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SUBSTITUTED PYRIMIDINES 

This invention relates to substituted pyrimidines which :ire useful for the 

treatment of hypenension. They achieve this by antagonizing the effects of angiotensin 

ll: the active component of the n:nin angiotensin system. 

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

Angiotensin 11 CA II) is formed by angiotensin convening enzyme (ACE) acting on 

angiotensin I. A II is a powerful vasoconuictor nnd is implicated as the cause of high 

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

15 responses by acting at specific receptor sites. The compounds described in this i11venti.01i"" 

compete with A 11 for these receptor sites, thus antagonizing the vasopressor effects of 

A II. 

20 

25 

Prior Art 

E. E. Allen t:l al. disclose N-substitutcd oxopyrimidines in EP 0419048 A. 

E. E. Allen et al. describe 4-oxo-quinazolines in EP 0411766 A. 

D. A. Roberts et al. describe quinoline ethers in EP 0412848 A. 

D. J. Carini et al. describe N-substituted benzimidazoles in U.S. patem 

4,880,804. P. Chakravany et al. disclose similar imidazole structures in EP 0401030 A 

where the phenyl aromatic ring is replaced by a seven membered heterocycle. 

30 Aznbenzimidazoles are described by P. Herold et al. in EP 0415886 A. 

D. J. Carini cl al. disclose N-substituted imidazoles in EP 0253310, EP 

0324377, and U.S. patelU4_.916,129. 
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D. J. Carini ct :iL disdose m EP 032384 / N-substuutcd pyr:izolcs. pyrroir:s :ind 
triazolcs. Similar pyrJzole dcnv:itivcs are disclosed by T. :"oiaka ct :ll. in EP 0.J I J 50i A 
:ind :idd.ition:il trfazolcs are described by L. L. Chang ct :il. in EP 0-l I 259-l .-\. 

All of the above arc claimed :is A 11 antagonists. 

The compounds of this invention diff cr from the above mentioned pnor :in in 

that they contain :i pyrimidine ring fused to a pyrrolonc, pyridinonc, :izepmonc. or 
:izocinonc ring. Except for the first reference (E. E. Allen ct al. EP 0419048 A}, the 

10 non-pcptidic A II antagonists disclosed in the above mentioned prior art are :ill 
nitrogenous 5-membcrcd rings. either isolated or fused to phenyl rings, or nitrogenous 
6-membered rings fused 10 phc .• yl rings. The compounds in EP 0419048 A are 
pyrimidin-4-ones. 

lS R. F. Shuman et al. disclose in U.S. parem 5,039,814 a process for the 

20 

25 

30 

synthesis of 2-substituted 1-(terrazol-S-yl)benzenes which comprises the directed onho~ 
lithiation of 1-(tetrazol-S-yl)benzenes and subsequent reaction of the lithiated 
intermediate with ;:i.n electrophile. The triphcnylmethyl group is used as a protecting 
group on the tetrazole. 

One process of the present invention differs in that a 2-bromo-1-(tetrazol-5-
yl)aryl protected with a tert·butyl group is convened to a 2-(teuazol-5-yl)arylboronic 
acid directly by the ;:i.dd.ition of Mg and a aialkylborate concurrently. 

Descrjption oC the Inyentiop 

This invention relates to substituted pyrimidines of formula I: 
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wherein Rl, R2, R3, :ind R4 :ire independently H. lower :ilkyl conwning 1 to 6 c:irbon 

:noms. or pcrfluoro:ilkyl containing 1 10 6 carbon atoms: RS is Hor when n is 1 R5 

taken together with Rl comprises a double bond: n is 0 to 1: pis Oto 2: mis 0 to 3: Arl 

is 

(-r ,or c•J 
wherein W is H, lower alkyl conraining 1 to 6 carbon atoms. hillogen. hydroxy. or 

lower nlkoxy containing 1 to 6 carbon atoms; Ar2 is 

<-r (Jx· (Jx • or -ox N 

wherein Xis 
N, 

C02H. CN. or -<~R6 
N-N 

wherein R6 is H. terr-butyl. tri-n-butylstannyl, or triphenylmethyl; and the 

pharmaceutically acceptable salts thereof; and the N-oxides thereof 

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

20 formula II: 

0 
R3\ Jl CH 

R4--;(" ~N' 2-Ar!.J.r2 

Rs-(CH)x· N Jl II 
R N R1 

wherein Rl, R2, R3, and R4 are independently H, lower alkyl containing i to 6 

25 carbon atoms, or perfluoroalkyl containing 1 to 6 carbon atoms; RS is H or when n is 1 
RS taken together with R3 comprises a double bond; n is 0 to l; Arl is 

-0- -0- ,or -0-

/ 
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Ar2 is 

5 wherein X is 

wherein R6 is H, tert-butyl, tri-n-butylstannyl, or triphenylmethyl; :md the 
phann:iceutically acceptable salts thereof. 

10 A still more preferred aspect of the present invention is represemed by the 
general fonnula Ill: 

III 

15 wherein RI, R2, R3, and R4 are independently H, methyl, trifluoromethyl; RS is Hor 
when n is 1 RS taken together with R3 comprises a double bond; n is 0 to l; Arl is 

-0- -0- ,or () 

20 nnd the phannaceutically acceptable salts thereof. 

25 

The most pref erred aspects of the present invention are: 
2,4-dimethyl-5,7-dihydro-7-[[2 "-( lH-tetrazol-5-yl)( l, l-biphenyl]-4-
y l]methyl]-6H-pyrrolo[2,3-d]pyrimidin-6-one nnd the pharmaceutically 
acceplable salts thereof; 

I 
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5.7 -dihydro-2-mcthyl-7-[[2 ·-c lH-tctr:lZol-5-yl)( 1.1-biphcnylJ ·-'·yl]­
mcthy IJ-4-( r.rifluoromcthyl )-6H -pyrrolo{2.3-d] pyrimidin-6-onc :ind the 
phann:iceutically acceptiblc s:ilts thereof: 

2.4-dimcthyl-5.6,8-uihydro-8-[[2 • -( lH-tetrazol-5-yl) [ 1. l-biphcnyl)-4-
yljmethy l J-7 II -pyrido{2.3-dJpyrimidin-7-one and the pharmaceutically 
acccptible salts thereof; 

2-meth y l-4-Lrifl uoromethy 1-5 .6.8-trih ydro-8-{[2 • ·( lH -telrllOl· 5-yl)-
[ l, l-biphenyl]-4-ylJmethyl]· 7 H-pyrido[2,3-d]pyrimidin-7-one :ind the 
pharmaceutically acceptable salts thereof; 

2,4-dimcthyl-5.6,8-uihydro-8-[{6-[2·{1H-tctrazol-5-yl)phenyl]·3· 
pyridinyl]methyl]-7H-pyrido(2,3-d]pyrimidin-7-one and the 
pharn1'1ceutic:illy acceptable salts thereof: 

2-methyl-4-uifluoromethyl-5,6,8-trihydro-8-[[6-[2-(lH·tcu:izol-5-
yl)phcnyl]-3-pyridinyl]methyl]-7H-pyrido[2,3-d]pyrimidin-7-onc :ind 
the pharmaceutically accept:lble salts thereof: 

2,4-dimethyl-5,6,8-trihydro-8-[[5-[2-(lH-tetrazol-5-yl)phenyl]-2· 
pyridinyl]methyl]-7 H-pyrido[2,3-d]pyrimidin-7-one and the 
phannaceutically acceptable salts thereof; 

2,4,6-trimcthyl-5,6,8-trihydro-8-[[2·-(lH-tetrazol-5-yl)[l,1-biphenyl] • 
4-yJJmethyl]-7 H-pyrido{2,3-d]pyrimidin-7-onc and the 
pharmaceutic:illy acceptable salts thereof; 

2,4-dimethyl-8-[[2. -( lH-tetrazoJ-5-yl)( l, l-biphenyl]-4-yl]methyl]-7 H­
pyrido{2,3-d]pyrimidin-7-one and the pharmaceutically acceptable salts 
thereof. 

The compounds of the invention may be prepared by a process 
which comprises 

(a) condensing, eg in the presence of an inorganic or organic 
base, a pyrimidine of formula 
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. l 2 3 4 5 wherein R , R , R , R , R , n and p are as defined 

above, z1 is a leaving group such as halogen Ceg 

chlorine), a methanesulphonyloxy group or a 

p-toluenesulphonyloxy group and R7 is a lower alkyl 

5 group with an amine of formula 

where m, Ar1 and Ar2 are as defined above 

or 

Cb> reacting a bicyclic compound of formula 

h 1 2 R3, R4, 5 d l w ere R , R , R , n, m, p an Ar are as 

10 defined above and Y is a para-bromo or para-iodo group 

with an aryl boronic acid [such as a compound of 

formula Ar 2BCOH) 2 where Ar 2 is as defined above] or an 

arylstannane in the presence of a palladium catalyst 

or 

15 Cc) condensing, eg in the presence of a base such as 

NaH, a bicyclic compound of formula 

·-·---·-·-·--···-··- -- -- -· 

R';wl 
R5-(CH):iNH I " 

(CH2)p l 
R N R1 
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where R1 , R2 , R3 , R4 , R5 , n, and pare as defined above 

with a biaryl compound of formula 

1 1 2 z -(CH ) -Ar -Ar 2 m 

where m, Ar1 and Ar 2 are as defined above and z1 is a 
leaving group such as halogen, a methanesulphonyloxy 

5 group or a p-toluenesulphonyloxy group 
or 

Cd) removing the protecting group from a compound of 

formula I wherein X is -<&R6 
N-N 

where R6 is tert.butyl, tri-n-butylstannyl or 
10 triphenylmethyl, eg by acidic or basic hydrolysis or by 

catalytic hydrogenation, to give a compound where R6 is 
hydrogen 

or 

Ce) reacting a compound of formula I wherein X is -CN 
15 with an azide reagent, for example a trialkyltin azide, 

or hydrazoic acid (sodium azide/ammonium chloride), to 

give a compound of formula I wherein X is -<&ff 
or N-N 

Cf) forming a salt of the compound of formula I with 
20 an inorganic or organic acid or base 

or 

25 

Cg) converting a compound of formula I or a salt 

thereof to an _N-oxide thereof by means of a 
peroxidising agent. 

These processes and the preparation of 
representative starting materials for use in the 

processes are described below with reference to the 

various schemes. Starting materials not exemplified 
are known in the art or may be prepared by analogous 

30 methods from known starting materials 
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Scheme 1 

base 

C02Et 

Al '· /Rs 
~(CH) 0 A n II 
(CH2lPl(' 
~ NH 

R2 NAR' 
1 l J 

POCIJ 

4 

wherein R1 , R2 , R3 , R4 , R5 , n, m, p, Ar1 and Ar 2 are as 
defined above. 

