7-one

To a solution of 8-[(4-bromophenyl)methyi]-2-methyl-7-0x0-5,6,7,8-tetra-
hydropyrido[2,3-d]pyrimidine-4-carbaldehyde (550 mg, 1.53 mmol) in tetrahydrofuran
(5 ml) and isopropanol (2 mL) was added sodium borohydride (116 mg, 3.05 mmol).
After 45 min, the mixture was cooled to 0 °C and CO» was bubbled in for 5 min. The
mixture was filtered and the filtrate was concentrated to give 677 mg of a yellow foam.
Purification by flash chromatography (5% MeOH/CH2Cla) gave 496 mg (90%) of
product as an off-white solid. mp 159-160 °C.

'H NMR (CDCl3) 8 2.65 (s. 3 Hi. 2.75 ts. = Hi. 440 tbr s. | H). 4.63 (s,

2HL 82605 2HL T3 (d i = 83 Ha D M TR0 0d P = 82 HE Y H,,
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(m 2 H, 7.77 (d. J =7.2 Hz. | H. Anal. calcd for CJerr]Herr]Nerr]O C
77.16: H 5.40: N 15.00: Found: C. 77.32: 35 H 5.34: N 14.86. - 28
- Step 2 2,4-Dinethyl -6-hydroxv-8-[2[err]- (I

H tetrazol - 5-y] ) bi phenl -4-yl methyl ].5.. 8-di hydro-

6H- pyrido[ 2. 3-d] pyri m din-7-one 5 .23.10 a cooled (-78 [err] Q)
solution of 2,4-dinethyl-8-[2[err]- (I-trlphenyl nmet hyl - | H

et razoL s A AP B R B8 YA 8.5y i
hexanet hyl di Q,ISZ.Z&OdthSTONuéhé?.(S 5 nm, 2.75 nmol). After 45 mn,

sol ution of (+)-canphor- sulfonyl oxazi ri dine in THF (5 nL) was added. The
m xture was allowed to warmto

A mixture of 8-[(4-bromophenyl)methyl]-4-hydroxymethyl-2-methyl-5,8-
dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (490 mg, 1.35 mmol), 2-[(1-tert-butyl)-1H-
tetrazol-5-yl]phenylboronic acid (367 mg, 1.49 mmol) (prepared according to J. W.
Ellingboe, et al. U. S. patent 5,149,699), NaaCO3 (287 mg, 2.71 mmol),

10  tetrakis(triphenylphosphine)palladium(0) (78 mg, 0.07 mmol), EtOH (1 mL}), water (2
mL), and toluene (6 mL) was heated under reflux for 23 h. The mixture was diluted
with EtOAc, washed with saturated aqueous NaHCO3, brine, dried (MgSQg), and
concentrated to give a yellow oil. Purification by flash chromatography (5%
MeOH/CH>Cl3) gave 590 mg (90%) of product as an off-white foam. An analytical

15  sample (40 mg) was crystallized from ether/acetone, mp 164-166 °C.

IH NMR (CDCl3) & 1.50 (s, 9 H), 2.63 (s, 3 H), 2.74 (s, 4 H), 4.40 (br s,
1H), 4.63 (s, 2 H), 5.31 (s, 2 H), 7.06 (d, ] = 8.2 Hz, 2 H), 7.31 (4, ] = 8.2 Hz,
2H), 7.45 (m, 3 H), 7.84 (m, 1 H).

Anal. caled for Co7H29N702: C, 67.06; H, 6.04; N, 20.28; Found: C, 66.99:

20 H, 6.07; N, 19.91.

§H-pyrido[2.3-dlpyrimidin-7-one

A mixture of 4-hydroxymethyl-2-methyl-8-[2'-(1-tert-butyl-1H-tetrazol-5-

25  yDbiphenyl-4-ylmethyl]-5,8-dihydro-6H-pyrido(2,3-d]pyrimidin-7-one (550 mg, 1.14
mmol), methanesulfonic acid (1.10 g, 11.40 mmol), and toluene (10 mL) was heated
under reflux for 4 days. The mixture was concentrated, 1 N KOH (11.4 mL) was
added, and the mixture was extracted with CHCl3 (discarded). The aqueous phase was
acidified to pH4-5 with 1 N HCI and extracted with CHCli. The extracts were dried

30  and concentrated to give 94 mg of a yellow foam. Trituration with acetone and
recrystallization from EtOH gave 46 mg (9%) of product as 2 white solid, mp 246-247

°C.
'H NMR (DMSO-dg) & 2.47 (s. 3 H1. 2.72(.J = 8.1 Hz. 2 H}. 2.97 (t.l=
8.1 Hz. 2 H). 450 5. 2 H:. 320 (5. 2 Hi 326 ibr ~. | Hy 7.00 «d. J = 8.1 Hz.
35 2HLZ720td =8 i He 2 HLTA S m. 2 He Tos o 2 H
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10 5[err]C over 5 h. Water (2 nL) and CFlerr]CdJerr]H (2 nL) were added and
stirring was continued for 1 h. I N NaOH (30 nL) was added and the m xture

was extracted with Et OAc (discarded). The aqueous phase was acidified to pH
4 with 1 NHCI and extracted with CHCI[err]. The extracts were dried

(MgSO err]) and concentrated. Purificapgon by flash chromatography (5-10%

MeOH CHCl [err]) gave 377 ng of a yellow oil. 15 Crystallization from

acetone yi el ded A234 e f%%‘@nH]& mfcgﬂ@t@m ﬁn4@ngNV\ﬁ2279ﬂ F&dedc @]3)%54 2123

C. N O d .
Eﬁé”J Jiﬁ”ﬁs&@% D) 3.11 (dd, J=158 62Hz lH) 4.34 (m 1

H, 5.12 (d, J:149HzIH) 5. 20 4:149HzIH),592(d J =52
Hz, 1 H), 7.01

. ( » 7. 28
(dd, J = 6.8, éé%mhyp ﬁiydf?xz@zn{l temyzol ﬂfbllziﬁaylfrﬂmeﬂtﬁl 35 H .
Exanpl & 6 5- Hydr oxy- 2, 4- iyeielbf2y3-d pykigidin-7ione Sesquihydrate
Htetrazol -5-yl)-bi phenyl 4-yl met hyl) - 6, 8- di hydr o-
5H pyrido[ 2, 3-d] pyri m di ne- 7- one Hydrgt e 1O. 4 Etherate

