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(57) L’invention concerne un procédé permettant de
préparer un composé de la formule (I), ot un sel de celui-
ci, formule dans laquelle: X représente un groupe
protecteur; Rl’ R2, R3 et R 4 représentent

indépendamment hydrogene, alkyle Cl-C6 ou
perfluoroalkyle Cl-C6; R5 représente hydrogene ou,
lorsque n vaut 1, R5 comprend avec R3 une liaison

double; m vaut 1,2 ou 3;nvaut Oou 1; et pvaut 0, 1 ou
2. Ledit procédé consiste a faire réagir un composé de la
formule (IT), ou un sel de celui-ci, formule dans laquelle
les groupes R1 a RS’ m, n et p correspondent a la

définition donnée ci-dessus et R6 est un groupe chloro,

bromo ou iodo, avec un composé de la formule (III), ou
un sel de celui-ci, formule dans laquelle X représente un
groupe protecteur et R7 représente une fraction zinc ou

étain (telle que ZnCl, ZnBr ou Sn(alkyle Cl-C6)3), en

présence d’un catalyseur au palladium ou au nickel.
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(57) A process is described for preparing a compound of
formula (I), or a salt thereof; wherein X is a protecting
group; and Rl’ R2, R3 and R 4 are each independently

hydrogen, C1_6alky1 or C1_6perﬂuoroalkyl; R5 is
hydrogen or, when n is 1, R5 taken together with R3

comprises a double bond; mis 1,2 or3;nis Oor 1; and
pis 0, 1 or 2; by reacting a compound of formula (II) or
a salt thereof, wherein R1 to RS’ m, n and p are each as

defined above and R6 1s chloro, bromo, or 10odo; with a

compound of formula (IIT) or a salt thereof; wherein X is
a protecting group and R7 is a zinc or tin moiety (such as

ZnCl, ZnBr or Sn(C1_6alkyl)3); in the presence of a

palladium or nickel catalyst.
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(57) Abstract

A process is described for preparing a compound of formula (I),
or a salt thereof; wherein X is a protecting group; and R1, Rz, R3 and
R4 are each independently hydrogen, Ci.salkyl or Cj.gperfluoroalkyl;
Rs is hydrogen or, when n is 1, Rs taken together with R3 comprises
a double bond; mis 1, 2or3; nis Oor 1; and pis 0, 1 or 2; by
reacting a compound of formula (II) or a salt thereof; wherein R to
Rs5, m, n and p are each as defined above and Re is chloro, bromo, or
iodo; with a compound of formula (II) or a salt thereof; wherein X is
a protecting group and Ry is a zinc or tin moiety (such as ZnCl, ZnBr
or Sn(Ci.salkyl)s); in the presence of a palladium or nickel catalyst.
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WO 96/40684 PCT/US96/09117

PROCESS FOR PREPARATION OF BIPHENYL DERIVATIVES

This invention concerns an improved process for production of inter alia the
intermediate 8-[2'-(2(1)-tert-butyl-2H-tetrazol-5-yl)-biphenyl-4-yl-methyl}-2,4-dimeth-
y1-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one, which is the precursor to the product
drug substance 5,8-dihydro-2,4-dimethyl-8-[(2'-(1H-tetrazol-5-yl)[1,1'-biphenyl]-4-
yllmethyllpyridof2,3-d]pyrimidin-7(6H)-one. Said product drug substance is an
angiotensin II antagonist, particularly useful as an antihypertensive agent, which is
disclosed in U.S. Patent No. 5,149,699 (American Home Products Corporation).

The following abbreviations are used herein:

Abbreviation Full name

acac acetonylacetone

dba dibenzylidene acetone

DIBAL disobutyl aluminium hydride
DME dimethoxyethane

DPPB bis (1,4-diphenylphosphino)butane
dppe diphenylphosphinoethane

DPPP 1,3-(diphenylphosphino)propane
OAc acetoxy '

OiPr isopropoxy

trityl triphenylmethyl

-Background of the Invention

E. Negishi, A.O. King and N. Okukado, J. Org. Chem. 42, 1821 (1977),
disclosed that the cross-coupling of aryl- and benzylzinc derivatives with aryl bromides
or iodides in the presence of catalytic amounts of a Ni or Pd catalyst provided a general
and highly chemo- and regioselective synthetic route to unsymetrical biaryls and
diarylmethanes, with the amounts of the homocoupled biaryls being less than five
percent. J.W. Tilley, JJW. Clader, S. Zawoiski, M. Wirkus, R.A. LeMahieu, M.
ODonnell, H. Crowley & A.F. Welton; J. Med. Chem. 32, 1814 (1989), show an
example of a Negishi cross-coupling in Scheme II on page 1816 and in the
Experimental Section in column 2, page 1818, second example in which 2-bromo-
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3',4'-dimethoxy-1,1'-biphenyl-4-carboxylic acid methyl ester is prepared. In this
example the 3,4-dimethoxyphenylzinc reactant is made by reacting butyllithium with
3.4-dimethoxybrombenzene, followed by transmetallation with zinc chloride. The
cross-coupling catalyst is bis(triphenylphoshine)palladium dichloride. A.S. Bell, D.A.
Roberts & K.S. Ruddock; Synthesis 843 (1987), report the direct synthesis of 6-
pyridinyl-2(1H)-quinolinones by palladium-catalyzed cross-coupling of pyridinylzinc
chlorides with haloquinolinones. The pyridinylzinc chloride reagents are obtained by
transmetallation of pyridinyllithium or pyridinylmagnesium halides with zinc chloride.

The references above describe the preparation of arylzinc derivative and their
palladium catalyzed cross-coupling with aryl halides to afford biphenyl compounds.
However, none of these references described the use of aryltetrazoles in the cross-
coupling reaction or the preparation of a biphenyl tetrazoles.

U.S. Patent No. 5,039,814 (Merck & Co.) describes the production of ortho-
lithiated aryltetrazoles of structure

R
o2
N=—N
1/ \
N\¢N R; =H, t-butyl, phenoxy
R, =H or trityl
R,
A

Such ortho-lithiated tetrazole is either treated with an electrophile or with a metal halide
M(L)n to give a transmetallated compound (M=Zn, Mg, Cu, B, Al or Cd). The latter is
then treated with aryl halides in presence of catalyst (palladium or nickel) to yield
biphenyl compounds of structure
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N R R, = H or trityl
N > Ry =alkyl, CH,OH

In contrast, the process disclosed herein utilizes a Grignard reaction with, for
example, a 1-(t-butyl)-3-(2-bromophenyl)tetrazole to produce the t-butylphenyl-
tetrazole-2-magnesium bromide Grignard reagent rather than such ortho-lithiated
reactant A which is then transmetallized with zinc chloride. The process disclosed
herein therefore avoids the use of pyrophoric butyllithium.

