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SUMMARY 

The chemistry of the few known pyrido[3,4~d] pyrimidines 

is reviewed, and the biological properties of related compounds 

are summarised. 

Two main routes are employed for the synthesis of the 

pyrido [3 4a] pyrimidines. 

The pyrido[3,4-a|pyrimidin-J(3H)-ones and 

pyrido[3,4-d]|pyrimidine~2,1,(4H,3H) -diones are prepared from 

3-aminopyridine-4.~carboxylic acids, by condensation with amides or 

urea. 

Treatment of 3-aminopyridine-.-carboxylic acid and its 

2,6-dimethyl derivative with acetic anhydride yields 2-methyl- 

pyrido[ 3,4-d] [1,3 ]oxazin-4-cnes. Replacement of the acetic 

anhydride by benzoyl chloride in pyridine gives the corresponding 

2-pnenylpyrido [3 rina | [1 é 3] oxazin-4.-ones. The 2-methylpyrido-oxazines 

react readily with primary amines to form 3=substituted-2-methyl- 

pyridopyrimidines. Similar reactions with the 2-phenylpyrido-oxazines 

generally result in the isolation of the intermediate diamides, which 

cyclise to pyridopyrimidines on heating. The mechanisms of these 

reactions are discussed. 

Methylation of a series of pyrido[3,4-d|pyrimidin-4(3H)-ones 

and pyrido [ 3, had |pyrimidine-2,h( 4H, 3H)-diones, with dimethyl sulphete 

or methyl iodide, yields the N-methyl derivatives. The reluctance of 

3,6,8-trimethylpyrido[ 3,)-a |pyrimidine-2,4(1H, 3H)-dione to undergo 

methylation at the 1-position is thought to be due to steric hindrance. 

Some ring-cpening reactions of pyrido[3,4-d |pyrimidin-l.( 3H) -ones 

and pyrido[ 34-4 |pyrimidine-2,4(1H, 3H) -diones with nucleophiles are 

investigated and possible mechanisms for these reactions outlined.



The reaction of 2,6,8-trimethyl-3-phenyl- 

pyrido| 3,4=d |pyrimidin-l,( 3H)-one with benzaldehyde and p-nitro- 

benzaldehyde yields a monostyryl derivative. 

The reduction of pyrido[ 3,44 |pyrimiain-4(3H)-ones with 

lithium aluminium hydride results in reductive cleavage of the 

2,3-bond in the pyrimidine ring. The products obtained are 

3-alkylamino--alkyl (or aryl) aminomethylpyridines, which can 

be recyclised to pyridopyrimidines by the action of phosgene. 

Possible mechanisms are discussed; the reaction seems to be 

general for the pyrido[ 3,4-d |pyrimidin-( 3H) -ones and the ease of 

cleavage appears to depend on the substituent at the 3-position. 

The infrared and n.m.r. spectra of the new 

pyrido| 3,4-d| pyrimidines are recorded. 

The mass spectra of a selection of pyrido[ 3,44 |pyrimidin- 

4.(3H) -ones, pyrido| 3,4-d] pyrimidine-2,)(1H, 3H) -diones and pyridine 

derivatives are recorded, and possible fragmentation pathways are 

suggested for many of these compounds.
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The fusion of a pyridine and pyrimidine ring, other than 

through a nitrogen atom, may occur in four different ways. 

The resultant sosioounds are named pyrido| 2,3-4 |pyrimidine (4). 

pyrido| 3,2-d |pyrimidine Cay. pyrido| 3,4-d |pyrimidine (3) ana 

pyrido[4,3~d|pyrimidine (4); this is the nomenclature and numbering 

of Chemical Abstracts, an alternative system used in the literature 

is 1,3,5-(2), 1,3,6-(4), 1,3,7-(3) and 1,3,8-triazanaphthalene (1). 

The pyridopyrimidines have recently been reviewed by Irwin 

and Wibberley.’ Many pyridopyrimidines were initially synthesised 

for a study of their biological or physical properties, because of the 

close structural relationship of these systems to the quinazolines (5) 

2,354 and pteridines (6). Recent reviews have discussed these 

related compounds



(5) (6) 

SYNTHESIS OF PYRIDO[ 3,1,~a |PYRIMIDINES 
  

Of the four systems of pyridopyrimidine the least 

investigated is the[ 3,4~d |isomer and few derivatives are known, 

The parent pyrido| 3,4-d pyrimidine (3) vas first prepared by 

5 
Armarego” in 1961, by decomposition of \.-N' -toluene-p-sulphonyl- 

hydvazinepyrido| 3,4~a |pyrimidine hydrochloride (7). 

  

The first recorded pyridopyrimidine was 

clea : ; 12 pyrido[ 3,4-d |pyrimidine-2,4(4H, 3H) -dione (8; R°=R°=H), prepared 

; . 12 
by the Hofmann degradation of pyridine-3,4-dicarboxamide (9;R =R=H) 

by Gabriel and Geiman® in 1902.



Re H 

| KOBr Pe t+» | ‘ 
1 R CONH, 21 — 

(9) (8) | 

The same type of synthesis has been extended to the 

preparation of 6-methylpyrido| 3,4~d lpyrimidine-2,4(1H,3H) dione! 

(8; RI =CH,, R2:H) and 6,8-dimethylpyrido| 3,4-d |pyrimidine-2,4(1H, 3H) - 

Aree (8; n'=R2=cH,), Gabriel and Colman® also prepared 

+3°45 by condensation pyrido[ 3,4-4|pyrimidine-2,4(1H, 3H) -dione (8; R 

of urea with 3-aminopyridine-4-carboxylic acid (10; R=H). 

The amino acid (10; R=H) was also condensed with formamide to give 

pyrido[ 3,44 |pyrimidin-l,( 3H) -one (14; R=R1=H), and a similar 

reaction with acetamide yielded the 2-methyl derivative (11; R-H, R-CH,). 

R R 
NH 4 me 2 NA UR 

z | : n' CONE, - ) “ae 
rarer H Ro S~™ coon oN 

0 

(40) (14) 

Reid? prepared 2-methylpyrido| 3,44 |pyrimidin-l,(3H) -one 

(44; Rex, R'=CHs) by the reaction of 3-aminopyridine-l-carboxylic acid 

with acetadimic acid. The reaction proceeds via an amidine inter- 

mediate (72), which cyclises with loss of water to yield the 

pyridopyrimidinone.



A similer reaction between 3-aminopyridine-4.-carboxylic 

acid (10; R=H) and methyl a-benzoylacetimidate yielded 

2-benzoylmethylpyrido| 3,4~d |pyrimidin-4( 3H) -one (413; Rid) 0 

NH 
ee Was 07 2~ 7 Nx _-cH,COPh 

gi l 2°~ ocx, | 
ee 

R~ Ss ~cooH oN 
0 

(40) (13) 

CHEMICAL PROPERTIES. 

No examples of electrophilic substitution in the 

pyridopyrimidines have been reported in the literature. 

Nucleophilic substitution generally occurs at the 

2- and 4- positions in the pyridopyrimidines, as is the case with 

the pyrimidines and the quinasokines. 

Chlorination of pyrido| 3,44 |pyrimidin-l,(3H) -one with 

phosphoryl chloride gives 4-chloropyrido[ 3, 4-4 |pyrimidine 

(4145 R-C1)® and phosphorus pentasulphide yields the 4-mercapto 

derivative (1h; R= SH)'*. 4-Chloropyrido[3,4-d|pyrimiaine on 

reduction with hydriodic acid and red phosphorus yields 

3,4-dihydropyrido| 3,4-d |pyrimidine (15), the only reduced 

pyrido[3,4~d |pyrimidine reported in the itieture.”



(42) (15) 

.-Mercapto-6,7-diphenylpteridine (16), on reaction with 

chloroacetic acid and potassium carbonate yields 2-amino~3-cyano-5, 

6-diphenylpyrazine (17). E.C. Gaylor '~ postulated the following 

mechanism; stating the requirements for ring-opening as (a) the anion 

(18), formed by attack of the hydroxide ion at Co, be capable of 

stabilisation by appropriate structural features in the remainder of 

the molecule and (b) the substituent in the 4~position be capable of 

ejection with its bonding pair of electrons in an irreversible cleavage 

step. 

Fh ANNAN C1CH COOH 
2 > | 5005 

Ph* Sy fH 

SH 

(16) 
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If this mechanism is correct, 4-nercaptopyrido| 3,44 |pyrimidine 

(14; R=SH) should not ring-open as the anion corresponding to (18) 

is not capable of being resonance stabilised. The only products 

obtained by Taylor under ring-opening conditions were 4-carboxy- 

methyl thiopyrido| 5,4-d |pyrimidine (4k R=SCH, COOH) and a small amount 

of pyrido[ 3,4~a |pyrimidin-4(3H)-one (113 R=R'=H), thus confirming 

his postulated mechanism. .-Methylthiopyrido| 3,4-é |pyrimidine 

(4143 R=SCH;) was also prepared in the course of this work, by reaction 

of dimethyl sulphete with the 4-mercepto derivative (14; R=SH). 

The pyridopyrimidines, in common with other fused iaidines: 

are susceptible to nucleophilic addition of water across a C=N bond. 

The covalent hydration of pyrido 3,4-a lpyrimidine (3) has been studied 

by Armarego |", together with the three other isomers. The ultra- 

violet spectra of pyrido[ 34-4 [pyrimidine in water and cyclohexane are 

similar, indicating the absence of any Lek aia amounts of the 

hydrated species. However, when an aqueous solution of 

pyrido| 3,4~d |pyrimidine was acidified, the absorption spectrum taken 

ten to fifteen minutes after mixing was found to be at shorter wave- 

lengths compared to that of the neutral molecule. Hence 

pyrido| 3,4-4|pyrimidine is predominantly hydrated (19) as the cation. 

Unlike the neutrel molecule the hydrated cations of 

pyrido[3,4-d |pyrimidine gradually decompose, until after 5 days at 

20° the ultraviolet spectrum is identical with that obtained from 

3-aminopyridine-l.-eldehyde (20).
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The degradation of pyrido| 3,4~4] pyrimidine in acid solution 

to 3-aminopyridine-l.-aldehyde excludes the addition of water to the 

Pyridine ring. Addition of P-nitrophenylhydrazine at pH2 resulted 

in precipitation of the hydrazone. This rules out the preliminary 

addition of water across the 1,2-double bond followed by ring-opening, 

because only 3,4~ or 1,4-addition followed by ring-opening would lead 

to a positive aldehyde test. Mild oxidation with hydrogen peroxide, 

yielded pyrido| 3,4~4 lpyrimiain-i,( 3H) -one (413 R =p 12H) thus 

hydroxylation occurs at the 4-position and confirms the fact that 

hydration must occur at the 3,4- or 1,4-positions. These two



positions cannot be distinguished from each other because they are 

resonance stabilised structures (19). 

/ 

PHYSICAL PROPERTIES 

The physical properties of the pyridopyrimidines closely 

resemble those of their nearest N-heterocyclic neighbours, the 

15 
quinazolines and pteridines. Thus in common with the pteridines “, 

the presence of groups capable of hydrogen-bonding markedly raises 

the melting points and lowers the solubility °. 

Pyrido[3,4-d |pyrimidine hes the sameTT- electron structure 

as naphthalene and hence would be expected to have a similar ultra- 

3 
violet spectrum. This has proved to be the case with pteridine 

and quinazol ine, which have similarrt ¢lectron structures. 

17,18 
Favini ? calculeted the trensition energies and intensities of 

the a3 9T bands for pyrido[ 3,44 |pyrimidine. The results are 

1. in fair agreement with the experimentally determined values “ in a 

non ionic solvent, which are quoted below. 

Wavelength maxima (mu) ae 57 theeaition band N° 

1 2 5 

Calculated 307: >. 269. 219 

Experimental 

a) Water 31h. 249 Hh 

b) Cyclohexane 316 hh Ah 

The infrared spectrum of pyrido| 3,4-a]pyrimidine has been 

recorded by Armarego'”. Thirteen in-plane skeletal vibrations and 

40 C-H bending vibrations are theoretically possible in the 1700- 

650 che region, although slightly less than this number of bands were 

observed. C-H out of plane bending vibrations were thought to account 

for most of the intense bands found in the 1000-650 om region.



The only nuclear magnetic resonance (n.m.r.) spectrum of a 

pyrido[ 3,4~d |pyrimidine recorded in the literature is that of the 

parent compound.-” 

+(CDC1;) 0.43(1H,s,2-H), 0.42(1H,d,J=0.7 c./sec., 4-H), 

2.21(1H,d,J=5.8 c./sec., 5-H), 1.15(41H,d,J=5.8 c./sec., 6-H), 

0.45(41H,d,J=0.7 c./sec., 8-H). 

The ionisation constant of pyrido[ 3,4-d |pyrimidine was 

4 : ne pl : : ‘ 
measured by Armarego + during his investigation into covalent 

hydration in the pyridopyrimidines. Like quinazoline, pyrido 

[3,4~a Joyrimidine is subject to the equilibria illustrated below; 

  

  

  

eo 
oe ae 

c 
A S. 

Ka] {Ht Ka®t: 

+ 7 
HL a a Ns 

| a AL 
SY Dm H 

en ee ee 
H50; Ky OH 

The solution was allowed to come to equilibrium before the measurements 

were taken. The pka°? value obtained by the method of Albert and 

Phillips’ was 4,70 £0.02. This value is meaningless for purposes of 

comparison with other systems, as it depends on (4) KA, (ii) KB, and 

(iii) the ratio of anhydrous to hydrated species in the neutral molecule 

and the cation. However, the kinetics of hydration-dehydration in the 

pH 4-10 range were slow enough to give reliable values of the pKa of the



10 

hydrated species (pKe).. The tka value: obtained (6.55 © 0.05) is 

approximately one unit less than that for hydrated quinezcline,“ 

nh
 

thus showing the base weakening effect of the extra nitrogen atom. 

BIOLOGICAL PROPERTIES, 

The pyrido[ 3,44 pyrimidines are bicyclic compounds containing 

the pyrimidine ring fused through its "d face" with a pyridine ring. 

Two other bicyclic systems of outstanding biological importance, which 

contain a similarly fused pyrimidine ring, are the purines (21.) and 

pteridines (6), derivatives of which are essential metabolites in both 

the plant and animal kingdoms. 

Several purine bases are very widely distributed in living 

organisms and often occur as complex derivatives of the greatest 

biological interest. Adenine (22) is the most common, its derivatives 

23, 2h 25 26 
are involved in oxidation-reduction, phosphorylation,~ methylation, 

27 end acylation”? systems in vivo. 

N N > oD 
' | Toe ee 

(22) (23) 

sulphonation
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Purine bases are also one of the main constituents of nucleic acids, 

which are the primary constituents of living cells. Because of this 

fundamental role, the possibility of using purine derivatives as 

chemotherapeutic agents in the treatment of malignant diseases was 

investigated. cael of 6-mercaptopurine (23; R=SH) “2 against 

experimental animal neoplasms prompted clinical study, and it has been 

used in the treatment of cancers in man. 6-Chloropurine (23; R=c1)?° 

has been used to treat patients with acute leukaemia. Many other 

1,32 
purine derivatives have also been found to possess antitumor sotivites? 

Diuretic?” and antiviral? 22 936 activity has been observed with certain 

purines. 

The pyrezold 3,44 |pyrimidine (24) system is isomeric with 

purine (21 ). 

  

4-Aminopyrazolo[3 ima Jpyrimidine?! has been studied extensively as an 

antitumor OT and as an inhibitor of the growth of microbiol 

39 
systems”~ and celis!? in tissue cultures, 

The first known naturally occurring pteridines were isolated 

from butterflies wings in 4889," however it was not until 1940 that 

the structures of these compounds, xanthopterin*@ (25; Rn! .,R7-0n) , 

4 2h a 2 
leucopterin’? (25; R =R7=0H) and isoxanthopterin He (25; R =O0H,R°=H) 

were elucidated.
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4 

ok SS, ae 
R? WN 

0 

(25) 

Pteroyl-L-glutamic acid (26) is one of the naturally occurring 

pteridines found in men, 

Ih | > ¢ 2 

(<5 v TT. are ae eee {pe Sy NH 

COOH 0 

(26) 

The n!°_¢ormy1-5,6,7,8-tetrahydro derivetive (27) serves as a source 

of one-carbon atom fragments in the biosynthesis of a host of 

physiologically important substances. 

2
0
a
 

TIN HOOC CH CH CHICO 4 pros 
COOH | 

(27) 

  

m
a
y
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The biosynthesis of nucleic acids appears to be vitally 

dependent on this compound (27), and hence the possibility that 

analogues of it may be capable of selectively interfering with the 

development of neoplastic cells in comparison with normal cells was 

4 
investigated.” Amethopterin (28; R=NH,, R =CH,) and aminopterin 

(28; R=NH R=) have both been used in the treatment of Leena” 
2? 

They apparently function by blocking the conversion of pteroylglutamic 

acid (26) to the n'°_¢ormyltetrahydro derivative (27), which in turn 

prevents incorporation of the one-carbon unit in the biosynthesis. 

i 

HOOCCHT,CH eke “CH i 

COOH 

(28) 

Alkaloids containing a quinazoline nucleus form a small but 

important group of natural products. Many quinazolines possessing a 

wide variety of biological activities are known. The antimalarial 

activity of febrifugine (29), one of the naturally occurring quinazoline 

alkeloids, spurred the preparation and testing of a number of 

quinazolines. The compounds (30;a and b) were shown to have significant 

antimalarial Sotivitye 

o % 

CH, COCH, 

0 

(29)



1d. 

a 
N oe CH COCH,R 

0 

(30) 

a) R = @-N-morpholypropyl 

b) R =w-N-piperidyl-n-butyl 

7-Chloro-6-sulphonamidoquinazolin-.(3H)-ones are more 

effective than the mercury diuretics and can be administered orally?” 

even better are the 1,2-dihydro derivatives and one (31) has been 

49 marketed under the name "Quinethazone",* 

H 
Ke 

HNO5S PF cect; 

a Se 
+O 

(31) 

Amino and hydrazino quinazolines exhibit antibacterial 

activity?" and 2-methyl-3-o0-tolylquinazolin-1,.( 3H) -one was shown to 

be superior to sodium phenobarbitone as an enticoneieant against 

metrazol induced seizures.°- 

There are no known naturally occurring pyridopyrimidines, but 

because of their close relationship to other fused pyrimidines certain 

of these compounds have been investigated for biological activity. 

G. H. Hitchings and his co-workers have made a comprehensive study of 

antifolic acid activity in both the pyrimidines and bicyclic systems 

containing pyrimidine, They have demonstrated that very many such



Pad 

compounds, both simple and fused, show such activity. 53 95h In 

the course of this work some pyrido| 3, 2-d |pyrimidines and a large 

number of pyrido{ 2, 3-4 |pyrimidines were shown to be highly active 

against a variety of pathogenic bacteria 922 ?t299 29297 108 

A series of 5,6,7,0-tetrehydropyrido| 4. 3-a Jpyrimidines have been 

studied and are claimed to exhibit antipyretic, diuretic, 

bacteriostatic, sedative and coronary dilating peoneetien 727 

There are no reports in the literature of any 

pyrido| 3,4-a] pyrimidines possessing biological activity.



sat  
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piscusston 
The synthesis and properties of the few known 

pyrido| 3,4-d |pyrimidines have been reviewed in the introduction. 

The aim of this investigation was to develop new synthetic routes 

and to study some of the chemical, physical and biological 

properties of the pyrido[ 3,4-d |pyrimidine system. 

SYNTHESIS OF PYRIDO| 3,44 |PYRIMIDINES. 

(i) _From 3,4-substituted pyridines. 
  

3-Aminopyridine-4.-carboxylic acids were essential intermediates 

in the synthetic routes employed. 

3-Amino-2,6-dimethylpyridine-l.-carboxylic acid (10; R=CH,) 

was prepared from 2,6-dimethylcinchomeronimide (32; R=CH) by a 

Hofmann @ietedetion.°” Gulland and Robinson®@ obtained the imide 

(32; R=CH,) from 2,6-dimethylpyridine 3,4—dicarboxylic acid (33; R=CH,) 

by reaction with urea. A more satisfactory method for the synthesis 

of the imide (32; R=CH,) las’ developed. Ethyl: 2,6-dimethyl- 

pyridine-3,4~-dicarboxylate (345 R=CH,) was converted to the diamide 

2 (9; Rick =CH,), which on thermal cyclisation at 230-250° gave a good 

| yield of 2,6-dimethylcinchomeronimide (32; R=CH;) « There is a report 

63 
in the literature ~ of the direct preparation of the amino acid 

(10; R=CH,) , in a good yield, from the diamide by a Hofmann degradation 

with sodium hypochlorite. This reaction was repeated but only very 

low yields of the amino acid (40; R=CH,) were obtained, the main product 

was 6,8-dimethylpyrido[ 3 ,4-d pyrimidine-2,4(1H,3#)-dione (83 r'=R*=CH,).
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R R 
CONH 

ane GOCC SH. ni fort ,0H N~ ) 2 
wo 

A RSS CONH R C00, 5 9 

(34) (9) 

Z™~ COOH we 

Ro’ COOH RSS x 

(33) (32) 

R 

on 7 NH, 

rS COOH 

The infrared spectrum of 3-amino-2,6-dimethylpyridine--carboxylic 

acid (10; R=CH) showed the expected absorptions at 3310 and 3,00 om,7! 

due to the asymmetrical and symmetrical N-H stretching vibrations, and 

at 1695 cm.” due to the carbonyl stretching vibration. 

3-Aminopyridine-l-carboxylic acid (10; R=) was prepared in a 

similar manner from the corresponding imide (32; R=H). Pyridine-3 ,4.- 

dicarboxylic acid (33; R=H), obtained from the oxidation of 

5. 
isoquinoline ", was treated with acetic anhydride and acetamide, by the



65 method of Bachmann and Barker'~, to yield the imide (32; R=H). 

6, 8-Dimethylpyrido| 3,4~a|pyrimiaine-2,4( 4H, 3H) -dione 
2 

(8; pier =Cli,) has been iouaetnle as the product obtained from a 

Hofmann degradation on 2,6-dimethylpyridine-3,4.~dicarboxamide 

(9; R'=R? =CH,)« Treatment of this product with 30% aqueous sodium 

hydroxide solution gave an amino acid with an identical infrared 

spectrum and melting point to that of an authentic sample of 

3-amino-2,6-dimethylpyridine-l.-carvoxylic acid (10; R=CH,) « 

The 4.-amido group could conceivebly have been the one to 

undergo rearrangement in the Hofmann reaction, but this would then 

have yielded a pyrido{ 4, 3-a|pyrimidine (35; R=CH,) which would be 

hydrolysed to 4-amino-2,6-dimethylpyridine-3-carboxylic acid (36; R-CH,) 

H 
R N NH 

Tk —= EL. ~ ar COOH 

0 R 

(35) (36) 

The n.om.r. spectrum in trifluoroacetic acid also confirmed that 

the product was the 3-amino-4-carboxylic acid (10; R=CH,) « The 

aromatic singlet due to the 5-H was visible at 1.89¢, whereas the 

spectrum of the 4-aminopyridine-3-carboxylic acid (36=H) showed the 

5-H at 2.97 in this system 

An independent synthesis, by reaction of an authentic sample 

of 3-amino-2,6-dimethylpyridine-4.-carboxylic acid (10; R=CH,) with urea 

at 170°, yielded 6,8-dimethylpyri do[3,4-d] pyrimidine-2,4.(1H, 3H) -dione 

(8; R'=R°=CH.,) which was identical to the product obtained by the 

Hofmann degradation route.
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R : Re H 

t 
2 ) NH, NH,CONH, nA ) NO 

—— > 
SH 

0 

(10) (8) 

A plausible mechanism for the Hofmann degradation of 

pyridine-3,4-dicarboxamides is,as follows : 

    

R 0 
I 
C—N—Br 

2 

R ~CONH, 

(37) 

R R : 
") 

. os 2 
RAY coil, RAXY I
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The loss of Br from the anion (37) is probably the rate determining 

step, since the rate of decomposition of substituted N-bromobermamides 

in alkaline solution is more rapid when electron releasing groups are 

present in the aromatic ring and slower when electron attracting 

67,68 
groups are present. Thus the amide meta to the N atom in the 

pyridine ring will be the more favoured to undergo a Hofmann 

degradation, by virtue of the fact that Br loss from the anion (37) 

is more favoured. The isocyanate formed is then attacked by the 

nitrogen atom of the other amide group to yield the 

pyrido[ 3,)~d |pyrimidine-2,.(1H, 3H) -dione. 

Pyrido[ 3,-d |pyrimidine-2,4(1H,3H)-dione (8; R'=R°sH) and 

pyrido| 3,4-4]pyrinidin-l.(3H)-one (14; per’ aH) were prepared by the 

method of Gabriel and Colgan” in order to study their chemical. and 

physical properties. 

_XCONHH 

COOH 

(10) 

  

The Niementowski reaction was employed for the synthesis of 

6,8-dimethylpyriao| 3,4-a pyrimidin-4( 32) -one (44; R=CH,, pn! =H) and 

6,8-dimethy1-3-phenylpyrido| 34-4 jpyrimidin-.(3H)-one (38). 

Reaction of 3-amino-2, 6-dinethylpyridine-l-carboxy lic acid (10;R=CH,) 

with formamide at 470° yielded the pyridopyrimidine (11; R=CH, ,R'=H) « 

Replacement of formamide with formanilide gave the 3=phenyl 

derivative (38) in low yield. The Niementowski reaction has been
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69 reported to proceed via an intermediate N-formyl derivative. 

NH. 
got 2 HCONHPh 

cS COOH 

  

(10) 

The infrared spectra of these pyrido| 3,4-d |pyrimidine-2, 

4.(4H,3H)-diones (8) and pyrido| 3,42 lpyrimiain-),(3H)-ones (41) all 

showed carbonyl absorptions in the 1680-1710 one region of the 

spectrum, This, together with the N-H absorptions, is only 

compatible with these compounds existing predominatly in the 

tautomeric oxo forms (11 and 8). 

  

R 

NZ Nx Ri 

a ie | aaa oa NH 

0 

(11) 

Ro aoe 

N. OH ' 
a a N 0 

Dey wows rege |. 6 cco Zz NS es ee ROSS 

OH 0
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The n.m.r. spectra of these pyrido[ 3,4-a] pyrimiain-}(3i)- 

ones (11). and pyridd 3,4-d]pyrimidine-2,i.( 1H, 3H) -diones were studied. 

The poor solubility of these compounds in deuteriochloroform 

necessitated the use of trifluoroacetic acid as a solvent, which 

resulted in the expected powerful deshielding effects. Because of 

this solvent effect direct comparison of these n.m.r. spectra with 

that of the parent pyridd 3,44 pyrimidine are difficult. 

The 2- and 5=-protons gave singlets at 1.08 and 0.99 t respectively 

in the spectrum of pyrido[ 3,4~a }pyrimidin-!,( 3H)-one (443 Bop aid: 

The introduction of two methyl groups into the molecule, at the 6- 

and S-positions, brought about an upfield shift of these protons to 

4.23 and 1.48 t respectively. 

(ii) Vie “eri adt sited iss fete in cones - 

Before the commencement of this work only one 

: : / . 70 
pyrido[ 3,4-a] [1,3 Joxazin--one (39) was known. Little and Allan 

showed that the condensation of the appropriate aminopyridine 

carboxylic acid (40) with acetic anhydride afforded the corresponding 

2-methylpyrido [1 ,3]oxazin-l-one (41). 

NH ET 2 i 

| —_> 
COOH 

0 

(4.0) » (4.4)
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The method yielded the four 2-methylpyrido| 1 ,3 Joxazin-l.-ones; 

2-methylpyrido| 4 ,3-a [4 ,3 ]oxazin-}-one (4.2) " cies ar cidekti<d! E 3] 

oxazin-l.-one (39), 2-nethylpyridol 3 : 2-a [1 3 |oxazin-h-one (4,2) and 

2-methylpyrido| 2,3~d | [4 3] oxazin--one (4.3). 

  

2-Methylpyriao| 3 vind [1 3] oxazin-4-one (39) was prepared by the method 

of Little and Allan’? » but with direct crystallisation of the crude 

product from ethyl acetate, 3-Amino-2,6-dimethylpyridine-).-carboxylic 

acid (10; R=CH;) yielded the corresponding trimethyl analogue (15) 

under similar conditions. 

cH, 

Z NH N CH 
l 2 Ao,0 =y 3 

ast ae 0 : COOH a 
5 0 

(10; R=CH,) (45)



2h, 

2-Phenylpyrido 3 sid | (1 »3 Joxazin-l-ones were also prepared from the 

corresponding 3-aminopyridine-4.-carboxylic acids. Reaction of 

3-aminopyridine--carboxylic acid (10; R=H) with benzoyl chloride 

(2 mole.) in pyridine yielded 2~phenylpyrido| 3,4~| [1,3 Joxazin-J~one 

(46; R=H).  6,8-Dimethyl-2-phenylpyrido[ 3,4~-a][1,3 Joxazin-4-one 

(4.6; R=CH,) was obtained by a similar reaction from the corresponding 

amino acid (10; R=CH;) . 

R 
NN Ph 

__2PhCOCL an @ 
0 

COOH 7 eo 
0 

(10) : (4.6) 

The following mechanism appears to be the most plausible: 

__Prooci 

COOH COOH 

(10) (47) 

lag 

R 
~ N*c—Ph 

-PncooH a i 

oe 
CU 
0 

(48) 
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One mole. of benzoyl chloride is used in the formation of the benzoyl 

derivative (47). The other mole. of benzoyl chloride undergoes a 

71 
normal acid chloride reaction’ with the carboxylic acid group in the 

benzamido derivative (47), to yield the unsymmetrical anhydride (48). 

This intermediate (48) then undergoes an intramolecular nucleophilic 

displacement of benzoate ion from the anhydride group by the carbonyl 

oxygen of the neighbouring amide function. Cyclisation is presumably 

facilitated by 1,6-interaction between the reacting groups. 

The formation of 2-methylpyrido|3,4-a][1,3 loxazin-y~-ones 

presumably proceeds by a similar mechanism. Acetic anhydride also 

reacts with carboxylic acid groups to form divided © 

Tis preparation of benzoxazines has been postulated to proceed 

73 by a similar mechanism. Bain and Smalley’~ isolated N-benzoyl- 

anthranilic acid (49) and the benzoxazin--one (50) from the reaction 

of anthranilic acid (51) with one mole. of benzoyl chloride. 

NH ke 
2 NC— Ph N 

+ Ph PhCOCL. is 

COOH COOH 

(51) (1.9) (50) Oo 

The infrared spectra of the pyrido| 3,4-4][1,3 ]oxazin-)-ones 

all showed the high carbonyl. stretching vibration expected of an 

unbetitebed 4 -ledtone!* in the 1745-1760 ene region of the spectrum. 

The spectrum of 2-methylpyrido| 3,4-a| [1,3 loxazin--one was very similar 

to the corresponding pyrido[s,3-a]-"? and pyrido[3,2-a| [1,3 loxazin- 

76 
1.—OneS «
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The nom.r. spectra of the pyrido[ 3,4-2][1,3]oxazin-4~-ones 

were recorded and all the peaks assigned. 

77 2-Methylbenz~1 , 3-oxazin-l.-ones 

76 

>» 2-methyl- 

and the pyrido[4,3-a] isomer’? pyrido[3,2-a] [1,3 ]oxazin-4~one are all 

susceptible to hydrolysis by moisture in the atmosphere. 

2,6,8-Trimethylpyrido| 3,4~a] [1,3 loxazin-y~one (45) was left exposed 

to the atmosphere for 12 hr, Periodic infrared spectra of the sample 

revealed the emergence of peaks at 1650 and 1680 ch", due to the 

amide and carboxylic acid carbonyl stretching vibrations of the 

hydrolysed product (52). After two weeks approximately 50% of the 

pyrido-oxazine (5) had been hydrolysed to 3-acetamido-2,6-dimethyl- 

pyridine-.-carboxylic acid (52). Hydrolysis in water at room 

temperature was complete after twelve hours. The reaction is 

probably initiated by nucleophilic attack of water at the exocyclic 

C=0 band. 

  

3 
+ N CH 

ee | 
S ae 0 

3 0. OH 

CH 0 CH 
3 . i 3 Hy te 

NK (fae H Nw ) Sea 4 
| Aire G O= 

pes ~~ COOH CH = C-OH 
3 5 il
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2-Phenylpyrido 3, J-a]fi ,3 }oxezin-4-one (1.6; R=H) and its 

6,8-dimethyl derivative (6; R=CHz ) were stable, Both compounds 

were recovered unchanged from water at 35-4,0° after three days, 

Benz—-1 ,3-0xazin-/,-ones (5 3) react exothermally with ammonia 

in aqueous media to give high yields of quinazolones (51), 07+ 78,79 

A wide variety of amines has been successfully used, including 

aliphatic, aromatic, heterocyclic amines and hydrazine, 

N 
= R Rn ‘ ~ 

—_—_> 
0 Sp! 

0 0 

(53) (52,) 

This route has been extended to the synthesis of pyridopyrimidines, 

Pyridd 3,2-4| [1 3] oxazin--ones (55) yielded the corresponding 

pyrido[3,2~<] pyrimidin~4(3H)-ones (56) on reaction with various primary 

amines,/© In the 2=phenylpyrido| 3,2-a | [1 3] oxazin-lj-one (55; R=Ph) 

series, the product was invariably the 3-benzamido-pyridine—2-carboxamide 

(57; R=Ph). These diamides (54 3 R=Ph) were cyclised to the pyrido- 

pyrimidine (56; R=Ph) by dissolution in phosphoryl chloride.