In Scheme I a B-keto ester 1 may be condensed 
with an amidine 2 in the presence of a base such as 

5 sodium ethoxide in an alcoholic solvent such as ethanol 
at temperatures ranging from ambient to reflux to yield 
a pyrimidone 3. Treatment of a pyrimidone 3 with 
phosphorus oxychloride under reflux gives a 
chloropyrimidine 4. The reaction of 4 with the amine 5 

10 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 the target pyrimidines I. The 

15 amine 5 may be prepared by the palladium catalyzed 
cross-coupling of an arylstannane or an arylboronic 
acid with an aryl bromide or an aryl iodide, and 
subsequent functionalization to an amine. 
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Scheme ll 

base 

4 
8(0H)2 9 lrZ 
Pd c:u.alyst 

I 

wherein R1 , R2 , R3 , R4 , R5 , n, m, p, Ar1 and Ar 2 are as 

defined above, and Y is a para-bromo or para-iodo 

group. 

In Scheme II the chloropyrimidine 4 may be treated with 

5 an amine 7 in the presence of an inorganic base such as 

sodium bicarbonate in an alcoholic solvent such as 

ethanol or n-butanol eg at temperatures ranging from 

80°C to 150°C to give the bicyclic compound 8. The 

reaction of 8 with the arylboronic acid 9 in the 

10 presence of a palladium catalyst for example in a 

solvent such as DMF or toluene yields the target 

pyrimidines I. In the case where the substituent on 
2 . . ·1 • b d 1 Ar is a nitri e, it can e converte to a tetrazo e 

under standard conditions utilizing an azide reagent. 

15 The arylboronic acid 9 may be prepared as shown below: 
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AfL-Br 

10 9 

wherein Ar 2 is as defined above and R7 is a lower alkyl 

group containing 1 to 6 carbon atoms. 

Thus the aryl bromide 10 may be treated with Mg 

and a trialkyl borate in an aprotic solvent such as THF 

5 eg at temperatures from -20°C to 80°C. Acidic or basic 

hydrolysis gives the boronic acid 9. 

Scheme III 

C02Et 
A-" I ,R5 
~(CH) I n 

(CHz)p 

R 

4 

z-(CH2)m,..A.1 
~--Ar2 

12 

I 

wherein R1 , R2 , R3 , R4 , n, m, Ar1 and Ar 2 are as 

defined above, and z is a halogen. 

11 



AHP-9869- F 

-11-

In Scheme III the chloropyrimidine 4 may be 
converted to the bicyclic compound 11 by treatment with 
ammonia in an alcoholic solvent such as ethanol at 
temperatures ranging from 100°C to 150°C. Alkylation 

5 of 11 by the biaryl compound 12 may be achieved for 
example in the presence of a base such as NaH in a 
solvent such as DMF or THF to give the pyrimidines I. 

h • 2 • • • 1 In t e case where the substituent on Ar is a nitri e, 
it can be converted to a tetrazole by standard 

10 conditions utilizing an azide reagent. The biaryl 
compound 12 may be prepared by the palladium catalyzed 
cross-coupling of an arylstannane or an arylboronic 
acid with an aryl bromide or an aryl iodide. 

When X above is tetrazole, the preferred 
15 protecting groups for said tetrazole are those where 

R6 is tert-butyl, tri-n-butystannyl, or 
triphenylmethyl. The above groups may be optimally 
removed by acidic or basic hydrolysis, or catalytic 
hydrogenation as described by T Greene, Protective 

20 Groups in Organic Synthesis, Wiley-Interscience Cl980). 

The compounds of this invention may also form 
salts with inorganic or organic acids and bases. Any 
pharmaceutically acceptable salts of these compounds 
are within the scope of this invention. These salts 

25 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. Salts 
with inorganic or organic acids such as HC1, HBr, 

30 maleic acid, furnaric acid may also be formed. The 
compounds of this invention may also be converted to 
N-oxides by treatment with a peroxidising agent, eg 
hydrogen peroxide, by conventional means. 
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The present invention also provides a pha.rmaceutic:i.1 composition which 
comprises a compound of this invention and a pharm:i.ccutic:tlly acceptable carrier. In 
particular. the present invention provides an anti-hypcnensive pharmaceutic:i.1 
composition which comprises an antihypencnsive effective amount of a compound of 

5 this invention and a phannaceutically acceptable carrier. 

10 

TI1e 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 pref erred that a 
composition of the invention is in the fonn of a unit dose. Suitable unit dose forms 
include tablets, capsules and powders in sachets or vials. Such unit dose fonns may 
contain from 0.1 to 100 mg of a compound of the invention and preferably from 1 

15 lo 50 mg. The compounds of the present invention can be administered orally at a 
dose range of about 0.01 to 100 mgtkg or preferably at a dose range of 0.1 lo 10 
mg/kg. Such compositions may be administered from l to 6 times a day, more 
usually from 1 to 4 times a day. The compounds may also be administered in a 
parenteral dosing fonn. 

20 

The compositions of the invention may be fonnulated with conventional 
excipients, such as a filler, a disintegrating agent. a binder, a lubricant, a flavoring 
agent and the like. They are fonnulated in conventional manner, for example, in a 
manner .similar lo that used f~r known antihypertensive agents, diuretics, 13· 

2 5 blocking agents _or ACE inhibitors. 

30 

The present invention further provides a compound of the invention for use 
as an active therapeutic substance. Compounds described in this invention arc of 
particular use in the u-eatment of hypenension. 

The present invention further provides a method of treating hypertension in 
mammals including man, which comprises administering to the aflicted mammal an 
antihypenensive effective amount of a compound or a pharmaceutical composition 
of the invention. 
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The compounds which are used in the 
pharmaceutical compositions, therapeutic uses and 
methods of treatment of the invention are preferably 

those in which X is co2H, CN or --<O!f.H 
N-N 

The high affinity of the compounds for the 
angiotensin II receptor was established using a rat 
adrenal receptor binding assay, measuring the 
displacement of radiolabeled angiotensin II from the 
receptor, described as follows: Membrane preparation: 

10 1. Anesthetize male Sprague-Dawley rats, 300-400 g 
body weight, with co2 and sacrifice by cervical 
dislocation. 2. Dissect adrenal glands and keep in 
ice-cold sucrose buffer C0.2 M sucrose, lmM EDTA, lOmM 
Trizma base, pH=7.2). 3. Remove medulla by squashing. 

15 Mince the cortex, rinse and homogenize in a chilled 
ground glass tissue grinder with 15 mL sucrose buffer. 
4. Centrifuge at 3000 x g for 10 min. (Sorvall RCSC 
centrifuge, SS34 rotor 6200 rpm). Decant supernatant 
through gauze. 5. Centrifuge combined supernatants 

20 at 12000 x g for 13 min. (Beckman ultracentrifuge, 
80Ti rotor, 13000 rpm). 6. Centrifuge the 
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supernatant from step S at 102000 x g for 60 min. (BecKman ultr:iccncr1fuge. SOTi 
rotor. 38200 rpm). All steps are carried out at 4°C. 7. Resuspend the pellet in O.S 
mL assay buffer (50 mM Tris HCI. 5 mM MgCl2. 0.2% BSA (prc•t::ise-freeJ, pH 
= 7.4, 25°C). 8. Store on ice. 9. Determine membrane protein by Lowry or 

S Bradford assay with BSA as standard. Binding assay: (The assay is performed 

in triplicate, in 12x75 mm plastic test tubes or in a 96-well plate (final volume of 
0.2S ml). 1. Add 140 JJ.L :issay buffer. l. Add 10 JJ.L cold A II (to give fin:il 

concenttations of 10-10.10-7 M for standard curve and l0-4 M for nonspecific 
binding), compounds (e.g .• for final concentrations of 2S and 100 µMor l µM. 10 

10 nM and 100 nM) in 50% DMSO, or 50% DMSO as a control. 3. Add SO µL 
membrane suspension (e.g .• 10 µg protein). 4. Preincubatc for 30 nun at 25°C. S. 
Add SO µL 125 I-A II which has been prepared as shown below (final 

concentration= 1 nM). G. Incubate for 35 min at 2S°C. 7. Stop the incubation by 
adding 1 mL ice-cold buffer (assay buffer without BSA). Fihcr with GF/C filters 

15 on cell harvester (filters are presoakcd in the assay buffer containing 1 % 

polyethyleneimine). 9. Rinse assay tubes 3X with 5 mL cold buffer (assay buffer 

without BSA). 10. Cut and deposit the filter discs into test tubes and count on 

gamma counter for 1 min. Preparation or 125I·A II: Adjust the specific 
activity of 12SI-A II purchased from New England Nuclear to SOO µCi/nmole by 

20 ndding cold A II in water. I. Calculate the quaatities of hot A II and the cold A II 

needed and make the dilution. Aliquor, seal tight, and store frozen until necdcd. l. 
Calculate the concentration of the total A II (hot+ cold) after dilution. 3. On the day 
of assay, thaw the frozen aliquot and adjust the volume to give a concentration of 5 
pmole/mL (or 0.25 pmole/SO µL) with assay buffer(+ protease-free BSA). For 

25 final concenttation of I nM 1251-A II in the assay, add 50 µL (or 0.2S pmole) per 

test tube to a final volume of 250 µL . The results of these binding assays arc 

reponed as the inhibitory concentration of the test compound necessary to achieve 
fifty percent displacement of radiolabcled A II from its receptor CI9so). or the 
percent displacement of binding of A II at its receptor at 1 Q-8M concentration of test 

30 compound (% I). All the examples cited in this invention displayed significant 

inhibition of A II binding in this assay. Typically these compounds displayed an 
ICso in this assay of less than or equal to SOµM. 

In accordance with their ability to antagonize angiotcnsin ll, the compounds 

35 of this invention show antihypenensive action in the following A II-infused rat 

model. Procedure: Rats are anesthetized with Dial-Urethane (0.60 ml/kg, ip) 
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and the trachea cannulated with PR 24 0. Either one 

femoral artery and both femoral veins or the carotid 

artery and the corresponding jugular vein are 

cannulated with PE SO. If the jugular vein is 

5 cannulated, two cannulas are placed in the one vein. 

The initial portion of the duodenum Cjust 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 

10 allowed following surgery for stabilization of arterial 

pressure. Ganglion blockade is then produced by 

intravenous administration of mecamylamine at 3 mg /kg 

C 1 mL/kg of a 3 mg/mL solution>. Ganglion blockade 

causes a fall in arterial pressure of about 50 mmHg. 

15 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 µg/kg min 

Cat 9. 6 µL/min). The A II infusion returns arterial 

pressure to or slightly above the control level. Once 

20 arterial pressure has stabilized with the A II 

infusion, baseline values for mean arterial pressure 

CMAP) and heart rate are taken. The test compound, 

suspended in methyl cellulose, is then administered via 

the duodenal cannula at 0.1, 3, or, 30 mg/kg in a 
25 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 1 

administered at 3 mg/kg id lowered the A II dependent 

30 blood pressure by an average of 41% four hours 

post-administration. 

As illustrated above the compounds of this 
invention are effective A II antagonists and therefore 
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are useful for treating hypertension. They are. also of 
value in the management of acute and chronic 
congestive heart failure, primary and secondary 
pulmonary hyperaldosteronism, secondary 

5 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 

10 complications of other diseases or therapies such as 
proteinuria, glomerulonephritis, glomerular sclerosis, 
sclerododerma, diabetic nephropathy, end stage renal 
disease, renal transplant therapy and others. These 
compounds will also be useful in the treatment of left 

15 ventricular dysfunction, diabetic retinopathy, 
Alzheimers disease, in the enhancement of cognition, in 
treatment of elevated intraoccular pressure, and in the 
enhancement of retinal blood flow. These compounds 
will also be useful as antidepressants and anxiolytics 

20 and in the prevention or treatment of restenosis 
following angioplasty. The application of the 
compounds of this invention for these and similar 
disorders will be apparent to those skilled in the art. 