Steps 3, 4 and 5 of Example 3 of the said U.S. patent 5,149,699 (American
Home Product Corporation) discloses the preparation of the subject intermediate, {also
known as 2,4-Dimethyl-5,6,8-trihydro-8-[[2"-(1-tert-butyl-1H-tetrazol-5-yD)[1,1-
biphenyl]-4-yllmethyl]-7H-pyrido[2,3-d]pyrimidin-7-one,} by the following reaction
sequence:

N- N/tB NN NN
7 W 1) B(OiPr)3 S Pd(PPhj)4
NvN Mg NN NN
> 2) HC1 >
Br f MgBr é/ B(OH),
1 2
/tBu
-N
N _N
3
4

As seen from the above schematic, the 2-t-butyl-5-bromophenyl-2H-tetrazole, referred
to hereinafter as "t-butylbromotetrazole", (1) is reacted with magnesinum to produce the
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corresponding Grignard reagent which is then further reacted to produce the boronic
acid (2). The overall yield for these step is 48%. The palladium catalyzed cross-
coupling of the boronic acid (2) and the 8-[(4-bromophenyl)-methyl]5,8-dihydro-2,4-
dimethyl-pyrido[2,3-d]pyrimidin-7(6H)-one, referred to hereinafter as "bromobenzyl
lactam”, (3) afford the subject intermediate in 66% yield. The process disclosed herein
surprisingly provides better yields and avoids the isolation of the boronic acid ).

Example 5 of the European patent EP 0550313A1 (Synthelabo) describes the
preparation of the biphenyl product (5) by the following sequence.

R, R
R R R
Pd(PPh3); or Ni(PPhs), O N
M ZnCl o N="*
—g> ——L - \§ 'Ns Rl
J
Br MgBr ZnCl R
1
N-N7
4 NN 5
R =H or OMe I

R, = t-butyl, trityl

The aryl bromide (4) is converted to an organozinc which is used in the cross-coupling
reaction to afford the biphenyl product (5) in yield ranging from 60 to 80%. In the
process disclosed herein, the Grignard reagent is prepared from the aryltetrazole. This
is an advantage since the arylhalide which does not contain the tetrazole ring can be
fully functionalized.

Scheme IX of EP 0497150 Al (American Cyanamid Company), shown
below, shows a palladium or nickel catalyzed coupling of a 5-(2-M-phenyl)-1-
(triphenylmethyl)-1H-tetrazole  (108) with a 3—[4-(R40-pheny1)mcthy1]—
quinazolinone (109); where M is selected from -MgBr, -Sn(loweralkyl of 1-4
carbon atoms or phenyl), Li or -Zn complex, and R40 is selected from I, Br, or
OSO2CF3. The only specific illustration of this reaction is in Example 90 where
M is -MgBr and R40 is bromo, that is, the tetrazole reactant is 5- (2-bromophenyl)-
1-(riphenylmethyl)-1H-tetrazole, and the quinazolinone reactant is 3-[4-
bromophenyl)methyl]-2-buty1—6-(1-methoxy-l-methylethyl)-4(3H)-
quinazolinone].
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Scheme IX (EP 0497 150 A1)
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NYX
K,CO
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Detailed Description of the Invention

According to the present invention there is provided a process for preparing a
compound of the formula I:

Ry @O

7

Ne——nN

R4 ﬁ’_.l,k // \
N—(CHD)m NN

Rs—— (CH)n

or a salt thereof;
wherein X is a protecting group and R1, R2, R3 and R4 are each independently

10 hydrogen, C1-6 alkyl or C1.g perfluoroalkyl, Rs is hydrogen or, when n is 1, R5
taken together with R3 comprises a double bond; mis 1,2 or3; nis O or 1, and pisO,
lor2;

by reacting a compound of the formula II:
15

(I

or a salt thereof;
wherein R to R5, m, n and p are each as defined above and Rg is chloro, bromo, iodo

20  or trifluoromethanesulfonyloxy;

with a compound of the formula II:
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wherein X is a protecting group and R7 is a zinc or tin moiety (such as ZnCl, ZnBr or
Sn(C1-6 alkyl)3);

in the presence of a palladium or nickel catalyst.

The term 'protecting group' as used herein denotes a group which remains in position
whilst a reaction (such as Grignard formation, transmetallization and/or coupling) is
carried out, but can be readily removed thereafter, for example by acid or base
hydrolysis. Common examples of protecting groups include tert-butyl, C1-4 alkoxy-
methyl, methylthiomethyl, phenyl C1-4 alkoxymethyl, p-methoxybenzyl, 2,4,6-tri-
methylbenzyl, benzyloxymethyl, 2-(trimethylsilyl)ethyl, tetrahydropyranyl and
piperanyl. Further examples of protecting groups are given in the publication
"Protecting Groups in Organic Synthesis" (Second Edition) by Greene & Wutz,
published by John Wiley & Sons, Inc., 1991 (ISBN 0-471-62301-6) which is
incorporated herein by reference.

Preferably X is a C1-6 alkyl group or a phenyl or benzyl group, in each case optionally
substituted by by one or more substituents selected from Cj1.6 alkyl (eg methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, pentyl and hexyl), C1-6 alkoxy (eg methoxy,
ethoxy, propoxy, butoxy), nitro, amino, (C1-¢)alkylamino, di(Cj-g)alkylamino,
thio(Cj-g)alkyl or phenyl substituents; or a benzyloxymethyl group optionally
substituted on the phenyl ring by one or more substituents selected from C1-¢ alkyl (eg
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl and hexyl), or C1-¢ alkoxy (eg
methoxy, ethoxy, propoxy, butoxy). Preferably X is a C1-¢ alkyl group optionally
substituted by by one or more substituents selected from Cj1.¢6 alkoxy (eg methoxy,
éthoxy, propoxy, butoxy), nitro, amino, (C1-6)alkylamino, di(C1-g)alkylamino or
thio(C1-g)alkyl. Preferably X is a branched chain alkyl group such as tert-butyl.

Preferably in the process mis 1, n is 0, p is 1, R1 and R2 are each methyl and R3 and
R4 are each hydrogen.
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Preferably Rg is MgBr.
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Preferably Rg is bromo.
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Preferably the palladium or nickel catalyst is generated from a palladium or nickel salt, a
reducing agent and a ligand or from a palladium or nickel salt and a species having dual
reducing agent/ligand functions or from a palladium or nickel complex and a ligand.

Preferably the catalyst is generated from Pd(OAc); or PdCly(PPh3), NiCla(dppe),
NiClp(PPh3);, Ni(acac); or Pdy(dba)3 and one or more reducing agents/ligands selected
from the group consisting of PPh3, P(o-tolyl)3, P(t-butyl)3, P(2-furyl)3, P(OiPr)3,
Cul, CuBr, AsPh3, N2H4 and diisobutylaluminum hydride (DIBAL), 1,3-
(diphenylphosphino)propane (DPPP) or bis (1,4-diphenylphosphino)butane (DPPB).

Suitably the catalyst is generated in_situ in the reaction vessel in which the reaction of
the compounds of formulae II and I is carried out.