28 

NHCOR 

ee ie connR’ 

(57) 

! 

  

ie R 

N ip 

(56) 

Similar treatment of pyrido ),,3-a][1,3]oxazin-)-ones yielded the 

corresponding pyrido[ 4,3-4|pyrimidin-)-one, /? 

This method of synthesis was applied to the 

pyrido| 3,)-d|pyrimidine system, The 2-methyl-pyrido| 3,4-a][ 1,3] 

oxazin~Jrones yielded the corresponding pyrido| 3,4 |pyrimidin-J(3H)- 

ones directly, but 2-phenylpyrido| 3,14 | [13] oxazin-4-ones generally 

yielded the intermediate diamides, 

2,6,8-Trimethylpyrido| 3 dd | (1 13 |oxazin-)-one (4.5) was 

reacted with a series of primary amines, Aqueous ammonia yielded 

2,6,8-trimethylpyrido|3,,-d |pyrimidin-4(3H)-one (11; ReR'=cHs) in 

an exothermic reaction at room temperature, 
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Hydrazine hydrate underwent a similar reaction with the trimethyl- 

pyrido-oxazine (45), although in this case seven days at room 

temperature were required for the complete conversion of the 

pyrido-oxazine (),5). into 3-amino-2,6,8-trimethyl- 

pyrido| 3,4-d| pyrimidin-1(3H)-one (58; R=NH,). 

Reaction of 2,6,8-trimethylpyrido| 3 4a “1 3 Joxazin-i,-one 

(45) with hydroxylamine at room temperature was very slow, 

The addition of sodium hydroxide as catalyst yielded 3—hydroxy- 

2,6,8-trimethylpyrido| 3, ).-d |pyrimidin-),(331)—one (59) after five days, 

The product gave a wine red colour with ferric chloride, 

characteristic of hydroxamic acids, 

CH CH 
3 3 

NAN ASS FeCl, NA Sy ES 
aw) Thon Sot fs See Are ott cat cH; y 0 

3 0 3 

(59) + 3HC1 

Tautomerism is possible in these hydroxamic acids, they can be 

represented as o-hydroxy N-oxides, 

 



The evidence from other hydroxamic acids indicates that in most 

solutions and in all solids the hydroxamic acids exist in the 

N-hydroxy~anide form,©! #82 

The reaction of 2,6,&-trimethylpyrido| 34--a]| 13] 

oxazin-l-one (J.5) with aniline at room temperature for five days 

yielded a mixture of }-acetamido-2,6—dinethyl-N~phenyl- 

pyridine-l-carboxamide (60; R=Ph) and 2,6,8-trimethyl-3-phenyl- 

pyridd 3,4.-4|pyrimidin-l,(3H)-one (72), 

  
Shorter reaction times (twelve hours) gave solely the diamide 

(60; R=Ph), however attempted purification by crystallisation from 

hot ethanol resulted in cyclisation to the pyridopyrimidine (72). 

When the reaction was carried out at elevated temperatures for short 

periods the sole product was the pyridopyrimidine (72).



am 

2-Methylpyrido| 3,44 ut 3 joxazin-4-one (39) yielded 

2-nethylpyrido| 3,,-d]pyrimidin-- (3H)-one (11; ReH, R'=Cil,) on 

reaction with ammonia under those conditions which were employed 

for the trimethyl derivative (i.5). 

2-~Phenylpyrido [3 mall 1 Joxazin-),-one (1.6; R=H) and its 

6,8-dimethyl derivative (4.6; R=CH, ) were both treated with aqueous 

ammonia under the conditions employed for the 2—methylpyrido-oxazines, 

The product in both cases was the diamide (61; R-H or CHz, R'=H), 

Ph NHC -Ph wee Te 
(1,6) is (61) 

(62) 

3 -Benzamido-2 ,6—-dimethyl-N-phenylpyridine—.~carboxamide 

(61; R=CH,, R'=Ph) was obtained from 6,8-dimethyl-2-pheny1- 

pyrido [5 4-4. | (1 3 loxazin-l-one (4.6; R=CH, ) by reaction with aniline 

at room temperature, The diamides (61) were cyclised to the 

pyridopyrimidines (62) by heating at 200-260° for periods of up to 

eighteen hours,
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The reaction of 6,8-dimethyl-2-phenyl- 

pyrido[3,4-a]ft 3| oxazin=l,~one (),6; R=CH, ) with m=-nitroaniline at 

elevated temperatures yielded a mixture of 3~benzamido~2,6-dimethyl- 

n-( 3! -nitrophenyl) pyridine-4-carboxamide (61; R=CH,, Z's 5-NO,Ph) and 

6 ,8-dimethyl-3-(3'-ni tropheny1)~2-phenyl-pyrido [3,44] pyrimidin-)(3H)- 

one (62; R=CH3, p'=3!-N0Ph). Attempted cyclisation of the diamide 

(61; R=CH3, p'=3-N0,Ph) i heat was unsatisfactory, the high 

temperatures required tended to cause the diamide to decompose, 

The infrared spectra of these derridouyetmidt ace all showed 

the expected carbonyl absorptions in the 1670-1700 cop region of the 

spectrum, The carbonyl absorptions for the diamides were generally 

at lower frequency than the corresponding pyridopyrimidine, 

Tne em Ts spectra of a selection of diamides and pyrido- 

pyrimidines were studied and all the peaks assigned, 

The most probable mechanism for the formation of 

pyrido [3,),-a |pyrimidin-(3H)-ones from the corresponding pyrido- 

oxaZine is as follows:
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The initial step in the reaction is nucleophilic attack of the 

lone pair of electrons on the nitrogen atom of the primary amine 

at the exocyclic C=0 bond of the pyrido-oxazine, The overall rate 

determining step is probably attack of the nitrogen atom of the 

4—amido group on the carbonyl carbon of the 3-amido group, If this 

is the rate determining step, any factors which increase the 

sisteorhtTisi tr of the 4.-amido nitrogen should increase the rate of 

reaction, On this basis the availability of the electrons on the 

nitrogen atom of the reacting amine, its basic strength, should 

control the reaction rate, This view was supported by the reaction 

between 2,6,8-trimethylpyrido [3,44 ][ 1,3] oxazin-4-one (45) and a 

series of amines, Ammonia yielded the pyridopyrimidine (58;R=H) in 

twelve hours at room temperature, while with less basic amines much 

- longer reaction times were required, 

The dinmides (61), derived from 2-phenylpyrido| 3,4-4][1 3joxazin- 

1,-ones (46), were much more reluctant to undergo cyclisation to the 

pyridopyrimidnes (62) than the diamides derived from 2-methyl- 

pyrido[3,4-d ][1,3 ]oxazin-1,-ones, which were rarely isolated, This 

reluctance of 3—benzamidopyridine—4-carboxamides to yield pyrido- 

pyrimidines is not surprising in view of the known reduction in 

electrophilic properties of a carbonyl group when attached to an 

83 
aromatic nucleus, 

CHEMICAL PROPERTIES 

All the pyridopyrimidines aretwelectron deficient systems, 

and hence nucleophilic substitution is more favoured than electrophilic 

substitution, There are many examples of nucleophilic substitution, 

the majority of which involve substitution in the pyrimidine ring, ''?9» 

lad but no reports of electrophilic substitution occurring at a 

carbon atom have been recorded,



Derivatives with electron donating substituents are more 

likely to undergo electrophilic substitution than the parent 

pyridopyrimidines, Attempted nitration of 6,8—dimethyl- 

pyrido [3,74 pyrimidine-2 , (1H 3iH)-dione (8; R'=R°-CH, ) with nitric 

acid (d, 1.4) in acetic and sulphuric acids under a variety of 

conditions failed, starting material was recovered from the reaction 

mixtures, 

Re OF R° 2 
' 

Noa oe o ce 

res sae ae ie RIsS nos 
0 0 NO, 

(8) 

(1) Methylation of pyrido (3..—d lpyrimidin-i(3H)—ones 

and -[5),-a] pyrimidine~2 J, (1H, 3H)—diones. 

Electrophilic substitution at ring nitrogen atoms has been 

limited to protonation and Nealkylation of the anion derived from a 

pyridopyrimidinone, '! 

The question of the position of alkylation of 

pyrido| 3,4-d |pyrimidinones is similar to the problem encountered in 

all aromatic nitrogen heterocyclic systems, in which a hydroxyl group 

is found ortho or para to the nitrogen position, In alkaline 

solution the anions of such compounds exist as resonance hybrids, 

the two major forms differing only by the position of a pair of 

electrons as shown;
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Thus in the alkylation of the pyrido|3 ,l.- |pyrimidinones the 

entering group may become attached to either the nitrogen aton, 

giving N-alkylpyrido[ 3,-d |pyrimidinones, or to the oxygen atom 

giving alkoxypyrido[3,1~d |oyrimidines. Bogert and Seil - made 

& summary of all such reactions, and found that in general the 

alkylating agent and the conditions of elkylation, and not the 

heterocyclic nucleus, were the factors determining the aiacae of 

the alkylation, Methylation of pteridinones”! and quinazolones®> 

with dimethyl sulphate and methyl iodide in alkaline solution 

yielded N-methyl derivatives, The nyrido[ 3,1,-d |pyrimidinones 

under these reaction conditions also yielded Nemethyl derivatives, 

Methylation of 6,8-dimethylpyrido [3,4 lpyrimidin-1(3H)-one 

(11; R=CHz, R'=H) and 2,6,8-trimethylpyrido [3,.—a Jpyrimidin-1(3H)-one 

(41; R=R'=CH) with dimethyl sulphate in aqueous sodium hydroxide 

solution yielded the trimethyl ( 63; R=R°=CH, r'=H) and the 
4 

tetramethyl (63; R=R =R°=CH) derivatives respectively, 
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Attempted methylation of pyrido[3,),-d] pyrimidin-,(3H)-one (11;R=R' mH) 

and the 2-methyl analogue (41; Rau R'=CH) with the sane methylating 

agent yielded only intractable tars, However methyl iodide in sodium 

ethoxide solution yielded the two N-methylated products, 3-methyl- 

‘ly, r?=cH3z) and 2,3-dimethyl- 

pyrido[ 3y.-d|pyrimidin-1,(3H)-one (63; R=H, R'=R*=CH3), 

pyrido[3,l.-d|pyrimidin-l,(3H)-one (63; R=R 

The methylation of 6,8-dimethylpyrido| 3,l~d |pyrimidine-2,4(1H,38)~ 

dione (8; R'=R°=CH;) with dimethyl sulphate yielded 3,6,8-trimethyl- 

pyrido|3,4-d|pyrimidine-2,,(1H,3H)-dione (64; R'=R=R “20H, P =H), 

The structure of the product was proved by hydrolysis. The trimethyl- 

) 
“ok <CHs, P =H) was heated under reflux in pyridopyrimidine (64; ple 

10% aqueous sodium hydroxide solution to yield 3-amino-2,6—dimethyl- 

pyridine-)-carboxylic acid (10; R=CH3), If methylation had occurrec. 

at the 1-position the expected product would have been 2,6~dimethyl-3-methyl 

aminopyridine-y.-carboxylic acid (65; R'=R°=CHz), 

ic 2 7 
R H R e 

Or — OE 
0 

(8) (62,) 

NaOH 

2 R 

Le N NHCH., 

RIS COOH 

(65)



Further reaction of 3,6,6-trimethylpyrido| 3,4~d lpyrimidine-2)( 1H,3H)- 

k 
— =CH, , R =H) with dimethyl sulphate at 35-1,0° dione (64; p'=R 

aqueous sodium hydroxide solution gave a low yield of 1,3,6,8-tetra 

methylpyrido| 3, Lym 4 |pyrimidine-2, 4.(1H, 3H)~dione (64; R ‘p% SR =k’ =Cik), 

Methylation of 6 ,O~dimethylpyrido[3,4~a |pyrimidine-2,4(1H,3H)-dione 

(8; R'=R°=cHs) with methyl iodide yielded a mixture of the 

trimethyl (64; n'en°orLCH,, r =H) and the tetramethyl 

(64; Rl ar?=R =k =CHz) compounds, 

The reluctance of the dione (8; R'=R°=CHs) to methylate at 

the i-position can best be explained by the steric hindrance of the 

8-methyl group. Construction of a model of 1,3,6,8-tetramethyl- 

pyrido|3,4~a |pyrimidine-2,li-(1H,3H)=dione ( 6. R'=R°=R =Kt*=CH) shows 

the close proximity of the 1- and 8-methyl groups, This view is 

also supported by the fact that methylation of 

pyrido| 3,4~a|pyrimidine-2, (1H, 3H)-dione (8; pn =R@=H) yielded 

1 3 -dimethylpyrido|3J.—d pyrimidine-2, ( 1H,3H)-di one 

(Gh; BR SRtaH, R’=R'"=CH3), When the reaction was carried out for 

short periods the only materials isolated were the 1 S~dinethyl- 

pyridopyrimidine (64; R'=R Past: Pakt =CHs ) and starting material, 

The ti.m.r, spectra of 3,6,8—-trimethyl- 

pyrido3, la |pyrimidin-)(3 H)-one and 1,3,6,8-tetramethyl- 

pyrido[3, 4d ~< |pyrimidine-2, 1(1H,3H)-dione were recorded in 

deuteriochloroform and trifluoroacetic acid as solvents, The 

expected downfield shift due to trifluoroacetic acid was observed, 

being greatest for hydrogens attached directly to the aust ws, 

The 5-H in both compounds was shifted approximately 0.75 T downfield 

when the spectra were recorded in trifluoroacetic acid, compared to 

deuteriochloroform as solvent, Methyl groups attached to the pyrido- 

pyrimidine nucleus were affected to a much lesser extent,



39 

A comparison of the spectra of 3-methylpyrido| 3,1-a |pyrimidin-),( 3H)-one 

; ae ee ee : 
and pyrido| 3,4-d|pyrimidine 2 in deuteriochloroform showed that the 

4-carbonyl group considerably lowered the position of the 5-H, even 

with the 3-methyl group present in the molecule. 

(ii) Ring-opening Reactions. 

The ring-opening of fused pyrimidin-i,(3H)-ones has been 

widely studied. Those in which ring-openings have been observed 

include pteridin-J( 3H)-ones (66) 89=%. guinazolin-J(3H)-ones????°(67) 

and pyrido|3, 2-4 |pyrimidin-l,( 3i) -ones (68) 7°: 

a N oO S 

a | ol i 

0 0 

(66) (67) 

  

Treatment of these compounds with nucleophiles, such as hydroxide ion, 

ammonia, amines and hydrazine generally leads to ruoture of one of the 

heterocyclic rings.



40 

Certain fused pyrimidine-2,),(1H.3H)-diones have also been 

studied, Quinazoline-2,4(1H,3H)-diones (69) yielded }anino- 

quinazoline-2, ),(1H, 3H)-diones (70) on reaction with hydrazine 

nvdsate. nh 

R A 
: ef nr Se ii : 

ya: So ~NH, 
0 0 

(69) (70) 

The alkaline hydrolysis of 6,8-dimethyl- 

pyrido3, had |pyrimidine-2, 41H, 3H)-dione (8; R'=R°=CH; ) and the 

3-methyl analogue (64; R'=R°=H*=CH3, =H) has already been 

mentioned ( p. 18 and 37) 

Reaction of pyrido[ 3,4] pyrimidine-2, (1H, 3H)~dione 

1 
(8; R =R°cH) and 6 ,8-dinethylpyrido| 3,1,-d |pyrimidine~2,J,( 1H, 3H)-dione 

(8; n'=R°sCH) with hydrazine hydrate yielded the corresponding 

1 
3-amino derivatives (71; R mL or CH3). 

R° i Be ok ; 
N~TO NYO NZ ; NZ 2G l ne NH NH H,0 

RIAN RIS NH, 

0 0 

) (8 (71)
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Pyrido{% 4a] pyrimidin-1(3H)-one (11 ; R=R'=H) and 6,8-dimethylpyrido 

a 4 [5 sand [pyr imidin—M 3H)~one (11; R=CH3,R sl) with the same reagent yielded 

3-aninopyridine-4-carboxylicadO; R=H) and the 6,8-dimethyl analogue 

(10; R=CH;), 

  

R 

NZ ) NH, 

aN COOH 

(10) 

A plausible mechanism for the ring-opening of 6,8-dimethyl- 

pyrido [34 ~a|pyrimidine-2, 4(1H,3H)—dione is as follows 

CH H 
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Je ww 
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In sodium hydroxide solution the dione (8; R'=R7=CH3) will exist 

as the di-anion in which electrostatic repulsion will tend to 

protect the carbonyl positions from attack by hydroxide ions, 

30% Aqueous sodium hydroxide solution at 100° for eighteen hours was 

required to an 6 ,8-dimethylpyrido [5, ,-d |pyrimidine-2, 1,(1H, 38)- 

dione (8; R'=R°=CH3), The introduction of a methyl group at the 

3-position should increase the ease of ring-opening, as structural 

modifications which prevent ionisation are well known to make hydroxy= 

heterocycles more labile to alka1i 27 193,99-101 This was found to 

be the case, 3,6, 8-trimethylpyridof, jd |pyrimidine-2, (1H, 3H)-dione 

(64; R =R7=R?=CH3, R =H) with 10% aqueous sodium hydroxide solution 

yielded J-amino=2,6=dimethylpyridine-l-carboxylic acid (10; R=CH; ) 

under the same conditions as were employed for the 6,8=dimethyl- 

pyridopyrimidine dione (8; n'=R°=CHs ). 

The Shae Ei of the reaction between hydrazine hydrate and 

the pyrido| 3,4~d |pyrimidine-2, (1H, 34)-diones (8; R  aR°<H. or CH) is 

also presumably initiated by nucleophilic attack at the h-carbon aton, 

which is followed by ring-opening and ring closure to yield the 

3-amino-pyrido| 3 ld |pyrimidine-2,4(1H,3H)-diones (71; R'=R°=H or CH3),
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Initial attack of hydrazine hydrate on the 

pyrido[ 3,44 |pyrimidin-)( 3H)-ones can occur at either the endocyclic 

CwN or exocyclic C=0 bond, Related cleavages have been stated to 

occur by initial attack at the endocycliec C=N bond? ?# 22 

92,95,95,96 

and the 

exocyclic C=0 bond, Reaction of both quinazolin-4{ 31)~one 

(67999998 and pteridin-J( 3H)-ones (66) 2* with hydrazine hydrate has been 

stated to occur by initial attack at the 4-carbonyl position. 

2,6 ,8-Trimethy1-3-phenylpyrido| 3, 4d |pyrimidin-4( 3)-one (72) 

on reaction with excess phenyl magnesium bromide yielded 

2,6,8-trimethyl-U, 4-di phenylpyrido| 3, ued |[1 3loxazine (75);



  

CH 
N~ CH 

2PhMeBr e, =U 5 

——— 
oH; 

Ph Ph 

(72) - (73) 

2-Methyl-3—phenyl quinazolin—/{ 3H)-one has been stated to yield the 

corresponding benzoxazine under similar reaction Soutii ions: 

This reaction can be explained by assuming that it proceeds 

through a ring-opened intermediate, A plausible mechanism is 

outlined below ; 

   CH. CH 
3 ED 

Zo N=C-NPhMgBr 

a, CHS cL 
Ph 

io 

cH, 
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(iii) Reactive Methyl Groups 

Little data is available in the four pyridopyrimidine 

systems, but methyl groups Gand yto ring nitrogen atoms appear to 

be activated, as is the case with other heterocyclic dystemass?">> 

2-arid 6-Methyl substitutents in the pyrido| 3,2-d |pyrimidines undergo 

104,105, 106 oxidative decdeporyisticn! ” bromination, and form styryl 

Sohieouhie. 

Reaction of 2,6,8-trimethyl-3-phenyl- 

pyrido| 3, 1-4 |pyrimidin-),(3H)~one (72) with 1 mole, of benzaldehyde 

at 180° yielded a product shown to be 2,6-dimethyl-3-phenyl-8-styryl- 

pyrido [3-1-4 pyrimtain~i,(3H)—one (7) . 

cH, 
Nw CH 

: 1 et 3 PhCHO 
—_—_---> 

le spp cH, ‘ 

  

(72) 

LiAlH, 

beg 

CH 
{I 
CH 

NZ ) NHCH out, 

~ r oH, iH NHPh 

(75)
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Reduction of 2,6—dimethyl—3—phenyl-8-styryl- 

pyrido[3,4-d pyrimidin-1( 31)-one (72,) with an excess of lithium 

aluminium hydride yielded 4-anilinomethyl—3-ethylamino-6-methyl-2-styryl~ 

pyridine (75). The crude product could not be obtained sufficiently 

pure for a correct atc arited analysis, but a mass spectrum gave a 

molecular weight of 343. The n.m.r, spectrum clearly showed the 

presence of the 3-ethylamino group at 6,92 (2H, q, 357,00. [ae and 

8.85 3H, t, J=7.0c./sec.), thus the 2-methyl group had not undergone 

reaction, 

The n.m.r. spectrum of the styryl compound (74) showed the 

presence of two methyl groups at 7.32 and 7.787t, the three methyl 

groups in 2,6 ,8-trimethyl-5-phenylpyrido! 3,44 |pyrimidin-)-(3H)-one 

(72) were at 7.8 (2-CH3), 7.4(6-CH3) ani 7.17 7(8-CHz), The fact 

that reaction did not occur at the 2-methyl group is also shown by 

these n.m.r. spectra, The high methyl group in the 2,6,8-trimethyl- 

pyridopyrimidine (72); assigned as the 2=-methyl group, is still 

present in the styryl derivative (7) . The replacement of either 

the 6-or 8-methyl in 2,6,8-trimethyl-3-phenyl- 

pyrido[3 ,,-a |pyrimiain-4( 3H)-one by a styryl group would be expected 

to. shift the methyl group at the other position to a lower field value, 

Thus it appears from these spectra that reaction occurred nt tis 

8-position, and the product is 2,6-dimethyl-3-phenyl-8-styryl- 

pyrido [3, hed Jpyrimidin-4 7H)-one (74). 

Reaction of 2,6,8—trimethyl-3-phenyl- 

pyridof, 4d lpyrimidin-( 31)-one (72) with p-nitrobenzaldehyde under 

similar conditions gave 2,6-dimethyl-8-(p-nitrostyryl)-3-phenyl- 

pyrido [3, led |pyrimidin=4( 3H)-one (76) in excellent yield. Attempted 

preparation of a di(p-nitrostyryl) derivative failed, The only 

product isolated when the reaction was carried out in acetic anhydride, 

besides the monostyryl derivative (76), was p-nitrobenzylidene diacetate, 

ore 
formed by reaction between p-nitro benzaldehyde and acetic anhydriad?e! 108
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NO,, 

. | 

| 
CH 

CH a 

NOH ce Sy 3p no,Ph Nv ees 
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(72) (76) 

Reaction of p~dimethylaminobenzaldehyde with the trimethyl- 

pyridopyrimidine (72) under a wide variety of conditions, including 

acidic and basic catalysis, only resulted in the isolation of starting 

naterials, 

The formation of styryl compounds probably proceeds by the 

following mechanism; 

H* & CH, 

ne N GH, 

= 
—[— we! bn 

cH, 5 
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The electrophilicity of the carbonyl group in these 

benzaldehydes depends on the para substituent. Thus the order of 

the reactivity of the three benzaldehydes employed should be 

p-NO, >p-H > p-N(Cls),. This is in agreement with the experimental 

results obtained, p-nitrobenzaldehyde yielded the styryl derivative 

readily, whereas p-dimethylaminobenzaldehyde failed to react. 

Attempted bromination of Zé B-toinatny lof phenyl- 

pyrido| 3,44 |pyrimidin-1( 3)-one (72) with bromine in an acetic 

acid/sodium acetate buffer yielded a complex mixture, which could not 

be separated, The n.m,r, spectrum of the mixture showed that 

bromination was occurring at two methyl positions, 

(iv) Reduction of pyrido [3, ind |pyrimidin-1(3H)-ones, 

Pyrimidines, quinazolines, pyridopyrimidines, pteridines 

and purines are all susceptible to nucleophilic attack at the 

2-and 4-positions of the pyrimidine ring, Consequently many of 

these compounds yield di-and tetrahydro derivatives vhen treated with 

gO 1319 Fused pyrimidin-)(3H)-ones are also know to metal hydrides, 

yield similar compounds, | !1+112,113 for example the reduction of 

3-methylquinazolin-4(3H)-one (77) with lithium aluminium hydride yields 

1,2, 3,4-tetrahydro3-methylquinazoline (78) and a small amount of the 

1,2-dihydro compouna (79), !'* 

H 
! 

- 

Nx oe er ~\ 

~ N~cH | N 

0 0 

(77) (78) (79)
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115 
Reduction of quinazoline with lithium aluminium hydride, 

for short periods, yields the expected tetrahydroquinazoline (8). 

When the reaction was carried out for longer periods, with an excess 

of reagent, a mixture was obtained consisting of the tetrahydro 

derivative (80) and o-methylaminomethylaniline (81). 

H 
N 

NH, 

ste CH_NHCH prs 

(80) (81) 

4-Chloro-2=phenylquinazoline yields analogous products on prolonged 

reduction with the same reagent, The ring-opened products, o-methyl- 

aminomethylaniline and o-benzylamino-methylaniline, result from the 

reductive cleavage of the 1,2—bond in these compounds, 2-Methyl- 

3-phenylquinazolin-,( 3H)~one hydrochloride (82) on reaction with sodium 

borohydride in diethyleneglycol dimethylether also underwent reductive 

16 
cleavage. | In this case however it was the 2,3-bond which was 

cleaved to give 2-ethylaminobenzanilide (83), 

ne 

¢ - NPh 
0 

  

(82) (83)
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The reduction of a series of pyrido|3, id |pyrimidin-.(3H)-ones 

with lithium aluminium hydride was investigated, 

Treatment of 2,6, 8-trimethyl~3henyl- 

pyrido[3,1,~4 |pyrimidin-1,(3H)-one (72) with an excess of lithium 

aluminium hydride in diethyl ether at room temperature for periods of . 

one hour to seven days gave the same twitat in excellent yield, 

An infrared spectrum revealed the presence of N-H stretching vibrations 

at 3310, 3220 and 3090 cm.) but the absorption at 1670 om, due to 

C=0, which had been present in the starting material, was now absent, 

The n,m.r, spectrum showed the presence of an ethyl group in the 

molecule, hence excluding the possibility that the product was the 

tetrahydro derivative (8). 

   
An elemental analysis gave an empirical formula of C N3 and the 10824 
mass spectrum a molecular weight of 255, These facts can only be 

rationalised by assuming that reductive cleavage has occurred at the 

1,2~ or 2,3-bond to give either/—anilinomethyl-3-ethylamino-2, 6-dimethyl- 

pyridine (85) or 3-amino—/,-N~ethylanilinomethyl-2,6—dimethylpyridine (86), 

The formation of a dibenzoyl derivative (87) by reaction of the product 

with benzoyl chloride in pyridine was the first chemical evidence in 

favour of the di-secondary amine structure (85), If the product is 

4-anilinomethyl-3-ethylamino-2,6—dimethylpyridine (85) it should be 

possible to regenerate the pyrimidine ring, Reaction with phosgene at



room temperature yielded 1-ethyl-3,)-dihydro-6 ,8-dimethyl~3-phenyl- 

pyrido [3,44] pyrimidin-2(1H)~one (88), thus confirming this 

structure (85) é 
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An n.m.r, spectrum of the pyrido[3,4-d]pyrimidin-2(1H)-one (88) 

showed the expected downfield shift of the ethyl group, 5.91T 

(2H, q, J=7.0 c./sec., 1~CH)CH 3) compared to the diaminopyridine (85), 

7,027(2H, gq, J=7.0 c./sec., 3-NHCH,CH3). The infrared spectrum
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showed the presence of a carbonyl stretching vibration at 1650 en 7 

but absorptionsin the 3000-3300 a region, due to N-H stretchings, 

which had been present in the diaminopyridine (85) were now absent, 

6 ,8-Dimethyl-3-phenylpyrido| 3, yd |pyrimidin-1( 31)-one (38) 

underwent a stuiler reductive cleavage on reaction with lithium 

aluminium hydride to yield4~anilinomethyl-2, 6-dimethyl-3-methyl- 

aminopyridine (89), 

  

CH, 
NHCH 

NZ | - 3 

att TT ON cH, CH NHPh 

(89) 

The reduction of 2,6,8-trimethyl-3~phenyl- 

pyrido| 3, ld |pyrimidin-(3H)-one (72) with 1.3 moles of lithium 

aluminium hydride at room temperature for half an hour gave a mixture 

of products, The main reaction products obtained were ‘cain igs 

me thy1-3-ethylamino-2,6-dimethylpyridine (30), starting material (35%) 

and another compound (257) which was shown to be 3, y-dihydro-).— 

hydroxy-2, 6, 8~trime thyl~3-phenylpyrido (3, 4d |pyrimidine (90). 

An infrared spectrum showed the absence of C=0 and N-H absorptions, 

the peaks at 3400 and 1610 em.” were due to 0-H and C=N stretching 

vibrations respectively, The 4-proton was visible at 4.317 in the 

n.m.r, spectrum, An accurate mass determination gave the molecular 

formula as Cy gH, 730, the initial fragmentation in the mass spectrum 

was loss of a hydroxyl radical,
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(72) (90) 

The isolation of hydroxy derivatives from the reduction of 

amides with lithium aluminium hydride is unusual, although several 

instances have been reported in the literature, Reduction of 

2-methoxycarvonylmethylene-2H, 1 J, -benzodiazepine-3,5(1H,4H)-dione (91) 

yields the hydroxy derivative (92)!'7 

0 0 

~NH LiAlH o ~ NH 
| dy. | ko A 

> ? E 0) 
on S SA 

H cHCOOGH, SF agama 

(91) (92) 

4.—Methyl-2 , 2-diphenylmorpholin~3-one (c3) on reduction with 

two moles, of lithium aluminium hydride yields a mixture of 

3-hydroxy-l-methyl-2 , 2~diphenylmorpholine (94) and Lemethyl~2 ,2-diphenyl- 

morpholine (95), Further reduction of the 3-hydroxymorpholine (94) 

gave the fully reduced product (ga).
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Further reduction of 3,4-dihydro-4-hydroxy-2,6,8- 

trimethyl-3-phenylpyrido| 3, |pyrimidine (90) with an excess of 

lithium aluminium hydride at room temperature gave 4-anilinomethyl- 

3-ethylamino-2,6-dimethylpyridine (85), the same product that was 

obtained on reduction of 2,6,8~trimethyl-3-phenyl- 

pyrido| 3, =a |pyrimidin-( 3H)-one (72) with an excess of lithium 

aluminium hydride, | 

3, y-Dihydro~2, 6 , 8-trinethyl-3-phenylpyrido| 3, ld |pyrimidine 

(96) was prepared by reduction of 2,6,8-trimethyl-3—phenyl- 

pyrido (5, led |pyrimidin—l( H)-one (72) with granulated tin and 

hydrochloric acid, The n,m.r, spectrum of the3 } -dihydro 

derivative (96) showed singlets for the 4-H protons (5,29 Tt) and the 

5-H proton (4.387), The further reduction of this 3, 4dihydro 

derivative (96) with lithium aluminium hydride at room temperature also 

yielded 4-anilinomethyl-3-ethylamino~2,6-dimethylpyridine (85), The 

fact that the 3,4-dihydro derivative (96) and the Lehydroxy analogue 

(90) both yielded the diaminopyridine (85) on reduction with lithium 

aluminium hydride suggests that these compounds may be intermediates 

in the gebceeion of 2,6,8-trimethyl-3—phenyl- 

pyrido|3 ,i~d |pyrimidin+.(5H)-one (72) to the diaminopyridine (85).
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Prolonged reduction of 3 ,4-dihydro-2,6,8-trimethyl-3—phenyl- 

pyridof 3,4-d |pyrimidine (96) with lithium aluminium hydride under 

reflux in diethyl ether for one week yielded 3-ethyl- 

amino=2,,,6-trimethylpyridine (97). The n.mr, spectrum showed 

three singlet methyl groups, the highest at 7.817 due to the 4.-methyl 

group, which is in accordance with the spectrum of 2,),,6-trimethyl- 

"19 3-Ethylamino-2,4.,6-trimethylpyridine presumably results pyridine, 

from reductive cleavage of the 4-anilinomethyl group in the 

diaminopyridine (85), This view was supported by the prolonged 

reduction of 4.-ani linomethyl1-3-ethylamino-2, 6-dimethylpyridine with 

lithium aluminium hydride under reflux in diethyl ether, The n,m,r, 

spectrum of the reaction product revealed the presence of the 

trimethylpyridine (97) (25y0) , the remaining material was unchanged 

diaminopyridine (85), 

As a final proof of the structure of the dianinopyridine (85), 

obtained by the reductive cleavage of 2 ,6, 8&-trimethyl-3-phenyl- 

pyrido[ 3,4-<] pyrimidin-4( 3H)-one (72), an independent synthesis was 

attempted, Reduction of 3-acetamido-2,6-dimethyl-N-phenyl-
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pyridine-4-carboxamide (60; R=Ph) with lithium aluminium hydride 

under reflux in diethyl ether for seven days did not give the 

required product, fin elemental analysis gave an empirical foraula 

of C, Hig’ and the mass spectrum a molecular weight of 253, 

The product appeared to be N-2,4,6-trimethylpyrid—3-y1-N '—pheny1- 

acetanidine (98), an infrared spectrum showed absorptions at 3300 and 

1650 cnt: due to N-H and C=N stretching vibrations respectively. 