Specific procedures are described in the following 
25 experimental examples. · These examples are given to 

illustrate the invention and should not be construed as 
limiting the invention set forth in the appended 
claims. 
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2,4-Dimethyl-5,7-dihydro-7-[[2'-ClH-tetrazol-5-yl)[l,l-

bi-phenyl]-4-yl]methyl]-6H-pyrrolo[2,3-d]pyrimidin-6-
5 one 

10 

Step 1) 

Ethyl C2,6-Dimethyl-3H-pyrimidin-4-on-5-yl)acetate 

A mixture of NaOEt (0.060 mol) in EtOH (prepared from 
l.6g of Na in 100 mL of EtOH), acetamidine 
hydrochloride (6.5 g, 0.069 mol), and diethyl 
2-acetylsuccinate (15.0 g, 0.060 mol) was heated under 

reflux for 16 h. The mixture was concentrated, taken 
up in water (50 mL), and acidified with 2N HCl Cl2 mL). 
The aqueous mixture was extracted with ca2c12 , and the 

15 extracts were dried CMgS0
4

) and concentrated. 
Trituration with ether gave 3.9 g C27%) of product as a 
white solid, mp 175-177°c. 
l H NMR CDMSO-d6 ): dl.10 Ct,3H), 2.15 Cs, 3H), 2.25 Cs, 
3H),3.20 Cs.2H), 4.05 Cq. 2H), 12.20 (br s, lHL 

20 Anal.calcd for Cl0Hl4N203: C,57.13;H.E.71; N,13.32 

Found: C.57.10; H, 6.63; N,13.25 

Step 2) 

Ethyl (4-Chloro-2,6-dimethylpyrimidin-5-yl)acetate 
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A mixture of ethyl C2,6-dimethyl-3H-pyrimidin-

4-on-5-yl) acetate Cl.13 g, 5.4 mmol), phosphorus 

oxychloride ClO mL), and N,N-dimethylaniline Cl.3 mL, 

10.3 mmol) was heated under reflux for 3.5 h. The 

5 reaction mixture was concentrated, poured onto ice, and 

the resulting mixture was extracted with ether. The 

combined extracts were washed with water, dried 

CMgso4 >, and concentrated to give 1.2g (98%> of product 

as a yellow oil. 

10 1H NMR CDMSO-d6 l: d 1.20 Ct,JH), 2.20 Cs, 3H), 2.60 

Cs, 3H), 3.80 Cs, 2H>, 4.10 Cq, 2H). 

This Sheet Has Bee1J Replaced 
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Step 3) 2.-'-Dimethyl-5.7 ·dihydro-7-[[2 • ·( lH ·tctrazol-5-yl)( 1.1-bipilcnyl] • .:. 
y JJ i:nethyl I -6H -pyrrolo( 2.3-d I p)Tlmidin-6-one 

A mixture of ethyl (J-chloro-2.6-dimcthylpyrimidin-5-yl)acctJ.te t0.55 g, 1 . .: 
5 mmol). 5-(( 4 • -aminomethyl)[ l, l ·biphcn·2·yl]J-1H-te:.razole hydrochloride t0.69 g, 1 . .: 

mmol), triethyiamine (0.73 g. 7.2 mmol), sodium acetate (0.60 g, 7.2 mmol), and 
EtOH (14 mL) was heated under reflux for 5 days. The mixture was concentrated. 
taken up in water. and extracted with CHCI3. The extracts were dried (!\tgSO,), 
concentrated. and the crude product was purified by flash chromatography (10% 

10 MeOH/CHCl3) to give i1 yellow solid. Trituration with lO%EtOH/Et20 and 
recrystallizauon form EtOH afforded 0.17 g (17%) of product as a white solid. mp 
22s-229·c. 

lH NMR (0MSO·<f6): o 2.29 (s, 3H), 2.47 (s, 3H), 3.67 (s, 2H), 4.83 (s, 2H), 7.05 
(d, J=8. l Hz. 2H), 7 .24 (d, 1=8.1 Hz, 2H), 7.57 (m, 2H), 7.63 (m, 2H). 

15 Anal. calc:d for C22H19N70: C. 66.48; H. 4.82; N, 24.67 
Found: C. 66.09: H, 4.84; N, not determined. 

Example 2 
5,7-Dibydru·l-metbyJ. 7 ·([2 1 ·(1H-tetrazul·S·yl)[l,l·bipbenyl]·4· 

20 yl]metbyl]-4·{ trinuuromethyl )-uH • pyrrulo [2,3·d] pyrinlidin·G·one 

Step 1) Ethyl (2-Methyl-6-trifluoromelhyl-3H-pyrimidin-4-on-5-yl)acetue 

A mixture of NaOEt (0.074 mol) in EtOH (prepared from 1.7 g of Na and 75 
25 mL of EtOH). acctnmidine hydrochloride (3.S g, 0.037 mol), and diethyl 2-

uifluoroacetylsuccimue ( 10.0 g. 0.037 mol) was he:ued under reflux for 20 h. The 
mixture was concentrated, taken up in water, acidified to pH 4 with cone. HCJ, and 
extracted with EtOAc. The extracts were washed with brine, dried (MgSQ4), and 
concenuatcd to give an oily solid. Trituration with ether/hexane gave 2.63 g (27%) of 

30 product as a white solid. An analytical sample was recrystallized from ether/hex:ine. mp 
108-1 lO•c. 

35 

lH NMR (DMSO-d6): 0 1.25(t.1=1.2 Hz. 3H), 2:51 (s. 3H), 3.72 (s, 2H). 4.17 (q. 
J=7.2 Hz, 2H). 13.25 (br s, lH). 

Anal. calcd for C10H11F3N203: C. 45.46; H. 4.20; N, 10.60 

Found: C, 45.43; H. 4.18: N, 10.53. 
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Step 2) Ethyl (4-Chloro-Z-methyl-6-trifluoromcthylpynmidin-5-y[)acc::ue 

A_ soluuon of ethyl C:?-methyl-6-aifluoromethyl-3H-pynmidin-.l-on-5-~·11:icet.lte 
(:? • .SO g, 9.46 mmol), :--i,:"11-<limethylaniline (3 drops), and phosphorus ox.ychlonc!e l35 

S mL> was he:ited under reflux for 4.5 h. The mixture was concentr:ucd. cooled. lnd ice 
water was added. Solid KOH was added to neutralize the mixture ~d it w:is cx.tr:ic:cd 
with ether. The combined extracts were washed with brine, dried (~tgSQ4), :111d 
concentrated to give 2.61 g (98%) of product as a yellow oil. 
IH NMR CDMSO·d6): o 1.24 {t. 1=1.0 Hz. 3H), 2.77 (s, 3H), 3.93 Cs. 2H). 4.19 (q, 

10 1=1.0 Hz. 2H). 

"Step 3) S.7-Dihydro-2-methyl· 7-[[2 • ·( lH-tctrazol-5-yl)[ l .l-biphenyl]-4-yl]methyl}-4· 
(trifluoromethyl)·6H-pyrrolo[2.3-d]pyrimidin-6-one 

15 A mixture of cd1)Cl (4-chloro-2-mcthyi-6-trifluoromethylpyrimidin-5-yl)ace~te 
(848 mg, 3.00 mmol), 5-[(4·-aminomethyl)(l.l·biphen-2-yl]]-lH-tetrazole 
hydroc:hloride (863 mg. 3.00 mmol), tricthylamine (1.25 mL. 9.00 mmol), sodium 
acetate (738 mg, 9.00 mmol), and EtOH (10 mL) was heated under reflux for 16 h. 
The mixture was concentrated. taken up in lN NaOH, and extracted with ether. The 

20 aqueous phase was acidified to pH 3 with C0,!1C. HCl and the dD.rk brown precipitate 
was collected by filtration. Purification by flash chromatography (twice: 5-10% 
MeOH/CH2Cl2) gave a brown foam. Crystallization from ether/hexane gave 109 mg 
(8%) of product as a while solid, mp 195-197.C. 
IH NMR (DMSO-d(j): 5 2.59 (s. 3H), 3.92 (s, 2H), 4.90 {s, 2H), 7.05 (d, 1=8.1 Hz. 

2S 2H), 7.28 (d. 1=8.1 Hz. 2H), 7.52 Cd. J=6.2 Hz. lH), 7.57 (d, J=7.4 Hz. lH). 7.66 
(m, 2H). 

IR (KBr, cnrl): 1750 (C=O). 
Anal. c:ilcd for C22H16F3N10: C. 58.54; H. 3.57; N, 21.72 

Found: C. 58.58: H, 3.71; N, 21.44. 
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Example 3 
2,4-Dimethyl·S,6.8·t rihydru·8·[[2 · ·( lH ·letr:azul·S-y I)[ 1.1 ·lli phenyl 1 ·-'· 

yl Jmet hyl ]· 711 ·pyri du[2,J-d ]py ri mi din· 7 -un e 

S Step 1) Ethyl 3-< 2.6-Dime:.hyl-3H-pyrimidin-H>n-5-yl)propionate 

A mixture of NaOEt C0.069 mol) in EtOH (prepared from 1.6 g of ;-.;a and 35 
mL of EtOH), :icet:imidine hydrochloride (3.3 g, 0.035 mol). and diethyl 
ac:etylglutarate (8.0 g, 0.035 mol) was heated under reflux for 22 h. The mixture w:is 

10 concencratcd. t:ikcn up in water. acidified to pH 4 .,,.. .Ui cone. HCl. and extracted with 
EtOAc. The extracts were washed with brine, dried (MgS04), and concentrated. 
Trituration wim hexane gave 4.0 g (5 l %) of product as a white solid. An analytic:il 
sample was cryst:illized from ether/hexane, mp l 14-l 16"C. 
lH NMR CDMSO·dG): S 1.22 (t, 1::i1.2 Hz. 3H), 2.33 (s, 3H), 2.40 (s. 3H), 2.S4 Ct. 

15 1=8.0 Hz. 2H), 2.81 Ct. J=8.0 Hz, 2H), 4.10 (q, 1=1.2 Hz. 2H). 

20 

Anal. calcd for C11H16N203: C. 58.91; H. 7.19: N,.12.49 
Found: C. 59.18; H, 7.25: N, 12.20. 

Step 2) Ethyl 3-(4-Chlorc-2.6-dimethylpyrimidin-5-yl)propionatc 

A mixture of clhyl 3-{2,6-climethyl·3H·pyrimidin-4-on·5-yl)propionate (3.87 g, 
0.017 molj, phosphorus oxychloride (40 ml..), and N,N-dimethylaniline (10 drops} 
was he:ited under reflux for 2 h. TI1e mixture was concentrated. cooled. and ice water 
was added. Solid KOH was added to bring me pH to 6 and the mixture was extracted 

25 with ether. TI1e exu-:icts were dried (MgS04) and concentrated to give 2.95 g (72%) of 
product as a brown oil. 
lH NMR (DMSO·d6): 5 1.24 {t, 1=1.2 Hz, 3H), 2.~4 (s, 3H), 2.56 (t, J=S.l Hz, 

2H), 2.81 (s. 3H), 3.04 {t. J=8.1 Hz, 2H), 4.14 (q, 1=1 .2 Hz. 2H). 