tep

Dimethvl-5-iodo-4-hydroxypyvrimidine
A mechanically stirred mixture of 2,6-dimethyl-4-hydroxypyrimidine (50.0 g,
10 0.403 mol), iodine (102.2 g, 0.403 mol), and 1 N NaOH (503 mL) was heated under
reflux for 2 h. The mixture was extracted with CHCI3 (some product fell out of
solution and was collected by filtration: 24.5 g). The extracts were dried (MgSO4) and
concentrated to give 40.9 g of an orange solid which contained starting material and
product. Trituration with EtOAc gave 26.0 g of product. The total yield of product was
15 50.5 g (50%), mp 208-210 (dec). An analytical sample was recrystallized from EtOH,
mp 216-218.
1 NMR (DMSO-dg) & 2.21 (s, 3 H), 2.39 (s, 3 H), 12.58 (br s, 1 H).
Anal. caled for C¢H7IN,O: C, 28.82; H, 2:82; N, 11.20; Found: C, 28.85;
H, 2.76; N, 10.98.
20 Step 2
4-Chloro-2.6-dimethyvl-S-iodopvrimidine
A mixture of 2,6-dimethyl-5-iodo-4-hydroxypyrimidine (24.5 g, 0.098 mol),
phosphorus oxychloride (30.0 g, 0.196 mol) and toluene (200 mL) was heated under
reflux for 1 h. The mixture was concentrated and ice water (100 mL) was added. The
25 pH was adjusted to 5 with 2.5 N NaOH and the mixture was extracted with CH,Cls.
The combined extracts were washed with brine, dried (MgSQOy), and concentrated to
give 24.6 g of a brown solid. The crude product was combined with 26.0 g of similarly
prepared material and filtered through a short column of silica gel eluted with CH,Cl
to give 33.8 g (62%) of product as a yellow solid. An analytical samole was
30  recrystallized frorn hexane/CHCl,, mp 62-64 °C.
I'H NMR (CDCl3) 8 2.61 (s, 3 H), 2.73 (s, 2 H).
Anal. caled for CgHgCIIN,: C. 26.84; H, 2.26; N. 10.44: Found: C. 27.04:
H, 2.15; N, 10.14.

Step 3

)
th

4-Chioro-2 6-dimethyi-3-( l-ethoxvvinvlipyrimidine

A mixture of 4-chloro-2.6-dimethyl-3-iodopyrimidine (13.5 g, 0.050 mol). ¢1-

cthoxyvinvinribuivlun 20,0 ¢. 0.03% mol: fithium chioride (6.4 o, (0150 moil.
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25 , To a cooled (O [err]C), nechanically stirred m xture of

2,4-dimethyl-8-[2'-(IH tetrazol -5-yl) bi phenyl

4-yl met hyl (-5, 8-di hydr o- 6H pyri do[ 2, 3-d] pyri m din-7-one (8.2 g, 0.020 nol)

(prepared according to J. W Ellingboe, et al. U S. patent 5,149, 699),

MgSq err] (14.4 g, 0.120 nol) and water_2§285 m.) was added 2.5 N NaOH (8.78
) The resultant m xture was adjusted™ o pH 7.0 - 7.5 with 2 NHC (0.7

A | £, _KNhA C : 362
added dfgp\llj\} hﬁgﬂpﬁﬁﬁpwwggﬂﬁg?‘f@ (%4} ?Irﬂeo)l %@OI%&?“S (\5&9 %ﬂLlVygsr oom
t enper at ur ewafheated @rden refatdor 2DhahdditiGe]l estrakis(t5ipbenyiphadphiag) paitidiuma (o)
KMWh clele d f 24
LT L B et G SRR
was concent coeled, didutadovith E@@Antandr AN rﬁf sdpuyese added. abhsusolifiswvere 5
KH err] Pﬁ efé&m(ea% 11&a§6&f’m} h ﬁb QayeRSwérelsk®iredd thé drgérxﬁé b@%& The

mat eri al taken uplnrre no filter to 9688 err]
recover ed by’aﬁl"{aﬁhﬁ Wik %7@b©§i’hgﬁlm’§f¢l(&o brine (1 mL) dned (MgS04),

and concentrated. Purification by flash chromatography (twice; 5-10% EtOAc/hexane)
gave 6.44 g (61%) of product as a colorless oil.
1H NMR (CDCl3) & 1.35 (t,J = 7.0 Hz, 3 H), 2.49 (s, 3 H), 2.65 (s, 3 H),
10 391(q,J=7.0Hz, 3H),421(d,J=28Hz | H),4.52(d, ] =2.8 Hz, 1 H).
Anal. caled for C1gH13CIN2O: C, 56.47; H, 6.16; N, 13.17; Found: C, 55.13;
H, 5.97; N, 13.16.

Step 4
4-(4-Bromobenzvlaminol-2.6-dimethv]-5-(1-ethoxvviny)pvrimidine
15 A mixture of 4-chloro-2,6-dimethyl-5-(1-ethoxyvinyl)pyrimidine (3.00 g,

0.0141 mol), 4-bromobenzylamine hydrochloride (3.45 g, 0.0155 mol), NaHCO3
(2.37 g, 0.0282 mol), and n-butanol (20 mL) was heated under reflux for 70 h. The
mixture was concentrated, taken up in EtOAc, washed with water, dried (MgSQy4), and
concentrated. Trituration with ether/hexane gave 2.84 g (56%) of product as a white
20  solid. An analytical sample was recrystallized from ether/hexane, mp 111-113 °C.
TH NMR (DMSO-dg) § 1.24 (t, ] = 6.9 Hz, 3 H), 2.15 (s, 3 H), 2.24 (s, 3H),
3.84 (q,J=6.9Hz,2H),4.18 (d, = 1.7 Hz, | H), 4.50 (d, J = 6.2 Hz, 2 H), 4.53
(d,J=17Hz, 1 H), 691 (,J=62Hz, 1 H),7.22(d,J=83 Hz, 2 H), 746 (d, ]
= 8.3 Hz, 2 H). _
25 Anal. caled for C17H20BrN3O: C, 56.36; H, 5.56; N, 11.60; Found: C, 56.64;
H, 5.64; N, 11.48.