Preferably the reaction of the compounds of formulae II and I is carried out in the
presence of a solvent species which is substantially immiscible with water, suitably a

hydrocarbon solvent, and preferably an aromatic hydrocarbon solvent such as toluene
or xylene.

Preferably the reaction of the compounds of formulae II and III is carried out in the
presence of a mixture of solvent species which includes a solvent species which is
substantially immiscible with water and a solvent species in the form of an ether.
Preferably the ratio of the solvent species which is substantially immiscible with water
to the solvent species in the form of an ether is from 5:1 to 1:5. Preferably the solvent
species in the form of an ether is tetrahydrofuran (THF).

Preferably the compound of formula III is prepared by transmetallizing a compound of
formula IV
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or a salt thereof;

wherein X is a protecting group and Rg is MgBr or MgI;

with a transmetallizing agent selected from zinc chloride, zinc bromide, tri(C1-¢
alkyl)tin chloride or tri(Cj-¢ alkyltin bromide. Preferably zinc chloride is used as the
transmetallizing agent.

Preferably the reaction of the compound of formula IV with the transmetallizing agent is
carried out in the presence of a solvent species which is substantially immiscible with
water such as a hydrocarbon solvent, preferably an aromatic hydrocarbon solvent such
as toluene or xylene.Typically the solvent which is substantially immiscible with water
will have a low polarity, and may be substantially non-polar.

Preferably the reaction of the compound IV with the transmetallizing agent is carried out
in the presence of a mixture of solvent species which includes a solvent species which
is substantially immiscible with water and a solvent species in the form of an ether,
such as tetrahydrofuran (THF). Preferably the volume ratio of the solvent species
which is substantially immiscible with water to the solvent species in the form of an
ether is from 5:1 to 1:5, preferably from 5:1 to 1:1.

Preferably the reaction of the compound of formulae IV and in_situ generation of the
palladium or nickel catalyst are carried out substantially in the same reaction vessel.
Preferably the reactions of the compounds of formulae II, III and IV and in siw

generation of the palladium or nickel catalyst are carried out substantially in the same
reaction vessel.

Preferably the compound of formula IV is prepared by reacting a compound of formula
V:
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X
Ne—. N/
7\
N N
< 1))

Rg

/ I

\

or a salt thereof;

wherein X is a protecting group and Rg is Bror I;

5  with magnesium.

Preferably the reaction of the compound of formula V with magnesium is carried out in
the presence of a solvent in the form of an ether such as THF, dimethoxyethane (DME),
diethylether or 1,4-dioxan, of which THF is preferred.

10 :
Suitably at least a portion of the ether solvent present during the reaction of the
compound of formula V with magnesium is retained during the reaction of the
compound of formula IV with the transmetallizing agent and suitably at least a portion
of the ether solvent present during the reaction of the compound of formula V with

15  magnesium is retained during the reaction of the compounds of formula II and III.

Suitably the process comprises the further step of deprotecting the compound of
formula I to provide a compound of formula VI:

Ry @ N N/
R4§__JL 7\
N— CHy MNzN

Rs— (CH)n

(CH2)p "Xy N

| L
Ry R;

20

(VD)

or a salt thereof;
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wherein R1, R2, R3 and R4 are each independently hydrogen, Ci1-6 alkyl or C1-6
perfluoroalkyl, R5 is hydrogen or, when n is 1, R5 taken together with R3 comprises a
double bond; mis 1,2 or3;nisOor 1,and pis 0, 1 or 2.

In a preferred form the invention provides a process for producing 8-[2'-(2(1)-tert-
butyl-ZH-tetrazol-S-yl)—biphcnyl-4—yl-mcthy1]-2,4-dimethy1—5,8—dihydro—6H—
pyrido[2,3-d]pyrimidin-7-one (or such a compound wherein a benzyl or p-
methoxybenzyl group is present in place of the tert-butyl group) or a salt thereof, said
process characterized in

(A) reacting 2-tert-butyl-5-(2-bromo- or iodophenyl)-2H-tetrazole with
magnesium to yield the bromo or iodo[2-[2-(tert-butyl)-2H-tetrazol-5-yl]phenyl]-
magnesium Grignard reagent,

(B) transmetallizing said Grignard reagent with zinc chloride, zinc bromide or
tributyltin chloride; and

(C) reacting the transmetallized product with 8-[(4-bromo-, iodo- or
triﬂuoromethanesulfonyloxyphenyl)-methyl]5,8-dihydro—2,4-dimethy1—pyrido[2,3—d]-
pyrimidin-7(6H)-one in the presence of a palladium or nickel catalyst to yield the
product;

(wherein throughout the process a benzyl or p-methoxybenzyl group may be present in
place of the tert-butyl group).

Preferably 2-tert-butyl-5-(2-bromophenyl)-2H-tetrazole is used in step A.

Preferably zinc chloride is the transmetallizing agent in step C.

Preferably 8-[(4-bromopheny1)—methy1]-5,8-dihydro—2,4-dimeihyl-pyrido[2,3-d]-
pyrimidin-7(6H)-one is reacted with chloro or bromo[2-[2-(tert-butyl)-2H-tetrazol-5-
yllphenyl]zinc in step C. Preferably the Grignard reagent is prepared by reacting 2-tert-
butyl-5-(2-bromophenyl)-2H-tetrazole with magnesium.

Preferably a palladium catalyst is used in step C.
Preferably the palladium catalyst is generated from PdClp, Pd(OAc)2, Pd2(dba)3, or

PdCl(PPh3); and an additive selected from the group consisting of PPh3, P(o-tolyl)3,
P(2-furyl)3, P(t-butyl)3, P(OiPr)3, Cul, CuBr, AsPhj3, DPPP, DPPB and DIBAL.
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Preferably a palladium catalyst is generated in the reaction vessel containing the chloro
or bromo[2-[2-(tert-butyl)-2H-tetrazol-5-yl]Jphenyl]jzinc.

Preferably the reactions of steps B and C and the generation of the palladium or nickel
catalyst are carried out in the same reaction vessel.

In a further preferred embodiment the invention provides a method for producing 8-[2'-
(2(1)-tert-butyl-2H-tetrazol-5-yl)-biphenyl-4-yl-methyl]-2 ,4-dimethyl-5,8-dihydro-6H-
pyrido[2,3-d]pyrimidin-7-one (or such a compound wherein a benzyl or p-
methoxybenzyl group is present in place of the tert-butyl group) or a salt thereof, said
process characterized in:

3) transmetallizing bromo|2-[2-(tert-butyl)-2H-tetrazol-5-yljphenyl]-
magnesium Grignard reagent with zinc chloride; and

(C) reacting the transmetallized product with 8-[(4-bromophenyl)-methyl]-5,8-
dihydro-2,4-dimethyl-pyrido[2,3-d]pyrimidin-7(6H)-one in the presence of a palladium
catalyst to yield the product;
(wherein throughout the process a benzyl or p-methoxybenzyl group may be present in
place of the tert-butyl group).