The n,m.r, spectrum revealed the presence of four methyl groups in the 

molecule; the three pyridyl methyl groups at 7.57, 7.64 and 7.92, ana 

a higher methyl singlet at 8,227, The presence of a phenyl group in 

the molecule was confirmed by the downfield region of the spectrum, 

The structure (98) was supported by the fragmentation pathway in the 

mass spectrum, 

The most likely mechanism seems to be that postulated below; 

initial reduction of the 4~amido carbonyl, followed by intramolecular 

attack of the 4—amino nitrogen atom on the acetamido carbonyl with 

concerted attack of a hydride ion, 

CH ; 

: t " LiA1H 0 i 1D CH NwY N-C ~CH 3 i dy a eae 2 3 

| q | eo 

CH ( —NH-R cH; = nae —Ph 

3 ¢ Hh — 

(60; R=Ph) | 

CH, . Pe eae, oe ee 
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ec we “4 | ey ae Ons CH; cH, 1 3
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The attempted reduction of 2,6,8-trimethyl~3~-phenyl- 

pyrido| 3 ,1,~d|pyrimidin-1,(3H)-one (72) with sodiun borohydride 

under reflux in diethyl ether, methanol and diethyleneglycol 

dimethyl ether at 100° only resulted in the isolation of starting 

material, 

Certain 3-alkyl-substituted pyrido [3 ¥-d |pyrinidim4(3#)-ones 

also underwent a reductive cleavage with lithium aluminiun hydride, 

but far more drastic conditions were required, 

Thus 3-ethylamino-2,6-dimethyl-4—methylaminomethyl pyridine 

(99) was obtained from the reduction of 2,3,6,8-tetramethyl- 

" =n°=0H3) with lithium pyrido| 3,4-d |pyrimiain- 4X 3H)-one (63; RER 

aluminium uydride under reflux in diethyl ether for six days, 

The structure of the product was confirmed by reaction with phosgene, 

which yielded 1-ethyl~ 3, 4-dihydro- 3,6,8-trimethyl- 

pyrido[ 3,4-d}pyrimidin-2(1H)-one (100), 

R : 5 
N R NHCH,CH Zo NO } ah LiALH, N 2°53 

2 ——— ey 
= H jNHCH we x gue he es 

0 3 

COC1, 

H CH,CH 
se | 2 "3 

“a oe 

{a 
CH, > Of,
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A comparison of the n.m.r. spectra of the diaminopyridine (99) and 

the pyridopyrimidinone (100) showed the expected downfield shift of 

the ethyl group, from 6,98 «( 3-NHCH CH 2) in the former to 5.957% 

(1-CH CH, ) in the latter case, 

Reduction oe the tetramethylpyridopyrimidine (63 ; RoR! =R°=CH3) 

with lithium aluminium hydride for periods of one to three days at room 

temperature gave complex mixtures, The only compounds isolated were 

starting material and the ring~opened final product (99). 

3,6,8-Trimethylpyrido| 3,44 |pyrimidin-J(3H)-one 

(63; ReR@ =CHy,R'=H) on reduction with lithium aluminium hydride in diethyl 

ether at room temperature yielded 1,2,3,j-tetrahydro-~ 3,6,8-trimethyl- 

pyrido 3, 4-d| pyrimidine (101), An infrared spectrum showed the N-H 

- but the absorption at 1680 em,~! stretching vibration at 3200 cm. 

due to C=0, which had been present in the starting material was now 

absent. The n.m.r. spectrum revealed the expected upfield shift in 

the position of the 5-H, from 2«43.4+in the trimethylpyrido- 

pyrimidine (63; R=R“=CHs, pr! =k) to 3.5 tin the tetrahydro derivative 

(101). The two methylene groups were observed as singlets at 6.17 

and 6.487, 

R. CH H 
N 4 > ' 

R , N 
NY S LiAlH, NZ 

se | ~R° | “CH 
R CH 3 

0 3 

(63) (101)
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Pyrido| 3,4.-d|pyrimidin-1(3 #)-ones with no substituent at 

the 4-position also underwent specific ring-opening reactions, 

2,6,8-Trinethylpyrido[ 3, wd ]pyrimidin-U( 3H)-one (11; R=R!=CHs ) 

yielded ).-aminomethyl-3-ethylamino~2,6-dimethylpyridine (102) on 

reduction with Lithium aluminium hydride under reflux in diethyl 

ether for six days, 

R CH, 

ne "Sy R LiAlH, NA yp MHCH CH, 

se NH : Me CH NH R te CH, Bge 

(44) (102) 

The n,m,r, spectrum of the product revealed the presence of the ethyl 

group at 7,0 (2H,qa,J=7.0 c./sec., 3-NHCH,CH3) , 8,817( 3H,t ,J=7.0 c./sec., | 

3-NHCH,CHs). The ethyl group in the spectrum of the 4.-anilinomethyl 

analogue (85) showed absorptions at 7.02 «(2H,q,J=7.0 c./sec, ,3 -NHCHCHy) 

and 8,86(3H ,t,J=7.0 c./sec., 3-NHCH,CH3). If reductive cleavage had 

occurred at the 1,2—bond and not the 2,5-bond, the product would have 

been 3-amino-).-ethylaminomethyl-2,6—dimethylpyridine (103), The ethyl 

group in the n.m.r, spectrum of this compound would be expected at a 

higher field, because of its removal from the deshielding influence of 

the aromatic ring, : 

To confirm the structure of the product 3-amino-—).-ethylamino- 

methyl-2 ,6—-dimethylpyridine (103) was prepared by an independent 

synthesis, Ethyl-3-amino-2,6-dinethylpyridine-4-carboxylate (104) 120 

was prepared by esterification of 3-amino-2,6—dinethylpyridine—4+—carboxylic 

acid (10; R=CH,). The reaction required vigorous conditions, because of 

the steric hindrance of the ortho amino group to the incoming alcohol
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and also because of its electronic effect, The ester 

(104) was then treated with anhydrous ethylamine to yield 

ethyl~3-amino-2,6—dimethylpyridine-)—carboxamide (105), which on 

reduction with lithium aluminium hydride under reflux in diethyl ether 

for seven days gave 3-amino-4-ethylaminomethyl-2, 6—dimethylpyridine 

(103). 

R 

nay Mo HS0, 

C,H-OH s ~. COOH os 

(40) 

cH, 

NA NH, LiAlH 

| © 
at a7 CH )NHCH oH 

3 

(103) 

A 

CH 

n7 ~~ MH, 

CH ww COOC .H 

(102) 

C — NHCH,.CH 

3 i ee 
0 

(105) 

The n.m.r. spectrum of the ethylaminomethylpyridine (103) showed the 

ethyl group in this compound at 7,53 2H,q,J=7.0 c./sec., 

4.—-CHNHCH.CE3 ) and 8,987(3H,t,J=7.0 c./sec., NCH NHCHCH;), thus 

confirming that the product obtained from the reduction of 

2,6,8-trimethylpyrido| 3 , 4 |pyrimidin-1( 3H) -one is not 3-amino~-ethyl- 

aminomethyl-2,6-dimethyl-pyridine (103). 

6 ,8-Dimethylpyrido| 3 J. | pyrimidin-1(3H)-one (41; R=CHz e p=) 

also underwent reductive cleavage of the 2,3-bond on reaction with 

lithium aluminium hydride under reflux in diethyl ether for seven days,
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to yield 4-aminomethyl-2,6—dimethyl-3-methylaminopyridine (106) 

  

cH, 
NHCH 

LiAlH ae 3 

; ~ 
cH, CH NH. 

(41) (1406) 

The reduction of 2,6,8-trime thylpyrido[3 a |pyrimidin-2( 3H)-ome 

(14; R=R'=cH,) with lithium aluminium hydride at room temperature for 

twenty hours gave a low yield of 3 ,,—-dihycro-2,6,8-trimethyl- 

pyrido| 3 }.-a |pyrimidine (107). Starting material was also isolated 

from the reaction mixture, 

R CH 
4 3 

NZ et Nw Nw CH, 

—~. CE ae 
R q 3 XX 

(41). (107) 

An infrared spectrum of the dihydro derivative (107) showed absorptions 

at 3360 and 1620 on, due to N-H and C=N stretching vibrations, 

The n.m,r, spectrum, accurate mass determination and mass spectrum 

confirmed the structure of the product, 

Pyrido| 3 ,1,~d |pyrimidin-1,( 3H)-ones have two sites which are 

susceptible to hydride attack, the endocyclic C=N and the exocyclic C=0 

bonds, If initial attack of a hydride ion occurs at the exocyclic C=O 

bond in 2,6,8trime thyl-3~phenylpyridof ,4.-d |pyrimidin-l,( 3H)-one (72), 

then ring-opening could occur by the following mechanism;
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This type of mechanism is supported by the fact that 

3 4 -dihydro-),-hydroxy-2, 6, 8-trimethy1-3-phenylpyrido| 3, 1d |pyrimidine 

(90), isolated from the controlled reduction of 2,6,8-trimethyl-3-vhenyl- 

pyrido| 3,4-4|pyrimidin-1,( 34)-one (72), also yielded the diaminopyridine 

(85) on further reduction with lithium aluminium hydride, 

   1 mole 

Li Ali, 

(90) 

ig iAH, ya 

CH 
o 

a ) NHCH,CH, 

CH, S CH,NHPh 

(85) 

Further evidence is supplied by the fact that 

3,4- dihydro-2,6,8-trimethyl-~3-phenylpyrido [3 id | pyrimidine (96), 

a proposed intermediate in the reaction scheme gave )~anilino- 

me thyl-3-ethylamino~2,6-—dimethylpyridine (85) on reduction with 

lithium aluminium hydride under mild conditions, 

An alternative scheme involves initial reduction of the 

1,2—bond of 2,6,8-trimethyl-3-phenylpyrido| 3 ,4~d]pyrimidin-l(3H)-one;
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AIR, 
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The delocalisation of the charge in the anion (108) over both the 

phenyl group and the amide carbonyl group would be expected to be a 

major factor influencing the operation of this type of cleavage, 

The reduction of 2-methyl-3-phenylquinazolin-J{ 3H)-one (109) 

appears to proceed by the above mechanisn, Reaction with an excess 

of lithium aluminium hydride yielded 2-anilinomethyl-N-ethylaniline 

(110), while 2-ethylaminobenzanilide (83) a proposed intermediate, if 

cleavage occurs by the above type of mechanism, was isolated from the 

reduction with one mole, of lithium aluminium hydride, '?? 

F 4 ae § ECE OF 

a at. 
C-NEPh 

0 0 

(109) (83) 

z's | bial 
h. 

NHCH, CH, 

CH NHPh 

(110) 

The evidence points to the initial reduction of 

2,6 ,8-trimethyl-3phenylpyriad3 4nd |pyrimidin-4(3H)-one (72) occurring 

at the exocyclic C=0 bond, The change in the initial reaction site 

from the endocyclic C=N to the exocyclic C=0 bond, on going from the 

quinazolinone (109) to the pyridopyrimidine (72), may be explained by 

the electron withdrawing effect of the nitrogen atom in the pyridine 

ring, which further activates thedecarbon atom to nucleophilic attack,
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CH 

ao CH 
eM an 3 

fen Ph SS CH, a 

Presumably the reductive cleavage of 2,3,6,8-tetramethyl- 

pyrido| 3,4~d |pyrimidin~1,(3H)-one (63; n=R'=R°=CH) goes by a similar 

mechanism to that postulated for the 3-phenyl analogue C737" 

The anion (1114 ) in this case is less favoured because of the 

absence of the stabilising phenyl substituent, This fact is 

reflected in the much more vigorous conditions required for ring- 

Opening, 

CH 
a 

N = CHCH 
eee ee 

ewe —N- is CH- N- CH 

(111) 

3 

The isolation of the 3,j-dihydro derivative (107) from the 

controlled reduction of 2,6,8-trimethylpyrido| 3,4~d |pyrimidin-l(3H)- 

one (11; R=R"=CH; ) indicates that initial reduction also occurs at the 

exocyclic C=0 bond in this compound, The vigorous reaction conditions 

required for reductive cleavage in compounds with no substituents at the 

3-nitrogen atom is due at least in part to the insolubility of the 

starting materials, 

In all the pyrido| 3, 4nd |pyrimidin-4 3H)-ones which underwent 

reductive cleavage it was the 2,3-bond which was broken, The 

3-substituent appears to control the ease of reductive cleavage,
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MASS SPECTRA : 

(i)  Pyrido 527.23 leprtiatnes J. (1H, 3H)—diones 

The initial fragmentation of quinazoline-2,1.(1H , 3H) dione !*? 

and pteridine-2,4.(1H,3H)-dione'“* is the loss of HNCO from the 

molecular ion, By analogy with these compounds 

pyrido[3,1,-<| pyrimidine~2,),(1H, 31)-dione (8; pr! =R°=H) may be 

expected to show a similar initial fragmentation, and this was 

found to be the case (SchemeI). This loss of HNCO has been 

suggested to occur by a retro—Diels-Alder rearrangement for other 

125 
fused pyrimidines,



68 

Scheme I 
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** The structure shown for this, and subsequent fragmentation ions, 

represent only one of several possible forms,
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The ion at mi 120, formed by elimination of HNCO from the molecular 

ion, further fragments by loss of Ee HNC and CO to give the ions at 

3/119 Gx), 7/, 9333%) and ™/, 92 (12%), the 3/93 ona ¥/_ 92 
ions then eliminate CO and HCN respectively to form the same ion at 

ah 65 (13%). All the major fragmentations are substantiated by 

idtaxnaled peaks, An ion present in low concentration (4%) at 

-14,7 indicates an oxygen loss, a similar loss is quoted for 

guinazoline-2, 4( 1H, 3H)—dione, '°? 

6 ,8-Dimethylpyrido| 3,1,-d |pyrimidine~2,1,(11,3H)-dione 

(64; R'sR"=CH, ,R7=2"LH) shows a fragmentation pathway very similar to 

that of pyrido[3,1,-d |pyrimidine-2,1,( 1H, 3H)-dione, except that the ion 

formed at my. 120 (32%) by loss of CO fen (M-HNCO)* is now the major 

fragmentation ion, The intensities of the ions for loss of H® and 

HCN are less than 3%, The (MtNco-co)* ion then eliminates either 

HCN or CH,CN to give the ions at */ , 93(8%) and wf: 79 (32%). 

| The mass spectrum of 3,6,8-trimethyl-pyrido 

(5, and |oyrimidine-2,4(1H,3H)-dione (64; R'=R°= {aCH, fir oH) ol bay iy 

shows that it is the 3-N atom which is involved in the retro-Diels-Alder 

rearrangement, CH NCO is eliminated from the molecular ion to form the 

fragmentation ion at ef 14.8 (63%), without any appreciable loss of 

HNCO, Further fragmentation then occurs in a similar manner to that of 

6 ,8~dimethylpyrido[ 3, J-d |pyrimidine-2, 1(1H,3H)-dione, 

Compounds with a methyl substituent at the 1-position showed 

alternative fragmentation pathways, the initial loss of CHzNCO now being 

less important, 1,3-Dimethylpyrido| 3,44 pyrimidine-2,),(1H,3H)—dione 

(Gly Reh all: =i =CHs) fragnents by initial elimination of CH3NCO and 

CO to give the ions at af 134,.(&) and 7. 163 (5%) respectively. | 

The (u-CH,NCO)” ion then eliminates a molecule of CO to give the most 

abundant fragmentation ion (73%) in the spectrum, The introduction of
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four methyl groups produced considerable changes in the mode of 

decomposition of the molecule under electron impact, 

1,3,6,8-Tetramethylpyrido| 3, 1rd |pyrimidine-2,)(1H,3H)-dione 

(6. gl =R"=R ak *=Cis ) shows (M-H)* and (¥-CH;NcO)* fragmentation 

ions of low abundance (1.6) , The principle initial decomposition is 

now the loss of a methyl radical to give the ion at rye 201,(2255) , 

Exptilsion of CHzNCO then yields the ion at w/ 147 (23%), The loss 

of HCN from the (MeCH3 ICO)” ion in this ee winded derivative 

suggests that a rearrangement, possibly involving the incorporation 

of the 1-methyl group in a ring expansion process, occurs with this ion, 

In all the pyridopyrimidine-di ones previously mentioned the 

molecular ion was the base peak, however when the compounds have a 

3-amino substituent they become less stable to electron impact, 

3-Aminopyridd3, 4d |pyrimidine-2, li( 1H3H)—dione (71; R witted) and tbe 

6,8-dimethyl analogue (71; R'=R°=CH 3) both fragment in a similar manner 

(Scheme II). The molecular ions eliminate NENH, to give the ions at 

ee 147 (99%) ana oi 175 (100%), which in each case is followed by two 

successive losses of a molecule ‘of CO,
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Scheme II 
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(44) Pyridol3 J.-d oyrimiain.(3H)-ones. 

The mass spectra of pyridones, '7°r!27 quinolones, |“® 

123 } 

quinazolinones ~ and pteridinones'“*have all been reported in the 

literature, The mass spectrum of pyrido(3 ld pyrimidin-.(3H)~one 

(11; R=R!=H) shows a strong molecular ion peak and a principal 

degradation pathway of an initial loss of CO, followed by three 

successive losses of one molecule of HCN (scheme IIt)% Sinilar



72 

fragmentation pathways have been reported for quinazolin-1( 3H)-one'*” 

12h. 
and pteridin-!,(3H)-one. 

Scheme III 

N 7 
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Three other fragmentation pathways are also observed, initiated by loss 

of H®, HCN and HNCO (scheme IV) to give the ions at +. 146 (8%), 

a. 120 (6%) and mek 104.(9%), The initial loss of HNCO has been 

123 observed in the spectra of quinazolin-i,( 3H)~one and pteridin-J( 3H)- 

one! . a
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Scheme IV 
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A study of the mass spectra of 3methyl- (63; ReR' =H, R°=CHs), 

6,8-dimethyl- (11; R=CHz, Ried) 2,6,6-trimethyl- (11; R=R'=CH3) and 

3,6,8-trimethylpyrido [ 3, 4-4 | pyrimidin~!,( 3H)-one (63; R=R°=CH . R'=H) 
2 

showed that an increased number of methyl substituents resulted in 

(a) an increased resistance to electron induced fragmentation, 

(v) a decreased tendency for the molecular ion to lose 00, and 

(c) an increased proportion of the ion current carried by the (M-H)* ion, 

Compound (m~co)* (m-H)* 

63; R=R'=H, R°=CH5 22% 13% 

11; RACH, R'=H of oY 

11; ReR'=CH, 4% Te 

Bs RaR°=CH 5, pl aH or oe a
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CHS and CH3CN loss from the molecular ion becomes significant (3 yo) 

for the trimethyl substituted compounds (63; R=R=CB3 R'aH and 

11; R'=R=CH 5), Introduction of another methyl further enhances loss 

of a methyl radical from the molecular ion, The main initial 

fragmentation from 2, 3,6,8-tetranathylpyrido|>,i—d |pyrimiain-M3 #)-one 

(63; R=R' =R°=CH,) is loss of a methyl radical to give the ion at 

a 188 (15%), which is the major fragmentation ion in the spectrum, 

6, 8Dime thyl-2—phenylpyrido Ei aed pyrimiain-, (3 H)-one 

(62; R=CH3, pn =k) shows a similar fragmentation pattern to the 

corresponding 2—methyl derivative, fragmentation being initiated by loss 

of H®, CO and HNCO (scheme Vv). 

Scheme V 
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The pyrido3 , 4-4 |pyrimidin-).(3H)-ones and their methylated 

derivatives are more stable to electron impact than the corresponding 

pyrido[3,),-4 |pyrimidine-2,1.(1H,3H)-diones, 

The fact that substituents at the 2- and 5—positions of the 

pyrimidine ring affects the fragmentation pathways has already been 

observed in the methylated pyrido[3,)- |pyrimidin-v(3#)-ones. 

3-Hydroxy-2,6,8-trimethylpyrido| 3,4] pyrimidin-l( 3H)-one (59) shows 

three fragmentation pathways (scheme VI.) The base peak in the 

spectrum is the ion at rel 14.7, formed by successive losses of “OH and — 

CH3CN from the molecular ten both these fragmentations being 

Substantioted by metastable peaks, In the reported mass spectrum of 

129 
3-hydroxy-2-methyl quinazolin-1{ 37)-one one of the initial 

fragmentations is elimination of O=C=NOH. This loss in the present 

spectrum could also account for the ion at oe 147, although there is 

no metastable peak to support this fragmentation, The noléculer ion 

also fragments by loss of an oxygen atom to give the ion at oe 189 (2.570), 

which has the same composition as the molecular ion obtained from 

2,6,8-trimethylpyrido[3 ).-4 Jpyrimidin-4(3H1)~-one; a Similar subsequent 

fragmentation pathway is observed in both cases, Cyclic hydroxanic 

acids can also be considered as o-hydroxy-N-oxides and it is probably 

from this structure that 0 loss occurs, A minor fragmentation pathway 

is initiated by loss of NO, There is only one report in the 

129 
literature of a compound of this type fragmenting by expulsion of 

NO, although some aromatic nitro compounds and oximes are known to 

fragment by loss of nitric oxide from the molecular ton, (©?
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Scheme VI 

cH, 

= HANNS Ss 

b. Jae I 
cH, ir 

  n/e 189 

CHa + eo CH 
ae 0 cH, ~CHCN ae NT 

nls ees my 114.9 fen 

3 e CH; So 

WY &-468 nfe 147 

-CO Ie 96.3 

2 -HCN _ [ct | : [c4N,] 
m 71 ol



tt 

The main Prartontation pathway GP cakasioto.k Cumtpeiiets 

pyrido[3 ,.-a}pyrimidin-).(3H)-one (58; Re1,) is initiated by loss of 

HCO to give the ion at ie 75 (10,.%) . This ion then ejects a 

molecule of nitrogen to yield the ion at a 106 (10%), <A minor 

fragmentation pathway is apparently initiated by loss of’NH to give - 

the ion at *. 189 (6%) , which is the same ion that was obtained by 

loss of O from the 3-hydroxypyridopyrimidine (59). The stability of 

this ion is demonstrated by the fact that the largest fragmentation ion 

in the spectrum of 2,6,8-trimethylpyrido| 334d |pyrimidin--(3H)-one is 

the (ieH)* ion “Ye 199 (Sf). 

The most interesting feature of a series of 3-phenyl substituted 

pyrido| 3,44 |pyrimidin~(3H)-ones was the initial loss of a hydrogen 

atom, presumably from the ortho position of the phenyl group, to form a 

five membered ring, 

a 

ee oe | R ~ I 

Ss 

\ 

This type of rearrangement has also been observed in the mass spectra of 

N-phenyl-2-pyridones, in which the H® loss was shown to occur from the 

ortho position of the phenyl group by deuterium labelling and 

substitution by methyl groups, The base auld in the spectrum 

6,8-dimethyl-2 ,5 -diphenylpyrid of 3 wt -a| pyrimidin-).(3H)-one 

1 (62; R=CH,, R =Ph) was the ion at ee 326 formed by loss of H® from the 

molecular ion,
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The pyrido| 3 ,,-4 jyyrimidin-,(3H)-ones and 

pyrido[3, 4d |pyrimidine~2 -(1H,3H)-diones all fragment via the 

pyrimidine ring. In all the spectra there is a strong peak for a 

pyridinium ion, the composition of the ion depending on the 

fragmentation eee but the exact nature of these pyridinium ions 

is uncertain, One of the main fragmentation.ions observed in these 

spectra is the ion at Ee 120, which may be written as (a) or could 

also be represented by the structures (vd), (c) and (a). 

GH, cH, 

gs | ~ Ste 
o cH, 

€) (bd) 

CH, CH 

T 
or +o 

i | sie CH Gh 3 

(c) (a) 

It is unlikely that this ion exists as a di-azatropylium ion, because 

of its odd electron nature, Djerassi'?° has shown, by '3¢ labelling, 

that the odd electron ion, which can be written for the CHoN* ion 

derived from aniline, does not exist as an azatrophlium ion, All the 

ions which exist as an azatropylium ion have an even electron structure, 

thus the ion/, 119 (CoHoN,)”, which is also observed in many of these 

spectra could conceivably exist as a di-azatrophlium ion, although there 

is no evidence to suggest this type of structure,
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(iii) ¥ Leh nrarepeetdes Jad beret uae ies - 

The dihydropyrido| 3 .~-d. |pyrimidines are less stable to electron 

impact than the pyrido[ 3 ud |pyrinidin-y,.(3H)-ones and ~-pyrimidine- 

2/+(1H,3H)-diones, ‘he base peak in the spectrum of 

3 j.-dihydro-2, 6, 8-trinethylpyrido| 3 .-a| pyrimidine (107) is the ion 

at 7, 173, resulting from either the loss of two hydrogen atoms or a 

molecule of hydrogen from the molecular ion, ‘The ~/ iis ion then 

looses HCN, followed by CH3 Cl as would be expected for a fused pyrimidine 

system. (scheme VII), A minor fragmentation pathway is also observed, 

initiated by loss of a methyl radical, 

Scheme VII 
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The spectrum of 1-ethyl-3,)-dihydro-3,6,8-trimethyl- 

pyrido| 3,4. fpyrimidin-2(1H)-one (100) also shows an initial hydrogen 

loss, however in this case the (M-H)* ion 19 only To ef the base 

peak, The main fragmentation pathways are initiated by elimination 

of an ethyl and a methyl radical (scheme VIII), ‘The elimination of the 

methyl radical must occur by an a-cleavage of the 1-ethyl group, because 

of the subsequent loss of CH NCO, which is substantiated by a metastable 

peak, The base peak in the spectrum is the ion at We 147, <A minor 

fragmentation pathway is initiated by loss of 28 mass units, which could 

be due to elimination of a molecule of CO or more likely ejection of a 

molecule of ethylene by a McLafferty rearrangement, The mass spectrun 

of +, -dahyaro=1-methy1-Fphenyleuinagolin-2(1H)one~ does not show an 

initial loss of 28 mass units, thus supporting the view that ethylene is 

eliminated in the case of the ethyl derivative, 

2 gFINY 

CH < 
ae i a. he ~CH eA ge ? N QH 

j lee: pare I. | 
- CH TaN CHS ae b)
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Scheme VIII 
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The base peak in the spectrum of 

3, b-dihydro~y-hydroxy~2,6 ,8-trimethylpyrido| 3 f.-d|pyrimidine (90) is 

the ion at 43 250, formed by loss of OH from the molecular ion, 

This mr 250 ion is extremely stable, further fragmentation ions being 

of low intensity.
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(iv) Pyrido[3,1-a |[1,3]oxazines. 

The mass spectra of three pyriao[3,4-a][ 1,3]oxazin-i-ones 

showed that they were more susceptible to fragmentation by electron 

impact than the corresponding pyridopyrimidines, but with the two 

6,8~dimethyl compounds (4.5 and 46; R=CH,) the molecular ion was still 

the base peak. The main fragmentation pathway of 2,6,8-trimethyl- 

pyrido[3,4-a ][1,3 Joxezin-4~-one (45) is initiated by loss of CO, 

The next step appears to be an oxygen loss, although this is not 

substanticted by a metastable peek. The ion at “146 (14%) then 

elai desea a molecule of cH,CN. Two minor fragmentation pathways 

are also observed, initiated by loss of a methyl radical and CH, CN 

(scheme Ix; 

The two 2-phenylpyrido| 3,48 |[4,3]oxezin--ones (4.6; R=CH, or H) 

fragment by initial loss of CO and COn. The carbon monoxide loss being 

followed by elimination of the (Phco)* ion to yield the main fragmentation 

ion (87%) in the spectrum of é Ba icistirlap thera) 

pyrido[3,4~a ][4,3Joxazin-1~one (4.63 R=CH,) , and the base peak in spectrum 

of 2-phenylpyrido[3,4-a][1,3]oxezin-4~one (46; R-H). The initial loss 

of CO from both these compounds is substantiated by the appropriate 

metastable peaks. 

2,6,8-Trimethy1-J,,-diphenylpyrido[3,4-a][1,3] oxazine (73) 

fragments by initial loss of a aplbatde of ketene, followed by a hydrogen 

atom to give the base peak in the spectrum at By 185. The molecular 

ion also exhibits two minor fragmentation i, initiated by loss of 

a methyl radical and a molecule of methyl isocyanate.
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Scheme IX 
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(v) Pyridine Derivatives 

3-Amino~2 ,6-—dime thyl pyridine~l.-carboxylic acid (10; R=CHs ) 

fragments by initial loss of water from the molecular ion, 

5 +o 5 + H 
N= 1 -H,0 ae 

* ih, 

CHoS bes ee sae) Co 3 i 5 

m/e 166 w/e 148 

This water .oss is a common feature of aromatic acids with a hydrogen 

bearing ortho aubstitnent 2) > = ; salicylic acid fragments in a similar 

_manner, The ion formed at We 148 (5390), by loss of water, then eliminates 

a molecule of carbon monoxide to give the ion at ee 120 ( 36%) , which 

fragments in the usual manner, ie 

The main fragmentation pathway in the spectrum of 2,6-dimethyl- 

cinchomeronimide (32; R=CH 3) is initiated by loss of HNCO to yield the ion 

mh 133 (60%) , Two minor fragmentation processes are also observed, water 

and carbon monoxide being eliminated from the molecular ion (scheme X), 

The loss of water mst involve a rearrangement, if this elimination is 

correct, The mass spectra of N-methyl- and N-phenylphthalimide have been 

133 reported in the literature, The main fragmentation from the molecular 

ions is loss of carbon dioxide, which is stated to occur by the 

rearrangement shown,
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In the present spectrum any loss of carbon dioxide is 

negligible.
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The mass spectrum of two pyridine-3-dicarboxamides were 

studied, both compounds were unstable to electron impact, in neither 

case was the molecular ion the base peak, The molecular ion in the 

spectrum of 3~benzamido-2, 6—dimethy1-N-(3!-nitrophenyl) pyridine- 

4 

'=3-10,Ph) is not visible, the highest 

Significant peak in the spectrum being the ion at ae 253, due to loss 

4.-carboxamide (61; R=CH3, R
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of “NHPHNO,, from the molecular ion. This loss of "NHPHNO,, from the 

molecular ion is substantiated by a metastable peak at 16/..1. There 

is a small peak at Ye 371, which is probably due to cyclisation of the 

diamide, by elimination of water, before ionisation. The main 

fragmentation pathway of 3-benzamido-6,8-dimethyl- 

pyridine-l,-carboxamide (61; Bouts: pn! =H) is initiated by loss of ammonia, 

followed by a molecule of carbon monoxide. 

In the three 4-anilinomethyl-3-alkylaminopyridines studied the 

base peaks were not the molecular ions. 4-Anilinomethy1l-3-ethyl- 

amino-2,6-dimethylpyridine (85) fragments by loss of an ethyl radical to 

give the base peak inthe spectrum at “/e 226. Another major fragmentation 

pathway is initiated by loss of entiine: followed by elimination of a 

methyl radical to give the ion at oe 14.7 (93%) (scheme XI). There is 

also a large peak in the spectrum at - 163, which appears to be due to 

a PhNH’ loss, although this is not Spi weaied by a metastable peek. 

The 6-styryl derivative (75) fragments in a similar manner, by initial 

loss of an ethyl radical and aniline. 

There is only a very small (< 2) methyl loss from these compounds, 

4 
although this is the preferred initial fragmentation from N-ethylaniline. 

+8 + 

NEGA ACH, NH=CH, 

4.-Anilinomethyl-2,6-dimethyl-3-methylaminopyri dine (89) fragments in a 

similar manner, the initial fragmentation ions now being formed by loss 

of CH;, PhNH, and PhNH” from the molecular ion,
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Scheme XI 

+e 

Ch CH 

NZ / NHCH,CH, bk ae NHCH, CH, 

= CH,NHPh . | \. J eke + 
CH a CH CH 

5 3 2 

m/e 155 

“Phil, 

- e 

m* 200.0 | -CH.cH m* 102.9 
co 

ae 

ne 3 3 +e 

No ) NH No™ “CH, CH, 

oN ~CH,NHPh eye" on 2 C 3 CH, 

m/e 226 n/e 162 

cH? 
3 

-NH 
3 

+ 

[c in ite) 

n/e 209 

  

}~Aminomethyl-ethylamino-2,6-dimethylpyridine (102) and 

4 atin one thyl-2 , 6-dime thyl-3-methylaminopyridine (106) frasment in a 

similar manner to the corresponding 4-anilinomethyl compounds, 

Replacement of the phenyl group by a hydrogen results in the loss of 

ammonia instead of aniline, . The other main fragmentation pathway is
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still initiated by loss of an ethyl or methyl radical, &-Amino- 

methyl-3—ethylamino-2,6-—dimethylpyridine also exhibits the expected 

methyl loss from the ethylamino substituent, ©? although it is only 

a minor fragmentation ion (16%). The base peak in this spectrum is 

the ion at ee 14.7, formed by loss of ammonia and a methyl radical 

from the Wiktn. ion, The base peak in the spectrum of 

4-aminomethy1~2 , 6—dimethy1-3~me thylaminopyridine (106) is the molecular 

ion, which besides the fragmentation already noted loses 29 mass units 

from the molecular ion to give the ion at /| 136 (50/4), (scheme XII), 

This loss makes it uncertain whether the corresponding loss of 29 mass 

units from the ethylamino compound (4102) is due to elimination of an 

ethyl radical, 

Scheme XII 
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3-Ethylamino-2,).,6-trinethylpyridine (97) fragments by initial 

134, 
loss of a methyl radical, in an analogous manner to N-ethylanilire , to 

give the base peak in the spectrum at oe 149, 

Ong Se vit . 

ae : NACH, CH, RE Zz . NH =CH, 

a ee m* 435.4 cy ~~ CH Ja ? : 3 5 

nfe 164 nfe 149 

The ZT . 14.9 ion further fragments by elimication of CH,=NH. A minor 

fragmentation pathway is initiated by loss of an ethyl radical to give 

the ion at Bs 135 (12%), 

The expected initial fragmentation of N-2,),6-trimethyl- 

pyrid-3-y1-N '~phaylacetamidine (98) would be loss of PhNH®, This 

fragmentation occurs to give the base peak in the spectrum at _ 161, 

which then eliminates a molecule of methyl cyanide (schene xt), A minor 

fragmentation pathway is initiated by loss of a methyl radical from the 

molecular ion,
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Scheme XIII 

nfe 161 

i -CH CN 

m 89.5 3
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EXPERIMENTAL 

Infrared spectra were determined as nujol mulls with a 

Unicam S,P, 200 spectrophotometer, 

Nuclear magnetic resonance spectra were determined, unless 

otherwise stated, with tetramethyl-silane as internal standard, on a 

Varian A-60A spectrometer, All the peaks are assigned in terms of 

vt values, Abbreviations used in the interpretation of n.m.r, spectra; 

s singlet; d= doublet; t= triplet; q = quartet; m= multiplet; 

J coupling constant; a = removed on deuteration, 

Mass spectra were determined with an A.E,I. MS9 spectrometer 

Operating at 50 ua and 70 EV, Mw Signifies the molecular ion peak, 

Melting points are uncorrected, Sublimation and reaction 

temperatures are those of the external cil bath, 

SYNTHESIS OF pyr1o[ 3, 4-4 |pyarmmprnes. 