A solution of 4-(4-bromobenzylamino)-2,6-dimethyl-5-(1-ethoxyvinyl)-
30 pyrimidine (2.72 g, 7.51 mmol), 1 N HCI (8.3 mL), and acetone (8 mL) was heated
under reflux for 2.5 h. The acetone was removed under reduced pressure and the
aqueous phase was adjusted o pH 4 with 1 N KOH. The resuhant white precipitate
was collected by filtration to give 2.24 g (89%) of product as a white solid. An
analytical sample was recrystallized from hexane. mp 78-80 °C.
"H NMR (DMSO-dg) & 2.30 (s. 3 H). 2.36 (5. 3 H). 2.50 (5. 3 H). 4.57 (4.
J=58Hz. 2 H) 725 ¢d. ) = 83 Hz. 2 Hi 749¢d. J = 83 Hz. 2 H). 8.3
S8 Hz F H

sl
(W]

4(L)=
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- 29 - KH2PO4 to bring the pHto 4 and the precipitate was coll ected by
filtration. The material was taken up in nethanol and filtered to give 1.36
g. The conmbined material was purified by flash chromat ography (10 - 30%
MeOHI/ CHCI [err]), trituration with EtOAc and MeOH, and trituration wth
water to give 0.67 g (8% of product as white 5 solid, rrp 154 - 167
[err]C. Anal. calcd for Jerr]H err] N7 ]Qerr] Herr]O0.4 Cerr]JHerr] QO

S Al B2 D2l e e BN 0T e, 3507 1, Hea?n 1.0 RARTE 53870 30
H, 4.77; N, 12.55.
Step 6
Methvlf2,6-dimethvl-4-[(2'-(1-tert-butyl-1H-tetrazol-5-yDbiphenvl-4-

To a heated solution of methyl(4-(4-bromobenzylamino)-2,6-dimethyl-
pyrimidin-5-yl)ketone (1.67 g, 5.00 mmol) and tetrakis(triphenylphosphine)-
palladium(0) (0.29 g, 0.25 mmol) in toluene (20 mL) was added a partial solution of 2-
[(1-tert-butyl)- 1 H-tetrazol-5-yl]phenylboronic acid (1.50 g, 6.10 mmol) (prepared

10  according to J. W. Ellingboe, et al. U. S. patent 5,149,699) and Na;,CO3 (1.06 g,
10.00 mmol) in water (10 mL) and EtOH (5 mL) in several portions over 1 h. Heating
was continued for 2.5 h. The mixture was diluted with EtOAc and the layers were
separated. The organic phase was washed with 0.1 N NaOH, brine, dried (MgSO4)
and concentrated. Purification by flash chromatography (40-50% EtOAc/hexane) and

15  trituration with hexane gave 1.71 g (75%) of product as a white solid. An analytical
sample was recrystallized from ether, mp 131-132 °C.

1H NMR (CDCl3) & 1.54 (s, 9 H), 2.51 (s, 3 H), 2.56 (s, 3 H), 2.64 (s, 3H),
471(d,J=57Hz,2H),7.12(d, J=8.3 Hz, 2 H), 7.22 (d, ] = 8.3 Hz, 2 H), 7.45
(m, 3 H), 7.88 (m, 1 H), 9.0 (br s, 1 H).

20 Anal. caled for Co6HagN70: C, 68.55; H, 6.42; N, 21.52; Found: C, 68.56;
H, 6.40; N, 21.19.

Step 7
4-Dimethvl-S-hvdroxy-8-{2'-(]1-tert-butvl-1H-tetrazol-5-vi
25 To a heated suspension of NaH (60% dispersion in mineral oil; 0.24 g, 5.93

mmol) in diethyl carbonate (1.40 g, 11.85 mmol) and THF (10 mL) was added a
solution of methyl[2,6-dimethyl-4-[(2'-(1-tert-butyl-1H-tetrazol-5-yl)biphenyl-4-
ylmethyl)amino]pyrimidin-5-y!Jketone (1.08 g, 2.37 mmol) in THF (10 mL) over 10
min. Heating was continued for 1.5 h. The mixture was concentrated, taken up in
30  water, and extracted twice with ether (discarded). The aqueous phase was acidified to
pH 4 and the precipitate was collected by filtration to give 965 mg (85%) of product.
An analytical sample was recrystallized from acetone. mp 235-237 °C.
'H NMR (CDCI3) 0 1.47 (s. 9 H). 2.72 (s, 3 H), 2.89 (5. 3 H). 5.32 (s. 2H).
6.18 (s, 1 H). 7.04 (d. ] = 8.2 Hz. 2 H). 7.31 «d. J = 8.2 Hz. 2 H), 744 (m. 3 H.
23 .84 (m. 1 Hh
“Anal. caled for Co7H-9N-0-~ C. 67.34: H. 5.63: N, 20.36: Found: C. 06.97:
H. 3.38: N. 20.06.
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1. A compound of formula | 5 wherein nis O0to 3; Rerr] and R err]
are, independently, H {err]-(err]alkyl, hydroxy(([err]-Cerr]al kyl),
formyl, carbonyl (CJerr]-Cerr]al kyl), carboxy, or
carboxy(Cerr]-Clerr]alkyl); R3 and R4 are, independently, H,
Cerr]-Cerr]alkyl, or hydroxy; 10 R err] and R err] are H, or one of
-CRlerr]Rerr] and -CR[err]Rerr] is a carbonyl group; with the proviso
that at | east one of the groups R err] and R err] nust be

hydroxy(Cerr]-Cerr]al kyl), formyl, C'a"rbonyI(C[err] C err]al kyl), carboxy,
or carboxy((err]-Cerr]alkyl); or at |east one of R3 and R4 nust be
hydr oxy; or one of -CRlerr]Rerr] andSlﬂB!ﬁerr]R[err] must be a carbonyl

group; . AT [£41Tigleth i SHldrdsy. e efleibiss b biphéiyi- Rt BMyridhpl R0,
hydr oxy, or rry-gerr oXxY, err
mp.__mwm__-__mm
A mixture of 2,4-dimethyl-5-hydroxy-8-[2'-(1-tert-butyl-1H-tetrazol-5-yl)-
5 biphenyl-4-ylmethyl}-8H-pyrido[2,3-d]pyrimidin-7-one (925 mg, 1.92 mmol),
methanesulfonic acid (1.84 g, 19.2 mmol), and toluene (10 mL) was heated under
reflux for 28 h. 1 N KOH (25 mL) was added and the mixture was extracted twice with
EtOAC (discarded). The aqueous phase was acidified to pH 4 with 1 N HCI and the
precipitate (560 mg) was collected by filtration. Recrystallizationfrom EtOH/water gave
10 424 mg (52%) of product as an off-white solid, mp 278-280 (dec). |
IH NMR (DMSO-dg) & 2.55 (s, 3 H), 2.80 (s, 3 H), 5.43 (s. 2 H), 5.86 (s,
1H), 6.99 (d, J = 8.1 i-Iz, 2 H), 7.14 (d, J = 8.1 Hz, 2 H), 7.42 (m, 1 H), 7.47 (dd,
IJ=77,1.5Hz, 1 H), 7.54 (m, 1 H), 7.58 (dd, J = 7.5, 1.5 Hz, 1 H).
Anal. caled for C23H19N702°1.5H20: C, 61.05; H, 4.90; N, 21.67; Found:
15 C,60.74; H, 4.94; N, 21.25.