Preferably the process comprises the further step of deprotecting the product to provide
8-[2'-(1H-tetrazol-5-y1)-biphenyl-4-yl-methyl]}-2,4-dimethyl-5,8-dihydro-6H-
pyrido[2,3-d]pyrimidin-7-one or a salt thereof.

In a further aspect the invention provides compound of the formula VII:

R
N‘N/ 10
7\
N

N
7~ (VI

Ry

or a salt thereof
wherein R10 is a C1-g alkyl group and R} is a zinc moiety such as ZnCl or ZnBr.

Preferably R1( is a branched chain alkyl group such as tert-butyl.
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A preferred process of the invention for production of the intermediate 8-
[2'(2(1)-tert-butyl—2H~telIazol-5—yl)—bipheny1-4—y1-methy1]-2,4—dimethy1-5,8-dihydro—
6H-pyrido[2,3-d]pyrimidin-7-one is shown in the following schematic diagram.

5
/tBu /tBu /[B'u
II_:{I—-N'N . N-N Z0Cly NN_NN Pd or Ni Catalyst
o By NN > N\ >

Br MgBr zx (o
UG &

2
X=Clor Br,,, 7 \N/IK

T

3
tBu
/
0 N-N

1) deprotecuon
C O

i 2) crystalhzatlon
. N

4

The t-butylbromotetrazole (1) reacts with magnesium to produce the corresponding
Grignard reagent (1a) which is treated with zinc chloride to afford the organozinc (2).
The latter is not isolated and is treated with the bromobenzyl lactam (3) in presence of
10  catalytic amount of palladium or nickel catalyst to produce the desired intermediate (4).
Deprotection by known means (for example by acid catalysed hydrolysis, eg using 2N
HCI) and further crystallization, as necessary, yields the desired drug substance product
(5).Suitable means of deprotection are described in U.S. Patent No. 5.149,699 to
Ellingboe et al. (see eg Example 3, step 6; which is herein incorporated by reference)
15 and in J.W. Ellingboe et al., J. Med. Chem. 1994, 37, 542-550. For example, the
protected compound may be mixed with an approximately ten molar excess of
methanesulphonic acid in toluene and heated under reflux for about 18 hours. The
mixture may then be concentrated and water and 1N KOH may be added to give a
solution of pH 8. The resulting mixture may be extracted with ethyl acetate to remove
20  unreacted starting material, and the aqueous phase may be acidified with 1N HCl to pH
5. The product may then be extracted into ethyl acetate and dried over MgSO4 and

concentrated and, if necessary triturated (eg with acetone/ether) to give the deprotected
product as a solid.



CA 02223783 1997-12-05

WO 96/40684 PCT/US96/09117

10

15

20

25

30

35

-14-

Particularly preferred is a process for producing 8-[2'-(2(1)-tert-butyl-2H-
tetrazol-5-yl)-biphenyl-4-yl-methyl]-2,4-dimethyl-5,8-dihydro-6H-pyrido[2,3-d]-
pyrimidin-7-one or a salt thereof, said process characterized in

(A) reacting 2-tert-butyl-5-(2-bromophenyl)-2H-tetrazole with magnesium to
yield the bromo[2-[2-(tert-butyl)-2H-tetrazol-5-yl]phenyl Jmagnesium Grignard reagent,

B) transmetallizing said Grignard reagent with zinc chloride to produce
bromo[2-[2-(tert-butyl)-2H-tetrazol-5-yl}phenyl]jzinc, and

(&) reacting said chloro[2-[2-(tert-butyl)-2H-tetrazol-5-yl]phenyl]zinc with
8-[(4-bromophenyl)-methyl]5,8-dihydro-2,4-dimethyl-pyrido[2,3-d]pyrimidin-7(6H-
one in the presence of a palladium catalyst to yield the product 8-[2'(2(1)-tert-butyl-2H-
tetrazol-5-yl)-biphenyl-4-yl-methyl]-2,4-dimethyl-5,8-dihydro-6H-pyrido[2,3-d}-
pyrimidin-7-one or a salt thereof.

In the above reactions, the t-butylbromotetrazole (1) [or other compound of
formula III] is preferably prepared and used in a molar excess of the bromobenzyl
lactam (3) [or other compound of formula I of 1- 2 to 1, preferably 1.1-1.4 to 1, and
most preferably 1.2-1.3 to 1. The transmetallization agent is preferably used in a 1-3
to 1 molar ratio, preferably in a 1.5-3 to 1 molar ratio, most preferably in a 2-2.5 to 1
molar ratio to the amount of t-butylbromotetrazole (1) [or other compound of formula
III]. The palladium or nickel catalyst is preferably used in a 0.005-0.05 to 1 molar
ratio, preferably in a 0.01-0.03 to 1 molar ratio, and most preferably in a 0.015-0.030
to 1 molar ratio to the bromobenzyl lactam (3) [or other compound of formula II].

The solvent used in Step A (or more generally in reaction of compounds of
formula V) is an ether, such as tetrahydrofuran (THF), dimethoxyethane (DME),
diethyl ether, or dioxane, which may be used in Steps B and C (or more generally in
reaction of compounds of formula II, IIT and IV). The preferred solvent in Step A (or
more generally in reaction of compounds of formula V) is THF. Preferably an
additional solvent (in addition to a main solvent) is added in step B (or more generally
in reaction of compounds of formula 1V), which additional solvent is preferably a a
water immiscible solvent. The additional solvent is preferably present in a volume ratio
of 0.1-5 to 1, preferably 0.3-4 to 1, most preferably 1-2 to 1, relative to the main
solvent. Preferably, the additional solvent is miscible with the main solvent but
immiscible with water. The additional solvent is preferably hydrocarbon and more
preferably an aromatic hydrocarbon solvent is preferred. A substituted phenyl or
benzyl solvent, such as, toluene or xylene, is particularly preferred.
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Preferably in the transmetallization step B (or more generally in reaction of
compounds of formula IV) the temperature is kept low in order to prevent reaction
between the solvent and the transmetallizing agent, but sufficiently high to ensure that
the reagents remain in solution. A suitable temperature range is 30 to 50°C, preferably
30 to 40°C The preferred temperatures for the cross-coupling step C are 50-70°C, and
more pieferably about 60-65°C.

Steps B and C (or more generally reaction of compounds of formula II, III and
IV) are preferably run in one reaction vessel without isolation of the transmetallization
product of Step B (or more generally the compound of formula IIT). Preferably, the
generation of the catalyst is also carried out in the same rection vessel used for steps B
and C (or more generally in reaction of compounds of formula II, IIT and IV).