(i) From pyridine derivatives 

Diethyl-2,6—dimethylpyridine-3,4-dicarboxylate (34; R=CHy),-Ethyl 

acetylpyruvate!”° (15.8 g.) was added to a cooled solution of ethyl 

B~aminocrotonate!~> (12.9 g.) in ether (50 ml.) ‘The solution was stirred 

overnight and then heated on the steam bath for 2 hr, Cooled, 

extracted with ether, the ether removed and the residue distilled under 

reduced pressure to give the di-ester (21,0 &., 84%), b.p. 150-155°/4.0 m, 

1 (14, O68°/45 md 

*=CH,) .-Diethyl-2, 2,6-Dimethylpyridine-3 ,4-dicarboxamide (9; rick 

6—dimethylpyridine-3,4-dicarboxylate (14.5 g.) in dry methanol (50 ml,) 

was saturated with ammonia, The solution was left to stand for 3 days 

to yield the diamide (8,8 g., 79%), mp. 220-221° (dec,),(1at°! 220°), 

Virax 2090, 3200, 3310 and 3410 (N-H), 1665 (C=0) om,"
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2,6-Dimethylcinchomeronimide (32; R=CHy). -2,6-Dimethyl- 

pyridine-3 ,4-—dicarboxamide (11,0 ge) was heated at 200-220° until no 

more ammonia was evolved, The residue was sublimed (175°/1.0 mn, ) to 

give the imide (8.4 g., 84%), mp. 230-232° iatsee 230°) , Vinax 2/40 

(N-#), 1730 (c=0) om,7' 

SatsMgidaiain=5 4-24 oarbiey late -eOelohucic acid (240 ml., 4.1.84) 

was added dropwise to ice cold isoquinoline (106.4 eer anhydrous copper 

sulphate (2.8 g.) and mercuric nitrate monhydrate (6.0 g.) with cooling, 

Nitric acid (282 ml., d. 1.4) was added dropwise to the mixture at 

210-230° over a period of 2,5 hr, Air was then drawn through for a 

further 0.5 hr., and the solution cooled, Urea (30,0 g.) was added 

and the mixture heated at 100° for 0.5 hr, Methanol (360 ml,) and 

benzene (240 ml, ) were added and the solution heated under reflux for 

{Aah oy. The resulting solution was poured onto ice and the pH adjusted 

to 10 with ammonia (a.0.88), The benzene layer was separated off, and 

the aqueous layer extracted with chloroform (3 x 360 ml, ) The chloro 

form layer was washed with aqueous sodium carbonate solution and water, 

The residue from the chloroform extraction was distilled under reduced 

pressure to give the ester (75.8 epee 473) , Dede 95-100°/1.5 mm, 

Chane 95-100°/1.5 mm.), y 1730 (Cc=0) om,7' 
max 

Pyridine-3,4-dicarboxylic acid (33; k=H ).-Methyl- 

pyridine-3,4—dicarboxylate (75.8 g.) and 3.5 N hydrochloric acid were 

heated under reflux for 4 hr, Evaporation gave the acid (61,0 g., 95%), 

mp. 252-254° (1it,°4 ' 
Oo — 

253-255 ), vo, 1710 (C=0) om, 

Cinchomeronimide (32; R=H.)-Pyridine-3,4-dicarboxylic acid (22.5 ¢,) 

and acetic anhydride (75 ml.) were heated together under reflux for 

orhr, Half the acetic anhydride was distilled off, acetamide
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(14.0 g.) added, and the reaction mixture heated at 120-125° for 8 hr, 

The mixture was cooled to yield the imide (14,0 oo 68%) , M.p. 228-230° 

(from ethanol) (11+, 1 229-230°), ¥_.. 2750 (N-H), 1720 (C=0) om.” 

3-Amino=2, 6—dimethylpyridine-4-carboxylic acid (40; R=CH,),-Finely 

powdered 2, 6-dime thylcinchomeronimide (5.0 a was dissolved in a well 

stirred, ice cold, solution of potassium hypobromite, prepared from 

bromine (4,6 g.) and 10, aqueous potassium hydroxide solution (75 ml.) 

After 2 hr, 10% aqueous potassium hydroxide solution (40 ml.) was added 

and the solution heated on the steam bath for 10 min, The solution was 

acidified with hydrochloric acid (ad. 1.16) and evaporated to dryness 

under reduced pressure. The Dominus Ges extracted with boiling 

absolute ethanol and the filtered solution concentrated to a small 

volume to yield the hydrochloride of the amino acid (4.0 g., 69.57), 

mp. 252-2549 (1it.°' 253~254°), V_. 3510 and 3400 (1-H), 1695 (c-O)om,' 

+(T.F.A) 1.89 (1H, s, 5-H), 7.28 (3H, s, 2-CH,), 7.32 (3H, s, 6-CHs). 

3-Aminopyridine-4-carboxylic acid (40; R=H).-Similer treatment of 

cinchomeronimide (1,0 ge) with potassium hypobromite gave the 

corresponding amino acid dihydrochloride (7.5 g., 81%), mp. 243-244° 

(14¢,° 244-245°) , Vax 2220 and 3430 (N-H), 1690 (C=0) om, 

6,8-Dinethylpyrido|3,4-a] pyrimigin=4(3u)<one (11; R=CH n'-8) .-3-Amino-2, 

6—dimethylpyridine-4-cerboxylic acid (2.52) and formamide (5.0 g.) were 

heated together at 165=170° for 2 hr, to yield the pyridopyrinidine 

(1.7 g., 64%), needles, mp. 289-291° (from acetic acid) 

(Found : C, 61.4; H, 5.3; N, 23.7% M’, 175. CoHigl0 requires 

C, 61.7; H, 5.2; N, 24.06 uM, 175), ¥. 1675 (C=0) om,~' 

<(P.F.A.) 1023 (1H, 8, 2-H), 1.48,(18, 8, 5-H), 7,02-(3H, ¢; 6-CH;), 

6.77 (3H, s, 8-CH,) ,
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(y). -—Similar treatment of Pyrido[3,4~d |pyrimidin-4(3H)-one (11; R&R 

3-aninopyridine-4—carboxylic acid (2.5 g.) and formamide (5,0 gz.) yielded 

the corresponding vyridopyrimidine (1.8 g., 67%), mp. 314-317° 

(1at,© 315-317°), Vaag 1710 (C=0) mart 

T (p.p.a,) 1-08 (1H, s, 2-H), 0.99 (2H, s, 5-H and 6-H), .0.18,(1H,s,8-H), 

6 ,8-Dime thy1-3-phenyl pyrido[3,4~4 |pyrimidin-4(3H)-one 

(38) , —3-Amino~2,6-dimethyl pyridine-4-carbozylic acid (10.0 g.) and 

formanilide (12,0 g.) were heated together at 170-180° for 10<hr, The 

melt was cooled, 30% aqueous sodium hydroxide solution (10 ml.) added and 

the mixture extracted with ether to give the pyridopyrimidine 

(3.3 g., 22%), needles, mp. 185° (from light petroleum) (Found: C,71.9; 

Ho-S.3; NS 167, © 0 requires C, 71.7; H, 5.2; N, 16.7%), 1544 3N5 
as 

sats 1685 (C=0) en, 

«(cpen,) 1+? (1H, s, 2-H), 2.53 (5H, broad s, 3-Ph), 

2.27: (1H, s, 5-H), 7.37 (3H, 8, 6-H), 7.16 (3H, s, 8-CH,). 

6 ,8-Dime thylpyrido[3,4~a]pyrimidine-2,4 (1H, 3H)-dione 

'=R*=cH,),—-2) 2,6-Dimethylpyridine-3, 4-dicarboxamide (5.0g.) was (8; R 

dissolved in a well stirred, ice cold, solution of potassium hypobronite, 

prepared from bromine (8,3 g.) in 12% aqueous potassium hydroxide 

solution (140 ml, ) The solution was stirred for 2 hr., warmed on the 

steam bath and acidified with acetic acid to give the dione (4.3 g., 87%), 

m,p. 354-356° (from acetic acid) (141+.° 355-357°) 
1 

> Ynax 3200 and 3150 

(N-H), 1710 (C=0) em.” 

) 1.8 (4H, 8, 5-H), 7.08 (3H, 3, 6-CH,), 6.95 (3H, s, 6-CH). "(DFA 

(b) 3-Amino-2,6~dimethylpyridine-4-carboxylic acid (0.5 g.) and urea 

(0.4 g.) were heated together at 170° ror 5 hy, The melt was cooled and
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washed with water to give the dione (0.35 g., 61%), m.p. 355-357° 

and on admixture with an authentic sample, 

6, 8-Dime thylpyrido[3,4~d |pyrimidine-2,4 (1H, 3H)-dione (0.5 ¢.) ana 

30% aqueous sodiun hydroxide solution (15 ml.) were heated together under 

reflux for 18 hr. Evaporation to dryness and extraction with absolute 

alcohol yielded 3-amino-2,6—dimethylpyridine—4-carboxylic acid (0.3 gy. 69%), 

undepressed mixed m.p, and identical infrared spectrum with an authentic 

sample, 

Pyrido[3,4~d]pyrimidine-2,4(1H, 3H)-dione (8; R'=R°=H), -Siniler treat- 

ment of 3-aminopyridine-4-carboxylic acid (2.5 g.) and urea (2.5 2.) 

yielded the dione (1.9 g., 69%), m.p. sublines above 300° (from acetic acid) 

(11t.° >300°) Vmax 1700 and 1710 (C=0) om,” 

4s je 1.75 (2H, s, 5-H and 6-H), 1.39 (1H, s, 8-H) 
# (T,F x: ) 

(ii) Vie pyrido[s.4~a]fi ,3 Joxazin-4-ones. 

2,6, 8-Trimethylpyrido]3,4~alfi ,3] oxazin-4—one (45), —3-Amino-~2,6-dimethyl- 

pyridine-—4—carboxylic acid (1.0 g.) and acetic anhydride (12 ml, ) were 

heated together under reflux for 2 hr, The excess acetic anhydride was 

removed under reduced pressure and the residue was cooled to yield the 

pyrido-oxazine (0.8 g., 70%) , needles, m.p. 139~140° (from ethyl acetate) 

(Found: C, 63.0; H, 5.4; N, 14.6% M*, 190, Ci oH, No0, requires C, 63.2; 

H, 5.3; N, 14.7%, W, 190.) vy 1745 (c=0), 1635 (CoN) and 1240 (C-O)om™' 

*(cock.,) 7.55 (3H, s, 2-H), 2.46 (1H, s, 5-H), 7.47 (3H, s, 6-CHs), 

| 7.29 (3H, s, 8-CH,), 

A suspension of the pyrido-oxazine (0,15 gz.) in water (10 ml.) was stirred 

for 16 hr, at room temperature to yield 3-acetamido-2,6—dinethyl-=
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pyridine-4-carboxylic acid (52) (0.12 g., 75%), mp. 274-276° (from 
  

ethanol) (Found: C, 57.3; H, 6.0; N, 13.6. CoH, N50. requires 

C, 57.7; H, 5.8; N, 13.5%), v.., 3150 (N-H), 2500-2400 (bonded OH), 

1680 and 1650 (C=0) att 

2-Methylpyrido| 3,4~d]|1 ,3]oxazin~4-one (39) .-Similar treatment of 

3-aminopyridine—4-carboxylic acid (3.6 g.) and acetic anhydride (42 ml.) 

gave the corresponding pyrido~oxazine (2.6 g., 66) mp. 99~101° 

7 99-102°), y___ 1750 (C=0) , 1635- (CaN) om,7' (lit. re 

ees 
(cne1,) 7.66 (3H, s, 2-CHz), 1.3 (1H, a, J= 8,0 c,/sec., 5-H), 

2.16 (1H, d, J=8.0 c./sec., 6-H), 1.12 (1H, s, 8H). 

  

6, 8-Dimethy1-2~phenylpyrido| 3, 4~a [1 ,3 Joxazin-4-one (46; R=CHs) 

-3-Amino-2,6—dimethylpyridine-4-carboxylic acid hydrochloride (1,0 g.) 

and benzoyl chloride (1.5 ml.) in pyridine were heated together under 

reflux for 20 min, The solution was diluted with water to yield the 

pyrido-oxazine (0.75 g., 61%), needles, mp, 156=157° (from benzene) 

ee act . (Found: C, 71.5: H, 4.9; N, 11.20 M, 252. C,H, N05 requires 

C, 71.5; H, 4.8; N, 11.1% W, 252), 1750 (c=0), 1610 (G=N) and 

1240 (¢-0) em,7! 

*(cpcL,) 1.62=1,.% and 2,28 - 2,5 (2H and 3H, m, 2-Ph), 

2.64 (1H, s, 5-H), 7.3 (3H, s, 6-CH;), 7.09 (3H, 3, 8-CH). 

The pyrido-oxazine was not hydrolysed by treatment with water at 

35-40° for 3 days, 

2-Phenylpyrido[3,4~< lft 3 ]oxazin-4-one (46; R=H).- Similar treatment of 

3-aminopyridine-4-carboxylic acid (1.0 g.) with benzoyl chloride (2.0 ml.) 

in pyridine yielded the pyrido-oxazine c4 0 Soy 64%e) , M.p. 131-132° (from 

light petroleum) (Found: C, 69.7; H, 3.8; N, 12.3% M’, 224, C xHeN 0, 

requires C, 69.6; H, 3.6; N, 12.5% M’, 224),¥ 
=| 

max 1760 (Cad), 1610 (c=N) 

and 1240 (C-0) em,
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* (ooeL.,) 1.59-1.75 and 2.41-2.51 (2H and 3H, m, 2-Ph), 

1,22 (1H, d, J=5.0 c./sec., 5-H), 1.99 (1H, da, J=5.0 

c./sec., 6-H), 0.89 (1H, s, 8H), 

The pyrido-oxazine was not hydrolysed by treatment with water 

at 35-40° for 3 Riya: 

2,6,8-Trime thylpyridol 3 4-4] pyrimidin-4 (3H)-one, (11; rer! =CH;), 

-2,6,8-Trimethylpyrido| 3,4-d] (1,3) oxazin-4-one (0.4 g.) was added to 

ammonia (10 ml,, d,0,88) and the mixture was stirred at room 

temperature until dissolution was complete (12 hr.) Evaporation under 

reduced pressure yielded the pyridopyrimidine (0,33 g., 837), m,p. 287~ 

269 (from ethanol) (Found: C, 63.2; H, 5.9; N, 22.06 MM", 189, 

C1oH, N,0 requires C, 63,5; H, 5.8; N, 22.2% Mw’, 189), may 3180 (HH) 

and 1680 (C=0) 6a 

To p.a,) 712 (3H, s, 2-CHs), 1.51 (4H, s, 5-H), 7.03 (3H, s, 6-CH,), 

6.8 (3H, s, 8-CH,). 

2-Methylpyrido[3,4~d] pyrimidin-4(3H)-one (11; R=H, n! =CH.,).-Similar 
2 

treatment of 2-methylpyrido[3,4,-a][1,3]oxazin-4~one (3.0 g.) with 

ammonia (4.0.88) yielded the pyridopyrimidine (2.5 g., 8%), mp. 308+ 

309° (1it.? 309-310°), Fay 0k (c=0) and 1610 (C=N) om, 

“(T.F.A,) 7,02 (3H, s, 2-CH,), 0,88 (4H, Ss, 5-H), 

0.95 (1H, s, 6-H), 0.47 (1H, s, 8-H), 

3-Hydroxy-2,6,8-trimethylpoyri aol 3 43 Lanett nbataeer 3H)-one 

(59). - 2,6,8-Trimethylpyrido[3,4-a ][1,3 ]oxazin—4~one (0.32 g.) was 

added to a solution of sodium hydroxide (0.5 g.) in ethanol (25 ml,) 

containing hydroxylamine (0,2 g.) and the mixture was stirred at room 

temperature for 5 days, The solution was acidified, filtered, and the
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filtrate evaporated to yield the pyridopyrimidine (0.23 g., 66%), 

mp. 256-258 (from ethanol) (Found: C, 58.2; H, 5.6; N, 20.7% 

M’, 205. CyoH,4N,0> requires C, 58.5; H, 5.4; N, 20.5% Mw’, 205), 

” ss i 
ss 2600-2450 (OE), 1700 (Cc=0) em, 

T (Um p.q.) 7+37 (3H, 8, 2-CH,), 1.6 (1H, 8, 5-H), 7.3 (3H, 8, 6-CH,), 

7.16 (3H, s, 8-CH,). 

The product is a cyclic hydroxamin. acid and gave the typical 

wine red colour with ferric chloride, 

BcAmino~2,6-8=trinethylpyrido| 34-4 |pyrimidin-4(3H)-one 

(58; RaNH,).—Hydrazine hydrate (1,5 ml,) was added to 2,6,8-trimethyl- 

pyrido[3,1~a][1,3]oxazin-4-one (0.5 g.) in ethanol (15 ml.) and the 

mixture was stirred at room temperature until dissolution was complete 

(7 days). Concentration of the solution yielded the pyridopyrimidine 

(0.46 g., 86%) mop. 205-206° (from ethanol) (Found: C, 58.9; H, 6.1; 

N, 27.5% WM’, 204, C, oH, oN,0 requires C, 58.8; H, 5.9; N, 27.5% iw, 204.), 
-1 V nax 2239 and 3100 (N-H), 1680 (c=0) en, 

(oper) 7,08 (6H, s, 2-and 6-CH,), 5,09 (2H, broad s, 3-NH,)®, 

2.3 (1H, s, 5-H), 6.8 (3H, s, 8-CH,). 

2,6,8-Trimethyl-3-phenyloyridol 3 ,4-d|pyr ini din-4(3H)-one 

(72), —2,6,8-Trimethylpyrido[3,4-d][1,3]oxazin-4-one (0,26 g.) ana 

aniline (0,6 g.) were heated together at 180~190° for-O0275> hr. The 

cooled melt was titurated with ether to give the pyridovyrimidine 

(0.34 g., 94%), needles, m.p. 216-217° (from benzene) (Found: C, 72.7; 

H, 5.4: N, 15.9% Mw, 265. C4681 5420 requires C, 72.5; H, 5.7; N, 15.9% 

vw", 265), ¥ |. 1670 (C=0) om." 

T (opon,) 78 (3H, 8, 2-SHs), 2.46-2,53 and 2.68-2.73 (3H and 2H, m, 3-PH), 
5 ‘ 

2.34 (1H, s, 5-H), 7.4 (3H, s, 6-CH,), TWAT ASH, 3; 8-CH,),
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Reaction of 2,6,8-trinethylpyrido| 3,4-a]f1 ,3]oxazin-4-one 

(0.5 g.) and aniline ft.2 ml, ) in absolute ethanol (50 ml,) at room 

temperature for 12 hr, yielded 3-acetamido-2,6—dimethyl-—N-—phenyl- 

pyridine-4-carboxamide (60; R=Ph ) (0.4 g., 55%), Mae 2000 (N-H), 

1660 (c=0) om. 

Attempted purification by crystallisation from ethanol gave 

2,6, 8-trime thyl-3-phenylpyrido| 3,4,-4] pyrimidin-4(3H)-one, mp, 216+ 

217° and on admixture with an authentic sample, 

6,8-Dine thyl-2~phenylpyrido|3,4~4] pyrimidin-4(3H)-one 

(62; R=CH R' =H) ,— 6,8-Dimethy1-2-phenylpyrido| 3,4-al[1,3 oxazin—4~one 5S 

(0.8 g.) and anmonia (10 ml,, d. 088 were stirred together at 20° for 

24 hr. to yield 3-benzamido-2,6-dimethy: pyridine-4-carboxamide 

(61; R=CH,. n'en ) (0.7 g., 86%), mp. 277-278° (from ethanol) 
3 

a gt : : (Found: C, 66.6; H, 5.7; N, 15.4% M, 269, Ci Hi.N.0, requires 

C, 66,9; H, 5.6; N, 15.66 mM’, 209) #2. 3300 and 3250 (N-H), 1665 

and 1640 (C=0) om" 

Tm p.a.) 704 (6H, s, 2-and 6-CH., ), 1.92-2.33 (6H, m, 5-H and 2-Ph), 

The diamide was heated at 240° for 12 hr. to yield the 

pyridopyrimidine (100%), m.p. 270-271° (Found: C, 71.53 H, 5.4; 

N, 16,66 M, 251. C,H, NO requires C, 71.7; H, 5.2; N, 16.7% MW 251), 

Vmax 1090 (c=0) om,~! 

Tp pg.) 2+272.32 and 2.79-2.9 (5H, m, 2-Ph), 2.1 (1H,s, 5-H), 

7.42 (3H, s, 6-CH,), 7.1 (3H, s, 8-CH,). 

2-Phenylpyrido|3,4~d | pyrimidin-4(3H)-one (62; R=R'=H).- Similar 

treatment of 2-phenylpyrido| 3,4-a]h ,3 Joxazin—4-one (1.0 ge) with ammonia 

yielded 3—benzamidopyridine-—4-carboxemide (61; r=p'=H) (0,88 &, 8250), 

m.p. 210 = 211° (from ethanol) (Found : C, 64.5; H, 45; N, 17.3.
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N05 requires C, 64.7; H, 4.6; N, ge Mo 3450 and 

~1 
Cyst 

3150 (N-H), 1680 and 1650 (C=0) em, 

Cyclisation by heat at 260° for 18 hx. gave the pyrido- 

pyrimidine (100/), mM. 266-267° (Found: C, 69.7; H, 3.9; N, 18.7% 

M, 233, C,HoN, 0 requires C, 70.0; H, 4.0: N, 18. M", 253), 
“4 ve 1690 (c=0) em, 

6,8-Dime thy1—2, 3-di phenyl pyrido| 3,4~d| pyrimidin-4(3H)-one 

4 (62; R=CH,, Kk =Ph ).- 6 ,8-Dime thyl-2-phenylpyrido ['3,4~a]f ,3]oxazin-4~one 3) 

(0.52) and aniline (1.0 ml.) in ethanol (25 ml.) were stirred together 

at 20° for 24 hr, to give 3-benzamido-2,6-dime thyl-N-vhenyl- 

pyridine-4-carboxamide (61; RCH, R'=Ph) (0.52 g., 76%) mp. 253-254° 

(from ethanol) (Found: C, 73.0; H, 5.4; N, 12.0. Co4H,ol.0, requires 

C, 73.13 H, 5.5; .N, 12.2%), v_ 3250 (N-H), 1650 (C=0) om, “1 

Tm pa.) 703 (6H, s, 2 and 6 CH), 1.92=2,61 (11H, m, 5-H, 2 and 3-Ph), 

The diamide was heated at 200° for 12 hr, to yield the pyrido- 

pyrimidine (100%), mp, 187-188° (Found: C, 76.8; H, 5.2; N, 1301, 

= C N,0..C, 77.13 H, 5.2; N, 12.8), Yinax 1680 (C=0) om, atti g's 

*(coe1,) 2.72-2,92 (10H, m, 2-and 3-Ph), 2,32 (1H, s, 5-H), 

7.24..(3H, s, 6-CH;), 7.03 (3H, s, 6-CH,). 

6,8-Dine thy1-3-(3'—ni trophenyl)-2-vhenylpyrido[3 4-4 lpyriniain-4(3E)- 

one (62; R=CH R'=3'-NO,Ph) ,- 6 ,8-Dime thyl-2~phenyl- 3? 

pyrido[3,4~a ]h ,3] oxazin-4-one (0.9 g.) and mnitroaniline (1.0 g.) 

were heated together at 150-160° for-2 hr. The residue was stirred with 

chloroform and filtered to give 3-benzamido-2,6—dimethy1-N—(3! -nitro- 

phenyl) vyridine-4-carboxamide (61; R=CH, r'=3'No,Pn) (0.4 g., 30%), 

m,p, 303-304° (from acetone) (Found: C, 64.3; H, 4.6; N, 14.1. C48, gl ,0, 

requires C, 64.6; H, 4.6; N, 14.47), 3175 (N-H), 1645 (c=0). om"
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Ter pA.) 7,09(6H, s, 2-and 6-Clis), 4.6 €1H,: a, SH), 

1.98 - 2,7 (9H, m, 2=Ph and 4! and trophenyi) 

Evaporation of the chloroform extract gave the pyrido- 

pyrimidine (0.3 2. ; 2770) , M.De 240~241° (from light petroleum) 

(Found: C, 67.8 , H, 4.4; N, 15.26 M, 372 C,H, <l,0, requires 

C, 67.8; H, 4.3: N, 15.1% M’, 372), ¥,_ 1680 (C=0). om’ 

Mee. 
* (cDcL,) 2.68-2,92 (9H, m, 2-Ph and 3 -nitrophenyl), 

2.47 (1H, s, 5-H), 7.4 (3H, s, 6-CH.), 7.18 (3H, s, 8-CH.,). 

METHYLATION OF pyrpo[3,4-a] pyeturpimes. 

3,6,8-Trime thylpyridol 3,4-4 |pyrimiain=4(3H)-one (63: RoR“=CH,, fe 

Dimethyl suiphate (1.5 ml.) was added to a stirred solution of 6,8-dime thyl- 

pyrido [3,4-4 |pyrimidin-4(3H)-one (0.75 g.) in 5)> aqueous sodium hydroxide 

solution (20 ml.) over 1 hr, and the mixture stirred for a further 1 hr, 

Extraction with chloroform yielded the trimethyl derivative (0.7 Ss 8152), 

m.p, 155-156° (from light petroleum) (Found: C, 65.7; H, 5.8; N, 21.9% 

M’, 189, C1oH, 4,0 requires C, 63.5; H, 5.8; N, 22.26 HM’, 189), 
1 Y nag 1075 (C=0), 1580 (CaN) cm, 

*(cpct,,) 1.97 (1H, s, 2-H), 6.4 (SH, 5, 3-CH,), 2.25 (1H, 5, 5-H), 

7.34(3H, s, 6-CH,), 7.15 (3H, s, 8-CH,). 

Tm pa.) 162 (1H, 8, 2-H), 6,18 (3H, 8, 3-CH,), 1.49 (1H, s, 5-H), 

7.06 (3H, s, 6-CH..), 6.81 (3H, s, BCH). 

2,3 6-.8-Tetramethylpyrido[3,4-d ]oyrimidin-4(3#)-one 

(63; RoR! ROH), -Similer treatment of 2,6,8-trimethyl- 

pyrido[3,4-d lpyrimiain-4(3H)-one (3.5 g.) with dimethyl sulphate gave the 

tetramethyl derivative (2.9 Bs TTs0) ,WeDe 157-158" (fron light petroleum) 

(Found: C, 65.0; H, 6.4; N, 20,49 NT, 203 C,,H,,N0 requires C, 65.0; 

H, 6.4; N, 20.7% M*, 203) ~ 1680 (C=0) om,7! y 
ma
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‘(cnch,) 7.42 (6H, 8, 2-and 6-CH,), 6.45(3H, s, 3-CH,), 

2.43(1H, 8, 5-H), 7.26(5H, s, 8-CH,). 

3clNe thy pyrido[3,4-d |pyrimidin-4(3il)~one (63; RR! =H, R°=CH,) .- 

Methyl iodide (1.2 ml.) was added to a solution of 

pyrido| 3, 4-a| pyrimiain-4(3H)-one (0.75 g.) in sodium ethoxide solution, 

prepared from sodium (0.12 g.) and ethanol (50 ml.)* ‘The solution was 

heated under reflux for 4 hr, The cooled mixture was filtered, and 

the filtrate was concentrated, diluted with water, and extracted with 

chloroform to yield the monomethyl derivative (0.48 g., 67%), needles, 

M.D. 176-177° (from light petroleum) (Found: C, 59.5; H, 4.3; N, 26.2% 

mM’, 161, CoH.N,0 requires C, 59,6; H, 4.3; N, 26.1% MM’, 161), 
-1 

Mae 1670 (Cc=0) cm, 

* (epch,) 1.87 (1H, s, 2-H), 6.39(3H, s, 3-CH;), 
3 

1,29(1H, d, J=5.0 c./sec,, 5-H), 1.95(1H, d,J=5.0 c./sec., 

6-H), 0,86 (1H, s, 8-H), 

2. 3-Dime thylpyrido[3,4~a lpyrimidin—4(3H)-one (63; R=H, p'=kaCH,) = 

Similar treatment of 2-nethylpyrido| 3,4-d |pyrimidin-4(3H)-one (1.0 g.) 

with methyl iodide gave the corresponding 2,3-dimethyl derivative 

(0.79 g., 73%), needles, mp, 148-149° (from light petroleum) 

(Found: C, 61.4; H, 4.9; N, 23.66 M’, 175,  C.HLN,O requires g's 
. 1675(c=0) oe 

+ 

C, 61.7; H, 5.1; N, 24.0% WW, oe e . 

“(cDCLs) 7.37 (3H, s, 2-CH,), 6.37(3H, s, 3-CH,), 
1.40(1H, d, J=5,0 c./sec,, 5-H), 2.07(1H, d, J=5.0 c./sec., 

6-H), 0.96 (1H, s, 8H).
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1,3-Dimethylpyrido [3,4~ |pyrimidine-2,4(1H, 3H)-dione 

(64; Gah a R= *=CH,) ,—Hethy2 iodide (1.6 ml.) was added to a 

solution of pyrido{ 3,4~a|pyrimidine-2,4 (1H, 3H)-dione (0.5 g.) in 

sodium ethoxide solution, prepared from sodium, (0.25 g.) and ethanol 

(50 ml, ) The solution was heated under reflux for 4 hr., cooled and 

filtered to give starting material (0,2 g.) The filtrate was 

concentrated, diluted with water, and extracted with chloroform to 

yield the dimethyldione (0,22 Ee, 37 50) , needles, m.p. 158-159° (from 

light petroleum) (Found: C, 56.1; H, 4.7; N, 21.6% MM, 191, CoHl..0 

requires C, 56.5; H, 4.7; N, 22.0% MM’, 191), y 1705 and 1665 
max 

1 
(C=0) om.” 

* (cpon,) 6.51 (3H, s, 1-CH,), 6.34 (3H, s, 5-CH,), 

1.43 (1H, d, J=5.0 c./sec., 5-H), 1.99 (1H, d, J=5.0 c./sec., 

6-H), 1.25 (1H, s, 8H.), 

3,6,8-Trimethylpyrido| 3,4-d] nyrimidine-2,4(1H, 3H)-dione 

(64; R'=R°oR*=0n,,, R°=H), - Dimethy]. sulphate (2,0 ml.) was added to 

a stirred solution of 6,8-dimethylpyrido[3,4-da]pyrimidine-2,4(1H, 3H)- 

dione (1,0 g.) in 5% aqueous sodium hydroxide solution (30 ml.) over 

41.5. hr, to give a precipitate of the trimethyldione (0.8 g., 75), 

mp. 350-353° (from acetic acid) (Found: C, 58.5; H, 5.4; N, 20.4%, 

+ M’, 205. Cy oH, ,N0, requires C, 58.5; H, 5.4; N, 20.5% wi", 205), 

¥ aged (N-E), 1715 and 1655 (c=0) om,7! 

7 (o p,a,) 6-38 (GH, 8, 3-CH,), 7.12 (5H, s, 6-CH,), 

6.97 (3H, s, 8-CH,), 1.6 (1H, s, 5-H). 