Example
2,4-Dimethyl-6-hydroxy-8-{2'-(1 H-tetrazol-S-yl)biphenyl-4-ylmethyl]-5,8-
: dihydro-6H-pyrido(2,3-d]pyrimidin-7-one

20

dihydro-6H-pyrido(2.3-d]pyrimidin-7-one
To a solution of 2,4-dimethyl-8-{2'-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-
5,8-dihydro-6H-pyrido(2,3-d]pyrimidin-7-one (2.00 g, 4.86 mmol) (prepared
25 according to J. W. Ellingboe, et al. U. S. patent 5,149,699) in CHCIl3; (50 mL) was
added triethylamine (0.49 g, 4.86 mmol) and triphenylmethyl chloride (1.36 g, 4.86
mmol). After 2.5 days, the mixture was washed with 0.1 N NaQOH, brine, dried
(MgS0y), and concentrated to give a white foam. Trituration with hexane gave 2.64 g
(85%) of product as a white solid. mp 160-161 °C.
30 'H NMR (DMSO-dg) & 2.35 (s, 3 H), 2.36 (s, 3 H), 2.66 (t, ] = 7.8 Hz, 2H),
2.82 (t, J = 7.8 Hz, 2 H), 5.15 (s, 2 H), 6.81 (d, J = 6.9 Hz, 6 H), 6.98 (d, J = 8.1
Hz, 2 H), 7.14 (d, J = 8.1 Hz, 2 H). 7.31 (m, 9 H), 7.41 (d, ] = 7.6 Hz. 1 H). 7.55
(m,2H),7.77 (d.} =72 Hz, | H).
Anal. caled for C4oHasN+O: C. 77.16: H. 5.40: N. 15.00: Found: C. 77.32
H. 5.34: N, 14.86.

(98]
th
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[err] wherein Xis CJerr]H CN, or [err] [err] 20 wherein Rerr]
is H CHerr], tert-butyl, tri-n-butylstannyl, or triphenylnethyl; or a
taut omer of said conpound, or a pharnmaceutically aceptable salt of said
conpound or tautoner. This Date: -31- 2. A conpound according to
Caiml of fornula |1 =46~

Step 2
2.4-Dimethvl-6-hvdroxv-8-[2'-(1H-tetrazol-5-vI)biphenvl-4-vimethvl 1-5.8-dihvdro-

5 To a cooled (-78 °C) solution of 2,4-dimethyl-8-[2‘-(l-triphcnylmethyl-IH-
tetrazol-5-yl)biphenyl-4-ylmethyl]-5,8-dihydro-6H-pyrido[2,3-d)pyrimidin-7-one
(1.57 g, 2.41 mmol) in THF (5 mL) was added 0.5 M potassium hexamethyldisilazide
in toluene (5.5 mL, 2.75 mmol). After 45 min, a solution of (+)-camphor-
sulfonyloxaziridine in THF (5 mL) was added. The mixture was allowed to warm to

10 5°C over 5 h. Water (2 mL) and CF3CO2H (2 mL) were added and stirring was
continued for 1 h. I N NaOH (30 mL) was added and the mixture was extracted with
EtOAc (discarded). The aqueous phase was acidified to pH 4 with 1 N HCi and
extracted with CHCl3. The extracts were dried (MgSO4) and concentrated. Purification
by flash chromatography (5-10% MeOH/CHCl3) gave 377 mg of a yellow oil.

15  Crystallization from acetone yielded 234 mg (23%) of product as an off-white solid,
mp 154-156 °C.

IH_ NMR (DMSO-dg) & 2.37 (s, 3 H), 2.46 (s, 3 H), 2.80 (dd, J = 15.8, 10.7
Hz, 1 H), 3.11 (dd, J = 15.8, 6.2 Hz, 1 H), 4.34 (m, 1 H), 5.12 (4, ] = 14.9 Hz,
1H), 5.20(d, J = 14.9 Hz, 1 H), 5.92 (d, J = 5.2 Hz, 1 H), 7.01 (4, J = 8.3 Hz, 2H),

20 7.10(d,J=8.3Hz 2H), 728 (dd, ] = 6.8, 2.1 Hz, 1 H), 7.35 (m, 2 H), 7.50 (dd,
J=17.3, 1.7 Hz, 1 H).

Example 6
5-Hydroxy-2,4-dimethyl-8-[2'-(1H-tet.razol-s-yl)~biphenyl-4-ylmethy1]-6,8-dihydro—
5H-pyrido(2,3-d)pyrimidine-7-one Hydrate 0.4 Etherate
25 To a cooled (0 °C), mechanically stirred mixture of 2,4-dimethyl-8-[2'-(1H-
tetrazol-s-yl)biphcnyl-4—ylmcthy1]-5,8-dihydro-6H-pyrido{2,3-d]pyrimidin-7—one (8.2
g, 0.020 mol) (prepared according to J. W. Ellingboe, et al. U. S. patent 5,149,699),
MgSO4 (14.4 g, 0.120 mol) and water (285 mL) was added 2.5 N NaOH (8.78 mL).
The resultant mixture was adjusted to pH 7.0 - 7.5 with 2 N HCI (0.7 mL). A solution
30 of KMnOxs (6.3 g, 0.040 mol) in water (362 mL) wes added dropwise over 2 h 40 min.
and the mixture was allowed to warm to room temperature. After 24 h. additional
MgSO4 (5.04 g, 0.042 mol} and ¥MnO4 (2.2 g, 0.014 mol) were added and stirting
was continued for 24 h. The reaction mixture was filiered through Solka Floc and the

filtrate was concentrated 10 about 200 mL. The pH was adiusted 10 about 4 with

)

n

R¥i>POs (13.6 gt and the precipitate was collested by Jiitration. The material was taken
up 1n metnanol anc fillered (0 give §.% g. The MnO- recovered by filiration through
Solka Floo was surred inowager 200 mL