Preferably in the palladium or nickel catalyst the palladium or nickel is in the
zero oxidation state. The palladium or nickel catalyst may either be added pre-formed
or may be generated in situ. Suitable pre-formed palladium and nickel catalysts for
step C include Pdpdbaz Ni(PPh3)4, and Pd(PPh3)4. Alternatively, the catalyst can be
generated in situ by mixing Pd(OAc)2, PdCl2, PdCi2(PPh3)a2, NiCla(dppe),
NiClo(PPh3)z, Ni(acac), or Pdpdbasz with one or more. ligand/reducing agents as
additives, such as, PPh3, P(o-tolyl)3, P(t-butyl)3, P(2-furyl)3, P(OiPr)3, Cul, CuBr,
AsPhs, DIBAL, dppp or dppb. A particularly preferred in situ catalyst is generated by
adding Pd(OAc)2 and PPh3. [acac = acetonylacetone; dba = dibenzylidene acetone;
DIBAL = diisobutylaluminum hydride; dppp = 1,3-(diphenylphosphino)propane; and
dppb = bis(1,4-diphenylphosphino)butane.]

The following examples further illustrate the practice of the invention:
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Example 1

Preparation of 8-[2'(2(1)- tert-butvl-ZH-tetrazol-S-vl)-bmhenvl-4-vl—mcthv1]

(i) Organozinc preparation = Chloro[2-[2-(tert-butyl)-2H-tetrazol-5-yl}phenyl]-
zinc

640 g of t-butylbromotetrazole (1) was dissolved in 1080 g tetrahydrofuran.
10% of this t-butylbromotetrazole solution was added to a stirred suspension of 75.6 g
magnesium (1.37 eq.) in 1080 g tetrahydrofuran at.40°C. 10.9 g 1,2-dibromoethane
was added and the reaction mixture was stirred for one hour at 40°C. The remainder of
the t-butylbromotetrazole solution was added to the magnesium suspension at a steady
rate over 5 hours while adding 10 portions of 10.9 g 1,2-dibromoethane every hour.
The reaction mixture was then stirred for 20 hours at 40°C. 424 g of zinc chloride
(1.37 eq.) in 2020 g tetrahydrofuran was the added to the resulting Grignard reagent
while maintaining the temperature 25-35°C. The resulting suspension was stirred at
30°C for one hour.

(ii) Catalyst preparation - 54.1 g of 25% DIBAL toluene solution was added to
a suspension of 30.6 g bis(triphenylphosphine)palladium (I) chloride in 620 g
tetrahydrofuran at 30°C. The resulting black solution was stirred for one hour at 30°C.

(iii) Cross-coupling - 8-[2'(2(1)-tert-butyl-2H-tetrazol-5-yl)-biphenyl-4-yl-
methyl]-2,4-dimethyl-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one

603.4 g bromobenzyl lactam (3) (0.77 eq. of (1)) was added to the organozinc
suspension, followed by addition of the catalyst solution. The resulting suspension
reaction mixture was heated for 20 hours at 64°C. Thereafter, the reaction mixture was
cooled to 0°C and 2.1 liter HCl and 1214 g toluene were added to it while maintaining
the temperature 0-10°C. The resulting mixture was stirred for 30 minutes and the layers
separated. The organic layer was washed with 350 ml 1IN HCl. The layers were
separated and 765 g concentrated ammonium hydroxide were added to this while
maintaining the temperature 0-10°C. The resulting layers layers were and 1821 g
toluene was added to the organic layer and then 2.1 1 2N HCL. The resulting mixture
was stirred for 30 minutes at 5°C. The resulting layers were separated and the organic
layer was washed with 3 x 0.7 L 2N HCl. All of the 2N HCI layers were combined
and stirred with 303 g toluene. The layers layers were separated and 2428 g toluene
were added to the aqueous layer, followed by 2.8 1 concentrated ammonium hydroxide
to the organic phase while maintaining the temperature 0-10°C. The layers were
separated and the aqueous layer washed with 607 g toluene. The two organic layers
were combined and washed with 2 x 350 ml water. The organic layer was dried over
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sodium sulfate and concentrated to an oil. 637 g of product, yield - 78% of crude
product.

Example 2

(i) Organozinc preparation = Chloro[2-[2-(tert-butyl)-2H-tetrazol-5-yl}phenyl]-
zinc

40 g of t-butylbromotetrazole (1) were dissolved in 35.6 g tetrahydrofuran.
10% of this solution was added to a stirred suspension of 4.8 g magnesium in 35.6 g
tetrahydrofuran at 50°C. 2.4 g 1,2-dibromoethane were added to this solution which
was them stirred 30 minutes at 50°C. The remainder of the butylbromotetrazole
solution was then added to the magnesium suspension at a steady rate over 4 hours at
50°C and then stirred for 2 hours at 50°C. Thereafter, 0.4 g 1,2-dibromoethane were
added and stirred at 50°C for another 5 hours. Half the resulting Grignard reagent was
transferred to a flask containing a solution of 10.2 g zinc chloride in 43 g
tetrahydrofuran and the entire solution stirred for 1.5 hours at 35°C.

(ii) Catalyst preparation

2.5 mL of 25% DIBAL toluene solution was added to a suspension of 0.476 g
triphenylphosphine and 1.27 g bis(triphenylphosphine)palladium (II) chloride in 21 g
tetrahydrofuran at 25°C. Stir 1.5 hours at 25°C.

(iii) Cross-coupling = 8-[2'(2(1)-tert-butyl-2H-tetrazol-5-yl)-biphenyl-4-yl-
methyl]-2,4-dimethyl-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one

20.9 g of bromobenzyl lactam (3) was added to the organozinc suspension and
then the catalyst. The resulting mixture was heated to 70°C for 2.5 hours and then
cooled to 0-5°C. 60 ml of 13% aqueous acetic acid and 28 g toluene were added. The
resulting mixture was stirred and the layers were separated. 34.7 g toluene and 10 ml
13% aqueous acetic acid were added to the organic layer and the mixture was stirred.
The layers were separated and the organic layer was washed with 10 ml 13% aqueous
acetic acid. The layers were separated again and 36 ml concentrated ammonium
hydroxide was added. The layers were stirred and separated again. 17 g toluene and 60
ml 2N HCl was added to the organic layer. The resulting mixture was stirred for 30
minutes at 10°C, the layers were then separated and the organic was washed with 2 x
20 ml 2N HCl. The 2N HCI layers were combined and washed with 9 g toluene. The

layers were separated and 69.4 g toluene was added to the aqueous and then 30 mL
NH4OH while maintaining the temperature at 0-10°C. The layers were separated and
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the aqueous layer was washed with 17 g toluene. The two organic layers were
combined and washed with 2 x 10 ml water and dried over sodium sulfate and
concentrated. 10 g isopropanol was added and the resulting mixture was heated to
50°C. 17.8 g heptane was added and the resulting mixture was cooled to 25°C and then
stirred 16 hours at 25°C and then 2 hours at 0°C. The resulting mixture was filtered
and the crystal was washed with 2 x 15 ml of a 2/1 heptane/isopropanol mixture to give
19.9¢g [based on (3)]yield = 70% of crystallized product.