3,6,8-Trime thylpyrido[3,4-a|pyrimidine-2,4(1H, 3H)-dione 

(0.8 g.) and 10% aqueous sodium hydroxide solution were heated together 

under reflux for 18 hr, Evaporation of the solution to dryness and
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extraction with absolute ethanol yielded 3-amino~2,6-—dimethyl- 

pyridine-4-carboxylic acid (0.5 Bes TT) , undepressed mixed m.p, and 

identical infrared spectrum with an authentic sample, 

1.3.6, 8-Tetramethyl pyrido| 3.4-d lpyrimidine-224 (1H, %3H)-dione 

(64; Wak ok =n” =CH,). ~ a) Dinethyl sulphate (4.0 ml, ) was added to 

a stirred solution of 3,6, 8-trimethylpyrido| 3,4—d |pyrimidine- 

2,4(1H, 3H)-dione (2.0 g.) in 5j aqueous sodium hydroxide solution 

(30 nl.) at 35-40° durines 2 hr; The mixture was filtered free from 

unchanged starting material (1.5 g.) after a further 1 hr., and the 

filtrate was extracted with chloroform to yield the tetramethyl 

derivative (0.2 g., 10%), mp. 167-168° (from light petroleum) 

(Found : ©. 60.5; H, 6.1; N, 18.9% Mr, 219. C,H, N20, requires 

C, 60.3; H, 5.9; N, 19.28 i, 219),¥ 1695 and 1655 (C=0) om.~! 

 (cpc15) 6.53 (3H, s, 1-CH,), 6.29 (5H, s, 3-CH,), 

2.29 (1H, s, 5-H), 7.45 (3H, s, 6-CH;), 7.18 (3H, s, 8-CH,). 

* (m,P.a,) 6-36 (SH, 8, 1-CH;), 6.05 (3H, s, 3-CH;), 
1.48 (1H, s, 5-H), 7.08 (3H, s, 6-CH,), 

6.78 (3H, s, 8-CH,). 

b) Methyl iodidd. (5.0 ml,) was added to a solution of 6,8~dime thyl- 

pyriaers 444 Inve mtdd tend (1H, 3H)-dione (1,0 g.) in sodium ethoxide 

solution, prepared from sodium (0,25 g.) and ethanol (50 ml.). 

The solution was heated under reflux for 15 hr.,, evaporated to dryness, 

diluted with water and extracted with chloroform to yield the tetramethyl- 

dione (0,41 gS. 38%). The aqueous layer contained the trimethyldione 

(0.46 g., 40%).
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STYRYL COMPOUNDS, 

2,6-Dimethy1~3—phenyl-8-styrylpyrido[3,4~4|pyrimidin-4(3H)-one 

(74). = 2,6,8-Trimethy1-3-phenylpyrido| 3,4~d] pyrimidine-4(3H)-one 

(0.5 g.) and benzaldehyde (0.2 ml.) were heated together at 180° for 

1 hr, The cooled oil was titurated with ether to yield the styryl 

derivative (0.43 g., 65%), m.p. 205-206° (from ethanol) (Found: C,78.4, 

H, 5.5; N, 11.7% Mw, O55. O requires C, 78.2; H, 5.4; 

1 

Cost, Ns 

N, 11.96 ™M, 353),v 1690 (C=0), 1630 (C=N) om,.7 
max 

T (opgy,) 7-78 (3H, 8, 2-CH;), 2.24-2.71 (11H, m, 3-Ph, 5-H and 
5 

; 3) 

styryl Ph), 7.32 (3H, s, 6-CH), 1.78 (1K, s, CH=CH) and 

1.86 (1H, s, CH=CH). 

2,6-Dime thy1-8~( p-ni trostyryl)-3~phenyl-pyrido [3,4~d] pyrimiain-4(3H)- 

one (76), - 2,6,8Trimethyl-3-phenylpyrido[3,4~-d }oyrimidin-4(3H)- one 

(0.5 g.) and p-nitrobenzaldehyde (0,29 g.) were heated together at 180° 

for 0,75 hr, Cooled and washed with ethanol to yield the p-nitro- 

styryl derivative (0,71 gS; 95;e) , M.D. 218-270". needles (from 

pyridine) (Found : CO, 69,0sB Arty a, 34,0, CosHy 15 requires 

C, 69.2; H, 4.5; N, 14.1%), v1 1685 (C=0) om." 

(o p.a.) To41 (3H, 8, 2-CH,), 7.0 (3H, s, 6~CH), 

1edviee2 5 (12H, m, 3-Ph, 5-H and p nitrostyryl). 

4-Anilinome thyl-3-ethylamino—6-methyl-2—styrylvyridine 

(75). - A suspension of 2,6-dimethyl-3-phenyl-8-styryl 

pyrido| 3,4-d] pyrimidin—4 (3H)- one (0.75 g.) in dry ether (200 ml.) 

was added to a stirred suspension of lithium aluminium hydride (1.0 g.) 

in dry ether (50 ml, ) and the mixture heated under reflux for 3 days,
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Water (1,0 ml,) was cautiously added, followed by 10 aqueous sodium 

hydroxide solution (25 ml, ) and the ether layer dried (lig S04). 

Evaporation of the ether yielded a videdes oil (0.6 Bi), which on 

tituration with ether yielded the diaminostyrylpyridine (0.15 Meds 

m.p. 172-173° (from light petroleum) (Found: i’, 343 CoH eN, 

1 
requires M’, 343), Vmax 2350 and 3250 (1-H) om,” 

~ 

+ (ove1,) 6.92 (2H, a, J=7.0 c,/sec., 3-NHCH,CH,), 

8,85(3H, t, J=7.0 c./sec., S-NHCHCH.), 

5.79 (2H, s, 4-CHNHPh), 7.5 (3H, s, 6-CH,), 

2.35-3.3(13H, m, 5-H, 4-CH,NHPh and 8-CH=CH-Ph), 

The ether solution from the tituration was evaporated to dryness, 

A n,m vr, spectrum showed that the oil contained approximately 607 of 

the diaminostyrylpyridine (75), plus an unknown compound, Attempted 

separation of the mixture by thin layer chromatography failed, 

RING-OPENING REACTIONS OF PyRTDO[3,4~a] PYRINIDIN—4( 3H) -ONES 

AND pyEtpo| 3,4~a|PyerNIDINB-2,4 (1H, 3H)-DIONES, 

a) Pyrido[3, 4-4 pyrinidin-4(3H)-one (0.5 g.) and hydrazine hydrate 

(10 ml. ) were heated together under reflux for 20 hr, The excess 

hydrazine hydrate was evaporated off under reduced pressure and the 

residual oil was titurated with aqueous ethanol to yield 3—amino- 

pyridine—4-carboxylic acid (0.35 g., 7450) , M.p. 244-245° and on 

admixture with an authentic sample, 

b) Similar treatment of 6 ,8-dine thylpyrido| 3,4-a] pyrimidin-4(3H)- 

one (0.7 g.) gave 3-amino-2,6—dimethylpyridine-4-carboxylic acid 

(0.5g, 75%) , m.p. 253-254° and on admixture with an authentic sample,
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c) Similar treatment of 6 ,8-dime thylpyrido[ 3,4-a |pyrimidine- 

2,4 (1H, 3H)-dione (1.0 g.) yielded 3-amino-6 ,8-dinethyl- 

pyridol 3,4~d|pyrimidine-2,4(1H, 3H)-dione (71: R*=cH.,) (0.6e., 56%), 

needles, m.p.) 300° (from water) (Found: C, 5265 Boas Vs oN, 27, OF 
hb 

M’, 206, CoH, .N,0, requires C, 52.4; H, 4.9; N, 27.2% HW, 206), 
41 

Y max 2200, 3150 and 3050 (N-H), 1725 and 1665 (C=0) em,” 

T (np. a.) 1659 (1H, s, 5-H), 7.09 (3H, s, 6-CH,), 6.93 (3H, s, 8-CH,), 

d) Similar treatment of pyrido[3,4~a |pyrimidine-2,4(1H, 3H)-dione 

(1.0 g.) gave 3-amino~pyrido| 3,4-d |pyrimidine-2,4( 1H, 3H) dione 
  

(71; R =R “=H ) (0.65 g., 60%) , needles, m.p. 278-279° (from water) 

(Found: C, 47.4; H, 3.1; N, 31.6% MM, 178. CHHgN,0, requires 

C, 47.2; H, 3.4; N, 31.5% mw, 178), v 
1 

max 2219, 3110 and 3030 (N-H), 

1710-1680 (C=0) cm,” 

2,6,8-Trimethy1-4,4~diphenylpyrido[3,4-<l[1 ,3 loxazine 

(73). - 2,6, 8~Trimethy1-3-phenylpyrido| 3,4-a|pyrimidin-4 (3H) -one 

(1.0 g.) and phenylmagnesium bromide, prepared from magnesium (1.0 g,) 

and bromobenzene (6.5 Be), in dry ether (250 ml.) were heated under 

reflux for 48 hr, Aqueous ammonium chloride solution was added and 

the ether layer dried over anhydrous sodium sulphate, Evaporation of 

the ether gave an oil, which on tituration with a small amount of ether 

yielded the pyrido-oxazine (0.82 g., 66%), mp. 219-220° (from light 

petroleum) (Found ; C, 80.0; H, 6.3; N, 8.7% M’, 328. 0..H..N,O 
22°20 2 

requires C, 80.4; H, 6.1; N, 8,5 mt, 328), v__ 1630 (CaN) om,7' 
max 

* (open) 7,82 (3H, s, 2-CH.), 2.7 (10H, broad s, 4+Phs), 

3.64 (1H, s, 5-H), 7.57 (SH, 8, 6-CH,), 7,36(5H, s, 8-CH,),
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REDUCTION OF pret po [3,4~a lpyatmpm—4(3H)-ons, 

4~Anilinometii-3-ethylamino-2,6-dimethylpyridine (85). - A suspension 

of 2,6, 8-trimethyl-3-phenylpyrido|3,4~a lpyrimiain-4(3H)-one (2,85 g.) in 

dry ether (200 ml.) was added to a stirred suspension of lithium aluminium 

hydride (3.0 g.) in dry ether (100 ml.) ‘The mixture was stirred for a 

further 1 hr, at room temperature and the metal salts decomposed with 

10% aqueous sodium hydroxide solution (25 ml.) The ether layer was 

dried over anhydrous sodium sulphate and evaporated to yield the diamino- 

pyridine (2.43 g., 8%), m.p. 96-97° (from light petroleum) (Found: C, 75.0; 

H, 8.2; N, 16.4% MN, 255. C,-H,,N, requires C, 75.3; H, 8.2; N, 16.5% 16°21 3 
‘ =| M, 255),¥ 3310, 3220 and 3090 (N-H) on, 

*(oner,) 7-0 (2H, q, J=7.0 c./sec., S-NECH CH), 8,86 

(3H, t , J=7.0 c./sec., -NECH, CH.) 5.79 (2H, s, 4-CH,NHPh) , 

2.67-3.45( 6H, m, 5-H and 4~CH,NHPh), 7.5 (3H, s, 2-CH) , 

7.6 (3H, 8, 6-CH.) . 

4-Anilinome thyl-3-e thylamino-2,6-dimethylpyridine (0,58 8.) benzoyl 

chloride (1,2 ml.) and pyridine (6.0 ml.) were heated together under 

reflux for 0,75 hr. The resulting solution was evaporated to dryness 

under reduced pressure and the residue chloroform extracted to yield the 

dibenzoyl derivative (87) (0.9 g., 86%), mp. 119-120° (from light 

N,0, requires C, 77.8; petroleum) (Found: C, 77.5; H, 6.4; N, 8.8 Cx Hogll0. 

? in 
H, 6.3; N, 9.1%,¥ , 1630 (c=0) em, 

1-Ethyl—3 .4- di hydro-6 , 8—dime thyl~3-phenyl- 

pyridol 2. 4-08 lovrimidaneol 1H) cone (88) ,—4-Anilinomethyl-3-ethyl- 

amino~2,6-dimethylpyridine (0.5 g.), sodium carbonate (0.6 g.) and 

phosgene (1,62 nbs; 12% "he in benzene ) in dry benzene (10 ml.) were
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stirred together at room temperature for 12 hr. Water (10 ml.) was 

then added and the solution stirred for a further 0.5 hr, The 

benzene layer was dried over anhydrous sodium sulphate and evaporated 

to yield the pyridovyrimdine (0.4 g., 73%), m.p. 166-167° (from light 

petroleum) (Found : C, 72.4; H, 7.0; N, 15.0. N..0 requires CPigNs 
C, 72.6; H, 6.8; N, 14.9%), v_ 1650 (G=0) om,~! 

*(cpeL,) 5.93 (2H, q, J=7.0 c./sec., 1-CH,CH,), 8.83 

(3H,t, J=7.0 c./sec., 1-c,cH,), 2.72 (5H, broad s, 3-Ph), 

5.44 (2H, s, 4-Hs), 3.21 (1H, s, 5-H), 7.59 (3H, s, 6-CH,), 

7.39 (3H, -s, SCH), 

Attempted preparation of 4-anilinomethyl-3~ethylamino-2,6-dimethyl- 

pyridine from 3-acetamido-2, 6—-dimethyl-N—phenylpyridine-4~carboxamide, 

A suspension of 3-acetamido-2,6-—dime thyl--phenyl- 

pyridine—4-carboxamide (0.5 g.) in dry ether (150 ml, ) was added to a 

stirred suspension of lithium aluminium hydride (4.5 g.) in dry ether 

(100 ml.) and the mixture heated under reflux for 7 days, Water 

(2.0 ml.) was cautiously added, followed by 10% aqueous sodium hydroxide 

solution (25 ml,) and the ether layer dried (Mg S04). Evaporation of 

the ether yielded N=2,4,6-trimethylpyrid-3~y1-N - phenylacetamidine 

(98) (0.4 g.), mp. 159-160° (from light petroleum) (Found: C, 76.2; 
“ + q 

Bei tobi By 16G Mc 2534 CGH ols requires C, 75.9; H, 7.53 

+ 1 N, 16.66 M , 253), v max 2200 (N-H), 1650 (C=N) em,” 

* (opcn,) 3-14 (1H, s, 5-H), 7.57 and 7.64 (3H, s, 2-and 

6-pyridyl CH,), 7.9 (SH, s, 4-pyridyl CH), 

2.33-3.0 (5H, m, n'-Ph), 3.75 (1H, broad 8, NBPh)*, 

8.22 (3H, s, -N=C(CH,)NHPh), 
atin
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2,4-Dihydro-),-hydroxy-2,6,8-trinethy].-3-phenyl- 

pyrido| 3,4-4] pyrimidine (90). -A suspension of lithium aluminium 
  

hydride (0.2 g.) in dry ether (50 ml.) was added to 

2,6,8-trimethyl-3-phenylpyridd 3,4~d| pyrimidin-l,(3H)-one (1.0 g.) in 

dry ether (250 ml.) and sufficient dry benzene to achieve solution, 

The mixture was stirred at room temperature for 0.5 hr., water (1.0 ml.) 

and 10% aqueous sodium hydroxide solution (10 ml.) added and the ether/ 

benzene solution dried over anhydrous sodium sulphate. The dried 

solition was reduced to a small volume and filtered to yield the hydroxy- 

pyridopyrimidine (0.25 g., 25%), mep. 174~177° (from benzene) 

(Found: M’, 267.137155 C, lt, 7,0 requires Mf”, 176.14042) , Y nage BOO (0-H), 

4610 (CeN)on. 7" 

“ (CDCL,) 8.3 (3H, s, 2-CH,), 2.61 (SH, s, 3-Ph), 4.31 (1H, 8, 4-H), 

3.13 (1H, s, 5-H), 7.5 and 7.53 (3H, s, 6-and 8-CHiz). 

The filtrate was evaporated to dryness and titurated with light 

petroleum to yield starting material, 2,6,8-trimethyl-3-phenyl- 

pyrido [3,44] pyrimiain-J,(3H)-one (0.35 g.), mep. 246-217°, undepressed 

mixed m.p. end identical infrared spectrum with an authentic sample. 

The light petroleum fraction was examined by thin layer 

chromatography, silica plates and chloroform as eluant. The major 

component was identified as 4~anilinomethyl-3-ethylamino-2, 6-dimethyl- 

pyridine, one of the minor components was 2,6,8-trimethyl-3-phenyl- 

pyrido[3,4-4 pyrimidin-.(3H)-one and the other was unidentified. 

Reaction of 3,4-dihydro-4—hydroxy~2,6,3-trimethyl-3-phenyl- 

pyrido{ 3,4-a]pyrimidine (0.1 g.) with lithium aluminium hydride (0.1 ¢.) 

in dry ether (100 ml.), at room temperature for 2h. hr., yielded 

4-anilinomethyl-3-ethylamino-2,6-dimethylpyridine (0.08 g., 84%), 

MeDe 96-97; undepressed mixed m.p. and identical infrared spectrum with 

an authentic sample.
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3,4-Dihydro-2,6,8-trime thyl-3-vhenylpyridol 34a] pyrimidine 

(96). - Granulated tin (6.0 g.) was added to 2,6,8-trine thyl-3-phenyl- 

pyrido[3,4~a]pyrimidin-4(312)-one (0.75 g.) in hydrochloric acid 

(75 ml,, d. 1.16) and the mixture warmed on the steam bath Lon A Dr, 

fhe cooled solution was made alkaline with 30% aqueous sodium hydroxide 

solution, filtered and both the filtrate and filter cake extracted 

with chloroform to yield the dihydropyridopyrimidine (0.5 g., 70%), 

mop. 119-121° (from light petroleum) (Found: C, 76.7; H, 6.8; N, 16.5, 

H,-lN, requires C, 76,5; H, 6.8; N, 16.7%). 
Cig Hs 16 

‘ (cDe1,) 8.04 (3H, s, 2-CH,), 2.6-2.71(5H, m, 3-Ph), 

3.48 (1H, s, 5-H), 7.58(3H, s, 6-CH;), 

Trae o8,. 8; 8-CH,), 5.29 (2H, s, 4-Hs), 

Reduction of 3,4~dihydro-2,6,6-trime thyl-3-—phenyl- 

pyrido[3,4~a] pyrimidine (0.2 g.) with lithium aluminium hydride (0,2 ¢.) 

in dry ether (100 ml.), at room temperature for 24 hr., yielded 

4-anilinomethy1-3-ethylamino~2,6—dimethylpyridine (0.15 g., 74%), 

m.p. 96-97° undepressed mixed m.p, and identical infrared spectrum with 

an authentic sample, 

J-lthylanino-2,4,6-trimethylpyridine (97). - A suspension of 

3,4-dihydro-2,6,8-trimethy1-3-phenylpyrido|3,4~d }pyrimidine (0.7 ge.) 

in pe ether (150 ml.) was added to a stirred suspension of lithium 

aluminium hydride (1.5 ge.) in dry ether (100 nl, ) and the mixture heated 

under reflux for 5 days, Water (2.0 ml.) was cautiously added, 

followed by 20% aqueous sodium hydro xide solution (25 ml.) and the ether 

layer dried over anhydrous sodium putihate Evaporation of the ether 

gave a viscous oil (0.6 g.), which was distilled under reduced pressure 

to yield the trimethylpyridine (0.3 g., 65%), b.p. 92-9675.0 mm,
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(Found: M’ 164,13227. 

-1 
cm, 

C, H,.N. requires 164,13134), ¥ 3350(N-H) 

“(cpe1,) 7.55 (3H, 8, 2-CHs), 7.06 (2H, q, J=7,0 c./sec., 

3-NHCH CH), 8,86 (3H, t, J=7.0 c./sec., S-HCH CH.) 

7.81 (3H, s, 4-Cll.), 3,25: (4H, 8; 5-B)y Tee (otis, 6-CH.s). 

Thin layer chromatography, silica plates and chloroform as eluant, on 

the residue from the distillation revealed two components, The first 

component was identified as aniline and the second was shown to be more 

3-ethylamino-2,4,6-trimethylpyridine, 

debut tanbmothy ie? adi methyl -3—ma thy lami no pyridine (89), - A solution 

of 6 ,8-dime thyl-3~phenyl pyrido| 3,4=a |pyrimidin-4(3H)-one (0.6 g.) in 

dry ether (200 ml, ) was added to a suspension of lithium aluminium 

hydride (0.6 g.) in dry ether (50 ml, ) and the mixture stirred at room 

temperature for 24 hr, Water (1.0 ml.) was cautiously added, followed 

by 10% aqueous sodium hydroxide solution (25 ml.) and the ether layer 

dried over anhydrous sodium sulphate. Evaporation of the ether yielded 

the diaminoryridine (0.5 g., 88), mp. 122-123° (from light petroleum) 

(Pounds #74. 8) #, 7.8) NAT. 0 requires C, 74.7; H, 7.9; stig’ s 
of / x =e 1 N, 17.4%), Vnax D400 and 3290 (N-H) em, 

*(cpe1,) isa a, ey 3-NHCH.,) , 2.93-3.6 (6H, m, 5-H and 4-CHNHPh), 

5.9 (2H, 8, 4-CHNHPh), 6.48-7,1 (2H, broad s, 3-NHCH., and 

4-CHNEPh)” 7,6 and 7.7 (3H, s, 2+ and 6~CH,), 

4-Aninomethyl—3-ethylamino-2 ,6-dimethylpyridine (102). -A suspension 

of 2,6,8-trimethylpyrido[3,4-d]pyrimidin-4(3H)-one (0.75 g.) in ary 

ether (150 ml, ) was added to a stirred suspension of lithium aluniniun 

hydride (1,0 g.) in dry ether (100 ml.) and the mixture heated under
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reflux for 6 days, Water “i i) was cautiously added, followed 

by 10% aqueous sodium hydroxide solution (25 ml.) and the ether layer 

evaporated to give an oil (0.6 g.) The crude oil was distilled under 

reduced pressure to yield the diaminopyridine (0.3 Bey 42%) , 

beps 135-139 /5,0 m.m, An analytically pure sample could not be 

obtained (Found: Mw’, 179514115; C1 Hy Ns requires MT, 179.14224), 

‘eorn,) 7.5 (3H, 8, 2-CH,), 7.0 (2H, a, J=7.0 c./sec., 

S-NHCHCH.,) , 8,81(3H,t, J=M c./sec., 3-NHCH,CH,), 
23 

6.15(2H, s, 4-CHNH.), 3.12(1H, s, 5-H), 7.57 (3H, s, 6-CH.). 

An n,m.r, spectrum of the residue from the distillation showed 

the main component to be the diaminopyridine (402):. The minor component 

was identified as 3,4-dihydro-2,6,8-trime thylpyrido| 3,44 pyrimidine (107). 

Ethyl-3-amino~2 ,6—dime thylpyridine-—4-carboxy late 

(104), - 3-Amino-2,6—dimethylpyridine-4~carboxylic acid (2.5 g.) and 

sulphuric acid (2.8 ml., d. 1.84) in absolute ethanol (40 ml.) were 

heated together under reflux for 48 hr, The excess ethanol was removed 

under reduced pressure and the residue added to ice, addition of aqueous 

ammonia (d,0,88) yielded the ester (2.1 g., 87%), mp. 48-49° (from light 

120 1 petroleum) (lit. 47-48"), v 3410 and 3300 (N-H), 1690 (C=O) cm,~ 

* (cpc1,) 4.4 (2H, broad s, 3-NH,)*, 5.92 (2H, q, J=7.0 c./sec., 

4-C0,CHCH,), 8.67 (3H, +t, J=7.0 c./sec., 4-CO,CHCH,), 

2.65 (1H, s, 5-H), 7.61 (6H, s, 2-and 6-CH). 

Ethyl-3—amino-2,6-—dimethylpyr idine-4-carboxanide (105), -Ethy1-3- 

amino-2,6-—dimethylpyridine-4-carboxylate (0.6 g.) and anhydrous ethyl- 

Oo 
amine (4,0 ml.) were heated together in a sealed tube at 400-110 for
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48 hr, to yield the amidopyridine (0.5 Bi 8370) , M.p. 1335=134,5° 

(from benzene) (Found: C, 61.9; H, 8.0; N, 22,0. 1,0 requires 
Cen is! is 

OC, 62.2::Hy Bes... 21.8%), 3450, 3350 and 3260(N-H), 1640(¢=0) 

-1 
cm. 

: 
a * (over, ) 4.33 (2H, broad s, 3-NH,)”, 3.3(1H, broad s, 4-CONHTH CH 

6.58 (2H, m, 4-CONHCH CH Cy )* 8.81 (3H, 4, J=7.0 ¢ / sec. , 

4-CONHCH,CH,) , 3.08 (1H, s, 5-H), 7.64 and 7.69 

(3H, s, 2- and 6-CH,) 

* (Collapses to quartet on deuteration (J=7.0 c,/sec.) 

3-Amino-4~ethylaminonethyl-2,6—dimethylpyridine (103), -Bthy1-3- 

amino-2,6—dime thylpyridine—4-carbaxamnide (0,3 ge) and lithium aluminium 

hydride (0.3 g.) in dry ether (100 ml, ) were heated under reflux for 

7 days, Water (1.0 ml.) was cautiously added, followed by 10% aqueous 

sodium hydroxide solution (25 ml.) and the ether layer dried over 

anhydrous sodium sulphate. Evaporation of the ether yielded the 

diaminopyridine (0.2 g., 72), bop. 228-232° (Found: i, 179.1437. 

-1 C requires 179,14224),¥ 3450 and 3350 (N-H) em, 10847"5 

a 
“(cpe1, ) 5-8-7. 25(3H, broad s, 3-NH, and 4-CHNECH och)”, 

7.53 (2H, q, J=7.0 ¢ bine 4—CHNHCHCH,) , 8,98( 3H,+ 
? 

J=7,0 c,/sec., 4CHNHCHSCHs), 6.49 (2H, s, 4~CH NCH CH), 

3.64 (1H, s, 5-H), 7.75 and 7.78 (3H, s, 2-and 6-CH,), 

3,4-Dihydro-2,6,8-trimethylpyrido[ 3, 4-4 pyrimidine (107), - 4 

Suspension of 2,6,8-trime thyl-pyrido|3, 4a |pyrimidin-4(3H)-one (0.75 g.) 

in dry ether 150 ml,) was added to a stirred suspension of lithium 

aluminium hydride (0.75 g.) in dry ether (100 ml, ) After 20 hr., water 

(1.0 ml.) was added, followed by 20/2 aqueous sodium hydroxide solution 

(50 ml.) and the ether lea ayer dried over anhydrous sodium sulphate, 

Evaporation of the ether yielded the dihydropyridopyrimidine (0.15 &, 21%),
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mep. 144-146° (from acetone) (Found ; M 175,11162. CoH ls 

requires M*, 175.110942),v__ 3360 (I-H), 1620 (C=) om,~" 

"(oH,).co) 8,08 (3H, s, 2-CH,), 5.53(2H, 8, 4-Ha), 
) 3i2 

3.47 (4H, s, 5-H), 7.7 (3H, 8, 6-CH,), 7.6 (3H, s, 8-CH,). 

The aqueous layer ine neutralised with hydrochloric acid and 

evaporated to dryness under reduced pressure, Extraction with hot 

absolute ethanol yielded starting, material, 2,6,8-trimethyl- 

pyrido|3,4~d|pyrimidin-4(3H)-one (0.4 a), m.p. 287-289°, undepressed 

mixed m.p, and identical infrared spectrum with an authentic sample, 

4~Aminome thyl-2,6-dimethyl-3-methylaminopyridine (106), - A suspension 

of 6, &-dime thylpyrido| 3,4-d |pyrimidin-4(31)-one (0.5 g.) in dry ether 

(200 m1;) was added to a stirred suspension of lithium aluminium hydride 

(4.0 g.) in dry ether (100 ml,) and the mixture heated under reflux for 

7 days, Water (1,0 ml.) was cautiously added, followed by 10% aqueous 

sodium hydroxide solution (25 ml.) and the ether layer dried over anhydrous 

sodium sulphate, Evaporation of the ether yielded the diaminopyridine 

(0.35 g., 75%), map. 79-81° (from light petroleum) (Found: M’, 165.1270. 

1 C,H, .N. requires 165,12659),¥ 3400 and 3250 (N-H) cm.” 

* (cpcL,) 6.38 (2H, s, 4H H,), 3.35 (1H, s, 5-H), 

and 3-NHCH,), 5.9-6,8 (3H, broad s, 7.68 (9H, s, 2- and 6-CH, Ck, 

3-NHCH, and 4~CH NH, )* 
3 

1,2,3,4-Tetrahydro-~3,6,6-trimethylpyrido[3,4-d boyrimiaine 

(101), - A solution of 3,6,8-trime thylpyrido[3,4-d pyrimidin-4(3H)-one 

(1.1 g.) in dry ether (250 ml.) was added to a stirred suspension of 

lithium aluminium hydride (1.5 g.) in dry ether (50 ml.), After 3 days, 

water(1,0 ml.) was cautiously added, followed by 10/ aqueous sodium
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hydroxide solution (25 ml.) and the ether layer dried ("gS0,). 

Evaporation of the ether yielded the tetrahydropyridopyrinidine 

(0,95 gi 92%) , M.p. 61-62° (from light petroleum) (Found: C ,.. OTv43 

Hoss N,25.1. Ci oH Na requires C, 67.8; H, 8.5; N, 23.8%), 

-1 9 2009 (N-H) cm, 

T BAe ey a (cpc1,) 5.88 (1H, broad s, 1-H)", 6.17 (2H, s, 2-Hs), 

F415. (385s, 3-CH,), 3.5 (1H, s, 5-H), 

7.68 (6H, s, 6-and 8-CH,), 6.48 (2H, s, 4-Hs). 

J-Ethylamino-2, 6-dime thyl—4—methylaminonethylpyridine 

(99), - A solution of 2,3,6,8-tetramehylpyrido[3,4-a ]2yrinidin-4(3H)~ 

one (0,5 ge.) in dry ether (250 ml, ) was added to a stirred suspension 

of lithium aluminium hydride (0.5 g.) in dry ether (50 ml.) and the 

mixture heated under reflux for 6 days, Water (1.0 ml) was cautiously - 

added, followed by 10% aqueous sodium hydroxide solution (25 ml.) and 

the ether layer dried (MgSO, ). Evaporation of the ether yielded the 

crude diaminovyridine (0.4 g.) (Found: NM’, 193, C44 lls requires 

Mw, 193) 

*“(coc1,) 6.98 (2H, a, J=7.0¢/sec., 5-NHCH,CH.) , 

8.85 (3H, +, J=7.0 c./sec,, 3-NHCH,CH,), 
at 

6 .34:(2H, 5, 4—CH NCH), 7.63 (3H, 8, 4~CHNHCH,), 

3.12 (4H, s, 5-H), 7.51 and 7.48 (3H, s, 2-and 6-CH.). 

The crude 3-ethylamino-2, 6—dime thyl-4-methylaninomethyl- 

pyridine (0.3 g.), sodium carbonate (0.4 g.) and phosgene (1.5 ml., 

126"/,, in benzene) in dry benzene (25 ml.) were stirred together at room 

temperature for 24 hr, Water (10 ml,) was added and the mixture stirred 

for a further 0,5 hr. The benzene layer was dried (1gS0 4 ) and
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evaporated to dryness to yield 1-ethyl-3,4-dihydro-—3 ,6,8-trime thyl~ 

pyrido[3,4-doyrimidin-2 (4H)-one (100) (0,18 g., 53%), mp. 105-106° 

(from light petroleum) (Found: C, 65.6; H, 7.6; N, 18.9% M’, 219, 

‘ 7 ate : 
C, oH, 7,0 requires C, 65.8; H, 7.8; N, 19.2% mM, 219), V ax 1060 (c=0) 

-1 
cm, 

* (coer, ) 5-95 (2H, 9, J=7.0 c./sec., 1-CHACH,), 

8,89 (3H, t,J=7.0 c./sec., 1-CH, Ch CH 4 

7.0 (3H, s, 5-CH,), 5.76 (2H, s, ee 

5.9. (1H,: 6; Bee), 7aSe5e,'s; 6-CH,), 7.4 (3H, s, &-CH,). 

MASS SPECTRAL TABLE 

(4) Bytes ea lpyriaidings.. 

Pyrido[3,4~-d] pyrimidin-4(3H)-one (11; =p! =H) 

n/ 148 406 147(M) «146 420 419 118 417 106 

T% 12 100 8 6 18 12 6 6 

m/ 105 104 103 96 93 92 91 77 

1% 4 9 6 6 12 32 42 9 

n/ 76 73.5 66 65 64 63 53 52 

T% 6 2 6 18 18 5 6 15 

m/e 51 50 49 44, 43 42 41 40 

19 15 21 6 9 4 6 6 6 

m/ 39 38 37 

1% 9 18 12 

m 445(147- 146), 96.3(147- 119), 71.1(119-» 92), 45.9(92—9 65),



n/e 

1% 

n/e 

1% 

n/e 

1% 

* 
a 

n/e 

n/e 

1% 

n/e 

1% 

6,8-Dimethylpyrido| 3, 4~d |pyrimidin-4(3H)-one (11; R=CH 

176 

10 

120 

10 

Ye 

175(u*) 

100 

119 

5 

51 

119 

174 

5 

106 

2 

147 

9 

105 

146 

5 

79 

123 (175-3147), 98(147—+120), 58.9(106 479). 

3-Methylpyrido| 3,4~a lpyrimidin-4(3H)-one (63; R=R 

162 

13 

131 

92 

76 

50 

12 

161(M*) 

100 

120 

91 

66 

43 

160 

5 

105 

12 

80.5 

65 

42 

41 

134 

5 

104 

79 

64 

41 

1 

133 

22 

103 

78 

52 

1 
zr R =H). 

132 

2 

78 

=H, RCH). 