. '.. v R : .“.. . ey v Ted
4o mtered. The nirate was treated with
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[err] wherein 5 nisl; Rerr] and R err] are independently H, nethyl,
ethyl, propyl, isopropyl, hydroxynethyl, 1- hydroxyethyl, 1-hydroxypropyl,
1- hydroxybutyl, |-hydroxyisobutyl, fornyl, carbonyl nethyl, carbony]ethyl,
car bonyl propyl, carbonyl butyl, carboxy, or carboxynmethyl, carboxyethyl,
car boxypropyl, or carboxybutyl; 10 R3 and R4 are, independently, H, nethyl,
ethyl, propyl, or hydroxy; Rerr] and R err] are H or one of
-CRlerr]Rerr] and -CRlerr]Rerr]a is a carbonyl group; wth the proviso
that at |east one of the groups Rlerr] ang.Rlerr] nust be
hydroxy(Cerr]-Cerr]al kyl), formyl, carbonyl (CJerr]-Cerr]al kyl), carboxy,
or car boxy(CkefJHo AL hfihe! ﬁ%i{ 1004 2fh dugg%k A o Qb Foifididd gy%%&g% be
hydr oxy, or q% J&g onI
group; 15 ma;oexai Wb dpan m angl and filered tCC‘éléfFrl] éffhe]cgmbwed maitneen,
hydroxy, or (hepilifich %y Iahkhromadehahyl (108 30% MeOHJ/CHCI3), trituration with

EtOAc¢ and MeOH, and trituration with water to give 0.67 g (8%) of product as a white

5 solid, mp 154 - 167 °C.
Anal. caled for C23H21N702¢H,2090.4 C4H190: C, 62.18; H, 5.73; N, 20.64;

Found: C, 62.24; H, 5.73; N, 20.41.
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er CJerr]H or NN wherein Rerr] is H,
CH[err] \[“\mmm!““m“gmn butyl stannyl, or triphenyl methyl; or a tautoner
of said S armaceutically %Scept abl e salt of said conpound or

tautomer.* This is the replacement sheet 32- 3. A compound accordi ng
to daim?2 of formula 11l [err] Wnere'ELAIMS .
WHAT IS CLAIMED IS:
1. A compound of formula I
R4a O I
R (CHany 1
A
R3
3a N
T PN
R SNTR!
5  wherein

nisOto3;
R! and R2 are, independently, H, C1-Cealkyl, hydroxy(C;-Cealkyl), formyl,
carbony)(C;-Cgalkyl), carboxy, or carboxy(C;-Cgalkyl);
R3 and R# are, independently, H, C;-Cgalkyl, or hydroxy;

10 R32and R42are H, or one of -CR3R32 and -CR*R42is a carbonyl group;
with the proviso that at least one of the groups R1 and R2 must be hydroxy(C;-Cgalkyl),
formyl, carbonyl(C;-Cgalkyl), carboxy, or carboxy(C;-Cgalkyl); or at least one of R3
and R* must be hydroxy; or one of -CR3R32 and -CR*R42must be a carbonyl group; ;

Arlis

15
wherein W is H, C;-Cgalkyl, halogen, hydroxy, or Cj-Csalkoxy;
Ar2 is
-G <
[} \ ’ N
WA R RS
wherein X is
CO.H R
asl, CN, or A Y- I

wherein R is H, CH3, tert-butyl. tri-n-butylstannyl, or triphenylmethyl; or
a tautomer of said compound,

or a pharmaceutically acceptable salt of said compound or tautomer.

This is the replacement sheet
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5 nj Rlerr] are, independently, H nethyl, hydroxynethyl,
or for”"m”mﬂ"m,@ﬂ@e i ndependently, H or hydroxy; R err] and R err]
are H, br one ok - rIRerr] and -CR[ﬁSrr]R[err] is a carbonyl group;

with the proviso that at |east one of the groups Rlerr] and Rl err] nust be
hydr oxynmet hyl or 10 fornyl; or at |east one of R err] and R err] nust be
hydr oxy, or or one of -CRlerr]Rerr] and -CRlerr]R err] nust be a carbonyl
group; Ar[é&r] iAcompowidracyeridsmgie Qlsim 1 Af ringlafierein X is [err] wherein

Rlerr] is H CHerr], tert-butyl, or triphenylnmethyl; or 20 a tautoner of

sai d conmpound, or a phar rracxﬁuai c8l ly acceptable salt Bf said conpound or

t aut oner . R4 N'(CHZ)H-A'J
AR
R: | N
R3e
R2 N)\ R1
wherein
5 nisl;

R! and R? are independently H, methyl, ethyl, propyl, isopropyl, hydroxymethyl, 1-
hydroxyethyl, 1-hydroxypropyl, 1-hydroxybutyl, 1-hydroxyisobutyl, formyl,
carbonylmethyl, carbonylethyl, carbonylpropyl, carbonylbutyl, carboxy, or
carboxymethyl, carboxyethyl, carboxypropyl, or carboxybutyl;

10 R3and R4 are, indepcndexit]y, H, methyl, ethyl, propyl, or hydroxy ;
R32 and R42are H, or one of -CR3R32 and -CR4R%2is a carbonyl group;
with the proviso that at least one of the groups R! and R? must be hydroxy(C-Caalkyl),
formyl, carbony)(C;-Caalkyl), carboxy, or carboxy(Ci-Csalkyl); or at least one of R3
and R4 must be hydroxy, or one of -CR3R32 and -CR4R42 must be a carbonyl group;

15 Arlis
W
/A
_ wherein W is H, lower C1-Cgalkyl, halogen, hydroxy, or C1-Cgalkoxy:;
Ar?is '
/3K

20 wherein X is

NN

COH, or —(¥<ps
N=-N

wherein R5 is H, CHg, tert-butyl, tri-n-butylstannyl, or triphenylmethyl; or
a rautomer of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.
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ac ordlng to claim1 which is
2- methylﬁ' (IHtetrazol - 5-
yl) bi phenyl o4 [“, 6,7, 8- tetrahydé pyri do[ 2. 3-d] pyri m di ne- 4-carbal d
ehyde or a pharnmaceu |cally accept able saft thereof. 25 This is the

repl acenent sheet . Date: : A conpound according to claim1 which is
2- hydroxyrrethyl 4- et hyl - 8- [2[err] (IH

tetrazol - g/l ) bi phenyl 4-yl met hyl ) -5, 8-di hydr o- 6H- pyrido[ 2, 3-d] pyri m di n-7-
one or a 5 3 pha rﬁ@@mwn@mqoydlagcmﬁtaam.@ﬁemmum eof . 6. A conpound
according to claim1 which is 4-hydroxynethyl-2-nethyl-8-[2"-(IH

tetrazol - 5-yl) bi phenyl - 4-yl nethy - 5, 8- di hydr o- 6H pyrgo[ 2, 3-d] pyri m di n-7-
one or a pharmaceutically aRE t #bl eéﬁl)t t her eof .

n\ 1
Ar
¥ AR

N
3
RaRZI By

wherein
5 nisl;
R! and R? are, independently, H, methyl, hydroxymethyl, or formy!;
R3 and R? are, independently, H or hydroxy;
R32 and R42are H, or one of -CR3R32 and -CR4R%2is a carbony! group;
with the proviso that at least one of the groups R! and R2 must be hydroxymethyl or
10  formyl; or at least one of R3 and R# must be hydroxy, or or one of -CR3R32 and -CR4R42
must be a carbonyl group;

Arlis
. \%4')
72
wherein W is H;
15  Ar?is
wherein X is
N \N
—Oes
N’N

wherein R is H, CH3, tert-butyl, or triphenylmethyl; or
20  atautomer of said compound,

or a pharmaceutically acceptable salt of said compound or tautomer.