30 Step 3) 2.4-Dimemyl-~.6.8-trihydro-8-[[2'-(lH·tetrazol-5-yl)[ 1.1-biphenylJ-4· 
yl]merhyl]· 7 H-pyrido[2,3-d}pyrimidin-7-onc 

A mixture of ethyl 3-(4-chloro-2,6-dimcthylpyrimidin-5-yl)propionate { 1.27 g, 
5.21 mmol). 5-[(4 ·-aminomethyl)[l,l-biphen-2-yl]]-lH-tccrazole hydrochloride (1.50 

35 g. 5.21 mmol), triethyl:unine (2.2 mL. 15.64 mmol). sodium acetate (1.28 g, 15.64 
mmol), :ind EtOH (20 mL) was heated under reflux for 5 days. The mixture was cooled 
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:ind filtered to remove insoluble m:itcri:tl. The filt::uc was :icidific:d to pH ~ wtth 

methanolic HCl and concentrated. Punfic:uion by flash chrom3tography ( 10% 

:vtcOH/CH2Cl2) and c:yst.llliz:ition from EtOH/ether gave 91 mg of produc: as a white 

solid. mp 197-199°C. 

5 IH N~1R (0~150-<16): o 2.35 Cs. 3H), 2.42 {s, 3H), :.72 (t, J=i.Z Hz. :!H). :.87 (t. 

1=1.2 Hz. 2H). 5.17 (s, 2H), 6.99 (d. 1=8.2 Hz. 2H), 7.18 Cd. J=S.2 Hz. :?H). 7.5J 

(m, 2H). 7 .65 Cm. 2H). 

IR CK.Br. cm·l): 1710 (C=O). 
Anal. calcd for C23H21N10: C. 67.14: H, 5.14; N, 23.83 

10 Found: C, 67.38; H. S.39: N. 24.19. 

15 

The compound 2,4-dimethyl-5.6,8-trihydro-8-[[2 • ·( lH-tetrazol-5-yl)[ l, l • 

biphenyl]-4-yl]methyl]-7 H-pyrido[2.3-d]pyrimidin-7-one may also be prepared by the 

following alternate process. set f onh in Scheme II. 

Step 1) 2.4-Dirncthyl-5,6,8-trihydro-8-[(4-bromophenyl)methyl]-7 H ·pyrido[2.3-

d]pyrimidln-7-onc 

A mixture of ethyl 3-(4-chloro-2,6-dimethylpyrimidin-S-yl)propionate (8.4 g, 

20 0.035 mol), 4-bromobenzyla.minc hydrochloride (8.S g, 0.038 mol), NaHC03 (5.8 g, 

0.070 mol), and nBuOH (75 ml..) was heated under reflux for 48 h. The mixture was 

diluted with EtOAc (30 rnL) and washed with water (100 ml.), 10% aqueous HOAc 

(50 mL), water (100 mL), saturated aqueous NaHCOJ (2 x 100 mL), dried (MgSQ4), 

and concentrated to give :i yellow solid. Trituration with hexane (SO mL) gave 8.3 g 

2S (69%) of product as an off-while solid, mp 123-124°C. 

30 

lH NMR (DMS0-<16): 8 2.34 (s, 3H), 2.42 (s, 3H), 2.71 (t, 1=1.9 Hz. 2H), 2.86 (t, 

1=1.9 Hz. 2H), S.13 (s, 2H), 7.22 (d, J=8.3 Hz. 2H), 7.44 (d, J=S.3 Hz. 2H). 

Step 2) 5-(2-Bromophenyl)-lH-tetrazole 

A mixture of 2-bromobenzonitrile (10.0 g, 0.055 mol). sodium azide (3.9 g. 

0.060 mol), ammonium chloride (3.2 g, 0.060 mol), and DMF (90 mL) was heated at 

l 00°C for 18 h. The mixture was concentrated, taken up in water, and made basic (pH 

9) with IN KOH. The aqueous mixture was extracted with ether (discarded) and 

35 acidified with 2N HCI. The precipitate was collected by filtration to give 9.1 g (73%) of 

product as nn off-white solid, mp 179-181°C. 
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lH NMR (DMSQ-d6): o i.56 (m, 2H). 7.69 (dd. J=i.O Hz. 2.1 Hz. lH). i.86 <dd. 

J=i.6 Hz. 1.3 Hz. IH). 

Step 3) l-ten-Butyl-5-(2-bromophc:nyl)- lH-ter.razolc: 

5 To a solution of 5-(2-bromophc:nyl)-lH-cc:trazole (i.9 g, 0.035 moi) :n 

cifluoroacetic acid (35 ml.) was added tBuOH (5.2 g, 0.070 mol) and H2SO.i ( 1.0 m.L. 

0.0175 mol). After 18 h, the solution was concentrated and the residue was taken up in 

EtOAc. The mixture was washed with water, 2.SN NaOH. water, dried (MgSO.i). :ind 

conceni:rated. Purification by flash chromatography (20% EtOAc/hexanc) gave 6.6 g 

10 (67%) of produce as a pale yellow oil. 

lH NMR CDMSO·d6): o 1.74 (s, 9H), 1.SS (m, 2H), 8.06 (m, 2H). 

Step 4) 2-(( 1-ten-Butyl)-lH-tetrazol-S-yl]phenylboronic acid 

15 To dry Mg turnings (76 mg. 3:13 mmol) in THF (l mL) was added a solution 

of l-ten-butyl-5-(2-bromophcnyl)-lH-tetrazole (733 mg. 2.61 mmol) in TiiF (l.S 

mL). 1.2-Dibromocthane (20 µL) was added and the mixture was warmed slightly with 

a heat gun. After 5 min, triisopropyl borate (564 mg, 3.00 mrnol) was added and the 

mixture was stirred at room temperature for 23 h. Ice and 0.5N HCl (7 mL) were added 

20 and the mixture was stirred for 5 min. The mixture was extracted with ether, and the 

combined extracts were extracted with IN KOH (10 mL). The aqueous extr:icts were 

filtered and :icidified to pH 3 with 2N HCI. The precipitate was collected by filtration to 

give 306 mg (48%) of product as an off-white solid, mp l 12-l 15°C. 

25 

lH NMR CDMSO-<l<;): o 1.72 (s, 9H), 7.46 (m, 2H), 7.90 (m, 2H). 

Step 5) 2.4-Dimethyl-5,6,8-trihydro-8-[[2#-{1-tert-butyl- lH -tetrazol-5-yl)[ l, l • 

biphenyl]-4-yl]mcthyl]-7 H -pyrido{2.3-d]pyrimidin-7-one 

A mixture of 2,4-dimethyl-5,6,8-trihydro-8-[( 4-bromophenyl)methyl]-7 H • 

30 pyrido[2,3-dJpyrimidin-7 -one ( 1.08 g, 3.43 mmol), 2·[(1-ten-butyl)- lH-tetrazol-5-

yl]phenylboronic acid (844 mg. 3.12 mmol), triethylamine ( 1.30 mL, 9.36 mmol), 

tetrakis(triphenylphosphine)palladium (108 mg, 0.094 mmol}, and DMF (15 mL) was 

heated at 100°C for 22 h. The mixture was concentrated, taken up in CHCl3, and 

washed with brine. The organic phase was dried (MgS04) a!ld concentrated. 

35 Purification by flash chromatography (60% EtOAc/hexanc) gave 1.05 g (66%) of 

product :is a yellow foam. 
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IH NMR CDMS0-<f6): o 2.35 Cs. 3H), 2.43 (s. 3H), 2.71 (t. J=i.1 Hz. ZH>. :.35 u. 
1=-7.1 Hz. 2H). 5.18 Cs. ZH). 6.97 (d. 1=8.2 Hz. 2H), 7.18 (d. 1=8.2 Hz. :Ht 7 . ..:.: 
(dd. J=7.3 Hz. 1.3 Hz. lH), 1.SS (m. 2H). 7.76 (dd. J=i.S Hz. 1.3 Hz. lH). 

S Step 6) :?.4-Dimethyl-5.6.8-trihydro-8-([2"-(lH-tetrazol-5-yl)[ 1.1-biphenyl]-..:­
yl]methylJ-7 H-pyrido[2,3-d]pyrimidin-7-one 

A mixture of 2.4-dimcthyl-5,6,8-trihydro-8-[[2 ·-cl-ten-butyl· lH-tetr:izol-5-
yl)[ 1.1-biphenylJ-4-ylJmethylJ· 7 H -pyrido[2.3-d]pyrimidin-7-one (200 mg. 0.428 

10 mmol), mcthanesulfonic acid (280 µL, 4.28 mmol), and toluene (4 mL) was heated 
under reflux for 18 h. The mixture was concentrated, and water (2 ml) and lN KOH 
(4.5 mL) were added to give a solution of pH 8. The miXture was extracted with EtOAc 
to remove unre~ted staning m:iterial, and the aqueous phase was acidified to pH S with 
lN HCl to give a gummy precipitate. The precipitate was extracted into EtOAc, and the • 

15 solution was dried (MgS04) and concentrated to give a colorless oil. Trituration with 
acetone/ether gave 70 mg (40%) of product as a white solid. mp 197-198°C. 
IH NMR CDMSO-d6): o 2.35 (s, 3H), 2.42 (s, 3H), 2.72 (t. 1=1.2 Hz. 2H), 2.87 (t, 

1=1.2 Hz. 2H), 5.17 (s. 2H), 6.99 (d. 1=8.2 Hz. 2H), 7.18 (d, J=8.2 Hz, 2H), 7.54 
{m. 2H), 7 .65 (m, 2H). 

20 IR (KBr, cm-1): 1710 {C=O). 

25 

Example 4 · 
2· Methyl-4-t rirluoromethyl-S,6,8-tribydro-8-[[2 • ·( lH -tetrazol·S· 
yl H 1,1-1.Ji phenyl]·4· yl]methyl]·7 H -pyrido[l,3-d]pyrimidin-7-one 

Step 1) Diethyl TrifluoroacetylgluW'lltc 

To a solution of NaOEt (0.217 mol) in EtOH {prepared from 5.0 g of Na and 
220 mL of EtOH) was added ethyl aiflouroacctoacetate ( 40.0 g, 0.217 mol). After l 0 

30 min, ethyl 3-bromopropionate (35.0 g, 0.194 mol) was added and the mixture was 
heated under reflux for 24 h. The reaction mixture was concentrated, taken up in ether, 
and washed with wnter. The ether layers were dried (MgS04) and concentrated to give 
50 g of a yellow oil. Distillation (100-l 10°C/2S mm) gave 14.0 g (23%) of product as a 
colorless oil. 