152 

Jub 

93 

51
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2,6,8~Trime thylpyrido| 3, 4~d |pyrimidin-4(3H)-one (11; R-R'=CH,) 

n/e 190 189(N*) 188 174 160 149 

1% 12 100 8 3 2 2 

n/e 148 147 146 133 131 121 

1% 3 5 3 2 2 2 

n/e 120 119 118 107 106 105 

1% 4 6 2 2 2 3 

n/e 104 93 92. ee BO 79 78 

1% 2 2 2 2 7 5 

n/e 17 16 69 66 65. Gir be 

1% 2 2 2 2 2 4 

n/e 63 62 53 52 54 50 

I% 4 2 2 7 5 3 

nfe 44 43 42 41 39 38 

1% 4 Bek 18 , 2 3 

* 

-m 187 (189 +188), 160.2(189-»174), 137.1(189-+ 161), 

118(120— 119), 116(189-4148), 112.8(189 +146).



3,6,8-Trime thylpyrido[3,4~d |pyrimidin-4(3H)-one (63; R=R 

n/e 

1% 

n/e 

I% 

n/e 

If 

n/e 

1% 

* 

in 

116 (189 +148), 89.5(161—+118). 

2, 3,6,8-Tetramethylpyrido| 3, 4~a |pyrimidin-4(3H)-one 

m/e 

1% 

n/e 

1% 

n/e 

I% 

n/e 

1% 

n/e 

1% 

190 

14. 

148 

78 

39 

3 

189(M") 

100 

147 
4 

64. 

4 

121 

188 

7 

146 

63 

176 

3 

134 

52 

2 sc =OH;, R =H). 

174 161 160 

4 4 3 

120 119 19 

6 6 4 

51 42 41 

5 27 4 

160.2(187-9174), 137.2(169 9161), 118(120 9119), 

204 

14 

174 

106 

65 

51 

3 

203(M*) 

100 

161 

105 

64 

42 

4 

202 

5 

160 

101.5 

63 

41 

2 

189 

3 

147 

12 

57 

39 

2 

188 

15 

146 

6 

78 

3 

56 

20 

175 

6 

119 

66 

52 

(63; ReR“R’=CH,). 

n 174.2(203 188), 151.2(203-> 175), 105(203— 146), 88.5(160—9119).
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3-Amino-2,6,8~Trimethylpyrido|3,4~a |pyrimidin-4(3H)-one (58; R=NE,) 

n/e 

1% 

n/e 

I% 

n/e 

1% 

m/e 

1% 

n/e 

If 

1% 

ap 

1% 
* 

n 

206 

2 

176 

158 

133 

107 

18 

10 

64 

25 

42 

13 

205 

14 

175 

44 

148 

132 

106 

10 

77 

63 

11 

40 

2 

204(m*) 

100 

174 

147 

17 

122 

104 

76 

62 

39 

5 

175.1(204 > 189), 150.1(204— 175), 

191 189 

6 6 

173 161 

2 ‘ 

146 145 

10 4 

421 120 

4 4 

93 92 

4 4 

75 67 

2 5 

57 53 

7 3 

38 

3 

123.4(175—> 147). 

188 

5 

160 

135 

119 

91 

66 

52 

177 

3 

159 

124 

118 

719 

65 

51



3-Hydroxy~2,6, 8-trime thylpyrido [3 : 4nd | pyrimidin-4(3H)-one (59) 

n/e 206 205(u*) 190 189 188 

1% 12 90 7 45 12 

n/e 161 160 159 158 148 

1% 3 3 5 3 12 

m/e 144 121 120 119 118 

1% 3 3 7 13 3 

n/e 104 93 92 87 79 

1% 3 3 6 3 8 

n/e 76 73 67 66 65 

I% io 3 a 3 5 

n/e 62 58 53 52 51 

1% 3 3 3 43 13 

n/e 44 43 41 40 39 

1% 7 5 3 4 5 

* 

m 172.4(205— 188), 114.9(188— 147), 97.8, 96.3(147—> 119), 

71.1(119-— 92). 

175 

5 

147 

100 

106 

78 

13 

64 

15 

50 

38 

2,6,8-Trimethyl~3-phenylpyrido[3,4—d]pyrimidin-4(3H)-one (72) 

n/e 266 265(m*) 264 253 252 

1% 18 100 18 3 16 

n/e 250 224 223 222 219 

I% 23 ad 2s 2 5 

251 

4 

195 

174 

146 

105 

TT 

63 

10 

45



n/e 

1% 

n/e 

1% 

n/e 

I% 

n/e 

1% 

n/e 

1% 

o 263(265 > 264), 235.9(265 — 250), 

111.6(265 +172), 

189 

147 

120 

103 

52 

2 

173 

145 

119 

91 

51 

5 

56.5(105 +77). 

42h, 

172 

18 

133 

118 

33 

78 

44 

2 

162 

132.5 

117 

77 

35 

42 

5 

189.3(265 —» 224), 

154 

132 

106 

76 

36 

2 

8= yl-2, 3-4. ylpyr. 4~d | yri in-4(3H)-one 6,8—-Dime thyl-2,3-diphenylpyrido| 3, pyrimidin-4(3H) ? 

1 
(62; R=CHss R =Ph) 

n/e 

1% 

n/e 

1% 

n/e 

1% 

n/e 

1% 

328 

3 

298 

207 

178 

327(M" ) 

23 

250 

195 

167 

326 

100 

235 

193 

166 

Jen 

73 

234 

181 

128 

324 

209 

180 

13 

127 

312 

208 

179 

120 

148 

131 

105 

15 

64 

119 

104 

63



n/e 116 105 104 103 93 91 79 

1% 2 5 7 3 2 5 5 

n/e 78 17 716 75 65 64 63 

If 9 46 4 2 4 27 8 

n/e 62 64 52 51 50 45 43 

1% 2 3 4 17 3 2 13 

n/e 42 4i 39 38 

Te: 8 2 4 +2 

* 

m 324(326—+ 325), 206(208 > 207). 

6,8-Dimethy1-3-(3' ~nitrophenyl)-2-phenylpyrido| 3, 4-d | pyrimidin-4(3H)- 

one (62; R=CH.; pn! =3'-no Ph). 
a 2 

n/e 393 372(M" ) 371 370 343 342 

I% 5 24 100 24 2 4 

n/e 341 327 326 325 324 301 

I% 3 3 9 18 5 2 

n/e 300 297 296 295 255 250 

1% 6 3 2 2 2 2 

n/e 249 235 234 226 225 209 

1% 2 2 6 2 8 4 

n/e 208 207 194 193 181 180 

1% 18 10 2 3 2 4



n/e 

1% 

1% 

n/e 

1% 

n/e 

1% 

m 369(371— 370), 

179 

12 

163 

140 

128 

117 

103 

89 

65 

50 

10 

178 

153 

139 

127 

116 

102 

be 

64 

62 

42 

16 

126 

177 

152 

133 

121 

115 

93 

78 

10 

63 

20 

4l 

168 

149 

132 

120 

106 

92 

Wy 

18 

62 

39 

167 

148 

16 

131 

119 

105 

10 

91 

76 

45 

53 

38 

284.7(371 — 325), 206(208 207). 

166 

141 

130 

118 

104 

10 

90 

715 

52 

66 

51 

14
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2,6—Dime thyl-3~phenyl-8-styrylpyrido (3 : 4~d | pyrimidin-4(3H)-one (74). 

n/e 355 354. -353(M") 352 338 326 

m.. 3 P| 87 21 4 4 

n/e 325 524 311 310 284 283 

1% 17 27 2 6 1 9 

n/e 276 252 248 235 234 233 

1% 7 8 3 4 4 4 

a/e.. aoe 222 219 209 208 207 206 

1% 3 2 2 12 75 "W 5 

n/e 205 193 192 181 180 176.5 174 

1% 4 6 US 3 5 2 

n/e 165 152 151. 150 140 139 128 

1% 2 6 6 3 4 4 3 

n/e 126 119 118. 117 115 105 103 

1% 3 13 87 - 3 4 10 4 

n/e 102 91 89 78 77 76 75 

1% 5 4 2 13 100 5 2 

n/e 65 64 63 55 52 51 50 

1% > 4 3 2 4 25 4 

n/e 46 45 43 42 

I% 23 5 . 23 11 

m 350.9(353—» 352), 322.9(325 — 324), 299.2(353 > 325), 282.



6, 8-Dime thy1-2~phenylpyrido[3,4~d|pyrimidin-4(3H)-one (62; R=CH 

n/e 

n/e 

1% 

n/e 

1% 

1% 

n/e 

1% 

n/e 

1% 

n/e 

I% 

n/e 

I% 

n/e 

I% 

*% 

m 

252 

10 

224. 

19 

175 

126 

120 

103 

91 

76 

65 

53 

5 

251 (*) 

52 

223 

167 

125.5 

119 

81 

75 

64 

10 

52 

8 

128 

250 

22 

209 

166 

124 

107 

95 

74 

63 

5 

20 

249 

2 

208 

149 

123 

15 

106 

10 

94 

719 

69 

* 62 

50 

7 

227 

3 

105 

100 

93 

78 

12 

67 

58 

225 

3 

176 

147 

121 

104 

92 

a 

60 

66 

57 

43 

2 

1994 (251-4 223), 172.4(251—» 208), 87.3, 56.5(105-+77). 

56 

3k 
1 

=H) 

55



129 

1-Ethyl-3, 4-dihydro-3,6,8-trime thylpyrido[ 3 ' 4-d| pyrimidin-2(1H)-one 

(100). 

n/fe _—- 220 219(m") 218 205 204 203 

I% 10 68 7 8 25 3 

n/e 192 191 190 176 162 161 

1% 3 oe 4 5 13 

n/e 160 149 148 147 146 145 

1% 3 4 15 100 4 3 

n/e 135 134 133 432 134 128 

1% 3 10 23 3 3 10 

n/e 121 120 119 118 Save 107 106 

1% 8 38 13 18 5 5 10 

n/e 105 104 93 92 91 80 79 

1% 5 4 8 10 8 5 10 

n/e 78 7 76 67 66 65 64 

I% 10 18 4 5 18 30 8 

n/e 63 56 54 a 52 51 50 

1% 5 5 5 10 10 10 5 

n/e 42 41 

1% 33 10 

* 

m 190 (219-»204), 164.9(219-—» 190), 105.9(204 > 147).



oo 

3, 4-Dihydro-4—hydroxy,2,6,8-trime thyl-3-phenyl- 

pyrido| 3, 4-d |pyrimidine 60) 

n/e 268 267(M*) 266 265 253 252 251 

1% 6 23 6 4 2 7 26 

n/e 250 © 249 248 238 225 224 209 

I% 100 4 8 2 2 2 2 

n/e 208 207 193 181 176 175 173 

1% 2 2 2 2 3 14 2 

n/e 172 168 167 166 163 149 148 

I% 2 3 € Z 2 2 

n/e 147 146 134 133 131 130 - 419 

1% “3 2 2 2 2 2 3 

n/e 118 117 115 106 105 104 103 

1% 1 2 2 3 oe 5 2 

n/e 93 92 91 SO 79 78 17 

1% 3 3 3 2 2 5 27 

n/e 16 66 65 64 63 53 52 

1% 2 2 5 5 4 4 3 

n/e 51 50 43 42 41 39 

1% 8 2 4 6 2 4 

* 

m 234.1(267— 250).



3,4—Dihydro-2,6,8-trimethylpyrido E . 4-a| pyrimidine (107). 

m/e 176 

If 7 

n/e 147 

1% 7 

n/e 120 

1% 3 

n/e 9 

I% b 

n/e 15 

1% 2 

n/e 59 

1% 4 

m/e 41 

1% ¥ 

3 Pyrido[3,4-d|pyrimidine-2,4(1H,3H)-dione (8; R =R°=H). 

n/e 164 

1% 11 

n/e 93 

1% 33 

175(1") 

a2 

146 

38 

119 

18 

92 

74 

54 

40 

163(M") 

100 

92 

12 

174 

86 

145 

118 

91 

67 

53 

39 

18 

147 

4 

91 

173 

100 

135 

117 

90 

66 

52 

38 

121 

25 

118 

16 

134 

14 

107 

79 

A, 

65 

16 

51 

120 

43 

81 

10 

160 

153 

16 

106 

12 

78 

64. 

41 

50 

119 

25 

159 

132 

105 

TT 

63 

45 

158 

131 

104 

76 

62 

42 

21 

79 

10
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n/e 67 66. 865 64 

1% 2 4 13 11 

n/e 50 45 44 43 

I% 4 2 5 5 

63 60 be 

m’ 88.4(163—» 120), 72.1(120— 93), 70.6(120— 92), 46.0(92—» 65), 

45.4(93— 65), 22.2(65 938). 

6,8-Dimethylpyrido[3,4~d | pyrimidine-2,4(1H,3H)~dione @; nen®cH) , 

m/e - 192 191(N) 148 

1% 10 100 36 

n/e 93 92 - 80 

1% 8 4 3 

n/e 16 66 65 

1% 3 4 4 

n/e 51 50 42 

1% 11 Wee 8 

n 118(120-» 119), 114.7(191— 148), 97.3(148— 120) 

121 

9 

32 

63 

39 

120 

32 

78 

53 

119 

28 

TT 

on 

17 

3,6,8=-Trimethylpyrido [5 : 4~a |pyrimidine-2 »4(1H, 3H)-dione 

(64; R! “R’=R'=0H,, R?=H) 

n/e 206 205(m*) 191 

1% 11 100 5 

n/e 147 121 120 

1% 1 8 46 

179 

119 

26 

178 

93 

149 

92 719 

29



u/e 78 7 > SOs 67 66 

1% 9 4 4 5 5 

n/e 63 52 51 50 44 

1% 8 18 12 5 5 

n/e 39 

1% 5 

* 

m 118(120-4119), 106.9(205—> 148), 97.3(148 3120). 

1,3—Dinethylpyrido (3 ; 4d | pyrimidine-2,4(1H, 3H)-dione 

(64; R| =R°=H . pP=R"=0H,) 

n/e 192. = 191(M*) 163 162 161 135 

1% 12 100 5 4 . 3 3 

n/e 133 107 106 105 93 91 

1% 4 7 13 18 18 3 

n/e 80 79 a0 17 76 69 

1% 3 13 8 3 3 3 

n/é 64 63 56 v: 52 51 

1% 14 3 3 3 7 8 

n/e 38 at 

I% 8 4 

* 

65 64 

5 7 

42 41 

9 2 

134 

8 

81 

3 

66 

4 

50 

7 

65 

42 

m 104(106— 105), 94.1(191— 134), 83.9(134— 106), 58.9(106 > 79).



134, 

1,3,6,8-Tetramethylpyrido|3,4~d |pyrimidine-2,4(1H, 3H)-dione 

(64; R's’ =R7=n*-cH,) 

n/e 220 219(N*) 218 205 204 191 

1% Bhs 5s in 1OQ 4 3 22 3 

n/e 190 169) =" 976 175 162 161 

1% 14 2 > 8 4 > 

n/e 148 147 146 134 133 120 

1% 14 23 3 13 11 5 

m/e i19 109.5 107 93 92 79 78 

I% 14 3 4. 3 6 4 10 

n/e 77 72 66 65 64 63 56 

I% “4 5 4 5 2 = 7 

n/e 52 51 50 42 41 39 

1% % 8 3 11 3 4 

* m 190(219-» 204), 164.9(219- 190), 132.8(135— 134), 123.5(175— 147), 

120, 116, 111, 97, 96.3(147— 119). 

3-Amino-6, 6~dimethylpyrido| 3, 4~d |pyrimidine-2, 4(1H, 3H)-dione 

(71; n'=R°=cH,) 

\ 

n/e 207 206(M*) 191 177 176 175 

1% 10 72 es "1 100 

n/e 154 148 147 120 119 106 

1% 6 7 20 1 19 4



135 

n/e 93 92 79 78 17 716 

1% 4 3 14 19 6 4 

n/e 66 65 64 63 53 52 51 

I% 4 40 4 4 6 20 14 

n/e 50 44 43 42 41 39 

ie eee 4 4 3 13 6 

m* 148.6(206—» 175), 123.5(175—9147), 96.3(147—+ 119). 

3-Aminopyrido| 3, 4d |pyrimidine-2,4(1H,74)-dione (71; pn cR°=k). 

n/e 179 178(M") 163 149 148 147 

1% 9 100 3 3 9 99 

n/e 138 121 120 119 105 94 

1% 2 2 11 29 2 4 

n/e 93 92 91 18 17 70 

I% 19 8 14 5 2 4 

n/e 67 66 65 64 63 54 

I% 4 7 15 18 4 2 

n/e 53 52 51 50 49 44 

1% 4 6 6 14 2 2 

nfe 40 39 38 37 

1% 4 10 29 14 

a ; 
m 121,4(178~ 147), 96.3(147— 119), 69.6(119 91).
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(ii) Pyrido|3,4~a|l1,3 loxazines 

2,6,8-Trimethylpyrido| 3, 4~a|1,3 ]oxazin—4~one (45) 

n/e 191 190(M*) 175 163 162 161 

I% 12 100 6 a 39 6 

n/é 148 147 146 121 120 119 

1% 9 8 14 6 14 15 

n/e 106 105 93 79 78 77 

1% 5 6 5 18 12 5 

n/e 65 64 63 52 51 50 

1% 5 21 14 13 14 6 

n/e 44 43 42 

1% 5 46 18 

% 

m 161.1(190-> 175), 138.1(190 > 162), 123.5(175 — 147), 75.5(146 — 105). 

2-Phenylpyrido[3, 4-a|[i,3]oxazin-4~one (46; R=H) 

n/e 225 224(M") 180 122 106 105 

1% 6 31 1 46 11 100 

n/e 11 76 64 51 50 

1% 57 6 6 20 13 

* 

m 144.7(224-—+ 180), 90.3(122— 105), 56.5(105—> 77).
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6,8-Dime thyl-2-phenylpyrido [3 y 4~a\[1 ‘ 3| oxazin=-4-one (46; R=CH, ) 

n/e 253 252(M*) 224 219 208 204 

1% 18 100 21 28 13 5 

in/e 147 134 119 106 105 78 

1% 6 5 7 8 87 17 

n/e 17 64 63 52 51 50 

1% 60 13 7 8 21 6 

n/e | 42 

1% 11 

: | 

m 199,9(252—» 224), 171.7(252—+ 208), 56.5(105—» 77). 

4, 4-Diphenyl-2,6,8-trimethylpyrido|3,4~d]1,3 loxazine (73) 

n/e 330 329 328(M") 313 288 287 

1% 4 11 41 4 4 1 

n/e 286 285 284 283 272 271 

1% 41 100 14 5 1 aa 25 

n/e 270 269 251 245 244 243 

1% ; 4 7 4 9 4 

n/e 242 241 240 230 229 228 

1% 5 4 4 3 5 7 

n/e 227 217 216 215 214 213 

1% 5 4 4 7 4 4
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n/e 210 209 203 

1% 5 14 4 

n/e 178 176 167 

1% 3 2 3 

n/e 141 140 >? 2139 

I% 3 3 4 

n/e 92 91 78 

1% 3 5 5 

n/e 64 63 57 

1% 3 4 

n/e 42 41 39 

1% 4 , 5 

* 

m 298.6(3283— 313), 283.9(286 — 285), 249.4(328 — 286). 

(iii) Pyridine derivatives 

3-Amino-2,6—dimethylpyridine-4-carboxylic acid (10; R=CH) 

n/e 167 166(M’) 165 

1% 14 100 3 

n/e 121 120 119 

1% 14 36 45 

202 

166 

128 

56 

149 

7 

105 

201 

165 

115 

76 

51 

148 

53 

94 

§ 

189 

152 

94 

65 

43 

21 

147 

8 

93 

14 

122 

92
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n/e a) 79 78 68 67 66 65 

1% 11 47 8 3 3 4 6 

n/e 64 63 54 55 52 51 50 

1% 3 3 7 17 25 14 6 

n/e 45 44 43 42 41 40 39 

1% 3 i. 3 14 7 3 7 

* 

m 131,.95(166— 148), 118(120-4 119), 97.2(148 —s 120) 

2,6—Dimethylcinchomeronimide (32; R=CH; 3) 

m/e 177 ~ 176(M*) 159 158 148 134 133 
I% 33 100 6 39 19 8 3 60 

n/e 132 131 130 119 107 106 105 

1% 12 6 21 4 5 5 33 

n/e 104 93 92 91 90 89 88 

1% + 8 57 13 7 11 4 

n/e 719 78 17 16 70 66 65 

I% 4 8 18 6 5 7 11 

n/e 64 63 62 is 69 53 51 50 

1% 96 49 18 8 9 12 8 

n/e 44 43 42 4t 39 38 
I% 8 5 21 7 11 8 

* 

m 141.9(176 > 158), 124.5(176— 148), 100.5(176 — 133), 82.9(133— 105).
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3~Benzamido-2,6—dimethylpyridine-4—carboxamide (61; R=CH,, pn =H). 

n/e 270 269(M*) 253 252 251 241 225 

1% 3 12 6 29 3 4 2 

m/e 224 208 164 148 147 119 

1% 2 2 5 2 3 2 

n/e 106 105 80 19 78 77 

1% 8 100 2 2 6 45 

n/e 76 76 65 53 52 51 

1% 2 2 2 5 5 10 

n/e 50 44 42 

I% 10 3 3 

. ; 

m 236.1(269-> 252), 215.9(269 +241), 199,05(252— > 224), 56.5(105 +77). 

3-Benzamido-2, 6—dime thyl-N-( =! -ni tropheny)) pyridine—4—carboxamide 

: 1 7 

(61; R=CHz, R =3-NO,Ph). 

n/e 254 253 252 225 224 208 175 

1% 9 49 21 2 4 5 2 

n/e 147 138 121 119 108 106 105 

I% 2 6 2 , Perr & 100 

n/e 104 9 92 80 79 78 77 

1% 2 2 7 3 3 8 51
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m/e 76 66 65 64 63 53 52 

1% : 2 5 3 3 3 6 

n/e 51 50 43 42 

1% 14 3 31 5 

* : 

m 199.1(252— 224), 164.1(390 +253), 56.5(105-—> 77). 

4-Anilinonethyl-3-ethylamino-2,6—dimethylpyridine (85) 

n/e 256 255() 227 226 225 224 210 

1% 17 79 21 100 7 11 5 

n/e 209 164 163 162 161 148 147 

1% 14 14 79 45 5 16 93 

n/e 135 133 127 123 122 121 120 

1% 7 14 ; 14 9 9 24 

n/e 110 108 107 106 105 104 94 

1% 7 5 7 14 7 17 11 

n/e 93 92 91 81 80 79 78 

I% 31 11 14 5 11 28 14 

n/e 17 67 66 65 64 63 55 

1% 48 14 17 24 5 5 , 

n/e 54 53 52 51 50 42 41 

1% 7 21 11 17 5 24 17



  

n/e 

1% 

40 

11 

39 

24 

Vite 

n 200.3(255-+ 226), 193.2(226 — 209), 133.4(162—» 147). 

3-Ethylamino-2,4,6-trimethylpyridine (97) 

n/e 

1% 

n/e 

1% 

n/e 

1% 

165 

9 

147 

108 

12 

78 

53 

40 

164(M") 

58 

136 

107 

68 

52 

39 

163 

9 

135 

12 

94 

67 

12 

51 

151 

5 

128 

93 

66 

50 

150 

12 

121 

92 

65 

45 

149 

100 

120 

21 

80 

55 

42 

m 135.4(164-— 149), 96.6(149 +120), 78.3(149 — 108). 

148 

109 

79 

44 

12
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3-Amino—4~ethylaminome thyl-2,6—dimethylpyridine (103). 

n/e 

1% 

n/e 

1% 

n/e 

1% 

n/e 

1% 

* 

n 

180 

5 

150 

100 

424 

107 

10 

ul
 

65 

15 

51 

179(M") 

45 

149 

123 

25 

106 

10 

81 

64 

30 

103.3(179 — 136). 

178 

5 

148 

122 

10 

105 

80 

10 

63 

43 

177 

3 

147 

10 

121 

10 

96 

19 

58 

15 

42 

25 

164 

3 

137 

120 

95 

78 

56 

41 

13 

163 

3 

136 

65 

119 

35 

94 

10 

cL 

55 

40 

162 

5 

135 

50 

118 

93 

68 

54 

15 

39 

10 

4~Aminome thyl-3~e thylamino-2,6—dimethylpyridine (102). 

n/e 

1% 

n/e 

1% 

180 

8 

151 

19 

179(M") 

22 

150 

56 

164 

16 

149 

30 

163 

10 

148 

19 

162 

27 

147 

100 

161 

10 

136 

16 

160 

7 

135 

30 

161 

134 

15 

109 

2 

92 

10 

67 

15 

53 

15 

1 

13 

1 

159 

134 

10 

51 

15 

2 

25 

08 

10 

91 

66 

15 

5a 

10



m 146.6(179— 162), 133.4(162 147). 

133 

21 

106 

21 

TT 

21 

52 

15 

123 

17 

94, 

67 

13 

51 

11 

122 

93 

10 

66 

19 

42 

33 

dy 

121 

13 

92 

10 

65 

25 

41 

a 

120 

30 

91 

17 

64, 

40 

119 

12 

11 

63 

39 

24, 

4-Anilinome thyl-2,6-dimethyl~3-methylaminopyridine (89). 

n/e 

1% 

n/e 

1% 

n/e 

If 

n/e 

I% 

n/e 

1% 

242 

+1) 

150 

18 

134 

118 

92 

241(M") 

42 

149 

100 

133 

11 

108 

10 

91 

22] 

4 

148 

47 

132 

107 

10 

226 

18 

147 

49 

123 

106 

16 

79 

20 

224 

146 

122 

105 

78 

10 

210 

137 

121 

104 

51 

108 

13 

2 

21 

54 

10 

209 

136 

120 

26 

94 

68 

107 

12 

78 

10 

53 

22 

151 

135 

119 

93 

40 

67



14.5 

n/e 66 65 64 63 54 53 52 51 

1% 14 19 4 4 4 10 8 11 

n/e 50 42 41 40 39 

1% 5 se 4 14 

m. 211,9(241-» 226), 146(148 > 147), 96.6(149 120), 90.9(241 = 148), 

72.1(120— 93). 

4~Aminome thyl-2, 6-dime thyl-3-methylaminopyridine (106). 

n/e 166 {65(m*) 164 163 162 159 151 150 

1% 12 100 9 18 6 3 9 65 

m/e 149 148 147 137 136 135 134 133 

1% 6 18 15 6 rs oe 21 41 

n/e 132 131 123 122 121 120 119 109 

1% 3 5 24 15 15 6 44 6 

n/e 108 107 106 105 104 96 95 94 

I% 18 21 15 6 3 3 3 15 

n/e 93 92 91 82 81 80 719 78 

1% 12 9 3 3 6 15 9 12 

n/e 77 68 67 66 65 64 63 54 

1% 6 6 18 26 24 6 6 15 

n/e 53 52 51 50 44 43 42 41
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m/e 40 39 

1% 9 21 

m 136.4(165 —» 150), 132.8(165 — 148), 112.1(165 — 136). 

4-Anilinome thyl-3+ethylamino-6-methyl-2-styrylpyridine (75). 

n/e 343(M*) 342 341 328 326 316 

I% 5 2 . 5 5 2 

n/e 315 314 313 312 286. = 385 

1% 1 21 2 5 2 7 

n/e 252 251 250 249 248 247 

me: 7 23 47 100 7 5 

m/e 237 236 235 234 233 223 

1% 5 14 54 5 5 7 

n/e 222 221 220 219 211 210 

I% 16 9 5 5 2 ie 

n/e 209 208 207 206 205 204 

1% 7 12 7 7 5 2 

n/e 196 195 104 193 192 191 

1% 2 5 7 5 5 2 

n/e 182 181 180 179 178 174 

I% 2 2 2 2 5 2



  

42.7 

  

n/e 173 168 167 166 =: 165 161 160 

n/e 159 153 152 151 9 147 146 145 

1% 21 . 5 2 1 7 5 

we TAS 14s a 5g a ee ee 

1% 2 2 2 2 2 5 5 

n/e 131 130 129 126%; 127 120 119 

1% 5 7 5 7 5 2 5 

n/e 1i8 117 116 115 108 107 106 

I% 7 5 5 12 2 5 12 

n/e 105 104 103 102 = 104 94 93 

1% 7 12 . 5 2 5 23 

n/e 92 91 90 89 80 719 78 

1% ois 68 2 2 5 9 37 

n/e 77 76 75 71 67 66 65 

1% 44 5 2 2 5 14 26 

n/e 64 63 57 56 55 54 53 

I% 5 7 5 5 5 5 12 

n/e 52 53 50 ap 48 41 40 39 

1% 16 21 9 9 9 12 7 21 

m 248(250 > 249), 182.2(343 > 250).
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nD iA 6- tetas taedigh1d-3e91-8 ~pheny lave lenidine (98). 

n/e 254 253(M*) 252 239 238 163 

1% 7 ae Pak 5 19 17 

n/e 162 161 160 159 136 127 

1% 14 100 5 2 4 3 

n/e 121 120 119 118 104 93 

1% 5 51 8 65 2 8 

n/e 92 91 80 79 78 77 

I% 4 6 We ts 14 9 51 

n/e 67 66 65 57 53 52 

1% 2 3 6 3 6 3 

n/e 51 50 43 42 41 40 

1% 21 2 4 9 13 2 

m’ 224(253 238). 102.5(253 — 161). 89.5(161— 120), 72.1(120 93), 

50.3(118 +77),
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PHARMACOLOGICAL SCREENING RESULTS. 

A selected number of pyrido[3,4-d|pyrimidines and pyridine 

derivatives were subjected to general and specific pharmacological 

screening tests in intact mice and rats. The compounds were also 

screened as anti-bacterial agents. 

1 3-Aminopyrido| 3, 4-d |pyrimidine-2,4(1H,3H)—dione (71; R'=R°=H) 
1 

3-benzamido-2,6-dimethylpyridine-4-—carboxamide (61; R=CH.R =H) and 

2 
3 

=CH.s) administered 2,6—dime thylpyridine-3,4~dicarboxamide (9; R'eR 

orally to mice in the first two cases and rats in the latter, at a dose 

of 200 mg./Kg., failed to produce any overt side effects. 

3-Amino~6 ,8dimethylpyrido({3,4—a]pyrimidine-2,4(1H, 3H)-dione 

(71; n'=R°=cH,) administered to mice in a similar dose produced slight 

hypotonia in a third of the animals. In all Saeek one animal of each 

dose level was injected with tetrabenazine (10-20 mg./Kg. I.P.) 

approximately three hours after dosing, no tetrabenazine antagunism was 

observed. 

Certain of the compounds were screened for tranquilliiser activity, 

2,6,8-trimethylpyrido|[3,4~d|[1,3]ozazin-4-one (45), 2,6,8- 

trimethy1-3-phenylpyrido| 3, 4-d |pyrimidin-4(3H)-one (72) and 

6,8-dime thylpyrido|3,4~d |pyrimidin-4(3H)-one (11; R=CH, a) 

administered orally at a dose of 200 mg./Kg. failed to antagonise 

Metrazol-induced convulsions in rats. 3,6,8-Trimethyl- 

pyrido|3,4-a| pyrimidine-2,4(1H.3H)-dione (64; R'sk°=n*-cH,, R=H) at a 

similar dosage produced protection in 20% of the animals against 

Metrazol-induced convulsions.
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Anti-bacterial Activity. 

None of the compounds tested; 6,8-dimethyl- 

pyrido[3,4~a |pyrimidin-4(3H)-one (11; R=CH n'=n), 3) 

3-hydroxy-2,6,8-trimethylpyrido|3,4-d|pyrimidin-4(3H)-one (59), 

2,6, 8-trimethyl-3-phenylpyrido| 3, 4d |pyrimidin-4(3H)-one (72), 

3,6,8-trime thylpyrido| 3, 4d |pyrimidine-2,4(1H,3H)=dione 

(64; n'an=n'=cH,,R?=H), 3-amino-6, 8—dimethyl- 

pyrido| 3,4~4 |pyrimidine-2, 4(1H, 3H)=dione (71; R'=R°=CH,), 2,6, 8-trime thyl- 

pyrido[3,4~a|[1,3 loxazin-4-one (45) and 3-benzamido-2,6-dinethyl- 

pyridine-4=carboxamide (61; R=CHy,R' =H) showed any significant 

antimicrobial activity against the organism in table I. 

Table I 

Streptococcus faecalis (Gram positive) 

Straphylococcus aureus (resistant strain; Gram positive) 

Straphylococeus aureus (adnlattre strain; Gram positive) 

Klebsiella pneumonia (Gram negative) 

Pseudomonas aeruginosa (Gram negative) 

Escherichia coli (Gram negative) 

Salmonella typhi (Gram negative) 

Trichophyton mentagnophytes (Fungus) 

Mycobacterium smegmatis (Acid fast) 

Candida albicans (Fungus) 

Bacillus subtilis (Gram positive) 

Trichomonas foetus (protozon) 

Fusarium oxysporum var. lycopersici (fungus—Anscomycetes) 

Penicillium citrinium var. leiter (fungus) 

Aspergillus niger (fungus-Ascomycetes) 

Cyptococcus neoformans (Yeast) 

Histoplasma capsulatum (Fungi imperfecti)
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Blastomyces dermatitidis (Yeast) 

Xanthomonas vesicatoeria ATCC 11551 (bacterium) 

Streptococcus pyogenes C203 (Gram positive) 

Sarcina lutea (non-pathogenic, Gram positive) 

Mycobacterium tuberculosis (H37RV)(human strain) 

Mycoplasma salivarium (PPLO; human strain) 

Mycoplasma gallisepticum (stR4519/5-6) (PPLO; avian strain) 

Ascaris suum (helminth, large roundworm) 

Hymenolepis nana (mouse tapeworm)
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10 

11 

12 

13 

14 

15 

16 
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Syntheses and Properties of Pyrido[3,4-d]- 
pyrimidin-4(3H)-ones and -pyrimidine-2,4-(1H,3H)-diones 

By I. R. Gelling and D. G. Wibberley,* Department of Pharmacy, University of Aston in Birmingham, Gosta 
Green, Birmingham, 4 

2,6,8-Trimethyl-, 6,8-dimethyl-2-phenyl-, and 2-phenyl-pyrido[3,4-d][1,3]oxazin-4-ones have been prepared 
from the corresponding 3-aminopyridine-4-carboxylic acids. 
yielded the corresponding pyrido[3,4-d]pyrimidines or intermediate 3-aminopyridine-4-carboxamides. 