Example 3

(1) Grignard reagent preparation = Bromo[2-[2-(tert-butyl)-2H-tetrazol-5-yl]-
phenyllmagnesium

600 g of t-butylbromotetrazole (1) were dissolved in 640 g tetrahydrofuran.
10% of this t-butylbromotetrazole solution was added to a stirred suspension of 72.6 g
magnesium in 320 g tetrz;hydrofuran at 50°C. Add 3.27 g of 1,2-dibromoethane was
added to this solution which was then stirred for 30 minutes at 50°C. The remainder of
the t-butylbromotetrazole solution was then added to this magnesium suspension at a
steady rate over 6 hours, followed by. stirring 2 hours at S0°C. A further 3.27 g of
1,2-dibromoethane was added to this solution, followed by stirring at 50°C for another
5 hours. Cool to 25°C.

(ii) Catalyst preparation - 38.61 g of triphenyl phosphine were dissolved in
291 g tetrahydrofuran. 11.01 g palladium acetate were added to this solution and the
resulting suspension was heated at 60°C for 3 hours and then cooled to 25°C.

(iii) Organozinc preparation (in_situ) and Cross-coupling - 8-[2'(2(1)-tert-
butyl-2H-tetrazol-5-yl)-biphenyl-4-yl-methyl]-2,4-dimethyl-5,8-dihydro-6H-pyrido-
[2,3-d]pyrimidin-7-one.

565.2 g of zinc chloride (2) and 567.3 of bromobenzyl lactam (3) were
dissolved in 1640 g of tetrahydrofuran. The catalyst was added and the resulting
mixture was heated to 60°C. The Grignard reagent was then added to the mixture over
a period of 8 hours while maintaining the temperature at 60°C. When the addition was
completed, the reaction mixture was maintained at 60°C for an additional 4 hours and
then cooled to 25°C. The cooled reaction mixture was poured into 1800 g of 10%
aqueous acetic acid and 520 g toluene. The layers were separated and 1040 g of toluene
and 300 g of water were added to the organic layer. The layers were separated and the
organic layer was sequentially washed with 300 g of water, 675 g ammonium
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hydroxide and 300 g of water. 520 g of toluene and 1800 ml, 2N aqueous
hydrochloride acid were then added to the organic layer, which was then stirred at 10°C
for 1 hour. The layers were separated and the organic layer extracted with 2 x 600 ml
of 2N aqueous hydrochloric acid. The 2N aqueous hydrochloric acid extracts were
combined and washed with 260 g of toluene. 2081 g of toluene were added to the
acidic aquebus mixture and then 648 g of ammonium hydroxide. The resulting layers
were separated and the organic layer washed with 2 x 300 g of water. The resulting
organic layer was concentrated to an oil, to which 312 g of isopropanol were added and
the resulting mixture was heated to 50°C. 543 g of heptane were added to this mixture,
followed by cooling to 0°C and then filtering. 581g [based on (3)], yield 76% of
crystallized product. 581g [based on (3)]

Example 4

600 g of t-butylbromotetrazole (1) was dissolved in 640 g tetrahydrofuran.
10% of this t-butylbromotetrazole solution was added to a stirred suspension of 72.6 g
magnesium in 320 g tetrahydrofuran at 50°C. 3.27 g of 1,2-dibromoethane was added
to the resulting mixture and the mixture was stirred 30 minutes at S50°C. The remainder
of the t-butylbromotetrazole solution was added to the magnesium suspension at a
steady rate over 6 hours. The resulting mixture was stirred a further 2 hours at 50°C,
3.27 g of 1,2-dibromoethane was added and stirring was continued at 50°C for another
5 hours. The resulting Grignard reagent mixture was cooled to 25°C. 527.2 g of zinc
chloride was then dissolved in a mixture of 844 g toluene and 844 g of tetrahydrofuran.
The Grignard reagent was added to the zinc chioride solution and the resulting
suspension stirred for 15 minutes at 25°C to provide an organozinc mixture.

527.2 g of bromobenzyl lactam (3) 10.13 g of palladium acetate and 23.7 g of
triphenyl phosphine were added to the organozinc mixture sequentially. The resulting
reaction mixture was kept at 60°C for 12 hours. Thereafter the mixture was cooled to
25°C, 733 g of water added and the layers then separated. The aqueous layer was
washed with 200 g of toluene and the resulting organic layer was combined with the
first organic layer. The resulting mixture was washed with 3 x 733 g of water, 232 g
of ammonium hydroxide and 533 g of water. The organic layer was concentrated to an
oil, 1433 g of isopropanol added and The resulting mixture heated to 50°C. The
mixture was cooled to -10°C and filtered. 491g [based on (3)], yield = 69% of
crystallized product.
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Examples 5-8 ’
Preparation of 8-[2'(2(1)-tert-butvl-2H-tetrazol-5-v1)-biphenvl-4-v1-

methyl]-2.4-dimethyl-5.8-dihydro-6H-pyridol2.3-d lpyrimidin-7-one

(1) Grignard reagent preparation - A solution of t-butylbromotetrazole (3.4 g;
0.01 moles) and 1,2-dibromoethane (0.4 g; 0.002 moles) was added at 25°C to a stirred
mixture of magnesium (5.5 g; 0.23 moles) and THF (26 ml) allowing the temperature
to rise up to about 55°C; the mixture was kept under stirring at 55°C for 30 minutes,
then THF (40 ml) was added. A second portion of t-butylbromotetrazole (30.4 g; 0.1
moles) was added dropwise during 4.5 hours. At the end of the addition, the mixture
was kept at 55°C for 17 hours.

(i) Transmetallization - The Grignard solution was transferred in a dropping
funnel and added in about 15 minutes to a stirred mixture of ZnCly (30 g; 0.22 moles)
and toluene (117 ml) at 25°C, while cooling the reaction mixture to keep the temperature
below 45°C. At the end of the addition, the mixture was stirred for 30 minutes.

(iii) Catalyst preparation (in_situ) and cross-coupling (in_situ) - To the
organozinc mixture, bromobenzyl lactam (30 g; 0.086 moles) and Pd(OAc), (0.29 g
0.0013 moles) were added sequentially. The reaction was warmed up to 60°C and
Ph3P (0.34 g; 0.0013 moles) was added. After 5 minutes the phosphine (see Table 1)
was added. The mixture was maintained at 60°C for 21 hours.

The mixture was cooled to 25-30°C and added with water (40 g) and acetic acid
(4.1 g). The organic phase was separated and washed with water (40 g). The organic
phase was added with water (10 g) and 30% ammonium hydroxide (9.3 g); after
separation of the phases, the organic layer was added with water (30 g) and acetic acid
(about 1.66 g) until pH 5. The organic phase was separated and analysed by HPLC
against an external standard (see Table 1).

The following examples were carried out according to the method described in
example 5 substituting the phosphine with the additives (i.e. dppp, etc.) reported in
Table 1. Yields were calculated against changed bromobenzyl lactam.