35 lH NMR CDMSO-d6): S 1.20 (m, 6H), 2.93 (t, 1=6.4 Hz. 2H), 3.62 Ct. J=6.4 Hz. 
2H), 4.13 Cm. 5H). 
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Step 2) Ethy I 3-(2-Mcthyl-6-tri fluoromethyl-3H -pyrimiclin-+.on-5-y l)propion:ue 

To a solution of NaOEt (0.026 mol) in EtOH (prepared from 0.60 g of :--:a and 

30 mL of EtOH) was added diethyl trifluoroacetylglutarate (3.iO g, 0.013 moi) and 

5 acetamidine hydrochloride ( 1.23 g, 0.013 mol). The reaction mixture w;..) heated under 

reflux for 18 h. concentrilted. and taken up in water. The mixture was acidified to pH J 

with 2N HCl and cxuacted with CH2Cl2. The extracts were dried (MgSQ4) and 

concentrated to give a yellow solid. Trituration with hexane gave 0.87 g of product as a 

white solid. 

10 lH NMR (0MSO·d6): o 1.16 (t, J=-7.0 Hz. 3H), 2.35 (s, 3H). 2.45 (t, J=6.4 Hz. 

2H), 2.70 (t, J=6.4 Hz. 2H), 4.06 (q, 1=-1.0 Hz. 2H). 

Step 3) Ethyl 3-(4-Chloro-2-mcthyl-6-trifluoromcthylpyrimidln-5-yl)propionatc 

15 A mixture of ethyl 3-(2-mcthyl-6-trifluoromcthyl-3H-pyrimidin-4-on-S-

yl)propionate (0.61 g, 2.20 mmol), N,N-diethylaniline (0.33g, 2.2 mmol), and POCl3 

(8 mL) was heated under reflux for 2 h. The mixture was concentrated, poured onto 

ice, and extracted with ether. The combined extracts were dried (MgS04) and 

ccnccnuatcd to give 0.65 g of product as a brown oil. 

20 lH NMR (DMS.0-<f6): 8 1.18 Ct. J=-7.0 Hz, 3H), 2.56 (t, 1=8.5 Hz. 2H), 2.67 (s, 

25 

3H). 3.06 (t, 1=8.S Hz. 2H), 4.10 (m, 2H). 

Step 4) 2-Methyl-4-uifluoromethyl-5,6,8-uihydro-8-[[2 • ·( lH-tetrazol-5-yl)[ 1. l • 

biphenylJ-4-yl]methyl]· 7 H-pyrido[2,3-d]pyrimidin-7-one 

A mixture of ethyl 3-(4-chloro-2-methyl-6-trifluoromethylpyrimidin-5-

yl)propicnate (1.30 g, 4.40 mmol), S-[(4'-aminomethyl)[l,l-biphen-2-yl]]-lH· 

tettazole hydrochloride (1.26 g, 4.40 mmol), sodium acetate (1.08 g, 13.20 mmol), 

and triethylamine {1.33 g. 13.20 mmol) in nBuOH (25 mL) was heated under reflux 

30 for 24 h. The mixture was concentrated and partitioned between CHCl3 and water. The 

layers were separated and the organic phase was washed with water. dried (MgS04). 

and concentrated to give a yellow oil. Purification by flash chromatography (7% 

MeOH/CH2Cl2) and recrystallization from acetone/ether (twice) gave 0.07 g of product 

as a white solid, mp 2 l 9-220°C. 
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lH NMR CDMSO-d6}: o 2.53 (s, 3H), 2.81 (t, J=i.1 Hz. 2H), 3.07 (t, J=7.l Hz. 

2H), S.2 Cs. 2H), 7.00 (d. J=8.l Hz. 2H). 7.22 (d. J=8.l Hz. :!H), 7.56 (m. 2H). 

1.65 (m. 2H). 

Anal. c:ilcd for C23H1sF3N;O: C, S9.3S; H. 3.90; N. 21.07 

5 Found: C. 59.12: H. 3.85; N, 21.29. 

10 

Example 5 
2t4• D imethyl-5 ,6,8-t ribydro·8·[[ 6-[2·( lH -tetrazol-5· yl) phenyl] .3. 

pyridinyl Jmethyl]-7 H • pyrido[2,3-d)pyrimidin· 7-one 

Step l) 2.4-Dimethyl-S,6,8-trihydro-7 H-pyrido[2.3-<l]pyrimidin· 7-one 

To a cooled (-78°C) solution of ethyl 3-(4-chloro-2,6-dimethylpyrimidin-5-

yl)propionate (27.1 g, 0.111 mol), p~pared as described in Step 2 of Example 3, in 

15 E10H (110 mL) was added liquid NHJ (20 mL). The mbmac was heared :u 150°C in :i 

pressure vessel for 12 hand concentrated. Water (20 mL) was added and the mixture 

was exU'ilcted with CH202. TI1e exrracts w~ aried (MgS04) and concentrated to give 

a brown solid. Purification by flash chromatography (2% MeOH/CH2Cl2) and 

trituration with ether/hexnnc gave 14.9 g (7690) of product as off-white crystals, mp 

20 167-168°C. 

lH NMR (DMSO·<i6): a 2.30 (s, 3H), 2.40 (s, 3H), 2.52 (t. 1=7.7 Hz. 2H), 2.80 (t, 

J=7.7 Hz, 2H), 10.64 (s, lH). 

IR (KBr. cm·l): 1690. 

Anal. calcd for C9H11N30: C, 61.00; H. 6.26: N, 23.71 

2S Found: C. 61.04; H. 6.07; N, 24.10. 

Step 2} 2-Bromo-S-hydroxymethylpyridine 

To a cooled (0°C), stirred suspension of 6-bromonicotinic acid (13.8 g, 0.068 

30 mol), p~pared according to Campbell, et al. Aust. J. Chem. J 97 J, 24, 277, in nu: 
(20 mL) was added l.OM BH3 in TiiF (204 mL, 0.204 mol). The mixture was stirred 

at room temperature for 3 h. recoiled to 0°C, and saturated aqueous K2C03 and water 

were added. The mixture was extracted with EtOAc, and the combined extracts were 

washed with water, dried {MgS04), and concentrated to give a yellow oil. Purification 

35 by flash chromatography (2% MeOH/CH2Cl2) gave 7.5 g (59%) of a yc'.!ow solid. mp 

49-Sl°C. 
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1H N'MR CDMSO-do): 0 ~.so (d. 1=5.1 Hz. 1H •. SAO (t. J=S.7 Hz. lH), 7.57 (d. 

J=8.3 Hz. lH), 7.70 (dd, 1=8.3 Hz. 1.5 Hz, lH), 8.35 Cd. J=l..S hz. lH). 

Step 3) 2-Bromo-5-(tcn-bucyldimcthylsilyloxy)melllylpyridine 

To a stirred mixture of 2-bromo-5-hydroxymcthylpyridine (4.7 g, 0.023 mol) 

and triethylamine (3.4 mL. 0.024 mol) in DMF (30 mL) was :i.dd.ed tert­

butyldimethylsilyl chloride. After 1 h. the mixture was diluted with ether :ind w01shcd 

with water. The ether phase was dried (MgSQ4) and concentrated to give 6.8 g (97%) 

10 of product as :i colorless oil. 

15 

lH NMR CDMSO-<l6}: S 0.10 (s. 6H). 0.90 (s. 3H), 4.73 Cs. 2H). 7.65 (m. :?H). 

8.35 Cd. J=l..S Hz. lH). 

Step 4) [5-(tcn-Buty ldimethylsilyloxymethyl}pyrid.in-2-y l] ai-n-bucylsWlnane 

To a cooled (· 78°C). stirred solution ..Jf 2-bromo-5-(tcrt· 

butyld.imethylsilyloxy)methylpyridine (6.8 g, 0.022 mol) in THF (60 mL) was added 

1.6 M nBuLi in hex:incs (14.1 mL. 0.022 mol). After 1 h, tri-n-butyltin chloride (6.1 

ml... 0.022 mol) w:is :idded and stirri~g was continued for 3 h. Water was added. and 

20 the mixture was wanned to room temperature_and extracted with ether. The combined 

extracts were dried (MgS04) and concentrated to give 11.S g (100%) of product :is :i 

brown oil. 

2S 

lH NMR CDMSO-d6): 8 0.10 (s. 6H), 0.80 (m. 18H). 1.10 (m. 6H). 1.25 (m. 6H). 

1.50 (m, 6H), 4.73 (s, 2H), 7.55 (m, 2H), 8.61 (d, J=2.2 Hz. lH). 

Step 5) 2-[5-{ten-Butyldimethylsilyloxymcthyl)pyridin-2-yl]bcnzonitrile 

A mixture of [5-(tert-butyldimethylsilyloxymethyl)pyridin-2-yl]tri-n­

butylstannane (11.S g. 0.022 mol), 2-iodobenzoniuile (5.1 g. 0.022 mol), Cul (0.43 

30 g, 0.002 mol), and bis(uiphenylphosphine)palladium(II) chloride (0.80 g, 0.001 mol) 

in THF (40 ml..) was heated under reflux for 48 h. The mixture was diluted with ether 

and washed with saturated aqueous Nli4Cl. aqueous NH40H. water. and brine. dried 

(MgSQ4), and concentrated to give 4.9 g (67%) of product as a brown oil. 

lH NMR (DMS0-96): o 0.10 (s. 6H), 0.90 (s. 9H), 4.73 (s. 2H). 7.45 (m. lH), 

35 7.60 (m. 4H), 7.75· (dd. 1=1.9 Hz. 2.2 Hz. lH). 8.SO (d, J=2.2 Hz. lH). 
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Step 6) 2·[5-(Hydroxymethyl)pyridin-2-yl]bcnzoniaile 

A mixture of 2-[S-(ten-butyldimethylsilyloxymethyl)pyridin-2-yljbenzomcnle 

(4.9 g, 0.021 mo!) and nBll.4NF hydrate (8.1 g, 0.031 mol) in TiiF (60 m.L) was 

S stirred at room temperature for 18 h. The mixcurc was diluted with EtOAc. washed with 
water and brine. dried (MgSQ4), and concencraced to give 3.5 g (80%) of product as a 

brown solid. mp 152-153°C. 
lH NMR (CMSO·d6): S 4.61 (d, i~S.6 Hz. 2H), S.42 (t, J=S.6 Hz. lH), 7.57 (dd. 

J=7.3 Hz. l.S Hz. lH). 7.65 (m. 4H), 7.80 (dd. J~7.9 Hz. 2.2 Hz. lH), 8.52 (d. 

10 J=2.2 Hz. ·lH). 

Step 7) 2·[5-(Chloromethyl)pyridin-2-yl]bcnzoniuile 

To a cooled (0°C), Stirred solution of 2-[S·(hydroxymethyl)pyridin-2-

15 yl]bcnzoniailc (4.3 g. 0.020 mol) and Zn02 (0.09 g. 0.61 mmol) in p·dioxanc (40 

mL) was added SOC12 Cl.SO mL. 0.020 mol) dropwisc. The mixture was stirred at 

room temperature for 18 h. diluted with ether, washed wim water and brine, dried 

1.MgS04), and concentrated to give 4.30 g (92%) of product as a brown solid. mp 97-
980C. 