Treatment of the pyrido-oxazines with amines 

Hydr- 

azinolyses and methylations of a number of pyrido[3,4-d]pyrimidin-4(3H)-ones and -pyrimidine-2,4(1H,3H)- 
diones are desciibed. Somen.m.r. and mass spectra are discussed. 

FEw pyrido[3,4-d|pyrimidines have been described in the 
literature. The parent compound was prepared by 
Armarego,2, who demonstrated its susceptibility to 
covalent hydration. Pyrido[3,4-d]pyrimidine-2,4(1H,- 

Si)-dione (Nhs) Rt —— Ra Re Re) thes tirse 
recorded pyridopyrimidine of any system, was pre- 
pared by the Hofmann degradation of pyridine-3,4-di- 
carboxamide (f; “Rk? — R® 9) 3) This ae has also 
been used for 6-methyl- (II; R!= R?=R*=H, 
es Me)4* and 6,8-dimethyl- (II; ia R? = Me, 

= R*=H) pyrido[3,4-d]pyrimidine-2,4(1H,3H)-di- 
one and was our method of choice for the latter compound. 

The dione (II; R! = R? = R? = R* = H) we prepared 
by the alternative route * from 3-aminopyridine-4-carb- 
oxylic acid (III; R! = R? = H) and urea. A similar 
fusion process with formamide yielded pyrido(3,4-d]- 
pyrimidin-4(3H)-one? (IV; R! = R? = H) and 6,8-di- 
methylpyrido[3,4-d]pyrimidin-4(3H)-one (IV; R! = R? 
== Me). 

R! R! Ro R! 

AV NSO N7 eet i N ii N7 "Bae 

R*q\ JCO-NH, RO Np4 R27. 3CO2H 

(1) iy (111) 

R! 

Reagents: i, Br,-KOH; N NS 
ii, NH,-CO-NH,; iii, HCO-NH,. 

R7\ 

O° 

(IV) 

We have previously demonstrated that pyrido- 
[3,2-d]-- and pyrido[4,3-d]-pyrimidin-4(3H)-ones ® can 
be synthesised from pyrido-oxazines and this type of 
route proved equally successful for the pyrido[3,4-d] 

pyrimidine system (VI). The scope of this synthetic 
route was extended by the adaptation of a method used 
by Bain and Smalley.? These authors have shown that 
an excess of an acyl chloride is necessary for the pre- 
paration of benzoxazines from anthranilic acid, and that 

1 Part IV, A. G. Ismail and D. G. Wibberley, J. Chem. Soc. 
(C), 1968, 2706. 

2 W. L. F. Armarego, J. Chem. Soc., 1962, 4094. 
3S. Gabriel and J. Colman, Ber., 1902, 85, 2831. 
4M. J. Reider and R. C. Elderfield, J. Org. Chem., 

286; R. G. Jones, J. Org. Chem., 1960, 25, 956. 
1942, 7, 

mixed anhydrides are intermediates in the reaction. 
By this type of method a 3-aminopyridine-4-carboxylic 
acid (IJI; Rt = R* = H or R! — R?— Me) -was treated 
with benzoyl chloride (2 mol.) in pyridine to yield the 
pyrido[3,4-d][1,3]oxazin-4-one (VI; R!= R?=H, R? 
= Pheor kt — ke — Me; k® —<Ph) anvotie step. lhe 
isolation of 4- -benzamidopyridine- -3-carboxylic acid in a 
closely similar reaction with 4-aminopyridine-3-carboxy- 
lic acid and less benzoyl chloride (1 mol.),® suggests that 
in the pyridopyrimidines, as in the benzoxazines,’ 
mixed anhydrides are likely intermediates. 2,6,8-Tri- 

methylpyrido[3,4-d][1,3]oxazin-4-one (VI; R!= R? = 

R’ = Me) yielded the ea 4-d|pyrimidin-4-(3H)- 
oness(Vill, Ki R2== Re — Me ko — HOF NE. 
and Ph) directly on enter with ammonia, hydroxyl- 
amine, hydrazine, and aniline respectively. 2-Pheny]l 

substituted compounds on the other hand, yielded the 
intermediate diamides (VII) on treatment with ammonia, 

’ 3 R N27 
i NZ x 

(Iu) —_—_> , | Oo 
Rai 

cA Oe Con 

° 
i (V) 

e = R! 

pine: iii NH:COR? iv “SR? 
; tal ; ot 

RNS oR CO-NHR R Np‘ 

°O ° 
(VI) (VII) (VIII) 

Reagents: i, BzCl (2 mol.)-pyridine; ii, Ac,O; iii, R4NH,; 
iv, heat or R4NH,,. 

aniline, or m-nitroaniline. The diamides (VII) were 
cyclised to the corresponding pyrido[3,4-d|pyrimidin- 
4(3H)-ones (VIII) by the action of heat for several hours. 

The treatment of the pyrido[8, o aipectniin (3 iaie 
Ones (DV.5. he — er and. Jet —— k= — Me). with 
hydrazine te yielded the as amino-acids 
(QHUGS IRs = = H and R! = R? = Me), whereas the 

5 W. J. Irwin and D. G. Wibberley, J. Chem. Soc., 1965, 4240. 
6 A. G. Ismail and D. G. Wibberley, J. Chem. Soc. (C), 1967, 

2613. 
7 D. I. Bain and R. K. Smalley, J. Chem. Soc. (C), 1968, 1593.
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pytido[3,4-d]pyrimidine-2,4(1H,3H)-diones (II; ea 

R? = R3= R‘=H and R!= R?= Me, R§= R4= 

H) yielded N-amino-compounds (II; Rt = R? = ee 

H, R‘ = NH, and R! = R? = Me, R$ = H, R* = NH,). 

Methylation at the 3-position was accomplished by the 

treatment of 6,8-dimethylpyrido[3,4-d]pyrimidin-4(3H)- 

one (IV; R! = R?= Me) and -2,4(1H,3H)-dione (II; 

J. Chem. Soc. (C), 1969 

variations in solvent, direct comparison of the n.m.r. 

spectra of the pyrido[3,4-d]pyrimidin-4(3H)-ones with 

that of the parent pyrido[3,4-d]pyrimidine (cf. footnote 

b, Table 1) are difficult. Where a direct comparison is 

possible, as in the case of 3-methylpyrido[3,4-d]pyrimidin- 

4(3H)-one, the ring protons at the 2, 6, and 8-positions 

show an upfield shift compared with the parent com- 

TABLE 1 

N.m.r. spectra ® of pyrido[3,4-d]pyrimidin-4(3H)-ones, pyrido[3,4-d]pyrimidine-2,4(1H,3H)-diones, and pyrido- 

[3,4-d][1,3]oxazin-4-ones. Chemical shifts (+ values) 

Protons and substituents 
in the pyridine ring 

Protons and substituents in the pyrimidine 
and oxazine rings 

Com- 
pound? PR? RS R* Solvent 5 6 8 1 2 3 

(Np. jbl TFA¢ 0-99(H)# 0-99(H) 0-18(H) 1-08(H) 

(IV) Me Me TFA  1-48(H) 17:02(Me) 6-77(Me) 1-23(H) 

NAGEL) = eH ed Mee OL TFA 0-88(H) 0:95(H) 0-47(H) 7-02(Me) 

With). Me Meade. Me TFA  1-49(H) 7:34(Me) 6-81(Me) 1-2(H) 6-18(Me) 

(VIII) Me Me Me H TFA  1-51(H) 17-03(Me) 6-8(Me) 7-12(Me) 

(VIII) Me Me Me OH TFA  1-6(H)  7:08(Me) 6-8(Me) 7-08(Me) 

(VEL) Me}. Mea" Bh . H TFA 2-1(H) 7:-1(Me) 7-42(Me) oe and . 
-79—2-90 (Ph) 

(WALL); ee Me CDCl, 1-29(H)¢ 1-95(H) 0-86(H) 1-87(H) 6-39(Me) 

(Vad) “Me. Me. Me CDCl, 2-25(H) 17-34(Me) 7-15(Me) 1-97(H) 6-4(Me) 

(VIII) Me Me Me NH, CDCl, 2-3(H) 7-3(Me) 7-16(Me) 7-37(Me) 5-09 (NH) f 

(Vill); Me .Me Me Ph CDCl, 2-34(H) 7-8(Me) 7-4(Me) 7:17 (Me) 2-68—2-73 and 
2-46—2-53 (Ph) 

(Vill)? Me: Me: Ph: -Ph CDCl, 2-32(H) 7:24(Me) 7-03(Me) 2-72—2-92(Ph) 

(VIII) Me Me Ph NO,Ph CDCl, 2-47(H) 7-4(Me) 7-18(Me) 2-18(H) 2-68—2-92(Ph 
and nitropheny]) 

(ie ee EE EL H TFA  1-75(H) 1-75(H) 1-39(H) 

(Xl) Me; Me. . H TFA 1-8(H)  7-08(Me) 6-95(Me) 

(i) Me = Mer NH, TFA 1-59(H) 7-:09(Me) 6-93(Me) 

(iD Me “Me FH Me TFA 1-6(H)  7-12(Me) 6-97(Me) 6-38(Me) 

(II) Me Me Me Me TFA  1-48(H) 7-08(Me) 6-78(Me) 6-36(Me) 6-05(Me) 

(II) Me Me Me Me CDCl, 2-29(H) 7:45(Me) 7-18(Me) 6:53(Me) 6-29(Me) 

(ll) is Me Me CDCl, 1-43(H) 1-99(H) 1-25(H) 6-51(Me) , 6-34(Me) 

(WA) ie 27h CDCl, 1-22(H) 1-99(H) 0-89(H) 1:59—1-73 ach 
2-41—2-52(P. 

(VI) Me Me Me CDCl, 2-46(H) 7-55(Me) 7:47(Me) 17-29(Me) 

(Vi) oMe--=Me. Ph CDCl, 2-64(H) 7-3(Me) 7-09(Me) 1-62—1-73 and 
2-28—2-5(Ph) 

@ Measured at 60 Mc./sec. % Pyrido[3,4-d]pyrimidine: + (CDCl;) 0-48(s, 2-H), 0-42(d, J 0-7 c./sec., 4-H), 2-21(d, J 5-8 c./sec., 

5-H), 1-15(d, J 5-8 c./sec. 6-H), 0-45 d, J 0-7 c./sec. 8-H). ¢ TFA = trifluoroacetic acid. @ Singlets except where stated other- 

wise. ® Doublets (J 5-0 c./sec.). 4 Disappears on shaking with D,O. 

R1 = R2 = Me, R? = R* = H) with dimethyl sulphate 

in aqueous alkali at room temperature. The dione 

(Il; Rt = R? = R* = Me, R® = H) was converted into 

the 1,3,6,8-tetramethyl-dione (II; R!= R*=R§= 

R? = Me) with more dimethyl sulphate in aqueous alkali 

at 40°. This type of methylation was unsuccessful 

for the analogous compounds with no methyl groups in 

the pyridine ring (IV; R! = R? =H) and (IJ; R'= 

R2 = R3 = R4 =H) and gave only intractable tars. 

Methyl iodide and sodium ethoxide, however, gave the 

required N-methyl] derivatives (VIII; Ri=R?= R= 

H, R¢ = Me) and (II; R! = R? =H, R® = R* = Me) 

in these cases. 
The n.m.r. spectra of a number of pyrido[3,4-d][1,3]- 

oxazines and pyrido[3,4-d]pyrimidines are recorded in 

Table 1. The poor solubilities of certain of the com- 

pounds in deuteriochloroform necessitated the use of 

trifluoroacetic acid as a solvent which resulted in the 
expected powerful deshielding effects. Because of the 

8 W. L. F. Armarego and T. J. Batterham, J. Chem. Soc. (B), 
1966, 750. 

pound, whereas 5-H, which is deshielded by the adjacent 
carbonyl group, shows a downfield shift. 

TABLE 2 

Mass spectra of pyrido[3,4-d][1,3]oxazin-4-ones * 

2,6,8-Trimethylpyrido[3,4-d1[1,3]oxazin-4-one: 191 (12), 190 

(100) M+, 175 (6), 163 (5), 162 (39), 161 (6), 148 (9), 147 (8), 
146 (14), 121 (6), 120 (14), 119 (15), 106 (5), 105 (6), 98 (5), 
79 (18), 78 (12), 77 (5), 65 (5), 64 (21), 63 (11), 52 (13), 51 
(14), 50 (6), 44 (5), 43 (46), 42 (18) ; m * 161-1 (190 ——» 175), 
138-1 (190 ——» 162), 123-5 (175——» 147), 75-5 
(146 ——» 105) 

6,8-Dimethyl-2-phenylpyrido[3,4-d][1,3joxazin-4-one: 253 (18), 
252 (100) M+, 224 (21), 219 (28), 208 (13), 204 (5), 147 (6), 
134 (5), 119 (7), 106 (8), 105 (87), 78 (17), 77 (60), 64 (13), 
63. (7);.62, (8),, 51. (21), 002 (6), 42. (11)5. 2m ~ 109:9 
(252 ——p 224), 171-7 (252 ——s 208), 56-5 (105 ——» 77) 

2-Phenylpyrido[3,4-d][1,3]oxazin-4-one: 225 (6), 224 (31) M+, 
180 (7), 122 (46), 106 (11), 105 (100), 77 (57), 76 (6), 64 (6), 
51 (20), 50 (13); m * 144-7 (224——~» 180), 90-3 
(122 ——» 105), 56-5 (105 ——» 77) 

* Intensities of ions above 4% of the base peak are shown 
in parenthesis. Ions below m/e 42 are not shown. 

The mass spectra of the pyrido[3,4-d]pyrimidines are 

to be recorded elsewhere. Those of three pyrido[3,4-d]-  
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[1,3]oxazin-4-ones are given in Table 2. The pyrido- 

oxazines were more susceptible to fragmentation by 
electron impact than the corresponding pyridopyr- 
imidines but with the two eee compounds (VI; 
R? = R2? = R® = Me and R? = R* = Me, R® = Ph) the 
molecular ion was still the base vet The two most 
important fragmentation losses from all three com- 
pounds were CO and CO,. The principal fragmentation 
ion was an acyl group, CH. er ag the 2,6,8-trimethyl 

compound (VI; Rt= R= = Me), and PhCO* 
a both 6,8-dimethyl-2- Ae (Vile he — Me, 

= Ph) and 2-phenyl- (VI; RE Re Bek — Ph) 
Sere djoxazin-4-one; in the latter case this was 

the peak in the spectrum. 

EXPERIMENTAL 

Lr. spectra were determined with a Unicam SP 200 

spectrophotometer, n.m.r. spectra with a Varian A-60A 

spectrometer, and mass spectra with an A.E.I. M.S.9 

spectrometer operating at 50 ua and 70 Ev. 

2,6,8-Trimethylpyrido[3,4-d][1,3]oxazin-4-one (VI; Rt = 
R? = R* = Me).— 3-Amino-2,6-dimethylpyridine-4-carb- 

oxylic acid (1:0 g.) and acetic anhydride (12 ml.) were 

heated together under reflux for 2 hr. The excess of 
acetic anhydride was removed under reduced pressure, and 

the residue was cooled to yield the pyrido-oxazine (0:8 g., 

70%), needles, m.p. 139—140° (from ethyl acetate) (Found: 

C, 63:0; H, 5-4; N, 14:6. C,)H,)N,O, requires C, 63-2; 
H, 5-3; N, 14:7%), v,,,, 1745 (C=O), 1635 (C=N), and 1240 
(C-O) cm.+. The pyrido-oxazine was substantially un- 

changed after exposure to the air for 1 week. A suspension 

of the pyrido-oxazine (0-15 g.) in water (10 ml.) was stirred 
for 16 hr. at room temperature to yield 3-acetamido-2,6-di- 

methylpyvidine-4-carboxylic acid (0:12 g., 75%), m.p. 274— 

276° (Found: C, 57:3; H, 6-0; N, 13-6. C, 9H,.N.O, re- 
quires .C,.57-75;. H, 5:83). N, 113-59); Vinax, 3150 (N-H), 

2500—2400 (bonded O-H), 1680 and 1650 (C=O) cm.7}. 
2,6-Dimethyl-2-phenylpyrido[3,4-d][1,3]oxazin-4-one (VI; 

Ri = R? = Me, R* = Ph).—3-Amino-2,6-dimethylpyridine- 

4-carboxylic acid hydrochloride (1-0 g.) and benzoyl chloride 
(1-5 ml.) were heated together under reflux for 20 min. 

The solution was diluted with water to yield the pyrido- 

oxazine (0-75 g., 61%), needles, m.p. 156—157° (from 
benzene) (Found: C, 71-5; H, 4:9; N, 11-:2.. C€,,H,.N,0, 

requires) ©; 70-55. Fl4-85. IN, 12196) sive ele150. (C=O); 

1610 (C=N), and 1240 (C-O) cm.1. The pyrido-oxazine was 
not hydrolysed by treatment with water at 35—45° for 3 days. 

2-Phenylpyrido[3,4-d][1,3]oxazin-4-one (VI; R!= R? = 

H, R® = Ph).—Similar treatment of 3-aminopyridine- 
4-carboxylic acid with benzoy] chloride (2-0 mol.) in pyridine 

yielded the pyrido-oxazine (64%), m.p. 1381—132° (from 
light petroleum) (Found: C, 69-7; H, 3-8; N, 12:3. 

C,,H,N,O, requires C, 69-6; H, 3-6; N, 12-5%), v,,, 1760 
(C=O) 1610 (C=N), and 1240 (C-O) cm.1. The pyrido- 
oxazine was not hydrolysed by similar treatment with 
water at 35—45° for 3 days. 

6,8-Dimethylpyrido[3,4-d]pyrimidin 4(3H)-one (IV; Rt = 

R? = Me).—3-Amino-2,6-dimethy]pvridine-4-carboxylic 

acid (2:5 g.) and formamide (5-0 g.) «ere heated together at 

165—175° for 2 hr. to yield the fpuridopyrimidine (1-7 g., 

64%), needles, m.p. 289—291° (fr > +cetic acid) (Found: 
C) 61-432 Hy 5:33 N, 23:7. - C,H N G* requires C,.60-7. HH, 
5:2; N;, 24:0%), Vinx 1675 (C=O) cn: *? 

ma 
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2,6,8-Trimethylpyrido[3,4-d]pyrimidin-4(3H)-one (VIII; 
R! = R? = R§= Me, Rt = H).—2,6,8-Trimethylpyrido- 
[3,4-d][1,3]oxazin-4-one (0:4 g.) was added to ammonia 
(10 ml.; d@ 0-88) and the mixture was stirred at room 

temperature until dissolution was complete (12 hr.). 

Evaporation under reduced pressure yielded the pyvrido- 

pyrimidine (0-33 g., 83%), m.p. 287—289° (from ethanol) 

(Found: C, 63-2; H, 5-9; N, 22-0. C,)H,,N,O requires C, 

63-5; H, 5-8; N, 22-2%), v,... 3180 (N-H) and 1680 (C=O) 
max, 

cme} 

3-Hydroxy-2,6,8-trimethylpyvido[3,4- -d|pyrimidin-4 (3H)- 
one (VEIT, RY R? = RP = Me, R4 OH) :—2,6'8-iri- 
methylpyrido[3,4-d][1,3]oxazin-4-one (0-32 g.) was added to 

a solution of sodium hydroxide (0-5 g.) in ethanol (25 ml.) 

containing hydroxylamine (0-2 g.) and the mixture was 

stirred at room temperature for 5 days. The solution was 
acidified, filtered, and the filtrate was evaporated to yield 

the pyridopyrimidine (0-23 g., 66%), m.p. 256—258° (from 

ethanol) (Found: C, 58-2; H, 5:6; N, 20-7. C,)H,,N,0, 

requires C, 58-5; H, 5-4; N, 20:5%), vi., 2600—2450 

(O-H), 1700 (C=O) cm.7. The product is a cyclic hydroxa- 

mic acid and gave the typical wine red colour with ferric 
chloride. 

3-A mino-2,6,8-trimethylpyrido[3,4-d] pyrimidin-4(3H)-one 
(VIIL;;) Ri = R*= R* = Me,” R* = NH,):—Hydrazine 

hydrate (1-5 ml.) was added to 2,6,8-trimethylpyrido- 

(3,4-d][1,3]oxazin-4-one (0-5 g.) in ethanol (15 ml.) and the 

mixture was stirred at room temperature until dissolution 

was complete (7 days). Concentration yielded the pyvido- 
pyrimidine (0-46 g., 86%), m.p. 205—206° (from ethanol) 

(Found: C, 58:9; H, 6:1; N, 27-5. .C,,H,,N,O requires 

G3758:854 Ty 6-9;-N5 275%), v 3300 and 3100 (N-H), 
1680 (C=O) cm.7}. 

2,6,8-Tvimethyl-3-phenylpyrido[3,4-d] pyrimidin-4(3H)-one 
(VIII; Rt = R? = R3 = Me, Rt = Ph).—2,6,8-Trimethy]l- 
pyrido[3,4-d][1,3]oxazin-4-one (0-26 g.) and aniline (0-6 g.) 

were heated together at 180—190° for 45 min. The cooled 

melt was triturated with ether to give the pyridopyrimidine 
(0-34 g., 94%), needles, m.p. 216—217° (from benzene) 

(Found: C, 72-7; H, 5-4; N, 15-9. C,,H,;N,O requires C, 

12:55) E136: ON, 15:996),.V- 2.1670 (C50) emit, 

6,8-Dimethyl-2-phenylpyrido[3,4-d]pyrimidin-4(3H)-one 

(VIII; R1 = R* = Me, R? = Ph, R* = H).—6,8-Dimethyl- 
2-phenylpyrido[3,4-d][1,3]oxazin-4-one (0-8 g.) and ammonia 

(10 ml.; d 0-88) were stirred together at 20° for 24 hr. and 
the precipitated 3-benzamido-2,6-dimethylpyridine-4-carb- 

oxamide (0-7 g., 86%) was collected, m.p. 277—278° (from 
ethanol) (Found: C, 66-6; H, 5:7; N, 15-4. C,;H,,N,O, 

requires C, 66-9; H, 5-6; N, 15-6%), Vmax, 3830 and 3250 

(N-H), 1665 and 1640 (C=O) cm.7}. 

max. 

The diamide was 

heated at 240° (oil-bath temperature) for 12 hr. to yield the 
pyvidopyrimidine (100%), m.p. 270—271° (Found: C, 71-5; 

H, 5:4; N, 16-6. _C,,H,,N,O requires C, 71-7; H, 5-2; N, 
16°7%) Vinay, 1690 (C=O) cm.7}. 

2-Phenylpyvido[3,4-d]pyrimidin-4(3H)-one (VIII; R= 
R? = R4 = H, R* = Ph).—Similar treatment of 2-phenyl- 

pyrido[3,4-d][1,3]oxazin-4-one with ammonia yielded 

3-benzamid»pyridine-4-carboxamide (82%), m.p. 210—211° 
(Found: C, 64-5; H, 4:3; N, 17-3. C,,H,,N,O, requires 

C, 64:7; H, 46; N, 17-4%), v,,. 3450 and 3150 (N-H), 
1680, and 1650 (C=O) cm.*. Cyclisation by heat at 260° 
for 18 hr. gave the pyridopyrimidine (100%), m.p. 266— 

2012 -(ound: ~G, 69-77-7305. NiO 18-72. ‘CH NOrre- 
quires C, 70-0; H, 4-0; N, 18-8%), v,, 1990 (C=O) cm.72. 

6,8- Dimethyl-2, 3- -diphenylpyridol3, 4. iV burimidin- -4(3H)-
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one (VIII; R1= R* = Me, R? = Rt= Ph).—  6,8-Di- 
methyl-2-phenylpyrido[3,4-d][1,3joxazin-4-one (0-5 g.), 

aniline (1-0 ml.), and ethanol (25 ml.) were stirred together 

at 20° for 24 hr. to yield 3-benzamido-2,6-dimethyl-N-phenyl- 
pyridine-4-carboxamide (0-52 g., 76%), m.p. 253—254° (from 

ethanol) (Found: C, 73-0; H, 5-4; N, 12:0. C,,H,,N,O, 
requires C, 73-1; H, 5-5; N, 12:2%), v,,, 3250 (N-H) and 

1650 (C=O) cm... The amide was heated at 200° for 12 hr. 

to yield the pyridopyrimidine (100%), m.p. 187—188° 
(Found: C, 76:8; H, 5-2; N, 13:1. C,,H,,N. - requires 

C, 77:1; H, 5:2; N, 12-8%), v,,,. 1680 (C=O) cm 
6,8- Dimethyl-3-(3'-nitrophenyl)- “2. ‘Phenylpyrido(3.4 4- in 

pyrimidin-4(3H)-one (VIII; R!= R? = Me, = Ph, 
= 3-NO,C,H,).— 6, “9 erioeeatena ho ieieg 

[1,3Joxazin-4-one (0-9 g.) and m-nitroaniline (1-0 g.) were 

heated together at 150—160° for 2 hr. The residue was 
stirred with chloroform and filtered to leave 3-benzamido- 

2,6-dimethyl-N-(3-nitrophenyl)pyridine-4-carboxamide (0-4 
g., 30%), m.p. 303—304° (from acetone) (Found: C, 64:3; 

H, 4:6; N, 14-1. C,,H,,N,O, requires C, 64:6; H, 4-6; 
N, 14:4%), ving 8175 (N-H) and 1645 (C=O) cm.7.  Evapor- 
ation of the chloroform extract gave the pyridopyrimidine 
(0-3 g., 28%), m.p. 240—241° (light petroleum) which was 

also formed by heating the amide at 280° for 2 hr. (Found: 
C, 67-8; H, 4-4; N, 15-2. C,,H,.N,O, requires C, 67-8; H, 

4-3; N, 15-1%), v,,,,. 1680 (C=O) cm.7?. 
Reaction of  Pyrido[3,4-d]pyrimidin-4(3H)-ones and 

-2,4(1H,3H)-diones with Hydrazine Hydrate——(a) Pyrido- 
[8,4-d]pyrimidin-4(3H)-one (0-5 g.) and hydrazine hydrate 
(10 ml.) were heated together under reflux for 20 hr. The 

excess of hydrazine was evaporated off under reduced 
pressure and the residual oil was triturated with ethanol to 

yield 3-aminopyridine-4-carboxylic acid (0-35 g., 74%) 
(undepressed mixed m.p. and identical i.r. spectrum with 

an authentic sample). 
(6) Similar treatment of 6,8-dimethylpyrido[3,4-d]- 

pyrimidin-4(3H)-one (0:7 g.) gave 3-amino-2,6-dimethyl- 

pyridine-4-carboxylic acid (0-5 g., 75%). 
(c) 6,8-Dimethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)- 

dione (1:0 g.) gave 3-amino-6,8-dimethylpyrido[3,4-d]- 

te -2,4(1H,3H)-dione (II; R! = R* = Me, R?’= H, 
R‘ = NH,) (0:6 g., 56%), needles, m.p. >300° (from water) 

a C, 52-6; H, 4-7; N, 27-0. C,H, )N,O, requires C, 

52-4; H, 4-9; N, 27-2%), v,,,,. 3350, 3150, and 3050 (N-H), 
1725 and 1665 (C=O) cm. om 

(d) Pyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione (1:0 g.) 
gave 3-aminopyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione (II; 

A a Re, ok * == NE) (0-65:09.,,. 6094), needles, 

m.p. 278—279° (from water) (Found: C, 47:4; H, 3-1; N, 
31-6. C,H,N,O, requires C, 47-2; H, 3-4; N, 31-5%), Vir? 

3310, 3110, and 3030 (N-H), 1710—1680 (C=O) cm.7!. 

J. Chem. Soc. (C), 1969 

Methylations—  3,6,8-Trimethylpyrido[3,4-d]pyrimidin-4 
(SE1)-one =(VILE, Rt — Ri —_ Re — Me RR? — i). Die 
methyl sulphate (1-5 ml.) was added to a stirred solution of 
6,8-dimethylpyrido[3,4-d]pyrimidin-4(3H)-one (0-75 g.) in 
sodium hydroxide solution (20 ml., 5-0%) at 35—40° during 
1 hr. and the mixture was stirred for a further lhr. Extrac- 

tion with chloroform yielded the methylated derivative (0-7 
g., 81%), m.p. 155—156° (light petroleum) (Found: C, 

63:7; H, 5:8; N, 21-9. | C,,H,,N,O requires C, 63:5; Hi, 
5-8; N, 22-2%), v,,,, 1675 (C=O) and 1580 (C=N) cm.7?. 

3,6,8-Trimethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione 
(iL; RY Re = RY — Me, R* ='H).: Similar treatment 

of  6,8-dimethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione 
(1-0 g.) with dimethyl] sulphate for 1-5 hr. gave a precipitate 

of the trimethyl-dione (0-8 g., 75%), m.p. 350—353° (from 
acetic acid) (Found: C, 58-5; H, 5-4; N, 20-4. C,9H,,N,O, 
requires C, 58-5; H, 5-4; N, 20-5%), v,,, 3200 (N-H), 
1715, and 1655 (C=O) cm."1. 

1,3,6,8-Tetramethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)- 
dione (II; R! = R? = R*® = R*= Me). Dimethyl sul- 

phate (4:0 ml.) was added to a stirred solution of 3,6,8-tri- 
methylpyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione in sodium 
hydroxide (30 ml., 5-0%) at 35—40° during 2 hr. The 

mixture was filtered free from unchanged starting material 
(1-5 g.) after a further 1 hr., and the filtrate was extracted 

with chloroform to yield the tetramethyl-dione (0-2 g., 10%), 
m.p. 167—168° (from light petroleum) (Found: C, 60-5; H, 

6-1; N, 18-9. C,,H,3;N,0,. requires C, 60-3; H, 5:9; N, 
19-2%), Vinax, 1695 and 1655 (C=O) cm.7. 

3-Methylpyrido[3,4-d|pyrimidin-4(3H)-one (VIII; R!= 

R= R? =H, R“ = Me). Methyl acdide’ (1-2 ml.) was 
added to a solution of pyrido[3,4-d]pyrimidin-4(3H)-one 

(0-75 g.) in ethanol (50 ml.) and sodium ethoxide [from 
sodium (0-12 g.)] and the solution was heated under reflux 
for 4 hr. The mixture was filtered, and the filtrate was. 

concentrated, diluted with water, and extracted with chloro- 

form to yield the methylated derivative (0-48 g., 67%), 

needles, m.p. 176—177° (from light petroleum) (Found: C, 

59-5; H, 4:3; N, 26-2. C,H,N,O requires C, 59-6; H, 
4:3; N, 26-1%), v,,,, 1670 (C=O) cm.7?. 

1 ,3-Dimethylpyrido[3, 4-d] pyrimidine-2,4(1H,3H)-dione 
(TER he as = Re — Me), Similar treatment of. 

pyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione (0-5 g.) with 

methyl iodide (1-6 ml.) (4 hr. reflux) yielded unchanged 
starting material (0-2 g.) and, by extraction with chloroform 

as above, the dimethyl-dione (0-22 g., 37-5%), needles, m.p. 

158—159° (from light petroleum) (Found: C, 56-1; H, 4-7; 

N, 21-6. C,H,N,O, requires C, 56-5; H, 4:7; N, 22:0%), 
max, 1705 and 1665 (C=O) cm.7. 

(8/1680 Received, November 18th, 1968} 
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Fragmentation of Some Pyridopyrim- 
idin-4(3H)-ones and Pyridopyrimidine-2,4(1H,3H)-diones induced by 
Electron Impact 

By I. R. Gelling, W. J. Irwin, and D. G. Wibberley,* Department of Pharmacy, University of Aston in Birming- 

ham, Gosta Green, Birmingham, 4 

The mass spectra of the four pyrido[2,3-d]-, pyrido[3,2-d]-, pyrido[3,4-d]-, and pyrido[4,3-d]-pyrimidin- 
4(3H)-ones, and the corresponding four -pyrimidine-2,4(1H,3H)-diones, and a number of methyl-, hydroxy-, 
and phenyl-substituted derivatives of these compounds have been measured. Fragmentation pathways are 

postulated on the basis of these spectra and, in certain cases, with the aid of deuterium labelling. Variations are 

observed in the mode of fragmentation according to the nature of the substitutent group and the position of the 
nitrogen atom in the pyridine ring, and comparisons are drawn with the quinazolones and pteridones. 

THE mass spectra of pyridones,? quinolones,? quinazo- 
lones,* and pteridones® are recorded in the literature. 
We have now determined the mass spectra of the four 
isomeric pyridopyrimidin-4(3H)-ones (I), the four pyr- 
idopyrimidine-2,4(1H,3H)-diones (II) and certain of 
their substituted derivatives (cf. Table 1). 