4. A compound according to claim 1 which is 2-methyl-7-0x0-8-[2'-(1 H-tetrazol-5-
yDbiphenyl-4-ylmethyl}-5.6,7,8- -tetrahydropyrido[2.3-d]pyrimidine-4-carbaldehvde or a
pharmaceutically acceptable salt thereof.

This is the replacement sheet
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10 7. . A conpound according to claim1 which is

24d|rretgmlﬁn 2[err]-(1H )

tetrazol m mm: ”ﬁ{! | met hyl ] - 8H pyﬁ do[ 2, 3-d] pyrim di n-7-one or a
phar ma- ceﬁtltalqyﬂacsep abl e salt theréof”. 15 8. A conpound accordi ng
to claim1l which is 2,4-dinethyl-5-hydroxy-8-[2[err]-(IH

tetrazol -5-yl) bi phenyl -4-yl met hyl ] - 6, 8-di hydr o- 5H pyrido[ 2, 3-d] pyri m di n-7-
one or a pharmaceutically acceptable salt thereof. 9. A conpound

according te cla
tetrazol - 5- SQI ) bi Jﬂ*hrgcgn W‘Z@gﬁ&@ Aﬁgégg Chgr gngﬂf%% Hb[%%e %‘Pﬁ)é:—[‘?‘nﬁgﬁ n-7-
one or a pht&trﬂmie'izyl) l@hﬂwleﬁzkmbﬁﬂé &diwdtdﬁ&lqumeI,BB -d]pyrimidindsend or at he
pr.eparatd o k{%}mﬁf ﬁ,u&g n claiml, in which (a) a conpound
havi ng :Shen?orrru a g\ﬂ er rfﬁ%lgsmﬁﬁfksoglt thereof in which Rlerr] and R err]
are independently H ({err]-Clerr] alkyl, hydroxy ((Jerr]-Cerr]
6. A compound according to claim 1 which is 4-hydroxymethyl-2-methyl-8-[2'-(1H-
tetrazol-5-yl)biphenyl-4-ylmethyl}-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one or a
pharmaceutically acceptable salt thereof.
10
7. A compound according to claim 1 which is 2,4-dimethyl-5-hydroxy-8-[2'-(1H-
tetrazol-5-yl)biphenyl-4-ylmethyl]- 8H-pyndo[2 3-d]pyrimidin-7-one or a pharma-
ceutically acceptable salt thereof.

15 8. A compound according to claim 1 which is 2,4-dimethyl-5-hydroxy-8-[2'-(1H-
tetrazol-5-yl)biphenyl-4-ylmethyl]-6,8-dihydro-5H-pyrido{2,3-d]pyrimidin-7-one or a
pharmaceutically acceptable salt thereof.

9. A compound according to claim 1 which is 2,4-dimethyl-6-hydroxy-8-[2'-(1H-
20  tetrazol-5-yl)biphenyl-4-ylmethyl]-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one or a
pharmaceutically acceptable salt thereof.

10. A process for the preparation of a compound as claimed in claim 1, in which
(a) a compound having the formula A

T 1
N-(CH,),-Ar -Z

28]
(V2]
x
=

(A)
or 2 salt thereof in which R1 and R2 are independently H, C1.Cg alkyl, hydroxy (C1-Cg
alkyl), formyl, carbonyl(C-Cg alkyl), carboxy or carboxy(C1-Cg alkyl); R3 and R% are
independently H, C1-Cg alky! or hydroxy; n and Ar! are as defined above and Z! is a
30 leaving group, is reacted with 2 compound having the formula Z2-Ar3 where Ar3 is the
same as Ar2 as defined above except that a carboxyl group or tetrazoly] group may be
protecteC bV 2 removable protecting group and Z* is 2 group that reacts with Z! to form

a direct bonc between Ar! and Ar3: or Lo
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al kyl ), f'éf'r_ril'l' """"E'éif"B'dﬁy"l"( d er r]-Cferr] alklyl), carboxy or
car boxy( C[ Rlerr] and R err] are independently H,
C[err] gmlculﬂlu oxy n and Ar[err] are as defined above and

[err] |s a* llea¥i ny group, is reacted with a conpound having the
forrrula Z[err] Ar[err] where Ar[err] is3#he sane as Ar[err] as defined
above except that a carboxyl group or tetrazolyl group may be protected by
a renovabl e protecting group and Z[err] is a group that reacts with Z[err]
to forma digpstokpsitdheringtie féniudaB] and Ar[err] or -34- (b) a conpound
having the fornula B [err] 5 where R err],Rerr],Rerr],Rerr] n, Aferr]
and Ar[err] are as defined under formyla A except that one of R err] and
Rlerr] is hydroxy, or a salt thereof {{s subjected to oxidation so as to

convert the hydroxynethyl ene gro nt e CHRerr]-or -CHR err] -
i nto carbonyl, or ﬁ'%&'*t) H’ W

®)
5  where RL,R2R3 R4 n, Arl and Ar3 are as defined under formula A except that one of

R3 znd R4 is hydroxy, or a salt thereof is subjected to oxidation so as to convert the
hydroxymethylene group represented by -CHR3-or -CHR?- into carbonyl; or
(c) 2 compound having the formula C