Table 1
Ex. No. _Phosphine _mmoles Time (hours) Yield
5 dppp! 1.3 21 70.3%
6 dppb? 1.3 21 80.4%
7 (2-fury3P 2.6 21 . 66.3%
8 (2-tolyl)3P 2.6 21 78.2%

ldppp = 1,3-(diphenylphosphino)propane
2dppb = bis(1,4-diphenylphosphino)butane
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Example 9

(i) Grignard reagent preparation - A solution of t-butylbromotetrazole (1) (3.4
g; 0.011 moles) and 1,2-dibromoethane (0.4 g; 0.002 moles) was added at 25°C to a
stirred mixture of magnesium (3.9 g; 0.16 moles) and THF (26 ml) allowing the
temperature to rise up to about 55°C; the mixture was kept under stirring at 55°C for 30
minutes, then THF (40 ml) was added. A second portion of t-butylbromotetrazole (1)
(30.4 g; 0.1 moles) was added dropwise during 4.5 hours. At the end of the addition,
the mixture was kept at 55°C for 17 hours.

(i) Transmetallization - The Grignard solution was transferred in a dropping
funnel and added in about 15 minutes to a stirred mixture of ZnCly (30 g; 0.22 moles)
and toluene (117 ml) at 25°C, while cooling the reaction mixture to keep the temperature
below 45°C. At the end of the addition, the reaction was warmed up to 45-50°C and
stirred for 1 hour.

(iii) Catalyst preparation (in situ) and cross-coupling (in situ) - To the
organozinc mixture, bromobenzyl lactam (3) (30 g; 0.086 moles) and PA(OAc)> (0.29¢;
0.0013 moles) were added sequentially. The reaction was warmed up to 60°C and
Ph3P (1.02 g; 0.039 moles) was added. The mixture was kept at 60°C for 20 hours.

The mixture was cooled to 25-30°C and added with water (40 g) and acetic acid
(4.2 g). The organic phase was separated and washed with water (40 g). The organic
phase was added with water (10 g) and 30% ammonium hydroxide (9.3 g), separated
and added again with water (30 g) and acetic acid (1.7 g) until pHS. The organic phase
was separated and evaporated at 60°C under vacuum to give a residue which was
dissolved in isopropy! alcohol (85 g) at 50°C. The solution was allowed to crystallize
by slow cooling to -10°C and kept at this temperature overnight. The product was
collected by filtration, washed with isopropyl alcohol and dried at 60°C under vacuum
to yield 30 g of pure product (74.6% yield based on compound 3).
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CLAIMS:
1. A process for preparing a compound of the formula I:
X
Rz @ N s
N
R4§JL JA
Rs— CHn =4
®
CH.
( 7.)l XnN
/l\
Ry N R;
5

or a salt thereof;

wherein X is a protecting group and Rj, R2, R3 and R4 are each independently
hydrogen, C1-¢ alkyl or Cj-¢ perfluoroalkyl; R5 is hydrogen or, when n is 1, R5 taken
together with R3 comprises a double bond; mis 1, 2 or 3; nis O or 1; and pis0,1or2;

10 by reacting a compound of the formula II:

R (0]

3
R4§’JL
Rs—— (CH)n )
(CHy) X N
| e
/l\
Ry N R,

or a salt thereof;
wherein R] to R5, m, n and p are each as defined above and R¢ is chloro, bromo, or
iodo;

15  with a compound of the formula ITI:
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X
N /S
N
7\
N = N
am
Ry

or a salt thereof;
wherein X is a protecting group and R7 is a zinc or tin moiety (such as ZnCl, ZnBr or
Sn(C1-6 alkyD)3);

in the presence of a paliadium or nickel catalyst.

2. A process as claimed in claim 1 wherein the palladium or nickel catalyst is
generated from a palladium or nickel salt, a reducing agent and a ligand or from a
palladium or nickel salt and a species having dual reducing agent/ligand functions.

3. A process as claimed in claim 2 wherein the catalyst is generated from Pd(OAc)2
or PdCly(PPh3), NiCla(dppe), NiCla(PPh3)2, Ni(acac), or Pdadba3z and one or more
‘reducing agents/ligands selected from the group consisting of PPh3, P(o-tolyl)3, P(2-
furyl)3, P(t-butyl)3, P(QiPr)3, Cul, CuBr, AsPh3 and diisobutylaluminum hydride
(DIBAL), 1,3-bis-diphenylphosphine-propane (DPPP) or 1,3-bis-diphenylphosphine-
butane (DPPB).

4. A process as claimed in any one of claims 1 to 3 wherein the catalyst is
generated in situ in the reaction vessel in which the reaction of the compounds of
formulae I and III is carried out.

5. A process as claimed in any one of the preceding claims wherein the reaction of
the compounds of formulae II and III is carried out in the presence of a solvent species
which is substantially immiscible with water.

6. A process as claimed in claim 5 wherein the solvent species which is
substantially immiscible with water is a hydrocarbon solvent.




10

15

20

25

CA 02223783 1997-12-05

WO 96/40684 PCT/US96/09117

-24-

7. A process as claimed in claim 6 wherein the hydrocarbon solvent is an aromatic
hydrocarbon solvent.

8. A process as claimed in claim 7 wherein the aromatic hydrocarbon solvent is
toluene or xylene.

9. A process as claimed in any one of the preceding claims wherein the reaction of
the compounds of formulae II and III is carried out in the presence of a mixture of
solvent species which includes a solvent species which is substantially immiscible with
water and a solvent species in the form of an ether.

10. A process as claimed in claim 9 wherein the ratio of the solvent species which is
substantially immiscible with water to the solvent species in the form of an ether is from
5:1to 1:5.

11. A process as claimed in claim 9 or claim 10 wherein the solvent species in the
form of an ether is tetrahydrofuran (THF).

12. A process as claimed in any one of the preceding claims wherein the compound
of formula I1I is prepared by transmetallizing a compound of formula IV

X
Ne— 1y

N// \
/N

or a salt thereof;

wherein X is a protecting group and Rg is MgBr or Mgl;

with a transmetallizing agent selected from zinc chloride, zinc bromide, tri(C1-¢ alkyl)-
tin chloride or tri(C]-g alkyl)tin bromide.

13. A process as claimed in claim 12 wherein zinc chloride is used as the
transmetallizing agent.

v



CA 02223783 1997-12-05

WO 96/40684 PCT/US96/09117

10

15

20

25

-25-

14. A process as claimed in claim 12 or claim 13 wherein the reaction of the
compound of formula IV with the transmetallizing agent is carried out in the presence of
a solvent species which is substantially immiscible with water.

15. A process as claimed in claim 14 wherein the solvent species which is
substantially immiscible with water is a hydrocarbon solvent.

16. A process as claimed in claim 15 wherein the hydrocarbon solvent is an
aromatic hydrocarbon solvent.

17. A process as claimed in claim 16 wherein the aromatic hydrocarbon solvent is
toluene or xylene.

18. A process as claimed in any one of claims 14 to 17 wherein the reaction of the
compound IV with the transmetallizing agent is carried out in the presence of a mixture
of solvent species which includes a solvent species which is substantially immiscible
with water and a solvent species in the form of an ether.

19. A process as claimed in claim 18 wherein the volume ratio of the solvent species
which is substantially immiscible with water to the solvent species in the form of an
ether is from 5:1 to 1:5, preferably from 5:1 to 1:1.