20 IH NMR {DMSO-d6): 8 4.90 (s, 2H), 7.6l (de!. J=7.7 Hz. 1.3 Hz. lH), 7.80 Cm. 
lH), 7.85 (m, 2H), 7.95 (d, 1=1.1 Hz. lH), 8.01 (dd. 1=8.0 Hz. 2.2 Hz. IH), 8.80 

(d. J=2.2 Hz, lH). 

Step 8) 2,4-Dimethyl-S.6,8-trihydro-8-{[6-(2-cyanophcnyl)-3-pyridinyl]methyl]· 7 H· 
25 pyrido[2.3·dJpyrimidin· 7-one 

To a stirred suspension of NaH (60% dispersion in mineral oil: 0.42 g, 9.18 

mmol) in DMF (20 mL) was added 2,4-dimethyl-5,6,8-trihydro-7H-pyrido[2,3· 

d]pyrimidln-7-one (l.55 g. 8.75 mmol). After 1 h, 2-{S·(chloromethyl)pyridin-2· 

30 yl]benzoniuile (2.00 g. 8.75 mmol) was added in several ponions. Stirring was 
continued for 4 hand the mixture was concentrated. Water was added and the mixcurc 

was exuacted with CH2Cl2. The combined exuacts were dried (Mg504) and 

c:oncenuatcd to give 3.20 g (100%) of product as a brown solid, mp 161·162°C. 

IH N.MR (DMSO-cf6): 5 2.36 (s, 3H), 2.45 (s, 3H), 2.78 (t, 1=7.8 Hz, 2H), 2.87 (t, 

35 1=7.8 Hz. 2H), 5.27 (s, 2H), 7.61 (m, lH), 7.80 (m, 4H), 7.93 (dd, 1=7.7 Hz. 1.3 

Hz, lH), 8.70 Cd. J=l.3 Hz. lH). 
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Seep 9) 2.4·Dimcchyl·S.6.8·crihydro·8·{[6·{2·( lH ·<ccuzol·S·yl)phc:nyl)·3· 

pyridinyl]mcthyl)· 7 H-pyrido[2,3·dlpyrimidin- i -one 

A mixture: of 2.~·dimcthyl-S.6,8·trihydro·8-{[6-(2-cyanophc:nyl)-3· 

5 pyridinylJmc:thyl}-":'H-pyrido(2.3-djpyrimid.in-7-one (4.0 g. 10.8 rr.mol), :-.Ja~3 l0.8 g, 

11.9 mmol), :ind tri-n-butyltin chloride (3.9 g, 11.9 mmol) in xylcnes ( 100 mL> was 

heated under reflux for 24 h. Another 1.5 equiv. of NaN3 and tri·n-bucyltin chloride 
were added and heating was continued for 24 h. The reaction mixture was concentrated 
and 2 N HCI was added. The mixrure was extracted wirh erhcr {discarded) and adjusteci 

10 to pH S with 50% NaOH. The aqueous phase was extracted with CH2Cl2. and the 
extracts were washed with water, dried {MgSQ4), and concentrated. Purification by 

flash chromatography (5% MeOH/Oi202) and recrystallization from EtOH/water gave 

2.8 g (63%) of product as a white solid, mp 217-218°C. 
IH NMR CDMSO-d6): S 2.3S (s, 3H), 2.44 (s, 3H), 2.73 Ct. J=-7.8 Hz, 2H). 2.85 (t, 

lS J=7.8 Hz. 2H). 5.18 (s, 2H), 7.33 (d, J=8.3 Hz. lH). 7.65 Cm. SH). 8.36 Cs. lH). 

20 

25 

IR (KBr. cm·l): 1690. 

Anal. calcd for C22H20NgO: C. 64.07; H, 4.89; N. 27.17 

Found: C. 63.87; H. 4.81; N, 27.56. 

Example 6 

2-Metlly1·4-trinuorornethyl-5,6,8·trihydro·8·£[6·[2·(1H ·tetrazul·S· 
yl)phenylJ.J· pyridinyl] methyl]. 7 H. pyrido[2,3·d]pyrimidin· 7 -one 

Step 1) 2·Methyl-4-trifluoromcthyl-S,6,8-aihydro-7 H-pyric!o[2.3-d]pyrimidin· 7-onc 

A solution of ethyl 3-(4-chloro-2-methyl-6-aifluoromethylpyrimidin-5-
yl)propionatc (0.50 g, 1.70 mmol). prepared as described in Step 3 of Example 4, in 
sawraied ethanolic anunonia (lS mL) was heated in a scaled tube at l 10°C for 18 h. The 

mixture was concentrated. ta.ken up in CH2CI2. and washed with water. The organic 

30 layer was dried (MgS04) and concentrated to give 0.33 g (84%) of product as a white 

solid, mp 147-1 S0°C. 
lH NMR CDMSO-d6): 8 2.53 (s, 3H), 2.61 (t. 1=1.3 Hz. 2H), 3.01 (t, J=7.3 Hz. 

2H), 11.30 Cs. lH). 
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S tcp 2) 2-Mcthyl-4-trifluoromcthyl· 5.6.8-trih ydro-8-[[ 6-(2-cyanophcn yl)· 3 • 

pyridinyl]mcthyl]· 7 H-pyrido(2.3-d]pyrimiciln· 7 -one 

To a suspension of NaH (60% dispersion in mincr:tl oil; 33 mg. t..:Q mrnol) in 

S DMF was :iddcd 2-mcthyl--1-trifluoromcthyl-5.6,8-trihydro-i H • pyrido[:? • .3 • 
d)pyrimidin-7 -one (0.32 g. 1.40 mmol) at room temperature. After 30 nun. :?-[5-

(chloromcthyl)pyridin-2-yl]bcnzoniuile (0.32 g, 1.40 mmol), prepared as descnbcd in 
Step 7 of Example S, was added. The mixture was stin'cd for 42 h, diluted with water, 

and cxuacted with CH2Cl2. The combined extracts were dried (MgSQ4) :ind 

10 concentrated to give 0.51 g (86%) of product as a yellow foam. 
lH NMR (DMSO·d6): o 2.58 {s, 3H), 2.86 (t, 1=1.6 Hz. 2H), 3.11 (t, 1=7.6 Hz. 

2H), 5.31 (s, 2H), 7.62 (m. lH), 7.8S (m, SH), 8.7S (s, lH). 

Step 3) 2-Mcthyl-4-trifluoromethyl-5,6,8-trihydro-8-[[ 6-[2-( lH ·teirazol-S-yl)phcnyl]- • 

15 3-pyridinyl]methyl]-7 H-pyrido(2.3-d]pyrimidin-7 -one 

A mixture of 2-mcthyl-4-trifluoromethyl-S,6,8-trihydro-8-[[6-(2-cyanophenyl)-

3-pyridinyl]methyl]· 7 H-pyrido(2,3-d]pyrimidin-7-one (0.SO g, 1.23 mmol), NaN3 
(0.08 g, 1.23 mmol), and tri-n-butyltin chloride (0.40 g, 1.23 mmol) in xylen!=S (9 mL) 

20 was heated under reflux for 48 h. lN HO (L2 mL) was added and the mixture was 

diluted with CH2Cf21 washed with water, dried (MgS04), and concentrated. 

Purification by flash chromatography (5% MeOH/CH2Cl2) gave a foam. Trituration 

with 10% EtOAc/ether gave 0.145 g (25%) of product as an off-white solid, mp 189-

1910C. 
25 IH NMR (DMSO-d6) o 2.SS (s, 3H), 2.82 (t, 1=1.0 Hz. 2H), 3.07 (t, 1=1.0 Hz. 

2H), S.20 (s. 2H), 7 .31 Cd. J=8.0 Hz. lH), 7 .6S (m, SH), 8.39 (s, lH). 

Anal. calcd for C22H17F3N30: C, 56.65; H, 3.67; N. 24.03 
Found: C, 56.22; H, 4.11; N, 23.44. 
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Example 7 

2,4- Dimethyl·S.G.8-tri hydro-8-{ [5-{2·( lH -let razo 1-S· yl l p laenyl ]·2· 

pyridinyl]methyl ]· 7 H • pyrido[2,J-d]pyrimidin-7-one 

5 Step 1) (6-Mcthylpyridin-3-yl)ui.fluoromelhanesulfona.te 

To a Stirred. cooled (0°C) solution of 3-hydroxy-6-methylpyridine ( l4.0 g. 

0.128 mol) in pyridine (70 mL) was added ui.fluoromethanesulfonic anhydride (39.8 g. 
0.141 mot) dropwise. TI1e mixture was stirred at room temperature for Sh. Water was 

10 added and the mixture was extracted with ether. The extracts were washed with brine. 
dried (MgS04). and conccnuated to give 27.3 g (88%) of product as a brown oil. 
lli NMR (DMS0-<f6): a 2.50 (s, 3H), 7.45 (d, J=9.2 Hz. lH), 7.90 (dd, J=9.2 Hz. 

' 

2.3 Hz. lH), 8.60 (d, J=2.3 Hz. lH). 

lS Step 2) (6-Methylpyridin-3-yl)trifluoromethanesulfonatc N-Oxidc 

To a stirred solution of (6-methylpyridin-3-yl)trifluoromethanesulfonatc: (27.3 

g, 0.113 .mol) in CH2Cl2 (140 mL) was added mCPBA (21.S g. 0.124 mol) in 

ponions. After 16 h, the precipitate: was removed by filtration and the filtr:m: was 

20 concentrated. Purification by flash chromatography (2% McOH/CH2Cl2) gave 25.0 g 

(86%) of product as colorless crystals, mp 47-48°C. 
lH NMR (0MS0-d6): a 2.36 (s, 3H), 7.56 (dd, J=S.9 Hz, 2.3 Hz, lH), 7.69 (d. 

1=8.9 Hz, lH), 8.84 (d. J=2.3 Hz. lH). 

25 Step 3) (6-Hydroxymethylpyridin-3-yl)trifluoromcthanesulfonate 

To stirred, cooled (0°C) (6-methylpyridin-3-yl)trifluoromethanesulfonate N­
oxidc (25.0 g, 0.097 mol) was added trifluoroacetic anhydride (69.0 mL. 0.487 mol) 
dropwise. The mixture was stirre:.:! at room temperature for 30 min then heated under 

30 reflux for 1 h. The mixture was cooled to room temperature and 10% aqueous 
~aHC03 (400 mL) was added. The resulting mixture was extracted with CH2Ch and 
the extracts were washed with brine, dried (MgS04), and conccnuated. Ptµification by 

flash chromatography (2% MeOH/CH2Cl2) gave 10.0 g (40%) of product as a 

colorless oil. 
35 lH NMR (DMSO·d6): 8 4.60 (s, lH), 5.60 (s, lH), 7.64 (d, J=S.8 Hz, lH), 8.03 

(dd, J=8.8 Hz, 2.8 Hz. lH), 8.67 (d, J=2.8 Hz, lH). 
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Step 4) 2-(2-tcrt·Butyl-lH-tecrazol-5-yl)phenylui-n-bucylstannane 

To a cooled (· i8°C) solution of l-ten-butyl-5-(2-bromophenyl)- lH·tet::iz .. he 

(12.3 g, 0.043 mol), prcp:ired as described in Step 3 of the Example 3 altc:n::mve 
5 synthesis. in TiiF (80 mL) was added l.6M nBuLi in hexanes (32.7 mL. 0.05Z mo!). 