10 (o)
wherein R1R2,n,Ar] 2nd Ar3 are as defined under formula A; R32 and R42 are
independently H, C1-Cg alkyl or bydroxy; R3 and R4 are hydrogen except that one of
-CR3R32- and -CRAR#2- mzy be carbonyl; one of R8 2nd R® represents 2 meaning
given above for R! or R2 and the other one of R8 and RY is C1-C7 alkyl, or a tautomer
15  thersof or 2 salt of said compound or tautomer is subjectzd to oxidation so as to convert
the szid C1-C7 alkyl into carbonyl(C1-Cg alkyl) or into -CO2H; or
() a compound having the formula B as illustrated above where one of R3 and R4 is
hydrogen; the other one of R3 and R4 is a5 defined under formula A; and R1.R2, n, Arl
2nd Ar3 are 25 defined under formula A, or 2 salt thereof is subjected to oxidation o 2s
20 o replace the szid hydrogen by 2 hydroxy group; or
() 2 compound having the formula

13
‘—‘"\"(-'Jz)n -~ ""}\r
1% ::CO\I/\\ N
I
AR
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(c) a-conpound-having the fornula C[err] wherein Rlerr]Rlerr]n Arferr] and
Ar[err] nder formula A, R err] and R err] are independently
H, C[e ﬁ[ﬂﬂm Eﬂ! hydroxy; Rerr] and R err] are bydrogen except
t hat o r]-and- CR[err]R[é’r5r] may be carbonyl ;one of R err]
and R[err] represents a neani ng given above for R err] or R[err] and the

other one of R err] and Rerr] is (err]-CJerr] alkyl, or a tautoner 15
thereof or a salt of said conpound or tautoner is subjected to oxidation so

as to conver, r I o] car.b | ( err]

al kyl) or {’“}h?%ferr]’ r "’}‘F%‘l%\“‘é"&ﬁﬁ#@d‘“ﬁ%{&f’ 'Pﬁ\egff"o%h}ﬁa] Bﬁ[é

i | lustrat ed cybldsed bytreaasionmveiting d Iyl cirbamete &fder bdsesiar hydr ogen; the ot her one
of _R[err der formula A, and Rlerr],Rerr]

Rl err],n; Rﬁerr ﬁ@ﬁgﬁiﬁ?@gﬁé%&'@ggs defined under forrmula A, or 2 salt
thereof is subjected to oxidation so |

hydr ogen by a hydroxy group; or (?‘aa

rr] 20 to-replace the said
npound having the fornula E [err]

R N-CH,) -Ar A
3 2/n

R33 N

R J\ 1

in which R1,R2,n,Ar! and Ar3 are defined under formula A and R3,R32 R4 R4 are
10  defined under formula C provided that one of -CR3R32- and -CR4R4. is carbonyl, or a
tautomer thereof or a salt of the said compound or tautomer is reduced to convert the said
carbonyl into hydroxymethylene; or
(g) a compound having formula C as illustrated above wherein R3,R32 R4 R42 n, Arl
and Ar3 are as defined under formula C; one of R8 and R has 2 meaning given above
15 for Rl_ or R2 and the other one of R and R? is formyl or carbonyl(C1-Csalkyl) or a
tautomer thereof or a salt of the said compound or tautomer is subjected to reduction to
convert the formyl or carbonyl(C1-Csalkyl) into o-hydroxy(Cj-Cgalkyl); or
(h) a compound having the formula I as illustrated above or tautomer thereof or a salt of
 the said compound or salt in which R,R2R3 R32 R4 R42n Arl and Ar2 are as defined
20  under formula I above except that X is -CN, is reacted with an azide to form a tetrazole;
and, where appropriate, the process includes removal of a protecting group and, if
desired, a compound having formula I or a tautomer thereof is converted into a

pharmaceutically acceptable salt or a salt is converted into a compound having formula I
or a tautomer thereof.

11. A pharmaceutical composition comprising a compound as claimed in any one of
claims 1 to 9 in combination or association with a pharmaceutically acceptable carrier.

12. Use a compound as claimed in any one of claims 1 to 9 to prepare a medicament
30  for treating hypertension or congestive heart failure or for preventing restinosis.
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in.which R[err],Rerr],n Arferr], and Ar[err] are as defined under formla
A or a salt thereof S cycllsed by reaction with a dial kyl carbonate and a
base; or 5 (f) a corrpound haV| ng thggformula F [err] in which

Rerr],Rerr],n, Ard apd. A3 efined under_ fornula A and
Rierr].Rerr] R erPPRAgHE B J’ﬂ’é’méﬂwmmsc provi ded t hat

one of CR[err]R[err] and CR[err]R[e fr.'.'ts carbonyl, or a tautoner
thereof or a salt of the said conpoundAOT—Hutomer is reduced to convert
the said carbonyl into hydroxynethylene; or (g) a conpound having formula C
as illustrated aB8isdnvaneperelats w subsiueadiyrinppyrimidinoses 6f generat farmmila @nd Ar 3
are as defined under formula G OAe of R8 and R9 has meani ng gi ven above
5.for Rerr] or Rlerr] andR™Me @t her one of R8 and err] is fornyl or
carbonyl (Cerr]-Cerr]al kyl )R hereof or a salt of the said
conpound or tautoner is subjected t reduct convert the fornyl or

carbonyl (Cferr]-C[err]al kyl )g3 I\] hydroxy Cerr]-Cerr]alkyl); or

wherein
5 nisQto3; .

R! and R2 are, independently, H, Cy-Cgalkyl, hydroxy(C;-Cealkyl), formyl,
carbonyl(C-Cgalkyl), carboxy, or carboxy(C;-Cealkyl); '
R3 and R# are, independently, H, C;-Cgalkyl, or hydroxy;
R32 and R#2are H, or one of -CR3R32 and -CR4R42is a carbony! group;

10  with the proviso that at least one of the groups R! and R2 must be hydroxy(C;-Cgalkyl),
formyl, carbonyl(C;-Cgalkyl), carboxy, or carboxy(Ci-Cgalkyl); or one of R3 and R4
must be hydroxy; or one of -CR3R3a and -CR4R% must be a carbony! group; ;

Arlis
R = %
15 wherein W is H, C1-Cgalkyl, halogen, hydroxy, or C;-Cgalkoxy;
Arlis :
—_X == _X =X . == X
Pl ~ N P
, , , N
wherein X is

Nl
CO.H, CN, or ——<O£-“R5 .
N"N

20 wherein R3 is H, CHs, tert-butyl, tri-n-butylstannyl, or triphenylmethyl; or
a tautomner of said compound,
or a pharmaceutically acceptable salt of said compound or tautomer.
The compounds of Formula I are useful for treating hypertension and congestive heart
failure. Also disclosed are pharmaceutical compositions containing compounds of

Formula I and a pharmaceutically acceptable carrier and methods for production of the
compounds of Formula .