The mass spectra of the four pyridopyrimidin-4(3H)- 
ones (I) showed an overall similarity; they are also 
similar to the reported mass spectra of quinazolin- 
4(3H)-one (III) * and pteridin-4(3H)-one (IV).6 Thus 
the pyridopyrimidin-4(3H)-ones all. showed strong 

N os O 

O O 

(1)? 

On. OO. 
(ID) (fv) 

The N atom is located in the pyridine ring at the 5-((3,2-d)), 
6-([4,3-d]), 7-([3,4-d]), or 8-positions ([2,3-d]). 

molecular ion peaks (m/e 147), small m/2e peaks, and a 
principal degradation pathway in all four cases of an 
initial loss of CO, followed by two successive losses of 

one molecule of HCN. 
Pyrido[3,2-d]pyrimidin-4(3H)-one showed the simplest 

mass spectrum (Table 1) with this degradation pathway 
(Scheme 1) accounting for the bulk of the ion current 
(the [M — CO]** ion at m/e 119 has an intensity of 76%). 
The only other fragmentation pathways of any appreci- 
able importance in this system involved the loss of HCN 
to yield the fragmentation ion at m/e 120, and that of 

1 Part V, I. R. Gelling and D. G. Wibberley, J. Chem. Soc. 
(C), 1969, 931. 

2 R. Lawrence and E. S. Waight, J. Chem. Soc. (B), 1968, 1. 
3 D. M. Clugston and D. B. McLean, Canad. J. Chem., 1966, 

44, 781. 
4 T. J. Batterham, A. C. K. Triffett, and J. A. Wunderlich, 

J. Chem. Soc. (B), 1967, 892. 
5 T. Goto, A. Tatematsu, and S. Matsuura, J. Org. Chem., 

1965, 30, 1844. 

HCNO or HNCO to yield the ion at m/e 104. These 
ions can then fragment further by loss of HNCO and 
HCN respectively to yield the ion at m/e 77 (14%) 
which is conventionally regarded as a pyridyne radical- 
ion (Scheme 2). A similar minor fragmentation path- 
way involving HNCO loss may be deduced from the 
published mass spectra of quinazolin-4(3H)-one* and 
pteridin-4(3H)-one® but has received no previous 
mention. 

TABLE 1 

Mass spectra of pyridopyrimidin-4(3H)-ones and 

pyridopyrimidine-2,4(1H,3H)-diones 

Pyrido[2,3-d]pyrimidin-4(3H)-one ee 

148(8), 147(100), 120(8), 119020) 118(4), 93(9), 92(28), 
91(6), 77(4), 76(4), 73-5(1), 66(3) , 85/10), Bat10), 63(3), 
53(8), 52(3), 51(4), 50(7), 41(4), 40(3), 39(6), 38(8), 
37(6) 

mle (I) 

m* 96-3 (147 -> 119), 71-1 (119 > 92), 45-9 (92> 65) 

Pyrido[2,3-d]pyrimidin-4(3-?H,)-one 

149(10), 148(100), 147(38), 121(7), 120(25), 119(16), 
93(22), 92(25), 91(7), 77(4), 76(4), oe 73-5(2), 67(3), 
66(4), 65(11), 64(14), aa 53(4), 52(4), 51(5), 50(10), 
49(4), A118) ‘40(4), 39(7) , 38(14), 37(9) 

m* 97-5 (148—> 120), 96-3 (147 > 119), 72-1 (120 > 93), 
71-1 (119-> 92), 70-5 (120-> 92), 45-9 (92 > 65), 37-5 

Pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (II) 

164(8), 163(100), 121(4), 120(40), 119(2), 93(40), 92(32), 
91(5), 67(3), 66(3), 65(10), 64(9), 52(3), 50(3), 41(8), 
39(3), 38(8), 37(5) 

m* 88-4 (163—> 120) 

1,3-Dimethylpyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (XVI) 

mje (I) 192(11), 191(100), 171(4), 163(20), 162(25), 161(7), 
134(5), 133(6), 107(5), 106(22), 105(5), 93(5), 81(8), 80(7), 
79(83), 78(15), 77(5), 76(5), 66(5), 65(5), 64(8), 58(8), 
53(5), 62(11), 51(13), 50(7), 44(22), 36(7) 

m* 139-2 (191 > 163), 84:0 (134—> 106), 59-0 (106—> 79), 
34-2 (79> 52) 

Pyrido[3,2-d]pyrimidin-4(3H)-one (VI; R = H) 

148(10), 147(100), 120(5), 119(76), 118(5), 104(5), 92(39), 
91(15), 77(14), 76(11), 75(8), 65(19), 64(22), 52(11), 
51(11), 50(11), 40(7), 39(11), 38(14), 37(9) 

m* 96:3 (147 > 119), 95-8, 71-1 (119 > 92), 45-9 (92—> 65), 
47-4 

mle (I) 

mle (I) 

mle (I) 

Pyrido[3,2-d]pyrimidin-4(3-2H,)-one 

149(10), 148(100), 147(35), 121(4), ee, 
104(7), 93(17), 92(26), 91(8), 77(14), ee ), 67(4), 
66(8), 65(23), 64(17), 63(4), 53(4), 52(7 Psi. '50(11), 
49(3), 42(4), 41(6), 40(10), 39(10), a5 (a8), 37(10) 

m* 97-5 (148 > 120), 96-3 (147-> 119), 72-1 (120-> 93), 
71-2 (119 > 92) 

mle (I) a) rts.
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TABLE 1 (Continued) 

2-Methylpyrido[3,2-d]pyrimidin-4(3H)-one (VI; R = Me) 

mle (I) 162(10), 161(100), 160(8), 146(3), 133(22), 132(8), 
120(4), 119(8), 118(14), 93(6), 92(14), 91(7), 79(3), 
78(8), 77(8), 76(4), 65(7), 64(7), 51(4), 50(7), 43(5), 
42(26), 41(6), 40(7), 39(5), 38(6), 37(3), 36(14) 

m* 132-1 (161 -> 146), 131-2 (133 > 132), 109-9 (161 -> 133), 
75-6, 70-3 (120 > 92), hie 

2-Phenylpyrido[3,2-d]pyrimidin-4(3H)-one (VI; R = Ph) 

mle (I) oan 223(100), 222(14), 196(5), 195(29), 194(9), 
180(5) | 179(9), 161(6), 120(26), 106(6), 105(10), 104(15), 
103(9 ), 93(3), 92(23), 91(5), 84(3), 76(5), 75(23), 74(8), 
65(5), 64(4), 52(4), 51(9), 50(6), 44(20), 36(4) 

m* 170-4 (223-> 195), 144-3, 70-4 (120 > 92), 64-6 (223 > 
120) 

3-Hydroxy-2-methylpyrido[3,2-d]pyrimidin-4(3H)-one (X1) 

mje (I) 178(11), 177(100), 162(12), 161(99), 160(10), 147(14), 
146(7), 145(4), 144(4), 133(25), 132(11), 131(8), 120(7), 
119(25), 118(21), 117(5), 107(3), 106(15), 105(5), 104(5), 
103(4), 93(15), 92(24), 91(15), 79(11), 78(47), 77(19), 
76(9), 65(14), 64(15), 59-5(4), 59(11), 53(6), 52(15), 
51(12), 50(13), 45(10), i ged 43(20), 42(33), 41(17), 
40(17), 39(14), 38(12), 37(7) 

m* 131-2 (133-> 132), 122-1 (172 > 147), 110 (161 > 133) 

Pyrido[3,2-d]pyrimidine-2,4(1H,3H)-dione (II) 

164(8), ae 121(4), 120(48), 119(2), 93(7), 92(98), 
91(7), 70(4), 66(12), 65(33), 64(15), 63(4), 53(4), 52(6), 
514), 50(4), 44(10), 430), 41(11), 40(10), 39(10), 38(18), 

6-Methylpyrido[3,2-d]pyrimidine-2,4(1H,3H)-dione 

178(9), 177(100), 135(3), 134(44), 133(3), 107(32), 
106(36), 105(15), 80(3), 79(29), 78(13), 77(3), 76(3), 
64(3), 53(6), 52(26), 51(11), 50(4), 39(6) 

1,3-Dimethylpyrido[3,2- Ol ed 2,4(1H,3H)-dione (XV) 

mie (1) 

mle (I) 

mle (I) 192(11), 191(100), 176(1 ), 16800), 162(2), 135(8), 134(5), 
107(3), 106(18), 105(8) 104(1), 91(2), 80(2), 79(10), 
78(3), 77(1), 76(1), 66(1), 65(1), 64(2), 53(1), 52(5), 
51(2), 50(1), 43(1), 42(3), 40(2), 39(2), 38(1) 

m* 139-1 (191 > 163), 104 (106-> 105), 94-0 (191 > 134), 
83-9 (134 > 106), 59-0 (106 > 79) 

1,3,6-Trimethylpyrido[3,2-d]pyrimidine-2,4(1H,3H)-dione 

mle (I) 206(14), 205(100), 177(3), 176(8), 162(2), 161(3), 149(4), 
148(11), 121(7), 120(57), 119(22), 93(3), 92(4), 79(4), 
78(3), 44(10) 

m* 152-8 (205 -> 177),.118 (120 > 119), 97-3 (148 > 120) 

Pyrido[3,4-d]pyrimidin-4(3H)-one (1) 

148(12), 147(100), 146(8), 120(6), 119(18), 118(12), 
117(6), 106(6), 105(4), 104(9), 103(6), 96/6), 93(12), 
92(32), 91(12), 77(9), 76(6), 73-5(2), 66(6), 65(18), 
64(18), 63(5), 53(6), 52(15), 51(15), 50(21), 49(6), 44(9), 
43(4), 42(6), 41(6), 4016), 39(9), 38(18), 37(12) 

m* 145 (147-> 146), 96-3 (147-119), 71-1 (119-> 92), 
45-9 (92 > 65) 

6,8-Dimethylpyrido[3,4-d]pyrimidin-4(3H)-one (VIII) 

mle (I) 176(10), 175(100), 174(5), 147(5), 146(5), 132(3), 120(10), 
119(5), 106(4), 105(3), 79(7), 78(5), 52(8), 51(6), 42(6) 

m* 123-8 (175 > 147), 98 (147 > 120), 58-9 (106 > 79) 

3-Methylpyrido[3,4-d]pyrimidin-4(3H)-one (VII) 

162(13), 161(100), 160(13), 134(5), 133(22), 132(11), 
131(3), 120(6), 105(12), 104(6), 103(6), 93(9), 92(5), 
91(3), 80-5(3), 79(6), 78(5), 77(3), 76(5), 66(3), 65(5), 
64(8), 52(3), 51(6), 50(12), 43(3), 42(31), 41(6) 

3,6,8-Trimethylpyrido[3,4-d]pyrimidin-4(3H)-one (X) 

mle (I) 190(14), 189(100), 188(7), 176(3), 174(4), 161(4), 160(3), 
148(3), 147(4), nen) 134(2), 120(6), 119(6), 79(4), 
78(5), 64(4), 63(3), 52(6), 51(5), 42(27), 41(4), 39(3) 

m* 160-2 (189 > 174), 137-2 (189 > 161), 118 (120 > 119), 
116 (189 > 148), 89-5 (161 > 118) 

mle (I) 

mle (1) 
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TABLE 1 (Continued) 

2,6,8-Trimethylpyrido[3,4-d]pyrimidin-4(3H)-one (IX) 

mle (I) 190(12), 189(100), 188(8), 174(3), 161(2), 160(2), 149(2), 
148(3), 147(5), 146(3), 133(2), 131(2), 121(2), 120(4), 
119(6), 118(2), 107(2), 106(2), 105(3), 104(2), 93(2), 
92(2), 80(2), 79(7), 78(5), 77(2), 76(2), 69(2), 66(2), 
65(2), 64(4), 63(4), 62(2), 53(2), 52(7), 51(5), 50(3), 
45(2), 44(4), 43(2), 42(18), 41(3), 39(2), 38(3), 36(7) 

m* 187 (189 > 188), 160-2 (189—> 174), 137-1 (189-> 161), 
118 (120-—> 119), 116 (189—> 148), 112-8 (189-> 146) 

3-Hydroxy-2,6,8-trimethylpyrido[3,4-d]pyrimidin-4(3H)-one 
(XII) 

mje (I) 206(12), 205(90), 190(7), 189(45), 188(12), 175(5), 
174(3), 161(3), 160(3), 159(3), 158(3), 148(12), 147(100), 
146(7), 144(3), 121(3), 20th, 119(13), 118(3), 106(3), 
105(4), 104(3), 93(3), 92(6), 87(3), 79(8), 78(13), 77(7), 
76(5), 73(3), 67(3), 66(3), 65(5), 64(15), 63(10), 62(3), 
58(3), 53(3), 52(13), 51(13), 50(5), 45(3), 44(7), 43(5), 
41(3), 40(4), 39(5), 38(3) 

m* 172-4 (205-> 189), 114-9 (188-—> 147), 97-8, 96-3 (147 > 
119), 62-3, 61-3, 33-2 

Pyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione (II) 

164(11), 163(100), 147(4), 121(5), 120(43), 119(2), 
94(2), 93(33), 92(12), 91(4), 82(25), 81(10), 80(25), 
79(10), cs 66(4), 65(13), 64(11), 63(2), 60(4), 52(5), 
50(4), 45(2), 44(5), 43(5) 

m* 88-4 (163 > 120), 72-1 (120-> 93), 46-0 (92 > 65) 

6,8-Dimethylpyrido[3,4-d]pyrimidine-2,4(H,3H)-dione (XIII) 
mle (I) 192(10), 191(100), 148(36), 121(7), 120(32), 119(28), 

93(8), 92(4), 80(3), 79(32), 78(9), 77(3), 76(3), 66(4), 
65(4), 63(3), 53(4), 52(17), 51(11), 50(5), 42(8), 39(3) 

m* 118 (120-> 119), 114-7 (191 —> 148), 97-3 (148 > 120) 

1,3-Dimethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione (XVII) 

mje (I) 192(12), re tu 163(5), 162(4), 161(3), 135(3), 134(8), 

mle (I) 

133(4), 107(7), 106(73), 105( (18), 93(18), 91(3), 81(3), 
80(3), 701) 78(8), 7H (3), 76(3), 69(3), 66(4), rah 
64(14), 63(3), 56(3), 53(3), sat? ), 51(8), 50(7), 42(6) 
38(8), 37(4) 

m* 104 (106-> 105), 

58-9 (106 —> 79) 

1,3,6,8-Tetramethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione 

94-1 (191 > 134), 83-9 (134 +> 106), 

(XVIII) 
mle (I) 220(14), 219(100), 218(4), 205(3), ete 191(3), 

190(11), 189(7), 176(3), 175(8), 162(4), 161(3), 148(11), 
147(23), 146(3), 135(2), 134(13), 13300, 120(5), 119(14), 
109-5(3), 107(4), 93(3), 92(6), 79(4), 78(10), 77(4), 72(5), 
66(4), 65(5), 64(3), 63(3), 56(3), 52(7), 51(8), 50(3), 
42(11), 41(3), 39(4) 

m* 190 (219-> 204), 164-9 (219 > 190), 132-8 (135 -> 134), 
123-5 (175-> 147), 120, 116, 111, 97, 96-3 (147 > 119) 

3,6,8-Trimethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione (XIV) 

mle (I) 206(11), 205(100), 191(5), 179(4), 178(7), 149(8), 148(63), 
147(7), 121(8), 120(46), 119(26), 93(8), 92(5), 79(29), 
78(9), 77(4), 76(4), 67(5), 66(5), 65(5), 64(7), 63(8), 
52(18), 51(12), 50(5), 44(5), 42(9), 41(5), 39(5) 

m* 118 (120-> 119), 106-9 (205-> 148), 97-3 (148-—> 120) 

Pyrido[4,3-d}pyrimidin-4(3H)-one (I) 
148(10), 147(100), 146(10), 120(7), 119(9), 118(9), 
105(3), 104(2), <23(30), 92(80), 91(12), 77(9), 76(8), 
75(7), 73-5(6), 68(6), 67(5), 66(9), 65(18), 64(21), 59(6), 
53(15), 52(10), 51(6), 50(18), 44(8), 43(12), 41(6), 40(6), 
38(12), 37(12) 

m* 97-9 (147-> 120), 96-3 (147—> 119), 95-3 (146 > 118), 
72 (120 > 93), 71 (119 > 92), 70, 46 (92 > 65), 45 

Was ae ee 4(1H,3H)-dione (II) 
164(29), 163(88), 162(6), 147(5), 145(4), 134(5), 121(20), 
120(100), 119(12), 108(2), 107( (4), 106(9), 94(14), 93(85), 
92(18), 91(8), 80(5), 79(5), 77(4), 76(6), 70(11), 68(12), 
66(10), 65(44), 64(32), 63(9), 61(3), 60(4), 59(3), 53(32), 
52(35), 51(11), 50(70), 41(14), 40(13), 39(12), 38(36) 

m* 88-4 (163 > 120), 72-1 (120 93), 45-4 (93-> 65), 22-2 
(65 > 38) 

mle (I) 

mle (1) 
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Four crystallisations of pyrido[3,2-d]pyrimidin- 
4(3H)-one from D,O yielded a sample of pyrido[3,2-d]- 
pyrimidin-4(3-"7,)-one which, although it still contained 
ca. 30% of the non-deuteriated material, nevertheless 
gave a mass spectrum which confirmed the pathways 
suggested in Schemes 1 and 2 (cf. Table 1). The presence 
of a strong peak at m/e 93 in this spectrum which was 
absent in the 4(3H)-one showed that the proton attached 
to N-3 is not removed in the second stage of the principal 
fragmentation pathway (Scheme 1). Subsequent 
scrambling effects are observed in the loss of both 
DCN and HCN from this fragmentation ion to yield ions 
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SCHEME 2 

at m/e 65 and m/e 66. From this it could be suggested 
that diazatropylium radical ions, (Ve) and (Vf), more 
adequately represent the structure of the ion at m/e 
92 in the spectrum of pyrido{3,2-d]pyrimidin-4(3H)-one 
than do formulae (Va)—(Vd) analogous to those pre- 
viously drawn for similar fragmentation ions.48 In 
view of the improbability of the existence of the odd- 
elecyron azatropylium ion derived from aniline,’ how- 

®° H. Budzikiewicz, C. Djerassi, and D. H. Williams, ‘ Mass 
Spectrometry of Organic Compounds,’ Holden-Day, San 
Francisco, 1967. 
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ever, such structures await a rigorous proof by means 
of labelling procedures. 

+. 
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The three other pyridopyrimidin-4(3H)-ones show 
fragmentation pathways initiated by the loss of H’, 
HCN, CO, or HNCO (cf. Table 1) which are generally 
substantiated by the appropriate metastable peaks 
and deuterium-labelling. An appreciable variation in 
the importance of the various possible modes of de- 
gradation, according to the position of the pyridine ring 
nitrogen atom, is observable. Thus, the loss of CO to 
yield fragmentation ions at m/e 119 becomes less im- 
portant in the order [3,2-d] (76%), [2,3-d] (25%), [8,4-d] 
(18%), and [4,3-d] (9%) whereas the loss of H* to yield 
the even-electron ion at m/e 146 becomes more important 
in the same order (1:6%, 2:0%, 8%, and 10%). Pyrido- 
[4,3-d]pyrimidin-4(3H)-one shows the most complicated 
mass spectrum and its molecular-ion carries the lowest 
proportion of the ion current. This instability of 
pyrido[4,3-d]pyrimidin-4(3H)-one under electron impact 
parallels the higher susceptibility of the pyrido[4,3-d]- 
pyrimidine system to ring-opening reactions.8 

2-Methyl- (VI; R = Me) and 2-phenyl-pyrido[3,2-d]- 
pyrimidin-4(3H)-one (VI; R = Ph) are more stable to 
electron impact than pyrido[3,2-d]pyrimidin-4(3H)-one 
(VI; R=H). The (M — CO)* ions showed intensities 
of 76, 22, and 29%, whereas the (M — RCN)+ ions had 

intensities of 5, 4 and 26% for the compounds (VI; 
R =H, Me, and Ph) respectively. HH’ loss was also 
more important for these 2-substituted compounds. 
A study of the mass spectra of 3-methyl-(VII), 6,8-di- 
methyl-(VII), 2,6,8-trimethyl-(IX), and 3,6,8-trimethyl- 

pyrido[3,4-d]pyrimidin-4(3H)-one (X) showed that an 
increased number of methyl] substituents resulted in (a) 
an increased resistance to electron-induced fragment- 
ation, (6) a decreased tendency for the molecular ion to 
lose CO, and (c) an increased proportion of the ion current 
carried by the (MV — H)* ion. Thus the (M — CO)t 
ions for the compounds (VII), (VIII), (X), and (IX) had 
intensities of 22, 5, 4, and 2% respectively whereas the 
corresponding (M — H)* ions had intensities of 13, 5, 
7, and 8%. Me* and MeCN loss from the molecular 

ion becomes significant (8—4%) for the trimethyl 
substituted compounds (IX) and (X) but in both these 
cases HCN loss is negligible. 

~w 

7 A. V. Robertson, M. Marx, and C. Djerassi, Chem. Comm., 
1968, 414. 

8 W. J. Irwin and D. G. Wibberley, Adv. Heterocyclic Chem., 
1968, 10, 149.
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The mass spectra of the two cyclic hydroxamic acids 
(XI) and (XII) showed some similarities to each other. 
Initial losses of O, OH, and NO from the molecular ion 
occurred in both compounds. The molecular ion derived 

(vy) Oo (VI) O (VID) 

ee Me i 

"ite en en 
ot Mew Me 

(IX) O (X) O 

Me 

foe oe 
SN a Mes 

O 

(xD (XID 

from 3-hydroxy-2-methylpyrido[3,2-d]pyrimidin-4(3H)- 
one carried only ca. 10% of the ion current compared with 
ca. 40% carried by the molecular ion from 2-methyl- 
pyrido[3,2-d]pyrimidin-4(3H)-one (VI; ke— Me): 
3-Hydroxy-2,6,8-trimethylpyrido[3,4-d]pyrimidin-4(3H)- 
one (XII) is similarly very much more susceptible to 
electron impact than 2,6,8-trimethylpyrido[3,4-d]- 
pyrimidin-4(3H)-one (IX), the base peak in the spec- 
trum of the former compound (XII) is the fragmentation 
ion (M — OH — MeCN)?* at m/e 147 and not the mole- 
cular ion at m/e 205 (90%). 

The pyridopyrimidine-2,4(1H,3H)-diones (II) were 
less stable to electron impact than the pyridopyrimidin- 
4(3H)-ones and their mass spectra showed strong re- 
semblances to those of quinazoline-2,4(1H,3H)-dione 

and pteridine-2,4(1H,3H)-dione. Again it is the [4,3-d] 
series which fragments most easily and this is the only 
system in which the molecular ion is not the base peak. 
By far the most important initial loss, in all four com- 
pounds (II) is that of HNCO which previous authors 
have suggested occurs by a retro-Diels—Alder rearrange- 
ment for other fused pyrimidines. The ion at m/e 120 
formed by this loss of HNCO fragments further by loss 
of H’, HCN, or CO (cf. Scheme 3). The relative abund- 
ances of the fragmentation ions formed from these four 
isomers again vary with the position of the pyridine- 
ring N atom. Thus, the intensities of (M — HNCO)* 

ions, that is of the peaks at m/e 120 are 43, 40, 43, and 
100% for the [3,2-d], [2,3-d], [3,4-d], and [4,3-d] systems 
respectively. The further loss of CO gives peaks of in- 
tensities 98, 32, 12, and 18% at m/e 92 whereas the loss 
of HCN gives peaks of intensities 7, 40, 33, and 85% 
at m/e 93. Small peaks are present at m/e 147 indicating 
O loss in the [4,3-d] and [3,4-d] series; a similar loss is 
quoted for quinazoline-2,4(1H,3H)-dione.* 

The mass spectra of 8-methyl-substituted pyrido- 
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pyrimidine-2,4(1H,3H)-diones are recorded in Table 1. 
The involvement of the 3-N atom in the retro-Diels— 
Alder rearrangements is clearly shown by the elimination 
of MeNCO from the molecular ion to form the fragment- 
ation ion at m/e 148 (63%), and the absence of any 
appreciable elimination of HNCO in the mass spectrum 
of  3,6,8-trimethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)- 
dione (XIV). This trimethyl derivative (XIV) and 
6,8-dimethylpyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione 
(XIII) show a fragmentation pathway very similar to 
that of pyrido{3,4-d]-pyrimidine-2,4(1H,3H)-dione (cf. 
Scheme 3). Compounds with a methyl substituent at 

oh 
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m/e a m/e 120 m/e i119 

E v/ pie m*= 72,1 \ 
—CO \ m =10.6 

m/e 162 
NH 

C=0 = . 

m/e 93 m/e 

-CO\ maas 4 -HCN = 46,0 

[C,H,] <<HEN c ‘a 
m= 22.2 — 

m/e 38 mile 65 

SCHEME 3 

the 1-position, however, showed alternative fragmenta- 

tion pathways and positional selectivity could again be 
observed. The three isomeric 1,3-dimethylpyrido- 
pyrimidine-2,4(1H,3H)-diones (XV)—(XVII), for ex- 
ample, had (M — MeNCO)* fragmentation ions at m/e 
134 of intensities 5, 5, and 8% and (M — CO)* ions at 

H Oo Ne Oo 

Mel_ NH a NMe <n NMe 

(XII) (XIV) (XV) 

Me Me Me Me 
N NO Zo Ny 0 N~0 

as NMe x NMe Me NMe 

oO 
(XVID (XVID (XVII) 

mle 163 with intensities of 1, 20, and 5% respectively. 
The (M — MeNCO — CO)* fragmentation ions at m/e 
106, on the other hand, showed intensities of 18, 22, 

and 73% respectively. The pyridinium ion (C;H;N)* at 
mle 79 is an important ion in the spectra of these di- 
methyl derivatives. The introduction of four methyl 
groups produced considerable changes in the mode of  
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decomposition under electron impact. 1,3,6,8-Tetra- 
methylpyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione 
(XVIII) shows (M — H)* and (M — MeNCO)* frag- 
mentation ions of low abundance (4%) and the principal 
initial decomposition is now the loss of a methyl radical 
to give the ion at m/e 204 (22%). Expulsion of MeNCO 
then yields the most abundant fragmentation ion in the 
spectrum (23%) at m/e 147. The loss of HCN from the 
(M — MeNCO)* ion in this tetramethyl derivative 
suggests that a rearrangement, possibly involving the 
incorporation of the 1-methyl group in a ring-expansion 
process, occurs with this ion. 

EXPERIMENTAL 

Mass spectra were determined on an A.E.I. MS9 instru- 
ment with an ionising voltage of 70 ev, trap current 100 pa, 

and accelerating voltage 8 kv. Samples were introduced 
through the heated-inlet system at 200°. 
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The pyrido[3,2-d]-, pyrido[3,4-d]- and pyrido[4,3-d]- 

pyrimidin-4(3H)-ones and -pyrimidine-2,4(1H,3H)-diones 
were prepared by our previously reported methods.!® 
Pyrido[2,3-d]pyrimidin-4(3H)-one and _ pyrido[2,3-d]-pyr- 
imidine-2,4(1H,3H)-dione were prepared by the method of 

Robins and Hitchings.!° 1,3-Dimethylpyrido[2,3-d]pyr- 
imidine-2,4(1H,3H)-dione was prepared by the method of 

McLean and Spring.4!. Pyrido[2,3-d]- and pyrido[3,2-d]- 

pyrimidin-4(3-2H,)-ones were prepared by four crystall- 
isations of the corresponding -4(3H)-ones from D,O. They 

were introduced into the mass spectrometer immediately 
following a sample of D,O. 

[8/1824 Received, December 10th, 1968] 

® W. J. Irwin and D. G. Wibberley, J. Chem. Soc., 1965, 4240 
and 1967, 1745; A. G. Ismail and D. G. Wibberley, J. Chem. Soc. 
(C), 1967, 2613. 

10 R. K. Robins and G. H. Hitchings, J. Amer. Chem. Soc., 
1955, 77, 2258. 

11 A. C. McLean and F. S. Spring, J. Chem. Soc., 1949, 2582. 
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Reductive Ring Cleavage of Fused Pyrimidin-4(3H)-ones 

By I. R. GE.tine, W. J. Irwin, and D. G. WIBBERLEY 

(Department of Pharmacy, University of Aston in Birmingham, Costa Green, Birmingham 4) 

Summary Fused pyrimidin-4(3H)-ones, particularly those 

with a 3-aryl substituent, readily undergo a ring-cleavage 
at the 2,3-position on treatment with lithium aluminium 
hydride. 

PYRIMIDINES, quinazolines, pyridopyrimidines, pteridines, 

and purines are all susceptible to nucleophilic attack at the 

2- and 4-positions of the pyrimidine ring. Consequently 

many of these compounds yield di- and tetra-hydro deriva- 
tives when treated with metal hydrides! Fused pyrimidin- 

4(3H)-ones are also known to yield similar compounds,? 

although under certain forcing conditions ring-cleavage of 
quinazolines* and a quinazolinonet have been observed. 

‘We now report some results of our own studies into the 

reduction of fused pyrimidin-4(3H)-ones which indicate 

that ring-cleavage is a general reaction of these compounds, 
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but that the ease and direction of the fission is dependent 
upon the substituents present in the pyrimidine ring, 
particularly at N(3). 

Treatment of  2,6,8-trimethyl-3-phenylpyrido[3,4-d]- 

pyrimidin-4(3H)-one (I) with excess lithium aluminium 

hydride for lhr. at room temperature yielded solely 

4-anilinomethy1-2,6-dimethyl-3-ethylaminopyridine (II). 

The position of fission was proved by infrared (secondary 

amine absorptions), n.m.r. (presence of NHEt group), and 

mass spectra of the product. Chemical evidence was also 

obtained by the preparation of a dibenzoy] derivative, and 
finally by treatment with phosgene to yield again a 

pyridopyrimidine (III). 2-Methy]l-3-phenylpyrido[3,2-d]- 
pytimidin-4(3H)-one, 2-methyl]-3-phenyl-quinazolin-4-(3H)- 

one, and 3-phenylquinazolin-4(3H)-one all underwent 
analogous ring-cleavage at the 2,3-position of the pyrimidine 
ring to yield the corresponding diamines. 

The fused pyrimidin-4(3H)-ones have two sites which 

are susceptible to hydride attack; the endocyclic C=N and 
the exocyclic C=O. The complete specificity of the above 

ring-opening reactions indicates that in these examples 

the initial attack takes place at the C=N, probably pro- 

ducing an intermediate of type (IV) which then undergoes 
bond cleavage. Support for this view is obtained by the 

isolation of 2-ethylaminobenzanilide (VI) from a controlled 

reduction of 2-methyl-3-phenylquinazolin-4(3H)-one. 
The main factor which controls the ring-cleavage appears 

to be the phenyl substituent at N(3), presumably by the 

stabilisation of anions such as (V). Thus, 1,2-dihydro- 

compounds (VII) and 3,4-dihydro-compounds (VIII) also 

ring-open in an analogous manner to yield the same 
diamines as obtained from the corresponding fused 
pyrimidin-4(3H)-ones. 

Compounds with no substituent at N(3) also underwent 

specific ring-opening reactions. However, this occurred 
less readily than with the 3-phenyl compounds and the 
1,2-bond was now the preferred position of cleavage. Thus, 

2-methyl-quinazolin-4(3H)-one yielded —.2-ethylamino- 
methylaniline (IX) (84%), and 2-aminomethyl-N-ethyl- 

aniline (X) (5%). 2-Methylpyrido[3,2-d]pyrimidin-4(3H)- 
one, 2-phenylquinazolin-4(3H)-one and quinazolin-4(3H)- 

one gave similar products. No doubt several factors are 

x = N_ 0 “SyMe_a NA NHEt 4 NZ rai 
| oie | —> | Mew NPh Me _CH,NHPh << NPh 

0 wy 
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involved in determining the direction of ring-opening in 
these compounds and it seems likely that reduction of the 

carbonyl is important as this would be aided by the 

presence of an N(3) anion. The presence of 2-methyl-3,4- 

dihydroquinazoline from the mild reduction of 2-methyl- 
quinazolin-4(3H)-one lends weight to this view. 

Me Me 
NZ 

( (II) (III) 

nyt 
‘Kite N:CHMe NHEt 

oo CO-NPh |” CONHPh 
Ph 

(IV) (VY) (VI) 

x 
oe Ny Me NH, 

NPh SN NPh CH,NHEt 

O (VII) (VIII) (IX) 

a H Me 
NHEt a Yonte N7SNHEt 
CH,NH, SAC NMe — Mely, JCH,NHMe 

(X) (XI) 

Reagents: (a) LiAIH,; (b) COCI,. 

When methy] substituents are present at N(3) there is a 
marked reluctance for the compounds to undergo ring- 

cleavage and tetrahydro-derivatives (XI) can be isolated. 

Under forcing conditions the ring can be induced to open 
but whereas 2,3,6,8-tetramethylpyrido[3,4-d]pyrimidin-4- 

(3H)-one yields 3-ethylamino-2,6-dimethyl-4-methylamino- 

methylpyridine (XII) 2,3-dimethylpyrido[3,2-d]pyrimidin- 

4(3H)-one gives a mixture of 1,2- and 2,3- ring-opened 
products. 

(Received, August 13th, 1969; Com. 1244.) 
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