After l h. tri-n-butyltin chloride (17. l g, 0.052 mol) was added and stirring was 
continued for 3 h at • 78°C. The mixture was wanned to room temperature and stirred 
for 18 h. Water was added and the mixture was extracted with ether. The combined 
extracts were washed with water, brine, dried (MgS04), and concentrated to give a 

10 brown oil. Excess tri-n-butyltin chloride and remaining starting material were removed 
by distillation under high vacuum to give 9.6 g (45%) of product as a brown oil. 

15 

IH NMR (DMSO·ci6): a 0.78 (t, J=7.3 Hz. 9H). 0.93 (t. 1=8.3 Hz. 6H), 1.21 Cm. 
6H). 1.43 {m. 6H), 7.43 (d, 1=8.9 Hz. lH), 7.45 (d, J=8.S Hz. lH), 7.60 (dd, J=S.9 
Hz. 2.3 Hz. 1 H), 8.0 (dd, 1=8.5 Hz. 2.3 Hz. lH). 

Step 5) 2-ten-Butyl-5-[2·[(2·hydroxymethyl)pyridin-5-yl]phenyl)tecrazole 

A mixture of (6-hydroxymethylpyridin-3-yl)trifluoromethanesulfonate (S.O g. 
0.019 mol), 2-(2-ten-butyl- IH -teuazol-5-yl)phenyltri-n-butylstannane (9 .5 g, 0.019 

20 mol). bis(uiphenylphosphine)palladium chl.aride (0.70 g, 0.97 mmol), Cul (0.37 g, 
1.9 mmol), illld OMF (30 mL) was heated at 100°C for 18 h. 20% Aqueous KF was 
added and the mixture was stirred at room temperature for 30 min. The precipitate was 
removed by filtration and the filtrate was extracted with ether. The extracts were 
washed with Nli40H. saturated aqueous Nf4Cl. water, brine, dried (MgS04), and 

25 concentrated. Purification by flash chromatography (5% EtOAc/hexillle) gave 0.5 g 
(8%) of product as a yellow oil. 

30 

lH NMR (DMSO·d6): 8 1.55 (s, 9H), 4 • .56 (d, 1=6.0 Hz. 2H), 5.40 (t, 1=6.0 Hz. 
lH), 7.38 (d, J=8.8 Hz. lH), 7.60 (m, 4H), 7.90 (dd. J=8.8 Hz. 2.3 Hz, lH), 8.20 
(d, J=2.3 Hz. lH). 

Step 6) 2-ten-Butyl-5-[2·((2-bromomethyl)pyridin-5•yl]phenyl]tecrazole 

A mixture of 2-ten-butyl-5-[2·{(2-hydroxymethyl)pyridin-5-yl]phenyl]tetrazole 
(0.50. g, 1.62 mmol), triphenylphosphine (0.51 g, 1.94 mmol). and CBr4 (0.64 g, 

35 1.94 mmol) in THF (30 ml) was stirred at room temperature for 16 h. The mixture 
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was concenuated and pum . .:auon by flash chromatography {10% EtOAcihcx:incJ g1ve 

0.40 g (66%) of product as a colorless oil. 

lH NMR CDMSO-u6): o 1.56 (s. 9H). 4.70 (s, 2H), i.60 Cm. SH). i.95 (ud, 1=8.8 

Hz. 1.6 Hz. lH), 8.18 Cd. J=l.6 Hz. lH). 

Step i) 2.4-Dimethy1-5.6,8-1rihydro-6-[[5-[2·( lH-tetrazol-5-yl)pheny lJ-2-
pyridinyl] methyl]· 7 H-pyrido[2.3-d]pyrimidin-7-one 

To a stirred suspension of NaH (60% dispersion in mineral oil; 41 mg. 1.03 

10 mmof) in DMF (1 mL) was added 2,4-dimethy1-S,6,8-trihydro-7H-pyrido(2,3-

d]pyrimidin-7-one (170 mg, 0.94 mmol), prepared as described in Step l of Example 

S. After 30 min. :i solution of 2-tert-butyl-5-[2-{(2-bromomcthyl)pyridin-5-

yl]phenyl]teuazole (350 mg. 0.94 mmol) in DMF (S mL) was added and the mixture 

was stirred for 3 h. The mixture was concentrated. taken up in EtOAc, and washed 

15 with water. The organic phase was dried (MgSQ4), concentrated. and purified by flash 

ch.romatography (3% MeOH/CH2Cl2) to give a yellow foam. The foam was heated in 
6N HCl (2 mL) for 16 h. cooled. and the pH was adjusted to 4 with SO% NaOH. The 

mixture was extracted with CHCl3, and the combined extracts were dried (MgS04), 

and conccnuated. Trituration with EtOH/ether gave 40 mg (10%) of product as a white 

20 solid. mp 208-209°C. 
lH NMR CDMSO·<f6): a 2.35 (s, JH), 2.37 Cs. 3H). 2.77 Ct. 1=1.9 Hz. 2H), 2.90 (r, 

1=1.9 Hz. 2H), S.30 (s, 2H). 7.10 (d. 1=8.8 Hz. lH), 7.36 (dd. 1=8.8 Hz. 1.6 Hz. 

lH). 7.60 (m, 4H), 8.23 (d. J=l.6 Hz. lH). 

IR (KBr. cm·l): 1690. 

25 Anal. calcd for C22H20NgO: C, 64.07; H. 4.89; N, 27 .17 

30 

Found: C. 63.87; H. 5.16; N. 27.22. 

Example 8 
l,4,6· Tri methyl-5 ,G,8-tri hydro·S· [[2 ~ • ( lH •tetrazol-5· yl) [ 1,1-bi phenyl l· 

4-yl]methyl]·7 H -pyrido[2,3·dlpyrimidin·7-one 

Step 1) 2,4-Dimethyl-5,6,8-trihydro-8-{[2~-cyano[ l, l-biphenyl]-4-yl]methyl]-7 H­

pyrido(2.3-d}pyrimidin-7-one 

35 To a stirred suspension of NaH (60% dispersion in mineral oil; 0.115 g; 4.80 

mmol) in DMF (5 mL) was added 2,4-dimethyl-5,6,8-trihydro·7H-pyrido[2.3-
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d]pyrimidin-i-onc t0.8.5 g, 4.80 mmol), prepared as described in Step 1 of E.<t:unple S. 

After 45 min. 2-[ J-(bromomethyl)phenyl]bcnzonitrile ( 1.00 g, 3. 7 mmol) in D:-..tF (4 

rnL) was added and the mixture was stirred at room temperature for 18 h. \Vatcr was 

added and the mixture was extracted with CH2Cl2. The excracts were conccn=ated llld 

S the crude product was punficd by flash chromatography (2% :-.-teOH!CH2Cl21. 

10 

Trituration with ether gave 0.80 g (60%) of product as a yellow solid. mp 133-13i"C. 

lH NMR (DMSO-d0): o 2.37 (s, 2H), 2.45 (s, 3H), 2.76 Ct. J=7.9 Hz, 2H), 2.88 {t, 

1=1.9 Hz. 2H), 5.27 Cs, 2H). 7.42 (d, 1=8.2 Hz. 2H), 1.SO (d, J=8.2 Hz. 2H), 7.58 

(m. 2H), 7.77 Cm. lH), 7.93 Cd. J=7.6 Hz. lH). 

Step 2) 2,4,6-Trimethyl-5,6,8-trihydro-8-[[2 • -cyano( l ,l-biphenyl)-4-yl]methyl]· 7 H -

pyrido(2,3;.d]pyrimidin-7-onc 

To a cooled (-78°C) solution of 2.4-dimethyl-5,6,8-aihydro-8-[[2'-cyanol•· l· 

15 biphcnyl]-4-yl]methy1]-7H-pyrido[2,3-d]pyrimidin-7-one (0.40 g, 1.10 mmol) in 1HF 

(2.0 mL) was added LOA (2M: 0.55 mL, 1.10 mmol). After 4.5 min. Mel (0.16 g·. 

1.15 mmol) was added and the mixture was allowed to warm to room temperature and 

stirred for 18 h. The mixture was concentrated and partitioned between water and 

CH2Cl2. The organic phase was dried (MgS04) and concentrated to give an orange 011. 

20 Purification by flash chromatography {60%..EtOAc/hexane) gave 0.15 g (36%) of 

product as a yellow solid. mp 153-1S6°C. 

lH NMR CDMSO·d6): o 1.21 (d. 1=6.3 Hz, 3H), 2.37 {s, 3H). 2.44 (s, 3H), 2.60 

(m, lH). 2.80 (m. lH), 3.05 (dd. J=9.6, 6.0 Hz. lH), 5.21 (d, J=lS.1 Hz, lH), 7.39 

· (d, J=8.3 Hz. 2H), 7.49 (d, J=8.3 Hz. 2H), 7.58 (m. 2H}. 7.80 (m, lH), 7.91 (dd. 

25 1=6.9, 0.9 Hz. lH). 

Step 3) 2,4,6-Trimethyl-5,6,8-trihydro-8-[[2 '·(lH -teq·azol-5-yl)[ l, l-biphenyl)-4-

yl]methyl]· 7 H-pyrido{2,3-d]pyrimiciln-7-one 

30 A mixture of 2,4,6-trimethyl-5,6,8-trihydro-8-[[2 • -cyano( l, l-biphenyl]-4-

yl]mcthyl]-7 H-pyrido[2,3-d]pyrimiciln-7-onc (0.57 g, l.SO mmol), NaN3 (0.13 g, 

1.90 mmol), and tri-n-butyltin chloride (0.62 g, 1.90 mmol) in xylenes (5 mL) was 

heated under reflux for 48 h. The mixture was cooled and lN HCl (2 mL) was added. 

CHCl3 and water were added. ~nd the organic phase was dried (MgS04) and 

35 concentrated. Recrystallization from EtOAc gave 0.25 g {39%) of product as a white 

solid. mp l6l-163°C. 
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1 H NMR CDMSO-d6J: o 1.19 (d. 1=6.7 Hz). 2.37 (s, 3H). :?A3 (s. 3H). :?.59 (m. 
lH). 2.80 Cm. IH). 3.02 (dd. 1=15.7, 7.0 Hz. lH), 5.12 (d. J=l5.0 Hz. lH), 5.2: 
Cd. J=lS.O Hz. lH). 7.00 (d. 1=8.0 Hz. 2H). 7.18 Cd. 1=8.0 Hz. :?H), i.5i <m. :?HI. 
7.63 (m. 2H). 

Example 9 
l,4-DimethyJ-8-([l. ·( lll ·tetrazol-5-yl}[ 1,1-bi phenyl J-4-ylJmethyl]-7 H • 

pyrido[l,J·d)pyrimidin· 7 -one 

10 Step l) 2,4-Dimethyl-8-[[r -cyano[l.l-biphenyl]-4-yl]methyl]-7 H -pyrido(2.3-
d]pyrimidin· 7-one 

.. 
Using the same procedure as described in Step 1 of Example 8, to a stirred 

suspension of NaH (6090 dispersion in mineral oil) in DMF add 2,4-dimethyl-7H-
1S pyrido[2.3-d]pyrimidin-7-one. prepared according to T. Sakamoto. et al. Chem. 