S
th
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- qrederSa grer
(h) a ‘conmpound having the fornula | as illustrated. above or tautoner_m
thereof or a salt of the said conpound or salt A whi ¢h: :
Rlerr],Rerr],Rerr],Rerr],Rerr],Rerr],n; Ar[err] -and. ArZWére ‘as. deflned
-20 under fornula | above except that X iS'fCN is-reacted w.th an. azi de
to forma tetrazole;, and, where appropriate; the precess;.i neludes reanaI
.of a protecting group and I f desired, a conpound -havi ng... ornula I a
tautomer thereof is converted into a pharnaceutlcally acceptable’ salt ‘or ‘a
salt is converted into a conpound having fornmula |.or.a. tautogggthereof

25 11. A pharmaceuti cal conp05|t|oq conpri.sing a: conpound as: clalned in
any one of clainms 1 to 9 in conbinati'on or association with a

ne of ol ai me>REsaTEORER PRRIPO A MIEANGS 8 Syt PERIENRIVEST, per t ens: o

or congestive heart failgiererdilNp @w&\ﬂg\ﬁa;l nosi s.

This invention relates to substituted pyridopyrimidines which are useful for the
treatment of hypertension and congestive heart failure,

These compounds achieve their hemodynamic effects by antagonizing the

5  effects of angiotensin II; the active component of the renin angiotensin system.

Angiotensinogen is converted to angiotensin I by the action of the enzyme renin.

Angiotensin II (A II) is formed by angiotensin converting enzyme (ACE)-acting on

angiotensin 1. A II is a powerful vasoconstrictor and is implicated as the cause of high

blood pressure in a number of species including man. A II elicits these vasopressor

10 reSponses by acting at specific receptor sites. The compounds described in this

invention compete with A II for these receptor sites, thus antagomzmg the vasopressor
effects of AIL

R. S. Boger, in U. S. patent 5,104,877, and K. Atwal, in EP 481448 A,
describe methylbiphenyl substituted 4-aminopyrimidines. C. Hoornaert, et al. disclose
15 methylbiphenyl 4-pyrimidinone derivatives in EP 500409 A. A. M. Venkatesan, et al.
disclose methylbiphenyl substituted quinazolinones in EP 497150 A. A. H. Ratcliffe,
et al. disclose methylbiphenyl substituted naphthyridines in EP 516392 A2. E. Allen,
et al. describe substituted pyridopyrimidinones in EP 481614 A. J. W. Ellingboe, et
al. describe methylbipheny! substituted pyridopyrimidines.in U.S. patent 5,149,699.
20  All of the above are claimed as A II antagonists.

The compounds of this invention differ from the above mentioned prior art,
except for the last reference, in that they contain a pyrimidine ring fused to a pyridinone
ring, with a methylbiphenyl group attached to the pyridinone ring. The compounds
described by E. Allen, et al. in EP 481614 A contain a pyrimidinone ring fused to a

25  pyridine ring, and the methylbipheny! group is attached to the pyrimidinone ring. The
compounds of the present invention differ from those described by J. W. Ellingboe, et
al. in U. S. patent 5,149,699 in that they contain at least one hydroxy, hydroxyalkyl,
aldehyde, ketone, or carboxy group on the pyridopyrimidinone ring system.
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The invention also provides a process for the preparation of a compound having
the formula I as illustrated and defined above or a pharmaceutically acceptable salt
thereof or a tautomer of the said compound or salt. In the process the symbols will
have the following meanings in formulae identified by the letters (A) to (F) except

5  where otherwise stated. R1 and R2 are independently H, C1 - Cg alkyl, hydroxy (C1-
Csg alkyl), formyl, carbonyl(Ci-Cg alkyl), carboxy or carboxy(C1-Cg alkyl), R3 and
R4 are independently H, C]-Cg alkyl or hydroxy; R34 and R42 are hydrogen; one of
-CR3R32. and -CR4R42- may be carbonyl; n and Arl are as defined above and Ar3 is
the same as Ar2 except that a carboxyl group or tetrazoyl group may be protscted by a

10  removable protecting group.

In the process of the invention

(a) acompound having the formula A

11
N-(CH,),-Ar Z

(A)

15  or a salt thereof, is reacted with a compound having the formula Z2-Ar3 where Z1 is a
Jeaving group and Z2 is a group that reacts with Z! to form a direct bond between Ar!
and Ar3; or

(b) a compound having the formula B

. 1 3
N-(CHy),-Ar -Ar

20 (B)
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The compounds of this invention may also form salts with inorganic or organic
bases. Any pharmaceutically acceptible salts of these compounds are within the scope
of this invention. These salts may be, but are not limited to, ammonium salts, alkali
metal salts such as sodium and potassium, alkaline earth metal salts such as calcium,
dicyclohexylamine salts, TRIS salts, and salts of amino acids. These compounds may
also be converted to N-oxides by treatment with hydrogen peroxide by conventional
means. The compounds of the present invention in which R5 is tert-butyl, tri-n-
butylstannyl, or triphenylmethyl are intended as intermediates for the preparation of
other compounds of Formula 1. .

The present invention also provides a pharmaceutical composition which
comprises a compound of this invention and a pharmaceutically acceptable carrier. In
particular, the present invention provides an anti-hypertensive pharmaceutical
composition which comprises an antihypertensive effective amount of a compound of
this invention and a pharmaceutically acceptable carrier.

The compositions are preferably adapted for oral administration. However, they
may be adapted for other modes of administration, for example parenteral
administration for patients suffering from heart failure.

In order to obtain consistency of administration, it is preferred that a
composition of the invention is in the form of a unit dose. Suitable unit dose forms
include tablets, capsules and powders in sachets or vials. Such unit dose forms may
contain from 0.1 to 100 mg of a compound of the invention and preferably from 1 to 50
mg. The compounds of the present invention can be administered orally at a dose range
of about 0.01 to 100 mg/kg or preferably at a dose range of 0.1 to 10 mg/kg. Such
compositions may be administered from 1 to 6 times a day, more usually from 1 to 4
times a day. The compounds may also be administered in a parenteral dosing form.

The compositions of the invention may be formulated with conventional
excipients, such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring
agent and the like. They are formulated in conventional manner, for example, in a
manner similar to that used for known antihypertensive agents, diuretics, §-blocking
agents or ACE inhibitors.

The present invention further provides a compound of the invention for use as
an active therapeutic substance. Compounds described in this invention are of particular
use in the treatment of hypertension. They can also be used for the treatment of
congestive heart-failure or for the prevention of restenosis. |

The present invention further provides a compound for a method of treating
hypertension in mammals including mah, which comprises administering to the
afflicted mammal an
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