20. A process as claimed in claim 18 or claim 19 wherein the solvent in the form of
an ether is tetrahydrofuran (THF).

21. A process as claimed in any one of claims 12 to 20 wherein the compound of
formula IV is prepared by reacting a compound of formula V:

1\

Ro

or a salt thereof;
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wherein X is a protecting group and Rg is Bror I;

with magnesium.

22, A process as claimed in claim 21 wherein the reaction of the compound of

formula V with magnesium is carried out in the presence of a solvent in the form of an
ether.

23. A process as claimed in claim 22 wherein at least a portion of the ether solvent
present during the reaction of the compound of formula V with magnesium is retained
during the reaction of the compound of formula IV with the transmetallizing agent.

24, A process as claimed in claim 23 wherein at least a portion of the ether solvent
present during the reaction of the compound of formula V with magnesium is retained
during the reaction of the compounds of formuila IT and III.

25. A process as claimed in any one of claims 21 to 24 wherein the reactions of the
compounds of formulae IV and V and in situ generation of the palladium or nickel
catalyst are carried out substantially in the same reaction vessel.

26. A process as claimed in claim 25 wherein the reactions of the compounds of
formulae II, III, IV and V and jn situ generation of the palladium or nickel catalyst are
carried out substantially in the same reaction vessel.

27. A process as claimed in any one of the preceding claims.comprising the further
step of deprotecting the compound of formula I to provide a compound of formula VI:

H
R3 o Ne— N/
R4M N// \
(CH2)py N
Rs— (CEDn NT TS =
VD
(CHy) N N

| N)\
Ry Ry

or a salt thereof;
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wherein R1, R2, R3 and R4 are each independently hydrogen, C1-6 alkyl or Ci1-6
perfluoroalkyl; R5 is hydrogen or, when n is 1, R5 taken together with R3 comprises a
double bond; mis 1,2 or3;nisOor 1;and pis 0, 1 or 2.

28. A process as claimed in any one of the preceding claims wherein m is 1, n is 0,
pis 1, R1 and R are each methyl and R3 and R4 are each hydrogen.

29. A process as claimed in any one of the preceding claims wherein X is a Ci1-6
alkyl group or a phenyl or benzyl group, in each case optionally substituted by by one
or more substituents selected from Ci-¢ alkyl, C1-¢ alkoxy (eg methoxy, ethoxy,
propoxy, butoxy), nitro, amino, (C1-6)alkylamino, di(Ci-g)alkylamino, thio(C1-6)-
alkyl or phenyl substituents.

30. A process as claimed in claim 29 wherein X is a C1-6 alkyl group optionally
substituted by by one or more substituents selected from Cji-¢ alkoxy (eg methoxy,
ethoxy, propoxy, butoxy), nitro, amino, (Cj-g)alkylamino, di(Ci-g)alkylamino or
thio(C1-e)alkyl. -

31. A process as claimed in claim 30 wherein X is tert-butyl.

32. A process as claimed in any one of the preceding claims wherein Rg is bromo.
33. A process as claimed in any one of the preceding claims wherein Rg is MgBr.
34. A process as claimed in any one of the preceding claims wherein Rg is bromo.

35. A process for producing 8-[2'-(2(1)-tert-butyl-2H-tetrazol-5-y1)-biphenyl-4-yl-
methyl]-2,4-dimethy!-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (or such a com-
pound wherein a benzyl or p-methoxybenzyl group is present in place of the tert-butyl
group) or a salt thereof, said process characterized in

(A) reacting 2-tert-butyl-5-(2-bromo- or iodophenyl)-2H-tetrazole with
magnesium to yield the bromo or iodo[2-[2-(tert-butyl)-2H-tetrazol-5-yl]phenyl]-
magnesium Grignard reagent,

¢5)) transmetallizing said Grignard reagent with zinc chloride, zinc bromide
or tributyltin chloride; and 7 N
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©) reacting the transmetallized product with 8-[(4-bromo-, iodo- or trisilyl-
phenyl)-methyl]-5,8-dihydro-2,4-dimethyl-pyrido[2,3-d]pyrimidin-7(6H)-one in the
presence of a palladium or nickel catalyst to yield the product;
wherein throughout the process a benzyl or p-methoxybenzyl group may be present in
place of the tert-butyl group.

36. A process according to claim 35 wherein the tert-butyl group is used.

37. A process according to claim 36 wherein 2-tert-butyl-5-(2-bromophenyl)-2H-
tetrazole is used in step A.

38. A process according to claim 35 wherein zinc chloride is the transmetallizing
agent in step C.

39. A process according to claim 35 wherein 8-[(4-bromophenyl)-methyl]-5,8-
dihydro-2.,4-dimethyl-pyrido[2,3-dlpyrimidin-7(6H)-one is reacted with chloro or
bromo[2-[2-(tert-butyl)-2H-tetrazol-5-yl]phenyl]zinc in step C.

40. A process according to claim 35 wherein a palladium catalyst is used in step C.

41. A process according to claim 40 wherein the palladium catalyst is generated
from Pd(OACc)> or PACly(PPh3); and an additive selected from the group consisting of
PPh3, P(o-tolyl)3, P(t-butyl)3, P(2-furyl)3, P(OiPr)3, Cul, CuBr, AsPh3 and DIBAL.

42. A process according to claim 39 wherein the phosphinated palladium catalyst is
generated in the reaction vessel containing the chloro or bromo[2-[2-(tert-butyl)-2H-
tetrazol-5-yl]phenyljzinc.

43, A process according to claim 35 wherein the reaction of steps B and C and the
generation of the palladium or nickel catalyst, with or without an additive, are carried
out in the same reaction vessel.

44, A process for producing 8-[2'-(2(1)-tert-butyl-2H-tetrazol-5-yl)-biphenyl-4-yl-
methyl}-2,4-dimethyl-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one (or such a com-
pound wherein a benzyl or p-methoxybenzyl group is present in place of the tert-butyl
group) or a salt thereof, said process characterized in
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B) transmetallizing bromo[2-[2-(tert-butyl)-2H-tetrazol-5-yljphenyl]-
magnesium Grignard reagent with zinc chloride; and
© reacting the transmetallized product with 8-[(4-bromophenyl)-methyl]-
5,8-dihydro-2,4-dimethyl-pyrido[2,3-d]pyrimidin-7(6H)-one in the presence of a
5  palladium catalyst to yield the product;
wherein throughout the process a benzyl or p-methoxybenzyl group may be present in
place of the tert-butyl group.

45. A process as claimed in any one of claims 35 to 44 comprising the further step
10  of deprotecting the product to provide 8-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl]-
2,4-dimethyl-5,8-dihydro-6H-pyrido[2,3-d]pyrimidin-7-one or a salt thereof.

46. A compound of the formula VII:

Rio
I
7 (vip
R

15  or a salt thereof
wherein R1( is a C1-6 alkyl group and R11] is a zinc moiety such as ZnCl or ZnBr.

47. A compound as claimed in claim 46 wherein R1( is tert-butyl.
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