Pliarm. Bull .• 19 8 l, J 0, 2410. After 45 min, add 2-(4: 
(bromomcthyl)phenyl]benzonitrile in DMF and stir the mixture at room temperature for 
18 h. Add water and extract the mixture with CH2Cl2. Concentrate the extracts and 
purify the crude product by flash chromatography (290 MeOH/CH2Cl2). Tritur:uion 

20 with ether gives the product . -
Step 2) 2,4-Dimethyl-8-[[2 ·-oH-tetrazol-5-yl)[ l, l-biphenyl]-4-yl]methyl]-7 H • 
pyrico[2.3-dJpyrimidin-7-one 

2.5 Using the same procedure as described in Step 3 of Example 8, heat a mixture 

30 

of 2,4-dimethyl-8-{[2·-cyano{1 ,l -biphenyl]-4-yl]methyl]· 7 H -pyrido[2.3-d]pyrimidin-
7-onc, NaN3, and tri-n-butyltin chloride in xylenes under reflux for 48 h. Cool the 
mixture and add IN HCl (2 mL). Add CHCl3 and wacer, and dry (MgS04) and 
concentrate the organic phase. Recrystallization from EtOAc gives the product. 
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CLAIMS 

1. A compound of formula I 

l 0 

A~:~ ,....(CH2)m.Ar' .7 "N "Ar2 
R5 -(CHln i. 

\ -? N 
lCH2)p ~ _jl 

R2 N R' 

I 

h . 1 2 3 4 . 1 1 w erein R , R , R and R are independent y H, ower 

alkyl containing l to 6 carbon atoms, or perfluoroalkyl 
•. 1 6 s. h . 1 containing to carbon atomsj R is H or w en n is 

R
5 

taken together with R3 comprises a double bond, n is 

0 to 1, p is 0 to 2, m is 0 to 3; Ar 1 is 

()w .or 

wherein W is H, lower alkyl containing l to 6 carbon 

atoms, halogen, hydroxy, or lower alkoxy containing 1 

to 6 carbon atoms; Ar2 is 

/="! x -ox --\~) • N ,or 

wherein X is 

___ _/~x 
-UN 

h . 6. b . l w erein R is H, tert- utyl, tri-n-buty stannyl, or 

triphenylmethyl; or a pharmaceutically acceptable salt 

thereof; or an N-oxide thereof. 

2. A compound as claimed in claim l which has the 

formula II 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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wherein R1 , R2 , R3 and R4 are independently H, lower 

alkyl containing 1 to 6 carbon atoms, or perfluoroalkyl 

containing 1 to 6 
5 

R taken together 

0 to l; Ar1 is 

--0-
Ar2 is 

-O
x 

. 

wherein X is 

carbon atomsj R5 is H or when n is 1 

with R3 comprises a double bond; n is 

--0- ,or -0-

-Ox 
N 

h 
• 6 • . 

w erein R is H, tert-butyl, tri-n-butylstannyl, or 

triphenylmethyl; or a pharmaceutically acceptable salt 

thereof. 

3. A compound as claimed in claim 1 or 2 wherein X is 

111111111111111111111111111111 
* C L M S * 
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4. A compound as claimed in claim 3 which has the 
formula III 

III 

wherein R1 , R2 , R3 and R4 are independently H, methyl, 
trifluoromethyl; R5 is H or when n is 1 RS taken 

together with R3 comprises a double bond; n is 0 to l; 
Ar1 is 

-0- -0- .or () 

or a pharmaceutically acceptable salt thereof. 

s. A compound as claimed in claim 4 which is 

2,4-dimethyl-S,6,8-trihydro-8-[[2'-(lH-tetrazol-5-

yl)[l,l-biphenyl]-4-yl]methyl]-7H-pyrido[2,3-

d]pyrimidin-7-one or a pharmaceutically acceptable salt 
thereof. 

6. A compound as claimed in claim 4 which is 

2,4-dimethyl-5,7-dihydro-7-[[2'-ClH-tetrazol-5-yl)[l,l­

biphenyl]-4-yl]methyl]-6H-pyrrolo(2,3-d]pyrimidin-6-one 
or a pharmaceutically acceptable salt thereof, 

or 

5,7-dihydro-2-methyl-7-[[2'-ClH-tetrazol-5-yl)[l,l­

biphenyl]-4-yl]methyl]-4-Ctrifluoromethyl)-6H-

I 1111111 111111 111111111111 Jiii 
* C L M S * 
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pyrrolo(2,3-d)pyrimidin-6-one or a pharmaceutically 

acceptable salt thereof, 

or 

2-methyl-4-trifluoromethyl-5,6,8-trihydro-S-((2'-ClH­

tetrazol-5-yl >(l,l-biphenyl)-4-yl]-7H-pyrido(2,3-

d]pyrimidin-7-one or a pharmaceutically acceptable salt 

thereof, 

or 

2,4-dimethyl-5,6,8-trihydro-8-[[6-[2-ClH-tetrazol-5-yl) 

phenyl]-3-pyridinyl]methyl)-7H-pyrido(2,3-d]pyrimidin-

7-one or a pharmaceutically acceptable salt thereof, 

or 

2-methyl-4-trifluoromethyl-5,6,8-trihydro-S-((6-(2-ClH­

tetrazol-S-yl)phenyl]-3-pyridinyl]methyl]-7H­

pyrido(2,3-d]pyrimidin-7-one or a pharmaceutically 

acceptable salt thereof, 

or 

2,4-dimethyl-5,6,8-trihydro-8-((5-(2-ClH-tetrazol-5-yl) 

phenyl]-2-pyridinyl]rnethyl]-7H-pyrido[2,3-d]pyrimidin-

7-one or a pharmaceutically acceptable salt thereof, 

or 

2,4,6-trimethyl-5-6,8-trihydro-8-[[2'-(lH-tetrazol-5-

yl)[l,l-biphenyl]-4-yl]methyl]-7H-pyrido(2,3-

d]pyrimidin-7-one or a pharmaceutically acceptable salt 

thereof, 



f"'' ... • 
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or 

Cc> condensing, a bicyclic compound of formula 

where R1 , R2 , R3 , R4 , R5 , n, and pare as defined in 

claim 1 with a biaryl compound of formula 

1 1 2 Z -CCH ) -Ar -Ar 2 m 

where m, Ar1 and Ar 2 are as defined above and z1 is a 

leaving group or 

Cd> removing the protecting group from a compound of 

f 1 • • N, 
ormu a I wherein X is --(Q!J~ 

N-N 

where. R6 is tert.butyl, tri-n-butylstannyl or 

triphenylmethyl, to give a compound where R6 is 

hydrogen 

or 

Ce) reacting a compound of formula I wherein X is -CN 

with an azide reagent to give a compound of formula I 

wherein X is --{~ff 
or N-N 

(f) forming a salt of the compound of formula I with 

an inorganic or organic acid or base 

or 

Cg> converting a compound of formula I or a salt 

thereof to an N-oxide thereof by means of a 

peroxidising agent. 
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or 

2,4-dimethyl-8-[[2'-ClH-tetrazol-5-yll[l,l-biphenyl]-4-

yl]methyl]-7H-pyrido(2,3-d]pyrimidin-7-one or a 

pharmaceutically acceptable salt thereof. 

7. A process for preparing a compound claimed in claim 

l which comprises 

Ca) condensing a pyrimidine of formula 

1 2 3 4 5 wherein R , R , R , R , R , n and p are as defined in 
1 7 . claim 1, z is a leaving group and R is a lower alkyl 

group, with an amine of formula 

where m, Ar1 and Ar2 are as defined in claim l 

or 

Cb> reacting a bicyclic compound of formula 

where R1 , R2 , R3 , R4 , R5 , n, m, p and Ar1 are as 

defined in claim 1 with an aryl boronic acid or an 

arylstannane in the presence of a palladium catalyst 



I\\\\\\\ \\\\ll \\\~\\\~\I I\\\ 
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8. A process for preparing a compound of formula I 

Rl 0 

R•
1

~~ (CH) .7 '\..N,..... 2 m·Ac.!_Ar2 

Rs-(CH)n ~ 
\ ~ N 

{CH2)p ~ ~ 
R2 N A' 

l 

h . 1 2 3 4 . 1 w erein R , R , R , and R , are independently H, ower 

alkyl containing 1 to 6 carbon atoms, or perfluoroalkyl 

containing 1 to 6 carbon atoms; RS is H or when n is 1 

RS taken together with R3 comprises a double bond, n is 

0 to 1, p is 0 to 2, m is O to 3; Ar1 is 

_f?f!_ 
~J- ,or 

wherein W is H, lower alkyl containing 1 to 6 carbon 

atoms, halogen, hydroxy, or lower alkoxy containing 1 

to 6 carbon atoms; Ar 2 is 

wherein X is 

CO:i,H. CN. or 

• 6 . • 
wherein R is H or tert-butyl; and the pharmaceutically 

acceptable salts thereof which comprises 

a) reacting a compound of formula 1 



.cl ... .. 
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1 

wherein R1 , R2 , R3 , R4 , R5 , n and pare as defined 

above, with an amine of formula 2 

wherein m and Ar1 are as defined above, and Y is a 

para-bromo or para-iodo group, to produce the compound 

of formula 3 

3 

wherein R1 , R2 , R3 , R4 , R5 , n, m, p, Ar1 and Y are as 

defined above; and reacting the compound of formula 3 

with ~n arylboronic acid of formula 4 

wherein Ar
2 

is as defined above, in the presence of a 

palladium catalyst, and optionally when R6 is a 

tert-butyl group removing the protecting group by 

acidic hydrolysis, to yield the compound of formula 1 



.J' _... .. 
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I 

h • 1 2 3 R4 , RS, A l d A 2 w erei.n R , R , R , n, m, p, r , an r are 

as defined above. 

9. A process as claimed in claim 8 in which the 

compound of formula 4 

8{0H)2 

lt2 
4 

h 
• 2 w erei.n Ar is 

-o x 
. -o x 

N • or -o x 
N 

wherein X is 

• 6 • • 
wherein R is tert-butyl; is prepared by a process 

which comprises treating the compound of formula 5 

Ar2-Br 

5 
wherein Ar 2 is as defined above, with Mg and a trialkyl 

borate, BCOR7 ) 3 , wherein R7 is lower alkyl containing 

l to 6 

acidic 

4 

carbons, in an aprotic solvent to yield after 

or basic workup the arylboronic acid of formula 
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wherein Ar 2 is as defined above. 

10. A pharmaceutical composition comprising a compound 

claimed in any one of claims 3 to 6 and a 

pharmaceutically acceptable carrier. 

11. A compound as claimed in any one of claims 3 to 6 

for use as a pharmaceutical. 

12. A compound as claimed in any one of claims 3 to 6 

for use in treating hypertension or congestive heart 

failure. 

13. A compound as claimed in any one of claims 3 to 6 

for use in preventing or treating restenosis following 

angioplasty in a mammal. 


